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Pi3HMua noTeHuianis
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3akoH OMa ANnd NOBHOro Kona

ENeKTpUYHMIA CTPYM Yy Pi3HUX cepeoBuMLLax
ENeKTpUUYHMI CTPYM Yy HaniBnpoBigHMKaX
[JOHOpPHI Ta aKUenTOpPHI AOMILIKWN.

EnekTpuyHmii cTpym yvepes ploldepexig.
HanisnpoBigHUKOBUIA fiof.
3acTocyBaHHA HaniBnpoBiAHUKIB



EJIEKTPMNUHE T1OJ1E

Mepea TM, AK nMo4vyaTn poO3rnAjl eNeKTPMYHOro Noss Ta MOro BNacTUBOCTEWN,
npuragaemMmo, L0 BN BUBYaNu paHiwe. 3 Kypcy pi3nmknm 7 Ta 9 Knacis BU fi3Hanucs,
uo BCi Tina, AKi Hac OTOYYHTb; CKAajgarwTbCcAd 3 aTOMiB, a aTOMWU MOXYTb
o6'egHyBaTMCA B Mosiekynu. o cknapy BcCix 6e3 BUHATKY aTomiB (i mMonekyn)

BXOAATb TaK 3BaHi efeMeHTapHi YaCTUHKWU — HalWiMeHWi YaCTUHKWN PeYOBUHMN,
U0 MakwTb €eNeKTPUYHI 3apAfan, eneKTPoHM | MNPOTOHW: eNeKTPOHW MakThb
HeraTuwBHWI 3apsAgh, a NPOTOHWM — TaKWUi camMMii 3a 3HAYEHHAM, ane MNo3NTUBHUNA.

EnekTpoH (3 rpey. — sHTap, OypwTWH) — cTabiflbHa efeMeHTapHa 4YacTUHKa
3 HEraTUBHUM eNeKTPUYHUM 3apsagom e = [1,6021892(46) Kn i macoto
TEe = 9,1095 KT .

Tenep npuragaemo BNacTUBOCTI 3apAafXXeHUX Tin. 3apagmmo HaTupaHHAM 06
XYTpPO e60HITOBY Na/IMUKYy i NigBicMMo iTHa HUTLI. AKW,0 NigHeCcTU A0 Hel TakK camMo
3apAgXKeHy iHWY e60HITOBY Nnanuyky (man. 1), To BOHU 6yAyTh BiAgLWLITOBXYBaTUCA
ofHa Bifg OAHOT. AKLLO0 X A0 3apAAXKeHOT e60HITOBOT Na/IMYKN NigHECTU 3apAa>KeHY
TepTAM 06 WOBK YM CYyXWUih nanip CKAAHY Nannmyky, TO nannmukm 6yayTb
npuTaryesaTuchb ogHa Ao ogHoi (man. 2).

OTXe, OQHOMMEHHO 3apAg>XeHi TiNna BiAWTOBXYKTbCHA, a Pi3HOWMEHHO
3apAgXkeHi Tina NpUTATYOTbCA.

AKWo 3apAgKeHi Tina BigWTOBXylOTbCA abo MNpUTArylOTbCA, TO FOBOPSATb, LWO
BOHMW B3aEMOJiIOTbMiXK cCO60t0. Npuragaemo 3aKOH B3aeEMOfil, eKCNePUMEHTa/IbHO
Bigkputunm y XVIII ctoniTtTi ppaHuy3bknm BYeHUM L. KynoHoOM.

MaTemMaTM4yHO 3aKOH KynoHa (B3aemMogii) MO>XXHa 3anucatu Tak:

ae — B3aEMOJit04i TOYKOBI 3apagKn; i— BiACTaHb MK HUMMU; N — KoediLieHT, AKNn

3a/1eXXNThb Bif BUGOPY OAVHULb BEIMUYNH, W0 BXOASATb A0 3aKOHY,



Po3rnaHemo peTanbHiwe camMe fAABULLEe eNeKTPUUYHOT B3aemMogii. 3akpinumo
MeTasnieBy Ky/t0 Ha CTepXHi enektpomeTpa (man. 3) i 3apagnumo ii Big e60HITOBOT
nanuykuy, notepTol xyTpom. CTpinKa BigXUNNTbLCA Bif MONOXEHHSA piBHOBarm,
ue 3acBigynTb, WO KyNns Mae eNeKTPUYHUN 3apsag. MNigBicMmMo Ha TOHKIW HUTLI
NerKky, BUFOoTOBJ/IEHY 3 PONbIU, FiAb3y i NTOYHEMO NigHOCUTU TT 4o Kyni. Ha neBHil
BigCcTaHi MOMITUMO, WO riNb3a NMPUTAryeTbCcs A0 Kyni, BHacnigoOK 4Oro HUTKa
BiAXUNNTbLCA Bif BEPTUKASIbHOIO MOJ/IOXXEHHS.

Hawa ysiBa 3BMKJ/la 4O TOro, WO f[is o4HOro Tina Ha iHWwe Bif0yBaeTbCs BHa—
cnifgok 6esnocepegHbOro KOHTaKTy MiXK HUMU. TaK, BaroH noyHe pyxaTucs niue
TOoAi, KONV NOKOMOTUB 6ye TATTM UM LUTOBXATM MOro. M'A4 3MIHNUTb HANPAM pyXy
B TO/i MOMEHT, KO/IN AOTOPKHETbLCA A0 HOrm dpyTbonictaum cTiikmy BOpIT.

AN >Ke MexaHi3M B3aeMofii 3apsg>KeHux Tin? BignoBigb Ha uUe 3anunTaHHA
haB aHrNivcbKin pisnk M. ®apageil, oCMUCAUBLUKM BCi BifJOMi Ha TOW 4Yac 3HaHHSA
3 eNIeKTPUKMW i AiAWOBLIN BUCHOBKY MPO iCHYBaHHSA eNeKTPUYHOTO NOs 9K BUAY
mMaTepi’.

EnekTpn4yHe none € oco6nmea gopmMa MmaTepii, HEPO3PUBHO 3B'A3aHa 3 YCAKUM
eIeKTPUYHUM 3apsagom. Yepes3 eneKTpUUHe Nosie BigbyBaldOTbCA BCi eNEeKTPUUHI
B3aemMogil.

Aocnig>XeHHA eNeKTPUYHOIO MONA MOXHa NPoBOAUTM, NOMIiWaynM B none
HeBeNunKi 3apagxeHi Tina. HUMmM MoXXyTb OYTW Nerki 3apag>XeHi Ky/ibKU YU Finb3n.
Taki Tina mn pgani HasuBaTUMeMO NMPOGHUMKN 3apsa—
AamMun. 3a X JONOMOro BUAB/MAIOTbL HAABHICTb e/leK—
TPUYHOTO NMOMIABAAaHIM ToULi npocTopy. NMpoOHaABHICTb

nond ceigunTb AiA Ha 3apsaj)XeHe TiJlo NeBHOT CUNU.

AKLWO B KOHKPETHY TOUYKY e1eKTPUYHOro nons
nocnifoBHO NMomMiwaTy NPo6HI 3apaaun
AKi MalTb Pi3HI 3Ha4YeHHSA, TO Ha HUX 3 OOKY MonsA
OyAyTb AiATN pi3Hi cunn AKLW,0 3HaWTKN
BiJHOLWEHHS KOXHOT3 LUX CUA 40 3HAYEHHA MPOBGHOTO
3apAaay, Ha AKUK fdie ua cuaia, ToO OTPMMAEMO OAHe
Te caMe 3HaYeHHSA:

Lle o3Hayae, W0 BiAHOLWEHHSA XapaKTepusye

eNeKTpUYHe none, aj>Xe BOHO He 3a/eXnTb Bifg 3Ha—
YeHHS BMilWeHOro y gaHy TO4YKY nonst npo6HoOro
3apsaay i Mae ogHe i1 Te camMe 3HaUYeHHS 19 KOHKpPeTHOT
TOYKW faHOro nons, aney pi3HUX TOUKax MNosist MoXe
MaTu pi3Hi 3HAUYEHHSA.



1. 9K NPOABNAETLCA B3aEMOLIA 3apALKEHUX Tin?

2. ChopmyniwoinTe 3akoH KynoHa.

3. o Take enekTpnyHe none?

4. lllo € OCHOBHO XapaKTEPUCTUKO e/IeKTPOMAarHiTHoro nonsa?

HATIPY>XEHICTb EJIEKTPNYHOIO INMOJ1A

Pi3YHY Be/IMUMHY, SIKa BU3HAYa€TbCHA BiJHOWEHHSAM CUMN, WO [Ai€ Ha
3apaf, BMiWeHUW y gaHy TOUYKY MOAs, 4O 3HAYEeHHSA LbOro 3apsajy, Ha3uBakTb
Hanpy>KeHiCT0 eNeKTpUYHoro nons. NMo3Ha4yYaeTbCs HaMpyXXeHicTb niTepotw E i
BM3HAYa€ETbCs 3a (DOPMYO0H0

OanHMLEO Hanpy>XeHoCTi enekTpnyHorononaB Cle 1 BonbTHa 1 meTp

Hanpam BeKTOpa Hamnmpy>XeHOCTi 36iraeTbCca 3 HaAaNpPAMOM CUNU, 3 AKOIO Mone
i€ Ha MO3NTUBHUI NPOGHWI 3apag, PO3MILLEHMI Yy fgaHil Touli nons.
AKLL,0 Nosie CTBOPEHE HEPYXOMUM TOUYKOBUM 3apsigom g0, To Ha Npo6HUIA 3apsas

g 6yge pgiatu cuna N = k*LWLC1 TomMmy 3Ha4YeHHS HaANpPY>XeHOCTi e/IeKTPOCTaTUYHOro

nossi, CTBOPEHOro HEPYXOMUM TOUYKOBUM 3apsijoM, PO3Pax0OBYETLCA 32 POPMY/IOH0

ge E — HanpyXeHicTb eNeKTPUUYHOro nons, TOUYKOBUIA

3apsan, T — BigCTaHb MiX 3apdgamu.

Ana Toro, wo6 BM3HaAUYUTU HaMNPYXEHICTb €N1eKTPMYHOro nons, CTBOPEHOro
CNCTEMOK HEPYXOMUX TOUYKOBUX 3apAafXXeHUX Tin, cnif BUXOAUTU 3 MNPUHLMNY
cynepnosuuii, 3rigHO 3 SAKUM:

EnekTpuyHe none Mo>XHa 306paxaTun, NMPOBOAAYN BEKTOPWM HaMPYXXeEHOCTI
B KOXHIil ioro touyi. MNpoTe Take rpadiyHe 306pa>KeHHs € HE3PYUYHUM, TOMY
L0 BEKTOPW HaNpy>XeHOCTi HaknajawTbCad OAWMH Ha O4HOrO i CNOCTepiraetTbcs
3anfnytaHa KapTuHa.



M. dapagein 3anponoHyBaB 6i/lbl HAOYHWUI MeTOA 306paXkKeHHS eIeKTPUUYHUX
noniB 3a AOMNOMOTOK CWIOBUX MiHiA (NiHIA Hanpy>KeHOCTIi).

CwunosBi NiHIT TOYKOBUX 3apsAagiB ABNAKTbL CO6010 NpAMI NiHIT, WO NPOXOAATh
yepes3 Ui 3apaawn.

BBa)kaeTbCs, LLO0 CUOBI NiHIT NOYNHAKTLCA Ha MO3UTUBHO 3apafXXeHUX Tinax
i 3aKiHUYIOTbCA Ha HeraTUBHO 3apAgXeHuUx (man. 4).

JTiHIT HaNpy>XeHOCTi He MepeTUHAaKTbLCA, afXe B KOXHIW Touli Nonsa BeKTop
Ma€e nmuwe oAnH Hanpam. 3 TOro, AK rycto po3MmilleHi cMnosi NiHIT B Noni, MoXHa
CYANTN NPO HamMpy)>XeHiCTb NONA.

OTXe, CUNoBi NiHIT galdTb HA0OYHY KapTUHY po3Nojiny eNeKTPMYHOro nong y
NPOCTOPi: rycToTa CUNOBUX NiHIN i TX HANPAM XapaKTepn3ylTb 3HAYEHHSA | Hanpsam
BEKTOpa HanNpy>XXeHOCTi e/IeKTPUYHOIO0 Mons B KOXHIiW Moro touyi. Cunosi AiHIi
eNeKTPUYHOro NOoNA Hife He NepeTUHAKTbLCA, BOHW MOXYTb TilbKN CXOA4NTUCH A0
3apsagy abo po3XxoAUTUCH Bif HbOTO.

Ha man. 4 nogaHo npuknagun niHin Hanpy>XeHOCTi MO3NTUBHO i HEraTuBHO
3apAfKeHNX Kynbok (man. 4, a, 6), ABOX Pi3HOVWMEHHO 3apAAXKEeHUX KyNbOoK (Man.
4, B), LBOX O4HOVWMEHHO 3apAfXXeHUX KynboK (Man. 4, r), 4BOX MAacTUH, 3apagun
AKNX OAHAaKOBI 3a MoAyfneM i NpoTuUexXHi 3a 3HakomMm (man. 4, p).



EnekTpuyHe none, B AKOMY HanpsaAM i 3HaYeHHSA Ha—
NPYy>XeHOoCTi B yCiX TOYKaX OAHaKOBi, Ha3mMBaeTbCA OAHO—
pigHnm. B ogHopigHOMY nosi cunoBi NiHIT napanenbHi oAHa
OAHI, MalTb O4HAKOBWUIMN HanNpsaM, O4HAKOBY TFycTOTy.
Mpuknagom OAHOPIAHOIO MOJIA MOXe CyrysaTu nose Mix
ABOMa napanenbHUMM MeTaneBUMU NnacTUHamun 3 piBHUMU 3a
3HAYEeHHAM | NPOTUNEXHUMMN 3a 3HAKOM 3apsagamu (man. 5).

EnekTpnyHe nosie He Mae MeX, BOHO iCHYE B YyCiX ToUKax npo—
CTOpYy. AKLLO0 Vi KaXXYTb MPO NMEBHY MeXXY, TO MatoTb HayBa3si MeBHY
TOUKY NonfA, B AKii Nnpunagn BXe He MOXXYTb BUABUTU Le Morne.

Ha ocHoBi 3akoHY KynoHa i npuHunny cynepno3unuii nonis
MO>XHa BU3HAUYNTUN HAMpPY>XXeHiCTb MOoAa NpakTUYHO 6yab[daKOT
CYKYMHOCTI 3apaf>XeHux Tin.

1. Lo Ha3uBaloTb NMPOGHUM 3apsafom?

2. LLlo Take Hanpy>eHicTb enekKTpnyHoro nons? LLLo BoHa xapakTepmnsye?
3. K BU3HaAYa€ETLCA Harpy>XeHiCTb eNeKTPUYHOro nona?

4. Y yomy nonsrae NpuHUMN cynepnosnuii?

5. 4K niHii Ha3nBalTbLCA CUTOBUMN?

6. FAKe efleKTPUYHE MoJie Ha3nBa€ETLCA OAHOPIAHNM?

Benvike 3HayeHHs Hanpy>eHOCTi No6/1n3y BiCTPA Ha 3apAaXXeHOMY NPOBiAHUKY NPUBO—
OVTb [0 ABMLWA, BiOMOrO Nif Ha3BOK «eNeKTPUUYHMNIA BiTep».

B atmMocgepHOMY MOBITPi 3aBXAM € HeBe/MKa Ki/IbKiCTb MO3UTUBHUX MOHIB i BiflbHUX
eNeKTPOHIB, fAKi BUHWKaKTbL Mif BMJINBOM KOCMIYHUX MPOMEHIB, BUMPOMIHIOBAHHA
pafioaKTUBHUX PEYOBUH TOLLLO. Y CU/IbHOMY e1eKTPMUYHOMY Mofi 6ins BiCTPA NO3UTUBHI MOHW
pyXarTbCs i 3aX0MN/10KTb 3a CO6 010 MONEKY/IN NOBITPSA, YTBOPHOKOUMN «eNIEKTPUYHUN BiTEp».
AKLWo 6in18 BIiCTPSA pPO3MICTUTU MOAYM'SA CBIYKK, TO BOHO Mif A€o0 «BITPY» bye BiAXNIATUCA.

MOTEHUIANT EJNEKTPNYHOIO T10J14.
PISHVLUA TTIOTEHLIAIB

Ha Ko>XeH 3apag, po3mMilleHN B eNeKTPUYHOMY Noni, gie cuna, Nig fieto AKoi
BiH nepemiwyyeTbca. Npun pyci 3apagy eleKTpUYHE Nosie BUKOHYE MeBHY po60OTYy.

Po60Ty CUN eNNeKTPUYHOTO MONSA MOXHa po3rnajarm K 3MiHy noTeHuianbHOT
eHeprii, AKY Mae KOXHe 3apsaf)XeHe Tiflo, Wo nepebyBae B LbOMY e1IEKTPUYHOMY
noni. AKUWO MO3HaYMUTM MNOTeHUiaNbHY eHeprito 3apsAgXeHoro Tina, uwo
nepemilwyeTbca Nifg Ai€l0 eNeKTPUYHUX CU, Y MOYATKOBIN i KiHUEBIW TouyKax
TpaekTopil BignoBigHO , TO poboTa cnN eNeKTPUYHOIo NoNsA BU3HavYaTu—

MeTbCs 3a POopMyioto

Pi3Hi Npo6Hi 3apagn y gaHii Touyi nona MaTUuMyTbh pPi3Hi NOoTeHUianbHi eHepril.
BogHo4yac BigHOLWEHHSA NoTeHLUianbHOT eHepril Npo6bHMX 3apAfiB A0 X 3HaYeHb
ONA faHOT TOYKW NONA € BE/IMYMHOIKO CTanolo.



MoTeHuyian Nno3HavyaeTbCA NiTeporo P i 3aNUCYETbCA Y BUTNA4I

MoTeHUWian € cCKansApHO BeIMUYUNHOW. MNMoTeHUiannm TOYOK NOMA MO3UTUBHO
3apAa4XXeHoro Tina MalTb gofaTHe 3HayeHHSA, MOTeHLianu X HeratTuUBHO
3apAn>XeHOoro Tina MarTb Bif'eMHe 3HaYeHHS.

OavHunuetro noteHyiany s Cl € 1 BoneT (1 B):

MoTeHUian xapaKTepu3ye efleKTpPUYHe MoJsie y fgaHii ioro todui Ta € Woro
eHepreTUYHO XapaKTepPUCTUKOLO.

AKLWO MO3HAYNTM NOTeHLiann TOYOK, B AKUX NMepebyBaB NMpob6bHWUI 3apag A0
i Nnicna BUKOHaHHA po6OTM cMNamMm eNeKTPUYHOro nonsa 3 Moro nepemMilleHHs,
BiAMOBIAHO i BpaxyBaTu, L0 TO MOXHa 3anucaTu

3HayeHHsa Uiel po60oTM NponopuiiHe 3Ha4YeHHIO MepemMillyBaHOro 3apsagy i
3a/1eXXUTh Bif, TOro, 3 AKOT B AKY TOUKY nepemMillyeTbca 3apag.

3HayeHHA noTeHLUiaNbHOT eHepril 3aneXXuTb Bif Bnbopy noyaTtky 1T BifgNniky
(BMGOPY HY/IbOBOTO PiBHA NOTeHUianbHOT eHeprii). OTXe, 3HaYeHHA NoTeHLUiany
3aNeXXUThb Big BM6OPY TOUKN, B AKIi NOoTeHLUian OPIiBHIOE HYNtO. TaKo TOYKOHO
y pi3nLi BBaXKarTb TOUYKY, L0 3HAXOAUTLCA Y HECKIHUYEHHOCTI.

Cnig3a3HauynTU, WO MOHATTA «KHECKIHYEHHICTb», e MPUAHATO BBaXaTu
di3NYHO He BU3HadYeHO. ToMy Mif Yac 3HaxXO4XKeHHS MoTeHUuiany B AOBINbHIN
TouUui Mons 3aBXAWM AONYCKalTb HETOYHICTL Ha 3HAYeHHA MoTeHUiany B Toyui,
AKY BBaXalOTb PO3MiLLEHO Yy HECKIHYEHHOCTI. IHWWUMM cnoBamMmn, noTeHuian
[OBINBbHOT TOYKW MOMIA BMU3HAYalOTb 3aBX/AWM 3 TOYHICTIO A0 agUTMUBHOT cTasnol.
ToMy MOHATTA «nNoTeHUian» y 4boMy POo3yMiHHI Aeuwo Pi3MNYHO He BU3HAYEHO.
Binbw TOYHUM Vi O4HO3HAYHUM MOHATTAM € «Pi3HMUSA NOTeHLUianiB» AK pisnuHa
Be/IMYMHa, WO BMU3HAYaeTbCA PO6OTO Nif Yyac nepemMilleHHA NMPO6HOro 3apagy

Kn mMi>XK ToukamMuy nonsa 3 noTteHuianamm

Ha npakTuyi yacto 6yBae 3py4dYHilWWlMM BBaKaTW PiBHUM HY/O noTeHyian
3emni. Lle gonyctumMmo, OCKiNlbKU nNpun 6yab[aGKNX po3paxyHKaX BaX>X/1MBO
3HaTU Pi3HULIO NoTeHUianiB MiXX AeAKUMW TOUYKaMU eNeKTPUYHOTro nonsd, a
He abconTHe 3Ha4YeHHSA MoTeHUianiB y UMX ToykKax. BumipioTb pi3HULIO



noTeHLianiB 3a3eM/IEHUM e/TEKTPOMETPOM, MOPIiBHIOUYN NMNOTEHLian 3apsaaXXeHoro
eNeKTpoMeTpa 3 NoTeHLUianom 3emMni.

Mo3HavatoTb Hanpyry nitepoto 17. OgnHuuyeto Hanpyrim B Cl € 1 BonbT (1 B).

BpaxoBywuu, wWwo , 3HaX0A4MUMO 3B'SI30K MiX Hanpyroto i

Hal'lpy)KeHiCTl'O ENeKTPUYHOIro nonA:

BueHi goMoBUANCA NPOBOAUTU MOBEPXHI TakK, W06 pi3HMUA NoTeHUianis
ANS ABOX CYCiflHiX MOBepXOHb Gyna BCcOAW OfHA N Ta caMa. Toji 3a ryctoToro
eKBIiMOTEeHUiaNbHUX MOBEPXOHb MOXHa 3pOo6UTM BUCHOBOK MNPO 3Ha4YeHHA
Hanpy>XeHOCTi MoAs: YnMm rycTiwe po3MilleHi Ui MOBEPXHi, TUM wWBMaLe
3MIHIOETbLCA MOTeHUian nig 4yac nepemilleHHsS B340BX HOpMasii 4O NMOBEPXOHb i
TUM Ginbliay LbOMY MiCLi Hanpy>XeHIicTb

1. 9k BU3HAYMTM POBOTY CMA €NeKTPUYHOTo nona?

2. [laiiTe BU3HaAYeHHA noTeHuiany.

3. AKux 3HayeHb MOXe HabyBaTu noTeHuian?

4. o Take pi3HMUA NOTeHUianiB B eIeKTPUYHOMY Noni?
5. fAki oguHwnyi Hanpyru B cuctemi CI?

Yce XUTTA NANHY OTOUYYHOTb NPUPOAHI aTMOCKepHi eNekTpuyHi nons. Halisickpasiwe
nposiBnsae cebe enekTpuyHe none nig yac rpo3un. Tofi MOro HanpyxeHicTe 6ina 3emni
pocsarae 10 kinosBonbT Ha meTp (KB/M). Ane i B 6e3xmMapHy norogy HanpyXeHicTb aTMO-
cthepHoro nonsa B cepegHboMy cTaHoBUTbL 130 B/mM. Mu roBopvMO Npo CepefHE 3HAYEH-
HA TOMY, WO, AKi, LONYCTUMO, COHAYHA aKTUBHICTb, aTMOC(epHe eNleKTPUYHe nosae Konu-
BalOTbCH LUKIIYHO, AOCATAlYN MaKCUMyMYy B NeBHi nepiogn. Halibinblwi 3HayeHHs npuna-
faTb Ha 22[pivHnii (gBa oaMHaAALATUPIYHNX), pivHWiA, 27 [Ho6oBuii i Lo60BUIA Nepiogun.
3anexuTb Lie 3HAYeHHSA i Big reorpadiyHoro NoMOXeHHA: MakCuMasbHa cuia eNnekTpuyHo-
ro nons B NOMiIPHMUX WMPOTax, MiHiManbHa — Ha noswcax i 6ina eksaropa. Ane BCi Ui 3MiHU
CNpuiiMaloTbCs OPraHiaMoOM SIK HaNeXxHe.

BHacnifok akTMBHOT HayKOBO [TEXHIYHOT AiSNbHOCTI, 0COBNNBO B OCTaHHI 4eCATUNITTA,
NIOAUHA NpUBHECa CBOT KOPEeKTMBM B aTMocdepy, WO OTOYYE Hac. PiBeHb HanpyXeHoCTi
€/1eKTPUYHOTO0 MONS 3pic, | B 4ESAKUX MICLSX CTaB BXe He6e3neuyHuii 45 XXMBOTo OpraHiamy.

Oco6nnBO HeraTMBHO efeKTpPUYHE Mone BNAMBAE Ha 340POB'A NIOAUHU Tam, e €
BMCOKOBOJIbTHI NiHiTenekTponepepgay (JIEM). HanpyxeHicTb enekTpMYyHOro nonsa 6esnoce-
pegHbo nig IEM 3anexHo, 3BUYaiiHO, Bif i1 KOHCTPYKLIT, focArae iHOAI fAeCATKIB KinOBONbT
Ha meTp.

Ha AymKy BYE€HWX, OCHOBHMWI MexaHi3m 6i0n0riyHOT Aii eNneKTPUYHOro nonss — nosiea
B OpraHi3Mi «CTpyMiB 3CyBy». Tak Ha3MBAa€ETbCHA PyX €1eKTPUYHO 3apA[KEHNX YACTUHOK.

JocnigxeHHs noka3anu, Wo CTyNiHb (DYHKLiOHANbHUX PO3/1aAiB 3a1eXnTb Big TPMBanocTi

nepebyBaHHS NOAUHW B €1eKTPUYHOMY NoNi. Halibinbw 4yyTamMBa A0 LbOro HepsoBa cucte [



Ma, onocepeAKoBaHO MOXYTb BUHUKATU po3naju AisnbHOCTI i cepueBo[dyauHHOi cucte-
MW, 3MIHW Yy CKnafi KpoBi.

Tomy nogun, AKi 3HaXoAATbLCA B 30Hi BUCOKOBO/IbTHUX CMOPYA, MalTb 4OTPMMYyBaTUCS
BCiX HeobXxigHMX HopM 6Ge3neku.

BueHMMMN BCTaHOBNEHa NOTeHUiliHa He6e3neka NnepebyBaHHS NOAUHN B €IEKTPUYHOMY
nosi, HanNnpy>XeHicTb AKOro nepesuwye 25 kB/m. TyT MOXHa npautBaTy TifibKK i3 3aCTOCYy-
BaHHAM 3aco6iB iHAUBIAYyaNbHOTO 3axuCTy.

Be3neyHnM € piBeHb HaNpPy>XeHOCTi eIeKTPUYHOT0 NoAA B XUTNOBUX ByAiBnax, e nio-
AWHa nepebyBae 3a 4yacoM HeobmexeHo 6arato, — 0,5 kB/M. [ns NOpPiBHSAHHA MOXHa Ha-
BECTU MpuKNag: Takuii enekTpono6byToBuii npunag, ik eNeKTPoKoBApa, CTBOPIE PiBEHb
Hanpy»xeHocTi go 0,2 kB/M. lonycTuMunii piBeHb HAMPYXEHOCTI B paiioHax XXUTNOBOI 3a6y-
[oBW cTaHOBUTL 1 kB. A ocby micusax, manosiasigyBaHux ntogbmn (HesabynosaHi TepuTopii,
cinbcbkorocnogapchbki yrinaa), 6e3neyHunin piseHb BCTaHoOBNeHUn Ao 15 kB/m, y Baxkoao ]
CTYNHUX, NPakKTUYHO HeNnpoxigHMx micusax — 20 kB/m.

He 3Hatum Npo Te, AK BNANBAE Ha OpPraHiaMm enekTpuyHe noje BUCOKOI HANpyrun, geski
nwoan B 30Hi JIEN po36uBatoTb ropoan, AOBrO i YacTo npautoTb Tam. Lle Henpunyctumo!
HaBiTb NnpodecioHanam, wWo 3a cnyx60BMM 060B'A3KOM 3AiliCHIOOTb KOHTPO/Ib i PEMOHT
NEN, no3BONSAETLCA NpayoBatn He Binblue, HdX NiIBTOPY FTOAVHU B A€Hb, SKLW,0 HaNpPYXeHICTb
Tam gocarae 15 kB/m, i He 6inbwe, Hix 10 XBUAWH NpW HanpyXeHocTi o 20 kB/m.

Y 30Hi enekTpuyHoro nonsa JSIEMN HeGaxaHO rynsatu, KaraTucs Ha Mxax, 0co611MBO
AiTAM Ta noaam 3 ocnabneHot cepueBodyAMHHOW cucTeMo. Lle ctocyeTbca i MiCbKMX
TEepPUTOPIii, yepes siki NPOXOASATb BUCOKOBO/bTHI MiHil. MOTPiGHO MakcMManbHO OGMEXUTH
CBO€E nepebyBaHHA B MoAibHUX micuax. HouiBni ) 6e33acTepeXHO BUK/IOYAKTLCS.

XoTinoca 6 3actepertn amatopisldagiBHukiB, W06 BOHM He ByAyBann HiSkMX meTane-
BUX GYAMHOYKIB, capaiunkiB Ansa 36epiraHHa iHBeHTapt Ha TepuTopii JIEN. AOoTUK A0 Takol
cnopyawn, HaBiTb AKWO N0AMHA i30N1bOBaHa Bif 3eMni, Hanpuknag ryMmoBuM B3yTTAM, MOXe
3aBfaTu AyXe CUMbHe | faneko He 3aBXAun 6e3neyHe Ana XUTTA ypaXeHHA CTPYMOM.

EJIEKTPOEMHICTb. KOHAOEHCATOP.
EHEPIIA EJIEKTPNYUHOIO INOJIA.

AKUW O i30NbOBaHOMY MPOBiIAHMKY O6yab[akoi dpopmn, HagaBaTu MOCMAILOBHO
3apsaan 36inblWyOYN 3arasibHNI 3apsAj, TO WWoOro noTteHuyian 6yge
3pocTaTu.

Adocnigumo, Bif 4Oro 3aseXWUTb MOTeHUian 3apsag)XeHoro Tina. Ana uboro
CKOpPUCTAEMOCSH ABOMa e/leKTPOMETPaMM, KOPMNYCU AKUX 3a3eMsieHi. Ha cTep>XHsAX
eNeKTPOMETPIB 3aKPiNMMO MeTaneBi MOPOXXHUCTI Kyni pi3Horo giametpa (man. 6).
3apaagnmMo mMeTaneBy KY/bKY Ha i30MAUiiHIV pyyui Big BUCOKOBO/IBTHOrIO
nepeTBoptoBaya abo eNeKTPOPOPHOT MALWIMHUN | MOYHEMO BHOCUTM 1T Yy MOPOXKHUHY
MeHLWoT 3a giameTpom Kyni (man. 6, a), ax JOKN He TOPKHEMOCS Helo BHYTPIiWHbOT
noBepxHi Kyni. Becb 3apag 3 Ky/lbKW nepeiige Ha 30BHIWHIO MOBEPXHIO Ky/i,
e1IeKTPOMETP MoKaXke NMeBHe 3HaAYeHHs nMoTeHuUiany. Mpopo6uMBLWIN aHaANOTiYHWIA
pocnipg36inbwoto Kynew (man. 6, 6), Mm no6ayuynmMo, LWLO CTPINIKM 060X eNNIeKTPOMETPIB
BiAXMNAKTbLCA, ane KyT BigXWUeHHSA Y HUX 6yae pi3HUA. 3HOBY 3apAAMMO KYJ/bKY i
nepeHeceMo Nopuito 3apsagy HaMOPOXKHUCTI Ky/i, iXHi 3apagn 36inbwaTbCcsa BABIYi, a
eNeKTPOMeTpPU NOKaXyTb 36iNblUeHHA NOTeHYiany. AKw,o0 6yaemMo i gani nosToptoBatTu



Taki pil KinbKa pasiB, TO cnocTepiratTuMemMo BigMOBigHE 3pOCTaHHSA MOTeHLUianis
Kynb. MoTeHuian Kynb 6yae NMponopuiiHM 3HaAYeHHIO X 3apagy, WO MOXHa
Bifo6pasnTu BignoBigHUMU rpaddikamu. Ane noteHuian 6inbwoi Kyni 6yae 3poctatu
noBiNbHiWe, HiI>XX MeHLWOT. OTXe, rpadiku 3aseXXHOCTi NoTeHYiany Kynb Bif 3apagy
6yayTb pidHUMK. NMpoaHanidyBaBLUW pe3ynbTaTn gocnigy ta rpadikm (man. 6, a, 6),

KoeiLieHT NMPOMNOPLIiNHOCTI ANA PI3HUX KY/Nlb Ma€ pPi3Hi 3HaYEHHS.
OTXe, BifHOLWEHHS 3apa4y NPOBiAHMWKA A0 MOro noTeHyiany aAna pisHUX Kynb
oyae pisHUM. Lle BifHOWEHHSA Ha3MBalOTb ENEKTPOEMHICTIO MNpoOBigHUKA.



MNMpoaHanisyBaBLIW BMKOHaHI AOCNiAN Ta OTPpUMaHe PiBHAHHSA, MOXHa ckKa3saTwu,
L0 eNeKTPOEMHICTb Kyni 6inbworo giametpa 6inbwa. ¥ XVII—XVIII cT.
eNeKTPUKY ysABAANN cobi AK aHanor pignHuM, L0 MOXe «BAUBATUCHA» Y MPOBIAHUK
i «BUNMBaTUCA» i3 HbOTO. 3 LUX YSAB/IEHb CTA€E 3PO3YMININM MOXOAXKEHHSA TEPMIiHY
«eNeKTPOEMHICTb». ENeKTPOEMHICTb NPOBiAHUKA 3aNeXWUTb Big MOro posmipis
i hbopmn, He 3anexXuTb Big mMaTepiany, arperaTtHoro ctaHy, dopmMu i po3MmipiB
NMOPOXHWH BCepeAnHI NMpoBigHUKa. Lle NOACHIETLCA TUM, L0 HAaA/NLLIOK 3apagiB
poO3MoAfiNAeTbCca NMWe Ha 30BHIWWHIVM MoOBepxHi NpoBigHMKa. ENeKTpPOEMHICTb
npoBiAHMKA He 3aNeXWNTb TaKOoX Hi Bif 3apAfy, po3TalloBaHOro Ha NPOBIAHUKY,
Hi Bifg WOro noTeHuiany, ane 3aneXwuTb Bif TX cniBBigHoweHHA. CKa3aHe He
cynepe4ynTb pOopMyni, OCKiNIbKW BOHa NMWe NoKa3ye, WO NoTeHUian NnpoBigHMKa
NpAMO NPONOpPLiiHNI Noro 3apAagy i 06epHeHO NPOMOPLiMHNI 0 ENeKTPOEMHOCTI.

OanHnuero enekKTpoeMHocTi € 1 dapag (1 ). Lia oguHuua Ha3BaHa Ha 4YecTb
aHrnincobkoro dismka M. dapages, AKUM 3pobnB 3HAYHUN BHECOK Yy BUBYEHHSA
eNeKTPUUYHUX ABULLY.

3HayeHHA eMHOCTI Tina 1® gy>e BennkKe, TOMY Ha NpaKTULi BAKOPUCTOBYIOTb
OAMHWNLUI EMHOCTI, KpaTHi thapagy:

Benuky eNeKTPOEMHICTb MalTb CMCTEMU 3 ABOX MPOBIAHUKIB, AKi HasMBatoTb
KOoHfeHcaTopamu (3 naT. condense — 3rywyo). KoHpaeHcaTop sBnsde cob6or pasa
NpoOBIAHWKW, PO3jiNeHi Wapom gienekKTpuka, TOBULMHA AKOro Mana NOPiBHAHO 3
po3mMipaMn NPOBIAHWKIB. Y LbOMY BuUNagKy NPOBIAHNKN Ha3nmBaloTb 06KNagkamu
KOHZeHcaTopa.

Cnig 3a3Ha4yMTU, WO OCHOBHAa Knacudikauis KOHAeHCAaTOpiB NMpPoOBOAUTbLCHA
3a TUNOM fJieneKTpnKa B KOHAeHcaTopi. Tun fgienekTpvka BM3Hayae OCHOBHI
eNeKTPUYHI nNapamMeTpu KoHJAeHcaToOpiB: onip i3onsauii, crtabiNbHICTb EMHOCTI,
BE/INYUMHY BTpaT TOLLO.

3a BMAOM JieneKTpuKa PO3Pi3HATh: BaKyyMHi KoHAeHcaTopu (o6knagkun 6e3
JieneKTpuMKa 3HaxoAATbCA Yy BaKyyMi), KOHAeHCATOpM 3 rasonofibHum i pigkum
OieNneKTPMKOM, KOHAeHCaTOopuM 3 TBepAMM HeopraHiyHum gieneKTpukoM (CKAAHI,
CNnwAaHi, KepamiyHi, TOHKOLWAapOBi 3 HeOopraHiYHWUX NNIBOK), KOHAeHCATOPU
3 TBEpAMM oOpraHiyHum pgieneKTpukom (MmarnepoBi, MeTasionanepoBi, MNMiBKOBI,
KOomM6iHOBaHi — ManepoBON/IiBKOBiI, TOHKOLIAPOBiI 3 OpPraHiYHUX CUHTETUYUYHMUX
nniBoK), eneKTPoNiTUYHI i okcugHo [HAniBNpoBigHMKOBI.  Taki KOHAeHcaTopwu
BifpPi3HAKTbLCA Bif YCiX IHWUX TUMNIiB Nepw 3a BCe CBOEK BE/NKOI EMHICTIHO.
AK AieneKTpPUK BUKOPUCTOBYKTb OKCUAHMWIA Wwap Ha MeTaneBoMy aHogi. Apyra
obknagka (kKaton) — ue abo enekTponiT (B eeKTPONITUYHUX KOHAEeHcaTopax)
abo wap HaniBnpoBigHMKa (B okcnagHo[HaniBNpoBiHNKOBUX), HaHeCeHUN’
6e3nocepefjHbO Ha OKCUAHWIK wWap. AHOA BUFOTOBNAAETbLCA, 3a/e€XHO Bifg Tuny
KOHAeHcaTopa, 3 afltoMiHieBOT, Hiob6ieBOT abo TaHTaNoOBOT POILIU.

KpimMm TOoro, KoHgeHcaTopy PO3pPi3HAKTbLCA 3a 3[4aTHICTIO 3MiHIOBaTU CBOtO
€EMHICTb: MNOCTIlHIi KOHAeHCATOpM — OCHOBHWI Kjlac KOHAeHcaTopiB, AKi He



3MIHIOIOTb CBOET EMHOCTI, 3MiHHI KOHAeHCaTOpyM — KOHAEeHCaTopwu, WO MOXYTb
3MiHIOBaATW EMHICTb Yy npoueci PyHKUiOHYyBaHHA anapatypn (KepyBaHHSA EMHICTIO
30iACHIOETBCA MeXaHIYHO, eNeKTPUYHOI Hanpyrow (BapikoHAW, Bapikanwu) i
TemMnepaTypoto (TepMOKOHAeHcCaTOpUn)), niaCcTPOOBaUIbHI KOHAeHcaTopu —
KOHAeHCcaTopWn, EMHICTb AKUX 3MIHIOETbLCA Mig Yac pa3oBoro abo nepiogu4yHoOro
perynioBaHHSA i He 3MIHIOETbLCA Yy Npoueci PyHKLiOHYBaHHSA anapatypu. Ha man. 7
306paXKeHi KOHAeHcaTOpW pPi3HOro Tuny.

HanpocTiwmm KOHAEHCATOPOM — TMJIOCKMM KOHAEHCATOpOM — € cucTema i3
ABOX MAOCKUX MPOBIAHNX NAACTUH, PO3MilleHUX NapasenbHO ofHa OAHIV Ha manii
MNOPIiBHAHO 3 po3MipamMmn MAacTUH BigCTaHi | po3fifeHNX WapoMm fgienekKTpuka.

EnekTpuyHe Nosle NNOCKOro KoHAeHcaTtopa B OCHOBHOMY 30Cepef)XeHe MiX
nnactmHamm (man. 8), ane 6ing KpaiB NNacTUH i Yy HABKONIMWHbLOMY CepefoBULLi
TaKOX BMHUKAE MOPIBHAHO cnabke eneKTpMuyHe Mofe, siKe Ha3uBakTb MoOJeM
po3citoBaHHA. Y 6araTtbox 3ajayax HabnM>XXeHO MOXHa HexTyBaTW Mojem
po3citoBaHHSA i BBaXkaTu, WO eNeKTPUYHE MNOJle MNOCKOro KoHAgeHcaTopa LiiKoMm
30cepegyXeHe MiX Moro obknagkamu (mMan. 9).

3 ypaxyBaHHSAM poO3MipiB 06K/aAOK MJOCKOFr0 KOHJAeHcaTopa i BigcTaHi MiXx
HUMW, €eN1eKTPOEMHICTb MNIOCKOI0 KOHAeHcaTopa byae BM3HayaTucsa Tak:

fe C — eNneKTPOEMHICTb MIOCKOro KOHAeHcaTopa,
(eneKTpuuHa cTana), — fieneKTpUUHa MPOHUKHICTL, S — nnowa o6KNagKu
KOHJAeHcaTopa, — BiACTaHb MiX 06KnagkKkaMW KOHAeHcaTopa.

LLLo6 ofep>kaTn NMOTPiGHY eNIeKTPOEMHICTb, KOHAeHcaTopu 3'eqHYIOTb y 6aTapel.

Man. 7



Man. 8 Man. 9

Mig yac napanenbHOro 3'€egHaHHA KoHAeHcaTopiB (mMan. 10) Hanmpyrm Ha

KOHAeHcaTopax OAHaKOBI: , a3apsaan gOpiBHIOKTbL
TaKky cnctemMmy MOXHa po3rnagatn K €eANHUNNA KOHAEHCATop efleKTPoeEMHIcTO C,
3apAg>XKeHUM 3apaaom npy Hanpysi MiX o6knagkamMmu, WO JOPIBHIOE

3Biacu BUNAMBaE

TakMM 4YUMHOM, Nif Yac napanenbHOro 3'€efAHaHHA KOHAEHCATOpPIB TX €eneKTpo—
€EMHOCTI poparTbes.

AKWoO KoHAgeHcaTopu 3'egHaTu nocnigosHo (mMan. 11), To ogHaKOBUMMU
BUABNATbLCA 3apAam 060X KOHAEHCATOPIB: a Hanpyrm Ha HUX AOPIBHIOTb

Taky cuCTeMy MOX>Ha po3rnagatm akK €,EU/IHI/II7I KoHAaeHcCaTop,

3apAgKeHUN 3apdagom ¢ npu Hanpysi MK ob6knagkamu OTxe,

Mig 4yac nocnigoBHOro 3'€f4HaHHA  KOHAEHCATOPIB  AofalTbCcA  TXHi  0bepHeHi
€NeKTPOEMHOCTI.

dopmynn pgna napanenbHOro i NOCNIJOBHOro 3'€efHaHHSA 3anuMwalrTbcs
cnpasegnuBmmMmun ana 6yab[AKoro yncna KoHgeHcaTopiB, 3'€egHaHuUX y 6aTapeto.

Ha npakTuui BUKOPUCTOBYETbLCA TaKOX 3MillaHe 3'€fHaHHSA KOHAeHCaTOpIB.

Jdocnign noka3yTb, WO 3apAfXKEeHU KOHAEeHCATOp MICTUTbL 3amac eHepril.

MNMpouyec 3apAgKM KOHAeHcaTopa MOXXHa YySBUTU AK MNOCNiAOBHE MepeHeceHHH
AOCUTb ManmMx nopuin 3apagy 3 Of4HIieT o6KMagkKm Ha iHWYy (man. 12).

Mau. 10



Y ueil ke yac ogHa o6KnafKa NMOCTynoBO 3apAAXKAETLCA NO3UTUBHUM 3apaoM, a
iHWa — HeraTUBHUM. OCKINIbKU KOXHa NopLis NepeHoCUTLCA ByMOBax, KON Ha
obkKnagKax BXe € fleAKNI 3apasg a Mi>XX HUMWM iCHYE filedKa pisHMUA NoTeHLWianise

TO MNPV NepeHeceHHi KOXXHOT nopuit 30BHIWHI CUNN MOBUHHI BUKOHATW

po6oTy

Micna 3akiHYeHHA npouecy 3apa4aKn eHepriAa KOHAeHcaTopa eMHIcTO C,
3apsAf>KeHOro 3apsanom BU3HaUYNTbLCA 3a hpopmMysioto

AKLW O BpaxyBaTu cNiBBigHOLWEHHS TO hopmMmyny, sKa BUpakae eHepriko
3apAf>KEeHOro KoHaeHcaTopa, MOXHa 3anumcaTu B iHLWIN eKBiBaNeHTHIW hopMmi:

EnekTpnuHy eHeprito cnig posrnagaty AK NoTeHUianbHY eHeprito, LWo
Hakonmuyunacsa B 3apAf>XeHOMY KOHAeHcaTopi.

KoHpgeHcaToOpum 3Haxo4saTb CBOE 3aCTOCYBAHHSA B YCiX rany3saXx efleKTPOTEeXHIKW.
BOHN BMKOPUCTOBYOTbCSA AN NOOYAO0BU Pi3HUX €NeKTPUUYHUX Kin 3 yacToTHO [
3aNeXHUMmM BacTUBOCTAMMU, 30Kpema, PiNbTpPiB, KiN 3BOPOTHOro 3B'A3KY,
KONMBaNbHUX KOHTYpPiB TOLWO.

Mipg yac WBUAKOINo po3psafXaHHA KOHAeHcaTopa MOXHa oTpumMaTtun iMmnynbc
BE/NINKOT NOTYXHOCTI, Hanpuknag, y potocnasiaxax, eleKTpoMarHiTHMX NPUCKO —
proBayvax, iMNybCHUX nNasepax 3 ONTUYHO HakKaykKolo.

AKLWO KOHAeHCcaTOp MOXe AOBruin yac 3b6epiratm 3apah, TO MOFr0O MOXHa
BMKOPUCTOBYBATU sIK e/leMeHT nam'aTi abo npucTpin 36epiraHHs eNeKTPUYHOI
eHeprii.

KoHaeHcaToOpu BUKOPUCTOBYIOTbLCA K BUMIiprOBasbHI nepeTtsBoptoBavi, a
camMe: y BUMiploBanbHOMY rMnepeTBoproBayi mManumx nepemiweHs (Mana 3MmiHa
BifcTaHi Mi>XX o6KagKamMuy gy>Xe MOMIiTHO BM/INBaE Ha EMHICTb KOHAeHcaTopa), Yy
BMMiplOBaJ/ibHOMY MepeTBOplOBaYi BOMIOrocTi NoBiTpA, AepeBMHU (3MiHa cknagy
AieneKTpukKa NnpmMBoOAUTbL A0 3MIHW EMHOCTI).



1. o Take eNneKTPOEMHICTb NpoOBigHNKA? Big 4oro BoHa 3anexutb? FK BOHa BM3Hauva-
€TbCA?

. Wo take 1 dapan?

. KA KoHAeHcaTop Ha3MBaA€ETLCA MAOCKUM?

. 3a AKo hOpPMYyoK BM3HAYAETHLCA €/EKTPOEMHICTb MNOCKOr0 KOHAeHcaTopa?

. fKi BWAN KOHAeHcaTopiB BU 3HaeTe?

. Ik BU3HAYa€ETbLCA €/IeKTPOEMHICTb KOHAEHCATOPIB, 3'€AHaHNX napanensHo? ocni-
[OBHO?

. Wlo Take eHepria KoHgeHcaTopa? fK BOHa BU3HA4Ya€ETbCHA?

8. HaBefiTb Nnpuknaan 3acTocyBaHHA KOHAEHCATOPIB Y TeXHili.

o Uh wN

~

Po3B'A3yemMo pa3om

1. B ogHOpigHOMY eneKTpocTaTUYHOMY NOJIi HA O4HAaKOBIW BiAgCTaHi Big ABOX NaacTuH
poO3MilLeHi eNIeKTPOH i NPOTOH. YUKM 3 04HAKOBOIO LUBUAKICTIO BOHW AOCATHYTb NJIACTUH?
Po3B'A3aHHA
Binbwy WBMAKICTb MaTMMe e/1IeKTPOH, TOMY L0 BHAaC/i4OK MeHLIOT Macu BiH HabyBae
3HA4YHO 6iNbLIOIro NPUCKOPEHHSA.

2. Mo3nTUBHY 0OKNaAgKy KoHAeHcaTopa e/NIeKTPOEMHICTIO = 1 mKP 3'egHanum 3
NO3NTUBHOIO 06K1A4KOK KOHAeHcaTopa, e/1IeKTPOEMHICTb AKOTo =2MK®P, aHeraTuBHyY
— 3 HeraTuBHOW. BusHauTe pi3HMUIO noTeHuianis Ha 3aTuckadax Takoil 6aTapeT
KOHAeHcaTopiB, AKLL0 A0 3'€qHaHHA Hanpyra Ha nepLiomMy KoHaeHcaTopi 6yna = 3008,
a Ha gpyromy = 150 B.

Po3B'A3aHHA
3apsg nepLoro KoHgeHcaTopa OopiBHIOBaB A0 3'€gHaHHSA anicnsa 3'egHaHHA
BignoBigHoO 3apsa Apyroro KoHgeHcartopa éyBpao 3'egHaHHAaANnicnsNA
3'egHaHHSA OCKiflbKN 3'€gHaHO O4HOMMEHHO 3apsAaa>XKeHi 06KagKM,TO 3a3aKo—

HOM 36epe>keHHA 3apsaay

3Bigcun

MigcTtaBMBLIM 3HAYEHHS (PiI3NYHUX BEIMYNH, oTpumaemo U = 200 B.

1. YHomy NiHiT HaNpy>XeHOCTIi eNIeKTPUYHOI0o NosA He nepeTUHaTbCA?

2. 300pa3iTb KapTUHY NiHI HANpPy>XeHOCTi eNIeKTPUYHOro MoJss Mid>K ABOMa 3apsgavuv y
BMNnagKax:

3. 3apsag 0,1 mkKn nepebyBae B eNeKTPUYHOMY MOy TouYui Hanpy>keHicTio 5 H/Kn. Aka
cuna gie Ha uewn 3apag?

4. Y peakili Touyi nona Ha3apsag 2 HKN gie cuna 0,4 mkH. BusHauTe Hanpy»>keHicTb nons
Yy Lili Touyi.

5. flke 3Ha4YeHHSs TOUYKOBOrO 3apsafy, Ha AKWUK oaHOpiAHE eNeKTpPUYHe Mnosie Hanpy>ke—
HicTo 600 KH/Kn gie iz cnnoro 0,3 MH?

6. BusHauTe Hanpy>keHicTb nons 3apsaay 36 HKn y Toukax, BigaaneHunx Big Hboro Ha 9 i
18 cm.

7. Ha akili BigcTaHi Big 3apsagy Kn Hanpy>keHicTb nona gopisHoe 300 H/Kn?



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. BusHauTe 3apsf, WO CTBOPIOE eNleKTpUUHe Nose, AKLLO Ha BiAcTaHi 5 cM Big 3apsagy

Hal'lpy)KeHiCTb nona CTaHOBUTb

. EMHICTb KOHfAeHcaTopa gopiBHiOe 40 Nnd. BupasiTb LI EMHICTb Yy (papagax Ta

Mikpodapagax.

BigokpemneHomMy MpoBiAHWKY Hajanu 3apsapg 3apaguBWwmn Moro o
noTeHyiany 100 B. BusHauTe eNeKTPOEMHICTb NMPoOBiAHMKA Yy dapafax, Mikpodapasax
i nikodapapgax.

Ha koHgeHcaTopi HanucaHo: 100 nd; 300 B. Yu MO>XHa BUKOPUCTATU el KOHAeHcaTop
O0NA HakonmyeHHA 3apsagy 50 HKn?

AKYy EMHICTb Mae KOHAeHcaTop, AKLLO Mig Yac Moro 3apsagykaHHA A0 Hanpyrmn 1,4 kB
BiH picTaB 3apsag 28 HKn?

[lo AKOT Hanpyrun 3apagunm KoHAeHcaTop eMHICTIO 20 MK®P, AKLWLO BiH AicTaB 3apsaj
4mKn?

Haii6inblia eMHICTb LWWKiNbHOT eMOHCTpaL,iiHOT 6aTapel KoHaeHcaTopiB 58 MK®. AKuMiA
3aps BOHa HaAKOMMYNTb, AKLLO 1T NpUeESHAT A0 MONKOCIB AXepena cTpyMy Hanpyroto
50 B?

AK 3MIHUTbCA €/IeKTPOEMHICTb LWKIiIbBHONO PO3CYBHOrNo KoHAeHcaTopa, SAKLULO
36iNbWNTM BigCTaHb MiX MOro naactmHamm?

Mnowa nnactuH cNOAAHOrNro KoHaeHcartopa 15 CM2, a BiACcTaHb MiXX nnacTUHamu
0,02 cm. AKY EMHICTb Mae KOHAeHcaTop? )

MnacTnHM KoHAeHcaTopa MarTb nsowy no 10 cMm™ . AKa ToBUMHA fiefleKTpuKa (cnogn)
Mi>K HUMUN, KO/ EMHICTb KOHAEeHcaTopa cTaHOBUTL 500 nd?

Bn3HauTe eHeprilo KoHAeHcaTopa, AKLW,0 MOro emMHicTb 0,25 MK®, a piszHuuA
noTeHuianiBs Mmixk nnactuHamm 400 B. Akwnii 3apag mae KoHgeHcaTtop?

EMHICTb KOHAeHcaTopa 6 MK®, a 3apsag 3[KD" Kn. BusHauTe eHeprito eIeKTPUYHOro
nons KoHpgeHcaTtopa.

3apsan KoHpAeHcaTtopa Hanpyra Ha o6knaakax 500 B. BusHauTe eHeprito
e/IeKTPUYHOro NoJsia KoOHAeHcaTopa.

Bu3HauTe HanMpy>eHiCTb eNeKTPUYHOro Nonsa B Touyi, BigganeHi Ha BigcTaHb 10 cm

Bif, TOYKOBOTIO 3apsfy, AKLWO0 B TOYli, BigganeHin Big HbOro Ha 5 cM, Hanpy>XXeHiCcTb

popiBHOE 40 B/Mm.

BigctaHb MiX gBOMa TOYKOBUMMU 3apsgamu fopisHOe 10 cm.

AKa Hanpy>XXeHicTb NOMA, CTBOPEHOro UMMM 3apsagamMmuv, y Todui, WO 3HaxoauTbcA

nocepeaviHi MiXK HUMWN?

HeratnBHunin 3apag [30 HKn i no3antuBHMiA 3apsas 20 HKN 3HaxoaATbCA Ha BiAcTaHi

1 M ogviH Big o4HOro. B AKill To4Li Hanpy>eHIiCTb e/IeKTPUYHOr0 NONS AOPIBHIOE HYNHO?

[Ba ogHakoBi TOYKOBi 3apsAan Mo 3 HKN KOXHWI po3MmilleHi Ha BiagcTaHi 6 cM oguH

Bif oA4HOro. BusHauTe Hanpy>XXeHIiCTb NOMAA y Touui, uio nepebyBae Ha BigcTaHi 5 cm

Bifl KOXXHOTO i3 3apsajis.

Hanpy>eHicTb Nossa MiXK ABOMa ropm3oHTasbHO PO3MIilLEeHVMMU NnacTUHamMmmn [o—

piBHIOE H/Kn. ¥ noni ymx nnactuH 3aBuUcC/ia 3apsp)xeHa MuinMHKa mMacoto
AKN 3apsag NMUINHKN?

HabnusbTe naneub A0 Ky/NbKW 3apsafdXeHOro esieKTpockona. JIMCTOYKU 3iAgyTbes.

3abepiTb Naneub — i IMCTOYKWN 3HOBY PO3iAyTbCA. AK MOACHUTU Le aBuLe?

KoHpgeHcaTop HeBigoMoT eMHOCTI C 3apsagunn go Hanpyrmn 100 B. MoTim iioro 3'egHanm

napanenbHo i3 He3apAg>KeHUM KOHEHCAaTOPOM EMHICTIO 5 MK®. Npu ubomy Hanpyra

Ha nepLomMy KoHAeHcaTopi 3ameHwmnnacb Ha 25 B. BusHaute eMHicTb C.

3 AKOIO0 CU/I0K0 B3AaEMOJIOTb MaCTUHM MNJIOCKOro KOHAeHcaTopa n/oLLero

AKLW,O0 Pi3HNLUA NMoTeHUianiB Mi>xk HuUMun 500 B, a BigcTaHb 3 MM?



29. InockKunii KoHAeHcaTop, BiACTaHb MidXK NNaCTUHaAMKM AKOTo 1 cm, 3apsAgyKeHOo 40 Hamnpyrn
200 B. Akot 6yae Hanpyra Ha KOHAeHcaTopi, SKLWO MOro nnacTMHW pPo3CyHYTU [0
10 cm?

30. BusHauTe 3apsg NJOCKOro KoHgeHcaTtopa eMHicTiO 0,04 MK®, AKW,O Hanpy>XeHicTb
nosis B KoHgeHcatopi 320 B/cwm, a BigcTaHb MiXK MjacTUHaAMM 2 MM.

31. ¥ cKinbKM pasiB 3MiHUTbLCA eHepria KoHAgeHcaTopa, AKLLO0 Hanpyry Ha HboMy 36i1bLUNTHN
B 4 pa3un?

32. MNnowa KoXXHOT 3 MacTUH MNJIOCKOro KOHAeHcaropa CTaHOBUTb a BiACTaHb MiX
HUMW JOPiBHIOE 1 cM. BM3HauTe eHeprito Nons, SKWo HanpyxXeHicTb 500 kB/Mm.

33. 4K 3MIHNTbCA EMHICTb M/IOCKOT0 KOHAeHcaTopa, AKLWO MiX MOro naactuHamu
PO3MICTUTM MPOBIAHY NNACTUHKY, TOBLMHOK SAKOT MOXHa 3HexTyBaTu? Ak byge
BM/INBaTW Ha EMHICTb KOHAeHcaTopa Micue po3TallyBaHHA PO3MilLeHOT NAACTUHKN?
Un 6yae BNAMBaTM Ha 3MiHY EMHOCTI TOBLLMHA PO3MIiLLEHOT NNaCTUHKN?

34. IMNacTUHW NIOCKOT0 NOBITPAHOIO KOHAeHcaTopa naoLLeto 5 NpUTAryrTbCS i3 CUI0I0
P. Buv3HauTe 3apa[ KoHAeHcaTtopa.

35. MNnocknini NOBITPAHMIA KOoHAeHcATOp i3 Naower nnacTuH i BiACTaHHIO MiX
nnactTuHamu d 3apsAgXKeHo 40 Hanpyru nicns 4oro Big'egHaHO Bif gkepena. AKy
po60Ty Tpeba BUKOHATK, W06 PO3CYHYTU MAacTUHU A0 BigcTaHi cN?

ENEKTPUUHUNN CTPYM. ENEKTPUNYHE KOJIO.
' €edgHAHHA MrPOBIOAHUKIB

3 Kypcy ¢ismku 9 knacy BU 3HaeTe, WO eIeKTPUYHUM CTPYMOM Ha3uBaKwTb
ynopagkoBaHum (HanpsaMaeHNN) pyx 3apsag>XXeHUX YaCTUHOK. ENeKTpuuyHmMin ctpym
BUHWKAaE, KONU BMOPAAKOBAHO NepeMillylOTbCH BiflbHI eNeKTpOHM y MeTani abo
NOHW B eneKkTponitax i 7.4. Ane, AKWO0 nepemillatn HelTpanbHe B WislomMy Tifno, To,
He3Ba)kaluym Ha BNOPSAAKOBaHMUM pyx BeNnYe3HOT KiflbKOCTi €N1eKTPOHIB i aTOMHUX
anep, eNeKTPUYHUN CTPYM He BUHUKaeE. NMOBHNIN 3apag, KN NepeHOCUTbCA Yepes
6yab[Akui nepepi3 NnpoBigHMKa, AOpPiBHIOBaTMMeE Hynto, 60 3apAaan pi3HUX 3HaKIB
nepemilyTbCA 3 O4HAaKOBO CepegHbOK WBUAKICTIHO.

EneKTpuyHMi CcTpyM Mae TMeBHWUIW Hanpam. 3a Hanpam cTpymy 6epyThb
HanpsM pyxy MO3WTUBHO 3apsi>KeHUX YacTUHOK. HAKUWO CTpyM yTBOpuBCAHA
PYXOM HeraTMBHO 3apAfXeHWUX YacTUHOK, TO HanpAM CTPyMy BBaXakTb
NPOTUNEXHUM HanpAMy PyXy 4aCcTUHOK. PO3pi3HAKTb MOCTIMHWNA i 3MIHHUNA
ctpymu. lMpn nocTiiHOMY CTpyMi 4Yepe3 NMPOBIAHUK Yy O6yab[AKin Woro ginaHuyi
3 yacoM MNpoOTiKae O4HaKOBWUM 3a 3HaYeHHAM 3apsAf i B ogHOMY Hanpami. Ansa
iCHyBaHHSA e/IeKTPUYHOTO CTPYMY B MEBHOMY CepefoBULLi MOBUHHI BUKOHYBaTu—
cA Taki ymoBU: 1) HasABHICTb BiflbHUX HOCITB 3apAay (eNeKTPOHIB, MOHIB TOLO0);
2) HasABHICTb y cepeAOBULLI MPUYUH, BHACNIAOK AKUX BiflbHI 3apAfXKeHi YaCTUHKN
nepemMiWw,alTbCa B MEBHOMY HanpsAaMi, Hanpuknag, HasBHICTb e/IeKTPUYHOTO NONL;
3) HasABHICTb 3aMKHEHOrO Kona.

CTpyM, AAKWO BiH iCHYye, 060B'A3KOBO NMpPpU3BOAUTb abo 4O BUHUKHEHHSA
MarHiTHOro nonsg, abo Ao HarpiBaHHs NpoBigHUKa, ab0 A0 3MiHU MOro CTPYKTYpWU.

Bwn BXe 3HaeTe, Wo 6yab[AKNNA 3apAg>KeHUW NMPOBIAHUK Mae NeBHMK NoTeHuian
i B ycix TOYKax Moro noBepxHi uen noTeHuian ogHakoBui. Konm > y MpoBigHMKY
iCHye CcTpymM, TO noTeHuian y Woro pisHMx Touykax He Oyage oAHAaKOBMM — BIiH
3MeHWyeTbca (cnaga€) y Hanpsami  cTpymy.



Y npoBigHMKax Mal>e 3aBXAW MNOTPiI6GHO NigTpUMyBaTU CTPYM MNPOTArom
TpuBanoro 4yacy, To6To Ha IXHiX KiHUAX pPi3HUWUA NoTeHLUianiB He MOBUHHA
3MeHwWwyBaTncb. MpucTpoi, B AKUX BigbyBaeTbCsa pPO3[iNeHHA 3apsagXeHUnx
YaCTUHOK, 3a paxyHOK 4Oro i NigTPUMYeTbCHA HeobOXigHa pi3HULA MoTeHUianis,
Ha3mBalwTbCA [pKepenamm cTpymy. Cunun, AKi [iOTb Yy [Xepeni cTpymy,
nepeHOCATb 3apAaf Bif TOYOK 3 MEHLMM MOTeHUiasloM A0 TOYOK 3 6iNnbwunm
noTeHuiasomM, BUKOHYOUMN Y el yac poboTy. OTXKe, AXKepeno CTPYMYy € AXKepesiom
eHeprii. Hanpyry Ha KiHusax g)Xxepena (pi3HULIO noTeHUianiB) uwe Ha3uBakTb
eHEepPreTUYHO XapakKTEPUCTUKOK CTPYyMy. Y ranbBaHiYHUX eneMeHTax i
aKyMynaTopax B €/IeKTPMYHY eHeprilo nepeTBOPIOETHCHA eHepriga XiMidHUX
B3aEMOJili, y TepMoreHepatopax — TernJ/ioBa eHepria Tow,o.

EneKTpMYHi Kona, B AKX NiIATPUMYETbLCHA CTPYM | BUKOPUCTOBYIOTLCHA MOT0
B/acTUBOCTI, CKfNajakwTbCs 3 fAXepena CTpymy, cnoxXxmuBadiB (HarpiBHUKWU,
OCBIT/NOBaNbHI NpnNaan, eNneKTPoOABUTYHW TOLLO), BUMIPIOBa/IbHMUX | peryntoBanbHUX
npwunagis, BUMMUKaYiB Ta iIHWNX e/leMeHTIiB, 3'€AHaHUX MPOBiIAHUKaAMMU.

KinbKiCHOO XapaKTepPUCTMKOI eNIeKTPUYHOTO CTPYyMY € iorocuna/i ryctuHa

oe — 3apsapg, Wo nepeHoCUTbLCH BiIbHUMU HOCIAMU 3apsAady yepe3 NonepevyHuUn
nepepis npoBigHUKa, — iHTepBan 4yacy nepeHeceHHsa 3apdaay. BoHa Bkasye,
CKiNNbKW 3apAf>XKeHNUX HaCTUHOK NPOMLWA0 Yepe3 NonepevyHMin Nnepepi3 NnpoBigHMKA
3a O4VMHULLIO Yacy.

Mpwn piBHOMipHOMY po3MoAini T'YCTUHU CTPYMY MO MOMNepeyHOMY nepepisy
npoBifjHNKa cuna cTpymy 6yae BU3HavaTucsa Tak:

e —3apfAj 4YacTUHKM, —KIiNbKIiCTb4YaCTUHOKB OAUHULI 06'eMY, U —cepeaHsA
WBUAKICTb HAMPAMJEHOro pyxy YacTUHOK, — naouia NoNepeyvyHOro nepepisy
npoBigHMNKA.

Ana cTBOpeHHSA i iCHyBaHHSA eNeKTPUYHOIO CTPyMy HeobXigHa HaABHICTb
BiNIbHNX 3apAfXXeHUX YacTUHOK (HOCIiTB CTPyMy) — MNO3UTUBHO abo HeraTUBHO
3apAA>KEHUX HACTUHOK, He 3B'A3aHNX B EANHY eNIeKTPUYHO HEWTpasibHY CUCTeMmy, i
CUNU, WO CTBOPHE I NiATPUMYETX YNOPAAKOBaAHNN pyX. 9K NpaBn/io, TaKO CUMNOIO
€ cuna 3 60KY eNeKTPUYHOro Noss BCepeAuHI MPOBiIgHMKA, AKe BU3HAYa€ETbCH
eNeKTPUYHOK HaMpyrow Ha KiHUAX NpoBigHMKA.

Ana Toro, wob6 cTpym 6yB TpMBanmMM, eHepriga eNeKTPUYHOIo Nons MOBUHHA
BeCb 4Yac NOMOBHIOBaTUCA, TO6TO, NOTPiGEH TaKN NPUCTPi, BAKOMY NEBHUN BU[,
eHeprii 6e3nepepBHO NePeTBOPIOETLCHA Ha EHEPril0 eIeKTPUYHOTO nonsa. Takui
NPUCTPI HA3NBAETLCA AXKEPESIOM €NIEKTPOPYLUIVIHOT CUNU abo A>XXepPENIOM CTPyMY.

Ana oTpMaHHA eNeKTPUYHOro CTPyMy HeOoOXiAHO CTBOPUTU efleKTPUUYHEe
KO/I0, fAKe CKNafaeTbCs 3 g)kepena CTpyMy, CMNOXKMBa4iB e/IeKTPUYHOT eHepril,



BUMIipHOBaNbHUX | peryntoBasibHUX Npunagis, BUMUKa4iB Ta iHWWX eNeMeHTIB,
3'efHaHNX NpoBigHUKaMun. Koo NOBMHHO 6YyTUN 3aMKHEHE.

3 Kypcy ¢di3smku 9 Ksacy BU 3HaeTe, WO cufa CTPyMy Ha AinsHUi Kona
npaAMO nponopuiiHa NnpuknageHin Hanpy3i i o6epHeHO NponopuiiHa o onopy

Wiel ginaHKn: Harapgaemo, wo onip xapakTepm3ye 34aTHICTb NpPOBiAHWKA

ANPOTUARIATN HaNpAMAEHOMY PyXy 3apsafXXeHUX YaCTUHOK. Briepuie L0 3aNeXHicTb
CUMWN CTPYMY Bif Hanpyrum i onopyy 1827 p. BCTaHOBUB HiMeUbKNii BUeHU . OMm.
Ha ioro 4yecTb Ti Ha3nBalTb 3aKOHOM OMa AnsA AingdHKW Kona. lHogi dopmyny ansa
3akKoHYy OMa 3anuncyrTb Tak:

JobyTok IB. Ha3uBaloTb cnNagoM Hanpyru Ha gaHiv ginAaHuyi kona. AKLUW,0 BOHa He
MIiCTUTb AXepena CTPyMy, TO MOHATTA Hanpyru i cnagy Hanpyru 36iratoTbcA.

EnekTpuyHa eHepria Big AXXepena CTpymMy nepefaeTbcsa MO npoBojax
crnoXmBadam: eNeKTpoABUTYyHaM, namnam, HarpiBaibHUM npunagam, Tenesizopam,
pagionpuniimMmadyam Tow,0. 3a40NOMOT O 3'€AHYBabHUX MPOBIAHUKIB i BAMUKaAYIB Yy
eNeKTPUYHE KOJI0 HacTO BMUKaAIOTb TaAKOX BUMIiplOBasibHI Nnpunagn: amnepmeTpu,
BO/IbTMETPU, OMMETPU, BaTMETPU, NiIUYNNIbHUKN eNeKTPUYUYHOT eHeprii Towo.

HanowwuvpeHiwmnmMmm i HalnpocTiWnMMM TUnamm 3'efHaHHA MPOBIAHUKIB €
nocnigoBHe i napanenbHe 3'egHaHHA.

Mpwn nocnigoBHOMY 3'€efHaHHI eNeKTPMUYHE KONIO He Ma€ po3ranyXeHb. YcCi
NpoOBIAHWKN BBIMKHEHO B KO0 NO 4ep3i, oa4UH 3a ogHMM. Ha man. 13 nokasaHo
nocnifgoBHe 3'€efHaHHSA ABOX MPOBIAHWUKIB, ONOPUN AKUX (Hanpwuknag, 3
ABOMa namMno4ykamMmu, ABoOMa OOMOTKaMM eneKTpoOABUTyHaA TOLWLO).

Cuna cTpymy B 060X NpoBigHMKaX OAHaKoOBa:

OCKIi/IbKW B NPOBiAHMKAX Mif Yac NMPOXOA>XXEeHHSA MOCTINHOIO CTPYMY eNeKTPUUYHWA
3apsAh He HaKonMM4yeTbcd, | Yyepe3 6yab[dAKUi nepepis NpoBigHUKA 3a MeBHWUW
iHTepBas yacy NpPoxoAnTb OAMH i TOW caMuii 3apag,.

