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MEXAHUKA

m MexaHuka — 3710 Hayka O NpUYKMHaX 1 OBLLMX 3aKOHAX MEXaHWUYeCKOro nEu-
KeHusi Ten.

3aKOHEI MeXaHHMKH OblIM COHOPMYIMPOBAHLI BEJIUKHM AHTIMHCKHM VUEHEIM
HU. Hewororom Ha mMormnsuo#t mumre B BectmuuCeTepekom abbarerse B Jlon-
JOHE BhICEYEHBEl 3HAMEHATEJILHBEIe CJIOBA:

3neck noKouTeH
Csp Hcaax Heioron,
HKoropulii nourn GoxecTBeHHON cHIIOM cBoero yma
Bnepsrie o6sacuun
C NOMOIBK CBOEN0 MATEMATHYECKOTIO METOoa
JiBmykeHUA U POpPMEI DIaHeT,
Hy’ru KOMeT, NMPHJIHMBEI H OTJIHBEI OKeaHAa.
On nepswiii Mccaenosan pasHoofpasue CBETOBBIX Jaydei
W npomcrekaomue orciona ocobeHHOCTH I[BETOB,
Koroprix zo Toro BpeMeHHM HHKTO jAake He MoA03peBa.
[TpunexxHEBIN, IPOHHLATENLHEIIT M BepHBIH HCTONKOBATENH
WU. HuloTOH IIpupoasl, apersocreii n Ceamernoro Ilucanusa.
(1642—1727) On npocraBmi B cBOEM ydeHMH Beemoryinero Tsopua.
Tpebyemyio EpanresineM OpocTOTY OH AOKA3SAJ CBOEH JKH3HBIO.
r— Ilyers cMepTHBIE pajgyioTes, YTo B MX cpene
e Huno Takoe ykpalieHue 4ej0BEYECKOrO poja.
Poauncs 25 pexabpa 1642 1.
¥Ymep 20 mapra 1727 r.

Ha nporsikeHMM MHOTMX JleT y4éHbIe OBIIM YBEpeHBI, YTO €IMHCTBEHHBLIMM
OCHOBHBIMH ((pyHZaMeHTANbHEIMH) 3aKOHAMH TPHPOAEI ABIAITCA 3aKOHBI Mexa-
uuku HpooroHa. OfHAKO 0KA3aJ0Ch, YTO He BCe ABIEHHA MOKHO OOBACHATE HA
OCHOBE MEXaHHMYECKOH KapTHHBI MUpA, HAIPUMED V 3JeKTPOMATHUTHLIX SBJICHHMN
uHas (pu3uYecKas NPUPOJA, W OHH He NOAYHHAIOTCHS 3akoHaM HeioToHa.

Bruno BHIACHEHO TaKIKe, YTO 3aK0HB HBIOTOHA, KAaK M JIOOGBIE ApyrHe 3aKOHbI
NIPUPOJABI, HE ABJAIOTCA abcoaTHO TOYHBIMU. IIpH IBHIKEHHMAX CO CKOPOCTAMH,
OJIMBKMMM K CKODOCTH CBETa, Teja ODHADYHBAIOT CBOMCTBA, O CYIECTBOBAHUM
roropelx HbloToH He mopmospesal.

MexanuKka u3ydaer ABH:KeHHE Tell. B dusuxe monansyioTca abCTPAKTHBIM [O-
HATHEM «(QHU3UYECKOe TeJI0» HJIH MPOCTO «Teao». 1lojg TesoM MBI MOHMMAEM JIIO-
Ooii o0bexT, 3TO MOMKeT ObITh Oerymasi cobaka, 4eslOBeK, aBTOMOOMIL, Semis,
obpamaiomasncs Bokpyr Coxnua, 4 1. 4. UsyunB 3aKOHBI ABUMKEHHUA (DPUIMUECKOrO
Tejla, MBI MOMEeM OTBETHTh HA MPAKTHYECKHEe BOMPOCHI, HAIIPHMED, 0 CKOPOCTH
ABMKEHHA I10e37a, paKeThl, YeJIOBEeKa M T. /.

JIBH:KeHHEe OKPYIKAIONUX HAc Tes MOMKHO 0OBACHATHL HA OCHOBE 3aKOHOB Hbio-
TOHA, 06/1aCTh NPUMEHEHUHA KOTOPHIX OYeHb OOIIMpHA.

m MexaHuka, ocHoBaHHasi HA 3akoHax HelOTOHA, HA3LIBAETCH KAACCHYecKOoM
MEXaHWKOW.















KMHEMATUKA BREe]

CNnocCoOBbl ONMUCAHUSA ABMXEHMUSA

Benomuute 13 kypca OU3MKM OCHOBHOW LWKOMLI (DU3MHECKWE BENWYMHBI, KOTOPLIMW
MOXHO ONUCATh MEXAHWYECKOE [BMXEHWEe Tena.

Ecnu Teno MOMKHO CYMTATH TOYKOW, TO JJif OmNuca-
HUS €ero ABMMKEHHMA HYIKHO HAYYMTHCH PACCUHTHIBATH
IOJIOKEeHHe TOYKM B JII0DOH MOMEHT BpeMeHHM OTHOCH-
TeJIbHO BBIOPAHHOIO Teja OTCYETa.

CyiiecTByeT HECKOJBKO CIOcOBOB OnmMCcaHud, WIN, YTO
OfHO M TO JKe, BaJAHUA ABHIKEHHS TOYKM. PaccMoTpum
JBa M3 HHX, KOTOpble Haubojee 4acTO MPUMEHSIOTCH.

KoopauaaTHbii cnocob. Bygem sagasaTh IOJIOMKeHHE
TOYKH € NMOMOIIbI0 KoopauHaT (pme. 1.3). Ecam Touka
ABUMKETCH, TO €€ KOOPAHHATHI M3MEHHAKTCH C TeYEeHH-
em BpemeHM. Tak Kak KOODAWHATHI TOUKH 3aBHCAT OT
BPEMEeHH, TO MOYKHO CKAa3aTh, YTO OHH ABIAIOTCA QYHKIUAMHA BPeMeHH.

