I'nasa 2

MOCTOSSHHBIN DJIEKTPUUECKUU TOK U EI'O 3AKOHBI

2.1. OcHOBHBbIE MOHSITUA U ONPe/ieIeHUs

dnekmpuyeckull mox — yHOpsAOYEHHOE ABMKEHUE 3apsioB B IPOCTPAHCTBE:!

® MOK NpOBOOUMOCMU — YHOPSAJOUYEHHOE JBUKEHUE CBOOOAHBIX 3apsOB,
BO3HHUKAIOIIEE B MPOBOJAHUKE WM BaKyyMe IO JCHUCTBHUEM 3JIEKTPUUECKOTO
TOJIS;

® MOK nepeHoca (KOHBEeKYUOHHbIL MOK) — DIEKTPUIECKUI TOK, OCYILECTBIISIEMbIH
[IEPEHOCOM DIEKTPUYECKUX 3aPsA0B TEIAMU.
Hanpaenenue snekmpuuecko2o moka — HaIPaBICHUE IBUXCHUS MOJIOKUTEIBHBIX
3aps/10B.
Menosennas cuna moka — — OTHOLIEHHE 3apsaa dg, MIPOLIEAIIEro Yepes
MOTNIEPEYHOE CEUCHHUE IPOBOTHUKA 32 OECKOHEYHO MaJIblii IPOMEKYTOK BpeMeHH dt

| = 99 2.1)

Ilocmosinnwlti mox — TOK, CWJIa W HaIpaBJICHUC KOTOPOIO0 HE HU3MCHANTCA C
TCUYCHUCM BPCMCHU

= const. (2.2)

|
¢—|-|Q

llepemennviti s1ekmpuyeckuti MoK — SIEKTPUYECKUH TOK, W3MEHSAIOUIUKCS BO
BPEMEHH.

Ilepuoouyeckuii 31eKkmpuyeckull MoK — DJIEKTPUYECKU TOK, MIHOBEHHbIE
3HAYEHUSI KOTOPOT0 MOBTOPSIIOTCS YEPE3 PABHBIE TPOMEKYTKH BPEMEHHU.

IInomnocms moka] — BEKTOp, HANpaBJEHHBI B CTOPOHY JBHYKCHHS
MTOJIOKUTEIIBHBIX 3aPAJI0B U 110 MOJYJIFO PABHBIN OTHOLLIEHUIO

j= =, (2.3)

rae dS- 2JIeMEeHT IOBEPXHOCTH, NEPIEHAMKYIIAPHBIA BEKTOPY j; dl - CHJIa TOKa Yepes
DJIEMEHT MOBEPXHOCTHU dS.

2.2 [IndneKTpUKH, MTPOBOJAHUKH U 3JIEKTPOHbI IPOBOAMMOCTH

Jusnekmpuxamu WA W30JSTOPAMU HA3bIBAIOTCS BEIIECTBA, HE  MPOBOJAIINE
ANEKTPUUECKOro TOKa. OOBIYHO AMAJIEKTPUKH COCTOSIT U3 MOJEKYJ, ¢ KOTOPbIMU
KECTKO CBA3aHbl «CBOW» JIIEKTPOHBI. BHeIIHee 3lekTpuueckoe Moje, MpPOHUKas B
BEILIECTBO, HE OTPBIBAET JJIEKTPOHBI OT MOJEKYJ, KOTOPbIM OHHM HpHHAAJIEXkaT.
ONEeKTpUYECKH  HEWTpalbHble  MOJEKYJIbl  OCTalOTCS ~ HEU3MEHHBIMU,  HO
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MOJOXKUTEIbHBIE W OTPUIATENIbHBIE YAaCTHUIIbl, M3 KOTOPBIX OHHU MOCTPOCHBI,
CMENIaloTCs  BAOJb IMOJSI B  NPOTUBONOJOXHBIX  HANpaBlICeHHUSX, 00pazys
ANEKTPUUECKUM Jumnonb.  JIMdJIeKTpUKamMu SIBISIIOTCA CTEKJa, CMoJibl, (apdop,
Kay4yK, 300HUT, 1K, BOAA, KEPOCUH, T'a3bl U MHOTHE JIPyTrUe BEUIECTRA.

IIpo6oOHuKu - BEIECTBA, B KOTOPBIX MOJ ACHCTBHEM BHEIIHETO 3JIEKTPUUYECKOTO
T0JI1 BO3HUKAET AJIEKTPUUECKUN TOK. Bce MeTaiuibl - IpOBOJHUKU. B HUX BaJIEHTHBIE
AJIEKTPOHBI aTOMOB 00OOIIECTBIECHBI, T.€. HE MPUHAJIEKAT ONPEIEIECHHBIM aTOMAaM.
OHM MOTyT TepeMeniaTbCsi MO BCEMY MPOBOJHUKY U, B 3TOM CMBICIE, ABISIOTCS
c60000HbIMU. B OTCYTCTBUE MPUIIOKEHHOTO K MPOBOJHUKY 3JIEKTPUYECKOrO MOJIS
CBOOOJIHBIC DJICKTPOHBI (WM 9eKMPOHbL NPOBOOUMOCHIU) NBUXKYTCS XAOMUUECKU,
4acCTO CTAJIKMBASCH APYT C APYrOM M aTOMaMH B y3JlaX KPUCTAIIIMYECKOW PELIETKH,
W3MEHSSl HAIpaBJICHUSI CBOETO JIBMXKEHUS. Takoe NBMIKEHUE 3apsJIOB HA3bIBAIOT
mennogbim. TennoBoe ABWKEHHE 3apsAIOB HENb3sl CUUTATh JJEKTPUUYECKUM TOKOM,
T.K yepe3 J1000e cedeHue MPOBOJHUKA 3a JII0O0H KOHEUHBIM IPOMEXYTOK BPEMEHU B
OJIHY CTOPOHY NMPOXOJHT CTOJBKO XKE JIEKTPOHOB, CKOJBKO U B IMTPOTUBOIOJIOKHYIO.
IToaToMy pe3yabTUPYIOIIMM IEPEHOC 3apsla 4Yepe3 ITO CEYEHUE PaBEH HYIIIO U
AIEKTPUUYECKUIN TOK OTCYTCTBYET.

Ecnu nmpoBOAHMK MOMECTUTH B 3JEKTPUYECKOE IOJIEe, TO uepe3 Jr00e CeYeHHe
MPOBOJHUKA, TEPINECHAUKYIIPHOE CHUJIOBBIM JIMHUSIM OTOTO TOJS, MOSIBUTCS
PE3YABTUPYIOLINNA MEPEHOC 3JIEKTPOHOB, OTJIMYHBIA OT HYJIA. Uepes 310 ceueHue 1o
HAIIPaBJICHUIO TIOJII JJIEKTPOHOB IPOXOJAUT MEHBIIE, YEM B IPOTHUBOIOIOKHOM
HaIlpaBJICHUHU, T.€. BOSHUKHET HANPABICHHOE ABMKEHNE DJIEKTPUUECKUX 3apsI10B WM
BJIEKTPUYECKUU TOK.

Hampasnienue, B KOTOPOM MPOUCXOAUT TAaKOW HaMpaBJICHHBIN Apeid 31EKTPOHOB,
IIPOTUBONOJIOKHO HANpPaBIECHUIO CUJIOBBIX JIMHUN AJIEKTPUYECKOTO TOJIA, KOTOPOE
COBIIAJAET C JABMIKEHHEM IOJIOKUTEIBHBIX 3apsA0B B MOJE. 3a HanpasieHue mokxd
NpuUHUMarom  HanpaeieHue 0BUNICEHUS non0JCUMeNbHbIX  3apa0os.  Tok
OTPULATENBHBIX 3apsA0B (TOK JJIEKTPOHOB) B ONPEJEICHHOM HANpaBJICeHUU
SKBUBAJIEHTECH TOKY MOJIOXKHUTEIbHBIX 3apsJ0B B MNPOTUBOIOJI0KHOM HANPaBJICHUHU.
ITon onexmpuueckum moxom WMEKOT B BHUAY TaK Ha3bIBAEMbIA VCIOBHbIU MOK,
COBITQIAIOIINI IO HAMPABJICHUIO C SJIEKTPUUECKUMU CUIIOBBIMU JTUHUSIMU.

Bonpocw u 3a0anusa ona camonpoeepkKu

[

. B uem otinmune Mexay quaneKTpUKamMu U npoBogHukamu? IIpuBenure nmpuMepsl BELIECTB,
SBJISIFOLUXCS TUDJIEKTPUKAMU U IIPOBOAHUKAMH.

. Moryt 511 ¢cBOOOJHBIE AJIEKTPOHBI CTATh CBA3aHHBIMU, & CBSI3aHHbIE — CBOOOIHBIMU?

. Kakoe nBmxeHue 3aps/i0B Ha3bIBAETCSl XaOTHYECKUM WK TerioBbiM? IloueMy TemioBoe
JIBUKEHHE 3apsOB HENb3sl CUUTaTh JJIEKTPUYECKUM TOKOM? Korpa Bo3HMKaer
HaIPaBJIEHHOE JIBUKEHUE 3apsDKEHHBIX YacTUl]? YeM oTiandaeTrcst ABM)KEHUE 3apsKEHHbIX
YacTHUIl B TPOBOJHUKE B OTCYTCTBUE U IIPU HAJTMYUH BHEIIHETO AIEKTPUUECKOTO M0JIs?

. HanpaBieHue JBMKEHHsI KaKUX 3apsfoB B JIEKTPUYECKOM II0JIE TPUHHUMAETCS 3a
HaIpaBJIEHUE AJIEKTPUUECKOT0 TOKa?

. Kak cooTtHocsTCS Mexay coOoll HampaBi€HHE ABMIKEHUE 3JIEKTPOHOB B 3JIEKTPUUYECKOM
I10JI€ ¥ HAMPABJIEHUE CUIIOBBIX JTUHUM 3TOrO 1osisa?

. JlaiiTe onpeneneHre 3JIEeKTPUUIECKOrO0 TOKAa, MTHOBEHHOM M MOCTOSIHHOM CHJIbI TOKa. B uem
OTJINYNE MEXKY 3TUMU NOHITUAMU?

. Onpenenure caMOCTOSITENBHO MOHATHS CPEAHEN CUIIBI TOKA U CHJIBI TIEPEMEHHOTO TOKA.

.UYem oTiMyaeTcss IMOCTOSHHBIM  ANEKTpUYECKHMII TOK OT mnepeMeHHoro? Jlaiite
MaTeMaTHIECKYIO (pOPMYITMPOBKY 3TUM TOHSATHSIM.

wnN
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2.3. DaexkrTpuyeckasi 1Henb

BbisicHUM  ycro6usi, TpU BBHIMOJHEHHH KOTOPHIX B TMPOBOJHUKE MOKHO
MOJIJICPKUBATh TIOCTOSTHHBIN JJIEKTPUYECKUI TOK B TEUEHHE HEKOTOPOTO BPEMEHH.
OdeBuaHO, /[N BO3HUKHOBEHHMS HANpPaBIEHHOTO JABWXKCHUS 3apsioB WU
AIEKTPUUYECKOr0 TOKA B MPOBOJAHMKE HEOOXOJMMO HAa OJIHOM U3 €ro KOHIIOB CO3/1aTh
M30BITOK 3apsAlloOB, a Ha JPYroM — HeaocTarok. llpeamonokum, 4To  KaKUM—TO
CI0CO0OM MOKHO NEpeOpOCUTH CBOOOIHBIE 3apsAIbl C OJHOIO KOHIIA MPOBOJAHMKA Ha
IpyroM, co3gaB Ha HeM uX H30bITOK. [locime Takoi mnepeOpOoCKM  BO3HUKHET
KPaTKOBPEMEHHBIN JJIEKTPUYECKUH TOK W BHOBb B MPOBOJAHHKE YCTAHOBHUTCSA
paBHOBECHE 3apsJI0B.

JUis  moanepkaHUs  DJEKTPUUYECKOTO  TOKA  HEOOXOIMMO  OCYIIECTBIISTh
MOCTOSTHHBIA M HETPEPHIBHBIN MEPEHOC 3apsa0B C OJHOTO KOHIIA MPOBOJHUKA Ha
npyrou. Takoi Ipouecc MOKHO IPOU3BOAUTH TOJBKO € IIOMOLIBK) HEKOTOPOU
BHEIIHEH, CMOpoHHell Culbl, KOTOpas pa3/ielsieT 3apsiibl U MEPEHOCUT UX C OJHOIO
KOHIIa MPOBOJHUKA Ha JPYrod MO HEKOTOPOMY IyTH, JeKalleMy BHE ero. Takum
oOpa3zoM, Mg MNOAAEpKaHUsS TOKAa B MPOBOJHMKE HE00XoAMMa HenpepbIBHAS
IUPKYJISIUS CBOOOAHBIX 3apsiioB, KOTOpas MOXKET OCYHIECTBIATHCS TOJIBKO TI0
3aMKHYTOMY KOHTYpPY U TOJJAECpPKHBAThCS CTOPOHHMMHU cuiamMu. B manmpHeiimem
HOCHUTEJbY TaAKOW CTOPOHHEN CHUJIbI OYAET Ha3bIBAThCS UCMOYHUKOM 2eKMPUEeCcKou
snepeuu, (moka) unu eenepamopom.

IIpocmetiwan (snemenmaphas) 3amkHymas 21ekmpudeckas yens (puc. 2.1)
COCTOMT U3 BHEIIHETO TMPOBOJHMKA R (MOTpeOUTENsT HSHEPruM) M HCTOYHUKA
AIIEKTPUUYECKON IHEPTUH (TOKA) €.

Puc. 2.1

3aMKHYTYIO DJEKTPUUECKYI0 1Ielh OOBIYHO JENSIT Ha JIBE€ CYIIECTBEHHO
OTJIMYAOIIMECS APYT OT ApYra 4acTH: 6HEWIHIO U GHYMPEHHIO. Brewnsas — 4acThb
LEeNH, B KOTOPOW 3apsifibl IBUAKYTCA MO HANPABJIEHUIO CHJI DJICKTPUYECKOTO MOJIS.
Buympennsas — 4dacte uenu, B KOTOPOM 3apslbl NMEPEMELIAIOTCA IOJ ACUCTBUEM
CTOPOHHUX CUJ MPOTHB CHJI JICKTPUUECKOrO MOJid. BHyTpeHHsS 1enb COCTOUT U3
WCTOYHHMKA DJJIEKTPUUECKONM OHHEpPruu, a BCSA OCTallbHAas 4YacThb LENHU SBIAECTCS
BHEIITHEM.

DJIEKTPUUYECKYIO 1I€Mb MOXHO YCJIOXHUThb, BBOJSI B HEE JONOJHUTEIIbHBIE
MpoBOJAHUKU. Touka, B KOTOPOU COEIMHEHO 0oJiee ABYX MPOBOJHUKOB, HA3bIBACTCS
y3nom. TIpOBOTHUKH, PACIONOXKEHHBIE MEXKAY ABYMS y3JIaMu, 00pa3yloT OTACIbHYIO
6emeb UEIH.

Bonpocwel u 3a0danusa 0nsa camonpoeepkKu

1. [aiite kauecTBEHHOE OOBSCHEHUE TPUYMH CYLIECTBOBAHMUS JJIEKTPUUYECKOTO TOKa B
3aMKHYTOM LIETIU U POJIM CTOPOHHEW CHJIBI B 3TOM SIBJICHUH.

2. B yem oTnuune MeXAy BHYTPEHHEH U BHEUTHEH YacTAMH JIEKTPUUECKON 1ernu?

3. JlaliTe ompenencHue y3/1a U BETBH JIEKTPUICCKOM TETTH.
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4. WN3oOpasute cxemy AJIEMEHTapHOU AJIEKTPUUECKOW LENH U YCIOKHUTE €€ MPOU3BOILHBIM
o0pa3oMm, BBOJIS B CXeMY JOTIOJTHUTEIHLHBIC BETBU.