Hanpyra (a6o pi3HUUA noTeHUWianiB) Ha KiHLUAX po3rnsaayBaHoTl AiNAHKM Kona
CKMajaeTbCA 3 HaNpyr Ha NMepwomMmy i Apyromy npoBigHMKax:

3acTocyBaBLlIKM 3aKOH OMa ANnA BCIieT AiNAHKN B LiNoMy i ANa AiNSHOK 3 onopamMu
MO>Ha fOBEeCTW, L0 NOBHMI ONip NPV NOCNif0BHOMY 3'€AHaHHI TaKN:

AHanoriyHa cdopmMyna 3acTocoBHa Ansa 6yab[dKoT KiflbKOCTI MOCMigOBHO
3'eAHAaHUX MPOBIAHUKIB.
Hanpyrun Ha npoBigHMKaXx i TXHi onopwn B pa3i NOCNif0BHOTO 3'€4HaHHSA 3B'A3aHIi
CNiBBIAHOLWEHHAM:

Ha man. 14 noka3aHO napanenbHe 3'egHa—
HHSA ABOX MPOBIAHUKIB, OMOPU AKUX
Y uboMy BuUNagKy eneKTpUYHUNK ctpym 1
po3rany>XyeTbcsa Ha [ABi YacTuHu. Cwuny
Man. 13 CTPYyMy B MepwwiomMy i ApyromMmy npoBigHuUKax



nNo3HayYMmmo OcCKinbkn B TOoYui A —
po3ranyXeHHi NpoBigHUKIB (TakKy TOUYKY
Ha3nBalOTb BY3/10M) — e/NIeKTPUUYHMIA 3apaj He
HaKOMMUYyeTbCA, TO 3apsAj, WO HagXoAWUTb 3a
OAMHWLIO Yacy y BY30/1, AOPiBHIOE 3apsafy, WO
BUXOAWNTb 3 By3/a 3a TO camuii yac. OTxe,

Hanpyra Ha nMpoBigHMKax, 3'€edHaHUX
napasnenbHoO, ofHa i Ta cama.

B ocBiTnoBanbHin Mepexi NigTPUMYyeTbCH
Hanpyra 220 B. Ha yto Hanpyry pospaxoBaHi
npunnagn, WO BUKOPUCTOBYKTb €NEeKTPUYUYHY
eHeprito. ToMy napanenbHe 3'€egHaHHS — HalnowupeHiWNMKi cnocib 3'egHaHHA
pPi3HMX cnoXwueBadis. Y UbOMY BUMagKy BUXig 3 nagy ogHoOro npunagy He Bniv—
Ba€e Ha pob6oTy iHWUX, TOoAi AK NpM NocnifoBHoOMY 3'egHaHHIi BUXifa 3 fnafgy ogHOro
npunagy posMmnkKae Bce Ko/o.

3acTocoBytU4mn 3aKoH OmMa 14 AiNIAHOK 3 onopamMmu MOX>Ha fOoBecCTu,
Lo Be/M4MHa, obepHeHa o NOBHOro onopy AiNAHKNMAB, fOpPiBHIOE CYMi BE/IMYUH,
06epHEHMNX [0 ONOPiB OKPEMUX MPOBIAHUKIB:

Man. 14

3Bigcu

Bka3aHi popMynnM MOXHa 3acTocyBaTu [0 napanenbHOro 3'egHaHHs 6yab[EKOT
KiNbKOCTI NPOBIAHUKIB.

Cunun cTpymy B NpoBigHMKax i IXHi onopuy BunaakKy rnapanesnbHoOro 3'egHaHHA
3B'A3aHi CNiBBIHOLWEHHAM:

Ha npakTuyi, Wo6 BUMIpATWN CUNY CTPYMY B MPOBIAHUKY, aMnepmMeTp
BMUKaOTb MOCMIAOBHO LbOMY NpoBigHUKY (Man. 15). Ane Tpeba maTtu Ha yBasi,
U0 camM aMmnepmMeTp Ma€e AeAaKUM onip Tomy onip AiNAHKN Kona 3 YBIMKHYTUM
aMmnepmMeTpoM 36iNblIYETLCA, | NPU HE3MIHHIW HanNpy3i cunacTpymMy 3aMeHLIYETbLCSA
3rigHo i3 3akoHom OmMa. LLLo6 amnepmMeTp sKoOMOra MeHLe BMNAMBaB Ha cuny
CTPYMY, AKUW BUMIipPOOTb, MOro onip pobnatb Ay>e manum. Lle cnig nam'ataTtn
i HIKOIM He HamMaraTmucs «BUMIPATU CUNY CTPYMY» B OCBIiTNIOBanbHIi Mepexi,
BMUKa4YU amnepmeTpy po3eTKy. CTaHeTbCA KOPOTKe 3aMUKaHHA. Cunacrtpymy
npy mMasioMmy onopi npunagy AOCArHe TaKoro Be/IMKOro 3Ha4YeHHs, Wo o6mMoTKa
amnepmMmeTpa 3ropuThb.

LLo6 BUMIipATU Hanpyry Ha AinaHui Kona 3 onopom i?,

0O HbOTO MapasielbHO BMUKalOTb BONbTMeTp. Hanpyra Ha
BO/IbTMETpPi 36iraTumMeTbCcsa 3 Hanpyrow Ha f[inaHui Kona
(man. 16). Man. 15



Akuwoonip BoNbTMeTpa B, To NicNs ioro BMUKaHHS B KOJ10

onip AiNAHKN BXe 6yne He

TomMy Hanpyra, AKY BUMIPHITb Ha AiNAHUWI Kona,

Man. 16 3MEHWNTbCA. LULo6 BONbTMETP MNMOMITHO He CNOTBOpPOBaB

BUMiplOBaHOT Hanpyru, moroonip mae 6yt Habarato 6inbwmnm

NOPIBHAHO 3 OMNOPOM AiNAHKWN KONa, Ha AKili BUMIipIOETbLCA Hanpyra. BonbtmeTp

MO>XHa BMWUKATN B KO/1O, HE PU3NKYOUYU, L0 BiH 3ropuTh, AKLL,0 BiH po3paxoBaHmnii
Ha Hanpyry, Aka rnepeBuLLye Hanpyry B mepexi.

. LLLo Take eneKTpUYHnA cTpym? AKuii Moro Hanpsam?

AKi € BUAN eNeKTPUYHOro CTpymy?

o HoMy MOXXHa CyAuTU NPO HasIBHICTb CTPYMY B NPOBIAHNKY?

AK BM3HaYa€eTbCA cuia CTPyMy, LLLO Teye vyepes3 nonepeyHUin nepepis NnposigHMKa?
. Ha3BiTb yMOBU CTBOPEHHSA 1 iICHYBaHHSA €/IeKTPUYHOI0 CTPYMY B KOJi.

3anunLliTe 3aKOHW MOC/iAOBHOIO i NapanesibHOro 3'egHaHHA NMPoBiIgHUKIB.

. Homy onip amnepmeTpa mae 6ytn masimm, a onip BosibTMeTpa — Be/INKUM?

NO oA eNe

POBOTA TA TNOTY>XHICTb
EJIEKTPNYHHOIO CTPYMY

Mpun BNOpsAAKOBaHOMY pYyCi 3apAf>XeHUX YaCTUHOK Y NMPOBIAHUKY eleKTpUYHe
nosie BUKOHYE po60Ty. LLio po60Ty NPUIHATO HasuBaTu Po6OTO CTPYMY.

AKUWO po3rnsagatmv AO0BiNIbHY AiNAHKY e/1eKTPUYHOINo KoJjla — OfHOpPigHWIA
NPOBIAHUK: HUTKY /laMNM PO3XXapeHHSHA, pe3ncTtop, oO6MOTKY efleKTpoABUTyHa
Towo, TO MOXHa 3'AcyBaTu, WO 3a iHTepBan 4yacy yepes3 NomnepeyHUr nNepepis

nposigHMKa npoxoanuTb 3apsapg Topi eneKTpUYHe NMone BUKOHYE poboTy
OCKiNnbKu cnna cTpymy To usA po6oTaBU3HaAYaeTbCA 3a HOPMYOHO:
ne I — cuna CTPYMY B KOi; — Hanpyra Ha AinsHui Kkona; —iHTepBan 4acy,

NMPOTAIrom AKOoro BmMKoHyBasnacs p060Ta.

3rifHoO i3 3aKOHOM 36epeXeHHA eHepril ysa po6oTa Mae fOpiBHIOBATU 3MIiHI
eHeprii po3rnsagyBaHol AiNAHKMW Kona. ToMy eHepris, sika BUAIiNA€eTbCA Ha gaHil
LinAHLI Kona 3a iHTepBan 4acy LOPIBHIOE POBGOTI €/IEKTPUUYHOTO CTPYMY:

AKLWO Ha fiNnAHLUI Ko/Nla He BUKOHYETbLCA MexaHiyHa po6oTa i CTPYM HE YUNHUTH
XiMiUHUX A#in, BifbyBaeTbCA TiNbKWM HarpiBaHHSA NPoBiAHMKA, AKNI Bigaae TenaoTy
HaBKOJ/IMWHbLOMY CEpPejOBULLY.



AK >Ke ue BigbyBaeTbca? BigomMo, AKLWO eneKTPOH MNOTpannise B efleKTPUUHE
nosie, To BiH MOYMHAE pyxaTuUcsa 3 NPUCKOPeHHAM. lNicna 3iTKHEeHHA 3 WOHaMu
KpucTaniyHol rpaTkm eNeKTPOHW MepefaloTb MOHaM CBOI eHeprito, i BHacnifok
LbOr0 eHEpPriss XaOTUYHOTO pyxy MOHIB 6ifis NOMOoXKeHb piBHOBaru 3pocTtae. Lle
CBiAYNTb Npo 306iNbLWIEeHHA BHYTPIWWHbLOT eHepPriT NpoBigHMKaA, TemnepaTypa AK0Oro
nigBUIYETbLCA, | BiH MOoYMHae nepegaBaTtyv TennoTy HaBKOIMLWIHIM Tinam. Yepes
HEeBEe/IMKUI iHTepBa/a 4yacy nicns 3aMMKaHHSA KoOJjla MpoLec yCTaHOBJ/IIOETbLCH
i TemnepaTypa 3 4acoM nepecTae 3MiHOBaTucAa. [0 nNpoBigHMKAa 3a paXxyHOK
po60TU eNeKTPUYHOTro nonsa 6es3nepepBHO HAAXOANTb eHepPris, MOro BHYTpPiWHA
eHeprifa 3a/MwaeTbCcd HE3MIHHOI, OCKIi/IbKW MPOBIAHMNK Mepefae HaBKOTULLIHIM
TinamMm KinbKicTb TenaoTu, sska AOPiBHIOE POOOTiIi eNeKTPUUYHOro cTpymy. OTXxe,

CniBBigHOWEHHSA Ana pob6oTwm CTPyMYy y BUNaaKy O4HOPIAHOIO NpoBigHUKaA
BMW3Ha4ya€e KiflbKiCTb TEN/IOTU, WO NepefaeTbCa NMPOBIAHUKOM iHLWMWM Tifam.
Akwo y dpopmyni Hanpyry sanmcaTtum 4yepes cuny cTpymy abo cuny

CTPYyMYy 4epe3 Hampyry, CKOpuUcTaBWMUCbL 3aKOHOM OMa Ans AiNsAHKW Kona, To
OTPUMAEMO TPU eKBiBaNeHTHI QopMynu A po60TU eNeKTPUUHOTO CTPYMY:

dopmyny 3py4YHO BUKOPUCTOBYBATU ANS KoOJla 3 MOCAIAOBHUM
3'€elHAaHHSM NPOBIAHUKIB, TOMY LLLO CM/A CTPYMY B YCiX MPOBiAHMKAX OAHAKOBA.

Mpun napanenbHOMY 3'€lHaHHi Kpalle BUKOPUCTOBYBaTU QopmMyny

TOMY W,0 Hanpyra Ha BCiX NpOBifHMKaX OAHaKOBaA.

3aKOH, L0 BNU3HAaYa€e KifibKiCTb TEN/IOTU, AKY BUAINAE NPOBIAHUNK 3i CTPYMOM Yy
HaBKO/NIWLWHE cepefoBULLEe, BNepLle eKCNepMMeHTalbHO BCTAHOBUAW aHTNiIACbKNNA
yyeHun O>x. O>koynb i pociicbkuii ydeHun E. X. JleHL, TOMY BiH i OTpMaB Ha3By
— 3aKoH [>xoyna—JleHuya:

ne @ — «kinbKicTb TennoTwu, wo suginunaca y nposigHuky; I — cuna ctpymy
B NPOBIAHUKY; — eNneKTPUYHUN onip NpoBigHMKA; —iHTepBan 4acy
NMPOXOAXEHHSA CTPYMY MO MPOBIAHUKY.

3akKoH [>kxoyns—JleHuya BMBEAEHO i3 3aKOHY 36epeXXeHHs eHeprii. ®opmyna

[a€e 3MOTy BU3HAUYUTU KiNbKIiCTb TENIOTU, WO BUAINAETbCA Ha Oyab[]

AKIV [iNAHUI eNeKTPMYHOIro Kosa, ssKe ckKnajaeTbcs 3 6yab[dKMX NPoBigHUKIB.

Byab[dKUM cnoXwuBay eNeKTPUYHOTro cTpymy (nlamnoyka, eneKTpoABUTYH,
eNeKTPOA3BIiHOK TOLWO) po3paxoBaHUM Ha BUKOPUCTaHHSA NeBHOT eHeprii 3a
oAUHMLIO Yacy. TOMY pa3oM 3 po60OTOIO CTPYMY BaXK/IMBe 3HAYeHHA Mae MOHATTA
MOTY>XHOCTI  eNeKTPUYHOro  CTPYMW.



Llei BUpa3 ANst NOTYXXHOCTi MOXHa NojaTn B KiflbKOX €KBiBaJlEHTHUX popmMax,
BUKOPUCTOBYOUYN 3aKOH OMa ANns AinsHKU Kona:

Ana 6inbwocTi enekTponpunagiB 3a3Ha4yeHO MOTYXHICTb, AKY BOHW CMNo-—
XXMBaKTb, Ha Kopnyci abo B TeEXHIYHMX nacnopTax.

1. Llo Ha3mBalTb pO60OTO €EKTPUYHOTO CTPYMY? 3a AKMMU OpMyiaMun BOHA BU3Ha-
Yyaetbca?

2. flk 3B'A93aHa po60Ta e/IeKTPUYHOI0 CTPYMY 3 MOTYXHICTHO crnoXxunBaya CTpymy?

3. 9K MOXHa BU3HAUYUTN NOTYXHICTb CTPyMY?

EJNIEKTPOPYLUIVHA CUJA.
3AKOH OMA A/1A TMOBHOIO KOJIA

AKLLO Yy MPOBIAHUKY iCHY€E eIeKTPUYHE NOoe, asie He CTBOPEHiIi YMOBM A5 MOTo
nigTPMKW, TO NepeMilleHHSA HOCITB CTpyMY (E/IEKTPOHIB, MOHIB) 3a KOPOTKUI Yac
npusseje 40 TOro, WO NoJsie BcepeaunHi NPOBIAHNKA 3HUKHE | CTPYM MPUNMUHNTBLCA.

AK BaM yXe BifoOMO, 3a Hanpam CTPyMy B3ATO Hanpsm pyxy MO3UTUBHO
3apAagXeHUx HociiB. BOHU pyxakwTbCcA B HanpsaAMi Hanpy>XeHOCTiIi nons B
NpoOBIAHWUKY, TOGTO B 6iK 3MEeHLWEeHHA nNoTeHuiany.

MepemilwleHHA HOCITB CTPYMY B MPOBIAHUKY 6€3 NiATPUMKMN €N1eKTPUYHOTIo nons
NpPpMBOANTbL [0 BUPIBHIOBAHHSA NOTeHLUianiB y340BX NMPOBiAHNKIB. TOMY AN TOrO,
wob6 NnigTpumyBaTn CTPYM TpuUBanuii yac, tpeba Big KiHUA NPOBiAHMKA 3 MEHLLUUM
noTeHuianom (HOCIT CTPyMy BBaXkaloTbCA NO3NTUBHO 3apafXeHnMn) 6esnepepBHO
BifBOANTW 3apAAnN, AKI MPUHOCATHCA 40 LUbOro KiHUA NMPOBiAHMKA CTPYMOM, a [0
KiHUA 3 6inbwnm noTeHuianom 6e3nepepBHO ix niggoantu. lHWKMMM cnoBamm,
Heo6XiAHO 34IMCHUTN KPYrooo6ir 3apsajgiB, W06 BOHW pyXanncs 3aMKHEHUM
KOHTypom (man. 17).

3AiACHUTU TaKN PyX HOCITB CTPYMY TiflbKW 3a HASABHOCTI €/1eKTPOCTaTUYHOro Nos
He MOXXHa. AfXe pyX MO3NTUBHO 3apAg>KeHUX HOCITB CTPYMY Bif KiHLA NpoBigHUKa
3 MEHWMM NMOoTeHLianoM 40 KiHUA NpoBigHUKA 3 6iNblWMM NOTeHLianom BifbyBaeTbCs
NpoTU AiT KYNOHIBCbKNX CUT — CU eneKTpocTaTuyHoro nonsda. OTxe, y 3aMKHEHOMY
KO/li MOBUHHI OyTU AiNAHKW, Ae NepeHeceHHs MO3NTUBHUX 3apAafiB BigbyBaeTbCcs

NpoTM CUN eNeKTpPoCcTaTUUYHOro nonda. lNepemiweHHA
HOCITB 3apsajy Ha uux AinAgaHkKax MOXNUBe nuue 3a
[4OMNOMOTOK CUJ/T HEeeleKTPOCTaTUYHOIO NMOXOAXKEHHS,
AKi MalTb Ha3BY — CTOPOHHI cuawn.
Taknm 4ymHoOM, ANA NIATPUMKWM CTPYMY MNOTPIGHI
CTOPOHHI cuaun, wWo giroTb abo B ycbomy Koni, abo
Ha OKpeMuUx Moro ginsHkax. LLi cunm mMoxXyTb 6yTu
0OyMOB/IEHI XIMiIYHMMU nNpouecamun, ANdy3ieo HOCITB
CTPYyMYy B HEO4HOpPIigQHOMY cepefoBuULLi abo 4yepe3 MeXxy
Man. 17 Mi> 4BOMa Pi3HOPIAHMNMMN PeYOBUHAMMU, ENEKTPUUYHNUMN



abo Hee/leKTPOCTAaTUYHNUMU NONAMU, AKI MOPOLAXKYHOTbCS
3MIHHUMW y 4Yaci MarHITHUMU MONAMMN.

CTOPOHHI CUIN MOXHa oxapakKTepum3yBaTu pob6o—
TOH, SKY BOHM BUKOHYKTb Haj 3apsagamMu, W0 nepemMi—
WYHTbCA MO KONY.

Man. 18

Mo3HauvaeTbca EPC niTepoto Togpi OavHnyerwo EPC y Cl e 1 BoNnbT

Y Bn3HadyeHHi EPC M0O>XHaroBopuTu Npo Ty AiNAHKY Kona, Ae AiloTb CTOPOHHI
CUAN, a TaKOX MOXXHa roBOpPUTM MNpPO BCe 3aMKHeHe KOno. Lli BM3Ha4YeHHSA
eKBiBa/NeHTHI.

AiicHO, nig yac pyxy 3apsApgiB MiXK nonwcaMm gxepenay 30BHILLWHbOMY KoOni

PO6GOTY BUKOHYTb Ti/iIbKN €NeKTPOCTAaTUUHI cUnun Y BHYTPIiLWHIWA 4YacTUHI
KONapoboTy BUKOHYTb IK €/IEKTPOCTAaTUYHI, TaK i CTOPOHHI cunn (man. 18).
Mpu uboMy po60Ta e1leKTPOCTAaTUUYHUX cuU Al2 Y 30BHILLUHLOMY KOJi JOpPiBHIOE
po60OTi eNeKTpOCTAaTUYHMUX CUN MiXK TUMW caMMUMW NOSKOCaMUu BcepeauHi
h>xepena, B3ATOT 3 MPOTUIEXHUM 3HAKOM: NMoBHa po6oTay BCbOMY
KO/1i CKNafaeTbCA i3 CYMU POBIT eNeKTPOCTaTUYHNX CUN Y 30BHILLHIN AginaHui kona
i cnny BHYTPIWHIN ginaHyi. OcTaHHA CKNafaeTbCca 3 pO60TU eIeKTPOCTaTUYHUX
cun i pO6OTU CTOPOHHIX CUN

NMoBHa pob6oTa BCiX CUA Yy NOBHOMY KOJli JJOPiBHIOE PO6GOTI TiNbKU CTOPOHHIX
CUN, Ae BOHW f[il0Thb.

Cwuna cTpymy, Hanpyra i EPC — Benu4YMHM ckandpHi. BoHM MOXyTb 6yTu sK
NO3UTUBHUMMU, TaK i HETaTUBHMMWN, 3a/eXXHO Big BMG6OPY HanpsamMy o6XxoAy KOHTYpY
3i cTpymMOM. Y BUNagKy 36iry Hanpsamy cTpymy 3 BUGpaHMM NO3UTUBHUM HanpamMom
06xoay KonacunacTpymy e no3uTuBHoOW (Man. 19). EPC gxepena no3nTMBHA, AKLL,03
BUOpPaHUM HanNpsiMOM 06X04Yy KOHTYpPY 36iraetbcst HaNpsAM CTOPOHHIX CUN Y AXKepeni.

EPC 30cepegxeHa TiilbKW BcepeaunHi gXxepena, a il 3Ha4YeHHS He 3a/1eXXUTb Bif
CUNN CTPYMY B KONi.

Po3rnaHemo HalinpocTiwe NoBHe abo 3aMKHeHe KOO, AKe CKagaeTbca 3
boxepena cTpymy (ranbBaHiYHOro enemeHTta abo akymynatopa, abo reHepartopa
CTPYyMYy), CNOXMBaya CcTpymMmy — pe3auctopaonopomi? (man. 19). byab [dKe g>xepeno
cTpymy mae EPC AKNW Ha3nBaloTb BHYTpIWHIM OMOPOM Ha BigMiHY Bif
30BHIWIHBOIO OoNopy i? Kona. ¥ ranbBaHiYHUX enemMeHTax i—

e onip po34MHIB eNIeKTPONITIB | eNeKTpoAiB, y reHepaTopax
CTPyMYy — Onip o6MOTOK.

Moka>xemMo 3B'i30K cunu cTpymy B Koni/, EPC inoBHOTro
onopy Kona. OnA ubOro cCKOpuUctTaemMmocs 3aKOHOM 36e—

pe>XXeHHA eHeprii i 3akoHoM J>xoyna—JleHuya:



Hexain 3a yac O£ yepe3 nonepe4yHWin nepepi3 nNpoeBigHWKa nponge 3apag Aqg.
Topai po6bOTy CTOPOHHIX CUM 3 NepeMilLleHHA 3apagy MO>XHa BU3HAYUTWU Tak:
CKOpMCTaBLWNCb BU3ZHAYEHHSAM CUNN CTPYMY oTpuMaemMo

3apaxyHOK LLiei po60TN Yy BHYTPILIHINM i 30BHILWHIN finAHKaXx Kosa, onopm sKux
BUAINAETLCA KiNbKICTb TEMNNOTU, siKa 3a 3aKOHOM Jp>koynsa—JleHua JOPiBHIOE

3rigHo i3 3aKoOHOM 36epeXXeHHsA eHeprit A = MpupiBHABLWW PIBHAHHA

, OTPUMAEMO

[Jo6yTOK cuam cTpymy i onopy AiNgdHKM Kona Ll Ha3uBalThb CnagoMm Hampyru
Ha Uuin gingHyi. Taknm umHom, EPC 6 gopiBHIOE cyMmi cnafiB Hanpyr y BHYTPIiLUHINA
i 30BHILWWHIN ginAHKax NOBHOro Kona.

Mepenuwemo Bupas B iHWIOMY BUTNAAi:

Lleli 3aKOH oTpuMaB Ha3By — 3akKOH OMa ANnd NMOBHOrO Kona.

Takmm 4MHOM, cuna CTPyMy B NMOBHOMY KOJ/i 3a/eXWUTb Bif TPbOX BENYMNH:
EPC onopy if 30BHIWHBLOT i ONOPY I BHYTPIWHbLOT AiNAHOK KOna. BHYTpiLWHINn
onip AXxepena cTpymy He BMN/MBAE MOMITHO Ha CUY CTPYMY, SKLLO BiH AyXe Manuni
MOPIBHAHO 3 OMOPOM 30BHILWHbLOT YaCTUHMN KONa Mpwn yubomMy Hanpyra Ha
3aTuckavax gxxepesna npubnusHo gopiBHioe EPC

MNpoTe Nnifyac KOPOTKOro 3aMMUKaHHSA cuna CTpyMy B KON BU3HAYaeTbCcs
camMe BHYTPIilUHIM OoMopoM gxXepena i MoXe gocartu npu EPC 8y KinlbKa BONbTIB
BE/IMKOTO 3Ha4YeHHSA, SAKLWO onip Mmanuin (Hanpwuknag,

MpoBigHMKN NPV LbOMY NNaBNATbCA, a AXXepeso BUXOAUTb 3 nagy.
AKWO KONO MICTUThb KiflbKa MOCNIf0OBHO 3'€AHaHUX enemeHTiB, EPC sakux
To noBHa EPC ¢ kona gopiBHIE anrebpaivHii cymi EPC okpeMux
eneMeHTiB. ONa BU3HaAUYeHHs 3Haka EPCI ¢ 16yab [EIkoro
AXXepesia cTpyMy Tpeba cnoyaTKy BUbGpatm gogaTtHuU
Hanpsam o6xoay KOHTypy. Ha man. 20 gogatTHuUM
BBaXKaeTbCA HanmpsaAM 06xoAy MPOTU PYyXy CTPiAKMU
roguHHUKa.
AKwo npm o6xoAi Kona nepexoaAaTb Bif Hera—
TUBHOTO Mositoca gxxepena 40 Nno3mTmeHoro, To EPC
CTOpPOHHI cNKn BCcepeanHi gXxepesia BAKOHYIOTb
npuy LbOMY AOAaTHY PO60TY. AKLW,O0 X Npu 06xoai Kona
nepexoaAaTb Bif MO3UTMBHONO MoK Ca Axepena go
HeraTuBHoOro, To EPC CTOpPOHHI CNn BCepeauHi
f>xepena BUKOHYKTb Bifg'eMHY poboTy. [Ana kona,
306pa>keHOro Ha man. 20, Npu 06Xx0A4i KOHTypa NpoTKn



PYXY CTPiNiKW TOAUHHUKA:

AKuLo TO 3rigHoO 3 cuna cTpymy TO6TO HamMpsaAM CTpPyMy
36iraeTbca 3 HanpAMOM 06xoA4y KOHTypa. Mpwn HaBnaku, Hanpsam CTpymy
NpoTUNEeXHNIH HanpsaAMy 06xoAy KOHTypa. MoOBHMKI onip kKona OOpPIiBHIOE CyMI

BCiX ONOPiB:

. lLlo npniiHATO 3a HanpsaMm pyxy cTpymy?

AKi CUNn Ha3nBaKTbCA CTOPOHHIMN?

. Yum MOXyTb 6YyTU 06YMOBNEHI CTOPOHHI Cnnn?

Lo Take enekTpopyuwiiHa cuna?

YoMy fopiBHIOE NOBHA pob6oTa BCiX CUA Yy MOBHOMY KOJIi?

Big uoro He 3anexuntb EPC i ge BoHa 30cepepxeHa?

Lo Ha3mBalTb cnagoM Hanpyru y AinsaHui kona?

. ChopmyntoiiTe 3akoH OMa A1 NOBHOTO Kona.

. Bigyoro 3anexutb 3Hak EPC €y 3akoHi OMa g NOBHOTo kona?
YoMy AOPiBHIOE NOBHMWIA ONip 3aMKHEHOro Kona?

SocmNompwNE

=

[0 copoka poKiB CBOT0 XnUTTH reopr OM (Bin Hapoausca 16 6epe3Hs 1789 poky) BCTUr
06'ixaTn 6arato micT HimeuunHun. Becb niBgeHHU 3axig — Bifg MioHxeHa Ao KenbHa — omy
6yB yXe no6pe BigOMUIA.

Ane F'eopr Om He 6yB 6araTum Typuctom. BiH nogopoxXyBaB 3 HYXAW, LWyKawyn pobo-
Ty. Byayuun cnHom cnocaps, Yepes HecTaTKM BiH 3a/IMIMB HABYaHHSA Y BULLI/ LWIKOI | B3AB-
cA 3a BUKNagaubky pob6oty. Freopr Om no6mB i3nKy i MaTemaTuky, a NOBUHEH OYB BMKIa-
AaTun B riMHa3ifx rpeubky i 1aTMHCbKY MOBW. Jlnwe Ha f,03BiNAi BiH Mir Linkom Bigaatu ce-
6e ynio61eHNnM 3aHATTAM 3 Qi3NKN.

OM 3HaB Npo HaliHOBIWI BigkpUTTSA EpcTega i AMnepa. «fAK yaBUTU COBGi eNeKTPUYHUNA
CTPYM?» — Le 6yNno neple NMTaHHA, Ha AKe NPOTArOM Ki/lbKOX POKiB HAMarascs f4aTun ACHY
BigNoBiAb yxe HeMonoauin isuklamarop.

Yuntenwtwun B KenbHi, BiH n06MB BigirHatm BTOMY NPOrynsiHKOW B3A0BX PeiiHa. |,
XTO 3Ha€, MOXe, TyT, Ha 6eperax uiei piku, Feopr OM 3HalWoOB Te, WO LONOMOI/0 oMy
BiAKPUTN BENIMKNIA 3aKOH.

«LLlo pyxae Boaun PeliHa Bnepey, Ha niBHi4 — B EcceH, FonnaHaito i NMiBHiyHe mope? Oue-
BMAHO, PI3HMLA Y BUCOTi NOTOXKEHHA NoYaTtky i KiHua pikv. Lo X npumylwlye npoxoauTu no
KONy enekTpuYHunii ctpym? Ak cobi ue yassutn? OueBuaHO, OA4UH 3 NOMOCIB rasbBaHiuyHOl
6aTapei ABNs€ co60t0 HIGW BULLNIA PiBEHb ENEKTPUYHUX 3apPALIB, HiX iX piBeHb 6ina apyro-
ronontca. | ToMmy ef1eKTPUYHUIA CTPYM Teye No Koy, K BoAa B piyli, Bif BULWUX MiCLb A0
HUWXYNX», —TakK, MabyTb, MipkyBaB OM.

BiH 3HaB, WO CUNy BOAAHOIO NOTOKY IErKo BUMIpPATU. [N Uuboro tpeba 3HaTu KiNbKiCTb
BOAMW, SKa NPOTIKA€E 3a CEKYHAY Yepes3 NonepeyYHunii nepepis NOTOKy. «A SK BU3HAUYUTU NOTIK
eNeKTpuKn?» — aymas OM. | BiH 3HOBY NOpPIBHIOBAB €M1E€KTPUYHUIA CTPYM i3 BOASHUM NO-
TOKOM, KOPUCTY4YNCb 3aKOHAMWN CTapoAaBHbOT HAayKW FigpaB/ikn, HaykKu Npo 3aKOHU pyXxy
pignH. O4eBUAHO, BUMIPATY Ki/IbKICTb €1eKTPUKN, SKa NPOXOAUTH 3a 0A4NHULI0 Yacy, To6 [



TO 3a 04HY CEKYHAY, Yepe3 nepepi3 NpoBigHuKa, Le
i € BU3HAYEHHA CU/IN €1eKTPUYHOT O CTPYMY.
AK36INbWNTN CUNY eNeKTPUYHOTo CTpymMy? Ans
uboro, MmabyTb, Tpeba nponycTUTN Yepe3 Toli camuii
nepepi3 3a Toil camuii yac — 3a cekyHgy — 6inbLuy
KiNnbKicTb enekTpukun. Axk6u pycno PeiiHa 6yno
KpyTiwe, To iOoro Boan Hecnucs 6 3Ha4YHO WBUALIE.
Te came, mabyTb, Bif6yBa€eTbCA i B rasibBaHiYHOMY
noni. Pi3HMUA eneKTPMYHUX PIBHIB Ha nontcax
6aTapei — ue TOW Hanip, AKMA € NPUYNHOK PYXYy
€NeKTPUYHOro CTPYMY, i Bi BEIMYNHU LbOTO HAMopy
3anexXnTb cunaenekTpMyHoro cTpymy. Hassemo Lo
Pi3HULII0 BUCOT e1eKTPUYHUX PiBHIB, abo uei Hanip,

Man  2j enekTpopyuwiliHoto cunoto 6aTtapei.
3aBAsaKM HM3LI MipKyBaHb OM yCTaHOBMB TPUW MO-
HATTA: 1) CUAy CTPYMY — KiNIbKICTb €/1IeKTPUKHN, W0
NpoXoAuUTb Yepes Nepepi3 NPoBigHMKaA 3a OA4HY CEKYHAY, 2) eNeKTPopyLWiliHy cuny — Hanip,
nig akum Teye enekTpuka, 3) onip — NPOTUAI NPOXOAXEHHIO CTPYMY, WO 3a/1€XMNThb Bif pe-
YOBWHW, [OBXWHN, NOLWI NONEPeYHOoro nepepisy i @isnyHOro ctaHy pe4yoBMHM NPOBIAHMKA.

Y Toi yac Om xuB y BepniHi, ob6ilimatoun nocany Buknagaya maremaTukm bepniHcbkoro
NONITEXHIYHOTO IHCTUTYTY. BiH BCTUT 'PYHTOBHO O3HallOMUTUCSA 3 NpausMu BUAATHOTO
thisnka Pyp'e, KNt BCTAHOBMB 3aKOHW TEMJIONPOBIAHOCTI i NOMITMB 3HA4YHY MOAIGHICTb
ABWLL, TENONPOBIAHOCTI Ta €N1eKTPONPOBiAHOCTI. Lle npuckopunno Bigkputta OMOM OCHOB-
HOro 3aKOHy, Ha3BaHOro Moro im'am.

Ceoipgocnign Om npoBoauBy nabopartopii iHCTUTYTYy, BOHU gaBanucs Henerko. Cnpasa
B TOMY, WO CKa CTPYMYy ranbBaHiyHoi 6aTapei iz He3po3yminux OMy NpuYMHHE Nnuwanach
nocTiliHoto. ToMy BiH 3 paficTio NpunHAB npono3uito gi3dnka MorreHgopda BukopucTa-
TW ANA LOCNILIB HOBE AXXEpPeso eNeKTPUKN — TEPMOESIEMEHT, KM B6yB BiAKpUTUI He3a-
[OBro go toro. Lie axxepeno gasano cTpym nocTiiHoOT cunn. TepMoeneMeHT MaB I0CUTb
npocTy 6ynoBy, fka 6a3yBanacsa Ha BigkpuTTi 3eebeka. Mk ABOMa MiAHUMN APOTUHAMMU
6yB NpuUNasiHUii cTepXeHb i3 BicMyTy. LLlo6 ogepxaTn Halbinblwy enekTpo36yaAxXyBanbHYy
cuny TepmMmoenemeHTa, OM onyckas OA4WH i3 cnaiBy Nif, a Apyruii TpumaB y KUNAAYIA BOAI.

Llo6 BumipATH cuny cTpyMy, OM KOPUCTYBaBCSA MY/bTUMNNIKATOPOM — Lie NPOCTUIA i BaXnn-
BUI Nnpunag, KMl BUHaLWOB disukn. LLIBelrep (man. 21), 3emnsak i gpyr Oma. Mynbtunnika-
TOp ABNAB COOGOK MarHiTHY CTPiNKy, pO3MilleHy BCepeauHi KinbKOX BUTKIB ApOTy. Om
crnocTepiras BENMUYMHY BiAXUNEHHA CTPINKN MYNbTUNIKATOPa, BBIMKHEHOIO Y rasibBaHiyHe KOoo.

Cnpo6bwun Hao4YHO Mokasanu, WO CTpiika MyabTUMIKaTOpa 3aBXAWN BigXUNAETbLCA TUM
GiNblwe, YAM KOPOTLWMKWI | TOBWUIA NPOBIAHUK, LLO 3aMUKAE KOJO.

CTpinka mynbTunnikatopa BiAXUNA€TbCA MEHLWE, KON Leill NPOoBiAHWNK AOBLUINKA | TOH-
Wuii. MigHniA opiTy N'ATb pasiB 6iNbLIOTA0BXUHN NPY OAHOMY i TOMY CaMOMy nepepisi gae
y N'ATb pa3iB MeHLIe BiAXUIEHHA CTPINKN MynbTuUNAikaTtopa. AKWwo X, Hanpuknaz, BCTaBUTH
MiAHY APOTUHY NaoLLeto nepepi3y B AecATb pasiB 6inblwoto, ane Tiei caMoi 4OBXUHU, TO4i
cuna cTpymy 3pocTe B AecATb pa3. OgHakoBi pO3MIpOM APOTUHM 3 Pi3HUX pevyoBuH (Miai,
3anisaiiH.) fanu pi3He BiAXUIEHHA CTPINKM MynbTuUNaikatopa.

Y 1827 p. 6yno HagpyKoBaHO AOCNIAXEHHA Nig Ha3Bow: «lanbBaHiyYHe KO0, MaTema-
TU4YHO onpauboBaHe .[Q. OMOM». ¥ HbOMY 6YyN0 BUKNaAEeHO BUHageHN A OMOM 3aKOH: «Y
BCSAKOMY HEpO3ranyXeHoMy 3aMKHEHOMY e1eKTPUYHOMY KO cuiaa cTpymy nponopuiliHa
eNeKTPOPYLWIilHI cuni i o6epHeHO NponopuiiiHa 4O ONopy BCbOro Konax.



BUMIPIOBAHHAEPCIBHYTPILLHBOIOOTIOPY
O>XXEPEJIA CTPYMY

MeTa po6oTn: o3HaloMUTUCA 3 MeToLaMW [OCAIAXKEHb AXepen CTpyMmy.
Bumipatn EPC i BHYTpilWHIW onip gXepena cTpymy.

O6nagHaHHSA | MaTepianun: gocnigXyBalbHUW ranbBaHIYHUIA eNeMeHT, amnepmMmeTp,
BO/IbTMETP, BUMUKAY, peocTaTt 3'effHyBaNbHi NPOBIAHUKW.

Mopaan A0 BMKOHaHHS pPo6GOTH

CxemMa eneKTPUYHOTO Ko/a, AKY BAKOPUCTOBYTb Y LLili
po6oTi, Noka3aHa Ha Masn. 22. 3a A>Xepeno cTpymy B cXxeMmi
BMKOPUCTaHO 6aTapero rasibBaHiYHUX enemeHTiB (4,5 B).
AKLWO KAY po3iMKHYTUi, To EPC pgyxepena cTpymy
[AOpPiBHIOE HaMNpy3i y 30BHIWHbLOMY KOAi. ¥ LboMy BUNaaKy
AXXepeno CTpyMy 3aMKHYTe Ha BOJIbTMETP, OMip SKOro mae
6yTun B 6arato pasiB 6inbWINK 3a BHYTPILWWHIA onip gXxepena
CTPpymMy 3BuYyaiiHoO, onip pA)Xxepena cTpymy mManuin,
TOMY ANA BUMIpHOBaAHHSA Hanpyrm MOXHa BUKOpUCTaTK
WKiNbHWUW BONbTMeTp 3i wkanow 0—6 B, wo mae onip
= 900 Om. OckinbKu onip gxepena, 3BuYaiHo, Mmanuii, To, AdiicHo,
Mpu ubomy BigmiHHicTs Big U He nepeBuulye gecaTux yacTuH BigcoTKa, TOMY
noxnbka sumiptroBaHHA EPC gopiBHOE NoXnbLi BUMiprOBaHHSA Hanpyru.
BHYTpiWHI onip gXxXepena CTpyMy MOXXHa BUMIpATW nocepegHim cnoco6om,
3HABWMW NOoKa3u 3 amMnepmeTpa i BoAbTMeTpa TOAi, KOAW KAOY 3aMKHYTO.
OTxe, i3 3akoHY OMa A7 3aMKHEHOro Kojla MaEemo

Harnpyra B 30BHilUWHbOMY KoO/li. Tomy Ana BuMiptOBaHHA cuUNun

CTPYMY B KOJli MOXHa BUKOPUCTATN WKiNbHUIKW amnepmMmeTp 3i wkKanow 0—2 A.
MakcumManbHi NOXMO6KN (BifHOCHY i abCOMIOTHY) BUMIpIOBaHb BHYTPIiLLHbOro onopy

AXXepena CTPyMy BU3HauvaTb 3a popMynammu

Xig po6oTu
1. MigrotyBatm 6NaHK 3BiTY 3a CXEMOI eNIeEKTPUYHOIO Kona i tabnuuyer gns
3anuncy pesynbTaTiB BUMipOBaHb i 064NCNEHD.
2. CkfacTu eneKTpMYyHe KONo BiANOBIAHO A0 Man. 22. NepeBipnTM HaginHICTb
eNeKTPUYHNX KOHTaKTIiB, NpaBuU/bHICTb BMUKaHHSA amMmrnepmeTpa i Bo/ibTMeTpa.



3. MNepeBipuUTM pob60Ty KOMa, KONU KAKOY PO3IMKHYTO i 3aMKHYTO.

4. Bumipatu EPC pxepena cTpymy.

5. 3HATK NoKa3n amnepmMeTpa i BObTMeTpa, KONMW KNKY 3aMKHYTO, i 064nNCInNTmn
rmp. O6UYnNCNINTN abCONIOTHY i BIAHOCHY NOXNOKM BUMiptoBaHHA EPCiBHYTPiWHbLOTO
onopy AXxepena cTpymy, BUKOPUCTOBYHOUYN AaHI NPO KAac TOYHOCTI Nnpunagis.

[y

. Yomy noka3un BonibTMeTpa Npu po3iMKHYTOMY i 3aMKHYTOMY K/ItO4i Pi3HI?
. AK NigBMWNTN TOYHICTb BUMipOBaHHA EPC gxepena cTpymy?
3. Y BM MOXeTe 3anponoHyBaTK iHWi cnoco6bun BumiptoBaHHA EPC i BHYTPIilWHbLOTO ONO-

py oXxepena ctpymy?

N

Po3B'aA3yemo pa3om

1. BHacnigok BBIMKHEHHS 4eproBOro cnoXusaya Ha LinsHLUi, e BONbTMETPOM
BMMIipIOBaAn Harnpyry, nokasu roro ameHwmnnamcsa. Homy?
Po3B'aA3aHHA
CnoXmBay BBIMKHy/u'NapanenbHO AiNAHLUI, Wo 3MeHWwmnno i onip. MNpu NOCTilHINk
CUNi CTPYMY Ha AiNAHLUI 3MeHLUIEHHSA OMopy NPu3Besio A0 3MeHLLIEeHHS NoKasiB BO/IbTMeTpa.

2. AkymynaTtop, EPC skoro 6 B i BHYTpiwWwHi onip 0,1 OM, >XNUBUTb 30BHILUHE KOJ10
onopom 12,4 OM. AKa KiflbKiCTb TEM/IOTU BUAINUTLCA 32 10 XB Y BCbOMY KOi?
Po3B'aA3aHHA

3rigHo i3 3akoHoM Owma /19 MOBHOMO Koja cuna CTpyMmy B HbOMY Kinb—

KiCTb TeNNOTU, WO BUAiNUMIacsa Ha 30BHILLHIN AingHUi, BU3HAYa€TbLCSA 3a DOPMY/IOH
Ha BHYTPIWHIN —

OT>Xe, MOBHA KiNbKIiCTb TEM/IOTU TaKa:

MigctaBMBLUM 3HAYEHHS PI3UYHUX BE/IMYMH, oTpuMaemo O. = 1728 .

36. BonbTmeTp V; nokasye Hanpyry 6 B. 9Ki nokasu amnepmeTpa A i BO/IbTMeTPiB
(man. 23)?

37. BonbTMeTp nokasye 0,9 B. fAki noka3n amnepmeTpiB A5 i A2 (man. 24)?

38. 3a rpacikom 3anexxHoOCTi CUIn CTPyMy B peocTarTi Bif ioro onopy BM3HauTe Hamnpyry
Ha peocTaTi (man. 25).

39. 3arpadikKoMm 3a1eXXHOCTi CUIM CTPYMY B MPOBIAHWKY Bi4 Hanpyrn o64ymncnite onip npo—
BigHMKa (man. 26).

40. Ha eneKTpUYHIl NAnTLi 3 BiAKPUTOIO cnipanito HarpiBaeTbcs YaliHuMK. Mig yac ku—
NiHHSA YacTUHY cnipani 3a11i10 BOAOK. AK 3MIHU/IOCHA PO3)KapeHHS He3a/IMTOT YacTu—
HW cnipani?

41. YoMy HUTKa eNeKTposiaMnoYvyKn CUIbHO PO3XKaprETLCA, a 4POTH, L0 NiABOAATL CTPYM,
3a/1MLWAaTbCA XONOAHUMM, XO4a Yepes namny i 4pOTN NPOXOAUTbL CTPYM O4HAKOBOT CUN?

42. B o6MOTLi eNeKTpoaBUTryHa, onip akoi 0,75 Om, cuna ctpymy 20 A. AAKa KinbKicTb Te—
na0TU BULINAETLCSA Lieto 0OOMOTKOM 3a 1 XB po60TU ABUTYyHa?



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Man. 23 Man. 24

Mig vac nepemiweHHA 20 Kn eneKTprKM No NpoBigHMKY onopom 0,5 OM 6y10 BUKO—
HaHo po6oTy B 100 pk. BusHauTe yac, NpoOTAromM SKOro npoxoanBs CTPYM.

AKY NOTY>XKHICTb CMNOXXWBAaE e/IeKTpUYHa NaMmnoyka, yBiMKHeHa B Mepexxy 3 Harnpyroro
220 B, aKw,0 onip 1T HUTKN B po3>XapeHoMy cTaHi 484 Om?

ENeKTpoABUTYH LUBEWMHOT MalLlMHW PO3BUBAE MOTYXXHICTb 40 BT. AKUii CTPYyM NpoOxo—
ONTb Yepes ABUTYH, AKLLO0 BiH Npauytoe npn Hanpysi 127 B? CKiNlbKW eHeprii BUKOpUc—
TOBYE ABUTYH npoTtdarom 1,5 roag?

Yomy npu mManiii LUBUAKOCTI BMOPSAAKOBAHOIO pPyxXy efleKTPOHIB y MeTasieBOMYy Mpo—
BiAHWKY Npunagn noYnHarwTb A4iATN 04HOYaCHO?

Konwn yepes eneKTpUYHY N1aMMNOYKY PO3XKapeHHSs NMPOoXoAUTb CTPYM BiNbLUOT CUMN: YK
Bigpasy nicna BMUKaHHSA 1T B Mepexy, 4Un yepes KiflbKa XBUNNUH? Homy?

Cuna cTpymy B MeTasieBOMY NpPoBigHUKY gopisHoe 0,8 A, nepepi3 nposigHuKa 4 MMZ.
Beaxkatouun, WO B KOXXHOMY Ky6iYHOMY caHTUMeTPi 3HaxoanTeca 2,5[HD" " BiNlbHUX
eNeKTPOHIB, BM3HaUTe cepefHIO LUBUAKICTb IX YNOPAAKOBAHOIO pyxXy.

BusHauTte cuny cTpymy B MifHOMY NPOBiAHUKY nepepizom 10 MM, AKLO cepefHA
LWBUNAKICTb YNOPALKOBAHOIO PYXY BiIbHUX €NeKTPOHIB fOPiBHIOE 4,2 MM/C, a1X Ki/lb—
KicTb CcTaHOBUTL 5[HKD ™ .

AKLWL0 NaMMOYKY XXVUBUTU Bif, efleMeHTa, Wo mae EPC 1,5 B, To po60Ta CTOPOHHIX CUN
B e/IeMeHTi gopiBHOBaTMMe 18 [>k. BusHauTe 3apsf, WO NpoXognTh 3a Leit yac vepes
namMmnouyky.

ManbBaHiuHWY enemeHT 3 EPC 5 B i BHYTpiWwHiM onopom 1 OM 3aMKHYTO Ha NpoBig—
HUK onopom 14 OM. AKa Hanpyra Ha KiHUsX NpoBigHMKa?

A Ke 3HaYeHHS 30BHILLHBLOI0 ONOpPY, AKLW,0 reHepaTop, EPC akoro 230 B i BHYTpiLLHil
onip 0,1 Om, Nnogae B 30BHIiLLIHIO YaCTUHY KoJsla Hanpyry 220 B?

EPC pxepena 100 B. NMpwu 30BHiWHbOMY onopi 49 OmM cunia cTpyMy B KOAi AOPIiBHIOE
2 A. BuaHauTe BHYTpPILUHI onip gxepena i cnag Hanpyru Ha HboMy.

Man. 25 Man. 26
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58.

59.

60.
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63.
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65.

66.

67.

68.

Bu3HauTe Hanpyry Ha 3aTuckadax gykepena ctpymy, o mae EPC 2 B i BHYTpilWHi
onip 0,5 Owm, pgo i nicna nig'egHaHHA 40 HbOro 30BHILLIHBLOro onopy 4,5 Om.

AKW BHYTPIiLWHIV onip enemeHTa, AKW,o0 ioro EPC ctaHoBUTb 1,2 B i Npy 30BHILUHbO—
My onopi 5 Om cuna cTpymy gopisHioe 0,2 A?

flKa OCHOBHa BMMOra flo onopy BosibTMeTpa? YU MOXKHa BO/IbTMETPOM BUMIPATU CUNY

CTpymy?

MigHwWii Ta 3ani3HM NPOBIAHNKN OAHAKOBOT AOBXWHW i Nepepi3y 3'eqHaHi i BBiMKHe []

Hi Y KO/10. YK pi3HATLCA HANpyrmn Ha nNpoeigHMKax y pasi ix nocnifoBHOro i napanenb—

HOTro YBIMKHEHHA?

YHacnifgok o6po6Kun npoBigHMKa METOL0M BOJIOYIHHSA MOro AOBXWHa 36inbLinnach y

5 pasiB, a nsouia nonepevyHoOro nepepisy B CTiNIbKU XX pasiB 3MeHLUMNacb. Y CKilbKU

pasiB 3MiHMBCA onip NpoBigHUKa?

[o mepexi 3 Hanpyrotw 24 B nig'egHanu sa rnocnifoBHO 3'eAHaHNX pesncTtopun. Mpu

LbOMY CU/la CTpyMYy cTana gopisHosatn 0,6 A. Konu pesmnctopu 3'egHanu napaiesnb—

HO, cymMapHa cuna cTpymy ctana 3,2 A. Bu3sHauTe onip pe3ncTopis.

[Ba NpoBigHNKW NiA'€AHYIOTb A0 AKepena NOCTiIMHOT HaNpyrm cnoyaTkKy NocnifoBHO,

a noTim napanenbHo. OMNip 04HOro 3 NPOBIAHWKIB B N pasiB G6inblWINK Bif iHWOro. Ak

3MIHIOETLCA cnNa CTPyYMy B KOJi?

3aranbHUn onip ABOX MOCAIAOBHO 3'€eAHaHMX MpoBigHUKIB 5 OM, a napanenbHO

3'egHaHUX — 1,2 OM. BusHauTe onip NpoBigHUKIB.

EkBiBaneHTHWI onip TPpbOX NapanenbHO 3'egHaHUX crnoxmeadie 300 Om, a IXHi ono—

pu BigHOCATbCA AK 1 : 3 : 5. BU3HauTe onip KOXHOrO i3 CNoXXnsBayis.

AmMnepMeTp i3 BHYTpiWHIM onopom 0,72 OM po3paxoBaHO Ha cuny cTpymy 0,5 A. Aky

MaKCUMasibHy CU/ly CTPYMY MOXHa byfe BUMIpATU aMmnepMeTpoM, SAKLLO0 napanenbHo

nomy nig'egHatn WyHT onopom 0,08 Om?

BunsHauTe cnny cTpymMmy B KOXXHOMY 3 pe3ncTopis (Man. 27), AKLLO0 Hanpyra Mi>x Touka—

Mu A i B gopiBHIOE

BunsHauTe po3nogin cTpyMmis i Hanpyr Mmixk onopamu (man. 28), AKL,0 aMnepmeTp rno—

Kasye

BusHauigin crpymis i Hanpyr mMiXk onopamu (man. 29), AKUWO Owm;
a BONbTMeTpP nokasye 20 B.

BunsHauTe po3nogin cTpymis i Hanpyr mi>k onopamun (man. 30), AKLW,0 aMnepmeTp rno—

Kasye

Cnipa/sib eNeKTPUYHOT NANTKW Neperopina i nicnsa 3'egHaHHA KiHLUIB ApOTYy CTasia AeL,o

KOPOTLWO. AK 3MiHUNAcA KiNbKiCTb TENMOTU, LLO BUAINAETLCA NANTO 3@ NMEBHUN

yac? BignoBigb 06rpyHTyliTE.

Man. 27 Man. 28
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Man. 29 Man. 30

ENeKTpnyHMiAi HarpiBHMK Mae ABi 0AHaKOBi 06MOTKMN, AKi MOXXHa BMUKaTU B KOO
OKpeMo i pa3oM. AK cnif 3'egHaTM 06MOTKM, W06 HarpiBaHHA BigbdyBasiocs wsuLwie?
AK 3MIHUTbLCSA KiNbKICTb TEM/IOTU, LLO BUAINAETLCA B €/IeKTPOYaiHMKY, AKLW,0 onip
oro cnipani 3MeHLWNTU BABIYI, a CUAy CTPyMy BZABiYi 36inbwInTn?

Asi namnun onopamun 180 i 360 Om nig'egHanu napasnensHO y Koo Hanpyrotw 120 B.
AKY NOTY>XHICTb 6yAe MaTu KOXHa i3 namMn? fAka 6yae NOTYXXHICTb, AKLWLO /laMnu
3'egHaTV NocnigoBHoO?

TpamBariHUIN ABUTYH crioXkuBae cuny cTpymy 110 A npum Hanpysi 600 B i po3BuBae
cuny Tarm 3 KH. BusHauTe WBUAKICTb pPyXy TpamMmBard Ha FrOpPU3OHTa/IbHIN AinAHLUI,
Akwo KK/ = 60 %.

NigpT macoto 1,5 T nigHiMaeTbca Ha Bucoty 20 m 3a 0,5 xB. Hanpyra Ha 3aTuckadax
ABUryHa cTaHOBUTbL 220 B, a oro KK, — 90% . BusHauTte cuay CTpyMy B ABUTYHI.
Ha ckinbku rpagyciB HarpieTbCca antoMiHIEBUI NMPOBIAHUK i3 M/IOLWWE0 MonepeyHoro
nepepisy 4,5 MM nicns NponyckaHHA No HbOMY CTpyMy cunoto 0,75 A npotarom 20 c?
BBa)kaTu, L0 Bif yCi€T eHepriTl, WO BUAINAETLCA B NPOBIAHUKY Mif Yac MPOXOoa>KeHHSA
CTPYMY, HaBKO/IMLWLHLOMY MNOBITPIO Nnepepaetsca 0,5 yacTuHa eHeprirl.

AMMep BBaXKaBs, LLLO efleKTPUKa, 30Kpema eNeKTPUYHUM cTpyM, No3baBrieHi iHepTHOC—
Ti. Un maB pauito Amnep? Homy? )

Mo cpiGHOMY ApPOTY, WO Mae nepepiz 1 MM~ , MPOXoAnNTbL CTPYM cusioto 1 A. O6uunchniTte
cepefHIO LWWBUAKICTb gperidy BilbHUX €/1eKTPOHIB Yy LLbOMY APOTi, MPUNYCTUBLUU, WO
KO>XeH aToMm cpibna fae ogMH BiNlbHUM €1IeKTPOH.

Y 70XIpokax XX cT. iCHyBa/IM eIeKTPOHHI 064YncntoBaibHi MallMHU, B AKUX iIMMNYNbC
CTpPYyMYy Bif O4HOro NPpUCTPOLO A0 iHLWOro maB nepegasaturca 3a 10 c. YUn moxxHa 6yno
Ui NpuUcTpoT 3'egHaTn POTUHOI 3aBA0BXKU 40 cM?

3HaveHHAa EPC pgxepena CTpyMy 4acTO BMU3Ha4dalTb 3a nNokasamMun BONbTMeTpa,
nig'egHaHoro go 3atmuckadiB gxkepena. Yum TouyHe 3HadyeHHs EPC pae uein HalinpocTi—
Wnin meTog 1T oliHKN? LLLo noka3ye BonbTMeTP, Nig'egHaHWIA 40 3aTUCKadiB gkepena?
Ha 6aTapelili KMWeHbKOBOTrO nixTaps € Hanuc: EPC 4,5 B, a Ha naMmni BKasaHO Ha—
npyry 3,5 B. UM NoACHUTK TaKy Pi3HULIO?

BaTtapeiika o1 KMLLIEHbKOBOTO NiXTapuMkKa 3aMKHyTa Ha peocTaT. Npu onopi peocta—
Ta 1,65 Om Hanpyra Ha Hbomy gopiBHioe 3,3 B, a npu onopi 3,5 Om — 3,5 B. BusHa—
yte EPC i BHYTpiLWHI onip 6aTapekn.

BusHaute EPC i BHYTpPiLLHI/ onip ranbBaHiYHOro efleMeHTa, SKLL0 Npn 30BHILLHLOMY
onopi 2 Om cuna cTpymy B Koni 0,6 A, anpuv onopi 1 Om — 1 A.

Big reHepaTtopa, wo mae EPC 40 B i BHyTRiWHIM onip 0,04 Om, CTPYyM Hagxo4unTb Mo
MigHOMY Kabesto, nepepis skoro 170 mm~, A0 Micua efneKTpo3BaptoBaHHS, Bigtane—
HOro Bif reHepaTopa Ha 50 M. Bn3HauTe Hanpyry Ha 3aTuckadax reHepartopa i Ha 3Ba—
proBasbHOMY anapaTi, SKLL,0 cuia CTpyMy B KOsl cTaHOBUTL 200 A.

fAKa Hanpyra Ha nostcax mpkepena ctpymy 3 EPC, wo gopisHtoe 1 B, AKLW,0 onip 30—
BHILLUHbOT YaCTUHU €/1IeKTPUYHOI0 KOJa AOPIBHIOE BHYTPIWWHLOMY OMOpYy AXepena?



ENNEKTPUUHNIA CTPYM Y PI3SHUX CEPEOOBULLIAX

MpoBigHNKaMN eNeKTPUYHOTO CTPYMY MOXYTb 6YTU pPi3Hi peHOBUHU: MeTanu,
PO3UYMHW eNeKTPONITIB i 3a NEBHUX YMOB rasm ta sakyym. LLInpokoro sactocyBaHHA
OCTaHHiIM YacoM Habynm pe4yoBUHU, AKi Ha3MBalOTb HaNiBNpPoOBiAHMKaMu. [Ansa cTBO—
pPeHHA CTPYMY B AKOMYCb CepefoBULLi MOTPi6HA HAsABHICTb Y HbOMY 3apAaAfXKeHUX
YaCTUHOK, 3faTHUX NepemMillaTUCA Nig Ai€r0 eNeKTPUYHOro nonda. Llmmun yactmHka—
MW MOXYTb OYTU | €N1eKTPOHU, | NOHW. 3'AcyBaTN NPUPOLY CTPYMY — O3Hayae BCTa—
HOBUTWN, AKIi caMe 3apAfXXeHi YaCTUHKWN NMepPeHOCATb 3apAj y faHOMY CepefoBULLLi.

Po3rnaHemo meTanesi NpoBiAgHUKN. HocismMn BiNbHUX 3apAafiB y meTtanax €
eNeKTPOHUN, KOHLUEeHTpayuia AKX Bernka — nopsaaky 107 y kKybiyHomy meTpi.
Lli eneKTpoHM 6epyTb yyacTb Yy XaOTUYHOMY TensioBomy pyci. Iig snnmeom >xe
eNeKTPUYHOTO MO BOHU NOYMNHAIOTb NMepemMiliaTncsa BMOPALKOBAHO i3 cepeHbOIO
wBuAaKicTio NpubansHo 0,5 mm/c. A WBUAKICTb MOWNMPEHHSA €NEKTPUUYHOTO
nossa BCepefuHi MeTaneBoro npoBigHMKa HabnuxaeTbca o 300 000 km/c.
CaMe U0 WBUAKICTb | NOB'A3YHOTb 3 NOWUPEHHAM €/IEKTPUYHOIO CTPyMy B
mMeTanax. lMpoBigHICTL MeTaniB 3ymMoB/ieHa PYXOM BiflbHUX efileKTPOHiB. Lle
ekcnepumMmeHTanbHo gosenn J1. 1. MaHgenswTam i M. . NMananekci B8 1913 p.,
noTtim b. CTtroapTi P. TofimeHy 1916 p.

Mig yac pyxy B NMPOBiAHUKY €/IeKTPOHW NPOBIAHOCTI 3a3HalTb 3iTKHEHbL 3
MoHaMu KpuUcTaniyHoT rpaTknM i Npn LbOMY BTpaydatloTb YaCcTUHY eHeprii, HabyToT
B e/IeKTPUYHOMY noni. Taki 3iTKHEHHSA i 3yMOB/IOKOTL OonNip npoBigHMKa. 3
nigBULLEHHAM TemMnepaTypu NpoBifHMKa 3pOCTae cepeHsA WBUAKICTb TEN/0BOro
PYyXy eNeKTPOHIB i 36inbwWyeTbCcA aMnAiTyAa KONMBaHb MOHIB y By3/aax rpaTkwu.
Lle npnBOoanTb A0 36iNblIEHHSA KiNNbKOCTi 3iTKHEHb €/IEKTPOHIB 3 ioHaMunN. Takum
YMHOM, Onip MeTaniB 3aneXnTb Bif TemnepaTypu.

Y 1911 p. ronnaHacbkuin ismk M. KamepniHr[OHHec BiAKPUB HaA3BU4YaliHe
ABULLE — HaANpoBiAHICTL. BiH BMABMB, WO Mij Yac OXONOAXXEHHSA PTYTi B pigko—
My renii it onip cno4yaTKy 3MIiHKOETbLCA NOCTYNOBO, a NOTiIM, 3 JOCATHEHHAM TeM—
nepatypu 4,1 K, pi3ko cnagae 0 Hynda. fAsulie 3sMeHLEHHA oNopy A0 HYNA nNpwu
TemnepaTypi, BiAMiHHIV Big abCONOTHOIO HYNsA, Ha3Bann HaANpPOBIAHICTIO. 3rogom
HaanpoBiAHICTL 6YyN0 BUABMEHO Yy 6aratbox iHWUX MeTanax. MeTtanu, sKi MarTb
B/1ACTUBICTb HaAMPOBIAHOCTI, NPAaKTUYHO He HarpiBalTbCA MPU MPOXOAXKEHHI
yepes HUX CTPYMY, a Le Aae MOXNMBICTb Nnepegasatn eHeprito 6e3 sTpar.

PigvHun, ak i TBepai Tina, MOXYTb 6YyTHU AK AieneKTpuUukamMmu, TakK i NpoBigHN—
Kamu. o fieneKTpUKIiB HaNeXxXuTb, Hanpuknag, AUCcTuaboBaHa Boja, A0 MNMPoBig—
HUKIB — PO3YUHWN eNIeKTPONITiB: KNCNOT, NYriB i conemn.

Y Kypci HeopraHiyHOT XiMiT MOACHIOETbLCA, YOMY BOAHI PO3YNUHU eNeKTPoni—
TiB NpPOBOAATb €NeKTPUUYHUK CcTpyM. py pO3UYMHEHHI eneKTpoNiTiB MNig BAAN—
BOM €/1eKTPMYHOIO Nonsa MONAPHMUX MOMeKYN BOAW BiaGyBaeTbCA po3najg MONeKyn
eNeKTponiTiB Ha MoHW. Lleli npouec Ha3MBaeETLCA €/IEKTPONIITUYHHOIO AMcCoLiali€eto.

CTyniHb gucouyiayil XxapakKTepU3yeTbCA 4YaCTKOK MOJIEKY/T PO3YUHEHOT
pevYoBUHM, L0 po3najaloTbCcs Ha MOHMWN, | 3a1eXNTb Bif TeMnepaTypu, KOHLeHTpawiT
PO3UYUHY N [ieNeKTPUYHOT NMPOHUKHOCTI PO3UYMHHUKA. 3 MiIABULLEHHAM
TemMnepaTypu CTyniHb gncouiayii 3pocTae i, oTXXe, 30iNbWIYETHCA KOHUEeHTpaLin
NO3NTUBHO i HETAaTUBHO 3apAAXKEHUNX MOHIB. HocisMK 3apAaay y BOAHUX PO34YnHax
i po3nnaBax eNeKTPONITIiB € MO3UTUBHO i HETaTUBHO 3apAg>KeHi NOHWU.



AKLWO NOCYAUHY 3 PO3UYMHOM €e/IEKTPOJIiTY BBIMKHYTU B eNleKTPUYHE KOO,
TO HeraTMBHO 3apAfXXeHi MOHW MOYHYTb pyXxaTuUca A0 [OAATHOro efeKkTpoja —
aHopga, a NO3NTUBHO 3apsafXXeHi — Ao Bif'eMHOro — karopga. BHacnigok yboro
3'ABUTbCAENEKTPUYHUN CTPY M. OCKINIbKU 3apaan y BOAHMX po34nHax i po3nnasax
eNeKTPOoNiTIiB NepeHoOCATbLCA MoHaMuM, TO TaKy NPOBIAHICTb HA3MBalOTb MOHHOIO.

Mpwu MOHHIN NPOBIAHOCTI NPOXOAXXEHHSA CTPYMYy 3B'si3aHe 3 MepeHeceHHAM
peyoBUHUN. Ha enekTpojax BUAINATLCA PEYHOBUHMN, L0 BXOAATb A0 CKNaay efnek—
TponiTiB. Ha aHoAi HeraTMBHO 3apAfXXeHi MOHW BifAaldTb CBOT 3alBi €1€KTPOHM
(y XimiT ue HasMBaeTbCA OKUCHIOBa/llbHOIO peaKLi€ew), a Ha KaTo4i NO3UTUBHO
3apsafg>XeHi VMOHW O4epXYHTb e/IeKTPOHU, AKUX He BUcTavae (BigHOBHa peaKLuis).

EneKTpoNni3 LULMPOKO 3aCTOCOBYIOTb 3 Pi3HOK MeTOIO Yy TeEXHIiLi. 3a40MOMOTrot0
eNeKTPONiTUYHOIo CNocoby NOKPUBaKTb MOBEPXHI OAHOI0O MeTany TOHKMM LLapom
iHWoro (HikentwBaHHA, XPOMYBaHHSA, OMiAHEHHA i T. 4.). Lle HagiiHe NOKpPUTTA
3axuuLae NOBEepPXHIO MeTasniB Bif KOpPO3il.

PigvvHN MOXYTb MaTu 1 eNeKTPOHHY NMPOBIAHICTb, Hanpuknag, pigki metanu.

a3n 3a HOpManbHMX YyMOB (KO/IM HeEMaeE MoHiI3aTopa) € i3onATopamMu i cTarThb
NPOBiAHNKAMWN €NeKTPUYHOIO CTPYMY TifIbKMN BHACMIAOK 30BHIWHbLOT gii. Enek—
TPONPOBIAHICTb rady MOXHa 3MIiHUTU, ONMPOMIHIOOYW FOTro ynbTpadioneToBUMMK,
pPeHTreHiBCbKMMU abo pafioaKTUBHMMUN NMPOMEHAMMU, HarpiBaym Moro Touo.

3a HoOpMa/JibHUX YMOB rasm Ha BigMiHY Bif MeTaniB i eIeKTPONiTiB HEe MICTATb
BilbHUX HOCITB CTPYMY, Hi eNeKTPOHIB, Hi MOHIB, OCKiNNlbKN BOHW cKNajakTbca 3
eNeKTPUYHO HeWTpalbHMX aTOMIB i MoneKyn. BHacnigok 30BHIWHIX fgii ras ol
Hi3yeTbCcA, TO6TO BigaTOMIB i MONEKyn BiApMBalOTLCA eNleKTPOHU. MoHizayin,y
CBOIO Yepry, CIpUYNHAE BUHNKHEHHSA MO3NTUBHUX MOHIB | €NeKTPOHIB. AKLLO0 X
AKNN [Hebyab HeliTpanbHWI aTOM rasy 3MoXXe NMpUeAHaATU A0 cebe eNeKTPOH, TO
BUHMKHE HeraTuBHUI MoH. OTXe, Nig yac MOHI3ayil atoma razy mae 6yTm BUKO—
HaHa pob6oTa 3 MoHI3aLil, AKa BU3HAYaETbCA CN/I00 B3AEMOSIT MiXK e/IeKTPOHOM,
U0 BiApUBa€ETbLCA, Ta MIOHOM, LLO NMPU LbOMY YTBOPIKETbLCA. 3HaUYeHHS Liel pob6o—
TV 3an1eXNTb Bif XiMIiYHOT Npupoamn rasy. AKLWo aToM BTpayae ABa e/IeKTPOHU, TO
BOHW CTalOTb ABOKPATHO MOHI30BaHVUMMW i MepPeTBOPHOOTLCA Y ABOBAIEHTHUIW NOH.

Pa3om 3 npouecom MoHi3ayii B ra3i Big6yBaeTbCsa NpoLec peKoMmb6iHaLiT — ne—
PETBOPEHHS MOHIB Yy HeliTpasibHi aToMM abo MOeKy/IM. A KL 0 30BHIWHIW WOHI[]
3aTop NMPUNUHAE [it0, TO MPOBIAHICTb ra3y 3aMEHLWYETbLCA | BiH y)Xe He MOXe 6yTu
NPOBIAHNKOM. AKL,0 NOTY>XHICTb iOHi3aTOpa34acoOM He 3MIHIOETbLCSHA, TO MiXX MPO—
LuecamMmun MoHiI3auil i pekoMmbiHaLii BCTAHOBNIOETLCA AMHaMiUHa piBHOBara, 3a skofb
KiNbKiCTb Nap 3apsaf>XXeHNX YaCTUHOK, WO YTBOPKOIKTbLCA, AOPIBHIOE B CeEpejHLO—
MY KiNnbKOCTi Nap MOHIB, AKi 3HMKaTb BHACNifOK peKoMbiHaL,il.

Mpouec NPOXOA>KEHHA CTPYMY yepe3 ra3s HasmBsalTb ra3oBum pos3psagom. CTpym
y rasi, skunii BUHUKAaE nig gi€ero 30BHILLWHbLOrO lioHi3aTopa, Ha3nBa€EeTbCA HeECaMO—
CTiAHUM rasoBUM PO3PSAAOM.

3a MeBHUX YMOB Yy rasax MOXNMBe 30yA>KeHHS BeNNKOT NpoBiAHOCTI BHacni—
[OK [iT eNeKTPUYHOTO nonfA. Y uboMy BUNagKy MU MAEMO AABMLLE CAMOCTINHOTO
po3psAfy i caMoOCTiliHY NPOBIAHICTb.



Mip yac 6yab[akoro camocTiliHOro po3psaay BiabyBaeTbCcs KWoOHiI3aLUisa rasy
e1eKTPOHHNUMM ygapaMn, OfHaK HassBHICTb MOHIi3aLuil BHAcCNifOK €1eKTPOHHOTO
yhapy Lie He Bege A0 CaMOCTIiWiHOTro po3psagy. [ificHO, AKWO YCYHYTW 30BHILUHIN
MoHizaTop, TO BCi VOHW BpewTilpewT 6yAyTb HelWTpanisoBaHi Ha enekTpogax i
po3psAA NPUNUHUTLCA. [Ana caMOCTilHOro po3psaay, Tpeba, Wob i NO3NTUBHI WOHM
HabyBanu B €/IEKTPUYHOMY MO AOCTaTHbLOT eHeprii And BUOMBaAHHS BiIbHUX
eN1IeKTPOHIB 3 MONeKkys abo 3 KaToga. 3anexHo Bif cTaHy rasy (temnepaTtypu i TUCKY),
Big Hanpyrm, dopMn i po3MipiB eNeKTPOAiB caMOCTIiliHI rasoBi po3psagn MoOXyTb
Bifpi3HATNCSA OAWH BiJ O4HOIO K 3@ 30BHILUHIM BUTIA40M, TaK i 3a XxapakTepom
hi3snyHMX NpoueciB, sAIKi 3yMOB/IIOKOTb TX BAHUKHEHHS i MPOXOAXXEeHHS.