MareMaTuuecKHd 5TO NPUHATO 3ANUCHIBATH B BHJE

x=x(t), #@_  Ckonbko koopauHar Heobxoanumo

= (t) 1.1) V ONS ONWUCaHWA ABWXEHWA: MaLLMHbI
y=ylt) s no npaMmoil gopore; BUNLAPAHOro
z:g(t)_ wapa no cTony; Myxu no komuare?

m YpaeHeHus (1.1) Ha3LIBAIOT KMHEMAaTUYECKUMM YPABHEHUAMMW ABWKEHUR
TOYKW, 3aNUCaHHbIMW B KOOPAWHATHOW dopme.

Ecnu ypaBHeHUS [BMXKEHHMA H3BECTHBI, TO JIA KAaMJOr0 MOMEHTA BpPEeMeHH
MBI CMOJKEM PACCUHTATH KOODAWHATHEI TOYKH, & CJEAOBATEJBHO, H €€ MOJIOMKeHHe
OTHOCHUTEJILHO BBIOpaHHOro Tema orcyéra. Bup ypaBmenwmit (1.1) ana xaskgoro
KOHKPETHOro ABUIKeHHA OyJer BOOJHE ONpeaesiéHHBIM.

2z

M SO LTS g

Baxno
KonuyecTBo BBIGMPAEMBIX AJISA ONMCAHWA ABHIKEHUSA KOOPDAMHAT BABHUCHT OT
yenopu# sagaum. Eenu aBMiKeHHME TOYKHM NMPOMCXOAMT BJAOJL NPAMOM, TO AOCTA-
TOYHO OJHOW KOOPAWHATHI W, CJeJ0BATEJBHO, OJHOI0 VPABHEHUs, HAIpUMep,
x(t). Ecnu aBHKeHHWe NPOMCXOAHT HA MJIOCKOCTH, TO
ero MOJXKHO OIMCATh ABYMSA ypaBHeHuAMH — Xx(I) u YA M,

y(f). Ypasaernus (1.1) onmchiBAIOT ABMIKEHHME TOUKH

B [POCTPaHCTEE. 77 2
BexTopHusrii cioco6. [Tomoxkenue TOYKH MOKHO 3a- M,

IaTh, U ¢ NOMOINLIO PajgHyc-BeKTOpa. =\

b

m Paguyc-BeKTop — 3TO HanpasneHHslil OT- (o) -
peaoK, NPOBEABHHLI W3 Hayana KoOPAWHAT B AaHHYIO X
TOUKY. z

























































KUHEMATWUKA

YCKOPEHUE

Kak uwauﬂmcn NnoKasaHua CNUAOMETPa B Hauane ABWXKEHWS U NPYU TOPMOXEeHWUU
aBToMo6uUnsa?
Kakas ¢uanyeckas BennuMHa xapakTepuayer U3MEHEHWEe CKOpOGTHU?

BbIBOA, 06 UBMEHEHWI Ero CKOPOCTU. o6eryHO MeHAMOTCA JHG0 IO MOAy-

/ a0, nubo 10 HAIpAaBIEHWIO, JUDO XKe

OJHOBPEMEHHO KaK II0 MOAVJK, TAK W [0 HAIPABJEHHUIO.
CropocTes 1mmaidbl, CKOML3AMENR Mo JBAY, YMEHbIIaeTcs

[: ¥% MonGpockTe BBEPX MSIY W c.qenam% Ilpn ABMIKEHWHM TeJl HX CKODPOCTH

0, C TeYeHUEM BPeMeHHM /0 MOJHOH ocTaHOBKHM. EcCTH B3ATE B
PYKH KaMeHb M DasKaTh NAajblbl, TO IPU HaZeHUN KaMHA
V. _  ero CKopocTh HocTeneHHo Hapacraer. Ckopocrs 110060# TOY-

V2  K¥M OKDYXHOCTH TOUHJIBHOIO KPyra IpPH HEM3MEHHOM YHCJIE
; 060poTOB B €AMHHUILY BPEMEHH MEHAETCH TOJBKO 10 HANPAB-
JIEHHIO, OCTABAfACh NMOCTOAHHON 1o Moayiw (puc 1.26). Ecan
6pocHuTh KaMeHb IIOJ YIJIOM K TOPU30HTY, TO €ro CKOPOCTH
OyJeT MeHATHCH W O MOAYJIO, W IO HAIPABICHUIO.
MsMeHeHHe CKOPOCTH TeJa MOXKeT IPOMCXOAHTE Kak
OYeHb OBICTPO (ZBHM)KEHHe IyJM B KaHAJIE CTBOJIA NPH BBI-
cTpesie U3 BHHTOBKH), TAK M CPABHHUTENLHO MeJIEHHO (ABU-
JKEeHHMe moes3fia TPH ero OTHpPaBIEeHHH).

m ®uanyeckas BeNUYMHE, XapakTepuayioan GbiICTPOTY U3MEeHeHWus cmpoc'm
Ha3bLIBAETCH YCKOPEeHUeM.

HHUA TOYKHM. B aTomM caydyae e€ CKOpPOCTh C TeYeHUEM BPEMEHH H3Me-
HAeTCHA KakK N0 MOJYJIO, TAK M IO HampaBieHWIo. [IycTh B HEKOTODBIH
MOMEHT BpeMeHH { TOUKa 3aHMMaeT NoJoxeHne M U MMeeT cKopocTh U (puc. 1.27).
Cnyc'ra IPOME’XYTOK BpeMeHH At, Touka saiimMér nonoxenue M, u 6yJeT UMeTsL CKo-
pocT ;. Uamenenue ckopocTy 3a BpeMs At, paBHO AU, = U) — v. BrruuraHue BEKTO-
pa U MOKHO TPOM3BECTH NyTEéM NPHOGABIEHHA K BEKTODY U] BekTopa (-0 0):
ATy =D} - 0= D} + (D).
CoryiacHO TIpaBHJIy CJIOJKEHUS BEKTOPOB BEKTOD U3MEHEHWs CKOpocTH AU, Ha-
npaBJeH M3 Ha4aja BEKTOpA U; B KOHeI[ BeKTopa (—U’), KaK 3T0 NOKa3aHO Ha
pucyHke 1.28.

e Paccmorpum caydaili KPUBOJMHENHOIO M HEPABHOMEDHOTO /JBHIKE-
o
L

IToxenus BekTOp AD; Ha NPOMENKY-

MoHabniopaiTe 3a Ha4anom ABuxe- TOK BpeMeHH Al,, NOJYYHM BEKTOD,
% HUA Kakoro-nubo Tena. YTo BbI MO- HaNpaBJeHHBIH TaKk e, KaKk W BEKTOD
XeTe cKasaTb O ero ckopoctn? M3MEHEHUA CKOpPOCTH AU,. DTOT BeK-

TOp HABBIBAIOT CPEAHUM YCKOpPeHHeM
TOUKH 38 INPOMEKYTOK BPEMEHU At,.