2.4. DJeKTPOABMKYIIAS CHJIAa

Utak, 1iist cynecTBOBaHUS SJIEKTPUUYECKOTO TOKA B 3aMKHYTOU LIEMH HEO0OXOUMO
HaJu4yue B HEW CTOPOHHMX cuil. Tenmeps paccMOTpuM Oojiee MOAPOOHO (PU3UUECKYIO
KapTUHY MPOUCXOJAIIETO B AJIEKTPUUYECKOM LIENU U XaPAKTEPUCTUUECKUE TapaMeTpPhbI
KHOCHUTEIIS» TaKOW CTOPOHHEH CHWIIBI - MCTOYHUKa TOKa. [[ns aToro obpartumcs k
YCJIOBHOM CXeMe 3aMKHYTOU 11eru, n300pa>keHHOU Ha puc. 2.2

Puc. 2.2

Ha nHell nmpoBOAHUK IIpeACTaBICH B BUAEC YaCTU DJUIMICA, & 3aMBIKAIOIIUNA €T0
HMCTOYHUK TOKAa B BUJE YEJOBEKa, MepeOpachIBAOLIEro 3apsabl C OJHOTO KOHIA
NpoBOJHUKA Ha Japyroi. Ecnum mepeOpachiBaHue 3apsiioB OTCYTCTBYET, HO KOHIIBI
MPOBOJIHUKA 3apsKEHBI, TO TIOJIOKUTENIbHBIE 3apsabl ABMKYTCS U3 TOYKH A B TOUKY
B no nytu ACB noj 1eificTBHEM CYIIECTBYIOIIETO B HEM AJIEKTPUUYECKOTO MO, ITO
MoJIe CO3/aeTcsi B MPOBOJHMKE HM3—3a pa3HbIX 3apsAl0B HAa €ro KOHIAX, a
COOTBETCTBYIOIIIME €MY CHJIOBBIC JJMHHHM BHYTPU MPOBOJHUKA MPUHUMAIOT (Hopmy
ATOTO MPOBOJHUKA, UTPAIOIIETO HAMPABISAIOUIYIO POJIh KaK IS CHIIOBBIX JTUHUH, TakK
U JUTS IBIDKYIIUXCS 3apsoB. [lepemerienre 3apsiioB MpooiKaeTcsl B HAIIPaBICHUN
ATHX CUJIOBBIX JIMHUW 10 T€X TMOp, MOKa IMOJie€ BHYTPH MPOBOAHUKA HE MCUE3HET, a
NOTEHIIMAJl BO BCEX TOYKAX HE CTAaHET OJUMHAKOBBIM. OTO 3aKIIOYEHHE
MOATBEPKAACTCS PE3YNbTATAMH MHOTOYHUCIEHHBIX SKCIIEPUMEHTOB - O8uUdCeHUe
NONOACUMENLHBIX 3aPA006 U3 mouku A 6 mouxy B npodoadcaemcs 0o mex nop, noxka
UX NOMEHYUANbL He CIMAHYM PAGHLIMU.

Jlnst mopnepkaHus TOKa B TPOBOJHHUKE YEIOBEK (CHIOPOHHSS CULA) JTOJDKCH
HENPEPBIBHO MepedpackiBaTh 3apsiabl U3 ToUukd B B Touky A. OOpaTtuTe BHUMaHUE —
nepeOpacblBaHUE  3aps/IOB  OCYIIECTBIAETCS ~ NPOTUB  HANpPaBICHHUS  CHUII
AIEKTPUUYECKOTO TOJSL (8HYMPU NPOBOOHUKA 3aAPsO0bl OBUNCYMCS NO NOJIO, 6HE
npo6oOHUKa — npomug noJjsi). Jjis Takoro mnepeOpachbiBaHHS HEOOXOIUMO HAINYHE
CTOPOHHEW cuibl  (4eJIOBEK), KOTOpas coBeplIiaeT paboTy MpPOTHUB  CHII
anekTpuueckoro nojsi. Cuiibl, nepeMenaronme MeKTPUUYECKUe 3apsaibl TPOTUB CHUI
AIIEKTPUYECKOTO MMOJISI BHYTPU MCTOYHUKA TOKA, HA3bIBAIOTCS CTOPOHHUMH CHJIAMU, a
coBepiiaemas uMu pabora A, — paboToil cTOpoHHUX cuI. OCYIIECTBISIONINE
pasfereHue 3apsAoB B HMCTOYHUKE TOKAa CTOPOHHUE CHJIBI — CHJIBI HE
AIIEKTPOCTATUIECKOTO TPOUCXOXKIeHusl. Takum oOpa3oM, BHYTPH HCTOYHUKA TOKa
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CTOPOHHHUE CHJIBI COBEPIIAIOT HAJA 3apsAaoM paboTy MO ero MepeMemeHUI0 MPOTHB
CHJI DJIGKTPUYECKOTO TOJIsA, OCYIIECTBISII €€ 3amac. 3amac padoThl MpeCcTaBIseT
cOo00i MaKCHUMAalbHYIO OJJIEKTPUYECKYI0 DJHEPTHUI0 3apsna, IO3BOJSIONIYI0 €My
MepeMEeIIaThCsl BAOJb IS C OJJHOTO KOHIA TPOBOIHUKA HA JPYTOM.

( Cpasnume! J{na moeo umobvl mamepuanbHoe meno UMEN0 B03MONCHOCHb
ynacmb ¢ gbicomul N, eco cnauana neobxooumo noousme na smy evicomy. Ilocrneonee
MOJCHO NPOU3BECMU MOJbKO C HOMOWbIO  CMOPOHHEU CUbl, KOMOPAs OOJNCHA
goinoanums pabomy A., = mgh (M — macca mena;, § — yckopenue c60600H020
naodenus) npomug cunvl maxcecmu My. Cogepwias 3my pabomy, CMOPOHHAS CULd
npou3800Um ee 3anac, KOMOpbvlll NPeoCmasisiemcs: KaKk NOMeHYUANbHAs IHepeus
mena. Jpyeoi npumep. Ymobwl nepemecmums He3aKpenieHHyI0 MOYKY NPYHCUHbL HA
paccmosHue X om NoJI0NCeHUs paBHO8eCUsl, CMOPOHHSA CULA OO0JIHCHA COBEPULUMD

_ k x2
pabomy A, = T(k —K03Ghpuyuenm ynpyeocmu HNpys’CUHvl) HPOMUB CUJIbL
ynpyeocmu. Tonbko nocie 5mozo meno, 3aKpenieHHOe HA NPYAHCUHE, CMOodicem
nepemewamsbCsi, 0Cywecmeusis Ko1edamenbHblil npoyecc).

BennuuHa, XapaKTepu3yrollas 3aBHCHMOCTh 3allaCeHHON 3apsaoM DHEPTrud B
UCTOYHUKE TOKa (TeHepaTope) OT MEXaHW3MOB, OCYIICCTBISIONIUX pa3JeieHue U
MEepPEeHOC 3apsiioB B  HEM, Ha3bIBaeTCs anekmpoolsudcyweli cunoi (3AC) U
MpeCTaBIsAeT CO00I OTHOIIICHHE

g = : (2.4)

paBHOE pabOTe€ CTOPOHHUX CUJI MPHU MEPEMEIIEHUU €IUHUYHOTO MOJIOXKUTEIHHOTO
3apsjia BHYTpU UCTOUYHHKA (TE€HEepaTopa).

Ecnu MCTOYHUK TOKa Pa3oOMKHYT, T.€. IPOBOJHUK OTCYTCTBYET, TO B pE3yJbTaTe
JEUCTBUS HA 3apsAibl BHYTPU UCTOUYHMKA CTOPOHHUX CUJ, B TOUKE A HaKaIUIMBaIOTCA
MOJIOKUTENIbHBIE 3apsAlbl, a B Touke B — orpumarenbHble. DTO NPUBOAUT K
BO3HUKHOBEHUIO D3JIEKTPUYECKOIO TOJsi C PA3HOCThIO MOTEHLHATIOB A@ MEXAY
toukamMu A u B. [lockonbKy 37€KTpUYecKUe U CTOPOHHUE CUJIbl BHYTPH MCTOYHUKA
JEUCTBYIOT Ha 3apsjbl B MPOTUBOIOIOKHBIX HAlPaBJICHUSAX, HAKOIIEHUE 3aps/iOB B
Toukax A u B mpekpaiiaercs, Korja 3TU CHIIbl CTAaHOBATCSI PaBHBIMU, T.€. KOTJa A
JOCTUTaeT HauOObIlIeH BETUYUHBI I JAHHOTO UCTOYHUKA. MOXKHO J10Ka3aTh, 4To,
K020a UCMOYHUK DA30OMKHYM, MO PA3HOCMb NOMEHYUanoé Ag cosnaoaem c e2o
90Cs .

[Ipu 3aMbIKaHMHM UCTOYHUKA MPOBOJAHUKOM B HEM BO3HUKAET 3JIEKTPUUYECKOE I10JIE
U 3apsAapl TPUXOIAT B JBWKCHHE B HANpaBiICHUH JTOro mojs. Bo3HuKmni
ANEKTPUUECKU TOK MNPUBOJUT K YMEHBIICHHUIO PA3HOCTH MMOTEHIUAIOB MEXIY
toukamMu A u B. OnHako odeiicmgyrowue cmopoHHue Cuibl Medcoy dSMUMU MouKamu
GHYMPU UCMOYHUKA He OaI0m GbIPOGHAMbBCA UX NOMEHYUAIAM U TIOAEPKUBAIOT TOK
B 1I€NH, HENPEPHIBHO coBepuias padOTy NPOTUB CHIJI JJIEKTPUUECKOro MOJs U
coo011as 3apsiiamMm SHEPTHIO.

Bonpocwel u 3a0danusa 0nsa camonpoeepkKu

1. Kakue cuiabl Ha3bBIBAIOT CTOpOHHI/IMI/I? HOquy HAKOIIJICHHUEC PAa3SHOMMCHHBIX 3aps/J10B Ha
MOJIF0Cax UCTOYHHUKA MOXKET IMPOUCXOJAUTH TOJIBKO IT10 HeﬁCTBHCM CTOPOHHHX cun?

2. Jlaiite onpenenenue 3ac. OObSICHUTE POJIb UCTOYHHUKA TOKA B AJIEKTPUYECKOH IIETIH.

3. DJIC ucrouHnka TOKa — CUJIOBAas WJIHM dHEpreTHdeckas xapakrepuctrka. OTBeT 000CHYHTE.

74



MosxeT 1M TPOUCXOAMTH HAIPABIEHHOE [JBWKEHHE 3apsA70B MEXAY JBYMS TOYKaMU
IIPOBOJIHUKA C PaBHBIMU MTOTEHIIMATIAMU?

[ToueMy B 11eMM MOCTOSIHHOTO TOKa Pa3HOCTh MOTEHIMAIIOB MEXIY JIBYMS €€ pa3IndHbIMU
TOYKaMH OCTAaeTCsd HEU3MEHHOUN BETMUMHOMN ?

[loueMy pa3HOCThP NOTEHLIUANIOB MEXAY [OJIOCAaMU HCTOYHMKA TOKa, 3aMKHYTOIO
IIPOBOJTHUKOM, MEHBIIE 3/C?

[Ipu KakoM ycI0BUM pa3HOCTh NOTEHIIMATIOB MEXAY MOJIFOCAMU UCTOYHHKA COBIAAAET C €r0
aac?

CpenHsis CKOpOCTh HAIIPaBJICHHOTO JBUKEHMSI JIEKTPOHOB B METAJNIMYECKUX ITPOBOJIHUKAX
oueHb Majla (OOBIYHO HECKOJBKO CAHTHMMETPOB WJIM MWIIMMETPOB B CEKyHIy). Kak
OOBSICHUTB, YTO DJIEKTPUYECKas JaMIla B IETH 3a)KHUTaeTcs OJHOBPEMEHHO C MOBOPOTOM
BBIKJIFOUATENS (B MOMEHT 3aMBIKAHUS 11ETTH)?

9. BuumarenbHO 00ayMaiiTe W OOBSACHUTE AHAIOTHIO MEXIy pabOTOi BHEIIHEH CHITHI,
MOJHUMAIONIEH TENo Ha HEKOTOPYIO BBICOTY, paOOTON CHIIBI COKMMAIOUIeH WU
pacTIruBarolel NpyKUHY U 37C UICTOYHHMKA TOKA B IEKTPUUECKON LIEH.

L N o o &

2.5. 3axkoust OMa

B3auMocBsa3p MexJy mnapameTpamMy 3JIEKTPUUYECKOM MEeNH SKCIEPUMEHTAIBHO
yctaHoBwWI B 1826 r Hemenkuii yuensiit ['eopr Om (1787 — 1854 rr.).

2.5.1. 3axkon Oma 1Ji1 yyacTka 1enu 0e3 3/c

OCHOBHOI 3aKOH MOCTOSIHHOTO TOKa — 3akoH Owma, sBIsOLIUiicsS 0000I1IeHneM
JAHHBIX OIbITA, YTBEP)KJAeT, YTO CUJIa TOKAa B MPOBOJHUKE MPOMOPIIMOHAIBHA
pPa3HOCTH MOTEHIIMATIOB MEX/1y ero KoHnamu (puc.2.3)

I~ (o — 9,), (2.5)

rac (pl, (p2 - SHAYCHUS MMOTCHIHAJIOB Ha KOHIIAX 3TOI0 y4JacTKa.

I R
P1 ®2
Puc. 2.3

Pa3HOCTP TOTEHIIMANOB MEXAYy MPOHW3BOJBHBIMH TOYKAMHU  MPOBOIHHKA
obo3HadaeTcst OykBoi U =¢ — ¢, W HA3bIBACTCS Hanpsijicenuem. Beons B dpopmyity

(2.5) kod(pduULMEHT NPOMOPIUOHATBLHOCTH ¢ MEXAY TOKOM W HampsKEHUEM,
MpPEJCTaBUM €€ B BUJIC

I =g(¢; —9p) =9gU. (2.6)

Koaddunment g HazpIBaeTcs npogooumocmuio MPOBOJAHUKA, OOpaTHAS BEJIMYHHA
R — ero conpomuenenuem

R= 1.
g
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C y4eToM CKa3aHHOTIO IpeacTaBuM cooTHolieHue (2.6) B hopme

| = = 2.7
x 27)
3aBucumocth | = f(U) cuibl TOKa B MPOBOJAHUKE OT IMPUIOKEHHOTO K HEMY
HaNpsHKEHUS] HA3bIBACTCS 80IbM-AMNEPHOU XApaKmepucmuKkou MPpOBOTHUKA.
[lepenuiiem cootHolienue (2.7) B Apyrom BUje
U=IR. (2.8)

BoisicHuM ¢gusnueckuil cmpici nociaeaneit Gpopmynsl. s 3Toro BCIOMHUM, YTO
Hanpsjcenue (PazHocms NOMEHYUAI08) Ha YYacmKke yenu YUcieHHo pasHo pabome,
cosepuiaemol S1eKmpudeckum nojem (NeKmpudecKumu Cuiamu) npu nepemeujerun
80016 He2o eOdunuunoeo 3apsada. ClieoBaTeNbHO, JeBas 4YacTh (opmyibl (2.8)
npejicTaBisier cobol  pabomy, COBEpIIAEMYIO JJIEKTPUUYECKUM TOJIeM TMpHu
NEepPEMEIICHUH [0 MPOBOJHUKY E€IUHUYHOrO 3apsifa, KOTopas SBISETCS Mepou
YBEJIMYEHHsS] €ro KUHETH4YecKod »Hepruu. IIpaBas ’xe 4YacThb YKa3bpIBaeT, 4YTO
NOTpEeOUTENEM 3TOW SHEPrHM SBISETCS MPOBOJHMK, MEPEMENIasich MO KOTOPOMY,
KMHETUYECKasi HEPrusl 3apsA0B TPATUTCA HA MPEOJIOJICHUE €ro CONMPOTHUBICHUS H,
KaK CJIEJICTBUE, MPOUCXOJIUT IMOBBIIICHHE TEMIIEpATyphbl MPOBOJAHUKA U BbIIEICHUE
tera. CootHomenune  (2.8) — dacTHas ¢opma 3aKOHA COXPAHEHUS DHEPTHHU:
KOU4eCmeo 3Hep2uu, NONYUEHHOe 3apa0amu Om 31eKmpuvecko20 Nnois, udem Ha
npeooosienue CONPOMUGIEHUs, M.e. Npou3eoo0cmeo meniomsl. 1IpOBOJHUK, B
KOTOPOM HE JIEMCTBYIOT CTOPOHHUE CHUJIbl, HA3bIBAETCS OOHOPOOHbIM.

