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CJZ10BO 40 Y4HHIB

Y crapiriii mIKoJii Bu IPOAOB:KYyBaTHMeTe BUBUEHHSA (PidmKu, pos3rmouare IIe
y 7-my kjaci. @isuKa € 3arajJbHOOCBITHIM HaBYAJILHUM IIPEIMETOM i TOMY He BHU-
IaJJKOBO BOHA BUBYAETHCA Y 3aTaJIbHOOCBITHIX IITKOJIaxX ycix Kpaiu cBity. Pasom 3
iHmIMM HayKaMu BUBYeHHA (isvKM Mae Ha MeTi rorysaTu g0 BuOoOpy mpodecii y
BAIIIOMY JOPOCJIOMY KUTTi.

CyuacHa JIIOAMHA JKUBe ¥ CBiTi TeXHiKM i BUCOKUX TexXHOoJOTii. Bam y:ke Bifmo-
MO, 110 (pisKa € TeOPEeTUUHOI0 OCHOBOIO TexHiKu. TinbKku 3HaOuUu (PiduKy, MOMK-
Ha IPOEKTyBaTHu Ta OyayBaTy MalllnHu, OyINHKYA, 3aBOAU, €JIeKTPOCTAHILii, 3acobu
TeJie- i pagioss’a3ky Torro. CyuacHa QisruKa € 0CHOBOIO KOMII' IOTePHUX TeXHOJIOTI.
3 orysaay Ha 1e (pisuka HeoOXigHa MaliOyTHEOMY iHMKEHEDY.

3HOBY-TaKu i TOMY, III0 MU KMBEMO y CBiTi TeXHiKU, HAIIle }KUTJO0, ITO0YT 3aI10-
BHeHi (pidmKO-TeXHIUHMMM ycTaHOBKaMU. BOHM OCBITJIIOIOTH i OMAJIIOIOTH KUTJIO,
JoIloMAaralTh FOTYBaTH i 30epiraTu 1)Ky, nIpubupaT KBapTUPY, a YOT0 BapTi Tese-
doHU, pagio- i Tenenpuiimaui, BimeomartHiTodoHu i BieoKkamMepu, KOMII IOTE€PH...
J s mpaBUIBHOTO i 6€3ITeUHOTO KOPUCTYBAHHSA IIUMU IPUKJIATAMU TAKOK HE00Xif-
HO 3HATU OCHOBHU (pi3UKM.

Pasom i3 TuM (pisuKa — e He IPOCTO Pe3yabTaT KOIITKOI i JomuTauBoil mpairi
BUEHUX, a 1 BeJIMKe HaAOaHHA JIOAChKOI uBimisarii, saxausa ckradosa Kyiomy-
pu ardcmea. Hacamneped gisuka 0dae cucmemamu308any iHpopmayio npo HagKo-
AUWLHIT ceim pa3om 3 yminHam 3000ysamu makxy ingopmayirn. Pisuka € HaUraIuo6-
1010, Hal(hyHAAaMEHTAJbHIIIO HAayKoo mpo mpupony. Tomy ii meromm i Teopii
IMITPOKO BUKOPHUCTOBYIOTHCA B iHINIMX NPUPOAHUUYNX HayKax i (pimocodii mpupomo-
3HaBcTBa. BuBuenHA QisMKM Mae BaKJIMBe 3BHAUEHHS JIJIs1 PO3BUTKY HAYKOBOTO CBi-
TOPO3YyMiHHSA Ta 3a0e3meueHHsa MalitOyTHROTO (haxiBIlA, HAYKOBIA B Taly3i TeXHIKU
i IpUpOIHUYMX HAYK METOJaMU HAyKOBOI'O Ii3HAHHA IPUPOAHUX SABUII], BUBUEHHA
OCHOB TeXHiKU i TeXHOJIOTIiH.

ABTOpU TIparuyau IpeACcTaBUTH PisUKY SK OAHY 3 MPOBIAHUX HAYK PO IPU-
pony, IO aKTUBHO PO3BUBAETLCSA i € OCHOBOIO CYyYacHOI TeXHIKM i TeXHOJOTiHA. Y
MiAPYYHUKY TIOJaHO AeTaJbHe OOIPDYHTYBAaHHA HAWBAKIUBIIINX (Pi3UUHUX ABUIII,
3aKOHOMIPHOCTE! i 3aKOHIB, II[0 CTaHe B HMPUTOMAI IPU HOJAJBIIIOMY ONaHYBaHHI
GisuKM Ta iHIINX HayK y BUINMUX HAaBUAJLHUX 3aKJjJagax. Tako:x HaBemeHO Oararto
MPUKJALIB BUABY i 3acTOCyBaHHA (PiBMYHUX 3aKOHIB y HABKOJUIIHBOMY KHUTTI,
BimomocTe#t 3 icTopii disuunmx BigkpuTTiB. [Ipm nmbomy Mu mparuyiam BUCBIiTINTH
OOTJIAM Ha (PIBUKY AK KUBY HAYKY, III0 € YaCTUHOIO 3aTaJIbHOJIIOACHKOI KYJIBTYPH i
Hag0aHHAM CydacHOI muBigisaii.

Yunress i nifpyYHUK JOTOMOXKYTH BaM y HAOYTTi 3HAHB. [[JId [HOT0 HABYAJI -
HUI MaTepiaja y OiApyYHUKY BUIiJEHO CIeIiaJbHUMHU ITI03HAUYKaMMU:

@ — yBara, sanam’statul!!
@ — maiTe BiAMOBiAi Ha sanuTaHHSI
@ — BIIpaBa, IPUKJIAJL PO3B’ A3yBaHHS 3a4au

— 3araJbHi peKoMeHgaIlii om0 pos3s’ A3yBaHHA 3a4a4



CJZ10BO 00 BHUTENA

ITinpyunuk posdpaxoBauuii Ha yuHiB 10-X KJyaciB, AKi BuBUaioTh Ghi3uKy Ha npo-
@invHomy pieni. BiH € cTPUIKHEBUM €JI€MEHTOM HAaBYAJIBHO-METOJUUHOTO 3abe3ie-
YeHHS IIKIJIBHOTO Kypcy (PiSsUKM, OPIEHTUPOM [IJIA BUNTENSA Ta YUYHA B TOCATHEHHI
KiHIIeBOi MeTu HaBUYaHHA, (POPMYBaHHS JKUTTEBOI KOMIIETEHTHOCTI OCOOMCTOCTI,
OBOJIOIHHS METOAOJIOTIUHMMMY 3HAHHAMMU, 3aJyUEHHS A0 aKTUBHOI MidHaBaJIbHOI
IiATBHOCTL Ta PO3BUTKY iHTEpecy A0 HaBUaHHA (pisuku. [HTepec yUHiB 10 BUBUEHHA
(hisukm; € niameKTUYHUM ABUIIEM: 3 OLZHOrO OOKY, BiH (popMyeThcA B Iporeci Bu-
BUEHHSA (PidMKM; 3 IPYroro — BUBUEeHHs (PisMKU HEeMOXKJIUBe 60e3 CTifiKoro inrepecy.

ABropu mparayau npefacraButu GisuKy AK HUBY HAYKY, W0 € YaCTUHOIO 3a-
raJIbHOI JIIOZChbKOI KYJIBTYPHU, 3 OMHOTO OOKY, i 1K PyHIaMEHTAaJIbHY HAYKY IIPO IIPU-
poay, ONHY 3 BAYKJINBUX MIPUPOSHUUNX HAYK, 3 IHIIIOT0. ¥ TEKCTi HABOAUTHLCA 6araTo
IPUKJIALIB BUABY i 3BaCTOCYBaHHA (Pi3MUHMX 3aKOHIB Y "KUTTI Ta IPaKTUILi, CydYacHiH
HayIi i TexHiIi, BimoMmocTei 3 icTopii GisuKu, mogaeThesa onuc PisUUHUX TOCIIiTiB.

Bigowmo, 110 uimka cmpyxmypa niopyiHuKa noJezulye COpuAHATTS, yCBiZOM-
JIeHHS Ta PO3YMiHHS HaBUYAJLHOTO MaTepiajay, TOMY B TEKCTi 8udijieH0 20/108He
(o3HAUeHHA, HaWBarominr (GpaKkTH, TBEPAKEHHA, (DOPMYJIN); Iell TEKCT BUMIJIEHO
KoJbopoM. ¥ kinmi maparpadiB miniOpani sanmTtaHHA Ha y3azanbHeHHA 1 3akpi-
nJjeHHs BUBUEHOTO MaTepiay.

Y mingpyyHUKY riimboKo Ta feTaJlbHO BUKOPMCTAHO MaTeMaTUYHUH anapaT Onu-
Cy ABWUIIl, 3aKOHOMipHOCTel i pismunnx 3aKoHiB. OQHMM 3 HANOLIBIII BAXKJINBUX BU-
IiB HaBUAJbHOI po00OTHU B IPODiabHill IITKOJII € po3B’A3yBanHA GisMUHUX 3a7a4. 3a-
Iadi pisHUX THUOIB MOKHaA e()eKTUBHO BUKOPHCTOBYBATH Ha BCiX eTamax 3aCBOEHHS
(hisumuHOrO 3HAHHA: IJI5I PO3BUTKY iHTEpecy, TBOPUHUX 3Ai0HOCTEH i MoTHBAIlil yUHiB
IO HaBUYAHHSA (Pi3UKHU, i Yac IOCTAHOBKY HPOOJIeMHU, 1110 IIOTPe0ye po3B’ A3aHH, ¥
mporieci (hopMyBaHHS HOBUX 3HAHb YUHIB, BUPOOJEHHA IPAKTUYHUX YMiHb YUHIB,
3 METOIO IIOBTOPEHHA, 3aKPIiMJIEHHA, CUCTEMATH3AIli]l Ta y3araJlbHEHHS 3aCBOEHOTO
MaTepiajy, 3 METOI0 KOHTPOJIIO AKOCTi 3aCBOEHHSA HABYAJILHOTO MaTepiajay 4m mia-
THOCTYBaHHSA HABYAJbHUX JOCATHEHB YUHIB TOIO. ToMy /10 mMiApyYHMKA BKJIOYEH]
po3paxyHKOBi, rpadiuni, AKicHi, ZOCIITHUIIBbKI, eKCIIepUMeHTaJIbHi, TBOPUi 3a1a-
yi. ABTOpU BBaKaJM 3a OOIiJbHE IMOJATH TAKOXK METONUUYHI pPeKoMeHAAIlil 11010
pO3B’A3yBaHHA 3ajau Ta IIPUKJIAAU DPO3B’sA3yBaHHA THUIOBUX 3ajad. Ilpuxiamu
po3B’sA3yBaHHA 3a4aY HigiOpaHo Tak, 100 YUeHb Mir caMOCTiiHO posidopaTucs y ¢i-
3WUHil cyTi 3amaui, omaHyBaTu 3HAHHA i HA0OYTHM HABMYOK BUKOPUCTAHHSA Halisa-
raJIbHIIMUX i HAAAOIIIBHIIIINX METOiB PO3B’ A3yBaHHA 3a4a4.
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§ 1 Ponb pi3anYHOro 3HaHHS
B XXMTTIi JIIOAUHM i CYCNiIbHOMY PO3BUTKY

v 3apodxcennsa i po36umoK PisuKu aK HAyKu.
v' Memodu HAYK06020 Ni3HAHHA.

3apom:keHHs 1 po3BUTOK (pisuku gk Hayku. PisumKa — ogHA 3 HAWJABHIIIUX
HayK mIpo npupony. Ilepmumu ¢isukamu Oy rpelbKi MuCINUTEN, SKi 3poduau
CcIIpo0y MMOSICHUTH CIIOCTePe:KyBaHi ABuIa nmpupoau. HaliBugaTHiimum i3 crapomas-
HiX MmucauTeaiB 0yB Apicrorens (384—322 pp. 10 H. e.), AKUH i 3aIIpPOBaAUB CJIOBO
«hpvoié» («droaic»), 10 y IepekJiaji 3 rperbKol o3Havae npupoda. Aie He mogymaii-
Te, 10 «Pisuka» ApicToTes s X0U SKOCh CX0:Ka HA CyUacHi MipyYHUKH 3 Pi3uKH.
Hi! V miii Bu He 3HalieTe "KOJHOTO OIIMCY AOCJIAY UM MPUIALY, *KOLJHOTO MAJTIOHKA
Y1 KpecJeHHsd, JKoaHoI opmyau. ¥ Hill — dimocodcbKi MipKyBaHHS IIPO pedi, Ipo
yac, Ipo pyx Bsaraiyi. Takumu & OyJam Bci mpalli yUeHUX-MUCJIUTENIB AaHTUYHOTO
mepioxay. Och AK puMcbKuil moet JIykperii (61. 99—-55 pp. 10 H. e.) onucye y pimzo-
codchKint moemi «IIpo mpuponmy pedeii» pyX IIOPOIMIMHOK Y COHAYHOMY IIPOMEHi:

IleBHe, Tu OaumMB He pas, K Yy TeMPABL HAIIINX IIOKOIB
CoHIlA ACKPaBOTO IPOMiHb 3HAIBOPY Hapas IPOCMUKHETHCH, —
Besuiu Tomi mopommnHoOK ApiOHUX, HaAPiOHIIIINX T 6aUUB,
SIK BOHU B mapyCcKy COHIIA TAHIIOIOTH i BCi MeTyIIaThCs.
3Bificu TH MOKeIll co0i yABUTH, K MePBiCHI TiibIla

Cepen 6e3Kpaix MPOCTOPiB,Y CBITi IMINMPOKIM OJIYKAIOTE.
CropaBai — 00: peui maJi € 4acTo MOJEeJb AJI BeJIUKUX,
Ilnax mo misHaHHA, BKa3iBKa 0 MOBHOTO iX PO3yMiHHA.

Ot oMy MarOTh BOHU Ha yBary TBOIO 3aCJIYKUTH,

Ti mopoiuuKu APiOHi, 1110 Y COHAYHIM CBiTJIi TaHIIOIOTE.

Ix merymrusa, ixHi Kymu — To meBHa moxo6a, To 06pas

Ham menpucTynHOro pyxy marepii. 3 mpukJjaany Toro

Tu 3ayBaKuUTH MOKeIIl, AK TiJIbIld, 3a3HaBIIN yIapy,
JlenBe TOMiTHO OKOBi, HATIPSAMOK PYXY 3MiHIOIOTb,
Kunmarucs BiIiBO i BupaBo, BIepes i Haza MOUYNHAIOTb...

Sk BUIHO 3 HaBeIEHOrO IPUKJIALY, YKe B aHTUYHI Yacu MOYaau PO3SBUBATUCH
MEeTOIYM HayKOBOTO IIi3HAHHSA MPUPOAU (CIIOCTEPEIKEeHHA, IPUIYIleHH (Tiroresa),
MOJeJTIOBAHHA, MUCJIIEHHEBUH €KCIIEPUMEHT TOII0). 3 IPaIlb yueHuX-PisocodiB an-
TUYHOTO IePioAy moYaIu CBill PO3BUTOK yCi IPUPOJHUYO-MaTEMATUYHI HAYKY — (i-
3WKa, aCTPOHOMisA, Ximisa, reorpadis, 6iosoris, MmaTremMaTuKa.




Big craporpenbkoro disocoda Paneca (624—547 pp. 1o H. e.) 6epyTh IOYATOK
HAaIIli 3HAHHA 3 eJIeKTPUKHU i maraetusmy, [lemoxpit (460—370 pp. 10 H. e.) € OCHO-
BOTIOJIOKHUKOM BUEHHS IpO OyIOBY PEUOBUHU, caMe BiH MPUITYCTUB, IO BCi Tita
CKJIQIAI0ThCA 3 HAUAPiOHimux yacTok — aromis, EBkaigy (III ct. 7o H. e.) HaIeKaTh
BaKJIMBI JOCJIiIyKEeHHA B TaJIy3i ONITUKY — BiH BIepiIe c)OpMyJII0BaB OCHOBHI 3aK0-
HY TeOMeTPUYHOI ONITUKHY (3aKOH IIPAMOJIIHITHOTO IOIITMPEeHHS CBiT/Ia i 3aKOH Bif-
OMBaHHA), OMKUCAB Ail0 IJIOCKUX i chepUUHUX A3ePKaJ.

Cepen BUJATHUX YUEHHUX Ta BUHAXIZHUKIB I[OTO IEpPioay Iepiile Miclie Ioci-
nae Apximen (287—212 pp. mo H. e.). 3 #ioro pobit «IIpo piBHOBary miomuH», «IIpo
miaBarui Tima», «IIpo Baskesai» MOYMHAIOTH CBil POSBUTOK TaKi posainu isurm,
SAK MexaHika, rifpocratuka. IcKkpaBuil iHKeHepHUH TaJdaHT ApxiMena BUSABUBCS Y
CKOHCTPYHOBAaHUX HUM MEXaHIUHUX IIPUCTPOAX.

I3 cepequnu XVI cT. HacTae AKicHO HOBUI eTanm po3BUTKY (isuku — y Gisuiri
MOYMHAIOTh 3aCTOCOBYBATU €KCIepUMeHTH i mocaigu. OOHUM i3 mepHIinux € J0Cin
Tamineo lamines i3 kuganua anpa ta KyJi 3 Ilisancbkoi Beski. Ileit qocig craB 3HA-
MEHUTHUM, OCKIiJIbKU MOT0 BBAXKAIOTh «JHEM HAPOIKEeHHA» (PiBUKYU AK eKCIIepuMeH-
TaJIbHOI HAyKU.

ITory:xHMM momITOBXOM 0 (hOPMYBaHHA (PiBUKY AK HAYKM CTAJN HAYKOBI mpa-
i Icaaka HeioToHa. ¥ npari «MaremaTunuHi HavaJia HaTypaabHOI igocodii» (1684
p.) BiH po3po0se MaTeMaTUUYHHII altapaT AJIsd MOSACHEeHHA i onucy GpisuuyHuX ABUIII.
Ha cpopmynroBanux HUM 3aKOHAaX 0yJI0 I00YyZ0BAHO TaK 3BaHy KAACUYHY (HblOMO-
HI6CLKY) MeXaHiKY.

IIBuaKuii mporpec y BUBUEHHI IPUPOAU, BIiIKPUTTA HOBUX SABUIIN i 3aKOHIB
TPUPOAU CUPUAJU PO3BUTKRY cycminbeTBa. [lounuarounm 3 Kimma XVIII cr., po3su-
TOK (hi3UMKU cOpPUUYUHsIE OYPXJUBUIN PO3BUTOK TeXHiKM. ¥ Ieil yac 3’ ABISAIOTHCA i
BIOCKOHAJIOIOTHCA IApOBi MalInHU. ¥ 3B’dA3KY 3 IIMPOKUM iX BUKOPUCTAHHAM Y
BUPOOHUIITBI Ta Ha TPAHCIIOPTI Iiei mepiof yacy HasmMBAOTh «BikoM mapu». OqHO-
YaCcHO HOranbJeHO BUBUYAIOTHCS TEILJIOBi mpoliecu, Vv (PisUIli BHUOKPEMJIIOETHCA HO-
BUH po3aia — TepMmoauHamMika. HaiOiabInii BHECOK Y JOCTiAKeHHI TeIJIOBUX ABUIIT
mamexuts C. Kapuo, P. Knaysiycy, . H:xoyiato, II. Mengeneenry, [l. KeabBiny Ta
0araTboM iHIIINM.

Besiu HOBUX BiAKpPUTTIB BigOyBarOThCA i y raaysi eJIeKTPUKKU Ta MarHeTU3-
my (3arkoH Kyrnona, sakon Ammnepa, 3akox OMa, 3aKOH eJIeKTPOMATHITHOI iHAYKITil
To1110). BusHauanbHUMU 151 ITHOTO Tepiony € nocaigyxkenua M. @apagesq, E. X. Jlenmna
ta [I. MakcBesia, aKi cnpusaan po3pobIli Tak 3BaHOI kKaacutHOL enekmpodunami-
KU, 1110 TIOACHIOBAJIA BJIACTUBOCTI €JIEKTPOMATHITHUX TIOJIiB, €JIEKTPOMAarHiTHY Ipu-
poxy cBitaa. ¥ Kinmi XIX i ga mouaTKky XX cT. 3’IBIAIOTHCA i BAOCKOHAJIIOIOTHCS
eJeKTPUYHI MalinHu. 3aBAAKHU IITHPOKOMY BUKOPUCTAHHIO €JIeKTPUYHOI eHeprii
el yac Ha3MBAIOTh «BiKOM €JIEKTPUKU» . ¥ (PiBUIli BHOKPEMJIIOIOTHCA HOBI po3ainm
— eJIEKTPONMHAMIiKAa, eJIeKTPOTEeXHiKa, pajioTexHiKa Ta iHIIIi.

Ha mouatrky XX cT. (hisuKu oTpuMaay YMCJIEHHI eKCIIepUMEHTANbHI Pe3yab-
TaTH, AKi He MOKHA OYJI0 Y3TOAUTH 3 MOJOMKEHHIMY KJIACUYHOI MEeXaHiKHU Ta eJieK-
TpoauHAMiKHU. ¥ (PisuUIli MOUMHAETHCA HOBUM €Tall PO3BUTKY — CTBOPEHHS K8AHMO-
601 Ta peaamusicmcvkoi meopiii. BusHavasbHUMU 714 1X CTBOPeHH: Oysim mpari




PISNKA 10 KJIJAC

M. Ilnanka, H. Bopa, A. Eitamreiina. KBaHTOBO-pesiATUBiCTChKA (DisMKa € Haii-
OiJIbIII 3araJIbHOIO ¥ yHiBepcaJbHOIO (POPMOI0 IMOAAHHS CYYACHOTO TJAyMaueHHS
3aKOHOMipHOCTEN HABKOJIUIITHLOTO CBiTYy. AJe 3 ii m0oABOIO KJacmuHa (pismKa He
3HUKJAa. BusHaunjance Juile MeXi, B AKUX BOHA Ji€: KJacuuHa (pisuKa JToCaiIKye
MaKpPOCKOMmiuHi Tisa (To0TO Tina, AKi CKJIamaoThCsa 3 BeJIUUYEe3HOl KiJIbKOCTi aToMiB
i MoJIeKyJT), AK1 pyXarmThcA MOPiBHAHO TOBiMBHO (31 MIBUAKiCTIO HAOATaTO MEHIIIOIO
3a 300 000 kMm/c).

Oco006/i1BO OYPXJIUBUI PO3BUTOK CYCIiJILCTBA IIOYMHAETHCI 3 APYroi MOJIOBU-
Hu XX cr. JItogu HaBUmMInCh JOOYBATH i IIIMPOKO 3aCTOCOBYBATHU ANEPHY €Hepriio,
OCBOIOBATM KOCMIiUHMM NPOCTip, KOHCTPYIOBATH HOBi aBTOMAaTM30BaHI IIPUCTPOI i
mexaHisMu. XX CT. HA3WBAIOTh «aTOMHUM BiKOM», «BiKOM KOCMiuHOI epm». ¥ ¢i-
BUIIi iHTEHCUBHO IIPOBOIATHCA HOCTiMIKEeHHS aTOMHOTO AApa, IIJa3MU, KePOBAHUX
TepMOSAAePHUX PeaKIliii, HamiBIPOBIAHUKIB TOIMO. BMOKpPeMJIIOIOTHCSA HOBi rauay-
3i (isukwm, TaKi 9K (pismKa HUBBKHX TeMIIepaTyp, (pisuKa pigxoro crany, dismka
miIasmu, (pisuKa TBepaoro Tija Ta iHImi.

ITouaTox XXI cT. CyIpOBOMKYETHCA BeJINUYE3HIIM ITPOPUBOM Y rajrysi inpopma-
IMiAHUX TEXHOJIOTil, CYyIIyTHUKOBOIO 3B’ A3KY, HAHOTEeXHOJIOTii. Aje aKy 0 raaysb
TeXHIKM i TeXHOJIOTill MU He B35JIH, B i1 OCHOBI J1eKaTh 3aKOHN (hi3UKHU.

MeToau HayKOBOTO MidHaHHA. HayKu mpo mpupoay, 3oKpema i ¢isuka, Mma-
IOTh CHOPifHEeHi 3aKOHM PO3BUTKY. 3a JOIIOMOT0I0 eMIIIpUUYHUX METOiB ITi3HAH-
Ha (cnocmepesceHHA, eKcnepumenmu) HaKONNYYEThCA 3HAYHUY (QaKTUUIHUN
MarepiaJj mpo meBHY rpyny aBuni npuponu. Ha ocHoBi 1150r0 GOpMYyTIOETHCA
2inome3a (HayKOBe IPUNYIIEHHA) Ta CTBOPIOETHCA MOIEJIb, AKAa IIOACHIOE IIPO-
TiKaHHS IIUX ABUII. ['iToTesa gae HaM Julie 0iJbII-MeHINI iMOBipHe MOACHEeHH S
sapuia abo paxy asuil. IlepeBipka rimoresu Ha MPaKTHIli, a TAKOK 3aCTOCY-
BaHHS IrilmoTes3u AJis pO3B’ A3YBAaHHA HOBUX 3aBIaHb HAYKU POOUTH rimoresy abo
IOCTOBipHOIO, a00 iHOAI IpUMYIIIye BifIMOBUTHCH BiJ Hel AK XMOHOI i 3aMiHUTH

SIKI10 TPaBUJIBHICTE TilloTe3M IIiATBEPIKYETHCA, TO HA il OCHOBiI (hopMYyJIio-
IOTBCA 3AKOHU 1 CTBOPIOETHCA Meopif, SKa Mae JOCTATHHO BUUEPIIHO MOACHIOBATHU
ABUIIA, III0 BiZOYBAaIOTHCA, He TiJIBKU 3 AKiCHOTO, a i 3 KiJIbKiCHOTO O0OKY, a TAKOMK
nmepeadavaTy HOBIi ABUIIA, 3 JOCTATHBHOIO AJIA IPAKTUUYHUX I[ijeii TOUHICTIO.

@ Excnepumenmanvruii i meopemuunuti memodu
Oi3HAHHA € OCHOBOIO (hi3UKU.

Excnepumenmom y @isuyi nasusearoms cneuianibHo nocmasienuil 0ocaio qu
cnocmepexcents, ki 3a0080JbHAIOMb MAKUM BUMOZAM.:

1) BinTBOPIOBAHICTH EKCIIEPUMEHTAJIBLHUX PE3YJIbTATiB y padi BUKOHAHHA Oy Ib-
SAKOI KiJIbKOCTI HesaJeKHUX BUMipIOBaHb (30KpeMa i1 TaKuX, 1110 IPOBOAATHCA Ha
PiBHUX yCTAaHOBKAX, PiBHNMU €KCIIEPUMEHTATOPAMU, Y PISHUX MiCI[fIX TOII[0);

2) MaKcuUMAaJIbHA TOUHICTL BUMipIOBaHHST;

3) MOBHUI KOHTPOJIb 3a BCiMa YUMHHUKAMU, AKi BU3HAYAIOTD IIePedir JoCTIilKy-
BaHOTO SBUIIIA.




Y meopemuunux docaidneHHax 3HAUHA POJIb BiIBOIUTHCS MUCIEHHEBUM eKcne-
pumenmam, modento6annio, ideanizayii ta popmanizayii Gisuunmx asui. Tax, 30-
KpeMa, BUBUEHHS (DisMUHUX SBUII HA MiKPO- Ta HAHOPiBHAX CIEPIITY MOJIETIOETHCS, 10~
CJIiIPKY€ETHCS METOAaMU MaTeMaTUKM, 1 JIUIIIE ITOTiM ITepeBipAEThHCA eKCIIEPUMEHTOM.

Memo0 modenwearnts TOJIATAE B CTBOPEHHI MOJeNi, AKa BimoOpaskae HambiabII
CYTTEBI BJIACTUBOCTI OPUTIHAJY i Ja€ 3MOTY 3BHAUHO CITPOCTUTHU ITPOITEC JOCITiIKEeHHA.

Hanpuraan, MmexaHiuHi pyxu TiJj, I110 TPAIJIAIOTHCA ¥ IPUPOIi, IyKe pisHOMAa-
HiTHi. BoHU BigpisHAIOTHCA OOWH Bil OMHOTO TPAEKTOPiAMU, MIBUAKOCTSIMU, HATIPSA-
MaMu TOIo. AJie 3 yChOTO PiIBHOMAHITTA PYXOMUX TiJl MOKHA MUCJIEHO BUOKPEMUTH
Ti, 10 PyXamThcd IO IPAMiN JiHil, i Ti, MBUAKICTE PYXy AKUX 3aJUIIAETHCA He-
aminHoI0. Ile i Oyme Moze b PiBHOMIPHOIO MPAMOJIiHIAHOTO PYXY, 3a HOIOMOTOIO
AKOI MOKHa BCTAHOBUTU 3aKOHU PYXY.

OxpiMm QisumusHmIx Mozesell y isuIli BUKOPUCTOBYIOTHCA MaTeMAaTUYHi Mozei.
Mamemamuuna modenb — 11e OIIUC IKOTOCH PeaJbHOT0 00’ €KTa a00 IIPOIecy MOBOIO
MaTeMaTUYHUX ITOHATH, BiHOIIIEHb, (D)OPMYJI, PiBHAHB TOIIO.

IcTopis HayKu 3HAE YMMAaJIO IPUKJIALIB, KOJI B MeKaX BAAJIO OOy T0BaHOI MaTe-
MaTHUYHOI MOJZIeJIi 3a TOIIOMOTOI0 O0UMCIEHD, AK KaKyTh, «HA KIHUUKY IIepa», BIaBa-
JIOCS ITepea0aunTH iCHyBaHHA HOBUX (pisuunux ABuill Ta 00’ ekTiB. Tak, ciupaodnch
Ha MaTeMaTH4Hi Mozesi, acrpouomu I[K. Amamc (Auraisg) y 1845 p. i V. JleBep’e
(Ppanmis) y 1846 p. HesaesKHO OOUH Biff OMHOr0 AiHIJIX BHCHOBKY IIPO iCHYBaH-
Hs HeBizomoil Toi 1ie mIameTy i BKasaju il posmimenusa. 3a pospaxyukamu Jlesep’e
actporoM I'. T'ase (Himeuunsa) 3HAHIIOB ITI0 TIaHeTy. 1i HasBaiu HemryHoM.

Amnraiticekuii pisuk M. Iipak y 1928 p. oTrpuMaB piBHAHHS PYXY €JEeKTPOHA.
3 po3B’A3KY IILOTO PiBHAHHS BUILIMBAJIO iCHYBAHHS €JIEMEHTAPHOI YaCTUHKM, AKa
BiIpi3HAETHCA BiJ €JIEKTPOHA JIUIIIe 3HAKOM eJIEKTPUYHOIO0 3apaay. Taky YaCTUHKY
y 1932 p. Bigkpus ¢isuk K. I[. Augepcen (CIITA) i HasBaB ii T03UTPOHOM.

Meton maTeMaTUUYHOTO MOJAEJIIOBAHHSA Bimirpae Ba:KJIUBY POJb Yy KopaoOje- Ta
aBiaOymyBaHHi, eKOHOMIIIi ToIIT0.

PesynbpraTyt eKCliepuMeHTAJIBHUX 1 TEOPETUYHUX AOCTIIKEeHb (POPMYITIOITHCA
Y BUTJISAAI TEBHUX 3aKOHOMipHOCTEHN — (hi3BMUHMX 3aKOHIB.

He Bci 3akonu (pisuKM € piBHOCUJIBHUMU 3a HAYKOBUM 3HaUeHHAM. ¥ (isuiri
pOBpi3HAIOTH (pyHIZAMEHTAJbHi, YACTKOBI Ta 3aKOHM (PyHIAMEHTAJIbHOTO II0XO-
IKEeHHA.

DynoamenmanvbHUMU € 3aKOHU 30epeKeHHdA (eHepril, eJIeKTPUYHOTIO 3apANY
Ta iH.), 3aKOH BCECBiTHBOTO TS KiHHSA TOI0. 3aKOHU, AKi BUKOHYIOTHCA JIUIIE Y
eBHUX OOMEXKeHUX yMOBaX, Ha3WBAIOThCA uacmkosumu. 1le, HATpUKJIIam, 3aKOH
I'yka, 3akon Oma. 3aK0HU, AKi MOKHA MaTeMaTUYHO BUBECTHU 3 DyHAaMEHTAJIbHUX,
Ha3WBAIOTh 3AKOHAMU QYHOAMEHMATbHOZ0 NOXOOHCEHHS.

CykyIHiCTh 3aKOHIB, IO OIMHCYIOTH IITHPOKE KOJIO
SIBUIIl, HA3UBAIOTh HAYKOG010 Meopi€io.

Hanpuraan, sakoru HbeloTOHA CKJIa4aI0Th 3MicT OHi€el 3 mepuinx (hpisMUHUX Te-
opill — KJIacuuYHOI MeXaHiKu. 3MiCT KJIaCHYHOI Teopii eIeKTpoMarueTusMy yTBOPIO-
IOTh 3aKOHU, c(DOPMYJIbOBaHi aHTIiichKkuM Qisukom I[. MakcBesiom.
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Yeci pisuuni saxonu i Teopii € JesaKUM HAOJIMIKEHHAM IO TiiCHOCTi, 00yMOBJIe-
HIM IEeBHOIO YMOBHIiCTIO MozeJi sBuIll i mporecis. Tomy ¢isuuHi 3aKoHM] i Teopii ma-
IOTh IIeBHi MeKi 3acTocyBanuA. Hampukiaana, Ki1acuyHa MeXaHiKa € CIpaBeIInBOIO
TiTBKYM TIPU POBTIIALL PYXY TiJ 3i MIBUAKOCTAMU, HAOATaTO MEHIITUMHU, HisK IIBU-
KicTb mOIMpeHHA cBiTJIA.

ITigbuBarouy nimcymMok 3asHaunMO: (isuKa — Ie He IPOCTO Pe3yabTaT KOIIiTKOI
i momuTIMBOI mpaIlli BUeHUX, a i BeJIMKe Haa0aHHA JIOACbKOI uBiaisanii, saxciusa
ckaadosa kyavmypu nwodcmea. Hacamneped isura dae cucmemamudosany iHQop-
MAyilo npo HABKOAUWHIL ceim pa3om 3 YMinHam 3000yeamu mary iHgopmayiio.
dizuka € HaWTrIMOIIO0, HANPYyHAAMEHTATbHIIIIOWN HAaYKO0 PO mpupony. Tomy ii
MEeTOAH i Teopil IMUPOKO BUKOPUCTOBYIOTHCS B iHINTNX IPUPOSHUYNX HAayKaX i iso-
coii mpupomosHaBcTBa. BuBueHHA (hi3UKU Ma€ BasKJINBe 3HAUEHHS IJI POSBUTKY
HaYKOBOTO CBiTOPO3yMiHHS Ta 3a0e3nMeueHHsa MaiOyTHBOTO (paxiBIlsa B ramysi TexHi-
KU i IpUPOIHUYNX HAYK METOJaMM1 HayKOBOTO Mi3HAHHA.

@ [aiite BiaNoOBiAi Ha 3anUTaHHSA

1. BraKiTh OCHOBHI eTanu y po3BUTKY PisuKHU.

2. HasBiTh OCHOBHiI MeTOAM HAaYKOBOTO ITiBHAHHA.

3. IIlo Take ismuHmMili eKCIIEPUMEHT, 3aKOH, Teopia?

4. Y yomy moJisirae cyTh MofenaioBauuAa? HaBeniTh mpukaanu BizoMux BaM (i-
SUYHUX MOJEJIeH.

§ 2 BumipioBaHHS PiSNYHUX BENTUYUH

4 OO0unuui Pi3udHUX BeJULUH.
Buwmipiosanuns. Iloxubku 6umipio6aHHA.
V' Habruxceni o6uucienus.

Omuauini gisuuanx seanuns. Pi3vyHi 3aKOHY i 3aKOHOMipHOCTI TIUHY (hisuy-
HUX ABUII 1 IPoIeciB MaoTh OyTH BUPaKeHiI KiJIbKicHO, TOMY (PiBMKHU IITYyKaIOTh
KiJTbKiCHI XapaKTepUCTUKM TUX BJIACTUBOCTEH TiJ UM ABUII, IKi BOHM BUBUAIOTDL. Y
(isuIri Taki xapaKTepUCTUKY HA3MBAIOTh (DiBMUHUMU BeJIUUYTHAMU.

Dizuuna éenuvurHa — KiJdbKiCcHa xXapaKTepUCTHUKA
TIeBHOI BJACTHUBOCTI Tijla UM SBUIIIA.

DizuuHy BeIWUMHY 3aBXKIW MOKHA BUMIpATH, TOOTO IMOPiBHATHY ii 3 OqHOPIT-
HOIO BeJIMUYNHOIO, AKY B3ATO 3a OAWHUITIO ITiel BeqnunHu. TaK, BUMipPATH TJOBXKUHY
CTOJIa — OBHAYAE MTOPIiBHATH ii 3 iHIIIOIO JOBKUHOIO, AKY B3ATO 32 OAUHUITIO JOBIKU-




HU, HAIpUKJAaJA, 3 MEeTpoM. ¥ pe3yJbTaTi BUMipiOBaHHA BeJIMUYUHU BU3HAYAIOTH 11
YUCJI0Be 3HAUEHHS, BUPasKeHe B IeBHUX OJAUHUILAX.

g KoyxkHOI (hismUHOI BeJIMUMHY BCTAHOBJIEHO cBOI ommHMUILi. i 3pydyHOCTI
Bci KpaiHU CBiTY IparuyTh KOPUCTYBATHUCH OMHAKOBUMU OAUHUILAMY (Hi3UUHUX Be-
auumH. Tox y 1960 p. 6ysno npuiinaro MixHapoOny cucmemy o0uHuyb (B yKpa-
iHCBHKi# TpaHCcKpuniii ckopoueno — CI «cucmema inmeprayionanrvra»). o Hel
BXOJIUTH CiM OCHOBHUX OAWHUIIHL Ta ABi JOJATKOBiI HAa OCHOBi SKNX BHU3HAUYAIOTHCSA
igmi (moximHi) oguHMILI.

OcHoBHA (hismuHa BesuuymHA — (pidwyHa BeJIMUYNHA, AKA BXOAUTH A0 CUCTEMU i
YMOBHO IIPUNHATA AK He3aJIe;KHa BiJ iHIITMX BeJIMUNH I[i€l cucTeMU.

Mo ocnosenux odunuyd CI nanezxscamo:
Hos:xmaa — 1 m (metrp). Cwuia cBitna — 1 kg (kaugesna).

ﬁ Yac — 1 ¢ (cexkyHuma). Cuna ctpymy — 1 A (ammep).
P Maca — 1 kr (kismorpam). KinbKicTs peuoBuHU — 1 MOJIB.

Temmneparypa — 1 K (kesnbBiH).
JomaTKkoBUMUY € OMUHUILS IIJIOCKOTO KyTa — 1 pax (pagiax)
i TimecHOrO KyTa — 1 cp (cTepamian).

Iloximua (pismuna BesnumnHa — (PisuuHAa BeJIMUMHA, AKa BXOAUTH OO CUCTEMU i
BU3HAYAETHCS Uepes3 OCHOBHI BeJIMUNHU ITiel cucTeMu.
Hanpuxnaz, 3Haoun, 110 rycTHHY PeY0OBUHY BU3HAUYAIOTh 3a (hopmyJioro p=m/V,

KT
MOKHA 3 OCHOBHUX OJUHUIIHL CKJIACTU OAUHUIIO I'YCTUHN [p]= 1—.
M

J1 CKOpOUeHHA 3alMUCy BEJIMKUX i MaJnX 3HAYEHb Pi3HUX BEJIUYUH KOPUCTY-
IOThCA KPATHUMU M YaCTUHHUMU OTUHUIIAMY. KpaTHi oguHMNI — 11e OquHuIII, 0i5-
mri Big ocuoBHUX opumHulby 10, 100, 1000 i 6iabire pasis. YacTuuHi oguHUI — 11
OonUuHUILL, MeHIi Bixg ocaoBHuUXx ¥ 10, 100, 1000 i 6inbImre pasis.

Ha ¢opsamni nigpyunuka posmiinera Tada. 1 y AKili BKasaHi HalBaKJIUBIIIi
onmuuili MiskHapoaHol cucTeMu, AKi My O0yJeMO BUKOPHCTOBYBATU IIPU BUBUYEHHI
MexaHiKu’, Ta TabJ. 2 3 HaliMeHyBaHHAM i ITIO3HAUEHHAM IIpedikKca AJd 3alncyBaH-
HA KPAaTHUX i YaCTUHHUX OJUHUIIb.

BuwmiproBanusa. [loxubku BumiproBanua. Bararo ramyseit gissabHOCTI JIIOAWHYT
Ta CyCIIiJIbCTBA TiCHO MOB’s3aHi 3 BUMipoBaHHAM (Pi3UUHUX BEJIUUNH.

BEJIMUYNHHI SOCJHIJHUM IIJIAXOM 34 JOIIOMOI'0I0 3aC00iB
BUMipIOBaHHS.

@ Bumiprosannam HAa3UBAOTh BUBHAUEHHs (isWuHOI

Touni BuMipioBaHHS — cIpaBa MOCUTH I'POMi3IKa, TOMY JJisl BUPIIIIEHHA TPO-
O0seM BUMipIOBaHHA iCHye HayKa — MeTpoJiorid. [[a HasBa MOXOAUTH Bif TPEIbKUX
CJiB: «METPOH» — Mipa Ta «JOroc» — YUeHH.

MeTtposoris — Hayka Ipo BUMipIOBaHHSA, AKa BKJIIOUYAE SK TEOPETHUHi, Tak i
IpaxKTUYHI acClIeKT! BUMipPIOBaHb Y BCiX rajly3dX HayKM i TeXHIKU.

Mu posrassHeMoO Jinilie Ti TUTaHHA Teopii BUMipOBaHb, AKi HayacTillle BUKO-
PUCTOBYIOThCA ¥ MIKiJIBbHI IpaKTHUIlI TP BUKOHAHHI J1abopaTopHUX PobiT, eKcire-
PUMEHTAJIbHUX AOCJIiIKEeHb.
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Cepen (pisnuHNX BEJIMUYNH € TaKi, SKi MOKHA BUMipaTH Oe3IIocepeJHbO 3a JOIIO0-
MOT'00 BUMipIOBAJILHUX MPWJIAAiB, HAIPUKJIAL, TOBKUHA, Yac, Maca, TeMIlepaTypa,
cuia ctpymy. BumipioBauus, 3ificHeHi 6e3mocepeiHb0, HA3UBAIOTHCA NPAMUMU .

OpHaK yacTimie JOBOAUTHCS BU3HAUYATHU BEJIMUYUHU, AKi BUMipaTH Gesmocepes-
HBO HEMOYKJINBO (KoedilieHT TepTA, TNTOMA TeIJIOEMHICTh PEUOBWHU, BHYTPIIITHI i1
OITip IsKepesia CTPyMy ToIro). aa TakuxX PisMuYHUX BEJUUYUH IIOTPiOHO BiAITyKaTu
GYHKITIOHATBHY 3aJI€KHICTD BiJl BeIMUMH, BUMipioBaHUX OeamocepenHbo. Taki Bu-
MipIOBaHHSA HA3WBAIOTHCA HeNPAMUMU.

HenmockoHasicTs BUMipOBaAJIbHUX IIPUJIAIB i METOAIB BUMipIOBAHHS, a TAKOMXK
JIOACHKUX OPTaHiB UyTTd, BIJIUB CEPENOBUINA BHOCATH IIEBHY HETOUHICTh (IIOXU0-
KYy) Y Opoliec BUMipIOBaHHS.

Hanpukiaan, TpboM yUHAM Ja/IU 3aBAAHHA BUMiPATH JOBKUHY OpyCKa JIHIAKO0
3 CAHTMMETPOBUMU HOAiIKaMu (0e3 MM), a TecATi YaCTKU CAHTUMETPA BUSHAUUTH «Ha
OKO0». PesyabTaTu BUMiproBaub BUABUINCH TakuMu: 15,3; 15,81 15,4 cm.

fAke x BUMipoBaHHS BBa)KaTU HauTouHimmM? Y Hac HeMae MmigcTaB BigmaTu
mepeBary 0yab-aKOMY BUMipIOBaHHIO, AKIIO BCi BOHU IIPOBOAUINCH aKyPATHO, 3 10-
Iep:KaHHAM IIPaBUJI KOPUCTYBAaHHA BUMIipIOBAJIPHUME ONPUJIaZaMu. ¥ TaKOMY BU-
MagKy HaOJMKeHUM pe3yJbTaToM Oyae cepelHe apudMeTHUHEe 3 YCiX pes3ybTaTiB
BUMipIOBaHHS:

[ = 15,3+15,8+15,4

A =15,5¢cm.
3

MOro TOYHOIO 3HAUEHHS HA3UBAETHCA AOCONIOMHOI0

@ Bigxunenna HaOJIMMKeHOTO 3HAUCHHSA BEJIMUYMHY Bif
noxubkoro.

SIKI10 icTUHHE 3HAUEHHA BUMipIOBAJIbHOI BEINUNHY ITIO3HAUNTH X , 4 3HAUEHHA
OoTpUMAaHe y pe3yabTaTi IPAMOro BUMipIOBaHHA X, TO abcosrtoTHa moxudka AX € pis-
Hunemo Mixk HumMmu: A X =X — x.

3BepHiMOCH 10 HAIIOro npuKaany. OcKijabKy icTHHHE 3HaUYeHHd [ HaM HeBigome,
3a abCcoJIOTHY IMOXUOKY Al IpUMaeThbCA BigXMJIeHHSA HOT0 pe3yJabTaTy Bin cepen-

HBOT'O BHAUEeHHdA, 3HANJEHOro 3 Kijnbkox BuMipioBanb: Al =15,3-15,5=-0,2cm;
Al, =15,8-15,5=0,3 cm ; Al; =15,4-15,5=—0,1cm .
Hauni coig o6uncanTy; cepedrnio abconrOmMHy NOXUOKY K cepedHe apupmemuine:
AL = 0,2+0,3+0,1
=
3
3BepHIiTH yBary, I0 IiJ Yac 00YnCJIeHHA cepeHbOoI a0COMI0OTHOI MOXMOKY 3Ha-
YeHHS BCiX MOXMOOK OKPEeMUX BUMipIOBaHb B3ATO 3i 3HAKOM «+». IKOM Mu B3saIn
0 yci BiZxuieHHS BiJ cepeqHBOTO 3 BKA3aHUMU BUINE 3HAKAMHU «+» i «—», TO B CyMi
micranu 6 HyJIb 1 Jifinan 60 HeIpaBUJILHOTO BUCHOBKY, IO 3HaUeHHA 15,5 cM € Tou-
HUM 3HAUYEHHSAM TOBKUHU OpycKa.
3HaTu abCoIIOTHY IMTOXMOKY BUMipIOBaHb — IIle He 03HAUAa€ MATH IIOBHY Xapak-

TEPUCTUKY SKOCTi BuUMipioBaub. Tak, moxmudxa B 1 cM Ipu BuUMipOBaHHI peliKu 10-
BYKMHOIO 12 M € He3HAUHOIO, ajie TaKa camMa IIoxubKa Ipy BUMipIOBaHHI OpycKa 1o-

=0,2 c™m.




ByKUHOIO 12 cM yiKe Oyae rpy6oro. [1Jid oIliHKY TOYHOCTiI BUMipIOBaHHS BU3HAYAIOTH
6i0HOCHY NOXUGKY.

noxubku AX BUMIpOBaHHS OO iCTMHHOI'O 3HAYEHHS

@ Bionocrna noxubka ¢ — 1ie BigHOIIIEeHHS a0COJIIOTHOIL
BUMIipIOBaJbHOI BeuunH X.

BimmocHy moxu0Ky HamuacTilie BUpakaioTh y BiJCOTKaX.

8=£-100 % .
X

Y maBemeHOMY IIPUKJAIi, OCKiIBKM HAM HeBijoMe iCTMHHE 3HAUEHHS BeJINYU-
HU, CJIiJl BUBHAUUTHU CEPESHIO BiTHOCHY IIOXUOKY:

) zAlc 100 %:E-IOO %=1,3%.
15,5

c b

Ocrarounuii pesynbrar 3anucyemo y Burasagi: [ =1 + Al = (15,5 £ 0,2) m nipn
SC = 1,3 (70 .

IToxmbKM HeIpAMUX BUMipIOBaHb Qi3MUHUX BeIUUYNH BUSHAYAIOTH 34 TOXUOKA-
Mu 6e3rmocepeIHBO0 BUMiPAHUX BEJIUYNH 3 BUKOPUCTAHHAM TaOJIUYHUX (HOPMYJI AJIA
o0unc/IeHHA MTOXU00K, AKi HaBemeHo y Tabs. 3 Ha dopsairi.

ITix vac maTemaTuuHOI OOPOOKM PE3yJIbTATIB EKCIePUMEHTIB IMOTPiOHO TAKOMK
BpaxyBaTHU MOXUOKHU 3ac00iB BUMiPIOBAHHA — IHCTPYMEHTAJNbHI MOXUOKHU AX, .

THCcTpyMeHTANTPHUMY HA3MBAIOTHCA IMMOXMOKY, TPUUYNHA AKUX IOJATAE Y BJIAC-
TUBOCTAX 3aco0iB BuMipioBaHHs. [[PKepesaMu mux moxXmOOK € AeAKa HEJIOCKOHA-
JiCTh BUMIiPIOBAJbHUX MIPUJIAiB: HETOUHICTh HaHECEeHHS BiAMITOK HIKaJIU, TePTHa
IpU IepeMillleHHI pyXOMuX AeTajieil IPUIagy TOIIo.

IToxubky npuiany (il Ha3WBaIOTh TPAHUYHOIO a0COTIOTHOIO TOXMOKOI0 BUMipIo-
BaJILHOTO Ipujaay Ax, ) BKa3ylOTh y MOro macmopri abo Ha IIKaJi, i BOHAa Xapak-
TEepU3ye TOUHICTh 3acO0y BUMipIOBAHHSA 3a HOPMAJbHUX YMOB pobotu. ¥ Tabi. 4
(dopsany BKasaHi Ax, IpuIafiB, AKi HaW4YaCTillle BUKOPUCTOBYIOTHCA Y IIKIJIBHOMY
(hismUuHOMY €KCIIEPUMEHTI.

SIKII0 /111 TIeBHOTO MpMJIaly He BKasaHo AX, , TO BBAYKAIOTh, 1110 TPAHUYHA I10-
XMOKa NOPiBHIOE IIOJOBUHI IiHY IMOAIIKY IITKAJIHN.

Hao6au:xeni oouucaennsa. [Ipu BumipoBanHui QisMUYHUX BeJIUWUYUH IX 3HAUEHHS
3aBXKAY € HAOIMIKEeHUMMU.

Ha npaxkTuri Habmm:KeHi 3SHaUEeHHS 3aIIUCYIOTh TaK, 11100 3a UM 3aIICOM MOK-
Ha O0yJIO AiliTM BUCHOBKY IIPO TOYHICTDH HaOJMKeHHA. SIKIO HaOJIMKeHe 3HaUeHHA
3aIMCcaHoO TaK, II[0 HOTo a0COJIOTHA MOXMOKA He IMePEeBUINyE OAUHUIL OCTAHHBOTO
poO3pAnY, TO KaKyTh, 110 YNCJIO 3alIUCAHO NPAGULbHUMU Yudpamu.

3UBAIOTh MUQPY OYAb-AKOT0 PO3PALY, AKIIO a0COJIIOT-

@ IIpaéunvroto yu@poro HabAUHEHO020 3HALEHHA HA-
Ha IOoX1OKA He IIePEBUIIYE OMUHMUILI I[OT'0 PO3PALY.

Hab6nm:xeni s3HaueHHA 3aBIK/AN 3aIlIMCYIOTh TaK, 10 yCi Horo U@ pPU € IIPaBUIb-
auMu. Hampukian, y TabanIii rTeMiepaTyp IJIaBJIeHHA 3a3HaUeHO0, 1110 TeMIlepaTypa
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miaBaeHHs migi 1084,5 °C. ¥V 3amnuci mporo HaOJIMKEHOT0 3HAUEHHS TeMIlepaTypu
Bci mu@ppu npaBuabHi. OcTanuda mu@dpa 3anrcaHa y po3psAali JecaTuxX, ToMmy abco-
JIIOTHA ITOXMOKA HAOIMKeHOoro 3HaueHHs He nepesuirye 0,1°C.

VY noBimHukax, TexHiuHiil JiTepaTypi mpu posB’sA3yBamHi hisuuHUX 3amau 3a-
nucy HaOJIMIKEeHUX BHAUEHb MOXKYTH II0JaBaTUCh ¥ CMAHOapmHoMmy 6uznaoi.

@ Cmandapmuuil 6uznad wucana — e 3aIuC YUCIA Y
Buraagia ¢ 10", nel<a <10, n — mine yucio.

ITpu Takomy 3amrci MHOKHUK @ MiCTUTBD JIUITIE TPABUJIbHI TU(MPU, TOK MOKHA
JIETKO 3HAWUTU TOUHICTh HAOJIMIKEHOr0 3HAUCHHS.

Hampukiazn, y ZOBiIHUKY 3a3HauUeHO, II0 Maca 3eMJi fopiBHIoe 5,976-10%* kr.
Busnauunmo ToOuHicTh HAOJMIKEHOTO 3HaueHHs. OCKIIbKE ¥ MHOMKHUKY 5,976 yci
nudpy TpaBUJIbHI, & OCTAHHBOIO € (P Pa PO3PALY TUCAUYHUX, TO Maca 3eMJii (y Kr)
JTOpPiBHIOE:

m=(5,976+0,001)-10*kr=>5,976-10**kr+0,001-10* kr=(5,976-10** +10*") kr.

OTsxe, TOuHiCTL HAOMMMKeHOro 3Hayenud 102! kr.
ITpu BuKOHAaHHI mifi Hag HAOIMKEHUMU 3HAUEHHSIMU BUKOPHCTOBYIOTH TAKOMK
MIOHATTA 3HAYYU,0L yudpu.

3nawywumu yudppamu HAOLUNCEHOZO 3HALEHHA
@ Ha3MBaIOTh yci #oro mudpu, KpiM HYJIIB JiBOpyY, a
TaKOK TUX HYJIIB IIPaBOPydY, SIKi CTOATH Ha MiCI[IX

nudp, 3aMiHeHX IIPU OKPYIJIeHH].

Hampuraan, y Hadbam:xenomy sHaueHHi 0,003 09 Tpu suauymri nmudpu: 3; 0; 9.
YV uncii 9,001 yci vorupu mudpu suauymii. Huco 0,060 mae aBi 3mauyi mudpu:
610, a gBa HyJIi, AKi mepeayoTh nudpi 6, He € 3BHAUYITUMIH,

Buxonyroun gii 3 HaOJIMKEeHNMY 3HAYEHHAMY BUKOPHCTOBYIOTH II€BHI IIpaBuia.

IIpasuna nabauxcenux o6wucnens:

ITixg vac momaBaHHsA i BigHIMaHHS pe3yabTaT OKPYIJIIOIOTEL TaK, 1100 BiH He MaB
3HAUYINUX MUMP V po3psaLax, AKUX HeMae xoua 0 B OMJHOMY 3 JaHUX.

Hanpukaan, suaiimzemo cymy HaOam:KeHUX 3HaveHb 1,2 i 0,423. Ilepire 3 Hux
Mae OAUWH INeCATKOBUIl 3HAK, iHIile — Tpu. OTiKe, CYMY CJIiJ OKPYIJIUTH OO OJHOTO
IecATKOBOro 3Haka (go gecarux): 1,2 + 0,423 =1,623 ~ 1,6.

ITpu MmHOKeHH] Ta giTeHH] HAOIMIKeHNX 3HAUEHDb Pe3yJabTaT CJIiJl OKPYIJII0BATH
IO CTLIBKOX BHAUYIUX ITUQPP, CKIIbKY IX Mae KOMIOHEHT il 3 HANMEHIIINM YHCJIOM
3HAUyImux nudp.

Hampuraan, mepeMmHOKuUMO Habam:keHi sHaueHHa 5,21 i 0,08. Ilepire 3 Hux
Ma€ TpU 3HauyIli nmudpu, a imme — oguy. OTike, v JOOYTKY CJIi 3aJUIIATH OSHY
3Hauyy nudpy: 5,21 -0,08=0,4168 ~0,4.

Y Bunmanky migHeceHHA 0 KBaaparTa (um Ky0a) B pe3yJbTari 6epyTh CTiIbKH 3HA-
yymumx nudp, CKIILKY IX Mae ocHoBa crenedsa. Hanpuraan: 1,26%2= 3,276 ~ 3,28.

ITpu moOyBamui KBagpaTHOTO (UM KyO0iUHOIrO) KOpeHA y pe3yabTaTi 0epyTh
CTiJIBKM 3HAUyIMuX TUQPP, CKIIbKKU IX Mae IigKopeHeBuil Bupas. Hampurian:




\2,29=1,513=1,51.

Kopucnao mam’saratu Taki HaOauKeHi piBHOCTI:

fxmo a<<1,710 (1+a)’ ~1+2a; V1ta z1+§.

ITpu manux Kyrax (mo 5°) sina =~ tgo = o (paxn).

@ Daiite BianoBiai Ha 3anuTaHHa

IITo Take BUMiproBaHHA?

HasBits ocHoBHi oguHMI Qisuunux Beauuns CI.

. Yuwm 3ymoBJieHi MOXUOKYU BUMipoBaHHA? SIKMMU BOHU OYBAIOTH?

. fxi mudpu Ha3UBAOTh IPABUIBHUMU, a AKi 3HAUYIITAMI?

. CohopmyrioiiTe mpaBuja HAOJMMKEHUX 00UNCIIEHb.

. BusHaure cepenHio abCOJIIOTHY i BiTHOCHY IMOXMOKY BUMipIOBaHHSA AiaMeTpa
0oJiTa, AKIIO TPU IIOCJiIJOBHI BUMipIOBaHHA maju Taki pesyabratu: 12,52; 12,48 i
12,51 mmMm.

7. Burkonyooun Jab0opaToOpHY POOOTY 3 BU3HAUEHHSA I'YCTHUHU Tija, YUEeHb BU-
MipsaB 00’eM Ta Macy Tijna 3 TouHicTiO 10 1 % . OTpumMaHe 3HAYEHHS T'YCTUHU BiH
samucaB y BUrJIsal p = 2,7348 r/cm?. kol moMunku npumnyctusesa yueHs? Ik TpeGa
3amnucaTu 1eii pe3yabraT?

§ 3 CkansipHi i BEKTOPHi BeINYNHN

V' CranapHi i 6eKMOPHI 6eIULUHU.
v ITii had sexkmopamu.
4 IIpoekuis 6ekmopa Ha 8icv.

CranapHi i BeKTOPHI BeauunHu. Y (PisuIli BUKOPUCTOBYIOTHCSA AK CKaJISIPHI Be-
JUYMHU TaK i BEKTOPHi.

Cranapna éenruvuna (CKaaap) — BeIUUNHA, SHAUEH-
HA AKOI 3aJa€ThCA JiAICHIM YMCJIOM.

Y mexaHiti mme: maca m, pob6ora A, moTyKHicTb N, edepria E Ta iHmri.
CraJApHi BeITMUYUHU MOKYTDb OyTHU gomaTHuMU abo Bix emuaumu. Cyma ckanrap-
HUX 6eAUYUH O0LUCLIOEMbCS AN2e0pATiHOI0 CYMOI IX YNCIOBUX 3HAUEHD.

Bexmopha éenuvuna (BEKTOp) — BeJINUNHA, 3HAUEH-
HS K01 3a/Ja€ThCA SiICHUM YKCJIOM i HATPAMKOM.
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VY mexanini me: mBUAKICTH UV, IPUCKO- Man. 1.
PeHHdA d, cuiia F‘, iMmyabc p Ta iHnmi. I'padiune i
I'padiuno BeKTOD 300parkaeTbed AK Ha- 300paskeHHs _
IpAMJIEHUH BiApisok (maa. 1). BeKTOpa
@ YucsioBe 3HAUEHHA BEKTOPa HA3WBAIOTH MOMYJIEM
BEKTOpA i 03HAYAIOTH |G| a60 IIpocTo a.

Mogyab BekTOpa — 3aB:K AU JOSATHUN CKAJIAP.
Iii mag BekTopamu. Hag BeKTOpHUMY BeJIMYMHAMY MOYKHA BUKOHYBATHU MaTe-
MaTHU4YHIi il JonaBaHHs, BiTHIMaHHS, MHOKEHHS.

MpPUYHOI0 CYMOI0 BEKTODPiB, Pe3yJbTyiOUa SAKOI € Ta-

@ Cyma 6eKMOpPHUX 6eUUUH OOLUCLIOEMBCA 2e0Me-
KOJX BEKTOPOM.

HomaioTh BEKTOPH, 3aCTOCOBYIOUHN ITPABUJIO TPUKYTHUKA a00 ITPaBUJIO IapaJie-
Jorpama.

IIpasuno mpukymuuka: Ipu AOJABaHHI BEKTODiB d i b BEKTOPU HapaieIbHUM
HepeMillleHHAM PO3TaIIIOBYIOTh TAK, 1100 II0UYaTOK BEKTOPa b BUXOAUB i3 KiHITS BEK-
TOpa d, TOJi BEKTOp C, AKUIN BUXOAUTH i3 IIOYATKY BEKTOopa d i KiHels AKoro 3b6ira-
€ThCA 3 KiHIIEM BEKTOpa bie cyMapHUM BeKTopoMm (maJ. 2).

3a IpaBUIOM TPUKYTHUKA 3PYUYHO A0JaBaTH BeJIUKY KilbKicTb BeKTOPiB (ma.. 3).

IIpasuno napanenozpama: [Ba BeK- P
Topu @ i b mapajesbHUM IepeHeceHHAM
POBMIIITYIOTH TaK, IO iX mouaTKu 30ira-
aucd. BBaskarouwm, 110 o0MIBa BEKTOPU
€ 7OBOMAa CTOPOHAMH IIapaJjejorpaMa,
HeoOXiZHO moOyayBaTH IIapajeorpaM.
Toxi miaronass mapaJsejgorpamMa, ssKa BU-
XOIUTH i3 TOUKH, e TOUNHAIOTHCA BEKTO-
pu, i € cymapHUM BeKTOpPOM C (ma.. 4).

\ 4

S

Man. 2. [lomaBaHHA BEeKTOPiB
3a MPaBUJIOM TPUKYTHUKA

Hucnose 3HAUEHH A CYMAPHOZO B€K-
mopa BU3HAYAIOTH 38 (DOPMYJIO0

c=~/a*> +b® +2abcosa.
e 0. — KYT MisK BeKTopamu a i b, 110 BU-
XOAATH 3 OfHiel TouKu (maa. 4).

11106 BUBHAYUTH PIBHUITIO BEKTOPIB a
ib, BEKTOPY IapaJIeIbHAM [ePeHEeCEHHAM
PO3MIIIYIOTE TaK, 1100 IX mouaTKu 30ira-
AB=d+b+¢é+d=((G+b)+¢)+d sucsi. Toxi BeKTOp €, IpoBeAeHuii i3 KiHis
Big’eMHUKA b IO KiHITA 3MEHIITyBaHOTO 4 i
€ ix pisHHuIEIO (MaA1. 5).

Man. 3. JlonaBaHHA JeKiJIBKOX BEKTOPiB




Yucnoee sHaveHHA Pi3HUYL 6eKMmO-
Pi6é Bu3HAUAIOTh 38 POPMYJIIOI0

c=a® +b* —2abcosa,

(ol

Ie 0. — KyT MixK BekTOopamu d i b, 1110 Bu-
XOOATH 3 OAHiel TouKu (mad. 5).
Tak, Ak 1 y BUmagry OificCHUX 4u-

Man. 4. lonaBaHHA BEKTOPiB
3a MPaBUJIOM IIapaJjeJjiorpaMa

\ 4

[l

ceJsl, BiTHIiMaHHA BEKTOPiB MOJKHA 3BeC-
TH 10 iX momaBaHHsA. Pi3HUIII0O BEeKTOPiB

G i b MokHA BuU3HA-
_ YUTH UYepe3 CcyMy
BeKTOpa 4 3 BEKTO-
pom (—5) (agkuii 3a
MOJIyJIEM [ITOPiBHIOE
BeKTOpY b, aie mpo-
TUJIEKHUN HoMy 3a
HampAMOM), TOOTO
¢=d-b=d+ (-b)
(maan. 6).

\/

(]

Man. 5.
PizHuiga BexkTopiB

Man. 6. Pizauio BeKTOpiB d V BUDAnKy B3aEM-
ib MoxxHA BU3BHAUNTH Yepes

- HOIIEPIEHAUKYIAP-
cymMy BekTopa d 3 BekTopom (-b) -

HUX BEKTOpiB a4 i b
YHUCJIOBi 3SEHAUEHHS CY-

Mu Ta pisdHUIl omHakoBi. CymapHUil BEeKTOpP i BEKTOpP PiBHUIL BiPiBHAIOTHCSA Ha-

TPAMKaMU.

IIpu mnoxcenni ekmopa a Ha dodamuuil ckaaap k OTpUMyeMO HOBUI BEKTOD
ka, HatipAM AKO0ro 36iraeThCca 3 HAIIPAMOM BEeKTOpA 4, & YMCJIOBe 3BHAUEHHA B k pasiB

OinmbIre.

IIpu muoxcenni 6ekmopa G Ha 6i0°emHull ckanap k OTPUMY€eMO HOBUHM BEKTOD
ka, HATIPSIM SIKOT'O IPOTUJICKHUHN HAIPSAMY BeKTOpa d, a UKMCJI0Be 3HAUEHH B k pasis

OiybIre.

Cranapuum 0obymrom BeKTOpiB d ib € ckanap c, o nopiBHIOE TOOYTKY MOIYJIiB
BEKTOpIB a i b, TOMHOKEHNH Ha KOCUHYC KyTa MiK HUMHU: ¢ =(d*b)=a b cosa.

A

ol

Man. 7. BekTopHUIi TOOYTOK

BEKTOPiB

Bexmoprum 0ob6ymrom BeKTODPiB d i b € gek-
mop ¢, 10 AOPiBHIOE MOOYTKY MOJIYJiB BEKTODiB
a i b, TOMHOXEHUI HA CHUHYC KyTa MiK HUMMN:
E:[dxl;]:wb'sinoc.

BexTop ¢ 3a Moy 1eM IOPiBHIOE IO ITApaJIeso-
rpama, mo0yI0BaHOro Ha BeKTopax d i b, Ta HampasJe-
HUH IepIeHINKYJIIPHO M0 ILJIOIIUHY, V AKil JerKaTh
BEKTOpH a i b. Ilo ToTro K, AIKIIO cIocTepiraTu 3 KiH-
1151 BEKTOpa ¢ 3a 06epTaHHIM BEKTOpa d 10 BeKTopa b
(y HampAMKY MEHIIIOTO KyTa), TO BOHO BiZi0OyBa€ThCs
MIPOTHU FOAUHHUKOBOI CTPiiKY (Ma.. 7).

IIpoekiisa BekTopa Ha Bichk. Bynb-AKuiT BEeKTOP MOKHA PO3KJIACTU Ha CKJIAIOBI,
30KpeMa, 3a OCSIMU IeKapTOBOI CUCTEMU KOOPAWHAT.
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IIpoeryisa éekmopa — BigpisoK, AKUI OTPUMYIOTH IILIA-
XOM IIPOEKTYBAHHSA BEKTOPA Ha BiIIOBiAHY UMCJIOBY BiCh.

IIpoekmiero BekTOpa d Ha Bich X Ha3WBAETHCA BEJIUUNHA d , AKA BU3HAYAETHCA
a_=a - cosy, e & — MOJYyJib BEKTODA, (¢ — KYT MiK HAIIPAMOM BEKTOpa Ta Biccio X
(maan.8).

IIpoexirii BeKTOpa — BEIUUMHY CKAJISAPHI.

IIpoexIiris BeKTOpa Ha Bich Oye HOJaTHOIO, AKINO KYT ( TOCTPUii, i Big’ eMHOIO,
AKII0 KYT ¢ Tynoui, i HyJIbOBOIO, AKIINO (¢ IPAMUN (BeKTOD HePIeHIUKYIAPHUN 10
oci).

IIpoexiris cymu BeKTOPiB HA KOOP-
IVWHATHY Bich JOPiBHIOE ajredpaiuHiit
CyMi IPOEKITiii BEKTOPiB, 110 JOJAIOThH-

ST
S]]
ST

0 ca (maan. 9).

/ .
A0 : : : {\—\ OTixe, BEKTODHI BeJIWUWHU HO-
— — »  [al0ThCA MeOMETPUYHO, 4 CKAIAPHI —

a, a.,=0 -a, X .
anrebpaiuHo.

Axmo (man. 10) moyaTKOM BeK-
Man. 8. IIpoekiia BeKTOpa Ha Bich TOpa d HAa KOOPAWHATHIN ILIOIIWHI €

TOuKa A, KOOpauHaT! AKOL (X5 ¥,), a
KiHIleM BeKTODA € TOuKa B 3 KoopauHaramu (X,; Y,), TO
KoopauHaTaMu (a,; a,) BeKTopa d € umucia a, = (x, — x,)
Ta az = (yz - y1)°

Yo
wl B (x; y)
a

Y, p ¢ Ax
| A (x5 9,)
|
I
' >
x, X

Maan. 9. IIpoekiiia cymu BeKTOpiB: Man. 10.
a)c =a +b;0)c =a -b, BuszHaueHHA KOOPAMHAT i HAIIPAMY BEeKTOPA

3 (popmyJiu BigcTaHi MijK ABOMAa TOUKaMU BUILJINBAE, IO MOAYJb BEKTOPA BU-

3HAYAETHCH:
a=.a’+a’ =\/(3c2 —x1)2 +(y, —yl)2 =JAx® +AyY® .




Hanpsam BexkTopa @ BimHOCHO KoopamHATHOI oci X BU3HAUAETHCSI TAHTEHCOM

Ay
KyTa HaXuJIy BeKTopa: tg(p:A— .
X

@ DawnTte Bignosiai Ha 3aNUTaHHA

. SIKi BeTWUMHYM HA3WMBAIOTh BEKTOPHUMH, a AKi CKATAPDHUMU?
Sk BUBHAUMTY CyMY i PiBHUITIO ABOX BEKTOPiB?

IITo Ha3MBaIOTh CKAJAPHUM JOOYTKOM BEKTOPiB?

IITo Take BEeKTOPHUI TOOYTOK BEKTOPiB?

@ Bnpaga 1

1. Busuaure mo6y/10BOIO CyMYy i PiBHUITIO TBOX OJJHAKOBUX 38 MOJYJIEM B3AEMHO-
MePHeHIUKYIAPHUX BEKTOPIB.

2. VYV mouaTKOBUI MOMEHT dYacy Tijio mepe0yBajio y TOUIl 3 KOOpAMHATAMU
x,=-2wmray, =4 M. Tiso nepeMicTUIOCH y TOUKY 3 KOODAWHATAMU X, = 2 M Ta
y,=1m. Ha ckinbKu mMeTpiB nepemicTuiocs Tino?

3. 3agano koopamHaTu TouoK (10; 2) Ta (5; 1). BusHaunTy KOoOpaAnHATH TOUYKH,
sdKa poaTallioBaHa Ha Bifcrani 1/3 HoBKUHU BifpisKa, 110 CIIOJYUYAE IIi TOUKH, Bifg
IepIoi TOUKH.

4. BexTop a jgexuthb y miaoinuui X0Y Ta yTBopioe 3 Biccio aberiuc Kyt 30°. Bu-
3HAUUTHU ITPOEKILii BEKTOpAa HA OCi KOOpAWHAT.

5. ITouaTok BekTOpa Mae KoopauHatu (2; 1), a Kimers — (9; 5). BusmauuTu: a) mpo-
eKI1ii BeKTopa Ha oci KoopauHat; 6) MOJyJIb BEKTOPA; B) HATIPAM BEKTOpA y IIPOCTOPi.

6. amo nBa BeKTOpa a i b, po3TarmoBaHmx IIiJ KyTOM o OOWH a0 oxHoro. Ilo-
OynyiiTe BekTopu pisHuUI (a — b) ra (b — a). IlpocrigkyiiTe, AK 3MiHIOETHCA MOIYJIb
BEeKTOpA Pi3HUILI, AKIINO KYT 0. MisK BeKTOopamu a i b amintoBatu Bix 0° mo 180°.

§ 4 Mpadikmn pyHKUi Ta npaBuna’ix nodoynosu

4 DYHKYIOHANLbHI 3ALeHCHOCTMI 6ELULUH.
I'pagirku pynkryiii ma npasuaa ix nodydosu.

dyukionaabHi 3aaeskHocTi BeauuuH. CrocTepiraroun 3a OyIb-sIKUM IIPOIE-
COM, MOJKHA IOMITHUTHU, IO ONHI BeJIMUYMHU 3MiHIOIOTH CBOE 3HAUYEeHH:A, iHIIL — Hi.
Benununnan, AKi y meBHOMY IIPOIieci Bech uac 30epiraroTh CBOE 3HAUEHHA HE3MIiHHNIM,
Ha3WBAIOThCA NOCMILHUMU. 3MIHHUMU € BeIUUYNHN, SHAUCHHS AKUX V MEBHOMY
mpoIieci 3MiHIOEThCA.

Hanpuraan, mig uac 3/b0Ty JiTaka BifcTaHb BiJ MOBepPXHIi 3eMJIi 30iIbIIyETh-
cs, KiJIbKicTh OH3UHY Yy 0aKax 3MEHIIYETLCS, PO3MIpH JIiTaka 3aJUINAIOTLC II0-
CTiAHUMH.
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OpmHa i Ta camMa BeJIMYMHA B OJHOMY ITpOIeci Moske OyTHU IOCTiAHOIO, B iHITIOMY
— sminHOMO. IIpoTe € Taki BestnunHU, AKi Bech yac 36epiraroTb CBOE 3BHAYECHHS — KOH-
cmanmu (X puiitHATO 3ammcyBaTtu: const). Hanpukiasn, BigHOIIIEHHA NOBKUHU
KoJia 1o Moro paziyca; cyMa KyTiB TPUKYTHUKA; IUTOMA TEIIJIOEMHICTh PEUOBUHMU;
BEJIMUMHA €JIEMEHTaPHOTO eJIEKTPUYHOTO 3apAAY TOIIIO.

YHacTo ofHAa 3MiHHA BeJIMUKMHA 3aJI€KUTh Bif iH1Ioi. AKIimo ABi 3MiHHiI BeaunuymuHNT
OB’ A3aHi MiK co00I0 TaK, IO KOKHOMY 3HAUEeHHIO OfHiel 3 HUX BiATIOBizae meBHe
3HAUEeHHA 1HIIO0I, TO Ka’KyTh, IO MijK IIUMHU 3MiHHUMU € (QYHKIIiIOHaJIbHA 3aJIeMK-
HicTs. [Ipukaanu QyHKIioHATBHUX 3aJeKHOCTEN: [ = 2nR — MoBXKUHA KoJa i fioro
paziyc, R= R (1 + at) eJIleKTpUUHMI OIIip IPOBiAHUKA Ta HOTO TeMIIepaTypa.

SKmro aBi 3MiHHI 3HAX0AATHCA Y QYHKIIIOHATBHiN 3aJI€3KHOCTI, TO Ta 3 HUX, AKa
HabyBae JOBiIBbHI JonycTUMI 3HaUEHHA HA3UBAETHCS APy MeHmMoMm (He3an1eHHOoI0
3MiHHOM0), iHITIA, BHAUEHHA SKOI 3aJIeKUTh Bifi 3HaueHb apr'yMeHTy, — QYHKULEI0
(3anexcnoro 3minnorw). Hanpukiaan, Bizomo, YuM BHUIIla TeMIepaTypa, TUM 0ijb-
IIIOIO0 CTA€ NOBKUWHA CTAJBHOTO CTEPIKHA, TOOTO JOBKUHA CTEPIKHA 3aJE€KUTH BiJ
TeMIlepaTypu. ¥ IIbOMY BUIIQKy TeMIlepaTypa — apryMeHT, JOBKUHA CTEPIKHA —
(OYHKITid.

Axmro BesmumHA Y € QYHKITIEI0 BEJIUUYUHUA X, TO MATEMATUYHO Ie 3alUCYIOTh
Tak: y = f(x). Hanpukaam, miax, 1m0 IPOXOAUTh TiJIo € PYHKITieIo Yacy pyxy Tina:
s = f(¢t).

Dynkuyiero Ha3uearms i cam 3aKon (npasuno) f 63aemo36’A3Ky 6enLUUUH.

dyHKITII0 MOYKHA 3amaTu (D)OPMYJIOIO, 38 AKOI0 32 IEBHUM 3HAUYEHHAM apryMeH-
Ty MOYKHa OOUMCJIUTH BinmoBigHe sHaueHHs (GyHKIiI. Takuii croci6 BusHaueHHA
¢yHKIII HasUBaE€ThCS aHarimuiHum. DYHKIII0O TAKOK MOXKHA 3aIaTU mabaud-
HUM, 2paPitHum, ONUCO6UM Ta IHIITNMY CII0OCOOaMU.

I'padiku ¢pyskmii Ta npaBuia ix nodygosu. Ilpu poss’a3yBanHi GpisuyHUX 3a-
Jau HalJacTillle KOPUCTYIOThHCA aHAJITUUYHUM abo rpadiuHuM cmocobaMu BU3HA-
yeHHA PYHKITIHA.

3BepHeMO yBary Ha rpadgiuauii MmeTos 300parkeHHA PYHKI[I0HAIbHOI 3aJI€KHOC-
Ti — moOymoBy rpagdikis. 3a momomoroio rpadika MOKHA HAOUHO IIOAATH (PDYHKIIiO-
HaJbHY 3aJI€KHICTh PiBsMUHUX BEJIUYUH, 3’ ACYBaTH, Y YOMY CYyTh IPAMOI Ta obepHe-
HOI TPONOPI[iHHOCTI Mi’X HUMU, BKa3aTH, K MIBUJKO 3POCTAE UM CIIAJAE YMCIOBE
3HaUeHHA ONHiel (PisMUHOI BeINUMHY 3aJIe;KHO BiJ 3MiHM iHITOI, KOJIM BOHA TOCSATAE
MaKCHUMAaJILHOTO UM MiHiMaJIbHOTO 3HAUEHHSd, i T. iH.

¥ Kypci MmaTeMaTHUKU BU yiKe BUBUAJIU AeAKi rpadikm QyHKIiN Ta mpaBmia ix
mobynoBu. Ilpuragaemo 1i, AKi HaltyacTillle BUKOPUCTOBYIOTHCA IPYU PO3B’ I3yBaHHI
(isnuHUX 3ama4.

I'pagix ninitinoi ¢ynryii. Jinifinoo GyHKIiel0 HasuBaoOTh (QYHKILIIO, AKY
MOJKHa Bupasutu GopMyJiolo y = ax + b, e x — aprymeHT, a i b — 3agani yuca.

T'padirkom mirifinoi pyHKIII € mpaMa. 3aaesKHO Bif 3HaKa i 3HAaUEHHS KYTOBOTO
KoedilrienTa a Ta crasoi b rpadik QyHuKIii Oyae maTu BigmoBiguuit Buriaxn (ma.. 11).

Aximo a =0, rpagik gixifinoi pyHKIIII € mpsaMoIo0, mapaJjieibHO0 oci adcIiuc, 110
TPOXOAUTH Uepes TOUKY b Ha oci opauHAT.

ITpukmagamu BijoMux BaM JIIHIMHUX 3aJeKHOCTEHN (DiBMUHMX BEJIWYUWH €: 3a-
JIEXKHICTH IMPOWAEHOr0 MUIAXY Bif yacy mpm piBHOMipHOMY pyci Tijma [ = v * ¢, me




'

y=0,5x+2

Ny

Maun. 11. T'padixk xiniitnoi byHKIHT

L = const; BaJIe;KHICTh CUJIU CTPYMY B IIPOBif-
HUKY Big Hanpyru Ha ioro Kinngax I =U + R, e
R = const; pobora, AKy BUKOHY€E CHJa, IO II0-
CTiffHO i€ Ha TijO0, ITPU HOro IPAMOJIiHITHOMY
piBHOMipHOMY pyci A =F * s, Ta 6araTo iHIITKUX.
I'pagix obepreno nponopuyilinoi 3anes-
Hocmi. 3aJie;KHICTh MiK BeJlMUYMHAMHU X i Y,
AKY MOKHA BUPas3uTu (OPMYJIOw0 Y = a/x, Ae
X — apryMeHT, a — 3aJlaHe YNCJIO, Ha3WBAIOTh
00epHEeHO NPOIIOPIIiTHOIO 3aIeKHICTIO.
I'pahikom oOGepHEHO IIPOIMOPIIAHOI 3a-
JIE’KHOCTI € KpuBa, IO CKJAJAETHCSI 3 IBOX
OKpeMUX BITOK, PO3TAlIOBaHUX Yy IEPIIiil Ta

TPeTili YBepTAX KoopAWHATHOI momuau npu a > 0 (max. 12, a), abo y apyriii ta
yeTBepTilt — mpu a < 0 (max. 12, 6). Ila ninia HasuBaeTbed 2inep6onoro.

A

a

Man. 12. Tpadiku o6epHeHO IPONOPIiitHOT (PyHKIIT

BimomMmumu Bam o0epHEHUMHU IIPOIIOPIIAMHU €: 3aJIe:KHICTh mepiogy obepTaHHSA
Big wactotu obepranusa T =1/v, 3ajle’KHICTh CUJIM CTPYMY B IIPOBiAHUKY Bin Beu-
YWHYU WOro onopy npu nocritiHiit Hanpysi I = U/R, ne U = const, Ta ixmri.

I'pagix keadpamuunoi ¢pynryii. KBagpaTuuHoio HasWBalOTh QYHKIIO, AKY

MOJKHA BUPasuTU GopmMyJIown y = ax?

+ bx + ¢, Ie x — apTyMeHT; a, b, ¢ — 3agaHi uuc-

aa. Ii rpadirkom € KprBa, AKY Ha3MBAIOThH NAPAOOLOI0.
Koopaunaru Bepitnam napadosu (m,; n) BusHaualoThCA 3a (hopMyaIaMu:

b

m=—-—,
2a

ne D — mUCKpUMiHAHT.

b*—4ac __ D
4a 4q’

Ii Biccio cumetpii € npama x = m. IIpu a > 0 BiTku mapa6o/Iu HaIpaBJIeHi Bropy, a
npu a < 0 — BHu3. Y TabIuIli MOKa3aHo MoJIoKeHHs rpadika QyHKIIT y = ax?+bx + ¢
3aJIeKHO BiJ 3HaKiB KoedillienTa a Ta nuckpuminanTa D.
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3 mpuKJIagaMu No0yAOBU TAKUX IpadikiB MM 3romoM 03HAOMMMOCH IPU BU-
BUeHHi mpuckopenoro pyxy (§ 10).

Ta6auusa nosnosxkenns rpadika pyHruii y = ax?+ bx + ¢
3aJIesKHO Bif 3HAKIB KoedinmienTa a

D>0 D=0 D<0
YA Ya AY
a>0
6 Xy Xy X x,=x,0 X 6 X
Ya Ya
L |, —
0 X 0 X
a<0

@ Daiite BianoBiAi Ha 3anUTaHHSA

1. IIlo HasuBaoOTh PYyHKIIIOHAIBHOO 3aekHicTIO? HaBeniTh npukaagu QyHK-
MiOHAJIBbHUX 3aJIeKHOCTe (DiSUUYHNX BEJINYUH.

2. OxapakTepusyiiTe 0co0JMBOCTI TOOyA0BU rpadika GYHKINI y = ax + b.

3. OxapakxrepusyiiTe ocobsmBocTi mo0ymoBu rpadika GyHkmii y = ax? + bx + c.

4. 300pasits rpagiuno podory TparTopa cuaoio Taru F = 500 kH Ha nniaxy
s =300 m.

5. Yum BiApisHAIOTHCA Misk co000 rpadikm s = vt i s =+ vt, mpu L = const?




§ 5 KnacuyHa mexaHika — nepwa ¢iamyHa Teopis

4 Icmopis poseumry 64eHHs NPO MEXAHILHUIL DYX.
v’ Bazanvni sidomocmi npo MexXaHiYHUIl PYX.
V' Ocnoena 3adaua mexaHiru.

IcTopia po3BUTKY BUEHHS MPO MeXaHIUHNN PyX. BUBUeHHA HABKOJIUIITHHOTO
cBiTy moxasaJio, 110 MaTepid mocriiiHo pyxaerscd. Bydv-aka 3mina, uo 6i06yea-
emuvcea 6 npupodi, € pyxom mamepit.

Pyx marepii gocuTs cKkaIagHmuii. BiH MOKe BUABIATHUCDH V Pi3HUX (hopMmMax, 3Mi-
HIOBaTH CBOIO (h)OpPMY, aJjie caM PyX MaTepil He CTBOPIOETHCS 1 He BHUIITYETHCA.

IIT06 sposymiTu HaBKONIUIIHIH cBiT, Tpeba nepenycim gocaigutu pyx. Haitynis-
HaBaHIMMUM, HAOYHUM i JOCTYIHUM JJIS JOCHi3KeHHA € MeXaHivHUl pYX.

Tia i B3aemoxii, AKi mpu mboMy BiZOyBalOThHCS, HA3M-

@ Hayxka, sKka BuBUae MexXaHiuHINA PyX MaTepiaJbHUX
BAa€ETHCSA MEXAHIKOTO.

HasBa «MexaHiKa» TOXOIUTH BiJl 'peIibKOTo cJaoBa méchaniké, 1o o3Hauae «Ha-
yKa IIpO MaIlluH1, MUCTEI[TBO KOHCTPYIOBAHHSA MAIIIUH» .

Ilepmri TpakTaTu 3 MexaHiKU, e OIMMCAHI IPOCTi MexaHisMu (BaKijb, KJIUH,
KoJieco, TOXWJIa TJIOIMHA), HajexarThb yueHuM CrapomaBuboi I'perii, mepemycim
Apucrorenio it Apximeny.

Apximen yBiHIIIOB B icTOpilo HAYKY AK aBTOP 3aKOHY T'iPOCTATHUKM, HA3BAHOI'O
fioro im’ M, AK BUHAXiTHUK BakeJsisa. Buenuii ymepiiie 3acToCyBaB MaTEeMATUKY IJIs
aHaJi3y i ommcy MexXaHiYHUX PYXiB.

HoBuit eTan po3sBuUTKy MexaHiKu BigkpuBaroTh npaiti [aminzeo aximes (1564—
1642) — Benukoro irtajilicbKkoro (ismka i acTpoHOMa, AKHH yIepIile 3aCTOCYBaB
eKCIepUMeHTAJbHUN MeTOoH y HayIli, c()OpMyJII0OBaB 3aKOH iHepIlii, BCTAHOBUB 3a-
KOHU IaiHHA TiJ i KOTUBaHb MasgTHUKA.

Yepes pik micaa cmepri Nasinea vapogusca Icaak HeioTon (1643—1727) — Bu-
IaTHUH aHITiHChKU iBUK, ACTPOHOM, MaTeMaTHK. J0ro Ha3MBAIOTh 3aCHOBHIKOM
KAACU4HOTl mMexaniku, abo, IK KayKyTbhb, MexaHiku Hrioroma. Bixm copmysiroBas
OCHOBHIi 3aKOHU MEXaHIiUHOTO PYXY, BIIKPUB 3aKOH BCECBITHHOTO TAKIHHA, TOAC-
HUB 0c00JIMBOCTi pyxy MicAIls, po3ryisiHYB T€OPil0 MPUILINBIB i BiATIINBIB.

3araabHi BimomocTi mpo MexaHiuHMii pyx. MexaHiuHUi pyX HARIIOITUPEHI TN’
y npupozi. Bi# € ckaq0B0I0 GBI CKIASHIX HEMEeXaHiYHUX IIPOIECiB.

MexaniwHui pyx — 1le 3MiHa 3 YaCOM B3a€MHOT'O I10-
JIO}KEHHS TiJI U1 IX YaCTUH Y IIPOCTOP].




PI3SNUKA 10 KJIAC

PosyminHs i misHaHHA HABKOJUITHLO-
ro cBiTYy OyJu 6 HeMOKJINBi 6e3 po3yMiHHA
caMe 3aKOHiB MeXaHiUYHOI'O PYXY.

Hanpuraan, konueanus i xeéuni pis-
HO1 hi3MUYHOI TPUPOAU MAIOTh 3arajbHi 3a-
KOHOMIPHOCTI i OITMCYIOThCSA OSJHAKOBUMU
MaTeMaTUYHUMHU PiBHAHHAMU. 3BYK — Iie
MexXaHiyHa XBUJsA, CBITJIO — eJeKTpomar-
HiTHa, ajie MONIUPEHHA IX Y IPOCTOPi Mae€ |
CITiJIbHI 03HAKU XBUJIBOBOTO PYXY.

3aBIAKU [AOCHiJKeHHIO pyxy pidun
i 2a3i6 CTAJIO MOKJIUBUM OCBOEHHS IIOBi-
TPSAHOTO i BOAHOTO IIPOCTOPiB, a 3aBAAKU
JOCJIIIKEeHHIO PeaKmu6énoz0 pyxy — Koc-
MiYHOT'O ITPOCTOPY.

Posyminaa i 3HaHHA 3aKOHIB Mexa-
HIiYHOTO PyXy HEOOXifHe IJis MOsSCHEHHS
AK PyXy IOPOCTOTO KoJieca, TaK i pyxy Jme-
Tajiel CKJIaJHNX YCTaHOBOK.

MexaniyHi pyxu TiJl TaKOX MOMKYTHb
OyTH OOCUTHh CKJIASHUMH i pisHOMaHITHU-
MU, TOMY BUBUEHHS IX yTPYAHIOETHCA. Tk
[IpY JOCJiKeHHI MexaHiuHoro pyxy Hama- ['enineo I'aninei Icaax Horomon
raloThCcAd BUOKPEMUTHU HpocTimti dopmu, i
TOAi Oy Ab-IKUI CKIAHUN PYX MOYKHA PO3TJISAATH IK KOMOiHAIlif0 ITPOCTHX PYXiB.

HUll, obepmanbHull i KOLUEANbHUL, AKI XapaKTepu-

@ IIpoctumu dopmMamMu pyxXy BBa)KalOTh NOCMYNAlb-
3YIOThCA IIeBHUMU (Pi3MUHUMU BeJIUUYNHAMUA.

Y BocbMOMY KJIaci Bu O3HalioMuiIuCcA 3 AeSKUMMU O3HAKaMU NOCmMynanibH0o20
pyxy. Bu 3HaerTe, 1110 pyxoMme Tijo 3A1iHCHIOE TIepeMillleHHA ¥ IIPOCTOPi 3a IIeBHOIO Tpa-
eKTopiero. 3a (hopMOIO TPAEKTOPII pyXU IOAINAIOTE HA NPAMOALHIUHI 1| KPUBONIHITIHI.
JHoBKUHY TpaeKTOPii MOXKHA BUMIPATH i TAKUM YMHOM Ai3HATUCSA IPOUAEHUN TiJIOM
IUIAX. A 3HAIOUM JOBKUHY MIIAXY i Uac, 3a AKUU TiJI0 HOTO IIPOXOIUTH, MOYKHA BU3HA-
YUTU MJIAXO0BY MIBUAKICTS (MU TOBOPUJIM TOAIL ITPOCTO IMIBUAKICTE PyXYy). JocaimKyro-
um OiJIBITT CKIAAHI (YOPMU PYXY, MU 3’ ACYEMO, ITI0 MIIBUAKICTD PyXY Tijla IysKe BasKJIUBa
oro BIAaCTUBICTS i Bix Hel 6araro B 4OMy 3aJIEIKUTH XapakTep pyxy. IIoku 1110 Bu 3HA-
€Te, AKIIO IIBUIKICTh pPyXy He 3MiHIOETHCA — TiJIO pYyXa€THCS Pi6HOMIPHO, DYX 31 3MiH-
HOIO IIBUJKiCTIO Oyzae HepienomipHum. Cepes HEPIBHOMIPDHUX PYXiB MU HABUMMOCS 3
BaMU JOCJiIKyBaTU PiBHOIPHUCKOPEHUH PyX, 00epTaIbHUI PyX TBEPAOTO Tija.

ITpore y uncTomy BUTJIAN B TPUPOI HE iCHY€E AK BUKJIIOUYHO PiBHOMipPHOTO, TaK
i piBHOTIPpHCKOpPEHOTO IpAMOJIiHifTHOTO PyXYy. Ile imeanisarii, mo gar0Th 3MOTy 3pO-
3yMiTHU CKJamHiIIe Ha OCHOBI mpocTtimoro. Kpim Toro, nad mocaimKeHHa MeXaHid-
HOTO PYXY 3aCTOCOBYIOTH iHIII ifeasisaliii — ¢pisuuni modeni, 3a TOTTOMOTOI0 TKUX
JIEeII0 CIIPOIYETHCSA BUBUEHHS MeXaHiuHOTo pyxy. Hampukiaanm, SKIT0 MU PO3TJIA-
ITaTmMeMo PyX morara mMisk KumeBom i JIbBOBOM, TO, BUBHAUAIOUN HOTO IIOJOMKEHHS




B IIPOCTOPi, MU MOYKeMO 3HeXTyBaTH 0ro po3MipaMu i IpuiiHATH fioro 3a mamepi-
anbHYy MOUKY.

Mamepianvrna mouka — 1ie abcTpakTHA MOJeNb, AKa BBOAUTHCS AJIs CIIPOIIIeH-
HsI BUBUEHHS MEXaHiuHOIO PyXy.

O6epranbHUil pyX TiJl BUBUAIOTH 3a JOIIOMOI'0I0 Modeni abcontomHuo meepdozo
mina.

KonuBanbHi pyxu BUBUAIOTH 3a JOIIOMOTOIO Modenell masmHukKkié (MaTeMaTuy-
HOTO, IPYKUHHOTO Ta (hi38UUHOTO0).

OcHoBHa 3amauya mexaHiku. OCHOBHOIO 3a/jayel0 MeXaHiKU € OIIMC MeXaHiuHOoro
pYXYy Tis, TOOGTO BCTAHOBJIEHHS 3aKOHY ( Pi6HAHHA) PYXY Tija Ha OCHOBI XapaKTepuc-
TUK, 1110 T0T0 OMUCYIOTH (KOOPAUHATH, ITIePEeMillleHHA, JOBKUHA ITPOIEeHOTO IILIAXY,
KYT IIOBOPOTY, IIBUAKICTb, IPUCKOPEHHS TOII0). [HIITMMU cJI0BaMu, AKIIIO 3a TOTIOMO-
T'0I0 CKJIAZIEHOTO 3AKOHY (Pi6HAHHA) PYXY MOXKHA 6UHAUUMU NONOHCEHHA Mina Y
0y dv-aKuill MomeHm “acy, ToO OCHOBHA 3a/jaua MeXaHiKY BBAYKAEThCA PO3B’ A3aHOIO.

Ocno6na 3adava Mexaniku — BUBHAYEHHS II0JIO-
JKeHHs Tijla y IPOCTOPi B Oy Ab-IKMI MOMEHT Uacy.

3ae)KHO Biji o0paHUX PisSMUYHUX BEJIWUYNH i METOAiB PO3B’sI3aHHA OCHOBHOI 3a-
Iaui MexaHiKM ii momiIATh Ha KiHeMaTuKy, IMHAMIKY Ta CTaTUKY.

Kinemamuka — po3mii MexaHiKM, B AKOMY BUBUYAETHCA MeXaHIUHUN pyx 0es
posrasanaHuda foro npuunH. Kinemaruka nae BignmoBins Ha nutanasa, de 6yde mino
Yy npocmopi 3 IINHOM 4Yacy, AKII0 BioMi 0To IOUYaTKOBI XapaKTepUCTUKH.

Junamixa — po3nis MexaHiKY, B AKOMY BUBUAIOTh 3aKOHOMiPHOCTI MeXaHiuYHO-
IO PyXYy TiJ i miero mpuKJIagIeHuX 00 HuX cuJ. JJlmHaMika Jae BiImoBigb Ha TUTaH-
Hf, YOMY came makK pyXaeTbesd Tijo.

Cmamuka — Po3aia MexXaHiKM, AKUM BUBYAE YMOBU PiBHOBArm MaTepiaJbHUX
TiJI Oif Ai€r0 IPUKJIAJeHUX 00 HUX CHUJI.

Caig TaKkoix 3ayBasKUTHU, IO 3aKOHU KJIACHYHOI MeXaHiKM He 3aBKIU MOMKYTH
O0yTu sacTocoBHUMU. Hanpukiaam, pyX oaHiel MOIeKyIu MOMKHA ONTMCATHA 3aKOHAMU
MeXaHIiYHOTO PYXY, & PyX IX CYKYHHOCTi B TiJIi OMMCYEThCA yoKe IHIIIUMHU — cma-
mucmuiHumu 3akonamu. Pyx tija 3i mBuaKiCTIO, 0JIM3HKO0I0 0 MIIBUIKOCTI CBiT/IA
(uBUAKicTH cBiTsIa MO3HAUYAIOTH JiTepoio ¢, ¢ = 300 000 xm/c), omnuCcyeThCA pens-
musgicmcovkumu 3akonamu. Pyx i B3BaeMoito eleMeHTapHUX YaCTUHOK MiKPOCBITY
OIIUCYIOTH ¥ K6AHMOGIl MexXaHiyi.

ToBopsAun «MexaHiKa», MU PO3YyMiTHMeEMO caMe KJIAaCUUHY MeXaHiKy, ska Oa-
3yEThCA Ha 3aKOHAX MEXaHiuHOTO PyxXy, chopmyaboBanux HbIOTOHOM, i sKa cTama
IIOIIITOBXOM JIO0 CTBOPEHHSA CY4aACHOL K6AHMOB0L Pi3uKu.

BuBuennsa MexaHiKy MU HOUYMHAEMO 3 Ii IIEPIIIOro PO3IiIYy — KiHeMaTUKH.

@ [aiite BiANOBiAb Ha 3anNUTaHHS

1. IITo raxe mexaHiuHui pyx? HaBeniTh mpuKJIaay pisHUX BUAIB MEXaHiUHOTO
PYXY.

2. BHeCOK AKuX BUEHHUX Y PO3BUTOK MEXaHiKU € BaroMum?

3. IIlo € ocHOBHOIO 3aJauero MexXaHiKu?

4. HasBiTb po3misu MexaHiKu.

5. Yu mae mexanika HrioToma merki sactocyBauusa?




Po3nin 1

KIHEMATUKA
nocTynasibHOro Ta o6epTasibHOro pyxiB
MaTepiasibHOI TOYKU

OcKinbKY y KiHeMaTuIli AOCHIIKYeThCA MeXaHiuHUU pyxX Tija 6e3 ypaxyBaH-
HSA CUJI, IO OiIOTh Ha HBOTO, KiHeMaTUUHi PiBHAHHS CKJIAZAIOTh Ha IIifCTaBi Jiuie
npocmoposux xapaKmepucmuk Mexanivhozo pyxy — 1oro TpaeKkTopii, KoopauHAT,
mBuAKOCTi Tomo. ToMy KiHeMaTHKY Ile HA3UBAIOTh 2e0Mempieio pyxy.

§ 6 CnocoO6wm onucy pyxy

4 ITocmynanvruil pyx. Mamepianivna mouka.
v Bidnocnicme pyxy. Cucmena idnixy.
V' Kinemamuuni cnocobu 6U3HALeHHA NOJONCCHHA Mild.

ITocrynansuuii pyx. MaTepiansHa Touka. Tino Moske pyxaTuch Tak, 1110 i yac
PYXY BCi IOT0O TOUKM ONMCYIOTh OOAHAKOBi TpaekTopii. Takuii pyXx Ha3sMBaAETHCA Nn0-
CMYnaaivHuM.

INocmynanvruil pyx — e pyx Tija, IpU AKOMY IIPSA-
Ma, AKAa CIoJIyYae IBi OyaAb-AKi 10ro TOUKM, IIPU IIepe-
MileHHi Tijla Oye mapaJieJibHOI0 cama cobi (maa. 13).

OCKinbKY TIPU MOCTYIAJBLHOMY PYCi BCi TOUKM Tijia OMUCYIOTH OZHAKOBI Tpa-
€KTOpii, 3IifICHIOIOTHE OMHAKOBI IIepeMiIlleHHA, PyXaloThCI 3 OTHAKOBUMU IITBUIKO-
CTSIMU, TO, OMMUCYIOUU PYX Tijla, MW MOYKEMO PO3TJIALATA HOTO AK TOUKY. ¥ (Qismiri
TPUNHATO TOBOPUTHU MAMEPIALbHY MOUKY.

Mamepianvha mouka — 11e Tijo, po3mipamu i dop-
MOIO IKOTO y IIeBHIil 3aaUi MOKHA 3HEXTYBAaTHU, a BCIO
Macy Tija MOKHA BBaKaTHU 30CEPEIKEHOI0 Y TOUIIi.

Man. 13. IloctynanbHuii pyx Tijia




Ciinm sasHAuUUTH, IO OAHE M Te caMe TiJIo He 3aBKIN MOYKHA BBayKaTU MaTepi-
aJbHOI0 TOuKoW. Hanpukaan, Bejocunenucra, SKUH PyXaeTheA MO TOPO3i i mosae
BizcTaHb 1 KM, MOYKHA BBasKaTU MaTePiaJIbHOIO TOYKOIO, ajie He MOYKHA — SIKIIIO TPe-
0a BUBHAUUTHU, Ha IKUU KYT BiH HAXUJISETHCS IIPU TOBOPOTI.

MoskHa un He MOKHA BBAajsKaTH TiJI0 MaTepPiaJbHOIO TOUKOIO — 3aJIeKUTH He Bif
poawmipis Tisa, a Bi mocTaBIeHOI 3amadi.

Hagaui, aKimo Mu posridagaTiuMeMo IIOCTYIaJIbHUN PYX Tijsa abo pyx Tija, pos-
Mipu SKOTr0 MaJi, MOPiBHAHO 3 JOBKUHOI HMPOUAEHOTO MIJIAXY, TO BBAKATUMEMO
TiJIO MaTepiaIbHOIO TOUKOIO.

BignocHicts pyxy. Cucrema Bigiiky. OCHOBHOIO 03HAKOIO MEXAHIUHOTO PyXY Tija
€ Te, I1I0 BOHO 3MiHIO€ CcBO€ TososkeHHs. 106 (ikcyBaTu 3MiHY IIOJIOMKEHHS Tija y
IPOCTOPi, HEOOXiTHO BCTAHOBUTH, 8i0HOCHO 1020 BifOyBaeThCs caMe I 3MiHa.

K Bu, HAaTIeBHO, 6aUMIN, KpiM pyXoMux TiJ € HepyxoMmi. He pyxatoTbcda OyamH-
KU, MOCTH, JepeBa. AJle He pyxaioThCs BigHoCcHO uoro? BigHocHo 3emIi, Tak — BOHUI
HepyxoMi, a BimHocHo COHIA — BOHM 00epTal0ThCA HABKOJIO HHOT'0 Pa3oM i3 3emJiero.
Otxe, 6i0HOCHICMb — BayKJINBA O3HAKA MEXaHIYHOTO PyXy.

ITonarTa «pyx» i «cmoKiit» — BigHOCHI i 3aekaTh Big 06paHOi cucTeMu BiLTiKYy.

s posB’s3amHsa Oy Ab-K01 3aaui Ipo pyx HeoOXigHo mepeayciM BubpaTu cuc-
TeMy BiImiKy, B AKi#l JOCTiosKyBaTUMEThCA PYX Tija.

Hanpuxaazn, aBromo0iab ige mo moposi. ITososxernHsa aBToM00iasa 3MiHIOETHCSA
BiJHOCHO JiepeB, OYAUHKIB, IO CTOATH Ha y36iuui. Y IIbOMY BUNAAKY JePeBO Ul 0y-
IUHOK MOYKHA BBaYKATH 32 MiN0 6i0NiKY, BITHOCHO KO0 POBIJIALAETHCA PYX aBTO-
mo6isns. Timom BigmiKy mosxe OyTu ¥ iHINIHNIT aBTOMOOiNB, 110 ime mo moposi. Timo
BIIJIIKY MOKHA 00MpaTH SOBiJIBHO.

AJe ns omucy MexXaHiuHOTrO PyXy Tija o0paTH TiJIbKM TiJIO BiIJIiKy HezocTaT-
HbO. Ille HeoOXimHO hiKCyBaTH, AK came 3MiHIOEMbCA 11020 NONONCEHHA BiTHOCHO
obpaHoro Tija Bimiry. A 1mpboro BuOUpaoTh CUCTEMY KOODPAMHAT i mpujiaf i
BUMipIOBaHHA Yacy (HalyacTiiie TOTUHHUK).

SK mpaBuJI0, MOYAaTOK KOOPAMHAT CYMiIIIalOTh 3 TiJIoM Bimmiry. ¥ mbomy pasi
3MiHa TOJIOKEHHSA PYXOMOTO Tijla BiTHOCHO TijIa BiAJIiKy BUBHAUATUMETHCA 3MIHOW0
1020 KoopOunam y uaci.

MU KOOPAWHAT i IIpujaany s BiIJIiKy Jacy yTBOPIOE

é CykymHicTh Tijia BiAJIiKy, MoB’A3aHOI 3 HUM CHCTe-
cucmemy 6i0niKy.

KinemaTuuHi cmoco0u BU3HAUEHHA MOJIOKEeHHA Tijta. CucTemMy BiAJIiKy B KiHe-
MaTHUIli BUOMPAIOTh, KEPYIOUNCH JIUIIIE MiPDKYBAHHAMU 3PYUYHOCTI AJIA MaTeMaTUd-
HOTO OTIUCY PYXY.

Hanpukiaazn, HaM He0O0X1THO OCIIAUTH PYX Tijia, KHUHYTOI'0 BEPTUKAJJIBLHO BrOpPY.
VY TakoMy BUNIAAKY 3a TijJ0 BIIJIiKy 3pyYHO 00paTH 3€MJIIO i PO3TJIALATH PYX Tija Bia-
HOCHO OJHiel BepTUKaJIbHO HAaIPaBJIeHOl KOOPAMHATHOI oci (pyX y3m0BK mpsamoi). A
SAKINO, HAITPUKJIAM, TiJI0 KUHYJN IIiT KYTOM /IO TOPU30HTY, TO TOTO PYX OIIMCYBATH’-
MeTbCA JBOMAa KoopAauHaramu (pyx y IioiuHi). Pyx Tina y mpoctopi sasBuuaii omnu-
CY€ETHCA TPhOMA HOT0 KOOPAMHATAMU.

PiBHAHHS, AKe BCTAHOBJIIOE 3aJICKHICTh KOOPAMHAT
Tija (MaTepiaJbHOI TOUKM) Bil yacy Ha3MBAETHCA Ki-
HemamuiHum Pi6HAHHAM (3AKOHOM) PYXY.




KimemaTnKa mocTynajbsHOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaIbHOI TOUKH

MaremaTnyHO 11e 3anUCYIOTH TaK: X = x(1); y = y(t); 2 = 2(2).
HocaiguTu pyx Tina (3MiHy H0T0 ITOJIOMKEHHA Y IIPOCTOPI 3 MJIMHOM Yacy) MOK-
Ha i 3a fioro mpaexmopieio.

Tpaexmopia — HelepepBHA ysABHA JIiHiA, AKY OIIUCYE
TiJIO IiJ Yac cBOro pyxy B oOpaHil cucTeMi BiAIiKy.

TpaekTopisa pyxy AesdKWX TiJ MOKe OyTHU 3a3majerigb BiJoMOIO, TaK camMo, AK
TPAEKTOPisA PYyXy IOTATa, IO BU3HAUEHA 3aJ[ISHUYHOIO KOJi€i0, a00 TpaeKTopid
pyxy miora Tedieio piuxku. I[locuTh 4acTo TPAaEeKTOPi0 PyXy Tijia HEOOXiZHO pPO3-
paxyBaTu, BUXOASAUN 3 iHININX XapaKTePUCTUK pyxy. Hampukian, 11106 3amnyCcTuTu
CYIIYTHUK, AKUI 00epTaTUMeThCsI HABKOJIO 3eMJIi, ToMy HeoOXimHO HagaTu meBHOI
IIOYaTKOBOI IMIBUAKOCTI.

TpaekTopia pyxy MoxKe
OyTu BUAUMOIO (CJIim JIMK-

HHUKAa, CJiJI Big meH3JInKa Ha “
nanepi (maz. 14)) i HeBUIU- 5 oA
MO0 (TIOJIiT TITaxa).

Bame:xHo Bim Qopmu e i
TpaeKToOpPii  pPO3PiIBHAIOTH : '
npAMONiHIUHUL 1 Kpuso-
JiHITHUL PyX. 3pos3ymiJo,
10 TPAaEKTOPi€I0 MPAMOJIi-
HilTHOTO PyXYy Tijia € mpsaMa
Jiria. Tpaekropil KpuBoJIi-
HIiITHOTO PyXy MOKYTb OyTU
IysKe CKJATHUMHU 1 PisHO-
MaHiTHUMH. AJe, IK 3a3Ha-

Man. 14. TpaekTopii pyxy Tix

qajgocs, OyAb-IKUHN CKIATHUN PyX
MOKHA BUBYHTH 34 JOIOMOTOO
npocritoro. Tak, Oyab-aKUi KpU-
BOJIIHIMHUY PYX MOYKHA IOJaTU AK
TOCJIIIOBHICTD OiJITHOK, ITO CKJIA-
IalThCA 3 AYT KiJl pisHUX paniyciB
(maan. 15).

OcKinbKH TiJIO BiIJIIKY MO HA
BUOpAaTH MOBiJILHO, TO TPAEKTOPiA
PYyXy OOHOTO i TOTO camoro Tija
BiTHOCHO PiBHMX CHCTEM BiIJIiKy
Oynme pisuoro. Hampukian, yci Trou-
KM KoJieca BeJOCUIena BiTHOCHO
ioro oci ommcyroTh Koja. IIpore
B cucTeMi BifmiKy, moB’as3aniit i3
Man. 15. MoperroBaHHS TPACKTOPIT 3eMJelo, Iid JiHig cKiaagmina — ii

KPHUBOJIIHIHOTO Pyxy Ha3WBAIOTh ITUKJIOiN00 (Ma. 16).




Man. 16. 3a TpaeKTopieIo pyxy Jier-
Tpaexropia KO BU3HAUUTH ILISAX, IIPOMIe-
ToHRI ROJeCa Hu Tijom. J[J1s 11boro HeooXi-
BITHOCHO HO BUMIDPATH JOBXKUHY TPACK-
sen Topii MiK IIOUaTKOBUM i Ha-
CTYIIHUM ITOJIOXKEHHSIMH Tija.
é IInsax mopiBHIOE DOBKHWHI TPAEKTOPil, AKY OIHCYE
TijJIO 3a Uac pyxy.

JoB:KUHA TPOUAEHOTO IIJIAXY ITO3HAUAETHCS JATUHCHKOIO JiTeporo [. OpuHu-
mmelo MIAXY € MeTp, [[]=1 m.

IInax — BeJmunHA CKaJIAPHA, TOOTO He BU3HAUAE HAIIPAM 1 XapaKTepU3yeThCA
TiJIBKKM YMCJIOBUM 3HAUEHHAM HOBXKHUHU IIPO-
WIEeHOro MIJIAXY.

SIKmIo Bimomo, e poO3TaIIOBaHO TijIoO Ha
IOYaTKy PYXY, MOTO TPAEKTOPiA i mpoiimeHM
MJISAX, TO MOKHA BU3HAUYUTH, Ae Oyae Tijio y

KiHIi pyxy. >
SKITo TpaeKToOpia pyxXy HeBimoMa i AKIITO X
He Ma€ 3HaUeHHs, AKOI0 caMe TPAEKTOPi€eIo py-
XA€ETHCS T1LJI0, a BAYKJINBO BU3HAUNTU 3MiHY I10-
JIOKEHHS TiJIa y IIPOCTOPi 3 IIJIMHOM Yacy, TOIi
KOPUCTYIOTHCS MOHATTAMHU «PaJiyc-BeKTOp» i Man. 17. Busnayenns
«mepeMiniensa» (man. 17). IOJIOKEHH TijIa y MpocTopi
Padiycom-6ekmopom I mouku HA3UBAETHCA BeK-
é TOP, IO CIOJYYae€ MOYATOK BiJJIiKy 3 I[i€0 ToOU-
KOIO.

Hanpuxiaan, y mouaTKOBUI MOMEHT dacy TiJio mepebyBae y Toulli 1, mooKeHHA
SIKOI BUBHAUAEThCA pafiiycoM-BeKTOpOM 7, . IIporsarom iHTepBaty uacy At Tino mepe-
MiCTHUJIOCH Y TOUKY 2, ITOJIOKEHHS IKOI BU3HAYAETHCA PAliyCcoOM-BEKTOPOM 7 . 3MiHy
MMOJIOXKEHHS TiJla MOKHA BUSHAUNTH 34 MIPONIEHNM IILJIAX0M a00 3a IepeMilleHHsIM.

Ilepemiugenna s — BEKTOD, 110 CIIOJIYyYA€E IOUATKOBE
é MMOJIOXKEHHS Tijia 3 I0T0 MOJIOMKEeHHAM Yy BUOPAHUM MO-
MeHT Jacy.

Ax BugHO 3 Maa. 17 BEeKTOpP IIepeMillleHHs S, IIPOBEeJe il i3 moyaTKoBOoI Toukuy 1
[0 KiHIeBOi TOuKH, 30iraeTbcA 3 IPUPOCTOM pajiyca-BeKTopa: § =Ar =r —r1;.

Mopgyas BeKTOpa ITepeMilieHHA IT03HAYaI0Th |§ , 200 TIPOCTO S.

OpuHuIEelo nepeMitieHHsa € MeTp, [s]=1 m.

IInax i mepemimeHHA XapaKTepU3yIOTh 3MiHY IIOJOKEHHS Tija, aje e pisHi
BenmunHU. Hampukiaan, 11100 gicraTucsa 3 04HOTO HACEJIEHOTO IIYHKTY B iHINUiT, BO-

0 JOBOAUTHLCA iXaTW 3BUBUCTOIO Aoporoio (ma.. 18). IlpoiineHuii masax — e m0-




KimemaTnka mocTynajb»HOTO Ta 00€PTAJTHHOTO PYXiB MaTepPiaJIbHOI TOUKH

ByKUHa noporu [ (TpaekTopii). Pasom 3 Tum Bomii
3IiICHUB IePEeMillleHHs 3 TOUKU d B TOUKY b, sAKe
MOJKHA OI[IHUTH, 3’€QHABIINN IIOYaTKOBe i KiHIle-
Be IIOJIOXKEHHA Tijla y IPOCTOPi IPAMOIO JiHieo i
BKasaBIlId HanpAM pyxy. TobTo, 11106 BU3HAUUTH
KiHIleBe IOJIOKEeHHA Tija B OyOb-sIKUII MOMEHT
yacy, HOTPiOHO 3HATU HOT0 IIOJIOMKEHHS Y II0YaT-
KOBUII MOMEHT i BeKTOP IIepeMillleHH .

SKIIo TpaekToOpig KPUBOJIIHIHA, MOIYJIb
mepeMillleHHA MeEHIIUHA Bimg muiaxy, 00 Bigpi-
30K IIPAMOI KOPOTIIUU 3a OyAb-AKY KPUBY, IO
3’emHye KiHIi Bigpiska.

Y Bumaaky npsaMoJIiHifiHOTO pyXy 3a YMOBH,
1110 TiJIO He 3MiHIOBAJIO HAIPAM PYXY, MOAYJIb Ie-
pemimesHd i mIAX 30iramThCH.

Y BuUmagKy, KOJU TiJIO IIOBEPTAETHCA Y IIO- Y
YaTKOBEe IIOJIOYKeHHs (Hampukjaam, SKIIO0 TiJjo,
pyxamouuch 0 KOJy, 3AiliCHIOE TTOBHUII 00epT),
MoAyJab mepemiinennsa gopisaioe 0. ToOTo mepe-
MiIlleHHS MOKe TOPiBHIOBATH HYJIIO HaBiTh TOMI,
KOJIU TiJIO pyxaJocs.

BexTop mepeminienHsa Tizia mo mIOMIMHI MOMK-
Ha BU3HAUUTH i 3a fioro xoopamuatamu. Hexaii
TLJIO BHAXOAUTHLCA B TOUIL 1, KOOpAUHATH AKOI X, i 0
Y,. 3a IeBHUH iHTEPBAJ Yacy TiJIO IepeMiCTHIOCH
Y TOUKY 2, KOOPAUHATH AKOI X, Ta Y, (max. 19). Ha
MAaJIIOHKY BHUAHO, 1[0 MOAYJb i Hampam BekTopa Maxn.19. Busnauenns monyis i
nepeMileHHs § MoKe OyTH BU3HaueHHil uepez  HANPAMY BEKTODA nepeMillleHHA
pisHUIi KoOpAUHAT Ax =x,— X, Ta Ay =y, — U,. 3a HOro KOOpAMHATAMMU

Mogynb BekTOpa IIepeMilieHH s

|§|2 = (Ax)2 +(Ay) abo s= J(Ax)2 +(Ay) .

Hampam BeKTOpa mepeMillieHHA BiZHOCHO KoopAamHaTHOI oci X BUBHAUAETHCA
TaHTeHCOM KyTa HaXUJIy BeKTopa:

Y,

Y

Ay
tgo A

I HaBnakm, pisHUIA KOOpPAWHAT MOKe OyTU BUpasKeHa yepe3 MOJYJb BEKTOpa
nmepeMimeHHa: Ax = |§|coscp , Ay = |§|sin(p .

TakuM YMHOM, BUSHAUUTH MTOJOKEHHA PYXOMOTO TiJia BiIHOCHO BUOpAaHOI cuc-
TeMHU BiJIIKy MOKHaA TphOMa CIoco0aMu: KOOPAUHATHUM, BEKTOPHUM i TPAEKTOP-
HUM (IPUPOTHUM).

IIpu koopduramnromy cnocobi TOIOKEHH PYXOMOTI'O Tijla y IPOCTOPi MOKHA BU-
3HAUNTHU, AKIIO BiJOMO 3aKOH 3MiHM KOOPAMHAT Bifg yacy x = x(t); y = y(t); z = 2(¢).




IIpu 6ekmoproMmy cnocobi IOI0XKEeHHA PYXOMOT0 Tijla ¥ IPOCTOPi MOKHA BU-
3HAYHUTHU 34 1OT0 pPaJiycoM-BEeKTOPOM 7 .

ITpu mpaexkmopromy (npupodrnomy) cnocobi IOIOKEHHA Tijia BUSHAYAETHCA
3a IPONAEHUM MIJIAXOM Y340BK TpaeKTopii. Ilei crmocid 3pyuHMii, KOJIM TPaEKTOPiA
PyXy Tija Bimoma.

PiBusuusa aiHil y mpocTopi, To6TO (popMyJia, sKa 3B’ A3y€ KOOPAHUHATU TOUKK
IMiJ 9ac pyxy, HaBUBA€ThCA Pi6HAHHAM mpaekmopii. Hanpukian, Ha IJIOIUHI ITe
3aJIeKHICTh X = f(Y).

3a3HaYNMO, II[0 MOJKHA PO3TVIALATH PYX He JUIlle MijK MOYaTKOBUM i KiHIIeBUM
TMOJIOYKEeHHSAMM Tijla, a i y OyAb-AKWI MOMEHT Yacy HOoro pyxy.

@ DanTte Bignosiai Ha 3aNUTaHHA

1. IITo BuBuae KimemaTukra?

2. IIlo Ha3WBaAIOTH CUCTEMOIO BiTiKy?

3. IIlo rake TpaeKkTOpiA? BKaKiTh BUAM MeXaHIYHOTO PYXY, AKi BiIpi3HAIOTH-
cs ()OpMOIO TPAEKTOPII.

4. IIlo Take mpoigeHn MJIAX i mepeMileHHsa?

5. fKie cmocobu omucy MexaHiuHOro pyxy?

@ BnpaBa 2

1. ¥V cnopTuBHOMY 3aJii M’AY yHaB 3 BUCOTHU
3 M, BigbuBcsA Bif migsoru i 6yB 3/10BJI€HU HA BU-
cori 1 M. BusnaunTtu nuisx i mepemiiesnss M’ sya. 20 A

2. Ha maan. 20 300pakeHO TPAEKTOPilo Pyxy
Tisa 3 Ay B. BusHaunTu KOOpAMHATH Tijla Ha I10-
YaTKy 1 B KiHIII pyXy, IPOEKIIii mepeMilieHHA Ha 0 20 40 VO >X, M
oCi KoOpAUHAT, IIePEeMiIlleHHs. B

3. Tiyso mepemicTusocsa 3 TOUKU, KoopauHaTt  —20
axoi x, =0 M, y, = 2 M, y TOUKY 3 KOOPJUHATAMH

x,=4wm,y,=-1 M. 3p061/11.'1/‘1, MAJIOHOK i BU3HA- Man. 20. o sanaui 2.
YHUTU BEKTOD ITepeMilleHH4 i fioro mpoekIrii Ha oci
KOODJAMHAT.

4. BeprouJiit, npojeriBiu mmo npamiii 400 KM, moBepHYB mig KyTom 90° i mpoae-
TiB y nbomy HanpAmi e 300 kM. BusHaunuTy miaax i nepemMiinenusa BEPTOIBOTA.

9. Timo mouaso pyx 3 TOUKU A NePIEeHAUKYIAPHO PafiyCcy-BeKTOPY OA 1iiei Tou-
KH. Pa,aiyc-Befcq;op OB kiumesoi Touku B mopiBuioe 10 ™ i ckaazmae kyt 30° 3 pagiy-

com BeKTopoM OA. BusHaunuTu MOAYJIb BEKTOPA II€PEeMIIlleHHs Tija.
—

6. BexTop nepemiiienusa mae monyJab |AB| =10 cm i ckiagae Kyt 30° 3 Biccio X.

Koopauuatu Touku A: x = 2 cM, y = 2 cMm. BusHaunTy KoopaguHaTH TOUKU B.

7. CxomuHKa eckajaTopa nigusaaack Bropy Ha 10 M. JIroguaa mo eckaaTopy 3a
el uac CIrycTujJach BHU3 Ha 5 M. BusHaunTu i HakpecJIUTHU BEKTOP IIepeMillleHH s
JIOOUHY BigHOCHO 3eMJi. HakpecnTu BeKTOPHU IIepeMillleHHs ecKaJjiaTopa BigHoc-
HO 3eMJIi Ta JIOJAUHY BiTHOCHO ecKajaTopa.
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8. Baron piBHOMipHO pyxaeThbCcd y TOPUBOHTAJBLHOMY HANpaAMi. ¥ BaroHi mo
CTeJIi MPUKPIIJIeHO IPYRKUHKY, Ha KiHII AK0I 3aKpinjeHo Tarapeilb. Tarapeisb Ko-
JUBAETHCA V BepTUKaJIbHOMY HanpaMi. HakpecaiTh TpaeKkTopito pyxy TArapiisa Big-
HOCHO BaroHa Ta BiJHOCHO 3eM.JIi.

9. 3anucaTu piBHAHHA TPAEKTOPil Yy = f(xX) TOUOK, AKIITO BiJOMO, 3aJI€KHOCTL
KoopauHAT Big uacy: a) x =2t,y=t—1;0) x=2¢,y=8t*B) x=2¢,y=0.

§ 7 MpsaMmoniHitHMN piBHOMIPHUIA pyX

v’ Pignanus PLBHOMIPHO20 NPAMOLIHIILH020 PYXY.
4 I'pagiune 300paxenna npaAmMoNiniilH020 PIBHOMIPDHO20 PYXY.

PiBuanna piBHOMipHOTO IIpAMoOTiHiiHOrO pyXxy. [Ipuragaemo osHaueHHs IpA-
MOJIiHITHOTO PiBHOMipHOTrO PyXy BijoMe BaM i3 8-1o KJiacy:

AKOMY Tijio (MaTepiaibHa TOUuKa) 3a OyIb-sAKi PiBHi iH-

é IIpamoniniiinuil pienomipruill pyx — e pyx, Ipu
TepBaJu yacy 341MCHIOE OMHAKOBI ITepeMinieHHs.

IIBugkicTs pyxy Tina mpwm piBHOMiIpHOMY pycCi 3aJUINAETHCA MOCTIMHOIO Ha
BChOMY ILIAXY. TpaeKTopia TakoTo pyXy — IIpAMa JIiHis.
ITpamoninifiHM# piBHOMIpHUI PYyX Tijia MOYKHA OIIMCATU 3MiHOIO O Hi€ET 3 KOOP-

IUHAT, AKII0 CUCTEeMY BiIJiKy oOpaTu Tak, 1100 KOOpOau- s

HaTHA Bick sbirajacs 3 HaIPsIMOM PYXY. —
Hexaii Tij1o B MOMEHT ITOUATKY PYXY 3HAXOAUTHCA Y TOU- l L

i 3 KOOpAUHATOIO X, (Man. 21); yepes JeAKui yac t, 3pii- 0  x, x X

CHUBIIIY IEPEMIIIIEHHA S , BOHO MAaTUMe KOOPAMHATY X.

disyuHa BeJIWUYMHA, AKa XapaKTepusye CTPiMKicTb
3MiHU ITOJIOJKEHHS Tijia Yy IPOCTOPi, HABMBAETHCSI WEUOD-
Kicmio pyxy miaa.

Man. 21. 3mina koopau-
HAT Tija mig yac pyxy

Illéudkicme piénomipHozo pyxy mina V BU3HAYA-

é €ThCs BiTHOIIIEHHAM IepeMilieHHs S (a00o IpupocTy pa-
Iiyca BeKTopa Ar) mo iHTepBaay uacy t, IIPOTSATrOM SKOT0

BizOyocs 1me mepeMiteHHs: U =5/At = Ar/At.

InTepBan uacy HaiiuacTime oOMpParOTh BiJf MOYaTKOBOTO MOMeHTY ¢, = 0, Tak 110
At=t -t =t—-0=t, a BeKTOPHI BeJIMUNHU, 1[0 XaPAKTEPU3YIOTh PYX Tija, 3anuCy-
I0Th y TIPOEKIiAX Ha BiAMOBiAHY Bick (max. 22), otske, v_=s /t.

3HauYM MPOEKIlilo MBUAKOCTI PyXy Tija, MOKHA BUBHAUUTHU IMPOEKI[if0 H10T0
nepeMimneHHsa 3a Oyb-AKWUY iHTEepBaT Uacy: s = v At.




Ha maun. 22 Bunno, 1110 4ncjioBe 3HAUEHHA ITPOEKITiT
BEKTOopa IepeMileHHs Ha KOOPANHATHY Bick X HOpPiB-
HIOE 3MiHI KOOpAMHAT Tija X — X, TOOTO §_= X — X,,.

3acTOoCOBYIOUM OCTAHHI (DOPMYJIN, OTPUMAEMO KiHeMa-
TUYHE Pi6HAHHA PI6HOMIPHO20 NPAMONIHITHOZ0 PYXY:

X

X —x,=v.tabox=ux,+vt.
x 0 x

SAxIimo HanpaM pyxy 30iraeThbCsa 3 HAIPSIMOM KOOP-
auHATHOIL oci (max. 23), Tov > 0, v = v i KoopAuHaTa
3 IIJIMHOM 4acy 30LIbITyBaTUMEThCA: X = X, + LE, e L —

Man. 22. IIpoexriii
IIBUIKOCTI i mepeminieHus

Ha Bich X )
MOJYJIb IITBUKOCTI.
o SAxio HampaM pPyXy Tijla TIPOTH-
) D JeKHUNA HaOpaMy KOOPAMHATHOI oci
[ I (man. 23), Tov <0, v =-viKoopauHa-
' L] |5  Ta 3 IIMHOM Yacy 3MeHIIYBATUMETbCH:
0 v, >0 v, <0 X x = x,— vt.

OT:Ke 3a PIBHAHHAM PYXY MU MOKe-
MO BU3HAUUTHU TOJOKEHHS (KOoOpAWHA-
TH) Tijia y OyIb-IKUH MOMEHT Jacy.

Y mpocropi mOJIOMKEHHA PyXOMOI
TOUKM, TOOTO ii pamiyc-BeKTOp (200 TP KOOPAWHATHU), ¥V OYIAb-AKUI MOMEHT Yacy
MOJKHA BUSHAUUTH, AKIIO BiZJOMO IITBUAKICTH PiBHOMiIPHOTO TPAMOJIIHIHHOTO PYXY
i mouaTKOBe MOJIOXKeHHA TOUKH ( ii pajiiyc BEKTOD 7, ) y IOYATKOBUI MOMEHT 4acy t:
r=r,+0(t—t,).

HocrmiguTu xapaxkTep PpyXy MoOKHAa i rpadiuHuM crmocoboM, 300parKkyroun 3a-
JIEJKHOCTI mapaMeTpiB pyxy (IIIBUAKOCTi, MPONIEHOr0 NMIIAXY, IePeMileHHs, KO-
OpAMHATH) Biff yacy 3a JOIIOMOIOIO BiIIIOBigHMUX rpa-

Dixis. v,

T'padiune 300pakeHHA IPAMOJIIHITHOTO PiBHO-
MipHOTO PyXy. SIK Bimomo, mBUAKiCTE Tijsa mig yac
PiBHOMiPHOTO IPAMOJIIiHINHOTO PyXy 3 YaCOM He 3Mi-

Man. 23. IIpoekiii BeKTOpiB IIBUIKOCTI,
KOJIN Pi3Hi HATIPAMU PyXYy Tij

$,>0

HIOETHCH, TOOTO U = const. Tomy zpagix npoexyii
weudrxocmi — e MpAMa, napaJieJbHa oci uacy t. 8,2<0

Jlinia v_= v (f) moske OyTu AK Haj Bicciwo ¢ (L > 0),
Tak i mizg meto (v < 0) (mar. 24).

ILomri samTpuxoBaHUX NMPAMOKYTHUKIB Bigmo-
BilaloTh 3HAUEHHAM IIPOEKIIil IIepeMillleHsb 3a MeB-
Huitvacs  >0,s ,<0.

I'pagix npoexyii nepemiugennsn s = s (t). 3aJeKHICTh IPOEKIi] IepeMileHHsA
BiJ{ YaCy BUBHAYAETHCS PIBHAHHAM § =V _f, rpapikoM AKOro € mpsiMa (IopiBHANTE 3
BimomuMm BaMm rpadikom JgiHifiHOT QyHKIIT y = ax: nuB. §4).

OCKiJIbBKY MPOeKIlid IepeMillleHHs MOKe Ha0yBaTH HK OOZATHMUX, TaK i
Big’eMHHUX 3HAUEHb, TO rpadix mpoekiii mepemimmenus (maJz. 25) moxe OyTy Ha-
npAaMyeHui Bropy (s, > 0, Bignosiguo i v _>0) a6o Bau3 (s, <0, v _<0).

Kyt maxuny rpadika mpoekIlii mepemiieHHsA 3a/IeKUTh Bil 3HaUEHHS IIIBUIKO-
CTi: umM OiJIbINIA IIBUAKiICTE, TUM IIBUIIIE 3MiHIOETHCA IIPOEKIisd MepeMillleH .

Man. 24. Tpadiku npoexuii
IIBUIKOCTI
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I3 rpadika BugHO, 1110 Sea
Ulzsﬂztgaliuzzs"zztgocz. s 5,>0
4 4 i | u>0
T'padik npoekrIii mepeMireHHa 3aBK/AN ITPOXO- |
IUTDH Yepes MoUaToOK KOOPAMHAT. |
I'pagix wnaxy l=1(t). Ockinbku nIpu piBHOMIp- 4 I
HOMY TIPAMOJIIHINHOMY Pyci MOAYJIb IepeMilleHHs ix I >
IOPiBHIOE MOBXKUHI IPONUAEHOTO LIAXY, TO [ = vt, e S | B ¢
L — MOZAYJIb IIIBUKOCTI. Sepl > | %<0
Mogysip mepemineHHsa 3aB)KIU BeJUUYMHA I0- L, <0
IaTHa, i rpadik IMIAXY 3aBXKAU HAIPAMJIEHUN Bro-
py (max. 26). Maan. 25. T'padik nmpoexiii
I'pagix pyxy mina x = x(t). Leii rpadir xapaxrepu- nepeMinieHHs

3ye 3MiHY KOOPAUHAT TiJia 3 YacoM. 3 PiBHAHHA PYXY
X=Xx,+V_t cTa€ OUEBUHO, 1110 BiH IIPECTAB-

A JIsie JiHifHy PYyHKIIio i 300paskaeThbes mpsi-
he Moto. I mpsiMa TPOXOAUTH Yepes3 MOYaTOK
[ S v, >V, KoopauHaT, Koau x, = 0 abo 3mimiena 1o oci
} X Ha BeIWYMHY X, Konu X, # 0. OcKinbKu
\ v, MPOEKIlid IIBUAKOCTI MOKe MaTH JOJaTHi
L./ Ta Bix’€eMHI 3HaueHHA (HAaIpAM BeKTOpa
\ > IMIBUIKOCTI MOsKe 30iraTucsa 3 oOpanum Ha-
0 t IPAMOM KOOPAMHATHOI Oci a60 OyTH IIPOTH-
JeKHUM HoMmy), TO rpadix Moske spmiiima-
Man. 26. I'padix masxy TUCH Bropy mpu (v, > 0) abo cnagatu BHUS
- - npu (v, < 0).
- L, Us
U; L, €«<—& Y,
<= > > 1
0 X x A v, > 0
Man. 27. CxemaTu4He 300paskeHH
IIOYATKOBOI'O ITIOJIOKEHHSA
i mBUAKOCTI pyXy Tix X0 = X0.> 0 5 v,,>0
Ha man. 27 nmoxasamo posrarry- 50 <0
BaHHA II'STU TiJ HA IIOUYATKY PYXY c
i BekTOpM ix mBuAKOcTei. J[OBKU- 0 t
Ha CTPiJIKM Ha MAaJIOHKY XapaKTe-
pusye MOAYJb HIBUAKOCTI (UMM mO- %,,<0
BIlIA CTPiJIKA, TUM OiJbIlle 3HAYEHHSA \ 3
HIBUKOCTI PyXy Tija). \hf 0

Ha man. 28 cxemaTtuuso BigTBO- v <0
peHo rpadikm; pyxy IIUX TiJ.

T'padiku piBHOMipHOTO TPAMOJIi-
HiiHOTO PyXYy BifoOpaKaioTh 3aJIeK-

Man. 28. T'padiku pyxy Tia




HOCTi BiATIOBiHUX mapaMeTpiB pyxy (KOOpAMHAT, IIPOUEHOTO IILIAXY, IepeMileH-
Hs i MBUAKOCTI) Bif uacy. 3a iX TOIIOMOI0I0 MOYKHA 3’ ICYBaTU XapaKkTep Pyxy Tija i
3MiHM BiITIOBiTHMX BeJIUYUH 3 IJIMHOM Yacy.

@ Daiite BianoBiai Ha 3anUTaHHA

1. Yu MoKHa BU3HAUNTH KiHIleBe MOJIOMKEHHS Tija, SKIIO BiZoMO HOro moyar-
KOBe IOJIOKEHHS i TOBKMHA TPOUAEHOTO IIIAXY ?

2. Yuwm Bigpisuaerhcsa rpadik nmisaxy Big rpadika npoekiii nepemimnieaas?

3. T'padik pyxy mepeTnHae Bich yacy: IIo Iie o3Havae?

4. Y MOXKYyTh 3MEHIITYBATHCh 13 YaCOM KOOpAMHATA PYXOMOI TOUKH i mpoiige-
HUHT MIIax?

5. IIBuaKicTh Tija mix yac pyxy 1o OIpAMii 3 TyHKTY A B IyHKT B y n1Ba pasu
0inbITa Bif MIBUAKOCTI pyXy IIHOTO Tijia y 3BopoTHOMY Hampsami. [looyayiiTe rpadi-
KU 3aJIeKHOCTI BiJl yacy: a) KoopauHaTu; 0) IIIBUIKOCTi; B) IIIJISAXY.

@ 3aranbHi pekoMeHaaLii WoAo po3B’a3yBaHHs 3aaay
\ 3 KiHeMaTUKN MaTepiasibHOI TOYKU

ITig yac po3B’sA3yBaHHS 3a4a4 CJii BUKOHYBATH IIeBHY MOCIiMOBHICTS miii.

1. Ilepemycim caig BuOpaTu cUCTEMY BiIJIiKy, TKa CKJIATAEThCS 3 Tija BiIIiKy,
HOB’sA3aHOI 3 HUM CHCTEMU KOOPAMHAT i IMOYaTKy BilJIiKy uacy. BusmauuTu 1moJo-
JKEeHHSM Tija y TOYaTKOBUII MOMEHT Yacy.

2. BUKoHyHOUN cXeMaTUYHNI MaJIIOHOK O 3aJaui, IIOTPiOHO 300pa3uTU CHUCTe-
MY BiJUIiKy, HaIIpsAM BEKTOPHUX BeJIMUMH (IIepeMiIleHHs, IIBUAKOCTI TOIIO).

3. BecranoButu xapaxkTep pyxy (piBHOMipHUITI uu HepiBHOMipHUIi). 3amucaTu
KiHeMaTuuHi PiBHAHHA (3aKOHU) PYXY [IJs KOMKHOTO Tijia Y BEKTOPHIil (opmi Ta B
MPOoeKIliAX Ha BuOpaHi oci KoopauHaT. BpaxyBaTu 3HaAK IPOEKI[ii BeKTopa Ha BU-
OpaHy KOOPAUHATHY BiCh!

4. 3a moTpebu, AKINO KiJIbKicTh HeBimomMux 0ijblna, HidK KiJIbKicTh PiBHAHD,
BCTAHOBUTHU JONATKOBI PIBHAHHSA, AKi MOKYTH BUPaKaT KOHKPETHI MaTeMaTUUHi
3B’s3KMU, 1110 BUILJINBAIOTH 3 YMOBU 3a/aYi.

5. OTpuMaHy cUCTeMY PiBHAHDB PO3B’A3aTH BiAHOCHO MIYKAHUX BeJIUYUH.

s rpadgivurHoro poss’A3yBaHHA 3aa4i BUKOPUCTOBYIOTH rpad)iku 3a/IesKHOCTI
Big yacy KoopAamHAT abo MIBUAKOCTI (mepeMimieHnHa abo nuisaxy). Ile gacts amory
BU3HAYATU HeBiZoMi BeJIMYMHM HA OCHOBIi rpadikis. Caig mam’araTu, 1o rpadiu-
Hi 3aJIe}KXHOCTi KiHEMAaTUYHUX BEJIMUNH MOYKYTh BUABUTUCA KOPUCHUMH AK IIiJ yac
aHaJIidy YMOBH 3a4adi, TaK i JJ1d mepeBipKku pesyJbTaTiB il po3s’sa3anusa. Ha rpadi-
Kax B yMOBax 3ajau (IKIIO0 HeMa€e BiAIIOBiIHOrO MOsACHEHHS) HA BEPTUKAJIbHIN oci
BiIKJIa/IeHO IIPOEKIil0 BEKTOPAa Ha BiCh KOOPAMHAT.

B ymoBax mesxkux 3agad He 00yMOBJIEHO, HIeThCA IIPO BEKTOP, OT0 MOAYJIb UK
PO MpoeKIlio. AHaaisyoun yMoBY 3amadi (abo BigmoBias), Tpeba B KOKHOMY KOH-
KPEeTHOMY BUNAJKY YTOUHIOBATH, IO cCaAMe JaHO B 3a7jaUi: BEKTOP, MOT0 MOAYJIb UM
IIPOEKIIilo. 36epHimb yeazy, u,0 mo0yib 6eKMOPHOL 6eAUHUHU NOZHALAIOMb NLPO-
cmo 0YyK6010, He CMABAAYU 3HALKA 6eKMOPA i MOOYA: 3aMicmb |§ v ,|I7'| 3anu-
cyromsv npocmo s, v, F.

b
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Braskaerncs, 110 pyx BimOyBaeThcA B3IOBIK OCi, JOJaTHUI HAaIPAM K01 36ira-
€ThCS 3 HAIIPAMOM PYXY V IOUYATKOBUM MOMEHT dacy. ¥ JesdKUX 3ajadax, Ie B YMO-
Bl um y BiamoBigi sHaueHHA AKOI-HEeOYAb BEKTOPHOI BeJINUYMHY HaBeJeHO 31 3HAKOM
«MiHyC», iIeThCcA PO IPOEKITi0 BiIIIOBiTHOTO BEKTOPA HA Bich KOOPAMHAT.

@ Mpuknap po3s’a3yBaHHS 3apa4

3amaua. Kopucryiounch rpadikamu pyxy ABox Tix (ma.g. 29):
1) BusHAUUTH:

a) MIBUAKOCTI TiJ;

0) piBHAHHA PYXY IJIA IIUX TiJ;

B) MOAYJIb TIEPEMIillleHHA TiJ 3a yac t = 4 c;

T') Hac Ta mMiciie sycrtpiui;

II) BimcTaHb MisK Timamu uepes 2 ¢ iX pyxy.

2) mobyayBaTu rpadikuy IpoeKIlii IMBUAKOCTI, IPO-
eKIlii mepeminieHH4d i MIAXY 3a 4 ¢ PyXYy.

Po3sé’sa3anna:

a) IIIBuakicTs BuMBHA4YaeMO 3a (POPMYJIOIO
v, =(x-x,)/t.

IaTepBan yacy smMiHu KOOpAMHATH BUOMPAEMO [0-
BLJIBHO, KEPYIOUUCHh 3PYUHICTIO pospaxyHKiB. Hampu-
KJag, Bisbmenmo ¢ = 2 ¢. [1epiiie Tiio uepes 2 ¢ pyxy MaJio
KoopauHaty x = 6 pu x, = 0, Tomy npoeknia meuakocriv_ =(6m-0)/(2c)=3 m/c;
v, =3 m/c.

s npyroro tina x,=4 M, auepest=2c¢, x=2M, T06T0VL ,=(2M -4 M)/(2¢c)=
=-1m/c;v,=1m/c.

0) SanucyemMo piBHAHHSA PYXY IJIS [UX T1iJI, BUXOISYM 3 1Or0 3arajbHOTO BUTJIA-
ny x = x,+ v t. Jlna nepmoro Tina x, = 8t. [la gpyroro Tina x, =4 —t.

B) Busnauaemo mMoaynab mepeMiiieHHs 3a t = 4 ¢, Ko-
pucTyoo4nch Gopmysion s =v t.

Man. 29. T'padiku pyxy Tin

v,, M/c

s, =3t=3m/c-4c=12M,5 =12 M. A

s,=—t=-1m/c-4c=-4m,s,=4Mm. 2

r) Buznauaemo uac i micrie 3ycrpiui. [[yia is0ro 3 TOUKM 1
nepeTuHy rpadikiB pyxy ABOX TiJl OITyCKAEMO IIEPIEHIUKY- oli a5 4> t,c
JISIp Ha Bich ¢ i omeps:kyemo uac 3yctpiui 1 c. Ilepneraukyisap, T2
OITYIIIeHUH Ha BiCh X, YKaKe KOOPAMHATY 3yCTpiui 3 M. _9

) UYepes 2 c mepirie TiJio MaTuMe KoopauHATy 6 M, a
apyre — 2 m. Bigcraus misk tinamu [ = x, —x,=4 M.

BukopucToByoun oTpuMaHi pe3yabTaTH, BUKOHAEMO
BigmoBinui mobymosu (ma.z. 30, 31, 32):

Man. 30. I'padiku npo-
eKI[i} IIBUIKOCTEH

BnpaBa 3

1. I3 gBoX TOuOK A i B, aKi 3HaxomaTbea Ha Bigcrani 90 M ogHa Bifx ogHOI, OgHO-
YAaCHO B OJTHOMY HANpPAMIi Imoyajm pyxaTucd aBa tija. Tijio, 1110 pyXaeTbes 3 TOUKU
A, mae mBuaKicTs 5 m/c. Timo, 1m0 pyxaeTbcs 3 Touku B, Mae mIBUAKICTh 2 M/cC.
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Man. 31. I'padiku npoekiiii mepeMiiieHb
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Man. 33. 1o 3agaui 2

Ax, M q

Man. 34. lo 3agaui 3

Man. 32. I'padiku maaxy

Yepes AKuUil yac mepire Tijo HazgoxeHe apyre? dxe me-
peMiIieHHs 3A1CHUTD KosKkHe Tiio? Po3B’a3aTu 3agauy
aHAJITUYHUM i rpad)iuHuM cmocobaMu.