Cepef caMOCTIVAHUX pPO3psAfiB BUAINAKTbL Taki: TAilOUMNKA po3pag, enekTpny-—
Ha Ayra, KOPOHHWI po3psAA Ta iCKpOBUA po3psas.

1. fki came 3apAfXeHi YaCTUHKM NepPeHOoCATb 3apasy meTanax?
2. Yn npoBOAUTbL CTPYM AUCTUNbOBaHa Boga? Yomy?
3. flka npupoga cTpymy B rasax?

ENEKTPUUYHUNN CTPYM ¥ HAMIBMPOBIAHUNKAX

Y 9 knaci BM BUBYanu matepian, sKUii cToCyeTb—
CA HaniBNpoOBiAHWKIB i eNeKTPUYHOTO CTPYMY B HUX.
TOMY MM KOPOTKO PO3r/IAHEMO Te, MPO L0 BU 3HaE—
Te, i 6inbW AeTaslbHO 3YNMMHUMOCS Ha iHWMNX Brac—
TUBOCTAX HaNIiBNPOBIAHWUKIB Ta TX 3aCTOCYBaHHI.

OTXxe, BiAPI3HNTU HaNiBNPOBIAHNKN Bif Npo—
BiJHMKIB MO>XHa 3a xXxapaKTepoM 3a/ieXXHOCTI
eNeKTPoONpoOBIAHOCTI Big TemnepaTtypu. Bumipto—
BaHHS Mifg 4yac gocnifis NnokasytThb, WO B TaKUX
enemeHTax, Ak Cwuniyin (Bi), FepmaHiii (Ce),
CeneH (Be) Towo i IxHix cnonykax (Pbb, Cos Ta
iH.) NTMToMMi oNip 3 NigBULWEHHAM TemnepaTypu
He 3pocTae, aKy metanis (man. 31), a, HaBnakwu,
pPi3KO 3MeHLWYyeTbCcAa (Man. 32). Taki peYOBUHM i
Ha3uBalTb HaniBNpPOBigHMKaMMU.

3rpadika, nogaHoroHaman. 32, BUAHO, WO MNpU
TeMnepaTypax, sKi HabnmxarTbcHa 40 abCOMOTHO—
ro Hyns, NUTOMUIK oMnip HaniBNPOBIAHUKIB AyXKe
BeNIMKWUI. Lle o3Hauvae, WO Npy HN3bKUX TeMnepa—
Typax HaniBNpPOBiAHUK € (PAKTUYHO AieNeKTPUKOM.
3 NigBULLEHHAM TeMnepaTtypy NMMTOMUM onip LWBMa—
KO 3MEHLUYETbLCA. Y 4OMYy >K NPUYNHA LbOro ABma?

LLlo6 3p03yMiTV MexaHi3M BUHNKHEHHSA Npo—
BifJHOCTiIi B HaniBnpoBigHMKax, Tpeba po3rnsa—
HYyTMn 6yfOBY HamiBNPOBIAHUKOBUX KpuUcTanis
i Nnpupogy 3B'AA3KiB, WO YTPMMYIKTb atomMu



KpucTana oauH 6ina ogHoOro. AK npuknapg
pPO3rnNssHeMO KpucTana cuniyito.
Cuniyin — 4yoTUpmUBaneHTHUM eneMeHT. Lle
O3Hauyae, WO B 30BHIiLIHI 060M10HLi aToMa €
YOTUPWN eNeKTPOHU, AKI NopiBHAHO cnabo
3B'A3aHi 3 aapom. KoxxHuit atom Cunigito mae
YOTUPbLOX HANBNVIXXUYNX cycifiiB. CXxemMy CTPyK—
Typu KpucTanacuniuito sobpaxeHo Ha man. 33.
Mi>k napot cycifHiX aTOMiB iCHY€E Tak 3Ba—
HWI MapHOEeNeKTPOHHUIN, abo KOBaNeHTHU, Man ﬁa
3B'A30K. B yTBOpeHHi uboro 3B'aA3kKy bepe
yyacTb OAWH BaneHTHUW eNeKTPOH Bij KOX-—
HOro atoma, LWW,0 BifgipBaBcA Biff HbOro (KonekK—
TUBI3yBaBCA KpPUCTa/IOM) i pyxaeTbca y Nnpo—
cTopi MiX cycigHiMn atomamu. HeratTuBHui
3apag Uuux eneKTPoOHIiB YTPUMYE MO3UTUBHI
MnoHn Cuniuyito oguH 6inga ogHoro.
He cnig BBaxkatun, W0 KOoNeKTMBI3oBaHa napa
€/IeKTPOHIB HaNeXUTb ABOM aTomMaM. KoXHuni
aToOM YTBOPKE YOTUPU 3B'A3KMN i3 CyCifHIMU, i
6yab[AKWUIA BaneHTHUI eNeKTPOH MOXe pyxa—
TWUCA MO OgHOMY 3 aToMiB. [ililoBLwmn A0 cycig—
HbOro aToma, BiH MO>Xe MepeliTL A0 HACTYMHOrO i TaK Nepemiu,aTncs y3g0BXX YCbOro
Kpuctana. KonekTmneizoBaHi BaNeHTHI eNeKTPOHUN HanexaTb YCbOMY KpuUcTany.

MapHOeNeKTPOHHI 3B'A3KN CUNILIO AOCUTb MILHI N MPU HN3bKUX TemnepaTty—
pax He po3pumBakTbCcA. TOMY CUNILIA NMpN HU3bLKIN TemnepaTypi He NPOBOAUTb
eNeKTPUYHUM CTPpyM. BaneHTHi eNeKTpOHU, wo 6epyTb y4acTb y 3B'A3KY aTOMIiB,
MiLLHO MPUB'A3aHi A0 KPpUCTaniyHOI rpaTkn, i 30BHILLIHE eNIeKTPUYHE MNoJie MOMITHO
He BN/MBa€e Ha iX pyX. AHanoriyHy 6yfoBy Mae Kpucrtan repmaHito.

Big HarpiBaHHA cuniyito KiHeTUYHA eHepria Ba/leHTHUX e/IeKTPOHIB 3pocTae
i OKpeMi 3B'A3KUN po3pumBaldTbCcA. [esdKi eIeKTPOHU 3ainwalTb CBOT «yTOpoOBaHi
WANAXU» | CTaTb BiIbHUMUK, NOAIOHO A0 eNEeKTPOHIB y MeTani. B eneKTpuyHomy
noni BOHW MepemMiWwarTbCa MiX By3faMu rpaTKu, yTBOPHKIOYUN €NeKTPUUHUN
cTpym (man. 34).

3 NigBULWEHHAM TeMnepaTypu Ki/lbKiCTb po3ipBaHUX 3B'A3KIB i, 0TXe, BiJIbHUX
eNneKTpPOHiB 36inbwyeTbcA. MNMpwn HarpisaHHI Big 300 o 700 K KiflbKIiCTb Bi/IbHUX
HOcCITB 3apagy 30inbwyeTbCcA Bif Lle cnpuyYnHAe 3MeHWEHHA
onopy.

AKL,0 pPO3pPMBAETLCA 3B'A30K, TOYTBOPIETLCHA BaKaHTHe MicLe, e He BUCTa4vae
enekTpoHa. Moro HasuealoTb 4ipKOO. Y Aipuie HaANMWKOBUY NO3UTUBHNIA 3apag
NOPIBHAHO 3 iIHWMMWN HOPMaZlbHUMMN 3B'A3KaMun (man. 34).

Mono>xeHHA AipKN B KpUcTani He € He3MiIHHMUM. Takunii Nnpouyec BifgbyBaeTbCA
6e3nepepBHO. OANH 3 efNleKTPOHIB, WO 3a6e3nevyye 3B'A30K aToMiB, 3alimae
Micue JipKW | BifHOBNIOE TYT MapHOeNeKTPOHHUI 3B'A30K. Npu uboMy B MicLi,
3BiKN MepecKo4YnB e/IeKTPOH, YTBOPIKETbLCA HOBa fipka. OTXxe, gipKa MoXe
nepemiwiaTnca B KpucTtani.



Man. 35

Ha man. 35 306pa>keHO MeXaHi3M e/NNIeKTPOHHOT i AipKOBOT nNpoBigHocTel. 3a
BiACYTHOCTI 30BHILLUHbOroO NMonas e oAuH BiNbHUIK enekTpoH (i ogHa gipka (+)
(man. 35, a). NMpwun HaknagaHHi Nonsa BigbyBaeTbCA NepeMilleHHA eNNeKTPOHIB.
BinbHWIA eNneKTPOH NPAMYE NMPOTU HaNPAMKY Harpy>XeHOoCTi nonsa. Y uboMy XK
Hanpami nepemMillaeTbCA TaKOXX OAIMH i3 3B'A3aHMX eNleKTpoHiB (man. 35, 6). Lle
BUrnagae sk nepexig aAipky B Hanpami nona (man. 35, B).

AKLLO HaNpPY>XeHICTb eNIeKTPUYHOIO MNOJIA B 3pa3Ky AOPiBHIOE HYJ/1H0, TO nepe—
MilLleHHA AipOK, piBHOLUiIHHE nepeMilleHHI0 NMO3NTUBHUX 3apsagis, BigbyBaeTbCcA
XaoOTUYHO i TOMY He CTBOPIOE eNIeKTPUYHUI CTpyM. MNMpun HassBHOCTiI e1IeKTPUYHOro
nonsa BUHUKAaE ynopsagKkoBaHuii nepexig AipoK i, TaKUM UMHOM, A0 eNNeKTPUYHOro
CTPYMY BiJIbHUX €1eKTPOHIB A0AAaETLCA €N1eKTPUUYHNIA CTPYyM, OOYMOB/IEHUI MNe—
pexoaom fipok. Hanpsam pyxy AipOK MPOTUMEXXHUI HaNpAaAMy pyXy e/1leKTPOHIB.

OT>ke, y HaniBNpoBigHMKaX € HOCIT 3apsAAiB ABOX TUNIB: eNIeKTPOHU W JipKW.

Mu po3rnsaHy M MmexaHiam NpoBigHOCTI ifealbHUX HaMiBNpoBiAHUKIB, LLO He
MalTb HIAKUX AOMILLUOK.

1. ¥k peqyoBUHU BIAHOCATL A0 HaniBNpPoBIiHUKIB?

2. OnuniTb 6ya0BY HaniBMNPOBIAHMKIB. Ha3BITb X OCHOBHI BNacTUBOCTI.

3. LLILO Ha3nBa€ETbCA €NeKTPOHHOIO MPOoBIAHICTIO? [ipKOBOKO MPOBIAHICTIO?
4. ONULLITE MeXaHi3M eNNeKTPOHHOT i AipKOBOT NMPOBIAHOCTI.

AJOHOPHI TA AKUEINTOPHI AOMILUKW.
ENEKTPUNUHUNI CTPYM UYEPE3 pmlMEPEXIA

BnacHa npoBigHicTb HaniBNpoBigHMKIB 3BMYaMHO HEBe/IMKA, OCKi/IbKU B HUX
Masio BiNlbHUX eNeKTPOoHIiB (Hanpuknag, y repMmaHito npu KiMHaTHIA Temnepa—
TYypI BopagHouac KinbKicTb aToOMiBY 1 CM repmaHito — nopsgky
1023. OT>Ke, KifIbKIiCTb Bi/IbHUX €/1EKTPOHIB CTaAHOBUTb NPU6G/IN3HO OoaHY aecaTn ]
MiNbAPAHY YAacTKYy 3arajibHOT KiJIbKOCTI aTomMiB. BnacHa npoBigHicTb Hanisnpo—
BifHUKIB 6araTo B YoMy nogibHa [0 NpPOBIAHOCTI BOAHMX PO34YMHIB i po3nsasiB
eneKTponiTiB. ¥ 060X BUNagKax KiNbKiCTb Bi/lbHUX HOCITB 3apsaay 306inbwyeTb ]



Man. 36

cA 3i 3pocTaHHAM IHTEHCUBHOCTI TennoBOro pyxy. TomMy i B HaniBNpoBiAHUKIB,
iy BOOHUX pPO34nMHiIiB abo po3nsaBiB eNeKTPONITIiB MPOBIAHICTb 36inblIyeTbCA 3i
3pOCTaHHAM TemMnepaTypu.

IcToTHa 0cob6/MBICTL HaNiBNPOBIAHWKIB MONATrae B TOMY, WO B HUX MpU
HafABHOCTI AOMIiWOK, KpiM BnacHoOi mMpoBigHOCTI, BUHMKae gojaTKkoBa —
OAOMIiLLKOBA NMPOBIAHICTb. 3MIHIOKUYM KOHLLEHTpPaLilo JOMILLIKW, MOXHa 3MiHIOBaTKU
KiNbKiCTb HOCITB 3apsAAy TOro 4uM iHWOro 3Haka. 3aBAAKM LbOMY CTBOPHIOTbHCHA
HaniBMNpPoOBIiAHNKW 3 MepeBaXXHOK KOHLeHTpauieto — abo HeratmBHO, abo
NO3NTUBHO 3apAfXeHUX HOCITB.

BuABnAeTbCA, L0 KOMM € AOMILLKW, HaNnpukiag aTomMiB ApceHy, HaBiTb AKL0
X KOHUEeHTpaLuia ay>e mana, TO KiNbKiCTb BilbHUX eNeKTPOHIB 3pocTae B 6ararto
pasiB. BigbyBaeTbCcs Le 3 TaKOT MPUUYNHN. ATOMU APCEHY MalTb N'ATb BaneHT—
HUX eNeKTPOHiIB. HOoTUPKM 3 HUX 6epyTb ydyacTb y CTBOPEHHI XiMiYHOro (KoBaneHT—
HOro) 3B'A3KY JaHOro atomMa 3 HaBKOJ/IMWHIMM aTOMaMn, Hanpuknag 3 atomamMmu
Cwuniygito. MN'aTuii BaNeHTHUN eNeKTPOH BUABISAETbLCA cnabo 3B'A3aHVUM 3 aTOMOM.
BiH nerko 3anunwae atom ApceHy i cTae BiflbHUM (Man. 36).

Mpw pogaBaHHI OAHIET AECATUMINBMNOHHOT YaCTKN aTOMiIB ApPCeHY KOHLUeHTpawisa
BiIlbHUX €NeKTPOHIB AOpPiBHIOBaTUMe Lle B Tucsa4y pasiB Oifnblie 3a KOH—
LeHTpayito BiIbHUX €N1eKTPOHIB Y YNCTOMY HaMmiBNPOBIAHUNKY.

OCKiNbKMY HaniBNpoBiAHMKIB 3JOHOPHOK AOMIiLUKOI 6arato eNeKTpoHiB (MNo—
PiBHAHO 3 KiNbKIiCTI AipOK), X Ha3mBalwTb HaniBnpoBigHUKamMmn «Tuny (3 naT.
negativ. —  HeraTuBHWNA).

AKWO 9K AOMIilLKY BUKOPUCTATKW iHAIN, aTOMM AKOro TpUBasieHTHI, TO xapak—
Tep NPOBIAHOCTI HaNiBNPOBiAHWKA 3MiIHNTbLCA. Tenep A4NA BCTAHOBNEHHA HOPMa/b—
HUX MapHOeNeKTPOHHUX 3B'A3KIB i3 cycigamu atoma IHAi0 He BUCTavyae efleKTpo—
Ha. BHacnigok uboro ytBoptoeTbcs gipka. KinbKicTb AipoK y KpucTani fOpiBHIO—
BaTUMe KiflbKOCTi aToMiB gomMmiwkn (man. 37).

Taki JOMIWIKN Ha3nBalTb aKLLeNTOPHUMMN.

AKWO iCHYE eNeKTPUYHeE NMofe, TO AiPKW NepeMilLyOTbCA NO MO0 | BAHNKAE
AipKoBa NMpPoOBiAHICTb.



Man. 37

Bynemo po3rnsapgatm HanienposigHuUK (man. 38), npasBa 4YacTuUHa SAKOro
MICTUTb AOHOPHI AOMILLKW, B LbOMY BMNaAKy BiH € HanisnposigHUKOM ralIunny,
a niBa — aKuUenToOpHi, AOMiWKW, ToAi BiH €

HaniBnpoBigHMUKOM p[Omnny.

Mpwn yTBOpeHHi KOHTaKTy e/1leKTPOHU YacT—
KOBO NepexofsaTb 3 HaniBnposigHWKa nlauvny
B NMPoOBigHUK p[IhnNy, a AipKU — y 3BOPOTHOMY
Hanpsami. BigbyBaeTbcsa npouec andysii, Takmii
camMuii, AK i Nigyac 3iTKHEHHSA ABOX Pi3HUX rasis,
MOJTEKY/IN AKUX NepeMillyrOTbCA BHAacnNifok
TensoBOropyxy. TakumM YMHOM, HaNiBNPOBiAHUK
nanny 3apagXaetbca NO3NTUBHO, aplinny —
HeraTmBHO. Oundysia npunmHAeTbCca nicns
TOro, AAK efleKTpUYHe nosne, WO BUHUKAE B
30HIi Nepexojy, NepewkojXae noganbLomMy
nepemMilleHHIO eNeKTPOHIB i AipoOK.

YBiMKHeMOHaniBnpoeBigHUK3p—n [depexogom
B eneKTpuyHe kono (man. 39). CnoyaTtky npuegHa—
emo 6aTapeto TaK, W06 NoTeHLian HanNniBNPoOBIgHU—
Ka p[duny 6yB Nno3nTMBHWUM, a Ti[Thny — Heratne—
HuUM. MNpu LboMy CTPYM Yepe3p—n [Oepexif nepe—
fJaBaTUMeTbCHA OCHOBHUMMW HOCISAMU: 3 JiNAHKW N
Yy BINAHKY p eneKTpoHamMu, a 3 AINAHKUP Y JinaH—
Ky n gipkamun (man. 40). BHacnigokK uboro nposig—
HICTb yCbOro 3pa3kabyne Be/IMKO, aonip Mmasimm.

Po3rnaHyTuii nepexig Ha3nBawTb NPAMUM.
3anexHiCTb CUAN CTPYMY Bif Pi3HMLI NMOTeHLi—
anie — BonbT[@MNEpHY XapakKTepUCTUKY Mps—
MOro nepexoay — 306paxeHo Ha Man. 41 cy—
LiNnbHO NiHI€E.

NMepemkHemMoO nontcu 6atapei. B ybomy pasi
Man. 40 npwu Takiii camiit pisHuLUi noTeHyianis cuna cTpy ]

Man. 38

Man. 39



Man. 41 Man. 42

My B KO/i 6yfe 3HA4YHO MEHLUOIO, HiXK Npu npaMoMy nepexogi. Lle 3ymoBneHo Tum,
L0 eNIeKTPOHN Yepe3 KOHTaKT NepexoaaTb 3 QINAHKUP Y AINAHKY N, a 4IpKW — 3 fgi—
NAHKW Ny finaHky p. MNpoTe y HaniBNpoBigHNKY p [(INy mano BiflbHNUX e/IeKTPOHIB,
aB HaniBNpoBiAHUKY N[IhNy mano fipok. TaKUM UYMHOM, HYepe3 KOHTaKT nepexoaaTb
HEOCHOBHI HOCIT, aiX He3HauyHa KifibKicTb (Man. 42). BHacnigokK LLbOro NpoBigHICTb
3pa3kabyje Manol, aonip BeJIMKMM. Y TBOPIOETbLCA TaK 3BaHU 3anipHuii wiap. Liei
nepexig HasnMBarTb 3BOPOTHMM. BonbT[@vnepHy xapakTepuCcTUKY 3BOPOTHOTO rne—
pexopny 306paxeHO HaMan. 41 WTPUXOBOIO NiHIEID.

Lito BnactuBicTb p—nlOEpexoly BUKOPUCTOBYOTb A1 BUNPSAM/IEHHS 3MiHHOrIO
cTpymy. MpoTArom NosiIoBUHW Nepioay, KON NoTeHLian HaniBnpoBigHVKap [Thny jo—
JaTHWUW, CTPYM BiflbHO MPOXOAUTL UYepes p—«repexia. Y HacTymnHy MoJIOBUHY Mnepio—
4y CTPYM MPaKTUYHO AOPiBHIOE HY /IO,

. ki pyxomi HOCIi 3apsfiB € B YACTOMY HaNiBNpPoOBiAHUKY?

. Lo BigbyBaeTbCcA Npun 3ycTpiyvi eNeKTpoHa 3 AipKo?

. Yomy onip HaniBNpoOBigHMKa BE/IMKOK MipOK 3aneXuTb Bif HAssBHOCTI 4OMILLIOK?

AKYy LOMILIKY — OOHOPHY 4/ akuenTopHy — Tpeba BBecTu, Wo6 Aictatv HaniBnposifg-

HUK nlauny?

5. ki HOCK 3apsay € OCHOBHUMMU, & AKi — HEOCHOBHMMM B HaniBNpoBigHWKY 3 akuenTop [
HO OOMILIKO?

6. Wo takep—nl[depexig?

A OWN R

HAMIBMPOBIAHVKOBUI A10A4,.
3ACTOCYBAHHSA HAMIBMPOBIAHUMKIB

Bam B>Xe BifjOMO, L0 B €/IeKTPOHHI NamMmni HocCiT 3apagy — eNeKTPOHU — BU—
HWKaTb BHACNigOK TEPMOENEKTPOHHOT emicii. Lle noTpebye cneyiaibHOToO gpKe—
pena eneKTPUYHOT eHepril NS po3)XapeHHS HUTKW KaToga. Y p—wuldkpexogi Ho—
cii 3apsafy yTBOPIOKTbLCA TOA4I, KON Yy KPUcTan BBOAATb aKLenTOPHY abo JOHOp—
HY gomiwky. OTXe, Bignajae notpeb6a BUKOPUCTOBYBATU AXKepeno eHeprii gns
ofiep>XaHHA BiIbHUX HOCITB 3apajy. Y cknagHuUX cxemax 3eKOHOMJ/ieHa BHacni—
OOK UbOro eHeprisa 6yBae 4OCUTb 3HAYHOIO.



HaniBnpoBigHMKOBI BUNPAMAAYI NP TaAKUX cCaMNX 3HAYEHHAX BUNPAMJIEHOIO
CTPYMY MiHIaTIOPHIiLli, HI>XX eNNeKTPOHHI namMmnu, TomMy pafiocxemMmn Ha Hanisnpo—
BijHUKaX KOMMNaKTHiLli.

3a3HaydeHi nepesarm HaniBNpoBiAHNKOBUX MNpuniagis ocoo6/MBO iCTOTHI AN
BUKOPUCTaAHHATX HALITYYHUX CYNYTHUKaX 3eM/i, KOCMiYHUX KOpabnax,s EOM.

HaniBnpoBigHNKOBI gioAn BUroTOBAAKOTbL 3 repMaHito, KpeMHito, ceneHy Ta
iHLWWNX PEYOBUH.

Po3rnsaHemo yTBopeHHAp—/1 [MOkEpexony Nnpun BUKOPUCTaHHI B Aiioai repmaHito,
L0 Ma€e NpoBigHICTb 1INy 3a paXyHOK HEBEJ/IMKOT A06aBKM AOHOPHOT 4OMILLUKWN.
Llen nepexin He BAaeTbCA oAep>kaTy 3a OMNOMOrNo MexaHidHOoro 3'egHaHHsA
ABOX HaniBNpoBiAHUKIB 3 PI3HMMU NPOBIAHOCTAMU, OCKIi/IBKU MNpU uboMy 6yBae
HaATO BE/IMKUI 3a30p Mi>k HaniBnpoBigHMKamMun. ToBLwUHa >Xp—1 [Okpexoay mae
6yTKn He 6iNbLUOIO Big Mi>KaTOMHUX BigcTaHel. ToMy B O4HY 3 MOBEPXOHb 3pa3ka
BMN/1aBNAAOTb iHAIN. BHacnifgok andysit atomiB IHAIKO B MOHOKPUCTas repmMmaHito
6inAa NoBepxHi repmMmaHito YTBOPIHOETLCA fiNIAHKA 3 NposigHicTio plaThny. PewTa
3paskarepmMmaHito, Kyam atomum IHAIO HE MPOHUKIIN, AK i paHiwe, mae NpoBigHICTb
niodhny. Mi>k gsomMma ginssHkKamMmmn 3 nposBigHICTIO Pi3HUX TUNiB i BUHNKae p—nl_]
nepexig (man. 43). ¥ HaniBNpoBiAHNKOBOMY AioAi repmaHiii € kaTogom, a
iHOi — aHogOM.

LLLo6 3ano6irtm WwKiganBUM BrnJiMBam MOBITPSA i CBiT/1a, KpUcTasa repmMmaHito
BMIiLLLYIOTb Y repMeTUYHNM meTanesuii kopnyc (Man. 44, a). CxemaTnyHe 300pa—
>XKeHHs aioga nogaHo Ha man. 44, 6.

HaniBnpoBigHMKOBI BUNPAMIAYiI MaloTb BUCOKY HaAiMHICTb i NpauoloTb
TpuBanui Yac. NpoTe BOHM MO>XXYTb NpautoBaTu 1MLLe B O6MeXXKeHOMY iHTepBarni
Temnepartyp (NpunbnnsHo Big (710 o 125°C).

3 9 knacy BM 3HaeTe, WO Y HaniBNpoBigHMKax efIeKTPUYHMIA onip 3Ha4HOKO Mipoto
3ane>XnTb Big TemMmnepaTypu. LLo BnacTtmeBicTb BUKOPUCTOBYIOTb AJ/151 BUMiIprOBaH —
HA TemMnepaTtypu 3a CUI0K CTPYMY B KOi 3 HanisnposigHMKoM. Taki npunagm
HasueBaloTb TepmicTOopamMmun abo TepmMmope3ncTopamn.

TepmicTOpy — OAHI 3 HAMNPOCTILWMX HaNiBMNPOBIAHNKOBUX Npunagis. Ana ix
BUITOTOBJ/IEHHS BUKOPUCTOBYIOTb FrepMaHiii, cesieH TaiH. TepmMicTopu BUNycKarTb
y BUTrNA4i CTep>KHIB, TPyOOK, AUNCKIB, Wanb i HAMUCTUH PO3MIPOM Bif KiSibKOX
MiIKPOMETPIB [0 KiIbKOX CaAHTUMETPIB.



[iana3oH BUMipOBaHUX TemnepaTyp 6i/bWIOCTI TEPMICTOPIB NEXUTb B iHTep—
BaniBig 170 no 570 K. NpoTe € TepmicTOpU AN1A BUMIPOBAHHSA AY>XXe BUCOKUX (40
1300 K) i gy>xe HU3bkux (Big 4 po 80 K) TemnepaTtyp.

TepmicTOpu 3aCTOCOBYHTb A1 AUCTAHLINHOINO BUMIpHOBaHHSA TeMnepaTtypu,
NPOTUMNOXEXHOT curHanisayii Towo.

EnekTpmnyHa NpoBigHICTb HANIBNPOBIAHUKIB MiABULLYETLCA He TiSIbKW Bif iX Ha—
rpiBaHHs, a i1 Big ix ocBiTNeHHS. MNpn ocBiTNEHHI HaNiBNpoOBiAHMKA cuia CTPyMy
B KOJ1i NTOMITHO 3pocCcTa€, WO CBigYNTb NPO 30i/blWIEeHHA NMPOBIAHOCTI (3MEHLIEH—
HS OoMopy) HaniBNPOBIAHMKIB Nig Aieto cBiTna. Lleli ehekT He NoB'A3aHNI 3 Ha—
rpiBaHHsAM, OCKiflbKW BiH MOXe cnocTepiratucsa i NpyM He3MiHHI TemnepaTypi.

EnekTpuyHa NpoBigHICTb 3pOCTAa€E BHACNIfOK PO3pUBaHHSA 3B'A3KIB | yTBOpPeH—
HA BilbHUX e/IeKTPOHIB i AipOK 3a paXyHOK eHeprii cBiTna, wWo nagae Ha HaniBnpo—
BigHMK. Le AaBuue HasuBalTb POTOeNEKTPUUYHUM edekToM. [Mpunagn, B AKNUX
BUKOPUCTOBYIKOTb (POTOENEKTPUUHUI eheKT y HaniBNpoBigAHWKaX, HaduBalTb (ol ]
Tope3ucTtopamm abo poToonopamn. 3aBASKU MiHIiaTIOPHOCTI 1 BUCOKIili YyTNMBOCTI
hoTOpPeE3NCTOPN BUKOPUCTOBYOTLCSA B HalipiBHOMAaHITHILWIKWX ranys3sax TeXHiKW gns
peecTpauyii i BUMiptOBaHHSA cnabKMX CBIT/IOBUX MOTOKIB. 3a gonomoroto ¢otope [
3UCTOPIiB BU3HAYaOTb AKICTb MOBEPXOHb, KOHTPO/IIOKTbL PO3Mipy BUpob6iB TOLW,O.

1. Wo Take HaniBNpoOBiAHMKOBKI aion? fka iioro 6ypgosa?
2. fki BN HaniBNpoOBiAHWUKIB BN 3HaeTe? [le BOHM 3aCTOCOBYTbCA?

Mepwnm KPOKOM Yy AOCNIAXEHHI HaniBNnpoBigHWKIB 6yno BigkpuTTa y 1822 p.
HiMmeubkum ¢dismkom T. 3eebekomM fABuWa BUHUKHEHHSA EPC y koni 3 pi3Hux
HaniBNpoBiAHWKIB, MiCUA 3'€AHAHHA AKUX NiATPUMYBANNCA NPU Pi3HUX TemnepaTypax.
CyTb gocnifis nonaranay HactynHomy: 3eebek, BigTBOpOOUYM fgocnign Epcrtepa, npu-
natBaB ABa Pi3HUX meTanu, 3'€4HyBaB iXx MiAHUM NPOBIAHUKOM i pO3MilaB ycepeauHi
neTni, yTBOpeHOi NPOBIAHUKOM, MarHiTHy cTpinky. Cxema yctaHOBKM 3eebeka HaBe-
fgeHa Ha man. 45. HarpiBawum micue cnakw 3a JONOMOTOK CBiYkM, 3eebeK NoOMiTuB,
WO MarHiTHa cTpinka Bigxmnaetbca! A yepe3 12 pokiB XX. MenbT'e NnoBigOMUB NpPoO
TemnepaTypHi aHoManii Ha KOHTaKTi ABOX Pi3HOPIAHUX NPOBIAHNKIB NPU NPOXOAXEHHI
yepes Leil KOHTaKT e1IeKTPUYHOTO CTPYMY.

Yy 1821 p. yuuteno M. dapages I'. Aesi
BCTAHOBMB, L0 MPOBIAHICTb «AE€AKUX MEeTaniB»
3MEHLWYETbCA 3i 3pOCTAHHAM Temneparty-
pu. MisHiwe y 1833 p. Bxe cam dapagei
NOMITMB, WO MNPW HarpiBaHHi CipuYNCTOro
cpi6na iioro onip 3MeHWYyeTbCA, TOAI 5K
BiAOMO, L0 ONip MeTaniB Npu HarpiBaHHi
3pocTae (Lt BNacTUBICTb BUKOPUCTOBYIOTb
yTepMicTopax — gatynkax remnepaTypu B
eNleKTpUYHNX TepMomMeTpax).

dOTOUYYTAMBICTb HaNIBNPOBIAHUKIB
Bnepwe nomiTuam B 1873 p. aHrniicbki
eneKkTpoTexHikn B. CmiTiAx. Meli, aki npu Man. 45



BUFOTOBJIEHHI BUCOKOOMHWX OMOPIB i3 ceNeHy cnocrtepiranm 3MeH-

LIEHHA NOro onopy Npw OCBIT/NeHHI (L0 BNACTUBICTb BUKOPUCTOBY-

IoTby poTOpE3nCTOpPaX — CKNAA0BUX NPpUNagis A5 BUMIPIOBAHHSA

CBITNOBMX BENUYMH). Le ABuwe Bigpasy X 3HaNLWN0 NpakTU4He BMKO-

pPUCTaHHA: CKOPUCTABLINCb BUCOKO (POTOUYTAINBICTIO CENIEHY, amMe-

PUKaHCbKNI BUHaxigHUKA. B enn CKOHCTPYoBaB «POTONOH» — Npu-

nap ans nepepfasaHHA NIOACHKOT MOBUM Ha BifCTaHb NPAMOro 3opy, a

Man. 46 BX€ Ha noyatky XX CT. 3a 4ONOMOrOol cefieHoBUX (hoToONopiE 6yno

3pilicHeHO nepegavy 306paxeHb N0 NpoBogax. Y1888 p. pocilicbkulii

Bi3vk B. YNbaHIH y KasaHi ony6nikyBas NoBifOM/EHHA NPO BiAKPUTTA HUM SiIBULLA BUHUK-

HEeHHA (hOTOEeNeKTPOPYLWIiAHOT CMIN NPU OCBITNIEHHI CeNeHy Kpi3b HaNiBNPO30puii enek-

TpoA. 3HOBY NpoO Ue ABuLLe noBigomMuBy 1924 p. I'. lelirep, a B 1932 p. A. JlaHre no6y-
[LlyBaB i3 3akucy migi nepwuii hoToenemMeHT i3 3anipHUM LWapomM.

Y 1922 p. iHWnA pociicbknin disnk Hmxeropopacbkoi pagionabopatopii O. JloceB
CKOHCTPYlOBaB KpUCTaniyHWin AeTeKTOPHUIA npuiiMay (KpucTagwuH), Lil0 AKOro He
MOrfna MOACHUTU XoAHa (isnyHa nabopaTopia cBiTy, JOoCnifXeHHA yHIinonapHoi
(opHOGIYHOT) MPOBIAHOCTI fEAKNX PEYOBUH NPOBOAMB HiMeLbkuid (isnk . Om, a nepwuii
HaniBNPoBIAHNKOBUIA (CynbdigHNIA) BUNPAMASAY ANA TEXHIYHOTO 3aCTOCYBAaHHA BUTOTOBUB
y 1906 p. y PociiM. MaBnoOBCbKUIi.

BigkputTs X @isnyHux edhekTiB, NokKMafeHnXx B OCHOBYy TpaH3ucTopa, nos'asaHe came
3 AiANBHICTIO BUAATHOTO YKpaiHCbKoro pisuka B. JTawkapbosa (1903—1974). Bix no npa-
By MaB 61 ofepxaTu HobenisBCbKy Npemito 3 Pi3nky 3a BigKPUTTA TPAH3UCTOPHOT O ePekTy,
Akoi B 1956p. 6ynmynocTOEHI amepuKaHCbKiyueHi 0>k . BapaiH, B. lWWokni, Y. BpaTTeiiH.

Lle B 1941 p. B. NawkapboB ony6nikyeas cTaTTio «[OCNifXeHHA 3anipHux wapis
MeTOAOM TepMO30HfAa» i y cniBaBTopcTBi 3 K. KOCOHOroBow — «Bnaue fOMIIOK Ha
BEHTUNbHUI (hoTOedeKT B 3akuCy Mifi». JlalwkapbOB BCTAHOBMB, WO 06MABI CTOPOHM
«3anipHoro wapy», po3TawoBaHOro napajsenbHo Mexi noginy Migb—3akuc Migi, MawTb
NPOTUNEXHI 3HaKM HociiB cTpymy. (Ha man. 46 HaBefeHo kynpokc[giog Hap—nldepexoni
(Migb—3akuc migi). Moro BUroToBUAM Ha BiliCLKOBOMY 3aBOJi B Yi Nia KepiBHMLTBOM
NawkapboBa nig yac Apyroi cBiTOBOI BiliHW i BUKOPUCTOBYBANMN Yy BiliCbKOBUX MOMbO-
BUX pagiocTaHLuiax.)

Lle siBuwe oaepxano Hassy p—nldepexody. BueHuli NOACHMB i MeXxaHi3M iHXeKuii —
BaX/NMBOTO ABULLA, HA OCHOBI AKOTO Ail0Tb HaMiBNPOBIAHUKOBI AioAN | TPAH3UCTOPMU.

Meplwe NOBIJOMNEHHA B aMepMKaHCbKOMY BWAAHHI MPO NOSABY HanNiBnpoBifHWKOBOIo
nigcuniosavalTpaH3ncTopa 3'aBunoca nuwe y nnunui 1948 p., Tinbku yepes 7 pokie nicng
cTaTTi B. Jlawkapbosa. Moro BUHAaXifHUKN — aMepUKaHCEKI yueni bapai i BpaTTeitn niwnu
Nno WAAXy CTBOPEHHS TaK 3BaHOT0 TOYKOBOro TpaH3McTopa Ha 6a3i Kpucrtana repmatiio
nuny. Mepwuii 06HagiinnBNin pe3ynbTaT BOHN Ofepxanu HanpukiHui 1947 p. MpoTe
npunaj NnoOBOLUBCS HECTIWKO, AOT0 xapakTePUCTUKKN BiPi3HANNCA HenepeabayyBaHicTIo,
i TOMY MPakTUYHOTO 3aCTOCYBaHHA TOYKOBUIA TPAH3NCTOP He ficTas.

Y 1951 p. y CWA 3'ABMBCSA HafiliHIlWWIA — NAOWWHHWIA — TpaH3ucTop n—p—nlouny.
Moro cteopus LLlokni. TpaH3MCTOp CKnagasca 3 TPbOX Wapis repmanito nC1pd n@uny,
3arafibHOI TOBLWMHOW 1 cM, BiH 30BCiM He OyB CXOXWil Ha nojanblli MiHiaTOpHi, a 3
4acoMm i HEBUAMMI OKY KOMMOHEHTU iHTerpanbHUX CXeM.

[lo peyi, oTpumaTtn YACTi MOHOKPUCTaNU repmaHilo Ta KPeMHito i Ha IX OCHOBi CTBOPU-
TV NNOWMHHI TPAH3UCTOPK Ta AioAN BAANOCA HWOMY YKpaiHCbKOMY BYeHOMY B. Tyuke []
BMYY, AKWI PO3pO6GKB TakoX TEXHOMOTi0 BUTOTOB/IEHHA CUNOBMX HaMiBNPOBiAHUKOBUX
BEHTUNIB (TUPUCTOPIB). '



Ye yepe3s fieKinbKa pokKiB 3HauyLWiCTb BUHAX04Yy aMEPUKAHCbKNX YHEHUX cTana oueBung-
HO0, | BOHM 6YyNM HaropoaXeHi HobeniBcbko Npemietd. MOXIMBO, «X0N04Ha BiliHa», L0
nouyanacsa Topgi, Bigirpana cBow ponbyToMy, wo B. JlawkapboB He cTaB Ho6eniBCbknM na-
ypeaToM. Moro iHTepec 40 HaniBNpoBigHWUKIB He 6yB BMNaAKOBUM. MounHatoun 3 1939 p. i
4,0 KIHUA XUTTSA YYEeHUA NOCNiAOBHO i pe3ynbTaTUBHO 3aiMaBCs AOCAIAXEHHAM IX Qi3NYHUX
BnacTueocTeli. HagogaTtok 40 ABOX NepLlnx npaub JlallkapboB Yy cniBaBToOpCcTBi i3 B. 149 ]
LWeHKOM ony6nikyBaB cTaTTio «ENEKTPOHHI CTaHM Ha MOBEPXHi HANiBNPOBiAHWKa», B fAKil
6yno onucaHo pe3ynbTaTu AOCNIAXEHb NOBEPXHEBMUX ABUL, B HaNiBNPoOBigHUKaxX, WO cTa-
TN OCHOBOI PO6GOTN iHTErpanbHNX CXxeM Ha 6a3i NoNbOBUX TPAH3UCTOPIB.

Mig kepiBHMYyTBOM B. JlawkapboBa Ha novyatky 50[X] pokiB XX €T. B IHCTUTYTi hi3nku
AH YPCP 6yno opraHi3oBaHO BMPOOHWLTBO TOYKOBUX TpaH3ucTopiB. ChopmoBaHa HUM
HaykoBa LWKona y ranysi isvkn HaniBNnpoBiAHUKIB cTana OAHIE 3 NPOBIAHUX Y KOMWULLI-
HboMy CPCP. Bu3HaHHAM BMAaTHUX pe3ynbTaTiB CTano CTBOPEHHA B 1960 p. IHCTUTYTY
HaniBnpoBigHukiB AH YPCP, akuii ouonus B. lawkapboB. ¥ 2002 p. im'a B. MlawkapboBa
NPMCBOEHO 3aCHOBAHOMY HUM |HCTUTYTY HaniBnposigHukiB HAH YkpaiHu.

AOCNIOXEHHA ENEKTPNYHOIO KOJTA
SHAMIBMNPOBIAHMNKOBWMM A1040M

MeTa po6oTun: gocnigutn, AK NPOBOAUNTL MOCTiIAHNK cTPYM HaniBNPOBIAHNKO—
BUW pioa.

Mpunagn i matepiann: HaniBNpoBigHUKOBWIA giog Tuny A7, 0226 a6o iHWWIA;
ranbBaHiYHWUI enemMeHT, 6aTapes raibBaHiIYHUX eNeMEHTIB UM iHLWe aXepeno no—
CTilHOro cTpymy Hanpyrot o 4,5 B; namnouyka po3)xapeHHs Hanpyrotw 2,5—3,5 B
Ha nigcTaBui; BUMMKaY, 3'€eqHYBa/bHIi NpoBOAWN.

Xip po6otm

1. Po3rnAHbTe HaniBnNpoBigHUKOBUI gioa (man. 47). O3HaliomTecs 3 Hanuca—
MW Ta YMOBHUMM MO3HAYEHHSAMM Ha MOTro Kopnyci, 3BEpPHYBLUN 0COGMBY yBary
Ha Hanpsam CTpPiNlIoYKU.

2. CkagiTb eNeKTpUYHE KOJ10 3a CXeMOK, 306pa—

XXEeHOoW Ha man. 48.

3. 3BepHITb yBary Ha CBIiTIHHS namMno4ykum nipg
yac 3aMUKaHHSA kKona. He po3smukawum Kono, 3a—
KOPOTIiTb Aiog MPOBIAHMKOM, 9K MOKa3aHO Ha cCXeMi
LWITPUXOBO fMiHiel. Lo B 6ygeTe cnocTtepiratn?

4. BAUMKHITb BUMMKAY | NepeMKHITb giof, nosep—
HYyBLIW MOro Ha 180°. 3aMKHIiTb Kono. LLLo B cno—
cTepiraete 3apa3s?

5. 3aMKHITb giog npoBigHNKOM. LLLo 3miHnnocA
NOpPiBHAHO 3 MonepeaHiM gocnigom?

6. 3p0b6iTb BUCHOBOK NpO Te, AK HamniBnpoBij—

HUKOBWI piog NpPpOBOAUTbL MNOCTIMHUIA CTPpyM, SK
noB'A3aHi Mi>K CO6010 NONAPHICTbD BMUKaHHA [Ke—
pena cTpymMy, HanpsMm CTPi/ZIOYKM Ha fioAi Ta cBi—
TIHHA NTaMNO4YKMN. Man. 48



Ti, XTOo rnnbwe LiKaBUTbCA PiI3NKOK, MOXYTb AOCNIANTN 3aNEXHICTb CUNN
CTpyMYy Aiofa Big TemnepaTtypu i ocBiTneHocTi. Ana yboro we Tpeba matm poTto[]
pioa Ta MikpoamMmnepmeTp 4n MiniamnepmeTtp (4o 5 mA).

KOHTpOsIbHI 3anunTaHHA
1. Homy B TexHiLUi TakK BaXX/IMBi HaniBNpoBigHNKOBI gioan?
2. Lo BigbyBaeTbCHA, KON MW NepPeMMUKAEMO Aiof, MOBEpPHYBLIW Oro Ha 180°?

Po3B'A3yemo pa3om

1. Yu BTpayae CBO TEMNOBY eHeprito Nif vyac 3iTKHEHHSA 3 IOHaMU I'paTKN eNeKTPOH
nposigHOCTi MeTany?
Pos3B'A3aHHA
Hi. BiH BTpayae TilbKM He3Ha4yHy KiHETUYHY eHeprito, AKOT BiH Habys Npun Hanpsamie—
HOMY pYyCi B e/IeEKTPUYHOMY MO7i.

2. AncTnnboBaHa Boga HaBiTb Micns MOABIVMHOT MEPEroHKU TPOXM MPOBOAUTL CTPYM.
AK Le NoOACHNTN?
Po3B'A3aHHA
Ay>Xe Mana yacTuHa MOoJieKy BOAU AUcoLiioBaHa, | yTBOPEHi MOHMU HT Ta OH" cnpn—
UMHAKTbL HEBENMKY MNPOBIAHICTL BOAWN.

3. Aka NpoBiAHICTb HaNiBNPOBIAHNKOBOIro MaTepiany — Buulia, BlacHa 4m AoMillKoBa?
Pos3B'A3aHHA
JAomiwkoBa (3a TX HEBUCOKUX TeMrnepartyp, Mig yac AKUX BUKOPUCTOBYIOTb GifibLLIICTb
HaniBNpoBiAHNKOBUX MPUCTPOITB Ta e/IEMEHTIB CXEM).

84. AK BN/NHe Ha cepefHI0 WBUAKICTb HANPSAMIEHOIO pyXy e/IeKTPOHIB Yy MiAHOMY Mpo—
BiAHWKY 36iNbLLUEHHSA CUAXN CTPYMY B HbOMY B K pasiB?

85. U ogHakKoBa MOTYXXHICTb e1eKTPOM/INTKU Yy TaKUX BUMaAKax: a) Ha Hili cTOTTb nocy—
AVHa 3 XoNnoAHo BOA010; 6) NocyaguHU HemMae?

86. Uun BUTpayvaeTbCA eHeprisa e/IeKTPUYHOIo CTPYMY Ha eNeKTPOoNiTUYHY amncouiayito?

87. AKNI MOH Mae HakbiNnbLy PyXOMIiCTb Y PO3UYNHI eNeKTponiTy?

88. UM BUKOHYETbLCA 3aKOH J[hxoyna—J/leHua nig yac NpoxXoAXXeHHs CTPyMy yepes3 po3—
YUNH enekTponiTy?

89. Uy MoOXXHa KopucTyBaTUCA 3aKOHOM Oma Ana 064YMnCNeHHA 3HaYeHb CUIU CTPYyMY B
PO34YUHI enekTponiTiB?

90. o repmaHito gofann HeBesnIMKY KilbKicTb aToMiB ApceHy. LLLo i YHOMY € OCHOBHUMUN
HOCiAAMMW 3apAagis y TaKOMY HaniBrnpoBigHUKY?

91. MarHin i Tenyp npu Temnepatypi 20 °C maloTb NUTOMi onopwu BignosigHo 0,04 i
5000 OM = M. AKa 3 LMX fBOX PEYOBUH € HaNiBMpoBigHNKOM?

92. Homy nonsipHe CAMBO MOXHa CrocTepiraTu TiZlbKM y BEPXHIiX LLapax 3eMHOT aTmocdepmn?

93. Y pioai eneKTpoH nignitae Ao aHoza 3i WBUAKICTIO 8 MM/c. BusHauTe aHOAHY Harnpy—
ry

94. 3 Mifi BUTOTOBWAM Pi3HOro Nepepisy, ale 04HAKOBOT AOBXWUHW 1 Macu, NPOBIAHUKN.
MopiBHAKTe IX onopw.



95. AMMepmMeTp BUMIPIOE CUY CTPYMY B ENeKTPOMINUTLI 3 BiAKpUTOO cnipannto. Yu 3mi—
HATbLCSA MOro Nokasu, AKLW,0 CU/IbHO NMOAYTU 3BEPXY: @) Ha ammnepMeTp; 6) Ha eNneKTpo—
NANTKY?

96. Uum moxke HagnNpoBiAHMK NMPOBOANTU CTPYMU SAK 3aBrofHO Be/INKOT CUMN?

97. [0 nocyauvHU 3 eNIeKTPONIiTOM NpUKNageHo ctany Hanpyry. Yum 3anexumTb cuna cTpymy
B Hili Big TemnepaTtypu?

98. Uu € o6MeXxXeHHSA Ha Hanpyry, sKy My NMOBUHHI NMPUK/IacTy 40 NMNOCYANHU 3 NigKucne—
HOO BOO10, W06 po3K/acTu BOAY Ha BOEHb | KUCEHbB?

99. 3 AKO MeTOK MeTaneBi Tpybu BOAOBIABOAIB NMPUEAHYIOTL A0 Bif'€MHOrO rnostca
hxepena cTtpymy?

100. MosAcHUTK ABULLE yaapHOT MOHI3aLii B rasax.

101. AKLWLO 3apAmKEHY CKIAHY Na/IMYKY NOTPMUMAaTK Haj 3anasieHo CrMpPTIiBKOK, TO BOHa
LBUAKO BTPaTUTbL CBili 3apag. Homy?

102. [o KiHLiB KONa, Wo CKIajaeTbCcsa 3 MOCNIAOBHO BBIMKHEHUX TepMiCcTOpa Ta pe3ncrtopa
onopom 750 Om, noganu Hanpyry 20 B. MNpu KiMHaTHI TemnepaTtypi cuna cTpymy
B Ko/i 6yna 10 MA. Konun TepmicTop 3aHypuaM B rapsidyy Bogy, cuia CTpymy cTana
20 MA. Y cKinbKu pasiB 3MiHMBCA onip TepmicTopa?

103. Akuii NUTOMUIK oNip NMOBMHHa MaTW JOMILLKa afloMiHilO B KpeMHIT (3a macoto, y
BifCOTKax), W06 KOHUeHTpaLisa AipoKy HboMy cTaHoBUna 5 cm  ? MpunycTmnTuy, Wo
B YTBOPEHHI AipKK 6epe yyacTb KOXXeH aToM ANIOMIiHItO.

KOHTpO/IBHI 3anuTaHHA

1. Y MOXYTb CUIOBI NiHIT eNeKTPUYHOIOo NONSA: a) AO0TUKaTUCL; 6) NnepeTUHa—
TUCb; B) OYTU 3aMKHEHNMN?

2. YUn oaHaKoOBO WBUAKO 3MEHLWYETbLCA HaNpPy>XeHicTb Nonda 3 BifgdaNeHHAM
Bii: a) TOYKOBOTO 3apsAay; 6) cMcTeMun 3 4BOX TaKUX CaMUX PI3SHONMEHHUX 3apsA—
AiB, po3mMilweHNx nopaa?

3. 49K 3anexwuTb Bif BMOOPY TOUYKM BifgNiKy: a) NoTeHUian NeBHOT TOYKMN MOJSA;
6) pi3HULUA NoTeHUianiB ABOX TOYOK?

4. Ak TOYKOBUI 3apaj Ai€ Ha MUNbHI 6ynbb6awlkym B NOBITPI i HAa MOBITPAHI
6ynbbalwkn y sofai?

5. UM 3MiHNTbCA EMHICTb N/IOCKOIr0 KOHAeHcaTopa, AKUWO0 o4Ha 3 oro nnac—
TUH napasnenbHO 3MICTUTbLCA?

6. OgHa 3 NNacTUH NAOCKOro KoHaeHcaTopa 6inblia 3a Apyry. AKa 3 ynx nnac—
TUH Habype 6inNbWIOro 3apajy nig vyac 3apagXaHHa?

7.9Ki napameTpy BNAMBaKTb HAa MaKCUManbHy pobo4dy Hanpyry KoHgeHcatopa?

8. AkKe 3'efHaHHA KOHAeHcaToOpiB — MOCNifOBHEe 4YM napanenbHe — OGinbLe
«60TTbCA» NMpo6oto?

9. U MOXXHa NigHATN OAHIEID PYKOK CyYaCHUM KOHAEHCATOP EMHICTIO Kilb—
Ka dapapg?

10. ¥ YoMy HETOYHICTb TBEPAXKEHHA: B 3aMKHEHOMY eNeKTPUUYHOMY KOi rajlb—
BaHIYHOroO efleMeHTa CTPYM MPOXOAUTbL Yy Hanpsmi O HUXYOro noteHuyiany?

11. ULo6 36iNbWINTU CUAY CTPYMY B KONi Yy ABa pa3n, ydyeHb YBiMKHYB Mnocni—
0OBHO 3aMiCTb O4HOTO ABa efleMeHTM 3 ogHakoBow EPC. Uun gocar BiH meTun?

12. ABa NPOBIAHUKWN PiI3HUX ONOPIB BMUKAKTb Y KOJIO OAHOTIO i TOro camoro
A>kepena MoCTiIMHOINO CTPYMY: O4HOrO pa3y NoOCnifOBHO, APYroro — napasnenbHO.
Un opgHakoBi KK/ pxepena 6yayTe B 060X BMnagkKax, AKLWL,0 BHYTPIiWHIA onip
oxepena fyXke Manuii i HUM MOXHa 3HexTyBaTun?



13. MeTanu MalTb BeJ/INKY e/1eKTPOoNnpoBigHICTb. PasoM 3 TUM y HUX BefMkKa
TennonposigHICTb. NMOACHITb IO 3aKOHOMIPHICTb.

14. 100 % [Hh cipyaHa KncnoTta — pignHa HeenekTponpoeigHa. NMpoTe po34yunH
iy BoAi € ,O6pPUM NPOBIAHUKOM CTPYyMYy. 3'ACcyiiTe MPUYUHY LbOTO.

15. Lo — eNeKTPOHU UnN MOHU — Binbll epeKTUBHI B NpoLECi YTBOPEHHS fla—
BUH 3apAf>XeHUX YaCcTUHOK Nij yac yjapHOT MOHi3aLuii, Wo cynpoBOANTb eneK—
TPUYHWNI po3paf y razax? Homy?

16. e cunbHiwe 3B'A3aHi 3 AapaMy aTOMIB e/IeKTPOHU: B MeTanax 4y Hanis—
nposigHMUKax? NMOACHITbL HOMY.

17. Ynm 6yayTb 3MiHIOBATMUCA Nif Ai€0 eIEKTPUYHONO NONA iMNYNbC i KiHETUY —
Ha eHepria AipoOK, AK i eNeKTpoOHIiB? Homy?

LLlo A 3Hato | BMito pobuTun

A BMitlO noAcH0OBaTU i3nMUHI aBuuLa i npouecwu

1. Aka Boga — XosiogHa 4Yn Kunnagaya — Kpauw,e npoBoanTb CTPYyM?
2. Y 3MIHIOETLCA NPOBIAHICTL PO3UYNHIB €1eKTPOITIB Biff 3HUXXEHHSA TX TeM—
nepatypu?

3. Uy MO>KHa 3aCTOCOBYBaTU eNeKTPUYHY AYTY AN 3BapOBaHHA MeTanis nig Bofo0?

4. YN MOXXHa BUTOTOBUTU HaNiBMNPoOBiAHUKOBUK Aioa TaKUM Mannm, W06 ioro
He MOXHa 6yno no6avynTn HEO3O6POEHNM OKOM?

A 3Halo, AK 3acTOoCcyBaTU 3aKOHU Pi3NKU

5. Un BUKOHYBaTUMeTbCA 3aKOH Oma AnA AiNAHKW Kona, onip sKoi nponopu,ii—
HUIA NpuknageHin Hanpysi?

6. 3a AKUX YMOB A/ CUNUN CTPYMY, WO NMPOXOAUTbL MiX ABOMa eneKTpogamu,
po3fineHMMU rasom, cnpasiXXyeTbcA 3aKoH Oma?

7. AKW i3 BUAIB caMOCTIMHOro po3psAaay B rasdi MoXXHa onucaty 3akoHom Oma
ANA 3B'A3KY Hanpyru i cuam ctpymy?

A BMilO BUKOPUCTOBYBATU CXEMU ENEKTPUUHUX KiN

8. BonbTMeTp NokKasye Hanpyry 12 B, amnepmeTp — cuny ctpymy 1,2 A. AKy
NOTYXHICTb cnoXwueae namnoyka (man. 49)?

9. AK NpaBUNbHO BUMIPATU 3HAYEHHSA HEBIAOMOrIoO OMNoOpy, Mam4un BONbLTMETP,
amnepmeTp i g>xepeno EPC 3 BigfoMunm BHYTpiwHiIiM onopom (man. 50, a, 6)1

Man. 49 Man. 50

A BMitO yntaTtm rpadikm
10. Ha akomy rpadgiky 306paXXeHO 3a/ieXKHIiCTb MMTOMOrIo OnNopy MeTaneBoro
npoBigHWKa Bif TemnepaTtypu Mnpu Ay>XXe HU3bKUX TemnepaTtypax?



A 3Haw, 9K NOoTpi6HO po3B'A3yBaTu 3agadi

11. KoHgeHcaTop EMHICTIO 6 MK®, 3apagXeHuit go Hanpyru 400 B, 3'egHanu
napanenbHO 3 He3apAaA4XKeHUM KOHAeHCaTOpPOM EMHICTIO 19 MK®. A Koo cTana Ha—
npyra Ha KoHgeHcatopax?

12, 3apag N1OCKOro KoHpeHcaTopa fAopiBHW0OE 17,7 HKnA, nnowa o6knagok —
10 cm, BigCTaHb MiXK HUMU — 3,5 MM. KoHgeHcaTop 3aMOBHEHO CNO 4010 . BnsHa—
YUTe eHepPrilo eNIeKTPUYHOIO NoNsA B KOHAeHcaTopi.

13. batapes 3 ABOX MOC/iAOBHO 3'€4HaHUX eneMeHTiB 3 EPC 2 B i BHYTpiWHIMm
onopoMm 0,5 OM KOXHWI 3aMKHYTa Ha pe3nctop onopom 3 OM. BusHauTe NOTyX—
HICTb CTPYMY B pe3ucTopi.

14. Akoi Nnoui nonepeyHoOro nepepisy Tpeba B3ATU HiKeNIHOBUM APiT 3aBAOBX—
K1 20 M, W06 BUTOTOBUTU 3 HBOTO HarpiBHMK Ha 220 B, 3a4,0MOMOT O AKOT 0 MOX—
Ha Harpitm 2 n Boamn Big 20 °C go kuniHHA 3a 10 xB npn KK/ 80% ?

BapiaHt |
1. OCHOBHOI O3HAaKO e/IeKTPUYHOTIO MoJsiA € CU/0Ba AiA Ha
A. 3apAgXeHi yacTuHkU. B. Monekynn igeanbHOro rasy.
B. MarHiTHIi MONKOCU MOCTIMHNX MarHiTiB. . HEWTPOHW. [l. aTOMU XiMiIYHNX eNIEMEHTIB.
2. Ha aKkomMmy Ma/siloHKY efleKTpMYHe MnoJjie TOYKOBUX 3apAafiB 306pakeHO He—
npaBuabHO?

3. AK 3MiHNTbCA CUNa B3aeEMOAIT 4 BOX TOUKOBUX 3apAfiB, SKLWO BigCTaHb MiX
HUMW 36iNbWINTU BTPUYI?

A. 36inbwnTtbca y 3 pa3u. b. 36inbwnThca y 6 pasis. B. 3meHwunTtbCcA y 3 pasu.

. 3MeHWKUTbHCA y 6 pasiB. [I. 3MeHWNTbLCA ¥ 9 pasiB.



4. 3a KOO POPMY/IO0 BU3HAYAKTb EHEPTIIO €/IEKTPUYHOTO NONAA 3apA4XeHOoro
KoHAeHcaToOpa?

A. B. B. r. a.

5. CKiflbKW eneKTpoHiB yTBOploe 3apsag 0,00X6 Kn?

6. Ha BigctaHi 5 c™M ABi YaCTUHKMK, WO MaTb OAHaKOBI 3a 3HaYeHHAM 3apagu,
NPUTAryOTLCA B NOBITPi oAgHa A0 o4HOT 3 cunoto 20 MmH. BusHauTe 3apaan YaCTUHOK.

A. +74 HKn. b. 4 HKn. B. £74 HKn. I'. 274 mKn. 4. +74MkKKnA.

7. BU3HauTe pi3HMLIO NoTeHUianiB MiXX ABOMa TOYKaMW e/leKTPOCTAaTUYHOTIO
nons, AKLWO Nif Yyac nepemMilleHHA MiXX HUMUN 3apsaay 4 MKKn cunam nonsa BUKO—
Hannm po6oTty 1 mAx.

A.0,004B.b.250B.B.25B. N 4kB. 4. 2,5B.

8. AKunii 3apa HaKOMUYeHO B KOHAeHcaTopi eEMHicTIO 2000 MK®, 3apAaa>KeHO —
My Ao Hanpyrun 20 B?

A. 100 Kn. b. 0,4 Kn. B. 0,01 Kn. I'. 40 mKn. 4. 4 Kn.

9. Bn3HauTe eHeprito efIeKTPUYHOTO NoAA KoHAeHcaTopa eMHIicTIO 2000 MKP,
npMmegHaHOro 40 NOJIIOCIB gXXepena cTpymMmy Hanpyrot 100 B.

A. 0,01 Ox. Bb. 0,1 O>x. B. 1 O>x. . 10 Ax. 4. 100 OX.

10. ¥cTaHOBITb BiANOBIAHICTb MiX Ha3BaMu OAVMHULUb PiI3SUYHUX BETUYUH i NO—
3HaYeHHAMU PIZNYHUX BENUNYUH:

A.

B.

B.

r.

11. ENeKTPUYHUW CTPYyM — Ue

A. ynopagkKkoBaHUN pyx 3apsafXXeHUX HaCTMHOK.

B. XaOTUYHUI pyX 3apsaf>XeHUX YaCTUHOK.

B. ynopsaagKoBaHU pyx aTOMiB i Mmonekyn.

. XaOTUYHMIA pyX aTOMIiB i MOMeKy.

[A. XaoTUYHWNI pyX BiNbHUX €NeKTPOHIB.

12. Tamno4ykKa eNneKTPMYHOTIO NiXxTapuka npayre Bif akymynatopa. Bcepegn—
Hi akKymynaTtopa

A. CTOPOHHI Ta KY/IOHIBCbKi CN/IN BUKOHYOTb A0AAaTHY PO6OTY Haj 3apagxke—
HUMW YaCcCTUHKaMW.

B. CTOPOHHI Ta KYNOHIBCbKi CU/IN BUKOHYIOTb Bif'eMHY PO6OTY Haj 3apsagke—
HUMW YacCTUHKaMW.

B. CTOPOHHI CUNN BUKOHYIOTb fl0oAaTHY pPO60TY Haj 3apAfXeHUMU YacTUHKa—
MW, a KYJIOHIBCbKi CUNN — Bif'EMHY.

[[. CTOPOHHI CUNUN BUKOHYIOTb Biff'eMHY pOo60TY Hafj 3apAfKEeHUMMN YaCTUHKa—
MW, a KY/TOHIBCbKi CUNU — foOAaTHY.

A. TiNbKM KYNOHIBCbKiI CUIN BUKOHYITbL Biff'eEMHY pOo60TY Haj 3apaiXeHn-—
MW YaCcTUHKaMMWU.

13. AKe 3 MaTeMaTUYHUX CNiBBiAHOLWEHb € BU3HAYEHHSAM CUIN CTPYMY?



14. HasskomMy 3 Ma/IlOHKIB MoKa3aHOo nocnifgoBHe 3'€¢HaHHA TPbOX NPOBIAHUNKIB?

15. Yepes peanctop onopomMm 1 KOM NpoxoanTb CTPyM cunoto 10 MA. AKY Ha—
npyry npuknageHo o0 pesncropa?

A.10B. 6. 100 MB. B. 100 B. . 10~° B. /. 10° B.

16. ABa pe3nctopu 3 onopamun 20 i 50 Om 3'egHanun napasenbHoO i YBIMKHYNN
B Mepexy. BnsHauTte BiffJHOWEHHSA CUJTI CTPYMIiB Yy pe3ncTtopax.

A.0,8.b6.0,5.B.1.I.2.4.2,5.

17. AkacunacTpymy B eNeKTPUYHIA namnoyyi, aKuwo 4yepes iicnipanb 3a 5 xB
npoxoanTb 3apag 135 Kn?

A.45A.Bb6.0,45A. B.9A. T.0,9A. . 100 A.

18. TpU NPOBIAHNKN 3 04HAKOBMMU ONOpamMm nNo
10 Om 3'egHanu Tak, sik MoKasaHoO Ha cXeMi. Akui
3aranbHUM onip 3'egHaHHA?

A.150m.B5.100m.B.300MmM.'.50m.4.200OMm.

19. AKe3Ha4YeHHA30BHILWWHBLOIrOONOPY, AKL, 0 re—
HepaTop 3 EPC 230 BiBHYTpiwHiIiM onopom 0,1 Om
nojae B 30BHILWWHIO YaCTUHY KoNna Hanpyry 220 B?

A. 2,2 Om. b. 3,3 Om. B. 22 Om. I'. 33 Om.
A.0,20Om.

20. B o6bmMoOTLi eleKTPUYHOTO ABUTYHa, onip AkoT 0,75 Om, cunactpymy 20 A.
AKa KiNbKIiCTb TENNOTU BULINAETLCA LLieto O6MOTKOI 3a 1 XB pob60oTU ABUTyHa?

A. 15 O>x. bBb. 300 4. B. 18 k. r. 18 Ax. A. 30 k4x.

21.T7ligyac peMOHTY efleKTPONANTKN T cnipanb BKOPOTUNK BABIYI. AK 3MiHN—
nacb NOTYXHICTb NINTKN, AKLW,0 Hanpyras MepeXi cTtana? TemnepaTypy po3xa—
peHHA cnipani BBaXXaTu HE3MIHHOIO.

A. 36inbwnnacb y 4 pasn. b. 3meHwwunnacob y 4 pasun. B. 36inbwmnace y 2 pasu.
. 3mMeHwwunnace y 2 pasun. . He amiHunaco.

22. ¥YCTaHOBITb BiANOBIAHICTb Mi> CNiBBIiAHOWEHHAMMW i TUM, L0 BOHWN BUpa—
XawTb:

1. 3akoH OMa gna NoOBHOro Kona.
2. EPC p)xepena cTpymy.

3. OnipnnocnifgoBHO 3'€eAHaHNX NPOBIAHWNKIB.

4. Onip npoBigHUKa.

23. ENeKTPUYHUI CTPYM B €/1IeKTPOJIiTaXx CTBOPHOKOTb
A. BiJIbHi ENeKTPOHMN. B. fipKW i BiNbHI e/IeKTPOHMN.
B. NO3UTUBHI 1 HeraTueBHI MoHWN. [ . AipKw. . NpoToHMN.



24. AKNMUN HOCIAMMN eNTEKTPUYHUNX 3apALiB CTBOPKETLCA CTPYM Y UNCTUX Ha—
niBNpoBigHNKax?

A. TinbkKn BiNbHUMUN enekTpoHamu. b. Tinbku gipkamu.

B. MO3UTUBHUMMN i HETATUBHUMMN NOHaMW.

. BinbHUMMK enekTpoHamu i gipkamu. . TiNbKM NO3NTUBHUMMN HOHaAMMU.

25. Cvna cTpymy B namnouuyi nixtapunka 0,32 A. CKiNlbKN €1eKTPOHIB NMPOXo—
OWTb Yepe3 NonepevyHUi Nepepia HUTKKU po3KapeHHs 3a 10 c?

A. 210" 5. 200, B. 2?2 1. 20 4. 20°.

26. U oTpumaemop—s [depexif, AKLW,0 BMassiTu 0/10BO y repMaHiii abo y BaHafin?

A. Tak (B o60x Bunagkax). 6. Hi — aona BaHagito i TaKk — ANd repmMaHito.
B. Hi (B o60x Bunagkax). [I. Hi — gna repmaHito i Tak — Ansa BaHajito.
Bapiant Il

1. Mpwn HaTUpaHHI CKAAHOT NNAaCTUHKW LUOBKOM MNJIaCTUHKA OTPUMY€E MO3UTUB—
HUW 3apag. Mpu ubomy
eNeKTPOHN NepexoAsaTb 3i CKAa Ha LWOBK.
eNeKTPOHN MepexoaaTb i3 WOBKY Ha CK/O.
. MO3NTPOHMN NEepPexoaAaThb i3 LWOBKY Ha CKJ/O.
MPOTOHW NMepexoAATb 3i CK/a Ha LWOBK.
. MPOTOHW NMNepexoAATb i3 LUOBKY Ha CK/O.
2. Y To4yi M eneKTpMYHOro noasd No3MTUBHOIO TOYKOBOT O 3aps—
Ay nepebyBa€e efleKTPOH. Y AKOMY HanpsaMi MOoYHe pyXxaTUCb efeK—
TPOH, SAKLL O MOFo NoYaTKOBA LUBUAKICTb JOPIBHIOE HYNO?
A. Big 3apsaay. B. NepebyBaTnme B CTaHi CMOKOHO.
B. [lo 3apsagy. . HaBkono 3apsagy. A. Mo cnipani Big 3apagy.
3. AK3MIHNTBCA ENEKTPOEMHICTb MIOCKOIO NOBITPAHOIO KOHAEHCcaTopa, AKLO0
BiiCTaHb MiX MOro obknagkamu (NnacTuHammn) 36iNbWNTU Y 2 pasn?
A. 36inbwnTbca y 2 pasn. b. 36inbwnTtbCca y 4 pasu.
B. 3mMeHwnTteCcay 2 pasn. . 3MeHWUTbLCA Yy 4 pa3u. A. He amiHNnTbCA.
4. 3a AKO POPMY/IOK BU3HAYaTb HAMPYXEHICTb e/IeKTPUYHOTO Nonsa?

Bowo»

5. BusHauTe cnny Ky/nOHIBCbKOT B3aEMOZIT 4BOX €1eKTPOHIB, WO 3HaxoAAaTb—
CcHA Ha BiagcTaHi 1 ™.

6. Aka cuna gie Ha TO4YKOBU 3apag 100 mkKn, po3milweHmnii B ofHOPIiAHOMY
eNeKTPMUYHOMY Noni 3 Hanpy>XeHicTo 10 kB/m?

A.1H.Bb.100H.B. 10kH. . 10H. 4. 0,1 H.

7. KynbKa, Wo Mae 3apag, y raci nputarye fo cebe 3apagkKeHy NUINHKY
i3cnnotwo 4 mH. BusHauTe 3apag MUANHKN, AKLW,O0 BiACTaHb MiXX KY/IbKOIO i HEIO 2 CM.

8. UOMYy JOPIBHIOE EMHICTb MZIOCKOTO NOBITPAHOIO KOHAEHCcaTopa i3 naoLeto
naacTuH AKi po3TawwoBaHi Ha BigcTaHi 1 MM oaHa Bif O4HOT?

A.885MKP. b. 10n®d. B. 100Md¢. . 11,3 mkP. 4. 5,6 MKP.

9. AKka efleKTPOEMHICTb 6aTapeil, WO CKNafaeTbCcsa 3 ABOX NapanesnbHO 3'€egHaHUX
OAHAaKOBUX KOHAEHCATOPIB EMHICTIO MO 10 MK®D?

A. 10MK®P. Bb. 5MK®P. B. 20MKP. . 15 MkP. 1. 25 MKD.



10. ¥cTaHOBITb BifNOBIAHICTb MiX CMiBBIiAHOWEHHAMMN i TUM, L0 BOHU BUpa—
XarTb:

1. Hanpy>eHicTb eNeKTPUUYHOro nons.

2. EMHICTb NJIOCKOIro KoOHAeHcaTopa.

3. 3akoH KynoHa.

4. EHepria eNeKTpUYHOro nons.

11. BKaxXiTb HenpaBuNbHe TBEPAXKEHHA:

A. KinbKicTb TeEN0TU, KA BUAINAETLCA B NMPOBIAHNKY BHaCNiAOK NPOXOAXeH —
HA B HBOMY CTPYMYy, NPSAMO nMponopuiiHa KBagpaTy CMNu CTpymMy, onopy NpoBsig—
HMKa i Yyacy NPOXOAXKeHHSA CTPpyMy.

