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Aopori ctapwoknacHuku!

¥ npoMy poli BM 3aBepIIVETe BUBUEHHA CHCTEMATHYHOrO Kypey disuku. [eit
nipyvyHuK agpecopaHuil yuuaM 11-x kiaaciB, AKi BHBuUaOTh (hisMKy Ha axaje-
Miunomy abo npodinsromy pisni. Marepian, njo BuBYaeThcA Ha mpodinsHOMY
piBHi, BHALTEHO YV TEKCTi MO3HAYKOIO &,

Bu osnalioMuTeck 3 TaKMMH posainamu ¢isuku, Ak «EnexTpoamHamikas,
«Onrukxa», « KpanTosa disukar, «Pizuka ATOMHOrO Apa Ta eIeMEHTADHHUX Yac-
THHOK». ABTODH Nparvyau npeacTaBUTH GisuKy K KUBY HAYKY, 10 € YACTH-
HOIO 3araJIbHOI JIIOJACEKOI KYJIBTYPH, 3 0jjHOro 60KV, 1 AK (yHIAMEHTAJILHY HAY-
KY [pO OPUPOAY, OJHY 3 HAHBasKJIMBIIIMX IPHPOJAHMYHX HAVK, 3 iHmoro. Tox
y OiJpyYHHKY HaBOAHTLCA 0araTo NpHUKJaLiB BUABY i 3acTocyBaHHA (isHYHHX
3aKOHIB Yy KUTTi, cyyacHiil Hayui i TexHini, BifomMocTel 3 icTopil disuku, noza-
€ThCA onuc (PIBHUYHHEX TOCIiIiB. ’

YiTka cTPYKTYpa MiIpyYHUKA NOJETIIHTE CIPUHHATTA, YCBiAOMIeHHA Ta po-
3yMiHHA HABYAJIbBHOTO MATepialy: rojloBHe B TeKCTi (0O3HAYeHHHA, HAMBaromini
daxTH, TBepAKEeHHA) BH/ALJIEHO T03HAYKOIO ®|ra HANIBKHPHHAM IIPHQPTOM.

Kpim ocHOBHOTO HABYAILHOrO MaTEpiany, NiAPYYHAK MiCTHTh pYOPHKY «[laa
JOAATKOBOTO YMTAHHA », JIe BU CAMOCTIHHO 3MOXeTe 03HAHOMHTHCE 13 KOPHUCHOK
Ansa Bac iHopmarniero.

Hanpukinani koxuoro naparpada nogano py6puxy «llaiite Bignosigi na sa-
OUATAHHA», [0 JOIIOMOKe [IePeBiPHTH piBeHbL 3ACBOEHHA BHBYEHOI'0 MaTepiany.

OpnauM i3 HalOLIBII BaKJIHMBHX BHIIE HaBuajibHOI pobform v npodinemiit
IMKOJIL € po3B’sizyBaHHA (isuuHuMX 3agad. ToMy aBTOpPM BBAaKAJH 34 JOLLIb-
He HOJATH MEeTOJWYHI peKoMeHJaUii H{of0 posB’AsyBaHHA 3aJa4 Ta IPHKJIALH
po3B’A3yBaHHA THIOBUX 3ajlay. Ix Aib6paHo Tak, 1106 BM MOTJIM caMOCTiiiHO po3i-
Gparuck y hismuniii cyTi 3agaui, 3akpinuTH NonepeiHL0 BHBYEHHH TEOPeTHYHHA
MaTepias it HabyTH HABHYOK BUKOPHCTAHHA HAH3AraJbHIIINAX 1 HAHZOIIIBHI X
MeTOJIIiB po3B’A3yBaHHA 3aja4. 3a/1a4ui y BIpaBax AudepeHiiioBaHo 3a CTYIeHEM
CKJIAJHOCTI: Ti, 0 MpHU3HaveHi g yuHiB, AKi BUBUaOTE hisuky HA npodinsHO-
My piBHi, BHAiNIeHO BignoBigHOW0 no3HAUKO00. PO3B’A3yI0UM 3agadi, BH aMOXKeTe
CKOPHCTATHCH JOBIIHUKOBHMH MaTepialaMu, pO3MillleHUMH HA (Gop3anax.

JlonoBHEHHAM [0 JaHOI'0 NiAPYYHHUKA € 30LIUT A4 JabopaTopaux pobir 3 ¢i-
suKH (aKageMiuHMH piBeHB, HpodinbHMEA piBens). PoGora sa JaHHM 30IIHTOM
JO3BOJIHTH YYHTENEeBi Ta YUHAM OinbIl e)eKTHBHO BHKOPHUCTOBYBATHA HABYAJB-
HHH yac.

CroosiBaemoch, 110 BUBYATH (hisHKY 8a UM OigpyuyHHKOM Oyae LA Bac mpo-
CTO 1 MiKago.

AgTopn



3micT
JIOpOri CTAPIIOKMACHMKH] .« . o v v oo v vvnrennncesnresaressnsssssnssss iias s ea B

Poagin 1. Enexrpuyse none

§ 1. B3aeMOAiA K TPHYHO SAPATIKEHEME TII .+« v v v vvunonassosssassassonn 6
B2 K RO E SOMM o s w0 oo i A 0 s R RS M 8 5 e 91 10
491 § 3. EnexkTpHuHe MOJe 3APANMKEHNX MOBEPXOHD & . v v ensrearasnasnsssnans 15
§ 4. ITpoBigHMKH Ta JieJEKTPHKH B €JIEKTPHYHOMY TOMi: o o« v v v s vavverenns 19
4@0; § 5. Enexrpern i cereroesekTpukn. Pigki kpuerann B enekTpudHoMy noyi . 23
§ 6. Pobora no nepeMiuieHHIO 3APALY B eJeKTPHUHOMY HOMi. v v v v vn s v rsan 25
§ 7. IloreHnian eIeKTPHYHOTO HOMTH . « o v s s v s s s s B LT R DR SR e 29
B e TR I O s 5 a2 00 T 90 10 35
§ 9. BUKOPHCTAHHA KOHAEHCATOPIB Y TeXHIII . .. o v v i v v vt i vinnenineevan 38
§ 10. EHeprif eTeKTPHUHOTO IOMA v v v v v vantaonaraneasnnsanssssnesas 41
Pozpin 2. EnekTpuuHHil CTPYM
§11. EnekTpraHEMA CTPYM. .t vvvvnvenvnsnnssnnnns T LU e 44
§ 12. Enexrpopyuiitaa cuna, 3akon OMa I8 DOBHOTO KOJA ... .csvessssss 46
§ 13. Poaranymseni xona. Ilpasmaa Kipxroda. . .. ccvvevvivsacsoncnsanns 50
£ 14. EnexTpuuuauil CTPYM VMETAIIBX & o« oo e snssnosansasasinsesssss 61
W S 15, TepMOOIBRTYDHTL MIMIIN . » v oo siv6 550 w0 58 5w0s on winreare 0w ain o e o 67
§ 16. CtpyM y BaKyyMi Ta HOr0 38CTOCYBAHHA . « - « « s s e s s s s vt R R R AT 70
§ 17. EnexTponpoBigHicTs HATIBOIPOBIAHAKIB. « « o v v v v v £ fu s bn s ub e e 75
§ 18. Hanisnporinunkosi npuiajgu Ta 1x 3aacToCYBaHHA . . .. NI O W 79
§ 19, EnexTpuusHuii CTPYM B PiAHHAX TA HOT0 BHKODHCTAHHA « « « « o v v 0 v s eass 82
$20. EnexTpHUHHE CTPYM Y TABAX v ovctvctacanansnnsaboonssnnss Gk bk B

§ 21. Texniune BHKOPUCTAHHSA CAMOCTIHHOrO ra30BOro POPANY Ta nnasmu . . . 90

Poagia 3. EnexTpoMarsitae noje

§ 22, MaruiTHa B3aeMo/Iis NpoBiAHNKIB 3i cTpyMoM. 3aKkoH AMmepa ........ 98
8§ 23. MATHITHO TIONS CTINMY o s uiie Buis o siewe ole b einn S5 e o deamaies 101
§ 24, Jlist MArHITHOTO 1OJIA HA ITPOBIIHHE 31 CTPYMOM . + 4« v v v v s s s s nevssns 107
§ 25. [lia MaTHiTHOT'O NONA HA PYXOMi 3APANMKEH] YACTHHKH .. ...0uueun.. 110
§ 26. MarniTHi BIACTHROCTI PEYOBMHM . .. ...coininnnnn. N R 115
§ 27. BUHHKHEHHA IHAYKIIAHOTO CTPYMY &t v v evvvvnnnarorannssannannn 119
§ 28. Enexrpopymifina cuas IBAVRIGL. . c s sovonanvonnsnssnnssassannns 122
2 § 29. MexanisMu BUHHKHeHHS iHAYKIiAHOro CTPyMy B IPOBIAHKKAX . .. ... 125
880, CromolBINIIEI . o + o concv wrivim wim e o o m ammmiie i wim 8 e 5w e e u v ey 129
§ 31. Enepria MATHITHOTO IOMA CTPYMY & - v vosrrsanrstossssnssssssss 132
G2 BRIERRR COIN: e S G e e e e R e e e e e 136
§ 33. AKTHBHRIM Oonip ¥y KO BMIHHOPO CTPYMY + v v v v vvssnnsarssnnsnnnns 141
§ 34. KonieHCATOD Y KOJI1 BMIHHOTO CTPYMY - ¢ o s s e v snansacnnssnn A 143
§ 35. Korymka iHAVKTHUBHOCTI B KOJTi SMIHHOTO CTPYMY + oo vvvvvrncsasnnsssns 146
§ 36. ExexTpHuHE KOJI0 3MiHHOIO CTPYMY i3 AKTHBHHM TA PEAKTHBHHM
RABRETRIEBERIINIE . o i vitoecioican e hbaicn: 3 T i T VA 149
*ﬁﬂ § 37. PoboTa i NOTYMHICTE SMIHHOTO CTPYMY . « 4 s s s s s s s sssssonssssssanss 152
§ 38. Pe3aoHAHC Y KOJi SMIHHOTO CTPYMY « ¢ v v s v v e svsonsassnannnsnsnnas 156
4@ §39. [eHEPATOPU IMIHHOTO CTPYMY. « v v« v v v v revaassoansoneranassnnsss 158
f.80k ToareDODMETOD & iiash v i s i iR s s s S 159

Poaain 4. EnexrpoMaruiTHi KoNHBAHHA TA XBHJIL
§41. OTpuMaHHA BiTbHAX eJeKTPOMATHITHHX KOJMHBAHD « o « v v s s s asseess 165
§ 42. PigaAHHSA, U0 OMHACYIOTH IPOLECH B iIAJIBHOMY KOJHUBAJILHOMY KORTYpi 168




RN SR

e’i § 43. BaTyxamyi eJeKTPOMATHITHI KOMHBAHHEA + « v v e v v ervonnnnnnsnns 170
§ 4ol ARTORONMPRABEN & i i a8 o @a e e o o b B e £ S iad s 173
§45. ¥YTBOpPEHHSA | NOIMKUPEHHA EJIEKTPOMATHITHHX XBUIb .+ v v v v v v vneans 175
§ 46. XapakTepuCTHKH eJIEKTPOMATHITHHAX XBHJIB « « ¢ ¢ o o o s 6 s o0 s 00 o ssaes 178
§47. BnacTHBOCTI eNEKTPOMATHITHHX XBMIB 2 v v vt vvuesnmensnansnsans 183
§ 48. IlepenaBanua iEdopMaii 3a 10NOMOroK0 enexrpouaruwunx XBHJIb ... 187
§ 49. BracTHBOCTI e1eKTPOMATHITHHX XBHIb PisHMX Aianasoris wactor .... 190

Poapin 5. XBunboBa Ta reoMeTpHYHA OIITHEA
G 00, FIDHDORAORITIR. o o o i ovien 5ie e s sn e b e e b e e o e 195
§ 51, Anmme InTapheReRRIY o a sisvive civei e vE B TS e 198

€ § 52. Inrepdepenitiiini KapTUHE B TOHKHAX NAACTHHKAX | muiskax . ........ 202
§ 53. lIpakTHune BHKOpHCTAHHSA iHTephepernmii.......... o R AR 207
§04. HahDarnla CRITIR u « s b o B s S el i s e o e 210
850 BHODRRi A PRI v v o ah s s s At s s sy e ain e 8 e 212
GO0 IENCTTOOC R CBIRIIN |« o ooucrin s oo o s i w7 A S 216
.00 FIOEEPEBATIE CBITOER: & s i s s Sl alias s i s e st e o 219
§ 58. N'eoMeTpHUHA ONITHKA AK M'PAHMYHHI BHNAKOK XBUJILOBOI ONTHKH., . . . . 223
§ 59. BigGuBaHHA cBITHA. JIBEPKAMA . . o o oo v s causvessanssnins o S TRSESEaE 225
8O0k BRTONTIRINSE CHATILR i o5 o il o i s a e b aie S0 4508 S aia 230
SOL THEAE o ovs s iidessiigin s st Can i s aemd B s lbees i orsbsiae ey 235
802. Onreanl TDHNATN 1 CHOTOME . - w0 sn vs s v oln o5 s s 8 65 s 5o ames 239

A §63.

EnemertTr oToMeTpii. . . . ... Vi ii i in i a i T A i AT AT 245

Poapin 6. KearTosi BracTHBOCTI marepii

§64: Pinorean RBaBT 8 TLIRER B0 oo e v o oo s v b o G 4pia i s ot o 251
§ 66. KopnycRynApPHO-XBUILOBHIE AVAMIBM CBITIA o0 oo v v v nnnnas 253
BO6T. THCR CBITIA ..o ovveveeneraneosnssnnsansansnncsssanss VRN 255
S BT SOTOBPBIT © o i o i s B RSty A e B N S A e e e 257
8§ 68. BacTocyMREHE QOTOBDERTY o vcrrississvasnsssssssssssrsnssns 262
2 § 69. flsuma, M0 NOACHIOIOTHCA KBAHTOBHMMU BIACTHBOCTAMM CBiTHa ...... 264
§ 70.Mogean atoma Peaepdopaa-Bopa . . .. cvvvsvsnssrsnrassrsssnsasss 267
§ 71. ExkcnepuMeHTANbHe TiATRepIxeHHA nocrynatisBopa. . .. .......... 270
§ 72, Xaunmroni pracrrBocT MATeDIT . . c oo v innsrrsrnnra st i e 274
§ 73. OCHOBHI MOMOMEeHHA KBAHTOBOI MEXAHIKHM . . . .. vt v vv v nnnnnaanns 276
§ 74. ®ianuni ocHoB NoHy0BN nepioguuHol cHeTeMH XiMITHUX eleMeHTiB
TEE MBHROTBEEE 5o im0 50m 655 65 S8 T B 8 o T 5 o W5 R 0 279
§ 75 CneKkTpH TEIIOBOrO BUNPOMIHIOBAHHA TA JIOMiHecHeHIIT. . . ... ... vt 283
§ 76. PeHTreHIBCEKE BHTIPOMIHIOBAHHESA - « ¢ « ¢« ¢t 44 s s s s s sssasesannsssnns 287
§ 77. KBAHTORI reHepATODH TAIX 3ACTOCYBAHHA .. .o vvvvrusonsnnannanns 291

Pozgin 7. @isnka aTOMHOTO AIPA TA eJIeMEHTADHHX YACTHHOK

S T PR SERUEION oo ormo 3R s R 15 00 S AN e 0 ST 7 A B 296
S V0. PARIORRTIRBIETE i s iias s e s e e s Tk e e ad el ariil e S 300
§80. 3aKoH PANIOAKTHBHOIO POBIIAJIY « s+« s o4 s 6 6 v o 64 6864588 0bsbssssas 304
B L ] DRI L. o0 o o v o A A SRS R 0 T 307
§ 82. Jlanmioropa peakiia DOKIMY ATED YPAHY. « v st v v nnvneosnornsanssn 310
§ 83. Metoau peecrpanii HoHiayIOUOro BUNPOMIBIOBAHHA. + o o v v vvnunvans. 314
§ 84. Bionoriuna nia paaiauii Ta saxuer Bia foriaywovuoro panpoMinoraneda . 318
§ 85. 3aransHa XApAKTEDHCTHKA €JIEMEHTAPHUX YACTHHOK. « o v v v v v v v nss 320
8§ 86. Buiin RaaeMOiil - v . ci s s s s i s ne v an s i e a0 e e e A e 324
§ 87. Knacudbiramnia eTeMeHTADHNX YACTHHOK « . oo v o v v e snnnsssnsassss 327
BUOTORINE. - 1o oo oie ssmmionm bians ahos a5 e s BB 8 6 o B R0 00 e P A T 331



TE!M

Y ubomy poagini poarnmm‘il je

- eneKTPU4HWIA 3apag, aax@g
' leoﬂa.

) \'\\'-.,t,_ \\\\\\\\\;\\

n \\\\\_
]m \\\\\\\\‘

Hiptiigy

,f;rf:rlr
y "l.-'lflrl"‘ | 1'|'lh'||\1.'.\

1\

§ 1. B3aeMopais eneKkTpU4HO 3apaaXeHux Tin

EnexktpuyHuid 3apsaa. ¥ Beix pisHuHNX ABUINAX NIPOABIAITE cebe Ti uM iHnTi
paacmofil. Bupuarnoun MexaHiKy, MH O03HAHOMMJIHCH 3 OOHHM i3 THOIB B3aEMO-
aii — epasimauyilinon — Bnacrusicrio Tin npurararuce. KinbkicHo BeWunHOW0,
[0 ONTHUCYE 3JATHICTH TiJ BCTYIIATH y rpaBiTaniiiny BaaeMofiio, € iIXHA Maca: IAM
fGinpma mMaca Tij, THM CHJbHiNIe BOHH OPUTATAIOTHCA OZHE X0 omHoro. Cuny F
rpaBiTamiiHOro NPHTATAHHA MiXK ABOMA TiJIAMH MAacaMH /M, Ta /M,, PO3TAIIOBA-
HHUMH HAa BificTaHi r, BA3HAYAE 3aK0H BcecBiTHLOro TaAXKiHEA 1. HeloToHA:

F=¢DiT2,
r
H-M*

ze G=6,67-101 oyl rpapitaniiisa crasa. Ik BHAHO, Ile BeJbMH MaJja
BeJIMYHHA, TOMY He IHBHO, [0 rpaeiraniifai B3aemozii mawTs cyTTEBHI NPOAB
nume y Mmacmrabax Beecity — Mix TimaMmu, Macu Aakux BenudesHi. Beepeguni
PE€YOBHMHH YACTHHKH YTPHMYIOTHCA CHJIAMH eleKmpoMazHimHOl IPHPOAH, AKi
Ha BiAMiHY Bif rpaBiTaAniHWX CHJI OIPHTATAHHA MOKYTh HE JIHIIe IPHTATYBATH
YaCTHMHKH, a i BigmToBxyeaTH ix. ¥ Kypci MexaHikH, a TAK0XK MOJeKyIApHOL
(hismkH MU 03HAHOMUIINCE i3 IPOABAMH eleKkmpomazHimHol e3aemodii — i3 cuna-
MH TEPTH, OIPYKHOCTI, MiXKMoJeKyaapHOL B3aeMoaii. ¥ 9-My Kiaaci My BHBUAIH
eJeKTPOMATHITHI ABHUINA. ¥3aralbHHMO Bigomi HaM daKTH.

OCHOBHOI0O XAPAKTEPHCTHKOIO eJIeKTPOMATHITHOI BaaeMoHil € eaexmpuyHuil

sapad.

s EnexTpuynnii 3apsf q - ue $i3anyHa BENWYMHA, AKa KiNbKICHO xapalﬂ'epwsye
’ eNeKTPOMarHiTHy B3aEMOLII0.




PosaiA | EAEKTPUYHE NOAE

ByBaioTe yacTHHKH Ge3 eJeKTPHYHOrO 3apsaay, aje He iCHYE eJeKTPUYHOro
sapany 6es uactuaku. ¥ 1911 p. 6yna crsopena nianemapra modeav amoma. Ii
aBTOp aHrJailicekuil hisuk Eprect Pesepdopa nokasas, 1110 y meHTpi aToMa po3-
TAIIOBaHEe AP0, HABKOJO0 AKOro 06epTaloThCA eJIeKTPOHH.

Mopanemi gocaigKeHHs OBENH, 110 ATOMHE A/IPO CKJIANAETHCA 3 ITO3MTHBHO 3a-
PANKEHUX IPOTOHIB Ta eNeK TPOHeHTPaTbHAX HeHTPoHiB. EnekTpuunuii sapay npo-
TOHA 38 BeJIMYMHOIO JOPiBHIOE 3aPAJY €JIEKTPOHA, AJie IPOTHJIeHNH 34 3HAKOM, ¥
I[ITOMY ATOM eJIeKTpOHeTpanbHMil, OCKLNLKH KibKiCTh MPOTOHIB ¥ A1pi AOPiBHIOE
KLIBKOCTL eleKTpoHIB y atoMmi. KinekicTs mporowis v aapi BmsHauae ximiuni siac-
THBOCTi aToMa Ta Horo Miche y nepioguusiii cucreMi xiMiyHuX eeMeHTIB.

EnexTpuynHii 3apAJ IUCKPETHUIA: iCHYE elleMermapHuil erekmpuyHuil 3apad,
1110 Z0PiBHIOE 3a ABCOTIOTHUM 3HAYEHHAM 3apAxy eleKkTposa e = 1,6-107"° Ka.

OnMHULA eJeKTPUYHOTO 3apARY — KyJIoH, [¢] = 1 K.

Yncnose anaueHHsa ejextpugnoro sapagy 1 Kua gopisHioe cymi zapanis
-f3,25-1013 €JIEKTPOHIB.

HaaBHicTL eIeKTPHYHOTO 3APALY ¢ ¥V MAKPOTLI NOACHIOETHCA HEPIBHOMIPHHAM
Iepepos3noAijioM NO3UTHBHUX 1 HEraTMBHUX AWCKDETHUX eJIeMEeHTADHHUX 3aps-
gie. Enexrpuunuii 3apan tina g = ne, ge n — KiIBKIiCTE eJleMeHTAPDHHX HECKOM-
IeHCOBAHUX €JeKTPUYHUX 3apAIiB.

fAx Bigomo, oiHONMEHHO 3apALKEH] TLIA BiAIITOBXYIOTLCSH, PI3HOWMEHHO —
npurArawTsca. HaenekTpuayBaTti Tino MoxHa TepraM abo JOTHKOM 10 eleK-
TPHYHO 3apAAMeHOoro Tija.

3apAaiB 'y MakpoTinax HasuBaETLCA eNeKTpU3auyielo (eneKTpocTaruyHow

,s I FABKLLE HEPIBHOMIDHOIO NEpepo3noainy NO3UTUBHKUX | HEraTUBHWUX eNEKTPUYHKUX
inpykuyiero).

Ienyrors i inmi cnocobu enexrpuaanii tin. Hanpuknang, MeTan MoskHa 3pobuTn
MMO3UTUBHO 3aPAMMKEeHHM, AKIN0 HOTro OCBITHTH BiINOBIIHMM CBITJIOBMM IOTOKOM.
¥ pesynbTaTi B3aeMoZii cBiT/Ia 3 MeTAJIOM BiiOyBaETECA BHPUBAHHA €JeKTPOHIB i3
noBepxHi Metany. Brpauaioun eqeKTPOHHA, METAJ CTAE MO3HTUBHO 3apPAKEeHHM.
Aure 3a 6yap-axoro cnocoly erexkTpu3aarii Tin eneKTpUYHI 3apAM He BHHAKAKOTD i
He 3HHKAaIOTh, a JIUIIe Mepepo3nofinaoTeesa MixK yeiMa Tinamu, aki 6epyTs yuacTs
y ToMy 4M iHmomy npoueci. Ile TBepiiKeHHA HA3UBAIOTL 3AKOHOM 30epeNceHHA
ejeKkmpuinozo 3apady. MaTeMaTHUHO BiH DOPMYJIIOETRECH TaK.

,$ Anrefpai4Ha cyma enekTpr4HUX 3apsaje Tif, WO YTBOPIOKTs 3aMKHEHY CUCTEMY
npu Gyab-AIKMX B3AEMOLIAX 3aNULIAETLCA CTANOIO: §, + 5+ ... + (3 = cONst.

3akoH KynoHa. B enexkrpocratui, sk i y 6yab-axomy poaaini dizuxn, su-
KOPHCTOBYIOTH IeBHI Mogeni. OpHieo 3 Mofeseil e1eKTPOCTATHKH € MOYK06UIL
eqexmpuyHuil apad.

e To4koBi eneKkTpHYHI 3apagn — Le 3apaaxeHi Tina, po3mipyn SkMx Mani NopiBHAHO
’ 3 BiACTAHHIO MiX HUMM.

IakOoNMM nA cHpOIeHHA B3KHBAIOTH TepMmiH «3apaas. Cnixg mam’araru, mo
IIM TePMiHOM MOKYTh HA3MBATH SK TOUKOBE €JeKTPHYHO 3apAKeHe TLI0, TaK
i 3HaveHHA eJIeKTPUYHOTO0 3apAY HA HEOMY.

KinexicHo B3aeMogio MiK TOUKOBEMH eJIeKTPHUYHMMHE 3apAJaMH OMHCYE 3a-
KOH, eKCcIlepUMeHTanbHo BeTanosneani 111, Kynorom y 1785 p.



Cwna e3aemopii F nBox TO4KOBUX 3apaaise
g, | g, NpaMmo nponopuiiHa aoByTKy
abconioTHMX BENWYKMH ix 3apsiaie, obep-
HEHO NPONOpUiHa KBaapaTy siacTtadi
MiX HUMM I, HANPAMNEHA B3L0BX NPAMOI,
WO Cnony4yae 3apsaM i Bianosigae npu-
TAraHHIO ANS PiSHOWMEHHWX 3apsanis Ta

o BiOWTOBXYBAHHIO — ONA OOHOMMEHHWX
Man. 1. Cunu B3aemopii mix (man. 1).

TOYKOBMMM ENEKTPUYHUMM 3apaaamMm

Mogaynb Wiei cunn

1 @l

F= =
4ne, er

TYT £, — enexTpu4Ha crana (il BenuynHa i po3mipHICTe 3anexars Big embpaHol
CHUCTEMW 0AMHMLE), € — BIAHOCHA AienekTpuYHa NPOHWKHICTL CepeaoBuLLa.

BigHocHa gieneKTpHYHA IPOHMKHICTE CepeJOBHINA € IOKA3YE, V CKLJIBKH pa-
3iB CHJIA B3Aa€EMOJi]l eJeKTPHYHHX 3apAAIB V IEOMY CepPEeJOBHINI MeHINa, HiX ¥
Bakyywmi. Ii uncioBe 3HaueHHs AnA GAaraThOX PevyOBMH BH3HAUEHEe JOCITiJHHM
MIAXOM i 3aHeceHe f0 Tabaunb. Bignosigno gnsa sakyymy € = 1.

BeraroBnero, mo aBa Toukori 3apaau no 1 K #a Bigcrani 1 M oxuH Bijg ogHO-
ro y BaKyyMi B3aeMoioTh i3 cumowno 9-10° H, Is saxony KysoHa MoxHa BH3HA-
YHTH eJeKTPHUYHY CTATY:

N©ds _ 1Kx? i Kn®

2= ————5—=8,85:10" 5
anr’F  4-3,14-1m°-9-10°H H M

0=

V disuni, Ak BU 3HAETe, CJiJ BpaxOBYyBAaTH Mexi BUKoHaHHSA s3akoHiB, IIpa-
BHJILHiCTE 3aK0HY KyJIoHA minTBepiKeHa YMNCJIeHHMMHA nepeBipkamu. Beranos-
JIeHO, 10 BiH jie Mi 3apAIKeHHMMH YACTHHKAMH, BiICTAHE MiXX AKHMH MOMKe
Gyrn Big 10'° M g0 mecaTkis KimoMerpis.

I ﬂ,aﬁT anrjﬂml Ha 3anMTaHHA

| 1. Hlx Ha pocnigi MoXHa BUABUTK @NeKTPOMAarHiTHy B3aemMonin?
| 2. Wo Take enekTpu4Huia 3apan? ChopmMynioiTe | NOACHITE 3aK0oH 30epexeHHs enek-
! TPMYHOrO 3apsAay.

3. Y ckinbku pasis 3MiHMTLCA cvna B3aeMoLil MiX ABOMA TOYKOBUMM 3apaaamMn, AaKLLO
| BiACTaHb MiX HUMK 36INBWUWTK Y ABA Pa3W, @ 3HAYEHHA ENEKTPUYHOT0 3apAay 0AHOTO
| i3 HMX 36iNbLWWMTK B TPK paan?
| 4. Y1M NORIGHI i 4im BiAPI3HATLCA 3aKOH BCECBITHBOIO TAXIHHA | 3aKoH KynoHa?

4:,\,! 5. ¥ cuctemi signiky K aHaveHHs feakoro sapagy ¢. Skum Oyae sHaveHHs UbOoro 3aps-
| ayq'ycuctemi Bigniky K', wo pyxaetsca sigHocHo cuctemu K 3i weunakicTio v, fka
| HabaraTto MeHLa 3a WBKWAKICTb NOWWPEHHN CBiTna?

=] 6. Hkum € cymapHuii 3apaa Monsa eneKTPoHIB?

SaransHi pekomeHgauii 4o po3e’'A3yBaHHA 3anav

Cwny B3aemogaii Mix 3apagxeHumMu Tinamu 064MCNI0TE 3a 3akoHOM KynoHa. Pospaxo-
BYIOYM B3AEMOLIK MiX Kinbkoma (ABoma i Binblue) 3apAKeHMMIK TinaMKn, cniil KOpUCTyBa-
THMCA NMPUHUMNOM HE3ANEXHOCTI Ail ENeKTPUYHUX 3apAaiB, AKWA NONArae B TOMY, WO cuna
B3aeMOii MK KOXHOIO NApoio 3apaaXeHux Tin He 3anexaThb Bifg HAABHOCTI IHLWKWX 3apsaaxe-
HUX Tin. PeayneTyo4a cuna, Wo Aie Ha NeBHe 3apaaxeHe Tino, € reoMeTpUYHOR CYyMOI0 CUn,
WO Ai0Tb Ha HBOTO 3 BOKY BCIX IHWMWX 3aPAAIB (NPUHLMN CYNepno3nuii NeKTPUYHKUX Crn).
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3akoHW eneKkTPOCTaTUKK CAig BUKOPWUCTOBYBATH CYMICHO 3 3aKOHaMM KiHEMAaTHKM, cTa-
TMKW, AMHAaMIKK, KO B 3aaa4i noTpiGHo pospaxysatk abo pyx 3apamxeHux Tin, aGo ymoey
piBHOBAru CUCTeMK 3apALKEHNX TiN.

Mpuknanu po3s’aayBaHHA 3a0ay

Banava. OxHoliMEHH] TOUKOB 3apsALN, MOV AKX ¢, = ¢, = g, = 1-107° K, poamime-
Hi ¥y BepIIMHAX PiBHOCTOPOHHBOIO TPHKYTHHKA 3i cTopoHoIo @ = 20 cM. Busrauntu cuay,
IO i€ y MOBITPi HA OJHH i3 HUX 3apAAiB 3 OOKY ABOX iHIINX.
HMamno: Poas’azamnsn q, qs
g1=0:=Qz=1" 109 Kn BukoHaemMo cxeMaTHUYHHI
a=20cm=0,2m MAaJIOHOK 0 3afaui (Man. 2).
T2 | Buaraunmo cuiay, mo gie

HA TOYKOBMI 3apaj ¢, AKkuii nepebysae B Touni C. 3a-
pagu ¢, (B Touni A) i g, (B Touni B) xilors Ha 3apaj g, 3

cunamu Fy i F,.

Pienogifiny uux cun F=F + F, BasHauuMo 3a mpa-
BUJIOM mapanenorpama. Hanpam peaynsryiouoi cunm F ,
o fie HA 3apAl g, 3o6paxkeno Ha Man. 2. O64HCIHMO
il Mogyse F, BHKOPHCTOBYIOUH MOAYJII BeKTOpiB F,, Fy,
AK1 JOPiBHIOIOTE JOBXHHAM BiApPisKiB, 0 300paxyIOTE
ui sexropu. Jlerko gosectu, mo F, = F,, Z£DCM =30,

ockinekn £~ MCN = ZACB = 60°. Toxi %z F cos30°, B

Man. 2
ACNZ cropona CZ =§ ;
0143 1 9 H- v’
3asaxkoHoM Kynora mogyascunu F, =k e k= =9.10 -
V. Iy 1=k a e = (nnaBarky
ymy i nosiTps).
9-10°H-m* /Ka* 1-10%Ka-1-10°Kx
A 0.2 =0,225H,
F=0,225H- —\—? -2=0,39 H.
Bignogias: 0,39 H.
Brnipasa 1

1. lipi opHakoBl MeTaNeBi KYJIBKH 3apAAKHIMN TAK, 10 3apAx ofgHiel 3 HUX v 5 pasis
Ginbmmuii, Hisk 3apaj inmoi. Kyasky J0OTOPKHYIH OJHY 0 04HOI i pO3CYHYIH HA
Ty camy Bigcranb. AK amiannacsa (3a mogyiaem) cHa B3aeMoii, AKINO KYIABKH
Manu opHoNMenHi sapaau? pisnoiiMenni sapagu?

2. ¥ BepuIMHAX IIPABHILHOIO IIECTHKYTHHKA, CTOPOHA AKOr0 AOPiBHIOE @, po3Ta-
OIYBAJH O HH 38 OfHUM 3apaau +¢q, +q, +q, —q, —¢, —q. BusEaunTH cuny, mpo gie
HA 3ap#Aj +q, AKHIA MICTHTHCA B IEHTPI INeCTHKYTHHKA,

3. llBi MaseHsKI KYJILKH MACcOK m NiiBimer] NOpAJ HA TOHKHX IMOBKOBHX HHTKAX
poexuHOW [ = 2 M. [licas Toro, AK KYJLKH 3APAAHIN PIBHHMH OJHOMEHEUMH
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sapafaMu ¢, = ¢, = 1:10° Ku, Bouu BigmTosxayamcs ojiHa Bif o4HOI Ha BifcTans
r= 16 cM. BUaHAYMTH HATAT HUTOK.

4. [lsa nosHTHBHO 3apsaxkeni Tina, sapsaau akux 1,67 i 3,33 uKa, sakpinneno na
Bigerani 20 em oguH Big ogHoro. B AKi# Touni Ha npaMii, 1o cooay4ae i tija,
HeoOXigHo poamicTrTH Tpete Tio 3 sapagom —0,67 aKi, uob oo Oyao v pieHO-
Baai? Macamu Tii 3HeXTYyBaTH.

5. IlobyaysaTu rpadik 3ajle’XHOCTI CHIH B3AEMOil Mi IBOMA TOUKOBMMH 3aps-
JAaMu Bix Bigcrani misk suMu, F = f(r), B inTepeani 2<r <10 cm 4epes KoxHI

. 2cm. Bapsagn q, = 20 aKxn i g, = 30 sKa.

§ 2. EnektpuyHe none

Enextpuyne none. Mix HaYKOBIAMH JOBTHIl Uac TPHBAJA JHCKYCiA 11040 Me-
XaHi3My nepefadi Bzaemofil Mix Timamu, mo nepebyBaloTh Ha BiicTaHi OZUH Bij
opHoro. fAkio Tina poaminieri y cepefioBHIIi, TO 3p03yMino, Mo B3aeMoaiaTi 6y-
OYThH YACTHHKH cepegoBumia, Hanpukian, MU BiKe 3HAEMO, IO 3BYKOBi XBHAJII Mo~
IIAPKIOTHCH B MOBiTPI 31 BHAKicTio 331 M/c, y BaKyyMi 3BYK He IOIIUPIOETbCA. A
CBiTJIO (10 € eJIEKTPOMATHITHOI XBHJIEIO) MOJKe MOIIHPIOBATHCE i v Baryymi, 1 na
IIBHAKICTE HOLIMPEHHA CBITJIOBOTO CHTHAJTY 3-10° M/C € MAKCHMAJLHO MOMKJIHBOIO
y npupoai. OcCKiNbKH K0JHA B3AEMO/I1A ¥ IPHPOJL He MOKe IlepejaBaTHCh MUTTEBO,
TO IIe JOBOAHNTE, 110, KPiM PeYOBHMHH, ¥ IPUPOJIL icHYE e OAHMH BHJ MaTepii — moJje.
¥V Mexanini rpaBiTamniiiga B3aeMoia Mix TLIaMH, 1110 3HAXOLATLCA HA BigcTaHl oHE
Bij opHOTO, BiOyBaEcTHCA Uepes zpasimauyiiine noae (noje maxinma), Ake icHye Ha-
BKOJIO 6y Ab-AKKX Tij. | Xoua 3aK0H BCeCBiTHROTO TAXKiHHA G6yB BigkpuTHit HeioTo-
"o mie y XVII er., Teopiio rpasiTaiiifgoro noJisa cTeopeHo HabaraTo misHinre,

EnexTpoMarsiTHa B3aEMOIiA MiXK eJIEKTPHYHO 3apA/eHHMH TiiaMu Biady-
BaEThHCHA Yepesd eneKmpomMazHimue nose. BupimanbsHUMHE ¥ cTaHOBIEHHI Teopii
eJIeKTPOMATHiTHOrO mmoas Oyam pocmigxenas M. dapages (1791-1867) rta
Mk, Makceenna (1831-1879). flkmo B mepHiil cHeTeMi BifJIIKY eJIEKTPHUYHO
sapaKeHi Tijia HepyxoMmi, To moJe, 110 iCHYEe HABKOJO HUX, HASUBAIOTEL €J€K-
mpuyHuM (eaexmpocmamuiHum).

EnexTpuuHe moJie Mae MeBHI BIACTHABOCTI, AKI MoskHa gocaiguTu. lna goeni-
JIJKeHHS eJIeKTPHYHOrO I0JIs BHKOPHCTOBYIOTH IIe OJIHY MOJeNb — TAK 3BaHM
npoOHull erexmpuyHuil 3apao.

* Mpob6uuii enexTpuyYHKWA 3apsg — NO3WTUBHO 3apaxeHe Tino, BNacHe none
AKOro He 3MIHIOE NoNe, B AKe BiH BHECEHWIA.

HanpyxeHicte enexrpuyHoro nons. MpwHuwn cynepnoawuuii. Toxos-
HA BJACTMBICTH EJIEKTPHYHOrO IOJHA — B3[ATHICTE AiATH HA BHECEHI B HbOrO
eJIeKTPHYHI 3apAnH 3 AeAKow cunolp. Hexall elekTpudYHe 1nojie CTBOPHETHCH
TOYKOBHM 3apsagoM ¢ . Bygemo mno uepsi nomimaru B oguy i TY 3% TOUKY moss
npobHi 3apaay pisHol BeTUUUHN: ¢y, {5, ...~ 1 H[OPA3Yy BUMIPIOBATH CHIY, IO Ai€
Ha npobuuii s3apan, F,, F,,.... BuaBnseTbes, 10 BilHONIEHHA CHJIN JI0 3apAly B

. . F E
JAHI TOYI TOJIA 3ABK/IY € CTAJIOK BeJIHYHHOKW, — = — =...=const.

9 49

1 Tyr i HEagani, oNHUCYI0YH NOBeIiHKY 3APALY B JIeKTPHYHOMY 101, 6y/1eMo MaTH Ha yBasi
caMe NO3UTHBHUIN 3apAn .
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B igmii Touni mosas (abo B eleKTPHYHOMY IIOJII iHINIOrO 3apAAKEHOro Tijaa) me
BiJHOIIIEHHA TAKOXK BHKOHYEThCH, aJie Horo 3HaYeHHA Moske OyTH immuM. Omxe,

Bi{HOIEHHA — 3AJIEMHUTH TLIBKHK Bif BUOPAHOI TOYKH MOJIS i € XaPAKTePUCTH-
q

KO0 cHJI0BoO1 fiii monsa. CHI0Ba XapaKTePHCTHKA eIEKTPUYHOTO [10JIA HA3UBAETD"

CH Hanpyxicericmio mond i nosHavaeTheA OyKBoio E.

XapakTepuCTUKOIO NONA | BU3HAYAETLCA BiAHOWEHHAM cunn F | sika aie B paHii

's HanpyxeHicTs enexTrpuyHoro nons E -ue diznyHa BENMYMHA, AKa € CUNOBOIO
g 2 - F
TO4UI nons Ha npo6HwiA 3apap, ¢, A0 BENWYWHK LUbOro 3apsay, B =—.

Axmo npobHuii 3apAx AOPiBHIOE ONUHHAI, TO MOKHA JATH i TaKe BUSHAYEHHSA
HaNpy:XeHOCTi eJIEeKTPHYHOTO NOJA B AeAKi# Touni: nanpymenicme enexmpun-
HO20 NoaA v AaHi# To4ni KopiBHIOE cuni, W0 Ai€ Ha 0duHuYHUI npobhuil 3apad,
posMimeHHH y mili Toumi.

; H
OMHNIA HANPYKEHOCT] eJIeKTPHYHOTO II0JIs — HBIOTOH Ha KyJIoH, [E]=1 =

fAx pani Oyge s'scoBaHO, OOHHHLED HAIDPYIKEHOCTL € TAKOM BOJLT Ha

Metp, [E]=1 8 )
M

YBiBIIN TaKy XapaKTepPHCTHKY, MM MOKeMO MOBOPHTH He IPO CHIY, 3 AKOI
OAWH TOYKOBHI 3apaj Aie Ha iHIMIA, a IPO CHIY, 3 AKOK HA TOYKOBHH 3apsaf Aie
noJie y Tid# Touni, fe Biy poamimenuii. 3a JOMOMOTOI0 CYyYacHUX NPHUIAIB MOMXKHEA
IPOBOJUTH BUMIPIOBAHHSA HANPYXKeHOCTI o, I, BianopiAno, MOXHA pO3paxysa-
TH Jil0 N0JIA B JaHiii Touni Ha OyAk-AKe 3apAgKeHe Tiio 3a dopmyno F = Eq.

fIkmo esleKTPHYHE TIOJNe CTBOPEHE OJHUM TOYKOBHM 3apsAfOM ¢, TO 3a 3a-
xoHoM Kynona ma npobHuit sapajn ¢, y Todni r 8 60Ky mosid, CTBOPIOBAHOIQ

99

3apajoM ¢, Ai€ cuaa, MoAyas akoi F=——-"-. Toal Hampy:eHicTb moss

4me, er

TOYKOBOTO 3apAAY ¢ Ha BigcTani r Bijg HBOrO

LA 3
qo 4ne, er

3 hopMynHu BHAHO, 10 HANPYHEHICT eJIeKTPHYHOrO IOJIA TOYKOBOIO 3apany
3MeHIIYEThCA IPONOPIIIHHO KBAXPATY BificTAHI Bif 3apAny.

IIpyHNMD cynepno3uIlii 3aCTOCOBYETHCHA, KOJIH eJIeKTPHYHE [I0JIe CTBOPEHO He 01
HUM 3apALMKeHUM TLTOM, a kinbkoma. OCKITBKY HAPYHEHICTS, AK 1 CHIa, BEeKTOPHA
BEJIMYHMHA, TO BEKTOD HANPY>KEHOCT1 Pe3yIbTYIO4O0r0 oA JOPiBHIOE BEKTOPHIH cymi
HAIPY>KeHOCTelH eJIeKTPHYHHX MOJIiB, CTBOPEHMX KOMHHUM i3 IUX 3apazis okpemo. ¥
LBOMY ¥ NONATAE NPUHYUN cynepno3uyii (HaK 1adanHA) ereKmpuiHUX noaie.

BEKTOPHIW CYMi HANPYXEHOCTEA eNeKTPUYHKUX NONIB, CTBOPEHMX KOXHKUM i3 LMX

*I HanpyxeHicTe nons, CTBOPEHOro CUMCTEMOK HepyxOMWuX 3apsfie, OOPIBHIOE
3apsagie OKpeMmo,

E=) E =E+E+E;+...+E,.
i=1
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Man. 3. JliHii HanpyxeHocTi TOYKOBWX 3apaaie (a, 6), aunons (8)

IIuM noACHIOETHCH Te, 10 HANIPY KeHiCTh eJIeKTPHYHOTrO M0JIA HABKOJIO Tija,
0 CKJIALY AKOI'0 BXOAATE i IOBUTHBHO, 1 HEFATHBHO 3apANEeHI YACTUHKH, MO3Ke
MOPiBHIOBATH HYJIIO, i TijIO B 1iomMy 6y e eneKTPOHEHTPAJIbHHM.

Mpadiune 3obGpaxeHHns enekTpuyHux nonis. Io6 3agaTH eNeKTpUYHE
nonae, Tpeda BKASATH HAIIPAM i 3HAYEHHA CHJIH, 10 Aie Ha npobHuit sapak, KoMK
iioro poamicTHTH B Tilf um iHmi# Touni nmoxa. Ile moxkHa 3po6HTH rpadidyHAM
crmocoboM, sanponoHoBaHuM PapazeeM, 3a JOIOMOIOK CUNOBUX AiHil (ikil Ha-
npyXceHocmi enexmpuiHozo noad).

Hanpam cunoBux nimiit 3biraerbca 3 HANPAMOM BEeKTOpa HANPYXEHOCTi. ¥
BHIAAKY TOUKOBHX 3apAAiB CHJIOBIL JiHII HAnpAMIIeHi Big MO3UTHBHOrO 3apaAny i
3aKiHUYIOTBCA YV HeCKiHUeHHOCTI (MaJ. 3, a) a0 moYHHAIOTECA ¥V HeCKiHYeHHOCTL
i HayTH 10 HEraTUBHOrO 3apsany (man. 3, 06).

CriagHime npoBecTH JiHil HAOpy#eHOCTi, KOJH [10Je CTBOPeHO KiJlbKoMa 3a-
paAAaMH, HanpukJaIag aeoma. Taka cucTeMa 3 JBOX 3aPAJIIB HASHBAETHCA GUNOAEM.
IIposecTn miHiW Tak, MO0 BEKTOPH HANPYKEHOCTI ¥ KOXHiA Touni 3biranuca 3
Her, 3aedinpmmoro He MoxcHa. ToMy JiHII HAOPyKeHOCTL HPOBOAATH TaK, 1100
BEKTOPH HaNpy’KeHocTi Oyau HanpsAMIIeHi mo qoruaHii (man. 3, ).

I OTxe, NiHiew HaNPYXeHOCTi eNeKTPUYHOro NoNs Ha3WBaETLCH Taka niHisa, y
KOXHIA TO4Li AKOI BEKTOP HANPy>XeHOCTi NoNg HanpaMneHUin No A0TUYHIN,

Ha mau. 4 sofpaskeHo me KiabKa IPHKIAJIB eJIeKTPUYHHX [0JIiB.
I'padiuno 306paxywodn moJe, CJIig maM’ATATH, 10 JiHil HANDPYXEHOCTi eJek-
TPHUYHOrO IOJIA Hifie He MepPeTHHAITHCA OJHA 3 OJHOI0, He NepepUBAIOThCH MiXK

Man. 4. NpadivyHe 306paxeHHn eneKTPUHHUX NoNie:
a — OfHAaKOBKUX 33 3HAYEHHAM PIIHOWMEHHMX 3apaaie; 0 — OAHAKOBMUX 38 IHAYEHHAM
OOHOMMEHHWX 3apAAaIB; 8 — ABOX NNACTWUH, 3aPALXEHMX RI3HOMMEHHVMMK 3apaaamm
0QHAaKOBOI BENMYMHW
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sapAgaMH, MOYMHAIOTHCA HA MO3MTHBHOMY 3apsji (abo y HeckiHueHHoCTI) 1 3a-
KiHYVIOThCH HA HeraTuBHOMY (a00 y HecKiHYeHHOCTI).

ITone, HanpykeHicTs AKOrO B YCiX TOYKAX OJHAKOBA 3a MOJAYJEM i HANpPAM-
KOM, HABHBAIOTEL OOHOPIOHUM esekmpocmamuyHuMm noaem. [Ipukaagom takoro
[0Jid € II0JIe BCePeJHHI IPOCTOPY MiX 3apAMMKeHHMH ILTacTHHAMH (Man. 4, 8)
(6ina rpalB nIaCTHH NIOJIE HEOAHOPiAHE).

v _'\ 14 S 3 &
L;;;" ABHTE BIANOBIAI HA 3anNUTaHHA

1. Wo Take enektpvyHe none? Ha3sitb HOro 0CHOBHI BNACTUBOCTI.

2. o HaauBaloTh HANPYXEHICTIO enekTpuyHoro nona? Ak BoHa Bu3HavaeTbea? Hkuii
HanpaM Mac BEKTOP HanpyxeHocTi?

3. Y yomy nonsrae NpUMHUMN Cynepnosuuii?

4. lllo Ha3uBaTb NIHIAMK HANPYXEHOCTI eNeKTPUYHOro nona?

5. flke enekTpv4He Nnone HasWBawTe 0QHOPIAHUM?

6. 5Ky HaNPYXeHICTb ¥ UEHTPI NPaBUNLHOIO LWECTUKYTHWKAE CTBOPIOIOTE 3apaam g i —q,
NOYeproBo Po3milieHi y sepwimHax girypn?

Mpuknagw po3s’A3yBaHHA 3agau4

3agaua 1. Tpu OfHAKOBHX MOHTHBHHX 3apAAH ¢ PO3TAILOBAHI ¥ BEPIIMHAX DiBHO-
CTOPOHHBOIO TPHKYTHUKA. CTOpPOHA TPHKYTHHKA NOPiBHIOE a. BH3aHAYNTH HANPYIKEHICTE
IIOJISA Y BEPIIHHI IPaBHILHOTO TeTpaepa, /IS AKOro el TPDHKYTHHE CIYKHTh 0CHOBOIO.

dano: Poag'azanns o
q 3a NPHHOMUIIOM Ccymepmosumii Ex" ‘iEr ‘B
a MOBHA HANDYEHICTE Y BeplIn- plaaid
o | Hi rerpaegpa (man. 5) AopiBHIOE D
E-7 BEKTOPHINH cyMi Hanpy:eHocTei
IIOJIiB, CTBOPIOBAHMX OKPEMHMH
3apAjaMH, MO.I[yJIi. AEHX O0JHaAKO-
Bi: a
T .
JEl Ez ‘Ea 4’(50 a2 3 5 h
BexTopH yTBOPHOIOTE 3 BEPTHKANIID KYTH a
90°—a, e o — KyT Mixk peGpom TeTpaeapa i BH- 4 s B
coroi h rpukyTEUKa ABC.
T'opusonraneui cknafoBi HHX BekTOpiB
B cyMmi mawTs Hyas. BeprukansHi ckmamosi a E
OfHAKOBL #  JOPiBHIOIOTH ‘—%sinu.
e, a 44
Ocuinmnsin::L:J_g,mE: Jgiz MBS
3 ine, a
BimmoBins: JE -iz.
4ne, a

Sanaua 2. Ha gienexktpuuniil HUTII BUCHTL Kyibka Macow m. Bed s cHereMa poa-

Mill[eHa B OJHOPIAHOMY eJIeKTPOCTATHYHOMY I10J1i, HANPYKeHICTs AKoro E HaupsamieHa
BEPTHKAJBHO Bropy. BHSHAYNTH CHIY DPYXHOCTL HUTKH, KOJIH KYJIbKA He 3apAKeHa i
KOJH 1 Haal0Th HEraTUBHHH 3apAl —¢.



Nano: Poas’azanusa
:; Ha mesapsamxeHy KyJAbKY Oi€ cuna TAxinEa mg i YA
-q CHJIA TIPYKHOCTL anl . dxmo KyasKy 3apAgHTH, BH-
' op o HHUKHE e i eJeKTpHYHA CHIa F‘E (man. 6), v peayib-
TaTi 4oro cuJa Npy:KHOCTL 3MiHHTBECA — F‘npg 5

Cnpoekryemo ni cunu Ha Bice OY. Ockinbkn i B nepmomy, i B Apy-
roMy BHIAAKAX KyJbKa nepeGypae y piBHOBasi, cyma mpoekmii
CHJI, 10 JiI0TE HA Hel, JOPiBHIOE HYJIIO.

¥ nepmowmy sunagky F,, -mg=0,1obro F,, =mg. a

¥ apyromy BHOAIKY Fup; -mg-F,=0, robro

Man. 6

Fpp, =mg+F,=mg+qE.
Bigmosigs: an, =mg, F, =mg+qkE.

npy

Bnpaga 2

1. [Ipa aapsaju, o4MH 3 AKHX 3a MOJyJIeM ¥ 4 pas3u 6insmunii Bix gpyroro, posramty-
BAJH HA BifcTani a omuH Bix ogHOro. B AKii Touni mona manpysxeHieTs fopis-
HIOE HYJEBi, AKINO 3apAaH ofHoAMeHHI? pisHoiiMerHi?

2. B ogHOpigHOMYy moni, Hanpymesicts axoro 40 kB/mM, posramysanu sapan
27 aKn. BusHayuTH HaOpyeHicTh PeaysbTyIO4oro nojst Ha Bigcrani 9 cm Bin
3apAfy B TOYKax: a) po3TalloBaHWX Ha cuiaosiit ninii ogropinnoro nona, aka
NPOXOJHTE 4Yepes 3apaAa; 0) po3TAIIOBAHHMX HA NPAMIH, AKa NPOXOJHTL Yepes
3aps]l NepneHanKyIAPHO J0 CAJIOBHX JIHIIL.

3. B ocHOBi piBHOCTOPOHHBOT'O TPHKYTHHKA i3 CTOPOHOIO ¢ PO3TAIIIOBAHO 3apAIH
1o +¢ KOXKHHIL, 8 Y BepIuHi — 3apa) —¢. BAHAUNTH HATIPYKEHICTE NOJIA B IeH-
TPl TDHKYTHHKA.

4. ¥V gBoX NpoTHIeKHHX BePIIMHAX KBaapaTa 3i croponoio 30 cm poaramosano 3a-
pagu no 0,2 mxKn koxxen. BuUsHAYNTH HATDPYKeHICTh TOJNA ¥ ABOX iHmMMX Bep-
MIHHAX KBAJpPAaTa.

5. Ha axuil KyT BIAXHIXTECA ¥ BAKYYMi sapsamxena OyaHHOBA KYJbKAa, MijiBiMeHa
HA IMIOBKOBIH HATIM,, AKIIO 1i HOMICTHTH B FOPU30OHTANBHE OHOPiIHE eJIEKTPHYHE
noJie, HaNpyxeHicTs Axoro 1-1 0° H/Kxn? 3apaa kynsku 4,9 aKa, maca 0,4 r.

6. 3apaaKeHy MeTaleBy KYJIbKY, MiBilIeHy Ha 13011010491 HATIL], BHECIIH B O/1HO-
pigHE rOPpM3OHTAILHO HANIPAMJIEHE 10JIe, BiJi HOI0 HUTKA YTBOPHJIA 3 BePTHKAJ-
a0 kyT 45°. Ha cKiNbEH 3MEHIDNTHLCA KYT BiIXHIEHHA HUTKH, AKINO 3 KYJIBKHI
CTEYe JecATa yacTKa ii sapany?

7. B ogHOpigHOMY elleKTPHYHOMY HOJNi, cHaoBi jiHIl AKOro ropH3oHTANIBHI, HA
TOHKIN HepoaTAMKHEIN HUTIL JoBKHHOW [ = 35 cM BHCHTh KVJIbKa Macolw m=15T,
sapaj akoi ¢ =3 Mk Kn. BuaHauuTH nepio KONMHBAHL KYJALKH, AKINO HAIPYKe-
HicTh eJekTpuuyHOro nona E = 40 kB/wm.

8. KyabKa, nio Mae macy m i aapaj ¢, BLIbHO Najiac B OAHOPIJHOMY eIeKTPHYHOMY

D D 9

0

noxi. Bexrop Hanpyskerocti nons E HanpsamieHuit napasesibHO A0 NOBEPXHI
gemui. Axnit pyx kyaesxkn? Hanucarn pisearng tpaekTopii y = y(x), cupaMy-
BABINH BiCh X TOPHBOHTAJBHO B3JIOBK 110J16, A BiCh i — BeDTHKAJILHO BHHA.
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2 § 3. EnexrpuyHe none 3apsaXeHnx NOBepXoHb

MoTik HanpyxeHocTi enekTpu4Horo nons. Teo-
pema Octporpaacekoro-lraycca. Poarnagemo nojse
TOYKOBOT0 MO3UTHBHOrO 3apany. Kinekicte cumoBux
aiHi# N moskHa 306pasuTH AOBLIBHO, OCKiNBKH moJe
icHye y Bcix Toukax mpocTopy HaBKoJO 3apany. Oro-
4YHUMO YABHO 3apaAf chepaMu, meHTp AKUX 30iraershcsa
3 ToOYKOBHM sapsagoM (Mana. 7). Ak BHAHO, KiNBKicTH
JNiHil HAIPY3XEHOCTi, 0 NepeTHHAIOTH IepIIy i Apyry !
cepu, ogHakoBa. ARy 6 KinekicTe cdep Mu He npoBe-
JH, KiaekicTe JiHIH HanpyKeHOCTI, 10 IX mepeTHHA-
I0Th, 3ATAIIACTLCA OJHAKOBOIO.
: [0 BBEAEHHA NOHATTA
Moznysnb HaNPYXeHOCTi I0JfA, CTBOPIOBAHOTO TOY- NOTOKY HanPYXEHOCTi
KOBHM 3apAJIoM ¢, ¥ JOBLIBbHi# Toumi chepw pagiycom r eneKTpUYHOro nons
LI

PR IlepenumemMo 1m0 GOPMYyJay 'V TAKOMY BHIVIAJL:
0 r

Man. 7. ImocTpauia

CTAHOBHTE

4nr2E=i. Ilnoma cdepn S = 4nr’, orxe, AaHa GopMysna HaGYBaE BUIIALY
o :

Es=-1,
€€
Ockinbkn nnoma chepH 36inbIIyEeThCA, AK KBAAPAT pajiyca, 8 HAIPYXeHIiCcTs
ooNA B TOYKAX Ha chepi sMeHIIVEThCA, AK KBaApar pagiyca, nodyrok ES zann-
MIAETHCA OJHAKOBHM JIJIdA Beix cdep.
Paminie Mu BCTAHOBHIIH, IO OJHAKOBOIO AJA Beix cdep 6yae kimekicTs ii-
Hilf HADpYKeHOCTi, 110 IX nepeTuHaOTh, N. OTKe, 3 TOUHICTIO 0 JeAKOl CTANOL

Mo:kHa npupiBeaTH: ES =N, abo N = . f

_ €€
fAx BHAHO, KinbKicTs diHi# HanpysxeHOoCTI, 0 BHXOAATE i3 TOYKOBOIO 3apH-
Iy, IponopHiiiHa BeIMUYHHI OO 3apAIY.
¥ posriIAHYTOMY HAMM BHIAAKY IOBepPXHA cepH ILI0Iei0 S, BcepegnHi AKoi
3HAXOZUTHECA TOYKOBHIf 3apAj, € 3aMKHYTOI0 MOBEDXHEI0, NePIeHIHKYIAPHOI

no niHi# Hanpy:xeHocTi. [lA pOoro BHOALKY MH H oTpHMa-
q

aa N =——. Taxkmit caMmuii pe3yJIbTaT MOYKHA OTPHMATH i
£yE

IJIf JOBLNBHOL CHCTEMH 3apALIB: AKIIO OTOYHUTH JOBLIBHY

CHCTEeMY 3apAiB 3aMKHYTOI0 MoBepxHero (He 0608’ A3KOBO

cepoio), TO KiNBKicTh CHIOBHX JIiHIH, IO NepPEeTHHAIOTE

I[}0 NOBEePXHK, BH3HAYAETHECA CYMapHHM 3apAoM CHC-

Temu, N il . Ile TBepaKeHHA Ha3HBAIOTh MEOPEMOIO
€pE Man. 8. O64ucneHHs

x noTOKy BEKTOpa
Ocmpozpadcvkozo—Taycca. HANPYXEHOCTI



ENEKTPODAWVHANMIKA

00 MiHIA HanpyXeHoCTi | nnowa akoi S, Ha3vWBalTb MOTOKOM BeKTopa

ﬁ I CykynHICTb NiHiA HANPYXEHOCTI, WO NepeTUHATL NNOWMHY, NEPNeHONKYNAPHY
HanpyxeHocTi, N = ES.

Ko NoBepXHA He NepHeHAUKYIAPHA 10 HAIPAMKY BeKTOpa HAapyKeHoCTi
eJIeKTPUYHOT0 noJisA, To hopMmyia sanucyeTsed Tak: N = EScosa, e a — KyT Mix
HANpAMKOM BeKTOpa Hampy»keHocTi E i Hopmasumo 7i 1o moBepxHi (Ma. 8).

BHKOPHCTOBYIOUH MIOHATTHA MOTOKY BEKTOpa HANDYXKeHOcTi, Teopemy OcTtpo-
rpaacekoro—Tlaycca GopMyI0OTE TAK:

P~ MoTik BEKTOpPa HANPYXEHOCTI ENeKTPUYHOro NONA Yepes AO0BINbHY 3aMKHEHY

1 .
noeepxHio gopieHioe N = — Zq‘- , e Zqi — anrebpaiyHa cyma 3apsaie, Wo
€,

nepebyBaloTb ycepeawHi Wiei noBepxHi.

Mpuknagw 3acrocyeaHia Teopemu OcTporpancekoro—raycca. Teopema
OcTporpajcsroro—Taycea mosernye 3HaX0MKEeHHA 3HAYeHb BeKTopa E, KoJIH 110~
11y MOBEPXHi, 1110 OXOILII0E 3apAL, Jerko 00UHCIUTH 3a (hopMyTaMH reoMeTpii.

Hanpuknan, 00uMcInMO HANPYKEHICTE OJIA, CTBOPIOBAHOIO PiBHOMIpHO 3aps-
J3eHo10 chepoio. AJle mepe MM BBeIeMO MIOHATTA I'YCTHHH eJIEKTPUYHOIO 3apAIy.

ol FyctuHa enexTpuyHoro 3apsgy — ©iavyHa BenuuuHa, WO XapakTepuaye
’ pO3NoAin eneKTpUYHOro 3apagy B NpocTopi.

KopucTyorbea NOHATTAMMA
¢ niHiltHOl 2ycmMuUHU T, AKIIO eJIEKTPHYHHH 3apAJ ¢ PO3NOAINTeHUH Y3A0B&K JiH11

OOBXHHOW [, T= % .

¢ noeepxhesoi zycmuHru o, AKIIO 3apAf ¢ PO3NoAineHnit 110 MOBEPXHI MIOIIEHD

S, c=£;

S

¢ of6’emHOl zycmuHU p, AKIIO eJeKTPHYHUHA 3apAJ § POSHOALIEHHH II0 BCbOMY

Axio va nosepxHi cepu pagiycom R (main. 9)
piBHOMipHO posnofijieHo 3apsaj ¢, TO IOBePXHe-
. q q
Ba I'YCTHHA 3apANY AOPiBHIOE O0=—== :
S 4nR?

Poarnsaremo Bcepenuni chepu Oyab-AKY TOU-
Ky A Ha BigcraHi r Bijg il nenaTrpa, TobTo TOYKY,
nas axol r< R. I3 nearpa O npoBegeMo J0TIOMi-
HY IDOBePXHIO TeXX y BUMIALL chepu pagivcoMm
r i 3a reopemorw Ocrporpagcekoro—I'aycca o6-
YHCJIHMO MOTIiK BeKTOpa Hanpy:xeHocTi N Kpisb

O NOBepxHIO, N =i. OckinbKM BecepeauHi
€4

Man. 9. EnexTpuune JomnoMiKHOI MOBEPXHI pajiycoM r eleKTpud-
none 3apagxeHol cdepwu -



J

: . ; N :
HHX 3apdAllB HeMae, q = 0, TO 1 HANIPYHKEHICTh II0OJIA EZE TAKOK HOPIBHIOE

HYIIO.
Ort:xe, gcepeduni 3apadicenol npogidnoi cgpepu (wu inwozo npogidnuka 6yds-
AKOT hopMU, HA AKOMY ereKMPULHUIL 3apad 3a8H0u PO3IMIULYEMbCA MIAbKU HA
nogepxHi ) eNeKMPULHOZ0 NOJA HEMAE., '
O6uKcaIMMO HANPYIKEHICTE ANA TOYOK, AKLI MicTaTeca O6ina camol mo-
BepxHi cdepu, TobTo ANA AKHX MOMKHA BBaskaTH, mo r = R. Toai 3a Teope-

N ! ;
moo Ocrporpagcekoro—Tayeca E=-—= __.Q_z . Ockimexku ¢=4nR’c, T0
S A4neqer
4nR’c o©
E=——2.—=— npur=R.
4dmeer®  g4E

Ins Touok, IO 3HAYHO BijjasjeHi Bij mMoBepxHi 3apAmmxenoi cdepu (Tou-

R’c
% ,abo E= =
4ne,er £qEr

kKa B Ha man. 9), maemo E =

3a monomoroi Teopemu Ocrporpajacekoro—Ilaycca MoxHA OOYHCIUTH HAIIDY-
JKEHICTh eJIEKTPUYHOTO MOJA AOBIIBHUX 3apAMAKEHHX Tix. ¥ tabnuni HaBemeHO
hopmMynu InA BH3HAUEHHA HANDYKEHOCTI eIeKTPUYHOIO MO Y JeAKHX IpaK-
THYHO [[iKaBUX BUOAIKAX.

PiBHomipHO I
3apsmxeHa E=rr
HECKIHYeHHa 2¢g4€
nnowmHa TYT/G — NOBEpXHEBA MYyCTUHA ENEKTPUYHORO 3apaay
Auck HanpyxeHicTe Nona 8 TOYLI, WO NEXWUTL HA NEPNeHaAMKYNApI, Nnpoeeae-
pagiycom B HoMmy i3 ueHTpa gucka, Ha BifcTaHi I Big Heoro
tites] g joreii
2€4€ R? +r?
Lsi piBHOMIpHO G
pi3HOMMEHHOD E=—01,k
3apapxeHi €€
HECKIHYeHHI EnekTpuyHe none 30CEepeaXeHe MiX nnacTuHami, B NpocTopi nosa
nnacTMHKM  npactuHamu E = 0.
HeckinyeHHo T
A0Bra 3aps- o e
[XeHa HUTKa 2neqer

TYT T — NiHiAHA rycTUHA 3apsay, I' — BiACcTaHb Bif HUTKW,

3apapxeHa HanpyxeHicTb nons B TO4-
HUTKA BU3HA4Ye- Ui, WO NeXUTe Ha NepneHamn-
HOI BOBXWHK  Kynapi, NposeneHomy i3 ce-
peaMHu, HATKK Ha sigcTaui r

Bif, HUTKW P

e 1sinb : =
2neer

Posain | enekTPUuHE NoA: |



EAEKTPOAWNMHAMIKA,

ITpodoeacennsa mabauyi

TYT 6 — KYT MiX HanpsaMKoM

HOpMani A0 HWTKK Ta paaiyc-

BEKTOPOM, MNPOBEAEHUM i3

TOYKM 0 KIHLUS HATKM.
OnHopigHo 3a-

5 g Ona r € R HanpyxeHicTb

pagiycom R o il
3e.e

ne p — ob’emHa ryctvHa 3a-
paay.

Ona r > R wanpyxenicte E
BM3HA4YaETLCA (HOPMYNOI0 HA-
NPYXEHOCTi TOYKOBOro 3aps-
ay

-y ~ . .
T/ QMaitre signosiai Ha 3anuTanHa

1. W0 HasuBawTe NOTOKOM HANPYXEHOCTI eNeKTPUYHOro nons?

2. ¥ yomy cyTb Teopemu OcTporpaacekoro-aycca?

3. 3a skow HopMyno BM3HAYAETLCR HANPYXEHICTe PIBHOMIPHO 3apsaXeHOl HEeCKiH-
4.

YEeHHOI NNOWMHKT?
Yum Bigpi3HATE KAPTUHKM CUNOBKUX NiHIA NONIB MiX ABOMa NapaMn TOYKOBWX 3apsais
qi-gTa2qi-g? Hamanwiite ix.

Mpuknagu po3e’A3yBaHHA 3anad

Sanpaua. Ha cynineniit meranesiit cdepi pagiycom R = 20 cM pisEOMipHO poanogine-
HHMH 3apaj 3 NOBEPXHEBOK I'YCTHHOI O = 10°° Kn/ m°. BusHAuATH HAOPYKEeHICTE eNeK-
TPHYHOTO II0JIA ¥ TOUKaX: Ha Bificrani ry = 16 cMm Big nenTpa cepn, Ha moBepxHi cdepu Ta
Ha Bigerani r, = 36 cM Big uesTpa chepn. [Tobyaysaru rpadikn sanemxuocri E = E(r).

JMano: Poag’azannn
R=02m Beepeauni cepn Hanpy:eHicTh NoaA AOPIBHIOE HYJIO, OTHKE,
o=10"° Kn/m? E, =0 (mnar=ry).
ri=0,16 m Sapagmxena chepa CTBOPKE HABKOJNO cebe Moje, HANPYMKeHICTh
ry=0,36m AKOr0 BU3HAYAETRLCA 34 (DOPMYJI0I0 TOUKOBOTO 3aPALY.
E;E Ey-?

Onar=R: E

R 1 4nR% o _ ... —f|-----1

= = =—,E,=113 B/m. "
2 2 2 1 &2
4!!550 R 4?!580 R EE, mw ES i Ea(")
1 g R
mr=ry: E;= == 2
4 ¥ dnee, r}  eegd E=0 "
E;=34,5B/m. LY - f

I'padik HaBegeno Ha max. 10.
Bigmosias: 0; 113 B/m; 34,5 B/m. Man. 10



«9:.‘ Bnpasa 3

1. Meranesiit kyai pagiycom 24 em nagaso sapsag 6,26 aKa. BusraunTn Hanpyxe-
HICTEh eJIEKTPHYHOTO NOJIA B IEHTPi KyJi, Ha Bijcrani Bijg nenTpa, mio JopiBHIOE
MOJIOBMHI pajiyea, i Ha Bigerani 24 cM Bijg moBepxHi KyJi.

2. ITobyayitre rpadiku sanesxHOCTI HAIPYKEHOCT] eIEKTPUYHOrO TIOJIA Bij BigcTanHi
E = f(r) ansa TouxoBoro sapany i aua sapapxenol nposignoi kyui pagiycom R.

3. Yomy JopiBHIOE HANPYKeHicTh E M0JA B IeHTPi piBHOMIPHO 3apA3KeHOr0 Apo-
TAHOrO Kinbmsa?

4. 3 AKOKW CHJI0K eJEKTPHYHE MOJe 3apAMMKeH0] HecKiHYeHHOoI ILIOIUHY Jie Ha
ONVHHIKD JOBMUHHE 3apAJMKEH0] HeCKIHYeHHO MOBroi HUTKH, 110 PO3TAIIOBAHA
y nomy moni? Jliniitna rycruna sapagy Ha HETHi 3 MmkKia/M, a nosepxaesa ryc-
THHA 3apAAy Ha naomuHi 20 MHRJ];'ME.

5. IlokazaTH, M0 eNeKTPHYHE MOJe, AKe CTROPeHe HUTKOK CKiHUYeHHO] JOBXHHH,
B rPAHMYHUX BHIAJKAX [TePEXOHUThH B eJIEKTPHUHE I10J1e: a) HECKIHYeHHO A0Broi
3apAMEeHol HUTKH; §) TOYKOBOTO 3apAAy.

6. HeobxinHO BU3HAYNTH HANDYKEHICTh €IEKTPHYHOTO MOJIA B TOYILi A, mo poa-
TALIOBAHA HA Bifcrani r = 5 oM Bijg 3apANMKEHOT0 AUCKA B3NOBX HODPMAJI,
BCTAHOBJIEHOI B foro nenTpi. [Ipn sxomy rpannunomy sHaveHHi pagiyea R gucka
noJe B Touiti A He Oy e sigpiaaaTHcs Dinbmre, Hixk Ha 2% Big monA HeckiHYeHHOL
mnomuHn? fAKa HANPY:KeHICTh MoJd B ToUli A, AKIIO pafiye AUCKa JopiBHIOE
R=10r? ¥V crinsku pazie HaANpyKeHicTh, obuncaeHa v bOMY BHOAAKY, Bigpis-
HAETLCA BijJi HANPYKEHOCTI MOJIA HeCKIHYeHHO1 NIonuHN ?

7. MunbHa Oynbbamika, 110 BHCHTh HA KiHIl TOHKOI TpyDOUYKH, CTATVETHCH Iij
Ai€10 CHJI IOBepPXHeBoro HaTAry. Yu moxua yrpuMaTi Oyasdamky Bij noBHOTO
CTATYBAHHSA, AKIIO HAJATH 1i BEJHKOI0 eJeKTPUYHOro 3apaxy? Hkio rak, To
byawbamka Akoro giamerpa sannmuTbea? (IIpn npomy cliis BpaAXOBYBATH, IO Y
noai HanpyxxeHicTio 3 MB/M HacTae nmpobiit mosiTpa).

§ 4. MNpoBiAHUKM Ta AieNeKTPUKW B eN1IeKTPUYHOMY Noni

EnexrpocratuyHa iHaykuia. Byab-ake Tino, poaMimnieHe B eTeKTPHUYHOMY
noxi, enexktpuayerscd. IIpore nmponec enexTpusaiii aiA pisHHX pedyoBHH Dyae
pisHHM.

Enextpuuni xapakTepHCTHKH eJIeKTPOHEHTPAJIBLHOTO Tijia 3a1eXaTs Bijg pyx-
JINBOCTL 3apAKeHNX YACTHHOK B HBOMY, fKa, B CBOIO 4Yepry, BU3HadaeTecd 6y-
JOBOIO ATOMIB PEUOBHHH TA IX BBAEMHHUM PO3MIiIIEHHAM.

3a KOHIEeHTPAIli€l0 BITLHUX 3apAMKeHNX YACTHHOK Y PEYOBHHI BCi peUOBHHHA
NOAINAITE HA TPH OCHOBHI KJIacH: npogidHuku, dierexmpuku i anienposionu-
wu. Jlo mpoBiAHMKIB HAJIEIKATEL PEUOBUHH, AKI MiCcTATL 3apAKeH] YaCTHHKH, 110
3/aTHI PyXaTHCH BIOPAAKOBAHO IO BChOMY 00’eMy Tija i i€l eleKTPHIHOrO
H0JA, — TAK 3BaHIi 8inbHi 3apadu. IIpoBigHUKaAMY € BCi MeTasH, BOAHI PO3UYMHHA
coJieii, KMCJIO0T, JYriB, po3MaBu coJeil, ioHizoBaHi rasm.

Poarnsgaemo noepeiiHKY B eJIeKTPHYHOMY IIOJII TLIBKH TBEPAHUX MeTAJIEBHX IIPO-
BifEUKiB. ¥ MeTasIax HOCiAMHU BLIBHUX 3apAAiB € BLIbH enexTponn. [x HasuBawoTh
eaexmponamu nposidnocmi. BinbHI elekTpoEN GepyTH YUaCTh Y TEILIOBOMY pyci it
MOMKYTE IEPEMINIYBATHCSA 10 IMATKY MeTAJNY B OyAb-AKOMY HAIPAMKY.

ITomicTuMO HesapsAKeHUI MeTAJEBHI NPOBLIHHK B OQHOPigHE eJIeKTpoCcTa-
TruHe noje, ITig gieo nmoas B HbOMY BUHHKHE BIIOPAAKOBAHUH PYX BIILHHAX eJlek-
TPOHIB ¥ HANPAMKY, IPOTAJICKHOMY HALNPAMKY HanpyxeHocti E I(bOro moss

Posain | erekTPrdHe Noae [[TEEHRN



EAEKTPDAWVHAMIK A

A B (man. 11). EnekTpoHH HaKONHYYBATHMYTHCA Ha
"—*\_/‘--T/""\___/-— x " 4o

E,, ogHOMY OoLi HNpOBiZHMKA H YTBOPATHE TAM HAaj-

@ - f——— - - - @ o JIMIOKOBHH HEeraTHBHHH 3apsAf, a IX HeJocTaua Ha

i ..-(d_:_ immomy 6Goni mpoBifHMKA NpUBeNe A0 VTBOPEHHA

é"jf'; T _':‘_'_@"" TaM HaUIMIIKOBOTO MOSUTHBHOIO 3apaxy, Toﬁ_To B

—|i =2 y OpOBiIHUKY Bigdymerbes posnoain sapagis. 11i xe-

.___w.._-_w__.. CKOMITEHCOBAHi pidHOWMeHH]i 3apAay 3’ ABIATHCA

@ bt iR @ HA NPOBIAHUKY JIMIIE i Ai€10 30BHIIIHLOIO eJIeK-

B _:@_,___“____ |, TPHYHOrO moJsi, TO6TO TaKi 3apsAAM € IHAYKOBAHH-

@ ro—-- - -@ _ abo HaBeleHMMH. A B IILIOMY IPOBiIHMK 3aH-

: o ! LIAEThCA HE3APAJMKEHHM. ¥V IIbOMY [IEPEKOHYEMOCH,

T L T R @ >  BHHMAKYH npoai,mmix 3 IeKTPHYHOTO ONA.

c 7 5 T g S D Bup enextpusanii, 3a Axkoro mijg aiero 30BHimI-

HiX eJJeKTPHYHHX HOJIB BiibyBaeThCA Mepeposno-

Man. 11. nin sapAnis Mi yacTHHAMH IeBHOI'O Tina, HasHu-

MpoBigHWK Yy 30BHILLHLOMY

; BalOTh eleKmpocmamuyHow iHd €10,
eNeKTPUYHOMY Noni i o O

HeckomMnencoBaHi eneKTpHYHI 3apajgH, o
3’ABHINCAH HA NPOTHJIEKHUX YACTHHAX MPOBIIHHKA, CTBOPIOIOTH BCepeuHi mpo-
BiAHHMKA CBOE BJIACHE eJIEKTPHYHE I10JIe HAIPYKeHICTIO E“ . HanpaMku 30BHiIm-
HBOTO 1 BHYTpiIHBOrO MOJMiB mpoTHnesxHi (Man. 11).

Y pesynaprari nepemimeHHs BiABHHX HocilB sapamy i HakONWYeHHA IX
Ha HOPOTHJIEXKHMX YacTHHAX NPOBLIHMKaA HanpyXenicts E,, BHyTpimiaboro
noss 36iabIIyeThes 1, HapemTi, 3piBHIOETHCSA 3a MOLYJIEM 3 HANpYKeHicTIO E
30BHIIIHEOTO NojadA. 1le NpUHBOAKUTE A0 TOrO, [0 HANPYKEHICTh PE3YALTYIOUOro
noJia BCepefHH]I npoBigHMKa AopiBHIOE HYM0. lIpw nboMy Ha NOpPOBiAHHKY
BCTAHOBJIIOETHLCA PiBHOBArA 3aPALiB.

Enexrpocrarny4Hmii 3axmcT. 3a YMOBM piBHOBAru sapsiB Ha NPOBiTHHKY
BeCh HECKOMIIEHCOBAHHH 3apsAj pO3MIIIVETHCHA TIJABKH HA HOro 30BHIiIMIHIHA
NOBepXHi, a BCcepeJHHI NPOBiIHMKA eJeKTPHYHOro nonAa Hemae. lle aBume
BHKOPHCTOBYIOThH JJIsi CTBOPEHHS eNeKmMpPocmamuiHozo saxuemy — 3aXUeTy Bijg
aii enexTpuusoro noas. Ha sigMiny Big rpasiTamniiigoro noas Bij e1eKTPHYHOTO
HIOJIA MOXKHA 3aXHCTHTHUCH, AKIINO OTOYMTH NPOBIAHWK, HATIPMKJIAA, MiIHHMH
Jucramu. Ha npakTHni me BHKODHCTOBYIOTE [UJIS 3AXHMCTY BiJ IIOTYKHOIO
eJIEKTPHYHOIO 10JIA pajiosloKaTopiB Ta pagiocTaHnii, BHIPOMiHIOBAHHA AKHX
MOYKe BALITKOAHTH 3/0POB 10 JIIOJHHH; 1A 3anobiranesa Aii eJeKTPHYHOTO IOJIA
Ha YYTJHBI DpHIagu.

Bupw pienexrpukie. [iemexTpukamp, abo izonsTopaMH Ha3MBAIOTH Taki
TinA, Kpisb AKi eleKTPHYHI 3apAAH He MOMKYTh HEePEXOAHTH BiJ 3apANMKEHOr0
Tija A0 HesapsamxeHoro. 114 BracTHBICTL JieleKTPHKIB 3YMOBJIeHA THM, IO V
HHMX 3a NeBHUX YMOB BifcyTHI BinbHi Hocil sapany. Akmo ymoBu smiHOIOTBCH,
HANPHKJIA[ I1iJ YAC HarpiBaHHA, B [ieJeKTPHKY MOXKYThE BAHHKHYTH BilbHI HOCIT
3apAzfy i BiH nouyHe MpoBOZUTH eneKTpuKy. OTiKe, MOALN PeYOBHH Ha NMPOBiAHMA-
KH 1 ieleKTPHKH € YMOBHHM.

o pienexTpuKiB HajemxaTh yci rasu 3a HOpMaJbHMX YMOB, piguEH (rac,
CIIMPTH, aleToH, JUCTHILOBAHA BoJA Ta iH.), TBepli pe4yoBHHH (CKJIO0, IJACTMA-
CH, CyXe JIepeBo, namip, ryma Toio).

¥V mienexTpHKax eJeKTPHYHI 3apAJH He MOMYTh NepeMinyBaTHes Hij Aieio
eJIEKTPHYHOrO I0JIA 10 BcboMY 00’ €My Tijia Tak, fK BilbHI 3apAAH IPOBIAHAKA.
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Man. 12. MNMonapwu3adisa NONAPHOro AieNekTpuka

JlieeKTPHKY NOALAAOTE HA JBA BUAW:
¢ noaapui, AK1 CKIANAKTECA 3 MOJEKYJ, B AKHX IIEHTPH PO3NONLTY TMO3UTHB-
HHUX | HeraTHBHUX 3apAAiB He 30iraorscd (Boga, CIAPTH Ta iH.);
¢ HenoasApHi, 110 CKIAZAIOTECA 3 aTOMIB 400 MOJIEKYJI, B AKHX IEeHTPH pPO3Io-
Jiy MO3UTHBHUX i HeraTUBHUX 3apAxis sbiratorees (Gensos, iHepTHI rasu, mo-
JIieTHJIeH Ta iH.).

Nonspusauia pienekTpukis. YcepeauHi AiefleKTpHKa eJeKTpUYHE MOJe
mozke icHyBaTH. [IpuTAraHHa He3apaA XKeHOro Tina (JieJeKTpHKA) 0 3apAlKe-
HOTO TiJla HOACHIOETHCA THM, IO B eJICKTPHYHOMY IOJi BiIGYBAETHCA NOAAPUIA-
yis dierexmpura, T0O6TO 3MIIIEHHA B IPOTHIIEHHI GOKH PI3HONMEHHEUNX 3apsAjis,
110 BXOAATEL [0 CKJAAY ATOMIB i MOJEKYJ TAKHX PEYOBHH, alle TYT 3MilleHHSA
BinOyBaETECA B MeKAaX KOMKHOIo atoMa abo MoJIeKyaH.

Mosekynu NOJAPHUX AleJEeKTPHKIB — 1€ eIeKTPUYHI AUI0Ji, 1110 MalTh 110~
CcTIHHHHN ZHI0JLHHNA MOMEHT BHACJIIJOK acuMeTpil leATpa Mac MO3UTHBHUX 1 He-
raTHBHHX 3apaAAis (mMan. 12, a).

HAxmo nonApHUiA fieleKTPUK NOMICTHTH B eJIeKTPHYHE [10JI€, TO Ii JUII0J mo-
YUHAIOTH NOBEPTATHUCA CBOIMH IIO3UTHEHO 3apAMMKeHHMH KiHIAMH 10 HETATHBHO
sap#AeHo] IJIACTHHH, & HETATHBHO 3apPALMKEeHHMH — [0 NO3HTHBHO 3apaiiKeHol
miactuHy (Mana. 12, 6). ¥ pesyabTari Ha MOBepXHi AienekTpuKa 6ins mosuTHBHOT
IIACTHHA BHHAKAE JOCUTE TOHKHIL 1AD HEraTUBHUX 3apALiB, a O1/Is HeraTuBHOI —
MNO3UTHBHHX, AKI ¥ CTBOPIOIOTE 3ycTpiune none (man. 12, 8). (Becepenuni jgienex-
TPHKA MO3UTHEBHI I HeraTUBHI 3apAAY CyCigHIX AMMIONIB KOMIIEHCYIOTE Jil0 OJHH
ogHoro.) OpHak Ha BiAMiHY BijJl NMpOBIAHHMKIE Ie IOJe BMKe He 3[JaTHe IMOBHICTIO
CKOMIIEHCYBATH 30BHIIIHE, a JuIIe mocaadaioe Horo B € pasiB.

MosieKyiiu HeMoJAPHHAX [ieeKTPHUKIB, AKII0 Bif[CYTHE 30BHIIIHE eJeKTPUYHE
nojue, JUNOJMBHOrNO MOMeHTa He MaioTh (Man. 13). Axio x Henonspaui gienex-
TPHMK IIOMIiCTHTH B @JIEKTPHYHE TI0Je, HOTO MOJEKYIIH NedopMyIOThCH, B DE3YJILTA-
Ti 4OT0 YTBOPIOIOTHCA JHIOJI, AKi NOBOLATE cede, AK 1 AMMIOJII MOJAPHOrO JielieK-
TpUKAa. (B moIApHUX AleTeKTPHKAaX TAKOK Bi0YBaETHCA MONAPUSAILLIA MOTEKYII,
BHACHIZOK YOr0 B €JeKTPUYHOMY TOJi JUMOONLHHUE MOMEHT KOMKHOI MOJIEKYJIH
Heio 30ineImyeTses. ) AJle IOAAPH3allia HENOJAAPHAX JieJeKTPHKIB HOACHIETLCH

I Posain | EAEKTPUUHE nnnem
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Man. 13. Jedopmauis Ta opieHTauia Monekyn
HENONSPHOIO AIENEKTPUKA B ENEKTPHUYHOMY NOAi

JIHINe BHEHKHEHHAM [HIIOJLHONO MOMEHTA B MOJIEKYJII BHACHiIOK i1 gedopmarii
¥ S0BHIIIHBOMY eJIEKTPHYHOMY NoJli. S3aJeHO Bifl XiMivHOrO 3B’ A3KY BOHA MOMKe
OyTH pesyJsbsTaToM Jedopmanii eeKTpoHHEX 000I0HOK OKPeMHEX aTOMIB Ta HOHIB
(enexTpoHHA noasApH3anisa) abo HacaigKoM 3MiIeHHS NO3ZHTHBHUX 1 HEraTHBHMX
HoHIB y pisHi G0KH B3[I0BXK CHIOBUX JiHil 30BHIMIHBOT0 eJIEKTPHYHOTO N0 (H0H-
Ha moyApusania). Hasegerni AUOOJRHHE MOMEHT 3pocrae 3i abinplmeHHAM Ha-
NPY#eHOCT1 eJIeKTPHYHOTO oA,

Taxum 9YHHOM, V [ieJleKTPHKAaX, AK i B IPOBiIHMKAX, clocTepiraeThed iHOVK-
1id eJeKTpHYHHX 3apagiB. OqHaAK, AKIIO B eJIeKTPHYHOMY II0JI1 POSALINTH giejeK-
TPHEK Ha ABi YACTHHH, TO MH He OJIEPXHMO Pi3HOMMEHHO 3aPAMMKEHHX T, ¥ 1[bOMY
nojArae BigMiHHiCTh iIHAYKIIL B AlenekTpHKax Bix iHAYVKIII B npoBiAHMKAX.

dienexTpu4Ha NPOHMUKHICTE PEYOBUHM. Jasa XxapaKTepHCTHKH eJeKTpHA4-
HHX BJIACTHBOCTEH JlieIeKTPHKIB yBeleHO 0cOOJIHBY BeJIMYHHY, AKY HABHMBAKOTh
dienexmpuunot nponukricmio. Lle disuuna crana, ika Mokasye, y CKijibku pa-
3iB MOAYJIb HANIPYKEHOCTi eJIeKTPHYHOTO M0JIA BcepeJuHi AieqekTpuka E , MeH-
M Biji MOAYJIA HATIPYKEHOCTL E‘D y BaKkyymi,

g=—2o
Eﬂil

JienekTpUYHY NPOHHKHICTE BU3HAYEHO AJIA BCiX AielleKTPHKIB i 3aHeceHO 10

rabaunk. [na gucTranoBaHOl BogH £ = 81, a A racy & = 2.

te ) HaiiTe Bignoeigi Ha 3anMTanHsa

1. Lo ein6yBaeTLCA NPy BHECEHHI NMPOBIAHWKA B eNeKTpUYHe none?

2. flk 3apaauTh ABa Tina PisHOMMEHHO, HE AOTOPKYIOYMCh 40 HUX 3aPALKEHUM TiNOM?
3. BraxiTb cxoxicTb Ta BiAMIHHOCTI Npouecie enekTpuaauii npoBigHKKa Ta nonapuaauii
4,

pienexkTpuka.
Y AkOMy arperaTtHoOMY CTaHi — pigkomy, TBEPAOMY 41 ra3ononiGHoMy — fienekTpuyHa
NPOHWUKHICTL AienekTpuka Gyae HaWbinbwown?
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o § 5. EnexTpetu i cerHeToeneKkTpuku.
“* Pigki kpucTanu B eneKTpu4yHomMy noni

EnextpeTn. Cepen TBepux JieleKTPHUKIB icHYE rpyna pe4oBHH, AKi MOMKYTh
TPUBATHH yac 30epiraTy HaeneKTpM30BaHHH craH (6yTH NONAPH30BAHMMH) i 3a
BiJICYTHOCT] 30BHINTHBOTO JIEKTPHYHOTrO noJis. 111 peuoBHHHM jicTanu HASBY eek-
mpemie. IlopiGHI B1acTHBOCTI MaioTh pAA opra”Hivenx (mapadis, 61K0nHENH BiCcK,
HelioH, e0oHIT TOIMO) i HeoprariuHuX (cipka, GopHe cKJIO Ta iHIIi) peuoBuH.

Taka BIACTHBICTE eJIEKTPETIB 3yMOBJIEHA THM, 1110 BUHHKAE 3A/IMIIKOBA IOJIAPH-
3aIlifl, OCKLUIEKYM HA IPOHecH MoJIApuaalii Ta Aenosnspusanii norpiben pisHuii uac.
TIpucKOpPHUTH Npolec AEMOJAPH3AIT MOMKHA MLIAXOM IMiBUITIEHHA TeMIIEPATYDH
mienexkTpuka. Yac 36epexxkeHHsA noyAapuaaiii 6e3 momiTHOro 11 3MEeHIIIeHHA YV PisHUX
eJIEKTPeTiB pisHuil. ¥ JeAKUX eJeKTPeTiB BiH MOKe CATATH KiIbKOX AecATKIB poKiB.

Enexrpern sHaliiiiy 3acTOCYBaHHA B TeXHiUl AK AKepesa nmoctiiHoro enex-
TPHUYHOrO [0JIf, 30KpeMa B ejexkTporpadii.

CerHeroenekTpukn. [lieseKTpu4yHa TPOHHUKHICTD JIeAKHX JieJleKTPHKIB 3a
neBHOI TeMmepaTypH HaOyBae BeJIMKHX 3HAaYeHb. CIOUYATKY TAKY BJIACTHBICTE
0yJ10 BUABJEHO ¥V KPHCTAJIIB CEIHETOBOI CcOJIi, 1 TOMY BCi JieJIeKTPHKH IILOTO THITY
gicranu Ha3By cerferoesieKTpukis. TepMmiH «cerHeroeseKTpuKa» BBIB Vv HAYKY
I. B. Kypuaros y 30-X pokax MHHYJIOIO CTOJITTS.

JienexTpuuHa IIPOHUKHICTH CErHETOBOI COJIi MOKe IepeBHINYBATH [iejleK-
TPUYHY NPOHUKHICTh BAKYYMY V AeKinbKa THcAY pasis. Bona momiTHO smiHio-
€ThCA 31 3MiHOI0 HANIPYKEHOCT] 30BHILIHLOI0 eJIeKTPHYHOTO IIOJIA.

AHOMANTBHO BeIMKA Ale/IeKTPUYHA MPOHMKHICTD CErHETOCNeKTPHKIB 3YMOB-
JileHa BHHHKHEHHAM Y IMX PEYOBHH ¥ IeBHOMY IHTEDBAJ1 TEMIIEPATYP BHPAXKeHO1
croHTaHHOI (camofoBiasHO1) mosnapuaaii. Hasite 3a BigcyTHOCTI soBHiIIABLOrO
€MeKTPUYHOTO MOJMA OKpeMi AIJAHKH KPHUCTAJA CerHeTOoeJeKTPHKA (JIoMeHH)
BUABAAITLCSA MOJSAPU30OBAHKMH, ajie B pisHUX HanpsaMmKax (man. 14, a). Tomy B
[iJOMY BeCh KPHCTAJ CerHeToe/IeKTPHKA MOBOIHTE cebe Tak, HiOM BiH 30BciM He
noaapusopanuii. 1Iig gieo exexTpryHOro Noas BiadyBaeTses 3MiHA HAIPAMKY
nosApu3aiii (3MiHa opieHTAaIll) JOMeHIB — BOHH NOBEPHYTLCA B HANIPAMKY IBO-
ro moas (maj. 14, 6). CerHeroe/leKTPHK YacTKOBO 30epirae ceomw moaapHaanio i
TOAl, KOJIH HOro BHAAIUTH 3 [10JIA.

Bussnserses, 110 JOMEHH € B CerHeTOeeKTPHKAX JIMIIE B IEBHOMY iHTepBaii
TeMIepaTryp, i caMe 3a OHX TEMIEPaTyp ¥ HUX 30epiraloTbcA CerHeTOeNeKTPUYHL
BractuBocTi. Hanpukaasn, cerseTosa cinb
Mae€ I BJaCTHBOCTI JIUIIIe IpH TeMIIepary- E,
pax Big —15 no 22,5 °C. T i

CerseToe/IeKTPHKH BHKOPHCTOBYIOTHCH -0 -0 -8 -0
JAJIs BATOTOBJIEHHA NeHepaToOpiB 1 npuiima- :::: ::::: :
qlny{rpraanyK OBHMX XBHJIL TaiHIIHX pajio- t: ::: ::: ::
TeXHiYHHX IPHUCTPOIB. 0008

MN’esoenexTpuynmnii edpexr. Bupuen- \ et e
HSi BJACTHBOCTeH TBePAMX JieJeKTPUKiB , 6
MMOKA3AJI0, [0 AeAKi 3 HUX MOJAPHU3YIOTE- Sl 4 Eiinan DO
CA He JHIIe 3a JOTIOMOTOI0 eNeKTPHIHOr0 CTPYKTYDM CErHETORNEKTDUKA:
noJjisf, a i y npoieci fepopmanii BHACTIOK g - 3a BiaCyTHOCTI €NEKTPUYHOTO NONS;
MexaHiuHOI Aii HA HUX. 0 — y CUNBHOMY ENEKTRPUYHOMY NONi
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ITpamuit n'ezoenexmpuyruil epercm — siBHINe NoJasgpusanii gieseKTpUKa il
gyac MexaHiuHol gii Ha HBOTO.

Ileii edhexT MaOTL KpUCTANIM KBapy i Bei cerneroenexTpuku. Ilo6 fioro cro-
crepiraTi, 3 KpUcTalla BAPi3alTh NPAMOKYTHHI napasienemninej, rpaii sxoro
noBHHHI 6yTH OpicHTOBaHI MeBHUM YHHOM BigHOCHO KpucTtaJa. [[Bi mpoTHiesHi
rpaHi DOKPHBAKTE METAJIEBUMH IIACTHHAMM 3 BiIBOJJAMH JIJIA MiIKJIYEHHA J0
eJeKTpU4YHOro Kojna. Ilpy spasnioBaHHi napajieieninena ogHa HOro rpashb sapa-
IMKAETHCH NO3UTHBHO, a APYTra — HeraTHBHO. A K0 CTHCKAHHSA 3aMiHMTH pO3TA-
roM napaJiejieninejia, To 3HaKH Ha MO0 rPAHAX 3MIHATHCA HA MPOTHJIEMKHI.

IIpamuit n’esoeseK TPUYHAN eeKT MOMKHA TOACHHTH TAK. Vi II'€B0KPHACTAIH
He MaloTk LUEeHTpa CHMeTpil i cKIagaThed i3 MOBHTHBHHX TA HETATHBHHX HOHIB,
Akl yrBOpoOIOTE HiIOM ABI camocTifHI migrpaTKH, BCTaBJIeHI oaHa B ogHy. Komm
'e€30KPHCTAJ CTHCKYIOTh (POSTAIYIOTE), Il HiAI'PATKH 3CYBAIOTHCA OJHA BIAHOCHO
OftHOl, i 0ffHA IOBEPXHA KPHCTAJIA 3aPAKAETHCA IIO3UTUBHO, & JIPYra — HETATUBHO.

¥ n’esoxpucTaliB crocTepiracTheA i 3BOPOTHE ABKIIE — AedOpPMALiA TOJADH-
30BAHOI'O KpHCTAJIA.

3eopomHuuil n'e3oeaexmpuynuii epexm — nedopmallis KPUCTANIBE BHACTIIOK
HOro noaApu3anii y 30BHIIIHEOMY €JIEKTPHYHOMY II0JI.

Hrmo nnacTHHKY, BHpisaHy 3 II'€30KPHCTANA, IOMICTHTH B eJIEKTPHYHE II0Je,
IO MIOCTiTHO 3MiHIOETHLCHA, TO BOHA MYJILCYBATHUME B TAKT 3Minam nous. [eit edexr
BHKODHCTOBYETHCS A6 f0OYBAHHSA VIBTPASBYKY ¥ PagioTeXHIYHMX IPHCTPOAX.

Pinkokpucranivydi aucnnel. Pigki kpueraJn — 1e pedoBHHM, JAOBri MoJje-
KYJH AKHX IEBHAM YHHOM BIOPAKOBAHi, TOGTO B HUX iCHYE NMeBHA CUMeTpisd.
HAx macninok, icHye # aHisoTponia MexaHiYHHX, eeKTPHYHHX, MArHITHHX Ta
ONTHYHHUX BJIACTHBOCTEH PEYMOBHH IbOT0 KJaacy. [loegHVIOUH BJIacTHBOCTI pignH
Ta TBEPAMX TiJ (TeKydicTh, aHizoTpomisa), pigKi KpHUCTANH MPOARIAIOTH CHEIH-
¢iuni edpexTH, Hararo 3 AKMX He CIOCTEPIraThCH ¥ piAUMHAX Ta TBEpPAHAX Tijlax.

HafinonynspHIiIIAMH cepeji 3aCTOCYBAHb DIKMX KPHUCTAIIB € pidkokpucmaniv-
Hi ducnaei (man. 15). Pinkokpueraniuanit pucrneit (anra. liquid erystal display,
LCD) - ue eneKTpHYHHH NPHUCTPIH BisyaabHOro BigoOpa)keHHA indopmaii,
MPHHIAMN Ail AKOro I'pyHTYETLCA HA ABH-
mi noaapusanii CBITIOBOrO IMOTOKY.
(3 sABMImmeM nonspHsanii BH AeTANbHO
o3HalloMuTeCh Y po3fiiai «Omrrukas.)

Pigkokpucraniyaa naHens OCBIiTIIO-
€TBhCHA JKepesioM CBiTIa (3aJ1eKHO BiJ TOrO,
Jle BOHO PO3TAlIOBaHE, PiIKOKpHUCTATIUH]
naHeJi NpaiooTs Ha BindueauHi abo Ha
MPOXOJKeHHi cBiTa).

Jls oTpUMAaHHA KOJBOPOBOTO 300pa-
#EeHHA BHKODHUCTOBYIOTH TPH (iJbTpH
(may. 16), mo BUIINAKTE 3 AKepeia
Gismoro cBiTNIA TPH OCHOBHHX KOJBOPH
(cuuiii, seseHHii, YepBOHHI). 3aBIAKH
KOMOIHYBAHHIO TPEOX OCHOBHHMX KOJIBO-
PiB 1A KOXKHOI TOUKH ([IiKcens) ekpaHa
3’ ABNAETECA MOKJIHBICTE BIATBOPHTH
OyAb-AKHHA KOJip.

Man. 15. PinkokpwcTaniysi ancnnei
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Man. 16. Cxema oTpMMaHHa 306paxeHHs Y pinkokpucTaniyHoMy gucnnei

Pigroxkpucraniunl aueniel CcHoMHBAIOTE HeBeNMKY KinbKicTs eHeprii,
TOMY BOHHM 3HAMIIIM IMMPOKE 34CTOCYBAHHA AK V¥ KHIICHBKOBHX IPHCTDPOAX
(rogpuHEMKaxX, MOOiIBHUX TenedoHAX, KHIIEHBKOBHMX KOMI'IOTEpax), TAK i B
KOMII' IOTEDHHX MOHITOpaXx, TeJeBi3opax Tolo.

te) Maiite signoeigi Ha 3anuTaHHa

1. Hki gienekTpUKK Ha3nBaKwTs enekTpeTamu? CerHeToenekTpukammu?
2. Y YoMy cyTb N'E30eNeKTPUYHOro edekTy?

3. Haeenite NpakTW4HI NPUKNaaW BUKOPUCTAHHA CErHeTOeNeKTPUKIB, enekTperis, pia-
KMX KpucTanis.

§ 6. Pob6oTa no nepemiweHHIO 3apaay 8
eneKTrpuYHomy noni

O6uncnexHs po6oTH eNeKTPUYHOro NOMSA NO NepemilleHHio sapsay. Ma
BJKe BKA3yBaJH Ha NMofibHicTE 3aKOHIBE BaaeMoAil eIeKTPHYHO 3apAAMKeHUX Tia
(saxoH Kynora) Ta MacMBHUX TiJ (3aK0H BececBiTHbOro TaxkinHA). B 060X suman-

> S , : ¥ " ;
Kax F ~ — - BianosigHo i HacnigKkH i3 3aK0HIB MAIOTh 5}"1‘1’1 CXOMHUMH.
r

V Kypel MexaHIKH MH 3’ ACYBaJH TaKke:
¢ Cuna BcecBiTHBOTO TAMKIHHA € KOHCEPEAMUBHOW CULOK, OCKiIBKH ii po-
foTa Mo mepeMilIeHHIO Tijla MAco M y IPOCTOPi He SAJeHTH BiJ TpacKTopil
PYyXy Tilla, & BUBHAYAETHCH JIHIIE HOI0 IIOYATKOBHM i KiHIIEBHM MOJIOMEHHSH-

I'Posain |  eAEKTPUUHE NDAE |m



mu. Pobora mo mepeMileHHIO Tijla 3aMK-
- 9 HEHOK) TPAEKTOPiE MJOPiBHIOE HYJIK.
Pob6ora cnim semHoro TaxxkiaHA (6ina mo-
BepxHi 3emni) A=mg(h,—h,) (moana-
yeHHA AWUB. HA Mai. 17); v BcecBiTHBOMY
macinTabi pobora rpasiTamiiiHOol CcHIH

1 1
hy A:GM&Mm[———]. Cunose mone, B

n n

AKOMY poboTa He 3aJIeRHUTE Bij (hopMHu Tpa-

€KTOpii, HABUBAETLCA NOMEHYIAABHUM.

5 ¢ V komHil Touni mois TiNo Mae NeBHY
: ¥ NOTeHIialsHY eHepriioo BifjHOCHO BHOpa-
Y A 1 HYJILOBOro piBHA. 3HAUEHHHA TIOTEH-

Man. 17. 1o BU3Ha4eHHs po6oTh niaxbHol eHeprii Tina y ganiit Touni mpo-

CHUIW TAXIHHA CTOPY BH3HAYAETLCA PpobOTON mHoOaA 1o
IepeMilneHHIO Tija 3 Iiel TOYKU Ha HYJIBO-

BHi1 piBeHs. PofoTa cuin TAKIHEA f0piBHIOE 3MiH] noTeHnianbHOI eHeprii Tina 3

HPOTHIEHHUM 3HAKOM, A =—(E , - E ).

ITi BMCHOBKHM OTPMMAHO 3 3aKOHY BeecBiTHbOro TaxinHa HeloToHa, moxi6ni
BHCHOBKM MalTh Oy TH OTPHMAHI] 1 /1A eJIeKTPOCTATHYHHX CHJI, 1[0 A1I0Th B €JIeK-
TPUUHOMY 110711,

PosrisanemMo pyx TOYKOBOIO 3apsny B OfHOpijgHOMY enekTpuyHOoMYy moii. Hexaii
O/IHOpiJIHE MOJIe CTBOPIOIOTH BeJIMKI METaJeBi IJIACTHHY, 10 MAIOTh 3apALH ITPOTH-
nexxuux 3aKis. Ile nose ie Ha Touxose TiIo cTasolo cunow F =gk, oi6Ho JI0 TOTO,
AK ToJIe TAXKIHHA [gie 3i cranoo cinow F = mg Ha Tiio mo0JIH3y NoBePXHI 3eMIti.

Hexaii niaacturu poamimeni ropusoHTansHo. Oburcanmo pobory, AKY BH-
KOHYE eJIeKTPOCTaATHYHE [10Jie, NepeMillyiouH No3UuTUBHUAN 3apaj q i3 Touku I,
poaramoBaHol Ha BifcTaHi d, Bijj HeraTHBHO 3apAAKeHO] IJIACTHHH, Y TOYKY 2,
BifzaneHy Ha BijcTaHb d,, 10 NIpAMOJIiHiiHiH TpaekTopii (Max. 18, a).

fx Bigomo 3 Kypcy MexaHikH, pofoTa o mepeMileHHIO Tijla BH3HAYMAETHCH
dopmynow A = Fscosw, e 0. — KYT Mij BeKTOPAMH CHIH Ta llepeMileHHA.

1

1 1
TN +q Be 4
| PN E T‘ T E
i \\ ﬁ; L,:‘ _cf.ld..- -Tb D .:E
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l :Cf.g
N2 : ! 2
e 1 I S S R
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Man. 18. NepeMilueHHs NO3MTUBHOIO 3apsaay B 04HOPIAHOMY ENeKTPUYHOMY Noni:
a — No NPAMONIHIRHIA TRaekTopIl; 0 — NO naMmaxin



BinnoBigHo enekTpHuHe IoJie Ha
pinsuni 1-2 suxonye pobory A = Fd,
ge d = scoso.. 3 ypaxyBaHHAM TOIO,
mo F = qE, orpumyemo A = qEd =
=qE(d, —d,). lla po6ora He 3a/1eXUTh
Bix dopmu TpaekTopii, momibno mo
TOro, AK He 3aJIeKHUTh Big (hopMH Tpa-
eKTopii pobora cunu TaxinHA. [JoBe-
memo 1e. Hexaii Tenep No3HTHBHHMI
3apAj ¢ NepeMinyeTbea 8 TOUKH [ y
Touky 2 namanow BDC (man. 18, 0).
Toai mone BHKOHYE pobOTY R : !

A=qE(BDcoso,; +DCcoso,)=

Man. 19. KpueoniHiiiHy TpaekTopilo MOXHa 3a-

=qE(BD, + D,C,)=qEd. MIHWUTK TDAEKTOPIEID Y BUrNAA| NaMaHoi niii 3
) AKOI0 3aBrOAHO TOYHICTIO, AKLLO B3ATH
Taxoro  BHCHOBKY MU Aifizemo 3a A0CTaTHLO Mani CX0ANHKM

Oyab-AKOr0 BUIVIALY TPAEKTOPII pyxy
TOYKOBOI'O 3apAjny, amxe Oyab-aKy

KPHBY MOJKHa 3aMiHHTH nepeMimieH-
HAM IO JIJaMaHi#i TpaekTopii 3 focrar- P—ﬁé
HBO MAJHMH CX0AuHKaMu (maiu. 19).

OT:xe, MH JOBEJIH, IO B OJHOPigHO-
MY eJIeKTPHYHOMY oJii poboTa esex-
TPOCTATHYHHX CHJ He 3aJIeXKUTh Bif
thopmu TpackTopii. Bigmosigno po6o-
Ta IO NEPEMIIMEHHI0 3apAAY 3aMKHE™  \Map 20, Po6oTa no nepeMilleHHIo 3apaay 8
HON TPAEKTOPIE N0PIBHIOE HYJIIO. HeogHopiaHoMy noni

Mo:xkHa noBecTH, L0 Ieil BHCHO-

BOK CIIPAB[IKYETHCA 1 AJIA HEOAHOPIAHUX OB, HAIPHKJIAA JJA M0JA TOYKOBO-
ro aapany (main. 20). ¥ usomy Bunagry poboTy 1mo nepeMimeHHI0 TO3HTHBHOTO
3apAny g ia Toukn 1, 1Mo JeXUTH Ha BificTani ry Bix saapaay ¢, 1o ¢TBOPIOE moe,
V TOYKy 2, 10 JIe3KUTh Ha BifcTaHi r,, BABHAYAIOTH 38 ()OPMYJIOI0

PE | L .
. dneger,  4meqer,

He3aJIeKHO BiJ (hopMH TpaeKTopii.

Orxe, erexmpocmamuyiii cuau 63aEMO0Il MiN HePYXOMUMU MOYKOSUMU
3apadamu € KoHcepsamueHumu. A mojie KOHCEPBATHBHHUX CHJI € MOTEHIIANBHHAM,
BignosigHo elekTpHYHEE IIOJIE TAK CAMO, AK 1 rpaBiTaiifine moje, — MOTeHIIAJIBHE,
I poboTa cuil eTeKTPHYHOTO MOJAA MOXKe OYTH BH3HAYEHA 4yepe3 3MiHY MOTeH-
nianeHOI eHeprii TOYKOBOro 3apsAAY B BOMY IOJi.

MNoTeHuiansHa eHepria B3aemopil Toukoeux 3apagie. Ilogiéuo mo Toro,
AK 6yab-AKe TiNO, IO B3aEMOJIE 3 3eMJIel0 38 3aKOHOM BCECBITHBOIO TAKIHHA,
Ha pi3HHX BifcTaHAX Bif il HeHTpa Mae pisHY NOTeHIiaANBHY enepr‘im, eJIeKTpHY-
HHUH aapa,u ¢ Ha pisHi# BiAcTaHi Bif iHIIOro sapaxy g, Mae pisay no'renumﬂbﬂy
eueprlw W. Hximo sapan g uepemlmye'rhca B €JIEKTPHYHOMY IIOJI 3 TOYKH I,
ne iioro moreHnianbHa eHepria Oysna W, y Touky 2, ne ioro esepris crana W,

! Ockinbkn nitepoio E mosHavaeThcs HANPYKeHICTH eJIeKTPHYHOT'O MOJA, TO eHeprino B
eJIeKTPOAMHAMIII NPHIAHATO IO3HAYATH JiTepoo W,

IPosain | EABKTPUHHE ncm&lE-
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pobora cunnona A =W, - W, =— (W, - W,)=-AW. fx suano 3 hopmynn, A Ta
AW maioTs npotTuaeskHi 3aaxku. lle noAcHIWETECA THM, 10 AKINO 3apAj ¢ Nepe-
Mingyerbea nig giero cun noas (robro pobdora mona A mopaTHa), TO HOro IOTEH-
IiajJLHA eHeprifa 3MeHINYETLCA, npupicT eHeprii AW Bix emumii. ko »x sapan
nepeMilyeTbCA OPoTH cHil moas (A — Big’eMHa), TO moTeHIlianbHa eHepria aa-
pany sdiasmyerses. (Taxe s coiBeRifHOIEHHESA MiK IOTEeHI[IAJIBEHOIO EHEPTi€lo Ta
pobOTON CHJIIH TAMIHHA).

SAr Biomo, 3HAUEHHSA MOTEHIIIANBHOI €Hepril 3a1eKUThb Bif BHOOPY HYJILOBO-
ro pipusa. B e.ﬂe1':'11310(:'1':1'1'1'1ui1 JOMOBHJIHCE NOTEHIIIANLHY eHepriin sapagy, pos-
MimeHoro B To4Ili, HecKiHUeHHO BifjjaseHii Bij saps/eHoro Tiaa, 110 CTROPIOE
moJse, BeaxkaTy sa Hyas, W,_ =0, Togi npu nepemimniensi sapany ¢ 3 TouxkH 1 y
HeckiHueHHicTH pobora mona A=W, -W_=W,. TobTo, norerniansua eHeprisa
sapajy ¢, poaMileHoro B AKii-Hebyas TOYNLI N0JA, YNCEJIbHO JopiBHIOE pobori,
AKY BHKOHYIOTH CHJIH TIOJIA, NEePeMillyIuH [eil 3apAal 3 BKaszaHol TOYKH ¥
Heckinuennicts. W = gEd, ne d — BifcTans Bif AxKepesna Moad A0 TOYKH, B AKIH
nepebyBae 3apsaf q.

SIKIIO ToJIe CTBOpPeHe MOZUTHBHUM 3apAI0M, TO 3HAUEHHA NNOTeHIL ANLHOI eHepril
IHIIIOrO MOSHTHBHOIO 3apAay, posMilileHOro B AeAKiil Touni nboro mosas, doyme ao-
[aTHe, AKIILO # [10JIe CTBOPEHEe HEMATHBHHUM 3apAJoM, TO 3HAYEHHS MOTeHIiaabHOL
eHepril MO3UTHBHOrO 3apAay — Big'emue. [/ HeraTHBHOIO 3apAgy, POaMillieHoro
B eJIEKTPUYHOMY 10J1i, Bee Oyne Hasnaku. (Ilogymaiite womy.) Konn mosie cTeope-
HO Biflpasy KiTbKoMa 3apAfiamMu, MOTEHI[iATbHA eHeprid 3apaay ¢, po3MilleHoro B
AKii-He0yAEL TOYIN TAKOTO MOJIA opiBHIoE anrebpaiuniii cyMi enepriil, saymMoBJIeHHX
M0JIEM KO#CHOTrO 3apALY B Iiil Tou.

' HdaiTe Bignosigi Ha 3anuTaHHA

1. Ak 0B4McnineTLCA poboTa No NepemilleHHIO 3apAoKEeHoro Tina B 0AHOPIAHOMY enek-
TPUHHOMY Noni?

2. ¥ TekcTi naparpadga nokasavo, wo pobora nepemileHHna 3apagy i3 Toukn 1y To4Ky
2 popienioe gEd. Akowo Gyae poboTa, AKWO Uen cCaMuil 3apag NepemillyeTscs i3
TO4KM 2y TOuky 17

3. Yu 3aBxam poboTa CUN eNEKTPUYHOrO NONY B3A0BX 3aMKHEHOI TPAEKTOPIl A0PIBHIOE
Hyno? Haesenite npuknag,.

Npuknagw po3e’a3yeaHHa 3apay

3agava. Touxose Tizo macow 107 kr mabyo sapany 1 mxKa i meuakocri 3000 m/c.
Ha axky MiHiMaJIBHY BiICTAHE BOHO MOXKEe HAOJH3HTHCH J0 TOYKOBOI'O 3apA/3eHOro Tiaa
ia sapagom 10 mxKn?

Nano: Poas’'nzauun
:-r_:\:_li.'l"r Kr Ockinbk# eJeKTPOCTATHYHE 110J1€, CTROPEHEe 3apAJOM (,, € MIOTeHIIi-
g=10"Kn AJBHMM, TO TiJi YAC PYXY B HBOMY 3apAAY  BUKOHVEThLCA 3aK0H 30epe-
v=3000m/c JKEHHA MOBHOT MexaHiuHOI eHepril:

| -5
go=10""Kn mu?

= T e — W, + L= Ww,,
Ll o ?

ge W, i W, — notennianbsi eneprii 3aapaay q B eeKTPOCTATHYHOMY N0 3aPARY §, HA 10~
HATKY 1 micjad MAaKCHMAJILHOT'O HAaOIHKEeHHA 0 Exepesa NoJid.

1 G = - i
V enexTpoTexHilli 3a HYJIb YACTO BBAXKAIOTE NOTEHIIANLHY eHeprilo 3apaay, po3MileHo-
ro Ha 3emJi.
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Mo Ha BBaXAaTH, 1110 B MOYATKOBHI MOMeHT 3apan ¢ GeaMe:kHOo faleko Bigganenni
Big 3apany q,, Tomy W, =0, i hopmyna nabysae surnagy

2 2
muy mu; q4
—=W,, 860 —=k—.
2 . 2 r
2k
3Bifcw BH3HAYAEMO T = Lﬁg" .
muv
IligcTapnAYH YUCI0B] 3HAYEHHA, HICTAEMO!
2
2.9.10° H—'-‘;— 10 °Kxn 10 °Ka
r= B . =0,2 m.

10 "kr-3000° ™,
c

Bignmosias: 0,2 M.

Bnpaea 4

1. Enexrpon si meuakicrtio 1,8:10" M/c BriTae B oanopigHe eJIeKTPHYHE moJe Ha-
npysxenictio 3 MH/Kx i pyxaerbesa nporu niniil nonsa. 3 AKHM OIPHCKODEHRHAM
PYXaeThcH eNeKTpOoH i Akowo Gyne floro MIBMAKICTL, KOMH BiH npoiiae Bigcrans
7,1 em? Crinexu gacy HeoOxiguo ana nabyrra uiel meugkoceri? Pyx enextpona
BimOyBAETHCA ¥ BAKYYMI.

2. Kynsra macoro 40 mr, 110 Mae nosutueenil sapajn ¢ = 1 aKa, pyxaersca ai mena-

Kierio 10 em/c. Ha saky Bigcrans Moxe HAOJIM3NTHCH KYJIBKA 0 NO3HTHBHOIO

TOYKOBOI'O 3apAny ¢, = 1,33 uKn?

3. fAxa pofora BHKOHYETHCA IPH NepeHeceHH] Toukororo 3apany 20 K is sveckin-
YeHHOCTL B TOUKY, 100 JeXKHTh Ha BigcTadi 1 M Big nosepxHi Kyxai pagiveom 1 cm
3 IOBePXHEBOK TYCTHHOI 3apaay 10 MpKa/m?

. JIBi kymeku 3 3apajgamu 6,66 nKn ta 13,33 HKn nepebypators Ha Bincrani 40 cm ogua
Big ognHol. Axy pobory Heobxigno BMKOHATH, MO6 HADIM3WTH IX J0 BigcTani 25 cM?
5. Toukosi 3apanu q, = —17 uKx ra ¢, = 20 iK1 nepefyBaioTs Bil TOUK0BOTO 3apa-
ay qs = 30 sKn Bignosigno Ha Bincranax [, = 2 em 1a [, = 5 em. fAky MiniManeay
pofoTy NpoTH eJIeKTPHYHUX CHJI HeoDX1gHO BHKOHATH, 00 NOMIHATH 3apamH

¢, Ta g, micuamu?

DY 9

§ 7. NoTeHuWian eneKTpU4HOro nons

Motexuian. ExkeinoTreHuianbHi noBepxHi. ¥ Mexanini BzaeMogio Tin xa-
PaKTepH3YIOTH CHJIOK abo moTeHNianbHOW eHepricw. EjnekTpruHe Imose, o
3JiMCHIOE B3aEMOAi0 Mij eNeKTPHYHO 3apAJMKeHHMH TLIaAMH, TAKOX Xapak-
TEepHU3YIOTh [JBOMA BelHW4YWHaMH. HanpykeHicTh €JeKTPHYHOrO MOJA — Me
cunosa xapaxrtepucrHka. Temep BBefieMo eHepzemuyHy XapPaKTEPHUCTHKY -—
nomenyiaa. 3a AONOMOrol Ii€i BeIMYHHH MOJXKHA Oyle HOpDIBHIOBATH MiX
coboro Oyne-AKI TOYKH ejexkTpuyHOro nojsa. OrTyke, moTeHIian AK XapakTte-
PHCTHKA M0JA He MOBUHEH 3aJ/le’KATH BiJ 3HAYEHHHA s3apaAny, L0 MICTHTBCH B
muxX Toukax. Posginumo obuaei wactueu dopmynn A = W, — W, Ha sapan gq.

A W P ) w :
Orpumaemo —=——-—=_, BigHomeHHs — He 3aJeXHUTh Bil 3HAYEHHSH
q q
3apaAny i npuiiMaeTbCcA 34 eHepPreTUYHY XAPAKTEPHCTHRY, AKY HA3HBAKOTE NO-
menyiaaom moaa B ganii rouni. Ilosnauators noreHuian aiTepoio ¢.
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i~ fMoTeHuian enekTpUYHOro NoAa ¢ — CKanApHa eHepreTuyHa xapakrepucruka
’ nons, Wo BU3HAYAETHCA BIAHOWEHHAM noTeHuianbHol eHeprii W no3utueHoro

e : w
3apafy ¢ B AaHii Touui nons A0 BEAWHYMHW LLOTO 3apsay, ¢=—.

E’E:;{B,

OauMHUNA MOTEHILIaJdyY — BOJBT, [(p]: 1 X
J

Ilomi6uo no noreHianbHOI eHepril 3HAUYEHHA NOTEHIIiANY B JaHiH Towmi 3a-
JIeJKUTH Bl BHOOPY HYJALOBOTO PiBHA A Bianiky morenniany. Haluacrime y
eJEeKTPOJIMHAMIII 38 HYJILOBUI piBeHb GepyTh MOTEHIIa] TOYMKH, IO JEeXHUTh V
HeCKiHUeHHOCTI, 4 Y eJIeKTpoTeXHili — Ha noBepxHi 3emui.

Iz BBemenHAM moreHUiany GOpMyNy UIA BH3HAYEeHHsA podoTH mO mepemi-

: : . A
IIMeHHI 3apAngy MLIA TOYKaMH I i 2 MoskHA BanMCaATH Y BHIALL —=@; — P, .
q

OckinbKy mij yac nepeMinieHHEA NO3UTHBHOIO 3apsAAY ¥ HAIPAMKY BEKTOpAa Ha-
NPY:KeHOCTi eJIeKTPUYHE 110J1e BUKOHYE MO3UTHBHY pobory A =q(p, —9,)>0, ro
noreHuian ¢, GinpmuHA 3a noreHnian ¢,. Takum YMHOM, HANPYKEHICTH eeK-
TPHYHOTO HOJIA HALIPAMJIeHA Y OiK 8MeHIIIeHHA IOTeHIiany.

Axmo zapag mepemimiaT i3 meBHOI TOYKHM MOJA V HeCKiHUYeHHicTH, pobora
A=glp-0_). Ocrinexn ¢_=0, To A=g¢.TakuM YNHOM, BeJHYHHA IIOTEH-
1iajay ¢ meBHOI TOYKH II0JIA BH3HAYAETHCH poboTol0, AKY BHKOHYE eJIeKTpHUYHe
moJjie, MepeMinyiodl oOJHHHYHUH MOSMTHBHHUN 3apAj i3 miel Touku Ha HECKiH-

i A
4eHHICTE, ¢p=—.

AKNI0 eJeKTPHUYHE IIOJIE CTBOPIOETHCA TOYKO-
BHM 3apsAAoM ¢, TO ¥ TOYIi, 10 JIeKATH Ha BincraHi
r Bijl HLOI0, MOTeHIian 00YHCIIIOTE 3a (POPMYJIIOID

Q= . Al . 3a nien GopMysIo0 PO3PaXoBYIOThH 1 mo-
4meyEr
TeHILiaN noJA, 3apAmKeHol Kyxi. ¥ nbomMy pasi r— oe
BiZicTaHs Big uweHTpa Ky qo eubpanol rouku oo, Ia
dropmMyM TaKOM BHAHO, 110 HA OJHAKOBHX BiJlcTaHAX
BiJ TOYKOBOro 3ap#ay, IO CTBOPIOE MoJie, MOTeHIian
OfHAKOBHH. Yci mi ToukH NexaTh Ha noBepxHi chepu,
OMUCAHOI PAJIiyCoM I HABKOJIO TOUKOBOTO 3apany. Taky
chepy HABUBAIOTH €KGINONMEHYiALbHOI0 LOGEPXHEID.
ExeginomenyianibHi nosepxHi — reoMeTpu4He Mic-
e TOYOK B EJEeKTPHYHOMY OO0JIi, AKI MaoTh ojHa-
KoBHH noreHniaa (man. 21). ExBinorernnianeHi mo-
BepXHi BHKOPHCTOBYIOTH AJIA HAOYHOrO 300pasKeHHd
eJIeKTPHYHHX MOJIiB.

Man. 21, e . g
ExsinoTeHwanbHi nosepxHi C}lmom JIiHII 3aB¥AN NepHeHIUKYIAPHL ﬂ% eKBilo-
@NEeKTPUYHMX NONiE, TeHI[laJIBHHX lElOBprpo. Ile O3Hauae, 1o podora cm}
CTBOPEHUX TOMKOBUMM MOJIA 3 NepeMillleHHA 3apAAY M0 eKBilloTeHIlaJIbHIi

3apaaamMM pisHMX 3Hakie MOBEPXHi OPiBHIOE HYJIIO.
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Y pasi HaknagaHHA eNeKTPHYHHUX MOOJIB,
CTBOPEHHX KijJbKOMa 3apAjaMy, IOTEeHIia
eNeKTPHYHOTO TOJA JopiBHIoOE anreGpaiumii
cyMi moTeHIiaNiB MOJiB, CTBOPEHHX OKPEMHMHE
sapAgamMu, ¢ = @, + ¢, + ... . EkBinorenniansui
MIOBEPXHi TAKHX CHCTEM MAOThL CKJIATHY (DOpMY.
Hanmpuknan, nia cHcTeMH i3 JBOX OJHAKOBHX
3a 3HAYEHHAM OJHOMMEHHHMX 3apsAjiB eKBimo-
TeHIiaJbHi NOBEPXHI MalOTE BUIAM, 300paske-
Huit Ha Man. 22,a. EkBinorerniansui mopepxHi
OJHOPLAHOIO NONA € IIoIMHaAMHA (MaJ. 22,6).

Pisanuus norteHuianie. IIpakTuunme 3Ha- P,
YeHHA Mae He caM MNOTeHIian y Todli, a 3Mi-
Ha (pisHMIA) MoTeHUiany ¢, — @,, AKa He 3a-
JIeXKHATE Bif BUGODY HYJILOBOro piBHA Bigmiky
noreduiany. Piznuyio nomenyianie ¢, — ¢, me
HA3WBAIOTL HANPY20/0 1 MO3HAYAIOTHL JIATHH-
cbkom0 Jireporo U. Toai dopmyna gusa poboru
mo mnepeMinieHHIO 3apany HabyBae BHIIA-

P2

R ([ ——

A
Ay —=¢;-@,=U.
q 6

BEPXHI: @ — NONA ABOX OAHAKOBUX
3Ha4aETLCH poBOoTOI enekTpUYHOro nons 3apsAiB; 6 — ORHOPIAHONO NONS:
MO NePeMILLEHHIO OAWHWUYHOMO NO3UTUBHOMO

,s Hanpyra U - ue diaviHa Benvunta, skagu- & 22. EkeinoTenuiansHi no-
< A
3apsay Mix gsoma Todkamwn nonga, U=—.

q
OpuEMLA pisHANI NoTeHUiakiB (HAOpPYrH), AK i MOTeHOiaxy, — BOJBT,
H
[U]l=1B= lg—.
Kn

OckineKu pofoTa CHJI NOJA [0 NepPeMillleHHIO 3apAIY 3aJeKHTh JIAIIe Bif pia-
HUII DOTeHUianiB, TO B pa3i mepeMileHHs 3apAfy 3 OfiHiel eKBinmoTenniansHO1
NOBEPXHi Ha ApyTy (IOTeHIiaIu AKUX BiNOBiAHO ¢, Ta (0,) BAKOHAHA II0JIEM PO-
GoTa He 3ane)KUTh BiJ TpacKTOpil nporo pyxy.

3B’A30K HaNpPYXeHOCTI eNneKTPUYHOro nons 3 Hanpyrow. I3 dopmyn
A=EgqgdraA=qU M0Ha BCTAHOBUTH 3B 30K MiX HAIPYKEHICTIO TA HAIIPYT'OIO
eJIeKTPUYHOIO n0JidA, a came Ed = U, I3 niei dhoopMynn BUnIUBaE:
¢ uuM MeHIe 3MiHIOETHLCA MOTEHILIAN HA BifAcTani d, TUM MeHIIIOIO € HANPYe-
HiCTB eJIeKTPUYHOTO [OJIA;

# AKINO DOTeHIiaN He 3MIHIOETECH, TO HANIPYIKEHICTS N0PiBHIOE HYJIIO;
$ Hampy)KeHiCTb eJIEKTPHYHOTO ITOJIA HATTpSAMIIeHA B 61K 3MeHIIeHHA MOTeHIiaIy.

; U s :
Ockinekn E:E, TO caMe 3 uiel ¢bopMysaH i BHBOAUTHCA IIe OJHA OIH-

: B
HUIIA HANPY>XeHOCTi — BOJILT Ha MeTp, [E]=1—.
M
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@' DaiTe Bignosiai Ha 3anuTaHHA

1. Wo HaaueaiTe NOTEHUIANOM EeNneKTpUYHoro
nona? Axa dopmyna Binobpaxac 3micT UbLOro
NOHATTA?

2. Wo HasmeanTe PiaHUUeo NoTeHwianis Mix ABo-
ma Toskamm nons? Hka gopmyna Binobpaxae
3MICT UbOro NOHATTA?

3. Hki noBepxHi HA3WMBAKTh BKBINOTEHUIANBHUMI?

4. flka dopMyna 3ad€ 38'A30K MK HANPYXEHICTIO
i piaHuueln notTeHuianis B 0QHOPIAHOMY enek-
TPUHHOMY NONi?

5. MNopisHaTK poBOTH, BUKOHAHI NONEeM nifg 4ac ne-
pemiweHHs sapaay 3 Toukm A 8 toukm B, Ci D
(man. 23).

6. Mpoananiszyinte HopMynn 3aKOHIB BCECBITHBOIO Man. 23
TRXIHHA | KynoHa, ski noaibHi aa popmoio, xo4a i
ONMUCYIOTL ABULLLA PI3HOT NpUpoaK, Ta 3'AcCyrTe:

a) Aka dizvuHa BeNMYMHA B 3aKOHi BCECBITHBOrO TAXIHHA € aHanorom 3apsay B 3a-
KOHI enekTpocTtatvkn Kynona?

6) Hka BennuKMHa y Noni TAXIHHA Biairpae ponk, NoAiGHY A0 HANPYXEHOCTI eNeKTPuY-
HOro nona? 3anuwite Gopmyny Ans 0B64YUCIEHHS LiEl BENUYMHM.

8) Hkwia Burnag mae opMyna noTeduiany ¢ rpasitauiilHoro Nnong, aKWo noTeduian

s
4ne,er

eneKTPpUYHOro NoONA P =

3aranoHi pekomeHgauii Ao po3e’a3yBaHHA 3aaay

Poag’asyioum 3anadi, Tpeba BpaxoBysaTH, WO HEraTMBHO 3apsaaxeHi TOY4koB.i Tina, 3a-
nuweHi cami Ha cebe, B eNekKTPUHHOMY NOAI PYXaloThCH B TOYOK 3 MEHLLIMM NOTEHLanom
A0 To4ok, ae noTteHuian Binswwi. NMo3MTMBHO 3apAaXEeHI TiNa pyxalTeCH ¥ 3BOPOTHOMY Ha-
npsamky. Ocobnueo cnig nam'ataTti HaBaXNUBILLY BNACTUBICTb BIEKTPUYHOIO NONY — Hea3a-
nexHicTs poBoTr cun Big TpaekTopil pyxy. Po6oTa cun, Wo AT Ha 3apagxeHe Tino 3 6oky
NONs, BUPaxXaEThCA YE&pe3 PI3HULIO NOTeHuianbHuX eHeprii abo pisHMLI0 noTeHuianis.

B 0CHOBI PO3B’'A3aHHA 3a[a4 HA PO3PAXYHOK CKNAAHWMX enekTpuyHux nonie, Tobto 3anay Ha
BU3HAYEHHA HANPYXEHOCTI i NOTEeHUIANY TaKUX Monis y AEsKiA TO4Ui NPOCTOPY, NEXWUTb NPUHLIAMN
HaknagaxHe (cynepnoavuil) nonis.

S By

E:Z]Er. =EI +E2+E3 -l-....ﬁ'.E'].I Ta ‘.PZZ;‘P;=(<P] TP+ P+, .

0 e 5 3 5 e

Npuknagn po3s’A3yBaHHsA 3apay

- 3amaua 1. EnekTpuuHe mojie CTBOPEHE TOUKOBHM 3APHJIOM 5107 Ka, smimenum y
CcepejloBHINe 3 Aie/leKTPHYHOK NPOHHUKHICTIO £ = 2. BH3HAUHTH PiSHHIIO eJIeKTPHYHHMX
NOTeHIiATiB TOYOK, BigganeHnx Bijg sapany signoesigno Ha 5 em i 0,2 M. fka pobora Bu-
KOHYETECA I10 IepeMilleHHI0 eJeKTpHYHoro 3apaay 0,3-10 " Ko mik IIMMH TOUYKAMHA?

Jano: Poss’'azanun

q = 510" Kx .
~0.310"7 K BuxopucroByioun dopmyny =g /(4ne,er), BHIHAYMMO pizHM-

%o 2 3 10 eNEKTPHYHHX MOTEHIIAMIB TOYOK eJeKTPHUHOTO ITOJIA

Es

r =510"m iy e e B Y

rs =0,2M dneger;  AmEyEr, 41:5{,£Lr, r

=147

e i mmn =~ B PR
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Pofory no mepeMileHHIO 3apAfy B eeKTPHYHOMY MHoJi BH3HAYHMO 3a (POPMYJI0I0

A=qU.
IligcTaBAAIYA YHCIOB] 3HAUEHHA, OTPHMYEMO
510 "Kx 1 1
U= S 7 5 = =34kB
4-3,14-8,85-10 “Ka* /(H-m°)-2 | 5-10"m 0,2m

A=0,310"Kn-34-10° B= 107 ik = 1 Mm%,
Bignosigs: 34 kB; 1 m .

: 3amaua 2. 3 60 ManeHsKMX cpepHUHHX Kpanejib pryTi, pagiyen axux 0,1 mm,
20 mﬁ"yl{ MalOTh SApALH ¢ = 1,210 2 K, a 40 IITYK — gy = -0,810 '* Kn xosxua. Bu-
SHAYMTH MOTeHIian BelMKol Kpanii, AKA YTBOPIETLCH MiciafA BJAWTTA B OLHY BCiX
MAaJeHbKHX Kpaleib.

n“;“z I Poas’azarna
=1, JI IMorenuian Benukoi edepranol Kpammii
q2=—0.8'10"121{.n Q
r=110"n NS
n; =20 0
n,=40 ne @ — ii aapan, R — paxgiye.
; V nponeci 3IMBAHEA KPaNelk BHKOHYEThLCH 3aK0H 30epexeH-
0~
H# eJIEKTPHYHOTO 3apAAY: @ = nyqy + nyqsy.

3 4 4 )
06'eM YTBOpPEHOI KPAILTHHHA CTAHOBHTH Eﬂ:ﬂ‘.3 =(n, + n2)§ nr®, sBigkn R= r,3r'n, +1,.

. +n. i i
TOII,] Qo= —M Ilicna MACTAHOBKH YHCIOBHX 3HAYEHB OTPHMYEMO
4neqerdng +n,

p=184B.
Bignmosins: 184 B.

Bnpasa 5

1. Ha Bigcrani 5 ¢M Big moBepxHi KyJi HOTEHIOIAI eleKTPHYHOTO NOJA JOPIBHIOE
1,2 kB, a ma Bigcrani 10 ¢m BiH gopienwe 900 B. BuanaunTtH pajiye Kyii, ii aa-
pan i moreHiian. :

2. C1o ogHAKOBUX 3apA/XKEHUX KPalelkoK, 3JIHBAIYHCE, YTEOPIOWTE O4HY. AruM
OyJhe moTeHIian yTBOPeHOI KpaIlii, AKINO IOTeHIIian KOKHEOI KpanelkKH A0pie-
Hioe 3 B?

3. Toukn A i B nexarts Ha eincrani 10 ¢ ogua Bijg ogHol i postamosani B ofHo-
pinHOMY moJi, Hanpy:xeHicTh Akoro 60 kB/M. BH3HAYMTH pisHHIO MOTeHILia-
JiB Mik nuMH ToukaMu. PosrasiHyTH BUIAAKH,

Koau Toukn A i B nexxars: a) Ha oaHiNA il Ha- E
npy:enocri; 0) Ha npaMil, DepneHANKYIAPHIA B
[0 JiHil HAIPYKEeHOCTi; B) HA IPAMii, HAIPAM- -
JeHii mig kyrom 45° no aiHii Hanpy:KeHoCTi. /
4. BugHauuTH HAOpyry Mix Toukamu A i B /
(man. 24), axmo |AB| = 8 cm, o = 30° i Hanpye- _/ﬁ -
HicTh mosiA cTanoBHTH 50 KB /M. . v
5. fAxy wBuakicTs HADYBaE €NEKTPOH, MPHCKOPIO-
HYHCH Y T0JI1 3 pisanmelo norermianis 200 B? Man. 24

i Deianwa, 11 enac

L
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Ons nonaTKOBOro YUTaHHA

BumiploBaHHA enemMeHTapHoro efieKTpuyHoro sapaay

Hocaig Hodde—Minmikena. [lepmi Touni gocainy 3 MeTow BUMipIOBaHHA 3a-
psay enexktpoHa BukoHaB y 1906-1916 pp. amepukancbruil pisux P. Minniken
(1863-1953). Heaane:xHo Biji HLOI0 aHAJNOrIYHI AOCTiH MPOBIB paJiAHCBKHII
puennii A. @, Modde (1880-1960).

Minniked BUMIPIOBAB eJeKTPHYHUI 3apa] OKpeMHX ApibHUX Kpanenan oJii,
Wodde — 3apsag MaleHBKMX NOPOINIMHOK IUHKY i Kpanensok pryti. Jocaigan-
KaM noTpibao 0yiao BUMIpATH CHIY HPHOIHBHO ¥ 107'? H, aka mie HA YaCTHHKY
PEeY0BHHH Macoio 6JIMBBKO 10 *r.

Poboua aona yeranosxn Miurikena (man. 25) — ne zgi napanensHi miactHey 3,
MizK AKHMH CTBOPIOBAJIOCE OMHODiIHE elle K TPHYHe oJjle. ¥ e IoJie 3a JOIIOMOTr010 po3-
nunoBaya I BIHOPCKYBAJIN KpaneabkH Ol (0Iif Mae HH3bKHI THCK HacH4eHol napH,
TOMY BHNIAPOBYBAHHAM KPalelbok I1i/1 Yac J0ciqy MoxHa 3HexTyBaTH). Poboua soHa
BCTAHOBJIEHA BCEPEIHHI 3aXMCHON0 Koy yxXa 2 — 11100 TeMiiepaTypa i THCK MoBiTps 3a-
JMmainck cragsumu. [1ig uac posmuioBaHks oJiii KpaneJsKH eeKTPH3VBAIUCE i py-
XAJIUCh MMij] BILTMEOM CHJIM THMKIHHSA, eJIeKTPHYHOTO MO Ta iHIIAX CHJI. 34 pyXoM
KpanesibsoK MocHa 0yJ10 crocTepiraT B MikpocKon 4 depes clielliabHe BIKOHIIE.

CrouaTKy BUMIpAJH IIBAAKICT: U, piBHOMipHOro naainHa Kpammi mig
piew cunam TsoKiHEA pVg, BHIITOBXYBAJBHOI CHIH pVg 1 cHiIM omopy HoOBi-
tpa F, = by, (TyT p — rycTHHa oJiii, p, — rycTHHa nosiTpsa, V — 06’em kpaniau-
HH, b — KoegimiedT omopy, SAKHI 3aJeXKHTL Bij pajgiyca kpanai i B’siakoeri
nosiTps). PiBHAHHEA PyXy ¥ IbOMY BHIAAKY Take: pVg — pVg — by, = 0. Ilo-
TiM CTBODIOBATH eJeKTPHYHE [MoJe Mi IJIACTHHAMHM, SKe 3MYINYBAJIO Kpa-
nenepKy nifHiMaTHCch Bropy, i BUMIpHOBATH IIBHJKICTL YCTAaJIeHOIO PYXY U ¥
nsoMy BuUnmaary, pvg — p,Vg — bv — qE = 0. Is cucremn piBHAHL BH3HAYAIH

b(vy +v)
E

Konu sHa kpanenbku oii mofiifny peHTreHiBCBKHUM TPOMiHHAM 5, TO CIIOCTe-
piranm crpufxonoaiéHy 3MiHY HIBHIKOCTI PYXy KpaOeldbKH B €JeKTPUYHOMY

BeJHYMHY 3apAAY KpanelbkH § =

- -

Man. 25. Cxema ycraHoBkn gocnipy MinnikeHa
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noni. Ie cBigfumiao npo Te, UI0 3apA] KpaneabKH MiJi BIIMBOM PEeHTreHiBeBKO-
ro npoMiHH# 3MiHIOBaBCA cTpUbKONOLIOHO. PenTreHiBchKe NPOMiHESA BUDHBAIO
3 KpanejbKH OKpeMi enekTpoHH. [icTaBmiy pAjx nocailoBHUX 3HAYEHL 3apHY
KpaneiabKH (g, Gy, ose.., P. Minmiken BcTaHOBHB, IO i caMi aHaYeHHA 3apaAny
KpaneabK#, i IX mocaigoBHi pisHUAN] € MITUMH KPATHUME LeAKOr0 eJIeMeHTapHO-
ro sapany e, Tobro q; = n,e, e n; — 3aBAKAM IIije YHCI0.

¥V pesyabrari uncnennux gocaigis P. Minniken BH3HAYWE 3HAYEHHHA 3APAAY
enexrpona e =1,6:107° Ku.

§ 8. EnexTpoemHicTs

EnexrpoemuicTe nposigHMkia pisvol dopmu. Mu Bxe gisEamucs, mo
B OPOBiIHMKY, BMilleHOMY B eJIeKTPpHYHe MoJie, BiiOVBAETHCA MEePepo3moAin
3apAfiB OOTH, MOKH 30BHIIIHE M0Je BCepe HH]l NPOBIIHHKA He CHOMIIEHCYETLCSH
BJIACHHM IIOJIEM PO3JILIeHHX 3apagins. Bel sapaan posMimmyoTheA Ha 30BHIMIHIH
NOBEPXHI NPOBIAHUKA, AKA € eKBinoreHniansHow. [loTennian 6yae-axol Touku
niel moBepXHi BBAKAETLCH NOTEHI[IATIOM YCLOT0 HPOBIIHUKA.

3’scyeMo, AK 3MIHIOBATHMETHCH [OTEHIlA] HOpOBiAHHMKA, AKIO 3MiHIOBaTH
ioro sapaj. BisbmeMo npoBifHREK (HANPHUKIJTIAJ, METAJNEBY KYJI0), i30JbORAHHIH
Bijg 3emui Ta iHIBX nNpoBigHHUKIB, i, He aMiHOOYM HOrO HOJMOMKEHHS BiJHOCHO
iHmMx mposigHKUKiB, OyaeMo Horo enexTpuayearTi (30inbmrysaTi sapsan) (mam. 26).
3a JONOMOroio eJleKTpoMeTpa’ BHMIPIOBATHMEMO BiINOBigH]I 3HAUEHHA OOTEHII-
any nposinauka. [To6aunmo, 1m0 y cKineKn
pasiB 30ineIOyeTBECA 3apAl KYJi, V CTIIBKHA
3K 3pocTae il moreHmian, Tobro 3apsja nopo-
BilHW K& IpAMO NponopniitEuii norenmniany,
g~ @. YBogauu KoedinieHT nponopiiirocTi,
orpumyemo g=Ceo, e C —koedinienr nponop-
niftnoeTi, cramMit ANA yMOB JaHoro pocii-
ay. Axmo Mu saMiHEMO DPOBIAHHE IHIINM
(manpurnan, kyneoo 6inbmux poamipis) abo
BMiHMMO 30BHIIHI YMOBH Aociigy, To 3Ha-
yennsa koedinienra C 6yae inmum. Ileit koe- Man. 26. flocnin is AocninxeHns
thirienT nponopuifiHOCTl HASUBAKTL EMHIC SRR CTIDC T an) L RORAha

: 2 3 Big, 3MiHKM Aoro 2apsay

mio (abo erexmpoemmicmio)” NPoOBiAHHKA.

ol Enextpoemnicte C - ckanspHa (iavyHa BenuymHa, WO XapakTepuaye
’ 3AaTHICTL NPOBIAHWKIB HAKONWYYBATM | YTRUMYBATW NEBHWIA ENEKTPUHHWA 3apag.
BoHa BMMIPIOETLCH BIAHOLWEHHAM 3apsaay ¢, SKWid Haganu BiAOKpemneHomy

I NPOBIAHWKOBI, O WOro NoTeHuwiany ¢, C = : | 2
p

1 EnextpoMertp (afo eleKTPOCTATHYHUI BOJLTMETD) — HPHJIAJ A8 BHMiPIOBAHHA NOTEHIia~
JY sapAAMeHoro npoeinaukra Binrocuo demil abdo igpocno iRIIOro 3apAAMKEHOTO NPOBITHAKA.

* I1eit Tepmin 6yn0 seegeno y XVII er., koan me #e 6yio OGr'PpYHTOBAHO CYUYACHI TTOJIOMEH-
HA eJIEKTPOANHAMIKH, a 3aTHICTL MPOBIAHHKA HAKONMWYYBATH eJICKTPHYHH 3apAJ NOACHIO-
BAJIH THM, L0 32PAL MOMCHA «BJIHBATH* i ¢« BHIHBATH» 3 HBOT'O.
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OpuHUNA enekTpoemMHuocTi — dapan, [C] =1 D.
EnekTpoeMHICTE NPOBIIHMKA NpPaBANBHOI (OPMH MOMKHA pO3paxyBaTH.
Hanpuknaza, obumcauMo eMHicTh okpemol nposigHol ryni pagiycom r. Ilo-

TeHIian sapsageHol Kymi tp:-‘-i- 4
MELET

, HmijcraBaAwYn Hed BUpas v (opmy-

Iy oA eMHOCTi, orpumyemo C = 4nger.

Cuin sasHaunTH, 110 eMHicTh 1 @ € gye Bennkoro. Tak, 3a JOIOMOroK0 oCTaH-
HBOI (hOPMYJIM MOMKHA HOKA3aTH, 1110 YV BAKYYMI eJekTpoeMuicTs B 1 P mae Kyid
pajiycom 9:10° m (110 v 23 pasu Ginbine 3a Bigcrass Big Semui go Micans). €m-
HicTh 3emui, pajgiye axol 6,4-10% M, popisaioe T-10 1,

Tomy Ha npaxkTiii HaddacTille BHKOPHCTOBYIOTE MiKpO- Ta Hiko- (papajm:
1mMr® =10 °®, 1 nd =10 .

Jocniin ToOKasvioTh, [0 EMHICTE IPOBIHAKA 3aJI€3KHTh BiJ Horo poamipis i
topmu. Ilpore He 3aje3ATH BiJI MaTepiany, arperaTHoTo cTany, (popmu i posmi-
PiB MOPOKHMHH BCEPEJHHI NPOBiAHUKA (OACHITE camMocTiiiHO Yomy). 3’ scyeMo
YMOBH, Bijl AKMX 3aJIEMHUTh eJeKTPOEMHICTE NTPOBIAHUKA.

OcKiTbKH NPOBIIHAK €IeKTPHU3YVETHCH Yepes BILTHB, eJIeKTPOEMHICTE IPOBiTHH-
Ka NOBHHHA 3aJe)KaTH BijJ posMimeHHs mobaMa3y HbOTO iHIIMX MPOBIJHUKIB i Bif
HABKOJUIIHBLOrO cepeposuia. [Tokamemo ne Ha gocaigi. BishMeMo ABa MeTaleBHX
JMHCKH, 3aKPiNJeHuX Ha MiicTaBkax 3 miedexTpuka (man. 27). duck A 3’eaHaemo 3
eJIeKTPOMETPOM, KOPIIVC SKOTo 3aseMaenuil, a muck B Bimcynemo Big aucka A. Ha-
eJeKTPHU3YEMO JHCK A, HAZABIINA HOMY 3apsij, AKHI HANAJL He 3MiHIOBATHMETHCH.
BigMiTHBIIN 3HAYEHHA MOTEHIIANY JACKA A 3a IOKA3AMH eJIEKTPOMeTpa, II0YHeMO
HADIHKATH 10 HLOTO JIACK B, 0JIHOYACHO CIIOCTEPITAl04H 34 CTPLIKOI0 npunany. Bu-
SAIBIAETHLCA, 110 TOTEHILIAT IHCKA A TPH IIEOMY 3MeHIIYETbCH,

Ille piskime aMeHmIeHHA HOTeHIiaNy JUcKa A MO}HA crnocrepiraTi, AKINO
3a3eMJINTH JUCK B, Axuil nabamxaerses’'. BagBiny 1o yBary, 1o sapsaj Ha jauc-
KV A MpH HbOMY He 3MiHKETLCH, POOMMO BUCHOBOK, 1[0 3MEHIIIEHHA MOTeHI[iany
ayMoBJIeHe 30LIbIIeHHAM eJIeKTPOEMHOCTI CUCTeMH IHCKIB. 3aMiHMBIIHA NOBiTPA
MM [MCKAMM IHIIHM JieJIeKTPHKOM, 3HOBY BigMiTHMO 30inbIIeHHA eleKTPOEM-
HOCTi CHCTEeMH JUCKIB.

Pesynpraru gocaigis moxHa nosacHuTH Tak. Koaw auck B nmorpanjise B
nojae Aucka A, BiH eJleKTPH3YVETHCHA Yepes BILIHB i cTBOPIOE cBoe none. flkmgo

a’eguati guck B i3 semyer, Ha

T | HEOMY 3&JMINATHECA JIHIIE 3apsaH

| ) HPOTHJIEKHOTO 3HAKA TOPIBHAHO i3

::_@—‘ & K b sapagamn Ha aucky A, e nigcuioe

| o noJe Jucka B, AKe me DiabIe 3MeH-

' N A miye noteniian aucka A. Skmo

BHECTH MIMK JUCKH JieJIeKTPUK, TO

’\ BiH nonspusyerses. [lonapuzaniiini

s3apsAgf, poaminiesi nobin3y noBepx-

Man. 27. Jocnin 3 BUZHAYEHHA 3aNEXHOCTI Hi Aucka A, KOMIEHCYIOTH YaCTHHY

eneKkTPOEMHOCTI NPOBIAHWKIR BiA BiACTaHI oro 3apsany, OTHe, eJIeKTPOEMHICTh
MK HMK OHCKAa 3pocTac.

! Baszemuenna NpoBiAHUKIB — He 3'cIHAHHA 1X i3 3eMIero (Ay:Ke JOBrUM MpoBigHMKOM) 3a
JOIIOMOTOK METAJeBHX JIHCTIE, 3aKONAHNX V 3eMJII0, BOJONPOBLIHAX TPy Tomo,
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Konpencarop. EnekTtpoemHicTs nnockoro kospexHcaropa. Poarnanyra
CHCTEMA ITPOBIJHUKIB CJYIy€ OCHOBOIO JJIf NPHCTPOIB, AKi HABMBAIOTHCA KOHM-
dencamopamu. KoneHcaTopH MIAPOKO BHKODHCTOBYIOTHCA ¥ pafioTexHimi sk
NpHCTPOI VI HAKONMUYYBAHHSA | YTPHMAHHS eJIeKTPHYHOTO 3apALy.

HaiinpocTtimuii KoHeHCATOD CKIANAETHCH 3 qBOX abo Oineire piznoiiMenHo
3apAMKeHUX 1 poaiiNeHUX NieleKTPUKOM NPOBiAHUKIB, AKi Ha3UBAOTE 00K.1A0-
xamu woHpeHcaTopa. OcraHHI MalOTh 0oAHAKOBi 3a aGCOMIOTHMM 3HAYEHHAM
pisHOMIMeHH] 3apaaM i poaMmimeni ogHa BigHOCHO OfHOI TaK, [0 HOJe B HiH
cHeTEM] CKOHIIEHTPOBaHe B oOMeKeHoOMY mpocTopi Mik HHUMH. [[ieleKTPHK Mixk
obkmankaMu Bifirpae noABiHY poNb: No-nepire, BiH 36iIbIIVE eIeKTPOEMHICTE,
Ho-jipyre — He Aae sapanam HeidTpanisyeatucek. ToMy gieleKTPHYHA IPOHUKHICTE
i emexTpuyHa MinHicTh: Ha npobii (npobiil gienmekTpuka osHadae, 10 BiH cTae
nposifaum) nosrHHI 6yTH nocuTe Beaukumu, 1106 saxmeruT KOHIEHCATOD Bij
MeXaHiYHNX 30BHIIDHIX Aiil, HOro BCTABIAIOTE V KOPIYC.

Haxonuuenns sapafis Ha obKJIaAKAX KOHIEHCATOPA HASHBAETHCH MO0 3aps-
mxanaaM. o6 sapaanTH KOHAEHCATOD, HOTO 00KJIANKH IPHELHYIOTE 10 [IOJIOCIB
JoKepesia HAIPYTH, HATIPUKJIaL, 1o nojaiocis barapei akymyisaropis. MoxHa TaK0®K
CIONYYUTH OfHY OOKJIALKY 3 noJuiocom Darapel, Jpyruil moaoc AKOI 3a3eMJIEHO,
a Apyry ofKJIaJKy KOHJeHcaTopa Tex sasemanTH. Toxi Ha 3azemiueHii oOKmaaIi
BATHIITHTRECA 3apsAJ, NPOTHISHHHI 3a 3HAKOM, 4 3a MOJYJIEM BiH JOpiBHIOBATHME
sapany apyroi obxmanku. Takuii camuii 3a MogyJieM 3apsajl IIiie B 3eMJII0.

ITig sapsaaoM KOHAEHCATOPA PO3YMIiIOTE A0COMIOTHE 3HAYEHHHA 3apAAY OfHiel
3 obknagok. BiH npsamo npomopnifinmit pisEmui norenuianie (Hampysi) mimx
o0KJIagKaMu KOHAeHcATOpa. ¥ TAKOMY BHOAAKY €MHICTH KOHAeHcaTopa (Ha
BiAMIHHY BiJl BiTOKpEMJIEHOI'0O IPOBIAHMKA) BU3HAYAETLCA (DOPMYJION0

7 I ..

¢ -9, U

Sane:xHO Big hopmMH 00KIaOK KOHAeHCATOPH OYBAIOTh ILI0CK], HMIIHADHYH]

# cpepuuni. Ak gieleKTPHK Y HUX BHKOPHCTOBYIOTE napadiHopuit nanip, ciio-

1y, NOBiTpA, IIacTMacy, Kepamiky tomo. TUnoBui MIOCKHUH KOHIEHCATOD CKJIA-

JAETHCHA 3 ABOX METAJEBHX ILIACTHH ILJIOMIE S, IPOCTip MK AKMMH PO3/IiTeHUi
JieJIeK TPUKOM TOBIIHHOWO d.

Bupegemo opmysy n1na eMHOCTI mIockoro KoHIeHcaTopa. Bpaxosywoun, mio

.

C =% , miacraBuMo y 0o Gopmyay Bapad U = Ed, ne E — sanpykeHicTs monas,

ELES

CTBOPIOBAHOIO JABOMA IL1acTHHAME, E = . ¥V peayasrari orpumaemo C=—2—

EES

TaxuM YUHOM, €JEKTPOEMHICTb MJIOCKOr0 KOHAEHCATOPA MPAMO IIPONOPIIiHHA
IJIOMIi NepeKPHBAHHEA IIJIACTHH i BinHocHI# glenekTpruHill TPOEMKHOCTI Hienek-
TpHKa i obepHeHO nmponopiiiiEa Bigcrandi Mimx naactuHamu, 3 GopMysiH BHILIH-
BAE, 1110, 3MEHIIYKYH TOBIIMHY JieleKTPHKA MiXK muacTHHaMH abo 36i1snryioun
IOy MEePeKPUBAHHA MJIACTHH, MOXKHA AicTaTH KOHAeHcaTop 6iabiol eMHoCTi.

Bianosigno moxHa BHBecTH (DOPMYJH AJIA €MHOCTL KOHIEHCATOPIB iHIIMX
topm. Takr, emHicTs chepHUHOTO KOHAEHCATOPA OOYMCIKETHCA 3a (POPMYIOK0
C= 4dneqerR

R-r

BifloKpemMIIeHOL Ky, Ko R =0, maemo C = 4me,er).

, e r ra R — pagiycn BHYTpPimHEOI Ta 30BHIHELOI cdep (v BHOALKY
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AaiTe Biagnosigi Ha 3anUTaHHA
1. NailTe BU3HA4YeHHA eNeKTPOEMHOCTI. Y AKMX OQMHALAX il BUMIPIOIOTE?

)

| 2. Mix SKMMIW BENWYMHAMK Y BM3HAYEHHI ENeKTPOEMHOCTI ABox nposigHukis C =

Q=

=2

icHye dyHKUiOHaNbHA 3anexHicTL? Hka came? Wo e dyHKuUieo, a Wo — aprymMeHTom?
3. Wo Take koHpeHcaTop?
4. Bueegite popmyny ENeKTROEMHOCTI NIOCKOro KOHAgHCaTopa.

§ 9. BukopucraHHs KOHLEHCaTOoPIB Y TeXHIyi

Bupw konpencaropisa. KongercaTopy MUPOKO BUKOPHUCTOBYIOTLCA B €JIEKTPO-
i pagioTexHini. 3a/1eKHO Bij TeXHIYHHX BUMOI BHTOTORJIAIOTE KOHJAEHCATOPH Pi3HO-
rO THIY. 3a IpU3HAYeHHAM 1X HOAIMAT, HA YOTHDH BHAN: a) HeperyasoBaHi, abo
nocriitaol eMHocTi; 0) peryasopasi, 860 3MiHHOI €MHOCTI; B) eJIEKTPOIITHYHI; I') Ba-
pPIKOHAM, B AKMX eJeKTPOEMHICTE 3AJIeKHTE BiJ HAIPYTH.

3a Oya0BOIO KOHJAeHcATOPH GVBAOTH mamepoBi, cawoaAHi, Repammm. eJex-
TpoaiTuuHi Ta iH. (MaJ. 28).

Y naneposux KoHAeHcaTOpax 0OKJaJKAMH CIYIYIOTH [ABI AOBri ILTACTHHH
TOHKOI MeTanesoi (poJLIH, a JieJeKTPHKOM MiX HHMH € TPOXH IIHPIIA Nanepo-
Ba cTpiuka, mpocoyeHa mapadinom. [X Tyro sropraioTh B PYJOH i BKJIaAaoTh Yy
crenialbHUN Kopoyc. 3a pO3MipoM HalepPoBi KOHAEHCATODH NPUOIHSHO TAK, AK
cipEHKOBa KOpofka. EMHICTE NaNepoBUX KoHeHcaTOPiB mopagky 10 mrd,

VY cnwdanux KOHAeHCATOPAX JUCTH CTAHIONIO IPOKJIAJAI0TE CAKA0I0 i crioay-
Yal0Th TAK, 1110 BCl HenapHi JucTH, 3’ €[HAHL pA30M, YTBOPIOKThE OJHY 00KIATKY
KOHJIEHCATOPA, a napHi — Apyry. Taki KoHJIEHCATOPH MOMKYTh HPAIIOBATH M1 HA-
MPYroo Bijl cCOTEHb 0 THCAY BOJILT. Ix emuicTs Big 10 go 100 000 <.

YV kepamiunux KOHAeHCATOPAX MEJEKTPHKOM € cHeliajJkrHa Kepamika.
OBKJIaAKH KepaMivYHNX KOHEHCATOPiB BUTOTOBJIAKTE ¥ BHIVIAAL mapy cpibaa,
HAHECEHOT0 HA MOBEPXHIO KepamikH i saxumeHoro mapom naky. Kepamiuni
KOHJIEHCATOPH BHUIOTOBJIANTLCA 3 €JEeKTPOEMHOCTAMH BifJi OMHHHIB 40 COTEHb
nixogapan i pospaxoBaHi HA HAIPYI'H BiJl COTEHE [0 THCAY BOJIBT.

B enexmpoaimuytux KOHIEHCATOPAX AiEJEeKTPHKOM € AyXe TOHKHHA oxcH/-
HHIl map Ha noBepxHi amoMiniio abo tasTany, mo nepedyBae B KOHTaKTi 3i
creriansHuM edextposaitom. LIl KoHgeHcaTopH MalTh 3HAYHY eMHIicTE (Hzo
KinekoX THCAY Mikpodapan).

YV  papgiorexHini wuYacTe BHKOPHCTOBYVIOTH
KOHAEHCATOPH 3MIHHOI emHocmi. 3a nonomo-
o TAKHX KOHIEHCATOPIB MOMKHA PeryJaiBaTH
HacTpo#Ky pajgionpuiiMaua Ha BiANOBLAHY Yac-
TOTY.

3'eaHanHs KoHgeHcaTtopis. Y Oarareox
BHITAJKAX, 1106 oTpuMaTH NOTPibHY eNeKTpoEM-
HICTh, KOHAEHCATOPH 3’€QHYIOTh Y rpyuy, fka
HABHUBACTHLCA Gamapecio.

ITocaidosHum HA3MBAETHCA TaKe 3'€IHAHHA

Man. 28. KOHEHCATOPIB, 38 AKOr0 HEraTHBHO 3apaAjieHa
KoupeHcaTopw piaHux TMNis obxJajiKa nonepelHLOT0 KOHAeHcaTopa 3°€f-




PosaiA | EAEKTPUUHE ﬁDA&iﬁ-

HAHA 3 NOSMTHBHO 3apANKeHoK 0o0KJIagKolo HacrymHoro (masu. 29). ¥V pasi
mocJIiioBHOTO 3’'€IHAHHA HA BCiX OOKJAJKAX KOHAeHCcATOpPiB OVAVTE ofHAKOBI
38 MOAVJIeM 3apAjaH, BiAMOBLMHO OAHAKORHUMH OYVIVTEL i moTeHOiani obKIAIOK,
3'eIHAHUX MiK c0D0I0 NPOBITHHKAMMY,

Vpaxysasmn ne, BHBegeMo ¢Gopmyny ans oOYHCIEHHS eJNeKTDOEM-
nocri Garapei wmochigoBHo 3’emHaHMx KoHaeHcaropis. Hanpyra ma 6a-
rapel U; mopiBHIOE cyMi Hanpyr Ha MOCJHiZOBHO 3’€AHAHHX KOHJEH-
caropax, pmicao (@, —-¢,) + (P2-93) + ... + (@,,-0,) = ¢, -¢, abo

U, +U;+...+4U,=U,. BuxropucraBmmu cnieeijHomenaa g = CU, picrane-
q .9 q_4q N 1

MO —+——+...+ —=—_, CKOPOTHBILIH HA ¢, MATHMEMO —=—+—+.,..+—.
¢ G C, G C C G, C,

OTsxe, 1A DOCAIOBHOrO 3’ €IHAHHSA eleKTpoeMHEicTE DaTapel MeHIAa 3a HaiiMeH-
my 3 eJJeKTPOEMHOCTEH OKPeMHX KOHIeHCaTOPiB.

{lapaneabHum HABUBAETHCH 3’ € THAHHS KOHACHCATODIB, 34 AKOro BCi MO3HTHB-
HO sapsmxeni obKIaAKKH NpUegHAHL 10 OAHOTO APOTY, A HEFATHBHO 3aPAIMEH] —
o apyroro (Man. 30). ¥V upomMy pasi HAnpyru Ha BCiX KOHZeHCATOPax OJHAKOBI
i popisawioTe U, a 3apsajg Ha OGarapel

nopisHioe cymi sapagis Ha okxpemmx | P ®B PP 90 @9

KOHJAEHCATOPAX, (5 = ¢y + Q3 + <o + (o p—J-I}-‘ "Ill +"‘ +"" 2

3Bigkn CU=C,U+C,U+...+C,U.Ilicaa C, 8 G, A

CKOPOYECHHS, OTPHMYEMO DOPMYAY AIA

obuncienss enexkrpoemHocri Oarapei Man. 29. MocnipoBHe 3'€QHAHHA

napajieslbHO 3'€HAHUX KOH/eHCATOpPiB: KOHOEHCcaTopIB

Cs=C,+Cy+...+C,. Ina napaieJbHOro

3’eJHAHHA eJeKTpoeMHicTs OGarapeil +T

binbina, #ixx Haiblabma 3 eIeKTPOEM-

HOCTEH OKPEeMHUX KOHIEHCATODIB. A [ 16 +1c; +le,
BUToTOBNANYH KOHIEHCATODH BEJH- ] = = ——]

KOl eMHOCTI, KODHCTYIOThCA napanens- 1 PN ds '

HUM 3’€ITHAHHAM, AK He sobpaykeHo HA

man. 31. Taknit cnocib 3’egHanHEA gae
eKOHOMiI0 B MaTepiasi, OCKiIEKHA 3aps- =
AH poaMimyioTecsa 3 00ox DokiB o0KIa-

JIOK KOHJIEHCATOPiB (KpiM ABOX Kpaiinix 3,::“:’;'”12' Kréipﬂi’;';e “
obrnagox). KinpkicTe KoHaeHcaTOpIB " a P
y TAKOMY 3'€J[HAFHI HA OJJHH MeHIIa, 1
"Hik nmmactud. TomMy A8 po3paxyHKY o 9
eJeKTPOEMHOCTL TAKOr0 KOHAEHCATOPA -
KOPHCTYIOThCH (DOPMYIaMK o
€488
C,=(n-1)C, C;=-2""(n-1), 4
d 5 o
ne C — eeKTPOEMHICTE KOHAEHCATOPA 3 6

IBOX NI&ACTHH, N — 3arajJbHa KiJbKicThb
IJIACTHH. Man. 31. Cxema koHOeHcaTopa
BENUKOI EMHOGTI



EAEKTPOAMHAMIKA il Ry el

[

“/) [aiire signosinji Ha 3anuTanHs

' 1. Hki icHylOTL BUOM KOHAeHcaTopis?
2. Ans 4yoro koHpeHcaTopu 3'eaHyloTe y Hatapei?
| 3. Yoro pocara s, 3'4HYI04M KOHAEHCATOPK NapanensHo? NnocnigosHo?

Npuknapgwv po3e’A3yBaHHAa 3aaauy
3agava. Tpu kongencaropu emuoctamu C; = 0,2 mx®, Cy, = Cy = 0,4 MrdD a’enqHani
mixk cobow, AK moxkasaHo Ha Maua. 32, i DpHeAHAHI 0 JPKepena NOCTIHHOro cTPyMy
U,p =250 B. BusnaunTy 3araibHuil eJIeK TPHYHMI 3apaj, 3apa/ i pisHHUILIO NOTeH1aniB
HA KOXKHOMY 3 KOHJIEHCATODIB.

Jano: ' Poss’szannn C,
C; =0,2 Mx® 3araJpHUIl 3apsA]] BU3HAYHMO c "
C, =C; =0,4 P | 3sadopmyno q=CU,p, neC—em- 4
U,z =250B HicTh GaTapei KOHJeHCATOPIB, AKY ’_| i Cy
BH3HAYHMO 3 (HOpMYIH 3MIITaHO-
q-2q,-7 ro 3’eqHaHHA, _"_
93-7q3—? C= GG +&) 296G B
Uy -0, 20U, 7 C,+C+C; € +2C, -
‘3ap#an, HaronmUueHU DaTapeeio Man. 32
g 2C,C, U
G+C;

IligcTaBUMO YHCIIOBI 3HAUEHHA:
B 2:0,2:10 °®-0,4-10 °®-250B

R Y TR R

3apAj Nepmoro KOHAEHCATOPA TAKW iKe, AK i saraJlbHUi 3apan, ¢, = ¢, a 3apAAH Ha
ABOX IHIIWX KOHIEHCATOPAX (4 = (g = ¢/2. OTie, 3apAAM HA OKPEMHUX KOHJEHCATOpAX:
q;=410"Kn, g = g =2:10° K.
BHaYY EMHICTE | 3apA] KOMHOr0 KOHJAEHCATOPA, MOYeM0 BUSHAYHTH PI3HUIIO MO-
TeHianiB HA X oDKIAAKAX.
-5 -5
L ANORa o g, 210K
0,2-10 "D 0,4-10 "

Bixmosizs: 4-10 ° K, 2:10 ° Ka; 200 B, 50 B.

50 B.

= .
{ Bnpasa6
1. [Ipi kyni, enrexrpoemuocti Akux C; = 2 ndP i C, = 3 nd, a pignopiani sapaan
¢,=2:-10"Knig,=1-10"Kx,3’en-
Han| Mix cobono. Buanauutn sa- C, C,

PHIM HA KyJAx micasa ix a’egman- _1'_"_ C, C-
HH.

2. TpH KoHAeHcaTOpH eMHoOCTAMM 1, i Cs C, i " "
2 1 3 mx® s’egnani nociigoeHo i __l I__
mijg'eqHaHI A0 JKepena cTPYMY Ha-
npyrowo 220 B, fixi aapazu i nanpy- Cy
i ' HAa KOXKHOMY KoHAeHcaTopi? _._I

3. BUgHAYHTH €MHICTL CHCTEMH KOH-
nencaropis (man. 33). Man. 33




I'posain | enekTPrvHe NoAe |IEXHE

*_I 4. Kongerncarop emuictio C; sapaaunn go wanpyru U, = 500 B. Konu neit xou-
| JleHCATOp mapasejibHO NPHEAHATH [0 HE3apA/IMKEHOr0 KOHIEeHCATOpa €MHICTIO
C, =4 mr®, ponsrMerp nokasas U, = 100 B, Busnauurtn emuicts C,,
' 5. [lo nopiTpAHOTO KOHAEHCATOPA, 3apaKeHoro Jo Hanpyru 210 B, npueanann
HapanenbHO TAKMH CAaMHH He3apsaIKeHHH KOHIEHCATOp, aje i3 CKJISHHUM ji-
I eJeKTpHKOM. Ky HieJleKTpHYHY NPOHUKHICTE MAE CKI0, AKII0 HA 3aTHCKAYaX
farapei BcranoBiaaca Hanpyra 30 B?
6. B AKHX MexaX MoOKe 3MiHIOBATHChE EMHICTE CHCTeMH, IO CKIAJAETLCA 3 IBOX
KOHJIEHCATOPIB, AKILO €EMHICTE OIHOI'O 3 HUX Iocriiiga i mopisawe 3,33 v, a
eMHICTE ApyToro aminwerses Big 22,2 no 555,5 nd?

§ 10. Enepris enexrpm4Horo nons

Eveprin 3apagxeHoro konaeHcaropa. fIk i 6yap-axa cucremMa sapsaaKeHux
TLJI, KOHJEHCcaTop Mae eHepriio. Jlna Toro mob 3apaauT KOHAEHCATOD, NOTPi6HO
BUKOHATH poboTy, 1110 BUTPAYAETLCA HA PO3JiJeHHA NO3UTHBHHUX i HEraTHBHHUX
sapaais. 3rigHEo i3 3akoHOM 30eperkeHHA eHepril ma poboTa HopiBHIOE eHeprii
xoHjencatopa A=W, .

Ak Bigomo, poboTra cuil eJIeK TPHYHOTO ITOJIS 110 HepeMileHHI0 3apsaay Ha IeBHY
Bigcrans JopiBHIOE A = gU, Akmio Hanpyra nocriiina (U = const). ¥V Bunagky sapsaj-
JAaHHA KOHJEHCATOpA HAaupyra Ha itoro obkaajakax spocrae Big myada go U, i, 06-
YHCAI0I0YH PoDOTY NOJA, ¥ HBOMY Pasi ciJ BHKOPHCTOBYBATH 11 cepeiHE 3HAYEH-

Y . 2
HA A=qU = qE . Bignoeigno enepria sapajaenoro kosgencaropa W, =q% -

Ockinern g =CU, To MaTHMeMOo 1ie ABi hopmMyJiu 1A 004HCIeHHA eHepril KoHIeH-
2 2
ra W,, =2
2C
Eneprio sapaaeHoro KoHZeHCATOPA MOKHA SMIHIOBATH 1 micis Horo Bijg-
KJIOYeHHA Bifl eleKTpuuHOTO Koja. IIpu nmboMy 3apaj KoHIEHCATOpA 3ajHINa-

ETBCH CTAJTHM. HﬂHpHHﬂﬂﬂ, AKINO PO3CYHYTH 00KJIAIKH 130JILOBAHOTO KOHIleH-

qz

caropa, HOTo eleKTpoeMHicTh aMeHmUTLeA. FK BuaHO 3 dhopmymun W, =E’
Konu ¢ = const, a C sMeHIIyeTbCs, eHepria KoHjeHcaTopa 3poctae. Takoro
BHCHOBKY MOMHA MiTH #H inmuM maaxom. PoscyBaiooud pisHoiiMeHHO 3a-
pakeni o0KJIaJKH KOHIEHCATOPA, 30BHIUIHI CHJIH BHKOHYIOTH poBOTY IpoTH
CHJI JeKTPOCTATHYHOTO NMPUTATAHHA. 3a 3aKoHOM 3bepeeHHs eHeprii, poboTa
30BHIIIHIX cHun 30inblrye eHeprio cucremu. Km0  BHAMATH I[JIACTHHKY
AleeKTpUKa 3 npocTOpy Misk OOKJIaAKaAMH KOHJIEeHCATOpa, BiIKIOYeHOTO Bij
jiKepea HATPYTH, TO 30BHIIIHI CHIM TAKO BHKOHYBATHMYThH pobOTy HPOTH
CHUJ NPUTAraHHA MK BIUJIBHMMH 3apajgaMd Ha oOKJajKax KoHIeHcaTopa i
NoJAPU3aiHHIMH 3apAIAMH HA IOBEPXHI ieleKTpH KA. 3a 3aKOHOM 30epesKeHH A
eHeprii, pobora IX CHJI BUTPAYAETLCA Ha 301IbIIeHHA eHeprii cHCTeMu.

JloBruil yac NMUTAHHA IPO JOKANIZAIIK0 eHepril 3apAjsKeHoro Tijna sajxuma-
JIOCh He 3’ ACOBAHUM. 30KpeMa, BBAKAJIOCS, 110 [ eHePrifd 30Cepe/KeHa Tam, e
i aapsaa, rodto Ha Tigi. Ilicna npane M. dapages i [k, Makcsenna, skl BBen
B HAYKY NOHATTHA €JeKTPUYHOIO MOJA AK MATEePIAJIBHOIO HOCis B3aeMOAil Mixm
3apAgaMH, eHEePrio 3apAaAKeHoT0 Tijla MOYaJH MoB’ A3VBATH He 3 HOTO 3apsAJIoM,
4 3 eIeKTPHYHHUM I10JIEM I1bOT0 3apany. Jloeegemo me.

cartopa: W =



EAEKTRPOAKFIHANMIKA
[1106 BupasuTH eHEPriio OJHOPIAHOTO eIeKTPHYHOTO IIOJA Yepes Horo xapak-
cy?

2

TEePHCTHKH, CKOpHCTAaEMoch topmynon W, = . Insa oaHopigHOrO enek-

: €0eS
TPHYHOTO 10/ Misk 00KJIaJKaMH [JI0CKOro KoHgeHcaTopa C =

» BpaxoByio-

1

18085 12 o :EEGEE’*Sd . Ho6yTox Sd =V Bu-

un, mo U = Ed, orpumyemo W, = 3" d

aHauae of'em npocmopy Mmixe odxaadxamu kondencamopa. Came B oMy 06’ emi
it ToKAaNisoBaHe eJleKTPUUHE ToJie.
OT1ike, ereKmpuiia enepezin 3ocepedmena 6 eNeKmputHoMyYy noJi.

- 1
F'yctuHa eHeprii enekTpuyHoro nons. 3 dopmyan W, = §£0£E2V MOKHA

3HAITH TYCTHHY eHepril — eHepriw, 1o IpHIAaZaE Ha OHHHII 00’eMy mpocTo-

Wen 1 2
Py, B AKOMY CTBOPEHO eJIEKTPHYHE noje, 0,, = E ik EEUEE ;

?'—W’ HaiTe signoeigi Ha 3anuTaHHe
1. JoBenits, WO 3apsKeHWi KOHAEHCATOP MICTUTE ENEKTPUYHY eHeprio.
| 2. 3a akumu GopMynamMu BU3HAYAIDTL ENEKTPUYHY EHEPTiio OAHOPIAHOMD BNEKTPUHHO-
l ro nons? .
l 3. Wo Bxasye Ha Te, WO ENEKTPUYHA EHeprin KOHABHCATOPa 30CepeaxeHa B Noni Mix

voro obrnagkammn?
4. FAki ianyHi BENMYMHW BU3HAYAKOTE MNYCTUHY EHeprii eNeKTPUYHOro nons?

Mpuxnagw po3B’A3yBaHHsa 3a4ay

3amaua. [Isa kongencaropu emuicrio C; = 410°% @i C, = 310°% @ 3apAIHIHA 3apa-
naMH q; = 10*Kxi gy = 107" Kn ta 3’eananu napanensHo. BasnaguTh, Ha cKiTbKH 3Mi-
HHUTLCH eHepPrif cHcTeMH KOHIeHCATODIB.

Hano: Poss’aszanena

C,= 4-10% D Enepria, socepej:keHa y IBOX KOHJEHCATOPAX A0 3'€lHaHHA B Gara-
Cy= 310°%® peio, CTAHOBHJIA

g;=10"Kx ¢ ¢

gs=10"Ka Wy soid L

20, 26,

a1
[lican s’epmanna sapsaj Garapei kougencatopis @ =q, £, 3anexHo Bix Toro, Aki

0OKMaIKH 3’ €IHYIOTECA — OTHOHMeHHI un pisﬂoﬁmer{ﬁi. Emuicts 6arapei C = C;+C,.
QL _(ntg)
2AC +C,) 2AC, +Cy)

Toxai emeprisn Garapei xompgencatopis W, = , a amiHa eneprii

2 2
AW = W, —W, = (itq.)” @ g5

IMicaa migcTAHOBKH YHCA0BHX 3HAYEHb OTPHUMAEMO
AW, =4 - 107 [T abo AW, = -7 - 10 Iix.
Bimmogins: 4 - 10 * Ik abo —7- 107 .
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Brnipasa 7

"'| 1. Bigerans Mid nJacTHHAMH [LTOCKOTO KOHAEHCATODPA, NieJeKTPHKOM SKOI0 €

|  mponapadinennii nanip, fopipHOE 2 MM, A HATPYra MijK DJACTHHAMH CTAHO-
BuTs 200 B. BuanauuTH rycTHHY eHeprii mosad.

2. B iMmnynecHOMY foToCnANAXY JaMIa KUBUTHCA Bil KOHAEHCATOPA EMHICTIO
800 mr®P, zapamgxenoro go nanpyru 300 B. BuasraunTn enepriio i cepeigio no-
TYXHICTE cnanaxy, AKINO TPHBAJIICTE PO3PAAMAHESA CTAHOBHTS 2,4 Mc.

3. Buzrauntn pobory, AKY HeoOXinHo BUKoHATH, 06 3binsmuTH BigcTans Mixk
IIACTHHAMM ILUIOCKOTO NOBITpAHOro KoHEAeHcatopa Ha 0,4 mm. [lmoma koxuol
niacTrER fopisuioe 27 - 10* mm?, sapax — 200 aKa,

4. IMnockui koumeHcarop emuicrio C = 60-107'° @ 3apAANIM B NoBiTpi A0 mo-
terniany U = 400 B, Ilicaa saHypeHHA KOHIEHCATODA B PiIKWH gieleKTpHE
J0 IOJOBMHH BMCOTH HOTO IJIACTHH eHeprif KOHZeHCATOPA 3MEeHIOIHJACh HA
AW =1,2-10"° [T, BussaunTs AieeKTpHYHY NPOHAKHICTS HIieJeKTPHKA.

5. Bigcrans MixK MJIACTHHAMH TLIOCKOT0 MOBITPAHOrO KOHJEHCATOPA, HPHEHAHO-
ro mo mxepena ctpymy Hanpyrow 180 B, séinsmyiors Big 5 g0 12 mMm. Tlnoma
ILIACTHH KOHAeHcaTopa 175 cm’, BusHaunTi poboTy 110 POSCYBAHHIO IJIACTHH Y
JABOX BHTIAAKAX: 1) KOHJeHCATOP Nepel PO3CYBAHHAM IJIACTHH BiliMKHeHMH Big
mkepea; 2) KOHIEHCATOP V poLeci pO3cyBAHHA ILIACTHH Bech 9ac il e AHaHul
J0 nepena.

e

)

-

Hawronosexiwe B po3agini «<EnekrpuurHe none»

Enrexmpocmamurxon Ha3UBAKTHL PO3JLA EIEKTPOAMHAMIKY, B AKOMY BUBYA-
I0OTH BJACTHBOCTI i B3aeMoio HepyxoMux (BiiHOCHO Aesikol iHepuiansHOol cHeTe-
MH BiJJIIKY) 3apAAKeHHX HACTHHOK 1 Tij,

EnexTpuvyHMH 3apAa Mae BAACTHBICTE ANCKDPETHOCTI, NEBHY BeJHYMHY, i
060B’A3KOBO icHYE Jimmle Ha MaTtepiaibHomy o6’exri. [lig uac mabyrrsi Tinom
3apAAY BUKOHYEThCA 3aK0H 30epesKeHHsA eJeKTPHYHOIO 3apaay AJs 3aMKHeHOI
cuctemu Tin, Touxopi sapaaxeni rina ssaemojiors sa sakosom Kyiona.

EnexTpocTaTidHe 10JI€ MAE CHJIOBY XAPAKTEPHCTHKY — HANPY KeHicTs E —Ta
eHepreTHYHY XapaKTepHCTUKRY — moreHnian ¢. PoapaxyHok CKIATHHX TMOJNIB ¥
BAKVYMI Ta y cepeqoBHIIi MOKHA 3XiACHUTH, BHKOPHCTABIINA IPHHIHI CYIep-
no3uIii noie Ta 3B A30K Mixk E 1 o.

ITporigHUKH i JieIeKTPHKH B eJIEKTPOCTATHYHOMY T0JI1 3MiHIOIOTH CBOI eJIeK-
TPUYHI BIACTHBOCTI. ¥ NPOBIAHUKY, BMIiLIeHOMY B 30BHIUIHE eJIEKTPUYHE 110JIE,
BififyBaeThed Mmepeposnoiii #oro BiaILHUX 3apAAiB, SKi IPH IEOMY CTBOPIOIOTH
ycepeHl IPOBLAHMKA BHYTPIMIHE MoJe, PiBHE 38 BeIHYWHOK 1 MPOTHIIEKHE 34
HANPAMKOM 30BHIIMHLOMY. PeaynbTyioua Hanpy xeHicTs [10JiA BeepeAnHi IpoBi-
HHUKAa JOPiBHIOE HYIIO, TOOTO IPOBIAHHK eKPAHYE 30BHILIHE eJeKTPHYHE II0JIe.

Y pieneKTpuUKAX B eJEeKTPHYHOMY I[OJI BHHUKAKOTH HpOIEcH, AKL OpH-
BOJATE [0 3MEHIIeHHSA HATUDYKEHOCT] MbOro NoJdA. SMilleHHA 3apAgis vy
MOJIEKYJIaX HeNoJAPHHUX [AieeKTPHKIB i NepeBa:KHA OpieHTania »KOPCTKHX
JAUNOJIB HONAPHHX PEeYOBHH V HANPAMKY IIOJA MAKOThH OAHAKOBHII HACHIOK:
EA NPOTHUJEKHUX I'DAHAX JieJIeKTPUMKA B 30BHIIIHBOMY €JEeKTPHYHOMY MoJi
BHHHKAKTE (IBAYKYyIOTECH) pidHOIMeHH] 3apsaan.

fAxmo mix aBOMa 3apANKEHMMH HPOBLIHAMH IJIACTHHAMHM HOMICTHTH Ii-
eJEKTPHK, TO OJACPIKHMMO HAKONHWYYBa4 eJIEKTPHYHOI eHeprii — KOHJEHCATOD,
eJJIeKTpHUYHE MoJie AKOT0 JoKadidoBaHe Mixk Horo odoxnagkamu. Ilone B KoHgeH-
caTopi MOXHA BBAYKATH OSHOPIMHUM.




nosuvuiax.

§ 11. EneKTpuyHum cTpym

Enexrpuinni cTpym. Mu 3’ scysaiiu, 110 B eJIeKTPHYHOMY TOJIi pyxomi Hocii 3a-
PAJLB Y IPOBIIHHKY NEPeMIIYIOTBCA ML A€ N0JIA, IOKH He BUPIBHATLCA IOTeH-
Iwiaax ycix To4ok nposigauka. IIpote, KO ¥ ABOX TOYKAX IPOBIHUKA AKMMOCE
YMHOM WMYYHO nidmpumyeamu pizHi nomenyiauu, mo écepeduni nposionukxa noie
icnysamume. Ile none creopiosaTuMe DesnepepBHui pyx sapagie. [losauTneni saps-
JIH IIPH IILOMY PYXAKTLCA B TOYOK 3 GiNbIIMM MOTEHIIAIOM J0 TOYOK 3 MEHIIHM
[IOTEHI[1aJIOM, & HEraTHBHI — HaBHmaxku. SIKII0 UfA pisHMIA HOTeHIiaNiB He 3MiHIO-
€ThCH 3 YACOM, ¥ MPOBITHUKY BCTAHOBIIETHCA NOCMILHUL eNeKMPULHLUT CIPYM.

& | Hanpamnenuii pyx BinbHWx 3apsis y NPOBIAHUKY HA3WBAETLCH E/EeKTPHYHHM
’ | cTpymom npoBigHocTi, abo eNexTPHYHKM CTRYMOM.

KoporkouacHH# eJIeKTPHYHHIA CTPYM V NPOBIAHUKY MOKHA J00yTH, IIPOCTO
3"eJHABIIH MPOBIJHUKOM [BA 3apAMMKEeHUX Tijla, AKI MAOTh Pi3HI NOTEHIIAIH.
CTpyM ¥ IPOBIAHMKY 3HHKHe, KOJH MMOTeHIliagl Tin spiBHAIOTECA. [[na TpUBa-
JIOro cTpyMy HeoOXigHO 3aMKHYTH KOJIO 3 IPOBigHUKIE, 11100 3apAai MOIJIH IHD-
KYJIIOBATH B HbOMY. Kpim Toro, y npoBigaukax tTpeba Beck 4ac MiJITPHMYBATH
eJIeKTPHYHE II0Je, JJIs IEOr0 BHKOPHCTOBYOTS ClelliajibHi npucrpoi — dicepena
empymy. B mepenax crpymy nocTiiHO BiOyBaeThCA PO3AiJIeHHA MOZHTHBHHX
TA HEFATHBHHUX 3apAAIB, AKi 30cepel KyIOThCA Ha floro noawcax, y peayiabrari
YOT0 ¥ CTBOPIOETHLCA eJIEKTPHYHE [oJe,

CrauioHapHe enexTpuyne none. 3’acyemMo ocobIHBOCTI eJeKTPHYHOTO
[0J1A, AKe ICHYE€ B 3aMKHYTOMY €JIEKTPHYHOMY KOJIi, KOJIH 110 HBOMY Te4e H0-
CTIMHHH eJIeKTPHYHHAI cTpyM. YHM BOHO BiIpisHAETHLCS BiJ eJIEKTPOCTATHUHOI'O
[0JH, CTBOPIBAHOrO HEPYXOMUMH eJIeKTPUIHHMHA 3apagamMu?



Poaain @  eAekTPUUHWA cTPuMm |IEEHE

fAx Bu BKe 3HAETE, eJIEKTPUYHE MOJe HEPYXOMUX 3aPsA/iB € NOTEeHIIaIbHUM:
podoTa 110J1 10 3aMKHEHOMY KOHTYPY AOPiBHIOE HYJIIO, HOro JiHil HAaIpy:XeHoCTi
€ He 3aMKHEHUMH. Enexkmpuyne noje pyxomux sapadie Mae samMkHeri niHil Ha-
npyxcerocmi. [lilficHo, o6 v koni icHyBaB eleKTPHYHUHN cTpyM, HeoOXigHO, 11100
e KOJO CKJAJaJochk i3 NPOBIIHHAKIBE 1 ﬁy.no' 3aMKHeHuM. Pofoma Takoro noJjs
110 MepeMillleHHI0 3apAAYy B3J0BK 3aMKHEHOI JiHIl Hanpy:KeHoCTi He dopieHioe
Hyo. TakuM YHHOM, eIeKTPUYHE MoJie Y NPOBiIHHKAX 31 CTPYMOM He € nomen-
yiaabHum. Taxe 110J1e HABHBAKTL BUXPOBUM.

Jna xapakTepH3yBaHHA eJIEKTPHYHOrO CTPYMY BBeJleHO BignosigHi ¢izuusi
BeJTMYMHM, BOKPEMA CULY CIMPYMY' Ta 2YcMURY eNeKMPULHO20 CINPYMY.

a B Cuna ctpymy I - ¢bianyHa BennuMHa, fika XxapakTepuaye LWBWAKICTL Nepepo3no-
’ ? Ainy eneKTPUHHOro 3apsay B NPOBIAHWKY | BU3HAYAETLCA BIAHOLWEHHAM 3apsaay
g ¢, WO NpoxoauTh Yepes Byas-AKkWid Nnepepi3 NpoBigHvKa 3a Jac t, 40 BENU4WHK

i LubOro inTepeany 4acy, I= % P
Opuenna canu crpymy — amuep, [ [ ]=1 Ka/c=1 A.

po3noain enekTpPUYHOro CTpyMy B NPOBIAHMKY. Y BUNAaaKy NOCTIRHOro CTpymy 3

H’ I lyctwHa enexkTpuyHOro cTpymy j — diandHa BenuuMHa, AKa XapakTepuaye
i
f@ PIBHOMIpHMUM PO3NOAINOM CTPYMY NYCTUHA CTRYMY A0PIBHIOE

I

J= g 3
pe I — cuna ctpymy, S — nnowa nepepisy NPoBigHUKA, NepneHaMKynapHoro oo
HaNPsAMKY pyxy CTpymy.

OaMHMIIA TYCTHHM eJeKTPUYHOI'0 CTPYMY — aMIep Ha KBaApaTHHI Mmerp,
[j1=1A/M".

PoGoTa i noTyXHICTE enexTpu4Horo crpymy. ElekTpHuHe oie, CTBOPIO-
IOYH BIOPAJKOBAHMI PYX 3apsaJ KeHNX YACTHHOK Y IPOBIAHHKY, BUKOHYE pobo-
TY, AKY IPHHHATO HA3UBATH pobomoiw cmpymy. Koporko Haragaemo BifomocTi 3
Kypcy disuru 9 Knacy npo poGoTy i HOTYKHICTD eJIEKTPHYHOIO CTPYMY.

T e T

3MiHY eNeKTPUYHOI eHepril CTpyMy — Nepexifily iHWwi Buau. Y aaransHoMy BUNagky

noeHa poboTa enekTPUYHOro CTPYMY Y 30BHILUHIA OiNAHUI KONa BU3HAYaETLCS SK
. A =qU=UlIt, pe g - 3apag, L0 NPOALLOE Yepes NonepeyYHnid nepepis nposia-
©  nwka3avac f, U — enexrpuynHa Hanpyra Ha ginadui kona, I — cuna cTpymy B Hii.

’ % Pobora enexrtpuyHoro ctpymy A - dizwyHa BenvuMHa, WO XapakTepuaye
5

SKImo BeA esleKTPUYHA eHePris IepeTBOPIETLCH ¥ BHYTPIIIHIO eHepriio, Tob-
TO Mjle HA HArPiBAHHSA NPOBIJHHKA, poD0oTa eTeKTPHYHOI0 CTPYMY 00UYHCIIOETHCA
3a 3axoHom woyaa—Jlenya: KinbKricTs Termnoru @, 1110 BHAINAETHCSA 3a dYac t B
NpOBiAHUKY 3 onopom R i 4ac npoxXoKeHHsA [0 HbOMY CTPYMY CHJI010 I [OpiB-
uioe @ = I’Rt.

OpuEHLA pODOTH eNEKTPUYHOTO CTPYMY — JIKOYIL, [@] =1 XK.

¥ mobyTi Ta TeXHIiIl BAKOPHCTOBYIOTE TAKOMK MTO3ACHCTEMHY OJHHHAIIO — KiJIo-
sarroguny (kBrroxn), 1 kBrrog = 3,6:10° Iix«.

! Tepmin ecuma cTpyMy» BHHHEK 380BI0 0 BCTAHOBJIEHHA HAVKOBHX IIOJI0KEHE £IEKTPO-
AUHAMIKH i € IeII0 He BJAAJHM, OCKIEKH HiAKOTO BiIHOINEeHHA A0 «CHIN» BiH He Mae.
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,s MoryxHicTs enekTpyuyHoro cTpymy P — diznyHa BEAWYMHA, L0 XapaKTepu3ye
30ATHICTh ENeKTPUHHOro CTPYMY BMKOHYBATW NeBHy poboTy i BUMIPIOETLCH

A
po60TOI0, BUKOHAHOKD 32 OAMHULIO Yacy, P= g TyT A — po6oTa enekTpuYHoOro

cTpymy, t — 4ac, 3a Akuia ua poboTta BUKOHaHa.

IMory:HiCTE, 110 BUALIAETHCA HA ALIAHII KOJIA, MOMHA TAKOYK BHIHAYNTH 34
2

tdopmyaamu P =UI, P = I’R, Pz% , e U — enerTpHuHa Hampyra, | — caaa

cTpymy, R — enekTpHuHME onip AiNAHKH KOJA.
Opuannga moTy:xHO0CTI — Bar, [P] = 1/Ix/c = 1Br.

“:*j;\' HDanre Bignosiai Ha 3anuTaHHA
i | 1. Wo Ha3uBaoTe ENEKTPUYHKM CTPYMOM? CMNOIO CTRYMY?

2. Yam enektpuyHe none npoBiaHWkKa 3i CTPYMOM BIOPIZHAETLCA B, ENeKTPUYHOro
NonsA HePYXoMuX 3apsaie?
! 3. Hki ymoew HeobxigHi onga Toro, Wob iCHYBas NOCTIHHWA @NEKTPUYHWA CTPYM?
| 4. ¥ skiit 3 ppox namn, notyxHicTio 100 Br uk 75 BT, npoTikae cTpym Ginbwoi cunn?