2. Ha man. 33 HaBemeHo rpad)iku pyXy YOTHUPHOX
i y3moB:k oci X. IIlo coisbHOro B ycix mmx pyxiB?
Yum BoHU BigpisHAoThcsaA? HaxkpecauTu cxemMaTHUdHi
rpadikm v () A1 KOIKHOTO 3 PYyXiB.

3. 3a HaBeeHUMU HA MaJl. 34 TpadiKaMu OMUIIITh
pyx. [I1d KOKHOTO 3 HUX BU3HAUTE MOAYJb i HAIPAM
IMIBUAKOCTI, 3anuIriTh opmyay x(t) i mobyayiiTe Bix-
HoBigHi rpadikm.

4. PiBHAHHSA PyXy BaAaHTAXKHOT0 aBTOMOOiIA Mae BU-
raap x, =-270 + 12t, a piBHAHEA PyXy Hinmmoxona, AKUN
ime y30iuysAM TOTO caMoro Ioce, Ma€ BUTIAL X, = —1,5¢.
(Bci Benrmuunu 3agano B CI). HakpecauTtu rpadiku pyxy

JANCVANWANF
/—2 -1 y/ 1 N/ 3 4

Man. 35. 1o 3agaui 5




KimemaTnKa mocTynajbsHOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaIbHOI TOUKH

i BUBHAUWTHU: a) MOJIO}KEHHA aBTOMOOLIA
i minroxoma y MOMEHT IIOYATKY CIIOCTEpe-
JKeHHS; 0) 3 AKUMU IIIBUAKOCTSIMU i B AKO-
My HaATIPSAMi BOHU PyXaJInCcs; B) KOJH i e
BOHU 3yCTpijucs.

5. 3a rpadikom 3a/1eKHOCTI KOOPAHU-
HaTu Bifg uacy (maun. 35) mobyayBaTu rpa-
ik 3ayeXHOCTI MIBUIKOCTI Bix yacy.

6. Ha maan. 36 (a i 6) mogawmo rpadikm,
AKi XapaKTepus3yoTh pyX mirmmoxoxga. ITo-
OyamyliTe Ha iX OCHOBI rpad)iK 3aeKHOCTI

v, (2).

Man. 36. 1o 3agaui 6
§ 8 BigHOCHICTb MexaHi4YHOro pyxy

v' Bidnocuicmo pyxy.
v I epemeopenna I'anines.
v’ Baron dodasanns weudrocmeil.

BimnocHicTh pyxy. SIK Mu y:Ke 3’sAcyBaJyu, 11100 onucaTu MeXaHiuYHUN PyX i BU-
3HAUUTHU MOT0 IIapaMeTpPHu — TPAEKTOPiio, MepeMillleHHA, TPOUAe I IIJIIX, IITBU/I-
KicTh ToIO, Tpeba HacamIilepeJ oOpaTy CHCTEMY BiJJiKy ¥ ommcyBaTH PyX Tijga
(MaTepiasmbHOI TOUKM) BimHOCHO mMeBHOrO Tija Bimmiky. Ilpu poss’saA3yBaHHI 3amau
KiHeMaTHKH CUCTEMY BiIJIIKy BUOMPAIOTh TaAK, 1100 PYX BiJHOCHO Ifi€l cucTeMU OIIH-
cyBaBcA HaMmpocTtimmumu BupasdamMu. OCKiJIbKY TiJIO BiAJiKy MOKHaA obupaTu 10-
BiJIBHO i TaKUX TiJT MOsKe OyTu 0e3Jriu, To i pyX Tijia MOYKHA OJHOYACHO PO3TJISAAATH
Yy KiJTBKOX cHCTEMAaX BiAJIiKy.

Haituacrimre cucremy BiyIiky moB’ A3yOTh i3 TijloM BiIIiKy, siKe B Iiii cuTyarii
BBaKAETHCA HEPYXOMUM: i3 3eMJIel0, i3 JepeBaMu Ha y36iuui, HACEJIEHUM ITyHKTOM
romto. Taky cucTemMy BiJIiKy yMOBHO HasWBaIOTh HEPYX0MOI0 i TO3HAUAIOTH JIiTe-
poio K. 3 iHmummMu Tijlamu, 110 PyXamThCcAd B HEPYXOMill cucTeMi Biriky piBHOMIp-
HO i mpsiMoutiHi#iHO, TOB’A3YIOTH pyXx0omi cuctemu Bimriky K’, posriasgaooun pyx Bu-
OpaHoOTo TiJIa BiTHOCHO 000X CHCTEM BiIJIiKy.

Bionocruii mexanivnuil pyx — pyxX MaTepiaysbHOL
é TOUKM (YU Tijla) BiTHOCHO pyXOMOI cuCTeMHU BiIJIiKy,
AKa MIeBHUM YMHOM IIepeMillaeTbcsA BiJHOCHO iHIIOI,

YMOBHO IIPUHAHATOL 38 HEPYXOMY.




IleperBopennsa l'aminesa. Posria- y
HEMO PYX Tijia, HaIPUKJIAL, KaTepa 1o A
piuri, BiZHOCHO Pi3HUX cHCTEM BimJri-
Ky — Hepyxomoi (K), mos’s3amomo0 i3 v’
3emero, i pyxomoi (K’), moB’A3aH0I0 K 3
3 Teuieio piuku (mau. 37).

Bgarkaemo, m1o piuka He 3MiHIOE I, ——7 %,
MIBUAKICTE ¢BO€I Teuii, TOOTO IIBUM- — |
KicTb Teuii (pyxomoi cucremu BimJi-
Ky) U, mocTiitua. S

CucreMu KoopAmMHAT BUOMPAOTh 0 0 I
TaK, 1100 oci X Ta X’ 3biranucsa, a'y
MoMmeHT vacy t, = 0 sbiranucsa i oci Y l
Ta Y’'. BBaskaemo, 110 rOZUHHUKHA B
000X cucTemMax BiIJIiKy HAyTh OmHa- Man. 37. Pyx tizia BigHOCHO pyXoMOi
KOBO. Ta HEPYXOMOI CHCTEM BiITiKy

3a yac t KaTep 3MicTuBCA BigHOC-

HO 3eMJIi (HepyXoMOoi cucTeMu BiAJIiKy) Ha BifcTaHb [, 3a TOM caMuil yac Tedis piuku
(pyxoma cucrema Bigniky) —Ha . Toni, smimenns I’ kaTepa BifHOCHO pyxomoi cuc-
TeMU BiJJIiKy BUSHAUaEeThCA 3a cuiBBifHOmeHHAM: ['=1-1[ . AGo [=1,+1".

TakuM YUHOM, Y OyIb-AKUIH MOMEHT Yacy KOOpAUHATH Tija (y HAIIIOMY BUIIaL-
Ky Karepa) y cucremi K Ta K’ nop’asani cuiBBigHOmenHAMU: y=y , x=x,+x’, Ie
x,— KoopauHaTa Touku O B cucremi koopauHat K y meBHUI MOMEHT dacy t.

OcKisbKY MBUIKICTE Teuil (pyXoMoOi cucTeMu KOOPAUHAT) 131 i mepemirmeHHs,
sIKe BOHA 37ilicHIOE 3a uac t, BU3HaUaeTheA 3a (popmynoio [, =t , To i cIiBBigHO-
IIeHHs Ha0yBalOTh BUTIALY: X=Vi+x"; y=y'; t=1".

CuisBigHomenHa x=vt+x’, y=y’, t =t’ Ha3UBaOTH
nepemeéopennamu I'anines.
Koopdunamu mina 3anexaThb Bif cucTeMu BiTiRYy,
é TOOTO € 6eULUHAMU BIOHOCHUMU.
Pimicte t=1t" Bupakaec aOCOJMIOTHHI XapaxkTep
yacy, TOOTO 4Yac € 6enuuuHor0 iHeéapianmuoi (He-
3MIHHOI0).

3eeprims yeazy! BraxkeMo Ha AesKe IPUNYIEHHSA, IKe MU 3aCTOCYBaJIU IIPU
BUBeJeHHI criBBigHOIIIEeHb ["aninesa. 1K Bigzomo, 10 cucTeMu BimJIiKy, OKpiM cucre-
MU KOOPJAWHAT, BXOAUTD IIPUJIA] I BUMiPIOBaHHSA Yacy — roOAUHHUK. Mu posriisa-
maemo aBi cuctemu Bimiriky. OTiKe, IIOBUHHI BUKOPHCTOBYBATHU MBI CICTEMU KOOP-
OUHAT 1 ABa TOAMHHUKN. Y HAIIIKX PO3PAaXYHKaAX MU KOPUCTYBAJINCH OJHUM YacoM i
BCi BigcTadi BuMiproBaJIu OgHUM i TUM caMuM MaciinTadoMm. To6To Mu BBasKaau, 110
y HepyXoMiii i pyxoMiii cucTeMax BilIiKy rOTMHHUKY BipaxoBYIOTh OAUH i TOH ca-
Muii uac, a BifictaHi BUMipIOIOTHCA 3 OMHAKOBUM MacIiTaboMm. [le mpunyieHus Bu-
KOHYETBCSA IIPU POSTIIALL PYXY TiJ, IIBUAKOCTI SKUX MaJIi HOPiBHAHO 3i IIBUIKiCTIO
cBiTaa (L << ¢, ge ¢ = 3 - 10® Mm/c — mBuAKicTh cBiTaa). Ilpu pyci Tix i3 mBugKOCTA-
MU, OJU3BKUMU [0 IMIBUAKOCTI CBiTJIa, MepeTBopeHHs ['anises HaOyBaiOTh iHIIIOTO




KimemaTHKa mocTynaj-HOTO Ta 00€PTAJIHHOTO PYXiB MaTepPiaJIbHOI TOUKH

Buryany. Ilpo e Bu meranbHO HOBifaeTecs Ipyu BUBUEHHI cneyianbHol meopil 6i0-
HocHocmi (po30. 5).

3aKoH MoJaBaHHA MIBUIKOCTeH. PosrigHeMo Temep pyX IJIaBIA BiZHOCHO
pisHUX cucrteM Bigairy (mau. 38).

Woro mepeMilleHHA BiTHOCHO BOAU 3a Je-
AKUN yac t craHoBuTuMe S, . lle Hepyxoma
cucmema 6i0iky, noB’ 13aHa 3 6eperom. Ilepe-
MillleHHS BOAM BigHOCHO Oepera (Teuis) 3a Toit
caMuii yac CTaHOBUTH S,. Ha Bigmanp s, Boxa
nepeHecna i muasuda. Ile pyxoma cucmema
6i0siky. Pe3yabTyioue mepeMilieHHA BiTHOCHO
HepyxXxoMoi cucTeMHu BiJIiKy, IIOB’si3aHe 3
3emJer0, CTAaHOBUTUME S , 800 S = §; + §,.

Man. 38. Pyx ninaBus

OT:xe: nepemiujenna S Tia B HePYXOMi#l cucremi
é BiJITIKYy MOPiBHIOE BEKTODHIN cyMi IepeMiIeHHA §,
TiJla B pyXOMili cucTeMi BiAIiKy i mepemimenns s, py-

XOMOI cucTeMHu BiZJIiKy BiTHOCHO HEPYXOMO].

ITe mpaBuJIo OB’ sI3y€ MIBUAKOCTI TOTO CaMOTO Tijia y IBOX cUCTEMAaX BiaIiKky. Pos-
JiMVBIIY CIIiBBiAHOIIEHHSA § =S5, +§, Ha 4ac pyxy ¢ gicranemo: V=1, +V, (max. 39).

ITe o3Hauae, 110 MBUAKICTE Tija Uy HEPYXOMili cuc-
TeMi BiJIIKy JOPiBHIOE BEKTOPHIN CyMi HMIBUIKOCTI f)l
é TiJia B pyXOMi#l cucTeMi BiIJIiKy i MIBUAKOCTL T)Z pyxo-
MO cHCTeMH BiAJIiKy BiJHOCHO HEPYXOMOi — Kaacuu-
HUU 3aKOH 000asannsa weudkocmell.

TaxkuM YyuHOM, WEUdKicmb pyxy mina ta-
KOX € 6eUYUHOI0 6i0HOCHOI0, ITI0 3aJIEKUTH
Bij BUOOpY cucTeMu BiIJTiKy.

Bynb-axuii cKIIagHmit pyx MOKHA ITOJAATH
SIK CyMY IIPOCTHUX He3aJIeKHUX PyxiB. ¥ mpomy 0
IIOJIATAE CYTh NPUHUUNY He3ANeHHUX PYXi6:

Man. 39. lonraBaHHA IBUIKOCTEH

SIKIIO TiJIO OMHOYACHO Oepe y4YacThb Y AeKiIbKOX pyxax,
TO KOKEeH i3 pyXiB BiIOyBaeThCA He3aI€KHO BiT iHITINX.

CaMe 3aBOAKHN I[bOMY IPUHIIUIIY BEKTOPHI BeJIMUMHU MOKHA PO3KJIALZATH Ha
CKJIQJIOBi, Ha IIPOEKIIil Ha KOOPAWHATHI Oci.

DawnTte Bignosiai Ha 3anNUTaHHA

1. Y yomy cyTh BimHOCHOCTI pyxy?

2. IIlo osHaualOTh PyXoMa i HepyxoMa CUCTeMH BifIiKy?

3. CdopmyaroiiTe 3aK0H TOoJaBAHHS MIBUAKOCTEH i HaBeAiThL IPUKJIAM 3aCTOCY-
BaHHA IbOT'O IIpaBuMJIA.




Mpuknagu po3e’s3yBaHHs 3apay

3amaua 1. [IBa Tijla pyxaThCA 31 MIBUAKOCTAMMU L, i v, BiAmoBigHO. BusHaunTn
MIBUAKICTh PyXy APYTOro Tijia BiIHOCHO MEPIIIOT0 Y BUNIAJKY, KOJIU Tijla PyXalThCA
B OTHOMY HAIIPAMI i Ha3ycTpiu ogHE OZHOMY.

YA

YAk

0 0’ X X’

Man. 40. 1o 3agaui 1.

Po3é’azanna:

B ymoBi 3amaui BKasaHi MIBUAKOCTI TiJ Bifm-
HOocHO 3emui (Hepyxomoi cucrtemu Bimiairy K).
IIpuitmemo apyre Tijio 3a pyxXoMy cuUCTEMY Bimri-
Ky (K’), 10 pyxaerbes BimHOoCHO SeMuri 3i miBum-
kicrio v, (mai. 40).

Toxi xmacwuHMI 3aKOH JOLaBAHHSA IITBU-
kxocreil HabyBae BUrIALy: U, =V,+V , g€ U,
IIBAAKICTE IEPIIIOro Tija BigHocHo 3emui, V' —
MIBUAKICTH APYroro Tijia BiIHOCHO IIePIIIOro.

SKI110 TizTa pyXamoThCcsa B OMHOMY HAIPSAMIi, TO
y IPOeKIiaAX Ha Bich X 3aKOH 3alUCYETHCSA Y BU-
rIAAi v, =v, +v’ . 3Bigcu vV =v, —-v,.

Y Bumagxy, KoM TijIa PyXaloThCA Ha3yCTPiu
OIHE OTHOMY, TO IIPOEKITis MIBUAKOCTI PyXy APYTro-

ro tisna 6yge Big’eMHOI0: U, =—V, + V", 8Bigcu v =v, —(-V,) =V, +V,.

Bigmosins: L, — U, L, tV,.

3amgaua 2. [1niT nponsuBae 6iasa TyHKTY A y TOIi MOMEHT, KOJIY BiJf HbOTO Bif-
TPABJIAETHCA YHU3 34 TEUi€I0 PiUKM 10 TYHKTY B MOTOpHUI YoBeH. Bigcrans Mixk
nyakTamMu 15 KM uoBeH npomaus 3a 0,75 rox i mosepuyB Hazan. IloBepTaiouncs y
TYHKT A YOBeH 3yCTPiB ILJIiT Ha BifgcTaui 9 KM Bixg nyHKTYy B. BusHaunTu mBuaKicTs
Teuii u Ta MIBUAKICTh YOBHA BiJHOCHO BOJH V.

Jlano: Po3é’a3anna:
s, =15 Km; Posp’asanua 1miei 3agaui HabaraTo CIPOIYEThCA, AKIIO CHUC-
8, =9 KM; TeMy BiJJIiKy IIOB’sI3aTH 3 IIJIOTOM. ¥ TaKill cucreMi ILIiT Ta piuka
t=0,75rox Hepyxowmi. Ile o3Hauae, 1110 BiZHOCHO IIJIOTa MOTOPHUIU YOBEH DPY-
u-—7? XaeThCA A0 MYHKTY B i y 3BOPOTHOMY HANPAMi 3 OJHAKOBOIO IITBU/I-
v—7? KicTio. Yac pyxy 4oBHA y IIPAMOMY Ta 3BOPOTHOMY Hampamax 2f,
BiZICTaHb, AKY BiH IPU I[bOMY IIPOXOAUTS, § =8, + S,. [[IBUAKiCTE YOBHA BiIHOCHO BOAM:
s 15xM+ 9rMm KM
2t 2.0,75roxm Tox

3a 1e# yac IJIiT IPOMIIIOB BifICTaHb S, — S,.

Taxum ynHOM, IIIBUAKICTE TeUil u =

. . KM
BigmoBige: v=16—, u=4
oz

s—s,  6rM KM

2.t 2.0,75ron  roa

KM

oz
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1. IIBuakicTs Besocumenucra — 36 KM/roj, a IIBUAKICTH 3yCTPiUHOTO BiTpPY
4 m/c. fIka MBUAKiICTH BiTPY B cucTeMi BiIiKy, TOB’i3aHill 3 BEJIOCUTIEUCTOM ?

2. Ecranarop MeTpo pyxaerbes 3i mBuakictTio 0,8 m/c. 3a AKUNA yac macaskup
nepemictTurhed Ha 40 M BiTHOCHO 3eMJIi, KOJIM BiH caM ijie y HanmpAMi pyxy 3i mBuI-
Kictio 0,2 M/c y cucTeMi BifJIiKy, OB’ A3aHUN 3 eCKaAJIaTOPOM ?

3. lIIBuakicTs pyXy YOBHA BiTHOCHO BOJIM B 11 pasiB OijibIla, HijK MIBUAKICTE Te-
4ii piuku. ¥ CKiJIbKU pasiB AOBIIIe YOBEH IIJIMBE MiK ABOMA MIYHKTAMU IIPOTU Teuii,
HixK 3a Teuiero? Poss’s3aTu 3agauy AJisi sHauenb n=2in=11.

4. MoTopHU# YOBEH, IO Ma€ B CUCTEMI BiAJIiKy, OB’ sI3aHiil 3 BOMOIO, IIIBUI-
KicTh 6 M/C, Mae mepenpaBUTUCh UYepes PiuKy HaHKOPOTIIUM HIIAX0M. KUl Kypc
BimHOCHO Oepera Tpeba TPUMATH IIiJl Yac mepenpaBy, AKIO IMBUAKICT Teuii piuku
CTAHOBUTH 2 M/C.

5. ITacaxkup mmorsara, 1o pyxaeTbesa 31 MBUAKiICTIO 36 KM /T0x, 0a4UTh IPOTATOM
60 c cycignitt moiznm 3aBaoB:kKU 600 M, AKM ife mapagesbrHO TEPIIOMY B OJTHOMY
Hanpami. BusHauuTu: a) 3 AK0I0 IMMIBUAKICTIO fifje APpYTruii IMoisdy i CKiIbKY Uacy ma-
CaKup OPYroro morAra 6auuTs nepiiuii 3agoB:KKu 900 M; 60) uac, MpoTAToM AKOTO
macaskupu KOYKHOTO 3 I0i3iB 6auaTh MPOXOAMKEHHSA CYCiTHBOrO IOTATa, 38 YMOBU
KOJIY BOHU PyXalOThCA HA3yCTPidU OAUH OJHOMY .

6. Mixx nBoMa IyHKTaMM, PO3TalllOBaHUMU Ha piuni Ha Bigcraui 100 KM ogun
Bix ogHOrO, Kypcye karep. Karep mpoxoauTs 110 BificTaHb 3a Tedieio 3a 4 roJ, a Impo-
tu Teuii — 3a 10 roxg. BusHauuTy mBUAKICTS Teuil piuku i MBUAKIiCTL KaTepa Bim-
HOCHO BOJIH.

7. Pubasika mimBe YOBHOM yropy mo piuri. IIpomauBaroum Imig mMocTom, BiH
YOyCTUB pATiBHUI Kpyr. Uepea roanHy pubajaKa IOMiTUB BTPATy i, TOBEPHYBIIA
Ha3aM, TOTHAB KPYT 3a 6 KM HMiKUe Big MocTa. IKa MBUAKICTL Teuil piuku, AKIITO
pubanka, pyxaouuch yropy i BHU3 mo piuiti, rpi6 ogHakoBo?

8. Barown zaBmupmiku 2,4 M, 1110 pyxaBcd 3i mBuaKicTio 15 M/c, mpobuiia KyJid,
AKa JIeTijla NepHueHIUKYJIAPHO OO0 PYXY BaroHa. SMillleHHs OTBOPiB Y CTiHKax Baro-
Ha OJAUH BiJHOCHO iHIITIOrO JopiBHIOE 6 cM. fAKa MIBUAKiCTE KyJIi?

9. Bignocuo cucremu K’ piBHAHHA PyXy MaTepiajbHOI TOUKW MAa€ BUTJIALI:
x'=4t+5; y’'=0; 2’=0. dAxuil BurIAn Mae PiBHAHHA PyXy MaTepiaJbHOI TOUKU
BigHOCHO cucremu K, sikimo: a) cucrema K’ mepyxoma BigHOCHO cucremu K, a ii mmo-
yaTok Mae Koopauuaru (3; 0; 0); 6) cucrema K’ pyxaeTrbes BimHocHO cuctemu K pis-
HOMIipHO i mpAMOJIiHi#THO B3Z0BsK oci X 31 MIBUAKICTIO 5 M/C i y MOYaTKOBUIT MOMEHT
pyxy mouaTku KoopauHatT Ta oci cucrem K’ i K 36iranm-
cs1; B) cucrema K’ pyxaersesa BigmocHo cucremu K pis- L
HOMIpPHO i TpAMOJIiHIAHO B3OBK Bici Y 3i mBuaKicTIO
3 M/c i y mOYaTKOBUII MOMEHT PyXy IIOYATKU KOOPU-
Hat Ta Bici cucrem K’ i K sbiramucs.

10. [IBa cTep:KHi mepeTWHAOTLCA IMig KyToM 20 i
pyXaioThCsA 3 OOJHAKOBUMU IIBUAKOCTAMU U TEPIIEH-
IUKYJIAPHO caMuM cobi (ma.z. 41). SIkoio € MBUIKiICTH
PYXY TOUKU IIEPETUHY CTEPIKHIB?

20

Man. 41. 1o 3agagi 10




§ 9 PiBHOMipHUIA Ta HEPIBHOMIPHUI pPyX

4 PigHomipHuill ma Hepi6HOMIDHUIL DYXU.
4 Cepedns ma mummesa w8udKicma.
DisuyHuil 3micm noxioHol.

PiBHOMipHMIi Ta HepiBHOMipHMIL pyxu. IIpu piénomipromy pyci tino (maTepi-
ajbHA TOUKA) 3a OyAb-AKi piBHi iHTepBasau uacy 3aificHIOE ONHAKOBI mepeMilieHus.

PiBmomipuum, aK Mu 3’ AcyBaJin, MOKe Oy TH IPAMOJIIHIHHUN PYX, i, AK 3’ sACcyeMO
3T0/IOM, — PIBHOMipHUH PyX II0 KOJIY.

PiBHOMipHUIT pyX TpamigeThcA B IPUPOJL AyKe pinko. PiBHOMipHO pyXamTh-
cs KiHeIlb CTPiJIKM FOOMHHUKA, MOJIEKYJa rasy BiJl OMHOTO CIIiByZapy mo iHIIoro. ¥
pealbHOMY JKUTTI HaliuacTime MU MaeMO CIIDABY 3 HePi6HOMIPHUM PYXOM, KOJIU
Tij0 3a piBHI iHTepBa U yacy 3ailicHIOE PidHI MepeMileHHs.

CepenHa Ta MUTTEBA MBUAKICTH. [[J1d OmMMcy HEPiBHOMiIpHOTO PyXy KOPHUCTY-
IOThCA MOHATTAMU cepedHbOol Ta mummeeoi mBuaKocTi. IIpuuomy cepenasa mBu-
KicTb HEPIBHOMIPHOTO PYyXy Mae€ IIOBiliHe TAyMaUeHHs: AK CepPeIHA IMBUAKICTD 1Ie-
peMiIeHHd i AK cepegHs IMBUAKICTD IPOXOMKEHH ITIJIAXY.

1) cepenHs MBUAKICTE IepeMillleHHSA — 6eKMOPHA BEJIMYNHA, 1110 BUSHAYAETDH-
csA BITHOIIIEHHSM IIepeMillleHHs [0 iHTepBaJIy dYacy, IPOTITroM SKOTro Big0yJsocs 1e
mepeMirneHHs:

5 § §+8,+...5,
Sttt +.t,
ne S, S,, ... — IepeMillleHHs Tija 3a BiANOBiAHI iHTepBaIu Yacy ¢, , ... .

2) cepeHA IMBUAKICTD IPOXOKEHHA IIIAXY — CKALAPHA BeJIWYUHA, 110 BU-
3HAYAETHCS BiJHOIIIEHHIM IIPOMIEHOTO IIJIAXY 10 iHTepBaJy Yacy pyxy TiJja:

5 L L+L+.
t t+t, 4.t

c

nel,l,..— MIAHKY IIAXY, IPOW/eH] 3a BiANOBiAHI inTepBasn yacy ¢, t,.

3HaAUeHHSA UX IIBUAKOCTEH MOKe He 30irarucsa. Hanpukaazn, AKIIIO TPAEKTO-
pida pyxy kpuBoJsriniina. [IpoiigeHn MIIAX 3aBK AW O1LIBIITNI 3a IEPEMIiIeHHA.

o 6usnauae cepedns weudxicms nPamoniHiliH020 HePiI6HOMIPHO20 PYXY?
Hanpukniang, pyxamouyuch IpPAMOJIiHiiTHO, aBTOMO00ib 3a 1 rog mpoixas 60 kM. OT:xe,
cepemHA MIBUAKICTB ioro pyxy — 60 Km/roz. Ajie aBTOMOOiJIb IPOTATOM ITi€ei TOAMHYT
Mir rajpMyBaTH nepep cBiTaodopamMu, 3yIUHATUCH i BHOBY Ha0UPaTU MIBUAKICTD.
ToMmy M1 He MOXKeMO 3HATH, AKOI0 O0yJja oro MBUAKICTh, HATPUKJIAL, uepe3 10 xB
BiJ TIOUATKY PYXY, 1 AKe mepeMileHHs 3aificHuB aBToM00iab 3a 11i 10 XB.
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Takum uumHOM, CepefHs IIBUAKICTbL XapaKTEepU3ye
pyX Tijia Ha MEeBHIiU MiJIAHII TpaeKTOpii 3a 6ecv uac
PYXy, aje He mae iH(opMaIllii Ipo pyxX Tija y meBHil
TOUYI[i TPAaeKTOPii (Y IeBHUIT MOMEHT Yacy).

Oco0uBiCTIO MEXaHIUHOI0 PYXY € HOro HelepepBHICTh: Hi KOOpAMHATH Tija, Hi
oro MIBUAKICTh He MOKYTh 3MiHIOBATHCEH CTpUOKaMu. ToMy IJId XapaKTePUCTUKY He-
PiBHOMipHOT0 PyXy 3aCTOCOBYIOTH OHATTSA MUMIM E€60T WEUOKOCMI.

1106 BU3HAUUTH MUTTEBY IIIBUAKICTH TPeba 3MEHIITyBAaTH iHTEPBAJ Yacy, 3a AKUI
3IiMICHIOEThCA IIepeMileHHsa. YuM MeHIIuM Oyae 1eli inTepBaJl, TUM MEHIIIe IIepeMi-
IeHHA 31 icHIOBaTUMe TiJ10 (Ma1.45).
Kosm mBUAKiCT, BU3HAUATIMETHCSA
3a JOCUTh KOPOTKUI iHTepBaJ dacy
At — 0 i mepeminienssa 0yae MaaIuM
(mabamxaeTbea A0 Toukum S — 0),
TO Api6 S/At IpsAAMYE 0 IesIKOro rpa-
HUYHOT'O 3HAYEHHS, TOOTO IIIBUAKICTh
OPaKTUYHO He 3MiHIOBATUMETBLCS Hi

3a 3HAUEHHAM, Hi 33 HAIIPAMOM. Man. 42. JJo 6u3naveHna mummesoi ueudxocmi
I'parnnune sHaueHHsa (Merka, TPAHUILA), IO AKOTO IPs-
é mye api6 AS / A t pu At — 0 Ha3UBAIOTh MUMM EBOIO

weudxicmio y IeBHil TouIri a00 y IIeBHUIT MOMEHT Yacy.
MareMaTHUHO Iie 3aINCYEThCS Tak: U =1im(As / At) .
At—0

Bupas lim osumauae «rpaHuisa», a supas At — 0, 300pakeHuii i g HuM, IIoKasye,
3a AKOI YMOBU I TPAHUILA OTPUMAHA.

MuwuTTeBa MBUIKICTE 30i2a€mMbCs 3 HANPAMOM MO20 MAJL020 NePeMiuLeHHS, SAKe
30iiicHI0€ mino 3a documyb KOPOMKULL iHmepea uacy.

Came MUTTEBY IIBUAKICTD (hiKCyE CcITifoMeTp aBTOMOO1Is.

Hapnani, ropopsaYm mpo IMIBUAKICTHE HEPIBHOMIPHOTO PyXy, MU MaATHMEMO Ha
yBasi caMe MUTTEBY IIBUAKICTD.

IIpo MuTTEBY MIBUAKICTh MOKHA TOBOPUTU ¥ Y BUIAAKY PiBHOMipHOTO PyXYy.
MuwuTTeBa MIBUAKICTH PIBHOMIPHOTO PYXY B OyAb-sKill TOUIli i y OyAb-AKUN Yac € 0]~
HaKOBOIO.

MuwuTTeBa MIBUAKICTH HEPIBHOMIPHOTO PYXY B PI3HUX TOUKAaX TPAEKTOPiiiy pis-
Hi MOMeHTH Yacy — pisHa.

dDizuunnii 3mict nmoximuoi. MuTTEBa MBUIKICTh BUSHAUAE MeXAHIYHUL ((Qi3uy-
Huil ) 3micm noxioHoi.

Buxogsauu 3 o3HAaUEeHHS MUTTEBOI IITBUAKOCTI BigHOIIeHHS AS / A ¢ HA3UBaIOTh
noxidnol éexmopa nepemiueHHa s 610 wacy t.

Disuunul (mexaniuHuil) 3micm noxiOHOL: BeJIU-
YMHA MUTTEBOI IBUAKOCTi y MOMEHT 4acy ¢, JOPiBHIOE
é 3HAUEHHIO OXifHOI BiJ mepemimenssa s’ y Touni Ly
V=lim(AS /At)=5§".
At—0




OcKinbKU MepeMillleHHA TOYKM Y MMPOCTOPi MOKHA PO3TJIALATH SK OAHOYACHY

3MiHY BCix I KOOpAMHAT, TO MOYKHA BU3HAUNUTU MUTTEBY INIBUAKICTH TOUKHU y Ha-
opAMi BifmoBimHOI oci:

. Ax . Ay, . Az,
v, =lim—=x"; v, =lim—~=y"; v, =lim—=2".
A0 At Yo a0 At

Huxue momamo TabauuHi 3HaUEeHHA TOXITHUX AeaKuX QYHKIIN, AKi MUI BUKO-

PHCTOBYBATUMEMO ITiJl YaC BUBUEHHS MeXaHIKU:

(t)y=1;
t"Y =nt"";
(sino) =cosa;

(cosa)’ =—sina. .
¢’=0 — moxingHa Bij cTan0i BeIMYNHY JOPiBHIOE HYJIIO.
Hagsememo npukIagy BU3HAYEHHS IIOXiHOL:

a) x=t+t+2; x'=(t*+t+2)=2t+1;

6) y=3x"; y'=(8x*)'=3-2x=6x;

B) x:2sin0c+§; x'=(2sin(x+§)':200sa;

r) x =2sin(o +§) ; %' =(2sin(a +§))’ = 2cos(o.+ g) ;

1) x=10cos2nt — e BUIIALOK CKJIaAeHOl PYHKII. ¥ IIbOMY BUIIAAKY CIIEPIIY

BusHauaioTh noxigay (10cos2nt) =-10sin2nt , a morim moxizry (2rnt) =27, a pe-
3yJIbTAT 3alUCYIOTh: X =—10-21sin 2t =—-20nsin 2wt .

Daiite BignoBiai Ha 3anuTaHHA

1. Hasgimio BBOAATH MOHATTS CEPeaHbOI Ta MUTTEBOI mBUAKO0cTi? Koau 3acTo-

COBYIOTHb KOMHE 3 HUX IJIA OIINCY pyxy‘7

2. Yuwm BifpisHAETHCA cepenHs IIIBUAKICTD IepeMillleHHA BiJl cepeHbOI IITBU-

KOCTi IPOXOI/KeHHS MIIAXY?

. As . .. . ..
3. IIlo osHauae Bupas hmA— ? Y yomy mossirae pisuuHMUHA 3MicT mOXigHOI?
At—-0 At

Mpuknag po3e’s3yBaHHs 3apay

3amaua. Besocumnenuct mmepimy moJOBUHY Yacy I Yac mepeisay 3 OJJHOrO IYHK-
Ty B iHIIM# IxaB 3i mBuAKicTio 12 KM/T0ox, a APYry HOJOBUHY UYacy (uepes IPOKOJI
IMINHT) AIMOB iKY 31 MBUAKIiCTIO 4 KM/rox. SIka cepeqHs IMIBUAKICTE PyXy BeJO-
cunegucra?
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Hdano: Posé’asanns:
v =12 KM PosrisgaTumemo pyx BesiocUIleIUCTa BigHOCHO qoporu (maJ. 43).

! rog &5

2 =4 ;

Tox
t
B

t =t =—

1 2 2
v, —-?

Man. 43. 1o 3agaui

Pyx Besocumenucra B IiJloMy HepiBHOMipHUII, ajie Ha IePIIii i Apyriil yacTu-
HaX MIJIAXY BiH pyxaBcs PiBHOMIPHO 3 BiATOBIAHUMU ITBUAKOCTSIMMU.
Toni Mmoxysi nepemileHHA S, =Vt 1 8, =V,t,.

. § +8, . . ..
Cepenua mBUAKICTE pyxy v, = ——. IligcraBadaioun BiAnoBigHI BUpasu g4 me-
1 2

. . t
peMiImeHHA i BpaxoByouH, II[0 38 YMOBOIO ¢, =t, = 3 OTPUMYEMO:

t
o = Vit + 0t E(UIH)Z)_ v, +,
.= = = .

t, +1t, t 2

12 M 4 BV
TOof, rog _ 8 KM
2 rof

O6uuncieHHA: L, = .

Bignogias: v, = 8 KMm/roz.

IIpoamasisyemo BigmoBigs. CepeqHs MIBUAKICTh PYyXY BUSHAUAETHCA K CEPEIHE
apudmeruuHe ii 3HaUeHb. AJle TOAIOHNM YMHOM BOHA BU3HAYAETHCA JIUITIE Y BUTIA-
Ky, KOJIM iHTepBaau yacy ogHaKoBi. MoskeTe mepeKOHATHUCH Y IbOMY, PO3B’ A3aBIIIN
IepIry 3asady BIPaBU 5.

@ BnpaBa 5

1. Ilepiry MOJOBUHY NIJIAXY BEJOCUIIEAUCT PyxXaBcs 3i mBuaKicTio 12 KM/To,
a Ipyry mOJOBUHY — (Uepes3 MPOKOJ IITMHU) UITTOB MillIKY 3i MIBUAKICTIO 4 KM/TOA.
fxoro Oye cepeHA MIBUAKICTD PYXY BEJOCUIIEAUCTA Y IIOMY BUIIAJKY ?

2. Benocunenuct 3a mnepii 5 ¢ npoixas 40 M, 3a Hactynui 10 ¢ — 100 M, a 3a
octaHHi 5 ¢ — 20 M. BusHaunTu cepeaHi MIBUAKOCTI HA KOMKHil 3 IiJIAHOK i Ha BChO-
MY ILISXY.

3. ABTOMOOi,TE IPOXOAWTH MEPITYy TPETUHY NMIIAXY 31 MBUAKICTIO L, & Ty Jac-
TUHY IIAXY, 10 3aJUIINIAacA, 31 MBUAKICTIO L, = 50 KM/rox. BusnaunTu mBuji-
KicTb pyXy aBTOMOOiJIS HA MEePIHIii JiIgHIT IIAXY, SKII0 CePeaH IMBUIKICTD PYXY
v, =37,5 Km/rox.




4. ABToMO0Gisb IPOiXaB BifcTaHb Big A mo B 3i mBuaKicTio 60 KM/roj, a Hazan
moBepTaBca 3i mBuAKicTIO 20 KM/ToA. Ka cepefHs IMBUAKICTD pyXy aBTOMOOGiIA?

5. Besocuneguct ixas 3 ogHOro micra mo immoro. OgHy YacTHUHY HIIAXY BiH
mpoixas 3i mBuAKicTIO 12 KM/Toz, iy — 3i mBuaKicTio 6 KM/Tox. IloTim (o KiH-
I IMLIAXY) WIMTOB HillIK| 3i mBuAKicTIO 4 KM/roa. BusHaunTu cepeaHio IIIBUAKICTD
PYXY BeJIOCUIIEQMCTA Ha BCbOMY IILIAXY.

6. IToTar mepiry MOJOBUHY LIJIAXY PyXaBced 3i miBuakicTio B n = 1,5 pasa 0ib-
11010, HiK IIiJ yac JoJaHHSA IPYyTroi moJIOBUHU NLIAXY. CepenHs IIBUIKICTD IToisma
HA BCHOMY ILIAXY cTaHOBUJA 43,5 KM/Tof. SIKi MBUAKOCTI pyXy mOoTATa Ha IIEPIITii
i ppyriii moIoBUHAX MLIAXY?

7. Pyx maTepiaJbHOI TOUKH 3aJaHO PiBHAHHAM X = at + bt? + ct3, tea=5 m/c,
b=0,2m/c? c=0,1 m/c’. BusHAUNTH NIBUAKICTh TOUKK Yy MOMEHTH yacy ¢, =2 ¢ Ta
t, =4 c, a TAKOXK CePeIHIO IIBUAKICTb IPOTArOM iHTepBaly 4acy Bix ¢, 1o t,. [Ipu pos-
B’sI3yBaHHI 3aa4i CKOPUCTATUCH HOHATTSIM IIOXigHOI.

§ 10 MpaAMOiIHINHMA PIBHONMPUCKOPEHUN PyX

v IT PUCKOPEHHA.
4 PisHonpuckopeHuil npamoRiniilHUll pyx.
v’ ITeudricmy i nepemiujeHns pi6HONPUCKOPEHO20 PYXY.

IIpuckopenna. IIpu HepiBHOMipHOMY pyci HMIBUAKiCTH (mmam’sraiiTe, IO MU
MaeMO HA yBal3i MUTTEBY IMTBUAKICTH, ajie CJIOBO «MUTTEBAa» AJIA CIHPOIIEHHA He
B)KMBATUMEMO) V PIBHUX TOUKAaX TPAEKTOPii i y pidHi MoMeHTH yacy — pisua. ToOTO
MIBUAKICTh IIOCTiHAHO 3MiHIOETHCA BiJf TOUKM 4O TOUKH, BiJi OJHOTO MOMEHTY Yacy IO
HACTYITHOTO.

ITix vac pyxy MIBUAKiICTh MOXKe 3MiHIOBATUCSA II0-Pi3HOMY — AysKe CTPiMKO (pyx
KYJIi B pYIIHUILL, CTaPT PaKeTHu, Po30ir JiTaxka) i MoOpiBHAHO IIOBiIbHO (II0YATOK PYXY
moTAra, raJbMyBaHHA aBTOMOOiA). OUeBUIHO, IJIs XapaKTEePUCTUKU CTPIiMKOCTI
3MiHU IIIBUIKOCTI Ma€e icHyBaTu meBHa (pisuuHa BesmumHa. Y (GisuIli 1o BeInUuHy
Ha3WBAIOTh NPUCKOPEHHAM.

IIpuckopennsa (G) — BEeKTOpHA BeJIMYMHA, IIT0 BUSHA-
YAETHCS Bi THOIIIEHHAM 3MiHU IITBUAKOCTI TijIa IO iHTep-
BaJIy 4acy, IPOTATOM AKOTO Bifi0yaacs Taka 3MiHa:
V-, _ AD

At At
e U, — MOYaTKOBA MMBUAKICTE Tina, U — #oro Kinmesa
MIBUAKICTh, At — iHTepBaJ Yacy, IPOTATOM SIKOTO Bif-
OyJiacs 3MiHa IITBUAKOCTI.

a

U
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OpuHUIA IPUCKOPEHHA — METP 34 CeKYHAY B KBajpari, [a]=1 m/c2.

OCKiJIbKY IPHUCKOPEHHA XapaKTepu3ye CTPIMKiCTh 3MiHM IIBUAKOCTI Tija Imifg
yac Moro HEPiBHOMIPHOTO PyXy, a caMa IIBUAKICTh XapaKTepusye CTPIMKiCTh 3MiHMT
MOJIOXKeHHs (KOOPAWHATH) Tija, TO Ii BeJIMUYMHN MeBHUM UMHOM IIOB’s3aHi omgHa 3

OIHOIO. -
AV

Bupas At

; XapaKTepU3ye CepesHIo 3a Jac At CTPIMKiCcTh 3MiHH IIBUIKOCTI

pyxy MatepianbHOl TouKu. Ile Ha3uBaIOTL cepednHim nPUCKOPEHHAM.
SKII0 3MeHIITyBaTH iHTEPBAJ Uacy, 3a AKUU 3MiHIOETLCS MIBUAKICTh, TO, UMM
MeHIIUM Oyne e intepsan At — 0, TUM MeHIIO0 Oyae 3MiHa mBugKocti AV —0,

. AV
a 1npib A_t OpAMYE 0 AeSIKOTO TPAaHWYHOTO 3HAUeHHA. 1[I0 rpaHmUIio Ha3MBAIOTH

. _ ... Av
MUMMmMEBUM NPUCKOPEHHAM TOYKU Yy IIEBHUU MOMEHT Hacy: a = hmA_ = 1), .
At—=0 At

Pyx rinma, mpu AKoMy 3a OyaIb-AKi 0JHAKOBi iHTEepBAa-
JIX Yacy IMBUAKICTb PyXYy Tija 3MiHIOETHCS OLHAKOBO,
é TOOTO IPUCKOPEHHS IIil Yac PyxXy Tijla 3aJIUINAEThCS
BeCh Yac CTAJUM 3a HANIPSAMOM i UMCJIOBUM 3HAYEH-
HAM: G = const, Ha3UBAETHCA PIBHONPUCKOPEHUM .

Pinonmpuckopenuii npamoliniiinuii pyx. PienonpuckoperHuil npamoninii-
Hull pyx Moske OyTHU BJIacHE NPUCKOPEHUM, AKIIIO IIBUAKICTH Tija 3 4acoM 3pOCTae
(maan. 44) i BekTOPHU V,V,,d HAPaBJIeHi B OquH 0iK, i cnosinbHeHuM, AKINO IIBU]-
KicTb cnagae (man. 45) i BeKTOp G HaIpaBJIEHUIl IPOTUJIEKHO JO BEKTOPiB U,V .

U — U, a a U — U,
—_— — -« «—
5, o 5, o
—  — — —
0 X 0 X
Man. 44. IIpuckopeHnii pyx Man. 45. CrioBinbHEHMIT PyX

3eeprims ysaezy! Y nocibHuKax 3 hisuKuy i B 3ajauax BXKUBAIOTH TiIbKYU TEPMiH
«PiBHOIIPUCKOPEHNU PyX », 3BasKal0U’ Ha Te, 1110 PiBHOCIOBLIIbHEHU M PYX BiApisHA-
€ThCS 3HAKOM IIPOEKIIil BeKTOpa MIPUCKOPEHHS.

3HaueHHA MPUCKOPEHHA PYyXY BU3HAYAETHCA, BUXONAYU 3 BEKTOPHUX BJIACTH-
BoOCTeM 11iel (pisuuHOl Bemumunum. 30KpeMa, y IpoeKIlisax Ha Bicb X MaTuMeMO BUPa3
11 IPUCKOPEHHA:

Dx — DOx

a, =—"—-2%,
t




¥ BuUmagKy IPUCKOPEHOTO PYXY a > 0, OCKIIbKY MIBUAKICT PyXy 301iIbIIYy€ETh-
cA, OToKe, L — U, > 0 i BEKTOD IPUCKOPEHHA 30ira€ThCA 3 HAIIPAMOM PYXY.

SIKITI0 pyX CIIOBiNIbHEHUH i IIBUAKICTD 3 YacoM 3MeHITyeThesd (L —v, <0,a _<0),
TO i BEKTOP IPUCKOPEHHA HAIPABJICHUN IPOTUJIEIKHO 10 HAIPAMY PYXY.

IIpome cnid nam’ama-
mu, w0 3HaAK npoexyii npu- 5 = -

CKOPeHHA uje 3anexrumb 610 —> - <«
eubopy cucmemu 6i0niKy. ) 0, 0, )

Y 1IbOMY JIETKO IIepeKo-
HATUCh, AKII0 POSTIAHYTU
BUMIAOK, KOJU Oo0uaBa Tija
pyxaroThc, HaIIpUKJIAL,
PiBHOIIDUCKODEHO, aje y Man. 46. PiBHOIpHCKOPEHU PyX TiJI,
IPOTUJIEHHUX Hanpamax 1[0 PYXaIOTHCA HA3yCTPIi4 OJUH OTHOMY
(maan. 46).

IIIBuakicTsh i mepeMinieHHA PiBHONIPUCKOPEHOTO PYXYy. I3 hopMy1 AJ1d IPUCKO-
PeHHS JIETKO OTPUMATH KiHemamuiHe Pi6HAHHA uéudxrocmi 014 pieHonpuckope-

HO20 pyxy: V=71, +dt abo B IpoeKIiax Ha oOpany Bicb X: v_=v, +a.t.
ITo6yayemo rpadik  piBHOHpPHCKO-
peHoro pyxy (mana. 47), piBHAHHA SKOTO
v, =V, +a.t. V. A B
T'padik mBugkocti pyxy — npama AB,
Bigpisku xoopauuat OA i OC pasom 3 op- K
IUHATOIO0 KiHIIEBOI IIBUAKOCTI YTBOPIOIOTH AL
tpaneliito OABC. IIpoBememo B Iiii Tpa-
mertii cepenuio Jinito DE. Yepes Touky E
mpoBeaeMo Binpisoxk KH, mapajeabHuR oci
yacy. 3 MaJIOHKa BUIHO, II[0 IIIBUAKICTD ¥
Tourri E 6iipIna Bij mOo4aTKOBOI MIBULKOCTI
V,, Ha Av_ i Ha Av, MeHIa Bif KiHIEeBOI
HIBUAKOCTI v, .

(=)

I

I

I

I

I

I

I
D c i
t

Orxe, y Tounli E cepeHs MBUAKICTD L,
3a yac pyxy t.
3 Kypcy reoMmeTpii Biomo, 1110 cepemHs
JiHiA Tparmerii fopiBHIOE IIiBCyMi OCHOB:
OA+BC Vg, TV

X X

ED=""""a6o v, =—2_ =
2 2

Man. 47. T'padik npoekuii mBuIKoCTI
PiBHOIIPHCKOPEHOTO PYXY

To6mo 0aa pieHONpPUCKOPEHO020 PYXY cepedna WEUOKiCMb 6U3HAUAEMBCA AK
cepedHne apudmemuuine.

Iligkpecaumo, 14 popMyJia CIIpaBedInBa TiJIbKU OJIs BUMAAKY PiBHOIPUCKO-
PEHOT0 PYyXY, YV BUIIAJIKY JOBLILHOTO HEPIBHOMIPHOTO PyXy CepeNHSA IIIBUAKICTH BU-

_ 8
3HaYaeThCs 3a GOPMYJIO UV, =—.
t
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MoskHa mepeKoHaTHUCh Y TOMY, IO IIepeMilleHHA IPU PiBHOIIPUCKOPEHOMY pyci
BupaxkaeTbea naoujero mpaneyii OABC (maa. 47). 3 xypey reometrpii Bimomo, 11o
IJIOIAa Tpamernii fopiBHIOe JOOYTKY HMiBCYMH OCHOB Ha BHCOTY. ¥ HAIIIOMY BUOALAKY
JOBXKHMHA OfHi€l OCHOBU V,, , iHIIIOI v, , BucoTa Tpanenii — t. IliBcyma ocHOB — 1€
cepeHsd JiHis Tpamerrii, To0TO, AK MU JOBEJIU, CePeNHA MIBUAKICTh PIBHOIIPUCKOPE-
HOTO PyXY.

Kimemaruuie piBHAHHSA IIePEeMiIlleHHS IPXU PiBHOIPHUCKOPEHOMY PYCi B IIPOEK-
IigX HA BUOPaHy Bich:

at’
S, =V, t+ 5

SIK1m0 moyaTKoOBa MBUAKICTE NOPiBHIOE HYIIO, TOV, =0, TO S = axt2 /2.
JJia npaMostiHifiHOTO PyXy IIPOEKI[is BEKTOpa IIepeMillleHHs BU3HAUAEThCA K
s, =x—x,, ToAl
a 2
x=x,+Vy,t+ "2 .

Mosxura BuBecTH # iHmnry hopMyJy I IepeMimnieHHs.

Iz v=v + t t= w
3 V,=V,ta,l BUPAa3NMO 49ac =

a

X

i migcTaBUMO #OTO Yy KiHEeMaTUUYHE

2

. . V.-V, a,[v,-v
PiBHAHHSA NEepPeMileHHs §, =V, —— & +—£| —£ 0 |

a, 2 a,
2 2
. VY-
ITicsst ciporTieHs: s, = ’62—0’6 , 200
a

x
2 2
vV, =V, =2a,8, .
IIi dhopmynm naroTh 3MOTy 3HANTH IIEPEMIIIIeHHA Tija, AKIIO BiIOMUMU € IIPU-
CKOPEeHHsA, MOUaTKOBA 1 KiHIleBa IMBUAKOCTI PyXy Tija.
Y BekTOpHiN (hopMmi KiHeMaTHuHI PiBHAHHSA PiBHOIPUCKOPEHOTO PYyXy MAaiOTh
BUTJIAL:

@ Daiite BianoBiAi Ha 3anUTaHHA

1. 3a Oyab-sKOT0O HEPiBHOMIPHOTO PYXy 3MiHIOETHCA IMIBUAKICTh. IK IPUCKO-
PEeHHA XapaKTepusye 110 3MiHy?

2. Sk cupsaMOBaHO BEKTOP MPUCKOPEHHSA NPU NPAMOJIHIAHOMY PiBHOIPHUCKO-
peHomy pyci? B sxoMy BuUHaAKy IIPOEKIisA IPUCKOPEHHS Ma€ IoJaTHE, a B AKOMY
Binm’emHe sHaueHHA?

3. IIIBuaKicTh IPAMOJIIHIHOrO PyXy Tijia MIoCeKYHAU 30iabiryeThesa HA 2 Y% :
a) Biy mouaTKOBOTO 3HAUEHHS; 0) BiJl 3HAUEHHSA MIBUAKOCTI Ha MOYATKY KOKHOI ce-
KyHAu. YU cTasie IPUCKOPEHH Tijia B 000X BUIAagKax?




4. Tiso moumHae pyxXaTucCh i3 CTaHy CIOKOI0 IIPAMOJIiHITHO, IPOXOAAYN II[0CE-
KYHAY IILIAX, Ha 1 M OibIniuii, HidK 3a monepeHIO CeKyHAY. Uu cTaje IpUCKOPEeHHA
Tima?

5. Uu MOKYTH ABa Tija, AKi pyXaloThbCs II0 OAHiN OpAMili B IPOTUJIEKHUX Ha-
mpsaMax, MaTU OJJHAKOBI BEKTOPY MPUCKOPEHD?

@ Mpuknap po3s’s3yBaHHA 3apau

YpaxoByroun, III0 BCi Tpu BeKTOPHU V, V), & CIPAMOBaHI B3JI0BXK ofHiel mpsamoi,
TO MOOY i ix npoekyill 00piéHI0IOMb MOJYNI0 CAMUX 6eKMOPiE, A 3HAKU NPOeKYill
6U3HAUAIOMbCA MUM, AK HANLPAGLEHi 6eKMOopPU 6i0HOCHO 6ubpanoi KoopduHam-
HOt oci. SIKII0 3HAKY ITPOEKI[ill BEKTOPiB T)O ia coiBmamaoTh, TO MOAYJIb IIIBUAKOCTL
V 3POCTAE 3 YACOM — MiN0 PO32AHAEMbCA L 6¢i 6eKkmopu V, V), G HANPAELeHi 6 00UH
6ix. SIxkmo v, i d mpoTuIekHi, TO TiNO — 2anbMyYe€E, i 6eKMOpP G4 HANPa8LEeHUL NLPO-
muanexno 0o 6ekmopié ,V, .

3anaua. PiBuanua pyxy Tina sagaHo y Burani x =15t +0,4t, e Bci BenunHM
sdamano B Cl. BusHaumnTu mouaTKOBY IIBUAKICTD i IPUCKOPEHHA PYyXY Tijia, a TAKOMK
KOODJAMHATY i IIBUAKICTL PyXy Tijla uepes 5 c.

Hano: Po3sé’a3anna:
x=15t+0,4t%; ITopiBHAEMO Iie PiBHAHHA PyXy X =15t +0,4t” i3 saraapHUM:
t=>5c¢c axtz
x=x,+V,,t+ .

v, —7?

_9 .. .
a ? OueBugno, mo x, =0, KoedimienT npu ¢ nopisuioe v =15M/c,
X _"? a opu t? Bignosiguo a/2 = 0,4, sBigku a = 0,8 m/c?.
V-7

Koopaunary uepes 5 ¢ BUBHAUMMO 3 PiBHAHHSA Ipu £ = 5 C:

0,8

M

x=15=-5¢c+—C .5%c*=85m.
c 2

[IBuakicTe pyxy Tila BUSHAYUMO 3a (PopMyI00 L =V, +at mpu t =5 c:

v=15"+0,83-5c=19m/c .
C C

BusHauuTu 3HaUeHHSA IMIBUAKOCTI i MPUCKOPEHHA MOKHA, CKOPUCTABIIINCH Ta-
KOJK BUBHAUEHHAM IIOXiTHOI.
M
2

v=x'=(15t+0,4t2) =15+0,8¢ , mpu £ = 5 c: V=15"2+0,8
C C

a=v"=(15+0,8t)'=0,8Mm/c’ .

5¢=19 M/c.

Bizmosinm: v, =15M/c;a=0,8Mm/c’; x=85M; v=19m/c.




KimemaTnKa mocTynajbsHOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaIbHOI TOUKH

@ BnpaBa 6

1. Pyx marepianbHOl TOuKM 3amaHo piBHAHHAME: X = 812 + 4; y =62 — 3; 2 =0.
Bei Benuunnu 3anucamo B CI. BusHaunTy MoayJIi IIBUAKOCTI Ta HPHUCKOPEHHS Y MO-
meHT yacy ¢t =10 c.

2. fAxwuii max mpoiige Tismo 3a yac £ = 10 ¢ Big mouaTKy pyxy, AKIIO PiBHAHHA
tioro pyxy x = 2t2+ 3t +4, y =3t>+ 4t — 2, z=0? (Bci Betmunnu 3anucauo B CI).

3. ITo cxuny 3aBmoB:kKu 100 M amkHUK 3’ixaB 3a 20 ¢, pyxaounch i3 IPUCKO-
peunam 0,3 m/c?. fIKy mBUAKiCTD MaB JIMKHUK HA ITOYATKY 1 B KiHIli cxmiay?

4. KyJabKa, 1110 KOTUTHCS IIOX UM 3K0JI000M 3i CTaHy CIIOKO0I0, 3a IIePIIY CeKYH-
oy aopoiinia 10 em. Aruit mIAX KyJabKa Ipoiife 3a TPU CeKyHIu?

5. Y cKinbKU pasiB IMIBUAKICTh PyXY KYJIi ycepeauHi cTBoJa PYIIHUII MeHIIa,
Hi IIig uac mocTpiay?

6. Timo, pyxaiounch piBHOIPUCKOPEHO, IPOTATOM UETBEPTOI CEKYHAM ITPOMIILIO
35 M. 3 AKMM IIPUCKOPEHHAM PyXaaoch Tiio? SIKa foro MBUAKICTh HATTPUKIHITI UeTBep-
TOI, a TAKOXK HEeCATOl CeKyHIU PyxXy? KU ILIaX IPOMIILIO TijIo 3a APYTY, a TAKOMK 3a
I’ ATY CeKYyHIY? KUl MIIAX IPOMIILIO TiJIO 3a APYTY 1 TPETIO CeKYHIM, PA30M Y3ATi?

7. 3auac t = 10 c Tijo mpoiiio s = 18 M, Tpu IIbOMY H0T0 IITBUIKICTE 301IBITTMIACE
y n =5 pagiB. Braskatouu pyX piBHOIPMCKOPEHUM, BUSHAUNTH MMPUCKOPEHHA Tija.

8. Tino, ke pyxajaoch PiBHOMipHO 3 IIBUAKICTIO 2 M/C, 3 IESIKOI TOUKM A IOYN-
Hae pyxartucsk 3 mpuckopenusam 0,5 m/c2. Yepes 30 c i3 miei camoi Touku ciigom 3a
TIEPIITUM TiJIOM IIOUMHAE PYXATUCh 13 TOYATKOBOIO MIBUAKICTIO b M/C i IPUCKOPEeHHAM
2 m/c? ppyre Tino. Yepes CKibKM Uacy Apyre Tijo Ha3goKeHe mepiie?

9. Tino moumHae Pyx 3 TOUKU A i pyXaeThCsa CHepIly PiBHOMPUCKOPEHO IIPOTS-
rom uacy ¢, a IOTiM 3 TUM CAMUM 32 MOJIyJIeM IPUCKOPEHHSAM — CIIOBiIbHEHO. Yepes
AKUWH Yac Bifi TOYATKY PYXY TijI0o TOBEPHEThCA y TOUKY A?

10. HoBexmiTs, 110 Hif Yac IPSIMOJIIHIHOrO PiBHOIPHCKOPEHOro Pyxy 6es IIo-
9YaTKOBOI IIBUKOCTI CIIPAB/PKYETHCA PIBHICTB 8, : S, ... 8 =1:3:...(2n - 1) — Bix-
cTaHi, AKi TPOXOIUTH TiJIO 3a ITOCIiIOBHI OTHAKOBI iHTEpBAaJN Uacy, BiTHOCATbCA AK
TIOCJiTOBHI HeIlapHi umea.

§ 1 1 FpadiyHe 300pakeHHS PIBHONPUCKOPEHOIro PyxXy

4 I'pagix npoexuyii npuckopernns a_=a_(t).
I'pagix npoexyii weudrocmiv =v_(t).
4 I'pagir npoexyii nepemiwenna s = s _(t) i koopdunamu x = x ().

I'padix npoexuii npuckopenns a = a_(¢). OCKiIbKY mif yac piBHOIPHUCKODe-
HOTO PYyXY HPUCKOPEHHS € BeJIUUYNHOIO CTAJIO0I0, TO Ipad)iKoM 3a/Ie;KHOCTI IPOeKITil
MPUCKOPEHHS Bij yacy € mpsaMa, napaJejabHa oci yacy (ma.. 48).

3a maomiero ¢irypu, ooMe:keHol rpa)ikoM Ta MEPIEeHIUKYJIIPOM, OIYIIeHIM
Ha BiCch Yacy, MOKHA BUSHAUUTH IIBUKICTL PyXYy Tijla y IeBHUY MOMEHT 4Yacy t,.




I'padix npoexuii meuakocri v_=v_(t). K BuaHO 3 PiB-

a A HAHHA V, =V, +a,, 3aJeKHICTb IPOEKIil MBUIKOCTIL Bix
a,>0 yacy JiHiiHa, Tomy rpadikom € mpama (ma.. 49) (mopiBHAM-
/' Te 3 BimomuM Bam rpadikom QyHKILI y =ax + b, §4).
0 lll >, Kyt maxuny rpadgiky 3ajaeXHOCTI IPOEKIii IIIBUIKO-
cTi Bijf yacy BU3HAYAETHCA YUCIOBUM 3HAUEHHAM IPUCKO-
a,<0 peHHs, aKe rpadiuyHO MOKHA BUBHAUUTHU TaK:
a=2"% =tgpP.
Man. 48. I'padik t
NPOEKIil NPHCKOPEHHs 3a miomeio dirypu obmesxeHOl rpadikoM ITBUIKOCTI
Ta MePHEeHIUKYJIAPOM, OIIYIIIeHNM Ha BiCh Yacy MOKHA BU3-
Ve a HAUYUTU JOBKUHY IPOMIEHOTO IIIAXY Ha JaHUI MOMEHT Yacy
t,. Takosx 3a M rpa)iKoM MOXKHA 3aIIMCATU 3aKOH PyXY.
Uy 3ajIe:KHO BiJf IIPOEKI[il IPMCKOPEeHHS i II0YaTKOBOI
MBUAKOCTI pyxy Tina rpadik MaTume pPi3HUUA BUTJIAL.
Yo Tax, nas 3o0paskeHuX Ha Mal. 50 rpadikax BUKOHYIOTHCSA
0 >t raki YMOBHU:
Do ,>0,a >0; v A 3
- 2)v ,>0,a _<0;
Man. 49. I'pagir ) 3) L, < 0, a, > 0; /1
IMPOEKI1l IIBUIKOCT1 4) on < 0’ ax < 0' /
Sxmo v , = 0, To mpsAMa BUXOAUTUME 3 IO~ Vo: >0 N
YJaTKy KOOPAMHAT i, 3aJIe3KHO BiJl 3HAUEHHSA IIPO- >
eKIlii mpucKopeHHs, Oyae HalIpaBieHa Bropy abo 0 t
BHM3. Hampam IpaMUX 3aJeKUTh Bij 3HAaUeHHS V. <0
MIPUCKOPEHHSA: YUM OibIlle #10T0 3HAUEHHS, TUM 4
KpyTillle 3miiMaeThCcs UM cmajmgae rpadik. 3sep- 2

HiTH yBary Ha Te, 110 zpagiku 2 i 3 mepeTUHAIOTH
Bice uacy. Ile osmauae, mo y geaxuit moment Mazr.50. Burasaxrpadika v =v (1)
yacy iX IIBUAKICTL HOpiBHIOBaAJIA HYJIO (TijIO 3y- npu BiﬂHOBiﬂHFX SHAUEHHIAX
IUHAJIOCH) i IIPOJIOBIKYBAJIO PYX Y 3BOPOTHOMY Veo 1 &y
HaIpAMi.

I'padix npoekuii nepemimenns s _=s_(t) i koopaunaru x = x (¢). Kinemaruuni

a,t’ at’

PiBHAHHA IPOEKIil nepemimieHHd s, =V, t+ ’“2 i KoopAmHATU X =X, +V,, t+ xz

€ KBaJPAaTHUMU DIBHAHHAMU BUTJIALY Y = ¢ + bx + ax?, Tomy rpadikamu sajex-
HOCTi mpoekIrili mepemilneHHs i KoopauHaTu Bin uacy € mapabosu (mmB. §4).
Tinxu mux mapaboJ 3rigHo 3 mapaMeTpaMu PyXy MAlOTh PisHUMN BUTJIAL.

dArxmov, =0ia_ >0, rorpadiku MarOTs BUTJIAL, AK Ha MaAL. 51.

fxmov, =0ia_ <0, To rinku mapabosu sopieHTOBaHi BHUS (MAL. 52).

Axmo v,, #01 x, #0 , To BepmuHa napaboau 3MilyeTbCA B TOUKY, KOOPJUHA-

Y

. .. Y
TH AKOI BUBHAYAIOTHCA CIIiBBiHOMIEHHAMU: X =X, ——, t =——> (Mma.r. 53).
a




KimemaTnKa mocTynajbsHOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaIbHOI TOUKH

XA
s, A a,>0 sx_A a, <0 //\ .
t // t
I/ A
// / x,>0
] /
t // x,=0
/ x,<0

Maun. 51. 'padik npoekuii nepeminmesusa Man. 52. T'padik npoekuii nepeminesHa

i koopmuaaTu mpu v, =0ia >0 i koopmuuaTu mpu v, =0ia >0
3a (QisMYHUM 3MicTOM IIBUAKiICTH xA 1
€ TOXifHO0 Bij nepemimjeH:s, BOA- —— 7\ \ /
HOYAC 32 TEeOMETPUYHUM 3MiCTOM IIO- | _
XifHa BUB3HAYAETHCA KYTOM HAXWIY 0 | Tt
IOTUYHOI IO KPUBOI, TOMY INBUIKiCTH |
pyXy Tijia y NEeBHUN MOMEHT dYacy t, :
BU3HAYAETHCA TAHTEHCOM KyTa Ha- |
XUJIYy IOOTHUYHOI mo rpadika mpoexmii |/ o
mepemimieHHa i Biccro uwacy (man. 54) 2
v =tga.
3a 3MiHOIO KyTa HaXWJIy HOTHUYHUX Man. 53. I'pacix pyxy npu:
Io rpadgika MoOKHa IPOCIiIKyBaTu 3a 1.v,,>0,a <0;2.v,<0,a >0
3MiHOIO MIBUAKOCTI PyXy TiJja.
Oco06imBoCTi 1100y mOBY rpadika IIs- S, A Man. 54.
Xy PiBHOIIPUCKOpPEHOTO pyxy I = [(t) mona- Sa ranrencom Kyra
. . HaXUJy TOTUYIHOIL 10
raloTh Y TOMY, III0 BiH PO3TAIIIOBAHUN BU- o

rpadika npoeruii
nepeMilieHHI MOKHA
BU3HAYUTHU IIBUIKICTH

— Yy IeBHUUA MOMEHT
@ [aiiTe BiANOBiAj Ha 3aNUTaHHS 0 Lot uacy

1. ¥V akumx BuUmazkax rpadik mpo-
eKIIii IMBUAKOCTI PiBHOIPUCKOPEHOTO PYyXY HAaIPAMJIECHUH BrOpy, a B AKUX — BHU3?
IITo o3nauae mepeTuH rpadikoM MPoeKITii MBUAKOCTI oci yacy?

2. Sy dopmy mae rpadik mpoekirii mepemimtenua? Yum BigpisHAOTHCA Tpa-
diku mpoekIiii mepemiteHus i koopauuaTu?

3. PoskaxiTh, AK 3a rpa)ikaMu NPUCKOPEHHSA, MIBUAKOCTI Ta IepeMillleHHa
BUBHAUUTU:

a) MIBUAKOCTI 118 OyAb-AKOTO MOMEHTY Uacy 3a rpadikoM IPpUCKOPEHHS;

0) 3aKOH PyXy 3a rpad@ikoM IIIBUIKOCTI;

B) 3MiHY IIIBUAKOCTI 3a rpaikoM ImepeMilieHHs;

T') IPUCKOPEHH 3a rpadiKoM MIBUAKOCTI.

KJIIOUHO HaJ BiCCIO Yacy, OCKiIbKU ITLIAX |
He MO)Ke HaOyBaTH Bii’ €eMHUX 3HAUECHD. |




Mpuknaau po3B’s3yBaHHs 3agay

3amaua 1. 3a rpagdikom, 110 mae 3aamu (maJ. 55), HakpecauTu rpadik 3amerx-

HOCTI IIBUIKOCTI PyXy Tijla Bi 4acy Ta oXapakTepusyBaTH HOTo.
Po3é’a3annsa:

Posruisanemo rpadik 3ae:XHOCTI KOOPAMHATH BiJ{ 4acy: IPOTATOM 4acy ¢, Tijio pyxa-
JIocs piBHOMIipHO i mpaMoJiHitiHO (tga = v).

IIporsarom vacy Biz ¢, 10 t, — PiIBHOCIIOBiIbHEHO, IPUYOMY, OCKIIBKY B TOUKAX
B i A cuocTepiramoTbecs 3J1aMU, TO IIe 03HAUYAE, 110 IIBUAKICTL PYXY Tijla pisKo 3MiHu-
Jacsa: y rouni B Big v = tga mo v, = tga,, y Touni A Big v, =0, ockinbku o, = 0 10 L =

tga.

IIporarom uacy Bix t, no t, Tijo pyxanoch piBHOMiPHO 3 TaKOI0 CaMOI0 IMBU/KicC-

TIO, IO OyJIa i Ha MOYaTKy PyXYy.

x A /
/ |
// A _Ao 10,=0
| | ~
BAM | _\]' c
| : |
0 t ¢, t, ¢
Man. 55.
I'padik pyxy Tina
LV A B,
|
|
B A
| | |
| | |
| | |
| A
0 ¢ t, t, ¢
Maun. 56.

I'padik 3amexxHOCTI MBUAKOCTI Bix yacy

S

x

Man. 57.
I'padik mpoekii nepeminmennsa

Ockinbku rpadik 3a/1eKHOCTI KOOP-
OWHATHU BiJ yacy mMae 3JaMu, TO rpadir
3aJIEXKHOCTI MIBUJAKOCTI PyXy Bim uyacy
MaTuUMe DO3PUBH y MOMEHTH dacy t, Ta
t, (man. 56).

3anaua 2. 3a rpagikom mpoekIii me-
peMmimenHas (man. 57) mobyayBaTu rpa-
ik IMBUAKOCTI Ta IPUCKOPEHHS.

Po3é’a3anna:

3a rpadgikoM 3aJie;KHOCTi IMPoeKIrii
mepeMillleHHA Bif yacy mpoaHaai3yeMo
XapakTep pyxy Tija.

Ha mouarky pyxy M0 MOMeHTY ¢, Ti-
JI0 PYXA€EThCA Y HAIPAMIi IPOTUJIEIKHO-
My 10 Bici X, IpoeKIlia MBUAKOCTI PyXy
Big’emmua.

3 MOMEHTY uacy ¢, TijJio 3MiHIO€ Ha-
OpAM PYXY i 0 MOMEHTY ¢, PyXaeThCA
y manpami oci X. IIpoekiia mBugKoCTL
Ipu IbOMY AOAATHA.

Ockinbku Ha inrepsaui Big 0 mo ¢,
riJiku mapaboJi CIpPsSMOBaHi Bropy, TO
MPOTATOM I[HOT'0O IIePioAy IPUCKOPEHHS
TiJla 3aJUINAETHCA JOTATHIM.

Ilo MomMeHTY uacy ¢, TiIo IPOJOBIKYE
pyXaTuch y TOMY CAMOMY HAIIPAMi, IIPO-
eKIIis IMBUAKOCTI TomaTHa, ajie 3MeHIITy-
€ThCA 3a MOAYJIEM, TOMY IIPUCKOPEHHSA —
Big’emmue.

3 MOMEHTY f, TLJIIO 3MiHIOE€ HANPAM
PyXy i 10 MOMEHTY {, 3HOBY DYXa€TbCs
y HAIIpAMi, IpoTuIeKHOMY Bici X, Tomy
TIPOEeKIlid IITBUAKOCTI Bii’eMHa i 3pocTae




KimemaTHKa mocTynaj-HOTO Ta 00€PTAJIHHOTO PYXiB MaTepPiaJIbHOI TOUKH

3a MOZyJIEM, OCKiJIbKY ITPOTATOM yChOTO iHTEepBa-
Jy Bim t, 1o ¢, IPUCKOPEHHA Bix’eMHe (rigKu ma-
paboJiu HaITpaBJIeHi BHUS3).

I'padiku mpoermii mIBUAKOCTI Ta HPOEKITil
MIPUCKOPEHHS YKa3aHo Ha mMaJ. 58.

@ 1. Pyxm wmarepiasbHMX TOYOK 3aja-
HO TaKUMU DiBHAHHAMM: a)x, =10t+0,4¢";
6) x,=2t—t"; B) x,=—4t+2t"; r) x,=-t—6¢".
Bci Besnmmuunau 3anucano B CI. HanmmcaTu 3asesk-
HicTBb L = V(t) AJIA KOYKHOTO BUIIAIKY; TOOYAyBaTH
rpadgiky uX 3aJIeKHOCTeH; BUBHAUUTU BUL PYXY
Y KOJKHOMY BUIIAJKY.

2. Xiyonmuuk 3’IxaB Ha caHuaTax 3 I'OpH, IO
mae cxua 40 m, 3a 10 ¢, a moTim mmpoixaB 1o To-
pusoHTadbHIN gigaami me 20 M 1 3ynuHUBCA.
O0umcauT MIBUAKICTh Y KiHIII cXMy, IPUCKO-

Bnpaea 7

a.A

~
-
~
o
~
N
~

Man. 58. I'padiku npoeriii
HIBUIKOCTi Ta IPUCKOPEHHA

PEeHHA Ha KOXKHiN TiJMAHIN, 3araJbHUN Yac PyXy i CepemHIo IMIBUAKICTL HA BCHOMY

nuiaxy. Hakpecautu rpadik mBUAKOCTI.

3. Besocuneuct mepiiri 4 ¢ pyxaBces 3i cTaHy CIIOKOI0 3 MpucKopeHusam 1 m/c2, a
norim 0,1 xB iXaB piBHOMipHO, a ocTaHHi 20 M, IIOKU He 3YIIMHUBCA, PiBHOCIIOBiIbL-
HeHo. O0UMCIUTH CepefHIO IBUAKICTE 3a Bech uac pyxy. Ilobyaysaru rpadik v ().

4. Ha man. 59 nomauo rpadik 3ajie;KHOCTI KoopaumHaATH Tijna Bim uacy. Ilicas
MOMEHTY 4Yacy t, KpuBa rpadika — mapabosa. fIkuii pyx 306paxeHo Ha IbOMY I'pa-
Giry? ITobymyBaTu rpadik 3aaeXHOCTI IBUAKOCTI Tija Big uacy.

5. 3a HaBenleHUMU Ha Ma.l. 60 rpadikaMy HAIKMCATU PIBHAHHA 3aJI€KHOCTI L (t) i
piBusAHHS X = x(t). BBakaTu, 110 y mouatkoBuii MmomenT (¢ = 0) Tisio mepebyBae y mouar-
Ky KoopauHart (x = 0). [TobyayBaTu rpadiku 3ameKHoCTi x = x(t) 41 KOXKHOTO 3 TiJI.

6. 3a rpadikamu sanesxHoCTi a (t), HaBeneHuMu Ha ma.l. 61, ai 61, 0, mobymy-
Batu rpadikm v (¢), BBasKaiouu, 110 y IMOYaTKOBUHA MOMeHT 4acy (¢ = 0) mBuakicTs

PyXy MaTepiajibHOI TOUKU JOPiBHIOE HYJIIO.

7. Pyxu 1BOX aBTOMOOLNiB 10 IIOCe OMUCYIOThCA piBHAHHAME: X, = 2t + 0,2¢% i

20

10

v, M/C‘

II

—

2 4111 6 8 t,c

Man. 59. 1o 3amaui 4

Man. 60. 1o 3agaui 5




x, =80 — 4¢. Bcei Besimunny sanucano B CIL.

2
@, M/CA Omucatu KapTUHY PYyXy; BUSBHAUUTU Yac
1 i micme 3ycTpiui aBTOMOOGiNiB; BimcTaHb
MiK HUMHU yepes 5 ¢; KOOPAWHATY IepIIo-
0 > ro aBTOMOOiISA ¥ TOMl MOMEHT 4dacy, KoJu
1 2 3t,c Ipyruii mepeOyBaB Ha IIOYATKY BiAJiKY.
) Posp’sasaru 3agavuy anaaiTiamo i rpagivHo.
p DxA
a,, M/c’A
Vol — — — — I
11— | |
' |
0 > I
1 2 t e 0 | ! ,
T 27 3t 4t t
-1
) Y
Man. 61. 1o 3agaui 6 Man. 62. 1o 3agaui 8
v, M/CA 8. MarepiasbHa TOUKa
3+ pyxaeTbcsa B3mOBK Bici X 3i

oV

mBuaKicTIO V (man. 62). Oqunr
mif OZHUM HaAKDPEeCJUTU rpa-
(GiKM ITPOEKIIiA IIPUCKOPEHHS
a (t), nepemimnienns s (¢) Ta mpo-
npernoro nuiaxy I(t). Busnaum-
T cepelHE 3HAUEHHS MOMIYJIA
IMBUKOCTL 3a 4ac pyxy Bifg ¢ =
0 mo t =21.

9. Ha maxa. 63 HaBemeHo
rpadik ITBUAKOCTI Tijna, sKe
pyxaerbca mpamoJtiniiino. Ha
AKY MaKCUMAaJbHY BiflCTaHb Bil

Man. 63. 1o 3agaui 9

MOYATKOBOTO ITOJIOKEHHS Bif-
XOAUTH TiJIO 3a Uac pyxy?

10. HakpecuiTh rpadik 3aaeXHOCTi KOOPAMHATH BiJ yacy AJIs IIPAMOJIiHIAHOr0O
PYXY, III0 OAHOYACHO 3aJ0BOJILHSAE ABi BUMOTH: a) IIPOTATOM iHTepBaJy 4acy Bing 2
o 6 c cepenHS IIBUAKICTD PyXY AOPiBHIOE 5 M/c; 0) MaKcuMaJIbHa MIBUAKICTD IIPO-
TATOM TOT'O CAMOTO iHTepBaJy uacy mopiBHioe 15 m/c.




KimemaTHka mocTynajJbHOTO Ta 00€pPTaJbHOI0 PYXiB MaTepiaIibH

§ 12 BinbHe naaiHHA Tin —
npuknag piBHONMPUCKOPEHOro pyxy

v II PUCKOPEHHS 8iJ1bH020 NAJIHHA.
PieHAHHA pyxy mina y 6epMUKALbHOMY HANPAMI.

IIpuckopenHa BixbHOTO mafginHA. YyJoBUM MPUKJIALOM IPAMOJIIHIHHOTO piB-
HOIIPUCKOPEHOTO PYXY, III0 CIIOCTEPIiraeThCs y IIPUPOIi, € 8ilbHe NadiHHA mi.

TpuBanuit uac BBasKaJIu, I0 TijJiaM pisHOI Macu 3eMJid HaJa€ PisHOI'0 IIPUCKO-
PeHHSA i TOMYy BOHU IIafaloTh Ha Hel HEOJHAKOBO 32 YaCOM: BaKUi — IITBUIIE, JIETTITL
— moBijgbHimIe. Y IbOMY IepPEeKOHYBAaB JKUTTEBLM JOCBiA: Jerka mip’iHa, 1o majgac B
HOBITPi 3 OJTHAKOBOI BUCOTHU Pa30M 31 CBUHIIEBOIO KYJIbKOIO, JOCATaja 3eMJi misHi-
e, HiK KyJabKa. [leil, Ha mepIinuil mOTJIsAT, OYeBUAHUI (haKT 3MYyIITyBaB 6araTbox
JIIOIe# CIIOTBOPEHO YABJSATH CIIPABKHIN mepedir ABUIA BiJIbHOTO HAMiHHA TiJ.

Buparuuit itamiticekuit @pisuk I'amineo I'anineit, BuBUarouu pyx TiJI IO TOXU-
JIOMY K0J100y, BCTaHOBUB, IIIO0 KYJIi OJHAKOBOTO JAiaMeTpa, BUTOTOBJIEHI 3 Jepesa,
3aJ1i3a, CJIOHOBOI KiCTKU TOII0, MAIOTh OJHAKOBE IIPUCKOPEHHI, TOOTO BOHO He 3aJie-
JKUTH Bil Macu KyJib. 30iJbIIYIOUN KYT HAXUJIY 01004, BiH AifIIITIOB BUCHOBKY, II10
3HAUEHHA IIPUCKOPEHHS IIPU I[bOMY 30iJbIIYETHCA, ajie 3aJUIIa€ThCA OSJHAKOBUM
IJIs BCix Tij HesaJsesKHO Bifm ix macwu. Jlaji BiH 3a3HAUMB: AKIIO 30iJbIITyBATH KYT
HaxmIy :KoJio6a 10 90°, To0TO 10 BEePTUKAJIBHOT'O MOJIOKEeHH A, BUCHOBKIH II[OL0 IIPU-
CKOPEHHJ TiJl He 3MiHATHCA, a BIAMiHHICTh Y TaAiHHI TiJl CHPpUYMHEHA JIUIIIE OTIOPOM
moBiTpA. [151 IepeBipKu IIbOTO BiH TPOBIB CBill BiIOMUI HOCJIi[: KUHYBIIN 3 BEJIU-
KOi BUCOTH MYIIIKETHY KYJIIO i rapMaTHe AP0 (Macu AKUX BiAPidHAINCH Mali:Ke y
400 pasiB, TpoTe Omip MOBIiTPS AJIA HUX OYB MMOPiBHAHO OJHAKOBUM). [1Jia mpoBegeH-
HA Takoro gociainy I'amineii BUKOpPHCTAB BeXKY, AKa 3HAXOAUJIACh B iTalilicbKoMy
micri Ilisa.

Hocain nigTBepaus npumnyineHHs (rimoresy) Namisnes: KuUHYTI o4HOYACHO KYJIA
Ta SAPO BIAJU TeXX IPAKTUUYHO OJHOUYACHO, xoua sapo B 400 pasiB Baykue Big Ky.ri!
Ileit mocuig cTaB 3SHAMEHUTUM, OCKLJIBKY HOT0 BBAKAIOTh «THEM HAPOIKEHHA» (i-
3UKMU AK AocJiauol Hayku. A moxmuJa IlisancbKa Berka, I11o CTOITh i Joci, cTaia cum-
BOJIOM JIOCJIIIYy AK TOJOBHOTO MipuJja iCTHHU: IPUOYINEHHA CTA€ iCTUHOIO TiIbKU
TOM1, KOJIX OTO IIiATBEPAKYE TOCIIi.

Takum yusOM, I'. Tanminell ekcriepuMeHTaJIbLHO BCTAHOBUB, IO NPUCKOPEHHA
6i1bH020 NAJiIHHA MIN He 3anedumsb 6i0 macu min i € cmanoro 6eaULUHOI0.

Ilomanbille BUBUEHHS BiJIbHOTO IMaAiHHSA 3IiHCHIOBAJIOCA PisHUMU cmocobamMu i
3a JOIOMOTOIO PiBHUX eKCIepUMeHTaJbHUX YCcTaHOBOK. Tak, I. HbloToH BuUKOpMC-
TOBYBaB BEJIUKY CKJAHY TPYOKY, 3 AKOI MOKHa 0yJI0 BUKavaTu NOBiTPs, i cmocTepi-
ras, 110 Hip’iHa i cTajgeBa KyJbKa y BAKYyyMi IagaoTh OJHOYACHO.




Binvrne nadinna — pyx, AKUH BUKOHYBAJIO 0 TiJIO mifg
é JIi€ro JIMIIe CUJIN TAKIHHA 0e3 ypaxyBaHHSA OIOPY TO-
BiTpA.

ITe pyx 38i cTaaUM OPUCKOPEHHSAM g , IKe HA3UBAIOTh NPUCKOPEHHAM 8iLbHOZ0
naodinns.

ITicia umMcaeHHUX BUMIipIOBaHb O0yJI0 BCTAHOBJEHO HOTO cepeqHE 3HAUECHHS:
£=9,81 m/c?. BekTOp IPUCKOPEHHS BIILHOTO MAAiHHS 360U HaANPasieHull éep-
MmuKanlbHO 6HUS3.

PiBHAHHSA pyXy Tija y BepTuKaJdbHOMY Hanmpami. Pyx Tija y BepTUKaIbHOMY

—~22

. . . - t
HampsaMi OIMCYEThCA PiBHAHHAMH PiBHOIPUCKOPEHOTO PYXYV: hzl)ot+g7;

V=", +8t; 26h=V° -V, me h — mepeMileHHs MPU BePTUKATLHOMY Dyci (Buco-
ta); V,,V — MBUAKiCTh HA IOYATKY Ta B KiHIl PyXy; § — IPUCKOPEHHSA BiIBLHOTO
nagiHHAg.

Pyx Tina, KUHYTOTO BEPTUKAJbHO Bropy A0 MaKCUMaJbHOI BUCOTH IiHOMY, €
CHOBiJIbHEHUM, IIOTiM BHU3 — IPUCKOPEHUM, 0e3 MoYaTKOBOI IMBUAKOCTi. Hac mis-
oMy IOPiBHIOE Yacy MaiHHS.

3 MMeBHOI BUCOTH TiJIO MOXKYTh KUAATH BHU3, HAJAIOUN HOMY AeAKOI II0YaTKO-
BOI MIBUJKOCTI, a MOXKYTb BifiIlTycKaTH — TOJi TiJI0 ITagae 6e3 moYaTKOBOI IIIBUAKOCTI
(v,=0) (Tis0, 1m0 BiMBHO MagAE).

@ Daiite BianoBiai Ha 3anuTaHHa

1. IITo Take BinbHe mamiausa Tia? Arwuii e pyx? Yomy?

2. Y yomy mosdArae cyTthb gocainy I'. aginesa?

3. HoseniThk, 1110 Uac migitoMy Tija, KUHYTOI'O BEPTUKAJIBHO Bropy, HJOPiBHIOE
yacy Moro maJiHHA.

4. HosexiTsw, 110 TijIO, SKe KUAAIOTH BEPTUKAJIBHO BIrOpPY, i IKe 3Trof0M Iajia-
THMe BHU3, MaTUMe y OyAb-AKiN TOUYIl TPAaeKTOPii mMBUIKOCTI piBHI 3a MomyJieM i
POTUJIEKHI 32 HATIPAMOM.

@ Mpuknagu po3e’s3yBaHHs 3apay

3sepHimsb yaaey! I1ix yac po3B’si3yBaHHA 3a7ja4 OIIip MOBiTPS He BpaXOBYBAaTH,

. . . M
IPUCKOPEHHSA BLIBHOTO NaAiHHA HAOIMIKEHO MOXKHA IPUAHATY AK &~=10— .
c

3amaua 1. Tijio KugarOTh BEPTUKAJIBHO BrOPY 3 IIOYATKOBOO IIBUAKicTIO 30 M/cC.
Busuaunutu:

1) uepes sxuii uac BOHO Oyae Ha BucoTi 40 m;

2) AKXy MIBUIKiCTh MaTUMe TiJIO Ha IIiif BUCOTi;

3) Ha AKY MaKCUMAaJbHY BUCOTY MOJKe MiJHATUCH TiJIO.
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Hano: Po3é’azanna:
v =30 M Bick Y cupsamyemo BepTUKaIbHO Bropy (maJ. 64).

[ b

¢ Y A
M
= 100_2 ; g Man. 64. HanpssMu BeKTOpIB
MOYATKOBOI INBUAKOCTI

h=40m i r[pncrcopemﬂm
t—?— Vg BiJIBHOTO MaTiHHS
v—7? 0
h —7?

max

. . . gt

Pyx y BepTukanpHOMY HanpaMi onucyeTbcs PiBHAHHAMU: k=0t +g7 (1);
= _ = = Sp =2 =2
V=", +8t(2); 2gh=1" -7, (3).

3a yMOBOIO IIOUYAaTKOBA IIIBUAKICTE Tijia CIIPAMOBaHa BEePTUKAJIBLHO BrOpy, TOMY
ii mpoekIris € nogaTHomO. IIpoeKIlia BeKkTopa g~ Bix’eMHA.

. . . gt
3 ypaxyBaHHAM 3HaKiB IpoeKIii BeKTOPiB Ha Bichk Y: A =v,t 5
1) 1106 BusHauuTH, yepes AKUi yac Tijo Oymae Ha Bucori 40 M, cKIagemMo pis-
10¢*

HAHHS 3TiIHO 3 3aJaHNMHU YNCJIOBUMU 3HaUeHHAMU BeauunH: 40= 30t — g "

Posp’sa3aBimu KBaJpaTHe DIBHAHHA, OTPUMY€EMO IBa KOpeHi ¢, =2 ¢, t,=4 c. Ile
o3Hauae, 1110 Tijio Ha BucoTi 40 M OyJio aABiui: uepes 2 ¢, pyxamuuch Bropy, i uepes
4 ¢ — magaouu BHUS.

2) ll1o6 Bu3HAYNTHU, AKY IIBUAKICTH MaTuMe Tijo Ha BucoTi 40 M, po3B’AKeMO0
piBHAHHA (2) 3 ypaxyBaHHAM 3HAKiB IPOeKIii: v =v, — gt.

TIpm ¢, =2 c: v, = 30——10-3-2c =10,
Mo, W M

Mput,=4c:v,=30—-10—-4c=-10—.
(¢ C C

Ha oxmiii i Tit camiii BUCOTi INIBUAKICTE Tijla 3a MOAYJIeM OJHAaKOBa, a 3a HAIIPSA-
MOM — IPOTHUJIEIKHA.

3) 106 BuU3HAUUTH MaKCHUMAaJbHY BHCOTY IIiAOMY Tijia, BpaXOBYEMO, IO Y
BEPXHIN TOUIl MIBUAKICTD Tijla JOPiBHIOE HYJIIO.

Toni, 3anmucaBiiu piBHAHHA (3) 3 ypaxyBaHHAM 3HAKiB MPOEKIlii, oTpuMaeMo:
—2gh =v* —v2. Bpaxosyioun, mo v = 0 M/c, MaeMo:

2
2 30° ™
2gh=12; h=—C; h=—C =45u.
2:10
C

Bignosins: ¢, =2 ¢, t,=4 c; 10 m/c; -10 m/c; 45 m.




3amaua 2. Tino, 1o BinbHO nmagae, mpoiinnio octauui 10 m 3a 0,25 ¢. Busmaun-
TH, 3 AKO1 BUCOTH IIaAaJio Tijlo, i MIBUAKICTh Y MOMEHT HOT0 IIPU3eMJICHHS.

Jauo: Posé’asanns:
Ah =10 m; 3pobuMo cxeMaTUYHUI MaJIOHOK M0 3amadi (mau. 65). Bics Y
At=0,25¢ CIIPSIMOBYETHCA Y HAIIPAMI pyxy TiJja.

h—7? OckisnbKu Tizio BiNbHO magae, 10 v, = 0 M/c, OTiKe, PIBHAHHA

v—7? pyxy mae Burasazn h = gt?/2 (1).
h — Bca BUcoTa, 3 AKOI mmajgae Tijo, Ah — octaHHI
10 m; Tozi k, = h — AR (2). o V=0
Bigmosigzo t — yBech uac nagiuuasa, At = 0,25 c, 1
Touit, =t — At (3). h,
3anuiiemMo piBHAHHA PyXy [JId Tija, 10 BiJIbHO A
t2
najnae, Ha AiaaHii bz by =g71 (4). AR
ITincraBumo piBuauusg (1) ta (4) y Bupas (2):
gt; gt Yy
—==—-Ah (5). \&
5 " 3 (5)
Bpaxosyouu Bupas (3), maemo: Man. 65. Bintsse naginnsa tina
2
t—At 2
gl-At) et
2 2

Busnauumo Bech yac pyxy.

2 2 2 2 2 2 2
gt —2tAt + At )=£—Ah;%—gtAt+gA2t =%—Ah; —gtAt+gAt =

—Ah;

2 2
At
gtAt = g +Ah ; t=£+£.
2  gAt
. . 0,25 ¢ 10 m
IligcTaBasseMo UMCIOBi 3BHAUCHHS: { = + =4,2 c.

M
2 98M0,25¢
c
ITigcraBasioun vac naginuda y ¢gopmyay (1), BUBHAUMMO BUCOTY, 3 AKOI magae
Tijo:

9,8 2.(4,2) ¢
C

h: =86M.
2

IIBuaKicTE Yy MOMEHT IIPpU3EeMJEHHS MOKHA BU3HAUUTH 3a (popMyJaMu:

V=", +gt abo 2gh =V’ -V, , BpaxoByun, 1o v, = 0 m/c. Toxi v =41 m/c.
Bignmosiap: 2 =86 M, v=41 m/c.
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BnpaBa 8

1. Tino BinpHO Magae 3 Bucotu 39,2 M. 3a AKUHA Yac TiJio mpoiije: a) mepIIui
MeTP CBOTO ILIAXY; 0) oCTaHHil MeTp cBOro NMLIAXy? YoMy HOpiBHIOE cepenHs MIBU-
KicTh Ha APYTiii MOJTOBUHI MIIAXY?

2. Tino, sxke BiIbHO Imazae 0e3 MOUATKOBOI IIIBUAKOCTI, 3a OCTAHHIO CEKYHIY
PYXY IPOXOAUTH 2/3 yChOro MUIAXY. BUBHAUNTHU ILIAX, IPONAEHUN TiJIOM 3a Uac
mamiHHA.

3. Tino BinbHO nagae 3 Bucotu 80 M. fIKe fioro mepeMillieHHs 32 OCTAHHIO CEKYH-
oy naginasa?

4. Tino, mo BiIbHO maja€ MPOJIETLNIO HABIPOTH TOYKM A 31 MIBUAKICTIO L,. 3
KOO IITBUKiCTIO BOHO IIPOJIETUTH HABIIPOTU TOUKU B, AKa 3HAXOAUTHCA Ha BifcTa-
Hi h HU)KYe TOUKHU A.

5. 3 Bexki, 1110 Mae BuCOTY ki, KUAAIOTh OAHOYACHO ABAa Tija: mepiile — 3i ImBUAKic-
TIO U, BEPTUKAJbHO Bropy; Apyre — 3i MIBUKICTIO L, BEPTUKAILHO BHU3. BusnaunuTu
pisHUIIO At MijK YacoM NaAiHHA KOKHOTO 3 TiJI HA 3€MJIIO.

6. [IBa Tiyla KNHYTO BEPTUKAJIHHO BrOPY 3 OJHAKOBUMY OYATKOBUMU IITBUTKO-
CTAMU 3 iHTepBaJIOM y uaci Af. 3 AK0I0 IMBUAKICTIO Oyae pyXaTuch APyre TiJo Bim-
HOCHO mepIIoro?

7. M’ssunk BinbHO magae 3 Bucotu 120 M Ha ropmsoHTAJbHY HoBepxHIo. [Ipu
KOYKHOMY BilOMBaHHI BiJl MOBepXHIi MIBUAKICTE M’ AUNKA 3MEHIIYETHCA YV 11 = 2 pasu.
ITobyayBaTu rpadik IMIBUAKOCTI Ta BUSHAYUTHU BiJCTaHb, IPOHAEHY M’ SIUNKOM 34

4ac pyxy.

§ 13 Pyx Tina y nosi 3eMHOro TsXxiHHs

v' Pyx mina, kunymozo nid kymom 9o zopusonmy.
v' Pyx mina, Kunymozo 20pu3onma.nvho 3 éucomu H.

Ilig miero cuyu 3eMHOTO TSAKIHHA CIOCTEPirailoTh TaKi pyxu: BijibHe HmamiHHA,
PYX Tijla, KHHYTOTO BePTUKAJIBbHO BIrOPY, i/l KYTOM /IO TOPUB0HTY i TOPU30HTATIBHO
3 IIeBHOI BUCOTH.

sKinHa 3emii, Ha3UBaeThbCSI 6ANICMUKOI0, a caM PYX

é Posgin mexaHiku, 110 JOCIIiAMKYE PYX TiJ y TOJi Td-
— banicmudHuMm.

Pyx Tima, KuHyTOTO Mig KyTOM M0 TOopu30oHTYy. Hagamo Tiny mouyaTKoBOi IIBU-
KicTb T)O, HamIpaBJIeHOl i KyTOM 0 TOPU30HTY (Ma.n. 66). Ile Oyae HepiBHOMIpHMIA
KpuBOJIiHITHUY pyx. CKOpUCTABIINCH TPUHITUIIOM HE3aJIEKHOCTI PyXiB, PO3TIIAHE-
MO HOro K ABa He3aJeKHi IPAMOJiNHINHI pyXu: 10 TOPU30HTAJTI i IT0 BepTUKAJIi.




Pyx Tinma, KHHyTOroO mig KyTOM 0 TOPU30HTY, € pe-

Y

peHoro mo ociY.

3yJBTATOM CKJIQJAHHA JBOX HE3aJEKHUX PYXiB: piB-
HOMiPHOTO IIPAMOJIiHifiHOTO 110 oci X i piBHOIpPUCKO-

ITe osnauae, 110 TPOEKIisl IMIBUAKOCTI L BAJUMIAETHCS IOCTIHHOI IPOTATOM

pyxy: v, =v_=const.

3aKoH piBHOMipHOrO0 pyxy 10 oci X Mae BUTIAL: X =X, +V,,t .

ITo Bici Y pyx € piBHOOPpUCKOPEHUM, OCKiJIBKU BEK-
TOP MPUCKOPEHHS BiJLHOIO HATiHHA £ Ha HEBEeJIUKUX
BHCOTAaX € BEJINUMHOIO CTAJIOIO.

3aKOH PiBHOIIPUCKOPEHOTO PYXY IO oci Y Mae BUTJIAL:

gt’
Y=Y TVt ———.
2
Y BubpaHiii HAMU CUCTEMi KOOPAUHAT:

%,=03 y, =03 Yy, =Vysino ; v, =v,cosol .

Taxum unHOM 3aKOH 0aJIiICTUYHOIO PyXy Ma€e BUTJIST:

x=(v, cos )i,
2
y=(v, sina)t —%.

YA

Man. 66.
IInomuna moasory Tisa,
KUHYTOTO IiJf KyTOM
IO TOPU3OHTY

Po3B’a3youn 1110 cucTeMy piBHAHBb, MOYKHA OTPUMATH PiBHAHHSA TPAEKTOPiI Ta-

Koro pyxy. [lJid IIOT0 3 IEPIOro PiBHAHHA BUPA3UMO Yac t = x/ Vv, coso. imizcraBm-
MO ¥oro y apyre piBuanHdA. [licaa cuoporiens, i BpaxoByiouu, 1o sino/cosa = tga,
OTPUMYEMO Pi6HARKA mpaexmopii: y = xtga — gx*/2v;cos’a.

ITo6ymyemo TpaekTOpito pyxy. 3 piBHAHHA BULHO, 110 3aJIEIKHICTD y(X) € KBagpa-
TUYHOIO, TpadikoM AKoi € mapabosa. BiTku mapabosiu cupAMoOBaHi BHUS, OCKiIbKHA

P —g
KoedinienT
bin A\)ﬁ cos’ o

IOYaTOK KOOPAMHAT, TO-
My mo y = 0 mpu x = 0
(man.67).

Busmauumo ocHOBHi
mapaMeTpu 6aJIiCTUIHOTO
PyXy: yac i JaJpHiCTH 1I0-
JBbOTY; MaKCUMAaJbHY BU-

npu x? meHIne HyJasa i mapabojsia IPOXOAUTH UYepes

COTY IimfioMy TOIIIO.
Bumacaimox Hesa-

JIeXKHOCTI PYXiB IO KOOp-

OUHATHUM OCAM IIiIiioM

Tia TO BePTHUKAJi BU-
3HAYAETHCA JIUINE IIPO-

Man. 67. Pyx Tina, KHHYTOTrO HiJ{ KyTOM 0 TOPU30HTY
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eKIlielo IT0YaTKOBOI IIIBUAKOCTI V,, Ha Bich Y. Ile osHauae, 1110 AKNII0 BEPTUKAJIbHA
IIPOEKIid IMIBUAKOCTI Tijla, KHHYTOTO IIiJf KYTOM IO TOPM30HTY TaKa cama, fK i mo-
YaTKOBA IIIBUAKICTD Tijla KHHYTOTI'0 BEPTUKAJIbHO Bropy, TO IIi Tijia 0y Ay Th PyXaTuCch
cuHXPOHHO. ToMy MaKCcUMaJIbHY BUCOTY MigiioMy i yac migiioMy MOKHA BUBHAUUTHU
3 BimomMux BamM hOPMY.JI, II[0 ONUCYIOTH PYX Tijia, KHHYTOTO BEPTUKAJIBLHO BrOPY.

Hna Tina, KHHYTOTO BePTUKAJIbHO BIOPY: L, =V, — &t, BPaX0BYIOUH, IIJ0 HA MaK-
CcUMAaJIbHil BUCOTI mimiiomy v, = 0 Bu3HAUMMO Yac migiomy ¢, = on/g, abo 3 ypaxy-
BaHHAM, II[0 /I TiNa, KHHYTOTO MiJ KYyTOM A0 TOPUBOHTY L, = U sina dac migiomy
BU3HAYAETHCA I, =V sina/g.

Ockinbku mapaboJia CMMeTPUYHA, TO Yac iAoMY JOPiBHIOE Yacy MamiHHsd, i 3a-

. 2y, sino
TaJIbHUH Yac MoJboTy § =2t =————.
g 2 2
. Vp sin” o
MaxcumanbHa Bucora nigitomy: H = 2z

. . V2 sin 20
JanbHicTh TOJBOTY Yy TOPUBOHTANBHOMY Hanpami L =(v,cosa)-t=———.

Ax BugHO 3 hopMyau, JaJbHICTD OJBOTY L Oyae HaliOiIbII0I0 38 YMOBH, AKIIIO
sino=1, To6TO Kosim 0. = 45°. 3a HAABHOCTI OMOPY MOBITPS TPAEKTOPiA MOJIBOTY
Tija, KUHYTOTO IIiJi KYyTOM IO TOPU30OHTY, He Oyae mapadosoo. [[aJdbHiCTh IOJILOTY
Ipu IboMy OyAe MEeHIIIOO BiJl po3paxoBaHoi 3a I1i€i0 ()OPMYJIOIO.

®dopmy TpaekTOpii Pyxy Tijia, KHUHYTOTO MiJf KYTOM O TOPW30HTY BiTBOPIOE
CTPYMiHb BOAM, COPAMOBAHUN HiJ KyToM A0 ropusoHTy. CrouaTky, 3i 36inbIieH-
HSIM KyTa o, cTpyMuHa 6’¢ Bce gaui i gauai. IIpu KyTi 45° 10 ropusoHTY JaJIbHIiCTH
HaNbisbIIa (AKIO HE BPaXOBYBATHU OIiP MOBITPs). 3i 30ibIIIeHHAM KyTa AaJbHICTD
3MEHIIYEThCH.

JJia po3paxyHKY HIBUAKOCTI PyXy Tija ¥ AOBiJBbHIN TOUIII TpaeKTopii Ta BU-
3HAUYEHHA KyTa [3, KU YTBOPIOE BEKTOP IIBUIKOCTi 3 TOPUBOHTAJLIIO, JOCTATHHO
3HaTu npoekIrii mBuakocTi Ha oci X Ta Y. IIpu nmbomy cJjis BpaxoByBaTu, II10 I'0O-
PU30HTAJbHA ITPOEKILisd IITBUAKOCTI 3aJIUINAETHCA OCTiNHOIO, i TOPIBHIOE ITPOEKITil
IIOYATKOBOI MIBUAKOCTL L = v, = cOnst, BEPTUKAJIbHA IIPOEKIis 3MiHIOETHCA: IPU
niAiioMi Bropy BOHA 3MEHIIIYETHCS 32 JIHIMHUM 3aKOHOM V, =V, Sino.— gt , Ha MaK-
CUMaJIbHi# BUCOTI migiiomy v, = 0, mami Tijgo magae BHUS.

Monyib pe3yIbTyI0Uol IBUAKOCTi: L= \/ui +0) = \/ V2 cos® oL+ (v, sina— gt)* .

BexkTop pesynbpTyouol IMIBUAKOCTI yTBOPIOE 3 TOPUBOHTOM KYT 3, III0 3MiHIOETE-
cdA 3 YaCcOM:

v, v,sino-gt
Y 0
th L0 - > .
Y V, COsS Ol

x

Bucora, Ha AKy migHiMeTHCA TiJIO 3a JOBIIBHUM iHTEpBaJ Yacy IOJILOTY,
2
. gt
h=vytsino———.
2




Pyx Tijla, KHHYTOTrO TOPH30H-

TaasHo 3 Bucotu H. Ile oxkpemuii YA T,
BUNAIOK PYXY Tijla, KUHYTOTO IIiJ T~ _
KyToM mo ropusoHTy (o0 = 0) 3 me- =~ U,
akoi Bucoru H. Ile kpusomimit- | | <
HUN PyX Y3IOBXK TiJIKM mapabo- AN
JIA T Ji€10 3eMHOTO TSKiHHA. Y g K N
BEPTUKAJIbHOMY HAMPAMi B3ITOBIK \
oci Y BinOyBaeThCcsa BinbHe IamiH- \
Hs, Y TOPUSOHTAJIHLHOMY HampAMi
B3MIOBXK oci X — piBHOMipHUI pyx L >
(maan. 68).

Y Oyab-AKuUi MOMEHT Yacy
MBUAKICTE VU HaOpsAMJIEHA IIO0
IOTUYHIN mo TpaekTopii. I'opu-
30HTAJIbHA IPOEKI[id IMBUIKOCTI ¥ Oy Ab-AKUI MOMEHT Yacy 3aJIMIIAEThCA CTAJIO0:
L, =V, & BepTUKAaJIbHA IPOEKIis JiHIITHO 3pOCTa€E 3 YACOM: v, =gt.

PiBHAHHA PYXy B FOPUBOHTAIBHOMY HANPAMI: X = L ; Y BEPTUKAJIbHOMY Ha-
npami: y =gt?/2 .

Man. 68. Pyx Tina,
KHHYTOr0 TOPU30HTAIBHO 3 IEBHOI BUCOTHU

Ockinbku v, L v, , TO MOZYJIH MIBUAKOCTL V y OyAb-AKUI MOMEHT YACY IIOJBOTY

IOPiBHIOE: V= \/1)i +1)j = \/0(2) + g% .
Yac naminHa g0 moBepxHi 3emi: t=./2H / g . ManeHicTs mosbOTy: L="7,,/2H / g .

Moayab IIBUAKOCTI MagiHHsA 0013y IIOBEPXHI 3eMJIi: v = «/Uf‘) +2gh .

VYeci BecTanoBeHi y boMy maparpadi ¢popmyan cupaBeainBi 3a YMOBH, IO PyX
BiIOyBaeThCA HA MAJUX BUCOTAX.

@ JawnTte Bignosiai Ha 3aNUTaHHA

1. PesyabTaToM SKUX HesaJe:KHUX BUMAIB PYXiB € pyX Tijsia, KUHYTOTO i Ky-
TOM JIO TOPU30HTY ?

2. 3anuIriTe (popMyJin, IO OMUCYIOTH PYX TijIa, KMHYTOTO I KYTOM J0 TOPU30HTY.

3. PesynbTaToM AKUX ABOX HE3aJIEKHUX PYXiB € PyX Tijla, KHHYTOTO TOPU30H-
TAJbHO 3 [eAKO0l BucoTu?

4. 3anuiriTe GopMyJau, III0 ONUCYIOTh PYX Tijia, KUHYTOTO TOPU30HTAJIbHO 3
IesIKOl BUCOTH.

@ Mpuknaau po3B’a3yBaHHS 3apa4

3eeprimsb ysazy! PosrasaHyTI HU)KYe TUIIN 3a/1aU PO3B’ A3YIOTHCS 3a JOIIOMOT0I0
Kinemamuunux gopmyn pyxy mian y noai maxcinua 3emai (6e3 ypaxyBaHHS OIO-
py moBitps). IIpu po3B’a3yBanHi 3aja4 BUKOPUCTOBYITEe (DOPMYJIU TOTOKHUX II€Pe-
TBOPEHbB (AUB. TOATOK).




KimemaTnKa mocTynajbsHOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaIbHOI TOUKH

3amaua 1. JIiTak JieTuTh TOPU3OHTAJBHO 31 MmBUAKicTIO 720 KM/roJ Ha BUCOTI
245 m. Kousn Bi" mpoJriTae Ham JesKOI0 TOUKOIO IIOBEPXHi 3eMJIi, 3 HbOT'0 CKUIAIOTh
BaHTaX. Ha AKi# Bigcrani Big micusa Kuganasa BaHTa)K ynage Ha 3emvurro? Omip mmo-
BITpPA He BpaxoBYyBaTH.

Hano: Posé’a3anna:

v, =720 km/c =200 m/c; BanTaxk BibHO mazae i OMHOUYACHO PYXa€ThCA 3a
H =245 wm; iHepIliel0 3 TOPUBOHTAIBLHOI MOYATKOBOIO HIBUIKICTIO
g=9,81 m/c? v, (maxn. 68, §13).

L-7?

KinmemaTnuni piBHAHHA PyXy BiIHOCHO KOOPAMHATHUX OCEU MAaIOTh BUTJIA:
o oci X pyx piBHOMipHMIA: L = v t; o oci Y — piBHOCIOBiTbHEHU! 6€3 MTOYaTKOBOI

) t? ) t
mBUAKOCTI: y=H _g? . Y MOMeHT TaJiHHA BaHTaXy Ha 3emuto y =0, tomy H = g .

2

. 2H . . 2H
Busnauumo uac nagiaua: ¢t =, — . Toai ganpHicTs HONBOTY L=7,,[— .
g g

2:245m

OGuucnennsa: L=200m/c | ———
9,81 m/c

=1414,2 m=1,4 xM.

Bigmosins: L ~ 1,4 KM.

3amaua 2. Ha moxuay mIomuHy, KyT HaXUJIY AKOI 0 3 BUCOTH A BiJIbHO majgae
TiJ0 i IPYsKHO BiAOMBAETHCS 3 TAKOIO CAMOIO IIIBUAKiCTIO. BusdHaunTu: a) uepes aKui
yac ImicJid Big0uBaHHA TijIo 3HOBY BIIajle HA ITOXUJIY ILIOMINHY; 0) BifcTaHb Big Miciisa
IIePIIIOTO YAAPYy 4O APYTOTO, IOTiM Bii IPYyTOT0 40 TPETHOTO.

Po3sé’a3anna:

Bubepemo cucremy KOOpAMHAT TaK, IO ii IIOYATOK 3HAXOAUTHCI Y
TOUYIIi IIEPIIIOT0 AOTMKAHHA TiJia A0 IMOXWJOI MJIOIINHY, Bich X HAIpAM-
JIeHa B3IOBJK MOXMJIOI IJIOI[UHU, a Bich Y — HePHeHAUKYJIAPHO OO Hel

Y TakomMy BUNAAKy PiBHAHHA
PYyXy Tijla MaroTh BUTJIAL:
2

at at’
y=v,t+——— (1), x=v,t+—— (2),
2 2
ne v, =V,cosd, v, =V, sino,

a,=-gcoso., a, =gsina . OcKinpku
micjg ymapy IIBUAKICTH Tijia He 3Mi-
HIOETBCH, TO V, =~/28h .

Y mMoMeHT yaapy 00 IIOXUJIY ILIO-
~ 1muny y = 0. Toxi 3 meptroro piBHAH-
HsI BU3HAUKMO Yac:

. 2v,, _ 2v, _ 2\2gh .
a, g g

Man. 69. o 3agaui 2




Ileit yac 3aynuIIaeThCcsad HE3MIHHUM i /1T HACTYITHUX, ITiCJIA IIEPIITOTO Big0UBaH-
HA, MaJiHb TiJla HA TOXWJIY IIomuHy. IligcTaBasaoun y Apyre piBHAHHSA Yac II0JIbO-
Ty, BU3HAUYMMO BifJCTaHb MijK MiCI[IMMU II€PIIIOrO Ta APYIoro BiIOMBaHb.

.2y,  gsinodv) 4sinow; :
l1=1)051n(x—°+g L= ¢ =8hsina.
g

2

2g g
Bincraus midk gpyrum i Tperim ynapamu:
at’
l,= 1)th+7 , e V,, =V, +a.t.

[ixcraBaatoun Bupas a4 ¢, orpumyemo [, = 16hsina.
HoBemiTh caMOCTiiHO, IITO BifCTaHb BiJl MiCIsI TPETHOTO yaapy OO UeTBEPTOTO
Oyne [, = 24hsino. 3po6iTh BUCHOBOK.

242
Bignosige: ¢t = _gh , I, =8hsina, I, = 16Asina.
g

@ Bnpaea 9

1. JanpHiCTh MOJMBOTY TijIa, KUHYTOTO B FOPU30HTAJLHOMY HAIPAMi 31 MIBUI-
KicTio v =10 M/c, JOPiBHIOE BUCOTI KUJaHHA. 3 AKOI BUCOTU KUHYTO TiJIO?
2. Y BubOpaniit cucremi Bigmiky (ma.z. 70) HaBeIeHO II0-

JIOYKeHHSA MaTepiajabHOI Touku A Ta ii mBuakicts v = 10 Mm/c Y,
mpu t = 0. Ha TouKy mie TinbKU cuiia TAXKIHHA, HAIpAMJIEHA 5
B31I0BJK Bici Y. Hanmucatu piBHAHHSA 3anmexxuocteit x(t) i y(t), A —

a TaKo’K PiBHAHHA TpaeKTOPii y(x), Akmo |OA|=6M . BusHa-
uTe IOJIOMKEHHA PyXOMOl TouKu uepes 1 c.

3. Tijo KMHYJIU i KYyTOM O IO TOPUSOHTY 3 IIOYATKOBOIO
mBuAKicTiO L, Hakpecauru rpadiku 3anesxHOCTi: a) BepTHU-
KaJIbHOI IIPOeKIIil MIBUAKOCTI Big uacy Uy(t); 0) BepTUKAaJIbHOI 0 X
MPOEKIil MIBUIKOCTI BiJ BUCOTH ITigiioMy oy(h); B) BEPTUKAJIb-
HOI IPOEeKIil HMIBUAKOCTI BiJl JaJIbHOCTI TOJBOTY Uy(L).

4. JIBa Tijla KHUHYTO 3 OTHAKOBUMU IMIBUKOCTAMU TiJ KY-

Man.70. o 3agaui 2

. T .
TaMu o 1 E—OC 4O TOPH3O0HTY. BusunauuTtnu B1OJHOIIIEHHA

MaKCHUMaJIbHUX BUCOT IIiAAOMY ITUX TiJI.

5. Ilig xyrom 60° m0 rOpM30HTY KULAIOTH TiJO 3 IOYATKOBOIO IIIBUIKiCTIO
50 m/c. BusHauuTu nepemileHHsa Tija Bif TOUKM KUAAHHA yepes b c.

6. Ha axy BigcTaHb BUKUIAETHCA CTPYMUHA BOAY 3 OpaHACIIONTA, BCTAHOBJIEHOI'O
mig Kyrom 30° 10 TOPUBOHTY, AKIIO II0UYATKOBA MIBUAKICTh CTpPyMUHY Bogu — 12 M/c?
BpaxyBaru, 1110 OmIip IOBIiTPS 3MEHITYE HaJIEKiCTh BUKUAAHHA CTPYMUHYU IOPiBHIHO
3 pospaxoBanoro Ha 20 % .




KimemaTHKa mocTynaj-HOTO Ta 00€PTAJIHHOTO PYXiB MaTepPiaJIbHOI TOUKH

§ 14 KpuBoniHinHun pyx.
PiBHOMIipHUIA pyX No Kony

v Ilepemiwennsa i weudxicmsv npu KpuBOLiHillHOMY PYCi.
OcHo8HI xapakmepucmuKu pi6HOMIPHOZ0 PYXY NO KOLY.

IlepemimeHns i MBUAKICTS, MPU KpuUBOIdiHiliHOMY pyci. Joci Mu posriaanzanu
NPAMONIHIURL pYXU: PIBHOMIDHUL NPAMOAIHITHUL pYX, 3a AKOT'0 BEKTOD IIBUIKO-
CTi He 3MiHI0EMbCA Hi 3a MOJYaeMm, Hi 3a Hanpamom V= const Ta pienonpuckopenuil
npAMORiHILHUL pYX, 3a IKOTO 66KMOP WEUIKOCMI 3MIHIOEMbCA 30 MOOYyiem. Bex-
TOPH IIBUAKOCTI V i mepemiieHHs § mif yac npamoninitinozo pyxy nanpasieni
6 00uH OiK.

SK mampasieHi BeKTOPU IIIBUAKOCTL V i IepeMillieHHs § Ipyu KPUBOJIIHIMHOMY pyci?

Hexait mpoTArom meBHOTO iHTEPBAJY Yacy TiJIo pyXaeThCcA KPUBOJiHITHOIO Tpa-
exTopiero Bix Touku A 1o Touku B (man. 71). IIpoiigeHn TiJIOM MIJISAX — ITe JOBXKUHA
nyru AB, a epeMilleHHs — [ie BEKTOp, HAIIPABJICHNUHN Y3I0BK XOpAn AB .

SRIO po3rysggaTy Pyx 3a KOPOTIIIL iHTepBaau yacy, TO MOKHA CTBEPAKYyBaTH,
110 MUTTEBA IMIBUAKICTD Tijla y TOUIll TPAaeEKTOpPil HampaBJjieHa IO JOTUYHIN o0 AyTHU
B ITIifl TOYIIi.

¥ Tomy, 110 MIBUAKICTS HAaIIpaBJieHAa 110 JOTUYHiN, MOKHA IePeKOHATUC, IIPH-
KJIABIIY A0 TOUMJILHOTO AMCKA CTAJIEBUY HiK: iCKPU Bil HHOT0 BUJIITATUMYTH IIO0 JIO-
TUYHIN 70 MicIld IpUKJIagaHHA HOXKA (man. 72, a). Ilo goruuniit BigriTaroTh 4acTKU
OarHIOKU BiZ KoJric aBTOMOOiISA, 1110 3a0yKcyBaB (ma.n. 72, 0).

Taxum YMHOM, MUTTEBA MIBUAKICTD Tijla y PiBHUX TOUKAX KPUBOJIIHIAHOI Tpa-
eKTOopil mae pisHul Hanpam. 3a MOLYJIEM IId MIBUAKICTb MOKe OYyTU OLHAKOBOIO B
yCixX TOUKax, a MOKe 1 BMiHIOBaTUCH.

Man.71. HanmpAaM MUTTEBOI IIBUAKOCTI Tijia
i yac HOro KPUBOJIiHIITHOTO PyXYy




a 0

Man.72. Hampsam pyxy: a — iCKop; 6 — 4aCTOK GarHIOKH

HasiTs Koz 3a MogyjaeM IIIBUAKICTH He 3MiHIOETHCS, il He MOKHA BBAsKaTHU 10~
CTilTHOIO, aJ[PKe IIBUIKICTh — BEJIMYNHA BEKTOPHA. A 151 BEKTOPHOI BEJIMUMHU MO-
IyJb i HATTPSAM OJTHAKOBO Ba’KJIMBI.

Tomy KPUBOJIHIFHUY pyX — Ie 3aBXKAU PyX 3 NIpucKkopeHHAM. IIpuckopennsa
KPUGONIHITIH020 PYXY N06’a3ane 3i 3IMiIHOI0 Hanpamy weudxocmi.

OcHOBHI XapaKTepUCTUKHN PiBHOMiPHOTO PyXy II0 KOJXy. 1K Mu y:Ke 3’ sicyBaJiu,
PYX KPUBOJIiHiITHOIO TpaeKTOpieo Big0yBaeThbca mo ayrax Kia (gus. § 6). II1o6 mo-
CHiINTY IPUCKOPEHHA IPU KPUBOJiHINHOMY pPycCi, PO3TJIAHEMO BUIAT0K PiBHOMIp-
HOTO PYXy MaTepiajJbHOI TOYKHU IO KOJIY.

PignomipHuil pyx no koay — Iie pyx 3i cTayoo 3a MOLyJIeM IIBUAKICTIO i 3 Tpu-
CKOPEHHAM, 3yMOBJIEHUM 3MiHOIO HAIPAMY MIBUAKOCTi. I[f0 MBUAKICTE TPUIHATO
Ha3UBaTU AIHILHOIO.

SAx Bimomo, MpUCKOpPEeHHA BU3HAYA-

IR VES VA _ AV
eThCA azT abo azT.

: 3posymio, 110 BEKTOD a HampasJe-
| HUH TaK caMo, AK AV, 00 yac ¢ € cKaJIap-
| HOIO BEJIMUNHOIO.
| Hexaii Tizto pyxaeTbcsa mo Koy pa-
| giycoMm ri B IesAKUII MOMEHT Yacy, AKUHI
| MU npuiiMeMo 3a nmouyatkosui (¢, = 0),
ll BOHO nepedyBatume y Touri A (max. 73).
| Jlimifina mBugKicTs U, y il TouIi
| HaIpaBjeHa 10 foTn4Hiil. Yepes neaxknii
%) MaJui iHTepBaJ uacy ¢ Tijio Oyze B TOUIIL
B. BBaskaTumemo, II10 iHTepBaJ yacy Ha-
CTLIBKY Mauuii, mo ayra AB 36iraetses
3 xopnom AB (Ha MaJIOHKY JIJIs HAOYHOC-
Ti TOUKHM Bigmaseni). ¥ touri B Tijgo ma-
TUMe JiHifiHy IBUAKICTE U (KA 3a MOAyJeM He 3MiHMJIACHV, =V, 3SMiHUBCA JIHIIIE
ii Hanpam). 3HalJeMOo PiBHUIIO BEKTOPiB V, 1 U 3a IpaBUJIOM BigHiMaHHS BEKTOPiB:
IIepeHeceMo BEKTOp V IapaJjesibHO caMOMy co0i Tak, 11100 BiH i BEKTOpP U, BUXOAUIN

Man. 73. BekTop NIpuCKOpPEeHHA
HaIpaBJeHUH TaK caMo, IK AV




KimemaTnKa mocTynajbsHOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaIbHOI TOUKH

3 rouku A. Toxi BekTop AV, IpoBexeHUI Bix KiHIA BeKTOpa U, IO KiHIIA BeKTOpA, U
€ ixX pisHuIleIo.

3 MAJIIOHKY BUHO, II[0 BeKTOP AV HaIlpaBJIeHO MaiisKe [0 IleHTpa Koja. I AKIo
Touku A i B gysKe 01U3bKi, TO BeKTOP AV HampaBIeHo TOUHO 40 IeHTpa KoJia. Takuii
HAIIPSIM Mae€ i IPUCKOPeHH ad .

Omxe, Ipu piBHOMipHOMY pyci Tijla mo Koy
MOT0 IPUCKOPEHHA B YCiX TOUKAX KOJIa CIIPAMOBAHO
10 pajziycy mo IeHTpa KoJia, Moro TaK i Ha3WBalTh —
doyenmpoee nPUCKOPEHHA.

S Bimomo 3 Kypcy reomerpii, JOoTUYHA, TPOBE-
JleHa 0 IeBHOI TOUKM KOJIa, € MePIEeHANKYIIPHOIO
o pazmiyca, IpoBeIeHOoro y 1110 TouKy. OTike, BEKTOP
IOIIEHTPOBOTO IPUCKOPEHHA d Y KOKHIll TOUIIi KoJia
NepHeHAUKYIAPHUNA 10 BEKTOpa JiHINHOI MIBUIKO-
cti V (maan. 74).

3’AcyeMo, Bim UOTro 3aJIeKUTh MOLYJb IOIEH-
TPOBOTO TPUCKOPEHHsA. POo3riasHeMO TPUKYTHUK,
YTBOpEHUIT BeKTOpamMu V,, U Ta AV (gus. man. 73).
Bin piBHOGeApeHNUil, OCKLIBKY PIiBHI MOAYIL Vo =V. Mgz, 74, Hanpsvu sextopis
Tpurkytuuk OAB — Taxko:k piBHOOeapenwnii. I1i Tpu- nimiitHOT IBUAKOCTI
KYTHUKU NTOAI0HI, AK piBHOOeAPeHi 3 DIBHUMU KYTa- r1a 101eHTPOBOTO MPICKODEHH
MUY IIPU BEPIIUHI.

. . . Av v
3 momiO6HOCTI TPUKYTHUKIB: —— =—
AB r
OckinbKu, AK 3ragyBaJioch Buile, xopaa AB s3biraerbea 3 nyroo AB, moB:xu-
Ha IKOi € MPOUAeHUH TiJIOM IMIJIAX i3 IIOCTIAHOIO 38 MOYJIEM JIiHiITHOIO IITBUIKiCTIO
mporaroM vacy t. Bia gopiBHIOE V.
AV v Av v

. Av
Tomy —t=— , abo Tz— . OckinbKu Te MOJYJIb IPUCKOPEHHA, TO Oy eH-
vt r r

mpoée NPUCKOPEHHA BU-

3HAYaeThCA 3a (POPMYJIOI0 a
a=v?/r.

Om:xe, MOJKHa CTBEp- @
IXKyBaTH, IO Yy OyAb-AKil

TOUIll KPUBOJIIHIAHOI Tpa-
exTopii (max. 75) tino py-
XA€ETHCA 3 IPUCKOPEHHIM,
HaIpaBJeHUM OO0 IleHTpa
TOTO KOJIa, YACTUHOIO AKO-
TO € miJAHKa, IO MiCTUTh
mpo Touky. Monyns mpu-
CKOPEHHS 3aJIeKUTh BiJ
MIBUAKOCTI Tija i pazmiyca
BiZmoBimHOTO KOJIA.

Man.75. [loneHTPOBE MPUCKOPEHHS KPUBOJIIHIITHOTO PyXy




PiBHOMipHUII PyX IO KOJY XapaKTepPU3YETLCA TAKOMK cHelndpiuanMy Kimema-
TUYHUMU BeJINUYNHAMU: KYTOBUM IIePEeMIillleHHAM, KYTOBOIO IIBUAKICTIO, IepiogoM
i yacroroo.

Ilepiod o6epmannsa (T ) — yac ofHOTO IIOBHOTO 06ep-
TY TOUKH, III0 PYXAETHCS II0 KO .

Opunaunsa nepioxy — cekyuzaa, [T]=1 c.

. . t . .
Aximo Tisno podbuts N 06eptiB, To T =—, t — yac obepranHsa; N — KiJIbKicTb
3pobsieHuX 00epTiB. N

O6epmoea wacmoma (n) — KinbKicTs 06epTiB 3a
OIMHUITIO yacy: n =N /t.

OpuHNUIEA 00ePTOBOI YACTOTH — 00EPTH 3a CEeKYHIY,

1

[n]=1 ==c".

¢

Jlerxo momiTuTH, 1110 Mi’K 4acTOTOIO i IIepiogoM obep-
TaHHA iCHye BBAEMHO O0epPHEHA 3aJIeKHICTh:

1 1

n=—taT=—.

Q T n
B Hexait Tisio piBHOMIpHO pyXaeThbcs IO KOJIy pajiyca

r i sa meBHUU uac t mepeMiIlaeThbCcsa 3 TOUKU A B TOUKY B
(maan. 76). Kyt ¢, axuii mpu iboMy OIIUCYE Pagiyc, Ha3uBa-
Man.76. €ThCS KYmom noéopomy, abo KYymoeum nepemiu,eHHAM.
OpuHUIIEIO KYTOBOT'O IIEPeMIiIleHHA € pajiaH, [¢] =1 pax.

Kyrose nepeminienusa

1 pan mopiBHIOE IEHTPAJbHOMY KYTY MisK JBOMA pa-
é miycamu, TOBXKUHA OYTH AKOTO TOPiBHIOE paaiycy.
3a oauH 00epT TiJo 3AifiCHIOE KYyTOBE IIePEeMillleHHs
27 pan.

Kyt y pagianax i me#t cammii KyT y rpagycax ¢° moB’s3aHi CIIiBBifHOIIIEHHAM
= L
180°
KyrtoBe nepewmimennsa — akcianvruil éekmop A®. AxcianbHi BEKTOPU BUKO-
PHUCTOBYIOTHCA IIPU POBIJIALL 00epTaIbHOrO pyxXy. BoHM HampaBJyieHi B3JOBXK OCi
obepTaHHAd.
Taxum uynHOM, 3a AaHAJIOTIEIO 3 KiHEMATUKOIO IMIOCTYIIaJbHOTO PYXY, MOKHA 110~
OyayBaTu KiHeMaTuKy 00epTaJIbHOTO PYXY.




KimemaTnKa mocTynajbsHOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaIbHOI TOUKH

Pignanna obepmanvhozo pyxy — Iie 3aJIeKHICTH
BEKTOpa KYyTOBOIO IIepeMillieHHs Big uacy: ¢ = Q(¢).
Kymoea weudxicms ® TOUKHU, 1110 piBHOMIPHO pyxa-
€ThCHA IO KOJIY, BUBHAYAETHCA BiTHOIIIEHHAM KyTOBOTO
é TIIepeMiIleHHs 10 iHTepBaJly 4acy, IPOTATOM SIKOTO I1e
mepeMileHHs Big0yaocs:

Ap

0=—-:
At

OpuHUIA KYyTOBOI MIBUKOCTI — pajiaH 3a ceKyHAy, [0] =1 pazx/c.

KyroBa mBuaKicTs, — BeKTOpHA BeanunHa. HanpasieHuil BEKTOp O y3L40BiK oci
obepTaHHdA, IPUUYOMY TaK, 1[0 HAIPAM O0epTAHHA i HAIPAM () YTBOPIOIOTEL IPABO-
IBUHTOBY cuctemy (Ma. 77): AKITO JUBUTUCH YCJIiJ BEKTOPY O , TO 00epPTAHHA Bif-

OyBAa€EeTHCS 3a TOJUHHUKOBOIO CTPiIKOIO.

OcCKibKM KyTOBE IIepeMillleHHs 3a
yac, 1110 JOPiBHIOE epiony, CTAHOBUTH 2T
pazx, ToO KyTOBOI IIIBUAKOCTI MOxKe OyTHU
BU3HAUEHUII duepe3 mepion i 00epToBy

YacToTy:

o = 27tn abo (ozz—n.
T

Ilpu piBHOMipHOMY pyci mo Koay

KyTOBa IIBUAKICTh mocTifiHa: O = const.

IIpu HepiBHOMiIpHOMY pPycCi IO KOy
KyToBa NIIBUAKICTh 3MiHIOETHCA (Bapia-
tuBHa) O = var. Tomy npu HepiBHOMIp-
HOMY PYCi II0 KOJY 3aCTOCOBYIOTH MUT-

. A
TEBY KYTOBY IIIBUAKICTE M= 1im 22 .
At—0 At

\\}—__ -

Man.77. HanmpaM BeKTOpa
KYTOBOI IIBUAKOCTI

Jdinitina weudrxicmo. Ik Mu y:ke 3’sicyBajiu, JiHifiHA MIBUAKICTD PyXYy Tija 3a-
JIUTITAE€THCS CTAJIOI0 3a MOAYJeM, BeCh Uac 3MiHIOEThCA 3a HATIPAMOM i B Oy Ib-AKii
TOUI[i TPAeKTOPil PyXy Tija HampaBJeHAa IO JOTUYHIN, IPOBEIAEHIA A0 KoJa uepes

I[}0 TOUKY.

3a nepiox T Tijio IPOXOAUTH MIJIAX, IO JOPiBHIOE MOBXKUHI KoJa [ = 27tr, Tomi
MmoOdynw ninitiHoT weudxrocmi BusHauaeTbea: v = 2nr/T abo v = 2nr - n.
OpuHUIA JiHifTHOI MIBUAKOCTI — MeTp 3a ceKyHAy, [v]=1 m/c.

é Jlerko nmo6aunTy 36’A30K NiHiUHOL i KYMo060i uLeud-

Kocmeii: v = O7.

Ax Mu paniire BCTaHOBUIIN, 00YeHMpPo6e NPUCKOPEHHs & = L2/r, BDaXOBYIOUN
3B’ SI30K JIHINHOI i KyTOBOI IIBUAKOCTI, MOYXHA BUPA3UTHU 1 TaK: a = ®2r.




3eepuimb ysazy! Ax BumHO 3 GOPMYJI, NOIEHTPOBE IPUCKOPEHHA B OLHOMY
BUIAIKY 3aJE€KUTh BiJ pamiyca IpsiMo IPOIIOPIiiiHO, a B iHIIIOMY — 00epHEHO IIPo-
nopiitino. Ile mapagoxkcanbHUM, Ha MEPITNI MOTJIAN, BUICHOBOK BioOpaskae Toi
daxT, 1110, AKIIO Y TiJ, AKi pyXamwTbcA II0 KOJY, OOHAKOBL JiHIMHI MIBUAKOCTi, TO
IOIIEHTPOBE MPUCKOPEHHS OijbIlle Y TOTO 3 HUX, AKe PYXA€ThCA 0 KOJIY MEHIIIOTO
pazgiyca; sSIKIIo OAHAKOBI IX KyTOBi MIBUAKOCTI, TO HOIIEHTPOBE MPUCKOPEHHS 0i/Ib-
1I1e TaM, e OiIbIIuit pagiyc.

T'os10BHO0 0CO0/IMBICTIO PIBHOMIPHOI'O PYXY II0 KOJIY € T€, II[0 BiZ0yBaeThC IIe-
piogmuHe MOBTOPEHHS IMOJIOMKEHHSA Tija i BiAmoBigHA ImepioguuHa 3MiHA BEJUUYUH,
III0 XapaKkTepU3yioTh PyX. 3 NOAIOHMMY NEePiOAVNYHUMHU 3MiHAMU BEJIUYNH MU 3y-
CTpiHeMOChH IIPU BUBUEHHI KONUBAHDb.

@ DawnTte Bignosiai Ha 3anUTaHHA

1. Yuwm BigpisHAIOTHCA 3MiHU IITBUAKOCTI IIPU IPAMOJIIHITHOMY i KPUBOJiHIiT-
HOMY pyXax?

2. Yu moKHa BBasKaTU PiBHOMiPHUI PYyX IO KOJIY PiBHOIPUCKOPEHUM ?

3. SfAxIo npu pyci mo Kooy 3MiHIOBATUMETHCS i MOAYJIb MIBUAKOCTi, TO IK IIe
BILIMBATUME Ha IPUCKOPEHHS ?

4. Sxuvuy cnenudivHUMY KiHEMATUYHUMU BeJIUYMHAMU XapaKTepPU3YEThCHA
PyX 110 Koay?

@ Mpuknaau po3s’si3yBaHHe 3apay

3amaua 1. fIx Bigomo, 1060Be oOepTaHHsa 3eMJi CTaHOBUTE 24 rof. 3 AK0I0 KY-
TOBOIO Ta JiHIAHOIO IIBUAKICTIO PYyXalThCS TOUKHU IIOBEPXHI 3eMJIi, po3TamioBani
Ha exBaTopi? Pamiyc 3emui — 6400 kM. BBaskaTu, 1110 Bich 00epTaHHSA IPOXOAUTH
KPisb IIOJIOCH.

Hano: Po3sé’sa3anna:
T =24 rom =86 400 c; BrarkaTumemo obepranua 3eMJi piBHOMipHUM.
R=6,4-10°m KyToBy mBuakicTs BUsHauaeMo 3a GhOPMYJIO0 O = T
®—? wzmzo,ooo 07322 _7 3.10° P28
v—2? 86 400 c c c
C s . . . 5 panx 6 M
JlimifiHa mBuUIKicTs Bigmosiguo: v=0r, v=7,3-10"——-6,4-10°m=47—.
¢ c
Bixmosize: 0=7,3-107" 228 =472,
c [¢

3amaua 2. Besocumnieguct ime mo moposi 3i mBuakicTio 10 Mm/c. CKinbKu 06epTiB
3a CEKYHAY POOJIATEH KOJieca BEJIOCUIIE A, SIKIIO BOHU He KOB3aloTh? fIKe JoIeHTpo-
Be MIPUCKOPEHHS MaloTh TOUKHY Ha 0001 KoJjeca, sIKIIO foro pagiyc 35 cm?

Po3é’a3annsa:

Koiseco Bemocumena 6epe ydyacThb OJHOYACHO y OBOX pyxax:
IMOCTYIAaJbHOMY 31 IIBHAKicTIO V' Ta o0epTajibHOMY 3 JIHIAHOIO
mBUAKicTI0O V. HampsaMy BeKTOpPiB IUX IIBAAKOCTEH IIOKa3aHi
Ha Mmag. 78. BeKTop HIBUAKOCTI IIOCTYHAJBHOI'O PYyXy 30iraerbcs




KimemaTnka mocTynajb»HOTO Ta 00€PTAJTHHOTO PYXiB MaTePiaJIbHOI TOUKH

3 HampAMOM pPyXy BeJlocullefa,
TOMY B yCiX TOUKax KoJjieca BiH
Mae ONHAKOBUII HampaMm (UepBo-
Ha CTpijKa Ha MAJIOHKY), BEKTOD
JiHIAHOI IMBUAKOCTI y PpisHHX
TOYKAX KoOJieca CHPAMOBAHUN II0
IOTHUYHIN, TPOBEAEHIN uepes IO
TOUKY.

OCKiJIBKY KOJIECO PYyXa€eThCA
0e3 IIPOKOB3YBaHHSA, TO TOUKa A,
10 CTUKAETHCA B Ilei MOMEHT 3
JIIOPOT0I0, Ma€ IIBUAKICTD, KA J0-
piBHIOE HYJIIO. 3BiicM BUILINBAE,
0 IIBUAKICTL TOCTYyHAJbHOTO
PYXY IOPiBHIOE 3a MOAYJIeM JiHiH-
Hill IMTBUIKOCTI.

Takum ymHOM, Hame B yMOBi Man. 78. IloctynaasHuii
3HAUYEHHS IMTBUIKOCTI MU MOKEMO Ta 00epTaIbHUI PyX KoJeca
BUKOPUCTOBYBATU [JisI BU3HAUYEH-

Hs JOIIEHTPOBOT'O IPUCKOPEHHS:

o 1002
a=—, a= € =285 —.
r 0,35 ™ c

KinpKicTs 06epTiB, 110 POOUTH 3a CEKYHAY KoJieco (To6To 06epToBY YaCTOTY),
BU3HAUYAEMO 3a DOPMYJIOIO:

10 1
v=2nnr,n=——,n= ¢ =4,55 =
2nr 6,28-0,35 M c

Bimmosins: a =285 ;n=4,55c".
(¢}

@ Bnpaea 10

1. 3a aKuii yac Kojeco, 110 Ma€ KyTOBY MIBUAKiCTH 47 paj/c, 3poouTts 100 06ep-
TiB?

2. ko paziyc Koa0oBOI OpOiTHM IITYYHOTO CYINIYTHHKA SeMJIi 30iJIbIINTH B
4 pasu, TO Iioro mepion obepTaHHA 30iJbIIUTHCA ¥ 8 pasiB. ¥ CKiJIbKM pasiB 3mi-
HUTHCSA IIBUIKICTL PYXY CYIIYTHUKA II0 OPOiTi?

3. XBUJMWHHA CTPiJIKA TOAUHHUKA Y TPU pasu AOBIIA Bix ceKyHAHOI. O0UMCaIuT
CIIiBBimHOINIEHHA JiHIMHUX IMBUAKOCTEHN KiHITIB CTPiIOK.

4. O6UHCIUTU JOIEHTPOBE IIPUCKOPEHHA TOUOK KoJjieca aBTOMOOLIA, IKi JoTH-
KaloTbCA [0 JOPOTH, AKIIO aBTOMOOIJIb PyXa€eThCsa 31 MIBUAKICTIO 72 KM/TO[ i IpU
IIbOMY 00€PTOBAa YacTOTa KoJieca CTAaHOBUTL 8 ¢!,




5. [IBi MmaTepianbHi TOUKHU PyXalOThCA IO Kojax pagiycamu R, i R,, npudyomy
R, = 2R,. IlopiBHATH iX NOIEHTPOBi IPUCKOPEHHA Y BUMAJKAX: a) KOJIU iX JiHiAHL
IIBUAKOCTI OTHAKOBI; 0) KOJIM IX IIepiogu OAHAKOBI.

6. fIka smimiiiHa MIBUAKICTh TOYOK 3eMHOI ITOBepxHi Ha 1mupoTi 60° mig uac mo-
6oBoro obepranusa 3emuri? Braxkatu, 110 paaiyc 3emai — 6400 k.

7. Pamiyc pyKOATKHU KOJIOBOPOTA KPUHUIIL B 3 pa3u OiIbIINi Bif pagiyca Bajia,
Ha SKUHA HAMOTYETBLCS TPOC. SIKa JiHifiHa MBUAKICTh KiHIA PYKOATKY IIi1 yac mism-
HiMaHHA Bigpa 3 rmubuau 10 m 3a 20 c?

8. lutaunii 3aBOAHUIT aBTOMOOiIb, PyXalounuCh PiBHOMiPHO, ITPOMIIIOB IIIJIAX
s 3a yac t. BusHauuTtu 00epTOBY UaCTOTy, KYTOBY IIBUIKICTH KOJIiC i JOIleHTPOBE
IPUCKOPEHHA TOYOK Ha 00071 KoJieca, AKIIO oro giamerp d. IKIO € MOKJIUBiCTD,
BUBHAUNTU BKal3aHi y 3aJjaui mapamMeTpu Ha AOCTimi.

9. BusnaunuTu pagiyc AuCKa, 110 00epTaeThCs, SIKINO JiHiliHA MIBUAKICTHL TO-
YOK, IO 3HAXOAATHCA Ha Moro Kpaio 6 M/c, a TOUOK, IO 3HAXOAATHCA OJIMIKUE Ha
15 cm o #ioro meunTpa, — 5,5 Mm/c.

10. Ha ropusoHTabHi# oci o6epraiorbes 3 yacToToio 3000 obepTiB 3a XBUJIN-
HY IBa TOHKUX IUCKH, 3aKpimieni Ha Bigcraui 100 cm ogun Bix oguoro. Ilyimena
mapaJjesJbHO oci KyJjs mpobuBae o0uaABa TUCKU, IPUUOMY APyTra MpoboiHa 3MilmeHa
BimHOCHO TepIioi Ha KyT 45°. [IpoOuBIiu AUCKU, KYJIA 3aTJHUOJIIOETHCSA V CTiHY Ha
60 cv. BusmauuTu: a) MBUAKICTh KyJIi mig uac pyxy ii Misk guckamu; 0) 4ac pyxy B
CTiHi; B) cepelHE 3HAUEHHA IPUCKOPEHHA KYJIi ITi/f Yac pyXy y CTiHi.

§ 15 PiBHOMipHUI Ta HepiBHOMIpHUI 006epTanbHi pyxu

v X apaxmepucmuKu Hepi6HOMIPHO20 00epmaabH0O20 PYXY.
KinemamuuHi pieHAHHA 00ePMALLHO20 PYXY MAMEPiALbHOL MOYKU.

v’ Cnissidnowenns PiBHAHb KiHeMamuKu nocmynaibHozo i ooep-
maJibHOo20 pYXié.

XapaKTepuCTHKHN HePiBHOMipHOT0 00epTaIbHOr0 PyXy. Pyx mo Kouy (obepTasib-
HUI pyX) MOsKe OyTHU AK PiBHOMipHUM, TaK i HepiBHOMipHUM. ITpu piBHOMipHOMY pPYyCi
0 KOJIy JIiHifHA IITBUAKICTL 3MiHIOETHCA TiIbKY 3a HanpAMoM. [Ipu HepiBHOMipHOMY
pyci — i 3a HATTPSAMOM, i 3a YMCJIOBUM 3HAUEHHSAM.