CornacHo onpenenenuto (2.2), cuia 3JIEeKTPUUECKOro TOKa U3MEPSIETCsl B amnepax
(A): 1 A =1 Ku/lc. 3a equnuily conpotusiienust B cucteme CU npunumaercs Om.
OM — conpoTuBlIeHUE MPOBOJAHHUKA, 10 KOTOPOMY MPOTEKAET TOK B OJUH aMmIiep Mpu
HalpsDKEHUM Ha €ro KOHIaX B OJMH BOJIbT. EJUMHUIA MPOBOJUMOCTH — CUMEHC
(Cum). CuMeHC — MPOBOJUMOCTh IPOBOJHUKA, UMEIOIIETO COMPOTUBICHHE OAUH OM.

Bonpocwel u 3a0danusa 0a1sa camonpoeepkKu

Cdhopmymupyiite 3akon OMa sl OJTHOPOJHOTO y4YacTKa MEMH U OOBSCHUTE (PU3NICCKHIA
CMBICIT OIPEJENISIOIINX €0 MOHATUI: HaPSKEHHsI, CUJIbI TOKAa U COTIPOTHUBIICHUSI.

Haiite hopmasibHOE OTIpeIeIeHHEe TTPOBOIUMOCTH U COTIPOTHBIICHUS TIPOBOTHHKA.

Kakyto ¢usnueckyro BemuurHy Ha3bIBAlOT HANPsDKEHUEM Ha JaHHOM ydacTke mernu? [laiite
HHEPTETUYECKYIO XapaKTEPUCTHKY ITOTO (PU3UIECKOTO IMapaMeTpa.

Jlalite mHTepnperanuio 3akoHa OMa Kak 4acTHOH (HOPMYITMPOBKH 3aKOHA COXpaHEHUs
SHEpPruMu.

CxemaTHuecKd IpEACTAaBbTE  BOJBT-aMIIEPHYIO  XapaKTEPUCTUKY  METaJTIM4ECKOTrO
poBoAHMKA. Kak Ha OCHOBaHMM 3TOr0 rpaduka HAMTH CONMPOTHUBIIEHNE IPOBOIHUKA?

o &~ Ldh =

Hpumepor, peuwienusa 3a0au

3agava 2.1
DnexTpudeckuii oborpesarens conpoTurieHrneM R = 40 OM BKITIOYEH B ceTh ¢ HanmpsbkeHneM U
=220 B. Haittu cuity | Toka, mpoTekaromryro uepe3 o0orpeBarels.

JNano: R =40 Owm; | R
U =220 B. %—:I—,Q

Haiitu: |.
U
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Ha puc. mpexacraBiena osnekTpuyeckas cxema 3amaud. s ee pemieHHs BOCIOJIB3yeMCs
3akoHOM OMa /7151 OJTHOPOTHOTO ydacTka 1enu B hopme (2.7)

R

HOZICTaBJISISI B 9Ty q)OpMy.Hy YHUCJICHHBIC 3HAYCHUA IMapaMCTpOB, OMPCACICHHBIX YCIIOBHUAMU
3aaa4u, MOJIY4nuM 3HAYCHUC CUJIbI TOKA, IIPOTCKAIOIIECTO YCPE3 060I‘p€BaT€JII>

=220 _ 554
40
OtBeT: uepe3 oborpeBaTesp NpoTeKaeT TOK cuioi | = % = 5,5A.

3agaua 2.2

Uepes conpotuBienue R; mpu nHanpsokennn U; Ha Hem mporekaer Tok | = 10 A. Haittu
conpotusiieHne Ri u HanpspkeHue Ui, eciiv Ipy yBETMYEHUH HAIPsDKEHMSI HA 3TOM y4acTKe Lenu
Ha AU = 8 B Tok B 1enu Bo3pacraer Ha Al = 2 A.

| R L+ Al R

Jano: 1=10 A ; /@/_i_|:1|_/®/ 1 1
Al=2A. | : | i
Haiitu: Ry, U : Uy : : Uy = Ui+ AU :

Puc.1 Puc.2

Hcnonb3ys 3akoH OMa 11 ydacTKa LENu, MOKHO COCTaBUTh CUCTEMY YpaBHEHUH /IS pEelICHUs
3aJaun.

U =11 Ry - 3akoH Oma st yyactka nen (puc.1); (1)
U, + AU = (I; + AI)Ry - 3akoH Oma st yuactka renu (puc.2);  (2)

B a3T10ii cucteMe ypaBHEHUI JIB€ HEU3BECTHBIC BEIIMYHMHBI - Uln Rl' VYpaBHenue (2) ¢ yuerom

(1) mepenwuiieM B Buje
AU = AIRq (3)

OTCIOZIa MOJIYYHUM BBIPAKCHUC IJId COIIPOTHUBJICHUA HA YHAaCTKE LCITHU

AU
R =
1 4
Al (4)
[ToncraBnsist mocienHee BeIpaxkeHUE B COOTHOIIeHHE (1) HailieM Hanps>KeHHe Ha y9acTKe Henu
AL’

[MoncraBnsis B dopmynsl (4) u (5) 3HaueHUss NapaMeTpoOB, TOJYUYUM YHUCICHHBIE 3HAUYCHHS
HEU3BECTHBIX BEJIMYHUH.

AU I,
Ry = — =40m, U= AU = 40B.

0] :
TBCT AI AI
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2.5.2. ConporuBjieHue IPOBOJHUKA

CornacHO KJIacCHYECKMM MPEACTABICHUSM, NMPU HAJIUYMM TOKA B MPOBOJHHUKE
CBOOOJHBIE DJJIEKTPUYECKHE 3apsbl B HEM OJHOBPEMEHHO C HAalpaBICHHBIM
IBMKEHUEM TMPUHUMAIOT y4YacTHE W B XAaOTHYECKOM TEIUIOBOM JIBH)KCHHH.
CrankuBasice ¢ aroMaMu (MOJEKyJIaMd WIM  HOHAMH), OOpa3yloummu
KPUCTAJNIMYECKYI0 PEIIETKY MPOBOJHMKA, CBOOOJHBIE JJIEKTPUUECKUE 3apsibl
OTJAI0T UM YacTh KHHETUYECKOW IHEPruu, KOTOPYIO OHM MPUOOPETAIOT, Pa3rOHSSACH
B JJIEKTPUYECKOM TI0JIe, CO3JaHHOM HCTOYHHKOM DJJIEKTPUYECKOW 3HEPIHH.
JIBMKEeHHME aTOMOB B Yy3JlaX KPUCTAUIMUECKOW pEHIeTKH MPU 3TOM CTAaHOBUTCSA
WHTEHCHBHEE (TIOBBINIAETCS TemmepaTypa mnpoBoaHuka!). Takum 00pazom,
3apsOKEHHBIE  YacTHIbl TEPSIOT YacTb NPUOOPETEHHOW UMHU DJHEpPruH, 4YTO
HKBHUBAJIEHTHO COBEPILECHUIO pabOThl CUJIAMHU COMPOTUBIICHUS CpEbl. DTO O3HAYAET,
YTO B MPOBOJHUKE CYIIECTBYET CONPOTHUBICHHE JIIEKTPUUECKOMY TOKY. MHaue
rOBOpS, JJIEKTPUYECKHM TOK BBINOJHSAET paboTy, MpeoaoseBas CONPOTHUBICHUE
IIPOBOJAHUKA. B mpocTeumen 3JIeKTPUYECKOM LENU BCSA DIEKTpUYECKas JSHEprus
pacxoAyercs Ha HarpeBaHUe MPOBOAHUKA.

Bonpocwel u 3a0danusa 0a1sa camonpoeepkKu

1. Ompenenute ¢u3nueckuid CMBICT CONPOTHBJIEHUS NpoBOAHMKA. CONpOTHUBIEHHE —
XapaKTepUCTUKa IPOBOJHUKA WM JIEKTPUUYECKOM Lenu?

2. MoxeT 1M CONpOTHBIIEHHE MPOBOJHHKA 3aBHCETh OT €ro TeMIepaTyphl, IJIUHBI,
IUIOUIAM TONEPEYHOr0 CEYEHMs, KOHLEHTpAlMM 3apsiioB, UX T'E€OMETPUYECKHUX
pasMepoB, BIAKHOCTHU OKPYKAIOLIEH cpebl?

3. Kak cBsizanbl Mexy co00if MPOBOIUMOCTh U COMPOTHBIIEHUE MPOBOIHUKA? B Kakux
eIMHUIAX U3MEPSIOTCS 3TH (PU3HUECKUE TapaMeTphl?

4. Tlouemy npH yBEIMUYEHUH TEMIEPATyPhl BO3PACTAET YUCIIO CTOJIKHOBEHHH 3JIEKTPOHOB C
aTOMaMHU KPUCTAJIJIMYECKON PElIeTKH?

3aBHCHMOCTD CONPOTHUBJICHHS OT FreOMEeTPHUYECKHX MAPAMETPOB NPOBOIHUKA,
ero MaTepuaJja u TeMIeparypbl

PaccMOTpUM LMJIMHIPUYECKUN METAINIMYECKUIM MPOBOJAHMK JJIMHOM L, miiomaapio
MoNepeyHoro ceyeHus S (puc.2.4) u KOHIEHTpalMel 3apsiKEHHBIX YacTHUI] N (YUCTIO
yacTull B eguHuIe o0beMa). [IycTb V — cpeHsisi CKOpOCTh HANPABIEHHOTO JBUKEHUS
3apsf0B; T - CpeIHEEe BpeMs MX ABWXKEHUS C OTOW CKOPOCTBIO MEXIAY IABYMS
CTOJIKHOBEHHUSIMHU C Y3J1aMH KPUCTAININYECKOU PELIETKH.

U
@_»F:e q=¢eN
N=nvtS

S

| J V1 R !

1'1 L b
Puc.2.4
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Torpa yepe3 momepeyHOe CEUYEHHWE S MPOBOJHUKA 32 BpeMsl T MPOMAYT Bce
YacTHIIbl, HAXOJAIIMECS B IWIMHIApE, JUIMHA KoToporo Vt. YUucino stux yvactun N
PaBHO MPOMU3BEACHUIO UX KOHIIEHTpAUUU N Ha 00beM IIMHpa V = vt S, T.€

N=nV=nvrtS, (2.9)

CrenoBatelbHO, 32 BpeMsl T 4epe3 MOMEePEHYHOE CEUCHHE MPOBOJAHUKA MPOXOIUT
3apsij
g=eN=envrsS, (2.10)

Y CUJIa TOKa B MPOBOJIHUKE, cOrJacHO (opmyiie (2.2), onpeaessieTcsi COOTHOIICHHEM

9 -envs (2.11)
T

(OGpatute BHHMaHUE, YTO CHJIA TOKAa MPOMOPIIMOHATBHA TUIOMIAIN TOMEPEUYHOTO
CEUeHHs MPOBOJIHUKA, T.€. | ~ S. DTO CBA3aHO C TEM, YTO C YBEIUYCHHUEM ILIOIIAIN
BO3PACTacT YHUCIO 3apsJiOB, MPOXOJAIIMX 4Yepe3 Hee B €. BPEMCHH.) 3HAUYCHHE
CKOPOCTH V , BXOJsllee B TOCICAHIOI (OpMYIly, OINpEAeTUM, YUYUTHIBAs, YTO
YacTUIla B TCUCHHWE BPEMEHHU T PA3TOHSIETCS AJIEKTPUYECKUM TOJIEM, T.€ JBUTACTCSA
PaBHOYCKOPEHHO C YCKOPEHUEM a

v=ar (2.12)

Hcnons3ys Bropoii 3akoH HeroToHa,

F=ma, (2.13)
rje

F =eE; E:H — F
L

I
D
ol N

HaNJEeM 3HAYCHUE YCKOPEHUS
eU
a = —. 2.14
-y (2.14)

[loncrasnss popmyny (2.14) B (2.12)
eU
= - 2.1
V=T (2.15)

Y 3TO 3Ha4Y€HUE CKOPOCTH B (2.11), moayuum BbIpakKeHHUE IJIs1 CUJIbI TOKA

2
|- ne"t S . (2.16)
m L

CpaBHuBas mnociensior dopmyny ¢ (2.7), omnpeneauMm CONPOTUBICHUE
MIPOBOTHUKA
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m L
R = = (2.17)
ne?t S
Ecnu teneps BBeCTH 0003HAUEHHE
m
p = —, (2.18)
ne“t

TO cooTHomeHue (2.17) MOKHO Mepenucarb B BHJIC
R = p-%. (2.19)

Ora (¢opMyna BbIpaKaeT 3aBUCUMOCTb JJIEKTPUUECKOTO  COMPOTUBIICHUS
NPOBOJIHUKA OT €ro reOMETPHYECKUX pa3MepoB (IIuHBI L u ruiomaay momnepeyHoro
ceueHust S). 3aBUCHUMOCTh CONPOTUBIICHUS MTPOBOJHUKA OT €r0 CBOWCTB OINpPEIEsieT
KO3 PULMEHT p, T.K. pu3nyeckue napaMeTpbl N U T ABIAIOTCS XapaKTEPUCTHUKAMU
BeniectBa. KoapduuueHT p - ynenbHOE CONPOTUBIEHHE, T.€. CONPOTUBIECHHE
UUIMHAPUYECKOTO MPOBOAHUKA JJIMHON 1 M M TUIOHIaAbIO MONEepeyHoro ceueHus 1
M". PazmepHOCTh yaenpHOro conpotuBieHUuss OMM. OTH yTBEPKIAEHUS CIEAYIOT U3
dbopmynsl (2.19).

DNEKTPUYECKOE CONPOTUBIEHHE NPOBOJHMKA YBEIMYMBAETCS C BO3pacCTaHUEM
TeMIIepaTyphl, T.K MOCIEAHEE MPUBOAUT K POCTY AMIUIMTYAbI KOJeOaHU YacTHIl B
y371axX KpPUCTAJIMYECKON pEIIeTKM U BEPOATHOCTH CTOJIKHOBEHHS C HUMH
HaIPaBJICHHO JBIKYIIMXCA 3apsIoB. DTO BEJIET K YMEHBUIEHUIO CPEAHETO BPEMEHU T
NEPEMELIEHUS] YacTUll B 10j€ 0€3 CTOJKHOBEHUI M yBENIMUEHUIO p(cM. popmyriy
2.18). DkcriepUMEHTAIIBHO YCTAHOBJICHHAS 3aBUCUMOCTD YJICIBHOT'O COMPOTUBIICHUS
OT TeMIIepaTypbl UMEET BUJ

p=pg(l +at), (2.20)

Tae py - YACIBHOE CONMPOTUBIICHHE INPH 0°C;  «- Tepmmueckmii KOIPHUIHEHT
CONPOTHBIIEHHS, 3aBUCAIIMIA OT CBOWCTB MpOBOAHMKA; t = t° C — Temmeparypa B

rpangycax llenbcus. YMuoxkas o6e yactu ¢opmynsl (2.20) Ha OTHOIICHUE % u

yuutbiBasg Gopmyiy (2.19), 1y conpoTUBIEHUS TPOBOJHUKA UMEEM

R = Ry (1+at), (2.21)

rae Ry— CONPOTHBJICHHE NPOBOJHMKA NPHU 0°C. CooTHOLICHHS (2.20), (2.21) ¢

XOpollIeld TOYHOCTHIO BBINOJHAIOTCS TOJIBKO B BBICOKOTEMIIEpaTypHOil oOnactu. B
00JIaCTH HU3KUX TEMIIEpPATyp CONMPOTUBIICHHS TPOBOJHUKOB SIBJISIOTCS CYILIECTBEHHO
HEJTMHEUHBIMU (P YHKIIUSIMU.