B. MNMpwu nocnigoBHoOMy 3'egHaHHI MPOBIAHWKIB TXHIiW 3aranbHW onip gopiB—
HIOE CyMi OMopiB LMUX NPOBIAHUKIB.

B. Mpwn nocnigoBHOMYy 3'€¢fHaHHI NPOBIAHMNKIB KiNbKIiCTb TEN/OTU, WO B HUX
BUAINAeTbCA, 06epHeHO NponopuiiHa 4O ONOpPiB LUX MPOBIAHUKIB.

. 3aranbHWii onip KiNnbKoOX MnapasnenbHO 3'€AHaHMX MPOBIAHUKIB MeHLIWK 3a
onip 6yabdaKOro 3 unx NpoBifHUKIB.

A. Mpwn napanenbHoMy 3'€egHaHHI NPOBIAHWKIB HamMpyra Ha KOXHOMY 3 HUX
oflHaKoBa.

12. AKMMUN HOCIAMMN eNeKTPUUYHUNX 3apAfiB CTBOPHOETLCA CTPYyM y MeTanax?

A. BinbHUMMN eNneKTPOHaMM i MO3UTUBHUMMN HOHaAMMU.

B. MO3NTMBHUMMN i HETAaTUBHUMWN MOHaMU. B. BinbHUMU eneKTpoHamu.

M. HeratmBHumu noHamun. . MO3NTUBHUMU NOHaAMWN.

13. AKe 3 MaTeMaTMYHUX CNiBBiAHOLWEHbL BignoBigae 3akoHy Oma ANnda NMoBHO—
ro Kona?

14. Ha aKoMy 3 ManOHKIB NoKa3aHOo napanesbHe 3'€eqHaHHA TPbOX MPOBiIAHUNKIB?

15. Tpwu pe3uctopu 3 onopamun 100 Om 3'egHaHi nocnigoBHo. YoMy AOpiBHIOE
iX 3aranbHWi onip?

A.66,67OmM.Bb.33,330m.B.1000m.T1.0,330m. [,. 3000mMm.

16. OBa pe3anctopu 3 onopamm 20 i 50 Om 3'egHanm napasenbHO i YBIMKHYNU
B Mepexy. BusHauTe BigHOWEHHA CUN CTPYMIB Yy pe3ncropax.

A.0,8. b.0,5.B. I.I'. 2.A4. 2,5.

17. EPC p>xepena 100 B. INpwn 30BHiWWHbOMY onopi 49 OM cuna cTpymy B KO
popiBH0OE 2 A. BuaHauTe BHYTpPIiLWHIV onip Axepena.



A.0,10mM.Bb.10m.B. 100m.T. 1000m. 4. 0,01 Om.

18. MpoBigHMKOM 3 o0nopom 1,50M npoTarom 4 c npoxoauTb 3apag 12 Kn. AKky
PO6GOTY BUKOHYE €N1eKTPUUYHUNIA CTPYM, L0 NPOXOAUTb NPOBIAHUKOM?

A. 20 Ox. B. 5,4 O0x. B. 2 Ax. I'. 54 Ox. AO. 3kOX.

19. ¥ wKoni ogHo4acHoO cBiTUTbcAa 40 namn no 60 BT, 20 namn no 100 BTi 11
namn no 40 BT. Bu3HauTe cuny cTpymy B CRiNbHIM YacTUHI Kona ANsa Hanpyru
220 B.

A.2A.B.56A.B. 10A. T.56A. 4. 22 A.

20. 9K 3MiHNTbCA KiNbKIiCTb TEMNOTN, AKa BUAINAETLCA B e/1leKTPOYaMHUKY,
AKLWO onip ioro cnipani 3aMeHWNTW BABIYI, a cnuny cTpymy BABIYI 36inbwinTn?

A. 306inbwnTbCca y 4 pasn. b. 3mMeHWNTLCA Yy 2 pasu.

B. 36inbwuntbcay 2 pasn. . 3meHwnTtoca y 4 pasn. . He sMiHUTbCA.

21. YCcTaHOBITb BiAMOBIAHICTE MIXXK OAUHULAMU PISUYHUX BENUYUYUNH | DI3NY—
HUMWN BeINYNMHaAMWU:

A. CunacTtpymy. 1. Om.
B. EPC. 2. A.
B. Onip. 3. Kn.
. ENeKTpUYHWN 3apag,. 4. B.

22. ENeKTpUYHMNIA CTPYM Y HanMiBNpPoOBigHUKaxX CTBOPKIOTh:

A. BinbHi enektpoHun. b. Alipkun i BiNnbHi eneKTpoHU. B. NMo3UTUBHI i Heratus—
Hi ioHW. . Oipkn. 4. NMpoTOHMW.

23. W o Take eneKTponiTMYHa gncouyiauia?

A. lMNpouyec po3nagy MoAeKyn po34YMHEHOT peHOBUHU HAa OKpeMi MOHW Nig BNIN—
BOM €/1eKTPUYHOIO NoAsA NoNsApHUX MONIEKY/ BOAMWN.

B. Mpouec po3naay MoneKys1 pO34MHEHOT PeHOBMHMN Ha OKpPeMi MOHWN BHac/i—
OOK MPOXOAXXEHHSA CTPYMY Hepes3 eNeKTPOoiT.

B. Po3nag monekyn po3dymHeHOT pe4YyoBUHMW Nij BNJANBOM e1leKTPUYHOTO Nons,
AKEe CTBOPIE AXKeEpPesno CTPyMy.

. ABuwe pyxy NO3UTUBHUX | HEFTaTUBHUX WMOHIB e1eKTPONITY Y MPOTUNEXHI
60KW Nig BNANBOM €N1eKTPUYHOro nons.

A. Npouec NPOXOO>XEeHHSA CTPYMY B eNeKTPONIiTI.

24. Yepe3 nonepevyHMii nepepi3a HUTKM pPO3>XKapeHHs eNeKTponaMmnovyky nponwno
14010 ! eNeKTpPOHiB 3a 15 xB. AKWN 3apas NpoiLWOB Yepes3 NaMMNoOYKy 3a uei yac?

A. 180 Kn. b. 3 Kn. B. 0,5 Kn. I'. 2000 Kn. A4. 0,018 K.

25. YoMy npuv AYyroBOMY po3psafi ANSA MPOXOAXEeHHS CTPyMy 4yepe3 rasoBuii
NMPOMIXOK He MOTPiGHO BMCOKOT Hanpyrm?

A. € BiNbHIi 3apAag>XXeHi YaCTUHKMN.

B. HasaBHICTb BifIbHUX eNNeKTPUYHNX 3apAafiB 3ab6e3neyyeTbCca BUCOKOIO TeM—
nepatypoto.

B. EnekTpoamn MOHiI3yl0OTb HaBKO/O cebe ras.

. HaaBHiCTb HOCITB 3apsaay 3abe3neyyeTbca e/IEKTPOHHOIO eMiCi€lO.

26. YoMy Ansa 3MeHLWeHHA BTpaT efleKTpoeHeprii Ha KOPOHHUIN po3paj y
NiHiAX enekTponepegayvyi BUCOKOT Hanpyrn 3actTocoOBYTb APOTU AKOMoOra 6inb—
woro giameTtpy?

A. LLLo6 36iNbWINTN IHTEHCUBHICTb MOHI3aL,iT.

5. LLLo6 36iNnbWINTN HaNpPy>XXeHIicTb NONsA.

B. LLL0O6 3MEHLWNTN iIHTEHCUBHICTb MOHI3aL,il i 36iNbLWINTN HANPYXXEHICTb NONSA.

M WLo6 3MEHLWUTN iIHTEHCUBHICTb MOHI3aLil i HAaNpPyXeHicTb NonA.



B3aemopgia cTtpymiB. MarHitHe none.
[isg MarHiTHoOro nona Ha NPoBiAHUK 31 CTPYMOM

I[HOYKUIA MarHiTHOro nons.

MNOTIK MarHiTHOT IHAYKLUIT

Cunna Amnepa. Cuna JlopeHua

MarHiTHi BNacTUBOCTI PEeYOBUHMN.

MarHiTHUI 3anuc iHhopmauii
EnekTpomarHiTHa iHAYKUiA.

3aKOH enekTpoMarHiTHOI iHAYKUIT
I[HOYKTUBHICTb. EHepria MarHiTHOro nons
KOTYLLKN 3i CTPYMOM

3MiHHUA cTpyMm. F'eHepaTop 3MIHHOIO CTPyMy
TpaHcgopmaTop. BupobHuyteo, nepepgava
Ta BUKOPUCTAHHA eHeprii eIeKTPUYHOTO CTPyMYy
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B3AEMO4OIA CTPYMIB. MAIMHITHE TOJIE.
Al MArHITHOIro rnosaa HA rneosBligHMK
31 CTPYMOM

Bam y>e BifOMO, O M)XK HEPYXOMUNMMN eNeKTPUUYNNMN 3apagamun 4itoTb cunu,
AKI BM3HayaloTbCcsa 3a 3aKkoHoM KynoHa. Lla B3aemogis BigbyBaeTbCA TaK: KOX—
HWI i3 3apA4iB CTBOPIOE e/IeKTPMYHE NOJe; Nnosie O4HOTO 3apsaay Aie Ha Apyruia sa—
pAag i HaBnaku. NpoTe MiXK eTeKTPUYHMMU 3apsagaMu MOXYTb AIATU cUnnm i iH—
woi npupoan. Bzaemogii mi>k npoBigHMKaMM 3i CTPYMOM, TOOGTO B3aeEMOAIT MiX
PYXOMUMWU eNeKTPUYHUMKU 3apafamMmu, Ha3mBarTb MarHIiTHUMU.

Y4yeHHSs MpPO MarHiTy Ta iXx B3aemMofito TpuBasnnii yac po3BuBasiocsd BiJOKpeM—
neHoO, AK OfAHa i3 ranyse HaykKu, aXK NOKN HNU3Ka BiAKPUTTIB | TEOPeTUUHNX JO—
cnig>xxeHb y X1 X cT. He goBefsla OpraHiYHW 3B'A30K MarHiTa 3 e/IeKTPUKOIO.

OagHUM i3 pyHAaMeHTanbHUX AOBeAeHb €AHOCTI €MeKTPUYHUX | MarHiTHUX
ABULW, € pe3ynbTaT gocnigy F.[K. EpcTega, gatcbkKoro gisamka, skmii y 1820 p.
BMSABWUB, L0 MarHiTHa CTpi/Zlka 3MiHIE CBOE NOJ/IOXKEHHSA No61M3y NpoBigHWMKaA 3i
ctpymom (man. 51).

OuyeBUAHMM 6y/i0 Te, WO MPUUYMNHOIK LbOrO € eIEKTPUYHUK CTPYM — Hanpam—
NeHW pyx 3apafXXeHUX YaCTUHOK Yy NPOBiIAHUKY.

MarHiTHi siBMLa xo4ya i NoOB'A3aHi 3 eNeKTPUYHNUMMK, NPOTe HEe TOTOXHI M. Lle
TaKOX NiATBEPAXYETbCA gocnigaMmun. AKLW,O0 B3ATW ABa AOBri napanenbHi nposig—
HUKW i NTpMegHaTM X A0 gXXepesia cTpyMy, TO My no6aymmo, Wo NpoBigHUKMN, NO
AKMX CTPYM Teue y pPi3HUX HanpsamMax, BigWTOBXYTbCA OA4UH Big ogHoro (man.
52, a), a KoAny npoBigHUKax CTPYM NPOXOAUTb B O4HOMY HanpsMi, BOHU NPUTA—
rytoTbCcs ogunH go ogHoro (man. 52, 6).

ENeKTpUYHUK CTPYM B OAHOMY 3 NPOBIAHUKIB CTBOPIOE HAaBKO/0O cebe MarHiT—
He noJsie, AsKe fjie HACTPYM y ApPYromMy NpoBifgHNKY. Nosie, cTBOpeHe efIeKTPUYHUM
CTPYMOM ApPYyroro npoBigHUKa, i€ Ha MepLInii.

OT>Xe, NO[I6HO A0 TOro, AK y NpOCTOpPi, WO OTOUYYE HEPYXOMI €IeKTPUYHI 3a—
psaan, iCHYe efleKTpUYHe none, y NpocTopi, WO OTOYYE CTPYMMU, iCHYE none, sike
Ha3nBaTb MarHiTHUM.

Man. 51 Man. 52
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MarHiTHe mone mae Taki oco6/1MBOCTI, AKIi BiApPi3HAOTb NOro Bif iHW WX NONiB:
MarHiTHe nofe 3aBX/AW 3B'sAA3aHe 3 PYyXOM 3apAA>XeHUX YacTUHOK abo Tin; marHiT—

He nosie gie Ha pyxoMi 3apsaf)XeHi yacTuHKuK abo Tina.

Bwn BXXe 3HaeTe, WO ABa MPOBIAHWKMN 3i CTPYMOM B3aEMOAilOTb OANH 3 OAHUM.
Lle aBue NMOACHIETbLCA TUM, WO cuia, AKa [i€ Ha KOXHWUM 3 NPOBIgHUKIB,
3ymMoOBJ/ieHa MarHiTHMUM MofeM, CTBOPeHUM CTPYMOM ApPYroro nposBigHMUKa. Tomy
3p0O3yMiNno, WO KOJIM MU MOMICTUMO MPOBIAHUK 3i CTPYMOM Yy MarHiTHe norne,
Hampukaag B nosie MOoCTiMHOro MarHiTy, TO Ha HbOro Aiatume cuna. MNepeBipn—

MO Le Ha gocnifgi. 3aMKHYBLWW KOO,
nponycTMMO CTPYyM MO BiflbHO MNigBi—
weHOMY MpPOBIAHWMKY, WO nNepebyBae
B MarHiTHOMy noni nigkosonopgi6bHoro
MarHiTy. Mum nomiTumo, L0 NPOBIAHUK
no4yHe pyxartucsa (man. 53).

AKLW,0 X 3abpaTy MarHiT, To NpoBig—
HUK 3yNMUHNTbCcA. OTXxXe, 3 60KY MarHiT—
HOro Noas Ha NPOBIAHUK 3i CTPYMOM fi€e
cuna F Tak camo, K Ai€e cuna 3 60Ky
MarHiTHOro Noad Ha MarHiTHY CTpPifnKy.
3MiHIO4YM HanpsamM cTpymMmy abo Hanpsam
CUNOBUX NiHIW MarHiTHOro nonsa, My No—
MiYaeMoO, L0 3MIHIOETbLCSA | HANPAM pyXy
npoBigHUKa, a oTXe, i HaNpamM cunu, Lo
Ai€ Ha NpPOBIAHWK.

Hanpam cunu, uo gie Ha NpPoBiIgHUNK
3i CTPYMOM y MarHiTHOMY noni, MOXHa
BU3HAYNTU, KOPUCTYKUYNCb MPaBUIOM
NniBoT pyku. PyKy po3milyyoTh Tak, W06
CUNOBI NiHIT NONA BXOAWAWN B LOJIOHIO, a
4yoTmMpwu nNanbyi 36iranuca 3 HanNnpamMom
CTPYMY Yy MNpPOBIiAHUKY, TOopgAi BenunKui
naneuyb, BifgirHyTmii Ha 90°, nNokaxe
Hanpam cunu, WO fie Ha NPoBiIAHUK
(man. 54).

Pyx nposigHuWKa 3i CTpyMOM Yy mar—
HIiTHOMY MO/ AY>e LWMPOKO 3aCTOCOBY —
€ETbCA B TeXHili: B eNeKTpoaABUryHax, y
BUMIiplOBaNbHMX Npunnagax 3 KOTYL KOO,
o obepTaeTbCcs, i B 6araTbox iHLWUX
npucTposx.

Man. 53

Man__54
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1. ki B3aemogii Ha3mBaTb MarHiTHUMM | B HOMY iX BiAMIHHICTb Bifi €leKTpoCTaTU4YHUX
B3aemogin?

. Adkigocnign nigTBEpPAXKYOTb ICHYBaHHA MarHiTHOro nona?

. FkicnnmHasmnBawTbCA MarHiTHUMN?

. lLlo Take marHiTHe none?

. K BU3HAuYNTM HANpPSAM pyxy NPOBiAHWKA 3i CTPYMOM Y MarHiTHOMy nofi?

ad wNn

IHOYKLIA MATHITHOIO non4a.
MOTIK MATHITHOT ITHAYKLIT

EneKTpuyHe Nosie XapaKTepuU3yeTbCHA BEKTOPHOK BE/IMYMHOK — Hanpy>XXeHic—
THO e/1IeKTPUYHOTO Nonsa. Tpeba BBeCTU BE/INUNHY, L0 XapaKTepu3ye MarHiTHe none
KinbKicHO. CnpaBa LA HenpocTa, OCKi/ZIbKU MarHiTHi B3aemMogii cknagHiwi 3a enek—
TPUUHI. XapaKTepUCTUKY MarHiTHOIO MO/S Ha3MBaKTb BEKTOPOM MarHiTHOT iIHOYK—
Liii no3HavalwTb NiTtepoto B . CnoyaTKy My po3rnsgaHemMo nvuuwe Hanpsam BekTopa B

3 Kypcy (hizmkun 9 Knacy Bu 3Ha€eTe, WO MarHiTHe NoJjie CTBOPHKOETbLCHA AK efleK—
TPUYHUM CTPYMOM, TaK i NOCTIMHNMMU MarHiTaMmun. AKLWoO Mi>XK nonwcamMmm NigKko—

BOMOAJIO6HONro MarHiTy NigBIiCUTU Ha THYUYKMX gpoTax pam—
Ky 3i CTPyMOM, TO BOHa noBepTatTuMeTbCsa AOTU, MOKMW Ti
naowmHa He BCTAHOBUTHLCSA MePMNeHANKYNAPHO A0 NiHiN,
AKiI HanpaAMNeHi Big NiIBHIYHOro nmosca MarHiTy 4o nie—
neHHoro (man. 55).

OTXe, Aif MarHiTHOIO N0/ € Ai€t0, WO OPIEHTYE paMm—
Ky 3i CTpyMOM. Lle MOXXHa BUKOpUCTaTU AN BU3SHAYEHHSA
HanpsMy BeKTopa MarHiTHOT iHAYKLUiT.

3a HanpsM BeKTOpa MarHiTHOT iIHAYKLUIiT 6epyTb Ha—
npsam Big NiBAeHHOro nontwca S go niBHiyHoro N cTpin—
KW, iKa Bi/IbHO BCTAHOB/IDETbLCSA B MarHiTHOMY noni. Llein
Hanpsam 36iraetbca 3 HAaNpPAMoOM gogaTHOT HOpmMani 4o 3a—
MKHYTOFO KOHTYpY 3i cTpymom (man. 56, a, 6).

JdopaTtHa HoOpManb, AKLWO Ti NOPIBHATW 3i CBEPASIUKOM,
HanpsaMneHay Tol 6iK, Kyaun nepecyBaeTbCsA CBepPA/IMK 3
npaBoOl Hapi3KO, AKLL0 Moro obeptatn y Hanpsami ctpy 1

Man. 55 My B pamui (man. 56, B).
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Mau. 57

Matwun pamKy 3i CTpymMOM abo MarHiTHy CTPifIKy, MOXHa BU3HaYNTN Hanpsam
BeKTOpa MarHiTHOT iHAYKUiT B 6yab[dkiini Touyi nond. ¥ marHiTHomMmy noni npsa—
MONiIHIMHOIO NpoBigHMKA 3i CTPYMOM MarHiTHa cTpiflka BCTAaHOBJ/IDETbLCHA MO 40—
TUYHINW go kona (man. 57).

MnowmnHa Kona NepneHANKYApPHa 40 NPOBiAHMKA, a MOro LEeHTP 1eXNTb Ha oci
npoBigHUKa. Hanpsam BekTopa MarHiTHOT iHAYKLUIT BCTAHOB/IOKOTb 32 4ONOMOT OO
npasunaceepanuka. Npasnno ceepannka GoOpMyIOETLCA TaK: AKLLO0 HAMNPAM NOCTYy —
nanbHOro pyxy cBepAsiMka 36iraeTbca 3 HaNnPAMOM CTPYMY B MPOBiIAHUKY, TO HANpAaMm
obepTaHHSA pYy4YKM cBepA/inKa 36iraetbcs 3 HaANMPAMOM BeKTOpa MarHiTHOT iIHAYKLiT.

MopibHO [O TOro K eNeKTPUYHI Nonsa rpadivyHO 3060paXyThb 3a 4OMNOMOTO0
e/IeKTPUYHUX CUMOBUX MiHIN, MarHiTHI Nond 306paXylTb 3a JOMOMOTOK NiHIN
MarHiTHOT iHAYKUiT (a0 MarHiTHUX CUNOBUX NiHIN).

JTiHIT MarHiTHOT iIHAYKLIT MOXXHa 3p06UTN «BUAUMMUMU» 3a LOMOMOTOI0 3ani3—
HUX OWYPOK. AKLWO Ha CKAAHY MJAacCTUHKY, KPi3b AKY NponNyuweHo NpAMUN Npo—
BiAHUK 3i CTPyMOM, HacmnaTtm 3ani3HUX OWYPOK i 3/lerka NOCTyKaTu Mo niacTuH—
i, TO BOHM PO3MICTATbCSA B340BX CUMOBUX NiHin (man. 58, a—s).

Maun. 58
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3 pgocnigiB BMNAMBaE, WO NiHIT MarHiTHOT IHAYKLIT NnpaAMOro nposBigHukKa 3i
CTPYMOM € KOHLUEHTPUUYHUMU KONaMu, AKi nNexaTb y NAOWMNHI, NepneHANKYnsap—
Hili 4O HanpaMy cTpyMy. LleHTpu yumx Kin po3TawoBaHi Ha oci nmpoBigHuka. 3a
LOMNOMOrOK 3ani3HUX OWYPOK MOXHa AictaTy 306paXXeHHSA MAiHIN MarHiTHOT iH—
OYKUIT NpoBigHUKIB i3 cTpyMoM 6yab[dkoi dpopmu (man. 58, a—s).

Lle Bigpi3HA€ ixX Big NiHIW HanMpy>XeHOCTI efleKTpocTaTUYHOro nonsa. MarHit—
Hi Mona Ha3uMBakTb BUXPOBMMU. Hanpsam niHiA MarHiTHOT iHAYKUIiT 3B'A3aHUi 3
HanpaAMOM CTPYyMYy B MPOBigHNKY. Hanpsam cunoBux AiHIA MarHiTHOro nons, wo
CTBOPIOETHLCHA NPOBIAHMKOM 3i CTPYMOM, BM3Ha4YalTb 3a NpaBnUIOM CBepa/nKa.

AKWO rBUHT 3 NpaBol0 Pi3b60IO BKPydyBaTW B HampsMi CTpyMy, TO Hanpsm
obepTaHHSA Py4YKWU FBUHTa 6yae 36iratnca 3 HanNnpsMoOM MiHIW MarHiTHOT IHAYKUIT.

Mpuknagom ogHOPIAHOINO MarHiTHOro NoNsA MoXe 6yTU Mose BCepeAUHi cone—
HOTAa — KOTYLW KU, AOBXMWHa AKOT 3Ha4YHO Ginblwa 3aii giameTtp (man. 58, B). JTiHIiT
MarHiTHOT IHAYKLUIT OAHOPIAHOrO NMONsA napasesnbHi, | IX ryctoTa cCKpi3b 0gHaKoBa.

3'Acyemo, Bif 4OTO 3aneXxnTb cuna, WO Ai€ Ha NPOBIAHUK 3i CTPYMOM Yy mMar—
HiTHOMY noni. Lle Ham NoTpi6bHO ANd TOoro, wWo6 gatym BU3HAYEHHSA MOAY/ 1 BEKTO—
pa MarHiTHOT iHAYKLUIT.

Fopn3oHTanbHO MigBiWLEHUNV MPOBIAHWK MNepebyBae B MNOJi MOCTiWHOTrO
nigkoBonopgi6bHoro marHiTy. None mMarHiTy 30cepeg>XeHO B OCHOBHOMY MiX
noncamMm, TOMY MarHiTHa cuna fi€e NpakTUYHO NMLWe Ha 4YacTUHY NpoBigHUKa
LOBXWHOO po3milweHy 6e3nocepegHbo MiX nonwcamum. Cuny BUMIpPOKOTb
3a 4OMNOMOroOH crneuiaNbHOro gAgUHamMmomMeTpa, 3B'A3aHOr0 3 NPOBiJHMKOM. BoHa
HanpsiMaeHa FoOpM3oHTasIbHO MEPNeHAUKYNSAPHO A0 NPOBiAHUKA i NiHIW MarHiTHOT
iHAYKLUiT. 36inbwyO4Yn cuay CTpymMmy B 2 pasy, MOXHa NOMITUTU, WO W cuia, sika
Li€ Ha MPOBIAHUK, TaKoOX 306inblyeTbCca B 2 pa3n. Bisbmemo uwe oguH mMarHitT i B 2
pasun 36inbWIMMO po3mMipu obnacTi, ge iCHye MarHiTHe nose, i TUM caMuUM y 2 pasu
36ibLLIMMO OOBXMHY YaCTUHW MPOBiAHWMKA, Ha AKY Ai€e MarHiTHe none. MNpu ybomy
cunna TaKoX 36iNbWnTbCA B 2 pa3n. |, HapewTi, cuia 3anexunTb Bif KyTa, yTBOPeHOro
BEKTOpPOM 3 NPOBIAHMKOM. ¥ LbOMY MOXHa BNEBHUTUCA, 3MIiHIOOYN HaxUn
nigcrtaBku, Ha AKi1 BCTAHOB/IEHO MarHiTu, TakK, W06 3MiIHNUBCSA KYT MiXK MPOBIAHNKOM
iNiHISMUMarHiTHOTIHAYKLIT. CuiiagoCArHe MakKCMMaslbHOrO 3Ha4YeHHSA KON
BEKTOP MarHiTHOT iHAYKLiIT 6yae neprneHAVKY/NSApoOM 40 NMpoBigHUKAa.

OTXe, MakKcMmasibHa cua, Wo Ai€ Ha BiApPi3OK NPOBigHMKA OBXWUHOIO no
AKOMY npoxoanTb cTpym cunoto I, npamo nponopuiliHa 4o6yTKY CUAmM cTPYMYy Ha
L0OBXWHY Bigpi3ka

Lleii gocnigHWii pakT MOXXHa BUMKOPUCTATU AN BUZHAUYEHHsSI MOAY/si BEKTOpa

MarHiTHOT iHAYKUiT. [JiicHO, OCKiNnbKMN TO BiJHOLIEHHSA He 3a—

ne>katTume Hi Bif cUNn CTpyMy B MPOBIAHUKY, Hi Bif AOBXWHW Bigpi3dka nposig—
Huka. CamMe TOMY Le BiJHOLWEHHA MO>Xe XapakKTepnulyBaTu MarHiTHe rnosie B TOMy

Micui, Ae 3HaxXxoAUTbCHA Bigpi3OK MpPOBiAHUKA.
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OavHuuero marHiTHOT iHAYKLUiTB Cl € ogHa Tecna
Lla ognHuMuUA Ha3BaHa
Ha 4YecTb BifOMOTO IOrocaaBCbKOro efileKTpoTexHika H. Tecna (1857—1943).
OfHi€ 3 XapaKTepUCTUK BEKTOPa MarHiTHOT iHAYKLIT € 11 noTiK. MarHiTHMUM no—
TiK Mo3HauvalTb iTepoto P. Po3rngHeMo NAOCKY MAacTUHKY naoweto AS, posmille—
HY B OAHOpPiAHOMY MarHiTHomy noni (man. 59).

ne — KYT Mi>XK HanpaMom Hopwmani i BEKTOPOM iHAYKLUIT
OcKinbkKun [Bcosa — Be/iMuMHa cKansgpHa, TO CKansipom € i MarHiTHUM NOTIiK.

Ans ogHOpPigAHOrO Monsi i NOCKOT MOBEPXHIi, WO NepneHAUKYSipHA 40 BEKTO—
pa MaeMo

OauHuuyeto marHiTHoronotoky B Cl e ogunH Bebep (1 BO).

1 Be6ep — MOTIiK Yepe3 N/IOCKY MOBEPXHIO MaouLeto po3MilLeHy nepneH—
OUKYNAPHO 0O CUNOBUX NiHIA O4HOPIAHONO MarHiTHOro Monas, iHAYKLiA AKOro
nopiBHie 1 Tn:

1. AaiTe BM3HAYeHHSA MOAOYNs BEKTOpa MarHiTHOT iHOYKLT.

2. Lo Take niHii MarHiTHOT IHAYKUiT?

3. Lo Take mMarHiTHUIM MOTIK?

4. 9k ogMHWLI IHAYKLUIT MarHiTHOro Nonsg i MarHiTHoro nNnoToky B CI?

CU1J1IA AMIIEPA. CJIA TOPEHUA

OfHWM i3 NPOSABIB MarHiTHOIO MONSA € MOFO CUMOBA i HA PYXOMi eN1IeKTPUYHI
3apsagu i NpoBigHMKMW 3i cTpyMoM. Y 1820 p. A. AMnNep ycTaHOBWUB 3aKOH, AKWUW
BU3Hayae cuny, WO Ai€ Ha Bigpi3OK NpoBigHMKA 3i CTPYMOM B MarHiTHOMY MoOni.

OCKIi/TbKV CTBOPUTU BiJOKPEMNEHWNI €1IeMeHT CTPYMY He MOXXHa, To AMNep BU—
BYaB MOBOJXXEHHS PYXOMUX APOTAHUX 3aMKHEHUX KOHTYPiB pi3HOT hopmu. BiH
yCcTaHOBMUB, WO
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uelli BMpas Ha3nuBalTb 3aKOHOM AMnNepa, a cuny — cunotw Amnepa. TyTO — KyT

MiXX HANPAMOM CTPYMY B MPOBiAHUKY i HANPSAMOM BeKTOpa LLs cuna 6yne matm

MaKCUManbHe 3HauYeHHS Mpu AKLULO0 XX NPOBIAHMK PO3MILLLEHO Y340BX

NiHIN MarHiTHOT iIHAYKLIT, TO UA cuia JOPIBHIOE HY/IO.

Hanpsam cunm AmMnepa BM3HAa4YaeTbCA 3a 4OMOMOrOI0 nMpaBwuia NiBoi pyku, 3
AKUM BU O3Haomununcsa paHiwe (aue. man. 54).

AK MU BXe 3'AcyBasin, MarHiTHe nosie B3aeMogie nuue 3 NpoBigHMKaMUN, Ye—
pe3 sKi Tedye CTPyM, i He BN/iMBae Ha NPoOBIAHUKWN 6e3 cTpymy. Lle cBigunTbh nNpo
Te, WO MarHiTHe Mone gie He Ha maTepian NpPoOBiAHWKA, a Ha 3apAgXXeHi YacTUH—
KN (ENEKTPOHU 4M MOHWM), AKIi B HbOMY NepemMilwardTbca. B Takomy Bunagky cuna
AMnNepa € pe3ynbTylO4YOI BCiX CUM, AKI AilOTb Ha OKPeMi pPyxoMmi 3apsag>XeHi
YaCTUHKWN.

Bu3HauMMoO cuny, sAKa fie Ha 3apAf>KeHy YaCTUHKY, LLLO PyXaeTbCHA B MarHiT—
HoMmy moni. Hexaii Ha npoBigHMUK goBXuHot [, Nno akomy Teue ctpym cunoto [ i
AKUN 3HaAXOAUTbLCA B MarHiTHOMY moni 3 iHAQYKuUietw B, gie cuna
Ane cuna CTPyMy BM3HaAYaeTbCA 3a POPMY/iOt0 Togai
ne [obyToK — 06'em NpoBigHUKa, — KIiNbKICTb 3apAf>XeHUX 4Yactu—
HOK, SIKi pyxalTbCs B LLbOMY NPOBIAHUKY. ToAi cuny, AKa gie Ha ogHY PyXoMmy
YaCTUHKY, MOXHa BU3HA4YNTU, MOAINUBLIN CUNY AKa fiie Ha BCi YaCTUHKMN, Ha
3arasibHy KiNbKiCTb PYXOMWUX 3apAAXXeHUX YacTUHOK

Lito chbopmyny Brneplwe ogeprkas ronnaHicbKui
¢di3uk . JlopeHy, i Tomy iT 3BMYaiHO Ha3nBaKwTh
copmynoto JSlopeHua, a cuay, sKka o64NCAOETLCA
3a yiero popmysioo, Ha3nBarTb cuUoto JlopeHua.

3 dopmynu BunnauBae, wo cuna JlopeHua 3ane—
XWTb Bif KyTa MiXK HanpaAMom pyxy 3apagXeHol
YaCTUHKW | HaAaNpaAMOM BeKTopa iHAYKLiT MarHitT—
HOro nons. MarHiTHe None He i€ HAa HEPYXOMi 3a—
pPASXKEeHI YaCcTUHKN i Ha YacTUH—
KW, AKIi pyXxawTbCs B340BX NiHIN iHAYKLWIT nons

Cwuna JlopeHua 6yae MakKcMManbHOLO,
AKLW,0 YaCTUHKa B/IiTaE B MarHiTHe noJsie nepneHan—
KY/ISAPHO A0 NiHIW WOro iHAYKUii. ¥ uboMy BUMNagKy
Man. 60 AKLWo noneogHopigHe To 3al
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pagXXeHa YyacTMHKa onucyBatmme kono (man. 60),
OCKIiNbKW pyX Mif fi€ew cTanoi cuamn, HanpsamaeHol
nig NpIsMmMmM KyTOM [0 WBUAKOCTI pyxy, 3rigHO 3
LPYTUM 3aKOHOM AMHAaMIiKWN, iHWNM 6YTU HE MOXEe.

Hanpsam cunu NlopeHua, 9K i cunum AmMnepa, BU—
3HA4Ya€eTbCHA 3a MpaBUIOM NiBOT PYyKW:

Man. 61

Mpu uboMy NOTPi6GHO Nam'ATaTW, WO Ue CNpaBejnnBO ANA MO3UTUBHO 3apsi—
OXKEHUX YaCTMHOK. SAKWO BM3HA4Ya€eTbCA Hampsam cunu JlopeHua, Wo Agie Ha
eNeKTPOH (4N iHWY HEeraTMBHO 3apAfXeHY YacTMHKY), TO NpPW 3aCTOCYBaHHI
npasuna NOTPiGHO 3MiHIOBATM HanpsaAM WBUAKOCTI pyXy Ha NPOTUNEXHUNR.

[is cvnun JlopeHua 3acTOCOBYETbCA B 6aratbox npunagax i TeXHiYHUX ycTa—
HOBKax. Tak, 3MilleHHS eNIeKTPOHHOro NPOMEHSA, WO «Mantoe» 306paxeHHA Ha
eKpaHi KiHeckoMa Tefnesi3opa 4YM gucnnesa Komn'totepa, 34INCHIOETLCA MArHiTHUM
nonem cneyiabHUX KOTYLWOK, B SSKUX MPOXOAWUTb e€NEeKTPUUYHUN CTpyM, LLO
3MiHI0ETHCA 3@ MEBHUM 3aKOHOM. Y HayKOBUX AOCNIAXEHHSAX BUKOPUCTOBYIOTbLCS
TaK 3BaHi LMKIYHI NpuckKoploBayi 3apagXeHUX YaCTUHOK, B AKUX MarHiTHe none
NOTY>XHUX €NeKTPOMArHiTiB YTPUMYE 3apsafXeHi 4YaCTUHKKU Ha KONoBux opbiTax.

1. faiTe BM3HaYeHHA cuam Amnepa.

2. Fk BM3HavaeTbCca cuna JlopeHua?

3. 3a AKnmu npasBunamMun BU3HaYaeTbCA Hanpsm cunv Amnepa i cunu JloperHuya? Lo no-
TPiGHO Npu LbOMY BpaxoByBaTu?

JOCniMpKeHHss MarHiTHOro nons  CTpymy

1. «MpaBuno nnasysa». Y 1820 p. y XXeHesi Ha 360pax HaTypanicTisB Aparo no6aums
NOBTOpPEHHA gocnigis Epctepa. |, noBepHyBlWNCh A0 PpaHLii, BUPIWLNB 03HANOMUTK i3
HUMW CBOIX CNIBBITYN3HUKIB. [INA UbOro BiH CKOHCTPYIOBaB HEXUTPY YCTAHOBKY 3 BONMbTO ]
BMM CTOBMOM i MPOAYMaB Xif, EKCNEePUMEHTIB.

o6 cTpinka komnaca nerwe obepTtanacs, BiH 3aroCTpMB ONOPHY rO/KY, YBIMKHYB
CTpyM, i MarHiTHa CTpinka noyana Bigxmnsatmucsa cpibHMM NpoBiAHUKOM 3i CTPYMOM Bif, CBO-
ro Hanpsamy. Ane wo ue? Aparo npotupae cpibHMin NPOBIAHMK | 3HIMAE 3 HEOTO NPUNIN/EHI
MeTaneBi owypkun. MoTiMm Knage NPoBiAHUK 3HOBY Ha CTif, i OWYPKK Bigpasy X npuanna-
I0Tb 40 HbOTO... Aparo BUMMKAE CTPYM, i OLIYPKM OCUNAaTbCA 3i CPiBHOro NpoBigHKKa,
BMMKAE — BOHU 06NINAIOKTbL NPOBIAHNK, HEMOB 6u cpibno ctano marHiTom! Uacnuse
BiAKPUTTS, 3HAYEHHS SKOro Aparo 3po3ymiB Bigpasy.

Y TO MOMEHT, KOnM Aparo 3akiH4MB JOocCnig, NMo4YyBCS CTYKIT y ABepi. Aparo Burns-
HyB y BIKHO i no6aunB AMnepa — akagemik AHgpe Mapi AMnep — HanlreHianbHiWWA i
Hapo3cCiaHiWwmniA 3 ioro gpysis. Burnag Amnepa cBifunmB npoTe, WO BYEHWI BXe AaBHO BU-
MWoB i3 fomy, 6poasyn Bynuuamu MNapuwxa i MipKyr4umn Haf CBOTMU FreHiaflbHUMN BiAKPUTTAMMU.
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AmMnep yBiNWOB 0 KiMHaTW, ae Aparo npoBoAWB CBOI gocnigun. «fA 6avy, wo Bwu
3aiMaeTech rasibBaHiYHMMK gocnigammy», — 3ayBaxuns AMnep. «Bu npasi. { BigTBOpMB AoChnif
EpcTepa, i, SK MeHi 30a€TbCA, HATpanvB Ha HOBe ABMLLE. MOX/IMBO BOHO 3aLikaBuTb Bacy, —
BignosiB Aparo. BiH 3HOBY 3aMUKa€ KOO i HABAVKYE NPOBIAHUK 4,0 OLWYPKIB, AKi 06M1iN/00Th
NPOBIAHUK, @ KO BUMUKAE CTPYM, TO OLLIYPKU BUCUNAKTLCA Ha AONOHI AMnepa. PagicHuii
BYEHUI BUTYKYE: «lpekpacHo, ue nuiie 3aiiBuii pa3 4OBOAUTL, WO A npasuii. 3apagm, sKi
nepebyBaloTb Yy CNOKOT, HE B3AEMOZIIOTh i3 MarHiTHOK CTPINKOO!» AMNep NPOAOBXYE: «A K
Bam 3paeTbes, um 6yayTb B3AaEMOZAIATY ABaA NPOBIAHUKM 3i CTPYMOM, K MarHitu?»

He ouikytoun BignoBiai, AMNep BUXOAWTb i3 NOMeLLKaHHA Aparo, y Hb0ro B ronoBi BU3piBae
HOBa reHianbHa AymMkKa. BueHunii Kpokye HabepexHot CeHu, nepebyBatyn y TakKoMy pagicHOMY
Ta WacnnBoMy CTaHi, AKuin 6yBae nvie To4i, KoM CTa€ 3po3yMiiuM Te, HaJ YuM OBrO i Ha-
nonernvMeo npayew i gymaew. Pantom AMnep 3BepTae€ yBary Ha X/I0M4YuMKiB, SKi y piuyi nna-
Ba/IN 3a Teui€lo, BECEJI0 MepPeryKy4mnch, i TyT BUEHOMY NPUXOAUTb Y FO/IOBY FEHianbHa AymKa
Npo NpocTe NpaBuo, 3a 40NMOMOrO0 AKOT0 MOXHA 3aBXAW BU3HAYNTU BiAXWUIEHHSA MarHiTHOI
CTPINKM eNeKTPUYHUM CTPYMOM. BiH BUpILLIMB HAa3BaTK Lie NpaBusIo «MpaBuioM nnasLs». FKWO
nwoguHa byge nnecTun 3aTeviero, HanpsaM SKoi 36iraeTbca 3 HAaNPAMOM CTPYMY, TO MNaBeLb 3aBX-
A 6yae 6a4nTu, WO NiBHIYHUIA KiHELb MArHiTHOI CTPINKKN BiAXUNSETLCA Nig Ai€0 LbOro CTpymy
BnpaBo. bpaso Amnep! BueHuii ornsHyBca: sk aobpe 6yno 6 yce Le HakpecauTu TyT, nocra-
BUTW CTPINKN, BU3HAYMTM HaNpsAMMK. OCb i KYCOYOK Kpelian 3HaMLLOBCS Y KALLEHI, @ OCb i Yop-
Ha gowka. Mepexoxi napxaHu noYann 341MBOBaHO 06epTaTUCs Ha NiTHLOro (He gyXxe oxan-
HO OAATHYTOrO) MKEHTNbMEHa, KU i3 BEIMKNM 3aXONIEHHSAM pPO3MasibOBYBaB Kpengoto ...
3a/iHI0 CTiIHKY YOpHOI KapeTu. 18 uepBHa 1820 p. Ha 3acigaHHi Mapun3bKoi akagemii Hayk A. Am-
nep po3noyaB CBOK 3HAMEHUTY CEpilo AONOBIAEN i3 eneKTpoMarHeTu3my.

2. «MpaBuno ceBepa/ivkar.

Ha man. 62 cxemaTu4yHO MPOINKOCTPOBAHO «MPaBUIO CBEPAMKa», Bigkpute k. Mak-
CBeNNOM. BMHT pyxaeTbCsa BHWU3 3a FOAMHHMKOBOI CTPISIKOK (TOYKM 30py cnocTepirava,
AKAA AUBUTBLCSA B HanpsMi NOCTynanbHOro pyxy). Takmii camuini HanpsmM Mae MarHiTHui
NOTIK, O BUK/INKAE KOMOBUI CTPYM.

3. «MpaBuna npaBoi Ta MiBOT pykn». [lo ABOX npasBwuf, Bigkputux Amnepom («npa-
BUO MNnaBus») Ta MakcBennom («npaBuio CBEpA/MKa») aHrNiNCbKNA BYeHU, (i3nK Ta
eNeKTPoTeXHIK [. dnemiHr goAas ABa iHLWWIi: «NpaBuaa npasoi Ta NiBoi pyku» and Bu3HaveH ]

Man. 62 Man. 63
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HA HaNpsMy CTPYMY, MarHiTHOro nons i HanpsaAMy pyxy NnpoBigHuKa nifg BnaMBOM MarHiTHOro
nonsa. Haman. 63 HagaHo cxeMmy, Lo iNKCTPYE Ui ABa npaBuia demiHra.

Ha BepxHbOMY MasiIloHKY cuia B3aEMO/ii NoiB MarHiTy i NpoBigHVKa 3i CTPYMOM Npu-
BOAUTb MarHitTy pyx. Hanpsam pyxy npoBifH1Ka BU3HA4Ya€TbCA 3a «NpPaBuIoM NiBOT PyKu»
(ABVTYH), HAHMKHBOMY Ma/TFOHKY HanpsAM eNeKTPOPYLWIiNHOT CUAN, iIHAYKOBAHOTY 3aMKHY -
TOMY KOHTYpPi NpuY MOro NnepemilleHHi y MarHiTHOMy noJsi, BU3Ha4Ya€TbCA 3a «MpaBuiom
npasoi pyku» (reHepaTop).

Po3B'aA3yemMo pa3om

1. AKi i3 3apAg>KEHUX KOCMIYHUX YAaCTUHOK — 3 BiNIbLUIOK Y/ MEHLUOI LUBUAKICTIO
PYXy, — WO MponitarTb NO6/M3y eKBaTopiasibHOT NaowWmMHM 3emMii, Hanbnmxk4ve NpPoHN—
KaloTb A0 17 noBepxHi? Homy?

Po3B'AaA3aHHSA

OcKinbKu pagiyc Kona, sike onuncye 3apsaXeHa YaCTUHKa B MarHiTHOMY noni, TO
Hanénmxde o 3emMni NigneTsaTb HaMWBUALWI YaCTUHKW.

2. Mpamuin gpiT goBxXuHot 10 cm, Mo skomy Tede cTpym 0,5 A, poamiweHunn B
OOHOPIAHOMY MarHiTHOMY MoJii NepneHANKYASAPHO A0 CUMOBUX NiHIN. BusHauTe iHAYKLitO
MarHiTHOro noss, AKLWO0 BOHO Ai€ Ha ApiT cunoto 2,6 mH.

Pos3B'AsaHHA

Cwuna, 3 AKOK OgHOpigHEe MarHiTHe nosie i€ Ha NpAMUA NPOBIAHNK, BM3HAYaeTbCS 3a

cdopmynoto Amnepa

3Bigcyn BU3HAUMMO

MigcTtaBMBLUM 3HAYEHHSA BiAOMUX PISUYHUX BE/IMYUH, OTpUMaemMo B = 52 mTh.

3. MpoTOH, Npoxoasa4n NPUCKOPOKYY pi3HULIO NnoTeHuianis 400 B, BneTiB B ogHOpigHEe
MarHiTHe nose 3 iHAyKUiet 0,2 Tn i moyaB pyxaTmcsa no Kony. BusHauTte pagiyc kona, no
AKOMY BiH pyxaBcH.

Po3B'AsA3aHHSA
Ha 3apsag>keHy 4YaCTUHKY, SiKa B/ieTifla B MarHiTHe nosne gie cuna JlopeHua

3a yMOBOIO 3ajadi MPOTOH PyXaeTbCs MO KOJy, ToAi cuna JlopeHUa € JOLETPOBO CU—

noto OTxe, 3BigKMU
MpOTOH OTpUMaB LWBUAKICTb, MPOMALLIOBLLM NPUCKOPKOOYY pPi3HULIO NOTeHLianiB. 3a
3aKOHOM 36epeXkeHHSs eHeprii, po6oTa, Ky BUKOHYE Mnosie rnpuv nepemilleHHi NMpoToHa,

LOPIBHIOE KiHETUYHIN eHepril, HabyTih NpoToHOM, TO6TO, A pob6oTa cun
€NeKTPMYHOIo NOoAsA Npu NepeMilleHHi 3apsagy BM3Ha4YaeTbCcsa 3a hOpMynoto Togi
3BigKM

OTxXe, pagiyc Kona, no sikomMy pyxaBcsi MPOTOH, BU3HA4YMMO 3a (DOPMY/10H0

MigctaBMBLUIM 3HAYEHHS BiJOMUX PIZUYHUX BEIYNH, OTPUMAEMO
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104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

AKi HaNnpAMKW Mae CTPYM y NpoBojax, KON CUIN B3aEMO—
OiT HanpsAMneHi Tak, AK Ha man. 64?

AK B3aemMOfil0oTb MapanefnbHi CTPyMU, HanpsaM/eHi Tak,
AK 306pa)xeHOo Ha mas. 65?

Mo3HauTe 3HaKaMmn «+» Ta « [»lnonocu mxepenacrpymy,
AKEe XXNBUTb CONEHOTA, W06 cnocTepiranacsa nokasaHa Ha
mas. 66 B3aemogis.

AKa iHAYKLUiA MarHiTHOro nons, wo gie cunoto 50 mH Ha
NPOBIAHNK JOBXWNHOI 5 CM, MO AKOMY Teye CTPyM CU/1010
2,5 A, HanpsaMAeHW NeprneHgNKyASapHO A0 NiHIW MarHiT—
HOT IHAYKLIT?

AKa fOBXUHAa aKTUBHOT YaCTUHW MPOBIAHNKA, AKLLO Npun
cuni CTpyMy B HbOMY 4 A Ha HbOro gie cunot 0,2 H mar—
HiTHe nosne, iHAYKLUia akoro 0,5 Tn? Hanpamu ctpymy i
nons B3aEMHO NeprneHANKYNAPHI.

AKOT cnn cTpyM Teuye MPOBiAHUKOM AOBXUHOW 40 cwMm,
BMIilLEHVM Yy MarHiTHe nosie neprneHAUKYASpPHO A0 NiHIN
MarHiTHOT iHAYKLIiT, SKWO MarHiTHe nose 3 iHAYKLUi€
1 Tn pgie Ha npoBigHKK 3 cunoto 0,8 H?

AKka cuna gie Ha NpPoOBIAHNK AOBXWHOK 10 cm B ogHO—
piAHOMY MarHiTHOMY MoOi, AKUWLO MOro MarHiTHa iHAyKUis
CTaHOBUTbL 2,6 TN, acuia cTpymy y NpoBiAHNKY AOPIBHIOE
12 A. KyT MiX HanpsasMoMm CTpyMy i AiHIAMU IHAYKLIT:
1)90°; 2) 30°?

Ha npoBigHUK A0B>XMHO 50 cM i3 cTpymMom cusnoto 20 A,
po3MiWeHUn B O4HOPIAHOMY MarHiTHOMY MO/, WO Mae
MarHiTHy iHaykuyito 0,1 Tn, gie cuna 0,5 H. BusHauTe KyT
Mi>K HaNpPAMOM CTPYyMY B MPOBIAHUKY i BEKTOPOM MarHiT—
HOT IHOYKLIT.

AKa cuna cTpymy B MPOBIAHNKY AOBXUHOM 20 cM, po3ta—
LLIOBAHOMY B OAHOPiIiAHOMY MO/, WO Ma€e MarHiTHY iHOyK—
uito 2 Tn, Konu cuna, sika gie Ha NpoBiAHUK, AOPIBHIOE
0,75 H, a KyT Mi>K HanpsAMOM MiHIW MarHiTHOT iIHAYKLIT i
CTpyMy AOpiBHIOE 49° ?

AKUA MarHiTHUM MOTIK MPOHM3YE MJOCKY MOBEPXHIO
nnoweto 50 cm2 npu iHAYKUIT nons 0,4 Tn, SKWo us no—
BEPXHA: a) NMeprnieHANKYNApHa A0 BeKTopa iHAYKUiT nons;
6) po3TawoBaHa 4o BeKTopa iHAYKLiT nig kyTom 45°; 300?
MarHiTHMI NOTiKYy cepeaviHi KOHTYpY, MoLia nornepe4yHo—
ro nepepisy Akoro 60 cm2, ctaHoBUTbL 0,3 MB6. BusHauTte
iHOYKLi0 NoNna B cepefuHi KOHTYpy. BBaxkatu, wWo none
ogHopigHe.

Bu3HauTe MarHiTHMU NOTIK, WO NPOHWU3YE MN/IOCKY NPAMO—
KYTHY MAOLWMHY 3aBA0BXKKM 60 cM i 3aBLWIMpPLUKN 25 cM,
AKLWO MarHiTHa iHAyKUia B ycix 1T Toykax [OpPIBHIOE
1,5 Tn, a BEKTOp MarHiTHOT iHAYKLIT yTBOPHOE 3 HOpMa—
N0 A0 uiei naowmHm Kyt 90°.

Bun3HauTe 3HaK 3apsy YacTUMHKKM 3a HanpsamMom 1T pyxy i
HanpsMoMm cuniun JSlopeHua (man. 67 i 68).

LLIBnaKicTb enekTpoHa e HanpsamMsieHa 4o Hac (man. 69).
A. B aKomy HanpsimMi BigXMnmMTbCcA eIeKTPOH Nig gieto mar [

(]

Man. 65

Maui. 66

Man. 67

Mau. 68
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HiTHOro nona? b. BignoeBicTu Ha Te camMe 3anMTaHHA, AKLO:
1) WwBKMAKICTb eleKTpOHa HanpsM/ieHa B NMPOTUNEXHUN 6iK;
2) NiHIT MarHiTHOT IHAYKLIT HaNnpsAMeHi B MPOTUNEXHUIN BiK.

118. ENeKTpPOH pyXaeTbCHa y BaKyyMi B O4HOPiAHOMY MarHiTHOMY
noni, iHAyKuia skoro 0,1 Tn, 3i wWBUAKICTIO Yomy
OOPIBHIOE CUNa, WO Ai€ Ha eNeKTPOH, AKLLO0 KYT MiXX Hanps—
MOM MOro WBUAKOCTI i MiHIAMW iHAYKLiT cTaHOBUTL 90°?

119. fAka cuna pie Ha NPOTOH, WO pyXaeTbCA 3i WBUAKICTIO
10 Mm/c B MarHiTHoOMYy noni 3 iHAyKuietw 0,2 Tn nepneHan—
KYNAPHO A0 NiHIT iHAYKLiT?

120. ENeKTpOH pyxaeTbCsa y BaKyyMi B ogHOpigHOMY moni, mar[] Maun. 69
HiTHa IHAYKLia AKOro 3i LUBMAKICTIO
HanpsMJ/IEHOIO NeprneHANKYAAPHO A0 NiHIT iIHAYKLUiT. Bu3dHauTe cuny, WO i€ Ha enek
TPOH.

121. Ha man. 70 306pa>keHO MarHiTHe MNoJsie NPAMOro CTpymy:
a) AKU HanpsaM Mae CTPyM Yy MpPOBiAHUKY? 6) UM € norsne B
TouLli A? B) AKUW HanNpsiM Mae BEKTOP MarHiTHOT IHAYKLiT Yy
Oyab[daKiv ToUui Nona? r) BU3HayTe Hanpsam cui, sKi 4iloTb
Y LbOMY MO/ HA MOMOCU MarHiTHOT CTPIiNKWN.

122. Yum Bigpi3HAETbCA MarHiTHe Nose Bif eNeKTpocTaTM4yHoOro?

123. Yomy cTpyMiHb pO3M/iaB/ieHOro MeTany, KOm NpornycKaTy Kpi3b
HbOrO CTPYM, 3BY>KYETbCA (3MEHLUYETHLCSA M/10La NONePevyHOoro
nepepisy)? AK MO>XXHa 3acTocyBaTU Lie ABULLLE B MeTaNlyprii?

124. Mo pBOX HECKiIHYeHHO [OBrMX NapanienibHUX MPOBIgHUKAX,

BiiCTaHb MidXX IKUMU |, B OfHOMY HanpsiMmi TeuyTb cTpymu I, Man. 70

Ta Bu3HauTe iHAYKLIiO MarHiTHOro Nons B Touui A, sika

NEeXXNUTb Ha MPOAOBXEHHI MPAMOT, Lo 3'€eqHYE NPOBIAHUKM Ha BigcTaHi S Big apyroro
npoBigHWKa. BeBaxkatun, w0 o6maBa NPOBiAHNKM 3HAXOAATHCA Y BaKyyMi.

125. Ctpym cunowd, 1o NpoxoaunTb MO KifbLo 3 MifHOro NpoBOAY Nepepisom S, CTBOPIOE
B LLEHTPI Kifnbusa iHAYKLiIO MarHiTHOro nons, Wo AopiBHIOE B. fAka pisaHMUAa noteH—
uianis MiXk KiHUsSMM MpoOBigHMKA, WO YTBOPIOE KinbLe?

126. Mpwn nepewmilieHi NpoBigHMKa A0BXMHOM 80 cMm 3i cTpymom cunoto 20 A B ogHopig—
HOMY MarHiTHOMYy noni 3 iHgyKuieto 1,2 Tn nepneHaNKynsspHO 40 HbOro BUKOHaHO
po6oTty 1,92 [xx. BusHauTe nepemMiuieHHSA NMpoOBigHMKA.

127. Ana nepemiuwieHHA Ha 0,25 M npoBigHUKa AOBXWHO 0,4 M B O4HOPIAHOMY MarHiTHO—
My noni, iHAayKuisa akoro 1,25 Tn 6yno BUKoHaHO po6oTy 0,25 [Ixk. AKOT cunv cTpym
NpoxoAnB NPOBIAHNKOM, AKLLO BiH pyXxaBcA NeprneHANKY/AApHO 40 nonsa?

128. Mo ropusoHTanbHO po3TallloBaHOMY NPOBIAHMKY 3aBA0BXKM 20 CM i Macoto 4 T NpOXoanTb
cTpy™m cunoto 10 A. BusHauTte iHAYKLUito (MOAy/b i HAMPSM) MarHiTHOrO Mosd, B AKOMY
Tpeba po3MiCTUTM NPOBIAHUK, LWL06 cuia TSHKIHHSA 3piBHOBaXKMIacs cuioo AMnepa.

129. AKunii MarHiTHWM NOTIK MPOHU3YE NAOCKY NMPSAMOKYTHY M/IOWWHY AOBXUHO 50 cm
i WwmpunHoto 30 cM, KOMU MarHiTHa iHAYKLiS CTaHOBUTL 2 T/, @ BEKTOP MarHiTHOT iH—
OYKLUIT yTBOPIOE 3 HOpPMasI/It0 A0 NAoWwmnHu KyT 90°, 45°, 0°?

130. MNMnockunii KOHTYpP, NA0LWa AKOTr0 AOpPiBHIOE 25 cM2, 3HaXO04UTbCHA B O4HOPIAHOMY Mar—
HiTHOMY Moni 3 iHAyKuiet 0,04 Tn. BusaHaute MarHiTHUIM NOTIK, WO NPOHU3YE KOH—
Typ, SKLULO MOro naowuHa yreoptoe KyT 30° 3 NiHIiSMU iHAYKLIT.

131. ENeKTPOH, KU Mae LWWBUAKICTb BfliTae B ogHOpigHe MarHiTHe mone,
nepneHAMKynapHe o HanpsaMy Moro pyxy. IHAYKLiS MarHiTHOro nons cTaHOBUTHL

Bu3HauTe pagiyc KPpMBM3HW TPAEKTOPIT efleKTpoHa i Moro goueHTpose
NMPUCKOPEHHA.
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132. TpaeKTopisa eNleKTpoOHa € Ayrow Kona pagiycom 10 cm. IHAYKLUiS MarHiTHOro nons
Bur3HauTe WWBMAKICTb pyXy eNeKTpoHa i nepiof Moro o6eptaHHS.

133. B ogHoOpigHe MarHiTHe nose 3 iHAYKUieo 10 MTn nepneHANKYNSpHO 40 NiHiW iHoQYK—
Lii BNiTae eNleKTpoH, KiHeTU4YHa eHepria skoro 30 keB. Bu3HauTe pagiyc KpUBU3HU
TPaeKToOPiT pyxy efleKTpoHa y noni.

134. ENeKTpOH pyxaeTbCA B O4HOPIAHOMY MarHiTHOMY moni, iHAYKUiA akoro 4 mTn. Bu—
3Ha4yTe nepios o6epTaHHA e/leKTPOHa.

MAIMHITHI BJIACTUBOCTI PEHOBUHWN.
MATHITHUIA 3AMNC ITHPOPMALLIT

MarHiTHe Nosle CTBOPIETLCSH HE TiIbKU €IEKTPUYHUMU CTPyMaMu, a i nocTin—
HUMW MarHiTamMmun. MNoOcCTiViHIi MarHiTV MO>XXHa BUFTOTOBUTU TiNlbKK 3 HeBaraTbox pe—
YOBWH, ase BCi Ti pEYOBUHU, BMilleHi B MarHiTHe nosjie, HaMmarHi4yTbCcsa, TO6TO
camMi CTBOPHIOTb MarHiTHe nosie. ToOMy BEKTOP MarHiTHOT iHAYKLiT B s oAHoOpig—
HOMY MarHiTHOMY cepefoOBU LI Bigpi3HAETbCA Big BeKTOpa y Tilh camiin Touui
npocTopy Yy BaKyyMi.

Ansa xapakTepuCcTUKU BNAWBY cepefoBuLLa HAa MarHiTHY B3aeMO/il0 CTPyMiB
(To6TOMarHiTHUX B1aCTUBOCTEN PeYOBUH) BBOAATL MOHATTA BiAHOCHOT MarHiTHOT
MPOHUKHOCTI PEYOBUHN. AKLW,O MarHiTHa iIHAYKLisi B cepeOBULL i JOPiBHIOE a
y BaKyyMi Leli camMunii CTPyM CTBOPHE IHAYKL IO TO BiAHOLWIEHHA

MpupogHoO, WO BifHOCHA MAarHIiTHA MPOHUKHICTb PEYOBUHW € BENIMYNHOO 6e3—
po3MipHOIO.

3anexHo Bif 3Ha4YeHHA BiAHOCHOT MarHiTHOT MPOHMUKHOCTI BCi PEYOBUHUN MOX—
Ha MOAINUTWM Ha ABi rpynu: 1) napamMmarHeTUKuM, ANa AKuUX 2) piamarHeTuku,
ANs AKUX 3rifHO 3 pi3HNUMMN 3HAYEHHAMMN BiAHOCHOT MarHiTHOTNPOHNKHOC—
Ti pe4yoBMHU No[pisHOMY NOBOAATLCHA B MarHiTHOMY MOJIi.

Monekynun napamarHeTUKIiB MalTb BiAMiIHHI Big Hynsa BAacHi MarHiTHi Mo—
MEHTW.

AKUWL,0 MarHiTHe NMone BiACYTHE, TO L4i MOMEHTU PO3MilleHIi XaOTUYHO, TOMY BEeK—
TOp HaMarHiYeHHSs AOPIBHIOE HY/IO.

AKWOo B MarHiTHe rnoJsie BHECTN NapaMarHeTMK, TO MarHiTHIi MOMEHTW OKPeMUnX
aTomMiB abo MO/iEKY/1 OPIEHTYIOTbCA 32 HANPAMOM MNOA TakK, WO B/lacHe nose na—
pamarHeTuka 6yge nigcuaoBaTy 30BHILWHE MarHiTHe nosie, TO6TO 30BHILUHE Mar—
HiTHe Mone 6yae nigcnnioBaTUCA. AKLWO TaKU ePpeKT iCHYE, TO BiH Ma€e Besinke
3Ha4vYeHHH | NepeBary Haj giaMmarHeTU3MOM.

TennoBuih pyx aTOMIiB i MOJIeKy/n PYyWMHYE B3aEMHY OpPIieEHTALil0 MarHiTHUX
MOMEHTIB MOJIEKY/l, TOMY HaMarHidyeHiCTb MapamMarHeTumKa 3aneXxuTb Big Tem[]
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nepaTtypu, i BifHOCHa MarHiTHa nmpo—
HUKHICTb MapamarHeTuKiB cnagjae
i3 36inbWeHHAM TemnepaTtypu. Big—
HOCHa MarHiTHa MPOHWUKHICTb Napa—
MarHeTuUKIiB, sK i giamarHeTukiB, He
3aneXknThb Bif IHAYKLUIT 30BHIWHbLOrO
MarHiTHoro nonsa. NapamarHeTukamu
€ NY>XXHIi MeTann, KUCeHb, aaloMiHIn,
nnatuHa.

AiamarHeTKuM, BMilWeHi B MarHiT—
Henose, HaBNaku, NOCNab/IlOTLOrO.
Lle nocnabneHHA MOXHa MOACHUTU
BUHUKHEHHAM Yy fiiaMarHeTUKY BHYTPILUHbLOIO MarHiTHOro noJsia, HanpsAMJeHoro
NpPOTWN 30BHIWHbLOINO MarHiTHOro nmonsd. [lo giamarHeTUKIB HanexaTb Mal>e BCi
rasmn, migb, 3010710, cpi6bno, anmas, rpadit Towo.

PisHuyo y HamarHiyyBaHHIi napamMarHeTuKIiB i giaMmarHeTUKIiB Nerko BUABUTU
AKICHO, cnocTepiraoyn noBefiHKY PeYOBUH Y CU/IbHOMY MarHiTHOMY Mnoni.
Migsicumo, Hanpuknag, Mi>XK MoAKOCaMUN CUNbHOTO e/IeKTPOMArHiTy CTEpPXXEeHb i3
rpadity i 30pieHTYyeMO ioro B340BX nonsa (man. 71).

YBIiMKHEMO efneKTpPOMAarHiT B eneKkTpomMepeXy. [padiToBuii cTepXeHb
noBepHeTbCS B MarHiTHOMY NoONi i BCTAHOBUTbLCA MepPneHAUKYNAPHO A0 Aoro
NiHIW iIHAYKLYIT. Lle MOXXHa NMOSACHUTM TUM, WO Nifg Yac HaMarHiYeHHS CTePXXHSA Ha
Moro KiHUsIX BUHUKalOTb MarHiTHI mnontocn, ogHOMMEHHI 3 6IMXUYNMU MoK camMu
30BHIWHbLOIO €eNeKTPOMArHiTy, i CTep>XXeHb BUWITOBXYETbLCSA 3 MarHiTHOro nons.
Oco6n1MBO YiTKO BUAHO BULWITOBXYBaHHSA AiamMarHeTuka 3 MarHiTHOro nons,
AKLWO MiX NontcamMmuy efieKTpoOMarHiTy 3ananutu cBivky. Masm nonym's matoTb
piamMarHiTHi BNlacTuUBOCTI, | TOMY MOAYM'SS BULWITOBXYETbLCA MAarHiTHUM MoOJieM.

FpaHMYHMM BUNagKoOM napamarHeTmsmy € depomarHetmsam. MarHiTHa
NMPOHUKHICTb 6iNbWIOCTI hepomMarHeTMKIB 3a 3BMYaAWHUX TeMrnepaTyp BUMIpO—
€TbCA COTHAMU N TUCAYAMU OAMHWULbL, a AESAKUX crnewlialbHO BUFOTOBAEHMUX
(pepomMarHeTUKIiB — MOXe gocsaratm ogHOro mMinbioHa. Lle o3Hauyae, wWo y
(hepomMarHeTMkax BHYTPIilLWHE MarHiTHe Mosie MOXe B COTHI W Tucaui pasiB
nepesuvLlyBaTn 30BHILWWHE MarHiTHe none. Hanpuknaj, AKWO B KOTYLWKY BCTaBUTK
cTaneBe oceppAs, TO 3a TaKoi caMoi CUIM CTPYMY B KOTyLWLi MarHiTHa iHAyKLiA
noss 3pocTe B COTHI pasiB. Lo pepomMarHeTUKIiB, KpiM 3anisa, HanexaTb HiKesb,
Ko6anbT, ragoniHin, geAki cnnaBu i XiMiYHI CNONYKW.

depomMarHeTUKM MaloThb Le pAg BNacTUBOCTEW, AKIi iCTOTHO Bigpi3HAOTbL IX Bif
pialCl napamarHeTukiB. XapaKTepHO 0CcOo6NmMBICTIO (hepoMarHeTUKIiB € cKnagHa
3a71eXHIiCTh IHAYKUIT BHYTPIWHLOIrO NONSA HamMarHiyeHoro depomarHeTmMKy Bif
IHOYKUIT 30BHIWWHBOro NoJsis HaMarHiuYym4unx CTpyMmiB.

Ona dpepomarHeTUKIB XxapakKTepHa BflaCTUBICTb, AKY HasuWBalTb FiCcTepe3ncom.
CyTb iT nondArae B TOMy, WO NPoOLECcCU HaMarHi4YeHHs i po3mMarHiyeHHs NPoxoAAThb
HeofHaKoBO. ®epoMarHeTuk, sKUii NnepebyBaB y MarHiTHOMY noni, 36epirae nesHe
HamMarHiyeHHsa HaBiTb Yy pasi BigcyTHoOCTI nonsa. NpuknagomMm LUbOro MOXYTb 6yTKH
MNOCTIMHI MarHiTn.

BaXXKO yABUTU CyyacHY pajioeneKTPOHiKy 6e3 efleMeHTIB i3 WUTYUYHUX depomar—
HeTUKIiB — pepuTiB. 3 HUX BUTOTOB/AIOTLCA aHTEHU, OCePAA KOIMBa/IbHUX KOHTYpPIB
TaTpaHchopmMaTopiB. LLUIMPOKO BUKOPUCTOBYOThL (PePUTOBI MOCTIiViHI MarHiTu.

Man. 71
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Be3 mMarHiTHMX MaTepianiB He MOXHa YySABUTWU cy4dyacHi mMeToau 3anucy iHjop—
Mauii. TUNOBMUM MPUKIAZOM MNPUCTPOK ANA 3anucy Ha MarHiTHIA nniBui €
MarHiTodoH. Y ubomy anapaTi BUKOPUCTOBYETbLCA cneuianbHa NniBKa, NOKpuTa
TOHKUM LWapoM epomMarHiTHOro martepiany. 3MiIHHUW eNeKTPUUYHUNA CTPyM Bij
nigcnnoBavya Hagxo4uUTb y chneyianbHy 3anmMcyloyy rosioBKYy, WO Ma€e KOTYLIKY 3
epoMarHiTHMUM ocepasaAM, B SKOMY € By3bKa wWinnHa. MNMpu NnpoxoaXXeHHi cTpymy
KOTYLWKOK B WiNNHI TONOBKWU 3'ABNAETLCA MarHiTHe nosfe, MarHiTHa iHAyKUiA
AKOTro 3MiHI0OETbCA. Konn nniBka NpoxognTb Hajg FOMIOBKOK, Ha Hili 3anmnmwaeTbes
HMU3Ka HaMarHiYeHUX [iNsHOK, BigMNOBIAHMX 3MIHHOMY CTPYMY, SSKWUW MOJAETLCA B
ronosky. MNMpwu BigTBOpPEHHI 3BYKY BigbyBaeTbCsl 3BOPOTHUM NMpoLec: HamarHiyeHa
CTpivuka 360yA>Kye B MarHiTHii ronoBuyi eNeKTPUYHI CUrHann, AKi nicnsa nigcuneHHs
HagxoaaTb Ha gUHaMiK. Mofi6bHUIK QisnyHUA Npouec BigbyBaeTbCcA Mif yac 3anucy
iHpopMauyii Ha oUCKY BiHYecTepa B cy4YacHoMYy KomMmn'toTepi.

Bigomo, Wo K 3eMna NOPOAXKYE MarHiTHe Nose, TakK i KOXEeH XXUBUI OpraHism
yTBOpPIOE Take nosne. ICHyBaHHA MarHiTHOro Noas BM/MBAa€E Ha OpraHiaM NOAVUHN,
a camMe, BUKAMKAE 30yAXKEHHS aTOMIB | MOMeKyn i 3Ha4YHi 3MiHW Ha aTOMHOMY piB—
Hi, 30iNbWye aKTUBHICTb MONEKYN i Nnpuckopte meTabonisam knitTuH. Kpim Toro,
pPO3WUNPIOE KPOBOHOCHI CYAUHWN, 3HUXYE 3ropTaHHS KPOBi, NiATPUMYE 34aTHICTb
TpOMOGOLUWNTIB TPpUMATMCA pa3oM i 36inbLUYyE CNOXMBAHHA KUCHIO. MOXHa ckasa—
TW, WO 3a BiACYTHOCTI MarHiTHOro Nonas Tifio NIOANHN Ta IHWUX XUBUX OpraHiz—
MiB 6yae mMaTu ceprio3Hi Npo6aeMun 3 NpaBUNbHOT po6oTK.

Ko>xHa KniTuHa, TKaHuWHa, opraH Haworo Tifla reHepye eneKTpoMarHiTHe norne,
uo nepebyBae B rapMoHil 3 MarHiTHMUM nonem 3emni i B3aemopgie 3 Kocmocom. Cbo—
rogHi Ha MarHiTHe nojse Hawoil NJaHeTVW BNAMBAE BeNMYe3Ha KiflbKICTb LWTYYHUX
nonie. Lle cnoTBoptoe Hawe 6ionone, i BOHO NepecTtae HOpMasbHO PYHKLIiOHYBaTW.