OckisbKu JiHifIHE TPUCKOPEHHS XapaKTepu3ye 3MiHy JiHIHOI IITBUAKOCTI i 3a
YUCJIOBUM 3HAUEHHSAM, 1 3a HAIIPAMKOM, TO HOT0 MOKHA HMOJATH y BUIJIAIL CyMU

IOBOX CKJIAJOBUX: d=da, +d,, fe Hopmanbvhe (00yeHmpo6e) IPUCKOPEHHA 4, Xa-
2

paKTepusye 3MiHy IIBUJKOCTI 3a HAIIPSAMOM i CIIpAMOBaHe A0 IleHTpa KoJja a, =—;
r

manzenyianvrue (a60 domuune) IPUCKOPEHHA 4, XapaKTepusye 3MiHY MOAYJIA
IIBAJIKOCTI i HANpsAMJIEHE 10 JOTUYHIH 10 TpaeKkTopii a_= Av/At (man. 79).




KimemaTHKa mocTynaj-HOTO Ta 00€PTAJIHHOTO PYXiB MaTepPiaJIbHOI TOUKH

Mopgyap mimifimoro a6o IOBHOTO

IIPDUCKOPEHHA: a = qaf + (13 .

Kyt o, akuii yrBopioe BeKTOP JIi-
HiiHOTO IPUCKOPEHHA d 3 pagiycom-
BEKTOPOM DPYXOMOI TOUKHN, BU3HAUA-
€TBCA AK 3aJEKHICTD tga. =a /a, .

ITpu piBHOMipHOMY oOOepTammi Man.79.
TiJIa 10 KOJIY TaHTeHIliaJbHe IPHUCKO- Cxmanmosi
PeHHA BiICyTHE. JiHiHOTrO

IIPUCKOPEHHA

ITpu HEpiBHOMIpHOMY PYyCi IO KOJIY
KYTOBA IIBUAKICTHL () 3MIHIOETHCS, 1[0
BUKJINKA€E KYTOBE IPUCKOPEHHS.

Kymosee npuckopennsa (€) BU3HaUa€ThCSA BiTHOIIIEH-
HAM 3MiHM KYTOBOI IIBUAKOCTI 00epTaHHS 0 iHTepBa-
é JIy 4acy, 3a AKUH 114 3MiHa Big0yaachk:
g @ _ 0O—0,

At At

OpuHAIT KyTOBOTO IIPUCKOPEHHA — PajiiaH 3a CEKYHIY B KBapari, [€] = 1 paz/c?.

Bekrop € cuiBmaziae 3 BeKTOpoM (), AKIO O0ePTAHHS IPUCKOPEHe, i HaIpasJie-
HUU Yy TPOTUJIEIKHUH OiK, IKIO 00epTaHHA CIIOBiJIbLHEHE.

Bupas A®)/At xapakTepusye cepeHIo 3a uac At CTPiMKiCTh 3MiHM KyTOBOI IIIBU/I-
KOCTi pyXy MaTepianbHOi Touku. Mloro HasuBaoOThL cepeJHIM KYTOBUM IIPUCKOPEH-
HSM.

SIKIII0 3MEeHIITyBaTH iHTepBaJ yacy, 3a AK1UHA 3SMiHIOEThCS KYyTOBa INBUAKICTD, TO
UM MeHIIINM Oyae 1ei inTepsaja At — 0, TUM MeHIIIO0 OyAe 3MiHa KyTOBOI IIIBUIKO-
cTi A® — 0, a 1pib A®/At IpAMYE [0 IeAKOT0 PAHNYHOr0 3HaueHHA. 110 rpanuirio
Ha3WBAIOTh MUTTEBUM KYTOBUM IIPUCKOPEHHAM TOUKU y IeBHUII MOMEHT Uacy:

HepiBaomipuuii o6epTaibHUN PYX € JOCUTh CKJIATHUM, TOMY HajaJi Oymemo
IOCJTIKYyBATH PYX 31 CTAIMM KYTOBUM IIPUCKOPEHHAM € = const, To6TO piBHOIpHC-
Kopeuuii obepraabuuii pyx. KyToBa MIBUAKICTE PIBHOIPHUCKOPEHOro 00epTaJIbLHOTO
PYXy MaTepiaJbHOI TOUKY y OyAb-AKWI MOMEHT Yacy BUBHAUYAETHCS 3a (DOPMYJIOIO:

O=0,+Et.
11106 BcTaHOBUTHU 3B’A30K MijK KYTOBUM i JIHINHUM IPUCKOPEHHAMU, CKOPU-
. Av . Ao Av .
CTAEMOCA CIiBBIZHOIIIEHHAM A®=—, TOAi €= A = AL OckinbKu 3a 03HAUEHHAM
r t TrAt

Av ) a
a, =— — TaHTeHIiaJbHEe IPUCKOPEHHA, TO €=—"-.
At r




Om:xe, IpU PiBHOMipHOMY pPYycCi IO KOJIY € JIUIIIE HOIleHTPoBe (HOpMaJibHe IIpu-
CKOPEeHHs), dKe 3yMOBJIeHEe 3MiHOI0 HAIPAMY JIiHIAHOI MIBUAKOCTI:

v, . 5 ATr
a,=—=OT=4T"1r =——— = OV.
r T

ITpu HepiBHOMiIpHOMY pyCi 110 KOJIY BUHUKAE TaHTeHIliaJIbHe (JOTUYHE) Ta KYTO-
Be IPUCKOPEHHs, AKI OB’ A3aHi MixK cob0I0 3aeKHicTIO: @, =¢€r .

KinemaTnuHi piBHIHHA 00€PTAJIBHOTO PYXy MaTepiajJbHOI TOUKH.

IIpu piBHOMipHOMY 0GepTaHHi, TOGTO Pyci 3 MOCTiHIHOIO KYTOBOIO IIIBUAKICTIO,
KYTOBE IIepeMillleHHA BU3HAYAETHC ILJIONIEI0 MPAMOKYTHIUKA, OJHA 3i CTOPiH SKOTO
t, a ipyra o (maz. 80, a): ¢ = ot. Y BUTIaAKy HEPiBHOMIPHOTO PyXy MO KOJIY 3i cTaIuM
KYTOBUM MIPUCKOPEHHAM Tpadik KYTOBOI IIBUAKOCTI Ma€ BUTJIAMN, 300paKeHUil Ha
maan. 80, 6.

Axro ma rpadiry (maz. 80, 6) BULINTHA BY3bKY CMYKKY abc’d , mupuna axoi
BifimoBiae mMaJysioMmy iHTepBaJyly yacy At, TO BOHA MaJiO Bipi3HAETHCA Bif IPAMO-
Kytauka abcd. Ilpu pgocutnb
MajsoMy At MOKHa BBayKaTu,
o0 pyx BigOyBaeThcsa 3 II0-
CTiAHOIO KYTOBOIO IIIBUAKiCTIO,
TOMY TIJIOI[A IIPAMOKYTHH-
Ka abcd umncenabHO TOPiIBHIOE
KYTOBOMY IIEPEMIIIIeHHIO 3a
masimii inTepBan uyacy At. Ha
Taki CMy’KKN MOXKHA pOo30uTU
BciO ILIoIy (irypu, posTario-
BaHOI minm rpadikom KyToBOi
mBuAKocTi. OT:Ke, KyTOBe IIie-

Man. 80. I'pacdiune BU3HAUEHHSA peMiIieHHsa Ipu PiBHOIPUCKO-
KyTOBOTO “epe_MimeHH”’ peHoMy pyci 110 Koy BU3HAUa-
) @ — pPIBHOMIPHOT0; ) eThcA IIoIelo Tpamerii ABCO,
6 — PiBHOTIPUCKOPEHOT0 00ePTAJIHLHOTO0 PYXiB . ..
OCHOBaMHU $fAKOi € Bigpisku
CB = 0, OA = 0, i BUCOTa AKOI
OC = t. BpaxoByloum, II0 IPH pPiBHOIPHCKOpeHOMY oOepTaHHI W=, +¢€t,
et’ . -
OTPUMYEMO: (= ®,I +? . Y BeKTOpPHIiN hop™mi ¢ =, +7.

151 piBHOIPUCKOPEHOTO 00epTaHHA BUKOHYEThCA TAKOK (hopMyJia:

O — @ =2€¢.

ChniBBigHOIIEHHA PiBHAHD KiHEMATHKHU MOCTYIAJBHOTO i 00€PTaJIHHOTO PYXiB.
JJ1d mocTynaJTbHOTO PyXy OCHOBHUMM XapPaKTEePUCTUKAMU € TIePEeMiIlleHHS i IITBU/I-
KicTb, 151 06epPTAJIBbHOTO — KYT HOBOPOTY (KyTOBe mepeMileHHsa) i KyToBa IMIBU-
KicTb.

Y rabauili momaHo CHiBBiAHOIIIEHHS MiK PiBHAHHAMU IIOCTYIIAJLHOTO Ta 06ep-
TaJbHOTO PYXiB MaTepiaJbHOI TOUKH.




KimemaTHKa mocTynaj-HOTO Ta 00€PTAJIHHOTO PYXiB MaTepPiaJIbHOI TOUKH

ITocrynaasuwnit OGepraasHuii pyx
NPAMOTiHITHAI 3 MOCTiHHUM KYTOBUM
piBHOIIpHUCKOpPEHU PyXx NPHUCKOPEHHAM
Koopaunara et?
axtz Kyt mosopory: @ =@, + 0yt +——
x=x,+v, t+ 2

IlsuakicTs: O =1, + Gt KyToBa MBUAKICTD: 03%= %
JlirifiHa MIBUAKiCTH: W ="VI

_AD Kyrose nmpuckopenus: € =
ITpuckopenusa: g =—
t

HomeHTpoBe (HOpMaJI;:He)

IPUCKOPEeHHA: @, =—

r
Taureumiaabae (ZOTUYHE)
NPUCKOPEHHA: A, = €I

Daiite BianoOBiAi Ha 3anUTaHHSA

1. fAxwmit xapakTep sMiHM IIBHAKOCTL PyXy Tijia IIpu HepiBHOMipHOMY IOro
pyci mo Kosry?

2. IIlo Taxe mOBHE HNPUCKOPEHHS PyXy Tijna? 3 AKX KOMIIOHEHTIB BOHO CKJIia-
IaeTbea?

3. flxe mpucKOpeHHsA HasMBaeThcA TaHreHiiaabuuM? Hopmanbuum? 3a AKu-
Mu (popMysaMu BOHM BU3HauaioThbeA? HaBemiTh mMpuKIagu, KOJIU TaHTEHIliaJIbHe
MIPUCKOPEHHS JOPiBHIOE HYJIIO. A KOJIM JOPiBHIOE HYJIIO HOPMAaJIbHE IPUCKOPEHHA?

4. IIlo Take KyTOoBe HpUCKOpPeHHsA? SIKe 00epTaHHS HA3WBAIOTh PiBHOIPUCKO-
perumM?

@ Mpuknaaun po3s’a3yBaHHs 3apa4

3amaua 1. Koneco paxmiycom 10 cm o0epTaeTbcsi 3 KYTOBUM IIPUCKOPEHHSIM
3,14 pax/c?. BusHaunTu Ijist TOYOK 000AY HA KiHEIlb IIepIol CeKYHAN PYXY: a) KyTo-
BY IIBUAKiCTB; 0) JiHIAHY MIBUAKICTE; B) TAHTeHITiaJIbHE IPUCKOPEHHS; I') HOPMaJIbHE
MIPUCKOPEHH:; I') IOBHE TPUCKOPEHHSA; 1) KYT, SKUUA YTBOPIOE BEKTOP IIOBHOT'O IIPUCKO-
PpeHHsd 3 paZliycoM-BeKTOpPoM 0001y. ITouaTKoBa KyTOBa IITBUAKICTD JOPiBHIOE HYJIIO.

Hano: Po3é’a3annsa:
r=10cm=0,01 wm; 3a kimemaTuuHUMU (QopmyJsaMu 00epPTaIBLHOTO PYXY BU-
£=3,14 pan/c?; 3HAUAEMO:
o, =0; a)o=0,+&t, o=¢et=3,14pan/c;
t=1c 6) v=0r=3,14pan/c-0,1m=0,314m/c;
o—2;0-2 B) a, =¢€r = 3,14pa,u/c2-0,1M=0,314M/02;
_ 9. _9 2 2
P 0, = = OO 56 e




r) a=.Ja +a’ = /(0,314m/c?)* +(0,986m/c*)* =1,03m/c” ;

i a, 0,314 m/c?
T 0,986m/c?

Bignosige: ©=3,14pag/c;v=0,314m/c; a,=0,314m/c’; a,=0,986Mm/c’;
a=1,03m/c’ ; o~ 18°.

3amaua 2. Koseco moumHae obeprarucsa piBHOIpHCKopeHo. Yepes 2 ¢ Bix mo-
YaTKY PyXy BEKTOP ITIOBHOTO IPUCKOPEHHS TOUKY, IO MiCTUTHCA Ha 00011 KoJjeca,
yTBOpIoe KyT 60° 3 BeKTOpOM ii JIiHiITHOI MIBUAKOCTI. BU3HAUNTN KyTOBE IPUCKO-
PeHHA y 1ie# yac.

=0,318, a=18°.

Posé’as3anns:
Bukonaemo maIioHOK 10 3amadi (ma.a. 81).
3 MaJIFOHKa BUAHO, III0 @, = A COSO..

_ 2 2
IToBHe IPUCKOPEHHS A =./a; +a: .

BpaxoBytouu, o a,=®’r i ® = &t, Maemo:
a,=¢t’r.

OckisnbKM TaHTeHIliaIbHe IPUCKOPEHHA d_= €I,
TO HOpPMAJbHE IPUCKOPEHHS MOKHA BUPASUTHU
Tak: a, =a.ct’.

IligcTaBuMoO et BUpas3 y Gopmyay:

az\/aj +a’ =\/a382t4 +a =a et +1.

Bpaxosyrouu, mo a,=acoso., OTPUMYEMO:

a,=aNe't' +1-cosa , sBigKM: Man. 81. Jlo 3anaui 2
1
Vi+eitt = .
cos o

ITicist mepeTBOpPeHD, OTPUMYEMO: € = tgo /t2.

3 =0,43 pa,xt[/c2 .

IlifgcTaBisieMo YNCIOBi 3BHAYEHHSA: €=——
c

Bignosigs: € ~ 0,43 pax/c?.

@ Bnpasa 11

1. Koseco mpu o6epTaHHi Mae MOYATKOBY YacTOTy b ¢!, micas raabMyBaHHS
nporaromM 1 XB #0ro 4acToTa 3MEHIIUIACA A0 3 ¢ '. BUsHAUNTY KyTOBE IPUCKOPEH-
HS KoJjeca Ta KiJbKicTb 00epTiB, AKi KoJieco 3aificumio 3a 1eii uac. Beamaru pyx
PiBHOCTIIOBiJIbHEHU.

2. KyroBa mIBUIKiCTh Tija, IO PYXa€ThCA IO KOJY, 3SMIiHIOETHCS 3a 3aKOHOM
o =5 + 2¢. Bei Benuunnu 3agano B CI. ITo6yayBaTu rpadik sminu mBugkocti. Bu-




KimemaTHka mocTynaJbHOTO Ta 00€pPTaJbHOI0 PYXiB MaTepiaIbH

3HAYUTU KYTOBE IIPUCKOPEHHS i TOYATKOBY IIBUAKICTL. IK0OI0 OyIe KyToBa IIIBUJ-
KicTh uepes 10 ¢ micys mouaTky odbepTaHHsa?

3. Timo pyxXaeTbCcs IO KOJY 3 IOCTIMHMM KYTOBUM IIPHCKOPEHHAM 2 pan/c?.
CkiJbKY TOBHUX 00€pPTiB 3po0uTh Tijsio 3a 10 ¢, AKII0 TOYaTKOBA KyTOBA IIIBUAKICTD
nopiBuioe Hya10? IKOI0 Oy/Ie KyTOoBa IIBUAKICTh PYXY TiJja y Ieii MOMEHT Jyacy?

4. Timo, mo obepraerbcsi 3 yacToTroro 120 00/XB, 3YNMUHAETHCA IIPOTATOM
1,5 xB. BRakatouu pyx piBHOCIIOBiIbHEHUM, BUBHAUUTH KiJbKicTh 00epTiB f0 10~
BHOI 3yITMHKHU. 3 AKUM KYTOBUM IIPUCKOPEHHAM 3YITUHAETHC TiI0?

5. Touka pyxaeTbcsa mo Kooy pamiycoMm 20 cM 3 HOCTiHUM TAHTeHIIiaJIbLHUM
IIPUCKOPEHHAM 5 c¢M/c2. 3a AKUI yac Bif MOYATKY PYXYy HOpPMaJIbHEe IPUCKOPEHHS
TOUYKU Oyze: a) JOPiBHIOBATHU TaHTeHITiaJIbHOMY; 0) BJJBOE OiJIBIIINM 3a TAHTEHIT1Ah-
HEe?

6. Koseco oGepraeThes 3 KyTOBUM IPUCKOpeHHAM 2 paz/c?. Uepes imTepsas
vacy 0,5 ¢ Bif mouaTKky pyxy IIOBHE IIPUCKOPEHH KoJieca fopisuoe 13,6 cm/c?. Bu-
3HAYUTHU pajiyc KoJieca.

HanronogHiwe B po3gini 1

Mexaniunuii pyx € BigaocuuM. Ile o3Hauae, 1o Taki fioro mapamerpu, K Tpa-
€KTOPis, IepeMillleHHs, IPOiAeHN IILIAX, IIBUAKICTD, 3a1eKaTh Big Bubopy cuc-
TeMHu BiIJIiKy i € BimHOCcHUMU BesqmumHamu. Ilepexin Big omHiel cuctreMu BiIIiKy
o iHIrol 3mificHIOETBCA 3a JOIIOMOTOI0 meperBopeds Iamimes: x=vi+x', y=y’,
z=2' t=1', 3rifHOo 3 AKMMU KOOPAMHATA Tijla 3aJeKNUTh BiJj CUCTeMH BiAJIiKy, TOO-
TO € IOHATTAM BigHocHUM. PiBHicTh ¢t =1’ Bupaskae abCoMOTHUY (He3MiHHMIA, iHBA-
piaHTHUMIT) XapakTep 4acy.

Iz mepeTBopens 'asisesa BUIInBae MpaBUJIO BUBHAUEHHSA IIIBUAKOCTI PyXy Tija
IpU Iepexoai Bi ogqHiel cucTeMu KOOPAMHAT OO iHIOI, a TAKOXK OJH BasKJIMBUHN BU-
CHOBOK: Y BCiX cucTeMax BiZIIiKy, AKi pyXarTbca PiBHOMiPHO i MpAMOJIiHiNTHO ogHA
BiIHOCHO iHIITOI, IPUCKOPEHH Tijia 3a/IUIAaEThCa HedaMinHuM (iuBapianTHuM). Ileit
BHCHOBOK MM BUKOPHCTOBYBATUMEMO Y AUHAMIIL IpU PO3TJIAAL IPUHIINIY BigHOC-
"ocTi Namines.

Ocnoeéna 3adaua mexaniku (BU3HAUEHHS IOJIOMKEHHS (KOOpAMHATH) Tija B
Oyab-sIKUII MOMEHT 4acy) y KiHeMaTHI[i PO3B’ A3YEThCA IIIJIAX0OM CKJIaJaHHI KiHema-
TUYHUX PiBHAHB, 3TiAHO 3 AKMMHI MOKHA BUSHAUNTU KOOPAMHATH TiJja 3a Bigomu-
MU IIPUCKOPEHHSIM i IITBUAKICTIO, i HABIAKM, BUBHAUNUTHU MIBUAKICTh i IPUCKOPEHHS
Tijla 3a 3MiHaMu 10T0 KOOPAMHAT.

Mexaniunuii pyx 3a opMOI0 TPAEKTOPiI MOsKe OyTU MPAMOJIiHIHHUM YU KPUBO-
JiHiHUM, 3a XapaKTepoM PyXy — PiBHOMipHUM Y¥ HEPiBHOMIpHUM (30Kpema piB-
HOIIPUCKOPEHUIA).

IIpamoriHitHU] pyX:

a) pienomipruil npamoninitinut pyx: U = const. Kinemaruuni piBHAHHS pyxy
x=x,+v.t,8="t;

0) HepieHOMipHUL nPAMORIHIGHUI pyx: VU # const.




. . S
XapaKTepusyeTbCcsA cepeSHBbOIO MIBUAKICTIO: U, = 7 (abo cepeHBOIO MIIIXOBOIO

. . ~ .. As
WBUJKICTIO L, = [ / ) TAa MUTTEBOIO IIBUAKICTIO V= 11nr(1)A—t= 5
At—
B) Pignonpuckopernuil npamoniniiHul pyx XapakTepusyeThcsa CTaJUM IpU-

CKOpPEeHHAM: d = const .

at” _ . at?
= ,s:nt+—at,

KinemaruuHi piBHAHEA PYXY X =X, +V,,t+ o

V2-02=24d5.

I) 8in1bHe NAO0IHHA — PYX Tijla, SKUU BigOyBaeTbCA JIUIIE ITif Mi€l0 TAKiHHS,
0e3 iHIIIMX CTOPOHHIX BIIMBiIB Ha Hboro. OKpeMuil BUIIaJOK PiBHOIPUCKOPEHOTO
pyxy. IIpuckopeHHA BiibHOTO MaAiHHA 01J1A TOBePXHi 3eMJIi He 3aJIeKUTH BiJf Macu

.. M
TLJI i € CTAJIOI0 BEIMYMHOIO CePeJHE 3HAUCHHA AKOr0 CTAaHOBUTh g =9,81— . 3aBxau
c

HalIpaBJeHe BePTUKAJIbHO BHU3.
2 =2

. . gt - gt ., ., =
KimemaruuHi piBHAHHA DYXy Y=Y, + Doyt+7 , h= Dot+7 , V' =V =2gh.

KpuBoainiitauii pyx: omr
a) pi6HOMiIpHUL pYx no Koay. XapaKkTeprnsyeThCs JiHIHOIO V= T 2nrn ta

KYTOBOIO 0)=%=27m mBuUAKicTIO. JliHifiHa IMBUAKICTD 3a MOIYJIEM B3aJIUIIAETHCS

HEe3MiHHOI L = const. 3miHa HampAMy BeKTOpa JiHIHHOI MIBUIKOCTI 3yMOBJIIOE
2
) ~ .
HOABY JOIEHTPOBOTO MPUCKOPEHHA: 4 =—=0"T ; a = const. Kyrosa msuzakicrs
r

3aJIMIIAETLCA CTAJIOI M = const.

KinemaTuune piBHSAHHS PIBHOMIPHOTO PyXy IO KOIy: ¢ =@, + Ot ;
0) HepiéHoOMipHUI pYXx no KoAy. XapaKTepusyeThCs 3MiHHOIO JiHiHHOIO i KY-

TOBOIO IIIBUAKOCTAMM. 3MiHA HANPAMY BEKTOpa JIIHIHHOI IMBUAKOCTI 3yMOBJIIOE
2

LY . .
IIOABY AOILIEHTPOBOrO (HOPMAaJIbHOI'O) IPUCKOPEHHA: 4, =— , a 3MiHa MOJyJs Jii-
r

HifHOI IIBUAKOCTI 3yMOBJIIOE MMOABY JOTUYHOTO (TaHTEeHITiaJIbHOTO) MPUCKOPEHHS:

AV . . .
arzg, 3M1HaA KYTOBOl INIBHUAKOCT1 3YMOBJIIOE IIOSABY KYTOBOI'O IIPHMCKOPEHH:

. A®
E=—0-.
At

Kinemarnuni DiBHSHHSI PiBHOIPHCKOPEHOrO DPYXy IO KOIY: ®=®,+&t,

B, L o
(p=(p0+0)0t+?, O -0, =280.




Po3ain 2

ONHAMIKA
nocCTynaJsibHOro Ta o6epranbHOro pyxis
MaTepianbHOI TOYKU

Huuamika (Big rper. dynamis — cuiia) — po3aij MeXaHiKM, B AKOMY BUBUAETHCA
PYX Tij y 8B’ ABKY 3 IX B3a€EMOJI€I0 3 iHIIIUMH TiIaMu.

JuHaMiKa IT0ACHIOE, 3a AKUX YMOB TiJIO pyXa€eThCA caMe TaK, a He iHaKIe, KOJIu
TiJIO pyXaeThCs PiBHOMiPHO, a KOJIM — PIBHOIIPHUCKOPEHO, KOJIU TiJI0 PyXaeThCA IPA-
MOJIIHIZTHO, a KOJIU — KPUBOJIIHIHO.

OcHOBOIO AWHAMIKU € 3aKOHU PYXy, cHOpMyJbOBaHI aHTIiHCBKUM (PisKOM
Icaakom Huioromom. TomMy 3aKOHM AUMHAMIKM IIle Ha3WBAIOTL 3aKoHaAMu HbioTo-
Ha. BuBuuBIIIM pOoGOTH CBOIX IMONEPEIHUKIB y rajaysi MexaHiKu i MpoBiBIIIM BJIaCHI
IOCJiKeHHs, BiH reHiaJbHO y3araJbHUB yce, 110 0yJI0 BiJoMO 3 MexXaHiKu Ha TOM
yac, i 3acHyBaB MexXaHiIKy K HayKy. BiH yBiB ocHOBHiI mOHATTS MexaHiKu (Maca,
cuia, iMoyJabce (KiJIbKicTh pyXy) TOIO) Ta 3 IX AOIIOMOTroio chOopMYJIIOBAB TPU 3aK0-
HU PYXy. 3aKOHU PYXy He OyJIU BUBEeHI TEOPETUYHO UM eKCIIepUMeHTaIbHO. BoHN!
€ ysaraJbHeHHAM gocigaux paxtis. HaBeneni y maparpadax mocaigm He TOBOIATH
3aKOHU, a JIUIIe JOIIOMAaramTh 3pO3YMITH iX CyTh.

¥ posaini «[luHamMika» BUKOPUCTOBYETHCA IOTYKHUM MaTeMaTUYHNHM anapar i
Ile BUKJNKAE IIeBHI TPYIHOIIL ¥ 3aCBOEHHI HABUAJIBHOr0 Marepiany. AJjie XTO IIpo-
SBUTH HAIOJETJINBiCTh, TOI 3MOKe CKOPHCTATHUCS ILJIOAaMU CBOEI mpailli. AmKe B
IIBOMY PO3/iJIi BUKOPUCTOBYIOTHCS VoKe BiIOMi IIOHATTS «IIPUCKOPEHHS» , « CCTEMA
Bimrirky» . Pyxu mig giero pisHMX CcMJI 3aBXKIM MOKHA 3BECTHU IO BiIOMUX PYyXiB: piB-
HOMIipPHOTO IIPSAMOJIiHIHOTO, PiBHOIIPMCKOPEHOTO MIPAMOJiHIAHOTO i 00epTaJIbHOTO
(piBHOMipPHOTO UM HEPiBHOMiPHOTO PyXYy 110 KOJY).

Tomy y mboMy po3aiji Mu poO3T/IAHEMO HPAKTHUYHE 3aCTOCYBAaHHS 3aKOHIB IU-
HaMiK¥ JJId ONUCY SK IIOCTYIaJbHOTO PYXY MaTepiajbHOI TOUKU, TaK 1 00epTaHHA
TBEPAOTO Tija. K Mg omucy IPUYNH PYXy Tija (UM YaCTUH Tija), TaK i JJd omucy
TPUYNH iX HEPYXOMOCTI UM piBHOBaArm. A TaKOK JOCJIiIMMO IPUPOAY CUJI, AK1 BU-
BUAIOTLCS ¥ MeXaHiIli, 0COOJMBOCTI pyXy TiJ Hif Ai€io IMUX CUJI, BCTAHOBUMO MeKi
3acTocyBaHHA 3aKOHiB HeioToHa i 3’sAcyeMo, SKi 3MiHM CJIiy BHOCUTHU B 3aKOHHU, 11100
BOHU Jif1JIY i B HeiHepI[iaJbHUX CUCTEMAaX BiIJIiKy.

§ 16 MexaHiyHa B3aemogpiqa Tin. Cuna. Maca

V' Bszaemodis min. Cunu y mexaniyi.
4 Inepmuicms min. Maca.

Bzaemopia tin. Cunu y mexanimi. [ Toro 11106 JOCKOHAJIO 3pO3yMiTU 3aKO-
HU PYXY, HEOOXi/THO BUBUUTHU B3AEMOJIII0 TiJI, OCKiIbKY 63a€M00is, maK camo Ak i
PYyx, € Hegid’ emHOI0 6nLacmueicmio mamepii.




Bynb-aki saminu y npupoai BigoyBaoThCA BHACTITOK B3aeMOoil Mixk Timamu. ¥Yci
Tijla TaK Y1 iHaKIle MOB’A3aHi MisK co000 i AiloTh ofHe Ha ogHe a00 6e3mocepesHbO
(mig yac KOHTaKTy OfHE 3 OMHUM ), a00 uepes PisHi moJid.

OlHe Ha OJHEe, Pe3yJIbTATOM SKUX € 3MiHA PyXy ITUX

é Ilix 63aemodiamu y mexaniyi podyMitoTs Ti Ail Tin
Tig a6o ix medopmarrii.

VY disuiri uacTo He 3a3HAYAIOTH, AKE TLJIO i AK Ji€ HA IeBHE TiJI0, a TOBOPSATD, IO
Ha TiJg0 Iie cuia abo g0 Tija mpukaageHa cuia. Ilppuyomy iHTeHCUBHICTES B3aeMOIil
MixK TimamMu MosKe OyTH Pi3HOIO, TOMY i cmja, AKa XapaKTepHu3ye I[I0 B3aEMOIil0,
MOJKe MaTH PisHi 3HAUEHHS.

Cuna — pisuyHa BeIMUnHA, SKa KiJIbKiCHO XapakTe-
pusye B3a€EMOJi0.

Tosnauaersea F . Opunu-
1Ie10 CUJTH € HbIoTOH, [ F =1 H. Jlimia nii cunnm

Cuna — BeKTOpHA BeJH-
YyrHAa i Y KOKEeH MOMEHT Jacy
cHJIa, IO i€ Ha Tijlo, Xapak- F__~>—
TEPU3YETHCA MOILYyJIeM, Ha-
OPAMOM Y IIPOCTOPi i TOUKOIO _—
OPUKJIATAHHS.

IIpama, B3mMOBXK AKOI Ha-
IpAMJIeHA CUJIa, HA3UBAEThCA
Jairiero aii cunu (maa. 82).

Touka npuUKIaZaHHA CUIN

Cuna gk kinbkicHa xa- Man. 82. Culia K BeKTOPHA BeJTMUHNHA
PaKTEepUCTHKA JA€ 3MOTY OIli- XapaKTepU3yeThCA TAKOK TOUKOK IMIPUKIATAHHA CHIIH
HUTHW JIUIle TrpaBiTamiiigi i Ta JiHi€Io Ail cuan

eJIeKTPOMAarHiTHI B3aeMoii,
AKUM IPUTaMaHHAa BJIACTUBICTH 0anbHb0L 0il (maneronii): iX mid BUABIAETHCA HaA
IysKe BeJINKUX BilcTaHAX.

VYci MexaHiuHI ABUINA B MAKPOCKOITIYHOMY CBiTi BUBHAUAIOThCA BUKJIIOUHO I'PaBi-
TaI[ilHUMU ¥ eJIEKTPOMAaTHITHUMY CUJIaMU. Y THX IY:Ke MaJIUX 30HaX IPOCTOPY i B TUX
mpoliecax, B IKUX BUSABJIAIOTHCA CUJIbHI Ta cJIa0Ki B3aeMogil, Taki IOHATTS, K TOUKA
OpUKJIaaHHAg, JiHid gil, a pasoM i3 HUMH i MOHATTSA CUJIM BTPAYaiOTh 3MIiCT.

Y mexaniyi posznadaoms epasimayiiini cunu, a TAaKOXK d6a pizHosudu enek-
MpOMAZHIMHUX CUL — CULU NPYHCHOCMI | CULU MepmA.

Hirouu Ha TijO, PO3TIAHYTI cuau 3mMiHIOIOMb WEUdKicms iozo pyxy (mobmo
Hadaroms miny npuckopernnsa) i (abo) dedopmyroms iozo.

SAx1mo Ha TijIo gie TiAbKM OQHA C1JIa, BOHA 000B’ A3K0OBO BUKJINKAE 1 IPUCKOPEH-
Hd, i gepopmarriro mporo Tija. IKIMO Ha TiJI0O OMHOYACHO Ji€ KiJIbKa CHUJI, TO MOMKJIH-
Ba IX KOMIeHcallid (3piBHOBaKeHHs) 1 TiJIo MOsKe He HaOyBaTH MPUCKOPEHHS.

OxHovacHa [is Ha TiJI0 KiJIbKOX CUJI MOXKe OyTHU 3aMiHeHa fIiero oguiel cuiu (piB-
HopmiftHO1). Ile MosxIMIBE TOMY, III0 iCHYEe npunyun cynepnos3uyii (Hesanexcnocmi




JTuHaMiKa IMOCTYIaJBLHOTO Ta 00ePTAIBHOTO PYXiB MaTepiaabH

0ii cun): akwo Ha mino 0itomb 00HOULACHO KilbKaA CUNL, 0i10 KOHCHOL 3 HUX MONCHA
po3sznadamu He3anexnHo 6i0 0il inwux.

IIPUKJIALEeHUX IO Tija B OAHiN TOUIli, HABUBAETHCA Pig-

é Cuna, SKO MOYKHA 3aMiHHUTH Oil0 KiJIBKOX CHJI,
HOOiliHO10.

PiBHogitina mopiBHIOE reOMeTPUUHiT CyMi BCixX cmiI, 1110 AitOTH HA TiJjoO.

Y 8-my KJiaci B HABUMJINCS BU3HAYATU PiBHOMIMHY CIJI, IIIO AisiJIN B3LOBYK OI-
Hiel mpsaAMOi B OHOMY a00 IIPOTUJICKHIX HAIIPAMAaX.

SAxito aBi cuin Fl i F‘Z IiIOTH Ha TiJIO ITiT KYyTOM OIHA JI0
omHoi (maJ. 83), HalIpsAM iX PiBHOIINHOI 30iraeThbes 3 JiaroHas-
JTIO TIapaJiesiorpaMa, o0y IoBaHOTO Ha BEKTOPaX CHUJI AK Ha CTO-
PoHax, a MOAYJIb PiBHOAIMHOI BU3SHAYAETHC 3a (DOPMYJIOIO

F=\|F} +F? +2F,F, cos. .

Man. 83. BusHaueHHd
OckinpKku cumja 3JaTHA HAAATH TiJdy IPUCKOPEHHS i PIEHOIHHOL Cyox
IedopmyBaTu HOr0o, TO OOMABI ITi Aii MOKHA BUKOPUCTOBYBATHU AJISA BUMipIOBaHHSA
cunu. BunukHenHa gedopMallii, HaIpUKJIal, IPYKUH, 3aCTOCOBYIOTh V OUHAMO-
Mmempax — Ipuajgax Ijad BUMipIOBaHHSA CHUJI.

IneprHicTs Tin. Maca. MUTTEBO 3MiHUTH MIBUAKICTh Tijia HEMOIKJINBO — Iifd Ha
HBOTO 1HIITOTO TiJIa Ma€e TPUBATY IEBHUU Yac.

Ti 30BHIMIHIX Iilf HA HHOrO 3 OOKY iHIITKX TiJjI, Ha3MBa-

é BiactuBicTh Tijs 30epiraTu MIBUAKICTE 3a BiACcyTHOC-
I0Th iHepmHicmio.

YuwM iHepTHilIIe TiJIo, TUM MEHIIIe 3MiHIOETHCSA OT0 IIBUAKICTD 3a IIEBHUI Uac.
KinpkicHy Mipy iHepTHOCTI Tijla Ha3WBaIOTH i10T0 Macorw. Yum GiabIily iHepTHiCTD
Mae€ Tijio, TMM OiJIbIIIa fioro maca.

¥ 8-My KJiaci Bu TaKOYK BCTAHOBUJIM, ITT0 Maca XapaKTepusye i rpaBiTamiiiny Bsa-
emopiro. Yum OisbIria Maca Tijia, TUM CUJIbHIIIIE BOHO IIPUTATYE 0 cebe ixIri Tina.

Omxe, maca — 1ie cCKaJIsgIpHA (DisMUHA BEJIUUYKUHA, 110
é XapakTepusye iHepTHi Ta rpaBiTalliiHi BJIaCTHBOCTI
TiJI.

Y cyuacuiii (isuii mocTreMeHHO HOBedeHO TOTOXKHICTbH 3HAUEeHb I'paBiTaIlifiHol
Ta iHepTHOI Mac Tina (m_ = m,), TOMy iX He PO3IIIAITE i KaKyTh IIPOCTO IIPO Macy
Tijga m.

@ Daiite BianoBiAi Ha 3anUTaHHSA

1. fxiBugu Baaemogii BuokpemI00Th v (hisuii? SAKi 3 HUX posTiIAmaioThCa Y
MexaHimi?

2. Ilo e macaigkom mexaniunoi Bzaemogii tin? Illo xapakTepusye MexaHiuHYy
B3aeMoOio Tia?




IOTHCSA Y MeXaHimi?

4. IITo rake maca? SIKy BJacTUBiCTh TiJl BOHA XapaKTepusaye?

Mpuknap po3s’a3yBaHHS 3apa4

3eeprimyb ysazy! Cuna AK BEKTOPHA BeJIWYWHA, KPiM YHCJIOBOIO 3HAUEHHA 1 Ha-
IPAMY, XapaKTepU3y€EThCA TAKOXK MOUK0I0 NPUKAAOAHHA, IKY MOXKHA IepeMiItyBa-
TH JIUIIIe B3IOB:K JIiHII Aii cuiu, SKIIO Tijo abCcoII0THO TBepIe (He 1epopMyeThCs).

Cunu ipysKHOCTI (peakIrii omopu, Bara), CUJIu TePTA, CUJIa TAKIHHSI MaroTh Bif-
TOBiTHI TOUKM IIPUKJIATaHHA, YOMY MU IPUAiJIEMO YBary IIij yac JeTaJbHOTro iX BU-
BUEHHA.

ITix yac posB’sA3yBanHA 3a7aU i3 fUHAMIKM y OiJBIIIOCTI 3 HUX B3a€EMOJil0ui Tija
BBAXKAIOTHCs MaTepiaJbHUMK Toukamu. Haragyemo, MmaTepiajibHa TOUuKa — Iie TiJo,
poaMipamu i (popMOI0 IKOTO B IIEBHi 3aaUi MOKHA 3HEeXTyBaTU. BCcio Macy Tija MOK-
Ha BBAYKaTHU 30CepeJ3KeHOI0 B TOUIli, IKY Ha3UBAIOTh YeHmpom mac. Bukonyioun ma-
JIIOHOK IO 3aJjavi, BEKTOPHU CHJI, ITI0 MiIOTHh Ha TijI0, MapaaedbHUM IIepPeHEeCeHHIM PO3-
TaII0ByBaTHUMEMO TaK, I110 IIOUYAaTKX BEKTOPiB Oy AyTh IPUKJIaAeHi /10 i€l TOUKH.

HysKe BasKJIMBO HABUUTHUCA NPABUJIBHO 300paskaTh HA MAaJIIOHKY HAIPAMKU
cuJI, AKi Mi0Th HA TijJI0; PO3KJIamaTH IX HA CKJIAJ0BI (IpoeKIlil Ha KOOpPAUHATHI 0ci);
3HAXOMUTHU PiBHOMIAHY CHUJI.

3amaua. CTpijerns HATATYE TATUBY JyKa, gifouu 3 cuaoio 150 H. Kyt mix ma-
TATHYTUMH YacTuHaMu — TaTuBu 120°. fka cuia npysKHOCTI BUHUKAE y KOYKHIM i3
YACTUH TATUBU?

Po3é’azanna:

3pobuMO cXxeMaTUUYHNIT MaJIOHOK IO 3a1adi. lea, 3 SIKOIO CTPi-
JeIlb HATATYE TATUBY JIyKa — F1 . Cunm mpysKHOCTI F , 1110 BUHUKA-
IOTh Yy YaCTHUHAX TSATUBU, PiBHI 3a MoayJjeM i CHpﬂMOBaHi mig KyToM
120° ogua mo oguoi (man. 84, a).

Busnauaemo 3a mpaBuioM JoJaBaHHSA BEKTOPiB PiBHOMIIHY ABOX CUJI IIPYKHOC-
Ti Fz (maan. 84, 6), MOnyab AKOI MOYKHA BUBHAUUTHU 3a (hOPMYJIOIO

F,=\|F2 +F% +2F,F, coso.=|2F’, +2F2 cos120° = F,

np~ mp

Man. 84. BusHaueHHs PiBHOTIHHOT CHJI




JduHaMiKa MOCTYaJbHOTO Ta 00ePTAJIbHOI0 PYXiB MaTePiaJIbHOI TOUKH

AGo 3 ypaxyBaHHSA TOT0, II[0 KYT MijK BEKTOpaMu f‘np cranosuThb 120°, Toxi yTBO-
PeHWi TPUKYTHUK BEKTODiB € PiBHOCTOPOHHIM, TOOTO F, = an.

OcCKiJbKY y JaHUIT MOMEHT CTPiJjia IIfe HepyXoMa, TO PiBHOAiMIHA BCiX MPUKJIage-
HUX 0 Hel CUJI JOPiBHIOE HYJIIO, OTKE, CUJIU F‘l i 17'2 € piBHUMU 3a MOAYJIEM.

Takum unHOM, an =F =150 H.

Bigmosias: an =150 H.

@ Bnpaga 12

1. IBa muHamMomMeTpHu 3’€THAJIN HUTKOIO, A0 AKOI IIiABiCUIM TATapellb Baroio
1 H (man. 85). 3miHoooun KyT Misk HuTKamu Big 30° 7o 150°, BUsHAUNTHU CUIIY Ha-
TATY HUTOK. SIKIIO € 3Mora, repesipTe oTpuMaHi pe3yJIbTaTh eKCIIepUMeHTaIbHO.

2. flke sHaueHHS MATUMYTh CHIJIN, HATIPSIMJIEHI ITEPIIEHIUKYJISAPHO OJHA 0 OMHOI,
AKITO 1X MoskHa 3aMinuTu piBHOAifiHOO 250 H, sika yTBOpIoe KyT 30° 3 0fHi€I0 3 ITUX CHJI?

Man. 85.
Mo 3amaui 1

3. BusnauuTu piBHOAIVHY nBOX cui F| i F, IpUKJIafeHUX 10 OfHiel TOUKHU y BU-
najiKkax, KoJau KyT Mix ix Hanpamamu 60° ta 120°. Moaynicun F, =6 Hra F,=8 H.

4. Poskmnacru cuny F = 10 H Ha n8i ckiazosi F, ta F,, HanpaBJeHi miJ| KyramMmu
a, =30° ra a, = 45° 1o HanpaAMy BeKTOpa F.

5. SIkuit MakcuMaNbHU i AKUI MiHIMaJIbHUN Pe3yabTaTH MOYKHA MiCTATU BiJ
IomaBaHHS TPhOX cuJ 3 moayasamu: F, kF, 2kF?

§ 17 Mepwnin 3akoH HblOTOHA.
IHepuianbHi cucrtemu Bigniky

v' ITowamrosi YABJEHHA NPO NPUHUHU PYXY ML,
v’ Baron iHepuil.

IHepuianvha cucmema 8i0niky.

ITpunyun gidnocHocmi I'anines.

ITouaTKoOBi ysIBJIeHHS PO NPUYMHU PYXY Tii. Coupaounch Ha CIIOCTEPEIKeHHA
ABUII PYXY, I'penbKi (hiocodu moHam ABL THCAYL POKiIB TOMY AiHINJIN BUCHOBKY, ITIO
MIPUPOAHUM CTAHOM TiJIa € CIIOKi#i, OCKiJIbKY Bci Tijla Bim mpupoau «JiHUBi», abo
i"epTHi (Big jatT. iners — Oe3miAabHUI, HepyxXoMuii). BUHUKHEHHS PYXiB TiJl MOXK-




JUBe JUIIe B pe3yJIbTaTi Ail aKTUBHOI CUJIY, a IPUNNHEHHA il Iliel CuJau IpusBo-
IUTh A0 3ynuHKU Tija. Toxai, Kou cmocrepiranu pyx, ajge He po3yMijiu oro mpu-
yuH (pyx CoHIs, MicaAra, 3ipok Ta iHIInx HeGeCHUX TiJ), TaBaJii TaKke IMOSICHEeHHS:
i mpeamMeTu pyxamooTh 0oru. Taka MexaHika Ha Toi yac OyJia 10 BIIOJ0OU IePKBi.

IloMuiKu 1aBHBOTPEIBKUX YUEHUX B PO3YMiHHI MeXaHIUHUX PYyXiB BUIIPaBUB
iranificekuii yuenwnii I'. Tamiseii, JoCaimKy0un pyX KYJIbKHU II0 IIOXUJIOMY K0JIO0Y.
Bin momiTuB, 1110 KOJIU Ky KOTUTHCA II0 TOXUJIOMY KO0JI00y BHUB, i1 IMMTBUAKICTE —
30iJBITyEThCA, KOJIU KYJIA KOTUThCA HATOPY — i IMMTBUAKICTE 3MeHITyeThcs. [amineii
TPUNYCTUB, M0 KOJIM KYJIA KOTUTUMETHCA 0 TOPUSOHTAJBHIN TIJIOMMHI 32 TOBHOI
BiZIcyTHOCTi cmyiu TepTsi ab0 OTIopYy, MIBUAKICTD Tijia 3aJIUINIAETHCA ITIOCTiHHOTO, i AJ1A
MiATPUMAHHS PYXY He MOTPiOHO MPUKJIAAATH KOTHOI curu!

ITe o3rHauaso, 1110 3IaTHICTH TiJI K0 «30eperKeHHA PyXy» BJIACTHBA CAMUM TiJiaM,
a BIJIWB iHINIUX TiJl BUABJISAETHCA B TOMY, IT10 IMTBUAKICTH IIEBHOTO Tijia 3MiHIOETHCHA.

SBure 30epesKeHHA TiJIOM MIBUAKOCTI 3a BiICYTHOCTI 30BHIIIIHIX il Ha HBLOTO
3 OOKYy iHImMUX Tiyg, HA3UBAIOTH iHePYi€r0, a II0 BJIACTUBICTH Tina — inepmHuicmio.
BuactuBicTh iHepTHOCTI, AKa mpuTaMaHHa BCiM Tijam, IIOJATAE B TOMY, IO OJIs
3MiHM HMIBUAKOCTI Tijla moTpibeH yac. 3 ABOX TiJ, II[0 BBAEMOJiIOThH, iHepTHiIIIe Te,
sAKe IIOBLIBbHIIIIe 3MiHIO€ CBOIO IIIBUIKICTD.

3axoH inmepiii. PyugamenTanbauii BucHoBoK I'. 'amines Bukopucras I. Heio-
TOH i chopMyJIIOBAB HOTO ¥ BUTJIALL nepuLozo 3akony Ounamiku (3aKony inepyii).

MiPpHO20 NPAMONIHITLHO20 PYXY, AKULO 60HO He 3MY-

é Byodv-axe mino 36epizae cman cnokow adbo piéHo-
uLene 3mMiHumu 14020 nid énaueom cun, u,o 0iromao.

Ilepmma uacTuHa 3aKOHY iHepIil MiATBEPAKYETHCS MPAKTUUYHO HA KOMKHOMY
KpPOIIi: BIiTHOCHUY CIOKi# TiJI MOYKHA MOPYIIIUTH JIUIIIE ITiJ Ai€to iHmux Tijn. 3pobu-
TV IPaBUJIbHUI BUCHOBOK IIPO Te, IO TiJio 36epirae cran mpsamMosiHifiHOTO i piBHO-
MipHOTO PYXY, JIOASAM 3aBaKaJjio Te, 10 B 3eMHUX YMOBaX MEeXaHIUHUN PyX CYIPO-
BOIYKYETHCA TEPTAM, OIIOPOM BOAM ab0 IMOBiTPSA TOIIIO.

IIpo Te, m1o Tiny BiIacTuBO 30epiraTu He OYAb-IKUHA PYX, a caMe MPAMOJiHiNi-
HUMN, cBifuuTh Takuit gocuaix (maa. 86). Kyabka, 1110 pyxaeTbcsa IPAMOJIIHINHO 110
TIJOCKifl ropm3oHTAJbHiN ITOBEPXHi, CTUKAIO-
YHCh i3 MEePemIKoa0i0, AKa Ma€ KPUBOJIIHIAHY
dopmy, min miero 1iel mepemrkogu 3MyIeHa
pyxartuca mo aysi. OgHak, KOJau KyJbKa [I0-
XOOUTH M0 KiHIlS IIepPeIlKoal, BOHA IIePecTae
pyxaTucad KPUBOJIHIAHO i 3HOBY MOYMHAE PY-
XaTUCHA II0 IPIMIiH.

Pyx KyJIbKY 110 TOX Ui IIJIOMINHI, 3a Mip-
KyBamuamu l'ajmijes, posrisamany BigHOCHO
HOBepPXHi 3eMJIi, TKa BBAIKAETHCA HEPYXOMOIO.
BusBuarouu KiHeMaTHUKy, MU MOTJIA JOBiJIBHO
BUOUPATU CUCTEMY BiIJIiKy, OCKiJIbKU y Ki-
HeMAaTuIli BCi cucTeMu BifJiKy piBHOIIpaBHi.
3’scyemMo, SK BILIMBAE NOBiIbHUII BUOip cuc-

Man. 86. 36epesxeHHs
NIPSIMOJIiHIHHOTO PyXYy




JTuHaMiKa IMOCTYIaJBLHOTO Ta 00ePTAIBHOTO PYXiB MaTepiaabH

TeM BiJJIiKy Ha BUKOHAHHSA 3aKOHY iHepIii
B I[I/IHaMiI.I-i. o B Ao

Inepuianpua cucrema Bimimiry. Hexait B Y
Mu MaeMo cuctemy Bimmiky XOY, BigHOC- <«
HO sIKOI Tijio A mepeOyBae y cTaHi CIIOKOIO,

a Tijo B pyxaeThCsA MPAMOJIiHITTHO i piBHO- < A EJ
MmipHO (Ma.x. 94). P X

BuGepemo immy cumcremy Bimmiky = X’ o
X'0’Y’, aka pyxaeTbca BiJHOCHO mepImoi 3
npuckopeHHsaM d . Toxi BigHocHO miei cuc- Man. 87. Inepuiansui ra neinepuiansmui
remu Bimriky X'O'Y’iTino A, i rino B pyxa- cHCTeMH BifIiKy
IOThCS IIPUCKOPEHO, X0U Ha HUX i He Ail0Th
igmIi Tina.

TakuM YMHOM, y CHUCTeMi BilJIiKy, siKa PyXaeTbCs 3 MPUCKOPEHHIM, 3aKOH
iHepIrii He BUKOHYETHCH.

InepyianvrHumu nasuearomovca maxi cucmemu, 6 AKUX i301b06aHe Mino py-
xaemucea 3a inepyiero. B ineprianbrux cucremax Bimmiky (ICB) smina mBuakocti
PYXYy Tija MoxKe OyTH CIpUUMHEHA JIMIIe IPU B3aeMOMil 3 iHIIIuMu Tijgamu.

Cucremu BiIJIiKy, AKi pyXaroThCs BiIHOCHO iHepIiaJbHUX CHCTEM i3 IPUCKO-
PeHHAM (IIOCTYIIaIbHO YU 00EPTAIBHO), — HeiHepYiaibHi.

I. HeioTOH, pO3raamayuy iHepIiaJabHy CUCTEMY BiJIiKy, TaK i He 3Mir BKasaTu
Tij0, AKe 0yy10 0 OJis Hel TijioM Bigniky. HaBKoauIIHI Tijla pyXamoTheA IPUCKOPEHO:
IiM obepTaeThCsI HaBKOJO oci 3eMJIi, a pas3oM 3 ii moBepxHero HaBKoJio Conisa. Cuc-
TeMH BiAJIiKy, AKi OB’ sA3aHi 3 HABKOJUIIHIMY TijlaMu, HeiHepIliaabHi, aje iX mpu-
CKOpEeHHJ 37e0iJIBITOT0 € Ay:Ke MaauMu. IIpucKkopeHHsa aBTo0yca CTAaHOBUTD 0JIM3h-
ko 1 m/c?, Bemukoro kopabua — kinbka cm/c?, 3emiui — 6 mm/c?, CoHI — GIU3BKO
108 cm/c?. BigmoBigHo, unM GijbIa Maca Tija BiJIiKy, TMM MeHIIIEe I0r0 IPUCKO-
peuusa. Tomy ICB — 1e abcTpakTHe HOHATTA, AKOM BOHA icHyBajia, To Maja 0 He-
CKiHUeHHO BesimKy Macy. OueBUIHO, 110 HANOIJABIITY Macy 3 TiJ, II0 OTOYYIOTh HAaC
mae CoHIle, TOMY OB’ sI3aHa 3 HUM CHCTeMAa BiIJIIKy € Maii:Ke iHepIiaJbHOO. ¥ IIiii
ICB mouaTok BiJIiKy KOOPAMHAT CyMiIlatoTh 3 IeHTpoM COHIIS, a KOOPANHATH Oceli
MIPOBOJATE Y HAIIPAMI J0 3ipOK, AKi MOKHA BBaKaTU HEPYXOMUMU.

g onucy 6araThboxX MeXaHIUHUX SABUII y 3eMHUX yMoBax ICB moB’sa3yioTh i3
3em.iei0, IIPU I[bOMY HEXTYIOTh 00ePTAJIbHUMU PyXaMu 3eMJIi HAaBKOJIO CBO€i oci i Ha-
BKoJio Coung. Hampukian, BuBuarooun BijbHe naginuasa 3 IlisancbKoil Bexxi, moTpid-
HO Oyj10 6 BpaxoByBaTH Ii JOIlEHTPOBE IpUCKOpeHHA (2—3 cM/c?), ocKiIbKY 3eMiisa
o0epTaeThCsa HABKOJIO CBOEI oci. AJie TOIIeHTPOBe IIPUCKOPEHHA B IeKiJbKa COT pa-
31B MeHIIIe Bifi IPUCKOPEeHH BiJIbHOTO NafiHHA g, TOMY HUM 3a3BUYail HEXTYIOTh.
V¥ 6inpmrocTi 3agayu 3eMJII0 BBAMKAIOTE ileaIbHIIM TiJIOM BiJIiKy, a MOB’sI3aHi 3 HElo
cucTeMUu — iHepliaJlbHUMHU. [HepIiaJIbHUMU € i cUCTeMHU BimJIiKy, AKi pyXamoTbhCcsa
BigHOCHO 3eMJIi mpsaMoJiHiiiHo i piBHOMipHO.

Busrauusrmu poss cucremu Biftiky, chopmysrtoemo nepuiuii 3axon Hotomona Tax:

B inepyianvhitl cucmemi 6i01iky mamepianivHa Moy-
é Ka (mino) 36epizae cman cnokorw ab6o pi6HOMIPHOZ0

nPAMONIHITHO020 pYXY, AKUWO0 Ha Hel (Hb020) He ditomb

iHwi mina a6o 0is 306HIULHIX MiN CKOMNEHCO6AHA.




CyrreBuMm € Te, 1o B ICB (HampukJiazm, aBTo0yc Ha 3yIIUHIL) A 30epesKeHHsA
CIIOKOIO He ITOTPi0HO IPUKJIALATH YKOJHIX 3YCUJIb, a B HeiHepIiaabHil cucTeMi Bia-
JiKy (HaIpuKJIag, aBTOOYC Y MOMEHT Pi3KOT0 raJibMyBaHHA) ITacaKUpaM IJId IIbOTO
IOBOIUTHCA HAIIPY KYBATU M’ A3, TPUMAIOUYNCH 34 IOPYYeHb.

IIpusuun BigHocHocti 'aminesa. Yu miganimanuca abo omycKkaamcsa B B cydac-
HOMY IIIBHUAKiCHOMY JIi(pTi TOoproBesbHOro meHTpy? JKIMo Tak, To, MadyTh, HAcCTa-
BaB TAKWU MOMEHT, KOJIU ITiCJIA MPUCKOPEHHS JIi(DT TIOUYNMHAB PyXaTUCA PiBHOMiPHO
i Bam 3maBaJiocs, 1o Bu cToiTe Ha mici. IlepeOyBatrounu B Kabiui aigdra, 1o pyxa-
€ThCSA PiBHOMIpHO, He MOXKHA 3 BIIEBHEHICTIO CKa3aTU, PyXa€ThCA BiH UM CTOITH.
IlomiOoHMIT eKcIIepuMeHT, IToIpPaBaa, i maasy0o0r0 KopadJisa, IPOIIOHYBaB IPOBECTHU
I'. Tamine#t y kumai «/liasor mpo aBi HaliBaskauBiiIi cucremu cBity — IlTosiemeeBy
ta KoneprukoBy» (1632):

«30epiThcsa 3 mpuATeseM IIijg maayooio Kopadasd. BisbMiTs i3 co6010 JriTarounx
KoMax, IIOCYAUHY 3 BOJOIO, B AKil miaaBaioTh pubKu. IligBickTe Bropi Bimepiie, 3
AKOTO0 KpAaILIs 3a Kpallieio BUTiKae BoJa B iHIITY IIOCYANHY 3 BY3bKOIO IITUITKOI0, IT[0
cToiTh BHU3Y. JloTH, TOKU KOpabdesb CTOITH HEPYXOMO, CIOCTepiraliTe yBaskKHO 3a
pyxoM KoMax Ta pubOK. 3BepHIThH yBary, IMo BCi mafamyi Kpaii IoTpalidioTh ¥
mifcTaBjaeHy mocyauHy... Crpubarouu 1BOMa HOraMu, BU 3po0uTe CTPHUOOK Ha OLHY
1 Ty camy BimcraHb, HesaJeyKHO Bifg fioro Hampamy. CmocrepiraiiTe mo0pe 3a Bcim
IIUM, XOua y HaCc He BUHUKAE CYMHIBY B TOMY, IT10 TIOKU KOpabeJsb 3aIUIIaEThC He-
pyxomMuMm, Bce Ma€ BigOyBaTucs caMe Tak. [IpuBeqiTs Temep Kopabdesb y pyX 3 SKOI0
3aBTOQHO IMIBUAKiCTIO. SIKIITO pyx Oyae piBHOMipHUM i 6e3 roiJaHHA B TOW UM iHIITNH
0iK, TO y BCiX BKasaHUX SBUINAX BU He BUSIBUTE KOLHOI 3MiHU i 3a JKOTHUM i3 HUX
He 3MOJKeTe BCTAaHOBUTH, PYXAa€ThCA KOpabesb UM CTOITh HA MiCIIi».

Came Tajizeil ymepiiie BHCJIOBUB AYMKY IIPO €KBiBAJ€HTHICTL iHepIliaJbHUX
cucTeM BiIJIiKy Ta MeXaHiuHUX ABUII, 110 IPOTiKAITh Y HUX, COOPMYJIIOBABIIN
npunyun 6i0HocHocmi:

Aodnumu mexaniunumu docnidamu, W0 npoeo-
damubesa 6cepeduri iHepyianvbrHoi cucmemu 6i0NiKY
é (0nsa nacaxcupa Hero € Karoma KOpaodas), HEMOHCLU-
60 6cmanoéumu, nepedy6ae€ ysa cucmema 6 ClLOKOL Hu
PYxaemuves pi6HOMIPHO i NPAMONIHIUHO.

JItoguHa B KaioTi KopabJis MoKe BCTAHOBUTH (haKT PYXY TiJIbKHU TOMi, KOJIU CIIO-
cTepiraTume 30BHIIIIHI Tijta: ocTpiB, Oeper MOps TOIIO.

VYci imepiianbHi cucTeMu BiAJIiKy miskoMm piBHOIpaBHi: uac y Bcix ICB Bumi-
PIOIOTH OTHAKOBO, Maca Tijla He 3MiHIOEThCs (m = const), 10ro MPpUCKOPEeHHS 1 cuiin
B3aeMoxil He 3asiekaTsh Bix mBuakocti ICB.

Y 6yov-axux ICB yci mexaniuni asuuia 6i00yea-
é 0movca 00HAK060 34 00HUX | MUX camux noiamro-
éux ymoé (inme GopMyII0OBaHHS IPUHIIUITY BigHOC-
HocTi [amines).




JduHaMiKa MOCTYIIaJbHOTO Ta 00ePTAJIHHOTO PYXiB MaTePiaIbHOI TOUKH

AmnanisyBaTtu MexaHiuHME pyX i B3aeMmogiro Tijg Hamgeriie B ICB, Tomy Hamaii
BUKOPHCTOBYBATHMEMO CaAMe TaKi CuCTeMU BilIiKy.

@ Daiite BianoBiAi Ha 3anUTaHHA

1. ¥V uomy cyTHicTh aABuIla iHepiii? ¥ AKX BUIaIKaX PyX Tijla MOKHA HA3U-
BaTU PYXOM 3a iHepIriero?

2. fkicucremu Biriky HasuBawThed iHeprianbauMu? Heineprianbuaumu?

3. fxuM uMHOM MOXKHA HOBECTH, II0 CUCTeMa BiJIiKy € iHepIiaJabHOIO?

4. IlosicHiTH, YOMYy cuUCTEMY BiAJiKy IOB’A3aHYy i3 3eMJIeI0 BBaKalOTh iHEPITi-
anbHOI0?

5. fx popmyaioeTbesa nepiuuii 3akoH Heiorona? HaBeniTs npukaany, AKi mizg-
TBEPAKYIOTH 1€l 3aKOH.

6. Y uomy moJiArae nIpuHIIAII Bigaocuocti INamdines?

§ 18 Apyrun 3akoH HbloTOHA

v’ Tocaidu, wo donomazaroms 3posymimu dpyzuit 3axon Hviomona.
4 Hpyeuil saxorn Hviomona.
BuwmipnoeaHnHs macu miaa.

3axkoHu HpIOTOHA yTBOPIOIOTH €IWHY CUCTEMY, IO IMOACHIOE 3aKOHOMipHOCTL
MexaHiuHOro pyxy. Ilepmiuii 3aK0OH MOACHIOE, IO B iHEpIlialbHUX CUCTEMAaX BimJri-
Ky TiJsio 36epirae crad cIoKoo abo piBHOMIPHOI'O IPAMOJIIHIHOTO PyXy, AKII0 Ha
HBOT'O He HifoTh iHIi Tija abo mid 30BHIIIHIX TiJ cKoMIIeHcoBaHa. [Ipyruii 3akoH
HproToHa IOSACHIOE, 1110 BiAOyAeThCS 3 TiJIOM y pe3yJabTaTi B3aeMoail 3 iHImumMu Ti-
JaMu.

Sk mepmuii, Tak i Apyruit 3akox HpoTOHA HEe MOKHA BUBECTH Hi JIOTiUHO, Hi 3
oKpeMux ekcrnepuMmeHTiB. [leit 3axoH OyB chOpMyIbOBAHUN ¥ Pe3yabTaTi aHATI3Y i
ys3arajbHeHHs (paKTiB, OTPUMAaHUX JIOACTBOM IIiJ] YaC IPAKTUYHOI JiIIBLHOCTI.

Hocaimu, mo gomomMaraioTh 3po3yMmiTu apyruii 3akoH Heiortona. Posriaremo
OJIUVH i3 HUX.

Ha pyxomwuii Bi3oOK BCTAaHOBJIIOIOTH YYTAMBUU NTMHAMOMETD, 3a JOIOMOIOIO
SAKOTO BU3HAYAIOTH HIPUKJIALEHY 0 Bidka cuny F, Ta akcejiepoMeTp — IpUJIag Ijas
BUMiploBaHHA NMPUCKOPEeHHs Biska a. IligBimenuii mo mepeKuHyYTOI uepes OJIOK
HUTKU TATapeIb, Ai€ i3 CUI0I0 17'1 i sMyIIye Bi3OK pyXaTucA 3 NIPUCKOPEHHAM d,
(maan. 88, a).

IToBepHEMO BiBOK y ITOYATKOBE MOJIOMKEHHSA i MiIBiCMMO 0 HUTKY [[BA TATAPILi.
Omxe, IpUKJIageHa OO Bi3ka cuja 3pocTae yaBiui: Fz = 215’1. Hocuix mokasye, 1o
yABiui 3pocyo ¥ IPUCKOPEHHA BidKa d, = 24, (nau. 88, 0).




it

F,=2F,

Man. 88, a. IIpuckopeHnuii pyx Biska
i Ji€ro OJHOTO TATAPILA

Ao mMu 36iJbITyBaTUMEMO KiJib-
KicTh TArapiiB i Tmm camMuM 36iJbITY-
BaTUMEMO CWJIYy, TO JOCJiJ IIOKa3ye: y
CK1IBbKM pasiB 30iJbIIyETHCA IIPUKJIALE-
HAa JI0 Bi3Ka cuja, — y CTiJIbKU caMo pasiB
36LIIBIIY€ETHCH i IPUCKOPEHH BigKa d ~ F
pu He3MiHHIi# Maci Bidka m = const.

3MiHIMO YMOBHU IOCJiy. SaJIUIINU-
MO TPUKJAAEHY CUIY f‘l HEe3MiHHOIO, a
3MiHIOBATMMEMO Macy Biska. AKImo macy
Biska 30iJpImuTH y 2 pasu, TO MOro
IIPUCKOPEHHA  3MEHIIYEThCA  yIBiui
(man. 88, 8). 36inpIuBIIIL Macy Biska
y 3 pasu — NPUCKOPEHHA 3MEHIIYETbCA
yrpuui. [locaim mokasye, 110 y CKiJIbKU
pasiB 30iabIIIyeThCA Maca BisKa, y CTiJIb-

Man. 88, 6. Y ckirbku pasiB 30iabp1IyETHCA
CHJIa, y CTiIBKHU caMO pa3iB 30iab1IyeThCs
IIPUCKOPEHHS

a,=a,/2

it

Man. 88, 6. Y ckiirbku pasiB 30iIb1IyETHCA
Maca Bi3Ka, y CTiJIbKU caMo pasiB
3MEHIIIYETHCA HOT0 MPUCKOPEHH ST

KM caMO pasiB 3MEHINYEThCA HOro IPUCKOpeHHsA. To0TO MPHCKOpPEeHHS 00epHEeHO

mpoTopItifiHe 1o Macu Biska a ~ 1/m npu mocTifiniii cuai F = const.
00’ emHy0OUN Pe3yabTATH LOCJIiLiB, MOYKHA CTBEPAMKYBATH, 1110 d = — .
m

F

dpyruit 3axon Herorona. OcKinbKu Maca — BeJIWUYWHA CKaJIAPHA, TO HAIPAM
IPUCKOPEHHS BU3HAYAETHCA HAIPAMOM Aitouoi cuau. OTpuMaHe CIiBBiAHOIIIEHHSA
3aINCYIOTh Y BeKTOPHIiI hopMmi i apyruit 3akos HeioToHA (DOPMYJIIOIOTE TaK:

Binepuianvhiii cucmemi 6i0niKy nPUCKOPEeHH A, AKO-

mot camuil Hanpam, uyo i npukaadena cuna: =

20 Haby6ae mino nid di€ero curu, npaAmMo NPonopyii-
He cuni, obepHeHO nponopyiline maci mina i mae

m




JduHaMiKa MOCTYaJbHOTO Ta 00ePTAJIbHOI0 PYXiB MaTePiaJIbHOI TOUKH

SK110 Ha TiJI0 OMHOYACHO Ai€ KiJIbKa CUJI, TO PEe3yJIbTYIOUe IPUCKOPEHHS BU3HA-
Ya€eThCA PiBHOMITHOO CUJI:

~ =l
&

Sxk1mo piBHOZAITIHA CMJI TOPIBHIOE HYJIIO, TO i MPUCKOPEHHA AOPiBHIOE HYI10. 1110
i migTBepmKyeEThCA IMepIIuM 3aKoHOM HbBIOTOHA: AKINO Oid MPUKJIAAEHUX 0 Tijia
CUJI CKOMIIEHCOBAaHa, TO BOHO 36epirae crai CIioKoio abo piBHOMipHOTO TPAMOJTiHiti-
HOTO PYXY.

g 6araTb0X IPaKTUYHUX 3aBAaHb 3PDYYHUM JJIs BUKOPUCTAHHS € 3aIIUC APY-
roro 3akoHy HbIoTOHA y Takiii MaTeMaTUYHiA popmi:

F=ma
I3 1iei (hopMyau BCTAHOBIIOIOTH OAUHUIIO CUIn. 3a oguuuIlio cuau B CI B3saATO

TaKy CHIY, sSIKa Tiay macoio 1 Kr Hazae npuckopenHs 1 m/c?. Takum unuaom, 1 H
MO:KHAa BUBHAUUTHU Yepesd ocHOBHi oguHMIi Cl:
1H=1xr-1m/c?’=1kKr-m-c?

Hpyruii 3akon HeioToHa, TaKk caMo fAK i IIepIinii, BUKOHYETHCA B iHEPIliaJIbHUX
cucTeMax BiJIiKy.

3a3HaumMo, 10 MaTeMaTu4yHa opMa 3alucy IPyroro 3akony HbioToHA y BU-
raani F=ma e pemio BigMiHHOIO Bin Tiei, ax ii sanucas cam HbloTOH, aje e He
3MiHIO€ cyTi 3aKony. pyruii 3akoH HpoTOHA y3arajbHiO€ BUHATKOBO BaKJIUBUN
daxkT:

11020, addice cuna 6UKAUKAE 3MIHY Wweudrxocmi, moo-

é 0ia cun He CNPUYUHAE CAMO20 PYXY, A TUULEe 3MIHIOE
mo NPUCKOPeHHA, @ He camy uLéudrKicmo.

Hpyruii 3aKoH AUHaAMiKM B iHIIiN opmi 3amnucy («HbIOTOHIBCHKili») MU pPO3-
rasuaemo y § 30.
BumiproBanua macu tina. Yum 6inbilia Maca Tijia, TUM MEHIIIOTO IPUCKOPEH-
Hs HabyBae Iie Tijo mig uac B3aemoii 3 inmum tiom. Tomy BigHOIIIEHHS MOIYJIiB
MIPUCKOPEHbD, 110 HAOYBAIOTHCA TijaMMU MiJ vac B3aeMOmii MiK co00i0, MOPiBHIOE
. i . . a, m,
BeJINUWHIi, 00epHEHil BiJHOIIEHHIO Mac UX TiJ, TOGTO a—:; .
2 1

3Bifgcu BUNINUBAE, M0 m, =m, 4 . OctanHs (popMmyJia BKasye Ha CIocib BUMipio-

a,
BaHHA Mac TijJ. 3 Hel BUAHO, IO AJA TOrO, 100 BU3HAUUTU Macy OyAb-sIKOTO
Tija, HacaMIepes HeoOXimHO BUOPATH TijIO, MAacy AKOTO /M, MOXKHA BBAXKaTHU OJU-
HHuemo macu. Take Tijzo HasuBaooTb emanonHom. Toxi maca moBiabHOrO Tija

a .
m=m, ;e , Ae ae — IIPUCKOPEHHA eTaJIOHAa; d — IIPDUCKOPEHHA IIbOI'0 TljIa.




3a opmuauIio macu 'y 1899 p. 6yso BaaTo 1 kr (kizorpam). Ile — oHA 3 OCHOBHUX
onunuilb CI. Kisorpam € macoro eTajioHa, 1110 JOPiBHIOE Maci MisKHaPOHOTO IIPOTO-
TuIry Kisorpama. ETanoH — e BigjuTe 3i CIjIaBy IJIaTHUHU Ta ipuailo MUIiHAPUYHE
TiJI0 3 TBipHOIO, 1110 JOPiBHIOE HioTo miameTpoBi — 39 mm. Bin 36epiraerbecsa y micti
CeBp mo6simsy Ilapuska (Ppaniisa), y Miskuapogaomy 6fopo Mip i Bar. ¥ Bcix Kpa-
iHaX € KOIIil IIbOr'0 eTajioHa, BUTOTOBJEHI 3 BUCOKOIO TOUHicTI0. B YKpaiHi etanon
Kijmorpama 30epiraerbca B [ncTuTyTti MmeTposorii (M. Xapkis).

Hna 3BuyaiHUX PO3PaXyHKIB MOMKHa 3 JOCTATHLOIO TOUHICTIO BBasKaTH, IO
macy 1 xr mae 1 giTp (To6To 1 gm®) XxiMmiuno uncToi Bogu 3a Temmepatrypu +15 °C.

YcraHOBIEHHA ONMHUIIL Macu — KijlorpaMa — AaJjio 3MOT'y BIOPAAKYBATU BUTO-
TOBJIEHHS TP, TOOTO TiJ 3 BiJOMOIO Macoio, II[0 BUKOPUCTOBYIOTHCA JJIsI BUMipIO-
BaHHA Macu iHmux Tijg. Macy rup crasu BCTAaHOBJIIOBATH, 3BipAIOUM iX 3 MacoIo eTa-
JaoHa. Maca 6yab-AKoi rupi mopiBHIOE a00 Maci etasona (To6To 1 Kr), a0 CTaHOBUTH
KpaTHY Y4 YACTKOBY BeJIMUNHY BiJl Macu eTayioHa.

Ax Mmu 6aunMo, 1151 BUMipIOBaHHS Macu OyAb-AKOI'0 Tijia, KpiM Macu eTajoHa,
Tpeba 3HATHU BiHOIIIEHHA IPUCKOPEHD TiJI, 110 B3AEMO/il0Th, TOOTO BeJUYUHY @ /a.
OueBUAHO, 1A BUMipIOBaHHS MacHU Tijia 30BCiM He 000B’ I3KOBO 3MYIIIyBaTH IIe TiJIO
pyxarucd i 3imToBXyBaTU HOT0 3 eTaJIOHOM MAacH, BUBHAUAIOUM IIOTiM ITPUCKOPEHH A
Tisa i erajmoHa. € iHINNMH, 3pyUHiIKUii crioci6 BUSHAUEHHA MacH — 3BasKyBaHHSA TiJ
Ha BarOBUX Tepes3ax.

Hexaii gBa Tijsa JexaTh Ha IajJbKaX PiBHOIJIEUUX TepediB i KOKHe 3 HUX, IIPU-
TATYIOUNCH 0 3eMJIi, Iparte IIOBePHYTH KOPOMMUCJIO Tepe3iB HaBKOJIO oci obepTaH-
Hs1. Bigomo, 1110 IPUCKOpPEeHHA BiILHOrO MAaiHHSA TijJ OyAb-sIKOI Macu OJHAKOBE Y
Oyap-axomy micui 3emii. Tomy a, = a, 70610 a,/a =1. OTKe, AKIIO Tepesu mepedy-
BaIOTh y PiBHOBAa3i, Maca Tijla JOPiBHIOE Maci eTaJyioHa.

@ [aiite BiaNOBiab Ha 3anNUTaHHSA

1. fx moB’s3aHi MisK c0000 Taki (PisuUHI BeJIMUYNHU, AK IPUCKOPEHHS, CUIA i
Maca Tina? Yu MosxHA 3a opMyJol0 F =md CTBepAKYBaTH, L0 CHJIA, AKA i€ HA
TijJIO, 3aJI€KUTH BiJl 1Or0 MacHu i MPUCKOPeHHA?

2. SKuii BayKJIMBUHN BUCHOBOK MOXKHA 3pO0OUTH 3 APYyroro 3akouy HeroToHa?

3. ITosicHiTH cmoCcOOU BU3HAUEHHS MACH TiJja.

@ Mpuknap po3s’s3yBaHHNA 3apau

Haranmaemo, 110 iz yac mocTynajabHOIO PYyXy milo MONHCHA 66axcamu mamepi-
abHOI0 MOYKOTI0, MACA AK020 30cepedicena Yy yenmpi mac (yenmpi mascinna).

Y nuHamiIi posriAgaoTh ABAa TUIU 3aja4, PO3B’A3aHHA AKX I'PYHTYETHCI Ha
3arkoHax HrioToHA /11 MaTepiaJibHOI TOUKH.

PosB’si3amusa 3a7a4 IePIoro TUIIy MOYKHA PO3AIINTH Ha TaKi eTanu:

3uaroum cuay F i macy Tina m, 3a ipyrum 3akoHoM HbIOTOHA BUSHAYUTH TPU-
CKOpPEeHHS, a MOTiM, 3a (hopMyJIaMU KiHEMaTUKM, — MUTTEBY IIBUAKICTD Tija.

3HaUU IMIBUAKICTH, BUBHAUUTHU IIePEMIIIleHH i KoopAuHAaTH Tija 3a hopmya-
MU PiBHOIIPUCKOPEHOTO PYXY.

3amaui Ipyroro TUMOY PO3B’A3YIOTh AHAJOTIUHUM UMHOM, TiJIBKU Yy 3BOPOTHIN
TIOCJIiJOBHOCTI.




JduHaMiKa MOCTYaJbHOTO Ta 00ePTAJIbHOI0 PYXiB MaTePiaJIbHOI TOUKH

3amaua. Ha man. 89 nomano rpadik 3aje:KHOCTL

IPOEKIil IBUAKOCTI pyxy moTsra, maca axoro 300 r, O /0 A

Bixg wacy. BusnauuTtu cuny, mig giero AKol BiH pyxa-

eThbes, AKI0 cuia ormopy 300 kH. 5

ano: Po3é’azannsa:

Fpadik v_=v (%); 3pobumo CXeMaTUUYHUN

m=3-10°xkr; MaJIIOHOK 10 3amaui (maua. 90). »

F =3-10°H 3BepHITh yBary, pesyJabTyIouy 01 1 3 > e
omp

F—-29 | CUJIy Ha MaJIIOHKY He BKa3yIOTh.

Amnanisyroun rpadik 3aJeKHOCTI MIpPOoeKIrii

Lo . Man. 89. I'padik 3amesxHoCTi
MIBUAKOCTI Bix yacy, 6aunmo, 1110 MIBUAKICTh IIOTATa pad

M M MpoeKIil MBUIKOCTI Bix yacy
sMiHmIaca Big v, =0— g0 V=5— mporarom t=5c.
c c

AY

TakxuM YMHOM, IIOTAT PYXAETHCA 3 TPUCKOPEHHAM a

M . —>
a= 1—2 . N
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Hpyruii 3akoH HrioToHa y BeKTOpHi# (opmi y 7 F

iy — = = _ onp

IbOMY BUIIQJAKY Ma€ BUTIAA: F;, + N+ F +F=ma. < >

Y mpoerniax ma Bick X: F — FOl1p = ma, TOni 0 >
F=ma+F . \ 2 X

omp FT

F=310°xr-1-5+3.10°H=6-10°H.
¢ Man. 90. Cuan,
Bignmosigs: F =6 - 10° H. IO JiFOTh HA MOTAT

@ Bnpaea 13

1. Cuna F OyJia mpuKJajeHa 10 CAaHOK Macor m. [HIa cuia Hajaia Taky caMmy
IMIBUAKICTH CaHKAaM, IIM0 i cuia F, aje Ha NLIAXY, OLIbIIIOMY B k pasiB. ka 3 mux
cu 6iybInia i HacKiTbKu?

2. Tino 3i cTaHy CHOKOIO IPHUCKOPIOE cTajia cuja. HakpecaiTs rpadik samerx-
HOCTi MIBUAKOCTI PyXy TiJia Biff IPOWAEHOTO IIIAXY.

3. Ha maun. 91 nomano rpadiku pyxy Tina. koo OyJja IpHUCKOPIOOYa CHjIa Y
KOJKHOMY 13 BUIIaAKiB?

4. JIBi MmeTasieBi KyJbKHU — BeJINKA Ta MaJja — PyXalThCA 3 OJHAKOBUMHU IIIBU/T-
KOCTSAMY 110 CKJIYy (ma. 92, suznsad 3zopu). Hemomamik Bif TpaekTopii ix pyxy posTa-

0 0 0 0
a ¢ 0 ¢ 8 ¢ 2 ¢

Man. 91.
Ho 3amaui 3




IIOBaHO MarHit. Ak OyayTh 3SMiHIOBATHCH TPAEKTOPiI
PYXYy IIUX KYyJbOK 003y Maruity? flka 3 KyJboK
BIAXUJIUTHCS CUJIbHIiIIIE i YoMy ?
5. ABTom00inp Macowo 4 T, pymiamouu 3i cra-
HY CIOKOI0, Ha Biacraui 240 M HaOyBae IIIBUIAKOCTI
43,2 kM/rox. BusHauuTH CUJIy TATU NBUTYHIB aBTO- |
MO00iJIs, AKIMO cHjIa OIIoPYy PYyXoBi mopiBuioe 2 KH. |
6. ITopiBHATH IPUCKOPEHHSA JBOX CTAJIEBUX KYJIb :
oig yac 3iTKHEHHS, SKIMO paaiyc mepIrnoi Kyuai y 2 |
pasu OinpInuii Big pagiyca gpyroi. Yu 3ajmexuTh Bij- |
IMOBiAb 3aaui Biff IOUATKOBUX IIBUIKOCTEH KyJIb? |
7. Ilig yac 3iTKHEHHS IBOX Bi3KiB, AKi pyXaioTh-
Cs 110 TOPUB3OHTAJBHIN MJIOMINHI, IPOEKIlid BeKTopa
MIBUAKOCTI Ha Bich X mepIoro Bidka sMiHMJacsa Bif
3 mo 1 Mm/c, a IpPOEKI[is BeKTopa MIBUAKOCTI APYyroro BisKka Ha Ty caMy Bichk 3MiHuMIa-

Man. 92. 1o 3amaui 4

IOJaTHUM HATIPAM 30iraeTbcsa 3 HAIPAMOM BEKTOPA MIOUYATKOBOI MIBUAKOCTI IIEPIITO-
ro Biska. OmucaTtu pyxu Biskis 10 i micss B3aemopii. IlopiBHaTH Macu Bis3KiB.

8. MoTopHuii Y0BeH PYyXaeThCd 3 MPUCKOPEHHAM 2 M/c? i Aieo TPhOX CHJI:
cunu Taru nsuryna F = 1 kH, cunm Bitpy F,=1 kH ta cuau onmopy Bogu F,= 414 H.
Y AKOMY HampsAMi PyXa€ThCs YOBEH Ta KA MOTO Maca, AKINO cuia F| HanpAMIeHa
Ha MiBAeHb, cuia F, — Ha 3axif, a cuia F, — HaIpsAMJIeHA IIPOTU PYXy YOBHA.

§ 19 TperTin 3aKkoH HblOTOHA.
Mexi 3acTocyBaHHS 3aKOHIB Hbl0TOHA

v Hocaidu, wo donomazaoms noachumu mpemiil 3axor Hviomona.
4 Tpemiii 3akon HviomoHa.
v’ Meoxi 3acmocyearnhs 3axKonie HviomoHna.

Hi mepmuii, Hi gpyruii 3aKOHU He MOSACHIOIOTH TOTO, 110 BiOyBaeThCA 3 IPYTUM
TizoMm, 110 B3aemozie. IIpo e fizersea y TperboMy 3akoHi HbroToHA.

Hdocaigu, no m1omoMararoTh MOSICHUTH TpeTiii 3akoH HeioToHa. [[Ba OTHAKOBUX
3a Macomw Bi8Ku (m, = m,) IOCTAaBUMO HA TOPU3OHTAJIBHUM CTLJ i O OZHOTO 3 HUX
MPUKPITNMO TIJIOCKY TPYKUHY, 10 CTUCHEeHAa HUTKO0 (maJs. 93, a). Ipyruii Bisok
IIOCTaBUMO TaK, 1100 BiH TAKOK TOPKABCSA CTUCHEHOI IPYKUHU.

SKI0 Temep HUTKY, KA CTUCKYE MIPYKUHY, IepepisaTu, TO IPYKUHA BUITPAMUTE-
¢, o0uaBa BisKU MOYHYTH pyxatucs. Ile o3Hauae, 1110 BOHU HaOY/IU ITPUCKOPEHb.

OckinbKu Maca BisKiB OJJTHAKOBa, TO OJHAKOBE 1 MPUCKOPEHH, i BificTaHi, 1110 BOHU
IIPOXOJATH 32 IIEBHUH Uac.




JduHaMiKa MOCTYIIaJbHOTO Ta 00ePTAJIHHOI0 PYXiB MaTepPiaIbHOI TOUKH

Konn ma omuu i3
BiBKiB MOKJIACTU AKUH-
HeOyIb BaHTaK (30ib- ‘

MUt #oro wacy) i ~ ~

m, m,

HOBTOPUTH JOCJIJ, TO 2 B,
Bi3OK, III0 Mae OiIbIIy m, m,
Macy, Ipoiae MEeHIITY W
Bigcraub (ma.. 93, 6). ‘

Y pasi Bzaemomii
IBOX TiJI BiZHOIIIEHHSA Man. 93, a. BaeMmogia omHAKOBHX 32 MacCoOIO Bi3KiB

MOIYJiB IX TIPUCKO-
PeHb IOpiBHIOE 00ep-
HEHOMY BiJHOIIIEHHIO

L

ix mac: ‘
a, m ~ ~
2 a, a,
a, m
ml mZ

abo m,a, =m,a,.

A
ITpuckopennus Ti,
110 B3a€EMOMIIOTH, Ma- Man. 93, 6. Bsaemopisa BiskiB pisHol macu
IOTh IIPOTHUJIEKHI HAa-
OPAMU, TOMY YV BEKTOPHi (hopMi MOKHA 3alICATH:

m,a, =-m,d, abo F, =—F,,

Tperiit 3akon Herorona. OTpuMaHa piBHICTB 1 € MaTeMaTUYHUM BUPA30M TpPe-
THOro 3aKOHY HbI0TOHA, AKUI MOXKHA c(HOPMYJIIOBATH TaK:

B inepuyianvniil cucmemi 6i0niKy cunu, 3 AKUMU
mina, wo é3aemoditomsw, ditomsv o0He Ha O0He, Ha-

é npaeéneni 63008 00Hi€L npamol, piéni 3a modynem
ma npomuneixHi 3a HANPAMOM.

ITeit saxon BimoOpaskae Tou pakT, 1110 y IPUPOi HeMae i He MOKe OyTH OIHO-
CTOPOHHBLOI il OHOTO TijIa HA iHINe, a iCHY€ JIUIIIe B3aeMOIisd.
Tperiit 3axon HeroToHa (hopMyTIOIOTH, ITIe i TaK:

é I | Y 0ii 3a63#c0u e npomudis.

Cunum nii Ta mpoTufii 3aBK I iCHYIOTH Pa30M, ITapaMmu.

Hociinm mokasyoTh, 1110 CUJau 0yAb-AKO0I mpuponu (rpaBiTalliiini, e1ekTpomar-
HiTHI) mig yac B3aeMogil TiJl BUHMKAIOTh MOIIapPHO, MAIOTh IPOTUJIEKHI HAIPAMH,
onHakoBi 3a moxyJieMm. IIpupoma 060X cuJut mif yac B3aemMo/ii ogHaKoBA.

Basxcnueo nazonocumu, 110 CUJIN B3aeMOJil X04 i piBHI Ta mPOTUIEKHO HaA-

| IpaBJieHi, aje He BPiBHOBaKYIOTh OHA OJAHY, OCKiJIbKY MPUKJIAAEH] 0 PI3HUX TiJ.




Hanpukaan, AKImo ABa CKEeUMTOOPANUCTY CTAHYTh OJWH HAaBIIPOTU OJHOTO i TpU-
MaTHUMYThCA 3a MOTY3KY, TO JOCTATHBO OJHOMY 3 HUX IIOTATHYTHU 3a Hel, 11100 o0uBa
IoYaJIM PYyXaTUCSA HA3YCTPiUu: TATHYUYMN MOTY3KY, IEPIINA CKeNTOOPAUCT Iie Ha Hel
Ta Ha HEPYXOMOT'O TOBapPHUIIla 3 CUJIOIO0 Fl 3rigHo 3 TpeTiMm 3aKkoHOM HbloTOHA IpyTruit
CKeHTOOPAMCT Ji€ Ha MOTY3KY i Ha IepIIoro CKeMTOOPAKUCTA 3 CUJIOIO 1_7'2, OpUYIOMY
17'1 =— FZ ITix miero 1ux cuj o0MABA CKENTOOPAUCTY PYXaOThCA HA3YCTPIiU OOUH O~
HOMY.

Yu Mo:KHa BBaKaTH, ITI0 TPeTii 3akoH HbIOTOHA HEe BUKOHYETHCSA Y BUMIAAKAaX,
KOJIH IIiJ yac B3a€EMOJil ABOX TiJI IOMITHO 3MiHIOETHCS PYyX JIKIlle OgHOTO Tijza? Pos-
[JIsTHEMO B3a€MOJi10 Jerkoariera i3 3emuero. Ilig uac crapry ciopreme Aie Ha 3em-
J10 3 cuiioo K, AKa oTpuUMye NIPUCKOPEHH4 d,. 3rizHo 3 Tperim 3akoHOM HeroTOHA
Ha cIopTcMeHa 3 00Ky 3eMJIi fie Taka cama cuia —F, y IpoTHIeKHOMY HAOPAMI i
HaJae HoMy IPUCKOPEHHA — BiH MOYMHAE PyXAaTHUCS 3 JeAKO0I0 MBUAKicTI0. OueBuI-
HO, II[0 IPUCKOPeHHd g, JOCUTh MaJle (Iij giero jerkoatiera macoro 60 Kr Semis
OTPUMYE MPUCKOPEHHA npubansHo 5 - 10723 m/c?). Posriasagaooun TaKy B3a€MOIII0,
MOTPiOHO BpaxXyBaTH, 1110 Maca 3eMJIi 3HAUHO IIePEeBUIIYE MAaCy JeTKoaTJjieTa, TOMY i
MIPUCKOPEHHS, AKOro Ha0yBae 3eMJIsd, 3HaUHO MeHIIe (BiIHOIIIeHH A IPUCKOPEHb Tija
obepHeHo mponopilifiae ix macam). OT:ke, TpeTii 3akou HbloTOHA BUKOHYETHCS i
yac B3aeMoJii Tis 6yab-aKoi macu. I[llonpaBaa, BusAB #oro BHACTiAOK HAOYTTA 060-
Ma Tijamu, AKi 6epyTh yUacTh ¥ BBA€MOii, MPUCKOPEHDb CIIOCTEePiraeThCs 3a YMOBH,
10 TiJia MAIOTh ITIOPiBHIOBAaHI Macwu.

Me:xi 3acrocyBanns 3akoHiB HeroTona. 3akonu mexaniku Hriorona (ii mie ma-
3WBAIOTh KJIACUYHOI0 MEXaHiK0I0) BCTAHOBJEHI JJis TiJ, IO HAC OTOYYIOTH, TOOTO
JJIA TiJI, 110 CKJIAAIOTHCA 3 BeJIMUYE3HOI KiJbKOCTi MOJeKRyJ i aToMiB (Mmakpocko-
nivnux min). a4 pyxy 4acTUHOK MiKpOCBiTy 3aKoHU HbpIOTOHA MOKHA 3aCTOCOBY-
BaTH JIIIE Y AeIKUX BUIIAAKaX.

3akouu mexaHikyu HpoToOHA cipaBeaInBi I Tij, IKi MOMKHA BBAXKATU Mame-
pianvHuMu moikamu, a TAKOXK JJII NOCMYNnaibH020 pyYyxy min.

3akoHu MexaHiKu Hp0TOHA BCTAHOBJIEHI AJIA TiJj, 10 PYyXalOTHCA MOPiBHAHO 3
HegenuKuMu weudxocmsamu, IKi HadaraTo MeHIIII 3a IIBUAKICTL ¢BiTJIA.

Pyx, mio Big0yBaeThCcs 31 MIBUAKICTIO UV, HabaraTo MeHIIIOI Bif IMIBHAKOCTL
cBitya ¢ y Bakyymi (v<<c, me ¢ = 3-10% m/c), Ha3UBAIOTH HEPERAMUBICMCOKUM.

Pyx, m1o BigbyBaeThes 3i IIBUAKICTIO, 0JIM3HKOIO 10 IIBUAKOCTI CBiT/Ia Y BAKYY-
Mmi (V=c ), Ha3UBAIOTH PEAAMUBICMCOKUM.

Y mexanini HeioToHA HE3MiHHUMU € Yac, Maca Tijia, IPpUCKOPeHHs i cuia. Tpa-
€KTOpidA, IMBUAKICTb Ta mepeMileHHA PisHi y pPi3HUX iHepIiaJbHUX cucTeMax Bif-
JiKy. 3aKOHU MeXaHiKku, cpopmysboBari HeioToHOM, — He3MiHHI B ycix iHepIliaab-
HHUX CHCTEeMaX BiIJIiKy.

BaxuBo 111e pa3 HaroJIOCUTH, 110 CKUJIa 3TrigHo i3 3akoHaMu HeioToHA BU3HAUaE
MIPUCKOPEHHS Tija, a He MBUAKicTh. Ile o3Hauae, 1110 cuja He € MPUYNHOIO PYXY.
Cuna — e mpuurHa 3MiHU PyXY, TOOTO 3MiHU ITBUAKOCTI pyxy Tisa. Cam pyx He 110~
Tpebye MpuuuHu. PyxaTuch IpAMOJIiHiiHO i piBHOMipHO Tijo MosKe i 6e3 mii cuin.
Tomy, HaIPUKJIAL, KPUBOJIHITHUNT PyX, IPU AKOMY IIBUIKICTH 3MiHIOETHCS 3a Ha-
apsaMoM, 6e3 il cuau HeMOMKJIUBUI.




JduHaMiKa MOCTYIIaJbHOTO Ta 00ePTAJIHHOTO PYXiB MaTePiaIbHOI TOUKH

Hamnpawm npuckoperHA 3aB:K U 30iraeTbesa 3 HanrpamoM cuiu. IIIBugkicTs Moxke
36iraTucs 3 HaAIPAMOM cuiu (HapuUKJaJ, IPU BiTbHOMY HajiHHi), MOKe OyTHU Ha-
IIpaBJeHa MPOTUIEKHO (HATIPUKJIAM, IPH Pyci Tijla, KHHYTOTO BEPTUKAJIHLHO BTOPY),
a Moske OyTM HAIpaBJieHA i IePIEeHAUKYJIAPHO [0 cuau (HaIpUKJaj, IPU pyci mo
KOJIy).

3akouu Hpi0TOHA HAIOTH 3MOTY P036°13aMmu OCHOBHY 3a0a1Yy MeXAHIKU: AKIIO
BimoMmi cusim, IpPUKJIALeHi 10 Tija, TO MOMKHA BUSHAUYUTH IPUCKOPEHHS Tija y Oy Ib-
SAKUI MOMEHT 4Yacy, y 0yab-saKiit Tourli TpaekTopii. I HaBImakm, sIKIO BiJoMO 1OJIO-
JKeHHA Tina y Oy b-AKUUI MOMEHT Yacy, To 3aKkoHu HbioToHa faioTs 3MOry 3’ cyBaTu,
AKi cuJIx gitoTh Ha TiJjo.

Kpim HamanHa TislaM TPUCKOPEHHA B MPAMOJIIHIHHOMY MOCTYIAaJIbHOMY PyCi,
OPUCKOPEHHA BLIBHOTO MAAiHHA ITiJ Yac PyXiB IIig Ai€0 CUIN TAXKIHHA, TOIEHTPO-
BOTO IPUCKOPEHHA IIiJ] Yac Pyxy TiJ II0 KOJIy cHJIa Mae TaKoK obepraibHy airo. Ille
ONHUM ITOHATTAM, II[0 XapaKTePU3YeE Aif0 CUJIU, € IMITyJIbC CUJIN. 3 HUM, & TAKOXK 13
BBeZleHUM HBIOTOHOM MOHATTAM iMITyJbc Tisa (a00 KiabKicTh pyXy) MU O3HaliOMuU-
MOCh 3rofiloM. A HacTynHi maparpadu OyayTh IPUCBAYEHI cuIaM, SKi XxapakTepuay-
IOTh MEeXaHiUHYy B3a€MO/il0, Ta OCOOJUBOCTAM PYXY IIiJ Ji€i0 IIUX CHUJI.

@ Daiite BiaNOBiAb Ha 3anNUTaHHSA

1. Yu e BigMmin"icTs MidK miero i mporumiero?

2. Yu 3piBHOBaXKYIOTH O/THA OAHY CUJIH, 10 BUHUKAIOTh BHACJIIIOK B3AEMO/II1 TiJI?
3. HapexiTs nmpukanu, 1o mIiATBEPAKYIOTE TpeTilt 3akou HeioToHA.

4. Yum obyMmoBJIeHI Mexki 3acTocyBaHHSA 3aKoHiB HeioToHA?

Bnpaga 14

1. 3acTocoByioun APYruil Ta TpeTii sakoHu HbioTOHA, IMOACHUTH, YOMY KiHb
Be3e BO3a, a He HABIIaKU.

2. IBa xJjiomunKu, Mmacu AKux 40
i 50 xr, cTOATHL Ha KOB3aHAX HA JbO-
ny. Ilepmuii XJIOMYMK BiZIITOBXY-
eTbcd Bix apyroro 3 cuioio 10 H. ke
MIPUCKOPEHHSA AiCTAIOTH XJIOMUUKH?

3. IlokaamiTh TMOPOMKHIO TIJIAIII-
Ky Ha cTix (mau. 94). 3 Kparo ILIAILI-
KI PO3MICTiTh HeBeJMKHIl IIMATOK I
npoOku. CapoOyiiTe 3amyTH IIPOOKY .
BCEpeIUHY ILIAMIKU. [losgcHITE, YoMy
mpOoOKa ITOJIETUTD He BCepeInHy, a Ha-
BIIAKY — BiJ IJIAIIKA.

4. BispMmiTh aBa IIMATKH ILjac-
TiiiEy. Biapre ofHEM IIMATKOM IIO Man. 94. To 3agaui 3
igmromy. IloscHiTH, YoMy IIIMATKHU
IJIACTUJIIHY P ITHOMY 3JIUTIAIOTHCS.




§ 20 3aKOH BCEeCBIiTHbOIO TAXIHHS.
lpaBiTauinHa B3aemogpina

V' Bakown 8ceceimmnb020 MAKCIHHA.
v I'pasimauyiilne noae.
I'pasimayiilna cuna ma cunLa 3eMH020 MANCIHHIL.

3aKoH BCeCBiTHBOTO TSKiHHS. AHanisdyroum 3akoHu Kemsepa (3aKoHU PyXy
IJIaHeT) i 3aKOHU BiJIbHOTO MaAiHHA Tia Ha 3eMJi, HbI0TOH Aili1II0B BUCHOBKY, IIIO
CUJIV IIPUTATAaHHSA MAalOTh iCHYBaTH He JIUIITe Ha 3eMJIi, a 1 y KOCMOCi, I110 IPpUTATaH-
HA TiJI € BJIaCTUBiCTIO MaTepii.

Ha xanb, Hpi0TOH He 3aJIMINUB MUCHhMOBUX ITiATBEPIKEHDb TOT0, AKUM UMHOM
BiH BCTaHOBUB 3aKOH BCECBITHBHOTO TAKiHHA. Bimomo suiie (3i cuaiB camoro Huio-
TOHA), 10 BayKJIUBY POJb Y IIbOMY Bimirpanu dakT naginud s6ayka ta pyx Micams
HaBKOJIO 3eM.Ti.

B apcenani HeioTona 6yaiu Taki akTu: 1) yci Tiza magaioTs Ha 3eMJI10; 2) IpH-
CKOpPEeHHs, 3 AKUM Tijla IMagalTh Ha 3eMJI0, OJHaKOBe IJdA Bcix Tia; 3) Micamb
obepraeThcss HABKOJIO 3eMJii MaiiKe IO KOJOBiii opbOiTi 3 mepiogom oGepramus
27,3 nobu; 4) paxiyc opbitu Micsama mpubausHo gopiBHIOE 60 pagiycam Semuri.

Amnajtigytoun 11i haxTi, HeroToH 3acTocyBaB chopMyJILOBaHI HUM 3aKOHU JUHAMIKI
o pyxy Micsia HaBroso 3eMiiy 1667 p. BCTaHOBUB 3aKOH BCECBITHBOIO TSMKIiHHSA.

Cnpobyemo i mu.

1. Tina magaioTh Ha 3eMJII0 BHACJIIIOK TOTO, II[0 BOHA IIPUTATYE iX 10 cebe.

2. OckinbKu Bei Tijla magaioTh HA 3eMJII0 3 OJHAKOBUM HPUCKOPEHHSIM, TO 3a
IPYyTUM 3aKOHOM NMHAMIKU CUJia IPUTATAHHA IPONOpIlifina maci Tina: F ~ m abo
F=gm.

3. Ockinbku Micsais 00epTaeThbCss HAaBKOJIO 3eMJIi 110 K0JI0Biii opbiTi, TO Ha HBO-
0 Mae€ IisaTHu cuja, 110 Hajae AOIEHTPOBOTO MPUCKOpeHHdA. SIKOM Taxkoi cuau mHe
0yio, To MicAlb, 3a epiinM 3aKOHOM AUHAMIKM, pyXaBcs Ou MPAMOJiHifiHO i piB-
"HoMipHO. OT:Ke, MicAnb npuTAryeThesa 10 3eMJi, AK i Bci iHmi Tija, i cuna, 3 AK010
BiH mpuTaryerbca no SeMui, nponopuiiira maci Micana: F,,~ m,, .

4. 3a TpeTim 3aKoHOM JuHaAMiKU 3 00Ky MicAla mgie cuaa mpuTAranasa 3eMJIi 10
Micansa, nponopuifina maci 3emai: F,~ m,. Ockinbku F,, = F;, 10 F,,~ m,.

5. JlolleHTPOBE MPUCKOPEHHS, 3 AKUM MicAllb o6epTaeThcAa HaBKOJIO 3eMJIi, 00-
YUCJIIOETHCS TaK:

a=—,
R

Ie L — JiHiliHa MBUAKiCTL pyxy Micsria mo opbiti; R — paxiyc opbiTu.
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JligifiHa mBugKicTs pyxy Micsais mo op6iTi:
2nR
vV=——

T

b

ne T — mepiox obepranusa Micar.
2

Tomi a= . IlizcraBisaoun YMCJIOBi 3HAYECHHS, OTPUMYEMO:

- 4.9,86-64-10°m 9,8 ™

a abo a—Lg
(27,3-24-3600 c)> 3600 c* 3600°

ITe osuauae, 110 6yayum Ha opbiTi, Micamns npuraraerbea y 3600 pasis caabie
Io 3eMJIi, Hisk abu BiH 3HaxXoauBCA Ha ii mOBepxHi.
6. OckinbKU BiAHOIIIEHHA KBaapaTa pagiyca opoitu Micsails o KBagpara pagiyca
. R?> (60R,)
demui Takos craHoBuTh 3600: — =(RT3) =3600, To 1e O3HAUaE, IO CHJA
3 3

npurAarauua Micana mo 3emJi oO0epHeHO IIPOIOPIIifiHA KBagpaTy BimcTaHi Mix

Humn: F,, ~—
H -
R

7. Takum umHOM, BpaxOBYIOUHM OTPUMAaHi BUCHOBKH, mo: F,, ~ m,, , F,,~ m,,
UOVUE:
R2

Ilepexomauu mo piBHOCTI, 3amucaHol y 3arajJJbHOMY BUIIAAKY, 3aKOH BCECBiT-
HBOTO TAXKIHHA (POPMYITIOETHCA TaK:

1
FM ~ F , MOKHa CTBEpIKyBaTu, 110 FM ~

Byodv-aki 06i mamepianvhi mouKu nNpumazyromsca
00Ha 00 00HOY i3 cunOl0, NPAMO NPONOPYiIHOI0 00-
é 6ymxky ix mac i 06epHeHO nponopyiiiHolo keadpamy
éidcmani mixe Humu:

m1m2
F=G—35+,
r

ne m, im,— Macu MaTepiaJIbHUX TOUOK; I — BiICTAHb MijK HUMU; G — rpaBirtamiiina
craja.

ITeit 3aK0H € OCHOBOIO K1ACULHOL HepenamueicmcvKkoi meopii zpagimayii.

3aKOH BCeCBITHHOI'O TAKIHHA 6UKOHY €EMbCA:

e IJI TOYKOBUX TiJI, KOJU iX JIiHifHI po3mipu HabaraTto MeHII Bijx BigcranHi
MiK HUMU (MaTepiaJbHUX TOUOK);

 IJIsI OMHOPIAHUX KYJIb, HAIIPUKJIAL, cucTeMa «3eMasa—Micsais», a0o ogHOpigHA
KyJid i TOUKOBe TiJI0, HAIPUKJIA[, 00ePTaHHA IITYYHOTO CyIIYTHUKA HABKOJIO 3eMJIi.

1A BUBHAUEHHS CUJM IPUTATAHHA MiXK IPOTSKHUMHU TijlaMH, HeOoOXimHo
CIepIly yMOBHO PO30KTH Tijia HA eJIeMeHTapHi YacTUHU, SKi MOKHA BBasKaTU MaTe-




pPiaJbHUMU TOUKAMM, BUSHAUUTY CUJIU B3AEMO/Iil MisK UMM TOUKAMMU i ITOJ01aBaTU
ix. Ila omepalria rpomisaka i BuMarae 3HaHb 3 IHTETpaJIbHOTO Ta AU epeHItiaIbHOTO
YUCJIEHHS.

I'pasiTamifiny crany BUBHAUYEHO €KCIEPUMEHTAJIbHUM IIJIAXOM. YIIEpIe IIe
3pobuB aurIificekuit yuenuii I'. KaBeugirt 3a 10mmoMoroo KpyTHIBHOTO JTUHAMOME-
Tpa (KPYTUJIBHUX TEpPesiB).

¥V CI rpasirariiina crana mae suauednusa G = 6,67 - 10711 H - m? /kr.

Omxe, nBa Tijsa Macow 1 KI KOKHe, IMEHTPU SKWUX 3HAXONATHLCA Ha BimcraHi
1 M ofMH Bil 0IHOTO0, BBAEMHO IPUTATYIOTHCSA I'PaBiTaIlifiHOIO CUJIOIO0, ITIT0 TOPiBHIOE
6,67-10! H.

I'paBiTaniiine mose. SIK Mmu 3’ AcyBaJyiu, OOHI€I0 3 MEXaHIUHUX BJIACTUBOCTEH Ma-
TepiaJbHUX TiJl € BJaCTUBiCThL B3a€MHOIO NPUTATAHHS. AJle K BinOyBaeThCs B3a-
€MHe IPUTATaHHA TijJ, a00, AK KayKyTh, IpaBiTallilina B3aeMogisa?

I'paBiTamiiina B3aeMoia Misk TijlaMu He 3aJIeKUTH BiJ] cepegoBUIla, B AKOMY
nepe0yBaloTh Tijsa, a 3ifICHIOETHCA Yepes 2pasgimayilne noae (1Ioye TAXKIHEA).

Ko:xue Tisno € mkepesom rpaBitariinoro mossa. Yum Oinbina maca Tijia, Tum
cuJbHimIe fioro rpaBiraiitine moje. I'paBiTarifize mojge HEOAHOPiIHE — BOHO CUJIb-
HiIre 0iist moBepxHi Tijya i caabIae, Koau Bif HOI'O BiggaasaTHCs.

T'paBitamiiine mose, Ha BifMiHY BiJf €JIEKTPUYHOTO, AKE iCHY€E TiIHKYW HABKOJIO
€JIEKTPUYHO 3apAMKEHUX TiJI, YU MArHiTHOTO, SKe iCHye HaBKOJIO PYXOMUX eJIeK-
TPUYHO3APAMKEHNX TiJI, iCHye HaBKOJIO BCix 6€3 BUHATKY TiJ.

Y KoKHil TOUIli rpaBiTaliiinoro
m, OJIsI Ha BMiIlleHe TyOu TiJIo Zie cuia
NPUTATAHHSA, IIPOIIOPIliliHa Maci I1bo-
To Tija.
—— JBi rpasiTamifini cusu B3aeMmo-
noii, Axi mifoTh Ha KOMKHE i3 Tijg, 10
B3a€EMO/JiIOTh, OJHAKOBI 3a BeJHWUYU-
HOIO 1 TPOTHUJIEKHI 32 HATTPAMOM ITiJI-
KOM BiJIOBiZHO O TPETHOTO 3aKOHY
Hrioroma (man. 95). Bouun mampam-
JIeH1 B3OOBXK IIPAMOI, AKa 3’emHyeE
IeHTPHU Mac TiJ, TOMY iX Ha3WBaIlOTh
UYEHMPANLbHUMU CULAMU.

I'paBiTamiiina cuiia Ta cujia 3eMmHoro Tsskinada. HaBkoso Semuti icHye ii rpasi-
Tarifine moJje, SKe Ha3UBAIOTh NOAeM MANCIHHA 3eMmi.

Busnaummo rpaBiTaniiny cuiy, 1o Aie Ha Tijo 3 60Ky 3eMJIi, 3TiHO 3 BaKOHOM
BcecBiTHBOTO TaAXiHHA. ITodHaunmo macy Semii uepes M, , a Macy Tina — uepes m .
SAxmro Tijso posTaloBaHe Ha MOoBepxXHi SemJi a6o 0113bK0 0iJis i1 moBepxHi, TO BiA-
CTaHb ' TOPiBHIOE pazxiycy Semui R .

m,

~y
o

—x—
<
-yY_

Man. 95. I'paBitaniiina B3aeMomia

3
2 ’
3

I'pasiTamniiinacuna F =G OpUKJIaAeHa 10 eHTpa MacH Tijia i cupsMoBaHa
0 pajiycy Io IeHTpa Macu 3eMJIi.

YHacaigok moboBoro obepranHsa 3emJi Bei Tisa Ha Ii moBepxHi 6epyTh yuacTh
y 1mpomy pyci. s HeseMHOro ciiocTepirava, 1o mepedyBae B iHeplliajbHiii cuc-
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TeMi BiJIiKy, Tijo Ha moBepxHi 3emJui obepra- & )
€THCS PA30M 3 HEI0 i Mae MPUCKOPEHHA 0’r, AKe ] F
HajJae oMy 6idyenmpoéa cuna iHepyil (IeTanrnb-
HiIlle 0cO0JIMBOCTI BiATIeHTPOBOI cuiu iHepIii Mu
3’sCcyeMO, KOJIUM BUBUYATHUMEMO PYX y HeiHepiri- R o
aJbHUX cucTeMa Bimmiry § 29). R, ; E

Oroxe, Ha TiIO OiIOTH CHIN: cuia rpaBira-
uii F, BimeHTpOBa cuia imepmii F,, cuna Tep-
T4 cnokoio F, Ta cuna peakii omopu N (maax.
96). PiBnogitina cua rpasiTariii Ta BigmeHTPOBOI
CcuIU iHepIlii Ha3WBAETHCA CULOI MAHCIHHA me-
BexTop cuiu TSKiHHA HAOIPSAMJIEHUN B3OBK BU-
CKa (HampAM BHUCKa MOJKHA BUSHAUUTHU, AKIIO Man. 96. Cumu, 1m0 Tif0TH
Ti70 miJBillleHe HA HUTIIi, TO BEKTOP CUJIM TAMXKIH-  na Tino, sxe 06epracThes pasom
HA HAIPAMJIEHUN B3JJOBXK HUTKH). i3 3emIero HaBKOJIO oci

OT:xe, cuna maxcinna — 1ie PiBHOAIMHA CHUIN I'paBi-
é Talrii Ta BiAIIeHTPOBOI CUIM iHePILii, 1110 copAMOBaHa
B3/IOBJK BHCKA.

OckinbKU 3HAUEHHS BiAIeHTPOBOI cuiam iHepii Fm = mo’r 3aJeXKUTh Bif
paxmiyca obepTaHHsS r, TO i cuja TAXKIHHA 3aJ€KUTHh Big reorpadiuHoi mmpo-
TH: MaKCuUMaJibHe 3HAUeHHSA cuJia TAKIiHHA Mae Ha IoJcax 3eMJi, OCKIIbKU
TaMm r = 0 i HOpiBHIOE CcUJIi MPUTATraHHA; MiHiMaJbHe 3HAYEHHS CUJIN TAKIHHS Ha
eKBaTopi.

BpaxoByiouu Te, 1110 KyTOBa HMIBUAKICTH obepTaHHA 3eMJi ®» MaJa, i Fm<< F,
TO y OiJIBITIOCTI BUIIaKiB BBasKaIOTh, 1[0 CUJIa TAMKIHHA TOPiBHIOE cuJIi rpasiTarii
i 3a 3HAUYEHHAM, i 32 HATTPAMOM: F‘Tm = F. Mu Takox HaJaJIi BBAXKaTUMEMO IIi CHJIN
PiBHUMU i po3TIsgmaTUMeMO PyX TijJ y mOJi TAKiHHA 3eMJi AK pesyabTar Ail cuin
TAKIHHA.

Omxe, cuna maxcinna, IPUKJIaeHa A0 Tijga (#oro
IeHTpa TAXKIHHA), COPAMOBAaHA BEPTUKAJIBLHO BHUS3
é (Y3IOBK BHCKA), IMEPIEHANKYJIIPHO OO TOPU30HTATD-
HOI ITIOBEPXHi 1 BUBHAUAETHCA 3a (POPMYJIOO:
F_ =mg.

THAXK
IIpuckopenns, sxke HabyBae Tijo mix miero cuam TAXKIHEA, i € npuckopennam

. . F M,
6161020 nadinna: g¢=—=G—;
m R

OcKinTbKY 3eMHA KYJIs AeIl0 CILIIOCHYTA: il oJSpHUIi pajiyc MEeHIIIUH Bi eKBa-
TopiasbHOTO MPpUOAK3HO Ha 21,5 KM, TO i 3HaUEeHHS IPUCKOPEHHA BLILHOrO HaJiHHA
BiZpisHAETHCA HA HMOJIIOCAX Ta eKBAaTOpPi: TaK, Ha moJioci g=9,83 M/ ¢’ , a Ha eKBaTO-
pi g=9,78 M/ ¢’ . OmHAK 1A 3aJIesKHIiCTh MEHIII CYyTTEBA HOPiBHAHO 3 00606uM 06ep-
mannam 3emani. Odbepranusa 3eMJIi Beie 40 MOABU BiAIIeHTPOBOI CUJIN, CIPAMOBAHOI




MepHeHIUKYJIAPHO oci obepTanusd (He moBepxHi!) (ma.n. 96). ToOTO B cepeqHixX MIIUPO-
Tax BiIIeHTPOBA CUJIa MEHIIa 3a BEJIMYNHOIO (OCKiJIbKHY BificTaHb [0 Oci 00epTaHHA
MeHIITa) i clrpsiMoBaHa IiJ KyTOM 0 00pifo, a Ha eKBaTOPi BOHA JocATae HaibiIbIol
BEeJIMYWHU, 110 i IPU3BOAUTH A0 3MEHITIEHHA & Ha eKBaTOPi.

PospaxyHKY TOKa3yIOTh, 110 Yepes CILIIOCHYTiCTh 3eMJIi 3HaUeHHA IPUCKOPEH-
HsI BiJIbHOT'O MaJiHHSA Ha eKBAaTOPi MeHIIIe 3a foro sHaueHHs Ha mmojroci Ha 0,18 %, a
yepes qo6oBe obepranud — Ha 0,34 % .

AxK Bimomo, cuia rpaBirtairii sajmeXuThb i Big Bigcrami. Ko Tino migHaTu Ha

. M.m . .
BHUCOTY h Haja moBepxHero 3emii, To F=G-———, TO i IPUCKOPEHHA BiJbLHOTO
(B, +1)
. . GM,
naJiHHA 3MiHIOETBCA 3 BUCOTOKO: §=——"—.
(R;+h)

Ha man. 97 nokasaHo 3ajieKHICTh 3HAUEHHS NPUCKOPEHHS BiJIBHOTO HaJiHHA
BiZ Bimcrawi, BUpasKeHol y 3eMHUX pajfiycax. 3 MaJIIOHKA Ta 3 (OPMYJIX BUIHO, ITIO
npu Bifcrani k= 4R y 25 pa3iB 3MEHITY€ThCA &.

Aximo pyx vy moJi tsaskinaa 3emui BigOyBaeThCcsa Ha BUCOTI V AeKiJbKa COT Me-
TPiB, TO 3HAUEHHA & MOKHA BBayKaTU MOCTiHHUM.

Takum uMHOM, Ha 3HAYEHHSA IIPU- A
CKOPEHHs BLJIBLHOrO MNAMiHHA BILIHNBA- g
IOTh:

1) obepranua 3eMJi HaBKOJO BJac-

HOI oci (moboBe o0epTaHH);

2) nedopmaris Semi; 3g/4

3) BifcTaub Bij moBepxHi Semuri.

3HaUeHHsA IIPUCKOPEHHsS BiJIBLHOIO
OagiHHsA TaKOXK 3aJIeKUTD BiJ POJOBUIII,

110 MicTATbCSI B Hagpax 3eMJi: Oijbire — g/2
#oro 3HAUEHHS HA MOOBLIBHIA IMUPOTI,
TaM, e MiCTATHCA POJOBUIIA 3aJIiIBHOI Ta
iHIIUX BajKKUX PYH, MEHIIle — HaJ POJO-
BUILIAMU I'azy. g/4

@ DawnTte Bignosiai Ha 3aNUTaHHA

1. K GopMyII0IOTH 3aKOH BCECBiT-
HBOTO TSKiHHA? AKuil Gisuunuii smict
rpasiTaiifinoi cramoi?

2. Srwuii Bux B3aeMomii Tinm omucy-

\/

1R, 2R, 3R, 4R, h

€ThCSA 3aKOHOM BCECBiTHBHOTO TSKiHHA? Man. 97. 3ameskHicT, 3HAYCHHES
§Ix BimOyBaeTbCA 1A B3a€MOAiA? TIIPUCKOPEHHA BiJIbHOTO MaTiHHA
3. IIlo Take cuyia Ta:kiHHA? 3a AKOIO Bif BimcraHi Hax MoBepxHEr0 3emri

¢opMyJI0I0 BU3HAYAIOTH MOIYJIb CUJIU TS~
inua? Kyau npukianeHna i Sk HanpAaMJIeHA CUJIa TAMKIHHA, IO i€ Ha JOBiIbHE Tiio?
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4. Biguoro 3ajeXUTh IPUCKOPEHHS BiIbHOTO MagiHHA? UM 3aIeKUTh IIPUCKO-
peHHs BiIbHOTO TTaAiHHsA Tija Big ix Mmacu?

@ Mpuknaaun po3s’a3yBaHHsa 3apa4
3amaua. OOumcauTu Macy 3eMJi, AKINO Bimomo, 1o Ii pagiyc mopiBHIOE

R=6,37-10°m.
Hano: Po3é’a3anna:

= - 106 m; . . M
f:_ g ,83; M /gz_M VYeci Tisna npuTAryoTrhea g0 3eMii 3 cuyoo F=G m °

11 H N M2 ’
G=6,67-10 F i HaO0yBalOTh NPUCKOPEHHSA F =mg , ToMy, IpUPiBHIOIOUN
(TaR] i hopMysin, OTPUMYEMO:
M M R?
mg:GmR2 > abo g=G—;-, 3BigKu M, :%.

3 3

2 2 122
OGuucnenus: M, _S.8lu/e 72’37 210 IZI ~5,98-10*kr .
6,67-100 "H-m" /KT

Bignosigs: M~ 5,98 - 10% k.

Bnpasa 15

1. fdKke mpuCKOpPeHHS BiJILHOIO MaAiHHS Ha BUCOTI, IIT0 JOPiBHIOE IIOJIOBUHI pa-
miyca Semi?

2. Pagiyc miameru Mapc cramoButh 0,53 pazmiyca 3emuri, a maca — 0,11 macu
3emiti. BusHauuTu npucKopeHHsA BiIbHOTO nafinHAa Ha Mapci.

3. Cepennsa Biacraus MisKk menTpamu 3emJi i Micsaia gnopisuioe 60 seMHUM pai-
ycaMm, a maca Micans y 81 pas meHiIia Big macu 3eMJi. Y AKiii Toulli Ha IpaMiii, 1110
3’eqHY€E iX EeHTPH, TiJO IPUTATYBATUMETHC A0 3eMui i ;o Micsarg 3 ofHaKOBUMU
cuinamu?

4. Cepegus rycruna Benepu p = 4900 xr/m?, a pazaiyc miaaumeru R = 6200 gwm.
BuszHaunTu IpuCcKOpPeHHS BiJIbHOIO MALiHHA Ha MOBepXHIO BeHepn.

5. 3uaroun pagiyc 3eMJi Ta IPUCKOPEHHSA BiJIbHOTO IMaAiHHs, BU3HAUTE Cepe-
HIO rycTuHY 3emJIi. IlopiBHATH oTpuMaHe 3HAUEHHS 3 I'YCTUHOIO IIOBEPXHEBUX IIIa-
piB 8emuri (2,5 - 102 kr/m?), 3po6UTH BUCHOBOK IIPO I'yCTUHY HAAP ILJIAHETH.

6. Ha sikiit BucoTi HaJ moBepxXHero 3eMJIi cuja TAKIHHA 3MeHInyeTbes Ha 10 % ?
Pazxiye 8emuai R=6,37 - 10° m.




§ 21 PyXx WWTY4HUX CynyTHUKIiB 3emMni.
Mepwa Ta gpyra KOCMiYyHa WWBUAKICTb

v 1T epwa i Opyza KocMiuHa WEUOKICMb.
v II'myuni cynymuuxu 3emi.

Ilepma i gpyra kocmiuna mBUAKIiCTE. ¥ § 13 Mu posryigamanm pyx Tijga, SKOMY
Ha BUCOTi 4 HaJ 3eMJIelo HaJaHo MOYaTKOBOI IIIBUIKOCTi ¥ TOPU30OHTAIBHOMY HAIIPSA-
wmi. Timo pyxaerbea 1o rinri mapabosu i magae Ha 3eMutio. [Ipu MboMYy MU BBasKaJIn
TIOBEPXHIO 3eMJIi IIII0CKO0I0. TaKe CIPOIeHHA JOIYCTIME IIPU HEBEJIUKUX IITBUIKOC-

TAX, KOJIU JAJbHICTE IIOJBOTY He3HAUHA.

Hacmopaszai 3emas — me maiioke Kyas. Tomy

OMHOYACHO 3 ITOJILOTOM Tijia B3JOBIK MOT'0 TPa€EK-
TOPii MoBepXHS SeMJIi AeI0 BiazaasaeTbes Bi Tita
(man. 98).

MoskHa BUBHAUNTHU TaKe 3HAUEHHA IITBUIKOCTI
Tija, Ipu AKOMY IIOBEPXHs 3eMJIi, BHACIIOK KPHU-
BU3HU, BiAJalsITUMeTbCs BiJ Tija Ha CTLIBKHU, Ha
CKIJIBKY TiJIO HAOIMKATUMEThCS 10 Hel BHACILLOK
nputAarasHd. Tozi Tisio pyxaTuMeThcsa Ha IIOCTIM-
Hill BUCOTi & HaJ TOBepxHE0 3eMJTi, TOOTO IO KOJIY
pazaiycom R, +h , mepeTBOPUBIINCH HA WWMYyHHULL

Man. 98. Bixnanenns cynymuuk 3emai (IIC3) (max. 99).

noBepxHi 3emri

OcKiNmbKU TiIO pyxaeThcsA PiBHO-

MipHO 1o koJy pagiycom R, +h , To fioro
,DZ

R +h’

Ile mpucKopeHHs TiJy HaZae cuJa Ipu-

TATAHHA 10 3eMJIi, 11 MoayIb:

M m

(R, +h)

IOIIEHTPOBE IIPUCKOPEHHA a=

ne M — maca 3emuti; m — maca Tina.

Man. 99. Pyx mITy4HOTO CyIIyTHUKA 3€MJIi
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2

=G —, BBiAKHU
R +h (R,+h)

3a gpyrum sakoHom HbioToHa a=—, a OTiKe,

m
GM,

R +h’

Tok, AKIMO HAZATHU TNy AOBiJIBHOI Macu Ha BUCOTI A Haj 3eMJeio IIBULKOCTI,
1110 BUBHAYAETHCA I[i€10 (hOPMYJIOI0, TO BOHO CTaHE IMITYUHUM CYITyTHUKOM S€MJTi.

11100 BOHO CTAJIO MITYYHUM CYyIyTHUKOM 3€MJIi, Has3u-

é IIBuaKicTs, AKY HOTPiIOHO HamZATH Tiay AJSA TOTO,
BAIOTh NePuLOl0 KOCMIYHOI0 WeudKicmio.

Ilepmia — Tomy, 110 iCHYIOTH ApPyra i TpeTd KOCMiuHi IMBUIKOCTI.
O0uncaumMo mepiny KocMmiuny mBugkicTs aasa IIIC3, axuii 3amycKaeThbCa Maii-

sxe 3 moBepxHi 3emui (A ~ 0). ¥ TakoMy BUIIAAKY V; =

TO U, =4/8R, .

IMigcraBusmm y popmysry 3HaueHHsa g=9,81Mm/c” i R, =6,4-10° M , oTpIMy€EMO

M M
G—* ,iockineku g=G—;,
R R

3 3

v, =1/9,81 m/c?-6,4-10° M ~7,9 KM /c .

Taxum urmHOM, TiJIO, AKOMY HaJAE€TLCS MIBUAKICTE ~ 7,9 KM/C, AKa HaIpsAMJIeHa
FOPUBOHTAJIBHO BiTHOCHO OBEePXHi 3eMJIi, CTae IMITYyYHUM CYIIYyTHUKOM, 1110 PYXA€Th-
CsI 110 KOJIOBii opOiTi.

IlTeudkicmy, AKYy MOTPiIOHO HAZATU TisNy, 1100 BOHO, TOJOJIABIIMN MPUTATAHHS
ILJIaHeTH, cTajlo cynyTHIKOM COHILS, Ha3UBAIOTH 0PY2010 KOCMIYHOIO WEUdKicmio.

IOna 3emni gpyra KocMiuHa IIBHAKICTE V, =./2gR, =\/ﬂ ; v, = 11,2 xm/c.
SKio sHaveHHa MBUAKOCTI OisbItie 7,9 km/c, ane menmie 11,2 Kkm/c, opbiTa cymyT-
HUKa 3eMJIi € eqinTuuHoi. Po3dBunyBmu mBuakicts 11,2 KMm/c, Tijo TOUHe pyXaTu-
ca o napaboJri i 6isibItTe He TOBepHEThCs 10 3emuti (ma.. 100).

Iryuni cynytauku 3emuri. IIIC3 BuBogATHCA Ha OpOiTH 3a [OIIOMOro0 6araTo-
CTyIIeHeBUX pPaKeT-HOCiiB (ma.z. 101), aki migHiMarOTh iX HA BiAMOBiAHY BUCOTY HaJ
HOBepPXHeI0 3eMJIi i pO3TaHsaI0Th 0 IIBUIKOCTI, 1110 JOPiBHIOE, a00 TaKOi, 10 Imepe-
BuIye (aJsie He Oinblie HisK y 1,4 pasa) mepiry KocMiuny mBuaKicThb. Ileit muiax,
AKUI HAa3UBAETHCA TpacKTopieio BuBenenua [11C3 ma opbiTy, CTaHOBUTH 3a3BUYA
BiZl MTeKiJIbKOX COTEeHb OO ABOX-TPHOX THUCAY KijomerpiB. Pakera craprye, pyxaio-
Y1Ch BEPTUKAJBLHO BTOPY, PO3BEPTAETbCS MPUOJIU3HO TOPU3OHTAJILHO i posraHsd-
€ThCA 0 TaK 3BaHOI PO3paxXxyHKOBOI mBHUAKOCTI. KocMiuHmMil amapar, 1110 € MeToo
3aIIyCKYy, Hece OCTaHHA CTYIiHb PaKeTHW; BiH aBTOMATUYHO BinmindeTrbca Bim Hel i
TIOYMHAE CBill pyX 1m0 meBHil opbiTi BigHOCHO 3eMili, cTalouM MITYyYHUM HEeOeCHUM
TiJgoM.

Huni y HaBKOJI03eMHOMY IIPOCTOPi IepedyBaroTh COTHI INTYUYHUX CYIMYTHUKIB,
AKi € CKJIaAHUMU allapaTaMu, 110 BUKOHYIOTh PisHOMAaHITHI (hyHKILii: peTpaHCIIO-
IOTh TeJIeBi3iliHi mporpamu, OXOIJIIOIOYY 3HAYHI 3a IJIOIel0 paiioHu 3eMJIi; 3a6es-




ITapa6osa
~11,2xMm/c

Eminc

~11,1xkm/c

Micans

— —

Opb6ira
Micsamsa

Man. 100. TpaekTopii pyxy Man. 101. 3anyck ykpaiHCHKOT

IITYYHUX CYNYTHUKIB 3emJri pakeru-Hocia Tumy «Iuinpo»
MeYyioTh BCEeCBiTHi# TesedoHHUIT i KOMIT'IOTepHUI 3B’SI830K, BUKOPUCTOBYIOTHCS
fAK MadgKU JJIS MOPCHKUX 1 MOBITPAHUX CyJleH, TOYHO BUBHAUYAIOUM X KOODAUHATH;
3MiMCHIOIOTH HAYKOBi TPOTpaMu AOCTiAMKEeHHS 3eMJIi; BAKOPUCTOBYIOTHCSA y CUCTEMI
HaIliOHAJBHOI 6e3TMeKM BEJMKUX AepsKaB. € HaBiTh CYNyTHUKY IS MiATPUMAHHS
aMaTOPCHhKOI'0 Pafio3B’ A3KY.

@ Daiite BignoBiai Ha 3anUTaHHA

1. fx mae OyTu HampsMJIeHa IIIBUAKICTD Tijia Yy MOMEHT HIOT0 BUXOAY Ha KOJO-
BY OpOiTy, 11100 BOHO CTAJIO IMITYYHUM CYIIYTHUKOM 3eM.JIi?

2. fK cuopsMoBaHe MPUCKOPEHHS IITYYHOTO CYmyTHMKaA 3eMJi? Yu mMoxkHA
BBAXKATU PYX IITYUYHOrO CYIIyTHUKA 3eMJIi PiBHOIPUCKOPEHNM ?

3. IIlo Take mepina KocMiuHa MBUAKicTE? YoMy AOpPiBHIOE Ieplia KocMiuHa
MIBUAKICTD AJIst eMri?

4. IITo Take apyra KocMmiuHa IBUAKiCTH? YoMy AOpiBHIOE Apyra KocMiuHAa
MIBUAKICTD mJIst 3emri?




JduHaMiKa MOCTYIIaJbHOTO Ta 00ePTAJIHHOI0 PYXiB MaTepPiaIbHOI TOUKH

@ Mpuknap po3e’s3yBaHHs 3apa4

¥V 3ajauax Ha pyX CyIYTHUKIB HaBKOJIO HEOECHUX TiJ, IyIaHeT, HaBK0JI0 COHITSA
TOIIO Ha HeOecHi Tija i CynIyTHUKHY i€ JIMIlle cujia MPUTATaHHA, AKa 1 Hagae Tigam
IOIIeHTPOBOTO MpUCKopeHHA. Tomy apyruii 3akouH HbioToHa AJIg TaKWMX BUNAIKIB
MaTUMe BUTJISMI:
Mm

5
r

ma=G

e m — Maca TiJja, 110 € CYIIyTHUKOM Tijia Macow M; a — IOIeHTPOBe IPUCKOPEHHS
CYOyTHUKA I — BiICTaHb MisK TijiamMu.

3amaua. BusmauuTu macy Micsiisa, AKIIO BiZoMo, 1110 OT0 IMITYYHUNA CYITyTHUK
obepTaeThCa MaliyKe 0 KOJIOBi# opbiTi, pamiyc sxoi 1890 kM, i mae niepios oGepran-
Ha 2 rox 3 xB 30 c.

ano: Po3é’azannsa:
R=1890"-102%m; 3a gpyrum 3axkoHoM HpioTOHa cmjaa BCECBiTHBO-
T="7410c;
— . -11 . 2 2
]C\Z_ 6‘;67 107" H - M%/Kr |ro TsoKiHHA F =G I HaJa€ IITYyYHOMY CYIOYTHUKY
. F GM
MicsaAla KOImeHTPOBOrO IPUCKOPEHHA @ =— , TOMY G = 7
m
3 inmoro 60Ky, JOIEHTPOBE HPUCKOPEHHA MOKHA BUSHAUUTU 3a (hOPMyJIaMu
KiHeMaTuKu:
DZ
a=—,
R

1‘)2
= E , 3BiITH OTpPU-

Ie v — JiHiliHA MIBUAKICTE pyXy cynyTHuKa. [IpupiBHIOIOYN 7

2
MaeMo szR.
G

Jlinifina MIBUAKICTH PyXy CYIyTHUKA BU3HAYAETHCA BIJHOIIIEHHAM OBXKWUHU
KO0JIOBOI Op0iTH [0 iHTepBaJly Yyacy Ha IPOXOAKeHHS OLHOr0 00epTy:

23
v=2"8 pop m=4TE
T GT

4-3,14° (1890-10° ) »®
©6,67-10"H - m?/xr?7410° ¢

~~17,35-10%kr.

Bignmosins: M =7,35-10%?kr .




@ Bnpaga 16

1. O6uucanTH IEPITY KOCMiUHY IMBUAKICTE A Micarsa, akimo pagiyc Micaria cra-
HOBUTL 1700 KM, a MPHCKOPEHHS BiIbHOIO maminHs Tiji Ha Micsami gopisaroe 1,6 m/c2.

2. Micanp pyxaeTbcsa HaBKOJ0 3eMJi 3i mBuaKicTio 6;1m3bKo 1 KM/c. Bigcrans
Bix Semuti o Micsma nopisuioe 3,8 - 105 kM. Busunauutu macy 3emuri.

3. SIKy MIBUAKiCTH TOBUHEH MATH MITYYHUN CYIyTHUK, 1100 00epTaTuch mo Ko-
JI0Bii opOiTi Ha BucoTi 600 kM Han moBepxHero 3emui? Axuit 6yme mepion fioro ooep-
ranHA? Paxgiyc 3emui cranoButs 6400 KM.

4. IToBecTu, 110 Iepios o0epTaHHSA HMITYYHOrO CYIYTHHKA II0 KOJIOBiM opOiTi

/ r .
BU3HaUYaeThCcsa 3a (opmysow T =2nr G (me M — maca miaHeTH; I — BiicTaHb

CYOyTHUEKA Bif ii meHTpa).

5. Y ckinbpKu pasiB nepiox o0epTaHHA CYyIIyTHUKA, AKUN PYyXaeThCA Ha BifcTaHi
21 600 kM Bix moBepxHi 3eMuti, 6imbININi, Hi’K Y CYIYTHUKA, 1110 PyXa€ThCA HA BU-
cori 600 kM Big moBepxHi 3emri?

6. Cepenus BimcraHb Big cymyTHuUKa a0 moBepxHi 3emui cramoButs 1700 KM.
Busnauutu fioro giHifiHy IIBUAKICTS i mepion obepTanHHs.

7. CynyTHUK pyXaeTbCcA HABKOJIO AeAKOl IJIaHEeTH KOJIOBOIO opbiToio, pasmiyc
saxoi 4,7 - 10° m 3i mBugricTio 10* m/c. fAka cepegHs rycTuHa IIaHETH, SAKIIO il
paziye 1,5 108 m?

8. Ha saKy BHCOTY HajJ MOBEPXHEI0 3eMJIi CJIiJ 3allyCTUTH CYIyTHUK, 1100 BiH
3aJIMIIABCA HEPYXOMUM BiJHOCHO Hei?

§ 22 Cwuna npyXxHocTi. 3akoH N'yka

v' Ipupoda cun npyxrcrocmi.

v ITpysxcni depopmayii. 3axon I'yka.
Mexaniuni 6nracmugocmi mamepiaia.

v’ Cuau peaxuii onopu.

IIpupona cun mpyskHocti. IK Bimomo, B3aeMo/iss Tism MOKe 3yMOBJIIOBATU He
TiIBKU 3MiHY IX MIBUAKOCTel (IUHAMIUHY Iil0), a I Jedopmaliii (cTaTuUHY Aif0).

Hedpopmayisa — 3mina ¢popmu um po3dmipis Tina (a6o
YACTUH Tijla) HiJ Ii€0 30BHINTHIX MeXaHiYHUX CUJI Ta
iHIIUX BILIMBiB, AKi 3yMOBJIOIOTH 3MiHY BiJHOCHOTO
PO3MillIeHHA YaCTUHOK TiJja.

YHacaigok medopmailrii sSMiHIOIOTBCA MisKaTOMHI BicTaHi i BigOyBaeThCcsa mepe-
rpyIryBaHHA O6JOKiB aTOMiB.




JTuHaMiKa IMOCTYIaJBLHOTO Ta 00ePTAIBHOTO PYXiB MaTepiaabH

Hanpukaazn, onuH KiHeIb cTepsKHA JOBKUHOIO [ 3aKPinmuMo, a J0 APYTroro KiH-

I IPUKJIALATIMEMO 30BHIIIHIO cuny F (maa. 102).
Ilin nmiero 1miel cuam YaCTHUHKU
[ 7 7 cTep)KHA HaOyBalOTh NHPUCKOPEHHI,
1 o [ | MOYMHAIOTh PYXaTUCh i 3MIIyIOThCA
| gl BiHOCHO iX MOYATKOBOT'O IIOJIOJKEH-
l Ha. [Ipu iboMy Ha KOXKHY 3 HUX II0-
YHYTHh AiATH CUJM 3 OOKY cycimmix
YACTUHOK, AKi HaMaramTbCA TOBEP-
HYTU YACTUHKU B IOIEPEIHE II0JIO-
JKeHHs. Y CBOIO UepT'y YaCTUHKH, II0
3MicTuInCA, AiIOTH Ha II1e He 3MillleHi
YACTUHKU, HAJalOUM iM IIPUCKOPEH-
HfA, YHACIiZOK YOro 3MintyoTbed i BoHu. CTep:keHb feopMyeThCd, HOT0 JOBXKUHA
30iJIbIIYyeTHCA HA X 1 B HbOMY BUHMKAIOTH CUJIN IPYHKHOCTL an' fAKOu cTep)KeHb He
OyB 3aKpimyieHuii, To mouaB O0u pyxarucda (0Oynyuu med)OpMOBAaHUM) 3 IPUCKOPEH-
HAM, AKe 3aJIe;KUTh Bifg fioro macu. OCKiIbKEU CTEepIKeHb 3aKPilljieHo, TO Horo ae-
dopmaria IIPOAOBIKYETHCHA NOTH, JOKU CHIA OPYsKHOCTI an He cTaHe PiBHOIO 3a MO-

IyJieM 30BHimIHi# cuiri F.

BV

o

Man. 102. 3oBHIIIHA cHIIA 3Y MOGI0E
nedopmartilo, a depopmayin 3y moenioe
CHJIy IPY?KHOCTI, IKa HaIIpaBJeHa
MPOTUJIESKHO IO 30BHINIHBOI CUJIH

Cunu npysxcrnocmi — cuiau, 10 BUHUKAIOTDH IIPU Je-
dopmarisgx Tix i HampamieHi y 0iK, IPOTUIEKHUI
é 3MiI[eHHI0 YACTHHOK, MalOTh €JeKTPOMATHITHY IPH-
pony (OCKiJIBKM 3yMOBJIEHI 3MiHOIO BifcTaHedl Miik
aToMaMu, HOHAMU, MOJIEKYJIaMHU).

Cuau B3aeMomil Misk MOJIEKyJIaMI Ta aTOMaM{ MalOTh TaKy OCOOJHBICTBH: 3i
301JBIITEHHAM BiicTaHI MiK HUMU BOHU € CUJIAMU IPUTATAHHS, a 31 SMEHIITeHHAM —
cmwiaMu BigmroBxyBaHHA. [{uM i 3yMOBIIeHUIT HATIPSAM CUJI ITPYYKHOCTI.

Cunu npysKHOCTI HAUTIOMIMPEHITi 1 BUHUKAIOTH ¥ Pa3i JOTUKAHHSA BCiX T1JI MixK
€00010, KOJIM X MOJIEKYJIN HAOJIMKAI0ThCS Ha Bigerans 1070 — 10710 M, 11106 moryu
B3aEMOIIiATH iX eJIeKTPOHHI 000JIOHKH.

Tin, aki 6 He gepopMyBaIUCA, Y IPUPOAL He icHye. BogHOUac 4acTo JOBOAUTE-
cs MATHU COPaBY 3 TAKMMHU MaJuMu AedopMmarlismu, 1o ix BaKKO BusaBuTu. Ha-
MPUKJIAL, IKI0 HACTYIIUTH HA IErJUHY, TO Ii BUCOTa 3MEHIIUTHCSA IPUOIN3HO HA
0,000 05 cm. 3a Takoi medopmarrii cycigHi aTroMu HAOIMIKAIOTHECSI OOUH 0 OLHOTO
npubausHo Ha 2-10 M cm .

Posraspaiouu 6iabIIiCcTh 3a7aU, MU HEXTYBaJIX e()OPMAIiAMHY i CUJIaMU IPYIK-
HOCTi, AIKi BUHUKaMU IIig yac B3aemonii Tis. Temep mociigmmMo BJIACTHMBOCTI CHJI
OPYKHOCTI y TijlaxX, AKi 3a3HAIOTh 3HAUHUX AedopMallii mig yac aii Ha HUX 30BHIII-
HiX cuj (IPYKUHU, TYMOBI A3KTYTH TOIIIO).

IIpy:xni nedopmarrii. 3axon I'yka. Cepen medopmaiiiii, AKi BUHUKAIOTH ¥ TBEP-
IUX TijaX, MOKHA BUOKDEMUTH II’ITb OCHOBHUX BUJiB: p03msz, CMUCKAHHS, 3CY8,
ckpyuyeanna i 3zunanna. Ha man. 103 nokasaso pisHi Buam nedopmarrii ris.

Muwu magami posraagaTumemo nedopmaiiii posTAry (CTUCKAHHS).
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Man. 103. Bunu nedopmarrii:
a — PO3THAr i CTUCKAHHA; 6 — 3TUHAHHA; 6 — CKPYYYBaHHSI; 2 — 3CyB

Hedopmartiii IogiA0Th TAKOXK HA nPYdHcHi, AKi BHUKAIOTh IiCIA NIPUINHEHHA
Iii 30BHIMIHIX cuJI (OCKIIBKY MOJIEKYJIN Tijia IOBEPTAIOTHCA Y IOUYATKOBE IT0JIOMKEH-
Hf), i naracmuyni, KoJIu BiTHOBJIEHHA (DOPMHU Tijia He BigOyBaeTbCs.

g npyscnux depopmayiv auraiticbruii yuenuit P. I'yk y 1660 p. excnepu-
MEHTAJILHO BCTAHOBUB 3aKO0H, AKMII Ha3BAHO MOro iM’aAM.

Ha maxn. 104 nmogaso pes3yabTaTH AOCJiLY IOA0 BUBUEHHSA 3aJIEsKHOCTI BHUIO-
BJKEHHS IPYKWUHU BiJl BEIUUNHY TPUKJIAJEHOI CUJIN.

Koau no npy:xuHM migBicuT OOMH TATAPEIlb, TO BHACIIIOK il 36 MHOTO TAMKIiH-
HA BiH PyXaeThCA BHUB i PO3TATYE MPYKUHY IOTH, JOKMW CHUJIA TAKIHHA He BPiB-
HOBAKUTHCS CUJIOI0 MPYKHOCTI, IIT0 BUHUKAE YV IPYKUHI. 30iIbINTyI0OUN KiIbKiCTh
TATaPIliB, CIIOCTEPiraeMo, 110 Y CKiJIbKHU pasiB 30iJbIITyeThCS IPUKJIALAEHA CUIa, ¥
CTLJIBKY caMO pasiB 301JIBIITYETHCS 1 BUAOBIKEHHA IPY/KUHH.

Omxe, unM OiJIbIIa cUJia IPUKJIaAeHa 10 Tijia, TUM OiJbIlie BOHO Ae(OPMY€ETHC.
Pasom i3 Tum, yum OinbIlia medopmailis, TUM OiJblla cuja IPYYKHOCTI BUHUKAE B
Tijai, ToOTO, cCHJIa MPYKHOCTI mpomopitifiHa gedopmarrii.