€@ [lpusenure Apyr npyry NpUMepbl ABK- 2
V XEHUSt Tesl, MPU KOTOPbIX U3MEHEHWA O6o3HauuB ero gepes a. cpl? 3anuimem:
CKOPOCTW NMPOMCXOOAT TONMBKO MO Ha- L Avl
K NPasneHnio N1 ToNeLKO No Moaynio. Aoy = _.Q"t-



































































SIol KINHEMATMKA

B npepene, T. e. npm CTPEMJIEHMHM TIpOMEeMXyTKa BpeMeHM Af K HyJIo,
|A7°| g

MOAYJIb BeKTOpa 57 6yzeT MOAyJeM yCKODEHHA |@ | Toukm B MOMEHT BpeMeHH t,

|&7]

At

ckopoctu |U°|. Torama pasencrso (1.24) npumer BuJ

a MOAYJIb BeKTOpa Oyaer mpeacTaBIsTh CO00 MOAYJIL BEKTOpPA MIHOBEHHOI

|a==.| (1.25)

Tak xak v U R NOCTOAHHEI, TO MOAYJIL BEKTOPA YCKOPEHHUS IIPH PABHOMEPHOM
ABHXKEHHUM TOYKH II0 OKPYKHOCTH OCTAETCHA BCE BPeMsA HEM3MEeHHLIM.

Haiizém Teneph HampasiieHWE YCKO-

@@ Kak Bbl gymaete, ¢ 0QMHAKOBbLIMM peHuss @. BekTOp yCKOpeHHMs Hampas-
V /1 N0 MOAYNIO CKOPOCTHMU U YCKO- JIeH TaK, KAK HANpaBJeH BEKTOp AU B
PEHWAMW ABUXYTCA BCE TO4YKM Ka- npejesie IpU CTPEMJIEHMH IIPOMEXyTKa

6uHkn koneca o603peHnna? BpemMeHn At k Hymo. s pucyrka 1.57

BH/IHO, YTO NPH CTPEMJICHUH WHTEepBaJia

¢ Monabniopaiite 3a koneGaHuamMN wa- At x Hymio Touka M, npubamkaerca K
'@ﬁ pyKa Ha HATK. WameHsieTcs nu LeH- Touke M W yrosn ¢ crpeMurcs K HYJIIO.
TPOCTPEMUTENBLHOE YCKOPEHWE Lua- Caenosarensno, yron BM,A crpemurcs

puKa nNpu ero OBMXeHWA? k 90°. Takum 06pasoM, YTOJ MeMLy

BEKTOPOM AU’ H pajiiycoM OKPY#KHOCTH
crpemMuTess K Hyaw. CinegosarennbHo, B
npeaesie BEKTOP MIHOBEHHOIO YCKope-

MHorpa ueHTpoCcTpeMUTENLHOE YCKO-
pPeHWe  HasbiBalOT  HOPMAaNbLHLIM

yeKopeHuem. 370 Ha3BaHue CBs3aHo C Tem, THS BRNDADNER ¥ IERTDY QXPYAHOCTIE,
Y4TO  LIHTPOCTPEMMTENLHOE YCKOPEHME Ha- Ilosromy ycropenWe TOUKHU 1P eé pap-
NPaBneHo NO HOPMasM K CKOPOCTW Tena. HOMEPHOM JABHIKEHHH II0 OKPYXXHOCTH

Ha3bIBAXOT UeHmMpocmpemumeibHblLM.

IKpnBonuueﬁHoe aAsuxeHve. LieHTpocTpemMuTensHoe ycKopeHue

? |. Touka ABHIKETCA DPABHOMEPHO 1O OKpyskHOCcTH. [locTOSHHA JM e cKOpoCTh?
©. IocroasHo JM yCKOpEHMEe NPH PABHOMEDPHOM ABHMMKEHMH TOUYKH MO OKDPYIKHOCTH?
® | Kyna manpasieHo yckopenue KOHIaA cTpenkn yacos? Byzner nu yckopeHue nepnes-

AUKYIAPHO MI'HOBEHHOH cKopocTu?
! Kakoe yckopenue Bcerpa NepUeHIHKYIAPHO MIHOBEHHON cropocTH?
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NJMHAMUKA

NRIOT CBOACTEA AAEP. bl

Obnacte JeiicTBHA AAEPHBIX CHJI

rt. Pacckaxute opHoknaccHukam, 410
! V BAM M3BECTHO O SAEPHbIX CUNAX. OouyeHs orpaEWueHa. OHH 3aMeTHEI
2 3amevaete nu Bbl B GeiTy nposiene- TOJIbKO BHYTPHM ATOMHBIX sAzep (T. e.
X HUEe AEACTBUS SAEpHbIX oun? /  ma paccroamusx mopszaka 1070 m).
Vike Ha DacCTOAHHAX MEXKAY UYacTH-
namu mopsizka 10 ' M (B ThICAUy pas Membmmx pasmepos aToma — 107 w)

OHH He NPOABJIAIOTCA COBCEM.

I

cnap snep, p

OHH NPOABAAIOTCA HA €Ié MeHBIIUX paccTOAHMAX, mopaaxa 1077 m.

SIxepHBle CHIIBI — caMble MOIHBIE B UpHpoAe. ECIu MHTEHCHBHOCTD SAEPHBIX
CHJI NPUHATE 38 €JUHMIYY, TO HHTEHCHBHOCTH JJEKTPOMATHUTHBIX CHJI COCTABUT
107%, rpaBuranuonnnx — 1070, ciabuix B3ammoneiicrsuii — 10716,

CunbHble (AgepHbie) W caabble B3aMMOJAEHCTBHA NPOABIAIOTCH HA TAKHUX Ma-
JBIX PACCTOAHMAX, KOTJa 3aKOHBI MeXaHWKM HBIOTOHA, & ¢ HAMHM BMeECTe ¥ IO-
HATHE MeXaHWYEeCKOHl CHJIBI TEPAIT CMBICI.