Bonpocwel u 3a0danusa 0arsa camonpoeepkKu

1. JlaiiTe onpezaesnieHre KOHIIEHTPAIMK N 3aps/I0B B IPOBOJIHUKE U CPETHETO BPEMEHH T
JBH)KEHUS YaCTULl MEXKIY JIByMsl CTOJIKHOBEHUSIMM C Y3JaMH KPHUCTaJUIMYECKOU
PELIETKU.
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Jlaiite kauecTBEHHOE OOBSICHEHHE 3aBHCHUMOCTH T OT TemmepaTrypsl. Ilouemy c
YMEHBILIEHUEM T COITPOTUBIIEHUE MPOBOJHUKA BO3PACTACT?

Kak u3MeHuTCs conpoTHBIIEHNE IPOBOIHUKA, €CIIU T BO3PACTET BABOE (YMEHBIINTCS
BJIBOE)?

Ha xakux BpEMEHHBIX HWHTEpBaJlaX HaIPABICHHOE JIBUJKEHUE DJIEKTPUUECKUX
3apsA70B B OJJHOPOIHOM ITPOBOJHHUKE MOXHO CUUTATh PAaBHOYCKOPEHHBIM?

BreiBenere 3aBUCHMMOCTH CHJIBI TOKAa OT T'€OMETPUUYECKUX M XapaKTEPUCTHUECKUX
napameTpoB npoBoaHuKa (popmyns (2.11) u (2.16)).

HaiiTe omnpeneneHue yJIeIbHOTO CONPOTHUBIIEHUS P TMPOBOJHUKA M BBIPA3UTE €r0

conpoTtuBiieHue R yepe3 ynenbHOE CONMPOTHUBIIEHUE U N€OMETPUUECKHUE MapaMeTphl

(popmyna (2.19)).

7. Wcnonw3ys popmyny (2.19), onpenenure pasMepHOCTb YIEIHHOTO CONMPOTUBIICHUS
p.

8. IlpencraBbre rpaduuecku 3aBucuMocTh (2.21) R=R(t)u oOwscHuTe, Kak 1m0
AKCMEPUMEHTATHFHOMY TpauKy dTOM 3aBUCHMOCTH  OIPEACTUTh 3HAYCHUS
rapamMeTpoB ROI/I o.

o o A W N

9. Maiite ompeneneHne TemreparypHoro kKo3h(uipenTa cConpoTuBiIeHus o. B kakux
€IMHUIIAX U3MEPSIETCS ITOT (PU3HUECKUN TapaMeTp?

Hpumepor, peuwienusa 3a0au

3anaya 2.3

Haittu nanpsbkenne U Mexay KOHIIAMH aTIOMHHHEBOTO mpoBoaa amuHOoM L = 500 M m
IUIOLIA/IbI0 MOTIepeYHoro cedenus S = 14 MM%, ecli B HEM nporekaer Tok cwioit I = 15 A.
Y enbHOE CONPOTHBICHAE aMOMHHES p = 2,8:10° Om-m.

p. I S L
JHano: L =500 m;
S = 14 Mm%, ! !
p=28-10% Omm; ! U :
I=15A | |
Hantu: U. ' '
Jlnst penieHuns 3a/1a4uu COCTaBUM CUCTEMY YpaBHECHUIA:
U=IR —3akoH OMa 7151 yJacTKa Lemy; 1)
L
R=p 3 — COMPOTHBJICHUE ATIOMUHHUEBOTO TpoBoia;  (2)

[Tagenne HanpspKEHUS B AIFIOMUHHEBOM IIPOBOJE HAAEM, MOJCTaBUB CONPOTHBIIEHUE (2) B
cooTHoueHue (1)

L
U=Ip—.
S
Tenepp, HWCHONB3ys 3HAUCHHS MAPaMETPOB, OMNPENENCHHBIX YCIOBHSAMH 3a/1aud, ITOIYYHM
YHCIICHHOE 3HaYE€HHE HAIPSDKEHUS, TIPEICTAaBICHHOE B OTBETE.

OtBet: U = Ip%zlSB.

3anaua 2.4
Haiitu Temneparypy t» BOJb(ppaMOBOM HHUTH JIAMIOYKH, €CIM IPU BKJIIOUYEHUU B CeTh C
HanpspkeaneM U = 220 B mo He#t uper Tok [ = 0,68 A. Ilpu temmeparype ti1 = 20°C

CONPOTHUBIIEHUE HUTU Rl =36 Om . TemneparypHblii K03()(OUITUEHT COMPOTHBIIEHUS BOJb(ppama
o=4,610° K.
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Hano: U =220 B;

1=0,68 A;
t = 20 C;
Rl = 36 0m;

o = 46-103 k1,
Haiitu: t2.
y‘-H/ITBIBaSI, YTO 3aBHUCUMOCTH COHpOTI/IBJIeHI/ISI L[I/IJ'II/IHI[pI/ILIeCKOFO MCTAIIJIIMYCCKOTI'O HpOBOZIHI/IKa
oT TeMHepaTypH UMECT BUJL

R =Ry (1+at),

rje RO - CONPOTHBJIEHUE NPOBOJHUKA MTPU OOC, t - temmeparypa B rpamycax Llembcus, o-

TEMIIEPATYpHBIH KOA(D(DUIIMEHT COMPOTUBICHUS, MOXKHO COCTABHTH CUCTEMY YpPaBHCHHU st
pELIEHHS 3a/1a4u:

( Rl = RO (1+a tl) - COIPOTHBIICHHE POBOHHKA IIPU TeMIeparype t; ; 1)
< R2 = RO (1+a t2) - CONPOTHBIICHHE IPOBOHHKA IIPH Temreparype i, ; (@)
. U=IR, - HAIPDKCHNE Ha TIPOBOJHKKE IIPH Temmeparype i, ; 3)

Ecnu Tenepb pa3nenuTh npaBbie U JIeBble YacTu ypaBHeHui (1) u (2)

R
R

1+at
2 - 2; 4.
1+at

1 1

U B 3TO COOTHOIIEHUE MOJCTABUTH IBHOE BBIPAKEHUE CONIPOTUBIICHHUS R2: u3 (3), TO NOIYyYUM

v
|

YpPaBHEHUE OTHOCUTEIIBHO HEM3BECTHOM BEJIMYHUHBI t2

U _l+0t‘[2
IR, 1+ at

1 1

KOTOPOE IEpENUIIEM B BUJIE

U
l+0c‘[2 = — (1 +at
IR
1
OTCIOZIa MOJIYYHUM aHAIIMTHYCCKOC BBIPAKCHUC IJIA HEU3BECTHOU BEJINYNHBI t2

1

1 U
t,= = —(1+aty) -1
2 g IRl( !

[Tocne moACTaHOBKM B TOCIEAHIOK (OpMyny 3HAYEHHH NapaMeTpoB, HalaeM YHCICHHOE
3HAUCHHE TEMIIEPATYPHI U, , IPEJICTABICHHOE B OTBETE.

OTgeT: TemrepaTypa BoJb()PaMOBO HUTH JTAMITOYKU t, = L %(1 + (xtl) -1|= 1916°C.
o
1
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2.5.3. Tumnbl coeMHEHUS MPOBOIHUKOB

[Ipn BKIIOYEHWH B IENb MPOBOJHUKH MOXHO COCIUHATH IPYyr C JPyrom
paznuuHbiMu crioco0aMu. CyIiecTBYeT TpU BHJIa COCAMHEHUH: nociedosamenvbHoe
(puc.2.5), napannenvnoe (puc.2.6) wu cmewannoe (puc.2.7). Ilpexnae yem
paccMoTpeTh Oojiee MOApOOHO KaXKJ0€ U3 HUX, BBEAEM IMOHATHE SKBHUBAJICHTHOTO
cornpotuBnenus. Conpomugnenue, npu GKIOUEHUU KOMOPO2O 6MeCmo 6cex
NPOBOOHUKOB, HAXOOAUWUXCA MeHcOy O08YMS MOUKAMU Yenu, MOK U HANpsiceHue
MedHcOy — HUMU — OCMAOMCS  HEUSMEHHbIMU,  HA3bI8AEMCs  IKBUBAIEHMHBIM
CONPOMUBTIEHUIO IMO20 YUACMKA Yenu.

I R1 R, Rs
0 s I — I —
| u |
' Puc. 2.5 '
I R1
T
I A |2 Rz |
g1 +—>F%
i Y15 R i
| i |
i U
| Puc. 2.6
I R1
I 4l R» I=1ls R4 > — |
¢—>——>—| —t——{
| le Rs _»__Q?
1L R Ly — |
\ — [ I
| U |
Puc. 2.7 |

Bonpocwel u 3a0danusa 0a1sa camonpoeepkKku

1. HaiiguTte oTIMuMs MOCIEA0BATENBHOIO, MAPAJUIETLHOTO U CMEIIAHHOTO COEIMHEHUN IpYT
OT Apyra.

2. N3obOpasuTte CcXeMaTW4eCKHd Pa3IUYHBIE THITBI COSAWHEHHS MPOBOJHHUKOB, OTIUYHBIE OT
MPEJCTAaBICHHBIX Ha pHC. 2.5 — 2.7. YKaXUTe Ha HUX y3JIbl U BETBH.

3. Maiite onpeneneHe SKBUBaJCHTHOMY COTIPOTUBIICHUIO M U300pa3uTe CXeMaTHUECKH
SKBUBAJICHTHBIEC CXEMBI, IIPE/ICTABIEHHBIM Ha pHC. 2.5 — 2.7 y4acTKaM IIeTu.
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ITocienoBare/ibHOE COCJUHEHHE CONIPOTHBJICHH

IlocnedosamenvHbiM HA3bIBACNC COCOUHEHUE CONPOMUGIEHUL, NPU KOMOPOM
KOHey npeovioyuie2o CONPOMuUGIeHUs. COCOUHSIIOM C HAYAIom cledyowezo (puc.2.5).
Ecnmu BeTBb, m300pakeHHass Ha puc. 2.5, SBISICTCS y4aCTKOM II€MH MOCTOSTHHOTO
TOKa, TO CHJIa TOKA B KaXKJOM M3 CONPOTHBIICHUHN OJJMHAKOBA

= 1. (2.22)

B npoTuBHOM ciiydae B pa3au4HBIX TOYKAaX IEMU MPOUCXOAMIO Obl HAKOIUICHHE
JIEKTPUYECKUX 3apsAI0B, U3BMEHECHUE NOTEHIMAIOB U JJIEKTPUYECKUN TOK B LIEIU HE
MOT Obl OBITh TOCTOSTHHBIM.

Ecnim wMexny KpalHUMM TOYKaMM Y4yacTKa LENu Ha pHC.2.5 MPUI0KEHO
HanpspkeHue U, TO IpU NEPEMEICHUN 3apsaia ( C OJHOI0 KOHLA LIENU Ha JPyrou
AIEKTPUUECKOE T0JIE COBEPIIAET padboTy

A=qU. (2.23)

C nfapyroii CTOpOHBI, €CIM Ha KaXJAOM W3 CONPOTUBJICHUN HaMPSHKEHUS
Ul’ U2, U3, TO TPU TNEPEMEILICHUH 3apsAna ( Yepe3 KaXKIA0€ U3 CONPOTUBIIEHUU

AIIEKTPUYECKOE TI0JIE COBEPIIAeT paboTy
AL = qUy, A, =qU,, Ay =qU,. (2.24)

CornacHO 3aKOHY COXpaHEHHUsS PHEpPruu ( SHEprusi — aJJAUTHUBHAs BEIUMYHMHA)
BBITIOJIHSIETCS PABEHCTBO

A= A

1 YAy TA

3"

[loacraBnsst B mocnenHee cooTHomeHue Gpopmyisl (2.23) u (2.24), okoHYaTEIBHO
nMeeM

U= U +U, +Ug, (2.25)

T.C. IIpHU MOCJICAOBATCIIBHOM COCAWMHCHWH IIPOBOAHWKOB HAIPsAKCHUC Ha Y4YaCTKE
LCTIN PaBHO CYMME HaHpH)KeHI/Iﬁ Ha KaXX/I0M U3 OTACJIBbHBIX YHaCTKOB ATOM Ke OCIIN.
TGHGpB BBISICHUM, KaK OIIPECACIINTG OKBUBAJICHTHOC COIIPOTHBIICHHUC

Rykg = R

ydacTKa LIeNH, MpencTaBIeHHOro Ha puc.2.5. J[ims 3Toro BOCHOJIB3yeMCs 3aKOHOM
Owma B popme (2.8) 1 3anuilieM HanpsKEHUe ISl BCEro y4acTKa Lenu

U =IR (2.26)
" 1J1sd €10 qaCTeﬁ, T.C. Ha KaXXIOM COIMPOTUBJICHUU

U, =IR,, U =1IR (2.27)
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[loacraBnsis  dopmynel (2.26) u (2.27) B cooTHomieHue (2.25), oKOHYATEIBHO
nMeeM
R= Ry +Ry +Rjg. (2.28)
Takum oOpazoMm, mnpu nocredosamenbHOM  COCOUHEHUU  IKBUBAIEHMHOE
conpomusieHue 6cell Yyenu pasHo cymme CONpOmueIeHUll OmoOeIbHbIX ee Y4acmKOo8.
N3 cootHomienus (2.28) cineayeT, YTO MOCJENOBATEIIBHOE BKIIIOUEHUE B ATy IICMb
HOBOT'O NMPOBOJHUKA MPUBOJAUT K YBEIMUYECHUIO COMPOTUBIICHUS yUaCTKa LETIH.
OTMeTuM, 4YTO TpPU pPa3MbIKAHUU LENH C TOCJIEI0BATEIILHO COCIMHEHHBIMU
MIPOBOIHUKAMU B JIFOOOM €€ TOUKe, TOK MpeKpaliaeTcs OJJHOBPEMEHHO BO BCEH IIEMH.
[ToaToMy TOCHIEIOBATENILHOE COSAMHEHNE TOTpEeOUTENEH IIEKTPUIECKON SHEPTUU HE
BCerjia ya00Ho.

Bonpocwel u 3a0danusa 0asa camonpoeepkKu

Kaxkoe coennnenne npoBOAHUKOB HA3BIBAETCS MMOCIEI0BATEIILHBIM?

[Touemy mnpu mnocneAOBaTENbHOM COEIUHEHUU TPOBOJAHUKOB M TOKE B IENH HE
3aBUCAIIEM OT BPEMEHH, CHJIa TOKA B KaXKJIOM MTPOBOJIHUKE OJIMHAKOBA?

Kakne ¢usnueckne BEIWYMHBI COXPAHSIOTCS TPH TOCIEAOBATEIHLHOM COCIMHCHHUH
IIPOBOJHHUKOB?

Jaiite ~ 00OCHOBaHWE  YTBEPXKIACHUIO  «IIPU  TOCJIEIOBATEIILHOM  COEIUHEHUU
MIPOBOIHUKOB HANPSsDKEHHE HA yYacTKE MU PAaBHO CyMMeE HaIpsKEHUN Ha KaXIOM U3
OTJICTBHBIX YUACTKOB ATOM XK€ MEMW» KaK YacTHOU Gopme 3aKkoHa COXPAHSHHS SHEPT UH.