3axon I'yka: cmia IPY;KHOCTI, AKa BUHUKAE i yac
Opy:KHOI medopmarii Tisia, IpAMO IIPOIOPILifiHA BUAO-
é BJKEHHIO Tijia i HampaMJIeHa y OiK, MIPOTUICKHUH 0 Ha-
IpAMY IIepeMilleHb YaCTUHOK Tija mijx yac qedopMmarrii:

F_.=—kx

npx >

Ie k — Koe(illieHT Ipy:KHOCTi, a00 KOPCTKiCTh, Or0 3HAUEHHSA 3aJIeKUTD Bil po3-
MipiB Ta MaTepiaJy Tija, BUMipIOETbCS B HhIOTOHaX Ha meTp [k] =1 H/m; x — abco-
JoTHA AedopMallia (JriHiiiHe BUJOBKEHHS UM CTUCHEHHS Tija).

3HaK «—» MMOKAa3ye, 1[0 HAIPAM CUJU IPYKHOCTI MPOTUIEKHUN HAIPAMY 3Mi-
IIeHHA Kpaio Je)opMOBaHOTO Tija.

Alopecmricms — 3naTHICTD Tiza a00 KOHCTPYKILIT ITpo-
é TUIIATY BUHUKHEHHIO fed)opMaIliii mpu 3afaHOMY THITL

HaBaHTaYKEHHS: YNM OiJIbIlIa YKOPCTKICTh, TMM MEHIIIA
nedopmarrisa.




JduHaMiKa MOCTYaJbHOTO Ta 00ePTAJIbHOI0 PYXiB MaTePiaJIbHOI TOUKH

ITix »xopcTKicTIO PO3YMiIOTH TAKOMK Koediiri- s R e N R
€HT IPOIOPILifiHOCTi £ y popmy.ii 3akony I'yka.

SBuire npy:xkHOI Aedopmarlrii BUKOPUCTOBY-
OTh y IPUJIaiaxX OJIs BUMipIOBAHHS CUJIN — AUHA-
moMeTpax (abo cuiaomipax). Korerpykiii guHa-
MOMETPiB HallpisHOMAaHIiTHIIN, aJe IIPUHINI 1X
po6oTH OJHAKOBUII: Y HUX BUKOPUCTAHO BJIACTH-
BiCTB TiJI TOOBIKYBATUCS, BTUHATUCS YU CTUCKY-
BaTHCs NIPU NPYKHIN AedopManii npsMo npomo-  x
PIIifiHO 40 BeJIMUMHY TPUKJIANEHOI CUJIN.

T'0/I0BHOIO BiZMiHHICTIO cHJI NPY’KHOCTI Bif Man. 104. 3anexnicrs
yeix iHIMUX CHJI € Te, IO BOHY SaJIEXKATh JIMIIe  CUJ MPY#KHOCTI Bix medopmarii
Bizm medpopmarriii i He 3as1e€KaTh Bif Tijia, 40 AKOTO IIPUKJIAEH].

Mexaniuni BiaactuBocTi MartepianxiB. MexaHiuHi BjacTuBocTi MarepianiB —
e 3JaTHICTh MaTepiaiB IPOTHUCTOATU Ae(OPMYBAHHIO i pyHHYBaHHIO, IIPYKHO I
MJIaCTUYHO AeopMyBaTHUC IIiJ Ai€l0 30BHIITHIX MeXaHIYHUX CIUJI.

[=]

W N O
W N = O
W N O
W N O

@Di3MYHOIO0 BEIUUNHOIO, 1110 XapaKTepusye Mifo BHY-
TPIITHIX CUJI, IKi BUHUKAIOTEL y AehopMOBAaHOMY TiJIi,
é € mexaniwHa Hanpyza ©, AKa BU3HAYAETHCA BiIHO-
MIeHHIM MOIYJIA CUJIU IPYKHOCTL an IO TLJIOIIIi mote-
peuHoro mepepisy S Tina:

c=F,_/S.

BumMmiproeTscsa B HBIOTOHAX HA METpP Y KBaapari a0o nackaiax [c]=1 H/m? =1 Ila.

Bennunna, siKa XxapakTepusye 3TaTHICTh MaTepiajiB
npoTumiaT medopmarlrii OJHOCTOPOHHBLOTO POITATY
(ctuckanHa), HaduBaeThcA Mmodynv IOnza (modynv

é npyscnocmi) (E) i topiBHIOE BifHOIIIEHHIO MeXaHiuHOI
HAIPyT# OO0 BiITHOCHOTO BUIOBKEHHS, CIPUUYMHEHOTO

E=o/e.

Bionocne 6u0o6icenna BU3HAUAETHCA:
|8| :MZ |l_lo|
lO lO

b

ne l, — moYaTKOBA OBKUHA CTEPIKHSA; | — HOBMKU-
Ha 1e()OPMOBAHOTI'O CTEPXKHS.

Ha maan. 105 nokazaHo 3aIeXHICTh MexaHiu-
HOI HAIIPyTW Bif BiZHOCHOTO BUIOBXKEHHS NPU
PO3TATYBaHHi.

Hinaaka OA — pedopmaiiia mpysKHa — TiJIO
TIOBHICTIO BiZHOBJIIOE CBOI PO3MipHu micasd 3SHATTSA

»
>
€

Man. 105. [Jiarpama po3rary




30BHINTHLOTO HABaAHTAKEHH. G, ~ Mexa TIPOTOPIiAHOCTI, e BUKOHYETHCSA 3aK0H
T'yka.

Hinaurxa AB. 3akou I'yka He BUKOHY€EThCA, ajie fepopMartid npykua. Maxkcu-
MaJibHA HAIpyra, 3a AKOI Ie He BUHMKAa€E IIOMiTHA 3aJIMIIIKOBA fedopmMaliisa, Has3u-
BAa€THCA MeKHCeI0 NPYHCHOCMI G .

Ax1mo nponoBKyBaTH PO3TATYBATH Tij0, TO BUHUKAE 3arumkosa depopmauisn
(dinanka BC) — nedpopMmairtis, B pe3yabTaTi AKO0I TiJIO 3a/IUINIAETHC 1e(POPMOBAHUM
micjiga OpunuHeHHA Ail 30BHiIIHBOI cuau. Taky medpopMmaliiio e Ha3uBaOTh NaAAC-
Mu1HOIO.

ITorim BumoB:KeHHs Tija BimOyBaeThcsa Maiiyke 0e3 3MiHM HAIPyr“d B HBOMY,
TOMY KaXKyTh, 110 «MaTepian teue». Jinanka CD — TeKydicTs MaTepiany.

3i g6inbienHaM medopMallii KpuBa HAIPYT IOYMHAE TPOXHU MigHIMaTHUCA i 10~
cAarae makcumymy B Touri E. ITorim Hampyra mBuaKo cmajgae i Tijio pyiiHyeThCA
(Troura K). OT:ke, po3pUB HACTAE MiCJA TOTO, AK HAIIpyra JOCATHEe MAaKCHUMAaJbHOTO
BHAYEHHA G, 1110 HA3UBAETHCS MedkHcelo MiYyHocmi.

HociimkeHHA TOBeAiHKY Tijia IPY 30BHINIHIX MeXaHIYHMX HABAaHTAKEHHAX i
iX miarpaMm poO3TATY AOCUTH BaKJIMUBi y MPAKTUYHOMY BUKOPHUCTAHHI MaTepiaJiB
JIJISI PIBHUX ITiJIeid.

BceranoBumo 3B’ A30K Mik BesilMmuMHaAMU, III0 BXOAATH 0 3aKOHY I'yKa, 3amuca-
HOro y BUrIAAL F, | = k|x| Ta 0= E|8| .

3akou I'yka s nedopmalrlii pos3TAry: B Mexxax IIpo-
MOPIiAHOCTI MexXaHiuHa HAOmpyra IPAMO NPONOPIlii-
Ha BiITHOCHOMY BUJOBXKEHHIO: G = K |e|

F
Ta 6=FE Al . Orpumyemo —==E Al

0 0

Bpaxosyrouun, 1o |x| =|Al| JIeTKO 0aumuTu, 110 k£ :li_S .
0

Mogayas IOura E #Ha BigMiHHY BifJf 3JKOPCTKOCTI Tija k He 3a1€KUTH BiJ po3MipiB
Tija i fioro 3HaYeHHS HaBeeHO B Ta0auIAX (AuB. TabJ. 4 B fogaTKax).

Cuna peakuii omopu. K Mu y»Ke 3HA€EMO, TijJI0 BHACJIIIOK IPUKJIAIEHUX 10 HbO-
T'0 CUJI MOKe PYXaTHCh ¥ 0yAb-AKOMY HalpAMi. ¥ peaJbHUX YMOBaX BiIbHOMY Py-
XOBi TiJI IepPeIIKoAKaI0Th iHIImI Tija, AKi mepe0yBaTh i3 IIUM TiJIOM Y KOHTAKTi.
Tax, TiJo BHACTIAOK Iil CHJIN TAMKIHHSA THCHE Ha OIIOPY Y1 PO3TATYE IIiABic — medop-
mye ix. 3a TperiMm 3akoHOM HbI0oTOHA OTIOpA UM MifBiC AifOTH HAa TiJIO 3 TAKOIO CAMOIO
3a MOZYJIEM i ITPOTUJIeKHO HAaIlPaBJIeHO0 cuoko. IIpupoga mux cuir oqHaKOBA, ajie
BOHU He KOMIIEHCYIOTDb OfHA ONHY, 00 IPUKJIAAeH] 10 Pi3HUX TiJI.

IIpupiBHAEMO G = —2

abo F, :E—S|Al
lo

é Cuty mpysKHOCTI, III0 Ii€ Ha Tijo 3 60Ky omopu abo
mijgBicy, Ha3UBAaIOTh CULOI0 peakyii onopu N.

BasxauBoio 0c00IMBiCTIO CIJI peaKIlii omopu € Te, 1110 BOHM HAIIPABJIEH] IIepIeH-
IUKYJISAPHO IO TOBEPXHI JOTUKY Tina (ma. 106).
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le

v v

Foog

Man. 106. Hanipam cua peakirii omopu (migBicy)

Daiite BianoBiAi Ha 3anUTaHHSA

1. VHacmigok uoro 3’aBadeThCcs cuia npyskHocTi? Aka npupoga miei cuim?

2. IIlo rake medopmaliia? 3a SIKUX YMOB BUHHKAIOTH AedopMarrii tia?

3. fAxy medopmalrito Ha3MBaOTh MIPYIKHOIO, a AKY IacTuuHoio? HasBiTh Bugu
nedopmarrii.

4. Sk dpopmyiioeThes i 3anucyerhbea 3akoH I'yka? Illo o3Hauae 3HAK «MiHYC» ¥
dopwmyi sakony I'yka?

5. SIKwuii 3aKOH OIIUCYE ITO3MOBYKHIO IPYIKHY AedopMaliiro po3TAry (CTUCKAHHT)?

6. IIlo Take peakitisa omopu abo migBicy?

@ Mpuknapyn po3B’a3yBaHHs 3apa4

ITig uac po3B’sa3yBaHHA 3a/au HA PYX TiJ i Ai€I0 CUJIM IPYKHOCTI MU PO3TJIA-
IaTUMEMO Ti BUIIaAKU, KOJIU CUJIA IPYKHOCTI He 3MiHIOETHCHA.

3eeprimy ysazy! B ymoBi 6ib1ocTi 3aa4 ieThes He IIPO CUILY IIPYKHOCTL an,
a IIpo mpukKJIageny cuay F. IKimo BpaxoByBaTu TpeTiit 3akox HbioToHA, TO hOopMYy-
ay an = —kXx MOKHa 3aCTOCOBYBAaTH y BUTJIALL F = kx.

3angaua 1. IIpy>xunm, sKopcTKOCTi AKMX k, Ta k,
BigmoBimHo, 3’emHaHi mapajsieabHOo. YoMy IOPiBHIOE
JKOpCTKicTh Takoi cucremu? fAxum Oyme pesyabrTar,
SAKINO NPYKUHU 3’ €THATU TOCTiJOBHO?

Po3é’a3annsa:

3akou I'yka mgiga cucremu npy:xuH F = kx,
me F — mpuknamena cuja OO OPYKUH; kB —
JKOPCTKICTh CHCTEeMU IIPY:KUH; X — 3arajibHe F, F,
BUJOBYKEHHS CUCTeMU MPY:KUH. 3BigKm k= F/x (1).

Posrnsmemo Bumamok mapaJjiesbHOTO 3’€IHaHHS
npy:xuH (max. 107).

¥ npomMy BUIIaKY KiHI[I MIPYKUH 3’€THAHI MiK co-
0010 (HAITPUKJIAI, TOHKOIO IIJIACTUHKOIO).

=

Man. 107. IlapanensHe
3’¢THaAHHA NPYKUH




Cuna F, mo nie Ha cucTeMy, OJOPiBHIOE CyMi cmj, AKi HilOTH
Ha KOXHY npy:xuny: F=F +F,. OckinbKu cuja IpUKJIafeHa 10
CIIiIBPHOI IIJTACTUHKMU, TO OOMABI IPY:KUHU 3a3HAIOTH OJHAKOBOIO
BUJIOBXKEHHA X, =X, =X . Bignosiguo F, =k x, F,=k,x.

Toni F=F +F,=(k +k,)x . Ilincrasaaiouu y hopmyay (1), ma-
eMo: k=Fk +k,.

Y BUNAAKy IIOCIiOBHOTO 3’€qHAHHA NPY:RUH (man. 108), HA
KOXKHY IIDYKUHY Jie onHakoBa cuna: F=F =F,.

AJie KO)KHA TIPY KM HA 3a3HA€ BiANIOBIJTHOTO BUJIOBKEHHA X, 1 X,,
AKi B CyMi CTAHOBJIATD 3arajbHe BUJOBXKEHHA: X = X, + X,. Toxi

F F F 1 1 1
—=—+—abo —=—+—.
kR R k kK
Bigmosigs: y BUnagKy mapaJjeabHOr0 3’ € JHAHHA IIPYKUH, JKOP-

CTKOCTi AKUX k, Ta k,, 3arajbHa KOPCTKiCTb cucremu k = k, + k;
1 1

—t—.
kK
3amaua 2. J[oBXKHHA CTAJEBOr0 APOTY ILIOIIEI0 ITOMEePEYHOTO

nepepisy 8 mm? mig giero cuu 4 - 10* H cragoButs 2 M. BusHauntu Man. 108.
a6CoJIIOTHE BUIOBIKEHHA APOTY IIPU 301IbIIeHH] cuau posTsaryBan-  Llocainosme

. .1
IIPU TOCJIiTOBHOMY 3’ € THAHHI — % =

Ha Ha 10* H. 3’€THAHHS
Hano: Po3é’azanna: TpyIH
S=3-10"°m%; Monayas FOHra n1s crasii Busnauaemo 3a 1a0.. 4 (dus. dodamok):
L =2wm; E=2-10"TIIa.
—4.10*WY-
F=4 19 H; BuszauuMo 1049aTKOBY JOBKUHY APOTY [, .
Al -7 IlpupisHOIOUN GOPMYIU G =3 c=E1 ", BusHauaemo:
0
_ SE|,
° F+SE’
ITpu 36inbiieHHi cunu po3raryBanua Ha AF , MaeMo: TAF = E% .
0
3Bigku Al, _(F+AR), .
SE
. (F+AF),
ITigcraBiasarouu Bupas ajsa [, orpumyemo: Al =——.
i pas mud L, orpumy 8 7o SE
4 4
O6uncnensa Al, = (410" H+10' H)-2 ™ ~0,16 m.

410" H+3-10° m*-2-10" Ila
Bignosins: Al,~ 0,16 m.
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1. flke BUmOBIKEHHA TOPUBOHTAIBHOI MPYKUHY sKopcTKicTio 60 H/M, axio npy-
sKuHA Hazae Bisky macoro 600 r mpuckopenus 1,5 m/c?? Tepra He BpaxoByBaTH.

2. Maemo Tizo macoio 250 r Ta aBi ogHaxkoBi npy:xunau. Kosu Tiso miasicuau go
MPYKUH, 3’ €THAHUX IIOCJIiJOBHO, BOHO BUAOBIKUJIO IX HA 96 MM, a KOJIU [0 IPYKUH
3’eIHaHUX MapajelbHo, — Ha 22 MM. fIKa JKOPCTKiCTh MPYy:KUH?

3. Ha aBi gpoTunu, giamMmerpu SKuX BiapisHAIOTHCSI B TPU pas3u, JilOTh OSHAKOBL
CUJIU PO3TATyBaHHA. IIOpiBHATH HATIPYTHY, AKi BUHUKAIOTh y IPOTUHAX.

4. Banka 3aBIOBKKHN b M, sIKa Mae ILJIOINTY monepeuroro mepepisy 100 cm?, mix
nmiero cua mo 10 kH, npukmagerux o ii xiumis, crucHyaaca Ha 1 cm. BusauuTtu
BiTHOCHE CTUCKAHHSA i MEXaHIUHYy HAIIPYTYy.

5. BusHauuTu Hanpyry, AKa BUHUKAE Y CTaJeBOMY TPOCi, ITpU OT0 BiTHOCHOMY
BupoBxxeHHi 0,001.

6. Y ckinbKU pasiB a0COJIIOTHE BUAOBXKEHHSA MiJHOI IPOTHHU OijbIlle, HixK cTa-
JieBoi (TaKoi caMoi JOBKUHU i TAKOTO CAMOT0 IIOIIEPEUYHOTO ITepepisy), Koau Ha HUX
IiIOTH OTHAKOBI CUJIU PO3TATYBaHHA?

7. ki cunm Tpeba MOKJIACTM MO KiHIIIB CTAJIeBOI MPOTUHU 3aBAOBKKU 4 M i 3
nepepizom 0,5 Mmm2, 11106 BUAOBXKUTH il Ha 2 MM ?

8. ¥ cKinbKu pasiB BiHOCHE BUAOBYKEHHS PMOOJIOBHOI KMIKU Aiamerpom 0,2 MM
OiybIrte, HiK KuIKU giamerpom 0,4 MM, AKIIO 0 iX KiHITiB IPUKJIACTH OJHAKOBY CILTY ?

9. Ilo apotmHU O0yJ0 MPUUYEIJIEHO BaHTaX. IloTiM APOTUHY BirHy/aM mOmoJIaM
i mpuuenuau Toi caMuil BaHTa)K. IIopiBHATH aOCOJIIOTHE 1 BifHOCHE BUIOBIKEHHS
IPOTHHU B 000X BUMATKAX.

10. 3 rymoBoro miaypa 3aBnoBxKKM [ = 42 cM i pagiycom R = 3 MM BUT'OTOBJIEHO
poratry. XJIONYUK, CTPiiaioun 3 Hei, po3Taruys miayp Ha Al = 20 cm. Busnauutu
monysb FOura E ana miel rymu, SKIMO Bigomo, 1110 KaMiab Macoio m = 20 r, BUOy-
IeHuii 3 pOraTKU, MOJIeTiB 3i mBuAKicTIO L = 20 M/c. 3MiHOIO Iepepisy IMTHYypa Ipu
PpOBTATYBaHHI 3HEXTYBaTHU.

§ 23 Bara tina. HeearomicTtb

v' Baza mina.

v' Baza mina, W,0 pYxaemuvcs 3 NPUCKOPEHHAM Y 6ePMUKALbLHOMY
HANpAami.

v' Baza mina, W0 PYXAEMbCA NO KOJLOBLL MPAEKMOPIL.

Bara rina. fdKimo Tijo BibHe, TO BOHO Iif Ai€X0 3¢ MHOTO TS:KiHHA IIajae Ha ii 1mo-
BEPXHIO 3 IIPUCKOPeHHAM g (ma.u. 109, a).




SAKImo Tislo 3HAXOAMTHCA HA TOPU30H-
TaJbHINI OmOpi, TO BOHA IIEPEINKOMIMKAE a
fioro mamiHHiO. Y IIbOMY BHIOAIKy CHJa
TsKiHHA F =mg BpiBHOBAXKYETHCSH CHUJIOIO
HOpMaJIbHOI peakiii omopu N (max. 109,
0). p

Ha mincrasi gpyroro saxorny Hsioro- N
Ha MaeMo: N +mg=mad . A oCKiIbKHU TijlO
mepebyBae B cTaHi crokoo, To N +mg=0,
oTiKe, MOAYJIi ITuX cui piBui: N =mg . Kpim Maun. 109.
TOTO, 3a TpeTiM 3aKoHOM HbioToHa, cuia _ Timo: a — Taxe,
peaxiiii omopu piBHa 3a MOAyJieM i IpOTHU- P 10 Na/ia€ BiabHO;
JIeJKHA 3a HAIIPSIMOM CIJIL, 3 AKMMMU TiJI0 Iie 6 — Tiso Ha omopi
Ha 0II0py, T06TO — 6a3i mina (P ).

el

N=-P

[P|=|mg

TaJbHY OIOPY UM PO3TATYE MiaBic, HA AKUHA BOHO Mij-

é Baza mina — e cujaa, 3 AK0OIO TiJIO Ji€ HAa TOPU30H-
BillleHe, y pe3yJIbTaTi HPUTATAHHA 40 3eMJIi.

Bara Tija uncesbHO JOPiBHIOE CUIIL TAMKIHHSA, IKIIO TiJI0 TepebyBae B CTaHi cIo-
K010 200 PiBHOMipHO i IpAMOJIiHITHO pyXa€eThed i BiIpisHAETHCA Bi] Hel IUIIIe TOUKOIO
IpuKJIagaHug (BEeKTOP BATU Tijla, Ha BiAMiHY BiJi CMJIU TAMKIHHSA, 110 Mae rpaBiTaliiiny
IPUPOLY, ZOKJIALEHO IO OTIOPY UM MiABiCY, a CUJIY TAMKIHHSA — 40 IleHTPa TAMKIHHA Tijia
(maan. 109, 6).

Ockinbku P = mg , TO Bara Tija TaKOx 3aJeKUTh BiJ IIMPOTH MiCIIeBOCTi: MaK-
cuMaJibHa — Ha IOJII0cax i MiHiMasabHA — Ha eKBaTOPi.

Bara rija, 1110 pyxa€eTbcq 3 IPUCKOPEHHAM Y BePTUKAILHOMY
Hanpavi. PosrisHeMo 1ie Ha IpuKJIagax po3s’ A3yBamHsa 3a0ad.

3amaua 1. 3 AK0I0 CUJIOIO JIOANHA THUCHE Ha IIigaory gidgra y ¢
IBOX BUIAJKaX: a) JiT ONIyCKAEThCSA PiBHOMPUCKOPEHO; 0) Ji(hT
PAIITOBO 3yOUHAETHLCS IIicasd cuycKy BHu3. Maca Jroguuu 75 KT, i

cl

MOJYJIb IIPUCKOPEHHs B 060X Bumagrax 1 m/c?.
Hano: Po3é’a3anna: a
m =175 kr; Y KOXXHOMY BUINIQJKy Ha JIIOAWHY i€ CUJa TA-
a=1m/c? sKIHHA 1 CHIa PeaKiii OmOpH, TOMY OCHOBHE pis-
P9 HAHHA NTUHAMIKE OJHAKOBE JJIf 000X BUIIAAKiB: YV

' N+mg=ma.

3pobuMO MAJIOHKH IO 000X BHUIAAKIB, Bick Y cIpaAMyeMO Man. 110, a.

P
<«

BHIS. Pyx micdra
V nepmomy Bunaaky (maa. 110, a), Koau JidT onyckaerbea © MPHCKOPEHIAM,
. o . HAIIPpaBJI€HUM
PiBHOIIPHCKODPEHO, f10r0 MIBUAKICTL 3p0OCTae, TOMY BEKTOD IIPHU- P
yHU3

CKOpPEeHHdA d HaIpaBJieHUI y HAanpaMi pyxy (BHU3).
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3aKOH PyXy B IPOEKIlii Ha Bick Y: —N +mg=ma.

N=mg—-ma=m(g - a). |¢U

OcKinpku |P| = |N| , omoke, P =m(g — a).

P=75kr-(9,8m/c2—1m/c?) =660 H. N A T

Taxuil camuil pesyabmam ompumyemo i y momy sunadxy,

KoAu Aighm nioHimaemuvcs 82opy i panmoso 3ynunsemucs. Ipu- | a
CKODEeHHA Jifhma HanpasJjerne maKo# YHU3.

YV npyromy Bunaary (maJ. 110, 0) mix uac panToBoi 3yIUHKT v P,
MIBAJKICTE JipTa 3MEHIIYEThCA, TOMY BEKTOD IPUCKOPeHHA 4 YV
HAIPaBJEHUN TPOTU HATIPAMY PYyXY (Bropy).

3aKOH pyXxy B IIPOEKIIii Ha Bich Y, y IbOMY BUIAAKY Man. 110, 6.

—-N+mg=-ma. Pyx xipra
3 IPUCKOPEHHAM,
N=mg+ma=m(g+a)ado P=m(g+a). HaIpaBJIeHUM
yropy

P=75kr-(9,8m/c’+1m/c’)=810H.

Taxuii camuil pesyrovmam 0yde it y momy sunadkxy, Koau Aipm niOHimaemovcs
820pyY pieHonpuckopero. IIpuckopenns iigpma HanpasJene 8zopy.

Bucnosox. Bara Tina 3ajie;XkuTh He Bij HaupaAMy Pyxy Jidra, a julle Bif Ha-
IPAMY IPUCKOPEHHA a4 . SIKIIO Tijo coupaeTheca Ha OMOPY, AKA PYXAETHCA 3 IIPHU-
CKODEHHAM 4 , HANPAMAEHUM Y20pyY, 6aza mina 3pocmae i nopiBaioe P=m(g+a)
. Bunukae nepesanmascenna — 301bIIIeHHA Bary Tija, COpUYNHEHE IPHUCKOPEHUM
PYXOM OIIOPU BEPTUKAJIBHO BrOpy.

Sx1m10 TiST0 pa3oM 3 OIIOPOI0 PYyXAETHCA 3 IPUCKOPEHHAM d , HANPAGLEHUM 6ep-
MUKALbHO 6HU3, 6a2a Mina 3meHuwYyembea i nopiBHIOE: P=m(g—a) .

SK1ro Tizo pasoM 3 Oomoporo BiJibHO majgae, To a=gi P=0. Bunukae crad He-
éazomocmi.

ITix yac piBHOMipHOrO ImigHIMaHHA a00 OTYCKAHHS OIIOPU Bara Tijia He 3MiHIOEThC.

ITepeBanTa’keHHA 3a3HAIOTH TAKOK KOCMOHABTH i/l YaC BEPTUKAJIBHOTO 3aIIyC-
Ky KOCMiuHOr0o KopabJisi. ¥ cTaHi HeBaroMoCTi BOHU I1epedyBaioTh Ha OpoiTi.

Bara rina, 10 pyXxa€eThcs 1Mo KOJIOBiii TpaeKTopii.

3amaua 2. 3 AKO0I0 CHUJIOIO0 THCHE MiJIOT Ha CUAIHHA Kpicja jgiTaka y BepxHii i
HIKHINA Toukax «meTyi HecrepoBa», AKa € KOJ0OBOIO TpaeKkTopiero pagiycom 200 m
Yy BePTUKAJIbHII MIOINWHI, AKIO IIBUAKICTD JiTaka ctasna i mopisaioe 360 km/roza?
Maca misora — 75 Kr.

Hano: Po3é’azanna:

R =200 wm; Ha minora y BepxHi#l 1 HMIKHIT TOUKaX TpaeKTOPil

m="T75Kr; IiIOTh CMJIM TSAKIHHA i cumam peakiii omopu (xpicia):

L =360 xMm/rog=100 m/c N +mg=ma . PiBHogiiiHa UX CUJI HALAE PyXy JiTaka

P-? IOIEHTPOBOTO MPUCKOPEHHSA ¢, AKe B 000X BUMAIKaX
HaIpaBJieHe [0 IleHTpa KoJia.

3pobuMo MaJIIOHOK 10 3a7avi, Bick Y cupaMyemo Bropy (maa. 111).




Y HmxkHin  Toumi
TpaeKToOpii cuia peaxirii
omopu Ni pgomeHTpoOBe
IPUCKOPEHHS d HaIlpaB-
JIeHi y HaIpsaMKy BuOpa-
HOI Bici Y Bropy:

N-mg=ma;
2

N=mg+ma=m(g+%) .

OcKinpku |P| =|N| , TO

2

L
P=m(g+—).
(g R)
Man. 111. Iletna HecrepoBa

..

- 1002 —
P=75xr| 9,81 —2+—C =4485H .

c 200 m

V¥ BepxHiil Toulli TpaeKkTOpii cuya peakiiii omopu N , JOIeHTPOBe IPUCKOPEHHA
4 i IPpUCKOPEeHH BiJIbHOTO IMaAiHHS HAIIPaBJIeHi MPOTUIECKHO J0 HAIIPAMKY BUOpa-

Hoi oci Y (yHUB):
2

-N-mg=-ma; N=ma—mg=m(%—g).

Ockinerm |P|=|N

2

g
,T0 P=m(—-9).
(R g)

100° ij N
P=75xr| ——C-9,81 = |-3015H.
200 m c

Bucnoeok. Bara minora y 3Buuaiinomy craui Py =mg="75kr-9,81 % =734 H.
c

Ax BUgHO 3 pe3yabTaTy pPo3B’A3yBaHHA 3aJadui, MiJOT 3a3HAE TMepeBaHTAKEHHSI y
BepXHill Ta HUKHIiNI vacTuHi TpaekTopii. IIpuuomy O6inbIille mepeBaHTaKEHHSA ¥

HUKHIN yacTUHI TpaeKTOPii.
2

‘o . L) o .
VY BepxHilt yacTuHi TpaeKTOpii mpu ) =g MOJKJUBUI CTaH HEBATOMOCTI.

ITixg yac mepeBaHTasKeHHA 30iJBINTYIOTH Bary i BHyTPilllHi opranu opraxismy Imi-
JoTa, 301IBITYETHCA CUJIA, 3 AKOI0 BOHU MifOTH OJHE Ha OAHOrO i Ha iforo ckejer. Ile
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BUKJINKA€E O0JBOBI BifUyTTHA, a HAAMIpHI ITepeBaHTaXKeHHA MOKYTb CTaTH HebeaIeu-
HUMU JJ1d 310poB’A. TpeHOBaHi IijToTH BUTPUMYIOTH IlepeBaHTaKeHHA 10 10 mg (3a-
3BMUYAl IIePeBaHTAKEHHA BUPAKAIOTH He uepe3 BeJIUUUHY Mg, a Yepes BeJIMUNHY g, i
KaiKyTh, 1110 IepeBaHTaKeHHA TOPiBHIOE, HAIIpUKJIam, 10g).

3MiHa Baru Tijla HacTae ¥ y TAKUX BUMAIKAX:

— i yac piBHOMipHOTO PyXYy Tijia IO BUIIyKJIOMY MOCTY (ma.z. 112, a) nomeHTpo-
Be TIPUCKOPEHH
Oyme HampsMJIe-

He BHU3, Bifmo- 0
BigHO Bara Tijia
JIOpiBHIOBaTHME: - R
2 a N
P=m(g-2), AV
R R T a
—miguac py- >
Xy Tija mo BBir-
HYTOMY  MOCTY a 0 0 Vmg
(man. 112, 6):
,U2
P=m(g+ E) . Man. 112. 3mina Baru tija nmpu pyci mo Mmocty oKpyriioi ¢oopmu

Daiite BianoBiAi Ha 3anUTaHHSA

1. IITo Take Bara Tizma? ¥ yomMy BigMiHHiCTh Baru Tijia Bif cuau TSKiHHS, IO
mie Ha TiMO?

2. IIlo Take mepeBaHTaYKEHHS?

3. Koau macrae HeBaromicTh? IK BoHA BUABIAECTHCA?

4. Sk sMiHUTBHCA Bara KOCMOHABTA IIif Yac CTapTy PaKeTH i mifg yac ii mpusem-
JeHHsa?

5. JlroguHa cToiTh y aidTi. BusHauntu i mOPiBHATH CUJIN, AKi iIOTH Ha Hel y
TAaKMUX BUIIAAKaX: a) JihT He pyXaeThcs; 0) MOUMHAE PYXATUCh YTOPY; B) PYXA€THCS
PiBHOMIipHO; I') CIIOBiIBHIOE PYX OO 3YIIUHKH.

Bnpasa 18

1. BarTra:x macoro 50 KI piBHOIPHCKOPEHO IIiJHIMAIOTL 3a HOIOMOTOI0 KaHaTa
BEPTUKAJIBHO Bropy OpoTAroM 2 ¢ Ha BucoTy 10 M. BusHauuTu cury HaTATY KaHaTa.

2. Iliymor xgie Ha cugiHHA Kpicia JiTaxka y HU:KHi# Toulli metyi Hecteposa 3 cuoro
7,1 xH. Maca minora 80 kr, pagiyc merui 250 m. BusHauuTu 1MIBUAKIiCTD JiTaKa.

3. Kocmiuna pakera mig yac crapry 3 moBepxHi 3eMJi pyXaeTbcd BEPTUKAJIBHO
3 mpuckopenasam 20 m/c?. BusHauuTu Bary JbOTUNKAa-KOCMOHABTa B KabiHi, AKIITO
tioro maca 80 Kr. SIKoro mepeBaHTaKeHHA BiH 3a3Hae?

4.V naidri croiTh macaxkup, maca sxoro 60 kr. BusHaunuTu oro Bary Ha modar-
Ky 1 HaTpuKiHIi nigHiManHA, a TAaKOK Ha ITIOYATKY 1 HATPpUKiHIi omycKauHda. [Ipu-
CKOpeHHJ (3a MoayJjeM) Jipra B ycix BUIagKax mopisHioe 2 m/c?.




5. Kocmiunnit KopaGesnb poduTs M’AKY mocagky Ha Micans (g, = 1,6 m/c?), py-
XaIlOUUCh CIIOBiIbHEHO Y BepTHUKaJbHOMY HampaMmi (BimHocHo MicaArs) 3i cramum
IPUCKOPeHHAM a = 8,4 M/c?. CKiIbKY BAXXNUTh KOCMOHABT Maco 70 Kr, AKUI repe-
OyBae y 11boMy KopabJuri?

6. 3 AKOIO IMMIBUKICTIO aBTOMOOIIb Ma€e MPOIMKIKATY CEPEIUHY OIIYKJIOTO MOCTa
paziycom 40 M, 11106 TTacasKup Ha MUTh ONUHUBCA Y CTaHi HeBAroMocTi?

7. BusHauuTH, y CKiJIbKM pasiB 3MEHIITYETHCA Bara Tijsia Ha eKBaTOpi BHACTITOK
I000BOI0 00epTaHHA 3eMJIi Ta IKO0I TPUBAJIOCTI Mae OyTu g00a Ha 3eMJi, 1100 Tira
Ha eKBaTopi Oy HeBaroMuMu.

§ 24 Cunu tepTta

v’ Bosniuine mepmdl.
4 Buympiwne mepmas. Cuna onopy npu pyci miaa 6 pi0uHi yu 2a3si.

3oBHinrHe Teptd. TepTda — oauH i3 BUAiB B3aeMomii Tiji. Teprsa, Koyu Tija B3a-
€MOJIiIOTh CBOIMU IIOBEeDXHAMU, HA3WBAIOTHh 306HiulHim mepmam (6HYymMpiwnim
BBaJKaIOTh TEPTH, 1110 BUHUKAE IIiJ Yac pyxy piauH i rasis).

TepTa MisK TOBEPXHAME ABOX TBEPAMUX TiJI, IKi TOPKAIOTHCA OJHE OTHOTO, 34 Bif-
CYTHOCTi Mi’K HIMU PiJKOT0 Y1 ra3onomioHOTO Iapy, Ha3UBAIOTh CYXUM MePmam.

Cyxe TepTs NOJiIAETHCA HA: mepms Cnokoio (TepTs 3a BiICyTHOCTI BiTHOCHOTO
nmepeMileHHA KOHTAKTYIOUUX Tij), mepmsa KO63AHHA, mepmsa KOweHHA, AKi xa-
PaAKTepU3yIOTHCS BiIIIOBiITHUMY CUJIAMU TEPTH.

Cunu mepmsa MaiOTh €JIEKTPOMATHITHY IPUPOAY, BU-

HUKAIOTh Y IJIOIWHI JOTUKY IIOBEPXOHb i TEPETITKO KA~

é IOTh IX B3a€MHOMY IIEPEMIiIIIeHHIO, 3aBXK/AM HAIIPAMJIEH]
y 0iK, IPOTUIEKHUI MUTTEBIH IITBUAKOCTI TiJa.

Cuny Tepra FTep, AKa IIePeIKo-
Adae BUHUKHEHHIO DXy OAHOrO Tila Ay
BiZHOCHO TOBEPXHi iHIIIOro, HasmBa-
I0Thb CUNLOI0 mMepms CnoKo1o. F

Cuia TepTs CIIOKOIO — Ile Ta CHUJIa, F @
AKa 3aBa)Ka€ HAM BPYLINTHU 3 MicId | < |
CTiJ, magy, JisKKO TOIIO.

Hamaan. 113 cxemaTuuHo ToKasa- mg
Hi cuum, 10 AifoTh Ha Tijgo: cuia TA- A\
sKIHHA Mg BPIBHOBAKYETLCH CHJIOIO
peakIiii omopu N. Cuna TEePTA CIIO-

|
Y

Man. 113. Cuiau, 1o giroTh Ha TiJ0




JTuHaMiKa IMOCTYIaJBLHOTO Ta 00ePTAIBHOTO PYXiB MaTepiaabH

KOO FTED 3aBIK/IM HALIPAMJICHA IPOTH-
JIeKHO 30BHIIIHIiN cuii F, 110 Iie Ha
TiJ0, IKa HaMaraeThbCA NPUBECTHU I
TiJIO B PyX.

Cuna TepTA CIOKOIO B30iJbIIy-
€ThbCA ij 3i 3pocTaHHAM 30BHINTHLOIL
cunu F, sgpiBHOBaskyroum ii. I mpwm
IeAKOMY 3HAUEeHHi 30BHINTHBOI CUJIN
Tijo 3pymryerbesa 3 micisg. OTike, €
IIeBHe MaKCHUMaJIbHe 3HAUeHHS CUJIU
TEPTS CIHOKOIO F’Tep i TinmpKkmM y pasi, 0  Cmoxiit Koszanusa
KOJIM 30BHIITHA CuJja HOTO TepeBU-
Iye TiJI0, IOYHHAE PYXATUCH 3 IIPHU- Man. 1.14. 3anemHiCT11 CHMJIM TePTA
ckopenHaM (man. 114). B IPUKJIA/IEHO] CHIIH

BceranoBaeno, 1o makcuMaabHE
3HAUYEHHA CUJIU TePTH CIIOKOIO IIPOIIOPIliliHe MOYJII0 CUJIN HOPMaJIbHOTO TUCKY, IO
YMHUTH TiJ0 HA OOPY:

=V

F

ne N — cuja HOpMaJbHOTO TUCKY (200 piBHA ii1 3a MoAyJieM cujia peakilii omopu);
| — koedilieHT TepTA, AKUU 3aJI€KUTD BiJl CTAHY TOBEPXOHB TiJI i BiJf BIacTUBOCTEN
pevoBUHU, 3 AKOI BOHU BUT'OTOBJIEHI.

Came 3aBOAKY CHUJIi TEPTS CIIOKOI0 MU MOYKEMO XOMUTHU: OCKIJIbKHU IIiIOIITBA HE
KOB3ae€ II0 II0OBEPXHi JOPOTH, TO CUJIA TEPTS MiK HEIO i TOpOoroio — Iie CuJja TePTs CIIO-
KOI0, AKA HaJla€ HAM IPUCKOPEHHS.

3PYIUIUBIIN 3 MiCIisI, TiJI0O MOYMHAE KOB3aTU II0 IIOBEPXHi iHIIMOro Tija i Mixk
HUMU yoKe iCHye cuna mepmsa K063aHHA, AKa NelI0 MeHIa 3a MaKCUMaJIbHY CUIY
TepTs CIOKOI0 (ma. 114), xoua TaKOK IIPOIIOPITifiHa CUJIi HOPMAaJIBHOTO TUCKY (cHJIi
peakiiii omopwu) i 3aJ1eKUTH BiJl MaTepialy KOHTAKTYIOUUX TOBEPXOHb: F N.
¥ npomy BUNIaAKy MeHIITUN KoeilieHT TepTd L .

KoedimierT | 3amexuTs Bif TOro, 38 SKOro MaTepiajay BUTOTOBJIEHO IMOBEPXHi
TepTs i Bif sKOCTi iX 00pobKu. AKIIO 3po0UTH IMOBEPXHi Oi/IbII IIaJeHbKUMU, 3Ha-
YyeHHA |l 3MeHIIUTHeA. OgHAK, 3MEHIITYBATH IIIEPIIAaBiCTh MOBEPXOHb MOKHA JIUIIIE
IO TIeBHOI MeKi, OCKiJIbKY v pasi aysxe riaaakux (HaIIPUKJIAL, IOJipOBaHUX ) IOBEP-
XOHDb 3HAUEHHA |l 3HOBY 30isbInyeThcsa. BindyBaerses e ToMy, 1110 MOJIEKYJIH Til
3 TVIAAKUMU ITOBEPXHAMHU 30JIMKAIOTHCA 1 CUJIM MOJIEKYJISIPHOTO IPUTATAHHSA TIepe-
IIKOAKAIOTh IX KOB3QHHIO.

Cuna mepmsa KoweHHA MeHIIIA 38 CUJLY TePTA KOB3aHHA. ¥ IIbOMY MOYKHA IIepPeKO-
HATUCSA Ha MTPAKTHUIL: aJlKe ITePeKOYYyBATH TSKKY KOJIOAY 3HAYHO JIeTIIe, HisK TATTH.
Cuia TepTs KOUEHHS TaKOK 3aJI€KUTH BiJi CUJIN TUCKY, 1[0 YNHUTH TiJIO HA ITOBEPX-
HIO, CTAHY CAaMUX IIOBePXOHB (KoedimienTa Tepra | )i pagiyca Tina, 1110 KOTUTHCS.

Cusa TepTs Biipi3HAETHCA Bil iHIIUX CUJ TUM, III0 3aBKAM HapaBJIeHA IIPOTHU
HampaMmy pyxy Tija. OTike, i IpUCKOPeHHS, sike BOHA Ha/la€, HalIpaBJIeHe IIPOTH Ha-
OpAMY PYXy Tija, TOOTO IIPOTHU HOr0 IIBUAKOCTI, ¥ Pe3yJbTaTi YO0 Tijo 3YIMHSI-
€ThCA.

=uN,

Tep.cI

Tep.KOB =u




Bryrtpimne Tepra. Cuia onopy npu pyeci Tina B piguni un rasi. IIpu pyci mapis
PiAVHY UM ra3y BUHUKAIOTh CUJIN BHYTPIiNIHbOrO TepTsa. Taki cami cuiiu MOXKYTh BU-
HUKATU A y BUIIAAKY PYXY TBEPAOrO Tija B pigmHi um rasi.

Bawm, ma0yTh, JOBOAMJIOCA CIIOCTepiraTy Taki ssBUIla: BU cTOiTe Ha maaTdopMi
3aJII3HUIII, 1 KOJI TOB3 Bac MPOXOAUTH OTHAT, BU BiluyBaeTe BiTep, 1110 HOTO CYIIPO-
BOIJKY€E, a00, HAIPUKJIAM, B JiCTaeTe JIOKKY 3 0aHKU 3 T'yCTUM BapeHHAM i bauure,
K Pas3oM 3 JIOMKKOIO IIiTHIiMAalThCA IITapyu BapeHHdA, 1 YUM IMIBUAIIE BU IiJHIMaeTe
JIOXKKY, TUM OiJIbIlle BApPeHHS IIiJHIMaeThCA 3 Helo.

IIpu pyci Tina mapu piguau (Yu rasy) HiOU TPUANTIAIOTH O TOBEPXHi Tija i py-
XalThCA PA30OM i3 HUM, TOMY CUJIU OTIOPY, AKi BUHUKAIOTH ITPU Pyci Tija, Taki cami
AK 1 IpU BiTHOCHOMY pycCi caMuX I1apiB ycepeauHi piguHM.

Cunm, AKi BUHUKAIOTH IPU Pyci Tin y piguHi um rasi
é i gKi sajeskaTh Big MIBUAKOCTI iX BiZHOCHOTO PyXY,
Ha3WBAIOTHECA cuaamu pidkozo mepmasa, abo cunamu

onopy cepedosuuia.

VY sarajbHOMY BUIIQIKY 3aKOH, IO BCTAHOBJIIOE 3B A30K Mi)K CHJIOIO PiIKOro
TePTs i MBUAKICTIO PYXY Tijla BITHOCHO PiAWMHY UM rady JOCUTDH CKJIATHUA.
Y Tux BUOagKax, SKi po3riasagaTIMeMO MU, MOKHA BBaKaTH,

wo cuna pidkozo mepmsa npaAmo nponopyitiHa uLéud-
Kocmi 6i0HOCHO20 pyxy mina:

F _=—qn.

Tep

3HaK «—» BKas3ye Ha Te, II[0 CUJA PiTKOTO TepTS HaIpaBJjieHa IIPOTU HATIPAMY
MIBUJAKOCTI PyXy.

KoedimienT o HasuBaeTbca koegiyienmom pidxozo mepms abo kKoeiyieH-
mom onopy cepedosuua. Horo sHaUeHHA 3aJI€KNUTh BiJ hopMHU i po3MipiB pyxomo-
r'o TiJia, a TAKOJK Bijl BIaCTUBOCTEH piguHu (U1 rasy).

PosrassmeMo geTanbHiIIEe pyX Tijla 3 ypaxXyBaHHAM CUJ OIOPY
cepeoBUIlA Ha IPUKJIALL PyXy HapaIllyTHCTa.

Hexait maparnrytuct 31ilficHIOe 3aTsS»KHUNA CTPUOOK, TOOTO IIEB-
HUH Yac BiH PyXaeThcA 3 HEPOSKPUTUM IIapamryToM (IIpu IbOMY
koe(imienT onopy o, ) i Aaji 3 BIIKPUTUM IapamnryToM (IpU IbOMY
Koe(dillieHT OIIOPY 3MiHIOETHCA Ha O, >> 0, . IlouaTKoBa MIBUAKICTH
IOPiBHIOE HYJIIO.

3amnuiiemMo piBHAHHS IPyroro 3akony HbioToHAa: F+mg=ma.

¥ npoekniax Ha Bick Y (max. 115): mg—F=ma .

Cuna omopy moBiTpa y nsomy Bumaaky: F=o,0. Togi vy mg
mg-o,v=ma .

Y nmouaTkoBui MoMeHT yacy v = 0, oTiKe, a = g. AJle MIBUAKICTH
PYXy maparryTucTa IBUAKO 30iIbIITyETHCA, BOZHOUAC 30iIBIITYETH-

)

Man. 115.
Pyx
csaicuia onopy. Toxi pisaumna mg—o,v HabyBae MEHIIIUX 3HAUEHb, NapanlyTucra

a OTiKe, IPUCKOPEHHA PYXYy IapalryTHCTa 3MEHINyeTbcA. Tomy  Ha I0YaTKy
CTPUOKA




JduHaMiKa MOCTYaJbHOTO Ta 00ePTAJIbHOI0 PYXiB MaTePiaJIbHOI TOUKH

IIPOTATOM JIeAKOT'0 iHTepBaJy Jacy HapOCTaHHA IIBUAKOCTI Ta 3MiHA CHUJIU OIOPY
CHOBLILHIOIOTHCA i PyX MapanIyTUCTA CTA€ PIBHOMiIpHUM:

mg—o,v=0, 3BigKHU D:m_g .
a‘l

TakuM UYMHOM, HA TIOYaTKy CTpUOKA pPyxX MapairyTucrta OyB IIpHCKOpe-
HUM, 3 TPUCKOPEHHAM a = g, AaJi MPUCKOPEHHA PyXy 3MEHITYBAJOCh O HYJIA.
[IBuakicTs pyxXy mapanryTucTta 30iJbIIyBajiach Bi HYJA A0 CTAJIOTO 3HAUYEHHS
L = mg/a, (PO3PaXyHKHU MOKA3YIOTh, 110 3HAYEHHS IIi€l IBUAKOCTI CTAHOBUTD IIPU-
6ausHo 50 — 70 m/c).

OToKe, i CUJI OTIOPY MOBiTPSA KapAUHAJIBLHO 3MiHIOE TPOIEC BiILHOTO MaAiHHSA:
Ipu mafiHHI B OBITPi Bei Tija pyxaioThCsa MPUCKOPEHO JINIEe Ha IIOYaTKY PYXY,
IaJti ixX pyx cTae piBHOMipHUM.

IToxibne saBuIe MoskHA I1o00a-

YUTU, CHOCTEpirarouu 3a HaLiHHAM

KyJbKHU y IOCYAUHI 3 B’A3KOI0 Pifu- g,
HOIO. g
IITo &k BimOyBaeThbCcs y MOMEHT, MomeHT
KOJIM MHapallyTUCT BiAKpUBae Imapa- POBKPUBAHHSA HaPaIIyTa
.

>

mryT? Cuiia omopy mOBiTPA IPU ITLOMY :

3HAYHO 301JIBIITYETHCA i cTa€ OLIBIITOI0
3a cuay TSxKiHHA: F>mg . Bunukae
MIPUCKOPEHHSA d, HallpaBJIeHe Bropy.

3 YacoM IIPOIleC IIOBTOPIOETHCHA:
MIPUCKOPEHHA IIOYMHAE 3MEHIITyBa-
THUCH 0 HYyJId, a MIBUAKiCTh HAOyBaTH
HOBOT'0, CTAJIOT0 3HAUEHHS:

v="E
a‘2
o . . ;
IToBHUIt rpa(bnc 3M1HU IIPDCKOPEH- t

H# 1 IBUIKOCTI PYXY Mifl Yac 3aTAMHO- Man. 116. I'pacdiku 3amexuocTi a(t) Ta v(t)
ro cTpubKa mojgamo Ha maJ. 116. IIPH 3aTAKHOMY CTPHOKY 3 TAPAIIYTOM

@ [Daiite BignoBifai Ha 3anuTaHHA

1. HasezniTh kIacu@pikailiro OCHOBHIX BUIiB TE€PTH.

2. 3a IKUX YMOB BUHHKAaeE cuja TepTsa cunokoio? Cuia Teprsa KoBs3aumua? Bix
YOro BOHU 3aJIEKATD?

3. IIlo Take cujaa HOPMaJIbHOTO TUCKY?

4. fxi cunau HasmBaOTHCA cujaaMu pigkoro Tepta? Bix yoro BoHu 3a1eKaTh?

@ Mpuknapy po3s’si3yBaHHs 3apay

3eepHimb yeazy! Y O6inbIiIocTi 3a7jay BBAMKAETHCA, 1[0 I'PAHNYHUNA KoediieHT
TEPTHA CIIOKOIO TAKUH caMuil, AK Koe(iIlieHT TepTA KOB3aHHA.




Kouu B Bamaui #finersca npo koediyienm onopy, TO BBaKaeThCsd, 1110 BiH Bpa-
XOBYE€ BCi BUJIH TePTs i MOKasye, AKY YACTUHY BiJ CHJIM HOPMAJbHOI'O THCKY CTAaHO-
BUTH CUJIA TE€PTA.

3amaua 1. Besocunenucr, AKUH pyxaeTbes 3i mBuAKicTioO 36 KM/T0M, 106aYuB
monepeny, npubausuo 3a 10 M Bix cebe, meperkoay i pisko saraasbmMmyBas. Yu BCTUT-
He BiH 3yIUHUTUCH, IKIO: a) Jopora cyxa i koedimient reprs 0,7; 6) mopora cansb-
Ka i koedimienT Tepra 0,4; B) Ak6u iioro MBUAKICTh Pyxy OyJa BABiUi 6iabIm0I0?

Hano: Po3sé’sa3anna: YA

v, =10 m/c; PosraspgaTumemo pyx Be-

s=10 m; JIOCUIIEITCTA 3 MOMEHTY Tajlb-

ayu=0,7; myBaHHd (maa. 117). a

6) u=0,4; Bics X cupamMoByeMo y T AN B

B) v, =20 M/c |HanpaMKy pyxy. Cuiua reprsa B Yo N

s—2 KOB3aHHA Ta 3yMOBJIeHE HeEIO F,,

MIPUCKOPEHHA HaNpaBJeHiI y MPOTUIEKHOMY 0 | >

HampAMi. X
3a apyrum sakonoM HeioToHa VYmg

N+mg+F,, =ma.
Man. 117. Pyx Tina

V¥ npoekIiax Ha KOOPAWHATHI OCi: T
II1aQ J1€10 CHJIN TePTA

Ha Bich X: —FTep =-ma; abo FTep =ma (1);
Ha Bick Y: N-mg=0a6o N =mg (2).
Cuia TepTs KOB3AHHA BUSHAYAETECA 3a hopmyJioo F| = uN, BpaxoByooun (Gop-
myay (2), MOKeMO 3aIIUCaTH, 110 FTep =umg. IllincraBnsaioun 110 GopmMyJry y piBHiCTH
(1), orpumyemo: umg = ma (3).
Brigno 3 popmynamu KimemaTuku 2ds =0" -7, . OCKiTbKM PyX PiBHOCTIOBiIH-
HEeHUH i y MOMEHT 3yIIMHKY KiHileBa mBuaAKicTb V=0, To y mpoeKIiax: —2as= —Dg ,
2
. LY . .
3BigKU a =2—° . IlixzcraBisaemo et Bupas3 y popmyay (3):
s
2 2

umg = mXe 3BiIKU §= Yo
25’ 2ug

ug
fAx 6aummo, MOBKMHA TaJbMiBHOTO NIJIAXY He 3aJIEKUTHh BiJl Macu pyxoMoOro
Tijla, a BUBHAYAETHCS OT0 IIOUAaTKOBOIO IIBUAKICTIO i KoedilnienToM TepTs.

100
IIpu p =0,7: s= c o =TM — BEJOCHUIIEIHCT BCTUTAE€ 3YIUHUTUCH IO
2-0,7-9,8
c
IIePeIIKOI Y.
100
IIpu p=0,7: s= ¢ - 13 M — rampMiBHUE mMiAx O6ispmInii 3a BiZcTanb
2:0,4-9,8
c

IO IIEPEIKOLU.




JduHaMiKa MOCTYIIaJbHOTO Ta 00ePTAJIHHOI0 PYXiB MaTepPiaIbHOI TOUKH

IIpuv,=20m/cTap=0,7 s= ~29M — raJabMiBHUH MIIAX 301/IbIITY-

2.0,7-9,8
(¢

eThecA y 4 pasu.

Bigmosigs: Tv; 13 m; 29 M.

3amaua 2. Bisok macoio M = 20 Kr, Ha AKOMY JIe;KUTH BaHTaK Macor m = 10 Kr,
TATHYTH i8 TOpusoHTAIBHOIO cutoo F . KoedimienT Tepra Misxk BanTaskeM i BisKoM
u=0,1. HexTytouu TepTAM MiK BiBKOM i OIIOpOI0, BUBHAUNTHU IPUCKOPEHHA BisKa
@, i BAaHTAXY @,, & TAKOMK CUJY TEPTS MiXK BAHTAXKeM i BI3KOM y IBOX BUNALKaX:
1)F=20Hi2) F=60 H.

Jlano: Pozé’a3anna:

M =20 kr; OCKiThbKU IPUCKOPEHHS HAIpaBie- Y.

m =10 Kr; HO y TOPUBOHTAJIBHOMY HAOpPAMi, PO3-

u=0,1; MJISIAATUMEMO TiJIbKU CUJIH, 10 JilOTh Y

1) F=20H; |ropusoHTaIbHOMY HaIpsaMi, 00 BepTu- 0 \®/ \®/ >
2)F=60H KaJIbHi CUJIX YPiBHOBAKYIOTHCS. X
a, —? Ha Bis_pK mie cuna F i cuna 3 GOKy -
a,—? BaHTaKy F, a HA BaHTaxX i€ cuia 3 Man.118. [lo 3amaui 3
F, -7 Oory Biska F | (MaJL. 118), mpuuomy, 3a

TperiM 3axonoM HbioTOHA, 3a MonyneM F =F =F

Tepl TepZ T€
PiBuanua pyxy y npoekIlii Ha TOpU30OHTAIBHY BiCh: F F =Ma, (1), FTep = Ma,

(2

Hnsa posB’a3aHHA Ii€l CUCTEMU PiBHAHb HEOOXiAHO 3’sCyBaTH XapakTep CUJ
TepTs, 110 Aif0Th MiXK TiaMu.

A) SK1110 Bi30OK BUCKOB3YE 3-IIiJT BAaHTAKY, TO Mi’K HUMH JIi€ CUJIa TEPTSI KOB3aH-
HA FTep =umg=9,8 H.

B) fIkmio Bi3oK i BaHTasK PyXalThCA AK OJHE Ilijae, TO a, = a, = a i MiK BaHTa-
JKeM i BiBKOM Jie cuiia TepTs CIIOKOI0, AKY BUBHAUAEMO i3 CCTEMMU:

F-F_=Ma;
F_=ma.

3Bigcu F, =F ——— mn “
M+m’

¥ Bunazary akio (1) F =20 H, To misk Tinamu gie cuia reprsa cnokow F | =6,6 H.

Omxe, Tisa pyxamTbed gk ofHe 1ije. Toxai a =—M =0,66m/c?
m+

Y Bunaary, axmpo (2) F = 60 H, To F__ = 20 H, mo nemo:xauB0o, 60 rpaHnIHA
cuJia TepPTS CIOKOIo mopiBHIoe 9,8 H. OTike, MiK TimaMu mie cuya TepTs KOB3aHHSA
F, ,=umg=9,8 H. Is pisuans (1) i (2) Busnauaemo: a, = 2,5 m/c? a,= 0,98 m/c’.

Binnosine: 1) a, =a,=a=0,66 m/c*; F =6,6 H; 2) F _=9,8 H;a, =2,5m/c%
a,=0,98 m/c?.




BnpaBa 19

1. Xymomuuk, Mmaca Aaxkoro 50 Kr, CIIyCTUBINKCH HA CAaHKAaX 3 TipKU, IPOixas II0
TOPUBOHTAJNBHIN H0opo3i (moxku He 3ynuuuBeA) nuiaAx 20 m 3a 10 c. Busnauutu cuny
TepTd 1 KoedillieHT TepTd.

2. Uepes aSKUH yac IicJIsg aBapifHOTO raJbMyBaHHS 3YIUHUTHCA aBTOOYC, IO
pyxaetbes 3i mBuaKicTIo 12 M/c, AKIo KoediieHT TepTa gopisuioe 0,47

3. Ha nepeB’aHil moxmriil IOIMMMHI 3HAXOAUTHCA AepeB’ aHUM Opycok. Kyt Ha-
xuay miaoniman — 28°. dAKuM Mae O0yTu KoedillieHT TepTsa CIO0KOI0, 1100 OPYCOK He
CKOB3aB yHUu3?

4. BusHaunTy HaliMeHIIUI pagiyc Ayru IJIs ITIOBOPOTY aBTOMAIIIMHY, 1110 pyXa-
€ThCSA 0 TOPUBOHTAJIBLHIN opo3i 31 mBUAKiCTIO 36 KM /TOM, AKINO KoedilieHT TepTsa
KOB3aHHSA KOJIic 00 Jopory cTraHoBuUTH 0,25.

5. ITapamytuct 3 mapamryrom mae Mmacy 120 xr. Ilicia posKpuUTTA maparryra
BiH omycKaeTheA 3i mBUAKicTIO 6 M/c. BusHauuTu Koe@ilieHT omropy moBiTps.

6. K00 € cuJia OIIOPY MOBIiTPS, IO Ji€ Ha MapaIlyTHUCTa, AKUHA PYyXaeThC 3 I10-
criinoro mBuaKicTio? Maca mapamryrucra 80 Kr.

7. IIBi omHAKOBI cTaseBi KyJbKM OJHOYACHO IIOUMHAIOTH ITafaT 6e3 ImouYaTKOBOL
IIBUIKOCTI: omHA — V B’a3Kili pigmHi, iHIIa — y moBiTpi. ¥ womy BigMiHHiCTE PyXiB
KyaboK? IToOynyBaTu rpad)ik 3aiesKHOCTI IIBUAKOCTI pyXy KYJIbOK BiJ uacy.

8. IIBa mepeB’AHi OPYCKU, KOJKEH 3 AKX Ma€e
macy 1 Kr, jge:xars Ha gomrri (man. 119). dAxry
CUJIy TOTPiOHO MPUKJIACTH Ha IMMOYATKY PiBHO-
MipHOTO PyXY, 00 BUTATHYTU HUIKHIA OPYyCOK
is-mix Bepxuboro? KoeditienT Tepra Ha 060x mo-

BEePXHAX HUIKHBOTO Opycka gopiBuioe 0,3. —

9. Ha aprym mamepy, IO JEeXUTh Ha CTOJI, v—@
HOCTaBUJIM CKJIAHKY 3 BOIOIO. 3 AKUM IIPHCKO- %:r
peHHAM Tpeba pyxXaTu apKyII, 1100 CKISHKA I0-
yaJia KoB3aTHu Hasal BigHocuo namepy? Koediiri-
€HT TepPTs MiK CKJISHKOIO i IamepoM IOPiBHIOE

0,3. Uu 3mMiHUTBCA pe3yJbTAT HOCIiLy, SKIIIO
CKJAHKa 0yae mopo:xkHbo0? IlepeBipuTu 1ie Ha goCaifmi.

Man. 119. o 3amaui 8.

@ 3aranbHi pekomeHaauji LWoA0 po3B’3yBaHHA 3apa4
D, 3 AMHaMiK1 MaTepiasibHOI TOYKMN

1. PosB’A3aHHS 3a7a4 IUHAMIKY IOYMHAIOTH 3 AETAJBHOTO OIMMUCY SIBUII, IIPO
AK1 #eThbCs B YMOBi: 3 AKMMU TiJlaMU B3a€EMO/i€ JOCTiAKyBaHe TiJIo i AKa cuja xa-
paxTepusye 110 B3AEMO/IiI0; AK PYXAEThCA Tijo (IPAMOJiIHIHO UM KPUBOJiHINHO,
MIPUCKOPEHO YU PiBHOMipHO); AKi ITOUaTKOBI UM KiHIEBi yMOBU PyXYy Tijia TOIIIO.

2. BukouyoTh MAJIOHOK A0 3amadi. [[Jid CHpOIeHOro BUKOHAHHSA MAJIOHKA
cunu, uyo ditomds Ha Mino, 300paskaloOTh CTPIIKAMY, IPUKJIALEHUMY B ONHY TOUKY
— meHTp Tina. Cuau, 3 axuMu mino die Ha Tijga, AKi B3aeMOIiloTh 3 HuUM (3a Tpe-
Tim 3akoHOM HrloTOHA), Ha MaJIOHKY He BKasyloTb. TaKoX He BKa3ylOTh PiGHO-
Odillny IpUKJIaNeHuX OO0 Tisa cuj. 3BepraiiTe yBary Ha Te, III0 CHJIa peaKIlii omopu
N HampaBiieHa nepnenduKyiapHo 0o noéepxHi, Ha AKil BHAXOLUTHCA TilO, CuIa
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THKIHHA mg 3aBXKIM HAIIPABJIeHA BePTUKAILHO BHI3, CUJIA TEPTS CIOKOIO UM KOB-
3aHHA F’Tep HaIpaBJieHa IPOTHU HATIPAMY PYyXy Tijia B3LoB:K noBepxHi. Ha mamoHKy
BKAa3YIOTh HAIPSAM IIIBUAKOCTI Ta HAIPAM IPUCKOPEHHS.

3. BubuparoTh iHepriagbHy cucTeMy BiIJIiKy, B AKil 3pyYHO OCJIimKyBaTu
PYX, III0 € B KOHKPeTHiN 3amaui. Hampam KoopIuHATHUX oceil 00MpaioTh 3ajesK-
HO BiJ XapakxkTepy pPyXy, HAIIPUKJIAL, SKIIO TiJI0 PYyXAa€ThCs IO MOXUJIIN IIJIOMINHI,
TO Bich X CHOPAMOBYIOTH V3JA0B:K IIOXIMJIOL IIJIOIIMHY B HAIIPAMI pyXxy i, BiZmoBigHoO,
HePHeHAUKYIAPHO A0 Hel Bick Y; AKIMO PyX BiAOyBaeThCSA B3AOBIK OAHieI IPAMOI —
JOCTATHBLO 00paTH OAHY Bich i cipsaMyBaTH ii 3a HAIIPAMOM PYXy Tija.

4. BukopucToByouu Apyrui sakod HeioToHa, 10T0 CIIOYATKY 3aIIMCYIOTh Y BEK-

n n
TOPHi¥ hopmi Z F, =md — axmo pyx Tijna piBHOIPUCKOPeHUI i Z F, =0 — axmo Tino
i=1 i=1

n
mepeOyBae y CTaHi CIIOKOI0 a00 piBHOMIpHO i1 mpAMOJIiHifiHO pyxaeThesd, ae ZE -

i=1
BEKTOPHA CyMa BCiX MPUKJIaIEHUX JI0 TiJia CUJI.

5. BekTOopHY cymMy cuJI 3aMiHIOIOTH aJredpaiuTHOI0 CyMOIO X IIPOEKIIiii Ha KOOP-
muHaTHi oci. Tomy masi HeoOXigHO 3ammcaTy PiBHAHHSA IPYyroro 3akouny HboToHA
IJId IPOEKI[i Ha KOKHY BiCh, BPaXOBYIOUU 3HAKU ITPOEKIIiA.

6. Cuing mopiBHATH 4YMCJIO HEeBiZOMHX Y 3aJaui BeJIWUYMH i3 YMCJIOM PiBHSIHDL
OTPUMAHOI cucTeMu. SIKIIO YKMCI0 HEBIJOMUX JOPiBHIOE a00 MEHIIIe YICJIa PiBHAHD,
TO 3aJlaUy MaTeMaTUYHO c(DOPMYJIbOBAHO IIPABUJIBHO 1 BOHA Ma€ po3B’a3auHsA. B in-
IIIOMY BUIIaJKY HEOOXiTHO JoIucaTH J01aTKOBI PiBHAHHS, HAIIPUKJIA, KiHeMaTu4-
Hi, 1 po3B’sI3aTH YTBOPEHY CUCTEMY PiBHAHbD.

7. OrpuMaTu KiHIeBy GopMyay, IepeBipuTy 3a HeI0 OAUHUII IITyKaHol BeJIuY-
HY, BUSHAUYUTH il 3HaAUEHHSA, ITPOAHAII3yBaTH OTPUMAHY BiAIOBiIb.

8. HMocaiguTy iHIIi MOMKINBI MIIAXYW PO3B’ A3aHHA MEeBHOI 3aaaui.

Mpuknaau po3e’a3yBaHHs 3aA.a4 Ha NPSMONIHIMHUIA pyX
nip, Ai€lo KiNIbKOX CUM Y rOpU30HTaNIbHOMY Ta BEPTUKaNbHOMY HanpsiMax

3amgaua 1. ABToM06ib Macoro 1 T py1rtae 3 miciid i gfocarae mBuakocti 30 m/c 3a
20 c. BusHaunuTu cuiy TAru, AxIno koedimieat repra — 0,05.

Hano: Pozé’a3anna:

m =103 kr; Braskemo HampsaM CUJI, 110 AifOTh HA aBTOMO0iab (mas. 120): cury
v =20 M/c; | peakwii omopu N — BepTHKAIBHO BrOPY; CHIY TSMIHHA mg — BepTU-
t=20c; KaJbHO BHUB; CUJIY TEPTSI KOB3AHHSA FTep — IIPOTU PYXY; CUIY TATHU F‘T -y
n=0,05 HaIpAMi pyxy.

F -7

3a yMOBOIO 3aaui aBTOMOOiNb pymae 3 mica, Tomy v, =0, i HabyBae mBuA-
KOCTi, OTKe, PyX PiBHONIPMCKOPEHMH, HAIIPAM BEKTOpPa IPUCKOPeHHA 36iraeTnca 3
HaIIPAMOM IIIBUJKOCTI PyXy.

3a npyrum 3akonom HeloToHa: N 4+ mg + frTep +F, =ma




VY npoekIisgx Ha KOOpAMHATHI oci: A

Ha Bich X: FT—FTepzma (1); Y
Ha Bich Y: N —mg=0a6o N =mg (2).
Ockinpkn F, = pN, To F = umg. -
Toxi piBHAHHA PyxXy HaOyae BUTJIALY: -4
F_ —umg=ma, 3Bigkn F = umg + ma. AN 5
IIpuckopennss BusHAuUUMO 3 QOp- —_—
F., F,
MyJ KiHeMaTuKu: a= V7Y Y Or:xe, | | >
t t 0 x
v
E, =m(ug+ ?)- \
Man. 120. CxeMaTHYHUH MaJIOHOK
IlizcTaBiasge MO UMCJIOBi 3HAUEHHS: o 3amaui 1

30M/c
———)=2000H=2xH.

F, =10°xr-(0,05-9,8 m/c* +———

Bignosins: F, = 2 kH.

3agaua 2. Tino macor 3 Kr majgae B MoBiTpi 3 mpuckopeHuam 8 m/c?. Busnauu-
TU CUJIY OIIOPY MOBiTPA.
Hdano: Po3é’a3annsa:
m = 3 KT} ¥V samauax Ha BiJIbHE MaAiHHA MU 3aBXKIU HEXTYBAJJIU OIIOPOM IO~
a=8wm/c? |BirTpsd, TOMy TijNa magaiau 3 IPUCKOpeHHsM g = 9,8 m/c2. ¥ miit 3azga-
£=9,8m/c? |ui ma Tijo, 110 mazae, OiOTHL CUJA TAMXKIHHA Ta CHUJA ONOPY IOBIiTpPA
F (maan. 121), piBHOAiiHA AKUX HAJA€ TiJy MIPUCKOPEHHS 4 .

3a gpyrum 3axonoM HeroTona: mg + F =ma.

VY mpoexkiiii Ha Bichk Y:

o

mg—F_=ma,ssinku F_=m(g - a).
IlizcTaBasgemMo uMciIoOBi maHi lgr ld
F _=38xr-(9,8m/c*-8m/c*)=5,4 H.
Bignosins: F_=5,4 H. mg

Yy
@ Bnpaea 20

1. Ilepes’sirmii 6pycok Macoio 2 KT TATHYTH piBHOMipHO IO 2/ 472+ 121. Maninas
IIOIIIIi 3a JOIIOMOIOI0 IPYKUHU, JKOPCTKicTh axoi 100 H/m. TIIAa 3 ypaxyBaHHAM
KoeditienT Teprsa 0,3. BusHauuTu BUJOBKEHHS IPYIKUHU. OHOPY HOBHTDA

2. fdxy macy 6asacTy Tpeba BUKMHYTH 3 aepPOCTAaTa, 1110 PIBHOMIPHO OIIYCKAETh-
cd, abu BiH mouaB piBHOMipHO migHiMaTHCA 3 TaKOI0 caMolo IBUAKicTI0O? Maca ae-
pocrara 3 6asmacrom 1200 Kr, migmimMasibHa cusia aepocrara craja i mopisuaioe 8000 H.
Cuuy omopy moBiTPs BBaKaTU OJHAKOBOIO I Yac MiJHIMaHHA Ta OMyCKaHHS.

3. Bauraxx Mmacomo 45 Kr mepeMilyeThbCsa ropu30HTAIbHOIO ILIOMINHOO Hif Ji€i0
cunu 294 H, sxa manpasieHna mig kyrom 30° go ropusonty. KoediiieHT TepTsa BaH-
Taxky 1o miaomnuHi — 0,1. BusHaUMTH IPUCKOPEHHA PYXY BaHTaXKYy.
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4. 3a AKOro IPUCKOPEHHA PO3ipBeThCcsa TPoc (PO3PUBHA MIIlHICTH TpOca CTAHO-
BuUTH 15 KH), aKIimo HuM migHimMmaTy BaHTaxK Mmacoio 500 Kr?

5. CraneBuil BUIMBOK, Maca AKOT0 M, IIiTHiMaTh 3 BOAU 34 JOIIOMOT'00 Tpoca,
1[0 Ma€ JKOPCTKICTh £, 3 IpUCKOopeHHAM a. ['ycTuHa craui p,, rycTuHa Boau p,. Bu-
3HAYUTH BUJOBMKEHHS Tpoca X. OIopoM BOAU 3HEXTYBAaTH.

6. ITapamryrucr, 110 JIETUTH 4O BiAKpWBaHHA mapairyrTa 3 msBuzakicrio 50 m/c,
BiIKpMBae maparryT, i oro MBUAKICTL cTae piBHOI0O 5 M/c. OmiHiTh, AKOIO OyJia
MaKCHMaJIbHA CUJIa HATATY CTPOI ImaparryTa npu #oro BigzkpuBauHi. Maca naparnry-
ructa 3 mapamryrom — 80 Kr, g = 10 m/c2. Omip moBiTps IponopifiHui IITBUAKOCTI.

7.V niri 3HAXOOAUTHCA BigpO 3 BOAOIO, B AKOMY ILIaBae M’a4. 1K 3MiHUTHCS
rnbuHa 3aHypPeHHsS M’sa4a, SKIO Ji)T pyXaTuMeTbCcs 3 MOCTIMHHUM ITPUCKOPEH-
HAM: a) Bropy; 0) BHu3?

8. fIk pyxaerwnca Tijmo mim miero cuiwm,
AKa IIepiognYHO 3MiHIOE CBili HAIIPAMOK Ha
nporunexuuii (xan. 122). Hakpecantu rpa-

AF

A -
dbixu samesxHOCTI MpoeKIii mBuAKOCTI L (1) 1 2 3 4|t
Ta KoopamHaTu x(t). Bamaru, 1110 IIo4aTKO-

Bi IIBUAKICTHL Ta KOOPAWMHATA AOPiBHIOIOTH Man. 122. o 3agaui 10
HYJIIO.

@ Mpuknap po3B’a3yBaHHS 3a4,a4 HA PyX Tina NoO NOXWAIN NAOLMHI

3amaua. Ilo moxuiiii MIOIMMHI PIBHOMIPHO BUTATYIOTH AMUK Macoio 100 Kr.
Ary cuny ciaig npukiacTu, 1106 BUTAITH AIUK, AKITO BUCOTA ITOXMUJIOL ILJIOIHUHI
- 1,5 M, a goB:xxkuHa — 4,5 M. 3agauy po3B’sA3aTu: a) 3 ypaXyBaHHAM CUJIU TEPT
(u=0,3); 6) HEXTYIOUH CUJIOIO TEPTS.

Hano: Po3é’a3anna:

m =100 Kr; PosB’ssxeMo 3aauy 3 ypaxyBaHHAM CHUJIU TEPTH.

h=1,5wm; 300pasumo MoXUIy IIOIMuHY (man. 123) i TOKaKeMOo CUJIH, 110
1=4,5m; IilOTh Ha AIUK.

u=0,3 Bics X cpamyemo y HampaMi pyxy.

F.-?

3a gpyrum 3akoHoM HploToHa:
F, +F,, +mg+N =0, 60 pyx piBHOMipHmMii.
3 ypaxyBaHHAM 3HAKiB IIPOEKIIii BEKTOPiB
Haoci X TraY, piBHAHHA Mae BUTJIAL:

HaBice X: F, —F  —mgsina=0(1);

Ha Bick Y: N —mgcosa=0(2).

Ockimpku F, = uN, TO B yMOBax Ha-
mIol 3amauvi FTep = umg cosa (3). IligcraBuda-
toum (3) B (1), maemo:

F, =mg(sina.+pcosa) (4).

Y-

I3 cniBBimHOIIIEHD:
hr 1,bm

Man. 123. CxeMaTHYHMIT MAJIIOHOK sino === ~0,33,

1o 3ajavi ,DM




JE-r®  \J4,5°v° —1,5°W°

=0,94,
4,5m

cos =

[MigcraBastoun yncI0Bi 3HaUeHHs, orpumyemo F, =600 H.
3 popmyiiu (4) y Bunaaxy, koau p =0, orpumyemo F, = mg sino = 323 H.
Bignogsins: F,,= 600 H; 323 H.

@ Bnpasa 21

1. Ha moxmuiii momiuHi 3aBOOBKKMY 13 M 1 3aBBUINKHK 5 M JEKUTHL BaHTaX,
maca akoro 26 xr. Koeditienr repra gopiuioe 0,5. Ky cuiry Tpeba mpuKJIACTH [0
BAHTAKy B3IOBJK ILIOIITNHU, 11106 BUTATHYTHU ioro? 11106 craraytu? Pyx BBaskaTu
piBHOMipHUM.

2. 3 AKUM IPUCKOPEHHAM PYXAEThCA OPYCOK II0 ITOXMJIiM IJIOIIKMHI 3 KyTOM Ha-
xuay 30°, akmio koediiieuT repra — 0,27

3. Tino cKoB3ae PiBHOMiIPHO MOXMJIOO ILJIOIIMHOI 3 KyToM Haxuay B 40°. Bu-
3HAUYUTU KOoe(iIieHT TepTs IO IJIOIIUHI.

4. ABTomMO00inb Macor 1 T migifiMmaersed mo 1roce 3 HaxuaoMm 30° mig miero cuin
raru 7 KH. KoediiienT TepTa Misk muHaMu aBTOMOOiIA Ta moBepxHero mroce 0,1.
BusHaunT TPUCKOPEHHA aBTOMOO1I.

5. Tijmo BiTbHO KOB3a€ 3 BEPIIMHU HEPYXOMOI IMOXWMJIOI IJIOMWHY I KYTOM
o= 30° 1o ropusoHTy. BusHAUNTH HOT0 MIBUAKICTD Yy KiHITI MOXMJIOL IJIOITUHY 1 yac
PYXY, AKII0 BucoTa moxuoi miaomuuu — 10 M, a koedimieuaT repra — 0,05.

6. [Ina piBHOoMipHOro migHiMaHHsa BaHTaKy Baroro 1000 H mo moxwuiri miormu-
Hi, AKa yTBOpIoe KyT 60° 3 BepTuKajaio, Tpeda npuraactu cuiay 600 H. 3 axum mpu-
CKOPEHHAM PYXaTUMEeThCs BAHTAXK YHUS, AKIIO MOro BiAmycTuTIn?

7. Ha moxuii mioiuHi BIcoTo A =3 M i JOBXKUHOIO [ = 5 M 3HAXOAUTHCS TiJI0
macoo m = 10 xr. AKy ropusoHTanbHy cuay F HeoOXiJHO IPUKJIACTH A0 Tija, 11100
BOHO PiBHOMIipPHO PyXaJjoch IO TJIOIITIHI?

8. 3a axwuii yac Tijio 3iCKOB3HE 3 BEPIITNHY IIOXUJIOI IJIOMTMHYU BUCOTOI0 1 =2 M i
KYTOM IIPY OCHOBI 0. = 45°, AKII0 'PAaHUYHUN KYT, IPU AKOMY TiJIO MOKe He 3iCKOB-
3yBaTH 3 IJIOIUHY, 3 = 30°.

9. Ilo moxwmJi#i mJIoIMHi, 0 YTBOPIOE 3 TOPM30HTOM KyT o = 30°, mycKaroTh
3HU3Y Bropy Tizio. Bono mporsrom ¢,= 2 ¢ mpoxoAuTs BifcTanb [ = 16 M, micas uoro
IMOUYMHAE 3iCKOB3yBaTH BHI3. 3a AKMI Yac TijI0 3icKoB3He JoHu3y? AKuii Koedpimient
TEePTA MisK TiJIOM i HOBEPXHEIO IJIOIIUHNI?

10. Tino macoo m 3HaXOAUTHCS HA IJIOMINHI, KYT HAXUJIY AKOI MOKHA 3MiHIO-
Batu Bix 0 o 90°. HakpecauTu rpadik 3a/1eXHOCTI CUJIN TePTS MiK TiJIOM i IIoIIH-
HOIO BiJf KyTa HaXMJIy IJIOIUHY 10 ropusoHTy. KoedinieHT TepTa L.

@ Mpuknaau po3s’si3yBaHHS 3aAa4y Ha PyX Tina no Kony

3amaua 1. KyabKa, 1110 BUCUTL HA HUTIIi, 00ePTAE€THCSI B TOPU30OHTAJIBHIN I1J10-
muHi. BusHaunTy KyT BiAxujIeHHsa HUTKHY Big BepTukasi. IIIBUAKICTE pyxXy KyJAbKU
1,5 M/c, pazgiyc KoJsa, AKe ommucye KyJabKa, — 30 cMm.
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Ha KynbKy gie cuna TsoxinEa mg, Ha-
mpaBjieHa BEePTHUKAJbHO BHU3, i CUJa HATATY
HUTKHY (i1 IpuitHATO TO3HAYATH T ), HAIIpaBJie-
Ha B3IOBYK HUTKU. HUTKa BBA)KaETbCs HEPO3-
TAYKHOIO, 100 He BpaX0BYyBaTHU JONATKOBi cuiu
IIPYYKHOCTI, IKi BUHUKAIOTH IPU PO3TATYBaHHI
(sriguo 3 3akomom I'yka). OcKinIbKY KyJIbKa py-
Xa€eThCsA IO KOJIY, TO IPUCKOPEHHA d, TKe HA/lae
¥ piBHOAiIHA ITUX CUJ, — JOIIEHTPOBE.

3a gpyrum sakosoM Hetorona: mg+T =ma .

VY mpoekIiisgx Ha KOOpAUHATHI oci:

Ha Bick X: T sina = ma;

HaBics Y: Tcosoo—mg=0 abo T coso.=mg .

IToxinumo nepire piBHAHHA Ha Apyre:

Tsina ma
—————=——, 0TpuMaemo a = g * tga.
Tcosa. mg

v .
JoIeHTpOoBEe IPUCKOPEHHA BUSHAYAEMO 32 (DOPMYJIOI0 @ = E . Tonmi E =g-tga,

2
. V . . .
3BigKHu tgo = e’ ITizcraBisiemo umciioBi gaHi
g

1,5* m*/c’

tgo=
89T 0.3m 9,8 m/c’

Bigmosigs: o= 37°.

3amaua 2. 3 AK0I0 MaKCHUMAaJbHOIO IITBUAKICTIO MOYKe iXaT MOTOITUKJIICT 11O T'O-
PUBOHTAJNBHIN ILJIOIMUHI, onucyoun Ayry pagiycom 90 m, axio KoediiieHT TepTsa
KoJtic 00 mopory — 0,4? Ha aAKuii KyT BiJ BepTUKAaJi IOBUHEH BiAXUISATHUCH MOTOIH-

KJIiCT ITpH IMIBUAKOCTI pyxy 15 m/c?

Hano: Po3é’a3anns:

R=90mMm; Ha moTomnukicra giroTh Tpu CHJIN: CHJa HOPMAJbHOI peakIlii go-
n=0,4; poru N , siKa 3a MOAYJIeM AOPiBHIOE Mg, CUJIA TePTs F‘Tep, HaIIpsaMJIeHa
v=15M/c |70 IeHTpa KoJja, M0 SKOMY PYXa€ThCs MOTOIIUKJIICT i cujia TsS:KiHHS
v, —? mg , IpUKJaJeHa 0 IeHTPy TaKiHHA MoTomuKiIicta (Touxa O° Ha
oa—72? man. 125).

ITpu pyci mo Koy MOTOIIMKJIICT Ma€ HAXUJIATUCH HA TAKUH KYT O, 11100 PiBHO-
mitiHa @ cuau TepTd FTelo i cuau HOpMaJIbHOI peakiii omopu N OyJia HanmpsMJIeHA
B3JIOBX IIPAMOI, 10 IPOXOAUTDH Yepes IeHTP TAKiHHA MoTonukJaicta O (iHakiie
BUHUKAB 01 00epTalOUMii MOMEHT CUJIU, B Pe3YJIbTATI Mii AKOTO MOTOIIUKJIICT Iepe-

KUHYBCA 0).

Posé’azannsa:
Kysibka 3 HUTKOIO OIUCYIOTH ¥ IPOCTOPi KOHIUHY ITOBEPXHIO, TOMY
TaKy MOJIeJIb Ha3UBAIOTh « KOHIYHUM MasATHUKOM» (maJ. 124).

ymg

Man. 124. Koniuynuii MasITHHK

2

=0,75; o =37°.

2




TakuM YMHOM, OCKinpKu Touku O i O 1e-
JKaThb HA OOHIN MPaMiii, TO TOUKY IIPUKJIATaH-
HA cuiu @ MoKHa IepeHecT: B Touky O’. B
pesyJbTaTi A0 IleHTpa TAKIHHA MOTOIIUKJIiCcTa
BUSABJIAIOTHCA IPUKJIAJEeHUIMHI ABI CUJIN: CUJIa
TAXIHHA mg 1 Q , PiBHOmiiHA AKUX F na-
IpAMJIeHa IO TOPU30HTAJI i Bigirpae poss mo-
IEeHTPOBOI CUJIN, IO TOTO K 3a MOAyJaeM cuyia F
JIOPiBHIOE cMJIi FTep. -

3a gpyrum saxonoM HrroToHa mg + @ = md.

VY mpoekIiisgx Ha KOOpAUHATHI oci:

Ha Bichk X: @ sina = ma;

Ha Bich Y: N

Qcosa—mg=0 abo Qcoso=mg .

. . I
IToxinumo nepie piBHAHHA Ha ApyTre: 9, |
®sino _ ma |

- I

, OTpuMaemo a = g * tga, abo 7 X
Qcoso.  mg | Ee
2 7 4
=g-tgao.
Man. 125. Cuau, uio giroth
3 Ha MOTOI[MKJIiCTa IIPY IOBOPOTi
. L
3Bigku; tgo=——.
gR

1106 Bu3HAYNTU MaKCHUMAaJIbHY IIIBUAKICTh PYXy MOTOIIMKJIiCTa Ha IOBOPOTI,
2

BpaxoByeMo, mo F =F,  <umg a6o m;'" <umg, 3Bigku v, =\/UgR .

Iliciis mimcTaHOBKM UMCJIOBUX JAHUX:

2
152 2L
C2 o M M
tgo=—C  ~0,2551, a=14°; v =\/O,4-90M-9,8—2 ~18,8%,
9,8M.90m ¢ ¢

c2

Bigmosins: a=14°; v, = 18,8M .

C
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1. ABTOMOGiNB, Maca AKOT0 2 T, IPOIMKIIKAE II0 OIIYKJIOMY MOCTY, III0 Ma€ paji-
yc kpuBusau 40 M, 3i mBuaKicTi0 36 KM/T0A. 3 AKOIO CHJIOIO THCHE aBTOMOOiIb Ha
cepenuHy MocTa?

2. BusHauuTH CUIY HATATY HUTKY KOHIUHOTO MAATHUKA Y MOMEHT, KOJI HUTKA
yTBOpIoE KyT 60° 3 Beprukamio. Maca Kyasku 100 r, mBuaKicTs il pyxy 2 m/c, 10-
B:KuHA HUTKHU 40 cM.

3. Bimepiie 3 BOZ010 00€pPTalOTh ¥ BEePTUKAJbHIN IIJIOMINHI Ha MOTYS3IIi 3aBIOBK-
Ku 0,5 M. 3 K010 HAaIMEHIIIO0 MIBUAKICTIO HEOOXiJHO fioro odepraTu, 11100 Ipu Ipo-
XOMKeHHI uepes BepXHIO TOUKY YTPUMATH BOAY V Bimepiri?




JTuHaMiKa IMOCTYIaJBLHOTO Ta 00ePTAIBHOTO PYXiB MaTepiaabH

4. Kyaska macoro 200 r, 1110 npus’si3aHa HUTKOIO [0 IIiABicy, pyXaouuch 3 IIo-
CTiHTHOIO MIBUJKICTIO, OMICY€E B TOPU3OHTAJIBHIN ILJIOITUHI KOJI0. BusHauuTu mBum-
KicTh KyJIbKH i mepiof i1 06epTaHHs IO KOJY, AKIIO JOBKUHA HUTKY 1 M, a il KyT 3
BEePTHUKAJLIIO CTAHOBUTD 60°.

5. Kyabka macoro 500 r, migsimena Ha HePO3TAMKHIN HUTII 3aBHOBKKHU 1 M,
3IiMICHIOE KOJIMBAHHS B BEPTUKAJIBHIN IJIOMINHI. BUBHAUNTY CUIIy HATATY HUTKU
Y MOMEHT, KOJIM BOHA YTBOPIOE 3 BepTuKaJLIi0 KyT 60°. [IIBUAKICTS KYJBKU B IO
muth — 1,5 m/c.

6. fAxuii HaliMeHINUI pamgiyc KoJja, II0 SKOMY MOKe IPOoixXaTu KOB3aHAP, IO
pyxaerbesd 3i mBuakictio 20 KM/Tof, AKINO KoedilieHT KOB3aHHSA MiK KOB3aHAMU
i moBepxHero gboxy 0,2? AKuit HalbiABIIINEI KYyT HAXWJTY KOB3aHApa Bil BepTUKaJIi,
Ipu IKOMY BiH I1Te He Oy/le majjaTy Ha 3a0KPYTJIeHH?

7. ITocynuua, 1o mae (popMy 3pisanoro Konyca 3 giamerpom gaa 20 cm i KyTom
HaXMWJIY CTiHOK 0 Topu30oHTY 60°, MosKe o0epTaTrch HABKOJIO BepTUKaJJabHOI oci. Ha
IHi IIOCYAMHI 3HaX0AUTHC KyabKa. IIpu AKiil KyTOBil MIBUAKOCTI 00epTaHHS IIOCY-
IVHU KyJbKa IIigHiMeThed i Oyae BUKuUHyTa 3 mocyauuu? TepTd He BpaxoBYyBaTHU.

@ Mpuknagu po3B’a3yBaHHS 3a4,a4 Ha PyX CUCTEMU 3B’ A3aHUX Tin

3eeprimys ysazy! Cucremu 3B’A3aHUX TN — ue 06a ado Oiavuie min, 36’ A3aHUX
Mide CcO00I0 He8aZOMUMU i HEPOSMANCHUMU HUMKAMU (MOMY3KAMU YU MPOCAMU ).
Pyxwu 3B’s3aHUX TiJI IOYMHAIOTHCH, AKIIO Ha OfHe a00 KijbKa TiJI cucTeMu il0Th 30-
BHIIITHI cuin, TOOTO CHUJIN, BUKJINKAHI Ai€I0 TiJI, AKi He BXOAATH [0 CKJIaay CUCTEMI.

Oco0auBiCcTIO PYXy CUCTEMH 3B’ A3aHUX TiJ € Te, II[0 BCi BOHU MarmMb 00HAKO-
6i 3a modynem npuckopernnsa. lle 3yMOBI€HO TUM, 1110 HA HUTKY, AKUMU 3B’ A3aH1
Tijla, HAKJIAJa€ThCSA YMOBa HEPO3TAKHOCTI i HeBaromocTi. Hepo3Tsa:KHicTh HUTKHU
03HAauae, IO JOBKWHA HUTKU He 3MiHIOEThCA 1 BHACHIIOK Aedopmariii y Hili He BuU-
HUKAa€ TOJATKOBA cuJja MpysKHOCTi. Cujia HATATY HUTKU 3aJUIITAETHCA HE3MiHHOIO

i Hmajae TimaM OZHAKOBOrO 3a MOAYJEM IPUCKOPeHH: |d,|=|d,|=a . Hesaromicrs

HUTKY BKa3ye Ha Te, 10 CUJIN HATATY HUTKHU PiBHI MiK co0010 ‘Tl‘ = ‘Tz‘ =T.

YmMmoBa HeBaroMmocTi 6J10Ka, 110 mepeabaueHa yMOBOIO 3a/1adi, Ja€ 3MOT'y BBasKa-
TU CUJIY HATATY HUTKU (IIPU IIepexo/ii yepes 6JIOK) HE3MiHHOIO 3a MO YJIEM.

3anaua 1. Ha ropusoHTaNbHI# NIIOMUHI JeXKUTH 6pYyCcOK Macoio m, =2Kr . [lo
KiHIA HUTKHY, IPUKPiNJIeHOol 10 OpyCcKa i IepeKnHyTol uepe3 HepyXoMuii 0JI0K, mij-
Bimeno Tarap macoro m, =0,5Kr. BusHauuTu cuy HaTATY HUTKU, AKIIO0 Koedi-
IieHT TepTda MixK miaomuHOo i 6pyckom W=0,1. Macoro HuUTKH i 6I0Ka, a TAKOXK
TEePTAM y 0JIOIi 3HEXTyBATH.

Posé’a3anns:
Posrasuaemo cuiu, 1110 Iif0Th HA cucTeMY «OpyCcOK — Tarap» (maJ. 126).
Ha rsirap fie cuia TsokinES m,g i cuna HATATY HUTKH Tz ; Ha opy-
COK — cHmJja TH)RiHHﬂ_.mlé‘ , cuJia peakitii omopu N , cujia TepTs FTep Ta
cuia HaTAry HUTKu 1) .
3’scyeMo, pyxXaeThed Iid cucTeMa TiJl UM IepedyBae y CTaHi CIIOKOIO.




Skmro cuctema Tis mepedyBae y cTa- N,
Hi CIIOKOI0, TO IITyKaHa CUJia HATATY BU- . a,
3HayaeTbcA Barowo taArapa m,g=4,9H, =
a AKIIO CHCTEMA PYXa€ThCA, TO CHIA Ha- Lo "
TATY HUTKU Oyae meHIoo. Cucrema py- | I T I 7, i
XaTUMEeTBCS, SAKIIO M, g > FTep. -

OcCKinbKI OPYCOK 3HAXOAUTHCA HA msg
TOPUBOHTAJIbHINA MOBEPXHIi, TO CUJjIa TEP-
TS BU3HAUYAETHCA: FTep =um,g=1,96 H. Y v/E
Toxx cucTema pyxXaeTbes.
3anuIneMo CHCTEMY BEeKTOPHUX Man. 126. Pyx cuctemu 3B’ I3HUX Til
piBHAHB Apyroro 3akoHy HbioToHa 1is
6pycka: N +m, g+ F‘Tep + Tl =m,d, Ta IJIA TATApLA: m,g8 + TZ =m,d, .

3anuineMo JaHi PiBHAHHS y IPOEKIiAX Ha KOOPAMHATHI 0Ci, BpaxX0OBYIOUH, IO
d@,|=|d,|=a i |T, ﬂf’zL‘:T.

Mna6pycka: T —F,  =m,a; N=m,g abo T—um,g=ma .

Hua rarapoa: m,g—-T=m,a .

Busnaummo, HampuWKIaL, i3 mepIroro piBHAHHA IPUCKOPEHHA 1 IMifgcTaBMMO
woro y apyre.

>

ug s
m, m,
1
ng_T=m2(£_ug) , 3BiIKU T:%ﬂlﬂz4’3H .
m, m1+m2

Bigmosins: T=4,3H .

3amaua 2. BautaxkHuit aBTomMo06inb Macow m, =2500 Kr TaArHe Ha OYKCUPHOMY
Tpoci ABa mpuyenu, PO3BUBAIOYU IIiJ yac pyxy npuckoperHda 0,6 m / ¢ . Maca mep-
mroro npudena m, =1000 kr , apyroro m, =500 Kr . BusHauuTH CUIYy TATU aBTOMO-
0ij1d i cuyiu HATATY TPOCiB, 1110 3’ € THYIOTH aBTOMO01Jb i mpuuenu. KoegitieHT Tepra
- u=0,1.

Hano: Po3é’azanna:
m, = 2500 kr; 3pobumMo MaIOHOK A0 3amadi (man. 127). Cuny Teprs Ha Ma-
m,=1000 Kr; |JIIOHKY ITIOKa3y€MO Mi KOoJiecaMH i JOpOororo.
m, =500 Kr; .y
a=0,6 m/c? v B B B a
n=0,1 AN, AN AN
E? [ S e e =N
Tl_z -« (Y~ SO0 T O ()
T2 T F Tep3 ~ Tep2 - F. repl ~ X
v m,g v m,g vym.g

Man. 127. CxeMaTHYHMI MAaJTIOHOK 0 3aaadi 2

Ha aBromo06ins pifors: cuia taru F,, cuia Tsaxkinasa m,g, cuna repra F
cuna Hatary tpoca 1), cuia peakiii onopu N, .

Tepl?




JduHaMiKa MOCTYaJbHOTO Ta 00ePTAJIbHOI0 PYXiB MaTePiaJIbHOI TOUKH

Tlpyruit saxon Helorona a1a aBromMobinsa: Fy, + N, +m, g+ FTep +T, =m,a.

OcKinbKU cucTeMa 3B’ sI3aHUX TiJI PYXa€ThCA 3 OJHAKOBUM IIPUCKOPEHHIM, TO
JJLL [IEPIIIOTO i Apyroro npnqemB npyruit 3akodH HploTOHA BiATIOBiHO Mae BUTJIAM:
N, +m2g+FTep , +T/+T, =m,d; N, +m3g+FTep3 +T; =m,a.

OCKinbKY Y BEPTUKAJIbHOMY HAaOpPAMi MPUCKOPEHHA HEMAae, TO APYTUH 3aKOH
HeioroHa y npoekii Ha Bick Y gaa tin: N, =m,g; N,=m,g; N,=m,g .

BimmosigHo cuiia TepTs 1A KOMKHOTO 3 TijJl BUBHAUATUMEThCS:

FTepl MN umlg’ FTepZ HN Hng’ FTep3 MN “’m 8.

Bpaxosyrounu re, 1110 3a Ry erim sakonom Heiorona T =-T,, T, =-T,, To MO-
Ha 3amucaTu ‘TIL =T; ‘T ‘— T, . BpaxoBylouu nonepesHi criBBiHOIIeHHA,
apyruit sakoH HeioToHa y npoe}cumx Ha Bich X I KOKHOIO 3 TiJl Mae€ BUTJIAM:
F,-T -wmg=ma; T,-T,-um,g=mya; T,— ;,m.t3g = m.Sa.

1106 BUBHAUNTHU CUJIY TATH, 3PYUYHO JOJATH BCi TPU PiBHAHHS OIHE A0 OJHOTO,
TOJi OTPUMAEMO:

F,—pg(m +m,+m,)=a(m, +m,+m,;

F,.=(ug+a)(m, +m,+m,)=06,4 xkH.
Cuja HaTATy TpPoca MisK aBTOMOOLJIEM i mepIruM IpHUIeIoM:
T =F,—umg-ma=2,4xH
Ta MijK IpUYenaMu:
T,=um,g+m,a=0,8 kH.

Bigmosins: F, = 6,4 xH; T, =2,4xH; T, =0,8 kH.

@ Bnpasa 23

1. Bpycoxk, maca sxoro 400 r, mig giero BanTaxKy, o mae macy 100 r (ma.. 128),
pyxamouuch i3 cTaHy CIIOKOI0, IPOXOAUTD 34 2 C ILIAX
80 cm. BusnauuTu KoeditieHT TEpTA. 400 1

2. Ha mHypi, IepeKMHYTOMY uepes HepyXOMUH | i
0JIOK, migBicumam BaHTaXKi, Macu axkux 0,3 i 0,2 xr. 3 e
AKUM IIPUCKOPEHHAM pyxaeThca cucreMa? Slka cmia
HaTATY IIHypa i 4yac pyxy?

3. ManeBpoBuii Temnaosos, maca axoro 100 T, Tar- Man. 128. [lo samgaui 1
He JBa BaroHU, KOXKHUM 3 AKUX Mae macy 50 T, 3 mpu-
ckoperHam 0,1 m/c?. BusHAUUTH CUIY TATH TEILIIOBO3a
i cuy HaTATY 34eliB, AKINO Koe(iIieHT 0mopy pyXoBi
mopisuioe 0,006.

4. Ha HuTIii, mepeKuHyTill uepes3 HePpyXOMuii 0JIOK,
migBicuiau BaHTaki, maca akux 0,31 0,34 kr. 3a 2 ¢ Bix
HOYaTKY PYXy KOKHUI BaHTaK MPOUIIOB IIIIAX 1,2 M.
BussaunTu npucKOpPeHH BiJILHOTO IaJiHHSA HA ImifcTa-
Bl JaHUX DOCJIimy. Man. 129. [To 3amaui 6

100

m,




5. Ha kiHmax HUTKHU, NePeKUHYTOI uepes Hepyxomuii 0JIOK, migBicuiau Tina,
Maca KosxkHoro — 240 r. dxuil fogaTKoBMUI BaHTaK Tpeba IIOKJIACTH HA OJHE 3 TiJ,
1100 KOoKHe 3 HuX 3a 4 ¢ npoiimiao 160 cm?

6. Uepes HeBaromuii 06JI0K, 3aKpilIeHuit Ha pedpi Ipu3Mu, rpaHi AKOI yTBOPIO-
OTh KyTH O i B 3 ropu3oHTOM, MepeKUHyTO HUTKY (Maz. 129). Jlo KiHIiB HUTKHU
IPUKPiIIeHo BaHTaXi Mmacamu m,; i m, . BBaskaru, o BaHTaX m, OIYCKAETHCH.
BusnaunTu nprCKOPEeHHA BaHTAKIB i CMJIy HATATY HUTKHU. TepTAM 3HEXTYBaTH.

7. BuzHaunTH IPUCKOPEHHA @, 1 a, Tii MacamMu m, i m, , a TAKOX CUIy HATATY
HUTKHU y cUCTeMi, 300paskeHiit Ha ma.. 130. Macoto 6710~
Ky i TepTaM 3HeXTyBaTHu. Brasiékxa: ocKinbKu Tino m,
3aKpPillJIEHO OO PyXOMoOro 0JI0Ka, TO BOHO HPOXOIUTDL
yABiUi MeHITYy BificTaHb MOPiBHAHO 3 BiJICTaHHIO, IO
IPOXOAUTH TijIo m, , BiANIOBiAHO a, =24, .

8. IIBa Tina macamm m,=4Kr ta m,=8KI, AKi
3B’dA3aHi HUTKOIO, KOB3AIOTh OJHE 33 OJHUM II0 IIOBED-
XHi TOXWJIOI IIJIOIIUHA, KYT HAXUJIY IKOI 3 TOPU30HTOM
o=30°. KoedirmieHT TEPTSA MiK IEPIITUM TiJIOM i TyIOIIH- m,
Ho®o U, =0,1, amixx gpyrum rinom i maomwunoo U, =0,2.
Slka cua HaTATY HUTKY MidK Titamm? Man. 130. Mo 3agaui 7.

m,




JuHaMika 06epTaJbLHOT0 PyXy TBEPAOro Tijla

ANHAMIKA
o0epTanbHOro pyxy TBepaoro tina

§ 25 OGepTanbHUA pyx TBEpAOro Tina
HaBKOJ10 HEPYyXOMOI OCi

V' Teepde mino. Touka npukiadanHHs CULL.
4 ObepmanvHuil pyx meepdozo mina.

Tseppae Tino. Touka npuraaganuaa cuiau. Mu neTaibHO PO3IVIAHYJIU 3aKOHU
KiHeMaTMKM i AUHAMiKU IIOCTYIaJbHOTO PYXy MaTepiajibHOI TOUuKu. AJie 3HAHHA
3aKOHIB IIOCTYHAJBHOTO PYXy OAHiel MaTepiaibHOI TOYKU HEJOCTATHBHO [JIS OLUCY
PYXY BChOTO Tijia. ¥ TaKOMY BUIIAIKY JOCJJIIMKEeHHA 3aKOHIB PyXy 3IiICHIOETLCA 3a
JIOIIOMOT00 MOieJsIi — aOCOJI0THO TBEPAOTO Tija.

Abconromno meepde mino MOKHA POSTIANATH SIK
CHCTEMY JKOPCTKO 3B’A3aHUX MaTepialbHUX TOYOK,
III0 MiCTATHCA Ha HE3MiHHMX BifcTaHAX OHA Bim oj-
HOI.

3aMmicTb TepMiHa «abGCOJIIOTHO TBEP/le TiJIO» YAaCTO BKUBAIOTH TEPMiH «TBephe
Tiso». Iliero MOeII0 BpYYHO KOPUCTYBATUCh, KOIu AedopMmariamu GisnyHux Tia
MOXKHA 3HEXTYBATH.

Benukoro sHaueHHA AJid XapaKTepy Ail cuam Mae TOUKa Tija, 0 AK01 BOHA IIPU-
KJaZeHa. Y BUIIAAKY TBEPJOTO Tijla IepeHEeCEeHHA TOUYKU IPUKJIATAHHA CUJIU 3Mi-
HIO€ peldyabTar Aii cuiu Ha Tixo. Hanpukaazn, cuna F, axa mpuKJaajgeHa 10 Cepean-
H1 G0OKOBOTO Kpalo KHMKKMU (TouKa A) i mapaJiesibHA TOBEPXHi CTOJY, e JIEKUTH
KHIM)KKA, BUKJINKAE KOB3aHHA KHUTU IO CTOJY y Hampami aii cuau (maz. 132).

SIKIITO TOUKY IIpHKJIA-
IaHHA cuiau F mepeHectu 3

Touku A y Toury C, 1110 Je- F F

JKATH HA NIPOJOBXKEHHI mpa- A - c - - T
MOi, y3OOB:K SKOI i€ cumia //
(mimii gii cuau), TO peayJib- B = -

TaT Ail cuan He 3MIHUTBLCH. ) p 6F

A #AKIIO 110 caMy CUJIY IIPU-
KJIACTA [0 TOYKU B cKparo
KHUKKY, TO BOHA BXKe BUKJIN-
ve ii obeprauHsa (ma. 132, 6).

Man. 132. Touku npuKIaTAHHSI CUIIA




Otoxe, Kid cuau He 3MiHIOETBCH, AKII0 TOUKY IPUKJIAJAHHA IEPEHOCUTH B3LOBIK
Jimii gii cuan.

Hexaii ma Tino gie aBi cuan F‘l i I72 R
AKi JleKaThb B OHIN IJIONTWHI, aje IIpu-
KJameHi 10 pisHMX TOUYOK Tina (maJ. 133).
Busnaunmo piBHOAiiHy 1mmx cwia. [ia
IIBOT'O IIPOJOBIKUMO JIiHiI mii cur i BusHA- _
YHMO TOUKY iX repetuHy (Touka O).

Ilepenecemo y TOuKy nmepetuny mo- O

YaTKU BEKTOPiB CUJI f} i 1'7'2 Ta o6y IyeMo
napaJjiesiorpam cuii. OTpumMaeMo piBHO-
OinHy R, AKa 3HAXOLUTHCS 34 MeKaMU
Tija i AKy MOXXHa IlepeHeCTU B3LO0BXK JIi- Man. 133. Bektopu cux MosKHA
Hii Aii y mOBiNbHY TOUKY Tina. TIIePEeHOCUTH B3IOBIK 1X JTiHil mil

OoOepranpHuii pPyx TBEPIOTO Tija.
Byab-axuii pyx TBEPAOrO Tijla MOMKHA IOAATU AK CYKYIHICTH IIOCTYNAJIbHOTO Ta
00epTaJIBLHOTO PYXiB.

Ob6epmanvruil pyx TBEPJOTO Tijsia HABKOJIO HEPYXO-
é Moi oci — e pyX, Iix 9ac AKOro Bci TOUKM Tija omu-
CYIOTH KOJIa B TapaIeIbHUX IJIOIINHAX,, HABKOJIO IIPS-

Moi, AKYy Ha3MBAIOTh Biccio obepTaHHA.

Sk y:ke HaroJiomryBajsiocs, TBepHe TijIo v Ak
MOK€ OZHOYACHO 3JiMICHIOBATU MOCTYIAJIbHUN YAK
i obepranpHUM pyxu. Hampukiam, pyx MuIiH- | =
IIpa, 10 KOTUTHCSA II0 TOPU30HTANbHI TOBEPX- L >
Hi, MOXHa PO3TIANATH BIJHOCHO HEPYXOMOI
cucremMu Bimmiky K saK IOCTymaJabHUHA PyX, a \
BigHOCHO cuctemu K’ , 3B’a3aHol 3 Biccro Iu- _— >
Jinppa, — 9K obepraabuuii (mas. 134).

Yucsio He3aJIe;KHUX PYXiB, 3 AKUX CKJIaLa-
€ThCA PYX TBEPAOTO Tijla, Ha3uéams cmyne-
HeMm c60000u. BibHe TijIo Mae MIiCcTh CTYIEHIB
cBOOOM: TPY MOCTYHAJIBHI — BiTHOCHO KOOPAH-
HATHUX OCell; Tpu o0epTaJbHi — HABKOJIO ITUX
camux oceii. Tinmo, AKe oGepTaeThcAa HABKOJO
HepyxoMoi (3aKpimieHoi) oci, Mae OAWH CTYIIiHb CBOOOAM; ITUIIHAD, 10 KOTUTHCS
peiikaMu, Ma€ ABa CTyIeHi cBoOoAM (OAUH — MOCTYHAJBHUIN, OAUH — 00ePTAJTbHUN).

Hapani posriapgarumemo mexaniky meepdozo mina, u,0 moie obepmamuco
HA6KONL0 HEPYXOMOIL OCi

Mexanixa meéepdozo mina, K i MexaHiKa MaTepiaJbHOI TOUKY, MONIIAETHCA
Ha KiHeMaTuKy, IMHAMIKY i CTaTUKY.

IIpu oGepranbHOMY PyCi HABKOJIO HEPYXOMOI OCi BCi TOUKM Tijia pyXatOThCs IO
KOHIIEHTPUYHMUX KOJIaX, IIEHTPU AKUX 3HAXOAUTHCA Ha oci obepranHda (ma.. 135).

bV

Man. 134. IlocrynaasHuii Ta 06ep-
TaJbHUH PYX MUIiHApPA




JuHaMika 06epTaJbLHOT0 PyXy TBEPAOro Tijla

ObepraHHA Tijna, 110 Mae HEPYXOMY Bichb, MOXKe
BUKJUKATU JIUIIIE CUJIA, II[0 He € IIapaJeJIbHOIO
oci i He mepeTuHaE ii.

H1s1 mocutimexeHHs 00epTaIbHOTO PYyXY TBEPAO-
T'0 TiJia PO3TJIALATUMEMO JIUIIIE TOUKY, 110 JIE€KATH
B OJHIi IJIOIKUHI, IePIeHINKYIAPHiH 10 oci o6ep-
TaHHA. [[oT0KeHHA KOMKHOI TOUKMU Tijla y Oyab-
SAKWI MOMEHT dYacy BU3HAUYaeTbcA ii padiycom-
eexmopom r. IlouaTkoMm pajiyca-BeKToOpa € TOUKa
TepeTuHY oci 00epTaHHsA 3 IJIOIIUHO0, Y AKi Je-
JKUTD TOCHiKyBaHa TouKa. [[1o TouKy Ha3uBaOThH
meuTpoM obepranus O.

KimemaTuka pyxy TBepAoro Tijia xapakTepu-
3yeThCsA yiKe 3HAOMUMU AJIA BaC BeJIWUYMHAMU:
KYTOM IIOBOPOTY A, KYTOBOIO IIBUAKICTIO ® Ta
KYTOBUM IPUCKOPEHHAM €.

Kinemamuuni piénanna obepmanna meepdozo mina HaBKOJIO HEPyXoMoi oci
MaloTh TAKUHU CaMUI BUTJIAL, AK 1 JJ1s MangiaJIbHOi TOUYKU:

Man. 135. O6epTaHHS TBEpPIOTO
Tijla HABKOJIO HEPYXOMOi oci

Lo et ., -
(n=u)0+et;(p=0)0t+?;a)2—u)§=2£(p.

JuHamMika moCcTymajJbHOrO PyXy Tijsa (MaTepiajbHOI TOUKM) BUBYAE IIPUYU-
HY BUHUKHEHHSA NPUCKOPEHHA TiJja i [ae 3MOry BUBHAUUTHU HOTO 3HAUEHHS Ta Ha-
IPsAM.

Nuaamika 00epTaJbHOTO PyXy Tijia BUBUA€ MPUUYUHN BUHUKHEHHS KYTOBOTO
MIPUCKOPEHHS TiJja, II[0 MOKe 00epTaTHICh HABKOJIO OCi, 1 yMOIKJIMBJIIIOE BU3HAUEHHS
3HAUYEHHA i HATPAMY IIbOTO ITPUCKOPEHHA.

¥ cratuIti posriAgaThCA YMOBU PiBHOBArY Tija, 110 Ma€ Bick o0epTaHHSA.

DawnTte Bignosiai Ha 3anNUTaHHSA

1. 1o Ha3WBaIOTH aGCOJIOTHO TBEPAUM TiJOM?
2. Yu 3ayne:KuTh pe3yabTaT Aii cuju Ha TBep/e Tijo Bil mepeHeceHHsa TOUKHY ii
MPUKJIATeHHA?

3. IIlo HasmBaiOThH CTyIIEeHEeM CBOOOAM?




§ 26 OCHOBHe piBHAHHSA AMHaMIK1 00epTanbHOro pyxy
TBEepAaoro tina

v Hocaidu, wo nosacrooms 3aK0HU OUHAMIKY 00epMaLbHO20 PYXY
maepdozo miaa.

v' Beauuunu, w0 xapaxkmepusynoms obepmavbHuil pyx meepdozo
miaa.

V' Ochosne PpiéHAHHA OUHAMIKU 00epmabH020 pYXxy meepdozo
mina Ha8K0JL0 HepyxoMmoL OCi.

Hocaimu, o mosiICHIIOTHh 3aKOHU IUHAMIKHN 00€PTaJIbHOTO PyXy TBEPAOTO Tijia.
A pociimkeHHA TUHAMIKY 00epTaJIbHOTO PYXY TBEPOTO Tijla HaBKOJIO HEPYXO-
MOI OCi PO3TJISHEMO TaKi JoCJrimu.

Bisbmewmo ycranoBKy (ma.t. 1 36), 110 CKIa4AETHCA 3 TBOX
0J10KiB 3 pisHuUMU pamgiycamu. [0 mux GJIOKIB IPUKPIIIEHO
YOTUPH JIeTKi cTepskHi. Ha KosKeH 3 HUX PO3MIiIITyeMo TArap-
11i Mmacoro m (Ha oJHAKOBil BimcTawi Big oci obepranus). Ha
OIUH i3 OJIOKiB HaMOTyeMO HUTKY. J10o BiJIbHOTO KiHIlST HUT-
KU migBimryBaTuMeMo Tarapenb macoio M. Ilix miero cunam
TAKIHHA TATapenb M OmyCcKaTuMeThCA, IIPU IIbOMY HUTKA
poskpyuyBaTuMe 0JI0K i BCA YCTAHOBKA MOYHE 00€PTATHUCH.

VYcTaHOBKY Ha3WBalOTh MaaATHUKOM ObepbeKa.

Hocainmmo, Ak obepraTMMeThCA MAaATHUK 3a PiBHUX
3HAUEeHb Mac TATapIiB m Ta M, a TaKOK IpHU iX pisHOMY
poaTalryBaHHi BiTHOCHO oci.

He sminroroun moJsio:KeHHs i Macy TArapiiB m, 306iJb-
IIyBaTUMEMO Macy TArapiiad M, TMM caMuUM 30iJbIITyIOun
CUIy, 110 Iie Ha MaATHUK (man. 137, a). Cnocrepirarouu 3a
pyxom Tarapia M Ta o0epTaHHAM MasATHUKA, MOMKHA 3PO-
OUTU BUCHOBOK, II0 ¥uM Oisvuia maca M, a omorce, i ditoua
cuna F, mum weudue obepmaemovcsa masmuuk. I[e o3na-
uae, WO KYmosee NPUCKoOperHs miaa nponopuyiiine dirouiil Man. 136.

CuJii. Masarauk OGepGekxa
He smintoroun macu tarapiiB m i M Ta posramryBaHHS

MaJUX TATAPIiB HA CTePIKHSIX, HAMOTYBATUMEMO HUTKY 3 TArapiuem M Ha 6J0KuU
pisHUX pagiyciB (maa. 137, 6). IlIpu npomy 3MiHIOBaTUMETHCA BifcTaHb d Bif JiHil
Iii cuam 1o oci obepramus.

Hocainx morake, 1o yum 6invwiuil padiyc 610Kka, mum weudule 06epmamumens-
ca masmuuk. Lle osnayae, uo Kymoae nPpuckKOpeHHs 3aJeHums He Juule 8i0 3HaAUeH-




JuHaMika 06epTaJbLHOT0 PyXy TBEPAOro Tijla

Hs NPUKIA0EHOL cual, a i
8i0 mozo, K PO3mMaulo6a-
Ha JiHia 0il cuau 8i0HOC-
HOo oci o0epmanHsL.

He swmimioroum macy
rarapisa M i Bigcrausb d,
3MiHIOBATHIMEMO Macu
MaJIUX  TATapIiB  m.
30inmbiIyIoun Macy Ts-
rapiis, momiuaemo, IO
MasTHUK obepTaeTbcA
MOBiJILHiIIIE, TOOTO KYmo-

6€ NPUCKOPEeHHa mila 3a- Man. 137. Jocaigu 3 nocaigseHHI
aexcums 6i0 macu uyvb0ozo 00epTaHH:A TBEPJOTO Tina
miaa.

He s3minioioun Macu BCix TArapiiis, SMiHIOBATIMEMO PO3TAIITYBAHHSA MaJIUX Ts-
rapiiiB Ha CTEPIKHAX. dum MeHULa 8I0CMAHD I', MOOMO, YUM OJUNCUE 3HAX00AMbCA
masezapyi 00 oci obepmanHs, mum Oisblle KYmoge NPUCKOPeHHs 3a Pikcoearol (cma-
a0t ) cunu F obepmaemuves mino.

SIKIIT0 IPOBOAUTY OOCJiM i3 CEKYHAOMipOM, TO MOKHA MOMiTUTH, IIT0 34 3MEH-
IIeHHA BificTaHi r y ABa pasu, TArapeib M omycKa-
TUMETBHCS Y 4 pasu MIBUIIIE IPOXOAAYN Ty caMy Bi-
cranb. lle o3HaUae, 110 KYMo6e NPUCKOPeHHA miaa,
w0 obepmaemucs, 00epHeHo nponopuyiiine keadpamy
gidcmari 8i0 oci ob6epmarHa 00 Yb0o2o mina.

Ha ocHOBi ux mocainiB BUHMKAae HEOOXigHICTE
BBeJIeHHA HOBUX BEJWUYWH, IO XapaKTepU3yIOTh
06epTaTbHUI PYX TBEPAOTO Tijla: MOMEHMY CULU TA
momenmy inepuyii mina.

BeanuuHu, mo xapakTepu3yoTh 00epTaJIbHUN
pyx TBepmoro Tima. Momenm cunu (M ) — Benudn-
Ha, AKa XxapaKkTepusaye obepTanbHUll ePeKT CUIn mif
gac ii gii Ha TBepe Timo. Hexaii cuny F OPUKIAZEHO )[4, 138. Hampsm fii cnmm
o Touku A TBepgoro tina (maa. 138). Ta MIeYe CUIN

Momenm cunu M BifHOCHO HepyxoMoi Touky O BH-
é 3HAYAETHCSA BEKTOPHUM JOOYTKOM pajgiyca-BeKTopa 7 ,

IpoBefieHoTo 3 TOUKM O y TOUKY MPUKIANAHHS CUIN
A, Ta BEKTOPOM CUJIH F:

M =[FxF],a60 M = Frsino,

Ie o — KyT Mix Bextopamu 7 i F (mau. 138).




ITneue cunu (d) — mallKopoTIIa BimcTaHb Bim oci
obepraHHs Mo JiHil mii cuan: d=rsinao .
Toxi Mmoay/ b MOMEHTA CHUJIM MOYKHA BUPASUTHU K JOOYTOK MOIYJIS CHJIM Ta ii
Ieua:
M=Fd.

Opunanunsa momenty cuiu B CI — HpioToH Ha MeTp, [M]=1H - M.

MowmeHT cuu Ha3UBAIOTH Ife 06epmanvHum momenmom. IIpuiiHATO BBAYKATH
MOMEHT CUJIH 610’ €eMHUM, SKIIO Tijo 06epTaeThes Mif Aielo 1iel cuiu npomu 200uH-
HUKO060I cmpinku, i 0odamHum, AKIIO Tiso obep-

TAETHCA 30 200UHHUKO6010 CMPiNKOI0 (3 TIOTJIALY A
yuTaya).

BekTop MOMeHTY cuJi HaIpaBJEeHUH B3TOBIK
oci obepranusd (maa. 139).

Buxoasuu 3 o3HaYeHHS MOMEHTY CUJIM, CTaE
3po3yMiauM, YoMy OOepTaHHS TiJja, IO Mae He-
pyxXxomy Bich, MOKe BUKJIHKATHU JIAIIIE CHUJA, HE
mapaJjejibHa Iilt oci i Taka, sTKa i1 He MepeTUHAE.

HacTynHoi0 BeJIMUYMHOIO, I[0 XapaKTepU3ye Man. 139. Hanpsm sexropa
o0epranbHUIl PyX TBEPIOTO Tijia HABKOJIO HEpy- MOMEHTY CHJIN
XOMOIi oci, € momenm inepuyii.

Momenm inepuii (J) Tina BigHOCHO oci — cKaJlApHA
BeJINUNHA, AKa € MipoI0 iHepTHOCTI Tija B 00epTab-
HOMY pyci HaBKOJIO ITi€l oci. Bigirpae Taky camy poJib,
é AK 1 Maca y mocTynajabHOMY pyci. MomeHT iHepIii ma-
TepiagbHOI TOUKY (200 eJleMeHTa Macu), 1110 PyXa€TbCs

10 KOJIy PaZiycoM 7 BUBHAYAETHCS 3a (POPMYJI00

J=mr?.

OpuHUIA MOMEHTY iHepIlii Kiorpam-merp y
kBagpari, [J]=1 xkr-m”.
OcHOBHe pPiBHAHHA TUHAMIKM 00€pTaJbHO-
T0 PyXy TBEPJOro Tijla HaBKOJIO HEPYXOMOi OCi.
g BUBeneHHS OCHOBHOTO PiBHAHHA NUHAMIKU
m 00epTaJIbHOTO PYXY TBEPAOTO Tijla HABKOJIO HEPY-
XOMOI O0Ci BHOKPEMIUMO HeBEJIUKUI eJIeMeHT Macu
IIBLOTO TijJla — TOUKY Macoio m. Hexait Ha 1110 TOUKY
Macoi m, III0 Po3TallloBaHa Ha BimcrTawi r Bim oci
obepTaHHs, Ai€ y IJIOIUHI 00epTaHHS IIOCTiliHA
cuia F, HanpaBJieHa IEePIEHANKYJIAPHO 10 pagi-
Man. 140. O6epTanHs yea (man. 140).
TOYKM TBEPIOTO Tija 3a gpyrum sakoHoM HrioTona F=ma, .

e>T)




JuHaMika 06epTaJbLHOT0 PyXy TBEPAOro Tijla

OckinbKHu AJIs 00ePTAJIbHOTO PYXY CYTTEBUM € MOMEHT CHUJIM, TO IIOMHOKIIMO
00uABi UacTMHU PiBHAHHA Ha r — BificTaHb Big oci obepranHsA A0 JiHil aii cunu (y
HaIoMy BUNIaAKY r=d): Fr=ma r.

Ockinbru Fd = M, To, BpaxoByIOuH I1e i Te, 110 a_= £r, orpumyemo: M = mer2.

Besnnuwnma mr? € mocTifiHoo0 MpU 3aJaHOMY 3HAUYEHH]
mTarie momenmom inepyii mouku J, 1mo obepra-
€ThCA.

IJ1st TBepIOTO Tija, IO CKJIAMAETHCA 3 I MAaJIUX eJie-
MEHTiB Macu, MOMEHT iHepIlil MOKHa BUBHAUUTHU, 10~
é IaBIIY MOMEHTU iHepIlii eJileMeHTiB.

n
J= Zmiriz'
i1

TakmuM YMHOM, OCHO6HE PDi6HAHHA OuHamMiKu 0bep-
MmanvHOo20 pyxy meepdozo mina Ha6K0L0 HePYxXomol
oci mae euznad M =J €.

ITeit Bupas ToroxxkHU hopmyai F = ma, ge cusa F saminena momeHTOM cuyi M,
3aMiCTh IPUCKOPEHHA @ — KYTOBE IPUCKOPEHHS €, 8 POJIb MACU M BUKOHYE BEJINYN-
Ha J — MOMeHT iHepIrii Tina.

3Bifcu BUILIUBAE, L0 KYyTOBEe NMPUCKOPEHHA, AKE OTPUMYE TBepAe TiJIoO BHA-
CJIiOK Ail MOMEHTY CUJIU, IIPSAIMO IPOIIOPIlifiHe 3HAUEHHIO ITbOT'0 MOMEHTY CUJIU Ta
00epHEHO IIPOIOPIiiHe MOMEHTY iHepIrii Tiia: € = M /d.

Momenm inepuyii mina (J) ogHOYACHO BPaAXOBYE
é BILJIUB Ha KYTOBe IIPUCKOPEHHS Macu Tija, #oro gop-
MU, TEOMETPUYHUX PO3MipiB, po3TaliryBaHHA 0ci 06ep-

TaHHSA Ta PO3IOiJI Macu 1Mo 06’ eMy TiJa.

Y Tabauili Ha c. 148 mogaHo MOMEHTH iHepIlil feAKNX OQHOPIAHUX TiJ.

@ Daiite BianoBiAi Ha 3anUTaHHA

1. IITo take momeHT cuau? 3a K00 (GOPMYJIOI0 Bi BusHauaeThea? AKuii Ha-
IIPSAM Ma€ BeKTOP MOMEHTY CUJIN?

2. IIlo Take mieue cuam?

3. IIlo Take moMeHT iHepIii Tisia? Big uoro 3ajaeXUTh MOMEHT iHepIIil IeBHOTO
Tima?

4. TlosacHiTk mocainm 3 06epTaHHA TBEPAOro Tijia. SIKi BUCHOBKY MOKHA 3po0Ou-
TH 3 TAKUX TOCIimiB?

5. 3anuIriTh OCHOBHE PiBHAHHS IUHAMIKY 00ePTaJIbHOTO PYXY TBEPAOTO TiJa.




MomenTH iHepIii Tix

Sk mpoxoguTs

Tinxo . J
Bich 00epTaHHSI

ToHKU# cTEPIKEHD Ilepnengurynap- ml2
Macoio m i JOBKM- HO JI0 CTEPIKHS,
HOIO [ yepes Horo cepe- 12

IUHY
Toukwuii crep;xeHb ITepnerguky- mi?
Maco m i JoBKU- JISTPHO JI0 CTEePIK-
HOIO [ HA, yepes foro 3

KiHemnn
Touka Tpy6Ka a6o 306iraernes 3 Bi- mr
KijgbIe pagiycom r ccio TpyOu ; fa'
Kpyrauii guck abo IlepueHguKyIsAp- mr?
IUJIIHAP Macoo mi | HO [0 IJIOIIUHA
paxmiycom r nUuCcKa, uepes 2

Horo mMeHTp
Kyuna macoro m i 36iraerscd 3 gia- omr?
paxgiycom r MeTpoOM \.lj 5
Kpyranit nuriagp IlepueHgUKyIAp- 2
MacoIo M, JOBIKU- HO 10 oCi IuIin- o ) m E+Z

Hot0 [ i pagiycom r

npa, uepes Horo
cepenuHy

o




JuHaMika 06epTaJbLHOT0 PyXy TBEPAOro Tija

@ Mpuknaau po3e’a3yBaHHe 3apay

ITpu posB’si3yBaHHI 3ajgau CJi 3aCTOCOBYBATH OCHOBHE PiBHAHHSA AUHAMIKUI
Ta KiHeMaTW4Hi PiBHAHHA 00€PTAJbHOTO PYXY, & TAKOXK (hopMyam, 110 OMUCYIOTH
BJIACTUBOCTI CUJI, IKi AiI0TH MiXK TiaMmu.

3amaua 1. Oguopiguuii guck macor 2500 Kr Ta pagiycom 1 M obepTaeThbCs Ha-
BKOJIO OCi, III0 MPOXOAUTH Yepes MOoro IeHTp, 3AiticHioum 600 06/xB. o gucka
MIPUTUCKAIOTH IJIaCTUHY. IK00 Mae OyTH cuia, 110 Ai€ I0 JOTUYHiN 10 AucKa, 11100
yepes 5 XB KiJbKicTh 00epTiB cTaJia yABiui MeHIII00?

Hano: Po3é’azanna:
m=2500 Kr; 3a OCHOBHUM PiBHAHHAM IU-
r=1wm; HaMiKu 00epTajJbHOTO pPYXy TBep-
n. = 6000_6 _ 1()@; IOT0 Tijla HABKOJIO HEPyxXoMoi oci
! XB c M=¢d.
t=5x8=300c; Y mamomy Bunankry (man. 141):
n,/n =2 2 F
2 1 mr
M=Fr, J= ,
F-? 2
_ Ao 2mn,-27nn, Man. 141.
- T - t . T'ansmiBHA Oig cuau

IligcTaBisaioun 11i BUpasy B OCHOBHE PiBHAHHSA, OTPUMYEMO:
_nrm(n, —n,)
, .

ITicaa mizcTaHOBKY YMCJI0OBUX 3HaueHb: F=-131 H.

3HaK MiHyC «—» BKa3ye Ha raJbMiBHY Ji10 CHUJIN.

Bignosigs: F=-131 H.

3amaua 2. Yepes 010K, 1110 Ma€ (popmy aucka, macoio 0,1 kr ra pagiycom 0,025 m
IMePeKUHYTO HUTKY, 10 KiHI[iB K01 migBimmeHi BanTaski macoro 1,2 ta 0,8 kr. Busua-
YNUTH PISHUIIO CUJI HATATY HUTKU 3 000X OOKiB 0JI0Ka Ta IPHUCKOPEHHS BAHTaKiB.
BBaskaTu, 1110 HUTKA HEPO3TIKHA i He MOKe KOB3aTH 110 OJIOKY.

F

Hano: Po3é’azanna:
m=0,1 kr; 3pobmMOo cxeMaTUUHUIM MaJTIOHOK M0 3axaui (maa. 142).
r=0,025 m; OCKiTbKY HUTKA HEPO3TKHA, TO IPUCKOPEHHS BAHTAYKIB OJHAKO-
m, =1,2xr; |Bi:|d|=|d,|=a.
m Bpaxosyrmouu Te, 1m0 3a TpeTiMm 3akoHOM HbroTOHaA ’f’l'= —Tl ,
AT -7
a-"? T, =-T,, TO MOX<Ha 3aITUCATH ‘Tf‘z‘f’l‘zTI ;g@' =‘@‘=T2 .

3anuineMo piBHAHHA PyXy BAHTAXKIB Y IIPOEKITiAX Ha BUOpaHy Bick Y (man. 142):

T1 -mg=ma (1);
T,-m,g=—-m,a (2).
MowmenTn, mo crBoproioTheca cunamu 1 i T, , HalIpaBJleHl y IPOTHUIIEXKHI CTOPO-

HU, OT)Ke, OCHOBHE PiBHAHHS JUHAMIKK 00ePTaIbHOTIO PYXYy OJIOKY HAOyBa€e BUTJIA-
ny: (T, -T,)r=dJe.




OcCKifbKY HUTKA He KOB3a€, TO OJIOK IIij Jicro BaHTaXiB A

a .
00epTaeThCsa 3 KYTOBUM IIPUCKOPEHHAM €=— . MOMeHT iHep-
r

mr?

ii 6s1oka (gucka) J = 5

IligcraBasaroun 11i BUpa3u B OCHOBHE PiBHAHHA IMHAMIKU
00epTaJIbHOrO PYXY, MAEMO:
2

mr° a
(T, -T)r= —(3).
2 r
Poss’sasytouu cucremy piBHAHD (1 — 3) oTpUMyeMO:
m,—m m,—m,)m
g={Me=mIE g (M —m)mg
mz"‘ml"‘E 2(my,+m))+m
i . Man. 142,
iICTaBJIAIOYN UNCJIOBI BHAYEHHSA, OTPUMYEMO: .
CxemaTuuHmit
T,-T,~0,1H, a=1,9 M/c2 . MAJIIOHOK 10 3amaui 2

Bigmosins: T, - T,~0,1H, a=1,9 M/c2 .

@ Bnpaga 24

1. Ha Gapa6au pagiycom 0,5 M HAMOTaHO HUTKY, 4O KiHIIS AKOI MPuB’sA3aHO
BaHTa)K Macoio 10 kr. BusHauutu MmoMeHT iHepilii 6apabaHa, SKIIIO BAHTAM OITyC-
KaeThesA 3i cTaIMM IIPpUCKOPeHHAM 2 M/c2.

2. Kineue macoro 1 Kr i pagiycom 0,2 M o0epTaeThbess 3 KYTOBOIO IIIBUIKiCTIO
100 pazx/c. Kinblie KaaayTh Ha TOPU30HTANLHY II0OBEPXHIO. BHACIIOK TepTa KinbIle
synuHaeTbea uepesd 10 c. Busnauuru KoedimieHT TepTs.

3. Nuck macoio 10 kr i pamgiycom 10 cm BibHO 00epTaeThCsA HABKOJIO OCi, IO
TPOXOAUTH Yepes IeHTP 3 KyTOBOI uacToToro 6 pasn/c. IIpu rasmbmyBaHHI [UCK 3y-
MUHAETHCA 3a 5 ¢. BusHauuTH rajibMiBHUIT MOMEHT.

4. BusHaunTy raJbMiBHUHM MOMEHT, AKMM MOYKHA 3ynuHUTH 3a 20 ¢ MaxXoBe KO-
Jeco macoio 50 Kr, po3momijieHo0 o 000y KoJjeca, i pagiycom 30 cm. KyToBa uac-
ToTa obepramua KoJyeca — 20 pazx/c.

5. Ilo o6oma ogHOpigHOTO MUcKa pagiycom 0,2 M mpuKJIageHa 0 JOTUYHIHN cuia
98,1 H. ITpu oGepranHi Ha AUCK Aie MomMeHT cuu Tepta 4,9 H - m. Busnauutu macy
IMCKa, AIKIIO BiH 00epTaeThesa 3i cranum KyToBuM npruckopenuam 100 paz/c2.

6. OmHopimuuUIi cTep:KeHb 3aBAOBXKKU 1 M i macoio 0,5 Kr obepTaeThCcs y Bep-
TUKaJIbHIN IJIOIUHI HAaBKOJIO TOPU30HTAJIBHOI OCi, II[0 IPOXOAUTH YePe3 CEPeNHY
CTEPKHSA. 3 AKUM KYTOBUM MIPUCKOPEHHAM 00€PTAETHCA CTEPIKEHb, AKII0 Ha HHOTO
nmie momenT cuian 98,1 mH - M.

7. MaxoBUK, MOMEHT iHepIrii aKkoro 63,6 Kr * M2, 06epTaeThbCA 3 KYTOBOIO IITBUI-
kictio 31,4 pan/c. BusHaunuTy MOMEHT CUJIU TaJbMyBaHHSA, I Ji€I0 SKOTO Maxo-
BUK 3ynuHuUTHCA 3a 20 ¢. Max0oBUK BBAXKaTH OJHOPIIHUM JUCKOM.




CTATUKA

§ 27 PiBHOBara Tin

v’ Ymosu pieHosazu mid.
4 ITapa cua.
4 Ifenmp maxciHHs i yenmp mac

YmoBu piBHOBaru Tij. Po3nis MexaHiKu, B AKOMY BUBUAIOTHCA YMOBU PiBHO-
Baru TiJI, HA3WBAETHCA CTATHKOIO.

Pienoeazoro mina Ha3UBaOTh TAKUM CTAH MeXaHiu-
HOI cucTeMU, B SKOMY TiJia 3aJIUIIAIOTHCA HEPYXOMU-
é MU BiJHOCHO 0OpaHoi iHepIlliaJbHOI CCTEMH BiIIiKy.
(ITpuz mboMy BigHOCHO OyABL-AKOI iHIIIOI iHepIiaabHOI
CHUCTEMU BiJIIKY TiJI0O pyXaTMMETHCA IIOCTYIIAJIBHO 3
MOCTiHTHOO IITBUAKICTIO.)

3rigHo 3 ApyruM 3akoHoM HbioToHa, [Jis TOTO I00 TiJIO 3aJIUIITAIOCh B CIIOKOI
(BimHOCHO 00paHOI cUCcTEeMU BiJIiKY), HE0OXiHO, IIT00 BEKTOPHA CyMa BCiX IIPUKJIa-
JIeHUX [I0 Tijla CHJI JOPiBHIOBAJIA HYJIIO.

Tomy nepuia ymosa piéHo6azu 1 Tij, 1110 He 06epPTAIOTHCA, (HOPMYIIOETHCS TAK:

Tino mepedbyBaTuMe B pPiBHOBasi, AKINO pPiBHOmiliHA
é IPUKJIAAEHUX CUJI TOPiBHIOE HYJIIO:

Y F=0.
i=1

Y koopamHaTHi#i (Qopwmi: asrebpaiuma
cyMa IIPOeKIill CUJI, IPUKJIAJeHUX [0 Tija, Ha
JIOBLJIBHY BiCh JOPiBHIOE HYJIIO.

Ha man. 143 noxkasaHo npuKJIaj piBHOBA- F, F,
TU TBEPAOTO Tija mix miero Tphox cui. Touka
neperuny O mimiit xii cun F, i F, me 36ira- \C/
€ThCS 3 TOUKOIO MPUKJIAJAAHHA CUJIU TSI KIHHS O\I/ m
(mentTpom mac C), aje Ipu pPiBHOBA3i I1i TOUKHT
000B’sI3KOBO IIOBUHHI 3HAXOAUTHUCHL HA OLHiI
BEepTUKAJIi.

s obuncienHsa piBHoOmifiHOI cmil, AK BaM Man. 143. TIpukaax BUKOHAHHS
ysKe BiioMo, BCi crIu 3BOAATHCA 10 OTHiET TOUK Y. NepuIoi yMOBH PiBHOBATH

mg




SKII0 y KOHKPeTHIN 3amaui Tijio MoxKe pos-
MJISfaTHCh K MaTepiajbHa TOYKA, BUKOHAHHSA
MepIioi yMOBM PiBHOBArW AOCTATHHO IJIs TOTO,
1100 TiJIo 3ajuIaIoCch y coKoi. BukopucroByio-
Yy mepily YMOBY PiBHOBaru, MOYKHaA PO3PaxXOBY-
BaTH CUJIU, AKi Iif0oTh 3 O0KY Tija (AKe mepeOyBae
B CIIOKO1) Ha KiJbKa omop abo miaBicis.

S0 B 3a7aui TiIO He MOMKe PO3TJIAAATUCH K
MarepiajgbHa TOYKA, i CHJIH, ITI0 Mil0Th Ha TiJIO, IIpu-
KJIaJieHi He B OIHili TOUIIi, TO TiI0 MOYKe 00ePTaTHUCS.

ObeprasibHa [ifd XapaKTepU3YETHCA MOMEH-
Tom cuau. 11106 Tiso, 3akpingeHe Ha HEPYXOMil
oci, mepebyBaJio B piBHOBa3i (ma. 144), Heooxin- Man. 144. Cumm, 1mo airoTs Ha Tijo,
He BUKOHAHHSA JIPYrol yMOBU PiBHOBAru: 3aKpinsene Ha Hepyxomii oci O

Tino mepebyBaTuMe y piBHOBa3i, AKIIMO ajredopaiuHa
é cyMa MOMEHTIB Ha OyAb-IKUH HAIPSIM HEPyXoMoi oci
n n n

JOPiBHIOE HYJIIO: zMix =0; ZMW =0; ZMiz =0.
i=1 i=1 i=1

Haranyemo: 1110 IpuiiHATO BBAXKATH MOMEHT CHUJIN 610’ €EMHUM , STKIIIO TiJI0 00ep-
TaEThCA IiJ Ai€lo Iiel cuau npomu 200uHHUKO0601
cmpinku, i dodamHum, AKIIO Tigo 06epTaeThCsa
30 200UHHUKOB010 CMPINLKOI0.
Taxky yMOBYy IIle Ha3UBAIOTb NPAGUTLOM
momenmie. Tax pnsa Ttima, 300pasKeHOTO Ha
man. 155. gpyra ymoBa piBHOBArm Ma€ BUTJISAL:
Fd, +F,d,-F,d,-Fd, =0.
3eepnimv ysazy! Ha mnoyaTky BUBUYEHHHA
IVHAMiKM HOCTyIaJbHOro pyxy Tina (§ 16) mu
IOMOBUJINCS TaK 300pasKaTy BEKTOPU CHJI, IO
Iil0Th Ha Tijo, HiOM BOHM HPUKJAAEHI M0 OmHi- Man. 145. Cymapua fist cu
el rouku rina. Temep 3posymiio, mo6 Tino pyxa- (BeKTOpH AKHX 300paskeni
JI0CA TOCTYTaIbHO, He0OXiHO, abu JMiHil mii CUI  yepronum xomsopom) 3yMOBJIIOE
(uepBOHi BeKTOpU Ha Ma.l. 145) IepeTUHANNCA B mocTynaJbHuil pyx Tija, a cymapHa

onHiN Tourni C — meHTpi TAKIHHA (I[eHTPi Mac).  1id cui (BeKTopH AKuX 300paskeni
Bynp-axa cuna, JgiHig mii Kol He IPOXOAUTH YOPHUM KOJIB0POM) —
yepes IeHTP TAKiHHA (YOpHi BEKTOPU HA MaJIIOH- obepraHHA TiNa

KY), BUKJHUKAaEe 00epTaHHA.

3arajiom, KOJIM TiJI0 MOYKe OJHOYACHO PyXaTUCHA MOCTYIAJbHO Ta obepTaTucs,
U1 piBHOBaru HeoOXigHe BUKOHAHHA 000X YMOB PiBHOBATH.

PosrasimeMmo KoJjeco, 1[0 KOTUTHCSA O TOPUBOHTANbHIN moBepxHi (man. 146).
Y Oyab-aKU MOMEHT Yacy AJsA HbOTO BUKOHYIOTHCA YMOBY PiBHOBATU: PigHOJillHA
CUJL | MOMEHM CUJL, W,0 0il0Mb HA KOJLeCcO, 00Pi8HI0I0Mb HYJLIO.

Y moeu pienosazu He € ymosamu cmany cnokor mina.




2

yFr=mg Man. 146. PisHogiiina cui i MOMEHT CH.I,
1[0 Ii0Th HA KO0JIECO, TOPiBHIOIOTH HYJIIO

ITapa cua. ITapa cust He Mae piBHOAi#HOI i 06epTae Tio, Ha sTKe BOHA Ji€.

é ITapor cun Ha3uBaOTH ABi PiBHI 3a MoAyaeM mapa-
JIeIbHi cuin, AKi HAITPaBJIEHI B IPOTUJIEKHI CTOPOHH.
Haiikopormia BigcTanp MisK HanpaMKaMu Aii cui Ha- A
3UBAETHCSA NAEYeM NAPU. Fl 4 d
o <1 »la 2
Posrasmemo Bumazok, 3o0paskeHnuii Ha man. 147, a. 4 <« >
O0uABi criy 06epPTaAOTh TiJIO 32 TOAUHHUKOBOIO CTPiIKOI0 0 I
. . < >
iix momenTu M, =Fd, ta M,=Fd,. Togi MmomeHT napu 7
CHLJI BUBHAUAETHCS aIre6paiuHO0 CyMOIO0 MOMEHTIB 0 FA v
M=Fd, +Fd,=F(d, +d,)=Fl, 0,
Ie | — maeue mapu cuii. Takmit caMuii pe3yabTat oTpumye- | d, | l "
L )
MO i y BUImagKy, 3oopakeaomy Ha mai. 147, 6. Tyt momeHT | d, ol =
— P2 %) _ o ) I F
M, =Fd, Bix’emHuii, a momeHtT M, =Fd, nomatuHuii. Mo- \4
MEHT ITapu CUJI:
M=-Fd, +Fd,=F(d,—d,)=FI. Man. 147. Ilapa cua
TakuM YUHOM, MOMEHM NAPU CUL 6i0HOCHO 0Y0b-
AKOL oci 06epmanHa 00pieHIoE 000YmMKyYy OOHIEL i3

Cu/l Ha naieve napu.