§ 12. Enextpopyuwinra cuna. 3akoH Oma ang NOBHO-
ro Kkona

EHepreTuyHa xapakTepucTuka gxepena cTpymy. fx mu yxe 3’sacysanu,
JUTA TPUBAROTO iCHYBAHHSA eJeKTPHYHOIO CTPYMY B Koii norpibe mxepeno, B
AKOMY NocTiiHO BigOyBaAETRCA PO3AiNEHHA eIeKTPHYHWX 3apAiB, ¥ peayJbTaTi
YOro NiATPUMYEThCA CTANA DI3HHUIA MOTeHIlianiB. ByIb-fKe qKepeio moCTiHHO-
ro CTPYMY MAE JIBa NMOJIIOCH: MOJIC i3 BACOKHM NOTEHIIAIOM — IOSHTHBHHUN — i 3
HARHMKYUM I0TeHIialoM — HeraTUBHMH,

ITig’eanaemo mo nmosiocie pxepena npoBigauk (man. 34). i giero cun enex-
TPUYHOIO [OJA NO3UTHEHO 3apPAMPKEeH]l YACTHHKH PYXalThCH Y HAUPAMKY Bij
[IO3HTUBHOIO NOJIOCA JMepena 10 HeraTUBHOro., Aje 3aMKHYTH Ko0JI0, Iepemic-
THBIIH €JIEKTPAYHI 3aPAAH 13 TOUKH B ¥ TOUKY A, CHIH eJIeKTPHYHOro NOJA He

MOXMYTh, OCKLIBEKH MiIOTH HA HHUX V HIPOTHJIEHKHHIH

& F. D Fu B 6irx. Tomy BeepeHHI Akepesa KpiM eJleKTPUYHHX

P ESeemeTT - CHJI JI0Th e 3 CTOPOHHI CHJIM, II0 NepPeMillyioTh
[IOBUTHBHI 3apaAAM Bin HeraTHBHOTO 1osroca DaTapel
JI0 MO3UTHBHOTO i TPOTHAIKOTE JIEKTPHYHHM CHJIAM,
AKI DparHyTh BHPIBHATH NOTEHIiald Ha IOJIOCAX.
3aBAAKH IBOMY 3apPAH IHPKYIIOIOTH [10 8aMKHEHO-

MY KOJIY, CTEBODIOIOYH CTPYM.
¢ Fe Ha nepeminjensas sapsis i3 Touku B y Touky A
L zaTpavaeThCcA BianmopigHa podora A, ., AKY BHKOHY-
Niin: 34, Lrpwnitss 0Th CTopouHi_cHnn. Yum 6inninnii sapan nepeminy-
3aPRIKEHUX HACTUHOK N0 ETbCH, TUM Dinbmma saTpadaeTbes pobora. [HmmuMu
3aMKHEHOMY KONy ciaosamu, A, ~ ¢ abo, nepexoafvu o 3HAKa piBHO-
3 [KePEenom cTpymy cri, A, ={q, ae & — mocriitamii Koedinient nponop-
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LiifHOCTI, IO XapaKTepHU3ye BiANOBiJHe J3Kepeso | Ha3aUBAETLCA eNek mpopyuLiil-
HO10 cunoio dxepena’ (ckopoveno EPC).

CTOPOHHIX CWMNn axepena cTpymy i BUMIPIOETECA POGOTOID CTOPOHHIX CWUn

6 Enextpopywifina cuna £ — ue GisnyHa BENWYMHE, WO XapakTepusye eHeprin
(TO6TO CUN HEENEKTPOCTATUHHOIO NOXOAXEHHSA), BUKOHAHOK NPUW NepemMileHHi

A
0QWHWYHOrO NO3UTUBHOIO ENeKTPUYHOro 3apagy, ¢=——.
q

OpmaUNAg enekTpopyilifiHol cuan — BonsT, [¢] =1 % =1B.

V peayiabTaTi posgijieHHs BcepeguHi JrKepesa MO3MTHEHHX I HEraTHBHHX
3apAfiB yKepeno HabyBae samacy moTeHIlianbHOl eHeprii, AKa BHTpavYaerbesH
HA BHKOHAHHA pobOTH 3 IepeMimleHHs 3apAAiB N0 BchboMy Kouy. Tenep moske-
MO CKAa3aTH: Ty YACTHHY 3AMKHEHOI'0 KoJla, B AKiH 3apaAay pyxawTses mif giemn
eNeKTPOCTATHYHOI Di3HHUII NOTeHIiaIiB HA3HBAKOThL FO6HIWLHbOIO, & TY, B AKiH
Hocii sapany pyxawoTees nig giewo cropounix cua, — enympiwnsow. Ilonwocu
Aepesia CTPYMY PO3AiN4I0TE BHYTPIIIHIO 1 30BHIIIHIO JIAAHKHA KOJIa.

CroporHi cnian 3abe3anedyoTs po3LiNeHHA Pi3HOIMEHHO 3apS/iKeHHX YacTH-
HOK B Jskepeli (V BHYTPLIDHBEOMY KOJi) i MiATPUMYIOTE IEBHY Pi3HHINO, IOTEH-
Hiagrie HA DOJAKCAX, THM CAMHM 3YMOBJ/IIOIOYH PYX 3apAAiB ¥ 30BHINIHLOMY KO,
OTxe, poboTa CTOPOHHIX CHJ [OPiRHIOE cyMi pobiT, N0 BHKOHYIOTECA 10 IepeMi-
[eHHIO 3apAY Ha BHYTpimHiil i soprimuii ninankax kona, A =4, +A, ..

PofBoty, BHKOHYBaHY CTOPOHHIMM CHJIAMH 10 TepeMillenH 3apsay HA 30B-
HimHii giraeni xona (Taxk camMo, AK i eHepriw, o0 BUILIAETLCA B NPOBIJHUKY
VY BAIVIAAL Tema Oiji 4Yac OpoxXoKeHHA CTPYMY), 00UHCAIOITE 3a (DOPMYJIIOID
A n = qQU s ops A€ Uiy — CHIAA HATPYI'A HA 30BHIIHIN AlNAHOI Koa.

BignmosigHo pofora cTopoHHIX CHJI 10 NepeMiNeHHI0 3aPAAY HA BHYTPIMIHIH
pinaeni koma A =qU , ae U - coag Haupyru Ha BHYTPiOHLR giaaHol Koaa.

é: =-_4T_I-= qUBH +QD“‘]BL = UBI:[ + U:!OBIL .
q q

3akon Oma AnA NoBHOro Kkona. J:kepeno crpymy, sSK i Oyab-axmit npo-
BiIHUEK, Ma€ TTeBHHH OMip, KOTPHNI HASWBAIOTE GHYMPIUHIM OnopomM Ixepena i
MO3HAYAIOTH I HA BigMiHY Bij omopy 3oBHimELOTO Kosaa K. Sk Bigomo 3 Kypey
9 knacy, srigHo iz saxorom OMa aiq QiIsSHKE KoJa cuita etpymy [ y Iiageni Kosa,
OpaAMO NponopIiiina npukaageHiil Hanpyai U i ofepHeHo nponopiifina onoposi

Taxum YHHOM,

C e U i :
R umiel ginaakn, 1 =r§ . @opmyay 3akoHy OMa BaNMCYIOTh | B TAKOMY BHIJIAJL:

U = IR, ae mobyTtox IR HasWBaioTh cnadom Hanpyzu HA NaHik giraHni Kosa.
Arxmo ninaHKA He MiCTHUTE Jepesa CTPyMYy, TO HOHATTA HANPYIH i cIagy Ha-
npyry 3biraxTecAH.

3rigHo i3 3axonoM OMa 718 30BHINTHBOI | BHYTPINIIHKOL HiIAHOK K0JIa, MOMKHA
samucatu U, =Ir, U  =IR.Toni &=IR+ Ir, cyma ciafiiB HANpyr Ha 30BHIIOALH
i BHYTpimHIA gingakax Koaa gopisaioe EPC mxepena.

! TepMin ¢eqeKTPOPYIIiHHA CHIA» BUHWK J0 TOTO, AK BYIH 3’ ACOBAHI NPOIECH, MO Bigby-
BAHTLCH B €JIEKTPHUHOMY ®omi. Ak BHIHO 3 0O3HAYEeHHA, MOBA i'me opo eHepreTHYHY XapaKTe-
PHCTHRY J3Hepesa, 4 He PO CHJIO0BY.
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!\' CniBBiAHOLWEHHA 3an1cade y Burnaji

_ b
R+r

Ha3uBalTe 3aKkoHoM Oma 4ns MOBHOIO KOAA: CMNA CTPYMY Yy 3aMKHEHOMY
E e/IeKTPUYHOMY KO MPAMO MPOMOPLUIRHA eneKTpoPYLWIAHIA cuni Axepena
cTPYMY | 06epHeHo NPonopuUiiRHa NOBHOMY OrNopy Kona.

OT:ke, CHJIA CTPYMY B KOJI 3aJIesKHTE BiJ TpLOX BenuduH, ABi 3 akux (EPC
i BHyTpimHi# onip) xapakTepHaylOTh JiKepeso, a TPpeTA 3aJe’KHTh BiJ caMoro
KoJsia. FIKIIo KOpHCTYBATHCH IE€BHHM JPKEepesioM eJleKTpHYHOoI eHeprii, To € ir
MOKHA BBAXKATH CTAJMMHM BeJHYHHAMH. SIKIO 3MiHIOBATH Omip S0BHILIHBLOTO
K0J1a, TO BiINOBiiHO 3MiHIOBaATHMeThLCA cHIa cTpymy I B Ko i ciag Hanpyru IR
HA 30BHIIIHIHA gingHni xosa. 3i 30iablIeHHAM OMOpY 30BHIMIHLOrO KoJa CHIa
CTPYMY 3MEHINYEThCH, HAmpyra ik spocrae. SIkmio R = (KoJ0 posiMKHeHe),
ro ] =0, cnag Hanpyru BcepeaHHI JKepea BIACYTHIN, a HANPYTa Ha NOJIOCAX
mxepena gopieaioe iforo EPC. Ha npoMy rpyHTyeThes HabauKeHe BUMipIOBaAHHA
EPC pxepena. BoasTMeTp NpHEAHYIOTE 0 NOJICIB JMepesa IPH Po3iMKHeHO-
My 30BHimMHBbOMY KoJi. [IpH {bOMY BOJIBTMETD MOKAa3ye craj Hanpyru IR Ha ca-
MoMYy co0i. A oCKiNbKH ONip BOJBTMETPA 3a3BU4all Ay:Ke BelHKHIH, TobT0o R>r,
U=IR=¢ . Yum Ginsmuil onip BoasTMeTpa HOPiBHAHO 3 BHYTPIIIHIM ollOpoM
[Hepeia cTpyMy, THM TouHimIe BuMipsine anadeHnsa EPC.

KopoTke 3amvkaHHda. 31 aMeHIIeHHAM ONIOpY 30BHimHLOrO Koaa, R—0,

é =
cusla cTpymMy Habysae MakcuMajabHOro 3HadeHHA [, =—. Ileit Bunajox Ha3u-
r

BAIOTE KOPOMKUM 3AMUKAHHAM.

IOna pnxepen, Ae MOPiBHAHO MaJdHil BHYTPinHIN onip (Hanmpuknajm, y CBUH-
nesux akymynaropax r=0,1+0,001 Om), cuia cTPYyMY KOPOTKOTI'O 3aMUKAHHA
MOXKe JOCAITH JYKe BeJIMKHX 3HaYeHb., IIpOBIIHHKH MOMKYTE PO3NJIABUTHCE, &
caMe JKepeio BuiiTH 3 nany. OcobimBo Hebe3anedyHi KOPOTKI 3aMHKAHHA B OCBIiT-
JIOBANILHUX MepexKax, AKi JXUBIATHLCA Bij TpaHchopMaTopHuX nigcranmnii, EPC
AKHX BUMiploeThCca cOTHAMM BoJibTiB. CHJa CTPYMY KOPOTKOI'O 3aMMKAHHS B
HHX MOXKe JOCATTH KiTbKOX THCAY aMIepis.

't/ JaTte BignoBiai Ha 3anUTaHHR
71 1. Yy MOXe TPUBANMWIA Yac iCHYBATH ENEKTPUHHWA CTPYM Y KO, AKLLO Ha PYXIUBI HOCH
3apRay AilTb TiNbBKKM KYNOHIBCbKI CUK?
2. Y 4yomy nonarae $iavuHa cyTb NOHATTA ENEeKTPOPYLWIAHOT cUnK gxepena cTpymy? Lo
| BOHa xapaxkTepuaye?
1 3. 3 9KMX YACTUH CKNASAETLCA 3aMKHEHE KONo?
| 4. o Take CTpYM KOPOTKOMO 3aMUMKaHHA?

Mpuknagw po3s’A3yBaHHy 3a0a4
3amaua. [lo axol HANpYTrY 3apAnATLECA KoHAeHcaTopH C,; Ta C,, migKI0UeHi 10 Jxepe-
na, axmpo #oro EPC 2,2 B, sayrpims#ii omip 0,4 Om? [lapamMeTpn pesucTopiB Ta KOHIEH-
caropis raki: R, =3 Om, R, =10m, Ry =50m; C, = 2 Mr®d, C, = 3 mx®P (man. 35).



! Posain & EAEKTRPUUHAR CTPYM | 49 |}

Jauo: Poap’azanan M Ry N
£=2,2B OckinbKkM  JiNAHKON 3 KOHIAEHCATO- 'I II L
r=0,4 0m paMH mocTifHHA CTPYM He NIpPOXOIHTH, 2, R G
R, =30m To pua obsoxy KLNM wmosua 3anucat X 2 v
R,=10m : . g ’_"_:H|_
E=Ir+IR +IR,,s3Bigkp [ =——«—.
Ry=50m Hytdis A r+R +R, 1 R
C,=2 mxd " - | 1
. []
Cz= 3 MDD anpyra 1:;1?3 pe3HcTopl 4 CTAHOBHUTH F . e T
s 9 [Us=IR,=—7%— (1).
Uy-2U,-? 3 » r+R,+R3( ) Man. 35

Taka »x Hanpyra Oyge i Mixk ToukaMu X Ta Y JiIAHKH, OI0 MiCTHTh KOHIEHCATODH.
OcKinbKY KOHIEHCATOPH 3’ €IHAHI TOCAiAOBHO, TO 00H[BA BOHU MalOTh OAHAKOBHH 3aDAJ .

Hanpyru sa nux rongencaropax U, = Ci iU, = g— (2).
1 2

: ! G |
Hdna manpyr# Mix touxamu X Ta Y MOMHA 3anMcaTH U3=U1+U2=q[c—+c—].
1 2

aBifKm q= C?]féz U, (3).
Iligcrasuemn y pienocti (2) sHauenns g Ta U, 3 pisHocTeidt (1) Ta (3), oTpuMyeMo
U, = G, y R, & U, = G : R, £.
C,+C, R +r+ Ry C,+Cy, Ri+r+R,
Ak BupHO, Big Benuunau onopy R, snavenna U, ta U, He 3anemxaTs.

IMicns mijicTanOBKH YHUCIOBAX 3HAYeHs orpumyemo UV, = 0,78 B; U, = 0,52 B.
Bigmosine: 0,78 B; 0,562 B.

BnpaBa8

1. Ona eussavenns EPC i BHYTPILIHBOTO ONOPY AKepena CTPYMY CKJIAIH KOJO
3a CXemMo10, 300paxceHo0 Ha MaJl. 36. 3a JeAKOro mMONOMeHHA KOB3HOIO KOH-
TAKTA peoctrara amnepmerp nokasas 0,5 A, a BoasTmerp — 4 B, Konu kouTakTt
nepeMicTHIN TPOXHM BJiBO, aMnepmeTp nokasas 0,9 A, a oasTMerp — 3,6 B. 06-
yrcanTH EPC i BEYyTpimHiH onip g:kepena.

2. JlaMnoukH, onopu AKHX JOpPiBHIOIOTE 3 Ta 12 OM, no 4epsi npHeIHYBAIH 10 He-
AKOTO IXKEepesia CTPYMY, i BOHW CIOKHBAJIH OHAKOBY MOTYXHiCTE, BH3HAUHTH
BHYTpimHiHA onip mxepena i KK kona B komxeEOMYy Bunaaky. (Brazieka: KK

KoJia JopiBHIOE :_[_f_: .
B 1 6 R+r’
30 Elr
S c I |
R, C
i|---if T T
Ry
1

Man. 36 Man. 37
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| 3. BuaHaunTH 3apsij HA 0OKIaKax KoHAeHcaropa (Mau. 37), sxmo EPC Joxepesa

| ¢, Horo BHyTpimHAiii onip r. Onopu peancropis R, ta R, sigomi. Emaicts KoH-
1‘ nencartopa C.

| 4. BeasxalouH BiJOMUMH BeJIMYHHH, BKA3aHI Ha cxeMi (Maj. 38), BU3HAYHTH 3aPA]
| nakongencaropi. fAx sMiHUTHCA BeMHMYMHA 3ADALY, KO R, Ta R, pumknyTH?

§ 13. Poaranyxeni kona. lNpasuna Kipxrodga

J:h Mpaswna Kipxroda. PosrasEeMo eJIeKTPHYHE KOJIO IIOCTIHHOrO CTPYMY,
B AKOMY € TOYKH 3’€IHAHHSA IeK1IbKOX MPOBIAHMKIB (HANpHUKJIAL TOUKH a i d Ha
man. 39). Ili ToukH HA3MBAKWOTH BY3JaMu, a0 TOUKAMH pO3rajyskeHH#A. Bigmno-
BifHO eeKTPHUYHI KOJA TAKOIO BHIVIAAY HASHBAKIOTE PO32ANYMEHUMU.

CToCOBHO CKJIAMHUX POSTANY;KEHHMX Kijn sacrocoByioTh npasumia Kipxroda,
chopmynsoBaHi v 1847 p. 'yerasom-Pobeprom Kipxrodom. Ile asa monoxxenus,
AKi 1ai0Th 3MOry ob4yHcaoBaTi cTpymu, Hanpyru i EPC ninaHOK cKIagHHUX pos-
raJny:eHnuX KiJ nocTiiitHOro cTpymy.

Ilepme npaBuio BUIJIMBAE 3 3aKOHY 30epEKeHHA eJeKTPUUHOrO 3apAny i Ha-
S3MBAETLCA NpasuiLom Gy.i..i'.'.iﬂt

e AnrebpaiyHa cyma ctpymis I, o cxoaaTees B Byab-AKik TOYL| POSranyKeHHs

f
(By3ni), AOPIBHIOE HYNIOD, EI,, =0, ge n — KiNeKiCTk NPOBIAHWKIB, WO CXOAATLCA
k=1

B TOYLI pO3ranyxeHHs.

IIpr npOMY HOJATHHMH BBAYKAIOTHCS CTPYMH, L0 HNPAMYIOTH 4O TOYKH poa-
rany:eHHs, Bil'eMHEMH — CTPYMH, LI0 BHXOAATE 3 Hel,

. Jlpyre mpaBMJI0 HA3WBAKOTE npasuiom Konmypie. Byab-sike cKiagHe posra-
JIyseHe KOJIO MOMHA IMOAIIHTH HA mpoceTi (10 He MalThs posraiayiens). Hanpu-
KJaj, v Kol Ha maJi. 39 € 1Ba mpocTHX KoJa (IX HasuBawThL KoETYpaMu): cdab,
defa.

HOpyre npasuno Kipxroda:

i Y Byaob-skomy O0BiNbHO BUOpaHOMY 3aMKHEHOMY KOHTYpi anreBpai4Ha cyma
’ nobyTkie cvun cTpymis I, Ha onopu R, BianosiaHnx QinsHOK KOHTYPY (Cyma cnaais
Hanpyru) popiexioe anreBpaidHiin cymi EPC y oMy KOHTYPI,

n n
YR =Y.
k=1 i=1

Hlo6 crmacTH piBHAHHA, CKOPH-

R T
1—

b { | II.%? ¢ CTABIIHCHL JPYrHM IIpaBujiomM, Tpeba,
1 no-Tepile, y CKJIJHOMY eJeKTPHIHO-
I i . I MY KOJi BHIIJTATH NOBiTbHI 3aMKHYTL
a Ry—— : II* 4 KOHTYPH, HO-ApYre, YMOBHO BubpaTn
-— 1 I &g IeBHUH Hanpsam o0xoay KOHTYDPY (3a
o Iy Sl | rOJHHHHKOBOIO CTpinkol abo mportu
¢ Rk*-*—<—4’ é rogMHEENKOBOI cTpinku). Ilpn nwpomy

&
f El) = Il_‘ e CTDYM BBaKalTh [OJAaTHHM, SHKIIO
©s iioro Hanpam sbiraereca 3 BEOpaHUM

Man. 39. Cxema po3aranyxeHoro kona HAIPAMOM 00XONY KOHTYPY; AOAATHH-
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enekTRAGHWA cTPwM |HEXHE
MH BeaxaioTs Takoxk Ti EPC, mo nigpumyors noresnian, v HanpsaMi obxoay
KOHTYPY, TOOTO Koau Hanpam obxoay 3biraerbesa 3 mepexofom Bij Big eMHOro
MOJCca Axepesa CTDYMY A0 OONATHOTO, B cynpoTHBHOMY BHnanzky EPC nworo
J:cepena Oyzae Bif'eMHOO.

Hanpurnan, auia Kona, sobpameHoro Ha mai. 39, cucreMa piBHAHE 115 BU3-
Ha4yeHHA TPLOX HeBimoMux ctpyMis I,, I, 1 Iy Mac Takuil BUTIAA:

L, +1,+1,=0,
LRy + 1Ry = ¢, — 6y,

—IyRy + IRy = €5 + 5.
Mocnigosre | napanencHe 3'€¢AHaHHA NpoBigHMKiB. 3 Kypcy disuxn
9 knacy Ham BifoMi CNiBBiAHOIMIEHHA MiK CTPYMAaMHK | HAIDYTAMH HA AlJISHKAX
KoJia 3 mocaigosauM (man. 40) i napanenssum (man. 41) 3’eHAHHAM UPOBiAHN-

Kig. IIpuragaemo ix.

Ons nocnigosHoro 3'egHavHA NPORIAHKW-
Kig BUKOHYIOTLCH Taki CrnieBiAHOLWEHHS:

1) cuna cTpymy B YCiX NpOBIAHMKAX oaHA-
koea, I=1,=1,,

2) Hanpyra Ha BCbOMY 3’ €AHAHHI A0PIBHIOE
CyMi CNajie HANPYr Ha KOXHOMY NPOBIOHWUKY,
U=U,+Uy;

3) Hanpyra Ha KOXHOMY NPOBIAHWKY NpsA-
MO NpoNePLjiAHa ioro onopy,

U _R
Upe Bo

4) szaransHMiA onip 3'eQHaHHa  gopis-
HIOE CYMi OMOPIBE KOXHOrO NpOBIgHWKA,
R=R,+R,

" ¥ sunanky s'enHandn N npoeigHukis ix
aaranbHWiA onip

I I 12
——
] +—{ |+
R Ry
Ui = Uz i

Man. 40. MocninosHe
3'eAHaHHA NpoBiAHUKIB

Ansa napanensHoro 3'€AHAHHA NPOoRIAHM-

KiB BMKOHYIOTLCH Taki CiBRiQHOWEHHA:
1) cnagw Hanpyr Ha OKPeEMKX NPoBiaHMKax

i Ha BobOMY 3'eaHanHi ogHakosl, U=U, +U,;

2) cuna cTpymy OO0 posranyxeHHs Aopis-
HIOE CYMi CTDYMIB Y KOXHOMY NPOBIOHUKY,
I=I,=1I;

3) cuna cTpymy B OKPEMOMY NPOBIOHWUKY
obepHeHo nponopuiiiHa Horo onopy,

Lo 5B

L, R
4) senuyunHa, ofepHeHa DO 3aranbHoOro
Qnopy 3'eQHaHHA, O0PIBHIOE Cymi 0BepHEHNX
BENWYUH ONOPIB KOXHOro NPoBiaHMKA,
i Qi e
—_—=—t—,
R R R
Y sunanky 3'egHanHa N nposigHukis
1o

R ‘=.1 RI g

I
— -
| R
B
R

Iy

ot

| |
| WERSRESe |

Rz
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Man.41. NapanencHe
3'eaHaHHA NpoBigHuKIB
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Man. 42. EnekTpu4He Kono 3 no-
CNAOBHUM 3'EAHAHHAM AXepen
cTpymy y Gatapew

®
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Man. 43, NapanensHe 3'eaHaHHA
nxepen cTpymy y barapero
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Man.44. MilwaHe 3'egHaHHea
ENeMEHTIB XWUBNEHHA

ENEKTRPDAVHAMIKA

Hagl coiBBigHOLIEHHS JerKo OTPUMYIOThCA
ia npaeny Kipxrodga. Moskere caMocTiHHO 1X j10-
BECTH.

MocnigoeHe i napanenbHe 3'€QHaHHA JpKe-
pen crpymy. Ha npakTuii ogHakori j:xepena
cTpyMy 3’€IHYIOTh ¥ BaTape.

¥ pasi nocaidosrnozo 3’ ednanna dxcepen cmpy-
MYy Yy Oamaper TMOIUTHBHUHA IOJIOC MONepe-
HBOTO J3Kepesa 8 €/HYHTh 3 HeraTHBHHM I10-
miocoM Hactynaoro (mas. 42). EPC darapei
popieaioe aaredpaluniin cymi EPC enementis,
Cg= ‘{-l -I--("'g D L

3akon OMa a8 BCBOIO KOJIA 3 MOCJALOBHUM
3’eqHAHHAM OHAKOBHX €JIeMeHTIiB Ma€ BHTJIAL

P ‘n '
R+rn
zie n — KinbkiceTs enemenTis, ¢ — EPC ogroro eJye-
MEeHTA, I — BHYTPLIIHIiH onip oHOr0 eJieMeHTa.

Y pasi napaneavnozo 3 ednanus dxcepen
cmpymy y 6amaper Bei IX MOSHTUBHI mosrocu
NPUEJHVIOTH [0 OJHie]l KJIeMH, 4 HeraTHBHI — 10
apyroi (mas. 43).

Y upomMy BHOAAKY 3apaju, AKi NpoXogAThb
uepes 0JHH ejJeMeHT JKHUBJeHHs, He NOoTpania-
10Th B inmi, To6ro EPC barapel gopisaioe EPC
ofBOro egemMeHTa. 3akod OMa J/id KoJjla 3 0jHa-
KOBHMH NapaJielIbHO 3’ €JIHAHAMM eJeMeHTaMH
MAae BUTJIAJ

I= £ g
R+
m

Jile m — KLIBKIiCTE eJleMeHTiB, ¢ — EPC ogHoro ene-
MeHTa, I — BHYTpiniHiii onip ogHOrO 1€ MenTa.

Miwane 3'e€dnanns eremenmis 300parxkeHo
Ha MaJ. 44.

Baxon OMa 116 KOJIa y IbOMY BUIIAJKY Ma€ BH-
T

I= _en_ .
rn

R4—

m

7 Bawre Bignosigi Ha 3anUTaHHA
| 1. WWo Ha3uBalOTL BY3NaMK PO3ranyXXeHoro eneKTpuyHoro kona?

+| 2. Ha aknx 3akoHax FpyHTYETLCA nepiue npaswuno Kipxroda?
| 3. Wo Take cnag Hanpyr Ha ainadul kona?
1 4. fAki anaverns EPC B KOHTYpax BEAXAOTL A0ASTHUMMK, A SKi = Bl EMHUMK?



5. Akiio B X0Ai PO3B'A3yBAHHA 3aAa4i OTPUMAHO Bifl'EMHE 3HAYEHHA CUAKW CTPYMY, TO
Wo ue oaHayac?
6. fk suanayaeTbes EPC Gatapei oagHakoBUx NOCNIA0BHO 3'€AHAHUX JXepen cTpyMy?

1 3aranbui peKoMeHaauUit Ao po3e'a3yBanHa 3apay

Poas'siayBaHHs 3aaay Ha oO4MCIeHHs ONOPIB CknagHKMx 3'eQHaHb nposigHukie Tpeba
NOYMHATI 3 aHANI3Y CXeMU | BIALWYKaHHA B HIl akMxock Asox abo Ginblue NpoBIiaHKKIB, 3'eaHaHMK

, OOMH 3 OAHWM NOCNIAOBHO 4W NapanensHo. AKWO B CXEMi BAANOCH BIOWYKATW AiNSHKY 3

TaKMMK NPOBIAHWKAMM, TO Il 3aMIHIOKOTE DAHMM NPOBIAHUKOM, OMNip AKOr0 eKBIBANEHTHWA LIMM

~ Kinbkom i Moxe DyTu nerko nigpaxoeaxunii 3a npocTol Gopmyno. ¥ pesynsTaTi ficTaTs Npo-
* CTiwy cxemy. MOBTOPIONTL Led NPUACM A0TW, NOKW HE 3aNULLWTLCA NWLIE OOWH NPOBIAHWK,

ONip AKOrD EKBIBANEHTHWIA ONOPY BCLOro kona. Xif Takoro CrpoLeHHa NokasaHo Ha man, 45,
Micns BM3HAYEHHS EKBIBANEHTHOrO ONOPY MOXHA BU3HAYUTU CUJTY CTRYMY B HEPO3ranyxeHiii
YacTHHI KONa, AKULO 3a0aHo Hanpyry, Nigeeaedy no Cxemm.

HacTto B 3agayax Tpeba BM3HAYMTM PO3NOAINKM CTPYMIB B OKpeMuWx BiTKax i Hanpyr Ha

AingHkax kona. Ans uboro NOTPRIGHO PO3ropHYTW HAWNPOCTIWY (0CTaHHID) cxemy man. 45

Y BUXiAHY I, Nepexoasyv B 3BOPOTHOMY Hanpami Big oAHIEl CxemMi 00 iHWOT, BU3HAYUTK 3a

' 3aKoHamMmK NOCNIA0BHOIO i NApanensHoro 3'eqHadk Ppo3nNoainy CTRYMIB Mix BiTkamK | Hanpyr
| Ha OinfHKax i OKPEMUX ENEMEHTaxX Kona.

AkLLo y cKNafHiid cxemi He BAAETLCH BUABUTH Hi NOCNIAOBHD, Hi NapanensHo 3'eoHaHnx
NPOBIAHWUKIB, ANS 3HAXOAKEHHA 3arafbHOro ONOPY KoMa MOXHA CKOPUCTATUCA ABOMA BNac-
TUBOCTAMMK eNeKTpUMYHoro kona: 1) Y 6ynb-Aakomy KON TOYKW, L0 MAIOTL O4HAKOBI NOTEHL-

[ anu, MOXxHa cnony4uTu y syaon abo pos’eaHarti. Big uboro He 3aMiHATLCA ONip BCLOrO KoNa

i CUNa cTPYMy B OKpemMMX QINAHKAX, OCKINbKX CTPYM MK TOYKaMK 3 OAHAKOBMMUW NOTEHLa-

- namu He NpoXoamTL, NPOTE Taki 3MiHK CxeMK 4acTo ICTOTHO CNPOLWYIOTE PO3paxyHku. 2) Po-
i 6oTa No NepemilleHHio OANHMHHOrO 3apaay 3 OAHIEl TOHMKM OAHOPIAHOMO Kofa B iHWY He
| 3ANEXUTL Bif, ONOPY NPOBISHMKIE, NO AKWX NEPEMILLAITLCA HOCI 3apaay, a BU3HAYaEThLCA

nVWe pisHUULE NoTeHUianis Mix uMmMKM Toukamu. Akvii 61 He Gyno swbpaHo wnsx nepe-

_ MilLeHHA HOCIIB 3apaay No OAHOPIAHOMY Kony, anrebpaiyHa cyma cnagis Hanpyrv Ha okpe-

MUX AINAHKAX LbOro KoNa AopiBHI0E PISHWLI NOTEHLIANIB MiX NOYaTKOBO | KIHLEBOIO TOYKa-

‘I

|

0
—LE D E

Man. 45. OBYMCNeHH: 3aranbHOro onopy CKNagHoro 3'eaHaHHA
LMAX0M NOCNIA0BHWX CNPOLWEHb

- — Pos3aiA & eAnekTPUUHKMEA cTPun |EEEE

3



EAEKTPOAWMHAMIKA LD e ——

My, ¢, -, =2U, =%IR =U,, pel,i R, - cunuctpymy i onopu oKpeMux OinAHOK Kona.
Ane ue TBEPMXEHHA NpaBWNbHE NWMLLE TOMI, KONW HA HOCI 3apaay AilTs TiNbKKM ENEKTPUHHI
CWK | HA AINAHUI HeMaE oKepen enexkTpopPYLWIAHOL CUK.

BiglwykaHHA TOYOK 3 OAHAKOBMMW NOTEHLANaMW NONErUYETLCH BCTAHOBNEHHAM Bnac-
TMBOCTER CUMETPII Cxemu. CUMETPUYHMMIA HA3MBAKOTL CXEMM, B AKX MOXHA NPOBECTM BiCk
(NNOWKWHY) CUMETPIT, WO AINKUTE CXeMy Ha ABI YacTUHKW. OaHa 3 UMX YACTUH € A3EPKANEHAM
BigoBpaxeHHaM Apyroi. B cxemax, W0 MalTe Bick 260 NNOWMHY CUMETPII, 3aBXAK € TO4YKN
3 0AHAKOBMMW NOoTEHUianamm.

FAKWO Cxema CUMEeTPHYHA BIAHOCHO OCi (NAOLMHK), NPOBEAEHO! Yepes TOYKW, A0 AKWX
nigseneHo Hanpyry (NO300BXHA NNOWMHA CUMETPIT), TO TOYKW 3 0AHAKOBMMMK NOTEHUIanamw
NEXaTbh HA KIHUAX CUMETPUYHMX NPOBIAHWKIB, OCKINbKWM Yepea HUX NPOoXoaAaTb OAHAKOBI
CTPYMKM. HKLLO X CXemMa CUMETPUYHA BIAHOCHO OCi (MAOLWMHW), NEPrEHAUKYNAPHOI A0 NiHii,
Ha \KiiA Nexarb TO4KW, [0 AKUX NifBeJeHo Hanpyry, To6To cxema mae nonepeyHy Bicb (nno-
LMHY) CUMETRII, TO OAHAKOBWIA NOTEHLiAN MAIOTk BCi TO4KW, AKI IEXaTk HA NepeTuHI Liel oci
(nnowwHK) 3 npoeigHWkamu. Lie BunnuBae 3 Toro, wo poboTa enekTpUYHMX CWUN No nepe-
MILLIEHHIO 3APAPKEHUX YACTMHOK HE 3aNeXWUTh Bifl TPAEKTOPII pyxy.

Biawykaswu Ha cxemi TO4KW 3 OAHaKOBUMK NoTeHuianamu, Tpeba cnonyunTy ix (SKwo
BOHKM OynKn poa’eaHadi) abo poa’egHaTh (AKWLO TouUkK Bynu cnonyyeHi), nicns 4oro AicTaemo
eKBiBaNeHTHY CXeMy, Aka CKNaaaeThCca 3 NOCNIAOBHO | NapanenbHo 3'eAHaHuX NPOBIAHWKIB.

Hanpuknag, Heo6xigHO BU3HAYMTH ONip AiAsIHKKM Kona Mix Toukamu A | E Ha man. 46, a
{onopw NpoeigHUKIB ogHakoei). ¥ AiNAHWI Kona He MOXHA BU3HAYUTH ENEMEHTW 3 NOCNIL0B-
HWM 44 NapanensHUM 3'efQHaHHAM, ane CXema Mac BiCk CMMETRIl, NnpuyomMy il Bxig, | Buxig
Nexars Ha Uik oci. BHACNIA0K UbOro CUMETPUYHI BIAHOCHO Wiel oci Toukn (Bi H), (D F), (C,
KiM ) maloTs ogHakoBi NnoTeHujiany. 3'eQHaBLwm TOHKHW 3 0AHaKOBMMK NOTeHUianaMn, oaep-
KUMO CXEMY, EKBIBANEHTHY BUXIOHIA (man. 46, 6).

Po3B'a3yiouM 3agayi Ha 3aKOHW MOCTIMHONO CTPYMY B CKNaAHMX €NeKTPUYHMX KOnax,
BaXNWBO NPasuNbHO BPAXOBYBATM CMIBBIAHOWEHHA MiX 3HAKAMMW ENEKTPOPYLUIRHWUX Cun,
WO OiloTe B KON, Ta Hanpsamkamu cTpymie. Hkwo EPC cTBOPIOE CTPYM TOrO X Hanpamky,
WO ¥ CTPYM, SKMIA NPOXOAWTE NO kony, To i GepyTe i3 3Hakom nnioc. Akwo x axepeno EPC
YBIMKHYTO Tak, Wo CTPYM Bifg, ULOro axepena npoTUAEXHWA 40 HAaNPAMKY CTPYMY Y 30BHILL-
HbOMY KONi, To y dopmyni nepeqn 3HaveHHam uieil EPC tpeba cTaBnTH 3HaK MiHYC.

Cnin po3pi3HATK NOHATTH HANPYIW Ta cnany Hanpyru, Hanpyra BinpiaHRETLCA Bif cnany
HaNpyru Ha Tux QiNAHKAaX Kona, Ae Ai0Tb CTOPOHHI CniK. Y uboMy BUNaaKy oo poGoTti cun
ENeKTPMYHOro NOAA A0AAETHCH POBOTA CTOPOHHIX CUN 3 BIANOBIAHWM 3HAKOM.

Taknm 4MHOM, 3aNeXHO Bif YMOBW 3aaa4i 3akoH OMa MOXHA 3anNVCaTH B TPbOX Pi3HMX
dhopmax:

a) [na ainAHkK Kona, fika He MICTUTE axepena EPC, pisHvus noteHuianis Ha KiHUAX 4i-
navkn U =IR.

6) Ans pinsHKK kona, aka mictuts pxepeno EPC, U=~ TR. Tyt U =¢, —¢_, e 9, - no-
TeHuian kiHua ainaHku 3 6oky nosuTWBHOro nonioca Gatapel, a ¢ - 3 HOKY HEraTUBHOrO;
R - onip ginsxkn, I — cuna cTpymy, NpU4OMY TaKOro HaNnpsaMKy, L0 BCEPeAKHI xepena BiH
Teye Bif «—» A0 « + ». AKLLO X CTPYM TEYE B MPOTUAEXKHOMY HanpaMky, To dopmyna HaGysae
surnagy U =&+ IR.

B) Ans 3amkHeHoro kona ¢ = I(R + r), pe R 1a i - onopw 30BHILWHBLOT Ta BHYTPILWHBLOI Ai-

MIAHOK 3aMKHEHOro kona.
Y npoueci npoBegeHHR pO3paxyHKy napa-
METPIB CKNaAHWX KiNn, KON B KONax HEMAE TO4OK
3 OAHAKOBMMM NOTeHuianamu, wo anano 6 amory
CNPOCTUTK KONO, | 0coBNMBO Y BUNAAKY, KONU B
A B D E Konax € kiflbka 3'e€gHaHux Mix cobol axepen
CTPYMY, KOPWUCTYIOTECS 3akoHamw Kipxroda ta
MeToAamMu Cynepnosnuil, BY3anoBux NoTeHwianie,

a 6 KOHTYPHWX CTPYMIB, NEPEXOAOM Bifl TPUKYTHMEA
3 N NpOoBIAHWKIB A0 ekBiBANEHTHOI 3ipKK 3 1L Npo-

Man. 46. CumeTpuyHa cxema BiHKMKIB TOWLO. g
a'eQHaHHA NpoBigHWKIB (a) Tali ekeisa- Meroa cyneprnoaulii NoNArae B TOMY, WO cuna

neHTHa cxema (6) cTpyMy B Gyab-AKii BiTLi BU3HAHAETRCA anrebpa-



|

e 0 e e I e 5 e S ey e S e Mg S S B

i
L

L

S i e e

L Ll

LWL Ll

|

= S0 W o i W i W e N e )y By

[Kepeno € eaMHUM Y LibOMY Koni. PO3B'A3aHHs 3a0a4i 3B0AMTLCH [0 TOro, Wod BU3HAYMTH
CHUNK CTPYMY Bifl KOXHOIO [Kepena Okpemo i NoTiM BUaHa4umTK ix anrebpaiuqy cymy.

CyTe Meroay By3N08Mx NOTEHLIANIB NONArAE B TOMY, L0 OAWH BY30/ MOXHA «3238MNK-
Tv», Bifl UbOro PO3NOAIN CTPYMIB Y BiTKax He 3MIHMTLCA. TOAI KifbKICTE BY3Nis, NOTeHLIanK
AKMX HEODXIAHO BU3HAYMTH 3MEHIUYETLCH HA OMHULIIO, OCKINLKW NOTEHLIAN 0AHOro Byana
BXE BIAOMMIA | AOPIBHIOE HYNIO. AKLLO KiNbKICTL BY3NIB B eNeKTRUYHOMY Ko gopisHice &, 10
HeobxigHo cknactu (k - 1) piesaHHs 3a dopmynoio sakoHy Oma ana ainsaHkun xkona (TobTo
EMPA3NTH BCI CUAKW CTPYMIB ¥ KONi Yepes By3N0ei notexuiani). [lo ogepxadnx DIBHAHL NpY-
nucaTk PiBHAHHA Neporo 3akoHy Kipxrodga ans syanie i po3e'A23atym OTPUMaHy cuctemy
BiAHOCHO HEBIQOMMX.

LLns BUZHAYEHHA CUN CTPYMIB y CKNAOHWX KONAaX 3 KiNbKOMa Byanosumu Toukamu i EPC zacto-
COBYIOTb METOA KOHTYPHUX CTPYMIB, IKMIA AAE MOXJIMBICTL CKOPOTHUTH KiNbXICTh PO3B A3YBaHHMX
pieHAHL. MNpUNYCKaOT, WO Y BITU, AKa BXOAWUTE A0 CKNAAY ABOX CYMPKHUX KOHTYPIB, NPOX0AsTh
NBa KOHTYPHI CTRYMW, 3 AKKX OAUH € CTPYMOM OIHOIO 3 CYMDKHMX KOHTYPIB, a APYTWA — APYTOro,
CnpaexHiid CTpYM B PO3rnaayBaHiii BiTL BU3HA4AETLCH AK cyma ab0 PIsHULS LWX ABOX CTRYMIB
3aexHO Bif iX BIQHOCHOro Hanpamkxy.

Akwio B cknanHomy koni onopv Ry, R, i Rg yTBOPIOIOTE 3aMKHYTUI TRUKYTHUK (Man. 47,
a), To ANR BM3HA4YeHHA EKBIBANEHTHOrO ONOPY MOXHA 3aCTOCYBATW MeTon nepexony sin
TPUKYTHKa 40 eKeisaneHTHol 3ipku. 3anada 380AnTeCA A0 3aMiuu onopis Ry, R, i Ry mix
BY3NOBUMW Toukamu @, b i ¢ exsisanenTHumu onopamun B, R, i B, 3'endadvmi sipkoio

(man. 47, 6), npu4omy
Re Py p_ BR o RR
" RtR+ R, R+B+R' " R+Ry+K,
IHOAI DO CNPOLWWEHHA CKNAAHOI CXEMW Bege 3amida 3'e4HAHHR CnopiB y BUrNAAi 3ipku
eKBiBANEHTHUM TDUKYTHMKOM ONOopiB. ¥ Takomy Bunaaxy

=R +R +R"R*' , R,=R.+R +R“R". R.=R +R,.+Mi€.
] (:] R (:] R 3 a

c @ (4

P038'93y104M 38484%] HA BU3HAYEHHA MOTYXHOCTI CTRYMY 0CoBnnBy yBary cnif npuainati
npasunsHoMy BMBOPY BUXIAHOT OPMYNK ANA PO3PaxyHKy NOTYXKHOCTI. MOBHY NOTYXHICTL
CTPYMY poapaxosyioTe 3a popmynow P = ITU. MotyxHicTs CIPYMY, fIKa 3aTPa4aETLCA NuLIe
Ha TENNOBY fil0 CTpyMy, oB4McmoioTs 3a dopmynow P = I°R. fkwo x mosa ige npo no-
TYXHICTL CTPYMY, AXa BUAINKETLCA HA AiNAHUI Kona, To Tpeba ckopucTatuca Gopmynow

2

P= i . HapewTi, noTyXHiCTb, AKY PO3BMBAE [KePeno eneKTpuYHOI eHepril, BU3Ha4aloTh

3a ¢popmynoio P =¢1.
B koxHOMY 3 umx BUNaakKis noTpibHO 3'AcyBaTtu, AKi 3 BEAMYMH 330aH0 B YMOBI 3aaa-
4i, AKi Tpeba sM3Ha4uTK, i nigidpaTk BiAnoOBiAHE CNIBBIAHOWEHHA Ana poapaxyHkis. Mg
Yac PO3B'A3YEAHHA 33034 HA 0DYUCNEHHA NOTYXHOCTI, KA BUAINSETLCA Y 30BHILHLOMY
koni, yacto 6yBaE AOUINBHO CKOPWUCTATCH TUM, LLO LS NOTYXHICTE Gyge MakCMMansHoK
TOAi, KONW 30BHIWHIA ONip kona AOPIBHIOE
BHYTPRILLHBOMY ONOPY OXepena. a 1
OcHOBHOK PO3paxyHKoBOW dopmMynol
PO38’A3yBaAHHA 334aY Ha TENN0BY 4i0 CTPy- .
My € dopmyna 3akoHy dxoyna-JleHua. Ane Rz R
TYT TakoX Ba¥/WBO CMNOYATKY 3'AcCyBaTw,
akow 3 dopmyn 3axkoHy [dxoyna-Nledua

3pydHille ckopucTaTMcA. Hkwo AainAHka R,
| KONa He MICTUTL AXepen cTpymy, TOo Kinb-
| KICTe TENNOTH, AKa BULAINSETLCA HA WK pi- ¢ b
L nsHUi, moxHa oBuncnioeaTt aa opmynamn R 3 s 2
72 a

; U 2
mllE r - _R'i - Popmyna x @ =I'Rt Man. 47. Cxemu 3’e4HaHHA NPOBIAHMKIB

TRPMKYTHWKOM (a) Ta 3ipkow (6)

Podaln @  EAEKTRPUUHWIA CTRPYM [ﬁ-

1 THHOKO CYMOIO CWUA CTRYMIB, CTBOPIOBAHWUX Y LWIMA BITLL KOXHMM JDKEpenom okpemao, Tak, Hibu ue



EAEKTRPOAMHANIKA

| Aae 3mory o04UCnIoBaTh KiNbKicTe TENNOTW, fiKa BUOINSETLCA CTPYMOM Ha Byak-akii ai-

| NAHLI KOna, He3anexHo Bif NPoUecis, Wo BiAOYBATLCA B HiK. IHWKWMK CROBaMW, NepLUi ABi
DopmMyn BU3HAYAIOTE KiNbKICTE TENNOTK, AKa BUAINAETLCH B KONI 38 YMOBW, WO BCH eHepria
CTPYMY NEPETBOPIETLCS Y BHYTPILLHIO @HEPriio, SKLLO X 32 PaXyHOK eHEeprii CTPYMY BUKOHY-
ETLCA MexaHiyHa poboTa abo BinbyBalTLCA XiMiMHI MPOLECH, TO KiNbKICTL BUAINEHO! B KON
TENNOTH 0BYMCTINETLCS Tinbkw 3a popmynoio @ = [°Rt.

Mpurknagw po3e’a3yBadHHe 3anad

3anaua 1. ¥ cxemi, Hasegeniit na man. 48, a, R, =3 O0m, R, =9 0m, R; =R, =6 Om,
R; =4 0m, Ry = 6 Om. Buanauurn saradbHHil onip nsoro koaa.

Hano: Poas'azauusn :
R,=30m 3o0pazumMo CcxXeMy TPOXH s Ra Ry
R,=90m imakme (man. 48, 6). Temep
R;=R,=60m ofuNCclIeHHA ONOPY KOJAA 3BO-
R, =40m OHTHCA JI0 SHRXOJ.'I,J-‘HEHHHhUHG‘ Ry Rs Re
R;=60m Py HUApANeJIbLHOro i ImOCHijloB-
R_:?____—_ HOro 3'€JHAHHSA NPOBiTHUKIB
i He CTAHOBHUTE TPYAHOIIIE: = =
By Ry -
Ry 4= Ry =3 Om;
Ry+Ry
Rygo=Ry+ Ry BRygs=120M
Rs- RE -6
Ry s 54= =28 Ry 5 5 4=30n;
Ri+Ry 4
Risoge=Ri+Rs 536 Risz;=60Mm §
R T
Ry isinies =Mu Ry 1 5336=30Mm. Man. 48.

Ry+Ry 5534

a - A0 YMOBM 3apaqi;
Bimnosigs: 3 OmM.

f — ekBiBaneHTHA Cxema

Sagaua 2. Buagauntu cuim cTpyMiB B peancropax R, R, R, (man. 49, a), sxkmo
R, =160m, R, =120m,R; =100M, &, =6B,r, =40m, &, =6 B, r, =3 Om.

HMamno:
R,=16 Om
R,=120m
R,=100m
IE:‘_ =EB
r, =40m
&, =68
r, =30m
Lp=%Iy—?
I3=1
Toni I, =

Poas’azanun
CKOPHCTABIIHCE Memodom cynepnosuyii, spaxarumemo, mo EPC gpy-
roi 6arapei gopisHioe HyAW, | BUSHAYHMO PO3TOILT CTPYMIB, 3YMOBIeHRH
nepumion darapeeio (Mas. 49, 0).
Bamianmo onopn Ry, K, ra r, eKBiBaJIeHTHHM OLIOPOM

=%t o 6o, Tomi I =

. L I;=0,192A .
R'+R,+n

Hanpyra mix roukamu ¢ i d gopisHmoe

U,=¢€-I(n+R) U,=115B.

, I=0,07TTAilI,=I-I, I,=0115A.
2

Tenep gramarumemo, o EPC nepuiol 6arapei gopisuoe ayno i ananoriaio BUsHa-
YHMO PO3IOJLN CTPYMiB, 3yMoBIennH qpyrow datapeeio (man. 49, ).
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Man. 49

I/=0,092A, I;=0,2TTA, I7=0,185A..

Pesynpryiounii poamoain crpymis y koni: I =I{-I'=0,1A, I,=1;-1=0,2A,
I,=I,+12=0,3A.
Bignoeige: 0,1 A, 0,2 A, 0,3 A.

3apaua 3. B enextpuunomy koui (masn, 50) R, =4 Om, R,=10wMm, R, =2 0mM, R, =3 Om,
R,=20mig,— @, =15B. O6uncauru cuiry cTpyMy, U0 NPOXOLHTE V KOMHIE BiTHi.

Hano: Poas'sazaana

R =40m Cropucraemocs semodoa 6ys-
R,=10m NOBUX NOMEHYIania.

R;=20m TTo3HAYMMO MOTEHI[ATH BY3-
R,=30mM JiB OBOTO KOJA Hepes (¢, P, (s,
R,=20m ta @,. Iorennian oawmiei a rovok

Q- 9,=15B | Koma 3aB¥AM MOMHA BBASKATH
TAKHM, 1110 fopisxioe Hyo. Toai,

§12:§§24:g OCKLMLKH @, — ¢, = 15 B, moxHa
1_13 b 34 BBAXKATH, WO ¢, = 15 B, a ¢,=0. Man. 50
23"

Torenniamm ¢, Ta g, He BLIOMI.
Bupasumo Bei cHaM eTpYMIB v KOJIi Yepes BY3JI0El NoTeHIia m:
o $ -V 15-¢, F P2—9y_ P2 I _0 -3 15-0,
127 = IR S R R T e
R, 4 R, 1 R, 2
Fopd Y. B 5. . 9995 95~y
R O8T® R O ® C
4 5
8a zarkorHomMm Kipxroda nna cun crpymis, MoskHa 3anmncaTy
Ly =Tpy+ 15, Iyg=1T3+15.

]

IMipcrasuemu y 1ui coiBBiiHOUWIEHHA YHCJ0Bl 3HAUEHHA BiJOMMX BeJIWYHH, OTPH-
MYEMO
15-9; 0 0= @5 _15-05 9:-0;
4 1 2 '3 2 2

Poan'aaaBiin 110 cHCTEMY 3 BOX PIBHAHDB, JiCTaHEMO 3HAYEHHA HEBIJOMHX NOTeHIi-
anis: p,=4,2Brag, =7,2B.
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HigcTasuBIIK 1Ii 3HAYEHNA B PiBHOCTI, AKI BMPAMAIOTE CHJIH CTPYMIB Yepes BY3JI0B] no-

TeHUiaMM, oTpaMaeMo I, =2,TA, I, =4,2A,1,;,=3,9A,1,, =2,4Aral,;3=-1,0A.
Cuna crpymy I,; min’eMua, ne osnadae, Mo BOHA HANPAMJIEHA He Bij Byana 2 qo Bysia

3, AK MM DPUOYCTHIN, CKIANAI0OYH DIBHAHHHA, 8 ¥ NPOTHJIEHHOMY HANPAMEKY.
Bignosias: 2,TA; 4,2 A;3,9A; 2,4 A;-1,0 A,

Banauga 4. EPC axymynsropa £, a BEYTpiIAii onip r. Busraun- f 1
TH a) pisEnwio noreHuianis U Ha KieMax akyMyaaTopa, AKIO Ha R

0BHIIMHLOMY onopi (Maj. 51) puginsersea moryvsxuicTs P (noscHR-
TH HeOAHO3HayHieTs pignoeizni); 6) sanemuaicre KK akymymnaropa i [ || r
KopHeHoI noTyHocTi P 8ijt sorHimAaboro omopy R. Hakpecautn rpa-

ikn aanexaocti n{R) ra P(R). Busepauurn MaKCHMAJbHE BHAYCHHA Man. 51

P .. 1BcTaHoBHTH, 114 AKoro K BOHO focATaeThed. '

HMawno: : Poap’azannsa
&r.P. R a) Ha sopHimu#ROMY onopi R BUALIAETECH HOTYHHICTS
! o

U -2 P=JU,peU=E—1Ir,al =",
n(R)-? g
P(R)-? u-vt : |
P~ 9 Tobro P=— - . Poar'aaaBmu kBajgpaTHe PIBHAHHA, OTPUMYEMO
B=3

T '

JBa saavenaa U D0OACHIOOTECA THM, IO TA CAMA HOTYKHICTE P MOXKe BUILTATHCE HA
pisEUX 30BHIMIHIX onopax (R, wu R,) npn eianoBigaux cunax crpymy (I, ra I,).

6) KKII BusHauacTeca 3a dopmynoio 1= % , ge U=§g-Ir, I= B ——, Tobro
: +r
r éR .
U=¢(1- = iTopi = .
( R+r, R+r A R+r
 I'padix sanemnocti n(R) HaBegeHo Ha Man. 52, a.
2 - -
KopucHa NOTY:KHICTD P=U— . Ocrinexkm U=E-Ir,a I'= L , Tobro U = 2L s
R R+r R+r
.2
thopmyna ana KopucHoi nory:xEocTl Habysae surnany P = (FR;“"_)E .
+r
I'padhix sanemnocri P (R) ao6paxceno na manu. 52, 0.
Makxenmanene ssavennsa P, MO3KHA BHSHAUMTH JBOMA criocobaMu:
PA

e

1 L

! 4r

0 R=r E
]

Man. 52. Ipadiku 3anexHocti n(R) (a) , P(R) (6)
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G 5 2 .1 (R+r)? 1 r’
I enoci6. Nocnigumo Ha MiHIM HKIIO — = =—(R+—+2r).
noci6. locmin ym dy P 'R 52( R )

2 2 2
Ockineku [\.’ﬁ—\%‘;] 20, 10 R+%22r , A TOMY [R+%+2r]:4r i mirimym no-

&R __¢£
CATAETECH, O4eBHAHO, npu R=r. Omxke, P = (R_? M
+r r

_rr2 c2 o2
Il enoci6. Kopucua noryxuicts P = H = 1[% —(U - g) } 3 1BOro BUpA3y BHA-
r r

2 . 2
HO, o P MakcuManbHe, KOJTH (U —%) =0, Tobro xonu U =£ . Ilpu npomy P, . =£—~ :

2 4r
gt . &
aRmisz =Y g2 =r.
max 4[_‘__]
4r
Pt g, [ R £°R £
Binno tUig=—2—-Pr;n= 3 P= 3 Puax === 5 Rypax =T
maapbe e i P il L e (Rar) ' o= g P Tmax=T
| Bnpaga9

| KL A : F
| 1, BusnauuTy saranbemil onip QiiAHKYH KoJa, ¥ KOMKHOMY 8 BUNAAKIB, soDpae-

HUX Ha MaJ. 53. Onip koxcuoro npoeigauka R=1 Om.
2. Illo nokasxe aMnepmerp y cxemi (Man. 54), akmo R, =R, = R,;=100m, Ry =15 0m,
£ =30 B. Onopom amnepmMeTpa 3HeXTYBaTH,
3. Buspauntu cuay erpymy I B Koni (Man. 55), sxmo y koxuoro enemenTa EPC 2,2 B,
a BEyTpimmiit onip 20 MOM. R, = R, =2 OM, Ry=6 OM, R, =4 OmTa R, =0,9 Om.
| 4. BUSHAUUTH CTPYMH Y AlnAHkax Koxa (man. 56), axupo ¢, = 27 B, &, = 30 B,
| "R, = 30 MOm, R, = 50 MOm, R, = R, = R, = 8 Om, R, = 1,97 O, R, = 2,95 Onx,
R;=120m, R;=1,2 Om.
4‘:}‘! 5. ¥ womi, sobpaxenomy Ha man. 57, £, =2 B, ¢, =18, r, =1 Om, r, = 0,5 Om,
' R=0,50m. BuanaunTy posnojia ecrpymis,

!‘:"v. 6. ¥V koui, sobpanenomy va main. 58, R, =4 Om, R, =10 0mM, Ry =40 0M, R, =20 Om.
Mo rona npuknagena sanpyra U = 60 B. Yepes ginanxy onopom R, IpoXoauTh
crpym 4 A, BussauuTu ouip Ry,

“> 7.V cxewi, sobpaskeniit na man. 59, 6, =2 B, £, = 2,4 B, R, = 50 Om, R, = 10 Owm,
R; = 15 Om. BuasauuTs cuay cTpyMy JUIA KOMKHOL AiNAHKH Koja, BayrpimuaiM

| OmopOM JKepes CTPYMY 3HeXTYBaTH.

- ” 8. ¥V cxemi (Man. 60) BH3EAYNTH BCl CHIIM cTpyMiB, aAxmo ¢ = 1,5 B, r=0,1 Om,

| R=10M,R,=1,60mM R;=R,=20m,R,=1,20m.

{:}: 19, o 6arapei, EPC akoi 50 B ra sayTpimuii onip 5 OM, mig’eqaano 3oBHIIIHE Ha-
BAaHTAKEHHA, SKe Jac MOMJIMBICTL aMiHIOBATH cTpyM v Komi Big 0 mo 10 A mo-
ciainosrao yepes 1 A. Ilo6ynysaru rpadiky sae:HoCTI CUIH CTPYMY Big: a) mo-
TYHCHOCTI CTPYMY, L0 BUALNAETHECH JKEePesiOM HA 30BHIIIHBOMY HABAHTAMEHHI;

| 6) moTy:KHOCTL, IO CIIOXKHBACTLCA JKepeloM; B) moBHOI nmorysHoeti; r) KKIT
JuKepena.
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§ 14. EnexTpuyHuiA CTPYM y MeTanax

KnacuyHa Ta kBaHTOBa Teopil npoBigHocTi meTanie. Yucaenni ekcnepn-
MEHTH 3 eJIEKTPUKH, BUKOHAHI pisHuMH BueHuMH v XIX-XX cr., ganu baratuii
MaTepiaja AIf CTBOPEHHS HAYKOBO 0O0rpyHToBaHCI Teopil ejexTpuuHOl mpoBij-
HocTi Meranie. Boua sicrana HasBy kaacuuhol eaexkmponHoi meopii exexmpo-
nposidnocmi memadanie. i ocHou Oy sakiaageHi HiMensKHUM (isuxom [layaem
Opyne i possunyTi HigepaaaacbkuM (pizukom 'enapikom JloperneM, ToMy 1K
Teopil iHKoN HasnBawTk Teopicio [Ipyae—Jlopenna.

Knacuuna eneKTpoHHA Teopis cOMpAETHCA Ha Kinbra (QyHIAMEHTAIBHHX
IPHIOYINeHb, 4 caMe:
¢ Vci meranu MaloTh KpUCTANLIYHY BYIOBY.
¢ Ilpocrip mirk BysnaMu KpucTadidHOl I'PATKHA 3ANOBHEHWHA €JIEKTPOHHHM ra-
oM. Tak HABHBAKOTHL CYKVIIHICTE BINBHHX e/leKTPOHIB (eJeKTPOHIB IpoBigHOC-
Ti), 1[0 BTpATHIIH 3B’ A3KH 3 ATOMAMH, AKHM BOHU HAJIEHKAIH,
¢ VcepegHbOMY KOKEH ATOM METAJIY BTPAYAE OJIMH eJIeKTPpoH. [HImuMu cioBaMH,
KOHIEHTPANifA eJIeKTPOHIB IPOBIAHOCTI B MeTaNaX JOPIBHIOE KiJIBKOCTI aTOMIB B
ONMHHUILL 006’eMy MeTany, n,=n, .
¢ Jlo eneKTpoHHOro raay B MeTajiaX 34CTOCOBHI BCi BaKOHM MOJEKYJIADHO-
KiHeTH4YHOI Teopii, TOOTO eNeKTPOHHUI I'ad po3rIagacThCA AK 1/lealbHUH ras.

# Pyx BiIBHHX eJIEKTDPOHIB y MeTai MiANOPALKOBYETLCA KJIACHYHUM 3aKOHAMH
MexXaHiKH.

# Iliz vac siTKHEeHL eJIEKTPOHIB 3 HOHAMH eJICKTPOHH MOBHICTIO MepeiainTh iM
CBOK KiHeTHUYHY eHeprilo.

Heapaxxaioouu Ha Te, M0 JeAK]l NPUNVIIEHHS CIIOTBOPIOIOTE AificHY KAPTHHY
eJeKTPONPOBIIHOCTI MeTAIIB, HA mifAcTaBi mici Teopii Bee-TaKK BAANOCA HOACHM-
TH OCHOBHI 3aKOHY MPOX0OKeHHA eJeKTPHYHOTO CTPYMY ¥V MeTanax.

Posain 2  eAekTPruHWA cTRum [N



— e -

ENAEKTRPOAFHANIEA

YTpyAHEeHRHA KJacHYIHOI eleKTPOEHOI Teopil 6yam momonaui v keanmosiil
meopil npoeidnocmi meepdux mina. BaraTo npamioBany Ha) CTBODEHHAM Iiiel
Teopil HiMenbrHA Qisuk A. Sommepdensn (1868-1951) ta pagaHcbKHA yueHMil
H. I. ®penxens (1894-1952). OckinbKy i3 HOHATTAMH KBAHTOBOL QisMKH Mu
JeTalnbHime 03HAaHOMHMOCH ¥ KiHII Hamoro Kypcy, 3apasd o0MeXHMOCH JIHIIIe
JAeAKHMMH HOJOMKeHHAMHE KBaHTOROL Teopil mpoBigHOCTI MeTasiB. ¥ KBaAHTOBiH
Teopil, Ha BIAMIHHY Bif KJacHM4HOI, BBAXXAKTSH, 110!
¢ eHepria eNexKTPOHIB 3MIHIOETHCH NEeBHHMH HOPHiAMH, TOOTO eEKTPOHH MO-
YTh MaTH JIMIE [IeBHI «/I03BOJIEH]» 3BAYEHHA eHeprii;
¢ cepennsi KiHEeTHYHA €HEPria eJIeKTPOHHOTO rasy 3 Habau:KeHHAM 0 abcoaoT-
HOI'O HYJIA He 3AJIeXUTh Bij TeMIIepaTypu;
® DPyX eJIeKTPOHIB y TBEpJOMY TiJli He € PYXOM YaCTHHOK Y 3BHUaliHOMY, KJia-
CHYHOMY PO3YMIiHHI, a8 ABJAE c000M0 NOMHPEHESA eJeKTPOHHHX XBHIE.

Kgpantosa Teopis nposigHocTi TouHilme omMcye ABHINE eNeKTPONPOBigHOCTI
TBEPAHUX TLJ1, IpoTe ¥ BOHA € HAOIHIKEHOI0,

MosicHeHHs eneKTPOoNpPOBIAHOCTI MeTaniB Ha OCHOBI KNacwu4HOI enek-
TPOHHOI Teopil NnpoBigHoCcTi. Croupajouuck HA OCHOBHI MOJIOMKEHHA KJIACHYHOI
eJIeKTPOHHOI TeOpil pOariIsHeMO 3aKOHOMIPHOCTI eJIEKTPHYHOID CTPYMY ¥ METAJIAX.

Ax fonu kpucramivyEel I'DATEM, TAK i eeKTpoHH GepyTh VUACTE YV TEILIOBOMY
pyci. Hoan 3MIHCHIOITE TEIVIOBL KOJHMBAHHA NoDIH3Y MOJ0¥eHs pIBHOBaArn — BYaJIiB
KpHcTaLiyeol rparki. BUibHl eeKTpOHH PYXAKOTRECA XA0THYHO 1 i Yac ¢BOro pyxy
CTHKAIOTHCA 3 HoHaMH rpatey. B pe3yabTari TAKUX 3iTKHEHb BCTAHOBIIOETECH Tep-
MoAAHAMIUHA pIBHOBATA MM eTeKTPOHHWM rasoM Ta HOHAMM I'DaTKH. 3rifiHO 3 Kia-
crunoio Teopicio [pyae—JlopeHna MosKHA OLIHUTH CePeiHIO IIBUAKICTEL TEILIOBOIO
PVXY eJIEKTPOHIB 32 (hOpMYJIaMH MOJIEKYIAPHO-KiHeTwyHOI Teopil. Ilpu kiMHaTHIN
TeMnepaTypi BOHA BUABISEThCS npnbimano pisaow 10° M/c. V soBHiEBOMY esex-
TPUYHOMY TOJ B METAIEBOMY MPOBITHUKY OKPiM TEIIOBOIO PYXY €JIeKTPOHIB BHHN-
rae Ix yropagkorannit pyx. Ouinnmo meuaKicTs BIOPAAKOBAHOIO PYyXY elleKTponie
V¥ METAJIEBOMY MPOBIITHIKY, CKOPHCTABIINCH TPUHOMOM, AKHI MH BUKODUCTOBYBAUTH
JUTA BHBEIEHHA OCHOBHOIO PIBHAHHS MOJIeKYJIAPHO-KiHeTHYHOI Teopii razis.

3a uac At yepes NoNepeYHUN Mepepis MPoBIIHHKA S HPOHAYTH BCi e1eKTPOHM,
Aki micrareca B o6’emi V = SUAL, ge U — cepeHsa IMIBHIKICTL VOOPSAIKOBAHOTO
PYXY eJIeKTPOHIB.

KRiipkieres enexrponie N v Buginenomy of’emMi MoKHA BH3HAYATH deped 1X
KOHLEHTpauiw n,

N =nV.

[ligcrasuBmu sHavyenHs 06'emy V, orpuMaemMo

N=nvAtS.

Axruo 3a yac Af uepes monepedHHUI nepepis NPOBLAHMKE NJIOLIEHD S IPOXOIUTL
N enexrponis, 1o 3aransuuit 3aps, siki Bouu nepenocars ¢ =eN =envAtS .

OckiJbKH cHIa CTPYMY BHaHAYAETHCA hopmyiowo [ :% ,T0 I=envS. 3Big-

: o e b
KH ceépelHA MBHAKICTE BIOPAAKOBAHOTO PYXY €JeKTpOHIB U= g
en

OuinumMo BeJIHYHHY IIBHAKOCT] BHOPAAKOBAHOIO PYXY €JIeKTPOHIB JIA Mij-
HOI'O IPOBLHMKA 3 MIOIIeI0 mepepiay 1 MM®, 10 AKOMY IPOXOANTE CTPYM CHIIOK
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1 A. Bpaxyemo, mo n,=n, i 1na Mifli KOHIleHTPAIlif ATOMIB CTAHOBUTL BeJINYUHY
nopaaky 10%° m7%,
[ligcraBasawun 3HAYEHHA BKABAHUX BEJIHUYHH, OTPUMYEMO

N 1A o
U= = M/C.
1,6-107 " Kn-10%m2.107% m?

Ak BUAHO 3 PO3PaXYHKIB, IIBAAKICTE YIOPAAKOBAHOTO PYXY €MEeKTPOHIB Maii-
sxe B 10° pasis Menma 3a mBHAKiCTS X TeIIOBOro (Xa0THYHOrO) PyXy. AJe 3
NPAKTHKH BijoMoO, 0 BCi eJleKTponpHIANH, BEIMKHEHHI Yy KOJIO, IOYHHAKIOTE
NpamnoBaT OMHOYACHO BiApa3y mic/id 3aMUKAHHA KOJIa, HA AKi#A 6M ganexii sig-
craHi Bij nepemukaua BOHKM He NepedyBaiu. 3BiiCH BUILTHBAE, IO WaUdKicmb
NOUWLUPEHHA eNeKMPULHOZ0 CIMPYMY 6 NPosidnuKy i weudkicms 6nopadKosanozo
PYXY eneKmponie 6 Hoomy ye ne odne i me cane!

KnacuyHa Teopis npoeigHOCTI MeTaliB MeXaHi3M IPOXOKEHHA eJIeKTPAYHOIO
CTPYMY V METaJIeBUX NPOBITHWKAX IIOSCHIOE TAKHM YHHOM. 3a BiicyTHOCTL
eJIeKTPAYHOIO II0NA Y NPOBLIHHUKY €JeKTPOHH (epyTh VYACTE YV TEIIOBOMY (Xao0-
THYHOMY) pyci. B pasi cTBopeHHs Ha KiHISAX OPOBiAHMKA PiSHHUII NOTeHNiANIB HA
eJIEKTPOHH Jie eneKTpudHA cuna F =e¢E, mo Hagae iM NPHUCKOPEHHS, fAKe BOHH
MIBUIKO BTPAYAIOTE Yepes 3iTKHeHHA 3 HOHAMM KPUCTAJIIYHOI I'PATKH. Y pe3yJIbTaTi
BCTAHOBJIIOETHCA JIeAIKA CepeHA IIBUIKICTh BIOPALKOBAHOTO PYXY €JIeKTPOHIB — Ii
HABMBAIOTE CePedrbo waudkicmio dpeiihy. Sk BioMO, TEILIOBHII PYX eJIEKTPOHIB
He NPUNHUHAETHCH HIKOJIHA, TOMY €JIeKTPOHH 3 BeJIH4Ye3HHMH MIBHIKOCTSIMH
PYXawThCA B YCiX HaupAMKax, i Ha ¢oHI nporo xaoTHUHOro pyxy BiadyBaeThes
MHOBLILHHAH «Ipelid)» v HANIPAMKY eJieKTpuuHoro nons. IIIBuakicTs e noummpesas
@JIEKTPUYHOrO IIOJIA B NPOBIIHUKY (AK 1 mMBHAKiCTL nomupeHHA OyAb-AKOIO
€JIeKTPOMATHITHOTO BUIIPOMiHIOBAHHSA) cTAHOBHTH Oim3bko 300 000 km/c. Omxe,
KOYeH BLIbHHH eJIeKTPOH MeTaNy MOYHHAE «/pedids , BIAUYBIIN AI0 eJIEKTPUYHOrO
TOJIf, MPAKTHYHO B MHThL 3AMHUKAHHS KOJIA.

Knacuuna rTeopia npoBigHOCTI NOACHIOE TAKOMK MEXAHI3M BHHUKHEHHSA eJlek-
TPHYHOTO OMOPY MeTajleBHX npoBigEmkis. Omip Meranis ayMOBIeHHI B3aeMo-
JIiEf0 eTeKTPOHIB, IO PYXalThCA B MPOBIAHHKY, 3 HOHAMH KPHCTANIYHOI I'PATKHA.
B npoueci B3aemopnil eleKTpOHM BTPAYaloTh YACTHHY eHepril, SIKY BOHH OTPHMY-
I0Th B eeKTpA4YHOMY moJii. I1# eHepria nepeTBOpHETHCA V BHYTPINIHIO EHRPT1IO.
BignmoBigHo, mij yac NPOXoAKeHHA MO METAJEBOMY MPOBIIHMKY eJeKTPHYHOIO
CTPYMY BiH HArpiBaeTscf. 3 NiIBHINEHHAM TeMOEpATYPH po3Max KOJHBAHBL HO-
HiB 3pocTae, i YaCTIINME CTAIOTH CIIBYAADH €JIeKTPOHIB 3 Honamu. ToMmy MoxKHA
CTBEPAKYBATH, [0 OIIiP MeTANiB IOBHHEH 3aJIe3KaTH Bill TeMIepaTypH.

3anexHicTe Onopy meTanis Big remnepartypu. JocrimKyodn ABHIE Ipo-
XOJJKeHHA eJeKTPUYHOTO CTPYMY Yepe3 MeTajeBl NPOBIAHUKH B Kypcl Qisukn
OCHOBHOI IIKOJIA, MH BCTAHOBHJIH 3aJIeKHICTH OIIOPY MeTaJleBCr0 HNPOBiHHWKA
Bix fioro nirifiENX po3mipis Ta poay Merany. 1la sanemHicTs oIMCYyETHCA PIBHAH-

l
HAM R= pg , e | — gowxiuHa npoBigHrKa (M), S — mI0IIA HOro MONEePeYHoro mne-

pepisy (M%), p — nuTOMHIH onip metany ( OmM - Mm% /m).

3 pocaiaie (man. 61) Bizomo, mo onip Meranis giniitro 36inbmyernea 3 mij-
BHINEHHAM TeMIepaTypH, a came: R = Ry(1+oAT), ge R, — onip nposigauka npu
Ty=273 K (0° C), R — onip upu remueparypi T, AT — pisHunsa reMneparyp, o —
TeMIepaTypHHH koedilieHT onopy.



EAEKTPOAMHAMIKA R _—

Man. 61. ocnig, wo 4eMOHCTPYE 3aneXHiCTb ONopy NPOBIOHWKA Bid TEMNEpaTypn
(7 = meTaniyHa cnipank, 2 — barapes ransBaHi4HWX eneMeHTiB, 3 — aMnepMeTp)

¥ mpoueci HarpiBaHHA NpPoBiAHHKA edeKTH Bif 30iabImeHHSA HOTO JOBMHHH
i nyromi nepepisy B3aEMHO KOMIIEHCYIOTLCH, TOMY ONip B OCHOBHOMY 3MiHIOETh-
Csl BHACJTIJIOK 3MiHHM IIMTOMOIO ONOPY. 3aleHiCTE NHTOMOI0 OIIOPY METAaNy Bij
TeMIepaTypu MOXKHA 3anucati opmynown p=p,(1+oAT). 3miza nuToMoro ono-
Py PeYOBHHHM XapaKTePH3YETHCA CTAJOIO JJA Iiel peYOBHHH BeJHYHHOID — TEM-
nepaTypHHUM KoedinienTom onopy . Bin mopiBHIoe BigHOCHIiH 3aMiHi nmuTOMOrO
P—Po

0

omopy IMpoBigHMKAa pH Horo Harpieanui Ha 1K, o= s TYT pp — MATOMUIA
onip npu remuepatypi T, =273 K (0° C), a p — nuromuii onip npu remneparypi T'.

Jns uMcTHX MeTaJiB TeMmepaTypHi KoedinmienTn omopy BigpizHAKTHECA Malo
i npudausHo gopisEwIoTE 0,004 K. TemuepaTypHi KoedinieHTH onopy CILTABIB
3HAYHO MeHIIi, HiK ¥ YHCTHX MeTaJiB. [cCHYIOTE clleltiaJbHi criIaBy, onip AKHX
Maiyke He 3MIHIOETECH i3 aMiHOI TemmeparypH. TAKMMH CILIABAMH € KOHCTAaH-
TaH, manranid. TeMmepaTypHHAI Koe(ilieHT OOpY V MaHraHiHY Maixke B 400
pasis MeHmHil, Hix y Migi. BracTusoeri mux MaTepianiB BUKOPUCTOBYHTHCHA JIJIA
BHT'OTOBJIEHHSA TOUHHMX €JIEKTPOBHMIPIOBAIBHHX HPHJIAJALE T4 eTAJIOHIE 0IOpPY.

¥V BUMIipIOBAJILHUX CHCTEMAX Ta CHCTEMAX ABTOMATH3AIlI] JJis BUMIipIOBaAHHS
TeMOEPATYPHA BUKOPHCTOBYHTh TEPMOMETPH OMOPY, 110 A03BOJISIOTH BUMipio-
BATH TeMIIEDATYDPY 3 TOUHICTIO 10 THCAYHUX YacTok rpagyca. TepmomMerp omopy
CHJIAaEThCA 3 INIATHHOBOL cripasti, HamoTaHol Ha kKepamiunuit kapkac. Cripans
BMIIIYIOTE ¥ cepefoBHUINe, TeMIeparypy AKoro Tpeba BuMipsaTH. 3Ha4YH onip
cnipaai npu 0° C (Ry) Ta sumipioooun onip cmipari (R) y cepenosui, 3a gomo-
MOro0 opmyJin 004 HCIIIOTE TEMIEPATYPY cepegoBuina. TepMoMeTpaMu OIopy
MOXHA BUMiPIOBATH AK AVIKe HU3BKI, TAK i JOCHTE BHCOKI TeMIIePATYPH, AK1 He
MOKHA BUMIPATH, CKOPUCTABIINCH PIAWHHNM TEPMOMETPOM.

HapgnposigHicTe. ¥ 1911 p. roanangcexnii isuk eitke Kamepainr-Ornec
BHEpIlle BUABME 3HUKHEHHSA eJeKTPUUYHOro ONOpY V PTYTI nicasa i1 oxomomxeH-
HA 0 TEMIepPaTypu, HMak4Yol 3a 4,12 K. ¥V 1913 p. neii edekt OyJI0 BHABICHO ¥
dimoro onoea (3a Temneparypu 3,69 K) ta ceunmio (7,26 K). Tak, sanpuraan,
IIPOTATOM TPBOX POKIB 30epiraJiock HAAUPOBiZIHE CBUHIIERE KiJblle 31 cTpyMOM
Gea JyKepesia JKUBJICHHA B nocyauHi [poapa’ 3 pigkum reniem. 3a ueit uac zaii-

: Hemwapiscsia nocyduna (TepmMoc) — EMHICTb, CTIHKH AK0I MAKOTE BHCOKY TEILIOI30/IAI[ITHY 31aT-
giers. Ioeyauna [soapa 6yia BHHAIAEHA OTAAHACKEAM (isuKoM Ta xiMikom cepoM [xeiiMcom
Ioapom y 1892 p. Ilepuri apioapiBebKi HOCYIHMHHA IJIA KOMEPLIHOI0 BHKOPHCTAHHA GYJIH BHITVILIE-
Hi y1904 p., Koym Gy1a 3aacHOBAHA HiMelbka KoMmnanisa «Tepmocs (nin. Thermos GmbH).




YYTAMBIIIL OPHIAAH He BUABHIN OYAb-AKOr0 3MeHIIeHHA 3HAUEHHSA CTPYMY B
Kineni. Jlane ABHIE OTPUMATIO HA3BY Hadnposidnocmi.

Hagnposiguicte - BNacTUBICTb AEHAKMX NPOBIAHWKIB cTpubkonogibHo
* . 3MeHLIyBaTW CBIll eNeKTPUYHWIA onip A0 HYNs 32 YMOBWU OXONOAXKEHHS HUXYe
| NEeBHOI KPUTUHHOI TeMNEepaTypu.

PeuopnHu v HAAUPOBiAHOMY CTAHI MAIOTE HAJ3BHYAHHO [iKaBl BIacTHBOCTI.
IIpo ogHY 3 HUX MH Bie CKasaJHu — ¥ KiJIbIeBOMY IPOBIIHHKY V HAIIPOBiAHOMY
CTAHI CHJIA CTPYMY MO:e He 3MIHIOBATHCh AK 3aBroJHO NOBro 6e3 mMiATPHMKH BiJ
JI3Kepesia CTPyMY.

Jpyrow BamIHMBOX 0CODJIHUBICTIO HAJAIIPOBIIHHKIB € HEMOXKJIMBICTE CTBOPEH-
HA BCEpPeJMHI PeYOBUHM B HAJIMPOBIIHOMY CTAaHI Mar"iTHoro nonasi. 3o0BHiOIHE
MarHiTHe IoJie He MPOHUKAE BeepeAUHY HaanpoBiguukis. I rpersa ocobnusicTs
HAJANPORIIHMKIBE — HAANPOBIAHWHA CTAH pYHHYETHCA ¥V MATHITHOMY IOJII.

3a KJIACHYHOIO Teopi€n eleKTPOIPOBIAHOCT] HAANPOBIAHMI CTAH IIOSICHUTH He
BaaeTbed. Lle amoria 3pofuTH JHIlle KBAHTOBA TEOPiA HANIIPOBIAHOCTI, AKY po3po-
bunm y 1957 p. amepuranceki pueni [xxon Bapain, Jleon Kynep ta I>xon Pobepr
Ipudgdep, sa mo y 1972 p. ogepsxanu Hobeniscsky npemin 3 isukn. Crpusmio
oMY i ABuIe, BigkpuTe y 1933 p. HiMenskum izuxom B. Meiiceaepom. ko
UHIIHAPWUYHTI 3pa30K NOMICTHTH B NO3J0BMXKHE MAarHiTHE IIOJe 1 OXOJOOHTH
HHUKUE 38 KPUTHYHY TEMIIEPATYPY, TO BiH ITOBHICTHO BUIITOBXVE 3 cebe MarsirT-
Hui notik. Edgexr Meiiccrepa (eperT nesiranil), AK HAa3Bajnu Ie ABUNle, Oye
BAYKJIMBUM BiIKDUTTAM, OCKiIBKM 3aBIAKH ILOMY (hisHKaM CTANO 3pO3yMio,
1[0 HAANPOBiAHiCTE — KBAHTOBO-MexaHiuHe spuine. kb HagnposigHicTs mO-
JIATAJIA JIHIIEe B 3HHKHEHH] eJIeKTPHYHOTO OIopY, 1i Mo:kHa Oviao 6 HamMaraTucs
MOACHUTH 33aKOHAMH KJacH4YHOI (pisurn.

Hocaigxenns HagnpoBigHoceTi Tpusae i goci. ¥ 2003 p. Hobeniscska npemisa
3 (pisuxu Oyna npucymkena B. JI. Tiacoypry, 0. O. A6puxocony, E. Ix. Jlerre-
Ty 3a poborH 3 Teopii HapnpoBigHOCTI 1 HagTEKYYOCTI.

HaanpoBiiHHKH 3HAXOAATH IMPOKE TPAKTAYHE BUKOPHCTAHHA. Buainsors
TpH BeJauKi o61acTi BUKOpHACTAHHA HANXNIPOBIAHHAKIB:

# pisni maTepianu: NIIBKOBI NPOBIAHHUKH, HAANPOBiAHI MaruiTu Ta in. (Man. 62);
# MiKkpoTexHiKa: MiKpOXBHMNIBLOBI NMpHCTPOI, HAZYYTIHBI CHCTEMH BHABJIEHHA
MAar"fiTHMX noJis, nudposa eneKTpoHika, mMTy4Hi 6ionoriyai cucreMu;

# maxporexHika: cunosi kabeni, eleKTpHYHI cucTeMH i Mepeski, remepaTopH i
JBMI'YHH, TPAHCIOPT HA MATHITHIH mogymuni (mam. 63).

Man. 62. HapnposigHi Man. 63. MoTar
marepianu Ha MarHiTHIA NoayLLL

3 iwnka, 11 xnac
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EAEKTPOAMHARNIKA

" AaiTe Bignoeigi Ha 3anuTaHHA

1. HYum 3ymoBReHa NpoBiaHICTL MeTania? AkumMuK JocnigaMn Ue aoBeaeHo?

2. Sk pyxaloTbCA ENeKTPOHW NPOBIGHOCTI B METaNniYHOMY MPOBIGHWKY, KON B HEOMY
a) Hemae enekTpuyHoro nons; 6) cTROpeHe enekTpu4He none?

. HoMmy Ha BCiX AinAHKax enekTpUMYHOro Kona NpuNagu NoYMHaKTe AIATH Mai-
XKE MUTTEBO, HE3BAXAKDHW HA Many WBWAKICTL Apeidy enekTpoHis?

. Uo Take TemnepatypHWid koediuieHT onopy?

. Konu yepes cnipant enekTpuyHOl Namnodkd npoTikae GinbiLWin enekTpuHHMA
CTPYM, B MOMEHT BMWKaHHS 44 KONW BOHA NOYMHAE CBITMTUCL?

. B uomy nonsirae sievile HaanNpoBiAHOCTI MeTanie; Aki eexTy NiATBEPAXYIOTL HOro
icHyBaHHA?

o ok w

Mpuknaaw po3B’a3yBaHHA 3a8ay

3anaua. Onip surorosienol 3 migHOI JPOTHHA OOMOTKH eJIeKTPOMATHITY R, =200 Om
npu t; = 20° C. BUBHAYHTH CUNY CTPYMY, 10 IPOXOAHTE 10 06MOTI Npu TemmepaTypi
t, = 135° C, AKmoO eneKTpoMarHiT migKA0OUYeHo A0 JKepena mocTiiHoro crpymy, EPC
AKOro € = 220 Bl, a BHYTpimKii onip r = 10 Om. TemnepaTypuuit KoedinienT onmopy miai
a=4,3-10"K .

JMano: Poss’azannsn
R, =200 0m Cunny erpymy B o6MoTIi BH3HAYAEMO 38 3aKoHOM OMa /1 IOBHO-
t;=20°C &
ty=135°C roxona, I=—-—, ae Ry = Ry(l+ 0t ~ o)) = Ry(L+ atty) .
¢=200B _ o ; o
r—100M Omnip Ry npu ¢, = 0° C Bu3Haunmo uepea sigomuii omip R, npm ¢,
= 103 )
0=4,3-10"K R, = 1:'%1 .
at,
I-17
l+at, ' R,(1+aty) + r(l+at,)

IMicna nigcTaHOBKH YHCIOBUX 3HAYeHL 3Haxoaumo I = 0,74 A.
Binnmosins: 0,74 A.

Bnpagsa 10

1. Omip 100-BaTHOI enexTposamMny, mo nNpanie i Hanpyrowo 120 B, y poasape-
HoMy ctaHi y 10 pasis 6inbmmii, Hisk v xonoaHoMy. Buanauwuru 1 onip y xonoa-
HOMY cTaHi (mpu ¢, = 20 °C) i cepeaniii rTeMnepaTypHuUil KoeilieHT OIODY, AKIIO
TEMIIEPATYPa PO3*KapBaHHA HUTKH ¢, = 2000 °C.

2. fAxoi goBxwuHE Tpeba B3ATH HiKkeniHOBHI npoBigHuK miamerpom 0,5 mm, mo6
BHTNOTOBHTH HarpiBanbHMil npunafg, Akl mac onip 48 Om npu remmeparypi
800 °C. TemnepaTtyprmii koedinienTt onopy Hikexiny a = 2,1-10* K, a fioro
nuroMuit omip p = 0,42+ 107 Om - M.

ﬁ:ﬁ 3. Migunit Ta rpaditoeuii crep:xHi 0JHAKOBOI TOBIIWHHM 3’ €JHaHI MocaioBHO. 3a

AKOTO CIiBBiHOUIeHHS IX AOB#HH onip miel cueremu He Oyae sanesxaTH Big

TeMmepatTypu?

Q 4. Ha ckinpkn BigpizaaeTses onip niHil eekTponepenadi B3UMKY 1 AiToM, AKIIO

BOH& BHIOTOBNEHA i3 aaniasoro apory nepepiaom S. Temneparypa amiHOETBCH

Big —t o t. Joexuna apory npu 0 °C gopisuwe [, Ik smiEnThCH BigmoBias,

AKII0 BPAXYBATH JiHiIlHe PO3UIHPeHHA JPOTY 1iJ Yac HArpiBaHHAT




2 §15. TepmoenekTpuuHi aBuLLA

PoboTa Buxopny enexkTpoHie 3 merany. ¥ 1961 p. f. 1. ®Ppeakens BUCYHYEB
rinoreay [AJif NOACHEHHA MPHPOJH CHJI, AKI YTPUMYIOTE eJleKTPOHH B MeTajJax.
Bin npunycTHB, LI0 €1eKTPOHH, 00epPTAIOUHCE HABKOJO AJep aTOMiB, yTBOPIO-
I0TH HETATHBHO 3apAM>KeHHH IIap HA MOBEePXHI MeTalny, a poamimeHi raubmoie
Apa aTOMIE YTBOPIOIOTE MO3HTHBHO 3apas;xeHuil map. EneKkTpuyHe moje 0poro
noABifiHOrO mAapy, HEMOB ¥ IJIOCKOMY KOHAEHCATOPi, Ai€ Ha BLIbLHI e/leKTPOHY 3
CUJIOI0, HANPAMJIEHO BCEePEJUHY METATY.

Or:xe, 6ia MOBepXHI MeTany iCHYE «eJeKTPOHHA XMapKas, 3apAj;eHa He-
ratueHO (May, 64, a). TopmuHa miel XMapKH € BeJTUYMHOK OJHOI'O MOPAAKY 3
poamipom aToma (10'10 ). IIpu nEOMY MeTaJ, OXOIJIEHHI HEraTHBHOIO €JIEKTPOH-
HOI0 XMapKoK0, BiJHOCHO BAKYYMY 3apayKeHni nosutusHO (MaJ. 64, 6). Iloan-
THBHUI MNOTeHIIia] BHYTPIIIHLOI YACTHHY METAJTY BIIHOCHO BAKYYMY Ha3HBalOTh
EHYMPIUWHIM nOMeHYialoM ;.

IMoTeHnianeHy €Hepril BLIBHAX €JEKTPOHIB y BakyyMi (mosa merayom)
NpUIHATO BBAXATH 34 HYJIb, TOAL BCcepeAWHI MeTasy 3 MO3UTHBHMM BHYTpinI-
HiM ToTeHNiaJloM NMOTeHIiaJdbHA eHeprid eJeKTPOHIB mpoBigHOCTL Big'emua,
W =—ep,. ToMmy CTBEPAIKYIOTH, IO €JEKTPOHH MPOBiHOCTI B MeTajax mepe-
6yBaoTh v MOTEHIIANbHIN AMi 3 muockuM aHOM (Man. 65) (mrockuM Yepes Te,
1[0 MOBepXHEBUH IIAp YTBOPIOE eIeKTPUYHEe [oJie, moAibHe A0 oA NJI0CKOTo
KOHIeHcaTopa).

Jlns1 BUXOY eIeKTPOHA 3 METANY Y BAKYYM I0TPpi6HO MOJ0JaTH NOTEHIiaE-
HH# 6ap’ep — moJie moABiiHOrO noBepxHesoro mwapy. Ile norpebye pomaTKoBol
eHeprii, AKka mae 6YTH He MeHIIOI0 3a TTHOMHY noTeHniansHol Amu. Taky eHep-
rifo eIeKTPOHU TMPOBIJHOCTI MOMYTH AICTATH BHACAIJ0K OCBITJIEHHA MeTaly
(308Hiwniil pomoegpercm), HArpiBaHHA (MepmoerexmponHa emicia), Gombap-
AVBAHHA MOBEPXHi MeTayry MOTOKOM eNeKTPOHIB y BakyyMmi (6mopunHa enek-
mpoHHa emicid), Nij i€l CHIBHOrO eJeKTPHYHOro noisa (aeémoeieKkmpoHHa
eMicif) Tomo.

B MeTani 4NA Moro BUX0ay Yy Bakyym, HasueacTbca poBororw euxogy. Pobota

’.r\l I HaiimeHwwa noparkosa eHeprid, aky HeoBxigHo nepeaaT eneKTPOHY NPOBIAHOCTI
BUXO/AY AOPIBHIOE rMMGUHI NoTeHUianbHOT aMu, A, = eg,.

Pirensb eneprii efleKTpoHA Y BAKYYMi

W =-eq;

Man. 64. Man. 65. NoTeHuiansHa ama
a — «eNeKTpoOHHA xmapka»; & —
noasiinHWA NOBEPXHEBWA LWap
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ENEKTPOAMHANMIKA

KoHTakTHa pisHuuya notexHuianie. Toil ¢axT, mo pisni metamun MaoThL He-
OAHAKOBI BHYTPINIHI NOTEHIIIANH (,, € OCHOBOIO ABHINA, AKE JIICTAJIO HA3BY KOH-
maKmHol pisHuli nomenyiania.

e v 1797 p. iranificeruit dpisuk Aneccangpo Boabra foBiB, 110 v Micui KoH-
TAKTY (AOTHKY) JIBOX Pi3HHX MeTaJliB BHHHKAE Pi3HUIA OTEHIIANIE, AKY Tenep
HA3HBAKOTh KOHTAKTHOIO. Jlochigxyoun pisui meranu, A. Bonbra posmicTus ix
y pan (pag Boabru), B AKOMY KOMHHAN HACTYIIHAN MeTAJ ¥ KOHTAKTI 3 OV Ib- AIKHM
nonepeaHiM eJIeKTPH3YVETHECA HeTaTHBHO (HabyBae HEraTHBHOIO MOTEHITIAIY):

+Al, Zn, Sn, Cd, Pb, Sb, Bi, Hg, Fe, Cu, Ag, Au, Pt, Pd -

Hanpurnan, 3amizo B KOHTAKTI 31 CBUHIEM, OJIOBOM UM ITHHKOM 38BX/JIH Ha-
OyBae HEraTHBHOI'O MOTEHILIATY.
Excnepumentansno BoibTa BIIKPHB 1B 3aKOHH:

ol Meptumii. Y MicLi KOHTAKTY ABOX NPOBIAHKKIB 3 PI3HWX METANIB MiX HUMWU BUHWKAE
’ KOHTAKTHa Pi3HULA NOTEHUiaNIB, BENUYMHA AKOI 3aNeXuTb Bif XiMIYHOrO cknany
PEe4Y0BUHW NPOBIAHUKIB Ta IX TEMNepaTypu.

. ApyrviA. KOHTakTHa pisHUUA NoTeHujanie, WO BMHMKAE HA KIHUAX PO3IMKHEHOMo KO-

’ na, CKIafeHoro 3 kKinbkox MoCnigoBHO 3'€QHaHMX MeTanesvx NpOoBIOHWKIB, Ak ne-
pebyBaloTs NP OAHAKOBIN TEMNEPaTypi, He 3aNeXnTb Bif, XiMIYHOrO CKNay NPOMIKHMX
NPOBIAHKUKIB | AOPIBHIOE KOHTAKTHIN PI3HULI NOTEHUIANIB KpakHiX NPOBIAHWKIE.

3 APYroro 3aK0HY BHILJIMBAE, [0 HA KIHIAX PO3IMKHEHOT'0 KOJIA, CKJIAJeH0T0,
HATIPUKJAJ, 3 IePIINX I1'ATHA MeTalis paay BonbTu, KOHTAKTHA PiSHUIIA TIOTeH-
niagis 6yae TaKoio camMol0, AK i NPH KOHTAKTI CBHHEIIO 3 aToMiHieM.

IIprunrHOK BHHMKHEHHA KOHTAKTHOI pisHHI norTeHiaigis € 1) piaaa pobora Bu-
XOMy eJIeKTPOHIB 3 I[AX METAJIB Ta 2) HeOJHAKOBA I'YCTHHA eJIEKTPOHHOI'O ra3y B HHX.

Poarnsraemo, 50 40ro IpHBOAUTE BiiMiHHICTE ¥ po6OTI BUXOAY €/IeKTPOHIB 3 Me-
ranis. Hexaii e nnactuaky I i 2, BUTOTOBJIEH] 3 DI3HHX MeTaJiB, IpHYOMY A, > A, ,.
Ix emepreTruni giarpamu (3aseKHiCTH 3MiHM MOTEHLiATBHOL eHeprii enexTpoHa
Biji KOOpAMHATH X HAJ| IOBepXHelo MeTany) (sobpaxkero na mas. 66, a).

Hadauzumo I NIAaCTHHKH Tak, 00 BOHH goTHkaauck. Toxl norenumiansaa
KPHBA eHePreTHYHOI JIlarpaMHu MaTHMe BUIJIAJ, 300pasennii Ha Man. 66, 6. 3 mia-
rpaM# BHIHO, IO AJA nepexony 3 merany ! y meran 2 ejleKTPOH MA€ BUKOHATH
pobory AA,. Ereprii TenioBoro pyxy i npu kiMHaTHIN TemMnepaTypi Mmoxke 6y TH 10-
CTATHBO JIJIA NOJ0JIAHHA IIhOro Dap’epa, aje mij yac nepexony 3 Merany ! y meran
2 eleKTPOHH NOBHHHI HOA0JATH HOTEHIIAJBHY CXOAWHKY, a MiJ Yac nepexoay s
Metany 2 B MeTas | eeKTPOHM CAMI «CKOYYIOTHCH». I3 CKAZAHOTO BUILIMBAE, 1110

B
e B B w0 B
T 77 A AN
0 —> 0 i -
Ay A‘2< e A
AA
a 0

Man. 66.
a — @HepreTu4Hi giarpamu ABoX RI3HMX MeTanie;
0 — eHepreTryHa aiarpama X KOHTaKkTy
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cIpaBa HAJIIBO MAae NepexoJuTH Dijbie eJeKTpoHiB, Hix v spoporHuil 6ik. Tomy
meTas | 3apAIKaeThCA HETaTHBHO, A MeTas 2 — MO3MTHBHO, TODTO MiX HHMH
BHHHKAE enexTpudHe noie. Ie mose socepexeHe B TOHKOMY IepexiiHOMY mrapi
Mix MeTasaMmu. BoHo raasmye nepexiy enexrtpoHie i3 metany 2 B meras 1. Tomy
NOTOKHU B 00M1BA DOKH BUPiBHIOIOTHCA — BCTAHOBJIOETHCA PYXJIHMBA piBHOBAra.

KoHTakTHa pisHMIIA TOTEHIIAJNIB, 3YMOBJeHA PiaHOI0 pob0TOK BHXOAY eJeK-
TPOHIB 3 KOHTAKTYVIOUHX METAJIB, MOXKE JOCAITH KiIbKOX BOJBT i IPAKTHYHO He
3aJiesKUTh Bij Temmeparypu. KoHTakTHa pi3HHIA HOTeHIiaNmiB MisK MeTalaM#,
SIKA 3YMOBJIEHA Pi3ZHOK KOHIIEHTPAILi€I0 BiTbHAX €JIEKTPOHIB ¥y IIHX MeTalax, He
[EPEeBUIIYE KiTEKOX COTHX YacTOK BOJIBTA i 3DOCTAE 3 MiBHILEHHAM TeMIIePATYPH.

TepmoenexTpopyliiiHa cuna. 3 Apyroro 3aKkoHy BoJIbTH BHIIJIMBAE BAMKIIH-
BHAH BUCHOBOK: V 3aMKHEHOMY KOJIi, IO CKJAJAETLCA 3 JOBLILHOrO YACTIA TBED-
JIHUX IPOBIIHUKIB 3 eJIeKTPOHHUM MeXaHi3MOM IPOBLAHOCTI 1 yCl KOHTAKTH AKHX
nepe0yBalOTE NIPH OAHAKOBiM TeMmepaTypi, pesyibTyioua KOHTAKTHA pisHMIA
noTeHiiagie JopiBHwe Hya0. AKIIO » TeMoepaTypH KOHTAaKTiB OyayTe piaHi,
B KOJIi BHHHKATHME eJIeKTpopyIliiina cuna. Bnepme Take ABHIme conocTepiras y
1821 p. mimenskuil gisuk Tomac 3eebex (1770-1831).

Crpasai, po3riasHeMO 3aMKHeHe K00 (Man. 67) 3 1BoX e/leKTPOHHUX IIPOBiTHH-
kiB A 1 B 3 piaHMMH KOHIEHTPALIAMHE €JIEKTPOHIB (ng > n,). Axnlo migirpita kow-
rakT (cnait) D, To B HLOMY [OJATKOBA KiIBKiCTh eJI€KTPOHIB mepeiie 3 metaay B B
Meras A i KOHTAKTHA pisHuns noTeHLianis y 3’exquansi D apocre. Ockinbku B MeTa-
mi A Ha kinni D enexTpoHiB ctasno 6iykine, BOHM IPAMYBATAMYTSE 10 KiHnga C.

306iiBIIeHHA KOHIeHTPAI] eleKTpoHIE HA KiHni C cipHYHHHUTE IX mepexin 3
metany A B meran B kpise KorTaKT (cnait) C. 3Bigcu BoHM no Metany B nepeigyTs
1o koHTakty D. fKuio Temneparypy KoHTakTy D Bech 4yac miATpUMyBaTH Oib-
010, Hixk KOHTAKTY C, TO M0 3aMKHEHOMY KOJy Bil0yBaTUMeThCA HATPAMJICHHH
PyX eJIeKTPOHIB (Y HAIIOMY BHNAAKY — IIPOTH PYXY CTPiak# roguHHEnKa). B Tako-
MY KOJIi JIi€ esleKTpopyIiuiiiaa cuia (11 HaguBaKTE MepmMoeiex mpopyuiiHow).

. | TepmoenexkTpopyuwilina cuna (tepmo-EPC) - ue EPC, wo BuHukae vy
’ | 3aMKHEHOMY KOni, CKNageHoMmy 3 pi3HOPIgHWX MeTanis, i 3yMOBNeHa pPi3HMMM
TemMnepaTypamm KOHTaKTIB,

Benuwunna repmo-EPC npaMo nponopnifiHa pisHMIL TeMOepaTyp KOHTAKTIB.
Tounimy sanexHicTs Tepmo-EPC Bij pisauni remne-
paryp ycraHoBuB y 1863 p. mpogecop Kuiscekoro
yuisepcurery M. II. Asenapiyc (1835-1895).

BayBamumo, o repmo-EPC HeBenuka i mocArae
LA METAJIB JIAIDe KiJIbKOX CTOTHCAYHHX YaCTOK
BOJIETA HA OJIMH I'PAJYC PI3HHILL TEMIIEPATYD KOHTAK-
ris v ®oxi. ITomiTHO 6imbmy Tepmo-EPC matoTs HA-
nisnpoeigEuKH. e nosacHOETHCH THM, 110 KOHIIEH-
Tpalid eJeKTPOHIB V HAIIIBIPOBIJHHKAX 3aJIEKHTh
BiJ TEMIIEPATYPH.

Y 1834 p. dpannyssruit ¢pisuk Han Ilenbrhe
(1785-1845) Bigkpus iHIIe TepMoOeJeKTPUUYHE é
ABuIle, obepHeHe no ederty 3Beebera. fAxmo B :
eNeKTPHYHOMY KOJIi, CKJaJeHOMY 3 HEOQHAKOBHX Man 67, HarpisaHHs cnaio 3
eJeKTPOHHUX TPOBIIHUKIB, IponmycKaTH mocTifiamii [IBOX NPOBIAHWKIB
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CTPYM Biji 30BHIIIHBOTO JKepesa (HANMPUKJIAL Bif aKyMyJasaTOpa), TO MiXK KOH-
TAKTAMH ILOT0 K0JIa BHHHKAE PisHUIA TeMOeparyp. IHmuMu ciaoBamu, oijg yac
NPOXOJKEeHHA MOCTIHHOrO CTPYMY 10 HEOHOPIJHOMY KOJY Bifi6yBaeThCs mepe-
HeCeHHA TenJOTH BiJ 0JHOrO KOHTAKTY /0 iHImmoro. B pesyasTaTi ofMHE KOHTAKT
OXOJIOJKYEThCH, IHIINUIT — HarpiBaeThCA,

3acTOCYBaHHA TEPMOENEeKTPUYHMX ABULY Y Hayui W TexHiui. ¥V cyyacHil
Hayni ¥ TexHill NIMPOKO BHKOPHCTOBVIOTHECH IIPHJAAHA H YCTAHOBKH, Iif AKHX
I'DYHTYETBLCA HA TEPMOEJIEKTPHYHHX ABUIIAX.

[Ipunan, mo cKIATAETHCA 3 ABOX BiAMOBigHO migifpaHUX MeTaleBHX NpO-
BifHMKiB (uM HamiBOpOBIIHHKIB) aasa yTeopeHHA Tepmo-EPC, HasmBaeThca
mepmonapoio (abo TepMOeIEMEHTOM).

MeTanesi TepMonapH BHKOPHCTOBYIOTh AJIA BAMIDIOBAHHA TeMIEPATYPH.

Ilepmi KpokH IMOAO NMPaKTHYHOrO BHKOpPHCTaHHA ABuma IlensThe Gyiio
3pobaeno me B 1838 p., konu pocificekuii hizuk E. X. Jlenn (1804—-1865) ua koH-
TAKTIi BICMYTY 3 CYPMOIO 3a JOIIOMOTOI0 €JIEKTPHYHOI'0 CTPYMY 3aMOPO3HB KPAILIH-
ny Boau. Tenep posapobieno i erBopeno Haiipisnomanirtaimi npuragu, nia axux
IpyHTYeTheA Ha Auili [TeneThe, 30KpeMa TepMOeIEK TPHUYHI XOMIOAUIEHHKH,

TepMoeneKTPUYHI ABHINA 3HAXOAATEH CBOE 3ACTOCYBAHHA ¥V MeJUIHHI, pagio-
eJIeKTPOHIILI.

ITionepom i migepom gochifsKeHEB y rajysi TepMoeJIeKTPHKH B YKpalHi €
akagemix HAH Vkpaiau JIye’an Isanosny Asatruyk. Hum crsoperno IacturyT
TepMoeneKTpHKH. ¥ 1994 p. creopeno MixkHapogHy TepMOeJIeKTPHUHY akaje-
Mii0, 10 CKJIAAYV AKOI YBiHImaIK nporigHi cnemiamicru 3 20 kpain ceity — CIIIA,
Anurnii, ®pannii, Aooxii, Iranii, Pocil, ¥Yxkpaign ta inmux. JI.I. AHatauyk —

Ipe3ueHT miel aKamemii.
| HA NPOBIAHWKA BHACNIAOK NPOXOAXEHHA ENEKTPUYHOTO CTPYMY TEPMOBNEKTPUHHUM
| ABMWem?

| 6. HagepiTe NpUkNaan NPakTUYHOrO BUKOPUCTAHHA TEPMOENEKTPUHHUX ABULLL.

w

JJ.aHTe Bl,u.nonlp,l Ha 3anuTaHHA

. Ulo Ha3ameaTh BHYTRIWHIM NOTeHWianomMm metany? HAki aBrLLa HAM 3yMOBNEHI?

. Chopmynioitte 3akoHu BoneTa.

. Wio HasusaioTe poboToI0 BUXOAY enekTpoHa 3 meTany? Ha3site cnocobu BUPUBaHHA
enexTPOHIB 3 NOBEPXHI MeTany.

. Lo Take KOHTaKTHA pisHWUA noTeHuianie? Big 4oro BoHa 3anexute?

. Aki ABMLLA HANEXaTb A0 TEPMOENEKTPUYHMX? Y MOXHAa BBAXATW NPOLEC HarpiBaH-

(S0 3 WK =

§ 16. Ctpym y BakyyMi Ta HOro 3acToCyBaHHSA

Enexrpuynunii ctpym vy Bakyymi. HafiBask TUBIIIAMK IPHJIAJAMHE B €JI€KTPO-
TexHini nepmoi nososuHEu XX cr. Oyau npunaagu (Mai. 68), B AKHX BUKOPHCTO-
BYBABCA €JIEKTPHUYHHI CTPYM ¥V BaKyyMi (eJIeKTPpOHHI taMnH (BaKYYMHI gioam Ta
Tpioawu), eeKTPOHHO-IpoMeHeBi TpyOKH Ta iH.).

Ha cborojHi Ha 3MiHY eJIEKTPDOHHUM JIAMIIAM ITPHMILJIM HANiBIPOBIAHUKOBI
OPHIALY, eJIEKTPOHHO-[IPOMEHEBHM TPYOKAM — PLAKOKPHCTANIYHI eKpaHH, IIpo-
Te BHBUEHHA 3aKOHOMIPHOCTEH eJIeKTPHYHOrO CTPYMY ¥ BAKYYMI 3aJIMIIAETHCH
BaXKJIHMBUM, OCKLILKYM BiH 1 CLOTOAHI BHKOPUCTOBYETLCH, HANTPHKJIAJ, TIPH BAKy-
VMHOMY [JIABJIEHHI TA 3BAPIOBAHHI, Y BAKYYMHHIX (DOTOEJIEMEHTAX.




Posain & encekTPUUHMA cTRPYM |IAIE

HAx Mu 3HaeMo, mo0 icCHYBAB eIeKTPHYHAYN CTPYM HeoDXij-
Hi BinbHi Hocil etekTpruHOTrO 3apAny. 1o & € Hociem BapAxmy
y sakyymi? HAx Bigomo, Bakyym (Bif nar. vacuum — mycro-
Ta) — CTAH a3y 38 THCKY, MEHIIIOro Biji armocdepHoro. Baky-
VM MOYHA CTBOPHTH, BifilKauyiouu ra3 (HOBiTpsA) 3 mOCYIUHH
J0 THX Iip, MOKHA JOBHHA BiibHOro npobiry mosexya (Big-
CTaHb, AKY NPOJITAE MOJEKYIa MiX 3iTKHeHHAMH) He Oyne
JlopiBHIOBATH po3mipaM nocyauHH. TakuM YHHOM, BAKYYM €
i30/1ATOPOM, OCKLNIBKH HEe Mae BiTbHUX HOCIIB 3apsay.

Ilna cTBOpEHHS €JEeKTPUYHOTO CTPYMY PO3MICTHMO VY
BAKYYMOBaHIi nocyauHiI ABI MeraneBl NJIacCTHHH (eJeK-
Tponu), ix HasuBalTe K — katog ra A — anon. OguH 8 KX
eJIeKTPOJIB MOME CTATH [KepeJioM BiIbHHMX eJeKTpPOHIB,
AKINO HOro BHYTPIIIHIM eNeKTpOHaM HAJATH A0JaTKOBOIL
eHeprii, J0CTATHLOI 1JIA BUKOHAHHA POOOTH BUXOAY 3 METAJY.
ITpuragaemo, Taky eHepriio eJeKTPOHHU NPOBiAHOCTI MOKYTE
micratu npu ocBiTieHHI Mertany (3o6Hiwiniil pomoeghperm),
HarpiBaHHI (mepmoenexmpornHa exicia), nij Ai€i0 CHILHOTO
eNeKTPUYHOTO T0JA (aemoenekmpoHHa emicia), npu bombap-
AYBAHHI NOBEpPXHi MeTa/lly IIOTOKOM eJeKTPOHIB y BaKyyMmi
(BmopunHa erexmMpoOHHA eMicia) TOIO.

IIpore eneKTpoHN, BUPBABIINMCE 34 MeXKi eleKTpoaa, JaJlero
BiJl HOT0O MOBEpPXHIi MiTH He MOMKYTh, OCKIIBKH, BTPA4YalOun
eJIEKTPOHH, eJeKTPOoJi CaM IIPH IBOMY 3apAJMKAEThCH 103U~
TUBHO i mpHATATYE iX Hazan. Mimx <«eneKTpPOHHOK XMapwH-
KOIO» HAaJ MEeTAJIOM Ta «<«eJIeKTPOHHHM Ta3oM» y MeTaJi
BCTAHOBJIIOETHCA fUHAMIUHA piBHOBara. AKImo K Tenep KaTox
3'eJHATH 3 HETATHBHUM ITOJIIOCOM JKepesia CTPYMY, a aHOJ —
3 IO3HTHBHUM, TO eJIEKTPOHH OYIYTEL PYyXaTHCE Biji KaToma 1o
anoja i y nocyAHHI BUHHKHE eJIeKTPHYHUN CTPYM.

PosrananemMo geTajbpHille CTPYM V BaAKYyMi, CTBOPEHHI a
3aBIAKHM MepMoereKkmporHiil emicil (Ha OIPHKJIALL BAKYYM- Man. 68
HOTO xiona). ﬂpnna,.nn, ﬁe

IMepmuit BakyymHMil giox (enexkTporHa namma) OYJI0  sukopucTOBYETLCS
ckoHCTpyioBaHo y 1904 p. aHrailickKUM yueHHM PIeMiHOM  enekTpUYHUA CTPYM
(maun. 68, a). Haman. 69 naBegeHo cxeMy 6y JOBH BAKYYMHOT'O y Bakyymi:
gioga Ta MHOro YMOBHe IIO3HAYEHHA Ha pajgiocxemax. ::ID- Ba'.‘””;';;f'ng
chepennni ﬁs.{mua 3i CR_Jla abo METaJl.DRepaMi{-{H, 3 AKOro ﬁﬂe:‘i::iicn Tefé]-'
BiiKauyaHONOBITPA, po3MimeHo ABATNIIHAPHYHI€JIEKTPOAH:  gizopa (60-Ti poku
meraseBuii amox (A) 1 meranesmii karox (K). Karon XXet.);
NOKPHBAETHCA IMIAPOM OKCHIIB JIVKHO3eMEJNbHHX MeTrasiB 6~ KiHeCKUP MOHi-
3 HHM3bKOI0 pPOBOTOI0 BHXOAY eJeKTPOHIB i HarpiBaeTbcs B%palmmn gepa
TEIUIOBHM BHIPOMIHIOBAHHAM A0 TeMIEpPaTypH, 3a AKoi (B0-TipoRn X 6%.)
BHHMKAE TEPMOEJeKTPOHHA eMicia poskapeHol 3MiHHHM cTpyMoM cmipaini
(C), poamimenol B iforo cepeauHi. HaBkosio HArpiToro Katoja yTBOPHETHLCHA
eJIEKTPOHHA XMapa — XMapa NpoCcTOPOBOro 3apary.

SAxKino migKTIOYATH KATOL A0 MO3MTHBHOIO nojwoca batapel, a aHo — 0 Hera-
THBHOTO, TO IT0JIe YCepeauHi fiona sMinTyBaTHMe eJIeKTPOHH /10 KATOA4a, 1 cTpyMy
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CtpyMm HACHYEHHA NPH

Karon (K) { A 1 Oinsm BHCOKI
AHO.]I (A) | 3 TeMIIepaTypl KaToaa
! K ~=== CTpyM HacHYeHHS
2
1 >
0 U
Man. 69. BynoBa Ta yMOBHe Nno3Ha- Man. 70. BoneT-amnepHa xapakTepucTika
YeHHA BaKyyMHOro gioga BaKyyMHOro gioga

He Dyze. KO0 K HABNAKH — AHOJ I AKJKYATHA J0 MO3UTHBHOTO TOJOCA, & KATO]
[0 HETATHBHOTO — TO eJIeKTPHYHE [I0oJIe epeMilyBaTHMe eJIeKTPOHH Yy HANIPAM-
Ky Bij KaToga o aHoja (aHoguu# ctpyM). Taky saiesKHiCTE HAABHOCTI CTPYMY
Bijl monApHOCTI, IPHKJIaAeHOl 10 ioja HANPYTH, HA3HBAKTE OJHOCTOPOHHLOK
OpPOBIAHICTIO.

BrnactueicTh 0fHOCTOPOHHEOL IPOBIIHOCTI BHKOPHCTOBYIOTEH ¥V BUIIPAMIAYAX
3MiHHOTO cTpyMY (KoM Tpeba mepeifTH Bif aMiHHOrO CTPYMY [0 nocriitgoroe). ¥
HAIll YaC Y BUIIPAMJIAYAX BHKOPUCTOBYIOTHCH HAMIBIIPOBiHUKOBI fiogn,

Brnacrusocti BakyyMHoOro gaioga, Ak i Oyas-axoro mpuaany, sigodpaxae Horo
BOJIBT-aMIIEPHA XAapaKTePHCTHKA — 3AJIEXKHICTh BEJIHYUHH AHOJHOrO cTpymy I,
uepes giof Bij npukaagenol Hanpyru U mixk KkaTogoM 1 aHomoM.

BosbT-amnepHy xapakKTepHCTHKY BAKYYMHOTO JIioja HapejeHo Ha maj. 70,
OCcHOBHOK NTPHYHHOKW HEJIHIHHOCTI BOJBT-aMIIEPHOI XapAKTEPHCTHKH BAKYYM-
HOTO [iofia € Te, 1110 KATO/] BUNYCKAE BilbHi eTeKTPOHH B 0OMerKeHil KinbKocTi.
o Toro , Ha pyX eJIeKTPOHIB, KpiM IMoJd MiX aHOJA0M i KaToA0M, ICTOTHO BILIH-
BAE MOJIE MPOCTOPOBOrO 3apAy eleKTPOHHOI XxMapHd. UMM BHIIA HANpyra Mixk
AHOJIOM 1 KATOOM, THM MEHIIIHI MPOCTOPOBHH 3ap#A]| eJleKTPOHHOL XMapH i THM
Oinbira KinBKiCTE eIeKTPOHIB HOCArae AHOAA — THM OLIbILA CHJIA CTPYMY B KOJI.
Hrmo 3a neAkol HANIPYTH BCi eNIEKTPOHHA, 10 TOKUHYJIH KaTO/, JOCATAKOThH AHO~
[la, TO 3 NOJANBIIHM 30iNbIIEHHAM HANPYTH CHJIA CTPYMY BiKe He 3MiHIOETHCH.
CrpyM focsArae HaACHYeHHS.

Axmo migBMINMTH TeMIepaTypy KaToaa, To Oijblra KijibKicTb eleKTpPOHIB
Oyne sanumaTH Katof. EJeKTpoHHA XMapa HABKOJIO HBOI'O CTaHE MILIbLHIIIOW.
CrpyM HacHueHHA Oy e ZOCATHYTHIH 3a OiIbII0l HAIPYTH Mi¥ aHOJ0M 1 KATOL0M,
a cHJIAa CTPYMY HacH4YeHHSA 3pocTe.

EnexTpoHHi ny4yku Ta ix BnacTuBocCTi. Pyxaloouncs Mixk KaToaoM i anozom,
€JeKTPOHH NPHCKOPKIOTLCA eJeKTPHYHHMM MojeM i HaOyBaoTh BeJlndesHOI

meHgKocTi. Pobora cHi oA BUTPAYAETHLCS HA HAJAHHA eJeKTPOHAM KiHeTHY-
2

" muv )
HOl eHeprii, A =AW, abo el/ = 5 Jle m — Maca, ¢ — 3apsAa, U — HBHAKICTE pYXY

enexktpona, U — npuckopwoioua Hanpyra (Hanpyra mix emexktpogamm). IIeng-
KiCTh, AKY MO3e HaGYBaTH eJIeKTPOH, PYXAIOYHCh YV BaKyyMi, gocsarae 10° km/c i
Ginmpme, HAOMMKAIOYHCE ¥ cllenialbHO NODYA0BAHUX NPHCKOPIOBAYAX 0 LIBH-
kocri ceitaa (3-10° m/c).

Axmo B anofi 3pobutn OTBip, TO YACTHHA eJNEKTPOHIB, MPUCKOPEHUX eJeK-
TPHYHHUM [I0JIEM, IPOJETHTEL B OTBip, YTBOPIIOUH 34 AHOJOM TAK 3BAHHUH eeK-
mporHuil nywok. KiTeKicTO e1eKTPOHIB ¥ TYUKY MOMHA KePYBATH, 3MIHIOKOUH

-
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MOTeHIIial AOJATKOBOTO eJeKTpoja, BCTAHOBIEHOrO MiXK KATOLOM i aHOAOM.
Bzaemopgiouy 3 pedoBMHOIO, €JIEKTPOHHI IYUKH CIPHYNHAKTL pisHi epekTH, AKL
BHKOPHMCTOBYIOThCA Ha nnpakTuili. Hanpuxkaam;:

¢ EjnekTpoHHMIA IyYOK, NOTPAIIAIOYH Ha Tijla, CHPHYMHIOE iXx Harpisanasa. I[a
BJIACTHBICTE BUKOPHUCTOBYETLCH, 30KPEMAa, JUJIA eJIeKTPOHHOIO IJIABJIEHHS HAJ-
YHCTHX METAJIB y BAKyyMi.

¢ Bmaciijok raTbMyBaHHA IIBHAKHX eIeKTPOHIB, 0 HAIITOBXHYJIHACA Ha pe-
YOBHHY, BUHHKAE PeHTIeHIBChbKE IIPOMiIHHA, AKe NIHPOKO 3ACTOCOBYETHLCH Y Me-
AWIIHHI Ta TeXHIIi.

¢ Ilix giero elTeKTPOHHUX NYUKiB JeAKi peuoBuHH (MoMiHOGOPH) 31aTHI cBiTH-
TUCH.

¢ EnexkTpoHHI NYYKH BiAXUIAIOTHECA eJeKTPHYHAM Ta MATHITHHM HOJSMH.

EnexTpoHHo-npomeHesa Tpy6ka. BracTHBOCTI eleKTPOHEMX ITYYKiB NOMIM-
PIOBATHCH NPAMOJIHIAHO, BIAXMJIATHCA B eJleKTpUYHOMY abo MargiTHOMY moJi i
BHKJIHKATH CBITiHHSA JT1OMiHO(ODPiB BHKOPHCTOBYIOTE B €1€KMPOHHO-NPOMEHEBUX
mpydkax (Mau. 71). ¥ Bysbkiil vacTini TpyOKH po3MileHO e1eKTPOHHY I'apMATY,
0 CKIaJaeTheA i3 KaToja i aHoaa (dacrime aHOALB JeKiJbKa, PO3MIMIEHHX OJHH
3a ogEHM). Mix nepmum aHoJoM i KATOLOM CTBOPIOETHCH Pi3HHIA NOTEHIiaNiB
6nusbko corHi BoubT. lleil anox npuaHayeHu#t 15 GOKYCYBaAHHSA eJIEKTPOHHO-
ro nyuka. Ha apyruii anog mojgaeTscs BucoKa Hanpyra (6amssxo 1000 B) gasa
IPHCKOpPEeHHA elleKTpoHiB, Mix aHoa0oM 1 eKpaHOM TPYOKH, IOKPHTHM IIAPOM
moMinogopy, posMilleHo ARl mapu KepyBalbHUX MJIACTHH, HA AKi HogaeThes
HAIpYyTa, U0 BiAXHJIAE eJeKTPOHHHHE NPOMiHE IPaBOPYY-JiBOPYY i BBepX-BHH3.
OckinbKy Maca eJIeKTPOHIB MyYKa Maa, BOHU Maiixe OegiHepuifino pearyiors Ha
3MiHY HANIPYT'H HA KepyBaJibHUX miacTuHax. ToMy eJleKTPOHHO-IIpOMeHeRBi Tpy6-
KHY IIMPOKO BUKOPHCTOBYHTE JIJIA BABUEHHA INBHAKOIINHHNX IIpolecis. BoHu €
CKJIAJIOBOK YACTHHOKW oclHIorpadis, Te-
JeBisopiB, MoHiITOpPiB KoM WTepiB Ta iH-
IIHX OPHUCTPOiB. EMeKTPpOHHUM MyYKOM ¥
KiHecroTi TesleBizopa KepyloTh TAKOXK 38
JOIOMOI0K) MATHITHOIO HOJA KOTYIIOK,
HANITUX HA TPYOKY.

OpHak BHIPOMiHIOBAHHA, SIKE IOLIH-
PIETHCA B IPOCTOP1 HABKOJIO €JIEK TPOHHO-
TpPOMEHEBHX TPYOOK, MIKIAJHBE i TOMY 1X
MNOCTYIIOBO 3aMIHIOIOTE HA eKpaHu 3 pij-

. Man. 71. Bynoea enekTpoHHO-
KHX KPHCTaJ1B. nNpoMeHee0i TPpYDKK

't/ [faire Bignosigi Ha 3anuTanHs

1. Wlo Ha3MBAaIOTL BAKYYMOM?
2. Wo Take TepMOENEKTPOHHA eMicia?
3. MoscHiTe Bygoey BakyymHoOro gioga. Hki dyHKUIT MOXe BUKOHYBaTKH gioa?
4, Fki 3aKOHOMIPHOCTI BONLT-aMNEepPHOI XapakTepMCcTHUKX BakyyMHOro aiona?
5. Aki BnacTUBOCTI @NeKTPOHHWX NPOMEHIB (Ny4kis)?
| 6. Ulo 6yne BinByBaTUCh 3 KATOA0M ENEKTPOHHOT namnu, aKwo 8 i 6anoHi Gyne mictu-
TUCb HE3HAYHA KiNbKICTb NoBiTpA?
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Mpuknagw po3e’a3yBaHHA 3aga4

3anaua. [Tygok eexTpoHis 3 erepriero’ W = 3000 eB pyxaeThcs v BAKYYMi Iapaiess-
HO [LIACTHHAM HesapAgeHoro KoHjaeHcaTtopa. BuaHauuTH BepTHKAJbHE 3MilIeHHA b0~
ro NyYKa HA BUXOJi 3 KOHIEHCATOPA, AKINO HA KOHAeHcaTop nogati Hanpyry U = 600 B.
Jos:xuHA MIacTHHE KoHAeHcaTopa L = 6 cM, a BigcTasb Mixk HuMH d = 3 cM.

HMano: Posp’azanna L
W = 3000 eB Ha man. 72 aobpameno Tpa- i‘*"' = ‘i
U=600B EKTOPiIO PYXY eJeKTPOHA Y 3a- i i
L=6c¢cm PAMMKEHOMY KOHIEeHCATOPI. g 5 d X
d=3cmM 1-5‘- rl & & 1 h;——
k-7
Y{r +

Poap’sxeMo aagauy KoopjgHHATHEM Metogom. [lo
oci X e/lleKTpOH pyXaeThCA 38 iHepIi€lo 3 MMOCTIHHOIO Man. 72
IBHAKICTIO U,y = const. [IIBrgkicTs pyxy enekTpoHiB 3a

mvj 2w

inepmieo BusHAYAETHCA IX eHepriero W = g Up=4f[— -
m

i ; 2W
PiBHAHHA PYXY eJeKTPOHA B3loBx oci X Mae BHIAA x = Uyt = [—1 (x,=0).
m

Illo crocyeThea pyxy B3joBk oci Y, To moTpibHO BpaxyBaTH, W10 HA eNeKTPOH Jie
=TT = ; . _ F eE
cuna F=eE . Ilig giew 1niel cuan enextpod HaGysae npuckopenus d =—=—. Koop-
m m
at‘"’
AMHATA PYXOMOTO0 eJIEKTPOHA Y = "

; 2w , at®
Ba ymosow 3agauvi x = L, konu y = h, Toni Mmaemo nBa pisaaHEA: [—Ff=L i h= rE- "
m

3 nepmoro piBHAHHA BH3HAYAEMO t? i nigeraBaseMo B Apyre pieasaHA. Bpaxyemo Ta-

. 7} s
KO3, II0 MOAYJb HanpyxeHocti E=—. B peayawsTari aMilneHHS eJIeKTPOHA HA BHXO-

2

ai 8 kougeHncaropa Gyae gopisHwBaTH h = . ITligcraByisoun uncnosi 3HAYEHHA, Ma-

THMEMO
1,6:10"°Kx-600 B-36-10 *'m”
© 4:3-10%m-3000-1,6-10 [T

=6-10"%m ,

Bignosias: 6 mm.

P Bnpaea 11

1. 3 surkn Karoga giamerpom 0,16 MM i JOBKHHOIO 5 ¢M BUNIPOMIHIOETHCA 38 OJ(H-
auno yacy 1,5:10'7 enexTponis 3 KBaJIpATHOrO CAHTHMETpa MoBepxHi. Baxa-
I0YH, 100 A0 AHOJAA JOJITAE KOM¥eH I ITHH eleKTPOH, BU3HAYHTH CIall HaNpyrH

| Haomopi 5 KOM, AKHH BKJIYEHNH B AHOJHE KOJIO JTAMIIH.

! Mocurs wacTo Ana MANHX 3HAYEHE eHepPril BUKOPHCTOBYIOTH OJAMHHIIO €J1eKTPOH-BOJLT:
-18
leB=1,6-10"" k.

——




2. ¥ giopi enexTpoH mignitae mo aHoga, Man4H WBHAKIcTE 8 MM/c. BusHauuTH
AHOAHY HATIPYTY.

3. ¥ resnesisifinoMy Kineckoni npuckopioloua aHoAHa Hanpyra gopisawe 16 kB, a
BigcTaHB Big aHoja fo ekpaHa — 30 cM. 3a AKWIL Yac eeKTPOHH HPOXOAATE I
BigcTann?

4. BigcraHs Mix KaTOOM Ta aHOJAOM Aiofa mopisHioe 1 MM. Crinexkn uacy pyxa-
ETHCA EJEKTPOH BiJ KATOJA [0 aHOMAA, AKINO aHOJHA HANpyTa cTaHOBUTEL 40 B?
Bra)kaT, n1o pyx piBHOIPHCKODPEHHI.

§ 17. EnexrponposigHicTb HaniBnpoeiaHUKIB

BnacHa i pomiwkoBa nposigHocTi HanienpoeiaHukie. Ak sigomo 3 Kypey
thismkm 9 Kaacy A0 HANIBIPOBIZHUKIBE HAJIEKATHE PEYOBHHEH, IO 33 IHTOMHM OII0-
poM 3aHMalOTE IPOMiXKHE Miclle MiXK NpoBigHHKAMY H izonaTopamu (gienekTpH-
kamu). Jlo HANiBIPOBIIHHKIB HaJIeKATH 3HAYHO OiIbIIe pevoBHUH, HiX A0 mpo-
BiAHHKIB i gienekTpuKiB pasom. HanisnposigHukamu € pag XiMiYHHX eleMeHTiB
(Cuniniit, l'epmaniit, Cenen Tomo) Ta fedAki okcugu, cyasdign, Tenypumm.

IMuTomuii onip HANIBIPOBIHHUKIB 3 MiIBHILIEHHAM TEeMIIEDATYDH He 3pPOCTAE,
AK Yy MeTAaJiB, a HAaBIIaKH, pisko aMeHmIyeTheda. Ha man. 73 HaBeeHo 3aidexHOCTI
MMHTOMOTO OMOPY Bijl TeMIIEPaATYpH JJiA HaniBnpoBiguuka (1) ra nisa merany (2).

fArx BHAHO 3 MAMIOHKA, 3 Ha0IHKeHHAM A0 a0COMI0THOrO HyJId NHTOMH onip
HANiBMPOBiAHWKA Pi3K0O 3pocTae, TOOTO MpPH HU3LKHUX TemmepaTtypax T Hamis-
NpoBigHHK Beje cebe AK AleneKTpHUK. 3i 301IbIIEHHAM TeMIOepaTypH IHATOMHE
onip HaniBNPOBIAHHMKIB IMBHAKO 3MEHINYETHCA 38 eKCIIOHeHIIiATbHHM 3aK0HOM.

Bigowmi # inmi BracTueocTi HaniBnpoBigHUKIB:
¢ EjexTponpoBifHicTh HANIBIPOBIAHMKIB 3a7eXUTh Bifl ocsiTieHocTi, To6TO
HATIBIPOBIIHMKAM. BJIACTHBA TaK 3BaHa (homonpogidnicms. Hamisnpoeigauku
MOMYThH NIePEeTBOPIOBATH eHEPrik CBIiT/IA B eJIeKTPUYHHI CTPYM.
¢ EnexTponpoBifHICTh HANIBIPOBIAHMKIB MOXKHA 3HAYHO 30LNBIIATH BBeIeH-
HAM B HUX ATOMIB IefIKHX IHINHUX eJleMeHTiB (Fomimok).

11i i mesari iHmIi BIACTHBOCTI HANIBIPOBLAHMKIB OVJIM BiOMi JOCHTE HaBHO,
OpoTe MINPOKO BHKOPHCTOBYBATH 1X CTAJIH NOPIBHAHO HEJABHO.

IlosicHMMO BIACTHBOCTI HANIBIPOBLAHWKIB, POSTJIAHYBIIH IXHIO OVIOBY Ha
NpPUKJIALl YOTHPHBAJIEHTHOTO efleMenTa 'epmanir (man. 74, a).
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Man. 73. 3anexHoCTi NMTOMOro Man. 74. Cxemu 6Gynosu atoma MepmMatio
onopy Bif TEMNEPaTYpPU ANA (a) Ta kpucTana repmatino ()

HanienpoeigHuka (1)
Ta nposigHuKKa (2)
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Ha zosrimui#k obonorni arom 'epmanito mae 4 BanedTHI enektporu. IIpar-
HYY¥ 3AII0BHUTH 30BHIIIHIO 060JI0OHKY 10 8 eJIeKTPOHIB, ATOMH BHITHKOBYIOTHCH
B KPHCTAJII repMaHiio Tak, 10 KOMeH aTOM Mae Y0THPhOX Halbammxuux cyciuis,
Akl BiggaoTs oMy 0 OIHOMY eleKTPOHY (TouHile, OJIHH eJeKTPOH CYCIIHBO-
ro aTOMAa CTA€ KOJeKTHBHHMM — HAJEKHUTh 000oM aToMam ogHouacHo). OTike, Baa-
EMOJIifl Mapy CycigHIX aTOMIB y KPHCTAJl repMaHii0o 3[1MCHIOETHCA 34 [IOMOMOT 010
KOBaJIeHTHOT0 (IapHoeJeKTPOHHOTO) 3B A3KY (Man. 74, 0).

Y TeMHOT i 38 HU3BKHX TEMIEPATYD YCi eJeKTPOHM 3alHATI ¥ KOBAJIEHTHHX
gB’Askax. BineEux HocilB y KpHucTasi HANIBIPOBIIHHKA HEMAE, TOMY KPUCTAJ He
IIPOBOJWTHL CTPYMY 1 HOro onip BeNHKHA. 3a IUX YMOB KPHCTAJ € 130JIATOPOM.

3 migBuIIeHHAM Temmepatypu Kpucrana (abo mix aieto onpominenHs csiT-
JIOM, PEHTTeHiBCbKUMH ITPOMEHAMH a60 Mij BIVINBOM CHJIBHHX EJIEKTPHYHHUX YH
MAaTrHITHUX I0JB) JeAKi KoBaJIeHTHI 3B’ A3KH pyiiHYIOTECA. Ha micmi komHOro
poaipBaHOro 38’ A3KY YTBOPIOETHCA BAKAHTHE MicIle 3 HecTauero exexkTposa. Taka
KOH(irypauia HasuBaeTbed dipxow. Enekrponu i Aipku pyxaorses XaoTH4HO.
EnextTpoHn saiiMaoTs Micusa Aipok (pexoMbiHyoTh) ab0 BUBINBHAKWTECA, PO3-
PHBaIOUYH NAPHOENEeKTPOHHI 3B A3KH (reHepyIOTHCA BilbHI eTeKTPOHH i LipKu).
IIponecu remepanii Ta pekombinauil BigbyeamoTeca GesnepepBHO. '

Sxmo g0 TaKOro KpHCTANIA IPHKJIACTH HALIPYTY, TO BiJIbHI e1eKTpoHH Oy Y Th
PyXaTuch A0 NO3MTHBHOIO noJioca nod. IToku fie eleKTpUYHe MoJie, po3puBa-
IOTHLCA OJHI MiKATOMHIL 3B A3KHM — 3 HHUX HJAVThL BAJTEHTHI eTeKTPOHH, 3aJIMIIA-
09 JipKH, a po3ipBaHi MiKATOMHI 3B’ A3KH 3alIOBHIOTLCA €JIEKTDPOHAMH, L0
8BlLABHMIMCH Bifl iHmMX MixaToMHUX 3B’A3KiB. CTBODWETHCA BPAXKEHHHA, IO
B HANIIBOPOBIIHHKY, KPiM eJIeKTPOHIB, Hi0OM pyXalThCHA IIOBUTHBHO 3aps/iiKeHi
YACTHMHKH — JiPKH, X0U HACIpPaBIi PyX AiPOK 3yMOBJIIETHCH CTPpUOKOMOAIGHUM
nepeMilieHHAM eJeKTPOHIB Bij 0gHOr0 BibHOrO MicsA Ao iHIIOrO.

HArmio gie 30BHIIIHE eNleKTPHYHE 110J1€, B KPUCTAJII HANIIBIPOBIIHHKA BHHH-
Kae gnopadkoeaHe nepeMilieHHA AipoK, 1 0 eIeKTPHYHOTO CTPYMY BiIBHHMX
eJIEKTPOHIB (n-TpOBiHOCTI) HOAAETHCH EJIeKTPHYHHH CTPYM, IIOB’ A3AHUN 3 1e-
peMimeHHAM Aipok (p-npoBigHicTs).

ITposiagHicTh YHCTHX HANIIiBOPOBIJHHUKIE, 110 He MaKThL HIAKKAX JOMIIIOK, Ha-
BUBAIOTE 81ACHOI NposidHicmIo Hanienposidnukis. Bnacua nposignicrs namin-

Man. 75. YTBOpeHHA HanisnpoeigHWKa n-Tuny (a) Ta p-Tuny NposigHocTi (4)
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NPOBIIHMKIB HEBEJIMKA, OCKIJIBKH MAJIOK € KiJbKicTh BIIbHUX HOCIIB cTpyMy —
eJIeKTPOHIB i fipok.

Iys:xe Ba:mkanBa 0cobJMBiCTE HANIBIPOBIIHHKIBE NOJNATAE B TOMY, IO 34 HAa-
ABHOCTI JOMIOIOK B HUX IOPAJ 13 BAACHON NPOBIAHICTIO BHUHHKAE JONATKOBA —
domiwroaa npogiduicms. Sk NOMINIKH BUKOPHCTOBYIOTH ATOMH €JIEMEHTIB Cy-
cigrix rpyn nepioguusol cucremu. Hanpukiaj, BHeceMO ¥ YOTHPHBAJIEHTHHH
TepMaHiifl HeBeIMKY KiJbKicTe o' sTHBajleHTHOrO Apceny (man. 75, a). 3amimgy-
oun arom [epmaniro y kpucrasi, aTom ApceHy Bijac Ha YTBODeHHA KOBAJIEHT-
HHX 3B’#A3KiB i3 cyciguimu aromamy 'epMaHino 4OTHpPH eeKTPOHH, A I ATHH
CTAE BiJIIbHHUM.

Homimgn, 1o jgerko BigaawTh eJeKTPOHH, a 0TiKe, 30iMbIIyI0TE KiTBKiCTE
BLILHHX €JIEKTPOHIB, HA3UBAIOTL JoHOpHUMU Jomiwkamu. HanmiBnpoBinHUKH 3
JIOHOPHOK IPOBLAHICTIO MalTh OLIBIIY KiNBKiCTh €NeKTPOHIB HpOBiAHOCTI IO~
piBH#AHO 3 KinbKicTIO KipoK. IX HAaswBaloTL Hanienposidnuxamu n-muny. Y HuxX
CJIEKTPOHH € OCHOBHUMU HOCIAMHY 3apAAY, 4 JiDKU — HEOCHOGHUMU.

Konu :x Ax noMimKky BHKOPHCTOBYIOTE IHAIN, ATOMH AKOr0 TPUBAJIEHTHI, TO
xapakrep nposiguocti lepmanito Texx aMiHUTBECA. AJe Temep A4 BCTAHOBIEHHA
HOPMAaJIBHHX TIaPHO-eJeKTPOHHHUX 3B’ A3KiB i3 cycinamu aromy Ingiro ne Bucra-
YaE OJ{HOrO eJieKTpoHa. BHacmigok nsoro yreopwoerscs gipka. Kinekicts gipox
Yy KpHcTaji AopiBHIOBATHME KinbKocTi aToMiB gomimku (man. 75, 6). Jomimkn
[LOrO THIY HABMBAKOTE akyenmoprhumu (npuiimantaumu). Hanisnpoeigauku 3
nepeBayKaHHAM JiPpKOBO1 MPOBLAHOCTI HAJ €JIEKTPOHHOK Ha3HBAKIOTE HAMNIBNPO-
sidhuramu p-muny. OcHOBHUMU HOCIAMH 3apAAy TAKHX HANIBIOPOBIZHHKIB €
OipKH, 8 HEOCHOBHUMU — eTeKTPOHN. 3MIHIOIOYH KOHIEHTPAILiI0 JOMIITKA, MOXK-
Ha iCTOTHO 3MIHUTH KilJbKicTh HociiB 3apajay Toro afo iHIIOro sHaka, a oTie,
CTBOPHATH HANIBODOBLIHHKH 3 [IepeBaKal0du0l0 KOHIEHTPAII€I0 UH MO3UTHBHO,
4l HETATHBHO 3apAMKeHNX HOCIIB,

EnexTpoHHO-QipKOBUN Nepexif, Moro BnacTueocTi i 3actocyeanHa. 11i-
KaBi IBHINA CHOCTEPirawnThed B MicIli KOHTAKTY HANIBOPOBIAHHUKIB n- 1 p-THIiB.
KoHTaxT TAKMX JBOX HANIBIPOBIAHUKIB HABHBAIOTE P—-nepexodom.

3’eHaeMo ABA HAMIBNPOBIIHHKH: OJWH 3 JJOHOPHOIO, a4 APYTHI 3 aKLenTop-
HOIO JoMimKom (maiu. 76).

Bigpasy i MOYHeTHECA PYX Uepes KOHTAKT: eJIEKTPOHH NepeXONUTHMYTE i3 Ha-
niBIpoBiAHUKA n-THIY (/e 1x GaraTo) y HAIIBOPOBIJHAK p-THITY, a AIPKH — HABIIAKH
(#a mas. 76 me BigoOpakeHO cyuiIbHUMH cTpinoukamu). Ila nudysia eqekTpoHiB
i gipok BigbyBanacs 6 g0 IOBHOI'O BUPIBHIOBAHHSA IXHIX KOHIeHTpauiil B 060X KOH-
TAKTYIOUMX HATBIPOBiIHUKAX, AKOH Il YACTHHKH He MePeHOCH.IN 3apA/iB.

. P 1Banipauii mapl— n
A 1| Enextrponn
OOMIINTKOBOL ! L
MnpoBigHOCTI | IOMiImIKOBOI
nposigHOCTI

Enerxrpoan -
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Man. 76. Cxema yTBOpeHHs p—rn-nepexoay
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Man. 77. MexaHiam gii npsmoro (a) Man. 78. BonbT-amnepHa xa-
Ta 3BOPOTHOro (6) nepexony. pakTepucTvka p-r-nepexony

IHilicHO, BHACTIIOK TAKOTO NepeMineHHA n-00J1acTh 3apAJAKAETHCA IO3ZHTABHO,
a p-obnacTe — HeraTHBHO. BHHMKAE KOHTAKTHA PisHHUNA HoTeHnianiB. EneKTpry-
He MoJjie mepelKoyKae 1aabiriil gudysii ocHOBEMX HOciiBR yepes Mexy, BiAKHAAA-
IOYH OCHOBHI Hocil Hasaj y ¢Bol obxacTi (IyHKTHpPHI cTpisouku Ha Maj. 76). Kpim
TOro, OCKLIBKY YacTHHA eJeKTPOHIB, 0 mepednin B p-obiacts, pekombinyBana
3 JipkaMH i BignosigHa pexoMbinanis sigdynace y n-obaacTti, TO yTBOpHBCA 11ap,
30igHeHNI HOCIAMY 3apAAY, ONip AKOT0 JOCHTH BEJIMKHIH, — 3anipHuil wap.

o TOHKWIA LWAP PEYOBMHA HA MEXi ABOX NPUBELAEHWX Y KOHTAKT HanBNpoOBiAHWKIB

’ n- i p-TWNiB NpPOBIAHOCTI 3 BNACTMBOCTAMM, BIAMIHHMMW Big BNacTMBOCTEM
OCHOBHOI Macw HanienpoBigHWKIB, HasmealTe p-n-nepexogom. OpHobivHa
MpoBIAHICTL — OCHOBHA BNACcTUBICTL p—n-nepexoay.

Sxmo mopaTH HANPYry HA HANMIBNPOBLAHUK 3 p—ni-IepexojoM Tak, mob 1o Ha-
MiBNPOBiHUKA P-THITY TTiJI’ € IHYBABCA MO3UTHBHMUH moJioc barapei, a 10 HaI1BIPO-
BITHMKA N-TANY — HEraTUBHHM, TO MoJie B nepexoxai 6vae ocnabinene, samipHEMi map
3aBy3uUTECA abo I 3HMKHe, 1 Audy3iiiHi TOTOKH OCHOBHUX HoOCIIB (Zipok 3 p-obaacTi
i eJIeKTpOoHIE 3 n-00JacTi) IPAMYBATHMYTE Yepea nepexii.

Takuii nepexin HazupawTh npamum (man. 77, a). Cuna crpymy 3i 36inbimen-
HAM HANPYr{ 3pocTae AyKe MBHAKO, i 3akoH Oma He BH-
KOHYETHCA.

Ilix’'egraemo nmomiocH Gatapei HaBmakH (mMan. 77, 6). ¥
ILOMY pasi 30BHIMHA HANIpyTa 30iracThcA 3a 3HAKOM 3 KOH-
TAKTHOKI Pi3HHIIEIO IOTEeHIIiaiB. 30BHINIHE IOJIe MiICHIIOE
noJie p—n-nepexony, i Au@y3iiHl NIOTOKH OCHOBHMX HOCIIB
CTPYMY uepe3 nepexiy sHadyHo sMmeHmyiTbed. Ctpym [ B
KOJI1 cTAHe He3HAYHWAM 34 Tiel 3k HAnpyru U, OCKIJIBKH CTPYM
yepes p—n-nepexij sabesneyyerbcd HEOCHOBHHMH HOCIAMH
3apaAay, NPOBiAHICTL 3pa3Ka CTA€ HEZHAYHOK, & OIip BeJlu-
KuM. Lleit nepexin HA3UBAIOTEL 360POMHUM.

Ha Bosbr-amnepHiil XxapakTepUCTHII 3aJ€KHICTE CHIH
NPAMOI0 CTPYMY Bij Hanmpyru 3o0pajceHo JIiHI€0, 3pOCTaiO-
4010 B JojaTHoMYy HanupsaMi ocl Hanpyr U (man. 78). Ilicas me-

Man. 79. Cxama PEMHKaHHA DoJI0ciB OaTapel, KOJH MOTEHILIAN HAIIIBIIPOBiA-

BynoBu iHAINA- HUKA P-TUITY CTAE Bifi'eMHUM, a TOTEHILia HAMBIPOBIIHHKA

repMaHieBoro Aicaa  p-THIOy — JOJATHHM, OIp Hepexoay 3pocTae, 4 CTPYM CTae
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HegHauHuM. CHia 3BOPOTHOTO CTPYMY
Maiike He BMIHIOETBECH 31 aMiHOIO Ha-
npyru. Piake 36inbI1eHHS 3BOPOTHOTO
CTPYMY HA Kpai KpPHBOI IOB’A3aHe 3
mpoboEM HAIIIBIIPOBIIHUKA.
Hanisnpogiauukoeuii gioa. Cteo-
PIOIOYHM B OTHOMY KPHCTAJIL HATIiBOpO-

------

BiIHHKa p-—n-nepexif] BIJIABJIEHHAM R '
B OAHY 3 HOro IOBEPXOHBL AOMIIIKH, -
MO3KHA BHTOTOBHTH HANiBNPOBIOHU- E e

koeuli diod. Ha man. 79 azobpameno Les e
OymoBy imgiii-repmaniesoro gioga. Man. 80. HanienposigHukosi gioan.
OcHoBHa HOTO YaCTHHA — MOHOKPDHCTA-
JiYHA NJIACTHHKA repMaHiio 5, 10 ogHOi 3 IOBEPX0HbL AKOI IPHBAPEHO KPAILTIO iH-
niro 4. IlnacTueka repMaHio npunasa=Ha 0j10BoM 6§ 1o OCHOBH METAJIEBOI0 KOPIIyCy
7, AKUH 3aXMINAE KPUCTAJ Bijl 30BHIIIHBOrO BILIHBY. OOMH KOHTAKTHHH BUXij 8
3’eJHAHHI 3 LJJACTHHKOIO repMaHilo, a IHIMAH KOHTAKTHHH BUXiA I — 3 Kpanieo
imgiro. Bin npoxogute y Merasesii Tpy6ui 2, BunasieHii y cKAAHMH isonaTop 3.
¥ Takomy miofi YTBOPIOETHCA AEIN0 IHIIHI p—n-mepexin, His posrnaHyTHil y
nonepegaLoMy NyHETI. TyT peanisyeTscs KOHTAKT MijK HAIIiBIPOBIHUKOM 3 BJ1ac-
HOIO IpoBijgHicTIO (repManiemM) i mapoM HaniBNpOBiNHHWKA, IO YTBOPHBCA MicadA
CILIABIAHHA 1HAi0O 3 repManieM, To6TO HANIBOPOBIAHMKA 3 JOMIIIKOBOK IPOBij-
HicTio p-THnY. Ae Bei fioan MawTh 0ZHOOIYHY IPOBIIHICTE, 3aBAAKH YOMY IIHPO-
KO BHKODHCTOBYIOTECSH B eJIEKTPONPHIIAJIAX, 30KpeMa 118 BUNIPAMIeHHA CTPYMY B
pagiocxemax. PiaHi THIH HaMiBIPOBIXHHKOBUX Aioais 3o0parkeno Ha mai. 80.

¢/ [DaiTe BignoBiai Ha 3anUTaHHA

. §Ik BUHMKAE enekTPOHHA Ta AiPKOBa NPOBIAHICTE HANIBNPOBIAHWKIB?

. LLlo Ha3nBaioTe BNACHOIO NPOBIAHICTIO HANIBNPOBIAHMKIB?

. Homy 3MEHLUYETLCA NMMTOMMIA ONIP HANIBNPOBIAHMKIB 3 NIABULLEHHAM Temneparypu?

. Yomy He3Ha4Ha KinbkicTe AOMILWOK N'ATMBANeHTHO! a60 TPMBANEHTHO! PEYOBUHK A0
Cuniuilo piako 36inbliye Woro NpoBigHicTs?

. YoMy B HanNiBNpPOBIAHWMKY 3 NOMILUKOBOK MNPOBIAHICTIO ICHYIOTL RK OCHOBHI, Tak i
HEOCHOBHI HOCIT ENeKTPUYHOrO CTPYMY?

. € HaniBNpoBIQHWKOBA NNACTUHKA 3 AOMILIKOBOK NPOBIAHICTIO. AK AOCNIAHUM WNa-
XOM BU3HA4YWUTW, SKOrO TUNY 71- 41 P- € Lei HaniBnpoBiaHuK?

(=3 W W N =

§ 18. HanienpoBiaHMKOBI Npunaau Taix 3aCTOCYBaHHSA

Tepmo- | porvopeanctopu. [lpunagn, aig AKUX I'PYHTYETLCA HA BUKOPHC-
TAHHI 3aJIe3KHOCTI ONOPY HANIBIPOBIZHHKA BiJi TeMIepaTypH, JicTAIH Ha3BY
mepmopesucmopie (abo mepmicmopis).

TepMOpesHCcTOP BKJIIOYAETECHA B eJIEKTPHYHE KOJIO TOI'0 YH IHIIOro MPHCTPOIO.
Horo OITip 3HAYHO NEepPeBHUINYE OMip iIHITKUX eJeMeHTiB KoJia i, 1110 HaiironoBHiIe,
CHJILHO 3AJIe}KUTEL Biji TeMmepaTypH. 3MiHA TeMIEpPaTypH TepMOpe3ucTopa
CIPUUMHIOE 3MiHY cuiH cTpymy B Kouai. Ile gae mosxiauBicTs 3acTocoBYBATH
TepMOpPe3HCTOPH B PIHMX cXeMax i ¢TBOPIOBATH ABTOMATHYHI mpucTtpoi ansa
JHCTAHIIHHOIO BUMIiPIOBAHHA 1 perynmoBaHHA TeMIEPATYPH, MOMeXHOI CHI'HA-
JAizanil, KOHTPOJIIO 38 TEMIIEPATYPHUM PeKMMOM MexaHiamis Tomo.
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¥ ¢pomopesucmopax BHKOPHCTOBYETHCSA 3aeKHICTE ONIOPY HaNiBIPOBiJHUKA
Big oceitnenna. Ile gae amory sacrocosysaTi ix y pisHoro By pese (AJs aBTO-
MATHYHOTO BMHKAHHSA i BUMHKAHHA MPHCTPOIB, AJA HiPAXYHKY 1 COPTYBAHHA
BHpoDiB HA KOHBEEPAX TOMIO).

CraGinitponn. CrabimiTpoH me Tex aiol, aje NpUsHAYeHHH BiH He A
BUINIPAMJIAHHS 3MIHHOTO CTPYMY, X04Y i MOXKe BHKOHYBaTH Taky (yHKIiW, a
nna crabimizanii, Tobro migTpMMKH HoCTiHHOI HAOpPYrM B KoJaX MKHBIeHHSA
pagioeneKTpOHHOI amapaTypH. 3HAWNIIM MIMPOKe 3ACTOCYBAHHA KpeMHIEBI
crabinmiTponn, sAKi 6ygoBoio i npHHIHUNIOM pobOTH AHAJOTIYHI BHIPAMIAIOYHM
niogaM. Asle mpamoe crabimiTpoH He Ha NpaAMid AinsAHII BoOJBT-aMIEpHOI
XapaKTepHCTHKH, AK BHIPAMHHE gioj, a Ha 3BOPOTHIiN BiTHi, Je 3Ha4Hi 3MiHN
3BOPOTHOTO CTPYMY Yepe3 MpUJIAJ CYNPOBOMKYIOTHCH HE3HAYMHHMH 3MiHamu
3BOPOTHOI HAIIPYTH.

TpauaucTopwu T1a iHTerpaneHi mikpocxemu. Tepmin «mpanaucmop» yTBO-
peHHMH 3 IBOX aHININCBKHUX ciIiB: transfer — meperBopioBad i resistor — omip.
¥ crnpolineHoMy BHIVISAI TPAHSHCTOP € ILJACTHHOK HANiBIPOBIAHUKA 3 TPhOMA
IiNAHKAMHM 3 PisHOIO ejeKTponpoBigHicTo. 11l finAHKH YeprywThed, YTBOPIOKO-
4M gBa p—n-nepexonu. JIBi KpailHi IiNIAHKKM MalOTh eJIeKTPONPOBIAHICTL OHO-
ro THIY, cepeans — immoro. ¥ kKoxHol obmacti cBiit KoHTakTHHI BuBig. Axmo
KpaHHi obyacti 3 AipKOBOIO eNeKTPONPOBiJHICTIO, 4 cepeliHA 3 eJIeKTPOHHOI
(man. 81, a), To TakWit NpUaAaa HA3UBAKTE TPAH3UCTOPOM p—n—p-Tuny. B n—p—n-
TPaH3UCTOPAX, HABNAKH, KPailHi IiNAHKH 3 eJIeKTPOHHOK eJIeKTPONPORiAHICTIO,
a Mixx HUMHU — 06J1aCTE 3 JiPKOBOKO eJIeKTPonpoBigHicTIo (Mai. 81, 0).

enekTpoaamMu, OOMH 3 AKWUX CAYrye AN KepyBaHHA CTPYMOM MiX [BOMA

r.ﬂr E TpaHaucTOop - HaNIBNPOBIAHWKOBWIA ENEMEHT BNEeKTPOHHWX CXeM 3 Tpboma
IHLWKMK.

BuBogu TpaH3uCTOpa HA3WBAKOTLCH emimep, 6asa i koaexmop. ¥ TpaH3uCTOP1
n—p—n-TAIY eMiTep i KoJeKTop JeroBaHi' foHOpamMu, a 6a3a — akmenTopaMu. ¥
TPaH3HCTOP1 p—N—p-THOY — HABIAKH.

Ilis TpaH3WCcTOpA I'DYHTYETHCH HA BUKOPHCTAHHI JBOX p—n-TIEPEXOJiB MiK
Oasoro Ta emitepom i 6a30i0 Ta KosexTopoMm. B obnacti p—n-nepexojiB BUHMKA-
I0Th MIAPH NIPOCTOPOBOTO 3apAAY, MijK AKHMH JeXNUTh TOHKA HeHTpaabHa Dasa.
fAxmo mixk 6asoio ¥ eMiTepoM CTBODHTH HAIPYTIY B NPAMOMY HANPAMKY, TO
HOCcil sapsajy iHKeKTYyHTbcA B 0asy # AudyHAVIOTH A0 KoXekTopa. OcKinmbkH
BOHHM € HEOCHOBHHMH HOcisiMH B 6a3i, TO JerKo NpoHMKAaIOThL Uepes p—n-nepexij
mixx 6asow ¥ KoJekTopoM. Basa BHIOTOBIAETBCH HOCTATHRO TOHKOIO, w100
Hocil 3aps/jy He BCTUTaIyd NPOpeKoMOiHYBATH, CTBOPHBIINH 3HAYHHE cTpyM DasH.
Axmo mixk 6a3010 # eMiTepoM OIPUKIACTH 3aMipHY HANPYTY, TO CTPYM 4Yepes Ai-
JAHKY KOJIEKTOD—eMiTep He MpOTiKaTHMe.

3amexHOo Big Toro, B AKHX cTaHax NepeOVBalOTL MIepexoad TPAH3HCTOPA,
pO3pi3HANTE pexkuMH oro pobotu. OcKibKHM B TDAaH3HCTOPI € JBa Nepexoan
(emiTepHHE Ta KOJEKTOPHUI) 1 KOXKeH 13 HUX MoKe nepefyBaTH y JBOX CTaHAX
(BiZKpHTOMY Ta 3AKPHUTOMY), PO3Pi3HAKTE YOTHPH PeXHUMH poOOTH TPaH3HUCTO-
pa. OCHOBHMM € GKMUBHUL PeXcUuM, 38 AKOro emiTepHnil nepexin nepebysae y

! llerypanns y HanienpoBigauKosiit Texsonorii — fogaBaHHA AOMINIKH J0 HAMIBIPOBIA-
HHKA 3 BJACHO TPOBLIHICTIO 3 MeTOH Moaudikanii Tuny ioro nposigaocti.
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Man. 81. Cxema GyaoBW T2 YMOBHE NO3HAYEHHA
Ha CXemMax TPaH3UCTOopIB P—T—p-TUny (@) Ta n-p-n-tuny (0)

BIAKPHTOMY CTaHi, 8 KOJeKTOPHUII — vy 3akpuTomy. TpanaucTopu, AKi NpamniooTsL
B AKTHBHOMY Pe:KHMi, BHKOPHCTOBVIOTLCS B cxemax migcuiaenaa. OKpiM aKTHB-
HOI'0 BHALIAIOTE (H8EPCHULL peXcuM, 38 AKOT0 eMiTepHHH nepexij 3akpuTHIL, a
KOJeKTOPHHAN — BIAKPHUTHH, PEXHM HACUYEHHA, 38 AKOro 00HIBa Nepexoan Bij-
KPHTi, TA peKHM 8idcivKl, 3a AKOT0 MEPexXoii 3aKPHTI.

Tpausucrop susaiiiu 8 1947 p. II:xon Bapain i Bonrrep Bparreitn nig kepis-
munreom ok iz Bell Labs (Bell Labs — amepuKaHcbKa KOpPIOpALid, BeJIMKHIA 10-
CAHUIBKUIN LEHTP B Pajyai TeJIeKOMYHIKAIL i, eJIeKTPOHHUX Ta KOMII IOTePHHX
cucTeM, sacHoBana B 1925 p.), 3a 1o orpumanu HobeniBesky npemiio 3 disukw,
Buraxig TpaHaucTopa CTAB KJIKYOBUM Y PO3BHTKY 00UHCJIIOBAIBHOI TeXHIKY (30-
KpeMa KoMn'ioTepiB), 3aBJAKH HaOIBOPOBIAHHKOBHAM Al0JaM Ta TPAH3HCTOPaM
BIAAJOCH JOCAPTH NifBHIIeHHA HagiiHocTi v poboTi obuncnoBanbHol TeXHIKHT i,
1110 HAMTOJIOBHiIIE — 3MeHIIIeHHA rabaprTiB 1 MAacH IPHIAJLB,

Ilosaga inTerpansHux cxeMm y 70-ti pp. XX cT. 03HAMEHYBaJa 1€ OJJHH BeJH-
KHI eTan B po3BHTKY 00UMCAI0BAILHOI TEXHIKH, OCKIJIBKH IHTerpajbHa cxeMma
3/laTHa 3aMiHMTH THCAY] TpaH3ucTopie (maJ. 82),

Inmezpanvna mikpocxema — MiHIATIODHHNE MiKpOe/JeKTPOHHHMH BHpPiO, ene-
MeHTH SIKOT0 HepPO3PHBHO OB f38HI KOHCTPYKTHBHO, TEXHOJOTIYHO Ta elek-
TpuuHO. BUKOHYE neBH] PYHKIII NepeTEOPEHHS 1 MA€ BUCOKY LIIJIEHICTE HAKY-
BAHHA eJIEKTPHYHO 3'€JHAHUX Mi co00l0 eleMeHTIB i KOMIOHEHTIB, AK1 € OMHHM
LiJIMM 3 TOYKHM 30PY BUMOT 10 BUIPOOYBaHk Ta eKciyaraiii,

Po3pizHAOTs HANIBOPOBIJIHUKOBI, MJIBKOBI TiOpHaHI iHTerpanbHi cXemH,
fIKi 8a Bugom obpobmosanol ivdopmanii noginAwTeea Ha nHGpPoOBi TAa aHAIOTO-
Bl, 3a CKJAJHICTIO 1 AKICTIO OLIIHKKM — HA MaJi, cepeliHi, BeJIMKI Ta HaJABeIHKI.

Man. 82. Komn'ioTepHa nnara 3 iHTer- Man. 83. Ceitnogjoau
pansHUMK MiKpoCxemMamu
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Hapsenuka interpansaa cxema (HBIC) — inTerpanssa MikpocxeMma 3i cTyneHem
iaTerpamii monam 1000 enemenTie B kpucrani. OgHa Taka iHTerpanbHa cXeMma
MicTHTE B cobi TecATKH THCAY TPAH3MCTOPIB, i BCi BOHM PO3MIIIVIOTHCA HA KPHC-
TAJIi KPEMHiI0, MEHIIIOMY 38 JIOACEKHH HiroTs.

Ceitnogiogwn. Caimanodiod (anrn. LED — light-emitting diode) — sanmiBnposia-
HUKOBHI IIPUCTPLH, 110 BHIPOMIHIOE CBITJIO, KOJIA Y€pPe3 HOI'0 IPOXOAHTE eJIeK-
TpUuHUIL cTpyM. K i B 3BUUaiiHOMY HaliBIpoBigTHMKOBOMY Aioxi, B cBiTHOmiozni €
p—n-nepexin. B pasi nponyckaHHA eJeKTPHYHOIO CTPYMY YV IPAMOMY HALIPAMKY
Hocii 3apafy — eJIEeKTPOHH i AipKK — peKOMOIHYIOTE 3 BUIIDOMiHIOBAHHSAM CBiT/IO-
BHX 4acTUHOK — (poToHIB. Kosip BHNpoMiHIOBAHOTO CBITJIA CBITJIOAI01B 3a€KUTh
Bijg xiMiuHOIO CKJIAJY BHKOPHCTAHOIO YV CBiTJIOAI0/1 HANIIBIIPOBIJHUKA.

He Bci BaniBmpoBigHWKOBI MaTepiann edeKTHBHO BHIPOMIHIOIOTH CBiTIO
mig gac peuomﬁmaun Hobpumy BHIpOMiHIOBAYAMH €, AK IIPABHJIO, HAIiBIpO-
Bigauku tuny A"BY (sanpukaag GaAs a6o InP) i AHB\'I (Hanpukaag ZnSe abo
CdTe). Bapiwwuu ckJiajg HaTiBIPOBIAHUKIB, MOKHA CTBOPIOBATH CBITJIOAIONH,
1[0 BUIPOMiHIOOTE Ha PidHUX JOBKHWHAX XBUIL — BiJ yaesTpadionery (GaN) no
cepenHsoro ingpaueppoHoro aianasony (PbS). EdextusricTe cBiTIOAiOAIE €
HaiO0iIbIIOK TaM, Je HoTPi0HO reHepyBaTH MOTYXHI KOJIBOPOBI CBIT/IOBL MOTOKM
(cBiTnoBi curaaan). CeiTa0 BiJf maMOM po3)KAPIOBAHHA JOBOAUTHCSH IIPOIIYCKA-
TH Yepes cleniajsHi onTHYHI GineTpH, M0 BHALIAIOTE NEBHY YaCTHHY CIIEKTPAa
(uepBOHY, CHHIO, 3eqeHy), npu nsomy 90% eneprii ciTmoBoro moroky BTpaua-
€TheA IIiJ] Yac NPOXOoJKeHHA cBiTia Kpisek cBiTimodinerp. ¥Vei x 100% Bunpo-
MiHIOBAHHA CBiT/JIo#iona € 3abapBJIeHHM CBITJIOM, i ¥ 3acTocyBaHHI cBiT/IO(hiNb-
Tpa Hemae moTpebu. Binbme Toro, 6amasko 80—-90% cmokHBAHOI HOTYKHOCTI
JIAMIIH PO3’KAPIOBAHHA BHTPAYa€ThHCHA HA 11 HarpiBaHHA 3aJiA JOCATHEHHA I0-
TpiGHOI KoNipHOI TeMnepaTypu, Ha AKY BOHHM crnpoekToBaHi. Ceitnoaionni nam-
M CHOKHBAKTE Big 3 mo 60% mnoryxHOCTI, HEOOXIAHOI AJMA 3BMYAMHMX JaMII
pO3:XapIBAHHA AHAJIOTIUHOI AcKkpaBocTi. Ha BigMiHy Bif 1aMn po3skapioBaHH4,
AKi BUNPOMiHIOKTH CBITIOBHII MOTIK IMWPOKOTO CIEKTPa PiBHOMIPHO ¥y BCiX
HANPAMKAX, CYYACHI CBITII0Ai0H BHIPDOMiHIOIOTE CBIT/IO MEeBHOI JOBXKUHA XBUJII
i B neBHOMY HAOPAMKY. ICHYIOTE METOH POSIIHPEHHA CMYT'H BUIIPDOMiHIOBaHHA 1
CTBOpPEHHS CBiT/IOAIONIB, IO BHIIPOMiHIOIOTE Bine cBiTHO.

CeiTnogionH 3acTOCOBYIOTH V IHAMKamiWHIN TexHiui, v iedopMauniiinnx
tabio, cBiTaodopax, JixTapukax, ripasagax tomo (Man.83).

Ceitnogionu 6ynu ynockoHaNeHi 1o aaseprux diodie, AKI MpaIoioTs Ha TOMY
3 NPHHIMIL, ajle MOKYTh HANPAMJIEHO BHIOIPOMIHIOBATH CKOHIEHTPOBaHHI
OYYO0K CBiTJIA.

§ 19. EnexTpnyHnii CTpyM B pignHax Ta noro
BUKOPUCTaHHSA

EnextponitTuyHa aucouiauis. Enexkrponis. I3 kypcis ximii Ta disnkn 9-ro
KJIACY MU [Ii3HAIKCE, 110 PEYOBHHH [TOJLNAITLCA HA EACKMPONIMU i Heeaexmpo-
aimu. EneKTpoJsiTH XapaKTepH3yIOTECA THM, IO iXHi po3dyuHU abo PO3NJIaBH €
[IPOBIAHHKAMHE eJleKTpU4YHOoro crpymy. Pogunan abo posmiaBu HeeJeKTPOJiTiB
He MPOBOJATH eJeKTPpHYHOTo cTpymy. Ha BigAMiHY Big MeTaseBHX IIPOBIIHHUKLIB
(abo npoBigHHMKIB mepuioro poxy), eJeKTPUYHHH CTPYM B eJieKTpoJirax, abo
OPOBIAHHKAX APYTOT0 POAY CYIIPOBOIKYETHLCA TepeHeCeHHAM PeYOBHHH.
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Bararo peuoBHMH yiKe B TBePAOMY CTAHI MalTh a4
HOHHY CTPYKTYDPY (XJI0pHCTHIT HATPIH Ta IeAKi coui). ‘e e ?
Ane y TBepaoMy craHi #ionu minHO 3B’A3aH] 0fUH 3 '..'.l - e
OJHHMM, OCKUIBKM MAIOTh HPOTUIIEKHI €JIeKTPHYHl @ @ @ ue : -
3apAOd, TOMY iX pyXJuBicTh yCKIaqHeHa. ¥ poania- ne Ea - LI
Bl pyXJMBicTE iioHIB 30inBpIIVETHCA, 4 HANTO IPH Ie- "R . & b
PEXo/l peyoBMHHM Y PO3YHMH, ¥ PO3IUHHI OiJ BIIHBOM »
MOJAPHHAX MOJIEKYJ BOJH PEYOBHHA-EJIEKTPOJIT Po3- . : o : -
IaJaeThCA HA MOZUTHBHO T HETATHMBHO 3apAjaeHi é * e
HOHH. - w_

® —iion xmopy Cl
el I Posnapn aeskux peqoBMH Ha MOHKW nig Aiew no- — fion HaTpio Na™
’ NAPHUX MOJEKYN BOAW HA3WMBAETLCA EAeKTPOo-
NiITHYHOI Aucouiauiero. Man. 84. Cxema npouecy
ENeKTpoONITUYHOI gncoulaun

fArimo B TakoMy PO3YMHI CTBOPUTH eJIEKTDHYHE XN0PWCTOrQ HaTPIlo
oJie, TO HO3HTHBHO 3apsajieHi HOHH pyXaTHMYTh-
ef 10 KaTofa (HeraTMBHO 3apA/KeHHHA eTeKTPoa), a aH_E,F;': Eﬂm
HEraTUBHO 3apA/¥KeHl HOHH — A0 aHoja (I03MTHBHO I . ; I
sapsaasKeHui erexkrpon). Binnosigao nosuTueHO 3a- ' Cl ~2 cul
pAmskeHi {OHM HA3BAIM KAMiOHaMu, A HETaTHBHO =~ @ &P~
sapAmMeHi — anionami. - 9

Man. 84 imocTpye npouec eJeKTpoJiTHYHOT Ju- ; :..ﬂ# "—d‘ B
comianii B posunHi KyxoHHOI comi. Cininx 3assaunTH, it } ; :,M‘_)‘ 3 !

110 B pasi aycTpiul ABOX PiSHOMOJAPHHX HOHIB, Ha-
OPUKJIaK XJIOpY i.HaTPiEG, MOITHBAR oﬁeplienni—jr_ Man. 85. Pyx enexTpuiHO
nporec — pexombinayis (YyTBOpeHHS HeHTpaabHOI 33PAMKEHNX YACTUHOK Y PO3-
mosexyan NaCl), Obuasa nporecu B po3uuHi Bigdy- YWHi enekTponiTy
BAIOTHCA OJHOYACHO,

Crymieb posnagy Ha HOHH He y BCIX eJIEKTPOJIITaAX OJJHAKOBHN, BiH 3aJI€#UTh
BiJl NpUPOAH eTeKTpoaiTy, HOro KOHIeHTpallil, XapakTepy DO3YHHHHUKA, TeMIIe-
parypu. ExexrposiTi nogingoTecd Ha cHIbHI i cnabki. CuabHi enextponitu y
BOJHHX PO3UMHAX IIPAKTHYHO MOBHICTIO JHCOLIIIOTE HA HOHH, a caabki — Tiabku
YACTKOBO.

ITpouec enexTpoaiTU4YHOL gUconianii € 000POTHHM IIPOLIECOM.

Axno B po3uHHi eTeKTPOMITY CTBOPUTH ITOCTiiiHE 38 HANIPAMKOM eJleKTPHYHe
roJe, TO KATIOHHM IIOYHYTE PYXaTHCh [0 KATOJA, a aHIoHH — 1o aHoxa (Mau. 85).

KarioHu, cTHKaIOUHCE 3 KATOLOM, IPAIMAaIOTh BiJl HBOTO BiICYTHi eJIEKTPOHH,
T0o6TO BiflHOBMIOIOTHCA. Hanpurnan, Cu?' + 2e - Cu. Ha anoxi BigbyBaeTncs
npoiec mepejaBaHEA eNeKTPOHIB aniona aHopay, Tob6To BigbyBaeThCHA MpOIEC
okucaenusa: 2C1° — Cl, + Ze. (OxuciroBay — peyoBHHA, [0 CKJIAJAY AKOI BXOAATE
aTOMH, 1IN0 NPHEAHVIOTH Hig uac XiMiueol peaxuii eJleKTPOHH, IHIIAMHA CJIO-
BAMM, OKMCJI0OBAY — [[e aKImenTop eixextTpoHie). Ilpouecu, mo BigbyeBawoTbea
OpH TPOXO[KEHHI eJeKTPHYHOIO CTPYMY dYepes pO3YHHH eJIeKTPOoJiTis,
HASHBAIOTL edekmpoaizom. ¥ mpoueci elekTposisy KaTon € BiZHOBHHKOM,
OCKIJTBKH BiH BiJjJla€ eJIeKTPOHHM KATIOHAM, a aHOJ — OKHCJIIOBAYEM, OCKIIBbKH
Bin mpuiiMae emextporu Bif aniomie. IIi npomecm BinByealorees mig xieio
eJeKTPHYHOIO CTPYMY, TOMY BOHM HASHBAKTHCH mpomecamu abo peaxiisamu
eJIeKTPOBIIHOBIEHHA 1 IeKTPOOKNCIEHHA,

I Posain 2 EAEKTPUHHWIA CTPYM ﬁ.
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3akoHu enexTponisy. 3 kypey disuku 9-ro kaacy Ham Bifjomo, 110, BUBYA-
10YH IPOXOJKEeHHA eJIeKTPUYHOTO CTPYMY Yepes eJIeKTPoJIiTH, anraiiiceKuii gi-
suk Matixkn Papajeil eKciepHMeHTAJILHO BCTAHOBHB 3aKOHH €JIEKTPOJIIay.
Y 1-ii 3axon Dapages
’ Maca pe4oBMHW m, WO BUAINKWNACH HA ENeKTPOLdl B Pe3ynsTaTti enexkTponisy,
npamo nponopuiiHa cuni ctpymy I ivacy t npoxogxkeHHn CTPYMY Yepes enekTpo-
nit, m = kI't, ne k — koediuieHT NPONOPUIHOCTI (ENeKTPOXIMIYHWIA EKBIBANEHT).

EnexmpoximivHuil exeigaienm pevosuHlu N0pIBHIOE Maci pedoBHHH, AKA BH-
AlnAeTheA Ha eJeKTPoAl 3a 1 ¢ mij uac nIpoxo/JKeHHSA Yepes eJIeKTPOoJIiT CTpyMy
cuoio 1 A.

"~ 2-# 3akoH @apangen
’ EnekTpoxiMiyHWiA ekBiBANEHT peqyoBMHX k NPONOPLLIAHMIA XiMiYHOMY eKBIBANeHTY

1 M "
k=;—, pne M - monspHa maca, F - crana @apages, n - BaNeHTHICTL
n

PEYOBUHMN.

dispunuit smict zakouis Dapajes JErko MNOACHHTH, BHKOPUCTABIIH
eJIEKTPOHHO-HOHHY Teopirn. Maca pedyoBHHH, II0 BHALNAETHCA Ha eJeK-
TpoAax IpH eJeKTpoJsisi, me maca N HOHIB, IO OCiZAalOTE HA eJEeKTPOJII.

" " . " m s
Kinbkicrs jioniB popisaioe N = ENA , e m — maca pedosuHM, M — Ii MmonapHa

Mmaca, N, — yucio ABorajpo.
3 iamoro 6ory, KiNBKiCTE HOHIB, 1110 OCIJIH, MOYKHA BUSHAYHATH Yepes BeIHUH-

Hy 3apany g =1I't, 1o Npoios Kpidk eJIeKTPOILT, i 3apas oHOro HOHA ¢y, N = i.

qU

m . M
O‘I'me,uhNa=i.SBmlm m= q a

M o N4

Bapaz OyAL-AKOro HOHA JOPiBHIOE 3apAAY ONHOBAJIEHTHOTO HoHA, TOOTO 3apsany
: z M
eJIEKTPOHA €, IOMHOMXEeHOMY Ha BAJIEHTHICTE n #ioHa, ¢, =en. Omxe m = h? A
en
A

Benuuunu N, i e € yHiBepcansHuMH cTasuMu, a M i n — crani s gaxol pe-
YOBHHH.

To Bupa3s

=k € eTeKTPOXiMIiUHHM eKBiBAJIEHTOM PEUYOBHHH.
enN ,

Hobyrok N,e =F — cmana ®@apades — (disuuHa KOHCTAHTa, IO XaPAKTEPH3YE
KiJIBKiCTb eIeKTPUKH (e/leKTPUYHIH 3apAj), AKHI Tpeba IpPonycTHTH KPisk PO3YHH
eJIEKTPOJIITY, 11100 Ha eJIeKTPOAaX BUALTHIACS MACA DEYOBHHH, [0 TYHCEILHO JOPiB-
HIOE Horo enekTpoxiMiunomy ekBiBanenTy. F =(96484,56 = 0,27) Kn/monk.

Jna ogHoBaseHTHOL pedoBHHHE craja Papajies JOPIBHIOE eJEKTPHUHOMY 3a-
PAAY, B pe3yJbTATi HPOXOIKEHHA AKOI0 KPidh PO3YHH eJIEKTPOJIITY Ha eJIEKTPO-
A1l BHALIAETECA 1 MOJIBL peYOBHHH.

Bakonu @apajies MOMKHA 3AITUCATH B 00 €OHAHOMY U21A0] TaK:

m= }-—J}—{It.
Fn
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EnexTpuunHnii 3apajg Oyab-aKoro HoHa g=t——. A

A /
Boapr-aMnepHa XaApAKTEPUCTHKA MTPOXOMKEHHS
JIEKTPUYHOIO CTPYMY KPisb eNeKTpoJiT Mae JiHii-

HHUH XapakTep, K i B mMeraJjiax, aje BiApi3HAEThHCA /

THM, M0 [AJA CTBOPEHHA eJIeKTPUYHOIO CTpyMy B 0 >

eqeKTpoJiTi HeobxigHa meBHa poboTa B0BHIIIHLOIO \ v

eNeKTPHUHOIO NOJs — U1 NoAspusarii eaexTpority dmimennd 3a

(Hanpyra IbOTO MOJA AJA Pi3HHX eJeKTPOJITiB Mae PAEyHOR BOREpHanl

pisnHe 3HauvenuA) (Mas. 86). Man. 86. BonsT-amnepHa
3alle}XHICTE OMOPY eJeKTPOJITY BiJi TeMIepaTy- XapakTepucTuka npo-

pu Hexinifiua (man. 87). Lle nosicHIOETBCA THM, 10 XOMKEHHA BNEKTPUYHOIO
3i 3pOCTAHHAM TeMIIepaTypH TeILIOBHil pyX MoJexysn O PYMY Kpi3b ENekTponT
CTAE IHTEHCHBHIIIHM, i TOMY KiJIbKiCcTE HOHIB V po3-

yMHI Ta 1X KOHIEHTpAallisa 3pocrawoTsk. [Ipu nsomy 3 R

MiIBHINEHHAM TeMIIEPATYDPH 3MIiHIOETECH TTHTOMHI
orip exexTpomsity . Moro aMiHy MosHA pospaxyBaTH
32 piBHAHHAM, AKe BHKOPHCTOBYBAJIM B AHATOTIYHHX
pospaxyHKax Aas metalis, p = py(l + aAT), ge py —

nurTomui onip enexkrposity npu 273 K (0 °C), o — Tep- ol &

Miuani KoedimienT onopy. Ilna enexrpositis sasmu Man. 87. 3anexHicTs onopy

TepMiuHMil Koe(inienT onopy € BiJl’eMHHM. eNeKTPoNITY B TEMNepa-
BukopucTaHHs enekTponisy. feume enexTpo- TYpU

Jisy 3HAXOAHTE PisHi 3acTOCYBaHHA Yy CyYacHIN Tex-
Hini. PosrnaneMmo nedaki 3 HUX.

Fanveanocmezia (Big rarbeaHo i rpemn. stego — MOKPHBAK) — HAHECEHHSA IIO-
KPHTTIiB Ha MOBEPXHIO METAJeBUX Ta IHIDWX BHPODIiB METOLOM eJNeKTPOIITHYHOTO
ocaaeHHA.

Merani TexHIYHUX NPUCTPOIB, IEAK]I YACTHHYW NpeJAMeTiB mobyTy iHKOIM 1O~
KPHMBAKTE TOHKOK MIiBKo00 GraropogHoro merany (mjaaTHHH, 30j0Ta, cpibaa)
3 JIEKOPATHBHO-€CTETHUHOK MET0I0, 3 MeT0 3amodiranHA Koposii. ¥V TexHimi,
aby YHMKHYTH KOpo3il, okpeMi getaii pisHUX NpUCTPOIB NOKPHBAKTE HiKeIeM,
xpomom, kKajamiem. Jleranes 3asganeriip peTeJbHO OYHMIAIOTE I MOMIimMAarmTs B
eNEeKTPOJIITHYHY BAHHY, HAMIOBHEHY BOJHHMM DPO34YHMHOM COJII BIANIOBIAHOrO MeTa-
11y, 1 CHOMYYAIOTH 3 HEFATHBHUM I10JIIOCOM J3Kepera
cTpyMy. AHOIOM CJYIye NJIACTHHEA 3 TOTO CAMOTO :|_ A +I
Metajay. ¥ pesyJabTaTi eJeKTposisy Ha MoBepxHi |
IeTasi ocifae map peuyoBHHH, CiJlb AKOI MICTHTBLCA B
poaumHi esekrpoaity (man. 88).

Tanveanonnacmuka. BHROPACTOBYIOYH SIBHIIE
eNeKTPOIi3y, MOMHA OTPUMYBATH A0COJIKTHO TOY-
Hi pensedHi Komil mpejaMeTiB (HaUpHKJIajl, MOHET,
Mejganei, 0BeTipHHX NpuEpac Tomo). Iua nporo 3
npeaMeTa CIOYATKY pPobJATh 3JIH0K 3 DYAb-AKOIO
IJIACTHYHOrNO MaTepiany (HAIPHKJIAZ 3 BOCKY).
IToTiM moBepxXHO ULOTO 3MiNTKA PpobIAATH €TEeKTpPO-

; Man. 88. Cxema npouecy
IIPOBIHOD, MOKPHBAKYY 11 TOHKHUM IIAPOM eJeK- raneeaHocTteri

I Posain enexkTPuHMA cTrun [IEEEE



TponpoBinHol peuoBuHH. IligroroBnenuit y taxkuit
crocid aninok nmoMiiamTh B eIeKTPOIITHYHY BaH-
HY 8K karox (mai, 89). IIponyckamnun yepes BAHHY
eeKTPAYHUN CTPYM, MOKPHBAIOThH 3JIITOK TOBCTHM
mrapoM MeTamny. 3a JOMMOMOTO TalbBAHOILIACTHEH
BHIOTOBIAKTE, HAOPHUKJIaJA, TOYHI Komil goporo-
OiHHUX DpHKpAac, 3HAHJAEHHX apXeoJoraMu, LITam-
0¥ 1Jid BUPOOHHUI[TEA IPAMILIATIBOK Ta iH.
Man. 89. Cxema npoviecy E.!sexmpa.nim:uque paghinysanmna e ene.lc'r]l;)oniaom
FaNLBAHONNACTUKH BOJHHX p0o34MHIB 260 cosieBUX pO3MJIaBiB i 103BO-
JIsie OTPHMYBATH METAJM BHCOKOL YMCTOTH. 3a4CTO-
F COBYETECH JJIA IVIMO0KOT0 OYHINeHHA D1IBIIOCTI KO-

JBOPOBHMX METAJB, HANPHKIAK, Ana padiHyBaHHSA
migi. Meranyprifina mige, TobTo Migk, oTpHMaHa
3 PYJH B IUIABWIBHIN meui, MicTHTh, AK IpaBuWJIo,
Beinaki gomimku. [dua ounmmensa (padinysaHHA)
Miji BiJ JOMIIIOK iHINMX pPedYOBHH MAaCHBHI JIHCTH
MeTaJayprifioi mMizi omyckaioTh B PO3YHH cyabhaTy
miai i cmony4aioTh 3 NO3HTHUEHHM TTOJKCOM J3Kepe-
M, 90, CHouumpoiacs J1a CTPyMY. Ax rarop GepyTk TOHKI JHCTH 4dmcTOl
EeNeKTPOAITVYHOrO padiHy- migi. ITig wac H]::OXOAHCEHH:.FI eJIeKTPUYHOTO CTPYMY
BaHHS yepes eNeKTPOJIT YMCTa Miflb BHALIAECTHCA Ha Ka-
TOAl, a aHOJ MOCTYNOBO po3unHAeTheA. Jlomimku
BHIAAIOTE B ocaj. KoHleHTpaisa MigHOTO KYIIOPOCY 3aJHIIAETHCA MOCTIHHOK
(mas. 90).

Eaxexmpoaimuyune notipyéarnnsa. Maca pedyoBHHH, 10 ocizae Ha eJleKTPOAI
nponopuiiHa ¢l cTpyMy, ajle HA BHIVKJIMX ALIAHKAX, AK MH 3HAEMO, HAIIPY-
JKeHICTh MondA Oinbla, HiK HA NIOCKHUX AlNaHKax nosepxHi. OTxe, v ux Mic-
nAX mineHieTs crpyMmy Ginema. AKnio Bupid 8 IOPCTKO NOBEPXHEIO 3AHYPHTH
fAK aHOJ| B eJIEKTPOJITHYHY BaHHY 3 BiIMOBiAHUM YMHOM IiidOpaHuM elleKTpoJi-
TOM, TO METAJI 3 BUCTYNY NePeXOAATHAME ¥ PO3UMH 3 Oib11010 IIBUAKICTIO, HixkK i3
samnajiuH, i MOPCTKOCTI 3riaj:KyBaTHMyTheA. Ha nboMy NPHHOMIL IPYHTYETBCH
eJIEKTPONIOJIIpYBAHHA MeTAJIB, a8 TAKOM eJIEKTPO3aTOYYBAHHA IHCTPYMEHTIB.

‘,‘f{' HdaiTe BignoeBiai Ha 3anuTaHHA

1. AvcTuneoBaHa Boja He NPOBOAMTE ENEeKTPUYHWMIA CTpyM. YoMy BOHA CTae NpoBia-
HUKOM MICNA PO34MHEHHN B HilA conei, kucnoT, nyrie?

2. Homy BONMbT-aMnepHa xapakTepucTUKa ENEeKTPoniTy He NOYMHAETBCA 3 NoYaTky
KOOpAWHaT?

. Wo HaameawTb enekTPoXiMiYHUM eKBiBaNeHTOM PeyoBUHW? Hkuii dianyHuin amict
ctanoi ®apapea?

. flkolo € MaTemMaTUYHa 3anexHICTb MK eNeKTPOXIMIYHIUM EKBIBANEHTOM PEYOBMHK Ta
il BANeHTHICTIO?

. YoMy HaBKONO enekTponiTy, HanNpuknaa, HaekoNo PO34YUHY KYXOHHOI Coni, HemMae
ENEeKTPUHHOro NONR i BiH 303ETLCH HaM He3apsXEeHWM, X04 BCEPeaWHi HbOro €
3apagxeHi NoHn?

6. Yomy onip po34MHiB enekTponiTie 3anexuTs Big Temnepartypu?

L% I - ' |
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Bnpaea 12

1. Crinbkn uacy moTpibHO 1as Toro, mod OpH HiKenwBaHHI Bupody Ha ioro mo-
BepXHi YTBOPHUEBCS [Hap ABOBAJEHTHOro Hikeaio dasrosmin 0,03 mm? Crinskn
eHeprii Gy e sarpaveno npu nsomy? Ilnomia nosepxui Bupo6y nopisaioe 120 enm®.
Hanpyra va knemax saaau — 1,8 B, omnip posunnay — 3,75 Om.

2. CKLIBKH AMHOMiHi 10 BHILIHTHCA 328 BUTPATH eJIeKTPHYHOI eHeprii 1 kBrroa, AKIIo
eJeKTpOoJIis npoBoguTheA mig Hanpyrow 5 B, a KK]I seiel yerarosxu 80 % ?

A\l 3. Ilig uac wikemoBaHHA BHpOOY BUKOPHCTOBYIOTH CTPYM rycruaowo 0,4 A/gm®.

fKol TOBIIMHY IIAD JBOBAJEHTHOrO HIKeJI0 MOMKHA OJEPKATH, HPONYCKAIYH

L yepes eJeKTpoiT ctpyM npotrarom 8.9 ron?

ﬁ 4, Ilix yac enexTponisy posuHHy cipuanoi KucaoT# 3a 2 rog 23 XB BHALIAETHCH

5 J1 BOJHIO 33 HOPMAaJBLHUX VMOB, BU3HAYUTH ollip PO3YHHEY, AKITO HOTYKHICTD

cTpyMy AopieHwe 32,5 Br.

=" 5. 3a uac eleKTpoOaiay BOAM Yepes BaHHY npoitmos sapan 4 kK, i npu nsoMy Bugi-

aunocek 0,4 1 pojauio npu Ticky 128 klla. BusHauuTH TeMIIepaTypy BOJHIO.

§ 20. EnekTpnyHuia CTpym y rasax

MexaHiam enexTponpoBigHOCTI razie. 3 kypcy ¢ismkm 9-ro Kiaacy HaMm
BiJIOMO, 110 B IIPUPOJL MasH € JieleKTPHKAMH, 60 3a ITUX YMOB Y razax Maixe HeMac
BLUILHHX HociiB 3apany, pyx AKHX Mir OM cTBOPHTH eJeKTpudHHHA cTpyM. IIpore,
IIiJ 30BHIIIHIM BILIMBOM, HANIPHEJAA BHCOKOI TeMIepaTypH, vV rasi 3 spiasoThCs
3apAIMKEH] YACTHHKI BHACIIOK Bi [IIEIIeHHA B11 ATOMIB raay oqHoro abo 1eKiIbKoX
eleKTpoHiB. K peaynesTaT — 3amMicTs HENTPAIEHOIO ATOMA MAEMO IO3UTUBHUH HOH 1
eeKTpoHH., YacTHHA eIeKTPOHIB, 110 VTBOPHINCH, MOXKe OYTH 3axorieHa iHmmMu
HEeNTPaIbHHMH ATOMAMH, i TOAI 3’ ABJIATECA IIe H HeraTHBHI HoHH. Posnmaa Moreryn
rasay Ha eJIEKTPOHH Ta HOHH HABMBAETBCA LLOHI3ayicio zasis.

HarpieagHA rasy /o BUCOKOI TeMIIepaTypH He € eMHHHM ciocobom HoHizamii
y MoJeKys a6o aTomis rasy. Morisanis rasy moxxe pinyeaTuca mij BmimeoM in-
IIHX 30BHINIHIX YHHHWKIB: PEHTTEHIBCLKHUX NPOMeHiB, IpOMeHiB, 10 BHHHKA-
H0Th [IiJ Yac pajgioaKTHBHOIO po3nagy, KocMiYHUX npoMeHis (dorofioriszanmia).

KinskicHOK XxapaKTepHCTHKO Npolecy WoHizanii € inmexcusricms itoHisa-
yil, BUMipHBAHA KiJIBKICTIO Map NPOTHJIEKHAX 34 3HAKOM 3apAIKeHNX YaCcTH-
? HOK, III0 YTBOPTLCA B OIUHHIL 06’eMy rasy sa OAMHHILIO YACY.

Vonisania aroMa BUMarac BUTPaTH NMeBHOI eHeprii — eHeprii #onisanii. Maa
itoHizanii aroma (um MoseKyiK) HeobOXinHO BMKOHATH poOOTY IIPOTH CHUJI B3aEMO-
Jil MijK BUDBAHUM €JIEKTPOHOM TA IHIMAMH YACTHHKAMH ATOMA (4H MOJEKYJIHN).
IIs pobora HasuBaeTbeA podomoiwo florizawil (4;). Bennuuna poborn fionizanii aa-
JEeXUTh Bif xiMiunol NPUPOAH rasy i eHepPe'mqnom CTAHY BUPBAHOTO eJIEKTPO-

HAa B aToMmi abo MoJIeKVJIi.

! IMicns npunuHesHs Ail loHizaTopa KinbKicTh HOHIB B rasdi 3 yacoM 3MeHIITY-
€ThCA 1, Bpemri-pemT, HOHM 3HUKAIOTE 30BCiM. SHUKHEHHA HOHIB NOACHIOETHCSA
pexombiHanies. Wonn i eJIeKTPOHU OepyTh y4acTh y TEIIOBOMY pyci, a ToMmy
CTHKAIOTHLCA OJHH 3 O0HUM. 3iTKHYBIUNUCE, IO3UTHBHUH i10H i e1eKTPOH MOMKYTh
4 g’eqHaruca B HefiTpanbHuUil arom. Tak caMo IpH 3iTKHeHHI NO3MTHBHOTO i He-
FATHBHOTO HOHIB HEraTUBHUIN HOH MOMe BijaTy cBiil HAJJIMITKOBHI eNEeKTPOH
MNO3UTUBHOMY HoHY i 00u/iBa HOHM NepeTBOPATHCA HA HEHTPAJbHL ATOMH.

V¥ nporneci pexombinanii moauTHBHOrO ioHA il esekTpoHa abo ABOX HOHIB BH-
BLIBLHAETLCA IIEEHA eHeprif, pieHa eHeprii, 3aTpadeHiii Ha Horizanio. YacTkoBo

-
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BOHA BHIIPOMIHIOETLCH ¥ BUTJIALL cBiT/IA, caMe ToMy pexoMOiHanis HoHIB cympo-
BOJUKYEThCH cBiueHHAM (cBivueHHs pexoMbinanii).
Honisosanuii ras e OPOBIIHAKOM.

;r“ ! E.I?EKTDH'-IHI.-‘IFI CTPYM, LLO NPOX0ONTL Yepe3 ral, Ha3vweawTe ra3oBMM PO3PARLOM.