5. BeiBenmure Gopmynbl IS OSKBUBAJCHTHOTO COINPOTHBJICHHS U SKBUBAJCHTHOU

MIPOBOJIMMOCTH N TIOCJIENOBATEIBHO COCIMHEHHBIX MPOBOJHUKOB Ri (1=1,2,..n)m

A w e

WX YacTHBIE ()OPMBI, KOT/1a BCE TPOBOHHUKH OJHMHAKOBBI Ri = RO .

6. HOKaSaTB, 4TO MHOpHu MOCICAOBATCIBHOM BKIIOYCHHU B LHCIb HOBOIO MNPOBOIAHHKA
MPOUCXOAUT YBCIMYCHUC SKBUBAJICHTHOI'O COIMPOTHUBIICHUSA 3TOI'0 y4aCTKa LCIIN.

7. Jlaiite 000CHOBaHME YTBEPKICHUIO, UTO MOCIIEI0BATEILHOE COSTUHEHUE MOTpeduTenei
AIIEKTPUYECKON PHEPTUU HE BCETJa YA00HO U MPUBEANTE TPUMEPHIL.

Hpumepvor, pewmwenusn 3a0au

3amaua 2.5

DneKkTpuyecKas IeMb COCTOUT U3 TPEX MOCIEIOBATEIIbHO COEAMHEHHBIX OTPE3KOB MPOBOJA,
W3TOTOBJICHHBIX M3 Marepualia ¢ yAelnbHBIM compotuBieHuem p = 9-100 Om-M, wumeronmx
OJIMHAKOBYIO JUIMHY L = 1 M, HO pa3Hbie ceuenus: Sq = 1 MMZ, S, =2 MMZ, S3=3 mM2. Haiitu CUiy
Toka | B menu, conportusienus Ry, Rz u Rz kaxaoro orpeska u conpotuBienue R Bcero mposoja, a
taxke HanpspkeHus Uy, U u Uz Ha aTHX 0Tpe3kax, eciiy HanpsbkeHue Ha koHuax uenu U =11 B.

_ | S1 S, Ss
Hano: U=11B ! . . . .
p= 910% Omm ) R | B | R /?/
L=1wm; i o 2o 3 !
glf%MM, S2 =2 MM, i U, E ) i Us !
3 MM ! ) I
U

Haiitn: |, Rl, Rz, R3, R, U1, Uz, U3.
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Cucrema ypaBHCHI/Iﬁ JJIA pCIICHMA 3aJa41 UMCCT BUJI.

( | = % —3akon Oma juis yuactka nerw; (1)
U= Ul + U2 + U3 — HaTpsDKEHHE Ha ydacTke nenu  (2)
IPH [IOCIICIOBATEIEHOM COEJIMHEHHH COTIPOTHBIICHHH;
< R = Rl + R ot R3 — comnpoTuBicHUE yyacTka renu;  (3)
L . .
R, =p s (i=1,2173) — COMPOTHBIICHHUE I-TO OTpe3Ka ydacTka nenw;  (4)
i
L U.=1p s (i=1,2173) — HampsDKeHHe Ha I-oM oTpeske yuyactka menu;  (5)

|
W3 cooTHOmIEHNS (5) NOIYYUM CIEAYIOUIME OTHOIIEHUS HAPSKEHUI

PR} Yy 8
U 5 1S3
Orcrozia umMeem
U, = U 5 U, = U il (6)
2~ “1g_ 37 "1g
52 53
Teneps nojacraBum (6) B coOoTHOIIEHHE (2)
U:U1(1+Sl+sl) 7)
S 33

1 U3 ITIOCJIICTHET O paBeHCTBa HOJIyT-H/IM HaHpH)KeHI/IC Ha HepBOM OTpe3Ke (S804
Sy S3

SlS2 +SlS3 +SZS3

Ul=U

Teneps ucnonb3ys cootHomeHus (6), HaAWAEM HANPSHKEHUS HA IBYX JPYTHX OTPe3Kax Iemu

8183 SlS2
U2= U ) U3 U )
3152+5153+5253 5132+5153+5253

ConpoTuBJIECHUS OTICTBHBIX OTPE3KOB IIETIM M €€ IOJHOE COMPOTHUBICHHE OIpPEaeseTCs
dopmynamu (4) u (3). Iocmennsii ¢opmyna Toclie MOJACTAHOBKH B HeE  COMPOTHBICHUN
OT/EJBHBIX OTPE3KOB (4) MPUHUMAET BUJ

515, 53
8182 +SlS3 +828

R =pL : 9
3

[MoxcraBnsis momHOE comportuBieHue 1enu (9) B gopmymy (1), moaydnmMm aHAIUTAYECKOE
BBIPAXKCHHUC [JId CHJIBI TOKA B LCHIH

U S1 S5 S5
PL S Sy + 8 S3 + 8,8

3
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YucrieHHbIC BEIUYMHBI, IMOJYYCHHBIC IOCIE IMOJACTAHOBKH COOTBETCTBYIOIIUX IapaMeTPOB
3agauu B popmyisl (1), (3), (4), (5), mpeacraBieHbl B OTBETE.

Otser: | =67A; R;=910%0M; R,=451020M; R3=3102 Om; R =0,165 OM;
U1= 6B; U2= 3B; U3: 2 B.

IMapanieabHoe coeJUHEHHE CONPOTHBJICHHI

llapannenvnviv  Hazvigaemcsi coeOuHeHue CONPOMUBNEHUU, NPU KOMOPOM
Hauana Cconpomueénenuil obpasyrom oO0uH y3el, a UX KOHYbl — opyaoti
(puc.2.6).IlockoyibKy Havaja BCEX CONMPOTHUBICHUHN MPEJCTABIAIOT COOOM €IMHBIHI
y3ell, TO BC€ OHU UMEIOT OJIMHAKOBBIN MOTEHIMAN, a MX KOHIIbI, 00pa3yolye BTOpon
y3ell — JIpyrod MOTEHIMAJN, TO HAMNPSIKEHUS Ha COMPOTHUBJICHUSX YJIOBIECTBOPSIOT
COOTHOILIEHUIO
= U, =U, (2.29)

T.C. IIPH IapaljICIbHOM COCAVMHCHHNHN HAIIPSKCHHA Ha Ka)XXJI0M 13 BETBEH M Ha BCEM
Pa3BETBJICHUU OJWHAKOBEI.
HpI/I IMOCTOSIHHOM TOKC B Yy3JIaX BHGKTqueCKOﬁ e 3apAabl HC HAKAIJIMBAIOTCA
N HC YHHUUYTOXKAIOTCA. 910 O3HA4YacT, 4TO CKOJIBKO 3apsaJ0B B CAWMHUIY BPECMCHH B
Y3€JI NpUxXoauT, CTOJILKO K€ €ro U IMMOKNAAcT, T.C.
=1 + 1

+
11y + g (2.30)

HOCJIGI[HGC COOTHOLICHUE, O3HAYACT, YTO IIpHU MapaljICIbHOM COCAMHCHUU TOK O
Pa3BETBJICHUA PAaBCH CYMMC TOKOB B €I'0O OTACJIbHBIX BETBAX.

TCHCpB BBISICHUM, KaK 3KBHBAJCHTHOC COIIPOTHBIICHHC
Rogs = R (2.31)

OIIpENENSAETCS. Yepe3 CONPOTUBIICHUS ydacTKa LENH, MPEACTaBIEHHOro0 Ha puc.2.6.
Jliist 3TOro Bocnosb3yemcs 3akoHoM Oma B popme (2.7) U 3anuieM HanpsiKeHue st
ydacTKa el MEXIY y3IaMu

- (2.32)

Y Ul KaXKJI0W BETBU OTIEJIBHO
U
L, = —, I

U
1 Rl !

_ U
2 R2 )

[MoacraBnsast ¢opmynsl (2.32) u (2.33) B cooTHomieHue (2.30), OkoHUaTETbHO UMEEM

1 1 1

1 2 3
Takum o00pa3oM, npu napaniieibHoM COeOUHeHUU O0OpamHas  GelUHUHA
IKBUBANIEHMHO20 ~ CONPOMUGNEHUs.  6Cell  Yenu  pasHa  cymme  0OpamHvlx
conpomusieHull. omoenvbHvix ee yuacmkos. V3 cootHomenus (2.34) ciaeayer, yTo
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[apajjIeJIbHOE BKJIIOYEHHWE B OTY LENb HOBOIO IIPOBOJAHUKA IPUBOAUT K
YMEHBIUIECHHUIO DKBUBAJICHTHOT'O CONPOTHUBIICHUS y4acTKa LEIH.

OtMeTnM, 4TO NpU MAapajuleIbHOM COEIVMHEHUH NMPOBOJHUKOB Pa3MbIKaHUE LIETTH
B OJTHOW M3 BETBEH HE MPEMATCTBYET NMPOXOXKIACHUIO TOKA I10 APYTUM BeTBiIM. Ecin
HaIPsDKEHUE [IPU 3TOM HE U3MEHAETCS, TO TOK B KaKJIOW U3 OCTAaBLIMXCS BETBEH HE
3aBUCHUT OT TOKOB B OCTQJIbHBIX BETBAX U MOTPEOUTENHN HE UCTBITHIBAIOT HEYA0OCTB
MIpU OTKJIFOYEHUU OJHOW U3 BeTBell nenu. [loaToMy s HUX 4acTo yaoOHEee UMEHHO
[apajijIeJIbHOE, a HE MTOCIIEI0BATEIIbHOE COCIMHEHUE COIIPOTUBIICHUM.

Bonpocwel u 3a0danusa 0nsa camonpoeepkKu

1. Kakoe coenuHeHne MPOBOIHUKOB HA3bIBAETCS MapaJIICIIbHBIM?

2. Yem oTnmuaercs mapasiebHOE COSAMHEHUE TPOBOIHUKOB OT MOCIIEI0BATEIHHOTO?

3. Kakue ¢Qusuyeckne BENMYUHBI COXPAHAIOTCS TPU TMAPAUICTHPHOM  COCTUHCHHH
IIPOBOJHUKOB?

4. Tloyemy npu MOCTOSTHHOM TOKE B Y3JIaX 3JIEKTPUUECKOM IENH 3apsiIbl HE HaKarIMBaIOTCA
Y HE YHUUTOXKAIOTCS?

5. Kak HaliTH »SKBUBAJEHTHOE COMPOTUBIEHUE Yy4yacTKa IeMU C MapauieJTbHO
COCIMHEHHBIMH COMTPOTUBJICHUSIMU?

6. Iloka3zaTh, 4TO MPHU MAPATUICTLHOM BKJIFOUEHUH B IEMTb HOBOTO IPOBOTHUKA TTPOUCXOIHT
YMEHBIIIEHHUE SKBUBAJIEHTHOTO COMPOTUBIIEHUS ITOTO Y4aCcTKa IEMH.

7. HazoBuTe mpUYMUHBI IO KOTOPHIM MapajuieIbHOE COCIMHEHNE MPOBOJHUKOB OKA3bIBAETCS
yI0OHEe MOCIIeIOBATEIIEHOTO.

IHHpumepos peuwenua 3adau
3agaua 2.6

DneKkTpuyecKas IIeNb COCTaBJIEHA M3 YEThIPEX OTPE3KOB IMPOBOJA OJIMHAKOBOM JUIMHBI U
M3TOTOBJICHHBIX U3 OJMHAKOBOTO MaTepuaia, COSAMHEHHBIX MapaiernbHo. CedeHue KaxJIoro u3
OTPE3KOB pazuyHO: S1 =1 MMZ, S, =2 MM , S3=3 MM , Sa=4 MM . OnpenenuTs CUITy TOKa B
Ka)XJIOM IIPOBOJIHUKE, €CJU MOJIHBIN Tok B e [ = 100 A.

I1 S, Rs
1

| I |

Hano: | = 100A; I> Sz Re
Si=1mMm; So= 2MM2; | ]

S3=3um’ Sy = dmme o = Iy Ss Rs o

Hatitu: 11, o, I3, la.

1T

ls Ss4, Rs

| |
L

|
|
|
|
|
|
| U
|

|

Cucrema ypaBHEHHI JISl PEIICHUS 3a/1a91 UMEET BHUI:
5t I3 - TOK B pa3BETBJIEHHOMW IeNH (CM.PHC); Q)

(i=1,2, 34) - 3akoH OMma J1J1s1 yJacTKa ey, 2

R. = — i=1,2, 34 - COTPOTHUBJICHUE OT/ICIBHOTO OTpe3ka enu;  (3)
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W3 cooTHOmIEeHNS (2) NOIYyYMM OTHOILLIEHUS

R

- _1

= L @
R4

l

1

Ry
Ry

DRl
|

Iy

1 3

Bocrosib30BaBIINCE SIBHBIM BBIpaXXEHUEM Ui cONpoTHBIIEHUH (3), 13 (4) numeem

Si )
IizllS—l, (1=2,3,4). (5)
Teneps nojacraBum (5) B cooTHoteHue (1)
S S S
=1 (1+ 2+ 34+ 4
S R

U OTCHOJAa MOJYYHMM CHIIY TOKA B ICPBOM OTPE3KE LCITU

L, =1 Sl

1 S| +S, +Sg+ 54'

Hcnonb3ys cooTHouieHue (5), HailieM TOK B OCTaJIbHBIX OoTpe3kax Imenu. OOmas ¢popMysa CHIIbI
TOKAa UMEET BU]]

5

+ S

Ii:I
Sl+S

; (i=1,2,3 4).
p ¥53+ 5,

[ToncraBnsis B mocnenHior0 GopMylny 3HAYEHUsS HM3BECTHBIX MapaMeTPOB, OIPEACIEHHBIX
YCIIOBUEM 33Jla4, HAWJIEM YHUCIICHHBIC 3HAUEHUSI TOKOB B KX JOM IPOBOIHHKE.

Oter: I1= 10A; 1,=20A; 135=30A; 1,=40A.

3agava 2.7

DOKBUBAJICHTHOE COMPOTUBIICHHE HECKOJIBKUX MapauleIbHO COCAMHEHHBIX OJMHAKOBBIX
npoBoaHukoB  Rj; = 2,5 Owm, a npu ux nocnenoBarensHoM coenuHenun - Ry = 10 Om. Haittu
KOJIMYECTBO N MIPOBOJIHUKOB M COMPOTHUBIICHHE R OT/IETLHOTO MPOBOTHUKA.

Hano: R1=2,5 Owm;

Hatitu: n, R.
R
Z— — — A
s ,R ,,,,,,
R R R R»
o— 11 ---- {1+ i 1 7
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Cucrema ypaBHCHI/Iﬁ JJIA peIICHUA 3a1a4M UMECCT BU/.

1 1 1 1 n
— = -+ — +.+ == = — (opmyna I SKBUBAJIEHTHOTO COTPOTHBIICHUS, (1)
Ry R R R R
NP MapaJICTbHOM COCMHEHHH TIPOBOTHHKOB;
R2 =R+R+R+.+R=nR - dopmyna ais 5KkBUBaJICHTHOTO cONpoTUBICHUS  (2)

IIPU NIOCJIEA0BATEIBHOM COEIMHEHUH POBOIHUKOB.
[lepenuiem cucremy ypaBHeHui (1,2) B 1pyrom Buze:

R =nRy, 3)

R
2, (4)
n

R

IIpupaBHUBas mpaBble 4YacTu ypaBHeHUH (3) u (4), NOJy4yuM YpaBHEHHE s HAXOXKICHHS
KOJIMYECTBA IPOBOJAHUKOB N.