ITpuraagamu obepTadHHsa Tija i gi€ro mapu CUJI € 00epTaHHA raiiKi, IKy 3a-
KPYUYYyIOTh; O0epTaHHSA 3BAPEHOTO AUNISA Ha MOBEPXHi CTOJA, AKIIO HOT0 PO3KPYTHU-
TH BEJUKUM Ta BKa3iBHUM MAJbIAMI; 00EPTAHHSA CTPLIKKM KOMIIaca y MAarHITHOMY
moJIi 3eMJIi ToIIo.

enTp Taxinaa. Ienrp mac. Mu HeogHOPA30BO TOBOPUJIY PO IEHTP TAKIHHA
YU IEeHTP Mac. 3’ACYEMO CYTh ITNX MTOHATD.

Ienmpom msasxiinua tina HasuBawTh TOUKY C Bce-
é penuHi Tija (abo mosa HUM), BiTHOCHO AKOi cyma MoO-
MEHTiB CHJ TAMKIHHA, AKi AiIOTh HA OKPEMi YacTUHU

Tijia, JOPiBHIOE HYJIIO.




ITono:kenHs IeHTpa TKIHHA OyIb-
SIKOTO TiJla MOYKHA BUSHAUNTH, PO30MBAIOUN

0
C % # TiJI0O Ha YaCTUHU IIPOoCTiIol opmu i BU3HAa-
C . AV
+ + + + + + ‘Vll Yaouym IeHTP OPUKJIaZAHHA PIBHOAINHOI

y . .. .

7 CHJI TSXK1HHSA, AK1 JiIOTH HA Il YaCTHUHMU.

y Hanpursiazn, € ToHKa OOHOPiAHA IIIac-
y

y

_  TuHKa (Mmanr. 148, a).
Posi6’emo maacTuHKY Ha OaraTto Ma-
Man. 148. IIonoskeHHS IIeHTPA TAKIHHSA X, pl?’HHX ML 096()}0 qac'ljmf. Ha xosxmy
[IpH Pi3HMX MOIOKEHHS Tia 3 HUX Jli€ cuJjia TAKiHHA — BCi i cuiu mapa-
He 3MIiHIOEThCT JeabHi i piBHi MiK cobo10.

ymE mg

d—-alad alada

Pisnoditina 060x napanenvHux cun, HaIpaBIeHUX
B OJIHY CTOPOHY, TOPiBHIOE iX cyMi II HampaBJieHa B Ty
é camy cTopory. Touka npuxnradanna piéHodilnoi 0i-

AUMb npamy, wWo CnOLYLa€e MOoUKU NPUKLAOAHHA
cknadosux cun, Ha 6i0pi3Ku, 06epHeno NPonopyilni
MOOYnAM YUX CusL.

OCKinbKY y HAIIIOMY BUIIAAKY MOAYJIi CHJI OMHAKOBI, TO PiBHOAIAHY ITUX CUJI BU-
3HAYAEMO IIOCJIJOBHUM AOJaBaHHAM CIIOYATKY ABOX CHJI, IMOTiM — iX piBHOmifiHOI i
TPETHOI CUJIN, PIBHOAIMHOI TPHOX CUJI 3 UeTBEPTOI0 i T. A. TakmM YMHOM, TOUKA IPU-
KJaJaHHA PIBHOAINHOI CUJI TAXKIHHA 3HAXOAUTHCA B IeHTPI mmactTuau — y Toulri C.

Ha maut. 148, 6, 6 moKas3a®o pisHi MOJI0KEHH IJIACTUHKY Y IIpocTopi. ITpu mepemi-
IeHHi Ta 00epTaHHi TBePAOTO Tija IT0JIOYKEeHHS 0T0 IeHTPpa TAKIHHA He 3MiHIOEThCA.

IleHTp TAXKIHHA OAHOPIAHOTO IPAMOKYTHOTO CTEP/KHA 3HAXOAUTHCA Y HOTO ce-
pPenuHi, TPUKYTHUKA — y TOUIli IIepeTUHY HOT0o MeaiaH, mapaJjejiorpaMa — y TOYILL
mepeTHHY HOT0 AiaroHaJieil, OMHOPIAHOTO KilbIA — ¥ HOTO T€OMETPUIHOMY ITEeHTPi.

Hagegeni npukxaadu 0osodsmu:

AKW,0 MIiJL0 MAE YeHmp cuMempii, mo yeHmp msaxiciHHs 30iea€muvcs 3 UeHMPOM CU-
mempii. Axu,0 mizo mae 8icov cumempii, mo 1020 YeHmp MAKCIHHA JeH UMb HA Yill
oci. Axuw,0 mino mae nAOWUHY cumempii, mo il020 UeHmp MAMCIHHA JeHumdv Y uyiil
NJAOWUHL.

IleHTp TAXKIHHA MOKE MiCTUTHUCH i T03a TiJIOM, HATIPUKJIA[, KiJIbIlA, M’ d4a YU
CipHMKOBOI KOPOOOUKI.

Ilenmp mac (iioro e Ha3WBAIOTH MEHTPOM iHepPITiT)

— TOYKAa, II[0 XapaKTepus3ye PO3IOoAiJ mMac y Tiai abo
é cucremi Tia. PyxaeThcsa BiH K MaTepiajbHa TOUYKaA,
e 30cepeKeHa BCsA Maca CUCTEeMH i Ha AKY Mil0Th yci
OPUKJIaAeH] 10 CUCTEMU 30BHIIIHI CUIN.

ITonosxcennsa yenmpa mac mina 6 00HOpPiOHOMY NOAL MAIKCIHHA 30izaembea 3
NONOJNCEHHAM YEeHMPa MAHCIHHA.
HeranpHillle IOHATTS IeHTpa Mac O0yzae posraauyToy § 30.




@ DawnTte Bignosiai Ha 3aNUTaHHA

. ChopwmymioiiTe yMOBU piBHOBarH Tija.

. IITo Take mapa cun? SIK BU3HAUAIOTH TIJI€YUe APy CUI?

. IITo Take meHTp TAXKiHHA Tima? K BUSHAUUTU HOTO TOJOKEHHA?
. IITo Take menTp mac?

NNQEUCI e

§ 28 Buau piBHoBarm

v' Pignosaza mix, w0 Marwmob mouKy onopu
v’ Pignosaza mix, w0 marnmo 8icb 00epmaHHs.
v’ Pignosaza min na onopi.

PiBHOBara Tij, 1o MarTh TOYKY Omopu. [[J1s Tij, 110 MAalOTh TOYKY OIIOPHU MOK-
JIUBi Tpu BUAM piBHOBaru: Oaiiny:Ka, cTifika i HecTiliKa.

Baiidyyca pienoeaza — 1e Koau 3a OyIb-AKOTO BigxXmileHHA Tijo nepebyBae y
cTaHi piBHOBaAru.

PiBHoBara masuBaeTbCcsa cmillkoro, AKIIO 3a MAJOT0 BiIXMJIEeHH Tija BiJ IILOTO
TOJIOYKEHHA PiBHOBAru BUHUKAIOTH CUJIM UM MOMEHTU CUJI, IKi IIOBEPTAIOTH HOTO V
CTaH piBHOBaru.

PiBHOBara HasmBaeTLCS Hecmili- a 0 6
K010, SKIIIO 3a MAaJoro BigXUJIEeHHSA
TiJla BiJ MOJOKEHHS piBHOBaru BU-

HUKAIOTh CUJINA Y MOMEHTH CHUJI, AKi N AN
BiIIAaIAIOTH TiJIO BiJl TOJIOKEHHA PiB-
HOBAaru.
Hampuraan, ryJis, 1Mo JIEXKUTH
Ha TOPUBOHTANbHIN moBepxHi, mepe- M& mg

OyBae y craHi Oalimyskoi piBHOBaru
(man. 149, a), Kyasa Ha TOBepxHi che-
pu — TPUKJAA HECTiKoI piBHOBarm
(man. 149, 6), a Kyasa y BBirHyTi#t mo-
BepxHi (maa. 149, 8) — npuran cTifikol piBHOBaru.

PiBHOBara TiJ, no maroTsh Bichk ooepranud. s Tij, 1110 MaloTh Bich 00epTaHHS,
TaKOK MOJKJIMBi BCi Tpu BuAU piBHOBaru.

Man. 149. Bugu pisuoBaru:
a — Gauny:ka; 6 — HecTiiiKa; 6 — cTiiiKa

Pisnosaza mina i3 3axpinnenoro iccro obepman-
é HA BUBHAUATUMETHCA BBAEMHUM IIOJIOKEHHAM IIeHTPAa
TSKIHHSA Tija i Biccio obepTaHHS (32 YMOBH, IO BOHHI

3HAXOAATHCA HA OHIN BEePTUKAJIbHIN MpAMii):




* 6atidysca, KO Bich obepraH- a 6
HA O IPOXOIUTH Yepes IEeHTP TAMKiH-
Ha tija C (maan. 150, a);
*cmilka, SIKINO Bich obepTamHsa
O 3HaXOAUTHCA HAJ IEHTPOM TAKIiH-
Ha C (maaxn. 150, 0); mg

8

mg mg

* Hecmilika, AKIIO Bick o0epTaH-
Ha O 3HAXOOUTHCS HIUMKUE 34 IEHTP
raokiaHa C (maa. 150, 8).

Man. 150. Baiigy:ka, criiika i HecTilika
piBHOBara rijia, o mae Bich o6epTaHHA

Pisuosara Ttint Ha omopi. Oco0IuBUM BHUIIAAKOM € piBHOBAara Tijia Ha omopi. ¥
IIbOMY BUIIQKY CHUJIa PeaKIlil ormopu MpUKJIaeHa He M0 OAHiel TOUKH, a PO3IMOIi-

JIeHa II0 OCHOBI o1mopu.

Tino, uwyo mae onopy, nepedbyBaroTh y DiBHOBa3i,

SIKIIT0 BePTUKAJb, TPOBEeHA 3 f10T0 [eHTpa TAKIHHA,
IIPOXOIUTH Uepes IJIOINUHY OMOPH, TOOTO BCEpemmHi

dirypu, AKYy YTBOPIOIOTH HA IIJOIMUHI OIIOPH TiJja.

Hampuraan, sigoma Bexka y m. Iliza (maz. 151). Bep-
TuKaJgbHA JiHig CC', 1110 IPOXOAUTH Yepes IeHTP TAKIHHA
C, BizxuneHa Bing meuTpa ocuosu O Ha 2,3 M. Be:xa mepe-
KUHETLC, AKIIO JiHiga CC' BUXOAUTHUME 32 MeXKi IJIOIIU-
HU OCHOBH.

@ Daiite BignoBiAi Ha 3anUTaHHSA

1. HagsBiTh Buau piBHOBArH TiJ i yMOBU 3a AKUX BOHU
MOJKJIVBi.

2. BukoHaBIIV NOACHIOBAJILHI PUCYHKHU, OXapakKTe-
pusyiiTe BUAY DPiBHOBATU TiJ, II[0 MAaIOTh: TOYKY OIODPH,
HepPyxXoMy Bich o0epTaHHs, IJIOIY omopu. SIKi Buau pis-
HOBAr'M MOMKJIMBI I uX Tia?

3. ITosicHiTH YMOBU piBHOBaru KaMeHs, 300paKeHoro
Ha maz. 152.

’\ 3aranbHi pekoMmeHpauii wono
7 pO3B’A3yBaHHS 3a4.a4 i3 CTaTUKU

¥ craTtuii BUKOPUCTOBYIOTH ABa TUIM PiBHAHBb, AKi |

BUPAKAIOTh YMOBY PiBHOBAarM TiJj:

n
1) ZE =0 — cyma IIpoeKIli#i cuJj, 110 AifoTh Ha Tijgo,

i=1
Ha OyAb-AKUI HAIPAM JOPiBHIOE HYJIIO;
n
2) ZMi =0 - anrebpaiuHa cymMa MOMEHTIB CHJI Ha
i=1

OyIb-AKUI HAIPSIM HEPYXOMOI OCi TOPiBHIOE HYJIIO.

Man. 151. YmoBa
piBHOBaru Bexi

Man. 152.
PisHoBara kameHs




CraTurka

SAKI1110 TijT0 He 00epPTAETHCH, & MOYKE PYXATHUCH TLILKY IIOCTYIAJILHO i ITPH ITLOMY IIe-
pedyBae B piBHOBAa3i, TO PEKOMEHIYETHCA TaKa IIOCTIiJOBHICTh PO3B’ A3yBAHHSA 3a1aU:

1. BukoHaTu MaJiOHOK, BKa3aBIlIU HA HbOMY BCi CHJIU, IO JilOTH HA TiJjO.

2. Obparu cuctemy Bigmaiky. Hampsamu oceit KoopguHaT o0upaTu TakK, 106 6yao
3PYYHO BU3HAUATH MPOEKIIii cuJ, AKi Iif0Th Ha TiJO.

3. 3anucaTu piBHAHHA piBHOBaru. AKIno cua He 6ijbIlle TPHOX, TO 3PYUHO II0-
OyayBaTu TPUKYTHUK CHUJI, i, BUKOPUCTOBYIouu Teopemu Ilidharopa, cuayciB abo Ko-
CHUHYCiB Ta iHIITi BJIACTUBOCTi TPUKYTHUKA, BUSHAUNTY HEBiIOMY BeJINUUHY.

SAx1ro Tizo Mmae Bick o6epTaHHsA, TO i Yac PO3B’A3yBaHHA 3aa4 JOTPUMYIOTh-
cA TaKOI mOCJIiJOBHOCTI:

1. BuKoHaTH MaJIIOHOK, BKA3aBIIIHX JiI0Ui CHJIN, IO3HAYNTHY JIiHII il I i 1iedi cuil.

2. CKJyacTu piBHAHHSA MOMEHTIB CHUJI BiJHOCHO Oci 00epTaHHs 3 YpaxyBaHHSIM
3HaKiB MoMeHTiB. fIKIIO Bick 00epTarusa 3a YMOBOIO 3aaui He 3a1aH0, Tpeda Bubpa-
TH TaKy TOUKY Tija, AKY MOKHA BBaKaTHU HEPyXoMoi0. Uepes 1[I0 TOUKY IPOBECTHU
BiCh, BITHOCHO AKOI BU3HAUATU 00ePTAJIbHI MOMEHTH.

3. 3anucaTu o0MABI yMOBU piBHOBaTH Tiji: piBHOBary cuJ i piBHOBary MoMeH-
TiB. Po3B’A3aTU CKJIaeHy CUCTEMY BiJHOCHO HeBiJoMOl BeTMUMHU.

@ Mpuknaaun po3s’a3yBaHHS 3apa4

3amaua 1. BauTax macoro 50 Kr migsimenuii Ha KPOH- A B
mITeliHi, AKUI CKJIATa€eThCs 3 Imonepeunoi 6anku AB i ykocu- ‘ o
"u BC (man. 153). BusHaunTu cujiv IpyKHOCTI, 110 BUHUKA-
0Th y 0aJIIi Ta yKocuHi, axino £ ABC =45°,

Po3é’a3anna:
Braxxkemo cunu (man. 154), II[0 IPUKJIA- ¢ m
JeHiy Tourni B: cuia npys:kHOCTL F; cCTUCHYTOI
ykocuru BC, cuna npyskHOCTi F, PO3TATHY- Man. 153.
Toi 6anku AB, cujia TSXKiHHA: mg . Ilo 3amaui 1

PiBrogitina cun 17'1 } Fz_.BpiBHOBa)Kye cuny mg .

VwmoBa pisuoBaru F, +F,+mg=0.

V¥ mpoeKIisgx Ha KOOPAWHATHI OCi 117 ymMoBa piB- -mg F,
HOBAI'M 3alIUCY€ETHCA: S d

Ha Bick X: F cosa—F,=0; /

Ha Bick Y: F sina— P=0. A/

PosB’a3youu cucteMy piBHAHB, OTPUMYEMO: ;

Y
bV

mg mgcos o

. > Fz = N .
sina sino

Ilicna obuncnernna: F, =343H, F,=240H.

Bigmosins: F,=343H, F,=240H. ¢ mg

3amaua 2. [[pabuna 3aBIOBKKU 4 M IIPHUCTaBJIE- v
Ha J0 IJIaJeHbKOoi cTinu mix kyrtom 60° mo mimyiorm.
Koedimient reprsa mixk apaduuoro i miggoroio — 0,33.
Ha axky BucoTy MOKe TiTHATUCH JIIOAUHA 10 TOTO, AK
IpabuHa mmouHe cKkoB3aTu? Macor ApabuHN 3HEeXTyBaTH.

F1=

Man. 154. BexTopu cu,
[0 MPUKJIaAeHi 1o Touku B




Po3é’azanna:

Ha gpabuny gitors cunu (maa. 155): F — cuia THCKY JIIOAUHY Ha fpa-
OuHY; Nl ta N , — CUJIU peaKIlii ormopu cTiHu Ta migyoru; F rep ~ CHLTIA TED-
Td MiK ApaObMHOIO Ta HiIoroM0 (3a YMOBOIO 3a7adi TepTA MiXK IpabmHOI0
Ta CTiHOIO HEMAE).

Koszanusa npabuHu MOKHA PO3TJIALATUA AK CYKYII- A
HiCcTh ABOX PYyXiB: 00epTaJIbHOIO BiTHOCHO OCi, II[0 IIPO- Y
XOAUTH uepe3 Touky O, Ta mocrynajabHOTO (Y HAIPAMI, N, %
nporuieskHomy oci X).

3amnuIieMo IepIry yMOBY piBHOBaru d, l

N,+N,+F+F,, =0

i BiZmOBimHO BiTHOCHO OCeii: o
ociX:FTep—N1=0(1); =
ociY: N,-F=0(2). P
3amnuinemMo APYyry yMOBY PiBHOBATY BiJHOCHO TOU-

Ku O:

\ 4

ad2|
>

Man. 155. Cuau,

) 10 IiI0Th HA IPaOUHY
N.,d, =Fd, a6o N,lsino.=Fhcoso. .

N,lsino _ Nl
Fcosa F
3 pisuanHA (1) N, = FTep.

3Bigku h= tgo.

Y cBoro uepry F,  =uN,=pF. Orxe: b= pltgo; h=0,33-4m ~%z 0,8m.

Bignosige: 2 ~ 0,8 M.

3amgaua 3. OnHOpiHA TOHKA IJIACTUHKA Mae (popMy Kpyra pagiycom R, B sKOMY
BUPi3aHO KPYTJINI OTBIip YABOE MEHIIIOTO Pajaiyca, 110 JOTUKAETHCA 0 KPAIO IIJIac-
tuHKU. [le Oyae 1eHTp TAaKiHHA?

Po3zé’a3anna:

OueBUIHO, IEHTP TAMKIHHA MJIACTUHKU 3HA-

XOOUTUMEThCA Ha i1 miamerpi, AKUH TPOXOAUTH

yepes IeHTP OTBOPY (maun. 156) Ha BigcTraHi x Bif meHTpa
mracTuHku O. Cujia TSKIHHA IIACTUHKY 3 BUPi3aHUM (O -
OTBOPOM M, g NPHUKJaLeHa A0 IbOTO IMEeHTPY. SIKIo BCTa- A4 imlg
BUTHY BUPi3aHy YaCTUHY IJIACTMHKU Ha IIOIepenHeE Micie, NS/
TO ii cuJIa TAXKIHHA: M, Q.

szg'

. R
3 YMOBU PiBHOBAru ILIACTUHKU: M, gX = ngE .

m,R Man. 156. [lo 3anaui 3

3BigKU x =
2m,

Bupasumo macy ogHOpigHOI mitacTuHKY uepes i rycTuny i 06’em: m = anzh .




CraTuka

2
Bignosinzo maca Bupisanoi yacTuHmM: m, = pnTh .

_ 3pnR%h
=

ITincraBiasioun Bupasu Ijs Mmac, orpuMmyemo x = R/6.
Bigmosias: x = R/6.

@ Bnpaea 25

1. Ho xinmnga crepskua AC (man. 157) 3aBIOBKKYU 2 M, OTUH
KiHeITh SKOT0 IIapHipHO IPUKPIILJIEHO 0 CTiHM’, a iHIITHH miaTpu- B
myeTbeda TpocoM BC 3aBroBKKY 2,5 M, i ABICMIIN BAaHTAK MACOIO
120 kr. BusHauuTu cuiu, 1o Jif0Th Ha TPOC i CTepIKeHb.

2. Ha montuHi, 110 Mae KyT HaXWJIy OO0 TOPU3OHTY O ,
CTOITh MUJIIHAP pagiycoMm r. koo Mae OyTu HaMOiIbIIIA BUCO- A c
Ta, 3a AKOI I[UJIIHJP IITe He IepeKuIaeThcs, AKII0 BiH 3pobJe- |J__|
HUH 3 OQHOPigHOro MaTepiany?

3. Hu moske soguHa Macoio 60 Kr migHiMaTuCch MO TPU-
MeTpOBiii npabuni macowo 10 Kr, sxa cToiTh mig Kyrom 30° 10 Man. 157. [lo sapaui 1
crinu. KoedimieHT TepTa KOB3aHHA MiK CTiHOIO i ApabUHOIO
- 0,3, a mix migyororo i apabunoio — 0,5.

4. Koaeco paxiyca R i macor m cTOiTh Iepes CXOONHKOI0, BrucoTa AKoI . ARy
HaMeHIIy TOPU30HTAJNbHY cuay F Tpeba TOKJAacTu I0 oci KoJjieca, 11100 BOHO MOTJIO
BUKOTHUTUCH HA CXOOUHKY?

5. Ha momri gosskuHO0 4 M 1 Mmacoro 30 Kr roifgarmTbCsa ABOE OiTel: JIBUNHKA,
macomo 30 Kr i xsmomunk macoro 40 Kr. [le Mmae OyTU y OOIIKK TOYKA OMOPU, AKIIO
IiTH CUAATH HA KIHIIAX SOIIKU?

6. 3 ogHOpPigHOTrO Kpyra pamiycom R = 6 M Bupisanm Kpy:KoK pamiycom r=R/3
Tak, 1[0 IEHTP IIbOT0 KPYsKKa Po3TallloBaHUU Ha BixcraHi 2R/3 Binm meHTpa Kpyra.
BusHaunTu moJIoKeHHA IeHTPA TAKIHHA Kpyra 3 BUPi3oM.

7. I’ars Kyab, Macu AKUX Bigmosimuo m, 2m, 3m, 4m i bm, yKpimiaeHo Ha
CTepIKHi, TaK, 110 iX IeHTPU IepedyBaioTh Ha BifcTaui [ onmH Big ogHoro. HexTyio-
YU MacoIO CTEP:KHS, BUSHAUNTHU ITOJIOMKEHHA IeHTPa TAKIHHSI CUCTeMU.

8. IIBoe 40JI0BiKiB HecyTh Ha IjIeuax TpyoOy macoio 80 KI Ta HOBMKHHOIO 5 M.
Ilepmiuii vost0BiK migTpUMYy€E TPYyOY Ha BigcTaumi 1 M Bix ii Kpato, a APYTrUii YOJIOBiK
— i1 mpoTuUIeKHUN Kpali. BusHaunuTu CUIy TUCKY, AKUH YMHUTDH TPyOa Ha KOMKHOTO
3 YOJIOBiKiB.

9. JIBi cTOpOHU APOTAHOI paMKu ¥ (hopMi piBHOCTOPOHHBOTO TPUKYTHUKA BU-
TOTOBJIEHO 3 QJIOMiHi€BOTO APOTY, a OAHY — 3 MigHOTO. BM3HAUMTM TOJOMKEHHSA
MeHTpa TAKIHHA PAMKU, SKIIO IPIiT Mae OJHAKOBUH IIepepi3, a CTOPOHA TPUKYTHU-
Ka mopiBuioe 1 M.

10. AxuM ymHOM MOJKHA BUBHAUUTHU MOAYJb CUJIHN TAKIHHS HEOTHOPiTHOTO
CTEPIKHA, AKIINO y BaIllOMYy PO3IOPAMKEHHI €: IITaTUB 3 My(TOI i 3BaTucKaueM,
HUTKAa, MigHui ApiT, JiHifiKa, oJiBenb, TaOJUIA I'YCTUHY PEUOBUHU 1 caM HEOIHO-
PiIHUNA CTEepIKEeHb.

Toxi Maca IIaCTUHKY 3 OTBOPOM M, =M —M,




PYXY HEIHEPUIAJIbHUX
CUCTEMAX BIAJTIKY

§ 29 Onuc pyxy B HeiHepuiaJibHUX cUcCTeMax Bianiky

4 Ilis saxonie Hvlomona 6 HeiHepyialvbHuXx cucmemax 8i0niKy, u,o
pyxarwmbvea nPAMOAIRIILHO.
Cuanu inepuyii 8 cucmemi 8i0NiKY, W,0 06epmMaAEMbCA 3 NOCMIlHOW0
KYMoa8oi ueudxicmio.

Hia 3akoniB HpoTOHA B HeiHepHmiaJIbHUX CHCTEMaX BiJIiKy, [0 PyXalOThCH
npamoJiniiiHo. 3akoHu HeioToHa y TOMY BUTJIAL, AK MU iX BUBUMJIN, BUKOHYIOThH-
cd JUIIe B iHepIiaJdbHUX cucTeMax Biaaiky. ¥ § 17 Mu HaBOAUIM TIPUKJIAL, AKUN
IOBOAUTH, IIIO0 PYX TiJIa BITHOCHO iHepIliaJibHOI Ta HeiHepIliaJabHOI CUCTEM BilIiKy
ONMCYETHCS O-PiBHOMY.

Heinepyianvna cucmema 6idniky — Ie cucreMma
é BIIJIiRY, III0 PYXA€ThCA 3 IPUCKOPEHHAM (IIOCTYIaIb-
HO 41 00epTaourch) BITHOCHO iHepIiiaJabHOI cuCTeMH

BimIiKYy.

Ha mpakTuiii uacto JOBOAUTHCSA PO3B’sA3yBATH 3ajaui, KOJK HEOOXiZHO ymiTu
oIrucaTH PyX 3 MOTJIALY CIIOcTepiraua, AKMi 3HaXOAUTHCA B HeiHepITiaibHil cucTemi
BifJTIiKy, OCOOJIMBO y TUX BU-

. - N N
nagkax, K(.)JII/I. BlI[H.OCHO el YAY K < YAY K <
CHCTeMHU BIIJIIKY Tijo mepe- K| | A K| v X
OyBaTHMe y CTaHi CIIOKOIO. 0 0
Posrasuemo crieprry Bu-
HaJ0K OIICY PYXy Tijia B He-
iHepITiaILHIT crcTeMi BiLTIKY, -
IIT0 PYXA€EThCA MIPAMOJIiHIIHO.
Hexait y Baroni morsra,
110 HaOHpae IIBUAKICTD, a OT- mé x x
JKe, PYXa€eThCA 3 IPUCKOPEH- 0 > 0 3=
HAM d , BUCUTH HA HUTII KYJIb-
. Man. 158, a. Cuan, Man. 158, 6. Cuiu, mo
kKa (maxn. 158, a). Bimnocmo . . . ! .
. g . . IO J1I0OTHh HA KYJIBKY B 1HEP- M1I0Th HA KYJbKY B HE1HEPII1-
semuti (iHepIriagbHOI cucTeMu . .. R .. L.
II1aJbHIA CUCTEMI1 BI1OJIIKY AJBbHIN CUCTEMI BIIJIIKY

Bimmiky K) KyJbKa Mae Take
came IIPUCKOPEHHs, SIK 1 BaroH 1oisza, i BOHO CIIpmYMHEHe PiBHOAIMTHOO F CUII TSOKIHHA

mg imarary murkn T . Ipyruii 3axor HeloToHA y ITbOMY BUIAIKY Ma€ BUTIAA: F =ma .




Pyx y HeiHepIiaJdpbHUX CHCTEMAaX BiIJIIKY

Bigaocuo Barona (HeimepriagbHOI cucteMu Bimniky K’) KyJbKa mepebyBae y
cTaHi cmokomw (maa. 158, 6). ¥ 1boMy BUIIAAKY CHUJIA F Mae GyTH CKOMIIEHCOBAHA.
Taxkoro cuor € cuna iﬂnepﬁq,i'i Fm' I npyruit 3axoH HeioTOHA y IOMY BUIIAIKY 3a-
nucyerbea y puraani: F+ F, =0.

Cuna inepyii 3yMOBJIeHA He B3aeMOAi€I0 Tiy, a Ipu-
CKOPEeHUM PYXOM camoil cucteMu Bimriky. Cuia imep-
é mii mpuKJazeHa A0 Tija, ajJe He MOJKJIMBO BKa3aTH
Tij0, 3 AKUM BiOyBa€eThCA B3a€EMOMisd, TOMY IJs Hel
TpeTiit 3akoH HhI0TOHA HE MOKe OyTU 3aCTOCOBAHMIA.

OcHOBHe PiBHAHHA AUHAMiKU B HeiHepIliaJIbHUX cUCTeMaXxX BiJJIiKy 3a (hopMOIO
aHaJIOTiuHe PiBHAHHIO APYToro 3akoHy HbOTOHA, ajie B PiBHAHHSA, KPiM «CIJI, IT[O
peasbHO AiI0Th» , BBOOAATHCA CUJIM iHEPILii.

Hiro cunm imep1rii BiguyBas Maiiske KOXKEH 3 Bac, KOJIU 32 PiBKOro raJibMyBaHHA,
HaIIpUKJIaI, aBToOyCca UM TpaMBas, CUJIa iHepIlii IIITOBXAa€ BIIepes.

BuacTuBicTh cuit iHepIIii me1mo cX0/Ka Ha CUJTY 3¢ MHOTO TAKiHHA. [1ig giero cuin
TAMIHHSA BCI TiJa PyXarOThCA 3 ONHAKOBUM IPUCKODEHHAM, TOOTO F~ m.Cunn
iHepIil HAJAIOTH TiJIy TAKOYK BiAIIOBIAHOTO MPUCKOPEHHA, 3 AKUM PYyXa€ThCA He-
imepiagbHa cucTeMa BifIiKy, T06TO — F,_~ m. (EKBiBaJIeHTHICTE CUJI iHepIii i rpa-
BiTamitHUX cuJI 3akJjazeHa A. EMHINITEIHOM y 3arajJbHy Teopito BigzHocHOCTi. IIpo
I1e MU IIOTOBOPUMO 3 YaCOM.)

Taxum YynHOM, BJIACTUBOCTI CUJI iHePIIil mOJIATraoTh ¥ TOMY, II1O:

a) BOHU HeiHBapiaHTHI BifHOCHO Ilepexony 3 omHiel HeiHepIliaJabHOI cucTEMU
BiJIiKYy B iHITY;

0) BOHM He IiIIOPAIKOBYIOTHCS TPEThOMY 3aKOHY HbioTOHA;

B) BOHU € 30BHIIITHiMU cHJIaMHX BiTHOCHO PyXOMOTO TiJja;

I') BOHY IPOHOPIIiliHi Maci Tina;

r') pyx Tiza mix giero cua iHep1ii aHagoriuHM pyXoBi y rpaBiTaiiiitnoMy moJTi.

Cunm imepuii B cmcremi Bigmiky, mo o0epTaeTbCcd 3 IOCTIHHOIO KYTOBOIO
mBuaKicTIo. PosrigmeMo pyx Tina B Heimepmianbuiit cucremi Bimaiky (K'), mio
obepTaeTbca BigHOCHO inepmiaabHOI
3 IIOCTiHOI0O KYTOBOIO IHIBuAKicTio. Ilpm-
KJIQJIOM TAKOT'0 PYXY MOJKe OYTHU PYyX KYJIb- K
KM, [0 3HAXOAUTLCSA Ha OJHOMY 3 KiHIIiB
MPY:KUHU, AKA IPYTUM KiHIleM 3aKpimjeHa
IO OCi mucKa, IKUil MOoyKe obepTraTuch (ma..

159). K110 gucK He 00ePTAETHCA — MIPYIKU- Vo
Ha He medopMmoBaHa. IIpu poskpyuyBaHHi - )
IWCKa, KYJbKa PO3TATYE MHPYKUHY TOTH, E,
IOKHU cuJjia MPYsKHOCTI He HaO0yBae 3HAUYEH- A %
HA: an = mo?R. BigmocHo imepmiambmoi X' '

cucTeMu BifTiKy (3emii) KyJabKa pyXaeTh-
€A TI0 KOJTY 3 IOIEHTPOBUM IIPUCKOPEHHAM,
sAKe HaJlae ToMYy cuJjia IPYKHOCTI.

AZ

A 4

Y

Man. 159. Pyx Tina B HeiHepuiaabHiit
cucTeMi BiIJIiKy, [0 06epTaeThea




BigaocHo HeinepmianbHOI cucTemu Bimniky K’ (gucka) Kyabka Hepyxoma. To6-
TO cUJIa IPYsKHOCTI BPiBHOBAXKYETHCS CUJIOIO iHepIlil (Y I[bOMYy BUIIaAKY ii HasmuBa-
0T 6104 eHmpo6010 CUNO0I0 iHepyil F‘Bu), 1110 HaIlpaBJieHa B3[IOBIK pajiiyca AucKa Bif
#oro oci obepranHsa. BigmenTpoBa cusa imeprrii, ak i Oyab-AKa cuia iHepiIrii, icuye
JIUIIe B HeiHepI[iaJabHill cucTeMi BiIIiky i 3HMKa€e Ipu mepexoi B inepiiaabHy (T00-
TO € HeiHBapiaHTHOIO BEJIUYUHOIO).

IITe omHUM IPUKJIALOM € PO3KPYUYYBAHHSA «MOJIOTA», 3aKPIIJIEHOTO HA TPOCi
(maan. 160). BigHocHOo iHepIiaabHOI cucTeMu BiAJIiKy (3eMJIi) MOJIOT PYXAeThCA IO
KOJIy, OToKe, Ma€ JOIEeHTPOBEe IPUCKOPEHHA, IKe HaZae TOMY CHJIa ITPYKHOCTI (cruia
HaTary Tpoca). BimmocHO cmopTcMmeHa, SKUN
obepTaeThCcs, KyJibKa Hepyxoma, OT:Ke, Ha Hel,
KpiM cujam HaATATYy Tpoca, Mi€ BimIleHTpoBa CHUJa
imepii.

Maii:ke B ycix pos3B’si3saHUX HaMU 3afjadyax He
BpaxoByBaJiocAa oOepTaHHA 3eMJii, 60 ii BBayKaiu
iHepITiaJIbHOIO CUCTEMOIO BifTiKy. IIpu TouHMX pPO3-
paxyHKax HeoOXiJHO BpaxOBYBATH Bi[IIeHTPOBY
CcUJTy iHepirii, 1o Aie Ha Tija, AKi odepTaioThbCA pa-
3oM i3 emureto. Taxr y § 20 My BiKe JOCTiAMIIN BILIUB Man. 160. Pyx momora
I000BOr0 00epTaHHA 3eMJIi Ha BiAMIHHOCTI 3HaUeH- i/ Mi€10 CHIIM HATATY TPOCA
HA ¢ 3aJI€XKHO Bif IIIMPOTH MiCIle3HAXOIKeHH.

Oxpim BiAIIeHTPOBOI cuu iHepILii y HeiHepIliaabHil cucTemi BiAIiKy, 1110 00ep-
TaeThCH, icHYye Tako:k cuia iHepirii Kopiomica.

Hill cucTeMi BimIiKky, SKa 00epTaeThCA 3 KYTOBOIO IITBU/I-

é Cuna Kopionica — cuna inepriii, 1110 fie B HeiHepIriaab-
KicTio 0, Ha TiJIO, AKe pyXaeThes 3i MIBUAKICTIO V.

Cuna Kopionica nmepneHIUKyIspHA
0 BeKTOpa O i mie y IJIOIMHI, mepIeH-
IUKYJISAPHINA 40 oci 00epTaHHA CUCTEMMH.
BoHa mnepmeHAUKyJSApHA MO0 BeKTOpa
MIBUAKOCTI PyXy Tijla, a OT:Ke, 3MiHIOE
TibKM il HAIPAM, He 3MiHIOIOUU MOZY-
JISI IIIBUIKOCTI.

ITpu BinpHOMY magminui cuaa Kopi-
ojsrica Bigxmise Tinma Ha cxin. e Bigxu-
JIeHHA ITPONOPITifiHe CUHYCY IITUPOTHU Mic-
Ie3HaXOIKeHHs, OTKe, MaKCUMAaJIbHe Ha
€KBaTopi i OPiBHIOE HYJIIO HA MOJIOCAX.
Tak, mpu nagiHui TiJTa Ha eKBATOpPi 3 BU-
cotu 30 M BifXMJIEHHS CTAHOBUTL 3,6 MM.
Cuny Kopiosica HeoOxifgHo BpaxoByBaTu
IPU TOYHOMY HaBeJIeHHI Ha I[iJb g yac
cTpinpOu Ha ganseki Bigcraui (maa. 161).

TliBHiuHNII moaIOC

BannaHoBaHa
TPAcKTOPisa

2CYB BHACTIZIOK
" il cmtn
Kopiomica

Man. 161. [Iia cuau Kopiomxica




Pyx y HeiHepIiaJpbHUX cUCTEMAaX BiIJIIKY

VY IliBHiuHil miBKYyJIi migMUBaHHSA IpaBuX Oeperis pik, 1110 TeUYTH HA IiBAEHbD,
3yMOBJIeHe TaKoK Hieto cui iHepitii Kopiodica.

IIle oxuuM mpukJaagoM BuABy Aii cuau Kopiosica € MOBOPOT IJIOMIMHYA KOJIU-
BaHb MasiTHUKA (PO Iie HTUMeThCA AeTalbHime y § 42).

Daiite BianoBiAi Ha 3anUTaHHSA

1. fIka cucrema BifIiKy HasuBaeThCA HeiHEPIliaJIbHOIO?
2. Ilo rake cuau iHepIrii? ¥ yomy ix 0cobGaIuBicTH?
3. IIlo rake cuna Kopiomica? ki BuaBwu 1iei cumm?

@ Mpuknagun po3s’a3yBaHHS 3apa4

3amaua 1. ITo moxwmiriit mIoImuHi 3aBAOBKKHY 2,5 M OAHOUYACHO IIOYAJIH PYX ABa
Tija: mepiie — Bropy 3 I0YaTKOBOIO IMBUAKicTO 50 cM/c, Apyre — BHU3 0€3 II0YaTKO-
BOI mBUKOCTi. BusnauuTu uac 3ycrpiui tin. Tepra He BpaxoByBaTu.

Hano: Po3sé’a3anns:

L=2,5m; 1. Posp’ssxemo 3amauy B CUCTEMi BiJIiKy, mOB’sA3aHiil i3
v,=50cm/c=0,5m/c | 3emiiero, TOOTO B iHepIiaNbHi cucTEMI.

-9 | Bubepemo koopauHaTHI oci Tak, IK ITOKasaHo Ha maJ. 162.

3anuIieMo piBHAHHA PyXy TiJd Bifg-
HOCHO 00paHOI cUCTeMU KOOPAWHAT.
s mepmroro Tima:

at®
Xy ZUOt—T N

2
JJ1a fpyroro: x, =L _ar . ) M“”' 1_62' Pyx T_i“_ )
2 B 1HepulaJI])Hlﬂ CHUCTEeMI1 BLIUIIKY

IIpuckopenHsa pyxy TiJl BUBHAYAETHCS JUIe KYTOM HaXWUJIy IJIOIMUHU i Oyme
OTHAKOBUM 32 MOJYJIEM JJIA 000X Tiji. ¥ MOMEHT 3yCTPiui KOOpAUHATH TiJ JOPiBHIO-
BaTHMYTh OHA OAHIN: X, =X,.

at® 2 . L

Vot ———=L—-——, 3BigKHU t=—.

2 2 ,

ITigcraBasroun ymciioBi gaHi, oTpu-
myemo: t=5c.

2. PosB’szkeMo 3ajmauy y Heimep-
IMiaJgbpHiN cucTeMi BifIiKy, moB’ a3aHii 3
Tijgom 2 (man. 163).

Toxi BizHOCHO Taxoi cucTeMu Bifi-
Ky Tijo 2 HEpyXoMe, a IePIIe PYXaeThCA
piBHOMIipHO i TpAMOJIiHITHO 31 MIBUAKIiC-

X
<

. L .
TI0 V. Hac pyxy Tina: t=—= 5¢. Man. 163. Pyx nepuioro Tija
V, BiTHOCHO Apyroro

Bigmosinse: t =5 c.




3eepHimb ysazy! Po3B’a3yBaHHA 1iel 3a7aui miATBEpAKYE PiBHICTH iHEpIiaab-
HUX i HeiHepiaabHUX cucTeM BiAIiKy B KimemaTuili. Kpim Toro, po3B’sizamus 3a1a-
ui B HeiHepiaabHili cucTeMi BigaiKy OibIl crpoIieHe.

3amaua 2. KinH, Ha TOBEepXHi SKOT0 3HAXOMUTHCA OPYCOK, PYXAEThCA BEPTH-
KaJIbHO Bropy 3 IPHUCKOPEeHHAM d . Bpycok 3ickoBaye BHu3. KyT Haxmiay KJamHA O.
BusmaunTu mpucKOpeHHs OGpycKa IIiJ yac pyxy II0 TOBEePXHi KJIWHA 3a YMOBH, IO
IIOBePXHA KJIMHA ryafeHbra (L=0).

Pozé’a3anns:

Posp’szkemo 3amauy B HeiHepiiaabHiNT cucrteMmi BiAmiKy (pyxomuii
KJINH), SKa PYXA€EThCA 3 IPUCKOPEHHAM 0 BEPTUKAJIBHO BrOpPY BiTHOCHO
iHepmiaabHOI cucTeMu BimgIiky (3emii).

VY meinepiianbHill cucTeMi BiIiKy Ha OPYyCOK mitoTs cuau (man. 164):

mg— cuia TskinEa, N — cmia peakiii omopu;
F‘iH — cmiia iHepIiii, AKa IPUKJIageHa [0 Tija i Ha-
IPAM BEKTOPA AKOI IPOTUJIEKHUU HATIPAMY BEK-
TOpa MPUCKOPEHHA PyXoMoi cucrteMu (KJIUHY).
PiBHopmitiHa MuX cuj Hagae OPYyCKY MPUCKOPEHHSA
b, 3 AKUM BiH 3iCKOB3y€e BHU3 BiTHOCHO HeiHep-
IiaJbHOI cCMCTEeMH BiTiKy. 3alUIIeMo ApyTre PiB-
uanaa Helorona: N +mg+E, =mb.

CrpoeKTyeMO BKa3aHi CHJIM HA KOOPAMHATHI OCi:

Ha ochk X: mgsino+masino=mb ;

Haock Y: N—mgcoso—macoso=0.

PosB’sa3yroun cucteMy PiBHAHD, OTPUMYEMO:

b=(g+a)sina. F,

Bigmosias: b = (g + a)sina.

3amaua 3. Bigpo 3 Bomooo 00epTaiTh Y BeEp-
TUKAJbHIN MJIOMINHI HAa MOTYS3IIi 3aBOOBXKKH [. 3
SAKOI0 HANMEHIIIO IIIBUAKICTIO HeoOXigHO 00ep-
TaTHU BiIpo, 11100 BoJA He BUJIMBAJIACS IPU IIPOXO-
I)KeHHI Bimpa uepes KpaliHe BEPXHE IMOJIOMKEHHA?
PosB’sasaTu 3amauy B iHepIliaabHill i HeiHepIiaJbHIN cucTeMax.

Man. 164. o 3amaui 2

Hano: Posé’asanns:
l Posp’sixemo 3amauy B iHepIianbHil cucTeMi Bigmiky (maa. 165) — Big-
v . —? |HOCHO SemJi.

min — . A7
VY miit cucTeMi Ha BOAy mifOTH ABi cuiu: mg — cuja TAKiHHA Ta N — cHja TUCKY
nHa Bigpa. PiBHOZifiHA X CUJI HAaZA€ BOM1 JOLEHTPOBOIO IPUCKOPEHHA a = L2 /1:
N+mg=ma.
2
. . mu
VY npoexkiiax Ha Bick X: mg+ N = T
MinimanbHa MBUAKiCTE 00EPTAaHHSA Bilpa BU3HAUYAETHCSA 3 YMOBH, 1110 N = 0.
Orsxe, v, =+/81 .




Pyx y HeiHepIiaJdpbHUX CHCTEMAaX BiIJIIKY

Posp’ss:xemo 3aauy B HeiHepIiaabHii cucTeMi Bigri- I
Ky (maz. 166). O6epemo 3a TiJI0 BiUTiIKy BoAy i OB’ sisKeMO 0
3 HEIO0 CUCTeMY KOOpAMHAT. ¥ IIbOMY BUIIQIKy caMa CUCTe- _
Ma BiJIiKy 00epTaTHMeThCs HaBKOJIO HEPYXOMOi 3eM.Ti.
BinmmocHo HeiHepmiaapHOI cucTemMm BiAJiKy Bojaa
HepyxoMa, OT:Ke, piBHOAiHa cui qopiBHIoE 0:

N+mg+E, =0.
VY mpoekmiax Ha Bick X: mg + N — qu =0, xe Bin-
. mv’ VX
IeHTPOBAa cuJia iHepIril me = T
Man. 165. Cuau, mo giroTh
MimimanpHa HIBUAKICTE 00epTaHHA Bipa Bu3Haua- Ha BOJY B iHepuiaJbHil
€ThCsA 3 yMOBH, 110 N =0 . cucTeMi BigTiKy

Orsxe, v, =\/B .
BigmoBigs: v_ =\/a .

min

BnpaBa 26
@ 1. dxkum mMae OGyTHM TOPUBOHTAJIbHE IMPUCKOPEHHS
aBTOMOOiJIs, 11100 CTiliKe IIOJOKeHHA macakupa Bigmo-
Bimasio KyTy #oro Haxmiay 45°7

2.V nidri, AKKI i yac pyxy BHU3 Ma€ IPUCKOPEH-
Hsa 1 m/c?, moaquHa BUITYCTHAIA 3 PYK TOpTdesb. ke mpu-
CKOPEeHHs MaTuMe IIopTdesib BigHocHO JidTa i Semiri?

3. Ha ropusoHTaJbHill OOIII JIEKUTh BaHTAXK.
Koegimient Tepra mik gomkor i Bantakem 0,1. ke
OPUCKOPEHHA B TOPUBOHTAJIBHOMY HAIPAMI CJIif Hama-
TH TOIIIIi, 11100 BaHTaK Mir 3 Hei 3icKoB3HyTU?

4. Timo macor m pyxaeTbcsA BHU3 II0 MOXUJIiM ILJIO-
muHi. BusHaunTy NIprCcKOpeHHd, 3 AKUM 3iCKOB3YE TiJIO
3 TIOXWJIOL TIJIOIITWHU, Ta CWJIy peakItii omopu, AKmo KyT Man. 166. Cumam, mo giroTs
HAXWIy ILUIOIUHA O, & Koe(il[ieHT TepTda MiK TijoM i Ha BOAY B HeiHepIiaabHIN
ILUIOIUHOIO — . Po3B’sa3aTu; 3ajjauy B HeiHepIiaabHil Ta cucremi BigmiKy
iHepianpHill cucTeMax BiIiKY.

5. KuH, HA TOBEPXHIi AKOr0 3HAXOAUTHCA OPYCOK, PYXAETHCA BEPTUKAIBHO BrO-
Py 3 OpUCKOpPeHHAM d . Bpycok 3ickoBaye BHu3. KyT Haxwmiy kianHa o. BusHauuTtu
IIPUCKOPEHHA OpycKa IIif yac pyxy II0 HOBEPXHi KyInHA 3a HaaBHOCTI TepTda (L #0).

6. 'nagenbkuii KiauH (L = 0), Ha TOBEPXHI AKOT0 3HAXOAUTHCA OPYCOK, pyxa-
€ThCA JIIBOPYY 3 IPUCKOPEHHAM d . BpycoK 3ickoBaye BHu3. KyT Haxmiy KJauHa O .
BusHaunTy IpUCKOPEeHHA OpyCKa Il yac Pyxy IO MOBEPXHi KJIWHA.

7. KnvH, HAa TOBEPXHI SKOT0 3HAXOIUTHCA OPYCOK, PYXAEThCA JiBOPYU. AKUM
Mae OyTH IPUCKOPEHHS KJINHA, 100 OPYCOK He KOB3aB II0 itoro moBepxui? KyT ma-
XMy KJIuHa o = 45°, koedimnieHT TepTsa Misk OpyckoM Ta moBepxHelo KianHa | = 0,2.

8. HeBesmke Tijio Macoro m 3icKOB3ye 0e3 TepTdA 3 TOBePXHi chepu, pagiyc aKoi
R. Ha sikiit Bucori Tiso BimipBeThes Big moBepxHi chepu?




HanronogHiwe B po3aini 2

1. Baxkouu Hpi0TOHA BUKOHYIOTHCA B iHEPIiaJlbHUX CHUCTEMaX BiAJIiKy i maroThb
3MOT'y HAOJMKEHO POo3B’sA3yBaTH OyIb-AKi 3amaui mexamiku. fAKimo Bimomi cuim,
OPpUKJIaLeHi 10 Tija, MOMKHA BUSHAUNTH MOT0 IPUCKOPEHHS Y OyAb-IKMI MOMEHT
yacy, y OyaAb-AKill ToUIli TpaeKkTopii.

2. luHaMika IIOCTYIIaJbHOTO PYXy Tija (MaTepiaJabHOI TOUKM) BUBYAE IPUUU-
HY BUHUKHEHHS NPUCKOPEHHA Tijia Ta Ja€ 3MOr'y BUBHAUNTHU MOTO 3HAUYEHH 1 Ha-
IpAM.

3. IuHamika 00epTasIbHOTO PYyXY Tija (TBEPOT0) BUBUAE MPUUYNHY BUHUKHEH-
HS KyTOBOTO ITPUCKOPEHHA TiJia, 1110 MOKe 00epTaTHCs HaBKOJIO HEPYyXOoMoi oci i mae
3MOT'y BUSHAUUTH 3HAYEHHA i HANIPAM I[HOT'O IPUCKOPEHHSA.

4. Y mMexaHilli po3pis8HAIOTH i TOCIiYKYIOTH CUJIN MPYKHOCTI, TePTs i BcecBiT-
HBOTO THKiHHA. CUIM OPYIKHOCTI i CUJIU TePTA MAIOTh eJIEKTPOMATHITHY IPUPOLY
i € BUABOM B3a€EMO/Iii YaCTUHOK, 3 AKUX CKJaAaloTheA Tija. Cuiia BcecBiTHLOTO Ts-
JKiHHS Mae rpaBiTaliiiny npupoay i gie MixK ycima 0e3 BUHATKY TiaMu.

5. Ko cyma nNpuUKJIafe X OO0 Tija CHUJI JOPiBHIOE HYJIIO, TO TiJIo IIepedyBae y
CcTaHi CIIOKO0I0 a00 IPAMOJIiHifTHOrO piBHOMIpHOT0 PyXYy (aJsie mpu IIbOMY TiJIO MOXKe
00epTaTuCh).

6. 1106 Tisio mepebyBaJio y cTaHi piBHOBaru — craHi, 3a SKOro B CUCTEMi BiAIiKy,
1110 POBTJIANAETHCA, HEMAE TTePeMilleHHA Oy Ab-AKNX HOTO TOUOK IIiJ] Ji€f0 TPUKJIA-
IeHUX J0 HbOTO CUJ, HeoOXifHe BUKOHAHHSA JBOX YMOB: BeKTOPHA CyMa MPUKJIAae-
HUX IO Tijla CHJI Ma€ JOPiBHIOBATHU HYJIIO i aaredpaiuyHa cymMa MOMEHTIB IpPUKJIaLe-
HUX I0 Tija cuJ (BiZHOCHO OyIb-AKO0I HePyXOMOI 0Ci) — TaKO0K HYJIIO.

7. 3rigHo 3 MpuHIIUIIOM BigHOCHOCTI ['asrisies KoopAuHATH Ta MIBUIKICTH PYXY €
BeJIMUMHAMU BiTHOCHUMU. [IprCcKOpPEeHHSA He 3aJIe’KUTh BiJi CUCTEMU BiJIiKYy JUIITe
y TOMY BUIIAAKY, AKIIO CUCTEMU PYXalOThCA OJHA BiJHOCHO OHOI IPAMOJIIHIAHO
i piBHOMipHO. SIKIITO cucTeMa BifJIiKy PyXa€eThCsA 3 IPUCKOPEHHAM BiJHOCHO iHep-
miaJbHOI cHUCcTeMM BiJIIKy, TO BOHA HA3MBAETHCA HEiHEepI[iaJbHOIO CHUCTEMOIO Bif-
JiKY.

8. OcHOBHe PiBHAHHSA IUHAMIKY B HeiHepIliaJlbHIX CUCTeMaX BiIiKy 3a (hopMOI0
aHaJIOTiuHe PiBHAHHIO APYToro 3akoHy HbioToHA, aje B PiBHAHHA, KPIM «CHJI, IT[O
PeayibHO mil0Th», BBOAATHCS CUIU iHepIlii. BiiacTuBicTh cui iHepIrii Aemio cxoxxa Ha
cmiry 3emHOro TsoKiHHA. Ilig miero cuam TAKIHHEA Bei Tija pyXarmThCA 3 OTHAKOBUM
IPUCKOPEHHAM, T00TO F~ m. Cuin iHepiii HagaoTh TLIY TAKOTO CaMOT0 IPUCKO-
PeHHd, 3 AKUM PyXaeThCsA HeiHepIliaJbHa CUCTeMa BifIiKy, To0TO, — F, ~ m.




Po3ain 3

3AKOHU
3BEPEXXEHHYA B MEXAHILLI

Sx Mu mepexkonanucs, 3akoHu HbploTOHA, 3amucaHdi yuepes MOHATTA CUJIV 1 TpU-
CKOpEeHHs, Jal0Th 3MOTY PO3B’sA3aTU MeXaHiuHy 3amady, OMMCATHA PYX Tija B ycix
neranax. I[Ipore € i Taki mpuumHYT, AKi 3MYIITYIOTH ITYKATH iHIIT (h)OPMU 3aTIUCY ITUX
3aKOHIB, a TAKOXK iHIII (hOpMU IMiAXOAY 10 BUBUEHHA PYXY MaTepii.

Hocutsb uacTo HEOOXiAHO 3HATH KiHIIeBUH CTaH PYXY Tija, BUXOAAYN i3 3aJaHUX
MOYaTKOBUX YMOB, He JOCJIiAKYIOUM OCOOJIMBOCTI ITOBEiHKY TiJI IIiJ yac B3a€MOIii.
Tob6T0 po3paxosyeamu kinyesuli pesyaomam 0ii cunu. Hanpukiaaz, ming gac 3a6u-
BaHHSA MOJIOTOM CTOBIIUMKA B 3€MJIIO, HEOOXi/THO 3HATH KiHIIEBUI PEBYJIbTAT YAAPY:
rIMOUHY 3aHYpPEeHHA CTOBIIUMKA B 3eMJto. IIig uac rpu y 6inbapg Heo6xigHO 3HATH,
AK PyXaTUMyThCA KYJi IMicasa yaapy, AKII0 BioMO iX IIOYaTKOBE PO3TAIlyBaHHA.
SK BuaHO 3 ITMX IPUKJIALiB, PO3B’I3yBaTH MeXaHiuHy 3aauy MOTPiOHO yiKe He I
PYXYy OIHOTO TijIa, a cucmemu min.

3axkonu Hbpi0TOHA 3aCTOCOBYBAIUCS IO TiJI, Maca AKUX 3aJIAIIAIACh HE3MiHHOIO
m = const. A ak 6yTH, AKu,o maca mina 3minioemvea?

Mu posrasagansu BUnaaku, KOJIU Tijla 3MiHIOBAJIU MIBUAKICTE IPOTATOM AEeSIKOTO
Yacy IIOCTYIIOBO — BiJ OJHOT'O 3HAUEHHS IO iHIIOr0, KOPUCTYIOUYUCH IOHATTAM IPU-
CKOpeHHdA. AJle y IPUPOJi TPANLIAIOTHCA BUIIALKU, KOJIU I YMOBA He BUKOHYETHCH.
Hanpukaazn, e1eKTPOHU B aTOMi MOXKYTh 3MiHIOBAaTH CTaH PYXY AMCKPETHO (cTpuo-
KaMu).

Y posnini «3akoHU 30epesKeHHsS B MeXaHilli» MeXaHiuHUN PyX PO3TJIATa€Th-
cd 3 TIOTJIALY IlepeTBOpeHHA i 36eperkeHHs eHeprii. Enepzemuunuil nidxid do eu-
6UeHHA MexXaHiuH020 pyxy OiIbI 3aTaNbHUN, HiXK KiHeMaTHYHU i nuHaAMIiUHNTH, i
I'PYHTYEThCA Ha BaKOHAX 30epesKeHHA.

OcHOBHI 3aKOHU 30epesKeHHs B MeXaHiIll — Ie 3aK0H 30epesKeHHs iMIyJabCy,
MOMEHTY iMIIyJIbCy, eHeprii. 3akoHu 30epeskeHHsd, K i 3akoH HbioTOHA, — Pe3yib-
TaT TEOPETUUHOTO y3araJbHEHHS NOCIiAHUX (haKTiB.

3axonu 36epescenna € QYynOamMeHMaALbHUMU 3AKOHAMU NPUPOOU, OCKITBKY
He 3aJIeKaTh BiJ IPUPOAU i XapaKTepy CHUJ, IO B3aEMOTIIOTH. 3a iX ZOIOMOTOIO
MOJKHA JOCJIiAKYBaTU MOBENiHKY TiJ HABITh Y TUX BUOAIKAaX, KOJU CUJIU 3aJIUIIIA-
IOTBCA HEBiJOMUMU.

Okpim HazBaHUX, € iHIII 3aKOHU 30epesKeHHs (HallpUKJIal, 3aK0H 30epesKeHHA
eJIEKTPUYHOTO 3apsaay), IPo AKi MU AisHAEMOCS, BUBUAIOUN HACTYIIHI po3miam ¢i-
3UKU.




§ 30 IMnynbc. 3akoH 30epeXXeHHs iMNyJbCcy

4 Imnynve miaa ma imnyasve cuiU.
V' Cucmemu min. 3akon 36epexcens imny.nbcy.

IMmmmysnbe Tisa Ta imnysase cusau. TepMiH «iMIIyIbC» TOXOOUTS Bif jiatT. impulsus,
IIT0 03HAYAE «IIOIITOBX». ¥ MEXaHIiIli IIMM TePMiHOM MO3HAYAIOTHCS IBi BEIUUNHN:
iMmyJsbce Tijia Ta iMITyJIbC CHUJIN.

IV EY = _
Bpaxosyroun, 1110 a = T‘) , opmyny npyroro sakony Hriorona F =md MoKHA

3alIucaT B TAaKOMY BI/II‘JIﬂ,IIi:

Ie V-7V, — 3MiHa IIBUJKOCTI, ¢ — 4ac, 3a AKUI 14 3MiHa BigOyBaeThCH, & OTHKe, i yac
mii cun.

ITepenuiemo 1o GopMysLy y TaKOMy BUIIAAL: Ft = mv—my, . lobyTox mv Ha-
3UBAETHCA iMIIYJIbCOM Tija, a foOyTOK Ff — iMIyJIbCOM CHJIN.

Imnynsvc mina (a6o KinbKicTh PyXy — TaK Ha3WBaB
T o BeanunHy I. HeioTOH) — iswuyHa BesmMumHA, IO
. XapaKTepu3ye MeXaHiUHUT PyX:
p=mb.

OpuHULA iMOyJabCcy Tijia — KiJorpam Ha MeTp 3a CeKyHAy, [p]=1 Kr - m/c.

Imnynve cunu BusHAUYAETHCA JOOYTKOM CEPETHBOTO
é 3HAUYeHHS CUJIU 3a IeBHUU iHTepBaJI Uacy Ta TpuBaJic-
TIO IILOTO iHTEepBay: Ft.

OauHUIA iMITyJIbCY CUJIN — HBIOTOH-CeKYHIa, [Ft]=1H - c.

Imnysnse cunu — me disuyHa BeInyuHA, KA OLHOYACHO BPAXOBYE BILJIUB MOLY-
JIsl, HAIPAMY i yacy il cuyiz Ha 3MiHy CTaHy PyXy TiJja.

ITe osnauae, 1110:

*OIHA 1 Ta caMa cuJja IPOTATOM OJHOTO i TOTO caMOT0 iHTEepPBaJy Uacy BUKJIUKAE
y OyIb-sIKOTO Tijla OMHAKOBY 3MiHY iMITyJIbCY;

< 0JHa i Ta cama cuJja, II0 Jie TPOTATOM OJHOIO i TOr0 camMoro iHTepBaIy dacy,
BUKJINKAE y TiJ pisHOI Macu pisHy 3MiHY IIIBUIKOCTI.




3aKoHM 30epeKeHHA B MeXaHii

Toxx dpyzuil 3axon Hvtomona MoykHA cHopMYJIIO-
BaTHU U TakK:
Yy pe3yavmami 0ii cunru 3MIiHIOEMbBCA IMNYAbC
é mina; abo — 3mina Kinvkocmi pyxy mina 00pi6HIOE
imnynvcy 6cix cun, u,0 Ha Hb020 dirombo:

Ap=md—-md, =Ft.

CaMe y TaKOMY BUIJIAIL APYTUii 3aKOH AMHAMI-

Ku O0yB chopmysboBanuii camuM 1. HeroToHOM. F A
IMoysnbe Tiza Ta iMIOyJbC CUJIM € BEKTOPHUMU F
BeJMYMHAMU. BeKTop iMIIyJibCcy HampaBJeHO Tak ’

caMo, K 1 BEKTOp IIBUAKOCTI PyXy Tija, a BEKTOP |
iMIOyJbCcy CHJIM — TaK, K BEKTOD CUJIN. :
dAx BugHO 3 HaBeAeHOI OPMYJIH, IMITYJIBC CUJIN |

I

I

XapakTepusyeThbesa Ao0yTKoM cmuu Ha yac ii mii. Ile Fy |
o3Hauae, 10 OJHAKOBI HACIIOKM B3a€EMOJil MOMKYThb |

OyTHU OTPUMAaHi, KOJIU Ha TiJIO Jie He3HAUHA CIUJIa, aje 0 At Altl t>
MIPOTSATOM TPUBAJIOTO Yacy, i y pasi, AKII0 BeJauKa

cuja i€ KOPOTKOYacHO. SIKIIO BiATIOBiHO B KOOPIH- Man.167.

Hartax F it BigoGpasutu MoayJib cuau F | iiivac aii ¢, PiBHi iMmmyascu cua

Ta MOAYyJIb cuau F, 31iiwacom ii ¢, (mpuuomy F, ¢, =F,
t,), TO ILIOIi 3aIITPUXOBAHUX NIPAMOKYTHUKIB Oy Ay Th piBHUMY (Ma. 167).

ITeit BUCHOBOK IITMPOKO BUKOPUCTOBYETHCS 1 BDAXOBYETHCS B TEXHIIli Ta MOOyTi.
Tak, mpaBuja po60Tu Ha OAIIITOBUX KPaHAaX 3a00POHAIOTE IIiTHiMaTH BeJINKI BaHTaK
PUBKOM, OCKIJIBKU JJIsI 3MiHM iMIIyJIbCY BaHTAKy 3a OysKe KOPOTKHUI Uac CJim mpu-
KJIACTH OY:Ke BeJIUKY CUIIY, IKa MOJKe IIePeBUIIUTH MillHicTh TpociB. Tak camo mosic-
HIOETHCA OOPUBAHHSA I'MYKY OypAKA UM MOPKBU IIPU Pi3BKOMY X BUPDUBAHHI i3 3eM.Ti.

Hnas «moM’AKINTeHHs yoapy» IPU rajJbMyBaHHI
Ha Pi3HUX BUJaX TPAHCIOPTY 3aCTOCOBYIOThH PECOPU
Ta aMOPTU3ATOPU: IIPUCTPOI, 3a MOMOMOIOI AKUX
301JIBIITYETHCS YAC raJIbMyBaHHA i TUM caMUM 3MEH-
IIyEeThCA CUJIA YAAPY.

SAxmio cura mie mixg meBHUM KyTOM [0 HAIIPAMY
pyXy Tija, TO 3MiHA iMITyJIbCYy BUBHAYAETHCS IIPOEKITi-
Man. 168. 3miny iMmnynscy Tina €0 Ii€l CHJIM HA BiCh, CIIPAMOBAHY B3JOBX HAIPAMY

BU3HAaua€ Npoekiis cunu F ua  pyxy (maz. 168).

Bick X, HanpaAM sK0I 30iraeTnca Sxmro Tijo 3mMiHIOE HaPAM PyXy, TO 3MiHY iMm-
3 HAPSIMOM PyXy OyJILCY BU3HAUAIOTH 34 JiarpaMoro iMmmyJsbciB. Hampu-

KJazn, M’ A4 Macol m BHaps- 0,

€ThCA 00 CTiHY 3i IMIBUIKiCTIO 4

v, Oig KyToM o Ta BijjiTae Bif X

Hel si mBugKicTIO U, migKyTOM 0,

B (kyTHm BHDPaxXOBYIOTbCA MiK a P,=mv, 0

HAIpsAMOM PYyXy i HOPMAJLIIO
X no crianm) (maz. 169, a). Man. 169: a — yomap m’a4a 06 cTiny; 6 — miarpama imMIryJascis




Ha maan. 169, 6 morkasaHo giarpamy iMmyJbciB, e BEKTOP 38MiHU iMIIyabcy AP
BUBHAYAETHCSA 3a IIPABUJIOM Iapasenorpama. 1lig uac yaapy Ha criny aie cuna F ,
HAIPAM K01 30iraeThCA 3 HATPAMOM BEKTOpPa 3MiHU iMIyJabCcy AP .

Cucremu Tin. 3akoH 30epekeHHs imnyabcy. Ha mpaKTHUIli JOBOOUTHCS PO3TJIA-
IaTy PyX He OMHOTO Tija, a CHIIbHUUA PyX AeKiJIbKOX B3aeMozitoumx Tij. Hampu-
KJaz, pyx miaanetr Conaunoi cuctemu. [ omrcy mOBeJiHKY PYXy CUCTEMH TiJl BU-
KOPUCTOBYIOTH II€BHi BEeJIMUMHH, 1110 XapaKTepPU3yIOTh cucmemy 6 yiiomy.

TakuMy MOHATTAMYU, HATIPUKJIAZ, € Maca, iMIIyJIbC i IEHTP Mac CUCTEMMU.

N
Maca cucmemu — 11e cyMa BCix Mac TiJI, 1[0 BXOJATH [0 ITi€l cucTeMu m1, = Zmi .
i=1
Ilenmp mac cucmemu pyxaeTbed K MaTepiajsbHa TOUKA, Maca K01 JOPiBHIOE
cyMapHil mMaci TiJ cucTemu, a cuia, 1o Ai€, — TeOMEeTPUUHil cyMi 30BHIIHIX cwI,
1110 BILIUBAIOTH HA CUCTEMY.
Koopdunamy yenmpa mac cucremMu TiJ Macamu m,, m,, ..., M _, POSMII[EHUuX
Ha OJHIN IpAMiil, BU3HAUAIOTh 3a (DOPMYJI0IO:
_myx, +myx, +...+m,x,

M 2

m, +m,+...+m,

ne X, X,, ... X, —~ KOODAWHATH TiJ.
Hampuraan, HeoOXigHO BUBHAUUTH IIOJIOMKEHHSA IEHTPY MacC CUCTEMU « 3eMJIS —
Micsanb» . BRaskaTumeMo, 1110 TOUaTOK BiAaiKy Bici X sHaxoguThbes B IeHTPI Semi

m,-0+m,, -

(x,=0), Tomi x,,, = L 4660 xMm,

my+m,,
nem,=5,98-10* xr; m, = 7,35 10 kr; [ = 3,84 - 10° kM — cepeJiHsA BificTaHb Mix
LEeHTPaMU TiJ.

Ockinbku cepenHiit pagiyc 3emuri qopiBaioe 6370 KM, TO Ie 03HAUYAE, 110 IEHTP
Mac mIaHeTHOI cucremMu «3emuad — Micans» micturbesa Ha ranbuui 1710 kM Bif mo-
BepxHi 3emii. 3emas i Micais 06epTaoThCsa KOJIOBUMU 0pPOiTaMu HABKOJIO IIEHTPY
Mac, a IIeHTP Mac, y CBOIO UepTy, PyXaeThCs KOJIOBOI 0p0iTor0 HaBK0J0 COHILA.

Y mpuposai Bci Tijia B3aeMoaifoTh Misk co6oro. IIpoTe B3aeMomia 3 JesAKUMU Ti-
JlaMU HaCTiJIbKY He3HAYHA, 110 1i MOKHA He BpaxoByBaTu. {14 mporo y ¢isuili Bu-
KOPHCTOBYIOTH HOHATTS L30/1b08AHOL, A00 3a MKHEHOT, cucmemu misn.

N
Imnynve cucmemu — e BEKTOPHA CyMa iMIIyJIbCiB Tis cucremMu: p, = z p, abo
i=1
P, =m0, — IMIIyJIbC CHCTEMH TiJ ZOPiBHIOE JOOYTKY Macyu CUCTEMU M, TiJl HA IIBUJ-
KiCTb PyXy IIEHTPY Mac CUCTEMH V), .

3amrknena (i3on1v06aHa) cucmema — CUCTeMa TiJI,
AKi B3aeMOIiIoTh JHIlle MisK co000 i He B3a€MOIiIOTE 3
TiJlamMu, I110 He BXOAATH A0 Iiel cucreMu.

Cunau, 3 AKUMU B3a€EMOJIIOTE Tijia, IO BXOAATEL JO 3aMKHEHOI CHCTeMU, Ha3u-
BaIOTh 6Hympiwnimu. ToX MOKHA CTBEPAKYBATH, 1110 HA 3aMKHEHY CUCTeMYy He
IiI0OTH 30BHIIIHI cUIn.




3aKoHM 30epeskeHHA B MeXaHiIi

Hexaii saMKHeHa cucTeMa MICTUTD [1Ba Tijlla MacamMu /m, Ta m,, ki y Io4aTKo-
BUIf MOMeHT y BuOpaHiii iHeprianpHiil cucTeMi BiATiKy Mantu mBUAKOCTL V; Ta U, .
Yepes gedknit yac ix MIBUAKOCTI BHACJIIOK B3aEMO/il 3MiHMINCA 0 T); Ta T); . 3a
TperiM 3akoHOM HpioTOHA Tijla BBa€eMOIIiOTH 3 CUJIaMU PiBHUMU 3a MOJYJIEM i IIpO-
TUJIEXKHUMU 32 HAIIPIMOM: 17‘1 = —f‘z . Bupasuwmo 11i cuau 3a apyrum 3akoHoMm Hbro-
TOHA, 3aIIMCABIIN HOTO B iMOYJIbCHi (hopmi:

1‘;31 =m, R ;TH ) 1‘;‘:2 =m, Uy ;62 . Toni m, v ;m1f)1 =_mzf); ;mzf)z )

SAx1mo mepenecTu iMyabcu TiJ 40 B3aemMozil mo oguH OiK piBHOCTI, a micasa B3a-
eMomii — mo iHIIu#i, TO OTPUMAEMO:

— — — 7 — 7 .
m, v, +m,0, =m,V, +m,V, — 3aK0H 36epercenna imnyivcy.
CrpaBenIuBicTh 3aKOHY 30eperKeHHA iMIIyIbCy MU ITOKa3aIu Ha IPUKJIaAi cuc-

TeMH, 1110 CKJIAJAETHCS 3 IBOX TiJI, AKi BBA€MOi0Th. 3aKOH BUKOHYETHCS 1 IJI5 i30-
JILOBAHOI cucTeMu 3 006ibHOI0 KibKicmio min, uj,0 63a€modiromao.

BekTopHa cyma iMIIyJbCiB TijI, AKi YyTBOPIOIOTH 3a-
é MKHEHY CHCTEeMY, € BEIMUNHOIO CTAJIO0 i yac Oy ab-
AKUX PYyXiB i B3aeMogiit Tis cucremMu:
m, + m,V, + ...+ m v, =const

3a3HAYMMO, 1110 3aKOH 30eperKeHHA iMIyJIbCy MOKHA 3aCTOCOBYBATH i /IJ1sI HEi30-
JBOBAHUX CHCTEM 3a YMOBH, III0 CyMa iMITyJIbCiB 30BHIITHIX CUJI JOPiBHIOE HYJIIO.

Mu orpuMmanam 3aKoH 30eperKeHHsA iMIyJabCy, BUXOAAYN 3 3aKoHiB HnioToHA,
ajie CJiJy HaroJOCUTHU, II[0 3aKOH 30epesKeHHs IMIIyJbcy He € HACJiIKOM 3aKOHiB
Hriorona. Ile — camocmitinuii ¢pyndamenmanvruil 3akoH npupodu. A 1me o3Ha-
yae, I10 BiH BUKOHYETHCS IJIs TiJI MaKpo- i MiKpocBiTy. SrigHo 3 1M 3aKOHOM, IO
0 He BiOyJ0Ch y 3aMKHeHi# cucteMmi (cmiBymapu, Bubyxu, ximMmiuni peakiii To1ro),
iMIOyJIbCc cUCTEMU TiJI BaJIMITIAEThCA He3MiHHUM. e yMOMKIMBIIOE aHaIi3 PyXy TiJ
CUCTEeMH HaBiTh y TUX BUNAJKAX, KOJIM BHYTPIIITHI CUJIU HEeBigoMi.

OpuuM i3 mpuKJIaniB Iil 3aK0HY 30eperkeHHd iMIyabcy € yaap. Ilig yoapom posy-
MilOTh TaKy B3a€MOIIIO TiJ, AKA 3AIMCHIOETHCSI MUTTEBO. SIK MpaBUJIO, Hif Yac yaapy
B3a€MO/Iis BiIOyBaeThCA Uepes CUJIM IPYKHOCTI, SKi BUHMKAIOTh Y TiJlaX YHACTIIOK IX
nedopMmalrii mig yac cTucKkauuA. JIKII0 Imicaa yaapy posMipu i (popma BaeMoOmiroumx
TiJI TOBHICTIO BiTHOBIIIOETHCS, TO TAKUI y1ap HA3UBAIOTH AOCONLIOMHO NPYHCHUM.

¥ npupogi crnocrepiraioTbca TaKOXK B3A€EMOAiI, AK1 Ha3MBAIOTHCA HENPYHCHU-
mu. Y TaKUX BUIAAKAaX Tija, IO B3aEMOIiIOTh, YTBOPIOIOTH HOBE TijJIOo, Maca AKOTO
IOPiBHIOE CyMi Mac Tij, AKi BBaeMOIiAIu.

@ Daiite BiaNoOBiAi Ha 3anUTaHHSA

1. IITo Take iMmmyabc Tija Ta iMmoyabe cuau? Axuit Misk HUMU 3B’ A30K ?

2. §IK sane:KuTh 3MiHa iMIyJIbCy TijIa Bii 3HAUEHHA cUJM i yacy il mii?

3. fx pospaxyBaTu 3MiHY iMIIyJbCy Tija, AKIIO CHUJIA [i€ MiJ KYyTOM 10 HOro
nmepeMitnieHHa?




4. {x pospaxyBaTu 3MiHYy iMIIyJIbCY TijIa, AKIIIO BOHO 3MiHIOE HAIIPSIM PYyXy?
5. Ky cucremy TiJT Ha3WBAIOTh 3aMKHEHOI0? fIKi cuiIn HasMBaOTh BHYTPIIII-
HiMu?

Mpuknaaun po3s’a3yBaHHs 3aaa4

3amgauya 1. Moaekyua macoio 4,7 - 10725 xr npyskHO BrapAaeTbCcsa 00 CTIHKY II0-
CYAUWHY i BimOuBaeThCcs Big Hel 6e3 BTpaTu MIBUAKOCTi. BUsHAUNTU iMIIyJIbC CUJIH,
OTPUMAHUI CTiHKOIO, SAKII[O MOJIEKYJIA JIETUTh i BiiOMBaeThCA: a) IePHeHINKYIAP-
HO; 0) mix KyTom 30° 10 cTiHKU.

Hano: Po3é’a3anna:

m=4,65-102 kr; a) Hanpasumo Bics X mepreH-

v,=600mMm/c IUKYJIAPHO 70 cTinku (ma. 170). S %,

Ft-2 | X

ITixg uac ygapy iMmyJsc cuiiu, 110 Ai€ HA MOJIEKY-
JIy, BUBHAYAETHCS 3a (hopMyIo0: Ft=mb —my, .

Ockinbku V=-0,, T0 Ft=—2mb,. 3HaK «MiHyCc» L
BKasye Ha Te, IO CHJA, 3 SKOI CTiHKAa i€ Ha MoJe-
KYJIy, IPOTHUJIEKHO HAIIPaBJIEHA 10 BEKTOPA IIIBUIKO-
cti U, . 3a Tperim 3akoHOM HrloTOHA MOJIEKyIa Aie HA
CTiHKY 3 TAaKOIO CAMOIO 3a MO YJIEM CHUJIOIO, ajie TPOTU-
JIeJKHO HAITPaBJIEHOIO.

Ft=2mv, =5,6-10H c.

Maan. 170. Ilpy:xanii
yaap MOJIeKyIn
MePHeHANKYISIPHO X0 CTiHKU

6) Kyr, mig AkuM MoJieKyJa BimOMBaeThbcA Bif
CTiHKM, TOPiBHIOE KYTY IaAiHHs, 00 MOJIeKyJa Bimbou-
BaeThCs Bif cTimKM npy:kHO0. OCKiNIbKM BigdOuBaeThCsA
0e3 BTpaTu MIBUAKOCTI, TO V=1,. 3a yMOBOIO 3aJad4i,
KYT MiK HAaIIpAMOM PYXYy MOJIEKYJIU 1 CTIHKOIO JOPiB-
uioe 30°, Toxi Kyt o = 60° (max. 171).

Ilix yac ygapy iMmnyabe cuiiu, IIo i€ Ha MOJEKY-
JIy, BUSHAUYA€eThCs 3a GopMyIo: Ft =mb —my, .

Ockinbky V=-V, y IpoeKkniax Ha Bick X, To:

Maan. 171. Ilpysxxauii ynap
MOJICKYJIM I KyTOM
IO CTIHKU

Ft=mv_—(—mv,_)=mv, cosa+mv, cos o =2mv,cosd..
CriHKa oTpuMye TaKuil caMuil 3a MOAYJIEM iMITYJIbC CUJIU:
Ft=2mv,cos60°=2-4,7 - 10 * kr-600 m/c-0,5=2,8-10% H-c.

Bigmosins: a) Ft=5,6-10 H.c;6) Ft=2,8-10* H-c.

3anaua 2. JIroguua macoro 70 KT cTOiTh Ha KOPMi YOBHA, 110 3HAXOIUTHCA HaA 03€-
pi. doB:xkuHa yoBHA — 5 M, a #ioro maca — 280 Kr. JItonuHa IepexouTh Ha HiC YOBHA.
Ha axy BigcTanb BifHOCHO AHa mepeMicTuThbesd JoguHa? OmopoM BOAY 3HeXTyBaTH.
Hano: Posé’a3annsn
m, =70 Kr; 1-it cmoci6. ImIryibe 130/IbOBAHOI CUCTEMY CTAJINH, a i1 IEeHTD
m, =280 kr; [ =5 M |3anumaeTsca y cTaHi ciokoo abo 36epirae cBoio MIBHAKICTH
Ax—? | HeaMiHHOIO. TOoMYy ITOJIOJKEeHHA IIEHTPa Mac CHUCTEMHU <«YOBEH




3aKoHHU 30epeskeHHA B MeXaHilri

— JIIOAWHA» ¥ CUCTEMi KOOPAMHAT, AKa II0B’ A3aHa 3 BOAOIO0, IiJl Yac pyXy JIOAUHU He
3miHIOBaTUMeThCA (mada. 172):
_myx,+ml  my(x,+x)+mx

isg b

m,+m, m,+m,

YA

HA YOBHA — MOYATKOBAa KOOPAMHATA JIIOJAWHN.
OT:xe, YOBEH IIepeMiCcTHUBCA Ha BilCTaHb

m,l
X=———
m, +m,
BiJHOCHO [HA, a JIOJWHA — Ha BigcraHb
m, .
Ax=l-x= BIAHOCHO /iHA. Man. 172, [To 3agaui 2
m, +m,
280Kr-5m
Obunciennsa: Ax=—— =4 M.
350 Kr

2-it cmoci6. ITosHaummo yepe3 LV MIBUAKICTH JIIOAWHU BiJHOCHO UOBHA, U —
IIBUAKICT, YOBHA BimHOCHO nHa. [omaTtHuit Hampam oci X BubGepemMo y Hampami
pyxy aoaunau. Togi V—u — MIBUAKICTH JIOAWHU BiZHOCHO JHA.

3a 3aKoHOM 30eperkeHHA iMnyascy: m, (V—u)=m,u . 3BiAKH

u m,

v om+m,

Bpaxosyoun, 1o HIIgxu, AKi IPOXOAATH JIOJWHA i YOBEH, HMPOIOPIiiiHi Ix
IIIBUAKOCTSIM, TO

X u m . m,l
Z="=—"1 3Biggm x=—1—
I v m+m, m, +m,
. . . . m,l
— BiZcTaHb, HA AKY IepeMicTHBCsS YOBeH BimHocHO mHa. Tomi Ax=[-x=
m,+m
2 1

BiZicTaHb, HA AKY IIepeMicTuIach JIOANHA BimHOCHO fHA. O0UMCIeHHS:

280 Kr-5m
AX=—————=4 M.
350 Kkr

Bignmosigs: Ax =4 M.

@ Bnpaga 27

1. Koopauuarta wMarepiasbHOI TOYKM (B M) BUSHAYAETHCA PIiBHAHHAM
x=5-8t+4¢* . Baxxaoun, 1[0 Maca TOYKH JOPiBHIOE 2 KI', BU3HAYUTH iMITyJIbC de-
pes 2 ciuepes 4 c micysg mouaTKy BiAJiky yacy.




2. M’sau macoto 100 r, 11o JyietiB 3i mBuaKictio 20 Mm/c, ynapuBcsa o6 TOPU30H-
TaJabHy mIOMuHy. KyT naginud (KyT MisK HaIpAMOM IIBUIKOCTI i TePIeHIUKYJIA-
poM o IIonHN ) fopiBHIOE 60°. BusHaunT 3MiHYy iMITyJIbCy, AKIIO yaap abCcoIioT-
HO IPYJKHU, a KyT BiiOMBaHHS JOPiBHIOE KYTOBi MamiHHA.

3. 3 yoBHa macor 200 Kr, AKui pyxaerbcd 3i mBuaKicTio 1 M/c, cTpubae xJjomn-
YnK, 110 Ma€ Mmacy 50 Kr, y TOPU30HTAIRHOMY HampAMi 3i mBuakictio 7 m/c. dxa
IMIBUAKICTH YOBHA MicCJIA CTPUOKA XJIOMUYNKA, AKIIO BiH cTpubae: a) 3 KopMmu B OiK,
MPOTHUJIEKHUN PYXOBi uoBHA; 0) 3 HOCA UOBHA Y HANPAMI fioro pyxy?

4. Kynbka macoio 20 r majgae Ha TOPUBOHTAJIBHY IIOBEPXHIO 3 BUCOTU 2,5 M i
moTim migcTpubye Ha Brucory 60 cMm. fIKa 3a BeIMUMHOIO 3MiHA BEKTOpPA iMIYJbCy
KYJbKY OpU yaapi?

5. M’sa4 pyxaeThes 3i MIBUAKICTIO U HA3YCTPiu CTiHII, AKa PyXaeThCd 31 IIIBUI-
KicTio u. fIKoro Oyae MIBUAKICTE M’sAUa Mic/ad IPYKHOTO yaapy?

6. Cuapsan, 110 BUJIETiB i3 rapMaTH, po3ipBaBcsA y BepXHill TOUIli TpaeKTopii Ha
Bucoti 1960 M Ha naBa ogHakoBuX yJaamMiKu. IlIBumkicTh cHapany mepen BUOyXoM
— 100 m/c. OpuH 3 yJIaMKiB II0JIETiB TOPUB0HTAIBLHO Y 3BOPOTHOMY HAIIPAMIi, 3 011b-
11010 y ABa pasu mBuAKicT0. Ha aKiii BimcTaHi OyayTh yJaaMKu OGUH BiJ OQHOTO IPU
magiHHiI Ha 3eMJII0?

7. [IBa YOBHU PyXalOThCA IO iHEPIIii B cTOAYiH BOAI HA3yCTPiU OAMH OMHOMY 3
ogHakoBuMu mBugKocTamMu 0,6 m/c. Koau 4oBHU IOPiBHAINCEH, TO 3 MEPIIIOrO Ha
IPYTU# mepekaasn BauTax macor 60 kr. ITicaa 1mboro Apyruit YoBeH IPOJOBIKYBaB
pyxXaTuch B TOMY K HanpAMi, ajse 3 mBuaKicTo 0,4 m/c. BusnauuTu macy apyroro
yoBHa. OTIOpOM BOAU 3HEXTYBaTH.

§ 31 PeakTtuBHui pyx. PO3BUTOK KOCMOHaBTUKM

v' Bsaemodii Y 3aMKHeHill cucmemi.
4 Bydosa pakemu.
Po3sumor KocMOHABMUKLU.

Bzaemopmil y 3amkHeHiil cuctemi. Mu BiKe 3HaeMO, 110 IIIBUAKICTD Tija (BigHOC-
HO iHepIiaabHOI cucTeMH BiAJIiKy) MOXKe 3MiHIOBATHCS TiJIBKK B pe3yJbTaTi mil Ha
e Tijo inmux Tija. Hampukianm, aBTOMOOLIb PO3TaHAETHCA 3aBAAKHI TOMY, 1110 H1OT0
KoJieca, 00epTalunCh, «BiAIMITOBXYIOThCA» Big goporu. Bix uoro came mosxHa Bim-
IITOBXHYTHUCH, SKIIO HABKOJIO HiYOT0 HEMAE — SK AJIS PAKETH Y BIIKPUTOMY KOCMO-
ci? IITo 3yMOBJIIOE PyX TapMaTu mpu TocTpiai? OueBUIHO, Y TAKUX 3aMKHEHUX CHC-
TeMax MaloTh BiOyBaTuUCsA MEBHI B3a€EMOJii, IIT0 3YMOBJIIOIOTh 3MiHy MeXaHiuHOTO
CTaHY TiJI, AKi il yTBOPIOIOTE.

Hampuxkaz, posriagHeMo I'yMOBY KYJIbKY 3 Ta30M, 1[0 JIEKUTH Ha CTOJII. 11 MOK-
Ha BBasKaTU 3aMKHEHOIO CCTEMOI0, OCKiJIbKY CUJIN, ITI0 Ha Hel Aif0Th, BBAEMHO KOM-




3aKoHM 30epeKeHHA B MeXaHii
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Man. 173. Pyx: a — KyJIbKHM IIPU BUTIKaHHI ra3y 3 Hel; 6 — rapMaTHu IPU BUJIBOTI AApa

meHcyoTheA. ['a3 i rymoBa 000JI0HKA B3a€EMOIIIOTh MisK c00010, aJie I1d B3BAEMOisa He
3YMOBJIIOE 3MiHU MEXaHIUHOT'O CTAHY CUCTEMU.

SAKIo y Kyablli 3po0UTH OTBip, Uepes SKuil ra3 BUXOAUTHME Ha30BHi, BOHA II0-
YHEe PyXaTUCh Y HANIPAMi, TPOTUJIE;KHOMY HANIPAMY BUTiKaHHA rasy (man. 173, a).
I'asz i rymoBa 000JI0HKA BiAIIITOBXYIOTHCS OAHA Bix omHOI, 1110 i 3ymMoBiIioe pyx. Ilo-
Ii0He crocTepiraeThes i Mpu MOCTPiJIi 3 rapMaTH: MITOBXAIOYH AP0, TapMarTa i cama
BimmroBxyersed (man. 173, 6).

Hageneni npukiany pyxy HasuBalOTh PeAKMUSHUMU.

Peaxmue6nuil pyx BUHUKaE y 3B’ A3KY 3 BUKUJAHHAM YaCTUHYU MacH Tija 3 me-
SIKOI0 MBUAKICTIO, ¥ Pe3yJIbTaTi YOTro YacTHHA, IO 3aJIu-
muaack, HabyBae IIBUAKOCTI y IPOTUIEKHOMY HAIPAMI.

Bynosa pakeru. IIpukianm peaKTHBHOTO PyXy Tpam-
JAITHCA 1 B TeXHili, i B sKuBi#t npupoxai. IIpakTuune 3a-
CTOCYBaHHA DPEAKTHUBHOTO PYXy BHAMIILIO Y PEaKTUBHUX
BUJAaX TPAHCHOPTY (KOCMiUHi pakeTu, peakTUBHI JIiTaKM).

3arajiom paxera (ma.. 174) cKiIagaeTbecsa 3 IBOX OCHO-
BHUX TiJ, III0 YTBOPIOIOTH 3aMKHEHY CUCTEMY, B AKid BuU-
KOHYETHCA 3aKOH 30epesKeHH iMIyJIbCy, — po00U0i uacTu-
HY Ta MaJbHOTO.

¥ romoHil uacTtuni paxeru (1) poararmroBaHi Kabi-
Ha KOCMOHABTiB i mpuaanu. Ha mouyaTky moJbOTY Ha IO
YaCcTUHY NMPUIIALAE JINUINe KiJIbKa BifICOTKiB Bix 3arambuol
macu paxkeru. OcHOBHa Maca Ta 00’e€M pakeTH Ha IOYATKY
IIOJIBOTY IPUNAAAIOTh Ha 3allac MaJbHOro. ¥ 0akax Mic-
TATHbCA HayibHe (2) Ta oKucaoBay (3), AKi uepes (popcyHKU
MOTPAILISAIOTh Y KaMepy 3ropaHHA (4). IIpu Bucokii Tem-
meparypi i BeIMKOMY THUCKY B KaMepi 3TOpAHHA IajbHE
IIepPeTBOPIOETHLCS Ha ras3 (IPOAYKT 3ropsauusa). IIpogykru
3TOPAHHA BUKUAAIOTHCA Uepes COIJIo 5. 3a JOIOMOTO0 Ta-
KOT'0 ABUTYHA TIiJl YaCc BUKUAAHHA IPOAYKTIiB 3ropaHHdA 1
YTBOPIOETHCSA PEaKTWBHA TATA, IO PyXa€ TPAHCIOPTHUI
3acib.

ITosmaunmo macy 060/I0HKY pakeTH (TOOTO pakeTu 6e3
3amaciB IaJbHOTO) M, Macy rasy m_, a IMIBUAKOCTI PyXy Man. 174. Bynosa
o6oI0HKY i rasy Biamosigmo U Ta V. Ha crapri pakern KOCMIiYHOI paKeTu




cyMa iMIyJbCciB 000JIOHKH i rady JOPiBHIOIOTEL HYJIIO i 3a 3aKOHOM 30epesKeHHs iM-
IyJIbCY I CyMa Ma€ JOPiBHIOE HYJIO i micaa Bzaemonii: 0=m U +mY..
ITpoekTyroum Ha Bich KOOPAWHAT, HAIPAMJIEHY Y3/IOBXK IIIBUTKOCTi pyXy PaKkeTu,
i BpaxoByouM, I10 TPOEKIli] IMTBUAKOCTI paKeTy i ra3y MaroTh IPOTUJIEKHI 3BHAKY,
m.v

rVr .
m06

Ax 6aunmo, MBUAKICTh PYXY paKeTu 30iMbITyeThCS 3i 301IbIIIEHHAM IITBUIKO-
CTi BUJIBLOTY Ta3y i3 coIjia, a TAaK0K 31 30iIBITTeHHAM BiJHOIIIEHHS MacH ra3y o Macu
000JIOHKHU.

Ha Bigminy Big iHIIIMX TpaHCIOPTHUX 3aCO0iB IPUCTPili 3 peAKTUBHUM JBUTY-
HOM MOJKe PYXaTHCh y 0e3M0BiTpAHOMY HIpocTOopi. 3AilicHeHHS PeaKTUBHOTO PYXY
He moTpedye B3aeMO/ii Tijia 3 HABKOJUIIIHIM CePeIOBUILIEM.

Po3BuTok KocMoHaBTUKN. CBiTOBUII IPOCTiP, AKUHI OTOUYE 3€MJII0, HA3UBAIOTh
TPEIbKUM CJIOBOM KOCMOC. Y TOBCAKAEHHOMY JKUTTI IIiJT UM IOHATTAM PO3YyMi-
IOTH TIPOCTip mo3a Mexkamu 3eMHOI aTmochepu. Kocmoc 3 taBHiX-maBeH mpuBepTan
Io cebe yBary Jmwojeii, AKi CIIOUaTKy IpPArHyJu JIHUIIe MiTHATUCA Y IOBiTPs, 100
OTJIAHYTH 3eMJII0 3 BUCOTU HTAIIUHOTO moaboTy. Koy jifoqu HaBuuamcd Jjitaty i
g Mpia sbysaca, mocrasia mpobJieMa IOJIbOTY 3a MeXKi aTrmochepu, y Kocmoc. Bin
npuBa0II0OBaB He TiJIBKHU CBOEIO 3araJKOBICTIO, a I HOBUMU MOKJINBOCTAMU IJIs Ii-
AJBHOCTI JIOAUHU. B yMOBax KOCMiUHOTO BaKyyMy MOJKHA 3a0€3IeUYnTU TPUBAJIUN
yac pyxXy KOCMigHOTO anapara 0e3 BUTpavyaHHS MaJIbHOTO.

Ileprri y cBiTi pakeru, 1o Oyjau BUKOPUCTAHI AJIA MOLOJIAHHS CHUJINA 3€MHOTO
TSA:KIHHA 1 BUBeIeHHA Ha opOiTy 3eMJIi mepIimoro IMTYyYHOr'o CYIIyTHUKA Ta IOJIbOTY
IIEePIIIOr0 KOCMOHABTAa, PO3POOIAINUCS il KePiBHUIITBOM HAIIIOTO CIIiBBITUM3HUKA
C. II. KoposwoBa (man. 175, a). OgHi 3 Iepinx piinHHUX PEaKTUBHUX JBUTYHIiB
Oy POo3pPOo0JIeHi ITi] KepiBHUIITBOM YKPAIHCHKOTO PAAAHCHKOTO BUEHOT0, aKageMi-

OJIEPIKYEMO: V5 =

a 0 8

Man. 175. a — C.I1. Kopoasos; 6 — B.IL. 'nymko; 6 — peakTHBHUI IBUTYH



Man. 176. a — K.E. IlionkoBchKuii; 6 — MoIesb 0araToCTyIIiHUATOI paKeTn

ka B. II. 'nymika (maa. 175, 6). PeakTuBHI ABUTYHU H0T0 KOHCTPYKILiI (man. 175, )
3a0es3IeuyBaJii HailiHy POOOTY KOCMiUHUMX amaparis.

Benuky posab y mocaimKeHHI pyxXy paKeT Bigirpas TaJaHOBUTHI POCIACHKUMA
yuenuit K. E. I[lionkoBcbkuii (maa. 176, a), AKUI IepIIUM 3alIPOIIOHYBAB y3araJib-
HeHy (OpMYJy AJSA BUSHAUEHHS IIBUAKOCTI pyxy pakeru («hopmyJsia pakeTm»),
imero 6araTtoctyniHuacTux pakert (ma.g. 176, 6) Toiro.

Har coisiTunsuuk 0. B. Kougpatiok (O. I'. Illapreii) (xax. 1 77, a) HesaiexHo
Bixg K. E. ITioJIKOBCBKOTO, iHINMMY METOJAAMU OTPUMAB PiBHAHHS PYyXYy PaKeTH, 110

ITocagka Ha Micann

Crapr i3 3emuri

/£
, IloBepHeHHA Ha 3eMJIIO

a o

Man. 177. a — 10.B. Kouapatiok (O.I'.Illapreii); 6 — «30psgHA Tpaca»



CTaJI0O IiATBEPI:KEeHHAM 00 €KTUBHOIO
XapaKTepy PO3BUTKY BUEHHS IIPO pe-
aKTUBHI MPUCTPOI, 3aIIPOIIOHYBAB CBOIO
MoOJesib 0araTocTymiHYacToi pakKeTH.
B icrTopiro cBiTOBOI acTpPOHABTUKHU YBi-
Hiia i «3opAaHa Tpaca» (man. 177, 6) 0.
B. KougpaTioka — cxema rpaBiTaiiiiHOro
MaHEeBpY [AJA IIOJbOTY Ha iHIIi Tina Ha-
mroi mnaHetHoi cucremu. I1fo cxemy Bra-
JI0O BUKOPUMCTAJI aMePUKaHChKi acTpo-
HaBTU IIiJ Yac MOJIbOTY Ha IIPUPOIHUI
cynyTHUK 3emui — MicsaIs.

Y 1997 p. 3xilficHUB IIOZOPOIK Y KOC-
MOC i rpoMagAHNH He3aJeKHOoI YKpaiuu
Jleoniny KameHioxk, sKuUil IIPOBiB cepiio
HAYKOBUX €KCIIEPUMEHTIB Ha KOCMiUHO- Man. 178. Pakera-Hociii Ha cTapTi
My Kopabui «IIlaTTi».

VY minomy 3 25 HaliBUAATHIIINX yue-

HUX y rayiy3i KocMoHaBTUKHY 23 MalOTh YKpaiHCchbKe moxo:kenusa. Huui Hama Kpai-
Ha € KOCMiYHOIO Iep KaBoi0, OAHi€I0 3 HebaraTbox, I0 IIPOeKTYIOTh i BUTOTOBIAIOTE
pakeTu-HOCII 115 BUBEIeHHS Ha OPOiTY IMITYUHUX CYITyTHUKIB, KOCMiuHUX KOpabJIiB
Ha craHIii. BiTunsaani peakTuBHi HOCil «3eHIT» IMIOPOKY 3iACHIOIOTH IIOJILOTH 3
Ha3eMHUX Ta MOPChbKUX KOocMOApPOMiB (man. 178).

@ DawnTte Bignosiai Ha 3aNUTaHHA

1. dAxwuit pyx HasuBaooTh peakTuBHuM? Ha axoMy 3aKOHI I'DYHTYETHCS peak-
TUBHUM PyX?

2. Insa npuckopeHHs NOTPiOHA Aid cuiim, a cuja — Iie Aid OJHOTOo TiJjia Ha iHIe.
YoMy IpUCKOPIOETHCS PAKeTa, KOJU B KOCMiYHOMY ITPOCTOPi HABKOJIO HEMA€ iHITNX
Tia?

3. Homy AJid MOJBOTIiB Y KOCMOC BUKOPUCTOBYIOTH JIUIIE allapaTy 3 PeaKTUB-
HUMU ABUTYHaAMU?

4. fxi yxkpaiHcbKi BueHi 3po0uIu CyTTEBUIT BHECOK YV JOCJIiAKEHHS Ta OCBOEH-
Hs Kocmocy?

@ Mpuknap po3B’a3yBaHHS 3apa4

3amaua. 'apmara, 1110 CTOITH HA TOPUBOHTAIBHIN ITOBEPXHIi, CTPiJIA€E i KyTOM
30° mo ropusouTy. Maca cuapsanga — 20 Kr, fioro mouatkoBa mBuakicts — 200 m/c.
Ska mBuUAKicTh TapMaTH IIicJid IOCTPiay, akirno ii maca 500 Kr?




3aKoHM 30epeskeHHA B MeXaHiIi

Hano: Po3é’azanna:
a=30°% Cupsamyemo Bichk X y ropudoHTaJIbHOMY Hanpami (maz. 179).
m, = 20 Kr; 3a 3akoHOM 30epeskeHHd iMnyascy: 0=m,V, +m,V,.
v, =200 Mm/c; VYV npoekIiisax Ha Bick X 3aK0H 30eperKeHHs iMIIYJIbCY Ma€ BUTJISAL:
m, =500 Kr
o -2 0=m,v, coso.—m,V, .
g~ ¢
. m,, cos O
3Bigkm v, =——1——. yA
m,
20 xr-200M™/c-0,866
v, = =Twm/c. m,
500 kr .
l)2
Bignosias: v, ~ 7 m/c.

0 X
@ Bnpaga 28

1. SIKy mBUAKICTD BifHOCHO pakeT- Man. 179. Hanipsam pyxy Tija micas B3aeMomii

HUIII MaTuMe pakera macoio 600 r, Koau
rasu Macom 15 r BuiriTaioTs 3 Heil 3i mBuaKicTio 800 Mm/c?

2. CurnaiabpHa pakera macom 0,25 Kr (pasom 3 IIOPOXOM) 3JiTae Ha BUCOTY
125 m. BBaskarouu, 1110 mopox mMaco 50 I 3ropse MUTTEBO, O0OUUCIITh IIBUAKICTD
BUTiIKaHHA rasis.

3. Ilo OBiTPAHO-PEAKTUBHOTO ABUTYHA JIiTaKa BXOMUTH ITOCEKYHIU Y cepem-
HbOMY 25 KT moBiTps i mampHOTO. IIIBUAKiCTE ragis Ha Bxoxi aBuryHa — 250 m/c, a
Ha BuxoAi — 500 m/c. BusnauTe cuy TATM JBUTYHA.

4.V paxkeri, s3aragbua maca axoi 600 r, € 350 r BuOyxoBoi peuoBunu. Ha axy
BHCOTY BOHA IimHiMaeTbCcA, AKIIO BCcA BUOYyX0Ba peUyOBUHA 3TOPAE€ MUTTEBO i BUIi-
rae 3i mBuaKicTio 300 M/c? Omip MoBiTPSA B ITiCTh pa3iB 3MEHIITYE TEOPETUUHO PO3-
paxoBaHy BUCOTY iAoMY .

5. Bixg gBocTyminuacToi paketu 3arajbHoio Macoo 1000 Kr y MOMEHT HOCATHEH-
Ha mBUAKocTi 171 M/c BijokpemuBced ii Apyruii crymiab macoio 400 Kr, IIIBUAKICTD
SKOTO IPU I[bOMY 30iabInuaach 1o 185 m/c. BusnaunuTtu, 3 IK0I0 MIBUAKICTIO ITOUaB
pyxaTtucsd nepmuii cTyminb paketu. IIIBuaKoCTi BKa3aHO BiJHOCHO cIiocTepiraua,
1110 3HAXOAUTHCA HA 3eMJIi.

6. IIponyk Ty 3ropaHHa BUKUJAIOTHCS 3 COILJIa PAKETHOT'O JBUTYHA IOPIiIMHU 110
200 r kosxHa 3 mouaTKoBoIo mBUAKicTI0O 1000 M/c. Ky MIBUAKICTE MaTHUMe paKeTa
ImicJiAg BUKUIAHHS TPETHOI IOPIIil, AKIO B HOYaTKOBUII MOMeHT il maca O0ysa 300 Kr,
a IoYaTKOBA MIBUKICTh NOPiBHIOE HYI0. [lit0 cuiu TAMKIHHS He BpaXOBYBaTH.

7. Paxkera-Hocit JeTuTh 3i mBuAKicTIO L. Ilicasa BiqoKpeMIeHHs rOJIOBHOI Uac-
TUHY IITBUAKICTh PAKETU-HOCiA 3MEHIIINJIACH BIBOE, a HAIIPAM IX PYXY 3aJUIITUBCA
nomnepenHiM. ¥ CKiJIbKM pasiB 3pocJia MIBUAKICTE PyXy I'OJIOBHOI YACTUHM, AKIIO il
Maca MeHIIIa Macu paKeTu-Hocis B 6 pasiB?




§ 32 MomMeHT iMmnynbey.
3aKoH 30epeXXeHH MOMEHTY iMNyJibCy

v' Momenm imnyasey.
v’ Bakown 36epercernns MOMEHMY iMNY.LbCY.

MowmeHnT iMmyabey. 118 BUBUEeHHA MaTepiaay Mboro maparpada ciig moBTopuTu
BeJIMYMHU i 3aK0OHH, 1110 OIHMCYIOTH 00ePTAJIbHNII PYX Tijla (MaTepiaJdbHOI TOUKIH).
AmnajoriuHo, AK i y Bunagky nocrymnaabHoro pyxy (§ 30), BHeceMo B OCHOBHE DiB-
HAHHA IMHAMIKK 00epTaIbHOrO pyxXy MarepianbHol Touku M = J € Bupas mjsa KyTo-
. 0-0 ~ JO—JO
BOTO TPUCKOPeHH:A: § =— 2. Maemo: M =———

(1), a6o MAt =J®—J .
At

BpaxoByioun, 10 [JI8 MaTepiaJbHOI TOUKM MOMeHT iHeprmii J =mr?, a KyToBa
MIBUIKICTD @)= Y maemo: MAt =mbr — mu,r.
r
Beanunny L =J®=mVr HasuBAIOTb MOMEHTOM iM-
OyJabCy MaTepPiaJbHOI TOUKH.
Momenm imnynwvcy (L) — xapakTepucTuka obep-
é TAJIBHOTO PYXY MaTepiaabHOI TOUKHY (YU CHCTEMU Ma-
TepiaJbHUX TOYOK), II[0 BUBHAUAETHCA BiICTAHHIO TO-
YOK Bifg oci obeprTaHHS, BeIWUYMHAMMU iX IMIIyJbLCiB i
HaIpAMaMM iMIOyJIbCiB BiTHOCHO oci o6epTaHHS.

Hampsam BekTopa MOMEHTY iMITyibCy 36iraeThbcA 3 HAIPAMOM BeKTOPa KYTOBOI
IIBUIKOCTI.

Taxum guHOM, hopmyay (1) moskua samucatu: M = AL/At — MOMEHT CHJIH [0-
PiBHIOE 3MiHI MOMEHTY iMITyJIbCY TiJIa 32 OZUHUILIO YaCy.

3aKoH 30epeskeHHs MOMEHTY iMITyabcy. 3MiHA MOMEHTY iMIIyJabCcy Tija Big0y-
BaETHCS JIUITIE Y Pe3yJIbTAaTi Aii 30BHIITHIX CHUJI i 3aJI€KUTDH Bil MOMEHTY 30BHIIITHIX
cui (o0epTaabHOro MoMeHTy). SIKIIO Ha Tijo He IifoTh 30BHIINHI cuiau, abo ixX piB-
HOZiliHA He CTBOPIOE MOMEHTY BiTHOCHO OCi 00epTaHHA, TO 3MiHa MOMEHTY iMITyJIb-
Cy TaKOK HOPiBHIOE HYII0: AJ® = MAt = 0. ko smina Bennunau AJ® NOPiBHIOE
HYJII0, TO CaMa BeJWYWHA 3aJIUIIaEThCA He3MiHHO0: JO = const. OTike, MU 03Ha-
MOMUIINCA IIfe 3 OLHUM 3aKOHOM 30€De’KeHHSA — 3AKOHOM 30epelceHHs MoMenRmy
imnynvey:




3aKoHM 30epeKeHHA B MeXaHii

Arxugo Ha cucmemy He 0itomob MOMEHMU 306HIULHIX
cun (3amKHena cucmema), mo nNOGHUL MOMEHM im-
nYyanvey cucmemu mill 3a1UUAENMBCA NOCMILHUM 34
6€eLUUHOIO0 | HATLDAMOM:
n
2 L, = const.

i=1

30ibIIIeHHS MOMEHTY iMIYJIbCY
OIHOTO 3 TiJT Mae OyTHU CKOMIIEHCOBaHE
BiATIOBIiZHUM B3MEHIIIEHHAM MOMEHTY
iMIyJsTbCy iHITUX TiJT cUCTEM™M.

SKIIo posrasgaTu OKpeMo B3s-
Te Tijo, AKe He 3a3Hae Oii 30BHINIHIX
CIJI i He € TBEPAUM, TOOTO MOKe 3Mi-
HIOBATHCh HOTO MOMEHT iHepIiii, To
IS TAKOT'O Tijla TAaKOXK BUKOHYETHCA
yMmoBa J = const. IIpu mpomy samina
MOMEHTY iHepIlii (HampuKJIanm, 30iab-
IIeHHA) CYIPOBOMKYETHCA Bimmo-
BiTHOIO 3MiHOI0O KYTOBOI IIBUAKOCTI
(8mentienHsa). IIpogeMoHCTPYyEMO 1ie
HA IPUKJIALII.

XJIomuMK CTOIT Ha KPYIIH Man. 180. 3mina kyTorol mBuaKocTi o6epranms
miraTopmi, AKa MoXKe obepraTucs y pe3yJbTaTi 3MiHM MOMEHTY iHepIril
HaBKOJIO HepyxoMmoi oci maii:ke 0e3
TepTa (maa. 180). YHaACIIIOK 3MiHM ITOJOKEHHS PYK (Kpallle 3 TAaHTEeJAMU y PyKax)
3MiHIOETHCSA MOMEHT iHepIlii Tijia, B pe3yabTaTi YOro 3MiHIOETHCS KYTOBA IIIBUAKiICTH
obeprauusda (maz. 180, 6).

Takry BJacTUBiCTb Ha IPAKTUIL BUKOPUCTOBYIOTH OaJIepUHU, aKPo0aTH, TAHITIO-
puctu, pirypucTu miJ yac BUKOHaHHS CTPUOKIiB, IIepPeBOPOTiB TOIIO.

@ Daiite BiaNOBiAi Ha NUTaHHSA

1. IITo Ha3WBaOTh MOMEHTOM iMITyJIbCY ?

2. Chopmy.ioiiTe 3aKOH 30eperkeHHA MOMEHTY iMITyJIbCY.

3. 3a AKol yMOBU 3MiHa MOMEHTY iHepI[ii 3yMOBJIIOE€ 3MiHY KYTOBOI IIIBUIKO-
cTi? SIK IpaKTUYHO BUKOPUCTOBYETHCA IPUHOM 3MiHM MOMEHTY iHEepI[ii?

@ Mpuknagn po3B’a3yBaHHs 3apa4

3amaua 1. 'opusonranbua maardopma macoro M i paxiycom R obepraersed 3
KYTOBOIO IMIBUAKiCTIO 0. Ha Kpato miaTdopMu CTOITh JII0OAMHA MACOIO M. 3 AKOIO Ky-
TOBOIO IIBUJKICTIO ®, 06epTaTUMEThCA MIaTdopMa, AKIIO JIJUHA epeiiae 3 Kparo
miaaTdopmu o ii menrpa? JlroguHy MOKHA BBasKAaTH MaTePiaJlbHOIO TOUKOIO, IIJIAT-
dopMy — OTHOPIAHUM AMCKOM.




3a 3aK0HOM 30eperKeHHsI MOMEHTY iMOyJabcy: J® = const.

Hano: Po3é’azanna:
M; ITouaTkOBOIO CyMa MOMEHTIB iMITyJIbCiB JTIOAUHY Ta ILIaT(GopMu OyJia:
R; MR? )
; o+mR°w.
m . .
o —2 SKmro JroaurHA mepeiine no meHTpa mIaTGopMu, TO MOMEHT iMITyJIbCY
! CTaHOBUTHME:
MPR?
5 .
3a 3aK0HOM 30eperKeHHA MOMEHTY iMIyJIbCy:
MR? ) MR? . M +2m
o+mR°m = ®, , 3BiIKU @, =———O®.
M
. . M +2m
Bignmosias: o, =Tw.

3agaua 2. 'opusorTasbHa nmiaardopma macoro 80 Kr i pagiycom 1 m obepraeTbesd
HaABKOJIO BEePTUKAJBbHOI OCi, IIT0 IPOXOAUTH Uepes il IeHTp. ¥ IMeHTpi miaTtdopmu
CTOITh JIIOAWHA i TPUMae B PO3CTaBJIeHUX pyKax ranreni. I[lnargopma obepraerbes
3 KYTOBOIO IIBUAKiCTIO 2 pan/c. 3 AKOI KYTOBOIO INIBUAKICTIO IMOUHe 00epTaTucs
mwiratdopma, SKIIO JIOANHA OMYCTUTh PYKW i 3MEHINIUTHh IPU IIbOMY CBilfi MOMEHT
imeprii Big 3 mo 1 xr - m2? Ilinardopmy BBasKaTH KPYIJIUM OJHOPIJHUM AMCKOM.

Hauno: Po3sé’a3anna:
M =80 Kr Oroxe:
R=1 M, MRz 2

o, =2 pazn/c;
J, =3 Kr- Mm%
J,=1xkr-m?

o, +J,0, =%m2 +dJ,0,.

MR’ +2J,
MR?® +24J, G

80xkr-1m? +2-3kr-m*
-2pan/c=2,1pax/c .
80kr-1m® +2-1kr-m> P JI/ P It/

3BigKu: O, =

-9
W, — ¢

O6uncieHHA: O, =

Bignosins: o, = 2,1 paxn/c.

@ Bnpaea 29

1. CmopTcMeH 3HaXOAUThCS ¥ MEHTPI IIaTdopMu, 1110 00epPTAETHCS 31 IIIBUAKICTIO
1 06/c. CnouaTKy CIIOPTCMEH TPHUMAaB raHTeJi Ha BUTATHYTUX pyKax (Ha Bigcrani 60 cm
Biz oci obepramHs). SIK 3MiHUTBCSA MIBUAKICTH 00epPTAHHS ILJIAT(OPMU, AKIIIO CIIOPTC-
MeH 3irHe pyKu (TaHTeJi 3HaXOAUTUMYThCA Ha Bifcrani 10 cM Big oci obepTanHs).

2. JItoguua, 1110 CTOITH Y IeHTPi IaThopMU, TPUMAE Yy PYKaX CTeP:KeHb JOBKU-
HOIO 2,4 M i Macom 8 KI' y BepTUKaJbHOMY IIOJIOMKEHHI (B3J0OBK OCi 00epTaHHS IJIaT-
dopmnu). Ilaardopma 3 JTOAUHOIO 06epTAEThLCA 3 YacToToio 1 ¢!, 3 AK0I0 YacToTOI0
Oyme obepTaTuch maaTdopma, AKIINO JIOJUHA TIOBEPHE CTEPKEHDb V TOPU30OHTAIbHE
nojaoxennsa? CyMapHuil MOMEHT iHepIil JroguHu i miaaTdopmu — 6 Kr - M2,
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3. Ha kparo ropmsoHTanbHOI miaatdopmu, 10 Mae GopMy AUCKA pamiycom
R =2 wm, croits moauna macoro m, = 80 kr. Maca nnardopmu m,= 240 r. [Ltardop-
Ma MOKe 00epTaTuCh HaBKOJIO BEPTUKAJIBHOI OCi, 1[0 TPOXOAUTh uepes ii meHTp. 3
SIKOI0 KYTOBOIO IIIBUIKiCTIO Oyae obepTaTuch miaTdopma, SKIO JOAUHA Oyae iTu
B3IOB:K 11 Kpaio 3i mBUAKiCTb L = 2 M/c BimHOCHO TLIaThOopMU ?

4. Ilnardopma y dopMi aAucKa MoKe 00epTaTuCh HABKOJIO BEPTUKAJIBHOI OCi.
Ha xparo miardopmu cToiTh MognHa Macoo m, = 60 kr. Ha Axkuii KyT noBepHEeThCA
miaTdopma, AKIO JIOANHA Iife KpaeM ILaaT(opPMu, i 00iiIoBmIn ii mo Koy moBep-
HEeThCA y TMOYaTKOBe moyoskenna? Maca mmatdopmu m,= 240 kr. MomeHnT ineprii
JIIONVWHY PO3PAX0OBYBATHU AK JJIA MaTePiaJbHOI TOUKHU.

5. IloBecTu, 1110 JIOAWHA, AKA CTOITh HA ileaJIbHO TJIaKill TOPUBOHTAJNBHINA MO~
BepXHi, 3MOJKe IIPOBEPHYTUCHh HABKOJIO BEePTUKAJIBHOI OCi, AKIIO MOUYHE 0b0epTaTu
PYKY HaJ roJIOBOIO.

§ 33 MexaHiyHa po6oTa. MoTyXHicTb

v' PoGoma cuu.
v ITomyxcnicme.
v' Koegiyienm KopucHOI 0ii.

Po6ora cumu. Ipyruit sakou Heiorona y hopmi Ap = FAt 103BoJisi€ BUBHAUNUTH,
AK 3MIiHIOEThCA MIBUAKICTH PYyXYy Tijia 3a MOAYJIEM Ta HAIPSAMOM, SIKIIO HA HBOTO

IPOTATOM iHTepBay uacy At mie cuia F .
¥ 6araTrhox BuIlagKax HeOoOXigHO BMiTH BU3HAUATU 3MIiHY JIUIIIE MOLYJISI IIIBUI-

KOCTi, SIKII[O TiJIO 3[iMCHIOE IIepeMillleHHsa § mif gieio cuiu F . Y IbOMY BUIIAIKY
KOPHUCTYIOTHCA IMTOHATTAM POOOTU CUJIHU.

Pob6ora cunu (A) — dpisuuHa BeIUUWHA, 110 XapaKkTe-
pusye miio cuJau Ha Tijlo. BusHauaeThCsa CKAJIIPHUM
é ITOOYTKOM CUJIM Ha IIepPeMillleHHsdA, AKe 3TifCHIOE TOU-
Ka IpUKJIAJaHHA CUaIn: A = (F‘ -§)=Fscosa, 1e o. — KyT
MisK BEKTOpaMU CUJIM i mepeMiIieHHsI.

Pobora — BesimunHa CKaJIApHA.

OpuHUIA pobOTH — AKOYJIb, [A]=111x =1H - M.

YacTo BUKOPUCTOBYIOTH AK OTUHUIIO podotu KBT - rox: 1 kBt - rog = 3,6 - 10° ITax.

3 popmysiz A = Fscos 0, BUILIABAE, 1110 po0OTa MOYKe OYTH JOLATHOIO, Bil’€MHOIO
ab0 JopiBHIOBATH HYJIIO, 3aJI€KHO Bijl TOT0, SKMI KYT YTBOPIOE HAIIPSM CUJIH 3 HATIPS-
moM nepemimienusa: A >0, aximo o < 0; A =0, akmo a = 90°; A < 0, aximo o > 90°.




Hanpukaan, mig yuac piBHOMipHOTO HiZHATTSA BaHTaKy 3a JOIIOMOTOIO IIiZOM-
HOT'0 KpaHa, Ha BaHTaK Jli€ CUJja HaTATY TPOCY, HaIlpaBjeHa Bropy (y HaIpaMi pyxy
BaHTaXYy), i cuJla TAKIHHA — HanpaBJieHAa BHU3 (IIPOTH PYXY BaHTaXKy). ¥ TaKOMY
BUIIAAKY po0OTa CUJIM HATATY JOJaTHA, a pO00Ta CUJIN TAKIHHA — Bix’ emHa. OCKiIb-
KU PYX BaHTaKy PiBHOMipHUI, TO CUJIU PiBHI 3a MoxyJieM. Po6oTu cuJ piBHi 3a MO-
OyJjieM 1 MpOoTUJIesKHi 3a 3HAKOM (a He 3a HAaIPAMOM, OCKiJIbKY po0oTa — BeIMUMHA
CKaJIIpHA).

Y BumagKy piBHOMipHOro pyxy Tija mo KoJy, podoTa CHUJIH, IO 3YMOBJIIOE Ta-
KUH PyX, TOPiBHIOE HYJIO, OCKIJIBKY BEKTOP IIBUAKOCTI (& OTIKe, 1 IepeMiIleHHsT)
HaIPAMJICHUH MepIeHIUKYJIAPHO 10 HanpaAMy aii cunu. Hanpukiaan, mpu obepTaH-
Hi Tisa, 3aKpimIeHoro Ha MOTY3IIi, CHJIa HATATY MOTY3KU He BUKOHYE PO0OOTH, X0oUua
caMe BOHA 3MYIIIY€ TiJIo TaK pyxaTucs. He BUKoHye poOOTH i cujia BCECBiTHBOTO Tsi-
JKiHHS, i gieo SKoi 00epTaroThCs MITYUYHI CYIYTHUKY SeMJIi.

Big’emuy pob6oTy BUKOHYIOTH, HAIIPUKJIAL, CUJIU TepTda. FIKIMO Tija 3mimry-
IOThCA OIHE BiJHOCHO iHIIIOT0, TO CHJIA TEPTA 3aBIKIW CIPAMOBAHA HPOTUJIEIKHO
HaAIIpaAMYy IIepeMileHHs Ko:KHoro Tiga. OTike, KyT MisK CHJIOO i IepeMillleHHAM
o = 180°, a cosa = —1. BpaxoByouu 11e, poOOTYy CHUJIU TEPTSI MOKHA OOUNCIUTU TaK:
A= FTeps cosa =—-uNs.

Pobora cui TepTs 3aBKAU CYIIPOBOIKYETHCA HATPiBAHHAM TiJ, III0 B3a€MOIi-
I0Th, TOOTO 710 301JIbIIIEHHA 1X BHYTPIIITHBOI eHeprii.

SAxImo Ha TiIo ogHOYACHO i€ KiJlbKa CHJI, BOHKM BUKOHYIOTh POOOTY TAKOXK OJ-
HOYacHO. ¥ TakoMy Bumanky F y opmyi nyisa podotu o3Hauae mo0ynb piHoIili-
HOT 6cix'cun. . . ' ‘ Fa

Toxi, Ko TPAEKTOPiA pyXy CKJIaAHA i cujia 3MiHIOE CBiil B
HaNPAM, TOTPiGHO 0GYMCAUTH POGOTY HA OKPEMHUX MOCTi0B-  F
HUX JUISHKAX TPAEKTOPil, B MeKax AKUX 3HaueHHA cuyu F i

a

KyTa O € CTAJINMMU. 0 C
SAxr1o Ha Tiso Aie 3MiHHA cuiia, TO BUKOPUCTOBYIOTH Kpa-  F 6
iuHMit MeTox 00UMCIeHHI POOOTH. 7 B

Hexait Ha Tijo mie mocTifiHa 3a BEJIWUYUHOKIO i HAIPAMOM
cuna F, mij gieto KOl BOHO IepeMilllaeThCsA Ha BifICTaHb S.
Toxi, BigkaaBmim y BuOpamomy MacmiTabi mo oci opgmHAT
3HAUYEHHS CUJIM, a IO Oci abcIiuc — AOBKUHY MepeMilleHHs,
3’sCOByEMO, II[0 poboTa y BHOpaHOMY MacIITabi TOpiBHIOE
nyoii npamokyTHuka OF, BC (maax. 181, a).

Ao cuia, 110 gie HaA Tijo, 3MiHIOETLCS, TO AJIA 00UMC-
JIEHHS POOOTH Iiel cuau mepeMillieHHs pPO30MBAIOTH Ha eJjie-
MeHTapHi TiIAHKH, V MeKax AKUX CUJIYy MOYKHA BBasKaTHU
MOCTifIHOIO BeJMUYNHOI. BusHauuBIIM POOOTY HaA KOMKHOMY
eJeMeHTapHOMYy mepemimienHi (man. 181, 6) i obuucaUBIIH
anrebpaiuHy cyMy IIuX poOiT, OTPUMYEMO 3HAUEHHSA ITOBHOI PoOOTH 3MiHHOI cmiu,
Aara gopisuioe miomii ¢irypu OF, BC, obMe:xeHol Biccio abemuc i rpadirom cuim
(maan. 181, 6).

Y BUmaaKy, KOJU CHUJIa 3MiHIOETHCA ¥ OyIb-IKUH MOMEHT uacy Ha OmHY i Ty
caMy BeJIMUMHY, TOOTO CHUJia IPOTOpITifiHa mepemitniennio F = ks (HampuKJIam, cuia

Man. 181.
T'pacdiunuit meTox
BU3HAYEHHA POOOTH
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MPY?KHOCTi), TO 3HAUEHHA POOOTH UMCEJIBHO AOPiBHIOE ILIOMNIi TpuKyTHUKa OBC
(man. 181, 8), TobT0 A=Fs/2.

IMory:xuicTs. IIIBuAKiCTE BUKOHAHHSA POOOTH XapaKTePU3YETHCA TAKOIO BEJIU-
YWHOIO, IK NOMYHCHICMb.

IHomysxcnicms — crkanapHa (pisryHa BeJIUUYnHA, AKa
XapaKkTepusye IMIBUIAKICTH IEPETBOPEHHA €HePrii 3 011~
é HOTO BUAY B iHmMuii (iHITUMM CJI0OBAMU — IIBUAKICTH
BUKOHAHHS POOOTH):

.
t t

OpunuLero noTyxHOCTi € Bat, [N |=1Br= 111_34 .
c

ITory:xHicTh paHiliie BuMiproBaau Kincbkumu cuiamu: 1 K. c. = 735 Br.

Posraaryra popmysa onucye cepeiHIO MOTYKHICT. SIKITO 3MEHIITyBaTH iHTED-
BaJ 4acy, IPOTATOM SKOT0 BUKOHYETHCA PoOOTa, MOKHA BUBHAUUTU MUTTEBY IIO-
TYKHICTb.

Mummesa nomysxcHicms — cCKaJdgpHa (isuuHa Be-
JUYNHA, SKa JOPiBHIOE BiAHOIIIEHHIO PoOOTH IO iHTEp-
é BaJIy uacy At, IPOTATOM AKOTO BOHA BUKOHYETHCS, 34
yMOBH, 1110 At — 0.

. FAx . Ax
N =lim—=—=F lim—.
At—0 At At
. . Ax .
OckinbKu llmA—=1)x , TO MUTTEBA HMOTYKHICTh BUSHAUAETHCSA JOOYTKOM IIPO-
At—0 At
eKIIii cuyu, 110 Jie Ha Tijgo, i IIBUAKICTIO, HAIIPABJIEHOIO Y HAIIPSAMI IIepeMilleHH:

N=vF,.

ITa sakoHOMipHiCTE IPAKTHUYHO BUKOHYETHCA ITiJl YaC PyXy TPAHCIOPTHUX 3a-
co0iB. 3a piBHOMIpHOr0O PyXy TPAHCIOPTY ABUTI'YH BUKOHY€E POOOTY IPOTH CHUJI OIIO-
py. I Big TOTO, HACKIIBKY BEJIUKOIO € ITA CUJIA, 3AJI€KUTH IIIBUAKICTD PYXY:

N . .
V=— — IIBUJKiCTh TPAaHCIOPTHOIO 3acoly mix wuac
F

PiBHOMIpHOro pyxy IPOIOPIIifiHa IIOTYKHOCTI i 06ep-

HEHO IPOIIOPITifiHa CUJIi OIIopY.
JJ1s mOBiIBHOTO 3MiHHOTO PyXYy Tijia MOKHA TaKOK
BU3HAUUTU CEPENHIO IIOTY KHICTD Ncep yepes3 cepemHIo

IIBUIKICTH Ugept N = F Vyepr

C

KoediumienT kopucHoi aii. KoskeH Bua eHeprii MosKe IIepeTBOPIOBATUCA ITIOBHIC-
TIO V JOBiIbHUY iHINN#I Bug eHeprii. OgHaK y BCixX pealbHIUX eHEPreTUYHNX MaIlll-
HaxX, KpiM IIepeTBOPeHb eHeprii, IJid AKNX BUKOPUCTOBYIOTHCA IIi MAaIInHU, Bia0y-
BaIOThCA IIEPETBOPEHHA €Heprii, AKi Ha3MBalOTh BTpaTaMU eHeprii.




YumM MeHIIIe BTpauaeThbCsA eHeprii, TuM gockoHamimma mamunaa. CTymiHb JOCKOo-
HaJIOCTI MaIIMHY XapaKTepUsyeThed kKoediyienmom kopucrnoi 0it (KK ).

KK]I BusHauaioTh AK 6i0HOWEHHA KOPUCHOL PO6O-

mu 0o 3ampaienoi a6o 6i0HOULEHHA noMYyACHOCMElL:
n= Ao _ N
A N,

3aTpP 3aTp

¥ CI n BusHaUaeThCcA B YaCTKaX, a mo3a CI — y BimcoTKax.

Koedimient kopucHoi aii 3aB:xkau meHmni 3a oquauIo. 3uaroun KK meBuoro
IBUTYHA YW MaIlIMHU, MOYKHA OOUMCJINTY BUKOHAHY KOPUCHY POOOTY Amp: nAsan abo
KOPUCHY HOTYKHicTh N rop™ nN

zatp’

@ DawnTte Bignosiai Ha 3aNUTaHHA

1. fdry pobory HasmBarTh MexaHiuHoo? fIka ¢opmysa Bupaskae ii smict? ¥
SAKUX BUIMAIKAaX PO CUJIY MOKHA CKa3aTH, 110 BOHA BUKOHYE POOOTY?

2. Kouawu cuia BUKOHYE JogaTHY PoOOTY, a Ko — Bix'eMHy? 3a AKOI yMOBU
cuia, IPUKJIaAeHa 0 PyXOMOTO Tijia, He BUKOHYE POOOTY?

3. ABTOMO0OiJB pyxXaeThcs o PiBHiM goposi. Yu 3mificHioe pobOTy cujia TAMKIH-
Hs, 110 Ji€ Ha aBTOMOOiIb?

4. Tino KMHYTO BepTUKAJIbHO Bropy. BKaxkiTh, momaTHy 4u Bix’eMHY poboTy
BUKOHY€E CHUJIA TSKIHHSA: a) i yac migHATTa Tijga; 0) mig uac fioro nagiHusd.

5. Big uoro 3asexuTth pobora cuiau Tepta? Yu Moxke poboTa CUIU TEPTA LO-
piBHIOBaTHU HYJO?

6. Illo HasmBaeThcA MOTY:KHicTIO? AK i1 06uMCcaIUTI?

7. Ilo moxasye KoedilieHT KopucHOI mii?

7 N\
@ 3aranbHi pekoMeHAaLT o0 Po3B’A3yBaHHS 3a4,a4 Ha MeXaHiuHy poooTy
NS

IIpaBmia po3B’a3yBaHHA 33724 PO po6omy nocmiiiHoi cunu:

* BUKOHATH MaJIIOHOK, ITOKA3aBIIIM HA HbOMY CUJIU, IPUKJIALEHI 10 Tina;

* YCTAHOBUTHU, POOOTY SIKOI CHUJIM HOTPiOHO BM3HAUNUTHU, i 3alHcCaTH BUXITHY
dopmyay A = Fscosa, fe F moxxe 6yTu AK piéH00illHO10, TaK 11 OKPeMmOoI0 CULOI0;

* YCTAHOBUTH, YOMY JOPIBHIOE KYT Ol MisK BEKTOPOM CHJIN, POOOTY AKOI TOTPi6-
HO OOYMCINTH, i HAIPAMOM IIepeMilleHHA (IIIBUIKOCTI);

+ AKIIO culy B YMOBi 3amaui He 3a/1aH0, 1t mpeba 6u3naiumu 3 pi6HAHHA OpY-
2020 3aKOHY OUHAMIKU;

* BU3HAUYUTY 3HAUYEHHA NepeMilleHHdA (AKI0 BOHO HeBimome) 3a (popmynmamu
KiHeMaTukKu;

- migcTaBuTH 3HAMAeH] Bupasu mid F i sy popmyay poboTu i BUKOHATH 00UIIC-
JIeHHA.

Posnounnaioum po3s’sa3yBaHHA 3a7]a4, ITOB’ A3aHUX 3 PO3PAXYHKOM IOTYKHOC-
Ti, IIT0 POBBUBAETHCS MOCTIAHOIO CUJIOIO, TIOTPiOHO:

* YCTAHOBUTH, AKY IOTYKHICTh IOTPiOHO BUBHAUNTH, — CEPEIHIO UM MUTTERY;

* 3ammcaTyu BUXiAHY (DOPMYJIY, POBYMIiIOUM ITi/I L ¥ IEPIIIOMY BUNIAAKY CEPETHIO
MIBUKICTH HA 3aAaHIN JIJMAHII MTIIAXY, B APYTOMY — MUTTEBY
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* BUKOHATU MaJIOHOK, IIOKa3aBIIIM HA HbOMY BCi cmyu, IpUKJIaLeHi fo Tina, i
3aJlaHi KiHeMaTUYHi XapaKTEePUCTUKU PYXY;

* CKJIACTU OCHOBHE DiBHAHHSA AWHAMIKW MaTepiaJbHOI TOUKU i BUSHAUUTHU 3
HbOTO cuny Taru F;

* AKIIO 3HAYEHHA L, YK L He 33J2aHO, TO BU3HAUUTU ix i3 popmyJ KiHema-
TUKU;

e migcTaBUTH Y (OPMYJIY IIOTYKHOCTI BUBHAUEH] BeJIMUYMHU 1 BUKOHATHU OCTa-
TOUHUI PO3PAXYHOK.

Il pos3B’A3yBaHHA 3aa4 HA po6OMyY 3MiHHOL CULU 3aCTOCOBYIOTH rpadiunmit
MeTOoJ O0UMCIeHH POOOTH.

@ Mpuknaaun po3s’a3yBaHHs 3aaa4

3amaua 1. [[Boe poOiTHUKIB ITepecyBaoTh PIBHOMIPHO MO MiAJI031 AITUK, IPU 15O~
My oauH IToBxae ioro 3 cuioio 300 H mix xyrom 30° mo miamoru, a iHmuii — TArHe
10T0 3 TAaKO0 CAMOIO CHJIOIO 34 MOTY3KY, II[0 YTBOPIOE 3 IIiAa0roi0 KyT 45°. Ky pobdo-
Ty BUKOHAIOTh POOITHUKY, PIBHOMiPHO IepeCcyHyBIIN AMIUK Ha Bigcranb 20 m?

Hano: Po3é’azanna: .

a=30°% Caopsamyemo Bick X y HampsaMmi - A N

F =F,=300H; |pyxy(max.182)iBKaemMo CUIH, II[0 S 7 F i

p=45° IiIOTHh Ha AIUK. .

s=20M o X

A-7? = I
\ 4 mg

3a apyrum 3akoHoMm HuioToHA
mg+N+F, +F, +F,=0,

) ) ) . Man. 182. Cuamn,
OCKIJIBKH PYX P1IBHOMI1PDHUMN. 110 JifOTh HA TiJIO
Y npoexkuii Ha Bick X: F cosa + F,cosp—F, =0.
KopucHa poboTa 3aTpavyaeTbCs HA IOM0JAHHSA CUJIN TEPT, TOMY

A=(F,cosa + F,cosp)-s.

A=(300H-cos30°+ 300 H - cos45°) - 20 m = 9,4 g ][x.
Bignmosias: A = 9,4 xI[x.
3amaua 2. Aky pobOTy BUKOHYE eJIeKTPoB0o3 3a 10 XB, IepeMilaruu 110 TOPu-
30HTAJBHIN AiMAHI KoJrii moTar macoio 3000 1 3i mBuaKicTIO 54 KM/T0M, AKIITO KO-
edimienT omopy 0,005?

Hano: Posé’a3anna:

t=10x8=600c; OcKinbKHY PpyX TOTSATa PiBHOMipHUH i mpAMoTiniinmit,
m=3-10°kr; To npyruit saxox HeloTona mae Burisan: F + F‘Tep =0.

v=54 Km/ron=15mMm/c; ¥ npoekiiii Ha TOPU3OHTANBHY BiCh:

n=0,005 F=F, .,

A-7? ne FTep: umg.

Pobora mopiBHIOE A = F's, e nmepeMiItieHHs s = vt.
Ocratouna popmyna: A = umgot.




A=0,005-3-106K1‘-9,8M/c2 ~15M/c-6000=1323-106I[;K .
Bignmosigs: A =1,32 T'II:x.

Bnpaga 30

1. CoiaBHUK, mepecyBaioun 0arpom ILIiT, mpuKJaazgae go 6arpa cuiay 200 H. Axy
pPo0OOTy BUKOHYE CILIABHUK, IIepeMiIlfaloun mIiT Ha Bigcranb 10 M, AKITO KyT MiK
HAIPSAMOM CUJIU i HAIPAMOM IIepeMillleHHs CTAHOBUTE 45°7

2. Ha aky BifcTaHb XJIOMYKUK IIEPEMiCTHB CAaHKU, IIPUKJIATAI0OUN A0 MOTY3KHU Ca-
HOK cuay 23 H nig kyrom 30° mo Hanpamy pyxy i BuKoHasIu pooory 1,2 xIl:x?

3. AAKy poboTy Tpedba BUKOHATH, 11100 110 IMOXMJIili MJIOIKHI 3 KyToM Haxuay 30°
migaaTu BaHTak Macoo 400 Kr Ha Bucory 2 M npu Koedimienrti repra 0,3? Axwuit
mpu nbomy KKI1?

4. TpakTop mi yac opaHKU, PyXalOUYUCh 3i MIBUAKICTIO 4 M/C, POBBUBAE KOPUC-
Hy nmoTy:KHicTs 40 kBt. AKy cuny omopy mojae TpaxTop?

5. ITo ropu3oHTANBHIH JOPO3i TOUYNHAIOTH BE3TH CAHKHU 3 BAHTaKeM 3a MOTY3KY,
110 YTBOPIOE 3 TOPU30HTOM Ky T 30°, mpukaagaoun 3ycuisa 450 H. Busuauutu po6o-
Ty 3a 10 ¢ pyxy, AKIIO Bizmomo, 1110 3a 20 ¢ pyxy caHKu HaOyBatOTh IIBUIKOCTI 6 M/cC.

6. BikouHy mTopy Macoio 1 KI Ta JOBXKMHOIO 2 M IIPU BiIKpUBaHHI BiKHA CKpY-
YYIOTh Y TOHKUH BaJIUK 0ijid BepXHbOI YacTHUHU BiKHa. Ky OIpU IIbOMY BUKOHYIOThH
pobory?

7. 3 maxTu raubuuoio 200 M migaiMmaroTes Tarap macoio 500 Kr Ha KaHAaTi, KO-
JKeH MeTp Akoro mae 1,5 kr/m. fIka po6oTa BUKOHYEThCA TP HigHIMaHHI TATapa?
Axuit KKl ycranoBKu?

8. BaHTak Macoro m migHiMaoTh Ha BUCOTY k. UM 3a/IesKUTH IPU IIbOMY poboTa,
SAKY BUKOHYE HiJHIMaJIbHUNA MexXaHi3M, Bil MIBUAKOCTI migitomy?

§ 34 EHepria. KiHeTnyHa eHepriqa

4 Enepeis — yHnisepcaivHe nonamms.
v' Kinemuuna ernepzis.
v’ Kinemuuna eHnepzis miaa, u,0 06epmaemuCs.

Enepria — yaiBepcajbHe moHATTA. [IoHATTA «eHepTidA» yBilA1LI0 ¥y PisUKy TOMI,
Ko0Jiu 0yJI0 BCTaHOBJIEHO, 1110 OAWH BUJI PYyXY MOKe 3MiHUTHUCA Ha iHIMUMi. « EHepzis»
3 rpell. o3Havae «0is, 0isdlbHicmby.

Enepeia — ne cranapHa (ismuHa xapaKTepHUCTUKA
BCix (popM pyxy maTepii i BapiaHTiB iX B3aeMOIiii.
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OCKiJIBbKY Y IPUPOLL MOKHA BUOKPEMUTH PisHiI hopMU PYyXy, TO eHEprisa — 1e
BeJIMYMHA, IKOI0 MOKHA 0XapaKTepus3yBaTH 0y Ab-AKY ()OPMY PYXy: MeXaHiuHY, Te-
IJIOBY, €JIeKTPOMAarHiTHy, AnepHy. To0TO IOHATTS eHeprii € yHiBepcaJbHUM.

IIpore y ¢isuri 3amicTh TepMiHa «eHEPrid MeXaHIUHOTO PYXY» TOBOPATH IIPO-
CTO «MeXaHiuHa eHeprif», 3aMiCTh «eHEPTidA TeIJIOBOTO PYXY» — «BHYTPIIIIHA eHep-
rig». Bam 3mafiomi i Taki TepMiHU, K eJIeKTPOEHEPTisd, ALepHA eHeprid, CBiTI0Ba
eHepris, Mar"HiTHa exepria roio. Tomy He0OXiaHO YiTKO pO3yMiTH, 1110 eHeprisd — e
yHiBepca/ibHa XapaKTepUCTUKA PyXYy i BoHa He icHye cama 110 cobi, ToOTO OKpeMo Bis
TijJ, AKi BBaeMomitoTs. HaimrpocTimnoo (opMoIo pyxXy € MeXaHiuHUHA PyX.

BA€ETHCA MEXAHIUHOI0 eHepzieto. Po3pisHAIOTEH ABa BUIU

é Eneprisa, axka xapakTepusye MexaHIUHUN PyX, Ha3U-
MeXaHiuHOI eHeprii: nomenuyianvry i Kinemuuny.

Kimeruuna enepris. PosrisgHemMo Tijo, 10 AKOro IpuUKJajeHa IIOCTiiHA cuja
F (axa Mooxe GyTH i piBHOAIHO0O KIJIBKOX CHJI, IPUKJIALEHUX A0 Tiia). ITa cuna
HaJa€e Tiy IPUCKOPEHHs, TOOTO 3MiHIOE ITBUAKICTh PyXy Tija i BUKOHYye PobOTY,
OCK1IBKH TijIO 3AmificHIOE mepeMimieHud mig gieo miei cuau. OTike, Misk pPobOTOIO i
3MiHOIO IIBUIKOCTI Ma€ icHyBaTu 3B’ A30K.

PosrisimeMo BUIIaL0K, KOJIM HAIPAM Oil cuiu i mepemiineHHs 3oirarorbesa. Po-
00oTa CUJIM Y TAKOMY BUOAIKy OOUMCIIOETHCS 3a (popmyioo: A = Fs. Moaysib cunu
MOJKHAa BUSHAUUTH 3a ApyruM 3akoH Heiorona: F = ma, a mepemilnieHHA — 3a opMy-
JIaMU KiHeMaTuKu:

2 2

V7 -

§=— 0
2a

b

Zie L, L) — MOJYJIi BEKTOPA IIBUAKOCTI HA IIOYATKY Ta B KiHIll IiIAHKY S.

2 2 2 2

vi-v: mv’ mvy

TaxuMm uuHOM A =ma 0 - -—2,
2a 2 2

Or:xe, OJIst 00UMCIIEHHS POOOTH JOCTATHLO 3HATH MACY TiJja i IOT0 IOUYAaTKOBY Ta
2

KiHIeBy IIBUAKOCTI pyxy. Bupas Ha3WBAaIOTh KiHemUu1HOol0 enepzi€ero i mo3Ha-

yaioTh E, .
mv’  mv}
2

A=E,-E, , aKkuil Ha3UBAIOTh NMeoPeMmOI0 PO KiHeMmuiHy eHnepzito: poboTa cuIn
(piBHOZIIIHOI c1yI) MOpPiBHIOE 3MiHi KiHeTHYHOI eHeprii Tisna.

Teopema npo KiHeTUUHY eHepriio OyJia oTpUMaHa HaMHu 3 APYroro 3akouy Hbro-
mv’  mvu}

Toni orpumanuit HamMu Bupas A= MOJKHA 3alucaTH y BUIJIALL

TOHA, TOMY MOJKHAa CTBEPAKYBaTH, 110 BUpasu A = ta A=E, -E, =AE,

— immri ¢opmu 3anmcy apyroro 3akony Heiorona. Teopema npo KiHeTUYHY eHepriio
cIpaBelINBa A OyAb-IKUX CUJI: CUJI IPYYKHOCTI, CHJIN TSIKIHHA UM CUJ TE€PTA.




Iz TeopeMu mpo KiHETUYHY €HEPTil0 BUILJIWBAE, IO

KiHemuuHa eHepzia — e (pisuUHA BeJUYNHA, AKa Xa-
é pPaxKTepus3ye PyxoMe TijIo; 3MiHa Iliel BeJIMUMHU SOPiB-
HIOE PO0OTi cuIy IPUKJIAAEHOI 0 Tija.

Hamnpukaaz, Hexaii Tisy macoio m, ke mepe0yBae B CTaHi CIIOKOI0, HEOOXiZHO
HagaT! MIBUAKOCTI L. [[J1g 1IhOT0 IPUKJIaLeHa [0 Tijia ciuja Mae BUKOHATU POOOTY:

mv’ 0= mv?

2

pyXaerbesd 3i MIBUAKICTIO L, BUSHAUAETHCS POOOTOIO CUJI, AKI IPpUKJIaAeHi go Tinia i
HaJTa0Th HOMY ITi€el IMIBUIKOCTI.

OpuHUIEeIo eHeprii € Koy Ib.