WHTEHCUBHOCTL CUNBHOrO U CNaboro B3aMMOAENCTBUIA U3MEPSEeTCH B eauHULEX

SHEprvn (B ANEKTPOM-BONLTAX), @ HE EAMHULIAX CU/bl, U NOTOMY MPUMEHEHUE K

HUM TEPMUHA «CUNa» OOBACHAETCA MHOMOBEKOBOW TPAAULMEN BCE ABNEHWUS B OKPYXAIOLEeM
“Q_mpe 0OBLACHATL NECTBUEM XapaKTEPHbIX ANS KaXO0ro SBNEHUA «CUM».

B mexanuke mbl GyZeM paccMATPHBATH TOJBKO TDABUTALMOHHEIE W 3JIeKTPO-
MAarHuTHLIE B3AaUMOJeHCTBHA,

Cuaer B mexanuke. B MexanuKe O6LIYHO MMEIOT AEJIO C TpeMd BUAAMM CHJI —
CHJIAMM TATOTEHUHA, CHJIAMH YIOPYrOoCTH M CHJIAMH TPeHHSA.

[r PaBUTALUMOHHLIE, SMEKTPOMarHUTHbie, aaepHeie, cnabble Cunbl

ety
Haliin

? . Cunel kaKol DPHPOJLI PACCMATPHBAIOTCA B MeXaHuKe?
HaszosuTe THNLI B3aHMOAEHCTBHIH, CYIECTBYIOINX B IIPHPOJE.

®
e . Kakue pesynwrars BzaumozeHcTBHS Tea Mbl Habiogaem?
1
-

YrTo TAKOEe MHTEHCHBHOCTH B3auMoJieiicTBUA?




































































































































































































































































































































































































































































































































































































































OCHOBbI SNEKTPOAMHAMWKIA

m Ecnu none uamensieTcs co BPEMEHEM, TO TAKOE None Ha3LIBaIoT NMepeMeH-
HbIM,

MHorue cBOMCTBA CTATHYECKHX W IePeMeHHBIX moJsell coBmazaior. OmgHako
HMEIOTCA MeXJly HUMH H CYyIlecTBeHHhIe paajuuus. ['oBops o cBoiicTBax moas,
Mbl 6yZieM Ha3BIBATH TO II0JIe TMPOCTO BJIEKTPHUYECKMM, €CAH AaHHOe CBOMCTBO B
PaBHO# Mepe NMPHUCYILE KAK CTATHYECKHM, TAK M IIePEeMEeHHEIM ITOJIAM.

Mbl ¢ BaMK yXe BCTPEYANWUCh C NOMAEM CUMbI TAXKECTU U NMONEM CUN TarotTedus. Ha
Teno, Haxogsawleecs B None cuibl TAXeCT v obnagjaowee maccou, s6amam no-
BEPXHOCTW 3eMM OEWCTBYET Cuna TAXECTU aHanoru4yHO TOMY, Kak Ha 3apsg, HaxoAsLMIACs
B 3/1eKTpocTaTMYeckoMm none, aewcreyer cuna Kynona. Ha cnyTHuk, obBpawaiowmiica Ha
opbute BOKpYr 3emnun, NeiCTBYET cuna TArOTEHUS, T. €. MOXHO CKa3aTb, YTO OH HAXOOUTCH
B NONe TArOTEHWS.

Iﬂone. 3nexkTpuyeckoe none

? ! B uém cocromr ornmume Teopuu 6IHSKOZEHCTBHA OT TeOPHM [AeHCTBHA HA pac-
cTOAHUU?
Kaxosrl ocHOBHEIE CBOJCTBA AJIEKTPOCTATHYECKOTO MOAA?

Kakyio Teopmio noATBep:KAaeT CyIIeCTBOBAHME JJIEKTPHUECKOr0 10JA?

:;_\p . CKOpDOCTE DACHPOCTDAHEHHHA BNEKTPOMATHMUTHBIX B3AMMOIENCTBHH
1) Bcerma paBHa cKopocTH cBeTa

2) onpenensercd TONLKO NPH YCJOBHH, UTO 3apAALI HEMOABMIKHEI

3) paBHA CKODOCTH CBETa B BAKYyyMe

4) 3aBHCHT OT 3HAKOB 3apAINOB

ONeKTpHYecKoe MoJe MOM¥HO 00HApYKHTH
1) ecim 0HO He M3MeHAETCH BO BPEMeHH
2) ecnu OHO M3MeHSIETCH BO BPeMEHHM
3) momemnas B JAHHYIO TOUKY 3apan
4) ecnu 3apAj JBUIKETCS

TIpu mepeMeIeHHH OAHOIO M3 3APAIOB
1) ymenbpIIaeTca aJIeKTPUYeCKOe MOJie APYroro 3apajaa
2) ero sJeKTPHYECKOE MHOJieé NOCTeNeHHO ocaabeBaeT
3) mameHAeTCA CHIA B3AMMOJEHCTBHA 3apANOB
4) yBeJMYMBAETCH 3JEKTPHYECKOe IoJie Jpyroro sapana




























































































































QOCHOBbI SNEKTPOOMHAMWKN

m 3AKOH OMA A5l YMACTKA LIENWU. CONPOTUBJNEHUE

Yro 3acTasnseT 3apaabl ABUraThCA BAONL NPOBOAHMKAT?
Kak anekTpudeckoe none AeMcTByeT Ha 3apaabi?

BoasT-aMnepHas xapakTepucTHrka. B OpeabiaylieM Ia-
parpade ropopuJoCh, 4YTO MJi CYIIECTBOBAHHA TOKAa B IIpO-
BOAHUKe HeoOXOAMMO CO3AATH PA3HOCTH IOTEHIIMAJIOB Ha €ero
koHIax. Cuma TOKa B INPOBOAHWKE ONIpEeJessercs JTOH pas-
HOCTBIO MOTeHIUuanoB. Yem Goabore pasHOCTE MNOTEHIUAJIOB,
TeM OOJNbIIE HANPAMEHHOCTH 2JEKTPHUUECKOr0 IIOJA B IIpO-
BOJAHHUKEe H, CIeJOBATEJILHO, TeM BOJBINYI0 CKOPOCTH HANpAaB-
JIEHHOTO [JBHM)KEeHHUsA TpHoOperaroT 3aps)keHHBIe dacTunsl. Co-
raacHO opmyne (15.2) aTo ozHauaeT yBeJWUYEHHE CUIBLI TOKA. I Om

JAns Kaxporo NpOBOAHMKA — TBEPAOrO, JKHAKOIO M raso-  (1787—1854)
o6pasHOro — CYyILIEecTBYET OlpelesiéHHAA 3aBUCUMOCTE CHUJIBI

TOKa oT HpHJIO}HEHHDﬁ Pa3HOCTH NOTEeHOHAJOB HAa HKOHIAX . r;“
NPOBOJHUKA. (R

m 3aBMCMMOCTbL CUNbI TOKA B NpoBOOHWKE OT HanpAXeHws, noaasaemoro Ha
HEero, HasbIBalT BO/ILT-AMMNEPHO XapaKTepUCTUKOA NPOBOAHWKA.