R
nR, = TZ (5)
Otcroga nMeem
R
n= |-2. (6)
Ry

IToacraBnss (5) B moboe u3 cooTHouieHui (3,4), HailléM CONPOTUBIIEHUE OTIEIBHOIO MPOBOIHUKA

R = Rl-R2 .
OrmBer:Nn=2;R=50M.
2.5.4. 3axon Oma 11l 3aMKHYTOM 1leNH ¢ COCPeI0TOUYEHHOM 3/1¢

ITycTh muMeeTca 3aMKHyTasi LEMb C OJJHUM HMCTOYHHUKOM JJIEKTPUYECKOW SHEPrUU
31IC KOTOPOTO €, BHYTPEHHEE COMPOTUBICHUE [ U METALNIMYECKUM MPOBOJHUKOM C

comportuBiacHreM R (puc.2.8)

r
]
LT

1
 I—

R
Puc. 2.8

ConpoTuBIIeHNE TTOABOISAIINX MPOBOJIOB JIJIsl TPOCTOTH PACCMOTPEHUS YUUTHIBATD
He Oyznem. B aTom ciydae 3Jic cocpeoToueHa JIMilb Ha HEOOBIIOM Y4acTKe e, U
CTOPOHHHE CHJIBI JCHCTBYIOT TOJIbBKO BHYTPH HCTOYHUKA DJIEKTPUUYCCKON JHEPTHUHU.
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[Ipu nBWKEHUM B TaKOW IENU E€IUHUYHBIA AIEKTPUUYECKUN 3aps]l MpUOOpeTaeT
SHEPTHI0, PABHYIO 3/IC € TOJIBKO BHYTPU UCTOYHUKA TOKA, (HAJ HUM CTOPOHHHE CHUJIBI
coBepIIatoT paboTy) U BCIO €€ PacxoJlyeT BO BHEIIHEH U BHYTPEHHEU IEMSIX TOJbKO
HAa TEIUIOBOE JICMCTBUE, ONPEACIIEMOE HANPSHKEHUSAMUA HA CONPOTUBIICHUAX
HMCTOYHHMKA TOKA U MPOBOAHUKA. COrIacHO 3aKOHY COXPAHEHUS SHEPTUU KOJIMYECTBO
3aTpadyeHHOM DdHepruu (IR+1r) HeE MOXET MNPEBOCXOJUTh  KOJIUYECTBO
npuoOpeTeHHou sHepruu (&). [IpsAMBIM CIEACTBUEM ATOTO YTBEPXKACHUS SIBISETCS
PaBEHCTBO

e =IR+Ir, (2.35)

O3HAYAOIIee, YTO BCS DHEPrUs, MPHOOPETEHHAs 3apsA0M 3a CYET CTOPOHHUX CHII,
3aTpayrBaETCs HA MPEOJOJICHUE BHENTHETO M BHYTPEHHETO COTPOTUBIICHUH IICTIH.
PaBencTBo (2.35) yacTo UCHIONB3YIOT B BUE

=& (2.36)

DTO COOTHOIIICHHE, TMOATBEPKICHHOC MHOTOYHCICHHBIMU JKCIIEPUMEHTAILHBIMU
JTaHHBIMH, W3BECTHO II0JI Ha3BaHUEM 3akona  Oma Ons gcell  (noaHOL,
3AMKHYMOU) — yenu.

Bonpocwel u 3a0danusa 0nsa camonpoeepkKu

1. Yem oTimyaercs 3aMKHYTasl LIENb OT y4acTKa Ieru?

2. W3o0OpasuTe MpOCTYIO 3aMKHYTYIO LENb M YKaXUTE€ B HEH MECTO COCPEIOTOYCHHS U
JEUCTBUS CTOPOHHUX CHJL.

3. Kaxoii mporiecc sBIIS€TCS HICTOYHHKOM YHEPTUU B 3aMKHYTOH IIeTTH ?

4. OOochyiiTe 3akoH OMma Al 3aMKHYTOW ILI€MM Kak 4YacTHYIO (opMy 3aKOHAa COXpaHEHHUs
SHEPTHUH.

5. Hcnonw3ys 3akon Owma (2.36) mis 3aMKHYTOW 1ienu, moiyyute 3akoH Owma (2.7) mns
y4JacTKa LeMH.

Hpumepv peuieHusn 3aoau
3agauva 2.8

Haiitu Tox | M 3AC € HMCTOYHMKA SHEPruu € BHYTPEHHMM corpoTuBieHueMm I = 10 Owm,
3aMKHYTOTO Ha MpOBOAHMK ¢ compoTuBieHneM R = 1000 Owm, ecnu mpu mocien0BaTElbHOM
BKJIIOUEHUU B 3Ty LIeNlb MIJIIMaMIIEpMeTpa ¢ conpoTusieHneM Ro = 100 Om oH nokasbiBaeT Tok I
=25 MA.

Hano: r=10 Om
R =1000 Ow;
Ro =100 Owm; £ r £ r
lp = 25 MA. T I
Haittu: |, €. || — lo ||
A\ 4
v
- =@
R R Ro
Puc. 1 Puc. 2
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[TocTpoum cructeMy ypaBHEHH Jisl pEIICHUS 3a7a4d, BOCIIOIb30BaBIIUCH 3aKOHOM OMa 1is
3aMKHYTOM LIENH.

I = R & — 3akoH Oma s 3amkHyTol nenu (puc.1); (1)
€
Io = — 3akoH OMa Juis 3aMKHYTOM 1ienu (puc.2). 2
R+ Ry + 1
0
B sT0il cucreme  ypaBHEHMil /Be HEW3BECTHble BenMuuHBl - |, €. Eciou teneps paznenurtsb

IIpaBbI€ U JIEBbIE YacTu ypaBHeHMH (1) u (2), To mony4uM ypaBHEHHE

I R + RO +r
[ R+ G
0
B KOTOPOM OCTacTCs TOJIBKO OJHA HCHU3BECTHAA BCJIIMYMHA — |. Pemas ero OTHOCHUTEIBHO STOH

HEU3BECTHOM BEJIMYMHBI, HANJAEM CUITY TOKA B LIETIH

R+R0+ r

|l =1, ————_
0 R+r

(4

W3 ypaBHeHus (2) MoJIydyuM 3/1C UCTOYHUKA TOKA

e =Iy(R+ Ry+r). (5)
IToacraBnss B (4) u (5) yncieHHbIE 3HAYEHMSI TAPAMETPOB, UMEEM:

310%+10% 1 10
10° + 10
g = 25-1073(10%+ 102+ 10) = 27,75 (B).

| = 25.10 = 2751074 (A);

R +R0+ r _4
OrBer: cuma Toka B e | = I0 — =2,75-10 A,

R+r
9/C B LIENU € = IO(R+ R0+ r) = 27,75 B.

3amava 2.9

OneMeHT ¢ 3Ac € = 2,5 B u BHyTpeHHUM corpoTuBiieHreM I = 0,24 OM, COEIUHEH C pEOCTATOM.
Haiitn nnuHy L npoBosiokr M3 KOTOPON M3rOTOBJEH PEOCTaT, €CJIM IUIONIa/b €€ MONEPEeYHOro
ceuenusa S = 0,75 MMZ, yAENbHOE COMPOTUBIICHUE P = 8,7-10'8 OM-M ¥ HampspKEHUE Ha 3aKUMax
U=2,38B.

€ | r
Hano: € = 2,5 B; I [ 1
r =024 Om; |
U=238B; |
S=0,75 MMZ; A4
p=8,7" 10 Om'™m
Haiitu L : ]
| R |
| U :
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Jlnis pelnieHus 3ajaun COCTaBUM CUCTEMY YpaBHEHUM:

( e 5
I = TR — TOK B Lleny; 3akoH OMa /711 TOJTHOM 11enH; (1)
r
{ U=IR —3akoH Oma s yyactka nenu;  (2)
L
R=p y — conpoTuBieHue peocrata;  (3)
\
W3 cooTHomIeHus (2) HailieM TOK B LieNn
U
| = — 4)
R
U €ro 3HadeHue nojacraBuM B (1)
U €
== ®)
R r+R
DTO COOTHOIIIEHUE MPEJICTABUM B BUJIE
Ur+ UR =¢R . (6)
OTcroa MOIy4uM COMPOTHBIICHHE HATrPY3KU
U
R=r——. @)
e—-U

Teneps BMeECTO conpoTuBiIeHUs R mojacTaBuM ero siBHOE BbIpakeHue (3), 3aBucsllee oT JUIMHBI L
IIPOBOJIOKH U €€ IUIOLIa N S HONEePEeUHOro CeYeHUs,

W3 3TOro COOTHOIICHUS MOJIy4YUM aHAJIUTUYCCKOC BBIPAXKCHUC JIA JIMHBI IIPOBOJIOKU M €€
YUCJICHHOC 3HAYCHHUE, MTPCACTABJICHHLIC B OTBETC.

S U
OTtBeT: IIMHA MPOBOJIOKHU peocTtata- L = — r ——=41 wm.

p e-U
3agaua 2.10
Haiitu 3C HCTOYHHWKA OSHEPruv B HOCHHM ITOCTOSAHHOI'O0 TOKa, €CJIM HM3BCCTHO, YTO IIpU
YBEIUYEHUU B N pa3 CONPOTUBIICHUS HArPY3KH, MOAKIIOYEHHOM K JJIEMEHTY, HAIPSKEHUE HA HEU
Bozpactaer oT Ui nmo Uy,

€ || r £ r
Hano: Uy, Uy, n. || L] I| 7
Hanru: €. Iy | I,
\ 4 v
I 1
| I |
R nR
U1 U2
Puc.1 Puc. 2
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Cucrema ypaBHCHI/Iﬁ JJIA pCIICHMA 3aJla4i UMCCT BU/.

s Ilepsas yenwv (puc.l)
Ul = Il R —3akoH Oma JuIsl yuacTKa Lelu;
€ .
Il = — 3akoH Oma 111 TIOJIHOM LIETH;
R+r

o N R —3akoH Oma JijIsl yJacTKa 1enu;

\ I Il — 3akoH Oma JJIs TIOJIHOM LIETH;
nNR +r

JIJist pereHus 3TOM CUCTEMBI, Pa3/IeIuM TIpaBbIe U JieBble YacTu ypaBHeHuit (1) u (3)

1 _ N

CI,n
2
ITopcTaBUM B 3TO COOTHOLIEHUE BBIpAXXEHUS U1 TOKOB (2) U (4)

U _ nR+r
U, n(R+r)

OTcrona moyuum

nNR + r.

Y1
—n(R +7r)
Yy

[Tocne npocTeix mpeoOpa3zoBaHUii MOCIEIHEE COOTHOLIIEHNE TPUBEJIEM K BHIY

U U
nRL—l—lJ:r[l—n—l}
U, U,

Y M3 HETO HaiiieM BHYTpEHHEE CONPOTUBIIEHUE UCTOYHHUKA TOKAa U OTHOIIEeHue /R

u, - U u, - U
I’:an—z; - L:nl—zl

Ucnonw3ys ypaBaenus (1), (2) u mociieqHee COOTHOIICHHUE, MOTYYUM

u - u
s=Il(R+r)=UlR+r=Ul(1+Lj=Ul1+n1—2.

IIpuBeneM BblpaskeHUE B CKOOKax K 00IIeMy 3HaMEHATEI0

_U2 —nUl+nU1—nU2.

- nu

2 1
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HOCJIC COKpaHIeHI/ISI OAHMHAKOBBIX YJICHOB B YHUCINUTCIIC, UMCEM OKOH‘IaTeJII)HBIfI pe3yJ11,TaT IJIA 3C
HNCTOYHHUKA C—)HepI‘I/II/I B IICIIH, HpeIICTaBHeHHbIﬁ B OTBCTC.
1-n

Ugo ——— —
172 -
U, - ny,

OtBer: ¢ = U

2.5.5. 3axon Oma ISl HEOJJTHOPOJHOI0 YYACTKA LeNu

Bri6epemM HEKOTOPBIN y4acTOK II€NH, HampsbKeHHe Ha KoHuax kotoporo U. Oto
HaIpsDKEHUE YUCIEHHO paBHO paboTe, COBEPIIAEMOM 3JIEKTPUYECKUM IOJEM IpHU
NepeMENICHUN €JUHUYHOIO 3apsija ¢ OJHOTO KOHIIA ydacTKa Lenu Ha apyrou. Kak
M3BECTHO, BCA 3Ta paboTa MJET Ha NPEOJOJICHHE COMPOTHBJICHUS NPOBOJIHUKA U
ABJIIETCS. MEPON KOJIMYECTBA TEIUIA, MPOU3BEACHHOIO HA 3TOM ydacTke Lenu. Eciu
TENepb B 3TOT yYaCTOK BKIIIOUUTH J/C €, TO PE3YJIBTAT 00HOBPEMEHHO20 OeUCmEUs
HA ROJI0MCUMENbHbLE 3aPs0bl SNEKMPULECKUX U CIOPOHHUX cul OYAET ONPEaeNAThCs
COOTHOLIEHWEM Mexay Humu. Ha pucynkax 2.9 - 2.11 npencraBiieHbI
HEOJHOPOJIHbIE YYacTKH Lenu. Ha HUX cTpeiskamu yka3aHbl HapaBJICHUs JEHCTBUS

>IeKTpUYeckuX (F») W CTOPOHHHMX (Fer) CHI, a TakXke OINpeelseMoe HX
COBMECTHBIM JICHCTBHEM HATPABIICHUE TTEPEMEIICHUS TTOJIOKUTEIBHBIX 3apsiIOB.

[TycTe cHavana szekmpuueckue u CMOPOHHUE CUIbL OeliCMEYIOm HA 3apsaobl 6
oony cmopony (puc.2.9).

B nanHOM ciydae TOK MJET B HANPABIECHUU JIEUCTBUS 3TUX CHJI, COBEPIIAIOLINX
HajJ 3apsaoM  paboTy OJHOIO 3HaKa, SBIIOLICHCS Mepol IpeBpalleHus
KMHETUYECKOW DHEPruM 3apsoB B Apyrue BHUAbl 3Hepruu. Ha paccmaTpuBaeMom
YYaCTKE LIENMU OHA MOKET TPATUTHCS TOJBKO HA MPOU3BOJCTBO TEIIOTHL. COrJIacHO
3aKOHY COXPAHEHHUsI DHEPTUH JTOJKHO BBINOJHATHCS COOTHOLLICHHE

U+e= IR, (2.37)

sBIIsfoIeecs 3akoHOM Oma sl ydacTKa IeNH € 3JIC, Ha KOTOPOM DJIEKTPUYECKUE U
CTOPOHHUE CHJIBI IEHCTBYIOT B OJTHOM HalpaBICHUH.

B osTom ciydae SHeprus OSIEKTPUYECKOTO MO W DHEPrusi CTOPOHHUX CHII
(3amaceHHasi paboTa) pacxoJyeTcs Ha MPEOJOJECHHUE COMPOTUBIICHUS MPOBOJIHUKA;
YY4aCTOK IIeTH SBISIETCST MOTPEeOWTENeM SHEpPruu, TMOJYYeHHOH OT BHEIIHUX
UCTOYHUKOB. Ha 3TOM ydacTke BCIEACTBHE HANWYMS DJC JAPYTrUe BHUIBI DHEPTHU
MPEBPAIIAOTCS B DJIEKTPUIECKYI0. DTa SHEPTHUS COBMECTHO C SHEPTUEH, MOTYyUYEeHHON
OT OCTaJbHOW YaCTH IIETH, BBIIETSETCS Ha 3TOM )K€ Y4acTKe B BUJE Teria (IpaBas
yacTb popMyisl 2.37).

Ecnu xe anexmpuueckue u cmopoHHue cuivl 0elucmeyrom Ha 3apsaovl 8 pasHvie
CMOpOHbI, T.€. COBEPIIAIOT HAJ 3apsAaaMu paboTy pa3HOro 3HAKa, TO HaIpPaBICHUE
UX TIEpeMEUICHHUs OMpEeNesieTcss COBOKYMHBIM JeicTBHEM dTux cuil. Ilycts
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HaIpaBJICHUE JJIEKTPUUECKUX CHUJI U DJIEKTPUUYECKOTO TOKAa Ha paccMaTpUBAEMOM
ydJacTke Ienu copnanarot (puc.2.10).