1. flka BenM4MHa XxapakTepun3ye MarHiTHi BNacTUBOCTI cepefoBua?
2. fAki Tina Ha3uBalTb (hepomarHeTnkammn?

3. 3 AKO0 MeTOol 3aCTOCOBYIOTh (hepomMarHiTHi matepiann?

4. Yn BNAMBAE MarHiTHe NoOJie Ha XMBi opraHiammn?

JocnimkeHHss B3aEMogil peYoBMHU | MarHiTHoro nons. Y 1837 p. M. dapapgeii no-
KasaB, L0 He nuue 3ai30 i cTasb BUABNAKTb MarHiTHi BNacTUBOCTI: NOAiIOHI BNacTMBOCTI,
X0M i B 3HAYHO MeHLWIil Mipi, XxapaKTepHi Ansa BCix pevyoBUH. MigBilLyO4YN Ha TOHKUX HUTKax
MiXK MositocamMn CUIbLHOTO MarHiTy HeBE/IMKi CTepPXXeHbKN Pi3HMX PeYOBUH, yYeHuin nobda-
YMB, WO CTEPXXEHbKU, BUTOTOBNEHI 3 OA4HUX PEYOBMH, PO3MILLYIOTbCS B HanpsAMi Big no-
nca go nontwca. Ui Tina ®apageii HasBaB napamMarHiTHUMM (3 rpey. napa — y3noB>K).
Taki, Hanpuknag, metanu, AKastoMiHili, MaHraH, nnatuHa. CTep>XeHbKM X 3 iIHLWNX pe4yoBUH
po3MilyBanncb NnepneHanKynsipHo A0 fiHil', Wo crnosiydyae marHitTHi nontocu. ®apageii Ha-
3BaB ixX giamarHiTHUmMu (3 rpey. gia — ynonepek). Taknmu BUABUAUCH Miab, cpi6no, 30—
noTo, BoAa, BiCMYT i iHWi. Lli cami BnacTuBoCTi MaloTb A61yKO, XNi6, M'sco.

PeuyoBuWHU, AKi 3a4aTHI CMNbHO HamarHivyBaTucs, ®apageii Ha3BaB (hepoMarHiTHUMU
(6ykBanibHO — 3anisomarHiTHUMK). Lie — 3ani3o, ctasb, YaBYH, Hikefb, KOGaNbT N iHLWI.

JocnigXyrum MarHiTHi BNacTUBOCTI Pi3HUX pevyoBUH, ®apageit [iilloB BUCHOBKY, WO
BOHW MaloTb HEOAHAKOBY «MarHiTHY MPOHUKHICTb». BUABNAO4YM 04HY 32 04HOIO MPUXOBaHI
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TaeMHULi Nnpupoan, BiH BCe BinbLue i Binblue CXMAsaBCA 4,0 Takoi AYMKN: «Bci cunmn npupo-
OV MOXYTb MepeTBOPOBATUCSA O4HA B O4HY».

JlaBHA cynepeyka MK YYHEHUMW MPO NPUUYNHY BUHUKHEHHS e1eKTPUKN B rasibBaHiYHUX
6aTapesx 3akiHUnnaca NPURHATTAM TOUYKM 30py Papages: «XiMiyHa fif pO34YNHIB Ha Me-
Tasn, a He Mwe NPOoCTe CTUKAaHHA a60 KOHTaKT MeTasliB, BUK/TMKAE €/TIEKTPUYHUIY CTPYM. Y
ranbBaHiYHMX baTapesax XimiyHa eHepria NepeTBOPIOETLCS B €/IEKTPUUHY».

EJIEKTPOMAIMHITHA THAOYKUIA.
3AKOH ENEKTPOMAIHITHOT IHAYKLIT

AK BaM BifOMO, eNeKTPUUYHE MNOJle CTBOPIOETHLCHA eNeKTPUUYHMUMU 3apagjamu,
a MarHiTHe Nojle — PyXoMMMMN 3apsAfamMm, TO6TO eIEKTPUUYHUM CTPYMOM. Mix
HUMW iCHYE Ay>Xe TICHMI B3aeMO3B'A30K. MarHiTHe none, wo 3MiHIOETbLCSA B
yaci, NOPOAXKYE eNeKTPUUYHE NMOJse, a 3MiHHe efleKTPMYHe NoJsie NOPOAXKY€E Mar—
HiTHe. Be3 UbOro 3B'A3KY MIiXX MONAMN Pi3HOMAHITHICTb BUSABIB eNleKTPOMarHiT—
HUX CUI He byna 6 TaKOK WIMPOKOK, SKOK BOHa € HacnpaBpgi. He icHyBano 6 Hi
pagioxBunb, Hi cBiTna.

Mepwwnii BUpiWanbHUM KPOK Yy BIiAKPUTTI HOBUX BNacTUBOCTeN enekTpomar—
HITHUX B3aEMO/ii 3pO06MB OCHOBOMO/OXHWUK YSABNEHb MPO efleKTpPOMarHiTHe none
M. dapapgeini. BiH 6yB yneBHeHUIN B €AVUHIN NPpUpoOAI eNeKTPUYHUX | MarHiTHUX
apuly. 3aBAsakuM ubomy dPapageint 3po6umB BiKPUTTH, L0 NeXNUTb B OCHOBI 6ya0BU
BCiX reHepaToOpiB eNeKTpOCTaHLil CBiTy, AKi MepeTBOPIOOTb MeXaHiYHY eHeprito
B €HEpPrito eNeKTPUYHOIO CTPYyMYy.

Lle BigkpunTTAa 6yno 3pobneHe 29 cepnHsa 1831 p. 1 oTpumMano Ha3By siBULLa
efleKTPOMAarHiTHOT iHAYKUIT.

ABnuie eneKTpomMarHiTHOT iHAYKLUIT dapagei gocnigXXysaB 3a LOMOMOTOHO
L0BOX i30N1bOBaHUX OAHAa Bif OAHOT APOTAHMUX cnipaneii, HaMOTaHUX Ha fepeB'AHI
KOoTywkun (man. 72). OgHy cnipanb 6yno 3'egHaHO 3 rajsbBaHiuYHOlO 6aTapee€to, a
APYry — 3 ralbBaHOMeTpPOM, AKWUI peecTpye cnabki CTpyMu. ¥ MOMEHTU 3aMU—
KaHHSA | po3MMKaHHSA Kofa nepLlloi cnipani cTpifika rafibBaHoMeTpa B Koni gpyrofi
cnipani Bigxunsnack.

BukoHaBwwn 6e3niu gocnifgis, Papagein Bcta—

HOBUWB, WO B 3aMKHEHUX MPOBIAHUX KOHTypax
eTeEKTPUYHUIN CTPYM BUHUKAE TilbKU TO[i, KONu
BOHW pO3MilWleHi B 3MIHHOMY MarHiTHoOMy noni,
He3aNleXXHO Bif TOro, AK3MiHIOETbCA 3 YAaCOM MOTIiK
iHAYKLIT MarHiTHOro nons.

IHAYKUiMHNA CcTpyM y KOTyLWLi 3 MeTaneBoro
APOTY BUHNKAE TAKOXK Mif Yyac 3MiHU CUNM cTPpyMy Man. 72
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B APYrii KOTyLW i, MarHiTHe MNofie SKOT MPOHMN3YE MepLlly KOTYLWKY. IHAYKLIiAHWNA
CTPYM BMHUKAE TAKOX Mif Yyac pyXy KOTYL KW BiJHOCHO HEPYXOMOTO MOCTIMHOTO
MarHiTy. SKuWwo 3'egHaHa 3 ralbBaHOMeTPOM KOTYLWIKa pyXaeTbCcA MNOBiIbHO B
ooHOpigHOMY MONi, TO IHOYKLINHNIW CTPYM He BUHMKAE, 60 KiNbKiCTb CUNOBUX
NiHINM, WO NepeTMHAaKTb KOTYLWKY, BeECb YaCc 3a/lMWAETLCA HE3SMIHHOIO.
MosABaeneKTPMYHOro CTPYMY B 3aMKHEHOMY KOHTYPIi Nig 4ac 3MiHU MarHiTHOTO
nons, Wo Woro NMPpoHWU3ye, CBIAYNTb NPO Ait0 B KOHTYPI CTOPOHHIX cun HeenekTpo []
CTaTUCTUYHOT Npmupoan abo Npo BUHUKHeHHA EPC iHAYyKUiT. ABuLa efekTpomar—
HITHOT IHAYKLIT KiIbKICHO ONMCYIOTb HAOCHOBI BCTAHOB/IEHHSA 3B'A3KY MiXK EPC iH—
OYKUIT i MAarHIiTHUM NOTOKOM. Lia BenuumHa 3anexxXunTb Bif 3Ha4YeHb BEKTOpPa He B Of—
HilA TOULi, aBYyCiX TOYKaX MOBEPXHIi, 0O6MeXXeHOT MTIOCKUM 3aMKHEHVUM KOHTYPOM.

MpunynHa BUHUKHEHHSA IHAYKLUIVWHOINO CTPyMYy Nonsrae, neplw 3a Bce, B TOMY,
U0 B 3aMKHEHOMY KOHTYpi cnoyaTKy BMH1MKae EPC, a BXe noTim nig i BNAAMBOM
Y KOHTYpi, onip AKoro R, npoxognTb iIHAYKUIWHUNA CTPYM — TaKUi, SKOro notpe—

6ye 3akoH Oma g MOBHOroO Kona Aocnign <dapagea nokasanwu,

uo cuna iHAYKLUIiMHOro cTpymy nponopuiiHa WBNAKOCTI 3MiHM MarHiTHOro NoTOKY

Yyepe3 NOBEPXHIO, O6MEXEHY KOHTYPOM:

Onip NpoBigHMKAa He 3aNeXWTb Bif WBUAKOCTI 3MiHMN

MarHiTHoro notoky. OTxe, TiIbKN TOMYy, LLO

EPC iHayKUii

3aKOH eNnleKTpOMarHiTHOT iHAYKLiT chopMynboBaHO came
ana EPC, ocKinbkun 3aTakKoro popmyntoBaHHSA BiH BUpaXae
CyTb ABMLLA, He3aNleXXHOT o Big BNnacTMBOCTEN NMPOBIAHUKIB,
Y AKUX BUHUKAE IHAYKLUINHWNA cTpyM. 3rigHoO i3 3aKOHOM
enekTpomMarHiTHOT iHAYKLiT EPC iHAYKUiT B 3aMKHEHOMY
KOHTYpi 4OPiIiBHIOE 3a MOAY/IEM LUBUAKOCTI 3MiHU MarHiT—
HOro NOTOKY Yepe3 MOBEPXHIO, L0 O6MeXXeHa KOHTYPOM:

Lis dopmyna onncye yHaamMeHTalbHUM 3aKOH NpUpo—
O — OCHOBHMUI 3aKOH efleKTpOMarHiTHoT iHAYyKLiT. Yac—
TO Uell 3aKOH Ha3MBakTb 3aKOHOM dapapges.

Mig yac npoBeAeHHSs focnifiB 3 eNeKTPOMarHiTHOT iH—
OYKLIT MOXHa MOMITUTU, WO CTpiNnkKa npunagy Bigxmns—
€ETbCSA TO B O4UH 6iK, TO B APYIrMiA, WO CBiA4YNTb MPO Pi3HI
HanpaMun iHAYKUinHOro ctpymy (man. 73, a, 6).
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Pociicbknii BueHuin E. JleHy 3acTtocyBaB [0 AiBULLA €/1eKTPOMArHiTHOT iH—
OYKLUIT 3aKOH 30epeXeHHs i nepeTBOpeHHS eHeprii i cdhopmynoBas nNpaBuno,
KOPUCTYUYNCb AKUM MOXHa BU3HAUYUTN HanpsaM iHAYKLUIAHOIo cTpymy.

MpaBunno JSleHua POPMYIOETLCA TaK:

MpaBuno fleHua € BUSABOM 3aKOHY 36epeXXeHHS i mepeTBOpPeHHS eHeprii B enek—
TpOMarHiTHUX Nnpouyecax. EHeprig iHAYKLWIiMHOIO CTPYMY B MPOBiAHNKY OPIBHIOE
TiA po60OTi, LLO BUKOHYETbHCA 3 NOA40MAaHHSA MPOTUAITMAarHiTHOIO Mo, CTBOPEHOTO
iIHOYKUIiIHUM CTPYMOM.

3acToCcyeMO Le npaBuao A0 3aKOHY efeKTpoMarHiTHOT iHAYKuiT. Ha man. 74
306paXxeHo 3aMKHEHUW KOHTYp. JogaTHUM BBaxaTUMeMO HanpsamM 06Xo4y KOHTY—
py NPOTW pyXy FrOAVMHHMUKOBOT CTPiNKN. HopManb 10 KOHTYpY 7l yTBOpIOE NpaBuii
rBUHT 3 HanpsmMom ob6xoay. Hexalh marHiTHa iHAYKLiA HanpsamMiieHa B340BX

HopMmasni 4O KOHTYpPY i 34acom 3pocTae. Togai

3rigHo 3 mMpaBunom JleHua iIHOYKUWIiWHWIA CTPYM CTBOPKE MarHiTHUM MOTIiK

Cwunosi NiHIT MarHiTHOTO MONA IHAYKLINHOIO CTPyMy 300pa>keHO Ha man.

74 wTpuxom. OTxe, ueit ctpymt 3arigHo 3 Npasunom ceepannka HanpamaeHuii 3a

PYXOM FrOOMHHUKOBOT CTPiNKM (NpoTn HanpamMy gogatTHoro o6xoay) i EPC iHoyK—

uii Big'emHa. Tomy B piBHSHHI efleKTpOMarHiTHOT iHAYKLiT Mae CTOATM 3HaAK Mi—
HyC, AKUI BKasye, WoO0 MalTb Pi3HI 3HaKWU:

AKLWO0 B 3'egHAHNX NOCNI4OBHO KOHTypax BigbyBaoTbCs O4HAaKOBI 3MiHW Mar—
HITHOTro NoToKy, To EPC iHAYKLiT B HUX gopiBHIOE cymi EPC iHAYKLIT B KOXHOMY
i3 KOHTYpiB. OCKiNIbKU 3MIHKETLCHA MarHiTHMM MNOTIK Yy KOTyLW i, WO CKlagaeTbCcA
iz N ogHakoBUX BUTKiB MpoBigHMKa, To 3aranbHa EPC iHaykuii 6yge B N pasis
6inbwoto Big EPC iHAYKLUIT B OKpPEMOMY KOHTYPpI:

PiBHAHHA MO>Ke HabyBaTu M iHWO—

ro BUrNA[y 3anexxHo Bif XxapakKTepy 3MIiHWM MarHit—
HOro MOToKy. [na BunagKy HecTalLioHapHOro mar—
HITHOro Nonf, KOAW BeKTOp IHAYKLIT MarHiTHOro
nonsd 3MiHIOETbBCA 3 YacOM 3a HEe3MiIHHMUX naouwi

KOHTYpY Ta AiOro opieHTauii

Man. 74

Ededwith  Infix PDF Ecitor
() -free for non-ommerdal use.

Toremove this notice, visi:
l wuwwicenicominlodkhtm


http://www.iceni.com/unlock.htm

Y pasi 3MmiHun opieHTauii nona (B [donst) abo 3mMiHM opieHTayii KOHTYpY B cTauio—
HapHoOMYy noni

ne — KYTU MiXX HOpMann 40 KOHTYPY i BEKTOPOM iHAYKLIiT B Mo4YaTKOBU
i KIHUEBNII MOMEHTMU Yacy.

AKLWO MarHiTHe none crtayioHapHe a opieHTaLUis KOHTYpPY HE3MIH—
Ha T0 EPC iHAOYKLiT MO>XXe BUHUKATWN BHACNIAOK 3MiHWN NOLWi KOHTY—

py, i1 po3paxoBylTb 3a POPMYNOHO:
—nNouwi KOHTYpY Ha Nno4yaTKy i HaNpuUKiHLi, HanNnpuknag, pyxy AiNgHKN KOHTYpY.

1. LUlo Take sABULLE eNeKTpOMarHiTHOT iHAyKUH?

2. Cchopmyntoiite npaBuio JleHua.

3. Lo Take iHAYKUiiHWIA cTpym?

4. Y YoMy MONAra€e 3akKOH eNeKTpPoMarHiTHOT IHAYKLii?

OOCNIAXXEHHAABUWAEJIEKTPOMATHITHOT IHAYKUIT

MeTa po60TU: eKCNepPUMEHTaNbHO BUBYUTU ABULLE €NEKTPOMArHIiTHOT iIHAYK—
LiT7, BCTAHOBUTWN BCi iICTOTHI 0CO6G/IMBOCTI UbOr0o ABMLLA, HABYNTUCb KOPpUCTyBaTU—
cAa npaBunom JleHua.

O6nagHaHHSA: KOTywKa, AyronogibHi marHiTu, miniamnepmeTp, AXXepeso no—
CTiliHOTrO cTpyMy, peocTaT, 3'€egqHyBasibHiI MPOBIAHNKMW.

Xig po6oTmn

1. MpuegHaTn 3aTUcKadi MiniamnepmeTpa A0 3aTUCKaYiB KOTYLIKN.

2. BctaBuTu OoAuH i3 NONtOCIiB AyronogibHoOro marHiTy BcepeguHy KOTYLIKMU,
O4HOYAaCHO crnocTepirarym 3a CTPiNKOK MiniamnepmeTpa.

3. NMOBTOPUTN CMNOCTEPEXEHHSA, BUTATalOUYMN MarHiT 3 KOTYW KW i 3MIHIOO4YMN
MNOMTIOCUN MarHiTy.

4. HamanwBatn cxemy pocnigy i nepeBiputn BUKOHaHHA npaBuna JleHua y
KOXXHOMY BuMagky.

MpumiTka. MpaBuno JleHua Tpeba MepeBipsaATU 3a TaKOK MOCAIAOBHICTIO.

— BuW3Ha4YNTWM HanpaM NiHIW MarHiTHOT iIHAYKLiT 30BHiWWHbOTO nona (NocTii—
HOro MarHiTy).

— 3'acyBaTtun, AK NOBOANTbL cebe MOTIK MarHiTHOT iIHAYKLiT 30BHILWWHbBOro Nonsa:
36iNbWYyeETbLCA UM 3MEHLUYETbCSH

— BCTaHOBUTWM HaMpaAM NiHIA iHAYKUWIT MarHiTHOro nons, CTBOPEHOTro iHAYK—
LiHUM CTPYMOM, WO BUHUK Y KOTywyi. LLi NiHIT 6yayTb HAaNpsMIeHi MpoTUiexX—
HO NiHIAM 30BHIWWHbBOIO NOMAA, AKLULO i NpaAMyBaTUMyTb 3a NiHIAMU 30—
BHIWWHbLOro NoNsA, AKLWO

— Bu3HauynTM HanpaM iHAYKLUIVMHOIO CTPYMY 3a NMpaBMIOM CBepA/MnKa.
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5. MoBiNIbHO BCTaBUTU B KOTYLIKY abo BUTATTW 3 Hel ABa MarHiTW, cknageHi og—
HOVMMeHHUMU nonwcamu. NMNoBTOpUTKM gocnig, 36iNbWINBLUN LWUBUAKICTb PYXy Mar—
HiTiB. 3'AcyBaTun, B AKUX BUMNagkKax cunaa iHOQYKLUINHOIo cTpyMy Ginbuwa.

Yepe3 OTBip KOTYLW KW Najae MarHiT. YUm 3 o4HaKOBUM MPUCKOPEHHAM BiH py—
XaTUMeTbCH B KOTYLWL i, AKWO KiHLI O6MOTKN O6yayTb 3aMKHEHI? AAKUW,0 BOHUN He
O6yayTb 3aMKHEHI?

IHOYKTUBHICTb. EHEPIN' A MAIMHITHOIO
MnosidA KOTYLWKMM 31 CTPYMOM

ABuMle eneKTpOMarHiTHOT iHAYKLIT cnocTepiraetbcsa B yCixX BMnagkax, Konu
3MIHIOETbCSA MarHiTHUM NOTIiK Yepe3 KOHTYp. NpoTe NpPOBIAHMK 3i CTPYyMOM Mnepe—
6yBa€ y B/laCHOMY MarHiTHOMY Noni, i AKW,O0 ue nose 3aMiHIOETbCA, TO B NPOBIigHUN—
Ky Mae 36yaxyBatucsa EPC iHAyKuii. BnacHe marHiTHe nosie Takoro nNpoBigHU—
Ka 3a/eXXnTb Bi CUMN CTPYMY B HbOMY, TOMY B pa3si 3MiHU CUAIN CTPYyMYy B KOi B
npoBigHNKY 36yaxxyeTbca EPC.

BuHnkHeHHs EPC y npoBigAHUKY Mig 4ac 3MiHW CUAUN CTPYMY B HbOMY cCaMOMYy
Ha3MBAa€ETbLCHA CaMOIHAYKLUI€EO.

Po3rnaHemo kono (man. 75), Ake cknagaeTbca 3 6atapei EPC, peoctata R, ko—
TYWKWN IHOYKTUBHOCTI ranbBaHomeTpa I i knoua K.

AKWO KOMO 3aMKHeHe, TO Mo ranbBaHomeTpy N i KOTyw i iHOYKTMBHOCTI L
NPoXoAnNTb eNeKTPUUYHUN CTPYM. Y MOMEHT PO3MUKAHHSA KOa CTpifika ralbBaHO—
MeTpa pi3KO BigXUNAETbLCA Y MPOTUMEXHUN 6iK. NpriynHa UbOro B TOMY, WO Npwn
PO3MMUKaHHI KONa MarHiTHUM NOTIK Yy KOTYLWLi 3MEHWYETbLCHA, CTBOPIHOKYM B Hil

EPC camoiHgykyii. CTpyM caMoOiHAyKLiT 3a npasBunom JleHua nmepewKoOgXXae
crnajaHHI MarHiTHOro MOTOKY, TO6TO BiH HaAaNpPsAM/IEHUN y KOTyLW i Tak caMo, K
i cnagHuW cTpym Llei cTpyM NOBHICTIO Mpo—

XOANTb Yepes3 rasibBaHOMETP, ase 3a HaMNpPsiMoOM,
MPOTUNEXHUM Hanpsamy

CaMOiHAYKLIiA — Le OKpeMWUii BUNagoK ABULL
efleKTPOMarHiTHOT IHAYKLUIT.
Mpadpik 3MiHM CUNN CTPYMY B KOJli B MOMEHT
pPO3MMKAHHA HaBedeHO Ha man. 76. CTpym no-—
CTYNOBO 3MEHLYETbCA Big 3HauYeHHA /, ake 6yno
nepej posMMKaHHAM, A0 HYNSA, Harpisamuu npu
LbOMY MPOBIAHUKUN. AKUWO 6 06MOTKa KOTyL—
K1 6yna BMUroTOB/leHa 3 HagMNpoBigHOro maTtepi—
any i 3akopo4dyeHa TakKMM caMUM MPOBIAHMKOM,
TOCTPYM Yy KONi icHyBaB 61 HECKIHYEHHO JOBTO. Man. 75
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OCKiNbKN CaMOIHAYKL IS — OKPeEMU BUNagOK ABU—
uia eleKTPOMAarHiTHOT iHAYKLiT, 3aKOH dDapajess MOXXHa
3acTocoByBaTu i AN BU3HadeHHA EPC camoiHOyKUii.
Mpuragaemo, WO MarHiTHUM NOTIK 4Yepe3 nNaowy, 06—
Me>XXeHY KOHTYPOM CTPYMY, MPONOPLWiAHWNK CUMi CTPY—
My. AivicHo, ® = BS, a marHiTHa iHAyKLifA nons, CTBO—
plOBaHOro CTpymMom, mponopuiiHa B ycix BuUmagkax
cuni cTtpymy, To06T0 B[Il OT)XXe, MOXXHa TBEPAUTMU, LLO

Man. 76 fe L — koedilieHT NponopuiiHOCTI MiX CUJ/I0I0 CTPY—
MYy B KOHTYpPi i CTBOPHOBAHMM HEO MOTOKOM MarHiTHOT

iIHAYKLIT yepe3 Lel KOHTYp.

IHOYKTMBHICTb MPOBiIiAHUKA B JaHOMY CepefoOBULLI BM3HAYAETbLCHA MOro po3mi—
pamun i popmoto. IHAYKTUBHICTb NPAMONIHINHOIO NpoBiAHMKA He3Ha4yHa, nNpoTe
BOHa 3pocTae, AKLWO 3 HbOTO 3pO06UTU BUTOK. IHAYKTUBHICTb KOTYLUKWN 3poCTae

3anunwemo dpopmyny ansa obumcneHHs EPC camMoiHAyKUiT:

AKWo popmMa KOHTYpPY He 3MIiHIOETbCHA, TO KoedilLieHT caMOiHAYKLIT € cTa—
nnm, ToAi

Takum ynHom, EPC camoiHayKLUiiB KONi nponopuiiHa WWBMAKOCTI 3MiHM cunin
CTPYMY B LbOMY KOi.

AKuwo TO TO6TO iIHAYKTUBHICTb — Le hi3nyHa BeiMumnHa, sika

BU3HavyaeTbca EPC camMoiHAyKLUiT, L0 BUHMKAE B KOHTYpPIi Yy pasi 3MiHU cunn cTpy—
My Ha 1 A3a 1l c.

3aoanHML0 iIHAYKTUBHOCTI B Cl 6epyTb oagnH reHpi (1 MH). 3 dopmMmynu BugHoO,
wo 1 reHpi — ue iIHQYKTUBHICTb MPOBigHMKA, B AKOMY MPW 3MiHI CUNN CTPYMY Ha
1 A3a 1l cBuHukae EPC camoiHayKuiT

EPC camoiHAayKUil, AiKa BMHMUKAE MNif 4Yac 3aMMKaHHSA | po3MMKaHHSA Kona,
B AeAKWUX BMMNagkKax MoOXe 6yTm AOCUTb 3Ha4YHOW. Yum 6inbwa iHAYKTUBHICTb
Kona, Tum 6inbwa EPC i cnnactpymy camoiHAYKLUiT. Ocb YHOMY B pa3i BUMUKaHHA
PYO6MNBbHUKIB, AKiIi PO3MMUKAKTb €/IEKTPUYHI KO/a 3 MOTY>XHUMWU efneKTpomar—
HiTaMWn, eneKTpogBuryHamu, TpaHcdhopmaTtopamm Ta iHWUMU MPUCTPOAMU 3
BE/IMKOI iIHAYKTUBHICTIO, MiX TX KOHTaKTaMun nponitae efeKTpuU4yHa ickpa, sika
iHOAI MO>Ke MepeiT B AYTOBUM po3psag i 3incyBaTtm py6umnbHMK. NMpUUYMHOK LbOToO
€ BUHUKHEHHS B KOJi HacTinbkym Bennkoi EPC camMoiHAYKLUIT, WO MiX KOHTakK-—
TaMun pybunbHMKa NMpo6UBAETbLCHA MOBITPAHUN MPOMIXOK. [Ond po3MMKaHHSA
TaKUX Kil KOPUCTYKOTbCA MacaaHUMUN BUMMMKaAYaMU | BXXUBAKTb IHLWI 3aCTepexxHi
3axogmn.
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MarHiTHe Nose HEPO3PUBHO 3B'AA3aHe 3 eIeKTPUYHUM CTPYMOM: BOHO BUHUKAE,
3MIiHIOETbLCA | 3HMKAE 3i 3MiHOI cunm cTpymy. OTXe, Mig Yyac 3aMMKaHHSA Kona
yacTUHa eHeprii gXxepena CTPyMy 3aBXAW BUTPavYaeTbCA Ha CTBOPEHHS MarHiTHOro
nonsi. ToMmy BOHO MOBMHHO MaTu eHeprito, Wo AOpPiBHIOE pOo60OTi, BUTpayeHill cTpy—
MOM Ha oro ctBopeHHs. CamMe eHepried MarHiTHOTO MOJIA MOSACHIOETHCA ABULLE
efleKTpoOMarHiTHOT iHAYKLUIiT, 30KpemMa caMoOiHAYKUil. ¥ pa3i 3aMmKaHHSA Kosa 3
A>kepenom nocTiiHOT EPC cnnacTpyMy He Bigpasy ocsira€ MaKCUMasabHOTNO 3Ha4YeHHs
(fke BU3Ha4vaeTbcA 3aKOHOM OMa), a NeBHUI Yac 3pocTa€e, OCKIiNlbKM YacTUHa eHeprii
AXkepena BUTpayaeTbCs B Leli 4ac Ha CTBOpPeHHS MarHiTHOro nons. LOCATHyBLUW
MaKCUMasibHOTo 3Ha4YeHHS, cula CTPYMY B KOJi BXe He 3MiHIWEeTbcA. Mpu ybomy
MNOCTiIAHWUM CcTa€e i MarHiTHe MoJsie CTPyMy, MOro eHepris TeXX He byae 3MiHOBaTUCA.
[ kepeno cTpyMy BUTpayae eHeprito nuile Ha NigTpMMaHHSA NOCTiINHOT CUIN CTPYyMY,
i LS yacTuHa eHepril NepeTBOPIKETLCA Y BHYTPILUHIO eHEpPrilo NpoBigHUKIB, TO6TO
BUTpayaeTbCA Ha IX HarpiBaHHA. lMig yac po3MMKaHHSA KOfa MarHiTHe nose cTpymy
3HMKAaE, O4HaK 3rifHO i3 3aKOHOM 36epe>XeHHS eHeprii Moro eHepris NepeTBOPHOETLCA
B eHEpPrilo CTPYyMy CaMOIHAYKLUiT, AKN NiACUNIOE CTPYM, L0 BUMMUKAKOTh.

TakvM UMHOM, SABULLE eNeKTPOMAarHiTHOT iIHAYKLIT 'PYHTYETbCA HA B3aEMHUX
nepeTBOPEHHSAX €HepPrii eNeKTPMYHOIO CTPYMY | MarHiTHOroO Nons.

EHeprito MarHiTHOIoO NOMA KOTYLW KW iIHAYKTUBHOCTI MOXXHa 3HaTn, BUXO4A4n 3
TakmMx MipKyBaHb. Hexal nicna po3MUKaHHSA Kosla CTPYM 3MEHLUYETbLCA 3 YacoM 3a
NiHINHUM 3aKOHOM. ¥ uboMy pa3i EPC camoiHAYKLiT Ma€e Take MOCTiliHe 3HAYEeHHS.

ne l — yvac, 3a AKNI cuna cTpymMy B KON NiHINHO 3MEHLWIYETLCA Bif MOYAaTKOBO—
ro 3HavyeHHsd fp,o 0.
3a uer yac y Kosli NpoxXxoauUTb eNeKTPUYHUIN 3apajg

Mpwn ybomy po6oTa €EIEKTPUYHOTO CTPYMY

Lla po6oTa BUKOHYETbLCSA 3@ paxyHOK eHepriT MarHiTHOTro nons KOoTYWKW iHOyYK—
TUBHOCTI.
EHeprisa MarHiTHOro Nonsa KOTYWKW iHAYKTUBHOCTI AOPIBHIOE MOMOBUHI

1. lllo Take caMmOiHAYKLisA?

2. Y 9KNN MOMEHT iCKPUTb PYyBUIBHUK: Nigvyac 3aMMKaHHSA Y pO3MUMKaHHSA Kona? Yomy?

3. Wo Take iHOYKTUBHICTL?

4. HaBegiTb OA4NHNL,I iIHOYKTUBHOCTI.

5. Kono, sike micTnTb gpkepeno nocTinHoi EPC, 3aMKHy 1. Ha L0 BUTpayaeTbCsa eHeprisn
aXepenapgoinicna BCTAHOB/EHHA MOCTIMHOT CUAN CTpyMy?
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Po3B'a3yemMo pa3om

1. BepTuKanbHWi 3ani3HUA UMNIHAPUK, MigBiLUEHWI Ha AUHaAMOMETpPi, HamarHiTunm
TaK, W06 Moro niBHiYHUN nontoc 6yB 3Bepxy. LinniHApuK po3micTnnm Ha ogHaKoOBI
BiACTaHi Big ekBaTopa: mepwuii pa3 y niBHIYHIN NiBKyni, opyrnin — y niBgeHHIin. Konn
nokasm gunHamomeTpa 6ynmu 6inbwi?

Po3B'sAA3aHHA

MepLwwnii pas, TOMy WO HaNpsm CUIN TSHXKIHHA 36iraeTbca 3 HaNPAMOM CK/1a40BOT NMpu—
TAraHHA UUNiHApUKa MarHiTHUM nonem 3emiii.

2. fAAkuin 3apsag nporige Yepe3 nonepevyHUin nepepiz 3aMKHEHOroO MPoOBiAHMKA OMOPOM
10 OmM npw 3MiHI MarHiTHOro nNnoToky Big 35 o 15 mB6?

Po3B'A3aHHA

Mpw 3MiHI MarHiTHOro NOTOKY B MPOBIAHNKY BUHUKae EPC iHayKLiT
OCKiNbKV NPOBIAHNK 3aMKHEHWI, TO Yy HbOMY Byae TEKTU CTPYM CUJOLO

Pa3om 3 uum, cuna cTpymMy AOPiBHIOE 3MiHI 3apsgy 3a OAVHULIIO Yacy:
3Bigcu

MigctaBMBLWMN 3HAYEeHHS BigOMUX (PiISYHNX BEIMYNH, OTPUMAEMO:

3. KoTywKy ay>Ke Manoro onopy Ta iHaAyKTUBHICTIO 3 H nig'egHaHoO J0 AXXepena cTpy—
My, EPC akoro 15 B i gy>ke manunii BHYTpiWHI onip. Yepe3 AKMii iHTepBan 4dacy cuna
CTPYMY B KOTYLULLI AOCATHe 3HayeHHsA 50 A?

Pos3sB'aAsaHHA

3a3akoHoM Oma 419 MOBHOI0 Kona — noBHa EPC y koni, uo gopiBHIOE
Ans uboro BunagkKy cymi  — EPC mxepena i €3 — EPC camMoiHAyKLiT, iKa BUHUKaE nicns
nig'efHaHHA KOTYLWIKN A0 AXepena:

EPC camoiHayKLuiT BU3Ha4YaeTbcsa 3a GOpmMynoto BpaxoBylouun nonepegHi
CNiBBi4HOLIEHHSA, OTPMMAEMO 3a ymMoBOlO 3agadi onopwu ayxe
masi, Tomy 3BigKM MOXXHa BU3HAYUTU LUBUAKICTb 3MiHW CTpy—
My a noTiMm — 4ac, NoTpi6HWI 4Na 36iNbLIEHHS CUIX CTPYMY A0 3HadeHHs 50 A:

3pobuBLIM po3paxyHKu, oTpumaemot = 10 c.

135. Lo cTaHeTbCA, KOMW A0 eKpaHa TesieBi3opa, AKMi npautoe, nigHecT MarHiT? NMosAcHITh.
135. YHomy nonsipHe CAMNBO CNOCTEPIraeTbCs B OCHOBHOMY B MOASIPHUX paioHax 3eMHOT Ky i?
136. Yomy Koprnyc KomMnaca BUroTOBSAOTb i3 M1acTMacu, natyHi, alntoMiHito, ane He i3 3aniza?
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137. YoMy MarHiTohoHHY NMiBKY HE pEKOMEHAYETbLCS 36epi—
ratm nobnmnsy npunagis, ki MiCTATb eNeKTpoMarHiTnu?

138. MarHiTHa iHAyKuisa y 6pycky metany gopisHtoe 0,75 Tn,
aiHAYKLis 30BHILLHBOr0 HAMarHi4YeHOoro Nonsi 4OpiBHIOE
0,0375 Tn. AKy BigHOCHY MarHiTHy NPOHUKHICTb Mae
mMeTan?

139. Akoi popmu nparHe HabyTu 3aMKHEHW NPOBIAHUK, MO
AKOMY Teye CTpPym?

140. B ogHoOpigHOMY MarHiTHOMYy Mosi NocTynanbHO pyxa—
€TbCA MPOBIAHUINA KOHTYpP. UM BUHMKae EPC iHAYKUiT
Y KOHTYpIi, AKLW,0 MarHiTHe none: a) ogHopigHe; 6) He—
ogHopigHe?

141. 9IK B3aEMOSIOTb CYCiAHI BUTKM COJMIeHOTAa, KON MO HUX Man. 77
Teye CTpym?

142. Y 3aMKHEHOMY BUTKY ApPOTY, L0 Mae onip
MUTTEBE 3HAYeHHA IHAYKLINHONo CTpymMy CTaHOBUTb
5 A. Adka EPC iHayKuii?

143. MpAamMuii NpoBiIgGHUK [OBXWHOK 35 CM NMepeTUHaEe ogHO—

pigHe mMarHiTHe none 3i WBMAKICTIO 6 M/C nepneHan—
KYNSIpHO A0 NiHi MarHiTHOT iHAYKLiT. CaM MpoBigHUK
TaKOX NeprneHAVNKYNAPHUA A0 NiHIA MarHiTHOT iIHAYKL,iT.
Bu3HauTe iHAYKLiHO MarHiTHOIO NOJA, AKLL0 MiXK KiHLUS—
MW MpOBigHMKA BUHUKAE Pi3HMLUA noTeHUianis 12 mB.

144, BusHauTe pi3HMUIO noTeHUianiB, AKa BUHUKAaE MiX
KIHUAMW KpWA niTaka rnpm ropns3oHTanbHOMY MOAbOTI
3i wBuakictTio 1200 km/rog, AKLWO po3Max Kpun 40 m,

a BepTuKasbHa CKagoBa iHAYKUiT MarHiTHOro nons Man. 78
3emni gopiBHoe 50 MKT.

145. MNMpoBigHe KinbLe MICTUTbCA B MarHiTHOMY Moni, NiHIT
IHAYKLiIT AKOro nepneHANKYAPHI 40 MIOWWHN KiNnbus.

AKN HaNpAM Ma€ iIHAYKLUiVHWI CTPYM Mif vac 3pocTaH—
HA MarHiTHoOT iHayKuiT (man. 77)?

146. MpoBigHe Kinbue nepebyBae y MarHiTHOMY Mnoni, AiHIT
IHAYKUIT SKOro nepneHANKyYNApHI Ao Kinbusa (man. 78).
36inblIYETBCA UM 3MEHLUYETbLCHA MarHiTHa iHAyKLis,

AKLWO IHAYKUIMHWA CTPYyM Mae Hanpsm, BKasaHU Ha
MasTloOHKY?

147. BnsHauTe Hanpsam cui, AKi 4itoTb Ha NpoBigHe Kinbue
(man. 79, a, 6), AKWO IHAYKLIiA MarHiTHOro nons:

a) 36iNbWYETLCA; 6) 3MEHLUYETbCA.

148. 3a 2,5 mnc MarHiTHUI NOTIK, AKNI MPOHM3YE KOHTYP,
piBHOMipHO cnagae Big 10 go 5 mB6. BusHaute EPC
IHOYKLUIT B KOHTYPpI.

149. ¥ KOHTYpi nNpoBigHuKa 3a 0,3 ¢ MarHiTHU NOTIK 3Mi—

HuBCA Ha 0,06 B6. AAka WBUAKICTb 3MiHM MarHiTHOro
noTtoky? Aka EPC iHAoYyKLiT B KOHTYpIi?

150. MarHiTHWI NOTIK, WO NPOHUN3YE KOHTYpP NPOBigHUKA, Man. 79
piBHOMIpHO 3MiHUBCA Ha 0,6 B6 Tak, wo EPC iHaykuii ctana gopisHoBatn 1,2 B.
Bun3HauTe yac, NpOTArom SAKOro 3aMiHIOBaBCA MarHiTHUM NOTIiK.

151. Bu3HauTe iHAYKTUBHICTb KOTYLUKMN 3 OCepAsaM, SKLL0 NpU WBUAKOCTI 3MiHN CUIKn
cTpymy 50 A/c y Hi 36yakyeTbecsa EPC camoiHaykuii 20 B.

152. 3 AKOI WBMAKICTIO 3MIHIOETLCSA CUAa CTPYMY B KOTYLLLI iHAYKTUBHICTIO 120 MIMH,
SAAKLLO B Hihi BUHUKae EPC camoiHayKL,iT 6 B?
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153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Mpw piBHOMIpPHIV 3MiHI B KOTyLWILi cuam cTpymy Big 5 go 10 A Bnpogosx 250 mc y
Hill BUHMKae EPC camoiHayKuii 2 B. Aka iHAYKTUBHICTb KOTYLUKN?
Y koTyuwyi, iHQYKTUBHICTb SAIKOT cTaHOBUTL 0,6 MH, cuna cTpymy 20 A. AKy eHeprito
Ma€e MarHiTHe nose yiei KOTyWwKn? AK 3MIHUTbCHA eHepria MarHiTHOro nons, Konum

cuna CTpymy 3MeHLUUTbCA BABIYI?

Mo o6moTUi coneHoiga iIHAYKTUBHICTIO 0,2 H Teue cTpym cunoto 10 A. BusHauTte

eHeprito MarHiTHOro Noss coneHoiga.

CTpyM SKOT CUIM Ma€e NpoxoanTm B o6MoTLi Apocensd 3 iHAYKTUBHIcTIO 0,5 MH, wo6

eHepris gopiBHoBana 10 O>k?

Br3HauTe eHeprito MarHiTHOro cosieHoiga, B SKOMY npu cuni ctpymy 10 A BUHUKae

MarHiTHuX noTik 0,5 B6.

AKLLO0 Y MarHiTHe Nosie NOTpannTb e/IeKTPOH, BEKTOP
LWBUAKOCTI AKOro NepneHANKYIApPHUK 40 Hanpsamy
MarHiTHOro nons, To BiH pyXxaTUMeTbCs MO KOMOBIN
TpaekTopii. JoBegiTb Le.

Y macl[chekTpomeTpi 04HOPa30BO MOHI30BaHa 4Yac—
TUHKa pyXxaeTbcsa 3i wBuakKicTio 956 kKm/c No Koy
piametpom 20 cM B O4HOPIAHOMY MarHiTHOMy noni,
iHAYKUis akoro 0,1 Tn. BusHauTe macy YaCTUHKWN.
3anaseHnm CipHMKOM po3XkapTe ronky i Habnmsb—
Te i 4O CTpPiNKM KomMnaca. Pe3ynbTart gocnigy nosic—
HiTb.

Bu3HauTe MarHiTHy MPOHUKHICTb HiKeN, KoOau
BiJOMO, L0 MarHiTHUM MOTiK P15 AKNIA MPOHUIYE
noro nepepis, y 2,4 pasa MeHWWI Big MarHiTHOro
noToky d2, AKNN NMPOHUN3YE TakKUil camuin nepepis
ctani. MarHiTHa NPOHUKHICTb cTani 670.

Y cKinbKK pasiB NigCUNNTbCA MarHiTHe Mosne B ce—
pPeAnHi KOTYLUKMW 3i CTPYMOM, SKLLO B KOTYLLKY BBEC—
TV cTanese oceppna?

Mi>x montocamMmuy MarHiTy pyxaeTbcsa NMpoBigHUK. 3a
HanpssMOM KMOro pyxy i HanpsAsMOM iHAYKOBaHOI B
HboMy EPC Bu3HauTe nontocu marHity (man. 80).
Mix montcamMmy MarHiTy pyxaeTbCs MNPOBIAHUK Yy
Hanpsami, BKazaHoOMy Ha man. 81. BusHauTe Hanpsam
iHOyKOBaHOT y npoBigHUKY EPC.

3aMKHEHW BUTOK ApOTY 3HaxoaAuTbca 6ins nposig—
HuKa 3i ctpymMmom (Man. 82). Um 6yae BUHUKaTU Yy NMpo—
BiAHWKY CTPyM, AKLLO0: a) obepTaTy BUTOK HaBKOJIO
oci, L0 NpoXxoanTb Yepe3 NpPoBigHUK; 6) obepTaTn Ha—
BKOJI0 OCi, MapasiesibHOT MPOBiAHUKY; B) 06epTaTn Ha—
BKOJ10 OCi, MepneHANKYASAPHOT 40 MPOBIiAHUKA; ) py—
XaTu NoCTynasibHO NnapasesibHO NPOBIAHUKY; I') pyXxa—
TV NMOCTyNanbHO MepPrneHANKYNAPHO A0 NPOBigHMKaA?
Peliku 3ani3aHM4YHOT KONiT i30/1b0OBaHI ogHa Big ogHOT
i Big 3emni. No ynx perikax ige NoTAr 3i WWUBUAKICTIO
20 m/c. BepTukanbHa CKnagoBa MarHiTHOro nons
3emni BiiCTaHb MiX pelikamu 1,54 m. Lo
NnoKaXke MiniBonbTMeTp, NMPUEAHAHUN A0 PeroK?

Maui. 82

(]
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Man. 83 Man. 84

167. Ha napanenbHi ropu3oHTa/bHI peiikmn nogaHo Hanpyry, i no npoBigHUKYAB (man. 83)
Tedve cTpym cunoto /. Iig giero marHiTHOro NONsA NPOBIGHUK PyXaeTbCs 3 MPUCKOPEH—
HAM a. BnsHauTe iHAYKLU IO MarHiTHOro nons, AKLW,0 rn/olia rnornepeyHoro nepepisy
npoBigHMKa JOPIBHIOE S, a rycTuHa MmaTtepiany NpoBigHMKa p. TepTa He BpaxoByBaTu.

168. UM NOACHIOETbLCS HarpiBaHHS LWMaTKa MeTany, Lo nepebyBae y MmarHiTHOMY nori,
AAKe LUBUAKO 3MIiHIOETbLCA?

169. Tpu ogHaKoOBI LWUTA60BI MarHiTV NagatoTb B O4HAKOBOMY MOJIOXKEHHI 3 TIiET XX BUCOTMU.
OpavH nagae BifibHO, IHLWWIA Nig Yac NagiHHSA MPOXOANTb KPi3b HE3aMKHEHW COeHO—
A, a TpeTi Kpi3b 3aMKHeHUI coneHoig. MNMopiBHATKM yac nagiHHA marHiTie. Bignosi—
Oi 06r'pyHTyBaTM Ha OCHOBI NpaBuna JleHua Ta 3aKOHY 36epeXXeHHs eHeprii.

170. ¥ 3aMKHEHOMY BUTKY, BUTOTOB/IEHOMY i3 a/IlOMiHIEBOT APOTUHUM 3aBAOBXKU 10 cm
i nonepe4yHoro nepepisy 1,4 MM2, MarHiTHU NOTiK 3MeHWYyeTbcA Big 10 o 5 mB6
ynpogosx 5 c. AkKa cuna cTpymy, iHAYKOBaHOIO Yy BUTKY?

171. MarHiTHUI NOTiK Yepe3 KOXKeH i3 50 04HaKOBUX BUTKIB KOTYLLKU CTaHOBUTL 100 mB6.
Mipg yac rioro piBHOMIPHOro 3MeHLWeHHS BNPoAoBX 10 Mc y KOTyLw Ui BUHUKae EPC
200 B. [0 AKOro 3Ha4eHHs 3MEHLUYETbCA MarHiTHUN NOTIK?

172. MarHiTH1I NOTiK Yepe3 KOHTYpP 3aMKHEHOro npoBigHMKaonopom 30 MOwM 3a 2 € 3mi—
HIOETbCA Ha 12 mB6. fAka cuna cTpymy, WO NPOTiKae y MPOBIAHMKY Nif yac Liel 3mi—
HW, AKLWO0 MarHiTHM NOTiK 3MIHIOETLCA PIBHOMIPHO?

173. KoTywka, Aka mae 1000 BUTKiB, nepebyBae y MarHiTHOMY noni. MarHiTHuUi NoTik,
IO NMPOHU3YE BUTKN KOTYLUKWU, 3MIHIOETLCA Ha 2 MB6, AKLW,0 cuNa CTPyMy B KOTYLL —
Li 3MiHIOETBCA Ha 16 A. AKa iIHOYKTUBHICTb KOTYLUKMN?

174. Mg 4yac 3pocTaHHSA CcUAn CTPyMy Yy KOTyLiui Big 1 o 2 A ynpogosx 10 mc y Hili BU—
Hnkae EPC camoiHaykuii 20 B. AKa iHAYKTUBHICTb KOTYLWWKU? AKNIA MarHiTHUIA no—
TiK MPOHMN3YE KOTYLIKY B MOMEHT 4Hacy, KON cuna cTpymy ctaHOBUTb 1,5 A, AKLWW,0
BOHa mae 200 LWinbHO HaMOTaHNUX BUTKIB?

175. KoTywka, onip AKoi ctaHOoBUTb 50 OM Ta iHAYKTUBHIcTb — 0,001 MH, po3milieHa B
MarHiTHomy noni. INig yac piBHOMIPHOT 3MiHM MarHiTHOIO NOJIA MNOTIK Yepe3 KOTyLU—
Ky 3pic Ha 1000 B6, i cuna cTpymy y KoTywili 36inbwimnnaca Ha 0,1 A. Aknii 3apsag
NPoOWLLIOB 3a Lel Yac Mo KOoTyLLi?

176. KoTywka, sika mae 1000 BUTKiB, NnepebyBae y MarHiTHOMy noni. MarHiTHW NoTik,
AKNI MPOHU3YE BUTKN KOTYLLUKU, 3MIHIOETbCA Ha 2 MB6, AKLLO cuia CTPyMy B KO—
TyLwiLli 3MiHIOETbCA Ha 16 A. AKa iHOAYKTUBHICTb KOTYLWKN?

177. Mig yac 3MiHW CUNN CTPYMY B KOTYLILi, IHAYKTUBHICTb AKOT 0,11 NH, y 5,13 pasa
eHepria mMarHiTHOro nons 3miHuNaca Ha 16,2 ). BusHauTe no4yaTKOBi 3HaYeHHA
eHepril Ta cunn cTpymy.

178. ConeHoipg 3aBAoBXKU 50 cm i giametpom 0,8 cm mae 20 000 BUTKiIB Mig4HOro NpoBo—
4oy i nepebyBae Mig NocTiiHOK Hanpyrow. BnsHayute yac, NpoTAroMm SKOro B 06mMoTu,i
coneHoifga BUAINNTLCA Taka KinbKIiCTb TENNOTU, AKa 6yae AOpiBHIOBATU eHeprii mar—
HITHOro NosiA B CONEHOIAI.

179. Akwnii 3apsag npolige vyepes pe3nucTop (man. 84) nicna po3MmKaHHA Kada? EPC
oKepena BHYTPIiLWHIK onip r= 1,5 OM, iHOYKTUBHICTb KOTYW KU L =0,2 MH,
ornopw pe3ncTopis OnopoM KOTYLLUKW MOXHa 3HexXTyBaTWu.
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SMIHHVN CTPYM. FEHEPATOP 3MIHHOIO CTPYMY

AKUW O eneKTpUYHe KOO Nig'egHaTn Ao gxepena 3sMmiHHOT EPC, Ha eneKTpoOHM
B NMPOBIAHMNKY MOYHEe [iATWN 3MiHHa cuna, AKa NPpUMYCUTb iX nepemiwatnca. Mpn
LbOMY PYX e/leKTPOHIiB byJe TOUHO NoBTOpPOBaTU XapakTep 3mMiH EPC.

3MiIHHNV CTPYM 3a XapakKTepoM 3MiH CUAN CTPYMY MOXXe 6YyTU Hallpi3HOMaHIT—
Hiwnm. Halibinblw BaXNUBUMM € CTPYMU, CUMA AKUX 3MIHIOETbCSHA 3a rapMOHidy—
HUM 3aKOHOM, TO6GTO 32 3aKOHOM CMHYCa YN KOCUHYcCa.

Po3rnsiHeMo 3aMKHEHMW KOHTYp naouwet S B 04HOPiIAHOMY MarHiTHOMY noni,
iHAYKLiA sKoOro KOHTYyp piBHOMipHO 06epTaeTbCs HABKOO OCi 3 KyTO—
BOt wBuakKicTio (0 (man. 85).

MarHiTHUM NOTIK, SKUN NMPOHU3YE KOHTYpP, BU3HA4YaeETbCA 3a POPMYIOHO

— KyT MiX BEKTOPOM HopMani /i A0 NAOWMHMN KOHTYpPY i BeK—
Topom

Y npoueci piBHOMIpHOro o6epTaHHA KOHTYPY KyT MOBOPOTY a 3MIHIETHCA 3 Ya—

COM 3a 3aKOHOM a MarHiTHUM NOTIK, AKN MPOHN3YE KOHTYP, 32 3aKOHOM

Y 3aMKHEHOMY KOHTYpi BUHMKae EPC iHayKuUiTl 3HayYeH—

Hs K0Ty MEeBHUIW MOMEHT yacy 6yfe BM3HayaTmcs 3a popmMysiok

Ak BunnuBae 3 popmynum, EPC iHAYKUIiT, W0 BUHUKAE B 3aMKHEHOMY KOHTYpI,
y npouyeci Moro piBHOMipHOro obeptaHHa B O4HOPIAHOMY MarHiTHOMY MoJi 3Mi—
HIOETbCSA 3 YacOM 3a 3aKOHOM cuUHYyca (man. 86).

EPC iHAayKLUiT MmakcumanbHa npwu , TO6TO NpM

Man. 85 Maui. 86
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AKLL0 TaKUH KOHTYP 3aMKHYTW Ha 30BHILUHE KOJIO, TO MO KOJIYy MPOXOAUTUME

CTPYM, CUMa i HaNpPsM siIKOro 3MiHITbCH.

MunTTEBE 3HAYEHHS 3MIHHOTO CTPYMY, IO MPOXOAUTb aKTUBHUM OMOPOM  BU—

3Ha4YnmMo 3a 3aKoHOoM Oma:

ae ClamMnniTygHe 3Ha4YeHHS CUIN CTPYMY.

Po3rnaHyTuii npuHumn ogep>XxaHHsa EPC nexxuTb B OCHOBI 6yaoBu OinbwocTi
TEXHIYHUX IHOYKLINHNX reHepaTopiB 3MIHHOIO CTPyMy. AKLWO BUTOK poO3pixe—
MO i KiHLi MOro 3'egHaemMoO 3 KiIHUAMM 30BHILLHBOTO KOJ/la3a 4OMOMOTO0 ABOX i30—
NbOBaHUX OAUH Bif OA4HOTO Kineub, SKMMMN KOB3akTbh WIiTKM 30BHIWWHbLOIo Konia
(man. 87), TO OTPMMAEMO CXeMYy HaMMPOCTILIOro reHepaTopa.

36ypa>kyBaHi B mocnifoBHO 3'egHaHnX BUTKax EPC gopatoTbcsa. Tomy anda ogep—
XXaHHA Bennkoi EPC y npoMMcnoBMX reHepatopax KOHTYp, AKUN obepTaeTbca y

MarHiTHOMY Moni, cKfagarwTb 3 MOCMIAOBHO
3'eAHaHNX BUTKIB ApPOTYy, HamMOTaHOro Ha
tepomarHiTHe ocepasa. Togi EPC, 36yaxxeHa
y TaKOMy reHepaTtopi, AOpiBHIOBaTnme

Ha man. 88 306paxeHO HanpocTiwy
CXeMy reHepartopa 3MiHHOFO cTpymy. Y
pamui, Aka ob6epTaeTbCA B MarHiTHOMY
noni, BUHMKae amiHHa EPC iHayKUii. AKuwo
KO0 3aMKHYTWN, TO B HbOMY MPoOXoAnTUMeE
3MiHHUA cTpyM. I3 30BHILWLWHIM KONOM paMKa
3'€eAHYETbCA KiNbUAMM, 3aKpiNnAeHUMU Ha
OfHIV Oci 3 paMmKO. 3a 0a4MH 06epT pamMmKu
MNONAPHICTb WIiTOK 3MiHIOETbCA ABiYi. LLLo6

Man. 88

(]
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36iNbWNTN HANPYTY, AKY 3HIMalTb 3 K/IeM reHepaTopa, Ha paMKn HaMOTYOTb He
O4WH, a 6araTo BMTKIB. Y BCiX MPOMMUCAOBUX reHepatopax 3MiHHOro CTpymy Bu-—
TKW, B SKUX IHAYKYETbLCA 3MIHHWUA CTPYM, YCTAaHOBNIOKOTb HEPYXOMO, @ MarHiTHa
cuctema obepraeTbcs. Hepyxomy 4YacTWMHY reHepaTopa Ha3vWBaWTb CTaTOpPOM, a
pyXomMy — poTOpOM. AKLWO poTop o6epTaty 3a LONOMOTOI 30BHILWHLOT CUAU, TO
pa3om 3 poTopoM o6epTaTUMeETbCH | MarHiTHe none, sike BiH CTBOPIOE, NPU LLbOMY
B MPOBigHMKax cTaTtopa iHAYKyeTbcs EPC.

EnekTporeHepatopu, AKi npautooTb 3 rigpotypbiHamMmun, Has3mBalTb rigporeHe—
patopamu, a Ti, WO NpayllTb 3 Nnaposumm TypbiHamu, — TypboreHepaTopamu.

1. W0 Take 3MiHHWUIT CTPYM? AKMMUK 3aKOHaMU BiH ONUCYETLCA?
2. UWo take amnnitygHe 3HayeHHA EPC iHAyKuii?

3. fAkuit npMHUMN po60TKM reHepaTopiB 3MiHHOIO CTPyMy?

4. Ak Bu3HauvaeTbca EPC iHAyKUji, WO BUHMKAE Yy reHepaTopi?

Haili6inbw BaknMBMMW A8 MPaKTUYHOrO 3a-
CTOCYBaHHSA € npaui netepbyp3bkoro akagemika
B. C. Ak06i 3i CTBOpPEHHA eNeKTpOABUTYyHa 3
obepTanbHUM pyxoMm fikopsA. Y TpaBHi 1834 p.
BiH CKOHCTpPYlOBaB CBill mepwunii enekTpoaBu-
ryH, kmii mas (man. 89) asi rpynu Mmogi6HMX
e/leKTPOMarHiTiB; 0f4Ha 3 HUX po3TawoByBanacs
Ha HEPYXOMiil pami, a iHWwa — Ha gUCKY, KU Mir
obeptatuca. [xepenom XWBNEHHA cryrysana
6aTtapesa ranbBaHiYHUX enemeHTiB. OOGMOTKMU
e/leKTpOMarHiTiB Hepyxomoi pamun 6ynu 3'egHaHi
nocnigoBHO, i CTPyM 06TiKaB ix yBeCb Yac B 04HO-
My HanpsMi. Hanpsm cTpymy B efneKTpoMarHitax
Ha AWCKY BeCb Yyac 3MiHIHOBaBCHA 3a [ONOMO-
rol cneyianbHOro KoMyTtatopa OpuUriHaabHOI
KOHCTPYKLUIii. Lle 06yM0oBtoBano 3mMiHy NOASIPHOCTI
LUMX eNeKTPOMarHiTiB, aix B3aemogist (NpuTaraHHs
i BiglITOBXYBaHHA) CTBOpIOBasna obepranbHUm
MOMEHT. Takuii enekTpoaBUTryH MaB MOTYXHICTb
6113bkKo 15 BT, TOGTO Mir nigHiMaTy BaHTaXK Macoto
4—5 Kr Ha BMcOTy npn6aun3Ho 30 cm 3a 1 c. lMpo
cBoOt poboTty B. C. fAkob6i AonoBiB Ha 3acigaHHi
Mapun3bkoiakagemii Hayk 1 rpyaHsa 1834 p. 3BicTka
npo Moro BMHaxig WBMAKO po3feTinaca no BCiX
KpaiHax.

MparHyuyn 36iNbWNTN NOTYXHICTb Ma-
wuHu, b. C. Ako6i cTBOPUB €NeKTPOABUTYH
34Bo€eHOro tuny (man. 90), akuini maB 24 He-
pyXoMux enekTpoMarHiti i 12 pyxommx npsammx
€eNeKTPOMAarHiTiB; NMPUHUMN A4iT MalUUHK 3annLlaBs-
CSl TaKuM camuMm. 3MiHa KOHCTPYKLii, npoTe, He
npueena A0 3HAYHOrO 36iNbLIEHHA MOTYXHOCTI.

Man. 90 A ToMmy $Ko6i po3noyaB MOLYK NPUHLMUMNOBO HO[]
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BOrO BMPpillEeHHA Uiei npobnemu, i B 1838 p. gocar
mMeTH.

Y 1837 p. amepukaHCbkuin TexHik T. JeBeH []

nopT nobyaysasB eNekTPOABUIYH, WO npawioBas 3a
NMPUHLUMNOM B3aEMOAIT PyXOMUX €NeKTPOMArHiTiB 3
HEPYXOMUMM MOCTikHMMN MarHitamu (man. 91). BiH
CKnafaBCs 3 YOTUPbLOX XPEecTOoNnoAi6HO pOo3MilLeHnx
eNeKTpoMarHiTis 1—4, 3akpinieHux Ha fepeB'sHOMY
ONCKY, L0 XOPCTKO 3B'A3aHUIi 3 BEpPTUKabHUM Ba-
noM. EnekTpomarHiti po3millyBannucs BcepenmnHi ABOX
HaniBKPyrnAnx nocTiiHuXx marHiTiB 5 6. Ha oco6nusiii
nigctasyi 6ynu 3akpinaeHi migHi nnactuHm 7 i 8,
po3aineHi nocepeauHi i30n4Ui€0; 0O HUX Ni4BOAMBCS
CTpyM Big 6aTapei enemeHTiB. OgHa napa NnocnigoBHO
3'efHAHMX e/IeKTPOMaArHITIiB Mana MPYXWUHAYI KOH- Man. 91
Taktn 9i 10, a iHWwa napa — Taki X KOHTakTn 11 i 12.
MonsApHiCTb eNeKTpoMarHiTiB 3MiHIOBanacs 3a ,0nomMo-
roto komytatopa. suryH eseHnopTa 6yB 6inbLl KOM-
NakTHUM, HiK MawmnHa Ako6i, 3aBAAKN PO3MILLEHHIO B
OJHI MNOWWHI PyXOMMX i HEPYXOMUMX MArHiTiB, xo4a
3amiHa efleKTPOMarHiTiB MOCTIMHMMW MarHiTamu i 6yna
KPOKOM Ha3af, OCKiflbKW MarHitTy maroTb BE/INKY Bary i
34aTHi po3mMarHiyyBaTumcs.

Y cepeauHi 1837 p. 3a npono3uuieto b. C. Ako6bi,
AKWIA nparHys A0 NPakKTUYHOTO BUKOPUCTAHHSA
eneKTpoaBUryHiB, y Pocii 6yna ctBopeHa «Kowmicis
ANA NOCTAHOBKW [OCAIfAIB i3 MPUCTOCYBaHHA
eNeKTPOMarHiTHOT CUAn 40 pyxy MallnH 3a CNoCco60om
npodecopa Akobi». 3rigHo i3 3agyMKaMu, eNeKTpoaBU-
ryH 6yB HabGinbLW 3pyYyHN 418 BOAHOIO TPAHCMNOPTY
(BiH MaB 61 3aMiHUTY BaXKWA, TPOMI3AKMIA | NOXeXoHe [
6e3neyHnin ona pepeB'aHOro cyaHa NnapoBWiA ABUTYH i
BYFiNIbHWI BYHKEP [0 HbOT0), aToMy 0 cknagy Komicii
yBiwAn pasom i3 E. NleHuem ta M. WinniHrom, npea- Man. 92
CTaBHMKM MOPCLKOTO BiJOMCTBa Ha Yo/l 3 afMipasiom
I. Kpy3eHwTepHom. Kowmicia oTpumana gnsa gocnigis 60T, wo Bmiwas 12 nacaxupis i 6yB
po3paxoBaHuii Ha 10 Becnsapis.

CnouaTky b. C. flko6i nponoHyBaB BCTAHOBUTW Ha 6OTi eNeKTPOABUIYH KOHCTPYKLiT
1834 p., nomicTUBLLY IiOr0 Ban ynonepek cygHa, a Ha KiHUAX BaJly po3TallyBaTtu rpibHi Ko-
neca. NpoTe enekTpoABUTyH 3aimas ayxe 6arato micus. b. C. Akobi noyas 3anmartuncs
pO3p06KO HOBOT KOHCTPYKLT, Wo 6yno ycniwHo 3asepweHo y 1838 p. (Mogenb ogHoOro
enemMeHTa Takoro enekTpoasuryHa f9kobi (KoHcTpykuis 1838 p.) HaBegeHO Ha Man. 92). BiH
3aMiHMB MONOXEHHS MarHiTiB i po3micTuB nNo 20 ABUTYHIB Ha ABOX BEPTUKa/IbHUX Banax.

Y KOHCTpPYyKLii 3HalLW/a NpakTU4YHe 3acToCcyBaHHA npono3unuisa T. leBeHnopTa, a came,
po3TaloByBaT HEPYXOMIi i o6epTanbHi MarHiTM B OAHIA naowwuHi. He gnBnaymce Ha
36iNbLIEHI PO3MipN eNneKTPoABUIyHa MO BepTUKani, HOro MoxHa 6yno 3pyyHo 3akpinnTu
Ha cyfHi. Bunpo6yBaHHA nokasanu, Lo efIeKTPOABUTYH LiIKOM NpuAaTHUA ans pyxy 6oTa,
ane 3aBASKM XUBIEHHIO CTPYMOM Bif, ranbBaHiuHux 6atapeii BapTicTb Npoisay 6yna npu-
67113HOo y 25 pasiB 6inblia Big BapTOCTi Li€iX po60TN, BUKOHYBaHOT NapOBO MaLUMHOI0.
TakuM YMHOM, MUTAHHA NPO BMKOPUCTAHHA €NeKTPOABUTyHA BUSBUNOCH 3aN€XHUM Bif
CTBOPEHHA EKOHOMIYHOIO reHepartopa efeKkTpuyYHOoi eHeprii.
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I3 eneKTPOABUTYHIB, WO OTPMManu 3acTtocy-
BaHHA y 50—60 [XIpokax XIX CT. MOXHa BKa3aTtn Ha
MalunHy paHuy3bKoro iHxeHepa M. PpomaHa
(man. 93), ska BMKOpMUCTOBYBanacsa gns npuee-
OEHHA B A0 ApyKapcbkux BepcTaTiB. Oco6mBicTb
YyCTaHOBKU: LWICTb Nap enekTpomMarHiTiB po3Ta-
WoByBanAn No KoMy, a Ha AKOpi 3akpinatsanu
mMeTaneBi MNacTUHW, WO npuTtarysanucsa abo
BIALUTOBXYyBa/IMCA eleKTpOMarHiTamu (Ha MatoHKy
[OBi BEPXHi Mapn He nokasaHo).

OfHMM i3 cCepMO3HUX HeLONIKIB LET i nonepeaHix
KOHCTPYKLili €NeKTpOABUTYHIB 6yna HEMOCTIAHICTb
06epTasbHOr0 MOMEHTY: Y 3B'A3KY 3 NO3MiHHUM
NPUTATaHHAM Ta BifWTOBXYBAHHAM MarHiTiB Ais
€e/1eKTPOoABUTYHIB Byna nMowToBXonoAi6Howo, Wwo
6yno manonepcnekTMBHUM A1 3aCTOCYBaHHSA ix
Ha npakTuu,i.

Man. 93 MepLnin KPOK 4N NikBigaLii LbOro HeAoMiKy 3p0-
61B MONOANN ITaNiACLKNIA y4EHWIA, 3ro4oM npodiecop
¢hizvkn BonoHcbKoro i MMi3aHCLKOro yHiBEpCUTETIB,
A. MayiHOoTTi. ¥ 1860 p. BiH CKOHCTPYOBaB e/1eKTPO-
OBUTYH i3 KifIbLLEBNM SIKOPEM i NPaKTUYHO NOCTINHUM
obepTasibHMM MOMEHTOM (Man. 94): OCHOBHI geTari
Li€l yCTaHOBKN — AKip 7 | enekTpomarHiti 2. FAkip i3
cTani MaB hopMy KinbLga i3 3y6uaMu, 3a LONOMOT O
NaTYHHUX CNULb BiH MPUKPINIOBaBCSA Ha BEPTUKASIb-
HOMy Basly. Mix 3y6LAMM Ha KinbLie HamoTyBanncs
KOTYWKN 3, KiHUi AKX BMBOAUANCA OO NNACTUH
KOMIeKTOpa, PO3MILLLEHOrO Ha HWXHI YaCTuHI Bana.
O6MOTKM eNneKTPOMarHiTiB BMUKancs NocnifoBHO i3
06MOTKaMu iKops, TO6TO MOXHa ckasaTw, Lo Le 6yB
nepLUnii eNeKTPoABUrYH i3 MOC/ILOBHUM 30y KEHHSAM.
YuyeHwii Bka3yBaB Ha MOX/IMBICTb MePETBOPEHHS CBOET
MallnHW B reHepaTop. BifoMocCTi npo enekTpoasuryH

Man. 94 MauiHoTTi 6ynu ony6nikoBaHi B 1836 p., npoTe npo
iieto KinbLeBoro akops sraganv nuie yepes 10 pokiB.

TPAHC®OPMATOP. BUPOBHNLTBO, MNMEPEOAYA
TA BUKOPUCTAHHSA EHEPTIT ENEKTPUYHOIO CTPYMY

OAHIi€E 3 BaXIUBUX MepeBar 3MiHHOINO CTPYMY Haj MOCTIAHUM € Te, WO cuny
CTPYMY i HaNpyry aMiHHOTO CTPYMY MOXHa B HalLUWMPLLUMX MeXXaxX NepeTBopoBaTHr
(TpaHcthopmyBaTtn) 6€3 iCTOTHUX BTpPaT MNOTYXXHOCTIi. [AnA 3MeHLWeHHS BUTpaT
eneKTPUYHOT eHeprii B NiHIAAX enekTponepejay cUNy CTPYMY B HUX 3MEHLYHOTh,
a Hanpyry 36inbWy0Tb 0 COTEHb TUCAY | BiNnblie BONbT, @ B MiCUAX CMIOXWUBAHHA
eNeKTpPOoeHeprii Hanpyry 3HMXyTb A0 HEOOXiAHWUX 3HayYeHb (Ccuna cTpyMmy npu
LbOMYy BigNOBIAHO 3pOCTaE).
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93

Man. 95

Ynepwe TpaHcdopmMaTop CKOHCTpytBaB y 1878 poui poCiicbKU BYEHWN

M. M. A6no4ykoB, a Ha no4dyaTkKy XX cT. lioro BgockoHanue npodgecop C. M. ¥Ycall

TUih i Nnpodecop Kuniecbkoro yHisepcutetry M. WM. [oniso[[1o06poBOALCHKUIA.
TpaHchopMaTop cCKNafaeTbCcs i3 3aMKHEHOro ocepasa 3 gepomMarHeTuKa, Ha ASKOMY
po3miwyoTb ABiI (iIHKONM 6inblle) KOTYWKN Yy BUrnaai o6mMmoTtok 3 gpoty. OaHy
06MOTKY, AKY BMUKaIOTb Y AXXepeno 3MiHHOT Hanpyrm, HasmMBalTb NEePBUHHOIO,
APYry O6MOTKY, A0 AKOT NPUEAHYIOTb «HaBaHTaXeHHSA», W0 CNOXNBAE eHepPTilo,
Ha3uBakTb BTOPUHHOW (Man. 95).