Eé HaxoJdAT, H3MepAdA CHIIY TOKa B IIPDOBOOJHHKe

I
IpW pasJMYHEIX 3HAYeHUAX HANOpPSKeHHA. SHaHme @ F_@_:‘_ S
BOJILT-aMIepHO# XapakTepPHCTHKH Wrpaer Oompmryio |
)
Y

s

pOJib NPH M3YUEHHH 3JIeKTPUUECKOro TOKa.

3akon Oma. Haubosiee npoctoit B MMeeT BOJBT-
aMIlepHAsA XapAKTePHCTHKA MeTaJIM4eCKHMX IIPDOBOX-
HAKOB H pACTBOPOB 3JIeKTPOJIMTOB. Brepswie (mnsA
METAJIJIOB) €€ YCTAHOBMJ HeMelKuil yuénwiii eopr
O M, moaToMy 3aBUCHMOCTE CHJIBI TOKa OT HANPSAMKe-
HHsI HOCUT HasBaHMe 3akonHa Oma.

Ha yuacTke nenu, msobpa)kéHHOM Ha pHCyHKe 15.3, TOK HAIpaBJieH OT TO4-
KH I k Touke 2. PasHOCTh MOTeHIHAJOB (HAOPAMKEHHE) HA KOHIOAX IPOBOJAHHKA
paBHa U = ¢; — ¢p. Tak KaK TOK HampasJieH cJieBa HANPaBO, TO HANPAXKEHHOCTDH
9JIEKTPHUYECKOTO IOJIA HAIpPaBJIeHa B TY Keé CTOPOHY H () > P,

Hamepsas cully TOKAa aMIEpMETDPOM, a HANpSAXXeHHe BOJLBTMETPOM, | ()
MOYXHO yOeAMTHCS B TOM, YTO CHJIA TOKA NPAMO IPONOPIIMOHAJILHA HA- a LA
NPAKEHHIO.
"Cwna Toka Ha Y4ACTKE LMW MPSAMO MPONOPLIMOHANBHA NPU- St b i e st

NOXEHHOMY K Hemy HanpsxeHuio U v oBpartHO npornopuuoHancHa CONPOTUBNEHMIO 3TOrO
y4yactka R: U

I= 7 (16.3)

e

ITpumeHeHne OGBIYHBIX MPHOOPOB ANA W3MEPEHHA HANPAMMEHHS — BOJBTMET-
poB — ocHOBaHO Ha 3akoHe Oma. IIpHHOHAN YCTPOHWCTBA BOJBTMETDA TAKOH 3Ke, KaK
U y aMmepMerpa. YIOJ [OBOPOTA CTPeJKH NpHOOpa NPONOPIHOHAJNEH CUJIE TOKA.









SNEKTPOLAMHAMUKIN

ANEKTPUMECKME LENWU. NOCNEANOBATEJNIBHOE U
NMAPAJJIENIBHOE COEAMHEHWUSA NPOBOAHUKOB
Cdopmynupyiite 3akod Oma gns ydacTtka uenu.

Kak BuIrmaauT 3aBMCUMOCTL CWMbl TOKA B NPOBOOHMKE OT HanpskeHwWs Ha HEM? oT
€ro COMpOTUBAEHWA?

OT ucTOYHMKA TOKA SHEPrHA MO’KeT ObITh IepejaHa [0 IPOBOJaM K YCTPOii-
crBaM, HOTPebAIOIMNM 9HEePTHIO: 9JIeKTPHYeCKOol JaMile, PaJHONPUEMHUKY U Jp.
Ilna 5TOro COCTABNAIOT JJCKMPUYECKUE Yenu PA3TUIHON CJIOMKHOCTH.

K maubomee MpOCTBIM M YACTO BCTPEYAIOI[UMCH COEJUHEHHSM MPOBOJHUKOB
OTHOCATCA MOCHeJ0BaTeIbHOe H Hapajlle/lbHOe COeIHHeHHH.

ITocnegoparenbHoe coequHeHHe NpoBoaHuKoB. [Ipu nocaeposarensHOM CcoO-
eIWHEHHUH B3JIeKTPpHYecKas IeNb He HMMeeT pas3BeTBJeHHIl. Bce NpOBOJHUKM
BKJIIOUAIOT B ILeNk noodyepénHo Apyr 3a apyrom. Ha pucyske 15.5, a mokasasno
nocJjieJoBaTeJbHOEe COeIHMHEHHUEe ABYX NMPOBOAHHMKOB I W 2, HMEIOIHX CONDPOTHB-
nesua R; m R, DTo Moryr GuITh JBe JaMIIBI, JBe OOMOTKH SJIEKTDOJBHUTATENA

u Ap.

Gunamxaaoﬁouxnpownﬁmaxmﬂaxoaa.?e it AN 57
Li=qg=F | e (15:5)
B npoBogHMKax sJeKTPHYECKHMH 3apsAl] B clydyae INOCTOAHHOTO TOKA He HaKa-
nIuBaeTcd, U 4depes ai0boe TomepevHOe cevueHHWe MPOBOJAHHUKA 3a OlpelelléHHOe
BpeéMsA NPOXOJMUT OJAMH M TOT e 3apaf.
H&HDH}RGHHG Ha KOHIAX pacCcMaTpHBaeMOIo y4acTHKa Ienu CKJIajbIBaeTca H3
Hanpﬂ:ﬁenﬂﬁ Ha IIepBOoM M BTOPOM HNPOBOAHMKAaX:

r.._ — e e e 2 e ——— - U = UI o Uz-
Onpepenute OTHOWEHWE Hanpsaxe- |

{2 Hm?e:la BCEM NDOBOAHUKS pﬁunoﬁ Ilpamenss sakon Oma ang Bcero
! K HanpsXeHWI0 Ha y4acTke 3Toro JEACTEA: B RGN B IR JIRCTROR G