— Fcr

Gl

— B
Puc.2.10

B »Tom ClIydac OSHEPrus OSJCKTPHUYCCKOI'O IIOJA TPaTUTCA Ha MPCOAOJICHHUC
COIIPOTHUBJICHUA HNPOBOAHHWKA M CTOPOHHHUX CHIL. CormacHo 3aKOHY COXpaHCHHA
OHCPIruU BBIIIOJIHACTCA paBCHCTBO

U=¢+IR, (2.38)

KOTOpOE TaKkXke MpeAcTaBiseT coboil 3akoH Oma sl ydacTKa Ienu C 37C, Ha
KOTOPOM 3JIEKTPUYECKHE U CTOPOHHHME CHJIBI JEHCTBYIOT B Pa3HBIX HANPABICHUSX.
N3 cooTHomenus (2.38) BbITEKAET, YTO B ATOM ciiydae U> &, U DJIEKTPUUYECKUE CUJIIBI
ABJISIIOTCS ONPEETAIOIMMYI HA PACCMATPUBAEMOM yYaCTKE LIETIH.

JleBast yacTh paBeHcTBa (2.38) — sHeprus, 3aTpayrBaeMasi JICKTPUICCKUM TOJIeM
IIpU MIEPEMEIIECHUN €IMHUYHOIO IMOJOKUTEIBHOTO 3apsAa C OJHOIO KOHIA y4acTKa
Ha npyroil. [IpaBas yacTh yka3blBaeT Ha MOTpeOUTENEH 3TOM sHEpruu: ¢ - pabora 1Mo
MIPEOJIOJICHUIO JIEUCTBUSI CTOPOHHHUX CHUJI (MPEBPAIICHUIO B JPYrHe€ BUAbI SHEPIUH,
HalpuMep, B XMMUYECKYIO TNPHU 3apsaKe akKymynaropa); |R- MOTepu 3HEpruw,
CBS3aHHbIE C TEIUIOBBIM JEHWCTBHEM TOKa. M3 ckazaHHOro sCHO, 4YTO
paccMaTpUBAEMBbI Y4acTOK LEMH SIBISIETCS MOTPEOUTENEM dJEKTPUUECKOM SHEPTUH.

PaccmorpuM  mocneaHOl0 M3 BO3MOXKHOCTEW,  KOrZa  HalpaBJIEHUs
AJIEKTPUYECKOTO TOKA M JICHCTBUS CTOPOHHUX CHIT coBIaaaroT (puc.2.11).
— Fcr
€ I R
G+
— B
Puc.2.11
B osrom cinywae paboTra CTOPOHHHUX CHJ TPaTUTCA Ha MPEOJOJIEHUE

COIIPOTHUBJICHUA HNPOBOAHWKA U CHUJI DJJICKTPUUYCCKOI'O I10JIA. 3aKkoH COXpaHCHHA
OHCPIrun UMCCT BU/I

e = U+IR. (2.39)

[TocnenHee paBeHCTBO, TaK K& Kak W cooTHomieHue (2.38), mpeacrasnser co0oit
3akoH OMa ju1s yuacTtka 1enu ¢ 3jc. U3 cootHomenus (2.39) BbITEKAaeT, UTO B 3TOM
ciydae ¢ >U, W CTOPOHHHE CWJIBI SIBIISIFOTCS OMNPEICISIIONIUMU: TOK HIET B
HaINpaBJICHUW JCHCTBUS CTOPOHHHMX CHJI, 3apsibl JBUTAIOTCS TIPOTUB  CHII
AIIEKTPUYECKOTO TOJIsl, ¥ YYacCTOK IS BHEIIHEW IEMU SBISICTCS T€HEPATOPOM WU
HMCTOYHUKOM DJICKTPUICCKOIN IHEPTHH C «IJICH.

B 3akimroueHue OTMETHM, YTO €CJIH JJICKTPUUECKUE M CTOPOHHHE CHIIBI JCHCTBYIOT
Ha 3apsi/Ibl B IPOTUBOIOJIOKHBIE CTOPOHBI, TO 3/IC HOCUT HAa3BaHUE HPOMUBO — IOC.
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Bonpocwel u 3a0danusa 013 camonpoeepkKu

1. Kakoii yyacTOK LieliM Ha3bIBAaeTCs HEOJHOPOJIHBIM? B uyem ero cxoacTtBo M OTIMYHE C
OJIHOPOJIHBIM?

2. TlpexacraBpTe BO3MOKHBIE COOTHOIICHHUS MEX/Y HAINPABICHUSMH ACHCTBUS NEKTPHUECKUX
Y CTOPOHHHX CHUJI Ha YYacTKe LIEIH C J/IC.

3. B gwem oriamume MexIy dJC HCTOYHMKA ToKa ® mpotuBo-3ac? Korma snc crmemayer
paccMmarpuBath Kak npotuBo-3ac? IlpuBenute npumepsl.

4. B kakux ciydasx Y4acTOK IL€NM C D3JC SBISAETCS MOTPEOUTENEM M HCTOYHMKOM
AJIEKTPUYECKON dHEPTUN?

5. TlpexacraBbTe noydeHHbIE BB (GopMysasl A5 3akoHa OMa B BUIE €IMHOTO COOTHOIICHHS,
cuutas napamerpsl U U € anredpandeckMMH BEJIMYUHAMM.

6. JlaiiTe MHTEpIIPETAIIUIO PA3THUYHBIX (GOPMYIUPOBOK 3akoHa OMa Il ydacTKa LENH C 3/IC Ha
OCHOBE 3aKOHA COXpPaHEHUs PHEPTHUMU.

7. Axxymynarop c 3ac € = 11,2 B u BHyrpeHHuM conpotusiieHueM I = 0,3 Om 3apsxaercs
tokoM | = 4 A. Haligute nokaszanusst U BoJbTMETpa, MPUCOEAWHEHHOTO K TOJIFOCAM
aKKyMYyJIsITOpA.

IHHpumepor peuwenua 3adau
3agava 2.11

B koHIe 3apsaku akkymynaropa TokoM |1 = 4 A HampspkeHue Ha ero nostocax U= 2,16 B. B
Hayajie pa3psAIKd akKymyasTopa TokoMm | = 5 A nanpspbkenue Ha Hux U, = 1,8 B. Haiitu s1ac € n
BHYTPEHHEE CONPOTHUBIICHHE I aKKYMYJISTOPA.

Hano: =4 A; I1 8| r
U,=2,16 B; ]
l, =5 A: /c;:/ | —— ’ﬁ{
U,=18B. ' - U, |
Haiitu: ¢, T. ' '
| |
Puc.1
I, r
| | —
| | I |

BHCIIHAA LICIIb

Puc.
Cucrema ypaBHEHUH JUIsl pelIeHUs 3a/1a4d UMEET BUJ:
U =¢e+]Ir — 3apsKka; 3akoH Oma i ydacTtka 1enu ¢ 3¢ (puc. 1); 1)
e=U,+Lr — 3akoH Oma Jutst Beeit meru (puc. 2); 2

[MoncraBum 3¢ € u3 cootHomenus (2) B (1)

U =U,+ (Il+|2)r.

Otcrona

;UZ ] (3)



Tenepsp, ucnomnb3ys (3) B ypaBHEeHUH (2), UMeEM

u, - u
- Uyt 1, L2
Il + | 2
OTBeT: 31C U BHYTPEHHEE CONPOTUBIIEHUE aKKyMYJISITOpa —
u, - u u, - u
e=Uy+ 1,12 R i)
Il + | 2 Il — I2
3anava 2.12
AxxymynstopHas Oatapes ¢ sac € = 10,2 B u BHyrpeHHuM conpotuieHuem I = 0,9 Om
MOJKJIIOYEHA JJIsl 3apsakd K ucToyHuKy Hanpsokenuss U = 14 B. Kakoe nomnojgHuTenbHOE

COIpOTHUBJIEHUE R HEOOXOIMMO BKIIIOYHMTH MOCIEN0BATEIbHO ¢ Oarapeei, 4ToObl CHiIa 3apsiAHOTO
TOKa He npesbimana | =2 A?

Hano: €¢=10,2 B;

r=0,9 Om;

U=14B;

1=2A.
Haiitu: R.

Jlnist perieHust 3a1a4u BOCIOJIb3yeMcsl cooTHoteHueM ( 2.35) B Buje
U=¢+ I(r +R), (1)
T.XK. U-g¢ ) 0. M3 3TOr0 ypaBHEHUS JIETKO MOJYyIUTh BETMUYNHY T00aBOYHOTO COTIPOTUBIICHUS

U-¢-1Ir
—

R = )

[MoncraBnsiss B dopmyny (2) 3HaUYEGHHUS TApaMETPOB, OIPEACIICHHBIX YCIOBUSMH 3ajadH,
MOJTYYUM YHCIIEHHOE 3HaueHue J0OABOYHOTO COMPOTUBIICHUSI.

OtBet: R = % = 10wm.

2.5.6. 3akon Oma 111 Henu, coiepkanieil HeCKOJIbKO OUHAKOBBIX J/IC

Ha mnpakTuke HepeaKko OJWH HWCTOYHHUK DJIEKTPUYECKOW DHEPruvd B IIEMH
HEJI0OCTaTOYCH, T.K. HE CO3/IaeT HEOOXOAMMOTr0 HANPsDKCHHsI HA BHEIIHCW METH WIIH
TpeOyeMOl CHITbI TOKA B HEeW. B Takux cirydasiXx HECKOJIbKO UCTOYHUKOB COCTUHSIOT
B 0OaTapero HCTOYHUKOB OJJIEKTpUUECKON sHepruu. VX coequHeHre MOXKET ObITh
NOCe008aMeNbHbIM, NAPALIeNbHbIM WU cMeuanHbim. PaccmoTpuM 0osee moapoOHO
KaKI0€ U3 HUX.

ITocaenoBaTe/ibHOE COeITMHEHUE HCTOUYHHUKOB TOKA

Tlocnedosamenvubim COZNACOBAHHBIM HA3LIBACTCS COCOUHCHUE UCTMOYHUKOS
DJICKMPUHECKOU OHEP2UU, NPU KOMOPOM NOJONCUMEIbHBIIL NOJIOC NPeoblOyUe2o
UCMOYHUKA COCOUHSIOM C OMPUYAMETIbHBIM NOJIOCOM nociedyroueo. Ha mpakTuke
O0OBIYHO B 0aTapero0 COEIUHSIOT OJWHAKOBBIC MCTOYHHUKH DJIEKTPUUECKON DHEPTrUu
(puc 2.9,a)
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—
1
' R
R
a 0.

Puc. 2.12

M3 5T0i1 cXxeMbl BUAHO, YTO MPH MOCIEAOBATEILHOM COSAMHEHUH, YTOOBI TTOMACTh
C OJJHOTO KOHIIa MPOBOJHMKA HA JPYTOH, 3apsij JOJDKEH MOOYEPETHO MPOUTH uepe3
BCE HCTOYHUKH DJCKTPHUUECKOW HHEPruH, M B KAXKIOM U3 HHUX OH mpuoOpeTaer
DHEPTHI0, PaBHYIO 3/C €. VIHaue roBopsi, CTOPOHHHE CHUJIBI PU MPOXOKACHUH 3apsiia
yepe3 N HCTOYHWUKOB COBEPIIAIOT HAJ HUM B N pa3 OOJbIIyI0 padoTy, 4yeM TNpu
MPOXOXKJIEHUU Yepe3 OJMH U3 HHUX, T.€. 20C Oamapeu npu NOcieo08amelbHOM
coeoduneHuu 6 N paz npesviuiaen 30¢ 00H020 UCHOYHUKA

= neg. (2.40)

6 ~ 86aTapeI/1

C npyroiéi CTOpOHBI, MOCKOJIBKY 3apsii MOCIEAOBATEIBHO MPOXOJUT Yepe3 BcCe
HMCTOYHUKH DJICKTPUUECKON PHEPTHUH, TO OH MPEOJI0JEBAET CONPOTUBICHHUE, B N pa3
MIPEBBIIIAIOIIEE COMPOTUBIICHUE OJTHOTO UCTOYHUKA, T.€.

ro= =nr. (2.41)

0 r6aTape1/1

Takum  oOpa3oMm, TpuU  MOCIAEAOBATEILHOM  COCAWHEHUM  HCTOYHUKOB
ANEKTPUUYECKON SHEPTUU YBEIIMUYUBACTCS KaK 3JIC, TaK U BHYTPEHHEE COMPOTUBIICHUE.
Ha puc. 2.126 mnpencraBieHa »SKBUBAJICHTHAasE CXeMa dJIEKTPUUECKOM IIemH,
n300paxeHHou Ha puc. 2.12a.

3axon OMa 11t BCcel LienH 3aIliIleM B BUIE

€
= -0 2.42
R+ s ( )
wiu ¢ yuetoM popmyn (2.40) u (2.41)
ne
=__° 2.4
! R+nr (243)

[Tocnennee cooTHOIIEHUE TpEACTaBIsAeT coO0i 3akoH OMa 71 N MocIea0BaTeIbHO
COCIMHEHHBIX OJIMHAKOBBIX NCTOYHHKOB TOKA.

3Has 3HAUYEGHUE CWJIBI TOKAa BO BHEIIHEH II€MU, HAWJEM HamlpsHKeHUE Ha
COINIPOTHBIICHUH HATPy3KU

U=IR=—2° R. (2.44)
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Ecmu Tok B mienu ¢ omHo# 3ac (puc. 2.12, N = 1) u HanpsokeHHE Ha Harpyske
MPEJCTABUTH B BUJIC

i i
I, = — = R=—"_R; 2.4
0O R+ Yo = o R+t (249)
TO JIETKO BUJIETh, YTO
'_:U_”(R+f)_§“>1; (2.46)
IO U0 R+ nr LA
n
WIN
R+ R+
| = nl U=nU 2.47
OR+nr OR+nr (2.47)

N3 cooTHoweHus (2.46) ciienyeT, 4TO TOK B LEMHU U HANPSKEHUE HA HArpy3Ke MpH
MOCJIEIOBATEILHOM COIJIACOBAHHOM COEJMHEHUM HUCTOUYHUKOB TOKA OOUHAKOBO
g03pacmarom 10 CPABHEHUIO CO CIy4aeM OJHOI'0 UCTOUYHUKA C HEU3MEHHOU BHEITHEN
neneplo. Takoe coeuHEeHUEe MPUMEHSETCS B cllyyae, Korja HeoOXOJuMO MOBBICHUTH
HaIpsKEHWE WIM TOK BO BHELIHEH LIETIH.

Bonpocwel u 3a0danusa 0nsa camonpoeepkKu

Kakoe coeanHeHMe HWCTOYHMKOB TOKAa  HA3bIBAE€TCS  IMOCIEIOBATEIbHBIM U
COTJIACOBAHHBIM?

B dyem pasnuuue coOrjiacoBaHHOTO M BCTPEYHOrO (HECOTJIACOBAHHOTO) BKIIFOUEHMUS
MOCJIEI0BATENLHO COCIMHEHHBIX HICTOYHUKOB TOKa?

[Touemy MPOUCXOTUT yBEIIMYEHUE FKBUBAJICHTHBIX 3/IC U BHYTPEHHETO COMPOTUBIICHUS
MIPHU TIOCJIEIOBATEILHOM COEMHEHUN UCTOYHUKOB TOKA?

Haiite  dopmymupoBky 3akoHa Owma Ui 3aMKHYTOM IIeMHM C  HECKOJbKHMH
MOCJIEI0BATENLHO COCIMHEHHBIMU MCTOYHHUKAMU TOKa.