EleKTpHYHHM CTPYMOM Yy rasi € cupsiMOBaHHI PYX HO3HTUBHUX HOHIB 10 Ka-
TOJa, 4 HeraTHBHHUX HOHIB i enexTpoHiB — 1o anona. ITosauit erpym y rasi ckiua-
JAEThECA 3 JBOX MOTOKIB 3apAMKeHNX YaCTHHOK: IIOTOKY, 1110 #ije 1o aHoja, 1 no-
TOKY, CIpAMOBaHOro no kKaroga. Ha emextpogax BigOyBaerbcsa Helirpanisanis
3apAIMKEHHX YACTHHOK, AK 1 ¥ BHIAJKY IPOXOJUKeHHA eJIeKTPHYHOIO CTPYMY
Yyepes po3urHH i po3iiaBy enekTpoaitie. [Tpore v razax BijicyTHE BUIiIeHAA pe-
YOBHWH HAa eJIEKTPOJax, AK I[e Mae Miciie B posunHax enekrpoiitis. ['azosi ifonu,
miiHIIOBIIH 0 eIEKTPO/IIB, BifAaoTh IM ¢BOI 3aps/iH, [TePEeTBOPIIOYNUCE HA Heli-
TPAJbHI MOJIEKYJIH, 1 mudyHayvioTs Hasay v ras. Ille ogna Bigminsicrs erpyMy B
HOHI30BAHUX IA3aX BiJl CTPYMY B pO3uYMHAX (POSILIABAX) JIeKTPOJITIE HoasArae
B TOMY, IO HETATHBHHMN 3apAJ B rasax nepeHbcHTHCA HepeBarxHO eJIeKTPOHaMU,
a4 He HEeraTHBHHMH HOHAMM, XOUAa IPOBiAHICTE 38 PAXYHOK HEraTUBHHX HOHIB
TAKO MOJKe Bi[irpaBaTH IIeBHY POJb.

V rasax DOEQHYETBCS €JIEKTPOHHA NpOBiaHicTL, nozibHA A0 NPOBiAHOCTI
MeTaJiB, 3 HOHHOIO HNpPOBigHICTIO, MoAiGHO 0 NPOBILHOCTI BOJHUX PO3YHHIB 1
PO3MNAaBiB eleKTpoTiTiB.

HecamocTiiAinmii Ta camMoOCTIHWIA ra3osi poapsaawv. PosrasgHeMo cxemy,
soOpaskeny Ha maJ. 91.

Mi mIacTHHAMH INIOCKOTO KOHAeHcaTopa K micTurhes nmosiTpsa mig armoc-
(hepHUM THCKOM 34 KiMHATHOI TeMuepaTypu. SIKIo [0 KOHAeHcATOpa IPUKIA[eHa
Hampyra y JeKkiJsKa coTeHb BOJIBT, 4 HOHizaTop S He npaifioe, To raatbBaHoMeTp (¢
CTPYMY He peecTpye. K TIIBKH NPOoCcTip MidK NJACTHHAMHK KOHAEHCATOPA 1049 HHAE
HoHi3yBRaTHCA (HAIIPHKJAZ, TOTOKOM VJILTPa(ioeTOBOr0 BHIIPOMiHIOBAHHA Bij
Jxepena S), raJbBaHOMETD NOYHHAE PeecTpyBaTH cTpyM. Lleit crpymM i € Hecamo-
cmilnum pospadon.

Omixe, HecamocmiliHuil po3pad B rasi € peayabTaTOM IepeHeCeHHA 3apAny
€JIeKTPOHAMHM, IO3HTHBHHMH i HeraTMBHMMH HOHAMHM, HAABHICTH i KiJNBKicTB
AKHX 3YMOBJIEHI gi€0 HoHizaTopa (pagioakKTHBHOrO BUIIPOMIHIOBAHHSA, CBiTHA,
KOCMiYHHX IIPOMEHIB TOLIO0), & TAKOMK 34JI€KATH BiJl THCKY rasy i HANpPY:KeHocTi
eeKTPUYHOI'O MOJIA B TA30BOMY NPOMIKKY.

OnHouacHO 3 npolecoM HoHizanil B rasi mpori-

S },T\ Kae i mporuae:xHUH npouec pexkomOiHanii HoHIB.

SKImo 10 KOHAeHCATOPA He IPHKJIAJAeHa 30BHIIIHA

‘I K HAIIpyTa, TO V IEBHUHA MOMEHT 4yacy B polodomy

v of’eMi KoHJleHCaTOpa BCTAHOBJIIOETHCA AHHAMIYHA

11 o) + piBHOBAra, 3a AKOL MBUIKICTL HoHI3amll (KiNBEKiCTE

— ——4  jiouiB, 1m0 YTBOPIOIOTHCS B OAMHHILIO YACY) CTAE PiB-

HOW0 MBHAKOCTI pexomOinanii #onis. Akmo mik

. IJIACTHHAMH KOHAeHCATOPAa iCHYE eJIeK TPHYHE [T0J1e,

=lé TO YACTHHA HOHIB JOCATHE ILIACTHH, 1HINA YACTHHA

I perkomOinye. [3 30inbineHHAM HATIPYIHM MIXK IIac-

Man. 91. Cxema ycraHosku ans ~ THHAMH KOH/IEHCATOPA LIPOLeC HOHIZALIl MOJIEKYJ
OOCNIAKEHHA PO3PAaY B rasi ra3y NoUMHAE NepeBaxaTH npoiec perkombinaii.
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Ha maun. 92 sobpaseHo gobm-amMnepry xapak-
mepucmuKy 2a306020 poipady. 3 MANIOHKAa BUIHO,
[0 38 HEBEJMKUX HAIPYI CHJIA CTPYyMY JiHIHHO
3aJeKHUTh Bifl Hanpyru (ginsaka OA), oTke TyT
cnpaBmxKyeThes 3akoH Owma. Ha ginasni AB
CTPYM B3pOCTae IMOBLIBHIIIE — TYT BaleXKHICTh
Heniniiina i sakon Oma He BuroHyeTsed. [linanka
BC xapakTepHayeThCfl CTPYMOM HAcHUYeHHA I, —
MAKCHMAJBHOK CHJIOK CTPYMY, MOKJIHBOK 34
JAaHWUX iHTeHCHBHOCTI HoHizamil, THCKY rasy i Ha-
NPYKeHOCTIeeKTPUYHOr0 I0JIA , KOJIH BCi yTBOpeHi
oHH i eIeKTPOHY, HE BCTUrAUYH pekoMbinyBaTn,

N RVl 89 |
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Man. 92. BoneT-amnepHa
XapakTepucTKa ra3oBoro

JIOCATAI0TH eJIeKTpoAin. HKnto i naxi migsumyysaTn po3paAay

HAIPYTY, BiadyaeTbea npobiil razaoBOro npoMixKy

(ninsuka CJT) it HecaMocTiHHUE po3psa nepeiijie v camocmiiinuil, TobTo Takuin
rasoBHH po3pan, AKUN BiabyvBaeThcA W micnAa NpUNHHeHHA Ail 30BHIMIHLOrO

HoHizaTopa.

»
fri came npuuyuHM pisxoro 36iNbINEHHSA CHJIH CTPYMY 3a BeJIHKOI Hampy-
ru? PoarisHeMo mapy sapAIxeHHX YacTHHOK (ITOBMTHBHHI HOH i elleKTPOH),
MO YTBOPHMJIACHA 3aBAAKH A1l 30BHIMIHLOTO HOHIZaTopa. BinbHUEA eNeKTPOH, U0
3’ABUBCA ¥ TAKHUA crnocih mounHae pyxXxaTHCH 10 NOBUTHBHOIO eJeKTpoaa — aHo-
Ja, a MO3UTHBHHM oH — 0 kaToxa. Ha cBoemMy minaXy eeKTpoH aycTpivae HOHH
i mHeliTpaaeHi aToMH. ¥ NpoMiXXKax MiK JBOMAa [OCJIiJOBHMMH 3ITKHEHHAMH
eHeprisa eJeKkTpoHa 301AbIIVETHCH 38 PAXYHOK POGOTH CHJI IeKTPHIHOTO MO,
Yum Ginbina pisHALA NOTEHIIATIBE MiX eJleKTPoJjaMH, TUM GiibIna Hanpyse-
HicTb enexTpuuHOoTo nojsA E . KiHeTuuHa eHepris eleKTpoHA nepej] 4eproBHM

BiTKHEHHAM NPONOPIiiiHA HANpPY!XeHoCTi moaAa i JOB¥XkKHHI BinsHOro mpobiry
2

eJeKTpoOHA A, Lo S qEM .

EnekTpuyHuia po3paay rasi, Wwo séepiraeTeCa NiCNA NPUNUHEHHS il 30BHILLIHBOrO
oHi3aTopa, Ha3MBaETLCH CaAMOCTIHHUM ra3oBUM PO3PALOM.

frio KigeTHYHA eHepria ejlekTPoOHA NepeBHINYe oTeHnian Horisamii A,, To,
3iTKHYBIIHCH 3 aToMOM abo MOJeKyJ0i0, BiH ix HoHisye. ¥ peayabrari samicTh
OMHOIO eJJeKTPOHA MaTHMeMO ABa (Apyruil — BHOMTHH 3 aToMA). ¥YKe IBA elleK-
TPOHHU NPUCKOPIOIOTHLCA M0JIEeM Ta HOHI3YIOTE aycTpiuHi aromu i T. 1. Bracaigox
ILOTO KiIbKiCTh 3apA/IKeHUX YACTHHOK
IIBUJAKO 3pOCTAE, BHHUKAE eeKMPOHHA
aasura(man. 93). Hlo crocyerses foHiB,
TO BOHH, PYXAKUYUCh B €JIEKTPHUHOMY
MOJIi, TAKOIK 301IBINVIOTE CBOIO €HEPrilo.
AJre moBHiCTIO BigaTH 11 HEHTpAJIEHOMY
aroMy (Monexkyni), THM caMHM HOHi3Y-
WYH Horo, HOH He MOKe, OCKiIbKHM Mae
Macy cyMmipHy 3 macoio atoma. Ilig gac
3iTKHeHHA BinbyBaeThCA JUIIE TIepena-
BAHHA YACTHHM KiHeTUYHOI eHepril (Ak
MiK DinmBAPIHMMH IIAPAMH).
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Man. 93. Cxema npouecy yaapHoi MoHizauil



EANEKTPOAMHANMIKA,

OnucaHuii mponec HA3UBAKTL UoHIZayiclo enexmporHum ydapom. Ane caMa
ifloHizaliA eJIeKTPOHHMM VIAPOM He MOXKe 3abeameumTH MiATPHMKY caMocTiii-
HOro poapazny. Cnpasji, afe Bl eIeKTPOHH, 10 BHHHKAIOTH ¥ TaKHii crocid,
PYXAKTLECA 0 AHOAA 1, IIicJsa JOCATHEHHA aHoAa, «BUOYBAKTE 3 rpus. na oig-
TPHMKH po3psaay HeobxijHa emicis eJeKTPOHIB 3 KaTOAA, AKOI MOMHA AOCATTH
KiJBKOMa criocobamu,

|

i naHTE BiAnNoBIAI HA 3anNMTaHHA

- 1. Ak BinGyBaeTbCA ioHiI3auUis rasie? HasegiTe Nnpuknagw MoHI3aTopis rasy.
2. MNMoACHITL BONbT-aMNepHY XapakTepucTUKyY HECAMOCTIIHOro po3psaay B rasi.
3. MoAcHiTb ABKMLLE YAAPHOT MOHI3auil.
4. Fkuin poapaa HA3UBAK Te CAMOCTIMHMM?

§ 21. TexHiyHe BUKOPUCTAHHA CAMOCTIAHOIO
rasoBoro po3psay ta nna3mu

PiaHi BMon camocTiiHOro poapany Ta iX BUKOPWUCTaHHA. 3aje)KHO Bij
BJACTUBOCTeH i cTAaHY rasy, XapakTepy i po3TallyBaHHA eleKTPOoJiB, A TAKOMK
BiJl HpMKIafeHol 10 eJeKTPOMAIB HANDYIH BHHHKAIOTH PidHi BUAK caMocTiiiHOrO
pO3pANY, a caMe: TJIil0unil, KOpOHHHNH, iCKpOBHIL Ta AYTrOBU poapaAaH.

Tarirouuit po3pad cnocrepiraerhes B rasax abo mapax 3a HU3BKOTO THCKY (Y
MesKax JeKiabpKa JecaTKiB MisiMeTpiB pTYTHOrO cTOBOA i MEHINOTO).

Ha man. 94 zobpakeHa ycTaHOBKA JJIA OTPEMAHHA TIII0Y0T0 PO3PAAY B I'aso-
poapanrii Tpydui. Exexrpoan razopoapaarol TpyOKM nig e AHYIOTE J0 [IKepena
NOCTIHHOTO CTPYMY 3 HANIPYTOI0 B AeKiabKa THesd BoabT. HacocoM BigkauyooTh
nositpa 3 Tpyoku. (IIpu armocdepHoMy THCKY ras yeepeuHi TpyOKH HoHI3yBaTH
He BAAETHCH, OCKLJILKH JaHol HaIpyrd HeJocTaTHLO. ) Ilicna sMeEIIeHHEA THCKY
razy npubnausuo go 40-50 MM pr. cr. B TpyOLi coocrepiraeTbed BY3SBKHIEA IIHYP,
10 cBiTUTheA. [lounHAETHCA cAMOCTIHHMEA rasoBHH poapsaj. 3a THCKY DIMSBKO
0,5 MM pT. CT. PO3PAJ] 3AIMOBHIOE BCIO TPYDKY, IPHUOMY CTOBI Dins aHona po3du-
BAETHCA HA PAJ INADIB, JOBKHWHA AKHUX i3 3HHIKEHHAM TUCKY 3pocTae. JacTuHA
CBiTHOrO CTOBIA, MOJiJeH] TEMHMMH NPOMIXXKAMH HA3WUBAKWTHE cmpamami. 3a
THcKYy 6auabko 0,02 MM pr. cr. cBiueHHA B TpyOui cinabGmae, cTpaTu nponajga-
}0Th, JI€ ACKPABO IOYMHAE CBITHTHCA CKJIO HABIIPOTH KATO/A,

Man. 94. YcraHoBka ona oTpUMaHH:A Man. 95. MazooceiTHi TpyOKKW HEOHOBOI peknamMm
TRIK4O0ro po3pagy
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3asexHicTE (QOPMH TIIOYOr0 PO3PAAY BL THCKY
rasy jAa€ MOMKJHBICTH BUKOPHCTOBYBATH TJIiIOUHIH
po3psAA y BAaKYYMHIM TexHINl AJsa nonepexHbOl
(BisyanbHOI) OI[iHKH CTYHEHSA HOro po3pijKeHHA,

Tairounii pospsAl BHKOPHCTOBYETBCA TAKOX B
rasocBiTHUX TpyOKax (man. 95), maMnax HeHHOTO
cBiTaa, crabimizaTopax Hanpyrd, AJd OTPUMAaHHSA
eJeKTPOHHHUX 1 HOHHMX nyukis Tomo. Axmo B Ka-
ToAi 3pobHMTH WIIIMMHY, TO Kpisk Hel B mpocTip 3a
KATOJOM IPOXOOATEL BY3bKI HOHHI IyYKH. Man. 96. KopoHHwii po3paa

3a HOpMAaJBHOrO THCKY B rasi, mo nepebyBae B
CHJILHO HEOJHOPiTHOMY eJIeKTPHYHOMY ToJii (Hanpukiaan, 6iasa sarocrpens abo
[LPOTiB JiHIH BACOKOI HAIPYTH) CIOCTEPIiraeThCA PO3pAM, cBiTHA 001acTh AKOTO
qyacTo Harajgye Kopony. Tomy iforo i Hassanu woponHum (maiu. 96).

T'yeruna sapsany Ha noBepXHi OpOBIAHUKA TUM Oiibina, yum Giibina Horo KpH-
Bu3Ha. Ha BicTpi rycTuHa 3apAny MakcHUMAalbHA, TOMY HABKOJIO BiCTpS BHHHKAE
cHILHE esleKTpuuHe none. Komu manpyskenicrs nosnsa nepesumye 3 - 10° B/wm, na-
cTae po3pAj. 3a TAKOI BeJIMKOI HAIpy eHOoCTi HOHI3aliA 3a J0I0oMOro0 eJIeKTPOoH-
HOT'O yAapy BibyBaerses npu arMocepHOMY THCKY. 3 Bi/JAIeHHAM Bij MoBepxXHi
NPOBIAHHKA HANPYXKEHICTh MIBHAKO 3MEHIIYeThes. Tomy HoHizania i nmos’azane
3 HEl0 CBiYeHHA ra3y crocrepiraeTbcA B o0MerxeHil minaHui npocropy — mobansy
KOPOHVIOUHX eJIeKTPOJiB. ¥ pa3i KOpOHYBAHHA KaToja (HeraTHBHA KOPOHA) esek-
TPOHH, IO BHKJIMKAKITE VAAPHY HOHIZaLi0 MOIEKyJ ragy, BUOMBalOTECA 3 KATOLa
BHACTiIOK OombapayBaHHA HOTO MO3UTHBHHUMH Horamu. K10 kopoHye aHop (mo-
3UTHBHA KOPOHA), TO HAPO/KEHHSA eJIeKTPOHIB BinbyeaeTnes BHacaiok doroiioni-
samii rasay nobam3y aHoma.

3a JOCTATHBEO BHCOKOL HAIIPYTH MiK eJIeKTPOoAaMH KOPOHHUHN po3psa] nepexo-
JIUTh B iCKPOBHI. 3 MiIBHIIEHHAM HATPYTH KOPOHHUH po3pAA HA BicTpi HabyBae
BUTJIAAY CBITJIMX IIOJIOC, IO BUXOAATH 3 BiCTpA.

3apamKeHa IPO30BA XMapa iHAYKye Ha MoBepxHi 3emJi mig coboio eleKTpHY-
Hi 3apaay npoTuiaexHoro saka. OcobiuBo BeJHKHH 3apAj CKYIYYETHCH HA Bi-
crpax. Tomy nepepn rpozoro abo nij yac rpo3y HepiKo HA BiCTPAX 1 rocTpUX KyTax
BHCOKO IMJJHATHX MPEIMETIiB CIATAXYIOTh CX0Xi HA TeH3ANKH KOHYCH CBiT/Ia.

Koporuuii po3paa 1oBOAUTHCA BDAXOBYBATH, MAIOYH CIIDARY 3 BHCOKOIO HANIPY-
roi0. 3a HaABHOCTL BUCTYNAIOUHX YaCTHH a00 Ay:Ke TOHKHX JPOTiB MOKe [0YaTHCA
KOpoHHMI poapsan. Ile mpuaBogUTE 10 3HAYHHUX BTPAT eJieKTpoeHeprii. Yum Buima
HATIPYTA BHCOKOBOJIBTHOI JIiHi1, THM TOBCTIiIIHMH MaIOTh OVTH JAPOTH.

Kopornuit po3pAaj, BUKOPHUCTOBYIOTH NJIA EJEKTPHYHOTO OYMINEHHA rasis
(emexkTpodineTpn). [locyauua, HamoBHEHA TUMOM, HECHOAiBAHO cTae aBCOIOTHO
Ipo30pPOo, AKIIO0 BHECTH A0 Hel rocTpi MeTajeBi eneKTpoaH, CHOOJIY4YeHi
3 eJeKTDHYHOK MAINHHOKW; yci TBepal i pifki YACTHHKH oOCiIATHMYTH Ha
enekTponax. IlossicHeHHsA ABHINA MOJATAE B TOMY, M0 AK TiAbKH 6ina mpoTy
3amaJIeEThCA KOPOHA, MOBITPA yeepeAHHI TOCYAMHN CHJIBHO HoHisyeThes. ['asoBi
JiOHM NPHIHNAKTE A0 YACTHHOK NHUAY i sapajyxanTs iX. OckinskH ycepeguni
OOCYAMHM JIi€ CUJIbHE eJIeKTPHYHE 110JIe, 3apAAsKeH] YACTHHKH IAJY PYXAKThLCA
mif i€ MoaA 40 eleKTPoniB, Ae il ocigawoTs. KopoHHuit po3psaj BUKOPUCTOBY-
€ThCA i B IIYHIBHHUKY eleMeHTapHUX yacTuHOK [eitrepa—Miosnepa, mpo skuii Bu
JisHanuch y 9-my kaaci i AKMH MU TeTajbHiNIe poariasHeMo y poagini «Hgepua
(hpizukas, BUBUAIOUHM MeTOOHU peecTpanii paioaKTHBHUX BHIIPOMiHIOBAHB,

PosaAiA 2 EAEKTPUUHWUE CTPYM I!I-.-
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Iexposuit pospad (man. 97) BUHUKaE
B Tasi Npu HOpMAJLHOMY THCKY 3a HAfAB-
HOCTi eNeKTPUYHOIO MOJIA HampyikKeHic-
TIO, HE MEHIIOI 3a HAIPYMKEeHIiCTh mpo-
oo (ana noeitpa ne 3 MB/m). Orxe,
AKIIO0 MOCTYNOBO 30LIBIIYBATH HAUPYTY
Mi3K BMiIIeHHMH B aTMocdepHe mopiTpa
eJIEKTPOJAMH, TO NpH Hanpysi npoboio
MiX HHUMH [IpPOJiTAE€ ICKpPOBMH pO3pHAI,
AKHWHA 3 BEJIWYE3HOK IIBHAKICTIO IMPOHHA-
3y€ IPOMIMKOK Mi¥ eJleKTpoJaMH, FacHe i
3HOBY BHHUKAE, TAK II0 0Ko 6aYATL OIHY
CVILIBHY ICKDY.

Kpacuge i Hebeaneune ABUIE TPHPO-
Iu — OAUcCKA8Ka — € iICKPpOBUM PO3pAJLOM
B aTMocepi.

Hanpy:xeHicTe mosisa, 3a AKOI HACTAaE
ickpoBuil npobiii rasy, mMae pisme 3Ha-
YeHHHA V PI3HHX TrasziB 1 3aJeKHTE Bijg
ix crany (THCKy, TeMmneparypu). Ymm
Oiiblna BifilcTaHbL MiK eJeKTpoJaMH,
THM noTpibHa Ginbina npodMBHA HAanpyra

Man. 98. EnekTpuuHa ayra JUIsl HACTAHHHA ickposoro npobow rasy.

3HawuK, AK 3aJEMHTE Hanpyra npodomw

Bin Bifgerani mim enexrTpomamMu Oyab-fikol neBHol (hOpMH, MOMHA BHMIpDATH

HeBIIOMY HANPYTY 38 MAKCHMMAJbHOK [0BXKUHOWI ickpH. Ha nbomMy ocHoBaHHMH
[IPHCTPiH — ICKPOBHHA BOJLTMETD — AJIA rpy06ol OLiHKK BeJJHKHX HATIPYT.

IckpoBHil 3apan, AKHI BHHHKAE M eNeKTPOJaMH «CBIYKM 3alnajeHHdA»
BHKOPHCTOBYETLCA JJIA 3aNaN0BaHHEA pobouol cymMilil B ABUIYHI BHYTPILTHEOTO
3ropaHHs.

Ao sananuTy icKpoBHiT Pospsf, a MOTIM MOCTYNOBO 3MEHIIVBATH eleK-
TPHYHHMIH OIip KOJia, 3MEHIIVIOUH BiCTAHE MiXK eJIeKTPOLAMH, TO PO3pdaj Iepe-
iijle 3 nepepuBYATOTO vV DesnepepBHHAl — BHHHKHE HOBUI BHJ 'a30BOT0 PO3PALY —
dyzoeuii. IIpn mboMy cuIa CTPYMY pi3KO 3pocTae, JoCATAUN NeCATKIB 1 COTeHD
aMnep, a HAIpPyra Ha PO3psAHOMY IPOMIMKKY NaJa€ 10 KiJTbKOX JeCATKIB BOJIBT.

Jyroeuil pospsajg MoKHA OTpUMaTH, 0OMHHYBINM cTajiin ickpu. ¥ 1802 p.
pociiicernit ¢isux B. B. Ilerpos (1761-1834) BuHANLIOB €JeKTPHYHY AYVIY
(mam. 98).

OcHOBHOIO MPHUYHHOKI AVIOBOro po3psay € iIHTEHCMBHE BHIYCKAHHA €JIeKTPO-
HIB po3;KapeHHM eJIeKTPoJAoM. EjeKTpoHH NpHCKOPIIOTLCA eleKTPHYHHM I0-
JeM i sAiCHIOITE YAapHy HoHisanio mogekya rasy. Hemany pons Bigirpae npu
LOMY 1 TepMivyHA HOHIZAIlIA MOJEKYJ HABKOJIHIITHBOTO CepeloBHIIA.

OcobmMBO IMIMPOKO BUKOPHCTOBYETHLCA EMEKTPHYHA 1YTra [IJ1s 3BapOBaHHA Ta
pizaHHA MeTaJsiB.

Y 1888 p. pociitcernii yuenni i punaxigauk M. I'. CnassaHos ynepie B cBiTi
IIPOBiE eJIEKTPO3BapOBaAHHA. BeIMKUH BHECOK V¥ TEXHOJION IO eJIeKTPO3BAPIOBAH-
H#A 3pobue Ha BiTunaHAHAN yuyenni €. 0. Ilaron. Ceorojxi eJieKTpo3BapoBaH-
HfA BA4CTOCOBYETBHCA B aBTOMODOiINBHIN ranysi, apiabynyBanui, cyasoDynyBaHHI,
OVAIBHMIITEL Ta IHIINX BHCOKOTEXHOJONYHNX raJyaax.

Man. 97. lckpoewia po3pag
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Buacninox BHCOKOI TeMIepaTypH eJek-
TPOM AVIH BHITYCKAIOTE CJLITVYe CBiTJIO, i ToMY
eJIEKTPUYHA JIYTa € OJTHUM 3 Kpalux J:Hepes
cBiTna. BoHa cnoxmuBae Bchoro 04m3nko 3 Br
HA KaHJeNy i € 3HAaYHO eKOHOMIYHIIIoW, HiMx
Halkpami JjgaMnou posskapooBaHada. Eaex-
TPHYHA Jyra BIepIle OyJa BUKOPHCTAHA A
ocBiTnenHsa y 1875 p. pocificbKHM iHKeHepoM-
puHaxigauxom II. H. HbomoukoBum (1847
1894). Man. 99. KceHoHoBa namna
) OnHEUM 3 TPUKJAAIB BUKOPUCTAHHA JVTO-
BOT'O PO3PAAY AJIs OCBIT/IEHHA MOKYThH OYyTH
KCeHOHOBI JaMnu. ¥ HUX CBIiTJIO CTBOPIOETHCH
JAVIOBUM PO3PAJIOM Mix JBOMA eJIeKTpOgaMu,
fAKI BMimeHl B Kouly, 3alOBHEHY IHEPTHUM
rasoM KceHoHoM (Mas. 99).

h Vei B MabyTe uyay Ipo CydacHi eHepro-
sbepiraroui gamnu (man. 100). Ie amominec-
HeHTHiTaMIn(pPTYTHIIaMIHHU3BKOTOTHCKY),
B AKHMX TAKO¥ BHKODPHCTOBYETECH T'a30oBHH
pospan. Taka maMna mMae KoJgOy y BHUIIALL
( TPYOKM, BUMOTOBJIEHOI 31 CKJIA, HA KIHIAX AKOT

pnasHienexTpoau I. Konba naMnu HanoBHeHa
JO30BAHOK KiJIBKICTIO iHepTHOro rasy i
pryTi. ¥ mux napax i BigOyBaeTbcsa AVIOBHH
poapan. Enextporu 2 cHoiBylapAwTbhed 3
ATOMAMHM PTYTi, BHACIIZOK Y0T0 BUIPOMiHIOETHCA VibTpadioserose cBiTio, AKe
IMOTJIMHAETHECA JloMiHOGoOpoM 3, AKHM [IOKPHTA BHYTPILIHA MOBEpPXHA CHJIAHOI
L konbu. JlroMmiEOMQOpP BUIPOMiHIOE BHAUME CBIT.IO.

IMoTyxue piepeno yapTpadioneToBOro BHNPOMIHIOBAHHSA, SKEe 3aCTOCOBY-
eThCA B MeauIMHi, Oiosorii, TexHini, cirsceKoMYy rocnojgaperei, MmegTexHini, €
AYTOROIO PO3PAIHOK PTYTHOK JIAMIIOK BHCOKOTO THCKY.

L Mnaama Ta ii BnacTueocTi. NMpakTuyHe 3acrocysaHHda nnasmu. Iliasmy
Ha3WBalOThH YEeTBEPTHM CTAHOM pedoBuHH. Maiike BCi peuYOBHHH 3a IIOCTVIIOBO-

ro NiABHIIEHHA 1X TeMIOepaTypH Big abcomOTHOTO HYIA TPOXOAATE MOCTIJOBHO

Taki craHM: TBepAMiH, pigkuit, razonoaibumii, muasma (Big rpenskoro plasma —

oopmueHe).

%E Nnasmow Ha3nBalTh 4acTKOBO abo NOBHICTIO WOHI30BaHWIA a3, B AKOMY

KOHUEHTPAaLIA NO3UTUBHKUX | HEraTUBHWX 3apsiB NPakTMYHO OAHAKoBa, To6TO B
, LinomMy nnaama e enekTpUYHO HeRTPanbkHOK CUCTEMOID.

Man. 100. Eneprosbepiraw4i namnum

[Trasma oTouye Hamy 3eMJI0 y BEIIALL Honocdepu, sabesneuyiodn cTiiKkAi
pagio3B’a3ok. [Inaszma 3anoBH0OE yBech BeecBiT v BHIIAAi Aye po3pimxeHoro
MiKTIJIAHETHOTO rady. ¥ cTaHi niasmu nepebyBsac mepeBa’kHa YACTHHA DEYOBHHH
! Beecsity — 3opi, sopani armocdepn, TyMaHHOCTI, ralakTHYHe i MimKaopAHe
cepenoBHine. Haperri 3 nnasmu ckiajgaeTsea Hame CoHue.

Bina 3emuni nnasma iceye y Buraani conaunozo eimpy (man. 101, a), mo samnos-
HIOE MarHiTocthepy 3emri (yreopioroun pamianiiiai noacu 3emui) ta ioHochepy.
Consunuii piTep BnmBae Ha Bclo COHAYHY CHCTEMY, IOYHHAIOUH 3 rejgiocdepH.
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Man. 101. CoHs4HMiA BiTEp (@) Ta NnonapHe CAUBo ()

leniocdepa — ne couguHe MATHITHE I0JI€, PO3AYTE COHAYHUM BiTpom Ha Bcio Co-
HAYHY CHCTEMY.

Yepesd 3iTKHEHHA YACTHHOK COHAYHOTO BiTPY 3 BEPXHIMH mapamMu armoche-
pu BinbysaeThea tonizania i 36yvkenns i1 aromis i moserya. BunpoMminioBaHHA
30yKEeHNX ATOMIB crocTepiraeThes AK noaapue caitso. IlpomecaMmu y HaBKOJIO-
gdeMHiH niuasmi saymosneni maraitai Oypi, nonapHi caisa (man. 101, 6).

DizukiB niasMa COOYATKY IIKABHJIA AK CBOEPIAHMIA NPOBIJHUK eJeKTPHY-
HOT'O CTPYMY, & TAKOXK AK JxKepesao cBitna. HuHi (izuvHi BJIaCTHBOCTI NJIa3MH
pPeTelbHO AOCHIMKYIOTE 3apaay 0araTboX iHIIHX 3aCTOCYBaHB.

Byab-aka ninasMa XapaKTepH3YETbCA cmynexem loxizayil a — BigHOImeH-
HAM KIJIBKOCTI HOHI30BAHMX YACTHHOK [0 NOBHOI 1X KinbKoCTi B oguHHAII 06’ eMy
J1a3MH. 3aJIe’KHO Bij 3HAUYEHHS @ FOBOPATHL Npo cnabko (@ cTAHOBHTE YacTKH
BificoTKa), moMipHO (@ — AeKijbKa BifgcoTkis) i mosHicTO (@ Oamaskuit g0 100%)
HOHI30BaAHY MJIA3MY.

TInasma e cyMiImImo JeKiIbKOX KOMIIOHeHT, HeoAHaK0oBO HArpiTux. Opnieio 3 mux
KOMIIOHEHT € eJIEKTPOHH, JPYTOK0 — HOBUTUEHI fIOHY i TPETBEOI0 — HEITPAJIBLHL ATOMH.
Bonwu piBrOMipHO nepemimani mizk coboro. IIpore v enexkTpoHiB, ioHIB i HeHTpaas-
HHX aTOMIB ILTIA3MH (HA BIIMIHY BijJi CyMIiIIIl rasiB) cepe/iHA KiHeTHYHA eHepris pisHa.
EnexTponu, AK npasuio, MawThL HabaraTo Oliemry eHepriio, Hisk HoHKM, a KIHeTHYHA
eHeprisa HoHIB MOXKe NepeBHIIYBATH eHepriio HelTpanbHuX aToMis i moaexyr. Tomy
MOJXHA TOBOPHTH, IO ILIA3MA € CYMIIIIII0 KOMIIOHEHT 3 DI3HMMH TeMIlepaTypaMH.

Cain poapisaaTu Tpu pisui remneparypu: enexrponny T, ionny T i aromHy
T,. Bassuuaii T > T, > T,. llyxe Benura pigminnicTs mixk T, i T, 3yMoBJIeHa Be-
JIHUEe3HOK Pi3HHIE ¥y Maci eJleKTPOoHIB Ta HoHiB. 30BHILIH] JKepea eleKTpHY-
HOI eHeprii, 3a JOMOMOI0K AKHX CTEOPIOETHCA i MiATPHMYETHCA MA30BUH PO3PAI,
nepenanTs eHeprin Geanocepe/[HbO @JEKTPOHAM ILIA3MH, OCKIJIBKH came Jierki
€JIeKTPOHH € HOCIIMH eJIEKTPUYHOTO CTPYMY.

ITnaamy 8 iiouHOIO Temueparypoio T'; < 10” K HazuBaloThL HusbKOmMeMnepamyp-
Hoio, a3 Ty > 10°K - sucoxomemnepamypiorn. BucokoreMnepaTypHa mjiasMa €
OCHOBHHM 00’ €KTOM JOCIiJ7KeHHA B A/lepHid (isuii (118 cTBOPEHHA KepOBAHUX
TepMOALEPHAX peakliii cuETesy). ¥ NPpUPOAHUX YMOBAX TepMOAlepHI peakiil
BigbyeawThes Ha CoHui: sigpa ligporeny 3’€IHYIOTHCA OJHH 3 OJHHUM, YTBOPIO-
wun axpa 'enio, npu nboMy BHALNAETHCA 3HAYHA KinbpKicTs eHepril. ITyuna
peaknis repMosepHOro CHHTe3y OyJia 3filicHeHa y BojgHeBii 6ombi.
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HusskoremMmepaTypHa HJjiasMa 3HAXOIUTH 3ACTOCYBAHHA B I'a30pO3PAIHHX
I¥epesax cBiTsa, ras’oBUX Jasepax.

Hafimupmie sacTocyBaHHA NJ1a3Ma 3Halnaa B CBiTI0TeXHiL — B rasopoapan-
HUX JIAMIIAX, 10 OCBiTJIIOIOTE BYJIMUILI CBiTHTECA HeoHOBa abo aproHoBa niasMma.
Jyra eneKTpHYHOI 3BapKH TeXX NJIa3Ma. 3BHUaiiHe MONYM' A Mae HeAKY TeIlIo-
nposigHicTe. Bono, xo04 i cnabko fioHizoBane, ane e ninasmow. IlpuunHEa miel
OPOBIJHOCTI — HEBEIMKA HOMIIIKA HATPiKO, AKUI MOMKHA PO3MI3HATH I10 3KOBTO-
MYy CBiTiHHIO TOTyM 5.

Ilnasma sacTocoByeThbes y 6araTboX pisHUX ra3opo3pAgHEX IPHIagax: sacobax
BigoGpaskenHs indopmarnii, BUIpAMIAYAX eIeKTPHYHOTO CTPYMY, cTabirizaTopax
HATIPYTH, JIA3MOBHX MiJICHIIOBAYAX i reHepaTopax HAJABHCOKHX YacToT. Bei Tax
3BaHi rasosi Jiazepu (reyiii-HeoHOBHI, KpUNTOHOBHIH, HA JlIOKCH1 ByTIJIeIio Ta iH.)
HACHpPAaB/l IIIa3MOBlL: ra3oBi cyMinii B HMX HOHI30BaHI eTeKTPUUHAM PO3PAIOM.

Bnactupocti, XapakTepHi OA8 NAasMH, MAKThH eJeKTPOHH NPOBigHOCTI B
MeTasi (ifOHM, JKOPCTKO 3aKpillJieHi y KpucraniuHii rpatni, HeHTpaaisyoTh ix
3apAnM), a TAKOM¥ CYKYIHICTH BiIbHHMX e/IeKTPOHIB i pyXOoMHX «JipoK» (BakaH-
ciif) y nanienpoBigEnkax. ToMy Taki cHCTeMM HAZUBAIOTE IJIA3MOI0 TBEPAHX TLJI.

IcHyIOTE reHepaTOpM HHU3BKOTEMIEPATYPHOI NJIA3MH — IJIA3MOTPOHH, — B
AKUX BHKOPHUCTOBYETHCH eeKTPHYHA AYTa. 3a JONOMOTO0 JIA3MOTPOHA MOXMK-
HA HarpiBaTH maixe Oyae-akuii ras go 7000—-10000 K 3a coTi i THeAYH] yacTKH
ceKyHAH. I3 CTBOpEHHAM ILIA3MOTPOHA BHHHKJIA HOBA MAJy3b HAYKH — ILIA3MO-
Ba ximia: GaraTo xiMmiunux peakniii mpuckopiooThea abo BigfyeamwTheA NHIIe
B maasMoBoMYy cTpymeHi. ILnasMOTpOHHM 3aCTOCOBYIOTECA i B ripHHYO-pyaHIN
OPOMHCJIOBOCTI, 1 s pisku Metaais. CTBOpeH] TAKOK JIa3MOB1 ABUI'YHH, MAar-
HiTOTiApOAMHaMiuHi enekTpocrannii. EHepreTHuna ycraHoBKa, B AKiil eHeprisa
pobouoro rina (pigxoro abo razonoxibHOro e1eKTPONPORIIHOrO CEpPeLOBHINA, 110
PYXAEThCA B MATHITHOMY IOJIL) NepPETBOPHETHCH DE3NOCEepeIHbO B €JIEKTPHYHY
eHeprio, Ha3MBAEThHCHA MATHITOrijpoAnHaMiuHUM reHeparopomM. Po3pobnarTs-
oA PisHi cXeMH I1J1a3MOBOI0 IPHUCKOPEHHA 3apAKeHHX YACTHHOK.

HaiTe Bignoeigi Ha 3anuTaHHA

1. HaBseaite npuknaam camocTiAHWX PO3PAAIB | NOACHITE YMOBK iX BUHMKHEHHS.

2. lWo HaamealoTb NNasmoro? Fki BhacTMBOCTI BiAPI3HAOTE NNasMmy Big rasy?

3. Yum Bigpi3HAETLCH BUCOKOTEMMNEPATYPHA NNa3ma Bifl HU3bKOTEMNEPAaTYPHOI?

4. [le i 3 AKOK METOK BMKOPWUCTOBYIOTH BNACTUBOCTI BUCOKOTEMNEPATYPHOI | HU3bKO-
TemMneparypHoi nnasmn?

HaiironoeHiwe B po3aini «<EnekTpu4HUA cTpym»

Hanpsamaenwnii (ynopsigKoBaHMiT) PYX 3apAKeHAX YACTHHOK HA3HUBAIOTE eJIeK-
TPHYHHUM cTpyMoM. [[1f BHHUKHEHHA TA ICHYBAHHA €JEeKTPHYHOI'O CTPYMY IIO-
TpibHi: BiNbHI HOCiT 3apany (IO3UTHBHO i HEraTHBHO 3apPAAMeH] YACTHHKH — HOHH,
ENEeKTPOHH) 1 CHIH, AKL CTBOPHOIOTE 1 MiATPHMYIOTE IX VIIOPANKOBAHUH PYX (TAKOK0
CHJIOIO, IK IIPABHJIO, € CHJIA eJIEKTPHYHOIO MI0JIA B IIPOBLIHHUKY).

Cuna empymy I — disuuHAa BeJIHUYNHA, AKA XAPAKTEPH3YE NIBHIKICTH Iepepos-
MOJiIY eIeKTPUYHOrO 3apAAY B IPOBIIHHKY 1 BU3HAYAETHLCA BiIHOIMIEHHAM 3apA-
Ay ¢, [0 MpOHIIOB Yyepe3 INOoNepevYHH Nepepis NpoBifHHKA NPOTATOM AESAKOro

yacy, 10 BeJIUUMHH [[bOTo iHTepBany uacy t, I =% i

.
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Enexmpuyne K010 — e CYKYIHICTE 3’ €AHAHHX MizK cODOI0 ITPOBIHUKAME JoKe- !
PeJ CTPYMY Ta CIIOKHBAYIB eJIEKTPHYHOI eHeprii, B AKX CTPYM BHKOHYE poboTy. |
Saxon Oma — 3aJIeKHICTh CHJIM CTPYMY BijJi pisHHIl noTeHIiaNiB (eJleKTpHY- :
HO1 HAIIPYTH) MizK ABOMA (DIKCOBAHHMMH TOYKAMH €JeKTPHYIHOIO Koja. Bigkpu- :

it y 1826 p. I'. Omom. Bakon Oma mae a8a (hOPMYTIOBAHHA!
J s o0unopidnoi diaanku Korta cuaa ctpymy I B Hill npAMo nponopuiiina Ha-
npysi U, npukaageniit qo pgasol ginaHkH, i obepHeHo mponopriina il onopy
U :

R,I="_. |
R .

Has nosnozo koaa 3 ppepenom crpymy, EPC axoro &, saxon OMa Mae BUIs

Fi= ﬁ, e R - onip 30BHIIIHELOL ALIAHKH eJIeKTPHYHOIO KOJIa, I' — BHYTPIIIHIH
OIIip JKepesa cTPpyMy.

OCHOBHOI0 XApaKTepPUCTHKOI0 JIKepesaa CTPYMY € elexkmpopyuwiiilna cuna
(EPC) — (pisnuna BeWuHHA, 10 XaPAKTEPU3YE €HEPrilo CTOPOHHIX CHJ J3Kepesa
CTPYMY # BH3HAYAETHCA BigHOmIEHHAM poboTH CcTOpoHHIX cuix (tobro cma
HEEeJIEKTPOCTATHYHOIO HOXO/AKeHHA ) 10 IO3UTUBHOTO0 eJIEKTPHUYHOTO0 3apaLy, 1110 "

NEePeHOCHTECA HUMH 110 3aMKHYTOMY KOy, (= —A-‘:’— |

Ha pinanni kona 3 mociaifioBHo 3’€JHAHMMH NPOBIIHUKAMHA BHKOHYIOThCSA
TAKI CIIBBIIHOIIIEHHA:

1) cuna erpymy B yeix npoBigEnKax oguakosa, I =1, =1,;

2) manpyra Ha [UIAHII IOPiBHIOE CYMiI HANPYT Ha KOMXKHOMY NPOBiIHHURY,

U=U;+ Uy
3) saraibHHI onip 3'€AHAHHSA JIOPIBHIOE CYMi OMOPIB KOMHOTO NPOBIAHHUKA,
R=R, +R,.

Hna napanensHoro 3’e/lHAHHA BUKOHYIOTBCA TAKi CIiBBIAHOINEHHA!

1) HanpyTa Ha OKpeMHUX MPOBLAHHKAX i HA Bei girsanni oqpaxkosa, U=U,=U,;

2) cua cTPYMY [0 POSraJyKeHHS JOPiBHIOE CyMi CHJI cTPYMIB ¥V KOMHOMY
npoBigauKy, [ =1, + I,;

3) BeimunHa, oGepHeHa JI0 3araJIbHOTO ONOPY ALTAHKH, J0PiBHIOE CyMi 00epHEHUX

4 : 1 1 1
BEJIHUMH OIIOPIiB KOMHOTO NPOBiAHNMKA, —=—+—.
R R, R,

Hast pospaxyHKY CHIAAJHUX POSFANYIKEHUX KIiJI 3aCTOCOBYIOTH TaKOMX
npasua Kipxroga. [Tepure npaBuiIo BUILINBAE 3 3aK0HY 30epeKeHHA eJIeKTPHY-
HOTO 3apfAAY | HAZUBAEThLCA NPABUIOM 6y3nie; anredpaiuHa cyma crpymis [, 1o

i : |
cXopAThCA B OyAb-AKiH TOuni posrajy:KeHHs, NLOPIBHIOE HYJIO, ZI,, =0, ge
k=1
1 — KLIBKiCcTh NPOBIAHUKIB, IO CXOAATRECA B Toull posranymenns. [Ipn npomy
NOJATHUMHM BBAKAKTBCA CTPYMH, IO NPAMYIOTH [0 TOYKH PO3rajyrHeHHd,
BiJi’eMHUMH — CTPYMH, III0 BUXOJAATE 3 Hel.

Ilpyre npaBujo HA3WBAIOTE NPABUJIOM KOHMYPIE: y OyAb-AKOMY JOBIIBHO

BHOpPaHOMY 3aMKHYTOMY KOHTYpPI aarebpaiusa cyma godyTkiB cuua ctpymis [,

—
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PosaiA &  EAEKTPHMYHAR CTPYM

Ha onopu R, BiimoBiAHUX NiNAHOK KOHTYDPY AopiBHIOE anre6paiunii cymi EPC y

n m
IBOMY KOHTYPI, Z IR, = 215-] p
k=1 i=1
EnexTpuuEHi cCTPYM B MeTaJlaX YTBOPKIOTE BilbHI eJIEKTPOHH, B eJIeKTPOJIi-
Tax pisHoOiMeHHi OHH, IO PyXalThCA Y NPOTHJIEKHHX HaOpAMax, B rasax —
eJIeKTPOHH Ta HOHH, YV HAMIBOPOBIJHNUKAX — €IEKTPOHH i AipKH.
Maca pe4oBHHH, L0 BHALNAETLCA IiJ 4ac eJeKTPoJisy 3a yac Af, nopiBHIOE

m= IAt , ne M — monsipHa Maca pedoBUHH, n — ii BasenTHicThL, N,y — cTana

enhN ,
ABorajpo, e — sapAj] eJIeKTPOHA.

l'asum mpu TeMnepaTypax, OJAM3BKHX [0 KiMHATHOI, CKJIAJAIOTHCA 3 Heii-
TPAJIBHHX MOJIEKYJI i€ gieneKTpHKaMu. BHacmiiok HarpiBanH#A, a TaKkos Mij gieio
BHIIPOMiHIOBAHHA Ta iHITKUX (haxkTOpiB Bif6yBaeThCcA HOHI3AIIiA Ta3iB, AKi cTalOTH
NpoBifHUKAMH (BUHUKAE ra3oBuit pospan). Pospan, axuil npunueaeTsed nicna
BUMKHEHHA OHizaTopa, HASHBAIOTE HECAMOCTIHHHMM, & po3pAj, AKHHA icHye i
micas mpunuHeHHA Ail HoHizaTopa — camocTriitHuM. ¥ caMmocriitHoMy pospaAmni
HOHH #H eNIeKTPOHH VTBOPIIOTHCA IIIAXOM HOHizamii eleKTPOHHHM yAapoM,
TePMOeJIEKTPOHHOI eMicii Tomyo.

IIlo6 cTBOPpMTH CTPYM Y BAKYYMi, ¥V BAKYYMHY TPYOKY BBOAATH [MKepeso
enexktpoHiB. Haifuacrime TakuM mxepesioM € HarpiTuit kaTox.

Hanisnpogidnuku — pe4OBHHH, AKi 34 CBOEIO eJIeKTPONPOBiIHICTIO 3aiMaIOTh
npoMikHe Mmicue Mix nposiguukamu i1 gienexrpuramu. Hanisnmpopigaukmn
MaloTE cnenugivHi, XapaxTepHi JUIIe IJIA HAUX BJIACTHBOCTI, AKi 4iTKO BHpaxKeHi
Bke npu kimueaTHi# Temmepatypi (300 K, a came: 1) KoHueHTpamis HociiB
CTPYMY, a4 OT3Ke, i eJeKTpPOIpOBiAHICTE HANIBOPOBIIHHKIB CHILHO 3AJIEKHUTH
Biji 30BHIIIHIX BIUIMBIB — HAABHOCTL HOMIIIOK, TeMIepPaTypH, ONPOMiHIOBAHHA,
30BHINTHLOT'O €JIEKTPUYHOTO TMoJA; 2) 3 MiIBUNIEHHAM TEeMIEPATYDH eJIeKTpo-
MpOBiAHICTE HANIIBIPOBIIHUKIB PisKo 3pocTae 3a eKCIOHeHIiaIbHHM 3aKOHOM.

XiMiuHO YHCTi HANIBIPOBIAHMKH XapaAKTePH3VIOTLCS BJACHOI ONPOBILHICTIO,
fAKA 3YMOBJIEHA PYXOM eJIeKTPOHIB MPOTH CHJIOBHX JiHiN mons (mporigmEicTh
n-TUNIy abo eJeKTPOHHA NPOBiAHICTE) i TAK 3BAHHX «IipOK#* Y HAPAMI CHIOBHX
JiHii (mpoeigHicTs p-THNY 460 fipKOoBa NpOBigHICTE).

Ha micni koHTakTy ABOX HANMiBIIPOBIAHUKIB 3 pi3HOIO MpoBigHIiCTIO (HATTpH-
KJaj, p- 1 n-TUIY) BUHHKAE TAK 3BAHHAH eleKTPOHHO-NipKOBHI HaniBnpoeigau-
KOBHH p-n-nepexifi, AKHH BHKOPHCTOBYKTH ¥ HAIIBIPOBIIHHKOBHX NpPHJAgax
(mamiBnpoBigHUKOBHE Hiof, TPAH3UCTOD).

4 disuxa, 11 knac

.



Mix enekTpu4HWM Ta MarHiTHUM nonsm
3B'A30K: 3MiHHE B 44Ci eNeKTpWYHe none noj
. @ 3MiHHe MarHiTHe none NoPoaXYE enek
| BCTaHOBNEHO 3aBASKW BIOKPUTTIO y 1€
 HuM M. dapageem sBuLLA ENEKTR
e ABMLLE CTAN0 OCHOBOIO BCIEl &
' aTaKoX OCHOBHUM MPUHLMNOM B

BHECRNN

§ 22. MarHiTHa B3aemMofia NpPoBigHUKIB
3i ctpymom. 3aKoH AmMnepa

Enextpuyna i marnitHa Baaemogii. fIk Mu 3HaeMo, Hepyxomi enexTpuuHi
3apAAH B3aEMOAIIOTE Mix cofo10 yepes eleKTpH4He moJe. JocaiguMo xapaxTep
B3aeMoAii NpOBiTHUKIB, 10 AKKMX TEeYe CTPYM.

Axuio ABa mapaleNbHHX FHYYKHX MPOBLIHUKY M €IHATH 0 J3Kepea CTPyMY
TaK, mob y IpoBiTHUKAX BHHHKJIH CTDYMH OPOTHIEKHOro HanpamMKy (maa. 102, a),

g — oo
1 K | v K
:I !Il 1:‘ :l'
F | p  p
e l1] e Iy & T
\ P

Man. 102. Baaemopais NnpoBigHWKIB
3i CTpyMOM

TO IIPOBLAHHKH NOYHYTH BilINTOBXYBATH-
CHA OIMH Bif ogHOro. AKMN0 CTPYMH OIHOTO
HANIPAMY, IPOBIIHMKH NOPHTATATHMYTH-
ca(mai. 102, 6). BsaemoginoTs Mix codoro,
OPHTATYIOUHCH 460 BiAMITOBXYIOUHCH, He
JIHIIe NPAMOJIiHIAHI TPOBITHUKH 31 cTpy-
MOM, a ¥ NpOBiIHUKY NOBinbHOI dopmu,
0 AKUX IIPOTiKa€E CTPYM, HAIIPUKJIAJ TIPO-
BiIHMKH ¥ BHIVIALL OPAMOKYTHHX PaMOK,
BUTKiB. Taka » B3aemois BinbyBaersea i
Mix KoTymikaM# 3i crpyMom (masn. 103).
Baaemopia mpoBinHMKIB 3i cTpymMom He
3aBKIH 3BOAUTECA 0 NpUTATAHHA abo Big-
IITOBXYBaHHA. AKIMo, HATPHKIA, MaJIeHb-
Ky OPAMOKYTHY PaMKYV, II0 AKiil Teue eex-
TPHYHHH CTPYM, pO3TAIYBATH II00JIHM3Y
OpAMOJiHIHOrO NpOBiAHWKA 3i cTpyMOM,
TO PAMKA [I0BEPHETELCA 1 PO3TAIIYVETHCA TAK,
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Man. 103. Baaemogis KOTYLWOK 3i CTDYMOM Man. 104. a - Baaéuopjﬂ npoeigHuka Ta

pamMKu, NO AKUM NPOTIKATE CTPYMU;
0 — Yy B3AEMHO NepneHauKyNapHnx
NpoBigHWKAaX 3i CTPYMOM B3aEMOLIA
HE CNocTepiraeTbca

1m0 MpOBiTHUK ONMMHENECA Y 1i mwrommHi (Man. 104, a). Ille oans npuknaax. ea nps-
MoJTiHi#HI TPOBIHUKY 3i CTPYMOM, PO3TAINIOBAHI TaK, K MOKas3aHo HA Mait. 104, 6
(v npoBiiHUKY 2 CTPYM HAIPAMJIEHHI B HAC), B3araji He B3a€MOiI0Th.

Onucari B3aemMogil MisK eleKTPHYHHMH crpymamu’ (To6TO pyXOMHMHE eleK-
TPHYHMMH 3apALAME) He MOXKHA OSCHHUTH, BUXO/AYH i3 3aKOHIB eJIeKTPOCTaTH-
ku. Taky B3aeMoi0 Ha3UBAIOTE MAZHiMHOI0, IepeIA€THCA BOHA Yepe3 MazZHimHe
nose. CHIIN, 3 AKHMH IPOBIAHUKH 31 CTPYMOM Ai10Th OJMH HA OJHOI'0, HA3MBAIOTh
MAZHIMHUMU CULAMU.

MaruiTHi cunu. 3akod AMnepa. MarriTae noJe jlie Ha BCi YACTHHH IIPOBiJ-
HuKa 31 crpymom. Il[o6 KineKicHO HOCHIAMTH MATHITHY B3AEMOZiI0 IMPOBIIHUKIB
3i eTpyMOM, BHKOPHCTOBYIOTH METOJ MOJelBaHHA. Po3rianaioTe He Bech MPO-
BilHMK, & JIMIIle He3HAYHY HOro NiNAHKY, MAJOK JOBXKHHOK Al, BeCh IPOBIAHUK
CKJIAAETHLCA 3 MOAIOHHUX NITAHOK, TaK, AK i Oy b-AKe 3apAMKeHe TLIO0 — i3 TOYKo-
pux sapsafis. [lo6yrok [Al, To6To nobyToK cruin cTpyMy [, 1110 TPOXOAXTE IO Masii
minaeui npopigHuka, Ha 1i goBxkuHY Al, HA3HBA-
10Tk enemenmom cmpymy. Enement crpymy Al -
MOJeNIhb AJIA JOCTiIKeHHA MATHITHOI B3aeMOoil.

Baaemogiio eleKTpHYHHX CTPYMIiB Briepliile BHU-
asuB i gocaigus v 1820 p. ppannysekuii isuk
A. Amnep (1775-1836). Tomy saKoH, 10 OIHCYE
B3a€EMO/I110 IPOBIAHUKIB 31 CTPYMOM, HA3UBAIOTH
3axonom Amnepa.

OCKiIBbKH CTBOPHUTH BiJOKDPEeMJIEHHH eJIeMeHT
CTPYMY He MOXKHa, AMnep NPOBOLHB AOCTIAH i3
3aMKHYTHMH npoBigaukamu. CxemMy ycTaHOBKH
JJIA AOCHIAMeHHA CHJIH B3aeMOoJil MixK mpsamMoti-

Man. 105. Cxema ycTaHOBKW

HIHHWUMH NPOBITHHKAMH 3i cTpymMoMm 300pa:keHo NS AOCAIAKEHHS MArHITHOT
ma Man. 105. 3a i1 JonoMoron Mo HA BHMipIOBa- B3aeMoail NPOBIAHKKIB
3i CTRYMOM

! CioBOM «CTpYMH» [JIA CHPOLIEHHA 3aMiHIOEThCA (DpPAsa ¢NPOBIAHUKH, 0 AKHX IPOX0-
OUTH eTEKTPHYHAH CTPYM » .



EAEKTPOAMHANMIKA

TH CHIY B3aeMoail, aMiHIOI0OUM CHITY CTPYMY V¥ NPOBIAHMKAX Ta IX B3a€MHE DO3-
TAITYBAHHA.

¥ pesynbTaTi DpoBefeHMX AOCHiKeHb AMIep 3yMiB BCTAHOBHTH BHDA3 AJIA
CHJIM B3a€MOZil, mIo Aie Mid JBOMA eJlTeMEeHTAMH CTPYMY:

JBa HeckiH4eHHO mani enemeHTH NPOoBIAHWKIB 3i
% CTPYMOM B3aEMOAi0Te Mk coboio i3 cunow AF, i

AKa NPAMO NPONOPUIAHA AOBXWUHAM LMX eNeMeHTiB Al ¢

Al, Ta Al,, cunam cTpymy B Hux I, Ta I,, o6epHeHo b

nponopuiinHa keagpaty BiACTaHI MiX HAMW i f1l

3anexuTb BiJ B3AEMHOI OpieHTauii uMx enemeHTiB

(man. 106),

AF =, I’Ai#sin o, sindt, .

TyT oy — KyT Mixk enemeHTom cTpymy I, Al, Ta pagiyc-
BEKTOPOM T ; a1y — KYT MiX enemeHTom cTpymy I,Al, /
i HopManno 1 A0 NNOLWWHW, B AKiiA NeXaTk eNemMeHT

LAly 1a r (ome. man. 106); py — marditHa crana, Man. 106
. — BiAHOCHa MarHiTHa NPOHWKHICTL CEpeaoBULLA —

ckansapHa ¢iavyHa BenWYMHA, WO XapakTepusye

BMJIMB OQHOPIAHOrO CepefoBuLLa Ha MarHiTHeE none.

3axkoH AMnepa Bigirpae Taxky »x poss y MargirocraTuii, sk i sakon Kymo-
HA B €JEKTPOCTATHII. 34 JOIOMOroK 3aKOHY AMIepa MOM¥HA O0YHCIMTH CHJIIY
B3aeMoZii NpoBiTHUKIB 3i cTpyMoM AoBinbHOI AoBxUHY i hopMmu. O6uncIHBIIN
CHJIY B3A€MOJII Mi eJleMeHTaM# CTPYMY, BU3HAYAIOTE iHTerpaasHy cymy. Ha-
OpHKIaj, hopmyna ana obuucIeHHS CHIH B3aeMojil (cuian AMnepa) Mix gBoMa
NpAMHME Napajie JbHUMH NPoBifHUKaMH ckiHyenHOI KoB:KUHY [ 31 cTpyMamu I,
F= uuoIlI2I

2nr

Te4YyTh B OJHH 0iK, CHJIA B3aeMOJil HAMATAETHCA 36IM3UTH MPOBITHHKH, AKIIO 3K
CTPYMM TeuyTh y pisni Goxu — Biggamuru.

¥ CI gany ¢popmysy 6y10 BAKOPHCTAHO /I8 03HAYECHHA OJHHHALL CHIH CTPYMY
— amnepa.

i I,, BigcraEs Mix AKMUMH r, HabDyBae BHTJIANY . fAxmo crpymu

r"\ 1 A - ooMHUUS CUNK CTPYMY, Sika OOPIBHIOE CWUINi NOCTIMHOrO CTPYMY, WO,

’ npoxoas4yyM no ABOX napanenbHUx NPaMONiHIAHWX NPOBIAHWKAX HECKIHYEHHO!
OOBXWHK 3 OyXKe Manol NNower nonepevyHoro nepepidy, fki po3amiweHi y
BaKyyMmi Ha BiacTaHi 1 M 0auH Big 0aHOrO, CnpuuMHIoE cuny Baaemogii 2 -10° " H
Ha KOXHii gingHui NnpoBigHWKiB NOBXWHOW 1 M.,

MaruniTHa cTtana. 3 BH3HAYEHHSA aMmepa MOXXHAa 004YHCIHTH 3HAUYEHHA MAar-

1A-1A1
HiTHOI cTamxoi, 2-1077 =uﬂufm . Bpaxypagiu, mo s BAKyyMy =1,
n-1m

MaeMo [y =4n-107" :.3

IlikaBuii pesyibTaT OTPEMAEMO, KOJIH O0YHACAHMMO HOOVTOK OBOX CTAJIHX —
eJIEKTPHYHOI TA MarHiTHOI. [[n# 3pyyHOCT] 3HAUEHHA eJIeKTPHYHOI CTANIO0] 3anH-
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MEeMO Y BUTJIALL £, = Ka® OTrpumaeMo
X " 47.9.10° H-m?
1 Kn® o H 1 K
Eolly = A O e e
o= 4r910° H o A7 9.10" AZ.?

1 1

Ockimexn 1 A = 1 Ku/e, 1o oo =9 10w /& (3-10°m/c)”

A ax Bigomo,

. . % f
3-10%M/c — me mBHMAKicTs CBiTNIA, AKY NPHIAHATO O3HAYATH ¢. OTIKe, £l = S

OrpumMaHe CHiBBIHOIIEHHA BKa3ye Ha €QWHY NPHPOAY eJeKTPHYHHX, Mar-
HiTHHX i CBITJIOBUX ABHIII.

/ HaiTe BignoBigi Ha 3anNUTaHHA
; 1. Ak B3aemMopiloTs Mix cobolo napaneneHi cTpymin? LLLO cnpyyKnHIOE iX B3aEMopRio?
2. lWo BcTaHoOBNIOE 3aKoH AMnepa?
3. Yomy OopiBHIOE MardiTHa ctana?
4, OaiATe BU3HA4YEHHS OOMHULI cunK cTpymy B Cl.

§ 23. MarxiTHe none cTpymy

Inaykuis mardiTHoro nons. 3’ ACOBYIOYH NIPUPOAY B3aeMOJil MpoBiAHMKIB 3i
CTPYMOM, MH IOBHHHI, AK i Y BHDAZKY BHBUYEHHA B3acMoAil sapa/iKeHUX Tij,
IATH BiJMOBiZb HA MHTAHHA, AKUM YHHOM NepeJacThCA B3AEMOJia Ha Bifcrani?

CyuacHa HAYKA BBAXKAE, II[0 Y IPOCTOPi HABKOJIO CTPYMiB BUHHKAE KPiM eslek-
TPUYHOrO [0JiA 1ie i marHiTee. I ToMy, poarisagaodd B3aEMOJil0 CTPYMIB, CIiJ
He IPOCTO FTOBOPHTH, IIO OJHH CTPYM Aie Ha iHIIKI, a 110 eTeKTPHYHUE CTPYM B
OJHOMY 3 OPOBiIAHHKIB CTBOPIOE HABKOJIO cele MarHiTHe noJe, AKe Ai€ Ha KOMKEH
eJIEMEHT CTPYMY ¥ APYIOMY IPOBIAHHKY.

MarniThe none (ctaujioHapHe) — ¢opma marepii, OKpeMWIA NPOSAB enekTpomar-
‘s HiTHOro nong. NMopoaAXYETLCA PYXOMUMK ENeKTRPUYHUMK 3apsaaamMu (CTpyMamu).

Hocnigm 3i B3aeMojgil cTpyMiB JOBOJAATH, IO MATHITHI mosad pisHHX CTpY-
MiB BifipisHAOTBECA cmiaoi0 cBoel mil. Ilo Toro : moje ogHOro i Toro X cTpyMy
Ha pisHMX BifcraHsx Biji Hboro pisHe. Ile npuBoguTs A0 HeobOXigHOCTI BBEAEH-
HA (isuuHOI BeJMUYHHHA, AKa O KinbKicHO onmcypana marHitHe mone. Ilpura-
JaiMo, BHBYAIOUHM eJIEKTPOCTATHYHE IIOJIe, MH BBEeJH CHJIOBY XapaKTepHCTH-
Ky — Hanpyixewicms E — nporo mons, AKa BU3HAYAETHCA BiJHOMEHHAM CHJIH,
3 AKOI0 TI0JIe [i€c HA NO3MTHUBHHI npobHUil 3apAy v neBHil Todni nons, Ao 3HA-

= F : : ; ;
yeHHS IBOT0 3apAay, E=—. Ha oCHOBi aHAJNOriYHHX JOCHif?KeHb MATHITHOTO
q

nons 6yJio BBeleHO CHIOBY XaPAKTEDHCTHKY, AKA HA3HBAECTHCA IHOYKUicO Maz-
Himmuozo noas. [lodHa4aTs BEKTOP MArHITHOI iHAYKIii JiTepow B .
Ockinpku cuna F Mar"iTHOro moJsd Aie Ha eneMeHT cTpyMy JAl , MOxLysb Bek-

TOpa MarHiTHOI iHAyKIil BH3HAYAETHCHA BilHOIIeHHEAM B = E i



EAEKTRPOAFHANIK A

ol MarnitHa ingyxuis B — ue di3nyHa BENWYMHA, SKa XapakTepuaye CUAOBY Ail0
’ MarHiTHOro NoNA i BUMIPIOETLCA BiQHOLWEHHAM CWUNK, 3 AKOIO MarHiTHe none gie
Ha eneMeHT CTPyMYy, PO3TalOBaHWKA Y OEAKid To4ui npocTopy, A0 BENWHYMHK

uboro enemeHTa CTpymy.
Opunenna marriTeol iEAYKIil — Tecna (Tx), 11 HaspaHO HA yecTh cepOCBKOTO
: ; H KT
BueHoro enexrporexuika Hikona Tecna, [B]= ‘IA— =1 ==1Tan.
‘M c

InpyKIis MargiTHOrO NMOJA, AK i HAIPYKEeHICTh eJIeKTPHYHOrO MOJA, BEKTOP-
Ha BeJIMYHHA. AJie HA BiIMiHY Bijl BeKTOpA HANIDYKEHOCTI eJIeKTPHYHOIO I10JIdA,
AKHI HANpAMJIEHUH TAK caMo, AK 1 CHia, 10 Ai€ HA IO3UTHBHHH 3apAk, po3Mi-
IIeHHH ¥ IBOMY II0JIi, HAIPAM BeKTOpa iEAVKIil MargiTHOrO nojisa He 36iracTbca
3 HAIPAMKOM BEKTOPA CHJIH, IO Jie HA eJIeMeHT CTPYMY B MarHiTHomy noui. [lusa
BH3HAYEHHA HAIPDAMKY BEKTOpa B iICHY10Th [IeBHI IpaBHJIA.

Cunogi niHii MarHiTHOro Nons NPAMOro i KONOBOro CTPYMIB Ta CONeHol-
na. HaouHy KapTHHY MarsiTHOro noJiA MOXKHA OTPHMATH, AKIO NOGYIYBATH CUL0-
8i ainii noas, e aigii, JoTHYHI 10 AKKX B KO:KHIH ToYIl 30iraoThca 3a HAIPAMKOM
3 BeKTOpOM MarmiTHOI imaykuii B. Bamanpoio ocobmmBicTio JdiHiii mMarsitTHOI
iEnykmii € Te, 0 BOHKA HEe MAIOTh Hi MoYaTKy, Hi KiHn#a. BoHu 3aBK 1K 3aMKHeHi,
ITons i3 sGAMKHEHMMH CHJIOBHMH JIIHISIMH HASHBAIOTh GUXDOGUML.

Illo6 BH3HAYHTH HAOpAM BeKTOpa
iHAYKIiI MAarsiTHOro mnoJA, KOPHCTY-

o
Yy

. 10TheA KinbkoMa cnocobamu. OcKinbku
£ MarHiTHe IoJie eJeKTPHYHOI'0 CTPYMY
! JAie Ha MATHITHY CTpiIRy, opieHTYIOUM

ii B mepHomy Hampsimi (max. 107), To

Man. 107. OpienTyioua ajs JOMOBMJIMCE, II[0 HANPAM BeKTOpa
MarHiTHOro NoNs Ha CTPINKY

y

\

MarsiTHol imgykoii sbiraeTbea 3 Biccio
MAarHiTHOI CTPiIKH B HaOpAMKYy il
nisgiyHoro mouioca. Ilpomossxyroun
AHAJIOTII0 Mi¥ MeTOJaMH AOCHiKeHHS
eJeKTPOCTATHYHOI'0 TA MArHiTHOrO IIO-
JIiB, 3ayBasyKHMO, 1[I0 MardiTHa cTpiaka
Biftirpae Taky  poias, AK i npobuuit
sapax, Tobro il moJle He IOBHHHO
CIOTBOPIOBATH NOCJiIYBAHOTO MOJIA.
IIpoBegemo Takuii gocain. Ilpammit
NPOBiJHUK NOBiNLHOI NOBIKHHU, B AKO-
My Tede cTpyM [, HAIPHKJajJ 3ropu
BHH3, IPONYCTHMO KpPi3hk OTBip v meHTpi
apkyllla KapTOHY, pO3MillieHoro ropm-
30HTANBHO. Ha apkynr HacMmeMoO TOH-
KHH IIap MeTaJIeBHX OIIYPKiB 1 3Jerka
MOCTYKAEMO M0 KapToHy. OmIypKH 10-
BMHHI DOSMICTHMTHCA B3JOBMK CHJIOBHX
niHifl nond 1 BUABUTH IX (opmy. Iloba-
YHMO, 1[0 OIIYPKH BUIINKVIOTHCA I10 KO-
Man. 108. MarHiTHe none npamMoro cTpyMy  jax (man. 108). 3amicTs 0OIIypKiB MOKHA
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CKODHCTATHCh MATHITHHMH CTpinod-
KAMH Ha [MiJCTABKAX 3 BiCTPAMH.

I1i mocaigm MoKAa3yoTh, 10 CHAOBI
JiHil Mar"iTHOro moJA NpPAMOJNiHINA-
HOr0O CTPYMY MalTh (OopMYy 3aMKHe-
HHX KOHIEHTPHUYUHHX Kin, poamimie-
HUX V IJIONIHHI, DepIeHanKYJIAPHIH
J0 NPOBigHHUKA.

3a BiACYTHOCTI CTpiIOYOK [AJIA
BH3HAYEHHA HANPAMKY BeKTOpa Mar-
HiTHOI iHaykmoii € Kinbka npasun,
30KpeMa NMpaBuJIo CBepAJIuKa (IpaBo-
ro TBHHTAa) Ta MpaBHUJI0 MPaBol PYKH.

ITpasuno ceepdaura. Ao nocry-
NajdbHWH PYX cBepAJiHKa 36iraerscs 3
HANPAMKOM CTPYyMYy, TO oGepTaHHA

a (1]
#HOro pyuKH IOKa3ye HAIpAM BeKTopa
MaraiTHO! iEgyKmii (Max. 109, a). Man. 109. BusHaueHHs HanpamKy Bektopa
R L i -G MarHiTHOI iHAYKUii NPAMOro CTPyMY:
P R PyKu. a — 3a NpaBWNoOM CBEPANMKa;
NpAMHT TPOBITHUK OXOMUTH YOTHPMA 0 — 3a NpasuNOM NPasoi pyku

DaNbIAMY IPaBOi PYKH TaK, Iob Be-
JTHKHUR najelnk, po3MilleHHH B3OBK
NPOBiJHUKA, BKA3YBAB HATIPAM CTPY-
My, TO HANPAM B3arvHy YOTHPBHOX
nanbliB BiANOBiZATHME HATPAMKY
BexTopa ingykuii (man. 109, 6).

VYasimo Temep, IO 3 NPAMOro
IPOBiIHAKA 3 « HAHU3AHWUMH HA HEOTO
KiTbIAMYA — CHIOBUMH JiHigMU» yT-
BOPEHO KOJIOBHII BHTOK. MarsaiTHe
moJie BisyanbHO MOMHA nobaduMTH,
AK i paHine, 3a JOIOMOrow ApiGHHX
sanizEnx omypkis (max. 110). Hna
BH3HAYEHHA HAIpPAMKY BeKTopa
iEayKIil B meHTpi KOJOBOTO CTPYMY KODHCTYIOTBCA OJAHMM i3 TPLOX HpaBHJI:
ceepdaura, npaeoi pyxu i 6yxe. Ilpasuio ceepaiuka i npasoi pyku tpeba nemo
BMIHHMTH 3rifHO 3 reomeTpieio npopigauxa. Cupoldyitre camocTiitHo e apoduTn
saman. 111, aié.

Ipasuno 6yxe. ¥ BHTOK cIix BuucaTH ofgHy 3 6ykB N abo S, akuMHu nosHaya-
10Th TMiBHIYHKWH Ta NiBJEHHHH [IOJIOCH MArHITHOL CTPLIKH, TaK, 00 CTPiIoYKH
Ha iXHiX KiEnAx 3biragmcsa 3 HANPAMKOM CTpyMy Vv BHTKY (man. 112). ko,
HANpHKJIaJ, ¥ BUTOK BIHcanack 6ykea N, To me o3Hayae, [0 BMillleHa B HEHTD
BHTKA MATHITHA CTPiJKa MOBEPHETHCA A0 YNTAYA NiBHIYHHEM IIOJNIOCOM, AKHH
i BKasye HanpsaM BexkTopa igAyknii. Ha man. 112, a BexkTop iEAYKIil B neHTpi
KOJIOBOTO BHTKA HAIIpAMJIEHWH 10 uuTaya, a Ha man. 112, 6 — Big unraua.

ConeHoidom HABHBAKIOTH JOBIY OIPAMY KOTYIIKY 3 N 0fHAKOBMX BHTKIB, 1110 He
JIeMKATH B OfHIN mromuHi. K mpaBuiio, BUTKH COJIeHOIIA HAMOTYIOTE B OJJMH 11D
piBHOMipHO, TaK, 11106 BOHH IIiJILHO IPAJIATAIHA OAUH Ao ofgHoro. [Ipn nsomy Kinb-

Man. 110. MarHiTHe none KONOBOrO CTRYMY



Man. 111. BUaHayeHHn HaNPAMKY BEKTOpa
iHOYKLl KONOBOro CTPYMY: @ — 3a NPaBuNoOM
CBEepANUKA; 0 — 3a NPpaBuIOM NPaBoi PyKu

:I :I
I I
a (1]

Man. 112. BuaHayeHHs HaNpAMKY BEKTOpa
iHAYKLi KONOBOro CTPYMY 3a NnpaBunom Byks

KiCTh BUTKIB n HA OMUHHITIO JOBMHUHH
cOJIeHOI1a BU3HAYAETLCA i3 cuiBBigHO-

1
IIeHHA 7 =E , Je d — piameTtp apory,

AKUM HAMOTAHO coJeHoin. Baarami

N =
n= I Je L — noe»uHA COJIeHOI1A.

Axmo noBxuHA L KOTYIIKH OLIBII
ak y 10 pasie nepesumye ii giamerp
D, coneHoi], HA3WUBAIOTL HOPMALBHUM
abo Heckinuenno doszum. Bcepenu-
Hi (Ha oci) Takoro coJieHoiga MAarHiT-
He noJsie odHopidHe, Horo cuIoBl JiHil
napaneibHi Mixk coboro i HAnpaMIe-
Hi B3foBk oci (man. 113, a). Hanpsim
BEeKTOpa MArHITHOI iHAVKI1 cosleHOLIA
BH3HAYAETHCA 38 THMH CAMHMH Ipa-
BHJIAMHM, TI0 i JJIA KOJIOBOTO CTPYMY.
Ao mopisH0OBATH MarHiTHE MOJIE CO-
JeHoina, so0pasxkeHoro Hamai. 113,a3
MATHITHHUM II0JIEM [IOCTiHHOIO MArHiTy
(man. 113, 6), MoskHA MOOAYNTH, 110 1T
MOJNA 34 30BHIINHIM BHTJIAAOM OJHA-
KoBi. BigMinHicTs MijX HUMH € JHIIe
BCEpeNHH] coJieHOiza Ta Maruity (pos-
MimenHda giHiH iEgykmii BeepemuHi
MATHITY moGaYHTH He MOXKHA).

MarniTHi BIACTHBOCTI CONEHOI[a 3l CTPYMOM TAa NOCTIHOrO MarHiTy npaKkTHy-
HO ogHaKoEBi. Hanpuknan, Axmo conenoin nigsicuTu tax, mob Bin mir obepraruce
B rOPH30HTAJBHIN IJIOMIMHI, TO BiH caM YCTAHOB/IIOETECA B HAIPAMKY 3 TiBHOYI Ha
miBgeHs. lle migTBepaKye ToM (haKT, M0 MATHITHE MOJe MPOBIAHUKA 31 cTpyMOM
Ma€ TAKY CAMy IPHpOAY, 1o i noJie MargitTy. 3a Teopieo Amepa BcepeguHi mar-
HiTiB icHYI0TE MOJIeKYIADPHI cTpyMH (MikpocTpyMu), noxibHi 0 cTPyMY B 3aMKHe-
HoMy KoJi. fIk 3’ acyBasiock nisHile, I CTPYMH CTBOPIOKTHECA PYXOM €JI€KTPOHLB

B aTOMAax.

Man. 113. MarsiTHi NONsA: a — KOTYLWKMK 3i CTPYMOM; 6 — NOCTINHOrO MarHiTy




I posain 3 enektPromarHiTHE Nose [IEEENN

3 ychOro BHKJANEHOIO BHIIE _MO3KHA 3pobu-
TH BUCHOBOK, II0 MATHITHE II0JIe i eleKTpHYHHI
CTPYM 3aBIH iCHYIOTE pa3oM. ¥ MPHPOMi HiKOJIH
He 6yBae MarHiTHOTO oA 6e3 eJTeKTPUYHOIO CTPY-
My H eJIeKTPHYHOTI0 cTpyMy Ge3 MarHiTHOro ncma
A 3akoH Bio—Caeapa-Jlannaca. Mu 3’acy-
Ba.nu, AK HAIPpAMJIEHHI BeKTOp iHAVKIil marsir-
HOTO IOJfA. A Biff 4Oro 3ajesXKuTh HOr0 MOZYIb?
Bennmuwnay iHAYKIOIl Mar{iTHOro nojis, CTBOPIOBA-
HOTO eJIeMeHTOM CTPpYMY, ¥ MeBHil Todli Bu3Ha4YaoTs 3a 3axoHoM Bio—Casapa—
Jlannaca. @parnysexi sueni Han-Baricr Bio (1774-1862) ta ®enike Capap
(1791-1841) y 1820 p. nmpoBesu psAl eKCIePHMEHTAJbHHX JOCJILAKeHb, II00
3’scyBaTH, BiJl YOTO 3aJIe’KUTH BeJIMUMHA iHAYKIIIi MargiTHoro nojas. 3arajaeHy
MaTeMaTH4YHY 00poDKY eKCIepHMEeHTAJIbHMX Pe3yiabTATiB BHKOHAB BHAATHHH
dpaunyabkuil Maremaruk I1’ep-Cimon Jlannac (1749-1827).

Man. 114. [lo sakoHy Bio—
Caeapa—Jlannaca -

o 3akon Bio—Casapa—J/lannaca: IHayxuis marsiTHoro nons AB B Touui A, wo
’ CTBOPIOETLCA CTPYMOM I, AKMA NPOTIKAE KPi3b €NeMEHT NPOBIgHMKA AOBXWHOIO

Al (man.114), euanayaersca dopmynoo AB= iﬂ}%fatsina , e r — papjiyc-
nr

BEKTOP, LLO CMOMY4Ya€E enemMeHT NpoBigHuka Al 3 TOYKOID A, o — KyT MK HanpAMKOM
CTPYMY B ENeMEHTI Ta paniyc-BeKTopoMm.

I3 sakony Bio—Caapa—Jlannaca moscHAa BHBECTH (JOPMYJH A BH3HAYEH-
HA iEAyEKOil MarsiTHOro mojig, CTBOPIOBAHOI'O HECKiHUGHHUM MPAMOJiHIHHHM
IPOBiIHMKOM, KOJIOBHM CTPYMOM, KOTYIIKOIO 8i crpymom. Busegenna dopmyn
noTrpedye 3HAHHA IHTErpaJibHOT0 YHCJIEHHA, TOMY MH OyAeMO KOPHCTYBATHCH
yiKe rOTOBHMH pe3yIbTaTaMu.

Tax, maraiTHa iHAYKOiA npaMoainiliHo20 npogidHuxa 3i cmpymom BU3HA-

yaeThed hopmysoo B= [, —

onr
MarmiTHa iHAVKLiA B MEeHTPi K0408020 sumMKa paAiycoMm r, o AKOMY Teue
. I
crpym I, nopiBaioe B=[ijL, o
r

i 3 G e 2 IN
MarniTHa iHEAYKIiA BcepefWHI KOMYuUlKU NOPiBHIOE szuuT, yr N —

KiTBKICTH BUTKIB KOTVIIKH, a [ — ii JoBKHHA.
IIns cKIagHOr0 MArHITHOTO NOJA, AK 1 A8 eJeKTPOCTATHYHOI0, BHKOHYETh"
CA NPUHYUT cYNnepno3uyii.
IHOYKWIA MarHiTHOro nonA, CTBOPEHOro KiflkkOMa CTpyMamu, [OOPIBHIOE
BEKTOPHIA CyMi IHOYKWIA MarHiTHUX NONiB, CTBOPEHUX KOXHWM 3 LWX CTPYMIB

okpemo, B=Y B
i=1
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@ [OaiTe Bignosigi Ha 3anuTaHHg

1. Dxeiimc MakceBenn cTBepoXyBaB, WO eneKTPUYHKWIA
CTPYM — Lie Te, WO CTBOPIOE MarHiTHe none. Ak ue teep-
JOKEHHS Cnig po3ymitu?
2. [ins BUBYEHHSA eNeKTPUYHOr0 NONs KOPUCTYIOTLCA Npob-
HUM ENeKTPUYHKUM 3apaaoM. Hum 3a aHanorie Kopuc-
TYIOTLCA, BUBHAIOYM MArHiTHe none? T
3. Aka 3 BENWYMH, WO XapakTepusylTe MarHiTHe none,
€ aHanoroM HanpyXeHocTi enekTpuyHoro nons E 7 B
YOMY HaMXapakTepHilla BiAMIHHICTb WX BENUYUHT
4., Y aAKomy HanpaMKY NOBEPHETLCA NIBHIYHWIA NOMOC CTPIN- Man. 115
KW, AKLWO §i 06TiKalTe CTRYMHK, HANPAMK AKUX NO3HAYEeHO
Ha man. 1157

Mpuknagw po3e’'A3yBaHHA 3apad

3apaua. [[Ba goBri mpsMouiaiiHi mapanenbHi DPOBIEMKE poamimeHi Ha Bigcrani
50 cM ojiuE Big ogHOre. B nepmomy nposigEuKY ciia crpymy gopisxioe 20 A, B Ipyromy
— 24 A. BusHauuTH iHAVKILiII0 MATHITHOIO HOJIA B To4ili A, AxKa poaminieHa Ha sigcraHi
40 cm Bix mepmoro npoeigauKa i 30 cM Bijg Apyroro, AKINO CTPYMH B HHX HANIPAMIEHIi B
mporuiexHi boku. Beaxary, Mo NpoBiIHAKH PO3TAIIOBAH] ¥V BAKYYMI.

Hauo: Posp'azanaa

I,=20A 3pobumo ManHOK A0 3agadi (man. 116). [IpoBegemo 3 Toukn

I,=24A 0,, e poamimeno nepiuii NPOBIAHMK, AYTY KoJIa pajiycoM ry AHa-

a=0,5m JIOTiYHO MPOBEIEMO AYTY KOJa pagiycom rg 3 TOUKH 0,. Ockinekn

r,=04m BEKTOP inAyKOil HANpAMIEHNI 1O AOTHYHII 10 MATHITHOL CHIIOBOL

r,=0,3m nimii, o B, LO,A, B, LO,A. . ﬂ

p=1 3rigHo 3 npuMHUHMIOM cynepnosulii inAyknia B marsiTHOro

o = 47+ 10"H / A? 1OJIA B TOYILi A € BeKTODHOI cyMoI0 iHAyKIii B, i B, , yTBOpeHHX
y uiit rourni ecrpymamu [, i I,. Mogyns ingyknii noss, yreopeHoOTo

i KOMKHHUM CTPYMOM OKPeMo, BU3HaYaeThes opmymnow B= % i

Mozayse cyMapHOTO BeKTOpa B BH3HAUMMO 3a Teope-

moto Ilidaropa B= \fo + Bf » OCKIJIBKH TPHKYTHHE
AO0,0, npamokyTaui. [ligcTaBumo y mio gopmyny Bu-
pasu ans B, i B, Ta ofuMcIHMMO YHC/I0Be 3HAYEHHA B!

oL \{uuﬁfz Wils _ Juuﬁfz wluir

22’

4p’r?  4p’r; 4p’n, 4pr,
. =T 2 2A2 242A2
B=41t10 H/A® |20 -1,9-10°
2-m 0,16 m* 0091\[ T

Bigmosigs: 1,9 - 107° Tu.

Bnpaea 13

l, B ogEOMY Hanpami TeuyTs cTpyMmu I, i I,. BusHaunTn iHAyRIli0 Martgiraoro

' \ 1. Ilo gBOX HecKiHYeHHO JOBTHX MAPAJIEILHHX NPOBITHHKAX, BiICTAHL MiK AKHMHA
MOJIS B TOYIL A, II0 JeXHTh HA IPOAOBKEeHH] NPAMO]I, [0 CIONYy4Ya€e IPOBLAHA-

S




) posain 3 enekTPoMArHTHE NoAes [IEREE

KH, Ha BifcTaHi 8 Big gpyroro nposigauka. BeamaTH, 1o NpoBifHHKH PO3TAIIO-
BaHI y BAKYYMI.

2. lipa mapayiebHI DPOBITHWKH 3 OIHAKOBOI CHJIOKI CTPYMY B HHX DO3TAIIOBAHI
Ha Bigcrani 8,7 cM ofun Big 0gHOrO i NPATATYHOTLCA i3 cuiow 2,5 - 107 H. Bu-
3HAYHUTH CHJIY CTPYMY B MPOBITHHKAX, AKINO JOBAHHEA KOoXHOro 3 HEX 320 cMm,
CTPYMH HAaIpAMJIEHI B oguH Dik. BeaskaTH, 1110 NPOBLIHHKH po3TalIoBaHi v Ba-
KyyMi.

3. Ilo nROX MOBrHX NpPAMHX TMPOBiAHMKAX, 1[0 posmimeHi Ha BigcTani 5 cMm oguH
Bifi ogHOro, nporikamoTek crpymu nmo 10 A B ofHOMY HanpaMKy. BuaHauuTH
iEAYKIi0 MATHITHOrO NOJIA ¥V TOYIL, IO JeXXHTE Ha BigcTaHl 3 cM Bijg KoKHOTO
nposigauKa. Beasaru, 10 NpoBilHHKH PO3TANIOBAHL ¥ BAKYYMI.

’.51 4. Tpu napanenbii npAMogiHifAHI TPOBITHHKH BeTHKOL JOBXHUHEH PO3MilieHi B mo-

BiTpi Ha Bigcrani 15 cM oguH Big ogHoro. Cuna eTpyMy B ycix npoBigEMKAaX K0-

piBHIOE 12 A, a HANPAMOK CTPYMH MAIOTh TAKHH, AK

nokasaHo Ha man. 117. BusHauuTu iHgyKIio mar-

HiTHOro moad B Touni O, AKAa JeXHUTh HA OAHAKOBIH

BimecTaHi Big yeix Tpeox npoBigHHKIE,

ﬁ 5. Tpu napaienbHi JOBTi IPOBITHAKYA PO3MIIeHi B o1~

Hiil mrommeEi HA Bigcrani 0,5 M ofMH Big ogHOrO.

Cuna cTpyMy B KOMHOMY NpPOBiIHHKY nopiBHIOE

100 A. Crpym y nmepmomMy i cepefHbOMY IIPOBiAHK-

Kax mMae ojHaKoBHil Hanpamok. fka cuna gmie ma @& O)

OIMHHUIID JOBMHHHA OEpPIIOro, APYroro (cepeaHboro)

i Tpersoro npopiguukie? Beamaru, 110 NPOBIAHUKHA Man. 117

PO3TANIOBAHI ¥ BAKYYMI. '

I

§ 24. flis h?arHiTHoro nons Ha NPoBiAHKK 3i CTPYMOM

Cuna Amnepa. flk mu Bike 3’ AcyBaJ¥, IPOBLAHAKH 3i CTPYMOM B3a€EMOJLIOTE
yepes MartiTHe noJjie. 3aK0H, AKHH BU3HAYAE CHJIY B3AEMOJII MiXK eleMeHTAMHA
CTPYMY, HA3HBAIOThL 3aKOHOM AMmmepa. 3a TpaAuIico Ta BIIAHOBYIOUH maMm’ATh
Mpo 3aCJAYTH BU€HOro, BUPAS AJis MATHITHOI CHJIM, IO i€ HA MPOBIAHHK 31 CTPY-
MOM 3 60KV MarHiTHOIO ITOJIA, TAKO¥ HA3HBAKIOTH 3aKOHOM AMIepa, a CHIIY — CH-
J1010 AMnepa. g

Y 9 kaaci MH B:Xe JNOCJLMHUIMN, BiJl 4oro 3aeXKHThH cujia AMmepa, IMo Jie Ha
IPOBiIHHUK 3i CTPYMOM B OfHOpifiHOMY Mar"iTHomy moji. Cxema ycTaHOBKH, 30-

* OpasxeHa Ha maJi. 118, nonomorke BaM NPHATAJATH ILI0 3AJI€HHICTE.,

Y Cuna Amnepa F, - cuna, wo aje 3 60Ky MarHiTHOro nons iHAykKuiew B wa

’ MNPAMONIHIMHKWA NPOBIaHVK [OBXMHOK Al 3i cTpymom I. Y eunapgky ogHopigHoro
marHitHoro nons cuna AMnepa F, = BIAlsin o, TyT @ — KyT MiX HanpsamKom
cTpymy I B NnpoBiaHMKy Ta iHOYKWiEID MarHiTHoro nona B |

MakcuManbHe 3HAYEHHA CHJIa AMIOepa Mae TOAi, KOJH MPOBLAHHK PO3TaIlo-
BaHHU MepNeHANKYIAPHO A0 JiHi# inayknii maraitaoro nons, F,, . = BIAlL.
Hanpsam cuinu AMiepa BHSHAYAIOTE 34 IPAaBHAIOM JAieof pyxu (man. 119).

BKA3yBaNKM HANPAM CTPYMY B HEOMY, & MiHIl MarHiTHOT IHAYKUII BXOAWNW B A0N0HIO,
TO BiOirHyTHIA BENWKWIA Naneub NOKaxe HanpsaMm CUnK, AKa Aie Ha NPOBIAHWK 3i

,$| AKWOo pO3MICTUTK JiBY PyKYy B340BX NPOBiOHMKA Tak, wob 4oTMpu nanbui
CTPYMOM.

L



Man. 118. Cxema ycTaHOBKWM Ans A0CHIAXKEHHS Al Man.119. o npaswuna niBoi pyku
MAarHiTHOro NOMS Ha NPOBIAHWUK 3i CTPYMOM

MomeHT cun, Wo ai€ Ha NPAMOKYTHY PpamMKy 3i CTDYMOM y MarHiTHomy
noni. B OHOPiZHOMY MATHITHOMY IOJIi 3aMKHeHHH KOHTYD 3i cTpyMom marriTai
CHJIM MOKYTh JIUINe MOBEepHYTH. AKIIo noJie HeoqHOPiHE, TO KOHTYP 3i cTpyMOM
MOJK€e PYXATHCH IIe # NOCTYIAJBHO IiJ i€l He3piBHOBAXKEHHX CHUJI O Y OiK,
e iIHAVKIiA oA OLIbIna 3a MOAYJIEM.

IloBexinKky 3aMKHEHOIO ROHTypy B MarHiTHOMY T0OJIi OMACYIOTH 3a JIOMOMO-
roio obepranabHoro Momenta' M . OfepranbHUE MOMEHT, AKHI Jie HA KOHTYD 31
cTpyMoM I B OfHOpiZHOMY [OJi, MIPAMO OPONOPUIHHME Iomi S KOHTYPY, CHIi
crpymy I Ta iEayKniil maraiTaoro moaa B. KpiM roro,
obfepranbHMA MoMeHT M 3anmeKHTE BiJl HOJOXKEeHHA
KOHTYpPY BigHocHO noasa. MakcumaasHHM obepralib-
HHiII MOMeHT OyJe TOZi, KOJH NIOIMHHA KOHTYPY ma-
panenbpHa JiHiAM marmitHOI iEgyKmii, M., =BIS.
(Hosexite 1e, BukopucTaBmu dopmyny F, ... = BIAl
Ta max. 119.)

Illo6 BpaxyBaTH 3ajeXHiCTH BEIMUYWHH 06epTalb- a
HOI'0 MOMEHTA Bij| IOJIO¥KEeHHA KOHTYDY, BBOLATh IO~ B
HATTA MAZHIMH020 MOMEHMA CMPYMY, AKHI BBaXKa-
I0Th BeKTOPHOK BeJIAYMHOIO,

P

=
A

MarHiTHui# MOMEHT CTPyMy D, — L€ BeKTopHa /
6 ¢i3nyHa BeNUYMHA, L0 ONUCYE MarHiTHi BNacTUBOCTI E 7

KOHTYPY 3i CTPYMOM i BW3HA4Yae WOro noBefjiHky

Yy 30BHILUHBOMY MarHitTHomy noni. Benwswna p,, %

nopieHioe no6ytky cunu ctpymy I 8 kOHTypi Ha

NNoLy S ULOro KOHTYPRY, P, =1S. (AKLWIO KOHTYP Mae v é 7,

N BWTKiB, TO MarHiTHWIA MOMEHT cTpymy p, = ISN.) l

¥

Hanpﬂm BEeKTOpa MATHITHOT'O MOMEHTA CTDpYMY BH- 4]
3HAYAETHCA 34 IPABUJIOM CBEPJ/IMKA (ITPABOTIO PBUHTA): MER 120, NG EBEaeNi
AKII0 'BHHT 00ePTaTH ¥ HANPAMKY CTPYMY B KOHTYPL,  nopgrrs BexTopa marit-
TO NOCTYNAJBHHHA PYX I'BHHTA IOKAaMe HAIPAM BEKTO- HOrO MOMEHTA KOHTYPY
pap,, (man. 120, a). 3i CTpyMOM

! O6epraneumit MomerT, 460 MomerT i M BigHOCHO HepyXoMoi TouKH O, BASHAYACTECH
BeKTODHHM J06yTKOM Qa,cuyca-nex'mpa F, NpoBeleHoro 3 ToYkH O y TOURY UPHKNAJAHHA CHITH,
Ta BEKTOPA CHJIH F, =[Fx F],a60 M = Frsina , ge o — kyT Mi BeKTOpamMu 7 i F.

F"' =
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Man. 121. a — mogens eneKTpoaBuryHa; 6 — NPOMWCNOBWIA ENEeKTPOABUIYH

Tenep Bupas Aaa o6epTalbHONO MOMEHTA MOYKHA 3anucaTH Tak: M = [.B X Pp },

a6o M = Bp,, sina , fie o — KyT Mix BekTopamu p,, Ta B . 3 mau. 120, 6 BuaHO, mo
piBHOBAra KOHTYPY B MATHITHOMY HOJi MOXXJIHBA TOAi, KOJH BeKTOpH P, Ta B
HanpaMJIeHi no oguii npamii. (IlogymaiiTe, konu na pisHoBara 6yze criikoi.)

MpuHuwKn il enexTpoaBUryHa Ta enexTpoBMMIiploBansHUX npunaagis. B
ocHOBi Aiil mHX npHCTPOIB JexXHUTE obepTalibHA i MATHITHOrO NoJA HA KOHTYD
iz cTpymom.

Enexmpodsuzyn — 1e NpHCTPii AJA HepeTBOPEHHA eNeKTPH4YHOI eHeprii y
MexaHiuHy. ETeKTpoABHI'YHHA BHKOPHCTOBYIOTECA NOBCIOAH. ¥ No0GYyTi efleKTpOg-
BHIYHHM MOKHA 3YCTPiTH B FOIHHHHKAX, BEHTUIATOPAX MiKDOXBHJILOBHUX Mevei
Ta KOMII 10TepiB, IpaTbHHAX MAIITHHAX , ABTOMODLIAX TOIO. A III0/I0 IPOMHCJIOBO-
I'o BAKOPHCTAHHA €JIEKTPOIBUTYHIB, TO Ie# nepesik Moske OyTH HeCKiHYeHHHM.
He quBHO, 110 iCHYE BeJIMKA KiIBKICTD IX BMAIB Ta KOHCTPYKILIHA.

Ha maxn. 121, a nokasaHo MOJeJb eJIEeKTPOABUIyHA mocTiliHoro crpymy. Ha
paMKy HaMoTaHa obmoTKa 1, Kinni akoi npuegnani o MeranieBux miBKigens 2,
izonoBAHMX OfHE Bij ogHOro. Jlo miBKijens NPUTHCHYTL NpyX#HI iTKK 3, Yepes
#Ki 10 pAMKH OJAETECHA CTPYM Bij gxxepena 4. PamMka po3TamoBaHa Mix oJ0-
caMy MATHITY 5. _

CopobyiiTe caMOCTiHO NOACHHUTH IPUHIMI Ail TAKOTO eJNeKTPOABHIYHA.

3 npHHIHIOM Aii eJIeKTPOBMMIiPHOBAJIBHHX NPHJIAMIB (AMIIepMeTpa Ta BOJLT-
MeTpa) MH JeTajbHillle O3HAMOMHMMOCH IIiJi 4ac BHKOHAHHA JafopaTOopHHX

pobiT.

e ) JDaitTe Bignoeigi Ha 3anUTaHHg

1. Big 4yoro 3anexuTs Moayns cunm AMnepa? Ak BU3Ha4MTK il Hanpam?

2. Ha man. 122 306paxeHo ABa BUTKW KOTYLUKW, NO AKIA Te4e enekTpuiHMii cTpym. Hki
CHW Oil0Th Ha KOXHWIA BUTOK? Aki nedopmalii BoHK BUKNMKaTL? 306pa3bTe BEKTO-
Py cun. 3'ACYiTe NOXOOKEHHN LMX CWn.

3. 3a npaeunom NiBOI PyKW NOACHITE B3AaEMOAiI0 (NpwM-
TAraHHA, BiALWTOBXYBAHHA) ABOX NapanensHUX NiHiA-
HWX NPOBIAHWKIB 3i CTPYMOM.

4, Hagepite NnpuknagM NpakTM4yHoOro BUKOPUCTAaHHA CK-
n1 Amnepa. Man. 122

J—»
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Bnpaea 14 s <
1. lo ropu3oHTANBEHO pO3TAIIOBAHOMY X i
npoBigENKyY sasnoBxkn 20 cM i Macoio X x
4 r npoxofuTh cTpy™ cunoo 10 A, Bu- %

SHAYHTH iHAYKIiIO (MOAYIE 1 HAIPAM)
MATHITHOTO NOJifA, B AKOMY Tpeba pos-
MiCTHTH NPOBiNHUEK, 1100 cHJIA TAMIH-
Hf 3piBHOBAYKHJIACA CHJIOK AMIepa.

2. llpopigauk ab, mo mae moexmuy [ i
MACY 71, BiIBIiCHJIH HA TOHKHX JPOTHH-
kax. ITig yac NpoXoj KeHHA MO HEOMY !
crpymy I BiH BiiXuINBCH B OfHOPiAHO-

My Mar"gitHomy moui (mana. 123) rak, Man. 123

[0 JPOTHHH YTBOPHIH KYT O 3 BEPTH-

Kannw. fAka iggyrnia margiTeoro nona? AKINO € MOMKIHBICTE, BH3HAYITE TAKHM
cnocoboM cepelHI0 iIHAVKILII MATHITHOO 1014 NiIKOBONOAIOHOIO MArHITY.

3. MakcumansHHiT obepTanlbHHE MOMEHT, AKHH Ni€ HAa paMKy maomer 1 cm‘?,
po3MilleHy B Mar"HiTHoMmy noii, gopisHioe 2 MEH-mM. Cuna erpymy B pammi
mopisuioe 0,5 A. BussaunTn iHAyKI[i10 MATHITHOTO MOJNA.

4. IInocka npAMOKYTHA KoTymka 3i croporamu 10 i 5 cm, mo mae 200 BHTKIB,
nepeGyBae B OJHOpigHOMY MarmiTHomy moiai 3 imgykumieo 0,05 Ta. fAxui
MAKCHMAJNLHHHA 06epTATBHHA MOMEHT MOXKe NiATH HA KOTYVIOKY B IILOMY IIOJI,
AKINO CHJIA CTPYMY B KorTymimi 2 A?

Q 5. BugnaunTH MATHITHHII MOMEHT eJleKTpoHA aToma I'igporeny, 1o pyxaeTsed 1Mo

KoJoBi# opbiTi pagiyveom 0,53 - 10 10 1 HaBKOMO ANpa.

§ 25. [lis marHiTHOro nons Ha pyxomi 3apagXxeHi
YaCTUHKM

Pyx 3apapkeHol YaCTUHKW B OQHOPIAHOMY MarHiTHoOMY noni. TojmanacbKHit
yuenuii I'. A, JlopeHn mosicHUE icHYBaHHA ciIu AMIiepa THM, IO MATrHITHe [IOJIe [ie
HA PyXOoMi 3apAaH B IPOBITHAKY 3i cTpyMoM. OcKiNBKH ITi 3apAIH BHPBATHCE i3 Ipo-
BiAHWKA He MOMKYTh, 3ara/ibHA CHJIA, AKA Ji€ Ha HHX, IPHKJIAJeHa 0 OIPOBiAHUKA.
Taxum unEOM, cHiaa AMnepa € CyMoOI0 CHJI, AKi TifOTE HA BiNILHI 8apAy B IPOBia-
HHKY 31 crpymom. Ile npunymenHa gae 3MOry BHSHAYHTH CHIIY, IO Ai€ HA OOHH
pyxomuii 3apsi y margiraomy noui. Iljo cuny HasuBalors cu.oio Jopenya.

Opep:xumMo BHpAa3 /1A BU3HAUYeHHA cuiu JlopeHIla 3 BUpasy AJA CHJIH AM-
mepa, NiijpaxyBaBIIH KiJBKICTE PYXOMHX 3apAJMeHHX YACTHHOK Y NpOBia-
HUKYy. Hexatt N — saranbsHa KifnbKicTb BLIBHNUX 3apsAAiB y NpOBIIHHUKY 3i cTpy-
MoM. ¥ MeTajli TAKMMH 3apAJaMH € eJeKTPOHH i, fAK Bigomo, I = vneS, ne
€ — 3apAf eIeKTpoHA; U — MOAYJIL IIBHAKOCTL iforo pyxy; S — miaomia momepeu-
HOr0 mepepisy HOpoBigHHMKA; n — KOHOeHTpalia BinpHHX enexkTpoHie. Toai

F. Bl . BuvneSl BuneV
Fy =?=—smu=—sma:—

Bpaxoeyioun, mo nV = N, orpuMaeMo BHApa3 1A o64HMCIeHHA CHIH Jlopenua
F; =eBvsino, TYT & — KYT MiK BEeKTODaMH MBHAKOCTI U Ta iggyknii B.

V¥ zaranbHOMY BHNAAKY (IJA JOBiMBHUX 3apAMKeHHX YaCTHHOK) BHpA3 JJIA
obuncienHa caau JlopeHna mae Buraag Fp = gBusinag, ge ¢ — eJleKTPUYHHH
3apAS YACTHHKH.

sinao.
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yactuHky. F; = gBusina, ge g — 3apag 4acTuHky; U - i wenakicts; B - iHaykuis

,s I CunaJflopenya F ;- cuna, Wwo aje 3 60Ky MarHiTHOro nons Ha pyxomy 3apsaapkeHy
MarHiTHOro NoNs; a — KyT Mix Hanpsmkamu B i U.

Hanpsim cunum JlopeHIla BU3HAYAIOTE 34
npasuioM zigol pyxu (man. 124). Bacroco-
BYIOUM iforo, cliji maMm’ATaTH, 110 KOJH B
MACHITHOMY [OJIi PYXA€THCA NO3UMUBHO
3apAPKeHA YACTHHKA, TO YOTHPH NAabIi
Tpeba cupsMysaTH B Oik II pyxy, AKIO X
PYXaETBCA HE2amMueHo 3apdajilkeHa dac-
THHKA, TO BUTATHYTI YOTHPH ODaJabili Tpeba ]
CIOPAMYBATH IIPOTH BeKTopa il MBHAKOCTI.

Ockinbku cuna Jloperna nepnesiuKy-
INApHAaBeKTOpaM U Ta B ,aoT:Ke HAaNpAMKY i
nepeMimeHHA YACTHHKH, BOHA He BHKOHYE bl
poboTH 1 He MOXKe 3MIHIOBATH KIHETHYHY
eHepriin YaCTUHKH; BOHA JIUIITe BHKDUBJISE
TPAEKTOPiI0 PYyXy YACTHHKH, TOOTO € J0-
meETpoBOoK cwmwiow. IlpunycTumo, mo 3a-
pAfceHA YACTHHKA, 3apA] AKOI ¢ Ta Maca Man. 124, BuaHadyeHHs HANPAMKY CHNK
m, Biitae 3i mBHAKiCTIO U B OAHOpinHE NopeHua
MargiTHe mojye iEgykuiew B (v L B)

(man. 125, a). (Kpanku Ha MaJIIOHKY BKa3ylOTh Ha Te, IIo JiHil marmiTHOI inH-
IVKIOIl mepneHAMKYJIAPHI 00 IJIOMIMHH CTOPIHKHM i HanpsMJeHi o 4uTaya.)

. muv ; ; m
Toni gBv=——.V npoMy pasi 3apsaa pyXaTHMeThCS 110 KOy pajiycoM r= q_BU ;
r

AKmIo mBHAKICTE YACTHHKH HANpPAMJIEHA Oiff KYTOM o X0 JiHil iEgyKnil, To
3apfAJ PYXATHMeThCA IO TBUHTOBil TpaekTopii HaBKoJIO NiHi# iHgyknOil nons
(man.125, 0). [lilicHo, BeKTOp U MOXKHA POSKJACTH HA CKJAafOBi U| (B3moBix
aigift imayknii) Ta v, (mepuneHJMKYJAAPHO A0 JiHIA IHAYKLIi). v, BH3Ha4ae
paaiyc BUTKa I, a Uy 3 4aCOM HE 3MiHKETHCA (B ILOMY HATIDAMKY He Ji€ cuia).
Axmo sapamKeHa YaACTHHKA 3po0HTEL OAMH BHTOK nNpoTAroM uacy T', ToO B3LOBK
ninii imayxnii sa neit yac BonHa smictuThea Ha Biacrams h = yT (v = veosa,
v, =vsinua, a h € KPOKOM I'BHHTOBOI JiHii).

v

:._'.."'."ﬁ" v A h
M o T

'

a
« pe o m « 5y -
T, R w3 o
olo o o o o o ale = B
I F; ! 1

Al e e e e e e (‘]:“
I T
. e owow o on wilh o L "

* L <
s mg s s e U .\U U

Man. 125, TpaekTopis pyxy 3apaaXeH0! 4aCTUHKW B MarHiTHOMY noni: @ — 3aymosn U L B
0 — 33 YMOBM, L0 HANPAM WBKWAKOCTI YTBOPIOE KYT o 3 NiHIAMK iHAYKUT
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Ilixg gac pyxy sapaaxeHOl YaCTHHKU B HeodHopidHoMY MaTHITHOMY moii

3MIHIOEThCA He TiIBKH HANPAM, a i BeruuyuHa cuiau JlopeHna, TOMY TPaeKTOpiA
PYXY HACTHHKH MOxe OyTH Ay:Ke CKIATHOIO.
m Bukopucranna cunu JlopeHua B TexHiui. Pyx sapsaaxeHHX YaCTHHOK B
OZHOPIAHHX MATHITHHMX OJNAX BUKOPHCTOBYIOTE ¥ 6araTb0X NpHCTPOAX, 30KpeMa
B Mac-cneKkmpomempax — TPHCTPOAX /IJf BHU3HAYEHHA Mac 3apaiKeHuX
yaCcTHHOK (HoHiB, Agep pisHux aroMis Ta iH.).

I[IpuHIMOOBY CXeMy MAac-cIeKTpoMeTpa HaBseleHo Ha wain. 126. Ilpo-
XoAAYM Kpise cnoenianbHi oTBOpH, #oHM, M0 BHIITAKOTE i3 IKepena S,
dopMyIOTECH ¥V BYy3bKHH IIy4oK. Jlajli BOHH HOTPAILIAIOTE V CeJIEKTOD IIBHIKOCTEH,
B SAKOMY DYXAlOThCA B CXPENeHHX OAHOPIAHMX eJeKTPUYHOMY Ta MAaTrHIiT-
HOMY nojsx. EJeKTpuuHe [oJie CTBODIOEThCA MiX IJIACTHHAMM ILIOCKOIO
KOHJ€eHCATOPA, MarfiTHe — Mix moJrocaMu ejeKktTpomarsiry. IlouaTkoBa mBuj-
KicTe U 3apssKeHHX YACTHHOK HANPAMJIEHA NepHeHIUKYIAPHO A0 BEKTOPiB
E rta B. Ha uacTMHKY, L0 DyXaecTbcH, Ai€ egekTpuuHa cuaa F=gE Ta
cuna Jlopenna Fy =qBi. Ba ymosu pisoBaru cun, ¢E = quB; yactunka Gyme

. ; s ; E :
PYXATHCE PIBHOMIPDHO Ta NPAMOJIHINHO 31 IIBHAKICTIO U= *g . ,Hﬂ.."'ll JaCTHHKEH

3 OJHAKOBHMH 33 3HAYEHHAM INBHJKOCTAMH BJITAIOTH Yy Kamepy Mac-
CIOeKTpOMeTpa, B AKOMY CTBOpPeHe OJHOpiaHe marsHiTHe moje ingykuoiewo B'. ¥V
OBOMY IIOJIi YACTHHKHM pyXarThed 1ij fiew cuin Jloperna, TpackTopi€o Ix pyxy

s ——

5 muv 5
€ gyra KoJjia pajiycom R=—E. Bumipro-
q

H0YM pajiycm KDPHBH3HH TPAEKTOpil pyxy
i aHaruM 3HaueHHs U Ta B’, MoMXHA BH-

3HAYWTH BiHOIIEHHA 9 5
m

CygacHi Mac-CneKTpOMeTpH [Aal0Th 3MOTY
BH3HAYHUTH MACH 3apAIKeHHX YacTHHOK 3
BHCOKOIO TOYHICTIO. 3a X JJOIOMOT0I0 MOKHA PO3-
OLTHTH DIYy4OK i30TONIB, OCKiNIBKH BOHHM MAalOTh
ONHAKOBHH 3apAz, ajie pizHe MacoBe YHCJIO,

Ilyxe BaKIMBe 3HAYEHHA JJIA PO3BUTKY
AxepHol (iszuKH Ta (i3HKH eleMeHTAPHHX
YACTHHOK MAlOTh NPUCKOPIO6AYi YACTHUHOK.

Tak Ha3MBAaIOTEL YCTAHOBKH, B AKHX 3apAlKeHi
YACTHHKH DO3raHAKTHCA 10 BeJIMKUX IBHIKO-
cTeH, Mo HabJIMKYIOTECH 38 CBOIM 3HAUYEHHAM t
[0 MIBHAKOCTL cBiTsa (a oT:Ke, 1 10 BeJIMKHX
eHepriit). IIyuykH 3apAIKeHUX YACTHHOK Be-
JUKHUX eHepriil morpibui gns GombapayBaHHA
ATOMHHX AJeP 3 METOI JOCILIMKEeHHSA IX CTPYK- i
TYPH, POBKPUTTA NPUPOAH AJEPHUX CHJI, BH-
ABJIEHHA HOBHX YACTHHOK, 1110 HAPOAMYIOThCH
B peaknifx mij dyac BaaeMofii 4acTHHOK BHCO-

Man. 126. Cxema mac- o
cnekTpomeTpa KHUX eHepriu.
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€ kinpKa THNiBIPpUCKOPIOBAYiB, AK]I YMOBHO
MOXHA IIOALIATH Ha ABi rpynu: I — npuckopio- % 1
@¢E

BaYi, B AKHUX 3apAMMKEH] YACTHHKH PYXAKTbhCA
TLIBKH B eJleKTpHYHOMY 110Ji; II — npuckopro-
BaYi, B AKHX 3apsAlKeHl YACTHHKH PYXAKTbHCA
B €JIEKTPUYHOMY i MATHITHOMY TOJIAX.

Y npuckopioBauax I rpynm Ha sapamkeHi
YACTHHKH Jie abo cTranla pisHMIA MOTEeHILia-
JiB (emexkTpocTaTUYHHMN npucKopooBaud), abo
3MiHHA, KA 110 Yep3i IPUKJIaJaeThCcA OO IBOX
CYCiAHIX MUIIHAPDHYHHX eJIEKTPO/IIB, OCi AKNX
poaMmimenni B3moBx ofHiel npamol minHii (Ji-
HIiHHMH IpHCKOpIOBaY i3 CHHXPOHIZ0BAHOIO
aminHOW Hanpyrot). Cxemy JgiHilfiHOro mpm-
CKOpIOBaua HaBegeHo Ha manu. 127,

3pocTaHHA eHepril 4YacTHMHOK, IO BHJI-
TaloTh 3 iHeKTopa /[ (MpHUCTPOID, B AKOMY
YTBOPIOITLCA NPHCKOPIOBAHI YaCTHHKH), Bifl-
OyBAETHLCH B MOMEHT IPOXOAKEeHHA HUMH IIPH-
CKOPIOIOYHX MLIMH — TIPOMIMKIB Mimx mHIiH-
JPHYHUMH esieKTpogaMu. Taki npucKopioBayl po3raHfAOTE YACTHHKH 10 eHepril
y gecaTku I'eB. JloB:xuHA TAKOro NPHUCKOPIOBAYA OPAIKY 3 KM.

Y npuckoposauax Il rpynm sapagKeHi YaCTHHKH PYXAKTHCH He [0 MpAMii
nimii, a mo poabimkuii coipaxi. Tomy iX HasHMBAIOTE HMUKJOTPOHAMH. Broepme
IHKJIOTPOH Oyio ckoHcTpyHoBano v 1932 p. E. O. Jloypencom (1901-1958) y
Kanidopuiifickkomy yHiBepcHTeTi A/1a NIPHCKOPEHHA NPOTOHIB Ta foriB. Ockins-
Ku cuya JlopeHna, I0o gic HA YaCTHHKY, AK 0yJIo 3a3Ha4YeHO, HE MOXKe 3MiHIOBATH
il KiHeTHYHY eHeprio, IPHCKOPHTH 3apAKeHY YaCTHHKY 34 JONIOMOrOI0 CTAJIOTO
MAar"giTHOTO IIOJA HeMOKJIUBO. ToMY B IIMKJIOTPOHAX, AK 1 B JiHIHHHUX IPHCKOPIO-
Bauax, eHepria sapAJKeHHX YaCTHHOK 3POCTAE TiNbKH 34 PaXyHOK po0OTH, AKY
BHKOHYE 3MiHHE eJIeKTPHYHE [I0JIe HA IIeBHHX AlJIAHKAX TPAeKTOpil YacTHHOK,
a4 MAar"iTHe MmoJie JIHINle BHKDHBJIAE€ TPACKTOPild NPHCKOPIOBAHMX YaCTHHOK,
BMYLIVIOYH IX PYyXaTHCk He B3J0B:K NpaAmOoi JiHil, a mo ayrax Kin pisHHX
pajgiyciB, Ha AKi MOMKHA DOALIHTH po3bikHY cuipank. 3aBAAKH OIbOMY pO3Mi-
pH BAKYYMHOI KaMepH, B AKil Bif0yBacThCcA NPHCKOPEHHA YACTHHOK, y KiJbka
JecATKIB pasiB MeHIi, HixK y JiHifiHOro IpHCKOpIOBAYA, HA TAKY CAMY eHepriio.

Ha man. 128 nokasaHo 3araJbHHH BHTJIAJ IIUKJIOTPOHA.

V¥ kingi 60-x pokis XX cr. y Pagauacexkomy Corosi Oyso pospobieHo HOBHIA
THII IPHCKOPIOBAYiB, a caMe IPUCKOPIOBAY HA 3YCTPIYHMX NydKax — Koxaildep
(Big aHru. collide — 3iTKHYTH) — [Ie CHCTEMA 3 IBOX IPHCKOPIOBAYIB 3aPAMEeHHX
YACTHHOK, B AKi#l JBA MyYKH NPUCKOPIOIOTHLCA HAZYCTPIY OIUH OIHOMY.

Man. 127. Cxema niHinHoro
npuckoploBaya

Man. 128. 3arancHuia BUrnag
UMKNOTPOHA

/ [DanTe Bignosigi Ha 3anUTaHHA

1. anCKODEHa 3dapagxeHa 4acTuHKa BniTae 0OHOro pasy B nonepe4vyHe enexkTpuy-
He none, iHWOro pasy — B NonepeyHe marditHe none. Akumu GyaoyTe TpaexTopii
YaCTUHKM ¥ KOXHOMY Bunanky? (Mone npoTskHe i YacTMHKA He BUNITAE 33 MOro Mexi.)

2. MOACHITE, YOMY CBITIHHA Y BEPXHIX Wapax atMochepK, 3yMOBNeHe KOPNYCKYNAPHUM
BMNpoOMiHIOBaHHAM CoHUS (NONSpHEe CARBO), CNOCTEeRIraeThCa NepPeBaxHo y Npuno-
NAPHWX WWpoTax,
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Mpuknagw po3e’a3yBaHHA 3agay

3amaua. EnexTpoH BIiTaE B OGHOPifHE MATHITHe IoJe 3i IIBHAKICTIO U OiJ KYTOM O

110 BeKTopa inayknii B . Buanauuth pajiyc i Kpok rBHHTOBOI JiHil, AK0I0 Oyae pyXaTHCh

€JIEKTPOH.
Jano: Posp’azanas
v Pyx eJleKTPOHA 3 TAKOIO ITBHAKICTIO B OAHOPiAHOMY MarHiTHOMY 10JIi Bif6y-
o BAETHLCA IO 'BHETOBII Mimil(due. Man. 125,6,c. 111). lIsuaKicTs pO3KIaAAETHCA
B HA CKJIA/I0Bi: NapanesbHy BeKTOPY IHAYKMIl v, = Ucos( Ta MepHeHANKYAAPHY
R-? mo iggyknii v, =vsino . Cuna Jloperna Fj; gie Ha eeKTPoH y MIOIMUHI, mep-
h-? NeHAMKYJIAPHiil 10 BekTopa B, Hajaoun AOMY JOIEHTPOBOrO IPHCKOPEHHS:
2 3 s 8 .
mu , mu-sin o " muvsind
Fp=——=, evBsinoa = —————. 3sigecm R=————.
R R eB

Bajop:# monA eJeKTPOH PYXAEThCHA 34 1HEPIi€0 3 NOCTIHHOI MBHAKICTIO, OCKLIBKH

¥ HBOMY HANPAMKY He JiloThb Hifki cunu, B peayabrari fogaBasHA JBOX PYXiB — PYyXY 10

KOJY Ta MpAMOJiHifiHOro piBHOMiIpHOro pyxy 3a iHepuicl — TpacKTOpiA pesyasTyO4O-

ro pyxy eJeKTpOHA € rBUHTOBOIO Ainieio. Kpoxom reuaToBOl HiHii € Bincrass ht, HA AKY

3MiNIyeTHCSA YACTHHKA B3/[OBK MO 3a ofuH obepr, 2=y T =vTcosa. Bpaxosyioun, mo
2nR  2nR

v, vsina

Tv, =2nR , orpumyemo T =

Toni b= 2TERI.)GOS[I b 2nmvcosa ]
vsino eB
L N muvsino 2nRvcosa 2nmuvcoso
Bignosigs: R = y h= - ,a60 h=—4M8m,
eB vsino eB
Bnpaea 15

1. B ognopigne margitae nosne ingyriicio 0,085 Ta sairae enexTpon 3i meuakic-
Ti0 4,6 - 107 M/c, HAOPAMJIEHOK NePIeHAHKYIAPHO A0 JiHifl MArHITHOI IHOYK-
nii. BusHaunTH CHJIY, AKA Ji€ HA eJeKTPOH B MarfHiTHoMy moJi, i paaiye ayra
KOJIa, IT0 AKi# BiH pyxaeTheAa. Pyx BigfyBaeThca y BAKYYMI.

2. IIpoToH i eNeKTPOH BJIITAKTSL ¥V OJHOPiHEe MarHiTHe MoJjie 3 OJHAKOBOIO IIBHJI-
KiCTI0, IepIeHAHKYIAPHOO A0 JiHii ingykmii. ¥ ckineKy pasiB pagiyc KpHBH3-
HH TPAEKTOpil npoToHa OLILIIMA 3a pagiyc KPEUBH3HH TPAEKTOPIl eleKTpoHa?

(31 3. EnexTpoH, BiaiTaiouH B ofHopigHe MaraiTae noae nig kyrom 60° go ximiit mar-

HiTHOI iHAYKOil, pyxaeThcd no cnipani giamerpom 10 cM 3 nepiogom oGepTanHsA

6 - 10°° c. BusHAYATH MBHAKICTH PVXY €JIEKTPOHA, MATHITHY iHAYKOiO monsa i

KPOK cripaii.

ﬁh 4. EneKTpoH pyXaeThcA Y MarairaoMy moui iegykmieo 2 mTa, mo remETOBiLH MiEiT

pajiycom 2 cM, KpoK AKoI 5 cM. BU3HAYMTH IUBUAKICTE PYXY eIeKTPOHA.

=']| 9. OgHODigHI eJeKTPHYHE i MarHiTHe IlOoJie PO3TAILIOBAHI B3BAEMHO NePOEHAHKY-

napHo. HaopysxeHicTs enexkTpruyHOro moas crasosuTh 1 kB/Mm, a ingykuia

MaraiTHoro moaa —1 MTua. dxuMu MaoTs GyTH HATIPAM i 3HAYEHHSA MBHAKOCTI

eJleKTPOHA, 1100 TPAEKTOPiA ko0 PYXY Oyia npaMoainifinOo?
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§ 26. MarHiTHi BNacTMBOCTI pPE4OBUHMU

fia-, napa- i pepomarHeTukm. [lle Ammep Aiud NOACHEHHA MATHITHHX BJa-
CTHBOCTEH PEYOBHMHH BHCYHYE rilioTesy Ipo MOJEKYJIAPHL cTPYMH, ale [0 CTBO-
PEeHHA NJaHeTapHOI Mojie/Ii aToMa 1A rinoTes3a 3ajddiIagack He 00IpyYHTOBAHOK.
3a cyyacHHMH [IOrJIfAJaMH Ha Oy 0By PeUOBHHU KOMEeH eIeKTPOH B ATOMi Mae
cninosull Ta ofepmatbHuil maznimni momenmu. Tak, nig yac obepTraHHsA 0JHOTO
€JIEKTPOHA HABKOJIO Apa CTBOPHETHCA CTPYM, CEPEJHE SHAYEHHA AKOT'0 MOMHA

e .
sanucaru Gopmynow I, = 1 me T — mepiog obepTaHHA eNeKTPOHA HABKOJIO

AfApa. 3 UM CTPYMOM NMOB' A3aHHH opbiTaJbHHI MATHITHHI MOMEHT eJIeKTpOoHA
P =1,,S , ne S — mioma, oxomnosana opbiTo0 eJeKTPoHA.

Enexrponn maoTe i BiacHe MarfiTHe 1oJie, 110 XapaKTepH3yETECHA CIIHOBHM
MaragiTHuM MmoMeHTOM. TepMiH «cin» (aHrI. Spin — 6epemeno) BAHUK Y TOH 4ac,
KOJIH BBAYKAJIOCH, 10 BIACHWH MATHITHHIT MOMEHT eJIeKTPOHA 3YMOBJIEHUH 0Oro
obepraHHAM HaBKoJIO BjacHOI oci. HuHi 3akoHH pyxy e/leKTpoHA B aToMi Beta-
HOBJIEHI KBAHTOBOK TEOPI€I0, i €RiH eJEKTPOHA € KBAHTOBO-MeXaHiuHOIO foro
BJIACTHBICTIO, 1[0 He Mae aHasoril v kaacuuHii disuni. ¥V waacuurii dizumi mo-
MEHT iMIIyJIbCY BHHUKAE BHACJIIOK 00epTaHHA MACHBHOI'O TiJIAa CKIHUEHHHX PO3-
mipiB. CriH BIacTUBMiI HABITHL YACTHHKAM, AKi HA ChOTO/HI BBAXKAKTHCS TOYKO-
BUMH, i He moB’A3aHMH i3 :KoAHHM oDepTaAHHAM MAC BCepeARHI TAKOI YACTHHKH.
EnexTpoHM po3TamoBy0OThCs TAK, W0 IX CHIH HANPAMJICHUI B3JIOBIK JiHIA Mar-
HITHOTO 0JIA i MoKe 3biraTucd 3 HaIpsAMKOM BekTopa B abo 6yTH fiomy nmpoTH-
MeKHAM.

OT:ke, aTom (4 MoJieryJsia) 6y ib-AKO] peYOBUHH — e CKJIAIHA MiKPOCKOIIIUHA
(ememeHTapHA) MarHiTHA cHCcTEMA. Pe3yibTyOudil MArHITHMH MOMEHT aToMa /10~
piBHIOE BEeKTOPHIii cyMi cTiHOBHX Ta opOiTANEHUX MATrHITHHX MOMEHTIB OKPEMHX
eneKkTpoHiB. OCKiNBKH BJIACHI MArHITHI MOMEHTH IIPOTOHIB Ta fAApa 3HAYHO MEHIII1
338 Mar"iTHI MOMEHTH eJIeKTPOHIB, TO BBAKAKTh, 1110 MATHITHI BJIACTHBOCTI aToMa
BHBHAYAIOTHCA MATHITHUMH BIACTHBOCTSIMH HOTO eJIEKTPOHHOT 060I0HKH.

JanexHO BiJ KINBKOCTI eleKTPOHIB ¥ aToMi Ta IX B3aeMHOI0O po3MilleHHA
Ha eJIeKTPOHHHUX 000JIOHKaxX HABKOJIO AMIPa MOKe CTATHCA TAK, [0 CYMapHHMA
MArHITHHI MOMEHT ATOMA JOPiBHIOBATHME HYIIIO.

cniHoBi Ta opBiTanbHi MarHiTHi MOMEHTW ENeKTPOHIB B3AEMHO CKOMMNEHCOBaHI,

6 | PEHOBMHH. aToMM AKWMX HE MalOTh BNACHON0 MarHiTHoOro MOMEHTA, TOBTO B AKMX
HAa3UBAKTLCA giaMarHeTHKaMu.

Jo HUX HaNeKaThk PeYOBHHH, ATOMH SAKHX MalOTh IOBHICTIO 3a0yMoBaH] enek-
TpOHHI 000JIOHKH: iHepTHI rasu, asor, BOJeHb, KPeMHiii, BicMyT, HWHK, Migb,
cpibio, a Tako:xk OGararo opraniuHEux i HeopraniuHux cmoiayk (Boga, aneToH,
rainepuH, HadTanid romo). BeepeguHi miaMarseTHka, BHECEHOIO B 30BHIIIHE
MargiTae mose, BigdyBaeThes Tak 3BaHWH mgiamar"HiTHUN edeKT, M0 NONATAE ¥
BHHHKHEHH] Y ATOMIB pe4OBMHH iHAYVKOBAHOTO (HABE/IEHOI0) MATHITHOIO MOMEH-
Ta, AKHI 3aBH /U HATPAMJIEHHUH [IPOTH BEKTOPA IHAYKILI]l MATHITHOIO ITOJIA, TOMY

BiIHOCHA MArHITHA NIPOHMKHICTL AiaMarHeTHKiB MeHIa 3a ouHAILO (U<1).

,s Pe4oBWHMK, WO CKNAAalTeCA 3 aTOMIB Ta MONEKYN, AKi MaloTe BiAMIHHWIA BIL, HYNA
BNAcHWIA MarHiTHWA MOMEHT, HA3WBAIKOTLCH MapamMarHeTHKamm.

-
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Ileit Tepmin Boepiue BBiB y 1845 p. @apajeii, AKAH NOALIWE PeYOBHHH HA
giaMaruiTHi i mapamarhiTHi, a mepime TOSCHEeHHA MapaMarHeTH3My po3po0uB
HA OCHOBI KJACHYHOI eJleKTPOHHOIL Teopii dpaniysekuit dpisuk Ilons Jlagxkesen
(1872-1946). [To napaMarHeTHKiB HaJIe)KaTh PEYOBHHH, ATOMH AKHAX MalOTh He3a-
OymoBaHy BHYTPiIIHIO 000I0HKY (a1F0MiHIH, Kanbiit) a6o HeltapHe YHCJI0 eJIeKTPo-
HiB (HaTpiii, asor), AeAKi MeTanH (IJIATHHA, BOAb(paM), KHCeHE ToMIO. 3a BifcyT-
HOCTI 30BHIIIHEOTO MArHiTHOTO DOJA BiAMIiHHI BiJ HYyIs8 MATHITHI MOMEHTH ATOMIB
NapaMarHiTHOI peYOBHHH Mif Ai€i0 TEIJIOBOTO PYXY POSMINIYIOTHCA CTATHCTHYHO
piBHOMIpHO 3a BciMa HanmpAMKaMu. ¥ pesyasTari cymMapHMil MAKpPOCKONIYHHM
MAarHiTHHHA MOMEHT Tija JOPiBHIOE HYJIIO i BOHO BUABIAECTHCA HeHAMATHIYEHHM.

Ilicis BHeCEHHS MApaMarHiTHOI peYOBMHHU Y 30BHIIIHE MarHiTHe mojie B Hiil,
nopsj i3 caabkuM fgiaMargiTHEM edexToM, BigbyBaeThCa NepeBajKHa opicHTa-
Iif eJleMEeHTAPHUX MATHITHUX MOMEHTIB aTOMiB ¥ HANPAMKY mboro nond. Tomy
NapaMarfeTHKH HAMarHi4yIOTHCA B3J0BK 30BHIIHBOTO 1T0J4 1, 0TKe, IMiACHII0-
I0TE Horo, IX MargiTHa NpoHMKHICTE TpoxH 6inbina 3a oguHHLIO (1L > 1).

3paskH, BUrOTOBJIEH] 3 mapa- 4i JAiaMarfeTuka, no-pisHomy cebe MoBOJATH,
Oyay4un BHeceHi y MarsiTHe moje. B oqHopigHOMY MarsiTHOMY 10JIi BHAOBMKEHHH
3pasoK 3 giaMarHiTHOI peYOBHHH PO3MIINYETECA NepIeHIHKYAAPHO A0 CHIOBHX
Aigi# noas, napaMardiTHUE 3pasok — Y3J0B¥K HHX. ¥ HeOZHOPifHOMY Marsir-
HOMY TOJIi liaMATHETHK BHIITOBXYETHCA B HANIPAMKY 3MeHIIeHHA iHAYKIii Mar-
HiTHOTO MOJIA, MapaMarHeTHK — BTATYEThCA (Man. 129).

MexaniaM HamMarsiuyBaHHS DapaMarHeTHMKiB Ay)Ke cXOKHH Ha MexaHisM
nonapuaanil NoaApHEUX AienekTpHKis. [iamarHeTnsm He Mae aHAuIora cepef
eJIEKTPHYHHX BJIACTHBOCTEH PeYOBHHH. '

Kpim HasBaHMX THUIIE MArHeTHKIB icHyIOTH # Taki, 0 37aTHI AyiKe CHJIBHO
HAMArHIYYBATHUCH Y MATHITHOMY TIOJi (HATTPUKIA] 341130, CTAIb, YABYH, HiKeJb,
Ko6aneT, ragoniniit). BoEH yTBOPIOIOTE OKPEeMY I'PYNY CHJIBHOMATHITHHX pedo-
BHH, AKi Bl IaTHHCHEKOI HABBH 3aJ1i3a HASUBAIOTE PepomazHemurxamu. MaraiTaa
TNPOHHKHICTH (hepOMATHITHUX PEeYOBHH AyiKe BeJHKA, 10%-10°. Ot:xe, depomar-
HeTHKH MifCHJII0I0TE 30BHIIIHE I0JIe B COTHI i THcAYl pasiB. EdeKT «BTATYBAH-
Hf» JiHiH IHAYVKI] 30BHIMIEBOrO T0JIA ¥V epOMATHETHKIB Jyie CHIbHUI,

TMocaipxxywuyu npupoay depomaraeruamy, dparnysekuil disuk II’ep Beiice
(1865-1933) vy 1907 p. BHCYHYB rinoresy Opo icHyBaHHA B HMX BHYTPIIOHBOI
B3aemopmil, II0 DIPHBOAHUTEL OO CAMOAOBLILHOrO (CIOHTAHHOrO) HaMarHidyyBaH-
HA OKPeMHX JLIAHOK (pepoMarHeTHKa 3a BiICYyTHOCTI 30BHIMHBOr0 MardiTHOTO
noiA. Bupuenns 6ynosu epoMarHeTHKIB 3a 0IIOMOr00 MiKPOCKOIIA TIOKA3AJIO0,
mo AificHo, (hepoOMarHeTHK CKIANAETHCH 3 MHOMKHHY CAMOJAOBLIBLHO (CIOHTAHHO)
HaMaraivenux obiaacreit poamipamu 6aussko 0,001 — 0,1 MM, AKi HasWBawOTbL I
domenamu (abo obnacramu Beiicca). @axkTHuHo ne obaacti, M0 OXOMJIOIOTH
COTHIi ATOMHHX IIADPiE, B AKKX HATIPAM HAMATHIYYBAHHA 3MIHIOETHCA MOHOTOHHO.

Man. 129. NapamarHeTvk (a) Ta giamarHeTvk () B HEOAHORIAHOMY MarHiTHoOMY noni
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Man. 130. HamarHivyeaHHa ¢pepomarHeTvka

Axmo BigcyTHe 30BHiIIHE Mar"iTHe noJe (B, = 0), To noMeHH depoMarseTs-
Ka posmiimmeHi xaorudHo (Man. 130, a). Tomy BiH He BUABIAEe MAKPOCKOMIYHO]
Hamartiverocti. Konu (pepoMarHeTHK BMIIVIOTE V 30BHIIIHE MATrHITHe IoJje,
Horo JoMeHU NePEMarHiuymwTeCA Tak, Mol iXxHI Mar"giTHi MOMEHTH MajIWd Ha-
npAM NiHi#d igayKILii 3oBHiIIHEBOTO NoJA (Mas. 130, 6) (opieHTYIOTHCA YV HATIPAM-
Ky nosns). Ilpu npomy sMiHOOTBCA MeKi HOMeHIB, i foMeHH, OpieHTALLA AKHX
BigmoBisana 30BHIIHLOMY MArHITHOMY IOJIO, 30iMBITYIOTE CBOI pO3MipH 3a pa-
XVHOK [IOMeHiB 3 iHmow opierTanicro (man. 130, 8).

Ilicna BUMMKAHHA 30BHIIIHBOIO MArHiTHOTO IOJA €AUHHM (DaKTOpPOM, AKHI
BIIJIMBAE Ha OPIEHTAII0 JOMEHIB, BAJIHINAETHCA TENJIOBHHA DyX, AKHII DYHHYE
opieHTaniio goMeHiB. 3a HHGBKHX TEMIEPATYD IHTeHCHBHICTH TEILJIOBOTO PYXY
BHABJIAETHCA HEJOCTATHEOK) JIJIF NOBHOTO PYHHYBaHHA OpieHTAaINii fomeHiB i (e-
poMargeTHk 30epirae neBHe 3AIMINIKOBe HAMATHIUYBAHHA,

B excriepumenTax i3 sanizom I1. Kropi BeTaHOBHB, 1110 ¥ nponeci Harpipanua
3aJ1i30 MpM NeBHIH TeMIepaTypi Brpayae BJACTHBOCTI hepoMarHeTuka i mepexo-
IUTEL v napaMaruitauit cran. Ioganemi goenifzxennsa moxKasany, mo A1 KO-
HOro (pepoMarHeTHKa € CBOA BH3HAUeHA TeMneparypa (remneparypa Kropi), aa
sAKol ¢hepomMaruiTHi BiacTHBOCTI 3HEKAaIOTE. 14 3anisa, HAOIpHKIaM, 1A TeMIle-
parypa cranoBHTE 770 °C, nna kobansty — 1130 °C, nna mikemro — 360 °C.

Orsxe, VABJIEHHA PO JOMEHHY CTPYKTYPY (DEPOMAIHETHKIB 1€ MOMKJIMBICTE

MOACHUTH 0cOoOJMHMBOCTI nmponecy iXx HaMarHiuyeaHHs., OgHAK 3aJHIIAETHCH He
3’ACOBAHMM IHTAHHSA, YOMY iCHYIOTE JJOMEHH, AKi CHJIM 3MYIIVIOTH ATOMH B J10-
MeHaX INHKYBATHCH TAK, 1106 ix BiacHi MargiTai nonsa 6yau cTporo opieHToBaHI.,
Bianosins Ha ne mutanns 6yna gana y 1928 p. pocificsxum disurom .1, Opesn-
KeneM Ta HiMenbkuMm (isukom B. Ieiizenbeprom. Bonu nokasanu, 1o cMIbHY
opierraniio MarHiTHMX moJiB aToMiB 3yMOBIIOIOTE TAK 3BaHI cuam oOmiHHOL
Bzaemofii. IIpupoga ©DHX CHJA NTOACHIOETHCA JWINEe KBAHTOBOIO TeOpieio
aTomMa.
@ MarniTHwid rictepeaunc. XapakrepHoio oco6aHBicTIO (hepoMarHeTHKIB €
CHJIaJiHA 3aJIesKHICTE IHAYKIil BHYTPIIIHEOrO MOJA HAMArHiYeHoro )epoMartse-
THKAa B Biff iHAYKIIi] 30BHINIHBOrO NOJIA HAMargivyouux cTpymMis B. o Toro x
HAMATHIYYBAHHA (DEDOMArHeTHKa 3aJIeXHThH He JHme Big iHAVKIil
HAMATHIYYIOYOIro IIOJfA, & ¥ Bif TOoro, HamMar"iuypascA NAaHHH (pepoOMATHETHK
paHiine 4m Hi.

Kinbkicre mocninsxenns sanexnocti B=f(B;) nporogaTe, AK OpaBUiIO, 34
JOTIOMOrOI0 3aJIi3HOTO KiNblld, HA AKe HAMOTAHA 00OMOTKA, AKOI0 MPOIYCKAIOThL
eJeKTpUYHHI cTpyM (mas. 131). 3pa3ok Takol opMH HA3UBAIOTHL MOPOLIJOM.

0
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Man.131. TopoinansHa KOTywWkKa Man. 132. MeTns rictepesucy

Hexaii sanizHe ocepAa ToOpoifaJbHOI KOTYINIKH paHille He HAMATHIUYBaJI0Ch
i erpymy B Korymii Hemae., [[ouHemo mocTynmoBo 36iMBIIYBATH CHIIY CTPYMY.
Ingykuis sosrimmEbOroe monas B, Gyae apocraTd nponopniitHo cumi cTpymy.
IrgyKUisa BHYTPIIMHBOTO MOJA TAKOM IOYWHAE 3DOCTATH, alle He JiHiliHO, a TaK,
AK moKasaHo Ha mas. 132. CnouaTky (Touka a) foMesu HeBnopaakosani. ITo mipi
spocTaHHA B, opieHTania foMeHIB BIOPALKOBYEThLCH, 1 B To4ni b npakTHYHO BCi
JlIoMeHH 3opieHTOBaHI Mo moJo. HamarniveHHA ocepiida, AK KaXyTh, fOoCATae Ha-
cuuenHd. Touka b Ha rpadiry eignosigae npubanano 70 % moBHOro HACHYEHHH,
OCKI1JMBbKH OCTAHHI OMEeHH BIOPAAKOBYIOTHCA JOCHTb BAXKKO.

Bynemo amermyBaTu B,,, 3MeHIIyoun cuiy cTpyMmy B o6mMorni. Koam crpym
3MeHITYETLCA 10 HYJ4 (ToUKa ¢ ), JOMeHH Ie 30epiraoTs feAKy BIOPAIKOBaHICTS,
i ocepaa 3bepirae 3anuIIKOBe HAMATHiUeHHA. ¥ TaKWil croci6 BHTOTOBIAIOTH
nocTiiiHi MargiTH. 3MiHHMO HanmpAM cTpyMy B oOmotmi, i sHOBY Gyaemo fioro
MOHOTOHHO 30inemryBaTu. MaraiTae noxe (— B,), HanpsMiIeHe IPOTUIEIKHO [0
3aJIMIIKOBOI0 HAMATHIYYBAaHHA OcepjAd, IOYHEe IIepPeopieHTOBYBATH JOMEHH, i B
rouni d BHyTpiluHEe nose saukae, B =0. Iloganeme 3pocTaHHA CHIM CTPYMY IIPH-
BOJMTH [0 HOBOI MOBHOI Opi€HTAai]l foMeHiB (TOYKA ¢). 3BepHITh yBary Ha Te, II0
KpHBa posmar"iuyBanes (bd) cnagae mosinbHime, HiK 3pocrana ab y nponeci
HaMar"HiuyBaHHA (epomarHetruka. OnHMcaHe ABHINEe HA3UBAETHCA MAZHIMHUM
ziemepesucom (BiJ TPEIIEKOTO «TiCTEPE3NC» — «3aTliZHEHHA» ).

K10 3HOBY 3MEHIIYBATH CTPYM ZI0 HYJIA, & NOTiM 30i/IBIIYyBATH HOro y Opo-
THJIEKHOMY HAIPAMKY, To iEAyKIia B 6yne sMiHIOBATHCE 3TilHO 3 KpUBOIO efgb,
IONOKH 3HOBY He JOCArHEe HACHYeHHHA B To4ii b. YTBOpeHa IpH bOMY 3aMKHEHa
KPHBa JicTaja HasBy nem.Ji zicmepesucy.

¥V TakoMy IHMKJ BeJIMKA KiIBKICTE eHeprii NepexoJHTh YV TEILJIo (Yepe3 BHY-
TPillIHE TEePTA IIiJ Yac mepeopieHTanil JOMeHiB); MOKHA JOBECTH, [0 BTPATH Tell-
Jla nponopLifHi ol meTii ricrepesucy.

PepoMAarHeTHKH 3 BEJIMKOK IJIOINEI0 NeTJi ricrepe3ancy Ha3sMBaKTh 3HOPCTKH-
MH, a4 3 MaJIOIO IIOIIEI0 — M’ AKMMH.

3acTocyBaHHs MarHiTHUX martepianis. Marmitom’axi (pepoMarsiTai MaTe-
piamu (ximiuHO 9KcTe 3a)1i30, €IEKTPOTEXHIYHA CcTab TA iH.), AK] Maii}Ke BTpaya-
I0TH HAMarHiUYeHicTE: Mic/A BHOAJNEHHSA i3 30BHIMIHBOTO NMOJA, BUKOPHCTOBYIOTH
B THX eJeKTPOTeXHIYHUX MMPHCTPOAX, B AKUX BifOyBaeThcA OeamepepBHe Imepe-
MATHIYYBaHHA OCep/b, MATHITONIPOBOLIE TA iHIIMX YAaCTHH TpaHC(OpPMATOpPIB,
reHepaTopiB 3MIHHOIO CTPYMY, €JIeKTpoABHIyHiB. MaruitomxopeTKi MaTepiann
(Byraemesa cTajib, XPOMUCTA CTAJb 1 COENiaNBHi CILIABH) BHKOPHCTOBYIOTE 3/1ie-
GiBIIOTO AJIA BUTOTOBJIEHHA NOCTIMHHX MATHITIB.
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Besukoro sacrocyBanuA Habynu B cyuacHil pagiorexmini ¢gepumu — depo-
MardiTHi MaTepiaJji, SIKl IOraHoO NPOBOJATE eJleKTPHUHHUHE cTpyM. o HHX Hae-
}ATH PEUYOBUHH, 1110 € XIMIYHHMH CIIOJYKAMH OKCHIY 3aJ1i38 3 OKCHAaMH IHIIIHX
MeTasiB, PepHTH BHKOPHACTOBYIOTE AJIA BHTOTOBJIEHHA OCEPAbL KOTYIIOK I1HIVK-
THBHOCTI, BHYTPIIIHIX aHTeH MasiorabapUTHUX NIPHIEMAYiB TOIIO.

3aBIAKH ABUILY ricrepesucy, AKe MOJATaE ¥ BIACTHBOCTI MaruiTy aepiratu
«I1aM'ATh» PO MEHYJIE, CTAB MOKJIHBHUM 3aIlUC 3BYKY B MarfiTodoHax i f1oBiab-
HOl inopmanii y goBrorpuBasii nam’ati komn'orepa.

IOna ssykosanucy B mar”iTodoHax i Bigmeosammey y Bimeomarmitodonax
BHKODHCTOBYIOTh MATHITHI CTPiYKH, 110 ABIAAITE c000K0 IHYYKY OCHOBY 3 IOJIi-
XJOPBiHLIY YW IHIOWX pe4YOBHH, Ha AKY HaHeceHo poboumil map y surisaal
MarfiTHOro JIaKy, 0 CKJIaJAETHCA 3 Myske JpiOHUX Tro/IuacTHX YACTHHOK 3aJ1i3a un
inmoro (pepoMarHeTHKAa i 38’ A3YBAIBHEX PEUYOBHH. 3BYK 3allMCYETHLCA HA CTpidmi
3a JOIIOMOrol0 eneKTpomarHiTy. MaraiTHe nosie eleKTPOMATHITY 3MiHIETBCSH B
TAKT 31 3BYKOBUMH KonupaHHAMH. [1ix uac BiATBOpeHHS 3BYKY CHOCTepiraeTheA
sBopoTHMH mponec. Hamarmivema crpiuka 30ym:Kye B MAargiTHi# roJosii
eJeKTPUYHI CHTHAJIH, AK] Micad TijIcCHIeHHA HAIX0AATE ¥ AHHAMIK MaraiTodoHa.

Maznimocmpuruyia — sigkpure . :xoynem y 1842 p. apuine amiau poami-
piB i (popmu Tisia BHACKIZOK HOro HAMATHIYYBAHHEA. ¥ (pepoMarHeTHKIB Marsito-

: - Al -5 & ; -
CTPHKIIA CIPHYNHIOE BiTHOCHE BHAOBKEHHA T ~107°+107?, y giamarzeruxkis i

Al
napaMarHeTHKiB BOHA MaJa, 5 ~10%+107".

Ha apumi MarHiTocTprKUil I'PYHTYEThCA i BHIPOMIHIOBAYIB VIBTPA3BYKY.
Armo depomMarseTMK TOMiCTHTH B 3MiHHe MarHITHe MToJie, B HbOMY BHHUKATHMYTh
MeXaHIYHi KOJIMBAHHA, YACTOTA AKHX 3AJIEKATE BiJl YACTOTH 3MiHHOIO I10JIA.

MarsiToCcTpUKILil0 BHKOPUCTOBYIOTE TAKOMK V PAJiOTeXHIUYHWUX IPHCTPOAX
nna crabimizanii gacToTH, B poboTi MarHiTOCTPHKNIHHNAX NepeTBOpPOBAYiB, gaT-
YHKiB i peJe,

Haitte Bignosigi Ha sanuTanHsa

1. ki pevoBnHW HA3MBAIOTEL AiaMarHeTMkamMu? napaMarHeTikammn? epomarHeTnkammn?
2. UWlo Take pomeH? Ak noBoasaTs cebe [oMeHu Nig Hac HamarHiHysaHHa dpepomarHeTika?
3. 5ki OCHOBHI BNacTWUBOCTI MarTe PEepoMarHeTUkKu?

4. Haeegite Nnpuknagn NpakTMYHOIrO BUKOPUCTaHHA (PepPOMarHeTKIB y TEXHILL.

§ 27. BUHUKHEHHS iIHAYKUIRHOro cTpymy

Aocnign M. Dapapes. [licaa Bigkpurra Epcresa, Akuii A0BiB, 10 HABKO-
JIO IPOBiJIHHKA 31 cTPYMOM BMHHKA€E MATHITHE 110JI€, IPHPOAHO OYJI0 TOCTABHTH
OHTAHHA NP0 MOMKJHMBICTE YTBOPEHHA eIeKTPHYHOTO CTPYMY B MPOBIAHWKAX 3a
JLomoMorol0 marHiTHoro nossa. Hayx pose’asagHaM niel npobaeMH mpamioBas ag-
raificexni pisux M. Papageii. Hapegemo neaxi a3 Horo gocaifgis.

1. TansBaHOMETD NOKA3YE NOABY CTPYMY IiJ yac nepemimenssa (HabamxeHHa
4¥ BiajasesHA) NOCTIHHOrO MarsiTy BiIHOCHO HEPYXOMOTO0 3aMKHEHOT'0 IPOBijg-
HUKA (KoTymiku). MoskHa i, HABIAKH, PYXaTH KOTYIIKY, 3aJHIIAKYHA HEPYXO-
MuM MarfiT (man. 133, a). Koxuoro pasy, sbimmkyoun abo BiIansamodyn KOTYIIKY

.
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i MargiT, MM OTPEMY€EMO CTPYM IIpO-
THJIE}KHUX HATIPAMKIB.

2. IoxomKeHHA MATHITHOTO TIOJIA
i (popMa mpoBigHMKA He MAlOTH 3HA-
yenHsa. Ha man. 133, 0 nocriiiHmit
MarHiT saMiHeHO HA eNeKTpPOMATHIT,
a Ha maJ. 133, 6 KOTyLIKY — Ha Op#A-
MOJIiHIAHUH TPOBIIHHK.

3. Mosxna ofifituca soscim Oes
PYXY, AOCHTh 3aMHKaTH abo poaMH-
KaTu cTpyM B o0MoOTIHi OfHiel Hepy-
X0MOI KOTYIIKH (eJleKTpOMAarHiry), —
B iHmIi#, posmimeriid mobauay,
BUHHKaTHMe cTpyM (Mamn. 133, 2).

4. Mo:xna obepraTH paMKy B OQHOpPi-
HOMY MargiTHomy o (mau. 133, r).

IIIo6 maTu TOuHEe KiJdbKiCcHE MO-
SICHEHHS PO3IJIAHYTOTO SBUINA, Tpe-
Oa BBECTH BeJHYMHY — NOMiK Maz-
Man. 133. [locniau 3 eNeKTPOMarHitHol iHpykuil - wimuol indyxyii (abo, AR KaMmyTh,
MazHimHuuil nomik).

Y Morik marwiTHOi iHAykyii @ - ue ¢isanyHa BENWYMHA, AKA XapakTepu3ye

’ MarHiTHe none, Lo NPOHM3YE NEBHY NOBEPXHIO nioweto S. Axkwo iHaykuia B
B yCixX TOYKax noeepxHi ogHakoea, 10 @ = BScoso, ae o — KyT MiX BEKTOPOM
MarHiTHOI iHaYKWii Ta Hopmannio 1 no nosepxHi (man. 134).

KP'Mz

et A
CoifibHEAM y BCiX POSMISHYTHX A0CHIfAX € Te, II0 KOMHOTO pasy sMiHIOeTheA
MargiTHHi ToTiK, 10 TPOHU3YE 3aMKHEHNH KOHTYD. BOeBHHTHCE ¥ IBOMY MO3K-
Ha me i Tak. Ko B KOTYIIKY, CIIONYYeHY 3 FaIbBAHOMEeTPOM, BCTABHTH MArHiT,
a moTiM pyxaTH IX pasoM, Tak, 1100 BOHU BiTHOCHO OAWH OJHOTO 3AJHIIAIHCE ¥
CIIOKO1, TO IHAYKIIHHNI cTPYM He BUHMKAaTUMe (MartgiTHUIl NOTiK, 10 NPOHKU3YE
KOHTYD KOTYIIKHM, 3aJMIIacTecd cTaiuMm). He smEmKae iHgykniiianit crpym iy
pa3i mocTyInajibHOrO pyXy 3aMKHEHOI'0 IPOBiJHHMKA B
OJHOPIIHOMY IMOJIi B3/I0BY CHJIOBHX JiHIH.
- Bigkpure M. dapamecM fABHILEe BHHUKHEHHA B
B 3aMKHEHOMY IPOBifHMKY eJeKTPHYHOTO CTPYMY
BHACJIZIOK 3MiHM MarsiTHOrO IIOTOKY, IO IIPOHH3YE
KOHTYD INIPOBiIHWKA, HASHBAECTHCA eNeKmpoMazHim-
Hotwo indykyiero. CTpyM, 110 BHHHKAE B IPOBLIHUKY NIPH
eJIeKTPOMATHITHIH iHAYKIIi1, HA3WBAIOTE iHOYKYIlHUM.
Hanpsam ingykuiiiHoro ctpymy. NMpaeuno JleHua.
M. @apageii, aHaIi3yO4YH IPOBEIEH] JOCHITH, BCTAHO-
BHB, 1[I0 HATIPAM IHAYVKOiHHOTO CTPYMY B NPOBIIHHKY
BAJIEIKHATE Bif TOrO, 30ins1yersea (AP > 0) uu aMeHITY-
Man.134. [lo BuaHadesns  €TbeA (AP < 0) MarmiTHMII NOTIK Yepe3 3aMKHEHU KOH-
MarHiTHOro NoTOKyY TYp. 3arajbHe OIPABUIIO, 3a JONMOMOI'0I0 AKOT0 MOMHA

OAMHUIA MarHITHOrO IOTOKY — BeGep, [@#]= 1B6=1Tx m* =1

e Ja
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BH3HAYHUTH HANIPAM IHAYKIIHHOIO CTPYMY B 3aMKHe- I
HOMY TpOBigHHKY, chopmymoBas v 1833 p. pociii- ( N 8
cermii pisuk E. X. Jlenrn (1804-1865). —
's IHOYKUIAHWA CTPYM Y 3aMKHEHOMY MPOBIOHWKY d‘_a
3aBxAM Mae Takuil HanpsMm, WO CTBOPIOBAHWIA
I MM c_prMOM _ BNACHWIA _ MarHiTHWA _ noTiK I/
NPOTUAIE TUM 3MiHAM 30BHILUHBEOrO MArHiTHOro N S
NOTOKY, AKi 36YKYIOTE IHAYKLIAHWIA CTPYM. @ -

IIpaeuno Jlerna eunIMBace i3 3akoHy 30epesxeH- -

HfA eHeprii. 0

INoeguyioun npasuiao JIeHia 3 npaBMIOM CBepi- Man. 135. BUasaueHHs Ha-

nuka (6yKB), 3a ZOMOMOTOIO SIKOTO BH3HAYAIOTE HA-  npamKy iHAYKWIAHOIO CTPYMY
IpAM BeKTOpa iHAYKNil MarHiTHOro nojs y LeHTpi aa npasunom JleHua
KOJIOBOTO CTPYMY, JerkKo BH3HAYATH HAIDAM
IHAYKOifHOrO CTPYMYy B 3aMKHEHOMY IIPOBiIHHKY.
IIpunoyeTumMo, 10 A0 3AMKHEHOIO BHTKA (4M KO-
TYIIKH) HAaOJIHKAaETheA 31 MIBHAKICTIO U MOCTIiAHMHT
MargiTnisRivEEM nomocom N (Mai. 135, a). TIpu iiso-
MY MATHITHHH [IOTIiK Yepe3 KOHTYP BHTKAa 3pOCTAE,
A®P>0. Orxe, 3a npasuiiom JleHna y BUTKY IMOBH-
HeH BHHHKHYTH IHIVKIIHHAN cTPYM TAKOro HANpSA-
My, 00 BJIACHHM MATHITHHM IIOJIEM IPOTHAIATH
BPOCTAHHIO 30BHINTHBLOr0 MAarHiTHOro nmoroky. s
IBOro NoTpibHO ¢HEe NYCTHTH#» MATHIT ¥ BUTOK, TOD-
TO BIOIITOBXHYTH Horo. Lle o3Hauae, Mo BHYTPIMIHE
MarmiTee moJe iHAyKmifiHOrO CTPYyMy 6Gyne HanpaM-
JeHe IPOTH 30BHIIIHLOTO [OJIA IIOCTIMHOINO MATHITY.
Orxe, pobumo I.E.HCHOBOE, oo 3 TOI‘O. 501:3: BHUTKA (UK e 190 Bt
KOTYIIKH), AKHIi MOBEPHYTO I0 MATHITY, 3’ ABJIAETHCA O R e
opHoiMeHHEHH nomioc N (axbu go BUTKa HaOIHxKaBCA 3a NPaBHUNOM NPaBoi PyKu
MATHIT NiBAEHHUM MOJI0COM S, TO 3 MBOTO BOKY BHM-
HUKaB 61 niBgeHHME MOTIOC MArHITHOrO HoNA iHAYKIi#HOrO crpymy). Hani mip-
Kyemo Tak. Il Toro, mob Hasyerpiu nmocrifiHoMy MarHiTy yreopuBes nogwoc N
imgyrniifaOro erpymy, norpibao o6 noerynansHe nepeMinieHHA CBepAJIHKA Bif-
Gysasocs aiiBa-HampaBo, ToBTO Horo pyuky Tpeba ofepTaTH NPOTH CTPLIKH MOLHH-
HHKA (IUBHMOCh HA BUTOK 3 Doky maruiry). Hanpam nsoro obepranss i BKasye
HanpaM igayrIifiHOrO cTpyMYy. (3aMicTh TpaBHIA CBEDAMHEA MOKHA TAKOMK CKO-
pHCTATHCHL IpaBHJIoM OYVKEB, BIHCAHUX ¥ BUTOK (MaJu1, 112).)

3 BigmaneHHEAM mocTiiiHOrO Margity Big BuTKa (Maxn. 135, 6) margiTEH# noTik
4epes ioro KOHTYp aMeHmyeTsed, AP < 0. [I1o6 nporuaiaTH HEOMY, MOTPIGHO «He
BigmyckaTu» Maruirt, TobTo npuTAryBatH ioro. Ile osHauae, o MaraiTae nose iu-
AyknifiHOTO CcTpYMY Gy/e 0fHAKOBOrO i3 30BHIIIHIM HATIpAMKY, T06TO 3 GOKY Mar-
HiTY MaTHMe NiBeHHUI noaoc S, 3a IPaBHIOM cBepInKa (un OYKEB) 3’ AcoByeMo,
mo iIHAYKOiHHAH CTPYM ¥V BUTKY Ma€ IPOXOAHTH 34 CTPLIKOKI roJHHHHKA.

B okpemMoMy BUNAAKY BUHMKHEHHA IHIYVKIIHHOro CTPYMY B IPAMOMY IPOBijg-
HHRY (AKHH € JiIAHKOK 3aMKHEHOTO K0J1a) 1 pyXaeThCs B 30BHIIMHLOMY MaTrHIT-
HOMY T0JIi NepIeHANKYJIAPHO A0 JiHi# iHgyKiii, Tob6To mepeTHHAaE X, HAIPAM
iBgyKROifiHOrO CTPYMY MOM(HA BU3HAYNUTH 3a IPABUIIOM Npasoi pyKu.

| Iepemimennsa
@ IPOBiTHHKA

.
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B [ONOHIO, @ BiACTABMAEHWA Nig NPAMMM KYTOM Benukuid naneus 3biraecsa 3
HanpsAMoM nepemilleHHa npoeiaHuka. Toal YoTUPKW BUTAMHYTI NanbLi BKaXyTb

ﬁ Mpagy pyky Tpeba po3micTUT B MarHiTHOMy noni Tak, wob cunosi niHii Bxoaunin
I HanpAM iHOYKWIAHOTO CTRYMY B LbOMY NPOBIAHKMKY (Man. 136).

@ Haiite Bignoeini Ha 3anuTaHHA

1. Wo6 opepxatv iHAYKUIAHWIA CTPYM Y Kinbuji 38 4ONOMOrOK MarkiTy, ix pyxanu 3 Big-
HOCHOIO LUBWMAKICTIO, L0 A0PIBHIOBANA HYNIO. Y4 BUHWKAB 3a TakWxX YMOB IHOYKLIMHWIA
CTPYM Y Kinbui? .

2. Yu 3aBxan YyTBOPIOETHCH IHOYKLUIRHWA CTPYM ¥ METAnesomMy KinbLi 3i 3MIHOIO ¥ MOr0
NANOLWMHI: @) MarHiTHOrO NOTOKY; 0) IHAYKLIT MarHiTHOro nona?

3. MarHit y Bakyymi BiNbHO nNagae NiBgeHHUM NOMKIDCOM Y UEHTP APOTAHOrO Kinbus.
Axkmm Byae HanpaMm iIHAYKUIRHOro CTpyMy Npu HaBNKXeHHI MarHiTy 4o kinbua?

4. Kpiab NpoBifHe Kinble, poaTalloBaHe ropuaoHTansHo, NaaaTs 3 0AHAKOBOI BUCOTH
aniomidieeuiA 6pycok i marHiT. Lo enage nepwum?

§ 28. EnexTpopyuwiiiHa cuna iHaykuii

3aKkoH eneKTpoMarHiTHOI iHgyKuii. Ilepeitnemo go KixekicHoro hopmyio-
BAHHA 3aKOHY eJleKTpoMaraiTHol iHAyKmii. Ingykuifianit ctpym I, y saMKHEHO-
MY IPOBiAHUKY onopoM R BHHHKAaE Nif Aieio enexTpopymriitHol cunn iHAYKIII £,
AKY MOKHA BUPasnuTH 3a 3akonoMm Oma sk &, = [|R. Ockinekn ta cama EPC y nipo-
Bi[HMKAX 3 PI3HHMH OIIOPAMHM CTBOPIOE HEOJHAKOBI CTPYMH, TO JJIA KinbKicHOI
XapaKTepHCTHKHU ABHINA eJIeKTPOMATHITHOI iHAYKIII 3pydHilIe KOPHCTYBATHCE
sesrnunHoio EPC inayknii £, a e cunow inayknifinoro erpymy I,.

M. ®apagei v xoni gociaigsens BcTaHOBHB, 1m0 EPC inaykiii, 1o BUHUKAE B
pasi 3MiHM MATHITHOrO MOTOKY Yepe3 KOHTYP MPOBiIHUKA, TPAMO IIPONOPIiHHA

G g 2 AD A
MIBHAKOCT1 3MIHH IIBOI'D NOTOKY 3 IMIPOTHJIEACHMM 3JHAKOM, 1"1 = _A— (3!{&!{ «MIHYC#»

Bimobpamkae miw npasuaa Jlenna). fAxmo EPC ingykuii ciocrepiraeTbes B KO-
rymii 3 N BUTKIB, To 11 Bentmunua 6ye signosigao 8 N pasis 6inbior, Hix qna
OJTHOT'O BUTKA, TOOTO ¢, =—N % .

EPC impyxknii, ak i erekrpopyuriiina cuna 6yAb-AKOro iHIOro noxXoAXxeHHA,
BHMipioeThea y BoabTax. Toxl oguHumio MargiTaoro notoky B CI — BeGep — moxk-
Ha sanucaTH Tak: [P]=1B6=1B-c.

Buparauii HiMenbrwii gocnigauk I, l'ensMromnsin (1821-1894) reopernyHo BUBIB
Gopmyuy mis obuncnenas EPC inayxuii ia saxony sbepeskenns eneprii. Cnipobyii-

mo i M. BMmicTiMo B OTHOpiTHE MATHITHE TOJIe

foeoe e O iEpyknieo B npoBigauk gosxuHOW0 Al TA OMO-

ot 1t " pom R, akuil € QiNAHKOK 3aMKHEHOTO KOJa

" 0" "Jler ABCD (man. 137). Onopom 3’eJHYBAIBHHX

: +—|— npoBigauKie BC, CD i AD HexTyemo.
D

Hxepeno nocriiiHoro crpymy, o Mae
EPC ¢ ra BHYTpIIIHIA OmIp r CTBOPIOE B

. ¢ %
Man. 137. Pyx npogigHuka 3AMEKHEHOMY KOJI1 CTPpYyM I= B » AKHH ¥

Y MarHiTHoMy noni
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NPOBiHUKY HPOXOAMTE NEePHEeHAHMKYJIAPHO A0 JiHIH IHAYKIil MarHiTHOro
noad. IIpn mpoMy Ha NMpoOBiAHHK AOBXHHOIO Al gie cuaa Amnepa F, = BIAlL,
y pesynbTaTi Yoro NpoBifHMK HepeMillyeThCHA NMPHCKOPEHO i 3a yac Af mpo-
#ge muax s. Ilig yac mpoxommenna crpymy I B 3amKHeHOMY Koai ABCD
npoTAroM uacy Al BHALIAETBCH JeHI-IxOyJeBe Temwto @Q=I°(R+r)At Ta
BUKOHYyeTbCSi MexaHiuna pobora 3 mHepeMilieHHA NOPOBiIHHKA HA LIAXY
8: A=F,s=BIAls=BIAS=]A®. 3a zaxkoHoM abepeskeHHs eHepril Ui Bm-
TpaTH TIOBMHHI mopiBHIOBaTH mNOBHi# pobori mmepenma crpymy A’=¢EIAL,

ro6T0 EIAt=I*(R+r)At+IAD . [licas cupomieHs OTPAMYEMO Bupas I = s -

114 dopmyna Bupaxae 3axor Oma 014 3aMKHEH020 KOAA, BMIULEH020 8 MazHimHe

: % T T AD
noxe. Posb aiouoi eeKTpopymiiHOL cHIM B TAKOMY KOJIi Bifirpae Bupas ¢ — T

AP AD o
abo ¢+ -E . Ile o3agavae, Mo JOMATKOBHN YJIeH —E; , AKWH BIIPI3HAETE-

cA Big Hysna TinexkyM npu 3MiHi MarHiTHOrO MOTOKY Yepe3 KOHTYD KOJia, HIOBHHEH

maTH posmipricts EPC. Orke, BiH i Busnauae EPC ingyknii &, =—i£ . (Axmo

KOHTYP cKJajaeTbedA 3 N BUTKIB, TO £ =—N% .)

Ileit BHpa3 HA3MBAIOTE OCHOBHHM 3aKOHOM eleKmpomazhimuol indyxuyii,
abo 3axonom Papadea—Makxsenna.

EPC iHoykuil & y 3aMKHYTOMY KOHTYPI OOPIBHIOE WBWMAKOCTI 3MIHM MarHiTHOro
AP

NOTOKY, LLIO NPOHW3YE KOHTYP, 3 NPOTUAEXHUM 3HAKOM, ¢, = e

MNpuknaau 3acTOCyBaHHA 3aKOHY €NEeKTPOMarHiTHOT iHAyKuiT. P?Erﬂflfe'
MO KilTbKa NPHUKJIAAIB 3aCTOCYBAHHS OCHOBHOI'O 3aKOHY eJeKTPOMATHITHOI iH-
ayvruii gasa obuncaenna EPC inayknil B yacTHHHHEX BHIIAgKAaX.

Ins BHOAAKY HECTAIIOHAPHOT'O MATHITHOIO MOJIA, KOJH BeKTOD iIEAYVKIii mar-
HiTHOTO ITOJIS 3MIHIOETECA 3 YACOM 34 HE3MiHHHUX IJIONIi KOHTYPY Ta #oro opieH-

rawii (S = const, & =const), §, = _%s@w ,

¥ pasi aminu opienTanii nons (Ao ]El = const ) abo aminu opienramii KoH-
) ; &, P BS(coso, —coso
Typa B cranioHapromy moxi (S =const ), £ = -—2—2L=— {coedy 1) , e
At At
o, i 0, = KYyTH MiXX HOPMAJLIIO 0 KOHTYDPY 1 BEKTOpOM iHAVKNIL B moyaTKoBMii i
KiHneBHH MOMEHTH 4acy. s
Konm marmiTHe noje cranionapsde (B=const), a opicHTaNia KOHTYpY He-
sminza (o0 = const), To EPC inaykmil Moske BHHHKATH BHACIIOK 3MiHH oIl
D, -D B(S, - S,
2~% __ (S, 1){:05.3,.”!1e
At At

KoHTYpY. Ii poapaxoByiors 3a dopmyaow & =—

L
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8,18, — nnomi KOHTYpY, Ha IOYATKY 1 HAIPHKIHI, HAIIPHKJAaJ, PYXY ALIAHKH

KOHTYPY.
ITi (popmynH MO3KHA BAKOPHCTOBYBATH AJIA po3B’A3yBaHHA DaraTbox sajgad.

‘?' Daiite signoeigi Ha 3anuTaHKHA

1. Wo HaaneawTe EPC iHoyKWil?

2. fka popmyna BMpaxXae OCHOBHWIA 3aKOH eNneKTPOoMarHiTHOI iHByKuil?

3. Busenite dopmyny, 3a AKOK BWM3Ha4al0Tk 3HaveHHA EPC iHaykuil B npsMoniHinHoMy
NPOBIAHWKY, L0 PYXAETLCA, NEPETUHAKYW NHIT IHAYKUIT 0AHOPIAHOrO MarHiTHOro NONS.

Mpuknanw po3s’A3ysBaHHA 3apa4

3agava. IIpaMoniniiiauil npoBiAENK ZoBMKHHOW 1,2 M
3a JOMOMOr0oI0 F’HYYKHX IPOTIB NpHEeJHAJH [0 [yKepesa i
enexTpryHoro crpymy 3 EPC 24 B i BEyTpimHiM omopoM o o -
0,5 Om. ITpoBigHMK PO3MIIIYIOTH B OJHOPiAHOMY MarHiT- P {1.—!"’!’ .
HOMY I0Ji 3 MmarHiTHOW ingyknieto 0,8 Ta, sanpamiaeHowo 2 [
Ha ynTaua (Man. 138). Onip Bckoro 30BHIIMIHBOTO KOJNa X0~ o ram
pisaioe 2,6 OM. BusnauuTy CHIY CTPYMY B IPOBiIHHKY, 1
KOJIH BiH PYyXaeTkCA NepHeHHKYAAPHO A0 AiHilk imgyrnil
nois si merakicTio 12,5 M/c. ¥V ckinbku pasis amiEHTHCA Man. 138
CHJIA CTPYMY, AKIIO NPOBiIHHUK 3YITHHATHCAT

3

Mano: Poas’'azauns
I=1,2m Cuny cTpyMy BHBHAYKHMO i3 3akony OmMa 18 IOBHOIO KoJia:
€=24B _ &
r=0,5 Om TR
B=0,8Txa . siiads . : :
~12.5 ne 6, — EPC, mpo pie B xoui. ITig yac pyxy 0poBiiHHKA B MATHITHOMY IIOJII,
;'__ 9 é (;:: £ kpim EPC Garapei &, B koui gie EPC igpyrnii &, O6uncaumo ii. Hexait
__ ? ¥ I0YATKOBHMIH MOMEHT 4acy IJIONia KOHTYDY, IO NepeTHHAE MarHiTHe
I noxne, S,. Yepes uac At mioma S, = 8, + viAt. Toni AS = viAt, a
IL-72%-7
Yl fim 08 it
At
E+E,
 Taxum 9BHOM, £,=¢E+6&,a I} = +Rl :
r

IIpu synuHELi NpoBigHUKa & 3HUKAE, TOMY &, Oyae fopiBHIOBATH (.
Obuncaumo &:6=-0,8Tn-12,5m/c-1,2M=-12B.

Cuna B i I SRE=1EE 4 A
eTp OMOMY NPOBIIHHK = = ’
Sridelid s asn Ao 0,5 0m+2,5 Om
CHia cTpYMY B HEDYXOMOMY NPOBIAHHKY 1. —L—E.A
Py 24 e ¥ 27 0,50M+2,50m
' ‘a9 . I, 8A
. BuasaumnMo BigHOIIEHHA CTPYMIB —= = ——=
I, 4A

Bimmorins: 4 A; v 2 paau.
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1. Ilpoeigauk MN (man. 139), JoBKHHA aKTHBHOL
gyacTHHM AKoro 1 M, a onip 2 OMm, MicTHTBECA B 01~
HOpiIHOMY Mar"iTHoMY moui iggykmiew 0,1 T,
Ilporiguuk npureanann go axepena, EPC akoro
npopieHOE 1 B (BHYTpimIHIM OmOpOM J3Kepesa Ta
OMOPOM MiABIAHKUX NpoBOAiB aHexTyBaTu). fAka
CHJIA CTPYMY B NPOBiIHUKY, AKINO BiH: a) nepe-
OyBae B craHi crmokow; 0) pyxaeThca BIpaso 3i
WBHAKICTIO 4 M/C; B) pyXaeThCsA BJIIBO 3 Ti€w
camoro mBHAKicTIO? B sKoMy HanpaMKYy i 3 AK00
mMBHAKicTIO Tpeba nepeMimyBaTH TpPOBimHME,
mob v HbOMY He IPOXOAHEB cTpyM? SENEE e R ™

2. B ogHOpiIHOMY BEPTHKAJBHOMY MATHITHOMY O B ——
a3 imgyknieio B = 0,4 Ta no gBOX ropHaoHTAIBHAX - L
napajenbHUX CTepXHAX, PO3MIMIEHWX HA Bif-
cradi [ = 0,5 M oauH Big ogHOrO i 3BAMKHYTHX HAa
peaucrop onopoM R = 1,5 OmM, pyxaerscs Oea Tep- T 4
TA npoBigEuk onopom r = 0,5 Om 3l mBugkicTO A T L e
v =1 M/c, NepneHINKYNAPHOIO A0 JiHiil ingyKmii Man. 140
noadA (man. 140). BusHauMTH: ) CHIY CTPYMY B
Komi; 6) cHy, HANpPAMJIEHY B HANPAMKY PYXY,
AKY HeoDXiIHO NPUKJIACTH 0 NpoBigHMKAa, mof —_—
BiH piBHOMiIpHO pyXaBcA 3 JAHOK MIBHAKicTIO; S
B) TEILIOBY MOTYMKHICTE, AKA BUALNAETECH B KO,
OnopoM cTepyHIB 3BHEXTYBATH.

@ 3. ITo aBox napanenbHUX peiikax, Aki posmimeni ° i e

Ha Bigerani [ = 0,2 m ogHa Big ogHOI, mepnesgu- - ° ° T Tt T

KYJAPHO J0 OJHOPIJHONO MArHITHOrO MoJ#A iH- Man.141

aykmiewo B = 0,1 Ta pyxaerbcs npoBifHHK 3i

meuakicTio v = 0,5 M/e (man. 141). Buanauntu 3apaj i eHeprio eJeKTPHYHOrO

noJiA koHaeHcatopa emHicTio C = 20 Mk®P, AKMI BKIKYEHO B KOJIO.

r

A § 29. MexaHi3amMu BUHMKHEHHS iHAYKUiAHOro
=% cTpyMmy B NpoBigHMKaXx

BunukHeHHs EPC nig yac pyxy npogigHuka B MarsitHomy noni. 3eepHimocs
Jo nurasHsa npo npupoay EPC inayknii. Cnoyarky posrisHeMo MexaHisM BUHHMK-
menns EPC inayknii mix uac pyxy npoBiiHMKa B cTanioHAPHOMY MATHITHOMY IIOJI.

Hexaii B oqHOpPifHOMY MarsiTHOMY moai iHgyKmieo B poamimeno npsmoti-
HilfHMI MeTaneBHil IPOBIAHUK AOBMKUHOIO [, AKUI MOXKe KOB3aTH [0 Mapajiefhb-
HHX cTepKHAX (Mas. 142). IIpn [boMy MIBUAKICTE PYXY NPOBIAHMKA U HAIIPSAM-
JieHa mijg KyroMm o go Bektopa B . Ilig wac pyxy npoBifHHEKa 31 MBHAKICTIO v
GyayTs pyxaTucs i iioro BiacHi eJeKTpOHHU Ta HOHH. A OCKINMBKY BOHH PYXaioTh-
cA B MATHITHOMY IIOJIi, TO HAa KOKeH HOH Ta eJIeKTPOH Aie cuia Jloperna. fAxmo
#oH#M mix BirBoM cHytH JIOpeHIIa He HOKHIAIOTE MMOJMOMKeHb cTiliKoi piBHOBaru v
BY3JIaX KPHCTAJIYHOIL I'DATKH, TO BLIBHI eJ1IeKTPOHH NPOBiIHHKA 3MIIVIOTLCS 10
ogHOro Horo KiHns A, sanuniaoyu Ha Apyromy Kinni B HaAIHIIOK MO3HTHBHAX
sapaxis. Ile pospinenus sapAgie TpHBATHME JOTH, IOKH BOHH HE CTBOPHATH BCe-




peauHl IPOBiIHHKA TaKe eJIeKTpoOCTa-
THYHE moJjie (Hanpamiaene Big B no A), B
AKOMY Ha eJeKTPHYHI 3apAau mpoeia-
HHUKA JiATHMe CHJA, PiBHA 3a 3HAYEH-
HAM i IpOTHIEMHA 38 HANTPAMKOM CHJIi
Jlopenna. Orike, 3MilleHHS eJIeKTPOHIB
10 KiHIg A TPHOHHHUTBCA 38 YMOBH

U
F,=Fy. Ockinexn Fe=eE=e—I-, a

. U .
Man.142. [1o NOACHEHHS MEXaHI3MY BUHWK- F; = evBsina, maeMo eT=evBsm0&,
HeHHa EPC y pyxoMoMy NpoBiaHUKY
a3Binku U = Blvsina.

OckinbKH HANpyra Ha moJjiocax B pasi posiMxHeHOro koja gopierioe EPC,
rTo EPC innykiii, Axa BUHHKAE B MIPOBIIHAKY MiJ 4ac Horo pyxy B MarHiTHOMY
noni, BusHavaeTses opmyioo & = Blusina.

Takum YHHOM, npuiunow eunukHenns EPC indykyii 6 pyxomomy nposioHu-
Ky € cuna Jopenuya.

EPC ingykuii Taxkoi npupo i BUHHKAE B 6yIb-AKOMY IPOBIAHAKY, KOJIH BiH py-
XaeTECH B MATHITHOMY IOJI TaK, IO HOre IMBHAKICTE HEPIeHIUKYJIAPHA J0 HOro
BJIACHOI JIOB}KWHM T4 YTBOPIOE 3 BEKTOPOM 1HAYKIIII MArHITHOTO MOJA KYT o (iHm#-
MH CJIOBAMH, KOJIM BiH IepeTHHAE JiHiT inaykuil maraitaoro noss). ITposigauk crae
mxepenom EPC. 10 BracTHBICTE BAKOPHCTOBYIOTE ¥ 'eHEPATOPAX eJIeKTpoeHeprii.

MosicHeHHs AiamarHeTuamy Ha ocHOBi npasuna Jlenua. VY § 26 mu 3azna-
YHJIH, [0 B AlaMar€HeTUKy, BHECEHOMY B 30BHIIIHE MartsirHe noJse, BigdyBaeTh
cA TAK 3BaHHUH giaMarHiTHHNA edeKT, KOTPHI NoJATae Y BHHHKHEHHI B aTOMiB
PEeYOBMHH IHAYKOBAaHOr0 (HaBeLeHOro) MArHITHOrO MOMEHTA, AKHH 3aBXIH
HANpAMJIEHHH NPOTH BeKTopa iHAYKIil MAar#HiTHOrO IOJIsi, TOMY BilHOCHA MAarHiTHA
IPOHUKHICTH JlaMarseTHKiB MeHma 3a ofuHUIIO (U < 1). OcKinbKH 30BHiIIHE
MAartsiTHe noJje gie He TiABKH Ha BinbHI Hocil sapaAAy B NpoBigHMKY, a H B3arami
Ha Bel 3apsjyKeHl YACTMHKHM DPEYOBHHHM, 1[0 PYXAalOThcA, B TOMY 4Hcai 1 Ha
3B'A3aHI eTeKTPOHH, KOTPi pYXalwTheA HA TEeBHUX BiJACTAHAX HABKOJI0 ATOMHHUX
Ajnep, TO HpH LEOMY BHHHKAIOTL 3MiHM B opliTAJILHUX pyXaX eJeKTpPOoHIB, Mo €
NMPUYMHOK BUHUKHEHHA diamaznimnozo ehercmy B yeix 6e3 BHHATKY peHOBHHAX.

JliamarHeTHsM pedoBHMHY AKICHO MOYKHA MOSICHUTH Ha ocHOBI npaeuna JleHna
00 HANPAMKY iIHAVKIIHHOIO CTPYMY B IIPOBIIHUKAX.

VagiMo cobl pyx eleKTpoHA HABKOJO0 ATOMHOr0 sAApa AK AeAKHH CTPYM IO
3aMKHEHOMY KOHTYDY ¥ chopmi opbirani exexrpoHna. Binomo, mio 31 36inpmenHaM
MArHITHOI'O IOTOKY Kpish 3aMKHEHHH KOHTYD (a B pasi BHeCeHH:A Pe4YOBHHU B
30BHIIIHE MATHITHe IToJe MATHITHHI MOTIK, M0 NPOHHA3YE eJeKTpOHHI opbiTH,
3pOCTAE) B HBOMY BHHUKAE IHAVKIIAHHI CTPYM, HANPAM SKOro, 3a npaBuioM Jlen-
1a, Mae Oy TH TAKHM, 11100 BJIACHMM MATHITHHM II0JIEM IPOTHAIATH 3MiH] 30BHIIIHEO-
I'0 MAUHITHOTI'O [10JIfA, AKA [IOPOPKYE el IHAyKIiHHWN cTpyM. 3 IBOT0 BUILIHBAE, 10
V KOHOI0 aTOMa PeYOBHHM B MOMEHT BHECEHHHA B 30BHIIITHE MATHITHE NTOJIe iIHYKIIi-
€10 B BHMHHKAE BJACHUM MarHiTHHH MOMEHT, HAIPAMJICHHH IIPOTH [BOTO MOJIA.

IHAYKuiiHe enekTpuyHe none. PosriasHeMo BUIIAJOK YTBODeHHS iHAYKILifi-
HOT'O CTPYMY B 3aMKHEHOMY MNPOBIIHHKY, KOJH 3MIHIOETHCA MarHiTHMH mOTIK
yepes IJI0LIHHY, 00MeXKeHY [IMM NPOBLAHHKOM, aJl€ HIAKOro BiIHOCHOIO PYXV
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Hemae. MarHiTHe moJsie, 110 TPOHU3YE KOHTYD, B IbOMY BHIAAKY MPHUBECTH 3a-
pPALH Y PYX He MOXKe, OCKLNIBKH BOHO [i€ JuIlle HA pyXoMi sapagu (3aposymino,
Xao0THYHHI TeIIOBHIl pyx He BpaxoByemo). IIpoTe Ha Hepyxomi sapamu MoxKe
AiaTH enexTpUuHe nose. SIKIO me Tak, To 3BiAKH 1e noje feperbea? MoIHBO
caMe 3MiHHe Mar"iTHe moJie MOXe CTBOPIOBATH (IHAYKYBATH) eJIeKTPHYHE 1I0JIe,
fKe BiKe i 30yAsKye B 3aMKHEHOMY IPOBLIHHKY IHAVKIIHHAH cTpyM?

Tare npunymenaa snepie sucaoBuB J[:x. Makcsenn. PoasuBaoun 1o ijemo,
BiH CTBODHB TeOpito eexmpomaznimuozo noas, axa Oyna migreepmena baraTbma
pocaigamu. 3a Teopier Makcseiia, v npocTopi, B AKOMY icHye aMinHe MarHiTHe
noje, 060B’ A3K0BO BHHHKAE TAK 3BaHe iHdykyiline enexmpuyne noae. Ilpn nsomy
BHEHHKHEHHS IHAVKIIHHOrO eJIeKTPHYHOI'O M0JIA HidK He IOB’s3aHe 3 HAABHICTIO
B [laHiil 4YACTHHI IpocTOPY NpoBinHNKa. HafgBHICTE NPOBiAHMKA JHIIE A€ 3MOTY
BHSIBUTH IIe NoJie 3a 36y PKeHUM HUM iHAYVKIiHHUM eJIeKTPHYHHM CTPYMOM.

Tenep ABKie eleKTPOMArHiTHOL iHAVKII DoCTaE Nepe] HAMH Y HOBOMY CBiTJIi.
TonoBre B HEOMY — IIe npoyec YyMeEopeHHA IMIHHUM MAZHIMHUM noaem iHdywryiil-
HOZ0 elexmpuyHozo noas. CyTh ABHINA eJeKTpoMarHiTHol iHayKmil B Hepyxomo-
MYy NPOBIIHHKY IIOJIATAE, B IEPILY Y€Pry, Y BAHUKHEeHH] eJIeKTPUYHOrO MoJsA, AKe
NPHBOAMTH Y PYX eJIEKTPHYHI 3apsa/in.

EnexTpuuse noje, 110 BHHHKAE B Pe3yJILTATL 3MiHH MarsiTHOro mojs, Mae€ 30-
BCiM iHINY CTPYKTYPY i BIACTHBOCTI, Hi’K BHBUeHEe HAMH eJIeKTPOCTATHYHeE (CcTarti-
orapHe). Haranaemo, o eJIeKTPOCTATHYHE T10JI€ 3B’ I3AHE 3 eJIEKTPHYHUMH 3aps-
JamM#, i fioro jiHil HanpyKeHoCTI HOYNHAIOTECA 1 3aKiHYYIOTECA HA IMX 3apAfax.
Bracnizok mpOro BOHO He MOXKe HiATPAMYBATH 3AMKHYTHH PYX BLIBHUX eJeKTPO-
HiB abo iHmMMUx HociiB 3apaay, Todro 3abesneunt BUHHKHeHHA EPC. Ingykniiine
enexTpuyHe moJye creopioe EPC B saMKHeHOMY KOHTYpi, OT2Ke, BOHO Deamocepef-
HBO HE TIOB’ A3aHe 3 eJeKTPUYHHMH 3apAJAMHE, H0T0 JiHil HATIPYKEHOCTi He MAKIOTh
Hi IOYATKY, Hi KIHIA — BOHH 3aMKHeHi, Ak i 1iHil iHgyknii maraiTHoro noas. Take
[oJie HA3HBAIOThL suxposum. Kpim Toro, ninil HanpyseHocTi eJleKTpHYHOro 1 ig-
JAYEOil MArHITHOrO NOJIIB PO3MINIEHH] ¥ B3AEMHO NEPIEHAUKYIAPHHX IIJIOIIHHAX
(mMan. 143). YumM meugnIe 3MiHIOETECA MATHITHA IHAYKIA, THM OlbIna HAIIPYHKe-
HICTB eJIEKTPHYHOTO oM. 3rifHo 3 npasuiaoM JIeHIa i3 3MEeHIIIeHHAM MarHiTHOI
IHAYKIil HATPAM BEKTOPA HAMPYKEHOCTI BU3HAYAETHCA 34 IIPABHIOM CBeDIJIHKA
(mpaBoro reuHTa). ¥ BHnaaky s6inblneHHs MarHiTHOL iHAVKOIl HanpAM BeKTopa
imgyxmii yrBoproe aiBiit rBMHET 3 HanpsAMoM BekTOpa B .

Ille pa3 3BepHiMO yBaTy HA TPHHIIHNOBY BiAMiHHiCTE MiX iIHAVKITIHEIM enexk-
TPHYHHMM i eJIeKTPOCTATHYHHM IIOJAMH HepyXoMux 3apaxie. IIpn nepemimensi
3apAJiB B eJIEKTPOCTATHYHOMY moJi pofoTa B3[0BK 3aMKHYTOI TpaekTopii mo-
piBHIOE Hym0. OgHAK Ile He cTOCYEThCA iHAYKUiiiHOro mons. MiiicHo, mocmigm
3 eJleKTpoMarHiTHol iEAYKII] NoOKa3anu, M0 B 3aMKHYTOMY IPOBiTHUKY, AKHI
MiCTHTBCA B 3BMiHHOMY MarHiTHOMY IOJIi, BAHHKAE IHAVKIIIHNHUN eNeK TpUYHIN
crpyM. OT:xe, B HBOMY IepeMilnyoThCA 3apaAnu. I AKII0 npoBiAHEMK Mae omip, To
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Man. 143. [lo BU3HAYEHHA HANPAMKY BEKTOPA HAMNpPYyXeHOCTi BUXPOBOro eNeKTPUYHOro nons
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BiH HArpiBaeThbCcA, i IPH MBOMY BHKOHYETHCH
pobora. OgHAK ¥ 3aMKHYTOMY KOHTYDI 31 cTpy-
MOM BiZICYTHE IpKepeso cTpyMy, aKxe 6 MOrIo BH-
KOHYBATH 110 poboTY. 3HAYUTE, pOOOTY BUKOHYE
iEayKuiline nose, a oT:Ke, poboTa iHAYKIIAHOTIO
[OJIA B3JOBXK 3aMKHeHOI Tpaeckrtopil He jnopis-
HIOE HYJIHO.

Buxposi ctpymu. [lo nporo yacy Mu roBopH-
JIM JINIIIE IIPO JIiHiHHI MPOBIiIHMKHK, B AKX BUHH-
Kae IHAYKIiHHHE cTPYM ¥ 3MiHHOMY MATHITHOMY
noJi. SIK1o 3 meit npoBifHWK Gy/ie BATOTOBJIEHO
Vv BHIVIAAl CYIIABHOL IJIACTHHH, TO 3MiHHe Mar-
HiTHE TI0JIe TeXX 3YMOBJIKE IHAYKIIAHI CTPYMH,

Man. 144. Nlocnin, wo AeMoH- BOHH caMi cob00 3aMHKAIOTECHA BCepPegnH] 1 ToMy
CTpYeE ranbMyBaHHA KONWBaHbL HA3HBAIOTHCH BUXPOBUMH CTPYMAaMH.
AR L A SRR IR O Sl Bnepme BuxpoBi cTpyMH BHABHB (DPAHIY3b-
MY NOAi BHACNIAOK BUHWKHEHHS 3 ~
cTpyMmis Dyko Kui yaerni @pancya Aparo @yko(1786—-1853)y

1824 p., Tomy iX 1Ie HAZHBAKOTE cTpyMaMu Dyko.
DyKOo BiAKPHUB ABHIIE HAIDiBAHHA MEeTAJIEBUX TiJ, AKi 00epTalThca y MATHITHOMY
110J1i, BHXpoBUMH cTpyMamMu, Ctpymu @YKo BUHMKAIOTE IIiJ ficio 3MiHHOTIO eJlek-
TPOMATHITHOTO [10JI 1 38 CBOEI0 (hi3MUHO IPHPOI0I0 HiYMM He Bi[pisHAIOTHCA Bi
IHAVKOIAHEUX cTpYMiB, [0 BAHAKAIOTE Y JiHIHHAX NPOBIAHUKAX.

OCKLIBKH eJeKTPHYHHH oIip NpPOBIIHMKIB MaaHil, TO cuia ctpymie Dyko
MOjKe JIOCATaTH BeJIMKNX 3HaueHb. 3rifHo 8 npaBuioM JleHIia BOHH BUOMPAIOTE
Vv OPOBIIHMKY TAKHI HAIPAMOK, 00 OPOTHAIATH NPHUNHI, AKa IX BUKINKAE.
Hanpuknazn, cyuinbHHiEl OpoBigHMK (ILIaCTHHA), PYXaKWYHCh Y CHJIBHOMY
MAar"giTHOMY II0JIi, 3a3HAE CHILHOTI0 TAJILMYBAHHA, fIKE IIOACHIOETECH B3AEMO/IIEI0
crpyMmie @yko 3 MmaraiTHEM nosem (mas. 144). (Ileii ehekT BHKOPHCTORYIOTE AJA
neMIipyBaHHA PYXJHBHX YaCTHH IaJIbBAHOMETPIB, ceilcmorpadis Toimo.)

OcCKiNbKY BUXPOBI iHAYKIIHHI CTPYME IHUPKYJIIOKTEL BCcepelHHI NPOBLIHAKA, TO
BOHH 3YMOBJIIOIOTE HOro ciuiibHe Harpisanasa. Temnoy aito crpymis Pyko BUKopuc-
TOBYIOTE BiHAYKIiHHMX neuax. OcTaHHI MAIOTH BUTJIAJ KOTYIIIKH, AKA JKABHTHCH BiJl
BHCOKOYACTOTHOI GaTapei BeTMKOI cHIK. B cepeiMEy NoMinaoTs Ti/I0-IPOBIIHHK, B
AKOMY BHHHKAIOTH BHXPOBi cTpyMH, AKi #f posirpiBatoTe HOro [o niaBIeHHHA.

¥ baraTsox Bunmagkax crpymu Dyko Hebaxkani, mxianusi. [lasa Goporsbn 3
HHMH BAAIOTRCA [0 chenianbHEX 3axogie. Hanpuknan, ocepaa tpascopMaro-
piB HAOMPAIOTE 3 TOHKHX MJIACTHH, IEePEPHBAIOUN LIIAXH YTBOPeHHA BeJHKHX
BHXPOBHX CTPYMIiB.

@ ﬂaﬁ're gignoeinl Ha 3anUTaHHsA

. fka npupoaa cunu, Wo 36yaxye iIHOYKUIRHWA CTPYM Y NPOBIAHWKY, AKWA pyXaeTbca y
NOCTIHHOMY MarHiTHoOMY noni?

. flka npupoaa cunu, Wwo 36yLXye iIHAYKUWIAHWA CTPYM Y HEPYXOMOMY KOHTYPI, AKWIA
NPOHW3YETBLCA 3IMIHHUM MarHiTHUM nonem?

. Y4um BigpI3HAETLCA BUXPOBE eNeKTPUYHE NoNe Bif enekTpocTaTUYHOoro, Y4 crauio-
HapHoro?

. BexTop iHAYKUii MarHiTHOro nona 3emni HanpAMAEHWA 3 NIBAHA HA NIBHIY, @ aBTOMO-
BGine Mae WBKAKICTE i3 3axoay Ha cxia. Ywv Byae sinbyBaTUCE AiA MarHiTHOro NonNs Ha
3apsam kyaosa asTomobina?
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5. 3apaaxeHi 4acTWHKN y pafiauifHux noscax 3eMni pyxalnThCs No rBUHTOBMX NiHIAX
Y3A0BX NiHiA MarHiTHOT iHAykuii 3emni, ane no6anay MarHiTHUX NONKOGIB BOHW rans-
MYIOTBCA | PO3NOYHUHAIOTE PYXaTUCH Y NPOTUAEXHOMY HanpsaMmi. HAka npuynHa rans-
MYBaHHA?

6. Lo Take Buxposi cTpymMun? ¥ yomy NposSBNFETLCS iX HEraTUBHWIA BNNAWB?

§ 30. Camoinaykuia

EPC camoingykuii. 3a sakonom Papajes—Maxkcsenna ¢, =-N fg—j , elex-

TpOpyIliiiHA cHJaa iHAYKIil BUHWKAae 3a OyAb-AKMX 3MiH MarfHiTHOTO NOTOKY
Yyepe3 KOHTYD NPOBiHHKA He3a/lesKHO BiJ NPUPOAH LBLOTO HOTOKY. Bydv-aki
3MIHU 8]1ACHO20 MAZHIMHOZ0 NOMOKY, CME0PIEAH0Z0 CMPYMOM Y NPosidHuKy,
Maxox npueodams 00 BUHUKHEHHA 8 HbOMY iHOYKYiltHO20 cMpyMy.