; NnpoBOgHUKA .Elﬂi"lHOM {/4 ',.; COIOPOTHBJIEHHUAMH IIPOBOJHHKOB Rl
e e ——— u R;, MOHO J0KAa3aTb, 4YTO I[IOJHOE
CONIPOTHBJIEHHE BCEr0 YYaCTKA Ienn
TpH TIOCHIEJOBATENBEHOM COEIHHEeHWH

paBHO:
1 g, 9 R =R, + R,. (15.6)
9TO0 OpaBAJIO MOMKHO IIPHUMEHWUTH
ans aoboro 4ymcna HOCJeIOBATENLHO

Uy U, COeJMHEHHLIX MPOBOSHUKOB.
HanpskeHHsT Ha TPOBOAHHKAX H
a) MX CONPOTHBJIEHHMSA NpPH I[OCJIef0Ba-
TeJIbHOM COeIMHEHUM CBA3AHBI COOT-

HOILIIeHHUEeM
ma BoiBepgure cpopmyny (15 6) caMo- 3 ﬂ = B

1 (15.7)

: V CTOATENBHO. ) Uy, Ry’
















QOCHOBbBI SNEKTPOAVHAMKMKIA @

PABOTA U MOLWWHOCTb NMOCTOSIHHOIO TOKA

L
BcnomHuTe, Kak onpegenserca pabota KyNOHOBCKWMX CUI MNPU NEpPEMELLeHWI 3apaaa
g W3 TOMKM C NOoTeHUWanom @, B TOYKY C NOTEHUWANOM @y

b ~ Mpw YrOPSBOYEHHOM ABWKEHUN 3aPAXEHHBIX Hqcmu. B MPOBOAHUKE ANEKTPU-
Yeckoe none cosepluaeT padory.

Eé npuHATO HasBIBATH pabomoll mokd.

PaccMOTPHM NpPOM3BOJBHBI YyUACTOK LEmH. DTO MOXKeT ObITh OHHO-
POAHEBIH TPOBOAHWK, HANDUMED HHUThL JIAMIIBI HaKaJIUBaHHA, OOMOTKA a
agexTpoaBurarensa U Ap. Ilyers 3a spems At Uepes IOMepeYHOE cevyeHHe .
[POBOJHUKA TPOXOAMUT 3apsa Ag. DiexkTpudecKoe TIOJe COBEPUIUT DX 3TOM pabo-

ry A = AqU (U — mnanpsiskeHue MexJy KOHIIAMM YYaCTKa IPOBOAHMKA).
Tak kaxk cuia Toka I = % TO paﬁoTa TOKa paBHA:
IUAt. (15.12)

PaBota ToKa Ha y4acTke Lenu pasHa of SHUIO CWNBI TOKA, HanpskeHus

n apaueﬂu B TEMEHUE KOTOPOTO LN TOK.

CorsiacHO 3aKOHY COXpaHeHHs 3Hepruu srta pabora JoJkHa OBITHL paBHA H3-
MeHEeHHI0 9HEePTMH paccMaTpHBaeMoro yudacTka men#. Iloatomy

SHEprusi, BLIAGNSIEMast HA AHHOM YYacTKe Lenu 3a Bpems A, pasHa pabote

Tk &

Ecnu Ha yyacTKe IeNM He cOBepIIaeTcs MexaHudecKas pabora M TOK He mpo-
UBBOAUT XUMHYECKHX AeHCTBHM, TO TMPOHCXOAUT TOJHLKO HarpeBaHue IPOBOLHH-
Ka, T. €. YBeJMUMBAETCs BHYTPeHHsAs sHeprus nposogHuka. Harpererit mporoj-
HHK OTJaéT TeIJi0 OKPY AIOI[UM TeaaM.

Harpepanne TPOBOJHWKA TPOUCXOAMUT CIEAYIOIIUM 06pasoM. DJIeKTpUYECKOoe
[ojie yCKOpAeT 2JIeKTPOHBI. B pesyinrrarTe CTONKHOBEHHSA C MOHAMH KPHCTAJLIH-
YecKOH DeIIéTKHM OHM MEePeJaloT UOHAM CBOIO 9HepPruio. JHeprus GecnopsamovHO-
ro ABHIKEHHS MOHOB OKOJIO IOJIOMKEHHI paBHOBecms BospacraeT. 9TO M O3HAYaer
yBeJMYenne BHyTpeHHed sHeprum. Tak Kak TeMIleparypa — Mepa KMUHETHYECKOH
AHEePruH Teja, TO TeMIepaTypa NMpPOBOAHMKA TOBRIIIAeTCA, H OH HAa4YMHAET mepe-
JaBaTh TeNJo OKpys:kanmuM rTejgaMm. CnoycTa HEeKOTOpoe BpeMsd IIOC/e 3aMbIKAaHM
menu IMpolecc yCTAHABIMBAETCH, W TeMIepaTypa INPOBOJAHHUKA IepecTaér uamMe-
HATHCHA €O BpeMeHeM. 3a c4ér paboThl DJIeKTPHYECKOro IOJifi B NMPOBOJHUKE He-
[IpepLIBHO BhIAeNAeTCHA 3Heprusi, Ho ero BHYTPEHHAA DHEPIHfA OCTAETCA HEM3MEeH-
HOH, TAK Kak MPOBOJHHMK NepelaéT OKPY:KAIUM TeJaM KOJHYeCcTBO TeNJIOThl,
paBHoe pabore Toka. Takum obpasom, el )
dopmyna (15.12) ana paGoTel ToKa r;; OGBSICHUTE, MO4YEMY B OTCYTCTBME |
onpenegsaeT S KOJIHYeCTBO TenJ0ThI, TOKa NPU CTONKHOBEHMAX ceBobop-
mepegaBaeMoN IPOBOAHMKOM JAPYIHM ' HbIX 3NEKTPOHOB C MOHAMW PELUETKM
TexaM. | aHeprus NocneaHux He yBenu4uBaeTcs.
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SJNIEKTPOABMXYLLAS CUJIA

Jio6ol MCTOHHWMK TOKA XapaKTepU3yeTCsl SNeKTPOABWXKYLLEN CUIOR, MM COKPALUEH-
Ho 3AC. Tak, Ha kpyrnoin Garapeiike AnA kapMaHHOro goHapuka Hanucawo: 1,5 B.
Y10 at0 3HAYMT?