B ocHoBY po6oTm TpaHcdopmaTopa NOK/AafAeHO ABMULLe e/leKTPOMarHiTHOT
iHAYKUIT. Po3rndaHemo npuHumn gii TpaHcopmaTtopa. Hexal Ha BXig TpaHcgop—
MaTopa nogaeTbcsA 3MiHHa Hanpyra . B ocepgi TpaHcthopmaTopa BUHUKAE 3MiH—
HUMW MarHiTHWMW NOTiK, AKNWN MPOHU3YE K MEPBUHHY, TaK i BTOPUHHY 0OMOTKM
TpaHcdopmaTopa. Y MepBUHHIN | BTOPUHHINW 06MOTKax BiAMNOBIAHO BUHUKAOTh
EPC camoiHayKLii:

ae — KIiNbKiCTb BUTKIB MEPBUHHOT | BTOPMHHOT O6MOTOK.
BusHaummo Hanpyrm Ha BXOfAi i BUxogi TpaHcdopmartopa:

ae — BiAMNOBIAHO ONOPMW MEPBUHHOT I BTOPMHHOT 06MOTOK TpaHchopmMaTopa;
— CUNU CTPYMIiB, AKI MPOXOAATb MO NEPBUHHIN | BTOPUHHIN 06MOTKaX.
Po3rnaHemo BUNagoK, KONm BTOpMHHa 06MOTKa pO3iMKHeHa, To6TO (xo—
nocTtuini xig). TexHiIYHI TpaHcopMaToOpy KOHCTPYHIOTb TaK, W06 BUKOHYBanachb
yMoBa TO6TO O6MOTKMW TpaHCcoOpMaTopa MaloTb HEBENIMKUI aKTUBHUN
onip, ane BeAUKY iHAYKTUBHICTb. [NMoginveBwuy no4yseHHO ogHe Ha ogHe PiBHAHHSA
Hanpyr, oTpumMaemo

Lle BigHOWEHHA Ha3MBalTb KoedilieHToOM TpaHcdhopmauii k:
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AKuwo TOo TpaHcchopmaTop 6yae 3HUXYBalbHUM, SAKLLO — nigsn—
wyBanbHUM.

TpaHcchopmaTop NMepeTBOPOE 3MIHHUM eNeKTPUUYHUIK CTPYM Tak, WO BigHO—
LWEeHHS CUNWN CTPYMY A0 Hanpyru npm6an3HO ogHaKOBeE B MEPBUHHIW | BTOPUHHIN
obmMoOTKax.

3a gonomMorot TpaHcdhopmaTopa 3HUXYTb 3HAYEHHSA CUN CTPYMY i 30inb—
WYTb HANpyry nig yac nepegaBaHHA eNeKTPUYHOT eHeprii. Lle cnpusae 3HNM>XEHHIO
TennoBux BTpart — 3aKoOH [xoyns—JleHya). BpaxoBywuwu, uwo
MOTYXHICTb CUNN CTPYMY BU3HAYAETbCA AOOYTKOM HamnMpyru i cunu cTpymy, Take
3MEeHLEeHHS CUNN CTPYMY He 3MIHUTb NepefaHoil NOTY>XXHOCTI.

MepepaBaHHA eneKTpPOeHepPril Ha BesIMKI BigcTaHi 34iMCHIOIOTL NpU Hanpyrax
Yy fAeKiflbKa COTeHb TUCAY BONbTIB. NeHepaToOpu MOTYXHWUX eNeKTpoOCTaHL i
BMPOOGNAKOTb CUNY CTPYMY Hanpyrot Big 6 o 20 kB.

Mepwi reHepaTtopu 6ynum ctBopeHi B 50Xl pokax X1X cT., a Bxe B 70Xl pokax
noyasnocAa X NPOMMUCNIOBE BUPOOHMNLTBO. Tenep piBeHb BUPOOHULLTBA | CMTOXXUBaAHHA
eHeprii — HaMBaXX/IMBIWWN MOKa3HUK PO3BUTKY NMPOAYKTUBHUX CUN CyCNi/fibCTBA.
[onoBHe 3Ha4YeHHS MNpPU LUbOMY MAa€ efieKTPOeHepria — HalWyHiBepcanbHiwa i
Hal3py4Hilla AN BUKOpPUCTaHHSA popMa eHeprii.

EnekTpoeHeprito B YKpaiHi BUPOOAAIOTb HA TaKNX eNIeKTPOCTaHLisagX: TeENN0BUX
(TECITELU), rigpo (FEC), atomHux (AEC) iBiTpoBux (BEC).

O>xepenom eHeprii Ha TEC i TEL, (TennoenekTpoueHTpasab) € BYyrinnga, ras,

Topd, mMa3yT Ta iH., Ha TEC — noTeHyianbHa eHeprisa Boan, NigHATOT rpebneto,
Ha AEC — sapaepHe nanuBo, po3MilleHe B TennoBuUAiNnbHUX enemeHTtax (TBEJ/)
AfepHOro peaktopa, Ha BEC — eHepris BiTpy.

Ana nepefaBaHHSA eNleKTPOEHEPrii Bif e1eKTpPOCTaHL i BAKOPUCTOBYHOTh TpaHcdop—
MaTopu ANd NigBULLLEHHSA HANpPYyrv 40 AeKi/IbKOX COTeHb KiflIOBO/bTIB. HaMicysax cnoxu—
BaHHS e/leKTPOeHeprii3a 40NMOMOro TpaHCcopMaTopiB Hanpyry ameHwytoTb (Masn. 96).

CyyacHa uuBinisayis HemMo>XX1MBa 6e3 LUMPOKOTr0o BUKOPUCTAHHSA efleKTpoeHep —
rii. MopylweHHA NocTayaHHS elIeKTPOEHEPTie Be/IMKONo MicTa BHacnigok asapii
napasni3ye Moro >XutT4.

MoHapg 90 % cMoOXWBaHOT NOACTBOM eHeprii OTPUMYIOTb Bif cnanBaHHSA Byrin—
na, HadTu, rasy. a8 uboro BUKOPUCTOBYIOTh TEMNJIOBI e1eKTPOCTaHu i, Ha SKUX

Maui. 96
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XiMiYHa eHepria manvBa NepeTBOPIOETLCA B eIEKTPUYHY. 3a paxyHOK 3rOpsAHHSA
nanveBa BigbyBaeTbCcA HarpiBaHHs BOAW, MNepeTBOPeHHSA 1i B mapy i HarpiBaHHA
napun. CTpyMiHb Napy BUCOKOTO TUCKY CAIPAMOBYETbLCHA HaPOTOPHIi onaTi mapoBoi
Typ6iHM i npumMywye ix obeptatuca. PoTtop Typb6iHM obepTae poTop reHepaTtopa
eNeKTPUYHOro cTpymy. FeHepaTop 3MIiHHOIFO CTPYMY MepPeTBOPIOE MeEXaHIUYHY
€HEepPTrito B eHEePrilo eIeKTPUYHOIO CTPYMY.

3MIHHUIM CTpyM Bif reHepartopa Mo MPOBigHMKAaxX HagXO4UTb 4O CMNOXWMBaJiB,
Le eNeKTpMYHa eHeprisa nmepeTBOPKOETbLCA B iHWI BUAM eHeprii. 3a gonomMmoroto
efleKTpoABUTyHa 3MIHHOIFO CTPYyMYy €Hepria eNeKTpoOMarHiTHUX KO/MMBaHb Mne—
pPEeTBOPKETHCA Yy MeEXaHIYHY eHeprilo, a B faMmnax po3XapeHHs, B cnipansax
efleKTpoHarpiBanbHUX NpunagiB efleKTPUYHa eHepris 3MiHHOIo CTpymMy nepeTBo—
PIOETBCA Y BHYTPIiWLHIO eHeprito. ENeKTpUYHY eHeprito WUIMPOKO 3aCTOCOBYOTb Y
NMPOMMCAOBOCTI, CiIbCbKOMY rocnogapcTBi, HaTpaHCNOPTi TOLWO.

1. 3 yoro cknagaeTbca TpaHcopmaTop i ike MOro NpuUsHavyeHHA?

2. flke hi3nyHe ABULLE MOKIajeHe B OCHOBY pob6oTu TpaHcdhopmaTopa?

3. K BM3HaunTU KoeduilieHT TpaHcdhopmaw,ii?

4. le BUKOPUCTOBYOTb TpaHcopmaTopu?

5. [le BUpOBNSAETbCA eNleKTPOEHEePrisa | AK BOHa nepefaeTbCcs A0 cnoXusayva?

€dited withlnfix PDF €ditor
o - free for non-commercial use

To remove this notice, visit:
z wwuw.iceni.com/unlock.htm


http://www.iceni.com/unlock.htm

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Cwuna cTpyMy Ha AinsiHUi Kona 3MiHIOETbCS 3a 3aKOHOM J = 10sin400ef, A. BusHauTte
amMnniTygHe 3HaYeHHS CUNM CTPYMY, Nepiog i 4acToTy 3MiHW CUIN CTPYMY, a TaKoX
CUy CTPYMY B MOMEHT 4acy 1,25 mc.

Hanpyra B mepexi, W0 ii BUMipsam BoIbTMETPOM, CTaHOBUTbL 120 B. Homy gopiBHIOE
amMmnniTygHe 3Ha4YeHHSA Hanpyrm?

MepBYHHAa i BTOPMHHA 06MOTKMK TpaHcopmMaTopa He nepebyBatloTb y 6e3nocepegHbL0—
MYy e/IleKTPUYHOMY KOHTaKTi. AKNM YMHOM BifOyBaETbCA rnepefaya eHeprii eneKTpuy—
HOro CTpyMmy 3 nepLiuotly gpyry?

Yum 3HMXKYyBa/llbHUM TpaHchopmMaTop BiApPi3HAETbCA Big MNigBuulyBanbHOro? Ym
MOXHa 3HWXYBa/llbHNI TpaHcopmaTop BMKOpUCTATU AK NigBULLYyBa/lbHUA?
TpaHchopmaTop y peXXmmi XoN10CTOro xoAy BcelTAKM CMNOXWMBAE 3 efleKTpoMepexXi
MNOTY>XHICTb, XO4 i BKpai many. Ha wo BoHa BUTpavaeTbca?

Mig aAKoto Hanpyroto nepebyBae NepBMHHa 06MOTKa HeHaBaHTaXXeHOoro TpaHcgopma—
Topa, wo mae 100 BUTKIB, AKLW,0 BTOPMHHA 06MOTKa Mae 250 BUTKIB, a Hanpyra Ha
Hih gopiBHIOE 550 B? Akunii koediyieHT TpaHcdopMmaLii Lboro TpaHcopmatopa?
MepBMHHa 06MOTKa HEHaBaHTaXKeHOr 0 TpaHcdopmMaTopa rnepebysae nig Hanpyrot 220B.
Hanpyra Ha BTOpMHHIi 06MOTLUi, wo mae 450 BUTKIB, CTaHOBUTbL 660 B. AKnii Koediuyi—
E€HT TpaHcdopMauii B LUbOMY BUNaaKy? AKa KiflbKiCTb BUTKIB Y MepPBUHHI 0O6MOTLi?
TpaHcdhopmaTop Mae KoedilieHT TpaHchopmauii 10. Aka Hanpyra nigsegeHa 40 MOro
nepBUHHOT O6MOTKU, SKLLO B PeXMMi XO/IOCTOro Xo4y Ha 3aTtuckadyax BTOPUHHOT
O0OMOTKU Hamnpyra cTaHOBUTb 22 B? CKifNlbKU BUTKIB Yy MEPBUHHIN 0O6MOTLi, AKLLO0 Y
BTOPWMHHIM Tx 100?

Mo niHiT enekTponepegayvi nepefaetTbca MOTYXHICTb 15 KBT. Cuna cTpymy B fiHIT
10 A, a BTpaTu MOTY>XHOCTI Ha HarpiBaHHSA MPOBOAIB CTaHOBAATL 2 %. Akui onip
npoBoAiB NiHIT?

BTpaTu MOTYy>XHOCTIi y ABOMPOBIAHIM NiHIT onopomMm 2 OM cTaHOBNATb 2 %. Y niHit0
nepefaeTbCcsa MNOTYXXHICTb 2,5 KBT. {AKi BTpaTu Hanpyru Ha npoBogax NiHii?

Big TpaHcdopmaTopHOT NigcTaHuil nepegaeTbCa NOTYXHICTb 5 KBT. Cuna cTpymy B
niHIT enekTponepegayi npu ubomy ctaHoBUTb 25 A. Akuin KK/ niHii enekrponepe—
padi, akwo ii onip 0,5 Om?

Ak Bigomo, rpacdik 3anexxHocTi EPC Big yacy npu piBHOMipHOMY 06epTaHHI MpoBig—
HOT paMKMN B O4HOPiIAHOMY MarHiTHOMY KOJli € cuHycoiga. AK 3MiHUTbCA BUTAA4 rpa—
hika, AKLWL0 YyacToTa o6epTaHHA paMKy 30iNbLWINTLCA BABIYI?

EneKTponanTKY MOXHa XXUBUTU AK 3MIHHUM, TaK i MOCTIMHMM CTpyMomMm. Yn
O HaKOBO PO3XaploeTbCcA cnipanb MNANTKU, AKWO B 060X BUMagKax BO/IbTMETPU
nokasann oAHaKoBi Hanpyru? 5

BunsHauTe 3HavyeHHsA EPC, aka iHAYKYyeTbCA B pamui nnouieto 100 cm™, W0 obepTaeTbes
i3 yactoToto 50 Ny y marHiTHOMY noni 3 iHAyKUie 0,2 Tn. 3anuwiTb 3aKOH 3MiHU
EPC, wWwo iHAYKYETbCA B pamLi, AKLWO B NOYaTKOBUM MOMEHT M/OLWMHA pamMKu
nepneHAUKyNspHa A0 NiHiT iIHAYKLUIT MarHiTHOro nons.

CKiNnbKy BUTKIB Ma€e pamka nnowieto 500 cMm™, AKLWLO Nif yac o6epTaHHA i 3 4HacTOTOO
1200 06/xB y MarHiTHOMY Mosi 3 IHAYKTUBHICTIO 100 MTn y Hii

iHOYKyeTbcs EPC, amnniTygHe 3Ha4eHHSA AKOT AOpiBHIOE 63 B. 3a—

MNULWITb 3aKOH 3MiHN EPC, AKLL0 B NOYaTKOBUI MOMEHT naowmnHa

paMKy neprneHAUKyNsipHa Ao AiHIT IHAYKLiT.

Ha man. 97 nokasaHo rpadik 3MiHHOro cTpymMy yactoTtot 1 klu,.

AKa yacToTa po3ropTku rpadika?

Mig ywac obepTaHHA APOTAHOT paMKM B O4HOPIAHOMY MarHiTHOMY

noni MarHiTHUIM MOTIK, WO MPOHU3YE paMKy, 3MIHIKOETbCS 3a 3all Man. 97



KOHOM B6. ¥ AsKOoMy MoON0OXeHHi 6yna pamKa B MOYaTKOBUIA MOMEHT
yacy? Akunin BUrnag mae 3anexHictb EPC iHAYKUIT Big yacy? fAka yacTtoTa ob6epTtaHHA
pamkn? Yomy fOpPiBHIOKOTb MakKCMMasbHi 3HaueHHs EPC Ta marHiTHOro noTtoky?

199. 3 AKOI MeTOl y TpaHcopmaTopax KOTYLIKWN NepBUHHOT i BTOPMHHOT OOMOTOK
oAAratoTb Ha 3aMKHeHe pepomMarHiTHe ocepan?

200. O6MOTKY MigBULLYBaNbHOro TpaHcopmaTopa 3po6/ieHOo i3 ApOTYy Pi3HOro giameTpy.
B AKili i3 06MOTOK, MEPBUHHIN Y BTOPUHHIW, AiaMeTp ApOTy 6inbwmnin?

201. Lo MoXe TpanuUTWUCb, AKLLO TpaHcdhopmaTop, NpusHavyeHWn ans ekcnnyartayii B
Mepexxi 3MiHHOro cTpymy 220 B, npuegHatu [0 AXepesa NOCTIMHONo CTpymMmy Takot
X Hanpyru?

202. lMNMepBUHHY 06MOTKY 3HMXKYBa/IbHOIO TpaHcdopmaTopa 3 KoedilieHTOM TpaHchopma—
LiT 8 yBiMKHEHO B MepeXy 3 Harnpyrot 220 B. Onip BTOpUHHOT 06MOTKM 2 OM, a cuna
CTPyMYy B Hil1 2 A. BusHaute EPC, iHOyKOBaHy y BTOPUHHI 06MOTLi, Ta Hanpyry Ha
HaBaHTaXeHHI.

203. MigsuuyBanbHM TpaHcopmMaTop Mae KoediuieHT TpaHcdopmauyii 0,5. HaBaHTa—
XKEHHSA CNoXXUBa€e NMoTy>XHicTb 190 BT npu cuni ctpymy 0,44 A. Onip BTOPUHHOT 06—
MOTKW gopiBHOE 30 OM. fAkKa Hanpyra nigsejeHa A0 NepBMHHOT OOMOTKU, AKLLO Ti
onip BKpan mManunin? AKy noTy>XHICTb CMOXMBaE TpaHchopmaTop?

204. TpaHcdopmaTop pajgiopeTpaHcnaTopa HaBaHTakeHUI 400 ryYHOMOBLSIMU, KOXXEH 3
AKX CMOXXMBAE CTPyM cunoto 8,3 MA npu Hanpy3i 30 B. Hanpyra Ha noro nepBuMHHIN
obmoTyi fopiBHIOE 480 B. Hanpyra Ha BTOPUHHI 06MOTL,i B PEXXMMIi XO/TOCTOro Xoay
popiBHOE 31B. AKnin onip BTOPUHHOT 0O6MOTKM? HAKa cuna cTpymy B MEPBUHHIN
obmoTLi TpaHCchopmaTopa?

205. TennoBa eneKTpoOCTaHLia Ha BMPOOHULTBO enekTpoeHeprii 1 kBT/rog Butpadae
yMOBHe nanimBo macoto 320 r. Akuin KK/ enektpocTtaHuii? Murtomatensiota 3ropsaHHA
YMOBHOTO nanuea 29 M/Op/Kr.

206. EnekTpocTaHuifa nepegae NoTy>XHicTb 2 BT mig Hanpyroto 500 kB. BusHauntum onip
niHiT enekTponepegayi, akwo i1 KK 96 %.

207. MicueBa enleKTpoOCTaHL s nepegae B NiHiIO NOTY>XHicTb 500 kKBT. AKi BTpaTy MOTy>K—
HOCTI B niHiT Ta aknii i1 KK/, skuw,o BoHa Npautoe nig Hanpyroto 20 kB, ationip 20 Om?

KOHTpObHI 3annTaHHA

1. Oxeimc Makceenn cTBepA)XyBaB, WO €eKTPUYHUA CTpyM — LUe Te, WO
CTBOPIE MarHiTHe none. AK ue TBeEPAXKEHHSA CNig po3ymiTn?

2. Y pocnipi Epctega marHiTHa cTpinnka He nmpuTAaryetbca A0 NpoBigHWMKa 3i
CTPYMOM i He BifjlLULTOBXYETbHCA Biff HbOrO, a /inIe NoBepTaeTbCA. HAKa BaKnusa
0CcO6AMBICTb NiIHIN MarHiTHOT iIHAYKLIT BUNMBae 3 Uboro gakTty?

3. I3 Bupasy ana moayna cunu JlopeHua oTpumanTe Bupas AN MOAYNA CUNU
AmMnepa.

4. € gBa BUAM cTani: oAHa 3 BE/IMKOI 3a/IMWIKOBOI iHAYKLIi€EW, Apyra — 3 rno—
PiBHAHO He3HauyHOW. fKa 3 HUX 6inble NnpugaTtHa 471 BUTOTOBMIEHHSA MOCTINHUX
MarHiTiB, a 9ka Ana ocepAb TpaHchopmaTopie? Homy?

5. 3anponoHyliTe akui[Hebyab HeCcKagHM cNoci6 cTupaHHs iHpopmauii, 3a—
nucaHoi Ha MarHiTHyY cTpidyky abo MniBKy.

6. 3aMKHEHNI KOHTYpP MPOBIiAHMNKA PYXAaETbCA B HEOAHOPIAHOMY MarHiTHOMY
noni B340BX NiHIW MarHiTHOT iHAYKLIT nonda. AoBegiTh, wo EPC iHAYKUIiT B UbO—
My BUNagKy He JOPIBHIOE HYJIIO.

7. Yn 3anexxntb EPC iHAYKLUIT B pyXOMOMY MPOBIAHUKY, WO fMepeTuHae AiHil
MarHiTHOT iHAYKUiT, Big oro onopy? A cuna ctpymy? Homy?



8. HaBKONO NpoBiAHNKA 3i CTPYMOM BUHUKNO MarHiTHe none. Lo € gxxepenom
eHeprii yboro nonga?

9. AK — MOCNiAOBHO 4YM NnapanenbHoOo — 3'€egHaHi MiXX cob6o npoBoam
OBOMpPOBIAHOT NiHIT enekTponepegayi?

10. AK [O6BYTM Yy BTOPUHHI 06MOTLi TpaHcopmMaTopa NOCTIiMHUN eNeKTPUYHUN
CTpym?

11. Onip BTOPMHHOIO KOMa TpaHcopmaTopa 3MeHLWYTb. AK Bifi6'eTbca ye
Ha KK/ TpaHcdopmaTopa? HUomy? Onopun KOTYLHOK Mi3epHO Marsi.

12. MNpwn ogHaKOBUX Hanpyrax BTpaTu Ha KOPOHHWI po3psAj Yy NiHIAX NOCTIVHOIO
CTPYMY MEHLWIi, HiXX Yy NiHIAX 3MIHHOTO cTpymy. Homy?

LLlo A 3Hato | BMito poouTm

ABMIlOBMKOPUCTOBYBaTUCHIBBIAHOLWEHHS MDXK Qi3sHHUMU BENTNYMHaAMU ML
yac po3B'sA3yBaHHA i3nYHNX 3aga4
1. Ao KiHLUIB NpAMONiIHIMHOIO MigHOTO MPOBIAHMKA 3 MJ/IOLLE0 MOMNEPEUYHOTO
nepepisy 2 MM~ MnpukKiageHo Hanpyry 6 B. Bu3sHauTe Halbinbwy cuny, 3 AKOto
oAHOpiAHe MarHiTHe nmone iHAYKUieto 100 mTn mMoXKe JiIATU Ha Lei MPOBIAHUK.
2. AKy po60Ty BUKOHYE OgHOpiAHEe MarHiTHe none 3 iHAYKyiew 20 mTn nig 4vac
nepemilleHHA B HbOMY NPAMOroO NPoBiAHMKA 3aBA0OBXKMN 50 cm Ha BiagcTaHb 10 cm,
AKLLO0 MO HbOMY MPOXOAUTbL CTPYM cunot 10 A?
MepemiweHHs BigbyBaeTbCA B HanMpAMKY il
cunm Amnepa, a NpoBiAHNK BECb Yac YTBOPIOE
3 BEKTOPOM MarHiTHOT iHAYKLiT KyT 30°.
3. MarHiTHMIN NOTiK Yepe3 KOXHi 100 ogHa—
KOBWX BUTKIB KOTYLLIKWN cTaHOBUTbL 200 mB6. INMig
yac MOro piBHOMIPHOINO 3MEHLUEHHS BAPOLOBXX
5 Mc y koTyuw i BuHnkae EPC 400 B. o skoro
3HAaYeHHS 3MEeHLWIYETbCA MarHiTHUMW MOTIK?
4. MarHiTHUM MOTIK Yepe3 KOHTYpP 3aMKHe—
HOro npoBigHUKa onopom 100 mOm 3a 5 ¢ 3mi—
HIOETbCA Ha 20 MB6. Akacunactpymy, L,0 Npo—
Tikae y NpoBiAHUKY Nif 4yac Uiel 3MiHU, AKLWO
MarHiTHUW MNOTIiK 3MIHIOETbCSA PIBHOMIPHO?

A 3Hato, AKi € cNeKTpU MarHiTHUX MNONIB, i
BMilOTX MantoBaTu

5. Ha man. 98, a mnokasaHO NMpaAMuii Nposig—
HUK, WO NPOXOAUTb 4Yepe3 KapTOHHWUW eKpaH,
naowmHa AKOro nepneHANKyapHa o nposig—
Huka. Ha man. 98, 6 Xxuny npoBigHuUKa po3gi—
NeHO Ha ABi FiNKN, WO TaKoXX NPOXoAATb Yyepes
ekpaH. Ha man. 98, B 306pa)xeHO TopoiganbHe
AepeB'ssHe ocepas, WO Mae cyLisibHYy O6MOTKY.

HamantoiTe B 3o0wmTax CNeKTpPU MarHiTHUX
nosiB NpAMOro i po3AineHoro NpoBigHMKa B
naowmnHax eKpaHiB i KapTUHY MarHiTHOro nons

Man. 98 TopoiganbHOT 0O6MOTKU B N/IOLWMHI MaltoHKa.



A 3Har, AK B3aemMofiloTb Mi>K co60t0 nposig—
HUKW 3i CTPYMOM

6. Ha man. 99 nokasaHO KOTYLWKW, KiHLUi 06MO—
TOK AKX AOCUTb AOBTI i 3aKpinaeHi B creyianbHUX
3aTmnckavyax. 3'€eqHaHHA KiHLUIB KOTYLWOK 3 [)Xepe—
JIOM CTPyMY HaBefeHO Ha man. 99, a. BusHauTte xa—
pakTep B3aeEMOJiT KOTYLIOK i HamManomTe B 3oWnTax
CXeMMn TXHIX MarHiTHUX MNONiB.

7. Ha man. 99, nsobpaxeHo ABi KOTYWKNA i B.
MiXx KoOoTywkamMu nigBiwleHa Ha TOHKUX THYYKUX
npoBigHMKax KoTywka C. B cepeguHi Liel KOTYLIKMN
3aKpinseHa cTpinka. Bum3HauTe MNOMIOXEeHHS uiel
CTPINIKU MPU BUHUKHEHHI CTPYMY B YCiX KOTyLIKax.

A 3Halo, AKnNobyaoBaHuii TpaHcdopmaTop, BMitO
NnosicHOBaTU, AK BiH Npauytoe

8. Un moxke TpaHcdhopmaTop: a) MaTU OAHY NePBUH—
HY OOMOTKY i KiflbKa BTOPUHHUX; 6) 3MiHIOBaTN Ha—
npyry NOoCTiiIHOro CTPyMYy; B) NiABULLYBaTU HaMpyry
OAHOYAaCHO 3i 36i/IbLUEHHAM CUIN 3MIHHOTO CTPYyMY?

9. Um 3MiHIOE TpaHchoOpmMaTop 4YacToTy cuUnu
CTpymy?

10. YUum nosacHuTm, wo KK/ TpaHcdhopmaTopa
BULWNK, HIX Yy HaWbinblw BoanMx KOHCTPYKLIN
eNneKTPoOABUTYHIB ?

11. Nig ko Hanpyrow rnepebyBae MepBMHHA
o6MOTKa HeHaBaHTa)eHOro TpaHchopmartopa, Lo
mae 100 BMTKIiB, AKLWO BTOPMHHA O06MOTKa Mae
250 BuMTKIiB, a Hanpyra B Hin 550 B? Akunin koe-—
digieHT TpaHchopMauii uboro TpaHchopmaTopa?

Maui. 99

12. NepBUHHY O0OMOTKY 3HUXYBa/bHOro TpaHcdopmMmatTopa 3 KoedilLieHTOM
TpaHcdopmayii 10 yBiMKHEHO B MepeXy 3 Hanpyrot 220 B. Onip BTOpMHHOT 06—
MOTKU 4 OM, a cuna cTpymy B Hiv 3 A. BusHaute EPC, iHAyKOBaHy y BTOPUHHIN

o6bmoOTLi, Ta HamMpyry Ha HaBaHTaXeHHi.

13. KoediuieHT TpaHcdhopmMayii NnigBuwyBasibHOro TpaHcdopmaTopa 4opiBHIOE
0,5. BTopuHHao6moTKka mae onip 0,2 Om, aonip HaBaHTaxeHHsa 10,8 Om. Hanpy—
ra Ha HaBaHTaXXeHHi CTaHOBUTb 216 B. AKO Hanpyrow XXMUBUTbCSA TpaHchop—
MaTop? AKa cuna cTpymy B NMepBUHHIN obmoThi? Aknii KK/ TpaHcdhopmaTopa?

BapiaHt |

eNeKTPUYHNI 3apag, WO pyxaeTbcs.
NpPoOBiIAHUK 3i CTPYMOM.

m>N e

. CnNNoBoOIO XapaKTEPUCTMKOI MarHiTHOro Nons €

BEKTOP MarHiTHOT iHAYKUiT. B. MarHiTHa MPOHUKHICTb.
. MarHiTHui noTik. . cuna JlopeHya. . cuna Amnepa.

. Cnna JlopeHua — ue cuna, 3 AKOO MarHiTHe Nose fgie Ha



B. HepyxoMui eneKTpuYHWi 3apsaj.

. NOCTiIHWK MarHiT.

A. HelTpanbHY YaCTUHKY, WO PYXaeTbCSA.

3. Bn3dHaute Hanpsam cunu JlopeHua, fAKa fi€e 3 60Ky MarHiTHOro nons Ha
PYXoMuin HeraTMBHWIW 3apdah . BekTop mMarHiTHOT iHAYKUIT HanpsmaeHuii Bij
Hac, MepneHANKY/ISPHO A0 NMOWWMHWN MantoHKa, BEKTOP
WBUAKOCTI PYyXy 3apagy NeXwuTb Yy NAOWWMHI MantoHKa.

BHuns.

Bropy.

Bnpaso.

Bniso.

. o Hac.

. Kyan HanpamneHa cuna JlopeHua, 3 AKO MarHiTHe
nosie MOCTIMHOINO MarHiTy Ai€ Ha PYXOMUN eNeKTPOH?
BekTopu iHAYKLIT MarHiTHOro nong i WBUAKOCTI yac—
TUHKWN B3aEMHO MepneHAUKYNAPHI | nexaTb Yy NAOWUHI
MantoHKa.

A. Bropy. b. Bniso. B. lo Hac. I'. Big Hac. [J. BnpaBo.

5. Adkui 3 BapiaHTiB BigMOBifa€e KapTWUHIi CUA0BUX
NiHIW MarHiTHOIroO MOMA NPAMOMAIHINHOINO NpPoBigHMKA 3i CTPYMOM?

A. B. B. r. a.

Ahomop

6. NMpoBigHNK, MO AKOMY Teye CTPYyM cuaok 5 A, po3MilleHUN y MarHiTHOMY
noni 3 iHAYKYie 10 mTn. KyT Mi>XXK HAaNpAMOM CUAN CTPYMY | BEKTOPOM MarHiT—
HOT iHAYKLIT Nnonsa cTaHOBUTL 60°. BuaHauTe AOBXWHY MPOBiAHWKA, AKLO none
nie HaHboro 3 cmnot 20 mH.

A. 0,12 m. b. 120cm. B. 0,46 m. I'. 4,6 cm. . 0,46 cwm.

7. ENeKTpOH BfNiTae B ogHOpPigHEe MarHiTHe noJse iHAYKLUi€EO 10~3 Tn 3i wBMag—
KicTio 100 KM/Cc NnepneHAUKYNAPHO A0 CUIOBUX NiHI nonsa. BusHaute cuny, Aka
Li€ Ha eNTeKTPOH 3 6OKY MarHiTHOro nons.

8. AKMM MarHiTHUN NOTiIK CTBOPKETLCA MarHiTHMM nosem 3emni yepes nig—
nory nnowero 25M2, AKLW,O0 BepTUKanbHa CKajoBa BeKTopa iHAYKLUIT LLbOro nons
50 mKTn?

A. 2 vkB6. B. 0. B. 1,25 vB6. I'. 0,5 mkB6. 4. 2,5 uB6.

9. NMpwu NnepemilweHHi NpoBigHNKA f,0BXKMHO 80 c™m 3i cTpymMmom cunot 20 A B
OoAHOpPiAHOMY MarHiTHOMY Mmoni 3 iHAYKUiew 1,2 Tn neprneHANKYAAPHO A0 HbOTO
BMKOHaHO po6oTy 1,92 [>x. BusHauTe nepemMiuleHHS MpoBigHUKA.

A.1m.B.1cm.B.10m.T.0,1 M. 4. 0,1 cwm.

10. MakcumanbHWM 06epTaibHUN MOMEHT, AKUN Ai€e Ha paMKy naouwe 1 cm™,
po3MilleHY B MAarHiTHOMY nNoni, JOpiBHIOE 2 MKH = M. CunacTpymy, WO NPOXoanTb
y pamui, ctaHoBuUTb 0,5 A. Bu3aHauTe iHAQYKLU IO MarHiTHOro nons.



A.0,04Tn. 6.0,4Tn. B.4Tn. I'. 26 mTn. 4. 46 Th.

11. Nnocka NpAMOKYTHa paMmka mae 250 BuTkKiB, nnowy 500 CM2 i po3milweHa
B O4HOPIAHOMY MarHiTHOMY noni 3 iHAQyKuUie 0,2 Tn. AKoT cunm cTpym nNpoxo—
OUTb Y BUTKaX paMKM, AKLWO Hanbinbwmnin obeptanbHUM MOMEHT, L0 Ai€ Ha paMm—
Ky, OopiBHIOE 2,5 H = m?

A.0,1A.B.25A.B.1A. T.25A. . 10 A.

12. ¥YcTaHOBITb BigMOBIAHICTb MiXK OANHUNLUAMMN Pi3UYHUX BEIUYUH | TX Ha3BaMu.

A. ObepTaNbHN MOMEHT. 1. H.
B. MarHiTHa iHAYyKLifA. 2. B6.
B. MarHiTHUI NOTIK. 3.H=wMm.
. Cuna JlopeHua. 4. Tn.

13. IHOYKLUiVHWUIF CTPYM BUHUKaE y 6yab [dKOMY 3aMKHYTOMY MPOBiAHOMY KOH—
Typi, SKuwo
KOHTYp nepebyBa€e B O4HOPiIAHOMY MarHiTHOMY MOi.
KOHTYP pPyXa€eTbCA MOCTyMajbHO B OAHOPiIAHOMY MarHiTHOMY noni.
. 3MIHIOETbCSA MarHiTHMM NOTIiK, WO MPOHU3YE KOHTYP.
KOHTYp nepebyBae B HEOAHOPIAHOMY MarHiTHOMY noni.
MarHiTHMM NOTIK, WO NPOHNU3YE KOHTYP, HEe 3MIHIOETbCS.
14. B ogHOpPigHOMY MarHiTHOMY Noi, W0 3MIiHIOETbLCA, PO3MilleHa HepyXxoma
ApoTAHa paMKa. BubepiTb npaBu/ibHe TBepPA>XXeHHSA.
A. AKWOo BeKTOp iHAYKLUIT MarHiTHOro MoNs NepneHAUKYNAPHUNA [0 NAowi
pamMKu, B paMui BUHMKAE IHAYKLUIWHUNA CTPYM.
B. AKuwo BeKTOp iHAYKLUIiT MarHiTHOro Nonsd nNepneHAUKY/APHWUA A0 NaoLyi
paMKun, MarHiTHWM NOTIK Yepe3 NAOLWMHY PaMKUN BeCb Yac JOPIBHIOE HYNIO.
B. EPC iHAayKUiT B pamMLui 3aneXXuTb TiIbKW Big noui pamMmKu.
M IHAYKUiIAHWIA cTPYM y pamMuyi BUHUKAE 3a 6yab[dKOro MonoXXeHHS paMKU.
A. EPC iHoYKUiT B pamMLi He 3a/eXXUTb Big NAOLWi paMKu.
15. Ha mantoHKy HaBeleHO cXxemMaTnyHe 306paxxeHHA Ko []
POTKO3aMKHEHOT KOTYLWKW, AKY OXONNIOE APOTAHUN BUTOK

i3 g)kepenom cTpymy i BumMmmkauem. BunbepiTe npaBunbHe
TBEPAXKEHHSA.

FPowo>»

A. lHAYKLiIAHWA cTpyM y KOTywui 6yae icHyBaTu BecCb
yac, MOKW KNOY 3aMKHYTO.

BE. MNpwn 3aMMKaHHI KNO4Ya B KOTYLW i HA KOPOTKUI Yac
BUHUKAE IHAYKUWINHNW CTPYM.

B. Y koTywuyi B3arani He BUHUKAaE iIHAYKLUIVHUA CTPyM.

. Mpwn po3MMKaHHI K/to4Ya B KOTyLW L i HE BUHUKAE IHAYKLUINHNW CTPYM.

A. MarHiTHe none iHAYKLWIMHOTO CTPYMY 3aBXAW HamnmpsaM/ieHe Bropy.

16. AKWN i3 HaBeAEeHNX HUXKYe BUPa3iB xapaKTepmn3ye MOHATTA iHAYKTUBHOCTI?

A. ®i3nyHa BeIMYNHA, WO XapaKTepu3ye Ail0 MarHiTHOro Nonsa Ha 3apaj.

B. ®i3n4yHa BeNMuYMHa, L0 XapaKTepwu3ye 34aTHICTb MPOBigHMKA MepeLKo—
[>XKaTu NMPOXOAXKEHHIO CTPyMYy.

B. ®i3snyHa BennumMHa, WO XapaKTepus3ye 34aTHICTb MPOBiAHMKA MepeLuKo—
0>KaTu 3MiHI CTpyMy.

. fABuwe, WO XxapaKTepPU3ye Ait0 MarHiTHOTO MOMA Ha 3apsaj, AKUK pyxaeTbCcs.

A. ABnue, WO XxapaKTepu3ye fil0o MarHiTHOTO MOsA Ha HEPYXOMWUI 3apag,.

17. AKUW,O0 PO3IMKHYTU KIOY Y KOJi XXUBMIEHHSA MOTYXHOrO eNeKTPoOMarHiTy,
crnocTepiraeTbcs cunbHa ickpa. Wo iT BUknnkae?



A. EPC p)xepena cTpymy.

BE. EPC caMoOiHAYKLUiT B KOTYLIL i eleKTPOMarHiTy.
B.
r
il

XaoTUUYHUN pyx BiNbHUX €NeKTPOHIB y MpPOBigHMKax.

. EﬂeKTpOCTaTVILIHe none.

EnekTpuuHi 3apsagu.

18. ¥ NpoBiAHUKY, AKUN pyXaeTbCHa B MarHiTHOMYy noni, BuHnkae EPC iHaQyK—

Liv.

BunbepiTb npaBu/ibHe TBEPOXKEHHSA.
A.

AKWo 36iNbWNTUM iIHAYKLiO MarHiTHoro nond, EPC iHAayKuiT B npoBigHU—

Ky, SIKUW pyxa€eTbCs, 3MEHLWUTbCS.

b.

EPC iHAyKUiT MakcuManbHa, AKLWO WBUAKICTb MPOBigHMKA NMeprneHAnKY —

nspHa 0O NPOBiIAHWKA i BeKTOpa iHAYKLIT MarHiTHOro nons.

B.
r.

a.

EPC iHAYKUIT 3aneXuTb TifIbKW Bif WBULAKOCTI pyXy MpoBigHUKA.
EPC iHAYyKUiT 3aneXnTb TiIbKW Bif 4OBXWHW MPOBigHWKA.
EPC iHAyKUiT 3a1eXnTh TiIbKW Bif iHAYKLIT MarHiTHOro nong.

19. BnbepiTb popmMyny And BM3HAYEHHA MarHiTHOro NOTOKY.

20. Y koTywiyi 3 iHAYKTUBHICTIO 0,5 MH Npun 3pocTaHHi cUAM CTPyMy BUHUKana
EPC camoiHaykuii 12 B. Ha cKinbKun Wo0ceKyHAN 36inbllyBanacsa cumna ctpymy?

A.

0,1A.B.6A.B. 12A. T.24A. 4. 30 A.

21. AKNOTPIiOHO 3AMIHNTU IHAYKTUBHICTb KOHTYPY, A4/18 TOro, W06 3a HE3MIHHOTO
3HAYeHHSA CUNN CTPYMY B HbOMY eHepriss MarHiTHOro nofas smeHwmnnacsa B 4 pasun?

A.
b.
B.

r.

A.

36inbWNTN Yy 2 pasu.
3MeHWNTN y 2 pasn.
36inbWwWnTK B 4 pasu.
3MeHWNTN B 4 pasn.
36inbwnTN y 8 pasis.

22. KoTtywka mae 200 ogHaKOBUX BUTKIB. MarHiTHUM NOTiK, AKUN MPOHU3YE
BUTKWN KOTYLW KW Npu cuni ctpymy 8 A, gopiBHoe 3 mB6. fAka eHepria marHiTHO—
ro Nons KOTywKmn?

A.

24 Ox. B. 4 Ix. B. 5 . . 1,2 Ox. 4. 2,4 0.

23. ¥cTaHOBITb BigMOBIAHICTb MiX CMiBBIAHOWEHHAMW | TUM, LLO BOHW BMpa—
XKaKwThb:

1. 3aKOH efleKTpOMAarHiTHOT IHAYKLUIT.
2. EHeprisa marHiTHOro nons.

3. EPC camoiHAayKUii.

4. EPC iHAYKLUIT B pyXxoMunx npoBigHMKax.

24. BWUpo6HULTBO €/1eKTPOEHEPTiT 3yMOB/IEHO PO3BUTKOM
A. NpoMUCNOBOCTI.

b.

NMo6yTOBOT TEXHIKN.

B. OXOpPOHW HAaBKOJINLLHbLOTO CepefoOBMLLA.



. nicoBororocnogapcTsa.
. TpaHcnopTy.
25. B ocHOBY po60TW reHepaTopa MOCTINHOINO CTPYyMY NOK/AaAeHO ABuULLe
HarpiBaHHA MPOBIAHWNKIB Nif AI€0 e/IEKTPUYHOTO CTPYMY.
NOPOAXKEHHSA 3MIHHUM MarHiTHUM MOJIeM BUXPOBOTO e/IeKTPUYHOTO.
. HarpiBaHHA MarHiTHUM nNosnem.
NOPOAXEHHA MarHiTHUM MOJIEM eNIeKTPUYHOTO.
MOPOAXKEHHSA 3MIHHUM MarHiTHUM MofeM efleKTPOCTaTUYHOIO Nons.
MleHepaToOp 3MIHHOTO CTPYMY CKfafaeTbCca 3
. 3aMKHEHOT paMKu, NOCTIMHOro MmarHiTy.
poTopa,cTaTtopa.
. poTopa, cTaTtopa, WiTKu.
poTopa, cTtatopa, WiToK, Kineyb.
poTopa, cTaTtopa, WiTOK, HaniBKineyb.
MepBnHHa o6MOTKa TpaHchopmaTopa BUKOPUCTOBYETbLCA N4
CTBOPEHHS 3MIHHOIO MarHiTHOroO NOJA.
iHOYKYBaHHSA CTPYyMY.
HarpiBaHHS.
. OXONOJ>KEHHSA.
A. nig'egHaHHSA g0 A)epesna MOCTIMHOrNoO CTpyMmy.

[}

NOorPNEIRO>NR DT>

Bapiant Il

1. ®i3anyHa Be/MUYMHA, WO XapakKTepu3ye MarHiTHi BNacTUBOCTI pPevyoBUHWU,
Ha3nBaeTbCsH

A. MarHiTHOW iHAYKUi€e. B. MarHiTHNM NOTOKOM.

B. fieneKTPMYHOK NMPOHUKHICTIO cepefoBuLLa.

F. MarHiTHOIO MPOHUKHICTIO cepegoBuia. [,. MarHiTHUM nNonem.

2. BkaxiTb Hanpdam cunam AmMnepa, 3 AKOK MarHiTHe nosie fie Ha Bigpi3okK
npoBigHMKa 3i ctpymom. lMpoBiAHMK poO3TalloOBaHO Yy
NMOLWMHI MantoHKa NeprneHANKYNAPHO 40 CU0BUX NiHIN
MarHiTHOro nons.

A. Bniso.

B. Bnpaso.

B. o Hac.

. Big Hac.

O. Bropy.
3. fAAke cniBBigHOWEHHSA € MaTeMaTUYHUM 3annUcoM MoAynsa cunu JlopeHua?

4. Mo pBOX NapanenbHUX MNPAMOMAIHINHUX MpoBig—
HUKax, po3TawoBaHUX MepneHaNKYNAPHO 40 NMAOWUHN
MasiloHKa, Te4yyTb CTPYMW 3 CUIamMm
Kyan HanpsmaeHuin BeKTOp MarHiTHOT iHAYKUIT y Touli
M, Aka piBHOBigAaneHa Big UUX NPOBIAHUKIB?

A. Bropy. 6. Bniso. B. BHu3. I'. Big Hac. [. Bnpaso.

5. HaBigpi3ok NnpoBigHUKa 4OBXMHOK 10 cm, N0 AKOMY Teve CTpyMm cua oto 10 A,
360Ky OAHOpPIAHOro MarHiTHoOro monsa gie cmna AKa iHAYKUiA MarHiTHoro
nons, AKLWO NPOBIiAHNK pO3TalloBaHO NeprneHANKYNAPHO A0 CUIOBUX NiHIN nona?

A. 200Tn. b. 200mMTn. B. 5mMTn. . 5Tn. 4. 2 Th.



6. Akacunapgie Ha Bigpi30oK NpoBigHMKa 3aBA0OBXKWN 10 cM B O4HOpPigHOMY Mar—
HiTHOMY noni 3 iHAyKUieto 0,1 Tn, AKWO cunia CTpyMy y NpoBigHuUKY 1 A, a KyT
Mi>X HANPAMOM CTPYMY Ta CU/TIOBUMMU NiHIAMN MarHiTHOro Noss cTaHOBUTbL 60°?

A.0,866 H.6.8,66 H.B.8,66 MH. . 5™mMH. 4. 5H.

7. BnsHauTe goueHTPOBe MPUCKOPEHHS efleKTPOHa, AKUM pyxaeTbcs 3i WBUA—
KiCcTHO B OAHOPIAHOMY MarHiTHOMY Noni 3 IHAYKLIi€O AKL, 0
WBNAKICTb e/1leKTpPOHa NepneHANKYsaspHa 4O BeKTOpa MarHiTHOT iHAYKL,iT.

8. BnsHauTe moaynb BeKTOpa iHAYKLUIT MarHiTHoro nonsa 3emni, BepTuKanbHa
i rop3oHTanbHa CKNajoBi AKOro BiAMOBIAHO AOpPiBHIOKWTL 50 i 20 MKT/.

A. 70 MKTn. b. 30 mKTn. B. 53,85 mkTn. I'. 45,83 mkTn. A. 27,48 mKTn.

9. MarHiTHa iHAYyKLUiay 6pycKy meTany gopiBHtoe 0,75 Tn, a iHAYKLUis 30BHIiW—
HbOro HamarHiyeHoro nonga gopiBHte 0,0375 Tn. AKy BiAHOCHY MarHiTHY nNpo—
HUKHICTb Mae meTan?

A. 10. b. 15. B. 20. I". 25. 4. 30.

10. Pamky nnouweto 40 cM™ po3MicTMAN B O4HOPIAHOMY MarHiTHOMY Moni 3 iH—
nykuyietwo 0,1 Tn Tak, WO HOpMasb A0 paMKW NepneHAUKYNspHa A0 NiHIW iIHOYK—
uii. Mpwn akiv cuni cTpymy Ha pamMKy giaTume obeptanbHUW MOMeEHT 20 MH < m?

A. 5 MKA. B. 100A. B. 10 MA. I'. 15 A. . 50A.

11. EneKTpOH NiA Ai€0 CUIN OAHOPIJHOTO e1IeKTPUYHOTO NOAA, WO 4OPiBHIOE

, PYXaeTbCA 3 NPUCKOPEeHHAM. BndHauTe NpNCKOPEHHS eNeKTPOHa.

12. ¥YcTaHOBITb BiAMOBIAHICTb MiX CNiBBIiAHOWEHHAMMW i TUM, L0 BOHW BMpa—

XKaTh:
1. MarHiTHa MPOHUKHICTb cepefoBULLa.

2. Cuna AmMnepa.

3. Cwuna JlopeHua.
4. MarHiTHMN NOTIK.
13. ¥ HepyXxoMilhi ApOTHAHIW pamMyi, WO po3TawoBaHa B MarHiTHOMy noni, BU—
HNKAa€E IHOQYKLUIiVHWI cTpyM. BrnbepiTb NnpaBuibHe TBEPAIXKEHHS.
A. Cuna cTpyMy MakcumManbHa, KON MarHiTHUW NOTIK 4yepe3 paMKy He 3Mi—
HIOETbCA.
B. Cuna cTpymMmy NpAaMo nponopuiiHa onopy paMmKu.
B. Cuna ctpymMmy TuM 6inblia, HMM NOBiNbHILLE 3MIHIOETbLCA MarHIiTHUIW MOTIiK
yepe3 pamKy.
N AdkKuwo nnowa paMmKy napanenbHa AiHIAM IHAYKLIT MarHiTHOro nonsa, mar—
HITHWM NOTIiK Yepe3 paMKy OOPIBHIOE HY/IO.
A. Cvna cTpyMy TUM MeHLWa, YAM WBUALWE 3MIHIOETbLCA MarHiTHUNM MOTIK yYe—
pe3 pamMKy.
14. AKuW,0 MarHiTHe Nosie 3SMiHIETbLCA, TO BUHUKAE
efneKTpocTaTMyHe none.
NO3NTUBHWUW eNeKTPUYHUN 3apsaj.
. BUXpOBe efleKTpU4YHe norsne.
HeraTUBHUM eNeKTPUYHMI 3apag.
MO3UTUBHUN | HETaTUBHWUNM eNeKTPUYHI 3apsaan.

oo >»



15. BuxpoBe efleKTPUYHe Mnosie BUHMKAE Mnpu
. MPOXOJ>XEeHHIi NOCTINHOIO CTPYMY NO 3aMKHYTOMY KOHTYpPY.
3MiHax MarHiTHOro nons.

B3aemMOfil ABOX e/NeKTPUYHUX CTPYMIiB.

B3aeMOJiT ABOX HEPYXOMUX 3apAfXKEHUX YaCTUHOK.

nosepTaHHIi NJOWWHUN KOHTYPY HaBKOJ/10 OCi.

16. o0 ueHTpa MigHOroO KiNbusa, NigBilLEHOro Ha HUTLWI, WBNAKO MiAHOCATL
MarHiT (mantoHOK). Wo Bigbynetbca 3 Kinbuem?

A. Kinbuye BigWITOBXHETbCA Bif MarHiTy.

B. Kinbue 3anMwmnTbCca HEPYXOMUM.

B. Kinbue NpuUTArHeTbCA A0 MarHiTy.

M Y Kinbyi BUHNKHE He3aTyXal4iunl cTpyMm.

. Kinbye noBepHeTbCHA A0 MarHiTy iHWKNM 6OKOM.

17. 3a 2,5 MC MarHiTHUN NOTIiK, AKUW MPOHU3YE
KOHTYp, piBHOMipHO cnagae Big 10 o 5 mB6. BusHaute EPC iHAYKLiT B KOHTYpI.

A.2B.b.4B.B.0,2B.TI.0,4B. 4. 20 B.

18.3 AKO0 WBUNAKICTIO MPOBIAHUK 3aBAOBXKWN 1 M pyxXxaeTbCHa B O4HOPIAHOMY
MarHiTHOMY Moni 3 iHAYKUie 12 mTn, AKLWO MiXK MOro KiHUAMW BUHNKAE Pi3HUN—
ua noTeHuianis 120 mB? Cam NpoBigHWK | HANpPsAM MOro pyxy nepneHaNKYSApHI
00 NiHIM IHAYKLUIT MarHiTHOro nong.

A.0,1 m/c. b. 10 m/c. B. 35m/c. . 2m/c. . 100 m/c.

19. BusHauTe iIHOYKTUBHICTb KOTYLW KW, B AKIiW MNig 4Yac 3MiHU CUIN CTPYMY Bij
5 po 10 A3a 0,1 c BuHukKkae EPC camoiHaykuyii 10 B.

A.300MH. 5. 0,05 TH.B.20TH. M. 4TH. 4. 0,2 TH.

20. Bn3sHauTe WBUAKICTb 3MiHM MarHiTHOIO MOTOKY B coneHoigi 3 1000 BnTKiB
nig yac 36ya>xeHHa B Hbomy EPC iHaykuii 150 B.

A. 15B6/c. b. 0,15B6/c. B. 1,5B6/c. I'. 0,25 B6/c. . 25 B6/c.

21. Y koTyuwyi 3 iHaQYKTUBHICTIO 0,2 MH cuna ctpymy 10 A. Homy goOpiBHIOE
eHeprig MarHiTHOTO MONsA Wi€l KOTYyWKN?

A. 1 Ox. B. 10 Ax. B. 20 O>x. I'. 100 Ax. 4. 0,01 [Ox.

22. Bn3HauTte iHAYKTUBHICTb KOTYLWKWN 3 0OcepAdaM, AKLW,O MPU LWUBUAKOCTI 3Mi—
HU cnnun cTpymy 50 A/c y Hil 36yaxyeTbca EPC camoiHaykuii 20 B.

A. 400 MTH. B. 0,04 TH. B. 40T H. T. 40 MmkIH. 4. 4 TH.

23. ¥cTaHOBITb BigMOBIAHICTb MIXK OAMHUNLAMUN PI3NYHUX BEJIMYUH i TX Ha3BaMu:

Pomom>y

A. IHOYKTUBHICTb. 1. Bebep.
B. MarHiTHa iHAYyKLifA. 2. leHpi.
B. MarHiTHUM NOTiK. 3. BonbT.
M EPCiHAayKuUii. 4. Tecna.

24. B ocHOBY po60TKW reHepatopa 3MiHHOTO CTPYMY NOKJ/afeHOo ABuLLe
A. rictepesucy.

B. enekTpomMarHiTHOT iHAYKLIT.

B. HarpiBaHHS MarHiTHUM MoOneMm.

IC. po3pAAKN KOHAeHcaTopa.

A. 3apAagKun KoHpeHcaTopa.

25. Nl'eHepaToOp NOCTINHOrO CTPYMYy CKagaeTbcs 3

A. iHAYKTOpa, AKops, KojnekTopa i3 witkamu.

B. iHOyKTOpa, aKkops.



B. iHQyKTOpa, KonekTopa.

. AKopsA, KONeKTopa i3 witkamu.

A. iHayKTOpa, KoMekKTopa i3 uwitTkamMmu, NMOCTIMHOro MarHiTy.

26. B ocHoBy po6oTun TpaHchopmaTopa NokKnajeHo 3aKoH

. A>xxoyna—JleHua.

Kipxroda.

. OmMa Anfa NoCTiiIHOTO CTPYyMY.

dapages ANA eNeKTPOMarHiTHOT iHAYKLIT.

. HbroToHa.

7. BTopuHHa o6mMOTKa TpaHcopmMmaTopa BUKOPUCTOBYETbLCA AR
nig'egHaHHAa 40 gXXepena 3MiHHOIO CTPYMY Ta CTBOPEHHSA MarHiTHOro nons.
nig'eqHaHHsA A0 g)kepefna NMOCTIMHOIO CTPyMYy.

iHAYKYBaHHSA CTPyMYy 3a paXyHOK 3MIHHOro MarHiTHOro nons.
CTBOPEHHSA MOCTINHOIO CTPYyMY.

OO PNBETIDO>

HarpiBaHHS.
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KonueanbHuii pyx. MNepiopg i yactoTa Ko/NIMBaHb
FapMOHIYHI KONMBAHHA

MaTemMaTUYHUN MasATHUK.

Mepion KonNuBaHb MareMaTMYHOro MadTHUKA
BinbHi KOoNMBaHHA. BUMYyLWIEeHI KONUBAHHA.
Pe3oHaHC

MoWMpPEHHA MeXaHIYHUX KOJIMBaHb Yy MPYXHOMY
cepepoBuuli. NMonepeyHi Ta NO340BXHI XBUI.
[ OBXWHaA XBUNI

KonmeBanbHW KOHTYP. BUHUKHEHHA eNeKTpo-
MarHiTHUX KONNUBAHb Y KOMMMBA/IbHOMY KOHTYpI
FapMOHIYHI eNneKTPOMAarHiTHI KOJIMBaHHA.
YacToTa BNaCHUX KOMMBAHb KOHTYpPY
3aTyxawui Ta BUMYLWIEHI eNeKTPOMarHiTHI
Ko/iMBaHHA. Pe30HaHC

EnektpomarHiTHe nosie. EnekTpomMarHiTHI XBUi
WIBMAKICTL NOWMPEHHSA, OO0BXMUHA,

yacToTa e/IeKTPOMAarHiTHOT XBUI.

Likana enekKTpoMarHiTHUX XBUJb
BnactuBoOCTi enNeKTpOMarHiTHUX XBUNb

Ta iXx 3acTocyBaHHA
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KO/IMBA/IbHIN PYX.
MeprPIOCd | HACTOTA KOJIMBAHDb

AK BaM BXe BiJOMO 3 monepeaHix KnaciB, KONMBaHHAMMN abo KOMMBaNnbHNUMMU
pyxamMmuy Ha3uBalTb TaKi BUAUN MeXaHIYHOI0o pyXy UM 3MiHU cTaHy cuctemMu, sAKi
nepiognyHO NOBTOPHKKTbLCA B Yaci, Hanpuknajg, MexaHiuHi KOMBaHHSA Tina Ha
NPY>XWHI, KONMBaAHHA MasTHUKIB, KONMBaHHSA CTPYH, Bibpauii dyHagameHTIB Oy—
AiBeNib, eIeKTPOMArHiTHI KONMBaHHSA B KONMBalbHOMY KOHTYPpI.

3a Pi3n4YHO NPMPOJOI KONMMBAHHA MOAINAIOTL HA MexXaHIUHI Ta enekTpomar—
HIiTHI, 3a XapaKTepoM KO/IMBaHb — Ha BiflbHi, BUMYLUeHI Ta aBTOKO/MBaHHA. Xoua
KONMBaHHSA 4OCUTb Pi3HOMaHITHI 3aCBO€E PiI3NYHOK NMPUPOAOIO, ale BOHM MakoTb
CMiNbHi 3aKOHOMIPHOCTIMONNCYIOTbCAOAHOTUNHNMU MaTEMaTUYHUMM MeTO4aMMU.

KonmeBaHHA NnpuTamMaHHi BCim aBunwam npmpoaun. NMynbcyoTb 30pi i obepTatoTb—
cannaHeT CoOHAYHOTCMCTEMM, Y3eMHillaTMmocdepiTaioHocdhepi LMPKYNOKOTb MNO—
TOKW 3apAfXKEeHUX | HEUTpaNbHUX YaCTUHOK, BIiTPU 36YyAXKYOTb KONMBAHHSA | XBU—
ni Ha NoBepxHi Bogovim. BcepeanHi 6yab [(sIKOro )KMBOro opraHiamy 6e3nepepBHO
BifbyBalTbCcHA NpoLEeCH, AKIi pPUTMIYHO MOBTOPKOKTbLCA, HaNpuknag 6uTTa cepus.

CBIiTNO — Ue TaKOX KONMBaHHSA, afe eNeKTPOMAarHiTHi. 3a 4ONOMOT O efneKk—
TPOMArHiTHUX KOMIMBaHb, AKi NOLWMNPIOKTLCSA B NPOCTOPi, MOXHa 34iicHIOBaTH
papio3B'sA30K, pajgionokayit, nepegasatu TeneBisiliHi Nepegavi, a TaKoX Niky—
BaTu AesKi XxBopobwu. lNMepeniuntm BCi BUAN KONMBaHb HEMOXJ/TUBO.

HaBepeHi npuknagn mMexaHiYHUX | eNeKTPOMarHiTHMX KOAMBaHb 3 Mepwworo
norndaay marTb Mano cninbHoro. MNMpoTe nig vyac ix gocnig>XeHHs 6ys0 BUABNEHO
LiKaBy 3aKOHOMIPHICTb: pPi3Hi 3a PiI3NYHOIO NPMUPOAOI0 KOJIMBAHHSA ONNCYOTbCA
OAHAKOBUMW MaTeMaTUYHUMUN PIBHAHHAMMU, L0 3HAYHO MONerwye iXx BABYEHHSA.

MpucTpoT, BAKUX MOXYTb 34iliCHIOBAaTUCA KONUBaAHHSA, Ha3nBatloTb KONMBa/b—
HUMKN cnctemamun. Byab[dka KonmBalbHa cUMcTeMa Mae MOMTOXKEHHA piBHOBAru.
Hepyxoma cuctema 060B'A3KOBO nNepebyBae B TaAKOMY NOIOXeHHIi. Cama no cobi
cucTtemMma He MOXXe BUWTW 3 MONOXEHHSA piBHOBarun; Ans8 LbOoro Heo6XxigHM BNAUB
30BHIWHBLOT CUIN.

Ba>xnmBa 0oco6/MBICTb KONUBaNbHUX PYXiB — TX MepiogNYHICTb, TO6TO TOUHa
abo Habnu>xeHa NOBTOPIOBAaHICTb PyXy Tifl Yepes3 piBHI iHTepBanmn 4vacy.

Mepiog KonNmBaHb NO3Ha4vYawTb NiTepoto T. Moro oguHuueto B Cl € ogHa CeKYH—
aa (1 c).

OagvHnuyer yactotm B Cl e ogmnHrepy (1My). BoHa Ha3BaHa TaK Ha

yecTb BiJOMOToO HimMmeubKOro didmka ll. Nlepya. AKuUW,0 HacToTa KONMBaHb

TO Ue Oo3Ha4ae, U0 BigbyBaeTbCca Og4He KO/MBaHHSA 3a cekyHay. NMpnbnmsHo 3 ta—
KO 4acTOTOK 6'eTbCA NOACbKE cepue. AKLL,O To BigbyBatTbcHa 50 ko—
NNBaHb 3a CEeKYHAY.

YacToTa KOMBaHb — Le BeiM4YMHa, o6epHeHa A0 nepioay:
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1. o Ha3nBalTb KOIUBANbHUM PYXOM?
2. AkuM gBuWwaM Npupoaun nputaMmaHHi KonnusanbHi pyxu?
3. Lo Take yacToTa Ta nepiof KonNnBaHb?

FrNAPMOHIYHHI KOJIMBAHHA

Cepefi ycix pi3HOMaHITHUX (POPM KOJIMBaHb BaXX/INBe MicLe HanexXuTb rap—
MOHIYHNM KONMUBaHHAM. FapMOHIUYHI KONMBaHHA — Lie HalnpocTiwi nepiogny—
Hi KO/IMBaHHSA. BinbwicTb KONMMBaHb, AKi TpannsawTbCA Ha NpakKTuyi, cknagHi. 3
Kypcy maTeMaTuKu Bigomo, wo 6yablake cknagHe nepiognyHe KOAMBaHHSA € cy—
MOK HaMNpPOCTIWNX FTAPMOHIYHNX KONUBaHb (FTapMOHIiK). TapMOHIYHI KONMBaH—

HA — €AWHWNIA TN KoNnBaHb, hopMa AKUX
HeCrnoTBOPIETbLCAY NPOLECi BIATBOPEHHSA.

NepekoHaemMoCcsaBLbOMY3a40MOMOT OO
KOMMBaHHSA KY/NbKW, fiKa KOB3a€ B3[0BX
oci Ox, Nig A€o cCUNM NPY>XHOCTI NPYyXnN—
HU

KonuBaHHA Ky/NbKW MOXHa po3rnsga—
TN AK MPOEeKL il KOJIOBOTO PYyXy KYJ/IbKW
(man. 100) Ha Bicb Ox. Hexall A — pyxomui
pagiyc ,ONOMIXHOTO Kofa, uio Bignosigae
HarbiNnbWOMY BiAXNNEHHIO KYNIbKW Bij No—
NOXEeHHSA piBHOBArm xwax. AKWO0 ob6epTatn
KY/NbKY MO KONy 3 TaKO KYTOBOIO LWBUA—
KiCTH €00, W06 NpoeKuin 1i pyxy 36iranacs

Man. 100 3 PYXOM KY/IbKU Nifg Ai€0 CUNU NPYXXHOCTI
NPY>XWHW, TO iIT MNTTEBE NOJIOXKEHHA byae
BM3HavyaTucs piBHICTIO

Mig yac o6bepTaHHA pyXxoMoro pagiyca
3i cTanow KyYyTOBOW LWBUAKICTIO CO0 KYT @
MiX papgiycom i Biccro Ox 3pocTae npsmo
nponopuiinHoO vacy:

Mpoekyina X pyxoMoro pajiyca Ha BicCb
OX 3MiHIOBaAaTUMETbCS 3a 3aKOHOM:

AHaNoriyHo MO>XHa TaKO>X MNOpPiBHATU
Man. 101 KONMBaHHSA TiHI KYyNbKW, 3akKpinsieHoi Ha
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ONCKY, AKU obepTaeTbCcs 3i CTasiolw KyTOo—
BOK WBUAKICTIO WO, i KYNbKW MNPYXUHHOTO
mMaaTHuKa (man. 101). Mo>kHa nigiépaTtu Taky
WBUAKICTb o6epTaHHA AMUCKaA, WO PyX TiHI
KY/TbKW Ha eKpaHi MOBHICTIO 36iratmmeTbca 3
PYXOM KYy/NbKU MPYXXWHHOro MmasaTHuUKa. Tak
caMoO MOXXHa nokasaTu, WO NpoeKLisa pyxo—
MOro pagiyca gamcka OM Ha BepTUKanbHWUM
AgiameTp 3MiHIOBaTUMeTbCHA 3a 3aKOHOM:

Man. 102

Mpoekuyii pyxomoro pagiyca B 060x onm—
CaHMX BMMNagKax MOXHa po3rnajgartn AK KOOpAMHATU KyNbKu, sika obepTaeTbcs
no Kony.

Takum YMHOM, y 3a3Ha4YeHUX BUNagKax KoopamHarta Tina, ske 34iNCHIOE Biflb—
Hi KOIMBaHHSA, 3MIHIOETbLCA 34acoOM 3a3aKOHOM CUHYca abo KocuHyca. Npadik 3a—
NIeXXHOCTI KoopauHaTu Tina Big 4acy BiAMOBIAHO [0 €KOCUHYycoi[]
ha, 306paxxeHa Ha man. 102.

BaX/1MBOO XxapaKTeEPUCTUKOI KOMUBANbHOIO pyXxy € amnaiTyaa.

AMNAiTyaa MO>XKe MaTu pi3Hi 3HAYEeHHS 3a/1eXXHO Bif TOro, HacKinbkKn My 3Mi—
LWLYEMO TiNO Bif NONOXEHHS piBHOBarm B Mo4aTKOBUIM MOMEHT 4acy, i Big Toro,
AKa WBUAKICTb HafgaeTbCA NPpU LbOMY TiNly. IHWKMMM cnoBamMun, amnaiTyaa BU3Ha—
YaeTbCA MOYATKOBMMU YMOBaAMMU i JOPIBHIOE MHOXHUKY NPU CUHYCcOTAanbHIh un
KOCUHYycoOTganbHIiM PyHKUIT, AKMKA BignoBifae faHOMY KONMBanbHOMY npouecy.

YUepes iHTepBan yacy, uwo gopiBHioe nepiogy T, TO6TO 3i 36iAbLWIEHHAM apry—
MEHTY KOCUHYCa Ha PYyX NMOBTOPIETLCHA | KOCMHYC HabyBae nonepegHbO—
ro sHadyeHHsa. NpoTe 3 MaTemMaTuUKM BiJOMO, WO HalMeHLW MK Nepiog KOCUHYyca
OOpiBHIOE OTxe, 3BiAKM

TaknmM YNHOM, BeNnUYuHa iy — Ue KiNbKiCTb KONMMBaHb TiNna, ajne He 3a OAHY
CeKyHAy, a3a 2 ceKyHj. BoHaHasnBaeTbCA LMKNiIYHO abo KO/TOBOK YaCTOTOIO.

Mpwn 3agaHiv amnniTyai rapMOHIYHNX KO/IMBaHb KOOpAMHAaTa KO/IMBHOTO Tifna
B 6yab[dKnit MOMEHT YHacy OAHO3HAaYHO BM3HAYa€eETbCA aprymeHTOM KocuHyca (abo
CUHyca)

OavHnuyetro pasu € pagiaH abo rpagyc.

Big a3y 3anexxnTb 3HaAaYEHHSA He NUWe KoopauHaTu, a i WBUAKOCTI, N Nnpu—
CKOPEHHS, WO 3MIHIOKTbLCSA TAKOX 3a FTAPMOHIYHVUM 3aKOHOM. TOMY MOX>Ha CKa—
3aTu, WO nNpu 3agaHin amnnitygi asa BU3Hayvyae cTaH KONMBAaJbHOIT CUCTEMU Y
6yab[AKMin MOMEHT 4Yacy.

OcCKinbKu BigHoweHHA nokasye, fka yacTuHa

nepiogy nponwia Big NoyaTKy KONMBaHb.
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Hanpwuknag, konwu npoinge 4yac

Man. 103 .
(4BepTb Mepioay),

Ha rpadiky Mo>XHa 306pa3nTu 3a5eXHICTb KOOPAMHATN KOJIMBHOT TOUKU He Bif
yacy, aBig a3sun. Ha man. 103 noka3aHO Ty caMy KOCUHYcOTay, Wo i Ha man. 102,
ane Ha ropusoHTanbHIM OCi 3aMiCTb Yacy BigKnageHO pPi3Hi 3HauyeHHs da3n <p.

Bam B)ke BifOMO, WO A4/ FTaPMOHIYHUX KO/IMBaHb KOoOpAMHaTa Tifla 3MiHIOETb—
CH 3 yacom BiAMNOBIAHO 40 3aKOHY KOCUHYca abo cuHyca. MNMpoTe NMpu LboMy cnifg
BpaxyBaTu MOHATTA ¢dasun.

CUHYyC Bipi3HSETbCA Bif KOCMHYCA NMLUe 3CYBOM aprymMeHTYy Ha YBepTb nepio—
4y, To6To Ha ToMy A/ oNMCcy TapMOHIYHUX KONMWBaHb 3a—

MiCTb hopMynu MO>XHaBUKopuctatn popmyny

MpoTe Nnpu ubOMyYy NOoYaTKoOBa pasa, TO6TO 3HauyeHHSA da3m B MOMeHT t = 0, gopiB—
HIOBaTUMe He Hy o, a 3BUYaliHO KO/IMBaHHSA Tifla Ha NMpy>XWHi (abo mMaaTHN—
Ky) 30yA>KYOTb, BUBOASYN MOT0 3 MOMIOXXKEHHS piBHOBaruM, a noTiM Bignyckar —
4. Y MOYaTKOBUN MOMEHT 3MIiLWLEHHSA Bif MOJIOXXEHHS pPiBHOBAarnm € Makcmmasiab—
He, TOMY OMMCYBaTW KOJIMBAaHHSA 3pyyHille (QOpPMYysoLoO BUKOPUC—

TOBYHUYUN KOCUHYC.

IHWa piy, KON KoONMBaHHA Tifa, Wo nepebyBae y cTaHi CMOKOK, 30yAXKYOTb
KOPOTKOYaCHMM NOLWTOBXOM. TOAi B MOYaTKOBMI MOMEHT KOOpAMHaTa AOPIBHIOE
HY/10, | KONMBaHHA 3py4YHille onncyBaTu GOopMynolo 3 BUKOPUCTAHHAM CUHYcCa

TOMY WO MPpU LbOMY No4vYaTKoBa ha3a JOPIBHIOE HY/IO.

KonnBaHHA, onncaHi piBHAHHAMMU piz—
HATbCA Mi>XK cob60t0 nuwe aszamm. PizHunuya das (3cyB pa3) LnMxX KONUBaHb AOpPiB—

HIOE Ha man. 104 noka3aHO rpadikuy 3aseXXHOCTi KoopauHaT Bif 4dacy Ans

Man. 104
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ABOX FApMOHIYHUX KONIMBaHb, 3CYHYTUX
3a a3oro Ha Mpadik 1 BignoBigae Ko—
NMBaHHAM, WO BigbyBalTbCcA BignoBig—
HO 10 3aKOHY CUHYCcOTAN X = XT&X sin(0,£,

arpagik 2 — KonMBaHHAM, U0 BigbyBa—
IOTbCA BIANOBIAHO A0 3aKOHY KOCUHYCOT []

LULo6 BM3HAUUTU pPi3HULIO a3 ABOX
KONuBaHb, o6unaBa Li KoMBaHHSA Tpeba
3anucaTtu yepes o4HY i Ty camy TPUroOHO—
MeTpUYHY YyHKLUit0 (KOCcHycabocunHyc).