PoarnsaeMo koTymky, o Mmae N BUTKiB, B Akii Tede crpym I Bij 30BHIm-
HBOTO Jepena. Ileit cTpyM cTBOPIOE B KOTYIIII MATHITHE MOJeE, 1 TOMY il BHTKH
IPOHM3YE BIACHHH Mar"HiTEmil notik @. AKmo skuMocsk crmocofoM 3aMiHIOBATH
CTPYM Y KOTYIIII (HAIPHKJIAJ, 34 ZOIOMOro peocrara abo 3aMHKaHHAM 1 po3-
MHKAHHAM KOJIa), TO 3MiHIOBATHMETHLCH 1 BJIACHUM MATHITHMH MOTiK KOTYIIKH.
flx moxasyoTs Aocaigy, Ipu NBOMY B KoTyiuni Bunukae EPC ingyxmii, Bexman-
HY AKOI MoxkHa 06UHCHINTH 3a 3arajibHuUM 3akoHoM Papagea—Makceenna.

a ABuULLlEe BMHWMKHEHHA B NPOBIOHWKY ENEKTPOPYWIAHOT CUNK iHOYKUiT 3a YMOBHK
’ 3MiHW BNAacHOrO MarHiTHOro NOTOKY, 3YMOBNEHO! 3MIHOK CTPyMy B LLOMY
NPOBIOHWKY, HA3WBAETLCH CaMOiHAYKLUIEID.

CamoiHAyKIia — e OKpeMHil BHNAJOK ABHILA eJeKTPOMArHITHOI iHIYKIii.
EnexTpopymiiiny cuny B nboMy BHNajgky HasusalioTe EPC camoimaykmii &,.
OckinepKH BIACHHH MAar"HiTHHMIH NOTIK KOTVIIKH nponopriiemil erpymy I B Hi,
TO ¢, 3py4Hille noB'A3aTH 31 MBHAKICTIO 3MiHM cTpyMy B Kortymni. OuesnaHo,

Bot — = abo &£, = _Lji_t , Ze L — roedinienT, o xapakrepusye iHaguBiayanbui

pnacTuBocTi Korymku. Horo HasmBaoTh Kkoegiyienmom camoindyryii, abo in-
dykmuenicmio nposidHuKa.

g 4 ; £, At
Busnaurmo omMHMOK iHZyKTHBHOCTI mnpoBigEuka B CI: L=-—%2—;

1B-1c
[L]= =1TH OnuHHUIIO iIHTYKTABHOCTI HA3BAHO HA Y€CTh aMePHKAHCLKO-
1A »

ro ¢isura Jmxozeda I'eapi (1799-1878).

fArume camoinaykiii Halbinem sscKpaBo NpPOABIAECTLCA V BHHHKHEHHI Tak
3BAHHX CTPYMiB 3aMHKAHHA TA CTPYMIB PO3BMHKAHHA B KoJax, AKi micTaTh KO-
TYIIKH BelMHKOl iHmykTHBHOCTI. CTpyMH 3aMHKaHHA MOKHA CIOCTepiraTH B
KOJi, CKJIajleHOMY 3a cxeMoi0 MaJj. 145, a. [Iei ognakxosi namnouku JI, i JI, Bix
KHIIeHbKOBOI0 JiXTapHKa YBIMKHEHO B JIBi mapaieabHi BITKH, 0JlHA 3 AKHX Mic-
THTh KOTYIIKY iHAYKTHBHIiCTIO L, a Apyra no3yHkosui peocrar R, 3a momomo-
rol0 AKOI'0 AKTHBHI oniopH 060X BiToK pobisaTh OHAKOBHMH. 3AMKHYBIIH KOJIO
suMukavem K, mu nobaummo, mo raMmnouka JI, 3aropaeTsca femo miguime. [lii-

5 diaunea, 11 xnac
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Man. 145. a - cxema gns CNOCTEPEXEHHA CTPYMIB 3aMUKaHHS;
0 - rpadik 3anexHoCTi cUnK CTpyMy 3aMUKaHHSA Big Yacy

CHO, YV TOYATKOBUII MOMEHT YACY CHJIA CTPYMY 3DOCTAE BiJl HyJIA L0 AeAKOT0 3Ha-
yenHd [, (mai. 145, 6). Ase 3i 3pocTaHHAM CTPYMY ¥ BiTIli, 10 MiCTHTH KOTYIIKY
iEAYKTHBHOCTI, 3pOCTATHME i BIacHHH MarsiTHHH notik KorymkHu. IIpu nromy
B Pe3yJIbTATI ABHINA CAMOIHAYKIII ¥ BiTHi 3 KOTYIIKOIO BHHUKATHMe iHAYKIi#-
HHAR cTPYM, AKHH 3a npasuioM Jlenna Oyae BanpAMIeHHH IPOTH CTPYMY, CTBO-
proBaHoro sopHimHIM gxepenom EPC. OTixe, peaynbTyIOUHi CTPYM ¥ BiTHi, 1m0
MiCTHTEL KOTYHIKY iHAVKTHBHicTIO L Ta onmopoMm R, B HOYATKOBHII MOMEHT Hacy
Oyae MeHIIMM, Hi y BiTHi 8 TAKMM caMHM 3a BeJIMYWHON omopoM R, ane 6ea
imgykTuBHOCTi. TOMy MakcHMaJbHe CBITIiHHA TaMmouyky JI, v nepuriit siTii Ha-
CTaHe Oemo NisHime, HiX y Apyrifi BiTHi.

CTpyMH DO3MHKAHHA BHHHKAKTH ¥ MOMEHT DO3PHMBY eJeKTPHMYHOI'0 KoJja, i
AKIIO0 KOJIO MiCTHTE KOTYIIKY BeJIHKOL IHAYKTHBHOCTI, ITi CTPYMM MO YTB OYyTH 3HAa-
yauMHA. CTpyM pOSMHKAHHA HAOYHIiIIIE MOX(HA CIIOCTEPIraTH 3a JOIIOMOIOI0 CXEeMH
(man. 146, a). 3aMxHYBIIH K104 K, noueKaeM0 PIBHOMIPHOT'O CBITIHHA JAMIOYKH
JI i posiMxHeMo Koo, Axmo KoTymka L Mae I0CTaTHRO BeIHKY iHAYKTHBHICTE, MU
nofaurMo, 10 JAMIIOYKA 3racJa JIHIIe 4epes JeAKHi 4ac Mic/aA POSMHKAHHA KOJIa,
I B mpoMy pasi amiHa (cmajagHA) CTPYMY B MOMEHT BUMHKAHHSA NPHBOAUTL 10 BH-
HHKHEeHHS 3MiHHOT0 MATHITHOrO OTOKY B KOTYIII, & OT3Ke, 10 BAHUKHEHHHA CTPY-
my camoingykmii. IIpu npomy 3a npasusiom Jlenita cTpyM PO3MHUKAHHA MAe TaKHil
caMuil HATPAMOK, AK 1 OCHOBHHI CTPYM BiJl 30BHIIIHBOrO J3Kepeia.

HasapnicTs BenHKOI IHAYKTHBHOCTI B eIeKTPUYHOMY KoJii a0 gysxe MBHAKA
3MiHA CHJIH CTPYMY MOKYTh IPH3BECTH 0 TOTO, 1[0, HeXai i KOpoTKoYacHo, aje

L
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Man. 146. a - cxema Ana AeMOHCTPALl CTPYMIB PO3MUKAHHR;
6 - rpacik 3anexHOCTi CUNKM CTPYMY PO3MUKAHHA Bif Yacy
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3arajibHA CHJIA CTPYMY 3HAYHO NepeBHIIHTE pobouy cuiy ctpymy. Ak Hacaigok,
BKJIIOYEH] B TaKe KOJIO IPUJIAAH BHHAYTE 3 Jaay. ToMy elleKTpUYHI KoJia 3 BeIu-
KHMH iHIYKTHBHOCTAMH BHMHAKAIOTH NOCTYIIOBO 34 MOMOMOTOK PEOCTATA, 1 3 Tiel
¥ IPUYUHHY eJIEKTPOJIAMIIOYKH YV BAC BAOMA ITIePeropaioTk HalJacTilne B MOMEHT
BUMHKAHHA 400 BMHKAHHA CTPYMY B HHX.

HAeume camoiaayknii moxibHe no ABMINA iHepIlil B mexaHini. Buacaigok camo-
iEpyEOil nig yac 3aMMKaHHA KOJIA CHJIA CTPYMY He 0pasy HalyBae MAKCHMAJIL-
HOrO 3HaYeHHA. I, HABIAKH, MiJ Yac BAMHKAHHA JPKepeJia CTPYM He 3HHKAaE 0~
pasy, a caMOiHAYKIiA migTpuMye floro geaxkuil yac, He3BaXKaYH HA OImip KoJja.
Mipoio «iHepTHOCTi» KOHTYPY BiJlHOCHO 3MiH CHJIM CTPYMY B HLOMY (aHAJIOriYHO
Maci Tizna B MexaHini) B erexkTpoguHamini € indyxmusnicms, abo Koedinienr ca-
MOIHAYKIIT KOHTYDY L.

IHayKTUBHICTEL. 11106 poskpuTH GisHYHHEA 3MiCT IOHATTA IHAYKTHBHOCTI,

i b i } A :
BBAMKATHMEMO, INO CTPYM YV KOTYIONi 3MiHIOeThcA 31 mBmakicTio 1—. Toxi
c

ié:cil =L, oT:e, IHAYKTHBHICTE KOTYIIKH NOPiBHIOE Tiil eneKkTpopymifiuiil cumi

cAMOIHIYKII1, AKA BHHUKAE B KOTYIIII, AKII0 CTPYM 3MIiHIOETECH B Hil 31 mIBHgKic-

0 1—.
c

BpaxoBywouu Te, 110 AJH HOPMAJBLHOIO cojieHoiza @ =BS, a marmirHa in-
IVKIifg BcepenuHi coneHoiza 3 kinbkicTio BuTkiB N i moBmunol0 [ mopieHioe

IN . s
B=up, - (popMyJTy 3aKOHY eJIeKTPOMAaTHiTHOL IHAYKIii AnA BUMagKy camo-

AP puoN'S I

IHAYKIi] MOMKHA 3anucaTH Tak: ¢, =—N
y @ At l At

. ITopiBHIOKO4YH mel

BHpa3s i3 opmMyI0I0 &, = _LE , gicraemo hopMyny aAnsa o0UHCIeHHA iHIVKTHB-

KN ’s

HOCT1 HOpMAaJILHOT'O coJieHoiga L= ]

. Il popMyy MOM¥HA BHPE3HTH Ye-

M N v
2

%4 .
pes 06’em conenoiga. Ockinekn S= 7 To L= = uuﬂnzV , Je n — Kilb-

; . N
KICTh BUTKIE Ha OJMHHIIO JOBKHHHA, N = T .

_NA®
At
orpumyemo LAI = NA® . CrpyM, I10 IpOXOAHUTh ¥ KOHTYpPi, CTBOPIOE B HABKO-

JUIIHBEOMY CepefloBHINL MarHiTHe moJe, IPHYOMY 34elJIeHHH 3 KoHTYpoM (abo
IPOHH3YE HOro) MarHiTHUH NOTiK NpAMO OpONOpIiftHUI cTPpyMOBi,

i . Al
3 nsox supasis ana EPC camoinaykuii, a came &, = _LE Ta £, =
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"r,\_j JdanTe signoeigi Ha 3anNUTaHHA

1. Lo Ha3ueawTb ABMLLEM CaMOIHAYKWI? 3anuwitTe Gopmyny, 3a AKOI0 BM3HA4alTh
EPC camoingykuii.

2. HamanwitTe cxemy Qocnigy i NOACHITE ABMLLE CaMOIHAYKUIT Nig 4ac 3aMWKaHHe | poa-
MWKaHHA Kona.

3. o Ha3auBawTe iHAYKTUBHICTIO NPOBIAHMKA? AKWA QI3MYHKWIA 3MICT IHAYKTUBHOCTI?

4, 9K 3MIHMTLCA IHAYKTMBHICTE KOTYLIKK, AKLLO, PO3TAMYIOYK y300BX OCi, 36inbwwmTw 1

5

6

OOBXUHY?

. Nocninosro 3 KoTywkow iHaykTMeHocT L, BBiMKHYNKM Apyry — iHOYKTUBHICTIO L,
Y akomy BUNaaky iHOykTMBHICTL WET AinaHkn Byne cymo Ll + La?

. Kotywka Gea ocepas Mae OAWH Wap BUTKIB. HK 3MIHWTLCA Ti iIHAYKTWBHICTbL, AKWIO
3BEPXY HAMOTATK APYrviA Wwap BuTKIB?

§ 31. EHepria marHiTHOro nons cTpymy

EHepria marniTHoro nons. ¥ nomepegHsoMy mnaparpadi MM pPOSIIAHYJIH
JAOCHifl 3 BAHMKHEHHS V NPOBIAHUKAX CTPYMY po3aMuKaHHA. [ligKkpecanmo, mo
JaMIIOYKAa IPOJAOBKYBAJA FOpiTH (CTPYM TEKTH) Hic/IA BUMKHEHHSA 30BHINTHEOIO
psxepena. Ile cBifuuTh Mpo Te, 0 MATHITHE MoJIe B KOTYIIIi Mae eHeprito. Oue-
BHJAHO, NicJA 3aMHKAHHA eJIEKTPHYHOIO KOJIa Bijf J)Kepeja CTPyMYy JAedAKa Jo-
JaTKOBA eHeprisa OyJa saTpaueHa HA CTBOPeHHA MarHiTHoro mosas. ITig gac itoro
3HMKHEHHSH eHepPrifa 4acTKOBO MoBepTaeTheA B Koao. Orike, MarHiTHe noJie, AK i
eJIEKTPpUYHE, Mae eHepriio.

Eneprio MargiTHOro nois KOTYIIKH iIHAYKTHBHOCT] BHUSHAYHMO, BHXOLAYH 3
TaKkuX MipxkyBanb. Hexai nicisi posMUKAHHA KOJIA CTPYM 3MEHITYETHCA 3 HaCOM
ninifino. ¥ npomy pasi EPC camoiraykii Mae noctiifiHe 3Ha4eHHSA, M0 JIOPiBHIOE

s Al b i ’
64 =-L o Hexaii t —uac, 3a AKHIi cCHJIA CTPYMY B KOJIL JIIHiHHO 3BMEHIIIYETHCH BiJl

nouaTkoBoro asauyenHda I o 0. 3a mei 4ac B KOJIi NpOXOAHUTE eJIEKTPHYHH I 3apsaj

I . vk BE K
g=1,,t= Et . PoGoTa eeKTpHYHOrO CTPYMY IIPH IbOMY A =q&; = ?T= >
IIs pobora BUKOHYETHCA 38 PAXYHOK €HEepPrii Mar#iTHOro moJs KOTYIOKH 1HAYK-

THBHOCTI.

Eneprin W marxitHoro nonas KOTYWKW iHAYKTMBHOCTI OOPIBHIOE NONOBWHI
,-"\' ™

. . o 7 b
AO6YTKY i iHAYKTMBHOCTI Ha KBaApaT CUNK CTPYMY B Hiin, W, = R
A U
Ilpuragaemo, 10 eJIEKTPHYHA €HePTisd BHpaxaeTses dopmynamu: W, = QE ,
CcU? g .
on = 3 ra W, = EE i socepemxena Mix o0KIALKAMHY 3aDANKEHOTO KOHIEH-

cartopa, To0To JoKarizoBaHa B 00’ eMi eIeKTPHYHOTO MOJIA.

Ik 1 y BHDagKy 3 KOHJAEHCATOPOM, MATHITHA eHepria MicTuThesA Oesmocepesn-
HbO B 06’€Mi Mar"iTHOro moss.

FyctuHa edeprii marHitHoro nons. BeranoBumo 3B'A30K MiXK eHeprieio,
sKa MicTHTBCA B oguHHNL 00’emy mons, 1 imayknieo margitaHoro nonsa. Iei
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3B'A30K MOJKHA BCTAHOBHTH, POSIJIAHYBIIHM OYyIb-AKHH IPOBIIHUK 31 cTpYyMOM,
LISt AKOTO MOMKHA 00UYMCINTH iIHAYKTHBHICTE Ta iHgyKOio mons. Halispyurine
e 3pobUTH AJIA COJIEHOIZA, B AKOI0 MarHiTHe MoJie, a OTKe, i eHepria moJs,
3ocepemrxeHi B mexxax ioro o6’emy Sl (S — nnmoma nepepiay, | — qoe:xuna co-
JIeHO1Za), a iHgYKIil0 MardHiTHOro moJs B MeXKax 1Isoro 06’emy i3 3a10BiNEHOIO

; £ i3 IN
TOYHICTH) MOMKHa BBaKATH CKPI3b OJHAKOBOIO 1 PI1BHOIO B‘:HHDT IH,’I‘IYH'

2 2
TUBHICTE TAKOro cojeHoiga L= E&"r?-r—g . Higcrasusmu y hopmyny W, = %
. . MpNZS %
BHpA3H AN iBAVKTHBHOCTI L= i Ta CHJIM cTpyMy [ = N’ OTPUMAEMO
Hitg
B*Si B2
W, = . Ockineku Si=V , To ryctuna emeprii o, =—>=——.
2up, Vo 2u,

Ileit BHpas cOpaBIKy€ETECH He TIIBKY JJIA OAHOPITHOTO OIS, a # IJIA T0BiIb-
HHX 3MiHHMX MArHiTHHX II0JIiB.

B3aeM03B’A30K eNeKTPUYHOro i MardHiTHOro Nosie AK NPORE EAWHOrO
enexrpomarditHoro nons. ChopMynsoBaHi paHiie 3aK0HE eleKTPOMATHETH3-
MY BCTAHOBJIEHO AJA eJTeKTPHYHOTO CTPYMY IPOBiIHOCT, AKHIA CTBOPIOETRHCA HA-
NpAMJIEHAM PYXOM MiKDOCKOIIIYHAX YACTHHOK — HOCIiB 3apaay (eleKTpoHiB Ta
HOHIB) Y IPOBITHMEKAX TA BAKYYMi.

ITpore Amnepy Ta #oro cydacHukam 6yyo HeBifioMo, AKi edeKTH BUHUKATH-
MYTB IiJ 4ac pyXy MaKpOCKONIYHUX 3apafKeHnX Tiia. EnrexTpHuHEER cTPYM, 3Y-
MOBJIEHHI NEepeMilleHHAM MAKPOCKONMIYHHX 3apAMMEHHMX Tij, OTPMMAB HA3BY
KOHBeKYilIHO20, YUeHNM, AK] po3pobiaaind KIacCHYHY Teopilo eJieKTPOMAarseTHa-
My, He 3[JaBaJIOCE OYEeBMHHM, 110 Il CcTPYMH (IPOBIAHOCTI Ta KOHBEKIIHHMIL) €
MPHHIIHIIOBO OTHAKOBHMH J[3KepeJlaMiA MATHITHOTO IOJIdA.

Ilepmni mocnigm, mocraBieHi, mob BiAmoBicTH HA NMHUTAHHA, YU CTBOPIOE
HaeJeKTPH30BaHe Tinmo, 1o mepebyBae B pyci, MarHiTHe mone (mopAx 3 enex-
TpuuHuM), B Bepaincekomy yHiBepcureri v 1878 p., mpoBie aMepuKaHCEKHH
bizuk T'enpi Poymaug (1848-1901). I1i mocxijiskeHHs MPOAOBKUB PoCifchKUH
tpisux O. O. Eiixensansg (1863-1944) v 1901-1904 pp. Ocobanso Baxkko 0yJo
mijl 4ac IHUX eKCIePUMEHTIB TOYHO BHMipATH HANpY)XKeHicTh MATHITHOTO IOJA
KOHBEKIIiHHOI'O CTPYMY, CTBOPIOBAHOIO 3apALKEHNM AHCKOM, AKHH o0epracThcs
HABKOJO cBOEI oci. Amxe iIHAYKILiA nboro mous 6yia B THCAYI pas3ie MeHINIOH0 3a
IHAVKIiI0 MArgiTHOrO moas 3emJi.

Hocnigu Poynaana ra EfixeHBanab/a 1aay MO3UTHBHI pe3yJIbTATH: CIIpaBii,
KOHBEKILiliHI CTPYMH, MOB’A3aHi 3 MeXaHIiYHHUM PYXOM HaeJIeKTPHU30BAHUX Tix,
CTBOPIOIOTE TAKe caMe MarHiTHe moJe, AK 1 BiANoBigHI IM CTPYMH NPOBiAHOCTI.
Orie, B nux gocrigax Oyno JoBeJeHO iCHYBAHHA MATHITHOrO IOJA Mif uac
MeXaHiYHOro pPYXY HAEeJeKTPU30BAHHX TijJ, & TOYHHMH BHMIiDIOBAHHAMH
OiATBepJKeHO eKBiBaJeHTHICTP KOHBEKI[IHHMX cTpyMiB Ta cTpyMiB
npoeigaocti. Hocnian Poynanaa i EiftxenBanbaa HalexaTs H0 cepii mepmmx
EeKCIIEPHMEHTIB, B AKHX OYJI0 NiATBEp>KeHO TEOPETHYHI BUCHOBKH PO EAUHY
NPUPOLY EJeEKTPHYHHMX i MArHiTHHX SABHIN, AKi BUIJIHBAJH i3 TEOPEeTHYHHX
npanb MakcBesia.




ENAEKTRPODAKVHAMIKA

Do MakcBenna icHyBaH OKPeMO BUYEHHS NP0 eJIeKTPUKY, BUCHHSA IPO MAr-
HETH3M, BUEHHA Mpo cBiTa0. «MicTok» MiXK eNeKTPMYHHMMH TA MATHITHUMH
ABUINAMY OyJIO HABEJIEHO eKCIIePHMEeHTANbHMME BiakpuTTaMi Epcrega, Amne-
pa, @apages. Mxeitmc-Krepk Makceenn noctaBus nepesi cob6oio 3aBJaHHA y3a-
ralbHATH Bei Bigomi HA To# yac eKcHepHMeHTANbHI (PAKTH 3 MaKpPOCKONIYHOI
eJeKTPOAHHAMIKH i BHKJIACTH 1X ¥ BUIVIAL CTPYHKOI MOCJAiIOBHOI MATeMATHYHOI
reopil, Axa 0 1 eleKTPHUYHEX 1 MarHiTHUX ABULY Bigirpasana 6 Taky caMy poJib,
AK 3axoHH fuHaMiku HeloTOHA B KIacHuHi# Mexarini, PesyasraTom ftoro Teope-
THYHWAX JOCHi[3KeHb CTAJA CHCTeMa piBHARL MaKcBel1a, AKY BiH BUKJIAB ¥ CBOIH
sHaMeHHTIH npani «TpakTaT 3 eIeKTPHKH 1 MArHeTH3MY », 1110 BHHLILIA ¥ CBIT ¥
1873 p. Ilisuime B mpanax HiMenbkoro dianka 'enpixa lepma (1867—1894) Ta
anraificekoro diznka Oxisepa Xesicaiiga (1850-1925) pisuanaa Maxcsesna
HAOYJIH CYy4YacCHOrO BHTJIALY .

OckineKH MaTemMaTH4YHa (opMa 3amucy LHUX PiBHAHL nepenbauae 3HAHHA
iHTerpanbHOro Ta Au{QepeHNiaNbHOIO YHCJIEHHS, MW O3HalOMHMOCH i3 HUMH
JIMIIe AKiCHO.

ITepwe pienanna MaxcBeluia BCTAHOBIIOE 4Ba Jikepena 30y KeHHsA MarHiTHOro
nong. OcKibKH y BCiX eKCIepUMMeHTAX MAarHiTHe mnone 6yno o6oB’A3KOBO
OB’ A3aHe 3 eIeKTPHYHUM cTpyMoM, J[»x. MakcBe/t y cBOIX TEOPETHYHMX Mpa-
LAX 3MiHHE eJIeKTpPHYHE II0Jie, AKEe NOPOAKYBAJIO BUXPOBe MartHiTHe moJje, Ha-
3BAB CTPYMOM 3MilleHHA (Ha BLAMIHY Bif cTpyMy OpOBijHOCT] Ta KOHBeKIi#HOTO
erpymy). Tenep 10 HA3BY He MOMKHA BU3HATH BAanow. Tinbku npu posrasai
SMIHHOTO eJIEKTPHYHOI'O IOJiA B JieJIeKTPUKAX BOHA Aemio BinGwmeae nilicHy
(hisHUHY KapTHHY, OOB’A3aHy 31 sMil[eHHAM 3B'ASAHUX eJIEKTPHYHUX 3apAJiB
¥ MOJIeKyJax i aromax cepefoBHINA. ¥ BAKYyyMi HiJi CTPDYMOM 3MiMIeHHA CJij
pO3YMIiTH TiTEKH 3MiHHE eJIeKTPUYHe TToJe. [HImruMHE cioBaMH, nepine piBHAHEA
MaxBeia CTBEPAKYE, 110 MATHITHE NoJie Mose 30y KyBATHCE HE TLJIBKH PyXo-
MHMH 3apAJAMH, a i BMiHAMHY eJIeKTPUYHOTO MOJIA.

lpyze pisnanna MakcBenna € Bifo6pa’keHHAM 3aKOHY eJIeKTPOMAarHiTHOL
iEgyRIii.

Tpeme pieHaHHA — 3AKOH NP0 MOJIE eJIEKTPUYHUX 3apaAfis, TobTo € yaaraib-
HeHHAM 3akoHy KynoHa.

I3 uwemeepmozo piéHAHHA BHIIKBAE, WII0 Y NPHPOAL He icHye BLIBHHX
MArHiTHHX 3apAfiB, HA AKHX, DoAi6HO A0 eNeKTPUYHHX, MOTVIH O MOUYHHATHCH
i sakiguyBaTuce mimii iEgyrnoii. IHmuMu croBaMu, B IpUpoAi He icHye iHmMMAX
J3epes MArHiTHOTO NOJIA, KPiM eJIeKTPHYHHX CTPYMIiB.

Cnin sasHaunTH, o0 v piBHAHHAX MakcpBeiia cepeloBHINE BPAXOBYETHCSH
thberoMenONOTiIUHO, TOOTO 683 POBKPHTTA BHYTPIIIHBOTO MeXaHiZMy B3aeMOJil pe-
YOBHWHH 3 [10JIEM, i TOMY MHTAHHA MOACHEHHA, Y3aTAILHEHHA i BUBHAYEHHSA MeX
3acTOCYBaHHA Teopil HA OCHOBI MOJIEKYJIAPHO-ATOMHOI CTPYKTYPH Pe4OBHHH Ta
eJeKTpoHHOI OyI0oBH MoOJIeKY.I i1 aToMiB v HiHl He poarasgaeTeea. CucreMaTHYHe
BUBYEHHSA IBOTO KOJIA MUTAHL — OlHE 3 OCHOBHUX 3aBJIaHbL e1eKMPOHHOL meopii,
BHHHMKHEeHHA AKol 6yJ0 HAaCTYIIHHM miciada Teopil MakcBeJi1a eTanoM y POSBHTKY
eJIEKTPOLUHAMIKH,

IligBememo migcymku. Enexmpomazrimue noJe € popmoio matepii, saBiaAKH
AKi# 3AiNCHIOETECA B3AEMO/IiA MiXK eJIeKTPUYHO 3apAAKEeHHMH yacTHHKaMu. Lle
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MOHATTA Bii0uBae eHiCTH @JIEKTPHYHOIO i MArHiTHOTO MOJIB, IPOAB AKHX 38-
JeXUTE Big Bubopy cucreMu Bigaiky. Hanpuknan, y cucremi Bimiiky, BigHOCHO
AKOI eJIeKTPHYHI 3apagu nepe0yBalOThL ¥ CTAHI CIIOKOK), B3AEMOZIA MijK HUMH
aMificHIOETLCA Yepes eJeKTPOCTATHYHE IoJie, MArHiTHe moJie TyT BiAcyTHE. B
cuerTeMi Bifriky, BifHOCHO AKOI eJIeKTPHYHI 3apAIH PYXalTECH, BBAEMOIIA MiK
HHMH BifI0YBAETHCA 34 JONOMOro0 000X HOJIB — eJIEKTPHYHOrO i MarsiTaoro. ¥
BHNAAKY HECTAI[IOHADHOTO eJeKTPOMATHITHOrO MOJIA 3MiHH MarHiTHOrO moJs
B lleAKii TOYIi BEAYTH 10 BAHNKHEHHA TAM BHXPOBOTO eJEKTPHYHOrO mojs i,
HABIAKM, 3MiHHe a00 BUXPOBE eJeKTPHYHE II0Jie CTBOPIOITE BAXPOBEe MArHiTHE
none. BaaeMo3B’A30K Mix HHMH Ta IX B3acMONepeTBODPeHHs BinobpaskaioTb
piBHAHEA MaxcBemana.

fdaiiTe signoeini Ha 3anUTaHHA

1. Sk 3MIHMNACE IHAYKTUBHICTL KOTYLLKW, SKLO 36inblWeHHs Y Hiil cTpymy B k pasis He
3MIHWUNO eHeprio il MardiTHoro nona?

2. Kano, fike MiCTUTL kepeno nocTiinHoi EPC, 3amkHynu. Ha wo BuTpaYaeThes eHepria
oxepena Ao i Nicna BCTAHOBNEHHSA MOCTIMHOT CUNK CTPymMy?

3. Y Bac € 3apfAgXeHe TiNO Ha i30NI0IYiIA NiacTasui | Nnpyunagy AN BUABNEHHA enex-
TPOMarHiTHOro Nons. Ak MOXHa BUABWTH IVLUE eNeKTPUYHE none? nuile mMarHitHe?
ENeKTPUYHE | MarHiTHe oaHo4acHo?

NMpuknapu poas’asyBaHHA 3apa4
3amaua. Korymky 3 qye MaauM onopoM Ta ingykTusuicTio 3 I'H mig’enHano go mxe-
peJia cTPYMY 3 Ayike MaauM BHyTpimHaiM omopoM, EPC sikoro gopismioe 15 B. Yepea axui
iHTepBAaJ YaCY CTPYM ¥ KOTYIII] focArHe sHadeHHA D0 A?
Poss’sazannn

3a saxonoM Oma aas nosHOro Koja & = I(R +r), ne £ — nossa EPC y komi,
110 JiopieHIoe A4 mroro Bunagky cymi &, (EPC mxepena) i &, (EPC camoingyk-

11il), AKA BUHHMKAE TiCA T €IHAREA KOTYIIKH [0 [PKepeaa, £ =§; + &, .

AT
EPC caMOiHAYKIIL MO HA BH3HAYHTH 38 GOPMYJIO0 £, = —,LE

Pront s, <22 - 1R+ 1).
At
| : A x Al AT 2
: 3a ymoBo10 3agayi onopu R i r gyxe mani, Tomy &, —Lz-t—= 0, abo ¢, = LE' 3eigkn

Al €
MO’HA BH3HAYMTH INBHJAKICTE 3MiHH CHIH CTPyMY E=Il . Tenep MoHA BHSHAYHTH

gae, NOTPiGHMI [/1A HApoCTAHHA CTPYMY A0 3HaueHHA =50 A .
- O t__50 A~3I‘a_mc
3 - 15B 3

At L
Binmorins: 10 c.
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Brnpaea 17

1. Kpiss conenoin, mo mae igagykTuBHicTs 0,4 MI'H i niomly monepeyHoro nepe-
piay 10 em?, npoxoauTts ctpym 0,5 A, flka ingyKiia nosas scepeuni conenoina,
Axmio BiE MictuTek 100 BuTKiE? BRaskaTH, 110 moae ogHOpigHE.

2. Korymxka is sanisauM ocepasm nepepisom 20 cm® mae ingykrusaicrs 0,02 T'a.
fxow Mae OyTH cHaa cTpyMy, mMob iHAYKIia nona B ocepai crarmosuaa 1 mTa,
AKI0 KoTymka MicTuTs 1000 BuTKiB?

3. ¥V korymui, iEgykTHBHiCTE AKOL craHoBUATh 0,6 TH, cuna crpymy 20 A, fxky
eHeprii Mae MarfiTHe moJe miei korymku? Sk sMiHNTECA eHepria mons, KOJIH
CHJIA CTPYMY 3MEHIIUTLCA YABIgi?

4. BuaHauuTH eHeprio coleHoina, B AKOMY ciia cTpyMy 10 A cTBoploe MaruiTHRIA
norik 0,5 B6.

5. BusHAYNTH eHepPrio MArHITHOrO MoJs KOTYUIIKH iHayKTHeHicTO 0,8 ', akio
1o Hillt npoxoguTh cTpyM 4 A.

6. I[HAYKTHBHICTE KOTYIIKH i3 samiaeuM ocepaam 25 'n. Busnauntun EPC camo-
iragyKIil y MOMEHT POSMHMKAHHA KOJa, AKI0 IIBUAKICTE 3MiHU CHIH CTPYMY B
miit 100 A/c.

§ 32. 3MiHHMKA CcTpYM

O6epranHHa NPAMOKYTHOT paMKu B ogHopigHomy mardiTHomy noni. Poa-
‘TASAHEMO PAMKY, PO3MIIeHy B OgHOpigHOMY MarHiTHOMY moui. Jocmimkyioun
SIBHIIE eJeKTpOMArHiTHOL iHAYVKLil, MK 3’AcyBanu, 110, ¥V BUOAAKY o0epTaHHA
paMKH B MATHITHOMY MoJi, B Hilf BMHHKAae iHAVKOiiHMI cTpyM. ocaigumo me
SIBHMIIE HeTalbHime.
Hexaii y noyaTKoBHil MOMEHT Yacy paMKa po3TallloBaHA TaK, 1[0 HAIPAM HOpMa-
Ji n jgo Hel 30iraeTbcA 3 HATPAMOM iHAVKIII Mar"HiTHoroO moJas B , B AKOMY paMKa
obepraereca (Man.147, a). MarniTEuil norik, AKHHE OpH OLOMY IPOHH3YE PaAMKY,
&, = BS, mae MakcuMabHe 3Ha4YeHHA. PaMKa ofepraeThea piBHOMIDHO 3 KYTOBOKO
IMIBAAKICTIO 0 38 NOAMHHUKOBOK CTPLIKOIO, OTHe V 6yAb-AKHiT MOMEHT dacy t KyT
[OBOPOTY ( paMKH ¢ = of. BiimoBigHO 3HAYEHHSA MATHITHOIO HOTOKY, AKHI IIpo-
HU3VE PAMKY, 3MIHIOETECA 3a 3aKOHOM
@ =BScoswt=P,coswt. Ila dopmyna
BH3HAYAE 3MIHY MArHiTHOIO MOTOKY Hepes
KOHTYP PAMKH ILIOIIel0 S, AKa PiBHOMipHO
obepraeTbcAd B OJHOPIMHOMY MATHITHOMY
oyt ingyKiiero B 3 KYyTOBOK IIBHIKICTIO M,
3rigHo i3 3aKOHOM eJeKTPOMATHITHOL
iagykmii B pasi smMian mardiTHoro moto-
KV, 1[0 IPOHU3YE KOHTYD, BUHHKAE eJIeK-
AD
At
Jlns meuaKo3MiHHEKEX npomecis caig Gpa-
T At — 0, ToAl 3a 03HAYEHHAM NOXigHOI:
¢, = -’ . ®opmyna ana obuncaenas EPC
iggyKmii, mo BHHMKAE B pamili, y 6yab-
AKUA MoMeHT dacy { HaOyBae BHIJIAAY

TpopyimiiiHa cmia iHAYKOIL €, =-

Man. 147. O6epTaHHA pamku : g
B MarHiTHOMY noni ¢; =—P'=BSwsinwt .
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Orixe, 3a yMOBM piBHOMipHOTO 00epPTAHHA DAMKH B OQHOPIAHOMY MATrHITHOMY
noJi B Hi#l BuEMKae EPC iHnyKIrii, Axka 3 yacoM 3MiHIOETHCS 38 CHHYCOIAIBHAM
sakoHOM. Akmnio pamra mae N sutkis, To EPC ingyknii va ii knemax Gyze Bia-
nosigHo B N pasis 6inpmolo, ¢, = BSNwsinwi . 3poaymino, mo MakcHMalbHIX
3HA4YeHb ¢, JOCATAE B T1 MOMEHTH, KouH sinwt =+1 . Toal makcuMansHe 3HAYEH-
#a EPC inayknii ¢, = BSw. 3a ogus obepT paMKH eleKTPOPYIIiiiHA cHIa 3Mi-
HIOE CBOE 3HAYEHHSA i 3HAK ABiYi, ToOTO 3AiHCHIOE OJfHE NOBHE KOJAUBAHHA.

¥ 10 knaci Mu BMBYAJIM 3aKOHM MeXaHIYHWX KOJAHMBAHB. MaTeMaTHYHHI
OMNAC eJeKTPOMATHITHHX KOJHBAHB 3[iHCHIOETHCA aHagoriuHo, IIpuranaiimo, y
BHIIAJAKY KOJHBAJLHHAX PYXiB MaKCHMAJbHI 3HAYEHHSA BeJIHYHH IIe HA3UBAIOTh
amnaimyoHuMu, a 3HAYEHHA, 1[0 BEMIipHOIOTLECH ¥ OyIb-AKHI MOMEHT dacy —
Mummesumy. 3a3BHUail aMILIITYIH]I 3HAYeHHA BeJMUHH 3AIUCYIOTH BeTHKMMH
nitepamu, MHTTEBL — ManuMmH. Toxai sakoH smianm EPC mo:xHa sanucaTH Tak:
e=¢, sinwt, ne Kososa (IuKIiYHA) yacToTa  36iraeThecs 3 KYTOBOKW MIBHAKIiC-
Ti0 0O0epTaHHA PAMKH Yy MardiTHoMYy noJi. [ljida KyToBol 4acToTH CIpaBL K YIOThECH

2n :
dbopmysu: w=_2nv= ? , A€ v — 4acToTa KONMHBAHb, 1 — NMepiol KOMUBAHL.

SMiHHMKA cTpyM. HKIO paMKy 3aMKHYTH AKAM-HeOyIb TPOBIIHAKOM, TO B
IBOMY IIPOBIAHMKY BHHHKHE 3MiHHHH CTPYM.

3MiHHMMM BBAXAKTL CTPYMM, AKI 3MIHIOIOTBCA AK 3a 3HAYEHHAM, Tak i 3a
HaNPAMKOM.

Taxum#, HaNpHUKJIaM, € IPoMHUCIOB] crpymMu (vacTora axux V=>50Tn, Tomy
iX Ije HA3MBAIOTH HU3BKOYACTOTHHMHM), BUCOKOYACTOTHL CTPYMH, AKi BUKOpHC-
TOBYHITHCA B pajio3B’A3KY TOIIO. SMiHHMMH, B3araji, HASHBAKTHE OVIb-AKi
CTPYMH, II0 3MiHIOIOTE 3 yacoM. Hafimomuperimumy i HaiBaKIHBIIIAMH B TeX-
Hilll € 3MiHHI CTPYMH, CHJIA CTPYMY i HAIpyra AKMX 3MiHIOIOTECHA 38 3AKOHAMH
cuayca abo KocuHyca. HalinpocTimum cnocobom ojiep:RaHEA HH3BK0YAaCTOTHHX
3MiHHMX CTPYMiB € obepTaHHA DAMKH 3 NPOBiAHUKIB B OHOPiAHOMY MATHITHO-
My moJti (abo HaBmaky — ofepTaHHA MAHITHOTO 1OJIA, AKe NePeTHHAE HepyXoMi
nposigaukH). e npuHnKMD 3aKkaajeHo Y poboTy reHepaTopiB 3MiHHOTO CTPYMY
(iapyrumifiEMX regepaToping).

HArnio 1o reEepaTopa 3MiHHOI'O CTPYMY, HAIIPYTA HA NOJIOCAX AKOr0 3MiHIO-
eTheA 3a 3aKoHOM u = U, sinof, nig’eguaTn 6yap-AKe HapaHTaXKeHHHA (HAIpPH-
K4, eIeKTPHYHUH IBUTYH, 6aTapeio KOHIeHCATODPiB, HArpiBANbLHWN IpHUIaf i
T.1.), IO KONy MpoxoguTHMe 3MiHHHH cTpyM™ i = [, sin(wt + @), ge ¢ — scye Pas
Mi¥ KOJIHMBAHHAMM CHJIH CTPYMY Ta Hanpyru (MaJ. 148). [IpuunHOI BHHUKHEH-

U, i
@ u = Uy,sin ot
i=Imsin (of + Q)
0 T + 1 t t 1 t t t
30° 90° 18 270° / ot
T=0,02¢

Man. 148. INpadikm 3MiHK HANPYrK Ta CUNK 3MIHHOTO CTRYMY



EAEKTPOAWHANIKA

HA 3cyBY (a3 MiK CTPYMOM Ta HANPYIOK0 Y 3araJlbHOMY BHNAAKY € PisHH#H onip
KoJia 3MiHHOrO cTpyMY (Ipo 1e AeTajbHille B HACTYMHUAX naparpagax).

Doyl 3HaveHHa cunu CTpyMy Ta Hanpyru. ¥ Ko sMiEHOro cTpymy Ha-
[Ipyra i cija CTpyMy Bech yac 3MiHIOIOThCH. BUHHKaE 3aNUTAHHA: AKAMHA 3HA-
YeHHAMH CHJIM CTPYMY YH HATIPYTH XapaxkTepuaysaTu meii ctpym? CepenHi aua-
YeHHS CHJIM CTPYMY ¥l HAIPYTH 34 epiokx AOPiBHIOIOTEL HYJIIO i He MOy Th OyTH ix
xapakrepuctukamu. [Ipore cepeiie 3HAYeHHA KBAJpaTa CHJIM CTPYMY 3a mepioa
BigminHe Big Hyad. [IpHragaemMo, Mo KilbKicTh BUALIEHOTO y IPOBITHUKY Ternjia
nijg 4ac MpOXOAXKeHHA 0 HEOMY IOCTIHHOrO CTPYMY 3MiHIOETECA HPONOPIiiiHO
KBaJpATY CHJIH CTPYMY, @ ~ I%. SIKIN0 CKOHCTPYIOBATH BUMipIOBAIBHHIA IIPHJIA
(TermsoBHIT amMniepMeTp), BiIXWIeHHA CTPiNKH AKoro Gyae MpomopHifiHUM KBa-
OPATY CHJIH CTPYMY, TO OyAV4IH BKIIOYEHUM Y KOJIO 3MIHHOIO ¢TPyMY, BiH IOKa-
JKe NepHe 3HaYeHHs. Axuil pisuunuit amict nboro nokasy?

OckinbKH IIKana OpHaaay BigrpagyioBada Aaa DOCTiHHOTO CTPYMY, TO MOMK-
HAa 3po0HMTH BUCHOBOK, IO 3MIHHHI CTPYM 8a CBOIM TenysoBuM edeKToM eKBiBa-
JNeHTHHH NOCTIHHOMY CTPYMY, CHJIV AKOro Imokasye crpinka npuiaany. Ile nae
3MOTr'Y BBECTH XapaKTepPHCTHKY 3MiHHOI'O CTPYMY — erermuene (ado diloue) 3na-
YeHHA CULU IMIHHO20 CMPYMY.

,s EcdexTuaHuM (abo [ilOYHM) 3Ha4YEHHAM CHTH 3MIHHOIO CTPYMY Ha3uealoTb
CUNy TaKOro NoCTIMHOro CTPYMY, AKWIA 33 0AWH Nepiog 3MIHHOrO CTPyMY BUAINAE
CTiNbKK X TENNA, CKINbKKA A 3MIHHWIA CTPYM 3a TOW camMuii Yac.

Vi ammepMerpH, NpU3HAYEHL 414 3MiHHOTO CTPYMY, MOKAa3yHOTh e(DeKTUBHE

3HAYEHHA CHJH CTPYMY.
2

OckinbKy cepefiHE 3a Nepioj 3HAYEHHA KBAIPaTa CHJIHA CTPYMY CTAHOBHTh —;‘— .

TO KOPiHb KBaJpATHHI 3 IbOT0 BMpasy i 6y/e BU3HAYATH /[il0Ue 3HAYEHHA CHIH

I G
ctpymy [ =—E . Tak camo BH3HaUYawThLCA 1 Ai0oui 3HaveHHA Hanpyra ta EPC

i vu=Un g_fn
amiHHOTO cTpyMYy: U 72 » B JE

¥ CIIIA ta Kauaji, HanpukJaji, CTAHAaPTHA HATIPYTa Mepexki aMinHOTO CTPY-
my gopisaioe 120 B, mo Bigmopigae 170 B ammaitygaoro sHadesnsa. ¥ €sponi
etexrneHa Hanpyra 240 B, amouityaua signosigno — 340 B. ¥V mami# xkpaini
edexTnBHa Hanpyra 220 B, amnuityaaa — 310 B. Yei BoneTMeTpH, npHaHaveHi
]I SMiHHOT'O CTPYMY, IIOKa3yioTs edextuBHi snayenna EPC i nanpyra.

MoTyxHicTs Yy KONi 3MIHHOro cTpyMmy. fIK miagpaxyBaTH NMOTYKHICTE CTPY-
My V nboMy BHNaAKy? ¥ KoJi MOCTIf{HOrO CTpyMy IOTYKHICTH BH3HAYAETHCA
3a hopmymnoio P = Ul. [lna xosna 3aMiHHOrO cTpymy 1A ¢dopmysia He 3aCTOCOBHA,
OCKLIBKH cHJIAa CTPYMY i Hampyra 3MiHIOIOThCHA. AJle CHJa CTPyMYy 1 Hampyra
MAaloTh NocTiiiHi aMnniTyani sHaYeHHA i 3MiHIOIOTLCA 3a OOHAKOBHMH 3aKOHA-
MH, OT3Ke i cepelHe 3Ha4YeHHA IOTYKHOCTI 3a Oyab-AxHil nepiox i s3a 6yab-AKe
yucio nepioais 6yze ogaaxkopum. BHacuiiok yoro i cepeiHa noTYKHICTE ¥ KO
aMiEHOrO cTpyMy Oyae mocriiiHow. OTike, mI00 3HANTH HOTY:MHicTe 3MiHHOIO

; : A
CTPYMY, NOCTATHRO BH3HAYHMTH CepelHLOIO IIOTYHHICTE 38 OJHH [Meplofg P= ? s

ne A — cepenus pobora crpymy sa nepion T'.
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IIo6 BusHayuTH poboTy 3MiIHHOTO CTPYMY 3a Nepiofl CKOPHCTAEMOChH TAKHM
cnocoGom. Posi6’emo nepios Ha BeIMKY KiTBKiCTE IyKe MaJleHbKUX iHTepBaJIiB
gacy At. Toal Ha KOXKHOMY TAKOMY iHTEpPBAaJIi CHIIY CTPYMY i HAIIDYTY MO3KHA BBa-
JKATH NOCTiHHHMHE i cepeiHe 3HAYeHHA MOTYKHOCTL cTpymy Oyae BH3HAYATHCH
MHTTEBHMH 3HAYEHHAMY CHJIH CTPyMY i Hanpyru, P=iu.

Pobora ctpymy AA 3a manuil iHTepBasa uyacy At mopiBHW0OE AA = iuAt =
= I sin(wt + @) - U, sinot - At.

CroprcTaBIIHCh GOPMYJIOK H06YTKY CHHYCIB

sinasinp = %[cos(a -P)cos(a+p)],

MOMHA 3aIIMCaTH

AA = %ImUm [mscp —cos2(wt + %)] At.
PobBora cTpymy 3a Beck nepio,u JOPiBHIOE cyMi pobiT AA.

A= Z =L U [cosqa cos2(mt+ 2)]At—
1 1
= Z—ImUm.f_\.tcosq) - E—I,,,U,,Atcoﬂ[mt + E].
2 2 2
| §ous
¥ npoMy BHpasi EI mUn COSQ crana, i ii Mo)xHa BUHECTH 34 3HAK CYMH; CyMa

KOCHMHYCIB nmogsiiftHOro KyTa 3a nepiof IopiBHIOE HYIIO, i ZAt =T . Ore pobora

CTPYMY 3a 1epioy CTaHOBHTHL A = %I mUmT cos@. Toni cepennaa noTy:xHiCTs CTPY-

My 3a mepiog P = %Im U, cosg.

R.ﬂnﬂ‘re sianosigl Ha 3anuTaHHa

| 1. Ak moxHa oTpumaTt EPC, ska 6 amiHiosa-
nack 3a 3aKOHOM cuHyca?

2. Ha man. 149 3o6paxeHo MUTTEBE NONOXEH-
HA pamkW, Wo 06epTaeTbCA B MarHiTHOMY
noni. BU3HaunT 3HaKu NoTeHUianis Ha BUBO-
nax A i B pamky. Y41 MOXHA CKa3aTH, WO YUM
BinbLWKIA MUTTEBMIA MarHiTHWIA NOTIK Npoxo-
OWThL Yepesa nnoLwly pamkud, Tum Binswa EPC
IHAYKYETBCA B HIilA?

3. AkniA CTpyM HasueawTb 3MmiHHMM? Lo Take
Ail0Yi 3HAYEHHA CUNK CTPYMY Ta Hanpyru?

"“_i Npuknaau poae’asayBaHHs 3anay

- 3apmaua. B ogHOpifHOMY MaraiTHOMY nom 3 ingykniero 0,1 Ta poamimeHo BATOK i3
BiiHHKA, IJI0MAa KOHTYpY akoro 0,1 M2, a omip 2 OM, TAKAM YWHOM, [0 HOTO TJIOIIH-
NepneHgHKYJIApHA 0 JiHid ingyknii. BuTok 3aMKkHEeHo Ha ranbsagomeTp. [losanii 3a-
ﬁ)l 10 NPOIIOB Yepes raJbBAHOMETD Iij Yac MOBOPOTY BUTKA, AopieHioe 7,5107° Ku.
Ha sixuit KyT noBepHYIH BUTOK?



HMamno: Poas’azannn

=0,1 x
g_ 3,1 :il Bapap Aqg = IAt . 3a sakonom Oma cuna erpymy I = % i
Fr ¥
R=0,10m

EPC iagyknii £, BusHauaeMo 3a saxoHom Papajesn:
& =_£= ¢2-¢1 =¢1 ";bz
e At At
ge @, = BS — morik MaraitHoi igaykiii yepea nuomgy KOHTYpY, 10 OXOILIIOE BUTOK, HA
no4aTky nosopory; @, = BScoso — kimneswmit motik. Ilna iRAyKuifiHOrO 3apALY MAEMO

BHpa3

Ag=17,5-10"Kn

a—7

_ (BS-BScosa)At  BS(1-coso)

e RAt R g
cosa=1-254
BS
3 An-3
gt S 0Tk e B0,
0,1Tn-0,1m

Bignosins: 120°.

L Bnpasa 18

1. ITig gyac obepTaHHEA APOTAHOI PAMKH B OHOPLIHOMY MATHITHOMY MOJIi MOTiK Mar-
HiTHOI iIHAVKOil, AKAH NpoHHaye 11, aMiHIOETHCA 3aJIeXKHO BiJ Hacy 3a 3aKOHOM
@ =0,01cos10nt (yei Bernunen 3agaHo B oguannax CI). O6uncautu noxigny
(®')imanucare opmyay sanexxHocti EPC Big uacy e =e(t). B axomy monoxenHi
OyJa paMKa Ha mo4aTky Bianiky uacy? flka uacrora obepranas pamku? Yomy
JOPiBHIOKTE MAKCHMAJIBHI 3HAUEHHA MArdiTHoro noroky ta EPC?

2. Pamka, mo mae mromyy 200 em?, ofiepraeTheA 3 KYTOBOKO mBHIKicTio 50 pan/c
B OfIHOPiiHOMY Mar"iTHoMy nouii, iEaykuia axoro 0,4 Ta. Hanucarn dopmy-
JH 3ane;xBocTi maraiTHoro notoky ta EPC Big
yacy, AKmo nopu ¢ = 0 HOpManb A0 IJIOMIHHHA
PAMKH NepHeHIHKYJAPHA H0 JiHiH iEgykuoii & B
MOJIA. 50

3. Barpadikom (mamn. 150) BusHauuTH aMILITiTY 1HE
auauenHa aminnoi EPC, i nepiog Ta gacrory. 25
BanucaTd popmyay smiau EPC 3 gyacom,

4. 3MiHY CHJIH CTPYMY BAJEXHO Bijl 4Yacy 3ajaHo
pipHAHHAM i= 5cos200nt . BuaHaunTH yacTOTY
Ta Mepiof] KOMHBAHB, AMILIITYAY CHIM CTPYMY, 8  —-25|

..
TAKO 3HAYEHHA CHJIM CTPYMY NpH (asi 3 pag.  _sq

5. fike sHauenHA Hanpyru uyepea 10, 15 ra 30 mc,
AKIO aMiityga Hanpyra crasoeuts 200 B, a
nepiox 60 mc?

Q 6. Heonosa namMna moynHae CBiTHTH, KOJIH HATIPYTA Ha i1 eJIeKTPO/IAX IOCATHE CTPO-

ro BU3HAYEHOTO 3HAYeHHA. SIKy uacTHHY nepiomy cBiTHTHMe namna, AKIO il b

BRJIIOUMTH B MEpeKy, Aifoue 3HAYEHHA HATIPYTH B AKiil gopisHIoE niit manpysi?




|
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2 § 33. AKTrBHMIA ONip Y KONi 3MIHHOIO CTPYMY

AKTMBHI Ta peakTMBHI HaBaHTaXeHHsA. Y Kojax sMiHHOT'O CTPYMY iCHYIOTE
[iBa IPHHIIHIIOBO PIBHHUX BH/IM HABAHTAYKEHBb — AKTHBHI 1 peakTHBHI.

B iHWIWIA B, eHeprii, HA3MBAETLCA aKTHBHMM, ONIP LLOr0 HABAHTAXEHHA TAKOX

,% I HasaHTaxeHHn, B AKOMY BCA NiaBeaeHa enekTpUyHa eHepria nepeTBopETLCS
ficTaB HAa3By aKTHBHOIO ONopy.

BeswuHHA CTPYMY B KOJIL 3MiHHOTO CTPYMY 3ajIe3KHATE He TLIBKH Bif fioro ax-
THBHOTrO o1IOpY. ¥ OyAs-AKOMY KOJi 3MiHHOTO CTPYMY i€ eleKkTpopyIUiiiHa cuia
iEAYKIil AKa, 3a npaBuioM JleHna, HepemIKOAXKae BCAKIA aMmiHi emeKTpHYHOrO
CTPYMY B KOJIi, 3aTPHMY€e HAPOCTAHHA CTPYMY 1 3MeHIIye HOro Ailde 3HAYEHHS,
Tobro aie Ak omip. ek onip HasuBaoOTL iHOYKMuUEHUM ONOPOM i TO3HAYAKOTE X | .

Kpim Toro, B Koji 8MiHHOr0 ¢TPpyMy mic/ia BAMHKAHHA PYOMIBHUKA II0 IPO-
Bojax (ocobamBo B Kabendx) Ie NPOTArOM OEAKOTO Yacy MpOTiKae ¢TpyM, Ha-
ABHICTH AKOI0 MOKHA BUABHTH IyTIHBHM amuepmerpoM. Ile noacHoeTsCH THM,
1110 MPOBOJIHM, AKI XXHUBIATH CTPYMONPHiiMaYi, moai6Hi 1o KOHZeHCATOpA, LIO mij-
TPUMY€E B KOJi 3apagHui i pospagauil crpymu. I1i cTpymMu nmpu BBIMKHeHOMY
pyOHIBHHKY 30iNMBINYIOTE Ail0Ye 3HAUEHHA CTPYMY B CTpyMonpuiiMaui. Bniuns
€MHOCTi KOJIa Ha BeJIWYHHY [Jil0Y0ro 3HAYEHHS 3MiHHOTO CTPYMY BPaxOBYETHCH
fioro emricnum onopom X,.

Or:xe, KOJI0 3MiHHOTO CTPYMY MA€E TPH OMOPH: AKTUBHHH, iHAYKTHBHHIL 1 eM-
HiCHMH,

% I IHOYKTMBHWMIA | EMHICHWIA ONOPK MaIOTk CNiNLHY HA3BY PEaKTHBHHX ONOPIB.

IIpupona peakTUBHHX OMOpPIB MOJBLOBa, TOOTO IX MOXOMIKEHHS TOB AzaHe 3i
3MiHAMH eJIEeKTPHYHOIO IoJa (HanpHKJIaj KoHjgeHcaTopa) abo MarsiTHoro (Ha-
OpHKJIaj KOTYIKH 3i ctpymom). PeakTHBHI OIlOpH He CIPHYHHIOIOTL Heobo-
POTHHX IepeTBOpPeHb eHeprii. B Konax 3 TiNbKM peAKTUBHUMH OllOpaMu Biaby-
BalOThCA TinbKK ofopoTHI mpomecu: nmporAroM ogHiel uBepTi mepioay eHepris
CTPYMY NepeTBOPIETECH B eHepriio eJeKTPHYHOTO MOJA KOHJAeHcATOpa (UM Mar-
HITHOT'O IOJIAA KOTYIIKH), a IPOTAroM Apyroi 4Bepri mepioqy eHepris 1oJs 3HOBY
[epeTBOPIETLCA B eHeprito erpymy. ToMy B TAKMX KOJMAX cepellHA MOTYKHICTh
3a nepion nOpiBHIOE HYJIIO, HE3BAMKAIOYHM HA MPOTIKAHHA CTPYMY y KoJi. Ile mer-
KO IPOJIeMOHCTPYBATH, YBIMKHYBIIIH B K0JIO 3 KOHleHcaTOopoM BaTTMeTp. Crpi-
Ka IBOr0 IPHJIAAY He BiIXWUIAETHCHA, X04a B KOJIi Jie HANpYra i Tede cTpyM, AKi
PeecTpyHOThLCA BiIMOBIIHO BOJIBETMETPOM 1 aMIEPMETPOM.

Poarnaremo cmouarky Haiinpocrimii iseansri Kona smimmOro erpymy, ski
MalTh JIHIIe O4UH 3 TPROX OIOPIE, a IMOTIiM — CKJIAJHIT,

AKTUBHWIA onip y Koni 3aMiHHOro cTpymy. EnexTpruusni Kosa, 1[0 CKIagal0Th-
cA 3 eJIeKTPUYHHUX JIaMII, HArpiBaJbHHUX MPUIAJIiB, PEOCTATIB i 3’eJHYBAILHHAX
TIPOBOAIE, IPAKTHYHO MOKHA BBAXKATH KOJAMH TiNBKH 3 AKTHBHAM OIOpPOM. ¥
IHX KOJax eJIeKTPHYHA eHeprid Maiixke [iJTKOM IIepPeTBOPIETHCS B TENJIOBY.

OnuH i TOM caMuil IPOBIAHMK YMHMTE PI3HHM OIip mocTiiHOMY i aMiHHOMY
crpymy. Omip mpoBifHHKA HOCTiIHHOMY CTPYMY HASHBAETHCH OMIYHUM ONOPOM;
BiH 3a71€KHTE Biff MaTepiany, po3Mipie i TemmepaTypH nNpoBigHHKA.
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Man. 151. @ — ocumnorpad y Koni 3MIHHOrO CTPYMY 3 aKTMBHUM HABaHTAXKEHHSAM,;
6 - ocuMnorpamMa; 8 — BeKTopHa giarpama

AKTHBHHIT Oip NpoBiAHMKA 3aBxK /M OLIEIINA Big omiuHoro. I3 36inEmenHAM
YaCTOTH 3MiHHOrO CTPYMY Pi3HHIIA MiX aKTHUBHHMM i oMiYHHMM onopamMH NpoBif-
"HuKa 36insmyerses. [lna wacror go 100 'y mielo pisHALer0 MOJKHA BHEXTYBATH 1
BBAsKATH, 110 AKTHBHHUH onip fopiBHIOE OMiYyHOMY, aJye Ha 6iMBIINX YacTOTax A
pisauns 6yge sHaunow. Hanpukriaan, onip nocTiifHOMY CTpyMy MiZHOTO JpOTY
JOB:KHHOI0 1 KM, giameTrpom 4 MM gopieHIoe 1,47 OM. Omip nporo camoro apoty
amiEHOMY cTpymy vacrotow 800 I'm cranoeuts 2,95 OM, a Ha 4acToTi cTpyMy
30000 I'y — 8,14 Om.

®a3zoBi cnieBigHOLWEHHA MiX cTpyMom i Hanpyroio. ITposegemo Takmii Ko-
cain. IligkIrouMMo 40 TeHepATOpA 3MIHHOTO CTPYMY JIViKe HU3BKOI YaCTOTH aK-
THBHE HABAHTAYKEHH#, HANPUKJIAJ, JaMITy pod:KapioBanus. ['eHepaTtop cTBOpIoE
B K0JIi 3MiHHE eJIeKTPHYHE I10JIe, HAIPYTa AKOr0 3MiHIOETHCA CHHYCOIIaILHO,

IlizgxarourMo mapajieIbHO JIAMIIL BOJBTMETP, 8 MOCIIJOBHO 3 JIAMIIOI0 — aM-
nepMeTp. 3aMKHYBIIH K0JI0, No6avuMO, 10 CTPLIKKA OPHUIajiB O4HOYACHO NIPO-
XOOATH Yepe3 HYJIOB1 i MAKCHMATLHI 3HAYEHHS.

Sxmo kpiM BobTMETPA 1 AMIIepMeTpAa JOLATH ABOIPOMEHEBHH ocuorpad,
nigxMoYeHUHd TaK, AK NoKaszaHo Ha MmaJy. 151, a, To Ha itoro ekpani 6y e criocre-
piraTucs 36ir ocuuaOrpaM CHIHM CTPYMY i Hanpyry 3a dasoio (man. 151, 6).

36iraioTbCs 3a Ha30io 3 KONMBAHHAMM HANPyrwW, oTxe, akwo u=U,, sinwt, 10

,.r\l I Y konax aMiHHOIro CTPyMY 3 aKTMBHWUM HABAHTAXEHHAM KONMBAHHA CUNK CTPYMY
ii=1I,, sinwt.

@a30Bi CNIBBIIHOIMEHHA MiK CTPYMOM 1 HAITPYTOIO B KOJIAX 3MiHHOIO CTPYMY
CTalTh 0COOIMBO HAOUHMMH Y BeKTOpPHOMY 300pakeHHi. IIpoBememo noBineHY
Bice Oi, 1m0 HABHBAETECA BicCIOo CTPYMY, 1 Big Toukn O BigKj1ageM0 BEKTOP CHIH
CTPYMY ZIOBXKHHOIO I... OCKLTBKH Yy KOJIi 3 AKTHBHHM OIOPOM KOJIMBaHHSA CHIHN
cTpymMy i Hanpyru sbiralorsca 3a ¢as3o0i0, BEKTOp HANPYTrH Gyae HATpAMIeHHN
TaK caMo, AK i BeKTop cHJH cTpymy (Man. 151, ).

3HaueHHs aKTUBHOTO 0nopy R B KoJi 3MiHHOrO eTPpYMY MOMKHA BUSHAYHTH AK
BiIHOIIEHHA MHTTEBUX 3HAUEHb HAIIPYTH 1 CTPYMY, 8 TAKOXK IX ammiitygHux abo
OiIOYHX 3HAYEHDb:

R=E=Umsinmt=U_m=_[i-
i I sinwt [ I

m

MoTyXHICTL y KON 3 aKTMBHWUM HaBaHTaXeHHaM. Sk Mu 3’acysanu, cepef-
HA OOTYXKHICTH 3MIHHOTO CTPYMY 3a IepioJ BH3HAYAETHCH Yepes MaKCHUMAJIbHL

y ; 1
3HAYeHHA HAIPYT'H Ta CHJIK CTPYMY i 3cye ¢as Mixk HuMH, P = = I.U, cosg, abo

yepes airoui sHavesHdA, P=IUcos@.
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Y eJleKTpHYHOMY KOJi, AKe MiCTUTHL JHUIle AKTHBHI OMOPH, CTPYM i Hampyra
abiraiorbes sa asamu (cose = 1), ToMy cepelHS MOTYRKHICTE, 0 CHOMKHABAETHCH
AKTHBHHMM OIIOPOM 3a Ilepioj, nopiBHIOE 1o0YTKOBL Zil09NX 3HAYEHL CTE‘YMY inma-
npyru. Bes 04 noTyKHICTE BHTPAYa€THCA HA Harpisanaa — P=UI=1"R.

OfumcaeHa y TAKKHA cocid MOTYHHICTE BUMIPIOETBCA V BATAX 1 HA3UBAETHCA
AKMUBHOI0 NOMYNCHICTIO.

f) DakTe signosigi Ha 3anuTaHHn

1. Hki BUOW ONOPY PO3PI3HAINTE B KONI 3MIHHOrO cTpyMy? HKWiA ONip HA3WMBAKOTE AKTHB-
HWM, 8 AKWIA PEakTUBHUM?

2. FK 3MIHMTLCA 3aransHUIA ONip 3MiIHHOMY CTPYMOBI, AKLLO NPAMONIHIWHWIA APIT HAMO-
TaTh Ha KApTOHHWIA LMniHAp?

3. HanuwiTe PiBHAHHA 3MIHW MUTTEBOr0 3HAYEHHS HANPYrK i CTPYMY HAa aKTUBHOMY

4

onopiTa no6yayiTe ix rpadiku.
. FKWniA 38'A30K MK 4iI0YMMN 3HAYEHHAMKW CTRYMY | HANPYrK HA aKTMBHOMY ONOpi B KONi
3MIHHOrO CTpYMY?
5. Yepea pe3ancTop NPoxoauTe NOCTIAHWA CTPYM cvNoio 1A, a Yepes NamMnoyKy — 3MiH-
HWiA, yacToTa skoro 50 'y, giloye 3HaveHHs 1A, Akuii 3apaa NePEHOCHUTLCA KOXHUM
[ i3 CTpYMIiB 4epes nonepe4HKii nepepis npoeiaHWkIe 3a 1 xg?

2 § 34. KonpgeHcarop y Koni 3MiHHOro ctpymy

KonaeHcatop y konax noctiiHoro ta amiHHoro ctpymy. Iligkmounmo
Jlo qcepesia MOCTIHHOrO CTPYMY KOHZEHCATOP BeJIMKOI eMHOCTI i aMmnepmerp. ¥
MOMEHT 3aMHAKAHHA KOJIA CTPilKa aMIepMeTpa BiiX MIAETHCH HA JeKiIbKa moji-
JOK, a NoTiM noBepTaeTheA ¥ HyNLOBe nmonoxeHHA. e BinGysaerbes ToMy, 1o
nicns 3aMMKAHHA KOJA MPOXOZHATE KOPOTKOYACHHI CTPYM 3apANKH KOHIEHCA-
TOpa 40 HANPYTH Axepena. AK TiNbKY KOHLEHCATOD 3apPAJAHTBLCH, CTPYM Y KOJI
npunuHAETheA. AR % noxibue Koso (ane 3 aMIepMeTPOM 3MIHHOTO CTPYMY)
mix’eHATH A0 AMepesa 3MiHHOTO CTPYMY, MOMHA CIIOCTEPIraTH, IO CTPYM Yy
KOJIi HEe IPHOIHHAECTLCH,

Ha nepmmnit norasz, me 37a€ThCA TUBHEM: ¥ KOJi, PO3iMKHYTOMY Aie/leKTpH-
KOM KOHJeHCaTopa, NpoXoauTk cTpyM! [loscHI0OETRECA e THM, 10 3MiHHEHAI CTPYM
— [e BHMYIOeHi KOJIMBAHHS, 3YMOBJIEHL Aieo aMiHHOrO moasa resepatopa. Kos-
[IeHCATOP IIPOTATOM Mepioi YBepTi NepioAy 3apALKAETLCA — HA MO0 [LIACTHHAX
3’ABNAIOTHCA eeKTpHYHi sapaau. IIporarom apyroi usepTi mepiogy KoHeHca-
TOP PO3PALMKAETECA. BIATOBIAHO IPOTATOM TPETHOI YBEPTI KOHIAEHCATOD 3HOBY
3apAJIKAETHCA 3 MPOTHJIEKHOI MOJAPHICTIO, & MPOTATOM YeTBepToi uBepTi —
PO3pALKAETECA. ¥ KOJIi Teue CTPYM Iepe3apaiKH KOHIeHCATOpA.

EmHicHmiA onip. fKmo Ao reEepaTopa 3MiHHOrO CTPYMY HPHEAHATH JAMITY
pO3:KapHBAHHSA, BOHA M'OPHATH ACKpaBo. SIKOI0 v e KoJIo MOCTi0BHO 3 IaMIIOI0
BRJIIOYHTH KOHIEHCATOD, ACKpaBicTk naMnu aMmMeHmuThCA. Ile cBigumrs mpo
3MeHIIeHHSA CHIH CTPYMY, 3yMOBJIeHe 30LIbIIeHHAM OmIODY.

Or:xe, KOHAEHCATOD YWHUTHL 3MIiHHOMY CTPYMY OIip, AKHH HA3HBAIOTh
EMHICHUM OnopoMm, No3Ha4aioTk Horo X,. [Ipu4uHOI0 OEOTO ONODY € eJIEKTPHY-
He [oJie 3apAAiB HA IJIACTHHAX KOHAEHCATOPA, [e MoJie NPOTH/IE HOII [Kepeaa
CTpyMY.

3’sAcyeMo, BiJl 90TO 3AJI€KHUTE EMHICHHI omip. [Iad mporo ckJajeMo KoJjo 3
J:Kepesja CTPyMy, HacTOTY AKOro MOXHa 3MiHIOBaTH, Oarapel KOHIOeHCATODiB,
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E€MHICTE SKOI TAKOK MOKHA 3MIHIOBATH, 1 aMnepMmerpa 3aMiHHOro crpymy. He
3MiHIOIOUH HATIPYTH V KoJi 6yaemo 36iasmIyBaTH €MHICTE KoHAeHcaTopa. Cuna
CTPYMY TAKOXK 30LIBIIVETRLCA, OTHE EMHICHHH ontip aMeHmyeThesa. He sminooun
Hanpyry, 6ygemo 30inemIyBaTH Y4acTOTy 3MiHHOro ctpymy. Mu nmomiTumo, mo
cTpyM Vv KoJai spocrae. OTike, 3 JOCTiIY BUNLIIUBAE, 0 EMHICHUL onip o6epHeHo
nponopyiithuil wacmomi empymy i emnocmi kondencamopa.

dopmyny [JA BU3HAUYEHHA €MHICHOrO OmOpy MOKHA BHMBECTH 1 MaTema-

THYHAM msixoM. Hanpyra Ha KoHJaeHcaTopi u=% JOpiBHIOBATHME HANpY3i

Ha KiHnax wona u=U, sinot. 3sigkm ¢=U,Csinwt. BpaxosywouHu, I10
Ag

i= oy =q'=U,Cocoswt, ge U,Co=1I . OcranHiii BHpa3 MOKHa 3aIHCATH Y
. g & 1 ’
BHIIAAL ——=—, e — € BHPA30M /|11 BU3HAYEHHA €MHICHOTI0 OIOpY — OIO-
I, oC wC
s ; 1
PV, AKHH YHHATH KOHAEeHcaTOp 3MiHHOMY cTpyMy. Ocrarouno X, = v
®

€MHICHHH onip MOMKHA BH3HAYATH 1 uepes BigmopiaHi aioui sHAYeHHA CHIH

3 U
crpymy i Hanpyru: X, = T

3akor Oma aJa ZJiNTAHKK K0Jia 3 EMHICHHMM onopoM Mae Buraay I = & :
C

®a3osi cnisBigHOWEHHS MK HANPYrOI0 Ta CUNOIO CTPYMY. SIKIIO Ha OMH
BXig aBonpomeHeBoro ocumorpadga (man. 152, a) mogatu HANpyry 3 KOHJAEHCA"
TOpa, a Ha iHIIWHA — HANIPYT'Y, MATTEBE 3HAYEHHA AKOI NponopiifiHe cuii cTpymy
B KoJi (110 HATIPYTY 3HIMAIOTH 3 eJTeKTPOJAMIIOYKH), TO HA eKpaHi Mo Ha moba-
YUTH OGHOYACHO OCIMJIOrpaMu 000X KOJHMBAHb — HANIPYTH i CHIIM CTPYMY. ¥ BasK-
HHI aHAJI3 OCOMIIOrPaM [MOKA3ye, [0 KOJMBAHHSA CHJIA CTPYMY i KONMBAHHA Ha-

: ; n
OPYTH Y KOJIi 3 KOHAEHCATOPOM 3CYHYTI 3a (hasoro Ha 2" IIpu nboMY KOMMBAHHSA

CHJIM CTPYMY BHIIEpeI»KaioTh 3a (as0i0 KoJHBaHHA Hanpyru (man. 152, 6). Ha
nepInuil MoTisAj, e 3Aa€ThcA AUBHUM. IIpoTe pe3ayabTaTH A0OCHiLY MAlOTh IpPO-
cTHi (hisruHMI 3MicT: HADpPYra HA KOHJAEHCATOP1 V SOBLILHUI MOMEHT Jacy BH-
3HAYAETHCH HAABHUM HA ILJIACTHHAX eJIeKTPHYHUM 3apAJ0M, AKHUHA YTBODIOETHCA
V pes3yJIbTATI MPOXOJKEeHHsA CTPYMY, HeoDXiJHOrO IJIA 3apAJKH KOHJEeHCATOpa.
Tomy KOJIMBaHHA HAIIPYTH BiJICTAIOTE BiJi KOJMBAHL CHJIH CTPDYMY.

@
[ o]
T

a o a8

Man. 152. CnoctepexeHHs 3a $a30BMMM CNIBBIAHOWEHHAMMW Y KONi 3MIHHOIO CTPYMY 3 KOH-
AeHcaTtopowm (a, 0); 8 — BEKTOpHA aiarpama
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Y Y konax 3miHHOMO CTPyMY, WO MICTATbL EMHICHE HaBaHTAXEHHS, KONWBaHHA
’ Hanpyrm u= Um sin®{ BigcTaloTb 3a $a30i0 Ha YBEPTL Nepioay Bif, KONWBaHbL

. T
cunu ctpymy i=1I, sm(mHE) :

azoBi CHiBBIIHOIIEHHA MiK CHJIOK CTPYMY i HAIPYrol HA KUIAHIL KoJa 3
KOHIeHCATOPOM 300paskeHi 3a 0NOMOrol0 BEKTOPHHMX AiarpaM Ha mai. 152, a.
OcKLIBKH KOJHMBaHHA HAIPYIH BificTaloTh 3a (DA30I0 HA YBEpPThH HNepiofy Bix Ko-
JUBAHB CHJIH CTPYMY, TO BEKTOD HANIPYTH [IOBEPHYTO 110 BiAHOMIEHHIO 10 BEKTOPa

CHJIA CTPYMY Ha “g" :

MNOTYXHICTL Y KON 3 EMHICHAM HaBaHTAXEHHAM. 3’ACyeMO, AKa MOTYK-
HiCTh BHILIAETHCA ¥ KOJIi 3MiHHOTO CTPYyMY, III0 MICTHTH KOHAeHcaTop. Bigomo,
0 TOTYKHICTE ¥ KOJIi 3MiHHOTO CTPpyMY BuU3HauaeTbed opmysiow P = IUcoso.
OckinekH 3cyB (pas MiK KOJMBAHHAMH CTPYMY 1 HAOPYrH y KOJi 8 eMHiCHHM

T T ] - :
HABAHTAKEeHHAM CTAHOBUTH E 5B cos-é =0 i P =0. Taknii peayasrar moka;xe i

BATMETD, BKJIIOYEHUI B eJIeKTPUYHE KOJIO 3MIHHOTO CTPYMY 3 EMHICHHM OTIOPOM. 3po-
3yMITH CHTYALLIO JIETKO, SKIIO POSIVIAHYTH B TAKOMY KoJIi rpadikm sMiHM HAUpyry,
CHJIH CTPYMY 1 moTy:xHOCT] Bij yacy (man. 153).

[Tporarom neprmoi YeepTi Nepiofy KOHIEHCATOD 3apA/PKAEThCA 1 BinOyBaeTsesa Ha-
KOIIMYEeHH:A eHeprii B eJIeKTPUYHOMY IoJIi KoHfeHcaTopa. IloTy»HicTs mporAroM aa-
Horo yacy gogarsa. IIporarom HacTymHOI yBepTi Nepiofy KOHAEHCATOD PO3PAKAETH"
cA. EHepris eJIeKTpHYHOrO I0J1f KOHAEHCATOPA IOBEPTAETECA Y KOJIO, i MOTYKHICTE
Bif'emMHa. Y NOJAIBIIIOMY MPOIIEC TOBTOPIOETHCA. TakuM
YHMHOM, V KOJI 3MIHHOTO CTPYMY 3 KOHIEHCATOPOM Bify-
BAETLCA MepioAMUHIM 06MiH eHeprieo Mizk reHepaTopoM
i KorgeHcaTopom bes HeobopoTHOL BTPATH eHeprii.

Y 1npoMy OCHOBHA BigMiHHICTE MiK AKTHBHHM i
€MHICHMM onopamu, AKTHUBHHH onip oOMesxye cuiy
CTPYMY ¥ KoJIi i moBHicTH Ta HeoOOPOTHO MEpPeTBO-
PIOE EHEPrilo eJeKTPOMAarHiTHOrO IIOJIA B 1HII BHAH.
EmuicHMH omip nuine 06MeKYE CHIY CTPYMY B KOJI,
aJe He IIePeTBOPIOE EHEeprii eJeKTPOMarHiTHOro
noas v iHmi Bupu emeprii. Ilio BnacTuBicT: eMHIiC-

Man. 153. Yacosi 3anexHoc-
HOro onnopy BHKOPHCTOBYIOTE IJIA o0MeKeHHA CHJIHA Ti HANPYIW, CUAKW CTPYMY i

CTPpYMY, LI0 HPOXOIWUTE 4Yepes NPHUIAAH HE3HAYHOI  MOTYXHOCTI B KON 3MIHHOIO
NOTY3XHOCTI (HATIpHKJIaJ, B eIeKTpoOpHATBax). CTPYMY 3 EMHICHM ONOPOM

‘?:) JdairTe Bignosigi Ha 3anuTaHHA

1. 3anuwiTe PIBHAHHA 3MiHKM MUTTEBOMO 3HAYEHHA HANPYrK | CTRPYMY Ha KOHAEHCATopI
Ta nobyayiTe ix rpadiku.

2. 3a axoo GopMYNoo BM3HAYaI0TE EMHICHWA onip?

3. Hkunia 3B'A30K MDX OiI0O4MMKU 3HAYEHHAMKW CTPYMY | HANPYrM HA KOHAEHCATOPI B KONi
3MIHHOro CTpyMy?

4. MocnigoBHO 3 KOHABHCATOPOM B KONO 3MIHHOMO CTPYMY BKMIOYMNKM namnouky. Ak
3MIHIOETLCA ACKPAaBICTL NaMNOYKK, AKLLO AaHWA KOHAEHCATOP 3aMiHWTK KOHOEeHCa-
TOpoM BinbWOoi EMHOCTI? HK 3MIHMTLCS CBITIHHA NAMNOYKK, AKLWO 061naBa KOHAEeH a-
TOpW NIAKNIYMT NOCNIAOBHO; NApanensHo?
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1. ¥ koxi, HaBesenoMy Ha Mai. 154, npanagn nokasy-
ot [=1A, U, =508, U,=120 B. Bussauurn em-
HieTs C KoHAeHcaTopa i Hanpyry U y Mepexi.

2. Ipa KoupeHcaTopu, emHocri axkux 0,2 i 0,1 mrd,
BEJIOYEH] MOCHiIOBHO B KOJIO 3MiHHOrO CTPYMY HAa-
npyroio 220 B i wactororo 50 I'n. BusHaunTH cTpyM
¥ KOJi Ta cnajH HANPYT HA NMEepImoMy TA APYTOMY
KOHJIEHCATOPAX.

3. Kongencarop emuicrio 20 Mmx® Ta peaucrop, omip
axoro 150 OM, BK/I0UeH] NOCAIZOBHO ¥V KONO 3MiH-
Horo ctpymy dactroro 50 I'n. Ay wacTuRY Hanpy-
rH, OPHKJajeHol A0 KoJja, CTAHOBHTE HAIDPYra Ha Man. 154
KOHJeHcaTopi i AKy Ha peaucTopi?

4. KonsleacaTop Ta eJleKTPOJAMNIOUYKA 3'€QHAHI MOCHiZOBHO i BKAIOYEHI B KOJO
aminHOro cerpymy yacrorow 50 I'm. Axy eMHicTL MOBHHEH MAaTH KOHJEHCATOD
In# Toro, mob yepea maMnouky npoxoaus erpym 0,5 A, a cnajg manpyru gopis-
HioBas 110 B?

5. Cuna cTpyMmy y Koji sMiHIETECA 3a 3akoHoM i=0,2sin314¢ . Ha saky vanpy-
ry mae GyTH poapaxoBaHHIl KOHAeHcATOp eMHicTO 2 MKD, BKAKUYEHHIT B faHe
KoJ0, mob He Bigdynocs Horo npobown?

" - i
6. Hanpyra Ha KOHAEHCATOP] 3MiHIOETHCH 34 3AKOHOM U = 22031n(3 14t ——] . 3a-

NHCATH PiBHAHHA JJIA MHTTEBOI'O 3HAYEHHA CTPYMY YePEe3 KOHIEHCATOD, AKILO0
eMHicTh KoHIeHcaTopa 20 Mmxd. BuanaunTH scye has MixK ¢cTpyMOM Ta HATIDY-
rol Ha KOHJEHCATOpi. 3a AKUM 3aKOHOM 3MiHIOETHCH 3apAJ KOHIeHCcATOpa?

<, §35. Korywka iHayKTMBHOCTI B KOJTi 3MIHHOTO CTPYMY

KoTywka y konax nocTtiiHoro ta amiHHOro ctpymy. Skmo maxmIoYaTH
IO JEepesaa NOCTIHHOTO CTPYMY KOTYIIKY, AKA MAE BEJMKY KiJBKiCTE BUTKIB 3
MiZHOI'O ZpPOTY BEJIMKOI'0 Iepepisy, i BUMIpATHA sHAUYEHHSA CHJIH CTPYMY 1 HAIIpYTH
¥ KOJIi, TO MO HA 100AYUTH, 100 CHJIA CTPYMY B KOJII JJIOCHTE 3HAYHA 34 HEBEJIMKOL
Hanpyrd. TobTo omip KOTYIIKHA NIOCTIHHOMY CTPYMY He3HAYHHIA,

AKIo X I}0 KOTVIIKY Hif’eTHATH [0 AKepesa 3MiHHOTO CTPYMY 3 TAKOIO X
Hanpyrow i saMiHUTH aMOepMeTrp i BOJbTMETD HA NPHIALH AJIH BHMIDIOBAHHA
3MiHHOIO CTPYMY, TO IOMITHMO, LI0 CHJIA CTPYMY 3HAYHO 3MeHmMThEeA. TobTo
BMiHHOMY CTPYMY KOTYIIKa' YnHATH 6i71bmumil omip, Hix mocriitHOMY.

AKTUBHMA Ta IHAYKTMBHWA ONOPW KOTYLUKK. Onip, AKHWIt YHHATHL KOTYIIKA
imayrTHBHOCTI 3MIHHOMY CTPYMY, HASHBAIOTE iHOYKMUGHUM ONOPOM 1 IO3HAYA-
0Th X .

3’AcyemMo npupoay iHAVKTHBHOrO onopy. s HbOro poariasHeMO MPOIECH,
mo BigOyBawTLECA YV KOJi 3MiHHOTO CTPYMY 3 KOTYIIKOK iHAVKTHBHOCTI. 3Min-
HUI CTPYM CTBOPIOE HABKOJIO KOTYIOKH 3MiHHe MarHiTHe moie. Jlimil imgykmii
ILOr0 MATHITHOIO IOJIA NPOHASYIOTE BHTKH KOTYIIKH. TOMY ¥ BUTKAX KOTYIIKH
BHHMKAE iHAVKIifHe eleKTpUYHE 1I0JIe, AKe BignosigHo no npasuia JleHna npo-

! Korymky B koui aminHOro CTPYMY iHKOJH HASHBAKTE KOTYIOKOK iHAYKTHBHOCTI, abo
IHAVKTHBHOI KOTYIIKOH.
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THle 3MIHAM cHaH cTpyMmy v Koui. ITepinoi usepri nepiony inaykuniiiHe enex-
TPUUHE I110JIe, AKe BHHHKAE ¥ KOTYIII] iHAVKTHBHOCTL, NpoTH/ie HapOCTAHHIO
CHJIM CTPYMY Y KOJIi; IPOTATOM ApPYTroi 9BepTi — clajaHH0 CHJIM CTPYMY; OIpOTA-
roMm TpeThol 1 4eTBepToi — HAPOCTAHHIO 1 CHAZAHHIO CHJIM CTPYMY Biinosifxo (ane
BIKe V IPOTHJIEIKHOMY HATIPAMKY).

TakuM YHHOM, IiJ[ YaC TPOXOPKEHHA 3MIHHOTO CTPYMY Yepes KOTYIIKY iH-
AYKTHBHOCTI BHACJIIOK ABHINA caMOiHAYKIi] BHHHKAE IHAYKIIIiIHe eTeKTpPHYHE
mojie, AKe NPOTHAIE OO0, 1[0 CTBOPIOETHLCH reHepaTopoM. [HAVKIiHE enek-
TPHYHE II0JI€ 1 € TPHYHHOIO IHIYKTHBHOI'O OIIOPY.

3’scyemo, Bl 4Oro 3aJIeKHTE iHAYKTHBHEUHI onip. Jlaa nsoro ckiajgemMo komo,
[0 AKOT0 BXOJSATh FeHEePATOD 3MiHHOTO CTPYMY, YACTOTY AKOT0 MO HA 3MiHIOBA-
TH, KOTYIIKA IHAYKTHBHOCTI i aMmnepmerp. ¥ 6yAb-AKHI MOMEHT Yacy HAOpyra
Ha KoTymi gopisaioe 3a mogysnem EPC camoinayruii, u = e ;. 3mintowun yacto-
TY 3MIHHOI'O CTPYMY, CIIOCTepiraemMo 3a aMiHaMy cuiau crpymy. 3i abinsmennam
YaCTOTH CHJIA CTPYMY 3MEHIIYETHCH, TOGTO CHIIA cTPYMY obepHeHO nNponopIiiina
gacToTi eTpyMy. BignosigHo imaykTHBHEUE onip npAMo nponopuiifEnil dactoTi
crpymy. 36iAb1IHMO IHAYVKTUBHICTE KOTYIIKH, JJIfA ILOTO BHECEMO B KOTYIIKY
saqisHe ocepad. Cuia cTpymy y Ko pisko smenmnTheed. ITorineHo BUCOBYIOUH
oceps 3 KOTYLIKH, CIOCTEPITAEMO IIOCTYIIOBE 3POCTAHHA CUIIH CTPYMY V KoOJi.
Or:xe, IHAVETUBHUIL onip nNpAMo Oponopuiifemit ingyrTHBHOCTL. TakUM unHOM,
iHdyxmuenuii onip npamo nponopyilinuil vacmomi empymy ma iHdyKmusHocmi.

DopMyay i BH3HAYEHHSA iHAYKTHBHOTO OHOPY MOXKHA OTPUMATH i Ma-
TEeMATHYHHM IIIAX0M. fKIO cHia cTPyMy V KOJi 3MiHIOETBCA 3a TAPMOHIY-
HUM 3akoHoMm (=], sinot, 1o EPC camoinayknii e, =-Li’=-Lol, cosot,
BPAXOBYIOYUM, IO U = —€,, HANPYra HA KIHOAX KOTYIIKH CTAHOBHTHME

u=Lol, coswt= Lol sin(nt+ g-} =U,, sin(ot + g} . B3Bigkn U, =Lwl,, Tozi

U o : ; ;
T’”— =wL, abo —* =X, . [agykTHBEUI ONip MOKHA BU3HAYATH i yepea BiAnOBiL-

m m

Hi fif04i 3HAYEHHSA CHJIHM cTPyMY 1 Hanpyru: X, = r&
dopmyia A8 BASHAYCHHA 1HAYKTHBHOTO ottopy X; =L .

3aron OMa Ana KoJa 3 iIHIYKTHBHUM ONopoM Mae BUTIAN [ = —['i :
L

Korymka iHAVKTHBHOCTI Mae TaKoX i eracHuil axmuenuii onip R.

@a3oBi cniBsigHOWEHHA MK HAaNpyrow tTa cTpymom. 36epeMo KoOJIO, IO
MICTHTE €JEeKTPOJIAMIY Ta KOTYHOIKY iHAYKTWBHOCTI, TAK, AK BKA3AHO HA MAJ.
155. TligkarounmMo ABOTIpOMEHeBHE ocuiorpad o KiaeM remepaTtopa i napasiens-
HO AKTHBHOMY HABAHTAYKEHHIO (esiekTponamni). BauuMo, o OCIHI0TPAMH CHIH
CTPYMY i HANPYTH ¥ KOJIi 3 KOTYITKOIO iHAYKTHBHOCTI He 36iratoTecd 3a (hasolo.

BusuenHA ocmmnorpam (mas. 155, 6) nokaaye, 1o ¥ KOJi 3 KOTYIIKOK CHJIA

i . n
CTPYMY 1 Hanmpyra 3cyHyTi 3a ¢asoio Ha o IIpu npOMY KOTVMBAHHA HAIIDYTH BUIIE-

: ; : T
peKAIOTH KOJMBaHKSA e crpymy. Axmo u=U,, sinwt, To i= I, sin(ot - E} ;
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Man. 155. CnocrepexeHHs 3a a3’oBUMK CNIBBIAHOLWEHHAMK Y KONi 3MIHHOMO CTPYMY 3 KO-
TYLKOW iHOYKTWMBHOCTI (a, 0); 8 - BEKTOPHA Aiarpama

ol Y konax 3MiHHOrO CTPYMY, LLO MICTATh iHAYKTMBHE HABAHTAXEHHA, KONMBAHHS
’ Hanpyrm u=U,, sin®t BunepeoxatoTe 3a $a30i0 Ha YBEPTL NePIoayY KONMBAHHS

n
cunm ctpymy i= I, sin(wi - -2—) ;

a3z08i criBBiHONIEHHA MiX¥K CTPYMOM i HANPYTOM0 B KOJIi 3 KOTYIITKOW 306pa-
JKeHO 34 JONOMOT00 BEKTOPHUX Aiarpam Ha Mai. 155, 8. OckinbKku HA KOTYIIi
iHAYKTHBHOCTI KOJIMBAHHA HAIIPYTH BUNEPe/KAal0Th KOJIMBAHHA CHJIM CTPDYMY Ha

1 T .
E » TO BEKTOD HAIIPYTH [MOBEPHYTO HA E B1JHOCHO BEKTOpA CHJIH CTPYMY.

fx MM sasHAYMIH, KOTYIIKA KpiM IHAYKTHBHOIO Ma€ i BJacHHH aKTHBHHH
omip. 3azeuuail v faraTbox 3afauax AKTHBHUM ONOPOM KOTYIIKH HEXTYIOTb.
Hrimo % aKTHBHHIA OIip BPAXOBYIOTH, TO IOBHHH OIip KoTyInKH Z GyIe BH3HAa-

garuca dopmynon Z=,/X f +R? . BrofoM MH TOACHHMO 110 dopmyny, CKOpPHC-

TABIIMCH BEKTOPHOIO JiarpaMoi onopis.

MoryxHicTe y Koni 3 iHOYKTMBHMM HaBaHTaxeHHaMm. BusHaummo mmo-
TYHICTB ¥ KOJi 3MiHHOTO CTPYMY, IO MICTHTE KOTYIIKY iHAYKTHBHOCTi. Mn
3HAEMO, N0 MOTYXXKHICTE ¥ KOJi 3MIHHOrO CTPYyMY BH3HAYAETHCA (OPMYJION

P=1Ucos¢ . Ockinsku 3cyB (pa3 MiK KOJIHBAHHAMH CTPYMY i HAOPYTH y KoJIi 3

) T T ) ,
€MHICHMM HABAHTAMEHHAM CTAHOBHUTHL — , CUBE:D i P=0. 5k iy Banagry

3 KOHAEHCATOPOM, KOJ0, [0 MICTHTH TiJIBKH KOTYVIIKY iHIVETHBHOCTI He me-
PeTBOPIOE eHEpriio, 10 HAAXOAUTE Big Axcepesa y iHmi BHAW. ¥ IBOMY MOMKHA
NepeKOHATHCH 1 Ha JOCJIijll, BRIIYHUBILHN ¥ KOJIO 3MiHHOI'O CTPYMY 3 KOTYIIKOH
parmeTp. IIpuaas noxkasxe HyJIb.

1106 ue 3posymiTu, poarasanemo man. 156, Ha Axomy HaBefeHo rpadik sminu
MHATTEBOIL moTy:HOCTi. [IpoTarom nepmoi i TpeTkol YBepTi Nepiogy MUTTEBA 11O~
TY»KHiCTh 0JjaTHA, 1 ¥ KOJIi 3 KOTYIIKOKI iHAYKTUBHOCTI 38 paXyHOK eHeprii re-
HepaTopa CTBODIOEThHCA MATHITHE MoJe, eHeprisa Akoro 36inbiyeThesa Big HYIA
oo peaxoro Haiibinemoro snavenHsa. Ilporsrom apyroi i yerseprol usepreit
nepiogy MHTTEBA MOTY¥HicTE Biff'emHa. Ile odHauae, 1110 HAKONMWYEHA B MAr-
HiTHOMY IIOJIi eHeprifA MoBepTAETECA HAa3ay renepaTopy. Takum 4MHOM, eHepria
YV KOJI1 3MiHHOTO CTPYMY 3 KOTYIIKOK IHAVKTHBHOCTI 34 KoxeH nmepion mopis-
HIOE HYJIO, 4 OT:Ke, JOPIBHIOE HYJIIO i cepeHsA HOTYKHICTE 3MIHHOTO CTPYMY ¥
HAaHOMY KoJi.
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[HImIEME cIoBaMHM, ¥V KOJi 3MiHHOTO CTPYMY, IO  y, 4 p
MiCTHTE KOTYIIKY iHAYVKTHBHOCTI He BinOyBaeTwbca i,
HeoDOPOTHHMX IEepeTBOPeHbL eHeprii, a jume obmin P
eHeprielo MiK reHepaTopoM i KOTYIIIKOIO. ¥ HbOMY
ocHOBHA BigMiHHICTE MiX aKTHBHUM H IHAYKTHBHUM |
onopamMu. AKTHBHUI omip oOMexye cuiay ctpymyy 0 .
KoJi i noBHicTIO Ta He0GOPOTHO MEPETBOPIOE eHeprio !
eJleKTpoMargiTeoro nonsa B inmi euan. IHAYETHE- '
HHUH oIip Jume obMeKye CHIY CTPYMY B KOJIi, aje
He [IepPeTBOPIOE eHePrilo eleKTPOMATrHiTHOrO NOJA Y
immi Buam eHeprii. Man. 156. Yacoei 3anexHoc-

[0 BAACTHBICTH iHAYKTHBHOTO ONOPY HIMPOKO 1 Hanpyru, CUan CTpymy i

. i NOTYXHOCTI B KONl 3MIHHOMO
BHKOPHUCTOBYIOTH Y TeXHIiNi, HANpUKIam, A5 IIaB-

; CTPYMY 3 iHAYKTUBHUM
HOT'O PETYJIIOBAHHSA CHJIM CTPYMY B KOJII. onopom
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' Daitre signoeigi Ha sannuTanHA

1. 3anuwite PIBHAHHA 3MIHW MWTTEBOrO 3HAYEHHA HANPYIW | CTPYMY Ha KOTYLWIL iHOYK-
TUBHOCTI Ta noByayiiTe ix rpadiku.

2. LLlo HasavBaloTL iHAYKTMBHMM 0NopoM? Fka dopmyna BinoGpaxkae aMicT Lboro NoHATTA?

3. Axuia acys Gasa Mix CTRPYMOM i HANPYTOK iICHYE B KONi 3MIHHOTO CTPYMY, AKE MICTUTE

4

KOTYLLIKY iHAYKTMBHOCTI?

. Maemo enexkTpuyHe KONo 3 NOCNIAOBHO 3'€AHAHUMKM NAMNOYKOID | KOTYLIKOIO IHAYK-
TUBHOCTI. AK 3MIHMTECH ACKPABICTL NAaMNOYKK, AKLLO Y KOTYLLKY BBECTW OCepasn; npu-
EAHATK WE OOHY KOTYLWKY NoCNAOBHO; NapanensHo?

Bnpasa 20

1. fxmo nogaTH Ha KOTYmKY noctidey Hanpyry 30 B, cuua crpymy B KoTyImi
nopisaosaTame 1 A, AKio Ha 110 caMy KOTYIIKY NojgaTH aMinHy Hanpyry 30 B
iz wacrorom 50 I'u, cuna crpymy crasoBuTrMe aume 0,6 A. fka ingyrkTHBHICTE
KoTyInKH? Ka DoOTYXHICTh BHAINAETHCA B KOTYIIIIL Mij] YA€ MPOXOAKEeHHA 110~
cridHOro crpymy? A amiaaoro?

2. O6morka Korymk#s mae 500 suTKiB MigHOrO ApPOTY, IJIOLIA NONEPEYHOro Nepe-

. pisy aixoro 1 mm®, fomskuna koTymkn 50 cm, i giamerp 5 cm. Ha akiit wacrori

3MIHHOTO CTPYMY IOBHHH ONip KOTYIIKH BABivi 6inbpmnii 3a ii akTHBHUI omip.

3. Korymgka goe:xunaow 25 cm i pagiveom 2 em mae obmotky 3 1000 BuTKiB MinHOrO
ApPOTY, M0 NonepedHoro nepepisy axoro 1 mm®. Korymka BriaodeHa B KOO
aminHOTO cTpyMy dactoror 50 I'm. Axky wacTuHY NOBHOTO ONOPY CTAHOBHTE i1
AKTHBHUH oNip i AKY IHAVKTHBHMIAT

§ 36. EnexTpuuHe KON0O 3MIHHOro CTpymy
i3 aKTUBHMM Ta PEAKTUBHWUM HABAHTAXEHHAMM

MocnigoBHe KONO AMIHHOro CTPYMY 3 aKTUBHUM, EMHICHMAM Ta IHAYKTHE-
HWUM OnopamMu. Byab-AKke pealbHe eJIeKTPHYHE KOJO 3MIHHOIO CTPYMY MICTHTE
AKTHBHHI omip (omip NpoBiJHMKIB, HATPiBAJIBHHX NPHAALIB i T. iH.), EMHICHHI
omip (eMHiCTH IPOBiAHHWKIB, KOHJEHCATOPiB) Ta iHAYKTHUBHUI omip (0OMOTKH
eJeKTPOABHIYHIB, KOTYIIKH eJIeKTPOMATrHITHHX IPAJNALiB).

PoarisineMo eleKTpHYHE KOJIO 3 AKTUBHUM, EMHICHHM Ta iHAYKTHBHHM Ha-
BAHTAXKEHHAMH, AKi 3’eqnani nocaigosHo (May. 157) (Take KoJ0 1e HAZUBAKOTH
nocidosHUM KOJLOM 3MIHHOZ0 cCMPYMYy).




EAEKTPOAMHANIK A

Axmo go Takoro Koja mifg’efHATH OBONPOMEHEBHH
ocruunorpad, To MH 6yneMo cnocTepiraTH OCIIHJIOIPAMH
i c KOJIHBAHbL CHJIM CTPYMY i HAOpyTrH, AKi He 3b6iramnTbca
@023[0‘ -I_ 3a (asow. 3MiHIOIYH IHAYKTHBHICTE KOTYIIKH (BHOCHA-
i) Uy 3ayigHe ocephs) abo emHicTh DaTapel KOHAeHCATOPIB,
OyaeMo cmocrepiraTH, [0 3MiHIOETBCA i pisHHIA a.
SRARETDMIING X O?rfue. piannuaquaa ® M]:I:'K KOJINBAaHHAMH cI:um c['[rpytzl:; i
3MIHHOro CTPyMY 3 no- : g . :
CNiAOBHUM 3'€aHaHHaM  HATIPYTH 3aJIeXHTh BiJl CNiBBiAHOMEHHA MiX eMHICHHM
aKTUBHOrO Ta peakTe- Ta IiHAYKTHBHMM onopamu. HfAxmo wu=U_ sineot, To
HOro HaBaHTaXeHb i=1I_sin(ot + ).
Bpaxysagiu 3cyB (has MizK cTpyMOM i HAIIPYTOI0 B KOJL
aMimaHMM 0IOPOM, MOXKHA AHAJNITHYHO BHBecTH (hopMyJIy moBHOro onopy. Hexaik
00 KoJla MigBeeHO 3MiHHY Hanpyry u =U coswt. B e1ek TpuuHOMY KOJIi HpoXoan-

R

Man. 157. Cxema

U
THMe cTpyM =1 cos(wt+¢), ne I, =7’“ abo U, =1,Z, ne Z — noBHHUi omip

Kona. MATTEB] 3HAYEHHA HANIPYT HA KOMKHOMY 3 HABAHTaXKeHb: Uy =1, Rcoswt ;

n n
u, =I.X, cos{mz—-z-); uC=ImXc.cos(mt+§). OcKinbKH y BHOAAKY ITOCIiI0B-

HOro 3’€JHAHHA eJIEMEHTIB MHTTEBE 3HAYEHHA NPHKJAJEHOI HAIpyrd A0pis-
HIOE CyMi MUTTEBHX 3Ha4eHb Ii HA OKpeMHX [iNAHKAX, TO U=Uug+Uu; +U, abo

I.Zcos(ot+¢)=1,Rcoswt+1,X, cos(wt - g) +I, X, cos{mt+12t-). Ilicna ompocTrx

nepeTBOpeHs AicTaHeMo Z coswicosp—Zsinwtsing=Rcoswt — (X, - X, )sinwt.
IIpupiseapmu kKoedinieHT™n npu sinwt i coswt, marumemo, Zcoso =R,
Zsing = X, - X;.

ITipmicmu no keBagpaTa # AoAaBIIW Ii BUPasW, JicTAHEMO BHUpas ansa obuwuc-
JIeHHA [OBHOTO ONOPY y KOJIi 3MiHHOTO CTPYMY 3 AKTHBHHM T4 PEaKTHBHHM

HaBaHTaKeHHAMH, Z = JRz X=X

DopMyay AJis ONOPY MOBHOI'O KOJIA MOMKHA BHBECTH i 3a JI0IIOMOI0I0 BEKTOD-
HUX giarpam (Main. 158). OckinbKkH KOJIHMBAHHA HAIPYTH HA AKTUBHOMY HABAHTA-
JeHHI 36iraeThcsa 3 KOJTMBAHHAMHM CHJIM CTPYMY, TO CIIaJ HAIPYTH HA AKTHBHOMY
onopi Uy Bigknagaemo B3fosx oci crpymy. KoMBaEHA HAOpPYrH Ha KOTyIni

n
U, BunepenxaioThk KOJTHBAHHA CHJIKX CTPYMY Ha B ToMy BeKTOp U; moBepHY-

Man. 158. BekTopHi giarpami: @ — Hanpyr; 6 - onopis (ana NOCAAOBHOro Kona)




Ipoasin 3 esektroMmAarHTHE Nose [IEETHE

R = L ~ $ocos of
Man. 159. Cxema napanensHoro kona Man. 160. BekTopHa piarpama cun CTpymie
3MIHHOIO CTPYMY AN BUNaaKy napanenbHoro 3'egHaqHa

AKTWBHOIO Ta PpeakTUBHOND HaBaHTaxXeHb

Tuit Ha KyT +90°, konuBarHA Haupyru U, Ha KoHJeHcaTopi BiAcTaoTh Bij KO-

E Th o
JIUBAHE CHJIM CTPYMY Ha E , Tomy BexTop U, nosepryTuil Ha —90°. BexTopHa

cyma BéxropiB Uy, U, Ta U, nopieHioe Hanpysi reseparopa. 3 maiu. 158, a suaHo,
mo Uz =U% +(U, -U,.)*, ne cnagm HANPYT HA BiANOBIAHKX OMOPAaX MOKHA BHDA-

aurn ax (IZ)* =(IRy* +(IX, —IX,‘.,}2 . Togi moBHMII oNip KOJMa OGUNCITIOETRCA 38
topmynow Z = JRz +(X, - X‘_.:)2 ;

3a giarpamoro onopis (mas. 158, 6) 1erko BU3HAYHTH 3¢YR Qa3 Mix HAIPYIow
X -X R U
L "€ afo cosp=—=—.
R Zz U
MapanensHe KONO 3MIHHOIO CTPYMY 3 aKTUBHUM, EMHICHUM Ta IHOYKTUE-

HUM onopamu. ITpu napaaeavnomy 3'ednanii peaucmopa, KOMYU KU ma KOH-

IFKepesa cTpyMy i erpyMoM y KoJai: tge=

1 1
dercamopa (Man. 159) noBHMI 0P BH3HAYAETHCH (DOPMYIOW —5 =—5+-—5,
TobTO Z° R X

1

(e

U
Cuua ctpymy B komi I =\l +13 = e I;ma I, — cTpyMH, IO OPOXOAATE

=

yepes AKTHBHHAN TA PeAKTHUBHI eJIeMeHTH BifmoBiiHO.

Ha man. 160 moxasaHo BEKTOPHY JiiarpaMy CHJI CTPYMIB y KoJi 8 mapaniienb-
HEM 3’€JHAHHAM AKTHBHOIO Ta peaKTHBHOTO HABAHTAMEHb.

3eys das tqu:R(coC——éJ abo coscp:—j—i-.

3axon Oma Ana JLMAHKE KOJa 3MIHHOTO CTPYMY, AK JUId MOCHiJOBHOrO, TaK i

JJif napajielbHOTO 3’ eIHAHHA, Mae Buraaj I =—.
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ENEKTPOAWMHANMIKA

¢.) Daiire sinnosiai Ha 3anuTaHHs

771 1. Yn Moxe NOBHWIA ONip KONa 3 NOCNIA0BHO 3'EAHAHUMK PE3UCTOPOM, KOTYLLKOKO iH-
| DYKTMBHOCTI Ta KOHOgHCaTopom BYTK MEHLLMM Bif akTWBHOrO onopy? Bianosias 06-

FPyHTYATE.

|
i
! 2. 3amkHeHe kono cknagede i3 6atapeinkn, peaucTopa i KOTYWKM IHAYKTUBHOGTI. Yu
| MOXe Hanpyra Ha KOTywui inayKkTuBHOCTI nepeenwmtn EPC nxepena?

< §37.PoboTa i NOTYXHICTh 3MIHHOro CTPYyMY

AKTHBHA | peakTUBHA NOTYXHOCTI. AKIo B KOJIO 3MIHHOrO CTPYMY MOCJI-
JOBHO 3 JJaMIOAMH{ HiAKJAIOYATH KOTYIIKY iHIYKTHBHOCTi, TO CIpMYHMHEeHH iH-
AYKTHBHICTIO KOTYIIKH 3CYB (a3 MiK KOJTHBAHHAMHM CTPYMY i HAIIPYT'H 3yMOBHTE
MEeHIIIi MOKa3aHHA BaTMeTpa, Hizk NoOyTOK MOKa3aHb BOJIBTMETpA H aMIIepMeTpa.
AKTUBHA TOTY’KHICThE BATPAYAETLCA HA BUKOHAHHS KOPHCHOI pobOTH, a4 MOTY:K-
HiCTBh, AKA IOTJIMHAETHCA KOTYINKOIO IHAYKTHBHOCTI, B KOpHCHi# pofoTti yuacTi
He Gepe, OCKIJIBKH IIij] Yac HADOCTAHHA CTPYMY B MATHITHOMY I10JI1 KOTYIIKH iH-
AYVKTHBHOCTI HAKONMHMYYETHCA €HEPrif, AKAa MOBEPTAETHLCA HA3aJ 0 TEHEPATOPA
31 3MeHIIEHHAM CTPYMY, ToOTO B KOJi BiAOyBaeThCA MepeKadYyBaHHA eHepril Big
reHepaTopa B KoJio i HaBmaku. IloTy:KHICTE ¥ KOJIi 3 peaKTHBHMM OIIOPOM HA3H-
BAETHCS PEAKMUSHOI0 NOMYyMHicmo Q.

PeaktuBHa notyxHicte @ Bu3HavyaeTbca O06YTKOM edekTUBHOI Hanpyru,
peaxkTMBHOro CTpyMy (CKNanosoi CUNW CTpyMy, NepPneHauKyNAapHOL 40 Hanpyr)
Ta CMHYCOM KyTa 3cyBy a3 MK [Oil04MMK B KON CUNOI0 CTPYMY i Hanpyroio,
Q=1IUsingpabo @ = I'(X, - X,).

OnuHHIA peaKTHBHOI mOTYxHOCTI — Bap, [@]=1Bap.
IloMHOXHBIIM CTOPOHH TPHUKYTHHMKA Hanpyr (man. 158, a) Ha BeluuuHy
crpymy I, aicraHeMo TPHKYTHHK HoTy:xHOCcTel (Mas. 161). ITosra moryxkaicTs S

BH3HAYAETHLCA d}upmynom S=+P%+ Qz .

OauHHUIA DOBHOI IOTYKHOCTI — BOJBT HA AMIIED, [S ]: 1B-A.

Koediulent notywHocTl. 3 rpuxyTHHKA NOTYHOCTEH BUAHO, [0 AKTHBHA
HOTYKHICTE 3MiHHOTO CTPYMY B KOJIi 3 AKTUBHUM 1 pEAKTHBHUM OTIOPAMY BU3HA-
qaeThed AK P = Scos, ockineku S =UI, ro P = Ulcosg.

COS( HA3UBAETHCA Koediyienmom nomyxcrocmi. Benuunny koedinienra
HOTY3KHOCTI MO3KHA 00YHMCIHWTH 3 TPMKYTHHKA HANpyr, omopiB abo moTy:KHOC-

. R Uy P
TEH: cosPp=—=——=—,

Z U S8

KoedinieHT noTy:xHOCTI moKasye eQeKTHBHICTE BHKODHCTAHHA eJeKTPHYHOI

eteprii B ganomy xkouai. Hanpuraan, axmo cose = 0,8, To ue oarauac mo 80%
eneprii cnoxuBaeTsesa KosioM, a 20% mnosepraeTbcA X0
reHepartopa. IIpu nsoMy vacTuHa miel eneprii nepersopio-

S €TBCA Y TeIJIOBY (BHYTDIIIHK eHeprilo ofMOTOK reHepa-

@ ropa, niniit erexTponepeaaui i cnoxupayva). I[Tory:xHicTs

did TenaoBux Brpar P =1 ’R. Enepria, Axa BUTpavYacThCA HA
P HarpiBaHHA OpPOBOXiB, 00epHEHO IponoOpliiiHA KBajgpary

Man. 161. Tpukytux ~ Koedinienra norysknocri. Hanpukaax, akmo cose = 0,8,
NOTYXHOCTER TO BTpaTH Maixke B 1,5 pasu 6inemri, Hisk npu cosg = 1.
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ITigpumenHa KoedinieHTa IOTYKHOCTI OfjHE 3 MOJIOBHUX 3aBIaHb OYIb-AKOT0
pupobHMITBA. ONHI€I0 3 BAXKJIMBHX YMOB 301/IbIIEHHS COS() € IPABHJIbHA EKCILIY-
aTallifA eJIEKTPOABHI'YHIB, BKIYEHUX B BJIEKTPHYHY Mepesky. [lo vux Tpeba nia-
KJKOYATH TaKe HaBAHTAYKeHHHA, 00 NOTYXKHICTh, AKY BOHU PO3BHBATHMYTS ITij|
yac pobotH, Gyia skoMora 6AMKIO00 0 IX HOMiHAIBHOI TOTYKHOCTi, BKa3aHOI B
nmacnopri. Bapro migkpecinTy, o Ha X0J0CTOMY X0y KoedinieHT moTysHOCTL
craHoBHTE 0,2-0,3, a mig yac poGoTH HA MOBHY MOTYKHicTk BiE gocarae 0,85.
Tomy Tpeba YHHKATH X0JIOCTOTO XOAY €JeKTPOJABUTYHIB.

OcobauBo ebeKTHBHEM cmoco0OM MiABHMINEHHA COS( € MiIKMIOUYEHHA Mapa-
JIleIbHO ABHMI'YHY, L0 MPaNioe, CIeliaJbHHX KOMIEHCYIYWUX KOHJAEHCATOPIB.
ITum criocobom KoedilieHT DOTYKHOCTL VCTAHOBKM MOMKHA JOBECTH J0 OXWHMIII.
¥V Bumazky napaneibHOTO 3’€IHAHHA IHAYKTHBHOCTI i €MHOCTI B KoJi aMiHHOrO
CTPYMY eHeprifg HarpoMaJ»KyeThCa B MATHITHOMY NOJIi KOTYINKH IHIYKTHBHOCTL
il eTeKTPMYHOMY NOJi KOHAEHCATOPA i IOBepTAEThCA A0 JAKepeia Bil IEX
eJIEeMEHTLB KOJa B pPisHi MomeHTH yacy. ToMy IpH napajeibHoMYy 3'€IHaHHI KO-
TYIIKY iHAYKTUBHOCTI #i KOHAEHCATOPA YaCTHHA PEAKTHUBHOI eHepril UPKYJIIoe
MiX eMHICTIO # IHIVKTHBHICTIO, MUHAIOUH JsKepesio (reHepaTop) i mpoepoan Jdinii.
Came Tomy ogHUM i3 cnocobiB 36inbIIeHHEA COSY € NiAKINYEHHA KOHIEHCATOPA
napajeJbHO iIHIYKTHBHO-AKTHBHOMY HABAHTAYKEHHIO.

r— - - -
EZ’ HafiTe eignosiai Ha 3anuTaHHA

1. 3a skux yMOB AinsiHKa Kona 3MiHHOro CTPyMY 3i 3'€QHaHWMK NOCNIL0BHO PE3UCTO-
POM, KOTYLLKOIO | KOHOEHCATOPOM CMNOXWBATUME HabinblUy NOTYXHICTL? YoMy BOHa
AOpiBHIOE?

2. Y 4yomy BigMIHHICTE 0AWHWUB 8KTUBHOI | pEAKTMBHOT NOTYXHOCTER?

3. Bukopwuctosyiouun dopmyny P = Ulcosp, noeenirs, wo sTpata eHeprii Bin6ysacts-
CA NULLE HA aKTUBHOMY ONOPi AaHOT AINAHKKA KONa 3MiHHOrO CTRYMY.

4. flka NOTYXHICTb AINAHKK KONa — akTUBHA, PEAKTUBHA YW NOBHA — BU3HAYAETLCA AK
0o6yTOK 3Ha4YeHb MUTTEBOrO CTPYMY HA MWTTEBY Hanpyry? Ha aky 3 TpbOX NoTyx-
HOCTE OPIEHTYIOTLCH, PO3paxoByloyKn HeobxiaHi nepepian apoTie y Konax amiHHOro
cTpymy?

Mpuknanw po3r’A3yBaHHA 3anay

3apaua 1. Korymxka, akrupauit onip axoi R, = 6 Om, a iggykruseEnit X; = 10 OMm,
3'egHAHA HOC/IJOBHO 3 AKTHBHEM HABAHTAMKEHHAM onopoM R = 2 OM Ta KOHAEHCATOPOM,
emuicuul onip sxoro X =4 Om. B kono nogaersea Hanpyra 50 B, BusmauuTh: a) noBHAR
onip Kona; 6) cTpyM v koJi; B) KoedimieHT NOTYXHOCTI; I') AKTHBHY, DEAKTHBHY TA OBHY
OOTY#HICTE KOJIa; I') HAIPYTY HA KOYKHOMY HABAHTAMKEHHI.

Jano: Poss’asanusn

R =60m

X;=100m INosuuit omip Kona Z:J(RK +R}2+[XL_XC,3 ;
R=20m Z= \/(60m+20m)” +(100m - 40m)* =10 Om.
xC = 4 OM

U=50B |  Crpymyxonil= % I= 1?0]3 -5A

a)Z-? "

6)I-7. KoedinienT noryxHOCTI

B)cosp -7 R +R _ 6 Om+20m _
P)P, Q’ S-7 cos(Q= Z y COB(Q= —W =0,8.
l‘)UR.UL,UC _?




EAEKTPOAMHANIK A
AxTusEa noryskuicts P=I*(R_+R), P=5"A% (60m+20m)=200Br.
Peaxneua norysxuicts @ = (X, - X,.), @=5"A" (100m-40m)=150 sap.

IlosHa noTykaicTs S =+ P* +mt;}_2 , S= JEGOE Br® +150°8ap® = 250 B-A.

Criaiu HATIPYTH HA OMOPAX KOJA:

Ug=IR, ,Up=5A-60=30B; U, =1X,,U; =5 A"100m=>50B;

Up=IX, Up=5A40M=20B; Uy=IR, Up=5A:20m=10B.

Bigmosins: Z = 10 Om: I = 5 A; cosp = 0,8; P = 200 Br; @ = 150 Bap; S = 250 B-A;
Ug=30B;U,=50B; U.=20B.

3amaua 2. Ha man. 162 sobpameno y B
rpadik aMiHM HATPYTH I8 CHHYCOLIANb-

HOT'O 3MiHHOT'O CTPYMY. 100

Busrauntn:

a) Iuxniuny yacTory cTpyMmy, aMmiii- D, ,02
TYAHEe 3HAYEHHA HAIPYry, jAilove 3HAYeH- 0
HA HATIPYTH,

6) B K0J10 BKJIIYEHO TLILKH Pe3HCTOD, i i . jL'
AKTHBHHI omip skKoro BKasa#o Ha ma- - 100 :

TIOHKY. Oﬁwcl;nm ammriTyane i gioue - R=80m L=0,030Tx
3HAYEHHA CTPYMY, CEPeINHIO MOTYIKHICTH Man. 162

CTPYMY B IIbOMY BHIANKY. 3alNCATH 3a-

KOH 3MiHH CHJIH cTpyMy B KoJi. [lodyayeaTu rpadgiki sMinyn cijiv cTpyMy Ta cepeHbOL
NOTYHKHOCTI.

8) B K0J10 BKJIHOUEHO MOCTiJOBHO AKTHBHKI omip R i koTymky 3 ingykTHBHIicTIO L (BiA-
MoBifHI 3HAUEHHSA BKasaHi Ha MaTIOHKY). O6uHCaAUTH peaK THRHHIA i moBHMIA onip, aMILTi-
TYIHE 3HAYCHHHA CTPYMY B IbOMY K0Jii, Koe(ilieHT MOTYKHOCTI Ta KYT 3cyBY (aa cTpyMy
BiIHOCHO HANPYTH; cepeaHio noryxHicTs. [Tobyayvsaru rpadikn aMiEn cuiau eTpyMmy Ta
cepeaHbol DOTYHHOoCTI.

A

1
1
I
==

)

Poss’'szannn
2 2-3,14 .
a) Ba pmammmMu rpadika BH3HAYAEMO ﬂ}=—ﬂ, w=—-——=523 ¢; U, = 40 B,
T 0,012¢
= Un =28 B.
2
6) Axmo B Koai € JUIIe aKTHBHe HaBaHTAMeHHA omopoM R = 8 Om, To amnuityaHe
U 40B
BHAYEHHA cuam crpymy [, = R’" s I, = W: 5 A, niouye 3HAYEHHA CHJIH CTPYMY
M
I 5A
I=—2,I=——=3,0 A.
V2 V2
OcrinpKH HA AKTHBHOMY HABAHTAMEeHHI cTpyMm abiraeTees 3a (pasolo 3 HANPYTOW, TO
cepenua nory:xRHicTs P=JU = % =100 Br.

SaKoH 3MiHM CHJIH cTPYMY B Koai: i = 5sinl66,7nt .

I'padiku sMinu cuIM eTPYMy Ta HOTY:KHOCTI HaBe#ero Ha Mai. 163, a,0.

B) AKm0 Koo CKIAAETHLCS 3 TOCHIOBHO 3" € IHAHHX AKTHBHOTO HABAHTAMKEHHSA TA KO-
TYIIKH iHAYKTHBHOCTI, peaKk THBHMII TA NOBHHI{ OMOPH CTAHOBJIATH
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I,Alk U;BJLI;A
100 T T : 10016
0 B 73 I
y ]
n \ 7 U 0.0 N, 02
0 '—“t " i Yit,c
| ' ! . u " " d
1 2 i
-1004+L1 [Tk 1 -100 .
a a
P,BrA P, Btk
200 -1 ~ 80 -
100 N hb
0 > 0 >
0,0 0,02 0, t,c
-100 t.c
-200 -80
(1] (1]
Man. 163. M'padikun 3miHK cunu cTpymy (a), Man. 164. Mpadikv 3MiHKW CUNKU CTRYMY (@)
NOTYXHOCTI () Y BUNaAKy NULLE aKkTUBHOTO Ta NOTYXHOCTI (6) y BUNaaky nocnigosHo-
HABAHTAXEHHR Y KON ro 3'€AHaHHA aKTUBHOrO HABAHTAXEHHS Ta
KOTYLUKW
X, =wL=523¢"'.0,08'a=~16 Om.
z=\|R*+X}, Z= /8" On’ +16° OM’ =18 Om.
: AMnuiTyaHe sEAYeHHSA cHIn cTpyMmy [, = Un I = ik 2,2 A
’ ™ Z' ™ 180m =
. R 80mM
KoedinienTt norysxuocti Ta KyT 3cysy (as: cos¢=—, cos¢= =0,44 , p=64°.
; Z 18 Om
* CepejHs AKTHBHA MOTYKHICTH
: Pl iUcomp= "% 5 3T4-108-0.64 ot

2 ¥

- I'padirm sMiHM cHIK CTPYMY Ta HOTY:KHOCTIL ¥ BUOAAKY IOCHiA0BHOrO 3’ ¢JHAHHSA aK-
THBHOI'O OIIOPY TA KOTYLIKM iHAYKTUBHOCTI HaBeeHO Ha Mas. 164, a, 6. Caig sasHaunTH,
M0 ¥ OBOMY BHIAJAKY CepefHs NOTY3KHicTL HabyBae Bi'eMHHX 3HAYEHD, HA BiAMiHY Bijx
NONepefHLOT0 BHIAIKY, KOJK KOJI0 MiCTHTH JIMINe aKTHBHHH omip.

| Bnpagsa 21

1. ¥ xoxno aminsoro erpymy manpyroo 220 B i uacroroto 50 I', mig’egEano mocmi-
[IOBHO KOHJleHcaTOp eMHicTIO 35,4 Mr®, KoTYIIKY, iHAYKTHBHiCTE AKkoi 0,7 ',
TA pesHcTop, AKTHBHMH onip axoro 100 Om. BusraunTH cTpyM ¥ Kodi i cnag
HANIPYT HA KOXKHOMY eJIeMeHTi.

2. ¥ kono amigHOTO cTpyMy Hanpyrowo 220 B BRJIIOYeHO HOCIIJOBHO KOHJIEHCATOD,
KOTYIIKY Ta aKTHBHHH onip. BuanaunTH cnag HANPYr HA AKTHBHOMY HABAHTA-
JKeHHi, AKIO cNAaj HAIPYT Ha KoHAeHcaTopl y 2 pasu Ginsmmi, a Ha KOTyIi
=y 3 pasH GinpIIK#, Hi’K HA AKTHEHOMY HABAHTAXKEeHHI.

3. Ha man. 165 HapeieHO BeKTOpHY fAiarpaMy Hanpyr v Koji aMiHHOro cTpymy.
Hanpyrs ma ainanxax xosa Bignmosigro gopismioiore U, = 70 B, U, = 15 B,
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U,=30B,U,=75B,U;=20B,U;=10B.
AxTHBHMH onip Ha n'arii  ginsAni
R;=4 Om. HakpecnuT cxeMy eJeKTpHY-
HOrO K0Jia, BUBHAYHATH MOBHY HANPYTY B
KoJi, MoBEHI onip Koaa, KoedimierT mo-
TYKHOCTI i CIOMKUBAHY NOTYHHICTE.

4.V gorymwii B Kol mOCTiHHOTO cTpyMy
nig Hanpyrow 12 B reue crpym 4 A. Y it
camiif koTymuni v KoJi aMiHHOIO CTPYMY
NpPOMHCI0BOI YACTOTH i HAIPYrow
12 B reue cTpy™m 2,4 A (3a noxkaszaMu am-
nepMerpa). BH3HAYHTH iHAVKTHBHICTH
KOTVIIKH. Akow OGyie aKkTHBHA MOTYH-
HiCTE CTPYMY Y KOJIi, AKIIO NOCHiJOBHO 3
KOTYIIKOK BEJKYHTH KOHJEeHCATOD €M-
mieTo 394 mrd? HakpecaiuTH BeKTOPHY
piarpaMy JJis OBOTO BUIAIKY.

5. ¥V mepoarany:keHii ginaHni Kona aMiHHO-
ro crpymy (man. 166) r = 3 Om, X; = 6 Om, X, = 2 Om. IlobyaysaTu BeKTOPHY
piarpamy. BusHauuTH noBHHI onip Ta koedinieHT noryxHOCTL.

6. V Heposrany:xeniil qinasni Kona aMigHOro cTpyMy (Man. 166) nanpyru Ha ginsas-
KaXx KoJsa BianoBiHo fopisaiotors: U, =40 B, U, = 80 B, U, = 50 B, Busnaunrn no-
BHY HANIPYTY V Kouii Ta Koedinient norys:xHocti. [lo6GyayBaT BeKTOpPHY Aiarpamy.

Man. 166

§ 38. PeaoHaHCc y Kosli 3MiHHOMO chyﬁ§

PesonaHc wanpyr. 3 ananisy ¢opmymu sakony OmMa A1 Koja 3MiHHO-
ro CTpymy i3 HOGJ’[iﬂOBHHM E’GﬂHﬂHHHM AKTHBHHX Ta PeakKTHBHHX enemen'rin,

U :
I= z : , BHIHO, [0 MAKCHMAJILHOIO 3HAYEHHSA CHJIA CTPYMY ¥ KOJI1
JE X, - X
, . W _ 1
HabyBae 3a YMOBM PiBHMX IHAYKTHBHOro i eMHicHOro omopie, L =—E.
®g

V nsoMy BHIIAAKY HeMae 3¢yBY (a3 MK KOJIMBAHHAMY HATIPYTH i CHJIH CTPYMY,
a Koe(ilieHT DOTY¥HOCTI MAKCHMAJILHHAH, cosp = 1. ¥V TakoMy BUNAJKy B KoJi
HACTaE eJIEKTPHYHHUH pe3oHAaHC.

B yMoBax pesoHaHCY CHJIA CTPYMY B KOJIi BUSHAYAETHCA TLIBKHA AKTHBHHM
onopom koxa. Orie, 3a pesoHAHCY eHEPria BUTPAYACTHCHA JIHIle HA TeII0BY Al
B AKTMBHOMY HABAHTAXKEHHI, 4 Mi’K KOHJEHCATOPOM i KOTYIIKOI0 Bech Hac Bigby-
BAaEThCA JHUIIe i1 00MiH — KOJIA eHeprif eJeKTPHYHOTO [0JA KOHJeHCcATOoPa 3MeH-
HIYEThCH, €HEPIif MArHiTHOTO NOJIA KOTYIIKH 3POCTAE 1 HABIAKH.

1 3
3 yMOBH m0L=m—C MOYKHA BM3HAYWTH PE30HAHCHY LHUKJIIUHY 4YacToTy
0

1 ’ , 1 ] )
Wy =——=, KUIBKICTb KOJIHBaAHBb 38 CEKYHY V=—"== 11eplojJ IHX KOJHBaHb
°~ JLC 2nJLC

T=2nJvLC.




PosSAiA 3 EAEKTPOMAMHITHE NOAE @-

Arxmo miMAHKY KoJa 3 mockifoBHUM 3’eJHAHHAM xA
AKTHBHOI'0, lIHAVKTHBHOI'0 T4 €MHICHOI'O HABAHTAXEHb
mix’eHATH [0 reHepaTopa 3MiHHOTO CTPYMY, KM BH-
pobnsie cTpyM 3MIHHOI YACTOTH, MOJKHAa [JOCAITH pe3o-

Haucy nanpye. 3 dopmymu X; =wLiX, =$ BHIIHO,

110 31 3MiHOI0 YACTOTH 3MiHIOIOTECA 3HAYEHHA IHAVKTHE-
HOTO i EMHiCcHOTO omopiB. 3i 30iIbIIeHHAM YACTOTH €M-
HICHH# OIip 3MEHIIYETHCA, & IHAYKTUBHHINA — 36inbImy-
€TBCH, BiIMOBIHO 3MEHIIYETRLCA TOBHHUH onip (Mam. 167,
a). Ina peAxoro 3sHAYeHHA YACTOTH €MHicHMI omip no-
PiBHIOE IHIYKTUBHOMY, IIPH [IbOMY MOBHUH ONip BU3HA-
YAETHCH JIUIIE aKTHBHAM ONIOPOM i cHJia cTpyMy HaGyBae
MAKCHMAJBHOTO 3HAYEHHA. 3 MOJANBIIHM 30LIbIIEHHAM ()
YACTOTH iIHAYKTUBHHI Omip cTae 6inbITHM 3a eMHICHHMIT —
CHJIA CTPYMY B KoJIi saMeHImyeTheda (Man. 167, 6). Orxe,
B YMOBAX PEe30HAHCY NOBHE NAJiHHA HAIPYTH B KOJIi JO- Man. 167. Pe3oHaHcHi
piBHIOE HaNpysi Ha akTuBHOMY onopi, a U, =-U,. KpWBi
PeaonaHc cTpymis. ¥ Kol sMiEHOrO CTPYMY 3 mapa-
NeNEHHAM 3’ € IHAHHAM KOTYIIKHK TA KOHJEHCATOPA HACTAE
pesoHaHc cmpymie. Binomo, o y KoJii 3 KOHZeHCATOpOM ) k‘
KOJMBAHHA CHJM CTPYMY BHIEDEI)KAE€ KOJWBAHHA Ha-

gY

®o
6

I=I-I,

OpPYTH HA YBEPTH NEpiofy, a B KOJIi 3 KOTYIIKOW IHAYK- o

THBHOCTI KOJIMBAHHA CHJH CTPYMY BijcTaiorTh Big Ko- -

JAUBAHB HAIIPYTH HA YBEpPThH Mepiofy, BHACJLJIOK YOTO B

HepO3TraJyXeHid YACTHHI KoJa Ii CTPYMH HANpaBJIeHl B i

TPOTHJIEKHUX HAaNpAMKax (Man. 168). "\ (
fAxngo yacrora Taka, o iIHAYKTHBHKAMN ONip JOPiBHIOE e

eMHiCHOMY, TO i1 I} = I, aJle OCKLIBKH KOTYIIKA KpiM iH-
IYKTHBHOI'O ONOPY Mac I1e it aKTHBHHUIL, TO MOBHOI piBHO-
CTi CTPYMiB He HACTAE i Y HEPOSTAJYKeHiH JinaHIi mpo-
XoouTk cnabkmii cTpym. Takum unHOM, cJIabKHi SMiHHHH CTPYM, 110 TiAXOTHTH
J0 KOHTYpAa, NiATPHMYE B HEOMY 3HAYHI BUMYINEHI KOJTWBAHHA.

MpakTuyHe BUKOPUCTAHHA pe3oHaHcy. SBuine pesoHaHCY Mae BeJIHYe3HE
3HaueHHA B TexHini. 1o cyri, Ha pe3oHaHci IPpYHTYETHCA TeXHiKa pafioss’A3Ky.
IIpore B mefAKMX BHIAJAKAX €JEKTPHUHMIH, AK i MexaHiuHHH, pe3oHAHC BHABJIA-
€ThCA MKiLTHBEM. AKIINo eleKTPHYHE KOJIO He po3paxoBaHe Ha poboTy B yMOBax
PEe30HAHCY, TO BHHHKHEHHA DE30HAHCY CIPUYHMHUTH ABAPi0, IPOBOAM PO3MJIaB-
JNATHCA HAXMIDHO BeJIMKHMH CTPYMAaMH, isonania Moxe 6yTH mpobHTa BHaCKII-
JOK BUHHKHEHHA BUCOKHX Pe30HAHCHUX HANIPYT TOIIO.

Man. 168. Pe3aoHaHc
CTpyMiB

Daite signoeigi Ha 3anuTanHa

1. ¥ 4OMYy CyTb €NeKTPUYHOr0 Pe3oHaHcy?

2. NobByayiiTe rpadik, AKWIA iNIOCTPYE ABULLE Pe30HaHCY B AIBOX KOHTYPax 3 Pi3HUM ak-
TUBHKUM ONopoM. B skomy BUNaaky pe3oHaHcHa kpuea Gyne kpyTiwow?

3. Homy AOPIBHIOE Pi3HWUA (a3 MK KONMBAHHAMW CTPYMY | HANPYrK Nig 4ac pe3oHaHcy?

4. FAKWIA 3 TPbOX ENEMEHTIB AINAHKW (AKTUBHE HABAHTAXEHHSA, KOTYLLKA Y4 KOHOEHCATOP)
NepLUMM NOLWKOAXKYETLCA B Pa3i pe3oHaHcy Hanpyr?
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~ §39. TenepaTopu 3miHHOro cTpymy

MpuHumn Al inaykuiiHoro reHeparopa. ¥ ganuii yac € 6araTo pisHHux TH-
miB iHAYKOifiHEX reEepaTOpiB, ajle Bei BOHM CKIAJAIOTLCA 3 OMHUX 1 THX caMHX
ocHOBHUX YacTuH. Haltnpocrimuii isgykniiinuii regepaTop — paMKa, AKa piBHO-
MipHO obepraeTeea v margiTHomy moui (mas. 169), OcHosui wacTHHH 1iel yera-
HOBKH Taki: I- iHIVKTOp, AKKI CTBOPIOE MardiTHe noje; 2 — AKip (IpoBigHUK, ¥
saxomy HasoguTeca EPC), 3 — metanesi kinbna i 4 — miTeu.

V so6paskeniit Ha MAJIOHKY MOJeJii reHepaTopa o6epTaeTbes APOTAHA PAMKA,
AKa € poTopoM (nmpasjia, 6e3 samianoro ocepyia). MaraiTae nose cTBOPIOE HEPYXO-
MH#H mocTiiHMi MaruiT, 3poayMino, MmoxkEa OyvJiio 6 BUMHHMTH 1 HABNaKku: obepTa-
TH MArHiT, & pAMKY 3aJIMIIUTH HEPYXOMOIO.

Ina oTpuMaHHA BEJHKOT'0 MATHITHOIO IIOTOKY B reHEpaTOopax 3acTOCOBYIOTH
crneniansHy MargiTHy cucremy (Man. 170), mo ckmafaeThcHs 3 ABOX OCEP[b,
3pobneHux 3 esekTporexHiunol crani. OBMOTKH, IO CTBOPIOKTE MarHiTHe
mojie, Po3MimieHi B masax oAHOTO 3 OCep/b, 4 0OMOTKH, B AKHX IHIYVKYEThCH
EPC, — B masax apyroro. Onse 3 oceps (3a3puuaii BHYTPIIIHE) pa3oM 3i cBOEO
00MOTKOI0 0DepTacThCA JMOBKOJA TOPAZOHTANBHOL 400 BepTuKanbHOI oci. Tomy
BOHO HA3WBAEThCA pomopom. Hepyxome ocepid 3 ioro oOMOTKOK HASHBAKTH
cmamopon. 3a30p Mix OcepAsaMH cTaTOpa i poropa pobiaATE AKOMOI'a MeHITHM
Ans 30iMbIIeHHA TOTOKY MarHiTHOL IHAYKIIIL.

YV BeJMKHX NpPOMHCJOBHX reHeparopax (man. 171) obepraersca came
eJEeKTPOMATHIT, AKHH € POTOPOM, TOXl AK 0OMOTKH, B AKMX HaBoguThea EPC,
VKJIAJEH] B 1asax CTATOpA i saiMianTsEesa Hepyxomumu, Piy y TiMm, mo nigsoguTh
CTPYM [10 poTopa abo BiIBOJHUTH Horo 3 06MOTKH POTOPA ¥ 30BHIIIIHE KOJIO JIOBOIUTHCH
3a JIOIIOMOT'0K KOB3HMX KOHTAKTIB. /L1 11koro poTop 3abe3nedyeTbCa KOHTAKTHIMHI
KiTbLAMHA, IPHEIHAHKMMHE [0 KiHLiB iforo obmorku, HepyxoMmi minacTHHA — O{ITKH —
IPHTHCHYTI 10 KLIels 1 3giicHIOITE 3B’ 30K 00MOTKH poTopa 13 30BHIIIHIM KOJIOM,
Cuia cTpyMy B 00MOTKAX €JIEKTPOMATHITY, IO CTBOPIOE MATHITHe moJie, 3HAYHO
MEHIIIA 34 CHJIY CTPYMY, 110 BLIA€TRCH M'eHEPATOPOM ¥ 30BHIIIHE Kox0. CTpyM, mio
reHepyerses, spylmlme 3HIMATH 3 HePYyXOoMuX 06MOTOK, a4 Yepe3 KOB3HI KOHTAKTH
OIBOANTH NOPIBHAHO CJAOKMH CTPYM [0 eJleKTpoMarsirty, mo obepraerbed. Llei
CTPYM BHPOOJISAETHCA OKPEMHM I'eHEepaTOpPOM IOCTiifHOTo cTpyMy (30yaHHKOM).
(¥ Ham gac mocTiiiHUiA cTpyM B 00MOTKY pOTOpA HaiuacTille MofaoTs 3 0OMOTKH
CTATOPA I[EOTO 3K MeHEePATOPA Yepes3 BUIIDAMIAY).

V MaJloInoTYKHHX TeHepaTopax MArHiTHe moJe
CTBOPHETLCA MOCTIMHUM MargiTom, o obepraeTs-
csi. ¥ TtakoMy pasi KinenA i miTkM B3arani He mo-
Tpi6ui. [Tossa EPC B HepyxoMux o6MOTKAX cTaTOpa
MOACHIOETHLCA BUHHKHeHHAM B HUX BUXPOBOTO eJIeK-
TPUYHOrO 110JIs, TOPOJM¥EeHOr0 3MiHOI0 MarHiTHOIO
NOTOKY BHACHiIOK oDeprania poropa. CyuacHui re-
HEpPaTOp eJeKTPHYHOrO CTPYMY — Ile 3HAYHA CLIOpY-
Jla 3 MiTHUX JpOTIiB, 130JALIAHAX MATEpPiadis 1 cTa-
NAeBAX KOHCTPVEIi#A. Mawuu posamipH B AeKiTbKa
MEeTpiB, HallBAXKAMBILII JeTalll reHepATOPiB BUMATA-
IOTE BUTOTOBJIEHHS 3 TOUHICTIO A0 MiJaiMeTpa. Binkim
Hijle B TEeXHIUl HeMAaE TAKOro NOEJHAHHA PYXOMHX

Man. 169. HaiinpocTiwa mo- ~ JACTHH, Kl MOrIM O MOPOJKYBATH EJEKTPHYHY
[enb IHAYKUWIAHOro reHepaTtopa €HEPrilo HACTLIBKH 3 De3anepepBHO 1 eKOHOMIYHO.
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Man. 170. MarHiTHa cuctema reHeparopa Man. 171. Npomucnosi reHepaTopm

DaiTe Bignoeigi Ha 3anuTaHHA

1. Ha akomy npuHUMNI rpyHTYETLCA poboTa reHepatopa aMiHHOro cTpymy?

2. l'enepartop cTpymy noyae o6epTaTuck HEPIBHOMIPHO. AK LUE BNAMHYNO Ha XapakTe-
PUCTUKKN CTBOPIOBAHOMO HUM 3MIHHOIO CTRYMY?

(&\L 3. [nn koMmneHxcauii HeGaxaHoro acyey $aa Mix CTPYMOM i HANPYrow Ha AinsHUi Kona 3

eneKTpoaBMIryHOM BUKOPUCTOBYIOTL KOHAEHCATOPK HeobxigHoi eMHoCTi. FK X BMKW-

KalTb — NapanensHo Y4 NocnigoBHo?

§ 40. Tpanchopmarop

Bynoea Ta npuHuun ali tpascdopmaropa. 3MiEEMI CTPYM Ma€E Ty IepeBa-
Iy nepej nDocTiHMM, 10 HATIPYTY i CHJIY CTPYMY MOKHA B AYKe IMHPOKUX MeX-
ax meperBopioBaTH (TpaHchopmyBaTH) Maiixe Ge3 Brpar eHeprii. Ik npasuio,
eNeKTpoCcTaHNil, e BEPOOJAIOTE eNeKTPOeHepriloo, pPO3TAIloBaHI HA BeJIHKHX
BigcTaHAXx Bix i1 cmoskueauie. 1106 specTH 10 MiHiMyMy BTpaTH eHeprii, il Tpeba
nepeAaBaTH il BUCOKOI HATIPYTOIO.

IIpucTpoi, aki fal0Th MOXKIHBICTE NiABUITYBaTH HAPYTY (Y pasi mojadi enep-
rii Big remeparopie go aiHii enekTponepenaui) i sEMKyBaTH ii (v pasi mogaui Bifg
minii erekTpomepeaadi A0 CIOXKHBAYIB), HABHBAIOTHCA MPAHCPOPMAMOPAMU.

Ha man. 172 3obpameno cxemy Tpanchopma-
TOpa TA HOTO YMOBHe mosHadeHHA. BiH cknapa-
EThCA i3 ABOX IHAYVKTHBHO 3B’A3aHHUX KOTYIIOK
(o6MoTOK) 3 pi3HOK KiJBKiCTIO BATKIB MigHOro
gpory. OpHY 3 0OMOTOK, AKY HASUBAIOTE NEPEUH-
HOM0, A € AHYIOTH [0 [AKepesa 3MiHHOI HaIpyrH.
IIpunagu, AKI CHOMKUBAKTE €JEKTPOEHEpTilo,
g’ eAHYIOTH 0 8MopulHol obMoTku. s Toro,
mob Mar#iTHe moJie He PO3CiBaJIOCh V MIPOCcTOpi,
KOTYIIKH pO3MiIIyIOTh HA 3aMKHYTOMY Ocephi,
BHTOTOBJIEHOMY i3 JINCTiB cienianbHOI TpaHCchOp-
MaTopHOI cTaJji, 130ILOBAHMX OAMH BiJ OJAHOTO
TOHKHM [mapom Jgaky. Lle pobaars gusa Toro, mobd
SMEHIINTH BTpPaTH Ha HarpisamHa. Haramyemo,
Mo V CYULNTBHHAX IMPOBIIHHKAX BHHHKAKTE 3HA-
uyHi BUXpoBi cTpymu (cTpymu ®yKo), AKi 3yMOB-

; : Man. 172. Cxema Ta yMOBHe no-
JM0I0TH HATpiBaHHA npoBigHuKa (§ 29). 3HaYeHHn TpaHchopmaropa
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3’sacyemo npuEDUI gii TparchopmaTopa. TpancdopmaTop nepeTBOpPIOE 3MiH-
HHUI CTPYM OfIHi€l HAIIPYTH HA 3MIHHKHN cTpyM iHINOI HANPYTIH 3a He3MiHHOI Jac-
ToTH. SKIo mepBUHHY 0OMOTKY mim’'emgHATH A0 J)Kepeja 3MiHHOI HATIPYTH, a
BTOpHHHA Oyae posiMkHYTa (1eil pe:kXHM poOOTH HABHBAIOTH XO0J0CMUM X000M
mpaxcgopmamopa), To B NepBHHHIN o6MoTi 3’ABUTECA ciabKHil CTPYM, AKHI
CTBOPIOE B OCep/ii 3MiHHHIA MaraiTHHIH noTik. el moTik HABOAUTE ¥ KOXKHOMY BU-
TKY 00MoToK ogHaxkoBy EPC, romy EPC inaykmii B KosxHil obmoTi 6yae npamo
$ 1% . ] - L . é'.1 ny
npomnopiifiHa KiasKocTi BUTKIB vy 1iit o6morni, Tobro -é_ = n_ ;

'2 2

Axumo Bropunaa 0dOMoTKA Oyae posiMKHYTa, TO Haupyra Ha ii saruckagax U,
nopisaioBatume EPC ¢,, sika B Hill HaBoAHThCA. ¥ nepBuHHEIN oomoTHi EPC ¢, 3a
YHCJIOBHUM 3HAYEHHAM MAaJO BiapisaaeTsea Big Hanpyru U,, Aka nigBoguTheA 10

- " u, m
miel obmoTkn. IIpakTHYHO X MOKHA BBa)KaTH OJHAKOBHMH, TOMy —=—=Fk,

g Ny
ne k — koegiyienm mpancgopmauyii. Konu sBropuaENX 06MOTOK AeKinbka, Koedi-
mieHT TpaHcopManii 415 K0XKHOI 3 HUX BU3HAYAIOTE AHAJIOTIYHO,

ko y BTOpHMHHeE KOJO TpaHc(opMaTopa YBIMKHYTH HABAHTAXKeHHHA, ¥
BTOpHHHIiN o6MoTHi 3'ABUTHCA cTpyM. Llei cTpyM cTBOpIOE MATHITHHE NOTIK,
AKHHA, 3a npaBuwaoM JleHna, DTOBHHEH 3MEHIIHTH 3MiHY MATHITHOrO IOTOKY B
ocepii, 110, ¥ CBOI0 Uepry, npusse/e ao amenmensa EPC inayknii B nepeunHIM
obmorni. Ane usa EPC popiBHioe Hanpysi, DpHKIafeHii 1o nepBHHHOI 00MOTKH,
TOMY CTPYM V IEepBHHHIA 00MOTII MOBHHEH 3POCTH, BiJHOBJIOKYH INOYATKOBY
aMiny MarasiTHoro notoky. IIpu nboMy 36iTbMIYETHCA MOTYHICTE, AKY CIOMKH-
Bae TpaHchopMaTop Big Mepexi.

Ockinskn npu poborti TpanchopmaTopa BifbyBaoThCH BTPATH eHeprii, To mo-
TYKHICTE, AKA CIOMHUBAETHCA NEPBHHHOK 00MOTKOI, Oiibina Biff mOTYKHOCTI
y sropunHii odmorni. KK]I tpanchopmaropa n Oyfe BU3HAYATHCE BiIHOIIIEH-
HAM MOTYyHOCTi P, BropuHHOI 06MOTKH N0 mOTYKHOCTI P; nepBuHHOI 06MOTKH

KK]I cyuacaux TpanchopmaTopis yacto nepesumye 90% i goxoaute no 99%.
Hesenuki BTpaTH eleKTpUYHOL eHeprii mig vac ii mepegaBaHHA 3 nepBUHHOIL 06-
MOTKH YV BTODHHHY 3YMOBJIEH] BUALIEHHAM J3K0YJIEBOTO TeILIa Y ApoTax o6MOTOK
i mepemarsHiuyBaHHAM ocepadA. [lna HaBaHTaxKeHOro tpaHcdopMmaTopa Ha Imep-
BUHHINA oOmorni £;=U, Hampyra Ha saTHCKa4aX BTOPHHHOI OOMOTKH CTAHOBHTDb

U,=¢&,-I,R,, ne I,R, — cnaj Hanpyru Ha BTOPHHHIN o6MoTni, Toai koedimient
o 5 _ 95
s 6, U,+U,

NepepasanHa enextTpoeHeprii. Conoxusaui enektpoeHeprii € Bciogu. A
BAPOOIAETECA BOHA JIMIE HA eJIeKTPOCTAHIIAX, AKI posTalmmoBaHiI B MeBHHX
micuax. KoHcepBYBATH eleKTpPOEHEPTil V BeJIMKHX MaciTabax HeMae MOMJIN-
socri. Ii rpeba BuxopucrosysaTh Bigpaay micas supobiaenasa. ToMy BUHHKAE [10-
Tpeba mepefaBaTH eJeKTPOCHEPrio Ha Beauki Bigcrani. Ase Take nepejaBaHHA
nos’s3aHe i3 3HAYHUMH BTpaTaMu. AJIKe eJIeKTPHYHHHE CTPYM Harpisae nposoau

TpaHchopmanii k= , ae U, — cnaj Hanpyrd Ha HaBaHTAaKeHHi.
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ninii enexTponepepavi. 3rigHo i3 3aK0oHOM v Ustpar
Msxoyna—Jlenna eHepris, AKa BATPA4YacThCH i |
HA HAarpiBaHHA NPOBOAIB JNiHil, BU3HAUAETHCH -
dopmyioo @ = I’Rt, ne R - omip niwuii. Ilpu
BeIMKIN AOBKHHI MiHII nepenaBanHA eHeprii
B3araJji Mmoxe OYTH eKOHOMIYHO He BUT'1JTHHM.
IctorHO 3MeHIIMTH omip JiHII mpakTHYHO
mysxe Baxkko. ToMy JOBOOUTHCA 3MEHIITYBATH
CHIIY CTDYMY.

OckinbKM NMOTYMXHICTE CTPYMY HpomopriiiHa Jo6YTKY CHJIM CTPYMY Ha Ha-
npyry, To, ojob abeperts nmepegaBaHy NOTYKHICTh, Tpeba MiABMIIYBATH HATIPYTY
B ninii nepenaui. Ilppuomy, uuM goBIIa JMiHiA mepefadi, THM BHTigHIIIE BAKO-
PHCTOBYBATH BHINY Hanpyry. Tak, y fTeAKHX BHCOKOBOJBTHHX JiHiAX mepemau
BHKOPHCTOBYIOTE Hanpyry 500 kB. Ane rerepaTopu aMiEHOrO CTpyMy OYIVIOTE
HA HaNpyrH, mo He nepeBuinyioTs 16—20 kB, ockilsKH BHKOpPHCTAHHA BHIOL
HANPYTH BHMaraio 6 cKIaZHIMUX coeniaJbHAX 3aXO0AiB Aas isonanii ooMorox
Ta iHIMKUX yacTHH reHeparopie. ToMy Ha BeIMKHX €IEKTPOCTAHIIAX CTABIATH
HiABHINYBaabHI TpaHchopmaTopu. TparcdopmaTop nifiBUIYe HAPYTY B JiKii v
CTLTBKH pa3iB, ¥ CKLIBKH 3MEHIIYE CHJIY CTPYMY.

[Tepen GeanmocepesiHiM BUKODHCTAHHAM eJeKTpoeHepril cmosxmBadamMu i1 Ha-
IPYTY 3HHMKYIOTE 34 JOIIOMOI0I0 SHMIKYBAJIBHUX TpaHC(HOpPMATOPIB.

IToBHiCcTIO YHMKHYTH BTPAT MHiJ Yac nepeiaBaHHA eJIeKTPOeHepril He BAAETH-
cd. 3a Ay Ke BHCOKOI HAIPYTH MiXX IPOBOJAMHM IOYMHHAETHCA KOPOHHHUH PO3pAL,
0 IPUSBOAUTE A0 BTPAT eHeprii.

Ha man. 173 nokasaHo eJIeKTPHUYHY CXeMy JiHIl elekTponepenayi, Ha AKi#
U - manpyra na reseparopi, U,,, — Hanpyra Ha mpoBojiax JiHii enexTponepesayi,
U..ox — HAIIpyTa Ha cnoXxuBadi. K0 YaCTHHA BTPAT MOTY3KHOCTI YV BilHOCHHX
OAMHHULIAX CTAHOBUTE K, TOAL HOTYKHICTE BTPAT HA JIiHIil NOB’sA3aHAa 3 OTYKHIiC-
TIO0, IIePeAaHOI0 CIIOXKUBAYY, POPMYI0I0 Pm =kP

coom *
ITory:xHicTh reHepaTopa JOPiBHIOE CYMi MOTYKHOCTEH CIIOKUBAYA | TOTYK-

HOCTi BTPAT, Py = Popyy + Pooy =(R+1) Py » € Py =1 R

UE:uom

Man. 173. EnekTpu4Ha cxema niHii
enekTponepeaay

Jaiite eignosigi Ha 3anuTaHHA

1. Homy ryne TpaHcdopmartop, yBiMKHEHWA B KONO 3MiHHOro cTpymy? fka yactora
UbOro 3Byky?

2. BropmiHa o6moTka TpaHchopmaTopa 3aMkKHeHa Ha: a) manwii onip r; 6) Benukuii
onip R. NopieHsiite B 060x BUNaakax HaNpyry Ha BTOPUHHIA 06MOTL | NOTYXHICTb,
AKY CnoxuBeae TpaHcgopmarop.

3. 3a Akum 3akoHom Tpeba 30inbwysaTtv pobody Hanpyry nixii, wWob 3i 36insWeHHaMm i
NOBXWHKU KoedilieHT KopWUcHOT Aii niHil 3anMwascya cTanum?

Mpuknanu po3e’a3yBaHHA 3apay

damaua 1. 3EmmyBansHHiA TpaHchopmaTop 3 Koeimienrom Tpamchopmanii k = 5
BEJIIOUeHHH ¥ Kosio 3 Hanpyroo 220 B, Axwuii onip BropuEHO] 06MOTKH, AKIIO HANPYTa HA
BHEX0AI Tpanchopmaropa 40 B, a omip kopucHOro HaBaHTa)keHHA 4 OM? fka noryxHEiCTL
BHTPAYAETHCA HA HarpiBaHHA BTOpPHHHOI 06MoTKH? Ky mOTYKHiCTH CHOXKHBAE TpaHC-
opmarop 3 mepexxi? Axuit KKl rpancdopmaropa?

6 bisina. 11 kaac




HMano: Poar’azanna

k=5 i mk_Ul " U“Ul
U.-220B KoedinienT rpanchopmanii &= Fz , 3BigKH = ? ;
U,=40B

Senriw | ne Uy=U,+U,=IR4+U,.

Ry—? Cuna erpymy y BTOpHHHiN o6MoTni [ = ﬁ , OT3Ke
P,ﬂf? R,

P=1n-7

[5* U..]R.. [@ —401-?.)- 40m
-— ¢ R, .= 5
s L5

k
U, 400m

Ry = =0,40m.

2
IoryxuicTs BropunHoi obmMoTKH P, = IR, = %Rﬁ » Py, =40 Br.

Ui ,_44’B

IMotyskuicTs TpanchopmaTopa P = s P= =440 Br.
_ e T R T
P P-P 440BT-44Br
E = m: H‘D’ = =0,9=90°/‘-
K]l rparctopmaTopa 1 P P n 140D o

Bignosins: 0,4 Om, 40 Br, 440 Br, 90%.

Bamaua 2. Jlinia enexrponepesayq mae onip 100 Om. Axy BANpyry NOBMHEH MATH Ie-
HepaTop eJieKTpocTaHILil, mob nepegatoun 1o nii givil Ko cnoxKBaYa MOBHY MOTYKHICTE
250 B, BrpaTi Ha ninil He nepepumyBanu 4% nepegaHoi A0 CHOMHUBAYA IOBHOI NO-
TY:KHOCTI?

Hdano: Poap’nsanua

R=1000m

P =250 kBr Hanpyra reseparopa U = P?" i

k=4% 5 . e s g
IToTy:xHicTE reHEepATOPA JOPIBHIOE CYMi MOTYXKHOCTEH crioskuBaya P i

u-17 noTy:kHoCTi BTpaT Py . [loTyKHiCTE BTPAT MOXKHA BHPA3HTH AK P,.=kP,
- 2 g P, |kP
roui P, =P+kP=(k+1)P. 3 immoro 6oxy P, =I"R, roai I= &5 = = OTxe

U:(k+1)1’% ; U=25kB.

Bignosings: 25 kB.

Bnpasa 22

1. Cuna cTpyMy B mepBHHHINA 06MoTHi TpancdopmaTopa 0,5 A, Hanpyra Ha ii Kin-
nax 220 B. Cuna crpymy v BropuHHINE odmorni 11 A, manpyra Ha ii kiHnax
9,5 B. Busnauntu KK][ rpancopmaropa.

2. Ins BH3HAYEHHA KiNBKOCTI BUTKIB ¥ NIepBHHEHIM i BropHEHi o6MOTKax TpaHe-
¢opMaTopa moBepX BTOPHHHOI 06MOTKH HAMOTAaIH 11 = 80 BUTKIB ApoTy i, micas
nigKJI04YeHHA NepBHHHOL 06MOTKH o Mepeski 3 Hanpyroo 220 B, sa gomomo-
row BOJBTMETDa BUSHAYWIIH HATIPYTY HA KiHOsAX qogatroBoi obmotru Uy=20 B




- Poaain 3 1 EAEKTPOMAMHITHE NOAE m.

i Ha kiHnAx BropuHHOI 06MOTKH U, = 36 B. BusHauHTH YHCI0 BUTKIB ¥ NEPBHH-
Hiii i BropuEHIii 00MoTKax. YoMy nopiBHIOE KoedinieHT Tpanchopmanii?

3. EnexTpHYHMIA ABHIYH MPAIIOE BiJl JXKepeia eJeKTPHYHOTrO CTPYMY, HANPYTAa HA

KaeMax axoro gopieaioe 120 B, a cuna ctpymy — 7,5 A. BH3HAYHTH BTPATH IIOTY -

HocTi B o6MoTi neuryaa i #ioro KK, axmo omip o6MoTke gopieaioe 2,2 Om.

lenepaTop cTpyMy 3 Hanpyromo Ha knemax 220 B mepegae B 30BHIIIHE KOJIO MO-

ryxHicTs 11 kBr. Axoro mimiMmansroro nepepisy mosmeHi OyTH MigHI ApoTH
ninii mepeaui, mo6 BTpaTH HAIPYTH B HUX He MepeBHIMYyBanyu 2 % Bix BKasaHol

ganpyru? HossxuHa ninii nepegaui qopis=ioe 50 M.

. ¥ mepe:xy 3 Hanpyroo 220 B ogHouacHO BRJIKOYeH] eJeKTPOABHIVE MOTY K HiC-
Ti0 0,3 kBt i KK]I 90 %, enexTpuuna miu norysxuictio 1 kBt i gecars mamn
noryxHicTio 150 Bt KokHa. BU3HAYNTH CHIY CTPYMY B IBHTYHI, medi i JaMmax,
3aTANbHY CHJIY CTPYMY i CIOMKHTY MOTYKHICTE,

. Ilig saxoro HanpyTOI0 Tpeba IepeIaBATH eJleKTPOeHepriio Ha Bigerass [ = 10 KM, mob
npu ryctaHi crpymy j=0,5 A,fmaa V CTAJIEBOMY IIPOBOZIL IBOIPOBiAHOI JTiHiI eTeKTpo-
nepepaui sTpaty eneprii crarosm 1% ? ITwromwii omip cranm p=0,12 MxOmm.

7. BropuaHa 06MoTKa TparchopmaTopa, mo Mae 100 BUTKIB, TPOHM3YETHCA MATHIT-
HHM [I0TOKOM, AKHI{ 3MiHIOETECS 3 uacoMm 3a 3aKoHoM @ =0,01cos314¢. Hamucarn
thopmyny, mo supaxae sanexuicts EPC sropuasoi o6MoTKH Bif yacy, i BH3Ha-
quTH gitoue sHauenuag EPC.

0
L

0

AN,

Haiironoexiwe B poaaini «<EnexrpomardiTHe none»

Baaemogia Mix eTeKTPUYHUMHE CTPYMAMH, AKY HA3WBAIOTh MATHITHOIO, Big6y-
BAETEHCA Uepe3 MarHiTHe moye. [[poBigHHKH 31 CTPyMaMH OJHOr0 HAIPAMKY IpPH-
TATYIOTHCH, 8 31 CTPYMAMH NPOTHJIEKHHX HATIPAMKIB — BiIINITOBXVIOTHCA 3 CHJIOID,
10 BU3HAYAETHLCA 3aKOHOM AMIiepa: cuiaa BzaeMofil MiX aBoMa nmapaselbHUMH
opoBigHMKaMu noBxkHHOIO [ 3i ctpymawmu I, i I,, Bigcrane Mix axumu r (I >r),

: I 1,1
popieaIOE F = BloTr7a®

2nr
OcHOBHOIO XapaKTepPHCTHEOK MATHITHOTO ITOJIA € BEKTOP MartdiTHOl iHayKitii B .
MarniTHa iHAYVKIiA Ha Bificradi r Bijg npaMosiHifiHOro MpoBifHUKA 3i cTpY-

I
mom I nopiBHioe B =y, ot

MarniTHa iHAYKIiA B IEHTPi KOJOBOr0 BUTKA PaJliycoM I, 10 AKOMY ITPOX0-

I " ; ’
mutectpym I, B=nup, -2_r , BCepeHHI KOTYIIKH 3 4yucIoM BUTKIB N i noB:kHHOK [ —

IN
B=M-loT-

InayKIiga MardiTHOrO mMoOJIA, CTBOPEHOT0 KiTbKOMA CTPYMAMH, AOPiBHIOE BEK-
TOPHiIH cymi IHAYKOifi MarHiTHMX IOJiB, CTBODEHHX KOMHHM 3 IHX CTPYMIB

n
oxpeMo (npunyun cynepnosuyii), B=Y B, .
i=1
Cuna Amnepa F, — cana, mo gie 3 60Ky MarfiTHOro NOoJA HA MPAMOJiHIHHHAA
npoBiHUK 3i cTpyMom I foBxKHHEOW Al. Y BHIIAAKY OAHOPiIHOTO MATHITHOTO NOJA
F, = BIAlsina , e o.— KyT MiK HanpAMKOM cTpyMy I B IPOBIHAKY Ta iIHAYKILi€0
margiTHoro nona B . Hanpsam cuim BH3HAYAIOTE 34 NPABHJIOM 2160l pyKu.

&



ENEKTPOAMHANMIKA

Cuna Jloperya Fy — cuna, mo Aie 3 60Ky MArHITHOrO NOJA HA PYXOMY 3apsd-
[UKeHy YacTHHKY. B ogHOpimHOMY moii 3 imgykuiero B BOHA BH3HAYAETHCA AK
F,=qBuvsino, ge ¢ — eIleKTPHYHUA 3apAf YaCTHHKH, U — MOAYJib mBAAKOCTL 11
PYXY, 0. — KYT MidX BeKTopaMH IBHAKOCTI U Ta igayknii B . Hanpam cunu Jlopen-
Ila BHSHAYAKTH 3a IPABUIIOM J1i80L pYKU.

Enexmpomaznimua indyrxyia — aBuie, AKe Buepiie conoctepiras y 1832 p.
M. ®apapeil i AKe NONAra€ Y BUHHKHEHHI BHXPOBOT0 EJeKTPHYHOrO HOJA B
pesyjabTaTi 3MiHM 3 YACOM MATHITHOrO MOJIA.

V KoHTYDI, AKHH IepeTHHAETECH 3MiHHAM MATHITHHM MOTOKOM, BinbHi HOcil
3apAAY NepeMilyThCA Mij iel0 BUXPOBOTO eJeKTPHYHOTO MOJA, 3AiHCHIOIYHA
npH oMy poboTty, 1o o3Eavaec BuHuKkHeHHA EPC ingyrmii.

3axon enexmpomaznimnol indyrxyii KimbKicHO OmHCYe ABHIE eJeKTpoMar-
HiTHOl imayknii: EPC inayknii € y 3aMKHYTOMY KOHTYPi, AKHA MICTHTLCA B 3MiH-
HOMY MATHITHOMY IIOJIi, JOPiBHIOE INBHAKOCTI 3MiHM MarHiTHOrO 1'10’1'0!:5’ AD, mo

AD
TIPOHU3YE KOHTYD, 3 IPOTHIEKHUM 3HAKOM, ¢, = o

fArxmo npoBifHHK 3aMKHeHHI, To Bigmoeigmo mo EPC imaykmii smEHKae

inpykuiiauit crpym I, = R

Axmo npoBigEHK po3iMKHeHMII, TO Ha HOro KiHIAX BHHHMKAE pisHHIA

noreHnianis ¢, —¢@, =¢;. 3navenna EPC imayknii, mo BuHMKae Ha KiHOAX
MPOBIAHHMKA AOBMKHHOW [, AKWH PYyXaeThca B MarHiTHOMY moJi ingykmieo B 3i
mBHAKiCTIO v, & = Blusina. Hanpam EPC ingyknii BH3HAYaIOTE 38 MPaBHJIOM
npasoi pyKu.

ITpasuao Jlenya, chopmynsoBare E. X. Jlennom y 1833 p. — nonoxeHHsA, AKe
BH3HAYAE HANPAM iHAYKIIIHOro cTPyMy: iIHAYVKIIIHHUN CTPYM Yy 3aMKHYTOMY KOHTYPi
HANPAMJIEHHUH TAK, 1110 CTBOPeHHH HMM MATHITHHH NOTIK Yepes ILIOLTY, 00MerKeHy
KOHTYPOM, IPOTHJIE 3MiHI MArHiTHOTO IOTOKY, AKKI 30yIye NaHWI CTPyM.

Camoindykyis — OKpeMHil BUIAJ0K eeKTpoMartiTaol inaykuii, mo nonarae y
suHHKHeHEHI EPC iHAVKIIL B eTeKTpHIHOMY KOJIi BHACTIZOK 3MiHH CTPYMY B CaMO-
my koui. EPC camoingyknii £,; BUSHAYAETECA 3aKOHOM eJIEKTPOMATHITHOL iHAYKIIi:

Ad Al g "
i =— = = _LE , &e L — IHIyKTHBHICTE KOHTYPY, ] — CHJIa CTPYMY B HLOMY.

SMIHHUL cMpPYM — IeK TPHYHHAHN CTPYM, AKHHA HIepiogHYHO 3MiHIOE 3HAYeHHA i
HANpAM. 3MiHHHWI eJIEKTDHYHHAMN CTPYM OflePIKYIOTh 38 JONIOMOT0I0 IHAYKIIAHOTO
reHepaTtopa.

IIpu oGepraHHi paMKH 3 HOCTIHHOI IIBHAKICTIO B mOCTiHHOMY MargiTHOMY
MOJi MATHITHMH TIOTiK, IO NOPOHWM3YE pAMKY, 3MIHIETBCA 3A 3AKOHOM
& =BScoso=BScoswt , a B pamii suarkae EPC igaykuil, Aka aMiHOeTbCA B
yaci 3a CHHyCOIZaILHHM 3aKoHOM, e=—-@ = BSwsinwt , ge &.... = BSo . Axmo
y pamni N BuTKiB, TO £, = BSON .

Enexmpomaznimne none — ¢gopma marepii, saBgakM AKiN sxilicHIOETHCA
B3AEMOJ1A MiK eJIeKTPHYHO 3apAAeHIMHA YacTHHKAMH. EnexTpuuHe i maraiTae
NOJA € OKPEMHMH NPOABAMHK EJIEKTPOMATHITHOrO monA. B3aeMo3B’A30K Mix
HHMH Ta IX BsaeMoIepeTBOPeHHA Bigobpaxaloreesa pipHaaaaME Makcseia.

max
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§ 41. OTpUMaHHSA BifIbHUX €NIEKTPOMAarHiTHUX KOJIMBaHb

KonueanoHuit KOHTYP. EnexTpoMarsiTHi koiauBaHHA Gyiam BigKpuTi mes-
HOIO Miporo Bumagxoso. lle crajgocsa micas Toro, AK BHHAWINIH JIEHIEHCBKY
faHKY (mepInmii KOHAEHCATOP) i HABYMIMCH HAJABATH il BeJIHMKOIro 3apaay 3a
JOTIOMOTroi0 eleKTpocTaTHYHol Mamuen. Crocrepiraioun e1eKTPHYHUR PO3pAL
fankm, i o0KIaAKH 3aMHKAJIH Ha APOTAHY KOTYIOKY. BHABHIOCEH, 110 cTANbLHI
CIHIIL BCepeJHHI KOTYIIKH HAMATHIYYIOTECA. ¥ EOMY Hi4OT0O AMBHOTO He Gyio:
eJeKTPHYHHHA CTPYM i IOBHHEH HAMATrHIUYYBATH CTAbHE OCEPAA KOTYIIKH. 3IU-
BYBAJIO iHmIe, He MoxkHAa Oyao mepegfaumTH, AKHA KiHenpb ocepis KOTYIIKH
Oyle miBHIYHHAM IOJIOCOM, & AKHH miBgeHHEuM. IloBTOoprooun gocaig npubiaus-
HO B OJHAKOBUX YMOBaX, JiCTABAJIH TO OLUH pe3yJbTaT, TO iHMUH i He Bigpasy
8po3yMiJiy, 1o mijg Yac po3pAMMAaHHA KOHAEHCATOPA Yepe3 KOTYIIKY BHHHKA-
0Th KOJIMBAHHSA .

Mu ne moskemo OesmocepefHBO CIPHMHMATH HAINWMH OpPraHaMH BiguyTTH
eJIeKTPOMATHITHI KOJHMBAHHA TAK, AK MH 0aYMMO KOJHMBAHHA MasasTHHKaA abo
YYEMO KOJIMBAHHA CTPYHH. ToMy, BUBUYAIOYH eNeKTPOMATrHITHI KONWBaHHA, A0-

BOAMTLCA EPETBOPIOBATH IX v MexaHiuHi. fk i £

V BUIIAJKY BHBYEHHA 3MiHHOTO0 CTpYMY, Gyemo o ’ _
BHKOPHUCTOBYBATH €JeKTPOHHUIH ocruuorpad. +| I_ finpon
IIpopobumo mocnuix (man. 174). Sapaguemn _-I- ?f|_ L

KOHJEeHCATOp Bix M»Kepesa mocTiffHOIO CTpYy-
MY, 3aMKHEMO HOTo KOTYHIIKOI0, 00 AKOI mapa-
aenbHO migkmodeHHi ocnuiaorpad. Ha ekpadi  man, 174. Cnocrepexenns enex-
ocumnorpaga mu GyZeMo CIOCTEpIraTH ocIu- TPOMarHiTHUX KONWBaHb




EAEKTRPOAMHARNIK A

JorpaMy, fiKa CBiIYMTL NPO HAABHICTE eJeKTPOMArHITHHX KoOJHBaHbE. OtTixe,
HANIIPOCTIINO YCTAHOBKOIO, B AKiM MO HA CIIOCTEPIraTH eJIeKTPOMATHITHI KOIH-
BaHHA, € KOJIUBAALHUI KOHMYP — eJeKTPUYHE KOJIO, 0 CKJIany AKOI0 BXOJHTH KO-
TyIKa iEAyKTHBHIiCTIO L Ta KoEgeHcaTop emHicTio C. Takmil KOJMHBAJIBHNR KOHTYD
HA3HWBAIOTH 3AKPHUTHM, OCKLIBEKH BiH Malizke He BHIIPOMIiHIOE eHeprii B IpocTip.

3 OCIHIOTPAMH KOJHBAHE B KOHTYDI BHAHO, [0 KOJHBAHHA 3 4ACOM 3aTyXa-
0Ts. IIpHpOAHO NPUNVCTHTH, 0 IPUYKMHOIO 3ATYXaHb € OMip KOHTYpAa, AKHH
8YMOBJIIOE€ HEOOOPOTHI mepeTBOpEeHHA eHeprii. AKTHBHHI OImip NpoBigHMKIB, 3
AKUX CKJIANAETHCA KOJHBAJIbHUI KOHTYD, Ma€ 6yTH HOCHTh MAJHMM, iHaKIIe B
KOHTYPI eJleKTPOMArHiTHI KONTHBAHHA B3arajli He BAHUKHYTh.

i KonveaHHs, AKi BUHWKAIOTE MiCNA NOYaTKOBOr0 BUBEAEHHA CUCTEMM 3 NONOXKEHHSA
’ CTiiikol piBHOBarv i 3AifCHIOTLECA 3a pPaxyHOK BHYTPILHIX CHN CUCTEMM, He
333Halouu BNAUBY 3 60Ky 3MiIHHMX 30BHILLHIX CKUN, HA3UBAIOTL BITBHUMM.

MNepeTsopeHHs eHeprii B KONUBANbHOMY KOHTYpPi. 3 pocrigy (Man.174)
MOXHA 3p00MTH BUCHOBOK, IO B CHCTEMi, BHBeJleHil 3i crany piBHOBaru (KoH-
JeHCATOP 3apAJHIIH Bijl CTOPOHHBLOrO A¥KepeJa), Mic/s Big' e fHaHHA [Kepesia Big-
OyBaloTheA KonuBaHHA Hanpyru U, a oTike, 1 3apany (Hanpyra i sapaj nos’ azani
cniepigHOmenHAM g = CU ). Mipkyemo pani. Hanpyra € eHepreTHYHOI Xapak-

TEPHCTHKOK eJIEKTPHYHOI'O IIoJIA i EHE!}I‘iH EJIEKTPHYHOI'0 N0JIA KOHIeHCATODa
2

BH3HAYaeTheA popmysonn W, =-—2-—— , OTJKe, i3 3MiHOIO HANpyTrH BigOvBalThCH

TAKOK IepioguyHi 3MiHH eHeprii eJIeKTPHYHOrO NOJA KOHJAEHCcATOpa. ¥ Ipoieci
nepe3apAAKH 00KJIa0K KOHIEHCATODA Tedue CTPYM, CHJIa AKOT0 BU3HAYAE eHep-

i

rito margitTHOro noas W, = . OTs%e, MOXKHA TOBOPHTH, 1[0 eJeKTPOMArHiTHI
KOJIMBAHHA 3YMOBJEHI NepiOAWYHHMH IepeTBOPEHHAMH eHepril erexTpHd-
HOT'O MOJA KOHJEHCATOPA B eHeprilo MATHITHOIO HOJfA KOTYIIKH 3i cTpymom i
HaBIAKH.

Poarnanemo peranbHime, AK Big0yBalooThCHA eIeKTPOMATHITHI KOJHMBAHHA
(man. 175). (Ins nopiBHAHHA i AJA HAOYHOCTI HA MAJIOHKY 3 KOXKHHM CTAHOM
KOJIHBAJBHOIO KOHTYPY 3icTaBIeHO NEeBHE NOJIOMKEHHA TAraps, IiABimeHoro €Ha
HPY:HAHL, 110 34i7ACHIOE MeXaHiuHi KOJIMBaHHA. )

¥V mouaTkoBuit MmomeHT (f = 0) micna saMuKaHHA OOKIANOK 3apAmKEeHOTO
KOHJIEHCATODA 4Yepe3 KOTYIIKY B KOJi BUHUKAE CTPYM, AKHH 36iislmyerses
MOCTYNOBO, OCKiIBKH iHOr0 3011bIIeHHI0 TPOTH i€ BHX POBE eJIeKTPUYHE [I0JIe, 110
BHHHKAE BHACHIAOK 30iMbIIeHHEA MATHITHOrO NOTOKY KoTymIKH. CTpyM apocrae,
NOKH BCA eHeprisa eJeKTPHYHOrO NOJA KOHIEHCATOpAa He mepeiile B eHepriio
Mar"iTHoro nosa KorymkH (¢ =T /4). (Llei npomec aHaoriyHMi 40 HepeTBOPeHH A
eHeprii fedopMOBaAHOI NPYKHUHYU B KIHETHYHY €HEPril PyXy TATapIA.)

3 momenTy t = T'/4 cTpyM y KoJIi IPOJOBKYE MPOTIKATA BHACJIJOK IIPOIECY
caMOIHAVKIILI, IpH OEOMY KOHAEHCATOP Ilepe3apAKacThCcsA, MiK HOro miacTH-
HAMH 3pPOCTAE eJIeKTPUYHE 10J1e, AKEe 3aBaXKa€ NpoTikauuio cTpymy. CTpyM ameH-
IYETHECA IOCTYIIOBO, OCKINBKH HOTO MiITPHMYE BUXPOBE eJIeKTPHUHE TI0JIe, 110
BMHHMKAE BHACIIAOK 3MeHIIIeHHA MATHITHOTO MOJA KOTYVIIKH. CTpYM IPHITHHHATE-
¢, KOJIH BCA eHePria MarHiTHOro mojs KOTYIIKY Hepeiie B eHepriio eJleKTpHY-
Horo nonAa koagedcaropa (t = T/2). (Ilogibuo po Toro, AK TArapenb v MoJ0KeHH]
piBHOBAr", MalO4YH MAKCHMAJIbHY IIBHAKICTE, 38 IHEPIII€I0 IPOJOBMKYE PYXATHCh
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Man. 175. MNepeTBOpeHHA eHepril Nig Yac eNeKTPOMarHiTHUX KoNMBaHb

BHHM3, CTHCKAIOUYH NPYKUAY. KiHeTHuHa eHepria pyxy TArapis NepeTBOPIOETHCA
B IOTEHIiAJBHY eHepPriio MPYKHHH. )

IToTiM mpolec MOBTOPHOETHCH Y 3BOPOTHOMY Hampsami. 3 momenty ¢t = T/2 wou-
[PHCATOD 3HOBY PO3PAIKAETHCA i B KOHTYDI BHHHKAE CTPYM 3BOPOTHOTO HAIIPAMEKY.
Enepris eleKTpHYHOTO 110715 3aPAAMKEHON0 KOHIEHCATOPA 3MEHIITYETHCSH, & MATHITHO-
ro noJs — spocrae. MomenT yacy ¢ =(3/4)T, KoK KOHZEHCATOD HOBHICTIO PO3PAIUTE-
¢, 4 CHJIa CTPYMY JOCATHE MAKCHMAJILHOIO 3HAYEHHA 1 MAKCHMAIBHOK Oy /e eHeprisa
MATHITHOIO MOJIA, BiAMOBIIAE MPOXOMKEHHIO TATAPIIEM TI0JI0YKEeHHA DIBHOBATH.

Ilicas mporo cTpyM caMOiHAVKIIL 3apAIKaTHME KOHAEHCATOP, 1 KOJHNBAJNBHA
CHCTEMA [TIOBEPHEThCA V BUXijfHe noyoxeHHdA (L= T).

BigeansHoMy BHOAAKY, AKINO 6 B KOTHBAILHOMY KOHTYPI He 6y710 BTpaT eHep-
rii, me#l npouec TpuBas 0K AK saBrogHO Hoero. KosmBarasa Oyan 6 HesaTyxXawdu-
mu. Yepes iHTEpBAJH YacCy, 1[0 JOPiBHIOKTH Mepiofly KOJIMBAHb, CTAH CHCTEMH
To4HO noBTopioBaBcesA 6. [loBHA eHepria npu nsoMy 36epiranaca 6 i B 6yas-aKuii
MOMEHT 4acy ZopiBHioBasia 6 MakcumasbHii eHeprii eleKTPHYHOrO NMOJMA KOH-
IeHcaTopa abo MaKkcHMaabHiN eHeprii MarHiTHOro IMOJA KOTYIIKH 31 CTpYMOM,

2 .2 2 2
w=Cr L _ CUne Iy ot
2 2 2 2

Komueanna, aki sigbyealorhea B imeanbHiit cucremi 6e3 Teprd, TobGTo Oes
BTpaT MexaHiuHOi eHeprii, me HasHBaIOTL BIACHUMH. Bracki KorusanHa — ne
TEOPeTHYHO MOMKJINEB] BiIbHI HE3aTYXal04i KOJINBAHHA.

Hacnpasai sTpaTi eHeprii HeMmuHyui. 30KpeMa, KOTYIIIKA Ta 3 €QHYBAJbHI
mpoBoAM MawTk omip R, i me Bege 40 HmOCTYIOBOTO HepeTBOPEeHHA eHeprii
eJeKTPOMArHITHOrO OJIA Y BEYTPIIIHIO €Hepril NpoBigHNKA.
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DaiTe sBignosiai Ha 3anuTaHHs

1. ¥ no4aTkoBMIA MOMEHT Yacy KOHAEHcaTop 3apsmkeHwid. fkoio Byane nokanisauis
eneprii y momentn T/8, T'/4, T'/2, 3T /4 sin nouatky konusaHb?

2. B 9Ki MOMEHTM — MAKCUMAaNEHOT HANPYr HA KOHAEHCATOPI YW MAKCUMaNLHOro CTPY-
MY — MOTYXHICTb BTPAT eHepril Haibinbwa?

3. flk MOXHa opepXarTv HeaaTyxalyi eNeKTPOMAarHiTHI KonumeaHHA?

§ 42. PiBHSIHHS, L0 ONUCYIOTb NPOLIECU B igeanbHOMY
KOJINBanbHOMY KOHTYPpI

PiBHAHHA rapMoOHIYHUX eNeKTPOMarHiTHUX KONMMBaHb. Bupas nia sMiEn
3apajny i cuiay eTpymy B ideanrsHomy KoausaabHomy konmypi (npu R = 0) moxHa

. . Ci* ¥ cut ) ]
OTPHMATH 13 3aK0OHY 3ﬁepemenna eHeprii: T-l-? = —2-— ,JdeuTal — MHTTEEBL
2

3Ha4YeHHA HANPYTH Ta CIUIHA cTpyMy. OcKinbKu u~i U =dn mg~+-@i—£
' [l o e

TloMHOKMBIIM OCTaHHIN Bupas mouneno Ha 2C, orpumaemo q° +i’LC = qf, abo
2 . 2 2
¢ +(VLC)Y =¢q2 .
Ileit BEpas reoMeTpUYHO MOKHA 300PA3HTH Y BUIVIALL IPAMOKYTHOTO TDHKYT-

HHMKa, IrinoTeHysa AKOIo ¢,, 4 Katetn ¢ i ivLC
g, (man. 176). Is mamoEKa BHAHO, 1[0 ¢ = ¢,CO8¢Q,

iVLC i= I sing.

19 JIC

q Orpumani BHpasH cBigyaThs, mI0 3apAl KOH-
Man. 176. Jo eMBegeHH: AEeHCATOPA i CHJIA CTPYMY B KOTYIII1 3MiHIOIOTECA
PIBHAHHA ENeKTPOMAarHiTHUX 3a rapMoHi4YHAM 3axkoHOM. IIpu nsoMy mixk KO-
konuBaHb JHBAaHHAMH 3apAAY Ha o0KJIaKax KOHIeHCATopa
i cuam cTpyMy B Kol icHye pisHuna ¢gas n/2. 3

qaA )
""""""""" 4 MAaJIIOHKA TAKOM BHHO, IO comp=i. Ockinb-

Im

0 ! KH MHTTEBE 3HAYEHHA 3apANY ¢ KOH/EHCATO-

w3

A s e e e ==

pa — BeJIMYMHA 3MiHHA, 4 AMILIITYHEe 3HAYEHHSA
g, — CTajla, TO ¢ — TAKOIK INOCTIHHO 3MIHIOETHCA.

A¢

ITeugxricTe 3MiHE ¢asw KoIUBaHB E € yu-

n_ -

ik

A e -
e 0 ugl
~Y

Kaivxolo vacmomoio ®. Tenep popmyny giusa sMiHK
s3apAAy MOXKHA 3allMCATH y BUTJIAL ¢ =g, cos®i .
Bpaxoeyioun, mo i=q’, dopmMmyny 3MiHu cHIH
CTPYMy OTpHMaeMo, OOYHCIMBIIM NOXigHy,
i=q'=-q,0sinnt, ge g,0=1I1, — MakcHMAalb-
He BHaYeHHA cuam ctpymy. OcTarouno Maemo
i=-1I, sinwt.

=)
voly
=/
|
~Y

=1

Man. 177. Mpadikm kONMBaHbL
3apsaay (a) Ta cunu cTpymy (6)
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Ockinbky HaNpyra Ha KOHAEHCATOPI ¥ Oy Ab-AKHi MOMEHT Yacy BU3HAYAETHCH

croiseigaOmenHam U = % , TO PIBHAHHA 3MiHH HATIDYTH ¥ KOJTHBAJILHOMY KOHTYPIL

Ma€ BUTJIAA U= %"cos wit=U,, coswt, ge U, = %" — aMITiTyia HAIpYTH.

I'padiku KosuBaHE 3apANY TA CHJIH CTPYMY HaBeAeHo Ha MaJ. 177.

$opmyna nepiogy BnacHMX eneKTPOMAarHiTHUX KONMWBaHb, SHaiiemo
(hopmMyny AnA BU3HAYEHHS NMepiofy BIACHHX KOJIHMBAHL, BHKOPHCTABINH Te, IO
BCi BAKOHOMIpPHOCTI rapMOHIYHHMX KOJHMBAHbL B MexaHini abepiraiors cBift amicT
1 14 eJIeKTPDOMATHITHHX KOJHWBaHB. fIK Bimomo, mepios KoJMBaHb 3B'A3aHMI 3

: e 2n i ; :
OHUKJIIYHOK YacTOTOK cliBBigHOmMeHHAM T =— . IlopiBEABIIH ABi opMHu pis-
)

! : ; ’ 1 .
HAHHA [ =—2=sin¢ Ta i=—q,wsinwt, baunmo, mo w=—". Toai
JLC VLC

T=2rnJLC .

Il}o hopmyny nna nepiony BiNBHMX eMeKTPOMATHITHHX KOJIWBAHL B igeanbHO-
MYy KOJHBAJTBHOMY KOHTYDi TeopeTHuHO ofep:xas y 1853 p. anrniiceknit di-
suk B.Tomcon, Tomy ii HasuBaTe gopmy.now Tomcora. 3 GopMyan BHIHO, 110
Iepios BJACHMX KOJMMBaHb 3pocTac i3 36inpmeHHAM eMHoCTi it iHAYKTHBHOCTL
KoHTYpY. Ile nmoacHIoETHCA THM, IO 3i 30iAbIIEHHAM IHAYKTHBHOCTI KOHTYDY
CHJIA CTPYMY IOBLIBHIiIIE 3pocTae 3 yacoM i moBineHime cuagae Ao HyJIA. A 9uM
fineima eMHicTe KOHTYPY, THM 6Ginmbine wacy moTpifHo Ais mepesapal#aHHA
KOHJeHCcaTOpa.

3acrocoByioun (OpMYJy 3B'H3KY Mix mepiogom koaueaes T i wacroToio v,

. 1 1 T
BH3HAUMMO 6/IACHY Yacmomy KOAU6AHb Y KOHTYpl v=—=—— 3 miei dop-

T 2rJLC’

MYJIH BHAHO, 10 [JIA OjleDHAHHA B KOHTYDI KOJIHBAHB BUCOKO] YACTOTH EMHICTE
Ta IHAVKTHBHICTE KOHTYDPA MAlOTh OYTH AKOMOra MeHIIHMH.

@ Haiite Bignoeigi Ha 3anUTaHHe

1. 3apsan g Ha nnacTuHax X KOHAEHEATOPa KONMBANILHOTO KOHTYPY 3MIHIOETLCA 3 4acom
t 3a 3akOHOM ¢ = 10 % cos10*nt . 3anucatn sakoH sanexHocTi cuam CTpyMmYy Bif,
yacy i(t). BuaHauuT nepiog i 4acToTy KONWBAHE Yy KOHTYPI, aMnniTyay KOAMBaHb
3apaay i amnniTyay KoNMBaHb CUNK CTRYMY.

2. $lx 3MiHWTBCS Nepiof BRACHUX KONWBAHbL Y KOHTYPI 3 NNOCKWUM KOHAEHCATOPOM i KO-
Tywkow 6e3 ocepns, AKWO B 1 pa3 36inbWKTKA a) naowy nnactuvH, 6) BiGCTaHE MiX
nnacTuHamu, B) AieNeKTPUYHY NPOHUKHICTE CEPEdoBULLA MK NNACTMHAMM, I) KiNb-
KICTb BUTKIB y KOTYLWIL 6e3 3MiHu 1i AOBXWUHM, I') AOBXMHY KOTYWWKM Ge3 3MiHK Kinb-
KOCTi BUTKIB?

3. KonueanbHWiA KOHTYP CKNAOAETLCA 3 KOTYWKW i OBOX OOHAKOBWX KOHAeHcaTopis,
3'eQHaHnX napanensHo. Y CkinbkW pasis 3aMiHMTLCA 4acTOTa KONWBAaHb, AKLLO KOH-
AeHcaTopw 3'eQHaTy NOCNigoBHO?




EAEKTPOAKHANIKA

< § 43. 3aryxaoui eNneKTpoMarHiTHi KonuBaHHs

PiBHAHHA 3aTyXaw4UX enexTpoOMAarHiTHUX KONnMBaHb. Yasimo cobi xoam-
BaJBHHH KOHTYD, A0 CKJIALY AKOr0 BXOAHTE KoHAeHcaTop C, korymka L i akTHB-
Hu# onip R (man. 178). Hexail y neBHHH MOMEHT Yacy KOHJEHCATOD 3apAJHIH JI0
Hanpyrd U i Big’eJHATH 30BHINOIHE [sepeso UBIeHHA. SIKOH B eleKTPHYHOMY
KoJi, KpiM KoHfeHcaTopa, 6yB iuIIe peaucTop R, To CTPYM DPOAOBKYBaBeA O uine
JIOTH, TOKH MMOTeHIiaau 06KIaZ0K KOHAEHCATOPA He 3piBHAINCA. KO0 3 y Ko e
e H KOTYyIIKa iIHAYKTHBHiCcTIO L, TO eleKTpOpyIIiiiHa cia camoinayruii, mo su-
HHKA€ B KOTYIII] IiJ Yyac 3MiHHM CHJIH CTPYMY, IATPHMAE CTPYM, AKHHA 3MeHITy-
€ThCA, 1 BigOyzeThca nepesapaaka o0KIa0K KOHJeHcATOpa, ajle He [J0 MOYATKO-
Boro 3HauyeHHA. Ilic/d IBOTO CTPYM ¥ KOHTYPL HTHMe Y IPOTHIIEKHOMY HANpaAMi,
KOHIeHCATOP 3HOBY Iepe3apAIuThCHA, BTPATHBIIH IIe Ao B 3apAgi. BUHHKAIOTE
3aTYXAI0Yi eIeKTPOMAarHiTHI KOJTHBaHHSA, AKI MM BiKe JOCTLIHIN AKICHO.

Opep:xuM0 PIBHAHHA SATYXAKYHX €JeKTPOMATHITHMX KOJHMBAaHL HA OCHOBI
yaaranbHeHHA 3akoHy OMa 1714 KoJa, mo micTaTs gaxepeno EPC. Hanpyra Ha o6-
KIamkax KoHgeHcaropa U. 3a sakoroMm OMa cyma Hampyr, ki € B KoJi, IOBHHHA
JOPIBHIOBATH CYMi JiI0UHX B BOMY KOJIi eleKTpopymiinux cui. 3po3ymino, mo
BIIBOMY BHIIAZKY B KOJI Jii€ JIUIIe OJHA eJIeKTPOPYIIiiHA CHJIa — eJIeKTPOpYyIIiHHa

cuaa camoipgykmii. Orxe, IR+U=—L§. BupasuMo Bei amiHHLI B nbomy

piBHAHHI yepes 3apaxn ¢. Cuay cTpyMy MOXHA BH3HAYMTH 3a 3MIHOKIO 3apany

A h
3a OAMHHIKO yacy, [ =5_3 abo I =¢’ . Hanpyra U =% , & IIBHAKICTE 3MiHH CHIH

CTPYMY i I’ =q” . lligcraBumo i dhopmysn y Bupa3 3akoHy Oma i orpumaemo

R

pipasHHEA Lg” = —%q -Rq’, axe Momnanepenﬂca'mynnf‘nﬂ;ﬂ g"= —Eq —Eq' ;

k1o Tenep BBECTH NO3HAUEHHA % =i i %: 2P , To piBHAHHA MATHME BHIJIAL
q"= —2Bq’-mf}q , & 10ro po3B A30K ¢ =qﬂe"ﬂ' cos(wi+a), ge B — Koedinienr 3a-
TYXaHHHA.

OTpuMaHe DiBHAHHSA OIIUCYE 3aMYXal0ui 2apMOHILHI KOIUBAHHA 3apadYy B pe-
AJTBHOMY KOJIMBAJILHOMY KOHTYPI.

®opmMyna nepioay 3aTyxaloumMx KonuBaHs. Ilepios saTyxaouux KOJIHBaHb

2n
BH3HavYaecThbcA (opmynow T =————, abo uepe3 mapaMeTpPH KOJHBAJIBHOIO
w3 B
2n
KOHTYPY '1"=—-——2 . s dpopmyna mae
1 _( R J
LC \2L

MOKJIMBICTE 3pOOUTH BaKTMBUN BUCHOBOK ITPO
Man. 178. PeansHuii konvsansimin  T€» 38 AKAX YMOB KOJIHMBAHHA B AOC/IPKYBaHO-
KOHTYP My xoJi Mmomxausi. [lepios KoMTUBaHE MOBHHEH
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6yTH JOZATHHUM YHCIIOM i He MoxKe 6yTH HeckiHueHHO BemuKUM. OTike, migKope-
2

HeBHi BMpa3 y 3HAMEHHHWKY MOBWHeH OyTH Giibmiuit Big Hynda, — > —, abo

L CR? : o
R<2/= un L > P JInme 3a QUX YMOB KOJMTHBAHHA B KOJI MOMKJIMBI i Koso

MOMHA BBAMATH KOJIHBAJIBHHM KOHTYPOM.

2n :
@®opmyna T =——————— Bsigpasy nepexogurs y ¢opmyay Tomcona

1 (E)
LC \2L
T=2nJLC , axmo npunyctutH, mo R = 0 (idearvruii korusarvuuil konmyp).

r » x r " 1 R r
Binmosinno is pisHAHHA ¢ =—Eq—zq TAKOM MOJKHA OTpHMATH dop-

MyJH JJIf OIIHNCY He3aTyXaldyHX TapMOHiuHMX xoamBaHe, fAxmo R = 0, To

1
g = -Eq . Po3B’s3K0M Taxoro piBHAHHESA € QyHKIiA g =g, cos(wt+¢), me q,, —

> ; 1
AMILIITYAa KOJTHBAHD 3apAAY KOHJeHCATOPA 3 THKJJI1IYHOK YacTOTOK M= ﬁ .

@' HAaiTte sianosigi Ha 3anUMTaHHa
1. ki eHepreTUyHi NepeTBOpPeHHs BinGYBAIOTLCA Y NPOLECI BNEKTPOMArHITHUX KOMW-
BaHb B ileancHOMY i peansHOMY KONWMBankHWX KOHTypax?
2. AKMMK PIBHAHHAMMW ONUCYIOTBLCA 3aTYXaKUi ENeKTPOMAarHiTHI konueaHHa? 3anuwite
PIBHAHHA ANA KONMBaHbL HANPYrK | 3apsaay.
3. Akwid pismyHmil 3micT KoediuieHTa 3aTyxaHHs konueads 7 Lo Tpe6a 3pobuTw, wob
4.