Ecan coegMHUTH MPOBOAHUKOM (Ba
PasHOMMEHHO 3apAKeHHBIX IMapHKa,
TO 3apAabl  OBICTPO HEUTPATU3YIOT
ApYr [Apyra, HOOTEHIMaJbl IIapUKOB
CTAHYT OAMHAKOBBLIMM, M JJIEKTpHUUE-
cKoe mosie ucueaHer (puc. 15.9, a).

Croponnme cmiapl. [us Toro uro-
OBl TOK OBIT TOCTOAHHBIM, HAAO IOI-
Jep:KHBaTh IOCTOSHHOE HaANpAMKEeHue

Fy

a
) mexxay wmapukamu. as aroro He-
obxomumo  yerpoiicTBo  (ucmouHuK
moka), KoTopoe ImepeMeniajo Obl 3a-
; = fAABI OT OAHOTO IIAPHKA K romMy B
r e Boaamme nea snerrpomerpa n 3a- PEA o p APy y

’ @'ﬁ paguTe OAMH W3 HUX, 3aTem coeau- |

-

HalnpaB/JieHHH, OPOTHBOIIOJJOHOM Ha-

HUTE CTEPXHM BNEKTPOMETPOB NMpPo- NPABNEHUIO CHJI, JEHCTBYIOMMUX HA HTH
BOAHWKOM W noHabniogaiite, kak GbicTpo |  32PALBI CO CTOPOHBI JJEKTPHYECKOTO

_MPOVCXOAVT NepeTekaHue 3apsaos. / ~monsa mapHkoB. B rakoMm yerpoii-

CTBE HA 3apAfbl, KpOMe 3JIeKTpHYe-
CKHX CHJ, AOJIKHBI AeiCTBOBATHL CHJIbI HEAJIEKTPOCTATHYECKOIO NPOUCXOMKAEHHA
(puc. 15.9, 0). OnHO JMIUE 3AeKTPHYECKOE TOJE 3aPAMKEHHBIX YACTHL, (KYJLOHO8-
CKoe noJie) He CIOCOOGHO IOJNEPIKHUBATH IOCTOSHHBIA TOK B IeNH.

SAnomun I R ATNp— [ECTBYIOWME HA BNEKTPUYECKN 3APSXKEHHBIE YACTULS!, 3a UC-
K/IOYEHWEM CUN 3NEKTPOCTATUYECKOro NpoucxoxaeHusa (T. e. KyNOHOBCKWMX), HAa3biBaloT
CTOPOHHMMW CUNIaMM.

Brisog o Heo0X0aZuMOCTH CTOPOHHHUX CHJI AJdHA NMOAJepXaHuA IMOCTOAHHOI'O TOKAa
B H,BIIH CTAHET ell€ OYeBHAHEe, eCciu oﬁpa'ru'rbcn K 3aKOHY COXpaHeHHA JHepruu.

2 Snex‘rpocmvmacxoe none nm’euuna.qmo ano;:a amro nons npu nepe-
uememm B HEM 3@PHKEHHBLIX 4acTULlL N0 3aMKHYTOM SNEKTPUYECKOR Lenu p
NpoxoxzeHue Xe Toka Mo NPoBOAHWUKAM CONPOBOXAAETCH BBIAENEHMEM SHEPIn
BOAHWK Harpesaetcs. CNeaoBartentHo, B Lenu A0nNKeH GbiTh w:qi-_ucrm K p-
- [WAW, NOCTaBNAIOWMIA € B uenb, B HEM, noMumo xynmomxmmﬁ 06f3arenbHo AOMKHBI

Tb CTOPOHHWE, HenoTeHuwanbHble cinbl. PaboTta aTmx cun BAOAL aaum-moro
xetaypamnxuaﬁmommornym. , 7

HWmenHO B mpomnecce coBepliueHusi paboThl 3TUMH CHJIAMM 3apAXKeHHbIE YacTH-
el npuobperaioT BHYTPH MCTOYHHMKA TOKA DHEDPIHMIO M OTAAIOT €€ 3aTeM MpPOBOJ-
HHUKAM 2JIEKTPHUYECKOH IIenu.

CropoHHHE CHUJIBI MPHBOAAT B [JBUMKEHUE 3apsrKeHHBIE YACTHIIEI BHYTPH BCeX
MCTOYHMKOB TOKa: B PeHEpaTopax Ha 2JeKTPOCTAHIIUAX, B raJbBAHHYECKHX aJie-
MeHTaX, aKKyMyJATOpax ¥ T. JI.




































@ OCHOBbLI! ANEKTPOANHAMUMKIA

3ABMCUMOCTb COMPOTUBJIEHUSA NPOBOAHUKA
OT TEMMNEPATYPbI. CBEPXNPOBOAUMOCTb

Benomuute, kakyio GU3UYECKYIO BEIVHUHY HA3bLIBAIOT CONPOTUBAEHUEM.
OT Yero 1 Kak 3aBUCWT COMPOTUBIIEHUE METANMHECKOro MPOBOAHUKAT

Pasnuunsie BelecTBa MMEIOT pasHBIEe yielbHble conpoTusjeHus (em. § 101).
34BUCUT JIM COTIPOTHBJIEHUE OT COCTOAHHSA NPOBOJHHKA? OT ero TeMmepaTypsi?
OrBer HOJXKEH AATh OMLIT.

Ecnu npomyeTHTh TOK OT aKKYMYyJATOPa 4Yepe3 CTAJbHYIO CIHMDAab, a 3aTeM
HA4YaTh HATPEBATh €€ B ILIAMEHH TOPeJKH, TO AMIEepMeTDp HOKAKeT YMeHbIIeHue
CHJIBI TOK&. JTO 03HAYAET, YTO C M3MEHEHHeM TeMIepaTyphl CONPOTUBJIEHHE TPO-
BOJHHKA MEHSIeTCH.

Ecmn npu remneparype, pasroit 0 °C, conmporuBieHMe NPOBOAHUKA paBHO Ry,
a mpu TeMueparype ¢ 0HO paBHO R, TO OTHOCHUTENLHOE USMEHEHHE COIPOTHBJIEHU,
KaK MOKAa3bIBAET ONBIT, MPAMO NMPONOPLHMOHAILHO M3MEHEHHIO TeMIepaTyphl t:

R-R,

Ry~ (16.1)

KosddunuesT nponopruoHANBEHOCTH O HASBIBAIOT TEMNEPaTyPHBIM Koadhdu-
IMeHTOM CONPOTHBJIEHUS.

m Temnepartyphbiii k02D OHUUMEHT CONPOTUBNEHWS — EBENWYMHA, paBHas
OTHOLWIEHWIO OTHOCUTENLHOMO WM3MEHEHWS COMNPOTUBNEHWSA NMPOBOAHWMKA K W3MEHEHUIO ero
TeMNeparyphbl.