3HaueHHA KiHeTHYHOI eHeprii Tijsa 3ajeXuTh Bix BuOOPY cuUCTeMU BiIIiKy.
IIBuakicTs Tijna, BUMipAHA B Pi3HUX CHUCTEMAaX BiIIKy, Ma€ Pi3Hi 3HAUEHHA, TOMY
# KiHeTWYHA eHeprid Tijla cTasiol Macu MaTUMe Pi3HI 3HAUEHHA B PiSHUX CHUCTEMax
BiIJTiRY.

Kinmeruuna eHeprig Tina, 1o odepraerseda. Y BUNAAKY, AKIIO MaTepiaabHa TOY-
Ka Macoio m obepTaeTheAa HaBKO0JIO oci O 31 MIBUAKICTIO L, TO IA MIBUIKICTh MOMKe
OyTu BupaskeHa yepes KyTOBY IIIBUAKICTE U pagiyc o6epTanHg: L = 7.

A=

. Immumu ciroBamMu, KiHeTHMYHA €HEPrid Tija Macoio m, dKe

. . C . mo'r?
Bupas pia kinetuwuHoi eHeprii y nboMy Bunagry HabyBae Burnany: E, = —
OcKinbpku go0yTOK mr? € MOMEHTOM iHepIrii miel Touku BigHOCHO oci O: J = mr?,
. . Jo’
TO BUpa3 [y KiHeTnuHOI eHeprii HaOyBae Buraany: E, = 5

OcCKiJbKY IIe cupaBelinBO AJA JOBLIBHOI TOUKHU Tijia, TO CIIPABEIJIUBO i IJd
BCBOT'O TiJjia B ITiIOMY.

HAna mina, wo komumusca, no6Ha Kinemu4wHa enep-
2iscknadaemuvesn 3 KiHemMu1HOL eHep2iinocmynanibHo-

20 pYxy yeHmpa mac ma eHepzii 06epmanibHO20 PYXY
6i0HOCHO 0cCi, W0 npoxodumbs wepe3 yeHmp Mmac:

mv®  Jo’
Ek= B +T.

@ Daiite BianoBiAi Ha 3anUTaHHSA

1. ITo Taxe euepria?

2. Busenits dopmyisy A pospaxyHKY poOOTH, IO BUKOHYETHCA y BUIAAKY
3MiHU HIBUAKOCTI Tija.

3. IIlo rake KiHeTuuHa eHepria? Aka popmyna Bupaxkae ii amict? I{a Beruun-
Ha € CKaJAPHOIO Y1 BEKTOPHOIO?

4. fx smiHuTbCA KiHeTHMUYHA eHepria Tija, AKINO cuja, IPUKJIaJeHa O0 Tijia,
BUKOHYE JomaTHY poboty? Bix’emuy poboTy?
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5. BusBeniTh popmysry KiHeTuuHOI eHeprii Tijia, 1m0 obepTaeThCs.
6. fkoio0 € KiHeTHMUHA eHeprida Tija, 1[0 KOTUTLCI?

@ Mpuknap po3s’a3yBaHHs 3apa4

3amauya. MaxoBUK Macoio m Ta pamiycoM R o6epTaeThcsa HaBKOJO OCi, IO IIPO-
XOAUTH uepes ioro meHTp. KyroBa MIBUAKiCTL obepTanHsa MaxoBuKa ®. 111006 3ymnu-
HUTYU MaXOBUK, 10 10r0 0004 MPUTUCKAIOTh FAJIbMiBHY KOJIOAKY, AKA i€ Ha HbOTO
i3 cmyioio FTep. CkinbKu 00epTiB 3po0UTH MaxXOBUK [0 IIOBHOI 3ynuuKu? BBakaru,
III0 Maca MaxO0BUKAa 30CepesKeHa o 000ay.

Hano: Po3é’azanna:

m; ITpu posB’sa3yBanHi 3amaui BBasKaTIMEMO 00epTaHHA MaX0OBUKa ITOAi0-
R; HUM 10 o0epTaHHSA TOHKOTO OJHOPiZHOro oopyua pagiycom R i macoro m,
®; 1110 00ePTAETHCA 3 KYTOBOIO IIIBUAKICTIO ®.

F. ) , Jo’ >

L T Kinmeruuna enepria takoro obpyua: E, =——, 1e J =mR".

N-? 2

MaxoBUK 3yIUHUTHLCA 32 YMOBH, III0 BCA MO0 KiHEeTUYHA eHeprid BUTPATUTLCA
b
Ha Po0OTY 3 MOJOJIAHHSA CUJIU TEPTA FTep, [0 BUHUKAE MiK raJbMiBHOIO KOJIOLKOIO
Ta obozmom: E, = FTeps, Ie s — raJbMiBHUII ILIAX, 1110 fopiBHIOe 2RN. OTiKe,
2 2 2
mR°w . mw°R
————=F,, -2nRN, 3Bigku N=———.
2 4nF

Tep

2
mw°R
BigmoBigs: N=———.
4mF

Tep

Bnpaga 31

1. BusHauuTy KiHeTUUHY eHePriio IMTYyYHOTO cynmyTHUKa 3emiri macoo 1300 Kr,
SAKUHN PyXaeThCs MO KOJ0Bit opbiTi Ha Bucoti 100 KM Ha TOBepXHEIO 3eMJIi.

2. Immysbe Tina fopiBHIOE 8 KI'* M/C, a KiHeTuuHa eHepris — 16 [[)x. Busnauuru
Macy i mBUAKiICTE PyXy Tija.

3. Maca BaHTa:xiBku y 18 pasiB OinbIlla Big mMacu JIErKOBOT'O aBTOMOOiJISA, a
IIBUAKICT BaHTaKiBKM y 6 pasdiB MeHIIA BiJ IIBUIKOCTi JIETKOBOTO aBTOMOOIIA.
ITopiBHATH iMITyJIbCY TAa KIHETUYHI eHepril BaHTaKiBKH i JIETKOBOTO aBTOMO0iIs.

4. IlTogep BUMKHYB ABUTYH aBTOMOOiJIA Ipu MBUAKOCTI 72 KM/Tox. IIpofiios-
i Bifcraub 34 M, aBTOMOOiIb 3ynuHUBCA. SIKOI0 Oyja KiHeTHuyHa eHepris aBTO-
MO00iJIs1 y MOMEHT BUMKHEHHS JBUTYHiB, AKII[O CIJIa TePTA KoJric 00 qopory 5880 H?
fAxa maca aBTOMOGiIA?

5. fIky po0OTy BUKOHYE CHJa TePTHd, KOJau aBToMo061iab Mmacor 1000 kr, 1110 maB
mBUAKicTh 90 KM/T0oM, raJbMye 10 IIBUAKOCTI 54 KM /T0Om?

6. ITorar HA IUTAYIN 3aTi3HUII, Maca SKOTO 15 T, pyIIlae 3 MicIA 3 IPUCKOPEH-
Ham 1,4 m/c2. BusHaunTu po0OTy CHIN TATY i po6OTY cuiiu ormopy Ha mepiux 10 M
MLIAXY, AKI0 KoedimieaT omopy mopiBHioe 0,02. AKoi KiHeTuuHOol eHeprii HaOyB
e morar?

7.3 AKOI0 MIBUAKiCTIO pyxaBcs moTAr macor 1500 T, aximo mig giero raabMiBHOI
cwu B 150 kH BiH IIpoMIIIOB 3 MOMEHTY ITIOYATKY raJibMyBaHHA 0 3yIUHKY MLIax 500 m?




8. [luck mMacor 2 KT KOTUTHCS 0e3 TepTs 110 TOPU30HTAIbHIN TOBePXHi 3i MIBUI-
KicTio 4 Mm/c. BusHaunTu KiHeTUUYHY eHepTiio JucKa.

9. Migua Kynaa pazgiycom 10 cm obGepTaeThes 3 4acTOTOO 2 00/C HABKOJIO OCi,
IIT0 IIPOXOAUTH uepes ii meuTp. AKXy poboTy cJiif BUKOHATH, 11100 301JIBIIUTHA KYTOBY
IMIBUAKICTH 00epTaHHA KyJi BABiUi?

10. Kocmiunuii Kopabenab o0epTaBcsa y MisKB0PAHOMY IIPOCTOPi 3 KYTOBOIO
mBUAKicTIO 0. ITo Komauai 3 3eMJi Ha HbOMY BiIKPHUINCH aHTEHU, BHACIILOK Y0OT0
MOMEHT iHepIrii Kopabys 36imbiuBesa B 2 pasu. IK saMiHMIach: a) KyToBa IIBUJ-
KicTh i 0) KiHeTHUHA eHeprisa 06epTajabHOro Pyxy Kopabisa?

§ 35 MoTeHuianbHa eHepria Tina

v’ Poboma cuiu maxcinms.

v’ ITomenuyianvra enepzis mina, nidnamozo nad emuero.
v' Po6oma cunu npyscrocmi.

it OMmenyianibHa eHepzis npYIHCHo 0ephopmosarnozo miia.

Po6ora cuiu tsekinHa. SIK Mu yiKe mokasaiiu, poboTy
OyIb-IKUX CHUJI, IPUKJIAJEHUX A0 PYXOMOTO Tija, MOKHA _
00UYMCIUTHU 32 TEOPEMOIO IIPO KiHeTHuuHy eHeprio. PoboTy
CHJIM MOXKHA 0GUMCINTH i 38a opMytoro A = F - §, mincras-
JAI0YY 3aMicTh F Bupas BiamoBigHOI cuian (CHIN TAKIHHS, mg
CHJIU IIPYKHOCTI, cuu TepTs). 3’ ACyEMO, IKOTO BUAY Ha-
OyBae hopMmyJia JJsg 0O0UNCIeHHS POOOTY CUIH TAKIHHSA. A

Posraamemo Bunagok ginvrozo nadinnsa. Hexaii Tino
Macow m majae 3 AedaKoi Bucotu h, no sucoru h, (ma.. ~
183). Ilpu npoMy BOHO 3AIMCHIOE TIepeMillleHHs s = h, — h,.
Ha Tino gie mocrifina cuna tsaxinaa F = mg. OckinbKu 1me-
peMilleHHs i HaIpAM CUJIU TAXKiHHSA 36iraroThes, TO pobo-
Ta CHJIA TAKIHHA 06‘II/ICJIIO€TBC}.=I: A=Fs= mg (h,—hy). Man. 183. PoGora

Bucoru A, i h, MoxyTh BuMipioBaTHCH Bif 6yAb-AKOTO s S —
BUOpPaHOTO HAMU PiBHA: BiJl piBHA moBepxHi 3emui, Big qHA BepPTHEATBHOMY pyci Tia
sIMU, BiJl TOBEPXHIi CTOJIA TOIIIO.

Bucory Bu6panoro piBHs Ha3UBAIOTh HYLbOGUM PiGHEM.

Aximo Tiso magae 3 geAKol BucoTu A 10 HYJILOBOTO PiBHS, TO PO0OOTA CUJIN Ts-
JKiHHA JomaTHa: A = mgh.

SKIo TijI0o KMHYTO BEPTUKAJBHO Bropy 3 HYJHOBOTO PiBHA i migHiMaeThca Ha
BUCOTY h Hajg HUM, TO POOOTa CUJIN TAKIHHA Bix' emua: A =-mgh.

PosrnsmemMo BumagKm, KOJU TiJI0O pyXaeThcA He IO BepTuKaJjai. Hampukian,
Hexail TijIo Macoio m CKOUYyeTbCA 6e3 mepms IO IOXWJiH IJIOMUHI BUucoTo0 A. Y
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TAKOMY BUHAIKY TiJIO 3MiHICHIOE IIepeMillleHH I
S, AKe TOPiBHIOE MOBXKWHI ITOXUJIOI IIJOIMUHI
(man. 184). OckinbKu HAIPSIM BeKTOpa Iepe-
MillleHHda 1 HampsaM BeKTOpa CUJIMN TAXKIHHA o
YTBOPIOIOTH KYT O, TO po0OTa CUJIU TSKIHHA Y 3, 5
TaKOMY BUIIAJIKY O0UMCIIOEThCA: A = Fscoso
abo A=mgscoso. . v

SIK BUAHO 3 MaJIIOHKa SCOSO.=Hh, OTiKe,
A=mgh .OrpumaHuii Bupas I pOOOTH CUIN
TAKIHHA i gac pyxy Tina mo moxmiiit mimo- Maexn. 1'84; PoGota cumu TAKIHEA IPH
IuHi 36iraeThCcA 3 BiAIOBIIHAM BHPA30M IIij pycl TLIa NOXMJIOKO IIJIOMNHO0
yac BepTUKaJbHOTO pyxy Tina. Ile osmauae,
110 Po0OTa CUJIM TAKIHHS He 3aJIeKUTh BiJl TpaeKTOpii pyxy Tijla, a BU3HAYAETHCS
JIWIIIEe Pi3HUIIEI0 BUCOT MijK IIOYATKOBUM i KiHIIEBUM TIOJIOKEHHAM TiJja.

Axi1mo Tijo micas coycky O0yab-AKOI0 TPAEKTOPIEIO ITIOBEPTAETHC Y ITIOUATKOBE
IMOJIOXKEeHHS, TO poboTa 1o TaKiii 3aMKHeHil TpaeKTopii JopiBHIOE HYJIIO.

ITorennianbHa eHepris Tina, migHATOr0 HaNM 3eMiero. SIK Bimomo 3 Kypey ¢isu-
Ku 8-T0 KJjacy,

nomeHyianbHa enepzia — Ile eHeprisa B3aeMoAil Tijt
é ab0 JacTHUH Tija, AKa BUSHAYAETHCA 1X BBAEMHUM II0-
JIO}KEHHAM.

¥ BcTaHOBJIEHiN (hopmyi Ana poboTH CUIM TAMXKIHEA A =mgh, —mgh, nepmuii
YJieH XapaKTepusye moyaTKoBe MOJIOMKeHHA Tija, a Apyruil — Kinmnese. Ile osHauae,
mo mgh, — Ie NOTeHIiaJbHA eHepria Tisa y moyaTrkoBOMY cTaHi, a mgh, — IOTeH-
niajJbHA eHeprid Tina y kinnesomy crasi. Ilosraunsmu E , =mgh, ta E , =mgh,,
MoxxHa sanucatu: A=E —-E .

SAxo BuHECTH 3HAK «MiHyC» 3a y:KKH, To oTpuMmyemo A=—(E ,—-E |), ne Bu-
pas y Iy:KKax Oo3Hauae 3MiHy IOTEeHIliaJabHOI eHeprii, To6To

é A=-AE, — poboma cunu maxinna 00pi6HIO€ 3MiHi
nomenyianvHoi enepeii mina.

3HaK «MiHyC» BKasdye Ha Te, 10 KOJI1 Po00Ta CUJIU TSKIHHSA JOZAaTHA, TO IIOTEH-
IiajgbHA eHeprid Tija aMeHIIyeThed (Y BUMIAAKY MaAiHHA Tijga). AKIo Tijgo KuuyTu
BEPTUKAJBbHO Bropy, TO podoTa CUJIN TAKIHHA Bif’eMHAa, a MOTeHIIialbHA eHepris
Tijsa 36iabITyeTheA. KinmeTnuHna eHeprid Tijla Ipu [bOMY «IIOBOAUTHCS » HABIIAKHU:
Ipu MagiHHi — 301IBIIYETHCS, IPU IIiAHIMaHHI BrOPY — 3MEHIIIYETHC.

Ha Bimminy Big KimeTuuHoi eHeprii, AKa 3aJIeKUTh BiJ IIBUAKOCTI pyxy Tija,
MOTeHIliaJIbHa eHepria Moske OyTU BiAMiHHOIO Bix HYJ/IsI, HABITH TOA1, KOJIU TiJIO IIe-
pebyBae B cTaHi criokoio. HampukJjanm, BaHTaxK, Macoo m , AKUNA OiJHATUHN 3a I0-
IIOMOTOI0 HiJHOMHOTO KpaHa Ha IeBHY BUCOTY A i yTPHUMYyeThCA B IIOKOi, Ma€ I10-
TeHIiaJbHY eHeprito mgh . Ko HagaTu BaHTaKy MOKJIMBICTH BIACTH, TO CUJIa
TAKIHHA BUKOHY€E POOOTY, iKa JOPiBHIOE OTEeHITianbHill eHeprii BaHTaKY.




Po6ora cumu nipy:xHOocTi. Cujia Mpy»KHOCTI — 11e cuJia, 1110 BUHUKAE TiJ] yac ae-

dopmarrii Tiza i, AK Bigomo, MosKe OyTHu ob0umcieHa 3a 3aKkoHOM ['yKa: anx =-kx.
Busenemo opmysy s BU3HAUEHHS POOOTH CUJIM IIPYKHOCTI HA IPUKJIALL
nedopMOBaHOI IPY:KUHU. PO3rIAHEMO IIPYMKUHY, O OJHOTO KiHIIA AKOI IIPUKPI-
mwieHo tarapeis (maz. 185, a). CtuckaruMmeMo

,—{\W/\/\MM , UPYXHUHYY manpsawmi oci X. IIpu npomy BUHU-

Kae cuja IIPYKHOCTi, HallpaBjaeHa y 0ik, mpo-

g TUJIEXKHUN 3MIiIIeHHIO YACTUHOK 3 IKUX BOHA

CKJamaeTbCcsa. IIpu CTHUCKAHHI TPYKUHU Ha

X, y Hili BUHUKA€E CUJIa MPYKHOCTL, MIPOEKIIidA

<5 sAKO01 Ha Bich X: an1 =—kx, (man. 185, 0).

P B B Bignyctumo npy:kuny. TAarapelp Imoune
= —  [OWWWWWWWY PyXaTHCh ¥ IPOTUIEKHOMY HAIPAMI IIiJ gieio
CUJIY TIPYSKHOCTi, SKa BUKOHYE IIPHU I[bOMY J0-
IaTHY POOOTY, OCKiJIbKY HAIPAM CUJIU TIPYK-
HOCTi 1 mepemiIlnieHHs TArapis 306iramTbes
(man. 185, 8). Hexait y neaxuii MOMEHT 4acy
TArapelnb SHAXOAUTHUMEThCA y Toulli B, cuia

OPYKHOCTI B IIiff ToUIli y:Ke Oyme anz = —kx,. Ilepemimienns, sxe 3AiACHUB TATA-

penp S =x, —X,, abo y mpoek1ii Ha Bicb X: s=—(x, —x,) ab0 s=x,— X, .

Ax Bigomo, 11100 BUBHAUUTI POOOTY, HEOOX1AHO IIEPEMHOMKUTI MOLYJI1 CUIN IIPYIK-
HOCTi i mepemimneHHsa. Ajle OCKiBKY i Yac pyxXy TATAPISA BUAOBKEHHS MPY:KUHU
TOCTifHO 3MiHIOETBHCA, TO i CHJIa IPYKHOCTI IPH IITbOMY TAKOMK ITOCTiITHO 3MiHIOETHCS.
Tomy y hopmysry poGOTH IIiICTABIAIOTH CEPENHE 3HAUEHHA CUJIN IIPYKHOCTI:

F = (—kx, )+ (—kx,) _
¢ 2
Bupas g5 o6unciaenHs poOOTH CUIN HPYKHOCTI HabyBae BUTJIALY

P 6

=

by

Man. 185. [lo po3paxyHKy
POOOTH CHIIM MPYKHOCTL

k
_E(xz +x1) .

A=I4:_,s:—§(.7c2 +2,) (2, — 7).

Ockimpkm (X, +x,)(X, —x,)=x: —x. , TO
kB, 5 kx?  kx?
A=——(x2 —x)=—| —2 "L
gt~ %) 2 2

ITorennianbpHa eHeprig npy:xHo0 HedopMoBaHOro Tija. Y BCTAHOBJIEHiN hopmy-
JIi 151 pOOOTH CHJIM MPYKHOCTI MePIINi 4IeH XapakTepus3ye KiHIleBe IMOJOKeHH

Tarapra (a0o Kpao IPYMKHHU), a JAPYruil — IIOYaTKOBE [JO TOTO K
kx*| H-m® kx? . .
P =——=H-m=]1)x. Ile o3sHauae, 1110 — IIe TOTeHIliaJbHa eHeprisa
M
x2
IPYXUHHU y IOYaATKOBOMY CTaHi, 8 —2 — ii MoTeHIliadbHA eHepria y KiHIleBoMy cTa-
2 2
kx; . kx;

Hi. [losnmaunBmm E , = iE,= 3 MoskHa 3anucatu: A=—(E ,-E )=—AE, .




3aKoHM 30epeskeHHA B MeXaHiIi

Pobora cunm mpysKHOCTI JOPiBHIOE 3MiHi ITOTEHIiaJIbHOI eHeprii mpy:KHO nge-
(GOPMOBAHOTIO TijIa, B3ATiHN 3 MPOTUICKHIM 3SHAKOM.

PoGora cusim mpy:KHOCTI 3aJI€KUTH JIUIIE Bij] TOYATKOBOTO i KiHIIEBOTO MOJIO-
JKeHb Kparo IPYKUHU, TOMY TaK caMo, K i poboTa, cuja TS:KiHHS He 3aJIeKUTh BiJ
dopmMu TpaeKTopii. A AKIIIO TPAEKTOPisA 3aMKHeHa, To po0oTa JOPiBHIOE HYJIIO.

Or:xe poboTa CUIU TAKIHHA I00AN3Y IOBEPXHi 3eMJIi i poboTa cUJIN IPYHAKHOCTL
MPYsKHO Ne)OPMOBAHOTO Tijla BU3HAUYAETHCS 3MiHOIO ITOTEHITiaJIbLHOI eHeprii, B3s-
TOIO 3 IPOTUJIEIKHUM 3HAKOM.

Ileit BUCHOBOK IOIIUPIOETHCS I OyIb-IKUX CHUJI, AKi 3aJiesKaTh Bix Bimcrami
MiK Tijlamu (UM HacTMHAMMU Tija) i AKi He 3ajyieskaTh Big mBuAKoCTi pyxy Tija. Taki
CUJIU Ha3MBAIOTh KOHcepsamueHumu (Ti, 1o 36epirarorscs).

Cucremu, y AKUX MilOTh TiJIbKY KOHCEPBATUBHI CUJIN, TAKOMK HA3WBAIOTH KOH-
cepBaTUBHUMU. Y KOHCEPBATUBHUX CUCTEMAX He BifOyBaeThCS IIePEeTBOPEHDL MeXa-
HiuHOI eHeprii y iHmIi Buau (BHYTPillIHIO, €JIEKTPOMAaruiTHy, XiMiuHY TOIII0).

@ Daiite BianoBiAi Ha 3anUTaHHSA

1. Tiso KMHYTO BEPTUKAJBLHO Bropy. BKaxKiTh, JomaTHY UM Big eMHY POGOTY
BUKOHY€E CHJIA TSKIHHA: a) IIiJ yac IigHaTTa Tijga; 0) mig uac #oro naginus.

2. Ywu 3ayeXuUTh poOOTA CUIU TAMKIHHSA BiJi TPAEKTOPII pyXy Tija B mOJIi TAMKIH-
Hsa 3emiti? YoMy gopiBHIOE POOOTA CUJIM TAMKIHHS II0 3aMKHEHil TpaeKTopii?

3. fAka popmysia Bupasrkae 3MiCT IOTeHITiaJabHOI eHeprii Tijia, 1110 3HaXOAUTHCA
Ha Jesakiit Bucori Hax Semrero? fK 3MiHIOEThCA IIOTEHIIAIbHA eHepTrid Tijia mig uac
#ioro pyxy Bropy?

4. Yomy mijg uac po3paxyHKiB poOOTH CUJIN IPYIKHOCTI BUKOPUCTOBYIOTH Ii ce-
penHe 3HaUYeHHA?

5. Illo cmizpHOrO y BUpasax AJsS POOOTH CHJIN MPY:KHOCTI i poboTu cuau Ts-
skimaa? Mo coisbHOTO B TOTEHITiaAbHUX €HEPTiAX Tija, HA AKe [i€ cuiia TAKIHHA,
iTisa, HA AKe i€ cuya IPYsKHOCTi?

6. 3a akor GopMyJIOI0 BUSHAUAIOTH ITOTEHI[IaJbHY €HePTrito IPyKHO Aedopmo-
Bamoro Tijza?

YA

)

@ Mpuknaau po3B’s3yBaHHS 3apay

3amaua 1. fIKy poGoTy moTpiOHO BUKOHATHM: a) 1100 TiJIO A
macoio 20 Kr migaaTu Ha Bucoty 20 M: 0) e caMe Tijo migHs-
TH PiBHOIPUCKOPEHO i3 CTaHY CIIOKOIO Ha TAKy CaMy BUCOTY
3a 10 c? Ommopom IOBiTpSA 3HEXTyBaTH. h
Hano: Po3é’azanna:

m =20 Kr; a) Y mepiroMy BHUIAAKy HeOOXiZHO BUKOHA-
h=20wm; TH POOOTY 3 MOAOJIAHHSA JIUIIE CHJIN TAKIHHSA, 1[0
t=10c¢ nmie Ha Timo: A=mgh.

a)A-7? A=20kr-9,8 M/c? 20 m=3920 [ . 0

0)A—7?
0) ¥ mpyromy BUIIaAKY OO Tijia Mae OyTHU IIPUKJAAeHA

CcHmJIa, ITI0 IOJIAa€ CUJIY 3eMHOTO TSKiHHSA 1 Hagae Tijry IpucKo-
peuaHsda (maz. 186).

S]]

X

Man. 186.
Ilignimanuga Tiga
3 MPUCKOPEHHAM




Buszauumo ii 3 gpyroro sakony Heiotona: F+mg=md .
VY npoexkiiax Ha Bick Y (man. 186): F=mg+ma.
Toni sarpauena pobora: A=mh(g+a).

IIpuckopenus pPyxy Tina BU3HAYAEMO 3 dhopmya Kinema-
2

TUKU: h :a? , 3BiIKU a =2t—£l . Orpumyemo: A =mh(g+i—?) .

M 2-20m

A=20xr-20 m| 9,8 —+——— |=4080 [I:x.
( ¢ 10%c? ) A

Bignmosiap: a) A=3,92x]lx ; 06) A=4,08 x[[:x .

3amgaua 2. [IBi npy:KuHU, :KOpCcTKOCTi AKux 3 i 2kH /M, 3’eguanu mocrigoBHO i

posTAruyau 3a KiHnii Ha 10 cm. Ky npu oMy BUKOHAJIU PO6OTY?
Po3é’azanna:

3a mocJIifOBHOrO 3’€IHAHHS KOXKHA IIPYKUHA 3a3HAE BigmoBiz-
HOI fedopmarnii x, Ta x,, npudomMy x =x; +x, (1).

Cuay IpysKHOCTi, II[0 BUHHKAIOTL V IPYsKUHAX Y TAKOMY BHU-
najKy, piBHI Misk coboro: B x, =k,x, .
Bupasumo 3 0CTaHHBLOTO DIBHAHHA X : X, = kX, /K.
ITincraBasemo orpumanuii Bupas y hopmyay (1):

kyx, . xk,
x= +x, i BUBHAUAEMO X,: X, = .
ky +Fy
. Xk
Amnasnoriuso BU3HAYAEMO X, = .
Ry +Fy

Pob6oTa mopiBHIOE 3MiHI MOTeHITiaIbHOI eHeprii cucTeMu MPYKUH:
A= k1x12 " kzxs _ x2k1kz )
2 2 20k, + k)
3eeprimb yeazy! 3amauy MosxkHa 0ys10 6 po3B’A3aTH, CKOPHUCTABIIUCH (DOPMYJIOIO
IS BUBHAUEeHHA Koe(dillieHTa MPyKHOCTi CUCTeMHU TOCTiTOBHO 3’ € THAHUX MPY KUH

. kk, .A:kxzz x°k,k, .
Ry +k, 2 2k, +k)
2 2 3 3
A:O,l M 3310 H/m 2310 H/M=6I[)1c
2-(3-10° H/m+2-10° H/m)
Bigmosias: A = 6 JI:k.

@ Bnpaea 32

1. BamroBuii KpaH mifHiMae y TOPM30OHTAJILHOMY IOJIOKEHHI cTajieBy OaKy
3aBmoB:KKHU 5 M i mepepizom 100 cm? Ha Bucory 12 M. Ky KopruCHY POGOTY BUKOHYE
KpaH?

2. fIxy poboTy BUKOHYE JIIOAMNHA, IIiJHiMaun Tijio Macoio 2 Kr Ha BucoTy 1 M 3
pUCKOpeHHaAM 3 M/c2?




3aKoHM 30epeKeHHA B MeXaHii

3. ABTOoMO0iIE Macow 10 T pyxaeTbcsaA 3 BUMKHEHUMU OIBUTYHAMH II0 CXHJIY,
SAKUH YTBOPIOE 3 TOPU30HTOM KYT 4°. O6UuCIUTH POoOOTY CUIU TAKIHHA HA MIJIAXY
100 m.

4. Ha 6aJIKOH, po3TaIllloBaHUHi HA BUCOTi 6 M, KMHYJIY 3 IOBEPXHi 3eMJIi mpeaMeT
macoro 200 r. ITig yac moJIbOTY IMpeaMeT AOCAT MaKCHMAaJIbHOI BUCOTU 8 M Bif I0-
BepxHi 3eMJi. BusHauuTu pobOTy CHUIM TAMKIHHSA IIi Uac IOJbOTY IpeaMeTa Bropy,
BHU3 i HA BCbOMY MIJIAXY, & TAKOK PEe3YJIbTYIOUY 3MiHYy IOTEHI[iaJabHOI eHeprii.

5. IITo6 cTUCHYTH IPYKUHY AUTSIUOTO IPYKUHHOTO ITicToJIeTa Ha 3 CM, TPUKJIA-
au cuy 20 H. BusHaunTy noTeHI1iaJbHy €HEePriio CTUCHYTOI IPYIKUHUA.

6. AAKy poGoTy Tpeba BUKOHATH, 11100 PO3TATHYTHU IPYIKUHY, sKOPCTKICTL K01
40 kH /™, u1a 0,5 cm?

7. 1106 po3TATHYTU HNPY:KUHY Ha 4 MM, Tpeba BUKOHATU POOOTY, SAKa JOPiBHIOE
0,02 [I:x. SIKy poboTy Tpeba BUKOHATH, 11100 PO3TATHYTH IO caMy IPY.KUHY Ha 4 cM?

8. IlopiBHATH PO6OTHU, AKi BUKOHYE JIOAUHA, PO3TATYIOUU IPYIKUHY TUHAMO-
metpa Bixg O mo 10 H, Bix 10 mo 20 H, Bix 20 mo 30 H.

9. ITory:kuicTh rigpoenexkTpocrantiii — 73,5 MBt, KK]I — 0,75. Busnauutu, Ha
SIKUI piBeHb rpebJisa migHiMae Boay, KIO BUTpaTa Bogu cranoButh 103 m3/c.

10. IBuryn macoca, po3BuUBaOuu MOTYyKHicTh 25 KBT, miguimae 100 m® HadTu
Ha BucoTy 6 M 3a 8 xB. Busnauutu KK/ ycTaHOBKH.

§ 36 3akoH 30epeXXeHHs eHepriT

v’ Barxon 30epejceHHs i nepemeopennsa enepeil.
v’ Baron 30epeceHHs MeXAHIYHOL eHep2il.

3aKoH 30epeskeHH i mepeTBOpeHHs eHeprii Bigxkputuii y 1840 p. P. Maiiepowm.
HesBaxarouu Ha Te, 1110 BUEHUH 3AiICHUB BIAKPUTTS Ha OCHOBI MeJUKO-010JIOTiUHIX
IOCJIiIKeHb, el 3aKOH Ma€ yYHiBepcaJbHU XapaKTep.

x00umbv 3 001020 6udy 6 iHWUL — PyHOaMeHMANb-

é Enepzia ne 6uHuKace i He 3HUKAE: 60HA UWLe nepe-
HUl 3aKOH nPUpPodu.

ITeit sakoH Mae HaA3BUUANHO BaXKJIMBE TEOPETUUYHE i IpAaKTMUHE 3HAYEHHA.
Enepris mae 6arato popm: MexXaHiuHy, TeILJIOBY, €JIeKTPUUHY, SAePHY, XiMiuHY,
CBiTJIOBY, Oiosoriuny ToIo. OgHa hopMa eHeprii MoKe 3MiHIOBAaTUCA Ha iHIITY.

3akoH 30epeskeHHsS MexaHiuHOI eHeprii. Po3risgHemMo 3aMKHEHY cuCTEMY, B
AKi¥ Tiza B3AEMOIIOTH OJHE 3 ONHUM CUJIAMU IIPYKHOCTI abo (Ta) cuiamMu TAKiHHA
i KomHIi 30BHINTHI cuy Ha HUX He MiloTh. Taka cucreMa MOMKe MaTU IK KiHEeTUYHY,
Tak i moTeHIiambHY eHeprio. KiHeTuuHy — BHACTIIOK PyXy TiJ cucTeMU, TTOTEHITi-
aJIbHY — BHACJIITOK 1X B3aeMO/Iii.




A Mu y:xe 3’sacyBayu, 3a OyIb-AKHUX B3a€MOIiM TiJ, poboTa CHJ HPY:KHOCTL
(TAKiHHSA) BUBHAYAETHCA 3MiHOIO iX IOTEHI[iaJbHOI eHepTii, B3ATOI 3 MPOTUJIEKHUM
sHakoM: A=—(E ,-E ).

Pasom 3 Tum pob6oTa TMX caMUX CHUJI, 32 TEOPEMOIO IIPO KiHeTUUYHY eHepriio, BU-
3HAUYAETHCA 3MIHOM iX KiHeTnuHOi eneprii: A =E,, — E, . [IpupiBHIO0YM 11i BUpasu,
orpumyemo: —(E ,—-E )=E,,-E, a6o: E,+E =E ,+E,.

3UBAIOTh NO6HOI0 MEXAHIYHOIO eHep2zilo mina:

é Cymy KiHeTHYHOI Ta ITOTeHI[iaJbHOI eHeprii Tija Ha-
E=E +E.
n
Kimernuna i moreHIiaabHa eHeprii TiJ MOMKYyTh 3MiHIOBATHCS 3 YacoM, aJjie B
3aMKHEHIH cucTeMi iX cyMa 3aJIMIIaeThC CTAJIO0IO.

3aKoH 30eperKeHHs i IepeTBOPEHHSA IOBHOI Mexa-
HiuHOI eHeprii GopMYyJTIOIOTH TaK:

é NO6HA MeXAHiYHaA eHep2zii 3aMKHEeHOL cucmemu
min, aki 63aemoditoms curamu maiinua abo (ma)

npyscHocmi, 3anUULAEMbCA He3MIHHOW 3a 6ydob-

AKUX 63a€m00iti min misxe co6o10.

IIpu popmysroBaHHI IIBOTO 3aKOHY 3aBXKAU IIiAKPECTIOETHCS, W0 6iH CNPaA6-
Oacyemovea nuwe modi, konu mina 63aemodirtoms wepe3 cury npyrcHocmi abo
(ma) mascinua 6e3 0ii cmoporHix cun (y KOHCEPBATUBHIi# cucTeMi).

Hampuraan, AKINO MiZHATY HAA CTAJEBOIO ILJIMTOIO CTAJEBY KYJbKY i BUIIyC-
TUTU TOTiM ii 3 pyK, TO BOHa majatumMe. ¥ Mipy HaJiHHA KYJbKU il MOTEeHITiaIbHA
eHepTrisg 3MeHITyeThCs, a KiHeTuuHa — 301IbITyeThCsI, 60 3poCcTae IMBUIKICTh PYyXY
KyabKku. Big ymapy KyJabKu 00 miauty aedopMyIOThbCA AK KYJbKa, Tak i ILJIHUTa, a
KimeTWuYHa eHeprid, AKY MaJia KyJbKa, IePEeTBOPIOETHCA B IMOTEHITiaJbHY eHeprito
ITedopMOBaHUX ILIUTH i KyJabKHU. IloTiM BHACTIZOK il MPYKHUX CUJI IIJIUTA i KYJIb-
Ka HabepyTh IMOYATKOBOI (DOPMU, KYJIbKa BiICKOYUTD BiJ IJINTH, a IX IOTEHI[iaIb-
Ha eHepria 3HOBY IIEPETBOPUTHCA B KiHETHUHY eHeprilo KyJbKHU: BOHA IIiICKOYUTH
yropy 3i MIBUIKiCTIO, II10 JOPiBHIOE IIBUAKOCTI, AKY BOHA MaJjia B MOMEHT yaapy 00
miuty. Ilig yac migHiMaHHS Bropy IIBUIKICTh KYJIBKH, a OTMKE, 1 i1 KiHeTHUHAa eHep-
Tis, 3MEeHIIIyeThCsA, IOTEHIliaJIbHa €eHePTris 3pocTae. ¥ BepXHil Toulli migiiomy Bed il
KiHeTUYHA eHepTid 3HOBY IIePETBOPIOETHCS V TOTEHITiAIbHY.

Axmo B cucremi diroms cunu mepmas (0Ouip mOBiTPSA, BHYTPIIITHE TEPTA B PEUO-
BUHI KYJIbKY i IINTH), NO6HA MeXAHIYHA eHep2ia He 3aNUUAEMbCA CMANL0I0.

SIKIo cucTeMa He3aMKHeHa i B Hill JiI0Th CUJIU Tep-
Ts (omopy), TO 3MiHA MeXaHIYHOI eHeprii cucTemMu 10-
é piBHIOE cyMi pOOIT 30BHINIHIX CHMJI i BHYTPIITHIX CHJI
TepTs, TOOTO
A+A =AE.




3aKoHM 30epeskeHHA B MeXaHiIi

3aKOoH 30epeKeHHs i IepeTBOPEHHSA eHeprii Jae MOKJINBICTh POSKPUTHU (hi3mu-
HUU 3MicT HOHATTA pobotu. PoboTa cui TAMKIHHS ab0 CHJ IPYKHOCTI, 3 OJHOTO
0OKY, TOPiBHIOE 30iJBbINTEHHIO KiHEeTUYHOI eHeprii, a 3 Apyroro — 3MeHIIIEHHIO ITOTEeH-
nianbHOI eHeprii Tisn. Takum ynHOM, po60oma dopiénioe 3mini enepeii.

@ Daiite BianoBiAi Ha 3anUTaHHA

1. IITo Take moBHAa MexaHiuHa eHeprisa? ChopmyaoiiTe i 3anuIriTh 3aK0H 36e-
Pe'KeHHS MOBHOI MeXaHIUHOI eHeprii.

2. ¥V AKuX cucreMaxX BUKOHYETHCA 3aKOH 30epesKeHHs IOBHOI MexaHiuHoi
eHeprii y 3araJJbHOMY BUTJIAII?

3. flk BmIMBae Ha eHEPriio CUCTEeMHU TiJ Aisl CUJIU TepPTsa?

@ Mpuknapun po3B’a3yBaHHs 3apa4

3amaua 1. Ha Gapabanm macoio m = 9 Kr HamMOTaHO IIHYP, A0 KiHIII SAKOTO
pWB’A3aHO BAHTAX MAacCoOIo M = 2 Kr. BusHaunTu NpuCKOpeHHs BaHTaxKy. Bapaban
BBaYKaTU OSHOPiZHUM IMuiHapoM. TepTAM 3HeXTyBaTH.
Po3sé’a3anna:
Ilixg uac omyckaHHA BaHTaXKy MOT0 ITIOTEHI[iaJIbHA €HepTid 3MeHIITY-
€ThCHA i TePexXoauTh Y KiHeTUUHY eHepPriio IIOCTyIIaJbHOTO PYXYy BaHTa-
JKy Ta KiHeTHYHY eHepriio obepraHHsA OapabaHa.

myv’  Jo’
+ .
2

mygh =

2

OcKinrbKu JJIA TUJIIHAPDA MOMEHT 1HePITll J= 1 M= E ,» TO MOMKHA 3aIllucaTu:

2
m,v
0+

2 2.2 2

mv? V2 m
= (mo +E) .

mygh =

2
. . o . . at
OcCKiJIbKY PyX PiBHOIIPUCKOPEHUIT 0e3 ITI0YaTKOBOI IIIBUIKOCTI, TO A = 7 ,v=at.

) at®  a’t® m ) 2m,g
IlincraBnaooun, orpumMmyeMo m g ——=——~(m, +—), 3BiAKH a =——F—.
2 2 2 2my+m
2-2kr-9,8M/c®> M
a= = 3—2 .
2-2Kr+9Kr c

Bigmosims: 3 m/c2.

3amaua 2. Moaorom, AKuil nagae 3 sucotu A = 1,2 M, 3aduBarTh naao. Bixg
yaapy majs 3aranu0II0EThHCA B 3eMJIIO Ha S = 2 cM. BU3HAUNTH CepeNHIO CUIY YAApy
F_iitoro TpuBasicTh T, AKIO Maca Mosota m =5 + 10% Kr, Maca majii 3HaUHO MeHIIa
BiJ Macu MoJIoTaA.




Hano: Po3é’azannsa:
h=1,2 m; PobGora, sxa BUTpauaeThCs Ha IIOMOJIAHHS -
s=2cwm; CWJI OIIOpYy I'PYHTY, JOPiBHIOE 3MiHI IOTeHITiadb- o
m=5-10*kr |Hoi eneprii momora: F s =mg(h + s) (max. 187). A ¢
F-? 3Bigcu F = mg(1+ﬁ). -
T—? ¢ s l !
ITigcrasnAroun 4ncIoBi 3HAUEHHSA, oTpUMyeMo: F ~ 3 - 10° H.
TpuBasicTs ynapy BUSHaUa€EMO 3i CIiBBIAHOIIEHHA: T = S/V . Hynposuii
BBamxaemo pyx masi y TpPyHTI piBHOCHOBiJIBHEHUM, TOMYy _ V p1BeHb
. =D°—+D, Ie, 3a 3aKOHOM B30epe’KeHHS eHeprii, IIodYaTKoBa s:,{_!_ J
MIBUAKICTH ITaJi JOPiBHIOE IITBUAKOCTI MOJIOTA HA ITOYATKY yAapy w167
ani. .

V, =+/28h , y kiHni pyxy nami v = 0.
25 _8.10"%.

J2gh

Bignosins: F ~3-10°H, 1=8- 107%¢c.

@ Bnpaea 33

1. Kynsa macoro 3 KT I1ajia€ 3 BUCOTH 3 M Ha IIPYKUHY i cTucKae ii. Busnauuru
MaKCcuUMaJIbHe CTUCKAHHS IPYKUHA, AKIIO i1 skopcTKicTs 700 H/M. Macoro npy:xu-
HU 3HEXTYBAaTH.

2. Kyabpka macoro 10 1, 1110 BUJIiTae TOPUBOHTANIBHO 3 IPYKUHHOTO ITicToJeTa,
IMOTPAILISAE Y IeHTP IigBimTeHol Ha HUTI IIacTUIiHOBOI KyJIi macoio 40 r i 3acTpse
B Hiti. KopcTkicTs npysxuuy mictosera — 400 H/M, cTuCcKaHHA IPYKUHY IEPeE]T 10~
crpisiom — 5 cm. Ha Ky BuCOTY HigHIMYTBCSI KYJIbKI?

3. Kosoga macoio 10 Kr cKOUyeThCA 3 TiPKU 3aBBUIIKK D M i 3yIIMHSIETHCA HA
TOPU30HTAJBHIN FiMAHI MIaxy. AKy podoTy He0OXiJHO BUKOHATH, 11100 3aKOTUTH
KOJIOZY TUM CAMUM IILJISIXOM Ha TipKy?

4. 3 ropu, Bucota AKoi h=2M i ocHoBa d=5M , 3’1’KI’KalOTh CaHU, AKi ITOTiM
3YIUHAIOTHCA, KOJIU IPOUIYTH 110 TOPU30HTaIl MIax [=35M Big ocHOBuU ropu. Bu-
3HAUYUTU KoedilieHT TepTs.

5. Yropy 1o moxuJiii MJIOMIWHI TOUYNHAE PYXATUCS TiJIO 3 TIOUATKOBOIO IIIBUJ-
Kictio 10 m/c. Ha akiii BigcTaHi Bif HUKHBOT0 KPaio IOXUJIOL IJIOIUHY KiHeTUYHA
eHeprid Tima 3aMeHIUTbCA y 2 pasu? KoedilieHT TepTa MisK TisioM Ta MJIOIMHOIO
0,6. KyT Haxm1y mIOIIUHEA 40 ropusoHTy 30°.

6. ITo moxwuriit muomiuHi, BucoTa AK0i 1 M, OAUH pas 3icKoB3ye 6e3 TepTsa BaH-
Ta)K, HACTYIHOTO Pa3dy — CKOUYEThCA 0e3 TepTa o0pydu. Macu BaHTa:Ky Ta o0pyda
oxHakoBi i gopiBuioloTs 1 Kr. Pagiyc obpyua — 10 cm. Maca o6pyua 3ocepenskeHa
o o6oxy. Ky IMIBUAKICTb MOCTYIIAJBHOTO PYXY MATUMYTh BAHTAMK Ta 00pyY ITicJIs
CIIYCKY 3 IIOXUJIOL IIJIOIITUHN ?

7. Tino KuaaOTh 3 MOBEPXHIi 3eMJIi BEepTUKAJIBHO Bropy 3i msuakictio 20 m/c.
BuszHaunTtu MakcuMaJbHY BUCOTY IIiAOMY Tijia Ta BUCOTY, Ha AKill 1oro KiHeTUYHAa
i morenmianbHa eHeprii ogHaKoBi. OTOPOM MOBITPS 3HEXTYBATH.

Mo 3amgaui 2

Takum ynHOM, T=




3aKoHM 30epeskeHHA B MeXaHiIi

8. Ha 00ix mkiBa, HacaaXKeHOT0O Ha CIIiJIBHY Bich 3 MAXOBMM KO0JIeCOM, HAMOTA-
HO HUTKY, A0 KiHIA aKoi migBimenuit BaHTasKk Macor 1 kr. Ha aky BigcTaHp Mae
OIIYCTUTHCH BAHTAK, II[00 MaxoBe K0Jeco 31 MKiBoM HA0YyJI0 KYyTOBOI IMBUAKOCTI 6
pazn/c? MomeHT imepIiii koJsieca 3i mxiBom — 0,39 Kr * m2, pagiyc mkisa — 0,1 m.

9*. Tizo BiJIbHO KOB3a€ 3 BEPIINHN HEPYXOMOI IIOXMJIOL IJIOIIUHU IIiJ KyTOM
o = 30° 1o ropusoHTy. BusHaunTH MO0 IMIBUAKICTE Y KiHI[I TOXMJIOL IIJIOIIUHY i yac
PYXY, AKII0 BucoTa moxuoi miaomuunu — 10 M, a KoediiieuaT repra — 0,05.

10. Timo kuHyIM 31 MIBUAKICTIO V, IiJ KyTOM 10 rOpH30HTY. BusHauuTy mBuz-
KicTs Tina Ha BucoTi A<h_,_.

@ 3arasbHi pekoMeHpauii Wwoao0 po3B’aA3yBaHHS 3af,a4 Ha ChijlbHe 3aCTOCYBaHHS
" 3aKOHiIB 30epeXeHHs iMnynbcy Ta eHeprii

PiBuAHHA 3aK0HY 30epesKeHHs i IepeTBOPeHH A eHeprii — ogHa 3 HaldaraJbHi-
mux GopMyJI MeXaHiKu, IO Ja€ 3MOT'Y PO3B’sI3yBaTH MaliyKe Bci 3a/1aui ejemeHTap-
HOI MexaHiKM. ¥ 3aJauax IiJBUIEHOI CKJIASHOCTI Iie PiBHAHHS € OAHIM 3 OCHOBHUX,
AKe pa3oM 3 PiBHAHHAM IPYTroro 3aKOHY IMHAMIKY i piBHAHHAM 3aKOHY 30epesKeH-
HS iIMITyJIbCY CTAaHOBUTH IIOBHY CUCTEMY PiBHAHB, II[0 ONIMCYIOTH IeBHe aBurie. Oco-
0JIMBO 3PYYHO, a B APYTOMY BUNAAKY MPOCTO HEOOXiAHO, BUKOPUCTOBYBATU 3aKOH
30eperkeHHsA eHeprii Aaa po3B’sA3yBaHHA 3a7ad, Y AKUX: a) 3aJa€ThCA PYX OJHOTO
Tija; 6) PO3TIANAETHCSA HePiBHOMipHUY 3MiHHUH PYyX.

3araJibHy cXeMy po3B’sA3yBaHHS 3ajJau, 1110 HOTPEOYIOTh CKJIAAAHHA PiBHAHHA
3aKOHY 30eperKeHHA eHeprii, MoKHa IToJaTH TaK:

* BUKOHATHU CXeMaTUUYHUHN MaJIIOHOK i 3aIIcaTi OCHOBHY (popMyJIy;

* YCTAHOBUTH TIEPIIIE i IPyTe TOJ0KEeHH TiJja, 110 PO3TIAAaeThe (1le 3a3BUYaii
IIOYaTKOBe i KiHIleBe IT0JI0KeHHd);

- BUGpaTH HYJIbOBUIl PiBeHb BifuiKy moreHmianpHOI eHeprii. Moro MoxxHa BH-
OpaTu IOBiJIbHO, ajie 3py4yHillle BUOMPATH 3a HAWHUIKYUM IOJIOKEHHAM, SKe 3a-
iMae TiJio i yac pyxy, YW BipaxoByBaTHu BiJ piBHS, Ha AKUHA OMYyCKA€ETHCA TiJIO,
ePexXoAAYn 3 IEePIIOro MOJOKEHHS B IPYTe;

* 300pa3UTHU CUJIH, II[0 JiIOTH HA TiJIO B 3a3HaUeHill TOUIli TpaeKTopii, abo, AKIIIO
TaKoi HeMae, y TOBiJIbHIiM TOUIli, i BiABHAUNTY KiHeMaTUYHI XapaKTepUCTUKU V ik,
1110 BUBHAYAIOTh MEXaHiUHy eHepriio Tijia B IepIIoMy i APYyroMy IOJIOMKEeHHAX ;

* 3aIMCATH BUPA3U IJA POOOTH 30BHIIIIHIX CHMJI i TOBHOI MexXaHiuHOI eHeprii B
mux noJsiokeHHAx. [lizcTaBuTy; 11i BUpasu y BuXifHe piBHAHHA.

¥ mpocTux 3amayax oTpuMaHe PiBHAHHA MiCTUTh, AK IIPABUJIO, OJHY IIYKAHY
BeJIMYHNHY, V CKJIAAHIImMuX — aBa i Oinbine meBimomux. Ko HeBimoMux OisbIire
OIHOT'0, TO 0 CKJIaJeHOT0 PiBHAHHA 3aKOHY 30epesKeHHs eHeprii moTpidHo momzaTu
OCHOBHE PiBHSAHHSA JUHAMIKU MaTepiaJbHOI TOUKU, GopMyau KiHeMaTuKu abo piB-
HSAHHA 3aKOHY 30eperkeHHA iMIyJabcy. ¥ pes3ybTaTi MaTUMeMO CUCTEMY PiBHSHD,
CIiJbHE PO3B’sI3aHHS SKUX Ma€ 3MOT'Y BUSHAUUTH ITYKaHY BeJIUUUHY.

Mpuknaau po3s’a3yBaHHs 3aAa4

3amaua 1. [[ns BU3HAUEeHHS IT0YaTKOBOI IITBUAKOCTI Pyxy KyJi macoro 10 r cTpi-
JISIIOTh V IepeB’ aHU OpyCcoK Macoro 6 Kr, migBilIeHni Ha HUTKaX. Bpycok i3 KyJero,

* 10 3aauy paHiIe pos3B’A3yBaJiu 3a JOIIOMOT0I0 3aKOHIB KiHeMaTUKU Ta AUHAMIKHA.




III0 B HbOMY 3acTpsi€, migHiMaeThcAa Ha BucoTy 49 MmM. BusHauuTu: a) mo4aTKoBY
IMIBUAKICTD KyJi; 0) KiHeTUUYHY eHepriio KyJi y MOMEHT IIOCTPijy; B) AKA YacTUHA
MexXaHiuHOI eHeprii mepeTBOPIOETHCA Y BHYTPIIIIHIO.

ano: Po3é’azanna:
m, =102 kr; Cucremy «OpPyCOK — KyJsd» MOXKHA BBa)KaTU i30JIbOBAHOIO,
m, =6 Kr; OCKiJIBKK Y MOMEHT yAapy KyJi B OPpYCOK yci cuiu, IO Oifdaum Ha
h=4,9-102m |HuX, 3piBHOBAsKEHI; OIIOPOM IOBIiTPsA HexTyeMO (ma. 188).
v —? : = =
i _9 3a 3aKOHOM 30eperKeHHs iMmynbey: m,V, =(m, +m, )i .
K
AE —-? ¥V mpoekuiax Ha Bick X: mv, =(m, +m, )u .
. +m
3Bigku v, =My,
m,

IIBuakicTs OpycKa 3 KyJiel0 y MOMEHT yzaapy (u) BU3HAUAEMO, 3aCTOCOBYIOUN

2
M:(ml +m,)gh , 8Binku u=+2gh .

3aKOH 30eperkeHHsA eHeprii: 3

) . m, +m,
ITouaTkoBa MIBUAKICTE KyJIi: V) =——+/28h .
1

m11)(2)
2

Kineruuna eHepria Kyii y MoMmeHT noctpiny: E, =

YacTuHa MexaHiuHOI eHep-
rii AE, 1110 TIepeTBOPIOETLCA Y N N
BHYTPIIIIHIO, TOPiBHIOE PiBHUITI N N
KiHeTruyHOI eHeprii Kysi y mo- N AN
YaTKOBUU MOMEHT 1 IIOTeHITi- N
aJIbHOI eHeprii Opycka 3 KyJiero |
YV KiHIIeBU MOMEHT:

m,v; e _>__*__ I
D — — D u
AE =—2—(m, +m,)gh . 5, ih

O6unciieHHsA: Man. 188. lo 3amaui 1

_ 6rr+107kr
" 107%kr
_10_2RI"(589 M/c)’

2
AE =1734,6 ITxx—6,01xr-9,8M/c®-0,049Mm ~1731,7 Ik .

Bigmosigs: v, =589 Mm/c; E, =1734,6 [Ixx ; AE=1731,7 [Tk .

3anmaua 2. Kyna macoro m,, [0 PyXa€eThesA 3i MBUAKICTIO L, HA3OTaHAE KYJIIO
Macom m,, AKa PyXaeTbCA 31 MBUAKICTIO L,. BusHaunT MBUAKOCTI KyJib U, i u,
micya yaapy. ¥ aap BBaKaTu a0COJIOTHO MPYKHUM.

J2:9,8m/c* 4,910 M =~ 589 m/c.

E,

~1734,6 k.




3aKoHM 30epeskeHHA B MeXaHiIi

Hano: Po3é’azannsa:

m;; Bubepemo Bick X y mHampsami

L5 IIBUAKOCTI pyXy KyJb (man. 189).

m; 3a 3aKoHOM 30epeKeHHA Ki-

v, HeTHUYHAa eHeprisi KyJb I0 yaapy

ulT IOPiBHIOE KiHeTHMUHI eHeprii mic- Man. 189. lllBuaxkicTs pyxy KyIb
u,~ ? Jd yoapy: JIO Ta Micasa yrapy

2 2 2 2
mv, | MV, M, | My,
2 2 2 2

CymapHuii iMITyJibC 0 B3aEMO/Ii1 TOPiBHIOE CYMapHOMY iMITYJIbCY IIiCJ/IA B3A€MOIii:
m,V, +m,V, =mu, +myu, .

PosB’a3yiouu cucteMy PiBHAHB, OTPUMYEMO:

u = (m, —m,)v, +2m,v, v = (m, —m,)v, +2m,v,
= , Uy = .
m, +m, m, +m,

IIpoananisyemo 6i0no6ids.
1. fIxmo Kysi MarTH OAHAKOBL Macu m, =m,, TO U, =V, i U, =V, , TO6TO KyJIi

00OMiHIOIOTBCS HMIBUIKOCTSIMU.

m, —m,)v 2m,v
2. fIkmo oxHa 3 Kyub Hepyxoma (v, = 0), To u, _ (my —my)v, , Uy=—-11,
m, +m, m, +m,

SAxrmio m, >m,, To mepia KyJjid Hiciasa yAapy PyXaeThcda B TOMY caMOMY HaIpsaAMi,

10 1 70 yaapy, i u, >u, . ddkmo m, <m, , To nmicia ygapy nepiia KyJas BiICKOYUTB y
3BOPOTHOMY HATIPAMI.

3amaua 3. Banra:kiska macoro 4000 Kr, 1110 pyxaeTbes 3i mBUAKICTIO 36 KM /TO,

BIapsE€ThCA Yy JeTKOBUil aBTOMO00iIb, Macoo 1000 kr, 110 cTOIiTh mepen cBiTaogo-
pom. Tpusamicts ymapy 0,2 c¢. AKuX NpHUCKOPeHb BOHU HaOYBAIlOTh y PEe3yabTaTi
aBapii? fIxa yacTuHa KiHeTHUYHOI eHeprili BaHTAXKiBKY BUTPAUYAETLCA Ha gedopma-
Iiro aBTOMOGLIIB?

Hano: Po3é’a3annsa:

m, =4000 kr; ITpu posrasaxi Takoi Bzaemopii (HempyskHUit yaap) (ma..
V,, =36 kM/ron = | 190) cuiu 3UeryIeHHs KOJIiC aBTOMOOLIIE 3 OPOroo (30BHIIIHI
=10 wm/c; CUJIN) MaJIi, TIOPiBHAHO 3 AedopMaIisMu aBToM00iIiB (BHYTPiIII-
m,=1000 kr; Hi cuin), IKi BUHUKAIOTH IIPU IIbOMY, TOMY CUCTEMY MOJKHAa BBa-
t=0,2¢c JKaT! 3aMKHEHOIO i 3aCTOCOBYBATHU [JiA Hel 3aKOH 30eperKeHHs
a—?a,-?% iMHS']JI.Iacys m,Vy, =(m, +m,)V, fe ¥ — cHigbHA HIBUAKICTH aBTO-
n—2 MOGiIiB micasa yaapy.

. . m,V
V npoexkuii Ha Bick X: m,v,, =(m, +m,)v, 3Bigkm v=—>""2—
m, +m,

3MiHa IMBUAKOCTI BAaHTAXKIBKU




m m m
AV} =0 =0y =————Vy; =y, =( =Dy =0,
m, +m, m,+m, m, +m,
g =20 M Vo
1_ - .
t m,+m, t

3HaK «MiHyC» BKa3ye Ha Te, IO

a, d, MIPUCKOPEHHS BAaHTAXKIBKHU CIPSIMOBA-
HO IPOTHU IIBUAKOCTI 11 pyXy.

3MiHa IIBUAKOCTI JIETKOBOT'O aBTO-

X wmobinsa: Av, =v-0 ZLDOI ,amoro
m, +m,
Av, m, oy
Max. 190. o sanaui 3 e G = o vm, ¢
ITicna mizcTaHOBKY YMCJIOBUX 3HAYEHD:
1000 xr 107 M 4000 kr 107 oM
90

a, = . =1 5 = . =4 —
4000 xr+ 1000xr 0,2c c 4000 xr +1000xr 0,2c c

YacTuHa KiHeTnuHOI eHeprii BaHTaKiBKHU, II[0 BUTPAUYAEThCA Ha Aed)opMalliio aB-

TOMOOLIiB, BUBHAUMMO 3i CIIiBBiIHOIIIEHHS: N = — IIOUYaTKOBa

E,-E , ne E, =mlug1
o 2
(m, +m, »?

p — KiHeTUUHA eHeprisg aBTOMOOLIIB ITicia yaapy.

eHepria BaHTaXKiBKU, K =

M, Vo,
m, +m,

IligcraBuBmu no0 (opmMysau BUpas L= , 1 ITPOBiBIINIU CITPOIIEHHA, OTPU-
MYy€EMO:
m
n=—2—-=0,2=20%.
m, +m,

Bimmosins: a, =10 a, =402 ; n=20%.
C C

IIpoananisyemo 6i0no6idv.

1. Ik BuAHO, IPUCKOPEHHS JIETKOBOI'O aBTO-
M00isia a, y 4 pasu GinbIne BiJ IPUCKOPEHHsA BaH-
TaXXHOTO aBTOMOD1/IA a,, Ile 03HayaE, 10 M Yyac
TAKOI'0 3iTKHEHHS MMAaCaXMPHU JIETKOBOI'O aBTOMO-
0isia 3a3HAIOTH 3HAUHO OiJIBIIIOTO IIePeBaHTAKEH-
Hf, TOPIBHAHO 3 TaCaKUPaMU BaHTAXKIBKU.

2. Ilig yac abCOJIIOTHO HENPYKHOr0o yaapy,
KiHeTuuHa eHepris He 36epiraerbcsa. Hanpukianm,
mpu ynapi Kyuai o6 6aman (man. 191), 6aHan ge- 3
GopMyeThCA, KyJA BTPavae YacTUHY eHeprii.

Man. 191. HenpysxHa B3a€EMOIisa




3aKoHM 30epeskeHHA B MeXaHiIi

@ Bnpaga 34

1. KoBsausap macoro 70 Kr, 1110 CTOITh YV KOB3aHAX Ha JILOAY, KUAA€ B TOPU30H-
TAJIbHOMY HAIIPSAMi KaMiHb Macoro 3 KT 3i mBuaKicTio 8 M/c. BusHauuTu, Ha AKY Bi-
CTaHb Bix’ize mpu bOMY KOB3aHADP, AKINO Koe(ilieHT TepTs KoBa3aHiB 00 Jig — 0,02.

2. CranmeBa Kyabka macoro 20 r magae 3 BucoTu 1 M Ha cTajieBy IJNUTY i BimcKa-
Kye Big nei Ha Bucoty 81 cm. BusHauuTu: a) iMIyabe CUIn, AKAa Ji€ Ha MJIATY IIi1 yac
yaapy; 0) KiTbKicTb TeIJIOTH, SKa IIPU IIbOMY BUIIISIETHC.

3. JlionuHa cTOITh HA HEPYXOMOMY Bi3KY i Kuae ropr30HTAJIbHO KaMiHb Maco0
8 Kr 3i mBUAKicTIO 5 M/c BigHOCHO 3emuti. BusHauuTtu, AKy po6OTy IIpU IIbOMY BU-
KOHYe€ JIIOAWHA, SKIIO0 Maca Bidka pasoM 3 JioguHo 160 kr. IIpoanasisysaru 3a-
JeXKHIiCTh poboTu Big macu. TepTsam 3HeXTyBaTHU.

4. Kyss, 1110 JieTijia TOpU30HTANIbHO 3 MIBUAKiCTIO 40 M/c, mOTpaIise y 0pyCcoK,
migBiIeHWi HA HUTII 3aBAOBXKKY 4 M, i 3acTpsAe y HbOMY. BusHaunuTu KyT, Ha KU
BiAXUIUTHCSA OPYCOK, AKIMO Maca KyJai — 20 r, a Gpycka — 5 Kr.

5. IBa BauTaki macamu 10 i 15 Kr migBimeni Ha HUTKax 3aBAOBKKH 2 M TakK,
110 BOHU JOTUKAIOTHCSA OAMH A0 OGHOT0. MeHMIInii BaHTAMX BigXmamau Ha KyT 60° i
Bigmycruau. Ha ssxy BucoTy migHiMyThcsa 00MABA BaHTAXKI micas ygapy? Yaap BBa-
JKaTu HeIPY:KHUM. IKa KiTbKiCTh TEIJIOTH IPU I[bOMY BUAIISETHCA?

6. IIBi xyni migBimeHi Ha mapajeJbHUX HUTKAX OJHAKOBOI JOBKUHU TaK, IO
BOHU JOTUKAIOTHCSI ofHAa a0 oxHoi. Macu Kyab — 0,2 kr i 100 r. Ilepiry Ky Big-
XUJIAIOTH Tak, M0 i IeHTP TAXKIHHA migHiMaeTbcsa Ha Bucoty 4,5 c¢M, i Bigmycka-
oThb. Ha aKy BuCOTYy HigHIMyTbhCcA KyJi Iicas ymapy, SAKIIO yAap: a) IpYy:KHUI;
0) HeTIPYKHUI?

7. CBunneBa KyJsa macoio 500 r, 1o pyxaeTrbed 3i mBugkicTo 10 cm/c, Braps-
€ThCA y HEPYXOMY KYJIio 3 BocKy Macoro 200 r, micas 4oro o0uABi KyJi pyxamThes
pasom. BusHaunTu KiHeTUUHY €Hepriio KyJb IIicjasa yaapy.

8. Mix nBoma rinmamu macamu 6,5 Ta 2,5 Kr cTHCHEHO IpPy:KuHy. Kosu mpy-
"KMHA PO3NPAMUJIACDH, OJHE TiJIO IIPOUIILJIO ¥ TOPU30HTAJIBHOMY HAIIPAMI 10 TOBHOI
BYNIUHKY MIIAX 1,2 M. BusHaunTH KiHeTUYHY eHepriio Apyroro Tija Bigpasy mmicis
BUIIPAMJICHHSA IPY/KUHN, HeXTYIOUN MACOI0 IPYKUHY i BBAMKAIOUH, 110 KoepilieHT
TepTA IPHU pyci Tin omHakoBuii i mopiBHIoE 0,2, a BTpaT eHeprii, KoJau IpyKuHa BU-
IPAMJIAETHCA, HEMAE.

9. Kyxna, 1o jerijsa ropusonTanabHo 3 mBuakictio 100 m/c, yrapaerbea o0 He-
pyXoMuii KJInH, 110 JEeKUThL Ha TOPU3OHTAJIbHIN MOBEepXHi, 1 MpysKHO BigiTae Bep-
TUKaJbHO Bropy. IlouaTkoBa MBUIKICTh KJIMHA Ticas yaapy — 2 m/c. BusnauuTn,
Ha SKY BUCOTY HMigHIMeThcsa KyJid. OmopoM MOBiTPA 3HEXTYBaTH.




§ 37 Pyx piguH i rasiB. 3akoH BepHynni

4 Pyx pidunu y mpyoi.
Tuck y pyxomiit piOuHi.
ITidiiimanvHna cuna Kkpuaa.

Pyx pigunu y Tpy6i. Pyx piguH i rasiB qoBoJi ckJaagHe ABUIE, TOMY IJd 10T0
OIINCY 3aCTOCOBYIOTH MOJEJIb — ideanbHy Pi0uHY, TKa BBAXKAETHCA OJHOPiTHOIO He-
CTUCJINBOIO 1 HeB’ A3K010. Ilix uac pyxy izeanbHOI pignuu He BinOyBaeThCA IIEPETBO-
PeHHsA MexaHiuHOi eHeprii y BHYTPIiMIHIO, TOMY IJIS ONUCY il PyXy MOYKHAa 3aCTOCO-
BYBATU 3aKOH 30eperKeHHsI MexXaHiuHOI eHeprii.

Pyx pigun moxke 0yTu naminaprum (Big nart. laminia — map) i mypbéyaenm-
Hum (Bix nar. turbulentus — BUXop).

s naminapHoi Teuii € XxapakTepHUM Te, 10 IIapy PiANHYA HiOM KOB3aIOTh OAUH
110 ofHOMY He 3Mimryroumch. Taxkuil pyx pifuHu — cmayionapruil. 3a HEBEJIUKUX
MIBUAKOCTEN PyXy PiIMHU MOKJIUBUH i1 cTal[ioOHAPHUI MTOTiK. 3a TypOyJIEHTHOI Teuii
PYX piAvH HecTaIliOHAPHUN — AP PiANHY 3MIITYIOTHCA, YTBOPIOIOUN 3aBUXPEHHA.

PosraszeMo cramioHapHUi pyx igeaabHOl piguHu 10 TPyOi 3MiHHOTO IIepepisy
(maan. 192). LAE=1,

IIporarom iHTepBanmy uacy
At pimmnaa y TpyOi Ha miaSHITL
nepepisom S, smicTuiaca Ha
l, = v,At, a Ha minaHNi Tepepi-
som S, Ha l, = v,At, e v, v,
IIBUAKICTD PYXY PiAvHY HA Bif-
HOBiTHUX AiIAHKAX TPYOU. v v

Ockinpku pigmHa y Tpybax
He HaAKOIMMYyeThbcsA i He ctuc- Man. 192. Pyx pigunu no Tpy0i sMiHHOrO nepepisy
KAaeTbCsI, TO 00’eM PiguHU, IO
IIPOXOUTH Uepes MUPOKY AiMAHKY TPYyOU, JOPiBHIOE 06’ €My PiiNHU, 110 TPOXOIUTH
uepes ii BysbKy AlNAHKY: V, =V, — ymoea nenepepenocmi meuii pidunu.

006’em pinuHu, 110 TPOXOAUTD Uepes mepepis S, Tpyowm, nopisuioe: V, =1 S, =v AtS,,

BifmoBifHO uepes mepepis S,: V, =1,S, = v ,AtS,. Ockinern V, =V,, Tov,S, =v,S,, abo

2

S, v

—=—2 — weudkicmv pyxy 00HOPiOHOL HecuCAUE0T
i He6’ a3K0i pidunu y mpyoi 3MiHHO20 nepepidy obep-

HEeHO nPonopyiliHa niowi ii nonepewtHozo nepepisy.




3aKoHM 30epeskeHHA B MeXaHiIi

Tuck y pyxomii piguni. Ik BimoMo, HepyxoMa piguHa y ITOCyauUHi, 3TiTHO 3 3aKO-
"HoM ITackass, mepenae 30BHIIIHIN THCK O BCiX TOUOK piamum; 6es 3MiH. AJe, AK II0-
Kasdye JOCBij, AKINO piAmHa Teue 6e3 TepTs mo TPyOi 8MiHHOTO mepepisy, TO TUCK Ha
pisHUX miNAHKaX TPyOM — HEOJHAKOBHUI: V BY3bKUX AiJNAHKAX TPYyOU, e IIBUAKICTH
PYXy piauHu 6isbIlla, — TUCK MEHIIINI, Y IMUPOKUX — HaBIaKku. [loscHuMoO 11eii (hakT.

VY pasi mepexony 3 ITUPOKOI MiSHKYU TPyOM Yy BY3bKY, pPiAnHa 3MiHIOE MIBUI-
KicTb, TOOTO PyXaeThCs 3 IPUCKOPEeHHAM. A, 3a apyrum 3akoHoM HrroToHa, Tisno
HabyBae IPUCKOPEHHA TOMi, KOJU HA HBOrO Aie cuia. Ile o3Havae, 110 Ha PigUHY,
sdKa B IIefl MOMEHT MiCTUTBhCA Y 3BYKeHill yacTuHi TpyoH, i€ 3 60Ky PiANHA B IITUP-
m1i# il yacTHHI meBHA CuJja, 0 MOKe BUHUKHYTH TiJIbKY BHACJIIJOK PiBHUIII TUCKiB
y pisHux nepepisax Tpyou. Cusa HanpaMJeHa B 0iK By3bKOI yacTUHU TPyOu, OT:Ke,
Y BYBbKHUX MiCI[IX TUCK MEHIIIUH, HidK y mupokux. I1a cuna Tucky, Aka aMyImye pi-
IUHY TeKTH II0 TPyOi, — Ile cujia IPYyKHOCTi cTucHyTol piguuau. Koau Mmu ropopuiu
PO HeCTUCKYBAHICTh PiAUMHMU, TO MaJu Ha yBasi JuIlle Te, 1[0 BOHA He MOKe OyTu
HACTiJIbKM CTHCHYTOIO, 100 mOMiTHO 3MiHmBCsa i 06’em. Tum uacom Ayixe maJie
CTHUCHEHHS, AKe CIPUUYNHAE BUHUKHEHHSA CUJI IPY/KHOCTi, HEMUHYYe BiJ0yBaeThCA.
IIi cuiu i CTBOPIOIOTH TUCK PiAUHMA.

BcranoBuMo 3B’ 30K MidK TMCKOM i IITBUAKICTIO PiAMHY B PidHUX IIepepisax Tpy-
6u. BuokpeMuMo TOHKUI TonepeyHut map pifuHy Macoo m. ¥ nepepisi S, noreni-
aJbHa eHeprid mapy piiuHu JopiBHIOE mgh, i KiHeTnuHA ml)f / 2. IlepeMicTUBIIIHCE ¥
nepepis S, meil map maTuMe IOTeHITiaJIbHY eHeprito mgh, i KiHeTuuny — ml)z / 2.

Ha BuGpanuii map pigweu B nepepisi S, HaTuckae pinmHa, 110 Teye mo3any, a
pimmHa, 110 Teue momepeny, — 3aBaskae Moro rnepeMilieHH0. [HIITuMuT cJaoBaMu, HAJ
UM IIIapOM PiAWHY pellTa piinHu BUKOHYE poboTy. BusHauumo ii.

ITosraunumo TuCK pifuHYT Ha ITepepisi S, uepes p, , a 3yCTpiuHMi TUCK Ha Tepepi-
3i S, —uepes p, . Cusna TuCKy Ha nepepisi S, BUKOHYE nogaTHy poboty p,S,/ ,acuia
8yCTPi4HOTO TUCKY — Bif’eMHY pobotry: —p,S,l, . Bpaxosytoun, mo S, =S, =V,
BUpa3 pobOTH CUIM THUCKY Mae BUTraan: (p, — p,)V . Y pesysabTaTi BUKOHAHHSA CHJIA-
MU THUCKY POOOTH 3MiHIOEThCSA IIOBHA MexXaHiuHa eHeprid 1mapy pignanm:

mv? mv’
(Pl_pz)Vz( 22+mgh2)_( 1+mgh1)‘

2

Poskpuemo ny»KHU i mepeHeceMo BCi WIeHH, 110 CTOCYIOThCS Tepepisy S,, y Ji-

BUi 6iK PIBHOCTI, & IT[0 CTOCYIOThCA Nepepisy S,, — y npasuii. [loginumo piBHiCTh HA

Vi3 ypaxyBaHHAM, 1110 m/V = p, OTPUMYy€EMO:
2

2
Y
2
Ockinbku nepepisu O6ysau BuOpaHi AOBiIBHO, TO IS PiBHICTh BUKOHYETHCS IJIA
BCix mepepisis:

§V)
p1+pgh1+pE1=p2+pgh2+p

2

p+pgh+p%=const .

Orpumanuii Bupas € piénannam Beprnynani, mo onucye pyx ifeanpHol piguam.

3’acyeMo, axkuil pisMUHUEN 3MIiCT MalOTh JOAAHKHU I[OT0O PiBHAHHSA. OUueBUIHO,
pgh — moTeHIliaNbHA eHePriA OMMHUYHOTO 06’ eMy piguau, pv?/2 — KiHeTnuHa eHep-
rist roro camoro 06’emy. Tomy i mepiuii fogaHOK Ma€ 3MicT eHeprii: e moTeHIiaab-
Ha €HEePTifA «IiATUCHYTOT0» B0BHIIITHIM TUCKOM P OMUHUYHOTO 00’ €My PiAUHU.




Omoice, gpizurnuil 3micm pienanna Bepryani nonsa-

2a€ 6 momy, uy0 nid wac npomikKanHna ideanvHoi piou-
é HU NO6HA MeXaHiYHa eHep2ii 00uRHUYL 00’ emy piouHU
€ 86eLUYUHOI0 CMALO0T0 L0 6Cill 006U mpPYou.

3axoH Bepuymi BigkpuTto y 1738 p. Ileii 3aK0H cipaBeJIMBUI i /I PyXOMOTO
rasy, ajie 3a YMOBH, II10 10TO TUCK HEBEJIMKUH 1 TyCTUHA CYTTEBO HE 3MiHIOETHCA.

3ayBaskuMo 111e oauH GakT. Bei fogaHKy piBHAHHA MalOTh PO3SMipHICTH THCKY.
Tomy B iH}KeHepill mpaKTUIli IX Ha3WBAIOTh: P — CTATUUYHUN TUCK, pgh — BaroBuii
THUCK, pL?/2 — IUHAMIYHUH TUCK.

3 piBHAHHA BepHyJLIi BUTIIUBAE, AKIIO IOTiK TOPUSOHTAJIBHUN, TO
2 2

LoV LY
Dy P2 Dy Pz-

Bauumo, 1110 3HaUeHHS I[iel cyMu MOKe OyTH CTaJIUM JIHUIIIE TOMi, KOJIU 3a 30i1b-
IIIeHHSA IITBUAKOCTI L 3MEHIITYEThCSA TUCK P, 1 HABIIAKHU.

ITigiiimansaa cuna kpuaa. PiBHanHsa BepHyJIi 1ae 3Mory AKiCHO TOACHUTY BU-
HUKHEHH IiJHIiMaabHOI cuiu Kpuia itaka. KoyKeH riTak Mae Kpujia, AKi MOXKYTH
OyTu HalipisHOMaHiTHiIIOI hopMu, aje ixX 06’eAHYE CITiIbHA O3HAKA: IIJIOCKA HUMKHSA
MOBEPXHS 1 OIIyKJa BepXHs. 3aBAAKY I[ih hopMi i KyTy o (Tak 3BaHUU KYT aTaku),
i AKUM KPUJIO HaXWJIEeHe IO 3yCTPiYHOr0 MOTOKY moBiTpA (ma.z. 193), mBUAKICTD
PYXy MOBiTPAHOTO MOTOKY HaJ KPUJIOM OijbIlia, HidK Imig KpuioMm. BigmoBigHo mo
piBHsAHHSA BepHyIIi TUCK HAZ KPUJIOM (p,) MEHIINH, HisK nig HUM (p,). ¥ pesynbrari
yoro BUHUKAae cuja F . BepTukajabHa CKJamoBa Iiel cuau FyHaSI/IBaeTBCH nioni-
manvrotro cunoro. IligHiManbHa cuia [ae 3MOT'y KOMIIEHCYBATH CUJTY TSKIHHS, 1110
Aie Ha JiTaK, a OTKe, 3a0e3euye MOJIT TAKKUX JiTAJbHUX aapaTiB y moBiTpi.

T'opusonTanwvHa cknazoBa F, — Ie cuia omnopy noBiTp4.

Teopiro migaimMambHOI crtu Kpuiia crBopuB M. €. JKykoBchKuit. Bin mokazas, 1110
mpu oOTiKaHHI Kpwjia CYTTEBY POJb Bifi-
rpae IMUPKYJIAIiA MOBITPS HABKOJIO KpIIa
(seneni cTpinku Ha mag. 193). Y BepxHin
YaCTUHI HAIIPSAM OTOKY IMOBIiTPS, 110 ITAP-
KYJIIO€, 30iraeThCs 3 MAAaI0UM IIOTOKOM,
a y HUJKHIA — MOTOKY HAIlpaBJIeHi TPOTH-
nexxHo. Ie i1 mae pisHUITIO TUCKIB i Bexe 10
BUHUKHEHHS HigifiMaIbHOL CHIII.

Y meperniKy cBiToBuUX aBialiiHmUX
JaliHepiB ofHe 3 IPOBiAHMX MicIIhb Iociza-
IOTh YKpPalHCBKi JiTaku. BececBiTHBO Bifo-
mi AH-124 «AnTeit», AH-140 Ta AH-70
CKOHCTPYMOBaHi i BUTOTOBJICHI B YKpaiHi.

F, 7

Man. 193. BuHNKHEHHA
MigHIiMaJBHOI CHJIM KpHJIA

JawnTte Bignosiai Ha 3anNUTaHHA

1. HoBeniTs, 1110 IMIBUAKICTE PYyXY PiAUHET y TPYOi 3MiHHOTO TIepepisy o6epHEHO
OPOIIOPIIiliHA ILJIOII ITOIIePEeYHOT0 IIepepisy.

2. IlosicHiITBH, YOMY THCK PiguHM] OiIBITNI TaM, e IIBUIKIiCTL IIOTOKY MEHIIIa, i
MEHIIIUH TaM, e IMIBUAKICTb IOTOKY OiIbIma.




3aKoHHU 30epeskeHHA B MeXaHiIri

3. HapexiTs mpuxjanu, 110 OiATBepAKYIOTh 3aKoH Bepuyiai. Hasenits npu-
KJIaauy 3aCTOCYBaHHA 3aKOHY BepHYy Il y TexHiIi.
4. TlosicHiITH K BUHUKAE MigHiMaJbHAa cUJIa KpUja

@ Mpuknagun po3s’a3yBaHHs 3apa4

3amaua 1. [loBectu Teopemy Toppiuei, 3TiHO 3 AKOIO IIBUAKICTh BUTiKaAHHSA
3 By3bKOT'0 OTBOPY B IIIUPOKiN MOCYANHI JOPiBHIOE IIIBUAKOCTI BiJILHOTO MagiHHA 3
BUCOTH PiBHA PiAVHU y IIOCYAUHI HaJ OTBOPOM.
Po3é’azanna:
3acTocoByeMO piBHAHHA BepHYJLIi 41 TOPHU30HTAIBLHOIO IIOTOKY:
pY; PV,

A

Y mwupoki#i wactmHi mocyguEm v, — 0,
p,=P,,,+Pgh, Ipu BUTiKaHHi 3 OTBODY p,=p, (mas.
194).

PiBusuusa Beprysii HabyBae BUTTIALY:
2

paTM +pgh:p&TM +p;)

, 3Bimcu: v=/2gh .

Binmosixs: v =1/2gh . Man.194. o 3amaui 1

3agaua 2. MenuuHa cecTpa THCHE Ha IOPIIEHD
mnpuria giamerpoM 1 cm is cusoro 0,01 H. BusHauuTu mMBUAKICTS BUTIKAHHSA CTPY-
MeHs PIAWHY 3i IIPUILa, TKUH PO3TAIIIOBAHO ITOPU30HTANBHO. TepTsaM 3HeXTyBaTH.
I'ycruna pigunau — 10° kr/m2.
Posé’azanns:

3aCcTOoCOBYEMO PiBHAHHSA BepHYJLII AJ151 TOPHU30HTAIBHOIO IIOTOKY:
2

2
L. U
)3 +p71=p2+p?2.

OckinbKu AiaMeTp HITPUIlA 3HAYHO IIEPEBUIIYE AiaMeTp rOJIKU, TO IIBUIKICTH
pPyxy piguau y mmpuii v, — 0, TUCK p, TOPiBHIOE CyMi 30BHIIIHBOTO TUCKY (F/S) Ta
armMocqepHoro p, ., TUCK P, =P

.
aT™m

pv® . 2F
, 3Bimcm: v=_ |—.
Sp

. . F
PiBuaunsa Beprysni HabyBae BUrIAny: §+ Parw =Dare +
. e
IILnoma momepeuHOro IIepepisy MoOPITHA mupuiia S =

8F 2 |2F
V= —22— — .
nd’p d\ mp

2:0,01H
10° kr/m® - 3,14

2
O0uncIeHHA: V= \/

107 =0,5m/c.

Bignosixs: v=0,5m/c.




Bnpaga 35

1. ¥V mosxesKHOMY IILJIAaHTY AiamMeTpoM 7 ¢M Teue Boza 3i mBuakicto 9 m/c. Bu-
3HAYUTH BHYTPIIHIH AiamMeTp TpyOKu GpaHACIIONTa, SKIITO BOJa BUTiKAaE 3 HHOTO 3i
mBuAKicTIO 129,6 KM/TOI.

2.Y ropusoHTaNdbHiM TPYOi, AiamMmeTp K01 8 cM, HadTa Teue 3i MBUAKICTIO 2 M/C
3a Tucky 150 xIla. BusnauuTu, miJy AKUM THCKOM Teue HadTa y BY3bKill uacTuHi
TPyOu AiaMmeTpoMm 4 cM.

3. Ilix yac moabOTY TUCK MOBiTPA i KpuaoM JiTaka gopisuioe 97,8 klla. Ilmo-
ma Kpuiaa — 20 m2. BusHaunTy DigHiMaabHy CHJIYy KPHJIa JiTaka.

4. fIrkoro mae 6yTH BUCOTA MMJIIHAPAYHOI ITOCYAUHM PAZiycoM 5 ¢M, 3aIIOBHEHOL
BOJI0I0, 11100 CIJIa TUCKY BOAY HA JHO JOPiBHIOBAJIA CIJIiI THUCKY HA OiYHY IIOBEPXHIO?

5. ILmomia mopiHs y mmpuri — 2 cm?, a mioma oreopy — 1 mm2. CkinbKu yacy
BUTiKaTHMe BOJA 31 IIIIPUIA, SKII0 IiATH Ha MOpIIeHb i3 cuaoo 8 H i xix mopirasa
— 5 cm? Illnpui po3TaIroBauo ropru30HTAIBHO.

6. 3 OpamnacmoiitTa 6’e cTpyMuHa BOaH, 110 gae 60 j/xB. fIka mioia momepe-
YHOTO IIepepisy CTPYMUHU Ha BUCOTI 2 M HaJ KiHIleM OpaHACIONTA, AKIIO MOBIM3Y
HBOT'0 BOHA fopiBHioe 1,5 cm?.

7. Tpumaroum 3a KiHUMKHU ABa apKyIIli mamepy 3i MKiJIbHOTO 30ITUTA, 11100 Bis-
cTaHb MisK IX momuaamu 0ysa 3—5 cM, mogyiiTe y mpocTip Misk HuMu. OnuIriTs i
HOSICHITH ABUIIE, IO CIIOCTEPiragocs.

HairronoBHiwe B po3aini 3

ITonsaTrTa eHeprii TpuBaaWi yac MOIMMPIOBATIOCA TiIBKY HA MEeXaHIUYHUHA PyX i
POBIIAAaI0Ch AK 3JaTHICTh Tijla BUKOHYBATH POOOTY: SAKIIO Ha TiJO Ai€ cmJja i min
Iiero mMiel cuJiu TijIo IepeMillyeTbes, OTKe, BUKOHYETHCSI MeXaHiuHa poboTa; SKIIO
TiJIoM BUKOHYEThCA PoOOTa, TO BOHO Ma€ eHepriio.

¥ cepenuni XIX cT., Koau 0yJI0O BCTAHOBJIEHO QyHIaAMEHTAJIbLHUN 3aKOH IPU-
ponu — 3aKOH 30epe)KeHHs i IepeTBOPeHHs eHeprii, MOHATTA eHepril moIrnpuIocs
# Ha iHmIi Buam i hopMu pyxy; BOAHOUAC ITe ITOHATTSA YTBEPAWJIOCH AK 3arajibHa Xa-
PaKTepUCTUKA PyXy i B3aemoii.

Kosxue pyxome Tijto Mae iMmnyiabe i Kimetuuny enepriio. Tina, 1110 B3a€MOIioTh,
MAaloTh MOTEHITiaJbHY €Hepriio, AKa 3aJeKUTh BijJil BRBAEMHOTO PO3MIIIIeHHA TiJ a0o
iX YacTUH.

Miporo 3miHU iMOyabCcy Tija € iMOyabe cun; Mipoio 3MiHU eHeprii — pobora.
MexaHiuHa pobOTa CUJI IIPYIKHOCTI i TAKIHHA TOPiBHIOE 3MiHi ITOTEHITiaIbLHOI eHep-
rii 3 mpoTHIEKHUM 3HAKOM.

Y 3aMKHEHUX CUCTEeMAaX BUKOHYIOThCA 3aKOHU 30eperKeHH A iMIIyJIbCy, MOMEH-
Ty iMmmyabcy Ta eHeprii. IloBHA MexaHiuHa eHEPrisa CUCTEMU 3aJIUIITAETHCA CTAJIOIO,
SKIIO B Hill AiIOTH JIUITIE CUJIU TAKiHHA ab0/Ta Py KHOCTI.

ITpukaamom mii 3aKoHY 30epesKeHHs iMIYJIbCY € PEaKTUBHUN PYX, IPUKJIATI0OM
Iii 3akoHy 30epeKeHHs MexaHiuHol eHeprii — 3akoH BepuyJnri.




Po3nin 4
MEXAHIYHI KOJIMBAHHSA | XBUJI

KoauBansauii pyx (a60 — KOTUBaHHS) — HalTIomupeHia ¢opMa pyxy B HaBKO-
JUITHBOMY CBiTi i TexHili. KomuBatoThbcs gepesa i Aieto BiTpy, TOPIIHI y IBUTYHI
aBTOMOOisA Tomo. Mu MOKeMO PO3BMOBJIATH I UyTH 3BYKHU 3aBAAKU KOJWMBAHHAM
roJIOCOBUX 3B’fA30K, MOBIiTpsA i 6apabamHux mepeTnHOK. CBIiTJIO — Ile TAKOMX KOJIU-
BaHHSA, aJie eJIeKTPOMAarHiTHi. 3a JOIIOMOI0I0 eJIeKTPOMATHITHUX KOJUBaHb, AKi I10-
HINPIOIOTHCA Y IIPOCTOPi, BiAOYBaIOTHCA Pamios3B’sI30K, MOOIMBLHII 3B’ 130K, palio-
JIOKalid, Tese0aueHHd.

KonuBanua pisHoi (hisuuHOI IpUpoan MalOTh 3arajibHi 3aKOHOMipHOCTI i omu-
CYIOTBCA OJJHAKOBUMU MATEeMaTUYHUMU PiBHAHHAMU.

Y mpomy posaisii Mm BUBUMMO B3aKOHOMIPHOCTI MexaHitHUX KOAUBAHb i
X6Unb.

§ 38 KonueanbHum pyx

V' Koaueanvhi cucmemi, YmMosU BUHUKHEHHA 6iIbHUX KOLUBAHD.
v' Xapaxmepucmuxu Koiu6a.1bH020 PYXY.
BiavHi ma eumyuleni KOAUBAHHA.

KoauBambHi cucreMu, yMOBM BUHMK-
HEHH BiJIbHMX KOJUBaHb. Y IPUPOII i Tex-
Himi icHye HeCcKiHUeHHA KiJIbKiCTh BUIB
KOJIUBaHb. BUBUNTH IX yCi MpakTUYHO He
MO:KJIMBO. ToMy MU 00MeXMMOCA BUBYEH-
HAM HAWUIIPOCTININX BUNAIKIiB KOJINBAHB.

Konueanna — ABUIlla i mpoiiecu, B
AKUX Bi0yBaeThCA mepioguuHe MOBTOPEH-
HS CTAHIB CUCTEMMU.

Ha man. 195 maBeneHi npurgagm me-
XaHIYHUX MIPUCTPOIB, AKi 3HaTHI 3MilicHIO-
BaTu KonuBaHHA. 11i mpucTpoi yTBOPIOIOTH
KonuéanvHi cucmemu. 3eMJasd, IIITaTHUB, Ha
AKOMY B3aKpiljieHa IPYyKUHA 3 TATApPIEM,
YTBOPIOIOTH 6ePMUKANBHUL NPYHUHHUL
maamnurx (man. 195, a), 3emus, migsire-
Ha Ha JIeTKill 1 Hepos3TaKHiM HUTII KyJIbKa Man. 195. Konmusanbui cucremu
— YTBOPIOIOTH MaAMeMAMULHUL MAATMHUK
(man. 195, 0), nBa mMITaTUBU, ABi IPYKUHU i TijIO Maco m yTBOPIOIOTH 20PU30H-
manvHul npyxcunHnul maamuuk (man. 195, 6).
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Konueanvhi cucmemu — IPUCTPOI, B AKUX MOXKYTh
3iMICHIOBATHCA KOJMBAHHA.

[ BKa3aHUX CUCTEM XapaKTepHi CIiJibHI 03HAKH.

1. Ko:xHa KoJmBaJibHA CUCTEMA MAa€ CTaH piBHOBAru. ¥ MaTeMaTUUYHOTO MasT-
HUKa — Ie TOJIOJKEeHHA, 32 AKOr0 IEeHTD MAac IiABiIeHol KyJbKU 3HAXOAUTHCSI Ha
ONHIN BepTUKAJIi 3 TOUKOIO IIiIBiCY; ¥ BEPTUKAJIBLHOIO IPYXUHHOTO MaATHUKA — I1e
MMOJIOXKEHHS, KOJIU CUJIa TAMKIHHSA, 110 [Iie Ha TATapelb, YPiBHOBAMKYETHCSI CUJIOIO
MIPY?KHOCTi; Y TOPUBOHTAJBHOTO IIPYKUHHOTO MaATHUKA — 1€ ITOJIOMKEeHH, 3a AKOT0
00uABi mIpy:KuHH AedOPMOBaHi OLHAKOBO.

2. SIK110 KOIMBAJILHY CUCTEMY BUBECTH 3i CTaHy piBHOBaru, BUHUKAE CHUJIA, IO
TIOBepPTaE CUCTEMY B PiBHOBaKHUM cTaH. {14 KOKHOI KOJIMBAJILHOI CUCTEMH II0ABa
miei cuau 3yMOBJIeHA PiBHUMU MIPUYMHAMM: HAIIPUKJIAM, IJII MaTeMaTUYHOT'O MasiT-
HUKAa — Ile PiBHOAIHA CUJI TAKIHHSA 1 CUJIU HATATY HUTKH.

3. IToBepraiounch y piBHOBasKHUI CTaH, KOJUBAJbHE TiJI0O HE 3yIUHSIETHCS, a
TIPOJIOBIKYE PYX V pes3yabTaTi iHepirii.

Om:ke, BiIbHI KOJMBaHHA BUHHUKAIOTH, AKINO: 1) KOJIUBAJbHE TiJIO BUBECTU 3
IMOJIOXKEHHS piBHOBaru, To0TO HaJaTH KOJUBAJBHIN cucTeMi eHepriio, 2) piBHOIii-
Ha BCiX cmJI, IO AiIOTh Ha Tijl0o, BUBEIeHEe 3 II0JIOYKEeHHs PiBHOBArMW, CIIPAMOBAHA 10
I[BOT'O IIOJIOKEHH A, i, HapeIITi, 3) AKIIO CUJIU TEePTS Y CUCTEeMi JOCTATHBO MaJIi.

BinvHi Konueanna — KOJUBAHHA, SKi BUHUKAIOTh
Yy pesyJibTaTi MoYaTKOBOTO BUBEAEHHS CUCTEMU 3 IO-
é JIOKEHHS CTiKOI piBHOBaru i 3IifiCHIOIOTHCSA 3a Paxy-
HOK BHYTPIiIITHIX CHJI CUCTeMU, He 3a3HAI0UM BILJIUBY 3
OOKY 3MiHHMX 30BHIIITHIiX CHJI.

Hanpuriaza, KoauBaHHSA POSIVISHYTHX HAMHU KOJUBAJbHUX cUCTeM (MasTHU-
KiB).

Brachi konueanna — KOJIUBAHHS, AKi BinOyBamOTh-
cd B ieanbHIiN cucTeMi 6e3 TepTs, TOOTO, 0e3 BTpaT Me-
XaHIYHOI eHeprii.

BiacHi KostmBaHHS — 1€ TEOPETUYHO MOYKJINBI BiJIbHI He3racamui KOJIMBaHHA.

ITepioguunumu € i1 06epToBi pyxu. Ha Bimminy Bix 06epToBUX pyXiB, AKi MaiOTh
I KOMKHOI TOUYKM KOJIOBI TPAeKTOPii, i yac KOJMBAJIbHUX PYXiB TOUKA UM TiJIO
3MIiNTyeThCA Y TPOTUICKHUX HATPAMAX I10 OAHIM i Ti#l camiii TpaekTOpii.

XapaKTepUCTUKN KOJIUBAJILHOTO PyXy. OCHOBHUMU XapaKTePUCTUKAMY KOJIH-
BaJIbHOT'O PYXY € aMILIiTyna, IIepios i uacToTa KOJINBaHb.

Amnnimyda konueans (x ) — Ie MaKCUMAaJbHE
3MI1IIEeHHA T1Jia B1A IIOJIOKEHHA P1IBHOBArm.
é Ilepiod xonueans (T) — 4ac OLHOTO IIOBHOT'O KOJIVI-
BAHHII.

T=t/N,

Ie t —Jac, IPOTAIroM AKOro BigoyBaeTbcsa N KOJIMBAHD.




MexaHiuyHiI KOJIMBAHHA Ta XBUJI1

Yacmoma ronueans (v) — GismuyHa BeJIWUYMHA, IO
é BU3HAUAETHCSA KiJIbKiCTIO ITIOBHUX KOJIMBAHb 32 ONMHU-
ITI0 Yacy:
v=N/t,

Ie t — Jac, IPOTATOM SIKOTO0 BigOyBaeThcA N KOJIUBAHD.
OpuHUIA YacTOTH KOJUBaHb — repil, [v]=1 T =1c.

é 3B’sI30K MiK IIepioZloM KOJMBAHbD i YaCTOTOIO KOJIH-
BAHb:

v=1/TaboT=1/v.

BinbHi Ta BUuMymieHi konmBauHsA. Po3riigaHeMo BifibHI KOJITMBAaHHA FOPU30HTATIb-
HOTO IPYKUHHOTO MasaATHUKA (ma.n. 196, a). Bizxuanmo KosimBHE Tij10 (KyJIbKY) BJIi-
BO 1 TMM caMUM CTHUCHEMO IPYKuuy (ma.z. 196, 6). AKimo Temnep BiAIyCTUTH KYJIbKY,
TO BOHA WiJ Ai€I0 CUJIM MIPYYKHOCTI MOYHE PyXaTUCA IPaBOPyY.

Aute KyJIibKa He 3yIUHAETHCA Y MOJOMKEHHI PiB-

HOBAarwu, a IPoXoAuTh paii (max. 196, 8). Ilpu nibomy a W@ x

MPYKUHA PO3TATYETHCA i BMYIITYE KYJIbKY PYyXaTUCS ) >

aiBopyu (maz. 196, 2). Ilpy:KuHa 3HOBY CTUCKAETHCS

i KyJIbKa MOBEPTAETHCA y KPAWHE JIiBe IOJOMKEHHS 0 W F, x

(maan. 196, 0), 3pilicHUBINM OfHE IOBHE KOJIMBAHHS. 'xm(:) >
Ax6u He OyJI0 TEPTHA, PyX KYJIbKHU He IIPUIINHUBCSA O E>

Hikosm. OmHAK TepTA (B0KpeMa, OIIip IOBITPS) BILIMBAE 6 W@ x

Ha PyX KOJUBHOTO Tisia. OCKiJIbKY cujia OIOPy MOBITPS ! >

HaIpaBJIeHa IIPOTH IIIBUAKOCTI PyXY, TO aMILTITy1a KO- 7 0 42

JINBAHb IIOCTYTIOBO 3MEHIITYEThCS, JOMOKYU PYyX He IIPHU- ¢ ,WWQ x

MMAHUTHCS, TOOTO KOJMBAHHS 3aracaioTb. SIKIIIO OIMip 0% >

HEe3HAUHUM, TO 3racaHHsA CTAE€ IMOMITHUM JINIIE ITiCJIA 2

TOT0, SIK KOJIMBHE TiJI0 3[iliCHUTE 6araTo KOJUBaHb. J -‘MMM@>F® x
Cunu tepra (0mOpY) MOMKYTh OYTH HACTiIBKHU 0 >

BeJIWKIi, 1110 B KOJMBAJIbHI# cucTeMi KOJIUBAaHHS MO-

JKYTh 1 He BUHUKHYTH. Hampukiia, AKIIO TPy KUH- Man. 196.

HUH MaATHUK ONYCTUTHU y B’ SABKY PiAWHY, TO micisa BunuKHeHHA KOJIMBAHB

BiIXMJI€HHA KOJNBAJBHOTO Tijla Bijl ITOJIOKEHH PiB-
HOBaru BOHO IIJIABHO IIOBEPHETHCA Y I1€ IOJIOKEeHHA i BYyITMHUTHCH.
ITix vac gocaimsKeHHA KOJMBAJBLHOTO PYXY i pO3B’A3yBaHHS 3a/1au HA KOJIMBAH-
HS MU HEeXTYBaTHUMEMO OIIOPOM i BBaKaTUMeMO BiJIbHI KOJIMBAHHSA He3racalouMU.
1106 KosmBaHHA OyJu He3racalUMMU, HeoOXigHI ITOTTOBHEHHS eHeprii Kojau-
BaJIbHOI CCTeMH 330BHi, TOOTO 1100 Aisijia 30BHIITHSA MepPiognUYHA CHUJIA.

IOTh Y CCTEMIi Y Pe3yJabTaTi BILIMBY Ha Hel 30BHIITHLOI

é BumyuLeHni konueéannsa — KOJIUBAHHSA, K1 BUHUKA-
CUJIU, IKa YNHUTH MePiogNYHY Iif0.

Tomy BoHU BimOyBarOThCS ITiJl BIIMBOM He TiJIbKM BHYTPIIIHIX, a ¥ 30BHIIITHIX
CHLIL.
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Hanpukaazn, pyx mopIHA y ABUTYHAX BHYTPIIIIHBOT'O 3TOPSAHHA.

OcHOBHIi BiAMiHHOCTI BiIbHUX i BUMYIIIEHUX KOJUBAHb MOJISATAIOTh Y TOMY, IO
y Oy Ab-AKOI KOJIMBAJIbHOI CHCTEMH, KA 34iHiICHIOE BLIbHI KOJMBAHHS, € 6/1ACHA YAC-
moma i énacrHuil nepiod.

ITig yac BUMYIIEeHNX KOJIUBAHDb 306HIULHA CULA «HAB A3YE» KOLUBAALHIL CUC-
memi c8oio wacmomy, c8iil nepiod.

BinbHi KoiMBaHHSA peasibHOI KOJMBAJIBbHOI CCTEMH BHACIILOK Aii cuJ TepTd €
3zacarwvumu, TOIi AK aMILIiTyAa BUMYIIIeHUX KOJNBAaHb HEe 3MEHIITYETHCS 3 UaCOM,
HaBiTBH AKIITO B CUCTEMIi € TepTsa. BumyIlieHi KOJIMBAaHHS — He3zacarodi.

@ DawnTte Bignosiai Ha 3aNUTaHHA

. IITo Taxe konuBasmbHa cucTeMa? HaBeniTh IpUKJIaAu KOJUBAJILHUX CUCTEM.
. 3a AKMX YMOB V KOJIMBAJIbHIl cCCTeMi BUHNKAIOTH BiJIbHI KOJIUBaHHSA?

. SIKi KosMBaHHA HA3WBAIOTh BiIBHUMU, a AKi — BUMYIIIEHUMU ?

. HasBiTh OCHOBHI XapaKTePUCTUKU KOJUBAJILHOTO PYXY.

W N =

§ 39 FapMOHIYHI KOJIMBAHHSA

4 T'apmoOHiYHi KOLUBAHHAL.
v’ Pignanus 2APMOHIYHUX KOJLUBAHD.
v’ ®asa koausanw.

T'apmoniuHi KoauBaHHA. Y IIoHepeaIHBOMY Imaparpadi Mu pPoO3TJIAHYJIN KOJIU-
BAJILHUM PYX MOPHU30OHTAJIBLHOIO IIPYKUHHOIO MAsATHUKA. ¥ HaBeLeHOMY IIPUKJIaLi
IMOKAa3aHo, IM0 y OyaAb-AKill TOUI[l TpacKTOPil KOJMBAJBLHOIO Tija CHjIa IPYKHOCTI
HaIIpaBJeHa 0 IIOJOMKeHHA PiBHOBAru, TOOTO IPOTUJIEIKHO M0 3MiII[eHH Tija.

Taki KoNIMBaHHA Ha3UBAIOTH 2APMOHILHUMU KOAUGAHHAMU. Y TapDMOHIUYHUX
KOJIMBAHHAX CUJIM, IIiJ Oi€l0 AKMX BOHHU BiZ0OyBAIlOThCHA, 3aByKIU IPOIOPIHI 10
3MilleHHA i CHPAMOBAHI ITPOTUJIEKHO A0 HHOTO ([0 MOJIOKEeHHA PiBHOBATH).

3rozoM Mu JOBEJIEMO, 1[0 3MIIIeHH 3aJIeKUTh Bijf Uacy — 3a 3aKOHOM KOCHHYyCa
(um cunyca). ToMmy BU3HAUeHHA rapMOHIYHUX KOJIMBaHb TaKe:

T'apmonivnumu nas3uearomvcsa npocmi nepiodutiHi
KONUBAHHA Pi3UULHOL 6eNULUHU, AKL 3 NAUHOM Hacy

é 30ilichoromubcea 3a cuHycoidanbHum abo KOCUHYCOI-
danvHUM 3aKOHOM.

Aute cuiu, IPOIOPILifiHi BiIX MJIEHHIO BiJ| IOJIOMKEeHHA PiBHOBATY, HEe 000B’ I3KOBO
€ TIPYKHUMY. BOHU MOKYTh MaTHu PisHy (QisuuHy IPUPOLY, ajle CX0XKi MisK co60r0
TUM, I1T0 BUKJNKAIOTh TaPMOHIUHi (CUHYyCOIaIbHi) KOJTUBaHHA.
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Tomy cuau, IPOMOPIifiHI 3MIII[eHHIO BiJ MOJIOJKEHHS PiBHOBATMW, HE3aJIEKHO
Bij Ix mpupoau, Ha3UBAIOTh K6éa3inpyicHumu («HiOU IPpyKHUMU» ; KBasi... Big jar.
quasi — Hibu, Maii:ke, HEMOBOH).

Posp KBagimpyskHOI cuiam MO’Ke BimirpaBaTy piBHOAIMHA CHJIM BCECBiTHBOTO
TAXKIHHA 1 CUMJIM OPY'KHOCTI (MaTeMaTUYHUN MasSTHUK), PiBHOMIMHA KiTBKOX CHJI
pisHOI Tpupon.

PiBHAHHSA TapMOHIYHUX KOJUBaHb. SIK i 1yid OyAb-AKOTO PyXYy, IJId KOJUBAHDb
HeoOXimHO oTpuMaTé (QOPMYJay, IO JACTh 3MOTY PO3B’SA3yBATH OCHOBHY 3agaduy
MeXaHiK} — BU3HAYATH KOOPAUHATY Tijia y OyIb-AKuii MoMeHT uacy. Kpim Toro,
OCKiJIbKY KOJMBAHHA — Iie IEPiOAUYHI pyXH, TO HEOOXiJHO BMiTH BUBHAUATHU TTEPiof
IUX KOJIUBaHb.

11106 BUSBUTH 3aJI€XKHICTh KOOPAMHATHY (IIIBUAKOCTI i IPUCKOPEHHS) KOJIUBAJIb-
HOTO TiJla Bij yacy, HeoOXimHO pO3B’sA3aTy PiBHAHHA APYyroro 3akoHy HpioToHa.
OckigbKku cuia, IO Ai€ HA KOJUBAJIbHE TijJIO, 3MIHIOETHCS, TO PO3B’sI3aHHA I[LOTO
piBHAHHSA TOTPeOye GiabIN TINOOKMX 3HAHD 3 MaTeMaTuKu (AudepeHIiiagdbHe Yuc-
gerHs1). ToMmy ckopucTaemMocs IOAiOHICTIO
Mi¥X KOJMBAHHAMM MasATHUKA i piBHOMIp-

HUM PYXOM IO KOJIY.

Posrasnemo piBHOMipHUI PyX KYJbKH
o rouy (man. 197).

CopsamyemMo B3IOBK miamerpa Bich X
i Oymemo BimmiuaTu MOJIOYKEHHS IIPOEKINil
paziyca-BeKTopa KYJbKH, III0 PYXAa€ETbCAIO  T=0
KoJly, Ha o0paHy Bichb. 3 MallOHKa BUIHO,

10 I 4yac PyxXy KYJAbKHU IO KOJY, IPOeK- T/4 Av%%ﬁ?_kx
mia ii pagiyca-BeKTopa 34iiCHIOE KOJIUBaH-

HA B3J0BXK JiaMeTpa, ToOTO B310BX oci X. 2T/4 AANAA /& | X
SIKI10 mopiBHIOBATY KOJUBAHHA KYJIb- VvV _VxV | :

KM Ha NOPYKHUHI 1 pyxX pafgiyca-BeKTOpa 3T/4 W I >x
KYJbKH Iif uac ii pyxy mo xKoay (man. 197), | [
TO MOJKHa BBayKaTH, IO IEHTP KoJia Bifmi- I I

4T/4 .4

rpae poJb IIOJIOXKEHHsS piBHOBAru, pamiyc
KOJIa — aMILIITY¥ KOJUBaHb X, , TPOEKI[is
pazmiyca-BeKTopa y JOBiIbHUI MOMEHT Yacy
BifmmoBizae 3mitienuio x, mepios obepranusa
KYJbKU — Ilepioay KoJuBaHb 1.

Y mOBiIbHMI MOMEHT Uacy X = X, _sing, e ¢ — KyT IOBOPOTY pajiyca-BeKTopa.

Kyt ¢ € menTpanbHUM KyTOM, a, AK BifoMo, ayra [, 10 CTATYE IMEeHTPAJTbHUHN
KyT, JOpiBHIOE MOOYTKY KyTa ¢ (Y pafgiamax) Ha pafiyc KoJa (y HaIIoOMy BUIIAIKY
x )l=9x, .

Boamouac 3a uac, 1[0 JOpiBHIOE Iepiony, KyJbKa pPoOUTHL OOUH 00epT, TOOTO
OPOXOAUTH BifiCTaHb, IO AOPiBHIOE MOBXKUHI Koja. IIIBUAKICTE KYJIbKU Y TAKOMY

2nx,,

BUNIAAKY V= .
T

Man. 197. Anajioria MisK KOJIUBaAJIbHUM
PYXOM Ta PyXOM ITI0 KOJIY
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IIpoTrsarom inTepBaay uacy, KOJHU pagiyc-BeKTOP KYJIbKU IIOBEPHYBCA HA KYT O,

2nx,t

KyJbKa IPOHUIIJIA BiAcTaHb [=Vt= . IIpupiBuiotoun obugBa BUpasu s [,

2n
OTPUMYEMO: Q= ? t.

Omke, IpoeKIliaA pamiyca-BekTopa Ha Bick X 3MiHIOETHCA 3a B3aKOHOM

x=x sinznt
=x, 2%y
T

Besmuuny 2n/T Ha3uBaOTh NUKJIIYHOIO, a00 KOJIOBOIO YACTOTOIO i TO3HAUAIOTH

JiTeporo .
Huxknaiuna (a6o konosa) wacmoma (®) IOKABYE, AKY
é KLJIBKiCTh KOJIMBAHD 3IiMICHIOE TiJI0 3a 27 CeKYHI.
21
O=21V=—"1!
T

OguHUIA MUKJIIYHOT YacTOTH — pajiaH 3a ceKyHay, [] =1 pax/c.

Omxe, mif yac MeXaHiYHMX TMapMOHIUHMX KOJIMBAHb 3MilleHHS (KOopamHATA
KOJINBAJIBbHOTI'O TijIa) 3 YaCOM 3MiHIOEThCA 3a 3aKOHOM: X =X, Sin ®f , AKIIO y ITovaT-
KOBUM MOMEHT Tisio mepedyBae y craHi piBHOBarm, abo x =x, coS®f, AKIIO Y MO-
MEeHT movaTKy BiAJiKy (¢ = 0) KoauBHe Tijio mepedyBae y KpalHbOMY ITOJIOMKEHHi.

3eeprims ysaezy! YV sajauax HaliuacTilie M1 BUKOPUCTOBYBAaTUMEMO PiBHAHHS
X =x, cOs®t , KOJIU y MOMEHT ITOYaTKy BiAIiKy (¢ = 0) KoJIuBHe Tijlo 3HAXOJUTHCA Y
KpallHbOMY ITOJIOMKEeHHi.

I'padikom samexknocTi x=x,sinwt
e cuHycoiga. I'padik rapmoHiuHOTO KO-
JUBAHHA MOKHA TicTaTu 0esmocepesHbo
3 pociainmy. Hampmkiaan, KoJuBaJIbHUM
TiJIOM € ITiCOUHUIISA, 3 AKOI BUCUIAETHCS
micok. Ilicoummirio migBimryioTh Ha mOO-
Briit autii (man. 198, a) abo 3aKpiImiio-
0T Ha npykuHax (man. 198, 6) i 3my-
HIYIOTh 3AiHACHIOBATU KOJUBaHHA. SIKIIO a 0
OiJ MiCOUHUIEI0 IPOTATYBATU IIAIIP, TO
Ha HbOMY 3aJIMIITAETHCA CJIiJI, IIT0 Haraaye
CHUHYCOINy.

Y rapMoOHIYHMX KOJMBAHHAX IIBUIKICTH 1 IPUCKOPEHHA KOJIMBAJIBHOTO Tija
TAKOXX 3MIHIOIOTHCA 3a TAPMOHIUYHMM 3aKOHOM, OCKIJIBKU IIIBUIAKICTH TOPiBHIOE
mepIrifi moxXigHift KOOpPAWHATHU 3a YacoM, a IPUCKOPEeHHA — IepIiil moximHii Bifg
mBuUAKOCTi (abo APYTiii moXigHiit KOOpAMHATH).

3 Kypcy MaTeMaTHUKU BaM Oyzae Bimomo, ImMo:

(coskx)' = — ksinkx;

(sinkx)' = kcoskx.

Man. 198. Haounuii crmocio
CIIOCTEePEsKeHHA KOJIUBaHb
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Buxopsauu i3 piBHAHHA X =X, COSO? , X,

\ I I I | @
OTPUMYEMO: \ | m | /I\
, . | l | 1 \y
v=(x, cosmt)’ =—x, ®sin ot , \:/ T \:/ 27 "t
ne v, =—Xx,® — MaKCHMaJbHA IIBUJ- LA | | 0
KicTb. l ! m
JI18 IPpUCKOPEeHHA MaeMO: I I | Ni
a=(-x,0sinwt) =-x, »’ coswt , ah | | 6
me a, =—x,® — MaKCHMAaJIbHe IPUCKO- ! ! /:\ !
YARVARN
1 1 1 1

Bpaxosyouu, mo x = x, coswt Bupas
a = —x, w’cosnt HabyBae BUAY a = —®*X.
IIpuckopenHs i KoopAuHATA OSHOYACHO
CTaIOTh MaKCUMAaJbHUMU 34 MOIYJIEM, OJI-
HaK MalOTh IPOTUJIE}KHI BHAKU.

I'padiku BigmoBiZHMX 3ajJe;KHOCTeH 3MIill[eHHs, IIIBUAKOCTI i NMPHUCKOPEHHS
rapMOHIUYHUX KOJIMBAHb BiJ uacy mogauo Ha maJg. 199.

3 morepenHiX PiBHAHD BUAHO, 1110 IPUCKOPEHHSA IIPSAMO IIPOIIOPIifiHe 3MileH-
HIO.

Omke, Y JOBLIBHUI MOMEHT Yacy CHJja, IO 3yMOBJIIOE KOJMBAHHS KOJHUBHOTO
Tijla Macoi0 M TaKOK IPOIIOPITifiHa 3MiIeHHIO:

F =-mo?® x cosot,
ne F =-mo’x — MakCUMalbHe 3HAYeHHS CHUJIN.

Taxkum YMHOM, TapMOHIUHI KOJIMBaHHS Bif0OyBaOTHCA Mif Ai€I0 CUJIU, HATIPAM-
JIEHO1 IO CepeHbOTO MOJIOMKEHHA i IPAMO IPOIOPITifiHOI 3MiIlleHHIO BiJ I[bOT0 II0-
JIOYKEeHHS.

daza KomuBaHb. '[apMOHIUHI KOJMBAHHSA XapaKTepPU3YIOThCA IITe OJHi€I0 BasK-
JWBOIO BEJIMUYNHOIO — (pa30i0 KOoJAMBaHb. IIpy BUBeIeHHI OCHOBHOTO PiBHAHHSA rapMo-

Man. 199: a — rpadik 3amesxnocTi x(1);
6 — rpadgik 3aaesxHocTi L(t);
6 — rpadik 3aaeskHOCT a(t)

2n 2n
HIiYHUX KOJUBAaHb MU oTpuMaJIn oro Yy BI/II"JIHJ.'[l X=X, COS—- T t, ne (p—?t i Hasu-

BAawOTb ¢a3010 KOMlUBdHDO.

. t . .
Y Bupasi (p=2n¥ BigHOIIeHHs t/T mMOKasye, AKA YacTWHA Mepiony MUHYJIA 3

MOMEHTY MOYATKY KOJUBaHbL. TOOGTO OyIb-IKOMY 3HAUEHHIO YacCy, BUPAIKEHOr'o y
yacTKax mepiony, BigmoBizae 3HaueHHA a3y, BUpaKkeHe y pamgianax. Hanpukian,

o t= iT (uBepTh nepiony) 0=—, gaa t —%T (miBmepiony) ¢ = 7.

TakuMm unHOM, a3a konueans (¢) — GisuuHa Besm-
4YmMHA, 110 BU3HAYA€ MUTTEB] 3HaUEeHHA 3MiHHUX ITapa-
é MeTPiB KOJIWBAJIBHOI CHCTEMHU y IEBHUIT MOMEHT Yacy,
TOOTO BM3HAYAE CTYIiHb BiIXUJIEHHSA BiJ IOJIOMKEHHSA
piBHOBaAru y e MOMEHT.
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OpuHunga dasu KoamBaHb — pagiaf, [¢]=1 pax.

Y HaBeleHUX HaMU MPUKJIALAX MU JOCILIMKYBaIN KOJUBAJIBHUN PYyX 3 MOMEH-
Ty 4Yacy, KOJIM KOJUBAJbHE TiJIO ITOUYMHAJO KOJUBATHUCA 3 KPAWHBOTO ITOJIOKEHHS.
OCKiJMbKH, CIIOCTEpiraroun 3a KOJMBaHHAMHY, YaC MOKHA BiAJIiuyBaTH Bif OyIb-AKOTO
MOMEHTY, TO II0YaTKOBE IIOJIOKEeHHS KOJIMBHOTO Tijla BU3HAUATUMEThCA IIOYATKOBOIO
(basor ¢ i pIBHAHHA KOJIMBAJIBHOTO PyXy HaOye BUTIALY X = X, coS(Wt+@,) .

daza KOJIMBaHB Y 3aTaJIbHOMY BUIIAJKY BUSHAYAETHCS 38 (DOPMYJIOI0: Q= Ot + @, .

g rapMOHIYHMX KOJIMBaHb (hasa € apryMeHTOM CUHYCa Ui KOCUHYCA.

Posriamemo mie pas rpadiku Ha man. 199 i mopiBHsIEMO (pa3u KOJIUBAHb KOOP-
IUHATHU, MIBUAKOCTI i IPUCKOPEHHS.

. . T .
3rifHo 3 TPUTOHOMETPUUHUMU II€PEeTBOPEHHAMHU sinx =-—cos(x +§) , Tomi
PiBHAHHA 3aJIEXKHOCTI IMBUAKOCTI Bif wacy vV=-—V, sin w¢ HabyBae BUrIALY
T
v=",, cos(wt +§) .

OTsxe, KOJMBAHHSA IIIBUAKOCTI BUIIEPEAKAIOTE 3a (Da3010 KOJMBAHHSA 3MiII[eHHSA
Ha /2 (maxn. 199, 6).

A KoJMBaHHS IPUCKOPEHHS BUIMIEPEIKA0Th 3a (Da3010 KOJMBAHHSA KOOPAUHATHI
Ha 1 pajn (3HAXOAAThCA ¥ mpoTtudasi) (maun. 199, 8).

@ Daiite BianoBiAi Ha 3anUTaHHA

1. fxi xonumBaHHA HA3WBAIOTHCA rapMOHIUHIMI ?

2. §Ix moB’s3aHi MPUCKOPEHHA i KoopAMHAaTa Y TapMOHIUHUX KOJIUBAHHAX ?

3. fK 3MiHIOETBCSA 3 YACOM IITBUAKICTh Y TAPMOHIUYHUX KOJMBAHHIX ?

4. fAxy QpisuuHy BeIUYnHY Ha3uBaOTh (pasoro koauBauuA? Ilo BoHa xapakTe-
pusye?

5. MurreBe B3MiIlleHHS YaCTHHKM B KOJMBAHHAX OMNUCYETHCA (PYHKIIIEIO
x=x, cos(ot +¢,). fIkor mae OyTu mouaTkoBa (hasa ¢, 1006 KONTUBAHHA OyJIU CUHY-

coigauMu ?
@ 3arasibHi pekoMeHpauii Wwoao po3B’a3yBaHHS 3afa4
7 Ha rapMOHi4YHi KOIMBaHHS

dopma samucy 3aKOHY TapMOHIUHOTO KOJMBaAHHA MOKe OyTu BuOpaHa [I0-
BimpHO (uepes cumyc abo Kocuuyc). IIpumycrtumo, [0 MAATHUK CIIOYATKY Bim-
BeJIN Yy KpauHe TOJIOMKeHHS i

BiibHO Bigmyctmiau (6e3 1o- X
IITOBXY), PO3MOYaBINMU BiAJiK X <————— — —
yacy. PiBHaHHA pDyx bOM I
y pyxy y 1o y /2 \T / -

BUIAAKY CJiA 3amucaTy y BU- >
ARy CILA y o 7/a\ | /BT/4 ar ¢

Ml X = X, Cosot, ane MOMKHA I

3amucaTH i Tak: I ———

. T
x=x, sin(ot+ 5) .

Man. 200. I'padix koruBaHb
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O6uaBi popMu 3amMCy eKBiBaJIeHTHi, TOOTO, OIIMCYIOTEH ONHE M Te caMe KOJUBaHHS,
rpadik axoro € KocuHycoinoio (ma.z. 200).
SIKII0 BiJIiK Yacy HOUMHAETHCA Y MOMEHT ITPOXOMKEHHI KOJIUBHUM TiJIOM II0-

JIO’KEeHHd PiBHOBAru, To piBHAHHA PyXy MoxKe OyTH 3allcaHe y BUIVIAAL x = x,, sin ot

abo x = x,, cos(wt —g) .

Pyx BuBuaeThca y MeXKax OJHOTO IIepionay.

@ Mpuknap po3s’a3yBaHHS 3apa4

3amaua. Tino 3xificHIoe rapMoHiuHI KouBaHHA 3a 3akoHOM X =0,05co0s107t,
e Bci BeanumHu 3amanHo B CI.

BusnauwuTu: a) aMILIiTyay KOJWMBaHb, YaCTOTY KOJHBAaHb i IMepiog KOJIMBAHbD.
Sanucaru piBHAHHSA 3aJI€KHOCTI IIBUAKOCTI ¥ IPUCKOPEeHHA Bij wacy v, =v (¢) i
a,=a (t)ra mobyaysaTu rpadiku 3ajeKHOCTI 3MINEHHA, MBATKOCTL, IPUCKOPEH-
Hs Bif yacy;

0) smimtennsa mpu dasi n/4. Y AKUil MOMEHT yacy 3MillleHHS JOPiBHIOBATUMeE
0,025 m?

HMawuo: Posé’azannsa:
x=0,05cos10mt ; Buxonsuu 3 piBHAHHSA KOJIMBAHb BUSHAYAEMO:
¢=n/4; _ _

x =0,05 M, ®»=10m.
x=0,025m " ’

a)x, —?;v—172;
T-75v,=0,()
a=a[t) 3aJierKHICTh IPOEKIIil MIBUAKOCTI Bij uacy BHU3Ha4YaeMo,
0)x—?21-7? O0YMCJIMBIIY HOXiAHY BiJ 3MiIlleHHS:

v, =x"=-0,05-10nsin10nt =-1,57sin 107t ,

x

OcKinpru =21V =2—; ,rov=5T1, T=0,2c.

nev =-1,57m/c.
3asIesKHiCTh IPOEKIlii IPUCKOPEHH Bijl yacy BUSHAYAEMO, OOUKUCIUBIIY MOXiTHY
Bin mBugKocri: a, =v'=-1,57-10ncos10nt =—49,3cos10nt , ne a, = —49,3 m/c?.
Biamoiaui rpadiku KommBaHb Togano Ha maJ. 201.
Busnauvaemo sminienusa npu gasi /4.

Toni 3 piBHAHHA KoJuBaHb oTpuMyemo: x =0,05 cosg =0,05-0,71=0,036 .

Busnauaemo MOMEHT Uacy, y akuit amiiennsa gopisuioe 0,025 M.

0,025=0,05c0s10nt , 3Bigmcu cos1lOmt=0,5.

Ockinbku KocuHyc HabyBae 3HauveHHa 0,5 mpu n/3, To 10nt = /3, 3BiAcu
t=0,03 c.

Bigmozins: a) x = 0,05 m;

v=5Tm; T=0,2c;

v, =-1,57sin10mt ;

a, =—49,3cos10mt .

6) x=0,036 m; t=0,03 c.
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1. PiBHAHHA PyXy rapMOHIYHOTO KO-
JuBaHHA Mae Burian x =0,02cos100mt .
ITo6ynyBaTu rpadik samexuocti x(t), e
Bci Beqmumuu 3agano B CI. ObumcauTu
a3mitenHs yepes 0,25 c; uepes 1,25 c. Bin-
MOBiZi MOSICHUTH 3a TOIOMOTOIO Irpadika.

2. 3a rpad)ikoM rapMOHIUYHNX KOJIU-
BaHb Ha MaJs. 202 3anucaTu PiBHAHHA
IIOT'0 KOJIUBAHHA.

3. Hammcatu piBHAHHA TrapMOHiU-
HOTO KOJIMBAJBHOTO PYXY 3 aMILIiTYI0I0
0,2 M, mepiogom 4 c¢ i mouaTkoBOIO da-
3010, IO JmopiBHIOE HYyJ0. HakpeciauTu
rpadik 1IbOro pyxy.

4. HanucaTu piBHAHHA rapMOHIUHO-
ro KOJIUBAJILHOTO PYyXy, SKIIO MaKCH-
MaJIbHEIPUCKOPEHHATOUKK—49,3¢cMm/c?,
mepion KOoJMBAHL — 2 C i 3MiIlleHHA TOU-
KU BiJl IOJIOKEeHHS PiBHOBAru y Iioudat-
KOBUII MOMEHT Yyacy — 25 MM.

5. KosnBaabHUII PyX TOUYKU OIUCY-
erbca piBHaHHAM X =0,05co0s207n¢ (BCi
peauunHu 3agano B CI). O6GumcauBIIn
IepIry Ta APYyry NOXimHi, HamucaT! piB-
HAHHA 3aJIE)KHOCTI IIBUAKOCTI W mpm-
CKOPeHHsA Bif yacy: v, =V, ()ia _=a (?).
Busmauntu 3MmimieHHA, IIIBUAKICTD i
nmpuckopeHHs yepes 1/60 c Big mouaTKy
PyXy.

6. HanucaTu piBHAHHS TapMOHIYHO-
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Man. 201. I'pacdikn KoaTUBaHb:
a — x(t), 6 —v(t), 6 — a(t).

M
O,IT/\
0 y

X,
Jr 0,1 W 0,5 \(iyt,'c
0,1

Man. 202.]To 3agaui 2

ro KOJIMBAJIBHOTO PYXY 34 TAKMMHU MO0 XapaKTepUCTUKAMU: a) aMILIiTy1a — 5,5 cM,
nepiox — 1 xB, mouatrkoBa ¢asa — 30°; 6) ammaaityga — 0,1 m, vacrora — 10 KoTuBaHb
3a CEKYHIY; IoOUYaTKoOBa (pasa JOPiBHIOE HYJIEBI.




MexaHiuyHI KOJIMBAHHA Ta XBUJI1

§ 40 NMepeTBOpEHHS eHeprii y rapMOHIYHUX KOJINBAHHSAX

v’ ITepemeoperns enepzii Y 2APMOHIYHUX KOLUBAHHAX.

IlepeTBOpeHHsI eHepPril y rapMOHIYHUX KOJIUBAHHAX. PO3TriIggaoun KOJIUBaHHA
TOPU30HTAJIHHOTO IPYKUHHOTO MAATHUKA MU 0AUMJIN, 1[0 IPU TIOYATKOBOMY HOTO
BifxuyIeHHIi, HAaIPUKJIaJ, JiBOpyd Ha BifICTaHb X, , KOJHUBHE TiJIO, IOBEPTAIOUNCH,
IPOXOAUTH IOJIOXKEHHA PiBHOBATU i BiAXUIAETHCA NIpaBopyd Ha X, . lle moAcHIO-
€ThCS TUM, IIO0 JIA KOJIUBAJIBHOTO PYXY BUKOHYETHCA 3AKOH 30epejceHHs NO6HOL
MexaHiwHOT eHnepail.

Y npouyeci zapmonitnux ronueéanv noéna mexa-
é HIYHA eHep2isa KONUEANbHOL cucmemu, u,0 00Pi6HIOE
cyminomeHnyianvHoi i KihemuwHol enepe2ill, 3aruuLa-

€mbvca He3MIHHO10.

Ha maaxn. 203, a mokasano, 1110 y TOYaTKOBU MOMEHT (KOJIU IPYyKUHA CTUCHEHA)
. . kx’
KOJIMBaJIbHA CUCTEeMa Ma€ MaKCUMAaJIbHY IOTeHIIianbHy eHeprio E = T’" , ek —
JKOPCTKiCTDb MIPYKMHU.
Ipumimrka: ax nasi Oyme BCTAHOBJIEHO, AKIIO Maca TATapPIA m, 1110 KOJIMBAETHCA Ha
MIPYKUHI JKOPCTKICTIO &, i IMMKJIiYHa YacToTa KOJIUBAHb () TIOB’ sI3aHi CIIiBBiJHOIIIEHHAM

(Dz =—, TO BHpPAa3 OJId MaKCHMaJIbHOl IIOTEHI[1aJIbHOl €Hepril MOJXHa 3allnucaTu y
m

. me’x?
Buraani E ==,

nmax
2

Pyxaroumcs 10 moI0KeHHA PiBHOBAry, MOTEHITiaJIbHA €HEePrisd SMEHIITYETHCSA, aje
IIpU IIbOMY 30iJbIITyEThCA KiHETUYHA eHepTida, AKa Ha0yBae MaKCUMAaJILHOTO 3HAYEH-
Hs y TIOJIOYKEHH] piBHOBAru, e IMIBUIKICTh KOJUBAJIBHOTO Tijla MAaKCUMAaJbHA:

kmax — 9

2.2
mo x,,
3 ypaxyBaHHAM TOTO, II[0 V, =—X,®, Maemo: E, =T

3HaUeHHS IIOBHOI eHeprii y KOKHMII MOMEHT Yacy JOPiBHIOE MAKCUMAJIbHINA Ki-
HeTHUHi# a00 MakCcUMaIbHil MOTeHITiaIbHil eHeprii:

2,2
By = By = By, =

TIOBHA nmax kmax — 9
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Taxkum yMHOM, KiHETUYHA €Heprisa
KOJIMBAJILHOI CHCTEMU MATHMe MaKCH- a
MaJIbHiI 3HAYEHHS Yy MOMEHTH IMPOX0- K, .. W}

IKeHHS TiJIOM IIOJIOKeHb PiBHOBATH,
a IOTeHIliaJbHA — Y MOMEHTHU I1epedy- ’W\/\/\N\,
BaHHA Tijla ¥ TOUYKAX HAWOLIBIITNX BiJI- B -0
XWJIEHbD BiJ IOJIOKEHHSA PiBHOBATH. e W
Y moBinBHHIT MOMEHT Yacy cyMa _,\/\/\/
IOTeHIIiaJIbHOL
E
kx® mo’x’ nmax
E,=——=—""cos’ ot W
2 2
i KimeTuuHOI eHeprii £
E mu? mwzx;‘; . g ITorenmiansaa
kR 9 - 9 sin” ot eHepria Npy:KuHu
€ CTaJIOI0 BEJIMYMHOIO i TOPiBHIOE O~ p
BHill eHeprii KoJIuBaHb:
2.2 ;
mo-x, 5 Kinernuna
E=E, +E, = 9 cos” wt + eHepria Tina
2 2 2.2 » X
+Msin2 ot = mm—x’" -x,, —-x 0 x X,
2
Ha maan. 203, 6 nokasamo rpadix Man. 203. IlepeTBOopenHs eHeprii
3MiHN HOTeHIiaJbHOI Ta KiHeTHYHOI KOJIMBAJIBHOI CHCTEMM

eHeprii KOJMBAJIBLHOI CUCTEMH 3a Yac
OJHOTO IIepiofy KOJIMBAHb.
3BepHiTh yBary! Buxogsuu iz 3akoHy 30epeKeHHs ITIOBHOI MeXaHiuHol eHeprii,

HI,Z[ 4acC KOJIMBAJIBHOI'O PYXY TaAKOMX MOMHA BUBECTU piBHHHHH KOJINBaHb.
o . . kx® mv’  kx?
IToBHa €Heprid 111 4aC rapMOHIYHOI'O KOJIMBaHHA JOP1BHIOE: 2 + 2 = 2 5

a6o kx”+mv’ =kx’ . Posginusmu Ha k, OTpUMYy€EMO:

2
mv
x? + =x?

m

xm
abo U\/E
k
2 m. o
x +(U‘/E) =x, . ®

ITo6ynyBaBImIM MPAMOKYTHUI TPUKYTHUK i3 Ka-

. m . 204)
TeTaMu X i L " Ta rinotenysoimo x, (ma.. , Max. 204. Tpadiwmmii crroci6

OTPUMAaHHA piBHﬂHHﬂ KOJUBAHb
OTPUMYEMO: X = X COSO.
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DawnTte Bignosiai Ha 3aNUTaHHA

1. Po3KasKiTh IIPO MepeTBOPEHH eHepril i g yac rapMOHiYHIX KOJINBAHbD.

2. 3a IIeBHOI aMILIiTy A1 KOJIMBAaHb IIOBHA €HePris KOJNBHOIO Tijia € CTAJIOI0 BeJIN-
ynHOI0. Y1 MOYKHA TaK caMO CTBEP/PKYBaTH PO KiHeTUUHY i TOTeHIliadbHY eHeprii?

3. Uu 3a/1€KUTH eHepria KOJMBHOTO Tija Bijg itoro macu?

4. CKifnbKM pasiB IPOTATOM Mepiofy rapMOHIUHOTO KOJUMBAHHSA KiHeTHMUHA
eHeprisg YacTUHKU JOopPiBHIOE Ii moTeHIlialbHil eHeprii B TOM caMuil MOMEHT uacy?

@ Mpuknaa po3B’s3yBaHHS 3apa4

3amgaua. Tarap macoro 2 Kr 3miliCHIOE TOPU3OHTAJIbHI KOJUBAHHS HA MPY:KUHL
3a 3axoHoM X =0,05cos10mt, ge Bci Besmnunau 3agaH0 B CI. O0uncanT MaKcuMaib-
Hi 3HaUeHHsA CUJIM, KiHeTUYHOI Ta IOTeHIliaJbHOI eHeprii. A TaKoK iX 3HAUEHHS V
MOMEHT, KOJIX (pa3a KOJIMBaHb JOPiBHIOE TT/4.

Hano: Po3é’azannsa:
m = 2 KT} MaxkcumanbHe 3HAUEHHS CUJIM BU3HAYAETHCA 3a (hOPMY-
x=0,05 cosl0nt; now: F =—mo’x,
o=7/4 F =-2-100n%-0,05=-100 H.
F _-2E -7 MakcumanbHe 3HaUeHHA KiHETWYHOI eHeprii ZopiBHIOE

e~ BF— 25 MaKCUMaJIbHOMY 3HAUeHHIO IOTeHIliaJbHOI eHeprii i mopis-
E-?7E-? HIOE TIOBHIi# eHeprii, Tomy

2,2
Enonaa = Enmax = E’Kmax = %; EHOBH= 2’5 I[?R.

Y MoMeHT, Koau (pasa KOJMBaHb JOPiBHIOE 11/4, 3HAUEHHSA CUJIV BU3HAYAETHCS

3a opmyioio: F =-mw’x cosot, Toxi F=-71 H.
Y MoMeHT, Kouiu (pasa KOJMBaHb JOPiBHIOE 11/4, 3HAUEHHS ITOTEHITiaJIbHOI eHep-
_kx®  mo’x?

rii Bu3HauaeThca 3a popmysnoo: E = 3 —Tmcos2 ot =1,25 [I»x, a 3BHaUeHHA
. . mv’  mo’x’ .,
KiHeTuuHOI eHeprii mosxkHa Bu3HauuTH 3a Gopmyion E_ = 2 =Ts1n ot ,
aboE =E - E
K IIOBH I

E =25 T — 1,25 lx = 1,25 .
Bimosims: F =—100H; E,_=E_ =E_ =2,50x; F=-T1H; E = E = 1,25 [x.

@ Bnpaga 37

1. Bamrax, maca akoro 400 r, KoJIMBaeTbCA Y TOPUBOHTATIBHOMY HAPAMi Ha
TPY:KUHI, 110 Mae KopcTkicts 250 H/Mm. AmMmurityza KonmuBasb 15 cm. Busnauntn
YacTOTY, IIOBHY MeXaHIUHYy eHepTriio KOJMBAaHb i HAWOIIBITY ITBUAKICTh PYXY BaH-
Taxy.

2. BaHTak, miAgBinlieHu HA IPYKUHI, sKOPCTKicTh Kol 1 KH /M, KonmuBaeThca
y TOPU30HTAJbHOMY HAIIPAMI 3 aMILIiTy010 2 cM. BusHaunuTy KiHeTUUHYy i TOTeHIIi-
aJbHYy eHeprito npu ¢asi /3 paz.
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3. CKinbKM pasiB IpOTATrOoM MIepiofy rapMOHIUHOTO KOJMBAHHA KiHeTHMUHA
eHeprisg yacTUHKU JopiBHIOE 11 moTeHIlianbHil eHeprii y Toil caMmuii MOMEHT yacy?

4. ITpy:KUHHUY MaATHUK BUBEJIU 3i cTaHy piBHOBaru i Biznycruau. Yepes AKuii
yac (y yacTUHaAX mepiofy) KiHeTUYHAa eHeprisd KOJMBHOTO Tijia JOpiBHIOBATHME IIO-
TeHIliaJabHil eHeprii npy:xuuu? KomuBaHHS Big0yBaloThCA ¥ TOPU3OHTAILHOMY Ha-
opaMi.

5. BanTaxk macoio 1 Kr, migBimenuii o npy:KuHH 3 KopcTkicTio 100 H/m,
KoJsimBaeTheA 3 aMiLiTymoo 10 cm. Hanucatu piBHAHHSA pyxy BauTaxky x = x(t).
Hanucatu ¢opmyny, 1o Bupaskae 3aJeKHICTb 3MiHM CUJIM TPYXKHOCTI Bij wacy:
F = F(t). BusHaunTu HaiibijbIille 3HAUEHHA CUJIUW IPYIKHOCTi, a TAKOXK 3HAUYEHHS
cuiu npyskHOCTi uepesd 1/6 nmepiony. KonuBanuA Bif0yBamOTHCA Y TOPUBOHTAIBHO-
MYy HaIpsMi.

6. HanucaTu piBHAHHS TapMOHIUYHOTO KOJIMBAHHS TiJja, AKIIO 10T0 IOBHA eHep-
rig — 3 - 107 [I»x, MakcuMaJIbHA CHUJIA, IO Ai€ Ha Tigo, — 1,5 mH, nepiox KoiuBaHb
— 2 cimouarkoBa (aza — 60°.

7. Tino macoro m = 1 Kr mig gieto npysKkuHu sKopcTkicTio £ = 400 H/M xKosuBa-
eThecsA 0e3 TepTsA Y TOPU30HTAJIbHIN IIJIOMIMHI B3IOBXK cTep:kHa. KopucTyounuch 3a-
KOHOM 30epesKeHHs eHepTii BUSHAUNTY MIePio KOJMBAHHA TiJa.

§ 41 AJdoaaBaHHA rapMOHIYHUX KOJINBaHb

v’ ITodasanus Koaueamb.
v' Bexmopni diazpamu.

HomaBanua konmuBaub. Ha mpaxTuii x
YacTO KOJUWBAHHS HAKJIALAIOTHCA OTHE 1 1 a
Ha oxHe. Il[o6 BMBHAUUTHU ITapaMeTpH 2 2
Pe3yJIbTYIOUOTO KOJHMBAHHA, KODHUCTY- >

0ThesA rpadivaum metomom. Il 1iporo,
moOyIyBaBIIIN HA ONHUX 1 TUX CAMHUX KO-
OPAMHATHUX OCSX rpadiku KOJINBAHb,
axi Tpeba momaTu, 34iMCHIOIOTH ITOCJTi-
IOBHE NOJABaHHSI OPAMHAT ITUX rpadikis
IJis1 TIEBHUX MOMEHTIB 4acy ¢, t,, ¢, ...
Ha oci abcuc.

Ilpuknagu KoJMBaHb OJHAKOBOI'O
nepiogy mokasani Ha maJs. 205 (Ha mad.
205, a — konuBaHHAg 11 2, axi 36iraroTbesa
3a azoro, Ha mas. 205, 6 — KonmuBaHHA 1 i
2, @a3u AKUX BiAPisHAIOTHCA HA 7T/4). Man. 205. logaBaHHA KOJTUBAHD
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BekropHi giarpamu. 3HauHO 3pYyUYHiIlle fogaBaT FrapMOHIUHI KOJIMBAaHHS 34 J10-
IIOMOT'OI0 BEKTOPHUX JAiarpam.

Hexait KotnBaHHA 3aaHO PIBHAHHAMUT:

x, =a,cos(wt +¢,) Ta x, = a,cos(ot +9,),
ne a,, a, — aMILIiTy Y KOJIUBaHb; ¢, ¢, — IOUYATKOBI (pasu KOJIUBaHb.

306pasumo o611Ba KOJIWBAHHSA 34 JOTIOMOTOI0 BEeKTOPiB d, Ta a, (maa. 206).

IToGyayemo 3a mpaBuIaMu SOLaBAHHA BEKTOPiB Pe3yJIbTYIOUNA BeKTOP d . [Ipo-
eKIIis IILOT0 BeKTOopa Ha Bichk X MOPiBHIOE CyMi MPOEKITiil BeKTOPiB, AKi Jomai0ThCs:
X=%x,+x,.

PesynbTyioue KoguBaHHA Oyae TapMOHIUHUM
KOJIMBAHHSAM 3 YaCTOTOIO (0, aMILIITYLO0IO @ i mouar-
KO0BOIO ha30I0 (¢, IKY BUBHAUAIOTH 38 (POPMYJIOIO g

|

_,8ing, +a,sing,

tg . ¢ - ¢,
¢ a, cos @, +a, cos @, 7\ /(Plr

0 2 (Pl L -

MeTox BEKTOPHUX IiarpaM INMPOKO 3aCTOCOBY-  |la— i plee 3| X
€ThCSA IIPU PO3B’A3aHHI HPAKTUUYHUX 3aBIaHb, 30- - .
KpeMa B eJIEeKTPOTEXHIIli Ipu po3paxXyHKax mapame-

TPiB €JIEKTPUUHUX KiJI BMiHHOTO CTPyMY. Maan. 206. Bexropua riarpama

§ 42 MasaTHUKN

v II epio0 KOLUBAHb NPYICUHHO20 MAAMHUKA.
it epio0 KOLUBAHb MAMEMAMULHO20 MAAMHUKA.
v 1T epiod KoAUuBAHb Pi3ULH020 MASAMHUKA.

Masmunukx — Tijo, 1110 KOJMUBAETHCA il Ti€I0 CHIN
é TS:KIHHA a00 CUJIM IIPYKHOCTi. € KiJbKa TUIIiB MaAT-
HUKiB: MaTeMaTUUYHUN, QiBUUHUN, IPYKUHHUA.

Ilepiox KoMMBaHB MIPY:KMHHOTO MASITHUKA. 3 TIOIIEPeAHiX PiBHAHD, OTPUMAHUX
IS KOJIMBAHb TOPU3OHTAJIBHOTO MPY:KUHHOTO MasagTHUKA (§ 39), BUAHO, 1110 TpU-

CKODeHHS y JOBLIbHUI MOMEHT Yacy IIPONOpLiiie 3MineHHI0: a =—-0'x . BogHouac
y OyAb-AKil ToUIli TpaeKTopii cujia IpyKHOCTI HAIIPAMJIeHAa 0 MOJIOXKEeHH PiBHO-
Baru i mpsAMO IPOIOPITifiHa 3MIiIleHHIO:

F =-kx,

p,
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. k
Ie k — KopcTKicTsb mpy:Kkuuu. 3a ApyruM sakonom HeroToHAa: a = =——=x. Ilpu-
m
. s k k
piBHIOIOUK 00MABA BUPA3U I/ HPUCKOPEHHS, OTPUMYEMO: ® =— abo w=,|— .
m m

. 21
Ockinpru =21V :F , TO:

nepio,/:[ BLIBHUX KOJWBaHb IIPYXUHHOI'O MadATHUKA:

&) P2 g [T
k

®

Ilepiox koMMBaHBL MAaTEMATHUYHOTO MAasITHUKA. MamemamuiHUul MaasmHuK —
e MOJeJb ifeaJbHOl KOJMBaJIbHOI CUCTEMH.