KONWBAHHA B KONWBANbHOMY KOHTYDI CTANK He3aTyxal4ymmMn?
Flk MOXHaA BCTAHOBMTW YMOBM, 33 AKWX KONTMBAHHA B KOHTYPI B3arani He MoXIuei?

MNpuknagv po3e’sa3yBaxHa 3243y’
3amaua. Ha man. 179 mapefeHo rpadik saneHOCTI CHJIM CTPYMY Bif uacy aas
BiIBHHX €NeKTPOMATHITHHX KOJHMBaHb ¥ KOHTYpi. BusHaumTw emmuicTh KOHJeHcaTOpa,
AKIIO IHAYKTHEHICTE KOTYIIKH fopisHioe 0,1 I'e. 3anucaTh piBHAHHEA 3aJeKHOCTI CHIA
CTpYyMY B KOHTYDI i Hanpyru Big uacy. Ilobyaysatu rpadik sanemxsocti u(t).

Jano: Poap’asannna .
Tpadpix i(t) 3 rpacdixa BuAHO, IO i 95-“
L=0,1Tn T=6mc=610"c. SYBENF LN
e .9 | /)
3 dopmynu Tomcorna \_‘ I \ |
c-? g
H-1? T=2rVLC , \ t, Mc
ult) O T\ HE 6 B1d
i®-? 3HAXOIHMO \
2 \\ ! I i
c=-L_,C=9,1 Mx®. NEEEAVARER
4n°L
Man. 179

! AAxmio B ymoni aagaui Hemae HiIAKMX sacTepexeHb, TO BBAYKAETHCA, [0 KOTHBAILEMIL
npomnec BiiByBAETECH B ileaTEHOMY KOJHBAJIBLHOMY KOHTYDI.
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u,BA 3 rpadika sugno, mo I,, = 3 A. Toai 3 pis-
300 HOCTI MAKCHMAJBLHHX EHEeprii B KOJHBAJb-
ol | NS = L
| HOMY KOHTYpi, —%=—", o0uncIoeMo
/ \ 2 2
t, Mc
o—F 2 5 [s 10 L
JRlL Al By UM=IMJ:,UM=314B.

/ et LA c

~300 : : OcKiTBKH M = 2?“: , = %-103 ¢ 'i konmBan-

Man. 180. Mpadik konueaHb HANPYTK

HA CHJIH CTPYMY, AK BHOHO 3 rpadika, anii-
CHIOIOTHCHA 34 3AKOHOM CHHYCA 3 MOYATKOBOIO

T A <
¢azolo, piBHOIO HYIIIO, & caMe i = 3sin(-§- 1(}31] , PIBHAHHA 3MiHHM HAIPYTHY MATHME BHTJIAL

u= -314003[% . 103t) ;

I'padix sanemxnocTi u(t) s3odpaxeno Ha man. 180,

Bigmosine: 9,1 mx®; i= Ssin[g-lﬁst]; u= —314005[%-10“:) .

L

Bnpaea 23

KonupasbHu# KOHTYD CKJIANAETHCA 3 KOHAEHCATOpa eMHicTI0 1MK®D i KOTYmKK
impyxkTuBHicTIO 4 T'H. AMOIiTY/Aa KONMBAHEL 3aPAAY Ha KOHAEHCATOPI CTAHOBHTH
100 mxKa. Hanucaru sanexsocti g(t), i(t), u(t). BusHAYHTH aMIIIITY Al KOIH-
BAHL CHJIH CTPYMY Ta HATIPYTH. ;

. KonmmBanpanii KOETYD CKAafaeThed i3 KOTYIIKH, iHAYKTHBHICTD Ko 0,2 MI'H,

Ta OBOX ONHAKOBMX KOHJeHcaropie eMHicTio 4 MK®D KoxeH, 3'eJHAHHX
mocaigoeHo. BuaHauuTH nepiof BiIBHMX KOJIMBAHL ¥ KOHTYPl, MAKCHMATIbHHI
sapa] KOHAEHCATOpA TAa MAKCHMAJIbHY HANPYry Ha KOMHOMY KOHJeHcaTOpi.
MagkcumMansHa ciyia cTpyMy B KoHTYPi 0,1 A,

. ¥ KoauBaneHOMY KOHTYpPI iEaykTuBHicTIO L i emuicTio C KOBZEHCATOD 3apsA-

IJKeHHH 10 MaxkcumasiabHol Hanpyru U,,. fikoio Oyje cWia cTpyMy ¥ MOMEHT,
KOJIM HAIIPYra Ha KOHJeHcATOopi sMeHMHThLCA ¥ 2 pasu? KolHBAaHHA BBAMKATH
HE3ATYXalnduMH.

Bapamxeruit KoezeHcarop emHicTio 10 MK® DigKIIOYHIM [0 KOTYIIKH
imgyrrusnicrio 0,1 Tu. Yepes 5 mnepiogis amnuiTysa KonuBaHbL HAIPYTH B
KOHTYpi craHoBuna 95 % Bix moyaTxoBol HANpPYrM Ha KoHjeHcaTopi. Yomy
JOPiBHIOE AKTHBHMIL onip KOHTYDY?

. Konpencarop, akuii mae emuicte 10 Mmx®, sapaguau go sanpyrn U, = 400 B

i npmegmanyu go Korymk#. ITicka mporo B KOHTYPi BHHHKJIN 3aTyXawdi KoJau-
BaHHA. fika KiTBKiCTE TEeNMOTH BEALTHTECA B KOHTYDI 3a yac, NpOTAroM AKOr0
AMILTITYa 3BMEHIIUTHLCA ¥ 2 pasu?

.V KoJMBAJBHOMY KOHTYPI iEgykTuBHicTE KoTymku cradosuts 0,2 TH, a

aMILtiTyaa curu erpymy gopisaioe 40 mA. BuaHAYMTH eHeprio eJJeKTPHYHOTO
NoJaA KOHASHCATOPA i MArHITHOrO NONA KOTYIIKH B TOH MOMEHT, KOJIH MHTTEBE
3HAYEHHHA CHJIH cTpyMy Oye v 2 pasH MeHIIe, HiK aMILIiTyJHe 3HAYeHHA.
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§ 44. ABTOKONMBAHHA

OTpuMaHHs He3aTyxalumMx KonueaHs. 11a He npocra npobiemMa 3HaMmIa
OopuriHaJsHe BHpilneHHA. B pealsHOMY KOHTYpPL SapAIeHHH KOHIEHCATOD
CHIPHYHHIOE BHHUKHEHHA JIAIIE 3ATYXal4YHX KOJHBAHL. ¥ KiHNi Ko:HOro me-
piO,EW KOJIMBaHb 34pAJ HA IJIACTHHAX KOHJeHCATOpPA SMeHIIYEThCH nDpiBHaHO 3
IOYaTKoM nepioay. 3poaymino, sapag abepiraeTscs, aje aMeHIIYETLCH Ha OHA-
KOBY 38 MOJ[yJIEM BeJIHNYAHY NO3HTHBHUM 3apAJ HA OJHIN NJIACTHHI i HeraTHBHHI
Ha Opyriii. ¥ pesyabrari eHepria KOJHBaHbL 3MEHIIYETLCH, OCKIJILKH BOHA IpoO-

2
nopuifiHa KBajgpaty sapany, W, =g—g . ITo6 xosBAHHA He 3aTyXajH, DOTpPibHO
KOMIIEHCYBATH BTPATH eHepril 3a KOKHHM nepioa.

IlonopHIOBATH €Heprild B KOHTYPL MOMHA, MiA3apAlKalOYM KOHIEHCATOD.
IIna msoro nmorpibHO NepiofHYHO BMHKATH KOHTYD V KOJIO JsKepesa IMocTiHHOoI
manpyrH. [Ipu npoMy KOHZEHCATOD Ma€ BMUKATHCA YV KOJIO J)epesa JUIne B Ti
MOMEHTH 4acy, KOJH NPHeIHaHA [0 NO3HTHBHOI'O MOJIOCA JKepeja INIacTHHA
3apsA>KeHa [IO3UTHBHO, a Ta, 0 IPHEJHAHA 10 HEraTHBHOIO II0JII0CA, — HErATHB-
Ho. TineKH 3a Takol YMOBH AKepeso MigsapAaKaTHMe KOHIEHCATOD, MOIOBHIO-
104H Horo eHepriwo. TobTo Axepeio nocTifiHOI HAIPYTH, AKe Bech Yac i egHaHe
[0 KOHJZIEHCATOPA KOHTYDPY, HEe MOMKe MiATPAMYBATH B HBOMY HE3aTyXaKdi KoJu-
BaHHA. AJ’Ke TOJIOBHHY Nepiofy eHepria HAXXOAWTHME Y KOHTYD, 4 B HACTYI-
Hy IOJIOBHHY IIepiofy IOBepTaTHMEThCA 10 M:Kepena. HesaTyxawui KonuBaHHS
BCTAHOBJATHCA B KOHTYDI JIMIIIe 3a YMOBH, 1[0 JKepPeji0 BMHKATHMETLCHA B KOH-
TYp ¥ Ti iHTepBaJn 4acy, koau ne norpibro. Jobpe Gyao 6, AkOH KOHTYp caMm
KepyBaB HAOAXOAKeHHAM eHeprii.

ABTOKONUBanbHi cMucTeMu. N'eHepaTop He3aTyxal4ux eneKTpoMarHir-
HMX KONWBaHb. JKINO CHCTeMa cAMA PeryJjioe HANXOMKeHHS eHeprii B xoium-
BAJbHHH KOHTYP AJd KoMmeHcanii ii BTpaT, TO TaKy CHCTeMY HaSHBAalOTh
A8MOK0AUBALBHON.,

Bupuawun y 10 knaci Mexaniuri KoJMBaHHA,

MH 3’sCYBaJH, L0 O CKJIaay Oyae-AKOl aBTOKO- 3
IHBaJbHOI cucTemu (man. 181), mae Bxoguru: I

1 2
- mxepeno eHeprii, 2 — nepefaBanbHUI NpUCTPiil :’}C_)E}E}Eﬂ:f .
T b

(knanag), 3 — KOJHBAIBHA CHCTEMA.
Poarnapemo npuHOun pili zewepamopa Ha

’ 3BOPOTHHH
mpaH3ucmopt. Hom CKJAJOBHMH YacTHHAMH € 3R’ 30K
KOJIMBAJIBHHH KOHTYp (KoHzeHcaTop eMHictio C
i korymka iHAYKTHBHICTIO L), mxepeno esHeprii, Man. 181. Cxema asTOKONN-
TPAHSUCTOP Ta KOTYIIKA 3B’ A3KY (Main. 182). BaNbHOI CUCTEMM

I3 cxemm BHAOHO, IO KOJHMBAJNBHHHA KOHTYD
3’eJHAHWI IOCHiJOBHO 3 MAKepejioM IOCTifiHOro
CTPYMy i 3 TpaH3HCTOpDOM TakK, IO Ha emitep
nofaEThHCA NMOSMTHBHHHA 3apAj], a Ha KOJEKTOp —
seraruBHui. [IpH nsomMy nepexim emiTep—6asa
(emiTepHuit mepexin) nmpamuit, a mepexin Gasa —
KOJIEKTOP (KOJIeKTOPHMH Iepexifl) BHABIACTECA  Mapn, 182. Cxema reHepartopa
00epHEHHM i CTPYM IO KOJIY HE IPOXONHTE. Ha TPaHaWucTopi




EAEKTPOAKMHANMIK A

Man. 183. Npadikm He3aTyXa4mx
aBTOKONMBaHb

Man. 184. M'padikn konvBaHb y re-
HepaTtopi 3 o6epHeHUM 3BOPOTHUM
3B'A3KOM

o6 y KoJi KOHTYPY BHHHK CTpyM 1
nigsapAIUB KOHJISHCATOP Nijl 4ac KOJHBAHE,
norpifHO HagaTH 6a3l HeraTHBHOI'O BiITHOCHO
eMiTepa noreHmiany, i came B Ti iHTEepBaIH
qacy, B AKi BePXHA ILIACTHHA KOHJIeHCATOPA
3apANKeHa NO3UTHBHO, 8 HH3KHA — HEraTHR-
Ho. B inTepBan uacy, KOJIM BepXHA IJIACTH-
HA KOHJEHCATOpA 3apAlKeHa HeraTHBHO, a
HHKHA IO3HTHBHO, CTPYMY B KOJIL KOHTYDY
He MOBMHHO OyTH. ¥ mei wac 6a3za MyCHThH
MATH NO3UTHBHHH [NOTEHLial BiJHOCHO
emitepa. Omxe, mob KoMmeHCYBATH BTpa-
TH eHeprii KoauBaHb y KOHTYpi, Hampyra
HA eMiTepDHOMY TNepexo/i Mae MepioguYHO
3MiHIOBATH 3HAK Y3roJiKeHO 3 KOJIHBaHHA-
MK Hanpyra Ha KoHTYpi. IloTpi6Hmii, Ak
KayKyTh, 3BOPOTHHH 3B  A30K.

3BOPOTHHH 3B AZ0K Y PO3TIALYBAHOMY
reHeparopi imgykruBHuii. Ilo emirepHoro
nepexony OifBeleHO KOTYIOKY iHAYKTHB-
mictio L,, AKa iHAYKTHBHO 3B’A3aHa 3
KOTYIIKOK KOHTYPY, IO Mae iHIYKTHB-
Hicts L. KosrBaHHA B KOHTYPL BHACIiLOK
eNMeKTpoMAartHiTHol iHAyKOili s0yIXVIOTH
KOJIMBAHHA HATIPYIH HA KIHIAX KOTYIIKH
3B’A3KY 1 THM cCcaMHM HAa eMiTepHOMY
nepexoi. [le npuBoguTS 10 TOrO, 110 CTPYM i,
AKHI NPOXOJUTH IO KOHTYPHIA KOTYIIIi,
iHAVKYE HAa KIHOAX KOTYIIKH 3BOPOTHOTO
aB’sAsKy smiHRy Hanpyry U, (man. 183, a).

Iix piero niel Hanpyrs ejleKTpHYHE

noJie eMiTepHOro Imepexoiy NepiogHvYHO TO
niCHAIETHCA, TO nociabnwersea, a TpaH-
3HCTOP TO BiIKPHBAETLCH, TO 3ANIMPAETLCH.

Y ri inTepBanu uacy, KOJH TpPaH3H-
CTOP BiIKPHTHH, Yepe3d HBOIO MPOXOAATH
iMOyabcH CTPYMy, TPHBAJICTE AKHX 3a-
JeXHUTHL Big pexuMy poboTH TpaH3HCTOpPA
(Man. 183, 6). Yacrora imnynaecis cTpy-
MYy, [0 OPOXOAHTHE [Yepe3d TPaH3HUCTOP,
30iraeTbCAd 3 YACTOTOK KOJHBAHb, HAKIi
BHHHKAKTE B ROHTYpi, i NpHXOJATE BOHH
B KOHTYP V Ti MOMEHTH, KOJH KOHJEHCATOD
KOHTYpPY asapamkaerbca. Tomy iMmyabch
CTPYMY, HI0 IPOXOAATH YepPe3 TPAH3UCTOP,
mig3apAMKannTs KOHAEHCATOpP 1 NOMOBHIO-
0T eHepriio KoHTYpy. Ha man. 183, @6
3aIITPHXO0BaHI IOl NponopiiHi eHeprii,
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AEA HAAXOAHTEH B KOHTYP 38 KOXKeH nepiof KoJuBaHbk. EHeprida, AKa HAIXOIHUTE
BiJ MxKepesia CTPYMY, KOMIIEHCYE BTPATH eHepril y KoHTypi, i KonTHBaHHA He 3a-
TYXA10Th.

Axmo B aBTOreHEpPATOPi KOTYIIKY 3BOPOTHOIO 3B’ A3KY noBepHyTH Ha 180°, To
3 ocuyorpamMu Oyae BHAHO, IO reHepaTop He npamnie. Ile aymMoBiaeHo THM, o
IOBOPOT KOTYINKH 3BOPOTHOrO 3B A3KY Ha 180° npuBoaguTs 10 TOrO, 110 (asa Ko-
JHBaHb 3MiHHOI Hanpyru U, Ha emiTepHOMY nepexozi amiHnaack Ha ©t (Masn. 184,
a) Orke, IMIOyIBCH CTPYMY, IO IPOXOAATH Yepe3 TPAH3UCTOP, HIPHUIALAIOTE HA
Bia’emui niBmepioan koruBans Hanpyru U, Ha KOETYpi (Man. 184, 6). ¥ pasi npo-
XOMKEeHHA TAKOIO iMOyJbCcy Yepe3 KOHTYD poboTa eeKTPHYHOIO CTPyMy Oyae
Bin'emuo0. Ile 03HAYAE, [0 BOHHU He JIUIIEe He MONOBHIOITH eHEPriio KOHTYDY, a,
HABNAKH, 3MeHITYI0Th 1i. ToMy po3pisHsAOTE TpAMMI Ta 06epHeHHI 3BOPOTHHIA
3B’AB0K.

HAxmo y aBToreHepaTopi mocTymoBo 30GinbInyBaTH BiAcTAHL MiM KOTyII-
KOK 3BOPOTHOrO 8B'A3KY I KOHTYDHOKW KOTYIIKOK, AMILITYA4 aBTOKOJH-
BAHb 3MEHINYETbCA. I 3 NOCATHEHHAM JeAKol BificTaHi Mid KOTYIIKAMH KO-
JUBaHHA npunuHAKThECA. e osHavae, mo 3a crabkoro 3BOPOTHOTO 3B AZKY
eHepris, o HAAXOAUTE ¥ KOHTYD 34 KOMKeH IiBnepiol, MeHIIa 34 eHepriio, AKa
BTPavyaeThCs.

OTxe, 118 3BOPOTHOTO 3B’ A3KY MAKOTh BHKOHYBATHCE TEBHI YMOBH.

Ilo-nepme, HANpPYTa HA eMITEPHOMY MTepexoli MOBMHHA 3MiHIOBATHCH CHH(pA3-
HO 3 HANpyroio Ha KoHTypi. Ile dazosa ymoBa camoabyaKeHHs reHepaTopa.

Ilo-gpyre, aBopoTHHIl 3B'A30K Maec 3a0e3NeYdTH HAAXOMMKEHHA Yy KOHTYD
TaKol KineKocCTi eHeprii, AKka NoBHicTIO KoMOeHcye HeobOpOTHL BTpaTH eHeprii.
ITe ammiTynHa yMOBa camMo30yIKeHHA.

3a JOMOMOroK ABTOKOJMHBAJILHUX CHCTEM MOXKHA OJEpPyKYBATH He3aTYXAKdi
eleKTPOMAarHiTHI KOJIMBAHHA B INHPOKOMY AianasoHi wacror. HusskouacroTHi
KOJIABAHHA OJepPiKYIOTh IpH 0o0epTaHHI paMOK 3 IPOBIZHHKIE B OSHOPiAHHX
MAar"giTHHX noaax (3MiHHHH CTpYM HH3BKOI YAaCTOTH), KOJIMBAHHA BHCOKOI u4a-
cToTH H0OyBaOThH 3a JONOMOr0K iHIINX MPHCTPOiB, HATPUKJIAJ] 348 JOMOMOTO0H0
reHepaToOpa Ha TPAH3HUCTOPI.

DaiTe Bignoeigi Ha 3anuTaHHsA
1. Yum BIOPI3HAOTLCA ABTOKONMBAHHSA Bif BUMYLLEHWX | BiNbHUX KONWBAHL?
2. Ha3sBiTb OCHOBHI €NeMeHTW aBTOKONWBANLHOI CUCTEMM.
3. flka ponb TPaAH3MCTOPA B reHepauji aBTOKONMBaHL?

§ 45. YTBOPEHHS i NOMPEHHS eNneKkTPoOMarHiTHux
XBUNb

FNnoTeaa Makceenna i gocnigu Nepua. [x. MakcBes noxasas, o eneK-
TPOMATHITHE IoJie ¥ BAKYYMi MOKe iCHYBATH 1 3a BiICYTHOCTi mKepes cTPYMiB
Ta sapAxiB. 3rimHO 3 Teopicw Maxcpeina Oyab-AKi 3MiHHM MarsiTHoro moJas
OPHBOJATH [0 BUHHKHEHHA BUXPOBOTO EJeKTPUYHOIo mojd. Byas-ari aminwm
eJNeKTPUYHOIO MMOJA CYNPOROMMKYIOTECA BHHHKHEHHAM BHXPOBOTO MArHITHOTO
noasa. Oree, y BCbOMY IPOCTOPi, e 3MIHIOIOThLCA II0JIfA, OAHOYACHO ICHYIOTE BH-
XDOBi eJIEKTPU4YHI i MATHITHI oA, AKI B3aEMHO MOPOMKYIOThH i NiATPUMYIOTE
OflHE OJJHOTO. ¥ ILOMY BHIAAKY [10JI€ MATHME BUTIA XBHIII, KA MOMIHPIOETHCA
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3i meuakicrio 3:10° m/c. Ilpn usomy
BEKTOP HANPYKEHOCTL eJeKTPHYHOro
IOJIA TA BeKTOp iHAYVKUii mMaraiTHOrO
TOJA NepHeHAHKYJIAPHI OMHH A0 OHO-
T0 Ta NepHeHAWUKYIAPHI N0 HAIPAM-
Ky DomupeHHsA XBuUai. Takum uuHOM,
3rifgHo 3 rimoTeso MakcBena MalTh
iCHYBaTH eJIEKTPOMArHITHI XBHi, AKL
Ha Bigminy Big MexaHiuYHHX XBHJIE (110-
HIApeHHA AKHX BiI0yBaeTLCA TINIEKH ¥
OpPY:XKHOMY CepefOBHINi), MOKYTE IO~
IMUAPIOBATHCE AK YV PEYOBMHi, Tak i y
BaKyyMi.
Agne cam [I:x. MakcBes1 He JJOKHB
Man. 185. YcTaHoBka l'epua 3 oTpUMaHHs i JO0 TOro 4acy, KOJM iCHYBaHHSH eJleK-
peecTpauji enekTPOMAarHiTHUX XBUnb TPOMArHiTHAX XBHJb OyJio migTBep-
Joxeno. Jlume ugepes 10 poxis micas
ioro cmepTi HiMmenbKmii disuk I'. T'epr (1857-1894) eKcriepMMeHTATBHO BHABHE
eJleKTPOMArHiTHI XxBuiIi. 3rigHo 3 rinoTe300 MakcBeLa eJJeKTPOMAarHiTHI KOJIH-
BaHHSA 3aBXK/IH NOBUHHI CTBOPIOBATH eeKTpoMATrHiTHI xBrai. OnHaK caM no cobi
KOJWBAJBbHHUN KOHTYD He BHNIPOMIiHIOE eJIeKTPOMATrHITHL xBrji. Y HeoMy BifOy-
BAIOTHCA [EPETBOPEHHSA €HEepril eJIeKTPHYHOTO NMOJA KOHAeHCATOPA B MATHITHE
1oJyie KOTYIIKH 1 BUTpAT eHeprii Ha yTBOpPeHHA XBHJIL NPAKTHYHO Hemae. Tomy
TAKHH KOJMHUBAJLHUE KOHTYD I HASHBAIOTE 3AKPUMUM.

IITo6 apobyTu enexTpomarHiTHi xBmiai, I'. Tepn 3anponoHYBAB BHKODPHCTO-
BYBATH Tak 3BaHHil dunoav (Man. 185), Akuit me HASMBAIOTL GidKpPUMUM
KOJIUBANBHUM KOHmMYypoM. JIMIONE CKJIAZABCA 3 JBOX MIJHHX CTEePMHIB, AKL
3aKiHYYBAJHCh MAJTEHEKMMHE JATYHHHME KyJsKaMu. Ha npoTHaesKENX KiHIAX
ix 6ynm mamitTi nuHKOBI cdepHuHi KOBIAYKH, NepeMiINeHHAM AKHX MOMKHA
3MIiHIOBATH €MHICTE TA IHAVKTHBHICTE KOHTYPY. MixK MalleHEKMMH KYJILKaAMH
3ajIMINABCA He3HAYHHMN NOBITPAHMH NPOMiMKOK.

Ho migunx crepaxuis 6ing xyabox 6yno TpHeIHAHO OOMOTKH KOTYIIKH, AKa
Oynaa’enHaHa 3 JKepesOM JKHBJICHHA, ¥ Pe3yJbTAaTi 40ro Ha CTEePKHI HOJaBaJIACH
BHCOKAa HANPYTra OKpeMUMH iMoyabcaMu. [IpH niboMy MiK CTEDKHAMHM Nepioguy-
HO BHHHKaB ickpoBmii poapan. (Ha Toit yac ysxe 6y10 HoBegeHO KOJHMBAJILHHH
XapakTep eJleKTpUYHOL icKpH.)

Illo6 peecrpyBatu Bunpomideni xBuai, I'epn, BHKOpHMCTAB pe3oHamop —
npHCcTpii, mogibHEWH Ko BHNpOMiHIOKYOro gumoias. PesoHarop sBjase coboio
He3aMKHeHe KijJble 3 TaTYHHUMH KYJIbKaM# Ha KiHIAX | He3HAYHMM NOBITPAHHM
npomiskom Mixk HumH. Hassa «pesonarop» Binbusae Toi daxr, mo, SMiHIOIOYH
po3MipH Ta TOJIOMKEHHA PeSOHATOPA, MOMHA HAJAIITYBATH HOr0 HA YACTOTY
KOJHBAHE BHIIPOMiHIOOYOr0o KOHTYDY. [HIIMMH CJIOBAMH, KOJHBAJIbHHN KOHTYD
Ta Pe30HATOP NPANKIOTE ¥ PEXKHMI Pe30HAHCY: II0Pas3y, KOJH Y KOJIHBAILHOMY
KOHTYpi BigOypaBcsa ickpoBui#l pospAzn, MiM KyJIbKaMH pPe30oHATOpA TAaKOMK
npobirana ickpa.

Y TBOpeHHA iCKPH CBiIYHMTH PO Te, 110 B IPOCTOPi MixK ABOMA CHCTEMAaMH Bif-
OyBaeThbCcA Ipolec, 0B’ ASAHUN 3 mepegaBaHHAM eHepril. ¥V moJajbllIdX eKcIe-
pumenTax I'epi; BecTaHOBHMB, IO IeH OPOLEC MAE BJIACTHBOCTI XBHJILOBOIO PYXY.
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Tepn criocTepirae BiIGUTTA il 3aTOMIIEHHA XBUJIb, ABHINA iHTepdepennii, aud-
paxriii Ta noaAapusanii (3 HUEMH ABMINAMY MH IeTalbHiIe 03HAHOMHMOCE ITiJ Yac
BHBUYEHHH CBITIOBUX XBUJb). ['epl; 3yMiB BUMiDATH JOBKHHY eJIeKTPOMATHITHOL
XBHIi Ta, OOUMCIHBIIN BIACHY YACTOTY €MeKTPOMATHITHHX KOJHBAHEL KOHTYDY,
BH3HAYMEB IIBMAKICTH NOINMPEHHA XBUIL 3a opMynow v = Av. Buasumnocs, mo
BOHA JTOPiBHIOE 3-10° M/c (Ha Toi# yac 6yso Bigomo, 110 8 TAKOK MIBHAKICTIO IO-
HIXPIOETHCA CBIiTIO).

Hocaigu Iepua 6aucKkyde migTBepANIH TeopeTH4HI nepenbauenua Makcpen-
na, AKUA 6yB riuboKo NepeKoHAHMI ¥ TOMY, IO eJeKTPOMArHITHI XBrIl icHY-
0Th PeabHO.

@ Fenepauis enekrpomarnitHux xemns. Cripobyemo sikicHO oxapakTepu-
3YBATH TPOIEC YTBOPEHHA eJeKTpoMarHiTHOI xBuiai. PosriAaHemMo AUnoas, 1o
CKJIafae€TheA 3 JBOX NPOBiAHUX cTep:kHIB (Man. 186) i migkmwouennii 1o Axepena
smirHOro crpymy. Mas. 186, a Bignopizae MOMeHTY, KOJH JHIONE IIOHHO mix-
RIOYHIH 10 JxKepesa. EleKTpUYHNEA CTPYM CTBOPIE MArHiTHe moJie, CHJIOB] Ji-
Hil iEgyknil MargiTHOTO moJiA 3aMKHEHI i OXONJIOIOTH CTEPXKHI — cOpaBa Bifj
CTEepIKHIB BeKTOD iHAYKIil HanpasJeHo Bijg Hac @ , a ayipa Bijf cTrep!kHIB — Ha HaC
© (Ha mamoHEKY He nokazano). EPC rereparopa npoxoguTs 4epe3 MAaKCHMYM Ta
HOYMHAE 3MEHIIYBATHCH; CTPYM 3MiHIOE HAUPAM i Horo MarHiTHe moje TaKoMX
aminoe HanpaM. OcKiIbKH HAIPAM HOBHMX IIOJIiB IPOTHIIEKHAH [T0TepefHEOMY,
TO CHJIOBI TiHil MOJiB 3aMUKAKTHECA, YTBOPIIOYH 3aMKHeHi KOHTYyp: MaJ. 186, 0.
YrBOpene panime mone He 3HUKAE — BOHO MOIIMPIOEThCA B mpocTopi. I arogom
KapTHHA CUJIOBHX JiHIA MaTuMe BUIIAL, s00pasmennii Ha may. 186, 6. Ockinekn

Man. 186. Mpouec yTBOPEHHA eNeKTPoOMarHiTHOI XBuni



ENEKTPDAWMHAMIKA,

[AHIIOJb HE € TOYKOBHM [?KEpeJIOM, TO IOJA NOMIMPIOITLCA Y IpocTOpi B 00uaBa
foku, BiianfAYUCh B HAIPAMKY, [IePIeHAHKYJIAPHOMY A0 HOro oci, a B3JI0BK
oci [unmoJia BUOpOMiHIOBAaHHA Hemae (mai. 186, 2).

3 POSrJIAHYTOro NPHKJAAY MOMHA 3pOOHTH BUCHOBOK, 110 eAeKMpoMAzHimHi
X6u.li — e ABHINe NONIHPEHHA B IPOCTOPi €IeKTPOMATHITHHX KOJHBAHb, TOOTO
B32€MOINOB’ A3aHUX KOJHBAHB €JEKTPHYHOrO i MArHITHOTO MOJIB, AK1 ABIAITE
cob00 €uHe eNeKTPOMATHITHE noje. Y doginvHiil mouyi eexmopu E i B a3a-
EMHO nepnenduKyIApHi ma nepneHdurKysapri 00 HANPAMKY NOULUPEHHA.

OCKiNbKH eJIeKTPOMATHITHI XBHJIl FeHepYIOThCH eJIeKTPHUYHHM CTPYMOM, TOO-
TO 3apAMMKEHHMH YACTHHKAMH, IO PYXAIThCA 3 MIPHUCKOPEHHAM, TO MPABHJIb-
HUM Oyfie i saranbHe TBePIAKeHHA: eqexmpuinuil sapad nid vac npucmopenozo
PYxy € dxcepenom eieKmpomMazHimHUX X6Ulb.

Haiite Bignoeini Ha 3anvTanHsA

1. ¥ 4omy cyTe rinoteawn Makceenna?

2. HYomy 3BMHARHWIA (3aKPUTHMIA) KONMBANLHWIA KOHTYD HE MOXHA BUKOPWUCTATK NS BU-
NPOMIHIOBAHHA | peecTpaujil eNeKTPOMArHiTHUX XBUNb?

3. NMoACHITL MEXaHI3M YTBOPEHHA BNeKTPOMAarHiTHOT XBWUI.

§ 46. XapakTepucTvuku eneKTpoMarHiTHUX XBulb

XapakTepucTMKu XBunLoBoro pyxy. ¥ 10 knaci, Bupyaioun Mexaniuni xsu-
JIi, MM O3HAMOMMJINCE 3 AEAKHMH XapaKTepHCTHKAMH XBHJALOBoOro pyxy. Ilpn-
rajgaemMo ix.

T'eomeTpHuHe Micle TOYOK, [0 AKUX Ha MEBHHUI MOMEHT 4Yacy AiHILIH KO-
BaHH#A, HABUBAKTL (PPoHmMoM xéuti. PPOHT XBUII, IO CTBOPIETHCA TOYKOBHM
JKepesoM, Mae chepuuny Gopmy, a (PpoHT XBHJII, IO NOMHPKETLCA BiJ ILI0C-
Koro JiriitHOrO Mykepena — npama ninis (man. 187). '

HanpsaM nomupeHHA XBHII HA3HBAOTEL npomerem. [Ipo-
MiHB HepOeHIHKYJIAPDHAHN 10 GpoHTY XBHII.
IIpy:xHa MexaHiYHA XBHIIA MOjie Oy TH nonepeyHow, AKILo
YACTHHKHY CepelOBHIIA KOJIHBAKTECA Y INIOUIWHAX, IepIeH-
9 AUKYIAPHHUX A0 HANPAMKY DomMUpeHHA XBHIi. [TozdoexHa
X8UJA YTBOPIOETECA, AKIIO KOJITHBAHHA YACTHHOK cepeJOBH-
1ra BinOyBaOTLECHA ¥ HAIPAMKY IOIIHPEHHA XBHII.

Hoexcuna x6uni — me BiACTaHB, HA AKY MOMINPIOETHCH
XBHJIA NPOTATOM OJHOI'C Nepiogy KoJHBaHb, A = vT, TyT U
— IIBHAKiCTL nomupesHEa xBuii, T — nepios KoOJHBaHE Ie-
peaa XBHIi.

Touku ceperoBHINA, AKI JIeKATE OLHA Big ogHOI Ha Bijg-
| cTaHi, 10 JOPiBHIOE NOBKHUHI XBHJI1, KOMHBAIOTECH B OJHA-

| KOBHX (hasax.
' Vei ni moHATTA 3acTOCOBHL 1 AJA eJeKTPOMATHITHHX
XBHIIb.
LeuakKicTe NOWMPEHHS eNeKTPOMArHiTHUX XBWib.
Man. 187, Ccpepm- E..J'IER‘T[}OM:B.I‘HiTHi !.{BH.J'Ii € NOnepevHuUMU XGULAMU, aJe Ha
HU T2 NNOCKM BiAMiHY BiJl MEXaHIYHMX XBHJIb Yy HUX BiIGyBaOTHCA KOJH-
DPOHTK XBUNL BaHHA MOJiB, a He pedoBuHH. KonuBarusa sexkropis E i B

” ._“'-‘S-_:.
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Man. 188, CxemaTtnuHe 306paxeHHs NNOCKONONAPW30BAHOI 8NeKTPOMarHiTHOI XBUA|

y Oyab-akiil Touni sbiraloThed 3a daso. OcKiNbKH BiicTaHbs MiX XBOMA HaM-
BAMUYMMH TOUKAMH, B AKMX KOJMBAHHA Big0yBalOThCA B OQHAKOBHX (dasax, —
e JOBIKWUHA XBUJI A, TO # Yy TOYKaX MPOCTOPY, AKi posTamoBani oaHa Bix ogHOL
Ha BiJicTaHi, 1[0 JOPiBHIOE LLIOMY YHCIY AOBXUH XBHJIb, BeKTODH E i B roan-
BAIOTHLCA B OJHAKOBHX (haszax. XBuiro, BekTopH £ i B Axkol TpuBaauii uac saim-
1Ial0ThECA B OJHil IIOMWHI, HABWBAIOTE NJA0CKONOJLADUI0EAHOI0,

[euakicrs nowmpeHas Gasu KoJIMBaHb HA3UBAIOTH Pa 306010 Weudkicmio v.

IIsa B3aeMHO IepNeHAHKYIAPHI BekTopu E i B, ¥ CBOIO 4epry, HepunesguKy-
nApHi Ko BeKTOpa mBUAKOCTI U (Mas. 188).

¥V cBoiX TeopeTHUHHMX pospaxyHKax MakcBeJsa moKasas, L0 eJIeKTPOMAarHiT-
HA XBUJIA MA€ MOIIHMPIOBATHCH ¥ CEPENOBHIINI 31 MIBHAKICTIO, AKA BU3HAYAETHCHA

1 . F : ;
dopmyon L’:ﬁ’ ge € 1 p — gieseKTpuYHA Ta MarHiTHa NPOHHMKHOCTL
MoEoHE

PEeYOBMHM, £, Ta |, — €JIeKTPUYHA i MardiTHa cTaii.
IIna pakyymy €=Uu=1, ToMy mBHAKiCTH NMOMUpEHHA €NeKTPOMATHITHHX

1 __3.10° M/c.
v Eokp

3 nopiBHAHHEA QopMya U= # TA C= ; OTPHEMAEMO S JETJ. .
VHoEoHE vEoHo v

XBHJB Y BAKYYMI ¢ =

HITHWUX XBUNb Y Bakyymi Binblua, HiX y NeBHOMY CEpefoBuLli, Ha3ueawTs ab-

$ BenuuuHy, sika nokasye, y CKinbki pasis WBWAKICTE NOLWMPEHHA enekTpomar-
c
I COJTIOTHHM NOKa3HMKOM 3anMoM/IeHHA UbOro cepeaoBnla, n=—= \;'Eil .
v



EAEKTPDODAWNHANIKA

3a3HAYMMO, 0 AieIeKTPUUYHA NPOHUKHICTE CepeloBHINA £ Y Mil hopMyi He
a0iraeThes 3 JieJeKTPHYHOK NIPOHUKHICTIO TOT0 CAMOTO CepeIOBUINA IJIA BUIIa-
KY enewrpoc'ra'rﬁquoi B3a€EMOJil, OCKLIBKH € 3aJIe3KHTh BiJl YaCTOTH KOJIMBAHB.
OpHak € saBKAu OLAbINA 3a OAHMHMIIO, A | AJA JieJeKTPUKIB, B AKHX MOMYTh
NOIMHPIOBATHCE €JIEKTPOMArHITHI XBHJII, IPAKTHYHO MOXHA BBAXKATH TAKHM,
mo gopisHioe oguHHAILL. ToMy y 6y Ab-AKOMY cepefoBHLIL IIBHAKICTS HIOIIHPEHHS
eJIeKTPOMArHiTHHX XBHJIb MeHIIA, HijK ¥y BaAKyyMi, ToOTO n 3aBKIH OLIBLIIHE 3a
OMUHHIIIO,

Haranaemo, mo nid wac nepexody 3 0dHozo cepedosuuia 6 iHuie vacmoma Ko-
NUBAHD HE 3MIHIOEMBCA, @ JOBNCUHA XBUNL IMIHIOEMBCA.

3a A0BKUHOIO XBUJI A a60 1aCTOTOKW KOMMBaHL (V) MKl AianasoHy eJeKTpo-
margiTHHX xBuab Big 10" M (3:107 I'm) go 107" ™ (3-10'° I'm). Ileit gianason
BMimye pagioxsuii, indpauepBoHe, BUAUMe, VibTpationeTrose, peHTreHiBChKe
Ta raMa-BHIPOMiHIOBAHHA,

e PisHAaHHA xBuni. Busenemo pisnanna xeuai. Hexait y neaxii rouni O Ha-
OPYXKeHIiCTh eNeKTPHMYHOr0 MOJA 3MIHIOETBCHA 3a TAPMOHIYHHMM 3aKOHOM,
E = E_sinwt. OcKiJbKHM eJIeKTPOMATrHITHA XBUJIA NOMMPIETHCA 18 CKIHUEHHOH0
MBHAKICTIO, TO ¥ APYTii Touni, BignaneHnii Big nepimol Ha BigcTaHe X, TAKOK BH-

& . . x =
HHKHYTE FADMOHIYH]1 KOJITHBAHHA, MIpPOTe 13 3alll3HEHHAM At=—. 3aKoH 3MiHHK
v

HANPYKEHOCTi eJNeKTPOMATHITHOIO HOAA Y ApPyridf Todmi MaTHMe BHIJISAL

E=E_ sino(t-At)=E, sinw(t-—). Ile i € piBHAHHA NI0CKOI CHHYCOIAANLHOI
v

eJeKTPOMATHITHOI XBHJII.

. . i x x
PipuanHA xBuni sanucylors i Tak: E=E sm(mt—m;) , abo, BpaxoByioumn,

mo w=2nv i 1.=£\:—,Ta£c: E=Ems‘1n(mt—2nTx).

OckiNBKM MAKCHMYMH HAIPY3KEHOCTL eJeKTPHYHOrO MOoJS Oig yac momM-
PeHHA eJeKTPOMarHiTHOI XBMJIi 30irawThcd 3 MAKCHMYMAMHM iHAYKIII Marsir-
HOT'O II0J1A, PIBHAHHEA KOJHBAHE IHAYKIII] MATHITHOrO I0JIA MAKOTE AHAJOTIYHHHR

BuraaAn, B=B, sinwt , a Ha Bigcrani x Big miei Toukn B= B, sinw(f-—).
v
] 3 x
Y BUDAjKy, KOJM XBHUJIA NOMIMPIOETHCA y Bakyymi, E=E, sinw(t——) Ta
c

B=B, sino(t->).
c

EHepria enexrpomarHiTHOi xeuni. Bunpomineni enexrpomarnitai xBmui
HecyTs i3 coGoro eneprito. I1a enepria ckiagaeTsea 3 eHeprii erextpaanoro W, i
marsiTHoro W monis. Ockineku B etekTpomarsiTHi# xBuii BigbyeatoTbea Baa-
€MHI MepeTBOpPeHHSA eJeKTPUYHOr0 T4 MATHITHOTO IOJiB, TO SriHO 3 3AKOHOM
abepexxeHHA i nepeTsopeHHsa eneprii W, =W .
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Bupasumo eHepriwo enektpuaHoro moaa W, =

Yyepes mapaMeTpH IIOCKOro

EgES L : oL TR )
roHfieHcaropa C = “T . OcKiBKH pizHMIA OTeHIiaMIB Mixk oOknangkamu U = Ed,

g,6SE*d”  g,eE” S geE?
2d 2 2

Moginusmm ocranH© hopmyay Ha 06’em V, salfiHaTH eleKTPHYHUM IIOJIEM,
IicraHeMO eHepriio, AKa MPUNAJAE HA OAWHHI0 06’emMy, ToOTO rycTUHY eHeprii

maemo W, = V , ne V —o0b’eM KOHAEHCATODA.

1 ;
eeKTPUYHOTO HoJId W, = EsceEz . Ila dopMyna cnpaBi:KyeTsCH 1 AJA BHIAAKY

BMIHHHMX eJIeKTPUYHHX IOMIiB.
Amnayoriuro mepeTBopEMO (QOpMYJYy JsA eHepril margiteOoro moJsd. Iligcra-
L _ _ 7 N*S
BHBIIH V hopmyny W, = —2~ BHpAa3 JUIA iIEAYKTHBHOCTI coeHoiga L= Lliiof

Bl
T4 BUPA3HBIIK CHJIY CTPYMY Yepes IHAYKILil0 MATHITHOTO mOJA I= H-!J-_N , OTPH-
0
BSI
Hig
w, B®

w,=—"= . Ileit Bupas npaBUILHKHN He TIILKH A8 OXHOPiAHOIO NOJA, 8 |

Vo 2up,
1A JOBiIBHMX 3BMiHHMX MArfiTHUX IOJIB,
I'yverura eHeprii enekTpoMarHiTHOI XBMJIL CHJIANAEeTBCA 3 I'YCTHHH eHeprii
eJIeKTPUYHOTO TA MATHITHOrO MOJIB, i B HeBHiH TOYIi DpOCTOPY AOPiBHIOE
£,EE® P B?
2 2upe
V Baxkyymi 06’eMHi rycTHHHE eJIeKTPHYHOI TA MArHiTHOI eHeprii piBHI Mix co-
BE I g
=a . 3 miei dopMyJH BHILIMBAE, 110 B

eJeKTPOMATHITHIN XBHJII HANDPYKEHICTs TA MarHiTHa iHAYKIiA NoB’A3aHi mpo-

maemo W, = . Ockineku SI = V — o6’em conenoiga, TO I'yCTHHA eHeprii

6o w=0,+0, =20, =20, , abo

—_— E : i
CTHM CII1BB1AHOIIEHHAM E =cC, e ¢ - IIBHAKICTE IOIIHPeHHA eIeKTPOMAarHiT-

HHUX XBHJIb ¥ BAKYYMI.

IMopiBHAEMO CHJIH, 3 AKUMH Ji10Th HA IeKTPUYHHAR 3apAL ¢, KU PYXaeTs-
¢ 3i mBUAkicTio v, enekTpuuna F, =gE Ta marritaa F, = quB ckJaajoBi XBHII:
¥, g E

E, gqBv Bv
KicTk ¢ HaGaraTto 6isibina 3a IBUAKICTL DYXY 3apany (¢ > v), Toi F, > F,. Tobro
Jif HA eNIeKTPHYHI 3apAAH eIeKTPHYHOI CKJIA0BOI NOJIA XBHJL 3HAYHO CHJIBHI-

ma Bif aii ii MmarsiTHOI cKIagoBOI.

E e e f
. Bpaxosywoun, mo §= ¢, orpuMyeMo —=— ., OckinbKu IBHI-
M
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OckinbKku, Ak MH 3'sCYBaJH, €JeKTPOMATHITHI XBHJL IepeHOCATH eHeprilo,
TO Mijl Yac MOIIMPeHHA XBUJIL BUHUKAE nomik eaexmpomaznimuoi enepeii. Pos-
PaxyeMo 2YCMuHy nOMoOKY eleKmpomazHimuozo sunpomirnoearnua. Jlna mporo
BHJALIMMO ILIOMIAAKY S, NepneHJUKYIAPHY A0 HAUPAMKY MOIIMPEHHS XBHJIL
(mas. 188). 3a uac t uepes naomIaAKY npoiige enepria W,

o BigHoweHHa enekTpomarHiTHOI eHeprii AW, wo npoxoauTh 3a 4ac At yepes

’ nepneHauKyNapHy A0 NPOMEHIB NOBEPXHIO nnoweio S, ao no6yTky nnoii S Ha
Yac At Ha3nBalOTL NYCTHHOIO NOTOKY eNeKTPOMarHiTHOro BUNPoMiHIOBaHHSA
i AW

T SAt

DakTHYHO e NOMYH*HICMb eTeKTPOMATHITHOTO BHIIPOMIHIOBAHHA (eHepris
3a OMHHMILIO Yacy), 1[0 IPOXOJAHTE Yepe3 OHHHIII0 IJIOIi MOBePXHi.

OpuENLIA rYCTHHA NOTOKY BunpomiHioBasHA B CI — BaT Ha MeTp y KBajparTi,
[I]1=1Br/M°.

IHOAI 10 BeIMUHHY HABHBAIOTE iHMEHCUBHICM IO XBUII.

CnopobyiiTe camocTiiiHO JOBECTH, IO TYCTHHA NOTOKY BHIPOMIHIOBAHHSA JI0-
piBHIOE HOOYTKY I'YCTHHH eJleKTpoMarHiTHol eHeprii Ha mBuaKicTs 11 momupes-
HA, [ =Wc.

Ille ogHa BasKAWBA BJACTHBICTH €JeKTPOMATHITHUX XBHJBL., OCKiNIBKH eflek-
TPOMATHITHI XBHJII BUIPOMiHIOOTECA BHACTIJOK IPHCKOPEHOT0 PYXY YACTHHOK,
TO HANPYKeHiCTh eJIeKTPAYHOIO MOJA 1 Mar"HiTHa iHAYKOiA nDponopuiiHi mpH-
CKOPEHHIO BUIIPOMIHIOIOUMX YaCTHHOK. SIK BifloMO, [IJIf rapMOHIYHHX KOJHBAHB
IMIPHUCKOPeHHA NPOoNopIiiiiHe KBagpaTy 4acToTH. ToMy HanpyKeHICTE eJleKTPHY-
HOTO NoJif i MarHiTHa iHAYKIiA Tako nponopuiitni kBagpaty uvacrotu, E ~ v
ta B~Vv?. V¥ cBoio Yepry, TyCTHHA eHeprii eJIeKTPOMATrHITHOT'O MOJA IPOMOPIiH-
Ha KBafpaTy HampykeHocti, ® ~ E* (a6o KBajapary inayknii MmargiTHoro moJi,
®~ B?). BignoBizHo iHTEeHCHBHICTD eJIEKTPOMATHITHOT XBUJIi (I'YCTHHA TOTOKY
BHNPOMiHIOBAHHA) ImponopliiiHa yacToTi y yeTBeproMy cremeni, I ~v*'. 3 upo-
ro BHIJHBAE Take. SKINO MM XOYEeMO OTPMMATH TMOLIUDPEHHS eJeKTPOMATHIT-
HUX XBHJIb HA BeJIMKY BiICTaHB, IIA XBUJIA NOBMHHA OYyTH BeJIMKOI eHeprii (amxe
eHeprid XBUJIi NOMIUPIOEThCA ¥ Bei 6oKH, posciwiouncs). Cepes yeix napamerpis,
BiJl AKUX 3a/IeKUTh eHepria xBuii, HalledekTuBHime 36inbmyBaTH i yacToTy.
(36inpmHBIIN YacTOTy B 2 pasu, 30iAbIIHMO I'YCTHHY IOTOKY BHIPOMIHIOBAHHA
v 16 pazis.) Tomy B aHTeHaXx pagiocTaHuii 30VIKYIOTHCA KOTHBAHHA BUCOKHX
YACTOT — BiJ AECATKIB THCAY 10 HecATKIE MiibiOHIB repm. 3po3ymMiio, mo aMiaHI
cTpyMH npoMucioBoi yactord 50 ' mpakTHYHO He BHIIPOMIiHIOKOTE.

J‘:;.«' LaiTe Bignoeiai Ha 3anuTaHHs
1. Hasepite npuknagw, WO NIATBEPAXYIOTE HAABHICTE EHEpPrii B eNeKTPOMAarHiTHoMy

noni.

2. Big Akux BENWYMH 3aNeXUTk MNYCTMHA EHepril eNeKTPOMarHiTHo! xerni? MycTuHa no-
TOKY BUNPOMIHIOBAHHA?

3. MpuckopeHrHa pyxy 3apaay a6inbwmnoca B 11 pas. Ak 3MIHWTLCA HANPYXEHICTL enek-
TPUYHOMO NOAS BUNPOMIHIOBAHWX XBUNb?

4. 3a He3MiHHOT aMNNiTYAM KONMBaHL YAcTOTa KOJIMBaHbL enekTpoHa 36inswunace B N
pa3s. Hk ue 3MiHWUTb IHTEHCUBHICTE BUNPOMIHIOBAHHA XBWNb i IX XapakTepucTukn?
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§ 47. BnacTnBOCTI eneKTpoMarHiTHUX Xeunb

Hocnian 3 enexTpomarHiTHumu xsunamu. MpuHuwn MNoirexca. 3’acye-
MO, AK XBHJIBLOBA TeOPif NOACHIOE NepeMimeHHsA PpoHTY XBHIII B npocTopi. IIpu-
OYCTHMO, L0 B AeSKHI MOMeHT 4acy GpoHT cepHuHOI XBHIIi, AKA NONIHPIOETH-
ca 3 roukn O, saiimae nonosxenHa I (man. 189). Yepes neaxuil inTepsan gacy
(ponT 3aiime mono:xenusa II. [lepemimenas ¢GpoHTY XBHII B IpocTOpi MOXHA
MOSACHUTH 3a MPHHIHANOM, chopmynsoranuM X.['witrescom y 1678 p.

KoxxHa Touka dpoHTY XBHJL | € IEHTPOM BHIPOMiHIOBAHHA BTOPHHHHX eJie-
MeHTapHHUX xBHab 1,2,3,4,..., a noeepxH4A [], Aka € 00BigHOIO N0 HAX, Yepes dac
At mae HOBe MoJioKeHHA QpoHTY XBHi (Man. 189).

Hanpsamor nepemiuieEHA ¢poHTY XBUai (MpoMiHB) HA MaJIOHKY IOKAa3aHO
cTpinkon AB. Yum pani Bia Toukn O nepemimyeTscs (DPOHT XBHJIL, THM MeH-
1010 CTAE KPHBH3HA iioro noBepxHi B okoai Touku B. Tomy Ha Benukiil Bigcrani
BLI JpKepeJia CBiT/IA MAJIEHbKY TiNAHKY cepruHOro GpoHTY XBHII HA IPAKTHIL
MOJKHA BBa’KaTH ILIOCKOI0, a IPOMeHi nmapajeJbHIMH.

IIle T'. Tepuem 6ya0 IpoBeAeHO PAA AOCHLLIB 3 BHBYEHHS BJACTHBOCTEll
e1eKTPOMATHITHHX XBHIb. [ mpoBeeHHA MOAi6HUX MOCHiKeHb, BAKOPHCTO-
" BYIOTB reHepaTop i mpuiiMa4 eJeKTPOMArHITHHX XBHJb, II0 MAIOThL cHenianbHi
PYIIOpHi aHTeHHU A 3a6e3neueHHA HAPAMJIEHOTO BUNIPOMiHIOBaHHA 1 npuitoMy
xBuab (Mas. 190). IHEAHKaTOPOM NPpHAOMY XBHJIb CAYTYE BOJIBTMETD.

Ao mixk pynopaMu reHeparopa Ta npHiiMada, AKi HaJaldTOBAHI Ha 9iTKe
mepefaBaHHA 1 NpUiloM eJeKTPOMArHiTHOTO CHIHAJNY, MOMICTHTH MNJIACTHHY
3 JieeKTPHKA, CIOCTEPIraTHMeThCH 3MeHIIEeHHA iHTEHCHBHOCTI OPHHHATO-
ro curaany. fIkmo 3aMiHEMTH JieleKTPHK MeTaJIeBOH ILUIACTHHOK, TO IPHHOM
XBHJIb B3araji npunuHuThes. Ile cBiguuTh Opo Te, mo XBAIL @idbusaromuea
NPOBLIHNKOM.

Kyt Bif0nBaHHA @IEKTPOMATHITHUX XBHJIb, AK i XBHJIb OyAb-AK01 iHIIOI IpHpO-
I, ZOPiBHIOE KYTOBi HagiHEA. ¥ IBOMY JIEIKO e PeKOHATHCh, PO3MICTHBIIM AHTEHH
miJ] OAHAKOBUMH KYTAMHM g0 MeTaneBol miaacTuHu (Man. 191). [IpuiinAaTa XBHUIA
3HHKAE, AKII0 npuOpaTH mIacTHHY ab0 NOBEPHYTH
il ga igmwuit kyt. Jocnigxyioun Hanpsam BigbuTol
XBHJIi 3a JOIIOMOT0I0 PYNOPHOI aHTeHH-TIpHiIMada,
MOKHA [IePeKOHATHCE, [0 eJIeKTPOMATrHITHI XBAIL
BigfMBawTHCA 38 THM CAMHM 3aKOHOM, IIO i CBiT-
Jo (3aKOoHH BigBaHHA cBiTiia OyJH BCTAHOBJEHI
HabaraTo paHiure 10 BIIKPUTTS eJIeKTPDOMArHiTHHEX
XBHJIB), & came: kym sidbusanns P dopisnioe kymy
nadiHnA o, npuyomy Hanpam nadawyoi i 6id6umoi
x6uab ma nepnendurxy.aap do nogepxhi iddumma,
nocmasaenuil 6 mouyi nadiHHa, Aexcams 6 o0Hill
NAOULUHI.

HoBenemMo 3aKoH BiAOMBAHHA XBHJIb, BHKOPH-
eTOBYIOUH NpUHIOHN ['foiirenca.

Man. 189. NMowwnpeHHs enex-
Hexait na nosepxuio MN nmajae miocKa XBH-  tpomarHiTHOI XBUNI 33 NPUHLM-

as (man. 192), A,A ra B,B — aBa ii napanensni nom MofireHca
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v

Man. 190. YcTtaHoBka ans OOCNigXeHHs Bnac-
TMBOCTEN eNeKTROMAarHiTHUX XBUb

"/T\'Q-E

Man. 191, Bin6rBaHHA enekTpoMarHiTHUX

XBUNb
B A,

B3

A
1 D 5
2B
N M
A R

Man. 192. NoAcHeHHA 3aKoHY BinOMBAHHA
3rigHo 3 npuHumnom MNoireHca

npomeHi, niaommuHEa AC — XBHJIBOBa
moBepxHA miel xsuai. PigHi ginaakn
xBuaboBol moBepxHi AC mocsara-
I0Th BigbuBHOI Me;ki He OgHOYACHO.
KonuBanHa B Toumi A 36yaxKyOTh-
cs panimre, HiM y Touni B, Ha 4ac

CB 1 i
At=— (me v — MIBHAKICTE XBHIi ¥
v

cepefioBHII). ¥ MOMEHT Yacy, KOJIH Ia-
Ja4ya XBHIISA JOcArHe TOuKH B i B i
TOYIi NOYHYTE 30YIKYBATHCH KOJH-
BAHHA, BTOPMHHA XBHJIA 3 IEHTPOM Y
Toutli A ke Gye miBchepoio pagiycom
r=AD = vAt = CB. Paziycu BTODHHHHX
XBHJIBb BiJl IyKepes, PO3MIMIEHUX MixK
ToukamMu A 1 B, sMmiHOIOTBCA TAK, AK
mokasaHo Ha man. 192. O6sigHo BTO-
PHHHHX XBHJIE € mioniuaa DB, morua-
Ha [0 chepHYHHX IOBEPXOHb, [EHTPH
AKUX JIeXKATH HA BiIOMBHIA NOBEpXHi.
ILnomuea DB € XBHILOBOIO NOBEPXHED
BigbuToi xBuii. Binburi npomeni AA, i
BB, nepneHAMKYIAPHI A0 XBHIBLOBOI
nosepxHi DB. Ockinexku AD =CB i tpu-
KyTHHKH ADB it ACB npAaMoKyTHi, TO
£DBA=/CAB. Ane £ZCAB=Zua i
ZDBA =/} Ak KyTH i3 B3a€EMHO 1ep-
NeHANKYIApENMH cTopoHamu. Orixe,
KYT Big6uBaHHA [} mopiBHIOE KyTY nma-
piuea o, o i Tpeba 6yio goBecTH.

Ilig yac nagiHHA eneKTpPOMArHIT-
HOI XBMJIi HA MOBEPXHIO Tijla YACTHHA
eHeprii xBuIi BigOuBacTLCA, YACTHHA
IIPOHMKAE BCEPENMHY TijNa, NpHUYO-

My neBHA KiJbKicTh eHepril moske npoiiTH yepes TiNno, AKIIO BOHO IIPO30pe AJs
eJIeKTPOMATHITHOI XBHJIi, peumITa eHeprii MOrJIHMHAETHCHA B Tili, BUKIHKAIOUH

#oro HarpiBaHHA 4H iHImMi NponecH.

HienexkTpuk moxke OyTH Maiiyke NPO3OPHM A eJeKTPOMATHITHOI XBHWJI,
AKINO YACTOTA OCTAHHBLOL CHJIBLHO BiJIpiSHAETHCA BiJl VCiX BJACHHX YacTOT KOJIH-
BaHb MOJIEKYJI, ATOMIB i eIeKTpOHIB fHieslekTpHKa (BicyTHICTH pe3oHaHCY).

MeTanu He NpPo30pi ANA BCiX eNeKTPOMATHITHMX XBHJb, 38 BHHATKOM
HANKOPOTIIMX — yabsTpadioneToBHx i peHrrediscbrux. ¥ pasi nagiaas
eJIeKTPOMATrHITHOI XBHJIiI HA MeTaJI ¥ HbOMY BHHHKAIOTE IHAVKIIAHI cTpYMH, AKi
HOTJIMHAKTE YACTHHY eHeprii xBuii. Pemra edeprii Big6uBaeThe.

Orie, Ha Mexi ABOX CepelOBHI eJEKTDOMATHITHA XBWJIA TOALIAETHCA HA
BifIOUTY XBHJIIO T XBHJIIO, AKA IPOXOANTE B CEPeIOBHIIE, IIPH I[LOMY HATIPAM XBHJI
B cepeJOBHIIIL BiApisHAECTHLCA Bijl IOYATKOBOIO — XBHJIA 3a3HAE 3ANOMIACHHA.
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CoocrepiraTi 3aJ0MJIEHHA eJIEK-
TPOMATHITHHX XBHJIb MOMKHa Ha e
TakoMy gociaini. Posramyemo pynopu
AHTEH TAK, 1100 CUIHAJI He IOTPAILIAR
y OpHAMAJBLHY aHTeHY (Man. 193, a).
flkmo x poamicTHTH Mix pymopa-
MH aHTEH NPSAMOKYTHY IpH3MY i3 mi-
eJleKTpHKA (HAIPHKJIAT, 3 mapadiny),
TO TpUiioM CcHrHAJIY BigbyBaerncs
(man. 193, 6). Hocaix KOBOAUTE, MO
eNeKTPOMATHITHI XBHJII 3aTOMITIKTE-
cA HA MeXKi JBOX cepefoBHIL.

BugseneMo 3aK0H 3JI0MJIEHHA XBAJIE,
BHXOAAYH i3 npuHIANY ['oiresca.

Hexaii HA IIOCKY MeXY [BOX cepe-
AOBMII TAAE IIJTOCKA eJIEKTPOMATHITHA
XBHJIA, XBHJIbOBA NOBepXHA sikol AC
neprieHIMKYAAPHA 10 mpoMeHiB A, A Ta
B, B(maur. 194). TIosHaYMMO IIBHAKICTE
XBHJII Y IepIIoMy cepefloBHINI v, a
y Apyromy — v,. Crnouarky nosepxi
nogity MN pocarae mpomine A A.
IIpomine B, B nocArae NoBepXHi uepes

I

Man. 193. 3anoMneHHs enekTpoMarHiTHUX
XBUNb

yac At =(:,—B. Tomy B MOMeEHT dHacy,
1

KOJIA BTOPMHHA XBHJIA B Toulli B Tine-

KM 30y/1xyBaTUMETRCS , XBUJIA Bijl TOY-

KH A Bxxe Mae BHIIAM miBcdepH panaiy-

coM AD = vyAt.

XBHJIbOBA [OBEPXHA 3ajoMJiie-
Hoi XxBuJIi € momuHo BD (06BiHA  Man, 194. MoscHenHs 3akoHy 3anomnenHs
BTODHHHHX XBHIL). KyT nagisas arigHo 3 npuHUMnom MNonreHca
o mpomeHsi popisHioe Kyry CAB B
TPHKYTHHKY ABC (CTOPOHH OHOr0 3 HMX KYTiB HNepHeHAHMKYJIAPHiI A0 cTopin
inmoro). Orsxe, CB=v,At =ABsina. KyTsanomnesss y nopisuioe kyty ABD. Tomy
AD = v,At = ABsiny.

: sino. v
Iloginuemu aBa BUpasH, OTPEMYEMO ——— = —,
siny v,

BpaxoByioun, 110 IIBHAKICTE NOIIMPEHHA eJIeKTPOMAarsiTHol XBuii B Oyab-
AKOMY CepeflOBHIIi, MeHIIIa, Hi*K ¥ BAKYYMi, Ha BeJIMUUHY /1, AKA € aGCOMIOTHHM
NOKA3HUKOM 3AJIOMJIEHHA I[hOT'0 CepejpoBHINA, OTpHM&HHﬁ BHPA3 MOMHA IIepe-
sino _ n, .

——=—==n,,, A€ n,, N, — abCcoNIOTHI MOKA3HUKH 3aJI0M-
siny mn
JeHHSA BiJIMOBiIHO mepIIoro Ta Apyroro cepejoBHIl, iy, — BiJHOCHHHA MOKA3HUK
3aN0MJIeHHA. 3pOo3yMisio, 0 OTpMMAaHI 3aKOHOMIDHOCTI 3a/IOMJIEHHS XBHJIB
OynyTh BAKOHYBATHCSH 1 IJIA CBiTJIA.

MHCATH Y BUIJIAML
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Man. 195. [ocnig 3 nonapu3aadii eneKTpoOMarHiTHUX Xeunb

Ha pocaigi MorHa TAKOM CIOOCTEDPIraTH NOIAPUIAYil0 XBUIE i HIepeKOHATHCH
V TOMY, [0 eJIeKTPOMATHITHI XBHJIL — nonepeyri. [lna nroro Mizx reseparopom
i npuiiMayeM PO3MiIIYIOTH PELIITKY 8 MapajelbHHX MEeTAJeBUX CTePKHIB (Mal.
195). IloBepraioun peuUIiTKY, cIOoCTepiraoThk NiACHICHHA NpHiAMaHHA i mocia-
6reHHA a)k A0 moBHOI BigcyTHocTi. IlpuitMaHHA BiACYTHE TOZi, KOJH BEKTOD
HAOPYKeHOoCTl eleKTpHUYHOro mojasa E nmajarmdol eleKTpOMAarHiTHOI XBHJIL ma-
paJieIbHHH CTeDPXKHAM. ¥ IBOMY BHIAJKY B CTEPKHAX 30VIKYIOTHCA CTPYMH i
pemiTka Binbupae magaroui xBuii nogibHo Ao cyuinsHOL MeraseBol nJaCTHHH.
SIxmio BexTop E nepneHIHKYIAPHAH 10 CTePKHIB, 3HAYHI CTPYMH He 30y 13K VIOTh-
cf,leJleKTPOMArHiTHA XBUJIA IPOXOAUTE KPisk pemriTky. O1ike, eeKTpoMardiTaa
XBUWJIA [IOJAPH30BAHA — BEKTOP HANPYIKEHOCTI Ma€ (DiKCOBAHY ILIOLIAHY KOJIH-
BaHb. (IloscHiTE caMocTiiiHO, YOMY ¥ JAHOMY HOCJIiLL POSrAALAECTHCH [OJOMKEH"
H#A caMe BekTopa E, a He B).
¢q Edexr flonnepa. [lna enekTpoMarHiTHUX XBHJIb, AK i IIA MexaHiuHMX
XBHJIb, cIocTepiraeTscd egerm Jonaepa — 3miHa 4acTOTH KOJHBaHE, W10 IPH-
HMAaoThCA cIocTepiradyeM ImijJi Yac BiJHOCHOTO PYXY A Kepesa XBHIb 0 HLOro abo

BiJi HBOT'O, IPH IBOMY AV = li’ ne Av — BenMMYHMHA 3MiHH, YACTOTH KOJHBaHb, U —
0

BifHOCHA MBHAKICTH AsKepena abo cnocrepiraya, A, —AifcHA TOBXHHA XBUJIb.

Ile#t edexT GinbIm BHpA3HO cHOCTEpiraeThcda B akycTuii ta ontuni. B akye-
THIi BiE BHABIAETHECA, HAIPUKJIA, i Yac pyxXy noisga uu aproMobins, mio mno-
Ja€ cHrHaa: 3 HaOMuIKeHHAM aBTOMOGiIs A0 crmocTepiraua 3ByK CIPHHMAETHCH
BHIIOTO TOHY, 3 BiilaJIeHHAM BHCOTA 3BYKY CTA€ HH»k4Y0w0. B ontuni edexr [o-
IIepa BUABJIAETLCA B 3MileHH] cnekTpa cBiT/ia B 6iK JOBruxX XBHJIL (YepBOHe
3MimmeHHA) IpH B3AEMHOMY BiffaneHHi cnocrepiraya i g:xepesa ciTia abo B 6ix
HOPOTKHX XBHJAB ((hioneTroBe sMileHHEA) ¥ BHOAAKY IX B3aeMHOro 30JIHMKeHHA.
Ileit edheKT BEKOPHCTOBYETHCA [JIA BUMIPIOBAHHA IIBUIKOCTEH ,zmcepe.n cBiTna,
HANIPUKJIAM, B ACTDOHOMIT — INBUAKOCTEH 3ip i ralaKTHK.

TyT onHcaHO He BCi OCHOBHI BJIACTHBOCT €JIeKTPOMATHITHUX XBHIb. [ToBHiTi
BigomocTi OTpHMMAaEMO IIi YaC BHBYEHHSA ONTHKH.

ﬁ_f} Daiite Bignosiai Ha 3anUTaHHs

1: ChopmynioiiTe npuHUMN MolireHca.
2. HasgiTb BigOMi BAM BNACTUBOCTI ENEKTPOMArHiTHUX XBMUIb.
3. Y yomy cyTe edpexTy Jonnepa? Hageaits NpUKNagm oro NpakTUYHOro BUKOPUCTaHHA.,
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§ 48. NepepnasaHHsa iHdopmalli 3a 4ONOMOror
EHEKTPOMarHiTHH)( XBUNb

BnacTHBICTh €1€KTPOMATHITHMX XBHJb MOIIMPIOBATHCH HA BeJMKi Bifcrani
AK y IOBiTpi, Tak i y BaKyyMi cTana nigr'pyHTAM 418 CTBOPEeHHA 3ac0o0iB 3B A3KY,
fiKi e HASHBAIOTE OeanpoGidHumu 3acobamu xKomyHixayii. OCHOBHOKO (YHK-
niewo 3acobiB KOMYHiKaIii € nepenaBaHHA indopmarnii Ha Bigcrane. [IpoTe cama
eMIeKTPOMATHITHA XBHJIA 31 CTAIMMH TapaMeTPAMH, HOIIXPIOIOYKHCE V IPOCTOPi,
MOJKe HecTH iHdopMAaLi JHUIIe OIpo CBOK HaABHicTE. [lia nepegapaHHA pisHO-
MaHiTHOI iHdOopMaIii 3a HOMTOMOroH0 eJeKTPOMATHITHHX XBHJIbL 3ACTOCOBYIOTH
pisHi ciocoOH KOAYBAHHS CATHAJIY.

MNpuHuwn pagioas’aaky. ITig yac pagioTenedOHHOro 38’ A3KY KOJIMBAHHA THC-
Ky HOBIiTPA V 3BYKOBi# XBHJIi 3a IONOMOroi MikpohoHa NepeTBOPIIOTLECA B eJIeK-
TpHYHI KostuBaHHA Tiel camol opmu. OTprMaHi KOJHBAHHA € HU3LKOYACTOTHUMH
i IPAKTHYHO HE BHIPOMiHIOIOTBCH, TOMY 1X BHKOPHCTOBYIOTh [IJIA MOIYIIOBAHHSA
XBHJIbL BHCOKOI yacToTH. Byas-akuii i3 mapamerpiB enextTpoMarsgiTaoi xpmmi —
YacTOTY, AMILIITYAY, (hasy — MOJKHA BUKOPHCTOBYBATH I KOAYBaHHA iHGopMa-
nii (mogynanii). Haltuactime BHKOPHUCTOBYIOTE amnaimydny modynayin, 3a axoi
aMILTiTY]a BUCOKOYACTOTHHX €JeKTPOMArHITHUX KOJHBAHb 3MiHIOETLCA 3a 3aK0-
HOM eJIEKTPHYHHAX KOJHBAHL HH3BKOI 4aCTOTH. ¥ TBOPEHHH 3MiHHUH CTPYM BHCO-
Kol 4aCTOTH MiICHII0EThCA 1 30y/3Kye B NepelaBaibHill aHTeHl eleKTpoMartiTHi
XBHJII, IK] MOIIHMPIOIOTECA 40 MpHiiManbHol anTeHH (Mana. 196).

OrpEMaHi TPpHAMANLHOI AHTEHOK XBHJI 30YIKYIOTE V Hill 3SMIHHHN cTpyM
Tiel camoi wacrorHu, Ha AKil npanioe nepegapad. OTpuMaHnAi CHTHAT migcHIIO-
0Th, MOTiM AeMOAYIIOTH — BHALIAITE HU3BKOYACTOTHI KOJIMBAHHSA 3 BUCOKO-
gactoTHEX (Mai. 197). Ilei nponec saidcHIOIOTE 3a IOIOMOr0K0 JeTEKTOpa, TOMY
Horo 1me HABWBAKTE 0eMeKMmy8aHHAM.

OCHOBHOIO YACTHMHONI KOKHOI'O pajionpHiMada € aHTeHa, 3’elHAHA 3 KOJIH-
BAJTLHAM KOHTYDOM. 3a YMOB, KOJIH OJJHOYACHO IpaIoe 6arato pagiocradnii, €Ha
AHTEeHHY AiIOTH XBHJI pPi3HHX AOBMMH i uactor. B aHTeHi i B 38’A3aHOMYy 3 Hewo
KOJHMBAJILHOMY KOHTYPi 30yKYVIOTBCHA CKJIAJHI eJIeKTPOMATHITHI KOJHBAHHA,
Axngo wacTora OHOTO 3 HUX JOPIBHIOE YACTOTI BJACHUX KOJMHBAHB KOHTYDY, TO
ix amnniTyna pisko 3pocTae 3aBAAKH Pe30HAHCY. ¥ HaWmpocTrimoMy pagiompmii-
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Man. 196. NpuHuwmn gii pagionepegasaya

1-mikpodoH, 2 — reHepaTop BHCOKOI YACTOTH, 3 — MiJCHIIOBAY 3BYKOBOI YACTOTH,
4 — miicHI0BAY BHCOKOI 9ACTOTH, 5 —MogyaaTop, 6 —mizcumoBay MOAYILOBAHHX
KOJHBAHB, T —epeJaBalbHa AaHTeHA
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Man. 197. MpuHumn gii pagionpyiMaya

1-aHTEHA, 2 — KONMHBAILHHE KOHTYD, 3 —IiICHABAY BHCOKOI YACTOTH,
4 = nemMoaynATOp, 5— miJCHIIOBAY 3BYKOBOI 4YacTOTH, 6 — TYYHOMOBEIL

MaueBi IJ1A HACTPOIBAHHA HA YACTOTY NoTpidmoi cranmii Horo KouTyp 06nagay-
HOTE KOHJEHCATOPOM 3MiHHOI eMHOCTI 460 KOTYIIKOI0, iIHIVKTHBHICTE AKOI MO~
Ha aMiHIOBATH. ¥ GiiabIl cyUacHUX IPUIMAYIB /18 HACTPOIBAHHS KOJTHBAIEHOI'O
KOHTYPY 3ACTOCOBYIOTE CIIeIiaJIbHi eJIeKTPOHHI IIpHCTPOi.

Papioss’s30K Mae TpHBAIY icTOpPiio po3BHTKY, o oxomaioe noHas 100 pokis.
Ilepmi npugaTHi 1usa DpakTHYHOrO 3ACTOCYBAHHA pagionepefaBadi i npuiimaugi
Oyau mobyaoBaHi Maiizke offHOUACHO pocifickkuM iHxkenepom O. C. ITonmoBum Ta
iTaniicbkuM BHHaXigHEuKoM i npomucaosnem I'. Mapxoni (1895 p.).

OpauM 3 HaWbiABm yemimHEHX Ta AViKe JHHAMIYHHX 38 DO3BHTKOM THIIIB
panioss’asKy e MobinbHUI TenedonHNI 3B’ A30K. Ynepine mobinbENE TenedoH-
HHMH pafio3s’sa3ok BHKopHcrana v 1921 p. monimia Herpoiita (CIIHA). Ile 6yB
ONHOCTOPOHHIN AHCHEeTYepChKHH 3B A30K v aiamasoni 2MI'n ans nepegaBaHHA
indopmanil Big meHTpaJaRHOrO HepegaBada A0 NpUHMAaYiB, BCTAHOBJIEHMX Ha
asromobinax. ¥ 1957 p. mockosesknii imskenep JI. I. Kynpuanosuu poapobus
NepeHoCHUN pajgiorenedoH Ta 6a30BY CTAHIIO AaA Heoro. Takui TenedoH MaB
Macy 61m3BKO TPphOX Kimorpamis, paniye #ioro gii 6ye 20-30 kM. ¥ 1978 p. B
YuKaro posnoyasock BUNpobOBYBAHHA epIIO] CHCTEMH CTLIEHHKOBOIO 3B’ ABKY
Ha 2 Tuc. aboHeHTiB.

Mobineauit TenedoHEHME 3B'A30K CBHOrOZHL — e 3BHuUaiiHuii Ta HeobXigHMA
3acib komynikanii. OcHoBOMX0 Aud Horo spificHeHHA ciayrye MoOlibHAR TesedoH
Ta cucrema 6asoBux craHnii. Basopi craEnii posramoByoThECA TAK, IO 30HA iX
Aii (moOKpHTTA) iNATECA HA 30HH, AK] YACTKOBO NEPEKPHBAIOTHECH | YTBOPKIOTE
exuHy Mepe:xy. [loBepxHsa 30H NOKPHTTHA CTAHIIH (Ha piBHiK moBepxHi) Haragye
3a dopmoro 61:x0IMHEI KOMipKH, TOMY TeehoHHHH 3B’ A30K HABUBAIOTE IIIE CTi/Ib-
HHKOBHM (pOC. COTOBBIIH),

Pobasaun Bukank, aboEeHT 3a fonomorowo MobiisHOro TenedoHy Yepes pagio-
KaHaj 3'eJHyeTbCcA 3 06a30B0I0 craHicl. AKmo nanoMy aGoOHEHTOBI JO3BOJIEHO
OTPHMYBATH NOCJIYrH MoGiIBHOIrO 3B A3KY, TO Yepe3 Mepesxy 0a30BHX CTaHILIH
BCTAHOBJIOETLCHA 3B’ A30K 3 BUBHAYEHHM KiHmesuM aboneHToM. Pofora Mobins-
HOro 3B’ A3KY 3a0e3ne4yeThCs POSBHHYTOK Meperkeo DaszoBux cranuin (pikcosa-
HHX aHTeH), AKi nepefawTs iHdopmanio Ha KoMyTanifiHi HeATPH 3a JONOMOI0K
pagmiogacToTHHX cArsadiB (PY-curmanm). ¥V cBiTi Ha CBOTOLHI eKCILIVATYETHCH
6nm3sKo 1,4 Minbiiona 6asoBHX craniii, 6iaem Hik 20 000 3 HMX posTamosaHi
B YKpaigi. 3 MmeToro sabeaneueHHd OigBHINeHHEA AKOCTI MODBLILHOrO 3B’ A3KY one-
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paTopH 30inbIIYIOTE KiNBKicTE 6a30BHX cTaHNiH Ta 3AiHCHIOTE IX nocTifiHe ne-
pPEOCHAIIEHHA BifIMOBIHO A0 HAHHOBITHIMKUX TeXHOJMOriYHUX po3pobok ramxyai.
Hoasin Ha yeraHOBKY 0a30Boi cTaHmil gae YKpuyacTOTHATIAL.

CrineHuUKOBI Mepexi pisHIX onepaTopis 3’exHani Mixk cobolo Ta i3 cranionap-
HOI0 KabeIbHOI0 Tee(DOHHOK MEePeKelo.

PagioxBHiii BAKOPHCTOBYIOTH HE TiIBKH [JIA NepeJaBaHHA 3BYKOBOIO CHI'HA-
Iy, a # ansa nepegaBaHHA 300paxkeHs (Tenebauenns). [Ipuanun nepenasanusa
sobpaskeHHsa noxiOHME N0 IPHHIKOY pagioss’A3Ky.

OcobauBo OypXJAMBHM CTAB PO3BMTOK 3aco0iB TelexoMyHikamil i3 BHKOpHC-
TAHHAM CYIYTHHKOBOI'O 3B’ A3KY Ta nudposoro dopmary sanucy indopmanii.

CynyTHWKOBMWIA 3B’ A30K. Bnepimre fy1s nepeiavi Tesesisiitnoro sobpaxenns
cynyTHHK Oys10 BukopucTaso nij vac Onimniiicekux irop y Tokio 8 1964 p. Cnep-
LIy CYNYTHHKH BUKOPHCTOBYBAJIH JIJIA NepefaBaHHA TeJeBisiifiHoro sobpameHnsa
ra renaedonii mix marepukami. Ha crorogaimuii feHs CYNYyTHAKH NepealTh
CHrHaJI DeanocepeHBO B HAII JiM Yepea onepaTopiB kKabearHHX Mepesxk abo Ha-
seMHi craHnii. CrOrogHi CynyTHHKOBHI 3B’ A30K € Ho0Ope pO3BHHEHNM, e(DeKTHB-
HHM Ta HaJiAHAM BHIOM 3B’ A3KY.

TenexoMyHiKaUifHMNA CYODYTHHK CKJIAJA€ThCA i3 Hecydol muatdopMu Ta
KOPHCHOTO HaBaHTa)keHHA. KopHucHe HaBaHTa)KeHHA BHJIOYAE B cefe MEBHY
ﬂ KinekicTes TpaHcnoHaepiB (pagionpuitMaui Ta mepegasaui), 0 IpUHMAITE Ta

perpaHCHOOTL curHaa. CynyTHHKH, 100 BHKOPHCTOBYIOTHCA AJIA PeTpaHCHAmil
TeJeBisifiHEX TA IIHPOKOCMYTOBHX CHIHAJIIB, nepebyBanoTs HA BHcoTL 36 000 KM
Haj ekBatopoM. (Jlna mopiBEaHHEA: Bigcrans Big Semui go MicAns cTAaHOBHTE
370 000 xm.) Ha niit BucoTi cynyTHuk obaitae 3emmao mo opbiti 3a 24 roguan.
Ile osnauae, mo BigHOCHO MoBepXHi 3eMui ioro moyokeHHs € HeamiHEUM. Tomy
TAKL CYIYTHHKH HA3HBAKOTH Me0CTALlIOHAPHAMH.

Indopmanis (HaOpUKIajg, TeNeNpPOTPAMH) I[OCHIAETHCA HA CYNYTHHUE 3
HaseMHOl nepenaBanbHOi craHnii. Ha cynyTHHKY cHrHan nigcumoerses i
nepegaeTscA nepeannmarHukaMm. [Ina npuitoMy CYOYTHHKOBOrO CHrHAJY Heob-
xigHa mapaboniusHa aHTeHa (<«Tapinka»). CYNIyTHHKH BHKODHCTOBYIOTBCH IJIA
spilficHeHHA PisHOMAHITHMX cOco0iB JOCTABKHM CHIHANY, X04a KOPHCTYBa4i iHOAL
npo e HaBiTh He 3xoranyioThea. Hanmpukaanm, mepesxi kabensHoro Tenebauenns
YacTO MPHMNMAIOTE CHI'HAJ BijJl CYIYTHHKA, 1 BXKe micas nsoro mepegaioTs Horo
cBoiM rismauaM depe3d Mepexy. llnsa nepepaui B npsamomy edipi cnmopTHBHHX
3ax0/iB, HOBHH TOLIO0 300paKeHHs IIepeJaeThCA Yepea CYIYTHHK [0 TeJdecTyail,
miciA 4oro mporpama IepefaeThCd 4Yepe3 HaseMHI Mepeki abo 3HOBY K Taku
yepe3 CYNyTHHK. K HaCHiOK, riAmay npUiiMae CHIrHAJ HA CTAHJAPTHY AHTEHY
(v sBunaaxky HasemHOI MepeXki), Ha Tapinky (Vv BHODAZKY cyoyTHHKA) abo uepes
kabens (TyT cHrHAJ MOXKe OYTH AK CYODYTHHKOBHM, TAK 1 HA3eMHMM).

Ha croroani 6ypxnauBuii posBuTOK 3acobiB TemexomyHiKanii (MoGinsaEmMi
IaTepreT, MmobinbHe TenebaueHHA) HAZIAE MOMKJINBICTS 8 Ge3ApoTOBOro Mepeaa-
BAHHA i oTpUMaHHEA Oyab-AKOT0 BUAY iH(popMaii,

OpEnM is BHAIB oCyT, 110 341 HCHIOETECA Yepead CYIIYTHHKH, € HaBiramnia. GPS
— rnobajbHA CHCTEMA NO3HIIOHYBAHHA — AMEPHKAHCHKA CHCTEMAa BifiCEKOBOIO
NpU3HAYEHHA, BiIKPUTA JJ1# KOPUCTYBAHHA IIPUBATHUMH ocobamu. GPS BuKo-
PHCTOBYETHCA IJIfA MOPCBKOI HaBiramnii i BH3HAYeHHA MicllemooxeHHd 06’ eKTiB,
HanpuKaan TpaHcnoprHux sacobis. TakcomoropHi KoMmaHil BHKOPHCTOBYIOTE
GPS nisa KepyBaHHA PYyXOM MapKy cBoix mamuH. Ha esoropui 6araTo rakcomo-
TOPHHX KOMIAHI# BHKOPHCTOBYIOTE nocayru GPS, 1o nae amory Takcuctam 3a-
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BAHTAXKYBATH KapTy MicreBocTi GeanocepeiHbo B 60pTOBHIl KOMII'I0TEp IPH BBe-
[eHHi aipecH MicllA NpA3HAUeHHA,

Ha peaxux aprobycHHX MapIIpyTax HajgaeThcd HNU(poBa iHGopmania y BUA-
A1l CHMHAJY Opo KiJbKicTs XBWJIMH A0 NpAOYTTA aBToOyca HA IEBHY 3YNHH-
Ky. LA cucrema Takox suxopucrosye GPS. €BponeiicbKkuit anamor — cucreMa
Galileo, pospobnena ESA (EsponeiicbKHM KOCMIYHUM AreHTCTEOM).

1le nanexo He Bech Mepelik 3acobiB 1 MOKIMBOCTEH 0e3npOBIIHOrO 3B ABKY.
I3 36inpmeHHEAM KiTbKoCTi MOOIIBHEX KOPHCTYBAYiE BUHMKAE rocrpa Heobxia-
HICTH B OIIePATHBHOMY 3filicHeHH]I KOMyHIiKaniit Mixk HuMH, B 06MiHl fanuMu, y
mMBHAKOMY ojep:xaHHi indopmanii. Tomy npupogaum unHOM BiabyBaeTscs iH-
TeHCHBHUH PO3BUTOK TEXHOJIOriH OesnpoBiiHAX KoMyHiKarii.

tr Daiite ignosiai Ha 3anuTaHHA

1. PagionpwiiMay MoXxHa HACTPOIOBATK Ha NPUAOM papioxswns Big 25 ao 2000 m. Wo
Tpeba 3pobuTk gNa NPUAOMY OOBLUMX XBUAb — 30NKXYBATA 4 PO3CYBATH NNACTUHK
KOHAEHCATOPAa KONWBANLHOIMO KOHTYPY?

2. Nepepaeay BUNPOMIHIOE eneKTpoMarHiTHy xeunio (A = 300 m). Ckinbku enektpomar-
HITHWUX KONWBAHL BiAOYBAETLCA NPOTATOM OQHOMO NEPIoLY 3BYKOBWX KOJIMBAHbL 3 4ac-
Totowo 500 My?

§ 49. BnacTMBOCTI eNeKTPpOMarHiTHUX XBUib Pi3HUX
Aiana3oHiB wacTtoT '

LWkana enekTpoMarHiTHUX XBWNb. 3a NOBXKHMHOK XBHJIL A abo 4acTOTOO
KOJHMBaHB (V) AlanasoH eJIeKTPOMATHITHHX XBHJIE HPOCTATAeTbCs Bif 10" ™
(3-10°° I'n) 0 107" M (3:10" I'). IlIkany eleKTPOMATHITHHX XBWJIb HaBeJAEHO
Ha Man. 198. Yewo mKady eleKTPOMArHiTHMX XBHJB IOJAiNeHO HA YMOBHI jia-
IIa30HH: HA3BKOYACTOTHI XBHJI, pafgioxXsuii, iHppadepBoHe BHIPOMIHIOBAHHA,
BHAMMe BHNOpOMiHWOBaHHA (CcBiTMNO), yabTpadionerose BUNIPOMiHIOBAHHA, PEHT-
reHiBCchKe BHIDOMIiHIOBAHHA Ta y-BuOpoMiHioBaHHA. Takmil nojin saymMoBmeHui
THM, IO NPUCKOPEHHA 3apA/KeHHX YacTHHOK Moyke Bigdysartuch B pisHEX
eucreMax (pisMaHMX Tid, MO BU3HAYAa€E iXHIO yactory. OT:Re, eNeKTpOMarsiTai
XBHJI po3mojijieHoO 3a THOAMH BigmoBigHO 0 ix 30ya:xennsa. Tak, pajgioxBuii
NOPOYKYIOTECH eJeKTPOMATHITHHMH KOJHMBAHHAMH B KOJTHBAJIEHOMY KOHTYDI,
AKANH Mae NiNTKOM MeBHi eMHICTH Ta iHAYKTHBHICTh, a y-IpOMeHi 3’ ABIATLECA
BHACJIJOK IEBHHX 3MiH B Apax aToMiB.

EnextpoMarsiTHI XxBHJi pisHEX AianasoHip MalOTE pisHHil MexaHiaM BHUIpO-
minopann4 i pisui BnacTuBocTi (AuB. Tabaumnio). (3posymino, mo piszn4Hi BOac-
THBOCTI WX XBHJIb MLIKOM OJHAKOBi, 60 BOHHM BU3HAYAKTECA JOBMHHOI XBHJII,
a He MeToJ0M ix 30y:KeHHH.)

100 Bm 400 Bm 700 HM 1 MM 1cem

Man. 198. Lkana enexTpoMarHiTHUX XBHUNb
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Bracmueocmi enexmpomazHimuux xéunb pianux dianazonis
Haaea pianasony

Ay M

Bia 1 no
10 000

Bip 100 po
1000

Bin 10 no 100

MeHwe
10-1072

107

7,.4107-
4107

4107-10"°

10°- 107"

{10—11

pagnioxeuni

Hapnosri

Doeri

CepepHi

KopoTki

YneTpakopoTki
(meTposi; Aeumme-
TPOBI, CaHTUME-
TPOBI, MiniMeTpoBi)

CybBminimeTposi
IHdppavepBOHI

e
g

Buaume ceitno

YneTpadionetosi

PeHTreHiscbki

Famma-npomeHi

eAekTPOMArHITHI koAmBaHHS TA xBuAl [IEEIREE

OCHOBHI BNAaCTUBOCTI Ta 3aCTOCYBaHHS

10-100 Mm (nexkamerameTposi),
1-10 Mm (merameTposi),
100-1000 kM (rekTokinomeTposi),
10-100 km (mipiameTpoBi)

3asHaloTe BiguyTHOI gndpakuii 6ina 3eMHol
NOBEPXHI | NPUTANYIOTLCA A0 3emi HaBeaeHUMK
HUMW IHOYKUWIAHUMW CTPYMaMK B 3EeMHIi Kopi;
NOWWPIOIOTLCA AAaNeKo 3a NMOPU30oHT

BinbueawTeca Bin ioHocdepu | OruHAIOTL
onykny 3emHy noeepxHio. 3abeanewyloTk CTii-
KMiA pafioas’a3ok

MowwpTeCA NPAMONIHIAHO Big BUNPOMI-
HIOKOYOT aHTEeHHW i, BinGuBaw4Kch Big ioHochepn
3emni, noeepTalTbCA A0 il NOBEPXHI; NOWKPIO-
I0TLCA AANEKO 32 FOPU3OHT

MpoHuayoTe ioHOChepy, a TakoX NOWWPIo-
0TLCA B3A0BX NOBEPXHI 3eMni TiNLKK ¥ 30HI Npa-
MOI BUAMMOCTI. BUKOPWUCTOBYIOTE ONS KOCMIiY-
HOro 38'A3ky; YKX-papioctaHuii, teneba4yeHHs,
MOBinLHOro 3B’A3KY

BunpomiHioBaHHs Harpitux Tin. 3actocosy-
1I0Tb Ans 14-cnekTpockonii, y npMnanax HivHoro
HaveHHs

CnpuiAMaETeCHA OKOM

BunpomiHioBaHHs CoHUR, pTyTHUX namn. Ma-
10Tk BakTepuUMAaHY Ai

YTBOPIOIOTLCA NPW ranbMyBaHHI Ny4ka enek-
TPOHIB, NPUCKOPEHWX BWCOKOK Hanpyrowo abo
npyu Nepexonax eneKTpoHie Ha BHYTPIWHIX 06o0-
noHkax aTomie. NpoxoaaTs kpiab HENpo3opi Tina.
BWKOPUCTOBYIOTLCH B TEXHIL, MEOWNLMHI

BuHWKaI0TL Nip Yac panioakTMEHOMO poanany.
MaioTk BUCOKY NPOHWUKHY i pYRHIBHY 3aaTHICTL

3 MexaHiamMoM s80y[KeHHA 1 BJIACTHBOCTAMH BHIMMOIO CBiTJIa, peHTreHIB-
CBKHX TA Y-IIPOMEHIB MU 03HAHOMHMOCE 3TOJI0OM.

MNpakTuyHe BUKOpUCTaHHA iHdpavyepBOHOro Ta ynbTpadioneToBoro Bu-
NPOMIHIOBAHHA. [Hgpavepeori npomeri BAIPOMiHIOIOTE yei Tira B mpupoxi, 6o
iXx BHHUKHEHHA 3YMOBJEHE XAOTHYHMM PYXOM MOJEKYJ i aTomis y Oyab-AKii
peuoBHHi. 3 MiABHIIEHHAM TeMIEPATYPH eHepria iH(gpadyepBOHOI0 BHIPOMIHIO-

BAHHA TijJla IIBHAKO 3pocTae. BunpominioBanua CoHIA, OKpiM BHAUMOro cBiTIA,
MmicTuTh OaraTo iHQpadYepBOHHX Ta yALTPA()iONEeTOBHX NMPOMEHIB. 3a PaXyHOK
indpayeproHOI CKJIALOBOI COHAYHOrO BUNPOMIHIOBAHHA MiX PISBHMMH TOYKAMM
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8eMHOI NOBEPXHi CTBOPIOTECA pisHEHLi TeMiepaTryp. IEdpauepBoHe BHIpoMiHIO-
BAHHA 3eMJIi BHHOCHTE €HEepriio ¥ CBiTOBHIA MpoCTip, M0 COPHAE OXOJOAMKEHHIO
noBepxHi 3emii. CaMe ToMy B IycTeNAX, Ae aTMocdepa npozopa, BHOYI X0JIOAHO,
xo4 BAeHb Gyna cmeka. SIKImo € XMapH, iHdpadyepBoOHe BHIPOMiHIOBAHHA 3 M0-
BepxHi demuri BifbMBaeThCA Bii HUX i BTpaTH eHeprii y cBiToBHil npocTip 3MeH-
myioTkca. 3a6pyaHeHHA aTMOC(hEePH IPHIBOAUTE J0 TAK 3BAHOTO « IADHHKOBOTO
edeKTy», KOJH iHdpadepBOHE BUIIDOMIiHIOBAHHA, BiIOMBINKCE BiJl BEpXHiX ma-
piB aTMocdepH, 3HOBY MTOBEpPTAETHCA A0 moBepxHi 3emai. Hacaigkom mapHHKO-
BOTO e(heKTy € rmodasibHe NOTEeIIIHAA, AKe MOKe MaTH KaTacTpodiuli ekosoriy-
Hi HACTigKH.

V npakTHYHAX MHiaax indpauepBoHi TpoMeHi BHKOPHCTOBYIOTE IJA CYIIiHHA
(HampuKJaZk, Xap4oBHX IPOAVKTIB), ¥ IPHCTPOAX OXOPOHHOI CHrHaNizanii,
B MEJHIUHI — AJsA IpoBefeHHs Tomnorpadiumol giarHocTHkH, v Hayui — Ajud
BU3HAYEHHS Di3HUII TeMIepaTyp OKpeMHUX JiJAHOK MOBepXHIi IJIaHeT, 0co6IH-
BOCTi OYJ0BH MOJIEKYJI PeYOBHHH TOIIO.

Ilpupoani amepena yavmpagiosemosozo sunpominwearnns — CoHue, 30pi,
TYyMaHHOCTI Ta iHmi KocMiuHi 06’€KTH — BHIIPOMiHIOKOTE yabTpadioneTori npo-
MeHi TphOX THHIB: «A», «B», «C». YapTpadionerosi npomeni THny «A» MalTh
moeykEHY xBuJIi Bix 320 go 400 M, THOY «B» — Big 290 o 320 BM, THny «Cs —
e kopormi. O30HOBHI mAap He Tponyckae yabrpadionerosi npomeni «C», aAxi
NOrJIMHAKIOTECA KHCHEM Ta iHINHMH KOMIOHeHTaM# atmocgepu Ha BHcoTi 30-
200 kM Bix noBepxHi 3emii. Ile Bigirpae mesHy posib B aTMocepHHX MpoLecax.

YasrpadioneroBe BUIPOMiHIOBAHHSA MAE JJOCUTEL BUCOKY €Hepriio i ToMy 3gaTHe
BIIMBATH Ha Ximiuni 3B'AskH (y ToMy 4mcini i B sueiit kiaituui). e BuKkInKae
NOMKOX»eHHA MIKpPOOpraHismMiB Ha KJITHHHOMY piBHi, OmiKH mIKipH Ta oudei.
Conauni oniku 3yMoBI0I0TH yabTpadionerori mpomeri Tuny «B» . ITpoMeni Tamy
«A» MOXKYTE NPOHHKATH raudie B IKipy, [0 MOe IPUSBECTH 0 PaKy IIKipH.

Yaerpadiosier BAKOPHCTOBYIOTE A Aedindernii. YasTpadioaer aie Ha suUBi
KIiTHHH — 6akTepii, BipycH, npu 1bOMY He BILUIMBaEc Ha XiMiuHmil cKaaj cepe-
moeumia, Lle Bigpisusae #oro Big Beix ximiunux sacobis gesindexnii. Bakrepn-
OHAHA gig yasTpadionery saymMoBiaeHa GoTOXiMIiYHEMH peaklliasMH, Y pesyabTari
AKUX BinbyBaioThca HeobopoTHi nomkomxenasa [JHK, kritnaEnx MemOpaH.

Haii6inen mupoxo yasrpadioseTosi npoMeHi BHKOPHCTOBYIOTE V¥ MeHITHHI, |
Xap4oBill IPOMHCJIOBOCTI, AJIA OYHCTKH BOJH.

-

HaiTe signogigi Ha 3anNUTaHHA

1. Ha ski giana3oHn NoainsioTe WKany eneKTpoOMarHiTHUX XBUNs?
2. Haeepitb nprknaav NpakTW4HOro 3acTOCOBYBaHHA iH¢payepeoHOro Ta yneTpadio-
NETOBOro BUNPOMIHIOBAHL.

MNpwknaow po3B’A3yBaHHA 3aaa4

3anaua. BHaHAYNTH JOBKHHY eJeKTPOMATHITHOI XBHJI ¥ BAKYYMi, Ha AKY HAcTpoO-
€HHH KOJHBAJBHHN KOHTYD, AKINO0 MaKCHMAJNBHHH 3apsAji KOHJEHCATOPA AOPIBHIOE
2 - 10°® Kn, a MakcuMaJ BHA CHIA CTPYMY B KOHTYDi fopisHioe 1 A. Yomy AopiBHIOE
€MHICTEL KOHJEHCATOPA, AKINO iHAIYKTHBHICTE KOHTYPY 2107 T'u? YoMy mopiBHIOE
eHeprid eJleKTPHYHOI0 MOJA KOHJAEHCATOPA B MOMEHT, KOJH eHeprifd MarHiTHOro mojs
CTAHOBHTE 3,4 Bij Ii MAKCHMANLHOIO 3HAYeHHAT BH3HAYMTH HANIPYTY HA KOHAEHCATOPi ¥
meit MOMeHT. AKTHBEHHM OIIOPOM KOHTYDY 3HEXTYBATH,
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Bnpasa 24

1. KonmupansHril KOHTYP pajionpriiMada HacTpoeHUI Ha gactoTy 6 MI'n. V ckine-
KM pasiB TpeDa 3MIHUTH €EMHICTE KOHJEHCATOPA KOHTYPY, 00 HACTPOiTHCA Ha
JoBxHAEY XBHai 150 M7

2. Anrtena kopabeJBLHOTO PAJTiONOKATOPA PO3TAIIIOBAHA HA BHCOTI 25 M Hai piBHeM
mops. Ha akiit MakcuManbHii Bicrani pagioloKaTop Moje BHABATH PATY-
BaJBHIH naiT? 3 AKOI YACTOTOI0 MOMKYTh IPH ILOMY BHIIYCKATHCA IMITYILCH?

3. PagionokaTop mpamnioe Ha XBuiIi 5 oM i BEnyckae iMmnyasen Tpusaniero 1,5 Mkce.
CRIiTBKHM KOMHBAHBE MICTHTBCH B KOMHOMY iMnyneci? Ara mimimanbHa manb-
HICTE BUABJIEeHHA I1Mi?

T Disusa, 11 xnac




ENEKTPOAMHANMIKA

HaitronosHiwe B poagini «<EnexrpomardiTtHi konMBaHHA Ta XxBuni»

Ho enexmpomazHimHux KOAUE8AHb HAJIEHATh KOJIHBAHHA €JeKTPHYHOIO 38~
pazny ¢, cunu crpymy I, sanpyru U, 38’si3aHi 3 HUMM KOJIMBAHHA HANPYKEHOCTI
eJeKTpuYHOoro noiaa E Ta imgykmii MaPHiTHUPo_HOJm B, a rakomx camMocTiHHI
KOJIHBAHHA HANPY’KEHOCTi eJleKTpH4YHOro noaa E Ta iHAyknii maraiTHOro momus
B B enexTpoMarsiTHii XBHJIi.

KoausanvHuil KoHmMyp — KOJHMBAJILHA CHCTEMA, 10 CKJIANAETHCH 3 KOHJEH-
caTtopa emHicTiO C 1 KOTYHIKH IHAVKTHBHiCTIO L, B AKilff MoxyTh 36ymKyBaTHCA
eJeKTPHYHI KonuBaHHA. TaKMH KOHTYD HA3HBAIOTL 3AKPHTHM, OCKLJILKH BiH Mail-
JKe He BHIPOMiHIOE eHepril B npocTtip. EneKTpUYHi KOMUBAHHA B KOJHBAJILHOMY
KOHTYPi BHHHKAIOTH ¥ Pe3YJILTATI ePioJHIHOT0 IEPeTBOPEHHA eHepPTii eeKTpHY-
HOTO [0JA KOHJAeHCaTOpa B eHeprilo MarHiTHOro mojif KOTYIIKH i morim eHepril
MarHiTHOT'O NOJIA KOTYIIKH B €HePrilo eJIeKTPHYHOrO [0 KOHJeHCATOpa.

Ilepiog BacHHX KOJTHBAHD i1€aILHOI0 KOJHBAJIBHOTO KOHTYDY BUSHAYAETHCH
tpopmynoro Tomcona T = 2TI:JL_I§

Y Bumaaky BinkHHX KosuBaHb G6e3 Brpat (R = 0) sapap g tTa Hanpyra Ha

konjleHcaTopi C i cuya cTpyMy i B KOTYIIIi iHAYKTHBHOCTI 3MiHIOETECSH 38 3aK0-

HOM FrapMOHIYHHMX KOJHBAHL: ¢ =¢, . coswt , u=U coswt;i=q =-I ,  sinnt

max

(Gomax » Uax 1 L — AMILTITYAH] 3HAYEHHA 3aPAAY i HAIPYIH HA KOHZAEHCATOPL T4
CHJIH CTPYMY B KOTYIIIL).

VY peansHOMY KOJHBAJBHOMY KOHTYDI BiIbHI KOJIMBAHHA € 3ATYXAYHMH.

Enexmpomaznimii x6ui— ABKAIIE NONIHPEHHA ¥ IPOCTOP] eJIeK TPOMATHI THHX
KOJIMBaHL, TOOTO B3AEMONOB’ A3aHUX KOJHMBAHL €JIEKTPHYHOTO E i marmitsoro
B moaiB, #AKi CTAHOBJATE €IHHE eJEeKTPOMATHITHe noJe. ICHYBaHHA
eJeKTPOMATHITHUX XBHJIb ynepre nepeabaunsy 1832 p. M.@apaneit. Bigxpurrs
eJeKTPOMATHITHHX XBHJIbL HA gocaiai spificaus y 1888 p. I, I'epi.

Jlna oTpHMAHHA eJeKTPOMATHITHHX XBHJb BMKODPHCTOBYIOThH 6idkpumuil
KOAUBANbHUL KOHMYP, AKHIl BUNIPOMiHIOE eqekTpoMaruitai xeuai, giepenom
AKHMX € eJIeKTPOHH, 0 PYXAIOTHCHA 3 IPHCKOPEHHAM.

EnexTpomareiTHi XBHJi — monepeuHi: B eJleKTPOMArHiTHIN XBHIII BEKTODH E
i B 3MiHIOIOTECA Y B3AEMHO NepneHAHKYJIAPHUX IIOMIWHAX, MePOeHIUKYIAD-
HHUX [0 HAIPAMKY NOIIMPeHHH, i IX KonupanHs abiraooTees 3a ¢Gasoio.

Hnsi eneKTpOMarHiTHMX XBHJIb XapaKTepHi 3araibHi BJIAcTHBOCTI XBH-
JBOBHUX MNponeciB: BigbuBaHHA, 3anoMiaeHH#d, Audpakriis, iaTepdepeniis,
noJApHU3anis,

Ios:xuna enrekTpomaruiTaol xsuwri A =cT = 2nevLC .

3a IOBXHUHOW XBUJi A a60 YaCTOTOK KOJMBAHB (V) MeXi AilanasoHy eaexTpo-
margiTHEX xBuae Big 10" M (3:10° T'm) go 107" M (3-10'° Tm). IIkany
eJIeKTPOMATHITHHX XBHJb HOALAAIOTE HA MiJIAHKH 38 MEXAHI3MOM 30V/KeHHH,
Enexkrpomarnitai xBuii pisHMx gianasoHiB MaioTh pisHmii Mexamiam BHmpo-
MiHOBaHHA i pisHi BIracTHBOCTI.

Padiosé’asox — nepepaBaHHA iH(opManii 3a [J0ONOMOrol pPagioOXBHIb.
PospisssaoTrs pagiomoBneHHs (nepefaBaHHA MY3WKH, MOBJIEHHS TOIIO);
TeserpadHi cHraanu, renebaveHus (mepegapaHHs 300paskeHHsA) i BiacHe panio-
3B'A30K. Panioss’a30K 3AifICHIOIOTE Yepe3 BHNPOMIHIOBAJBHY Ta IMPHHMAaIBHY
aHTeHH ab0 yepe3 CYNYTHHK 3B’ A3KY.
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§ 50. Npupopaa ceiTha

PoasuToK yaBneHe npo npupoay ceitna. CTosiTraMH TPHBAIH MiXK BYEHH-
MH CYTepedKH po TpUpoAy cBiTia. CBiTa0 cTaMo ANA HUX OJHHM 3 «HAWMIinHI-
IIHX FOPillIKiB» , HOT0 HABITH HASUBAIHN «TEMHOIO ILUIAMOKO ¥ disumi»! ¥ 1678 p.
roJIAHACBKHE acTpoHoM i (iauk XprceTuaH [olireHc 3apONOHYBABR XEUAbOSY
meopii céimaa, 3rifHo 3 AKOW CBITJIO — Ile XBHJI, IO NOIIMPIOIOTHCA B 0CO-
OamBOMY, TinoTeTHYHOMY cepefoBHIUi — edipi, AKHI 3aN0BHIOE yBech MpPOCTip
i nporMKae BcepeuHy Beix Tia. Ila Teopia nobpe noacHIOBAJIa HH3KY ONTHYHHX
SIBHILI, 30KpeMa NepeTHHAHHSA CBiTJIOBHX NMOTOKIB, KOJIM BOHH BiJILHO NPOXOAATE
O[IJMH KPi3b OZHOTO, He 3iHCHIOYH B3AEMHOr0 BIJIMBY, TAK CAMO, AK OyIb-AKA
KLIBKIiCTh 3BYKOBHX XBHJIb MOKe OJJHOYACHO NOLIMPIOBATHCSH B IOBITPi, He nepe-
mKoAsawun ogHa oxHi, Teopisa Noiirenca nobpe noAcHOBaNA i TaAKi XBHABOBIL
nponecH, AK BigbuBaHHSA 1 3aJ0MIeHHA XBHIbL, ABHINA Audpaknii Ta inTepde-
pernii. OcHOBHHI Henosnik Teopil moaAras y ToMy, IO BOHA I'DYHTYBAJAack Ha
yABJIEHHI PO CBiT/IO K NP0 MeXaHiYHY NoNepeyHy XBHIK, AJA NMONIHPEHHS
AKol HeoOX1HA HAABHICTE IEBHOI'O cepenoBuLa — edipy.

¥ 1704 p. 1. HeloTOH BHCYHYB iHIIY, TAK 3BAHY KOPNYCKYAAPHY meopiio ceim-
Jd, 3TiTHO 3 AKO0I0 ¢BiT/IO — e noTik yacTHHOK (Hpi0oTOH HasBaB iX KOPOYCKY-
JaMHu), [0 PYXAKTHCA 34 3AKOHAME KJaCHYHOI MeXaHiKH: y BLIBHOMY IpocTopi
npAMoJiHifiHO 3 mocTilfiHOO mBHAKicTIO (3a iHepniew) ToOTO AK NOBHHHI pyXa-
THCA YACTHHKHM 3a BigcyTHOCTL Bsaemozil arigHo 3 nepmum sakoHoM HrloroHa.
AKI0 % HA MIIAXY CBiT/IA 3yeTpiuaeThCA NepelKoa, To miJ yac B3aeMoiii 3 Helo
CBiT/IOB] YaCTHHKY 3MiHIOIOTE CBill iMNyabe arifHo 3 Apyram 3akoroMm HeoToHAE,
o0 ¥ cCOpHYMHIOE OrHHAHHES nepeinkol. Teopisa HeioToHA MOsICHIOBANA IPAMO-
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JiHifiHe NOIMMpeHHA CBiT/Ia, VTBOPEHHS 3a NpejMeraMH piskux rineit. Ane ne-
PETHHAHHSA CBITJIOBHX HOTOKIB HOACHUTH He Morya. AJpKe rinoTeTnaHl cBiTI0B1
YacTHHKM [OBHHHI simToBxyBarTuca. Kpim Toro, gocuThs nmpodlieMaTHUYHHM 3
TO3HILIH KopnycKyaapHoi Teopil 6ya0 nmoAcHeHHA ABHUINA 3aJJOMJIeHHA CBITJIA.

O6uzgei Teopii TpuBanuil yac icHyBanu napayiensbHo. Hessakawuu Ha J10CHTH
Baromi ycnixm MexaHiKH y BUBYEHHI 6AraTe0X NPUPOAHHUX SABUII, 38 J0OIIOMOIoI0
MEeXaHIYHHX VABJEHb HE BAABAJIOCHA HiJiATH A0 POSKPUTTH TAEMHHIL TiPHPOILH
cBiTna. 3aragkose CBiTJIO Ha BiAMinEY Bijg immux ¢ismunnx o6’ekris He Mae
poamipis, GopMH, AKOTOCH NEBHOI0 HOJIOMEHHSA B IPOCTOPI.

Hapemrri y apyriit nonosuni XIX eromirra, y 1865 p., aunraiiiceruit disue
M. Maxcpeiut guciosus NPUIYIEHHA NPO eAeKmpomMazHimuy npupody ceimaa i
TMEePEeKOHJIMBO MTOKA3AB, 1110 CBITJIO € OKPEMHM BHIAIKOM EJIEKTPOMATHITHUX X BHIIb.

Ane Ha mouaTky XX CT. 3HOBY JIOBEJIOCH MOBEPHYTHCS /10 YABJEHHHA IIPO KOP-
OycKyJaaApHY npupozy ceitna. ¥ 1905 p. A. Eitnmreiin, nogcHooun aeuie (o-
ToethekTy, HOBIB, 110 Nig Yac BUNPOMIHIOBAHHA | MOIIMHAHHA CBITJIO IIOBOJHTE
cebe mogibHO 10 NOTOKY YacTHHOE (KBaHTIB eHepril), ski gicrann Ha3BY pomo-
Hig. ¥ mponeci ¥ MOITHPEeHHSA CBiT/Ia BUABIAITHCH HOr0 XBHJILOBL BIacTHBOCTI.

EKCNEePUMEHTY K KOPMYCKYNAPHWX, TAK | XBUNLOBMX BRacTusocten, Gyno

*I Mpose y noeeaiHWi ogHoro i Toro camoro o0'ekTa 3anexHo . Bif ymos
Ha3BaHO KOPNYCKYASPHO-XBUILOBHUM AYani3MoM.

Knacuura disuka 3aBxAN 4iTKO poapisHaga ob’€KTH, 0 MAKTE XBHILOBY
TIPUPOAY, Ta 00’€KTH 3 AMCKPETHOI KOPIYCKYJIAPHOK CTPYKTYpow. CyuacHa
KBaHTOBa (pismKa jgoBeJia, 10 NPOTHCTABIEHHA XBUJIBLOBHX 1 KBAHTPBUX BJIACTH-
BOCTel mMaTepialbHHX 00 EKTIB MIOMHJIKOBE Ta € HACJALJKOM HANIMX 00OMEKEHNUX
MOMXKJIHBOCTEeH omHcy mpHpoaHux aAsuan. OQHUM 3 HaWBArOMIININX JOCATIHEHb
cy4JacHOI (Pi3HKH € NOoeJHAHHA, HA HNePIIN [OIJAJ, HECYMICHHX Teopil — XBH-
JBOBOI 1 KOPOYCKYIAPHOL — Ta JOBELEHHA TOT'O, [0 KOPHYCKYVISPHO-XBHJILEOBUMA
ayaniam BracTuBHil 06om Buaam marepii. Kopnyckyrapho-xeunrvosuil dyaniam €
YHIBEPCANBHOW BAACTMUBICIO He MIABKU c8iMAaA, 4 i Oydb-AKUX MAMEPIATbHUX
o0’ exmis.

Onepyouyn HOHATTAM <«CBIiT/O» ¥ po3alil «OnTHKa», MA BBAMATHMEMO 110
c8imao — Ne eJeKTPOMATHITHI XBUJII Vv Aianasoni yacTor KoauBans Big 4-10' 1o
7,5-10" T'm (ontuunnii gianaszoH). ¥ uboMy iHTepBasi KOMXKHINA yacTori Bigmosi-
Jaae cBiit Kojaip BHOpoMiHIOBaHHA. ¥ BAKyyMi CBITJIOBE BUIIPCMIHIOBAHHA Mae [0~
BKUHHE XBHIb Big 400 M (hionerosuil Koaip) no 760 am (uepBoruit).

3asHauMMo, IO NiJ| Yac nepexo]y CBITIOBOIO BUIIPOMIHIOBAHHA 3 OHOTO Ce-
PelOBHINA B iHIIe iforo Kojip sbepiraerbesi, ockiabku sbepiraerbesa Horo gac-
TOTA, & JOBWHA XBHJIL 3MiHIOETHECA BHACHINOK 3MIiHH MIBHIKOCTI MOMIHDEHHS
CBITJIOBOI XBHJI.

Oxepena A npuiMadi ceitna. MoskHa Hasectn Oeasiy npuxiaajis pisHux
maxepen ceitna: Conne, sopi, JaMnM po3:KaplOBaHHA, CBITIOI0AM, ra3oCBIiTHI
TPpYOKH TOLIO. 38 MEXAHIZMOM BHUIIPOMIHIOBAHHA PO3PI3HAIOTE MENA0EI TA /K
MiHecyeHmHi Jepena cBiTia. ¥ nepriux — CBiTIHHA JOCATIACTLCSA 38 PAXYHOK
BHYTPIIIHLOI eHeprii, 30iabineHol mijy 4ac HArPIBAHHA 10 BUCOKOI TEMIEPaTypH
(Hanpukaaj, JaMia poa:xaposanufa, Corne). ¥ Apyrux — cBiTI0 BHIPOMIHIOKOTE
ATOMH 9HM MOJIEKYJIH rasie abo Teepaux Tijg 3a paxyHoK eHepril, orpumanol Big
MOTOKY eJIEKTPOHIB, eJeKTPHUMHOTO [OJIA, CTPYMY, XiMIUHOI peakiii Tomo (Ha-
NpHKJajJ, HEOHOBA, JylroBa, pTyTHAa, MAJOI€HHA JIAMITH, JIAMIIA JIEHHOro cBiT/ia).
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Baarani dxcepenom caimaa € Gyab-axe Tino abo npu-
crpiif, 0 meperBopioe OVAL-AKWUH BHJ eHeprii B
eJeKTPOMATHITHY €HEeprioo oNTHYHOTO JianasoHy.

Iputimavamu ceimaa HA3WBAOTh OPHCTPOI,
npH3HadeHi Jis BUABJIeHHA abo ;X BHMipOBaHHA
CBITJIOBOrO (OITHYHOrO) BUIIPOMIHIOBAHHS,

ITpuanun aii npuitMadis MonsArae y nepeTsopeH-
Hi eHeprii BUIpOMiHWOBAHHA B iHImi BUIH eHeprii,
apyunimi ans GesnocepeAHBOr0 BUMiproBaHHA (Te-
IJIOBY, MeXaHiuHy, enekTpuuHy). Ilpmitmavamu Man. 199. OnTuyHi seuwa
CBiTJIA € TepMoeeMeHTH, (poToereMeHTH, (hoToaio- Ha MexXi ABOX NPO30pUX
JI1 i, 3BHYAHO, 0Yi 3KMBHUX 1CTOT. cepenosunLl

MornuHaHHs | BigOMBaHHA cBiTna. Posraane-

MO TOHKHH CBITJIOBHIH IVYOK, 10 HAJAE 3 MHOBITPSA HA N0BepPXHIO BoaH (mai. 199).
flk MM y3Ke 3HAEMO, AJIS CBITIOBHX XBHJB (AK i XBHIb OYVAb-AKOL HPHPOAK) HA
MexKi Mominy IBOX cepeloBHII CIIOCTEPIraloThHCH ABHINA BiAONBAHHA i 3a10MIeH-
HA, AKi ONHUCYIOTHCA BiAMOBIIHUMH 3aKOHAMH.

¥ rouni majgiHHA YACTHHA CBITJOBOrO MydYka Big0MBaeTbCA — HNOBEPTAETHCH
Y MOBITPHA, & YaCTHHA NPOHHKAE Y BOAY i NPH I[EOMY 3aJIOMIETECA. I3 3aKOHY
abepexkeHHs eHepril BUILIIMBAE, 10 O/IHY YACTHHY eHeprii BunpomintoBanuaa W,
AKA HAZIXOAMTD 3a leAKHIT yac y Touky O, 3abupators Bigbuti mpomeri W , inmy
W, — sanomieni, npu ubomy W=W_ +W_ .

3MeHIIeHEA eHeprii cBiTI0BOI XBHI1, AKe Bi0yBaETHCA B Mipy IPOHUKHEHHHA
ii Brinb pevoBMHH, HASHMBAIOTE NOZAUHAHHAM CBITNIA.

OckiJbKHM BeAKe cepeloBHINe (KpiM BaKyyMmy) IOrJIMHAE eHEpriio, piBHIiCTH
eHEPriii BUKOHYETHCH JIMINE Y HeBeJHKOMY oKoJii Touku O. fArmo cBiTioBe BH-
TNPOMiHIOBAHHSA IPOXOUTE Y CepeIOBHINI 3HAYHI BijicTaHl, Masio ocanabionuncs,
TO cepeOBHIIe HAZUBAIOTE NPO30puM (HATIPUKIIAL, CKJIO, BOJA, CIIMPT TOIIO).

Koxne cepegoBunie y Tifl un iHmii mipi sigbusae i nornueae cBiTnosi npo-
meni. CTYIiHE DOMJIMHAHHA Ta BiAOMBAHHA 34JIXKUTH BiJl POAY PEYOBHHHU, CTAHY
NOBEPXHi, CKJIaAy BUTPOMiHIOBAHHA, KYTA NaiHHA TPOMEHIB Ta iHIIMX NIPHYHH.
3okpema, 3i 30iIBIIEHHAM KYyTa IaJiHHA IPOMEHIB o yacTHHA BinbuToro ceiTia
30LTLITYETHCA, 4 3aJOMJIEHOTO — 3MEHINYETHCA. JaleRHicTh 4acTKU BinGuBaH-
HA i TOTTHHAHHSA BiJl yaCTOTH KOJIUBAHBL HalluacTime Mae BUGIpKOBHH XxapakTep,
T00TO KOJIMBAHHA 3 OJHIEIO YACTOTOIO peuoBHHA Bigbueae aGo nornunaae gobpe,
a 3 immorw — norano. Hanpuknang, armocdepa 3emai gobpe mornuHAE KOPOTKL
XBHJII BUMMOTIO CIIeKTPpAa 1 3Ha4HO caabire — #oro JOBTi XBHII.

Merann cHIbHO NOMJIHHAIOTH CBiT/IOBEe BHIPOMiHIOBAHHA, AKEe NPOHHKAE B
HUX, TOOTO BOHH Henpo3opi IA HEOro. 3 BeJIMKHM NOIJIHHAHHAM CBiT/Ia Beepe-
JuHI MeTasiB TicHO 3B’ A3aHU X Benukuil Koedinient Binbusanna. Arxmo ana
ckJa koedimienT BigbuBanHa Bijg moepxHi gopisHioE 4%, TO ANA MeTANiB BiH
pocarae 80-90% .

Moka3aHWK 3anOMNeHHs. Busuarouu eJIeKTPOMATHITHI XBHIII, MH HeoHOpA-
30BO 3raVBAaJIM IIPO NOKA3HUK 3aJIOMJIEHHA,

Ha, WO NOKA3YE Y CKINbKKW Pasis LUBWAKICTL NOWMPEHH: CBiTNa y Bakyymi ¢ Binblwa

" 2 c
HiX y CepenosuuL v, n=—.

ﬁ | ABcomoTHMIA NOKa3HWUK 3aN0OMIEHHN cepefoBnLLa i, Le — Gi3nuyHa Benuyu-
B .
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AOGCOMIOTHHH MOKASHHK 3AJIOMJIEHHS CepefoBHINA Mae IIu0OKMil (hisHUHMUN
amict. Bir moB’sizaHwil 31 MIBUAKICTIO NOMIMPEHHS CBiT/IA B IAHOMY CepPeIOBMIII,
fAKa 3AJIeXKUTH Bij fioro (hisHuHOrO CTAHY (TEMIIEpaTYPH, I'YCTHHHE ToI0). KpiM Toro,
MOKA3HUK 3aJIOMJICHHA 3aJeKUTEH BiJl BJacTHBOCTEH CBiTJIA: JIJIA YEPBOHOI'O CBIT/IA
BiH MEHIIHMHA, Hi¥ AJA 3eJIeHOTO, 4 JJIf 3eJIeHOr0 MEeHIIH, Hik ausa (ioserosoro.
Ina 6yab-AKOro cepefoBuIa abCOMIOTHII NOKA3HUK 3aJIOMJIEHHA 11 > 1.

3 ABOX NPO30PHX CEPeNOBHIN ONMUYHO Oiibly 2ycmuM HABUBAIOThL CEPENOBH-
me 3 6iIBIIMM NOKA3ZHUKOM 3aJI0MJIEHHSA, TOOTO B AKOMY IIBHAKICTb MOIIHPEHHA
ceirna mernma. Ilorpannsaioun B 6iILII rycTe cepelOBHILE IPOMiHE BiIXHIAETRCA
B OiK mepneHAHKYJIApA, IPOBELeHOr0 10 MeKi o1y CepeloBHIL Y TOUKY NadiHHA
mpomeHd (Main. 199). Hasnaku, skmo BigbyeaeTses nepexia npoMeHs 3 cepeioBH-
4 ONTHYHO OiNbII r'yCTOr0 B ONTHYHO MEHII TYCTe, KYT 3aJIOMJIeHHA € OLIbITHM
3a KyT nagigaA. CKopHcTaBIINCE BUSHAYEHHAM ADCOMIOTHOIO MOKASHUKA 3AJI0M-
JleHHHA, DGOPMYIY 3AKOHY 3AN0MACHHSA C6iMI0 MOKHA 3aITUCATH TaK:

sina v n
:—Izn:—g

siny o, my
ABCOMOTHHI MOKA3SHHK 3aJOMJEHHA MOBITPA JJA KOBTOTO CBiTJIAa 38 HOp-
MajabHHX YMOB jopiBHIOE npubausHo n = 1,000292. Tabauio noxkasHuKiB sa-
JOMJIEHHA JIeAKUX PEYOBHH Bi[HOCHO OBITPA HABEJIEHO B JIO/IATKY.

Haiite signoeigi Ha 3anuTanHA
1. Hassite dakTu, ski AOBOAATE NPABUNBHICTE KOPNYCKYAAPHOI Teopii HeloTOHa; AKi A0-
BOASATH I XMOHICTL.

. Hki pakTu NiaTBEPAXYIOTE NPaBUNBHICTL XBUNLOBOI Teopii Moiredca? Aki A0OBOOATL
i XMBHICTR?

. flke npunyweHHa Nnpo npupoay ceitna emcnoene Makceenn?

. LLlo Ha3mBawTh KOPNYCKYNAPHO-XBUNLOBUM Ayaniamom?

. flki oNTHYHI ABMLLIA CNOCTEPIralnTLCA HA MEXi NoAINY ABOX NPO30PUX CepPeaoBuiL?

o AW [\

§ 51. fiBnuie iHTepdepeHuil

KorepeHTHICTE CBITNOBUX XBWb. JlyiKe 4acTo B cepeJOBHILI OJHOYACHO 11O~
IIHPIETHCA KiJIbKA Pi3HUX XBHJIb, AKI MOXKYTh HAKJIAJATHCh OJIHA HA OIHY, BHA-
CJILIOK YOTrO B OJHUX TOYKAX IPOCTOPY BUHUKAIOTH KOJUBAHHA 3 MAKCHMAJIBHOIO,
a B iHmux — 3 MigiMaapHOIO aMmaiTygow. TakuM YHHOM, HA JeAKHX ALIAHKAX
IHTEeHCHBHICTH CBiTJIA BHABUTHCA Oi/bINOK, HA IHIIAX — MEHII0I0, TOOTO YTBO-
PHTBCH YepryBaHHA CBITIMX 1 TEMHHX AiNAHOK — iHnmepgepenyilina kapmuHna.

Yyaci poanofin aMnaiTyn pesynsTyo4YMX KONWBaHb HA3WBAETLCS iHTepdepeHLicio

,,,r-\l I JopaeaHHs B npocTopi ABox | Ginblue xBunb, 3a AKOro BiaGyBaETLCA NOCTIRHWIA B
(Big NATUHCLKKUX CniB enter — B3aeMHO, Mix co6oio i ferio — yaapsio, Bpaxaio).

IIpore ganexko He 3aBKAH YTBOPIOEThHCA iHTepdepeHIifiHA KAPTHHA, KOJH
KlJbKa XBHJIb HAKJAJAKOTHCA OJHA Ha oaHy. Ilna if orpumanna HeobxinHe BU-
KOHAHHA JeAKHX YMOB. 3'sicyemo ix.

IITo6 inTepdepenuiiira kapruaa Oyaa cTifKo0, DOTPiOHI yaromxkeHl XBW,
ToOTO TaKi, 10 MAKTE OJHAKOBI JOBXKWHH i cTany pisEumio ¢as v 6yab-axii rou-
ninpocropy. XBuii, AKki BiANOBiAAI0TE MM YMOBAM HASHBAIOTE KOZEPEHMHUMU,
BiANOBiHO KOrePEHTHUMH HA3HUBAIOTH 1 JI3Kepesia, AKi IX BHIPOMIHIOIOTS,
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AJle, AK BUABHJIOCH, 1100 100y TH KOrepeHTHI XBH-
Ji geobxifiHO BAATHCH A0 NeBHHX npuiomis, Otpu-
MATH XBHJI OJHAKOBOI JOBKHHH BiJl IBOX IIKepesn
MOKHA, BAKOPHUCTABIIHM X0POIIi cBIT/IOMIABETPH, IO
OpPOMYCKAaIOTh CBITJIO B [y3Ke BY3bKOMY iHTepBaJi
AOB3XHH XBHJIB (TAKI XBHJIII IIle HA3HBAIOTE MOHOXPO- ' I
MatuuyHUMH). ITpoTe n/is XBHJIb BiJl IBOX HE3aJeH-

HHX JJKepes He MOKHA JoOHTHCH, m00 pisENLA (a3 M_a"- 200. Cxema pji
iX KonuBaHL OyJIa cTANIO, AJXKe ATOMH JKepes BH- Ginpusmu Ppetens
[IPOMiHIOIOTE CBiT/IO HEe3aJIesKHO OJHH BijJl 0fHOrO.

Ilns opgep:kKaHHA KOTepeHTHHX JKepen cCBiTJaa
BAIOTHCHA M0 MITYYHOTO MPHIIOMY: TIYYOK CBiTJIA Bif
OJIHOT'O JJKepesa PO3ALIAIOTE HA IBA YH KiJIbKa myd-
KiB, AKI #AYTH PIBHUMH MIJIAXAMH, i NOAATI 3BOIATH-
cd 1 HAKJIAAIOTRCA OJWH HA ofHOTO. KMo mi nyuykn
npoiayTE pisHY BigcTaHb, TO Mi HMMH BHHHKHE
pisauna ¢as, symosieHa pisHunelo ix xoay. B pasi
HAKJAJaHHA TAKHWX IYYKIB 1 BUHHKAaE criiika iHTep-
tepenniitna kapTuHa.

_ Boepme takuit MeTo[ BHKOPHUCTAB (hpaHIlys3bKuit Man. 201. ITepdepeHLis
tisuk O. K. ®penens. Ha maiu. 200 HaBeneHo cxeMy MEeXaHIYHUX XBUNb
nmocaigy @peHena A0 oJlepsKaHHA KOTePeHTHHX JIKe-
pen cBiTia, 3a ZOmoMOrol0 Tak 3paHol Oinpuamu @penens. [IBi ogHakopi craaHl
npusMu A, i A, 3 AyKe MAIUMH 3aJIOMHUMH KYTAMH CKJIGI0IOTH BySBKHMU MTOBEPX-
HaMu. Ko nomictuti 3 oaHOro OoKy OinpuaMHu J3Kepeso cBiTaa S, a 3 iHmoro —
eKkpas [], To Ha eKpaHi MOKHA crocTepiraTy inrepdepenuiio ceitiaa. IToscHIOETECA
e THM, 1[0 BCi MpoMeHi, SKi HoTpanifioTh Ha IPUaMy A,, miciisa 3aJoMIeHHA B Hil
inyTh Tak, HIOM BOHM BHHILIHK 3 TOUKK S’, AKa € yABHUM 300paskeHHAM JiKepena
cBirna S. AHAJOriYHO MPOMEHi Mmic/sa 3ajOMJIeHHS B mpuami A, iAyTs Tak, HiOH
BOHH BHUIILIH 3 ToukH S” . Orxe, XBuai #AyTh HIOK Big BOX YABHHUX KON€PEHTHHX
MMepes1 CBITNIA | HAKIAa0THCA HA Beiil mopepxHi ekpa=a [].

IcuywoTE # iHmIi cnocobH OTpUMAaHHA KOrepeHTHHX [AKepeJi cBiTa.

InTepdepenuin ceitna. Bnepine asume inrepdepennii gocaians Tomac FOHr
(1773-1820) (itomy Hame:xuUTh i TepMiH ¢iHTepheperia» ). FOHT Takox nepmum
BUMIipAB IOBXKHUHY cBiT/I0BOI XBHIIL.

Poarnaremo sHamennTHil gocaig IOura. o pedi, MeTOX0 NpoBeieHHA JOCIiTY
Oyia mepeBipka MPUNYIIEHHA PO KOPNYCKYJIAPHY Ipupoay cBitaa. Ceitmo Big
mxepena (FOHr BHKOpHCTAB COHAYHE CBIT/IO) CIIPAMOBYBAJIOCE KPisk MILNTUHY S HA
eKpaH, B AKOMY Ha OIm3sKiil BigcTani ojgHa Big ogHOl OyiH npopisani e ABi MiTnHA
S, ra S,. Sk cBiT/IO € NOTOKOM YaCTHHOK, TO HA HACTYIHOMY eKpaHi NOBHHHI
coocrepiratuca aei ackpasi ainii. IIpore Our nobaumne niny cepiro AckpaBux i
TeMHHUX JiHii. [0 kKapTHAY BiH Ha3BaB iHTepdEPEHIINHOI0, & TOACHHTH 11 MOMKHA
JIHIIIe Ha OCHOBI XxBHJILOBOI nmpupoau ceitna. (Ilomi6ri ABMIA cocTepirailoThes,
HAIIPHKJIAJ, HA IOBEPXHI BOOH B pasi HakJIagaHHA XBUJIE (Man. 201).

o6 sposymiTH, AKHUM YWHOM BUHHKAE iHTepdepeHIiliHA KapTHHa Ha
eKpaHi, cKkopucTaeMock cepieto marionkie 202.

Ha manmoHKax 300paskeH0 MOHOXPOMATHYHI XBHJIL JOBMKHHOIO A, AKL MpOXo-
IATH Kpias ABi minuawm S, Ta S,. 3a miTUHAME XBHJII NOIIHPIOIOTLECA B YCiX Ha-
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npAMKax. Mu 3K posriifafaTuMeMo TLIBKK TPH HANDAMKH — a, 0 Ta 8. Ha mai.
202, a 3o6paxeno xBuJi, AKi mOnagamThL B IEeHTp eKpaHa, Ha mai. 202, 6, ta

202, 6 — xBuJi nafa0TL O PISHUMH KYTAMH.

KoxxHa 3 XBUJIE IPOXOAUTE IIeBHY BijicTanb. PO3pisHAIOTE 3BHYATIHY JOBIKH-
HY npoigesoro naxy [ ra ontuusy d. s pakyymy Ii JOBMHHH ONHAKOBI.
Jlna [OBIIBHOTO CepefoBHINA ONMUYHA G068HCUHA WasXY d — [le BeJudYHHA, 110

Expan

Expan

Man. 202, IHTepdepeHuin
Bif, ABOX WiNWH

BU3HAYAETHCH A00YTKOM (DAKTHUHOI IOBAKHHH NLIAXY
CBIiTJIOBOI XBWJIi B JaHOMY cepefoBHIli (reoMeTpHYHOl
JOBKHMHH) Ta abCOJNIOTHOrO MNOKABHHKA 3aJ0MJIEHHA
uboro'cepe,uoauma. d = nl. Big Toro, axorw 6yae omruy-
Ha PisHAIA XoAy MixK nBoMa XBHNAMU Ad =d, —d,, 3a-
JIEKHTE AMILTITY/18 pesyJIbTYI490l XBHJI.

Y nepuiomy BHOAAKY @ Biff KoHOI i3 IBOX NIIIHH
XBUJIi MPOXOAATEL OfHAKOBL Bigcrani d, = d, Ta jocd-
raloTh eKpaHa B 0gHii ¢asi. ¥ npoMy BHDAAKY amii-
JiTyAa pe3yJbTyIu0l XBHAIL NOJBOKETEHCA 1 cHocTepi-
racThCcA OigcHIeHHA cBitaa (csitaa aimia). Take came
NiJICHIeHHA CHOCTEPIraeThCHA 1 Vv BUIIAAKY, KOJIH Pi3HM-
I XOAy JBOX XBHIB d, — d, Gyae nopiBHIOBATH HiTOMY
YHCTY SOBXWH XBANE (a00 mapHOMY YHCIY MIBXBHIL).

Axmo % ofgHA i3 XBAJIL IPOXOANATEL AOXATKOBO Bij-
CTaHb, KA JOPIBHIOE NOJIOBUHI XBUJI1, NIBTOPH XBMJII i
T.JL., TOOTO pisHuna xony d, — d, eKnasaeTbes 3 Henap-
HOTO YHCJa NMiBXBHIB, TO OOHMABI XBHII nmonagyThk Ha
eKpaH y npoTH(asi i «moracATb» OJHA OJHY, OCKIIBKH
pe3yJIBTYIOUa aAMIUIiTY/1a JopiBHIOBATHME HYJI10 (BHANA-
IIOK 8). ’

Mosknueuii i me oguH Bumajok (Ha man. 202 me
MOKAa3aHO), KO Pi3HUILA XOAY AOPiBHIOE He IijoMy
YHUCAY HNIBXBHJIb. ¥ IBOMY BHIAAKY XBUJII NPHITAVTE
3 pisEHME (asamu 1 Oyayre abo niacumoBatu abo
nocnabioBaTé ofHa OAHY. AMILIITY1a pPesyiILTYIOUO]
xBuai OyJe MaTH NpoMiKHe 3HAYEHHA MIXK HyJeMm i
NOABIHHOI aMILJIITY 1010,

YaararbHeHHs POSIJIAHYTHX BHIOAJKIB HOCHTHL Ha-
3By YMOB MaKCHMMyMYy Ta MiHiMymy iHTepdepeniiii.
Tak, mob orpumMaTy MaKcuMyMm inmepgepenyiitnol
kapmunu (nigcuaeHHA) HeoOXigHO, MO0 ONITHYHA pia-
HUOA xony d, popiBHWBana wymw (man. 202, a) abo
napHoMy umcay nisxsmnae (man. 202, 6), Ad=d, - d, =

= Ek% , e k=0,1,2,3... . Minimym inmepghepenuiitror

kapmunu (mocnabiieHHA) CHOCTEPIraeTLCA B TOUKAX,
JUIS AKUX XBIILOBA PIZHUILA X0y JOPIBHIOE HELIADHOMY

umcay niBxBuab (Man. 202, 8), Ad=d, —d, = (2k+ 1)% "

nek=0,1,2,3....
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ITo eyTi inTephepeHiiiina kKapTHHA — 1@ HE3MiIHHHH Y Yaci po3noiJ aMILIiTy g
inrepdepyrwounx xBuis. Poarnagaoun inTepdepeHniiHy KAPTHHY, MH BKa3aJiH,
o HA NILTMHH TAJAI0TL MOHOXPOMATHYHI XBHAII HoBKHHOKW A. Burmax inrep-
(hepeHLIHHOL KAPTUHH 3AJIEIKNTE BiJl JOBKHENX XBIIb. Tax, AKI0 HA YCTAHOBKY
COPAMYBATH CBITJIO iHIIOro Koabopy (iHINOI JOB#HHU XBUJIi), TO cHocTEepiraTu-
METBCA AHAJOTIYHA KAPTHHA, ajie BijcTaHl MiX CBITIMMH i TEMHMMH CMYraMH
yayTe inmumu. Tak, 1Jis Y4epBOHOTO CBiT/a BificTaH]l MisK cMyraMi BUABIATHCH
BinBIIAMM, HiK JIJIA 3€JIeHOr0 YH CHHLOTO.

A 1110 3K MH cliocTepiraTMMeMo Ha eKkpasi, ocBiTuol0UH #oro Ginum ceiTaom?
¥V neoMy BUIIAJKY V eHTpi 6yae BuaHO Gy cBiTIY cMyTY, 8 o obuaBa Ooku Bij
Hel — KoJBOPOBI cMyTH, 3abapeieni BeciMa Konwopamu paitayru: sig dgioseroso-
ro (AxUil posTamoBaHdil OJMKYe 10 LEHTPa eKpaHa) Ao yepBoHoro, (Copobyiite
CaMOCTIMHO MOACHHUTH, YOMY V BHIAAKY 0i0ro cBitia cnocTepiraioThCa pisHo-
KOMBOPORI CMYTH i oMY HA JIeAKil BiicTaH] Bl IeHTpa eKPAHA CMYTH 3HHKAIOTh
i expaH € piBHOMIpHO OCBiTJIEHHM). :

3'scyeMo Lie ofiHe THTAHHA. K BigoMO, eneKTpoMarsiTHL XBuai (y ToMy unc-
J1i it ceiTsi0B1) HecyTh enepriio, Ilo :x BigOyBaeTbes 3 i€ eHEPrien, KOMH XBHIL
racaTs ofHa ogay ? MomInBO s eHepris nepexoJuTs B iHImi BuaK i B MiHiMyMax
inTepdepenniinol kapruan Buginsersed renora? Hi. Minimym y aaniit Toumi
inTeptepenniiinol KApTUHM O3HAYAE, 1[0 eHEPriA CIOAHW 30BCIM He HALXOAHTH.
Bracxizox inrepdepeniii enepris nepeposnofinsgerses B npocTopi. Bona xon-
HeHTPYETHCA B MAKCHMYMAaX, HE MOTPATJIAIYHA B MiHIMyMH.

@ Adante Bignoeigi Ha 3anUTaHHA

. SlKi XBWUNi HA3WBAKDTHCH KOrEePEHTHUMIN?

. Wo Take iHTepdepeHuin? Hazsitk cnocobu CNOCTEPEXEHHS IHTEpdepeHUii.

. ChopmynioiTe yMOBK MaKCUMYMIB Ta MiHIMYMIB iHTEpdepeHUiilHOl KapTUHAW.

. Ha sxomy mnﬁxy ¥ BAKYYMi BKN2AETLCH CTINbKW X AOBXUH XBUb MOHOXPOMAaTHU4HOMO
CBiTNA, CKiNbkK iX BKNAAAETLCA Ha wnaxy 3 MM Y BOAI?

. [lgi KOrepeHTHi CRITNOoBRI XBUAi A0BXMHOI0 4-1077 M NPUXOASATH Y ASKY TONKY Ha eKpa-
Hi 3 piannuen xoay 0,64 mm. NMocunexdHs 4 ocnabnelHs ceiTna CnocTepiraeTees y
L To4LI? :

6. HAk amiHaTLea cMyry iHTepdepenui y gocnini KOHra, AKWo po3micTUTH BCIO YCTaHOB-

Ky HE B NOBITPI, ay soai?

BOWR -

(4]

Mpuknagu po3s’A3yBaHHA 3apa4

- Bamaua. ¥V pocaigi FOura sigcrans mixk miymeamvu a = 0,07 MM, a BigeTans Big noasiiaol
niiawEn go expana L = 2 m. Konw npunan oceiTHIN 3e/IEHAM CBITJIOM, TO BiICTAHS JI0 NIEpINO-
PO MAKCHMYMY cTagoBuaa x = 16 mm. BUsHAYATH 38 MY JaHUMH JOBXHHY XBUII.

0: Poar’azannn
a=T10"m V neeniit rouni C expana (mai. 203)
L=2m fyae MaKcUMyM ocBiTaeHOCTI 38 YMOBHU
x=1610"wm Ad=dy—d, = k.

BusHauumMo onTHYHY PISHUIIO XORY
Ad, ILTA IEOTO 3ACTOCYEMO 10 TDHKYTHH-

2
kis S,CE i S,CB reopemy Iliparopa d; = L* +[_r+%] 2

=it




OMNTHIKA

BigsiMaiouu Bij nepmioro pisEAHEA ApyTe, AicTacMo dzz - df =2xa,(dy—d,) (dy+d,)=2xa.

Ockinbkn a <« L, 10 d, +d, = 2L. Orsxe dy —d, = ~—.

L

. Bpaxosyioun, mo d, — d, = kk, moxxemo sanucatu kh= if

E ax .
3eigeu A= = OCKiNBbKM 3a ymoBoio k = 1.

[Micna nificTaHOBKH IaHWX oTpUMaeMo A = 5,6-1077

Bignosigs: 5,6:10 " m

Bnpaea 25

1. ipa xorepenTHi Asepesna csitaa S, Ta S, oCBITIHIOTE
eKpaH AB, nioImuHEA AKOTO NapajeJbHA HAMPAMKY S,
S, (man. 204). Nosectn, mo #Ha ekpaHi B Touni 0, Aka
JIeKUTH HA NEePHeHIHKYNAPi, OIMYIIeHOMY 13 CepeauHn
Binpisra S, S,, 6yIe MaKCcHMYM OCBiTIeHOCTI.

2. Ilea xorepenTHi Mxepena ceitiaa S, Ta S, (Man. 204) sumyc-

S Sa

KAiOTh MOHOXPOMATHYHE CBITJIO 3 AOBMUHOI XBI 600 oM. 4 B
BussaunTy, Ha akiii sigerani sig rouxn O 6yge nepmii max - )
CHMYM ocBiTaeHocTi, Akmo |[OC|=4Mi[S, S,|=1 Mm. -

3. Bigcranb Ha expani (gus. man. 204) mixk gBoMa cy- Man. 204.
cigHiMm MakcHMymamu ocpitieHocti nopisuooe 1,2 MM,

BHEH&‘IHTH JOBHHHY xBHIL CBITJIﬂ, o Horo BE]IYCI{BJOTB KOI‘EpEHTHl JaEepena
§,ra S;, Konu OC|=2MmilS, S,/ =1 mm.

4, fAx aMiauTECSH iHTepdeperilina kapTuHa Ha ekpani AB (nue. mau. 204), Koau:
a) He 3MiHIOIOUM BifcTaHi MiM AXKepesaMHM cBiTja, BiggamuTH IX Bij ekpana;
6) me amiHIOIOUM BifcTaHi 1o ekpaHa, 36IM3NTH JKepea CBiTNIA; B) AiKepesa BH-
IYCKATHMYTh CBITJIO 3 MEHIIIOK JOBM¥KIHOK XBHJIL?

A § 52. InTtepdepeHUiiiHi KapTUHU B TOHKMX
nnacTuHkKax i nniskax

IHTepdepeHUis y TOHKUX NNOCKO-NapanenbHWX NnacTUHKax. ¥ npupox-
HUX YMOBaX iHTepdepeHIio CBiT/a MOMHA CHOCTEePiraTM Ha TOHKMX MHJIBHHX

Man. 205. IuTepdepeHuis y
TOHKIA NnacTUHLI

oynbpbamkax, Ha IJIiBKax OeH3HHY, PO3JIUTOMY Ha
MOKpOMY ac(asbri.

CrnouaTky 3’AcyeMo, fAK YTBOPIOETHCA iHTEep(he-
PeHIiifHAa KapTHHA [IPH OCBITJIEHHI TOHKOI IIJIOCKO-
nmapajieqbHol nnacTHHKH. PoarngHeMo BHIAIOK,
KoJH iHTepdepeHnisa cnocrepiracTeesa y Bigburomy
cBiTJi, ToOTO cIOCcTEpirad QUBHTECA HA ILJTACTHMHKY
3ropH, i BBAsKaTHMEMO, 110 XBHJIi IagalOThL Ha ILTac-
THHKY NepOneHanKyaspHo (man. 205).

Onruysa pisHADA Xoay iHTepdepyouux mpome-
HiB mopisHIOBaTHEME 2hn, Ae h — TOBIIMHA NIACTHH-
KM, i — A6COMIOTHUI MOKA3HUK 3aJIOMJI€HHA PEeYOBH-
HM IracTHHKH. Taka pisHUIA XOAY 3YMOBIEHA THM,
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mo BiAGMTHI BiJi HMKHLOI MOBEPXHI MJIACTHHKH IIPOMiHB CBIT/Ia MPOXOAHUTH
JOJATKOBHH LILIAX, 1110 JOPiBHIOE NOABIHHIN TOBIHAHI IJIACTHHKH,

Hamni exig BpaxoByBaTH TOH (PaKT, 10 B ONTHII, AK i Y BHONAAKY MeXaHIYHUX
XBHJb, Miji yac BigOMTTA NpOMeHIB Big onTHYHO GiJbII I'YCTOrO cepemoBHINA
BTpAYaAEThCHA MIBXBHJL, a B pasi BigduTTA Bif cepefoBHINA ONTHYHO MEHIN
rycTOro, BTPATH HiBXBHAL He Oyae. V¥V poSrIaAAyBaHOMY BHIOAKY MiBXBHIA
BTpavaeThCs Mij] Yac BiAOUTTA Bifi BepxHBOI HoBepxHi. OTKe ONTHYHA PiSHUIA XO1Y

CTAHOBUTHL 2hn + %

MakcumalbHe mijculeHHa y BigomTomy csiTai Gyge Toii, KoJMHM OnNTHYHA
piBHHUIA X0y AOPIBHIOE MApHOMY 4Ymuciay miBxBuab (gus. § 51). Orke, yMoBa
MaKCHMAJAbHOTO MifcHIeHHA iHTepdepyIouHX XBHJIL JAJA IJACTHHKH, KOJH
inTepdepennin crocrepiraTs y pigdburoMy cBiTJi, BH3HAYAETHCA CIIBBigHO-

MeHHAM 2hn+-}2:=2m—2—, mem=1,2,....

BigmopigHo, yMoBa MaKCcHMaJbHOro ocjabiieHHA CBiTIa BH3HAYAETHCHA

CHIBBIJHOIIEHHAM 2hn+%= (2m+ 1)%, pem=0,1,2,....

fIKIIO AMBMTHCH HA MIJACTHHKY B NpO-
xidnomy ceimai, To6TO 3HMA3Y, TO Ui YMOBH
MIiHAKTHCA MIiCIIAMHA.

fAxmo moHoxpomaTHuHi mpomeHi majxa-
I0Th Ha TMMOBEDXHIO IJACTHHKH Mii KYTOM o
(man. 206, a), pisHuna xoxy Mizxk inTepdepy-
OYUMH IPOMEeHAMM 3miHeTbeA. Jlna npo-

meHiB 1 i 2 BoHA HOpiBHIOE (A.B+BC)n+%

(man. 206, 6). Tyr Tpeba maTu Ha yBasi, 1110
ariguo 8 npusuunoM 'wiresca AC e noJso-
JKeHHAM (DPOHTY XBHJIi B MOMEHT BigbuBaH-
HA npomena 2 y Touni C (robro AC L AB).
MosxkHa goBecTH, IHO i3 30iNbBIIEeHHAM KyTa
najiHHA ONTHYHA PISHUIA XOAY 3MeHIIy-
erhes. Ile oaHauae, mo mig uyac moBopo-
Ty NJIACTHMHKM BiJlHOCHO NpOMeHiB BoHA
NOYeproBo 3JaBATHMEThHCHA TO TEMHOIO, TO
cBiTJI0M0.

fAxmo mwracTHHKY ocBiTaoBath Oilnpm
cBiTJIOM, TO BHACJHiIOK iHTepdepeHNii ana
OJHHMX IIPOMEHIB 3 OJHAKOBHMH [OBXHHA-
MH XBHJb OTPHMYEThCH MifICHIeHHHA, a JId
iHINMX XBWUJIb 3 IHIIAMH JOB¥HHAMH — IO-
caabieHHsA. TOMY IIJIACTHHEA 3JaBATHMETb"
cs crocrepiraduesi sabapsiieHo0 B TOR KoJip,
AKHN GJH3BKHI 0 KOJBOPY MPOMeHiB, 110
MAKCHMAJIbHO [IiICHIIOITH OIWH OJLHOT0. Man. 206. Xin npoMeHiB Kpi3b NNiBKY
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3pos3yminio, 110 NOBEPTAIOYHN IJIACTHHKY BiIHOCHO IpPOMeHIB, CHOCTepiraTH-
memo 3Miny ii 3abapeiaennsa. [ligkpecaumo mie pas, 1[0 BCe BUKJIAJ/IEHE CTOCYETh-
cfl BUMTAJKY, KOJIM HA TLUTACTHHKY MAJal0Th NapaieiibHi IpoMeHi.

IHTepdepeHuin y knuHonoaioHmux nniekax. Kinbus HeooToHa. 3’sacyemo
ocobumBocTi inTepdepenuil ceiTaa y KanHonomiObHil mIiBmi 3 Ay:Ke MAIHM Ky-
TOM ¢ i HIOKA3HHMKOM 38JIOMJIEHHSA PEYOBHHH 1. ByeMo OCBITIHOBATH ILIIBKY 11a-
pajeIbHEMHK MOHOXPOMATHYHMMH XBHJIAMHM, AKI HepHeHIHKYIAPHI 10 onHiel
3 rpaHeil kauHA. [lofGaunmo, 110 HA MOBEPXHI rpaHi Yepryiorbesa TeMHi i eiTai
CMYTH, IapalelsHi rocrpoMy pedbpy kiauHa. [logcHUMO IX yTROpeHHS.

Ha man. 207 3o6paskeno Xiz inTepdepylounx IPOMeHiB ¥ KJAMHI (OCKIIBKY KYT 0
MaJui, To mpoMeHi, BigOKTI Big ABOX rpaHell KJIWHA, IPAKTHYHO HapajieibHi). 3
BiaganenHAM Bijg pebpa KiauHa Ix pisnuni xoay sbinemyiorees. Hexait y Toumi A
Oyne makcuMaJbHe HiAcHiIeHHA ceBitaa. Toxl Ha meaxkiil Bijgcrani a Big Touxkm A
Oyne HacTynmHa Touka B, B AKii, BHACHIOK 361/IbIIEHHA TOBIIMHNA KJINHA, 3HOBY
Oyme MaxcHMaIbHE IiJICHIeHHA CBIT/IA, BIAMOBIAHO IPH IILOMY PIBHHILA XOIV IO~
BHHHa 3pocTaTu Ha A. TobTo onTruna pisaunsa xoxy 2BC - n Mae JopiBHIOBATH .

3 maaoHKa BHAHO, mo BC = atga, tomy 2natgo = A.

Jlns MaaIuX KYTIB TAHMEHC KYTA MOMKHA BBAXKATH TAKHM, 10 JOPIBHIOE CAMO-

MY KYTV, BHpasKeHOMY B pajiaHax, oT:Ke Jicranemo 2aan = A, 3BiAKu a = L
n

Hesasxkko sposymiTu, mo HacTynHa ceitia cmyra Oyje Ha BiicTaHl @ Bijfi TOUKH
Cir.g. e osuaugae, 1o inTepdepeHiiHi CMYTIA B OIMCAHOMY BHIAIKY PO3MIiLIy-
IOThCA HA OSHAKOBHX BiicTAHAX OAHA Big ogHol, [3 36i1bIIeEHAM KyTa o BiICTAHE
Mizk cBiTIMMH (460 TEeMHHMH) cMyraMi 3MEHIITYEThCA. KO KYT o ¥ IUIIBKHA 110~
CTYIIOBO 3MEHIITYBATH, TO iHTeD]EPEHILIITHI CMYTH PO3CYBATUMYTECH, 1 KOJIK I'paHi
IIIBKY CTAHYTH HAPANEILHUMH, CMYTH 30BCiM 3HHKHYTE. I3 36iMbLIIeHHAM KYTA o
cMyTH 301HKYIOThCH i Ana KyTa 6M3bpKo 1° HaKIagaoTHCA OTHA Ha OJIHY.

Knunonoaibuuil noBiTpaHME npocTip MOMHA OTPHMATH, AKII0 HA ILJIOCKO-
HapajeilbHy INIACTHHKY MOKJACTH ILJI0CKO-0NYKIY Jinay (man. 208).

fAKmo ocBiTHTH TAKY CHCTEMY HAPAJE]bHHMHA MOHOXPOMATHYHHMH IIpOMe-
HAMY TAK, 1100 BOHH NAJAJIH EePIeHIHKYIAPHO J0 IUI0CKoI noBepxHi JiH3Hu, To
y BigbuToMy cBiTai 6yae nobpe BUAHO YepryBaHHA CBiTIAHX i TEeMHUX Kinens, Aki
HasWBaKwTh Kinbuamu HeioTona. ¥V npomy pasi inrepdepyioTs npoMeni, Axi Big-
6uBaloTheA BiJ KpuBoi mosepxHi ninsy i Big noBepxHi maacTHHY,

SBepHITE yBary Ha Te, [0 Hepiia XBHJA BiIOMBAE TECA Bl Meski CKIO—TIOBITpA,
a apyra — Bijg mexi nopiTps—ckao. Tomy y ApyromMy BHIaAKy Big0yBaeThCA aMiHa
thaszu konBaHb Big6uTol xBUAl Ha 180°, o Bignosigae 36inbimen o pisanni xony
HA —.

2

Man. 207. InTepdepeHuis Ha knnHonogibHiA naieui  Man. 208. YTBOpeHHs kineuk HeloToHa
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Ha man. 209 soopa:xenc surasaj kisens HeloTona y
BinduTOoMy cBiTil (V mDpoxigHOMY CBiTJII y meHTpi pos-
TAIMOBYETHCA CBiTJa IMJsMAa) /I XBWUJIb 3€J€HOTO Ta
YePBOHOTO KOJIbOPY. K BHIHO, 3 BiiaeHHAM BiJ eH-
Tpa Kinbig 3baikyiorhes. lle nNofAcHIOETHCA THM, IO
Yy OBOMY HANpPAMKY 3POCTAE KYT HOBITPAHOrO KJIWHA
(man. 208). o Toro 3 pajiyc Kijgenb 3alexuTs BLIT 10-
BKMHW NaAandol XBUIi.

Lff DaiTe signoeini Ha 3anUTaHHea Man. 209. Burnsn,

1. B ocTaHHiA MOMEHT Nepeq, TUM, ik PO3ipBaTUCK | YTBO- kineus HeloToHa ans
PUTH OTBIP, MUNbLHA Dyneballka BTpayae Npo3opicTb. Ak 3e/eHUX Ta YEPBOHUX
L@ NOACHWTK, 8[Ke B LEN MOMEHT TOBLLWHA MNNIBKA HAR- XBWUNb Y BigBUTOMY CBITNI
MeHwa?

2. Ak amiHuTbCH BUrnan BaratokonipHO! MUNeHOT DynebalukKn, AKWO OCBITUTH Il MOHO-
XPOMATUHHWUM CBITNOM?

3. Konbopogi Sickpagi cMyri yTBOPIOKTLCA Bif kpanni 6eH3WHY nvwle ToAl, KONWv BOHAa
Nafae Ha BOMOrY, a He HA Cyxy NoeepxHI acdansTy. MNOACHITL, YOMY?

4, Sk aMIHUTRGA KINbKICTL Kineub HbloToHa | BIACTaHb MK HUMM, AKLLO NPOMDKOK MiX

| NiH30K0 W CKNOM 3anoBHATH BOAOKD?

Mpuxnagwn poae’a3yBaHHs 3agav

3anmaua 1. Munsna Oyasdamka v Touni, Haibunscdii 1o ciocrepiraua, araereed sene-
HO10 (A = 540 um). fAxa minimansaa ropuirHa ik ? [TokasHuK 3al0MIeHHA MUJIBHOTO
posunny n=1,35.

Jano: Poas'azanns
A =540 am Big maiibauadol 10 cnocTepiraua TOUKH c(DEpHUHOI NOBEPXHI CBiTIO
n=1,35 BiouBeeTLCH NepHeHARKYAApHO. Biafnealunchk Bii BeDXHELOI NOBePXHI
h 9 Hyanbarmnks, cBiT/O Brpauae MiBXBWJI, a4 Bif BHYTpimHbOI mompepxHi —
min pifibueaeThea Gez nTpaTH. TAKUM YMHOM, MiHIMANTLHA ONTHYHA PisHHUA
; A . A
X0y 3aA0BOILHAE YMOBY 2k, n=—. 3Bigkn A, =—.
2 4n
540 aMm
min = ———— =100 aMm.
4-1,35

Bimgnosigs: 100 am.

3amaua 2. BuanauuTH pajiyc KPpHBHIHHM JiH3H, IO
38CTOCOBYVETHCH B VCTAHOBIL IS CIIOCTEPe:KeHHA Kilens
HeioTosa, AKINO BijicTaHL MijK APYTAM i TpeTiM eBiTIMMH
ginpmamu 0,5 MM. YeTaHOBKA OCBITIIOETHLCHA CBITIOM, MO~
piEuHA XxBUii sxoro 550 uM. Cnocrepe:xeHHA BeJeThCH ¥
BiGHTOMY CBiTIi.

daHno: Poap'azannsa
Ar=0,6-10 3 M I3 ABC (man. 210) maemo
A=5,56:10"m

|BA]* =|BC]* +|ACP? a6o

R-? e
; R*=r2 +(R-h)".
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3Bigkn r: —~2Rh + h*® =0, HeXTYI04H MAJOI0 BEIMYHHOK A° NOPIBHAHO 3 iHIIMMM A0

2
. r
AaHKAMH, OTpEMYeMO 7, ° = 2hR, sBigkn h = 2?2 _
i i : . e B i A
Jna m-ro cBiT/IOTO Kinblla y BigGuTOMY CBiT/l pisHung Xxony gopisawe 2hn + E =2m _2_ ]

ITigcrasnaoun y mio dopMyny BHpas s k, BUSHAYHMMO pajiye Kinpma r =(2m— 1) A R

Hnam=2 r2="(2-2—1)E= ’M—R
2n 2n

Hen-n=3 r,_J(za 1);—’? @.
n

Toai Ar= r3~r2-\/_ J;: \/7(\!'_ V3) = 05\(7

Ockinekn Mixk NiH3010 i IJIACTHHKOK MOBITPAHKE npocTip, To n = 1.
Ar? . (0,5-107* m)*
0,1251 0,125-5,5-10 "m

Bimgnosige: 3,6 m.
3aeprimsb ysazy! IlpoananisyBaBiin po3e A3aHHA 38/a4i, MOKHA 3pobuTH y3araib-
HIOYHWIH BHCHOBOK: ¥ BiZOMTOMY CBIT/I pagiyc ¢BITJIOro KiNbia BH3HauaeThea 3a hopmy-

2m -1 : 5 o
Joi r =1‘ 2 AR , papiye TemHoOro Kinena — r=+2miR , ge m=1, 2, 3 — nopagkoeuit

Homep Kinend. IIpu m = 0 B nenTpi cnocrepiraeThea TeMua nisaMa. Axoo posraspata
inTepdeperniiny KapTUHY ¥ NpoxigHoMy ceitai, Temui Ta ceiTai kKinena MiEAOTHCA Mic-
OAMH (v DeHTpi cnocTepiraeTbed cBiTia nasama).

<2 Bnpaea 26

1. CouaTky MHJIBHY IJIiBKY CIOCTEDITAIOTE Y BiGHTOMY CBiT/II Yepes YepBOHHIT
egitaodineTp (A = 6,7-1077 m). TIpn npoMy BifcTaEb Miz cycifHIMH YepBOHH-
MH cMyraM# cTaHoBHTE 3 MM. Ilorim mio nuieky cnocrepiratoTs yepes cHHIR
cBiTnodinsTp (L = 4:10 7 M). BusHaunTH BiACTAHL MK CyCiAHIMY CHHIMH cMy-
ramu. Beasxarn, mo dopmMa IIiBKH 38 Yac CIOCTePeKeHHA He 3MIHIOETRCH,

2. Bine cgiTyi0, M0 HOPMAJNBLHO TATAE HA MEJBHY ILTiBKY i BinGure Big mei, nac y su-
AHMOMY cHeKTDi iHTepdeperuiinuil MaxcHMyM A0A XBHIL gommkuHo0 630 AM
Ta GaMKYHiL 40 Hboro MiHiMyM ana xeuiai 450 aM, Axa ToBmuHEA nIiBKAT

3. Torka nniBka sasToBmmEKH 0,5 MKM OCBITIOETBCA CBIT/IOM JOBHHOIO XBHJIL
590 um. Axow Gyne nA WIiBKa v TpOXifHOMY ¢BiT/Ii, AKIO MOKASHHK 38J10M-
JIeHHS PeYOBHMHH IJIiBKM 1,48, a npoMeH] HanpAMJeH] NepHeHAHKYIAPHO 0
nosepxHi muisku? o Gyze BigGyBaTHCh 3 KONEOPOM ILTIBKH, AKILO 1T HAXHIA-
TH BiJHOCHO TIpOMeHiB?

4. Ha muneenit k1uH (n = 1,33) HopMaibHO A0 #Oro rpai najae MOHOX POMATHYHE
cBiTHO NoB#HHOI XBIIL 546 aMm, Bigerans mix n'arema emyramu 2 cm, Bussa-
YHTH 3aJIOMHEHI KYT KJIHHA,

5. YeranoBKa JAnA oTpuMaHHA Kineuns HbiToHA OCBITIHOETHCA MOHOXPOMATHY-
HHMM CBIiTJIOM, 110 Nafia€ HOPMAJBHO A0 TOBEPXHI miuacTHHKH. CnocrepeskeHns
BefleThesl ¥ BigbuTomy ceitai. Pagiyeu aBox cycignix remHnx Kineus ry, = 4 Mmm

Orme, R= =3,6 M.
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ir,,=4,38 mm. Pagiye kpususau ginsu 6,4 M. BusnaunTn nopagkosi Homepu
Kineus Ta TOBXHHY XBUJI nagawo4oro ceitia.

6. YerasoBka A8 oTpHMAaHEA Kinens HeloToHA OCBITAKETHCA MOHOX POMATHIHUM
ceiTiom (A = 600 HM), 110 NaJaE HOPMAJBHO 0 NOBEPXHi yeTaHOBKH. Buanauu-
TH TOBUIHHY MOBITPAHOTrO IPOCTOPY Mix JiH3010 i mIacTHHKOI Y TOMY Micnoi, fe
CMoCTepiraeThed N'ATe TEMHE KiNbIle y BinOHTOMY CcBiTHIi.

7. YeraHOBKA IJiA OTPUMAHHA Kijgells HeloToOHA OCBITIKETECA MOHOXPOMATHYHHM
CBiTIIOM, IO NAJAE HOPMAJBLHO JI0 HOBEPXHI yeTaHOBKH. Pagiyc KpHBHAHM JTiH3H
15 m. Conocrepeskedns BejeThcs y Bigburomy ceitni. Bigcrane mix nm'arum
i gBagnATe N'ATHM cBiTnEMM Kinkoamu 9 MM. BH3HAYHTH ZOBXHHY XBHJIL
MOHOXPOMATHYHOI'O CBiTJ]IA.

8. ¥craHoBKa Ans oTpuManHsA Kijsens HeioToHA OCBITAIOETECS MOHOXPOMATHYHHAM
cBiT/0M, M0 TAJA€ HOPMAJLHO 10 MoBepXHi yeranoBkH. Ilicna Toro ax npoetip
MiX JiH3010 i CKAAHOK MJIACTHMHKOI 3ANOBHHJH PiAHHOIO, pajiycH TeMHHX
Kineuns v Bigfuromy cBitai sMeHmuaucsk B 1,25 pasa. BHsHAYHTH NOKaZHHK
3aJIOMJIEHHS PIAHEH.

§ 53. NpakTvuHe BUKOPUCTAHHS iHTepdepeHuil

CyuyacHa HaAYVKAa 1 TeXHiKA BUKOPHCTOBYE iHTepdepeHIlio CBiT/IA AJIA TOYHHX
BHMipIOBaHb, AJIA BH3HATEHHA AKOCTi 0O6poOKH NMOBepXOHB, MJA HNOJiNIIeHHA
AKoCT] 300pakeHb, OTPUMAHMX ONTHYHHMHE IpHIagaMu Tomo. Iarepdepeniiii-
HUIT MeToJI BUMipIOBAHHS TOBHHHA XBHUJIi CBITJIOBOr0 BUIPOMiHIOBAHHSA NAE 3MO-
Iy BU3HAYATH 11 3 TouHicTIO A0 T—8 sHauymux nudp. Takum coocobom y 1960 p.
Gy10 BEMipAHO NOBXKKHY eTAJOHA METpa, B pe3yabTari yoro 6yjo gaHo HOBe foro
O3HAYEHHA: METPOM HASHBAIOTE JOBKHHY, HA AKiN JOBKHMHA XBHJI OPaHIKEBHX
IpOMeHIB Vv BakyyMi, 1o ix sunpomiHioioTs aromMu Kpunrtony, yKIagaerscs
1650 763,73 pasa. (¥ 1983 p. 6y10 npHAHATO HOBUH €TANIOH METpPAa, BUPaXKeHHI
yepes MBHAKICTE ¢BiTIA).

MpoceiTnenHs onTUKK. ¥ 1935 p. ykpaiscexknii yuernit 0. Cmaxyaa apobus
BLOIKpHTTA — crocid moninineHHA ONTHYHHAX NPHJIALIB, 110 OTPHMAB HA3BY «IIPO-
cBiTIeHHA oNTHKN». CYTh BIAKPUTTA MOJMATAE B TOMY, [I0 MOJipOBAHY HOBEPX-
HIO CKJSHOL JIH3M NOKPHBAIOTHL TOHKHM IIApOM IIEBHOrO Marepiany. 3aBAAaxKu
asuiy inrTepdepennuii y i rouki# naieni sBigdure Bix monmipoeanoil noBepxHI
CBITJIO racuThCA 1 OiIbIne cBiT/Ia NPOXOLUTE Bueped. TaKuX NOBEePXOHE HA ILJIA-
XV CBiTJA, [0 IPOXOAHUTE Yepes3 CKIATHNH npuaaj, J0CHTE farato, TOMy BTpaTa
HaBiTh KIMBKOX BifICOTKIB cBiT/Ia Ha BiAOMTTH Ha KOMHINA 3 HUX mpuseso 0 mo
TOro, 10 HA BEXO/1 MH BKe Hidoro He noba-
uypnu 6. JIIH3M € OCHOBHMM eJIeMEeHTOM pia-
HHX OIITHYHHMX OpuiaajiiB: (oroanaparis,
MiKpOCKOIIiB, TeJeCKONiB, IEepHUCKOIIB,
crepeorpy0b, 6iHOKTIB, ONTHYHHUX IPHCTPO-
iB 0 cTpinenpskol 36poi Tomo (man. 211).
Takum UHHOM, Ile BIAKDHUTTA CTAJIO BeJIH-
KHM 3000YTKOM, AKHM KODPHCTYVETHLCA BCe
JIIOAICTBO 1 ChOroAHI AK Ha 3eMJli, TaK i B Koc-
moci ans ¢pororpadysaHHa 3eMii Ta iIHMIKAX

Man. 211. O6’eKTUBK 3 NPOCEITNEHOKD
IJIAHET. ONTHUKOKD



KoHTpone €IKOCTIi noBepxoHb. 3a A0-
MOMOrox iHTepdepeHnii MoM»KHa OILIHUTH
fAKicTh mnidvBaHHA NOBepXHi BUpoOy 3 Tou-
HicTio o 1/10 moB:KMHEM XBHUJIi, TOOTO 3 TOY-
mierio g0 10°% em. [lna uporo ua MOBEPXHIO,
SIKY NepeBipAwTb, HAKIAJAKTL eTAJIOHHY
ILIACTHHKY, OCBIT/IIOITE i1 MOHOXpOMaTHY-
HHM CBiTJIOM i cmocTepiraioTs iHTep(epeH-
niiiHy kaptTuny, Axkmo AxicTs nonipysanHA
BHCOK&, TO HA IOBEPXHI BHAHO IapajelbHi
inTepdepenniiini cmyru. AKmo Ha nosepxHi
€ HepiBHOCTi, iHTepdepeHIiiHI cMyru BH-

KPUBJIIOOTBCA.
Man. 212. Cxema iHTepdepomeTpa IHTepdepomeTpu. Inmeppeponempanu
Maiikenscoxa HASHBAIOTH NPUJIAAH, AKi 3aCTOCOBYIOTH AJIA

BHMipIOBaHE HA OCHOBI siBMina inTepdepen-
ii. 3a Ix JomoMorow 3iHCHIOTE TOYHI BEMipIOBAHHA JOBKHH 1 KVTiB (ocobauBo
B ACTPOHOMIYHUX JIOCHi?KeHHAX), BUSHAUAIOTH MOKA3HUK 3aJI0MJIEHHS [IPO30PHX
PEYOBHH.

Haijisigomimum € intepdepomerp KoHeTpykmil A. MalikenscoHa, cXemy
AKOro HaBeJleHo Ha MaJa. 212.

Critiio Bij mxepena S najiae Ha CKJAHY IWIACTHHKY P), MOKPHTY HaIiBIIpO3opUM
mapom cpibsa. YacTuHa cBiTna (mpoMiHe 1) BigOuBaeThCA Bij IIACTHHKH 1 lTazae
Ha jA3epxano M, imma yacruHa (npomine 2) micns 3anloMieHHS Yy IJIACTHHIL
P, norpannse "Ha gsepkano M,. [lnactuuky P,, Takoi camoi ToBmueEA Ak i Py,
CTABJATL HA LINAXY nNpoMeHA | IasA KoMmIeHcanii pisHHIi Xony, syMoBJeHol
3aJIOMJIEHHAM.

Bigbuemmuce Bij A3epkal, NpoMeHi NOBepTAOTLCA [0 ILJIACTHHKHN P, npudo-
My IpoMeHi, AKi #ayTh Bix g3eprana M, norpanisiors y TpyGy T crnocrepiraua,
npoRInoBHIIK KPisk maacTuuKy P, a npomeni Bij aaeprana M, — sigOnemncs Bij
Hel. ¥ peayasTari iHTep(epeHuil NHX ABOX IYYKIB 3ajeHO BiJ pisHMUIL X0oay
MpPOMEeHIB y noJii 30py TpyOH cOoocTepiraTuMeTsCs cBiT/Ia aDo TeMHa cMyTa.

I'eunramu W, W, MmoscHa 3MiHIOBATH TOJIOXKeHHA A3epkal. [locTaTHbo 3aMicTH-
TH OJ[He i3 I3ePKAJ Y HANPAMi IPOMeHs, HANPUKJIA] HA Y4k, K PisHUIIA X0y 000X
npomeHiB 36inbmInTECA Ha Y2k, IHTepdeperLiiiEa KAPTHHA HA eKPaHi 3MiCTHTHCS
HAa iy eMyTy i 3amMicTh cBiT/IOT cMYTH crIocTepiraTuMeThes TeMHa afo HaBMaKH.

Ha cworogni icHyioTh iHTepdepoMeTpH pisHMX KOHCTPYKIii, AKi sacTrocoBy-
IOTBCA A BH3HAYEHHA JIHIAHUX po3MipiB JocaiKyBaHMX 00’e€KTiB i3 TOUHICTIO
oimasko 100 HM, a TAKOXK ¥ KOCMIYHHUX JOCTII3eHHAX (/1e 3aMicTh CBITI0BHX XBHIb
MOMKYTh BUKODHCTOBYBATHCH XBWJI pagioaianazony). UyTausicTs acTpoHOMiUHMX
inTep(hepoMeTpiB 3HAYHO BHIIA, Hi?K YYTJHBICTE 3BHYAHHAX PaJioTe/IeCKOIIIB.,

Ans noAaTKOBOro YUTaHHS.

Hoenid Maiikenvcona—Mopani. Iarepdepomerp MaiikenbcoHa BiIirpas Bad-
JHBY POJIb ¥ cTaHOBJeHHI cy4yacHol isurun. ¥ 10 Knaci, BUBYUAKYH OCHOBH PeJIf-
THBICTCEKO] MEXAHIKH, MU PO3IJIALANH HOCIi] 3 BUABJIEHHA «ehipHOrO BiTpy»,
AKUi nposoguan y 1881 p. amepukanceki yueni A. Maiikenscon 1 E. Mopui. Ille
pas IPHraJlaeMo CyYTh HOCIiIY.




I Posain ©  xBUALOBA TA reomeTPudHA onTuika [IEERE

3rigHo i3 3aKoHAMH eJleKTpoAMHAMIKH MaKcBessa MIBHAKICTL IMOIMTMDEHHA
@JeKTPOMArHITHUX XBHJb ¥ BAKYYMI 0JJHAKOBA B YCiX HAIpAMKAaX i JopiBHIOE c.
Ase 3a 3ak0OHaMM KJIACHYHOI MEeXaHIKH MIBHAKICTE MOKe NODPiBHIOBATH ¢ JIKIIIE
B O/iHiN, BuOGpaHiii, cucreMmi Bigmiky. ¥ Oyas-arii immrii cucremi Bigmiry, mo
pyxaeTscs BifHOCHO Iiel BUGpaHol cHcTEeMH 3i IIBUAKiCTIO U, MIBHAKICTE cBiTIA
BiKe JopiBHIOBaTHMe ¢+ U (3rigHo 8 mpuHuunoMm eBigaocHocri Iamines). Orixe,
BHHMKJIM MeBHI CyNepeuHocTi Mix erekTpoauHaMikoo MakcBessa Ta MexaHi-
koo Helorona, fiKki HaMaraaucek BUPIMIUTH pisHUMHA cnocobaMu.
Onu i3 cnocobis moasras y Tomy, o upuHuun BiggocHocri laninesa spaska-
TH He 3ACTOCOBHHM JI0 eJIeKTPOMAartiTHux sisunl. CaMe TaKol AYMKH JOTPHMY-
Based rojutanacbKui (pisuk X. Jlopenn. Ha Toii yac BBa)anu, 1o nepemimesss
eJIeKTPOMAr"iTHOI XBUJIL y npocTopi BigOyBaeThecA y clenialbHOMY CepeIoBHIIL
— e(hipi. InepuianepHa cucTemMa BijiKy, ska BigHocHO edipy nepebysae B craHi
CIIOKO0I0, 3a JIopeHIIoM, i € Tiew ocobanBoK BUOPAHO CHCTEMO, B AKIH 3aKOHN
enekrpoaunHamikm Makcsemnsa aificui. Tinbky B 1iit cucreMi BiamiKy mBuaKicTh
CBITJIA V BAKYYMIi OJIJHAKOBA B VCiX HANIPAMKAaX.
Iammuii criocib monaras y Tomy, o6 BBAaXKATH He NMPABHJILHHMH DiBHAHHA
. Maxceenna i cnpobysaTy 3aMiHMTH IX TAKHMU, 11100 3 MepexoioM BiJi OJIHIE] cHC-
TeMH BLLIIKY A0 iHmol (3rigHo i3 sapruyaliHUMH, KJIACHUYHUMH YABIEHAMHA OO
mnpocTip 1 yac) BoHH He 3MiHoBaaucek, Taky cupoby apobus I, 'epu,. Bin Beaixas,
o ed)ip NOBHICTIO 3aXO0ILIINETECH PYXOMHMHM TiIAME, 1 TOMY eJieKTpPOMArHiTHI
ABUINa BigdyBaoTheda B eipl oJHAKOBO, He 3aJI@3KHO B/l TOro, uu Tijo nepebysae
B CTAHI CIOKOK, YH PYXAEThCHd.
Metomwo pocainy Maiikenbcona—Mopai 6yo migrBepauTy (abo BigkuHYTH) icHY-
BanHA epipy. Ax6H MIBUAKICTE CBiT/IA NOPIBHIOBAJIA € TLABKH YV CUCTEMI, 3B  A3aHIN
3 epipoM, TO, BUMipIOIOYHN IIBHAKICTE CBiT/IA B A0BLILHIN iHepuianbHili cueTeMi,
Mok HA OyJ10 O BUABKTH PyX Ii€l cHcTeMH BIIHOCHO ehipy | BH3HAYNTH IBHAKICTE
boro pyxy. Ilogi6ro go Toro, AK y cHcTEMI BIIJIIKY, [0 PYXAETECA BIIHOCHO MOBI-
Tps, BUHHUKAE BiTep, nij yac pyxy BifjHocHO edipy (AKIIO, 3BHUaliHO, edip icHYE)
noBuHeH OyTH <«edipanii BiTep». 3emusd, pyxaouuck no opdirti Haskoao Conrg,
pyxaerbes 1 BigHOCHO TinmoreruyHoro edipy. Bignoeigno niepory «edipnuii Bi-
Tep» Mae o0LyBaTH Ii B 0fHOMY HAIPAMKY, HiBPOKY — B iHIIOMY, 1 BiAIOBIJHO Kap-
THHKA HA BUX0Ji iHTepdepoMeTpa NOBMHHA 3MINYBATHCE TO B OJIHH, TO B iHIITHI
bik. [Iposeneni gociiyu He BUABKMJIM HiSKOTO BiTPY, a oT:ke, i HiAgkoro edipy! e
03HAYAJIO, 1110 He icHYe 1 HifAKOo1 abconTHOI CHCTEMH BIAMIKY.
i I Ak Bu yixKe snaere, A. EdHIITeH YCYHYB 1110 HEY3ro/PKeHICTh MiXK KIacH4-
HOI MeXaHIK0I0 1 eJIeKTPoANHAMIKOI0 PeBOIOLINHEM LULIAX0M, Bl MOBHBIIHCE
BiJl KJIACMYHUX VABJEHb Npo abcodTHHI npocTip i yac i mum caMumM 30epirmu
OpHHILHD BigHOCcHOCT] 1 piBHAHEA MakcBenna. Tak i BHHHKIIA clienianbHA Teopia
BifiHOCHOCTI, B AAKifl 3aKOHM KJIACHYHOI MEXAaHIKH PO3rNAJAlOTLCA AK IPAHAY-

1 HHUIl BHOAZOK PYXY MAKPOCKOIIYHHUX TiJ i3 IIBHAKOCTAMH, HADArATO MEHIINMH
3a MIBUJAKICTHL MOIMMPEeHHA CBITJIA.
i AaiTe Bignoeigi Ha 3anuTaHHA

1. YoMy NpoOCBITNIOBAaNEHA NAiBKA, HAHECEHA HA NOBEPXHIO NiH3KW, 3AAETLCH KONLOPO-
BOKO?

2. XT0 nepum 3anponoHyeas MeTo NPOCBITNEHHA ONTHUKKA?

3. flka Gynosa i npuHumMn aji inTepdepomeTpa MalikenbcoHa? 3 KOO METOIO 3aCTOCO-
BYIOTh iHTepdepomeTpu?



ONTHKA

Aevwe audpaxuii. Oszmrafiomu-
MOCH IIIe 3 OfHAM XBHJILOBHM SABHIIEM
— dughparuyiew. Mudpakiis — apumIe
OTHHAHHS XBUJASMH MEPEIIKo/.

Jlerko cnocrepiratTi audpakxiiio
XBHJIb, fAKI OOIIMPIOIOTBCA HA II0-
BepxHi Bomgu. Ilepemkonw nopymy-
OTh NPAMOJIHIMHICTE mepeMileHHA
(porTy xBHNi. AKNO nepemKoga Be-
JHKAa (IOPiBHAHO 3 JOBHKHHOK XBHJIL),
TO 34 Hel0 XBWUJIb Hemae (maJu. 213, a),
AKIO PO3MIp Hepenrkogn MAaJuil —
XBHJI 3aX0AATE 3a i1 kpai (man. 213, 6),
Ly:e MAJy [epeliKoay XBHJII OruHa-
OTh TAK, HiOM 11 Hemae —(ppoOHT XBHIi
He sMiHIOETECA (MaJ. 213, 8).

Ha man. 214 3o6parxeH0 TPOXOJKeHHA XBHJIb KPidh OTBOPH Y NEPeITKO/IL.

Cnocrepiratu audpariiio ceiTia He tak jgerxko. Cnpaea B ToMy, IO XBHJI
BiAXHUNAIOTECA Bifi MPAMONIHIHHOrO NOMMpeHHA HAa TOMITHI KYTH JIHIIe HA
nepemKosax, Po3MipH AKHX NMOPIBHAHHI 3 MOBMHUHOIO cBiTaoBol xBuiai. Tomy
IOJIA Nepemxoj, BeJUKHX MOPiBHAHO 3 NOBMHHOK XBHJL, AU(pPaKIio MoKHA
crmocTepiraTi Juile Ha BeJUKi# BixcTani Big mepemxoan.

Avdpakuindi kapTunn Big pisinx nepewkon. fAxkmo Bix gxepena S npo-
INYCTHTH IIYYOK CBITJIa KPi3b 0TBip AB (MmaJj. 215), To Ha ekpaHi ficTraHeMo cBiTay
IIAMY.

Hiamerp niei na1amu Bignosigae MIUPHHI cBITJIOBOTO NyYKa, [0 NaJac Ha eKPaH
(man. 215, 6). 3menmyoun oTeip AB, MH criocTepiraTHMeMo, 0 3MEHIIYETHCA i
nIAMa, ToOTO BBYHYEThCH IydoK cBiTaa. [Ipore, mounHAIOUH 3 IeAKOTO PO3Mipy
OTBOPY, HOJAJBIIE HOro 3MEeHIIeHHA COPHYHHIOE 30inbmenna naamu! [Ipn nroMmy
IJIAMa BTpavae piskicTs, BOHA po3IIMpeHa i HepiBHOMipHO ocBiTiiena (mau. 215, 8).
Ha expani 3’aBnawmoTeea cBitai i TemHl KRinbumga, mo 4epryiorses i saiiMaioTs
OinAHKY, sHa4YHO Oinbiny, Hi He BHXOAWUTH i3 reOMETPUYHHMX MOOYIOB, AKI
I'PYHTYIOTECA HA 3aKOHI NPAMOJIHIHHOTO NOIIMPEHHSA CBiTJIA.,

SMiHIOKYH JiaMeTp OTBOPY, MOMKHA OTPUMATH B eHTpl Audpaxmifinol kapTHHA
abo Temny, abo cBiTIY IIAMY.

Ha maun. 216 norkasano gudpakmiiiHi KApTHHY BiJ TOHKOI ADOTHHH T KPYTJIO-
T'0 THCKA.

Man. 214. MpoxogxeHHs XBUNI KPi3k OTBOPH
PI3HOI WKMPHHKW

*® 0

a 6 L] a 6

Man. 215. [locnin ia BUABNEHHA 3aNeXHOGTI BU- Man. 216. QndpakuiiiHi kKapTUHW Big TOH-
rnaay CBiTHOI NNAMK Big pO3Mipis oTBOPY KO APOTUHK (@) Ta kpyrnoro gucka (6)
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NpuHumn MNoirenca—®penens. Hocaimxysas asame audpaxaii 0.7, Ppe-
Hesb. BiH nobyayeaB kinbkicHyY Teopilo gudparnii, Axa nae MOMKIHMBICTE ¥
OPHHIOHIL podpaxyBaTH nudpakiiiiHy KapTHHY, 0 BHHHKAE BHACJIIIOK OrH-
HAHHA CBIT/IOM OyAb-AKHX mepemko. Ppenens TaKoM yrepile AaB MOACHEH-
HA MPAMOJIHIHHOTO MOITHPEHHA CBiTJIa B OJJHOPIAHOMY CepeNoBHIIi 3 HOTJIAaY
XBHJILOBOI Teopii.

Ilux yenixis @penens gocdar, o6’ eqaasmm npuanun ['olirenca (qus. § 47) 3
OPHIYIEHHAM IIpo iHTepdepeHIliio BTOPHHHUX XBUJIL. SrifHo 3 ineamu Ppene-
11 X8UNb0OBA NOBEPXHA 8 OYTb-AKUIL MOMEHM HaCY € HE NPOCMO 0068i0HOI0 BMOPUH-
HUX xeuasb (AKx 3a npunyunom INolizenca ), a peayavmamom ix inmepeperyii.

Takum uueoM, npuHnn 'oirenca—Pperena noacHOe Audparnino AK pe-
3VJBTAT HE3AJEKHON0 HAKJAJAAHHA KOTEDEHTHHX BTOPDMHHHX XBHJb. IHIIMMM
CI0BAMH, Juparyia € Hacaidkom inmeppepeHuil x6uib.

Posrananemo perasnHillle MexaHiaM OpPOXO[KeHHA XBHJL Kpisek miIuHEY
(man. 217).

fAx Tinbku GpoHT XBUII Ailfe [0 MIITMHA, TO KOMKHA TOYKA IPOCTOPY Mix

KpasiMH IIUIMHH CTAE CAMOCTiMHMM JpHepesoM BTOPMHHUX XBHIBL. Hosmil
(hpOHT XBHJi YTBOPIETHLCA YV pe3yabTaTI iHTepdepeHIiil [HX BTOPHHHEHX XBHJIb.
OcKinbKH BTOPHHHL XBHJIL BiJ KpalHIX TOYOK INIIMHE MAIOTE BATHYTY IIOBEPX-
HIO, TO HOBOYTBOPeHHI (PpoHT XxBUIi posmuploerses i gedopmyerses. IIpomeni,
MpOBEeHHI NePHeHIUKYIAPHO 10 (PPOHTY XBHII, NTOKA3VIOTE HATIPAM ITOIIHPeH-
HA XBRJ,
f:r. MeTtopn 304 @peHens. Ppenens 3anponoHyBas po3dUBaATH (PPOHT XBHIL
Ha IUIAHKH (30N PpeHesd), AKI posTIAalOTECA AK CAMOCTIHHI 0HAKOBI Jse-
pena XBuJab. Bigmosigno ammrityaa it inTeHCHBHICTE XBHJL ¥ TOYII cnocTepe-
JKEeHHA BU3HAYAETHCH AK pesyabTaT inTepdeperuii XBujb, CTBOPEHHX OKDEMH-
MH 30HAMH.

O3HallOMHMOCH ¥ JeI0 CIpOIeHOMY BHUTJISAJAI 3 METOJOM 30H i 3acTOCYEMO
ftoro go noacHeHHs qugpaxiii ceiTaa Ha KpyrioMmy oTBopi (mas. 218).

Hexaii Ha oTBip Bif Axkepena najae cepudHa XBHIA. STiJHO 38 METOAOM 30H
BIAKPHTHH XBHIBOBHI GPOHT posbuBaeThes Ha Kinbieri 830HM Tak, Mo Biggami
BiJl KpalB KOXKHOI 30HH JI0 TOYKH crocTepeskeHus P pigpisasioreesa Ha A /2 (mad.
218). ¥V npoMy BHNAIKY KOJHBAHHA, AKI IPHXOIATE B TOUKY P Bij aHamoriaaux
TOYOK JABOX CYCiZHIX 30H, OyAVTH HAKJIAJATHCS 3 TPOTHIEKHEUMHA dasamu. Axmo
B OTBOPI AiarpaMu BKJAIAETHCH MapHe 4rcao 308 PpeHens, To B IeHTPl ekpaHa
crocrepiraTuMeThes nocaabieHHs iIHTeHCHBHOCTI ¢BiT/IA (TeMHA NaAMa), AKIIO

Man. 217. NoacHeHHa audpakuii ceit- Man. 218. MeTtop aoH @pexens
na 3a npuHumnom MoireHca—dpeHens
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HemapHe 1X YHCHI0 — mificuaeHna ceitaa (eeitaa nuoama). Pagiyve k-oi soan @pe-
ab ;
HeJIA BU3HAYAETBCH AK 1}, = f—bkl , le @ — pagiyc k-oro chpepHYHOI'0 MOHOX PO-
a+ ;

MATHYHOTO XBHJIBOBOTO (JpoHTY (MOBepXHL), [0 NOMIHPIETLCA Bijl MKepena S
o Toukn P Ha ekpaHi; b — Biggans Bijg BeplIMHE XBUILOBOI HOBEpPXHL 10 TOUKH

P; £=1,2,3... — nopagkoeunii Homep 30K Pperesa; A — goexuaa xsuii. Kine-
Kicmb 30H Pperenn, 1o BMILIYETLCA V KPYVIVIOMY OTBODL pajiycom R, nopiBHioe
R*(1 1 ‘

e _-(ﬁ + h].
Ala b

MeTox 30H @peHesd MOMHA 3ACTOCYBATH i Yy BHIAAKY AMppakilil Big iauHHA.
¥ nroMy BHIAAKY XBHILOBUI (hpoHT HeoOXi HO po3buTH Ha 308N DpeHesisa y BA-
Il BY3eHbKHX CMYIKOK, HAPAJIENBHNX KPalo ILIMHH,

B npuEnUnmi mMozKHA BUTOTOBMTH TAKY TLIACTHHKY, AKa nepekpusana 6 yci
napui abo Henapsi soun. Toal el xBuul npuxoguTuMyTs ¥ TouKy Py dasi i nig-
CHJAIOBATHMYThL OJHA OXHY (XBWJIl, AKI DPHXOAATE V npoTHdasi nmepeKkpuTo).
JlicTaemMo npuyaj HiJKOM aHAJNOrIYHHH JiH3i.

Te sBignosiai Ha 3anuTaHHs

¥ YoMy nonarae asulle AndpakLii CBITNOBUX XBWIIbL | K AOr0 MOXHA cnocTepirat?
Y MOXMEE SBULLE iHTEPhEpeHL | naudpakuii 3 ynstpadionetosumi, iHdppayepeo-
. HUMW | PEHTTeHIBCEKMMW NPOMEHAMI?

2. Axumu yaenenHamn Dpedens 4oN0BHWE npuHumn MNoaredca?

3. ina yoro i Ak came XBMNLOBa NoeepxHa poabueaeTbes Ha 30U Ppenena?

~ §55. Audpackuiitna rpatka

Andpakuia Ha winvuax. o6 audpakiiiina kapruna Oyaa GlabII BHpa;ke-
HOI0, CBITJIO IPOIYCKAIOTE He Kpisk OfHY (Mu [Bl) MIiIHENA, a Kpish KiJbKa mapa-
JeabHUX IAWH, ¥ ILOMY pasi KpiM sBHINa JM@paknii BiadysacTeeA 1Ie f ABHILE
inTephepernii, ockinbKkE NMpoMeri, AKi HAYTH Big yeix miiane, 6YAYTHL KOTepeHT-
HUMHA. Bignosigamit nprerpiii HasuBaloTe Jugpanyiino rpamoio (man. 219).
Ile ToHKA HIacTHHKA, HA AKY HAHECEHI NAPAJENBH] IITPUXM 3 MPOMIMKAMY
(miauHaMB) M HUMH.

ITupuna miauHy 3l LITPHXOM HOSHAYACTECA d | HASMBACTECH CIMAN0I0 I'PATRKU
abo nepiodom rpamiu.

IlapanensHHE MOHOXPOMATHYHHH NVYOK XBHJb,
NepIeHAHKYAAPHENUX [0 IUIOIMMHH TIPATKH, OPOMIIOB-
Y Kpisk Liimuny, sapaakn gudppakiii oyjae poabikuum
OYYKOM IPOMEHIB, I[0 IMOIINPIBATHMYTLCH B yeix Ha-
npamkax. [Ipu npomy miicuaensas MUX XBAJIL BHACTITOK
igTepgepennii MoMxaUBe TINBKHA V NEeBHUX HAIPAMEKAX,
3’scyemo, v AKHX caMme.

Hexail Ha rpaTky najae IMIOCKA MOHOXPOMATHYHA
XBHJIfA, JOBKMHOIO A. ONTHYHA PISHHUILA XOAV MiX XBHIIA-
MM BijJf KpaiB cyciiHix HiiNMH JOPiBHIOE JOBKUHI BiApizKa

Man.219. AC (man. 220), skHii MOYKHA BH3HAYATH 3 TPAKYTHIKA
Dudpakuiina rpatka  ABC: AC = dnsing. flx BifoMo, AKIO HA OLOMY BiIpiaKy
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BMIIYETHCS IIAPHE YHCJI0 HiBXBHAIE (00 1ie Yne/10 JOBKUH XBHJIL), TO XBHJII Bijl
VeiX HILIHH, J0AaYHCh, MiICHII00TE 0JHA 0HY i B Toulli M cnoctepiraTuMerbes
MakcuMyM igTepdepeniii. OTike YMOBOI MAKCHMYMY € piBHicTH dnsing = ki.

Bigmosigno, mimimymam inrepdepennil pigmosizae ymosa dnsin (p:{2k+l}5, ne

k=0,1,2,3... — mime ynciio, 7 — NOKA3HHUK 3aJIOMJEeHHSA cepeloBHILa, B AKOMY [10-
mHpeThed XBUaa. OCKLIBKH A4 OBITpA 1 = 1, TO OTPHMAaHI CHIBBIAHOIIEHHSA

. : ; A x
3AMUCYIOTH TaK: dsing = ki (yMoBa MakcuMyMmy) Ta dsin@=(2k +1}E (vMoBa mi-

HiMyMY).