Y rapmMoOHiYHMX KONUBAHHSAX KOOp—
AVHaATK Tina, Moro WBUAKICTbL | Npu—
CKOPEHHS TaKOX 3MiHIOKTbCSA rapmo—
HiuHO. NMpoekuig WBUAKOCTI Ha Bicb OX
Ma€e TakKui BUrnapg:

Man. 105

LBuaKIicTb Nig yac rapMOHIYHUX KONMBaHb 3MIHIDETBCHA 3 HAaCOM FrapMOHIY—
HO, a/fle KONWBaHHSA WBNAKOCTI BUNMepea>atTh 3a ha3oto KONMBaAHHSA KOoOpAMHa—

TN Ha

Y MOMEHT, KONU KoopaumHaTa AOPiBHIOE HYNtO (MOMEHT MPOXOAXKEHHS
NONOXEeHHSA piBHOBarn), Moaynb WWBUAKOCTI MaKCUManbHUN, i, HaBMNaku, WBUA—
KiCTb AOPIBHIOE HYNIO, KON KoopAuHaTa MakcumMmasnbHa 3a mogynem (man. 105,
a, 6). MakcummanbHe 3Ha4YeHHs WBWUAKOCTI 3a moAaynem, To6To amnnityay
KONMMBaHb WBUAKOCTI MOXHa 3anmcaTtu 4yepes aMnnitTyay 3MilleHHS y BUTAaii

Mpoekuyuia NnpuckopeHHs Ha Bicb OX Taka:

MpucKopeHHA | KoopAMHaTa 3a Moay/sieM HabyBalOTb MaKCMManbHOIO 3HAYEeHHS
oAHO4YacHO, afne MakTb NMPOTUMEXHI 3HAKN. Y TaKOMY pasi KaXyTb, W0 KOMBaHHA
BigbyBatoTbCca y npotudasi (man. 105, a, B).



. fKi KONMBaHHA Ha3nBalTb rAPMOHIYHUMU?

. Ak 3B'A3aHa UMKNiYHa yacToTa Ko/iMBaHb 3 nepiogom?

LLlo Take amnniTyaa KoNnBaHb?

. Wo Ttake pa3a konusaHb? Pi3HNUA ha3?

. 9K 3MIHIOETbBCA 3 YAaCOM WBUAKICTb Yy TAPMOHIYHUX KONNBAHHAX?

. K 3B'A3@Hi NPUCKOPEHHA I KoopAMHaTay rapMOHiYHUX KONIMBAHHAX?

OUTRWN R

MATEMATUNUYHM MAATHUK. MEPIOA KOJIMBAHb
MATEMATNHHOIO MAATHWKA

3 nonepeAHix KnaciB BM 3HaeTe, WO MaTeMaTUYHUM MasgsTHUKOM BBaXakTb
TOYKOBe Tino, nigBilleHe A0 HEPO3TAXKHOT i HEBAroMoT HUTKN. MaTeMaTUUYHU
MasTHUK — Le NMOHATTA abCcTpaKTHe, TOMY LLO: PO3MipN KynbKW Habarato MeH—
Wi 3a AOBXWHY HUTKN, LUMWN pOo3MipaMy MOXXHa HexTyBaTu i po3rnagatn Kylb—
Ky 9K maTepiasbHY TOUKY. PO3TAroM HUTKMN TaKOX MOXHa HeXTyBaTWU, OCKIiNIbKU
BiH Ay>Xe Manuin. Mo>XHa HexTyBaTu i Macoto HUTKMN MOPIBHAHO 3 Macoto Ky/IbKW.

OTXe, 3 MeEBHUM HabNMXKXEHHAM MaTeMaTUYHUM MassTHUKOM MOXHa BBaXkaTu

KY/nbKy, nigBiweHy Ha HUTUWI (Man. 106). PiBHAHHSA pyXy maTeMaTUYHOro mMasaT—

HUKa Mae BUTNAL Pasom 3 uum, posrnsagaroum pyx npoekuii Tina, ake
pPiBHOMIpPHO 06epTaeTbCA MO KOy, MOXHa 3anucaTtu MpupiBHIOOUN Ui
PiBHAHHSA, OTPUMAEMO MpoTe ToAi 3BigKWN

Lia dbopmyna ana BuU3HauyeHHs Nepiojy KO/MBaHb MateMaTUYHOIo MasTHUKa
6yna BuBefeHa i nepeBipeHa Ha gocnigax ronnaHacbkmm piznkom K. MNoiireHcom
(1629—1695), Tomy iiyacTo Ha3mBalTb hopmynoto MNorireHca.

Mepioa KoONMBaHb MaTeMaTMYHOINo MasTHUKa 3a—
NeXnTb Nuuwe Big NPUCKOPEHHSA BiNNbHOro najiHHA
B AaHoMy Micui 3emni i Big [OBXWUHU MasTHUKA.
Mepiod He 3aneXWUTb Big aMnNAiTyAn KONUBaHb i Bifj
Macu nigBilleHOro TArapusa, WO Nerko nepesipmtu
Ha gocnigax 3 pisHUMU MadATHUKamu. Cnig nuuwe
nam'atatu, WO Po3Mipu TArapuys mMawTb 6yTn ma—
NUMUN MOPIBHAHO 3 JOBXWHOI MigBicy i WoO Mannum
Mae 6YyTU TakKOX KyT BiAXUNEHHS MasATHUKAa Bifj
BepTUKani. 3 HaBefeHOT 3aneXHOCTi nepiogy Ko-—
NMBaHb MaTeMaTUYHOro MasATHMUKa MOXHa Nerko
eKCNnepnumMeHTalbHO BU3HAUYNTUN MPUCKOPEHHSA BiNlb—
HOTro nagiHHA. ANnA uboro Tpe6a BUMIPATU AOBXUHY
MasTHUKA i mepiog MOro KoAMBaHb.



3anexHicTb nepiogy KoO/MBaHb MaTeMaTU4YHOTrO
MaaTHUKa Bif NMPUCKOPeHHSA BifIbHOroO NagiHHA BUKOPU—
CTOBYETbCA AN TOYHUX BUMIpHOBaHb MPUCKOPEHHSA
BiNlbHOro nafgiHHA Ha nosepxHi 3emni. Piyu y Tomy, wo
NMPUCKOPEHHS BiNIbHOMO NafiHHA B Pi3HUX TOYKax 3eMHOT
NoBepPXHi Ha OAHIN | Tilh camiil reorpadiyHii WNPOTI €
HeOoAHaKOBUM i 3a/1eXXUTb, XO04Ya M HE3HAYHO, Bif FYCTUHM
nopig, 3 AKNX ckNajarTbCA BEPXHI Wapu 3eMHOT KOpW.

Ycake Tino, wo Mae Bicb 06epTaHHSA, AKa He MPOXo—
OVTb Yyepes LeHTp Mac, 3aaTHe 34iiCHIOBaTN KO/IMBaHHSA.
Taki Tina Ha3uBatTb PiISUYHMMN MassTHUKaMKU. Hexal
MW MaeMo Tifo foBiNIbHOT popmMun, 3aKpinneHe Ha oci
o6epTtaHHA O (Mman. 107). LleHTp Mac yboro Tila— To4kKa
C. BigcTtaHb Bif oci o6epTaHHA A0 UeHTpa Mac Mo3Ha—
4ynmMo a. AKL,0 Take TiZlIO BUBECTU 3i CTaHy piBHOBarmu
i BigNycTUTWN, TO BOHO 3A4iMAiCHIOBATMMeE KOMIMBAHHA Nifg
[I€E0 PIBHOAINHOT CUNN TAXIHHA Ta CUAM MPYXHOCTI,

Man. 107

L0 BUHMKAE B caMOMy Tini. ¥ 6yab[dKNA MOMEHT yacy piBHOAiViHA cUA HanpsaM—
neHa A0 NOMOXEHHA piBHOBarn. OTXXe, MaeMoO HeObXigHI YMOBU A1 BUHNKHEHHSA
KONMBaHb, AK Y pasi KoMBaHb TArapusa Ha MPY>XWUHi Ta MaTeMaTUYHOro MasTHUKa.
dopmyna Ana BU3HAYEHHA Nepiojgy KoAmMBaHb Pi3YHOro MasTHUKA 3a aHanoriekn
3 hopMy o0 A8 MaTeEMaTUUYHOrO MasTHMKaA MaTuUMe TakKuii BUrnag:

e T — mMaca pi3nyHOro MassiTHMKa; § — NMPUCKOPEHHS BilbHOTO NajiHHA; a — Big—

cTaHb Bifg oci 06epTaHHA J0 LeHTpa Mac MasaTHUKA.

Y chopmMyny BXoAUTb BennymHa /, WO XxapaKTepusye iHepTHIi BnacTuUBOCTI Tin,
AKi ob6epTalTbCcsa. LLI0O BEIMYUMHY Ha3nmBatdTb MOMEHTOM iHepuii Tina BigHOCHO

oci obepTaHHA.

1. flka KonuBanbHa cuctemMa Ha3uBaeTbCa MareMaTuyHUM MasAsTHUKOM?

N

. Big yoro 3anexutb nepiof KoNMBaHb MaTeMaTU4YHOro MasaTHUKa?

3. AK i YoMy 3MiHUTbLCA Nepiof KONMUBAHHSA 3ani3HOT Ky/ibKW, NiABILLEHOT HA HUTLI, AKWO

nig Hew MNOMICTUTU MarHiT?

4. flka KonMBanbHa cMcTema HasnBaeTbCA PISUYHUM MAATHUKOM?

BUTOTOBNEHHA MAATHUMKA

I BUBHAUYEHHA MEPIOAY MO0 KOJNIMBAHb

MeTa po60TU: BUTOTOBUTU MPYXUHHUKE MasTHUK i BU3HAUYUTKU Mepiog Moro

KOJ/INBaHb.

O6nafgHaHHA: Habip Tarapuis 3 mexaHiku HICM 00, Tpumay 3i cnipanbHOMO
NPY>XMHO, WTaTMB ANA PPOHTaNbHUX PO6IT, MeTp AeMOHCTpauiiHNA, CeKyH—

AOMip abo rOAMHHUK i3 CEKYHAHO CTPIiNKOIO.



Xia po6oTwu

1. 3akpinnuTu NPY>XUHY 3 TpUMaueMm y nanuyi wrarmea i
niagsicnTm o Heli Tarapeub macoto 100r. NMopag3 Tarapuem
3aKpinUTU BepTUKaNbHO BUMIpHOBaAbHY NiHIAKY i Mo3Ha—
YNTW MOYATKOBE MONOXEHHA TArapus.

2. MigsicuTm A0 NPYXUHW Uie ABa TArapui macor no
100 r (man.108) i BUMIpATKU 1T BULOBXEHHSA AX, CpnunN—
HeHe gieto cunn F =2 H. 3a BUMIpAHUM BULOBXEHHSAM i
BiJOMOI CUNO OBGUNCAUTUXKOPCTKICTb NPYXUHN:

3. BHAUYU IXKOPCTKICTbNPYXNHU, 0o6umncnuTm nepiog T
NPY>XMWHHOTo MassiTHMKa macoto 2001i 400 r 3a popmMyioto

4. 3annwnTn Ha NPY>XUHI agBa TArapui macot no 100 r,
BUBECTU NPYXMUHHNN MaAsTHUK 3 NOJIOXKEHHSA piBHOBarmu,

Man. 108 3MiCTUBLWIN HWOro Ha 5—7 CM YHU3, i eKCNepuUMeHTaNbHO
BM3HaAUYNTU Nepios KonueaHb MaaTHWKa. Ons yboro,
BUMIpPABLWMW iHTepBan 4acy NPOTATroM SKOFro MasTHUK 34iicH0e 20 MOBHUX

KO/IMBaHb, BU3HAUYNTM Nepiof KONNBaHb 3a POPMY/OH

5. Taki cami BUMiptOBaHHS i 06UNCNEHHSA BUKOHATN 3 MassTHMKOM Macoto 400r.
6. Cknactu Tabnuuyto i BHECTU y Hel pe3ynbTaTu.
7. MopiBHATW pe3ynbTaTtn i 3p06UTN BUCHOBKMN.

BI/IbHI KOJTIMBAHHA.
BMMYLUEHI KO/IMBAHHA. PESOHAHC

Mpwn po3rnAaai rapMOHIYHUX KOJIMBAaHb MW HexXTyBanu BTpataMu MeXaHiYHOT
eHeprii y KonmBanbHNUX cuctemax, TO6To po3rnaganun igeanbHi sunagku. MNMpo—
Te, B peajibHUX cucTemMax BTpaTu MexaHiuHOT eHepril 3aB>XAW iCHYIOTb. BOHU BU—
K/IMKaHi HassBHICTIO TEPTHA, ONOPY cepefoBMLLa, YTBOPEHHAM MeXaHIYHUX XBUIb
Towo. TomMy amnniTyja KoJinBaHb y pealbHUX CUCTEMAax 3 4aCOM 3MEHLWYETbCA, i
KONMMBAHHA,3PEeWTO, MPUNUHAKTLCA. Hanpuknag, 34aCcoM NPUNMUHAOTbCA KO—
NWBAHHA TArapsa Ha NPYXWHI 4n roganyi, AKLWO TX Yac Bif yacy He MigWTOBXY—
BaTu. AKL,0 B KOIMBaNbHIiA cCUCTeMIi TiZlo BUBECTU 3i CTaHy piBHOBarm i Bignyctm—
TN, TO BOHO 3jiicCHIOBaTMMeE TaK 3BaHi BifibHi KONMBaHHA, sAKi 3aBX/AW € 3aTyxat —
YAMWN. Y PO3rNAHYTUX BUNafKax Bi/IbHUX KONMBAHb Tifla: MatTeMaTUYHOro MaaT—
HUKa, TArapus Ha npy>XuWHi TOLWO NPUNycKanocs, Wo Ti/lo, AKe KO/IMBAETbLCA, He
3ycTpiyae Ha CBOEMY LUMAXY XXOAHUX Nepewko. 3a Takux igeaNbHUX yMOB OrO0
rapMOHIYHI KOIMBAHHA MOXYTb TPMBaTU HEOOGMEXEHO AOBro. 3a peasibHUX YMOB
pyxy Tina, sike 34iAICHIOE Bi/IbHIi KONMBaAHHSA, 3aBXAWN MNepewKoaXatTb pi3Hi ono[]



Mau. 109

Py, AKi CMNOBINIbHIOOTb KOMIMBAHHSA | CMIPUAKDTbL TX 3aTyxXxaHH. Hanpuknag, Tep—
TS KOZIMBHOTO TiNa MO iHWKWX Tiflax, 40 AKNX BOHO 4OTUKAETbCA BHACMIAOK HepiB—
HOCTIi MOBEPXOHb. 3aTyxaHHA KO/IMBaHb HAacTa€E TaKOX Yepe3 OonMip NoBiTpA, BOAMU
UM IHLWOroO cepefoBULLA, BAKOMY 34iICHIOKOTbLCHA KONMBAHHSA. TepTa MiX YaCcTUH—
KaMun Mpy>XHOro Tina (NMpy>XuWH, pecop), AKe € AXXepesioM BiAHOB/IKOBaNbHOT CUIN
MPY>XHOCTI, TAaKOX CNpuUse 3aTyxXxaHHI BiJIbHUX KONWBaHb.

Po3rnaHemo goknagHiwe BMNagoK, KOAW TifO KONIMBAETbCHA B cepefoBuLi,
L0 YNHUTb NMpoTUAIt0 Moro pyxy. Ha Tino 3 60Ky cepegosuw,a gie cuna, wo 3a—
NeXXUTb Big WBUAKOCTI Tifla i HanpamaeHa B 6iK, MPOTUAEXHUIW HanpsamMy pyxy
Tina. Mpuknagom mMoXe 6yTu TArapeub, MigBILLEHUA Ha MPYXWHI B NOCYAUHI 3
pignHotw (man. 109).

AKuWwo onip piAnHN BE/IMKNI NMOPIBHSAHO 3 Bi4HOB/IIOBa/IbHOK CUJIOIO MPYXXHOC—
Ti, TO KONUBaNbHWI pPyX Tina B TaKOMYy cepefoBuvLLi B3arani HemoXxnueui. Tino,
BMBefleHe 3 NMOJIOXKEHHSA piBHOBArun, nparHe 3aiHATN NOJIOXXEHHSA CMNOKOW, Nigxo—
4A4YN A0 LbOro MOJIOXKEHHS NMOCTynoBoO, 6e3 KO/IMBaHb. SIKLL0 X cuia onopy mana
NOPIBHAHO 3 CU/IOIO MPYXHOCTI, TOTiNO, BUBEAEHE 3 MONIOXXEHHSA piBHOBaru, no4vHe
3[iICHIOBATM B pPigWHI 3aTyxaruunili KonuBanbHUMW pyX. TeOpeTUYHO BCTAHOBJ/IEHO
Ta eKCrNnepuMeHTaslbHO NiATBEPAXEHO, WO aMnaiTyja 3aTyXaldmx KO/IMBaHb 3 Ya—
COM 3MeHLWYEeTbCA. BaxX/MBO 3ayBaXkKmTu, LLO HEBE/IMKUIM OMip cepefoBULLa Mano
3MiHIOE Mepiog BNaCHUX KO/IMBAaHb Tifla, OAHaK iHTEHCUBHO racuThb Li KONIMBAHHA.

3aTyxaHHA KONnMBaHb y 6aratbox BMnagkax — 6axxaHe i KOpUCHe ABMLE, B iH—
wnx — HebaxkaHe N WKigImMBe. Y nepwomMy BMNagKy 3aTyXxaHHS KONMBaHb Hamara—
IOTbCHA CTBOPUTU I NIATPUMYBaTU 32 40MOMOT OO BigMOBIiAHUX MeXaHi3MiB i MpUCTO—
CyBaHb. Y Apyromy BunagkKy, HaBmaku, ycyBaloTb 3aTyxaHHS 3acob6amMu, AKi 3MeH—
WyTb BNANB TepTa 1 onopy cepefoBulLa, BUKOPUCTAHHAM 3MalleHHS, 3aMiHUN
TepTA KOB3aHHSA TEPTAM KOYEHHS 3a JOMOMOTOI POIMKOBUX NiAWNMNHNKIB TOLWO.

Hanpwuknag, MoXHa B3ATU B PYKY KHUWXKY i 34iiCHIOBaTV HEK BUMYLUEHI
KONuMBaHHA. Ha KHUXKY 3 60Ky pyKuW 6yae [isTV 30BHILWIHA MepiogMyHa cuna.
OfHakK, y TaKUX BUMYLUEHUX KOJIMBaAHHAX HEMAaE HIYOro 0CO6/MBOTO i LLiKaBoro.



IHWa piy, KONMM 30BHIWHA NepiognyHa cua gie Ha Tino,
AKe MOXXe CaMOCTINHO 34iCHIOBATM BiflbHI KOIUBAHHS
(Taki KonmMBaHHSA 3aBXAW 3aTyxatui). MNMpuknagom ymx
KONBaHb MOXYTb OyTwn gepesa nig Ji€ro BiTpY.
AKWOo TifIO B MOMEHT no4yaTKy Ail 3MmywyBanbHOT
cunnm 6yno HepyxoMum, TO cloyaTKy amnnitTyga moro
KO/iMBaHb MOCTYNOBO 3pOCTa€, a vyepes NeBHUN yac go—
csAra€ MakKCMManbHOro 3HaydeHHSs i gani BXe He 36i1b—
WY€ETbCA.
BaknmBe ABULLe CNOCTepiraeTbcsa y pasi, Konuy yactoTa
3MyLWlyBasbHOT cunu 36iraeTbCcAa 3 4acTOTOK KONUBaHb
Tina, Ha ske usa cuna pgie. Mpu ybomy amnnaitTyga
KONMMBaHb [OCATa€e MakKCMMarbHOIO 3HaAYeHHA, sKe y
6araTto pasiB MOXe MepeBullyBaTn aMnaiTygy BilbHUX
Man. 110 KOoNnmBaHb. Take ABULWe Ha3nBalwTb pe3oHaHcom. B
ifeanbHOMy BUMNagKy, KONMM B CUCTeEMIi Hemae onopy,
pe30oHaHC HacTa€e, SAKLWO YacToOTU 3MYLUYyBasbHOT CUAN | BilbHNX KOIMBaHb CUCTEMMU
36iratoTbca. AMnnaiTyga KonvBaHb NMpU LbOMY HECKIHYEHHO 3pocCTae.

MoACHUTK ABULWE pe30HaHCYy HalWnpocTilwe Ha OCHOBI TakKMX MipKyBaHb. Iig
yac pe3oHaHCY CTBOPKKTbCHA HANCNPMATAUBILWI YMOBW AN1A NepefaBaHHS eHepril
BiJ, 30BHILWHbLOTO A)epesia MnepiognyHo 3MIiHHOT CU/IN 0O KONUBa/bHOT CUCTEMUA,
B AKIA MOXYTb BUHMUKATWU BiflbHIi KONMMBaHHSA. Y KONUBaNAbHii cUcTemi, fge He
BMHWKAKTb BiflbHIi KONMBaHHSA, pe30HaHC He cnocTepiraeTbcs.

AmMMOniTyga BUMYLUIEHUX KONMBaHb Mif 4Yac pe30HaHCy 3afeXuTb He e Bif
3HAYeHHSA 30BHIWHbLOT 3MyLWyBaNbHOT CUAN, a i Bif TepTa y KONMBasbHIi CUCTEMI.
13 36iNbWIEHHAM 30BHIWHbLOT CUAN, MPUPOAHO, 3pOCTa€E i amMnaiTyga BUMMYLUEHUX
KonneaHb. BoHa HabyBae nif 4yac pe3oHaHCy TakKOro 3HauYyeHHsA, N9 AKOro gogartHa
po60Ta 30BHILHBLOT CUJ/IN MOBHICTIO KOMMAEHCYE BTpPaTW eHEPrii CUCTEMOI BHACNiAOK
TepTd. O4eBUAHO, WO YMM MeHLUe TePTHA B KOJMBalbHIi cUCTeMi, TUM BiNbLIOIO
6yne amnnitTygja BUMYLIEeHUX KOMUBaHb ANS OAHIET i Tiel camoi 30BHIWHbLOT cunu.
3anexKHicTb aMnNiTyagn BUMYLUEHUX KOJIMBaHb Bif 4acTOTU ANA TPbOX KONMBaNbHUX
cCUCcTeM 3 pPi3HMMU cunamMmum TepTsa | ANns ogHIeT i Tiel camol aMmnAiTyaAn 30BHILLIHBLOT
cunu nokasaHo Ha man. 110. TyT kpmBa 1 BignoBigae cMcTemMi 3 MiHIMasribHOI CUNOIO
TepTHa, KpuBa2 — 3 cCepefHbOIO, a KpuBa 3 — 3 MaKCuManbHO0. 3 ynx rpadikis BUAHO,
WO YMM MEHLIEe TepTs B CUCTEMi, TUM CU/bHiWe 3pocTae amMnaiTyga BUMMYLUEHUX
KONnBaHb 3 HAGNMXXEHHAM CUCTEMU A0 pe30HaHCy. AKLWO0 TepTsa mane, TO pe3oHaHC
YiTKO BMPaXKeHU, a AKLW,O0 Be/IMKe, TO HeuiTko. Konu yactoTa 3MiH 3MyLUyBanbHOT
CUNn B CUCTeMI ganeka Bif pe3OHaHCHOT, B LbOMY pa3i amnnityga KonvBaHb Mana i
Mar>Ke He 3aneXuTb Bif CUAIM ONOpPY B CUCTEMI. AKLL0 X TepTHa Take Be/IMKe, WO He
BUHUKAaKTb BiflbHI KONMBaHHSA, TO pe30HaHC B3araji He cnocTepiraeTbcs.

Y 6araTbox BUMagKax pe3oHaHC € KOPUCHUM ABuLLeM. Pe3oHaHC MW BUKOPUC—
TOBYEMO B Pi3HOMAaHITHMX TUNax 4yactoTomipiB. Oco6/1MBO BaXX/IMBY pPO/b BiH Bi—
pirpae y pagiotexHiyi. OgHak TpannaaTbCcad BMNagKu, KOAU pe3oHaHC Tpeba He
AONycKaTu, OCKi/SIbKMN Oro HeBpaxyBaHHSA MO>Xe NPU3BOANTU A0 NEeBHUX ycKnag—
HeHb, HaBiTb A0 KaTacTpod. Tak, y MaHuecTepi 60 ocib 3pyiiHyBanu MmicT yepes
piuky IpBesnb, B AKOMY BUHUKAN Pe30HAaHCHI KONMBaHHA Nif giet BiTpy. Y1850 p.
3pyriHyBaBCcA AHXEPCbKWUM MNigBICHUW MIiCT, KON MO HbOMY KPOKyBaB 6aTanb—
MOH ppaHLUy3bKOT MiXOTW YncenbHicTo 500 oci6, Nnpu ybomy 226 ocib 3aruHyno.



HaBepgeHi npuknagn 3acBiguyyOTb BaXX/IMBICTb AOCNAIAXEHHSA KONWBaHb i He—
06XiAHICTb ypaxyBaHHS X y TexHiui.

1. Aka pi3HUUA MiX BiNbHUMU | BAMYLWEHUMN KONMBAHHAMU?

2. Y yoMy nonfArae spule pe3oHaHcy?
3. HakpecniTb i NOACHITb rpadiky 3aneXHOoCTi aMnNiTyaAn BUMYLIEHUX KONMMBaHb Bif vac-
TOTU 3MiH 3MYLWYBaNbLHOT CUNN ANA ABOX 3HAYEHL CUNN OMOPY.

MOWMPEHHA MEXAHIHHWMX KOJIMBAHDb
Y MPY>XHOMY CEPEOOBVLLI. INMOINEPE4YHI
TA MO300BXHI XBUWJ1I. OJOBXVHA XBWJII

MowmnpeHHA KONMBaHb y CepefoBULLLI Ha3NBalOTb XBUIbOBUM NMpouecom. Baxnn—
BO 3a3Ha4YUTU, LLLO MNOLMNPEHHSA XBU/Ib HE CYNPOBOAXKYETHCA NepPeHEeCEHHAM HaCTUHOK
cepefoBuLLa, — BOHU NULLIe KOMMBAOTbCA HABKO0 MOMOXeHb piBHOBarn. MNMpoTte 3
XBUE NEPEHOCUTLCA eEHEPrif, AKaNOLWMNPIOETLCA Y NPOCTOPI Bif A)Kepena KoSIMBaHb.

Hanpsam nowwupeHHA XBWUAI Ha3uBawTb NpPOMeHeM. 3aneXxHo Bif Hanpamy
KO/IMBaHb YaCTUHOK LWOALO0 HanpsaMy MNOLWMWPEHHSA XBUNI PO3PI3HATb XBUI
nonepeyvHi M MO3[40BXHI.

Konnm xBuna pyxaeTbCA NO MPYXWHi, NpUNycTUMO, 371iBa Hanpaso, [fiNaH-—
KW NPY>XWHWU KONMBaKTbCHA Bropy i BHMU3, TO6TO B HanpaAMmi, NepneHaAnNKynsapHo—
My (abo momnepeyHoMy) A0 pyxy camoi xBuni (man. 111). Taka XBUNSA Ha3NBaETb—
CANONEPeYHOIo.

OfHaK He BCAKa XBMAA € nonepeyHoto. KonvBaHHA MOXYTb BigbyBaTucs i B340BX
HanpsMy MOLWMpPeHHs XBUAi. Tofi XBUNSA HAa3MBAETbCA MO340BXHbLOI. Y MO3A0BXHIN
XBUNi YaCTUHKU cepefoBMLLAa KOIMBAKOTLCA B TOMY CaMOMY HanpsiMi, B AKOMY noLwin—
proeTbCA XBUAA. MO340BXHI XBUNi NEFKO cnocTepiratn B M'SKili pO3TATHYTI Npy>Xu—
Hi, NOYepProBo CTUCKAKUYUM i pO3TATYyHOUU OAUH 1T KiHeyb (Man. 112). Po3rnsHemo npo—
Lec yTBOpeHHs nonepeyHoi xBuai (man. 113). Mepwiii Touyi HaJAETLCA KONMBaNbHW

Man. 112



PYX 30BHILUHbOK NEPIOANYHOIO CUIOI0, LLIO Ma€e
nepiog konmBaHb T. ¥Yci TOUYKU cepefoBULla
3B'A3aHi MiI>K CO6010 MPY>XHUMU cnnamu. Tomy
KO/IMBAHHA TOYKU 1 CMNPUUYUNHAE KOIMBAHHA
TOYKW 2, L0, Yy CBOIO Yepry, CNPUYNHAE KONN—
BaHHA TOUKWM 3 i T. 4. — Yy NPYy>XHOMY cepefo—
BULL MowmproBaTumMmeTbed xBuns. Nigyac ko—
nnBaHb y cepefoBULLi, Hanpuknag y TBepao—
My Tifnli, BUHUKaKTb MNPYXHi cunn (BigdyBa—
eTbCcA gedopmayia 3cyBy). Uepe3 uBepTb ne—
piogy Touka 1 BiAXWUNTbLCA Ha MaKCUMalbHY
BiACTaHb Bifi MO/TOXKEHHSA piBHOBAru i mo4yHe py—
XaTucs BHU3. Y uUei yac TouKa 2 NoYnHae py—
xatucsa sropy (man. 113, 6). Le uepe3 uBepTb
nepiogy 3MilWleHHS TOUKK 2 Byae mMaKcuManb—
HUM, a Touka 3 moyHe pyxatucsa Bropy (man. 113, B). Touka 1 y ueil MOMEHT AOCATHe
MOJIOXKEHHSA piBHOBarn, Habyge mMakcuManbHOT LUBUAKOCTI | NMpOAOBXyBaTUMe pyxa—
Tucsa BHM3. HacTynHi a3m npouecy 3a oguH nepiog intoctpye man. 113, r, 4. AKwo
eHepria Ko/iMBaHb He 3MeHLYyBaTUMETbCA, TO N KOIMBaAHHA NMOLNPIOBATUMYTbCA Aasi.

Y pa3i nowmnpeHHSA NO340BXHbOT XBUJIi TOYUKU MPYXHOro cepefoBunLla TaKoX
30iCHIOIOTb KO/IMBAHHSA LW,O40 CBOTX MOJIOXKEHb piBHOBaru, aae npu 4boMy Kovn—
BaHHA X Bigb6yBalOTbCA Yy TOMY CaMOMY HanpsAMKY, B SKOMY NOLWWNPIOETbCA XBU—
ns, TOMy Nig yac NOWUWPEHHSA MO340BXHbOT XBUi CNOCTepiraloTbCa 3ryweHHsA 1
poO3pifgXeHHA YaCTUHOK cepefoBuLLa, B AKOMY XBU/A NOLWUPIETHCA.

Ha man. 114 noka3aHi OCHOBHI MmapamMeTpu, AKUMU XapaKTepusyrTb
nepiognYHy CUHYycoOTAanbHY XBUAK. Buili TOYKM XBUIBLOBOIrO pPyXy Has3nBarwTb
rpebeHaMHN, a HWMXYI — 3anagmHamun. AMnNnityga — LULe MaKcumasbHa BucoTa
rpe6eHsa um rAM6buHa 3anaguHnM, BUMIpAHa BiAHOCHO HyYyNnbOBOro piBHsa (abo
MONOXEeHHS piBHOBarm); MOBHWUIW po3Max KO/MBaHb Bif rpebeHs [0 3anmaguHu
[AOpiBHIOE MOABIVHIN amnniTygi.

BigctaHb MiXX gBOMa CycigHiMU rpe6eHSsMUN Ha3MBaKOTb JOBXWHO XBUII
X. [JoB>XWHa XBWUMAi AOPIiBHIOE BiACTaHi MiX 6yab[dKMMKU gBOMa NOCMAILOBHUMMN
O4HaKOBMMU 3a BMUCOTOK TouykamMum xBuni (abo BigcTaHi MiX Hanmbam>xX4ymmmn
TO4YKamMu, SKi KOMMBakTbCA B 0AHaKOBUX asax).

CuHycoTganbHi XBUNI XapakKTepu3ylTbCsA LWe 4acTOTOW XBUAiI v, Mif AKOH
pPO3yMilOTb HaCTOTY KOJIMBaHb YaCTUHOK cepefoBuLla (HacToTa KO/IMBaHb Nonaasus Ha
noBepXxHi xBUNi). YactoTa xBMNi 4OPIBHIOE KiNNbKOCTI rpebeHiB XBU/i, AKi NpoOXoaaTh
yepes gaHy TOUYKY 3a ogunHMLI0 Yacy (abo KifibKOCTI MOBHUX KOJMIMBaHb).

Man. 113

Man. 114



LBuaKicTb XBUANI cnif BigpPi3HATY Bif WBUAKOCTI YHaCTUHOK CaMOro cepejoBU—
wa. 3a nepiof, NPOTAroM AKOro XBUNA 34iNCHIOE OAHEe KONIMBaHHA, TO6TO onyc—
KaeTbcAa 3 rpebeHa B 3anaguHy i 3HOBY NigHIiMaeTbCcA Ha rpebiHb, XBUNSA Npocy—

HeTbCS Ha BifCcTaHb i 1T WBMAKICTb AOPIBHIOE

1. flka XBUNA HA3MBAETLCA NONEPEYHOI0, AKa NO340BXHbLOIO?
2. Wo Ha3uBalTb JOBXWHOW XBUNI?
3. UM ogHaKOBOW € AOBXWUHA XBUNb OAHIET 1 TiET caMOi4acTOTK B pPi3HMX cepepoBuLLax?
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€ kamepTOoHU Ha 50,126 i 440 Ny. BusHaute
nepiof KosmeaHb KOXXHOI0 KamepToHa.
Ay amnnitygy, nepiog, 4acToTy i noyar—
KOBY ha3y mMarlTb FrapMOHIYHiI KOIMBaH—
HA, 3a4aHi piBHAHHAM

MasTHUK 34iMCHIOE KONMMBaHHS 3 YacTo—
Tot 4 I'y. BnsHauTe KiNbKiCcTb KO/IMBaHb,
AKi 3po6uUTb MasATHUMK 3a 8 C, a TakKoxXx
nepiog KonmBaHb.

BusHaute 3miweHHA Kynbkm 3a 0,05 c,
fKa 3[iNCHI0E KO/IMBaHHSA 3a 3aKOHOM

Uum Bigpi3HAOTBCA OAUH Bif O4HOTO
KOMMBanbHi pyxu, rpadikm AKmx 3o06pa—
>KeHOo Ha man. 115?

MaaTHMK Mae JOBXMHY 9,8 M. AKN ne—
piof KONMBaHb LbOro MasaTHUKA, AKLLO0
Moro moxkHa BBakat MateMaTUHYHUM?
MasaTHMUK 3aBfoBXKu 150 cm 3a 300 c
po6uTth 125 KonmBaHb. YoMy JOpiBHIOE
NPUCKOPEHHS BifIbHOTO NMagiHHA?

AKunii nepiof BiNIbHUX KOMMBaHb MPY>XNH—
HOro MasATHUKAa, SKLL0 mMaca BaHTaxy
0,8 Kr, a >XOpPCTKiCTb Npy>XnHu 20 H/m?

Man. 115
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BunsHauTe yacToTy KONMBaHb BaHTaxy Macoto 400 r, AKUi NigBilLeHO A0 MPYXWUHUN
XKOPCTKICTHO 160 H/ M.

Bun3HauTe macy BaHTaXy, SKUIM Ha MPY>XWHI, W0 Mae >XOopcTKicTb 250 H/m, pobunTb
20 konuBaHb 3a 16 c.

Bu3sHauTe nepiog i 4acTOTy BiJIbHUX KO/IMBaHb MaTeMaTUYHOIo MasiTHUKa JOBXU—
HOl 5 M.

Mpy>xnHa xopcTKicTio 110 H/m nig Ai€ero NpUKPINAeHOro 40 Hel BaHTaXy Macoto
0,7 Kr 3[iACHIOE FTapMOHIYHI KONMBaHHA. AKWUI nepiog KoNmMBaHb LbOro MPY>XUH—
HOro MasiTHUKAa i MOro NOBHAa eHepPrif, SKLW,0 MakKCuMasnbHe 3MiLLeHHS BaHTaxXy Bij,
No/0XXeHHSA piBHOBaru 5 cm?

MpuuenneHa A0 MPYXXUHU TMPSA KOIMBAETbCA BEPTUKa/IbHO 3 amnaitTygoto 4 cm. Bu—
3HauTe MOBHY eHEPrito KOMIMBaHb rmpi, AKLW0 KOediLiEHT )XOPCTKOCTI MPY>XUHMW CTa—
HOBUTb 1 KH/Mm.

LLLo6 ,OMOMOrTY BOA IO BUBECTU aBTOMOGINb, AKWNIW 3aCTPAr y 6arHioui, Kiibka 4ono—
BiK «pO3ronigyoTb» aBTOMOGiNb, NPUYOMY MOLWITOBXMU, K MPaBn/i0, BUKOHYIOTb 3a
KoOMaHpAow. Ywum baligyxe, yepes AKi iHTepBann 4acy nojaetbcs KomaHga?

Y AKUX cepefoBuLLaxX MOLWMPIOKOTLCA MO340BXHI XxBuNi? Yomy?

Y AKX cepenoBuLLax MOLINPIOKTLCA NPY>XXHI MOMepeyHi XBUi i Homy?

[AosxunHa xBuni gopisHtoe 0,1 M, a WuBMAKICTb Ti mownpeHHs 0,5 m/c. BusHauTte ne—
piog KOMMBaHb.

JoexuHa xBuni 10 M, nepiof KonmeaHb 2,5 c. AAKa WBUAKICTb MOWMPEHHSA XBUNi?
LLBuaKicTh nowmpeHHA xBuni 20 m/c, 11" goBXXnHa 40 m. flka yactoTa Ko/mBaHb?
XBunsa 3 vactoToro 600 Ny nowmproeTbeo 3i WWBUAKICTIO 320 M/ c. AAKa JOBXUHA XBUNI?

3a 1 xB BUKOHYETbCA 180 rapMOHIYHUX KONMBaHb, aMnAiTyga AKNX CTAHOBUTb 7 CM,

a noyaTkoBa ha3a fopiBHIOE O, 3anuiTe PiBHAHHA TaKUX KO/MBaHb.

Bun3HauTe 3MiLLeHHA TOYKM NpU rapMOHIYHOMY KonmBaHHI vyepes 0,25 nepiogy nic—
na Moro noyartky; yepes 0,6 mepiogy nicnsa moro nodatky. NoyaTkoBa hasa gopis—
HIOE HYJTIO.

AMMNNiTYyga rapMOHIYHOT0 KO/IMBaHHSA TOYKM CTAHOBUTb 4 CM. S1Ke 3MiLLLeHHS TOUKN
BignoBsigae gasi KO/IM noyaTkKoBa ha3a JOPiBHIOE HYNHO?

AmMNAiTyga rapMoOHIYHOI0 KONMBaHHA TOYKU gopiBHIOEe 10 cm, avactoTa 20 Ny, Bu—

3HauTe LWWBUAKICTb i MPUCKOPEHHS TOYKM B MOMEHT Yacy

ManeHbKe Tifno pO6UTb KOMMBAHHS, L0 ONUCYIOTbLCA PIBHAHHAM

BusHaute amnnityay, nepiof, nmo4yaTKoBy pa3y KO/MBaHb, a TaK0XX MakKcuMasbHi

3HaYeHHSs LWWBUAKOCTI | MPUCKOPEHHS Tina.

BunsHauTte 3a rpadpikamun (man. 116, a—r) no4yaTKoBY ha3y KOXXHOI0 KONMBa/IbHOro

pPyXxy. 3annwiTb PiBHAHHSA KOXHOTIO pyxy, SKLO

Amnnityga konuBaHb 10 cm, a yactoTta 0,5 Ny. 3anuwiTe PiBHAHHSA 3aneXXHOoOCTi
i nobyayrite noro rpadik. BunsHaute a3y i 3miweHHA yepe3 1,5 c. Yepes

AKNNM Yac 3miweHHs 6yge 7,1 cm?

YacTuHKa 3iiCHIOE rapMOHIYHI KO/TMBaHHSA 3a 3aKOHOM CMHYca 3 nepiogom 3 ¢, aMmn—

niTy[o010 2 CM i N04aTKOBO pasoto, Wwo AopiBHIOE 0. 3anunLliTe PiBHAHHSA KO/IMBaHb i

nob6yaynTe oro rpadik. BctaHOBITb, Y AKi MOMEHTU Yacy MPOTAromM NepLuoro Konm—

BaHHS TOUYKa MO>Xe 3HaxXO4UTUCh Ha BigcTaHi 1 cMm Bif MONOXeHHSA piBHOBaru.

FOAVHHUK, AOBXMHA MasTHMKAa AKOro AopiBHIOE 1 M, nocniwae 3ago6y Ha 15 xB. Ak

Tpeba aMIHUTU [OBXUHY MasgsTHMKA, W06 rogMHHUK NokKasyBaB TOUHUI Yac?
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[Jo anHamomeTpa npuyYennIn BaHTax, i

NoKa)XunkK onycTtmeca Ha 2,5 cm. lMicnsa

LLbOro BaHTaXX TPOXM BIATATHYNN OOHN3Y

1 Bignyctnnu. YTBOPUINCHA KOJIMBaAHHSA

HaBKOJ/IO MOJIOXKEeHHA piBHOBarun. Aka

yacTtoTa Ko/imBaHb?

BaHTaxk macoto 0,2 Kr, L0 BUCUTb Ha MNMpy—

XXUHI, 34INCHI0E KONMUBaHHA 3 aMmiiTty—

Aot 5 cm. BusHauTe nepiog KonveaHb

BaHTaXy, AKLWO A/ BUAOBXEHHSA MNpy—

XXUHW Ha 1 cm noTpi6bHa cuna 2 H. 3ann—

WiTbh PIBHAHHS LbOrO FAPMOHIYHOI0 KO—

NINBaHHA, AKLW,O BaHTaXX MOYNHAE KONN—

BaTUCA 3 KParHbOIO MOJIOXKEHHS.

LLlo6 BigBecTu ronganky 3 NOLUHOIO,

AKa CUANTb Ha Hill, Ha BE/IMKUN KyT,

Heob6XigHO NMpMKNacTu 3Ha4YHy cuny.

Yomy posrongaTtu roganky oo TOro X

BiAXW/IEHHSA 3HA4YHO ferwe?

Xnonumk Hece Ha Kopomwucni Bigpa 3

BO/ 00, Mepiof BaCHUX KONMBaHb AKUX

0,8 c. Mpwn aKin WBMAKOCTI pyxy Boga

Nno4yHe 0Co61MBO CUNBLHO BUX/IONYBATUCH,

AKL,0 AOBXWHA KPOKY X/lI0M4YnKa fopis—

Hto€e 60 cm?

MoB3 cnocTepiraya, Wo cToiTb Ha 6epesi

piukun, 3a 6 c NponLwno 4 rpebeHi XxBub.

BigctaHb Mi>K nepLwvm i HeTBEPTUM rpe—

6eHem 12 m. Bu3HauTe nepiog KOMMBaHb

YaCTUHOK BOAU, LWWUBUAKICTb MOLWNPEHHSA

Ta JOBXWHY XBWJII.

Pnbanka nomitue, Wo 3a 10 ¢ noniaBok

34iMicCHNB Ha XBUAX 20 KonMBaHb, a Big— Man. 116

CTaHb MiX CyCigHIMW rpebeHaMN XBUJIb

1,2 M. AKa WBMAKICTb MOLWIMPEHHSA XBUb?

Big nagiHHA KamMeHs Ha MOBepXHi BOAY BUHUKNM XBUJIi. AK Aaneko Big croctepirava
BMaB KaMiHb, SIKLWL0 XBUNA Aiiwna A0 HbOro 3a 5 ¢, BigCTaHb MiX CyCigHIMM
rpe6eHsmm 0,5 M, i 3a 5 c go cnoctepirava giviLuno 20 xBusab?

Xnonymk, 3Haxoga4Yncb Ha 6epesi MopsA, BU3HAYUB, L0 BiACTaHb MiX rpebHaAMM
xBunb 12 m. Kpim TOro, BiH nigpaxysas, W0 3a 75 C MOB3 HbOro NPOMLLIO 16 rpebHiB.
Bu3sHauTe WBUAKICTb MOWNPEHHSA XBWUJb.

BunsHauTe BigcTaHb MiX CyCiAHIMM TOUKaMu XBUAi, WO 3HAXOAATbCSA B O4HAKOBUX
hazax, AKWO WBMAKIicTb xBUi 330 m/c, a yactoTa KonmBaHb 256 My,

Mo noBepxHi BOAM MOLUIMPIOETLCA XBUMA 3i LUBUAKICTIO 2,4 M/C NpU 4acTOTi KONMBaHb
2 Ny . Aka pisHMUsa a3 y TouKax, W0 nexkaTb Ha OA4HOMY MPOMEeHi | BigganeHi ogHa
Big ogHOT Ha 90 cm?

Konwu BiTep monyTHWIA, 3BYK MOLWMPIOETbLCA 3i WBMAKICcTIO 380 m/c, a Koun
3yCTpiuHMKA — 3i wBumakicTio 320 m/c. AKa WBUAKICTb BiTPY i LWWUBNAKICTb 3BYKY B
TUXy noropy?



KO/IMBANIbHNA KOHTYP. BUVHWKHEHHSA
ETEKTPOMAIMHITHMX KOJIMBAHb
Y KOJIMBAJTIbBHOMY KOHTYPI

3MiHHI eNeKTPUYHI | MarHiTHIi NONA He MOXYTb iCHyBaTV OKpPeMO OfHe Bij og—
HOro, OCKiflbKW B MPOCTOpPi, Ae iCHYE 3MiHHE MarHiTHe nose, 36yA>XXYETbCS efeK—
TpMYHe none, i HaBnakun. OgHoO4YacHi Mepiogn4HiI 3MiHM 3B'SS3aHUX MiX CO6010
eNeKTPUYHOTO i MarHiTHOTro MoAiB Ha3WBalOTb €/1IeKTPOMArHITHUMWN KONIMBAHHA—
MU. TakKnm UMHOM, W06 oAep>XaTu eNeKTPOMAarHiTHI KOIMBaHHA, Tpeba maTu enek—
TPUYHE KO0, B AKOMY eHepria eleKTPUYHOro nons morna 6 neperBoptoBaTucs
Ha eHeprio MarHiTHOro nmons, i Haenakn. OCKiIIbKW MarHiTHe Nose 30cepegXXeHe
nepeBaKHO B KOTYLIKax, a efleKTpMYHe — B KOHJeHcaTopax, HalinpocTiwe Kono
ONA YyTBOPEHHSA eNeKTPOMarHiTHUX KOMMBaHb Ma€e ckKiagaTtucsa 3 KoOHAgeHcaTtopa i
KOTYWKW. Take KO0 Ha3nBalTb KOIMBa/IbHUM KOHTYPOM. AKTUBHUWM onip npo—
BiAHWKIB, 3 AKX BUTOTOBJ/IEHO KO/IMBaNbHUW KOHTYp, Mae 6yTy mManmm, iHakwe
eNeKTPOMarHiTHi KO/IMBaHHA He BUHUKaATUMYTb Y KOHTYPpI.

HavinpocTiwow ycTaHOBKOW, B SAKii OCUTb MPOCTO MOXHa CTBOpOBaTH
e1eKTPOMAarHiTHi KONMBaHHSA, € eleKTPUYHE KO0, A0 CKNajy AKOro BXOA4UTb KO—
Tywka iHAQYKTUBHICTIO L Ta KOHAgeHcaTop emHicTio C (man. 117).

LLlo6 mo>Ha 6yno nerko cnoctepiratu 3a 3MmiHaMun Hanpyru Ha obknagkax
KOoHAeHcaTopa, 0 HNX NPUEAHAHO BONbTMETP KonuBaHHA MatoTb 6T AOCUTDb
noBiIbHUMMN. TOMy B TakKiii ycTaHOBLi BUKOPUCTOBYIOTb KOTYLIKY 3Ha4YHOI
iIHAYKTUBHOCTI | KOHAEHCATOp BE/IMKOT EMHOCTI, BOIbTMETP 3 HY/IbOBOO NOAiNIKOO
nocepeguvHi wKanu.

AKLW 0 3aMKHYTW KUY, TO KOHAeHcaTop C 3apaanTbCcs Bif gXkepesia NMOCTiMHOrIO
cTpyMy ¢ i BOonbTMETp MOKaXe Hanpyry Ha lioro o6knagkax. Micns sig'egHaHHsA
h>xepena >XWUBMAEHHSA Bifg AOCNAigXXyBaHOro Kosa, BO/IbTMETP MOKa3ye HasiBHICTb
KONMBaHb Hanpyru, AKi WBUAKO MPUNNHAKTBCA. 3HaA4YeHHA i 3HaK Hanpyrm
Ha obKfagkKax KoHAeHcaTopa 3MIiHIOKTbCSA, WO CBiA4YNTbL NPO MepiognyHy nepe—
3apAagKy o6Knagok KoHpeHcaTopa.

TakMM YNHOM, MOXHa 3pO6UTUN BUCHOBOK, SKLLO CUCTEMY BUBECTU 3 CTaHy
piBHOoBaru (3apaguTu KOHAeHcaToOp Big CTOPOHHbLOFO A)epena), To nicng
Big'eAHaHHSA g)kepersia B KOMi BigbyBaTUMyTbCHA KOMIMBAHHSA Hanpyru i 3B'A3aHOro
3 HanMpyrow NpocTUM CNiBBIAHOLWEHHAM 3apsagy

AKLWO0 eNeKTpOMarHiTHIi KONMBaHHA MOXHa ogep>kaTy NpocTo, TO cnocTepira—
TU TX 3HAYHO cKnagHiwe. Ap>xe 6e3nocepefHbO He BUAHO Hi nmepe3apsaaku KoOH [

Man. 117 Mau. 118
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JeHcaTopa, Hi 3pOoCTaHHA CUNW CTPYMY B KOTyW Ui, Hi BAHUKHEHHSA MarHiTHOro
UM eNeKTPMYHOro nonsA. Jo Toro X BigbyBalTbCA eNeKTPOMarHiTHIi KonnBaHHA 3
AY>Ke BENIMKOIO 4HaCcTOTOH, AKa 3HAYHO NepeBULLYE HaCTOTY MEXaHIYHNUX KONUBaHb.

CnocTepiratn i gocnig>XXysaTtu efeKTpOMarHiTHi KonnMBaHHA 3py4YHO 3a 4OMOMO—
rot efneKTpoHHOro ocuymnnorpada (man. 118). 3apsgnumo KoHgeHcaTtop C Bif fxe—
pena NOCTINHOINO CTPYMY i 3aMKHeMO 0ro Ha KOTywKy iHAQYKTUBHOCTI L, napa—
nenbHO SAKIN YBIMKHEHO eNeKTPOHHUIM ocuunorpad. Ha ekpaHi gictTaHeMO Kpu—
BY 3a/1eXXHOCTIi 3apsagy (abo cunm cTpymy B KOAi) Bifg yacy — ocuunorpamMmy Konm—
BaHb 3apagy (abo cunm cTpymy). AMNAiTyga ynx KonmeaHb LWUBUAKO 3MEHLYETb—
csA, TOGTO KO/IMBAHHSA WBUAKO 3aTyxatoTb (Mman. 119).

Po3rnaHyTi eneKTpoMarHiTHi KONMBaHHSA OTpuMManmM Ha3By BRacHUX (BiNb—
HWUX) KONNBaHb, OCKilbKN BOHWU 3A4iACHIOWTbLCA BifIbHO, TO6TO 6€3 BMNAUBY
30BHIWHBLOT cMNM. YacToTy BiibHUX KOMMBaHb Ha3MBalTb BNACHOK 4acTOTOIO
KO/MIMBaNbHOT0 KOHTYpPY. BnacHi KONMBaHHA € 3aTyxalounmu; amnaityga ix 3 yacom
3MeHWYyeTbCcA. MPUUNHOIO 3aTyxXaHHS € Te, W0 eHepria CTPyMy NepeTBOPIOETHLCA
Yy BHYTPIiLIHIO eHeprito NnpoBojiB (OCKiNIbKM BOHW MakTb OMip) i BUTpayaeTbCcAa Ha
BUNPOMIiHIOBaHHA €eKTPOMAarHiTHUX XBUNb.

1. Wo Ha3nBalTb KOIMBANIbHUM KOHTYpOM?
2. HamantoiTe cxeMyyCcTaHOBKM, B Kl MOXHa CNOCTepiratu eNeKTpPoOMarHiTHI KONMBaHHS.
3. Aknii npunag fa€e MOXAUBICTb CNOCTEpPIraTn eNnekTPoOMarHiTHi KonmBaHHA?

FAPMOHIYHHI EJIEKTPOMAIHITHI KOJIMBAHHA.
UACTOTA BJIACHMX KOJIMBAHb KOHTYPY

Po3rnaHeMo MeXaHi3M BUHWKHEHHS KOMIMBAaHb Y KO/IMBalbHOMY KOHTYPpI.
LLLo6 oTpuMaTu BiNlbHI KONMBaHHA B MexaHiYHIilW KonmMBanbHin cuctemi, Heob—
XiAHO HapaTu Ui cUcTeMi eHeprito Bifg 30BHILWHbLOTO AXXepena. Y npoueci Konn—
BaHb LA eHepria nepiognyHo NepeTBOPHETLCA 3 MOTeHUiaNbHOT B KIHETUYHY, i
HaBnaku. LLLo6 KonneanbHWUN KOHTYP BUBECTU 3i CTaHy eNeKTPUYHOT piBHOBarm,
Ui KonuBanbHI cUcTeMi HEOOXiAHO TaKOXX HajaTu NeBHY eHeprito. Po3rnaHemo
nocnifoBHI cTafil KONMBanNbHOrNro Npouecy B ifeani3oBaHOMY KOHTYpi, onip AKo—
ro HeXToBHO Manuin R ~ 0. ANg BUHNKHEHHS B KOHTYpPi KONMBaHb KOHAEHCATOP



nonepeaHbO 3apsapgXXakTb, Hagalwum Moro obknagkam 3apagu Topai y nouar—
KOBUW MOMEHT 4yacy (man. 120, a) Mix o6K/lagKkaMm KOHOeHcaTopa BUHUKAE
eNeKTpUYHe Mose, eHepria AKOro

AKWO KOHAEeHCAaToOp 3aMKHYTU Ha KOTYWKY iHAYKTUBHOCTI, TO BiH MO4YHeEe
po3pagXaTmncsa 'y KOHTYpi BUHUKHE 3pocTalouunii 34acom ctpym  OTxXKe, eHeprisa
€eNeKTPUYHOro Mo KOHAeHcaTopa 6yae 3MeHLyBaTUCA, a eHepria MarHiTHOTO
nons KOTYLW KW — 3pocTaTu.

BBa)katouu, uo TO BiAMOBIAHO A0 3aKOHY 36epeXXeHHSA eHeprii, MOoBHa
eHepria KOHTypy 6yae matm BUIAag

TOMY WO eHepris Ha HarpiBaHHSA MPOBIAHUKIB Yy TaAKOMY KO/IMBa/lbHOMY KOHTY—
pi He BUTpayaeTbCA. ¥ MOMEHT 4yacy KO/ KOHAeHCaTop NOBHICTIO po3psa—
OANTbCHA, eHepria eleKTPUYHOTO MNoss 3MEHLWNTbLCA 40 HY/SA, @ eHepPrisd MarHiTHOro
nons, a OoTXe, i cuna cTpymMy foOcArHe Hanbinbworo 3HadyeHHsa (man. 120, 6).
MoynmHaw4YyM 3 ULOFO MOMEHTY Yacy cunia CTpyMy y KOHTypi 6yae 3smeHLlwyBaTucs,
OTXXe, MOYHe cnabwaTn MarHiTHe NoJie KOTYLWKW N iHQYKOBaHW Yy HiVi CTPYM, SKUN
Teue (BignoBigHO A0 npaBuna JleHya) y TOMY XX HanpsaMmi, WO i CTPYM pPO3pAAKN
KoHaeHcaTopa. KoHgeHcaTop MO4YHe nepes3apsagXXatucsa, NMpU LbOMY BUHUKHE
eNeKTpUYHe nose, sKe HamaraTuMeTbCs NMOCAAabUTN CUNY CTPYMY, KUK 3peLliToto
3MEHLKNTbLCA A0 HYNSA, a 3apsaj Ha 06K/agKax KoOHAgeHcaTopa AOCATHE MaKCUMyMy
(man. 120, B). Oani Ti >X Npouyecu NOYHYTb BigbyBaTnUCa B 3BOPOTHOMY HampsaMi
(man. 120, r) i cuctema 4O MOMEHTY 4acy NnoBepHeTbLCHA B MOYaTKOBUIN CTaH
(man. 120, a). MNMicng uboro po3rAAHYTUN LUK PO3PAAKU | 3apsagKM KOHAeHcaTopa
noyHe NnoBTOploBaTUCH.

Akb6un BTpaT eHeprii He 6yno, TO B KOHTYpIi BigbyBanuca 6 nepiogmnyHi He3zaTy [l
Xar4i KONMBaHHA, TO6TO NepioAnYHO 3MiHOBannca (Konueanuca) 6 sapajg g Ha
obknagkKax KOHAgeHcaTopa, Hanpyra Ha KoHaeHcaTopi i cuna ctpymy I, akni
Teye yepe3 KOTYLWKY iHAYKTUBHOCTI.

OTXe, Y KOHTYpPi BUHNKAIOTb eIeKTPUYHI KOTMBaHHSA 3 nepiogom T, npnyomy
NPoTAromMm Nepwoi NOIOBUHU Nepiogy CTPYM Tede B OAHOMY HanpsMi, MPOTArom
APYroi NONOBUHN — y NpoTuUNexXHoMy. KonnMBaHHSA CynpoBOAXKYIOTbLCSH NepeTBo—
PEHHAMMW eHEepPri eNeKTPUYHUX | MarHiTHUX NONiB.

ENeKTpMUYHi KONMBAHHSA Y KO/TMBaAIbHOMY KOHTYPi MO>XHa MOPiBHATU 3 Mexa—
HIYHVMMN KOJTIMBAHHAMU MNPYXUHHOTo masTHuUKa (man. 120), AKi CynpoBOAXKYOTb—
CA B3aEMHVMMU MepeTBOPEHHAMU MOTEeHUianbHOT | KIHETUYHOT eHeprii MasTHUKaA.

Y paHomMy BuMNagKy MoOTeHUianbHa eHepria MasTHuUKa aHanorivyHa

eHeprii eNeKTPMYHOIO MO KOHAeHcaTopa KiHeTM4YHa eHepria masaTt[]



Man. 120



HUKIB — eHeprii MarHiTHOTO NONSA KOTYLKM a WBUAKICTb

PYXy MasgsTHUKIB — CW/i CTPYMY B KOHTYpI.
Ponb iHepuii maaTHMKa 6yae 3BOANTUCHA 0O CaMOIHAYKLUIT KOTYyW KW, a pofb
CUNV TepTA, siKe Ai€e HAa MAassTHUK — [0 OMOpPY KOHTypY.

Meperigemo Tenep A0 KiNbKIiCHOT Teopii MpoueciB y KO/IMBalbHOMY KOHTYpI.

Hawe 3aBgaHHA Hacamnepeg nonaratumMme y BusHaudeHHi nepioagy (abo yactotun)
BilbHUX eNeKTPUYHUX KOoNuBaHb. [iNCHO, BUXOAAYM 3 aHanorii MiXK BiIbHUMM
MeXaHiYHUMUN | eNeKTPUUYHMUMUN KOMIMBAHHAMUW, MOXHa Bigpasy 3anmcatu Bupas
ANA 4acToTu i nepiogy BiNlbHUX eNeKTPUYHUX KONuBaHb. OCKiNbkKnM y dopmy—
Ni WMKAIYHOT YaCcTOTU BiIbHUX KONMBaHb TATapusa Ha MNPYXWHI — BeN—
unHa kB ananoriuna am — IHAYKTMBHOCTI L, TO i yacTtoTa BiflbHUX eNeKTpnY—

HNX KO/MBaHb NMOBUHHA lCl,OpiBHIOBi';lTl/I
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BaHb WBUAKOCTI PyXy TArapus Ha NPYy>XWHi, BUNepea>kalTb 3a (Pa3ol Ha KO-

NMBaHHA KoopauHaTW.

[ilicHo, BHacnigok eHepreTUYHUX BTPaT KOMMBaAHHA 6yAyTb 3aTyXaklUUMWU.
Uyum 6inbwmionipR, Tum 6inbuinm 6yae nepiog konuBaHb. KonnBaHHSA Hanpyru
6yAyTb OMUCYBaTUCb 38 TAKUM 3aKOHOM:

1. MpoBepfiTb aHaNoOrit0 MiXK e/TIeKTPOMArHiTHUMU i MeXaHiYHUMU KOJIMBAHHAMMU.

2. 3annuwiTb PiBHAHHA rapMOHIYHOTO KOIMBAHHSA 3apagy, CUAM CTPYMY i HANPYrv B KO-
Ba/lbHOMY KOHTYPI.

3. 3a Ko PopMyno BU3HAYAKTb BIACHY HaCTOTY BiSIbHUX €NEeKTPOMArHiTHUX KONMBaHb?

SATYXAKOYI TA BMMYLUEHI EJTEKTPOMAIHITHI
KOJ/IMBAHHA. PESOHAHC

BinbHi KOonuBaHHA, AKi MU BXe PO3rfissHyAn, e NeBHOM igeanisayieto. Peanb—
HUW KOTMBaNbHUWM KOHTYP 3aBXAW YAHNTb MEBHUM ONip eNeKTPUYHOMY CTPYyMY.
TomMmyyacTUHaHafaHOT KOHTYpY eHeprii 6e3nepepBHO NMeEPETBOPIOETHCA Y BHYTPiLL—
HIO eHEepPrito NpoOBOAIB, aYacTUHA eHepPriiBUNPOMIHKETLCA B HABKONTNLLHIW NPO—
cTip. Lle o3Ha4vae, WO BiNlbHIi e/leKTPOMarHiTHi KONMBaHHSA B KOHTYpPI NpaKTU4YHO
3aBXAW € 3aTyxatoummm. Hum 6inbwinii onip KOHTYpy, TUM WBUALWe BigbyBacTb—
CA 3aTyXaHHSA. AKWO oNip KOHTYPY AY>Xe BEIMKNIA, KONUBAHHA MOXYTb i He BU—
HUKHYTWN — KOHAEHCAaTOop PO3pAAUTLCA, a nepe3apagXXaHHA MOro He BigbyaeTbcs.

3 MeTO TEXHIYHOTO BUKOPUCTaHHA eleKTPOMarHiTHUX KosimBaHb HeO6XifHO,
o6 Ui KoNBaHHSA iCHyBanu TpMBanui 4yac, TO6TO NOTPI6GHO 3po6UTK TX HesaTy[]
XarouymmMmun. ina uboro eHeprito, AKy BTpayae KOHTYp, C/ij yBeCb 4ac NOMNoBHIOBa—
TV Bif 30BHIWHbLOIO AgXeperna.

Oco611MBO BaXX/INBIi i LULMPOKO 3aCTOCOBYIOTbLCSA aBTOKO/IMBAHHA — He3aTyxatoui
KONMBaHHSA, AKI NiAgTPUMYKOTbLCA Y KONUBaNAbHIW CUCTEMI 3aBASAKWN MOCTIiiHOMY
30BHIWWHBOMY AXepesy eHepril, NpUYoMy BNacTMBOCTI LUX KOJMBAHb BU3HA—
4alTbCACAMOKCUCTEMOIO.

ENneKTpMYHI aBTOKOMMBaNbHI CUCTEMU HaA3BNYANHO LUMPOKO BUKOPUCTOBY —
IOTbCA B Cy4YacCHIi TexHiui AnA oTpUMaHHA He3aTyXaluux enekKTpomMarHiTHUX
KONBaHb BUCOKOTYacTOTU. MpMHLUUMN 4iTUNX CUCTEM 3HAYHOO Mipoto 36iraeTb ]
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CcA 3 NPUHLUMNOM fiT MeXxaHiYHUX aBTOKO/NIMBalbHUX cnctem. EnekrtpmnyHa aBto—
KonmBasnbHa cucTemMa MIiCTUTb KONUBaNbHUN KOHTYpP, MigcunioBay KOJIMBaHb i
A>kepesno eneKTpUYHOT eHeprii (6aTtapet). MiX KonmBanbHMM KOHTYpPOM i nigcn—
nioBavyem Ma€ iCHyBaTW 3BOPOTHUM 3B'A30K — KOJIMBAHHA 3 KOHTYPY HagXoaAaTb
y nigcunioBay, NigCUMIOIOTbLCA 32 paxyHOK J)Xepesia eHeprii i MOBepTarTbCA Ha—
3a/ y KOMMBanbHUM KOHTYpP. [ly>Xe BaX1MBO, W06 KOMMBaHHA, AKi HAAXOAATb Bij
nigcunoBadya B KOHTyp, 36iranmncsa 3a asor 3 KOIMBaAHHAMM Yy CaMOMY KOHTYPpI.

IcHye 6arato aBTOKO/IMBaNIbHUX CUCTEM SK 3 €/1eKTPOHHUMW namnamu, Tak
i 3 TpaH3uncTopamu. Ha man. 122 noka3aHO CNpoOUWEeHY CXeMy eNneKTPpU4YHOT
aBTOKO/MBa/NbHOT CUCTEMMN — aBTOreHepaTopa e/fleKTPOMarHiTHUX KO/inBaHb Ha
TpaH3ucTopi. KonuBanbHMM KOHTYp LC yBiMKHEHO A0 A>epesa nocTinHOT EPC
nocnifoBHO 3 TPaH3MCTOpPOM. B emiTep — 6a30Be KOJ/10 TpaH3ncTOopa — YBiMKHYyTa
KOTyLluKa iIHAQYKTUBHO 3B'AA3aHa 3 KONMBa/IbHUM KOHTYpPOM. LLIO KOTYLIKY
Ha3nBalTb KOTYLUKOI 3BOPOTHOTO 3B'A3KY. NMapanenbHO KONMBaibHOMY KOHTYpPY
BBIMKHYTO €/IeKTPOHHWI ocuymnorpad AA8 CMNOCTepeXXeHHS eNeKTPOMarHiTHUX
KONmMBaHb. FeHepaToOp XXUBUTbLCHA Bif AXXepena NOCTIMHOT Hanpyru.

Po3rnaHyTi Bnlwe KonuBaHHA BigbyBanucs 3 yactoTamMu, AKi BU3HavyalTbCA
napameTpamMu camMmoi KomBasbHOT cnuctemMmu. LWLo6 y peanbHi KonuBanbHIin cuc—
TeMi OTpMMaTK He3aTyxakudi KoMBaHHSA, Tpeba KOMMeHCyBaTM BTpaTu eHeprir.

Ans TOoro, wWo6 y KONMBasibHOMY KOHTYPi BUHUKaNU BUMYLUEHi KOMMBaHHA,
Tpeba o KOHTYpPY NigBecTn 30BHIWHIW0 EPC, ska nepiogn4HO 3MIiHIOETbLCS 3a rap—
MOHIYHNM 3aKOHOM:

AKWwo B AKomMmy [Hebyab KONMBaNbHOMY KOHTYpPIi BeCb 4Yac i€ reHepaTop 3MiH—
HOro ctpymy, To EPC reHepaTopa 36ya)XyBaTumMe B LbOMY KOHTYPi 3MIHHWNI efek—
TPUYHUIN CTPYM 3 yacToToO KonuBaHHA EPC reHepatopa.

HacToTa UMX BUMYLLEHUX KONUBaHb B3arasi He 36iraeTbCA 3 4HacTOTO Bnac—
HUX (BiIbHUX) KONMMBaHb KOHTYPY.

AKWO UA 30BHIWHA 3MiHHa EPC mae mocTiiHy amnnaityay, TO | BUMYLUEHI
KONMBaHHSA B KOHTYpPI BigbyBaTUMyTbCHA 3 NOCTINHOK aMNAiTyaow, TO6TO 6yayTh
He3aTyXalunmn.
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TaknM YNHOM, Y KOTMBaNbHOMY KOHTYPi MOXYTb
icHyBaTn gBa TUNW KO/NIMBaHb: BAacHi KOMMBaHHA,
yacToTa AKUX BU3HayaeTbCs BNAaCTUBOCTAMWU ca—
MOTFO KOHTYpPY, MOro iHAYKTUBHICTIO i EMHICTIO, Ta
BUMYLIEHI KONMBAHHSA,4acToTa SKMX BU3HaYaeTbCA
Aito4oto B KOHTYpi EPC i moXke 6yTn AOBIiNIbHOIO.

Mpu 36AUXEHHI 4acToTM BNAaCHUX KONUBaHb
KOHTYpY i yactotn EPC, wo fie B KOHTYpi, cno—
cTepiraeTbcs 36iNbLWEHHA CTPYMY B KOHTYpIi, a KOnun
HacTae 36ir yacToT, OMip KOHTYpYy cTae HalMeHWNM,
a cunacTpymy ctae Habinbworw. Takuii BUNagokK €
0CO06/1MBO BaXX/INBUM, BiH Ha3MBAETbCA PE30HAHCOM.

3anexHicTb amnAiTyan CUIM CTPYMy BifL HacTOTM ANA Pi3HUX ONOPiB NokKasaHo

Ha mMan. 123. OgHo4yacHoO i3

3pOCTAHHAM CUAU CTPYMY Mif Yac pe3oHaHCcy pi3Ko

3pocTarTb HaMpyrm Ha KoHAeHcaTopi i KOTywuyi iHAQYKTUBHOCTI, AKi MpU Manomy
aKTMBHOMY onopi y 6arato pasiB NepeBULLYIOTb 30BHILIHIO Hanpyry.

1. 3a AKUX YMOB B €/1€KTPUUYHOMY KOJ/li BUHUKAIOTb BUMYLLEHI €NeKTPUUYHI KONMUBAHHA?

2. UWo Take aBTOKO/IMBaHHA?

3. 3a AKNX yMOB BUHNKAE eNeKTPUYHUA pe3oHaHC?
4. Y yoMy BigMIiHHICTb aBTOKO/IMBaHb Bif BUMYLIEHUX KOMIMBAHb i BilbHUX?

EJNEKTPOMAIMHITHE TMOJIE.
EJTEKTPOMAIHITHI XBWJ1I

Y 60xXIpokax XIX cT. O>. MakcBenn po3pobuB Teopito eNeKTPOMarHiTHOro
nons, 3a AKOK 3MiHHE efleKTPUYHe NoJsie NOPoAXYeE 3MiHHe MarHiTHe. LLi nona

MalTb BUXPOBUI XapaKTep:

cunnoBi NiHIT NoNnsa, sKe NOpPoAXY€E, KOHUEHTPUYHO

OXOMNMeHi CUNOBUMMN NiIHISSMM NONSA, WO NOPOAXKYETLCA. BHACNIAOK LbOTr0o yTBO—

pPOETLCA CUCTEMA «MNepenieTeEHNX» MiX
CO60t0 eNNIeKTPUYHUX | MAarHiTHUX MNONIB.
Jeske yaBneHHA Npo xapakTep 3MiHHO-—
ro eNeKTPOMarHiTHOro Nonas MoXe Aatu
Man. 124, aKui € Hibn MUTTEBUM 3HIM—
KOM LbOro nons

Mpsama niHiA Bigo6pa)kae nNepBUH—
He 3MiHHe eNeKTpPUYHe none, Kona y
rOpU3oHTaNbHIN NNOWMNHI — e BTOPUHHI



Man. 125 Man. 126

3MiHHI MarHiTHi nonsa, a kona E y BepTukanbHili NNOWNHI — BTOPUHHI 3MiHHI
eNneKTPUYHI nons.