Peanbuuit HUTKOBU# MasagTHUK (mas. 207), 1110 CKIATAETHCA 3 HEBEJIUKOTO Tijia
i TOBroi TOHKOI HUTKU BEJHUKOI JKOPCTKOCTi (HAIIPUKJIal, CTAJIEBOI0 IPOTY) MOYKHA
BBaYKaTU MaTeMaTUYHUM MAATHUKOM.

3a MaJINX BiAXmieHb TAKOro MasATHHKA Bif mO-
JoXkeHHsA piBHOBaru (oo < 5°) fioro KoJuBaHHA Oy-
IyTh TADMOHIYHUMHA.

MaremaTuuHUii MaATHUK KOJUBAETHCSI IIiJ
Ii€I0 CUIM TSKIHHA mg 1 CUauM HATATY HUTKU F‘H.
BinBemeMo KOJIMBHE TiJIo Yy KpaliHe IIpaBe MOJIOMKEeH-
HA. ¥ IbOMY BUIAAKY PiBHOAIMHA CUJIMN TKIHHA i
CWJIM HATATY HUTKU HAIpaBJIeHA IIPOTU 3MillleHHA
— 10 moJIoXKeHHs piBHOBaru (man. 207). 13 matoH-
Ka BUJHO, IIT0 3a MOJIyJIEM I PiBHOJiiHA JOPiBHIOE:
F=mgsino .

OCKiNbKY KYT BiAXUJIeHHA MaJIUi, TO AyTra EZ,
0 AKill pyXaeThcsa KyJbKa, MaJao BiIpisHAETHCA Bi
HamiBxopau BA, Tomy amimntenas x = BA . Kpim Toro
OpH MaInX KyTaX BMKOHYETLCS CIIiBBiJHOIIEHHS Man.207. KonuBanusa
sina=tgo . 3 rpukyrauka 0BA tgo = x/1, me | — mo- ~ MaTEMATHUHOrO MAATHUKA
BJKUHA HUTKHU.

TaxkuM YMHOM, ITPOEKI[isI PIBHOAINHOI, 110 [Ii€ HA KOJUBHE TiJ0 (3 ypaXyBaHHAM

. mg
TOTO, II[0 BOHA HAIIPaBJIeHa IPOTH 3MilIeHH:), OMUCYEeThCA hopMyIon F, =——x .

Sk 6aumMmo, 1A cuJa «CXO0XKa» Ha CHJIY IPY:KHOCTI (KBasimpy:xkHa) an = —kx, Ie
X

poab KoeditienTa pyKHOCTI £ Bimirpae Benruumaa mg/l.

OnHaKOBi MPUUYMHY BUHNKHEHHA KOJUBaHb BeIyTh 0 ONHAKOBUX Pe3yJIbTaTiB.
Busegemo opmyy mepiony KOJINBaHb MATEMATUUYHOTO MAaATHUKA TaK CaMO, IK MU
11e poOMJIH ITijf yac BUBeAeHHs HOPMYJIU IepioAy KOJMBaHb MPYKUHHOTO MaATHUKA.
OCKiJIbKY KOJMBAHHSA MATEeMATUYHOTO MasATHUKA € TAPMOHIUYHIME, TO IPUCKOPEH-
HA Y JOBLIBHUNM MOMEHT Uacy IIPOIOPIIiliHe 3Mil[eHHIO: a = —»?x. BogHouac y Oyab-
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AKiN TouIi TpaeKTOpPii piBHOAITIHA F HanpsaMJIeHA 10 I0J0KEeHH A PiBHOBATY 1 IPAMO
g

- . mg F
mpomopIiifina amiinenH:o: F = —Tx . 3a gpyrum 3axouom HrioToHa: a=—= —7x .
m

ITpupiBHIOIOYY 06H/BA BUPA3H [ IPUCKOPEHHS, OTPUMYEMO: 0 =§ abo w= \/% .

. 2n
OcKinpru =21V =? , TO:

Hepio,a BiJIBHMX KOJIMBAHb MAaTEeMATUYHOTO MAATHINKA:

W po2n_p [

) g

Ilepiod énacrnux KoAUEAHb MAMEMAMULHOZ0 MAAMHUKA He 3ALeHUums 6i0
macu i amnaimyou KOLUEAHb, @ XAPAKMEPUIY EMbCA NPUCKOPEHHAM 6i1bH020
nadinna g 0ns neénoi micyesocmi i 008HCUHOI0 MAAMHUKG.

OckinbKu OyOb-IKUHN MaATHUK Mae (PiKCOBAHUM Mepiod KOJIUBAaHb, TO MAATHM-
KU BUKOPHCTOBYIOTh JJIA PEryJIIOBAHHS XOA4Y M'OSUHHUKIB.

MasgTHUKY BUKOPUCTOBYIOTH I ¥ Te0JIOTIUHIX PO3BiAKax. ¥ Miciax, ge 3ajsara-
[OTH IIOPOAY METaJeBUX Py, 3HAUeHHA & aHOMAaJbHO BeJinKe. TouHi BUMipioBaHHA
MIPUCKOPEHHS BiJILHOTO MAAiHHA 3a AOIIOMOTOI0 MAaTEMATHYHOTO MaATHUKA JAlOTh
3MOT'Yy BUSIBUTH TaKi POJOBHUIIIA.

3a I0IIOMOro MaTeMaTHUYHOI'0 MaATHUKA MOKHA BUSBUTHU A000Be 00epTaHHSA
Semuri. et gocaig y 1851 p. y [lapuki Bukonar 3K. PyKo 3 MAATHUKOM 3aBAOBIK-
Ku 67 M. ToMy MaATHUKHA, 3a JOTIOMOTOI0 SKUX MOYKHA IIPOJEMOHCTPYBAaTHU T000Be
obepTanHA 3eMJIi HaBKOJIO CBO€EI oci, Ha3UBaOTh MaATHUKaMHU PYKO.

3MicT mociiay moJssarae y Tomy, Io IJIOIHMHA KOJHMBAHb MATEeMATUUYHOTO MasiT-
HUKa 3aJIUIIAE€ThHCS He3MiHHOIO BiJHOCHO iHepIliaJbHOI cucTeMU BiIIiKy (Y IIbOMY
BUIMIAAKY BiJTHOCHO JayieKux 3ipok). Toxai BigHOCHO HeiHepIiasbHOI cucTeMu BifJri-
Ky, 0B’ A3aHOI i3 3emJiero, BHACHiILOK aiil cuau Kopio-
Jica mJIOIMHA KOJUBAaHb MAaATHUKA Ma€ IOBEPTATUCh
(man. 208).

IlisHirmme et gocai MOBTOPIOBAJIY B PiSHUX MicTax.
OueBUAHO, 10 e(deKT IIOBOPOTY IJIOIIUHU KOJUBaHb
MaATHUKA 3aJeXKUTDh BiJ MIMPOTU MiCIld ITPOBEIEHHS
IOCTiny, HAMOiIbII BUpakKeHnil Ha 3eMHUX MOJIIocax i
He Bi0OyBaeThCA HA €KBATOPI.

Yacmo nid uwac pos3e’sa3yeéanns 3adai poszaada-
10Mb MamemamuiHul MAAMHUK, AKUL KOLUBAEMBCA,
PYyxaouucs 3 ne6HUM NPUCKOPEHHAM G . Y ybomy pasi
nepiod KONUBAHb MAAMHUKA 6U3HALAIOMb 3 PopMYAU

Man. 208. Moaeas mociixy
i3 MmagaTHUKOM DYKO




PO3MIJ 4

Ilepiox xonuBauHb (hisuyHOrO0 MasgTHUKA. Pi3udHUl masmHuK — abCOJIIOTHO
TBep/ie Tijo, II[0 KOJUBAETHCSA IIifl €0 CUJIN TAMKIHHA HABKOJO T'OPU30HTAJIbHOI
oci, AKa He IPOXOIUTH Uepes IeHTp TaKiHHg Tina C (maa. 221).

IIpu manux KyTax BigxuaeHHA (o0 < 5°) KOJTMBAaHHA MAaATHUKA € TADMOHIUHUMU.

Ilepiox BmacHUX KOJMBaHL (DiBUUYHOTO MAATHUKA
BUB3HAYAETHCA 3a (DOPMYJTIOI0

T=2r L
mgd

Ie J — MOMEHT iHepirii Tijla BiTHOCHO OcCi;

m — Maca Tiua;

£ — IPUCKOPEHHSA BiJILHOTO HaJiHHI;

d — BigcTaHb BiJ 0ci KOJIMBaHHSA 0 IIEHTPA TAMKIHEA Tila.

3a mepiomoM KoJMBaHb (PiBSMUYHOTO MasATHUKA IIPO-
CTO BU3HAUUTU MOMEHTHU iHepIlil pisHOMaHITHUX JeTajein
(TBepAMX TiJ), 1[0 BUKOPUCTOBYIOTHCA B TeXHIIIi.

O

1. flxka xosmBaJibHA cHCTeMa HA3WMBAETHLCA MaTeMa-
TUYHUM MaATHuUKOM? Ilpy:kunHHuM MasgTHUKoOM? Pisuuy-
HUM MaATHUKOM?

2. Ilpu AKUX BiAXUJIEHHAX BiJ MHOJIOMKEHHSA PiBHO-
BarW KOJIMBaHHA MATEMATUYHOTO i ()i3MIHOTO MaATHUKIB
OyayTh TAPMOHIUHUMU ?

Daiite BianoBiai Ha 3anuTaHHA

3. Busenite popmysry mepiony KoJIMBaHb MaTeMaTHUU-

HOTO MasITHUKA. YN 3a/IeKUTh IIepiof KOJIUBAHL MASATHI-
Ka Bij 1ioro macu?

Man. 209.
PDiznyHN MAATHHK

4. Bipg uoro 3ajie:KUTh II€PioJ KOJINBAHD IPYKUHHOTO

MasATHUKA?

Mpuknaau po3B’s3yBaHHS 3apa4

3amaua 1. MareMaTUUYHN MasATHUK 3aBAOBXKKHK 1 M KOJIMBAETHCA 3 aMILIITy-
momo 1 cm. 3a axkuii yac BiH mpoiige nmIax 1 cM, AKINO y MOYaTKOBUII MOMEHT MasT-
HUK IPOXOAUTH MOJIOKEeHH piBHOBaru? 3a AKWHM yac MaATHUK MIPOIIe: a) IepIry
MMOJIOBUHY aMILIiTyAu; 0) APYTY IOJOBUHY aMILIiTy A1 ?

Hano:
=1 m;
x, =1-107wm;
x=1-102m;
x,=5-10%m;
x,=5-10%m

1_?;t2

t—?2;t

-9

Po3é’azanna:
OCKiJIbKY y TOYATKOBUIT MOMEHT MaSITHUK IIPOXOAUTD ITOJI0MKEH-

HS PiBHOBAru, TO PiBHAHHA 1oro pyxy mMae Buraan x =0,01sinnt .
Ilnax 1 cm, AKUE HOPiBHIOE aMILTIITYi, MAATHUK IPOXOIUTDH
3a uBepTh nepioxy. Ilepiog KomuBaHL MATEMaTUUYHOTO MaATHUKA
T 2rn

l
BHU3HAUaETheA 3a (hopmysoro T =21, [— ,ayac: t = 11
g

£z0,5c.
4\g




MexaHiuyHiI KOJIMBAHHA Ta XBUJI1

Yac, 3a axkuii MAaATHUK IIPOXOAUTE IIEPIIY IIOJOBUHY aMILIITY A1, BU3HAYAEMO
3 piBaguua: 0,005 = 0,01sinnt, Toxi sinnt = 0,5. Cunyc HadbyBae 3HaueHHs 0,5 mpu
/6, otske nt =1/6, 3Bigcu t =0,167 c. Toxi uac, 3a AKUI MAATHUK IIPOXOIUTH APYTY
[OJIOBUHY aMILIiTyiu, CTAHOBUTE: t,=t—t,;t,=0,5¢—-0,167c=0,33 c.

Bigmosigs: 0,5¢; 0,167 ¢; 0,33 c.

3amaua 2. 3a AKOI IMBUAKOCTI MOTAra aMILIiTyZa KOJUBAHL MAasSTHUKA 3a-
BHoB:;kKu 11 cM, migBimmeHoro y Barosi, 0yme HaiibiabII00, AKINO JOBMKUHA PEeioK
Mix crugamu 12,5 m?

Hano: Po3zé’a3anna:

1=0,11 m; AmnuiTyna KoauBaHb OyZe HalibiJbIT00 3a YMOBH, IO Yac,
L=12,5wm; 3a AKUH MOi3J IPOXOAUTDH BiICTaHb MidK CTUKaAMU PEioK, JOPiB-
a=10m/c? HIOBAaTHUMeE IIePiofy KOJMBaHb.

v—7? |

. . L . l
VY BumagKy piBHOMipHOro pyxy morsara t=—, a mepioa Konusaub T =21, [— .
)

g

I3 ymoBu t = T BU3HAUaEMO D=2£\/%; v~ 18,78 m/c.
b4

Bidnoeids: v~ 18,78 m/c.

Bnpaga 38

1. Maarauk 3pobus 50 koauBaub 3a 1 xB 40 c. Busnauuru nepion, dacrory i
IMUKJIYHY YaCTOTY KOJIMBAHb.

2. K BigHOCATHCSA MOBKUHU MAaTEMATHUYHUX MAATHUKIB, SIKIIO 3a TOI caMuii
yac oauH i3 Hux podbuth 10, a gpyruii 30 KomruBaHb?

3. 3a oauH i TO caMuii yac MEPIIUA MaTeMaTUYHUN MaATHUK poouTts 50 Ko-
JUBaHb, Apyruii — 30. BusHauuTy JOBKUHU ITNX MAATHUKIB, IKIIO OJWH i3 HUX Ha
32 ¢M KOpOTIHUii Bif iHIIOTO.

4. fx sMiHUTBCA Xif rOAVHHUKA 3 MAaATHUKOM HA METAJIEBOMY CTEPIKHi: a) 3
MiABUIIIEHHAM TeMIepaTypu; 0) Ipu MiJHATTI Ha TOPy; B) IPHU MepeMileHHi Bijg mo-
JIroca 1o ekBaropa?

5.V ckinbKU pasiB 3MiHUTLCS ITEPio] KOJIMBAaHHA MaATHIKA y PAKeTi, IKa cTap-
TY€ 3 IIOBEPXHi 3eMJIi BEpTUKAJIBHO Bropy 3 npuckopeHuam 30 m/c??

6. MaTemMaTHUHNI MasTHUK Ha 3eMJi Mae mepion Maaux KoauBaHb 1 c¢. Axum
Oyze mepion fioro KosuBaHb Ha Micsari?

7. BusHaunTH OPUCKOPEHHS BiJIbHOTO HaiHHSA ¥ TOMY MicIli 3¢ MHOI II0OBepPXHi,
e TOB)KHWHA CEKYHIHOr0 MaaTHUKA 0yae 0,995 m.
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§ 43 BumyLueHi konuBaHHS.
Pe3oHaHC. ABTOKOJIUBAHHS

V' Bumyuwieni KOLUBAHHAL.
V' Pesonanc i 1020 npaKmuyiHe 6UKOPUCTLAHHA.
v’ Aemoroausanvhi cucmemu.

Bumyireni konuBauHs. 1K 3a3HaUAIOCH, JIA TOTO 1100 KOJINMBAHHSA He 3racaju,
€Hepria KoJIMBaJIbHOI CCTEMY Mae ONoBHIOBaTHCcA. Hampukiaz, 1106 roiijaika He
3yOUHANACH, i1 HEOOXiAHO MiAIIITOBXYBATHA Uepes iHTepBaiu Yacy, 110 JOPiBHIOIOTH
mepiofy KOJIMBaHb TOUJAIKY.

TPIITHIX, TaK i 30BHIMIHIX MEePiOAMYHUX CUJ Ha3UBa-

é Konueannsa, ski 3mificCHIOIOTBCS I Oi€l0 AK BHY-
IOTh 6UMYUEHUMU.

Buwmyiieni KoiuBaHHSA 3[4iHICHIOE CKJIO BiKOH y OYIUHKAX, IOB3 IKi MPOXOAUTH
BaHTAYKHUI TPAHCIOPT, KOPIIyCH MAaIIMH i MexaHi3MiB, 1o mpamooooTrs. Ilig vac
pO3MOBHU MO TesiepOHY BUHHKAIOTH BUMYINIEHI KOJIMBAaHHA MeMOpaHU MiKpodoHa
i gi€fo KOJIMBAHD IIOBiTPA, a IIOBiTPSA — IIiJ Ai€l0 KOJMBAHD I'OJIOCOBUX 3B’ SI30K.

Pe3onanc i iforo npakTuyHe BUKOpucTanua. [locaignmo aeski ocobauBocTi Bu-
MYIIIeHUX KOJIMBaHb. [/ 1IbOTO IPOBEAEeMO TaKUU AOCJiL. 3aKPiIMMO MijK ABOX
mMITaTUBIiB Tpoc i migBicuMo [0
Tpoca MasSsTHUKU Pi3HOI JOBKUHU *%
(man. 210).

BuBenemo 3i craHy CIOKOIO,
HaIpUKJIaL, MagTHUK X, HagamMo
oMY MOMKJIUBICTH BiJIbHO KOJIBA-
Trcs (IJIOIIMHA KOJUBAHL MasiT-
HUKA NePHeHAUKYJIAPHA 0 IIJI0-
muH MasioHka). [[i KomuBamHsS
BUKJIMKATUMYTh KOJWUBAHHSA TPO-
ca i 3MycATh KOJUBATHUCH iHIITL
MagTHUKKA. IIpu [bOMYy MasATHUK
C, 1110 Mae Taky caMy JOB:KHHY, a
OTIKe, i TaKUi caMUii mepiof, IK i
MaATHUK X, KOJUBATHUMEThCSI HaWCUIbHiIIe; MaATHUKYN B i D, mepiogu KOJINBaHb
AKUX HAOJIUIKAIOTHCA N0 Mepiofy KoJMBaHb MasATHUKA X, KOJIUBATUMYTHCA AEII0
caabie, a MaaTHUKU A i E Maiiike He KOJIUBATUMYThCH.

Man. 210. BuHUKHEHHS pe30HAHCY
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Omxe, AKIIO mepiox (4acToTa) KOJMBAHL CUJIM, IO iX BUKJIUKAE, NOPiBHIOE
BJIaCHOMY mepiofy (4acToTi) KoJIMBaHb KOJUBAJIBHOI CUCTEMU, TO aMILIiTyLa BUMY-
IIeHUX KOJIMBaHb Haiibinbia. Ile aBulle HA3UBAIOTH PE30OHAHCOM.

MYIIIEHIX KOJIMBAHb, KOJIX YacToTa 30BHIITHBOI nepio-

é Pe3onanc — ABUIIE PiBKOT0 3pOCTaHHA aMILIITyIU BU-
IUYHOIL CHJIN 30ira€ThCs 3 YACTOTOIO BJIACHIX KOJINBAHbD.

Cupobyemo 11e moBecTu. 1A 3pYYHOCTI PO3TIAHEMO KOJUBAJILHY CUCTEMY —
TOPUBOHTAJBLHUN NMPYKUHHUN MasgTHUK. ¥3I0BK oci X Ha KOJUMBHE TiJjO i€ cuia
IPY*KHOCTL anx =—kx i 3minHa 30BHimHA cuna F=F cos®t . 3acTOCOBYOUU APY-
ruii sakoH HproToHa 10 OmMCYy KOJMBaHB Tijla, OTpUMaemMo ma = —kx + F cosot.

k .
Bpaxyemo, o a = —ox, cosot, X=X, oSOt , o)’ = T06TO, k=W,Mm , TOAi OTPH-
MaEeMO PiBHAHHA APYTroro 3aKoHy HbI0TOHA y BUTJIAMI:

—-mo’ x,, cos Ot =—wymx,, cos Ot +F, cost .

CKOpPOTHUMO PiBHAHHSA Ha COS®! i 3aIUINIEMO 3 HbOTO BUPA3 IJId aMILIITy U BU-
MYIIeHUX KOJUBAHD X :

F

m

x, =—".
" m(e) - %)

IIpoanasrizyemo oTpuMany 3ajie’kKHICTh i moOyayemo ii rpadik. 3i 3MiHOIO yac-
TOTHU ® B0BHINTHBOI CUJIY SMiHIOETHCA AMILIITY/Ja BUMYIIIEHUX KOJNBAHb. SIKIO 114
JacToTa HabJIMKAEThCA O YaACTOTU BIIBHUX KOJIUBAHb CUCTEMH (), , TO 3HAMEHHUK
Ipo0y HaOJIMIKYETbCA O HYJIdA. Y IIbOMY BUIAAKY aMILIiTyAa pisko 30iabIIyeThed,
IpAMYIOUH 10 HecKiHueHHOCTI (man. 211, kpuea 1) 3a yMOBHA O =, .

SKImo BpaxyBaTH [i10 Ha KOJKUBHE TiJIO CUJI OIIOPY, SKi IIePeIrKoaKaoTh 3011b-
IIeHHI0 aMILIiTy I KOJUBAaHb, TO 3i 301JIBIITEHHAM CUJI OIIOPY 3HAUEHHS PEe30HaHC-
HOI aMILTiTy U 3MeHITyBaTuMeThcs (kpusiilt 4 Ha maz. 211 BiATIOBiZae MaKCcUMaIb-
He 3HAUYEeHHS CUJIU OIOPY).

Pesonanc Bimirpae BaKJIMBY pPOJb
y npupoxmi i rexuimi. IloduTuBHUMMI
BUSIBAMU € PiBHi pe3oHATOpPU, HACTPO-
IOBaHHA KOJUBAJbHUX KOHTYPiB IIpu
paniosB’A3Ky; HETaTMBHUMM — DPYHHY-
BaHHS (PYHIAMEHTIB i KOHCTPYKILiNl yHA-
CIiIOK KoJmBaHHS. Bimomi Bumagku,
KOJIM PYHHYBaJIMCA MOCTH IIiJl Uac mepe-
XOIy IO HUX BifiCBKOBUX, AKi KPOKYyBa-
JIX «B HOT'Y» i IPU I[bOMY YaCTOTa KPOKY
3birasacsa 3 BJIACHOIO YaCTOTOIO KOJU-
BaHb MmoctiB. ¥ 1850 p. spyiimyBaBca
Amxepcebkuii migsicuuii mict mang Jlya-
poIo, IO AKOMY KPOKYBaau (PPaHIly3b- Man. 211. Pe3onancHi kpusi
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Ki mixoruuni. Toxi sarunynao 226 ocio. ¥
1906 p. spyiiHyBaBcs JIaHIIOTOBUIT €ru-
HeTChbKUU MicT uepe3 piuky POHTAHKY Yy
ITerepOypsi. ¥ 1940 p. uepes, KiabKa Mi-
CAIIiB ITicJIsT BBeIEeHHA B Mil0, 3pyHHYBaBCA
TakomcbKuii migsicuuii mict (CIIIA, wmam
Bauwurzmor), B AKOMY BUHUKJIY PE30HAHC-
Hi KoJIMBaHHA Oif giero BiTpy (man. 212).

Koucrpyomoun 3aBoau, BoK3aam, MOC-
TH, JiTaKW Ta iHII KOHCTPYKILii, HeoOXis-
HO BpaXOBYBaTH SBUIIe PE30HAHCY: 11100 IX
BJIACHUII IIepioJ KOJIMBaHb He 30irascs 3 me-
piosoM KoJmMBaHb MeXaHi3MiB, AKi MOXKYTh
BUKJUKATA BUMYIIEHI KOJMBAHHA IUX
KOHCTPYKIIiii.

AsrorkomuBanbHi cucremu. OT:Ke, He3racaioui BUMYIIEeHI KOJUBAHHSA MOYKHA
oTpuMMAaTH HiJ Yac mil Ha Tijgo, AKY MOMKYTb 341MCHIOBATH BiJIbHI KOJIMBaHHA, IIEPio-
IUYHOI 30BHiIHBOI cuau. [IpoTe MOKHA 3pOOUTH TakK, 100 KOJHBaJbHA CHCTEMAa
caMa KepyBaJia 30BHIIITHIM BILIMBOM, 3a0e3MMeUyioun y3TOMKeHiCTh il cuuiu 3i cBo-
im pyxom. Taka cucrema Ha3MBAETHCSI aBTOKOJMBAJIBHOIO, a 3/[i/ICHEH] Hel0 He3raca-
F0Ui KOIMBaHHA — aBTOKOJUBAHHAMUA.

Man. 212,
PyitnyBanna TakoMcbKOro mocra

YWHEeHi CTaJuM 30BHIIITHIM BIITMBOM HAa CHUCTEMY, IKa

é AB8MOKONUBAHHA — HEe3Tracaui KOJMBAHHS, CIPU-
caMa peryJiroe iX 4acToTy.

Ha BinminHy Big BUMYyIIIeHUX KOJIUBaHb, YACTOTA 1 aMILTITy/1a aBTOKOJIMBAHb BII3HA-
YarOThCA BJIACTHUBOCTSIMI CaMOl KOJIMBAJIBLHOIL crcTeMu. Bin BITbHIX KOJIMBAaHbL aBTOKOJII-
BaHHA BiIpi3HAIOTHCA THM, ITI0 BOHHU 3 YACOM He 3TracaioTh, a TAKOYK THM, ITI0 iX aMILTiTyaa
He 3aJIeKUTD BiJl I0YATKOBOI'0 KOPOTKOUYACHOT'O BILIUBY, SIKHMI 30y Ky€E KOJMBAHHS.

Y Oynb-akiii aB-

TOKOJUBAJBHIN  cuc- 4
TeMi BHOKDEMIIIOTH | © g

OCHOBHi eJIEMeHTU |::>?E:}E}E> C/‘\‘”‘_‘
3

(man. 213, a): 1 — mxe- e
peJio eHeprii, 2 — mepe-
JaBaJIbHUN IPUCTPil 31 3BOPOTHUIA
3BOPOTHUM 3B’ IBKOM — 3B’#I30K
3, AKUU peryJiioe HaJ-
XOI'KEeHHA eHeprii 3
JIKepesia y KOJIUBAJIb-
HY cucTeMy, — 4.
IIpuxmagom aBro- Man. 213. a — cxema
KOJIMBATIBHOL CHCTEMU  aproKoanBadbHOT CHCTEMN;
€ TOOUHHUK 3 MAATHU- ( — aBTOKOJMBAJLHA CHCTEMA
KoM (maa. 213, 0). (TOMMHHUEK 3 MAATHUKOM)
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H:xepesom eHeprii Takoi cucTteMu € Tups 1, mepegaBaJbHUM IPUCTPOEM — Xpa-
IIOBe KoJieco 2 Ta aHKep 3, KOJIUBAJbHOIO CUCTEMOIO — MAaATHUK 4.

Ilimuara Hax 3emMJiero TUPs, OIIYCKAOUNCh, 00epTae xpamose KoJyeco. OCKiIbKHu
TUpPsA BiJIBHO OIYCKAETHCH, TO i PyX € piBHOIPUCKOpeHuM. PiBHOMipHE 00epTaHHA
XPaIoBOTO KoJjieca 3abe3neuye MasTHUK, AKUHA 3’€THAHO 3 XPAIlOBUM KOJIECOM Ue-
pes amkep. 3a OAHY CEKYHIY MasiTHUK 3JiIiICHIOE OHe IIOBHE KOJINBAaHHA. 3aBIaHH
aHKepa II0JIATaE B TOMY, 11100 XpamoBe KO0JIeCO, A0 SKOT0 KPIIIATHLCA CTPIIKM, MO-
TJIO IPH I[bOMY IIOBEPHYTUCH JIUIIIE HA OOUH 3y0eIlb.

MaaTHnKOBUI MeXaHi3M HUHI IIle BUKOPUCTOBYETHCA Y TONMHHNKAX HA BEXKaxX
a00 HACTiHHMX MOAVMHHUKAX. 3r0J0M MasATHUKOBUHA MeXaHi3M rOANHHNKIB 3MiHIIN
Ha IPYKUHHUH, eJIEKTPOHHU, KBAPI[OBUM.

Y TexHilli 3aCTOCOBYIOTHCS €JIEKTPOMEXaHiuHi aBTOKOJUBAJBHI CHUCTEMU, B
AKUX KOJUBaHHA 3[iMiICHIOE MeXaHiuHa CUCTeMa, a HaAXOIKeHHA eHepril peryJio-
€ThCA CIEIiaJbHUM eJIEKTPUYHUM IIPUCTPOEM.

@ Daiite BianoBiAi Ha 3anUTaHHA

1. fxi KosuBaHHA Has3uBaIOTh BuMYyIlIeHuMHu? HaBemiTs mpuKJIagM BUMYIIIe-
HUX KOJINBaHb.

2. Bip yoro sayseXuTh aMILIiITyjJa BUMYIIIEHUX KOJUBAHD?

3. IIlo masuBaioTh pe3oHaHcoM? 3a AKUX YMOB BiH BUHUKAE?

4. HaBeniTh IpUKJaIM IO3UTUBHOTO i HETATUBHOI'O PE30HAHCHUX BUSABIB.

5. §IKi KonuBaHHA HA3WBAIOTHCS ABTOKOJMBAHHAMU ?

6. Illo BXOAuUTH AO CKJIAAy aBTOKOJMBaJNbHOI cucteMu? HaBemiTs mpuraagu
aBTOKOJIMBAJIBHUX CUCTEM.

§ 44 MexaHi4Hi xBuni

v I OUWLUPCHHA MEXAHIYHUX KOAUBAHD Y NPYHCHOMY Cepedosuuli.
v" Budu xeunv i ix XapaKmepucmuKu.

v’ PigHAHHS NAOCKOT 2aPMOHIUHOL XEULL.

V' Bi0Ou6aHHs MeXAHILHUX XEULD.

Joci Mu posrisananiu KOJIUBaHHA, AKi 3MiICHIOBAJINCA B OKPEMUX KOJIUBAJIBHUX
cucTteMax. ¥ MOBCAKIEHHOMY KUTTI HaM OiJbIlle JOBOAUTHCA MATH CIIPABY 3 KOJIU-
BaHHAMU, SIKi IIepesaoThed Bifl oxHiel cuctemu o inmoi. Hanpukian, KoJIuBaHHSA
MIOIIJIaBKAa IepefaloThCAa YaCTUHKAaM BOAU, 3BYKOBi KOJIMBAHHA — KOJMBaHHAM Oapa-
0aHHOI TTEPeTUHKU ByXa.

Tomy nomanibIlie BUBUEHHS KOJUBAJIbHUX ABUII IIPUCBAUEHE npoyecy nouiu-
PEHHA KONUBAHD.
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Man. 214. Cxema npouecy yTBOPeHHA MeXaHiYHOI XBUJIi

ITomupeHHa MeXaHIYHUX KOJIUBAHb y MPYKHOMY cepenoBuili. OcHOBHOIO (i-
3UYHOI0 MOJEJLII0 PEYOBMHHU € CYKYIIHICTh aTOMIB 1 MOJIEKYJ, AKi Oe3mepepBHO i
XAOTUYHO PYXaIOThCs i B3aEMOMIIOTh MisK co00r0. Buxkopucranusa 1iei mozesai gae
3MOT'y TMOACHUTH He TiIbKU BJIACTUBOCTI PEUOBUHU B Pi3HUX arperaTHUX CTaHaX, a
M MeXaHi3M IOIIMPEeHHI MeXaHiYHNX KOJUBAHDL ¥ IPOCTOPi.

IITo6 3posymiTu mpoliec IOIMUPEeHHA MeXaHIiYHUX KOJUBAaHb, PO3TJIAHEMO KO-
JUBAHHA KYJbOK, IIPYsKHO 3B’ A3aHUX MiK coboro (ma. 214).

SARImo BiAXUINTY Bifi OJ0KEHHS PiBHOBATU IEPINY KYJIbKY TaK, SK IIOKA3aHO
Ha man. 214, To BOHA, ¥ pPe3yabTaTi IPYsKHOTO 3B A3KY 3 IHIIUMU KYJIbKaMU, BU-
KJuue i iX pyx. AJie OCKiJIbKY KOJMBAHHA MePIIOi KYJbKU IePefaloThCA iHIITNM He
MUTTEBO, a MIPOTATOM JIEAKOTO Yacy, TO KOJUBAHHA IHINUX KYJIbOK MOUNHAIOTHCS 3
IesSKUM 3ali3HEHHAM 1 1X TTOJIO}KEHHSA y IIPOCTOPi Mae hopMy XBUJII.

é Mexaniuna xéuns — IPoOIeC IMOIMUPEHHA KOJIMBAHb
Yy OPYKHOMY CepPeIOBHIIli 3 IIJIMHOM 4acy.

IIpuknan HaNDOMIMPEHINNINX MeXaHIYHNX XBUJIb € 3BYK, XBUJI1 Ha TOBEPXHi pi-
IUH.

MexamisM IOIIMPEHHS MPYXKHOI XBUJII IOJIATAaE y 30y/IsKeHHI KOJMBaHb BHACJII-
IOK medpopmairii cepemoBuinia i mepemadui 30ypens y cycifHi fioro ginauxku. KomuBanus
JIKepeJT XBUJIb CIPUYWHIOITH Ie)opMAaIliio IpmIeranx 10 HbOTO AiIAHOK CePeIOBU-
ma. YHacaigok aedopmarii B JiTAHKaX cepefoBUINa BUHUKAIOTh CUIu PysKHOCTI. 1e
CHOPUYMHIOE IIEPEeMillIeHHs YaCTOK, IPUJIETJINX A0 AehopMOBaHUX AiIAHOK. Takum un-
HOM, 30y/I?KeHHI KOJUBaHb YaCTUHOK 0171 ApKepesia 3yMOBJIIOE BUMYIIIEH1 KOJTMBAHHSA
CyCigHiX YaCTHMHOK, Ti, ¥ CBOIO Uuepry, 30y KyIOTh KOJIUBAHHA HACTYIIHUX i T. m. ITig
Yac MOITMPEHHS XBUJIb YaCTKU CepPeoBUINA KOJMBAIOTHCA BiTHOCHO CBOIX ITOJIOKEHD
piBHOBarm, TOMy IlepeHeceHHsI PeYOBUHM He BiI0yBa€TbCsA, X0U OCTAHHE iHOAI MOXKe
BinbOyBaTHCs AK CYIIyTHE ABUIIE y BUMIAAKY CUIBHUX 30ypeHs (ydapra xeéuns).
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Bupu xBuab i ix xapakrepucruku. IIpy:xHa XBUIA MoXKe OyTU nonepewHoro
(man. 214), AKIIO YACTUHKYU KOJUBAIOTHCA Y ILJIOIIMHAX, IMEPHEHAUKYIAPHUX 10
HAIPAMY HOIITUPEHHS XBUJII.

é I | HaHpHM IIOIIIMPEHHA XBUJIi HA3UBAIOTh npomenem. ‘

ITonmepeuni xBuwJyi BUHUKA-
_

I0Th ¥ CePemoBUINaX, e MOYKJINUBiL
npy:kHi gedopmariii 3cyBy (TBep- @WA_A—E
IUX TijIaX 1 B IOBEePXHEBUX IIapax

pigum). IIpukaagom Takoi XBUJIi €
XBUJISA, YTBOPEHA BHACJIIIOK KOJIH- Man. 215. Ilonepeyna MexaHiYHA XBUJISA
BaHHA mIHypa (man. 215).

IT030063#cHA X68UNA YTBOPIOETHCS, AKIIIO KOJIUBAHHA YACTUHOK CepeIoBUIla Bii0y-
BAIOThCA Y HAIIPAMI ITOIITUPEHHA XBUII.

Ha mogesi npysxkHOr0 TiNa (man. 216), ke CKIagaeThCAa 3 OMHAKOBUX KYJIBOK,
MIPY*KHO TOB’sI3aHUX MisK CO00I0, MOYKHA CIIOCTEPiraTH IIPOIeC MOITUPEHHS M03/0-
BYKHIX XBUJIb. SIKITIO IITOBXHYTU KPANHIO JIiBY KYJIbKY BIIPABO B3IOBK PANY KYJIbOK,
TO BOHA MOYHE KOJUBATHUCH, IO TOTO K MIPUBEJE Y KOJTUBAJbHUMN PYX CYCIAHIO KYJIb-
Ky, Ka y CBOIO Uepry IepemacTh KOJUBAJLHUN PyX HACTYIHiN i T. A. ¥V pesyibTarTi
BCi KYyJIbKU IIOCTYIOBO IOYHYTH KOJIUBATHUChH, ONHAK He OAHOYACHO, a TaK, 1110 KOXKHA
HACTYITHA KYJIbKA ITOYHe KOJMBAHHSA IO IIisHille 3a IoepeHI0, TOMY KOJINBATH-
MYyTBhCA BOHU 3 ONHHUM i TUM caMUM IIepiofioM, ajie 3 pisHuMu (pasamu. Ha MaTtoHKy
228 NyHKTUPHUMU JiHiAMU 300paskeHi rpadiku Konmusaub Kyasok 1,4, 7,101 13.
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Man. 216. Cxema mpoiiecy yTBOPEeHHS IMMO3M0BKHBOI MeXaHiYHOT XBUIIi

ITo3moB:kHI XBUJII BUHNKAIOTH Y CEPEIOBUINIAX, A€ MOMKJINBI IPy:KHI tedopma-
mii cTucKy Ta podrary. [Ipukaagom mo3goBKHB0I MeXaHiuHO1 XBUJIi € 3BYK. Ha ma..
217 moKas3aHo IMOIIMUPEHHA 3BYKY BiJl yIapy MOJIOTKA IO MeTaJIeBOMY CTEeP;KHIO.
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R i) N

Man. 217. I103K0BKHSI 3BYKOBA XBUJIS Man. 218. I'pacdiune 306paskeHHsa
JOBKHMHHU XBHUJI1
V¥ rasax i pizuHax BUHUKAIOTh JIUIIEe TO3A0BKHI XBUJIi, IKi € uepryBaHHIM PO3-
pifsKeHD i 3TyIIeHb cepeloBUIa. ¥ TBEPAUX TijlaX MOMKJIMBI AK IMO3IOBXKHIi, TaK i
MOTIepeYHi IPYKHi XBUJIi.
[ BUBUEHHS XBUJIBOBUX MPOIIECIB BBOAATHCS BiAIIOBiIHI BEJITUUMHA:

Hoencuna xeuni (\) — 11e BiicTaHb HA AKY MOIITUPIO-
€ThCS XBUJISA IIPOTSITOM OJHOI'0 IePioy KOJIMBaHb:
A=vT,

e LU — IMBUIKICTH HNOMINPEeHH XBUJIi; T — mepion KOJIMBAHD AKepeJsia XBUJIi.
Touku cepenoBuIa, SKi 3HAXOOATHLCA OHA Bi OHOI Ha BifcTaHi, IIT0 JOPiBHIOE
IOBYKUHI XBUJIi, KOJIUBAIOTHCA B OJHAKOBUX (haszax (man. 218).

ITeéudxicms (V) IOMINPEHHA IPYKHOI XBIUJIi 3aJIEIKUTH

BiJ IPYy:KHUX BJIACTHUBOCTEMN i T'YCTUHU CEPEeIOBUIIA:
E
v=_ |—,
p

e E — monyss IOHTa (xapakTepusye IPYsKHi BJIaCTUBOCTI cepefoBuUIa); p — I'yCTH-
Ha cepeoBUIIA.

Hlséudrxicmov 36yxy y noitpi npu 0 °C cranoButs 331 M/c, 3a TeMIepaTypu
20 °C — 340 m/c; y Bupobax 3i crani — 5500 m/c. B oxgHOpigHOMY cepemoBUIIi Bif
TOYKHU, AKA KOJUBAETHCA, KOJUBAHHSA ITOITUPIOIOTHCA B YCiX HAIPAMKAaX 3i cTaion
IIBUAKICTIO.

Dponm x6uni — reoMeTPUYHE MicIle TOUOK, 40 AKUX
Ha IIEBHUI MOMEHT Yacy HiHAININ KOJTUBAHHAI.

Hocuth HAOUHWMY i 3HA-
MOMUMU € XBWJIi Ha IOBEPX-
Hi Bomu. Ilnsa memoHcTparrii
i mocaimKeHHA TaKUX XBUJIb
BUKOPHUCTOBYIOTH HETJIMOOKY
BaHHOUYKY, 3alIOBHEHY BO/IOIO0
(maan. 219). Skimo go moBepx-
Hi BOJIV TOTUKAETHCI TOUKOBE
I:KepeJio, IO IIePiOJUIHO KO-
JIUBAETHCA, TO YTBOPIOIOTHCA

Man. 219.
YTBOpEeHHS:
a — chepuyHOi,
6 — TI0CKOI
XBHIIb
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chepuui xBuiai (maa. 219, a), AKINO IKEPEJIOM € IIJIACTUHA, 1110 IEePiOANYHO KOJIMBa-
€TbCs, TO YTBOPIOIOTHCS ILIOCK xBwJIi (maa. 219, 6).
| @DpoHT XBWJIi BiJl TOUKOBOTO JiyKepeJsa B OZHOPITHOMY cepeoBUIIli — cdepa.

IInocka xéunsa — xBuusa, GPOHTOM AKOI IJIOIMHA.

PiBHgHHS 110CK0] rapMoOHiuHOI XBUJIi. SIKIIO KOJIMBaHHSA cepeJoBUIa CIIPUYUN-
HIOIOTHCSA MEPiOMYHOI0 30BHINITHHOIO CUJIOK, KA 3MIHIOETHCS 3 YaCOM 3a TapMOHIU-
HUM 3aKOHOM, TO XBIJIi, K1 BOHA BUKJINKAE, HABUBAIOTh 2APMOHIYHUMU. ¥ IITHOMY
BUIIQIKY B KOXKHill TOUI[i cepegoBHUIlia Big0yBaOThHCA rapMOHIUHI KOJIMBAHHSA 3 Uac-
TOTOIO B0BHINITHHOTO BILIUBY. 'apMOHIUHI XBWJIi € HAWTIPOCTIIIINM i BayKJIUBUM BUIOM
XBUJIBOBOTO PYXY, TOMY OOMEKMMOCH y TOAATBIIIOMY PO3TJISAIOM caMe IIUX XBUJIb.

SIKII0 mKepesio KOJINBaHb 3MiHICHIOE TAPMOHIUHI KO-
JIUBAHHA X = X Sin®t, TO PIGHAHKA X6UNi BU3HAYAE
MOJIOKEeHHS KOJMBHOI TOUKMW, SKa 3HAXOAUTHCS Ha
é Bimcrawni [ Bim mixepesia y Oyob-IKMII MOMEHT Uacy t:
l

t
x=x,sin2n(—=-—y),
T oT

L
y

BigouBaHHA MexXaHIYHUX XBUJIb. [IONTUPIOIOYNCH Y TIPOCTOPi, MeXaHiuyHa XBU-
JISI MOKe TiHTH O0 MeKi, Ie IOUYMHATUMEeThCA iHIle cepefoBuIle. ¥ TaKOMY BUIIAIKY
MexaHiuHi XBUJIi MOKYTb BimOuBaTucs. ByBatoTh ABa TUIOBI BUTIAAKY BifOMBaHH:
6i00u6aHHA 3 6MPAMOI Ni6xX6UNi, TOOTO micaa BinOuBaHHA (hada KOJIUBAHL (POH-
Ty XBUJIi 3MiHIOETHCS HA TPOTUIEIKHY (HATIPUKJIAMT, XBUJIA MOIITUPIOETHCA II0 IITHYPY
OITYKJIiCTIO BIIEpe[, a MicJid Bi0MBaHHA BiJl MOBepxHi — Oi"KUTH BIIepe]] 3aIialuHOIO),
6i00usanna 6e3 empamu niéxeéuni (AKIIO0 XBUJA 0 BiIOWBAaHHA IONIIMPIOBAJIACh
OITYKJIICTIO BIIepe, TO ¥ IicJid Bif0MBaHHSA BOHA MOIUPIOETHCA OIIYKJIICTIO BIIEpeT).

).

abo x=x, sin 21t(i -
T

Cmosaua xéunsa — XBUJIs, 1110 YTBOPIOETHCS B PE3YIb-

TaTi HaKJaJaHHsA OCHOBHOI i BigOuTOI XBUJIbL, AKi IIO-

é MINPIOIOTHCA HA3YCTPiU OJHA OAHil, MAalOTh OJHAKOBIi
nepioau i amititynu (maa. 220).

Crosua XBUJIA Ma€ TOUKHU, B AKUX aMII-
JiTyJa KoJIUBaHb Haiibinbima (nywHocmi) i
B AKUX BOHA JOPiBHIOE HYJIIO (6Y3auU).

Ockinpku npsMa i BigbuTa XBUJIi mepe- e >
HOCSTH €HEepPrilo y B3a€EMHO HPOTUJIEIKHUX L
HampsaMax, TO CTOAYa XBUJIA eHeprii He me-
PEHOCHUTD, X0U MiXK OKPEeMUMH TOYKaMHu 06- Man. 220. Y TBOpEeHHS CTOAYOI XBUJIL
MiH eHeprier BigOyBaeThCA.

Crostui XBMJIi yTBOPIOIOTHCA 3a YMOBH, II10 JiHiliHi podmipu Tina L, y AKOMY II0-
IMIUPIOETHCA XBUJIs, KpaTHi /4, ToOTO Ha BifcTaHi Bix qyKepesia XBUJIb 40 MeXKi, Big
AKOI XBUJIi BiZOMBAaIOTHCA, BMIIITYETHCA I[iJIe YMCJIO UBEPTEH JOBKUHI XBUJIi.
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Croaui XBUJIi BUKOPUCTOBYIOTH IJIA BU3HAUYEHHA NOBMKUHU IIPYIKHUX XBUJIb,
IIBUAKOCTI IMOIMPEHHSA XBUJIb, BUBUEHHA NPY'KHUX BJIACTUBOCTEH Tis Toiro. Me-
XaHi8M iX YTBOPEHHSA IIOKJIQJIEHO B OCHOBY KOHCTPYIOBAHHA CTPYHHUX i JYXOBHUX
MY3UYHUX iHCTPYMEHTiB, OpraHa.

@ Daiite BianoBiai Ha 3anuTaHHA

1. TloscHiTh MexaHi3M yTBOPEHHS NPYKHUX MEXaHIUHUX XBUJIb.

2. Y yomy moJiArae BiAMiHHICTH MisK ITO340BKHBOIO TA OIEPEYHOI0 XBUJIAMU?
V axux cepemoBUIlaX MOMKYTh IOIIMUPIOBATUCA IIO30BKHI XBUJIi, a Y AKUX — IIO-
mepevHi?

3. IIlo Ha3MBAOTH JOBKUHOIO XBUJIi?

4. Big uoro 3ajie;KHUTh IMBUAKICTh IOIIMPEHHS XBUJL y HPYIKHOMY Cepero-
BUIIi?

5. IIlo Taxe GPOHT XBUJIi?

6. 1K yTBOPIOIOTHCS CTOSYL XBMJIi?

§ 45 3BYyK

v’ Ymeopenns 38yrosux xeunv. Illleudxicmov 36YKy.

v' Bidbueanns 368YKOBUX XEBUJLb.

4 Axycmuuni (@Qisuuni) ma Qizionozivni xapakmepucmuKku 36yKy.
Arycmuunuil (36YyKo8uUll ) pe30HAHC.

Y TBOpPEeHHSA 3BYKOBUX XBUJIb. lIIBUAKiCTS 3BYKRY. 36YyK — Iie MexaHiuHi xBUJIi,
110 MOMUPIOIOTHCA Y IPYKHOMY CePEeIOBUIIII.

3ByKoBa XBuJA (200 IIPOCTO 3BYK) BUHMKAE 3aBAAKK MEXaHIUHMM KOJIMBAH-
HaM pisHUX Tia. [IpoTe He OyAb-AKi MexaHiuHI KOJMBAHHS CTBOPIOIOTH 3BYK i He 3a
Oyab-IKUX YMOB. Po3risagaoun KOJUBAHHA MAATHIKA, MOYKHA IIOMITHUTH, II[0 3BY-
KOBi KOJIMBAaHHS B I[bOMY BHUIIQAKY He BUHNKAIOTh, X0U aMILIITyAa TAaKNX KOJUBAHD
MOsKe OyTHU ¥ Beaukoo. OT:Ke, aMILTiTyAa He € Ti€l0 OCHOBHOIO XapaKTePUCTUKOIO,
3a IKOIO BiIPi3HAIOTH 3BYKOBi KOJIMBAHHSA BiJl IPOCTO MeXaHiUYHUX.

CrnpuiiMaTucs opraiaMi CJAYXY JIOAWHHI K 3BYK MOKYTh KOJIMBAHHS B cepe-
mpoBuiri yactoror Big 16 go 20 000 I'y, Ta inTencuswicrio I = 10712...102 Br/m?2.

3BYKOBIi XBUJIi ¥ TOBiTPi — MO3I0BIKHI.

3BYKOBIi XBUJIi, IOMINPIOIOTHCA 3 IIEBHOIO IITBUAKICTIO, IKA HA3WBAETHCA UWLEUOD-
Kicmio 36yKy, TOOTO Ha MOIIMPEHHA KOJUBaHb BiJ AKepesia MOTPiOeH eBHUM yac.
Hanpukaazn, Mu He pas momMivaJu, 10 CIOYaTKy BUAHO CIajiaX Bif mocTpinty, a ue-
pes TeBHUI Yac 4yTH ¥ 3BYK; OJMCKAaBKY MU 0aUuMMO paHillle, HiK YyeMO TypKiT
rpomy.

IIBuaKicTE 3BYKY 3aJIEKUTH Bill cepeloBUINa, V SKOMY BiH IOIITUPIOETHC.
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V Tabuuili HaBeleHO 3HAUEHHS IIIBUAKOCTI IOIIUPEHHS 3BYKOBUX XBUJIb Y Pis-
HUX CEPeIOBUINAX.

Tsepae Piguna Tas
xino vM/e | ou20°C) | O M/C (rpu 0 °C) v, M/
3aiizo 5850 Boga mopcrka 1451 IToBiTpa 331
Jin 3980 PryTs 1451 Kucenn 316
CkJo 5990 Caupr 1180 Bogenn 1284

IIBuaKicTs, mOMIMpPEHHA 3BYKY 3aJIe}KUTh BiJ TeMIlepaTypu cepemoBuina. Ha-
MPUKJIAM, IIBUAKICTL HMOIIUPEHHA 3BYKY B pignHax (3a BUHATKOM BOAM) 3 IIiIBU-
IIeHHIM TeMIepaTypu 3MeHINYEThCA, & B Ta3axX MIBUAKICTh IIOIMUPEHHA 3BYKY IIPU
He3MiHHOMY THCKOBI 3 i IBUIIIeHHAM TeMIIepaTypPHu 301IbIITYETHC.

€ maTepianu, SKi MOTaHO MPOBOAATE 3BYK, OCKiJIbKY KOJUBAHHSA ¥ HUX IITBUIKO
sracaioTb. Hampukaazm, IOPUCTi maHeIi, IIiHOIIJIacT BUKOPUCTOBYIOTh IJIA 3BYK0i30-
JISAIil, TOOTO JJIs 3aXMCTY IPUMIIIeHb BiJl IPOHMKHEHHA B HUX CTOPOHHIX 3BYKiB.

BigouBaHHS 3BYKOBUX XBWJIb. SIKIIIO 3BYyKOBA XBUJIS IIOIIUPIOETHCSI B AKOMY-
HeOyIb CepemoBUIIli, TO PAaHO UM IIi3HO BOHA Miiille 0 MeXKi IILOTO CEePeIOBUIIA, 3a
AKUM IounHaeThbes iumre. Ile iHIle cepemoBUIle CKJIAMAEThCA 3 iHIIIUX YaCTUHOK, i
IIBUIKiCTh MOIINPEHHS 3BYKY B HbOMY iHIIa. Ha Takiii Mmeski cmocTepiraerscs Bigou-
BaHHSA 3BYKOBOI XBUJIi TOAi0HO 0 BiOMBaHHA CBiT/Ia Ha MeXKi IOBIiTpA i A3epKaJa.

BigouBamusa BigOyBaeTbcs TOMY, IO KOJMBAHHS 3BYKOBOI XBUJII IlepefaloTh-
cdA yacTUHKaM iHmIoro cepeposuirna. i vacTmHKHT caMi cTaioTh AKepesaMu HOBOI
(BTOPUHHOI) 3BYKOBOI XBUJIi. BropuHHA XBUJIA MO PIOETHCS HE TiIBKU B IPYTOMY
cepeoBUINi, a W y mepIiomMy, 3BiiKM HamilmIa nmepBuuHa xBuada. e i € Bigdbura
XBUJIS.

3 BimOmBaHHAM 3BYKY IIOB’sI3aHe BiZloMe BCciM sABUIE — AyHa. BoHO mosiarae B
TOMY, III0 3BYK BiJ AiKepeJia JOXOIUTH N0 HesdKoi mepemikonu (Kparo Jicy, CTiHM,
TOpH TOIIO), BifOMBa€eThCA Bifl Hel i1 TOBepPTAETHCS MO MiCIlfd, e BUHUKJIU 3BYKOBIi
KOJIMBaHHA. SIKIMO MepBUHHUNI i BiZOUTHUN 3BYKHU HOXOLATH A0 CIyXadua He OTHO-
YacHO, TO BiH uye 3BYK ABiui. ByBaoTh BUIIagKM, KOJU 3BYK BiJOMBAETLCSI KiJIbKa
pasiB, Toxi ¥ mouyTHu Moro MoKHa KiJbKa pasiB (HanmpukJaag, IypKiT rpomy).

Ha merxi mominy 1BoX cepemoBUIIl 3BYK He TiJIbKU BiIOMBAaEThCA, a i MOTJIMHA-
€ThCH, IPOHNKAIOUMN B iHIIe cepenoBullie. Hanmpukianm, omTyKaTypeHa CTiHA TIOTJIN-
Hae maike 8 % eHeprii 3ByKOBUX XBUJIb, a Kuaum — 20 % .

Axyctuuni (¢isuuni) Ta ¢isiomoriuni xapaxkrepuctuku 3ByKy. 3a QisuuHUMUI
(aKyCTUYHUMM) IapaMeTpaMu 3BYK XapaKTePUBYETHCA 4ACMOMmMOI0 Ta iHmeHncus-
Hicmio.

3a (isiosoriuHMM BifUyTTAM 3BYK Mae IeBHY ucomy, 2yuHicms i memop.

Inmencusnicmov 36yxy (cuna 36yry) I — disuuna
BeJIWUYMHA, III0 XapaKTepusye ImepeHeceHHd eHeprii K
é 3BYKOBOIO XBUJIEIO 38 ONMHUILIO YaCy ¢ uepes OTUHUITI0
IO S, AKa IepIeHANKYJIIAPHA A0 HAIPAMY IIOIIN-
penusda 3ByKy: I = E/St.

OpuHUIEIO IHTEeHCUBHOCTI € BaT Ha KBagpaTHuil metp, [ I =1 Br/m2.
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Ilcuxodisiosoriuaa xapakTepucTuKa, 110 BigmoBigae
iHTEHCUBHOCTI 38BYKY, HA3MBAEThCA 2YYHIiCMI0 36YKY.

OpuHUIEI0 TYYHOCTI 8BYKY € deyuben, AKa HasBaHa HAa YeCTb aMEPUKAHCHKOI'0
BueHOro Astekcaugepa I'peitama Besta — Bunaximuuka regepoHy Ta CIIyXOBOTO aia-

para ajid TayXux. Ilenubemn
T'yunicts B3ByKy BU3HAUYaeTbCA 1] |

CepeNHIM THCKOM BBYKY HAa OpPraHU 120 ST VEpH L

CIIyXy JIIOAWHU, TOMY € IIOHATTAM 100

cy0’exTuBHUM. OQUH i TOM caMuii 3BYK

ONHIHl JIOAMHI MOMKe 3[aBaTUCh I'yd- 80 - I

HUM, a iHIITi# — TUXMWM. é 60 5
YyTAuBiCTL OPraHiB CIyXy JIO- E

OUHU Ma€ HMMKHIA i BepxHii mo- > 40

porm uyTHOCTi. BusHaueHo, 1110 20 N

HIDKHIZE TOpir YyTHOCTI 3a/IesKUTh N Hmnas we

Bif vacToTM B3BYKY 1 [JOpiBHIOE 0 g

2:-10°Br/m%y MeXaX 4acToT Bif 700 100 1000 10000

go 6000 I'm. BepxwHi#i nmopir wyTHOC- UYacrora B reprax

Ti (60JIbOBEe BiAUyTTsA) mOCATaE IIPU-

6au3H0 100 Br/M2. Man. 221. CHpuilHATTS JIIOAMHOIO 3BYKIiB
Ha man. 221 noxasano, sIK CIpUA- pizHoi ryuHocri i yacroTu

MAaIOThCA JIOAUHOIO 3BYKHU pisHoi ryunocti (y [16) i wacroru (y I'm). Huskua aimia na

MaJIIOHKY BiITIOBi/la€ HMYKHBOMY OPOTY UYTHOCTi, & BEPXHA — BEPXHHOMY.
T'yunicTs 38ByKY 111€51€CTY JIMCTA OIliHIOETHCA 10 B, MIenoTy, By AMYHOTO MITIyMY —

70 oB. Illym ryunictio 130 1B BimuyBaeThcsa MIKipoo i BUKJIMKae 60JbOBi BimuyTTs.

1110 BU3HAYAETHCA YaCTOTOIO 3BYKOBOI XBuJIi. Binbmriit

é Bucoma 36yxy — GisiosoriuHuil nmapaMeTp 3BYKY,
YacTOTi BiimoBigae O0isbIlia BuCOTa 3BYKY.

3BYKOBIi XBUJIi, IK IPaBUJIO, MAIOTh CKJIALHY (popmy. AJjle KOKHE KOJUBAHHS
MOJKHA IIOJATHU AK CYMY CUHYCOITaJbHUX XBUJIb.

My3uuni 36yxu — Iie IepioJuUHI KOJIUBAaHHS, IIT0 € CYMOIO CUHYCOIJaJIbHUX KO-
JIMBAHb.

OkpeMa cUHYCOifaJbHA 3BYKOBa XBUJA HA3WBAETHCA YUCTUM MOHOM.

VY BUIIaIKy CKJIASHOTO MY3UYHOTO 3BYKY BICOTA BU3HAUAETHCS YACTOTOIO OCHOBHO-
T'0 TOHY (IIepIIIoi rapMOHIKM) — HAWMEHIIIOI0 YaCTOTOIO CKJIATHOTO 3BYKY. TOHM, 10 Cy-
IIPOBOMXKYIOTH OCHOBHUI, HA3MBAIOTHCA 00epmonamu (BUIITUMY FapMOHIKaMM7).

Ky OZHAKOBOI BHCOTH, I[0 BU3HAUAETHCS UACTOTHIM

é Tembp 36yky — XapaKTEePUCTUKA «BiATIHKY» B3BY-
CKJIQZIOM i aMILIiTy0t0 O0ePTOHIB.

3aBIaKu TeMOpPY PO3PiBHAIOTh 3BYKH PiBHUX MY3UYHUX iHCTPYMEHTIB, TroJI0CHU
JIIOJe.

Cuna 36yKy BU3HAYAETHCA aMILIiTY1010 KOJIMBaHb. YnM GibIta aMIIiTyja Ko-
JUBaHb, TUM I'YUHINTUHA 3BYK.
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AxycTuuHuii (3ByKOBHIl) pe3oHaHc. [[J1a KOKHOI KOJMBAJIbHOI CUCTEMU XapakK-
TepHAa BJIaCHA YaCcTOTa KOJIUBaHb. SIKIIO HA TAKY KOJIUBAJIbHY CUCTEMY IIaTa€ 3BYKO-
Ba XBUWJIA 3 TAKOIO CAMOIO YACTOTOIO, TO V Hill BUHUKAE 3BYKOBUY PEe30HAHC: 3BYKOBI
KOJIMBaHHA IiJCUIIOITHCA 1 3ByuaTs goBire. Taki KommBaabHi cucTeMy Ha3UBAIOTh
aKycmuiHuMuU pe3oHamopamu. AKYyCTUYHIM Pe30HATOPOM € TPYyOu AYXOBUX iH-
CTPYMEHTiB, OpraHa, KOpIIyCu CKPUIIOK, rirap. IloposxHUHA poTa JIOIUHU — TAKOMXK
pe30HAaTOp JJIA I'OJIOCOBUX 3B’ A30K.

@ Daiite BianoBiAi Ha 3anUTaHHSA

1. fxi KomMBaHHA Ha3WUBAIOTH 3BYKOBUMMU ?
2. Big uoro 3ajeXuTh IIBUAKICTh IOMINPEHHS 3BYKOBUX KOJUBAHD?
3. HasBiTbh akycTuuHi Ta (pisiosmoriuni xapakTepuCcTUKU 3BYKY.

@ Mpuknap po3s’a3yBaHHS 3apa4

3amaua. Bigcranb mMik rpebeHAMU XBUJIb AOPiBHIOE b M. SIKIITO MOTOPHUIT YO-
BEH PYXaeThbCs IIPOTH XBUJIi, TO YACTOTA yAapiB XBUJb CTAHOBUTH 4 ¢!, AKIIO 3a
xBujero — 2 ¢!, BusHaunTH MIBUAKOCTI pyXy MOTOPHOI'O YOBHA 1 XBUJIi.
Po3é’a3anna:
BigHocHa mIBUAKIiCTS PyXy UOBHA Iif yac MOTO PyXy 3a XBUJIEIO 1

IPOTHU Hel BUBHAYAETHCA:

V; +V, =AV . vV, +V v, -V
oo ! Bigcn v, =—"—2=2A, v,=—1—2%.
V, —V, =AV,

Orsxe, v, =15 Mm/c; v,=5 m/c.
Bigmosiap: mBuaKicTh yoBHA 15 M/c, XBuJIi — 5 M/c.

Bnpaea 39

1. Pubanka momitus, 1o 3a 10 ¢ momiraBok 3poouB Ha xBuaax 20 KoJauBaHb, a
BiZicTaHb MiK cycigHiMU IrpebeHAMYU XBUJIL JopiBHIOE 1,2 M. fIKa INBUAKICTEL HOIMIN-
peHHS XBUJIb?

2. Bigcranb Misk rpebeHsAMY XBUJIb Y MOPi fopiBHIoe 5 M. Kosiz KaTep ize mporu
XBWJIi, TO BOHA 3a 1 ¢ ymapseTbesa 00 oro xopuyc 4 pasu, a KOJIX 3a XBUJIEI0, — TO
nBiui. BusHaunTy MIBUAKICTE PyXy KaTepa i MOMMPeHH XBUJII.

3. Ha Bigcrani 1068 M Bij cmocTepiraua BIapAaTh MOJIOTKOM IIO CTaJIEBill peii-
mi. ComocTepirau, IpuKJIaBIIX BYyXO0 OO PeiKHU, IIOYYB 3BYK Ha 3 ¢ paHille, HiK Bix
IiNIIIOB K0 HBOTO ueped MOBiTps. YoMy JOPiBHIOE MIBUIKICTh MOIIUPEHHA 3BYKY B
crani? IIIBugKicTh mOIIMPEHHS 3BYKY B IOBiTpi B3ATH piBHOIO 333 M/C.

4. fAka raubuHa KPUHUII, AKITO 3BYK ILJIECKOTY YyTHO uepes 4,5 ¢ micaa mo-
YyaTKy NaJgiHHSI KaMeHsa?

5. 3BYK IOCTPiNIy i KyJisg omHOYACHO JocaraioTb Bucotu 680 m. IToctpin 3miii-
CHEHO BePTHUKAJbHO Bropy. fIka mouarxkosa IBUAKICTE pyxy KyJai? IIIBuaKicTh 1m0-
IIUpeHHA 3BYKY B oBiTpi — 340 M/c. OmopoM pyXoBi KyJIi 3HEXTyBaTH.

6. Bumiprooouu raubury Mops i KopabJjeM 3a JOIIOMOT'0I0 €X0JI0Ta, BUSBIUIN,
110 MOMEHTHY HaJCUJaHHA i mpuiiMaHHsA YIbTPa3BYKY PO3IijeHi iHTepBaIoM dacy
0,6 c. fAka raubuHa Mop4 1mig Kopadaem?
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§ 46 IHdpa3ByKOBi Ta yNnbTpa3BYKOBI XBUNI

VoI HQpa3eyx ma 1020 NPAKMULHEe 6UKOPUCAHHA.
Yavmpaseyx ma iiozo npaxkmuyurne BUKOPUCTAHHA.
v Tym.

Ia¢gpasByk Ta 1ioro MpaKTHYHEe BUKOPUCTAHHS.

3BYKOBI XBHUJIi 3 YaCTOTOI0, HUKUYOIO BiJl 3ByKOBOTO
nmianasony (v < 16 I'm), HasuBawOTh iR pas3eykrom.

H:xepenamu iHQPasBYKY € 3eMJIETPYCU, BUBEPKEHHA BYJIKAHIB, a TAKOMK XBUJIi,
AKi BUHMKAIOTH MiJ yac BiOpallii MacMBHIX BepPCTATiB, KOMIIPECOPiB Ta iHIIIOTO ycTaT-
KyBaHHA. 111 XBUJIi CIPUYMHIOIOTH BUIIA, AKi CYIIPOBOYKYIOTHCA PYXOM 1 IMoApasHeH-
HAM BHYTPIiIIIHiX oprauis jifogunu. JItogrHa He Uye IIUX KOJUBaHb, ajie pearye Ha HUX
HeIpUEMHUMHU BiguyTTAMU. MOMKINBO, IT10 ITi KOJIUBAHHSA BiTUyBaOTh JeAKi TBAPUHI:
BiJIoMO, 1110 CO0AKHU Ta KillIKU Iepej 3eMJIeTPYCOM HaMaraloThCs BTEKTU 3 IOMY.

HnsaindpasByKy xapakTepHe cia0Ke IOTJINHAHHSA Y PIBHUX CEPEeIOBUIIAX, & TOMY
y Boji, moBiTpi, 3eMHil KOpPi BiH mommpioeThesa Ha 3HauHi Bifcrani. Ile Bukopucro-
BYETBHCS AJI BUBHAUEHHS MiCIlb BUOYXiB, IOBiTOMIEHHS IIPO HAGIMKEHHS IIyHaMi Ta
IOCJiI:KeHHA BePXHiX IapiB atMocgepu, BJIaCTUBOCTEH BOSHOT'O CEPEeIOBUIIA.

3 He3BUYaWHUM (DeHOMEHOM HEPiTKO 3yCTPiUatoThCA YKUTEJII ITiBHOYi. ¥ 3BUMKY,
OiJ yac JOBIroi MOJAPHOI HOUi, KON BUHUKAE MiBHiIUHEe CANBO, AedKi JIOAU BIaga-
I0Th Y OAUBHUM cTaH. BoHu HiOM 30BCciM BigmeskoBaHi BiJf HABKOJIMIIHBOTO CBiTY,
30y/IKeHO PO3MOBJSAIOTH 3 HEBUAMMUMU CIIiBPOBMOBHUKAMM, XUTAIOTHCSI B TAKT
MY3UKH, AKY YYIOTh JIUIIe BOHU. ByBae, OpoAsaTh, 1K CHOBUAU, UAYTH i3 Jomy. Komu
MIPUXOAATH 0 TAMU, TO 3TaAyIOTh, IO Uy KasdKoBi 3ByKu i nigropsaucs [Toasap-
Hi#l 30pi, AKa KJIUKaJa 1X y 3eMJI0 npeakiB. HayKoBIli MOsACHIOIOTH Iieit (heHOMeH
TaK: IOJAPHI CANBA CYIPOBOIKYIOTECA iH(PasByKoM. Voro moquHa He CIpuiiMae
opraHaMu CJyXy, aje BiH Oiosoriuno akTuBHUI. MO30K i cepiieBo-CyiMHHA CHUCTE-
Ma JIIOAUHH II0-0CO0JIMBOMY CIIPUIMAaIOTh 3ByYaHH B iH()pa3sByKOBOMY AiamasoHi, a
TOMY HaCJIAKK AJIS OPraHisMy MOKYTh OyTH Hellepeq0auyBaHUMU.

Y apTpas3ByK Ta HOT0 MPAKTUIHE BUKOPUCTAaHHA.

3ByKOBi xBmIi 3 yactorom (v =2+ 10%...10° I'y), Buimoro
BiJl 3BYKOBOTO /Iialla30Hy, HA3UBAIOTh YAbMPAIGYKOM.

YabpTpa3ByKOBi XBUJIi MaloTh 0e3JIiu 3acTocyBaHb Y HayIli i TexHimi: 1) KOHTP-
0JIb T1epebiry meBHOTO IIpoliecy (KOHIIeHTPAIlil cyMillri rasis, cKJIaay pisHux pigmu
TOII0); 2) YIBTPA3BYKOBi TOBITMHOMipY, IPUJIAAN /i BU3HAUEHHA PiBHA PiAUH ¥




MexaHiuyHiI KOJIMBAHHA Ta XBUJI1

BEJIUKUX, HEJOCTYITHUX AJA IPAMUX BUMipIOBaHb, EMKOCTAX; 3) He(EKTOCKOITis:
KOHTPOJIb BUPOOIB i3 TBepAux MarepiajiB (peiKu, IIPOKaT TOIo0); 4) 3ByKoOaueHHs:
epeTBOPIOIUY YIbTPAa3BYKOBI KOJIMBAHHA Ha €JIeKTPUYHi, a OCTaHHI Ha CBiTJIOBI,
BUSBJSAETHCA, MOKHA 0AUYNTHU IIeBHI IpeaMeTH B HEIIPO30puX AJIA CBiTJIa cepemoBu-
max; 5) yaIbTpa3ByKOBiI MiKPOCKOIIM; 6) Ha IIPUHIUIIL Bif0MBAHHSA YJIbTPAa3ByKOBUX
iMmyabciB Bif mepenrkoau 6a3yerTbesa poboTa TaKUX MPUIALiB, K €X0JO0T, TiAPoJIo-
KaTop; 7) yAbTPa3BYK A€ 3MOr'y 00po0IATH KPUXKi geraJi (CKJI0, KepaMiKy).

Tumri BumagKu BUKOPUCTAHHS YJIBTPa3BYKY: 1) MOJBOBUI JiaTHOCTUK MACTUJI
II[IM-1 — mpuaaz Ajis BUSHAUEHHS SKOCTI MacTuI: 3a 5-6 XB OITiHIOE KOHITEHTPAIIif0
B MACTHJII Uy:KOPiZHMX YaCTHMHOK. UMM HOBiJbHIiIIIe KPidh MACTHUJIO MPOXOAATE YJIb-
TPa3BYKOBi XBWJIi, TMM OijbIlle BOHO 3a0pyaHeHe; 2) aHajizaTop mosioka ®PMY-1.
[IIBuAKiCTL IOMIUPEHHA 3BYKY B MOJIOIIi 3aJI€KUTH Bil KOHIIEHTPAIlil B HBOMY KUDPY
i cyxux peuoBuH; 3) BUABJEHHA TPOMOiB: Jlikap HaTHUCKa€e Ha BeHY, CKaHye€ ii yJb-
TPa3BYKOM i OTpUMYE€ 300pasKeHHs BHYTPIITHIX CTPYKTYP 3a JOIIOMOT0I0 XBUJIb, AKi
HUMU BiZOMBAIOTHCS, 1 BIOBIIOIOTHCA MPUAMAIBHUM IIPUCTPOEM; 4) AiarHOCTHKA,
TepalreBTUYHE i XipypriuHe JiKyBaHHA. ¥ JIbTPa3BYKOBiI METOAU ¥ AeAKUX BUIIaKaAX
3a0e3IeYyIoTh OiJIBIIT TOHKE PO3Pi3HEHHA CTPYKTYPU TKAHWH, Hi’K PEHTTEHIiBCHKIi:
IiarHOCTHKA U AOCTIMKeHHA IJIONY MaTepi, AJId JOCTiAKeHHI IyXJWH I'OJOBHOTO
MO3KY (Helpoxipypris), BUBUEHHsS IeOJMHAMIKM, BUSABJICHHA rimeprpodii M’ a3iB
cepisa (Kapaiosoris).

Mexaniuni KonmmBaHHSA, 1[0 BUHNKAIOTh IPU MOPiBHAHO HEBEJIWKIiN iHTEHCUB-
HOCTi yIBTPa3BYKY, BUKJIMKAIOTh CBOEPIAHII Maca)k TKaHUH, 1110 3a0e3Ieuye Kpa-
Uit 0OMiH peuoBUH i Kpaillie *KUBJIeHHS TKAHUH KPOB’10 Ta JimMdoro.

IIym. OgauMm i3 «3a0pyaHIOBauiB» cepegoBuiiia € mrym. IllymoBe 3abpyaHeHHs,
3a JaHUMU aBCTPiCBKUX YUEHUX, CKOPOUYE JKUTTA KUTEJIiB BeJIUKUX MicT Ha 10—
20 poxkis. CrpaBa y Tomy, II[0 Y MicTaX IPOMMCJIOBICTh i TPAaHCIOPT, IIOOYTOBI IIpU-
cTpoi, pafmio i Te1ebaueHHS CTBOPIOIOTH CUJIBHY «IIIYMOBY aTaKy» Ha JIOJUHY.

IIpo mifo 3ByKiB Ha JIOAMHY KPACHOMOBHO CBifUUTh TaKuii mpukaan. ¥ Crapo-
maBHbOMY KuTai MImpoKo 3aCTOCOBYBAJIOCS MOKApPaHHA JIIOAeH, AKi Hellano6JIMBO
CTABUJIMCS [0 PeJIirii: «XTo HaIIioKUTh Y CeBUIITHBOI'0, He IOBUHEH OyTH IOBiIlIe-
HUM, aJie (piaeiTucTu, 0apabaHIIIUKY Ta TOPJIaHi IOBUHHI 6e3lIepepBHO I'paTH Imepes
HUM i BIeHb, i BHOUI, IIOKU BiH He BIIaje 3aMepPTBO».

A 1110 MU MOKeMO 3pO0OUTH AJIA BUPIIIeHH IIPO0JeMH II0CIa0/JIeHHA MiChbKOTO
mymy? Bararo. Hanpukiaamg, CTe;XKUTH 3a TUM, II[00 yA0OMAa He 3ByUYaJId 3aHaTO I'yd-
HO ay[Aio- Ta BiJleoONmPUCTPOi; POBMOBJIATHY BJJOMa, Ha BYJUIli, B TPAHCIIOPTi TUXO0, HE
OigABUINYIOUN T'OJIOCY; HAacaI KyBaTH AepeBa i KyIili, 00 IpaBUJILHO BUCAAMKEH] 3eJ1e-
Hi HacaI KeHHs MOKYTh 3HAUHO IIOHU3UTHU MiCBKUI IITyM: YIiTKY HOT0 «poacitoe» i
«IIOTJINHAE» JINCTS, a BBUMKY — CHITl Ha IiJIKax.

@ DawnTte Bignosiai Ha 3aNUTaHHA

1. PosKaKiTh IIpo BJIACTUBOCTI, IIPAaKTUYHE BUKOPUCTAHHA iH(pa- Ta yIbTPA3BYKY.
2. Y yomy moJiArae mKigauBicTs mrymy?
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ITpuctpoi, y AKX MOXKYTH 3AiMCHIOBATHUCA KOJUBAJIBLHI IIPOIECH, HA3MBAIOTH
KOJINBAJIbHUMU CUCTEMaMMU.

KonnBanHsA, AKi BUHUKAIOTH y CUCTEMAX IIiJT Ai€f0 BHYTPIiNTHIX CUJI micJia BUBe-
JeHHS CUCTeMH 3i CTaHY CTiMKOI piBHOBAru 3a Bi[ICYTHOCTI 30BHIITHIX ITePiogMUHIX
CWJI, Ha3MBAIOTH GIIbHUMU.

BinbHi KoTMBaHHS, AKi BUHUKAIOTH Y KOJUBAJbHUX CUCTEMAaX 3 MaJIUM TEPTIM,
€ IPAKTUYHO TAPMOHIYHUMU.

I'apmoniuni konueéannsa — Ie KOJUBAHHA, il Yac AKUX NPUCKOPEHHSA KOJMU-
BaJILHOTO Tijla MIPSMO IPOIOPIIifiHEe A0 MUTTEBOTO 3MIIeHHA i IPOTMJIEKHO Ha-
IpsaMIeHe: a = —02X.

YacroTa BiIbHUX KOJIMBAaHb 3aJI+€KUTH BiJl TapaMeTpPiB KOJIUBAJILHOI cCUCTEMU,
aMILIiTyZa — BiJ HaJgaHOI KOJUBaJIbHINA cucTeMi eHeprii.

Kimernuna Ta moTeHIliaJibHA eHEeprid KOJMBAJbHOI CUCTeMHU, y AKiii BizOysa-
IOThCSA BiJIbHI KOJIMBaHHSA, IEePiogMuYHO 3MiHIO€ThCS. IIoBHA MexaHiuHa eHeprid B
cucteMi 6e3 TePTS 3aJIUIIAETHCA HE3MIHHOIO i JOPiBHIOE MaKCUMAJIbHIN KiHeTHUHI
(um moTeHITiaJIbHiN) eHeprii cucTeMu.

BumyweHni konueanna — 1ie KOJIUBaHHA AKi 3[iliCHIOIOThCA Hif [ieio 30BHIII-
HBOI mepioguunoi cuau. YacToTa TaKMX KOJMBAHDL JOPiBHIOE YACTOTI 3MiH 30BHiIII-
HBOI CUJIN, AKA MEPiOAUYHO Ai€. AMILIITYZIa BUMYIIIEHUX KOJWBaHb BUBHAUAETHCS
aMILTiTyI0I0 Ta YaCTOTOO CIIOHYKaJbHOI 30BHIIITHBOI CHUJIN.

SButie pisKoro spocTaHHA aMILTITY U BUMYIIIEHUX KOJMBAaHb Y Pe3yabTaTi 36i-
'y 4aCTOTH 3MiH 30BHIITHBOI CHJIM 3 BJIACHOIO YaCTOTOIO KOJUBAJBHOI CHCTEMU Ha-
3UBAIOTh PE30HAHCOM.

AeémokonueanHns — Hesdracamyi KOJMBaHHA, COPUUYMHEHI CTAJIUM 30BHIIITHIM
BIIJIMBOM Ha CUCTEMY, IKa caMa PEeTryJIo€ iX 4acToTy.

Mexaniuna xéuna — MPoIeC MOIMUPEHHA KOJUBAHb Y IIPYKHOMY CepPeIOBUIIL
3 mImHOM vacy. IIpukagamMy HaATIOMMPEHIIINX MeXaHIYHUX XBUJIb € 3BYK, XBUJI1
Ha IIOBEPXHi piguH.

IIpy:xHa XBUIA MOKe OYTU n03006#HbO010, AKIIO KOJUBAHHSA YaCTUHOK CEPEIOBU-
I1a BiOyBatoThCA y HAIPAMI IOIINPEeHH XBUIIi, 1 nonepeunoro, SKI0 YaCTUHKY KOJIHU-
BAIOTHCA Y IJIOIIMHAX, IEPIEHIUKYJIAPHUX 10 HATIPAMY HOIITUPEHHA XBWJIi. ¥ rasax i
pigvHAX BUHUKAIOTH JIUIIIE TI03I0BKHI XBWJIi, IKi € UepryBaHHA PO3PiPKeHb i 3TyIIeHb
cepeqoBUINA. ¥ TBEPIUX TiIaX MOXKJIVIBI K ITO3/I0OBYKHI, TAK 1 IIOIIEPEYHi TPy KHi XBUJI.

HIBuAKicTb MOMMPEHHS XBUJII BUBHAYAETHCA 3a (popMyJioto L = Av =A/T, ne A
— TOBXKMHA XBUJIi.

Komusannsa y cepemosuiifi uactororo Big 16 mo 20 000 I'g ra inrencusHicTio [ = 10712
...10% Br/M?% MOKYTb CIpUITMATHICA OPTaHAMY CIYXY JIOANHY i HA3UBAIOTHCA 36YKOM.

3a (pisiosorivuHMMU BigUyTTAM 3BYK Ma€ MeBHY BUCOTY, I'yUHiCTE i TeMOp.
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PEJIATUBICTCbKA MEXAHIKA

§ 47 Moctynatu cneuianbHOI TEOPil BiAHOCHOCTI

v ITpunyun eidnocrnocmi I'anines.
v 1T ocmyaamu cneyianibHoi meopii gi0HOCHOCMI.

IIpunuun BigaocHocri 'amines. 3akonu mexariky (Ii e Ha3WBaIOTL KJaacuy-
HOIO MeXaHiKO0I10) OyJiu BCTAHOBJIEHI 3 JOCTiAiB, AKi MPOBOAUINCA HA 3eMJIi y TAKUX
yMOBAaX, IO CUCTEMY BiJJIIKy, TOB’A3aHOIO i3 3eMJIel0, MOKHA BBAYKATH iHepIliaib-
HOI0. BigmoBigHO, yci BCTaHOBJIEHI 3aKOHM MU MOYKEMO 3aCTOCOBYBATH MiJl yac po3s-
TIALY PYXy Tijla B Takili cucTeMi BiIiKy.

Bunukae nmuTaHHA, Yu OyAyTh MeXaHiIUHI ABUINA B IHIIUX iHEPIiaJbHUX CUC-
TeMaxX BifJiKy BimOyBaTuch Tak camo Ak Ha 3emui? Hampurian, y jgiTakosi, 1o
JIeTUTH PiBHOMIpHO i mpsaMoJiHifiHO, mazae npeaMer. Uy MOMKHA NafiHHA IIHOTO
IIpeaMeTa BiJHOCHO JiTaka OIuCcyBaTH TUMHU YK 3aKOHAMH, 1110 i BigHocHo Semuri? Yu
MOJKHa BUKOPUCTOBYBAaTU, HATIPUKJIAJ, 3aIIUCY APYToro 3aKoHy HiioToHa y hopmi
F=ma?

Bigmosini ma sanuramua gae npuHiui BigHocHocti [Naxines (a6o mexaniunuil
npunyun éidnocrocmi) — npuHIUI (isuwyHOI piBHONIPaBHOCTI BCix iHepIianbHUX
cucTeM Biiky y MexaHimi. 3a I{UM NIPUHIIUIIOM Y 0y 0b-akiill inepyianbhit cucme-
Mi 610niKy 6ci mexaniwHi a6uwa 6i00yearomuvces 00HAK060.

3Bigcu BUIINBAaE, 110 A OyAb-AKUX MeXaHIiuHMX SBUII yci iHepriaabHi cuc-
TEeMU BiIIiKYy € PiBHOIPaBHUMU.

MexaHiuHUI TPUHIINII BiIHOCHOCTI MOKHa cHOPMYJTIOBATHA i TakK: "KOTHUMU
MeXaHIYHUMU AOCJilaM!, IPOBEIeHUMU BCePeaNHI iHepITiaJabHOI cucTeMu BiJIiKY,
He MOKHa BU3HAYUTH, IepedyBae I CUCTEMA Y CIIOKOI UM PyXaeThCsa PiBHOMiIPHO
i mpamosiHiiiHo (TOOTO BUABUTU BJACHUM PYyX iHepIiaJbHOI cucTeMH BiAJIKY).
HificHO, AKIIO MeXaHiuHe ABUIIEe He 3aJIEKUTH BiJl MIBUAKOCTI PyXy iHepIiaabHOI
CHUCTeMH BilJIiKYy, i IIA IMIBUAKICTH He BXOAUTH OO0 (DOPMYJIM 3aKOHIB, TO i BUABUTH ii
HEMOJKJINBO.

IToctrynaTu cmeniajsHol Teopii BimHocHOCTI. Ilicisa Toro, AK yueHi mepekoHa-
JHCH Y TOMY, IIIO B yCiX iHepIialbHIUX CHUCTeMaxX MeXaHiuHi ABHUIla BigOyBarThCS
onHaxKoBo, y Kinmi XIX cr. — Ha mouaTtky XX cT. OyJu 3OifiCHeHI eKCIIepuMeHTH,
CIIPSIMOBAaHI Ha BUABJIEHHS TAKUX SBUIA IPUPOAHU, AKi 3MiHIoBaucs 0 mmig uac me-
pexony 3 ofHiel iHepIliaJbHOI CUCTEMH B iHIITY.

Yci copobu 6yau HeycminmauMu. TelioBi, eJIeKTPUYHI, ONTUYHI, MArHITHI @
aTOMHI ABUIIA BifOyBaIOTHC B BCiX iHepIialbHUX cucTeMaxX BiIIiky ogHaxkoBo. Ox-
HAKOBO Bifl0yBaroThCA TAKOK Ximiuwi i 6Giosoriumi mpoiecu.




¥ 1905 p. A.EifHmTelH BUCJIOBUB IPUNYINEeHHA IIPO Te, U,0 He3aNeHHiCMmb
aeuuw, npupodu 6i0 6ubopy inepyianrvHoi cucmemu 6i01iKY € 00HUM i3 OCHOGHUX
3axonieé Bceceimy.

Lleit nocmynam cmae nepuwium 0CHOBHUM NOJLONEHHAM CNLeyialbHOL meopii 610-
HocHocmi (CTB).

¢ismuHa TeEOpiA IpocTOpy—Uacy, II0 PO3TJIALAE
B3a€MO3B’ A30K ()iBMUHUX MIPOIECiB, AKi BimOyBatOTh-
cd B iHepIiaIbHUX CHUCTEMAaX BiIiKy.

é Cneyianvna meopia eidnocrocmi (CTB) - e

Bsaemo03B’s130K isMUHUX IIPOIECiB, 110 BigOyBarOThCA y CHUCTEMAaXxX, AKi Ipu-
CKOPEHO pyXaloThCs OJHA BiHOCHO OnHOI (HeiHepIliaJbHUX cHUcCTeMax BiAJiKYy),
OIIUCYE 3a2albHA Mmeopia 6i0HOCHOCMI.

OcHo08010 0pyz020 NONLONCEHHS meopii 6i0HOCHOCMI cmaau pe3yabmamu 00Caii-
0is i3 sumiposanHa weudxocmi ceim.a.

IIBuaKicTs cBiTaa ¥ BakyyMi ¢ =(2,997928+0,000004)-10° m/c. Burukae 3a-
MUTAHHS: BITHOCHO AKOI CHCTEeMH BiUIiKy BU3HAUEHO I[I0 BEJIUUYNHY ?

YV 1881 p. amepukanchki BueHi A. Maiikenbcon i E. Mopai nposenu ekcre-
PUMEHT, V AKOMY OI[iHIOBaBCs BILJIMB IMIBUAKOCTI pyxy 3emJi HaBKoJyio COHIIS Ha
MIBUAKICTH IOIIMPEHH CBiTJIa Bif AyKepea, 110 3HaXOAUThCA Ha 3eMJIi.

3ramaemMo, II0 3TiJHO 3 KJIACUUYHUM 3aKOHOM [IOJaBaHHS IIBUIKOCTEH, KOJIU
TiJIo pyxaeTbcA BiMHOCHO iHepIiaJbHOI cucTeMu 3i IMBUAKICTIO U , a caMa cucTeMa
pyxaeThbcs 31 MIBUAKICTIO (O BiIHOCHO HEPYXOMOI CUCTEMM, TO IIBUAKICTL V Tila
BiJHOCHO HEPYXOMOI CUCTEeMH Bi[IiKy HOpiBHIOE: V=U+ .

Ockinbku 3eMis pyxaeThesd Mo OopOiTi y cBiToBOMY IIpocTopi (AKUiT BBasKaBCA
a0COJIIOTHUM i HEPYXOMUM), TO Ha IIBUAKICTH HOINMUPEHHA CBiTJIOBOTO CUTHAIY Ma€
BILJIUBATHU MIBUAKICTH PyXy caMoi 3eMri.

VY ekcriepuMeHTi BU3HAYAJIU Yac, 38 IKUU CBiTJIO IPOXOAUTH OOHY 1 Ty caMy Bif-
CTaHb y IPAMOMY i 3BOPOTHOMY HAIIPAMIi, IIPU ILOMY B OLHOMY BUIIAAKY CBiTJIOBU
CUTHAJ TTOCUJIaBCA Y HAIPAMi 1060BOTO 00epTanHsa 3eMJIi, a B iHIITOMY — TIepIeHan-
KYJAPHO M0 HAIPAMY 0OOepTaHHA 3eMJIi.

SAKOM IMBUIKICTL HMOIIMPEHHS CBiTJIOBOTO CUTHAJY 3ajieskajia Bil MIBUAKOCTIL
PYXY I:KepeJia, To el uac 0yB 6u pisauM. BuMiproBaHHSA TPOBOIUINUCA NYsKe TOUHO
3a JOIIOMOTOIO CIIeIliaJbHOro Ipuiaany — inrepdepomerpa Maiikenbcora. Excrnepu-
MEHTH CTABUJINCH Y PisHUI yac 100U i B pisHi mopu poKy, a pes3yJbTaT 3aBKIAU OB
HETaTUBHUM — WEUIKICMb NOULUPEHHA C8iMNL06020 CuzHANLY OYa 00HAKO0E010 L He
3anesxcana 6i0 weudxocmi pyxy dxcepena.

Or:ke, OyJIO BCTAHOBJIEHO, IO KJIACUYHUI 3aKOH AOJAaBAHHA IIBUAKOCTI He
CIIPABAKYETHCA AJIA ABUII, 3B’ A3aHUX 3 IMOMIUPEHHAM CBiTJIa. 3 I[LOTO POOUMO BHU-
CHOBOK i Tpo o0MesKeHiCTh 3aCTOCYBaHHS MEPeTBOPeHb [aiyes, 3 AKUX BUILIUBAE,
170 IIPX CKJIAJHOMY PYCi HMIBUAKOCTI pyxXy Tia ajaredpaidHo JOLAIOTHCA.

BusaBuiaucs meBHi cyliepeyHoCTi, AKi He MOKHA 0YJI0 BUPIIIINTH, 3aCTOCOBYIOUN
3axkoHu MexaHiku HbioToHa. BueHi HamMarajaucs momoJiaTH IIi TPYSHOII pisHUMUI
mraxaMmy. HalipeBoMIOMiNHIIIMM IJIIX0M 40 PO3B’A3aHHs MpodJeM mmigiimos A.
EfiumiTeiin: He OoTPiOHO IPpUAYMYBAaTH PidHi rimoTesu — HeoOXiAHO 1Ti haKTU CIIPUii-




PeagruBicTchka MexaHiKa

MATU K MMOCTYJIaTH (IIOCTYJIAT — IIOJIOKEHHS, IKe He MOYKHA JOBECTU JIOTiUHO, IIe
pesyJabTaT ysaraJbHeHHs JOCHiTHUX (PaKTiB).

Omoice, 0cHO6HI nocmynamu cneyianvHoi meopii
6i0HOCHOCMI CHOPMYTHOEAHO MAK:

1. Vci 3akonu GismKm B ycix iHepIialbHUX CHUC-
TeMax BimJiKy omHaKOBi (mpuHIun BigHOCHOCTI Eii-
é HIITeHA).

2. IIIBuaKicThL MOIMIMPEHH CBiTJIa Y BaKyyMi He 3a-
JIEKUTH BiJi MIBUJKOCTI PyXYy JsKepeJa um mpuiiMayda,
TOOTO € OJHAKOBOIO B YCiX iHepIiaJIbHUX CHCTeMax
BiIIiKRYy.

3 Ipyroro ImocTyJjaTy BUILJINBAE, IO IMBUAKICTL MOIIMPEHHS CBiTJIa € MaKCH-
MaJIbHO MOJKJIMBOIO IIBUAKICTIO mepegaBaHusA B3aemozil y mpuponi. oguuit cur-
HaJI, KOJHA B3a€MOMiA TiJ He MOKe IIOMIMPIOBATUCA 3i IMIBUAKICTIO, OiJIbIIO0 Bifg
IMIBUAKOCTI CcBiTJIA.

BucHoBKU Teopil BigHOCHOCTI € OCHOBOIO penamugicmcvkoi (Bin. aHTIJI
relativity — BiTHOCHIiCTB) MexaHiKu, AKa BUBUA€E BaKOHU PYXY TiJ, MIBUAKICTD AKUX
HabJIMKAETHCA 40 IIBUIKOCTIL ¢BiTIA.

Y moBcAKIEHHOMY KUTTI MU 3yCTPidaeMocs TiJIbKU 3 PYXOM TiJ 3i IIBUIKO-
CTSIMU, HabaraTo MEHIITMMU 3a IITBUAKiICTh CBiTJIa, KOJIM BCi peIaTUBiCTChKi eeKTH
MPaKTUYHO HemOMiTHi. Mu 3BUKJIM [0 MOBIJIBHUX PYXiB i mo36aBjeHi MOKJIMBOCTI
yABUTHU coO0i IIpoIlecu 3a IIIBUAKOCTEeI, OJM3bKUX 0 MIBUAKOCTI cBiTyia. Taki mpo-
Iecy HeIOCTYITHI Hi HAIITMM OpraHaM YyTTiB, Hi HaUTil yaBi.

Heo0OxigHicTs BUKOPUCTAHHA CHiBBiAHOINEHD cIernianbHol Teopil BigHOCHOCTI
BUHUKAE IIPU OMKUCAHHI peaJlbHUX PYXiB 3apAMKeHNX YaCTUHOK (eJIeKTPOHiB, IPO-
TOHiB, O-YaCTHUHOK TOII0) yV IIPUCKOPIOBadYax (IIPUCTPOI AJIA OTPUMAaHHA YaCTUHOK 3
BEJIMKOIO KiHEeTUUYHOIO eHePricio — MUKJIOTPOH, 0eTaTPOH, CHHXPO(asoTPOH, reHepa-
Top Bau-me-I"'paada To1110) TA YaCTMHOK BUCOKUX €HEPriil Yy KOCMIUYHUX ITPOMEHSX.
IIpu 1boMy IIBUAKICTE PYXY YACTUHKM HAOJIMIKAETHCA OO MIBUAKOCTI IOITUPEHHS
cBiTJIa i Haliuacrimie ii BUpakaOTh Y YaCTKAaX BiJ IIBUIKOCTI IOIIMPEHHS CBiTJIa
(mampukJian, v = 0,99 - ¢, 1e ¢ — MBUAKICTb MOIIUPEHHA CBiTJIa ¥ BaKyyMi).

@ Daiite BianoBiAi Ha 3anUTaHHA

1. ChopmyroiiTe IIOCTYJIATH CIIeIiaJbHOI Teopii BiZHOCHOCTI.

2. YumMm BifpisHseTbcA MepIINii IOCTyJIaT Teopii BigHOCHOCTI Big mpuHIIMIY
BigHOCHOCTI y MexaHiIi?

3. IIlo mokasaB ekcuepuMeHT Matikenbcorna-MopJi?




§ 48 BigHoCHicTb yacy

v Bidnochicmb 0dHouwacHocmi.
v Bidnocuicmp iHmepeaJais wacy.
v 1T epemeopenns Jlopernya.

BigaocHicts omHOuacHocti. 11106 BigBaskuTHCA HA GOPMYJTIOBAHHA IIOCTYJIA-
TiB Teopii BimHOCHOCTI, A.EiiHIITEliHY TOTPi6HA OyJia BeIMKa HAYyKOBa CMiJIUBiCTD,
OCKiJIbKY I1i TIOCTYJIATH CYIIePeUNIN KJIACUUHUM YABJIEHHSIM PO MPOCTip i uac.

Hampuraan, mexail i3 cepenHu IIOTATa, 1110 PIBHOMiIPHO PyXa€eThCA, IIOCUJIA-
€ThCS CBIiTJIOBUII curHas B 00ugBa 60Ky (maa. 222).

Coocrepirau y morasi mowi-
YA g TUTh, IO CBiTJIOBUII CHUTHAJX [0-
c c CATHYB TOJIOBU 1 XBOCTa IIOTATA
1 . 12 omHouacHo. Cmocrepirau, AKui
T x 3HaXOJUBCS HA IIaTdopMmi, 3a3Ha-
YUB, I[0 CUTHAJ JOCATHYB XBOCTa
e — moTrAra padirie, Hisk rososu. Oc-
K| de ¢ = Ji2 KiJIBKM 3a ADYTEM IIOCTYJIATOM
X weudKicmsv nNOwWuUpPeHHs ceimimno-
IInardpopma | X  eoz0 cuznany o0Haxkoéa B 060X
iHepHmiaJbHUX CcHUCTEMAaX BiAIikry,
Man. 222. Tipukaan, TO Ile 0BHAYAE, I[0 LAC Y HUX He 00-
1[0 IOBOUTH HEOTHOYACHICTH OTil Haxoeul: wum ueudure pyxaemo-
ca cucmema 6i0niKYy 6i0HOCHO

cnocmepizawa, mum noginvHiute, 3 L0zo nozaady, y Hill 6i00yearombes nodii.

Ho mouatky XX cT. HIXTO He CyMHiBaBcs B abcosifoTHOCTI yacy. IBi moxii, ogmo-
YacHi AJIA JKUTeJiB 3eMJIi, OJHOYACHI I IJIA »KUTeJIiB Oy Ab-AKO0I KOCMiUHOI ITMBiJTi-
sarfii. ToOTO omHOUACHICTh ¥ HBIOTOHIBCHKilM MexaHiIli BBa)KaeTbcsa abCOJIIOTHOIO.
Aurne Teopia BigHOCHOCTI moBeJia, IO Ile He TaK. Y ABJEHHS IPO abCOJIIOTHHUI uac,
SAKUY Tedue pas i Ha3aBK/AW 3aJJaHUM TEMIIOM, IIIJIKOM He3aJIe;KHO Bix marepii Ta il
PYXy, HEeIIpaBUJIbHE.

Iloxii, omHOUAacHi B omHil iHepIiaabHIN cucTeMi Bif-
JiKy, He OJHOYACHI B iHIIIUX iHepIiaJbHUX CHCTEMAaX,
pyxomux BimHOCHO meprroi. OgHOUYacHICTh mOLil Bin-

HOCHA.




PeagruBicrchka MexaHiKa

BimHocHicTh iHTepBaxiB yacy. PosriiaHemo Takuii npukaazn. [Ipumycrumo, 1o
Ha Iif103i Barona poaTallioBaHe JyKepeJso CBiTja, a Ha cTeIi — A3epKaJio. dKum oyme
iHTepBaJ yacy, IIPOTATOM AKOI'0 CBiTJIO JOCATHE CTeJi Ta, BiIOUBIINCH Bil A3epKa-
Jia, TOBePHeThC Has3am.

Hnsa cmocrepiraua y BaroHi (masa. 223,a) 1eil yac MOpPiBHIOE YAacCTIli ITOABO-
eHol Bigcrami Bix migmoru mo cresi (Bucora BaroHa BD ) Ha IBHUAKICTS cBiTJIa C @
.- 2BD

0 ¢ M

pasoMm 3 Tijsiom (y cucTeMmi BifJIiKy, mOB’A3aHii 3 UM

é Yac, BUMipaHuii 3a TOOUHHUKOM, SKUUA PYXa€ThCS
TiIIOM), HA3UBAIOTb 6LACHUM HLACOM T .

fAx Gauumo, meii imTepBas uacy
He 3aJIeKUTh BiJ TOTO, HEPYXOMUMI
BarOH YW PYXa€E€THCS BiH PiBHOMipHO
i mpaMoiHiiHO.

Poss’a:xeMo 3amauy BiJHOCHO He-
pyxomoro criocTepirava (B iHmIiii inep-
ImiaJbHiA cucTeMi BimIiKy), BiZHOCHO
SKOr'0 BaroH PyXaeThbCA 31 HNIBUIKICTD
v npasopy4 (maJa. 223, 6).

BigrocHO Hepyxomoro cmocte-
piraua cBiTJIO TPOXOAUTH BiJICTaHb
2AB . OT:xe, yac IIPOXOIKEHHS CBiT-
JIOBOT'O CUTHAJIY JOPiBHIOE:

2AB

t= . Man. 223, a. IlomupeHHS CBITIIOBOTO CUTHAIY
c BigHOCHO crocrepiraua,
1[0 PYXa€ETHCSA Pa30M i3 BATOHOM

Ockinbku rimorenysa AB 6Gijbia

Karera BD, 1o t>t,. I unm Ginpiia
MIBUAKICTh PyXy BaroHa v, TUM Bif-
YyTHIIIA I HEPiBHICTD.

Bceranosumo MaTeMaTUu4YHY
sajeskHicte Mk t 1 f,. Hua uwo-
ro BHUpasuwMO BigmoBimHi Bimcra-

Hi: AB=ct, BD=ct,, AD=vt i
dactocyemo Teopemy Iligparopa:

(ct)’ = (ct, )2 + (V). ITepeTBOpPTMO
neii Bupas: (¢’ —v?)t®= czt(f , 3BiOKU
242 2
ct t
Pz 0 =—10_ abo:
¢ -v 1— v Man. 223, 6. IlomupeHHs CBiTI0BOrO CUTHAIY

2 . .
c BITHOCHO HEPYXOMOTI'O CIIoCTepiraua




. 1Y) .
é Ockinbku 4|1-— <1, T0 t > ¢, TOOTO 6i0HOCHO He-
c

pPYyxomozo cnocmepizaia nodia, wo 6i00yeaemuvca y
pyxomiii cucmemi 6i0niKy, mpueae doguLe.

AGo, iHImIMMU c0BaMH, BJIACHHUU iHTepBaJ yacy MeHIIHI 3a imTepBaJj uacy,

BUMIipSHUHI B iHIIiM iHepIliaabHill cucTeMi BiIIiky Af =

IleperBopenns Jlopenua. Hexaii Bin0yBaeThesa nesaxa mogisa. ¥ cucremi K BoHa
XapaKTepusyeThCA 3BHAUeHHAMM KOOPAMHAT i uacy X,y,2,t .Y cucremi K’ , sxa py-
XaeTbedA BigHoCcHO cucTeMu K 3 mOCTifiHOIO IBUAKICTIO V B3moB:K oci X (mau. 224),
A MOisA XapaKTepusyeThes sHaueHuamu x',y’,2",t" .

Haragaemo, 1o cuiBBigHOmenHA x=Vt+x', y=y’, z=2" t=t' HasuBawThL
nepemeopennamu I'aninea. 11i piBHAHHA AAIOTh 3MOI'y IlepeliTH BiJ KOOpAMHAT i
yacy ofHiel iHepIiaabHOI CUCTEMH BiIJIIKY 10 KOOPAMHAT i yacy iHI01 iHepIiaJabHOL
cucreMu Bimaiky. KoopauHaTtu Tijna sajieskaTh Biff cucTeMu BifJiky, TOOTO € BeJu-
ynHaMu BigHocHuMu. PiBHicTE ¢ =1’ Bupakae abCOMIOTHUH XapaKTep yacy.

3riZHO 3 TEOPi€I0 BiITHOCHOCTI, YaC € BEJIMUMHOIO BiTHOCHOIO, TOMY II€PETBOPEH-
Ha lamizes maroTh OyTu 3aMiHeHi 0iJIbINI 3aTaJbHUMY — IIepeTBOpeHHAMY JIopeHIia
(Xeugpur Arrou Jlopenr (1853—-1928) — migeprauacbruii GisuK-TEOPETUK) .

3B’A30K MiK BeJIUYMHAMH, [0 XapaKTePU3YIOTh IIO/if0 B Pi3HUX iHEPIiaaIbHUX
CHUCTeMax BifIiKky, HasUBalOTh nepemeopennamu Jopenua:

v
, y=y,z=2; t'=—5—.

3HaK «+» Yy YNCEIbHUKY B3a-
Y Y CTOCOBYETBHCA IIPU IEPEXOMdi Bif
, cucremu K’ no cucremu K , 3HaK

K K «—» — IIPU IepexoAi Bix cucremu

- K po cucremu K’. Ile 3yMOBJIEHO

0 0l vy > > TUM, 170 cucremMa K’ pyxaerbcsa
X X’ BigHOCHO cuctemu K 3i mBuaKic-

7 7 TIO U, BOGZHOUYAC MOKHa BBasKaTHu,

mo cuctema K pyxaersca Bifg-

HOCHO cucteMu K’ 3i mBuakicrtio
Man. 224. TnepuianapHi cucTeMu Bigiky .




PeagaruBicTchka MexaHiKa

Sk BugHO, y mepeTBopeHHAX JIopeHITa B3aEMONIOB’ I3aHI KOOPAMHATA X Ta Yac t.

IIpu mBugKOCTAX L << ¢ IIepeTBOpeHH: JIopeHITa IPAKTUYHO He BiAPi3HAIOTH-
cd Big mepeTBopeHb 'amisned.

Takum urHOM, ITPOCTIP i Yac, AKi y HPIOTOHIBCHKiNl MeXaHIiIli BBasKajauCsa He-
3aJIe;KHUMU, BUSABJIAIOTHCA B3AEMOIIOB’ I3aHUMY 1 € YOTUPUBUMIPHUM ITPOCTOPOM-
yacoM. Byab-siKa mofis, 1o Big0yaach y IIpoCTOPi, XapaKTepu3yeThCA YOTHPMA Be-
JUYUHAMU: KOOPAUHATAMU X,Y,Z , IKi BKa3yOTh Ha Te, de BOHa Big0yach, i yacom
t, AKUIl BKa3ye Ha Te, KOAuW BOHA BimOyJacs. SHAUEHHA IIUX YOTHUPHOX BEJIWUMH
3aJIEKUTH BiJi CUCTEMHU BilIiKy, V AKi# cIloCcTepiraeThesA MOmid.

DawnTte Bignosiai Ha 3aNUTaHHSA

1. Yomy BUHMKJIA HEOOXiZHICTD y meperasani ysaBjIeHb IPO IPocTip i wac?

2. Yomy He MOJKHA CTBEPAKYBAaTHU, IO IOLil, AKi BigOyBaOThCA OAHOUYACHO B
OIHil cucTeMi BiUIiKy, BogHOUYAC BiAOyBATUMYThHCA i B iHIIIiit?

3. Sflka TpuBasicTh MOAill Y PisHUX iHEPIliaIbHUX cUCTEeMAaX BiMIiKy?

4. Y yomy BigMiHHIiCTB MiK meperBopeHHaAME ['asnines Ta JlopeHniia.

§ 49 BiaHOCHICTb AOBXWUH

v' Bidnochicmo do8xcuH.

BignocHicTh moB:kuH. [loB)KMHA BipisKa, sKa Y HbIOTOHIBChKill MexaHiIli BBa-
JKajiach a0COJIIOTHOIO, TaKOJK 3aJIEXKUTh BiJ IMBUAKOCTI PyXy Tija BiIHOCHO IIeBHOI
CUCTEMU BilJIiKy.

Apxe, 1110 03HAaUAE BUMipATH MOBKUHY Biapiska? Ile o3Hauae oqHOUACHO BKa-
3aTU KOOPAWHATH HOro movyaTky i kimnma (I=x, —x, ). Ase, Ak MU B)Ke 3HAEMO, II0-
HATTA ogHOUYACHOCTI € BigHOCcHUM. ITomii, omHouacHi B omHiil cucTeMi BigIiky, Heo-
JHOYACHI B iHIITiA.

A.EfiH1ITeIH TTOKa3aB, 110 YABJIEHHS ITPO a0COIOTHY JOBKUHY Bipiska BUHU-
Kae y Hac JIUIIIe TOMY, III0 MU 3a3BUYail MA€EMO CIIPaBYy 3i IMIBUAKOCTAMU, HAbOaraTo
MEHIINMMU BiJ MIBUAKOCTI cBiTJIa. SIKIIO K cucTeMa PyXaeThCA BiTHOCHO CIIOCTEPi-
raua 3i mBUAKiCTIO, OJIM3BKOIO 0 IIIBUIKOCTI CBiTJIA, i B Hifl 3HAXOAUTHCA JiHiliKa
3aBIOBXKKH [, , TO 3 IOTJIAAY TAKOTO CIIOCTepiraua foB:KUHA JiHifIKY Oy e MEHIIIOI0:
<.

Posrianemo 1e peranbHinie. Hexait ginifika 3HaX0OAUTHCA Y BaroHi, Io pyxa-
€ThCs PiBHOMIPHO i mpaAMoiHifiHO 3i mBuAKicTIO V . JIiHiliKa PO3TAIIIOBAHA B3LOBIK
IpaMoOi, y HaIpPAMi AK01 Bi0yBaeThcsa pyx Barona. Ha ogHomy KiH1i JiHifiKM 8HAXO-
IUTHCA AJKEpeJio CBiTJa, a HA iHmOMY — A3epKaJjio. [{oBKUHY JiHIAKY BU3HAYAIOTH
3a YaCOM IIPOXO/YKEeHHS CBiTJIa B3JOBK JIIHINKN Y TPAMOMY i BBOPOTHOMY HATIPAMI.
Ha crmocrepiraua, 110 3HaXOAUTHCS Y BaroHi, el yac (BJIaCHUI) BU3SHAUAETHCA:




21 . ct,
t,=—2>, 3BigKu [ =—2.
c 2

s criocrepirava, BiJTHOCHO SIKOTO BaroH, a BiATIOBimHO i n3epKaJio, Bigmasisa-

. . —~ . [+t
€TBCA 31 MIBUAKICTIO VU, Yac PyXy CBITJIOBOT'O CUTHAJY [0 A3epKaya oyze ¢, = —2,
c
. l-vt, . s
a Bix n3eprana: t, =———. 3arajdbHuil uac pyxy: t=¢, +t,. Poss’asyrouu cucremy
c

2

. 2lc . c? —v?
3 TPHOX PiBHAHB, OTPUMYEMO: t=—— , 3BiAKHU [ = 2—t (1).
c —_—

Ilns BCTaHOBJIEHHA 3B’A3KYy Mk [ Ta [ saragaemo, 110 BiJHOCHO cIocTepiraya,
AKU BHAXONUTBLCA Y PyXOMili cucTeMi BifliKky, yac pyxy curnanuy t, = 2l /c, a nia
cmocTepiraua, BiIHOCHO IKOT0 PYXA€ETHCS CUCTEMA, I IIOAiA BifOyBAETHCS IOBLIb-
Himme:

ITigcraBaaouu oTpuMaHuii Bupas y popmyay (1), orpumyemo:

l_cz—l)zt_cz—x)2 2, -0’ L

2¢c 2 . 2 ? . 2
c\/1—”2 \/1—"2
c

OT:xe, AKIIIO CUCTEMA PYXAEThCSA BiTHOCHO HEPYXOMO-
To cIocTepiraya 3i IMIBUAKiCTIO, 0JIM3BKOO IO IIIBUIKO-
cTi CBiTJIA, i B Hifl BHAXOAUTHCA JIHIAKA 3aBIOBKKHN [,
é TO 3 MOTJIALY TAKOTO CIIOCTepiravua AOBKUHA JiHIAKT

f v? .
6yzme vy ,|1-—; pasis Menma:
C

HoB:xrHA BiipisKa He € MOHATTAM a0COJIOTHUM, BOHA 3aJI€KUTh Bij Tiel cucre-
MU BiIiKy, BimHOCHO AKOI BimOyBaeThcA BuMipioBaHHs. [[OBJKMHA Tija y cucTeMi
BifJIiKy, BiTHOCHO AKOI BOHO BHAXOAUTHCA B CIOKOI, HA3UBAEMBCA 81LACHOIO 00-
6xcunow l,

@ Daiite BiaNOBiAi Ha 3aNUTaHHS:

1. Yu BouimBae Ha BUMipIOBaHHA JiHIHHUX PO3MIipiB Tijia pyx cucTeMu, Y AKil
BimOyBaeThCA BUMipIOBAHHA?
2. IIlo HasWBaIOTH BJACHUM YaCOM i BJIaCHOIO JOBKUHOIO?




PeagruBicrchka MexaHiKa

§ 50 PenaTuBicTcbKi CNiBBiAHOLLEHHSA

v’ Penamusicmevkuil 3aron dodasanna weudrocmeil.
v’ Persmusicmcvruil imnyansc.

PenaruBicTchKkuii 3aK0H AOogaBaHHA MBHUAKOcTell. HoBUM pelATHUBiCTCHKUM
YABJIEHHAM IIPO IIPOCTIp i Wac BifmoBigae HOBUU 3aKOH JOJaBaHHSA IIBUIKOCTEN.
OueBUIHO, IO KJIACUYHUHA 3aKOH JOJaBaHHS IIBUAKOCTEH ByKe He AificHU, 00 cy-
IePEeYnTh MOCTYJIATy IPO CTAJICTh CBiT-
na y Bakyywmi. CmpaBzi, 3rigHO 3 KJja-

CUYHUM 3aKOHOM [OJaBaHHS, AKIIO Y -

IOTs31, IO PYXaeThCA 3i IMIBUAKICTIO L, K K’ @iF
BiANIPABUTHY y HANPAMIi PyXy CBiTJIOBUI
CUT'HAJI, TO BiJHOCHO 3eMJIi Oro MIBUL-
KicTb Mae OyTu c+V — a Iie CyIepeunuThb
apyromy moctyJaty CTB.

Hexait Timo pyxaerbca BiZHOCHO VA VA4
cucremu K’ 3i mBugkxictio u. Cama
cucrema K’ pyxaeThcsi BiIHOCHO cuc-
Temu K , sKa BBaA)KAEThCA HEPYXOMOIO,
3 IOCTiMHOIO MBUAKICTIO U Y340BX OCL
X (man. 225).

ITosHaunMo MIBUAKICT IHOT'0 CAMOTO Tijia BifHOCHO HEpyxomoi cuctemu K Jri-
TEepoIo O .

Man. 225. llIBuakicTs
Pyxy Tija BigHOCHO pyxomoi
i HepyxoMmol iHepIiaJbHOI cUCTEM BiIIiKy

Toni persamusicmcokuil 3akoH 000A6AHHA UEUOD-

Kocmetll MaTuMe BUTJISA
‘ii . V+u
(D ==

=9
vu
1+—-
c

Ie U — MBUAKICTH PyXy TijIa BiIHOCHO pyxoMoil cucreMmu Bigaiky K’
V — mBUAKiCTE pyxomoi cuctemu K’ , BigzHocHo Hepyxomol K ,
M — IIBUAKICTL PYXY Tija BifHOCHO HepyxXoMoi cucTtemu Bigmiky K .
AKIIo u << ¢ Ta L << ¢, MAEMO KJACUYHNN 3aK0H JOAABAHHS IIBUAKOCTE O =V +1 .

V+c¢ v+ . .
Axmou=c, 0o ®O=—"-=cC =c , K IIbOT0 i BUMarae apyruii mocryaatr CTB.

ve
145 v+e
¢




PenaTusicrebkmii immyase. Ilig uac pyxy Tij 3 BEIUKUMU MIBUAKOCTIMU BU-
ABJAIOTHCA U iHIII criertudivni BiractuBocTi. Tak, 3 HOBUMUY TPOCTOPOBO-YaCOBUMMU
YABJEHHAMU Teopii BiIHOCHOCTI He Y3TOKYIOThCs 3a BEJIUKUX IMIBUIKOCTEN PYXYy

sdakouu MexaHiku HbioTona. 30Kpema, 3amuc apyroro sakony Heiorona F =ma me
BiATIOBiae npyromy moctyaaTy Teopii BigzHocHOCTi. CipaBAi, oCKiTbKYU

a=

3 |~

TO ITPU CTAJIIH CUJTi F IPUCKOPEHHA d TerK Oy[e cTaJauM i 3a TpUBAJIUI Yac I cuIa
Morya 6 HagaTH TiJly AK 3aBTOJHO BeJIHKOI IBUAKOCTI. OgHAK INBUIKICTL CBiTJIA
Y BaKyyMi € TPAaHUYHOIO, i 3a YKOTJHUX YMOB PYXOMi Tijla He MOMKYTb IEPEBUIUTHU
IIBUIKOCTI CBiTJIa Y BAKyyMi.

IIpore, A.EiiHINTeliH MOKa3as, 1110 3alKC APYTroro 3aKkoHy HbioToHA B iMITyJIb-
CHilT (hopMi y pesraTUBiCTCHKiNA MeXaHIIll TaKU# caMuii, AK i y KJIaCUUHIN MexaHiIi:
FAt= AP , ae 3 ypaxyBaHHSAM TOTO, 1110 (hopMyJia IJisd iMIyabcy HaOyBae melo iH-
II0T'0 BUTJIALY .

Y kjaacuuHiil MexaHimi iMOyabc Tijia BUBHAYAETHC 3a (DOPMYJIOIO:

As
m—.
At

SAxrmro y mi#t opmysti saminuTu iHTepBaJ yacy At BJAaCHUM iHTepPBaJIOM Yacy

p=mv abo p=

At, , TO OTPEMY€EMO:
Pem As
At
Ie AS - mepewmilneHHA Tijsa y Ti#i cucremi BiAmiKy, y AKifl BusHAUaeThCA iMIyJIbC
(BiacHil cucremi), a At, - iHTepBas Yacy, BUMipAHU 3a TOGTUHHUKOM, III0 PYXa€Thb-
cd pasoM 3 Tijom (BiaacHUit uac).
BpaxyBagimu Te, 110 AJIA BJAaCHOTO Yacy BUKOHYETHCSA CITiBBiJHOIIIEHH S

2

§V)
Aty =At,[1-—,
C
Ap . .
OTPUMYEMO PEJATUBICTCHKY (POPMYJIY AJIA IMIOYJIbCY
p=—T0 p= )

=mv
P 3 1miei (popMysu BUAHO, IO 3aJEKHICTL iMIIYJILCY
Bil IMIBUAKOCTI € OiJIbII CKJIAZHOIO, HijK Yy HBIOTOHiB-
CbKill mexaHii.
3ajleKHiCTh IMITyJIbCY TiJIa BiJ IIBUIKOCTI IMOJaHO
Ha rpadiky (maun. 226), npu MIBUAKOCTAX PYXY, MAJIUX
Man. 226. Tpadix MMOPiBHSAHO 3 ¢, rpadik iMImyabecy 36iraeTbes 3 MPAMOIO
3aJIesKHOCTI iMITyIBCY p=mv, dKa BimoOpaskae BsajeKHIiCTb iMIIyJbCcy Bif
Big mBuaKOCTI MIBUAKOCTI Y KJIACUYHIN MexaHiIri.

0 v=0,5cv=0 v




PeagruBicrchka MexaHiKa

@ [aiite BiAnoOBiAi Ha 3anNUTaHHSA

1. Yomy KJacCUUYHUH 3aKOH JOJaBaHHS MIBUAKOCTEHN Ta APYTUHM 3aKOH AUHAMI-
Ku HploTOHA He Y3TOAKYIOTHCA 3 IOCTyJIaTaMu Teopii BimHOCHOCTI?

2. Sk 3ajmekuTh iMIyJbC Tijla Bif floT0 MBUAKOCTI PYXY V CIlelliaabHiil Teopii
BimHOCHOCTi?

@ Mpuknagun po3B’a3yBaHHs 3apa4

IIig wac posB’sa3yBaHHA 3aAa4 Tpeba UiTKO BCTAHOBUTHU, AKY CUCTEMY BiIJIiKy
BBa’KaTU PYXOMOIO, a IKY — HepPyxXoMoio. BusHauuTu, AKe caMe Tijo mepedyBae y
CTaHi CIIOKOIO BiTHOCHO PyXOMOI cuCcTeMH BilJIiKYy i Tomi mapamMeTrpu I[bOTO Tijia BBA-
YKaT¥ BJIACHUMMU.

3agaua 1. Cucrema Bimmiky K’ pyxaerbcs BimHocHO cucremu Bimmiky K 3i
. 2 . - ;. .
HIIBUJKICTIO gc . HacTuHKa pyxaeThcsa BimlHOCHO cucTteMu Bigmiky K’ 3i mBumkic-
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TIO gc . Busnauntn MIBUAKICTb PYXYy YaCTHUHKHX Y CHCTEM1 B1AJIIKY K.

HaHo: Posé’asanns:
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Ananizyoun OTpMMAaHUN pPe3yJabTaT, 0aUMMO, IO 34 KJIACUYHUM 3aKOHOM

. 2 2 4
IOomaBaHHS MIBUIKOCTEI 0yJI00 M= gc + gc = § ¢, TOOTO ® > ¢, IO HEIIPUIIYCTUMO, 00

MIBUAKICTh IOIIMPEHHS CBiTJIa Y BAKYYMi € MaKCUMAaJILHOIO IIIBUAKICTIO mepeaayi
CUTHAIY.

Bignmosigs: 0,92 ¢

3amaua 2. Kocmiuni kopabii A i B Biggaasg0ThECa Y IPOTUIEKHNX HAIIPAMAaX

3i mBuakocramu 2-10° — BigmocHO Bemui. Y KocmiuHOMY KOpabii A Bin6yBaeThes
c

nojis, axa Tpusae 1 c. Koo Oyae TpuBaJicTs i€l moaii BizHocHO SeMIi i BimHOCHO
Kopabua B?

Hano: Po3sé’a3anna:
v=2-10%m/c; TpuBamicTs moaii BimHocHo 3eMii BusHavaeTheA 3a HOPMYJIOI0
tO =1c At = tO .
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IligcraBiasioun gaHi, OTPUMYEMO
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7 7 [ia BU3HaAUYeHHA TpUBajoCTi moxil Bix-

HOCHO KopalOJiad B cJif BU3HAUUTHU BiJHOCHY

MIBUIKiCTh pyxy Kopa0OiiB. OckinbKu 3a yMmo-

Man. 227. Bigmocunii pyx xopadiis  por sanaui kocmiumi kopa6mi A i B Bignans-

IOThCA y TPOTUTIEKHUX HAaIpAMax 3i IMMBUIKO-

cTAMU V BigHOCHO 3eMJi, TO MOXKHA OGUH i3 KopaluaiB (Hanpukaan, B) mpuiiHaTu
3a PyXOMy cucTeMy BimIiry (ma.. 227).

OckisbKu KOpPabJIi PyXamoThCAd ¥ IPOTUICKHNX HANPAMAX, TO IIPOEKIliA BEK-
TOpa MIBUAKOCTI Kopabas B BimHocHO 3emui matume Bix emumii sHak —v. OTike,
MIBUAKIiCTh Kopalbiyisa A BigHOCHO 3eMJyi v, MIBUAKiCThL Kopabasa B BigHocHO 3eMri
—v. Ix BigHOCHA MIBHOKiCTD U .

3amnuinemMo peaaATUBICTCHKUIT 3aKOH MOJaBaHHA IIBUIAKOCTEH 3 ypaxXyBaHHAM

. - . V+V . .
YMOBHU 3amaudl: V= W , 3BBIIKH1 U= W . Ilicnsa II1ACTaAaHOBKHM YMCJIOBUX 3Ha-
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yenn: u=2,8-10°—. Omxe, TpuBaIicTs moxii BitHOCHO KOpabaa B:
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Bigmosinse: 1,3 ¢; 2,8 ¢

@ Bnpaea 40

1. Tino pyxaeTbcsa BiIHOCHO pyxXoMoi cucTeMu Bimriry 3i mBuakictio 0,2 ¢, a
BigHOCHO HepyxoMmoi — 3i mBuakicTo 0,8 ¢, me ¢ — MIBUAKICTh HIOMIMPEHHS CBiT/IA
y BakyyMi. 3 AKOIO IIBUAKICTIO PYyXAEThCS CHCTEMA BiIJIiKy BiIHOCHO HEpPyXoMOIl
cucreMu?

2. IIBa Tijla pyXaloThCA BiJHOCHO HEPYXOMOT'O CIIOCTepiraya piBHOMIipHO i mps-
MOJIIHIAHO y IPOTUJIEKHUX HaNpAMax 3i meugkoctamu v,= 0,8¢ Ta v,= -0,5¢. Bu-
3HAYUTHU BiTHOCHI IIBUAKOCTI IIUX TiJl 3a KJACUUYHUM i PEJISATUBICTCHKUM CITiBBif-
HOIIIEHHSAMU.

3. HacTUHKY PyXaloThCA HA3yCTPiu ogHa ofHil 3i mBuakictio 0,9 c. Busnauu-
TU iX BiTHOCHY IIBUIKICTD.




PeagaruBicTchka MexaHiKa

4. 3a AKOI BiIHOCHOI IIBUAKOCTI PYXY PEJATUBICTCbKE CKOPOUEHHS JOBMKUHU
pyxomoro Tijsa ctanoBUTH25% ?

5. ARy MIBUAKICTh MOBUHHO MATH PYyXOMe TiJIo, 1100 H0T0 MO340BKHI po3Mipu
3MEHIINJINCH YABiui?

6. Y ckijbKU pasiB 30iJbIIyeThCA Uac icHyBaHHs HecTabiJIbHOI YaCTUHKU 34 I'o-
JIUHHUKOM HEPYXOMOTO CIIOCTepiraua, ASKIo BoHa pyxXxaeTbes 3i mBuakictio 0,99 ¢?

§ 51 3aKOH B3aEMO3B’A3Ky Macu Ta eHeprii

v’ B6’a30K miK eHepzieln CNOK0 ma mMacow miaa.
v Hepexm macu.
DomoH.

3B’A30K MisK eHepricio CmoKor Ta Macoro Tijaa. HeBroBai micasa cTBopeHHA Teo-
pii BigHOCHOCTI y 3aMiTIri « Hu 3a/Ie:KUTh iHePTHICTD Tijla BiJg HAABHOI Y HbOMY eHep-
rii?» A. Etamretin Busis popmyry E, =mc®.

OrpumaHa BoHaA OyJjia B IPpUTaMaHHOMY HOMY HETIOBTOPHOMY CTHJIi YYE€HOTO-
TeopeTHKa. A caMe BiH PO3TJIAHYB eHepriio Tija, AKe BUIIPOMIiHIOE PiBHI mopirii
eJIEKTPOMAarHiTHOI eHepTii y BOX MPOTUJIEKHUX HANpAMKax. [Ipu mpoMy BiH po3-
paxyBaB I[I0 €eHepriio K y BJIACHIN cucTeMi BiUIiKy Tija, Tak i B cucreMmi, 1110 pyxa-
€ThCA 31 MBUAKICTIO L BiHOCHO TepIroi. I TifimoB BUCHOBKY, 1110 iHepTHa Maca (il
Ille Ha3WBAIOTh MACOI0 CIIOKOIO Tija) sMmiuuThes Ha AE /c?. [Io TOTOo K Iiell BUCHOBOK
A .EfiHiTelin y3arajJbHUB I 0y Ib-AKNX SIBUII IPUPOLU.

Huni focreMeHHO f0BEJEHO, II[0 NO6HA eHeP2ii PYX0MO20 Mina JOPiBHIOE:

E=—"_

Bianosinno Hepyxome mino mae enepziro cnoxoro E, =mc”.

TepMmiH «TOBHA eHEPrid» y PeJIATUBICTCHKiN MexXaHiIli Mae iHIIUHN 3MicT, HiXK Y
HBIOTOHIBCHKi#l. ¥ HBIOTOHIBCHKill MexaHiIli, AK BU yiKe 3HAETe, IIOBHA €HEPTid Tija
— Ile cyMa KiHeTUYHOI Ta IOoTeHIliaJbHOI eHeprii Tija. ¥ peaaTuBicTChKill Mexanii
TIOBHA €Heprid — Ile cyMa KiHeTUYHOI eHeprii Tijia Ta ioro eHeprii CIIOKO0I0

E=E, +E,=—2_

VY KaacmyHIA MexaHIIi JocigKeHHA MaTepil IPYHTYEThCA HA TOMY, IIIO0 MaTe-
pig moxinseThed Ha ABa BUAM — PeUOBUHY i moJie. OCHOBHOIO XapaKTEePUCTUKOIO pe-
YOBUHMU € Maca, a II0Jis — eHeprisg. BigmoBiagHo icHyOTh 3aK0H 30epesKeHHsa MacH Ta
3aKOH 30eperkeHHsA eHeprii.




TemianpHicTh A.EfiHINTeliHa y TOMY, IO BiH y3arajJbHNUB BICHOBOK IIPO iCHY-
BaHHS eHeprii cIoKoi Tijia mpomopiifiHoi mo oro macu. Tum camum EiHInTeitn
06’enHAB 3aKOHU 30eperKeHHA Macu Ta eHeprii B OVWH 3aKOH 36epeicenHs Macu-
enepeii.

Iamumu cimoBaMu, HUM 0YJI0 JOBEJeHO eKBiBaJeHTHICTh MacH TiJa i fioro eHep-
rii CIIOKOI0: Maca mina € miporo enepeii, u,0 Micmumbvbca 6 HboMy:

c

Tax 1 r macu 6yab-siKoTo0 Tisna ekBiBasenTHuit 9 - 103 [I;x emeprii. Iiel enepril
BHUCTauUJIO O 11 mepeTBopeHHs B mapy 39 000 T Bomu.

Hedext macu. BigmoBigHo, 3mini eHeprii Tisia BigmoBizae 3mina macu Tija:

AE, = Amc® — 3aK0H B3a€MO3B’A3KY MACH Ta eHepril CIIOKOIO.

Besmuvna m HaszuBaeThca depekmom macu.

Hanpukaan, mig yuac HarpiBaHHs Tija 30iJbITYETHCA HOr0 BHYTPIITHA €eHeprid,
oT:Ke, 30inbITyeThea i Mmaca Tinma. Kyas, 1o getuts 3i mBuakictio 5000 m/c, Ha-
OyBae KimeTmuHOI eHeprii, oTike, i 30iibIIIye cBOIO Macy. 3pO3yMiJio, IO i 3MiHU
TPAKTUYHO He BiJUyBaIOThCA ¥ 3BUUalHUX yMoBaxX. Tak, y HaBeeHOMY IIPUKJIAL] 3
KyJiero, AKINo I Mmaca y craui cmokoro 6yja 1 r, To npu mBuaxocti 5000 m/c ii moBHa
maca craue 1,000 000 000 01 r.

Haounum miagTBepiKeHHAM TPAaBUJIBHOCTI TAKOT'O BUCHOBKY CTaJIM €KCIIEPU-
MeHTaJbHIi JaHi, OTPUMaHi IIPH JOCTiIKeHHi B3aeMOoIii eleMeHTapHUX YaCTUHOK.

YV 9-my KJaci mpu BUBUEHHI AJePHUX PeaKIliii Bu 3’ ACyBaJIH, II[0 € PearIrii, axi
BiZOyBaOThCA 3 BUAIJIEHHAM BeJIUUe3HOI KibKocTi eneprii. Ile mosicHIOETHCSA THM,
IIT0 eHePTid CIIOKO0IO 3/]laTHAa IIePEeTBOPIOBATUCH ¥ KiHETUUYHY €HepTilo YaCTUHOK B pe-
3yJIbTATI AJEPHUX Ta XIMiUHNX peaKIliil, AKII0 Maca BUXiJHOI peuoBUHU OibIIIa 3a
Macy IIPOAYKTiB peakirii.

doton. [loci Mu 3a3HaUaU, 110 ¥KOJHE TiJ0 He MOXKE PyXaTHUCh 31 MIBUAKICTIO,
0iJIBIITIOI0 3a MIBUAKICTH CBiTJIa y BaKyyMi. AJie #I JOCATTH I'PAHUYHOI IITBUIKOCTI
TaK0K HEMOJKJINBO, OCKIJIbKY iMIIYJIbC Tijia IpU IIbOMY HeoOMerxeHo 3pocTae. Cie-
IiaJibHA TeoPis BiTHOCHOCTI Hae BifIIOBiAb Ha Ile MUTAHHS: PYXaTUCh 31 IITBUIKiCTIO
CBiTJIa MOXKYTBh Ti YACTUHKU, IKi He IMOTPiOHO po3raHaTH A0 miel mBugKocti. Taku-
MU € YaCTUHKU cBiTJa — oronu (A.EiiHmTelin HasuBaB iX KBaHTaMu eHeprii), Axi
«HaPOIKYIOThCA» i Biipa3y pyxawThed 3i mBUAKICTIO ¢. POTOHM HEe MOXKHA 3YIIN-
HUTU YU 3arajibMyBaTH — IIPU I[bOMY BOHU 3HUKAIOTh, HOTJINHAIOYNCHL PEUOBUHOIO.
Taxum unHOM, (PDOTOHU — Il YaCTUHKU, AKi He MalOTh MACH CIIOKOIO.

OckinbKku OTOHU PYXAIOTHCA 3i IMIBUAKICTIO ¢, i BiAIOBiIHO 1O OCHOBHUX IIO-
JOKEeHb CIIeIliaJIbHOI Teopil BiAHOCHOCTI B ycix iHepIialbHUX cHCTeMaX BiIIiKy
MIBUAKICTH CBiTJIa € CTAJIO0, TO HE iCHY€E TaKUX CUCTEM BiJIiKy, BITHOCHO AKUX ()O-
TOHU MOJKYTH IIepe0yBaTu y CTaHi CIIOKOIO.

Te, 110 YacTUHKU, AKi PyXaloThCd 3i IMIBUAKICTIO CBiTJIa, HE MAIOTh MAcH CIIO-
KOO MOYKHA TOBECTH i TaK. 3rifHOo 3 (hOPMYJIOIO

p=—F—




PeagruBicrchka MexaHiKa

yacTuHKa 3 m=0 Mae CKiHUeHHe 3HAUEHHA iMIIYJIbCY, KOJIU YNCEJbHUK Ta 3HAMEH-
HUK Apo0y OJJHOUYACHO IIPAMYIOTE 10 HYJIfA, TOOTO U Ma€ JOPiBHIOBATH C.
KBanT0oBOIO MIPUPOI0IO CBiTJIA TOACHIOIOTHCA TaKi isuuHi aBUIIA AK TUCK CBiT-
Jia, BUPUBaHHA eJIEKTPOHIB 3 IIOBEPXHi MeTaJy IIig Aiefo cBiTsa ((poToeIeKTPUUHUI
edeKT) Ta iHImi.
3i cmiBBigHOIIIEHHA (hOPMYJI JJIsI IIOBHOI €HepPTii

E=——
Ta PEJIATUBICTCHKOTO IMITyJILCY
p= mv
,02
-5
c
E & . . E
MOKHAa 3alucaru, o —=— . 3Bigcu iMmoyabe poroHa p=—.
p v c

Daiite BiANoOBiAi Ha 3aNUTaHHY:

1. ¥V uomy mossirae 3aKOH B3a€MO3B’sI3KY MacHu Ta eHeprii?

2. Yomy enuHul 3aK0H 30epeKeHHA MacHu-eHeprii y KJacuuHiil MexaHiIli pos-
TJISIAAIOTHCA AK ABA 3aKOHU 30eperkKeHHsa Macu Ta eHeprii?

3. IIlo Take moBHa eHepTia Tina?

4. Yomy GOTOH He MaEe Macu CIIOK00?

@ Mpuknap po3B’a3yBaHHS 3apa4

OCKinbKY PeJATUBICTCHKI CITiBBiAHOIIIEHHSA CIIpaBeAJINBI Myid 06’€KTiB MiKpo-
CBiTy, IIBUAKICTL PYyXy AKMUX O0JM3bKAa OO0 IIBUAKOCTI cBiTJIa, TO X Macu i eHeprii
TPUNHATO BUPAXKaTU uepes cuerniaabHi onuuuni. Tak, 3amMmicTs oquHUI Macu Kijo-
rpaM BUKODHCTOBYIOTH amomHy odunuyto macu: 1 a.0.m=1,667-107"kr, a enep-
rifo BUPaXkaoTs B enekmpon-eonvmax: 1eB=1,6-10"" IIx .

3amaua. Exepria cuokom gesakoi vactuaku 0,94 I'eB. Kimeruuna enepria miel
YAaCTUHKH, SKa PO3TaHAEThCA Y IPUCKOPIOBayi, npubausuo 76 I'eB. Ilo akoi mBuz-
KOCTi pO3TaHAETHCA YACTUHKA?

Jano: Posé’asanna:
E, =T76TeB; o ) i
E. =0,938 TeB IToBHa enepris rina E=E, + E, = ,
v—7?
% E!  2E,E,+E.

3BigKU —=1— = ;
c? (E,+E,)’ (E,+E,)
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ITicas migcramoBku ganux, v=0,9999c.
Bigmosigs: v=0,9999 ¢

@ Bnpaga 41

1. BusHauuTu MBUAKICTh YaCTUHKY (B M/C), AKINO Ii KiHeTUYHa eHeprid BABiui
MeHIIIa 3a i1 eHepTiio CIIOKOIO.

2. BusHaunTu MBUAKICTE KOCMiUHOI YaCTUHKM, AKIIO il ITOBHA eHeprid B £ pa-
3iB IIePEeBUIIYE €HEPTi0 CIIOKOIO.

3. BusHauuTu MIBUIKICTh PYyXy YacTUHKY (Me30HA), AKIO Ii moBHa exeprisa s 10
pasiB 0isbIla 3a eHepriio CIOKOIO.

4. fIKy yacTKy IIIBUAKOCTI MMOIIITMPEHHSA CBiTJIa Ma€ CTAHOBUTY MIBUJAKICTh PYXY
YacTUHKMU, 11100 I KiHeTuuHa eHepria gopiBHIOBaJIA i1 eHepTii CTIOK0I0?

5. Cuaxpodas3oTpoH Ja€ IIyUYOK IIPOTOHIB 3 KiHmeTnuHoio eHeprieo 10 I'eB. Ary
YaCTKY IIBUAKOCTI IOIIMPEHHA CBiTJIa CKJIaka€e MBUAKICTh PyXy IIPOTOHIB y ITHOMY
Oyury?

6. Exeprisa pyxoMoro eJIleKTPOHA BABiui OisibIilia 3a fi0T0 eHepriio crokom. Bu-
3HAUYUTU KiHETUUYHY €HePriio eJJeKTPoHA.

7. BusHauntu iMoysibc i KiHETUUHY €HEpriio eJeKTPoHA, KU pyxaeTbcd 3i
mBuakictio 0,9 c.

§ 52 Cy4acHi yaBsieHHs Npo npocTip i 4ac

V' B3aeM036’ 430K KIACULHOT i PensmuBicmcoKoL MeXAHIKU.
v’ Bazanvna meopis 8i0HOCHOCMI.
v’ Baacmueocmi npocmopy i uacy y 3azanvriil meopii 6i0HOCHOCMI.

B3aemo03B’s130K Kiaacu4HOI i pexaTuBicTchKoi MexaHiku. Kiacuuna mexami-
Ka — Ile MexXaHiKa TiJ, SKi pyxaioThCs 3i IIBUAKOCTIMU, HA0AraTo MEHIIINMU Bin
MIBUAKOCTI cBiTiia vV <<c . IIIBuAKOCTI pyxy Tij, 3 AKMMU MW MaeMO COPaBY y II0-
BCAKAEHHOMY JKUTTi, HACTIIBKY MaJi IMOPiBHAHO 31 IMBUAKICTIO CBiTJIa, IT0 3aKOHU
MexaHiku Hbl0TOHA BUKOHYIOTHCSA IIOBHOIO MipOIO.

Y mikpocBiTi, CBiTi esleMeHTapHUX YACTUHOK, ITIO PYyXaIOThCA 31 IMIBUIKOCTS-
MU, OJU3bKUMHU [0 IIMBUAKOCTI CBiTJIa, BUSABJIAIOTHCA PEJIATUBICTCHKI ederTu.
Kpim Toro, Ha BiZMiHy BiJ MAKPOCKOMIIUHOIO Tija, AJA SKOTO MOYKHA BU3HAUUTHU
IMOJIOYKEHHS ¥ OyAb-AKUI MOMEHT Yacy, AJs PeIATHUBICTCHKOI YACTUHKY y AEAKUX
BUOAIKaX IMOHATTSA TPAEKTOPii HE3aCTOCOBHE, OCKiJIbKM ITOJIOMKEHHS YACTUHKU Y




PeagruBicTchka MexaHiKa

IIPOCTOPi MOKHA BCTAHOBUTH JIUIIIE 3 AEAKOIO0 TOUHicTIO. Hampukias, moaoKeHHsa
eJIeKTPOHA, II[0 PYXa€ThCA B aTOMi, BUSHAUAETHCSA 3 HAOJIUIKEHOIO TOUHICTIO, a PyX
eJeKTPOHA B €JIeKTPOHHO-IIPOMEeHeBi#l TpyOIli Mo:KHA HAOGJIUIKEHO PO3TJIANATH AK
PYX IO AeAKi# TpaeKTopii.

3araapHa Teopid BimHOCHOCTI. I. HBI0TOH pO3TiIsAmaB mpocTip AK abCOIOTHU!II,
icTuHHMI, MATEeMATUYHNI, & Yac — AK a0COJIIOTHY IIJINHHICTD BiJf MUHYJIOTO 10 Mati-
oytuboro. [lo 1915 p. mpocrtip i yac cipuiimanuca AK AesKa apeHa IJid MOoil, mpu-
YoMy Ii Imofii HiAK He BIJIMBAIOTH Ha MPOCTip i ac.

Cneyianvna meopia 6i0nHochocmi EfiHINITEliHA YTOUHIOE HAIll YABJIEHHA IPO
npocTip i uac. BoHa IepeKoHJINBO JOBOIUTD,

w0 npocmopoe6o-1acoéi énacmueocmi € 6i0HOCHU-
MU, PENAMUEHUMU.

HoB:xmHA, YacOBUU iHTEepBaJ, OJHOYACHICTh BUABWJINCA 3aJIEKHUMU BiJ| B3a-
€MHOTO PyXYy TiJ.

I e 6inbITe Yy pOBKPUTTI BJIACTUBOCTEN ITPOCTOPY i YACY 3aTINOJIIOETHCS 3A2ALb-
Ha meopis eidnocrocmi Elinwumetina (meopia maxcinnsa). Bora BcTaHOBIIOE,

wo zeomempuini 6aacmueocmi npocmopy 3ane-
é samv 6i0 po3nodiny y Hux min 3HA1HOL 2paéima-
yitinoi macu.

ITig uac Ilepimoi ceiToBoi BitiHu A. EfiHINTEeiH 3p0o0UB HaA3BUUYAalHE 1 HeCIIomi-
BaHE BIJKPUTTHA, AKe BPasmWJIO aCTPOHOMIB, (piduKiB i MaTeMaTuKiB ychoro cairty.
Buxongsauu 3 moJI0KeHb, IKi O1JIBIIIOCT]I BUeHNX BUAABAJINCA XUOHUMU, EAHINITEHH
3a JOIIOMOTOI0 MaTeMaTUYHUX PO3PaXyHKiB IOKasaB, I0 MPOMiHb CBiTJIa IIiAIo-
PAIKOBYETHCS CUJILI TAMKIHHSA, 1, IKITO BiH IPOXOAUTHL HENOJAJIK MacUBHOTO Tija,
TO IPUTATYETHCA i BIIXUIAETHCA Y HAIPAMI 10 I[HOTO TiJia.

IlinTBepAKeHHAM I[HOTO IPUITYIIEHH MOTJIO OYTU BifXMIeHHS IIPOMEHIB CBiT-
Ja, 1o uayTh Bix 3ip Hemomaaik Couisa. CBiTiio 3ipKu, AKa 3HAXOAUTHCS IOOJIUIY
CoHIA, BiAXUISETHCS, i, AK BUIHO 3 MA.L.
228, 30psa 3maeThCA 3MIIEHOI0 IIOPiBHIHO
3i CBOIM 3BUUYHUM IT0JIOKeHHAM. EXHITITEeTH
PO3paxyBaB BeJIMUMHY TAKOT'O BiIXWJIeHHS

3opsa

Bunume moinosxeHHS

i 3BepHYBCA IO acTPOHOMiB, abu BOHU Iie- CaiTnopyil sopi *
; /
peBipuiu 1me. Aje mc. no0avuTy 30pI0, IO ——— Y
sHaxonaTbesa mopsan iz Coumem? Ile mook- //
JINBO JIUIIIE TiJi YaCc IOBHOTO COHAYHOTO 3a- J
/

TeMHeHHs. [[Jig 1boro HeoOXigHO 3pOOUTH
3HIMOK 30psiHOT0 Heba mobn3y CoHISA Y MO-
MEHT 3aTeMHeHHs, a II0TiM, Yepes MiBPOKY,
KOJIX 30pi OyAyTh BUAMMI BHOYi, 3po0uUTH
Ipyruii 3HIMOK i TOpiBHATHY iX MisK co0o070.
Ilepmum mocirinam 3aBagmia Ileprmra cBiTo-
Ba BifiHa, ame y 1919 p. 1BoM acTpoHOMiU-

3emia

Man. 228. BUKpuBJIeHHS CBIiTIOBOTO
IpoMeHs, 1o ¥ife mo6au3y Conia




HUM eKCIeIUIiAM yIaJioch OTPUMATH BAaJi 3HiMKK. Unca0Be 3HAUEHHA 3MiIlleHHA
BUIAJ0OCA Maillske TaKUM, AKe po3dpaxyBaB EffHIITeiH.