3asHauuMo, mo Ha Maua. 220 mokasaHo iHTephepyoodi npomeHi, Akl HAYTL
Bijl Kpar KoKHOI minuaH. 3posyMiso, mo npomeri, Aki #ayTs Big Oyas-akol
iHmiol ToOYKHM mIinMHEY (HADpHKJAK 3 HeHTpa) iHTepdepylTh 3 aHAJOTIYHHMH
npoMeHAMH Bij iHmux ngigus. Yum 6inkie miisue Mae rparka i yum Gamxue
BOHHM poaMimieHi ogHa Bif ofHOI, THM ACKpABIiIlli MAKCHMYMH i THM IIHPITHMHA
MiHIMyMaMH BOHM poajineHi.

Aundpakuiinvii cnekTp. YTeopeHy Ha eKpaHi KAPTHHY HA3UBAIOTE Judpak-
yitinum enexmpon (man. 221, 222). Koxxnomy sHauenH1o Koedinienra k sinno-
Biflac cBoA JiHiA (MAKCHMYM OCBiTJIEHOCTi), TOMY #HOTI0 11le HA3UBAIOTE NOPAJKOM
cnexmpa. Miz MaKcuMyMaM#i PO3MIlIYIOTECA MiHIMYMH OCBiTJIeHOCTI,

Axmo k = 0, no menTpy r'paTku v HanpaMkry ¢ = 0 cnocrepiraersca cpitna
CMYTa — MAKCHMYM HYJIBOBOI'O NOPALKY — A4 Oy Ab-AKOI JOBKHHM XpUii, 3 0box
O0KiB BijJf HLOTO HAa OJHAKOBHX BiICTAHAX BHAHO MEeHII ACKPABL MAKCHMYMH ITep-
mIoro NopAjKy, HOTIM INe MeHII AcKpasi
MAKCHMYMH Apyroro nopagxy i r.a. Bei ol I 1
MaKCHMVMH po3MillieHi Ha OJHAKOBUX BlJ-
CTAHSAX OJHUH Biff ogHOr0. AKIIO HA L0 CAMY
IpaTKy HanpaBHTH MOHOXPOMATHYHE CBiT- —>
JIO OinbIIol JOB¥HUHHM XBWJl, TO MAKCHMYMH  —
poaMicTAThCA pigme, TobTo ANA TOTO cAMOTO

3HAUYeHHA kR MaKcuMyM Oy e JerxaTH Jaji Bij B
IEHTPAJILHOTO.
T . & 4 —
OckinbKkH Miciie MaxcUMyMiB (KpiM 1eH- \o

TpaJbpHOTO, M0 Bigmopimae k = 0) sanexurs
BiJl IOBXXUHM XBHJI, TO I'paTKAa po3Kaajae Oine —
CBITJIO ¥ KOJILOPOBHIL criexTp (Mas. 222), 3 obox
OoKiB Bijl nerTpanksHol 0101 JiHil MaKCHMyMH
poaMiMIYIOTECHA B NOPAJKY 3POCTAHHSA NOBXKHH  Man. 220. MpoxogxeHHs XBUNb Kpidb
XBHJIB (Bif (hiosieToBoOro 10 4epBOHOI0). AudpakuiiiHy rpaTky

L

-
P

2

Man. 221. PoaTawyeaHHa nopsaakie y gndpakuinHoMmy cnekTpi



OMTIAKA

Man. 222. AudpakuiiHuin cnekTp Ginoro ceitha

3 dhopmynu dsing = kA BHAHO, 10 A1 BHMiPIOBAHHA JOBY¥UHH CBITIOBOI XBH-
Ji 3a gonomorow AudpakniiHol r'paTku Tpefa BUMIpATH TIIBKH KYT @ JJdA Aa-
HOI'O 3Ha4YeHHH k, OCKiIbKH d 3aBxau Bigome. KyT MoKHA BUMIDATH 3 BEJIHKOIO
TOYHICTIO, OTKE BEJIUMKA TOUHICTE Oye 3abe3meuena i 1/ BUBHAUEHHSA JOBKHHH
XBHJi. 3a3HAYHMO, [0 YMM MEHIOHH mepioj rpaTkH, TAM TO4YHImIKK Oyae pe-
3yJbTAT BUMipIOBAHHA A.

Judpaxitny rpaTiky BHKOPHCTOBYIOTh [JIA BH3HAYEHHA CKJIANY CBITIOBOI'O BH-
NpOMiHIOBaHHA Oyab-AKOI IpHpoAH. 3i 30iIbIIeHHAM 3araibHOI KLIBKOCTI OUTHE ¥
I'PATIIi BMEHIIYETHCA HIMPHHEA MAKCHMYMIB HA eKpaHi, 1o Jac 3Mory 6a4MTH Ha HBO-
MY AK OKpeMi CMyTH MAKCHMYMH [IPOMEHIB 3 MEHIIIOK Pi3HUIEI0 JOBXWH XBHIE. ['o-
BODPATH, 110 30LIBIIEHHA 3araJbHOI KLTBKOCTI IMUIMH ¥ I'PaTHi miasuimye ii posdiseHy
adamuicms. HUHI BUIOTOBIAIOTE I'PATKH, B AKMX HA 0AHOMY MLIiMeTpi HAHECeHO 110~
HAJ] TUCAYY [IITPUXIB, a 3arajbHa iX KLIBKiCTE ¥ I'DATIIi ocArae cTa THCAY.

llikraBy kapTHHY MoO:kHa No6aYUTH HAa eKpaHi, AKIIO0 HA NIJAXY CBITJIOBHX
OpoMeHiB moMicTHTH OBl ogHaKoOBi cxpemieHi r'paTeu, TodTO MOBEPHYTL TaK, L0
ixHi IinuEE B3aEMHO NepneHANKyAapHi, Mu nofaunmo okpeMi CBITHI nisMH,
Koun nepiogu pemitok pisHi 1 poaMimeHi BoHH He BIPHTYJI, TO YTBOPIOETHECA
CKJAfHIIIA cucTeMa NaAM. BHABIAETHCH, 1[0, AHAJIZYIOYHM PO3MIIeHHA IIAM
HAa eKPaHi B TAKUX BHNAAKAX, MOYKHA BUBHAYHTH Bif[cTaHb MiK I'DATKaMH i X mme-
piox. Ile najo 3mory AisHATHCE PO PO3MINIeHHA ATOMIB ¥ KpHCTANIUHIN I'paTILi
6araTbOX TBEpPAHX TiJ.

. = ¥ . .
¢/ [DaiiTe BianoBini Ha 3anNUTaHHA

1. Sk 3MiHWTBLCA: a) NONOXKEHHA MAKCUMYMIB; 6) IHTEHCHMBHICTE LEHTPANBHOIO MakKcK-
MYMY; B) LUMPUHA MAKCUMYMIB, SKLLO NONOBUHY AWGDPAKLIAHOT FPaTKX 3aKpPUTHU He-
NPoO30pP0oK0 NNOLWWHOID Tak, Wob KinbKiCTe WTPWXiE 3MeHlWwKMnacs Basoe?

2. Yomy wrpmxm Ha audpakuiiHin rpaTuyi mawTe GyTi po3MilleHHi WinbHo oguH BinA
opHoro?

3. HAk 3MiHUTBCA BArNAa cNexkTpie andpaxkuiiHol rpaTky, AKWO i 3aHypuTH ¥ Boay?

NMpuknagw po3se’sa3yBaHHa 3apad

I'parka A

3apmaua. Ha mudpaknifiny rparky 3 nepiogom
0,01 MM nanae OGine cmitno. fxka mmpuHEAa cnekTpa
NEepPIIOro MOpAIKY, AKINO eKpPaH po3aMimeHo Ha Big-
crani 3 M Big rpatku. losxuHa XxBUIi dioneroBoro
KOIBOPY A, = 380 HM, a yepBOHOro — A, = 760 HM.

Jano: Poas’azannsa
A=880HM = 3.8-10': M Vmosa pudpariiianx
?'.2 =760 5HM = 7,6"1_(5}- M MﬂECHMYMiB oA 4epBo-
d=0,01rm=110""n HUX XBUJIB dsing, = kL, a
;:‘? T o ana dionerosux dsing, =
=5 =kAy.




I'Posain 5  xBUAbOBA TA reomeTPuuHa onTuikA [IEEIR

 Ilna Manux KYTiB @, 1 ¢y, MOMKHA BBAYKATH, IO
Ay Ay

sing, = tgp, = % ising, =tgp, = %

3 man. 223 pugHo, mo Ab= L(tge, —tgo,) abo Ab= %(.'&2 -A) .

. Iicna nigcraHoBKH gaHuX oTpuMyemo Ab=0,114 m.
Bimmosias: 0,114 M.

Bnpasa 27

1. BuagaguTy KyT BiAXHIeHHs OpOMeHiB 3ejeHoro csitaa (A = 550 aM) y crexTpi
Oeporo NoOpAIKY, OTPHMAHOTO 34 JAonoMorow Anbpakmoiiigol r'paTkn, nepion
Akoi 0,02 mm,

2. Ha pndpaxuiiiny rpaTry, mo mMae mepiog 4 MEM, HODMAJBHO DAJ8€ MOHOXPO-
MaTHuHa XBuas. OuniniTe topuEy XBHI, AKIO KYT Mix cHeKkTpaMu apyroro i

Tpetrboro nopaakis 2° 30", KyTu BiAXUIeHHA BBAMKATH MAIHMH.

fh 3. CeiTyo HOpMATLHO Najgae HA fudpakniiiny rparey. Halimenmuit KyT Bigxnnen-
Hf, 38 AKOI'0 CYMiI[AIOTRECA JiHil goBKHHaAMH XBHIb 656 EM Ta 410 HM, gopiB-
Hioe 41°,. BuanaunTH nepioj andparitifizol rpaTeH.

Ql 4. Ha nmmocky audpakmiffiEy rpaTky HOPMAJIBHO Nagae nydok ceiTaa. Ilig kyrom
20° BugHO yepBoHY (669 HM) ninilo cnexkTpa. BuaHaunTH nepioj rpaTky, AKIIO
Mijfl {HM CAMHM KYTOM BHIHO i cHH0 (446 EM) IiHiI0O B CHEKTPi BHOIOr0 TOPAIKY.
Haibinsmui mopAgoK CreKTpa, HiJ AKUM BHIHO YepPBOHY JiHi0, fopiBHIOE 5.

Ons [oAaTKOBOro YMTaHHe

Tonozpagia ma ymoeu 7T cnocmepenennsa. lonozpadivnuid memod
Henucroxa \

B cepenuri XX cr. (1947 p.) Ienuc Tabop, anrnificekuit ¢pisuk, myramngu
croco0H IMiABMINEeHHA 9iTKOCTI 300parkeHHA eJIeKTPOHHOTO MiKpOCKoIa, BITKPHB
HOBHII criocib sanucy 300pakenHsa — rojorpadgio. Axmoe dororpadisa 6ykBaibHO
03HAYAE «CBITJIOBATIHUCH , TO roorpadis o3HaAYAE ¢« TOBHHIM 3A1IMC» — CHIEN1ANbHIN
crocid sanucyBaHHA i BiATBOpeHHEA npocTopoBoro (o6’eMHEOro) 300pakeHHA.

OcuopHI npHEOEAODH rojorpadgii, chopmyasosani II. 'aGopomM, He sHaXOAMIN
€BOT'0 MPAKTHYHOIO 3acTocyBanuAa go nodatky 60-x pp. XX eT., Koau 6yB BHHAH-
IeHHH Jasep. 3acTOCYBABIIN JIa3ep Ta BJOCKOHAJMBIIN MOYATKOBHH rojorpadia-
HEH meroj, amepukanui E. Jleiit Ta
10. Vnarriexe oTpuMain rojgorpaM,

Akl BijoGpakaiaH peaJibHI TPHBHMIpHI 2 -— ‘,
aobpaxxernsa. Ilicia nporo merox ro- 06’exr : B
sorpadii cTaB MIBHAKO PO3BHBATHCE.

'

Poarasaremo Y sarajJbHHX pHCcax

npuHIMO roxorpadii. [Insa sanucy zo- = o s
pozpamu (man. 224) nydor cBiTia Bif, E: !

Jasepa JinATH HA ABl YaCTHHH, IPAYO0- Tt

My OfHA HOro YACTHHA BiAGMBaEThCH Onopruit o ﬁ;
AsepranoM Ha oromnacTHHKY (omop-  Jlzepkaio yaok— ,merpam

HAXBHJIA), 4 IPYTra YaCTHHA TOTPATLIIAE
Ha hoTOnNACTHHKY Micnsa BinbusanHs Man. 224. Cxema 3anmcy
Bij npenmera (IpefMeTHA XBHIIA), ronorpadgivHoro aobpaxeHHs



Onopua Ta npeaMeTHa XBHJII Kore-
PEHTHI 1, HAKIAJAIYUCE, VTBOPIOKTE
Ha hoTomIacTUHIll inTephepeRiiny
kapruny. Ilicns nposBiIeHHA Mnja-
CTHHKH OTPUMYEMO rOJI0IpaMy.

s BirTBOpEHHA 300pAMEHHSA 10
rojorpami 11 BCTaAHOBIOIOTHL B Te caMe
noJoM#eH s, B AkoMy 11 Oy0 oTpuma-
Ho(mau. 225). l'onorpamy oCcBiTIIOIOTE
OIIOPHHUM [IY4KOM CBiTJIA Biji TOrO caMo-
ro nasepa (Apyry 4acTHHY JIa3epHOro
Iy4Ka [IepeKpUBaloTh Aiadgparmon). ¥

Hiiicre Bipryanvue peayabrati Audpakiiicsitia naiaTep-
300parxkeHHA sofpamenHa (pepeHuiiiaiil cTpyKTYplL rojorpamMm
Mair. 205, ket AIATaOBAINA BIATBODIOETECH  KOMiA NpPeAMeTHOI
ronorpaiyHoOro 306paxeHHs XBWJIl, AKA yTBOpIOE 06’eMHe yABHe

300paskeHHA peAMeTa, PO3TAllIOBAHE
¥y ToMy caMmoMy Mictii, fe OyB poamitennit npeamer mijg gac ronorpadysanns. Ie
ao0pariteHHA 3[A€THCA HACTIILKHM pealibHHM, 1[0 BHHHKAaE DarkaHHA JOTOPKHY-
THCE JI0 HEOT'O PYKOIO, ’

TakuM UMHOM, cyTh rosorpadii nonsrae y romy, 1o dpororpadyerbes posnoaii
inTencuBHOCTi cBiT/A B imTepdepenniiiniit kapTMni, SKA BMHMKAE BHACTINOK
HakJaJgaHHA BigbuTHX Big 00’eKTa XBHMJIL 1 KOTepeHTHHX iiyt TaK 3BAHUX OIIOP-
HHUX XBHIB Bigomol dasu. [Mogansma gudpakiiis eBiTia Ha 3apeecTpoOBAHOMY
pos3noAini nodopHiHk Ha doTorpadii signosmoe BigbuTi Big 00’eKxTa xBUA 1 Hae
aMory ix cnocrepiraTi sa BigcyTHOCTI 06’ €KTa CIOCTEPEKEHHA.

PoarnssyTril HaMu crioci® ofepyxanus roxorpadiunoro 3o00paskeHHs HAZH-
BAIOTh zonozpaiivnum memodom lenucora, i 6yB 3a1IpONOHOBAHAN PaJsHCE-
KuM Jocaigaurom H0piem [lenucokom. ¥ npoMy MeToji 3anucy (poTONJIaCTHHKA
BCTAHOBJIOEThCH MizK 06’ €KTOM i M3KRepesoM ceitaa (1asepom), TOMy HOTO TITe HA-
3UBAIOTE MEMOGOM 3ANUCY 2002PAMU HA FYCMPIYHUX NYHKAX.

Tlonorpadia na Bigminy Big dororpadii pae Oinbmry iaGopManino mpo
mochigmyBanmii npeamer. OrpuMasinu ronorpadivne 306parkeHHs, HAMPUKJIAJ
Mikpoo0’eKTa Yepes MIKPOCKOII, MOKHA HOT0 AeTaJlbHO BUBYATH 3 yeix Dokiss,
Ha doronmactuani poamipom 32X 32 MM rojorpadiuHiM METOLOM MOM¥HA 3aI1H-
CATH TeKCT KHHKKH 00CATOM NMOHAJ THCAYY CTOPiHOK.

in ceiTna

flenwe aucnepciiceiTna. fxmo B remMuiil KiMEATI CKAAHY TPH3MY OCBITHTH
IY4YKOM CBiTJIA BiJl TAMOH PO3KAPIOBAHHA, TO, IPUIHBABIINCE, MOM¥HA M00ATH-
TH, 10 ¥ CKJ1 Ha MeXi 3 NOBITPAM ny4okK 0in0r0 C¢BiT/IA PO3IIENUBCA HA JIeKiIbKA
KOJBOPOBUX MyUKiB (Man. 226).

e asumge puepure gocaijxysar I. Heoron v 1666 p. i nassas itoro ducnepcicio
(Bixg naruHCchKOrO dispergo — poskualo), a KOJLOPORY raMmy — cnexmpon (Big na-
THHCBLKOrO spectrum — Mapero).

3aMicTh CKJIA MOMKHA BUKOPHACTOBYBATH JILJ[, OpraHiuHe CKJIO Ta I’ mposopi
JAn#A cBitna marepiann, Yum OinbInuil NOKASHUK BAJOMIEHHA MATepiaay, THM




I

Posain S XBUABOBA TA reoMeTPrdHA onTuka (KRN

ACKpAaBiIe BUpaxeHe ABHUIIe JUcIep-
cii. CepenoBumia, B AKHX cOocTepira-
€ThCH SABHILE JHUCIEepeil, HA3BHBAIOTH-
ci ducnepzyoviumu.,

3’'sacyeMo, y 4HOMY CVTE SBWINA
mucnepcil. ¥ BakyyMmi Bei cBiTJOBI
XBHJI, TaK caMo, AK i emexTpomar-
HITHI XBWJI IHIIMX [AianazoHIiB Jo-
BXKHMH XBHJb (9aCTOT), DOIIMPHITHCH
3 OMIHAKOBOIO MBUJIKICTIO ¢ = 3 * 10%
m/c. Ilig yac nepeTuHy Meski mopaiay
CepeoBHII MIBHIKICTE eNeKTpOMAr-
HiTHOI XBHJII 3MiHIOETLCA, BHACTIIOK
qoro BigdyBaerTsca 11 3aJ0MJIEHHS. Man. 395, Boskasralng
Hputomy KosxcHa MOHOXPOMAMUYHG 6iNOro CBITAA NPU3MOIO
XBUAA MAE CB0I0 NEBHY WaudKicms
nowupennn 6 cepedosuiyi. [losicnennsa nworo mae teopia pucnepeii X. Jlopes-
Ija HA OCHOB1 eJIEKTPOMArHiTHOI Teopii cBitia i erexTporHoi 6YJ0BH PeUOBHHH.
Ilin, yac tpoxojsKeHHs eNEKTPOMATHITHOI XBHIIL Kpisk AleIeKTPHK HA KOMKEH
eJIeKTPOH i€ eJeKTPHYHaA CHJIa, AKA SMYIIYE 1X 3AiHCHIOBATH KOJHWBAHHA.
Konueanua enexTpPOHIB € JepesioM BTODHMHHHUX XBHJb, KOTPL HAKJIAJAIOTHCHA
Ha nepBuHHI XxBuMiai. Bropuasi xBuai sBHaciaigox inepuil enexTpoHiB memo
3aMi3HIOTECA B Yaci i, HarRnagawovyuch HA MepPBHHHI XBHIL, JAl0ThH Pe3yILTyioui
XBHJII 3 BiicTABAHHAM 34 (DA3010 NOPIBHAHO 3 NepBUHHUMH. 3cVB (a3 MixK nmeppuH-
HOIO i peay/IbTyIOH0l0 XBHIAMH 3aJJ€HHUTE BijJl YACTOTH KOJHBAHL HANIPYHKEHOCTI
€JIeKTPOMATHITHOrO N0 £, To6TO CBIT/IO DIsHUX JIOBXHWH XBIAJIb (YACTOT) MATHME
pisHI IIBMAKOCTI NOMIMPEHHA B PEUYOBMHI, a oTiKe, i pisHi 3HAUEHHA ITOKA3HHKA

i
JAJIOMJIEHHA, OCKLJIBKH INOKAZHHUK 3aJJOMJIEHHA BH3HAYAETECHA AK n=—,
v
. sina. ¢ ) vsino ;
I3 3aKoHy 3aJIOMJIEHHHA CBiT/Ia —— = — BMILIMBaE, 10 siny =—— . OcKijas-
siny v c

KM IMBUAKICTE NOIMUPEHHA CBIT/IA U B cepeloBHIL JUIA KO HOI MOHOXPOMATHYHOL
XBH.]‘Ii Mae CBOE€ IIeBHe 3Ha'UeHHA, TO l!i,fil'l{'_)ﬂiﬂli(_‘l JJIHA KOMHOL MGHOXPOMHTHHHOI
XBWJIL siny i BIANOBI{HO KyT 3aJI0MJIEHHSA ¥ TAKO3K HA0yBaTHME IIEBHOrO 3HAYEHHA.

Husni, TepMmid epucuepcisi», AKUA cmodaTky Oyia0 BEeAEHO AJNA NMOACHEHHS
po3KJIaIaHHA OinM0ro ¢BiTIA B CHEeKTP, Mae MNP amict. ¥V Teopil XBUIbL TepMiH
«ducnepcia xeuaby» O3HAYAE 3AMIe3KHICTE (pA30BOT HIBHAKOCTI rapMoHiuHOL XBHII Bij
YACTOTH (JJOBMMHM) XBUI1 1, AK HACIIJIOK, 3MiHY (hopMH JOBLTLHHAX (HerapMOHIYHHUX)
a30ypeHE y IpoLeci Ix nolmupeaH.

Ilin ducnepciew ceimaa po3yMiloTE CYKYIHICTE ONTHYHHX ABHII, 3YMOBIEHHX
3aJIEIKHICTIO JleJeKTPHYHOI NPOHMKHOCTI peYyoBHHH (A4 BiAMOBIAHO i MOKa3sHWKA
3aJI0MJIEHH#A ) BiJl 4aCTOTH (JOBKHHH) CBITJIOBOI XBHJIL.

OcKIIBKHM KOJIP ¢BITJIA BH3IHAYAETHCH YACTOTOIO CBITJI0BOI XBHJII, TO B3KHMBA-
I0Th i TaKe BU3HAUYEHHA: ducnepcia cgimaa — 1e 3alle;KHICTh TOKASHAKA 3aJ0M-
JeHHA cBiTa (a oTiKe, 1 IIBAAKOCTI) BiJ 10ro KOJABOPY.

.ﬁ.ﬂ. Nnpapuio, IOKASHHE 3aJIO0MJIEHH A cBiTIA dpocTae 3i 30ibIIEeHHAM YaCTOTH
ceiTna (Hopmaisvna ducnepein). llpore mobauay cMyr norJuHAHHA CBiTJa pedo-




ONTHEKA

BHHOIO cIocTepiraeTbes obepHeHe ABHILE,

r

I,HB " o TaK 3BaHA aHoMaabHa ducnepciia, KOJH i3
“ \ 301IBIIEHHAM YACTOTH CBiTJIa (3MEHIIeH-

1.4 \\ HAM JOBHHHH XBHJI1) NOKA3HHUK 3aJI0MJIeH-
\ Ciiis HA CBiTJIA 3MEHITYETHCA.

1,6 N HopmaneHa gucnepcis BHAHMHX IpoMe-

1,5 Keapn HiB cnocrepiraeThes v Beix mposopux Gea-

£ 4 ==k Droopur GapBHUX ieJIeKTPHKAX: KBapIi, ckJi, Boji

’

Toio. Mipowo aucnepcii, To6To BeIMYMHOIO,
0 TMOKAa3ye, HAa CKIIBKH PO3XONATHCHA TIPH
Man. 227. Mpacpiuna 3anexHicTb noka3-  SATOMIIEHHL IPOMEH] B CLIEKTP1, CIYXKHTD TAK
HWKa 3aN0MNEHHSA Bif AOBXWUHW XBUAI 3BaHa CEP?,UJ!H AHCIepcla, AKA € PISHHIEH
ANA AefKUX pevyoBuH IMOKA3HHKIB 3aJIOMJICHHA A IBOX NOBXHH

XBWJIb: 1oJ1y6oi Ta 4epBoHOL (1, — N,,)-

I'padiuny saiexHicTE HOKASHUAKA 3AJIOMJICHHA BiJ MOBXKHHYN XBHJII 114 ned-
KHX pe4oBHH HaBemeHo Ha maJ. 227. 3 rpadikis BHAHO, 1m0 3aiexHICTE 1t = f(A)
Mae HeMiHIAHEHA xapakTep i 31 36inpmIeHHAM JOBMHWHY XBHJII NOKA3HHK 38JI0M-
JIeHHA 3MeHIIyeTbcs. KOpPOoTKiI XBHII 3aIOMJIIOIOTBCA CHJILHIiNIe, HiK moBri.
IEmuMu ciroBaM#, YepBOHHH KOJIp vV pedYOBMHI NOMIHAPIETHECA 3 HAHOINBIIOW
MBHAKICTIO, TOMY MEHIIe BJAJOMIIETBCH, a4 MPOMiHL (PiojIeTOBOr0 KOJLODPY
NOMIKPIETECA 3 HARMEHIIOK INBUAKICTIO 1 HAHO61/IbIIe 3a/IOMIIIOETHLCH.

HenepepeHWuii cnexTp ceitna. Ceitno CoHils, 1aMIHM PO3KAPIOBAHHA, CRBIUKH
PO3KJIAIAETLCA NPU3MOI0 B CYLINLHAN (HenepepeHHiil) cuekTp. Lle cBigunuTE Opo
Te, IO Il Ti/Ia BHOPOMIHIOKTE XBHJII YCiX MOMIMBHX 4acToT (JOBKHH) XBHJIb,

3 kpuBoi fucnepceii ansa ckia (man. 227) BHAHO, 10 B 00/1aCTi KOPOTKHX XBHIb
NMOKAZHHK 3aJIOMJIEHHA CKJIA 31 3MIHOK JOBMHHHA XBWJII 3MIiHIOETHECA IIBHIKO, 8
B obsacTi JOBrux XBHUJIL — moBinbHO. ToMmy nucnepciiinuii cnexkTp Ginoro ceitna
CTHCHYTHH y 4epBOHIiHN yacTHHI i poararmyTuil y dioneropiit. Ak Bigomo, gud-
pakiiiiHa rpaTka TAKO:K poskJajae Bije cBITIO y CHEKTp, ajie YTBOPEHHUH HE
CIIEKTP OKPiM KOJBLOPOBHX CMVIKOK Mae Ime i yopHi. JIo Toro »x gudpaximiitani
crnexTp (Mai. 222, § 55) Bigpisuaerses Bijg qucnepeiiiHoro 1e i THM, IO B HEOMY
KOJBOPH PO3MIIYIOTLCA B NOPAIKY 3POCTAHHA IOBXHH XBHJIb, 1 BIH pPIRHOMIDHO
POSTArHYTHH HA BCiX CBOIX AinsHKaX.

PosknagaauaaM 0iJIoro cBiT/ia Ha KOJBOPH BHACJI-
JOK 3aJO0MJEHHHA MOACHIOETHLCA BHHUKHEHHS Bece-
Ku, Becenky BHAHO TOML, KOJIH cHIOCTEpirady JHBHTEHCH
B Hanpamky Big CorndA i B nosiTpi € Bogani Kpamii
(man. 228). [Ina neBHOro KyTa NAaJiHHA NPOMEHIB Ha
Kpamjio Ha Me:Xl Boja—NoBiTpA BeepeauHi Kparmii
BinbysaeTbcs nosHe Bigdusanus. Ockinbku dionero-
Bl IIpoMeHi 3aIoMIKOTRECA Oinbie HizK yepBoHi, mic-
JIst BUXO[Y 3 KPaIii BoHW po3birawThes: YepBOHi mpo-
MeHi yTBODIOIOTE 3 MAJAI0UYNM IIPDOMEHeM KYT 61U3bKO
43°, a (hionerosi — 6au3sKo 41°,

Cnektpockon. OxpiM HenmepepBHMX, #K HaMH
naJi 6yge 3’acosaHo, icHyOTh Jiniftuacrti ra ecmyracrti
Man. 228. 3anoMneHHs CIEKTPHW, BHBYEHHA SAKHX JAJ0 3MOry 3’ sCyBaTH
‘cBiTNAa B KpannWHi Boau OypoBy aToMa.

0,2 0,4 0,6 0,8 1,0 3 pum




PosaiAn S  XBUABOBA TA MEOMETPUHHA ONTUKA Imi

3 2

Man. 229. Bynoea Ta npyHUMN 4ii cnekTpockona

OxauM 3 IpUAaAiB, 3a JOTTOMOTOK AKOI0 JOCHIMKYIOTHCA CIIEKTPH € CIEKTPO-
ckom (mau. 229).

OcHOBHMMH eJleMEHTAMU CIEKTPOCKOIAa € KosimaTop 1, 3opoBa Tpy6a 2, Tpu-
KyTHa npuama 3. B Komimartopi € minnaa 4, yepes Ky IIPOXOAHTE CBiTIIO Bif
JIOCILIKYBAHOTO JisKepesa cBiTaa. IIpoxogaun Kpisk npu3My, CBITJIO 38IOMITIO-
€ThCA 1 JIa€ CHeKTp, AKH crocTepiraeTees Kpiss oKyaap 5 soposol Tpy6u. s
3aXHCTY IPHU3MH BijJl CTOPOHHBOI'O CBiTJIa i1 IPHKPHBAIOTL KPHIIKOI. 3a HOIo-
MOrOK) MiKpOMETPHYHOrO 'BHHTA 6 MOXHA 3MilIIyBaTH 30poBY TpyOy B ropm-
30HTAJBHIN MJIONIMHI Ta BU3HAYATH NOBHHY CBiTJIOBOI XBHJIi, AKAa Bignmosigae
neBHii JgiHil cnexTpa.

ITorpannatoun yepes ob’eKTUB ¥ 30poBY TpyDOy, BCi mapaiensHi mpoMeHi aa-
10Th 300pareHHda MiAnHEKA y hoKkansHi#t mroniuHi 06’eKTHBA, a OCKIJIBKH TIpO-
MeHi pisHMX wacToT (KONbOPIB) mapasienbHi pisHEM NOGIYHHM OCAM, KOMHE
3o0pakeHHA UIIWHHU (JAiHiA neBHOI uacroTu) Oyae Ha meBHOMY Mmicmi. fkmo
CHEKTPOCKOI IPU3HAYEHUN VI BUMipIOBaHL, TO Ha 300paskeHHA JiHIN 3a fomo-
MOr0K0 CHeliaJbHOIO MPHCTPOI0 HAKIAJAEThHCA 300parKeHHA MIKAIK 3 MOLiNKa-
MH, IO JA€ 3MOI'Y TOUHO BHU3HAYHUTH IOJIOKeHHA JiHil v cnexTpi.

Haiite Bignosiai Ha 3anuTaHHs
1. Yomy Gine cBITNO, NPOXOAA4M KPi3b NPUAMY, PO3KNAAAETLCH B KONLOPOBHIA CNEKTP?
2. Hke ceiTno Dyae NOWWPIOBATUCH B PEYOBMHI Npu3amMK (ckni) 3 BinkWoW WBKAKicTo -
yepeoHe 4K ionetose?
3. NopgumeiTec Kpizk Npramy Ha Binwii apkyLw nanepy, Konu i 3anomHe pebpo napanensHe
ogHomy 3 Gokis apkyla. Ak i YOMY PO3TALLOBAHI KONBOPOBI CMYrW BIAHOCHO apkywa?

§ 57. Nonapuaayia ceiTna

MNpupopHe | nonapuaoeaxe ceitno. Jocaigumo me ogHY BJIACTHBICTE CBiT-
JIOBHX XBHJIb — IX monapusani. I3 gocaigis lepua (§ 47) BcTaHOBJIEHO, L0 €JIEK-
TpoMarHiTHi xBuJi nonepeuni. KonwpanuAa sapsafiB vy mepegaBanbHiM aHTeHi
BinOyBaloThCcA B3A0BK 11 oci. BHacaigok yoro B eleKTpoMarsiTHiM XBHIL BeKTOD
HATIPYKEHOCTL eJIEKTPHUYHOTO MOJIA POSTAIIOBAHO Y Tii JKe IUIOIHHI, 10 i Bick
AHTEHH, & BeKTOP iHAYKIL] MATHITHOTO NOJIA — ¥ NepHeHANKYAAPHi# niuomuHi.

Hanpamox BexkTopie E i B 3andmaeTsca HEZMiHHEM IPOTATNOM YCBOrO 4acy
MOIIHPEeHHA XBHJIi.

l"\ XBWNIO, BEKTOPU E i B sxoi Yy NpoUeci ii NOWWPEHHA 3AIACHI0I0TE KONWBAHHA B
’ NEBHWX NNOLWMHAX, HA3MBAIOTE NIOCKONONAPHU30BAHOIO.



OMNTK A

CaiTsi0 — TAKOMK eIeKTPpOMArHiTHA
XBHJISI, TOMY MOJKHA odYikyBaTH Ha
oJIApH3aIio i ceitaosol xsuiai. Bpa-
XOBYHOYH Te, 1[0 ¥ B3aeMoJil cBiTI0-
BOI XBHJIi 3 PEUOBHHOK BUPIIIANIBHY
POJE Bifiirpae BEKTOP HAIPYIKEHOCTI
eJIEKTPHYHOTO TOJA, & TAKOXK I
crnpoileHHsa 3o0paskeHHA CBiTJIOBOI
XBHJII HA MaJKHKaX Hagaal mu Oyae-

Man. 230. Cxema nonapusauii xeunni MO TOBOPHTH IIPO KOJHBAHHA JIHIIE
BEKTOpA HALPYKEeHOCTI.

OcCKINBKH CBITJIO BHIPOMIHIOIOTE ATOMH, KiIEKICTE AKUX Y peYOBMHI BeJIHYes-
Ha, TO 3pO3yMiJI0, 110 TaKe CBiT/I0 He Oy/ie NONAPH3OBAHUM (KOJTHBAHHSA BEKTOPA
E a1iHcHIOIOTECH ¥ BCIX MOMKJIHBHX HANPAMKAX Y IJIOUIHHI, NepHeHIHKYIAD-
Hill 10 HANPAMKY nomupeHHA xBuii). [Ipore, OyBaoTe BUNAAKH, KOJH CBITIOBA
XBHJIA € MOJAPH30BAHOK (41 YACTKOBO MOJAPU30BAHO0).

s Monsipu3ayin ceiTna — CTaH CBITNOBOI XBWNI, B AKOMY NEBHI HANPAMKI KONMBAHb
’ eNeKTPUYHOro BekTopa E nepesaxaiots Haf, iHLIMMMN.

MeToan oTpMMaHH| nonspu3osaHoro ceitna. Meron nonapuaanii npu-
POAHOrO CBiTIA MOMHA 3po3yMiTH 3 Takoro pocaiay (man. 230). ITocraBumo
HA MLIAXY HENoJsAPH30BaHOI XBWJI NJacTHHY i3 nmapajelbHUMH HIIJHHAMU.
3 KOJHBAHBb PIBHHX HANPAMIB IJIACTHHA BUALIUTE KOJWBAHHA B OJHIH MeBHIH
ILJIOIIUHI — XBHJIA CTaHE MOJAPH30BaHOI0.

Axmo Ba 11 MAAXY DOCTABHTH IIIE OJHY TAKY CAMY ILIACTHHY, aJle [HOBePHYTY
BigrocHO epiol Ha 90°, To KOMMBAHHSA KPi3k Hel He NpOHAYTh. XBHJIA TOBHICTIO
MOTACHTHLCA.

s monapuaanii cBiT/Ia BHKOPHCTOBYIOTE ClelliaibHI IPHCTPOI 8 acHMeTpielo
ONTHYHUX BJacTHBOCTeHd. 30KpeMa, iCHYHTh NPUPOJAHI 1 IMITYYHI KpHCTadH,
AKi MaloTh ONTHYHY AHIi30TPOMiI — HEOAHOPIAHICTE ONTHYHHX BJIACTUBOCTEH B
pisHux HanpsaMmkax. [IpoxonAadyn Kpise Taki KpueTaau, CBIT/IO HONAPUIYVETHCA.

nonspuaosaxe.
AHaniaaTopoM Ha3nBaTb NPUCTPIR, AKMM BU3HA4Ya0Th, NONAPU30BAHA XBUNA,

’.s | Monapu3aaropom HA3MBAIOTL NPUCTPIN, AKWIA NEePeTBOPIOE NPUPOAHE CBITNO B
L0 NPOXOAMTL KPi3b HbOM O, 4K Hi.

IIpuknagom nonsipmsaropa (aHajgizaropa) mMosce OYyTH NPHPOLHWHE KpHCTAT
TYPMAJIiHY, 3HAUEHHA NOKAZHUKA 3aJOMJIeHHSA AKOTO B PI3HMX HANpPAMKaX pis-
He. 3aBAAKH [[bOMY BiH MOTJIMHAE BUIIPOMiHIOBAHHA 3 KOTMBAHHAMH BeKTOpa E
OIHOTO NIEeBHOT'O HANIPAMKY, & BHIIPOMiHIOBAHHSA 3 KOJUBAHHAMM B llepHeHINUKY-
JIADHOMY HaNpPAMKY Maiiye He nmoryuHae. 1[0 BracTHBiCTE KpHCTAJIB HA3WBA-
0T QUXPOI3MOM.

ITigiGpaBmy Taky TOBHIMHY TYPMAaJiHOBOI ILTACTHMHKHM, 3a AKOI KOJHBAHHA
OJIHOT'0 HATPAMKY IiTKOM MOTJIAHAIOTLCA B Hill, MOXKHA OTPMMATH TOBHICTIO
NOJAPH30BaHMHN npoMink. Ko nnactuEka 6yje TOHINOW, TO B XBHAJI 3aIHIIa-
HTHCA KOJWBAHHA Y B3AEMHO IEPHeHAHKYIAPHAX HAIPAMKAX, ajle aMIuIiTyna
KOJIMBAHB B 0JHOMY 3 HUX Oyje Oinemiolo, Hix y gpyromy. Taky XBuUI0 Haszuea-
0Th HACM K060 NOJAPUI0EAH0I0.
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Pizko pupamkenmii juxpoism 0yji0 BHSBIEHO ¥
Iyxe MaJleHbKHUX KPHCTAJNHEKIB cylbdary ioauctoro
ximiny. Ilig yac BUroTOBJEHHHA IIOJNAPH3ATOPA LEy-
JOIKHY NONAiBKY NOKPHMBAKTHE TOHKHM IIMAPDOM TaKHX
KPHCTAJHMKIB, BIINOBIJIHO 30Pi€HTYBABINH 1X. 30BHI M0
IJiBKY HAKPHUBAIOTh CKJI0M, 1 AiCcTal0Th IOJIAPH3ATOD 3
BelINKOI0 noBepxHer. Taxki noasapusaTopy HASHBAIOTH
noaapoidamu. (Ilonapoigu 6ynau Bunaiijgeni y 1929 p.
Enginom Jlengom.) Takuih nmoaspoin pie ax m=abip
napajneibHHX LIiIWH, i Maiixe Oes Brpar mponyckae
C¢BiTNIO ojHie] nonApuaanil.
<2, Nonspusayis eHacninoxk sia6utrs i 3anom-
nexHHn ceitna. Kyt [l. Bpiocrepa. Orpamarn noaspu-
goBaHe CBIiTJIO 13 HENMOJMAPH3OBAHOIO MOMHA IIe OJHHM
cnocobom — BiOMBAHHAM i 3A7IOMJIEeHHAM.

Komu ceitino najae Ha noBepxHKO Npo30pol peyoBHHA
(HampukJIag BOAM) i A0OBUIEHEM KYTOM, KPiM IIpAMOTO,
BiOUTHII IPOMiIHL BUABIAETLCA IEBHOK MipOIO IIJIOCKO- 6
NOJIAPH30OBAHKUM NapasiebHo BindueHIN moeepxHi. Ile
naﬁpe 3HAKOTH pHbAIKH, AKL BHIRO].)HCTC.)BYIO‘!‘b MOJIAPO- BIRGMYOT kel Rosife
inHi OKyJIAPH, 00 VHUKHYTHA BiAOAWCKIE BOIH. HIM KYTOM NamiHs (a)

BupuenHs 1pOro ABUINA LOKAZAJO, L0 B HPO30PUX i NPW NaaiHHI Nig KyToM
PEYOBMHAX BAJOMJIEHHH NPOMiHB 3aBKJIM MOJAPHIY- Bpiocrtepa (0)
€ThCHA TIJIBKH YACTKOBO, & JJA BIIOHTOrO NMpOMeHs €
OJIHH HAIIPAMOK, B AKOMY BiH Hoaspuayerbes nosaicro. Ha masn. 231 cxemaTny-
HO 300paxKeHo NpoMiHb, AKHI I1ajla€ Ha MeXKY NMoJiJy NoBiTpA i piAWHYE mijg Ky-
ToM ot ¥V BifuTOMY MpomMeni Ginbine KOJMBaHE, NAPATeILHUX TIOBEPXHI MOALTY
(sobpaskeHo KpYKEUKaAMH), a B 32/10MJIeHOMY IIPOMEH] — NMeprIeHgnKYJIAPHAX [0
HHX KOJHBaHB (300pameno prucoukamu). CryniHe nonapusanii MUX MpoMeHis aa-
JIEXKHUTH BIJI KYTA NaJiHHA 1 TOKA3HUKA 3a/loMIeHHA,. BeranoBaeHo, 1o Bi0ATHI
MPOMiHb IIOBHICTIO NOJASAPHIVETHCH TOJI1, KOJW KYT MiK BigbuTHM i 3amoMIeHAM
npoMeHaMu fopierioe 90°. [TosHauuBIIHN y TAKOMY BHIIAAKY KYT NafiHHA g, 38-
sinoy  sinog

Man. 231. NMonapuaauia

NHIIeMO 3aKOH 3aJOMJIeHHA cBiTIa = t.gﬂ.B =n.

sin(n _'U'H] CosSOg
2

Cnissignomenna tgoa; = n HasWBawTh saxoHom Bpwocmepa, abo ymoBoio
NOBHOI MOJApPHU3anii.

Bukopuctanua nonapu3oBaHoro ceitna. llig wac dororpadyeanna se-
JTHKHX IVIaJeHbKHX IOBepXOHBL (HAUPHKIAA BOAM) 3 ABJIAKTHCA TAK 3BAHHI
BigbsucKU — Jn3epKaibHO Bigburi cBiTHOBL NyYKH, #AKi iCTOTHO HOripmIyioTh
AKicTs 300paskerns, 11106 mos3dyrHes nux BiaOMCKiB, HA 00’ eKTHE poTOATaApaTA
BagiBaioTh cnemiansHi hinesTpr. OckinbKH BinduTEe CBIiT/IO 3aBMAH YACTKOBO
abo HOBHICTIO HOJNAPHI0BAHE, TO [IOBEPTAIOYH HOJAPH3ALIAHNHA PiALTD, MOXKHEA
BCTAHOBHTH TaKe IIOJOMEeHHA, 38 AKOTO CBITI0 BiAONHCKIB He mMOTpanisATHME B
of’exTHB (hoToanmapara,

BeTaHoBIeHO TAKOK, 110 i YAC TPOX0/3KeHHA ILI0CKONO0JIAPU30BAHOIO CRIT-
71 Kpishb IeAKI pOSUMHH IJIOI{HHA Horo noasapusarnii nopepraeTsbesa. Hanpuxaam,
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Man. 232. MpuHumn ail WykpomeTpa

Ha MaJt, 232 cBiTJI0 HPOXOAUTE KPi3h NONAPU3ATOD, & TOTIM KPi3h PO3UHMH LYKDY
y kioBeri. [lonspoig-ananizaTop 3a KioBeTOl0, po3TamoBaHuil mig kyrom 90° go
MOJIAPH3ATOPA, HOBHHEH OB MOBHICTIO IOraCHTH CBiTJIO0, aJie LibOro He Bifdy1oca.
TIpore, AKINO AHATIZATOD MOBEPHYTH Ile HA AeAKUH KYT ¢ — cBiT/O racuThes. Ile
03HAYAE, [0 PO3YMH YV KIOBETi Il0BepTae Ha KYT ¢ IUIOIHHY nonaprsanii. Taki
PEeYOBHHHK HABHBAIOTH ONMUYHO AKMUGHUMU.

OnTHYHEA AKTHBHICTH PEYOBUH 3YMOBJIEHA ACHMETPI€I0 MOJIeKYJI, AKi MalOTh
dopmy cmipaJii, AK, HAIPHKJIAK, MOJEKYJIH AeAKHX 0inKiB. [leaki pevopnan (my-
KOp, AeKcTposa, D-riokosa) moBepTaloTh IIOIIHEY HOJIAPH3anil Bupaso, a jed-
Ki pevoBuHM (aMiHOKMCIOTH, OiNKkH) — BAiBO.

Ky nosopory ¢ nponopuifianii KoHnerTpaii posaunay. ToMy 1110 BIacTHBICTE
BHKOPHCTOBYIOTH /IJ15l BATOTOBIEHHA CIeliaJbHHX NPUCTPOIB — HIYKPOMeTPiB, 3a
JOIMOMOT'OK) AKWX BCTAHOBJIIOIOTEL BMICT IYKPY.

Crnenianbai monspusanifini oKyJIfApH BHKOPHCTOBYIOTE IiJi Yac meperaany
crepeodinsMiB y KiHOTEaTpax.

OrpumMaTth 30bpasxenus y 3D dopmari MokHa i HA JOMAIIHEOMY KOMII 10Tepi
3a JIOMOMOroK BinoBigHMX expaHis. BuBuaioun BJacTHBOCTI pigKokpreramiv-
HHUX eKPaHiB, MY 3a3HAYAJIH, [0 IM IPATAMAHHA NeBHA BIaCTHBiCTh, 3yMOBJIeHA
CAMOK) TeXHOJOTI€ OTPUMAHHA 300parKeHHA 3a IX JOIOMOroI0, — BOHHM Jal0Th
DOJNAPH30BAHE CBiTIIO.

3aBAAKH IHOMY BUKOPHCTOBYIOUH TOHKI CMYMKH ILIi BOYOK-IIOJAPHBATOPIB,
MOXM<HA CTBOPIOBATH ITAPHI Ta HENAPHI pAAX NiKceseil, 110 MAOThL PIBHANA HATIDA-
MOK mosapuaaiil. JIiHau okyasApiB € MONAPHIATOPAMH, B AKUX ILJIOMIHHY M0JIA-

Man. 233. MexaHiam yTBopeHHA 3o00paxeHHs y 3D ¢popmarti 3a 4ONOMOrow
NoNApPW30BaHOro ceitna
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pH3arii noBepHYTi TaK, IO KPidb OAHY JIH3Y BHJHO MapHI PAAM, a Kpisb iHIMY
— HenapHi. TakuM UMHOM CTBOPIOIOThCA 300paXKeHHS, AKI BHAHO OKPEMO JiBHM
oKOM i mpaBum okoMm. Mo3ok aoauHu crniBcTaBiasAe gBa 3obpaskeHHs i «6aunTh»
itoro o6’emuuM (Main. 233).

[aiiTe Bignoeigi Ha 3anuTaHHA
1. Yum BiAPISHAETHCA NONAPU30BAHE CBITNO BiA NPUPOAHOro?
2. fk OTPUMYIOTE NONAPHU30BaHE CBITNO?
£ 3. Y yomy cyTk 3akoHy BprocTtepa?
4. [le Ha NpakTULi 3aCTOCORYIOTh ABMLLE NONAPKU3aLi ceitna?

§ 58. Nl’eomeTpuyHa ONTUKA AK TPAaHUYHUA BUNaA0OK
XBUNbOBOI ONTUKKN

OcHoeHi mogeni | 3aKoOHM reoMeTpu4HO!l ONTUKKW. BueHHA nDpo ABHImIA
TNoIIHPeHHA, BiIDNBAHHA Ta 3aMI0MJIEHHA CBiT/Ia (reoOMeTpHUYHA ONITHKA) — heHO-
MeHoJIoridHa, ToOTO onMcoBa Hayka. ['eoMeTprUYHA ONTHKA HE BUBYAE MIPUPOILY
fABMIIl, & OIMCYE 3aKOHH MOIIMPEHHSA CBiT/Ia, BUXOOAYH 3 Y3araJbHeHHX eMIIi-
PHUHHMX JaHWX. BUTOKH I[bOTO BUEHHA HaJeXaTh rinbokii nasauni. BeaxaeTs-
A, 1[0 3aKOHH NPAMOJIHIHHOrO MOIIHPEeHH CBIiT/IA B OQHOPIAHOMY IIPO30POMY
cepelOBHII Ta J3epKaJbHOro BigbuTTaA chopmynioBas e Esxiig. @pannysbkui
maremaTuk ta (inocod P. Hexapr i rosnagaceknii Matematuk B. CHennb excne-
PHMEHTAJBHO i TEOPETHYHO BHBYWJIH 38aKOHH MOBEIiHKH CBITJIOBHX NPOMEHIB Ha
mesxi moginy nBox cepeposum. ¥ 1660 p. dpannysskmit Buenwnii [1. ®epma chop-
MYJIIOBAB IIPUHIMIL, 3 AKOr'O i BUILJIMBAJIYM BCl 3AK0HH FeOMEeTPHYHOL ONTHKH.

V XVII cr. 6ynu BuHAalgeHi Taki onTHYHI npuiaagH, AK sopoBa Tpyda, Temne-
ckon, mikpockoi. IIpomec IX cTBOpeHHSA CYNIPOBOIKYBABCH JOCHTE IHTEHCHBHUA-
MH JOCTi[3KeHHAMH OCHOBHHUX 3aKO0HIB MOIMAPEHHA CBiTMIA.

Jnsa BeTaHOBJEHHA i nepeBipKM 3aKOHIB reOMeTPHYHOI ONTHKH 3ACTOCOBYIOTh
(izuuHl Mogei — ceimaosuit npomins, movxose dxcepeno ceiTia.

Toukosum HABUBAETHCA TAKE JKepPeso CBiTJI0BOIO BUNPOMiIHIOBAHHA, PO3MIi-
PH AKOro MaJi MOPiBHAHO 3 BiACTAHHIO A0 MOBEPXHi, 10 AKOI JOXOJAHUTHE BHIIPO-
MiHIOBAHHA.

Ilig ceimnosum npomenem po3yMiIOTH JiHIIO, B3JOBK AKOl NOMIHPIETHCH
CBITJIOBA eHeprid.

HabnuxeH0H MOJE/II0 CBITJIOBOrO NIPOMEHS € BY3BKHH CBiTJIOBHI NVUOK 3
Ly:Ke MaJiolo poabikHicTO i fOBXKHHOIO, AKa 3HAYHO bisbina 3a fiaMeTp nonepeu-
HOro nepepisy nyuka. BusBaserscs, 10 CBITI0OBHE DPoMiHb € 000POTHHM, TOOTO
HUIAX, AKAM [IPOMiHE MOIIHPIETLCA Bij MxKepeia n0 npHiMaua, Oyjge TaKUM
CAMHM i B 3BOPOTHOMY HANIPAMKY, KOJIH JAXKepeso i npuidMay moMiHATH MicIiAME.
IIs BracTHBicTE Mae HA3BY ofopomHuocmi ceimaosux npomeris. Ha ocHoBi yaB-
JIeHb [IPO CBiT/I0BHH NpoMiHb chOPMYIBOBAHI 3AKOHHW MreOMETPHYHOI OITHKH.

ITepmum 3aKOHOM reoOMeTPHYHOL ONTHKH € 3aKOH MPAMOTIHIHHOIO MOMMHPEeHHA
cBiT/IA: CBIM.I0 8 NPO3OPOMY OOHOPIOHOMY CcepedoauLyi NOWUPIOEMbCA NPAMONIHILHO.

ITigreepieHHAM NPAMOJiIHIAHOrO OOIIHMPEHHSA CBITJIA B OJHOPLAHOMY
cepeOBHINI € YTBOpeHHSA TiHi (miBTiHi).

3MiHAa HAIPAMKY NOIMUPEHHA CBITIOBOT0 NPOMEHS (3aJI0MJIeHHA ) BiA0VBa€Th-
cA B pa3i NpoxXoJyKeHHA Mexi NoAiny ABOX cepeJOBHIL 3 PI3HUMH NOKA3HUKAMH



OMNTHKA

= 3aJIOMJIEHHS (HAIIPHKJIAJ, BOJNA—IOBiTpH,
MOBITPA—CKJIO TOI0). ¥ IIbOMY BHIAJKY,
AK BHM 3HAETE, crocTepiraerbes BigbuBaH-
HA i 3aJJOMJIEHHA CBiTJIa, AKi ONHCYIOTHCH
BIIMOBITHNMH 38 KOHAMH.,

~ YacTKOBAM BHIATKOM 3AJOMJEHHA €
] SIBHINE pegpakyil — ABUILE BHKDPHUBJIEHHA |
CBIT/IOBOrO IPOMEHS B Pe3yJIbTATI 3aJI0MJIeH-
H# CBITJIA B ONITHYHO HEOAHOPILIHOMY cepeio-
BHII, KOJM HOro NOKA3HHWK 3aJIOMJIEeHHSA

Y

L MJIABHO aMiHKETHCH. PedpaKkiieo noscHI-

& €ThCA BHHHKHEHHA Mipaxis. BUKpuBIeHHA

CBIT/IOBUX TPOMEHIB y IILOMY BHIAIKY 3y-

Man. 234. NpoxoaxeHHs CBiTNa MOBJIEHE 3MEHILIEHHAM I'VCTHHH atmochepH
Kpi3b OTBIp 3 Bi/JlaJleHHAM B/l TOBEPXHi SeMJTi.

YaABIeHHA TA B38KOHM TeoOMeTpPHYHOI
ONTHKH € NPAaBHJBHHMH JHIIe [0 Tiel Mipu, g0 AKol MO@Ha HEXTYBATH
AeumaMu gudpaknii Ta isrepgepennii xsuae. Ak Bigomo, vy pesyiabraTti am-
dparuii csiTIOBA XBUJIA OTHHAE Kpal NepemKkoay i npamoninifinicrs esitia mo-
pymyerbes. K110 ¢BiTiIO IPOXOAWUTE Kpi3kb OTBip, TO 3aMicTh OUiKYBAHOTO 38
3AKOHAMH reOMeTPHYHOI ONTHKH NyYKa 3 pi3K0 OKpecJeHMMH TBIpHHMH, gic-
TAHEMO TIYYOK, 110 PO3IIMPIOETLCH, i B AKOro Hemae uiTkol meski (man. 234).

; oo E @ A
Kyt posxuny KoHyca BH3HAYAETHCA 13 CIIBBiJIHOIIEHHHA smgzﬁ, ae D -

niamerp orBopy. OTike, 3a HAABHOCTL OTBOpY (Hampukaan giadparmMy ONTHYHOIO
NpUiaazy) 3aKoH NpAMOJIHIHHONO NMOIIMPEHHA CBITJIA NOPYIIYETHCHA, ¥ Olab-

. . D, -D
MIOCT] BUNAZKIB PO3IINPeHHA NMyYKa X = —

MaJie TOPIBHAHO 3 [JlaMeTpoM
OTBOPY 1 ToAl AMdpaKITi€o MOMKHA 3HEXTYBATH,

3aymoen D <+ LA XBHJIA JOBKUHOKIO A, CTHKAIOYHCH 3 TIEPEINKO/1010 (HE0JHO-
piguicTio) poamipom D, mo MicTaThedA Ha Bigcrani L Bix mxepena, arifido 3 npuH-
nunom lNoiiresca — @peness « ILJIMTHCA» HA IEKLJIBKA KOrePEHTHUX XBUIIb, AKI
B peayabTaTi Haknaganuaa (iHrepdepeniii) yTBOpOIOTEL CTIHKY B Yacli KADTHHY
PO3ImOAiNYy MAKCHMYMIB i MiHIMYMiB KOJIHBAHE,

Jlume 3a ymoBu D> JLL moxausuii nepexia BiJji XBHJIBLOBHX YHABJIEHb J0
YABJIEHb PO CBITIIOBHI MPOMiHB.

MpuHuun @epma. V reomeTpruHil onTHIL npunyun Pepma TPNHMAaTL 38
AKCIOMY PO HAHKOPOTIOY ONTHYHY JOBXKHUHY:

3a ONTHYHY [OBXHUHY Byab-AK0i IHLWOI KPUBOI, AKY MOXHA MPOBECTH MIX LMK

rr\l I ONTHUYHA [OBXKUHA XOAY NPOMEHS, AKWIA NPOXOANTE MiX ABOMa TOYKaAMW, MEHLLA
TOYKAMM.
Ileit npuHIEN MO HA NepedpasyBaTH IIle il TAKHM YHHOM:

o CBITN0 NOWWPIOETLCS Bif OAHIET TOYKM NPOCTOPY A0 IHLWIOT 3aBXAN M0 LAFXY,
’ SIKWIi BUMArae MIiHIMansHOro 4acy.

3 npuanuny Mepma BUIJIMBAE 1 3aKOH NPAMOIIHIHHOrO OMKUPeHHA CBiTJIa.
ITomipryemo. IlIBnaKicTs cBiT/IAa B OQHOPIIHOMY CcepefOBHILI B VCiX TOUKAX Of-
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HaxoBa. Ile o3HAUAE, 110 HAWMEHIITHI Y4aC JJ1A NPOXOIKEeHHA CBiT/IA 3 0/ Hi€el TOY-
KH cepeJoBHILA B iHmy 6yae y BHOAAKY HNPOXOJyKeHHA HaWKopormoi Bigcrani,
To6TO ANA NPAMOJiHIHHOrO MOMIXPEHHA CBiTIA.

BakoHu BigbuTTA Ta 3aJIOMJICHHM CBIiTJIA € TAKOX HACIIAKAMH NPHHIHIY
®epma. 3a HOro AONIOMOroI0 MO HA MOACHATH XijJi IPOMeHiB y OyAb-fAKii onTHy-
Hili cHcTeMi, 10 CKIAAAETHCA 3 JIIH3, IPDH3M, J3ePKAaJ.

[T HawTe Bignoeigi Ha 3anUTaHHA

i 1. YoMy reoMeTpuyHy ONTHKY HA3WBaKThL MPaHU4YHUM BUNAOKOM XBWNBOBOT ONTHUKK?
| Lo & rpaHW4HO YMOBOIO?
| 2. Y 4oMy CyTb NpyHUMNY depma?

| 3. Chopmynionte 3aK0H NPAMONIHIAHOMO NOLWWPEHHA CBiTna.

§ 59. Binomeaunusa ceiTtna. [izepkana

3axoH BipbneanHg ceiTna. 3axkoH BiaOMBaHHA CHPaBAKVETHCA A XBHIb
6yab-sakol npupoau. Haranaemo iioro:

cepenoBWLY, NOCTABNEHWIA B TOYL NafiHHA, nexaTtb B OOHIA NNOWMHI; KyT

'sl Mapawunii NPoMiHb, BIAGUTWIA NPOMiIHE Ta NepneHauKYNap Ao Mexi noainy
BinOWBaHHA OOPIBHIOE KYTY NaAiHHA.

JloBegeMo IpaBHIBLHICTE 3aKOHY Bi0HBAHHA CBiTJIa 328 JOIIOMOT0I0 IPHHIIAITY
®epma. Hexait MN — mesxa noainy Asox cepenosui (main. 235). Ilpomine ceiTaa
BHXOJWTE 3 TOUKH A it micna Bigdusanua Bix nosepxHi norpanase B Touxy B. ITo
AKOMY IIJIAXY 3AiHcHIOETECA el mepexin?

Hamamoemo aexinpka moxauBux muasxis: AC,B, AC,B ra ACyB. 3aBaaku
TOMY, 110 CBiTJIO AK J0, TaK i micaa BigOMBaHHA MOMIMPIOETHCA B OJHODPiJHOMY
cepeNoBHINi, MiHiMalnbHOMY 4acy Bigmosijzae
maAx MiHiManbHOI MOBXKHWHH. 3HaaeMo Horo.
Hdna nworo mobyayemo Todky A;, CHMeTpPHYHY
Toulli A BifHOCHO mMoBepxHiI MN. 3poaymino, nio 3
nsoro BumauBae rake: A,C, = AC; ra AA; L MN.
3’ennaBmm Touku C,, C, Ta Cg 3 TOUKOIW0 A, JIETKO Co%" o T
BIIEBHUTHCH ¥ TOMY, o AC, =A,C,, AC; =A,C,ra
AC, = A,Cy. Tomy, 06YHCTIONYH MINAX TPOMEHSA 3 Ay
TOYKH A B TOYKY B, MM MoKeMO 3aMiHHTH Bijpi-
sox AC, Bispiskom A,C;, Biapisox AC, — BifpiskoM
A,C, i Bigpisok AC; Bigpiskom A,C;. Ouesnpno,
mo HalikopoTmum 6yae miaax, o Bignorizae
OajiHHIO IPOMEHA Ha IOBEePXHIO BigbMTTA B TOUII
C,, AKa NeXNTh HA TpAMii A, B, oCKiIBKH BiZIpi3oK
npamoi A, B e HalikopoTInHM 3a 6yAb-AKY JaMaHy,
[0 IPOXOAHTE Yepes Touku A, Ta B.

Tenep sanuiacThCA DOKA3ATH, L0 Iij Yac Big-
OHTTH NpOMEHHA BijJ IOBEPXHI MOALIY ABOX cepefo-
BUI B To4li C, BUKOHYETbCA 3aKOH BifbuTTs, a
caMe, [0 KyT BigbuTTa [} MOpiBHIOE KYTY NAajiH-

Man. 235. [lo nofAsCHeHHA 3a-
KOHY BinGuBaHHs

3 Man. 236. [1o0 BMBeeHHA 3a-
HA o (Man. 236). Ockinexku TpuxkyTHHKH AC,C, KOHY BinBMBaHHA CBITNA

8 diwuxa, 11 xnac
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Man. 237. aepkansHe (a) Ta andyaHe Man. 238. YreopeHHn 300paxeHHs B NNOCKOMY
(6) einGMBaHHA n3epkani

ra A,C,C, piBHi, To £ AC,C,= £ A,C,C,. 3 immoro 6oky, £ CyC,A,= £ BC,N.
3sincn £ AC,Cy= £ BC,N, Tobro La= Zf.

3poaymino, mo Axkbu npomeni AC,, C,B i nepneaaukynap DC, He nemann
B OfHi#A naomuHl, To mIAX Big ToukH A xo Mmexi MN, a norim Big mosepxHi go
ToukH B 6yB 6u goBmuM. Takum yrmHOM, 3aK0H BigbuTTA, AK i NpAMoaiHiiiHOrO
TNOMIHMPEHHA CBiTNA, NOBHICTIO BUIIIMBAE 3 npHHIHNY Pepma.

A3epkansHe Ta audy3He BinbueaHHA. 3anexHo BiJ BiIacTHBOCTEH i AKocTi
NoBepXHi BiAMBAHHA PO3PIZHAKOTH I3ePKAaJIbHe Ta po3cisHe Biadusauusa. [[3ep-
KaJIbHOIO BBAXKAKOTH [IOBEPXHIO, AKA MAE€ HEPiBHOCTI, pO3MipH AKMX MeHIIi 3a 0~
B HHY cBiTaopol xBuai. Hanpuknan, nmoBepxHi KpanJuHHA PTYTI, I0JipoBaHOro
cKJIa ud Meranay Tomio. [lapamensHi mpomexi, micna BigbuTTa Big AzepraabHOL
NoBepxHi OyAyTE TAKOK mapaneJsHUMH. Ko & HepiBHOCTI noBepxHI cymipHi
3 JOBYKHHOIO CBiT/IOBOI XBHIIi, TO cBiTNO, BigOuTe Bix nopepxHi, ﬁy.ue poaciaHEM
(mudysaum) (man. 237). Came 3aBAAKY TaKOMY BiabusaHHIO cBiT/a MU HauuMo
npeaMeTH, SKi caMi He BHIPOMiHIOIOTE CBiTHO,

OpepxaHHa 300paxeHs 3a ponomorolo a3epkan. Ha npaxktuni Buxkopuc-
TOBYIOTH B OCHOBHOMY NI0CKI Ta chepuyHi n3epKana.

SobpaxeHHA NpegMeTa B IJIOCKOMY [3epKati Mo;HA 1mofyayBaTH, CKOpPHC-
TABIIMCH 3aKOHAMH BiiOuBaHHA ceiTia. [[na mboro 3 TouKH, 300paskeHHA AKOL
X04emMo moGyayBaTH, NPOBOAUMO A0BiIbHI npomeHi (Ha mas. 238 3 Toukn S npo-
BeJIeHO TPH IIPOMeHi, Xo4a 3po3yMino, 1mo aAJ1A modyI0BH TOUKH HA ILJIOIIHHI A0-
CTATHLO NePeTHHY ABoX npomeHiB). [licna neoro 3a saKoHOM BiOMBaHHA CBITIA
Oynyemo nmpomeHi, BigbuTi Big moBepxHi A3epkaina, Ta ix npoaos:xenHa. Came
NepeTHH NPOAOBXKEHb BiIOMTHX NpOMeHiB € 300pakeHHAM TOYKH YV ILIOCKOMY
nsepKaJIi.

Opnep:xaHe 300payKeHHA € NPAMUM, VABHUM (OCKiIBKH oflep:KaHe B Pe3yJIbTaTi
TepeTHHY He CAMHX ITPOMEHIB, a IX IpooBKeHE), PIBHUM 3a pOo3MipaMu NpeaMeTy
Ta CHMETPHYHHNM HOMY BiJHOCHO ILIOLIHHH J3eDKAaJIA.

Haragaemo, 106 BUBHAYMTH YACTHHY IIPOCTOPY, 3 AKOI MO HA mobauuTH 30-
OpasiteHHA MeBHOI TOYKH Y ILIOCKOMY A3epKaii, HeoOXifHO 3'eqHAaTH 300pakeH-
Hfl TOYMKH i KpailHi TOYKH J3epkaa.

ITopsaa 3 MIOCKAMH [[3epKaJaMH NIHPOKOTO 3acTocyBaHHA Habynm chepuuni
asepkana. llzepkaja, HIOBEPXHI0O AKHX YTBOPIOE YACTHHA MOBEepXHi Kyii, Ha-
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3uBaOTh cepurHumu. Boau GyBaroTs yBirayTti i

OMYKJTi.

Ha man. 239 ao0paeHi npuKJIagy yBIrHYTOrO T4 R
onykJoro asepkan. Touka O — onmuyHuil yewmp =
cpepuunoi nosepxhi nsepkana. Byksow C nossa- & \
YeHO BepIUHMHY cepudYHOl IOBepPXHi, AKY HA3MBA- 0

0Th noawcom dsepxana, abo neHTpoM chepuuHOl

nsepranbHol moBepxHi. [Ipamy OC, mo NpoxoanuTs

yepes HeHTp AsepkaabHol mopepxHi O Ta BepLIKHY i
nzeprana C, HA3HBAIOTh 20106 HOI0 ONMUYHOIO 8iCCI0
dseprana. Bei inmi Bici, mposegeni uepes Touky O
HA3WBAIOTE NOGIYHUMU.

Axmo cnpAMyBaTH IpPpOMeH1 napajeJlbHO I'0JIOB-
Hilt onTHuHil oci yBirayToro azepkana(main. 239, a),
TO micasa BigbUTTA Bix moBepxHIi g3epKaia NpoMeHi
sbepyThbcs B ofHiH Touni F, sika JexHUTH Ha HOro
rojoBHiH ontuuHil oci. Il}0 Touky HA3ZHBAIOTH TO-
JIOBHUM (horycom dsepiana. -

SAkImo ToOYKOBe [Aepeso CBIiTIA MOMICTHTH ¥
toryci yBirHyTOoro Asepkaina, To IpoOMeHi, Big6HB-
IIACH Bijl HOTo MOBEPXHi, NOMMUPIOBATHMYTLCA IIa-
pasiebHO T'oJIOBHIH onTr4Hiil oci g3epkana (sriguo
3 060pPOTHICTIO CBITIOBMX IIPOMEHIB).

Bigcrans OF Big BepluMHH g3epKaia 10 I'OJIOB- 6
HOTO (POKyca HA3HBAIOTH POKYCHOIO BiOCMAHHIO Man. 239. OnTUuHi xapak-
dsepkana, BoHA nopiBHIOe monoBHHI pamiyca OC  tepuctukm ysirHyTtoro (a) Ta
ctepruHol noBepxHi gsepkasna, Tobro OF = 0,5 OC. onyknoro (6) a3epkan
Takum umHOM, oKycHa BijgcTaHs chepudHO-
ro gsepkaja [opiBHIOE NoNOBHHI paziyca cdepu, 4acTHHOIO AKOro € J3ep-

KAaJo, F=£.
2

Axmo x cnpAMyBaTH CBITJIOBI IpOMEH] NapajeJbHO IOJOBHIA ONTHYHHHA 0Cl
Ha ONYKJe A3epKaJjo, To Big0uTi npoMeHni 6yAyTh po3dxoguThcH (qus man. 239, 6).
[x nponopKenHA mepeTHHATHMYTHCA B NeBHiH Touni F, fiKa JeXUTH 3a J3epKa-
aom. Ifo TOUKY HA3HBAKOTE 20106HUM (OKYCcOM onyKao2zo d3eprana. OCKINBKH B
[ifl TOUIll HepeTHHAIOTHLCA He caMi npoMeHi, a X npoJoBKeHHs, Ile 03Ha4ae, 1o
okryc onyK.i020 03epKANG € YAGHUM.

Or:xe, yBirHyTi A3epkana — 30HpanasHi, roaosHuit hokyc y Hux aiiicanii. Ooy-
KJI1 JsepKaia — poacitoBanbHi, rosoBHEM QOKYC ¥ HUX YABHHIL,

[LnomuHuy, AKa DepHeHJHKYJIAPHA A0 MOJOBHOI onTHYHOI oci Asepraa i npo-
XOAHUTH 4Yepe3 (OKYC, HAZUBAIOTE (POKAJLHOW NJAOWUNH0KN. 3PO3YMi0, MO0 IIA
YBIrHYTOTO Ji3epKaa BoHa Oyae dilicHoio, LA ONYKJIOro — YA6HOI. .

Besuuuny, obepHeny 10 GOKYCHOI BifcTaHl, HABHBAIOTE ONMUYHOIO cua00 D

2
chepuunoro azepkana, D=—=—,
F R
Onuanueio ontwyroi cuuu B Cl e gionpis (qutp), [D]=1 autp=1m".
OnTHYHAa CHJIA YBITHYTOrO JI3ePKAJIA € JOJATHOK, OMYKJIOro — Bif’eMHOIO.
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Man. 240. No6ynosa 306paxeHHs B chepuyHOMY A3epkani

Ina nobynosu 3o6paskenHsa 6yab-AKol TOUKH MpeMeTa HAR3PYUHIIIE BHKO-
pHCTOBYBATH Taki mpomeni (man. 240):
¢ Axmo nafawYuil NPoMiHb MPOXOAUTH Yepes ONTHYHWH HeHTD A3epKaa, To
Big6HTHII NpOMiHE TAKOXX HNPOXOAHTH Yeped ONTHU4YHHH HeHTP (npomeni AOC i
COA nesaTth HA OQHIN npaAMiNi); _
¢ axmo nagaoguit npomias AFD npoxoanTs yepes GoKyc A3epkana, To Bigdu-
THi npomias DA’ Oyje mapasieJJbHHM MOJIOBHIM ONTHYHIN oci;

4 akmo npomias AP majae Ha JA3epKaJjo B #oro moJroci, To BigbuTHit mpoMiHb
PA’ € cuMeTpPHYHHM HOMY BiIHOCHO IOJIOBHOI ONTHYHOI OCi;

¢ axmo najaiounii npomias AE napajenbHUH roJoBHIN onTUYHIN oci, TO Bia-
OuTHit Big gepxana npomias EF npoXoauTs depea JOKYC J3epKaJa.

Insa nobyposu sobparkeHHA peaMeTa Y BUIVIAAL BiApiaka npaMol JOCTATHRO
nobyzyeaTi 300parkeHHA IBOX HOro KpalHixX TOY0OK.

Ha maun. 241 HaBeneHo npukJanu nobynosu 3o00pakeHHA mpeaMera vy ce-
pHYHHX A3epranax. PoaramyBaHHA # poamipu s3o0pakeHHA, Ofep:RaHOTO 34
IONOMOT0I0 YBIrHYTOTO [3epKaja, 3aJIe’KaTh Bil MOJIOKEeHHSA OpeaMeTa {00
nzeprana. Onykie AsepKao Aac TiNBKH YABHE, 3MeHIIeHe 300parkeHHA Opef-
MeTa, AKe PO3TALIOBAHE Mi YABHUM (GOKYCOM Ta MOJIOCOM. Y ABHI 3o0parKeHHsA
€ 3aBXKIU NPAMUMH (He IepeBePHYTUMH), a ilicHi 300paskeHHA, HABIAKH, 3aB3K-
[ IIePEeBePHYTI 110 BifHOIIEHHIO [0 TIpeIMEeTa.

ITozarauumMo BiicTAHE MiXK CBITHOI TOUKOIO Ta 3epKAaJIOM JiTepoio d, BifcTans
i sofpaxxenHam niel Touxkn ta gsepxanom girepoio f. Ii BenuuuHu nos’ Azani

; o ’ - 1.1 2
3 pagiycom cipepudHOI MOBepXHi A3epkaia R cuiBBijHOIIeHEAM 7 + ? = B
= 1 2 .
3 ypaxysaHHAM criBBigHomenna D= 7 = R I} 3aJIE3KHICTh MOYKHA MepPemnu-
CATH Y BATJIAAL 1 + S
&d F

Man. 241. Nobygoea aobpaxeHs y chepriHnx a3epkanax
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Opepaxana opMyJia COPABIKYETECH ¥ BANAAKY, KOJMH 300pakeHnns i oxyce
In3epkaiia gikcHi. Ko x sobpaxenusa abo poryc yasHI, To mepey jgiteporo f abo
F cTaBIATL 3HAK «—»,

Jinitine 30iavwenna I' poamipie 3o6paxennsa H nopiBEAHO 3 posMipamu

f

npeamera h 3HaxoAATHL 3a dopmynoio I'= %: i
lanysi sacTrocyBaHHA TUIOCKHX Ta cepwyHHX A3epkan BaMm gobGpe Bimomi.
CdepuuHi A3epKaja BUKOPHCTOBYIOTE JJIA BANOTOBJIEHHSA IIPOXKEKTOPIB, A3epKa
OTJIAAY HA TpaHCIOPTi, aBTOMOGiNEEEX dap, TpoeKIiHHEX i KHIIeHBKOBHX JiX-
rapis Tomo. K0 B3ATH YBirHyTe A3epPKAJO MOPiBHAHO BETHKHX PO3MipiB, TO B
#oro oKyci MOKHA OEPIKATH Ay3e BUCOKY TeMnepaTypy. TyT Mo:KHA poamic-
THTH pe3epBYyap 3 BOAOIO [JIf ofiep)KaHHA rapadol BogH, CKaxkiMo, Aada nobyro-
BHX noTped, BHKOPUCTOBYIO4UH eHepriio CoHndA. B MeIHOHHI HUMH KOPHCTYIOTh-
ca JIOP-nikapi, cromaTtosiorn. Kpim Toro, yBirHyTi Asepkaia 3acTOCOBYIOTLCA B
TesecKkonax-pedeKTopax, 3a JJONOMOroK AKHX crocTepiraioTs HebecHi Tina.

!_' DahTe Bignoeiai Ha 3anUTaHHA

1. Joeeqits 3aKoH BinBMBaHHA CBITNA, BUXOAAYM 3 NpuHUMNY Depma.
2. HamanoiiTe chepuyHe yBirHyTe A3epKano i BKaxiTe MOro ronoBHY ONTHUYHY BiChb,
pagiyc i UeHTP KPUBM3HMW, rONOBHWUIA HOKYC.
| 3. [e BigHOCHO BBIrHYTOro A3epkana 3 paaiycom KpuenaHu 1,2 M HeoGxigHo poaTawy-
| BaTu oxepeno ceiTna, wob oTpumaT npoxexkTop?
4. Ha sikunii KyT NOBEPHETLCA NPOMiHb, BiAOMTKIA Big NNOCKOro A3epkana, Konu a3epka-
NO NOBEPHYTK Ha KyT O.7
| 5. fkoi MiHiMansHO! BUCOTW A3epkano Tpeba B3ATK nOAWHI 3pocTom i, Wob6 BoHA
| morna no6a4ntk cebe Ha NnoBHWIA 3picT?

MNpuknagu po3e’a3yBaHHA 32434

3anmaua. Onykue i yeirayTe Azepkaja MaioOTh 0XHAKOBI pagiycH kpuBHaHE R. Bigcrass
Mix Ix BepmuuBEamMu qopisHwe 2R. V Akif Touni Ha onTHYHIR oci Asepkan HeobxigHO po3-
TAIIYBATH TOUKOBe J)Kepeso cBiTaa S, mob mpomeHi micas BigOHTTA CIOYATKY Bij omy-
KJIOT'O, A& MOTiM Bij YBirHyTOrO A3epKa 3HOBY sifpanuce y Toumi S.

Jano: Poss’azaHun

R Hexait a — BifgcTans Big mxepena mo yBi-

2R rHYTOTO Asepkana, [ — BigcraHs Bing sobpa-
JKeHHA, YTBOPEHOTO ONYKJINM [A3€PKAIoM, A0

a-? 0Boro gaepkana (Man. 242).

Banumemo GOpPMYJIY ONYKJIOro cepuyHOro A3eprana
11 2 1 1 2 £ R(2R-a)
——==—— afo ——=——, 3nigkn f=———.
d f R 2R-a f R 5R-2a

BobpakeHHA B ONMYKJOMY A3ePKAJi € AKepeaoM ANA
yBirEyTOro. fAKI0 TOYKAa MepeTHHY NOpOMeHiB micas
nBoX BinGmBauk 36iraeTsca ia mxepenom, dopmyna che-

1 1 2

+—=—.
2R+f a R
IMigcraBuBmu y mo ¢GopMyay BHpas jiasa f, micaia NDepeTBopeHb OTPHMYEMO

2a® -6Ra+3R%=0. 3eigcu, BpaxoByioun, mo a < 2R, orpumyemo a = 0,63R .
Bignmoeigs: 0,63R.

Man. 242

puuHOro AsepKasna HaGyBae BUIJIALY
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1. Haaxkiii Bicori BMCHTL By THUHHI TiXTap, AKII0 TIHL Bl BEPTHKAIBHO IOCTABIEHO]
namani saeHIKK 0,9 M Mae JorxkuHY 1,2 M, 8 KOIH NAJTHI0 NepeMicTHTH Ha 1 M
Bim mixTapa B3mOBX HANDAMKY TiHi, I foB:kuHA cTaHe 1,5 M? BH3RaYHTH TAKHM
caMuM criocobomM, Ha AKii BHCOTI BHCHUTE JiXTap, BBAXMAIOYH, 10 DeanocepeiHEO
BHMIpATH BiiCTAHE [0 AKepeJia cBiTJia (110 ropH30HTANL) HEMOMKINBO,

2. Ha ropusonransHoMy gHi Bogoiimu, riaubduHa sKoi 1,2 M, JIeMHTE IIocKe 3ep-
Kano. [Ipomine cBiTIa mazae Ha moBepXHIO Bog| mig kyroM 30°. Ha akiit Bigcrani
Big Micna magiHHA el npoMiHb BHiAe 3 BOAH, micasa Bigburra Big nseprana?
IMokasank aanomMiaenud sogn 1,33.

3. Bucora Conna nan ropusontoMm 38°. [lig AKMM KyTOM [0 rOpH30HTY Tpeba mo-
CTABHTH A3€PKAaJ0, 00 COHAYHI NPOMeHi MONAaNH Ha JHO KOJogA3A?

eﬂ 4. IInocke n3epkano yreopoe i3 crosnom gsorpaHsauii kyT o. Ha croni va Bigcrani

I Big peGpa gABOrpaHHOrO KyTa JeHUTh MOHeTa. BuanaynTy Bigcrans d, HA AKY

amicTuThcA 300pa’KeHHA MOHETH YV A3eDKajdi, KOJH N3epKAT0 NMOBEPHYTH HA

KYT (¢ BigHOCHO pebpa ABOTPAHHOI'O KYTA.

@. 5. Pagiyc kpuenanu yeirayroro gaepkasa 80 cm. Ha axiit sigcrani sig gseprana

CJIi poaTalIyBaTH mpeaMerT, Mo oro gilicHe sofpaxenHa 6yio BABIui Gink-

MM 3a npeamet?

@ 6. Ha ronoswiit onTHuwrii oci yeirayroro asepkana pagiycom 40 cM JexKuTh cBiTHA

Touka S Ha pigcrani 30 cm Big msepkana. Ha akii sigcrani mepen yBirHyTHM

JA3epPKAJIOM CJIiJl PO3TALIYBATH ILIOCKE A3epKao, mob npomeni, BigbuTi naepka-

JIAMH, TIOBEPHYJIHCH ¥ TOUKY S?

§ 60. 3anomneHHn cBiTna

3akoH 3anomneHHs ceitna. 3 npuanuny PepMa MOKHA OTPUMATH i 3aKOH
3aJI0MJIEHHA CBiTJIOBHX MpoMeHiB (#oro me HazuBawTs 3akoHoM CHens).

Poarnsanemo Bunajgox (man. 243), KoJau NepmuM cepefoBHINEM € BAKYYM, B
AKOMY IMBHKICTH CBiTJIA ¢, 4 ADYTHM — MpPO30pa Pe4OBHHA, IMIBHAKICTh CBiT/IAa B
AKii v (v < e).

Ak i v BHDagKy AoBe[eHHs 3aKOHY Bin0HBaHHA, 3 HeCKiHYeHHOI MHOMKHHH
MOMKJIMBHX UIIAXIB Mix Toukamu A i B posrasHeMo Jgume TpH miasxu AA'B,
AB’B ta ACB. 3rigno 3 npuamunoM PepMa, CBITIO MONTUPIOETHCH THM ILIAXOM,
HA AKHHA BUTpadYaeTbcA MiHiManbaul uac. [lnax AA'B He € TAKMM, OCKIIBKH
CBiTJIO ¥ BakyyMi, Je HOro MBHAKiCTbH MaKCHMAaJIbHA, OIPOXOJHUTL HAWMEHITY
BifcTaHb L0 Mexi moainy, a BeJIMKY — V CepeloBHIIi, e Horo mMBHAKICTEL MaJia.

Hamnaxy AB’B , HaBOakH, CBiT/I03 MAJIOK IIBUAKICTIO MPOXOIHTE MiHIMAJIEHY
BificTaHb, a OlABIIY AINAHKY HUIAXY HPOXOAKTE Y CePeSOBHII, /e HOro IBHAKICTE
pyxy makcamaibHa. IIpore, onTHMANIBHHUM, 3 TOYKH 30py MiHiMymy ugacy, Oyae
neaxuit muax ACB, 3a yMOBH, IO JOBKUHHU MPOUIEHUX NUTAXIB ¥ CePeoBHIIIAX
G6yayTh NpONOPIiHHAMHA MIBHAKOCTAM PYXY CBiTJIA ¥ IHX cepelOBUINAX.

SanumemMo 10 yMOBY MaTeMaTHYHO. [LJ1s1 iboro 3’scyemo, Je mae 6yTH posTano-
BaHA TOYKA, B AKiH CBIT/IOBHII IPOMiHE NMepeTHHAE MeXKy NoJiny cepenopuml. Ilo-
3Ha4YuMO Bifcranb A'B’ uepesa d. fAAkmo mykasa Touxka C nepeTHHY MeKi mogiay
cepeJOBHIY JIEKUTE HA Bifgcrani x Big Toukum A’, To Big B’ BOHa mepebyBae Ha
Bigerani d—x (aus. man. 243). Toxi maax AC y nepmomy cepefOBMINi CTAHOBUTE

Jui+x*
¢

‘,Jyf +x* , BigmoBigHo uac OPOXOeHHA IbOro MLIAXY ¢ =




Pasain S XEUABOBA TA FrEOMETPUUHA ONTUKA ﬂ.

Ananoriuno y gpyromy cepegoBHILi A
miaax CB cBitio DpoxXogATh 3a dac " !

JuZ +(d-x) '

t, =—————. 3arajbHnii yac
v
Wi+t -0’
t=t +t,= + :
¢ v

Ax BugHO 3 miel GopMyH, Yac pyXy cBiTia
3aJIe3KHTh BiJ X, OCKINBKH iHINI BeTHMYAHH
thikcosasni.

3’Acyemo, 3a AKOTO 3HAYeHHA x, 4ac {
byae minimaneaum. Ilng nporo Busgaunmo  Man. 243. [loBefieHHs 3aKOHY 3an0Mm-

NOXiAHY Biji { IO X Ta NIPUPiBHAEMO OTPHMA- NeHHs 3a npuHLmMnom depma
; x d-x
HUI pesyabTaT g0 Hynas. OTpuMaeMo piBHAHHA —— = == 0.
c\!’yl +x v\/y2+(d—x}

d-x

x 2 2
3 MaJgoHKa BHAHO, LI0 55— —sina, a —————=siny, e o ~ Kyr
Vit x V2 +(@-x)

NagiHHdA, ¥ — KYT 3aJIOMJICHHSA,
TakumM YHHOM, YMOBA MiHIMAJIBHOTO 4YACY NpOXOIXKeHHA HabyBae BHTJIALY
sinot  sin sina ¢
= et , abo =

v v siny v ;
Ileit Bupa3 i € 3aKOHOM 3aJIOMJIEHHA CBiTJIa JJIA POSrJIAAYBAHOIO BUNAAKY.

,5 BiaHoOwWweHHSA cMHYCa KyTa NafiHHa A0 CUHYCa KyTa 3a/10MNEHHA AOPIBHIOE BiOHOLWE-
HHIO LBWAKOCTEN NOLWMPEHHNA CBITNA Y BaKyyMi i B CepeaoBuLL, AKe 3 HUM MEXYeE,
T06T0 AopisHIOE aGCONIOTHOMY NOKA3HWUKY 3aN0OMNEHHS LLOr0 CepeaoBuMLLa.

3riguo 3 npurOEOoM Pepma MIAX, AKHA BUMarae MiHiMajabHOTO 4acy, Jje-
HMUTE Y maomuHi naginasa. Orike, GopMyJIIOBAHHA S3AKOHY CJijJ AOIMOBHIOBATH
TBEPAKeHHAM.

ﬁ Mapa4ymil NPOMiHbL, 3aN0OMNEHWIA NPOMIHL Ta NePNneHauKYNap A0 Mexi noainy
CepefoBMLLA, ONYLUEHWIA B TOYKY NaJiHHA NPOMEHS, NeXaTthk B OOHIA MioLWmHI.

NosHe einbuBaHHA. 3aK0oH 3aT0MJIeHHSA CBITIIA 03BOJIAE MOACHUTH HiKase 1
NPAKTHYHO BAXKJINBE ABHILE — N08He 8i00U6aHHA c8imaa.

SAKI110 NpOMiHb CBITJIA MOIIHPIOETLCA BiJl TOUKOBOTO AKepesa 3 ONTHYHO 6iibin
ICYCTOrO B OITHYHO MEHIII I'YCTE CepeOBHIIE, TO KYT 3aoMIeHHA OLnbmui Big KyTa
nagiaHsA. 3i30inbIIeHHAM KYTa TAJIHHA CBITJI0BOr0 TpOMeHd, 30inbIIyeTCA 1 KYT
3ATOMJIEHHSA, PA30M 3 THM, IHTEeHCHBHICTh 3aI0MJIEHOr0 IPOMeHA 3MEeHIIYETHCS
(man. 244). Jlocarmm neBHOro sHAYEHHS KYTA HagiHHA o, NPOoMiHb Baaraiui He
HNepeTHHAE MeXXY MOJALITY CepeloBHI — KYT 3ajloMaeHHsA cTaHoBATE 90°. Komn kyT
najgiHHA o > (1), CBITJIO He NIePeXoUTh Y Apyre cePeJOBHINE, a JTHIIe Bi1GHBacThCA
Bij Horo mesi, To6TO Big6yBaEThCA ASULLE NOGHOZ0 6HYMPIULHBbO20 8i00UBAHHA.

BiaGuBaETLCA BiA MEXI NOAINY 3 MEHLU MNYCTUM CEPEA0BULLEM HE 3aN0OMMIDIDYUCH,

* fABMlie, B SKOMY CBITNO, NOWMPKIYMCE B Binbll rycToMy CepenoswuLL,
HA3WBAETLCA ABULLIEM NOBHOIO BiaGMBaHHA.




IMosiTpsa
Boza

Man. 244. BuaHa4yeHHa yMOBMW NOBHOrO BiabusaHHa

Kymom noenozo eHympiuiHboz0 6i06Uu6aHHA HABUBAETLCA HAWMEHIIHH KYT
najfiiHeA o, TOYHHAIOYH 3 AKOTO CBiT/I0 noBHiCcTIO BigbuBacThHCA Big Mexi moginy
cepefioBMIIl. I3 3aKOHY 3aJIOMJIEHHS CBiTJIa BHILIMBAE, III0 HUM € KYT, CHHYC AKOI'0

; 1 ol
nopieHOE — , ToOTO Oy = arcsin | — |,
n n

Came moBHe Bif0MBAHHA CNPUYHHAE SICKPABHH OJMCK KPATIMHOK POCH,
OCKOJIKiB ckJyia Tomo. lle ABHIIEe BHKOPHCTOBYIOTE, OrPAHIOIOYH TA NUIiQYIOYH
moporomninHe KaMminuA., O6pobaoBanbHOMY KaMiHIIO HA#alOTh Takol dopMmH,
mob GinpmIicTs nagaYHX HA HEOO NPOMEHIB IicifA 3aJ0oMJIeHHA BinOHBaNHCH
Bin BHYTpimHiX rpaneit.

BonokoHHa ontuka. TexHiYHe BHKOPHCTAHHS SBHINE [OBHOro BiaGuBaH-
HA 3HaMINO y donokonKiil onmuyi. Tepmin ¢8onorxonHa onmuka» 3'ABUBCA Y
50-x pp. XX cr. OcHOBHHM eJleMeHTOM BOJIOKOHHOI OIITHKH € OINTHYHE BOJIOK-
HO (HafAyacTime TOHKA Mpo30pa CKJIAHA HATKA) (Maya. 245). 3asHAaOUX TOBHOTO
BHYTPIIIHBOTO BiiOMTTA, CBITJI0 NOIIMPIOETLCA BCEPEIHHI CBITJIOBOAY i 3aTHE
nepefaBaTH ONTHYHI cHrHanu 6e3 CIOTBOPEHHA HA BeJIHKI BigcraHi.

fABuie nmoBHOro BigGHMBAHHA BHKODPHCTOBYETHCA B OIHOKIAX, MepHCKOIAX,
Karadorax sacobiB fopoKHBOIO PYXYy Ta iH.

Man. 245. OnNTHUYHI BONOKHA
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T/ [Daite signosini Ha 3anuTanHea

1 1. 9k 3 npuHumMny depma LOBOAUTECH 3aKOH 3aN0MNEHHA CeiTna?
| 2. TMOACHITE CYTb SBALLA NOBHOIO BHYTPIWHBOrO BiaBweaHHa ceitna. Lo HasuBaloTh
rpaHUYHUM KYTOM NOBHOMO BHYTRIWHLOrO BinGuBaHHA ceiTna? Yomy BiH AopisHIOE?
3. Ake npakTU4YHe 3acTOCYBAHHA NOBHOrO BHYTPIWHLOro BinbueaHHA ceitna? Lo Take
BOMOKOHHA ONTuKa?

PexomeHpgauil o po3B’A3yBaHHA 3apa4

Cepen s3ajady reoMeTPHYHOI ONTHKM, B AKUX BUKOPHUCTOBYETHCA 3aKOH 3a-
JOMJIEHHA CBiTna, BHALAAIOTE 3afadi Ha XiJ IPOMeHIB y NMPO30PHX ILIOCKO-
napajieibHUuX MJACTHHKAX Ta IPpU3Max.

Ilicnsa mpoxoj:xeHHA Kpi3b IJIOCKO-Tapa-
JieIbHY TUJIACTHHKY TPOMeHi BHXOAATH Mif
THM 3Ke KYTOM, IiJi AKMM BOHH Ha Hel maja-
10Th, [IpH 1[bOMY [JIACTHHKA 3MIIYE IPOMiHB
cBiTJIA TApaJeNbHO HOMY caMOMY Ha BiJCTaHB
x (man. 246).

3MileHHS IPOMEHd HA BHUXOJl 3 MJIOCKO-
napajiejbHOI IIJIACTHHKH MOMKHA 3HAlTH 3
dopMmyIH

sin(ot —
o gSin@=1)
cosy Man. 246, MpoxoaxXeHHA CBiTNa
e Kpi3b NNOCKO-NapanensHy NNacTUHKY
s 1-sin‘a
x=dsina| 1- T T e
- n®—sin“o

TYT o — KYT NafiHHA, Y — KYT 3aJIOMJIeHHA, d —
TOBIMHA IJIACTHHKH, N — MNOKASHUK 3AJIOM-
JIEHHA PEYOBHHH ILIACTHHKH.

SajloMyIeHHA NOpPOMeHs B IpuaMi Big-
OyBaeThca Ha ii 3anoMHMX rpaHsx AB i BC
(man. 247). Axmo maTepian NpU3MU OITHYHO
Oinmpm TycTHi, Hid HABKOJHIIHE cepejoBH-
me, NpoMiHb, 3aJ0MJIOI0YHCE, 00HABa pasu Man. 247. 3anomneHHs csitna y
BigxuaseTsesa go ocEoBu npuamu AC, Kyt ¢ TPUrPaHHIA NpUami
MijK 3AJJOMHHMHM TDaHAMH HA3WBAEThCA 34a-

AoMHuM kymom npuamu. Kyt 0 MixKk npooB:KeHHAM IPOMeHd, 10 ITajae Ha IpH-
aMy, i IpoMeHs#, 110 BUXOJHTh 3 IPU3MH, HA3WBAETLCHA KYMOM 8i0XUleHHA IPO-
MeH# BiJi IOYATKOBOTO HAIPAMKY. Mis nuMu KyTamMHu icHye ciBBiIHOIIEeHHA
o=a,;+Yy;,—6.
SfIKIIo KyT ¢ Maxuii, TO MOKHA KOPHCTYBATHCh HabnHxeHoI0 (hopMyI0i0
0=(n-1)p.

Npuknagwu po3B’A3yBaHHA 3agay

Bamaua 1. MosOXpoMaTHuHMiI HpoMiHb najgae mig Kyrom o, = 60° Ha Giuny moBepxHIO
criAHOI pisHOGeperol mpuaMu. KyT npu seprmsi mpuamu ¢ = 40°, Ha axmit KyT BIAXHIATECA
HPOMiHB, 1[0 BUXOIUTH 3 MPH3MH, AKIIO MOKA3HHK 3aJI0MIEHHA MaTepiany npuamH n = 1,54?




OMNTHKA

Orpumary dopMyy 1A BUSHAYCHHSA KYTA 3MIIIeHHA OPOMeHs JUIA BHIALKY, KOJIH KYT
NaJiHHA HA IOBEPXHIO IPH3MH i 3AJIOMHHI KYT OPUSMH ¢ MAJI.

Hano: Poas’azanns
a,=60° Cropucraemocs mai, 247
¢ =40° IsADEM :v,+ ay,=@, 3BIAKH Oy = @ — ¥;.
n=1,b4 IBADEN: O=(a; 7))+ (ya— ) =a, +1,—paboy,=¢+0-a,.
i e e el ; . sinoy
. 3a3aKOHOM 3aJIOMJIEHHA Ha Nepmii rpasi ——=n.

6+~2 siny,
0=f(p)-? -

Toai siny, = ol = 0,562 ; y, = 34° 12",

s i sino,
8aKoH 3aJI0MJIEHHS HA BHXOAl iz mpumamm —
siny,

1 i : :
=—. 3Bigkn siny, = nsina, abo
n

sin(p + 0 — a;) = nsin(g —y,).
- ITigcraBnsawyn unca0Bi 3HAYEHHSA, oTpMyeMo sin(0 — 20°) = n - sin 5°48'=1,54 - sin 5°48',
Ockinbkl KyT MAnHil, TO CHHYC KyTA MOMHA 3aMIHHTH HOro 3HAYEHHAM, MAEMO
0 — 20° = 8° 54/, Toxi B = 28° 54",
! [Iloﬁ BHBECTH (DOpMYJy ANA BH3SHAUEHHA KyTa [Jf MaJHX o, i ¢, 3anHmemo

sino, o sino, o, 1 : .
-——Jr-n—-l-::ui—-——-—2—=—-2—=—.m,q1ﬂi=ﬂ‘h11’2=ﬂl12-

siny, 1 siny, v, n
ITligecrasumMo i 3HaAYeHHA ¥ BUpas 1 0,
B=(o, —Y)+(Y; — ) =ny, =Y, + N0y — 0y =(n—1)(y, +0,);
OCKINIBKH ¥, + 0, = ¢, maemo 0 = (n - 1) ¢. :
Binnosias: 28° 54', 6= (n - 1) @.

Samauga 2. [Ipomins najgae Ha NIOCKO-NAPAJeNbHY CKAAHY IUIACTHHKY MiJ KyTOM
o = 30° (man. 248). ITokaauuk aanoMmieHHA ckaa n = 1,5, fAka ToBMWHA NMIACTHHKH,
AKIIO aMimenHA npomend (Bigpisox CD) popierioe 3,88 cm?
Jano: Poas'azanna
a=30° 3 MaJOHKA BUAHO, 0
n=1,5 " "

ZBAD=qa, ZCAD=u-v,

CD=3,8810" m pit !

= m——— AB= ACCDSY-
d-1? sin(o - 7)

Bpincn AB= M :
sin(o-)

KyT sasoMieHHA y BHBHAYAEMO 13 3aKOHY 38JI0MJIEH-

ny- SR SIX _ 0,333, y = 19°30,

siny
a—y=10°30.
IMicna migcTaHOBKH AaHHX orpuMaeMo AL = 0,2 M.

Bignosigs: 0,2 M.

=n . 3Bigen siny=

Bnpasa 29

1. Ha HM:KHIO I'DaHL ILUIOCKO-TAPAIENbHOI CKIAHOI MIACTHHEM HAHECEHO PHCKY.
Cnocrepiray, mo AMBATECA 3ropH, 6aYNTE PHCKY Ha BiacraHi 4 cM Biji BepxXHEOL
rpadi naacTHHKH. AKa TOBIIHHA IACTHHKH?T
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2. Ilpomink nagae oig kyrom 60° Ha CKAAHY NJIACTHHKY 3aBTOBIIKH 2 CM 3 mapa-
JeJIBHUMH rpasaMi, BuaHaunTi aMimeHHa npoMessa, AKKHHA BUHIIOR 3 NIACTH-
HHU. fxum Gyae sMineRnas, AKIO TPOMiHE il TAKAM CAMHM KYTOM ITANAE HA ITH0
caMy CKJIAHY [JIACTHHKY, PO3TAIIOBaHY ¥ BoAi?

3. Maemo nBi nJjocKo-napaielbHi MJACTHHKH, IPHTHCHEH] INiTLHO OJHA J0 0J-
Hoi. Tosmmuua nepmoi 16 MM, nokasHuk samomiueHuns 1,5, ToBuimHa gpyroi
24 mM, moxkasHUK 3ajomieHHs 1,8. Ha moepepxHI0 nepmoi NJacTHHKM majae
ceiTno nixg kyrom 48°. BusHAuUMTH 3MilNeHHSA DDPOMEHA IIicas BHXOLY #oro is
IJIACTHHOK.

4. Yu mMoske IPOMiHb, NPORIIOBIIN KPi3h ILIACTHHKY 3 Imapa- A
JNelbHUMH DAHAMHM, 3MICTHUTHCA Tak, mob BiAcTAHE Mix
HHAM Ta HOro NOYATKOBHM Hanpamkom Oyaa Olaeuion 3a
TOBIIWHY IJIACTHHKH? s

5. Ilpomies SN najac Ha OPAMOKYTHY CKAfHY npHaMmy BAC —* N

(man. 249) nepneHJHKYIApPHO A0 rpaHi AB. 3anoMHThCH

npomines Ha rpaHi AC B Touni N fioro magiHHs 4u 3asHae 90° /

MOBHOTO Big6HTTA, AKIIO KVT A = 30°? B C

IIpu sAxkomMy HaiiMeHINOMY 3HAYeHHI 3aloMHOrO Kyra A

ckaarol npuamu BAC (man. 249) npomins SN 3azHABATH- Man. 249

Me noBHOro Bigbupanaa?

7. Ilpomine nagae nig kyrom 50° HA NpAMY TPHKYTHY CKJIAHY NpUaMy ia sanom-
HHAM KyToM 60°. BU3HAYMTH KYT 3AJIOMJIEHHSA IPOMEHA B TOYILi BHXOAY 3 MpPH-
3MH. :

8. Ilpomias nagae nepneHAMKYAAPHO Ha GiuAy rpaHs NpAMol cKAAHOI NpH3MU, B
OCHOBI AKOI JeXHUThL piBHOGEIDEHUH TPHKYTHHK 3 KyToM npu BepmuHi 20°. Ha
CKiTBKH rpagyciB BifXHIHTLCA TPOMiHb, BHMIIOBIIK 3 IPH3MH, BiJ NOYATKO-
BOT0 HANPAMKY, SIKINO NPOMiHb ycepeJMHi IPH3MH IaJae: a) HA APYry Oiumy
rpass; 6) Ha OCHOBY?

9. Axui sanoMHMI KYT NPU3MH i3 CKJIa 3 MOKAZHUKOM 3anoMiaeHHA 1,56, axkmo
NpoMiHE Dajiae NepHneHAHKYJAAPHO Ha OHY Ii rpaHb i BHXOAHTE B3JOBMK APY-
roi?

10. BuaHauuTH KYT BiIXHIeHHA IPOMEeHA CKJIAHOO IPHU3MOI0, 3aJIOMHIH KYT AKOI
3°, AKIIO KYT DaJiHHA TPOMEHA HA MepefHIo rPaHb AOPiBHIOE HYJNIO.

11. [IpoMiEs cBITIA BUXOAHTE 3 IPU3MH IIiJ] THM CAMHMM KYTOM, IIiJi AKNM BXOJHTE
y Hel, IPHYOMY BiXHUIAETHCA Bil MOYATKOBOIO HANPAMKY Ha KyT 15°. 3amom-
HMH KyT npusmu 45°,. BU3HAUNTH MOKA3HHK 3a/I0MJIEHHA MaTepiany niH3H.

12. Ilpomink cBiT/IA BXOAUTE ¥ CKIAAHY NPH3MY Oig KyToM o = n1/6 1 BHXOAHTE 3 Hel
B NOBiTpA mig KyToMm n/3, OIPHYOMY, NPOHIIOBIIK KPi3h NPU3MY, BIIXHIAETHCA
HA KYT n/4 BiJi 109ATKOBOro HAIPAMKY. BUSHAYNTH 3aJIOMHHIH KYT IPA3MH.

o

§ 61. Nlin3n

Nivan. ¥ 7 kaaci My B:Ke 03HAHOMHJINCE i3 J1iH3aMH T4 NpaBHJIaMH NOOYI0BH
300pakeHsb, AKi OTPHMYIOTE 3a iX gonomoroio. IIpurafaeMo oCHOBHI NOHATTA.

JMinzoo HazmealoTe npo3ope Tino, obmexene 3 o6ox Gokis cdepuyHUMK
'5 NoBepxHAMMK (04HA 3 NOBEPXOHL MOXe ByTH NNOCKOI0).

BHacnigok KpHBH3HH OBEPXOHE IIPOMEHi, AKi NpOXoAATE Kpiae JiH3Y, ABa
PasH 3ajIOMJIKIOTECA (AK i B mpHami), smiHOOYH CcBiff HAIPAM NOMMPEHHA.
fkmo ToBmMMHA JiH3M 3HAYHO MeHINA Bij pagiyca Ii KpEBH3HH, TO TAKY JiH3Y
HA3HBAIOTL MOHKOI0.



HAxio napanrensEE Ny40K MpOMeHiB, MpoOWMIIOB-
IOH Kpisb JiH3Y, CXONUThCA B ofHiH Touni (doxyci),
TO TAKY JiH3Y HASUBAIOTE 30UPANLHOI0, AKIIO XK Mapa-
JebHUI OY40K IPOMeHiB micyia MpoXoAKeHHA Kpisb
JiH3Y CTa€ PO3XiAHHM, TO TAKY JIiH3Y HABHBAIOTDH PO3-
Cil8anbHO.,

Ha man. 250 306pakeno 36upanbHy i poacioBaib-
HY NiH3HW Ta IX YMOBHe HO3HAUEHHA. (3ayBaXKHMO, 10
sbupassHa JiH3a € ONYKJIOK, 4 po3ciloBalbLHa — BrHY-
TO10, JIMIIE KOJHU MOKA3HUK 3AJ0MJIEHHS PEYOBHHH
niH3H OB 38 NOKA3HHK 3AJIOMJIEHHSA OTOYYIYO0r0
cepeoBHIIA. )

JIiH3a K ONTHYHA CHCTEMA MAE PAJ XapaKTepPHCTHK:
doxye, GQoKANBHY IUIOIIHHY, T'OJOBHY ONTHYHY BiCch
TOI[O. 3MiCT JeAKHX TePMiHIiB 3po3yMinmii 3 mas. 251.

IMenTp JAiH3M HA3UBAKOTE ONMUYHUM UYEHMPOM
(Touka O Ha MATIOHKY).

T'onoéna onmuvna 6ice — MpAMa, 10 IPOXOIHTH
yepes INeHTPH chepHUYHHX NMOBEepXO0Hb, AKi o0Mexy-
10Th NiH3y, 1 ronosHi dokycHu ninsu. Byab-axy iHmy
npaAMYy, AKA NPOXOLHTH Yepe3 IeHTp JiH3W Ha3HBa-
0Tb NOGiYHOW Bicclo.

Man. 250. 36upansha Ta Toanosnuit goryc .mfusu. — ToUKa F, B akiit nicna

pO3ciloBanbHa NiHau sajoMJeHHA B 30MpanbHiil JNiH3I DepeTHHAWTHCA

IIPOMEHi, [0 NaJa10Th HA JIIH3Y MapaieibHO roJIOBHIH

onTUyHi oci (y poacitoBanbuii niHai y miit Touni 36MpaoTHCS MIPOJOBKEHHS 3a-

JOMJIEHHX IIPOMEHIB, AKi Najgail Ha JiH3y napajejsHO I'OJIOBHIN onTHYHIHR oci).
Y abupaneHiil ginsi hokyc Oyge aificHEM, a B po3cilOBABHIN — YABHUM.

el nnomuean, AKI DepIeHAMKYIADHI Do ToJoBHOI onTu4HOI oci i mpoxo-
JATH Yepes ii GoKycH, HAZHBAIOTECA PoKaAbHUMU naowuramu. Toukn nepern-
HY no6ivHMX ocell 3 VUMH IUIOIHHAMHE HA3HBAIOTLCA NOOIYHUMU Pokycamu. Y
nobiuromy GoKyci nepeTHHAIOTHCA TPOMEH] (1718 po3ciooBalbHHX JiH3 — IX Opo-
JOBXeHHHA) Nic/A IPOXOKeHHA JIH3H, 1110 N4aal0Th Ha JIiH3Y mapajleJbHo JaHii
mobiunii oci.

Bigcrans Biz okyca 10 ONTHYHOrO IEHTPA HABHBAIOTE POKYCHOI0 8idcmanio
Jainzu F. MokycHa BigcTaHb 36HMpanbHOL JIH3M € JOJATHONIO, A po3ciloBalbHOl —
Bix'emuo0. Bennuuny, obepHery m0 GOKYCHOI BificTaHl, HA3MBAKIOTE ONMUYLHON

0 4 Poaciopannua

@oxansHa DoranrsHA ; 2 l
niomuEa f MIOMuHA cunow ningu D, D=—,
Onrwunmit | : ¥ CI onTHYHY cHIY JTiH3H BHMipIOOTEH
e ! ! ? - = e
LedTp T | Tomosma B ALOHTPIAX, [D] —“lf.M =1 aoTp.
F 0 F onTpina Jasa chepuuHOi .rumul[ .
i~ D=(n, -1(z—x—),
2 ) R, R,
%"3}'&23 TMikaa T Jle ny, — BifHOCHMI MOKA3HUK 3AJIOMJIEH-
BICB HA Marepiany nimsu, R;, R, — pagiycu

Man. 251. ONTH4Hi xapakTepucTuki niva ~ KPUBHM3HH IOBEPXOHb JiH3H (Ma. 252).
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3HaK «+» BHKOPHCTOBYETLCA JIJIA ONYKJIHX IOBEP-
X0Hb, 3HAK ¢—» JJIfl BTHYTHX.

Nobypnosa 3o6paxeHs, opepXaHux 3a O0-
nomoro niKa. JIiHgu AK onTHYH] TpHJIagd MiHHL
THM, IO 3a IX JOMOMOroI OTPHMYIOTH 300pakeH-
HA IIpeaMeTiB, AKi MOKYTh CBiTHTHCEH cami u4m
CBiTATHCA BiOATHM CBiTIOM.

KoxBay Touky aobpakeHHA (GopMye BeJndes3Ha
KijnpKicTs nmpoMeHiB, mo BHHINIIM 3 BinmoBigHOI
rouky npeamera. Xix 6inbmocti 3 Hux nobyaysaTa
BAKKO, aJle B ILOMY 1 Hemae notpebn. Ha npakTHii
ana nobynosu 3ofpakeHb, OTPHMAHMX 3a JOIOMOIOIO JIiH3, BHKODPHCTOBYIOTE
YOTHPH TAK 3BAHWX 3DYYHHX MMPOMEHi, XiJ AKuX Bigomuit 663 BHKODHCTAHHA 3a-
KOHY 3a7I0MJIeHHA.

Xij 3apy4HHMX IPOMEHIB Yepes JiHay Takui (mamn. 253):

4 AKIO majardHil IPOMiHb NapajelbHHH rOJIOBHIM ONTHYHINA oci, 3a0MIeHHAHN
npoiize gepea horyc;

¢ AKLIO NafaYdil NpoMiHe OpoimoB Yepes Gokye, TO sanomiaeHuit nife napa-
JIeJILHO TOJIOBHIH onTHYHIK oci;

4 npomiHb, AKHIA MPORIIOB Yepes ONTHYHHI LIEHTP, He 3aJ0MIIOIOYHCh, iie IPAMO;
$ AKue naganyni npoMiEk napairensHU nobiunii oci, To 3amoMieHui nepe-
THeTHCA 3 Iieo Bicco B GoKanbHiM mroniuai,

Bo0paxeHHs y JiH31 MoKe OyTH HIPAMHM YH NepeBePHYTHM, 30inbIIeEUM 4Yn
BMeHIIeHUM, NificHUM Y1 YABHAM.

fxuio d — BigcTane Bif mpeameTa mo JiH3W, f — BigcTaHb Bifg AiH3u g0 306pa-
JKeHH# Ha ekpaHi, F — ¢oKycHa BincraHb, To po3MilleHHA IIpeaMeTa i Horo so-
fpaykeHHA MOMHA BH3HAYHTH 34 POPMYN0I0 MOHKOL JiH3U

AP

Man. 252. Paniycu KpMBU3HK
niH3an

(1]

Man. 253. No6ypoea 3o06paxeHs y 30MpansHiid Ta po3ciloBanbHii niHax



ONTHKA

Ropucfylotmt:h (opMyII00 TOHKOL TiH3H, CJIi1 BpaAXOBYBATH IIPABMJIO 3HAKIB:
¢ aAKIo JiH3a poaciloBajiLHA, TO BeIHUYHHY F 6epyTE 31 3HAKOM «—»;
4 AKIo JgiHS3a gac yaABHE 300pakeHHs, TO 1 f TaAKO0MK DepyTh 3 «—»;
4 SAKINO npeaMeTr YABHUM, To i d 6epyTh 31 3BHAKOM «—».

fAxmo h — Bucora npexgMeTa, a H — Bucora 3obpasKeHHs, TO MOKHA BU3HAYHTH
3binbIIeHHA JTiH3H

Put il
h d

Tun i monoxennsa sobpakeHHa npeaMera B 30upanbHil JiH3i sane:xaTs Bij
ioro Bifcrani d o miasu. CniBBiiHOIMIeHHA Mi mpeaqMeToM i iioro sobpaxieHHAM
y 3bupansHii niE3i HaBegeHo v TabaHmi.

BincTtaHs Big npegmerta BinctaHs

0o nivan, d A0 306paxenHs, f Tun 306paxeHHs
d—x f=F AiicHe, obepHeHe, ameHwenre, I' < 1
d>2F 2F>f>F [liiicHe, o6epHeHe, ameHweke, I' < 1
d=2F f=2F LiiicHe, o6epHeHe, pisne, I'=1
2F>d>F f>2F DiiicHe, obepHene, 36inbwene, I'> 1
. d=F fowo Heichye, I' - @
d<F f<0 YaBHe, npsame, 36inbwene, I'> 1

3obpaxkeHHA nMpeaMeTa B posciroBanbHiil ninai 3a 6yae-sakoi sigcrani d Big
npeaMeTa IO JiH3W 3aBXIU YsiBHe, NIpsAMe, 3MeHIIeHe 1 posMilieHe Mi mepe-
JHiM orycoMm i niHzow, npuyomy [ < d.

HArmo onTHuHa cucTeMa CKIAMAETHCA i3 Hekinbkox aiHa (ix onTHUHI cHaIn
Dy, D,,..., D, ), poamimenux 61U3bK0 Of{HA 10 OfHOI, TO BUKOHYEThCA TaKka Gop-
myJja:

D =D1+D2+D3+...+D".

CHCTEMH

HAximo »x niE3H poaMimeHi B pisHHX TOYKAaX IPOCTOPY, TO CHOYATKY DYAVIOTH
300pakeHHs, oTpuMaHe Bij nepinol giaau. Ile sobpaskeHHA CJOYTVE NpeIMeTOM
JAnA apyroi nigsu i rak gani. [loproproroun meil nponec HeoOXigHY KiabKicTs pa-
3iB, 3HAXOAATHL NOTpiOHe 300parkeHHA AJ1A Beiel ONTHYHOL CHCTEMH.

Sxmo nigsa mineHO npuaArae 1o cepuunoro gsepkana, ro D = 2D,+D,, ne
D, — ontuuna cuna ninsu, D, — ONTHYHA CHJIA A3epKaJa.

@ HdaiTe Bignoeigi Ha 3anuTaHHA

1. o HasmBaoTe NiH3010? Hky NiH3Y HA3WBAKOTL ONy-
KNoio, a fAky — BBirHyTo0? Hki BUOW NiH3 iCHYIOTL?
Lo Take ToHka niH3a? F F

2. NoAcHiTk yci BMnaaku nobynoew 3obpaxeHs, OTpu-
MaHuxX 3a gonomorow 36uMpansHoi niH3KW; poacio-
BaNbHOI NIH3K.

3. lWo Ha3uBalTh ONTUYHOK CHNOKO NiH3K? Y AKOMY a o
BUMAAKY OMTUYHA CUNA NIH3KW € A0AATHOIO, @ B AKOMY
Bin'emMHO0? Y AKWMX OAMHWUSAX BUMIPAIOTE ONTUHHY Man. 254
cuny NiH3n?

4. B siKMx yMOBax JABOONYK/A CKNAHA NiH3a 3 NOKA3HWUKOM 3anomnedHs n = 1,6 crane
pPO3CiloBaNbLHOI?
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5. CUMETPUYHY NiH3Y po3pi3anyk TOYHO HaBNin No NNOWWHI cuMeTpil. Hky 4acTuHy no-
YaTKOBOI ONTUYHOT CUAW MaTUMYTb OB YTBOPEHI NiH3an?

6. Ha man. 254 sobpaxeHo xia npomeHs nicns Buxoay i3 3bupaneHoi (a) Ta poacilo-
BanbHOI (6) niH3. 3Hainaite NOOYA0BOIO Xig LMX NPOMEHIB 10 NiH3W.

§ 62. OnTnyHi npunapu i cucremn

¥V 7 knaci My 03HaAHOMMJINCH 3 OCHOBHHMH ONTHUYHHMH NPUJIaZaMH, TAKH-
MH AK MiKpockom, Teneckon, Tpyba Kemnepa, doroanapar, npoexniiiamii ana-
par Tomo. OKo JIOJUHY TEX MOMKHA BifiHeCTH A0 onTH4YHOI cHcTeMu. KopoTko
IPHIaJaeMO0 OCHOBHI BiZoMoCTi Ipo ONTHYHI NPHIAAN TA POSKPUEMO HOBI MOHAT-
Ta — abepairii Ta po3inbHA 3MATHICTE ONTHYHHX CHCTEM.

Oko. Kyt 30py. Oxo (Man. 255) € ONTHYHOIO CHCTEMOK0, AKA Jae 306pa-
JHeHHA Ha cBiTmouyTamBi# cituacriit o6omoHNi ouHoro Abnyka — ciTkiBmi.
OntuuHH# HeHTp oka I JexuTh mobamay sagHBOI CTIHKH KpuiITaniuka 2.
[lepen KpHIITAMMKOM € TAK 3BaHA paiigy:kHa obosoHKa 3, AKa mocepeiuHi
Mae oTBip — 3iHHNW 4. 3iHUNA MOXe 3MIHIOBATH CBIH JlaMeTp 3ajie;XHO Bij
TOr0, AKA KiNekicTe cBiTNA moTpanase B oko. 3i 36inbeHHAM iHTEHCHBHOCTI
cBiTJa 3iHMIA 3BYMKYyeTheH (HpubausHo g0 2 MM y Aiamerpi), 3i sMeHIIeHHAM
iHTeHcHBHOCTI ocBiTaenHs mo 0,01 ax — posmupoersed (= 8 M), 3a Kpum-
TAIUKOM MIiCTHUTBCH OYHe A0JYKO, 3a0BHEHEe CKJIOBHUAHHMM Tinom 5. Ha ami
ouHoro AbGJyka poaramoBaHa ciTkiBka 6, axa cnpuiiMae sobpaxenns. Ye-
pes 060JI0HKY OKa (B 3amgHii #oro yacTHHi) BXOAMTE 30POBHIl HepB 7, AKHUI
PO3TaJyKYEThCHA HA MHOMKHHY HEPBOBHX BOJIOKOH, KOTPi 3aKiHYYIOTBCA KOJI-
foukamu, mo 3abe3aneuywTh KOJILOPOBHHA 3ip BAeHb, i NaJo4YyKkaMH, 110 3abes-
ne4yyioTh 4OopHO-6inuii 3ip BHOYi. OKO AK ONTHYHHN OpPHAAJ CKIAJAETHCA 3
YOTHPBOX JIiH3: pozosa obonoHka § — OCHOBHA 3a ONTHYHOI CHJIOK JIiH3a;
ONYKJO-BrHYTA piaka igiHsa (nepednsa wamepa 9) — posciiosainbHa JiiH3a,
OCHOBHHIT KoMnencaTop abeparnii B onTHuHIN cucTeMi oka; kpuwmaaurk 2 —
JiH3a, AKka 3abe3neuye aAKOMOJAIII0 OKa; CKA08UdHEe Mino 5.

Axomodayia oxa — poxycyBaHHA 300pakeHHA Pi3HOBiAfaNeHUX NpeAMeTiB
Ha ciTkiBui oka. BigbysaeTscAa 3a AONOMOIOI0 CTHCKAHHA YH PO3TAryBaHHSA
KPHIITAIHKA OYHHMH M’ s3aMH (3MiHa (hokycHoI BigcTaHi oka).

Bidcemanw Halikpauwozo 3opy L, — ne BincraHs Bij oka [io IpeAMeTa, AKHH 4iTKO
BHAHO NPH HEHANDPYXEeHOMY KPHIITAJIHKY.
fAximo y moAuHEY BifcTaHs HARKPAIILOTO 30DY
MeHIna 3a 25 c¢M, TO ¥ Hel KOPOTKO30DiCTh.
Koporkosopi smiogu morano Oauate pganeki
npeagmer. Illo6 BunpaBuTH HEell HenoIik,
OPH3HAYAIOTE OKYJIAPH 3 PO3CiIOBAILHHMH
nminsamu. Ak kK y aoguan Ly> 25 eM, BoHA
— nanexo3opa i morado 6a4nThL OIA3EK] Opes-
metu. lit fonmoMaraoTs OKYJIApH i3 36Mpanb-
HUMH JIiH3AMH.

Kym 3opy ¢ — KyT, yTBOpEHH# NDAMHMH,
OpOBeJeHUMH 3 ONTHYHOI'O IEHTpA OKa [0
KpaMHiX TOUOK npeaMeTa.

Oxo 3paTHe [JO.':‘pi:!HHTH ABi TOYKH B TOMY Man. 255. Byaoea oka
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BHIAAKY, AKIIO iX 300paxkeHHA MOTPANJAKTS Ha PidHi KonboukH (mamoukn). Ie
BigmoBinae miniMansHOMY KyTY 30py 6amussko 1'. JliniitHi poamipu h 3o06paken-
HA Ha ciTKiBIi oKa npsMo npomnopuiiHi TaHreHcy KyTta sopy, h = atgo, ge a -
onTHyHA 6asa oxa (BigcTaHE MiXK BiHHIIAMH 04el).

Onmuyhi napamempu n1w0dcvkozo 30py. [Jis HOPMAJIBEHOTO 3J0POBOTO OKa
TpHUBaJicThL 30epeskeHHA OKOM 30poBoro Biguyrra — 0,14 ¢; giamerp ounoro abay-
Ka gopocnuoi awoguHaA — 2425 MM; IoJe 30py HEPYXOMOrO OKa 0 MOPH30HTAJL
npuban3no160°, mo Beprukani —130°; NOKA3HHUK 3ANOMJEHHA KPHINTAJIHKA —
1,4; onTHuyHa cHJIa KpHIITATHKA (¥ Monogol moguen) — 19--33 aoTp; BicTans
Mix 3iEROAME ouell («0asa oueii») y mopocaol JOZHHEH — 5472 MM; onTHYHA
CHJAa BChOT0 oKa npubauano 60 anrp.

Ontynyki npunagu. OnTHYHI DpHIagy OpHU3HAYEHL IIA OMPUMAHHA 300pa-
acenb (poToanapar, npoeknifiENE anapat Tomo) abo AndA 36iabuleHHA KYyma 30py
(syna, MiKpoCKoOIl, TeIeCKOII TOII0).

Jyna — 3bupansHa JiHsa 3 MeBHOKW (oKycHoW Binctamuio. [IpeaMer, AKMIL
pOSrAANAIOTE ¥ JYyNYy, posMimyiore ¥ dokanbHI# miomuHi giasum abo Tpoxm
6amkue. Jlynma cTBopioe yABHe, mpaMe i 36iabmeHe 3ofpaxeHHA, pPO3TAIIO-
BaHe Tepex aymowo. 36inbImeHHA, AKe JAae Jyma, BH3HAYAETHCA (POPMYJIO0

0,25
r-to-

e OCKINBKM JJIA JI0AeH 3 HOPMAJBLHHM 30pOM, BificTaHE HAWKpa-

moro 3opy Ly =0,25 M.

Mixpocron (onTuurnit) — npunajg, NpUsHAYeHAH 414 focaigxeHHA Api6HMX
o6’exriB. Bin ck1anaeTsca 3 1BOX OCHOBHHX ONTHYHUX cHcTeM: 06’exkTuBa (06.)
i oxynapa (Ox.). O6’exTus cTBopioe 3binbmene 300paKeH s, a OKYIAp 30iabInye
KYT 30py HA 0e 300pakeHHA (Aie Ak ayna) (man. 256). 36insmensa MikpocKona

=TI a6o I'= L8 ,de A — BigcraHe Mi dokycamu 06’eKTHBa i OKyIApa,
ofi* ox
F . F, — doxycHi BiacTani o6’exTHBa i okynapa Bignosigso.

Teneckonu. AcrporoMiuny TpyOy, npusHadeHy AJS CIOCTePEIKEHHA 3a He-
GecHHMH 00’eKTaMH, HA3UBAKOTE meneckonom (Mau. 257). Ilepmi acrporomiuHi
Tpybu Gysau 36ygosani B 1609 p. itaniiicekum BuennumM I'. Tanineem i HiMenskum
suennm M. Kenutepom. Acrporomiuny Tpy6y, KYT 30py B AKii 36iabImyeThes 3a-
BJIIKY BACTOCYBAHHIO JiHS, HASHBAIOTE pegparxmoponm; TpyOy, B AKiH TOH caMHuit
ed@eKT JoCATAETHLCA 3a NOIIOMOrol clepHYHHX J3ePKAJ — pedhleKmopom.

Ox.

06. 4 =
» Fas E;g ,’

I 1)
L, \

Man. 256. Xin npomeHie y mikpockoni Man. 257. Teneckon

e

e
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06’eKTHBH CYYACHHX TeJecKOoIiB — pedpaKToOpiB — MAKTH AiaMeTp, Oinbirai
32 MeTp, a iXH#A QOKYCHA BiCTAHL CTAHOBHTEL NpUOan3HO 20 M.

Teseckon He TLIBKK AOIOMATAE PO3Pi3HATH 00’ €KTH, poaMimeni Ha Ou3bKil
KyTOBi#l Bificrani oguH Bij ogHOro, a i jgae aMory crocTepiraTi aysxe caabki
Aepesia CBiT/IA 3aBAAKH TOMY, 110 00’eKTHB 30KMpae IIMPOKHI Iy4OK IPOMeHiB.
@ AGepauiil. Ilig yac nobynosu 306pakeHs y ToHKI# ninai (§ 61) mu, He ax-
HEeHTYIOUM HA LOMY YBAT'y, KOPHCTYBAJIHCE CBITIOBHMHE IPOMEHAMH, AKi HAYTE
mo6au3y MOJIOBHOI ONTHYHOL Oci i HeBeJIMKHUM KyToM o Hel. I[o Toro » HexTy-
BaJIH 3aJIeKHICTIO IOKA3HHUKA 3AJIOMJIEHHA MaTepiany JiH3H Bijl JOBMHHM XBUIi
IaJAKYoro cBiTina. ¥ peaJbHHX ONTHUYHHMX NPUIafax, Hampuraaja doroamapa-
Tax, Aad oTpuMaHHA H00poi ocBiTieHOCTi 300paykeHHA CBITMOBHE my4YOK, IO
majiae Ha JiH3y, Mae 6yTH JOCHTh IMMPOKHKM, TOGTO BHKOPHCTOBYIOThCA IPOMEHi,
LI0 VTBOPIOKTE BEJIUKHI KYT 3 T'OJIOBHOK ONTHYHOIO Biccw. Ile, B cBOK uepry,
BIUIMBAE HA AKICTh OTPHMYBAHOro 300pakeHHA. YBa)kHe BHBYEHHSA NMOXHOOK
ONTHYHHUX CHCTEM JIA€ 3MOT'Y BUABHTH LIIAXH IX YCYHEHHH, 1 B Cy4acHUX ONTHY-
HHX IPpHJIAJAX Ii MOXMOKM HACTINILKY 3MEHINEHO, 110 BOHK NPAKTHYHO MAJIO 10~
BHAYAIOTHCA Ha AKOCTI 300paeHHA.

IToxmbK® ONTHYHHUX CHCTEM HA3HUBAKTHLCA afepayiamu.

Copepuuna abepayina 3yMOBJIeHA IIMPOKHUM cBiTIOBMM myukoMm (man. 258).
IIpomeni, Ginbm BigmameHi Big meHTpa JiH3H, CHJbLHIINE BAJOMIKIOTHCA 1
[IepeTHHAIOTH T'OJIOBHY ONTHYHY Bick Giamaxue Bif menTpa ninsu. ¥ pesyasrarti
IBOr0 3aMiCTh TOYKOBOr0 300pakeHHA HA eKpaHi Oy/e po3IJINBYACTA ILIAMA.

IIna xinbkicHOl xapakTepucTHEM cthepHuHOol aGepanii BBOAATHCH NOHATTHA
no3moBxKHEBOI abepanii, mo gopiBHEIe JiHilHIA BigcTaHl MiMx TOuKaMM neperH-
HY 3 I'OJIOBHOIO OTITHYHOIO Biccio kpaiiHix (mpomeni 3 Ha man. 258) i neaTpans-
HuX (mpomeni 1) mpomenis nyuka. Jlinifina aGepamisa sane;XuTs Bix maTepiany
T8 KPUBH3HHW MOBEepX0Hb JiH3u. [ToagorkHi abepanii abupansHO] i po3ciloBanb- |
HOI JIiH3 npoTHieKHi 3a 3HaKkoM. Ile nae Mo:xauBicTh, KoMOiHYIOUH Taki JiH3MH, |
aMeHmyBaTH chepuuny abeparito. Chepuuny abepaniio TaKox MOXKHA 3MEHIIIHN-
TH, AKIIO IPOBECTH cHeniaJbHy 00pobKy chepryHOl MoBepxHi TaK, 100 HA KO-
Hiil YaCTHHI MOBepXHi JiH3H 3aI0MJIeHHA 0YJI0 ONHAKOBHM.

Ona rouok 00’eKTa, AKL He JeXKaTh Ha OCi NiH3HM, BHHHKAKIOTH J0JAATKOBIi abe-
paiii: koma (opma sobparkeHHA HAraAYE KOMETY, & He KPYT) Ta acmuzmamusm
(so0paskeHHA TOYKH y BHIVIAAL OABOX BijgpiskiB npamoi, B3a€EMHO NepOeHIHKY-
JAPHAX i posTamioBaHMX y pisHMX mumomuHax). Brkasani abepanii xapaxTepsi
[ MOHOXPOMATHYHOTIO CBiTJIA,

Man. 258. YTeOopeHHA chepu4Hoi abepauil



Man. 259. YTBOpeHHs xpomaTuyHoi abepauii

¥ BHDagKy HEMOHOXPOMATHYHOI'O CBiT/Ia BUHHMKAE IIe it xpomamuyuHa abepa-
yia. Xpomaruyna abepanis 3yMOBJIeHA THM, 100 NOKASHUK 3aJIOMJIEHHS peyo-
BHHHM JIiH3¥ 341 HUTh Bif TO0BXKUHHK cBiTI0BOI XBHIi (Aucnepcisa). XpomaTHuHa
abeparia DpUBOAUTE A0 TOro, 110 (OKYCH AJA PIZHHX KOJBLOPIB BHABJISAIOTHCA
aMilleHMMH OOMH BigHOCHO ofgHOro (May. 259), B peayasTaTi yoro 3o0pakeHHsA
6i0] NIAMH BHXOLHUTE KOJILOPOBHM.

XpomaTuuHa abepania KiTbKiCHO XapaKTepH3YEThCA MO3NOBXKHBOK XPOMA-

THuHOI0 abepallieo anamoriugo chepuuniii. [Ina speleHHd, 10 MOXKJINBOCTI, K0
MiHiMyMy xpomaTuuHol abepanii BHKOPHCTOBYIOTE KoMOiHANIIO JIiH3, BHTOTOB-
JIEeHHX 13 creniajsHHX MaTepiaJis.
«2>, PoapinbHa apaTHICTs ONTUYHMX NPpUnapis. Bys-axuii onruaawi npu-
Jnaj Ma€ meBHi rpaHEW4HI MokauBocTi. HaBiTe AKmo ycyHyTO Bei abepanii, so-
OpasiteHHA CBITHOI TOYKH He 3aBMIH € TOUYKO0I0. 30KpeMa, 00’€KTHB OyAb-AKOro
ONTUYHOrO mpuiaaay o60B’AsKoBo Mae BXigHui orsip. Mudpakxmis ceitTina Ha
BXifHOMY oTBOpi 00’€KTHBA Bege A0 TOro, 10 300pakeHHA OKPEeMHX TOYOK CIIO-
CTEePEeXKYBAHOI'O NpeIMeTa MAE€ BHTJAM MHUCKiB, OTOUEHHX TEeMHHMH i cBiTIHMH
Kinbuamu. KO0 posraagyBaibHi TOUKH INpeaMeTa JeXXaTh GJH3LKO ofHA Bif
onuoi, To ix pudparniiini sobpaxkenns 6iiplne Yu MeHIE IePEeKPHUBAIOTLCAH,

IITo6 kinekicHO OXapaKTepH3YBATH PO3AiNBHY 3HaTHICTH 06’€KTHBA ONTHY-
HOTO NpHUIafgy, BAKOPHCTOBYIOTE Kpumepiii Peses, AKHI BU3HAYAE MiHIiMaIbHY

: e . A
KYTOBY BLJICTaHB (0, 38 AKOI /1Bl TOUKH MOXXHA 0aYHTH PO3MINBLHO, (= 1,223 , e

A — noB:kuHA XBUJIi, D — giamerp 06’eKkTHEA.

1T} yMOBY BHKOPHCTOBYIOTE AJIA TEJECKOMNiB, 30poBHX TpyD, poToanaparis.
PoagineHy 3gaTHICTE MiKPOCKOIA IPHEHATO XapaKTePH3YBATH He MiHIMaJbHEM
KYTOM, a BilcTAHHIO Mi% ZBOMA HAHOAMMYAMHE TOYKAMH, AKi IIIe BUIHO PO3IiIh-
HO. ¥ cy4acHHX ONTHYHHX MiKpOCKOIaX A BiflcTAHL CTAHOBUTE 310" m.

ITigBunuTH pos3AiabHY 3MaTHICTE ONTHYHOIO MiKpOCKOIIA MOKHA, 3MEeHIIIHB-
IIH JOBXHHY XBHJI CBiT/IAa, 32 JOMMOMOI0I0 AKOT0 BeJleThCA CIIOCTepeKeHHA, Ha-
NPpHKIAJM, 3aCTOCYBABIIH yJabTpadionerose BunpoMiHoBaHHA i doTorpadyean-
HA CIOCTeperxKyBaHUX 06’ eKTiB.

Kpim 3BHUaffHHX ONITHYHUX MiKPOCKOIIiB, iCHYIOTEH 1eK TPOHHI MiKpocKomH,
po3finbHAa 3AaTHICTE AKWX Habararo 6iabma.

HAaiiTe Bignosigi Ha sanuTaHHA

1. Wo Ha3nBaIoTb KYTOM 30pY? PO3AINBHOK 3AATHICTIO ONTUYHKX NpUnagis?

2. Wo Take abepauia? Aki ocHOBHI Bian abepauii?

3. fika 3 abepauiit niHav Moxe GyTH YyCyHyTa CKIIOBAHHAM 3 IHLIOIO NiH3010, a fKa — B
pesynbTaTi ycknagHeHHsa npouecy 06pobku ii nosepxHi?
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Mpuknagwu po3B’A3yBaHHA 3apad
3anaua 1. 3a monoMorow nieau 3 poxkycHow BigcranHo 20 cM Ha eKpaHi ofep:xann
sobpamenns npeamera. Bijcrans Big ninau mo sobpaxenasn 1 m. fAka sigcrans Big 1inan
no npeamera? Axum 6yae sobpaxkesna?

Hano: Poap'nsannsa

F=0,2m Ockinbrn 306paskeHHA ofiepyKAHO HA eKpaHi, To mTinsa 36upans-
h=1m Ha. ¥ samomy sunagry f > 2F, roai F < f < 2F, o610 npegMeT po3-
f=1m mimmeHwi Mix dokycHOIO i noABiiiHOW GOKYCHO BiACTAHHIO.

Buxonaemo kpecienus (Man. 260), BEKOPHCTOBYWUH 14
nobyposm Touku A nea 6vab-aKi apyuni npomesni.

SHaueHHA d BHa3HAYHMO 3 dopMmynan
JIiH3H,

d=

d-?

Fh , 0,2m-1m
f-F 1mM-0,2m

=0,25 m.

Bigmosigs: 0,25 M.

3agauga 2. OnTHYHA CHCTEMA CKIAIAETh-

cA i3 aBox sbmpaneaux giaa I i 2 a3 dorye-

Man. 260 HUMH BijficTagaMH F, = 10 cm 1 F, = 5 em.

Jlinau poaramoBaHi Ha Bigcrani L = 35 cm

ofiHa Bijg ogmoi. Ilpeamer poaminteno Ha Bigcerani d, = 25 eM Big nepimoi 1insn. Buanaunts,
Je 3HAXOANThCA 300paseHHs, YTBOPeHe JAHOK CHCTeMOIO JIiH3, Ta 30i/bIeH A CHCTeMH.

Hdamno: Pose'saanHna

F,=10cm=0,1m st _ R
Fy=5cm=0,05m I3 hopmysn ToHKOI JiH3H f —d1 F
L=35cm=0,3bm

d,=25cm=0,25m
fy=2. =7
3 mamioHKa BuAHO, mo d, = L - f,, d, =0,184 M.
Taﬁi f= de“F , f2=0,0688 m.

2

» f1=0,166 .

IMoByavemo xix npomeHie yepes cucremy JiHa (mas. 261).

36inpmennsn, AKe gae nepma jginsa Iy = i ; ', =0,664.

36insmenns apyroi ninau I, = -f?- , I',=0,375.
1 d, i

36insmenusa cucremu I'=I'T',, I'=0,25.
Bignogias: 0,0688 m; 0,25.

Y 19
- B,
‘\X FRF A 2F B [
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OMTKHK A

3apgaua 3. FpaEMYHHIE KYT 30Dy JIOACEKOr0 0Ka NpubaKaHo qopisHoe 1'. AKo10 noBuH-
Ha 6yTH BicTAHb MiXK TOYKaMH, 110 JIeKaTh Ha Bigcrani Halkpamoro aopy (25 cm), mob
JMOOHHA MOrJa 0auuTH IX poagiasHO?

- Poae'azannn
3BaKanyy HA Mi3epHICTh KYTa 30pY, BIICTAHB Mi TOUKaMH
I=2bcm-tga=20cm - a,

Jie 0. — KYT, BHpaxkeHuit B pagianax; [=25cM - ———— =0,073 mm = 0,1 mm.

60-57,3

Bigmoeigs: 0,1 M.

1.

2.

9.

10.

~ Bnpasa 30

Bussauntn hokycHY BifcTaHB ABOONYKJOL CKAAHOL NiH3W, 3aHYpeHOI ¥ BOAY,
AKNIIO BioMo, 1o ii dokycHA BigeTadb ¥ noBiTpi 20 cM. AGcoMOTHHI DOKAZHAK
sanomuesHs ckaa 1,56; soagn — 1,33,

IIpeamer micTuThes Ha Bigcerani 90 cm Big expana. Mix npegmeTom i ekpasoM ne-
peMimyoTe xinay. 3 oguol noauuii nixsa gae Ha exkpadi abinbineHe sofpasKeHHA
npexmera, a 3 Ipyroi — aMeHmene. fika doxycHa BifcTans JiH3H, AKIO JiHi#R]
poamipu nepmoro 3o6paskeHHsA B YOTHPH pasu 6inbiui Big poaMipis apyroro?
Expan micruThea Ha Biferani [ Big cBiukn. CTapnauy Mix cBiYKO0 Ta eKpaHOM
abHupansHy AiH3Y, MOMKHA JicTaTH piske 3ob0pa)keHHA CBiUKHM Ha exkpaHi aas
JBOX TOJIOMKEHB JIIH3H, BlJaJIeHHX OfiHe BijJ ofHOro Ha Bijcrase a. [loBecTH,
110 B JAHOMY BHIIAJKY I'OJIOBHY (DOKYCHY BiICTAHL JIIH3H MO HA 0DUHCIIMTH 3a

g _ .3
thopmynow F =I = 2
4]

CriTHa TOuKa MiCTHTBCA HA FOJOBHIN onTHuHIiA oci ninsu, dokycHa Bigcrans
Axoi F =3 cM, Ha Bigerani d = 4 em Bijg i1 onTuuroro nenrpa. Ha igerani A =3 cm
Bij mepmroi MiH3H 3HAXOAUTHLCA APYTa JiH3a takol caMol onTuaeol cuan, OnTHy-
Hi oci 06ox nina abiraoTeea. e 6yae sobpaskenus csiTHol Touku?

Ha ontuuniit naei poamimeno asi abupansri niHau 3 GOKYCHEMHE BicTAHAMH
F,=12¢miF,=15 cm. Bigerans mix ninzamu [ = 36 cM. [Ipegmer BeTaHOBIEHO
Ha BigcraHi d = 48 cM eig nmepmol ninau. Ha akiit sixgcrani f eig apyroi ninau
Gyne sobpakenHa npegmera?

O6’eKTHB CKIAMAETHCH 3 TDHOX KOHTAKTYIOUHX TOHKHX JIIH3: MepIIa JBOOIYKIa
3 ¢orycHolo BigcranHIO 12,5 cM, Apyra ABOBBIrHyTa 3 JOKYCHOK BiJlCTAHHIO
—-10 cmM, i Tpera aBoOnyKaa 3 GOKYCHOW BifcTaHHK 5 cM. BuanaunTi horycHy
BigcTaHs 06’ekTHBA.

Ha akii mafiMmeHmIii BigcTadi ogHa Bijg ogHOI Mal Tk OYTH NOALNTKH BHMipIOBAJIE-
HOr'o Opuaany, mod ydeHb, AKHH CHAUTE HA OCTAHHIN naprti 3a 8 m Big croay,
4iTKO poapisHAR ix? BeaxaTH, U0 rpaHUYHHEN KYT 30py 2.

Mikpockon cKkaafaeThcA 3 00’€KTHBA i OKYIAPA, BiICTAHE MiXK TOJIOBHEMH (o-
Kycamu axux 18 cm. BusnaunTn 36inbmesns, 1110 Aa€ MiKpOCKoI, KO GhoKye-
Hi Bifncrani 06'exTHRa i okynspa Bignorigao 2 i 40 mm. ITobyaysaru sobpanen-
HA IpejMeTa.
TTo6ynyesari rpadik sanexxHocTi Bigcradi f (Big 306pakeHHs 10 JMiH3K) Big BigcTani
d (Big mpeamera 1o yiH3un). PosrisHyTH TAKOMXK BHIIAJOK, KOJIH IIpeIMeT VABHHIA,

O6uucanTn niniiHe 3binbmenas k yepes dokycHy Biacrans F i BigcTaHs Bij
npegMera fo ginau d gna sanagkis: a) d >F; 6) d< F. [lobyaysatu rpadik sa-
nexcHoeTi k Bijg d.




< § 63. EnemenTn poromerpil

DotomerpuuHi sennduHn. Pomomempia — posjij ONTHKH, B AKOMY pO3-
rIAAacTHCA BUMipPIOBAHHSA eHeprii, 110 NepeHOCHTHCA eeKTPOMATHITHUMH CBiT-
JJOBHMH XBHJIAMH.

PoapisHsATL eHepreTHYHi BeJIMYUHH, [0 XapaKTepPH3YIOTk OyIb-AKe BUIIPO-
MiHIOBAHHA TA (POTOMETPHYHI BeJIMYHHH, AKi BPAXOBYIOTh 30DOBi BiIWYTTA JI0-
nuHH. BuMipiooTs ¢oToOMeTpHYHI XapAKTEePHCTHKH 34 JONOMOTOI0 HAITiBIIPOBi-
HHKOBHX IIPHEMAYiB, YYTIAHBICTE SKHUX [0 CBiT/Ia 6/IM3bKA O YYTIANBOCTI OKAa.

Y Tabanni sicraB/ieHO eHePreTHYH] BeJHYMHH Ta BignmoeigHi doromerpruHi
BEJIHYHHH.

EHepreTM4Ha BeNNYMHA OnuHuus ®oromerpuyna Mosna-  Oamuuus

BENHUYHHH BENWYHHA YEHHA  BENVYHHM

EHepris BUNpOMiHIOBaHHA Ox CeiTnoBa eHepris w NM-C (NIOMEH
Ha cekyHay)

MoTik BMNpOMIHIOBAHHA (NO- Bt Ceitnosuit noTik Lee) nM (nKOMeH)
TYXHICTh BUNPOMIHIOBaHHS)
MNoBepxHEBa rycTuHa nOTOKY Dx/m? OceiTneHicTe ok nK (noKc)
BMMNPOMIHIOBAHHA
Cuna BUNpPOMIHIOBaHHA Bt/cp Cuna ceitna T kA (kaHoena)
EHepreTuyHa sickpasicTs Bv/(cp-m®)  SickpasicTe & Ka/m?

Ceitnoemi notik. Cuna ceitna. ErekrpoMarsiTHe BHIPOMiHIOBAHHA ONITHY-
HOT0 J1anasoHy CTBOPIOE Y JIOANHHA 30pOBe BifUyTTaA, IPHIOMY KO HIN NoBMHHIL
XBHJI B IILOMY AianasoHi BiAnoBigae neBHe KOJIBLOPOBE Big4yTTA.

IIna xapakTepHUCTHKH A)Kepes cBiTia moAo ocBiTIeHEHA, AKe BOHH CTBOPIO-
I0Th, KOPHCTYIOThCA IOHATTAM €8iM.A08020 NOMOKY.

o Caitnosuii notik @ - ceiTnoea GOTOENEKTPUYHA BENUYMHA, LLIO XapaKTepU3ye
’ MOTYXHICTb BWMNPOMIHIOBAHHA [kepena ceitna, To6TO eHeprilo CBiTNOBOro

; w
BUMNPOMIHIOBAHHA B OAWHWLIO Yacy, @ o 15

OQUHEALA CBiTIOBOrO IOTOKY — JIOMeH, [@P] = 1 am.

fixmo poamipu A:epena cBiTia HACTLIBKH MaJii, mo Horo GopMy He MOMKHA
pPO3pi3HUTH 3 BifcTani, Ha ARil HocHimkyeThCa BUIpOMiHIOBAHUI HUM cBiT/IO-
BHI HOTIK, i el moTik posmogineHnii piBHOMIpHO B yCiX HANpAMKax, TO Take
JI3KEepeJIo CBiTJIa HA3WBAIOTH MOYK08UM. XapaKTepPHHM AJIA TOYKOBOTO JXepena
CBiTJIA € Te, II[0 BUIPOMiHIOBaHI HUM CBiT/I0BiI XBHIIi chepuyHi.

OcHOBHOIO XapaKTePHCTHKOIO JKepesa CBiTna € cusa ceimaa.

rh Cuna ceitna I - ceitnoea ¢OTOMETPMYHA BENWYMHA, LU0 XapakTepwuaye
’ NPOCTOPOBWIA PO3NOAIN NOTYXHOCTI BUNPOMIHIOBAHHA Y 3a0aHOMy HanpsaMKy.
Cuna cBiTna AOPIBHIOE BiHOLWEHHIO CBITNOBOro NOTOKY AP, AKMIA BUNPOMIHIOE
AaHe gxepesno CeiTna B 3a4aHOMy HanpaMKy BCepeamHi Manoro TiNecHoro Kyta

. AP
Am, A0 BENWYUHM LIbOro kyTa, [ =E :

Opuannero cunu ceitna y Cl e kangena, [I]1=1 xa.



ONTHKA

TinecHuil kym — YacTHHA IPOCTOPY, AKa obme-

AS IKeHa KOHIYHOIO MOBepXHeIH i BHpPiaye HAa NOBepxXHi
ctepH pajiycoM r cerMeHT ILnomer AS (man. 262).
TimecHuii KYT BHMipIOETECH BifHOMIEHHAM Lol AS

- Qo KBajpata pagiyca rcdepu, Aw= Eﬂ ]
r

OpuHAIA TLIeCHOrO KyTa — crepajiaH, [An] =1 cp.
TinecHuit Kyt lep — 1e TilecHUH KYT 3 BEPIIH-
HOIO B IeHTPi cdepu paxiycom r, sxuil BUpizae Ha
[IOBepXHi cepH cerMeHT, ILIOIIA AKOro AOPiBHIOE

Man. 262. TinecHwia kyT ILIOIL1 KBaJipaTa 3i CTOpPOHOIO .

B pasi piBHOMipHOrO BHIDPOMIHIOBAHHS CBIT-
Ja B yci 60KH mOBHHI CBiTI0BHII MOTIK TOYKOBOTO JXKepesa CBiTJIA HOPiBHIOE
&d =4nl. 3 miei hopMynu BHNIEBAE 3B’ A30K MixK (POTOMETPHYHHMH OJHHHIIAMH:
1mvm=1xxg-lcp.

CeiTnosuit motik @ nua KOMKHOro gxepeja € (GiKCOBAHOK BeJIHYHMHOKI 1 He
moxke OyTH 30iibIIeHHE 3a AOMOMOTOK ONTHYHHX npuiafais. IIpore, onTuuni
npuaagy (g3epKana, JiH3H) JAKTE MOKJIHBICTE Iepepo3NoLiIUTH CBITI0BHI TO-
TiK ¥ TiecHOMY KyTi i OTPHMATH B JeAKHX HATPAMKaX OGiapImuil moTik HA OfH-
HHIIO TislecHOro KyTa, ToOTO Oinbmy cuny ceitna. Tak, HANpUKIAL, 3aCTOCOBY-
10YH napaboriuHe A3ePKAJIO B IPOKEKTOPAX, BAAEThCA 36iJBIINTHA CHIY CBiTJIA
B OAHOMY HanOpAMKY B THCAYI pasiB 3a paxyHOK 3HAUHOrO ii 3MeHIIeHHA y BCix
iHIIWX HATPAMKAX.

CeiTyioBrit moTik, #K 1 DoTiK eHeprii, MOXHA BHMIpDIOBATH Yy BaTaX, OCKiIBKH
BiH )aKTHYHO BH3HAYAE [HOTYKHICTh BHIPOMiHIOBAHHSA, AKe IAJac HA NeBHY 10~
BepxHI0. IIpoTe, ocKiNBKK Halle OKO HAHYYTIMBiIIE M0 BUNPOMIHIOBAHHSA, J0-
BJKHHA XBWUIi AKoro 555 HM (3eeHHH KoJip), TO BCTAHOBJIEHO, IO MIOTIK OpaH-
keBuXx npomeHiB (A = 610 am) noryxHicTiO 1 BT eTBOpIOE 30poBe BiguyTTA TaKO0i
caMoi iHTeHCHMBHOCTI, K NOTiK 3eJeHHX npomeHiB noryxHicTo 0,5 Br.

BeraHOBHTH VHiBEpCANBHY 3AJIEKHICTh MiXK BATOM i JIIOME@HOM He BJAETHCH.
ExcrnepuMeHTANBHO BCTAHOBJEHO, 10 CBITJI0BOMY IOTOKY XBHJIb 3€JEHOIO KO-
asopy B 1 am Bignoeigae morysxkuicts 0,0016 Br. [na cBiTna iHmIHX AOBXKHH
XBHJIb CIiBBiZHOMEHHA MiK JIOMeHOM 1 BaToM Oye iHIIHM.

OcgiTneHicTe. 3akoHm oceitneHocTi. ¥ remHOTI ME He 6aUMMO OTOUYIOUHX
Hac Tin, 3a HaABHOCTI JyKepeia CBiTJIA CBITJIOBHIA NOTIK, AKHH NOIIKPIOETLCH BiJ
HBOT'O, NTAJ1A€ HA Tijna, BinbMBaeThCA i, MOTPANNIAIYH B OKO JIOAHHH, JA€ 3MOTY
ix 6aunTu. Ynm 6inpmnii ceiTaoBHi DOTiK ynaze Ha Tino, THM 6inbmuM Oyge i
B1abUTHI NOTiK, TOMY JIOAHHA YiTKilIe 3MOKe 0aUMTH Le TiIo.

,$ OcsiTrnenicts E - poTOMETPUYHA BENIMYMHA, KA XapaKTePWU3YE Pi3HY BUAUMICTb
okpemwux Tin. BoHa BU3HAYAETLCA BiAHOWEHHAM CBITNOBOro NOTOKY AD, akui

: ; ; i 3 Adcoso
napae Ha Many AiNsHKY NoBepxHi, Ao nnowi AS wiei nosepxHi, E =T'
A o — KyT MK HOpMannio A0 NOBEPXHi | HANPAMKOM NOLWWPEHH:A CBITAOBOMo

NPOMEHS.

OpuHHIA ocBiTHEHOCTI — JMI0Ke, [E] = 1 JK.




| Posain xBraboBA TA reomeTrPruHA onTukA |[IEZYAR

Axmo ocBiT/NIeHICTE Pi3HUX MiIAHOK NOBEePXHi He OJHAKOBA, Tpeda B3ATH TAKY
mMasy oy AS, mob poanoniy noroky A@ y ii Mesxax MosxHa 0yJ10 BBAKATH PiB-
goMmipauM. [Insa HepiBHOMipHOTrO posnogiay moToky @ Ha niomli AS BU3HAYAIOTh
cepeHIO OCBITIIeHICTE Liel NoBepXHi.

Tcosa

r2

Y BHDaKy TOUKOBOTO J3Kepesa ceitna E= , me I —cunaceitna, r—sia-
CcTaHb BiJ JyKepesa cBiTJIa 10 OCBiT/IEHOI NOBEpPXHi.

3aK0HH OCBITJIEHOCTI :

1. 3 BiganeHHAM [KepeJia OCBITIeHICTh SMeHIIYEThLCA 00epHeHo npomopiii-
HO KBaJpaTy BiicTaHi.

2. OcBiTNeHicTh, AKY CTBOPIOIOTH KLIbKA Astepel] CBiTIA B edAkii Touni moBepx-
Hi, TopiBHIOE CyMi OCBiT/NIeHOCTEH, CTRBOPIOBAHHX KOMCHHUM JIXKEPeJIOM OKPeMo.

A xosxHOrO mpuMilneHHs (IpocTopy) icHYIOTE BHPOoOIeHI IPAKTHKOI HOP-
MH HeoOXigHOI ocBiTIIeHOCTI 3aJyIeKHO Bij #oro npusHavenHsa. Hanpuknan, nnsa
YyMTAHHA N0TPibHA ocBiTnericTs H0 nk. [Ina mopisaaaasa: CoHUe B cepeanHi AHA
(Ha cepeanix MMUpPoOTAX) CTBOPIOE OCBITIIeHICTh NOPAAKY 10° ik, moBEMit Micsus (B
seniri) 0,2 a1k, mamMna posskaprosaHHs noTyxHicTIO 100 BT, AKa BHCHTL Ha BHCOTL
1 M Hajg cTOJIOM, CTBOPIOE HA MOBePXHi cTosa (n1ig namnow) ocsitnexicts 100 nk.

AckpasicTs: UnTaY KHHKKY, MA 9iTKo 6aunmo OykBu Ha 6inomy doHI ap-
KyIlla, X04 Horo oCcBiT/IeHICThL MO HA BBAKATH CKpiah ofHaKOBoW. [loacHIOETE-
cA e TAM, 1o 6iaui apkyul i 6YKBHA Mo-pi3HOMY BiOHBAKOTH CBITJIOBHH MOTIK,
AKUH Magac Ha HUX.

Orxe, pisHi AiNAHKM DOBEPXOHL JKepes CBiTJIA — IEPBHHHHX 1 BTOPDHHHUX
(aprym namnepy, skuii Bigbueae cBiTI0 MOXKHA BBAYKATH BTOPHHHHUM J3KepejioM
cpiTna), AKi MU POBrISAAEMO B IEBHOMY HAIPAMi, MOXKYThL 3HAYHO BifpisHaTHCH
CBOEIO ACKpaAsicmo.

fckpasicte L - doTomeTpudHa BenMHMHA, U0 XapakTepu3ye MNOBEPXHEBY
FYCTWHY CBITNOBOrQ NoToky AQ, AKMiA BUNPOMIHIOETECH CBITHOKO NOBEpPXHED AS
AP

3 HOMY HanpaMKy B TinecHom i Aw, L=—————,
y 3ana Y p Y Y KYT ASAwcos

A€ @ — KyT MiX
HOPMAaNIo A0 CBITHOI NOBEPXHI | HANPAMKOM NOLUMPEHHS CBITNOBOT XBUAI.

OnuHHUIA ACKPABOCTI — KaHIe/a Ha KBaJipaTHAl meTp, [L]=1 kxa/ M2,

fAckpasicTe noB’asaHa 3 iHmMMME GOTOMETPHMYHHUMH BelMYHHAMU: CHIOH0

; I ; i E
ceitmal, L=——, TaocBitnenictio B, L=———,

AScos¢@ Amcos @

Hagepnemo nia npuknagy ACKPaBICTh AEAKHX [PKepes CBiTJa B m/cuz: HiuYHe
ne6o — 1077 ka/em®, Micsaus — a0 1 ka/cm’, Conne no6may ropusonty — 600 ka/cm’,
Conmne omisaui — g0 150 000 ka/cm®, noxym’sa ceiukn — go 1 K,u/cuz.

'/ QDanre Bignosigi Ha 3anUTaHH!A

; 1. Ha3BiTk OCHOBHI hOTOMETPHUYHI BENWMHMHW Ta IX OOQWHKLL.

2. Hakpecnite rpadik 3anexHocTi OCBITNEHOCTI NOBEPXHI KHYXKKKM Bif KyTa MiX Hanpam-
KOM Ha [xepeno ceitna i HopMannio 4o CTOPIHKKM.

3. Ha siky Bucoty Tpeba nigHATU Haf UEHTPOM Kpyrnoro ctona paaiycoMm R Toukose
pxepeno, cuna ceitna skoro I, wob oceiTneHicTs kpa noeepxHi ctona Gyna Haii-
BiNbWOK 3 MOXIMBUX?




ONTHEK A
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<2 NMpuknanu poae’aaysaHHs 3aaay4

; ; z I
3apaua. Ha sucori 3 M Bijg 3emii BHCHTE MaMna, cHIa 2

cBiTna axoi 250 k1, a Ha BHcoT] 4 M BHCHTE JIaMIIa 3 CHJIOK l
cpiTaa 150 ka. Bigerans mizx mamnamu 2,5 M (man, 263). 4 2
¥ criNBKH pasis oceiTyeHicTE Nig NepIOKw JaMIOK Giab-
ma, HiX mig apyrowo. 7 ey
Hano: Poas’asannsn hy Oy
1,=250xknm OcBiTneHicTh i KOXHOK JaMIIOH 10~ h
I,=150 kg piBHIOE CyMi oCBiTJIeHOCTEH, AKY CTBOPIO- 1
hi=3m 10Tk 06uaRi namuu. OT:xe, Ha ocHOBI 3ako- - o
hy=4m HiB ocBiTneHOCTI MaeMo (quB. MaJ, 263): = :
—z_z,n EA=I—'2+I—'§cusa,=£12—+£3%ﬁ: E a E
hon bR B A
ox 1 2 e s
E, Eg=—§—+~’gcowz=—§+‘—g’- Man. 263
hy n hy n

Heobxingni penmuunsn ry i r, o6uncnumo 3a Teopemoio Ilidaropa, nonepegHno BU3HA-

YHBIOH BiicTaHb a Mixk ToukaMu A i B i3 cniBBigHOmenna a = ‘.l'lz —(hy - hl)z .
- Hicranemo

n=lg+ 0 —(hy—h)'; 1= \[16M7+6,25M% -1 = [21,25M% ~ 4,6 ™,

ra=yhi + B —(hy—h)%; 1= JOM®+6,25M - 1% = [14,25M% ~3,8 m.

Buanaunmo E, i E:
250 150xkxg-4
8, - 1:“,, e~ 27,81k + 6,21k ~ 34 1K,
9m (4,6)" ™
150 260kn-3
Eg = o s M=9,4Jm+l3,7.rm=231m.

+
16m* (3,8)°m®
BraEaunMo BigHOIIEHHA OCBiTIeHOCTEH
E, 34nx

=1,48.
E; 231k

Bignosine: 1,48

;é Bnpagsa 31

eKpaH, o0 Horo oceiTieHicTs He aMiHMNach?

Bemi go Corna 1,5:10% xm, paxiye Conns 7-10° kM.

mepegHbO] 0CBITIeHOCTI MOBEepXHI?

OIHHA NpOMeHiB?

| 1. IIBi enexTposaMnu, mo poaMimieHi mopsj, OCBITAKIOTE ekpaH. Biacrams Bix
gamn go ekpana 1 m. Oguy namny sumkayau. Ha axy sigerass caig sabamautun

2. BuanauHuTH OCBiTJIeHiCTh MOBepXHiI 3emMill, 10 CTBOPIOETHCA MEPIEHAHKYJIAD-
HHMH COHAYHUMH npoMenamu. Aexkpasicrs Conna 1,2-10° K/ M°, BizcTaHb Bij

3. Ileperopiny namoy Ha 75 K1 saMiHWAH JdaMiorn Ha 25 ka i mabauawnm ii go
oceiTMoBaHOl MOBEPXHi, 3MEHINKUBIIHK BifcTaHb yTpHdi. Yu 6yi0 JocArayTo mno-

4, Ha axkmil KyT Tpeba BIIXWJINTH IJIOIIHHY, o6 11 ocBiTIeHicTs aMeHIIMIACH
YABi4i NOPiBHAHO 3 OCBITJIEHICTIO IJIOMMHM TiJ yac MepHeHAMKYJIAPHOro ma-




Posain S5  XBUABOBA TA FrEOMETPUUHA onTvikA [IZERIE

5. JlixTap AnA ocBiTneHHsA ByauNi, cuua ceitia akoro 500 ka, BHCHTE Ha CTOBMI
HA BHCOTi 3 M Biji noBepxHi semJii. BuaHaunTH ocBiT/ieHicTs noBepxHi 3eMiui Ha
BigcTaHi 4 M BiJ] OCHOBH CTOBIIA.

6. BuaHAYHUTH CHAY CBIT/JIA TOYKOBOTO JyKepena, AKII0 BOHO MICTHTBCA B IeHTPi
cthepu pagiycom 85 cm i Ha moBepxHIo miei cepn maomeso 1,5 m* BHITpOMiHIOE
cBiTnoBuii nmorik 360 am. BuaHauuTH MOBHMI CBITMOBHIH NOTIK, AKKHA BHOpO-
MiHIOE Ie JiKepeno.

7. HAxuii ceiTioBMI NOTiK NONAaae HA NOBEPXHID CTOJNA, AKINO i1 cepenHs ocsiTue-
HicTs gopiBHOE 9500 1K, a naoma 1,6 M7

8. Crin giamerpom 1,2 M ocBiTIIOETLCA JAMIIOKW, AKA BUCHTEL Ha Bucoti 1,2 M Big
Horo cepeguan. YoMy q0piBHIOE OCBITAEHICTE Kpal CTOJA, AKINO MOBHUH ¢BiT-
JOBWH noTik JamnH 750 am?

9. Iei naMnu poaramrosani Ha sigcrani 2,4 M ogHa Big ognol. e noTpibao poamic-
THTH MiK HHMH HeIpo30pHi# ekpaH, mob BiH OVE 0fHAKOBO OCBiT/IeHHI 3 0fox
fokis? Cuna ceitaa namn gopieaoe 100 i 50 kxa.

10. Jlammna, cuna ceitna axoi 400 ka, suaxogurhesa Ha Bigerani 1 m Big ekpana. Ha
AKii BigcTani norpiGHO MOCTABHTH MO3aKY JAMITH IJIOCKe A3€PKAJO, NAPaIeb-
He eKpany, 1o0d ocBiTaeHicTs B 1eHTPl eKpanHa abinpmmaace na 100 ax?

Hawronogxiwe B poagini «<XXBMneoBa Ta reoMeTpU4Ha onTUKa»

disznyna (a60 XBHIBOBA) ONTHKA — PO31ia ONTHKH, AKHI BUBYAE BJACTHBOCTL
CBiTJIa 1 HOT0 B3AEMO/i0 3 PEYOBHHO, BUXOJAYH 3 YABJIEHb PO XBUJIBORY MPH-
pony cBiTxia.

Bugume (6ise) cBiTIO — e eNeKTPOMATHITHI XBUJIL AOBKUHOIO Big 4-10 7 ™
(dionerose) mo 7,4:1077 m (uepBone). CeiTio ofHiel meBHOI YacTOTH (LOBKHHEK
XBHJIi) HA3UBAETHCA MOHOXPOMATMULHUM.

CeiTyio Mae KOpRYeKYAAPHO-XEUALOSY NPUPOTY.

Inmepgepenyia ceimna — sABHIE HAKJAJAHHA (JOJABAHHA) KOTNepPeHTHHX
CBiTJIOBMX XBHJb, BHACHIZOK SIKOro BifbyBaeThCs HPOCTOPOBHI Mepepo3mogii
ixHbol eneprii. Kozepenmmui x8uni — XBUJji oAHAKOBOI YaCTOTH (MOHOXPOMATHY-
Hi XBHJIL), AKi MaOTEL cTaly B daci pisaunio gas. [lo BuHaiifenHEsa Jasepis, mob
OTPHMATH KOIepEeHTHI XBHWJIi, OJHH CBITIOBHHA nNy4YoK (10 BUAIIOB 3 OJHOTO [Ke-
pena) KiauaW Ha YacTHHH, AKI 3MYIIYBaJH iTH J0 TOUKH HAKJIAJAHHA DIBHUMH
MmaAxXamMu, 3qo00yBawyuy NeBHY pisHHIO X0aY (3cyB mo dasi).

I[1o6 orpuMaTu Maxcumym inmepgepenyiinol kapmuru (NigcHIeHHA) HeoO-
xigHo, mod onTHYHA pisHUUA Xoxy d AOopiBHIOBaJa HYJIO a0 NAPHOMY YHCIY

niexsuas, Ad=d, —d, =2k%, nek=0,1,2,8....

Minimym inmepgepenuyiiinoi xapmunu (mocnabiieHHA) cIocTepiraeTnca
B TOYKAX, IJIfA AKUX ONTHYHA PI3HUIA XO0AY AOPiBHIOE HENMAPDHOMY YMCJY MiB-

XBHIB, Ad=d, -d, = (2k+1]%, nek=0,1,2,3....

Hugpaxyis — ABAIIE BIAXHIEHAA NIPDOMEHIB BiJl TpAMOIiHITHOTO MOMMIHPEeHHEA
B C€PEJOBHIII 3 HEOJHOPIAHOCTAMH i mepelIKogaMu, CYMipHMMH 8 BiAIIOBiAHOIO
JOB3HHOIO XBHJIL.

Ipunyun I'otizenca—Ppenens (nonosaerunit 0.4, @penenem nmpuamMAn odi-
reHca): y Oyap-AKii Touni mosa ¢ppoHTOM XBHUII NEPBHHHY CBITJIOBY XBHJIIO, IO



OMNTHKA

BHINPOMIHIOETHCH TOUYKOBHM [[JKepPEJIOM, MOJKHA PO3LIAJATH AK pe3yabTaT iH-
repdepeniii KOrepeHTHUX BTOPHHHEX XBWJIb, 1110 BUIIDOMiHIOIOTHCA XBHILOBOIO
NOBEePXHEI,

Hucnepceia ceimaa — saneHICTh NOKASHUKA 3AJ0MIEHHA CBiT/Ia B peyoBUH]
Bij yacToTH 200 JOBKHHM XBHJI CBiT/IA. ¥ BAKYYMI AHCcHepcid cBiTia He criocTe-
piraersca. YepBoHHH KoIip y pedoBHHI NomHploeThed 3 HalbiabIoo mBUAKic-
TIO, TOMY 3aJOMJIIETHCA MEHIe, a IPOMiHb (Pi0JIeTOBOro KOJIbOPY MOMIHPIOETh-
cA 3 HAHMEeHII0 IMBHAKICTIO i 3aoMiIeTsea HaibinbIe.

IToaspusayia cé6imaa — cTaH CBITI0BOL XBHJIi, B AKOMY IepeBa’kaloTh NeBHI
HaOpAMKH KOJHBaHb eIeKTpudHoro Bekropa E . 3axon Bpiocmepa — ymoBa no-
BHOI norspusanii Bigburoro npoMens ceitiaa, tgay =n, e ag — KyT Hajgigssa csiT-
JIOBOI'O IIPOMEHA, 38 AKOr0 HACTAE NOBHA MOJIAPH3aIid BifdATOr0 MpoMeHs,

Tonozpaghia — meToj ofiep:aHHA NpocTopoBHX 3o0paxeHb npeamerie. Ha
Bixminy Big aBmuaitnol ororpadii, axa Hece iHdopmManio JgHile Npo aMILIiTY Y
cBiTIOBOI XBUIi, ronorpadia peectpye noBHY iHbopMaIliio npo pisHi napamMeTpu
cBiT/I0BOI XBHAII — aMILIiTYAY, YacTOTY, (has3y KonuBaHb. | pyHTYeTHCA HA ABMII
iHTepiepenii ceiTaa.

¥ reomerpuugii onTHni npuHIED PepMa npuiiMaeThCH 38 aKcioMy npo Hali-
KODOTIY ONTHYHY NOBMKHHY: 8idcmaHb Mid 0soma MOUKaAMU CE8IMJI0 npoxo-
Jdumb mum WAAXOM, HA AKUL Heo0xidHO eumpamumu MiHimaabHul vac, 3 0LO-
I'o OPHHIUAIY BABOAATHCA OCHOBHI 3AaKOHHM reOMeTPHYHOI ONITHKH.

3aKoH npAMONIHILHO020 NOWUpeHHA c8imJa: B ONTHYHO OZHOpPigHOMY
cepefoBHINi CBIT/IO MOMMPIOETHCA TPAMOIiHifiHO.

3axon 6i00ueanHA: NajalOuYNl MPOMiHE, BiOMTHH HpPOMiHE 1 HEepHeHIHKY-
JIAP A0 Mei moainy IBOX cepeloBHIN, NOCTABJEHHH ¥ TOUII NafLiHHEA IPOMeHd,
JeAaTh B ogHil mnomuai. Ky Bigbusanus [} nopiBuioe RyTy najinasa o.

SakoH 3a10MACHHA: TTAJAI0UYNI NPOMiHb, 3aJIOMJIEHNH TpoMiHDb i mepnenau-
KYJI4p [0 MeXXi DoZiay ABOX cepeloBHIL, IOCTABJIEHHH v Touni najginaa npoMe-
Hs, JIEXKATh B OHIH niomuHi. BifHOIeHHA CHHYCcA KyTa NaJiHHA o 0 CHHYCA
KYTa 3aJIOMJEHHA ¥ CBiT/Ia € BeJIMYMHA CTAJa, AKA JOPiBHIOE BiTHOCHOMY IOKAa3-

sina n ) .
HHUKY 3aJIOMJICHHSA ABOX CePeJOBHI, —— = —= = nyy , A€ ny i n, — abeonroTHi MO-

siny n
KA3HHMKH 3aJI0MJIEHHA NepINoro i Apyroro cepefoBHIN, 7,, — BiflHOCHHI IOKAa3-
HHK SAJIOMJIEHHS.

MiniManrbHRE KYT HaJiHHA, 38 AKOro BigOyBaeTbcA IOBHE BiiOMBaHHA CBiTIA,
HA3HBAETHCH 2PAHUYHUM KYMOM NOBHO20 gid0usaHHA CC].D.

A 1 1.1 ; ; ;
PopmMmysa TOHKOI JIiH3H iF = Ei? , de d — BificTaHb Bijg npeaMera o JiH3H,

f — Bigerans Big niHsu go 300paykenHsa. lua sdupanbHol Jginsm nepeg 1/F cra-
BHTBHCH 3HAK ¢ILIIOC», JJIA PO3CIIOBANBHOI — 3HAK «MiHyC». Benmunna 1/f — no-
[aTHA, AKINo 300paxeHHs niicHe, i Bij'eMHa, AKIIO 300pakeHHA yABHE.

OnTuuHi npuaaja BHKOPHCTOBYIOTE IJIA OTPHMAaHHA 300pareHHs ((oroamna-
paTt, NpoeKNnifiHui anapaTt Tomio) Ta 36inbIIeHHA KyTa 30py (a1yna, MiKpocKol,
TeJecKOI TOIMI0).

Pomomempia — PO3LLa ONTHKH, B AKOMY pO3IJIALAETHCH BHMIipIOBAHHA
eHeprii, 0 NepeHOCHTLCA eJIEKTPOMArHITHUMH CBITJIOBHMHM XBHJIAMM.

Pospisusaiors eHepreTM4YHi BeNIWYHHH, [0 XapaKTepH3yOTh OyAb-fAKe
BHIpPOMiHIOBaHHA, Ta (OTOMETPUYHI BeJMYHMHH, AKI BpPaxoBYIOTL 30pOBi
BiIUyTTA JHOJHHH.
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Ha nouartky XX cT. y diavui 6ynn apobnexi

[NOKOPIHHO 3MIHWNK YABNEHHS NIOAUHIA NPO H

Llei nepion, HasmealoTe peeoniouielo y disuui. A

HUMW BIOKPUTTAMK CTanW cneuianbHa Teopis ¢

A.EiAHwTeiiHa Ta kBaHTOBa TEOPIA. L t:
KsaHTOBa Teopis 3apo/XyBanach sk Hayka, Lo By

KpOCBIT. 3apas il BBaxXalnTe GyHAaMEH]

- 33KOHIB BUNAMBAIOTE 3aKOHW KN

~ BMNAOK.

§ 64. lNinoreaa keaHTiBs NnaHka

3apopxeHHsa KBanTOBOl Teopii. Busuenna sepum gudparnii, inTepdepen-
uii i momApuaanii ceiTia mpuBesno Ko yreepayxenHA B Kinmi XIX er. enekTpomar-
HiTHOL XBHJIBOBOI Teopii c¢BiTia. ExcnepuMeHTansHo 6y10 JoBegeHO, MO CBiTI0BI
XxBHUJIi BifpisHAIOTHCA Bif pafioXBHIE MHIIE NOBXKIHOW. BUNpoMiHIOBAHHS eJIeK-
TPOMATHITHHX XBHJIB ¥ pagioaianasoHi Bin0yBaeTheA Mmif 4ac IPHCKOPEHOrO PYXY.
eJeKTPOHIB (KONIMBAHb eJIeKTPOHIB B aHTeHI pagionmepesasada). CriTnosi xBui
BHIIPOMiHIOIOTH po3)KapeHi Tija (HaNpHKJIaN, BOAL(paMoBa HATKA Y JaMmi pos-
JKAPIOBAHHA). 3rifHO 3 Teopier Maxcpe/ia BHIpPOMiHIOBAHHS BHAMMOTIO CBiTIA
HArpPiTHM TiJI0M MOX<HA NOACHHTH KOJHMBAJILHHAM PYXOM eJIEKTPOHIB, ale 2 4acTo-
TOI0, 3HAYHO BHINOIO, Hi’K B aHTeHi pagionepenasaya. ITpore reopia MakcBeiia He
IOSACHIOE POSMOALTY eHepril y clieKTpi BHIPOMiHIOBAHHS posxapeHoro Tina. Came
po3B’A3aHHA NpobJIeMH PO3NOiNy eHeprii BUNPOMiHIOBAHHA HATPITOTO TiNA MiM
| DpisHMMH JOBXKHHAMH XBHJIb [IDHBEJIO JO CTBOPEHHA KBAHTOBOI (hisuKH.
. ¥ yomy x cyTh npobiemn? Ha masn. 264 306pakeHo eKCIepUMEHTAIBHO OTPH-
MaHi KpHMBi poanofiny eHeprii B cieKTpi BUNIpOMiHIOBAHHA a0CONIOMHO YOPHOZO
mina’. Tlo oci abenmc BiiKIa€HO LOBKUHY XBHIIb, 110 OCi ODAMHAT — MOTYKHICTE

; ! A6contomno wopre miao — MofienbHe yABNeHHA (isuku. AGCOMIOTHO YOPHHUM BBa-

| JKAIOTB TiNO, AKe npu Oyab-Akiit TeMneparypi norauEAE MOBHICTIO BCIO eHeprio ceiTia,
10 NMaja€ Ha HbBOT'O, BiIMOBiJHO BHNIPOMiHIOBAJILHA 3JATHICTE a6COMIOTHO YOpPHOTrO Tija
Halikpama 3a yci iHmi Tina npu i camiit remneparypi. Horo HabaueHO0O MOLELIIO €
MAaaHii OTBIp Y MOpPOMKHHCTIN Henmpoaopiit cdepi: ceiTnoBWE npoMiHe, MonagaOYH Yepes
nei OTBip ycepeguHY, BHACJigoK DaraTopaszoBoro BidMBaHHSA BiJ CTiHOK MOBHICTIO ITO-
IIMHAETBCH, 1 OTBip 330BHI NpakTHYHO € aGconwTHO YopHUM Tinom. Habnu:xeno 3a abco-
JIOTHO YOpHE TiJ0 NPUHMAKTE YOPHUIE OKCAMHT, CAXKY, HOPHHI nanip.




Buguma
obnacTe

obnacTs
Iadpauepsona
obnacTs

Ynnrpad:ioﬁe«mna

flckpaBicTe BUNPOMiHIOBAHHSA
abcoaI0THO YOPHOT'O Tia

Hosxuaa xBrIi

Man. 264. Poanogain eHeprii B cnekTpi BUNPOMiHIOBaHHS aBCONMOTHO YOPHOro Tina

BHIIPOMiHIOBaHHA OMHUIL NOBEPXHIi CBITHOrO TiNa B OXMHHYHOMY iHTepBaJi 10
BXKHH XBHJL. PisHi KpHBI BiAMoBiga0Th pisHEM TeMneparypam abconoTHO Y0p-
Horo Tina. Ilnoma mig KpHBO BM3HAYAE 3arajibHY eHEepreTHUYHY cBiTHicTH a6-
COJIFOTHO YOPHOTO Tija npu Bigmoeigxil Temmeparypi. UuM BUIIA TeMIlepaTypa
Tisa — THM 6iNBLOI0I0 € HOro eHepreTHYHa CBiTHICTE.

3BepHiMo yBary Ha ¢opMy KPHBHX pO3NOAinYy 3a pisHuX Temuneparyp. iz
BCiX KPMBHX XapaKTePHHUM € HAABHICTh MAKCHMYMY, TOOTO iCHYE JOBKHHA XBHIIL
Amaxs HA AKiN BUNpOMiHIOBaHHA HalGinbmIe. 3 MiABUIIEHHAM TEMIIEPATYPH A,
crae Bce Kopormow. CaMe ToMy posikapeHe Tino 3 MiABHINEHHAM TeMIepaTypH
CTa€ CIOYATKY YePBOHHMM, IIOTiM OpPaHIKeBUM, i HapemTi, >K0BTO-GinuM.

I came HasBHICTHP MAKCHMYMY He BIABAJNOCH NMOACHHTH, I'DYHTYIOYHMCEH Ha
XBHJIBOBi# Teopii BunpomMinioBanus. B pisanx HabmuxeHHAX BAABAJIOCA HEIIOra-
HO OIIMCATH JIMIIe Kpai peajbHOl KPHBOI — B IeAKOMY OKOJI1 HYJIA Ta IJIA A —> o,

FMNnoreaa M. Mnanka. Baxix s kpurHuHoro crany 6ys sanpononosaruii y 1900 p.
HiMenskumM (isaxom M. Ilnaskom. Ha Bigminy Bin 3pos3yminoro ysaBneHHS Mpo Te,
[0 NOTJIHHAHHA i BUIPOMIHIOBAHHA CBITJIOBHX XBHJIbL BinOyBaeThCcA HellepepBHO,
M. ILnaHK DpHIIYCTHB, 10 TiJI0 BUTIPOMIiHIOE CBiTJIO OKPEMHMH NOPITiAMY, AKi BiH Ha-
3BaB Keanmamu’ enepeii. Eneprisa kpanTa nponopiiiiaa yacToTi BUIPOMiHIOBAHHS,
E = hv. Koedinient nponopiiiinocTi A gicras Hassy cma.aoi [Taanka.

Buxonauu 3 miei igei, IInamk gicraB s3axkoH poanofiny emeprii y cmexTpi
Harpitoro Tina, AKHE Ho0pe ysrofyKyBaBcA 3 eKCIeDHMEHTAJbHHMH JaHH-
mu. Ha ceorogni ssauenns cranol Ilnanka BM3HAYEHO 3 BHCOKOIO TOYHICTIO!
h=6,6260755-10"* Il ¢ . [lns 6iasimocTi pospaxyHKiB BUKOPHCTOBYETHCS Ha-
6ankene sHadenusa h=6,63. 10“3*,]1&:- ¢. IHKOMY BHKODHUCTOBYIOTE TAK 3BaHY

apefeny crany Ilnanka h= 2—}1- =1,05:10"** x-c.
m

! Big naTuHCBKOrO cI0BA quantum — mOpIis.
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Inea Ilnanka npo nepepuBYacTHit (AMCKPETHHAN) XapaKTep BHIPOMiHIOBAHHA
# morMMHAHHSA CBiTJIA 3HAYHO BIUIMHYJIA HA BeCh NOJAJBINNN PO3BHTOK (Di3HKH.
ITpore cam IlnaEk copuiiMaB CBOMKO iZielo, AK AeAKUN MaTeMATHUHHI npuiiom,
AKHHA J03BOJIAB OTPHMATH IIPDABUJIbHUH PE3YJIBTAT IPH MOACHEHH] TENJIOBOrO BH-
OpoMiHIOBAHHSA, HACTLIEKH HEHMOBIpHO 0yJI0 VABUTH HeNepPePBHUN XBHJIBOBHIA
ImpoIec JUCKPeTHHM, aJiKe 38 KJIaCHYHUMU YABJISHHAMH HellepepPBHICTL NPUH-
IIUIIOBO BiIpiBHs€ XBHUJIIO BiJl YACTHHKH.

Ines KBAaHTYBAHHSA — OJHA 3 HAWBAKIMBIIIKX ixelt y mayni XX cr. Ha ii ocHo-
Bi BHHHKJIA i pO3BUBAETLCA KBAHMOBA MeXaHiKa, AKA Tac MOMKJIUBICTE BUBYATH
ocobnuBOCTi MiKpoCBiTY — CBiTY aTOMiBE, eleMeHTAPHHX YaCcTHHOK Ta ix B3aemo-
aid. Ak MH gisHaeMOCh 3 MOJANBINOrO, HATATO XAPAKTEPHCTHK EJeMEHTADHUX
YACTHHOK KBAHTYIOThCH, TOOTO MOMYTE HAOYBATH JIHIIIe TIEBHOTO PANY JUCKDET-
HUX 3HaYeHb. Tak, KBAHTYIOTHCA €HEPrisl aTOMa, MOMEHT iMIYJIBCY eJeKTPOHA
mij gac pyxy mo op0iTi aroma Ta iH.

'“f) Laiire gignoeigi Ha 3anuTaHHA
1. ¥ yomy nonsirae cyTe rinoteau M. MnaxHka?
2. YoMy noBenocs 3BepHYTUCS A0 YABNEHHA NP0 AMCKPETHICTL CBITNOBOro NOTOKY?
3. Yomy popisHioe ctana Mnaxka? MokaxiTe, WO cTana Mnaska BUMIPIOETLCA Y TUX Xe
OAMHULAX, L0 | MOMEHT iMNyNbCy.

§ 66. KopnyckynapHo-XxBunboBuii Ayaniam ceitna

MpuHumn ponoeHweaHocTi. [lepmuM 3posymie BamIuBicTh ifei KBaHTY-
paHHA A. Eitamreiid, axnii y 1905 p. 3 KBaHTOBUX MO3HIi# HoAcHUB doTORIEK-
TPpHYHUH edeKT, 3a o Homy 6yno npucypkeno Hobeniecsky nmpemiro.

DotoedexT, edertT KoMmmrora ta ini excnepuMenTH (Ipo AKi JeTajlbHO MoBa
HTHMe Yy HACTYIHHX maparpadax) MiIHO YTBePIHIH KBAHTOBY (KOPIYCKYJISPHY)
Teopito ceitia. [Ipore knacuuni gocaign FOrra ta iHmux gocnigHAKIB i3 BHBUeHHA
asu1 inTepdepenii, audparnii TOBOAATE XBUILOBY IpUPOAY cBiTia. [Tocrae au-
JeMa: OfHi eKCIIepHMeHTH JOBOJATE, 10 CBIT/IO MOBOAHTE cefe AK XBUIA, a 1HII —
AK IIOTIiK 4acTHHOK. Ky i3 Teopiii cBiT/IA — XBHIKOBY YH KOPITYCKYIAPHY — BBAMKATH .
Bu3HavansHOW? [lna Buxony i3 niel euryanii garesxmit disux Hinse Bop (1885—
1962) samponoHyBaB npulyun GonoeHIOEAHOCMI, 3TIHO 3 AKUM JJIA NOACHEeHHSA
TIPUPOJH CBITIA CJIii BHKOPUCTOBYBATH i KOPIIYCKYJIAPHI, i XBHILOBI BIacTHBOCTI
cBiT/Ia — AK ABi CKIag0Bi #HOTO MPHPOJH, .0 JIOMOBHIOTH OfHA OJHY. XBHIBOE] i
KBaHTOBi BJIACTHBOCTI CBiTJIa He MOMKHA IPOTHCTABAATH. BiaacTHBoCTI Henepeps-
HOCTi, XapaKTepH] JJIA eJIeKTPOMATHITHOIO [IOJIA CBITJIOBOI XBUJT1, He BUKJIIOYAIOTE
BJIACTHBOCTEH TUCKPETHOCTI, XAPDAKTEPHUX I KBAHTIB cBiTIa — (hoTOHIB.

Py KeaHT cBiTna — MiHimaneHa nopuisi CBITNOBOT eHeprii, NoKaniaoBaHa y 4acTUHL,
’ AKY HA3MBaKTh GOTOHOM.

Hare nouaTTs BBiB A. EffHIITeH H, TOACHIOIOYH 3aK0OHH (poTOEDEKTY, MeXaHism
JToMiHecIeHIil.

TakuM 4YHMHOM, CBIiTJIO Ma€ eJeKTPOMATHITHY OPHPOAY i oMy mpuTaMaHHL
[IBOICTI KEAHTOBO-XBHJILOBI BiacTuBocTi. CaMe 1o aBoicTicTs MalOTE HA YBasi,
KOJHM TOBODPATHL NP0 KOPNYCKYAAPHO-XEURbOBUL dyaniam cBirna. ¥ BHAEMOro
CBiTJIa KBAHTOBI Ta XBHJLOBI BJIACTHBOCTI BHABIAITE cefe OJHAKOBOK Mipoio.
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XBHAJBOBI BJACTHBOCTI CBIT/IA NPOABIAIOTHECH Y IHpolecax ioro mommupeH-
HA, iHTepdepeniii, nudpakiii, nonApusanii, a KOPOYCKyJIAPHI — y nponecax
B3AEMOJiI cBiT/IA 3 PEYOBHHOIO.

Ina iHIIUX BHAIB BHIPOMIHIOBAHHA CIOCTEPIraeThCs BajXKJIMBA 3aKOHOMIp-
HicTh: Ha MAJIHX yacToTax 0i/IbII010 MipOIO TPOABIAITECA XBHJIBOBI BIaCTHBOCTL
(HanmpUKJaN, INs PaZlioBUNIPOMIHIOBAHHA), & HA BeJIMKUX YACTOTaX — KBAaHTOBI
(HanpuKJIaj], peHTreHiBChbKe BUHIIPOMIHIOBAHHA).

- BnactueocTi oToHa. ¥ cyvacuilt ¢isuni ¢poron posrasaganwTh AK ONHY 3
eJleMEHTAPHHX YACTHHOK, HpPOTEe HA BiIMiHY BiJ 4acTHHOK pPEeYOBHMHH BiH Mae
cnenu@ivHi BIACTHBOCTI.

OckinsKy QOTOHH PYXaKTECA 31 MIBHAKICTIO CBiT/A ¢, 1 3riZfHO 3 OCHOBHUMH IO~
JIO}KEHHAMH CITeIialbHOol Teopil BiTHOCHOCTI B yCiX iHepIiaJisHIX cHCcTEMAaX BiIiKy
IIBHAKICTE CBITJIA € CTAJION0, TO He iCHYE TAKHX CHCTEM BiIJIIKY, BLTHOCHO AKKMX (DO~
TOHH MOYKYTh TepefyBaTH y cTaHi cmoKow. [HmmMu ciroBaMu, GOTOH icHYE TLTBKH
B pyci. SYIMHHTH 4H 3araJbMyBaTH (DOTOH HEMOXJIHBO, BiH afo pyxaerbcs 3l
mBHAKiCTIO cBiT/NA, a60 He icHye. Ha BigMiHY Biff yaCTHHOK pe4OBHHH (€K TPOHIB,
aToMiB) (POTOHH MOKYTE IIOPiBHAHO JIETKO BHIIPOMiHIOBATHCE 8060 IMOTJIMHATHCE.

BpaxoByiouu Te, 1m0 GOTOH — Ile KBAHT CBiTJIa, HOro eHeprifg BH3HAYAETHCA
sa popmynoio E = hv . Iloeay eHeprio ¢oToHa MOKHA BU3HAYNTH 1 38 3aKOHOM
B3AEMO3B’ A3KY MacH-eHeprii E = me®. IIpupieHIOOYH i (GOPMYJIH, MOKHA BH-
3HAYHUTH Macy (oToHA M = h—: = i

¢ A

[Migcrapasitoun v Gopmyay E =hv sHaueHHS rPAHWYHHMX YACTOT AiANA30HY
BHIMMOI'0 CBiT/Ia, MOKHA 00YHCAUTH Jiana3oH eHepriil ¢oronis: Big 2 eB (uyep-
BoHUi Kosip) o 3 eB (dionerosuit komip). Iieil eneprii dorouis 6Gysae mocTat-
HBO JIJI8 TOTO, 1100 30YUTH eJeKTPOHN BCeperHi ATOMIB pedyoBHHHA ab0 HABITh
BHDBATH X 3a MeJKi aToMa (ABHINE BUPHBAHHSA €JIeKTPOHIB 3 moBepxHi MeTany
HOCHTB Ha3BYy (oToedekTy).

CroisBigHOLIeHHA Mi eHeprieio (pOTOHA Ta NOBKWHOK XBHII1 MOXKHA 3amuca-
TH Y TAKOMY BHIJIAJIL:

ch

A= .
vh

< |®

Bpaxosytwoun, mo
ch=3.10°.6,63-10" ok - ¢ ~1,99-102 Ik -m; 1 I=6,25-10'%B ;
C

1m=10" A (.& yuTaeTbeA anrerpeM), E = hv , orpumyemo AE = 12397¢B-A.

3a eHeprier oaHOro (GoOTOHA MOMKHA BH3HAYHMTH 4HcJO (GOTOHIB y OYy4KY,
AKIIO BimoMuii oro mosHui notik exeprii. Hanpukaan, Ajas cBiTaa JOBXHHOO
xBuIi A = 500 HM Meska 30poBoro BiguyTTs gopisaioe W = 2,1-10 ' Ik /(M ¢).
Poapaxyemo KinbkicTs GoTOHIB, AKi cIpHiiMae 0KO HA MesKi 30pOBOro BiguyTTH.

% c
Iloia nporo BU3HAYKNMO eHepriio ogHoro ¢dorosa E=h I i

3-108 m/c

E=6,6310% ok-c.——
T e 010"

=3,96-10"" ik .
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i 2,1-107"3 I /(m® - )
3,96-107"°II>x /poron

e O : ; Lid
Toai kinekicTs doToHIB AOpiBHIOE n:E;

= 5310 poron/(M*-c).
; : . hv h
doToH Macow m, pyxaoducs 3i meuaKicTIO ¢, Mae iMoynsc p=mce= = F— nk
Imnyasc ¢dorona Oysio BHABIEHO eKcnepuMeHTanbHo A. Kommromom, 3a 1o
pobory Bin orpumas Hobeniscbry mpemito v 1927 p.

Takum ynHOM, TiJ yac B3aemMofii (boTOHA 3 ATOMOM BiH mepefae pedoBHHI He
JuIne eHepriio, a i imoyasc. [lum, 30KpemMa, NOACHIOETHCS THCK CBiT/IA: TOTIK
toroHiB, yaapaodncek 06 mepemkKony, mepenae i iMmoysasce nojaiéso go Toro, AK
MOJIEKYJIH ra3y, YAapAKdYuch 00 CTIHKHM MOCYAHHH, YHHATE THCK HA HUX.

OTsxe, 'PYHTYIOUHCH HA KBAaHTOBi# mpupoai cBiTia, MOMHA MOACHUTH Taki
thisuuni ABAINA, AK THCK CBiTJIA, BADHBAHHA €JICKTDPOHIB 3 NOBEDXHI MeTaay mifg
nieto cBiTioa (poroenekrpuuHuit ederr) Ta inmi. Bogrouac cBiTay BiIacTHBI XBH-
JbOB1 ABHIIA. [lyaaisM BIacTHBOCTeH CBiT/Ia NPOABIAETECA ¥V QOPMYIax, 3 AKAX

; hv hv
BH3HAYAIOTE XapAKTEPHCTHKH (poToHIB: E=hv, p=—, m= a5 i ¥ nux dopmy-
c c

JaxX KBAHTOBI xapakTepMcTHKH (oToHIB (eHepria, iMmyiabe, Maca) 3B'a3aHi 3
XBHJILOBOIO XapaKTePHCTHKOIO CBiT/Ia — HOro YacToToIO V.

3 Aaire signosial Ha 2anuTaHHA

1. HaaeiTk OCcHOBHI BnacTUBOCTI hoToHA.

2. Ak Bu3HaumMTK Macy Ta imnynbc doToHa? Ak HanpAMNeHwit iMnynse GoToHa?

3. Y qyomy nonarae KopnyckynapHO-XBUNLOBKMIA dyaniam ceitna?

4, [loskoro Buay Tpeba BiaHec T npoMeHi, eHepria poToHiB Akux cTaHoBuTL 2:10° "7 Ox,
4.107"° Ax, 3-10% ox?

5. CnieBigHOLIEHHA MiX YacToTaMu ABOX GOTOHIB Take: v; = kvg. MopieHsiTe X eHeprii
Ta iIMNYyNLCH.

§ 67. Tuck ceitna .

Hocnin Nlebepeepa. Buepuie BACI0BME NPHOVINEHHA PO iCHYBAHHA THCKY
ceitna Y. Kenuep y 1619 p., NoACHIOOUH IUM THCKOM BiIXHJIeHHSA XBOCTIB KO-
Mer, AKi Habnw:xanuck xo Conma. ¥ 1873 p. k. Makceesn TeopeTHYHO poa-
DAXYBAB CHJIY THCKY COHAYHOIO BHNPOMiHIOBAHHA HA YOPHY MOBEPXHIO, PO3-
TAIIOBAHY NEPUEeHAHKYJIAPHO A0 COHAYHHX mpomeHiB. Ilel Tmck nmpuOaImaHO
nopieaoBaB 4:10°° ITa. 3rigno 3 Teopieio Makcsena cBiTIO, AK i 6yAL-AKA eJleK-
TPOMArHITHA XBHJIA, YMHUTE THCK Ha nepemkoxy. ITig aiero e1eKTpHYHOrO MOJIA
XBHJIL @JIeKTPOHH B TLIaX KOJTHBAIOTHCA. ¥ TBOPIOETHCH eJEKTPHYHHIl CTPYM.
Ie#t cTpyM HanpAMIEHHH Y3I0BX HAIDYXKeHOCTi eeKkTpuuHoro nons. Ha enex-
TPOHH, AKi pyXaloThcA BOOPAAKOBaHO, i€ cuia JlopeHna MarmiTHoro noas. 3a
OpaBHJIOM JIiBOI pyKH cHia JlopeHna HanpsamieHa B3foB:k xBuii. Ile i € cuna
THCKY CBiTJIAa.