LLLo6 nepeKoHaTUCb y LlbOMY, PO3rNAHEMO BMNAOK, KONU B eleKTPUUYHE KO0
BBIMKHEHO KOHAeHcaTop. Mix o6knagkamMmm KOHAeHcaTopa 3apsaan nepemillyBaTuUCh
He MOXYTb. Lle npu3BoAnTbL A0 TOTO, WO NiHITCTPYyMy 06puBaroTbCcs 6ing MOBepXHi
06K/afOK KOHAeHcaTOpa, CTPYM MPOBIAHOCTI, AKNIW MPOXOANUTb MO MNPOBIAHUKY,
wo 3'egHye 06KagKM KOHAeHcaTopa, pPO3'€efHYeETbCHA. AKLWO Hampyra gxxepena
CTPYyMYy 3MiHHa, TO Mpu 3aMmKaHHiI kndva K (man. 125) koHgeHcaTop NnonepeMiHHO
3apAafXKaeTbCA | PO3PSAAXKAETLCA, Y KOJIi MPOXOAUTbL CTPYM, NamMno4vka, yBiMKHeHa
B LLe KONOo, CBiTUTbCA. Lle cBig4YnTb MPO Te, WO MiHiT CTPYMYy 3aMKHEHI.

Mi> o6knagkaMmun KoHgeHcaTopa 3aMiHHUW eNeKTPUYHUN 3apsaj CTBOPHE 3MiH—
He eNNeKTpUYHe nose, ske MakcBenn HasBaB CTPYMOM 3MilLleHHA.

B3a€emMO0O3B'A30K €/IEKTPUYHOIO i MarHiTHOro NosiB 06yMOB/IIOE MOLWKNPEHHSA
€eNeKTPOMarHiTHOro Nonsa B NpocTopi. ¥YABiM0o cobi, WO MO MPOBIiAHNKY Teye 3MiH—
HU eNeKTPUYHUNN cTpyM. ToAi HABKONO LLbOro NPOBIAHMKA ICHYE 3MiHHE MarHiTHe
none B (man. 126). Lle none, y cBOt Yepry, CTBOPIOE 3MiHHe efleKTpUUHe none E
B CYCiAHIX gingHKax npocTtopy. MNoTiM 3MiHHE efNeKTPUYHE NMoie NOPOAXKYE 3MiIHHE
MarHiTHe Nofe, sike 3HOBY BUKJ/IMKAE MOSABY 3MiHHOTO e/IeKTPUYHOTIO MOs TOWO.
OTXe, NMOWUNPHKYNCL Ha BCe HOBI AiNIAHKM NMPOCTOpPY, eNeKTpoMarHiTHe norne
nepemiuiaeTbca 3 obnacTteli, e BOHO WOWHO icHyBano. LLIBnAKIiCTb NOWMPEHHA
eNeKTPOMarHiTHOro nonsa gopiBHeE Npub6an3Ho 300 000 km/c.

TakKnM YMHOM, enneKTpOMarHiTHe Mosie MOXe iCHyBaTW CaMOCTiiHO, He Oy—
Ay4n 3B'A3aHMM i3 3apagamm i cTpymamm. A Le € NepeKOHJIMBUM [JOKa3oM
MaTepianbHOCTI eNeKTPOMAarHiTHOro nNond. ¥ martepia/ibHOCTI e1eKTPOMarHiTHOro
nonsd NepeKoHye i To paKT, W0 BOHO Ma€ NMeBHY eHeEPTilo.



Man. 127 Man. 128

BekTopwn HanpyxeHocTi E i MarHiTHOT iHAYKLiT B B eNleKTPOMAarHiTHIN XBUi
y 6yab[dKin Touyi MpOCTOPY 3aBXXAWN B3aEMHO MepPNeHAUKYNAPHI, OCKIiTbKW NiHIT
Hanpy>XeHOCTi eNeKTPMYHOTO NONSA OXONAKKTb NiHIT iIHAYKLIT MarHiTHOro nons.

Kpim TOro, BOHM NepneHAUKY/APHI 1 A0 HanNnpAMYy NowWunpeHHA XBuUnb. OTXxe,
eNeKTPOMAarHiTHIi XBUNi — nonepeydHi. FapMoOHiYHa efNeKTpOMarHiTHa XBUAAa rpa—
pivHO 306pakaeTbCsa y BUrNA4i 4BOX CUHYCOT[, AKi neXxxaTb y B3aEMHO nMeprneHan—
KynapHuUX nnowmHax (man. 127). OgHa cuHycoifa Bigobpakae KO/IMBaHHSA BeK—
Topa Hampy>XeHOCTi E eneKTpuUYyHOro nons, a gpyra — BeKTopa iHAYyKUiT B mar—
HiTHOro nonsa (o6unagBa BEKTOPU KONMBAaKTbCA B O4HAKOBIN dasi).

AK y>Xe 3a3Hayanocb paHile, AXXepesioM e/lIeKTPOMAarHiTHUX XBUMb MOXe 6yTun
6yab[AKNM eNeKTPUYHUK KONUBaibHUI KOHTYp abo NMpoBigHWK, MO SKOMY Tede
3MIHHUIN eNNeEKTPUYHUIW CTPYM, OCKIiNIlbKU AN YTBOPEHHSA e/IEKTPOMArHiTHUX XBUJ/b
Heo6XiAHO CTBOPWUTM B MPOCTOpPi 3MiHHE eneKTpM4YHe nose (CTPyM 3MilLeHHSA),
abo BigMoBiIAHO 3MiHHE MarHiTHe nosie. BunpomiHOOYa 3gaTHICTbL AXXepena
€eKTPOMArHiTHUX XBW/b BU3Ha4YaeTbCH MOro opmMoO, po3mMipamMun i HacToTOHO
KOoNnmBaHb. LLLo6 BMNpoOMiHIOBaHHA 610 NTOMITHUM, HEOBXIAHO 30iNbWINTN 06'eEM
npocTopy, B AKOMY CTBOPIETLCHA 3MiHHe eNneKTpoMarHiTHe none. Tomy ansa
ofep>XXaHHSA eNNeKTPOMAarHiTHUX XBUNb He MpUAaTHI 3aKPUTI KO/IMBa/IbHI KOHTYpW,
OCKIiNNbKU B HUX eNeKTPUYHeE Mofie 30cepea>XeHe MiX ob6knagkamMmm KoHgeHcaTopa,
a MarHiTHe — ycepegunHi KOTYWKW IHAYKTUBHOCTI.

M. Fepy y cBOIX gocnifgax, 3MEHWYYUN YACAO BUTKIB KOTYLIKHW i NA0oLWy nnac—
TUH KOHAeHcaTopa, a TakKoX po3coBytu4u ix (man. 128, a, 6), 34iicCHUB nepexifg
Bifj 3aKPUTOF0 KONMBANbHOIO KOHTYpPY AO BiAKPUTOrNo KOJINBaJbHOIO0 KOHTYpPY
(BibpaTop Nepua), AKMI CKNafaeTbCA 3 ABOX CTEPXKHIB, PO34iIeHUX iCKPOBUM MNpo—
Mi>XXKOM (man. 128, B). AKWO B 3aKPUTOMY KO/IMBA/IbHOMY KOHTYpPi 3MiHHEe efleK—
TPU4YHe MoJsie 30cepe)keHe ycepeguHi KoHgeHcaTtopa (man. 128, a), To y Bigkpn—
TOMY BOHO 3aMOBHIOE HABKONULLHIW npocTip (man. 128, B), WO iCTOTHO NigBULLYE
iIHTEHCUBHICTb €/IeKTPOMarHiTHOIro BUMPOMIiHIOBaHHSA.

KonmnBaHHA B TakKih cmctemi NigTpMMyloTbCa 3a paxyHOK pgxepena EPC,
YBIMKHEHOro o o6K/najoK KOHAeHcaTopa, a iCKPOBUIM MPOMIXKOK 3aCTOCOBYEThLCSH
ANA TOro, wo6 36iNbWNTY Pi3HULIO NOTeHLYianiB, 40 AKOT B MOYaTKOBUW MOMEHT
yacy 3apsafgykaloTbCsa 06KNagKM KOHAeHcaTopa.



Ana oTpnMaHHSA eneKTPOMarHiTHMX XBWUAb Bi6paTtop
Nepua B nig'egHyBanu go iHayktopa | (man. 129). Konwu
Hanpyra Ha iCKpoBOMY NPOMIXKY AgocAarana npobmneHOro
3HauYeHHA, BUHUKana ickpa, AKa 3ammkana o6masi nono—

BUHW BibpaTopa, i y Bi6bpaTopi BMUHUKaNU BiNbHI 3aTyxa—

lo4Yi KonmBaHHSA. MNpnY 3HUKHEHHI ICKPU KOHTYpP pPO3MU—

KaBCS i KONMBaHHA NpunuHANnca. MNoTiMm iHAYKTOp 3HOBY

3apaf>aB KOHAeHcaTop, BUHMKana ickpa i y KOHTYpI

3HOBY cnocTepiranmca KonmeaHHA i T.4. Ona peecTpauii
eNeKTpPOMarHiTHMX xBunb Nepy, BUKOPMCTOBYBAaB iHWNNA

BibpaTtop, AKNI Ha3BaB pe3oHaTopom P, WO MaB TaKy X

4acTOTy B/IACHUX KONUBaHb, K i BUNPOMiHIOBaNbHWA

Bi6bpaTtop. Konunm eneKTpomMarHiTHi XBuUNi gocsrann pes3o— Marn. 129
HaTopa, TO B AOro 3a3opi BUHUKana enNeKTpnyHa ickpa.

Ana opep>XaHHA He3aTyxarUnx KOIMBaHb HEOOBXiAHO CTBOPUTU aBTOKOMBaNbHY
cucTtemy, aka 6 3abesnevyBana nogayvy eHeprii 3 4acToTOO, WO AOPIiBHIOE YACTOTI
BNAaCHUX KONMUBaHb KOHTYpY. ToMy B 20[XIpoKaxX MMHY/IOFTO CTOPivYYa nepenwinm
[0 reHepyBaHHSA efieKTPOMarHiTHUX XBWU/b 3@ AOMNOMOTOI €eKTPOHHUX Nnamnm.
JlamnoBi reHepaTtopun [O3BONANWN OAepXXyBaTu KONMBaHHA 3aaHol (NMpakKTMYHO
6yab[HKOT) MOTYXHOCTI i cMHycoTAaanbHOT hopmMmn.

MpniiMaHHA eNeKTPOMAarHiTHUX XBWU/b 3[iMCHIOETHCA 3a 4OMOMOTNO TaKnx
caMux BiAKPUTUX KONMUBaNbHUX KOHTYpiB — BibpaTopiB abo aHTeH, Nofi6HUX A0
BUMNPOMIHIOBa/IbHOTr0 KOHTYpY. Mig Ai€eto 3MiIHHOINO eNeKTPUUYHOTIO NOMSA eNeKTpo—
MarHiTHOT XBUi y NPUAManbHOMY KOHTYpPi BUHMKAOTb e1eKTPOMarHiTHI KOJIMBaHHA.
Ansa ix AKIiCHOro NnpuiiMaHHA HeOOXigHO, W06 NpUManbHNU KONUBaNbHUNK KOHTYP
6yB HACTPOEHWNIA y pe30HaHC 3 nepefasaibHUM KOHTYPOM, TO6TO W06 BNacHa yactorta
KONMBaHb KOHTYpPY MpuiimManbHOT aHTeHM 6yna 611M3bKOK A0 4acTOTU KONMBaHb
KOHTYpY NepefaBasibHOT aHTEHW. HacTpooBaHHSA NPUAManbHOINo KOHTYPY B pe30HaHC
3AiNCHIOETLCA KOHAEHCATOPOM 3MIHHOT EMHOCTI a60 KOTYLLIKOK 3MiHHOTiHAYKTUBHOCTI.

1. Ulo Ha3uBawTb eNeKTPOMAarHiTHUM nonem? UYm MOXYTb eNeKTPUYHI i MarHiTHi nons
icHyBaTWn BifJOKpeM/IEHO OfiHe Big 04HOro?

. Wlo Ha3uBaTb €1eKTPOMArHiTHOI XBUNE?

Ak opieHTOBaHi BeKTopuU E i B 04MWH BiIHOCHO OIHOTO B €/IeKTPOMATHITHI XBUNi?

Lo € gxxepenom enekTpoMarHiTHUX XBUNb?

. k. no6bynoBaHo BibpaTop Mepua, SKMA NPUHLMN Aoro Aii?

. AK 3[iNCHI0ETBCA NPUAMAHHA eNeKTPOMAarHiTHUX XBUb?

ouhwN

BigkpyTTsA Nepuya. . F'epy Hapoauneca B Fambyp3i 22 nwoTtoro 1857 poky. TyT, y
piAHOMY MicCTi, BiH 3306yB cepefiHi0 OCBiTY. 3)XOBTHA 1878 poky lepu noyaB cayxaTtu nekuy,ii
Frenbmronbuai Kipxroga. Yepes gBa poku lepu BUKOHaB NepLuy HayKoBYy npaLto i ctas
acucteHtTomy Fenbmronbua. 31883 poky Nepuy npavtoBaB BUKnagayem TeopeTuyHo| piznkun
BYHiBepcuTeTi micTa Kinb. TyT Fepuy cTapaHHO BUBYMB eNleKTPOMAarHiTHy Teopito Makceenna.

Y 1879 p. ogHa 3 eBponeiicbkKMX HayKOBUX akageMmiii oronocuna npemio 3a
ekcnepumeHTanbHe fOBeAEHHSA ICHYBAHHA eNneKTPOMarHiTHUX XxBunb. Ha nponosuuito
Fenbmronbua y 1886 p. lepy po3noyaB CBOI 3HaMeHUTI gocnign. BiH y3aB fBa MifHi



Man. 130

CTEPXHi 3aBTOBLWKM 5 MM, Ha iX KiHUi HacaguB No OAHI ManeHbkili (AiameTpom 3 cm) i
no oAHin Benukin kyni (aiametpom 30 cm). Lli cTepxHi Feply 3akpinMB ropu3oHTaNbHO
Ha OAHIN NpsAMIl MiHiT, pOo3MiCTMBLWN ManeHbki Kyni no6a1M3y oAHa Bif O4HOT, Ha BigCTaHi
7 mm (ickpoBuit npomixkok). Takuii anapat lepl, Ha3BaB Bi6bpaTopom, TO6TO gXepenom
KONMBaHb, abo BUNPOMiIHIOBAYEM eNeKTpOMarHiTHuX xaune (Man. 130). ABa NpsaAMONiHiAHNX
npoBigHUKa 3'egHyBannNCsa 3 OAHIED OOMOTKOI iHAYKUIAHOT KOTYLWKN, B fAKilA 36yaxKyBanacs
3miHHa EPC. fkwo 3HayeHHs amnnityaun EPC, npuknageHoi go Bi6paTtopa, gocsirano
BM3HAYEHOr0 3HAYEHHSA, TO B ICKPOBOMY MPOMiXKY Bi6paTopa BMHUKaNa ickpa i B NpoBigHMKax
BUHWKANN KONMBAHHA €NeKTPUYHOTO CTPYMYy 3 AYXe ManuMm nepiofoM. Y MPOMiIXKY MK
ManeHbKUMU KynsMu BUHUKaNM icKpW, OTPUMaHi 3a JONOMOTrOK KOTywku Pymkopda.
BHacnigok u4boro B HaBKO/IMLIHE CEPEAOBULLE BUNPOMIHIOBANUCH ENEKTPOMArHITHI XBUNI.
Fepy Tak nigibpaB po3mipu yacTWH CBOro amapaTty, WO 4Yac OAHOr0 KOAWBAHHS B KONi
Bi6paTtopa CTaHOBMB O HY WECTUAECATUMINbIAOHHY YaCTKy CEKYHAN. MpU LbOMY BUHMKANN
XBUNi 3aBAOBXKU 5 M. Ane ik «3/10BUTU» L0 €eKTPOMArHiTHYy XBUIO? AK BUABUTK Ti
iCHyBaHHA?

Yuntens Fepuya, BenuKNn pisnk frenbMronbl, 3po6umB 6arato LiHHWUX AOCNIAXEHb Y
ranysi Hayks npo 3Byk. 3HailOMCTBO 3 LMMW npausMy gonomorno Fepuy poss'asatu i
LPYTY YaCTUHY 3aBAaHHS.

3BYK, SK i CBiTNO, Big6MBaeTLCA Bif NOBEPXHIi, Ha AKY BiH Nagae. LM NnosSICHIOETLCS, Ha-
npuknag, Take sBULLE, K NyHa.

lepl 3HaB TakOX, WO Kifbka 3BYKOBMX ab0 CBiTNI0OBUX XBU/b, MOLWMPHKYNCL B OLHO-
My i TOMY caMOMYy HanpsMi, B3aEMOAiOTb M co060t0. Big cknagaHHA KibKOX XBUNb MOX-
HaoaepxaTu O4HYXBUNKO. Lie ABMLLe HaKNagaHHA XBU/b HA3MBAETLCS iIHTEpPd EepPeHLi€elo.
AKLWO Yy ABOX XBUb 36iraloTbCs ix rpebeHi, To ik pe3ynbTaT HaknafaHHAa BUXOAUTb XBUNS,
We BMLa 3a nepuy.

Y ToMy pasi, Konu B 04HOMY HanpsMi NOWMNPTLCS ABi XBUNI — 0fiHA PyXaeTbCH Bne-
pefn, agpyra, Big6uTta, pyXxaeTbCcsa Hasaf, — MOXYTb BUHUKHYTM 0COBIMBOTO poAy CTOSAYI
XBUNi. Taki XBUNi Nerko oTpumati, SKWO B3ATWU AOBry MOTY3Ky, NpuUKpinuTy ii 3a 04uH
KiHeub, a 3 4pYyroro Hagicnatn NOWTOBX. XBUAS, WO BUHUKHE HA MOTY3Li, NOGIKUTL A0
ynopy i Bifi6'eTbcA Big HHOr0. AKWO NOCUAaTN NO MOTY3L,i Taki MOWTOBXN O4NH 3@ O4HUM,
TO BHACNIAOK B3aeMOAiT NPAMUX XBUb, WO igyTb 40 YNOPY, i 3yCTPiYHUX, BiAOUTUX XBUNb,
BUHUKHYTb CTOAYI XBUAI.

Y TaKk 3BaHUX BY3/1aX B3aEMOAIOYI XBUi HIOW 3HULWYIOTL 0A4Ha 04HY. HaBnaku, B iHWNX
MicUSAX, WO Ha3uBakwTbCA BMAYraMun BUABAAETLCA Halbinbwnii pesynbTaT B3aeMogii
NpPAMOi i BiAGUTOT XBUb.

Mpuragaemo we ofHe sBuLLe. AKWO B3ATN ABa OLHAKOBI KAMEPTOHW | NPUMYCUTN O UNH
3 HUX 3By4YaTu, TO i APYyruii KAMEPTOH, PO3MILLEHNA NOPSAA, TaKOX NOYHE 3By4yaTun, Hibn
BiAryKytoumnch. Lle sBuLLe Ha3UBAETLCA PE30OHAHCOM.

Buxogaum 3 uux sisu, Fepl, po3paxoByBas, L0 NpuiiMayemM — pe30oHaToOpoM AN eNek-
TPUYHWUX NPOMEHIB — MOXe 6YyTW WMaTOK 4POTUHU, 3irHyTOi No Kony giameTpom y 70 cM.
8 ogHOMY Micui Le APOTSAHe Kinbue mMae 6yTM nepepisaHe — NS YTBOPEHHA iCKPOBOro
npomixky (man. 131).



Ha BigctaHi 13 ™M Big BUNpomiHoBaya XBunb Fepl, yCTaHOBUB BEPTUKANbHY MeTane-
BY CTiHKY 419 BifOUBAHHSA €M1eKTPOMArHiTHUX XBUAb. MOTIM BiH YBIMKHYB )KEPENO CTPYyMYy
i moyaB AOcCANifgXyBaTuU NPOCTIP MK MiCLEM KOMIMBHOTO po3psjy Ta MeTaneBOol CTiHKOIO.
Uomy came Tak 3pobus lepy?

BiH XOTiB BUABUTW €NE€KTPOMArHiTHY XBU/IO 3aBA0BXKN 5 M, fKa YTBOPKETLCA KOMNBHUM
pO3pALOM Bif BENMKUX KY/Ib. Ha B3ATOMY NPOMIKKY LbOTO Li/IKOM MOXHa 6yno gocartun. Kpim
Toro, epuy HamaraBsca AOBECTW, WO eNeKTPOMArHiTHI XBWUAi, SIK | 3BYKOBi, Npu BigGMBaHHI
B3aEMOZiOTb M cob60to (NpsAma 3 BigOUTO) i NpU LbOMY BUHUKAKOTL CTOAYI XBUI 3 By3/a-
Mu i Bugyramu. | gilicHo, konu epu nepemiuwlyBaB CBili pe3oHaTop y340BX 3ragaHoro Ha-
NpPAMY NOWMWPEHHSA XBWUAi, TO ICKPU BUHMKANN TiNlbKM B CTPOTr0O NEBHUX MiCLAX pe3oHaTopa.
Mpu nepeMiweHHi pe3oHaTopa NpaBopyy i NiBOPYY iCKOP BXe He 6YN0 NOMITHO.

Binsa BibpaTtopa Nepuya po3miwyBanm pe3oHaTop, KUt SBASAB CO60L0 NPOBIAHWK, 3iITHY TN
y BUTNA4I Kona 4n NPAMOKYTHMKA, KiHLi AKOro TexX yTBOpHBanu iCKpoBuUiA NPoMiXok. Cno-
yaTKy cyTb gocnigis Nepua nondarana B TOMy, WO BiH CnocTepiras BNANB iCKPU, WO BUHU-
Kanay Bibpartopi, Ha pe3oHaTop. MNpu LbOMY BiH MOMITUB, WO NPWN NOABI iCKPK y BiGpaTopi
y pe3oHaTopi TakoX BWHUKAE icKpa.

Cnoyatky lepy gymas, WO BiH cnocTepirae Bunagok eNeKTPOMarHiTHOT iHAYKUil, Konwn
npu 3MiHi CUAN CTPyMy Yy BibpaTopi CTBOPIOETLCA CTPYM Yy pe3oHaTopi. Ane npoaoBXyto-
yn gocnign, Nlepy NomiTuB, WO B KiMHaTi, Ae BiH NpaylBaB, € Micus, nepebyBalyn y AKuX
pe3oHaTop He pearye Ha ickpy BibpaTtopa. ToAi BYUeHUA 4OXOANTb BUCHOBKY, LLO CNOCTe-
pexyBaHe SiBMLE HE MOXHa MOACHUTU eNeKTPOMArHiTHOW iHAYKLUIE. Y KiMHaTi BUHMKa-
1N CTOAYI eNeKTPOMArHiTHI XBUli — B OAHUX Micuax 6ynun By3nu, a B iHWNX — NYYHOCTI.

Fepy, 3axonneHuit cBOIM BIAKPUTTAM, NuUcas: «HA Aymalto, WO XBU/bOBA Npupofaa 3BYy-
Ky B MOPOXHbOMY NMPOCTOPi CNOCTEPIraeTbCA He Tak ACHO, K XBW/bOBA NpMpoja Lboro
eNneKTPoAMHaMIYHOTro Npouecy».

Lnmn HagssuyanHumu gocnigamun Fepu AOBIB iCHYBaHHS CTOAYUX €E€KTPOMArHIiTHUX
XBUNb. Mopanbuwi ekcnepumeHTn MNepua nokasanum NOAIGHICTb BNACTUBOCTEN CBITNIOBUX
NPOMEHIB i Tak 3BaHUX e1IeKTPUYHMX NPOMEHIB (Tak cnovyaTky epu Ha3BaB €/1eKTPOMArHiTHI
xBuni). CBoOi gocnign Hapg eneKTpUYHMMN NPOMEHAMU BiH BMKOHYBaB Ha obnafgHaHHI,
nogi6bHOMyYy 4O TOT0O, Ha SKOMY ,€EMOHCTPYBa/an BNAaCTUBOCTI CBITIOBUX MPOMEHIB.

Y pagi gocnigis Nepy 3actocoByBaB BigOUBHI NOBEPXHI 3 MeTaNeBUX CTIHOK, TakK 3BaHi
A3epkana Mlepua, 3a 4ONOMOTOK AKUX AOCIAXYBAIMCA BAACTUBOCTI eeKTPOMarHiTHUX
xBunb (Man. 132), npyn ubOMYy eNeKTPUYHIi MPOMEHI NignAarann 3arasbHOBILOMOMY 3aKOHY
ONTUKKM (KYT NafiHHA AOPIBHIOE KTy BigbuBaHHA) i, Big6MBaKUYNCb, BUKAMKAIN B pe3oHaTopi
ickpy. HapewrTi, lepy nponyckaB enekTPUYHi NPOMEHI Yepes3 TPUrpaHHy CMONSHY npul]



3MYy, B UbOMY pas3i NpoMeHi 3anomnwBanucb. BiH NOMITUB, WO eNneKTPUYHi NpoOMeHi ner-
KO NPOXOAWNWN KPi3b AepeB'sHi CTiHW i ABepi Ta B3arani 4epe3 HENPOBIAHUKN eNeKTpu-
Kn (gienekTpukun). ENekTpmnyHi NnpoMeHi NpoXoAnNn i Kpi3b AYyXe TOHKI TMCTOUYKN MeTanis.

Jocnign Fepua 6yno BiATBOPEHO y 6aratbox HayKoBUX naGopaTtopisx. Takum YMHOM
6ynanigTeepgxeHa Teopis Makceenna.

LBNAOKICTb MNMOLWWUUMNPEHHA, OOBXWHA,
UACTOTA EJIEKTPOMAIHITHOT XBWIJII.
LLUKAJTIA EJIEKTPOMAIMHITHWMX XBWJ1b

3a Teopieto MakcBenna, WBUAKICTb NOWMNPEHHS eNeKTPOMArHiTHUX XBUb —
Be/IMYMHA CKiHYeHHa, BOHA BU3HAYAETHLCHA €NEKTPUUHUMMU | MarHiTHUMN BNacTU—
BOCTSAMW CepefoBMLLA, B AKOMY NMOLWMUPIOETLCSA €/1eKTPOMarHiTHa XBUNA:



pPi3HAOTLCA OAHA BiA4 OAHOT 3acnocobamm X reHepauy,iii peecTpauil, a TaK0oX 3a CBO—
TMWN BNacTUBOCTAMMU. TOMY efleKTPOMArHiTHI XBUNi NOA4INAKTLCA Ha KiflbKa BUAIB:
pagioxsBuni, cBiTNOBI XBUNi, peHTreHiBCcbKe i y[BMNpomiHOBaHHSA (Tabn. 1). Cnipg 3a—
3HaAUUTU, WO MeXi MiIXK Pi3SHUMN BUgaMn eNneKTPOMarHiTHUX XBUAb JOCUTb YMOBHI.

Tabnmya 1
Buan eneKTpoMarHiTHUX XBWUNb

PagioxBuni nofinawoTb 3a [,OBXWUHOI XBUi Ha gosri (NoHag 10 km), cepefHi (co—
THi MeTpiB), KOPOTKIi (A4eCATKN MeTpiB). ¥Ci BOHU NepeBa>XHO BUKOPUCTOBYHKOTbCA Y
pafio3B'A3Ky. Y/NbTPakKOpPOTKi pafioxBuni noginsaTbe Ha MeTPOBi, AeLUMeTPOBI Ta
MinimeTpoBi. MNepwi BUKOPUCTOBYOTb Yy Tesie6bayeHHi, apyri i TpeTi — y pagionoka—
uiTt. Aiana3oH pafioxXBWU/b HaCTKOBO NepeKpMBaETbCA 3 iHppauyepBOHNMMN NPOMEHSA —
MU, SKi LWUIMPOKO 3aCTOCOBYIOTb Yy TeXHiUi. ¥ ubOMY giana3zoHi NnpayloloTb asepu.

YneTpadionetosi NpoMeHi BMKOPUCTOBYHOTb ANA 3He3apaXyBaHHA MpuUMi—
WeHb y NiKapHAX, CTUMYAALIT XiMiYHUX peaKLUii, yTBOPEeHHSA MOTPIOGHUX TeHHUX
MyTaLuih Ta iH. MoBepxHa 3emMni 3axuuweHa Bif WKIAAWBUX CKNagoBUX ynbTpa—
thioneToBux NnpomeHiB COHLSA 030HOBMM WIAapoM. Moro 3s6epexxeHHs — Lie oaHa 3
Ba>X/IMBUX €KONOTiYHUX npobnem.

PeHTreHiBCbKe BUMPOMIHIOBAHHA OTPMMYIOTb Mif Yac ranbMyBaHHS enek—
TPOHIB, AKI NPUCKOPKIWOTLCA HaMpyrow B AeCATKWU KinosBonbT. Ha BigmMiHY Bif
CBIiTNOBOro NPOMiHHA BUAMMOTO cneKTpa i ynbTpadioneToBoro NpoMiHHS, BOHO
Ma€ 3HaYHO MeHLWY AO0BXMWHY XBWU/b. NMpUYOMYy JOBXMNHA XBUNi PEHTreHIBCbKO—
ro MPOMiHHS € TUM MEHLWIO, YMM BiNnblia eHepPria eNeKTPOHIB, AKi 6omMbGapayOTb
nepewkoay.

1. fAKa WBUAKICTb NOWNPEHHA eNeKTPOMAarHiTHUX XBUNb Yy NOBITPI?

2. 3anuwitb popmyny, L0 BUpaxXae 3B'A30K WUBUAKOCTI NOWNPEHHA XBUJI 3 LOBXUHOIO
XBUNi i YacToOTOl0.

3. Wopo3Bonsae 06'egHaTt BCi BUAN €1eKTPOMArHiTHOr0 BUNPOMIHIOBAHHA B O4HY LUKa-
Ny eNeKTPoOMarHiTHUX XBunb?



B/TACTMBOCTI EJIEKTPOMATIHITHWMX
XBWJ/1Ib TA TX 3ACTOCYBAHHHA

EnekTpomarHiTHi XBUAi NOrNMHaKTbCA, BigbunBarTbCA | 3a/1IOMNIOKOTHCA, AK i
BCi iHWI BUAM XBUNb. Lle nerko cnocrtepiratu.

CyyacHi pafioTexHiYHi MPUCTPOT AatoTb 3MOry MPOBECTM HAOYHI gocnign 3 me—
TO BUSAB/IEHHSA BNacTUBOCTEN eNeKTPOMarHiTHUX XBuUnb. Mpun ubomy HavKpatye
KOPUCTYBaTUCSH XBUIAMU CAHTUMETPOBOTO giana3oHy, WO X BUNPOMIHIOE crneyi—
anbHWW reHepatop HagBMcokoi YyactoTu (HBY).

EnekTpomMarHiTHI XBUNi BUNPOMIHIOE pynopHa aHTeHa B Hanpsami oci pynopa.
MpuiiMmanbHa aHTeHa, AKa Ma€e BUIrNA4 Takoro camMoro pynopa, B/AIOBJ/IHOE XBUII,
O NOLWMPIHOOTLCA B30BX OCi pynopa. 3arafibHU BUrnag ycTaHOBKW MoKas3aHo
Ha man. 133. Pynopu po3milwyoTb OAVH NPOTU OA4HOTO i, AO6MBLWINCHL TOTO, W06 3
rydyHomMmoBUSA fobpe 6yno uyTm 3ByK, MiXK pynopaMu po3MillytOTb pi3HI gienek—
TpUYHI Tina. NMpu ubOoMy MOMiYalOTb 3MEHLIEHHSA FYYHOCTI. Lle cBigunTb Nnpo Te,
O effeKTPOMArHIiTHI XBUNi NOrANHaKTbLCS.

AKLWO AieNneKTpUK 3aMiHUTU MeTasieBOK MaCTUHKOK, TO XBUNiI He gocAratu—
MYTb MpuUiiMadya BHacnigok BigbuBaHHA. 3BYKy He byae uytu. BigbuBaHHA Big—
6yBaeTbCHA MiJg KyTOM, WO AOPIBHIOE KTy MajiHHA, AK i Ana BUNnagKy CBiT/IOBUX
i MexaHIYHNX XBUNb. LLLO6 nepekoHaTMCsa B LbOMY, Pynopu PO3MilLyOTb Nig og—
HaKOBMMU KyTaMu A0 BENMNKOFro meTtanesoro nucta (man. 134, a). 3ByK 3HUKaAE,
AKLW,O0 3abpaTty NMcT abo NOBepHYTU Moro. EnekTtpomarHiTHI XxBuni BigéneatoTbCcA.

EnekTpomMarHiTHi XBUAi 3MiHIOWOTb CBii HanpaM (3a/IOM/IIOKOTbLCA) Ha MeXi
pienekTpuka. Lle mo>xxHa BUABUTK 3a 4OMOMOT O BE/IMKOT TPUKYTHOT MpM3mMu 3
napadgiHy. Pynmopun BCTaHOBNOKTb Mif4 KYyTOM OAWH A0 O4HOTO, AK i TOAi, KONu
AeMOHCTpyBanu BigbuBaHHA. MeTaneBuii NUCT 3aMiHIOKOTb Npuamot (man. 134,
6). 3abupatoum npmamy abo moBepTar4m Ti, crocTepiratoTb 3HMKHEHHS 3BYKY.
EnekTpomMarHiTHIi XBWUAi 3aNO0OMNKOKOTbCA.

EnekTpomarHiTHi xBUni — nonepe4dHi. Lle o3Hayvae, wo BekTopu E i B enek—
TPOMArHIiTHOINO MONA XBWUJI MepPNeHAUKYNAPHI O HanpsamMy i1 MOWUPEHHSA.
KonuBaHHSA HamnMpy>XeHOCTIi e/IeKTPUYHOTO0 Monda XBUMi, AKa BUXOA4UTb 3 pynopa,
Big6yBalOTbCA y MeBHIM MNAOWMHI, a KO/IMBaHHSA BeKTOopa MarHiTHOT iIHAYKLIT —
B MepneHAUKYNAPHI A0 HeTl nAowuHi. XBUAi 3 MEBHMM HanpasMOM KO/UWBaHb
Ha3nmBarwTbCA nonapunsoBaHMmMmM. Ha man. 127 nokasaHO camMe NOAAPU3OBaHY

Man. 133



Man. 134

xBunto. MNMpuiimMmanbHWA pynop 3 AeTeKTOPOM MpuiiMae TilbKU NONAPU30BaHy B
NeBHOMY HanpsaMi XBUIto. Lle mo>xHa BUSABNUTU, MOBEPHYBLIW nepejasasibHUM abo
npuManbHUK pynop Ha 90°. 3BYK Npu UbOMY 3HUKHE.

Monapwu3auito cnocTepiraldTb, PO3MILLYIOUYUN MiXX FreHepaToOpoM i NpuiimMadyem
pewiTKy 3 napasnenbHUX MeTaneBuX cTep>XHiB (man. 135). PewiTKy cTaBnAaThb
TakK, Wob cTep>XHi 6y/iM ropn3oHTanbHi abo BepTMKaabHi. B ogHOMY 3 NONTOXEeHb,
KON eNeKTPUYHWMIN BEeKTOpP MnapanesibHUI CTEPXHAM, Y HUX 30YyAXYHTbCH
CTPpyMMu, BHACNIiAOK 4YOro pewliTKa BigbmBae xBuni nofibHoO g0 cyyinbHOT meTaneBol
nnacTUHN. AKWo BeKTop E nepneHAWKYNAPHWNIA [O CTEPXXHIB, TO CTPYMWU B HUX
He 30yA>KYITbCA 1 eNleKTPOMarHiTHa XBUAA NMpPoxXoanThb.

Mwn onuncanun He BCi OCHOBHI BNacCTUBOCTI eNeKTPOMAarHiTHUX XBUNb. MNMoBHILWI
BiJOMOCTI O4€ep>XUMO nig 4yac BUBYEHHS ONMTUKWN.

Cy4acHe cycninbCTBO HE MOXXHaysaBuTu 6e3 TenebavyeHHA. BoOHO MiyHO BBiLWIO
B Haw NobyT, MegNLNHY, aCTPOHOMIiIO, CNCTEMUN aBTOMATN30BaHOIroO KepyBaHHSA
Ta iHWI ranysi gignbHOCTI NOANHN.

Cxema TenebayeHHs B OCHOBHOMY 36iraetbcs 3i cxemMoOl pajgiomMmoBneHHsA. Big—
MIiHHICTb Y TOMY, L0 B NepegaBayvyi KONMBaHHA MOAY/TIOIOTbLCA HE Ti/lbKY 3BYKOBUMMU
curHanamu, a i curHanamm 306pakeHHA. 306pa>KeHHSs MpegMeTiB MepeTBOPOKTHLCH
B €/IeKTPUYHI CUTHaNIN 32 40NOMOT O e/IeKTPOHHO [ApomMeHeBUX TPY6OK, SAKi Ha3n—
BalTb iKOHOCKOMNaMu. EneKTpuyHi KoONMBaHHSA Bif iIKOHOCKOMa HaAXo4ATb 40 pagio—
nepepasaya i MOAYNIOKTb BUNPOMiIHIOBaHY HUM pagioXBUAK NMOoAi6HO A0 TOro, K
3MIHHUW CTPYM Yy KONi MiKpodoHa MOAYNOE PafioXBUMIKO NMPU NepejaBaHHI 3BYKY.

Y npuiriMmadi BaKyyMHa eneKTpoHHo[OpomeHeBa Tpybka — KiHeckon —
ofep>XXaHUM CUTHaN NepeTBOPIOE Yy BUAMME 3006paxeHHA. ENeKTPOHHUN Ny4YoK
y npuiimadi pyxaeTbcs MO eKpaHy TOYHO CMHXPOHHO 3 PYXOM €/leKTPOHHOTO
nyyka B nepepgaBadi. Tenesi3ivHi

CUrHann nepegjalwTbCcsa B Aiana3oHi
ynbTpakopoTKux xBunb (YKX). Lii
CUTHaNn nNpuiimMmarwTbCHA B MeXXax
npamMmoi BugmnmocTi. LLLo6 nepepaBaTtm
Tenenepepgadi Ha BeNWKi BigcTaHi,
3aCTOCOBYIOTb peTpaHcnasaTopu (man.
136). 3a goONOMOrO CYynNnyTHUKIB
3B'A3KY MOX>Ha npumaTtm i nepe—
JaBaTun TenenporpaMy MpakTUYHO 3
6yab[AIKOT TOYKM 3eMHOT KYy/Ii.



Man. 136

B ocHoBYy pagionokauyii noknageHo asuwe BigbuBaHHAa ¥ KX Big npegmeTiB.
PapionokaTtop (pagap) — ue pagionepegaBau i pagionpuiimayd, sKi MatoTb cnifib—
HYy aHTeHy, WO MiCTUTb NepemMmkay 3 NpniiMaHHA Ha nepejaBaHHsA. Lis aHTeHa
CTBOpPKE rocTpoHanpsamMaeHe BUNPOMIHIOBAHHA — pafioNpPOMiHb — KOPOTKUMM
iMnynbcamu TpuBanictio 10~ c. Mi>x gBomMa NOCNIAOBHUMMK iMANy/bCaMMn aHTeHa
aBTOMAaTM4YHO MEePeEMUKAETbLCA HAa NMPUMaHHSA eNeKTPOMarHiTHOT xBuni, Bigéurtol
Big gocnig>XXyBaHoOro ob6'ekra.

Y MOMEHT MOCUNaHHA pajiocurHany gaT4mMkK Yyacy NoyYMHae 3MillyBaTu enek—
TPOHHWM NpoMiHb. PagiocnrHan HagxoaunTb y aHTeHY, BUNMPOMIHIOETbLCSA Y MPO—
CTipiOfQHOYAaCHO CTBOPIOE Ha eKpaHi efleKTPOHHO [OpomMeHeBOT TPYO KU BigXmneH—
HS e1eKTPOHHOTO NPOMEeHSA B340BX BepTukani. PagiocurHan, Bigébutunia Big npeg—
mMeTa, NpuiimMmae Ta camMma aHTeHa, NOTIiM BiH MPOXO4AMUTb Yepe3 NpuimMay i Ha ekpa—
Hi eneKTpoHHO [dpomeHeBOT TPYy6KM Aa€e BepTUKa/sibHe BiAXW/IEHHSA MPOMEHS Ha
AeAKil BigcTaHi Big NepLwworo BigXMNeHHsA. 3Hak4un 4ac pyxy NMpoMeHs No ropm—
30HTani, BiACTaHb Mi>XX BEPTUKa/bHUMU BiAXNIEHHAMMW MOXHa nporpagytBaTtu B
KinomeTpax. Hanpam, BakomMy nepebyBa€ BUABNEHUN 06'€eKT, BU3HAYa€ETbCS NO—
NOXXEeHHSAM aHTeHW pajionoKaTopa, 3a AKOro Ha eKpaHi efleKTpoHHO [dpomMmeHeBOT
TPYy6KWN 3'ABNSAETbLCA Big6buTNK pagiocurHan (man. 137).

Man. 137



MUPHUX Lineii. 3a1i 4ONOMOToOl PO3B'A3YHOTb 3aBAaHHA NOBITPSAHOT i MOpPCbKOT Ha—
Birayii, BM3HayeHo BigcTaHb A0 Micaua i NnnaHeT, crnocTepirarwTb 3a MeTeopuUTamMmu.

Ha BigmiHy Big pagionokauii, sika gocnigXXye Tina 3a 4ONOMOrow Bigbutmx
HUMW pajfioxBUIb, pafioacTPOHOMIA gocnigXye HebecHi Tina 3a iX BMaCHUM pa—
fioBUNPOMiIHIOBaHHAM. PafioacTPOHOMIYHI cnocTepeXeHHA 34iNCHIOOTL pagio—
TeneckonamMmm, NPUCTPOAMMN, WO CKNafarwTbCA 3 aHTEHHOT CUCTEMMU | YYTNINBOTO

pagionpuiimMmada 3 nigcunioBadyem. Hanbinbwnii Teneckon y cBiti — PATAH [BI00
(piameTp 600 ™).
J>kepena BUNPOMIiHIOBaAHHA B pagioacTPOHOMIT — ranakTUKU, MIiXK30psAHe ra—

NnakTuU4uHe cepeaoBuue, 3o0pi, CoHue, naaHetTu, Micsiub TOW,O.

PagioBnnpomiHOBaHHA B OCHOBHOMY BifbyBaeTbCs Bif HEMTpPasbHOro BOAHIO
Ha AOBXWHI xBuai 0,21 M, a TaKOX Bif MOHI30BaAaHOro rapA4yoro BOAHIK CBIiTNUX
TymMaHHocTel. Kpim TOro, ranakTukm € gxkepesamMmun HeTen/10BOro pagioBunpomi—
HIOBaHHSA, NMPUYNHOK AKOF0 € ra/ibMyBaHHS €/1eKTPOHIB MarHiTHUM No/eM ranak—
TUK. Take BUNPOMiHIOBaHHSA Ha3nBalTb CUHXPOTPOHHUM.

Y 1963 p. pafioacTpOHOMMK BiAKPWUAN HOBI 3ipKOMNOAI6HI 06'€KTN — KBasapu
(Bi4 aHrn. quasai— [A>Kepeno pagioBUNpPoOMiHIOBaHHA), a y 1967 p. 6yno Bigkpu-—
TO HOBiI KOCMIiUYHI g)epena efeKTPOMarHiTHOro iMnNysibCHOro BUMPOMiHIOBaH—
HA — HeNTPOHHI 30pi — nNynbcapw.

CyyacHi gocnif>XeHHs ganv MOX/NUBICTb He TiNIbKU BUABUTU TUCAYI KOCMIYHUNX
pagiop>xepen (CoHue, HEMTPOHHI 30pi, KBazapmniT. 4.), ai LOCAIANTN TIX CNEKTPMN.
Byno BigKpPUTO cnekTpanbHi AiHIT 6aratbox XiMiYHUX eNeMeHTIiB HeopraHiyHuUxX
i opraHiYHMUX MONeKyn, WO Aano MOXNMUBICTb MiIQHATW 3aBicy Haj npouecamwu
YyTBOpPEHHS 3ip i NnaHeTHUX cucTtem. Bigkputta poHoBoro (peniktoBoro)
BUMPOMIiHIOBaHHA 6yno NigTBepaXXeHHAM Mofaeni «rapsvyoro» BcecsiTy.

. Ha3BiTb BigOMi BaM BNacTUBOCTI €1eKTPOMAarHiTHUX XBUSb.

. flka cxema neXxuTb B OCHOBI TefnebayeHHA?

LLlo Ha3uBalTb pagionokayiet?

. fki pagioxBuni (3a 4OBXWHO | YACTOTOK) BUKOPUCTOBYIOTb Y pagionokauii?
. Wo pocnipgxye pagioactpoHomia?

Po3B'aA3yem0o pa3om

1. KonmeanbHWIA KOHTYP, WO CKNafaeTbCAa 3 NOBITPAHOrNo KOHAeHcaTopa 3 ABOMa ia—
CTMHamM No 200 cM”~ KOXKHa | KOTYLLIKW iHAYKTUBHICTIO 10"° TH, pe3oHye Ha AOBXUHI XBUSi
40 M. Bu3HauTe BiiCTaHb MiXK MacTMHaMn KOHJAeHcaTopa.

Po3B'A3aHHA

CKOpUCTaBLUNCHL POPMY/IO EMHOCTI MIOCKOr0 KOHAeHcaTopa BM3HAUN —

MO HeBigomy eMHicTb C BU3HauUuUMoO 3 popMyniv ToMCcOHa



248.

249.

250.

251.

252.

253.

254,

255.

256.

257.

KonnBanbHUN KOHTYP MICTUTb KOHAEHCATOP EMHICTIO 800 Nd i KOTYLWKY iIHAYKTUB—
HicTo 2MKIH. AKWiA Nepiof BflaCHMX KONMBaHb KOHTYpPY?
KonneanbHWIM_KOHTYpP CKNafaeTbcsa 3 NeiifjleHCbKMX 6aHOK 3arasbHO0 eNeKTPoeEM—
HIiCTIO 6 = 10" MK®P Ta KOTYLKMN iIHAYKTUBHOCTI B | IMKITH. B13HauTe 4acToTy enek—
TPOMarHiTHUX KOAMBaHb Y KOHTYPI.

. . - 2 9 .
Y pafioTexHiyi3acTocoBYOTb CTpyMUM yacToToBigl = 10" gol = 10” HICY. O64uncniTh
nepiog LUUX CTPyMiB.
3apsag KoHgeHcaTopa KONMBalbHONO KOHTYPY 3MIHIOETbLCA 3a 3aKOHOM ( = 2sin2 =
= 10 "a>t, MkKKn. BusHauTe yacTtoTy i nepiof eneKTpoMarHiTHUX KO/IMBaHb Yy KOHTY—
pi. flka amnniTyga 3HadYeHHs 3apsagy KoHgeHcaTtopa? 5
Cuna cTpyMy B KONMBaSlbHOMY KOHTYpPi 3MIHIOETbCS 3@ 3aKOHOM i = 0,25sin 10 WE, A.
Bu3sHauTte amnniTygHe 3Ha4YeHHSA CUAM CTPYMY Ta nepiof efleKTPOMarHiTHUX Kon—
BaHb Y KOHTYpI.
Hanpyra Ha KoOHAeHcaToOpi KOJ/IMBaNbHOI0 KOHTYPY 3MIHIOETLCA 3a 3aKOHOM
n = 50cosl0"cor, B. BusHauTe amnniTygHe 3Ha4YeHHA CUX CTPYMY Ta nepiogy Konvm—
BaHb Y KOHTYpI.
AK 3MIHNTbLCA Nepiog BiIbHUX eNIeKTPOMAarHiTHUX KONMBaHb Y KOMMBa/IlbHOMY KOH—
TYpi, AKWO iIHAYKTUBHICTb KOTYLUKW 3MEHLUUTN Y 2 pasun Ny CTiNIbKU X pasiB 36i/b—
LLNTU EMHICTb KOHTYPY?
Konu aBToMo6inb NpoinkaXKae nif 3a1i306eTOHHVUM MOCTOM, Oro pagionpuimay pe—
€CTpYye cnabkuii curHan. Homy?
Homy AnA 3B'A3KY 3 KOCMIYHUMMW CTaHLiSIMU BUKOPUCTOBYIOTb Y/IbTPAKOPOTKOXBU —
nbose (¥ KX) pagioBunpomiHOBaHHA?
Yomy pagionokatop BUNMPOMIHIOE padioxBuii He HEMEPEPBHO, ay BUTNAA4I KOPOTKUX
imMmnynbcie?
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MeHepaTop ¥BY npautoe Ha vacToTi 150 MIMy,. AKa fOBXMHA XBU/i eNeKTPOMAarHiTHOro
BUMPOMIHIOBaHHA?

Ha fakin yacToTi cygHa nepefaroTb cUrHan 6ignM, KOAm 3a MiDKHapOAHOK Yyroaoto
pafioxBUNA MOBUHHA MaTu [JOBXUHY 600 m?

E€MHICTb KONMBaNbHOIO0 KOHTYpPY pagionpuiimavda 20 nd, a iHAYKTUBHICTb MOT0
KoTywku 350 HMH. Ha aKy A0BXUWHY XBWUi HACTPOEHUM pagionpuiimay?

Y MOMEHT, KOMU BigcTaHb MiXk 3emneto i Mapcom 6yna HarimeHLw o, Ha Mapc i3 3em—
ni 6yno nmocnaHo pagiocurHan. Llen curHan, BigbmsLince Big noBepxHi Mapca, no—
BepHYyBCS Ha3ag 4depe3 0,37 c. fAAka MiHiManbHa BigcTaHb Mi>Xk 3emneto i Mapcom?

YBIMKHEHUIM Y KOMMNBaNIbHU KOHTYP MOBITPAHUNM KOHAEHCATOp 3arnoBHEHW napa—
piHOM, gienekTpmyHa MPOHUKHICTb AKOro AOPIiBHIOE 2. Y CKiflbKW pa3iB 3MiHMWAach
yacTtoTa BiflbHUX eNeKTPOMAarHiTHUX KOJIMBaHb Y KOHTYpIi?

AKa npuymHa 3aTyxaHHSA BiSIbHUX eIeKTPOMarHiTHUX KO/MBaHb, 30Yy[)KEeHUX Yy
KONMBa/lbHOMY KOHTYpPi?

AK 3MIHUTbBCA 4YacToTa BifIbHUX eeKTPOMarHiTHUX KOJIMBaHb Yy KOJIMBallbHOMY
KOHTYpi, AKUWO EMHICTb KOHAeHcaTopa 36inbwntn B 10 pasiB, a iHAYKTUBHICTb
KOTYLUKW 3MEHWNTU y 5 pasis?

KonuBanbHUN KOHTYP CKNagaeTbcs 3 KOTyLYKM iHAYKTUBHICTIO 10 MIH i nnockoro
KOHJeHcaTopa 3 o6k/agKamMmuy nower 5 cM KOXHa, po3jiieHux napadiHOBMM Ma—
nepom 3aBTOBLUKM 100 MKM. HKa yacToTa Bi/IbHUX eNeKTPOMarHiTHUX KOJIMBaHb Yy
KOHTYpIi? [lieneKTpmnyHa NMPOHUKHICTb NapadiHOBOro nanepy AOpiBHIOE 2,2.

Y KONMMBaslbHOMY KOHTYPi EMHICTb KOHAeHcaTopa 4 MK®, iIHAYKTUBHICTb KOTYLLUKM
1,6 MH. KoHgeHcaTop 3apagnnum go Hanpyrm 100 B. 3HaiiTu makcumanbHy eHeprito
e/IeKTPNYHOTI0 NOoA KOHAeHcaTopa Ta aMniTygHe 3Ha4YeHHSA CUAN CTPYMY B KOHTY—
pi Nig 4yac BiIbHMX eNeKTPOMarHiTHUX KOJ/IBaHb.

Hanpyra Ha KOHAeHcaTopi KONMBaNbHOIO KOHTYPY Nif Yac BilbHUX eNeKTpoMarHiT—
HWX KO/IMBaHb 3MIiHIOETbLCS 3a 3aKOHOM 1 = 50cosl0 cor, B. EMHICTb KOHAeHcaTopa
1 MK®. FAke amnniTygHe 3Ha4YeHHA 3apsagy KoHgecaTtopa? AKui nepios KoAnMBaHb y
KOHTYPi? AKa iHOYKTUBHICTb KOTYLUKWN?

Cuna cTpyMy B KO/IMBa/IbHOMY KOHTYPI [if 4ac BifIbHUX eNeKTPOMAarHiTHMUX Konv—
BaHb 3MIHIOETbCSA 3a 3aKOHOM i = 0,2sinl0"oor, A. IHOYKTUBHICTb KOTywku 0,15 IMH.
BunsHauTe nepiog KonvBaHb y KOHTYpi, EMHICTb KOHAEHcaTopa Ta amniiTygHe 3Ha—
YeHHS Hanpyrm Ha KoOHAeHcaTopi.

Y KonmBasibHOMY KOHTYpPi iHAYKTUBHICTb KOTYLWIKW cTaHOBUTL 0,2 MH, a amnnityga
CuUnun cTpyMy fopiBHIOe 40 MA. Br3HauTe eHeprito eNeKTPUYHOIo Mo KOHAeHcaTo—
pai MarHiTHOro Nonas KOTYLWKWN B TO MOMEHT, KO/I MUTTEBE 3HAYEHHSA CUIN CTPY—
My B 2 pasu MeHLlle, Hi>XK aMmnaiTygHe 3Ha4YeHHS.

Yomy enekTpomMepexxa 3MiHHOIO CTPYMY NPaKTUYHO He BUMPOMIHIOE e/leKTPOMarHiT—
HNX XBUMb (BUNPOMIHIOBAHHSA MO>XXHa B/IOBUTK Ninwie 6e3nocepeaHbo 6ind NpoBoAiB
Mepexi)?

Py4YHUM HacTporBaHHAM pagionpuiiMayda 3MiHIOKOTb N/IOLLY NepeKprBaHHSA NIacTuUH
KOHJAeHcaTopa 3MiHHOT EMHOCTI y MOro KONMIMBHOMY KOHTYpPi. AK 3MIHIOETbLCSA MioLwa
nepeKpuBaHHSA MAACTUH MpU nepexogi Ha NpUuiMaHHs cTaHuiT, Wo 34iiCHIOE nepe—
Jadvy Ha fOBLUUX XBUNAX?

Y AkoMmy fgiana3oHi JOBXWH XBW/b Mpayloe pajgionepegasay, KONM €MHICTb MOro
KONMBa/IbHOIFO KOHTYpPY MOXHa 3MiHtoBaTu Big 60 o 240 nd, a iHAYKTUBHICTb
cTtaHOBUTb 50 MKITH?

KoTylwKa KonmBarbHOro KOHTYpy pagionpuiiMmaya Ma€e iHAYKTUBHICTb 200 MKIH.
MpuiimMay HacTPOEHMUI Ha XBUJIO AOBXMHOK 250 M. flKa EMHICTb KOHAeHcaTopa
KO/IMBa/lbHOrO0 KOHTYpYy pagionpuiimaya?



274. KonuBanbHNI KOHTYp pagionpuiiMmaya HaCTPOEHUM Ha [OBXUHY xBuni 300 M. Aka
IHOYKTUBHICTb KOMMBa/IbHOTO KOHTYPY, AKLL0 MOro eMHicTb 500 nd?

275. KocMOHaBT i3 KOCMiYHOro Kopabns nocnas ABa pagiocurHanu 3 nepepsoto 4 rog. Ha
3emni curHanm 6yno NpuimnHATO 3 nepepsoto 14401 c. 3 AKOKO cepefHbOIO LIBUAKIC—
THO KOCMOHAaBT BigaansieTbcs Big 3emMni?

276. PapionokaTtop npautoe Ha XxBUi 3aBA0BXKMN 20 CM | BUNMPOMIHIOE iMMy/IbCU TpUBa—
nicTio 20 He KOXXHUIM. MaKcumanbHa ganbHIiCTb BUABNEHHS Uil fokatopom 60 KMm.
CKiNlbKU iMMNybCiB YNPOAOBX 1 ¢ BUNPOMIHIOE noKaTop? CKiflbKU eNeKTpoMarHiT—
HUX KOMIMBaHb B O4HOMY iMMy/bCi?

KOHTpONbHI 3anuTaHHA

1. U 3MIHKOETHCA HaANPSAM CUAUN MPYXHOCTI Nifg Yyac HEBE/IUKUNX BepTuUKalib—
HUX KONMBaHb NPY>XMUHHOTO MaaTHMUKAa? NMOACHITHL.

2. MaTteMaTU4YHUW MasTHUK 34IACHIOE TrapMOHIYHI KO/TMBaHHA B AKiWCb iHep []
yianbHi cuctemi Bigniky (ICB). Uu 6yayTb Ui KONMBAHHA TapMOHIYHUMU Y
6yab[AKin iHWiW 1CB?

3. O6rpyHTYylTe TBEPAXKEHHSA: 3aTyxal4i KONMBaAHHSA He TapMOHIYHI.

4. 3a paXyHOK AKUX CUN — 30BHIWHIX YN BHYTPIiLWIHIX — BigbyBaeTbCsa KOAN—
BaHHA cUCTeMu MNig yac pe3oHaHcy? YUum ogHUX i gpyrmx?

5. ¥ AaKi MOMEHTUN NepLIOro niBnepiogy KonmeaHb y KOHTYpi EPC camoiHaykK—
Uit B HbOMY JOCAAiTa€ MaKCUMalbHUX 3HAYEHb?

6. Buxogsaumn 3 aHanorii MexaHiYHUX | eNeKTPoOMarHiTHMX KO/MBaHb, Ha3BiTb
eNeKTPUYHY BEeNIMUYUHY, eKBIBaJIeHTHY CUNi MPYXHOCTI MPY>XMHHOIO MadTHMKA.

7. KoHAeHcaToOp e/IeKTPUYHOI0 KOHTYPY 3apsaaunu Big gxepena 6inbwoi Ha—
npyrn. LWo 3aMiHUTbLCA B KONMMBAHHAX aHaNOrivyHOT MexaHi4YHOT cnctemmn?

8. Y AKMX cepefoBuLLax MOXJ/IMBE MOWUNPEHHSA e/IeKTPOMArHiTHUX XBUMIb?

9. AKa xapakTepHa AN eNeKTPOMarHiTHNX XBUJ/lb BEIMYMNHA 3a/INLLAETbCA He—
3MIHHOIO NMPpW NMPOXOA>XeHHI CBiT/la YUepe3 cepegoBuLLe?

LLlo 5 3Hato | BMitO pobuTtun

A 3Hato, AKUMU PiSUHHUMN BETNYNHAMN ONMUCYIOTbHCA KOMTMBAHHSA

1. Aky amnnityay, nepioj, 4yacToTy i moyaTkKoBy pa3dy MakbTb rapMOHIYHI KO—
NMBaHHA, 3afaHi piBHAHHAM X = sin(628f + 2)?

2. Aka fOoBXWHa MaTeMaTUYHOT0O MasTHMKa, Nepiog KonmeaHb sKoro 1 c?

3. 3apsaf KoHAeHcaTopa KO/IMBAaJlbHOTO KOHTYPY 3MIiHIOETbLCSH 3a 3aKOHOM
g = 2sin2 = 105a>f, MKKn. BusHauTe yacToTy i Nnepiof eNeKTpOMarHiTHUX KOAN—
BaHb Yy KOHTYypi. fika amnnityga 3HaueHHs 3apagy KoHfgeHcaTopa?

4. Cuvna CTpyMy Yy BiAKPUTOMY KO/IMBaJlbHOMY KOHTYPi 3MIiHIOETbBCH i3 Hacom
3a3akKoHOM i = 100cos6 = 10 f, MA. AAKa [,OBXWHa XBU/i MOFro BUNPOMIHIOBaHHA?

A BMitO MoACHWOBATU (hi3nUHI aBuLa i mpouecu

5. Ak cnifg 3aMiHUTU IHAYKTUBHICTb KOTYLI KW KOJIMBaNbHOIO KOHTYPY AN1S 36inb—
WeHHSA nepiogy BilbHUX eNeKTPOMAarHiTHNX KOMUBaHb?

6. ¥ yomMy BigMIHHICTb NOWMPEHHSA pagioxBunb Ha Micaui 1 Ha 3emni?

7. [e 30cepep>XeHa eHepPria efeKTPUYHOIO MOJA Mij 4Yac eNeKTpPoOMarHiTHUX
KO/IMBaHb Yy KOJINBa/lbHOMY KOHTYPi?
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A 3Hat, WO Take KOUBaAbHUN KOHTYP i ANA 4HOro BiH NpU3HavYeHUn

8. KonuBanbHWNIM KOHTYP CK/MlagaeTbCA 3 KOHAeHcaTopa eMHICTIO 400 nd i Ko—
TYWKWN IHAYKTUBHICTIO 10 MMH. Bu3HauTe amnaiTygHe 3Ha4YeHHS CUAUN CTPYyMYy
nig yac BiIbHUX eNeKTPOMarHiTHUX KONUBaHb, AKLW,O0 aMnaiTygHe 3HaYeHHSA Ha—
npyru gopiBHioe 500 B.

9. NapameTpn ABOX KOMMBa/IbHUX KOHTYpPIiB Taki: i

HacKinbkun cnig3amMiHUTU eMHIicTb C2, W06 yacToTa Biflb—

HUX eNeKTPOMarHiTHNX KO/IMBaHb Y HUX cTasna O4HaKOBOIO?

A 3Halo, Wo TaKe pajio3B'A30K i pagionokauyis

10. TeneBi3iiHNW peTPaHCAATOP BCTAHOB/IEHO Ha CYNYTHUKY, SKNUN pyxaeTb—
CSA MO KONOBiM op6iTi HaBKUcoTi 36000 KM Hag moBepxHeto 3emni. CynyTHUK po3—
TawoBaHWUW Ha OAHIV BepTuUKani 3 NpuManbHOK aHTEHO, AKa, y CBOI 4epry,
po3milieHa Nob6nn3y aHTeHM MepegaBavya. 3a AKUIK iHTepBas yacy CUrHasa nowun—
pPHOETbLCA Bif TeneueHTpPy 4O Tenesizopa?

11. PagionokaTtop npaule Ha XBUNi 4OBXWHOK 15 cm. BiH BUNPOMIHIOE WO—
ceKyHAM 4000 iMMynbCiB, KOXEH 3 AKUX MIiCTUTb 4000 eNeKTPOMAarHiTHUX KONN—
BaHb. flka TpuBanicTb iMnynbcy? fAka Halbinblwa ganbHICTb NOKaLinHOT po3BigKN?

A 3Hato, WO TakKe eNeKTPOMAarHiTHIi KO/IMBaHHA
12. Yomy cnipanb enekKTpuyHoOi namnu (man. 138) 3aiicHIOE KONMBaHHA?

BapiaHT |

1. MateMaTn4YHM MasTHUK Ma€ Nepiof KoamBaHb 2w c. BnaHaute Moro JOBXUHY.

A.1m. B.2mM.B.5mM.1.9,8m. 4. 11,2 m.

2. Mig yvac BiTpy rifika gepeBa 34IiNCHIOE rapMOHIYHI KO/IMBaHHA 3 Mepiogom
2 c. AMnnityga konuBaHb 10 cm. Bu3HauTe 3miweHHA rinkuy yepes 0,2 ¢ nicnsa
T NpOXOA>KEeHHS Yyepe3 NONOXEeHHSA piBHoBarun. No4vyaTtok KoAMBaHb 36iraetbcsa 3
NO/TOXKEeHHAM piBHOBAaru.

A.0,059mM.B5.0,5m.B.1m. . 2m. 4. 1,2 ™.

3. AK 3MmiHNTbLCA Xig (nepiog i yactoTa) roOgMHHMKA 3 MAaATHUKOM Ha mMeTane—
BOMY CTEP>XXHIi Npu 3HaAYHOMY MigBULLEHHI TeMmnepaTtypu?

A. 36inbwWKNTbCA Nepios, 3aMeHWUNTbCA yacToTa. b. 36inbwnTbcA Nnepiopg i yac—
ToTa. B. 3MeHwWunTbCcA nepiog i yactota. . 3MeHWKUTbLCA Nepiof, 36iNbWNTLCA
yacTtoTa. [l. NMpaBunbHOI BigNoBiai Hemae.









BapiaHTt Il
1. Maca TArapusa 100 r, a piBHSHHSA MOr0 KO/IMBaNlbHOIO pPyXy

BusHauTe XOPCTKICTb NPY>XWUHMN i 3MiLLeHHSA B MOMeHT yacy t [0 c.

A. 100 H/m; 0,125 m. Bb. 10 H/m; 0,125 m. B. 10 H/m; 0,25 m. I'. 100 H/wm;
0,25 m. A. 25 H/wm; 0,1m.

2. Y CKiNbKM pasiB 3MiIHNTbCA YacToTa KONIMBaHb MaTeMaTUYHOro MasTHUKa,
AKLLO0 MOro A4OBXUHY 36inbwntn y 2 pasn?

A. 36inbwnTbCca y 2 pa3n. b. 3meHwnTbca y 2 pa3n. B. 36inbwuntbca B 1,4
pasa. ' 3meHwunTbCcA B 1,4 pasa. . 3anmwntbca 6e3 3MiH.

3. Mig4yac BUKOHaHHA NabopaToOpHOT po60TU 3 BU3SHAYEHHSA NMPUCKOPEHHS BiNb—
HOro NagiHHSA 3a 4OMOMOrO MaTeMaTUYHOIo MasTHMKA yYeHb 3adikcyBas, LLO
MasATHUK AOBXWUHO 1 m 3a 200 c 3po6mB 100 konmBaHb. BnaHaute, sike 3Ha4YeH—
HA MPUCKOPEHHS BiSIbHOTO NafiHHA OTPUMaB MNPU LbOMY YUYEHb.

4. 9K 3MiHNTbCA Nepioj KONUBaHb CEKYHAHOro MasTHUKa FOAMHHUKA, AKLWO0
rOAVMHHUWK 3a40MNOMOTOK KOCMIYHOTO Kopabnsa nepemictutn Ha Micsayb?

A. He 3miHUTbCcA. B. MNMepiog 3MeHWNTbLCA. B. lMNMepioa 36inbwinTbCSA.

. MpaBunbHOT BignNnoBigi Hemae.

5. 3anuwiTb 3aKOH 3MiHU WBUAKOCTI, AKWO KoopAnHaTa 3MiHIOETbCSA 3a 3a—

KOHOM

6. PIBHAHHSA pyXxy Tarapuys Ha npy>XuHi * = 0,Isin™4r + ~j, macaT = 1kr. Bull



9. Bu3HauTe BNlaCHY 4acTOTy KOJ/IMBaHb Y KOHTYpi, B AKOMY 3apsj 3MiHIOETb []

A.3coly. B.3My. B. 2,5My. . 1,5Mu. 4. 3,5 Mu,.

10. Bu3sHauTe mepiog 3MiHU CTPyMy B.KOJIi Mpu pe3oHaHCci, akwo L [N IH,

A.6,28c.b.6,28cm.B. 628c.I.0,628c. . 5c.

11. ¥YcTaHOBITb BiAMOBIAHICTb MiXK OAVUHULUAMU PISUYHUX BETMYUH | Disny—
HUMWN BeIMYNHAMMU.

A. ENeKTPOEMHICTb. I.Mepuy.

B. IHOYKTUBHICTb. 2. ®apag.
B. Cunactpymy. 3. leHpi.
. 3apsag. 4. AMmnep.
A. YacTtoTa. 5. KynoH.

12. Ak Bigomo, rpadik 3anexxHocTi EPC Big yacy npu piBHOMipHOMY o6epTaH—
Hi paMKWV B OAHOPIiAHOMY MarHiTHOMY MOJli € CUHYCOTAO0. AK 3MiHUTbLCA rpadik,
AKL,O0 YyacToTa obepTaHHA paMKuM 36inbWINTbLCA Y 2 pa3n?

A. Mepiog Ta amnniTygHe 3HadyeHHs EPC 3ameHWuUTbhCA y 2 pasu.

B. MNMepiog Ta amnniTygHe 3Ha4YeHHS He 3MIHATbCA.

B. MNMepiog 3aMeHWNTbCA Yy 2 pa3u, aMnaiTygHe 3Ha4YeHHSA 36inbWINTbCA Y 2 pa3n.

. Mepiog 36inbWINTbCAY 2 pa3u, aMmnAiTygHe 3HA4YeHHS 3SMEHLWNTbLCA Y 2 pa3u.

A. MpaBunbHOT BignoBiAai Hemae.

13. Aka xapakTepHa A1 eNeKTPOMAarHiTHUX XBWUNb Be/IMYMHA 3anuLIaeTbCcs
HEe3MIHHOI Npu NMPOXOA>KeHHI CBiTNa Yepes3 cepefoBuLLe?

A. YacTtoTa xBuUni.

B. LoBXWMHa XBUI.

B. LLUIBMAKICTb NOWMPEHHSA XBUI.

. BCci BEIMYNHWN CYTTEBO 3MIHIOIOTbLCH.

14. Yepe3 aKy 4acTKy nepioay nicns Toro, sk KOHAeHcaToOp no4yas po3pagXka—
TUCb, eHepris B KOHTYpi po3MoAinnTbCca NOPIBHY MiXX KOHAEHCATOPOM i KOTyLU—
KO10?

A. UYepes3 1/2 T.

B. Uepes 1/4 T.

B. YUepe3 1/8 T.

M. yepe3 2/3 T.

A. NMpaBnnbHOT BigNoBiAlI HeMae.

15. ¥ Koni 3MiHHOTO cTpyMy YyactoToto 50 Ny NnocnifoBHO BBIMKHYTO KOTYLU—
Ky iHAYKTUBHOCTI L i koHpgeHcaTtop C YHomy mae gopiBHOBaTu gobyTok LC, w06
KONO nepebyBasio y peXXumi pesoHaHcy?

A. MpaBunnabHOT BignoBiAi Hemae.

16. OaHo rpadikm (man. 139, a, 6) 3aTyxXxalo4nx KOMBaHb. AKNK 3 HUX BigNoO—
Bifgae fgivicHocTi i yomy?

A. O6bupgsa rpadiky BipHi, TOMY WO 3MIiHIOOTbCA 1A, it.
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B. MpaBunbHMK rpadik 6, TOMy WO 3MiHIOETbCA A.

B. MpaBunbHWi rpadik a, TOMy WO 3MiHIOETbCA A, at — cTana.

. O6bunaBa rpadiky HenmpaBWUbHI.

17. EneKTpu4yHe KONO CKJ/lafaeTbCA 3 MOC/MIJOBHO 3'€AHaHUX KOHAeHcaTopa
C, KOTYWKW iIHAYKTUBHOCTI L Ta BMMMKaya, W0 403BOMAE 3aMKHYTN Kono. KoH—
AeHcaTop 3apsagunu go Hanpyrm U. LWo 6yge BigbyBaTncb y KOMi, AKWO BUMMUKAY
3aMKHYTN?

A. KoHaeHcaToOp NaBHO PO3PAAUNTHLCSA.

BE. BUHUKHYTb He3aTyxalui efleKTPOMarHiTHI KONmMBaHHA.

B. BUHUKHYTb e1leKTPOMarHiTHI KOTMBaHHSA, amnAaiTygai nepiog sKUx nocty—
NMOBO3MEHLUYETbLCH.

. BUHUKHYTb eNeKTPOMarHiTHI KOJIMBaHHSA, aMNAiTyAa AKMX MOCTYNOBO 3MeH—
WYETbCA, a Nepioj 3aNLLIAETLCA CTa/IUM.

4. MpaBunbHOT BignoBigi Hemae.











































































































































































































































































































































































































































