Bingxkpurra Efinmireiina cTaao IOMITOBXOM /10 CTBOPEHH 3arajbHOI Teopii Bia-
HOCHOCTI.

SIK 3asHauvaJiocsa, IPUCKOPEHH TijJl Y HeiHepIiaJlbHUX CHUCTEMAaX BiIJIiKy BU3-
HAYaeThCA HE TiJIbKU B3aEMOJIE€I0 TiJI, i IIOABOIO CUJIM iHePIIii, ITiJ BILIMBOM AKOI
Tija pisHuX Mac Ha0yBaOTh OAHAKOBOI0O IPHUCKOPeHHsa. TaKy caMy BJIaCTUBICTh Mae
i cua 3eMHOTO TAKIHHA — HaJaBaTH TijlaM PidHOI Macu OJHAKOBOTO IPUCKOPEHH.

IToxibHicTs cuy TAMKIHHS 4O cuJ iHepiil (IPUHIUI eKBiBaJeHTHOCTI) € OCHO-
BOIO 3araJibHOI Teopii BigHOCHOCTi. 3rifHO 3 IIi€l0 TEOPielo XapaKTep PyXy Tijia B
HeiHepIiaJabHIN cucTeMi BigIiKy Takuii caMuii, SK i B iHepIiaJbHiN 3a HaABHOCTI
rpaBiTamiifHoro moJjs.

BaactuBocri mpocropy i yacy B 3araabpHiil Teopil BizHocHOCTI. IIpocTip-uac y
3arajibHiil Teopil BiAHOCHOCTI PO3TIAIaIOTHCA AK AUHaAMIUHA cCUCTEMAa: KOJU pyxa-
IOThCA Tija i AifOTH cUJIM, TO Ile 3MiHIOE KPUBU3HY IIPOCTOPY-4Yacy, a BUKPUBJIEHA
CTPYKTypa IIPOCTOPY-4acy, y CBOIO Uepry, BILIMBA€ HA Te, AK PyXalOThCA i B3ae-
MozifoTh Tija. IIpocTip i yac He JnIlle BILIMBAIOTH Ha BCe, 110 Big0yBaeThcsa y Beec-
BiTi, a 1 cami 3MiHIOIOTHCS ITi[l BIIXBOM TOTO, IO BifOyBaeThCA.

Kiacuuna pisuka He HaBa)KyBaJiacsd HAYKOBO JOCJILAUTH I PO3KPUTH BJIACTHBO-
cti mpocTopy i wacy. Ili BracTuBOCTi BBasKaam 3a3majerigb 3aJaHUMHY i BUBHAUYAIN
aKcioMaMu MaTeMaTUKH!, 30KPeMa BJIACTHUBOCTI IIPOCTOPY OMMUCYBAJIUCSA 3HANOMU-
MU IJis Bac 3aKkoHaMu reomeTpii (il mie HasmBaroTh reomeTpieto EBkiina). Cupasni,
rpaBiTaiiiine moJje 3eMJIi IOPiBHAHO cjiabKe i TOMy IPOCTip, Y AKOMY MU KUBEMO, €
MPaKTUYHO IJIOCKUM (eBKJIiJOBUM).

3arajbHa Teopid BiZHOCHOCTI BBa)Kae TAMKIHHSA TiJ pPes3yJbTaTOM CTPYKTY-
pu mpoctopy. Ilo6audy macuBHUX 00’€KTiB BcecBiTy (3ipoK, rajlakTUK, «YOPHUX
IipoK») IPOCTip € BUKPUBJIEHUM i BJIACTUBOCTi TAKOTO IIPOCTOPY OIIMCYIOTHCA 3aKO0-
HaMM HEeeBKJIIJOBOI reoMeTpii.

Bigomo KinbKa HeeBKJIiZoBuX reomerpiii. JlobaueBckuii me y 1826 p. cTtBep-
MKYBaB, IIT0 MOMKJINBA MOOYyIOBa TaKOl reoMeTpii, B OCHOBI AKOI OyAyTh iHII, HiMX
y EBxaiga, monosxenusd. Tak, srigmo 3 reomerpieio JIobaueBCKOro: a) JOIYCKAETHC
HEeCKiHUeHHA MHOKWHA MPAMUX, 1[0 HE
mepeTUHAOTh 3allaHy MIPAMY 1 IIPOXO-
ISTHh Yepes TOUKY, IO He HAJEeKUTD I[il
3alaHill mpAMiii; 0) cyMa KyTiB TPUKYT-
Huka menire 180° (maa. 229, a).

V¥V cepenuni XIX cr. Puman mooyay-
BaB iHIITY HEEBKJIJOBY TeOMeTpito, y AKiH
CTBEPAKYETHCSA, 110 CyMa KYTiB TPUKYT-
Huka 6inbire 180° (maan. 229, 6), a mapa-
JeJIbHUX JiHil He icHye, 00 Oyab-AKi aBi
pAMi 000B’ I3KOBO TTEPETUHAIOTHCA.

OKpiM BUKPUBJIEHHS CBiTJIOBOIO
IpoMeHs, 3arajibHa Teopis BiAHOCHOCTI
MOSICHIOE ¥ iHINNI eKclIepuMeHTaJbHi

Man. 229, a. Cyma KyTiB TPUKYTHHKA
menire 180°
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daxTu, AKki He MOKHAa 0yJI0 IOSICHUTH 3a SOIIOMOT0IO HBIO-
TOHiBCbKOI MexaHiKM (00epTaHHSA IIepUresiio IJIaHeT,
CIOBiJIbHEHHS Yacy Y CUJIBHUX I'PaBiTAIiHHUX ITOJIAX).
EiffHmmTeliHiBCbKY 3arajbHy TEOPil0 BiTHOCHOCTi, sdKa
TBepAUJIa IPO BUKPUBJIEHHSA IIPOCTOPY 1 CIIOBIIbHEHHSA Yacy
0is11 MACUBHUX TiJI, CIIOYATKY OYJI0 CIPUNHATO 3 BEJINKOIO
obepe:kHicTio. HobenmiBebKy mpemito, AKky A. EfftHiTeiiHoBi
JIOBTO 0OSITINCS MaBaTH, Baralounch, MOBJIAB, HE3PO3YMiJIo,
Ul BiH BeJIMKUI BUEHUN a00 BeJIUKUI MPIAHUK, AN Tilb-
Kny 1921 p., Ta i TO 3a MEHIII 3HAUHY, IIOPiBHAHO 3 TEOPi€I0
BiIHOCHOCTI, Teopito poToe(eKTy.
[TigGusarouu NiICyMKH, 3a3HAUUMO, 1110 I0Ci HE BUAB-  j7, . 229, 6. Cyma KytiB
JIEHO JKOAHUX BiAXWJIEHDb Bif IOJIOKEHb BarajlbHOI T€OPil rpyxyrauka Ginsme 180°
BimHOcHOCTi. I1d Teopia He

JIMIle JAOoBeleHa acTpodismKamMu, a i aKTUBHO BU-
ﬂ KOPUCTOBYETHCA Ha IMPAKTHUIIl, 30KPEMa, y CUCTEMI
riaobaabpHOTO mo3urionyBauuda (GPS).

Cucrema GPS cKiamaeTbcs 3 TPHOX OCHOBHUX
YacTUH: KOCMiuHOI (CYOyTHUKHU), HaseMHOI (cTam-
il KOHTPOJIIO 3a POoOOTOIO CYIYTHUKIB) i mpuiimaua
curHayy (HampukJanm, MmobisbHOro Tesaedony). Ilpu-
Hiun pobotu cucrtemu GPS moussrae y BusHaueHHi
i BificTaHi 3a yacoM 3aTPUMKHU ITPOXOKEHHI CUTHATY
| Jostion i xi BiJ cyIIyTHMEKA OO IIpuiiMaua.

NN /‘ “ Aximo y Bammomy Tesedoni € pyurimia GPS (ma.r.
230), Bu 3MoO:KeTe BU3HAUUTU CBOE MiCIle3HAXOI-
JKeHHSA, Mi3HATUCA IMIBUAKICTH BaIIOTO PYyXy (Mak-
cUMaJIbHy, MiHiMaJIbHY, CEPEeIHI0), HA3PyUHIITHI
MapIIpyT, Yac PyXy TOIIO.

Man. 230. ®yukuia GPS
MO00iaBHOTO Teaedony

HawnronogHiwe B po3aini 5

Cneyianvna meopis éidnocrocmi (CTB) — nie disuuna Teopisa npocropy—uacy,
y AKif YyTOUHIOIOTLCS YSABJIEHHS PO IIPOCTIip i uac.

CreriaJibHA TeOpisti BiZIHOCHOCTI posIiisigae B3aeMO3B’fA30K (PismuHMX IIpoIecis,
1110 BiZ0yBAaOThCA TLIBKY B iHEPI[IAJILHIX CUCTEMAaX BiIJIIKY, TOOTO y cucTeMax, AKi py-
XaIoThCS OJHA BiTHOCHO OAHOI piBHOMIpHO i mpsamoriHiiiHo. (B3aeMo3B’a30K (hismuHux
TIPOIIECiB, 10 Big0yBaOTLCSA Yy CUCTEMAaX, IKi IPHUCKOPEHO PYXalOThCs OJHA BiTHOCHO
onHOI (HeiHepIliaJbHUX CUCTEMAaX BiJIIKY), OIMCY€E 3arajbHa TeoPisd BiTHOCHOCTI).

ITocmynamu cneyianvroi meopii i0nocrocmi:

1. Yci 3akonu (hiduKH B yCcix iHepIiaJbHUX cUCTEeMaX BilIiKy ogfHaKOBI (IpUH-
mun BimaocHocTi EffHIITeliHA).




2. IlIBuaKicTh MOMIMPEHHS CBiTJIa ¥ BAKYYMIi He 3aJIe;KUTh BiJl IMBUAKOCTI PYyXy
I)Kepesa uM IpuiiMada, ToOTO € OJHAKOBOIO B YCiX iHepIiaJbHIX cucTeMax BilIiKy.

3 0pyz020 nocmynamy 6uUniUEaE, Wo:

* IIBUIKICTH IOIIMPEHHS CBiTJIa € MaKCUMAJBLHO MOMKJINBOIO IIIBUAKICTIO IIe-
penasanusa B3aeMoxil y mpupoai. doguuii curaas, »KoaHa B3aEMO/IiA TiJI He MOXKe
HOLINPIOBATUCH 3i IIBUAKICTIO, OiJIBIIIOI0 BiJ IIBUAKOCTI CBiT/IA;

* yac He € abCOJIOTHOIO BeJINYNHOIO — Y Pi3HUX iHepUianbHUX cucmemax 6i0-
iKYy inmepéanu wacy € 6i0HOCHUMU. 3BiicH BUILINBA€E BiAHOCHICTEL OJHOUACHOCTI,
BiTHOCHICTh JOBXKUHU i Uacy.

3rigHo 3 Teopieio BimzHocHocTi EffiHITeliHA HeMae CyTTEBOI BiaMiHHOCTI MixK Ma-
COIO Ta eHepTri€lo: peuoBMHA MA€E Macy, TOMY XapaKTepu3yeThCs eHepriero, i, Biamo-
BiZlHO, I10JI€ Ma€ eHePriio, OTiKe, XapaKTepU3yeEThCI MacoIo.

3MiHi eHeprii Tina Bigmosigae 3mina macu Tisa i HaBnaku: AE = Amc?.

BucHOBKU Teopil BiJTHOCHOCTI € OCHOBOIO penimueéicmcovkoi Mexaniku, sKa BU-
BUA€ 3aKOHU PYXY TiJ, MIBUAKICTD AKX HAOJMIKAETHCA 4O IIIBUIKOCTI CBiTIA.

§ 53 Cyu4acHi npo6nemu mexaHiku

Mu ozualioMuancsa 3 OCHOBAMU OJHOTO i3 HaWBaKJIUBIIINX PO3aiaiB Gisuru —
MexaHiku. Mexanika € ¢pyHgaMeHTOM OiJIbIIOCTI IPUPOSJHUUNX i TEXHIYHNX HAYK.
HocsarHeHHs B rajysi MexaHiKY 3aB:K/U BU3HAYAJIY IPOTPeC Y TeXHilli, OiJabII riu-
0oKe po3yMiHHA cyTi aBUIIl npupoau. HuHi, Koy Ha MOPAAKY JeHHOMY JOCATHEHHS
y rajysi HaHOTeXHOJIOTiil, IIITYyYHOr0 iHTeJeKTY, aBTOMaTHU30BAHO-KOMII IOTePHUX
TeXHOJIOTil, MexaHiKa — HayKa IIPo HaumpocCTiiry (popMy pyxy MaTepii, 3gaBajaocs
0, MaJIo UMM MOJKe 3IUBYBaTHU JIOJACTBO. IIpoTe He 3abyBaiimo, 1110 MaTepii 6e3 pyxy
He icHye, TOMy MeXaHika 0e3IocepeHbO UM OIIOCEePEeIKOBAHO 3aisdHa IIPAKTUYHO B
ycix HampsMaXxX CydacHUX HOCJTiIKeHb. A came:

« MexaHiKa Ilociziae oHe 3 IeHTPaAJbHUX MiCIlb cepel HayK, 10 3a0e3IeUyioTh
HAYKOBO-TEXHIUHUI IIpOTpeC JIOACTBA. 1H HAJEKUTHh HIPOBiLHA POJIH y PO3POOIL
HayKOBOI1 0as3u iHKeHepHOI mAiaabHOCTi. ABia- pakeTo-, CyqHO-, IPUIAL0- Ta MAaIlll-
HOOyAyBaHHA 0a3yeThCA Ha 3aKOHAX MEXaHiKH;

+ 0e3 3HaHHS MeXaHiKU HEeMOJKJIUBI PO3PaXyHKU TeXHOJIOTIYHUX IIPOIIECiB y
MeTaJayprii, BUpOOHUIITBI CHHTEeTUUYHUX II0JiMepiB, y JerKil i xapuoBiii mpomuco-
BOCTi, Tpu BUAOOYTKY KOPUCHUX KOIIAJIUH, ¥ CiIbCbKOMY I'OCIIOAAaPCTBi, MEIUITHI;

+ MexaHiKa CyIpoBOMKY€E BCi eramu OyAiBHUIITBA, K IPOCTOTO IJIOTY, TaK i
rPaHIio3HOr0 apXiTeKTYPHOTO aHCaMOJIIO;

+ MexXaHiKa € CKJIaJ0BOI0 HayK IIPO 3eMJII0 — HayK, 1[0 BUBYAIOTh PYX IOBiTpsA-
HUX Mac, PyX OKeaHChbKMX XBUJIb 1 Teuiil piuoK, reoJIoTiuHi IIepeTBOPEHHA 3€eMHOI
TIOBePXHi, BYJIKAHIUHY Ta CeHACMOJIOTIUHY AiAJBbHICTD TOIIO;

+ 3aKOHAM MeXaHiKU MiAMOPASKOBYIOTECA PYXU *KUBUX iCTOT HA 3eMJIi, y mO-
BiTpi Ta y Boxi. IIpoitecu KpoBOOOiry i pyxy JiMdu y :KMBOMY OpraHismi, mpoiiecu
OOy KJIITUH TaKOMXK IMiATIOPAIKOBYIOTHCA 3aKOHAM MeXaHIKH.

I 11e 111 He MOBHUIL IEpEJIIK TOTO, /e BaCTOCOBYETHCA MexXaHiKa.
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Hapogusiucs y riinbuHi BiKiB, MexaHiKa i cbOTOAHI CTPIMKO PO3BUBAETHCA i
AK caMOCTiliHa HayKa, 1 AK HayKa, 1110 IOPOAKY€E HOBI HATPAMU.

PeBosttoritinmit BILIUB HA PO3BUTOK CYYaCHOI MeXaHiKM MaJIi 1BA OCHOBHI YMHHM-
KH: YIOCKOHAJIEHHS TeXHIKM eKCIIEPUMEHTIB i BIIPOBaIKeHHI KOMII I0TePHOI 00pOOKM
eKCIIepUMeHTATbHUX Aaunx. HuHi y MexaHiIii 3aCTOCOBYIOTHCS OIITUYHI, CIIEKTPO- i pa-
IiOMeTpUYHi, eJIeKTPOMArHiTHi, yITPa3BYKOBI, JJa3epHi, AepHi MeTOI1 BUMipIOBaHb.
3a IOITOMOTO0 ITMX METO/iB CTAJI0 MOYKJIUBUM He JIUIIIE TOCJIiIyKeHH SBUII y IIiJIOMY, a
¥ BCTAHOBJIEHHS 3B’ I3KiB MEeXaHIUHUX SBUII i3 BHYTPIIITHBOIO CTPYKTYPOIO PEYOBUHM.
A BUKOpPUCTAHHS METOiB KOMII IOTePHOI 00poOKU iH(popmaliii pagnKaabHO 3MiHIIO
YABJEHHS IIPO MOYKJINBOCTI PO3B’ A3aHHI MaTeMaTUUHUX 3aJau MexaHiku. Pyx pigum i
ras3iB y EMKOCTSAX CKJIQIHOI (popMU, yaapHi XBUIIi, JedopMallid i pyHHyBaHHS TBEPIUX
TiJI, pyX KoCMiuHMUX 06’ €KTiB — AK MPUPOSHUX, TAK 1 INITYUHUX, a TAKOK 6araTo iHIIoro
CTaJIO MOKJIMBUM 3aBAAKY KOMIT IOTEPHOMY MOJIEJTIOBAaHHIO 1 aHAJIi3Y.

BogHouac cyuacHa mMexaHika moTpebye HayKOBHUX TOCIiI:KEHb Y PO3B’sA3aHHI
mpobJieM TypOyJIEHTHOCTi, TePTs, BTOMJIIOBAHOCTI MaTepiajiB, IIJIaCTUYHOCTI, Pyii-
HyBaHHA TOIo. [ImTanHsa ceficMoJIorii, MeTeopoJIorii # rifpognHAMiKY OKeaHiB ue-
KaloTh Ha BUPiMIeHHA.

BinsmricTs 3agau mepes MeXaHiKOIO IIOCTAE Y 3B’ A3KY 3 PO3B’ A3AHHAM IPAKTHIU-
HUX 3aBIaHb PiBHUX rayry3eii HApOIHOTO rocuogapcTBa. Hampukian:

 IOCJiKeHHs PyXy piauH i rasiB 3aB:kau OyJIO BayKJIUBUM IJIA PAIliOHAJIBHOL
PO3po0KH HapTOBUX i ra3oBuX poaoBuill. HoBi mpo6JieMu IIOCTaOTh Iepe MeXaHiKoIo
y 3B 8Ky 3 BEAOOYTKOM Ha(THU i rady Ha 1eabdi Ta 6esmocepeHbo y Mopi. Beamnueswi
maaT¢opMU MalOTh IIPAIIOBATH B YMOBaX abCOJIOTHOI CTiIKOCTi, HagiftHOCTI # MilTHOC-
Ti. Yce 11e — 3amaui rizpoMexaHiku, OymiBeJbHOI MeXaHiKM i Teopii mirtHocTi;

« IPo0JeMH XiMiUHUX T€XHOJIOTiM CIPUAIOTH PO3SBUTKY MeXaHiK1 aHOMAaJbHUX
a00 HeHBIOTOHIBCHKUX PiAUH;

« IIpobJeMu Teopii HPOTHO3y MOro U CIIPUAIOTH PO3BUTKOBI reodisuyumoi riapo-
IUHAMIiKM, OCHOBOIO SIKOI € MOJEJIOBAaHHA MUPKYJIAIIl arMochepu, DJOCTiIKeHH s
IMOTY X HUX BUXOPiB, IPOIIECiB TEIJI0- i MACOOOMIiHIB Ha OKeaHChKill MOBEPXHi;

+ MacIiTabHe JOCJiIKeHHs IIiJ3eMHOT'0O IIPOCTOPY CIIPUSE PO3BUTKOBI reomMmexa-
HiKM, SKa po3B’sA3ye MIPAaKTUUHI 3a4aUi PO3POOKY MiA3eMHUX TEPUTOPiN IPOMUCIIO-
BUX palioHiB, MeramoJicis;

* mpo0bJieMu eHePreTUKY CTaBJISATD IIePe/l MeXaHiKOIO IIepIIovYeproBi 3aBJaHHsI PO3-
POOKU aIbTepHATUBHUX IyKepeJl eHeprii, 30KpeMa TaKuX, K BiTPOBi eIeKTpocTaHITii.

BescyMmHiIBHO, MIUPOKe i IpoagyMaHe BIIPOBAAMKEHHSA METOMiB MeXaHiKU JAacTh
3MOTY peaJIidoByBaTH TE€XHOJIOTiUHi HMpoIlecH, IMOJIiNIIyBaTH AKiCTh BUPOOHUIITBA,
€KOHOMUTH MaTepiajiu Ta eHepriio, ImiABUIyBaTH e(heKTUBHICTh TEXHOJJIOTIYHUX Pi-
IIeHb Y IIPOMMCJIOBOCTi, Oy AiBHUIITBI Ta HA TPAHCIOPTI.

BaxmuBoro 3HaUeHHSA CLOTOAHI HAOYBAE MexXampoHika, y AKili MexaHiKa PO3IJs-
AeThCA Y KOMILTIEKCi 3 eJIeKTPOHIKOI0, eJIEKTPOTEXHIKOI0 Ta KOMIT IOTEDHUM yIIpPaB-
gigaaM. OCHOBHUM 3aBIaHHAM MEXaTPOHIKY € YIIPaBIiHHA (DYHKITIOHAJTBHUM PYXOM.
Bucoka TouHicTb, rpaHMYHA IIBUAKICTh, CKJIAMHI PO3PAXyHKU TPAEKTOPIl PyXy JJAHOK
MeXaHi3MiB y IpOCTOPi i yaci BUBHAUYAIOTHCS iHTeIeKTYaJbHUMU TeXHOJIOTiAMMU.

HaBenenuii, najexo HeIOBHUM, MepeJiik NpobJieM Cyd4acHOI MexXaHiKM IToKa-
3ye, AKi BeJUKi Ta HEOOMEKeHi MOKJIMBOCTI CTOATh mepen il gocaiganuxkamu. 11106
OyTu (paxiBieM y BiAIIOBiAHUX rary3ax HapOLHOT'O IOCIIOapPCTBa, CIif 3i IMKiTbHIX
POKiB pO3BMBaATU HAyKOBO-MOCIiJHUIIbKI HABUUYKM, (hOpMyBaTu CBOIO Ipodeciiiny
KOMIIETEHTHICTh.




§ 54 BHecoOK yKpalHCbKMX YYEHUX Y PO3BUTOK MEXaHiku

JuaaMiuHOr0 pO3BUTKY HAYKOBO-IIPAKTUYHI 3acagu MexaHiky Ha0yJiu B YKpa-
iHi manpukinmi XIX — #a nmouaTKky XX cT. AKTUBHUI PO3BUTOK TeXHIKMU I BUPOO-
HUIITBa IMOTPeOyBaB HayKoBOI migTpuMKu. ¥ 1885 p. y XapKoBi posmouaB pobOTy
TexHOJOTIUHUH IHCTUTYT, AKKUH yupomoB:k 1885—1898 pp. ouosroBaB oguH 3 H10T0
oprauisaropiB JI. B. Kupnuuos. B incTuryTi mparfoBaiu Bimomi BueHi: umranu
aekii O. M. JIanyuos, B.A. Crexkaos, M. M. Illunnep, BUKOHYBaB BasKJIUBi g0CJIi-
IKeHHA 3 rifpoanHaMiky Bigomuii BiTun3duaauit mexauik I'. @. IIpockypa.

Y 1898 p. sycuinsamu 3HaHOTO (haxiBida 3 Teopii mimmocti B. JI. Kupnuuosa
O0yB s3acHOoBaHNUU KuiBCHKUII MOJiTEeXHIUHUI iHCTUTYT, ¥ CKJIAaAi AKOr0 IPAIll0Ba-
JW MeXaHiuHuni, XxiMmiuHuil, iHKeHepHUH Ta arpoHoMiuHU# paryabretu. Cepen 35
nepmux Kadenap O0yJsio cTBOpeHO Kadeapu TEOPeTHUUYHOI i MPUKJamHOI MeXaHiKu.
B. JI. KupnuuoB sampocuB no poboru B KuiBchbKOMYy mOJiTexXHiUHOMY iHCTHUTY-
Ti Bizomux (isukis i mexauikiB O. M. Huuuuka, O. I'. Korenrpaukosa, H. H. Cu-
mincskoro, C. B. Cepencena, C. II. Tumomienka. 3 1901 p. Ha xadeapi npukraai-
HOl Mexaniku mparmiosas [[. II. Pyspkuii. JIekIii 3 TeopeTrnyHOI MeXaHiKM YKUTaB
0. I1. KoTe1bHUKOB, aBTOP OPUTiHAJIBHUX HiAPYUYHUKIB « MexaHika», « AHamiTuuHa
MeXaHiKa».

131905 p. BimcruryTi nparioBas €. O. ITaton (1870—-1953), BcecBiTHBO Bimomuit
creriajict i3 6yaiBHuITBa MOCTiB (Mmax. 231), aBTop OaraThbox MiApyuYHUKiB. Bin
3amovuaTKyBaB KadeIpy MOCTiB, CTBOPUB KaOiHeT MOCTiB, pO3BHUBaB TpaguIlii BiT-
YUBHAHOTO MOCTOOYIYBaHHSI.

Man. 231. a — €. I1aTon; 6 — mict IIaTona y Kuesi
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Hanpuxkiani XIX ct. 0yau 30ymoBaHi opuri-
HaabHiI MocTu ¥ KueBi, MukosaeBi, YepHirosi 3a
mpoeKTaMu XapKiBcbKoro imkenepa M. A. Beio-
HOJIBCHKOTO, JlaypeaTa 3o0joToi menaini B Exun-
o0ypsi (1890) ra ITouecHOTO AUILJIOMA BUCTABKHU Y
ITapuxi (1900) 3a BusHaAUHI JOCATHEHHSA Y MOC-
TOOYIyBaHHi.

Ha nouarky XX cr. y KuiBcbkomy mositex-
HigYHOMY iHCTHTYTi (DOPMYIOTHCA HAYKOBI IITKOJIN
rizpocTaTHKM i TeOpil MPYyKHOCTI.

¥ 1906-1911 pp. ray 1918 p. y KuiBcbkomy
MOJIITeXHIYHOMY iHCTUTYTi IPaIfoBaB BCECBITHHO
BimomMuii MexaHiK, paxiBellb i3 Teopii mpysKHOCTI,
KOJUBaHb Ta ONOPY MaTepiayiB, OCHOBOIIOJIOK-
HUK MeXaHiKu CcyLmiabHuX cepemoBurl Creman
IIpokomoBuu Tumortenko (man. 232).

C. II. Tumomenko (1878-1972) maponusca
y IImoriBmi Konoromebkoro moity YepHhHiris-
c¢bKol rybepHii (Termep — Cymcbka 00.1.). 3aKiHUYUB
IleTepOyps3bKUi iHCTUTYT IJISXIB CIOJYyUYEeHHS,
npamoBaB y IleTepOyps3bKoMy IIOJiTeXHIiUHO-
My iHctuTyTi, a 3 1906 p. — y KuiBcbkomy mosriTtexHiunomy incruryrti. ¥ 1918 p.
C. II. Tumomrerko mpaiioBas y komicii B. I. BepHagcbkoro 3 opranizarii Ykpain-
cbKol akamemii mayxk y Kuesi, OyB ogHMM i3 mepinmx axkageMiKiB HOBOCTBOPEHOI
Axanemii, opramisysas Ta ouoauB IHcturyT Mmexauiku. 3 1920 p. npamosas y 3a-
rpedCchbKOMY MOJiTeXHIYHOMY iHCTUTYTI, a moTim mepeixas o Crmoayuenux IllTartis
Awmepuru. 3 1923 no 1927 p. — HayKOBUII KOHCYJIbTaHT KoMnaHii «BecTuHrays».
OpranmisyBaB cCekIlito MexaHiKM npu AMepHMKAHCHBKOMY TOBapHWCTBiI iH)KeHepPiB-
MexaHikiB (1927).

BakiuBuMuy gocATHEHHAMY BUEHOTO, IO YTBOPUJIU OCHOBU CydYacHOI me-
XaHIKY CYIiJIBHUX CePeIOBUII, Oyau GyHIaMeHTaJbHi PO3POOKY IIpo0IeM Mill-
HOCTi, cTifiKocTi II KOMMBAHHSA MeXaHIUHUX CHCTeM, OyaiBe/lbHOI MexXaHiKU i
Teopii cmopyn, IPUKJIAAHOI Teopii mpysKHOCTI, Teopii cTifiKkocTi mpyRHUX, 000-
JIOHKOBUX i MJIACTUHYATUX CUCTEM, Y TOMY UKCJIi HifKpinjeHnx pedpamMu Kop-
CTKOCTi, 3TUHAHHA, KPYUeHHA, KOJUBAHHA Ta yAapy CYYacHUX iHKEHEPHUX
KOHCTPYKIIiHA.

HayxkoBi gocarmennsa C. II. Tumomienka OyJau BigsHaueHi HNpoBiZHUMHU Ha-
YKOBUMU IIeHTpPaMu CcBiTy (0oO0paHo uiaenoMm axazemiii Hayk CPCP (1928), IToabii
(1935), ®panmii (1939), Itanxii (1948), JJOHZOHCHKOTO KOPOJIiBCHKOTO TOBAPUCTBA
(1944)). Moro im’a npucsoero 1aboparopii Mexauiku CreH(OPACHKOTO YHIBEpCHTE-
Ty, [HcTuTyTy MexaHiku HAH Ykpainu.

Y 1957 p. AmMepuKkaHChbKe TOBAapUCTBO iH)KEHEPiB-MeXaHiKiB 3aIoYaTKyBaJO
IIOYeCHY Bifl3HAKY 3a BUJATHI JOCATHEHHA y Taaysi Mexauiku — megaib iMm. Cremana
TumoIIeHKa, IePIINM JIaypeaToM AKO0I CTaB caM BUJAaTHUN YUEHUH.

HaykoBuii TaqaHT BUeHOTO-MeXaHiKa JaBaB HOMY MOMKJINBICTL HEOPAHMHAPHO
BUpIiIIyBaTu CKJIaAHi iHKeHepHi saBmanusa. Ko KoMnaHia 3 BUpOOHUIITBA aBia-
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niftaux asuryHis danpocusa C. II. TumoiieHKa ajis 3’ ACyBaHHA IPUUYNHYI 3HAYHOTO
OpaKy OpOAYyKIIil, BUEHU, IIOXOJUBIIIN 110 I[€XY, IIOIPOCUB IIPUHECTU HOMY Kpeiay.
Bin, HamaJroBaBIIN Ha IIiAJ03i KBagpaT, 3allpOIOHYBaB HA IILOMY MiCIli BUKOIIA-
™ aMy i sajauTu ii motrim OeroHoM. Ha moguB KepiBHHUIITBa KOMIIaHil Opax BHPO-
0iB mpunuHuBcA. K 3’sAcyBajocs, nmpuunHa Oyja y CUIbHil BiOpaIlii npaijomoumnx
BepcTaTiB, AKa IMO3HaAUajiacd Ha AKOCTi mpoaykirii. ITro mpuuuHy i 3arrponoHyBasB
dikBigyBaTu opurinamsbHuM criocobom C. I1. Tumorrernko. Koau BueHoro mompocu-
JIW OI[IHUTHU CBOIO POOOTY, BiH 3p0O0OMB PO3PAXyHOK: 3 IIeHTHU BapTicTh Kpeiiau i 9999
monapis 97 meHTIiB 3a Te, 110 «3HAB, A€ KomaTu aMy», — Bcboro 10 000 moaapis.

KuiBcbkuii mosiTexHiunmii iHcTUTYT JaB YKpaiHi Ta i ychoMy CBiTOBi Bumart-
HUX yueHuX-KoHCTPYKTOpiB: C. II. KoposboBa — KOHCTPYKTOPa KOCMiUYHUX paKer,
A. M. JIronbKy — BiJOMOTO Yy CBiTi KOHCTPYKTOpPa peakKTUBHUX ABUTYHIB, . I. Cikop-
CbKOI'0 — KOHCTPYKTOpA rejikomnrepis (xan. 233). BUnNycCKHUKOM «KUIBCHKOTO II0-
airexa» € JI. M. MairieBuy — oguH 3 IMEPINUX YKPAIHChbKUX ITIiJIOTiB.

Hax KueBowm ymepiiie y cBiTi 0yJ10 31ificHeHO « MePTBY IeTJaI0» JhoTunKom I1.M.
HecrepoBuwm (ma.z. 233,0), AKy 3roloM cTajau HazuBaTHu «mnetJeo HecrepoBa».

Y 1925 p. akagemik I[. O. I'paBe y KueBi opranisyBaB rypTok «3 BUBUEHHS Ta
3aBOIOBAHHSA KOCMOCY». ¥ UepBHi TOro camoro poky mig kepiBauirsom . O. I'paBe
BiIKPMBAETHCA BUCTaBKa, MPUCBAUYEHA BUBUEHHIO CBiTOBUX ITpocTopiB. Ha BucTas-
I[i mpaIoBaIn II’ ATh BiAA1IiB: pagioTeaerpadHuii, MeTeopoJoriuumii, aBiamosiTpo-
IJIaBHUM, acCTPOHOMIUHMNIM, MisKILIaHeTHUH. Ha 1iboMy 3axomi KUIBCHKUM iHIKeHED
0. fd. ®emopoB mpencTaBUB HAYKOBO-(PAHTACTUYHUN IIPOEKT KPUJIATOTO aTOMHO-
PaKeTHOro MiMKIIJIAHETHOTO KOpadJjisa 3 CONAYHNMY JBUTYHAMMU.

Cepen mioHEpiB-AOCHiITHMKIB KOCMiYHOTO ITPOCTOPY BapTO 3rajlaTh IIPO CHHA
YKpaiHChbKOI 3eMJIi, BUJATHOTO NOCJHiTHMKA I iHKeHepa, MeHid IIig 4y:KuM iM’ am
— Onexcaungpa 'naroBuua Illapresa (FO. B. Kouaparioka) (1897-1942), akuit pos-
paxyBaB HU3KY IIiKaBUX Pe3yJIbTATiB, AKi MaJauW BasKJINBe 3HAUEHHS AJIA POSBUTKY
KOCMOHABTUKU. ¥ po0OTi «3aBOIOBAaHHS MiKIJIAHETHUX HPOCTOPiB» BiH BHUCYHYB
TaKi IOJOKeHHs, AKi OyJI1 3ToJ0M peaidoBaHi Ha IPAKTHIL:
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PeaaruBicTchKa MexaHIKa

1. PeuoBuHU, AKi OyAyTh MaJbHUM AJISA PEAKTUBHOTO ABUTYHA, IMOTPiOHO 3ama-
JIOBATU B KUCHI.

2. PakeTy BUTOTOBJIATH 3 KPUJIAMM i JIETiTH Ha Hill y MOBiTPi, K Ha aepoILiaHi.

3. Bucynys ifero obagHaHHA IPOMisKHOI 0a3u MisK 3eMJIero Ta iHIITUMY IIJIaHe-
TaMu.

4. Onip aTMmocdepy BUKOPUCTOBYBATH JJIsA TAJIbMYBAHHSA IIIBUAKOCTI IOBEPHEHHS.

5. BBiB mouATTA IPOIOPIIifiHOro macupy (IracuBHa Maca PakeTu — Iie Maca, AKa
He CTOCYETHCA MaJINBAa).

6. PosruiaHyB MuTaHHS KePyBaHHA PaKeTolo Ta ii opieHTaIii.

7. JlaB onmuc paKeTHOTO IBUTYHA HA PiAKOMY ITaJinBi (KMCEHb i BOJIEHB).

8. Busanuus 3arajbHi IepCclIeKTUBY OCBOEHHS MilKIJIAHETHOTO IPOCTOPY.

1O. B. KonapaTiok BUKOHAB JieTaJbHe JOCTiIKeHHA YMOB, 38 SKUX CUJIU Peak-
1ii B armocdepi OyayTh ONTUMAJbHUMU; SOCJiAUB HAarPpiBaHHA IIepPeSHbOI YaCTUHHI
PakeTu Ipu PyXOBi B aTMoc(epi; BUBIB PiBHAHHA PyXy Tija 3MiHHOI Macwu.

Hayxosuit tanauT 0. B. KoHapaTioka IIiATBEPYKYETHCA TUM, IO 3aJ0BTO 10
MOYaTKY IIPAKTUYHOT'O OCBOEHHS KOCMOCY BiH BUCYHYB izel, aki 3romoM HAOY U II1H-
POKOTo 3acTOCyBaHHs. 30KpeMa, Horo ifies Ipo CTBOPEeHHSI KOCMiuHOI 6a3u peaJsiso-
BaHa Ha opbOiTanbHUX cTaHIiAX «Camor» — « Mup»; pakera 3 KpujamMu, 110 JIETUTH
y oBiTpi aK JiTak, — anapatu «Bypanu», «Cmetic IlaTi», «X00605».

10. B. KougpaTioK 3aIIpoIOHYyBaB i BJACHY cXeMy 0araToCTyIIiHYaCTOl PAKeTH.
Oco06a1BO BasKJIMBe 3HAUEHHS MaJjia Horo imesd rpasitarifinoro (mepTypbaiiifizoro)
MaHeBpPY, AKUU Biepiie O0yB s3miticHenuir y 1959 p. mig yac mosboTy aBTOMaTUYHOI
craHii «JIyma-3», 3amyIneHoi 3 MeTO0 (POTO3MOMKIU 3BOPOTHOTO 00Ky Micsairs.
Cxema nmoaboTy go HebecHux Tia 0. B. KorapaTtioka Oyjia BUKopucTaHa y Imporpami
«ATIOJIJIOH », KoJiu JifoguHAa BIIEepIlle BUHIILIA HA MoBepXHI0 MicArs i mricTh eke-
menuItiii gocrasuan Ha 3emitto maiike 400 Kr MmicsuHMX 3pasKisb.

IIpoBigHOIO BiTUN3HAHOIO HAYKOBO-I0CJIiTHOIO YCTaHOBOIO, Je BIIPoaoB:K 90 po-
KiB 3ailficHIOIOTHCA (DyHIAMEHTAJbHI JOCTiIMKEeHHA B Tanys3i MexaHiku, € [HCcTUTYT
mexaHiku iMm. C. II. Tumomienka HAH Ykpaiunu. Bin ctBopernuii y 1918 p. y ckaani
Bceykpaincbkoi akagemii HayK AK [HCTUTYT TeXHIUHOI MexXaHiKuU.

OCHOBHUMM HampsAMaMU HayKoOBOI po6oTum B IHCTHUTYTi €: MexaHiKa KOMIIO-
BUTHUX 1 HEOSHOPIZHMX CEePeIOBUII]; MeXaHiKa O0OJOHKOBHX CHCTEM; MeXaHiKa
3B’sI3aHUX TOJIIB y MaTepianzax i ereMeHTax KOHCTPYKILiiT; MexaHika pyHHYBaHHA i
BTOMMU; IUHAMIiKa i CTIIKiCTh MEeXaHIUHUX CHUCTEM.

TeopeTuuHi i1 ekClIeprUMeHTAJIbHI Pe3yIbTATH HOCHIIKeHb HAYKOBIIiB IHCTUTY-
Ty MeXaHiKM 3aCTOCOBYIOTH ¥ PAKeTHO-KOCMiuHi, aBiamifiniii, KopabaeOyaiBHiNi Ta
iHIIUX rajays3ax HayYKM 1 TeXHIKY Ta TeXHOJIOTIH.

Llikasi pakTtu

IMikaBuMu € GaKTH 1070 BUKOPUCTAHHS MEeXaHIUHUX IIPUCTPOIB Ha TePUTOPil
Kuiscekoi Pyci.

ITepmri sragky mpo BUKOPUCTAHHA MEXaHIUHUX IIPUCTPOIB IJId METaHHA Ka-
MiHHA i cTpin HasmesxaTh 10 X cr. KHa3bp CBATOCTIAaB 3acTOCyBaB iX y BifiHi 3 BizaH-
ritirgamu (1043). 3 X1 cr. 3ragyooThed CTiHOOUTHI MexaHidMu «TapaHu». MeTaJbHi
MAaIllMHU AJIs 000POHU HAaIlli npeaku Bukopuctaau y 1239 p., Kouu Bificbka Batusa




B3saau B o0sory Uepwuiris. IIpocTuii MmexaHisM gaBaB 3MOT'Y MeTATH KaMiHHS BeJu-
Kol Macu, sKe He i cuiay 0yJio DigHATY KiTbKOM JIOAAM. ¥ CIIOKiHiHI yacu Tapanu
posbupasu i 36epirasu B micrax.

B InariiBcbkomy gitonuci 1261 p. 3ragyoThCsa cCAaMOCTPiaN — JIYKKU 0COOJIMBOI
KOHCTPYKIIii. BupisuAmThCa caMOCTPiin KOJIOBOPOTHI, B OCHOBY Aii AKMX OyJI0 I10-
KJIaJeHO KOJOBOPOTHUN MEXaHi3M.

I1e panimre Hatri mparmypu moyaau OyAyBaTH 3aco0U IepecyBaHHSA IO CYIITL Ta
BOZi. 3a0BT0 10 IUCEeMHUX 3raf0oK BOHI POOMJIM YOBHU 1 KOpabJIi A IJIaBaHHA. ¥
866 p. kuiBchbKi KHABI Ackoiaba i [lip «Xoauau BoJo0» Ha IpeKiB. 3po3yMmisio, 1110 11e
0yJ10 6 HEMOYKJINBO 0e3 MICTKHX YOBHIB, PO3PAaXOBaHUX HAa BeJIUKY KiJIbLKiCTh JIOei.
Y 907 p. KHA3H HOBropoACchKMi Ta KuiBchbKuil Oser BucTynuB npotu BisanTii duio-
ToM y 2000 KopabJriB. 3 MMCeMHUX AKepesl BCTAaHOBJIEHO, 1110 KOPAa0JIi BUTOTOBJISAINCS
3 IepeB’THUX JOIINOK, AKi ImpocMosoBaiaucs. Ijida pisHoMaHiTHUX 1ToTpeb OyayBaau
YOBHU — BiJl MaJIEHbKUX IO BEIUKUX KOPaOJIiB (IOcamiB) — AJIA JaJIeKUX ITOXOIiB.

VYHiKaJIbHUM BUTBOPOM, IO BUMAarae HeaOMAKMUX 3HAHb MeXaHiKU, Tigpo- i
aepoAMHaAMIiKM € Ko3aIllbKa «uaiika». HYalika — Ko3allbKuil Y0BeH 3aBAOBKKHN 17,5 M
isaBBumKu 3,5 M 3’ABuBcA y nepiiii moigoBuHi X VI cr. CyaHOo BMillTyBaao KOMaHIY
3 50 oci6 i 6yJi0 ocHaItieHo 4 rapMaTaMu, XOAUTH MOTJIO Ha BecJiax i mig BiTpuiom. ¥
6yZiBHMIITBI yaiiok Opajy yuacTs Maiske IIiCTh JeCATKIB MaicTpis. Ii cmopymxen-
HsI TpUBaJIO ABa TUKHi. KOHCTPYKTHBHO Ko3allbKa uaiika yBiOpaJia B cebe JOCBifx
cymHOOymyBaHHA yaciB KHAKOI Pyci, cynHOOy1yBaHHA BiKiHTiB, MOPCHKUU JOCBif
kpaiu CepensemHoOMOp’ 5.

OKpiM BOOHOTO IIPOCTOPY, HAIIIL IIPaNTypy Majau HeabuaKi JOCATHEHHS B OCBOEH-
Hi MOBITPAHOrO OKeaHy. 3 JITOIMCIB BiloMUN OAMH HAA3BUUYAKHO IiKaBUil (PaKT:
KuiBcbKui KHA3B Oser npu 0061031 Iaprpana nyis 3ajisskyBaHHA BOPOTA 3aIllyCTUB Y
IMOBiTpA ImamepoBUX 030poeHUX BOIHiB i Koneii. IToxmiso!

VY cBiTJ/Ii pO3BUTKY HAYKHU i TEXHIKHU [IJIs1 HAaC BaKJIMBO Te, I110 IT00Y10Ba OBiTPsA-
HOTO 3Mid BUMAarae IeBHUX 3HAHb MEeXaHIKM 1 aepoAMHAMIKY i CBiIUYMTH PO BMiH-
HsI 3aCTOCOBYBATHU Ha IMIPAKTHUII ITi 3HAHHA HAITUMU IPEeIKaMU.




JIABOPATOPHI POBOTU

JlabopaTtopHa po6oTa Ne 1

BumMmiproBaHHsA cepeIHbOI IIBUAKOCTI PyXy Tija

Mema po6omu: HaBUUTUCH BUMipPIOBATU CePeIHIO MIBUAKICTh PYXY Tija.
IIpunadu i mamepianu: BUCOKA CKJIAHA TPYOKa 3 BOJOIO; TYMOBUI KOPOK; I'y-
MOBi KiJIbIIs; BUMipIOBaJIbHA CTPiUKa; CEKYHIOMIp.

7 N\
@ BkasiBKu L,030 BUKOHAHHS PpOOOTH
N

1. Hagitu Ha cKIAHY TPYOKY I'yMOBi KiJIbIls Ha JesaKiit Big-
craui [ omue Bix omHOrO (Man. 234) i BUMipaATH BifcTaHb MiK
HUMU BUMipIOBAJIbHOIO CTPiUKOIO.

2. HamoBHUTU CKJIAHY TPYOKY BOJOI0, SAJTUIIUBIIN Y Hill 1O-
BiTpaAHUY cTOBIYUK (6arkaHo, 100 HOT0 BUCOTA ITicaa 3aKpUBaH-
Hs TPYOKM KOPKOM HNpuOJIM3HO TOPiBHIOBAJA JiaMeTpy TPYOKM).
[IinpHO BaKPUTU TPYOKY KOPKOM.

3. BecranoBuTH TPYOKY BEPTUKAJIBHO Oy IH0AIIIKOI0 BHU3. 3a
JIOTIOMOTOI0 CEeKYHAOMipa BUMIipPATH Yac, IPOTATOM SKOTO OYJIb-
OaIrka MpoXOoAUTh BifIcTaHDb MijK MiTKaMu.

4. ocaig mpopobutu m’ ATh-BiciM pasis.

titty byt
n

[T R

5. Busnauuru cepesniii uac pyxy ¢ : ¢, =

Ie n — KiJTbKiCcTh JOCTiiB HA BU3HAUEHHSA Yacy.
6. OOUUCAUTU IJIS KOMKHOTO IOCJHiAYy aOCOJIOTHY MOXUOKY
BUMipIOBaHHA Yacy: At =t — ¢ .

7. O0UUCINTY CepPeNHI0 aOCOTIOTHY IOXMOKY BIMiPIOBAHHS UaCy: Man. 234
to-t |+t -t |+t -t [ +...
A tc — | 1 c | 2 c | 3 c .
n

i pesysbTaTH 3aTICATY IO TAOJIHITi:

Homep
TOCIixy
1
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t,c o (© At, c At ,c
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8. O6uncuTH cepefHIO MIBUAKICTH PyXy Oy abbamkuy 3a popMysIow v, = T

c




JABOPATOPHI POBOTH

9. BusHauuTy BifHOCHY MOXUOKY BUMipIOBaHHA Yacy €, (BU3HA4Yal4u BifHOC-

c

. A .
HY HOXUOKY, IOTPi6HO BpaX0OBYBaTH, ITI0 €, = ” JIVITITE TOJi, KOJIU 3pO0OUTH HE MeH-

C
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mre 10 gocaigis. SAkimo 6yio 5 gocaifis, To €, =t—c , KoJIu mocJiaiB 6yJso 7 — 8, To

24,
t
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10. BusHauuTu BifHOCHY TOXUOKY BUMipPIOBAHHA JOBKUHU ITPOUAEHOTO IIIAXY

81=A7l,/?[eAl=1MM.

. . Al At
11. BusHaunuTy BifHOCHY TOXUOKY BUMIipIOBaHb: €, =€, +€, = T+ ;o

c

12. BusHaunTu abCONMIOTHY MOXUOKY HEIPAMUX BUMipIOBaHb CePeIHbOI IITBU/I-
KOCTi pyxy: Av=", €, .

. . M
13. PesynbTaTy BUMipIOBaHb 3allMCaTU y BUIIAAL: V= (v, TAV) —.
c

KoHTponbHi 3anuTaHHs

1. (c) o Take cepenus mBuAKicTh? AK i BUsHaAUAIOTH?

2. (m) Tino pyxaeTbcA MPAMOJIiHINTHO, 3AiMCHIOIOYM 3a PiBHI iHTepBaJu yacy
OlHaKOBi nepemimnieHHa. Uu MoKHA 3 IIEBHICTIO TBEPAUTH, II0 PYX Tija piBHOMIp-
Huii? Yomy?

3. (B) CepenHio MIBUAKICTD PYXY TOUKHY HA KiTbKOX AIIAHKAX ILJIAXY O0UNCIIN-
JIU K cepenHe apu(pMeTHUHe IITBUAKOCTEH Ha MUX AiAAHKaX. Y1 MOKHA TaK poou-
tu? [losgcHUTH.

JlabopaTtopHa po6oTa Ne 2

HJocaigskeHHsa piBHOIIPUCKOPEHOTO PyXYy

Mema po6omu: noCcaiAnTI 3aKOHOMiPHOCTI PiBHOIIPUCKOPEHOTO PYXY.
IIpunadu i mamepianu: BUMipioBaJIbHaA CTPiUKa; CEKYHIOMIip; K0106; Habip
KYJBbOK; IIITATUB 3 MY(TOIO Ta JAMTKO0I0; METAJeBUH IIUIiHID.

7 N\
@ BkasiBKu 11,00 BUKOHAHHS pOOOTH
N

1. Jlyia BUKOHaHHS PpoO0TH HEOOX1JHO 3aKPIMUTH K000 3a JOTTOMOTOI0 IIITATH-
Ba y IIOXUJIOMY IIOJIOYKEHHI TaK, 11100 BrcoTa fioro Haxuy OyJja He 6ijbIna 3a b cM Ha
150 c™ moB:xkuHU (Mman. 235). Bina HUKHBOTO KiHIA $K0J100a IOKJIACTH Y HBOT'O Me-
TaJeBui MUIIHIP.




PI3SNKA 10 KJIOAC

2. TlokymacTu KyJbKY Ha BepXHil Ki-
HeIlb ’K0Ji00a, 11100 BOHA JOTOPKAJIACH [0

sdaTtuckaua (g yac TMOBTOPEHHA TOCJTimy
KYJBbKY ITYCKATH 3 TOTO CAMOT'0 MiCIIsI).

3. Bimmyctutum KyJAbKY 3 BEpPXHBLO-
ro KiHIA Kojioba i, IOBTOPIOIOYU OCJIiJ m ; \5
KiJlbKa pasiB 3 MOMKJIMBOIO CTapaHHiCTIO, ! | T B
BCTAHOBUTHU, SKi IepeMilleHHsA 3mificHIOE ! | ’
KyJIbKa 3a mepHiuii inTepBas uacy (At), 3a
IBa inTepBasau uacy (2At), 3a tpu (3Af) i T.
. [1y1st KOXKHOTO iHTEepBaJy Yacy BapTo 3pO-

OMTH TPU BUMipIOBAHHS i BUBHAUUTHU CePeIHE 3HAUCHHS.
4. Pe3yabTaTu IOCJIiAY 3alIMCATH 0 TaOJIMIII.

Man. 235

InrepBax uacy, At ¢ Ilepemimenns, s, m

Homep mocainy
At,c | 2At,c | BAt,c | 4At,c | s, M S, M S5, M S, M

1

2

3
Cepente
3HAUEHHA

5. IlepeBipuTu XapaKTepHY 0COOJUBICTh MPAMOJIiIHITHOTO PiBHOTIPUCKOPEHOTO
pyxy:
. . . — .« 92 .92 e n2
§,:8,:8,...:8 =1:22:3%...:n%

3po0UTH BICHOBOK.

[DopaTtkoBi 3aBOaHHS

BuwmipsaTu mpoiifeHe KyJIbKOIO ITIePEMIIIIeHHSA § Ta YaC CKOUYBaHHA ¢ i BUBHAUNTH:

1) MakCcUMaJIbHY IIBUJKICTH IIOCTYIAJIBHOTO PYXY KYJIBKHU;

2) MBUKIiCTh KYJIBbKY B CEPENHIil TOUIi $K0J1004a;

3) cepenHIo IMIBUAKICTD PYXY KYJIbKHU II0 JK0JIO0Y;

4) IPUCKOPEHHA PYXY KYJIbKHU.

ITopiBHATHM unMCIOBe 3HAUEHHA IIPUCKOPEHHA KYJIbKU 3 YKMCJIOBUM 3HAUEHHAM
mmepeMileHHs, 10 IPOXOAUTh KYJIbKa 3a MePITy CEKYHIY.

KoHTponbHi 3anuTaHHs

1. (c¢) Ilixg yac OyABL-AKOTO HEPiBHOMIPHOTO PyXy MIBUAKICTH 3MiHIOETHCA. SIK
XapaKTepuaye 110 3MiHy TPUCKOPEeHHA?

2. (n) Yu MmosKe MIBUIKICTh PYXY Tijia JOPiBHIOBATU HYJIIO, KOJI HOTO ITPUCKO-
PeHHs He NOPiBHIOE HYJIIO?

3. (B) Hu saB:KAu IpU PiBHOIPUCKOPEHOMY IIPAMOJIiHITHOMY pyci MaTepiaib-
HOI TOUKHU ILJIAXU, IIPOAeH] Helo 3a IOCJIiJOBHI OMHAKOBI iHTepBau Uacy, BimHO-
CATHCS K MOCJIITOBHUN PAJ HEIIAPHUX Yncea?




JABOPATOPHI POBOTH

JlabopaTopHa po6oTa N2 3

HocaimskeHHA pyxy Tijia mo Koy

Mema po6omu: 03HaIOMUTHUCA 3 BeJINUNHAMY, II[0 XaPaKTEPUBYIOTh PYX Tija

10 KOJIy.

ITpunadu ma mamepianu: KyabKa, OigBillIeHa Ha HUTI[i; IITATUB 3 KiIbIleM
i my(dramu; ceKyHAOMip ab0 TOAMHHUK 3 CEKYHIHOIO CTPiJKOI0, BUMiplOBaJbHA

CTpiuKa; apKyIII IIaepy 3 HaKkpecaeHuM Kojom (pazgiye 15 cm).

7 N\
@ BkasiBKu 11,010 BUKOHAHHS pO00OTH
NS

1. IIpuB’aA3aT HUTKY 3aBIOBKKU
01u3bKO 45 cM [0 KYyJIbKU I migBicuTH
Io Kinmpra mratusa (mag. 236).

2. IlpuBecTu KyJbKy B 00epTaHHS
Mo KOJIy pajiycoMm r, siKe HaMaJbOBaHO
Ha apKyIIi mamepy.

3. BuwmipaTu uac t, HanpukJan,
15 oGepriB Kyabku. llocain moBTOpPUTH
n’ AT pasis.

4. O6uucauTtu mepion T obepramHa
KYJIbKH.

5. OOumcauTy cepemHe 3HAUYEHHS
KYTOBOI Ta JIiHIAHOI IIBUAKOCTEN PYyXY
KYJbKM, a TaKOK TOIEHTPOBOTO TIPU-
CKODEeHH4.

6. PesynbTaTyt BUMipIOBAHb Ta O0UMCIIEHD 3aTIUCATH 0 TAOIUITi:

L

Man. 236

Homep pocxixy t,c N

T,c

®, pag/c

v, M/C

a, m/c?

OUix W ||

Cepente
3HAUEHHSA

JDopaTtkoBi 3aBoaHHSA

1. 3’acyBaTu, U1 3MiHUTHCA TIepios obepTaHHA KYJIbKY, SKIIO paXxyBaTu He 15,

a 30 obepris.

2. Yu 3amiHUTHCA Hepion o6epTaHHA, SKIO paaiyc o0epTaHHSI 3MEHIIIUTH Y ABa

pasu (JOBXKUHY HUTKY 3aJTUIIUTU HE3MiHHO0)?




PISNKA 10 RKJIAC

3. K sMiHUTBCSA MOAYJIb KYTOBOI Ta JiHiIHOI MIBUAKOCTEH KYJIbKHY Ta ii JOIeH-
TPOBOTO IPUCKOPEHHA, AKIIO pagiyc odepTanud 30iabimuTu y 2 pasu?

@ KoHTpOnbHi 3anuTaHHs

1. (c) Yu mosxke Tijio pyxaTucsA KPUBOJIiHITHOIO TPAEKTOPieio 663 IPUCKOPEeHHA?

2. (m) Touka pyxaeThbcs IO IIeHTPA IO CITipaJi 3i cTajoo 3a MOAYJaeM IIBUIAKIC-
T10. Y1 3MiHIOIOTHCA 11 mpuCcKOpeHHd i mepiox?

3. (B) Toukuii 06pyu 3 pamgiycoMm R pO3TaHAOTH MO0 TOPU30HTAJbHIN MiIaHITL
nmoporu 6e3 BuOOiH. [Ipm sKOMYy 3HaUEHHI MHUTTEBOI MIBUAKOCTI V IOCTYIAJIBLHOTO
pyxy obpyua BiH BimipBeThcs Bif moporu (IiACKOYUTD)?

JlabopaTtopHa po6oTta Ne 4

BumiproBaHHS cuI

Mema: HaBUNTHCH BUMIPIOBATH CUJIN 34 JOIIOMOI'0I0 JMHAMOMETPA, BU3HAYATH
PiBHOZIHY CcuJI, IePEeKOHATHCH Y CIIPaBeAJIMBOCTI IpaBMIa IIapaJjejorpamMa Ipu 10-
ITaBaHHi CHJI.

IIpunadu i mamepianu: 1abopaToOpHUH MITATUB; AepeB’ THA JOIIKA 3 IIBAXaMU;
IWHAMOMETPU; T'YMOBUI ITHYP; HUTKHU; apKyIIl Iamnepy; Habip BaKKiB Macoo 1o
100 r; osiBelb; KHOIIKY KaHIEJIAPChKI; JiHiliKa.

7 N\
@ BkasiBKu 11,030 BUKOHAHHS PpOOOTH
N

Buwmiprosanhs cun, ujo ditomdv Y3008 00Hi€T npAMOL.

1. SakpinuTy Ha MITATUB] KOPIIyC JUHAMOMETPA Y BEPTUKAJIbHOMY ITOJIOYKEHHI.

2. IIigBicuTu mo rauka mmHamMoMeTpa Tpu TArapii macor mo 100 r. [o rauka
BEPXHBOT'0 TATAPIA IPUUEIUTY iHINTNH Ja00paTOPHUN AUHAMOMETD i MOTATHYTH 3a
HBOT'O BI'OpPY, 11100 MOKaKUUK AuHaMoMeTpa nmokasyBas 1 H. 3adikcyBaTu sHaueHHA
CHUJIN, IKY OKa3ye AUHAMOMETD, 3aKPIiMlJIeHUH y IMITaTUBi. 3p0OUTH BUCHOBOK IIPO
JIolaBaHHS CWJI, ITI0 JiIOTH Y3J0BIK OFHi€I IpAMOI y IPOTHIIEKHUX HATIPAMAX.

3. IligBicuT; Mo rauka guHamMoMeTpa aBa Tarapiii macoio mo 100 r. o rauka
HUKHBOTO TATAPILA MTPUUYETTUTH iHITU JTab0PATOPHUN TMHAMOMETD i MOTATHYTH 3a
HBOT'O BHU3, 1100 MOKAKUYNK fuHamMoMeTpa moxkasysas 1 H. 3apikcyBaru sHaueHHsA
CUJIN, AKY IIOKA3y€E TUHAMOMETD, 3aKPillJIeHUH y MITAaTUBi. 3pOOUTH BICHOBOK IIPO
IomaBaHHS CUJI, IIIO JiIOTHh Y3OOBK OHi€l MPAMOI B OJHOMY HaIPAMi.

Buwmiprosarnhs cum, ujo ditomuv nid Kymom.

1. ApKyIl mamepy 3aKpiluTy KHOIIKAMY Ha JepeB’sHik morrmi. 'ymoBuii miayp
i HUTKY 3B’sA3aTH, 11100 YTBOPUBCS BY30JI, i 3aUENINTHY HA I[BAXAX TaK, AK IIOKa3aHO
Ha maa. 237. OniBlieM BiIMiTUTH Ha apKYIII Ialepy MOJIOMKeHHA By3Jia.

2. CKuHyTHU 3 IIBAXa OAHY IIETJII0 i, 3aUenuBIu i 3a TaUOK AUHaMOMeTpa, Ha-
TATHYTU HUTKY TaK, 100 BY30J 3aliHAB Te caMe IIOJIOJKEHHA, AKe BiH 3aiiMaB M0
CKUIaHH4 meTyi. 3adikcyBaTu MOKasu JUHAMOMETDPA.




JABOPATOPHI POBOTH

3. AnaJjoriuni il mpopoduTH 3 iHIIIOIO
meTJIero.

4. 3HATH HUTKHU 3 [IBAXiB, 1 HA apKyIIIi
mamepy moOyAyBaTH IapajejiorpaM CHJ Y
mactiTabi 1 em = 0,5 H.

5. BusHauuTu MOYJIb PiBHOMIHAHOI CHJI.

6. 3auenuTy TyMOBUWH NIHYD 3a IBAX,
a OJHY 3 IeTeJIb 3a TaY0K JUHAMOMeTpa. 3a
IOTIOMOTO00 TMHAMOMEeTPAa HATATHYTHU HUT-
Ky B3IOB:K JiaroHaJi mapaJjejorpama, Tak
100 BY30JI 3afiHAB CBO€ IIOJIOKEHHS. 3a-
dikcyBaTu IOKas3u JUHAMOMETPA. Man. 237

7. IlopiBHATH OCcTaHHI i momepenHi pe-
3yJbTAaTH BUMIiPIOBAHHSA MOAYJIS PiBHOMITA-

HOI cuJj. 3poOUTH BUCHOBOK.

DonatkoBe 3aBAaHHSA

Hocaidumu 3anexcnicmov 8esudUHU Pi6HOOIIHOL 080X cUl 6i0 6eAULUHU KYMA
MINHC HUMU.

IBa nuHAMOMETPH 3’€IHATH HUTKOIO, M0 AKOI mifBicuTu Tarapemns Baroo 1 H
(man. 238). 3minooun KyT Mik HUTKamu Big 30° mo 150°, BusHauaTu piBHOAINHY
CUJI HATATY HUTOK. 3pOOUTU BUCHOBOK.

@ KoHTponbHi 3anuTaHHs

1. (c) dAxuro Ha Tijo AifOTH AeKiJbKa CuJ, SK BU3HAYAIOTH PiBHOAIMHY ITUX
cun?

2. (m) Yz MOKyTh YPiBHOBaKyBaTUCh TPU OAHAKOBI 3a MOAYJIEM CUJIU, AKi He
JIeXKATh B OHIN IIJIOIMHI?

3. (B) Hu mosxHa OyTU BIIEBHEHUM Yy TOMY, 1110 KOJM Ha TiJ0 AilOTH ABi IpOTH-
JIe’KHI CUaM, TO BOHO 000B’sIBKOBO Ma€ pyxXaTuch y HampaAMi 0iibIol 3a MomyieM
cuiau?




PI3SNKA 10 KJIOAC

JlabopaTopHa po6oTa N2 5

JocaiaskeHHA pyXy Tijla, KHHYTOTr0 TOPU30HTAJIBHO

Mema po6omu: pocaizutu pyx Tina, KUHYTOTO

TOPUBOHTAJBHO, i 3’AcyBaTu

(YHKI[IOHAJIbHI 3aJI€KHOCTI MisK BeIMUUHAMHU, 1110 1OT0 XapaKTepusyioTh.
IIpunadu i mamepianu: rigifika 3 MisTiMeTpOBUMU HOAITKAME; IITATUB 3 Myd-
TOIO i JIAIIKOIO0; MeTaJeBUuil K000 [Jid MyCKaHHS KYJIbOK; KyJbKa; IIallip; BUCOK;

KJIeliKa cTpiuka (CKOTY); KOIiIoBaJIbLHUN mIalmip.

N\
&)

1. 3a momomoOrom ITaTuBa
3aKpinmuTy K0s00. 3armyTuii
KiHemp k01002 Mae OyTu pPo3-
TaI0BaHO TOPUBOHTAJBHO HAa
BucoTi A = 3 cM BiJ mOBEpPXHi
croay (man. 239).

2. 3adixkcyBaTy KJIEHKOIO
CTPiYKOIO HA CTOJIi JOBTY CMY K-
Ky mamepy. ¥ MicIlli MOXKJIMBOTO
NagiHHA KYJbKH IIOKJIACTUA KO-
miroBaJIibHUII mamip. 3a [I0mo-
MOT'00 BUCKA BU3HAUYUTHU TOUKY

BkasiBKu 11,00 BUKOHAHHS pO00OTH

A Binm AKOI BUMipATHU JaIbHICTH

|
Rl
i
0 ;

OJIBOTY [.

&

= AL __ ___ N

3. 3MiHIOIOUK BHCOTY KO-

no6a h,= 12 cm, h,= 27 cwm,
h,= 48 cm, BUMipATH BiANOBiA-

Hi manpHOCTI TOABOTY L)) L, 1.
Y KoXHOMY BUIIAAKY IOCJiJ
HOBTOPIOBATH II’ ITH pasiB, myc-

Man. 239

Kaouu KyJbKY 3 TOTO CAMOTO MicIlsd »K0J100a i BUMipioroun 11opasy gajabHICTh IO-
Jb0Ty [. O0UMCINTHY cepeHE 3HAUEHH S JaJIbHOCTI ITOJBOTY IJIs KOXKHOTO BUIALKY.
PesysbTaTy BUMiprOBaHb i 00UMCIeHD 3aIIMCATH Y TAOIUITIO:

e e dikcoBana JanasHicTh Cepenne
BHCOTA MOJIBOTY, [, cM 3Ha4deHHA | , cM
1 h, =38 cm
2 h,=12cm
3 h,=27cm
4 h,=48 cm

4. [ToBecTH, 110 IIiJT Yac pyxy Tijia y IMOJi 3eMHOTO
BigHomenna: [ :l,: 1,11, =1:2:3:4.

TAXIHHA BUKOHYEThCA CIIiB-




JABOPATOPHI POBOTH

5. BuxopucroByrouu fJaHi [0CIiy, KOJU KyJIbKa JeTiia 3 Bucotu i, = 48 cm, 00-
YHCJUTH CePeIHE 3HAUEHHS I0YATKOBOI IITBUAKOCTI 3a (DOPMYJIOIO

g
Vo, =l 4| —-
Oc c 2h
6. O0uucanTY BiTHOCHY TOXUOKY BUMipIOBaHb:
1 1 Al Ag AR
€, =€+, +-g, =—+—+—,
2 2 l g h
M M
ne Al=Ah=1mm, Ag=0,02— npu g=10—;.
c c

7. O6uucanTy abCOTIOTHY HOXHOKY BUMipIOBAHHSA IIBUAKOCTL AV, =V, ‘€, -

. . M
8. PesyspTaT BUMipIOBaHHA 3alIMCATU Y BUTIIAAL V, = (V,, £ Av) —.
c

DonatkoBe 3aBAaHHSA

IToOyayBaTu TpaeKTOpPiio pyxXy KYJAbKH.

15 1THOT0 BUKOPMCTOBYIOUH JAaHi OCTAHHBOTO OCTi LY i KOPUCTYIOUNChH GOpMy-
2

aamul=v, ti h=h, _& BUBHAUMUTH KoopauHaTU [ Ta h KyabKu uepes KoxkHi 0,05 c.
¢ 2

3anmucary 3HAYEHHS J0 TAOJIMINi:

t,c 0 0,05¢ 0,10c 0,15¢ 0,20 c
L, m 0
h, Mm 0,48

Haxpecautu TpaeKTopio pyxy KyJbKHU.

@ KoHTpOnbHi 3anuTaHHs

1. (c) e — ma 3emui uu Ha MicAri — 6ijabIlle 3MiCTUTHCA TiJIO IO TOPU30HTA-
JIi, AKIIO OT0 KUAATH TOPUBOHTAIBHO 3 OJHAKOBOI BUCOTH 3 PiBHUMU 38 MOAYJIEM
IMIBUSKOCTSMM?

2. (m) OBa rina KuHyIU 3 AT TOPUBOHTAIBHO 3i IMMBUAKOCTAME, OJHA 3 SKUX
OinpIma 3a OIpyry B Tpu pasu. ke 3 Tija ymamge mepiium?

3. (B) HeBenmukuii KyOMK moMicTuam Ha BepHInHi miBchepu. Kol mouaTkoBoi
IMIBUAKOCTI Tpeba HagaTu KyOUKY, I[00 Bij MOIITOBXY BiH ogipBaBcA Bin miBcdepu
Bifpasy micJis mouaTky pyxy?
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JlabopaTopHa po6oTa N2 6

BumiproBaHHSA :KOPCTKOCTI

Mema po6omu: eKCIepUMEHTAILHO IepeBipuTy 3aKkoH ['yKa i BusHAUMTH $KOD-
CTKiCTBh T'yMHU.

O6nradnanna: TyMOBUii MIHYDP AO0BKUHOIO 20—30 cM 3 IPOTAHOIO ITETEIbKOIO Ha
omgHoMy KimIi; Habip BaxkkiB mo 100 r; nmHamMoMeTp; JiHiIAKa; IITAHTeHIIUPKYJIb;
IIITaTUB.

7 N\
@ BkasiBKu 11,00 BUKOHAHHS pO00OTH
N

1. 'ymoBuii MIHyp, i3 meTae0 HA HUKHBOMY KiHIli, 3a-
Kpinutu y mratusi (maza. 240). llopax 3akpinutu JiHIHKY ¥
BEPTUKAJIBHOMY IIOJIOMKEHHI.

2. Kosu 1o OpysXUHU MiABiCUTH TATapellb, TO BHACTILOK

Iil 3eMHOTO TSAKiHHS BiH PyXaeThbcsA BHU3 i PO3TATYE IIPYy- =
JKUHY IOTH, JOKU CUJA TSAKIHHA He BPiBHOBAKUTHCSA CUJIOIO 30-
MPY?KHOCTI, 1110 BUHUKAE y IPysKuHi. ToMy 3a 3HaUEeHHS CUJIA _g'
IPY*KHOCTL an OymeMo mNpUiMaTU Bary TArapilis. Z(E
3. IligBicuTu ommu TArapeib. HoMep HOTiIKM IIKaJJIN =
JiHIAKY, HaBIPOTU AKOI 3HAXOAUTHCA IauoK TATapIld, BBa- —
JKaTH 3a IIOYATOK BiUIIKy BUIOBIKEHHSA I'yMOBOTO IITHYPA. 1%
4. Ilicas mporo miABirryBaTu g0 I'YMOBOTO IITHYpa IO OJ- =
HOMY TATAPIIO i BigMmivaTy 1mopasy 3a IIKaJI00 JiHIAKY I10- | 05 |
JIO}KEHHSA rauyKa BEPXHBOTO TATAPIA.
PesyabTaTu BUMiploBaHb 3amucaTu 10 TaOIUIII.
Man. 240
Howmep Fp=mg,H p="8 H
q m, KT M - » —
ROCTLLY (IlpuitaaTu g = 100—2 ) ], LI
1
2
3
4

5. 3a rapumMu Ta0auIl To0yAyBaTH rpad)ik 3aaeKHOCTI CHJIN IIPYKHOCTI Big Bu-
IOBXKEHHsA I'yMOBOTO ITHypa. IIpu mobymoBi rpadiky 3a pesysbraTaMu BUMipIOBaH-
HSA eKCIIePUMEeHTaJJbHI TOUKY MOKYTE He JIe;KaTH Ha OGHIN IIpAMill, 110 Bigmosigae
bopmyui F, = k|x . e moB’sA3aH0 3 MOoXMOKaMu BUMipIOBaHb. ¥ IIbLOMY BUIIAIKY
rpadik ciig 6yayBaTu Tak, 100 IpubJIM3HO0 OJHAKOBA KiJIbKiCTh TOUOK OyJIa 1o pis-
Hi 60KHU Big mpsaMoi.

6. 3a TaHTeHCOM KyTa HaxXWJy rpadiky BUSHAUUTH »KOPCTKicThb. Ile i Oyae 1ry-
KaHHUM CepeJHIM 3HaueHHAM JKopcTKocTi k,. IlopiBHATH Iioro 3 manmmu Tabsummi.
3po0UTH BUCHOBOK.




JABOPATOPHI POBOTH

7. O6GUUCINTH BiJTHOCHY TOXUOKY HEIPAMUX BUMipIOBaHb (CKOPUCTABIIIUCH A~
HUMU TIEPIIOTO JOCJiTy)

A A

8k:8m+8g+€x:_m+§+_x,
m g x

M M

ne Am=0,002kr, Ax=1mm, Ag=0,02— mpu g=10—.
c c

8. Busnaunutu Ak=¢,k, i pe3ysbpTaT BUMipIOBaHb 3allUCATH Y BUTJIALIL:

k=(h, + AR
M

DopatkoBe 3aBAaHHSA

Busnauyumu modyav npyxcHocmi ymu.

1. OgiBuiem (2060 PyYKO0I0) HaHECTU HA TyMOBUIi MIHYpP ABi MmiTKu. JIiHifIKOIO BU-
MipsaTH Bigcraus (1)) Misk MiTKamu.

2. lo HMKHBOT'O KiHIA IIHYpa ImiagBicuTu nqBa BaHTaKi. Bumiparu Bigcraus (1)
MiK MiTKaMu Ha POSTATHYTOMY IIHYDI.

3. SKImo mIHyp Mae KpyrJuii mepepis, To BUMipaTH AiameTp 1rHypa (D) mrau-
TeHIIUPKYJIEM.

SAKImo MrHyp Mae IPAMOKYTHUH Imepepis, To BUMIpATH JiHIHIKOI0 TOBXKUHY (a)
i mITaHTeHIUPKYJaeM IUPUHY (b) IPIMOKYTHOIO IIepepisy IIHypa ¥ PO3TATHYTOMY
craHi.

4. Moayap IOHra o6umcanuTH 3a AOIOMOTOIO0 PO3PAXYHKOBOI (OpMyJsIHm: AJA
IIHYypAa, IIT0 Ma€e KPYIJINi mepepis:

PR tFlo :
nD*(I-1,)

IS IITHYPA, 1110 Ma€ IPAMOKYTHU mTepepis:
g fbh
ab(l-1))

5. O0uyucanTH BiTHOCHY Ta a0COJTIOTHY MTOXMOKY BUMipIOBaHb.

KOHTpOnbHI 3anuTaHHs

1. (c) Braskirts npaBmibHUiA sanuc sakony I'yra: F =—k% , (an)x =—-kx, F=—kx .

2. (m) fx 3’egHaTH YOTUPU HPYKUHU 3 ;KOPCTKOCTAMU 10 2 H/M KoKHaA A
ollep:KaHHs 3arajabHOI sKopcTKocTi 3/2 H/M?

3. (B) Ileprra mpy:kuHa B k pasiB goBIITa Bi Apyroi i BUTOTOBIEHA 3 IPOTY B P
pasiB menIoro giamerpy. IlopiBHsaTE iX JKOPCTKOCTI.
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Jl1abopaTopHa po6oTa N2 7

BumiproBanusd Koedimienra reprsa

Mema po6omu: BusHaunTH KoedilieHT TepTA KOB3AHH |l [ePeBa II0 JePEBY.
IIpunadu ma mamepianu: fuHAMOMETD; NepeB’saHUN OPYCOK; nepeB’sHA IO-
mrka; Habip Tarapiie mo 100 r.

Z N\
@ BkasiBKu 11,030 BUKOHAHHS pO0OTH
N7

1. TlokmacTm Opycok Ha
TOPHU30HTAJIBHO poamimieHy
mepeB’aHy gomiky. Ha 0Opy-
COK TIOCTABUTHU OAUH TATapeIb
(man. 241). Ilpukpinousiiu mo
Opycka [OmHAMOMETD, PiBHO-
MipHO TATHYTU ¥MOTO B3JOBXK
IOIIKM. 3anmucaTu IPU IBOMY
mokasu auHamomeTtpa (e 0yme
3HAUYEHHSA CUJIU FTep).

2. BusHauuTu Bary Opycka 3 TArapieM (Ile € cujia HOpMaJbHOrO TUCKY N Ha
ILJIACTUHY ).

3. BusHauuTtu KoedilieHT TepTa KOB3aHHA 32 (DOPMYJIOIO Ll = FTep/N .

4. JTo mepIIoro TArapiid A0oJAaBaTH II0 Uep3i Apyruii, TpeTiii Ta IPOBOAUTU BU-
mipu. PesyabraTu samucaTu g0 TAOJIMUINi:

Man. 241

Homep F ,H N, H u "
TOCIiLy rep c
1
2
3

5. 3a pesyabTaTaMu BUMipiOBaHb MOOyAyBaTu rpadik 3aeXHOCTI CUIU TEePTA
Bifi cMyiu HOPMAaJILHOTO TUCKY. BusHauuTu cepenHiil KoedimieHT TepTa KOB3aHHA
3a TaHTeHCOM KyTa Haxuay rpadiky. IlopiBHaTu fioro 3 ganumu Tadbauii. 3poouru
BHUCHOBOK.
6. 3a JaHMMU IEPIIOTO JOCJHiNYy O0YMCINTY BiZHOCHY IMOXUOKY BUMipIOBaHHA
KoedimienTa TepTa
AFjrep AN

8u=€FHP+8N= 7 +7,

Tep

ne AF, =AN=0,1H.

7. O6uncanTy a6COMIOTHY MOXUOKY AL =€, L, .

8. PesysipTaT 00UNCIeHD 3aIIMCATH Y BUTJIALL: =L, T Al .
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JopatkoBe 3aBAaHHSA

Bcmanosumu 3aaexcHicms kKoepiyicuma mepms 6i0 napamempis mepmuovosux
Nno6epxoHb.

1. BusHauuTtu KoedillieHT TepTA KOB3aHHSA JepeBa IO JepeBY, KoJau OPYCOK
TpeThes 00 AepeB’ AHy AOIKY BY:KUO0 rpaHHI0. [lIopiBHATH ofiepsKaHi 3HAUEHHSA KO-
editienTa TepTa. 3po0UTH BUCHOBOK TIPO 3aJIeKHICTh KoedillieHTa TepTd KOB3aHHA
BiJ IIJIOIIi TEPTHOBUX IIOBEPXOHb.

2. HakjeiTu Ha HUIKHIO I'PaHb OpycKa marip (a6o Oyab-AKUH iHIITWE MaTepiai).
BuszHaunTy KoedinieHT TepTA KOB3aHHA Y [bOMY BUIIJKYy. 3POOUTHU BUCHOBOK.

3. BusnHaunTtu; KoedimieHT TepTa KOUEHHA AepeBa IO JepeBy. iasa mporo cko-
pucraTuch AepeB’SHUM MUJIIHAPOM i3 3aKpillIEHHM HA HBOMY raukoM (raduox Mae
OyTHu 3aKpiIlIeHu TaK, 11100 IMIIiHAP Mir KoTuTuck). IlopiBHATH KoedilieHT Tep-
Ts KOB3AHHS Ta KOUEHHS JepeBa I10 JepeBy. 3poOuTH BICHOBOK.

@ KOHTpOnbHi 3anuTaHHs

1. (c) Hu mokHA Y (POPMYJIi CUIU TepPTH FTep =uN, 3amicTb MOAYJIiB CHJI FTep iN
MMOCTABUTU BEKTOPHU IUX BEJTUUNH?

2. (m) AxkuM YyMHOM BILJIMHE Ha CUJIY TePTS 3HUKHEeHHS MoBiTpa?

3. (B) Hakpeciits rpadik sanexuocTi moxys cuau F rep> 1LHO Iie 3 OOKy ropu-
30HTAJbHOI ILJIOIMHY Ha OPYCOK, PO3MillleHunit Ha Hill, BiJ MOAYJIis TOPU30HTAIbHOI
cunu F , npuknageHoi 1o 6pycka. MoAy/Ib MAKCUMAIBHOL CHJIM TEPTS CIIOKOIO L0~
piBHIOE F .

JlabopartopHa po6oTta Ne 8

HocaimskeHHa piBHOBATH TiJ I i€10 KiTbKOX CHJI

Mema po6omu: BCTAaHOBUTH CIIiBBiTHOIIIEHHA Mi’K MOMEHTaMU CUJI, IIPUKJIaLe-
HUX 0 IIJeUeil BajKeJis i uac oro piBHOBaru.

IIpunadu i mamepianu: ginitika; [TUHAMOMETD; IITATUB 3 My(MTOIO; BaKijb;
Habip TarapiiB macoro 100 r.

@ BkasiBKu 11,010 BUKOHAHHS pO00OTH
N7

1. BcTaHOBUTH BasKisib Ha IITATUBI i 3piBHOBAKUTHU MOT0 Y TOPU30OHTAJIBHOMY
MOJIOKEHHI 3a JOMOMOTO0IO ITIePeCYBHUX IMafioK, PO3MIiIeHUX Ha MOT0 KiHIAX.

2. IligBicuTu; TATapenp y MeBHil TOUIli OJHOTO 3 IIJIiU BasKeJsd.

3. IligBicuTH; KifbKa TATApPIIiB B 04HY ab0 KiJibKa TOUOK iHIIIOTO IIjIeua BasKesasa
TakK, {00 BaK1Jb 3aJUINKUBCA y PiBHOBa3i. BuMiparu JiHINKOI0 JOBKUHY ILIiU CHJI
TAMKIHHA, 10 IPUKJIAIEH] 10 KOMKHOTO TATaPILA.

4. IToBTOPUTH JOCJi TPU pasu, 3MiHIOIOUH IIOJOMKEHH i KiIbKiCcTh TATapIIiB.

5. BusHauuTu 3HaUueHHA BCiX MOMEHTIB CHUJI, 1110 Ail0OTh HA BayKijb; CyMy MOMEH-
TiB cust M, 1110 06epTaloTh BayKijib 32 TOAUHHUKOBOIO CTPLIKOI0, Ta CyMYy MOMEHTIB
cun M____, 110 06epTalTh BaKiJb IIPOTU TOANHHNKOBOIL CTPIIKH.

TIPOTH
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6. SanmucaTu gaHi 10 TabJaMILi:

M le ll FmZ lZ Fm3 l3 Fm4 l4 Ml M2 M3 M4 Msa npoTH
1.
2.
3.
7. IlopiBusaTu Bignomenusa M /M por 3 1
OAWHUIIEIO i 3pOOUTYU BUCHOBOK. < ; > < Ly >
8. IIpuKpinuTy A0 OMHOrO 3 ILJIiU He- D
3piBHOBasKE€HOI'0 BayKeJld 3 TATapIAMU OU- K T H
HamoMeTp i BusHaumutu cuiny F, axky Tpeba |£|
MIPUKJIACTHU [0 BasKeJis, 1100 BiH OyB y piB-

HoBasi (maz. 242).

9. BumipaTru JiHIAKOIO JOBMKUHU ILJIiY
CUJI TAMKIHHS, IO NPUKJIAAEHI 10 KOKHOT0
TATAPILA Ta IIJIedue JUHAMOMETpa.

10. IToBTOpPUTH Hmocainm 3 pasu, 3MiHIO-
IOYM MOJIOKEHHSA Ta KIJIbKiCTh TATapIliB. .

11. BusHauuTu 3HaUYeHHS BCiX MOMeEH-
TiB CUJI, IO MiIOTHh HA BayKiJIb; CyMy MOMEH-
TiB cun M, 110 06epTaiTh Ba)iib 3a ro-
IVHHUKOBOIO CTPLJIKOIO, TA CYMYy MOMeHTiB cuit M porn? IO 00epTaioTh BasKiJb IPOTH
TOAMHHUKOBOI CTPiIKH.

12. BanucaTtu gaHi 70 Tabauili. 3po0UTH BUCHOBOK.

Man. 242

M le ll Fm2 l2 F l3 Ml M2 M3 Maa anowu
1
2
3
[DopaTtkoBe 3aBAaHHSA

ITpukpinuTy 10 BaKess y ABOX TOBLIbHUX Miciax Tarapii macoo 100 ri 6ias-
mre. BusHaunTu JUHAMOMETPOM CHUJIY, AKY Tpeda MPUKJIACTHU IO OJHOTO 3 KiHIIiB Ba-
JKeJIsI BePTUKAJIbHO Bropy, 1100 Bakias OyB y piBHOBa3i. 3poOUTH BICHOBOK.

@ KOHTpOnbHi 3anuTaHHs

1. (c) PiBHogifinma mpuKJIaZeHUX OO Tija CHJ i cyMa iX MOMEHTIB HOPiBHIOE
HyJ10. AKUM MoKe OyTU MeXaHiuHUit cTad Tina?

2. (m) Yomy Baskinb y cTaHi piBHOBaru 3aiiMae ropu30HTAIbHE TOJOKEeHHA?

3. (B) Ho Tina mpukJazeHi IBi OfHAKOBI 3a MOyJjeM i MPOTUJIEKHI 3a HATIPA-
MOM cuau. 1Ko MosKe OyTU iXHsA Oisd Ha Tijgo?




JABOPATOPHI POBOTH

JlabopaTopHa po6oTa N2 9

BuszHaueHHd HeHTpPaA Mac IJIOCKUX Qiryp

Mema po6omu: HaBUNTUCH EKCIIEPUMEHTAIbHO BUBHAYATY IIEHTD Mac (TAXKiH-
H) IJIOCKUX (iryp.

IIpunadu ma mamepianu: Girypu, Bupisani 3 kapTony; JiHiifiKa; BUCOK; 0y-
JIaBKa; MepeB’ AHUI KOPOK; IIITATUB i3 My(TOI0 Ta 3aTUCKAUEM.

7 N\
@ BkasiBKu 11,080 BUKOHAHHS pO0OTH
N7

1. Bupisatu 3 KapTOHY Tpu (Qirypu: meHTpaIbHO-
cuMeTpuuHy (KPyT, KBagpaT abo pom0); TaKy, IO Mae
¢dopmMy HepiBHOGIUHOTO TPUKYTHUKA; (Pirypy Hempa-
BUJBHOI (pOpMHA.

2. 3akpinuTu y 3aTHCKaUi IITAaTHBA AepeB’SHUM
KOpoK. IIpokoJsioTy ogHy 3 (piryp Oy1aBKOIO i BCTpOMII-
T4 ii B KOpoK (man. 243). 3nerka moxuryiouu Qirypy,
mepeKoHaTHCHA, 1110 BOHAa IepebyBae y cTaHi cTifiKkoi piB-

HOBaru. 0
3. Ha OyaBKYy HamiTH meTeJbKY HUTKHU BHICKA.
4. ITo niHii BucKa mocTaBuUTH MiTKU. S3HATHU Qiry- / /
Py 3i miTaTmBa i HaBecTH JiHiIO BimBicy ojiBileM Imifg
JiHIUKY. Man. 243

5. IToBropuTu mocuainx ABiui, mpokoJoBIIU Girypy
B iHmwux micnax. BusHaunTy neHTp TAKIHEA Qirypnm
(TOUKY IIepeTUHY ITPOBEIEHNX IIPAMUX).
6. BusHaunTy MeHTp TAKIHHA IJId IBOX IHINMNX (Piryp. 3poOUTH BUCHOBOK.

DonatkoBe 3aBAaHHS

Busnayumu koopOunamu yenmpa mac naocKux mis, 300paxenux Ha mau. 244.

Man. 244

KoHTponbHi 3anuTaHHs

1. (c) HumMm BimpisuAOTHCA yMOBY PiBHOBAru MaTepiajbHOI TOUKHY BiJi yMOB PiB-
HoOBaru Tijna?
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2. (m) YoMy BasKKO TpUMATH B OOHIil PYIli KiHeIlb AysKe JOBTOl MaJulli y TOPU-
30HTAJIBHOMY IIOJIOKEHHI?

3. (B) 3a AKUX yMOB BiJIbHE TiJIO B iHepIliaJabHill cucTeMi BifJIiKy pyXaeTbcs 3
MOCTiHHUM IIPUCKOPEHHAM ?

JlabopaTtopHa po6oTta N2 10

JociaigsKeHHs IPYsKHOTO yAapy ABOX TiJ

Mema po6omu: iepeBipuTH BUKOHAHHS 3aKOHY 30epesKeHHA iMITyIbey i uac
IIPYKHOTO yAapy ABOX TiJI.

IIpunadu ma mamepianu: niniifika 3 MiJiMeTpOBMMU MOJITKaMU; INITATUB 3
MY@TOIO i JIATTKOI0; POTAHUM K0JI00 IJIA MyCKAaHHA KYJIbOK; MeTajJeBi KYJIbKHU Pis-
HOI Macwu; JIOTOK 3 MiCKOM, Tepesu.

7 N\
@ BkasiBKku L,030 BUKOHAHHS PpOOOTH
N

1. 3a IOIIOMOTrOIO0 IIITATHBA 3aKPiIUTH KO-
J100. 3aruyTuii Kinemp K0Ji00a IOBUHEH OyTH
posTaIloBaHo ropus3oHTaabHO (Man. 245). Ha
CTiJI, y MiCITi MOKJIMBOTO MAAiHHSI KYJIbKH, II0-
KJIACTH JIOTOK 3 IiCKOM.

2. 3a IOTTOMOTOIO Tepes3iB BUMipATH Macu ~

AR

KYJIBbOK M, Ta m,. N

3. Ilyctuty KyapKy OijbIIol Macu Bijb- | \ \\
HO KOTUTHCS IO »K0Jio0y. IToBTOpUMTH mOCTig h: \ \
I’ ATH pasiB, MyCcKaoun KYJIbKY 3 TOTO CAMOTO | \\ \
Miciis sKoJro0a. | | \\

4. Bumipsaru BucoTy A i faabHIiCTh MOJIBO- | o O
Ty . O0UMCaANTH cepeqHE 3HAUEHHS MIOYaATKO- i
BOI MIBUKOCTI KYJIbKU 3a (hOPMYJIOIO < Ly >

g
Vo =ley /5 Man. 245

Ta iIMIOyJabC KYJIbKU: P, =m,V,

5. Ha xparo k01002 po3TauryBaTi KyJbKY MEHIIIOI Macu. SalyCTUTU KYJIbKY
0inpIoi Macu Tak caMo, AK y mepiiaomy gociaini. ITicasa cuiBygapanusa o0uaBi Kyib-
KU BIAAYTh y JIOTOK 3 IIickoM. BumipABINu fanbHICTh HOABOTY KYJABOK [ i [, Ta BU-
COTY HMaTiHHsA, BUSHAUUTHU IIIBUIKOCTI KYJIbOK HiCJA yaapy:

ulzll\/%’ uzzlz\/%-

6. IlepeBipuTu BUKOHAHHS 3aKOHY 30€pe)KEHHA iMIYJIbCY Il Yac MPY:KHOTO
yaapy: m;V, =m,u, +myu, . JI1a 1p0ro NOpiBHATH BifHOMEHHA M, v /(M u, + m,u,) 3
OOUHUIIEI0. 3POOUTH BICHOBOK.
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JDopatkoBe 3aBAaHHSA

Ilepegipumu 8UKOHAHHS 3AKOHY 30EPEHCEHHS IMNYAbCY MaA MEXAHIYHOL eHepeil nid
uac npyxrcHozo yoapy 060x Kyib 3a 00n0M02010 YCMAHOBKU, 300paxceHol Ha maa. 246.
YcTaHOBKA CKJIAZAETHCA 31 cTONKU 1, 7O BEPXHBLOTO KiHIA AKOI IPUKPIIIIO-
I0ThCA miABicu 2 nd Kyab. KyT BifXujaeHHsa KyJIb BUMipIOIOTE 3a IIKAJIOI0 3.
Axrmio Kyaa 2 go B3aeMofii Hepyxoma, TO
[ooe] IOyIapHy MIBUAKICTE KyJai 1 MosKHA BU3HAUHU-
T 3a POPMYJIOIO

v, =248l sin% ,

Ie | — moB:KMHA mMiABicy, O, — KyT BiIXHUJIeHHA
mepIroi KyJi oo yaapy.

Axio BizbyBaeThea yaap OpYyKHUX KYJIb
pisHOI Macu, TO aHAJIITUYHO MOYKHA JIiCTaTU BU-
pas IJs MIBUAKOCTI IIePIol KYJIi Imicida yaapy

.0
u, =2\/gl sm?1
Ta IMIBUAKOCTL APYT0i KyJi micisa yaapy:

U, = Z@Sin% ,

T\vamg
1510 5 0
S —

Man. 246 Ie o, 0, — KyTH BiIXUJIEHHd Iicad yxapy Bia-
TOBiTHO MEPIIOI Ta IPYTOoi KyJIb.
1. Bumips#aBmiu Mmacu KyJjib Ha Tepesax i 00UKCAUBIINT ITBUAKOCTI KYJIb, IIepeBi-
puTHu 3aKoHU 30eperKeHHs, CIIpaBeIJINBi Ipu IPYKHOMY yaapi.
2. TlosscHUTU AK BUBOAUIUCH GOPMYJIH.

@ KoHTpOnbHI 3anuTaHHs

1. (c) Ilpu axomy BiTKHEHHi KYJbKH 3 IEPEITKOJ0I0 IePefaeThCA MEHIITUH iM-
MyJIbC: IPYKHOMY UM HETIPYKHOMY ?

2. (m) YucaoBi 3HaUeHHSA IMTBUAKOCTI PyXy Tija i #ioro Macu He 3MiHMJINCH, a
imMmoyabc Tisna aminuBesa. Ak me Tpanuioch?

3. (B) Pyxoma KyJsibKa, 3iTKHYBIINCH 3 IIEPEITKOA0I0, 30iJIbIITNIIA CBOIO IIIBU/T-
KicTh. K010 OyJ1a 1 mepemkoga?
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JlabopaTopHa po6oTta Ne11

BuBueHHS 3aKO0HY 30€pesKeHHsI MeXaHiYHOI eHepril

Mema po6omu: TopiBHATHY 3MiHY IIOTEHI[iaJbHOI eHeprii Tisa mig uac fioro ma-
IiHHA 31 3MiHOIO MOTEHITiaBHOI €Heprii MPYyKUHU, A0 AKOI MPUKPIMJIEHO Iie TiJo.

IIpunadu i mamepianu: TMHAMOMETD, KOPCTKIiCTb IPYKUHN AKOTO TOPiBHIOE
40 H/wm; nainifika BumipooBaabHa; Tarapemnb macoo 100 r; pikcaTop; mmrratTus 3 Myd-
TOIO i JIaITKOIO.

7 N\
@ BkasiBKu 11,00 BUKOHAHHS PpO0OTH
N—F

1. IIpuB’sa3aT; TATapenb HA HUTI[ 0 TradyKa
IWHAMOMeTpa. 3aKPinuTyu JUHAMOMETP Yy 3aTuC-
Kaui ImIraTuBa Ha Takiil BMCOTi, I[00 TArapeis, ®DircaTop
OigHATUHA 00 rauka, IPU IaAiHHi He micTaBaB g0
croay (man. 247). v

2. IligaaTu Tarapems pyKoio, PO3BaHTAMKYIO-
Y IPYKUHY, i BCTAHOBUTHU (PikcaTop yHU3y O6ins
rauka. BumipAaTu BUCOTY MigHATTA TATAPIA A.

3. Bigmyctutu tarapeuns. Ilagaroun, Tarapemb
PO3TATHE TPYKUHY i OmycTUTh (hikcaTop. SHATHU
TATapeld i 3a MOJIOKEHHAM (hiKcaTopa BUMipATH JIi-
HiKOI0 MaKCUMaJIbHe BUJOBKEHHS IIPY KUHU AX.

4. IToBTopuTH mociin i’ ATh pasiB. O0umcan-
TU CePelHi 3HaUeHHsA X, Ta k.

5. BusHaunTu cepeaHi IOTeHIIaIbHI eHeprii:

@

T

nigaaroro tarapua E, =mgh, ta gedpopmoBaHOi Man. 247
IPYKUHU:
EAX?
E,=—+*.
2

6. PesyabTaTu HoCJIiAy 3amucaTH 40 TaOJIMIIL.

7. IlopiBHATH BifHOIIIEHHA —- 3 OZMHUIIEIO i 3pOOUTHY BUCHOBOK.
2

Howmep
T h, M h,,™m Ax, M Ax,, m E , Tx E,, Tox
HdopaTtkoBe 3aBOaHHSA

ITepesipumu 3axoH 306epercenHs i nepemeopernns MexanivHol enepeii Ha npu-
Kaa0i pyxy miaa, KUHYmMozo 2opu3oHmanoro (mau. 248).




JABOPATOPHI POBOTH

1. Bumiparu macy m KyJabKu
Ta BUcOTy A. O0UMCINUTH IIOYATKO-
BY IIOTEHIliaJIbHY €HePriio KyJbKU
E,.

2. BinbHO IycKamwuu KYJIbKY

pyxaTuch IO MOXUJIOMY KOJ00Y,
BUMipATH Yac IOJbOTY BiJl MOMEH-
Ty BiIpUBY KYJBKHU Bif sK0s106a 10 v,
MOMeHTY i1 mafiHHA y JOTOK 3 mic- -
~
~

KoM. Bumiparu BignoBigHy maib-
HicTs mosbory [l. IMocaim moBTO- h
putu tpudi. BusHauutu cepenuin

yac PyxXy Ta CepefHI0 MaJbHICTH A > A _l —\
MIOJIBOTY.

3. OO6umcauTu KiHETHUUHY
€Heprio KyJbKU Ha I0YATKY I10JIb- Man. 248

ory E, iBkinni E,. BanOBquH,
110 ITOYATKOBA MIBUIKICTh KYJIbKH
Y TOPUBOHTAJIBHOMY HATIPAMI

v, =1/t,
e t —yac BIILHOTO IOJIBOTY, OTPUMYEMO:
E - mvg _ml®
kO 2
2 2t

Kinmernuna eHepris KyJbKH Yy MOMEHT yaapy o0 ITiCOK Bu3HAYAETHCA 3a GOpMy-
JIOIO:

mv
Ek = 2 s
2
. i s
Ae v’ =Vj +Vj , MBAARICTS PYXY KYJIBKH Y FOPHIOHTATBHOMY HANDAMI V) = é;h Y

BepTUKAIBHOMY: V5 =2gh .
. 4. IlepeBipuTn cnpaBeqmuBicTs piBHOCTI: E |+ E, = E,. Jl14 1pOT0 MOPiBHATH
BinHomernna E  + E, /E, 3 oquHuUNe0. 3po0uTH BUCHOBOK.

KOHTpOnNbHI 3anuTaHHe

1. (c) lIBugkicTh aBTOMOOGiNA 36imbITUIaCE ¥ £ pasdiB. SIK mpu mboMy 3MiHU-
Jlach Horo KimeTuuyHa eHepria?

2. (m) Koau mimrens mabyBae 6iybIniol KiHeTuuHol exeprii Big ymapy zHaJiTaio-
Y0l YACTUHKU: IIPU MIPYKHOMY YU HEeTIPYKHOMY yaapi?

3. (B) Tino kuHy U 3 MOBEPXHI 3eMJIi i/ KYyTOM 0 TOPU3OHTY. ¥ AKUX TOUKAX
oro TpaeKToOpii MIBUAKICTD 3MiHU KiHeTUUYHOI eHepril MakcuMaabHa?
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JlabopaTopHa po6oTa N2e12

,Zloc.ni;mcemm KOJUBAHb MATEMAaTHUYHOTO MAATHUKA

Mema po6omu: nociaifuTu MaTeMaTUYHUN MasATHUK, 3 ACYBaTU Bix yoro sa-
JI€XKUTH MOT0 mepios KOJIUBAaHb.

IIpunadu i mamepianu: TOOUHHEVK i3 CEKYHIHOIO CTPiJIKOI0; BUMiproBajibHA
CTpiuKa; HUTKA; IIITATUB; HAOip TATapI[iB; TPAHCIOPTHUD.

7 N\
@ BkasiBKu 11,030 BUKOHAHHS pO0OTH
N~

1. 3’acysamu 3anercHicms mixe 008HCUHOI0 MAAMHUKA §
nepiodom it0z0 KOAUBAHb.
1. Ha kparo cToJia BCTAHOBUTH IIITATUB. B3ATH HUTKY
3aBMOBKKU 1 M i migBicuTu Ha Hil TaArapens (man. 249). |
2. Bigxuautu MaaTHUK Ha HeBeJIUKUH KyT (5°) i Oes |
moITOBXY BixnmycTutu. IIponycTutu fexisibKa KOJIUBaHb, |
a IOTiM 3a IOIIOMOTOI0 CEKYHZIOMipa BU3HAYUTH Yac ¢, 3a : l
|
|
|

AKNN MaaATHUK 3giicHIoe N = 40—50 1oBHUX KOJIMBAHb.

3. Ilepion KosmmBaHb BusHaunTH 3a (hopmy.ioro T', =t /N.

4. 3MeHIIIUTY JOBKUHY HUTKU ¥ 2 Pa3u i 3HOBY BU3HA-
YUTH [I€PioJ KoauBaub T,. o L

5. BukoHnaTu Te came y YOTUPU Pasy KOPOTIIIUM MAaAT- S AN 4
HuKOM ([,= 25 cm).

6. 3pobuTU BUCHOBOK IIOAO 3aJIE}KHOCTI Iepioay Ko-
JINBAHbD BiJl TOBXKUHU HUTKU.

7. BimHomenHa KBaApaTiB MepiofiB MasgTHUKIB 3 PisHUMU AOBKUHAMU, IIOPiB-
HATYU 3 BiTHOIIIEHHAM IX NOBKUH. 3pOOUTH BUCHOBOK.

II. 3’ acysamu 3anexcHicmov Mide Macow0 MaAiLmMHUKA i nepiodom 1020 KOAUEAHD.

7. 3adikcyBaTu IOBKUHY HUTKU MaATHUKA (Hanpukjaazn, 50 cm) i migBicutu HA
Hili OMWH TATapellb, BUKOHATY BUMiploBauHusA (AuB. 1. 2 i 3).

8. He smiHIOIOUM JOBKUHU MasATHUKA, IIiIBiCUTH Ha Hili ABa TATaPIli i BUKOHA-
T BUMipioBaHHA (quB. 1. 2 i 3).

9. 3pobuTH; BUCHOBOK IITOJ0 3aJIE}KHOCTI ITepioly KOJIMBaHb MaATHUKA BiJl HOTO
MacHu.

I11. 3’ acysamu, ax 3anexrcumo nepiod KOLUSAHb MAAMHUKA 6i0 KYma 6i0XULeHHA.

10. ITpoBecTu Tpu gocainu (quB. 1. 2 i 3), piKcyouu 3a JOIIOMOT0OI0 TPAHCIIOP-
THpa IMOUYAaTKOBUM KyT Bigxmiaenuda maarHuka (5°, 10°, 15°). 3’acysaru, gk 3aJe-
JKUTH IIePio KOJINMBaHb MAaATHUKA Bil KyTa BiAXUJIeHHA.

Man. 249

[onatkoBi 3aBaaHHA

1. 3a donomozorw mamemamuiHoz0 MAAMHUKA 6U3HAYUMU CepeOHE 3HAUEHH A
NPUCKOPEeHHA 6i1bH020 NAOIHHA.

2. Busnauumu HaiOiavUly CULY, AKA cMEope 0oueHmpose NPUCKOPeHH, Npu
KOAUBAHHI MasmHuKa nid yac npogedenux docnidis.




JABOPATOPHI POBOTH

KOHTpOnbHi 3anuTaHHs

1. (c) Brkaxirsp, aki pisuuHi BeTUUYMHH, 1110 XapPaKTEePU3YIOTh KOJMBAHHA MaTe-
MATHYHOTO MasATHUKA, MAaIOTh HAMOiIbIlle 3HAUCHHA Y 10r0 KPalHiX MOJOKeHHIX.

2. (m) Ik BIimHe Ha Iepiog MaJInX KOJMBAaHb MATEMATHUYHOTO MaATHUKA IIPU-
CKOPEeHUI PyX TOUKH HOro migBicy mo ropu3oHTai?

3. (B) IlouaTKoBe BiAXUJIeHHA MAATHUKA i IOYATKOBA MIBUAKICTh OZHOUYACHO
3pOCTaIOTh ¥ 1 pasiB. K 3MiHHUTHCA aMILIITy1a KOJNBaHb MaATHUKA?

JlabopaTtopHa po6oTta Ne 13

JocaigkeHHss KOTUBAHB Tijla HA TPYKUHI

Mema po6omu: eKCIIepIMEHTAIBHO I€PEeBiPpUTH 3aKOHOMIPHOCTI KOJIMBAIBLHO-
IO PyXy IPYKUHHOTO MAaATHNKA Ta BUBHAYUTY YACTOTY i mepios KOJIMBaHb.

IIpunadu i mamepianu: Habip BaKKiB; IITATUB; TPUMAY i3 IPYKUHOIO; Jepe-
B’siHa JeMOHCTpallifiHa JiHifika; ceKyHaoMip.

VR
@ BkasiBKu 11,030 BUKOHAHHS pO0OTH
N

1. BakpinuTu Opy:RuHY i3 3aTucKadeM y mraTtusi (max. 250)
i migBicuTu mo Hel Baxxoxk macor 100 r. Ha aiHiiini mosHauuTn
IIOYaTKOBE ITOJOMKEeHHS BasKKa.

2. IligBicuTu Mo mpPysKUHM Ile ABa BaskKu Macoio mo 100 ri
BUMipaATH 11 BumoB:KeHHA ming miero cuau 2 H. BusHauuTu Koe-
dimienT xopcTrOCTi IpPyKUHU. JlaHi BUMipioBaHb i 00UMCIeHb
3armucaTu 10 Ta0JauIli.

3. 3natouum k i m BUSHAUUTH BJIACHY 4ACTOTY V, i mepion T,
KOJIMBaHb NIPYKUHHOTO MasATHUKA.

4. 3anumuT HA IPYKUHI IBa BaXKKM, BUBECTU IPYKUHHUHN
MasSTHUK 31 cTaHy piBHOBaru, 3MiCTHBIIIH Horo Ha 5—7 cM yHHU3.
Buwmiparu gac ¢, mpoTAroM AKOT0 MasATHUK 37AiticHI0oe N KoJiu-
BaHb. O0YUCINTHU YAaCTOTY KOJIUBAHbD V.

5. BusHauuTH BiIXWJIEHHA BJACHOI YaCTOTH KOJMBAHb V, IIPY-
SKMHHOTO MaATHUKA BiJl YaCTOTH V, BUSHAUYEHOI eKCIIEPMMEHTAIHHO:

Y=V 100 %.
Vv

=2
Tl
INNARANNN]

[2)
IIlII|IOlIIIIIII|
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Man. 250
3po0UTH BUCHOBOK.

6. IToBTOopuTHU mocaigu 3 MmasTHUKOM Macoio 400 r. [lani Bu-
MipIOBaHb Ta 00UYKCIeHb 3aHECTH A0 TAOJIMITi:

V-V
05T F,H | Ax,™M |p, H/m| m, Kr Vg €7 t,c v,el | —2.100%

mocixy Y
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[DopatkoBe 3aBAaHHSA

Hocaidumu nepiod KoAUBAHbL NPYHUHHO20 MAAMHUKA 6i0 HopcmKrocmi npy-
HCUHU i Macu mszapys.

1. BusuHauuTu mepios KoJIuBaHb, [I[0pasy 30i/JIbIIYIOUN MACy TATapILd.

2. ITobymyBaTu rpadik 3ajesXHOCTi mepioay KoanBaHb MasTHUKA Big Macu Ts-
rapiri. IIpoananisyBatu rpadik i 3po6uTH BUCHOBOK

3. 106 mocaimuTu 3ajie;KHICTH mepioy KOJMBAHB BiJl "KOPCTKOCTI TMPYKUHU
Ipu He3MiHHIN Maci TArapiid, CIOYaTKy MOTPiOHO BUMIPATH JKOPCTKICTH KOMKHOI
npy:xuHU. BusHaunTy nepios KOIMBaHDb 3 KOMKHOIO 3 IIPYKUH.

4. ITobynyBaTu rpadik 3aIeKHOCTI Tepiofy KOJIMBaHb MAaATHUKA BiJ sJKOPCTKOC-
Ti mpy:RuH. [IpoananisyBatu rpadik i 3poOUTH BUCHOBOK

@ KOHTpOnbHI 3anuTaHHS.

1. (c) fIx 3a JOTIOMOTO0I0 IPYKUHHOTO MAasATHNKA BUSHAUUTU MACy iHIIIOTO T-
rapiid (EeBigzomoi macm)?

2. (x) Moaynp AKOI cCUJIM CTaNnii, a K01 3MIiHIOETHCA IiJ YaC BEPTUKAJIBHUX
KOJIWBaHb IPYKUHHOTO MasgTHUKA?

3. (B) Hu 3MiHUTBHCA TEPioA KOJIUBAHD IPYKUHHOTO MAATHUKA, AKIIO 3HU3Y J0
3aJ1i3HOI KYJbKM MasATHUKA MiJHECTHU eJIeKTPOMAarHiT?
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BIANOBIAI 40 BINPAB

BnpaBa 2
4Mm,2M

2. 1. A (20 m, 20 ™m); T. B (60 M,

SOtk W

—

T

—10mM); 40 Mm; -30 m; 50 m
5mM,4M,-3M

700 kM, 500 kM

5m

x,=10,7;y,=5

Bnpaea 3

. 30c; 150 m; 60 m
. 12 m/c, mpaBopyy; 1,5 m/c, JiBo-

pyu; 20 ¢, -30 m

. Hdus. mai. 251

L, M/CA
]
10 |
[

-2

|
|-
| -1 |1
10

6.
L, 4

x

Man. 251.

HusB. mai. 252
A

+V

i 4

DN =

w

Bnpasa 4

. 14m/c

40 c

n+1

B 1 pas; y 3 pasu; y 1,2 pasa

. 71°

10.

© XN

N otk W=

A

a)20m/c,90¢;6)20c, 30c

7,5 km/Tom; 17,5 Km/rox

3 KM/TOg

600 m/c

x=4t+8;x=9t+5;x=5t+5
v

sino

BnpaBsa 5

6 KM/TOp

8m/c, 10 m/c,4 m/c, 8M/c
25 xm/ron

30 k™m/rof

7 KM/TOJ

54 xm/Trox, 36 KM/Top
Twm/c;11,4Mm/c; 9Mm/c

BnpaBa 6

200 m/c; 20 m/c?
410 m
2wm/c,8M/c

90 cm

y /2 pasu

M M M
a=10—; v, =40—; v, =100—;
c c c

S, =15M; s,=45M; s, +s,=40M™

:2(’1—_1);9 =0,24 22
(n+1)t c
58 ¢
2++2)t,
BnpaBa 7

. a) v, =10+0,8t — npuckopeHuii;

6) v,, =2—-2t — croBinbHEHUH, Ue-
pes 1 c IpuCKOpeHuii;

B) V,, =—4+4¢ — cHOBiTbHEHUM,
depe3 1 ¢ IPUCKOPEHUH;



r) v,, =—1-12¢ — npuckopenu

. 8 m/c, 0,8 m/c?, -1,6 m/c?, 15 c,
4m/c

. 2,6 m/c

4. o MoMeHTy %, PyX PiBHOMipHUM,

Jaji 10 MOMeHTY t, PiBHOCIOBLIb-
HEeHUH y HAIPAMKY PYyXY, 1 10 MO-

MeHTy ¢, — DIBHOIPDHCKODeHWUMH,
aJie y 3BOPOTHOMY HAIPAMi

. v, =1,25t; v, =5+5t;
vy, =20-4¢; x, =0,625¢%;

x, =bt=2,5t"; x,=20t-2¢>
. 10c;40m;45Mm; 120 ™

., =§ Jus. mai. 253

a. A a

0/ T,
0 ; ' —>

—V,/T
r, A 0
3vu,t/2

L,T

v, T/ 20
0

—v,T/2¢

s A 8

20,1 — — — — —

VT

OU =~ WwhH

BnpaBa 8

0,45¢;0,05c¢c; 24 m/c
28 m
35 M

v, =4V +2gh

At=t —t,=

=(1)1+02+\/Uf+2gh—\/u§+2gh)/g
V=V, -V, = gAt

l=§h=2OOM
3

BnpaBa 9

. 20m

y=10t; y=6-5t>; y=6-0,05x";
x=10m;y=1m
Hus mai. 254

VA v

N otk W=

Man. 254
h /b, =tg%
s=\/1)(2) cos’ o t* + (v, sin o — gt)* =
=156 M
10,13 m

Bnpasa 10

50c

3MeHITyeThCA Y 2 pa3u
1: 20

1 km/c?

a)l:2;6)2:1

230 m/c

1,5Mm/c

293
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8.

DN

OO i W

s 2s 2s*

ndt’ dt’ dt®
. 1,8m.
. 400 m/c; 0,003 c; —133 000 m/c?

Bnpasa 11

. £€=0,21 pax/c?; 240

e=2pan/c?, o,=5pazn/c
o=25pan/c

16; ® =20 pax/c

N =90; ¢=0,14 pax/c?
a)2c;0)2,8¢

6,1 M

BnpaBa 12

. Maxkcumanpuuii: (3k+1)F ,

minimanepaU#: (E—1)F , oe k>1.

Bnpaea 13

. Hus. mai. 255.

v A

=]
\4

Man. 255

. a) F=0;0), B), ') — IpUCKOpIOOUa

cuja ctaJya F = const

. 3,2kH
. IIpuckopeHHa apyroi KyJi y 8 pa-

3iB OibIIIE
OpHakoBi

. ¥ miBaeHHO-3aXigHOMY HAIIPAMI,

500 kr

N =

W N =

10.

W N =

NS oTw

© XS o

N ok

Bnpaea 15

. 3,8m/c?

4,4 m/c?

. ¥ Touii, BigmaseHil Ha 6 3eMHUX

paxiycis Bix menTpa Micama

g=§TCGpR=8,8M/CZ

5,510% kr/m3
h=2,16R

BnpaBa 16

1,7xMm/c

~6-10% kr
7,7kM/c; 95 xB

VY 8 pasis
~7,2xM™m/c; 118 xB
~5-102 xr/m®

3,6 -104 k™

Bnpasa 17

. 1,6cm
. 56,8 H/m

Y ngporuHi Oingbioro agiamerpa
B 9 pasiB MeHIIINHi

-0,002; 1 MIIa

200 MIla

Y 1,67 pasa

50 H

VY 4 pasu

AOcoJrroTHE BUIOBIKEHHS 3MEHIIIN-
Jock y 4 pasu, a BifHocHe — B 2 pa3u
2,97 -105H/m?

Bnpaga 18

. 740H

140 m/c
2,6 kH;
JKeHHS
720 H; 480 H; 480 H; 720 H
700 H

20 m/c

¥ 0,0034 pasiB; 1 rox 25 xB

TPUpa30Be IepeBaHTa-



N O

© 0O Uk W -

O W

Bnpaga 19

20 H, 0,04

3c

0,53

40 m

200 kr/c

800 H

9H

a > 3 m/c?; He aMiHUTBCA

Bnpagea 20

6 cm
~ 800 kr
5,9 m/c?
20 m/c?

m
x=——(p;8+p,a—p,8)

kp,
8 kH
B 000x Bumagkax He 3MiHUTbCS
Pyx rina He mepioguuHMiT — BOHO
BeCch Uac BiggaasgeThbCcsd Big mouar-
KOBOTO IIOJIOJKEHHS, MPU IILOMY
MIBUAKICTE PyXy Tija TO 3pocrae,
TO criazgae no Hyas (qus. mas. 256.)

I I [ 7t

SOk W

Man. 256

Bnpaga 21

220H; 20 H
3,3 m/c?
0,84

1,2 m/c?
14Mm/c; 3¢
3,92 m/c?

%

10

F=mg

=73,6H

h
NI

2h
g(sina—tgPcosa)sina

gty sino.—1

—L—tga=0,36

. gt? cosol
. Odus. mamn. 257

F., A
mg ——————— = =
pumg— — -

0 a, 90° a

=1,4c

R

S ctw N~

Man. 257

Bnpaga 22

15 xH

1,6H

. 2,2M/c

. 3,8m/c;1,4¢
. 3,6 H

15 m;~11°

Bnpaga 23

. 0,2

. 2m/c?, 2,4 H

. 32kH; 16 xH; 8 kH
10r
azmlsina—mzsinﬁ .

b

m, +m,

_ m;m,g(sino+sin3)

m, +m,
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=2}

N =

-

Ot W

T = mlm2g(u2 _HI)COS(X :2,3H
m, +m,

BnpaBa 24

10 Kr - m2

0,2

0,06 H ™

4,5H - m;

2(FR-M)

m=20 )
eR®

2,35 pax/c?

100 H'm

=7,36 Kr

Bnpaga 25

. 3kH; 1,6 kH
. h=2r-ctga
. He mosxe. MakcumaJbHa BHCOTA,

Ha gKY OigHiMeTbcs JoguHa 2,4 M

M [h(2R—h)

B R-h

. Ha Bigcraumi 0,2 M Bix cepemuHu

AOIITKN OJIMKUe A0 XJIOITYMKAa.

. HaBigcrani 0,5 M Big mmenTpa Kpyra
. Ha Bigcrani 8//3 Bim menTpa KyJIi

Macorw m.

. 490 H, 294 H.

Bnpaea 26

. 9,8m/c?
. 8,8m/c?BignocHo mipraTa 9,8 m/c?

BigHOCHO 3eM.Ii

. 1m/c?

P> T

[\

N ove®

N otk W=

BignocHo HeimepiriaapHOI cuc-
TeMU BiIJIiKy Tijlo HepyxoMme
a =0, N = mgcosa; BifHOCHO iHep-
miaabHOI cucTeMu Bigmiky (3emuri)
a =g(sina — pcosa), N = mgcosa

b =(a+ g)(sina — pucosa)

b =acoso — gsina

10,8 m/c?

h=2R/3

Bnpaga 27

KI'-M KI''M

. 16 ; 48

C C

KI''M

2

c
a)3m/c; 0)-0,5Mm/c
0,21 H- m.

v+ 2u

12000 m

300 xr

Bnpagea 28

20 m/c

200 m/c
6250 H
1470 m

162 m/c
—-2mMm/c
4v

Bnpaga 29
12Jv,
Vy=—
12J +ml
2m,v
O=——""—
(m,+2m,)R
_ _4mm, 2n
m,+2m, 3

=0,61c™’

=0,445pazx/c



W N =

—

N O Otk W

S © 00O O

SO OO0 Utk WhH

SOk W

Bnpasa 30

1,4 x]Iox

60 m

12 gIx; 66 %
10 xkH

5085 Ik

9,8 Ix

1274 vk, 77%

Bnpaga 31

. 4-10" I

2Kr;4Mm/c

Imoynse camockuga B 3 pasu 6ib-
Inii, a eHepris — y 2 pasu MeHIIIa
200 xd:x; 1000 xr

—200 x[Ix

240 xITxx; —30 x[Tox; 210 5w
10mMm/c

E=3mv?/4 =24 ]Izx
A=3,2r°R°pv® = 34,1 [T

a) 3MeHINuJIach y 2 pasu;

0) sMeHIIMJIach y 8 pas

BnpaBa 32

47 g%

26 vIx

700 gk

—16 Iox; 4 Tox; —12 [x; 12 Tx
0,3 II:x

0,5 I

2 Ik

1:3:5

5,6m

40 %

Bnpaea 33

0,556 ™

0,2m

1 &%

0,05

2,5 ™

Banrax 4,4 m/c, o6pyu 3,13 m/c

© 0=

10.

DN =

—

© 0 NS ots

SOk W

10m
0,72 ™
14mM/c; 3¢

JVi —2gh

Bnpasa 34

0,3 M

0,17H-c;3,7-102 [Isx

105 Mx. k1o maca Biska 3 Jrrogu-
HOIO HabaraTo 0inbIla Big macu Ka-
MeHs, TO BCsI po0boTa, IKy BUKOHYE
JIIOMWHA, BUTPAYAEThCS HA Te, 1100
HaZaTH KaMeHIO KiHeTHUUYHOI eHep-
rii

15°

0,16 m; 58,8 Ik

a)5-103m; 0,08 m; 6) 0,02 m

1,8 k&

1,99 I

500 m

Bnpaga 35

3,5 cm
24 xIla
20 kH
0,05 m
1,12¢
4,37 cm?

BnpaBa 36

1,4cm;-1,4cm
x=0,1sinbnt; 1,36 m/c

x:0,2cosEt
2
9 . T
x=5-10 sm(nt+g) (M)

v, =-nsin20nt; a_=-20n*cos20nt;

x

0,25 m; —2,7Mm/c; —100 m/c2.
a) x=5,5-10"2cos(Zt+2);
3 6

6) x=0,1cos20mt .
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B~ W N

—

OOtk W

Bnpaga 37

2,8 Ix; 3,8 m/c.
150 mx; 50 Ml
¥V 4 pasu

T 38T 5T 1T

b b

8 8 8’ 8

. x=0,1cos10t; F =—-10cos10t;

10 H; -5 H.

. x=4-10"sin(nt +§)

. 0,314 ¢

BnpaBa 38
2¢;0,56Tw; wet
9:1
18 cm; 50 cm

BigcraBaTumyTh y BCix BUIIagrax

3MeHIIUTHCA Y 2 pasu
2,5¢
9,81 m/c?
Bnpasa 39
2,4Mm/c

. 15Mm/c; b5 m/c

5,1 km/c
105 M

5. v, =D+§—h=349,8 M/c

N =

SOtk W

N otk w

L
420 m

Bnpaga 40

0,714 c
1,3¢;0,93¢c
0,994 c
0,662 c
2,6-10%Mm/c
¥ 7,1 pasa

Bnpagsa 41

. 2,22-108M/c

‘L)=%\/k2 -1

0,95 c
86,6 %

99,6 %

8,210 IIx
1,29-102 H-c; 0,66 MeB



AOOAATKU

1. OcHoBHi (isuuHi cTadi Ta JegKi acTPOHOMIiUHI BeTUIUHHI

ITBuakicTs cBiTsIa ¥ BaKyyMi
TI'paBirariiina crana
ITpuckopenHs BiIbHOIO IaJiHHA
ArToMHa ofMHUILA Macu

Yucmo ABoraapo
YHiBepcasnbHa rasosa craja
Crana Boasnmana

Crana @apagesa
EnemeHnTapHUii 3apan

Maca ciokor0 eeKTpoHA

Maca ciokoro mpoToHa

Maca cokoio HeliTpoHA
EnexTpuuna crana

Marwuitaa crana

Crana Ilnanka

JleAki acTpoHOMiUHI BeTUUYNHUA
Paniyc i maca 3emuri

Pagiyc i maca Courmsa

Papiyc i maca Micamna

c=3-10%m/c
G=6,67-10"Mm3/(Krc?)
g=9,8m/c?

1a.o.m.=1,6606"-102"Kr
N,=6,02-10*monp™"
R=28,314 I:x/(K-Mm0Jab)
k=1,38-102Ix/K
F=9,648 - 10*Kxa/moub
e=1,602-10""Kn
m,=9,11-10 kr
m,=1,672- 102"kr

m =1,675-10"2"kr
£,=8,85-10"12d/m
n,=1,672-10°T'a/m
h=6,63-10"3% IIx-c

6,37-10° m; 5,98-10% kr
6,95-10% m; 1,98:10%° kr
1,74-105Mm; 7,33:1022 xr

2. 'yctuHA pe4oBUHHN

Teepdi mina, 10® xr/m?

AnromiHiz 2,71 Kopox 0,2 CrJao 2,5
Boabsppam 19,1 JlaTyHb 8,6 CocHa 0,5
I'panir 2,2 Jlig 0,9 CpibJio 10,5
Oy6 (cyxwuii) |0,8 Mins 8,9 Huuk 7,1
3aiizo 7,8 Hikenn 8,8 YapyH 7,8
30JI0TO 19,3 CBuHeIb 11,3 Anuna 0,6
Pidunu, 103 xr/m3
Boga mopcbka | 1,03 Tainepun 1,26 PryTrs 13,6
Bopga unucra 1,00 Edip 0,72 CrupT eTUJI0BUHA 0,79
Tac 0,8 Ouaia 0,9
T'asu (3a HOpMaLbLHUX YMOE ), KT/ M3
Asor 1,25 Kuceun 1,47 Bopgsiza mapa (mpu 100 °C) (0,88
Bozennb 0,09 ITosiTpsa 1,29 Byruekucanii ras 1,95
Teuriit 0,18 Xop 3,22
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3. llIBuakicTh MOMMPEHHSA 3BYKY Y PI3HUX CcepegoOBHINAX, M/C

Craianb 5100 CBuHenb 1300 Boga, 0 °C 1485
CkJio 5000 Kopox 500 Bogeunn, 0°C |1286
HepeBuna 4000 T'yma 54 ITosiTpsa, 0 °C | 331
4. Mexxa MinHOCTi Ha po3Tdr ¢_ i moxyas npy:xHocTi E, ITa

p G E, p C.» E,

CHOBHHA | 106 TIa 10° Ia CHOBHHA | 106 TIa 10° Ia
Asrrominin 100 70 CBunenn 15 15
Mins 400 120 Cpib6io 140 80
OJ10BO 20 50 Crasib 500 200

5. Ta6muiii 3HaYeHb CMHYCIB i TaHTeHCiB Mg KyTiB 0 — 90°
I'pa- TaH- I'pa- TaH- T'pa- TaH-
CHHYyCH CHMHYCH CHHYCH

aycu TeHcu aycu TeHcH aycu TeHCH
0 0,0000 {0,0000 |31 0,5150 [0,6009 |61 0,8746 (1,804
1 0,0175 |0,0175 |32 0,5299 (0,6249 |62 0,8829 (1,881
2 0,0349 (0,0349 |33 0,5446 |0,6494 |63 0,8910 (1,963
3 0,0523 [0,0524 |34 0,5592 (0,6745 |64 0,8988 |[2,050
4 0,0698 [0,0699 |35 0,5736 |0,7002 |65 0,9063 (2,145
5 0,0872 |0,0875 |36 0,5878 |0,7265 |66 0,9135 (2,246
6 0,1045 [0,1051 |37 0,6018 (0,7536 |67 0,9205 (2,356
7 0,1219 (0,1228 |38 0,6157 |0,7813 |68 0,9272 (2,475
8 0,1392 (0,1405 |39 0,6293 (0,8098 |69 0,9336 |2,605
9 0,1564 (0,1584 |40 0,6428 (0,8391 |70 0,9397 (2,747
10 0,1736 [0,1763 |41 0,6561 [0,8693 |71 0,9455 (2,904
11 0,1908 (0,1944 |42 0,6691 (0,9004 |72 0,9511 (3,078
12 0,2079 |0,2126 |43 0,6820 (0,9325 |73 0,9563 3,271
13 0,2250 (0,2309 |44 0,6947 |0,9657 |74 0,9613 |3,487
14 0,2419 |0,2493 |45 0,7071 [1,0000 |75 0,9659 (3,732
15 0,2588 (0,2679 |46 0,7193 (1,036 76 0,9703 (4,011
16 0,2756 |0,2867 |47 0,7314 (1,072 77 0,9744 (4,331
17 0,2924 (0,3057 |48 0,7431 (1,111 78 0,9781 (4,705
18 0,3090 (0,3249 |49 0,7547 (1,150 79 0,9816 (5,145
19 0,3256 (0,3443 |50 0,7660 |[1,192 80 0,9848 (5,671
20 0,3420 (0,3640 |51 0,7771 (1,235 81 0,9877 (6,314
21 0,3584 |0,3839 |52 0,7880 (1,280 82 0,9903 (7,115
22 0,3746 |0,4040 |53 0,7986 (1,327 83 0,9925 (8,114
23 0,3907 (0,4245 |54 0,8090 (1,376 84 0,9945 (9,514
24 0,4067 |0,4452 |55 0,8192 (1,428 85 0,9962 (11,43
25 0,4226 |0,4663 |56 0,8290 (1,483 86 0,9976 |14,30
26 0,4384 (0,4877 |57 0,8387 (1,540 87 0,9986 (19,08
27 0,4540 (0,5095 |58 0,8480 (1,600 88 0,9994 |28,64
28 0,4695 |0,5317 |59 0,8572 |1,664 89 0,9998 (57,29
29 0,4848 |0,5543 |60 0,8660 (1,732 920 1,0000 |oo
30 0,5000 (0,5774




MaremaTuuni BimomocTi

1. BiaacTuBOCTI cTeneH 3 HAaTyPaJib-
HMM NoKasHukoMm (a > 0, b > 0)

1 a" - ak — an+k

R | a_, b,
4.a"=—5.()"=(>)
a b a
6. (a")r=a"*7.a" b*=(ab)" 8. a’=1
2. CriiBBiTHOIIEHH S MisK CTOPOHAMM

i KyTaMu TPSIMOKYTHOTO TPUKYTHUKA
(man. 258).

sin(x—o—
AB~ 4
OB
coso=——,
AB
o
tg(x:%, o B
OB
ctga=28 Maax. 258
0OA
ITpu manux xyrax (mo 5°)
sino=tgo =0 pag o _0€°'_3,14
PAR P =800

3. PisastaHA: 1) MHOTOWIEH 1-TO CTYTIE-
HA ax+b =0, KOpiHb AKOr0 BU3HAUAETHCA

b
3a (popMyJiol0 X =——.
a

2) mHOrouwjgeH 2-ro crymneHa (KBa-
IpaTHe piBHAHHA) ax’ +bx+c=0
NuckpuminanT: D =b*—4ac
~b+D
2a
b
2a
Axmro D < 0 To KopeHiB He Mae.
Teopema Biera naa piBHAHHA TUITY

Kopeni piBHAHHA: X, , =

AxmoD=0T10 X, =%, =—

x*+px+q=0, IIa KOpeHIiB BUKOHY-
IOTBCA YMOBU X, +X, =—D Ta X; X, =( .

4. ToroxxuocTi MmHOTOUWIEHIB ((hop-
MYJIA CKOPOYEHOTO MHOMKEHH):

a’-b*=(a+b)(a-b);

(a+b)’=a”+2ab+0b*;

(a-b)?*=a”®-2ab+0b*,
Haban:xene o0unciIeHHs: AKIITO

b<<a (a+tb)’=a’+2ab,

b? — HexTyeMO.
5. ®opMyJIu IJIOIII.

Kpyr:

S=nR?.

Ksagpar S=a’.

a+b

Tpameria S =T .

6. ®opmysiu 00’eMiB.

Kynsa:

IMuniaap V =Sh=nR?" h.

VzénR3.
3

7. MatemaTuuni gii:

8. CraumapTHUH 3aIuC YuCaa

a-10™"

9. OcHOBHiI TPUTOHOMETPUYHI

TOYKHOCTI:

,del<a<10

sin®a+cos’a=1;

1+ctg’o= .12 ;
sin® o

1+tg’o=—F—;
cos” o

tgo-ctga=1.

10. ®opmysiu TOABIHHOTO KyTa:

sin2o0=2sinocoso ;

cos20=cos® o.—sin® o ;

tg2o.=

2tga

1-tga’

TO-
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NPEAMETHUA NOKAXYUK

ABTOKOJIMBAHHS.......... 232
AwmniiTyna KonuBaHb... 212
BamicTuKa ..ccevvvvnneennnnn. 65
Bara ....cooeeviiiiiininnnns 120
Beaunuuna
BEKMOPHA evernennennnn. 18
CKAMAPHEA «evveuvnnnnnnn. 18
DIBUYHA «ouevnenennnnn.n. 13
BzaeMomid oovvvvvvvnnnnnnnn. 86
epasimauiilna ........ 104

eseKmpomazHimua.... 86
Bugosixenns signocue . 115

Bucora 38BYKY +eeeuveennnn. 240
BigaocHicTh
inmepsais uacy..... 250
NIHITHUX PO3MIpPI6... 252
00HOYACHOCM ........ 248
MEeXAHIUHO020 PYXY ..... 30
BinpHe magiHeA ............ 62
T'paBiraniiiaa craina ..... 104
T'yYHICTD BBYKY cvvernnnn. 240
HedexT Macu.............. 258
Hedopmariid............... 112
3ANUUKOBA «.vvennn.n.. 116
NAACMUYHA «euun..... 116
NPYHCHA «eueeennrnnnnnns 114
POBMALY eevrvvnnennnnn. 114
HoBxuHa XBUJI .......... 236
Exepris...cccovvvviinnnnnn.. 188
KiHETHUYHA ....veven.n.. 190
KiHeTuuHa TiJja, 110
KOTHATBC eeveenneennenns 190
MEXAHIUHA .cvveennnnss 189
TIOBHA evvvveennnn. 198,257
HOTEHI[1aJIbHA......... 193
JKOPCTKICTD uvvvnnnnnnnn. 114
3akon
BepHYANi..cceeiineenns 208

8cecsimuvozo maxinHal03
63a€M036’AKY Macu

ma eHepeii ............. 258
TYKQ coveveeiinnnnnnnnnns 114
oJunamiku
nepuwLuil .......... 90,91
Opyeuil.......... 94,169
MPeMitl veeuvveennn.n. 99

dodasannsa weudxocmeil

KJAACUYHUIL .......... 43
peasmugicmcvruil 253
306epescenns
IMAYILCY «eueenn... 171
EHeP2ZIl . uuvernnnnn. 197
macu-enepeii ...... 258
MexXaHiuHOl
eHepeii........ 198,221
MOMEHMY
IMAYILCY «ounenn... 180
PYXY eeiennininininannnanns 30
133374 PPN 238
Immysise
CUMU erenerenennneannenns 168
MIAQ veueeeeineennnnnnnn. 168
TmeprHicTs ............... 87,90
THePIiA coveeeeieeiieeennens 90
IuTeHcuBHIiCTH 3BYKY.... 239
Koedimient
KOPUCHOL Oil «..c....... 186
[07770) o) 7 R 126,128
NPYHCHOCM eueennnnnn. 114
MePMSA . ernerinnnnnnnnns 125
KomuBaHHS ...vvunennn... 213
BUMYULCHI ........ 213,230
BIMBHL veuvvenennnennnnnns 212
BLACHI vevveeenneennnnnns 212
2APMOHIYUHL «euuennnnnn. 214
32ACAN0UL vevvvrernnnnnnn 214
36YKOBL cevnevnninnnnnn. 238
He32aCA0Ul ...c...u...... 214
KyT OBOPOTY «eevnnneennnnn. 74
KyroBe nepewminienss..... 74
JIVHA ovviieiiiineinninnnnn. 239
Maca Tisla .oovvveeennneennnnns 87
MarepianbHa TOUKA ....... 29
MasITHUK «cevvreeennnnennnns 225
KOHIUHULL vevererennnnn. 135
mamemamuyruir 211,226
NPYHCUHHULL «.veunenn.. 211
QISUYHULL vevvneennnnn.s 228
DYKO eeeevvenininnnnnnns 227
Mexanirka
KJAACUYHA «evveennrnnnnns 26

peasmusgicmcvka .... 247
MowmenT
IMAYALCY eeeevrnnnnnnnns 180

THePUIT covveeiinnnnnnnnn. 146
00epmanbHull ......... 146
NAPU CUML eevvnerannnnns 153
CUMU . erenrrnnennnrannenns 145
Mogayas Owra............. 115
Hampyra mexaniusa..... 115
HesarowmicTs .............. 121
Hemnepepsuicts crpymuan 206
HynboBuii piBeHs ........ 192
ITapa CHI..ccvvenvennnnnnn.. 153
ITepeBaHTa'KEHHA ........ 121
IlepeMilIeHHS oovvveennnnn.. 32
IlepeTBOpPEHHA
Taninest ..ccoeeveeevnnnnn. 42
JIOpeHUQ ..c.uvvenennn.. 250
ITepiog
KONUBAHHS «vveunenn.. 212
MAMeMaAmuULHO20
MAAMHUKAQ ........ 227
NPYHCUHHO20
MAAMHUKAQ ........ 226
@isuunozo
MAAMHUKA ........ 228
00EPMAHHA «evvvennennnn. 74
Iletna
«Hecreposa» ........ 121,268
Ilneue
NAPU CUTL veveeneannnnns 153
CUMU e eeenneeennnarannnnns 146
ITose
epasimauiiiHe......... 104
MANCTHHS veeerneennnnns 104
ITocrynatu CTO .......... 247
ITory:xHicTh
MUMMEBQA «euuveeannnns 185
COPEOHS eveuennnnnnnnnn. 185
TToXiZHA cvvvverennnnnnnnn 47,57
IIpaBuI0 MOMEHTIB ...... 152
ITpuanun
8i0HOCHOCM
Tanines........ 92,245
Eiinwmeiina...... 246
CYNepnosuUyil............ 86
IIpHUCKOPEHH o eveneennnnn 50
8i/1bH020 NAJIHHA ...... 62
OOMUYUHE v.vevreennnnnnnn. 78
doyenmpose.............. 73



KYMOBE «..uvvrnernnnnnnn. 79

JUHITHE «vveennnennnannns 79
HOPDMATLLHE «.uvvenennnnn. 78
NOBHE c.vvveereerannnannns 79
MAHZeHUIAJILHE ........ 78
Paniyc-BeKTOD ..vvvevnnnnnn 32
PesoHaHC.....cvvvnnennnnn. 231
AKYCMUYUHULL ..o o...... 241
Piguna igeannHa ......... 206
PiBaoBara.................. 151
0QUOYHCA «evvvnnennnnnn. 155
CMIUKA ceveeerinennnnnn. 155
HECTMIUKQA «evvuevnnnnn.. 155
PiBuawna xBuii.......... 237
PiBHOMITHA ovvvevevvnnnnnnn. 87
080x napanesbHo
OIIOUUX CUTL «vuennnn.. 154
PoGora
MEXAHIUHA . .evnnennn... 184
cunu npyxcHocmi .... 194
CUNLU MANCIHH ....... 193
Pyx
AAMIHAPHUL «.vvee..... 206
MEXAHIUHUL «envrnnennns 26
HePiBHOMIPHULL ......... 46
obepmanavHuil ..... 75,142
nocmynanibHuil......... 29
peaxkmusHuUll .......... 175
pisHOMIpHULL
NPAMONIHIUHULL ........ 35
pienonpuckoperuil
NPAMONIHIUHULL ........ 51
cmayionapHuil ....... 206
mypoyseHmHuuil ...... 206
(0375 ¢ TR 86
giduyenmposa.... 105,162
BHYMPIUWHA «.uvunnnn.. 170

K8A3IiYynpyiHa ....... 215
KOHCep8amueHa...... 195
Kopionica ....c.cc..... 162
BBYKY vevevnneenneennnnns 240
THePUIT covveeennnnnnnnnns 161
nidiitmanvua kpuaa. 208
NPYHCHOCME cueennnnn.. 113
peaxuyii onopu......... 116
pidkozo mepms ....... 126
MANCIHHS vevvrerinnnnn. 105
UCHMPAJOHA «.o.ee..... 104
Cucrema
BIOMIKY eveeennnrnnneannns 30
IHePUIANbHA ...ueu....... 91
3AMKHEHA eevvnnrennnnn. 170
KOLUBANLLHE «.v.uue.... 211
KOHCep8aAMmMueBHa...... 195
HeinepuiaavHa.... 91,160
HE3AMKHCHA..oeuu..... 198
TeMOP 3BBYKY +eveeeeeennnn. 240
Teopia
3azanvHa
gi0HOCHOCTI..... 246, 261
cneuyiaavHa
B8iOHOCHOCMi........... 246
QIBUYHA «eeenevrennnnnnn. 12

Teopema Toppiuesi .... 209
Tepra

BHYMPIULHE ...ueen..... 124
308HIULHE evvrnvinnnnn. 124
KOB3AHHS veveruvennnnns 124
KOUCHHA cvuernnrnnnnnns 124
CTOKOM «eveevnnnnnnnnnns 124
Tino
abconromuo meepde . 141
BIOMIKY veveeenennennennnnn 30
TPacKTOPIA cevuveeninennnnnns 31

YwMoBu piBHOBaru

TITA cevrirnnernnennnenns 151,152
Ynap
abcontomuo npyxcHuir 171
HEeNPYHCHULL «.vvunennn. 171
Paza KOJIUBAHbD........... 217
DOTOH..vviniininnninnnens 258
DPOHT XBUIL «evvernnnnnn.. 236
XBuisa
36YKOBA «euevennrennnnns 238
MEXAHIUHA . eennennn... 234
N03008HCHS «euveennnnn. 214
NONEPEYUHA «..vvvenennn. 214
CMOAYUA «eveenennennnnn. 237
YOAPHA ..evvnernnennnnn. 234
IMeunTp
MAC cevevnnininininennnns 154
MAC CUCTNEMU «.ouu.... 170
00EePMAHHA «ovvuennn... 143
MANCITHHS veveenrennnnns 153
YacToTa
BAACHQ e eeeneenneannnn. 214
KOMUBAHD «evuuvvnnnnn. 213
00EPMOBA .vvveneennnnnns 74
UUKJIUHA «oveeeeinnnnns 216
IIBugkicTs
dpyza KocMiuHAa ...... 109
JUHIUHA e veeneennennnannns 72
KYMOBQ «..uvvnernnennnnn. 75
MUMMEBA «.vvvnnennnennns 47
nepuLa KOCMi4Ha ..... 109
nowupenns xeuJi ... 236
PYXY eeiinninininininnnenns 35
COPCOHS . . evnennnannnananns 46
TIAAK cevviiiiiiiiienaenn. 32
Hlryuni cynyTHUKYT
127535 4 DN 108

303



HABYAJBHE BUOJAHHSA

DISUKA

Higpyunuk aaa 10 -ro kaxacy
3araJbHOOCBITHIX HABUAJBHMUX 3aKJIAIIB
(npo@invruil pigeHs )

ABTOPU
3ACEKIHA Temana MukoaaisHa;
I'OJIOBKO Mukoaa Bacuavosuy.

daxosuit pegaxktop — /. O. 3acekin.
Jlireparypuuii pegaxktop — C. B. Kocanuyk.
KopexTop — C. B. Bapmoui.
XynmosxHe ohOpMIIEHHA BUTaHHSA
Ta gusaiig oorkaaguaku — H. B. Muxaiinosa, B. @. Muxailnos.
Bepctra ta nuzaiits Bunanaa — 0. I1. Mupounuuk.

dopmar 70x100 1/16.
Tapuirypa llIkinsua. [pyk obcernuii. ITamip odcernmii.
ITigmucamo Ko ApyKy ------ . YM. ApyK. apk. 24,7. O6J.-Bujg. apk. 19,58.
Haknag --------- npum. 3am. Ne

Budano 3a paxyrnok depicaéHux Kouwmis
ITpodac 3a6oporeno

Bunasuunreo «Ilegaroriuna gymeas
04053, m. Kuis, Bys. Aprema, 52-a, Kopir. 2;
Tes./daxc: (044) 484-30-"71.

CBio1TBO IPO BHECEHHA CY0’€KTa BUAABHUYOI CIIPABU
o [lep:xaBHOTO pPeecTPY BUABILiB, BUTOTIBHUKIB i pOBTIOBCIOKYBaUiB
BuAaBHuYol npoaykiii Big 28.08.2009 p.
Cepia IK Ne3563.