IIpore :KOZHHUX eKCHEPHMEHTAJILHHX NAHHX, AKi 6 migTBepauiH icHYBaHHSA
CBiTJIOBOrO THCKY, Ha TOi uac He Oys10. BUABKATH i BUMipATH THCK CBiTJIA BIANOCH
y 1900 p. pociiicekomy disury I1. M. JleGeneny.



B excnepumenTanbHil yeraHoBui Jlebegesa (mair.
265) Ha ToHKIH Mpy:xHiIA KBapUOBii HUTIL 60 MiABI-
IIeHO KOPOMMCJIO 3 TOHKMMH JIEFTKMMH IIJIACTHHKAMH
3 metasnesol donern. OfHa 3 naacTuH Oyia TOKpHTA
TOHKHMM ImapomM caxi. CBiTJio magano Ha NJIACTHHKH.
YopHOW ILJIACTHHKOK CBITJIO MOTJHHAJOCH, A3€p-
KalbHOW — BigbuBanocs. IIpo BeaIHYHMHY CBIiTJIOBO-

i ro THCKY MOXKHa Oyn0 CyAHTH 3 KyTa 3aKpY4YyBaHHA

< auTKH. [IpoTe Ha 3aKpyYyBAHHSA HUTKH BITHBAJIO He-

__—" " opjHAKOBe HarpiBaHH# 60KiB niacTuH (Toii 6iK, 110 MO-

BEPHYTHH [0 [Kepeja CcBiTJia, HArpiBaeThCH AyiKde,

Hix npoTHaexHUH). Monekyaiud nmoBiTps, mo BiabH-

L BAalOThCA Bijj HarpiToro GOKY, nepefanTh MIACTHHIL

Man. 265. Cxema aocniay GineInumit iMOyabe, Hid MOIeKyIH, m10 BifduBaoTHCA

BMMIpIOBaHHS TMCKY cBiTna Bl XosoaHimoro Goky. Bracnifok nsoro BHHHKAE 3a-

Kpy4yrouni momMeHT, AkHi B 1000 pasis 6inpmnii Big

3aKpyYyIOHOro MOMEHTa, 3yMOBJeHOoro THckoM cBitia. [1[o6 mosbyTHck 1BOro

BILIMBY, JIeGeleR MOMiCTHB YCTAHORKY B CKJIAHMN 6an0H, 3 Akoro OyJo BUKa4a-

He noBiTpAa. THcK cBiTyia, OTPUMAHWUHN 3 eKCIIEPHMEHTY, 30iraBcsa 31 3HaUeHHAM
CBiTIIOBOTO THCKY, po3paxoBaHuM Makcsesnom, 3 TouHicTIO 710 2% .

MoscHeHHsa TUCKY CBiTNa 3 KBaHTOBWMX No3uuiin. Kesanropa Teopia criTna
NOSACHIOE NPHYHHY CBiTIOBOro THCKY gocuTk npoctro. Potoru, noaibuo a0
3BMYAHHUX YACTHHOK PEYOBHMHH, MalTh iMmnyiabe. Koiu OoTOHH HOrIHHEAKTECA
TiJIOM, TO BOHY NepefalnThb Tiay cBiil iMmnyasc. 3a 3aKoHOM 306epeskeHHA HAOyTHH
iMnynse Tina mopisHiooe amimi iMnynscy ¢oromis. ¥V BUmagky AsepKagbHOI
noBepxHi GoToHHM BigbmBaloTHCA i TiMO oTpHMYyeE moABi#HMIE iMoyabC, a YOpHA
IJIACTHHA, IO HOrJuHae (OTOHHM, OTPHMYE BABiui MeHIIHE iMmynbe, Him
nzepranbHa. Ile i s3ymoBioe ofepraHHA JacTUH, 3a ApyruM sakoHoMm HeroToHa
3MiHa iIMIIyJIBCY Tijla 03HAYAE, [0 HA TiJ0 Ji€ cuia. BigHomeHHA cHINA A0 ILIOMII
MOBEPXHi, HA AKY BOHA JIi€, 1 € THCKOM.

TakMM YHHOM, THCK CBiTJIa NOACHIOETHCH i XBMJIBLOBOIO, i KBAHTORBOIO TEOpisA-
MH CBiTJIA.

Tuck cBiTna pospaxoByioTs 3a gopmyiow p= (1+k)w, ge k = 0 — nna yopHOL
noBepxHi, k=1 A A3epKanbHOl IOBEPXHi, ® — 'YCTHHA eHeprii eJleKTpoMar-ir-
HOI XBHJIi.

InrercuBHicTEL XBHIIi, 460 rycTHHA IOTOKY BUNIPOMiHIOBAHHSA |, BHBHAUAETHCH

nhv . g L
dopmynow I = E abo I = we, ge ¢ — mBHAKICTE cBiTNIAa, nhv — cyMapHAa eHeprid

Bcix doToHIB, AKI MagaAI0OTE HA NOBEPXHIO.

Conauni npomeHi npuHOcATE mocekyrau 1370 >k eneprii Ha KOKHHUM KBa-
APATHHH MeTp nonepe4Horo nepepisy 3emui. Ila BeIHUnHA HABHUBAETHLCA COHAY-
oo cmaaomwo I, = 1370 Br/m°.

RatiTe Bignogiai Ha 3anUTaHHA

] 1. MNoscHits inew aocniny Ne6enesa.
| 2. flka OCHOBHa TPYAHICTL i AK 1l BAanock nogonatu Jlebenesy nin 4ac BMMIpIOBaHHA
| Tucky ceitna?
[ 3. Y1 moxe $OTOH, IITKHYBWMCL i3 Nepewkoaolo, signartv in Ginewe, HiX mas oo
| 3iTKkHeHHR, a) eHeprii, B) iMmnynbey?
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Mpuknaau po3e’a3yesanHg 3apa4
3anmaua. [Torik MoHOXpoMaTHYHOrO CBiTAIA A =5 * 10" m nagae HOPMAJIBHO HA MJIOCKY
[I3ePKATLHY MOBEPXHIO i THCHe Ha Hel 3 cuoio 107 H. Busnauntn Kinskicrs thoronis, aki
HIOCEKYH/H NAJIal0TE Ha I[10 IIOBEPXHID.

Jawuo: Poas’ssanna
A=5-10"m Tuck cBiTjia DpH HOPMAJLHOMY HAJIHHI HA MOBEPXHIO JOPiBHIOE
t=1c nhv L+ k)
8 L ’
F=10%H P=ge
k=1 F ¥
oty 3a BU3HAUYEHHAM THCK p= E s A ¥= I . Iligcrapupmun i BHpasu

Y PIBHAHHA, OTPUMYEMO f— = n_hcu + k), 3BigKkH n= —Et-}“—
i S Steh ’ h(1+k)

ol 10°*H-5:10 " 1c
6,62-10* k- c- 2
Bigmosixs: 3,78-10'® poronis.

=3,78-10" goroxis.

-Bnpaea 32

1. Ha nosepxHio miomeio 50 cm?, mo noexicTio noraunae csiTio, sa 1 ¢ nagae HOP-
MAaJabHO A0 Hel 1‘5,1020 (hOTOHIB KOBTOTO BUIIPOMIHIOBAHHA 3 JIOBMHUHOK XBHJI
589 umM. fka cuna THCKY IBOTO BUIPOMIHIOBAHHA i€ HA JaHY HOBEPXHIO V Ba-
Kyymi?

2. Ha nosepxHio miomeio 100 cm® moxpuanan nagae 63 I ceitaosol emeprii.
BH3HAYUTH CBiTIOBHIH THCK V BHIAJKAX, KOJH MMOBEPXHA NoBHicTio Bigbusae i
IMOBHICTIO MOPIWHAE CBITIO.

3. BH3HAYNTH CHIY CBIT/JIOBOTO THCKY COHAYHOIO BHIIPDOMIHIOBAHHSA, 1[0 NMajae
HOPMAJBHO Ha J3epKANbHY MoBepxHio miomeio 30 M°. BeaskaTn, mo coHAvHA
crana nopieamoe 1,4 kBt /M.

4. Ilyuok cBiTia noBxuHOK XBHII 0,49 MKEM, M0 Najae NepHeHJHKYIAPHO 10 1Mo~
BepxHi, YMHUTE HA Hel Tuek D Mrlla. CrRinbr# GOTOHIB HIoCEKYHIH IIOTPAILIAE HA
1 m? miei noeepxHi? KoedinienT pinbupanns ceitia Bijg ganoi mosepxsi 0,25,

% | 5. BuaHauyMTH THUCK CBiTJIA HA CTiHKH eJeKTpHYHOI JaMnu notyxHicTio 100 Br.

Konba namnu mae chepuyuny noBepxHIO pagiycom 5 M, cTiHKK AK0I BIAOHBAIOTE

10% esiTna. Braxaru, mo BCA CHOMKHTA JAMIIOK MOTYIKHICTE HJle HA BHIIPO-

MiHIOBAHHA.

§ 67. ®oroedekr

Docnign O. I. Cronetosa. IIpo sisumie doroederty MU Bie HEOTHOPAZOBO
3rafiyBaJIH.

pPEe4Y0BWHOK, B pe3ynbTaTti AKOro eHepris GOTOHIB NepenaeTbCs enekTpoHam

!sl @oroedexkr - Ue ABULLE B3AEMOL| €NeKTPOMAarHiTHOro BUNPOMIHIOBAHHS 3
PEYOBUHM i OCTAHHI NEPEX0AATL Y HOBWIA EHEepPreTUYHKUIA CTaH.

Ile ABuIEe MOKe TPOABAATHCE IT0-PidHOMY: AK (DOTOiOHiZaIliA OKpeMHX aTo-
MiB 1 MOJIeKyJI ras3y mif i€ onpoMiHeHHSA ¢BiT/IOM; AK (oTOENEKTPOHHA eMicia
mij gi€ eleKTPOMATHITHOrO BUIIPOMiHIOBAHHA (30BHIIIHIM (oToedekT); v aMini

9 a1 k0
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enexTponpoBigHocTi mix gieto ceitna (BHyTpimHi#l doroederr); y iHiniBaHHL
¢doTOALEpPHEX PeakNii Tomo.

Bnepiue sakoHOMipHOCTI 30BHimIHBOrO (oToedekTy AocHiguB pociHchKMH
pueHni O. I'. Croneros. ¥V 1888 p. BiH CTBODUB YCTAHOBKY, AKA [aja 3MOTY
nobyTH eneKTpUuHH cTpyM (doTocTpymMm) i mocmimmTH foro sanesxHicTh Bif
iHTeHCHMBHOCTI 1 JOBKHHHM XBHJII BunpomiHwsauHa. Ha mamn. 266 sobpaeno
fiabIn cy4YaACHY CXeMy YCTAHOBKH [JIfi JOCHiIKeHHA aABuia goroederty. ¥
CKIAHUM 6asloH, 3 AKOro BUKAYAHO MOBITpA, BMIIIEHO Ba €JNIeKTPOAHM — aHOK
A ixarog K.V 6anoH Ha OJMH 3 eJIeKTPOJAIB KPidh KBapIOBe CKJO (Ipos3ope He
JWIIe JJIA BAJUMOIO CBiTJIA, a M A yabTpadioseToBoro) HaAX0AUTE CBITIO.
Ha enexTpogu mnojaeThcs HANPYTra, AKY MOMHA 3MIiHIOBATH 3a [OMOMOTIOI0
noTeHifioMerpa i BUMipioBaTH BoJbTMeTpoM. SKIDO OCBITIIOBATH eNEeKTPOX,
NpHEIHAHUH 10 HEraTHBHOroO moJjioca Oarapei, TO 3 HbOI0O BHPHBATHMYTBCH
eIeKTPOHH, SKi, PYXal4YHUCh B €JIEKTPUYHOMY IIOJi, VTBOPIOBATHMYTH CTPYM.
@oTOoCTPYM, IO BUHUKAE, BAMipIOIOTE MiJIiaMIepMeTpoM.

3a MaJnUX HATPYT He BCi @JIEKTPOHH, 110 1X BUPHBAE CBITJIO, HOCATralOTh ApPY-

roro enekrpoaa. Koau, He 3MiHIOIOUH CBiT/IOBOTO

MOTOKY, 30ibIIYBATH PI3HHII0 MOTEHIIANIB MiX

eJIEKTPOJIAMHA, TO CHJa cTpyMmy spocratume. [Ipu

neBHift HANPy3l BOHA OCATAE MAKCHMAJIBHOTO 3HA-

— A ueHHA i Bike He s36inbmyerses. Haitbinbmuit dhoro-
N CTPYM, AKHH AiCTAITH 38 HE3MiIHHOI'O CBITJIOBOTO

MOTOKY, HA3HBAKTBE QomocmpyMmom HaACUYEHHA.

OueBnaHO, GOTOCTPYM HACHYEHHS CTBOPHETHLCH 34

TAKMX HANPYT, KOJH BCi eJIeKTPOHHW, BUPBaHi ¢BiT-

JIOBMM ITOTOKOM 3 KaToja, JOCATAITh anoga. OTxke,

doTocTpyM HacHUEHHS MoOiKe OyTH KinbkicHoio

: C) ( ) XapaxkTepHCTHKOIO poToedleKTy.

3MiHIOIOUH XapaKTEePHUCTHKH MMaJai4yoro CBiT-
na (30iIpIIyIoYH YM 3MEeHLIVIOYH CBiTJIOBHH IOTIK
abo 3MiHIOIOYH YACTOTY BUIIPOMIHIOBAHHA), MOMK-

HA BCTAHOBHTH 3AJIEKHICTh BeJIMYMHHA (DOTOCTPYMY

BiJl XapaKTepHCTHK CBiTJIOBOI'0 BUIIPOMIHIOBAHHA.

Man. 266. Cxema yctaHoeku 3 SIKIo, He 3MiHIOIOYHM CBITJIIOBOrO TOTOKY, 3MEH-

AocnipxenHs GotoedekTy  ypaTm HANpYry, TO (GOTOCTPYM MOYMHAE 3MEH-
IIYBATHCH, OJHAK HABITH KOJH HAIPYra CHALAE I0

A HYIs, (poToCTpYM He 3HMKaec. Ile ozHauae, 1m0 BH-

Ls POMIiHIOBAHHA, AKe I1aJla€ HA KATOJ, BHPMBAIOYH 3

Ls HBOT'O eJIEKTPOHH, 1€ i Hajae IM KiHeTHyHOI eHeprii.

Benwuuny niel eneprii smsHauarpThs Tak. fkmo

MOMIHATH MICIIAMH IIOJIOCH DaTapei, TO eJIeKTPHYHE

[moJjie MijK eNeKTPOAAMH TaJbMYBATHME PYX eJeK-

tpoHig. [TocTyoBo NiicHIII00YH 3aTPHMYIOYE 110JI€,

Us MOXKHA 30BCciM npunuanTH dorocTpym (man. 267). ¥V
M. 267, Bonkr-aMnepi) ILOMY pasi HaBiTh eJIeKTPOHH, 10 BHJICTLIN 3 MaK-

XapaKTepucTuki doToepekry ~CHMATBHOIO MIBMAKICTIO, Bie He MOMKYTh nozoa-

(rpadiky 7 Bignosinae MmeHwwiA TH TAILMIBHY A1 €JeKTPHYHOTO MOJA 1 J0JIETITH

CBITNOBMIA NOTIK, HixX rpadiky 2) mo anoma. Bumipsasmm sarpumyiouy Hanpyry U,

I= L
| S
bt
= |
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3a AKOl IPHOMHAETECA GOTOCTPYM, MOMHA BEMipPATH MAKCHMANBLHY KiHeTHYHY

m02

eHepriio BUOMTHX eleKTPoHiB, eU, = St

IIpogoBKyIOUH QOC/iAH, MOHA BCTAHOBUTH 3aJIeKHICTh BEIHYHHH MAaKCH-
MansHOI KiHeTHuHOI eHepril (hOTOENEeKTPOHIB BiJi XapaKTEePHMCTHK CBiTJIOBOTO
BHIIPOMIHIOBAHHSA.

I nye ogny 3akoHoMipHicTE ¢oToedeKTY MOKHA BUABATH, AKINO 3aMiHIOBATH
MaTepiaj, 3 AKOTO BUT'OTOBJIEHO KATO.

3axoHu 30BHIWHBOro poroedekTy. ¥ peayasrari gocaiais 6yiH BCTAHOB-
JieHi Tpu 3aKoHH thoTtoedexTy.

KinbkicTb EAEKTPOHIB, L0 BUNITAIOTL 3 NOBEPXHI Tina nig, Ajelo enekTpoMarHitHoro
$ BUNPOMIHIOBaHHA (a oTxe, i OTOCTPYM HACWM4eHHs1), nponopuiiHa ioro
IHTEHCUBHOCTI.

IMepimii 3axoH (hoToedeKTy Jerko NoOACHUTH 3 TOUKH 30Dy XBHAJIBOBOL IPHPOIH
cBiTna: uuM Gineina eHepria xemiui, TuM edexTuBHima i gia. Hacrynri nsa
3aK0HH (poToedeKTY HOACHUTH 3 103Ul XBUIEOBO] Teopii cBiT/IA He BAABAJIOCE.
Bussunocs, 1o

MakCHManbHa KiHeTMYHa eHepria (OTOeNEKTPOHIB NiHINHO 3aneXWTb Big 4acToTH
'5 ONPOMIHEHHR | HE 3aNeXW1Tb Bif, Or0 IHTEHCUBHOCTI.

Jloia Ko3KHOI PeUOBHHY 3aJIe3KHO Bij I TeMneparTypH i crany nosepxHi icaye
MiHiMANLHA YACTOTA V,, 38 AKOI e MOXKJIMBHUI 30BHiMHINA QoToederT. MiHi-
MAJIbLHY YaCTOTY V, (200 MaKCHMAaIbHY JOBKHHY Ag) €TeKTPOMATHITHOrO BUIIPO-
MiHIOBaHHS, 3a AKol Bigbyeaerbesi doroedeKT, HAZHBAKIOTL YePEOHOI0 MeN e
(pomoegpercmy. Tepmin «uepBoHA Me:a» MifKpectioe, mo (doroedeKT odMerkeHHN
3 BOKY JOBrOXBHJILOBOI YacTHHH cnekTpa. OT:Ke, He KoM He BUNpOMiHIOBaHHA
sgaTHe BUKJIHKATH (poroederT. CriTio, JOBKMHA XBHIII siKoro Oinkma 3a 4epBo-
HY MeXy A,, He BHKJIHKae poroederTy, Koo 6 He Gysa fioro iHTeHCHBHICTS.

Hocuign 3 oceiTiieHHA KaTOAiB 3 PisHHUX MaTepiaJiB nmoxkasanau, 110 YePBOHA
Me:xa poroedeKTy pisHa 4JiA pIBHUX Pe4OBHH i 3aJiesKHUTh Bij Ximivrol npupogn
peuoBHHH 1 cTAHY NOBEpXHI Tina.

YepeoHa mexa GoToedekTy BU3HAYAETECH NVLLE MaTepianomM OCBITNIOBAHOMO
's KaTona i He 3aneXwTh BiJ NOro OCBITNEHOCTI.

Ipyruii i Tperiii 3akoHu GoToedeKTy He MOMKHA IIOSCHUTH HA OCHOBI ejek-
TpoMaruitTHoi Teopii ceitna. Cupasai, 3a XBHABOBOIO Teopiew doroederT NOBH-
HEeH crocTepiraTuck 3a 0y Ab-AK0l 4acTOTH (OB HHH) CBITJIOBOI XBIIi, OCKIIBKH
eHepris, AKY OfiePKY€ eJeKTPOH IijJ yac po3rodgyBaHHA HOro ejleKTPOMATHIT-
HOI0 XBUJIEI0, 3aJIeKHUTE Bif eHepril XxBmji, a ocTAHHS BH3HAYAETHCH AMILIITY-
010 KOJMBAHE, 8 He MOBXMHUHOK XBHIi. KpiM Toro, KiHeTnuHa eHepria BUOMTHX
‘eJIeKTpOHIB moBHHHA Oyia O sanexxarH Bij ocBiryieHocTi nosepxHi, ockinekm 3i
30ibIITeHHAM OCBITIEHOCTI eIGKTPOHY IepeaaBanack 0u Ginbina eHeprid.

PisHanHa doroedexry. ¥V 1905 p. A. EiinmTeiis noxasas, mo 3akoHK (oTo-
e(heKTY MO HA IOACHHATH TiIEKY 3 KBAHTOBHX VABJIEHE IIPO IPHPOAY cBiTia.

IIpuragaiiMo, 1110 eJIEKTPOH MOMe BUHTH 3a Meski Axoro-Hebyas Tina (Hanpu-
KJ1a]], MeTaay) TiABKH ToAi, KOJIH Horo KiHeTHYHA eHeprifa ZopisHIOE abo 6inbira
3a poGoty BuXOny A, 3 uiel pevorunn. Hexail MoHOXpOMaTHYHE BUIIPOMiHIO-
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BaHH#A, AKe MAJa€ HA METAJ, CKIAaJA€TheA 3 hoTOHIB, eHepria AKUX Av. EnexTpo-
HH, PO3MilneHi HejaneKo Bijg moBepxHi Merany, DOrJIHHAKTE (POTOHH, AKI npo-
HMKATh ¥ MeTaj, HaDyBawun IXHIO eHeprio. BaaeMoais BHOPOMiHIOBAHHSA 3
PEYOBHHOIO ¥ I[LOMY BHIIAKY CKIaAaeThCA 3 6eaniui eleMeHTapHUX MPOIECiB, ¥
KOXXHOMY 3 AKHX OJHH eJIEKTPOH NOIJIMHAE IOBHICTIO OWH KBaHT eHeprii (oauH
drotor). AKino sHaveHHA eHepril oToHa Giabiue 3a poboTy BUXOAY, TO €JIEKTPOH
Moske BuetiTu 3 Metany. ([logcHiTE camocTiiiHO, UM MOXKe Bif0yBaTHCEH 30BHIII-
Hi#l poroederT npu B3aeMo/il cBiTiia 38 Oyb-AKOI PEUOBHHOI?).

TaxkuM YMHOM, KBAHT eHepril GoToHA, 10 NOIVIMHAETLCH Y IIPOLEC] 30BHIIIHEOTO
doroedekTy, BUTpAYAETHCA HA BUKOHAHHA pODOTH BUXOAY €JeKTPOHA 3 MeTaJy
i HalaHHA HoMY KiHeTH4HOI eHeprii. MaTeMaTH4YHO IIe 3alIHCYIOTh Pi6HAHHAM
Eunwmeiina 0aa 306HiuHb020 homoepexmy: hv=A,  + E_.

KpanTosa Teopis nae rake nosgcHeHHs 3akoHaM (doTtoederTy:
¢ I3 3binblIeHHAM IHTEHCHBHOCTI MOHOXPOMATHYHOI'O BHIIPOMIHIOBAHHA 3POCTAE
KiIBKIiCTE DOMIHHYTHX MeTasioM (POTOHIB, a oTKe, i KinbKicTh eJleKTpoHiB,
AKi BHAiTAIOTE 3 HBOTO, NPAMO NPONOPIiHHA IHTEHCHBHOCTI BHIPOMiHIOBAHHSA
(nepmnit 3aKoH).
¢ I3 piBaHHA (oroedeKkTy BHAHO, MO KiHETHYHA €HEPris eJeKTPOHiB, AKi
BHJILTAIOTE, 3AJIEXKUTE TINBKH Bil poay MeTany (AKuit XxapakTepuayeTbecd Bijmo-
BijiHOO P06OTOI0 BUXOAY A, ) TA BiJl 4aCTOTH (JOBKUHM) IaJal09I0r0 BUIIPOMiHIO-
BaHHA (hv), a Bif iHTeHCHBHOCTI He 3anexuTs, E, =hv—- A, (Apyrui sakon).
¢ Axmo eHepria goroHa MeHma 3a pobory BHXOAY A,,., TO 3a OyaAb-sKoi iH-
TEHCHUBHOCTI BHIPOMIHIOBAHHSA JIEKTPOHH 3 METAJy He BHJIITATHMYTEH (Tperii
sakoH). MiHiMaIBEHY YACTOTY MaZaldoro BUNPOMIiHIOBAHHA (YEPBOHY MeXxy V)
MOXKHA BM3HAUYMTH i3 piBHAHHS doroedexkTy, NPUNYCTUBINM, 110 BCA eHepris
najaodoro GoToHa iije Ha BUKOHaHHA poboru Buxony (E, =0): hvy=A,,, abo

c

hl—= A.!u .
0

3 pieEsHHa Ehnmreiina wmoxkeaa BusHadntH crany Ilnaska. Poapa-
XVHKH IiITBep/KYIOTE TEOPeTHYHO 3anponoHoBaHe IlnaHKoOM 3HAaYeHHs
h=6,63-10" I - ¢, AKke BiH OTPHMAB, MOACHIOIOYH TEILIOBE BUIIPOMiHIOBAHHA
Tin. 36ir aHauens cranoi Ilranka, MOGYTUX DI3BHHMH METOJAMH, IiJATBEPIXKYE
npasWIbHICTH KBAHTOBOI Teopii cBiTna.

Haiisaxknusine snaueHHA poToedeKTy MOIATAE B TOMY, 10 HOro BIAKPUTTA i
JOCHiPKeHHA CTAJIK eKCIIePIMEHTAJILHOI OCHOBOIO KBAHTOBOI Teopii.

@ HaiTe signoeini Ha 3anuTaHHeA

1. Wo Take 30BHiWHIA doToedekT? Aki 3akOHOMIPHOCTI BUABNSIOTLCSA Y NPOLUEC 30-
BHiWHLOro gpotoedekTy?

. Hki NpoTPIYYA BUABMNWMCE MiX 3aKOHOMIpPHOCTAMW doToedekTy | XBMNLOBOID TEo-
pieio ceitna?

. Ak 3 no3nuiil kBaHTOBOI hi3UKK NOACHIOKTLECA 3akoHu doToedekTy?

. Ha man. 266 306paxeHo yCTaHOBKY ANA BWBYEHHN 30BHIWHbOro doTtoedekTy.
3MiHI0YM HANPYTY MK aHOO0M | KATOO0M BakyyMHOT TPYDKW, BUMIPIOIOTL CUNY CTPYMY
B KON | 3HIMAIOTb BONLT-aMNepHY XxapakTepucTuky dotoedexty (man. 267). MNosackHu-
T1: 1) B 4Oro 3anexuTs BennynHa aatpumytoqor Hanpyrv U, 3a sikoi cuna dotoctpy-
MY [OPIBHIOE HYNIO; 2) YOMY 33 YMOBM BENUKWX O0AATHUX 3HA4eHb aHOAHOI Hanpyru
¢oTocTpym NnepecTae 36in6IIYBATUCE, AOCAra4YM MaKCUMaNbHO MOXIMBOIO B JIaHWX
yMoBax 3HaueHHs I ; Bif 40ro 3anexuTsb 3HaveHHs I 3) 44M NOACHUTY, WO ANA JBOX
HaBefeHux rpadikis 3HaveHHa U, onHakosi, a aHaveHHs I, pisni?

bW M
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Man. 268. Boqb‘r-amnepni xapakrepwc- Man. 269. 3anexHocTi U 2 B 4ACTOTH
TUKK 30BHIWHLOro poToedeKkTy v ans poToedekTy Ha ABOX MeTanax

5. OgHie namMnoto, IHTEHCUBHICTE BUNPOMIHIOBAHHA AKOT HE 3MIHIDETLCS i3 Yacom, no
4epai OCBiTNIIOTE ABa GOTOKATOAW | OAEPXYIOTE ABI BONLT-AMMNEPHI XapakTepw-
CTUKKW 30BHiIlWHbOro doTtoedekTy, rpadikv akKKux HaBeneHo Ha man. 268. MoacHWUTH,
1) 4oMy Ans BkasaHux rpadikie 3Ha4YeHHA 3aTpumyiodoi Hanpyru U, BinpisHsioTees;
2) y akoro 3 doTokaroaie Ginblia poboTa Buxoay i Yomy: 3) yomy Ha rpadikax aHa-
YeHHA HOTOCTPYMY HACWYEHHS OAHaKoBI?

6. Ha man. 269 HaBeneHi excrnepuMeHTanbHi KpUBI 3aNeXHOCTI Ua Big v ans potoedek-
TY Ha ABOX MeTanax — UMHKY i Hikeni. Ak BnOHO 3 rpadika, ui kpMei e npaMmumu, TobTo
3aNeXHOCTI HOCATL NiHiMHWA xapakTep. MNoacHiTe: 1) Yomy sanexHocTi U(v) HocaTs
NiHIAHWIA xapakTep? 2) AKi BENWYUHKM MOXHA BU3HAYWTH, AKLLO 34 rpadikamu BUMIpa-

TW @) BiAPi3KK, WO BIATUHAIOTE KPUEBI Ha oci Hanpyr; 6) Haxun KPMBWX A0 Oci YacToT?

Bnpaea 33

1. fAxoi goBxuHM npomeni ceitna Tpefa cOpAMYBATH HA MOBEPXHIO Iediwo, mob
MAKCHMAJIBHA IIBUAKICTE BUPBAHKX (hoToeneKTPOHIB gopisHioBana 2000 km/c?
Yeprona Meka oroedeKkTy 114 mesio nopisHioe 690 am.

2. Haiibinpma qoB:KHHA XBIJII CBiT/NA, 3a AKOI BinGyeaeThca oToedekT ANA BOJL-

thpamy, gopisawe 0,275 MxM. BuaHauuTH poGoTy BHXOJY €JIeKTPOHIB 3 BOJIb-
tpamy; HaGinemy MBRAKICTE pYXY eIeKTPOHIE, 1[0 BUPHBAIOTLCA 13 Bouabdpa-
My cBiTyiom goxcmHOI0 XBumi 0,18 MxM; BHa#GineIy eHepriio NHX e1eKTPOHIB.
3. Enepria ¢oroHa fopieHIOE KiHeTHUHiH eHeprii eJleKTpPoHA, 10 MAE MOYATKOBY
IIBHAKICTE 10° M/c i npUCKOpPHETLCA piaHUNEew moTeHnianis 4 B. Busrauntn
AOBX¥HHY XBHJi oTOHA.
4. ¥V apumi doroedekrTy e1eKTPOHH, [0 BHPHBAIOTLECA 3 TIOBEPXHI MeTaJIy BHIIPO-
MiHOBaHHEAM YacToTo 2-10' ', noBHICTIO 3aTPMMYIOTECA PaJbMIBHHM HOJeM
3 pisanmer noreruianis 7 B, a wacrororo 4:10'° I'y — 3 pisaunero notennianis
15 B. 3a numu papumMy obuucanty crany Ilnanka.
5. Ha noeepxHiO JeAKOro Meraay najgae ¢iojeroBe cBiTIO AOBKHHOI XBHJII
0,4 mrm, IIpn npOMY 3aTPHMYIOUA HAIIPYTa AJIA BUOHTHX CBIT/IOM €JeKTPOHIB
popieHE 2 B. YoMy HOpiBHIOE 3aTPHMYIO4Ya HAIPYTA B pasi ocBiT/IeHHSA TOro %
CaMOI'0 METAJNY YePBOHHM CBiTIOM HoBxKHUHOW XBUMi 0,77 Mrm?
Kpamnmaa Boau 06'emom 0,2 M HarpiBaeThbesi CBITI0M KOBKHHOK XBHIL 0, 75 MKEM,
NOrJHHAKYH II0CeKYHIH 10" (poToHiB. BUBHAYMTH INBHAKICTE HATDiBAHHSA BOJH.
Lleziery maacTHHKY, poboTa BUXOAY eJeKTPOHIB 3 AKoi 1,9 eB, onpominwoTs
dioserorum cBiTaoM momskuuowo xBHm 4:1077 M. Jlo sKOro MakcHMANLHOTO
NOTeHIIANY 3apAIHTHCH ILIACTHHKA ?

e

8. ®oronn ereprieio 4,9 eB BHPHBAIOTE €JIEKTPOHH 3 METAJIY, pofOTa BHXOAY AKO-
ro 4,5 eB. BuaHauuTH MaKkCcUMANBHHI iMOyaLC, 0 NepelaEThCA MOBEPXHI Me-
TANY ¥ MOMEHT BHJILOTY KOXKHOTO eJIeKTPOHA.

Ilnocka nuacTHHKA 3 METATY, YePBOHA MesKa (GoToedeKTy A AKOT0 JOPIBHIOE
410" M, ocBiTaOETECH YABTPAGIONETOBEME NPOMEHAMH AOBMHHOK XBHII
300 M. 3a me)xaMH IUIACTHHKH € OJHOPiZHE MATUHiITHe moJe iHAVKIi€l
6:10° Tax, HAMPAM AKOTO TApPANeNbHHUH NIOIMHHI MIACTHHKH. BH3HAYNTH
pafgiyc Koaa, AKHH OMUCYIOTH (POTOENeKTPOHH, M0 BHIITAIOTE 3 MJIACTHHKH,

©
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§ 68. 3actocyBaHHa poToedekTy

BHyTpiwHii poroedexr. ¥ 1873 p. anrailiceki erexTpurn A. Meiti V. Cwir,
LOCHIi?KYIOUH NPOBigHAI Kabesas i3 celedy, MOMITHIIH, IO i 9ac OCBiT/IeHHA
HOro omnip aMeHIIYETLCA.

Ilpuragaemo, 0 CeJIeH HAJNEMKHUTH 40 HANIBHPOBiAHHKiIB. OCKiNbKKM ¥ 3BH-
yaHHX YMOBaX ¥ HANIBNIPOBIIHUKIB Ay Ke MaJo BiTbHHX HOCIIB 3apajiB (enex-
TpoHIB i Aipok), HANIBOPOBIAHHKHA MAaIOThL BeIUKKI nuToMuil onip. Ilpore y Ha-
NiBIIPOBIIHMKAX BaJeHTHI eJeKTPOHH MOPIBHAHO cjiabKo 3B’ A3aHi 3 aromaMu i,
HicTaBINKA HAAJNHUINKOBY €Heprilo mij yac omnpoMiHeHHs, BOHM MOMKYTH BifipBa-
THCh Biji aTOMIB i nepeiiTH y BinbHHUI cTaH.

Iopanemi gocaijyKeHHA NMoKasaaH, 1o MoAi0HI mpollecH MOKYyTh Binbysa-
THCh He TiTbKHK ¥y Hanienpoeigaukax. CrnocrepekyBaHe ABHAINE OTPHMAJIO Ha3BY
SHYymMpiwHbo20 homoegerxmy.

,s BuyTpiwnii ¢oroegexT — ABUWE Nepepo3noainy enexkTpoHiB 3a eHepre-
TUYHUMKW CTaHaMW B PiOMHaxX i Teepaux Tinax BHACNIAOK NOTMMHAHHS HUMW
eNeKTPOMAarHiTHOro BUNPOMIHIOBaHHS.

Ha sigMiny Bijg 3oBHimHBOTrO (hoToedeKTy onpomMiHeHl eJJeKTPOHH 3ajHIIAa-
I0ThCA B Tijdi, aje mepexoisiTk yV sIKICHO HOBHI eHepPreTUYHHI CTAH — CTAIOThH
«BlILHMMH», YTBOPIOKYHN MAPY «eJeKTpoH-AipKas». Tak¥uM 4UMHOM, BHACIILOK
ONpPOMiHEeHHA HANIBIIPOBIHMKA YH JieJIeKTPHKA B HUX 3011bIOYETHCA KOHIEH-
Tpania BiasHUX HocilB sapaay, a oTie, HiABHINYETLCA IPOBIAHICTE.

3acrtocyeaHHn dporoedexty. Bigkpurra asuma doroederTy Mo BeIHKe
BHAYEHHSA [JIA KDANIOTO PO3YMIHHA NPHPOAM cBiTia. AJje IiHHICTE HayKH
OJIATAE He JIMIIEe B TOMY, L0 BOHA 3’ fACOBY€E cKJaJHY i DaraTorpaHny OyaoBy
HABKOJIMIIHBOrO CepPe0BHINA, & i B TOMY, 1[0 HAYKA AA€ HAM B PYKH 3acobu, 3a
JOTIOMOTOH0 AKMUX MOMKHA VAOCKOHAJIOBATH BHPOOGHUIITBO, NOJINITYBATH YMOBH
MaTepiagsHOro i KyapTypHOro xurr#a. Hlupokoro npakTMYHOIO BUKOPHCTAHHSA
Habyiu gomoenemenmu i3 308HilUHIM homoepexmonm Ta HaAnisnpoeidHuKosl
pomoenemenmu 3 BHympiwinim pomoedexmon.

Pomoenemenmu iz 306HiWHIM pomoedermom — e BAKYYMHL npuragu 1
oaepsxaHHA (GotocTpymin. Halinpoerimnuii BakyyMHR (hoTOE/IEMEHT € CKIAHUM
fanoHOM, MailiKe BCA BHYTPIIIHA NOBEPXHA AKOr0 INOKPHTA CBITJIOYYTIHBHM
IIapoM MeTay, KOTpuil Bisirpae poss
dororaroaa (man. 270). Binkpurum
€ HEeBeJIMKA YacTUHA JAJA [OCTYIY
cBiTNIA. AHOJOM € MeTajJeBe Kijiblle,
sakpinyieHe B meHTpi 6anoHa.

3a YMOBH OCBIT/IEHHA KATO/IA 3 HBO-
ro BUOMBAIOTECA €JIEKTPOHM i B Kol
BHHHMKAE eJeKTPHYHMI cTpyMm. Poro-
eJIEMEeHTH [THPOKO BUKOPHCTOBYOTRCA
IJA ABTOMATH3AaIlll pisHHX HpoIllecis.
¥ noesHaHHI 3 eJIEKTPHYHHMM IifcH-
moBadyaM# OTOETEMEHTH BXOAATE J0
cKJIaAy pisHUX (oTOpese — MPUCTPOIB
Man. 270. BakyymHi poToenemeHTu aBTOMATHYHOI'O KepyBaHHA, AKi BUKO-
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PHCTOBYIOTE DesinepiiiinicTe (oroederTy, ToOTO 3gaTHICTE (POTOENEMEHTA IPAK-
THYHO MHUTTEBO pearyBaTH Ha CBITJIOBHH BILIMB YH Horo 3Miny. Ile gae amory crBo-
PIOBaTH Pi3HOMAaHITHI anmapaTH, AKi «CTeXXaTh» 3a OCBITJIEHICTIO BYJIUIE, CBOEYACHO
3aIAJMIOKTE 1 racATh DAKeHW HA piYKaxX, OPAIOIOTE «KOHTDPOJEPAMH» B METpO,
PaxyioTh rOTOBY IIPOAVKILIIO, KOHTPOJIKIOTH AKiCTE 00pobKH AeTaseil ToIo.

Mo nanienpogidnukosux gomoenemenmis 3 anympiwHin gomoegerxmonm
Haje:kaTs (oroonopu (doropesucropu), Goromionm, coHauHi Garapei Ta im.
(ITpprun pil neAKHX 13 OWX ODPHCTPOIE MH PO3IJIAHYIH IMiJ yac BHBUYEHHHA
HaniBupoBigEHKOoBUX npuaaais (§ 18).)

IIpucrpol, Kifg AKUX I'PYHTYETHCA HAa BUKOPHUCTAHHI (hoTOnpoBigHOCTI HAamiB-
IpPOBiAHMKIB, HasHBalOThCA (omoonopamu (pomopesucmopanu). Ix sacroco-
BYIOTH JIJIA aBTOMATHUYHOIO KePYBaHHA eJIeKTPHYHMMH KOJaMH 3a J0IOMOTIOI0
ceiTnoBux curHanis. Ha sigmiaHy Bin doroenemeHTiB (hoTOpesucTopH MOKHA
BHKOPHCTOBYBATH B KOJIAX 3MiHHOI0 CTPYMY, OCKIIBKH IX eJIeKTPHYHHH omip He
3AJIEKHUTE BiJl HAIPAMY CTPYMY.

Burorosnawyun ¢goropesucTopH, TOHKHMH IIAP HANIBOPOBiTHHKA HAHOCATH
HA i30JIATOD 3 eJIEKTPOJAMH i NOKPHUBAKTE ILIiBKOI [IPO30POro Jaky. BHroros-
IATHA (HOTOPE3HCTOPH i3 IINBLHOTO HaNmiBOpOBiTHWKA HeMae moTpebH, OCKiMBEKU
BHIIPOMIiHIOBAHHSA IPOHMKAE B HANIIBIPOBIIHHK JIHIIE HA HEBEJINKY rNIuOuHY. Ik
marepian s (oTopesucTOpiB BHKOPHCTOBYIOTE KPEMHIiMH, cejleH, cipuaTuil BicMyT
romo. Koxen 3 nux marepianis mae cBoi ocobauBocti, AKi BUBHAYAIOTE TAIY3E
ioro sacrocyBaHHA. IlepeBarn ¢oTope3ncToOpiB: BHCOKA YYTAHBICTH, BEMHKHH
eTPOK cay:x0H, Maji posmipu, MpocToTa BHTNOTOBJIEHHS, MOXKJHBicTe BHGODY
(horomartepianiB. Hemoniku: BigcyTHicTe npaMol nponopuiffHocTi Misk cTpymMoM
Vv KOJIi Ta iHTEHCHUBHICTIO OCBIT/IEHHSA, BIUIMB HA BeJIMYHHY OHOPY TEMIEPATYDH
HABKOJIMIIHLOIO CepeloBHINA, iHepniiHicTe, OcTaHHiN HeOONIK MOACHIOETHCHA
THM, [0 eJeKTPOHHM 1 JipKH HicJA NUPHIWHEeHHA OCBITJeHHA NOYMHAKTH
pekoMGiHYBaTH, TOMY B YMOBaXx IIBUIKHX 3MiH CBIiTJIOBOIO OTOKY HpOBigHICTE
NPOBIAHMKA He BCTHIAE CJIAYBATH 34 IMMH 3MiHAMH.

Conauni 6amapei — e (poroesleMeHTH i3 BEYTpimHiM oToedexTomM, AKi mepe-
TBOPIOIOTE €HEPTrilo CBIT/IA B eJIEKTPHYHY, HANPHKJIAJ KpeMHieBi oToeneMeHTH
(mamn. 271).

EnemenT kpemHi€Boi coHA4YHOI DaTapel — Ije nmiIacTHHA KDEMHIK n-THOY,
OTOYEHA LIAPOM KPEMHiI0 p-THNOY TOBLUIMHOK OGIH3BKO OZHOrO MiKpoMeTpa, 3
KOHTAKTAMH 15 IPHEIHAHHSA 30BHIITHLOTO KOJIA.

Ilin uac oceiTiieHHs moBepxHi eje-
MEeHTA B TOHKOMY 30BHIIIIHBOMY Inapi
D-THUIIY TeHepyIOThCHA IAPH «eJIeKTPOH-
Aipka», OinpliicTb AKUX, HE BCTHIHYB-
I pexoMDIHYBaATH BHACHIZOK MaJol
TOBIMHHU 11apY, IOTPAILJISE B p—R-Iepe-
xig. ¥V p—n-mepexoai sapsagH mogisiA-
OTbCA: i /i€ M0Jd eJeKTPOHH
NepeKuiaTLed B n-obnactb, a AipKH
BiiKHIa0TEeA B p-ob6nacTe. lle osnauae,
10 1111 YAC OCBIT/IEHHA MIXK eJIeK TPOIaMH
BHHHKAE eJIeKTpopyiiiina cuna (goTo-
EPC), pexnunna axol gocarae npubiInsHO Man. 271.CouauHi GaTapei




0,5 B. Ilicsia 3aMUKAHHA eJeKTPOIIB TAKHII €JIeMEHT MOXKe CTBOPIOBATH CTPYM [0
25 MA 3 KosxHOro M’ ocBiT/mIoBaHOI noBepxui. Hait6inbina uyTausicrs kpeMHieBHX
qoToeNeMeHTIB NpHNALAE HA 3eJIeHl MPOMEeHi, [0 3YMOBJIIOE HOCHThL BHCOKMI ix
KK]I ra mupoke BAKOPHCTAHHA.

@ HaiTe Bignoeiai Ha 3anuTaHHA

1. Llo HaaueawTs BHYTPiWHIM doToedekTom? Y YoMy Nonarae NpUMHUWNOBA BiAMIH-
HICTb MK 30BHILLHIM | BHYTpPiWHIM doToedekTammn?

2. Wo HasmBawTh doToenemeHToM? HkMid npuHUMn Aii doToeneMeHTa i3 30BHILLHIM
doToedexTom ?

3. Wo Take doTopeanctop? Akui Horo NpuHUMN Aii? Ak i oe BUKOPUCTOBYIOTEL (OTO-
peanctopu?

2>, § 69. flBMua, WO NOSICHIOIOTLCH KBAHTOBUMM
- -
BNacTUBOCTAMM CBiTna

Edext A. KomnToHa. Jlo ekcnepuMeHTiB, AKi OyaM npoBejeHi HA MOYATKY
20-x pokis XX cT. i miaTBepANIK KBAHTOBY IPMPOAY CBiT/Ia, HAJEXKUTH eeKT
Komnrona, HagBaHuil Tak Ha 4ecThb ioro Bigxpueada A. I'. Komnrona (1892-
1962). KomnToH BHBUAB pPO3CiIOBAHHA KOPOTKOXBHJILOBOIO BHIPOMIHIOBAHHSA
pPi3HHMH peYOBHHAMHM, 30KpeMa poaciloBaHHA GOTOHIB PEHTIeHiBCEKOIO BHIIPO-
MiHIOBAHHA HA BiIBHHX eJieKTpoHax y rpadirti Ta napadini.

¥ xozi pocrigxens KoMnToH BUABMB, 10 YacTOTA XBRJL posciaHoro ceitaa
MeHIIIA BiJl 4acTOTH majaiodoro ceitia. BinnoeigHo aoB:KMHA XBHII podcigaHOro
thorona A’ Ginbiia Big ZOBKHHHM XBHJII agalodoro porona A, Jocxiin nokasaiu,
mo pisauma Al =1L"—A He 3aJeXHTH BiJ JOBXHHH Na10Y0r0 CBiT/Ia i IpHpOAH
PeYOBHHH, IO PO3cile, A BUBHAYAETLCA TIMBKH 3HAYEHHAM KyTa poscianna 0

(mas1. 272), a caMe BUBHAYAETHCA (PopMyso AL=A"—-A = i(l —cosB)= Zisin2 E,
me mce 2

e B 2,43-10 '* M (m — maca eneKTpoHa).
me

JloBKUHY XBHIL Ay = mic HA3HBAKOTH KOMIITOHIBCHKOIO OB WHOK XBHJII.

3meHmerHsa yacToTH (30i/MbIIeHHA OOBXKHMHM XBWJi) BKA3yBajo Ha BTPATy
eneprii. IToacHuTH 1eli epeKT B pAMKAaX eJIeKTPOMAarHiTHOI Teopii cBiT/ia He BAAa-
Bagock. JIOBKHHA XBHJI PO3CilOBAHOIO BMIIPOMiHIOBAHHS He NOBHHHA 3MiHIO-
BATHUCH, aJ3Ke MiJ floro Jielo B peyoBHUHI MOBHMHHI YTBOPUTHCH eJNeKTPOMATHITHI
xBMJi Tiel camol yacToTH, M0 i XBHJII TAHaI0Y0ro BUIIPOMIiHIOBAHHA,

Komnron nokasae, 100 BHMABIeHHH HUM ,
e(eKT MOKHA [OSICHHUTH HA OCHOBL KBaHTOBOI . A \g&{ Poacigmmit
Teopii cBiTia, a came cniBygapom Hamitawodo- Uﬁ*ﬁ.‘g;ﬂﬂ “‘-,H‘QJOTOH
ro ¢doToHA 3 eneKTpoHOM pedoBWHH. IIig uwac P B
crniByaapy nagawouuii poToH Nepesac YaCTUHY R ==
CBOIO IMIIYJIECY €JIeKTPOHY. 3rigHo i3 3aKo- A Enextpor p
HOM 30epexkeHHs iMnyascy p= P, + b, , 3BiACH _ )
Py < P> TOGTO A S Man. 272. KOMNTOHIBCbKE PO3CIAHHA

doToHa




' PosaAin B KBAHTOBI BAACTHMBOCTI MATERI |IEAEEE

Beranosneno, mo edexkr KomnTroHa He croctepi- P
raeTbCA B JAianasoHi BHAMMOr0 BHIIPOMiHIOBAHHSA, %
OCKiJTbKM eHepris CBiTJIOBOro KBaHTA Y IbOMY BHIAJ- o,
Ky CYMipHAa 3 eHeprieio 3B’A3Ky eJIeKTPOHA B ATOMi.
Pentreniscskuii ¢oron mae Habarato Ginbiny eHep-
rilo, AKa NepeBHINYE eHepriio 3B’A3KY eJIeKTPOHA B
aromi, i Tomy 3iTKHeHHA (OTOHA 3 eJIEKTPOHOM Bia-
OyBaeThbCcA 3a 3aKOHAMM NPYKHOrO yaapy. 3a TAKHX
YMOB CIIOCTepiraeThbca PO3CilOBAHHA PEHTreHiBCBKHX
IPOMEHiB, JOBHHA XBHJI1 AKUX IIPH IILOMY 3POCTAE.

Docnip B. Bore. Ille oqun uyaoBuii gocaij, AKHAR
OeanocepeHbO HiATBepIKyBaB rinoreay A. EifHmreliHa npo KOPOyCKYJIADHY
OpHpOAY CBiTJIA, ¥ TOMY 4YHCJi # peHTreHiBCBKOTO BHIIPOMiHIOBAHHA, Oyio
npoeeneHo HiMenbkuM (isurom B. Bore. ¥V gocaiai Bore Ha neenii Bigcrani Big
JKepesia PeHTreHiBCHKOr0 BUIPOMiHIOBAHHA DO3MIIIyBajW IBa JIYHJIBHHMKH
leiirepa—Mrmwaunepa (man. 273). 3 Kypey disuxnm 9 xkaacy BH 3Haere, mo Iii
JMYMABHUKH 3IaTHI PEECTPYBATH MOABY B HUX 3aPAMMKEHHX YACTHHOK, 30KpeMa
i BiIbHUX enieKTpOHIB. ¥ gocaini Bore noABa BiMbHUX eneXTPOHIB Oyja 3yMoBe-
Ha (oroedekToM a60 KOMITOH-e(EKTOM IIiCJIA MONAJaHHA B JiYHILHUK DEHTre-
HIBCBKOr'O BUNPOMiHIOBAHHA,

PenTrenischbKi mpoMeHi BHIYCKAJNCE 3BHYANHOI PEHTIeHIBCEKOI0 TpyOKOI0
P i noTpanisin Ha IJIACTHHKY i3 TOHKOI MeTaneBoi doasru @, y peayiIbTaTi 4oro
B Hiil TAKO 30y yBAJIHCH PEHTIeHIBChKI IpoMeHi, ane iHTeHCHBHICTE I1X Oyna
nyxe cnabroio. laes qocaily moasarana B TOMY, o6 3apeecTPYBATH eJIEKTPOHH ¥
niunnsEukax JI, Ta JI,. ikmo 36yaxeHe peHTreHiBCEKe BUIPOMiHIOBAHHA BHXO-
IHTH 3 INAcTHHKY ¢ y BUTNIALL eeKTpoMarsiTaol xBuri, To B 060X TiYHIBHUKAX
eJIEKTPOHH MAIOTh BHHHKATH OJHOYACHO i JiYMIBHUKM OXHOYACHO MAJIM AABATH
iMoyabe. AKIo % peHTTeHiBChKe BUTPOMIHIOBAHHA € OTOKOM (hoToHIB, KOMXeH
3 AKWX BANYCKAETHCH 3 IIACTHHKHN P HesaJeyXHO BiJ iIHMKMX, To OfHOYACHA pe-
ecrpania mexarismamu M, Ta M, (axi pobuian BignoBigHi BigAMITKH Ha pyxoMif
erpiuni C) Bryyansa B miuuaeHEKHR J; Ta JI, peHTreHiBecbKnX GoTOHIB Mae OyTH
BHII&]KOBOO MMOJI€I0,

Hocaixg Bore nmokasae, 10 OZHOYACHHH MOKA3 JiYMJIBHHMKIB AificHO HOCHTHL
BUIIANKOBHI XapaxTep, 10 € m,u:rnepnmenﬂnm KBAHTOBOI NPHPOAH PEHTTEHiB-
CBKOT'O Bnnpommmnaﬂna .

@oToximiyHa gia ceitna. [lornuHAHHA CBITIA PEYOBHHOK MOME CYIPOBO-
IKYBATHCH TAKOXK XimiuHow gieio ceitsa. Ximiuna niAa ceiTiia BHABIAETHCA B
TOMY, IO CBiTJIO BHKJMKAE TaKi ximiuni neperBopeHHs, AKi Oe3 ceiTsa He Bij-
oysarorbes. Ximiuni peaknii, mo nepebirarors BHacaifok jil cBiTia, HasHBaOTE
gpomoximivnumu. Hanpuknan, oig aiero yaeTpationerosoro BHnpoMiHOBaHHA
3 MOJIEKYJI KHCHIO YTBOPIOIOTBCA MOJIEKYJIH 030HY, 30, + hv=20,. flx Bugno, y
nporeci ¢oroximiunol peaknil KoxeH NOrJIMHYTHH (DOTOH B3aEMOJi€ 3 OJHIEH
MOJIEKYJIOIO.

Haiigarxknugimoio ¢oToximMiuHOIO peaknie B IpUPoIi € pomocunmes — Ipo-
Iec yTBOPeHHSA Mij Ai€o cBiT/Ia ByryIeBOAHIB i3 BUALIEHHAM KHCHIO B DOCHHAX i

Man.273. Cxema pnocniny
Bote

1
AesKHX MiKpoopraHiamax 3a peaknieio CO, +H,0+hv— E(CEHIEOG )+0,.
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Sasaaku dorocuHTesy Ha 3emui sbepiraerscs OesnepepBHHE Kpyroobir
BYIJIEIIO i DiATPHMYETHCH dKHUTTA, ¥ UEHI BCTAHOBHJIH, 10 (DOTOCHHTE3 XJIOPO-
dinoM BYraeBogiB, 1110 MiCTATHCH V POCJAHHAX, Bi1OyBaeThCA Nif A€o YepBo-
HHUX IPOMEHIB CIIEKTpa COHAYHOTO cBiTna. [IpHeanyioun Ao BYrieBoJHEBOro
JIAHIIOTa ATOMH 1HIIKMX eJIEMEHTIB, OepHYBAHHUX 3 I'PYHTY, POCAuHN Oyay-
I0Th MOJIEKYJIH BYTJIeBOAIB, #KupiB 1 GinkiB, cTROPWIOYUH 1Y AJA JIOAHHH 1
TBAPHH.

Ximiuny i cBiTiia HOKJI&JeHO B 0CHOBY (otorpadii Ha ¢goronaisry (poro-
mnactury). OcHoBy Takol dororpadii craroBUTE hoTOXiMiUHA peakiia po3kya-
Ay 6pomucToro cpibna. 3ip TOAWHM TAKOXK MOACHIETHCA ocobauBuMu doToxi-
MIYHHMHE Dpolecamu, AKi BigbyBaoTbCa B CiTKIBIL OKA.

Daiite Bianosiai Ha 3anuTaHHs

1. Y 4yomy nonarae cyTb edpexty KomntoHa? Homy He BOAETHCA MOMro NOACHUTH, BUXOAA-
Y1 3 XBMNLOBOI Teopii ceiTna?

2. Y 4omy cyTe aocniay Bote? Akuit BUCHOBOK MOXHA 3pobuTK 3 uboro gocniay?

3. Y yomy BUABNAETLCA XiMiuHa gis ceiTna?

4. Hki peakuii Haaueaw Tk hoToxiMiYHMMK? Haeeaite Nnprknany GoToXiMiNHWX peakuii.

ﬁ Mpwuknanu po3s’a3yBaHHA 3anav

3anaua. B edexri Komnrona ¢oToH BHACHIAOK cHOiByZapy 3 eJIeKTPOHOM poaciascs
mig kyrom 90°. BusHaunTn eHepriio (orona go pOBClIOBaHHﬂ AKINO Micas posciloBaHHA
enepria dorona gopisHioe 0,4 MeB.

Mano: Poas’azanns
h
3a (opmynow Komnrora L' — A =—(1—cos0).
me
E-? Bupasumo goBkuHH XBUJb A i A uepes emeprii E i E’ sigmosigaux
he he
doroHis: A=— i A'=—.
E E
he he h
Toni hopmyny Komnrora Mo HA 3alIHCATH ¥ BHIJIA] -E - _E =—(1-cos8).
me
Bpaxosywous, oo enepris CHOKOK enekTpoHa Ej = mcz, OTPHMYEMO
h E'
e —w{l cos®) , spigen E= —-—-}?0—.
E E E Ey— E’(1-cosB)
Ilicaa nicTAHOBKH JAHNX OTPHMYEMO
0,51MeB-0,4MeB ~1.85 MeB.

= 0,51MeB - 0,4MeB(1 — cos 90°)
Bimnmorias: 1,85 MeB.

::hﬂnpana 34

1. PenTrenieceki npomeni 3 gorxuH00 XBAi 70,8 M 3a3Ha0Th KOMITOHIBCbKO-
o po3ciAHHA HA napadidi. BUBHAUNTH JOBMXHHY PO3CIAHOI0 PEHTreHiBCLKOTO
BHIPOMIHIOBAHHA Yy HanpamKax: a)O=m/2;6) 0 =m.

2. Axowo Oya HOBMKHHEA XBUIl PEHTIEHIBCHKOIO BHIPOMIHIOBAHHS, SKIIO BHACII-
[I0K KOMITOHIBCHKOrO PO3CisHESA NbOro BHNPOMiHIOBAHHA rpadiToM mijJ KyTOM
60° nop:xuHA XBHJi PO3cigHOr0 BUNIpOMiHIOBAHHA NopiBHIOE 25,4 nM?
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3. PeaTrenisceKki npomMeHni JorxuHOW XBUAL 20 OM 3a3HAIOTE KOMIOTOHIBCEKOIO
poaciaEHA nig kyroM 90°. BU3HAYNTH 3MiHY JOBMHHH XBHII PEHTIeHiBCEKOTO
BHIPOMIHIOBAHHSA, A TAKOMK eHEpriio Ta iMoyase eJeKTpoHa Bijggaqi.

4. B akTi KOMOTOHIBCEKOIO PO3CiAHHA eHepria najgawyoro GOToHA PO3NOALIAETE-
cA nopiBEY Mix poscisHuM GOTOHOM Ta eJeKTpoHOM Bigmaui. KyT posciaana
90°. BusaauuTy eHeprio Ta iMnyasc poacisHoro goroHa,

5. Enepria peatreniscbknx npomeris 0,6 MeB. Busnauntu eHepriio enexkTpoHa
Bigmaui, AKIO AOBXHHA XBHJI PEHTreHIBCBKHX NPOMEHIB MicJAsd KOMIITOHIB-
CBKOro posciguusa sminmnnack Ha 20% .

§ 70. Mopgens atoma Pezepdopaa-bopa

IcTopia BuB4YeHHs aroma. Bigkpurra ckiagmoi GyxoBm atoma — HalBaXK-
THBIIINI eTal CTAHOBJIEHHA Cy9acHOI (Di3WKH, AKHI NO3HAYHNBCA HA 1l HACTYIHOMY
po3BUTKY. BaraTo uacy Ta 3ycHJIb VUeHUX Pi3HUX Kpaid cBiTy 3Hamobwminocsa, mob
copmyBamuchcyuacHi yapaenua npobyaosy aroma. ITicna nepmnx eKcrnepuMeHTiB
MO3KHA, Oyn0 poOMTH BHCHOBKH IIPO CKJIALHY OynoBY aToma i HasBHICTH B iloro
CTPYKTYPi etekTpuuHnX 3apanis. [1i pesyastraTi orpumano M. @apageem y1833 p.
MMiJ] Yac BUBYEHHS 3aKOHIB eJexTponiay. ¥ 1897 p. . ToMcoH, BHBYAIOYH eJIEK-
TPUYHHII PO3PAJ ¥V PO3PIAKeHUX ra3ax, BIIKPHE eleKTPoH. BiH BUMIDABR BaXIn-
BY XapaKTepHUCTHKY Ii€l YACTHHKH — MUTOMHUI 3apsan e/ m=1,76-10"" Kua/xr.
AmepurkascskHil ¢isug — P. Minniken 1909 p. gyske To4HO BHMIpSAB 3apAf
eJeKkTpoHa. BiH BHABMBCA OJIHAKOBMM ¥ BCiX eJIeKTPOHIBR 3 pisHMX xepen
i popiemioBaB e=-1,6- 10 Kn. Maca enekTpona npubimsao B 2000 pasie
MEeHIA 38 Macy OJIHOr0 3 Haljermmx aromis — atoma [igporeny — i gopiBHIoe
m,= 9,1-10"* kr . Buxogsauu 3 nux pesyasraris, TOMCOH 3aIPONOHYBAB MOJEE
ATOMA, 3TiIHO 3 AKOIO ATOM € [IO3UTHBHO 3aPAJ3KEeHOI0 KyJielo pafgiycom R = 10 % em
, BeepenuHi AKoI MicTATECA enekTpoHH. Takum unHOM, aToM TomcoHa noaibHHIH
OyJoulri 3 pOA3MHKAMM, POJIE POA3HHOK IIPH ILOMY BHKOHYIOTE eJIeKTPOHH,

Onnaxk momens aroma TomcoHa He moscHIOBaJa 0araTeox (Hi3HYHWUX ABHIIL.
E. Pesepdopa v 1906 p. sanponouyBas niaxHemapHy mofent atoMma. Mogens
OyJa ojep:KaHa 3 HH3KH mociaigiB, axi #HasupaloTe gociaigamu Pesepdopaa.
Cxemy pocaigy soOpakeHo Ha man. 274. Pesepdopn 30HIYBAE ATOMH 30J0Ta
meuaKkuMH Agpamu enino (o-yacTmHKamu), AKi BuriTanu is pagioakTHBHOrO
JFKepesa, BMIIIeHOr0 y CBHHIIEBHI KOHTeHeD.

HasnpoTu oTBOpPY B CBUHIIEBOMY KOHTeiHepi Ha ekpaHi, nokpuromy ZnSO,,
110 X0y IIPOMEeH#A (-YaCTHHOK, MOKHA OyJI0 TOMITATH cBiTHY namy. Pesepdopn
HOMICTHB Ha ILIAXY O-4aCTHHOK TOHKY 30JI0TY IAcTHHKY (dosery), i nomitus,
110 JeAKl A1pa, TPOXOJAYH KPis3k Qoabry, BIIXAAAKTECA Ha 3HAYHI KYTH, a He-
3HAaYHA 1X KiJbKicTh HABITE BiibuBaeThes Hasan,. [lepeasicHa sk 6inbImicTs agxep,
IPOXOAMJIA, HE MOMIUAIYH NMeperKoAn. ¥ 3araJbHUBIIHA Pe3yJIbTATH AOCHiAIB,
Pesepdopy 3pobuB BHCHOBKH, AKi i c(hopMyBaiH NNaHETAPHY MOJeJIb aTOMA.
¢ B o6’emi aToma 6inbmicTs mpocTopy nopoxkHA. Maiize BcA Maca aToMa CKOH-
IEeHTPOBAHA B Iy:Ke Majomy anpi (niamerpom d -~ 1075 ).
¢ Sapo mae mo3UTHBHUIM 3apAJ ¢, BEIUUWHA AKOTO 38 MOJAYJIEM AOPiBHIOE 3apA-
IV eJIeKTPOHA, TOMHOEHOMY Ha TTOPAJAKOBHA HOMep enemMeHTy B Tabauni MeH-
JeJIEEBA.
¢ OCKiJIBKM ATOM eJIeKTPHYHO HeHTPANbHHM, TO IO3UTUBHUM 3apsj ALpa KOMIIeH-
CYETHCHA 3APAIOM eJIeKTPOHIB, AKI MAIOTE PYXaTHCE HABKOJI0 Axpa. KinekicTs enek-
TPOHIB [IOPiBHIOE TOPANKOBOMY HOMEDY eneMeHTY B Tabuuiri Mengeneesa.
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Mikpockon

O Jlsxepeno \.\t
i \ A-4YACTHHOK

Man. 274. Cxema nocniny Pesepdopaa

[InanerapHa MoJe/Iks ATOMa 3MOTJIA MOACHHUTH DArATO CHOCTEPEIKEHE, AJle 0Jpa-
3y JK IOCTaNM W nuTaHHA, HA AKI He Oyso Bignosigi. [lificHo, Axpo 3apageHo MO~
3UTHBHO, & eJIeKTPOHK — HeNaTHBHO, MiK HUMH iCHYE KYJIOHIiBCbKA CHJIA NPHTATAH-
HA. [Lnsa Toro, 106 ejleKTPOHH He BIAJIHM HA APO, BOHH MYCATH PYyXaTHChL HABKOJIO
HBOTO 3 JOLEHTPOBHM MpHCKOopeHHaM. 3 Teopii Makcse/uia BUILIMBAE, 1[0 3apA,
AKWIl pyXaeThes 3 IPUCKOPEHHAM, MA€ BHIIPOMIHIOBATH eJIeKTPOMAarHiTHI XBUJI,
BTPavalovyH eHepriio, i 3a pospaxyHkamu 3a yac Af = 107® ¢ enexTpoH, pyxamunch
1o cIipasi, MyCHTE HPHIMHHATH cBiil pyx. Jlocaigai » aaHi noKasyBaJH, 0 3a HOp-
MAaJbHHX YMOB aTOM He BHIIPOMiHIOE eHepril 1 icHye Ak 3aBrojHo nosro. Kpim roro,
vy kinmi XIX cr. gocHTh AeTANbHO OY/IH JOCTIPKeHl CHeKTPH BHIPOMIiHIOBAHHSA
TA [MOIJIMHAHHSA DO3YKAPEHMX TasiB — JaiHilyami cnexkmpu. 3aKOHOMIPHOCTI ITHX
CHEKTPIB TAKOM He Y3roRKYBaIAchk 3 Moge Lo aroma Pesepdopaa.

NiniAvari cnekvpu. Jiniiivami cnexkmpu 8unpomiHio8aHHA, IO MAIOTH BH-
TR BY3bKHX JiHIH pisHMX woabopie (man. 275), aierasors nig gac cBiTiHHA
rasie abo nmapu.

CBiTiHHA Ta3y MOYKHA BUKJIHKATH, NPOIYCKAIOYH KPish HBOIO eNeKTPHYHUH
cTpyM abo HarpiBawouM i1oro 1o BHCOKOI TemIepaTypu Tomo. MosxHa gicrarn
JiHIAYATHH COeKTD PeYOBHHH, AKA ¥V 3BMYAiHNX yMOBaX nepebyBae y TBepAoMYy
crafi. [l NbOro KPYNUHKYA TBEPJIUAX PEYOBHH a0 PO3YHH BBOLATE ¥ HOJAYM' A
nanbHHKa. PedyoBMHA, BHIAPOBYIOYHCH, Aac Jginiliuaruil cnexrtp. Jinidvami
cnexmpu noziUHAHHA MAKTh BUIVIAL TeMHHX JiHiA Ha GoHI HenmepepBHOI paii-
JIYI'H, PO3TAIIYBAHHA AKHX 30iraeTbes i3 po3raliyBaHHAM KOJBbOPOBHX JiHIHA ¥
CIEKTPI BUIIPOMIHIOBAHHA I[BOT'O K rasy.

Bupuennsa niHiiiluaTHX CcHeKTpiB PiSHHMX DEYOBHMH IIOKA3AJO0, L0 KOMHHI
XiMiyHMi eyleMeHT Jae cBifl diHiAyaTHE cnexkTp, AKHI He 30iraerscsa 3i ciexr-
TpoM iHIIHX esneMedTis, Jliniftuari cnekTpH XiMiYHMX elleMeHTIB Bi/Ipi3HAKTLCA
KOJILOPOM, TIOJIOKEHHAM 1 KIJILKICTIO OKpeMHX CBITHMX JiHii. XapakTepHi nusa
KOMHOI0 XiMiuHOro enemMeHnTa JiHil YTBOPWIOTLECA HE TIIBKH YV BUAUMIH, a i B
indgpavepBoHiii Ta yabTpadioneroBiil yacTHHAX CIIEKTpA.

Haii6inem qocniaxenum Ha Toil yac 6ye cnekTp aToMa Iigporeny. ¥ 1885 p.
BUHTENIO (PisuKn ogHiel iz mBelinapeskux mkin 1. Baasmepy Baasock BecTaHO-




Man. 275. NiviAvati cnekTpu BMNpomMiHOBaHHs ( 1-3) Ta nornuHaHHg (4-6).
1,4 — Hatpii; 2, 5 - Tipporex; 3, 6 - lenin

BUTH fuadA [igporeny, mo #oro yacToT¥ BUNPOMiHIOBAHHA Y BUAWMIN vacTHHI
g 1 1 S

CHeKTpa MOJKYTh OYTH BH3HAUYeHI 3 opMyan v= R[-zz 2 ) , e R — nocriitHa

pennumnHa, R=3,310""¢ !

Ha0yBae sHa4YeHb 3,4,5....

3 yacoM, micas BiAKPUTTA CIeKTPANbHUX JIiHIA He TuIle ¥ BUANMIN YacTHHI

CIeKTpa, a i1 y indpavepBoHiil Ta yasTpadionerosiii, hopmysna nadbyna BUDIALY

, AKY HasuBawTh cranoi Pigbepra, k — nine unucio, mo

1 . s
\-'=R[—2—;—2] ,ae nik— nial unena, k>n.
n

I1s hopmyia oTpuMasia Ha3By hopMyau Basnbmepa'.

TaxkuM uMHOM, Oy b-s1Ka Teopisa OY0BH ATOMA IOBHHHA 0YJIa HOACHUTH, YOMY
aTOMH (a B PO3PiPKeHHX rasax MOXKYThL BHIIPOMiHIOBATH JIMILIE ATOMH) BUIPOMI-
HIOIOTE AHCKPeTHI JiHil I AK po3paxyBaTH YACTOTY IIMX BHIIPOMiHIOBAHE,

Keantoei nocrynaru Bopa. ik Mu Bxke 3asnauvanu, sanpononosana Peaep-
(hopaom Mozenb aToMa He MOTJIAa NOACHHTH CIEKTPH BHIPOMIHIOBAHHA ATOMIiB.
Buxin is curyanii sanpononysas garcekuit ¢pisuk Hinwe Bop y 1913 p. Bin npuit-
IIOB A0 BUCHOBKY, L0 ILJIAHETAPHY Mojens aroma Pesepdopaa ciij 10N0BHETH

'V geskux HABYATBHMX MOCIOHHKAX MOMCHA ayerpiTy i Takmii sanue popmyan Baasmepa:

1 1 1
1)
A [nz k*

Cnpaga B TOMY, II0 TAKHIH BUMIAA (POPMYIH BHKOPHCTOBYIOTE V CIIEKTPOCKOILT, KOJH CleKTPaIb-
Hi NiHIl XapaKTepHayOTE He YACTOTOI0, 4 BEJIHYHHON, ofepHeHO NOBM¥HUHI XBUIi., 3BepTracmMo
BaIllY YBary Ha Te, [0 CTANA BEJJHYHHA B obox BHIMAIKAX MOIHAYMAETHCH OJJHAKOBO, A& BOHA MAE
pizme apavenun. ¥ ganomy punanky R 1,1:10" m ' (Bizpisuserses Big monepexanol eranol ua ).
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imeamM# KBAHTOBOI Teopii, AKa MoYMHAJA yTBePAKYBaTHCh. Bop mpunyeTus, mo
eJIEKTPOHH B ATOMAX He BHIPOMIHIOKOTE eHeprii HellepepBHO, BUNPOMiIHIOBATH
BOHH MOKYTH JIMIIE iJ] 4aC Nepexoay i3 oqHOro eHEPreTHYHOI0 CTAHY B IHINHH,
H. Bop A0NOBHUB MLIaHETAPHY MO/eJib ATOMA TAKUMH NocMyiamamu.

® ArtomHa cucrema MoXke nepefyBaTH TiJIBKH B 0CODJIHMBHX CTANioHAPHUX, abo
KBAHTOBHX, CTAHAX, KOJKHOMY 3 AKHX BiAmoBifae nesna enepria E_. ¥V cranio-
HAPHOMY CTaHIi eJeKTPOH pyXaeThesd 10 Kososiit opbiri pagiycom r i aTom erep-
Til0 He BHIIPOMIiHIOE.

% Ilepexis aToma 3 O{HOTO CTAIIOHAPHOTO CTAHY B iHIIMI CYTIPOBO/YKYETHCH BH-
NPOMIHIOBAHHAM YH IIOIIHHAHHAM (DOTOHIB, eHepriio AKux iv BH3HAYAOTH 3a (hop-
mynowo hv = E, — E,, ne ki n — niyi yncia (HoMepH cTanioHAPHUX CTaHIB); AKIIO
E, > E, GoroH 3 4acTOTOIO V BUIIPOMiHIOETBCA, AKINO E, < E, — mOrMUHAETHCA.

¢ MowmeHT iMny/ibcy eleKTpOHA, 110 PyXaeThesl 3i MIBHAKiCTIO v, HA n-iil op-

o ; 3 h
biri, paaiye sxol r,, HabyBae JHCKpeTHHMX 3HaueHE L=mu,r, =n£zn.ﬁ, ne

n=1, 2, 3,..., m — maca enekTpoHa, h — spegena crana [Inaaka.

DaitTe Bignoesini Ha 3anuTaHHs

1. ¥ yomy nonsrae cyTHicTe Mogeni TomcoHa?

2. NoByayiiTe | noacHiTE cxemy aocnigy Pesepdopaa 3 poaciloBaHHa a-4acTuHok. Wo
CnocTepiranTs B ULOMY Aocnigi 7 Y oMy CyTHICTE NnaHeTapHoi moaeni atoma ?

3. Y yomy nnaHetapHa MOJeNb aTOMa HE Y3ro[AXKyETLCA i3 3aKOHAMK KNacu4HOT disnkn?

4. ChopmynioiiTe noctynat bopa.

§ 79 ExcnepumMmeHTanbHe nm"raepnx(el-mﬂ
noctynarie bopa

Bocnigu [l. ®pankail. Nepua. [TepmuuMu eKCnepEMEHTAMH, 10 HiATBEPAH-
Ju Teopito Bopa, cramu nocaigu, nposesaexi . ®paukom ta I'. lepuem v 1913 p.
Inea nocnixie 6yna Taxka. Ko Yyepes ras MpoNycKaTH NOTIK eJIeKTPOHIB IeBHOI
eHeprii, To Big0yBaTHMYTECA 3iTKHEHHA eJeKTPOHIB 3 ATOMAMHM, BHACIIJOK YOro
eHeprisa eJeKTPoHiB 6yae sMiHOBaTHCH. SIKIMO cniBynapu OyAYyTE NPYXKHAMH, TO
BHACJIIOK TOrO, IO Maca eJIeKTPoHiB HabaraTo MeHIIIa 34 MACy ATOMIB, BTpaTH Ix
KineruuHol eHeprii 6yayTes HezHauHuMH. [1in yac Henpy:;KHOro yaapy, eJl1eKTpoH
Mo3Ke epelaTH BCIO CBOIO eHepriio, abo i1 wacTHHY 0JHOMY 3 eJIEKTPOHIB aToMa.
3riHo 3 3aKOHAMH KJACHYHOI MeXaHIKHM KiibkicTs mepezanoi eHeprii 6yje BH-
3HAYATHUCH YMOBAMH 3ITKHEHHA 1 MOKe HADYBATH NOBINBHHAX 3HAYeHb, KO K
craiioHapHi craH# AilficHO iCHYIOTH, TO 3MiHHM eHeprii el1eKTPoHIB He OYAYTH J0-
BLIBHMMH, — BOHH OyIyTE OPiBHIOBATH PisHMIll 3HAYEHL eHePrili cTanioHaApHHAX
piBHiB aToMiB.

Cxemy mocainy HaBegeno Ha MaJj. 276. CkaaHa Konba 3a110BHEHA AP0 PTYTL
(ximiunnii enemenT Mepkypiit).

Enexrponu 3 katoga K i Ai€io eJ1eKTPUYHOTO M0JA, CTBOPEHOI0 MiXK eJleKTpo-
OAMH J3KepesIoM CTPYMY ¢, NIPAMYIOTE 10 ciTkH it anosa A. Mix ciTkoro i aHomoM
A icHye HegHaura Hanpyra (0,5 B), Axa raabMye noBiibHI eNeKTPOHH, MMeperrKo-
JIHAKOYH 1X PYXY 00 aHOAA.

PeayapraTa gociimsxeHHs 3ajieKHOCTL cuaH cTpymy I B Koyl aHoga Bif Ha-
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KBAHTOBI BAALCTHMBOCTI MATEPRI lm.
npyru U mokasanu, 110 1A SajeKHICTh MAE
CKJIAMHHHA Heniniiinui xapakrep (man. 277).

IcHyBaHHA MAKCHMYMIB CTPpYyMY 3a HAOpPyT
4,9:9,8114,7 BMmoxHa MOACHHTH JIHIIE OJJHIEI0
OPHYHHOIO — icHyBaHHAM B atoMi Mepxypii
cranioHapaux cranis. OueBUAHO 3a HAIIPYTH
U < 4,9 B eneKTpoHH He BCTHIalOTE HADYTH
JocTaTHBOI eHepril i, 3iITKHYBUIMCHL 3 ATOMAMH

- MepKypilo, OpyXHO Bil HHX BiIOHBaOTHCA
(agse m, < my,) i Jerko AONAKOTH TAJBMIBHY
HANpyry Mix ciTkow if aHojoM. 3a HANPYTH rak
U = 4,9 B BigbyBaereca BXKe iX HenpyxHe gz0
3ITKHEHHA 1 eJIEKTPOHM BTPAYAIOTh eHep-
rito, abymxkyoun aromu Meprypino (eHeprii 300 ’
eJIeKTPOHA IOCTATHBLO IS Mboro). Ase, BTpa- 250 r
THBILIYW CBOK €Hepril, eIeKTPOHH HEe MOKYTh 200}—
MOI0JIATH raibMiBHY HAnpyry i cuna ecrpymy 8 150|— f 1-f—

Poaaia &

T

Man. 276. Cxema gocnigy
®Ppankailepua

KoJIi aHofla pisko cnajgae. B mipy noganeimmoro 100 \/
3pOCTAHHA HANPYIH MixK Karogom K i citkoo 50 R
CHJIA AHOMHOr0 CTPYMY 3HOBY 3pOCTaE, 0 |

mocAraldn Makcumymy npu 9,8 B. 3uoBy Bija- 5 10 15yB

DyBalOTHCA HENpYMHI 3ITKHEHHA 3 mepeja-
BaHHs eHepril Bij enexTpoHa Ao aToma, To6TO
eHepria aromMa Mepkypiio 3MIHIOETECA HA  Map 277. 3anexHiCTb CUAM CTPYMY
4,9 eB. BiA Hanpyrv 8 gocniai dpawka i
EnepreTnyHi ctann atomie ligporeny. lepua
Buxopucropyoun sakonu mexadiku Helorona
Ta NpaBU/ja KBAHTYBaHHA, Bop 3yMiB 3 BUCOKOIO TOUHICTIO 00YUCIHTH eHepre-
THuHi cranu atoma [igporeny.
3rigso 3 noctynaramu Bopa nepexix atroma 3 0fHOr0 CTAIliOHADHOI'O CTAHY B
IHIMHI CYNIPOBOKVETHCA BATIPOMIHIOBAHHAM UM MOTJTMHAHHAM (DOTOHIB, eHep-

E, E
rito AKMX hv BH3HA4YAIOTE 3a popmynoio hiv=E, - E_, abo v= ?"— Tﬂ . Hacrory

BHIIPOMIHIOBAHHA CHEKTPAJbHHUX JiH1M aroma I'aporeny BUsHAYAIOTE 38 QOpPMY-
1 1 3 z
a0t Bansmepa v= R(—e—?] . 3 mopiBEAHHA nux Gopmya baurmMo, 10 eHepris
n
.. . . hR hR
eJeKTpPOHA JI0 i micjaa BunpominioBanus aopisuoe E, =——— ta E, = ——— .
k n

2 n2

A naounocti npuiinaTo 3o0pazkaTy 3HAYEHHA €Hepriii AToMiB y BUTJIALL ropH-
30HTAJBHHX IPAMHX, PO3TAIIOBAHMX OJHA HAJ OJHOK HA BijcTaHi, nponopriiHii
pisauIi ix enepriit. Haliau:kua npama BiinoBijae HOpMaIBEHOMY CTaHY ATOMA.

Ha man. 278 so0paskeHo cxemy piBHiB eHepril aroma Iigporeny.

Enepriio enekTpoHa, 110 HOKAHYE aToM (MiCTUTECA Ha HeCKiHUYeHH1M BijicTaHl Bij
Apa) IPpHIAMAIOTE 38 HYJb. 3p03yMiJio, IO B ILOMY BHIIAJKY eHepria Oyab-AKOTo
elIeKTpoHA, AKUH nepebyeae Gimskue g0 sigpa, Ovie MEHIIOO, a OT:e, Bill'eMHO0,
V mopmansHOMY (He 30y/IKeHOMY) cTaHi eHepris aroma 6yjae MiHiMansHOIO i y BH-
naaxy aroma I'igporery i snayenna E, =—13,55 eB. ¥V nepmomy 36ym:xenomy crani
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(apyruit enepreTruHmii piBens) arom I'ij-
poreny matume eHepriio E; =—-3,38 eB, y
npyromy — E;=-1,5eB.

! *+i — 3 ocHOBHOro cTaHy y 30yakeHHH
] [~ aroM moxe nepeiTH, JICTABIIHA 330BHI ¥
Oyab-aKkui crnoci® (HanmpuKIan, MOTJIH-
HYBIIHA GOTOH UM 3ITKHYBIIUCH 3 1HITHM
aTOMOM) IOPIIiI0 eHeprii, AKa JopiBHIOE
pisEMni edeprii cramioHapHUX piBHIB.
Tak, y Bunagky I'igporeny atroMm Moe
nepeiiTi y 30yAMKeHHil cTaH, IOrJIH-
HyBIIH eHepriio: E,—E, = 10,17 eB, abo
E:'I_E'l = 12*05 eBi T.10.

Y 3b6ymrkeHOMY CTAHI eJleKTDPOH He
Moxke miepebysBatm TpuBamumi wac. Ilig
qac mepexojis Ha nepiuii pisess (n = 1)
3 ApYroro, TpeTsoro i T.J. BUOpPOMiHIO-
eThcA yabTpadioseToBe BUNIPOMiHIOBAH-
Ha (cepia Jlalimana), mig yac mepexozis
HA IPYTHA piBeHb 3 BUIUX PiBHIB — BH-
NPOMiHIOBAHHA OITHYHOTO JianmasoHy
(cepia Banemepa) i nig yac nepexoaiB Ha
Man, 278. EHepreTuusi pishi TpeTiii piBeHb 5 inppauepBoOHe B_:.r_mpomb

& atomi MaporeHy HIOBaHHA (cepia Hameqa). Clepu Ha3Ba-
HO Ha 4YeCThb BYEHUX, AKi Ix BigKpuIn.

&
)
;.—

Es+

s

10J1eTOBE BHIPDOMIHIOBAHHA

(irtpauepBoHe BHIIPOMiIHIOBAHHA)

(BHIHMe BHIPOMiHIOBAHHA)

Cepia Jlafimana
Cepia Bansmepa
Cepia [Tamena

(vaeTpady

w

e

Ey

Haiite signoeigi Ha 3anuTaHH|

1. ¥ yomy nonsirana ines pnocnigy ®paxka i Fepua? Akmid BUCHOBOK MoxHa 6yno 3pobu-
TW HA OCHOBI MOro peaynsTaTie?

2. 306pa3iTe 3a QONOMOrOK0 CXeMU eHepreTU4HUX piBHie atoma lgporeHy nepexia,
AKWiA BIONOBINAE BUNPOMIHIOBAHHIO YNbTPadioNeToBMX NPOMEHIB.

3. 3a AKMM NPUHLKMNOM CNekTpaneHi NiHii Figporeny 06'egHaHo y cepii?

4. Y1 MoxyTb GOTOHMW, YTBOPEHI NPK BUNPOMIHIOBaHHI atomMa lMiaporeHy, Math ogHa-
KOBI iMNYNbCK, AKLLO iX eHepril pi3Hi?

Mpuknaaw po3e’A3yBaHHA 3agay
Banmaua 1. Buanauutu pafgiyc nepmoi 6Gopieeskol opbiTi ana aroma Iigporeny, a Ta-
KO JiHIHHY T KYTOBY MIBUAKOCTI eJIeKTPOHA Ha [ii op6iTi.

0: ] Poas'azanna

e=1,6-10""Kn 3a reopiewo Bopa enextpon y aromi Iigporeny obepraeThca
h=6,6310" x-c Mo KoJIoBii op6iTi 3 JONEATPOBHM IPHCKOPEHHAM, AKOro HoMmy
c=3-10%m/c ¢ Hajae KyJOHIBCbKA CHIA, ma, = Fy, abo
£=8,85- 102 ®/u mit & .o ® o

e - gl —_ , BBiOKH mu,r, = (1).
m=9,11-10"" kr r 41!£or,,2 n'n ane,
r-To-?0,-7 . _ 3a noctyaarom Bopa MOMeHT iMIyIbCy eeKTPOHA

nh

2rmr,

h .
r,mu, = ﬂﬂ s 3BIIKH U, =
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2
h 2
IMigcrasiamoun gaunii Bupas y dopmyay (1), orpuMyeMo m 2 r, 5 , BBig-
2nmr, 4ne,

goh’n’
Rm?

KK T, = (2), ne g, — enexTpHuHa cTaja, h — crana I[Inanka, m — maca eJleKTpoHa,

e — 3apAj eJeKTpoHa, n — HoMep opbiTH.
Ilicna migcTaHOBKY JaHHX, 00YHCIIOEMO pagiyc nepmm 1 opbith ry =0, 528 10"

Buxopsaun 3 hpopmynu (2), MoxHEA po3paxyBaTH pajiye n-ol opbiTH a8 1, =1, - n? (3).
Buawun pagiye opbiTH, MOXKeMO po3paxyBaTH MBHAKICTE PYXY eIeKTPOHA Ha 1liH op-

h
Biri v, =—""_ , 460 v, =—"— . Orma v, = 2,2:10° /c.
nmr, 2nmnn

ITo6 BusHAYNTH MIBHAKICTb HA R-il op6iTi, MOXXHA CKOPHCTATHCE CIIIBBiIHOIEHHAM
U
_b
v, =— (4).
n
Kyrosa meuakicTs ofepraHas eleKTPoHA HA n-ii opbiTi

[} v =
©,==, 0,=—= =4,110"%",
r,

n n
Bpaxoryioun dpopmynn (3) i (4), Mo3kHA 3anHcaTH O, = % (5).
Binmosias: 0,528:10 ' m; 2,2:10° m/c; 4,1-10"°c .

3anaua 2. BUaHAUNTH NOTEeHIIANEHY, KIHEeTHYHY i IOBHY eHepril eJIeKTpoOHA Ha nep-
mri#i opbiTi B aTomi INigporeny.

Jano: PoaB’'azanasn
e=1,6:10""Kn [loBHa eHepris enexTpoHa B aToMi Iiporeny gopisHioe cymi
h=6,6310"% Ix-c kinerwunoi E_ i norenuniansroi E,, eHepriit szacmonuii enexkrpo-
c=310° M/c HA 3 AgpoM. 3 ypaxyBaHHAM TOrO, IO MOTeHIiaJbHA eHepris
£,=8,85:10"* ®/m eJIEKTPOHA B ATOMI Bifi’€MHA, OCKiNEKH HYJILOBHIA piBeHE BifTi-
m=9,11-10"* kr Ky GepeTbcs Ha HeCKIHYEHHOCTi, MAEMO
2 2
E-1E, -1E,? Blgaa _wy &
WETIEU O dmegr
3a reopiew Bopa enexTpon y aromi I'iiporeny obepraeTbes 1o KooBiii opbiTi 3 gonen-
2 2
. mu e
TPOBHM IPHCKOPEHHAM, AKOI0 HOMY HaJla€ KYJOHIBCbKa cHaa, ma, = F, = 1 2y
T 1IL‘E'l.'lrﬂ
2 2 2 2
: e _m__e e e
aBiaRm v =————,ropi E=E, +E,,, =- .
dmeqr,m g 4ne,r,m 4n:(—:0r 8ne,r,

3 dopmysnn BHILTHBAE, [0 MOAY/IL IOBHOI eHeprii J0piBHIOE NOJOBAHI MOAYJIA MOTeHI]-
anbHoi, 60 MOIYJIL MOTeHIiaNbHOI BABIYl Glnbimmil 3a Moayae noeHoi: E = 2E, Toxi kine-
TiyHa egeprin E =E-E _=-E.

: £ hz 2
3 ypaxysamHaM GOpMYIHM A BASHAYEHHS paaiyca opbitm, r, =—2 nz , MAeMo
nme
4 4
E= _%; E=-2,485:10" Iz = - 13,53 eB, Togi E,,, = - 27,1 eB, E, = 13,53 eB.
goh’n

10 dszixa, 11 wrac
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g v - E
3HaYeHHA DOBHOI eHepril eleKTpoHA Ha 7-1i opbiTi MmosHa BU3HAUATH AK E = —; :
n

Bignoeias: — 13,53 eB; — 27,1 eB; 13,53 eB.

Bnpaea 35

1. Bracnizox nepexoxy enextpora B aromi [igporeny 3 Tpernoi cranionapsoi
opbiTH HA APYTY BHIDOMiHIOIOTECA (DOTOHHM, L0 BIINOBIAI0TEL NOBHHHI XBHII
6,52:10" m. fIxy eneprio Brpauac atom ligporeny npu nsomy?

2. Enextpon y Hesbyxenomy atoMmi INigporeny orpumae edeprito 12 eB. Ha axui
eHepreTHuHuil pireHs BiH nepeimos? Ckinkkn miniid moxHa Oyae nobauuTy y
CIHeKTPi BANPOMIHIOBAHHSA NPH Nepexoji eJeKTpoHa Ha HHK Yl eHepreTHuHi pis-
ui? Erepris ocaosHoro crany aroma I'igporeny —13,5 eB.

3. Ha sxiit opbiri meuakicre esexrpona aroma Ligporeny gopiedioe 734 km/c?

4. BusHauuTH 14 nepimoi Ta gpyroi opbiT aroma [ligporeny sHaueHHA CHIH KYJI0-
HiBCBKOT0 OPUTATAHHA | HAIPYIKEHICTE eIeKTPHYHOTO MO,

5. ¥ ckineku pasie s36inemmThea pagive opbita enexrpona B aromi Iigporeny,
mo nepebyeae B OCHORHOMY CTaHi, micna abyaxenHa ioro hoToHOM eHepriein
12,09 eB?

ﬁ 6. flx smiEMTHCA NOBHA eHepria eleKTpoHa, AKINO 30inbmiuTH ¥ k pasis: a) pajgiye

opbitH, 6) HoMep opbiTu B aromi igporeny?

A\ 7. Hakpecnite rpadik sane:;xHocTi HoBHOL eHeprii enexTpoHa B aToMmi igporeny

Big HOMepa opOiTH.

(‘\‘ 8. V crinbkH pasis 3MiHHThECA €HEPria eNeKTpoHA Ha nepurii opbiri aroma I'igpo-

reny, AKmo 36ineMTE 3apajg aapa B k pasis? ’ '

9. V ckinskn pasie qosxuHAa -0 opbiTh enexTpoHa B aTomi Iigporeny Bigpisua-
eThCd Big popsxuEn (n+1)-of opSiTn?

)

U

0

2 §72. Xeunbosi BnactusocTti marepil

lFinoTesa pae Bpoina. ¥V 1923 p. dparnyaekwnii disuk Jlyi ne Bpoitns (1892
1987) posmupHB YABJIEHHA NP0 KOPIVCKYJISAPHO-XBHJILOBHH nyanism. Yesi-
IOMJIIOIYHY iCHVIOUY V IPHPOJi CHMEeTpilo, BiH BAKODHUCTAB NPUHLUN cUMempPil
i BucyoBHB Taky rinoreay. OCKiNBKHM CBITJIO IOBOAWTE cebe B OJHMX BUIIAJKAaX
fAK XBWJIfA, 4 B IHIIUX — AK YACTHHKA, TO i 00’€eKTH NpHponH, AKI MH BBasKac-
MO YaCTHHKAMM (eJIeKTPOHY Ta iHmIi MarepiansHi rina), Manu 6 MaTH XBHJIBOBL
BJIACTHBOCTI.

OfHMM i3 BHXiTHUX apryMeHTiB a4 rinoresu ae Bpoiiid npo XBHJILOBY IPHPO-
Iy MaTepiaJbHUX YaCTHHOK, 30KPEMa eleKTpoHiB, 6y0 Te, 10 1A rinoresa mia-
TBepAKyBaya Teopiio Bopa. Jle Bpoiink NpUNycTHB, 10 MiX KOPOYCKYIAPHUMY
i XBHJIBOBHMH XapaKTePUCTHKAMH €JEeKTPOHA ICHYE TAKWH caMHH 3B 30K, 5K
MiXK BiAiMOBifHUMU XapaKkTepucTHKaMu ¢oToHa, ToOTO AOBMKHMHA XBHIL, IO Big-
HoBigae mMaTepiasbHIN yacTHHIL, NoB A3aHA 3 il IMIYIBCOM CIIBEIAHOIIIEHHAM

h " . h
h=—. Abo fyisi YACTHHKH Macow m, 110 pyXaeThed 31 MBHAKICTIO v, A =—o0.

)4 muv
BenumuuHy A HAGHBAIOTE 0eGpOiai6Cb0I0 JOBHUHOIO XU,
KoxxHoMy eneKTpoHY B aToMi, BBaskas ie Bpoiiuas, Bianorizae crogua XBUid,
AKa BHHHKAE 3a YMOBU, W0 Ha 06X UHI KOA080T oplimu mae araadamuce yine
yucao doexuM xéuab (man. 279).
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Hosxuna 6opischrol opbiTH pajgiycom r, 10~
piBHIOE 271, TOMY 20r, =nA, men=1,2,3....

h
Bpaxosyioun, mo A=—, OTPUMYEMO 27r, =
mv

nh . h
e s L mMUr, =n§E_ nh. SK BHUAHO, Man, 279. EnekTpoHHi CTORHI XBUN

ocTaAHHIN BMpAa3 € He YHM iHIINM, AK YMOBOKO

KBaHTYBaHH:A, Beegeno H.Bopom. Came Ha ocHOBI 11i€l yMOBH, 00r'pYHTOBYETBCH
YMOBa KBAHTYBAHHA eHeprii enekTpoHa B aromi. Takum unHoM, igea ne Bpoitna
JI03BOJIAC NOACHUTH KBaHTYBaHHA opbirT i craniB y Mmojeni aroma Bopa, iEmumi
CIIOBAMH, KOPRYCKYAAPHO-X6UIbOBUL Jyanizm saxaadeno y camiit empyxmypi
amoma. ;

Cnix 3a3HAYUTH, 0 KOPNYCKYJIAPHO-XBUJIBOBHI IYyalliaMm — e MOJeNb NJsA
NosICHeHHA BaacTHBocTel marepii. He caig BBasaTni, nio eneKTpoH MOKHA BBA-
JKATH XBHJIEH abo YaCTHHKOI Y IPAMOMY PO3YyMiHHI. XBHJIA, KOPIYCKYIa — e
TAKOK MOJeNi, AKI MM BHKOPHCTOBYEMO JIJI BUBYEHHSA BJAcTHBOCTel marepii.
Iligxpecaumo, mo xeuiai ge Bpoiina, nos’A3a”Hi 3 pyXOMUMHE YACTHHKAMM, HE €
eJIEeKTPOMATHITHHMH XBHJIAMH, BOHH He MAIOTh HiAKOT0 BiTHOIIIEHHA A0 TIOMIH-
PeHHA eleKTpoMarHiTHoro noas. Xsuii e Bpoitisa MaoTs cnenudivay KBaHTO-
BY IPHPOAY, AKA He Ma€ aHAJOr] y Kaacu4uii disnui.

JlebpoilriBehKa JOBXKHHA XBIII 3BHUAHOrO Tina gy:xe maja, o6 il mosxHa
Oys0 BUABATH Ta BuMipATH. Tak, Hanpukiaay, aebpoiiniBeckKa JOBMXKWHA XBHII
m’siua macoro 200 r, mo aetuTek 31 mBHAKICTIO 15 M/c, cTAHOBHTH NPHUOIN3HO
2,2:10°** M. BrapjaiiTe, Mo THNOBI XBUILOBI BiaacTHBOCTI — iHTepdepeHmia Ta
mudpaKmia — BEABIAIOTLCA TIBKH V TOMY BHIAJAKY, KOJIH PO3MipH npeaMeTiB
abo nriaueE cymipHi 8 goBxKHHOIO XBuil. Ockinskn HaM HeBigomi npegmern abo
MiAWHA, HA AKUX O0M MOrJH Au@pPAryBaTH XBHJL AoBxkHHOK 2,2-10 3 M, Tomy
XBHJILOBi BIaCTHBOCTL 3BUYAMHWX TijJl BUSBUTH He BHAETHCAHA.

Ina tin manol macu (HADPHKJIAJ, eJIeKTPOHIB) aebpoiiiBchKa MOBMHHA
XBHJIL Mae ye sHauHo Oinpire suaueHHA. Tak, eNeKTpPoHY, [0 PYXAETHCA 3i
MBHAKICTIO 5,6-105 M/c, Bignosigae nebpoitiiBecLKa MOBXKWHA XBUi 1 ,2-10_llj M.
Tari xBHJIi y3Ke MOXHA BUABHTH eKCIIePHMEHTANBHO,

Ak mokasanH JOCTiMKeHHSA, XBUJIbOB1 BJACTHBOCTI MAIOTh He JINIIE eTeKTpO-
HH, a it iHnri yacTHHKY — IIPOTOHMW, HEHTPOHU T4 iH.

Aundpakuis enekTpoHiB. Ockinbku MixkaToMHI BigcTani B Kpuerani TBepao-
I'0 Tijla € BeJIHUHHAMH TOPAAKY 10" mi pO3TANIOBAHI ATOMH B KPUCTAJI BIIOPAL-
KOBAHO, TO KPHCTAJ MOXHA BUKOPHACTATH AK JH(PaKniiiHy I'PaTKy.

¥ 1927 p. amepukasceki ¢isuxu K. Iepiccon i JI. [Iixepmep mocaigmxyBann
BiIOMBAHHA eJIeKTPOHIB Bijl MOHOKpHUCcTana Hikemio (mai. 280, a). ¥ npoBeieHHX
Jociflax crmocTepiraBcA HEOJAHAKOBHE posnoxin BigfuTHx nydkis ejnekTpoHis.
OTrpuMaHi peayiabTaTH MO)KHA OYJIO NOACHUTH AK pPe3yJbTaT Audparnii emex-
rponis. Hesabapom, y 1928 p., anraiiicekuii ¢isuk I'. Tomcon (cun Ix. Tom-
CcOHA) cnocTepiraB Audpakilio eJeKTPOHIB i Yac TPOXOAKeHHA HUMH TOHKHX
MeraseBux miaiBok. Ha man. 280, 6 sobpasxeHo Andpakniiny KapTuHY Bijg poa-
ciloBAHHA eJeKTPOHIB Ha amoMiniesiit doabsi, a Ha man. 280, 8 — aHaJOriYHY
dororpadiio, orpuMany npu onpoMireHHi POIBIH PEHTT€HIBCHKMM BUIIPOMIHIO-
BaHHAM.
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Man. 280. a - Cxema pocnigy i3 andpaxuii enekTpoHie; 6 — aAndpakuiilHa kapTuHa Big poa-
CilOBaHHA ENEKTPOHIB Ha anioMiHIEBIA DONk3i; 8 — AMdpakUiiiHa KApTUHA Bif PO3CIKOBAHHA
PEHTreHIiBCbKUX NPOMEHIB

IcuyBaHHS qupakitii eeKTPOHIB He3aNepevYHo CBiJUHTE TPO XBHJILOBI Biac-
THBOCTI €JIEKTPOHIB.

I;’;.. Hanre gignosini Ha 3anNUTaHHA

1. ENeKTpOH Ta NPOTOH PyXalThCs 3 0AHAKOBUMK LUBWAKOCTAMMK. HKiM i3 LMX 4ACTUHOK
BiANOBIAae MeHLa A0BXWHA XBUNI?
2. ke cniBBiAHOLWEHHRA MiX LOBXMHOWO 1-0f 0opbiTK enekTpoHa B atomi Maporeny i no-
| BxuHOI0 A xBUNi ne Bpoiing, WO XxapakTepr3ye ENeKTPOH Y LILOMY CTaHi?
| 3. MNpo wo ceig4nTe Andpakuia enekTpoHie?

2, § 73. OCHOBHI NONOXEHHA KBAHTOBOI MeXaHiKu

MoHaTTa Npo kBaHToBY Mmexaniky. Teopia Bopa 3 10CHTE BHCOKOIO TOYHIiC-
TIO OACHHAJA Bech cieKTp aToMma [inporeny, mpore sacTocyBaHHs 11 10 cKIagHi-
IIUX ATOMIB He JaBaJ0 TAKKHX OMMcKyunx peayiasTarie. ITo cBoiif cyTi BoHA Oyia
CIIPAMOBAHA HA BUPilIeHHA KOHKpeTHOI npobsiemMu: o6rpyHETYBaHHA cTabineHOC-
T1 aToMa Ta nosicHeHH# JiHifluaTHX cnekTpis. Hessaskawuu Ha e, Teopis Bopa
V po3BUTKY (hisMKH Bifirpana sHavYHY POJb — BOHA CTAJIA IIOMITOBXOM JIA PO3-
BHUTKY iKéanmoeoi mexarixu. KBaHTOBA MeXaHIKA NOACHWJIA CIIEKTPH CKJIATHHX
aToMiB, BiiMiHHOCTI V ACKpPAaBOCTI IX cHeKTpaJbHUX JIiHiH, YTBOPeHHA MOJEKYJI
iz aromis. KBanTroBa MexaHiKa, AKa B OCHOBHOMY 3aHMAETHCA BUBYEHHAM MiKpo-
CBiTY, pa3oM 3 THM MaE€ OiabIN MHPOKHIH 1 Y3araJabHIOIYNAI XapaKTep, OCKiABKH
BJIACTHBOCTI BCiX MAKPOCKOMIYHHX TiJ 3ajearh Bif iIX BHYTPiMIHLOI CTPYKTY-
pu. ToMy KBaHTOBY MeXaHIKY BBAKAIOTH (PYHAAMEHTANBLHOI Teopieio. I3 3axo-
HiB KBAHTOBOI MEXAHIKH BUILIMBAKOTE 3AKOHH KJacHuHOl hisuKH.

He Bpawoumnces y geraji MATeMATHYHOrO alapaTy KBAaHTOBOI MexaHiIKH (BiH
JIOCHTH CKJIaJHUIT), MH o6ropopumo geski i1 ocHoOBHI igel i posrassemo, AK 3a X
JIOTIOMOr010 NOACHIOETHCHA Gy10Ba aToMa.

XBEWnboBa YHKUIA. 3 TOUKH 30pY KJACHYHOI MeXAHIKH KOXXHA YACTHHKA
PYyXaeTbCA B310BK IIEBHOL TPAEKTOPI] i IOTIiK YaCTHHOK HEe MOJKe BUABJIATH XBH-
JIBOBUX BaacTHBOcTel. OCHOBHOIO 3ajjade0 KJIACHYHOI MEeXaHIKHA € BH3HAYEHHSA
[I0JIO¥KEeHHA Tija y OyAp-AKHH MOMeHT 4acy. SIKmo, HanpuKaaz, 3ajaHo moyar-
KOBe II0JIOMeHHA Tija (fioro KoopAHHATH) i IOYaTKOBY LIBHAKICTE HOro pyxy, TO
3a npyrum 3akoHoM Hei0TOHA MOKHA BU3HAYHMTH IIOJOMKeHHA i IBHAKICTE Tilxa
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vy Oyab-AKWH HACTYIHUHE MoMeHT yacy. IIpu npoMy BBAXKAKOTH, 1110 IOYATKOBL KO-
OPAMHATH i MIBHAKICTE PYXY TijIa MOKHA 3a0aTH 3 OVIb-AKNM CTYIIEeHeM TOYHOC-
Ti, 10 3aMeXUTh JHINE Bi AKOCTI NpUIafiB, 3a JONOMOTOK AKHX BHMIipDIOIOTH
KOOPAWHATH i IIBHIKOCTI.

KBanToBa X MexaHiKa Ma€ CTATHCTHYHHH XapakTep. ¥ KBaHTOBiH mexanimi
MO HA JIAIe nepeabauuTH, 3 AK00 MO8ipHicMI0 Y NAHWA MOMEHT YACY YACTHH-
Ka Mojie mepe0yBaTH y NeBHLH TOYIll IPOCTOPY.

OCHOBHUMH XapaKTePHCTHKAMH XBHJIb € JIOBXKHHA, YaCTOTA Ta aMILIITYda. ¥
KBAHTOBiH MexaHili aMmIiTyny xBuii ae Bpoiina Ha3MBAIOTE XEU.IL0E0I (PYHKUIEN
i moaHavaioTh rpenpkolo airepoio y (nci). Oanieio i3 sanay KBaHTOBOI MexaHIKHK €
BH3HAYEHHA XBHIH0BOI QYHKIII 1)1 KOHKPETHOTO BHIIAIKY (HAIPAKIA, AJA eleK-
TpoHa B aromi). PiBHAHHA, fAKe N03BOJIAE BU3HAYATH XBHILOBY (PyHKILiI0, OyJso
sanpononosade B 1926 p. nimenskumM disuxomM E. Ilpexinrepom. Yepes BigcyTHicTs
Bi/inmoBiHOI MaTeMATHYHOI IiATOTOBKY MH He HABOLHWMO 3aTaJIbHMI BUTVIAJ] PIBHAH-
HA 1 Horo poss’asok. PosriasHemo auie sxkicHUI 3MicT XBUILOBOT QYHKIIIL.

3 mocaigis gadpaknil eJeKTPOHIB, HEHTPOHIB Ta IHIMX YACTUHOK PEYOBMHM
BHILIHBAE, 10 B IHUX A0CJaiJaX BUABIAETLCA HEOJHAKOBHH PO3NOALT MYUYKIB ellek-
TPOHIB Y HeHTPOHIB, BiOMTHX UM pOBCiAHHMX B Pi3HWX HANPAMKAX, — Y NEBHAX
HANMPAMKAX CIOCTepiraeTeea OinbIna KiTbKicThE 4ACTHMHOK, HiMK y BCix immmx.
3 XBUJILOBOI TOYKH 30pY HAABHICTE MAKCHMYMIB KiJBKOCTI YACTHHOK Y IEBHHX
HaIIPAMKAX O3HAYAE, 1110 [1i HATIPAMH BiANOBiIAI0TE HAWOLIBITIH iIHTeHCMBHOCT] XBIJIB
ne Bpoins. IToAacHuMoO cKasaHe Ha TPHKJIA/L CBIT/IOBOI eIeKTPOMATHITHOL XBHIUI.

fAx sigomo, iHTeHCHBHICTE [ OyAb-AKO0I XBHJII TpPONOpPIiliHA KBAAPATY aAMILIi-
TyAH. ¥ BHOAAKY ejeKkTpoMarsirHoi xsuui [ ~E%, ne E - HANPYKEHICTEL elekK-
TPUYHOIO MOJIA. 3 TOUKH 30pY KOPINYCKYJIAPHOI Teopil iIHTEHCHBHICTH CBITJI0BO-
ro noTOKy nponopuiiina Kirskoceti otoriB N, 10 NPOXOAATH Uepe3 OTUHUYHUAN
nepepia sa oguHuUIO Yacy, I~-N. O6’eqHaBmM ABa BHpasu, orpuMyeMo N~EZ,
Axmo x M MaeMo cOpaBy 3 OQHHHYHHEM (JOoTOHOM, TO JaHHH BHpa3 o3Hadae,
110 KBaJpAaT HANPYKEHOCT eJleKTPHYHOro nmoya E % XapakTepuaye HMOBipHicTE
roro, mo (oroH nepebysae y meeHii Touni. ¥ Toukax, ae sHauenss E° Benmke,
Ginemma fiMoBipHiCTE BUABHTH (JOTOH.

IIi miprkyBaHHSA DOCay:XHIH HiMenbkoMy (disuky Makcy BopHy ocHOBOIO I714
CBOEPIHOrO CTATHCTHYHOIO, MMOBIPHICHOrO TIyMa4yeHHA XBHIb Je Bpoiinsa:
xeadpam modyaa amnaimydu xeurwv de Bpoiina 6 daniit mouyi € miporo imosip-
HOcmi mozo, wo vacmunka nepebysac y yiit movyi.

TaxkuM YHHOM, AKIO eJeKTpoHH (abo iHIII YaCTHHKH PEYOBMHH) pPO3ryAaja-
IOThCA AK XBHJi, TO XBHILOBA (DYHKIIIA ONHCYE AMILIITYAY BigmoBiAHOL XBHJI,
AKINO X eJeKTPOHH pOSIAAJaloTbCAd AK YACTHHKH — TO XBHJIbOBa (DYHKILiA
BH3HAYAETLCA AK HMOBipHICTE.

Kesagpar xsunsoBoil ¢pyHKUiT wa eneKTpOoHa y 3aaaHiii To4LI NpOCTOpY i B AaHWA
's I MOMEHT Yacy xapakTepu3aye MMOBIpPHICTL NnepebyBaHHA LBOro enekTpoHa y aaHiin
TO4U NPOCTOPY Y BUOpPaHWiA MOMEHT Yacy. ;

MpuHumn HeBu3HavyeHocTel Meiraenbepra. [MoscEuMO, AK Y KBaHTOBIi
MexXaHilll po3yMiloTs TOUHICTE BUABJICHHA YACTHHKHY Y NIEBHIH Toulli npocTopy.

Ax Bigomo, npoBoaauH OYAL-AKi BUMipIOBAHHA ¥ MiKPOCBIiTi, M1 OTPHMYEMO
HabauxeHl 3HAYeHHA BHMiproBaHHX BeanumH. [ToxmbkmM, AKi BHHHKAIOTH mij
Yyac BHMipIOBaHb, 3yMOBJIeHI bararbMa NpuYHHAMH,



KBAHTOBA TA SAEPHA

¥ kBaHTOBiH MexaHini, AKa Mae cupaBy 3 06’ eKTaMH MIKPOCBITY, He MOYKHA
BHKOHATH BHMipIOBaHb, He BIIMHYBINK Ha 06’exT BumipoosanuA. [Jonyerumo,
BaM HeoOXifgHO 3HaWiTH y TeMmHi# KimuaTi TeHicHHil M'aunk. Bu Ha gotuk (pyv-
KOI0 YH IHIIHM IIPEJMETOM) HAMATAETECH BUBHAYHTH HOr0 MiCIe3HAXOIMEeHHS,
i ¥ Tolf MOMEHT, KOJIH BH 0 HEOI'O JOTOPKAETECH, BH 3COBYETe ioro 3 mieng (ro-
JIO}EeHHA M’ AYMKA BH y3Ke BHBHAYHTE He TOUHO).

3HAYHO JIEriie BU3HAYUTH [MOJOKeHHS M’ AYMKa, BEIMKHYBIIH CBiTI0 V KiM-
HaTi. M’ aYHK cTae BHAHO, age Ti POTOHH, MO BiI6GMUIHCH Biji HBOTO, CTBOPIOIOTE
sopoBui o6pas. ¥ Bunaaky BsaeMogil poToHIB 3 M AYMKOM mepeaHui M’ AUNKY
iMnyssce dhoToHa HesHaYHUH. JJoCHIKVIOUH YaCTHHKHA MiKPOCBITY 3a I0IIOMOT0I0
¢oTOHIB (HANPHKIA], 3 BUKOPHUCTAHHAM €J€KTPOHHOI'0 MiKPOCKOIIA) B3AEMOJidA
thoToHA 3 eJIEKTPOHOM 1 IepeJaHuil IMIIYVJILC ViKe BifirpalTs 3HAYHY POJb.

TakuM YHHOM, CAM AKT CIIOCTEPEeKEeHHS YaCTHHKH MiKpPOCBITY BHOCUTH CYT-
TEBY HEBH3HAYEHICcTE a00 B KoopAuHATY, 400 B iIMOYJIBC YACTHHKH.

V KBaHTOBiHN MexaHili ¢TYIiHL TOYHOCTI, 3 AKOK MOKHA BHABHTH YACTHHKY
V IeBHi#l TOYIi MPoCTOPY, BU3HAYAECTRLCH CNi6BIOHOWECHHAM HeaUIHaAYeHocmell,
BCTAHOEJeHHM y 1927 p. HimeubkuMm ¢isnkom B.leiizenbeprom. 3rigHo s mum
OPHHOMIOM MU He MOMKeMO 3HATH OJJHOYACHO TOYHHMX 3HAYEHL KOOPAHHATH X
i BigmosigHoil niit koopawHAaTi ckIamoBOl iMNyIbLCY p,. SlkIo HeBH3HAYEHICTE
Ax v BUMIpIOBAHHI KOOPAWHATH NOPAAKY A, Ax=A, a HeBH3HAUEHICTL Y 3MiHl

h
iMnyascy Ap, = Nk ro gobyrox Ax-Ap.=h.

IIpoBeneni B.l'eitzenfeprom TouHimi pgocaigKeHHs DOKAasaau, [0 HEBH-
BHAYEHOCTI OJHOYACHOI'0O BHMIpPIOBAHHA KOODJAMHATH i BigmosigHol cKJIamoBol

iMmyBCy 3810BOILHAIOTE YMOBY Ax-Ap, > o
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: ! y h
IIpHHEIUT HEBH3HAYEHOCT] MOKHA 3aITUCATH | uepes eHepriio ta yac: AEAt > o
i

Bynoea enekTpoHHOT 060noHKK. Buxoasum 3 yaABIeHb KBAHTOBOI MeXaHiKH,
B aTOMi He iCHYe UiTKHX KOJIOBHX opliT, AK Iie cTBepKyBaiock v Teopii Bopa.
Yepes XBHILOBY HPHPOAY €JIEKTPOH « POSMHTHH» B IIPOCTOPI MOAI0HO «XMapi» He-
raTHBHOIO 3apAny. Pyxao4nch B aTOMi, eeKTPOH 3aiiMae TPUBUMIPDHY NIJSHKY
npocTopy 6iss AApa (YTBOPIOE «XMapy»), L0 HA3UBAETLCSA AMOMHOI0 OPOiMaiLio.

s Aromna opbitane — TpuBMMIpHA AiNAHKa NPOCTOPY HABKONO €4pa, B AKIK
’ nepebyBaHHA enekTpoHa HaiMOoBIpHiWwe.

K110 rOBOPHTH IIPO TY YACTHHY eNeKTPoHHOI opbiTasi, ge il rycTinHa HANO1Ib-
Ima, To MOKHa FroBOPHTH 1po ii poamip i dopmy. 3anexno Bijg Bernuauam eHepril
eJIeKTPOHHI opbitani pospisHAlTeCH 3a posmipamMu. YuM cuabHimIe npuTaAra-
E€THCA €JIEKTPOH [0 AApa, THM Horo eJieKTpoHHA opbiTajis MeHIa 3a po3MipoM,
ane ryecrima. Opbitani pospisHAKTLECA He JHIIE 3a po3MipaMH, a ii 3a (JOpMOIO.
Poamipu i hopmy emexTporHOi 0pbiTaii MoxHA BuaHaunTH 3 piasuaa [pexin-
repa, BU3HAYNBIIHN XBUILOBY QYHKIIi10.

Taw, eqguHA eneKTpoH B aroMmi [igporeHy, pyxan4yuch HABKOJIO AAPA, YTBO-
ptoe opbitans chepuunol dopmu (man. 281). Taki opbirani nozHauawTh Ji-
Tepolo 5, a eJIeKTPOHM, opditani AkUX MawTk chepuduHy (GopMy, HAZHBAIOTH
S-eJIEKTDOHAMHM.



zZ

8

Man. 281. NpocTopoei popmmn enekTpoHHKUx opbitanei

Ak BuaHO 3 MANOHKA, XMapuHa B aromi Iigporeny mae Hailbinbily rycTuey
Ha gesAKii Bigcrani Big sigpa. PodpaxyHKH NOKa3yIOTh, [0 I1A BifcTads npubians-
10 0,53:10 '° M. Came raxuii pagiye nepmoi op6iti B momeni aroma Iigporeny 3a
Bopom. Ase 3 moauIliil KBAHTOBOI MEXAHIKH eJIeKTPOH Y Oy /Ab-AKAH MOMEHT 4acy
moxe nepebysaty i OamKue go aapa, i gani Big HBOrO.

Oxpim chepuunol, opbitan MoxKyTs MaTH ¥ imnn dopmu (man. 281, 6—2). Taxk,
p-opbitans Mae Buraaj o6’eMuol BiciMKH, IeHTp AKOI 30iraeTheA 3 HEHTPOM Aapa. ¥
mpocTopi p-op6iTasi poaMilyIOTECA B3/IOBK TPHOX B3aEMHO NePreHNKYIAPHUX KO-
opauHATHEAX oceit. OpbiTam criagHimmx Gopm nosHavaoThesa Oyksamu d, fra in.

@ DaiATe Bignosigi Ha 3anUTaHHA

1. ¥ YoMy nonsrae NPOTUPIYYS MK HBIOTOHIBCBKOIK) Ta KBAHTOBOIO MexaHikamn?

2. Yum BippisHneTeca Oynoea atoma lNgporedy 3a Teopieo bopa Ta 3a KBAHTOBOIO Me-
XaHikow? ;

3. MoNoXeHHA eNeKTPoHa MOXHA BM3HAYMTK 3 ToyHicTIo 1,6-107° M. 3 skoo ToyHICTIO

4.

MOXHA BU3HA4YMTV MOro WBNAKICTE?

KOpPHUCTYHOUMED NPUHUUNOM HEBW3HAYEHOCTEH, OUHITE HEBW3HAYEHICTL NONOXEHHA
eNeKTpoHa B OCHOBHOMY cTaHi atoma ligporeny. MpumiTka: iMnynsc enekTpoHa
BM3HAauITL Ha OCHOBI BOPIBCHKOI MOAENi, OTPYMAaHWIA pe3yneTaT nopieHsAirTe 3 Gopie-
CbKUM Paiycom.

a2 § 74. ®ianuni ocHoBM No6GYA0BMN NepioanYHOT
cuctemm ximiunnx enemenTie [1. I. MenpeneeBa

KeauTogi ycna. Ha ypokax ximii y 8 knaci Bu Bike osHalloMunuce is 6ygo-
BOIO eNleKTpoHHOI 060J10HKH aToMa. BmieTe sanucyBaTH eleKTpoHHL KoHbirypa-
il aromis, 3HaeTe, [0 BJACTHBOCTI XiMiUHHMX eJleMeHTiB nepiogHYHO MOBTOPIO-
I0TBCH, OCKLIBKHM NepioiHYHO [MOBTOPIEThCS OY/J0BA 30BHIIIHIX eHepreTHYHUX
piBHiB y ix aToMax. PoarisHeMo feTanbHille, K KBAHTOBA MeXaHIKA IIOACHIOE
Oy/0BY CKJIAJHUX ATOMIR.

Ar Bigomo, y Teopil Bopa KBaHTYeThCA €HEPrisd aToMa TA MOMEHT IMIYJIBCY
eJIEKTPOHIB y aToMi, ToOTO 1l BeJIMUWHE BHPAXKAITHCA Yepe3 KBAHTOBE YHCJIO Nt

13,55eB nh :

=—————mTa L= -2; ,aen=1,2,3... — nine uncio, sike HA3UBAOTh KEAHMO-

n
H2

UM HUCTOM.
V kBaHTOBIHN MexaHill cTaH ATOMA OIIHCYETHCH YOTHPMA KBAHTOBMMH YACTAMH.



¢ Ksanrose uncio n i3 reopii Bopa abepiraerbes i B
KBaHTOBil MexaHini g HA3BOIO 201061020 KEAHMO-
8ozo yucaa n=1,2,3... i 3biraeTsca 3 HOMepoM eHep-
TeTHYHOr'O piBHA.

¢ Op6imaavhe keanmose wucao | BU3HAYAE MOAYIb
MOMEeHTa iMIyJibCy esfeKkTpoHa. Moro obumciio-

10Th i3 cniBBigHOmIeHHs L = ~!’5U+1)2i , Je L — mo-
T

MeHT iMmoynabcy enextpoHa. BoHo moxxe HabyBaThH
3HaveHs Big 0 no n —1.

¢ Maznimne Keanmose wucao m, — XapaKTepH3Ye

opieHTAIlil0 MOMeHTa iMnyiabcy i mos;xe HabyBaTH

sHadeHs Bifg —[ pmo +[. Ile moAcHIOETHCA THM, IO

Man. 282. OpienTaLis Mo- MOMEHT imny.rghcy BEKTODHA BEJMYMHA, TOMY BOHA

" MeHTa iMNyNbCy KBAHTYETHCA 1 38 YMCJOBHM 3HAYEeHHAM i 3a Ha-

npamkoM. Hanpuknan, akmo ! = 2, To m, Moxe MaTH

sHadeHHa —2, —1, 0, +1, +2. ¥V kBanToBilf MexaHini, AK NpaBujo, opieHTAaIii0

MOMEHTaiMIyabey 3a/jal0Th Yepesiforokomunonenty L, (man. 282), AKanopAsaHa3

m,cruiBBigHOmMEHHAM L, =m{i .
2n

Haspa «marHiTHe KBAHTOBe YHMCJIO» 3YMOBJEHA THM, III0 IIiJ 4ac eKcrnepu-
MeHTaJBHHX JocHifxeHb OyJio BUABIEHO, M0 Y 'a30BOMY POSPAJLL B MATHITHOMY
NOJIL CIeKTPaJbHi JiHil posuenaooTeea Ha feKinpKa ginii. (Le posmennennsa
Has3uBawTh ehexkToM 3eemana). Lle oaHauae, 110 POBIIEILIIOIOTRECH 1 eHepreTHYHL
piBHi. 3anexuicTs eHeprii Bijg opieHTaNll MOMEHTA IMIIYILCY MOACHIETECA B3a-
EMOJIIEI0 PYXOMOTI0 eJIEKTPOHA 3 MATHITHHM IOJEM.
¢ Cninose keanmoee wucno m,, Ake Moxxe HabyBaTH JBOX 3HaueHb: m, = +1/2
Ta m, = —1/2. Cnin — (QyHJaMEHTANLEHA XapAKTEPHCTHKA MiKpOCKOMiuHOI
YACTHHKH, (#K& B [eAKOMY BijHOIIeHHI aHAJOriuHa «BJACHOMY MOMEHTY
iMOyabcy 4acTHHKH» ). ChoiH € KBAHTOBOKI BJACTHUBICTIO YACTHHOK 1 He Mae
aHajoriB y KracuuHii ¢isuni. Toxi Ak KiacHYHHE MOMEHT iMIOYJILCY BHHUKAE
BHAcJIigoK ofepraHHA MACHBHOrO Tijla CKIHYEHHHX pPO3MipiB, CIIH BJIACTHBHI
HABITH YACTHHKAM, SKi HA ChOT0OJAHI BRAMKAKTHCA TOUKOBAMH, 1 He OB’ A3aHUI i3
HONHUM 00epPTAHHAM MAC BCEPEAMHI TAKOI YACTHHKH.

IIpo ABa MOMKJIMBUX 3HAYEHHA CIiHOBOI'O KBAHTOBOIO 4YMcaa — m, = +1/2 Ta
m,=—1/2 — 9acTo roBOpPATH «CIIiH Bropy» Ta «CHOiH BHU3», MAI4YH Ha yBasi, w10
MOKJIMBI BA HAIPAMKH CIIIHOBOIO MOMeHTAa iMnyikcy. Jlns 1boro sk BUKOpHC-
TOBYIOTH noauaveHus T+. OTie, CTAH €EKTPOHA B ATOMI XapAKTEPH3YETHCA Y0~
THpMa KBAHTOBHMH YHcaaMHu: n, I, m,, m,. B. Ilayxi (1900-1958) noeis, mo asa
€JIEKTPOHH B OJJHOMY ATOMi He MOYKYTh MATH OJJHAKOBOr0 HabOPY KBAHTOBHX YM-
ceJt. Ile oOMexxernHA HA3UBAIOTE nNpuHyunom saboporu ITay.ni.

R Mpurymn Mayni: nBa eNeKTPOHW HE MOXYTb 3HAXOAWTUCHL B aTOMi B OQHOMY i
’ TOMY X KBAHTOBOMY CTaHi.

3rigno 3 npurounoM Iayai ganomy n Bignosinae n® CTaHIB, AKI1 BIAPI3HAKOTE-
p

cA 3Ha4eHHAMH [ Ta m;. KBanToBe uncno m, Moxke HaOyBaTH TiMTBKH ABOX 3Ha-
gedb +1/2 Ta —1/2. Tomy B aToMi y cTaHi i3 3agaHAM n MOKYThH nepebyBaTH He
Giabime, Hixk 2n° eJIeKTPOHIB.




‘_l-——- — T posalA & ksaHTOBl BAACTHMBOCT MATERI [IEELRE

Posrasimemo 6y0BY IeAKHX ATOMIB, BHKOPUCTOBYIOUM npuHun Iayri.

Hactynauii 3a aromom Iigporeny y nepioguunii cucremi arom Nesiio mae gBa
enekTpoHHd. OOU/IBa EJIEKTPOHH MOMKYTh MATH IOJIOBHE KBAHTOBe 4YHcjao n = 1,
OCKIJIBKH IX CHiHM MOMKYTh MATH NPOTHJIEKHI Hanpamku. OTKe, KBAHTOBI UnC-
Ja | Ta m; IOBHHHI AOPiBHIOBATH HYJIO. BignoeigHo B OCHOBHOMY CTaHiI aToMa
Tlenio eneKTPOHM MOXKYTH MATH KBAHTOBI YKcia, AK1 HaBegeHo y Tabanii.

¥ Jlitio TpH eNeKTPOHH, JBOE 3 AKHX MOMKYTh nepedysatu y crai n =1, a
TperTii, mob He nopymysasea npuannn [ayni, mae n = 2. KBanTogi unciia enex-
tpoxis JliTito B ocHOBHOMY cTaHi HaBefgeHo y Tabauui. KBanToBi unciaa rpersoro
I eJEKTPOHA MOXKYTh OyTH i iHmumMH, Hanpukaan, n = 2 ta l = 1, ane y Takomy

pasi Bin mepebyBaTume y 36y MKeHOMY cTaHi, oCKiNbKY piBeHE 3 n =2 Ta [ =1 Mae

BHIIY eHeprilo, Hixk pisers n =2 Ta l=0. Tomy 3 4acoM eJeKTPOH Mepeiije B 0CHO-
BHHH CTAH 3 BUNIPOMiIHIOBAHHAM (GOTOHA.

n l m, m,
He

1 0 0 1/2

1 0 0 -1/2
Li

1 0 0 1/2

1 0 0 -1/2

2 0 0 1/2

AHANOTIYHO MOYKHA MPOMOBMKHUTH Mepelik KBAHTOBHUX YHCeN AJA OCHOBHOT'O
CTAHY CKJAJHIIINX aTOMIiB.

EnexrponHi koHdirypauii atomis. Sk BigoMo, KiNbKicTs eJleKTPOHIB y aTOMi
JIOPiBHIOE KiJIbKOCTI OpOTOHIB B AApi aToMa i JOpiBHIOE MOPAJKOBOMY HOMEDY
ximiunoro enemenTta B Tabanni Mengeneesa. Biakpurra ¢isuunoro amiery no-
pAAKoBOro HoMepa ta npueEnHny Ilayni o6rpyHETOBYE NepiognuHicTE pO3MimieH-
HA XiMiYHHX eJIeMeHTiB.

Poanozin enekTpoHiB o opbiTansx B ocHOBHOMY (He30ymeHOMY) cTaHi aTO-
Ma 3alMCYIOTh 34 JOIOMOIOK eJeKTpPoHHOIL dopmyan. i sanucy eleKTpoHHOL
(OPMYJIH KOPHCTYIOTECH IEBHUMH [I03HAYEHHAMH,

CYKYIHICTE eJIeKTPOHIB, 1110 MAIOTE OJJHAKOB] 3HAYEHHA YHCJIA N1, YTBOPIOIOTH
060NIOHKY, AKY IPUIHATO No3HaYaTH OYKBEeHHUM CHMBOJIOM (AuB. TabIHIII0).

3HayeHHs n 1 2 3 4 5 6
MNo3Ha4yeHHs 060NOHKK K L M N 0O P

EnexkTpoHu 3 0MHAKOBUM 3HAYEHHAM [ HaJle:xkaTh oqHii nigobosoni (opbita-
ni). Yuenosi 3EaueHHA [ 3aMiHIOIOTE OYKBEHHUM NO3HAYEHHAM (JHB. TAOIHI0).

3Havenns [ 0 1 2 3 4
Mo3Ha4eHHs 060NOHKM s P d f g

Crianaouu cxeMH GYIOBH eleKTPOHHHUX 000JIOHOK ATOMiB, KEpYIOTBCH Ta-
KHM QJITOPUTMOM;

BuaHauawoTh KiJIBKICTE €JIEKTPOHIB B eJIeKTPOHHI 06000 aToMa (XiMiuHO-
ro eleMeHTa) 3a Horo mopAgKOBEM HoMepoM y Tabauni Menzneneesa.



A 3a HOMepoM mnepiogy BH3HAYAKOTH KIIBKicTh

4 g9 eHepreTHYHHX PiBHIiB n B enleKTpoHHIH 060m0HI.
H BusgauaoTh MAKCUMAJBLHY KiNBKICTE eleKTpo-
HH_H% HiB HA KOMHOMY €HepreTHYHOMY PiBHI 3a (opmy-
3 ﬁﬂ 3@ 18 .nf);o.2n2 (kinbkicTh enexTpoHiB HA BOBHiHIHLOM-'.Y
ﬂ- S3p PiBHI BH3HAYAECTHLCA HOMEPOM I'DYIIH /I eJIEMEHTIB

i} TONOBHHX nigrpyn v Tabauni Menjgeneesa).

-g 2 H% 8 Yucmo opbitanei 2Ha eHepTeTHYHUX PiBHAX pis-
o o,2P He, BOHO nopisHIOE N°. HiJTBRic“Th hopm opﬁi'::a.ueii.
<5 AKI YTBOPIOKOThH €HEPTeTHYHWH piBeHb, AOPiBHIOE

1 T‘i‘ls 2 momepy mporo pieasa. Ha mepmomy pisgi (n = 1)
ofHa s-opOiTans, Ha gpyromy (n = 2) — 4OTHPH: OJHA
Man. 283. Cxema 3abynoen 8- 1 TpH p-opbitaii, Ha TpeTsomy (n = 3) — neB’ATh:
EHepreTUYHUX piBHIB onHa -, TpH p-opbirtani i n’aTe d-opbiraneii.
Ha xkoxniii opbirani moxe nepebyBaTH MakKcH-
MYM J[Ba eJIEKTPOHH 3 HPOTHJIEKHUMH CIIiHAMH.

3aceneHHs ejeKkTpoHamMu opbiTaneit mignmopsakoByerbes npasuay I'yunda:
3acejleHHA opbiTaneii, Mo HaJeXATh OJHOMY €HEPreTHYHOMY PiBHIO, ITOYHMHA-
€THCHA 3 OJJHHOYHHX eNeKTPOHIB 3 napajlelbHUMH CIiHAMM, 1 JuIIe micjs Toro,
SK eJIEKTPOHH 3aHMyTh yci opbiTasi, mounHaeTbCA 3acesieHHA opbiTanell mapaMu
€JIEKTPOHIB (3 MPOTHIEKHUMH CIiHaMu).

Ha man. 283 nokasano cxemy 3a0y/10BH eHEPreTUYHUX PiBHIB.

Ha man. 284 naBefieHO MPHKJIAJH eleKTPOHHHUX (OPMYJ Ta eJeKTPOHHHUX
KOH(pirypamii reaKux xiMiuHMX esleMeHTiB.

Ockinexn OypoBa 30BHIIIHIX eHePreTHYHHX pPiBHIB NMepiofiIMMHO MOBTOPIO-
ETBCH, TO I¢ 3YMOBJIOE NEpPiOfHYHY IIOBTOPIOBAHICTE BJAACTHBOCTEH XiMIYHHX
enemenTiB. Tak, y Me:xax nepiogy MeraiiuHi BIACTHBOCTI eJIEMEHTIB IOCTYIIOBO
nocnaabiIiioTECA, & HEMETAMIYHI — HOCHIITHCA; OCHOBHI BJACTHBOCTI OKCHIB
i rizpokcuzie eneMeHTiB NOCTYNOBO NOCHA0IIOIOTECH, @ KHCJIOTHI — IIOCHJIIOIOTh-
cdA. ¥ TOJIOBHMX MiArpynax ejleMeHTiB — HABIIAKH.

SHawuM MicHe eleMeHTa y HeplogHYHI# cHCcTeMi, MOMKHA CYIHTH PO OVAOBY
Horo aToma, & BIITAK — i IpPO BAACTHBOCTI TPOCTO] PEHOBHMHHM, YTBOPEHOI LM eJle-
MEHTOM, XapakTep Horo oKcHAY i rizpary okcuay Tompo. [lna npukiany, oxa-
pakKTepu3yeMo XiMiunuit eiemenT Harpiii.

Harpiit posmimenwnit y 3-my nepioji, 8 1A rpymi. ITopaakosmnii Homep 11, Big-
HocHa aTomHa Maca 23. B aromi Harpiw € 11 enekTposis, Kl po3anogiagioThea
HA 3-X eHepreTHYHHUX PiBHAX (3rilHO 3 HOMEpPOM MNepiofy): Ha MepInoMy piBHI
(n = 1) ongua s-opbitans, Aka MicTUTH 2 $-eJeKTPOHM, Ha Apyromy (n = 2) oxHa
s-opOitans (2 s-eneKkTpouu) i Tpu p-opbirani (6 p-enrekTponin), ToAi Ha TPeTHOMY
pieHi (n = 3) € 1uie 0UH eNleKTPOH (s-esiekTpon). Tperiii pisers B aromi Harpiro
noynHae 3abynosysarHch. OckinbKE HA MOYATKY mepiogy poaMilyIOThCH eje-

2p 2p

2s| 1 2s(ti[ 1[4
1s H 15|14

;B 1s22s22p! Bm g0 1522s22pt OH_J'
Man. 284. EnexTpoHHi opmMynn Ta kowdirypauii ans bopy ta Okcureny
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MEHTH, B AKHX HEBEJIHKE YHCJI0 BAJEHTHUX eJIEKTPOHIB (Ha 30BHIIIHBOMY eHep-
reTHuHOMY piBHi) i BenmKHi paziye aroma, To arom Harpiw, mo mae 1 BaneHT-
HUIl eleKTPOH, Jerko iforo Brpadae. Tomy Harpiii BUABIfAE ACKPABO BUpaXKeHi
MeTaJiuHi BJACTHBOCTI.

AaitTe Bignosigi Ha 3anuTaHHa

1. HAk 3a [ONOMOroK KBAHTOBOI MEXaHIKWM NOACHIOETLCA DyaoBa enekTpoHHux oBono-
HOK aToMiB?

2. Y YoMy cyTb NpruHuMny Mayni?

3. Aka i3 HaseneHux enekTpoHHwx GopMyn Hemoxnuea: a) 15223221)5353;
6) 1s%2s22p*3s%4p?; 8) 1s225%2p*3s'?

4. 3anuwite enexTpoHHi dopmynn atomie Ca, ClI ta 300pasite X enekTpoHHi
koHdirypauii.

§ 75. CnexkTpu Tenn0BOro BUNPOMIHIOBaAHHA
Ta nioMiHecueHuil

Tennoee BUNPOMIHIOBaAHHA Ta NIOMiHecUeHWisA. BunpoMiHioBaHEA TinaMu
eJeKTPOMATHITHEX XBHJIb (CBITIHHA) MosKe 31HiCHIOBATHCH 38 PAXVHOK Pi3HHX
BuaiB eneprii. HaimomuperimmuM BHAOM BHMIIPOMIHIOBAHHA € MeNnJiog8e — BH-
NPOMIHIOBAHHA eJIEKTPOMATHITHHX XBHJIb 38 PAXYHOK BHYTPilIHBOI eHeprii Tij.
UnM BHINA TEeMIIepaTypa Tijia, THM MIBH/IIE pyXanTbesa aroMu. I1ig yac 3iTkHeHb
MIBHAKHAX ATOMiB YacTHHA IX KiHeTHuHOI eHeprii nepeTBOPHETLCA B eHepriio 36y-
JPKeHHS ATOMIB, AKi IOTiM BHIPOMiHIOOTE CBITIO.

Bei inmmi suam cBiTiHEA, Q08 AaKAX 30y1KeHHEA BiA0yBacThCA 38 paXYVHOK iH-
mux BHIB edeprii (kpim Tensopoi), 00’ JHYIOTE MiJ 3arajlbHOI HA3BOIO JAHOMi-
HecyeHuis.

.5 Jhiominecyeryia — BANPOMIHIOBAHHA CBITNA [KePenom 3a PaxyHOK HaaX0oKeH-
HA [0 HLOrO eHeprii, Aka NPWMBOAWMTL aToMK axepena y 30yoXeHwin cTaH B
peaynLTaTi HeTennoBUxX NPOLECIB.

3a TpuBajicTio icHyBAaHHA aToMiB y 30yI:KeHOMY CTaHI JIIOMiHeCIEeHIIiI0
HOALAAITS HA ayopecyeHiito (IMBUAKO 3aTyXaKuy, 4ac cBiTiHHA nopsaaky10 ®c)
i gpocpopecyenyiio (TpuBasy, Hac cBiTiHHA OlABIIAH 3a 10 %c).

3a MexaniaMoM 30yIKeHHA aTOMIB JIOMiHeCIeHIi IO DOALIAIOTE TAK: .

Kamodonwminicuenyia — eBiTinua Tia, BHKIRKaHe DoMOapAyBaHHAM pedo-
BUHH 3apsAAMeHUMH dYacTHHEaMH. Hanpuriaaj, cBiTiHHA eKpaHiB eeKTPOHHO-
IpOMeHeBHUX TPYDOK,

Eaexmponwminicyernyia — cBiTiHHA PeYOBHHH MiJ Yac NPOXOAXKeHHA depes
Hel eJIeKTPHYHOro cTpyMy abo mij BIJIHBOM eJIeKTPHYHOIO NoJdA. 3 IPHKJIAag0M
eNeKTPOJIOMIHecIeH11il MH 03HANTOMMJIHCH, BUBYAIOUH ra3oBi pospaau. IlieHiune
CSBO — ABMILE eleKTpoaioMigectienii. [loToku sapaAnxeHNX yacTHHOK Bix Con-
1A 3aXO0MIIIOTECA MATHITHUM nojeM 3emJi, 36y3KYIOTE ATOMHM BePXHIiX IIapis
armMocdepn 1 COpUYMHIOIOTL IX cBiTiHHA. EnexTpoiiominecneHIiss BjacTHBa
TAKO}¥ HAMIBIPOBIIHUKAM, AKi 3aCcTOCOBYIOTH Yy cgim.aodiodax. Ilix uac npony-
CKAaHHA OPAMOro CTPYMY Uepes p—n-uepexij ceitiogioja erekTponu i aipku in-
TeHCHBHO PEKOMOIHYIOTE, BUIIYCKAKOUN KBAHTH BUIIPOMiHIOBAHHA. ¥ IBOMY pasi
eeKTPHYHA eHeprisg nmepeTBoOpIETLCH B cBiTIO0BY, TOOTO BinbyBaeTwea mpouec,
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3BOPOTHHII T0 BHyTpimHELOro dgoroedexry. Kpemuieni ceitnonionn € miepena-
MH IH()pavepBOHOTO BUIIPOMiHIOBAHHSA, 4 CBiTHOAioAM HA Kapbiai kpemuio (SiC),
thocdizi ramxiro (GaP) BHIpoMiHIOIOTE BHAHME CBiTJIO.

Xeminwominecyernyia — CBITIHHA, AKe BHHUKAE BHACIIOK eKsoTepMiuHOl
ximiunol peakmii. Hanpuknapn, ceirinas Tpyxijoro gepesa, rHuii. Ileil Bujg
CBITIHHA BIACTHBHI [AeAKMM XKHBHM OpraHisMaM — KOMaxXaM-CBITJIAYKaM,
HesKHM BHAAM pH0, 10 MEIIKAIOTEL HA 3HAYHIN ranbuHi.

Pomontominecyenyia — CBITIHHA TLI i BIJIMBOM ONPOMIiHEHHA iX BHAHMHM
CBiTJIOM, yJIbTPadioleToOBMMHU, PEHTIeHiBCEKHMH, FaMMa-IIPOMeHAMH.

Ax npasuno, cBiTn0, AKe HajaEe Ha PEYOBHHY, YACTKOBO BinduBaerTscs, a
YACTHKOBO MMOTJIMHAETHCHA Hel. EHepria morauAyTOro cBiT/ia HepeBa)kHO TiILKH
Harpisae Tino. IIpore gns feAKUX pedoBHH Iiel eHeprii JOCTATHBO JJIA TOTO, 00
pedoBHHA mouana ceitutuck. Hanmpukiaag, ceirHa dgapba, AK00 NOKPHBAKTH
LOpOHIi 3HAKH, cBiT/oBigbHBaui TOIIO.

Bunpominere mij wac doromoMiHeceHnii ¢BiTI0, AK NpaBuio, Mae Hiabmry
OOBIKHHY XBHJb, Hi}X BUIPOMiHIOBAHHA, fAKe 30ymxkye cBirinma. Hanpuxman,
Ao Ha (Quwoopecnein (opraniuauil 6apBHUK) CIPAMYBATH CBITJIOBHH IVUYOK,
nponyiesuit Kpiss diomeroBuit ceiTaodinbkTp, A pigMHA NMOYMHAE CBITHTHCH
3eJIeHO-KOBTHM CBiTJIOM, TOOTO cBiTJIOM GinbImol MoBKHHEYN XBUII HixK diosmeTose.

fAsumie doromomiHecueHIil 3aCTOCOBYEThCA B JaMIax INEeHHOrO CBiTIa.
C.1.BaBHJIOB 3aIIpONIOHYBAB NOKPHBATH BHYTPIIIHIO TOBEPXHIO PO3pAAHOI TPY6-
KH DeYOBHHAMH, 3JAaTHHMH ACKPABO CBITHTHCH IIiJi i€l KOPOTKOXBHJIBOBOI'O
BHUITPOMiHIOBAHHSA ra3oBoOr0 PO3pALY.

Buow cnektpis eunpomivosanHs. e v 1666 p. 3a nqomomMoroio cKIAHOL
TpurpasHoi npuamu 1. HeioTOH Buepline BCTAHOBHE, 110 Oije cBiTJIO PO3KIANAETE-
cA 'y cyuineHui (HemepepBHuit) cnekTp. CriekTp Gisloro cBiT/Ia MOXKHA OLEPIKATH
1ie ¥ 3a qonoMorow audparmiiaol rpatku. J1sa TOYHOrO JOCTiKeHHA CIEKTPIB
BHKOPHMCTOBYIOTH CIleliajbHi OpHIafu — cnexmpansii anapamu, ki nobpe BH-
OKPEeMJIIOIOTE XBHJII pisHOI ZOBKMHY i He JonycKaiTh (abo Maiixe He gomycKa-
I0TB) IX nepekpuBanHsa. Haluacrime 0CHOBHOK YaCTHHOK CIIEKTPAJIBHOIO ana-
para e npuama abo gudpaxuiiiga r'paTka.

CrekTpanbHU CKJIAK BUTPOMiHIOBAHHA PI3HUX PEYOBHH [OCHTh Pi3HOMAaHIT-
awuil. IIpore Bei cnekTpu MoXKHA MOALTHUTH Ha TPH T'PYNH: aikillvami, cMyzacmi
Ta HenepepaHi.

ITpo ainifiuari cnekTpu Mu Baxke Aero ropopuiu y § 70.

Jinittwamuil cnexmp e ONTHYHE BUIIPOMIHIOBAHHS MOOAHHOKHX 30y IKeHIX
aToMiB, AKe BHHHKAE 3aBIAKH KBAHTOBHM II€PEX0JaM MiX eJIeKTPOHHHMH DiB-
HAMH eHeprii (amomui cnexmpu).

Jliniftyari cneKTpH BHIPOMIHIOITE YCi peUYOBMHH B rasonofibHoMy aromap-
HOMY (ase He MOJIEKYJIAPHOMY) CTaHi, NPUYOMY KOMeH XiMIYHHMH eJleMeHT Jac
CBiH JiHIAYATHI clIeKTp, AKHH He 36iraeTscA 3i cneKTpaMu iHIIMX eleMeHTIB
(man. 274, §70).

Posknagaoun TensoBe BUNDOMIHIOBAHHA Y CIOEKTP 3a JOMOMOrow Judpak-
niftHol r'paTKM i BEMipIOKOYH IHTEHCHBHICTE PI3HHX AiJAHOK CIEKTpa, OTPHMY-
I0TH PO3IOJLJ eHepril BUNPOMiIHIOBAHHA 3a JOBKHUHAMH XBHIb. Ha man. 285 zo-
GpasxeHno npubJIU3HMHE PO3NOAiT IHTEHCHBHOCTI BUTPDOMIHIOBAHHS 34 JOBYKHHOIO

LA A,
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XBHJIL ¥ niHiHgaTOMY cieKTpi. K BUIHO 3 MaIOH-
Ka, KOXXHAa JIiHiA Mae CKiHYeHHY IIIHPHHY. .

OcHOBHA BJIACTHBICTE JiHIiHUYATHX CIEKTPIB 110-
JIAra€ B TOMY, II0 JOBXHHH XBHJE (abo wacToTH)
JiHIHYATOrO crneKTpa AKoi-HeOyIb pedYOBHHH 3a-
JesKaTh JHIe Bijg BiacTuBocTeH aToMiB miel peyo-
BHHH, i 30BCiM He 3ajiexaTs Big ciocoly a0y mxen-
HA CBITIHHA aTOMIB.

BunaTKOBY cTajicTs 4acTOT BHIPOMiHIOBAaH-
HA aToMiB OyJi0 BHKOPDHCTAHO JAJA BU3HAYEHHA
eTAJIOHA OCHOBHOI OJJHHHIIL Yacy — ceKyHau. iaa
1Oro 6yJ10 B3ATO OHY 3 YACTOT BUIMIPOMIHIOBAHHA  Mapn, 285. Posnoain cnekTpans-
aromie Ileairo-133, i cekyHAY 03HAUKIHN AK iHTEp- HOT FYCTWHW iIHTEHCUBHOCTI
BaJI Yacy, IPOTArOM SAKOrO 3AiHCHIOETHCA IeBHe BWNPOMIHIOBAHHS B NiHIAuaTOMY
ypeso Koausans (9 192 631 770), mo Bignosigae CReKT
i yacroTi.

Cmyzacmuil cnexmp Mae BUTIAL KOJLOPOBUX CMYT, PO3JileHHX TeMHHMH
OPOMIdKKaMH (MONeKYJAAPHI cnexmpu).

YTBOpeHHA MOJIEKYJH 3 ATOMIB 3MiHIOE eHepreTWdHi pieHi soBHimMHIX
eJeKTPOHIB, OCKIIBKY ¥ MOJIEKYJI1 BOHM B3a€MOAi0TH OAHH 3 ogHuM. [lo Toro *,
BHHHKAIOTH JOLATKOB] piBHI, 1110 BiANOBiAaI0TE KOJIMBAHHAM aTOMiB i 0BepranHio
MOJIeKYJIH AK minoro. EHepreTHusi piBHI KonuBantsHOro Ta 06€pTaJIbLHOrO PYXiB
rakoy KBaHToBaHi. TaKMM YMHOM, KOMHUN aToMHKI piBeHb PO3YEILIIOETECA HA
pax 6aM3EKKUX piBHIB. ¥V pesyabrTaTi nepexofiB MiK IIMMU DiBHAMH i BUHHKAaE
CYKYIHICTE JNiHi#, [0 yTBOPIOE CMYTY.

Y HenepepsHomy cIIeKTPl HEMa€ TEMHHX IIPOMIMKKIB, 1 HA eKpaHi CIeKTPaIb-
HOr'O anapaTra MOKHa No0AYHTH CYLIJBHY Pi3HOKOJIBOPOBY cmyr'y Ile osnauae,
1110 B CIIEK TPl HAABHI BCi JOBXKMHHM XBHIIb.

HenepepBEuil ClIeKTP BHOIPOMIHIOIOTE PodiKapeHi Tepi Tina i poairpiri pi-
OIUHH, AKi nepefyBalThL 3a JaHOl TeMIepaTypH V cTaHi TepMoauHaMiyHOl piB-
HOBArdH 3 BHNpOMiHIOBaHHAM. ['a3M mijJ BHCOKMM THCKOM TeX MOMKYThb BHIIDO-
MiHIOBaTH HenepepBHH crekTp. [ls ofcraBrHa CRITUMTE TIPO Te, M0 ICHYBAHHSA
HEIepepBHOIO CIeKTPa 3YMOBJEHe He TiIbKHU BJIACTHBOCTAMM OKPEMHX BHIIpPO-
MiHIOIOYMX aToMiB, a it 3HAYHO 3anexumb 8id 83aemodil amomis Mixn cololw.

Ha mouaTky nporo posginy My yixe 3'acyBasii JefaKl ocobJMBOCTI BHIIALY
KPHBHX pO3mOAiny eHeprii 3a JOBKHHOI XBHJII Iia abCOMIOTHO YOPHOTO Tina
(man. 264 § 64), a came: dosacuHa x6u.ni, Ha AKY npunadac Halbiabwa eHepzia
BUNPOMIHIOBANHA, MUM MEHWIA, YUM suwia memnepamypa miaa. Ilposogsaun
neransHe pocaimxenHs y 1893 p. B.BiH BHABHB gesAKy SaKOHOMIpHICTE, AKY
HA3UBAIOTh 3aK0HoM Bina: do6ymox doexcuru xeuni, aka 8idnosidae maxcumymy
BUNPOMIHIOBAHHA 6 cneKmpi abconMHO YOPHO20 miid, Ha kozo abcolmuy
memnepamypy € eéeausuna cmaana, A, T=>b.Tyrb— crana Bina, axa fopisHioe
b=0,002892 m - K.

CoexTpaneHME PO3NOAia eHeprii TeroBoro BUIPOMiHIOBAHHA AKOTI0-HEOY/Ab
peaJbHOIO Tijla MOKEe MOMITHO BifipisHATHCH Bijl CHEKTpa BUIIPOMiHIOBAHHSA
abCcoIIOTHO YOPHOrO Tijia, NpPOoTe Mae TAKHI caMHii XapaKTep. ¥ CTAHOBHMEIIIH, Ha
AKY NOBXHHY XBHUJII NpANafae HAUOiIbIIA eHeprid B CNeKTPl BUNPOMIHIOBAHHA
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TiJiA, MOKHA BH3HAYMTH iforo Temneparypy. Ilum cmocofom moxHa BH3Ha-
YUTH TeMIepaTypy poaiuapiaeHoro merany, Comunga, 3ip Tomjo. Takuil cmocif
BH3HAYEHHA TEMIEPATYPH JpKepesa BUIPOMiHIOBAHHA HABUBAITE ONMUYLHONO
nipomempieio.

CnexkTpu NOrnuMHavHa. Yci peYoBMHM, aTOMHM AKHX mnepebyBaioTh y 30y-
IKEeHOMY CTaHi, BHIPOMIiHIOIOTE CBiT/IOBL XBuIi nesHol goxxuau. [Tornmunanua
CBiTJIa peYOBHHAMH TAKOK 3AJIEKHTH B HOT0 JOBXKHHYA XBHJIi. 3HAYHUEH iHTEp-
ec CTAHOBHTH BHBYEHHS CIEKTPiB MOTIMHAHHA OJHOATOMHMX rasis, AKi maioTh
Jimifuari cmekTpu BUNpoMiHIOBaHHfA. Broepuie Taki gocaimykeHHs nposiB y
1854 p.T'. Kipxrod), axHii BCTAHOBHUB, IO 0ydb-AKA PEUOBUHA NOZAUHAE NEPEBAN-
HO npoMeni mux 008HUH XEULb, AKI cama moxce sunpominweamu. IlosgcHeHHA
CIeKTpPiB IOT/IMHAHHA BUILJIMBAaE i3 nocryaaris Bopa.

CnexTpanbHWi aHania Ta Woro 3actocyBaHHA. CnexTpansHMil aHanis
IIMPOKO BUKOPHUCTOBYIOTH ¥ Hayni i Texmini. Ile ogun 3 Hameuamux i Hai-
npocTimux crnocobiB BHaHaYeHHA CKJIAAy PIBHHX XIMIUHMX CIOJYK, OCKLILKH
KOKHHUI XiMiuHMiI enmemMeHT Mae cBiil xXapakrepHuit minilfivaTuil cmexTp BH-
npoMiHioBaHHA (morawHaHHA). 3a cnekTpamu norjaunHanasa CoHng i sip gocii-
JuxeHo IX ximivaui ckaan, Bunpominosauuasa nopepxai Conna (gporochepn) nae
HenepepBHUM cuekTp. lle BunpomidoBaHHA Mae Temneparypy 6aussko 6 000 °C
i, mpoxoxsauu kpise arMocepy Conus, Temueparypa akoi (2000-3000 °C),
YacTKOBO HNOTJHHAeThed. ArMocdepa CoHIA MOrjJMHAE CBITJI0 MEBHHX YACTOT
(otocdepn, i Ha doHi HenmepepBHOro cnexkTpa gorociepn 3’ ABNAECTHCA Maiixe
20 000 mimi#t mornmEaEHA. 3a UMMM JiHiaM# OyJ0 BETAHOBJEHO, HI0 HA
Conni e BogeHs, Kaabuiil, HaTpiil, saniso Ta inmi ximiuni enremenTu. Bnepme
JocaifzKeHHA TiHIf DOrTHHAHHSA ¥ CIEKTDPI COHAYHOr0 BUIPOMiHIOBAHHA ITPOBIB
y 1817 p. I. ®@paynrodep, ToMmy i jiHil HasuBaloThL PpayHnzopeposumu.

Ilix uac mpoBefieHHA CNEKTPANLHOTO AHANIBY KOPHCTYIOTECHA CHELialBHUMHI
rabaunsaMu abo aTiacaMy CIEKTPAIBHUX JiHilH, B AKUX HaBeJIeHO TOUHE PO3Mi-
MIeHHA JiHii y cHeKTpl KOMHOro XiMIYHOTO ejieMeHTa, TOOTO JOBHHHH XBHIIb,
mo imM Bigmosiaore. 3a 4ONOMOI00 CIIEKTPAILHOIO AHANI3Y OyJIM BiIKPHTI HOBI
ximiuni enemenTn — Py0iniit i ITesiii. I[ixaga ictopis Bigkpurra lemrito. Cnouar-
Ky BiH OyB BUABJIeHHI Mijl Yac aHANI3Y CHEKTPa COHAYHOrO BHIPOMIHIOBAHHA ¥
1868 p., sBigku it moxoguTH Horo Hasea (Big rpen. ¢rexioc» — Conre).

OcHOBHI TlepeBarn CHEKTPaANBLHOTO AHAJI3Y — [Ay’e BHCOKA YYTIHBICTD,
IpocTOTa i MIBUAKICTL MpoBefeHHA — 3YMOBIIOIOTE HO'O IIHPOKE BHKOPHCTAHHA
B Meranyprii i mammuoOyayeaumi, ximii i reosorii, megummni i biosorii Ta
0araThOX IHINMX ranyaax HAVKHY i TeXHIKH,

. Haiite Bignoeiai Ha 3anuTaHHRA
1. Hki pe4oBmHKW AaI0TE CYUinEHWA cnekTp? Aki — niHinvaTui?
2. Y1M BiOPI3HAKOTLCA NiHIAYATI CNEKTPYW PiaHUX rasis i napu?
3. 3'AcyiiTe, AKWIA CNekTP | YOMY BMHWKAE B rasi BHACNiAOK pekomMBiHaLLi NO3UTUBHMX
4,

MOHIB 3 BINbHUMW @neKTpoHaMK.

Yomy cnexkTp BUNPOMIHIOBaHHS MOHI30BAHOIO rady Mae 4iTko BUpaxeHy JOBroxsu-
NboBY Mexy?
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§ 76. PeHTreHiBCbke BUNPOMIHIOBAHHSA

BiokputTa i BNacTMBOCTI peHTreHiBCbBKOro
sunpomiHoBanHa. Hanpukingi XIX cer, saransny
yBary ¢isukiep DpuBepHYB rasoBHI pospanx mij
MAJHM THCKOM. ¥ TasopospaaHii TpyOini BHHUKAB
MOTiK YACTHHOK HeBigomol npupoau. OcKiNbEKH cBilt
[o4yaToK BOoHO Opasio Ha KaToji TPyOKH, IPOMiHHA
HasuBaau wamoduunm. Ilisaime Gymo 3’AcosanHo,
[0 KATOJHE MPOMIHHA — I IOTiK eJIeKTPOHIB.

Hocnimxysanu karoxre mpoMmiaasa Isan ITymon
ta Binbsam Pearren. 1. Ilyaroi gocnigxysae KaTox-
He npominaA 3a 10 pokie go Bigkpurra B. Pearre-
Ha. Bin nomiTie, mio poronracTHHLKa No0JIH3Y raso-
po3paaHol TpYOKH 3acBiuyBaIack HABITEL TOJL, KON
rpyOKa Oyaa obropayTa wopEAM mamepoM. Taxum
YMHOM, HOMY BJANOCH BCTAHOBHTH, 110 HeBigomi
NpoMeHi, AKi BHHUKAIOTE i yac poboTH TpyOKH,
apaTHi BuxoauTy 3a 1i mesxki. ko mixk TpyGrow
i (hOTOIIACTHHKOIO PO3TALIOBYBAJIM AKHIICE NIpe-
MeT, HeBioMi npoMeHi IPpOHUKAJIH KPisk HBOro i 3a-
criuyBaH GOTOIIACTHHKY. ¥ Takuil croci6 101890 p.
I. ITynioit orpumas «(ororpadii» ckesera »xabdbm
Ta quTA40l pykH, Akl Oyiu onyOaikopaHi B sKypHA-
nax €sponn. 3i ceoivmu npansamu 1. [Ty osHaiio-
muB B. Pentrena, Axnii i sanaTenTyBas BIAKPHTTA.
Penrren Hassap Ll nmpoMeHi HeBigomol mpuponn
X-npomenamu,. 11a nazpa abepersacs QOHUHI B aH-
rJI0MoOBHIN Ta (DpaHKOMOBHIN HAYKOBiA JiTepary-
pi, BBifimoBIIN B MOBM DaraTh0X HAPOAIB CBITY. ¥
HaIni kpaini Mu gacrilie BUKOPHCTORYEMO HA3BY
PeHmezeHIBChIce GUNPOMIHIOBANHA, XOYA IONPABY HOI0 MOYKHA HA3BATH NYNLIOIECHKE
NPOMIHHA.

PenTtreniscbKi nmpoMeHiI VTBOPHOIOTHCA I 4Yac ralbMyBAHHA IIBHAKHX
eJeKTpoHiB. HaBKONIO MOTOKY IHMX eIeKTPOHIB iCHYE MArHITHe MOJNe, OCKITBEKH
HANPAMJIEHHH DYX €JeKTPOHIB € eJIeKTPHUYHHM CTPYMOM. ¥ MOMEHT yiaapy o0
mepemkoay i piskoro ralsMyBaHHS e€JeKTPOHA HOro MarHiTHe mnojie IMBHAKO
aMiHIOETLCA, i B IpOCTip BUIPOMIHIOETLCA €JEeKTPOMATHITHA XBHJIfA, JOBMKHHA
AKOL THM MeHIIIa, YuM OLablna MBHAKICT eJIeKTPOHA [0 yaapy of nmepemwoay.

Penrrenisebki npomeHi nobyBawTh 3a JOMOMOIOK cHenialbHHUX [BOX-
eJeKTpoAHux namu (man. 286), Ha AKI mOZAETHCA BHCOKA HANPYyra MOPAAKY
50-200 kB. IMpuauun gii perrrenisenkol Tpyoxu rakuit. ExexTponu, mo ix BH-
OYCKAae PO3MAPEHNH KATOJ PeHTTeHIBChKOI TPYOKH, IPHCKOPIOIOTECA HOTYKHHAM
eJIEKTPUUYHHUM I10JIEM ¥ IPOCTOPI MizK aHOAOM 1 KATOLOM i 3 BEJIMKOIO IBHAKICTIO
yrapsaoThes 06 anoj. IIpu oMy 3 TOBEepXHi AHOAA BUNIPOMiHIOETHCA PEHTIeHiB-
ChKE IPOMiHHSA, fiKe BUXOAUTh HAB0BHI KPi3b CKJIO TPYOKH.

AR K eJeKTPOHH B MPHCKOPIOKYOMY oJi HabyBalOTh JOCTATHRO BEeJIHKOL
IMBUIKOCTI, 00 IPOHUKHYTH BCePeIWHY ATOMIB PEYOBHHH AHO/A | BUOUTH OLUH




i3 eleKTPOHIB HOro BHYTPIIHEOrO MIADY, TO HA HOro
Miclle mepeXoAuTh eJeKTPOH 3 Bifaienimoro mapy a
BUIPOMIHIOBAHHAM KBaHTa BeJIMKOI eHeprii.

Taxkum YMHOM, PEHTreHiBChbKe BHIIPOMIHIOBAHHS
BHHHMKA€E BHACHIIOK TAJbMYBAHHA MIBUAKHX eJIeK-
TPOHIB y pedYoBHHI Ta BHIPOMIHIOETHCA mif uyac
€HepreTUYHHX TeDeXOofiB eJIeKTPOHIB Mix piBHAMH
BHYTPiIIHiX 000JI0OHOK aTOMA.

PenTreniscbKi mpoMeHi poa3pisHAIOTE 3a 1X Hcopcm-
Kicmio: TMM KOPOTIIA NOBYCHHA XBHUJI PEHTIEHIBCEKHX
NpPOMEeHiB, THM BOHH 3KODPCTKimi.

BaxxnmnBoio 0coOMHBICTIO peHTTeHiBCLKHMX IIpoMe-
HiB € IX BUCOKA IPOHUKHA 3JaTHICTE. YHM opceTKimi
pPeHTreHiBcbKi mpomeHni, THM ciabille BOHH MOIJIMHA-
IOTHCA i THM BHITIA 1X IPDOHUKHA 31aTHicTh. [lornaan-
Man. 286. Cxema peHTre- HA DPEHTTeHiBCBKHX IIPOMEHIB PeYOBHHONO 3aJIEKHTE

HIBCBKOT TPYGKM Big 1i nmpupogu. Jobpe MOraMHAIOTL DEHTreHiBCHKL
IPOMEHI ATOMH BAXXKHX eJIeMeHTiB, He3BAMKAIOUH HA
Te, A0 CKJIANY AKHUX XiMiYHHX peYOBHH BOHH BXOIATE.

Arx i Oyap-siki emekTpoMarHiTHI XBHJi, peHTre-
HiBCBKi MpOMeHi He BiIXHMIAKTHCA B €JIEKTPHYHOMY
i maraiTHOMY nonax. BoHu Maiiike He 3aJIOMIIIOKOThH-
cd, MepexofdAYH 3 ofNHOrO cepeloBuia B inme. ITio
BJIACTHUBICTEL Y MOEJHAHHI 3 X BHCOKOI0 HPOHHKHOK
3HATHICTIO BHKODHCTOBYIOTE ¥ NPAKTHYHHX IIiJAX B
MeqUIMH], TeXHili, BHMpoOHUITEL.

JdoBruii wac micns BiAKPUTTA pPEeHTreHiBCBKHX
IPOMEHIB He BAABAJIOCH BCTAHOBHTH 1X XBHJILOBI BJIac-
Man. 287. EnektpoHorpama THEBOCTI — cIocTepiraTtu ix gudpakmiio i BuMipaTua go-

kpucTtana Gepuny BXKHHY XBHII. Yci cnpobu BuKopHeTaTH gudpakniiai
I'paTkH, OpH3HA4YeHl JiIA NogiOHHX [ocHifKeHb, He
JaBaJid HiAKKX peayabrariB. ¥ 1912 p. Himenpkuii disuk M. Jlaye 3anponoHyBas
BHKODPHCTATH JIJIA CTIOCTEPeeHHA AU paKIil peHTreHIBChKHX HPOMEHIB IPHPOJ-
Hi kpucrann. Jlocaigy moKasanM, M0 By3bKHUH ONYYOK PEHTTeHiBChbKHX IIPOMEHIB,
IPOMINOBIIN KPisk KPHUCTAJ, ja€ Ha ekpaHi abo ¢oromwnisni ckiragny audparii-
Hy kaprury. Onep:xyBana qudpakniifHa KAPTMHA HA3HBAECTHCH €ACKMPOHOZPA-
morwo, Ha man. 287 paa npuKiIazy HaBejeHO eJeKTPOHOTDAMY KpHCTANAa Oepuiy
(bepma — miHepas KJjacy cHIIKaTiB). 3a JOMOMOrOI0 eeKTPOHOTPAM BH3HAYAIOTh
CTPYKTYDPY PeUYOBUHH — DPO3TALTYBAHHA ATOMIB Y KPHCTANAX [JaHOI peYOBHHH.

Bupuennsa audparnifinol KapTuHHu, oTpHMaHol Bij KpHerana xaMm'aHol coui,
Jajo 3MOry BH3HAYHTH JOBMXHMHY XBHJi DEHTreHiBCBKOr0o BHUIPOMIiHIOBAHHA,
OCKIIBKH BifcTaHp Mix BysnaM# uiel KpHcramiynol rpatkm Bigoma. Byno
3’ ICOBAHO, [0 JOBKHHA XBHUJIi DEHTIeHIBCHKHX IPOMEHiB B lecaTkH i coTHi pasis
MEeHIIa 3a JOBXHUHY XBWJI BHauMoro cBitiaa. Crano sposymino, woMy ONTHUHI
aAudpakxniifyi rpaTkn He JaBaau NOTPiOHUX pe3yJbTATIB.

e PeHTreniscske BWNPOMIHIOBAHHA — ENEKTPOMArHiTHE BUMNPOMIHIOBAHHA,
’ wo mae yactoty Big 3-10"7 ao 3-10™ Iy (sianosiaHO AOBXMHA XBUNI Y BAKYyMi
10°-10""" m).
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Hocnignm 3 audparnii peHTreHiBCBKOT'O [ : T
BUIPOMIHIOBAHHA, Y CBOI 4Yepry, JOIOMO- [ 1
[JIM yTRepAUTHCA rinoresi ge Bpoitnsa mopo
XBHJIBOBUX BIACTHBOCTEH YACTHHOK.

@ PexTreHisceki cnexrtpu. Posrisamemo
0coOJTHBOCT] CIEKTpa BHIIDOMIHIOBAHHSA PEHT-
reHieceKol TpyOKku. BUraaa TumoBoro peHTre-
HIBCBKOTI'O CHOEKTpA HaBeleHO Ha maJ. 288. Ak
BHJHO 3 MaJIlOHKA, PeHM2eHieCbUL cnexmp —
e HellepepBHHUI CNEKTDP, AKHH oOMexyeTbcs
rpaHMYHOIO JIOBJKMHOIO XBHJII A, Ta Mae
XapaKTepHiI MAKCHMYMH, 1[0 HAKJaaloThed Ha Man. 288. Pentrexiscokuit cnektp
HelepepBHUH CIIEKTD.

Axuo esepris enexkTpoHis, mo GomMOapayiOTE AHOJA, He AV Ke BeIHKa, TO
CIIOCTEPIraEThCH JIMINEe raJbMiBHe BHOPOMiHIOBAHHSA, caMe BOHO Mae Heme-
PEPBHHI cleKTp, 00pisaHH! HA [JOBXHHI XBHJII lu, AKAa 3aJIeKHTE JIMIIe Bij
npukIagenoi jgo Tpybku Hanpyru. 3 NiBMINeHHAM HANPYTY HeNepepBHUN
CHEeKTp Ta HOro rpaHAYHA JOBXKHHA XBHJ 6y AyTE aMilIyBaTHCE BJIiBO.

fAxrmo x eHepriA eleKTPOHIB AOCTATHA [/ BHDUBAHHA €JIEKTPOHIBE i3 BHY-
TpimHix 0600HOK ATOMIB PeYOBHHEM AHOAA, TO BAHMKAIOTH XapaKTepHi mimii. Ix
MOJIOKeHHA He 3MIHETECH 31 aMiHoo0 Hanpyru. Ile cBigumrs npo Te, 110 YacToTA
OUX JiHi¥ 3a1€XHTH Biji TPHPOIH PEYOBHHHA, 3 AKOI BUTOTOBJIEHO eJIEKTPO (TOMY
BHIIPOMiHIOBAHHSA HA3HMBAIOTh XapaxkTepuctuuiuM). IIpupoay minifigaToro cnekx-
Tpa XapakTepPHCTHYHOrO PEHTTeHIBCHKOTO BHIIPOMIHIOBAHHA MOJKHA 3pO3yMiTH,
BHXO/IfAYH 3 yABJIeHb Tpo OyaoBy aTroma. KinbKicTh eleKTPOHIB B ATOMI BH3HA-
YAETHCA 3apANOM IXHBOrO AJpa. 3rifjHoO 3 IOM0KeHHAMY KBAHTOBOI MexXaHiKu mi
eJIEKTPOHM MOMKYTh MATH JIHIIE NeBHi JUCKpPeTHI 3HadeHHA eHepril, poaraio-
BYHUYHCH Ha MeBHUX opbiTanax. 30BHIIIHI eJIeKTDOHH ATOMIB BH3HAYAIOTh 1XHI
XiMiuHi BaacTHBOCTI Ta ONTHYHI crnexTpu. EnexTpoHH BHYTpimHIX 000J0HOK
obeprarThcA HABKOJIO AZED i3 BeJIMKOI0 MIBHAKICTIO H MalOTE 3HAYHY eHepriio,
ChoexkTp 3Ha4YeHb i€l eHepril xapaKTepHHU A4 ATOMA KOXHOI0 XiMiuHOro ene-
MEHTAa i He 3aJIeKHTh BijJ TOTO, A0 AKOI CIIOJYKH BXOAUTh XiMiYHMI eJleMeHT.

XapakTepucTHYHEe BUNIPOMiHIOBAHHA BHHHUKAE B TOMY BHIAJKY, KOJH BHAC-
JifoK 3iTKHEHHA 31 MBUAKHM €JeKTPOHOM, OIWH i3 eleKTPOHIB BHYTPiMHBOL
ofoNnoHKHM MOKHAae aToMm. IlepexogAum Ha He3aWHATHH piBeHb, s30BHINIHIHA
eJIeKTPOH BHIPOMiHIOE B peHTreHiBchKiil obsacti cmekTpa, i wacToTa IIBOIO
BHIPOMIHIOBAHHSA 3aJIe’KUTH Bij copry aTtoma ¥ Tux opbitanei, Mix AKHMH
Bi6yBaeThcA nepexia. YacToTH BH3HAYEHI AJ1A KOKHOTO XiMiuHOrO eeMenTa
He 3aJIe’KaTh BiJ THIY XiMiuHMX 3B’ A3KiB.

3asesKHICTD Biji peYOBMHY BHABIAETHCHA TIILKHA B TOMY, 1110 3i 301abIeHHAM
[OPAJKOBOr0 HOMepa eJleMeHTa B cHcTeMi MeHaeseeBa Beck HOro xapaxkTepuc-
THYHHH PEHTTeHIBCHLKHH CHeKTp aMimnyerbes v 0ik kopormux xBuiab. I'. Moani
B 1913 p. noxasaas, Mo KBaApaTHHI KOPiHb 3 yacToTH (a0 BeMUMHM, 0GepHeHOI
JI0 IOBKHHHM XBHJI) IaHOI cIeKTpaJbHOL JIiHil noB’A3aHWit MiHiilHOO 3aNexHic-
TIO 3 ATOMHHMM HOMepoM ejieMeHTa Z. 3akoH Moaui Bigirpas ay:xe BaJIHBY POJIb
y ¢hisuuHoMy oOr'pyHTYBaHHI nepioguyHol cucTeMH MeHaeneesa,

IIpoananisayemo Ha migcraBi KBaHTOBOI Teopii CBiT/Ia HemepepBHHI CIEKTP
PEHTIeHIBCEKOT0 BHIIPOMiHIOBAHHA.
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IIBuaki esleKTPOHU, VAAPAYKUCE 00 IePeIIKOIY, MOXKYThL BrpauaTu abo uac-
THHY cBoel KiHeTHuHOI eHeprii aGo Belo KiHeTHuny eHeprio. (Maiixke 99% croel
eHeprii eJIEeKTPOHM MOYKYTE BiAJIABATH HA TEILIOTY, TOMY PeHTreHiBChKi TPYOKH
oXono:KyITh.) Henepepeuuil xapakTep clieKTpa PeHTreHiBCEKOI0 BUIIPOMIHIO-
BaHHSA BKasye Ha Te, 110 eJeKTPOHK BTPAYalOThL NOBLILHI 3HAUeHHA eHeprii. Ko-
POTKOXBHJILOBA MeKa PeHTreHIBChbKOT0 BHIIPOMIHIOBAHHSA BiJAIIOBilae BUIAAKY,
KOJIH BCA KiHETHYHA eHeprif eJeKTPOHA BUTPAYAETHCA HA BHIPOMIHIOBAHHSA 01
Horo doToHa. [osxkHHA XBHII Takoro GoroHa A, I% = :—; , Ae E, — KineTnuHa
eHeprid eJleKTPOHA, AKA HAMAETHCH HOMY NPHUCKOPIIOUYNM eJIeKTPHYHHM [T0JIeM
E, =eU. PospaxoBaHa y TaKkuii criocif BeJMunHa A, TouHO 36iraeTbes 3 eKcnepu-
MEHTAJLHUMH JaHHMH.

3acToCcyBaHHA PEeHTreHiBCbKOro BMMPOMIHIOBAHHA B Hayuwi, TexHiui,
MeauunHi, Ha BupoOHuUTBI. fIK MU 3’scyBasm, KOXKeH ejJeMeHT jgac CBiif
XapaKTepPUCTHYHHH CIEKTP He3aJIesKHO BiJ TOTO, UM I[ei eJIeMeHT 0 BUNYCKAHHA
PEHTreHiBCBKHUX NpoMeHiB mnepebyBae y BijdbHOMY cTaHi u# B XiMiuHOMY
s’eppanni. Ila ocoGaMBicTE XapaKTEPHCTHYHOIO CIEKTPA PEHTTeHiBCHLKHX
IPOMEHIB BHKOPHCTOBYETECH A1 ifeHTH(IKAaII] pi3HUX eJJleMeHTIiB Vv CKIaqHNX
3’elHAHHAX i € OCHOBOIO PEHTIEHOCIEK TPAJILHOTO AHAIIZY.

K

%I PeHTreHoCnekTpansHWi avanisz — ue posain aHaniTMyHoi ximii, KMl BUKO-
PWCTOBYE PEHTreHIBCLKI CNEKTPW eNeMeHTIB ANA XiMIYHOro ananiay pe4yoBuHK.

Haiifinem [MHPOKO PpPeHTreHOCHEeKTPaJbLHMI aHaJi3 . 3aCTOCOBYIOTE ¥
MeTaJyprili Ta reosorii anf BH3HAYEHHA MAKpPO- 1 MIKDOKOMNIOHEHTIB; AJd
BuaHaueHHa Bmicty Pb i Br B madri i 6ensunax, cipku 8 rasonriui, gomimox y
MAaCTHJIaX Ta NPOAYVKTAX 3HOINYBAHHA B MallWHAaX; JAJIA AHANIZY KATAJII3ATOPIB;
AJIf eKCOPeCHUX CHMJIIKATHUX aHAMIZIB Ta iH.

Bamnusow cdeporo 3acTocyBaHHA PEHTPeHIBCABKMX NPOMEHIB € peHTre-
Horpadia meraniB i cnnasiB, AKa NepeTBOPHJACA HA OKPEMY rajysb HAVKH.
Pentrenorpadis oxonawe pisai cmocobH BUKOPHCTAHHSA pPEHTreHiBCHKHX
NPOMEHIB — PEHTreHiBChKY JeheKTOCKOMil0 (MpocBidyBaHHS), PEeHTreHOCIeK-
TPAJBHUM AHAJI3, PEHTI€HOCTPYKTYPHHH AHANI3, PEHTTEeHIBChKY MiKPOCKOIIi0
Ta iHme.

PenTreniBcbKa CHOEKTPOCKONIS A OTPUMAHHS CIEKTPA BHKOPHCTOBYE
apume audpaknil opomeniB Ha Kpucrasax. Audpakinisa peHTreHiBCBKHX
IPOMEHIB € OCHOBHMM MEeTOAOM BH3HAYEHHA CTPYKTYPHU Kpucraiis. Merogamu
PEHTreHOCTPYKTYPHOI'O aHANi3y BHMBYAIOTH MeTAJH, CIJIaBM, MiHepamn,
HeopraHiyHi ta opraHiuHi cmoayk#, mojgiMeps, amopdHi MaTepiann, piAHHH i
rasu, MoJeKkyau 6inkie, HyKJIeIHOBHX KHCIOT i T.1.

[na ODpopefeHHA YHCACHHHAX AOCHLJMeHL 3a JONOMOIOK PEHTreHiBCBKHX
OpPOMEeHIB BHKOPUCTOBYIOTE CIIEIiATEHI YCTAHOBKH — CUHXPOIMPOHU.,

Ha crorogni y cBiri € 6nussko 70 cuaxporporis. PenrreHisceke BHIIpO-
MiHIOBaHHA, IO OTPDHMYETHCH HA CHHXPOTPOHL, AY:Ke iHTEHCHBHE i JA03BOJsE
AHANI3YBATH CTPYKTYPY MaTepii 3 y:Ke BHCOKOI0 PO3JILILHOKI0 3ATHICTIO.

BrnactuBocTi peHTreHiBCHBKHX MPOMEHIB IMMPOKO BUKOPHCTOBYIOTHCS B Me-
OHILMHL /I8 BUABJIEHHsA 3MiH B opraHismi (peHTreHoAlarHoCTHKA) Ta A8 JiKYy-
BAHHA 3JMOAKICHUX myxiauH. XBOpi KIITHHY 1 TKAHWHEY OPra”iaMy MamTh mij-
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BHIIIEHY YYTJAHBICTE 0 Ail peHTreHiBCBKHX IPOMEHIEB, TOMY BiJINOBIJHOK J03010
BHIIPOMIHIOBAHHA MO’XHA CTPHMYBATH picT i HABiTE pyHlHYBATH XBODi TKAHWHH
Opra”iamMy, He MOLIKOKVIOUH CYCLAHIX 3J0POBHX TKAHHH.

HaiiTe Bignoeigi Ha 3anuTaHHA

1. MoAcHiTe NpuHUMN 36yAKEHHA PEHTreHIBCbKMX NpomeHie. LLLo Take peHTreHiBCcbke
XapakTepucTUYHE BUNPOMIHIOBAHHAT?
’3\ 2. Haman. 288 HaBeaeHO xapakTepUCTUYHWIA CNEKTP PEHTTEHIBCBKOM0 BUNPOMIHIOBAH-
Hl, OTPMMAHKMIA 3a AEAKOI HaNPyru Ha PEHTreHIBCLKIA TPYOLL. AK 3MIHUTLCA BUrNsg,
KPUWBOI, AKWO Hanpyry Ha TPy6ui aMeHWwnTH BABIYI?
3. Ha3giTk OCHOBHI BNACTUBOCTI PEHTIeHIBChKMX NPOMEHIB.

§ 77. KBaHTOBI reHepaTopu Ta IX 3aCTOCYBaHHA

CnoHTaHHe | BUMYyLLeHe BUNPOMIHIOBaHHA. Ik Mu 3HaeMo, mepexia KpaH-
TOBOI CHCTeMH (aToma, HOHA, MOJEKYJIH) 3 OJHOTNO EHepreTHYHOro CTaHy B
iHmud cynpoBOKYETECA BUNIPOMiHIOBAHHAM a60 MOTAMHAHHAM KBAHTA e/leK-
TPOMArHiTHOrO BHIPOMiHIOBaHHA. [loci MH rOBODHJIH JIMIIIE IPO TAKHI MeXaHiaM
BHOPOMiHIOBAHHA (TeIIOBOTO BHNPOMiHWBAHHSA, JIOMiHecHeHIii), 3a AKOTro
ATOM MePeXoAUTE Ha HHXKUHMI eHePreTHIHMM PiBeHEs coHmManHo (CaMo0BIIBHO,
6e3 6yas-AKOro 30BHIIMMHLOTO BIIKUBY) (MaJy. 289, a).

IlepeiiTH HAa HUXUKI eHEPreTHYHNAH piBeHbL TA BHIPOMIHMTH KBAHT eHepril
KBAHTOBA CHCTEMA MOJKe 1 IMiJ BINIMBOM 30BHIIIHLOTO eJeKTPOMATHITHOTO MOJIA
(man. 289, 6). Take BHNpPOMIHIOBAHHA HA3HBAETHCA SuMywenum (iBaykoBa-
HEM). XapakTepHOK 0cOOJINBICTIO BUMYIIIEHOIO BUNIPOMIHIOBAHHEA € Te, 1110 BOHO
TOTOKHE [IePBHHHOMY OaZaiyoMy Ha DeYOBUHY BUIPOMiHIOBaAHHIO, TOOTO 36ira-
€THECA 3 HAM 38 4aCTOTOI, HAIPAMKAMH IOIIMPEHHA 1 NoJApU3anii Ta KOTepeHT-
He Yy BchboMy 00’eMi peuoBHHH. 1[10 0cobOMHMBiCTE BHKOPHCTOBYIOTE Y Aepenax
MOTYKHOIO KOTePeHTHOI'0 BUNIPOMIHIOBAHHA — KEAHMOBUX ZeHepamopax (Aase-
pax, masepax).

3’sacyeMo meaki ocobimBocTi MexaHiIaMy iHZYKOBaHOTO BHIPOMiHIOBAHHA,
I[IprnyeTHMoO, IO Yepes3 PpeYOBHHY NPOXOANTE eJleKTPOMATHITHA XBUadA. Sk Bi-
[IOMO, 38 PAXYHOK HOTIJIAHYTOL eHeprii 4acTHHA ATOMIB PEYOBHHH IIePEXOJUTh ¥
abyxenuil crad (Bumuil 3a enepriero). 36yaKeHHH ATOM MOXMe BiJIAaTH CBOIO
eHeprii, 1o gopisawe hv = E, — E,, cycigHiM aToMaM nij 9ac 3iTKHeHHA 9H BH-
npomiauTH GoToH y 6yab-AKoMy Hanpami. SIKIo 30BHINIHA eJleKTpPOMarsiTea

E;, E , g
XBHJIA Ma€ 4acToTy V= f _Tl’ TO BOHA HibH «CTPpYLOIYE® 13 SEYﬁ}REHOI‘O aroma
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Man. 289. MexaHiam CNOHTAHHOMO (@) Ta BUMYLLEHOr0 (6) BUNPOMIHIOBaHHS
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nozibui 0 cebe KBaHTH BUNIPOMiHIOBAHHA, He 3aTpavyalodu Ha me eneprii. ITig ii
[i€H0 aTOMH Y3TOAMKEHO IepeXoJAaTh Ha HUKY1 eHepreTHYHi piBHI, BUIPOMiHIOH0-
4YH XBHJIi, AKi 30iranTscd 3a 4acToTo0 i )as3or i3 naganvo0 XBHUJIEO. w

¥ BHIAAKY KBAHTOBOI CHCTEMH, IO MA€ JBAa eHepreTHYHi piBHI (3arajabpHa
KINBbKicTh piBHIB 3aBMIH BeJHKa, ajle HAeTbcA Npo ¢Jirodi» piBHIi), AKoIO 6
MOTYHOI0 He Oyja 30BHIIIHA XBWUJIA, KinbkicTes 30yneHHX aTroMmiB Oyae He
Oinpinoio Bix He3bymxeHuX. Bo XxBUIA ogHOUACHO 36YV/IKYE ATOMH i COPHUYHHIOE
IHAYKOBaHI Iepexo/iu 3 BePXHLOIO PiBHA HA HUMHI.

Jlna cTBOPeHHA MOTY:KHOrO IHAYKOBAHOIO BHIPOMiHIOBaHHA HeoOXifHa Taxa
KBaHTOBA CHCTeMa, B AKIH KinbKicTh aTOMIB y 30Y/13KEHOMY CTaH] IEpeBHIIYBaJIA
6 KimBKicTE aTOMiB B OCHOBHOMY cTaHi (cHcreMa 3 iHgepcHuMm ctaHoM). Takomw
Moxe DyTH KBAHTOBA CHCTEMA 3 TPEOX eHepPreTHYHHX DiBHIB.

MpuHUMN Aii KBAaHTOBUX reHepartopis. MoxausicTs indyrosanozo (6umy-
weHoz0) sunpominweanna nepeabauns me 1917 p. A, Einmreitn. Moxnn-
BicTb CTBOpEHHS IHBEPCHOrO 3acejleHHA mnepeabayMB pajgsHCbKHH (isHK
B. O. ®a6pukanr y 1939 p. Takum unHOM 3apoAHIachk HOBA Tanyssb GisuKH —
KBAHTOBA €JIEKTPOHIKA, PO3BHTOK SKOI IIPHMBIB [0 CTBOPEHHA KBAHTOBHUX I'eHepa-
TOPIB — Ma3epia Ta nasepis.

¥ 1951-1954 pp. pagauceki disuku M. I'. Bacos i O. M. IIpoxopos sanpomno-
HYBAJIH 3aCTOCOBYBATH A4 30yIKeHHA ATOMIB ra3opo3psaiHy JaMIY, SKa 0TOUYE
nposopuii crprskens., Ilig yac cnanaxy miei JaMny aATOMH CTPUKHA NEPEXOJATh
y 30yq:eHMH cTaH, TiCJA YOTO MOMJIIMBe MifcuieHHs cBitna. 1954 poky
M. I'. Bacos i O. M. IIpoxopoe Ta aMmepukaHcbKui (iauk Y. TayHac cKoHCTDY-
I0BAJIM NpUIaJ, AKWI NpamioBas Ha JOBXKHHI xBuai A=1,27 cm , itoro Hassaan
«masep»r,ay 1960 p. 8 CIIA Bpanocs nobyayBaTi NpHiajg, AKHI BHIPOMiHIOBAB
B ONITHYHOMY JAianasoHi, — Oro HABBAIH «.1A3€P» .

Keanmosi zenepamopu — e [3Kepeja KOTepeHTHOro eJeKTPOMAaTHITHOTO
BHIPOMiHIOBAHHA 3 TOYHO NEBHOIO YACTOTOIO i BUCOKOI0 HANIPAMJIEHICTIO,

Jlazep — KBAHTOBHH TeHEPaTOpP KOTePEeHTHHX XBHJIb ONTHYHOrO Jianasony.
Hassa «nasep» e abpesiaryporo anriificekol ¢pasnm «Light Amplification by
Stimulated Emission of Radiation» — nmigcunenns csitna sa fomoMororo ingyko-
BAHOTO (BUMYIIIEHOI'0) BHIPOMiHIOBAHHA.

Magszep — reHepaTop KOTePEHTHOrO BY3LKOHANPAMJIEHOIO0 MOHOXDPOMATHY-
HOI'O €eJIEKTPOMATHITHOrO BHIIDOMIiHIOBAHHS CAHTHMETPOBOIO pajiofianasoHy
(yaprpakoporki xBuni). IIpunnun gii noaidawuit go npuauuny aii 1agepa i rpys-
TYETHCA HA BAMYILIEHOMY BHIIPOMiHIOBAHHI.

Posrasuemo mpurnun aii pyGiHoBoro nasepa, cXeMy SKOr0 HABEJEeHO HA
mai. 290. Bin ckiajgaeTecs 3 mTyYHOro pyGiHOBOrO cTep:xHA (OKHC aroMirio 3
LOMIIIKAMHM XPOMY), TOPIi SKOr0 TOYHO TApaJielbHi, IIaJileHbKo Biamojgiposa-
Hi i nokpuTi cpibnom, npuyoMy JiBHA TOpens pobJATE HENPO3OPHM, a MPaBHil
(puxinHmii) — HATIBIPO3OPHM.

CeiT/IOBe BHNpOMiHIOBAHHA Jladepa CTBOPKETHCA aToMaMH Xpomy. Came
aToMH XpoMy B KpPHCTalAi MalwTh TPH eHeprerndHi pisi (man. 291), aaa
30yeHHA AKAX BUKOPUCTOBYKTh CIIENialbHY MOTYHHY Fa30po3pAIHY JAMITY,
o Mae popmy croipauii i Jae cMHBO-3eJIeHe CBITJIO.

IIpn onpomMizeHHi CBITIIOM KCeHOHOBOI JaMIl4, ATOMH XpOMY HepexoisaTh 3
OCHOBHOIO eHepreTuyHoro pieadA I Ha 30ymxenuid pieens 3. Ha pieHi 3 enexrTpon
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Pyb6inosuii

CcTepHHeHb
IMoynscaa

3
2
1
Ixepeno Man. 291.
Oxonogmenusa CTPYMY EHepreTuyHi
piBHi aTomis
Man. 290. Cxema pyBiHoBoro nasepa Xpomy

«3KUBe» Aye Majo, npubanano 10°° ¢, micas nporo camopinbHO 63 BHIIPOMiHIO-
BAHHSA MePeXoAuTh o0 cTaHy 2 (eHepria mpH IBOMY NHepeaaeThed Kpucraniunii
rparni). Ha pisHi 2 enekTpoHH MOKYTE nepebyeaTi TpuBaaui uac (mpubinaHo
10 ®c), uum sabesmeuyerses iHBepcHnMit (IepeHacenenuit) cras. Y NboMy BATIAN-
KV KpHcTa pybiHy € aKTUBHUM cepefoBuineM. Ko Tenep fekiibKa eJleKTpo-
HiB nepeiayTs i3 crany 2 B cTaH !, BOHH CTHMYJIOIOTE BAMYIIeHe BHIIPOMiHIO-
BaHHA iHINMX ATOMIB i NOYHHAETHCA Ja3epHa reHepais.

Bracnigok nepexonis 2 — 1 BUNPOMiHIOIOTECA (POTOHH y PiSHHX HAIPAMKAX.
Ti 3 Hux, AKi BAYTE IiJl KYTOM 0 OCi KpHCTAaNa, BHXOAATE 3 HBOTO i JJIA HACTYM-
HHX [IPOLECiB He MAIOThL HIAKOr0 3HAYEHHA. A XBUJIA, 1[0 MPOXOAKTE B3JOB oci
KpHcTana, baraTo pasis BifbuBaeThCA Bifl cnenianbHUX A3epKa, AKi HAHOCATHCA
HA TOPIAX KPHCTAJA i YTBOPWIOTE TAK 3BAHHUH pe3oHATOp. XBHJA IHIYKOBAHO-
ro BHIPOMiHIOBaAHHSA 30yIKeHMX ATOMIB XpOMY IIBHAKO MiCHIIOETECA. Yepes
OJIMH i3 TOpIiB cCTPHKHA (HANIBIPO30PHIi) BUXOAUTE IIOTYKHHH KOPOTKOYACHUN
iMIyabc 4yepBoHOro ceitia. PybGiHoBuii 1asep npanioe B iMOyJILCHOMY PeXXHMI.
Aune € nasepu 6eanepepsHoi aii. Hapasi poapo6ieHo pisHi nazepu Ha CKJIi, rasax,
Hanisnposiguukax i 7. in. KoedinienTt kopucHoi aii rasosoro nasepa va CO, go-
carae 20% , came IX BUKOPHCTOBYIOTh B IPOMMCJIOBOCTI.

Jlazep — ne ogue 3 HaNOINBIIKMX JOCATHEHB cydacHol ¢isuku. 3a gomoMorom
Jlaszepa IicTalTh KOTepeHTHI XBHII, AKi 3aBIAKH BUCOKOMY CTYIIEHIO HAIIpAMJIe-
HOCTI MOKYTE C(POKYCYBATH BCIO €HEPrilo JIagepHOro BUIIPOMiHIOBAHHA B ILIAMY
poamipamMu, 61M3LKHMH [10 JOBXKMHEM XBHIi. Ile IpUBOAKTE A0 TOTO, 110 PE3YJib-
TYHOUe 3HAYeHHSA HANnpy:KeHocTi noua E y cBiTii 1asepa HACTiNLKH BelHKe, IO
MOJKe BiflipBaTH eJeKTpPOH Bij aToma, HATDITH cepefoBHINE [0 TEMIEpaTypH
BHIIAPOBYBAHHA TOILIO.

JlasepHe BUNIPOMiHIOBAHHA MA€E TaKi BJIaCTHBOCTI:
¢ Jasep 3/1aTHi CTBOPIOBATH IYYKH CBIT/JA 3 AyHe MAJIHM KyToM poabisxuocTi;
# ceiTi0 1a3epa € MOHOXPOMATHUYHHM,;

4 naszep € HAWMOTYXKHIIIHAM [JKepeJioM CBiTJa.

JlasepH BHKOPHCTOBYIOTH JIJIf 3B ABKY B KOCMOCi, BUIAPOBYBAHHA YM 3BAPIO-
BaHHA MaTepiayiB y BaKyyMi, B Xipypriusux onepauniax (odransmonoria), aua 3by-
JIKeHHA XiMiuHUX peakiiii, anificHeHHA KepoBaHOI TepMOALepHOI peaKii Ta iH.