- _o-oi_ On XapaKTepH3ayeT 3aBHCHMOCTE COIDOTHBJIEHHHA BeIIecTBa OT TeM-
) meparypsbl.

TemnepatypHblii KoadduumeHT eonpcmsaneum mueamo OTHOCMUTENb-
.,_mmueum CONPOTUMBNEHNS NPOBOAHMKA NPH A Ha 1 K (Ha1°C).

Jina Bcex MeTANIMYeCKUX IPOBOMHUKOB KoadhduiuedT o > 0 M HEe3HAUMTEND-
HO MEHfeTCA ¢ M3MEeHeHHEeM TeMnepaTypsl. EcJiH MHTepBaJ M3MEHeHUs TeMIepa-
TYPBI HEBEJHK, TO TEeMIEpPATYPHBLIH KOd(PPHUIHEeHT MOKHO CUHHUTATH MOCTOAHHBIM
H PaBHBIM €r0 CpejHeMy 3HAYEHHMIO HAa 9TOM HHTEpBajie TeMIIepaTyp. ¥ YHCTHIX

.
MeTAJIJIOB o =~ 2731{‘.

m 'Y pacTEOpPOB 3NEKTPOAUTOB CONPOTUBNEHWE C POCTOM TEMNEepaTypbl He yse-
NMYMBAETCA, B8 YMEHLLIAETCA. .ﬂnnmma<70 Hanpuuap..n’m 1meaefrmpano-
BapPEHHOA comm a = 0,02 K™\,

= — Ilpy HarpeBaHMM NPOBOJAHHMKA €T0

r_p Oﬁcw:,me C cocegoMm no napTe\ reoMeTpHYecKue paszMepbl MeHHAIT-
BOMPOC O Ppasnuynn XxapakTepos ca HeadHaduTenbHO. CONpPOTHBJIEHHE

i 3aBUCWMMOCTU CONPOTWBNEHUA ME- IPOBOJHUKA MeHAeTcd B OCHOBHOM
TannoB W pacTBOPOB 3NEeKTPONWMTOB OT 3a CUET MBMEHEHHS ero YAeJLHOTO

| Tomnepatypui. Yem ST0. pasnutue: onpe- conpoTuBideHndA. MoskHO HaiiTh aa-

\_nensetca?
e e e e BHCHMOCTE 3TOTO YAEJNBHOTO COIPO-

































































































































NABOPATOPHbLIE PABOTH! 10

l T,

Iloaromy B pabore cliiefiyeT CPABHHUThL OTHOLIEHUH £—1 u ?1 JnruHA BO3AYIIHOTO
2 2

cronba m3MepAeTcHA JUHEHKOH, TeMIleparypa — TepMOMETpPOM.

IMopsagox BeinonHeHWA paborTs.

1. IToarorosbTe 6GaaHK oTuéra c¢ Tabauneit 10 ansa sanucH pesyabTaATOB H3-
MEepeHHH ¥ BBEIYMCJeHUH (MHCTPYMEHTAJbHEIE IOTPEIIHOCTH ONpefesIATes ¢ 1o
MOILbK Tabaunbr 1).

Tab6auya 10

Hamepeno Berauciaeno

Lo | las |5 | 220 [ ALK VAL AL TSy | T JATAT | AT | B | 5y, A T | ey, A
v |MM|°C|°C|mm|mmfum| K | K[ K | K| K [ (% |71 | % |72

2. TlogroToBhTe CTAKAH C BOJOH KOMHATHOH TeMIlepaTyphl M COCY/ C ropsaudei
BOJOMH.

3. Hamepbre ANUHY [, CTeKJAHHOH TPYOKH M TeMIepaTypy BOJABl B IIHJIMH-
IPUYEecKOM cocyje.

4. TlpuBeguTe BO3AYX B TPyOKe BO BTOpPOE COCTOAHHE TaK, Kak o0 aTOM cka-
saHo Beime. Wsmepbre anaumny [, BozpymHoro cronba B TpyGKe M TeMmmeparypy
oKkpy:katiero Bosgyxa T,. A T

1
5. Beramenure OTHOINEHHMA ;- M 75-, OTHOCHTeNbHBIE (& M £5) M abCOMOTHbLIE
2 2
(A; m Ay) morpenrHOCTH M3MepeHHH 9THUX OTHOIIEHHH 1Mo dopmysam
Al Al L
81 T | —— ﬂl s _E'{;
L L’ Iy
AT . AT 4}
g = — 4 —, Ai = ==pz.
2 Tl Tg 2 Tz 2

b T
6. CpaBHuUTe OTHOLIEHUHA L BT (cm. n. 3 u puc. JI.1 BBepenusn k nabopa-
TOpHBIM paboram). 2 2
7. CpenaiiTe BBIBOZ O cIpaBegiuBocTH 3akoHa [eii-Jloccaka.

N¢ 8. NOCNEAOBATEJIbHOE U NAPAJUIENIBHOE
COEAMHEHWA NPOBOAHUKOB

Ilens padorhl: NIPDOBEPUTH OCHOBHEIE 3AKOHOMEDHOCTH IIOCIEJOBATEIBEHOTO
U IMapajiesJbHOro COeIHHEHHH NPOBOAHMKOB (PEe3HCTODPOB), & TaKyKe CIpaBeiJiu-
BOCTE (QOPMYJ JJifi ONpe/leIeHUA 3KBHBAJIEHTHOTO CONPOTHBJIEHHUA.

TeoperuueckKkasda YacThb.
1) Ilpu nocanedosamenvHom coeguHeHHH OpoBogHHKOB K1 m R2 cumia Toka,
MAVIIero mo HAM, OJMHAKOBA: B e
R ]

4 HalnpAXXeHHe Ha KOHIAaX 3TOoro y4acTKa LellHd paBHO cyMMe HﬂJ].EHHﬁ Hanpsxe-
HHA Ha KaXJO0M H3 IIPOBOJHHUKOB:
U =U, + U,
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