KBAHTOBA TA SAEPHA

MoHaTTA NPo HeniHiWHY oNTUKY. KBaHTOBI reHepaTopH CTBOPIOIOTH CBIT-
JIOBI IYYKH Jy:Ke BHCOKOI iHTeHCHBHOCTI. BekTop Hanpy:eHocTi Takol xBui
3MiHIOE ONTHYHI XapaKTEePHCTHKHN CEPENOBHINA, B AKOMY TOMNPIOETECA XBUIA
(moKasHUK 3aj0MJeHHS, KoedillieHT MOrIMHAHHA TOINO), TOOTO MOJIApPH3ANidA
cepefloBHIIA HeJiHIHHO 3a/eXUTh Biji HANpyKeHocTi noaA xBuai. [Tpu nomm-
PeHHi TAKUX XBHJIb HOPYUIYETHCH NPHHIUI CYNePHnos3unii i XBHIi MOXYTE BIIA-
BATH OJJHA HA OOHY.
HeniriiiEui XxapakTep 3aJeHOCTI MiK MOJAPH3AIiel0 cepeoBUIIA i HATIPY-
HACeHICTIO AiI09Or0 CBITIOBOIO NOJIA Befie 0 BHEMKHEHHS HOBHX OIITHYHAX eder-
TiB i 2o icToTHUX 3MiH y mepebiry Bie BIIOMHX ONTHYHHAX ABHII.

DawnTe eignoeiai Ha 3anuTaHHA

. ke BUNPOMIHIOBAHHA HA3WMBAKTE CNOHTAHHWUM | YOMY BOHO € HEKOT@PeHTHUM?

. ¥Flke BMNPOMIHIOBAHHA HA3WBaKTL BUMYLWEHWM (abo iHoykoBaHum)? BukowaiiTe
PUCYHOK i NOACHITE NPOLEC YTBOPEHHA BUMYLLUEHOMO BUNPOMIHIOBaHHSA,

. NoscHiTe npuHuKrn aii pyBiHosoro nasepa.

. H4M BiAPI3HAETLCA NaszepHe BUNPOMIHIOBAHHA Bif BUNPOMIHIOBAHbL, CTBODIOBAHMX
iHWWMK xepenamin ceitha ? Haasite ocHoBHI chepw 3acToCyBaHHA na3epis.

B W P =

HanronosHiwe B pozaini «<KsanuToei BnacTusocTi marepii»

ITouaroxr kBanTOBOI TeOpii Hyii0 3aKna eno rinoresoio kBauTypanasa M. ITnan-
K&, STiJHO 3 AK0I0 eHEeprid eJeKTPOMATHITHOIO BHIIPOMIHIOBAHHA KBAHTYETHCH.
Ila rimoTe3a J03BONMKANA TMOACHHTH PO3MOIiI m'rencunﬂoc'n eHeprii B crexTpi
BUNPOMiHIOBAHHA A6CONIOTHO YOPHOTO Tija.

A. EitHinTelH, CTBOPHIOYH Teopin (oToederTy, 3ANPOIOHYBAR BBAMKATH, 10
CBITJIO BHIIDOMIHIOETHCA TA MOTJMHACTHCA OKPDEMUMH KBAHTAMH — (hoTOHAMM.
PdoToHHA Teopid cBiTia 4yaoBo noscHioe edext Komurona, Tuck ceitia.

Jlo urena nepmmx Mogeneii aroMa HaJrexats Mogeas ToMcoHa Ta IIAHeTAPHA
(anepua) mosiens Peaepdopna—Bopa. Illo6 yeyay i nporupivus HecradbiasrocTi
aroma Peaepdopaa—Bopa ta noscuuTy gdi"ifiuati cnextpu atomis, H. Bop chop-
MYJIOBAR dga nocmyaamu: 1) eJIeKTPOHH B ATOMAX MOMKYTH PYXATHCH JIAIIE HA
neBHUX opbiTax 3 KBAHTOBAHHM MOMEHTOM iMnysibcy (BHACIIOK YO0 3HAYEHHSA
pafgiyca opdiTi Ta eHeprii eJleKTPOHA AHCKPETHI); 2) eeXTPOH V CTALLOHAPHOMY
CTaHi He BUIIPOMiHIOE, Iepexi] eIeKTPOHA 3 BHIIIOTO CTAHY HA HUKIMIL CYIIPOBO-
JKYETHCA BUNIPOMIHIOBAHHAM, eHepPris KBaHTa BHIPOMIHIOBAHHSA A0PiBHIOE pis-
HHIIl 3HAYEHb €HEeprii MiK MOYATKOBHAM i KiHIeBHM cTaHoM. MOMEHT IMIIyJILCY

: nh .
enewrpcma B ATOM1 RE&HTYETBCH 3a Hp&BHJlOM L :2— , de n — Lyujae Ydacja0, AKe
b

HA3WBAIOTH KBAHTOBUM YHMCJIOM.

Cran aroma Iigporeny a n = 1 Ha3uBaWOThL OCHOBHUM cTaHOM (iforo exepris
E,=-13,55¢eB), ﬁl.HLHIHM BHAUEHHAM N BiAuoBigawTs 30yyKeH] cTann, eHepris
:'ruufu.:}_i‘,I -13,6 / n®eB.

Aromu nepexofaTs y 36yAsKeHi cTAHW BHACAINOK CcHiBYAApiE 3 iHIIAMA aTo-
mMaMi abo IOrJIHHAIOYH KBAHT BUNPOMiHIOBaHHA Bifnosignol edeprii. [Mosepra-
I0YHUCh ¥ OCHOBHIH CTAH, ATOM BHIPDOMIHIOE.

ITepexin enexTpona B 36y/sKeHOMY ATOMI 3 BEPXHBOI'0 EHEPreTHYHOTO DiBHS
HA HHJKHIH Moxe BinfyBaTuch He JqHIle CRONMAKHO, a H sUMyWeno — Oij BILIN-
BOM B0BHIMIHBOTO €JEKTPOMArHITHOIO HOJH, ¥ PeayJabTaTi 4oro OTPHMYEThCH
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MOHOXpPOMATHYHE i KOorepeHTHe BHOpoMiHIOBaHHA. [[)kepesna Takoro BUOpoMi-
HIOBAHHA — K6aHmMo8i zeHepamopu (J1asepH, MasepH).

YumMm 6inbloe eJeKTPOHIB Ma€ aToM, THM CKJajHimIa cxemMa Horo eHepreTuy-
HUX piBHiB i cniexTp. CIeKTpH BUNIPOMiHIOBAHHA DEYOBHHH B ATOMAPHOMY CTaHi
(aTomapHi cnexTpn) — aixilivami. MonexkynapHi cuekTpu — cmyzacmi, oCKinb-
KM eHeprifA MoJeKyJ CKJAJAEThCA i3 eHeprii eJeKTPOHIB, eHepril KoJHBAaJIbLHO-
ro pyxy atomis, eHeprii ofepTaHHA MOJIEKYJIH HABKOJIO IeHTpa TAXIHHA. Yci
Ii CKJIAJ0Bl AUCKpeTHi, i BiAnoBigHO KiNbKicTh MOKIHBHX NepeXojis ia ogHOrO
eHEePreTHYHOrO CTAHY B iHIMi ay:xe Benuka. Ile 3yMOBIOE BeMIMKY KiIbKicTh
CIIeKTPAJBHHX JIIHIH, AK] YTBOPIOIOTEL CMYTY.

V¥ pigkux i TBepAMX TiNAX, Je eHeprifd KOMKHOI YACTHHKH BKJIIouae B cebe i
eHeprito 1i B3aemMofil 3 IHIIMMH YACTHHKAMH, CIEKTPH BHIPOMIHIOBAHHA Hele-
PEepBHi.

Tinomesa de Bpoiiaia nupo Te, 10 €JeKTPOH TA iHII YACTHHKHA MAKOThH XBHJILO-
Bi BMacTHBOCT, J03BOIHIA IOACHATH KBAHTYBAHHA OOpiBCEKHX OpOIT HA OCHOBI
KOPIOYCKYJAPHO-XBHIBOBOTO Ayakiamy: AossojeHi opbitu mianosigaiors cros-
UMM XBHJIAM, AOBKHHA AKHX BKJIAJacThCA Ha 0pOiTi mise unemno pas.

Teopia Bopa, Aka noeHYBAJa KJacH4YHI Ta KBAHTOBI ijjel He cipoMosKHA Oysa
[IOACHUTH Bei ocobmuBocTi OVA0BH CKIAJHHX aATOoMiB (BoHA nobGpe MosACHIOBAJNA
Jaumie ocobiauBocTi 6y10BH aTOMAa BOAHIO).

E. Illpeninrep ra B. leiizenbepr po3pofuiau HOBY TeoOpil, AKA OTpHMAJIa HAZBY
K6aHmMoaol MexaHiKu, AKA i HUHIi € OCHOBHOIO TeOPi€r0 ABMI MiKpocBiTy. 3rifHo
3 KBAHTOBOI MEXAHIKOMI CTAaH eJIEKTPOHA B ATOMI XapaKTepH3yeThCH YOTHPMA
KBAHTOBHMH uHcaamu. Posmogin enekTpoHiB mo piBHAX B 6araToeleKTPOHHHX
aToMax mianopAakoByeTbeAa npurnyuny Ilayai, 3arifHo 3 AKUM ABa €N1eKTPOHH B
ATOMI He MOKYTE MATH OJHAKOBL HADOPHM KBAHTOBUX YHCeJI.

O60JIOHKOBA CTPYKTYpa ATOMIB NPUBOAMTE 0 NEPiOJHYHOCTI BJIACTHBOCTEN
XiMiuHHX esleMeHTiB.



Ha nouatky XX cT. aaamxu nocninau Pesepdopna sna-
| NOCb BCTAHOBMTH, WO B LIEHTPI aTOMa MICTUTLCR KpUXITHE 38
pO3MipamMu AP0, ane B HeOMY 30CepeiXeHa NPaKTUYHO BCA
maca aroma. OgHOYACHO i3 CTBOPEHHAM KBaHTOBOI m
" | 1a cnpo6amu nosicknTi GynoBy atoma i HOro ¢
-/ 060NOHOK PO3NOHANOCH AOCAIAXEHHS i arwuoroam Bu-
/ BYEHHsl BNACTUBOCTEN aTOMHUX AAep, 1X p

£ lmm{mhammm}mnpoulmm
~ BEAMKE HAYKOBE i NPAKTUYHE 3HAYEHHS. Sl

- Yusomy poa.p.lni MK poarnnﬂemocuoaw a

§ 78. AtomHe sapo

.

NMpoToHHO-HEATPOHHA MOAENL aToOMHOro aapa. Ieropia agepHol disnkn
no4aJa cBiit Bignik 3 1896 poky. ¥ usomy poni Aupi Bekkepesns BiJKpHB ABHIIE
PajloaKTHBHOCTI, AKe He MOXHA OYJI0 MOACHUTH HA OCHOBI TOrOYacHUX VABJIEHE
npo 6ygoBy aroma.

Ha mouarky 30-x pokis XX er. Gysna nocaimxena c'rpya-rypa aTOMHOIO #Apa i

poapobuesa Horo MojieNb, AKY i 0 HUHI BUKOPHCTOBYIOTE /118 NOACHEHHSA MPOIecin
MiKpocBiTy. 3rijgHo 3 i€ MOJeILIIO J0 CKIALY AApa ATOMA BXOAATEL YACTHHKH JBOX
BHiB — IPOTOHM Ta HeiitpoHH. (Haaasi Mu yacTiiie BXKHBATHMEMO TEPMiH « YACTHH-
KH», ane He 3a6yBaemo, 1110 11 YaCTHHKH MAIOTH 1 XBAJILOBI BJIACTHBOCTI. )

ITpomon (mosHAYAETHCA pP) cTAOiNEHA eJleMeHTAPHA YACTHHKA. 3 OJHOTO Mpo-
TOHA CKJIagaeTbes Aapo aroma Ligporery. IIporon Mae eneMeHTAPHHI IO3HTHE-
Huit sapax e = 1,6:10"° Ku.

Heitmpon (mosHadaeTbCA Nn) eleKTPHYHO HelTpajibHa 4YacTHHKa. HeilTpon
cTabilbHA YACTHMHKA JIMIIE Y CKJIaAl cTabiibHUX aToMHHX Axep. Bineauit Heii-
TpoH — HecTablnbHA YACTHHKA, AKA PO3NAJAETECA Ha IHII YACTHHKH.

HeiiTpoHn Ta MpoTOHM AK CKJAJ0Bi ATOMHOrO sSijpa MAIOTh CILILHY HA3BY —
HYKAOHU.

OcKiNbKH ATOM B IIJIOMY eTeKTpOHEeNTpabHMUI, 8 345/ TPOTOHA 38 MOAYJIEM
LOpPiBHIOE 3apALy eJeKTPOHA, TO KiJIbKicTh NPOTOHIB Z v AApi JOpiBHIOE KiIBKOC-
Ti eIeKTPOHIB B aToMHil ofonoHni. Yncno nporoHiB Z B aTOMHOMY HJIpi BU3HA-
yae aTOMHHH HOMep i micue enemenTa B Tabauni Menjeneesa. KoxHe aTomHe
AP0 XapaKTepH3yeThCs 3apsajAoM Ze, MACOK0 M, | MACOBHM YucJoM A, 0 f0-
piBHIOE KinbKOCTL HYKJIOHIB ¥y Aapi, A = N+Z, ne N — kiaskicrs HelTpoHis, Z —
KiJNBKiCcTE NIPOTOHIB.
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Iloarauarouu aapa XiMiuHOro e1eMeHTa, BKA3YETHCA YHCJIO IPOTOHIB Z BHU3Y
i macoBe uncno A — Bropi. Hanpuknan, agpo I'exiio nossayaeTbed Tak: ;He i

Ha6mu:xeno poamipu agep suepme 6yan susnaveni Pesepdopnom y gocmiai
3 po3ciloBaHHA 0t-4ACTHHOK. 3p03yMino, 110, OCKLIbKH MiKPOYaCTHHKAM BJAC-
THBHH KOPIYCKYJIAPHO-XBUJIBOBHI AVAIi3M, PO3MIpH ALpa € Je0 POSMUTUMH.
TuM He MeHIII, OI[iIHWTH PO3MipH AApPa BAAETHLCA IiJ| YAC PO3CiIIOBAHHSA e1eKTPO-
HiB Ha agpax. Busasunock, Mo sapa MawoTh npubausHo chepuuny Gopmy, mpH-
4yoMy pafiyc ajfep 30inbInyeThCA 3aJ€3XHO Big MacoBoro 4mcia 3a GopMyJion
r= (_1,2-10'“1\1)}1” % . Poamipu siep 3a MOPAIKOM BeTHUMHM cTaHOBAATH 10 14—
107'° M, y Toit uac A% ANA 30BHIMIHIX eJIeKTPOHHKUX 000JI0HOK aTOMiB XapaKTepHi
poamipu nopaaxy 107 m.

¥ 1919 p. 6yB nobygoBaHniil NpHIag, AKMM MOKHA BH3HAYATH MACH ATOMIB 3
rounictio no 0,01% . Lleit npunax, ax Bu y:ie 3Haere (§ 25 ), HasuBaeThCa Mac-
crnexrporpad. Macu sgep UpUHATO BUMIPIOBATH B ATOMHHX OIHHHIAX MACH
(a.o.m.). Maca npororna m, = 1,672617-10 *T kr = 1,00728 a.o.Mm., HeHTpoHA
m, = 1,674920-10%" kxr = 1,00866 a.o.m. (3riguo 3 GopMyI0I0 B3aEMO3E’ ABKY
macH-eHeprii E= mc® macu Afep TAKOXK BHMIDIOIOTE OAWHHIAMH eHeprii —
eIeKTPOH-BOJILTAMH. )

B aapi socepemxena maiixke ses (norag 99,95 % ) maca aroma. Takum unHOM,
3 TOYKH 30pYy aTOMHHX MaciuTadie, Ajpa MalThs MisepHO MaJi poamipH i riranT-
CBKY MiIJHiCTE. Ile € NPHYMHOIO AKICHOr0 pO2MeXXYBAHHA ABHIL ATOMHOI Ta AJep-
Hol disuku. B aromuiit ¢isuni, posrisagaoyu nepexoan eleKTPOHIB Ha opbiTax,
AP0 BBAXKAKOTE 3apPAAMEHOI0 MATEPiaJbHOIO TOYKOW. ¥ AfepHil disuii MaoTs
CIIPABY 3 TAKWMH BEJIMKHMH €eHEePriaMu, 10 Maiiyke 3aBX A1 HEXTYIOTh BILIMBOM
npouecis, mo Big0yBalTLCA B eJIeKTPOHHMAX 000I0HKAX.

Enepria 3e’a3ky. [docuigKeHHAMH J0BeIeHO, W0 3dzaibHa Mmaca Adpa
3aexndu meHwa 8id cymMu Mac HACMUHOK, 3 AKUX 80HO ck.aadaembca, TOOTO
M, <Zm,+Nm, (m,ram,— Macu IpOTOHA Ta HeATPOHA y BiIbHOMY cTaHi).

Pizenio Mixk cyMo0 Mac HYKJOHIB (HeHTpOHIB i mpoToHiB), AKI BXOAATE 10
CKJIANY AApa, 1 MACOK ANpa HA3UBAWTE dehercmon macu Am. HedhexT macu BH-
3HAYAE eHepriw 3B’ A3Ky: yuM OLabImil qedeKT Mac, THM Ol/blna eHepris sB’ A3Ky
i THM cTifikime sapo.

i Enepris 38’a3ky sapa E_, su3Hauaetsca po6oTo0, SKy NOTPIBHO BUKOHATH,
’ wob po3ninuMTi AAPO0 HA OKPEeMI YACTUHKW | BIAOaNWTK iX OQHY Bid OOHOI HA Taky
BiACTaHb, Ha AKiiA IXHLOIO B3AEMOAIEID MOXHA HEXTYBATH.

3riflHO 3 3aKOHOM B3aeMO3B’A3KY Macu-eHeprii E = Ame* . Ockinbkn enep-
riro 3B’ A3Ky 8BMYAaiHO BupaxaoTs y MeB, a redexT mac vy a.0.M. i, BpaxoByouu,
1o ¢ =9-10'° szcz Ta leB=1,6-10"19 M, nna obuncneHb MOM¥HA KOPDHCTYBAa-
THCE (hopmynow E,, =Am-931,5 MeB/a.o.m. '

HAxbu He Oyso gedexTy Macu, To AApo posnanoca 6 HA HYKJIOHH caMOCTIHHO,
Oea eukoHaHHA pobotu. Ilnsa 3abeaneuenHs crabinbHOCTi AApa fioro Maca Mae
OyTH MeHIIIO0I0 38 CYMY Mac #0oro HyKJIOHIB.

Baxknausy indopmaiiino npo BIACTHBOCTI Afep MICTHTh 3aJIeXKHICTh eHepril
3B’ 43Ky Bijg MacoBoro umcaa A.

e MuTomoio eHeprieo 38'A3Ky HAa3WBAIOTL EHEpPrilo 3B'A3Ky, Aka NpUNagae Ha
’ OOWH HYKJIOH.
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205 |

E /A, Ha man. 292 saBejjeHO KPHBY 3ajieX-
QTMBBJ’ HYKJIOH . _ HOCTi muTOMOI eHeprii 3B’A3Ky Bijg aToM-
3 Fre — | HOT0 YMcJIa Ansa crabinbHux anep. f-b:' BU-
7 P HO 3 MAJIOHKA, IATOMA €Heprifa 3B’ A3Ky
6 10 ! CHOYATKY 3pocTac i3 36liblneHHAM Maco-
51 | BOT'0O YHMCJA, A0CATaE HacH4YeHHsA (61ush-
4P o ] Ko 8 MeB/mykyon gna A=15) i pna A>60

| KpHBa noBinkHO cnajgae. ITuroma enep-

8 3He | I risa 3B’A3Ky Ma€ MaxkcuMyM (nDpubausHO

% 2l | | 8,8 MeB) ana A=56. MakcuMyM KpHBOI
o . [ | . _ Bianosigae maicraGinpHIimIAM AIpaM.

20 60 100 14Q 180 220, A CunbHa B3aemopgin. fgpa aromis

Lﬂe_mif o Bamki MOJKHA AHANIBYBATH He JHIIE 3 TOYKH

aapa anpa 30py eHeprii, aje i 3 TOYKH 30py THX CHJI,

Man. 292. Kpusa 3anexHocTi NUToMOi AKI YTPHMYIOTE HYKJIOHH B Ajpi. Cumn,

eHeprii 38°A3Ky Bif, aTOMHOro Yucna Ans  AKi AlI0Th MM AAepPHAMY YaCTHHKAMH i
cTabinbHux snep 3YMOBJIOIOTE YTBOPEHHA ATOMHHX HAep

MaoTh ocobauBmii xapaktep. OcKinbKH
Il CHJIHA IepPeBHINYIOTH eJIeKTPOMATHITHY KYJI0HIBCBKY CHJIY BifIITOBXYBAHHA,
AKA, B CBOI0 Yepry, NepeBHIIYE IPABITANIMHY CHJIYy NPHTATAHHA, TO i CHIH
OTPHMAJIH Ha3By cuabHux (2deprux) cun. SpepHi cunu Hame:xaTb 0 HOBOTO
THIIY B3a€EMOZII1 — cuibHOl 63a€m00il.

JocmixeHHEsi MOKA3aNM, 0 AEPHI CHAM NPHTATAHHA AiI0OTH Mix Oyab-
AKMMH JABOMA HYKJOHAMH Ha BIACTAHAX Mi» NeHTpAMH YACTHHOK OJIHM3BKO
2-10 " mi PisKO 3MEHLIYIOTHCS i3 30LIbIIeHHAM Bijcrani; Ha Bigcranax, 6iab-
mux 3a 3+ 107'° M, BoHH Bke MPAKTHYHO JOPIBHIOKOTE HYI10. KO % HYKJIOHH,
3iTKHYBIINCH, 30MKaoTeca 10 eigcrani 0,5 - 1075 u, silePHi CUJIH BUABJIAIOTH
cebe Ak cuiam BigmrToBxyBaHHA. [IpuragaiiTe, nogiOHHH XapaKkTep Mae B3aeMO-
JIisf MidK MOJIeKYJIaM#, aJie CUJIH il eHepTrif B3aeMo/il HYKJIOHIB Yy MiJILHOHH pasiB
Ginbimi, a BigcTaHi MidK YaCTHHKaMH B MiJbHOHHM pasiB MeHIIi,

Mysxe Mmanuii pajgiyc qil AQepHAX CHJI CBIIYHTE PO Te, 1110 HYKJIOHY BeepeiHHI
fipa B3aEMO/ILI0Th JIUIIeE 13 cycifiHiMu, a He 3 yciMa HyKJIOHaMH Ajpa. BignosigHo
MOKHA MOMITHTH HeAKY CXOKICTh MisK ATOMHHM AAPOM Ta KPAILTHHOIO PigWHHA.
Hyxnonu B szpl, sk 1 MOJNEKYJIH B pigMHi, B3aeMOAilOTh TinbKHM 31 cBoiMH
HaibnmkuuMHe cycigamu. I'vermHa sifpa, SiK 1 KpanJMHM, HE 3AJEXHTH Bl
posmipy. IToBepxHeBi HYKJIOHH ONHOCTOPOHHBO 3B’ A3aHH] 38 BHyTpimHiMu, i mix
JIie10 CHJI IOBEPXHEBOTO HATATY ANPO, AK I KparnunHa, mae HabyBaTH cheputHol
dopmu. ¥V s3b6yaxeHomMy AApI HYKJIOHH KOJHBAWOTBCA, NMOAIOHO A0 MOJEKyn
v Harpitiii kpannuHi. YucneHHi 3iTKHeHHA MOMKYTE IPHBECTH N0 TOro, IIO
AKHH-HeOY b 3 HYKJOHIB icTaHe eHEpPrii, TOCTATHIO A NOAONaHHA AJePHHX
cua, i BuneTHTs 3 Axgpa. Konum sapsamxeHa yacTHHKA, HANPHKJAJA NPOTOH YH
o-yacTHHKA, nepebyBae Ha BijgcraHi, o nepeBHInye pagiyce aii siepHux cHI, TO
AApO fie Ha Hel MPOCTO AK NO3UTHBHO 3apAAKeHa Kpannvwea. HaBegeHnit onuc
HA3WBAIOTh KPANJAuHHOW Modennw adpa. KpanawHHa Mojenb sjpa fae 3MOTry
00UYHMCIATH PajiycH Afep i HAOUHO NOACHHUTH JeAKi IX BIacTHBOCTI,

AJle uM 3aB3/IH IPOLEC 3ITKHEHHA AApa 3 IHIIMM AIPOM 4M YaCTHHKOI Oyae
CYMPOBOJKYBATHCE BUJIBOTOM HykJIoHA? Ul He MoXKe aTOMHE AAPO NOTJITHHYTH
eHeprin, oJeps;KaHy IIpH 3iTKHEeHH], i nepepo3mogiauTH i1 Mi¥ HYKJOHAMH, IO
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BXOJATE A0 iloro cKJaaxy, 3MiHHBIOW THM CaMHM E, A
cBoto BHYTpimHIO eHepriio? o Bigbysarumerscas MeB 2 87
TAKHUM AApOM fai? z'
Bixnosini Ha 1i sanuTaHHES JATH JOCHiAN 3 BHU- 5
1,67
0
1]

BYEHHA B3aeMOJil IIPOTOHIB 3 ATOMHUMH ALPaMM.
Ix peaynasrary myske cxoxki Ha peayabTaTH AOCIHi-
jgie ®panka i I'epna mogo BHBYeHHSA 3ITKHEHHA
eJeKTpoHiB 3 aromamu (§ 71). Buasnserscs, 3 no- e
CTYIOBHM 30i1bIIeHHAM eHepril MpoToHIB crio4art- 26 Fe
KY CIIOCTePiraioThesl TIIBKH NPYHHI 3ITKHEHHA 3 Man, 293. EvepretuuHi pisHi
ATOMHUMH fAAPAMH, KiHeTHYHA eHEepria He nepe- anpa atoMma Qepymy
TBOPIOETHLCA B 1HIII BUAK eHeprii, a Iulle nepepos-

MOAINMAETRCHA Mid IPOTOHOM i ATOMHHM AJAPOM AK €IHHOK IILJIOK YACTHHKOIO.
OjpHak, DOYWHAKYH 3 JeAKOr0o 3HAYEHHA €HepPril 1poToHa, MOMYTh BiifyBaTHCh
i HeNpyKHI 3iTKHEeHHA, B AKUX INPOTOH NOMNIMHAETHCA AJAPOM i MOBHiCTIO Bignae
HOMY CBOIO eHeprio. Hapo KoMHOro i30TONY XapaKTEePH3YETHCHA CTPOTO MEeBHHUM
HabopoM «Tnopiiit» edeprii, Akl BoHO Moxke cnpuitasaTyH. [ToscHUTH BiacTHBOCTI
AApAa ¥ bOMY BUIIA/IKY MOMHA 38 A0MTOMOT0K0 00040HK0801 Modeni. 3rijiHo 3 1ieto
. MOJIeJIITI0 HYKJIOHHU B APl He nepeMilIaHi K 3aBroJHO, a, 11041010 10 eJIeKTPOHIB
y aToMi, poaMiniyIOThCA 3B’ A3AHUMH TPYIIAMHY, 3AII0BHIOIOYH 103BOJIeHH] AgepHi
obonoHEKH.

Taxum 9MHOM, KBAHTYBAHHA eHeprii Ta paxy iHmuUX napaMeTpis € B1acTHBiC-
TIO He JINIIE ATOMIE, a il aToMHUX snep. [Ipore Mix eHepreTHYHHMHE giarpaMaMn
aToMiB Ta ATOMHUX AAep € cyTTeBi BiaminnocTi. Ha man. 293 sobpaskeno eHepre-
THYHY Aiarpamy aapa izsorony @epymy ‘32Fe . 3BepHITE yBary, 1o eHepris, no-
TpibHAa 1A HepeBeeHHS ATOMHOI'O A/pa v 30y/12KeHuil cTaH, IOPAIKY Meraejex-
TPOHBOJIBT, ¥V TOHM YaC AK AJA NepeBeleHHsa Vv 30yAKeHuil CTAH ATOMA JIOCTATHBO
KiTBKOX eJIeKTPOHBOJLT.

CaMomoBiIbHHH Hepexiy aToMHOro sjpa i3 3bygKeHoro craHy B OCHOBHHH
CYIIPOBOKYETLCA BHOPOMIHIOBAHHAM 2amma-weanmis. 'aMmMa-KBaHTH € Hail-
HiMbIIT KOPOTKOXBUJILOBUM BHIOM €JIeKTPOMATHITHOIO BUIPOMIHIOBAHHS.

Hessaxkaoun Ha Te, mo 00OJOHKOBA MOJEJb ATOMA [A€ 3MOI'Y HOACHUTH
CIeKTPH eHepreTHYHHX CTaHiB, BOHA, AK i KPATLMIMHHA MOjle/lb, HE CIIPOMOYKHA
NOACHUTH BCiX BIACTHBOCTEM CUIbHOI B3aeMoJil, 30KpemMa o0OMiHHUL xapakmep
AdepHux cun. Sk Mu 3’ AcyeMo 3rofloM, HYKJIOHM B3AEMOAII0TE Mix co6010 uepea
TPEeTH YACTHHKY, SKOK BOHH NOCTIHHO 00OMIHIOIOTHCH.

HaiiTe Bignosigi Ha 3anuTaxHs

1. Aki xapakTepHi BNAacCTUBOCTI AAEPHMX CWUN BIAPISHATE 1X BiA HWWUX TUNIB cun —
ENeKTPHUYHUX, MarHiTHWX, rpaBiTauinHnx?

2. He KopucTyioqMCh BIANOBIAHMMK TaBnuUAMK, NOPIBHARTE eHeprii 38'A3KY TAKUX ABOX
snep: 3Li Ta |Be.

3. HyknoHw B AApi MAOTE KIHETUYHY | NOTeHUianeHy eHepril. Aka 3a Moaynem cymapHa
eHepria HyknoHiB Ginbwa? Yomy?

Npuknaaw po3e’sa3yBaHHs 3aga4

danaua. PospaxyBaTu eHepriio 3B’ A3Ky Agpa atroma [eirepilo. Bignosigs HaBecTH B
eJleKTpPoH-BoabTaX. BukopueraTn Heobxinui foeigkori gari 3 rabanmk Mac isoTomis.



Jano: Poap’azannsn
Enepria sp’sasky aapa BH3HAYaEThed AK E, = Amc®, ne

m,=1,00728 a.0. . Am — piSHHIA CYMH MAC BiTBHMX YACTHHOK, 1[0 BXOJAATH 0

m, =1,00866 a. 0. M. cKNany Anpa, i macu aapa (nedexrt macu Aapa); ¢ — MIBHA-
KicTh cBiTNIA YV BAKYYMI.
M 'y = 2,01410 a. 0. M. Ilna aHaXoKeHHA PisHHI Mac BHKOPHCTOBYEMO i3 Ta-
1

0 55 Gaunb BifloMOCTI PO MACH MPOTOHA M, HEHTPOHa m, Ta
m, = 0,00055 a. 0. M. aroma Jletirepito My, . [lns anaxonmenna nedeKTy MacH
E, -? anpa leiiTepio Am HeobxigHo BHPAXYBATH 3 MACH aToMa
geiiTepin Macy eJieKTpPOHA, IO YTBOPKE Horo obGoNOHKY,

Am=m,+m, -m,=m,+m, '(an -m,).

BukoHaBIIM po3paxyHKH, orpuMmyemo Am = 0,00239 a. 0. M.

Ockineku 1a.0.M.=1,66-107" kr, ¢© = 910" m%/c® 1a 1eB=1,6-10" [ , 1o ana
obuuceHbk MOMKHA KOPHCTYBATHCE (hopmyo: E =Am-931,5 MeB/a.o.m.
E, =0,00239a.0.Mm.-931,5MeB / a. 0. M. = 2,23 MeB.

Bignmosins: 2,23 MeB.

Bnpagea 36

1. O6uymcanTH eHepriio 3’ a3y Axpa Tpurino E,‘H (e MeB).

2. BusnaunTy esepriio 3n’saky aapa Amominio Al .

3. BHaHAYNTH eHepriio 38’ A3KY, AKA IPANAJAE HA OAWH HYKJIOH y sigpax 4Li, '50.
. 4. Voun ABOoX izoromiB YpaHy, 10 MAKTE OQHAKOBY BAJIEHTHICTH, PYXAIOThLCS B
MAarHiTHOMY moJi Mac-ceKTporpada no gyrax kin 3 pagiyeamu R, = 1,224 m i
R;=1,232 m. BusHaunTH BifHOmEeHHA Mac isoTomis. flka maca m, HOHIB JIerko-
' ro0 izoTomy (B ATOMHMX OAMHHIAX MAacH), AKIIO Maca HOHIB BAIKKOI0 izoTomy
| m,=238a.0.m.7

§ 79. PapioakTuUBHICTL

IsoTronu. MpupoaHa i WTyYHa pagioakTUBHICTL. QguuM i3 Eaiibinem ne-
PEeKOHJIMBHX [A0Kas3iB cKaagHol Oymoen aTomis crano Biakpure vy 1896 p. ¢dpan-
nyssKuM (izukom A. Bexkepenem siBHIe MpHPogHOL pajiioak TMBHOCTL. BuBuen-
HA OBOTO ABMINA IMPHBEJIO A0 BAXJIHBOIO BIAKPHTTA, 110 CTOCYEThCA NPHPOIH
ATOMHHX Afep. ¥ peayIsTaTi cnocTepeskeHHA BeTHKol KinbKoCeTi pagioak THBHHEX
[IepeTBOPEeHb IOCTYIOBO 3’ ACYBAJIOCH, 110 € PEYOBHHHU, AKI MaloTe pisHi pagio-
aKTUBHI BaacTuBocTi (To6To po3nafawThCA MO-Pi3HOMY), aje IiJIKOM OJHaKOBL
3a ximiuamMu BaacruBocTAMu. Ha it nigerasi @. Copxgi y 1911 p. BuciioBHB
NPUOYIIEHHA PO MOMKIUBICTb ICHYBAHHA €JIEMEHTIB 3 OJJHAKOBHMH XIMIYHHMH
BJIACTHBOCTSMH, aJleé PiZHHX 3a IHINMMH BJIACTHBOCTAMH (30KpeMa 11040 pajiio-
axtusHOcTi). Ili ereMenTH Tpe6a CTABHTH B OJHY H Ty caMy KJIiTKY nepioguunoi
cucrtemu Mernneneesa. Conni HasBas raki esemeHTH idomonamu (To6To TaKHMH,
10 3afMalThL OMHAKOBI Micsa).

ArtoMHI saapa 3 ofHAKOBHM Z, ajie pisHEMH KinbKocTsaAMH HeliTtpoHie N Hasu-
BAlOTLCHA i3omonamu.

Hapasi Bigomi isoronun Beix ximiuaux enementis. Hanmpukmnan, Tigporen mae
TPH isoTONM:

DISWKA =
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1H e PEADOFEH 3BHYaMHHUH — OCHOBHHH i30TON, cTabinbpHAI.

r‘;H =2p - JeiTepiii (BarKKHil BOJEHb), BXOAWTHL AK JOMIIIKA A0 NPAPOAHOTO
BOJHIO, ii BMicT craHOBHTD 1/4500 wacTuny.

::H = 3T — HagBasKKNH BOJEHD — TpuTiii, OTPHMYIOTE IITYYHO, BiH pajioak-
THBHHM.

IcnyBanH#A isoTONiB JOBOAHTE, 1110 3apAJ ATOMHOrO A1pa i, oT:ke, 6ygoBa eex-
TPOHHOL 000JI0HKH BH3HAUAIOTEL HE BCi BJIACTHBOCTI aToMa, a JIHIIe Horo XxiMiuni
BJIACTHBOCTI ¥ Ti (hi3WuHi, AKi 3anmekaTs Bif nepudepii enekTpoHHoi ofonoHKH,
Hanpukaaxg poamipu. Maca » aroma i #ioro pagioakTHBHI BJIacTHBOCTI He 3aJie-
JKATH BiJi TOPALKOBOr0O HoOMepa B Tabauni Menjgeneena.

3 ABHINEM pPalioaKTHBHOCTI BH B3Ke YaCTKOBO 03HANOMHINCE B Kypci disuxn
9 knacy. IIpuragaemo foro.

enemMeHTa B i30TOMM iHWOro XiMIYHOrO ENnemeHTa, SIKeé CYNPOBOMXYETLCA

,_r\l I PapgioakTuBHIiCTB — Le CNOHTAHHE NEepPeTBOPEHHA HECTIMKUX i30TONIB XiMIYHOro
BUNYCKAHHAM NEBHWUX YACTUHOK.

PagioakTuBHUH po3naz aaep (pagloaKTHBHICTE) € BAACTHBICTIO CAMOT'O ATOM-
HOro siipa; Ha MIBHAKICTE HOro IpOTiKaHHA He BIJIMBAIOTH 30BHINIHI (hakTOpH
(remnepaTtypa, THCK, eJIeKTpH4YHe a00 MATHITHE ITOJe TOIIOo).

PagioakTueHicTe HecTabinbHEX izoTOmiB, IO 3yCcTPiYalOTHECA B NPHPOAL HA-
BUBAETHCA npupoduolo. IlImyyna pafioaKTHBHICTE — Ile PaJi0AKTUBHICTL HecTa-
BinbHEX i3oTONiB, OTPHMAHHX B 1a00PATOPHHX YMOBAaX i AK NPOAYKTH IITYUYHAX
nepeTBOpPeHs ATOMHHMX sijiep.

Buaw papioaktueHoro eunpomiHiosanua. Hocrigxenna Bexkepens, Pe-
sepdopaa, I1’epa Kiopi, Mapii Cknogoscskoi-Kiopi Ta iIHIIMX YUeHHX IMOKA3AJH,
IO pagioaKTHBHE mmpommonaﬁna 6yBae Tpbox BUAIB. IX yMoBHO 6yJ10 HasBaHO
NEePIIMMH TPHOMA JIiTepaMH rpenkKoro axdasiry — o-, -, y-BUIPOMiHIOBaAHHSA,

HocaigykeHHA MeTOJOM BiJXHJIEHHA B MAaCrHITHOMY [HOJi, IOCTaBJIeHI
M. Cxnoporcsroio-Kiopi, a arogom i E. Pesepdopgom, nokasanu, 1mo pajgioakTHB-
He BUIIPOMiHIOBAHHSA MAE Pi3HHH eJIEKTPHYHEWH 3apA/: -IIPOMEH] — TO3HTHBHHIH,
p- — HeraTHBHHIA, a Y-IIPOMEH] eJIEKTPUYHO HelTpanbHi. [leTansHi gocaigxen s
PaficaAKTHBHOTO BUNIPOMIHIOBAHHA JAJIM 3MOTY 3 ACYBATH HOTO MPHPOIY.

a-yacmuMku — e axpa aroma Tenito (2 nporonn ta 2 Heiirponn). Xapax-
TEePHCTHYHOI BeJHYMHOI O-YaCTHHOK € ix eHepria (Big 4 mo 9 MeB). Pisni
pafioaKTHBHI PeYOBMHHM BHIPOMIHIOITE O-9ACTHHKH pisHOI eHeprii, ogHAaK yci
0-YACTHHKH, BHIOYIEHI NaHOI0 paJioaKTHBHOI PEYOBHHOI, MAalOTh IIIKOM
nepHy eHeprito. Haifuacrime pagioakTHBHA peYOBHHA BUIIPOMIHIOE HEe OJHY,
a KinbKa rpyn o-4acTHHOK 3 LiJIKOM OeBHHM 3HAYEHHSM IOYATKOBOI eHeprii.
IIponitawuyu Kpi3h pedYOBHHY, G-UACTHHKHM IIOCTYIOBO BTPAuvalThH eHepriio,
ioHi3YIOUM MOJIEKYJIH PEeUYOBHMHH, i BpeinTi, aynHHATLCA. ¥ moBiTpi sa HOp-
MaJIBHUX YMOB O-4YACTHHKH YTBOPKIOTE B cepexnbomy npubausno 50 000 nap
HoHiB Ha 1 cM maAxy. [lorxkuHA IX BinsHOTO pobiry y noritTpi Big 2 no 12 cm, v
TBepAHX PeYOBHHAX i piauHax — Kinbka mikpoMerpis. ToMy o-HaCTHHKH JIETKO
3aTPUMYIOTHECH APKYILEM Hamnepy.

B-wacmuniu—uenOTiK IBHAKAX eneKTpoHIB. [IpuragaiiTe, y peHTTeHIBCBKHX
TpyOKaX TAKOM BHKODHCTOBYETHCA IOTIK eJeKTPOHIB (KaTomHe NPOMiHHA).
IIpore P-npomeni sigpisHsioThes Bif KATOAHMX 3HAYHO OiNBIIOI0 eHeprielo.
Isuaxocti B-eseKTPOHIB MOMKYThH HabMWKATHCh A0 MIBHAKOCTI cBiTJA Ta cA-
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ratu 0,999 c. Ha BigMiny BiJ a-4acTHHOK, f-eleKTPOHM JaHOI paioaKTHBHOL
PEYOBHHH MAIOThH He O/iHe 3HAYEeHHHA eHeprii, a MoKyTk MaTi eHepriio Big 0 xo
JeAKOT0 MAKCHMAJIBLHOTO 3HAUEHHA (XapakTepHOro AJfA AaHOTo XiMiuHOro emne-
meHTa). BHacmigok BifHOCHO MaJol MacH f-eJleKTDOHH pPo3ciloThCA B PEYOBHHI,
ix TpaexkTOpil MaKThH HOKPYYEeHHNE BUIJIAJN, AJIA HAX HE iCHYe NEBHOI JIOBMKHHHA
BinsHOrO mpobiry. Il[o6 sarpumaTi f-uacTUHKH Tpeba AP MeTANY TOBIIHHOIO
OTU3BKO 3 MM.

y-npomeni, Ak Gyno 3’AcoBaHO y monepeAHbOMY naparpadi, — e KOpPOTKO-
XBUJIBLOBHI BUJ eJIeKTPOMATHITHOrO BUIIDOMiHIOBAHHSA, AKMH BHHUKAE BHACJTI I0K
nepexoay Azapa ia 36yaeHOro CTAHY B OCHOBHHIL. 3a JOMIOMOro0 KPHCTAMIYHHX

TPATOK BIAJOCE CIIOCTepiraTi gudpakLio raMMa-npoMeHiB i BHSHAYUTH IX JOB-
Uy xBui. Bona sussuiacs mopaaky 107'° M, To6To B fecATKH pasiB MEHIIIOW,
Hi ¥ JKOPCTKHX PeHTTeHiBChKUX MPOMEHiB, M0 3YMOBIIOE BUCOKY IIPOHUKHY
apgaTHicTE y-npomeHiB. EHeprida y-upomeHiB cranoBuTE Big 0,02 fo 2,6 MeB. [Ina
iX NOrJMHAHHA NOTPifeH map CBUHIIO TOBIMWHOK moHas 20 cM.

@ Anbda- i 6eta-poanaan. PasioakTHBHe BUIIPOMiHIOBAHHA € MPOAYKTOM
CAMOJOBLJIBHOIO PO3NAaAy ATOMHHX sijgep pagioakTHBHHX ejJeMeHTiB. IIpu npomy
NesKi 3 Aflep BUNYCKAIOTH JIHIIE (--UACTHHKH, iHmi — B-uacTurkH. € pagioakTHBHL
Anpa, AKi BUNMycKawoTh oOHJBA BUJIH BHIPOMIHIOBAHHA. 3ayBayKHMO, III0
y-IpoMiHHA, AK OPABHJI0, HE € CAMOCTIHHHMM THIOM pPajioAKTHBHOCTi, BOHO
cynpoBogskye o- 1 f-poanagu. PosrnanemMo feranbHille BHAH pafioaKTHBHOTO
posmany.

¥V nporecax pagioaKTHBHOIO po3naay BCiX BHAIB BHKOHYIOTBCS KJACHYHI 3a-
KoHH 30epe;KeHHA: eHepril, iMOyabCy, MOMEHTY IMIIYJIBCY TA eJIEKTPHUUHOIO 3a-
pany. KpiM Toro BukoHyeThes it 111e 0/IHH 3aK0H — 3AKOH 30epeXteHHA Kiabkocmi
HYKJAOHIB: 3azanbHa KiabKicmb HYKAoHie Yy Oydv-axomy padioaKkmusHoMYy
poanadi 3aauwaemsca He3minHow (HYKJIOHHA He 3HHKAIOTE 1 He BUHMKAIOTh, B
OyBaeThCA IX IepeTBOPeHHA).

PanioaKTHBHRNA poanaj CYNpPOBOMKYETECH IePETBOPEHHAM OJJHOTO XiMiuHOTO
ejeMeHTa B iHmui. fgpo, 1o yTBOpIOETHCA Y peayabTaTi o-po3nmany Oyge
BiApiBHATHCE Bl BHX1IHOIO THM, 110 BOHO BTpadae 2 npoToHH i 2 Heiltponu. Ha-
MMPUKJIAJ, TPH o-po3naji pamiio 232113 VTBOPIOETLCA €JIEMEHT, NOPALKOBHH HO-
mep sxoro Z=88—-2=86 i macoBe uncino A =226-4=222. Orxe, y peayasrari
VTBOPIETLCHA PAOH, 232 Ra-» 28

sRn+,He.

BarajbHe piHAHHA a-po3nady 3anucyioTh y Buraam 53X — 5 5Y + 3He .

0-po3naj 3yMOBJEHHI THM, 1[0 CHILHA B3aEMOJidA He B 3Mo03i 3abeameun-
TH cTablJIbpHOCTL AyiKe BaKKHX fAzep. BHaciaigox Toro, o CHJIbLHA B3aEMOAifA
KOpPOTKOAiMHA, BOHA 3B’Aaye jaume cycigui HykaoEun. KynoHiBcekka  cuia
BiamToBXxyBaHHA Aie B 06'eMi Behoro Axpa.

HecrabinsHicTs Apa MOJKHA OXAPAKTePH3YBATH i eHepricio 38 A3KY, y HAIIO-
MY BHIIAJKY BOHA HeJ0CTaTHA, ol aapo Gyao crabineaum. Maca «BuxigHOrO»
anpa Ginplna 3a cyMapHy Macy yTBOPeHOro fifipa Ta o-dacTHHKH. Pisaumnsa mac,
arifjHo i3 3aKOHOM B3A€MO3B’A3KY MacH-eHepril, BUAIIAETLECA, B OCHOBHOMY, ¥
BUTJIAAL KiHeTH4YHOI eHepril o- YaCTHHKH.

Hanpukaan, oniHuMO KiHeTHYHY eHepriio o- YJACTHHKH, AKa BUTPOMiHIOETHCHA
ANPOM ypaHy 2§§U . ¥ pesyabTraTi a-posnagy YTBOPHETHCH AP0 TOPiio 229%Th ,
U - “8Th+ ;He . BuKopHCTOBYIOUH TAGIMYHI 3HAUEHHA Mac Aep, BUSHAUM-
Mo gedeKT MacH, AKHI BHHHKAE B peayabrari posnaay i Bujinsersea y BHrAAAL
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kimeTmuHOl eHeprii, 10 nepepo3NOAIAAETHCA MiX TPOAYKTAMH DO3NALY.
232,037144a.0.m.—(228,02873a.0.m+4,002603a.0.m)=0,00581a.0.Mm.

Ockinpkn 1 a.0.M. = 931,5 MeB, To KineTHuHa eHepris NPUOIHZHO JOPIBHIOE
5,4 MeB. BuxkopucroByioun 3axoH 30eperKeHHH IMIVYILCY, MOKHA ITOKA3ATH,
110 KiHeTHYHA eHepria a-4acTHHKM JopiBHIoe mpudiusHo 5,3 MeB, aapo Topiio
OTPHUMYE BiLIAYY ¥ IPOTHIEXKHOMY HATIPAMI i Mae KiHeTHYHY eHepriwo npubana-
"0 0,1 MeB.

Mosxe BHHMKHYTH SaIMTAHHS, YOMY SAPO0 BHIPOMIHIOE caMe O-4YaCTHHKY
(rombinanio 2 nporoHiB Ta 2 HelTpoHIB), 4 He OKpeMo npoToHHu i HeifTporn? CripaBa
B TOMY, 1110 B TaKkiit KomGinanii edepris 3B’ A3KY YTBODEHOTO AAPA JIOCHTH BEJIUKA.

Axmo mexaniaM o-posnagy AicTag mpocTe 1 NPHPOAHE MOSACHEHHHA, TO
MexaHisMm [-posmaay MoBruil yac saJHIIABCA He posragaHumM. [ificHo, 3BiIKH
npu f-posnaji 6epyThCA e1eKTPOHM, alke iX HeMae V CKJIAM1 aapa.

3posymino, mo -4acTHHKA HEe € eJeKTPOHOM O0DO0JOHKH ATOMA, TOMY IO
BHAAJEHHA eJeKTpoHa 3 oDOJNIOHKH € HoHizaliero aTtoMma, B peayiasrari axoi
He BigbyBaeTncsA 3Mim Ximiunmoi mpupoam aroma. Takum umHOM, OCKiABLKH
P-uacTHHEA He € CKJIAJOBOIO AApA | HE € eJIeKTPOHOM, BHPBAHHM 3 000JIOHKH
aroMa, MOMKHA NPHIYCTHTH, [0 [}-eJIEKTPOH <«HAPOMIKYETHCA» Y DPeayiabTaTi
nponecis, aki BigbysaioTeea Beepennnai aapa. Ilepesipumo nio rinoreay.

¥ npomneci [(-posmamy MacoBe UHCJIO0 B3aJHINAECTHCH HE3MIHHHM, OTKe
3aJHIIAETBCA HEe3MIHHHM 34rajbHa KiaepkicTs HykJoHIB v azpi. IIpH nnomy
aMiHWeTbCA (NABHIIVETHCH ) Ha OMWHUILIO 3apAL AAPA, TOOTO KiNbKicTE MPOTOHIE
a3binpmyereca Ha OgMHHIO. BinmoigHo kinbpKicTh HeWTpPOHIE Mae 3MeHIIH-
THCH HA OJHUHUII (OCKLILKHM MacoBe yncjio A 3aJIumaeTscda Heaminaum). Orixe,
f-posnas Mo HA NOACHUTH AK NepPeTBOPEHHA OJHOTO 3 HEHTPOHIB HA NPOTOH i3
Bunyckanaam [i-eqexkrpona. JlificHo caMoXOBiILHKT IIPOIlEC HePeTBOPEHHA IIPOo-
TOHA Y HEHTPOH Mae CYIPOBOKYBATHCEH BU/ILIEHHAM eHeprii (koau 6 msoro He
OyJso, To Takui nponec He Mir BiAGYTHCE caMOOBLIBEHO, AAPY NoTpiGHE Gyio 6
HAJAXOAKeHHA eHeprii asoBH1).

3rigeo i3 3aKoHOM B3a€MO03B’A3Ky Macu-eHepril BHAiNeHa eHepria Mae
BigmosigaTn maci enexrtpoHa. Ilpore OGyno BecTaHoBneHo, Mo eHeprii, aAki
BUALIAMMCE IiA 4ac f-po3nany, MaoTk BeaXuduHy Bijg 0 10 AeAKOro MAaKCHMATL-
Horo sHadeHHA E, . HenepepeHu#t XxapakTep CHeKTPiB B-BUNPOMiHIOBAHHA BH-
SBUBCA HECNoAiBaHUM, ajKe Ie HaueGTO 03HAUANIO He BUKOHAHHS 3aKOHY 30e-
pesxenHsa egeprii. Ik mokasany geTanbHimIi gocaigxeHHs, 3akoH 3bepe:xeHHA
iMOyaIbcy Ta MOMEHTY IMIYJIBCY TAKOMK He BHKOHYBANHUCH NpH P-poanani. s
NOAOJaHHA IUX TPYAHOUIB mBeiinapchknit disuk B.Ilayni v 1931 p. sanpono-
HYBAaB rinoTeay, arilHo 3 AK010 Ipu B-posnaji 3 AApa BHIITAE [Ie OJJHA YACTHHKA,
AKAa He Mae€ eJIeKTPHYHOTO 3apAY i Maca AKol HajJ3puvuaiino Manua. linoretnusa
YacTHHKA MorJja 6 MaTH Bignmoeigny emepriio, iMnyiabe, 1mio i sabeamednsio 6 Bu-
KOHAaHHA 3aKoHiB 30epeixenHa. EKclIepUMEeHTANIBHO BUABHTH 1[I0 YACTHHKY BJa-
Jnock auure y 50-x poxax XX er.

3rogom 6yau BiAKpWTTI it iHMI NpollecH NepeTBOPeHHA YACTHHOK Ta BUABJICH]
HOBL yacTHUHKH (Ta X AHTHYACTHHEH), II0 3YMOBHJIO [I0ABY HOBOTO HANPAMY Y
(hisuui — pisuru eremenmaprux vacmuHok. JlerTansHinie mpo e v HACTYITHUX
naparpadax.

[Iloxo nponecis B-posnaay, To BCTAHOBJIEHO iX ABa Buau — - ta i -poanaju.
Y p-posnadi oguH 3 HeWTPOHIB BeepeJHH] AApa NepPeTBOPKIETHCH HA NPOTOH,
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eNeKTPOH i awmuneiimpuno, on— p+ je+V. Enexrpon i awmuneiimpuno
BHJIITAIOTE 3 Apa, 4 HYKJ0HH, AKi 3aJIHIIHJINCE, YTBOPKKIOTE HOBE APO.

Taxum uMHOM, 3arajbHe pigHAMHA B-posnady (IpUPOAHOrO) 3ANMUCYETHCA ¥
Buraagi 4X - ,AY+ Je+v.

¥ B'-posnadi npoToH NepeTBOPIOETHCA B HEHTPOH i OAHOYACHO BHIIYCKAKOTh-
CA NO3UMmMpPoH i HeitmpuHo ip—:o én+ f]'e+v. Ile meperBopennsa BigbyBaeTbes 3
NOrJIMHAHHAM eHeprii, oCKilBKH Maca NMPOTOHA MeHINAa Bij MacH HeHTpoHa, i
CaAMOJIOBiJIbHO BifIBYBATHCH HE MOMKE.

Ilo x g0 y-6unpomiHweaHHa, TO BOHO 3BMYAKHO BUHMKAE ciaifgom 3a a- 1 B-
PO3MAlaMH, OCKINILKH aTOMHe SAPO V pea3yibTari posmagiB nepebyBae y 306ya-
JKEHOMY CTaHi i, mepexoAAYH HA HUKYHNA eHepreTHYHHAH piBeHb (Y HOpMAJIbHHH
CTaH), BEIPOMIHIOE Y-KBaHT.

f Danre Bignosiai Ha 3anuTaHHa

1. Wo & npuyMHOK pagioakTUBHONO BWNPOMIHIOBaHHA? HAka npupopa a-, fi-,
Y-BUNPOMIHIOBAHHA?

2. Anbga-4acTuHKy nornuHyna pe4osuHa. [le noginack a-4actuHka?

3. MNeBHWA pafioakTUBHUIA ENEMEHT BMNYCKAE TiNbKW OAWH TUMN YaACTUHOK abo a-, abo
p-yacTuHkW. YoMy x TOoAi panioakTMBHOMY enemMmeHTy (Hanpuknan Papi) BnacTuai
BCi TPV BUAW BUNPOMIHIOBAHE: o, B, ¥?

4. Yomy nig 4ac panioakTMBHOrro po3naay 3 sApa atoma Bunitae came a-4acTuHKa, a He
OKpEMO 0auMH abo ABa NPOTOHK YU HENTPOHWU?

5. YoMy BUHMKAE y-KBAHT B AAPI aTOMa B NPOLECi Horo paaioakTueHoro posnaay?

6. BHacnipok papioaktueHoro poanagy sapo U nepeteoploeTeca B 84po Pb2%8,
Ckinbkn «- i f-po3napis npu ubomy BinbysaeTbea?

7. fknia 3aK0H enekTpoaMHamMiki NOCTYNIOE TOW GakT, Wo B pa3i NepeTBOPEeHH:A Hen-
TPOHA Ha NPOTOH BUHWKAE CAME eNeKTPOH, LLO BUNYYaETLCA 3 AApa AK f-yacTuHka? |

§ 80. 3akoH pagioakTMBHOro poanany

3akoH pagioakTMBHOro posnagy. Maxpockonmiunuii 3apasok pajfioaKTHB-
HOT'0 i30TONY MIiCTHTH BeMHYE3HY KinbKicTh pagioakTuBHEX aAnep. Ili agpa pos-
najaloThes He OHOYACHO, a4 MPOTATOM JeAKoro uacy. Ilponec posmajay Mae BH-
MajKOBHI XapaKTep: MH HE MOYKEMO TOYHO mepefdadyuTH, KOJHW PO3IajeTbhecd
nepHe sapo. IIpore, BHKOPUCTOBYIOUH Teopilo HIMOBipHOCTL, MH MOJKeMO BH3HA- |
YHTH, CKLTBKH f/Iep PO3NAJETHCA MPOTATOM [eAKOro dacy. IHIIMME cloBaMH, |
KinekicTe posmagie AN (abo samep, 1m0 posnajiock), 110 BigdysaeTecsa IPOTATOM
MaJioro iHTepBany uacy At, nmpomopriiiHa npomMy iHTepBany uacy Al Ta MopBHIif
Kinskocti agep N, AN = -ANAL.

Koedinient nponopiifirocTi A HasHBaeTHECA cma.oio po3nady. IIna KoMHOTO
izoTonmy crajsa posmajy Mae CBOE 3HauYeHHHA. Yum OGinkiua A, THM Oinbina miBHAI-
KicTek posmagy (aKTHBHICTE i3oTony). 3HAK «MiHyC» BKA3ye HA Te, IO KiJIbKIiCTh
pajioaKTHBHHX AZEep 3MEHIIYEThCA.

HOnsa At -0 AN 6yge gye MaJiolo BeJIMYHHOIO mopiBHAHO 3 N, i orpumane |
PIBHAHHA MOXXHA 3aNUCATH ¥ JudepeHnianbHil dopmi:

dN = -ANdt abo égm= —Adt .
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OrpuMaHHMA BApas i € saxonom padioak-
muenozo po3nady. Man. 294, padivHe BinoGpaxeHHA

3akoH CIIpaBIMYETHCH B CepeJHEOMY NJIA 3aKOHY pafioakTUBHOro poanany
BeNHKOI KinsKoCTi sifep. Akuio aTomis mano,
TO F'OBOPHTH PO NeBHHUH 3aK0H PalioaKTHBHOIO po3Naay He MOJKHA, 3aK0H pafgio-
AKTHBHOrO PO3Najy € IIe OOHUM MPHKJIALOM CTATHCTHYHOTO 3AKOHY, OCKiIBKH
BiH BCTAHOBJIIOE, AKA B CEPeIHLOMY KiJIBKICTE ATOMIB po3nmajeThcHd 3a JaHUH iH-
TepBaJ yacy. Ale 3aBxau OYBalOTE HEMHHYYI BiIXMJIeHHA BiJi cepelHLOro 3Ha-
YyeHHHA, | YUM MeHIIIe aTOMIB vy npenapari, THM Oinbmi oji BigXHIeHHA.

's LWewakicte poanagy (abo saraneHa kinekicTe po3nagie 3a OAMHULIIO Yacy)
Ha3WBAETLCA aKTHUBHICTIO i3oTOoMny

A=-AN=-ANe™,

Opunaunsa AKTHBHOCTI — Gekepens, [A] = 1 Bk.

1 Bk popiBHIOE AaKTHBHOCTI AKepeia, 3a AKoi 3a 1 ¢ BiiOyBaeThCA OAHH AKT
posnazny. Ilozacucremua oguauns — Kiopi, 1 Ki = 3,7-10'° Bk.

A BHAHO, AKTHBHICTE A i30TOIY 3MEHIIVETHCH 3 YACOM 34 EKCIIOHEHTOI 3
[ TAKOIO 3 IIIBHAKICTIO, AK i KinbKicTs Axep, 1110 He posnmaxacsk, N (mamn. 294).

Mepion nispozanany. lsuakicTes posnagy XapakTepHayIOTE TAKOMK nepio-
dom nispoanady T.
i Mepiog niepoanagy T - Ue iHTEPBAN 4acy, 3a AKWIA po3nNagacTbCs NONOBUHA
’ panioakTMBHUX saep.

Ilepiogm miBpo3naay AJiA pi3HHUX i30TOMNIB IOCUTh CHJIBHO Pi3HATHCA, HATIPH-
KJaaj, y %C BiH cTaHOBHTE 20 XB, ¥ IEC — 5600 poxkis.

3aKoH pagiocaKTHBHOIO po3najy, 3anHcaHpi yepes mepiox miBposmanmy, Mae
i

puraag N=N,2 T, ge N — kinbpKicTh ATOMHHMX Afep, [0 He PO3IAJHCH HA JaHHH

MoMeHT 4acy t, N, — mouarkoBa KinekicTe afiep. He Baxko nobaunTs, 1110 mepi-
ox niBposnajgy obepHeHO NponopuiiEM cTaxii posnaay. Yum Ginbmamil mepiof
niBpo31aj gy, THM MeHIa cTajJa po3nany. TouHHHA 3B’ A30K cTajo0l po3nany 3 nepi-
In2 0,693

A A

OTpumaHHn i 3acTocyBaHHA pagioHyknigie. PagioakTrBHi isoTonu pisHEX
XiMIiUHHX eJleMeHTiB (AKX IpUPOAHi, TAK i oTpHMaHi y npoieci mTy4uHol pagioak-
THBHOCTi) MaoTk ¢Boi ranysi sacrocysaursa. OCHOBOIO IX NPAKTHYHOrO BHKODHC-
TaHHA € TaKki IXHI BI1acTHBOCTI:
¢ Oynb-axkHil pajioaKTHBHHI i30TON € «MiYeHMM» ATOMOM BiANOBigHOIO eje-
MeHTa, ToOTO ATOMOM, AKHI 3a QisuuHuMY | XiMiYHMMH BJIACTHBOCTAMH He Bif-

onomM miBposnany mae Burasag 1 =

i | rianxa, 11 wnac

2



pisHAETHCA BijJ 3BUYAHNHOr0 ATOMAa, OHAK NOBEAIHKY AKOI0 MOMKHA CIIOCTEPIraTu
3a #10r0 paJiiocAKTHBHUM BHIIPOMiHIOBAHHAM, HATIPUKJIA/, 3a JIOTMIOMOTO0 JTiUMIb-
HukKa ['efirepa—Mionnepa;
# Oyab-sKe pagioaKTHBHE BHIIPOMIHIOBAHHSA MAE IEEHY IPOHUKHY 3[aTHICTE, TOOTO
BJIACTHBICTE NOMIMPIOBATHCH i NOMJIMHATHCE B JJAHOMY CEepPeOBHIII MeBHIM YNHOM;
4 pazioakTHBHI BHIPOMiHIOBAHHA HOHI3YIOTE PEUOBHHY;
# mig gico HeHMTPOHIB TAa IHINMX BUIPOMIHIBAHE BEJHMKOl eHeprii B pedyoBHHI
VTBODIOETHCHA HABEIEHA PAIOAKTHBHICTS.
BignoeigHo 10 IHX BAACTHBOCTEH BHALIAIOTE | OCHOBHI METOAH 1X BUKODHCTAHHA.
Hanpukiaan, BHKODHCTOBYIOYH « MiYeHHI» ATOM, MOYKHA J13HATHCE IIPO IIBH]I-
KicTs 00MiHY pEUOBHH B TKAHHHAX KMBOT0 OPraHiaMy, Ipo MBUAKICTE pyXY Kpo-
Bi B cyanHax abo HadTOIPOAYKTIB TPYOONPOBOAAMH TOMIO. ¥ MANIHHOOY AVBaHHI
MideHi aTOMH BUKODHCTOBYIOTE 111 BHBUEHHA XAPAKTEPY 3HOLIYBAHHA JleTajei
MAaIIMH 3aJIe3H0 BiJ pexxuMy ix poboru i BracTHBOCTe# 3MAILYBAJIBLHUX peUo-
BHH. ¥ MeJHIIWHI 3a NOIMOMOTr0K MiueHHX ATOMIB NPOBOAATE AIarHOCTHKY jJes-
KHX 3aXBOPIOBAHL, BUBYAKTE BMICT THX UM 1HIIHX PEYOBHH B Pi3HHX TKAHHMHAX
i opraHax JmoOJAHHEH, 0OMiH pEYOBHH B Opraniami Tommo. P[or;iaymt{a 3paTHiCTE pa-
Ii0aKTHBHHX BHIPOMIiHIOBAaHbE BHKOPHCTOBYETHCA JJIA PYHHYBAHHA 3JI0AKICHHX
OyXJIHH, cTepuAiisanii (papManeBTHYHHX HPENapAaTiB Ta Xap4oBHX IIPOAVKTIB.
IIponukHa 37aTHICTH PaAiOAKTHBHHX PeYOBHH (HailuacTine raMMa-ipoMeHiB)
BHKOPHCTOBYETLCA Y IPUIANAX, IPUSHAYEHHUX JJIsi BUMIPIOBAHHS TOBLIWHH, I'yC-
THHH PEYOBHHH, PiBHA PiUH YK CHIIYYUX TiJI B 3aKPUTHX EMKOCTAX. BoHa € ocHO-
BOIO IPHHIUANY Aii JiYMIBHHKIB, HeheKTOCKOIIB, raMMa-pelleffHUX IPHCTPOIB.
Hasepnena paflioakTHBHICTE (30KpeMa ONpPOMiHeHHsA HelTPOHAMM) BUKODHC-
TOBYETbCH JJIA JOCHijKeHHA BMicTy pedoBuHH. [[eAKi 3 aroMiB cTabiibHHX
isoTomiB pmocaimyBaHOI pEYOBMHM, 3aXONUBINM HEHTPOHH, MEPETBOPIOIOTHCS
B pafioaKTHBHI isoTomu. 3a XxapakTepoM HaBeJeHOr0 PafioaKTHBHOIO BHIPO-
MIiHIOBAHHSA MOKHA CYJAMTH [P0 HAABHICThL V PEYOBHMHI THX UH iHIIMX JOMIIIOK.
OcobauBicTio MeTOAY € Te, IO BiH a€ 3MOTY BUABHTH AOMIIIKH Y Jy3Ke MaJUX
KoHIOeHTpaniax. [leil MmeTox BUKOPHCTOBYIOTE /IJIf BCTAHOBJIEHHSA BiKY apXxeoJio-
riuaux o6’exTiB (3a BMicTOM Vv HEUX pajgioakTHBHOro izorony KapbGony-14).

HaiiTe Bignoeigi Ha 3anuTanHa

1. Hum xapakTepuayeTLCH WBKWAKICTE pO3Nany panioakTMBHOMo izoTony?

2. YoMy papioakTMBHI enemMeHTW 3 NOPIBHAHO HeBeNWKUM Nepioaom nisposnagy T
(Hanpuknan, pagiin) He 3HMKNK 3a 4Yac iCHYBaHHa 3emni, afxe aapa ix aToMiB BeCck
4Yac NepeTBOpIOIOTLCA B iHLWI Aapa. .

3. Konu BinbyBaeTben Hinblua KinbkicTe N po3ananiB 3a cekyHay B 3afaHiid maci panjo-
aKTUBHOMO NPenapary — Ha NOYaTKY 4K HaNPUKIHLI AEAKOro iHTepBany Yacy t?

NMpuknaaw po3B’a3yBaHHA 3apa4

Banaua. Jlesxa Maca pagioakTusHoro Pagino MicTHTE 25-10° aromis. Ckinbku aTomis
posnazeTsces 3a 1ody, AKmo nepion miepoanany Paxito 1620 pokis?

Jano: Poap’'szanusn

Ny= 25-10°% Ockineku yac ¢ manuii nopiBaAHO 3 mepiogom miBposmamy, TO
t=1 noba MOKHA CKOPHCTATHCh HAOIHKeHOW (OPMYIO0I0 AJISA BH3HAUEHHS
T =1620-365 ni6 0,693

kimekoeTi Axep, mo posnanuck, AN = Nyt .

AN-?
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. 0,693-25-10°-1 noba

= 30.
1620-365 ni6

Biamorins: AN = 30.

] Bnpasa 37

1. fixa yacTKa pafiicAKTHBHHX ANED AEAKOTO eJEeMeHTA PO3MaJAEThCA 34 Yac, 110
JOPiBHIOE ITOJI0BHHI nepioay ninoanaAy ?

2. 3a axwuit yac posnagerscqa 80 % aromie pagioakTHBHOTO izoTOmy Xpm.ry Cr .
AKIIO nepioxa ioro nisposnany 27,8 xi6?

3. ByJlo BCTAHORJEHO, 10 B PAJicAKTHBHOMY Npemapari BigfyBaeThcs 6,4-10°
po3najiB Afep 3a XBUIMHY. BHSHAYNTH AKTHBHICTHL IBOro Mpenapaty B Oexe-
pensx.

4. 3a akmii yac B mpenaparti 3 mocriiHow akTHBHicTHO 8,2 MBK posnagerbca
25 - 10® sigep?

5. BusgaunTH nepiog nisposnaxy Pagory, axmo 3a 1 o6y a Mineitiona aTroMiB poa-
nagaersea 175000 aromis.

6. Pagioaktusumii Harpiii-24 poamagaerhes, BukuAawum P-uacTHHKH. Ilepioxm
nispoanany Hatpiw 14,8 rox. O6uucantn KinkrieTs aToMiBs, 110 poanagaeTecH
B 1 Mr gaHoro pagioakTHBHOro 3paska 3a 10 rog.

7. Maemo ypaHOBHIl npenapar 3 aktueHicTio 20,7 MBk. BuanauuTy B npenaparti
macy isorony 2§§U 3 mepiozom mispoanaay 7,1 - 10® pokis.

8. Ilig yac apxeoJOriYHMX POSKOIOK 3HARAEHO KYCOK JepPeBHHM, B AKiM BMicT pa-
nioakTuBHEX sfep isorony KapBory C'* ua 1,5% meunmmit, mixk y cBimo apy-
Ganiit gepeenni. Ilepiog niepoanany isorony Kapbony cranosuTe 5579 pokis.
BeranosuTtH, cKinbKH poKiB Tomy Oyna apybana aHalileHa 1epeBrHA,

. 3pasok, mo Mictuth 1 mMr IHonouin-210, BMinleHo B KANTOPHMETD 3 TeILIOEM-
micTio 8 /K. ¥ peayasrari c-posnany nonoHiil neperropioersed Ha ILmoM-
Oym-206. Ha crineku nigaiMersest Temneparypa B kanopamerpi sa 1 roa? Iepi-
on nmispoanany [Mononino 138 xi6. Beamaiite, 110 0-4YACTHHKH He BHJIITAIOTH 34
Mexi KamopuMerpa.

DD 90

«
]
2=

§ 81. ApepHi peakui’

flaepHi peakuii. BupueHHs NpHpPOAHOI paJi0OAKTHBHOCTI MOKAa3aJ0, 10 mepe-
TBOPEHHSA OZHOro XiMiuHoro ejemMenTa B iHIMKHH 3yMOBJIEHO BHYTPiIIHLOAIEDHHA-
MH npomecamMu, Tobro aminamu, AKi BigOyBalThECA BeepeAnHl ATOMHHUX Axep. ¥
3B’ A3KY 3 UM 0yJ10 3AiHCHeHO cIpoGU IITYYHOI'O NEPETBOPEHHA OJHUX XiMiUuHMX
eJeMeHTIB B iHIII NIJIAXOM BILIHBY Ha aToMHi sgpa. BuaarKosa crabinbHicTh
AAEp HepaJioaKTHBHHX eJIeMEHTIB CBIIYHTE NpO Te, IO IX 3MiHA MOMKe CTATHCH
JIAIIE Tl yac HAA3BHYAHHO BEJHKOI'0 €HEePTeTHYHOrO 30BHIIIHLOrO BILJIHBY.
EdexTnBHEM 3ac060M TAKOT0 BILTHBY BUABHI0CH GoMOADIYBAHHSA ATOMHHX AJiep
YaCcTHHKaMH BHCOKOI eHeprii, CnouaTky ansa 6omOapAyBaHHA BHKOPHCTOBYBAJIH
¢-4ACTHHKH pajJioaKTHBHOro Bunpominosanud. [lizHime noyaan BHKOPHCTOBY-
BATH i iHNOIi 3apAKeHi YACTHHKH, NONepeIHLO HANABIIHN iM BeIMKOI MIBHAKO-
cTi (KiHeTH4uHOI eHepril) y cnenianbHUX npuckopoBavax. IIponec neperBopeHHEsA
ATOMHMX AJIep HAZHBAIOTH AAEPHOIO PeaKIli€io.

M~ flnepHi peakuii — npouec NepeTBOPEHHNA aTOMHUX AAep BHACNIA0K X BBaEMUnH
’ 3 eneMeHTapHUMK YacTUHKaMu abo 3 iHWKMK aapamm.
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fAx BugHO 3 BHBHAUYEHH#A, sAAepHI peakuil COPMYMHIOITHCA 30BHIIIHIMH
npuurHaMH. YacTHHKH BHCOKOI eHeprii ( o, B, n, p) siTKHYBmIHCE 3 AApOM
MOXMKYTh BUKJIMKATH PI3HOMAHITHI NepeTBOPEHHA.

¥ 1919 p. E. Pesepdopn anilicHuB nepiny sijepHy peakiiio, GomGapayoun
A30THY MilleHb (-4aCTHHKAMH, i BIIKPHB IPOTOH: 1'.‘,]\'[ + ;He - ’BTO + }p.

Bigkpurra Pesepdopaa mpuBeno [0 CTBOPEHHA HOBOI Tady3i HayKOBHX
nocnikeHb — IITYYHOTO TEePeTBOPEHHA XiMiYHMX eleMeHTIB, — fIKa 1 Cbo-
TofHi Mae Ba)K/IMBe HAYKOBe 1 NpakTH4YHe sHadyeHHA. ¥ 1932 p. snepme
fyJ10 3acTOCOBAHO MITYYHO OTPHMAHI NPHUCKOPEHI NPOTOHH, A pO3Iien-
nenns sppa Jlitiro: ;Li+ ip—) EHe e ;He. Ilsoro & porxy M.Yeasix sBifg-
KPHMB HEHTDOH: EBe_+ $He — 1§c+ 311, a JHonio-Kiopi, apilficHMBINN peakIiiio
f;Al+ 3He—> :’;gP + én , BIlepIlle OTPHMAB IITYYHHI pafioaKTUBHHUI isoTon doc-
dopy (2P, axmii € axKepesnom nosuTponis. Tak 6y BIAKPUTHIL MOZUTPOH je.

Enpiko ®epmi nokasas, 10 HEHTPOHH € NPHIATHIINHMY A iHimniosBan-
Hf AJEPHHAX PeakKIliil, OCKINIBKH BOHH He MAKTh eJeKTPHYHOTO 3apany i He
BiAMITOBXYIOTbCA AAPOM, AK MNPOTOHH 4Y¥ O-YACTHHKH (KOTpL MAIOTH JOJATH
«KyJIOHiBCbKHII Oap’ep» ). ¥ 1938 p. Orro I'an, ®pun Illrpaceman i Jliza MefiTep
apiiicHuIM noAin sapa Ypany-235 meiitporamu: “U+ jn— 'teBa+ S3Kr+3,n
(onmHE 3 MOMKIHMBHX BapianTiB nofiny). le sigkpurra 6y10 He JAHIIEe 3HAYHHM
HAYKOBHM JIOCATHEHHAM — BOHO CTAJIO JOJEHOCHHM JIJIA BCLOTo cBiTy. CaMme peakitia
noainy %3U neskuTs B 0CHOBI Ail i aTOMHOI estleKTpocTanIii, i aToMH0l GoMOH.

3ase;XHO BiJl BUAY YACTHHOK, AKKMH GoMbapayeTheca AAPO XiMigHOTO efleMeH-
Ta, BiJi eHeprii MHUX YACTHHOK, 4 TAKOMK B BHAY 6oMOapIOBAHUX AJlED MOXKYTh
BigdypaTuce pisui axepri pearnii. Po3pisHsAoTs Taki THNH AJepHAX peaKiii:

Peaxyin saxonnennsn. Anpo nornunae GomG6apayody 4acTHHKY 1 nepe'rnogm“
€Thes B HOBe, MacuBHime aapo. [Ipukranom moske 6yt peaknis 1B+ 1p— '5C,
B fKiil mpoToH nornmHAETRCA AApoM Bopy i BuruKae sgpo Kapbory. 3Buyuaiino
B pPeakIlisiX TAKOro THIIY HOBe f/IP0O YTBOPIOETHCA B 30yM:KeHOMY cTaHi i, BUIIpO-
MiHHMBIIH OAHH Y KiJbKa y-KBAHTIB, MepPeXoJUTh V HOPMAJBHHUIN (OCHOBHWI)
cTaH.

IMozaunanna anpom 6GoMOGapAyI0UOl YACTHHKH 1 6UNYCKAKHA HOBOYTBOPEHHM
Axpom oamiei abo kinekox wacTHHOK. I[IpHKaagoM Takol peakmili moxe OyTH
peakuia 3Be+;H— ''B+n. Tyr JleiiTpor mormumaeThes sapoM Bepmiiio,
a mpomiXHe AApo, 0 YTBOPHJIOCH, BUIIPOMiHIOE HEHTPOH 1 MEpPETBOPIOETLCH B
anpo atoma Bopy.

IModin adpa. Ilix giero GoMOapAyBaHHSA sfep YACTHHKAMM BeJIMKHX eHepriit
MOKJIHBe PO3INeIUIeHHA AApa HA Kinbka yacTmH., Tak, HAIPHKIAKL, AAp0 ATOMA
Bopy sHacniak bombapayBaHHA NIPOTOHAMHE JOCTATHRO BeJIMKOI eHepril MoKe po3-
nacTHCh Ha TPH o-4acTUHEH. 11A peakiia BinGysaersca B gBa erann. CnouyaTky
BHIiTaE oaHa o-yacTHHKA B+ 1p— jBe+ jHe, aje sapo Bepuiiio BUABIAETCH
CHIBHO30Y/3KEHAM i PO3NAIaEThCA e Ha JBi a-uacTHHKHM: ;Be — 3He+ 3He.

AKIIo yacTHHEA BUCOKOI eHeprii Biyuae B AP0 MACHBHOTO eJIeMeHTa, OCTAH-
HE MOJKe PO3IIACTHCE HA BeJIUKY KinbKicTh yacTHHOK a60 Ha yiaMKH NpHbJIn3HO
OHAKOBOI MaCH.

Peaxyia cunmesy. lle peaknia 3quTTA (CHHTe3y) JerKHX aTOMHHMX AAep V
6inbm Baskke. CHHTE3 MOJIMBHI JHIIE 38 IVKe BUCOKHX TEMIIEPATYP — HOPHAJ-
KY 10°K i BHINHUX (TOMY IX Ille HA3HBAIOTh mepmoAdepHumu peakyiamu). Hanpu-
KJaaj, cuaTesd [eniw i3 eiirepio i Tpuriio, ‘?H+ ?H - ;He-r— E‘,n.
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TepmosanepHi peakii BigirpaoTs BUpiIIATEHY POJk B eBoIOLil Beecsity, 30-
Kpema ILIAXOM TepMOsAAepHHX peakniit copmypanucsa icHywoui HHHI ximigni
enemenTH. EHepria BunpominioBanHa CoHIA i 3ip — e eHepria TepMoAgePHHX
peakiiiii, 1o BigbysaiooTscs B ix Hagpax. [lua CoHI A OCHOBHOIO peakIlielo € nepe-
TBOPEHHSA YOTHPLOX NPOTOHIB Ha AApo aToMa ['eniio, Mo cynpoBOAXKYETHCA BHAL-
nenHsAM edeprii nonax 26 MeB 3a onuH DuK:

ip+1p=1H+le+y;
ip+ fH: 3He;

*He+ jHe= ;He+2]p.

¥ 3eMHMX yMOBaX OTPHMATH TeMIlepaTypy, 3a AKOI MOMXJHBA TepMoOfA/epHa
peakiia, MO;KHa, JUINE 3aCTOCYBABIIH AJepHHUIA BHOYX ( Ha [OMY I'PYHTYETBCH
npuHIKN Aii BogHeBol BoMOm) abo MOTYXHMHE iMIy/ILEC JadepHOro BUIPOMiHIO-
BaHHA (KepoBaHa TepMosAepHa peaKknisa CHHTe3y).

EnepreTuuHmin Buxig spaepHol peakuil. Ilig gac sagepEmx peakmiit
060B’A3K0BO BHKOHYKOTHCA 3aKOHM 30epexkeHHA (eJIEKTPHYHOTO 3apAny, eHep-
rii, iMoyibcy TA MOMEHTY iMIyJabCcy, YAcaa HyKJ0HIB), Ha ocHOBI 3axony 30epe-
JKeHH | TepeTBOPeHHA eHepril MoXKHA pO3paxyBaTH eHepreTHUHUH BUXiL aaep-
HOI peakmii.

s I EnepreTuyHuii Buxia aaeproi peaxuii E . — ue eHepris, ska BUOINAETLCA AK
’ npoaykT peakuii (abo 3aTpavyaeTecs ANa 3piicHeHHs peakuii). BoHa nopisHioe
Pi3HWLi eHepriid cnoKo BCiX AAEp | YaCTWHOK A0 i NiCNA peakuil.

E_ . = Ame?, ne m — depexcm macu, AKHUA MOKHA PO3PAXYBATH AK PiSHMINIO
MiXt CYyMOI0 MacC CIIOKOI0 AZIEP 1 YACTHHOK M0 i micaa AxepHol peaknii. koo cy-
MapHAa Maca NPOAYKTIE peaknil MeHIIA 3a CYMY Mac BHXIJHHX AJep, TO peakiid
CYNPOBOKYETHCA BHALIEHHAM eHeprii — y Buraaai kimerunusoi eneprii yreope-
HHUX 4acTHHOK. SIKIO & cymMapHa Maca NPOAYKTIB peakiii 6inbina 3a cymapHy
Macy BHXiAHMX sAep, TO TAKA peaklid AJA cBoro nepebiry morpebye eHepreTny-
HOI MiATPUMKH.

I — ——

HaiTe gignosini Ha 3anuTaHHA

1 1. Wo Take agepHa peakuia? eHepreTMYHWA BUXia AQepHOi peakwi?
2. ¥ YoMy nonArae OCHOBHA BiAMIHHICTL SAEPHUX peakujiil Ha HeTpoHax?
| 3. Aki 6yBaloTh TUNW ANEPHUX peakUiin?
i 4, Hanucaty piBHAHHA faepHOi peakuil, aka einbyeaeTteca nig yac GombapayeaHHa
Aniomitiio (73 Al) a-4acTUHKaMK | CyNPOBOAXYETHCA BUBUBAHHAM NPOTOHA.

|
| S

NMpuknagw po3e’'a3yBaHHA 3apad

3amaua. O6umcnuTy enepreruunnit Buxin agepuoi peaknii ;N + 3He— {0+ H .

Jano: Poas’azanusn
Mgy =14,00307 a.0.M . 5 2
Mg = 4,00260 a.0.m Enepreruununii Buxig agepuoi peaknii E,,, = Amc® (B [Ix)

Mye = 16,99991 a.o.m MeB
Moy =1,00783 8.0 | aGo E,,_=Am,, . 931—— (s MeB).

a.0.M.
Eln::-"?

Am = mON + mBHE s mm - mOH-




Ilicna nigcranoBKH gaHEX oTpuMyeMo Am =— 0,0014 a.o.m.

E, .=—0,0014a.0.m 931MeB/a.o.m=— 1,303 MeB.
- 3Hax MiHyC BKASYy€ Ha Te, 110 eHeprif y Jadiil peaknii noranHaeTheA.
- Bigmosins: — 1,303 MeB.

 Bnpasa 38

1. HonucaTn mo3Ha4eHHA, AKUX OPAKYE B PIBHAHHAX TAKNX AJEPDHAX PeaKIlii:

27 1 4
13Al+ ;n— 7+ ;He,
12 1 13 P
§C+ H— 5C+7,
7+ 1H — %Na + 3He,
56 55 1
asMn+7?— ,-Fe+gn,

f;AJ +1— ngg+?
2. BuginAeTbcA YH NOTTMHAETHCA €HEPrid i Yac TAKUX AJePHUX PeaKIii:

14 4 17 1
N+ ,;He— ;0+ H,

L | 4 a3

gLi+ H— ;He+ ;He,

iLi+3He— "B+ In?
3. fxy miHiManeHY eHepriio MOBMHHA MATHM (-YACTHHKA, 1100 Bigbynacsa amepna
peaknis
Tps, 4 10 1
sLi+,He— B+ ,n?

4‘&1 4. KineTHuHa eHepria o-4acTHHKH IicaA JoOOBOTO NPYHKHOTO 3iTHHEeHHA 3MEeHIIIT-
mack Ha 64% . 3 AgpoM AKOro ATOMa MOTJIO BiAOyTHCA 3iTKHeHHAT

@ 5. ITporon 3 KiHeTHuyHOIO eHeprien 5MeB nanitae va sapo ;Li , Mo nepeGysae v
cmokoi, ¥ peayabrari peakmil BUIITAIOTE ABl ¢.-YACTHHKH 3 OJ[HAKOBMMH eHepri-
AMH. BH3HAYHTH KYT MiK HAIPAMKAMHE PYXY 0-4ACTHHOK.

Q 6. BusHaunTH MiHiMaTEHY eHepriio i YacTOTy raMMa-KBaHTA, 3JATHOTO ¢ PO3GHTH »
Anpo JlefiTepio Ha IPOTOH i HEATPOH.

§ 82. JlaHulorosa peakuis noniny aaep ypauy

MexaHiam noginy Baxkux sagep. ¥ maboparopiax daraThox KpaiH CBITY v
30-x porax XX cT. IpOBOAHIHCE OOCTiAH ia GoMbapayBaHHA IPHPOTHOTO ¥ paHy
HeifTpoHamu. ¥V 1938 p. niMmensri sueni O. an i . IllTpaceman mig uac aHamisy
ximivHo yMcroro Ypany, onpoMiHeHOro HeiiTpoHamn, BUsSBHAM Bapiit Ta Jlan-
TaH, MOABA AKWX BHABHUJIACE HecnoiBaHow. AHriuidceKuil ¢isurg O, Dpim Ta
aBerpificbruit isuk JI. Meiitaep y 1939 p. Teoperuuno obrpyHTYBaJHA peakiii
noainy Ypany. BoHH NOSICHUIM HNOSBY HOBHX €J€MEHTIB, AK Pe3yJabTAT MOALIY
aapa Ypany Ha ABi wactmHm (ockonkwu). ITicins saxomnneHns HeHTpPOHA AAPOM
aTomMa YpaHY B HbOMY BiIOyBa€ThCHA NeperpynyBaHHA HYKJIOHIB. fapo cuabHO
JedopMyeThbed i posnafiaeTheA HA ABa NpUOIH3HO OAHAKOBHX Axpa (mamn. 295).
ITpu pOMy HYKJIOHM BHXIJHOIO SAPA POSNOALISIOTECA MK HOBHUMH HADAMH 3
BHKOHAHHAM 3aKOHIB 30epeKeHHA 3apAliB i MACOBHX umMcell, a KilbKa HelTpo-
HiB, 110 BUABHIHCA 3aHBHMH, BUJIITAIOTE OKPEMO.

IMopin agpa MOMKIMBHH TOMY, [0 Maca BAXKKOro Aapa Oinemia 3a cyMmy mac
OCKOJKIB, AKi yTBOpHIHCA. ¥ pe3yibTaTi BUAINAETHCA eHepris, Aka eKBiBaIeHT-
HA 3MEHIIEeHHIO MACH IIPOAYKTIB,
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Mo IHuBiCTE TOAINY BaXKKHX AMep i eK30TepMiuHHEA XapakTep IHX pearirii
MOXKHA TAKOXK IIOACHUTH 3a AONOMOrow rpadika sajiexHocTi nuTomol eHeprii
3B'A3KYy Big macoBoro uncaa A (man. 292, § 78). Ilutoma eHepria 38’ A3Ky Agep
aToMiB, 10 3aiiMalOThL OCTAHHI Mica y nepioguuniii cucremi (A=200), npubaus-
HO Ha 1 MeB menina Big nuTomoi eHeprii 38’ 3Ky B Afpax eJleMeHTiB, 1110 3ajiMa-
OTE cepeqHi Micua nepioguunoi cucremu (A~100). Tomy npollec DOALTY BAXKKHX
Alep HA ANPA eJIEMeHTiB cepefHbLOI YACTHHY NepiofUUHOI CHCTeMH € «eHepreTHd-
. HO BUrigHUM» . OCKiIbKH B KOXKHOMY aKTi noginy GepyTe yuactsk nosaj 200 gy-
KJIOHIB, 3arajbHa eHeprif, AKa BHALJIACTHCA B AKTL HOALIY OJJHOT'0 BAXKKOI0 AApa,
craHoBuTh 6anssko 200 MeB. Hi B akiil inmii axgepriii peaknii (ue 38’ Asaniit
3 moAiJioM) TaKa KinekicTe eHepril He Buginserscsa. Ilpuyomy Ginbina wacTHHA
1iei eneprii (168 MeB) npunagae Ha KiHeTHYHY eHEpPrilo OCKOJKIB.

JNlanuloroea agepHa peaxuia. [ins nepebiry peakniii nopiny ¥Ypany saassu-
YAWHO BAKJIMBUM € BUKHIaHHA 2—3 TAK 3BAHMX BTOPHMHHUX HeHTPoHiB. EHepria
IUX HeHATPOHIB JIEJKHTH B ITMPOKHX MeKax: Biff Aye MATHX 3HAYEHD — IOPATKY
1 eB i mermux — o npudausao 10 MeB. Heiirponn, 1o MaoTh eHepriio nopsaj-
Ky 1 MeB i mermy, HasHBAKOTH TENJOBHIMH HEHTPOHAMH, OCKiJIBKH 1X eHeprisa
Bi/ITOBi/IA€ eHeprii TenaoBOro PyXy NPH HOpMalbHiN Temnepatypi. Heiitporn
8 eneprieso mouaj 1,5 MeB nasusarors meujgrumu. I1i sropunni HeitTporu Mo-
JKYTh caMi 3YMOBJIIOBATH IOALT IHIIKMX AZep — MOJKe BUHHKHYTH TAK 3BaHA JaH-
uwzoea peakuyia nodiay, AKa NiATPUMyeThCA Ge3 30BHIIIHBOIO ONPOMiHIOBAHHA
Ypany HeliTpoHaAMH.

o Jlanuroroea sgepHa peakuyis — fAgepHa peakuis, B AKid 4acTWUHKW, wo il
’ CMNPUYUHAIOTB, YTBOPIOIOTLCS SIK NPOAYKT LIET X peakuii.

B peansHHX yMOBaxX He BCi HEHTPOHH, AKi YTBOPWIOTHCA IiJ Yac noainy, Ge-
PYTh yuacTh V HoAini iHImEX Anep. YacTHHA 3 HUX 3aXOMIIOETHCA ALPAMH CTO-
POHHiX aToMiB, AKi He AinaTecA, iHmMi BUIiTAIOTE 3 KyCcKa YpaHy Has0BHi.

J10 KiNbKOCTI NOAINiB, B AKKUX BOHW Cami yTBOPWUIWNCh, HA3UBAETLCH e eKTUBHHM

'5 I BinHoweHHA KiNbLKOCTI akTiB noainy, cnpU4UMHEHWUX BTOPUHHMMW HEATPOHAMM,
koediyieHToM poamHoxeHHs HeilTponie K.

(dna Ypauy-235 Bin gopisHioBas 6u 2,5, AKOH Bel BTOPHHHIL HEHTPOHH B3AJH
Y4acTh V HOJAiNi HOBHX AAep.)

39p %\

95
56n yaoY

Man. 295. Cxema noginy sapa Ypaxy



Hona peaknii moainy npMHIHMIOBO 3adeKHUTh Big sHadveHHs K. fAxkmo

K <1, KoxKHe HOBe NOKOJIIHHA HEHTPOHIB CIPHYXAHIOE JeJaji MeHIIy KiIbKieTs
noaiaiB i peaknis 6e3 30BHIMIHEBOTO [Kepeiia HeMTPOHIB IIBHAKO 3aTyXAae;

K =1, xinekicTs moginis migTpuMyeThcA Ha CTANOMY DiBHI — TAKHH pekuM
caMOMiATPUMYBAHOI JIAHIIOTOBOI peakIlii HABHBAETLCA CTAI[IOHAPHHUM i BHKO-
PHCTOBYETHCA B A/IEPHAX peakTopax;

K > 1, kKo He HOBe MOKOJIHHSA HEHTPOHIB CIPHYHHIOE [efalii GLIbIyY KiTbKicTh
nofinis, NaHIIOroBa peakiisa nasuHonoxibHo HapocTae i Mae xapaxkTep BUOyxy.

3HaueHHA KoedinieHTa pOZMHOKEHHSA 3aJI€KHUTh Bif pany dakTopis, 3o0Kpe-
Ma BiJ npupoaH i KinbKOCTi pe4yoBHHH, AKa A1IHTECH, BiJ reomeTpHuHOl hOpMH
06’emy, axuit BoHa 3aiimae. [l ogniel i Tiel camol KinpKoeTi gagol peyoBHHH
Koedinienr K Oyae saibinemum 3a Kyascrol hopMH 06’eMy, OCKIIBKH B ILOMY
BHIAJKY BTPaTa BTOPHHHHUX HeHTPOHIB Yepes NOBepXHIO 00’ eMy HaliMeHIIA.

Jn1A KOMHOIO THIY AIePHOTO IMAJLHOTO iCHYE KpumuyHa maca, To6To Maca,
3a AKol miagTpUMYyeThea NaHIoroea peaxnia moainy 8 K = 1. Tak, gia aacroro
Ypauy-235 KpHTHUYHA MAaCA CTAHOBHThH KiJbKa AecATKiB Kinorpamis. Ilepesu-
IIeHHA KPUTUYHOL MACH B OMHOMY IIMATKY NPH3BOJUTE A0 AJePHOT0 BHOYXY.

IlpakTuusne s3aificHeHHA AAepHO] JaHIlOroBoi peakxiii BMMarae mojoJaHHA
sHaYHMX TpyaHouie. CnpaBa B TOMy, 10 IPHPOAHUHA YpaH € CYMIIILI ABOX
isoromiB — ¥Ypany-235 B Kinskocti 0,7% 1 ¥Ypany-238 (99,3% ). I1i izoTonu nix
[i€e0 HeHTPOHIB NOBOAATE cebe mo-pisHomy. Axapa Ypany-235 ginarsca HeliTpo-
HaM¥ Oyb-AKUX eHeprii, ogHak ocobauBo gobpe NoBiJILHAMH (TEIJIOBHMH ) Hel-
TpoHamH. flgpa x Vpany-238 ginarbea aumre AyiKe MIBHIKHMH HeHTPOHAMH,
eHepria Akux nmoHag 1 MeB. Hefirporn MeHIIol eHeprii mOrIMHAKOTHECA AQPaMH
Vpany-238 6es macTymHOro iX moginy. ¥ pes3yJibTaTi YTBODIOETHCA HeCTAGiNb-
He Agpo ¥Ypas-239 (nmepiox mieposmany akoro 25 xB). BHOyCKalYu eJIeKTPOH,
AHTHHEHTPHHO 1 (POTOH, Iie AAPO MEPETBOPIETECA B AP0 TPAHCYPAHOBOTO eJie-
menTa Henryniw, akuit nicaa B-posnagy nepersopioetbea y [lnyToniit (mepiox
niepoanany axoro 24 400 pokis). Axepny peakuino oxep:xanasa Ilayronio (ax
AJEePHOTO NANBHOI0) HIMPOKO BHKOPHCTOBYIOTE ¥ CYYACHHX ANepHHX PeaKTOpax-
PO3MHOMYBaYAaX.

Taka icroTHa BigMiHHicTs peakuiil mogisy pisaux izoronis ¥pany pobuUTs
HEMOKJIMBHAM 3IiMCHEHHA JAHIIOI0OBOI sigepHoi peakuil HA NpPUPOJZHOMY Vypa-
Hi. IT10 TpymHicTE JONA0TE NLIAXOM 30arayeHHs NPHPOJHOrO YpaHY i3oTonaMu
¥pany-235 no 5% Ta cnoBiIbHEHHAM HEHTPOHIB, 06 iCTOTHO 3MEHITHUTH iX TO-
IIUHAHHA AgpaMi Y pany-238.

flnepruwia peaxtop. JlrogeTeo 3pobHio 1CTOTHHI KpPOK yoepel, OCBOIBIIH
AxepHy edepriio. ¥ 1942 p. mig kepisaunTeoM E. @epmi B CIILA 6yno 36ynoBano
nepmui AgepHui peakTop. Ilepmwuii y €Esponi aaepanii peaktop 6yno 30ynosaHo
B 1946 p. mix kepisaunTeoM 1. B. Kypuatosa B O6HiHCcEKY (Pocia). Husi y csiTi
Hamiuyersea nouax 1000 agepHEUX eHEePreTHYHHX YCTAHOBOK.

fAnepHa peakuis, Wo CYNPOBOMXKYETECA BWAINEHHAM BenNuYesHol KinkkocTi

’s I faepHnii peakTop — NpUCTpii, B AKOMY BiAOYBAETECH KEPOBAHA NaHLIOroBa
eHeprii.

IIppHDENOBY cXeMy ATOMHOI eJeKTPOCTAHIII HA MOBLNBHMUX HelTpOHAX, Je
CHOBiNBHIOBAYEM i TemjoHocieMm € Boja, sobpaykeHo Ha man. 296. 'onosHHME
YACTHHAMMY €JIEKTPOCTAHIII] € IJepHUI PEaKTOp, DApPOTeHepaTop, Typhina, ejnek-
TpOTreHepaTop, KOHOeHCATOD.
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OCHOBHMMH YacTHHAMHK AXEPHOTO PEAKTOpPA € AKTHBHA 30HA (e MiCTHThCH
AllepHe NAJIHMBO, BiA0OYBAETBCHA JAHIIOIOBA PeaKIif AAepHOro moainy i sumina-
€ThCA eHeprisa), pinbueau HelTPOHIB (AKKI OTOUYE AKTHBHY 30HY), TeILIOHOCIH,
CHCTEMA DeryjaloBAHHA JAHIIOrOBOI peaknii, pagianiiaui saxucr.

Hpepra peaxuis Big0yBacTeCA B aKTHBHIM 30HI peakTopa, AKA 3aMOBHEHA BOTOWO [
Ta NpOHH3aHa cTeprkHAMH 2 i3 3baradenoro ¥ pany-235 (mo 3%) 3. B akTusHy 30HY
BBOJAATECA i peryiowdi crep:kei 4, mo MmicTaTs Kagmin abo 6op, Akl IHTeHCHBHO MO~
IVIMHAIOTE HedTpoHu. 1le K03B0OMNsAE KepyBaTH NIBHAKICTIO TaHI(IOTOBOI peaKIii.

AKTHBHA 30HA OXOJO[MKYETHCA 3a JOIOMOI0I0 TEILIOHOCIA, AKAM MOKe DyTH
BOZa 5 abo MeTas i3 HU3LKOIO TeMIIEPATYPOK MJIaBIeHHSA (HATIPHKJIAM, HATPIH,
TeMIepaTypa naaejieHHs axoro 98 °C). B naporenepartopi 6 Temsonocii Bigmae
TeIJIOBY eHepriio BoJii, nepeTBOPIOYH i1 y napy Bucokoro Tucky. Ilapa cipsamo-
ByeThcA BTYPOiHY 7, 3’eAHany 3 esrekTporeneparopoM 8. Ia rypbinm napa moTpan-
asae B koHAeHcaTop. I[lo6 yHUKHYTH BHTOKY pajianii, KOHTYpH TemsIoHocia Ta
naporeHepaTopa IpamioioTh 34 3aMKHeHHMH [HKJIaMH.

Ha man. 297 sobpaxeHo 30BHIIIHIA BHIVIAJ SAAePHOr0 PEAKTOpPA ATOMHOIL
eJIeKTpOCTaHIII] Ta Kepyio4i cTepikHi.

Typbina aToMHOI eleKTPOCTAHIIII € TENJIOBOI0 MAIIKWHOI, AKA 3TiJHO 3 ApY-
I'HM 3aKOHOM TePMOJMHAMIKH BH3HAYa€ 3araJbHy edeKTHBHICTH €JIeKTPOCTaH-
uii. KKl cy4yacHMX aTOMHHX eJex-
TPOCTAHIIA CTAaHOBHThL NPHUOJIU3HO
30% . Ile osHadae, W0 AAA BHPOD-
Hunrea 1000 MBr enekTpuuHOi 1mo-
TY;KHOCTI TeIioBa MOTYXKHICTHL pe-
akTopa Mmae gocarata 3000 MBr. 3
Hux 2000 MBT npocro BigBoaAHTRCS
rennoHociem. Ile mpuaBoguTs 10 JIO-
KAaJILHOI'0 NeperpiBaHHA IPHPOJHHAX
BOAOMM i 3YMOBJIIOE NOJANBII €K0JI0-
riuni npobJemu.

Ilicna aBapiii ma pmeaxux AEC,
sokpema B Ilencinesamii (CIIIA,

Man. 297. 30BHIWHIA BArNAA SAEPHOrO peax-
TOPA 3 KEPYIYMMK CTEPXKHAMKW



1979 p.), na Yopuobunscekiit AEC (Vkpaina, 1986 p.), na AEC ®dykycima (Hoo-
nia, 2011 p.), upobnema GesneKku AgepHOL eHEPreTHKH IMOCTANA 3 0COOIHBOIO
rocrpoTow. 'onoBHEME npobiemMamu € 3abeaneueHHda pagianiiinoi 6esnexn npa-
IiBHMKIB aTOMHOI eleKTpoCTaHIIl, monepeKeHHs BHIAJAKOBHMX pajianiiHux
BHKH/JIB, AKi HAKONMWUVIOTLCA B AKTHBHIN 30mi peaxrtopa. Ilix uac pospobku
AJEPHUX peakTopiB muM npobieMaM BiIBOJAHTHLCA I'OJIOBHA YBAra.

OxpiM OmMCAHOTO BHINE AJEPHOr0 PEAKTOpPa HA HOBUIBHHMX HeHTpOHAX,
BeJIMKHWHA TNpPAKTHYHHE iHTepec CTAHOBJATH PpEAKTOPH, M0 MNPANOITE HAa
IMBUAKHX HeliTpoHax (6e3 cmosinbHioBauiB). [leperaroo Taxkwx peakTOpiB €
Te, IO BOHH KpiM enextpoeHepril Bupobasaiorsk Ilnyroniit-239, Axnil Takomx
BHKOPHCTOBYIOTh AK NAJbHE JJA ATOMHHUX ejiekTpocranuii. Is 1 kr Ypany-238
B TAKMX peakTopax yreopwerses 1,5 kr Ilnyrorilo.

' HaiiTe Bignoeigi Ha 3anuTaHHA
1. 3a aKux yMOB MOXNMBA NAHLIOroBa AOEpHa peakuia?
2. Wo take koedilieHT pO3MHOXEHHA HEMTPOHIB i BiR 4Oro BiH 3anexunTe?
3. Y yomy TpYoHOLL NPaKTMYHOrO 3QIACHEHHA NaHWOroBOl AnepHoi peakuii? Ak
ICHYIOTb LUNSAXK TX NOA0NAHHA?
4. 3 AKMX YACTHH CKNANAETLCA | AK NPALIOE AALPHWIA peakTop?

§ 83. MeTtoau peecTpauil

AOHI3YyIOHOTO
BUNPOMIHIOBAHHA '

LA

MpuHumn ailnpunaaie peecTpaui’ AOHI3YIOYOro BUNPOMIHIOBaHHA. ApceHa-
JoM sgepHol QisuKH € peecTpyiodi npucTpol, AKi Aa0Th NOTPi6HY iH(OPMAaIio Ipo
nofil y MikpocsiTi. YacTHHKH AJ1A A0CTi3KeHb BUTTPOMIHIOIOTHCA il Yac pajioak-
THBHHX IIePeTBOPEHb, BXOJATE 0 CHJIAAY KOCMIYHUX NpoMeHiB ab0 cTBOPIOIOTHCA
HA CIELIaJbHHX HOTYRHMX NpHCKopioBadax. PoaMipn dacTHHOK HacTiMbKH Madi,
IO cHoCTepiraTH iXx He MOHA HABIThH 3a JOIOMOrOH eJIeKTPOHHOI'O MiKpOCKOIA.
Oneak (isMKM CKOHCTDYHOBAJIHA MPHJIAAH, AKI Ja0Th MOMKJIABICTE PEECTPYBATH
YACTHHKM, CIIOCTEPIiraTH iX TpacKTOpil, BUMiPIOBATH €Heprii Ta IBHAKOCTL PyXY.

OcKinpKH 3apsajKeHi dYacTHMHKH 3AaTHI iHoHIsyBaTH ATOMH pe4YOBHHH,
BILIMBATH HA (OTOIIACTHHKH, BHKJIHKATH CBiYeHHA JIeAKHX pedyoBHH, Ii ixHi
BJIACTHBOCTI i BHKOPHCTOBYIOTE V KOHCTPYKIIII peecTpyHUYHX IPHCTPOIB.

Ni4nNBHUKA ROHISYIOYMX YACTUHOK. JTIYrIBHUKK HOHI3YIOUNX YaCTHHOK 3rijfl-
HO 3 IPUHITATIOM cBO€1 il B OCHOBHOMY JiHIIe (PIKCYIOTh (DaKT MPOXOJAeHHd dac-
THHKH. {0 HUX HANEeKATh JIYHILHUK
Teitrepa—Miosnepa, cimeiicTBo cruH-
TIWIALIHHEAX JYHJIBHAKIB, HamiBmpo-
BiTHMKOBI JIYHILHWKH Ta iHIII.

Y 9 knaci mMH 03HaHOMHIHMCH
3 NPUHIIMTIOM Ail OZHOTO i3 MepImuX
JiYUIBHUKIBE — JAivuavHuxom Ieii-
Sy zepa—Mwaaepa, Akui moHajx miBeTo-
o o | JIiTTH BHKOPHCTOBYIOTE V HAEPHHX

i JOCTiKeHHAX,

Man. 298. MNpuHUMNOBa CXemMa NivnnbHUKa Mpuanumosy cxemy mporo Ji-
Felirepa-Mionnepa YyMJIbHMKA 300pakeHo Ha maJu. 298.

Yacruaka




DIBMKA ATOMHONO FAPA TA EAEMEHTAPHMX YACTHOK Jml

VY cknAny TpyOKY BMIlEHO BA eJIEKTPOAM: aHOA (TOHKA MeTaleBa HUTKA) Ta I[H-
JiHApUYHMI KaTOJ, 10 AKUX IPUKJIAJAETECA MOCcTiiHA (Y ZeKinbKa cOTeH BOJBT)
manpyra. Ckiassa TpyOKa sarnoBHeHA iHEPTHHUM rasoM mijJ SHHMKEHHM THCKOM
(15 30inblLIeHHA JOBKHUHEHN BlasHOrOo npobiry i mojermenns yaapaol HoHisamii).
3apsaKeHa 4yacTHHKAE, MOTpPamisaindu B TpyOKy, HoHisye ras. YTBopeHi enek-
TPOHH TA HOHH, PYXAWYHUCh IPHUCKOPEHO [0 eJIeKTPO/iB, 3/[1iICHIOIOTE BTOPHHHY
HoHisanio, BHACKILOK AKol BigOyBaeThesa npobii rasy, i cuia crpymy depea Ji-
YMJILHHUK pisko dpocrae. [Toku TpuBae pospsaj B 06’ eMi rasy, JiYHMIbHHK He MOXKe
PeecTPYBATH HACTYIIHY YACTUHKY, TOMY B K0OJIO MOCJIJJOBHO 3 JiYHJIBHAKOM BMH-
KAKTh PE3UCTOP 3 BeIuKHUM onopom R. Sk TibKH B KOJIi BUHHKAE eJTeKTPHUHHNT
CTPYM, HAIIPYTA ePeposnoAiNaeThes Mixk TpydKoo i onopoM. A piske ameHIIeH-
Hsl HAIPYI'H Ha TPYOLi racuTe pos3paj — TpydKa roTopa Iis peecTparii HacTyIHOL
YyacTHHKH. IMOyiibe HAIPYIrH 3 HABAHTAMKEeHHA R NOJaeTHCS B PEECTPYIOYHEA IPH-
cTpiil (migenaoBay i JiunJIbHHIA MexaHiaM).

TIpuaunn gii cyurmunayiitnux (Bijg JATHHCBKOTO « CHHHTHIALIO» — OITHCKAaH-
H#l, canax) AiuuibHUKIB nonArae y BAHMKHEHH] cajaxy Ha eKpaHi, BKDETOMY
JIIOMiHECIEHTHOIO PeYOBHHOIO, B MicIli HonajaHHA HA HHOr0 YACTHHKHY 3 JOCHTh
BHCOKO010 eHepriew. [Toxibruii npucerpiii BEKoprcToByBaB Pesepdopn vy gJocaigax
i3 po3citoBaHHA (-YACTHHOK.

Ha man. 299 zobpakeHo cxeMy Cy4acHIIIOro CUHTHIANIHHOrO JiYHILHAKA.
SapAKeHa 4JacTHHKA 3YMOBJIIOE cajax JioMiHodopy. Ockinbku cnamax Moxe
OyTi gy:ke caabkum, Horo caig nigennauth. [ia neporo coajax depes ceiTioBog
nepejgaetbea Ha oTokaros. Poronu cnanaxy subuBaioTh i3 hoToKaTOA eeK-
TPOHU, AKi CHIPAMOBYIOTHCA HA NEPIIHH eJeKTPoJ NOMHOMKYBaYa (mepmnil gu-
Hoa). Marepian guHoga Mae Many poboTy BHXOLY, TOMY €J1eKTPOHH BHOMBAIOTD
ia HBOrO HOBHI HOTIK eNeKTPOHIB, AKI NOTPAIIAITS, HA APYrHH guHOA. TaKkux
AuHOAIB Moske GyTr Big 10 1o 20, mo aae amory migenanTtu caraan xo 10° pasis.

HanisnpogidHukosuil AivuabHUK — 11€ 110 CYTi IIOCKUH HATiBOPOBIIHUKOBHH
Jioj, BRIOYEeHHH y eJeKTPHUHE KOJIO Y HENPONycKHOMY peskumi. koo yepea
p—n-nepexij nmposjirae 3apsjieHa YacTHHKA, BOHA YTBOPIOE NOIATKOBI mapm
eJIeKTPOH-AipKa, AKI nij Aieo eJeKTPHYHOrO NONA PYXAITLECA O0 eJeKTPOIIB,
CTBOPIOIOYH iMuyiaec cTpyMy. HamiBnpoBifiHHKOBIL JiYHIBHHKH 38 YYTIHBICTIO
MePeBUIYIOTh CHMHTHAALINHL, Vv AKWUX oTpUMAaHAN cOasax e caig migcunrosa-
Tu. Kpueranu repmanito, akTuBoBaHi JiriemM, 1aioTh aMory sBumipiosatu egeprii
YACTHHOK 3 TouHicTio 10 0,1% .
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PisHoBuaHicTI0O HANIBIPOBIAHHKOBHX
JiYUIBHUKIB € cmpunosi demexkmopu,
B #AKUX HamiBNPOBIZHMKOBI KpemHieBi
CMYXKH pO3TAIlIOBaHI B3aEeMHO MepIeH-
ouKyaAapHo. Ile pae MOMKAMBiCTE BH-
MipIOBATH KOODAMHATH YacTHHEKHA. Takum
YHMHOM HAMIBOPOBIAHMKOBL NiYHIBHUKHA
IaTh 3MOTY He NpocTo (piKcyBaTH HOHI-
3VIOUY YACTHHKY, 4 i JOoCiKyBaTH ii.

Ha ocobxuBy yBary 3aciyroByKTE TAK
3BaHi HeHTpHHHI gerekTopu, abo Ak ix
I[le HABHBAKTE — YePeHKO8ChK JIHUIbHU-
Kxu, HassaHi Ha yecTs I1. O. Yepenkosa. ¥
1934 p. BiH BiIKpPHUB ABHIIE BANPOMiHIO-
BAHHA CBiTJIa eIeKTPOHAMH, AKi pyXaoTh-
cA y cepegoBHIni 3i mrsuaKicTio, 6inbmor
3a MBHJKICTH CBiTJIa B IILOMY CepemoBH-
mi. Taxi TiYAABHUKHA a00TH 3MOTY JOCTi-

Masn. 300, HelTpuHHUIA AeTEKTOp OFYBATH He JIMIIe 3apAMMKeHl YacTHHKH,

a # HeWrTpaasHi. Ha man. 300 vaBeneno
tdororpadio HeHTpHHHOrO ZeTeKTopa. ¥ L0 €EMHicTE 3anuBapTe 167 ToH Mi-
HEPAJNBHOTO MACHA 3 JOMIOIKAMH CHHHTHIAATOPY. B akTi B3aemoaii HeiiTpuHO 3
ATOMAMH PEUOBHHH YTBOPIOITECA eleKTPOHH BUCOKOI eHepril, MBUAKICTE PYyXY
Axkux Olasina 3a IIBHAKICTE CBiTJIA ¥ IBOMY cepeAoBuili. PyX Takux ejleKTpo-
HiB CYTIPOBOSKYETHCA CBIYEHHAM Y BUTIA/I KOHYCa, AKe dikcyeTsea 1220 doro-
IIOMHOXYBAYAMHE, PO3TAIIIOBAHNMH HA CTIHKAX IMOCYIUHH.

Kamepu ans pocnipeHHa 4YacTuHOK. Kamepr (TpeKoBi ZeTeKTOpH) — Le
IpPHCTpOI IJIf cocTepeKeHHA TPaceKTopil (Tpeky) 3apaiKeHol YaCTHHKH,

Ilepminm TpekoBHM feTeKkTopoM Oyna kamepa Biavcona (TymaHHaA Kamepa).
ITro kamepy nobynysas v 1912 p. anraiiiceruit yuennit 4. Binscon. [Ipuanun ii
Oil rpyHTYETHCH HA KOHIeHcallil nepeHacH4YeHOI NapH HAa HOHAX, 110 YTBOPIOIOTLCH
B poOouomy 00’eMi KaMepH B3IOBM TPAEKTOPIl pyXy 3apaLKeHol YaCTHHKH.

IIuniggpuuHa mocyWHA 3 MOPIIHEM 3aM0OBHEHA CYMIIIIIK MOBITPA 3 Napoi
poau abo cumpry y craHi, OaM3pKOMY H0 HacuyeHHs. Piske onycKaHHA MOPITHA
3MYILIYE Dapy y kaMepi agiabaTHo posmupuTHed. Big 1b0ro BOHA OX0JMOAMKYETHCSA
i crae mepeHacuueno. Ko B 1eil yac Kpisk KaMepy MpoJiTae 3apaAmxeHa
YACTHHKA, BOHA HOHI3ye MoJeKyjH moBiTpsa. YTBopeHHI HOHH € IeHTpaMH
KOHeHcalil, i HA HAX VTBOPWIOTHCA KpaNeJbKH, AKi pobJIATE ¢BHAMMOIO»
TPaeKTOpiio pyxy yacTHHKH. {10 KapTHHY MOXXHA crocTepiraTu GeanocepeiHBO
Kpisbk BikoHOe abo dotorpadyearu. o6 migroryearn kamepy A0 HACTYIIHOI'O
BUKOPDHUCTAHHSA, BCEPEIUWHI Hel CTBOPIOKTh €JIEKTPHUYHE IoJie, AKe INPHUTATYE
HOHH Ha eJIeKTPOJH, e BOHH HeHTpaJi3yioTsCH.

dororpadil TpekiB, OoTpHMAaHI 3a momoMoroxw kKamepu Binbcona, aaioThb
moBHiMY iHOpMAaIiio Npo YaCTUHKY. 3a JOBKHUHOKI TPEKY MOMHA BU3HAYHTH
ii emeprito, meuakicTs. Kamepy, Ax npaBujio, BMimyoTs y MarsitTee nose. Toxi
Ha YACTHHKY AigTuMe cuia JlopeHna, sKa BHKPHBAATHMe Ii TpaexTopii. 3a
pagiycoM KPMBH3HH TPAEKTOPil MOYKHA BH3HAYHWTH BiTHOINEHHSA 3apDANY YaACTHHKH
Jo il MmacH.
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Ilizmime (v 1952 p.) amepukan-
cbKHH yueHH# [I. I'meiizep sampono-
HYBAB [OJA CIOCTepe)eHHs TpeKiB
YaCTHHOK BHKOPHCTOBYBATH IIeperpi-
Ty pigury. ¥ Takii piguHi Ha ffoHax,
IO YTBOPIOIOTECA IIij] UaC PyXy 3aps-
JKeHHX YACTHHOK, BHHHKAKIOTE OYJIb-
Gamku mapu, axki pobaaTeE BHUAMMKM
Tpex. Kameps nboro THIy xicranu
Ha3By Oyasbawrosux (man. 301, a).
Ilepesary OGynsbamkosoi KamepH
HOpiBHAHO 3 Kawmepow BiascoHa
aymopiaoe Oinema rycrusa pobouoi
pedyoBHHEH. BHacaigok nsoro mpobirn
YACTHHOK KOpOTIHIi, i 4YaCTHHKH
HABIiTh BHCOKHX eHeprii 3acTpAITE ¥
xamepi. Ile gae MogauBicTE crocTe-
piratu i dororpadysaru (man. 301, 6)
cepio IOCHiOBHHMX IepeTBOPeHb
YaCTHHKH 1 peakliii, AKi BoHa cOupH-
YHHIOE,

ITopang 3 xamepammu Binscona H
OyAp0AIIKOBHMHA KaMepaMu JJs pe-
ecTpainil YACTHHOK B3aCTOCOBYHIOTH
mosacmoutaposi pomoemyrwcii. 3apa-
A¥KeHa YaCTHHKA, PYXAWIUCh Y POTO-  pan 301, g - 6yns6alikoBa kamepa; d - ¢o-
eMyJbcii, pyiitHye MoJIeKyIu OpoMuc- Torpadis Tpekis
TOro cpibjsa Ha CBOEMY IILJIAXY.

TonoBHa wacTuHa ickposgoi (cmpimepnol) Kamepu Harajaye OaraTolnapoBHI
KOHIEHCATOP, IJIACTHHH AKOr0 poamimieHi Ha BigcraHi KinbkKox mMinimerpis
OIHA Bix ogHOI. ¥ MOMEHT NPOXOMKeHHA Yepes KaMepy YacTHHKH Ha IJIACTHHH
MOJNAETHCA IMIYJIBC BUCOKOI HANIPYIH. ¥ MICIAX PyXy YACTHHKH BHUHUKAIOTh
ickpu (cTpiMepn), aki moxaa dhoTorpadysaTtu.

Posrnsaryri HaMu OpHcTpol He BHUepHyiOTH Beiel ix muoMuHH. Cyuachi
VCTAHOBKH JJIA OOCHIJKeHHHA eJeMeHTAPHHX YacTHHOK JIOCHTH ckaaxHi. Tak,
Hanpuxjaaj Ha Be1ukomy anpoHHOMY Kosaiilepi BUKOPHCTOBYEThCA YCTAHOBKA,
AKa 38 pO3MipaMu BilIOBia€ BOCEMHMIIOBEPXOBOMY OVIMHKY.

| :
i E °/ OanTe BiaNoBIAi Ha 3anNUTaHHA
l"‘“ﬂ 1. Hka BnacTuBICTL 3apAMXEeHUX YaCTUHOK NOKNaAeHa B OCHOBY [Aji PEECTPYIUMX
| npuctpois?
|2. Y 4omy BIOMIHHICTE MiIX NiYMAbHWMKAMKW | kamepamu peecTpawii WoHI3yK4Yoro
| BMMNPOMIHIOBAHHA?
| 3. Onnwite ByaoBy | NPUHLMN AiT OAHOrO i3 NPUCTPOIB ANA peecTpauii AoHi3yluoro
I BUNPOMIHIOBaHHA.
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§ 84. BionoriyHa fia paaiauii Ta 3axucT
Bifi AOHI3YI04Oro BUNPOMIHIOBAHHSA

Bionoriyna gis oHiIsylO4oro emnpomiHioBaHHuA. Bionoriusa ais Horisyio-
YHX BHIPOMIHIOBAHL HA dKMBI TKAHMHY 0B’ A3aHA i3 30y KeHHAM Ta HoHizani-
€10 ATOMIB TA MOJEKYJI, 4 TAKOK 3 YTBOPEHHAM BLIBHHX paguxaiis. 30ymxeni
ATOMH Ta HOHH, BilBbHI pajMKaJ#d MalTh BUCOKY XiMiYHY aKTHBHICTh, TOMY B
KJITHHAX OPTaHi3My YTBOPIOIOTHCA HOBI XiMiuHi cONYyKH, pYRHYIOTECA KJIiTH-
HH, MOPYHIVETHCA iX 3AaTHicTs Ho nmoxiny. HaltuyTausini go ffoHi3yo4Horo BH-
NpOMiHIOBAHHSA AApa KJIITHH, 0cOOJHBO KJIITHH, AKI MIBHAKO AiaATbeA. ToMy |
pamioaKTHUBHe BHIPOMIHIOBAHHA BpAaXKa€ B OpraHiaMi Hacamiepej KiCTKOBHH |
MO30K, BHACHIZOK UYOT0 MOPYVIUVETLCA Ipolec TBOpeHHA Kpopi. Ilorim ymxo-
JRYIOTBCHA KJIITHHM TPABHOI'O TDAKTY TA iHINHX opraHiB. ¥YpakeHHA CTATeBHX
opraHiB Befe 00 HeoOOPOTHHX NreHETHUYHHX 3MiH (MyTAaIiif) XpoMocoM, y pe3ayJib-
TaTi Y0ro BUEHKAIOTE cIaJKoBl XxBopobH 1 moTBOpeTBa Hamaakis, Lle me He Bech
meperiKk MOXKIMBHUX HACHiAKIB ompoMiHeHHA J0/chKOro oprasiamy. Hebesnexa
Bif paficaKTHBHOIO BUIPOMiHIOBAHHSA TOCHJIIOETHCSA THM, 110 BOHO He YMHUTH
BiguyTTa 60J110 HABITH ¥ CMEPTENBLHUX N038X.

OpraHism JTIOAHEA MOCTifiHO MigmaATae ail pagioaKTHBHOIO BUNIPOMIHIOBAHHA.
JxepenaMu nbOI0 BUIIPOMIHIOBAHHA € KOCMIUHI NpoMeHi, IpAPOAHI KONATHHA
B Hajpax 3emJi, OVIWHKH, B AKAX MH KHBeMO (pajioakTHBHUMHK Oy AiBeTbHUMHA
MaTepiamamu € rpamit, 6eToH, Heria), eJeKTPOHHO-TPOMeHeBi TPYOKM KiHecko-
miB TemeBizopiB, peHTreHiBckKi anaparn, Hasite B Tini camol noawHH 3HaAXO-
authed 6ausnko 0,01 r pagioakTHeHOro Kamiio, Axkuil posnmagaceThed 3i IIBUAKIC:
Ti0 4000 posnazis sa cekyHay.

XapakTep BIUIMBY PAJiOAKTHBHHX PEYOBHMH BAJeKUTE BiX Ix BHAY Ta Kiab-
KocTi (moau).

Doau eunpomidioBanHa. [ln4 oninky Ail pagioaKTHBHOrO BHIIPOMiHIOBAHHA
KOPHCTYHTLCA JOSHMETPHUYHUMHY BeJIMYHMHAMHE,

Heaane:xHo Big npHpoan HOHI3YIOYOr0 BHIIPOMiHIOBAHHA, HOr0o BIJIUEB Ha pe-
YOBHHY Ol HIOIOTE eHepricn W, AKa MOrIHHEAETHCA OTUHHIEI0 MACH DEYOBHUHM m,

TOOTO nozAuKHYmMOW d03010 BUNPOMIHIOBAHHA, D=—0,
m

Omununsa B8 CI morsmnayTol 103M HOHIZYIOWOro BHIPOMiHIOBAHHA — Tpei,
[D]=1Tp.

1II'p — ume raka gmosa OyAb-AKOro HOHI3yH4YOro BUNPOMiHIOBAHHA, AKA
onpomiHeHi# pevoBuHI Macoo 1 Kr nepeaae egeprio 1 k.

BHKOPHCTOBYHOTE TAKOXK i mosacucreMuy oguaumio 1 pax (rad — sa neprumMu
JAiTepamu aHraiiiceKoro ciosocnonydeHnsas radation absorbed dose — mormuayTa
038 BAIPOMIHIOBAHHA).

1 pag — me gosa, 3a AKOL ompoMiHeHii peuoBuHiI Macol 1 Kr nepenaeTscs
emepria 1072 [Ix.

TlornmayTa eHepria saTpadyaeTbcs HA HArpiBaHHA PeYOBHHH, Ha ii ximiuni #
tisnuHi nepeTBOpeHHA.

IlornuayTa [O3a BHOPOMIHIOBAHHA MA€E€ BJACTHBICTE HAKONWYYBATHCH 3
YACOM; 34 IHIMWX OJHAKOBHX YMOB BOHA THM OLJIbINA, UMM TPHBAMIIIMH YAC OIPO-

; : D
miHeHHs. ToMy 34CTOCOBYIOTE HOHATTA nomyxHocmi dosu, N = 5
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IaTencuBHiCTL PajioaKTHBHOrO BUIPOMIHIOBAHHSA OLIHIOIOTH TAKOMXK 3a HOro
HouisanifiHoW0 3JATHICTIO, OCKIIBLKH (pisWuHA Oia 6yIL-AKOIr0 BUNPOMiHIOBAHHA
OB’ A3aHA HAacaMmIlepe] 3 fioHizalielo aToMis i Mmonekys peyosuHH, 1110 xapakTe-

PHCTHKY Ha3UBAKOThL eKcno3uyiitnow dozow i nosnavarore D, = g,

m

B CI excniosuniiiny 1o3y BUMipIOOTE B KYJIOHAX Ha Kinorpawm, [D,]=1 Ka/xr.

Excnosuniiina gosa 1 Ki/xr osnauae, 1m0 cyMapHHuH 3apaj yeix HOHIB 0gHOTO
3HaKa, yrBopeHHX B 1 Kr cyxoro armocgepHoro noeitp4, gopieawe 1 Ki.

ITozacucremHa ofUHUIA eKCIIO3UIIHHOI 103K — peHTreH (P).

Hosa 1P osmauae, mo mig uac onpoMiHeHHA PEHTreHiBCBKHM YH ramMma-
BHIIPOMiHIOBAHHAM B 1 cm® NOBiTPA 38 HOPMAJLHHX YMOB YTBOPIOKIOThLCA HOHH i3

3araJIbHMM 3apA0M KOXXHOTO 3HAKA 10°
3B A30K Mix mosacucreMHOK P Ta cucremuow Ki/Kr oJHHHISMHE TakHi:
1P=2,5810" Ka/kr abo 1 Kn/kr = 3,88-105I P. Bignoeigao 1 pan=1,1P.

Iloaoto 1 P yreoproeThes npubanasno 2,08:10° nap fiowis.

Excnosumiiiaa gosa 3pydHIilIa HA NMPaKTHILL, OCKiJIBKH HOHisamilo moBiTpA
JIEI'KO BUMipATH 3a JONOMOT00 do3umMempa.

Ilig gieo onpoMiHeHHA B JKMBUX OpraHizMax, 30KpeMa B OpPTaHi3Mi JOJHHH,
BHHHUKAIOTE Oiosoriuni edekTH, pisHi 18 PisHMX BHAIB BUIPOMIHIOBAHHA XO0Y
1 3 OJHAKOBOIO MNOTJMHHYTOW A03010. IIpuilHATO DopiBHIOBATH GiosorivHi edex-
TH, 3yMOBJIeH] OyAb-AKMMH HOHIZYIOUMMH BUNIPOMIHIOBAHHAMH, 3 epeKTAMHE Bif
PEHTTeHiBCHKOI0 H raMMa-BHIPOMIHIOBAHB. [[JIA IBOro KOPHCTYIOTECH IIOHAT-
TAM eK8igaleHmMHOL J03U UNPOMIHIOBAHHA.

Exsisanrenmua dosa D, — ne NOranHyTa 1034, IOMHOXeHa Ha KoedimieHT
K, mo BimoOpaae agaTHICTh BUIPOMiIHIOBAHHA II€BHOTO THNY YHHHUTH Jil0 Ha
TKaHWHM oprauiamy, D, = KD, K Ha3uBaoTs BilHOCHOI Gionorivnomw epexrTus-
HicTio abo Koedinientom gxocri. s pedTreniBesKoro, y- i f-sunpomiHioBaHE
K =1, nna rennosux HeidrpoHis K = 5, Ind IIBHAKHX HeHTPOHIB 1 NPOTOHIB
K =10, gns a-uactunok K = 20.

B CI exBiBasenTHY 103y BUMipIOIOTE ¥ 3iBepTax, [D,, ]=1 3B.

IMozacucTeMHAa OJHMHHIIA EKBIBAJIEHTHOI . JO3H HOHI3YIOYOr0 BHIIPOMIiHIO-
BAHHA HABMBAETLCA 0i0N02iYHUM exaisanrenmom penmezena (6ep), 1 6ep=1P =
=0,01Tp=0,01 3B.

IIpyn ouinmi Giosoriunoi mil pagioakTHBHOrO BHIpPOMiHIOBaHHA Tpeba Bpa-
XOBYBATH I1Ie ¥ Te, [0 pi3Hl YaCTUHM Tija MAIOTH Pi3HY YYTJMBICTH /10 OIPOMi-
HeHHA. Yepes e 031 ONPOMiHEeHHA OPTaHiB i TKAHMH noTpibHO of4YHCAIOBATH

, 3 pisHuMH koepiyicnmamu padiayiitnozo pusuxy, a came: 0,03 — gna kicrrosoi
TKAHMHH Ta MUTOBHAHOI 3a1031; 0,12 — nna yepeoHOTo KicTKOBOTO MO3RY; 0,15
— nna aerenip; 0,25 — gna crarepux s3anoa; 0,3 — aua iHmux opragie.

| TloMHOKHMBINK eKBiBATIEHTHI 103K HA BiINOBiNHI KoeillieHTH PH3HKY A BCiX
OpraHiB i TKAHWH Ta MiJICYMYBABIIH X, JiCTAHEMO 3HaAYEeHHS epeKTHBHOI eKBiBa-
JIEHTHOI J03H, 1o BijoOpakae cyMapHHA#A edeKT onpoMiHeHHA OpraHiaMmy.

KoporkouacHe onpoMineHHs a0l 103010 B 20-50 P npussoauTe g0 3MiH
v KpoBi, noza B 100-250 P cnpuunHiOe mpoMeHeBY XxBopoby, a mosa B 600 P -
cMmeprenbHa. [Ipupogunit don pagianii mopieHwe pivni# gosi 0,2 P, rpannyHO
momyceTrMa mosa — 5 P 3a pik.



3axucT Big WOHI3ylO4Oro BunpomiHioBaHHA. OCKLTBKM pafiicakTHBHE
BHNIPOMIHIOBAHHA IIKiJJIHBO BIIMBAE HA KHBI KJITHHH, TO, 3p0o3yMisno, noTpibHo
OpraisyBaTH 3aXucT Bif Heoro. 3 1i€i mMeroio reHepansHa acambaea OOH y rpyani
1955 p. sacuysayia Haykosuit komiTer 3 gii aromuoi pagiauii (HKIIAP) gia oninku
v cBlToBOMY MacinTabi 103 onpoMiHeHHS, X edeKTy i 10B’A3aHOTO 3 HHMH DH3HKY.

Jna sSHHKeHHS 3arpO3H ONPOMiHEHHA HABKOJIO AKepesi paiioaKTHBHOI'O BH-
NpOoMiHIOBaHHA PO3TAMIOBYIOTH OioJioriuHMii 3axXHCT 3 pedyoBHH, mo nobpe mo-
IIMHAIOTE BHOPOMiHIOBaHHA. HalnpocTiHM MeTooM 3axXHCTY € BiggaleHHSA
Ha JOCTATHIO BIICTAHB Bif AKepeJ BHIPOMiHIOBAHHA. KII0 e He MOXKJIHBO,
TO AJA 3aXHUCTY BHKOPHCTOBYIOTECA NEpeIlKOAH 3 Pi3HHMX IOIJIHHAJBHHX Ma-
Tepianis, a pobora 3 pagianifinuMu npenaparaMu 3A1HCHIOETECA 3a QOIOMOTI0I0
MaHinynsaTopis. Bigomo, Mo o-4acTHHKH 3aTPUMYIOTHCA HABITH apKYIIIEM Male-
DY, P-BHIpOMiHIOBAHHA CJiJ eKPAHYBATH IIAPOM ILIAacTMacH abo cheriaJbHOTO
CKJIa, [0 MIiCTHTh CBHHeNb. JI1A 3aXHCTy Bij y-TpOMeHiB BHKOPDHCTOBYHOTE CBAH-
neBi koHTeliHepHu. HaBKoiio 0ocobiuBO NOTY:KHUX Jepen (ALepHUX peaKTopiB,
IPUCKOPIOBAYIB YACTHHOK) CIOPYIYIOTE OeToHHI cTiHK BignmosigHOI TOBIIHHH.

PagioakTHBHI peYoBHMHH MOXKYTEH IIOTPAIIMTH B OPraHiaM IijJ 4ac BAHXaHHSA
3a0pyaHEEHOro paZlicaKTHBHUMH eJleMeHTAMH NOBiTps, i3 XapuyoBHMH OPOAVKTAa-
mu abo Bogoio. II[o6 geskol0 Mipolo 3aXMCTHTH OpraHisam Bij pajgiamii, 3acToco-
BYIOThH PeHOBHHH-OKCHIAHTH, 1110 HAJIEXKATh J0 pagionpoTekTopis (ix HeoOXigHO
BIKHMBATH JI0 OIPOMiHEeHHH).

”y = : i
[ DaiTe Bignosigi Ha sanuTaHHa
1. SKWiA BNAWE YYMHWTE PAAIOAKTUBHE BUNPOMIHIOBAHHA HA XWBI TKAHWHIN?
2. Hki Do3MMETPWYHI BENMYMHW XapakTepu3yioTe PaficakTUBHE BUNPOMIHIOBaHHAT Ha-
3BiTb iX OAWHML.
3. HAki ponycTumi i HebeanevHi 403K ONPOMIHEHHA NIDAUHWT

§ 85. 3aranbHa xapakTepucT1Ka eflieMeHTapHuX
YaCTUHOK

Eranu poasutky ¢iamkmn enemeHTapHux 4yacTuHok. Croroghi disuka ene-
MeHTAPHHUX YacTHHOK CTajla HOBOK, BEJIMKOK i CAMOCTIHHOI rajy3ss3io HayKH.
YMOBHO MOKHA BUALTHTH AeKinbKa eTanis ii po3BUTKY.

ITepmuii eran (1895 — 1932 pp.). Hocaigxenns asuig emicii (Tepmo-, oTo- Ta
iH.) BUAIBHJIH iCHYBAHHA IOTOKY 3aPAYKeHUX YACTHHOK, AK1 HA3WBAJIH KATOJHIM
npoMiaaam. [lismime Gyno BcraHOBJIeHO, INO He nomik eirexmponia. Ilepmi
€KCIEePHMEHTAJNBHI JoCHifKeHHA eNeKTpoHiB npoBozuau y 1906-1916 pp.
aMmepuKaHChbKHH isuk P. MisnikeH i Hesane:Ho Bif HbOT0 pafgHCHKHI BUeHHH
A. @. Vodde.

V¥V 1896 p. ¢ppannysekum ¢isuxom Aupi Bexkepenem 6yia BifKpHuTa IpHEpOAHA
panioaxTuBHicTs. IIpoBemeni y 1898p. mocaimkenna M. Crnogoeceroi-Kiopi i
HesanexHo E. Pesepdopaa nokasanu, moy MarsiTHOMY 1noJi pajioakTHBHE BHIIPO-
MiHIOBAHHA PO3ALIAETLCA HA TPH NYYKH: (- YACMUHKKLY, f-1acmunKu, y-npomMeri,

¥ 1911 p. Gysa cTBOpEHa MJaHeTapHA MoJefb ATOMA: AHrMiHCHKHEA dizuk
Epuect Pesepdops mokasas, 100 v EHTPL ATOMAa MICTHTBCH AP0, HABKOJIO AKOT0
00epTalTHCA EJIEKTPOHHU.



IIporsroM HACTYNHMX DPOKIiB IPOBOAHJIMCE AOCHi)KeHHA INTY4YHOI pafio-
AKTHBHOCTI (AJepHMX peakmii) 3 MeTow JochifKeHHs OyJ0BH AaTOMHOIO
agpa. ¥ 1919 p. E. Pesepdopa saiiicHioe nepmy sfepHy peakuiiwo i sidxpusae
cy0'adepry vacmuKKy — npomon (p) — AK DPOAYVKT PeakIiii 1§N + 5 sHe — ”O + {p
¥ 1932 p. [I. 1LIle,rmu{ BiiKpHMBae 11e OfHY cy0’AAepHY YACTUHKY — HeimpoH (n):
'Be+ 3He — ':C+ gn.

Takum umHoM OYJIM BCTAHOBJIEHI eJeMeHTapHLI CKJAaJOBI 4aCTHHKH aTOMIiB
PEeUOBHHH: eJIEKTPOHM, NPOTOHH i HefiTpoHH. IIpoTe (ismKiB nikaBuI0 MATAH-
Hf, 9H ICHYE MeXKa MOALTy eJIeMeHTAPDHUX YACTHHOK, YU NMOAiIATLCH eJIeKTPOHH,
[IPOTOHM, HENTPOHM HA CKJIAJIOBI YACTHHKHA?

3 1932 p. mouHHAETHCA APYTHH eran JociifkeHHA (Qi3HKH elleMeHTAPDHHX
yacTHHOK. [1if] yac npoBelleHHA eKCIIePHMEeHTIB i3 gocaig;KeHHa ITy4YHOI pasio-
AKTHBHOCT] OyJI4 BUABJIEHI YACTHHKH, AKi He € CKJIAJOBHMH PEYOBHHH.

IIle v 1928 p. anraiticeknit izuk I1. [lipak cTBOPHB PEJIATHBICTCHKY TEOpiio
pyxy enexkrpoHa. Poapobasaioun mio reopiio, Ilipak BMKOpHCTAB Bl eKCIepUMeH-
TATBHO BCTAHOBJEH] XapaKTePUCTHKH eJeKTPOHA — Macy Ta 8apaj — i coupaBcs
HA 3araJibHiI IPHHOMION Teopil BixHOCHOCTI Ta KBaHTOBY Teopirw. 3 Horo Teope-
THYHHX PO3PAXYHKIB BHIJIMBAJIA MOMJIHBICTE icHYBAHHA TaKOl caMoi yacTHH-
KH, K 1 eIeKTPOH, ajle 3 MO3UTHBHUM 3apAgoM — nosumpoxa. ¥ 1932 p. ame-
puxkancekuii @pisuk K. II. Augepcor, ¢pororpadyiodn cirigd KOCMiYHAX IPOMEHiB
v kamepi Binscona, BuaABuB Ha oxgHi# i3 dororpadiit cain, axkmit Mir HanexaTn
MO3UTPOHY.

V 1932 p. Hounio-Kopi Bnepie oTpUMAB INTYYHUE pajioakTHBHUI izoTon y
peakuii 13Al+ jHe— 2P+ )n, ge pagioaxrusnuit isoron {3P posmagaerscs 3
BHTIPOMiHIOBAHHAM IIO3HTPOHA.

ExcnepuMeHTANbHE MMiATBEDAYKEHHA iCHYBaHHS IIO3UTPOHA JAJI0 HOBHH mHO-
LITOBX V JOCIIIKEHH] eJleMeHTADHHAX YaCTHHOK. ByJI0 BHABJIEHO, IO Maiiie
KOKHA YACMUHKA MAE C80K) AHMUYACMUHKY, YACMUKKU 3A3HAOMb 83AEMHUX
nepemeopets. Tak, npu B -posnazi onuH 3 HeHTPOHIB BcepeUHi Anpa nepeTBo-
PIOETHCH B IPOTOH, €JIeKTPOH i AHTHHEHTPHHO, én = 1p+ _'lle+ v. Enexrpon i an-
THHeHATPUHO BUJIITAIOTE 3 A/1pa, & HYKJOHH, AKi 3aJIMIIHJIHCE, YTBOPIOKTE HOBE
Anpo. ¥ BiILHOMY CTaHi HEHTPOH MOMKe iCHYBATH B cepelHbLOMY 15 XB, mmicns yoro
3a3HAE TAKOIO nepe'rnopeuna

¥ npoueci §*-posnagy nporox nepe:raopme'rbcn B HEHTPOH i 0JHOYACHO BHITyC-
KAlOThCA TIOBUTPOH i HefTPHHO, [P — N+ +1q=.e+ v. Ile neperBopeHHA BinOyBaETH-
Cf 3 HOIJIMHAHHAM eHeprii, ocKiJILKHA Maca NPOTOHA MeHINA 3a MAacy HeHTpoHa,

Man. 302. Cy4yacHi npuckopoBaYi eneMeHTapHux YaCTUHOK
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i Tomy mMose BigGyBaTHCA TiIBKH B A/pi. ¥ BLIbHOMY cTaHi NpoToH — cTabinbHa
YACTHHKA.

¥ 1933 p. Oye BiAKpHTHII IpoLlec YTBOPEHHSA MO3HTPOHA 1 eJIeKTPOHA IIij 4ac
B3aemo/il (poTOHA BeIHKOI eHeprii 3 AK0IOCh 3APAMMKEHOI0 YACTHHKOI, HATIPH- )
KJaj, 3 aTOMHHM AApOM, ¥ —e +e'.

drogoM Oyn0o BHABIEHO i 3BOPOTHHH NPOLEC — AHiZiAAYIW — IePeTBOPEHHA
YACTHHKH il AHTHYACTUHKY B raAMMa-KBaHTH, € +e — 2Y.

Hocnif:keHHA eNleMEHTADHUX YACTHHOK B 3eMHHX YMOBAX 3AiHCHIOETHCHA
3a JOMNOMOrOK NPHCKOPIOBAYIB YACTHHOK Pi3HMX KOHCTPYKILIH: JIiHIHHHX
NPUCKOPIOBAYiB, HHKJIOTPOHIB, cMHXpoda3oTpoHiB, koaaiapis (Mmanx. 302) Toro.
V pesyasTaTi NpUCKOpeHHA eHeprii YacTHHOK CTAIOTL HAJBUCOKNUMH, i TAKHMH
yacTHHKaMHK OoMOapAYIOTECA HOCHi K yBaHl YaCTHHKH. ¥V KoJalgpax Jocai K yIOTE
3iTKHeHHA [IOTOKIB 3apAIKEeHNX YaCTHHOK.

IIpopogATLCA mOoCHifKeHHA | IPUPOLHHUX [OTO-
KiB YACTHHOK — KocMivHo20 npominua. Ilepmi go-
CHiIKeHHA KOCMIYHOIo npomiﬂﬁﬂ IPOBOJAUJIHCE
me v 1912 p. 3a 1omoMororn mOBiTPAHHX KYJb. 3
yacy 3anycKy MITYYHHX CYIYTHHKIB Ta KOCMIMHHX '
KopabJiiB MOMKJIMBOCTI JOCHIIMKeHHA KOCMIUHMX |
NpoMeHIiB 3HaYHO 30imbmunucek. Byno BusaBaeHo, |
010 KOCMidHe IPOMiIHHA CKJIAJAETHCA 13 YACTHHOK
BHCOKHX eHeprii, AKi JeTATL Vv HalpizHOMAaHITHI-

IIAX HAONpPAMKaxX B KocMiuHomy mpocropi. [Ixxepe-
JIOM KOCMIYHOTO BHIIPOMiHIOBaAHHSA € BUOVX HAJTHO-
BOi 30pi (man. 303, a).

Bracnigok 3iTKHeHB KOCMIiMHHX NPOMEHIB 3
AApaMH ATOMIB pe4OBHH, AKi BXOJATE A0 CEKJAIY
atmocthepu, BigdyBaeTbcs HApPOMKEHHS HOBHX
YACTHHOK, fAKI Hagajll TaKOMK 383HAITH HOBHX
3iTKHeHE 1 HOBHX nepeTBopeHs (man. 303, 6).

Takum uHHOM O6YJI0 BCTAHOBJIEHO HAaWBAMKIHBI-

Iy 3arajJibHY BJACTHBICTL ejleMeHTAPHHX 4YacTH-
HOK — Ix 30ammuicmb 00 63AEMHO20 NEPEMBOPEHHA;
pﬂanad‘amuur:b, 00MI YacmMUHKU 3HUKAIOMb, [HW
HapoOHYmbCA.

Ha nmouatok 60-x pokis XX cT. KiapKicTh Bim-
KPHTHX eJleMeHTADHHUX YACTHHOK CTAJIA HACTLILKH
BEJIMKOIO, 110 BHHHKJIM CYMHIBH, 4H BCi YACTHHKH,

AK1 HA3WBANOTH eJeMeHTAPHHUMH, MOBHICTIO Bigmo-
BialOTE Iiii Ha3Bi. ,
¥ 1964 p. amepukrasceKi pisuku M. 'enn-Masn
ta JI». IlBeiir sanmpomoHyBamH MoJeNb, 3rigHO 3
Man. 303. BBepxy - nowu- AKOI0 MalThH icHyeBaTH ¢yHzameHTaNabpHimi (mep-
PEHHS KOCMINHUX NPOMEHIB BHHHI) YaCTHHKH — K&éapku. 3a X IpHIYIIeHHAM,
BHacnigok Bubyxy HaAHOBOI  eJIEKTPOHM i MPOTOHM MAalOTh CKJIAJATHCA 3 TPLOX
30pi, BHU3y — CXBMaTW4He 30-  gpapkiB: u-KBapKa, d-KBapKa Ta s-KBapKa (HasBaHi
GpaxerHs B3aeMOAil KOCMI4- BiJf aHTIiHCEKHX cJIiB up — BepxHi#, down — HHM«-

HOI YACTHUHKX 3 AAPOM atoma i i st w“
PeoBHMHM aTMOCDEPH Hii i strange — TuBHKIH).




—Jl pasain 7 DISVKA ATOMHOMD SIAPA TA EAEMEHTAPHMX yaCcTHHOK |IEEERE

3 uBoOro uacy pos3mnodYaBcHA TPeTit eTan eKCcCHepuMeHTAJBHHX HOCHiJKeHb,

COPAMOBAHMIH HA BHABJEHHA KBapkKie. [lapanentHo po3BHBAaIOTHCA 1 TeopeTHY-

Hi focaifyKeHHs, 10 NOACHIOKTh CTPYKTYPY MiKpOCBITY Ta ii 3B’A30K 3 MAKPO-

ceiTom. Ile Tak spaHa KBapkoBa Teopis (il 1je HABMBAIOTE KBAHTOBOK XPOMO-

' OMHAMIKOI), iKa pasoM i3 eleKTpocaabKol0 Teopi€l YTBOPIOKTHL CTAHAADTHY

MOZeJTb eJeMeHTAPHUX YACTHHOK. A TaKOXK CTPYHHA MOJe/]b, MOJieJib BEJIHKOI0
06’ efHAHHSA TOIIO.

MoHsATTA eneMmeHTapHOl YacTUHKMW. SIK BHJIHO 3 DO3BHUTKY (hiznKH eneMeH-
TAPHUX YACTHHOK, TEPMiH «eleMeHTapHAas» norpedbye yrounenHd. Ilonarra ene-
MeHTapHHX YACTHHOK I'PYHTYEThCA Ha (hakTi AucKperHol 6y10BM pedoBuHHU. Paj
eJIeMeHTAPHUX YACTHHOK MAa€ CKJIAAHY BHYTPiLIHIO CTPYKTYDY, IPOTE PO3ALINTH
iX HA YACTHHH He MOXKJIMBO. IHIn eeMeHTapHi YaCcTHHKH € Ge3CTPYKTYPHHUMH i
MOXKYTH BBAXKATHCA NEPBHHHAMH (PYHOGMEHMANbHUMY YACTMUHKAMU.

Eaemenmapna vacmunia — 36ipanii repmin, 1o anocu-rbca o nulcpcoﬁ’en-
TiB y cy6' sAneprOMY MacimTabi.

HaiixapaxTepHimoo ocobIHBICTIO eleMeHTapHUX YACTHHOK € IXHA 3JaTHICTE
710 mepeTBOpPeHE 1 B3aeMozil. Ilpu nboMy LOUipHi YACTHHKH HE € CTPYKTYPHUMH
CKJIAJ0BMMH MATEPHUHCBKHX, A HADOJXKYIOTHCSA B AKTAX IEPeTBOPEHHA.

Orxke, 3a CYyYaCcCHHMH YABJIEHHAMH eJIEMEeHTADHI YacTHMHKHM He IIPOCTO
«IeTJIHHKM» cBiToOyaoBH, me cuenudivyni ob’exTn mikpocsity. o Toro & im
BJIACTHBHH oco0JIHBHH BHI (YHIAMEHTAJLHOI BaaeMoail — caalka e3aemodia,
3a iETeHCcHBHicTIO c1abka B3aemMozisa B 6araTo (mpubIH3HO B 10" ) pasis Meria
3a CUJIBHY i HaBiTh esekTpoMarHiTHyY B3aemoxii. Ilpore BoHa sHauHO Ginkina 3a
rpaBiTaniiiny B3aeMoiio, OCKiNTBKHM MACH eJleMEHTADHUX YACTHHOK HAATO MAaii i
pajiiyc ixHb01 BaaeMoii cranoBuTs Jumze 107'% M

3a BJIACTHBOCTAMHE eJIeMEHTAPDHI YACTHHKH MOALNAIOTE HA Takl rpynu: goTto-
HH, JenToHH i agporn. Maii:ke Bci enemeHTapHI YacTHHKH HecTabiabHI (3a BH-
HATKOM eJIEKTPOHA, IPOTOHA, HeliTpoHa (y ckiani sapa), HedTpuHO, doToHA).
OcHOBHI XApaKTEePHCTHKH eJIeMEHTAPHAX YACTHHOK TAKi: eleKTPUYHHH 3apHf,
Maca, TPHBAJICTh KUTTHA, CIIiH, TenToHHMI i 6apioHHn 3apAnH, AUBHICTE (KBAH-
TOBE YHCJI0).

IMounrarwun 3 1932 p. 6yno eigkpuTo nonaa 400 ereMeETApPHUX YACTHHOK, i
IIe YUCJI0 IPOJOBHAYE 3POCTATH,

Bigommii Ham 3apas Habip eJleMeHTAPHHX YACTHHOK He OYB TAKUM IIPDOTATOM
BChOTO icHyBaHHA BeecBity. € npHnymeHHA, M0 HA CAMHX HOro modaTkax v
momenT uacy 10 ¢ micaa Benmkoro Bubyxy iCHYBAIN YACTHHKHM-IPAGATHKH,
TAK 3BAHI MpPeoHW, 3 eHepriclo MoHAJ 10"® I'eB. IIpaMHMH «HAITATKAMH» TIpe-
OHiB cTanm KBapkw, mo 6uaussko 10°° ¢ micna Beankoro Bubyxy yTBOpHIN BiKe
arafiasi opoToHH i HefiTpoHH. 3a UMU VABJIEeHHAMH UYeped MIpuOan3Ho 3 XB Imic-
JIsl MOYaTKy mpolecy yTeopuiaca 6iaema wactuHa agep [exniw, Aki icHYIOTE ¥
BceecsiTi.

| te) DaiiTe Bignoeigi Ha 3anuTaHHA

1. Haagitk OCHOBHI eTani po3suTKy Qi3nKK enemMeHTapH1Mx YacTUHOK.
2. Wo Take enemeHTapHi 4acTUHK? Haagite cTabinkbHi eneMeHTapHi YacTUHKM,
3. fxkwia TN dyHaaMeHTanLHOI B3aEMOAIT XapakTepHWiA ANA eneMeHTapHuX YacTUHOK?
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§ 86. Buau B3aemopii

Tunu ¢isnuHnx B3aemoain y npupogi. ¥ nonepegasomy naparpadi Mu 3a-
3HAYMIM, 110 B3AEMOJia MixK eJeMeHTAPHHMH YaCTHHKAMH HOCHTL chemudiu-
HUH xapaxkTep i Mmae Ha3By caabdkol. II1o6 sposaymiTn Mexanism cnabrol BaaeMo-
Aiil, mpuragaemMo iHmi pigomi HaM THIIM B3aeMo/il i Ix xapakTep.

Bupuawun MexaHiky, MH 03HAHOMMJINCE i3 rpaBiTalifiHo0 B3aeMoaicko (CH-
JIAMH BCECBITHLOTO TAMKIHHA) i JeAKMMH NIPOABAMH eTeKTPOMATHITHOI B3aeMoil
(cuyiamu npy:xHOCTI, TepTa). B elekTpogHEaAMiIi ME BHUBYMIIH eJIeKTPOMATHITHY
B3AaEMOJi10, a B AAepHIiN (isunil — cuabny (agepHy).

11106 apoaymiTn xapakTep cnabkol B3aemMoiil, 3BepHiMocH I11e pas [0 eJIeKTPO-
marriTHoi. Ha caMoMy nmoyaTky BHBUEHHS eJeKTPOSMHAMIKH MM 3’ AICYBAJIH, 1[0
eJIeKTPUYHI cHJIM HiroTk Ha Bigcrani. Ilocepegnukom, 110 nepesae B3a€EMOJi0 €
noye. MoskHa cTBePAMKYBATH, 10 CHJIA, 3 AKOI0 OJHA 3apAJMKeHa YaCTHHKA Jie
Ha iHIYy, 3yMOBJI€HA eJIeKTPAYHHUM HOJIeM, 10 HOT0 CTBOPIOE MepIia YacTHHKA.
AHBanorivyHUM croco00M MAarHiTHe [noJjie € nocepeHHKOM MATHITHUX CHII.

3rojioM MH 3'fICYBaIH, L0 €JeKTPOMATHITHI HOJIA MOMKYTH HOLIHPIOBATHCH
¥ BUIJIAAL XBHJb ¥ IPOCTOPI, 8 TAKOMK, 10 CBITJIY BJAACTHBHII KOPOYCKYISAPHO-
XBUJIBOBHH ayanizM. ¥ peaysbTaTi MOMKHA MOACHUTH €JIEKTPOMATHITHY B3AEMO-
Aio Mix sapagyeHnMHa YacTHHKAMHK 1) AK 63aemodiln vepes noae i 2) K 00MiH
omonamu Mid HACMUHKAMU.

Ha maun. 304 Haouno 306paskeHo, AK vV peayjibTaTi 06MiHY yacTHHKaMH Bij0y-
BaeThes Baaemoxmia, Ha man. 304, ¢ 1iTH KMaaOTE OMH OGHOMY M’ A4, YoiiiMas-
IIH M’ A4, XJONYHK BifkouyeTsed Hasaz. lle inocrpanis cHau BignITOBXYyBaHHA,
Hrngo aiTi HAMATAIOTHECSA BHPBATH KiJablA i3 pyk oguH ogHoro (man. 304, 6), To
KOXXeH TArHe naprHepa ao cede. Ile intocTpanisa cuiau npuTATAHHA.

Ilonibnum yuHOM MOKe BiabyBaTHCHA eJIeKTPOMATHITHA B3aeMoOJisa MiX 3a-
PAMAMEHNMH YaCTMHKaMH: OJHA i3 3apAKeHHX YACTHHOK BHIIDOMiHIOE (DOTOH
1 3a3Hae BHACHIIOK NboTO Bigmaui. [Hira yacTuaka noranuHae dotou. [Ipu rakii
B3aeMozil BinOyBaeThes nepejgada eHeprii Ta iMOyascy Bij ofHiel YACTMHKH 0
iHIIOi, i mOCcCepeHHKOM IIpPH LLOMY € (DOTOH.

Man. 304. IntocTpauis oBMIHHOIO XxapakTepy B3aEMogii

KBAHTOBA TA SAEPHA DISHKA ' —

——
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i V 1935 p. anonceku# ¢isux Xigexi Oxkapa (1907-1981) sucnoBHBE npuny-
! MIeHH, 110 ToAl6HNM YMHOM Bii6yBaeThCA 1 CHIBHA B3aEMOJiaA MiXK HYKJIOHAMHA
v aapi. HacTuHKa, AKAa € MOCEPeIHHKOM CHJILHOI B3a€MO/Iil, IOBMHHA MATH Macy
NPOMIMHOIO 3HAYEHHA MiX@ MAaCOI0 IPOTOHA Ta ejieKTpoHa, ToMy lOkaBa Ha3BaB
ii mesonom. OCKITBKHY y BUNAJKY eJeKTpoMaraiTHol Bsaemozil doron Hifxk cebe
He BHABJAE, a HOT0 MOXCHA CIIOCTEPIraTH JTHIIe Y BIILHOMY CTaHi, ME30H TAKOM
HaMarajiuch IIYKATH y BIIBHOMY CTaHi cepef KocMiuHHX mpomeHiB. ¥ 1937 p.
BlA0Ch BUABUTH YACTHHKY, AKAa 3a Macow abiramacsa 3 TeopeTHyHO nepenbavy-
paHo10. IlpoTe, AK 3’ACYyBaOCh, I YACTHHKA He BHABJAE CHILHOI B3aeMopii,
a oTike, i He Moxxe 6yTH il mocepegauKoM. I[j0 YACTHHKY HA3BAIH MIO-ME30HOM
(abo mworom). IcHye nBa X pi3HOBUIH p.+ TA W .

JIMBHOIO BIACTHBICTIO MIOOHA € HOr0 NOBHA CX0XKICTE 3 eJIEKTPOHOM B YCBOMY,
Kpim macu. Mwon y 207 pasis Basxunit 3a enextpoH. Ileit «BaykKHii eTeKTPOH»
MOKe HABITHL HA [IeAKHIH Yac 3alHATH Miclle eJleKTPOHA B aToMi, obepTalouucs Ay-
ske 61usbko Big Axpa. IIpu po3nail MIOOHIB YTBOPIOIOTECH €JIEKTPOHH, HO3HTPOHH
i 110 iBa HEUTPHHO — eJIEKTPOHHE i MIOOHHE, |~ —e +V,+V,; B’ >e +v, +V,.

Ilepenbauysana IOkagoio yacTuHKa Oyna BuasaeHa y 1947 p. i orpumana Ha-
3By ni-me3on (mioH), 4O TOrO K, AK BUABKUJIOCE, IIOHH OyBalOTH TPHOX BHJIB, AKi
BifIpisHAOTHCA 3apASOBHM CTAHOM: T ;T ; n°. Bei TpH mioHH GepyTh YYaCTH ¥
cunbHiil Baaemopii. IToganemni & JZocnifKeHHA NMOKA3aJIH, INO NOCEPETHHKOM
CHUJIBHOI B3AEMOI] € IJIIOOHH.

TakyuM YMHOM, NPHPOJHO NPHIYCTHTH, II0 MalOTh iCHYBATH HOCEPeJHHKH
caabkoi Ta rpaBiraniiinol Bsaemogii. [lomyk TaKMX YACTHHOK TPHMBAB JIeCATH-
airramu. ¥ 1983 p. Kapao Py66ia aasBuB npo KOBToodYiKyBaHe BIIKPHUTTA 6030-
Hig — YACTHHOK, Yepe3 AKi Bigbyeaiorhes cinabKki Baaemogii.

ITomyk KBaHTIB rpaBiTanifiHOrO MOJIA — IPABITOHIB MIOKH IO HE JIaB Pe3yib-

TATIB.
BaactuBocTi BiIOMHX Ha Iell 4ac OCHOBHHX THIHIB B3aeMoOJili 3BefleHO B
' TabaHmi.
Tun B3a- L : BmHocn.a - .. KeauTB3a-
emonk XapakTtep Baaemoaii 1HTechsmg;rb Papjyc aji emonil
e3aemogil
CuneHa  3abeaneuye 3B8'A30K HYKNOHIB Y 1 r=10"°m Meaonn/
aapi rNQOHW
Enektpo- Baaemopgia MiX enekTpu4yHo 3aps- 102 r=oo DoToH
MarHiTHa OXeHUMW HacTUHKaAMK
CnaBka  Basaemopisi, Aka NPOSBNAETLCA Y 30 r=10""mM BosoHu
po3nagax 4acTWUHOK, a TaKoX Y Aji
HEeATPWUHO Ha PEYOBUHY
pasita- YHisepcanbHa B3aemopfif, BNacTuea 10" F=oo MpasitoH (7?)
ujiHa ycim 683 BUHATKY YACTHUHKAM, SKi

MalTb Macy (y MiIKPOCBITI CyTTEBOI
poni He Bigirpae).

! lurencHBHICTL BBAEMOJiil XapaKTEDPHEYIOTH 34 HOMOMOTOK TAK 3BAHOI KOHCTAHTH B3a-
emopii, sxa € 6e3apoaMipHHM DAPAMETPOM, 0 BH3HAYAE HMOBipHicTh nponecis, 3yMOBIEHHX
mierm paaemojicio. BijHoneHHA 3HaAYeHb KOHCTAHT J4€ BiIHOCHY iHTEHCHBHICTD BiANOBiAHKX
B3AaeMOAiil.




PizuKH CTABIAATEL 3ajjavy CTBOPHTH Teopiio, axa 6 ob’eguana Bei THIM Baa-
eMoJiil, MOACHUBIIH iX 8 €4UHOI TOUKH 30py. Ila inesa BunanBae 3i copuiAHATTA
OTOYYIOYOT0 HAC CBITY AK €IMHOTO Iijioro. 3ajada A HAJ3BHYAWHO CKJIAJHA.
Eitamreitn y cBiit uac saarpaTus 6arato pokis (40 ocTaHHIX POKiB CBOTO IKUTTA),
o6 00’ egHATH rpaBiTaLiiiHY Ta eJIEeKTPOMATrHITHY B3aeMo/ii, mpoTe ne ifoMy He
BIAJIOCH.

Ha nmouarky 60-x poriB amepukanchki disnku C. BaitaGepr i II1. I'nemoy Ta
naxKMcTaHCRKHH pisuk A. Canam 3anponoHyBaJH TAK 3BAHY KAI0pY6aabry meo-
piw, axa 06’eHye cnabKy Ta eIeKTPOMATHITHY Baaemofii. ¥V niit reopii cnabka i
eJeKTPOMAarHiTHa B3a€MoJil po3rnaAnaloThCA AK ABa PisHi nposaBH €AHHOI, Oiabin
dyagamMenTaANLHOL B3aeMogii. ¥V HiH QOTOHH — mocepeJHHKH eJeKTPOMATHITHOL
B3aEMOJIi1 po3raanaoTeCA AK BeKTOpHI 6030HH. A mpoMixkHi 6ozoun: W -6030H,
W -6030n Ta Z°-6030H (HecTabinbHi wacTHHKH, gac xuTTA Axux 3107 ¢) e
nocepefHuKamMu cnabkol Baaemoxii.

3rigHo 3 mielo Teopielo nponec [J-poanagy Mae BiIOYBATHCH 38 YUACTI POMIisK-
HUX Gosonmis. Hampuknan, posrisapysaHuit mamu P -posmag sn— 1p+ je+V
HACOPABJI € JBOCTYNEHEBHM IIPOLIECOM: o1l — }p+ W7, anorim W~ — _tl'e +V.

Creopernus Teopii enexrpociabkoi B3aemozii Gymo BigsHaueHo mpueyasxen-
aam C. Baitabepry, III. Inemoy, i A. Canamy HobGexiseskoi npemii 3 dizukn
3a 1979 p.

3a BUAaMH B3AEMOJiil eJleMEHTADHI YACTHHKH NOALNAIOTE HA TAK] rpymnu:

Adponu — 4acTHHKH, [0 OepyTh yd4acTk y BeCiX BHzax (QyHIAMEHTAIBHHX
B3A€EMO/Ii#1. BoHH CKJIagaoThCH 3 KBApPKIB.

Jlenmoru — YACTHHKY, AKi MalOTh BHJ] TOUKOBMX YACTUHOK aX [0 PO3Mipis
nopsaky 107'® m. He fepyTh y4acTi B CHJIBHHX B3A€MOLiAX. YUACTE B €JIEKTPO-
MATHITHHX B3aEMOifAX €KCIePHMEHTAJBHO CIIOCTEpiranacs TiJBKH AJA 3apd-
I KeHHX JenToHiB. Bigomi 6 THnie JenToHiB.

AJpoHH i IenTOHM YTBOPKIOTE PEYOBHHY.

Kani6pysanwni 6030HU — Ile KBAHTH Di3HHX BUJIIB BANPOMiHIOBAHHA, AKI €
nocepefHHKAMH B3AEMOJIii:

% (oToH — yacTHHKA, [0 NEPEHOCHTH eJIeKTPOMATHITHY B3aEMOJIil0;

¢ gicim rmooHiB — YaCTHHOK, 1110 MEPEHOCATH CHILHY B3A€MOIiI0;

¢ Tpu npomixai BexTopHi 6Gosorn W', Wi Z°, mo [IepeHOCATE cIabKy B3aeMo-
Aioo;

¢ rpasiToH — yacTMHKA, IO MepeHOCHTH rpapitaniiiny Bsaemopio. IcHyBaHHSA
T'PaBiTOHIB, IOKHM He NOBEIEHO eKCIIEPMMEHTAJIBHO ¥ 8B’ A3KY 3i ciabkicTio rpasi-
raniiaol B3aeMo1ii, MpoTe BBAMKAETHCA I[IIKOM JOCTOBIpHHM.

3akonn 3bepexeHHs Yy MIKPOCBITi. Koxxna eneMeHTapHA 4YACTHHKA
XapakTepH3yeTbed HAGOpOM JHCKPETHHX KBAHTOBHMX YHCeJI, L0 BH3HAYAKOTE 1i
cnenupivai BracTuBocti. Macy eneMeHTapHHX YACTHHOK BHPAXKAKTH YHCJIOM,
KPaTHHM MAaci eJleKTpoHA; eIeKTPHYHHH 3apaAl — B OAUHUALAX, KPATHUX 3apAxY
eJIEKTPOHA; CIiH — KpaTHHUH 3HaYyeHHIO craiol [lnaska. [lnsa kinekicHOro onucy
MOBEJ[IHKH eIeMEeHTAPDHHUX YaCTHHOK BBOJATH I i Taki KBaHTOBi uncaa: 6apioH-
HHI Ta JeOTOHHHHA 3apANA; IUBHICTL, i30TOHIUYHMH cIiH; YaC YKUTTA; MArHiTHHIIL
MOMEHT; NAPHICTb.

EnemeHTapHi YaCTHHKHN MOMYTE IePETBOPIBATHACE OJJHA B OJ{HY TIPH B3AEMO-
JifiX, MOKYThE HAPO K YBATHCh, IOIJIMHATHCE i posnagaTuck. LI mpouecu Bigby-
BANOTHLCA JIHIIE 38 IEBHUX YMOB 3riJiHO i3 3akoHaMu 3bepexeHHA. 3aKkoHH 30epe-
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sKeHHA v (pisnil eJeMeHTAPHEX YACTHHOK BiAirpaimTh OCHOBHY pPOJIb, OCKLIBKH
18 eJIeMeHTAPHUX YACTHHOK He iCHYE DiBHAHE, AKi 0 onmmcyBanu ix pyx. Ina
eJIeMeHTAPHHX YaCTHHOK 3aKO0HM 30epesKeHHA MOKHA MOAIJUTH HA TPH TPYIH:
1) 3axoHm 30epexkeHHdA, OB A3aHI 3 reOMeTPi€l YOTHPHMBHMIPHOTO IPOCTOPY-
yacy; 2) 3aKoHH 30epereHHA 3apAMiB (eleKTpuYHOro, 6apioHHOTO0, JIENITOHHUX);
3) nabnuskeni sakouu sbepeKeHHA, Kl BUKOHVIOTBHCH JHILe )15 JeaAKnx pyHIa-
MEHTAJBHAX B3AEMOIiH.

@ Daiite signosini Ha 3anMTaHHA

1. Hki TvnKu dyHOoaMeHTaneHWX B3aEMOAIA BW 3HAETE ?

2. Wlo 3aranbHOro MoOXHa CKasaTu Npo MexaHiam ycix gyHaameHTanbHux B3aemogjin 7
3. Wo e Hociem rpasitauiiHol Bzaemopgii ?

4, 3a poNoOMOoro 4oro 3AiINCHINETLCA ENEeKTPOMAarHiTHa BIaEMOLIA MiX 3apagxeHuMiu
B

6.

YacTUHKAMMU i WO € NOCepesHUKOM LEl Baaemonii 7

3a paxyHOK 40ro 3AiACHIOETLCA B3AEMOAIA MiX NPOTOHAMK | HEATPOHaMK y pasi
CUNLHOI B3aemogaii?

Fky ponk BigirpanTe 3akoHu 3bepexeHHs y Qianui enemMeHTapHUX YACTUHOK?

§ 87. Knacudikauin enemeHTapHUX HaCTUHOK

Knacudpikauis enemeHTapHUX 4YacTUHOK. OCHOBHI XapaKTepHCTHKH eJe-
MEeHTAPHUX YACTHHOK: eJeKTPHYHHHA 3apaj, Maca, TPHBAJIICTE KHUTTH, CIiH,
JenToHHHK i GapioHHHN 3apANH, IUBHICTE (KBAHTOBE YHCJIO) — MOXYTH CIYIY-
BATH migcTaBoio a4 Ix Kiaacudikanii. I Ax MHE 3asHavYany y nonepegHELOMY IIa-
parpadi, yci YaCTHHKH MOXKHA KJacH(piKyBaTH 3a IX agaTHicTIO OpaTH y4acTs y
TOMY Y iHITOMY BHII B3aeMozii.

Tabauna « Enemenrapri yacTuHKH» Bigobpaskae kiaacudikanino YacTHHOK 3a
XapaKTepoMm B3aeMojil YACTHHOK .

Orpemy rpyny cxyajae ¢pomorn. @otoH Gepe yuacTs B eJIeKTPOMAarHiTHi B3a-
emozii. He Mmae aHTHYACTHHKH.

JlenmoHu — e YacTUHKH, AKI He OepyTh y4YacTi y cHIbHIA B3aemojili. Boan
NpoABAAITE cebe B ycix iHmMX B3aemojiax (enexTpocnabriit Ta rpasitamiii-
mii). Ha cworogni Bigomo 6 nenToHiB: eleKTPOH, MIOOH, ABA THIHM HEHTPHHO
(eleKTPOHHE TA MIOOHHE), TAy-JeITOH Ta Tay-HeiiTpuHO. KoMXHa 3 HUX Mae CBOIO
AHTHYACTHHKY.

Tperi#i Kiac yTBOpiOOTE adpoxu. Taxk Ha3HBAIOTE YACTUHKH, fAKl OepyTh
V4acTh Y CUJABHINA B3aeMopil (caMe CJI0BO «AJ[pOHH» 03HAYAE CHJIBHOB3AEMOiHHL
YacTHHKH). AJJPOHH MOXKYTb B3AE€MOJIATH i IHIIMMH THIIAMH CHJI, aJie HA MAJIHX
BiACTAHAX CHJIH CHJIBHOI B3AEMO/i]l 3HAYHO [IePeBAKAIOTE.

ANpoHH TOJAINAIOTE HA ME30HH, HYKJOHH (IpOTOH, HEHTPOH) Ta TinepoHH
(nambaa-rinepoH, curMa-rineposu Ta ig.).

3eepHiMO yBary Ha Te, mo y Tabanml HaBemeHo KJaacHdixkamiio crabiisHAX
TA JOBrOXXHUBYYHX YACTHHOK ( 3 4ACOM XHUTTHA, OlasmumM 3a 107" c). BineimicTe
YJACTHHOK YTBOPHOIOTE TAK 3BAHY I'DVILY PE3OHAHCHUX, YaC HHTTA AKHX HACTLIBKH
MAaJHH, 0 IX He BAACTHECA 3apeccTPYBATH. BOHHM BHABJIAIOTH cebe HacHigKoM
cBOET mil.

'V nopigankax 3 hidaMKH MOKHA 3YCTPITH 1 KIacHdikanio 3a MACOIO YACTHHOK. ¥ Hil BH-
JAiNAKTEL TPH TPYNH — Jerki (1entonu), Baxkki (6apionun) Ta mpomiskui (MeaoHH).

DISUKA ATOMHOO SAPA TA eAEMEHTAPHIMX YacTvHOK |[IEEZEN



Tadauusa « EnemeATapHi 4acTHHKH »

Cumeon Maca
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Keapkw. Maiike Bei yacTMHKH, AKi MoxHA GeanocepefHBO criocTepiraTH,
HaJIexkaThb J0 JenToHis abo agponis. 'onoBHA BiAMIHHICTE MijK HEMH [OJIATAE ¥
TOMY, 10 8JpPOHX GEPYTh YY9acTh V CHJIBbHIN B3aeMoii, a JenToHu — Hi. Jlo Toro
K nenToHis icAye aunre 6, a agponie Oiabine corui. Ile gano nigcrasy BBaxcaTH,
0 aPOHHU HEe € CYTO eJIeMEeHTAPDHUMY YACTHHKAMY, 4 MAIOTh CBOK BHYTPIIIHIO
CTPYKTYPY. Ak MU y:ke 3azHauanu, v 1964 p. amepukanceki disuxku M. I'esn-
Manu ta [Ix. I[Beiir 3anpononyBagn MOje/b, 3a AKOI0 8APOHA MAIOTH CKJIALA-
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THCA 3 QyHIAMEHTANBHIIUX YACTHHOK — Kéapkie. By1oBy BifoMHX Ha TOH uac
a7poHiB MoxHAa OyJI0 HOACHATH 3a JONOMOI'OK TPhOX KBAPKIB: u-KBAapK, 1[0 Mac
ApoboBuil, eleKTpHYEMIL 3apa +2/3 (1o BiZHOMEHHIO [0 3apALY eJeKTpoHa) Ta
) d- i s- KBapKH, 10 MaTh 3apagy no — 1/3. Il[o6 ni Kpapk® BiAPISHUTH OJXUH
Bifl ogHOrO, iM MPHITHCYBAJH IIle OJHY XapaKTepHCTHKY — ANBHicTh. JIuBHicTh
S-KBAPKAa CTAHOBHUTE —1, a ANA u- Ta d-KBAPKiB BOHA MOPIBHIOE HYJIIO.

3 BiIKPHTTAM HOBUX A/IPOHIB BUABUIOCH, 1110 HAABHICTIO JHIIIE TPhOX KBAPKiB
HEe MOJKHA NOACHHUTH iXHI0 OyaoBy. Buankiaa HeobxiguicTs yBeeHHA IIe TPHOX
KBapKiB Ta X AHTHKBAPKIB, 1[0, ¥ CBOK Yepry, BHMArAJI0 BBeJIeHHA HOBUX I0-
HATH AJA ONHCY iX BaacTHBocTeil. 11l moHATTA cTaNu HABMBATH 3A4aAPYBAHHAM
Ta KOJAbOPOM.

Hosy Teopiro, AKa onucysasia BJIACTHBOCTI eleMEHTAPHHX YACTHHOK HA OCHO-
Bl TrinoTe3y KBapKiB, CTAJH HASUBATH KEAHMOB0I0 XPOMOOUHAMIKOI0. 34 KBAHTO-
BOIO XPOMOJMHAMIKOIO IIPOTOH T4 HEHTPOH MAOTh TAKY CTPYKTYPY:

BaaemHna opi-

EnekTtpuy- BapioHHe Cnin vac-
YactuHka Cknap, HMINSADAR - “aienO AueHicTe  eHTauis cnixis A
KBapkia
P uud +1 g 0 T 1/2
n udd 0 +1 0 Tt 1/2

3rigHOo 3 Ni€l0 Teopielo NocepeHUKOM CHIILHOI B3a€EMOJiT € He Me30HH, a IJIio-
OHH; ICTHHHO eJIeMEeHTAPHHMH YACTHHKAMH € (DOTOH, JENTOHH, KBADKH Ta I0-
CepeIHUKH B3aEMOJii: cHIbHOI B3aeMofil — rurrooHHu; ciabkol — W-, W -, Z0
OozoHH.

Enekrpocnabky Teopiio Ta KBAHTOBY X POMOJAHHAMIKY A CHILHOL B3aeMOJil
IIle HABUBAKTE «CMAHIAPMHOK MOOENLIO» .

(Tf"f Daiite signosigi Ha 3anuTaHHs

1. Haagits knacudikauio Hain6inbll AOBroXUBYYMX YACTUHOK (Nif Yac BIANOBIAI BUKO-
pUCTOBYIATE TAGNULIO ENEMEHTAPHWX YACTUHOK).

2. Y1 BCi eneMeHTapHi YaCTHHKM MaTb aHTUHACTUHKY'?

3. Wo Take kBapkn?

4. Lo Take KeaHTOBA XpOMOAWUHAMIKA?

HaitronoeHiwe B poagini «®iavka atoMmHoro agpa ta
enemMeHTapHUX YaCTUHOK»

Hnepna gisuka gocaimxye aToMHui saapa. Aapa aToMiB cKIagal0TECS 3 IPOTOHIB
TA HEATPOHIB (HYKJIOHIB), AKI yTPUMYIOThCA B AAPL 3aBASKH CubHil B3acMomil.

Maca agpa MeHIa 38 CYMY MAC OKPeMHX HOro HYKJIOHIB. PisHMns nux mac
(medexT Mac), moMHOKeHAa Ha ¢, JOPIBHIOE NOGHI eHepeil 36’ A3Ky Adpa.

Hecrabineri Aapa 3a3Hal0Th PaJIi0AKTHBHOTIO PO3MAay. - PO31a] 3yMOBIeHHH
THM, III0 CHJIbHA B3a€MO/JiiA He B 3M03i 3abeaneunTH crabinbHOCTI AyiKe BAKKHX
Anep. 3aranbHe piBHAHHA 0-po3nady 3anuCyioTh y BUIIAAl §X — 5 5Y + ;He ;
Illoxo nporecis B-poanaay, To BCTAHOBIEHO iX 1Ba Buau — - Ta P -posmamu. Ilin
yac }-posnajy NpoABIAETLCH CAabKa 63aeMOdid.
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1Mo % 10 y-8unpoMiHIOBAHHA, TO BOHO 3a3BHYAN CYTIPOBOKYE o-1 - posnagm,
OCKiJIBKM HOBOYTBOpeHe 30yAKeHe ATOMHEe ALPO, NepexoNA4yl Ha HUIKYHI eHep-

reTHYHHNA pPiBeHBL, BUIIPOMIHIOE Y-KBaHT.
PagioakTHBHME poanaj Afiep € BJACTHBICTIO cCAMOT'0O ATOMHOIO AIPa 1 ONHCYETE-
cA 3aKOHOM pajioakTHBHOro posmaay N = Nne'“ , de A — cTaja pajioaKTHBHOTO
po3nagy — XapaKTepPH3YeE YACTKY PaJioaKTHBHMX fAlep, AKi poanagyTeed 3a dac f,
BeraHoBNeHO, M0 AN KOMKHOTO PaJlioaKTUBHOTO izoTony icHye cBilf mepiog
niBposnaay T — iHTepBaj yacy, 3a AKHH po3nagaeThcs IOJOBAHA PAJioaKTHB-

HHX Afep. 3aK0H PaJioaKTHBHOIO po3naiy, 3aIUCcaHHi dyepes nmepiox mispoamna-
i

ny, mae Buraag N=Ny,2 7, ne N — kinpKicTe aTOMHMX Afep, [0 He PO3NaJHCh

Ha JaHuil MoMeHT dacy f, N, — moyaTkosa KiabKicTs Azgep.

YacruakH BUcoKol eHeprii ( a, B, n, p) npH 3iTKHEHH] 3 AAPOM MOMKYTb BHKJIH-
KaTH pisHOoMaHITHI IXHi nepeTBoOpeHHA — AdepHi pearuyii.

Enepzemuunuil suxid adepuol peaxyii E  — pisHUNA eHepriit CIoKow BCix
anep i vacTuHOK A0 i micns peakuii. E, = Ame?, ne Am — degpexm macu, axwmit
MOXKHA PO3PAXYBATH AK PIZHHII Mi CYMOIO Mac CIOKOIO sjaep i 4acTHHOK 10 i
nicyiA AXepHol peakiii.

Janywezoea adepra peaxyia — AjlepHa peakilia, B AKifl vacTUHKA, mo i1 cIpa-
YHHAITL, YTBOPIIOTECA AK IPOAVKT Iiel & peakxiii. IIpukinagom naHIiorosol
AnepHol peaknii € peakuis moxiny ypany i JeAKHUX TPAHCYPAHOBHX €J€MEHTIB
(manpuxiaaz, Ilnyronin-239) mig giero Heitrponis. IIpucrpiit, B AKoMy BigdyBa-
€TECA KepPOBAaHA JIAHIIOTOBA PEaKIlifA, [0 CYIPOBOJKYETECH BHIIIeHHAM BeJll-
KOI KiJIbKOCTI eHeprii, HA3MBAECTLCA ANIGPHUM PEAKTOPOM.

Tepmoadeprna peakuyis — peakilis sMIUTTA (CHHTe3y) JeTKHX aTOMHHX ANep ¥
OiabII BasKKi, AKA BiNOYBAEThCA 3a Ayie BUCOKHAX TeMIEPATYD — HOPAAKY 10°K
i BHII{HX.

PeecTpanis 4acTHHOK i CHOCTepeKeHHA 38 HUMH I'DYHTYIOTECA Ha NpoLecax
B3aEMOJI] 3apAAKeHHX YaCTHHOK 3 PeYOBHHOIO: JIOMiHecIeHILil, eleKTpuaalii,
KpAaILIeyTBOPeHHi ToIo.

Enemenmaphi wacmuxku — HAROIPOCTIIIi CTPYKTYPHI eleMeHTH MaTepii.

BigkpuTo 38 eremMeHTApDHMX 4aCcTHHOK i 6inbme 300 pesonanc-vacmunok (Ko-
POTKOKHMBYUYMX YACTHHOK i3 cepeHiM HacoM KHTTA 10 % - 10 % ¢). Maift:xe Bci
YACTHHKH MAKOThL CBOIO AHTUYACTHHKY.

EnemeHTapHi YACTHHKHM 34 THIIOM B3a€MOJil moginsawTs Ha Tpu Kaacu: 1) do-
TOHH (y-KBAHTH €JIEKTPOMATHITHOI BaaeMofii); 2) IenToHH — YaCTHHKH, AK] He
OepyThk yuacTi v cuIbHiM B3aemogil; 3) aZpoHEN — YACTHHKH, AKi OepyTh yyacTb y
BCiX BHJAX B3acMO/Iil.

Teopisa, axa o6’egquye caabKy Ta eJeKTPOMATHITHY B3aeMoJii HA3MBAETLCH
ejleKTpocaabKkoio.

AIpoHN BBAXKAKWTHCA CKJIATHIMH YACTHHKAMH, CTPYKTYPHUMH eJleMeHTaMi
AKHUX € KBapKku. Teopisa kKBapKiB, AKA ONHCYE CHJIBHY B3aEMOi0, HA3HUBAETHLCH
KBAHTOBOK XPOMOJAHHAMIKOIO.

Enexkrpocnabky Teopito Ta KBAHTOBY XPOMOAHHAMIKY I CHIBHOL B3aeMoil
e HA3NBAKTE «CTAHJAPTHOK MOIEJLIIO»
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Bignosini

Poaaia 1. EnexTpuune nmoae
Bnpaga 1
1. 36inemmunacsy 1,8 pasa; 3MeHIIN-

nace y 1,25 pasa.
2

q
2. ;
neqa’
3. 8,5'10°H.
4. 0,12 m.
Bnpasa 2

1. Ha npawmiit, Aka s’egHye sapsagH,
Ha Bigcrani 1/3a Big meHmoro i
2/3a Bin 6inepmroro; Ha Tifl camii
npaAMii Ha BigeraHi a Big MeHIIoro
i 2a Big 6insoro.

2. a) 70 kB/m; 10 kB/mM; 6) 50 kB/m;
50 kB/mM.

i aotheg
2ne,a
4. E,=E,=2,810'"H/Kn.
5. HaT".
6. 3°.
T. T=%%
Bnpana.B

1. 0;0; 245 H/Kn.
2. Jus man. 305

E=0.
3,4 H/m.
R=2,bm; E=113kB/m; v 1,1 paza.
Tak. d =4,5 mM.

e =

Bupaga 4

5,3-10% m/c?; 2:10* m/c; 0,4:10° c.
6 cmM.

113 meIx.

1,2 Mm%,

q3(¢:—q1) L4
A: y :O,SM‘II)H-
4ne, Lb

O e OO =

Bnpasa 5

1. 0,1m;2,6:10%Kux; 1,8 xB.
2. 65B.

3. a)t6kB;6)0;8)+4,2kB.
4. 3,5kB.

5. 8,4-10°wm/c.

Bopasa 6

1. 1,210 "Kn; 1,810 " K.

2. 1210 *Kux; 120 B; 60 B; 40 B.
4 C]_ - 702[]2

= =1 mrd,
U, +U,

6.

Big 10 go 170 5P nnsa mapaienb-
Horo 3'egHaHHA Ta Big 2,23 mo
3,27 ud 3a nmocaigoBHOrO.

i

Bnpasa 7

1. 93 mIx/m°.

2. 36 Ix; 15 kBr.

3. 1,44:107° k.

4 & CU? + 2AW B
CU? -2AW

5. T05 ullx; 293 ullx.

6. 1,76:10" Kn/kr.

LT,

Poagin 2. EnexTpuunuii cTpyM

Bopasa 8
1. 4,5B;10m.
2. 60m,33%,67%.
3. g=C§ Ry :
R, +r

A, geth S

R+R+ ; g =Cé¢.
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Bnpaga 9

1.

il

RS

a) 0,6 Om; 6) 2 Om; B) 1,3 Om;
r) 1 Om; r) 1,4 Om; 1) 1, 8 Om;
e) 0,5 OmM.

=1, 1A

I;=I,= 0,44 A; I,= 0,88 A;
=2,75A; I,=2,18 A; I,=1,45A;
=3,63 A.

=1,25 A;1,=0,25 A; I;=1,5 A.
7 0m

004A;II=0;12=0,04A.
I=1A;1,=0,6A;1,=1,=0,5A;
I,=0,4A;I,=0,1A.

I,
I,
Iy
6
I=

Bopagsa 10

1.

-

UE
=—==14 40mMm;
B=1op -
B,

a=-2 _ ~510°K".
R |
1 "2
R,

19,2 M.
L ~43,61,.
AR =20pylyt / S ;

AR'=—2";[°* (+B) .

Bopagsa 11

6,03 B.
180 B.
4 He.
1,6 ue.

6,1 rox; 5, 3B'rro.a..
0,054 kr.

0,043 mm.

1,3 Om.

297 K.

Poanin 3. EnexrpomartiTHe moJe
Bopasa 13

i B=ﬁ[ﬁ—+f—2].
2rnll+s s

2. 58A.

3. 66,6 mx Tn.

4. 5,510° Ta.

5. 2-10°H;810°H; 610 H.

0,04 Tx.
0,1 Hm.
9,310 A-m°.

Bnpaga 15
1. 6,310 H; 3,1 Mmm.
R m
2, =L2=—2,
Rﬂ mﬂ
3. 610°wm/c; 6:107" Tn; 0,18 M.
4. 17,6:10°m/c.
5. 1000 km/c.

Bopaea 16
1. a) 0,5 A; 6) 0,7 A; B) 0,3A; niso-
pyu4 3i merakicTio 10 m/c.

Bul
2. I— =0,1A;
. R
2_ .42
F=B o _9.10?H;
6) r+R
2 .22
Pl ea gt
r+
3. ¢=BviC=210"Kn;
2 2,2
Wno P EC g T
Bnpasa 17
1. 2mTa.
2. 0,1A.

3. 120 II:xk; sMeHIIATECA B 4 pasn.
4. 2,5 Ox.




-
5. 6,4 [Ix.
6. 2500 B.
Bopagsa 18

1. e=0,1nsin10n¢ ; HOpManL g0 mIO-
HIMHHA paMKH NapajejibHa JiHiAM
imgyknii; 5c¢'; 0,01 B6; 0,314 B,

2. @=BScoswt=0,08cos50t;
e=BSwsinwt=0,4sin 50t .

3. 50B;0,4¢;2,5Tn; e=50cos5nt.

4, 100Tm; 10 mc; 5 A; 2,5 Al

5. 100 B; 0; — 200 B.

6. IlonoBuny.

Bnopasa 19

1. 26,4 mrd; 130 B.

2. 4,6 mA; 73,4 B; 146,6 B.

3. 72,5%;68,50%.

4, 3,74 mrd,

5. He menure Hizx 319 B.

6. i=1,38sin314¢; manpyra Bix-
cTae BiI cTpyMy 3a (pazom Ha n/2;
q=-4,4-10"cos 314t .

Bupaga 20

1. 0,13Tn; 30BT1; 11 Br.

2. 300 TI'm.

3. T4%;68%.

Bunpaga 21

1. 1,34 A;121B;134B; 295B.

2. 156 B.

3. 130 B; 26 Om; 5 A; cosp = 0,92;
| 598 Br.
' 4, 12,7wmI'm; 17,3 Br

5. Hus. man. 306; 5 Om; cosgp =0,6.

XLJK‘
€ z

Man. 306

L3359 1
6. 50 B; cosp=0,8; gus. man. 307.
U A
Ue
Uas
@
0 =

Man. 307
Bnpaga 22
1. 95%.
2. B8B0; 144; 6,11.
3. 124 Br.
4. 9,6 mm.
B. 1,5A.
6. 120kB.
7. e=sin3dl4¢; 222 B.

Pozgin 4. EnexrpoMarniTai xBui
Bnpaga 23
1. ¢=10"cos500t;
i=-0,05s8in500¢ ;
u=100c0s500¢ ; 50 mA; 100 B.
2. 4n-107°¢; 2 MeKn; 0,5 B (na kox-

HOMY KOHJeHcaTopi).

3. i=U_\3C/4AL.
3
b. =—
@ 3
6. 120 mrllx; 40 M.

CUZ =0,6 T .

Bnpaga 24

1. 36inepmmuTtH B 9 pasis.
2. 18xm; 8300c¢ .

3. 9000; 225 M.

Poaain 5. XBHaIs0Ba Ta reoMeTpHYHA
ONTHKA

Bupaga 25

A=8,0-85,0=0.

2,4 mm.

600 aMm.

Bigerans MK = MakcEMyMaMu

OCBITJIEHOCTI @, 0, 8 30LIIBINVETHCA.

i B
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Bmnpaga 26 + +
1. 1,010 m. g <__S
2. 295 =M. :
3. Yopsolo; nniBka Gyne 3gaBaTHCh 7 o d'

TO 3X0BTOI0, TO YOPHOIO. d f

5,13-10° pan.

k=5,k+1=6,L=0,5MKM. Man. 308

1,5 MmKM. 4. 2,25 cm. Hus. man. 308.

675 mm. 5. 60cm.

1,56. 3 FF,F,

npasa 27 RF,+FF;+RF

1,5°. 7. 0,5cmM.

0’17 MKM. 8. 5H62.

5 MKM. 9. TI'padik sanrexHOCTI MOKas3aHO HA

3,9 MEM. mau. 309.

S e s

=5,5 cM.

B 000 =

Buopasa 28

1. 3,9m.

2. 9TcmM.

3. 64°,

4. d = 2Isingp 3o00pa’keHHA MOHETH
HOBEpPHeTLCA HA KYT 2 HABKOJIO
pebpa ABOrpaHHOrO KyTa, 3alu-
MAawYuch HA TiHd Ke BigcTaHl Bifg

HbOT'O. Man. 309
5. 0,6 m.
0,45 m. 10. a) k=—2—6) |k|:i. Ipadik
d-F F-d
Bnpasa 29 3aJIeKHOCTI MOKasaHo Ha maut. 310.
1. 6107 m.
2. 1,2¢cm; 1cm. kA
3. Hal,6cwm. ' |
4. He moxe. 1____5
5. BamoMuThCA. ]
6. 39°, 0 '
7. b6°. 4 E
8. a)Ha 13° Bauas; 6) Ha 20° Bropy. ;
9. 39°52'. E
10. 0,026 pan. E
11. 1,3. :
12. n/4. Man. 310
Bnpaga 30 Bnpaga 31
1. 0,78 m. 0,3 m.
2. F=2/9L=20cM. 8-10 1.

Crane B 3 pasu Oinbimmm.
60°.

0 0 1
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10.

12 ak.

173 xo.

15:10° mm.

30 K.

Ha Bigcrani 1,4 m Big mamnu 8 100
K.

50 cM.

Poazgin 6. KeanToei BracTuBocTi

martepil

Bnpasa 32

1,7-10° H.

7-10 " Ia; 3,510 I1a.
2,810 *H.

2,9-10%.

12 mkIla.

paBa 33

94 am.

7,210 ITax; 9,1-10° m/c;
3,810 Tx.

1,810 " m.

6,4:107* Ix-c.

0,51B.

3,15-10° K/c.

3,1B. ,

3,45:10 %° krm/e.

5,7 cM.

Bnopasa 34
1

a)2,42 M, 73,22 oM

6) 4,8 om, 75,6 oM.

24,2 oM.

2,42 nm, 6,6 xeB,

4,410 kr-m/c.

0,26 MeB, 9,310 "% kr-m/c.
0,1 MeB.

Bnpaga 35

3-107'° IIx.

Ha rperiit. Tpu nixii.

3.

81,7=rH, 511 TB/m™; 5,11 5H, 31,9
I'B/m.

9 paasis.

a) 3MeHIIHTHCA 38 MOAYJIeM V 1 pas;

) SMEHIITATHLCS 3 MOLYJIEM B 71° Paa.
Jue. man. 311.

8.

9.

Man. 311

SMeHIIHTLCA  (BpPaxoByHUYH

snax) B k° paa.
Binsma y (1+ n')? pas.

ii

Poagin 7. ®disuka aromMHOro supa ta

Bn
1
2.
3.
4,

Bno

O 00 -1 U QO Do e

B
1.
2

o O W

eJIeMeHTAPHHMX YaCTHHOK
paga 36

8,48 MeB.

220 MeB.

5,6 MeB; 8 MeB.

1,013; 235 a.o.m.

paBa 37
0,29.
Yepea 64,5 modom.
10,7 MBk.
3a5xB5ec.
3,3-10° c.
9,3-10%.
0,26 xr.
121 pik.
25%.

paea 38
1iNa; Je; 3Mg; [H; {H.
IlornuHaeTsCH;
BHUJILIAECTHCA, TOTTHHAETLCH,
2,8 MeB.
Izoron Okcureny ‘30 .
161°.
2,2 MeB; 5,3:10%° I'n.
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