JlokaxxuTe, 4TO TOK B I[ENU M HANpsDKEHHE Ha Harpys3ke MpU MOCIEA0BATEIIbHOM
COTJIACOBAHHOM COEJIMHEHUHM MCTOYHHUKOB TOKAa OJJMHAKOBO BO3PACTAIOT MO CPaBHEHUIO
CO CJIy4yaeM OJTHOTO UCTOYHHUKA, €CJIM BHEIIHSIS 1IeTh HEM3MEHHA.

6. Kakx ompenenuTh HampaBlieHHE TOKa B 3aMKHYTOM IEMW C  HECKOJBLKHUMH
MOCJIEI0BATENILHO COCTUHEHHBIMU 3JIC B PEKUME COTJIACOBAHHOTO M HECOTJIAaCOBaHHOTO
WX BKJTIOUCHUS?

SAE A

Hpumepor, peuwienusa 3a0au

3anauva 2.13

Haiitn komm4ecTBO N MoCIeaoBaTesIbHO COCIMHEHHBIX OJMHAKOBBIX aKKyMYJISTOPOB € 3JIC € =
12 B u BHyrpeHHUM comnpoTuBieHHeM I = 1 OM Kaxaplii B LIENU IMOCTOSHHOTO TOKa, €CIIU
HanpspkeHue Ha 3axumMax 0atapen U = 60 B u cuna Toka B nenu | =2 A.

Hano: r =1 Owm; N UICTOYHUKOB
U=60B; — —— —
1=2A; € r € r o r
e=12B. —I—l:l—"—l:l——l

Haiitu: n. |
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Cucrema ypaBHEHU UMEET BUJL:

( €6 .
| = —R — 3ak0oH OMa JIJ1s TTOJTHOM 1eTH (PKBHBAJICHTHAS IIETIb); (D)
r- +
0
€5 = N — 9JIC SKBHBAJICHTHAs N TIOCJICIOBATEILHO COSTMHCHHBIM 3/C €;  (2)
s = nr — CONPOTUBJIEHHE, PKBUBAJIEHTHOE N mocnefoBareapHo  (3)
COC/IMHEHHBIM COTPOTHBIICHHUSM I
L U=1IR —3akoH Oma jyis yuactka nenu (cm. puc.).  (4)

[ToxcraBnsis cootHoteHus (2), (3), (4) B popmymy (1), moaydnm ypaBHEHHE ¢ HEU3BECTHBIM N

ne

U
nr+T

DTO0 COOTHOIIEHHE TPE0OpazyeM K BUAY

NN
Inr +U =ng.

OTCIOZIa HalJIeM YHCJIO MOCIEI0BAaTEIbHO BKIIOUCHHBIX 3JIC B IICH

[Tociie mpoOCTHIX BBHIYUCICHUI UMEEM
n = 6.
OTBeT: KOJIMYECTBO MOCIENOBATEIHHO COSTMHEHHBIX OJJHHAKOBBIX aKKyMYJISITOPOB: N = 6.

Hapaﬂﬂenbnoe COCANHCHHUEC HCTOYHHUKOB TOKA

Ilapannenvuviv  CO2NACOBAHHBIM  HA3LIBACMCA  COEOUHEHUe  UCHOYHUKOS
INEKMPUUECKOU IHepauu, Npu KOMOPOM 6Ce UX HNOJ0JHCUMETbHbIe NOTIOCH
npucoeouHenbl K 0OHOMY KOHYY NPOBOOHUKA, a4 ompuyamenvHvle — K opyeomy. Ha
MpaKTUKe, TaK XK€, KaK M B MNPEIbIAYLIEM Cilydyae, OObIYHO B Oarapero COeAUHSIOT
OJIMHAKOBbIE UCTOYHUKH DJIEKTpUUECKOM sHepruun (puc 2.13a).
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r
C— e E
€ J || —
O— | - |
] | . \ 4
€ r L 4 1
_|I —
| R
R §
a.
Puc. 2.13

W3 cxeMbl BUIHO, YTOOBI MONACTh C OJHOTO KOHIA MPOBOJHUKA HA JAPYrol H
Janee BO BHEUIHIOK I€Nb, €AUHUYHBIA 3apsii MPOXOJUT TOJIBKO OJIMH MCTOYHHUK
ANIEKTPUUECKOW SHEepruu, npuolOperas B HeM sHepruio ¢. ClieoBaTellbHO, NpU
napajjieIbHOM COEJUHEHUH 3/IC BCel OaTapen COBMAJAET C 3/C OJHOTO UCTOYHHUKA,
T.€.

€ = Coarapen ~ - (2.48)

ITony4yeHHas 3apsiiaMu SHEPrysi TPATUTCSA BO BHELIHEW LIENU HAa CONPOTUBIICHUU
R ¥ CONPOTUBIIEHUAX BHYTPEHHEN Lienu. Ecim 3Ta 1iens COCTOUT U3 M IapajljIeIbHO
COCIMHEHHBIX HCTOYHMKOB, KaXIblii M3 KOTOPBIX 00JaJaeT BHYTPEHHUM
CONMPOTHUBJIEHUEM [, TO SKBUBAJCHTHOE CONPOTHUBICHHE Oarapen omnpenesnsercs
COOTHOILIEHUEM

(2.49)

r

r-=r = —.

0 OaTapen

Ha puc. 2.13,0 mpeacraBieHa cxeMa 5JKBUBAJEHTHAsl JJICKTPUYECKOW IIETH,

n300paxeHHou Ha puc. 2.13,a.
3aK0H COXpaHCHUS SHEPTHH B 3TOM CIydae UMEET BUJT

8=IR+Ir6,

nim

|=_%6 ___ & _ _me (2.50)
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3Has TOK BO BHEUIHEH ILENW, MOYKHO HAaWTH HAIPSKEHUE HA CONPOTUBIICHUHU
Harpy3ku

U=IR= —M& R, (2.51)

Iy = ———; Uy = IgR = ———R; (2.52)

TO, MPUHUMAs BO BHUMaHKe Gopmyis (2.50) - (2.52), nerko moy4uTh OTHOIICHHUS

1 _ U m(R+rn R+
I = -

0 U0 mR +r R+L
m

>1. (2.53)

Otcroia HaliJieM TOK B [IEMIU U HANpsDKCHUE Ha Harpyske (puc. 2.13)

R +r R+

l=ml,——;, U=mUy, —.
O mR +r O mR +r

(2.54)

N3 cooTHOomeHu (2.54) cneayer, 4TO TOK B LIETIH U HANPSYKEHUE HA HArPY3Ke MpH
MapajuleIbHOM COINIACOBAHHOM COEAMHEHHMM MCTOYHHUKOB TOKA, TaK K€, KaK U IpH
MOCJIEIOBATENILHOM, 0OUHAKOBO 603pAcmaiom MO CPaBHEHUIO CO CIydyaeM OJHOI0
HMCTOYHMKA C HEU3MEHHOU BHEIIHEHN LIETIBIO.

Bonpocwel u 3a0danusa 0nsa camonpoeepkKu

1. Kakoe coenvHeHHWE WCTOYHMKOB TOKa  HAa3bIBACTCA  MapalIeIbHBIM U
COTJIACOBAHHBIM?

2. B yeMm pasnmuyme COTJIACOBAaHHOTO M BCTPEYHOTO (HECOTJIACOBAHHOTO) BKITFOUCHUS
MapajuIeIbHO COSTMHEHHBIX UCTOYHUKOB TOKA?

3. Kak o0ocHOBaTh HEM3MEHHOCTh 3JIC BCEM IEMM W YMECHBIICHHE BHYTPCHHETO
COMPOTHBIICHUSI TIPH TapaUIeTbHOM COTJIACOBAHHOM COCIMHEHUU OJIMHAKOBBIX
HMCTOYHUKOB TOKa?

4. Jlaiite dopmymupoBky 3akoHa Owma Ui 3aMKHYTOW TIeMH C HECKOJIbKUMH
MapajuIeIbHO COSIMHEHHBIMH OJIMHAKOBBIMH HCTOYHUKAMHU TOKA.

5. JlokaxuTe, 4TO TOK B IIEMH M HANPSHKCHHE HA HArpy3ke MpU MapauieTbHOM
COTJIAaCOBAHHOM COCJIMHEHUU HWCTOYHUKOB TOKa OJUMHAKOBO BO3pACTAOT IO
CPaBHEHHIO CO CIIy4aeM OJIHOTO MCTOYHHKA, €CITM BHEIIHSIS [IeNTh HeM3MEHHA.

6. Kak ompenenuTh HampaBleHHE TOKAa B 3aMKHYTOW IIeMH C HECKOJIBKUMHU
MapajuielbHO COCJMHEHHBIMH JJIC TIPH COTJIACOBAHHOM M HECOTJIACOBAHHOM WX
BKJTFOYCHUU?

Hpumepvor, pewmwenusn 3a0au

3anaua 2.14
HaiiTi xonnuecTBO M napansienbHO COEIMHEHHBIX OJUHAKOBBIX aKKyMYJISTOPOB ¢ 37ic € =12 B
Y BHYTPEHHHMM CONPOTHUBJIEHHEM I = 1 OM KaX[blil B LIENIN MOCTOSIHHOTO TOKa, €CJIM HaIpsHKEHUE
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Ha 3axumax Oarapen U = 6 B u cuna toka B uenu | = 24 A. (cpasnume pewenue smoii 3a0aqu c

pewenuem 3a0ayu 2.13)

€ r
Hano: r =1 Owm;
[ —
U=6B;
=24 A; € r
&= 12 B. —
Haittu: m.
I
fet | r \ 4
R
Cucrema ypaBHEHHI UMEET BU:
( %6 i
| = —R - 3ak0oH OMa ISt TOJTHOM 1en U (9KBUBAJICHTHAS 1I€TIh);
r- +
0
€5 = € - 9JIC SKBUBAJICHTHAs M MapaJljIeIbHO COSTUHEHHBIM J/JIC €;
{ r
5 = — - CONPOTHRJICHNE YKBUBAJICHTHOE M TapaJIeIbHO
m
COCTMHCHHBIM COIIPOTUBIICHUSM [
U=IR - 3akoH OMa 1 yyacTKa Lenu (CM. puc.).

[Moncrasinsas coornomenwus (2), (3), (4) B dopmymny (1), momyunm

| = €
r U’
4+ =
m I
DTO0 COOTHOIIEHNE TPE0OpazyeM K BUAY
r U
| — + — | = ¢
m I
HJIN
I +U = ¢

(D)

(2)

)

(4)



[Tociie mpoOCThIX BHIYUCICHUI UMEEM
m = 4.
OTBeT: KOJINYECTBO NapajuIeIbHO COETUHEHHBIX OJIMHAKOBBIX aKKyMYJIATOPOB - M = 4.

CMelnaHHoOe COCANHCHUEC HCTOYHHUKOB TOKA

Cmewanuvim Hasvleaemcs: makoe coeouHeHue UCMOYHUKOB JIIeKMpPUuieckou
9Hepeuu, Npu KOMOPOM ZCpYNnvl UCMOYHUKOB, COCOUHEHHbIX NOCAe008ameNbHO,
BKIIOHAIOMCSL NAPaALienvHo opye opyey (puc.2.14), uau dce epynnvl UCMOYHUKOS,
COCOUHEHHbIX NAPANIEIbHO, GKIIOUAIOMCS NOCIed08ameibHo opye opyey (puc2.l5).
Ha puc. 2.14 npexacraBieHa »HJIEKTpUYECKass CXeMa CMENIAHHOIO COCIUHEHUS
MCTOYHHUKOB TOKA M SKBUBAJICHTHAS €U CXeMa.

§ I ¢ r § r 1
. R
vl l

R n

r—nr

Sl | —

1| —

y |
R
Puc. 2.14

Ha »T0ii cxeme mnapaienbHO cOeAMHEHbI M Oarapei, Kaxkaas W3 KOTOPBIX
COCTOMT U3 N IOCJIEN0BAaTEIbHO BKIIOYECHHBIX HCTOYHHKOB TOKa. CoriaacHo
CKa3aHHOMY BBIIIE DJJC 6cell 0OaTapen ONpelesieTcs TOJIbKO KOJIUYECTBOM
IIOCJIEI0BATENBHO BKJIFOUEHHBIX HCTOYHUKOB

= ne. (2.55)

%6 86aTapeI/1

ConpoTuBieHUEe BHYTPEHHEN LIENIM COCTOUT U3 M BETBEU B KAXKJOW M3 KOTOPHIX N
MOCJIEAOBATENBHO COCIMHEHHBIX CONPOTUBIEHUM HMCTOYHUKOB. [loaTomy monHOE
CONPOTHUBIICHHE BCEIl OaTapen onpeaensieTcsi COOTHOIIEHUEM
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r. (2.56)

_ _n
's = '6arapen " m

Ecnu teneps B hopmyny (2.42) noAacTaBUTh SIBHbIE BBIpaXKEHUSI 17151 5AC (2.55)
U conpotuBieHus (2.56), To noaydum

nme
|l = ——— 2.57
nr + mR (5)

3akoH OMa JIJi CMENIaHHOTO COEAUHEHUSI HCTOYHUKOB TOKA.
Ha puc.2.15 uzo6paxeHna npyras 3JeKTpuuecKas cxema CMEIIaHHOTO COSTUHEHUS
HMCTOYHUKOB TOKA U COOTBETCTBYIOIIAs €l SKBUBAJICHTHAS CXEMa.

e e
R s B o

R |
n
A
s N
r r r
— o — n
€
me. m e m o LN
4"—[1—“—57 ] 1 —
1]
I | I
— L
R R
Puc. 2.15

PaccmoTpenne cxembl 2.15, aHaJIOTHYHOE TPUBEJACHHOMY BbIIIE, TAKKE MPUBOIUT

K Gpopmyre (2.57).
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Bonpocwel u 3a0danusa 0nsa camonpoeepkKku

Kakoe coenuHeHre MICTOYHUKOB TOKA HA3LIBAETCS CMEIIaHHBIM ?

Kax HaliTu SKBUBaJICHTHYIO 37C M 3KBUBAJICHTHOE BHYTPEHHEE COMPOTHUBIICHUE
MIPU CMEIIAHHOM COTJIACOBAHHOM COEMHEHUH OJIMHAKOBBIX UCTOYHUKOB TOKA?
Haiite ¢popmynupoBky 3akoHa Oma Ui 3aMKHYTOM IEMA CO CMEIIaHHBIM
COE€AUHEHUEM OJMHAKOBBIX MCTOYHUKOB TOKA.

Kak u3meHsiercs TOK B LIeMM W HaIpsSOHKEHUWE HA HArpy3ke IMpU CMEIIaHHOM
COTJIACOBAHHOM COEJMHEHUU HCTOYHHKOB TOKAa [0 CPaBHEHHUIO CO CIy4yaem
OJIHOTO MCTOYHHKA, €CJIM BHEIIHIS 11eNb HEen3MeHHa?

A w e

Hpumepvor, pewmwenusn 3a0au

3anaua 2.14

Haiitu cuny toka |, mpotekatomero uepe3 compoTuBieHue Harpysku R = 10 Om B nemnu,
cocrosimei u3 M = 20 napaienbHO COEAMHEHHBIX IPYII AKKyMYJISTOPOB, B KaXA0M U3 KOTOPBIX N
= 5 MocCJeI0BaTEeIbHO COEIUHEHHBIX AIEMEHTOB ¢ € =1,4 B ¥ BHYTpEeHHUM CONPOTUBICHUEM I =
0,1 OM KaxObIH.

Jlao: R=10 Owm; n
m = 20; s " r r
n=>s; i|—|:|—8|—|:|— —8| — \
r=0,1 Owm;
e=14B. € r € r € r_
Haiitu: 1. I — I — g I —
> m

e e

1
R
Cucrema ypaBHEHHI JJIsl pEILICHUS 3a/1a491 HMEET BUI
€
(1= —0 - 3akoH OMa 15 TOJTHOH (9KBUBAJIEHTHOM) 1IETTH; 1)
r- + R
0
1 m
— = — - COOTHOUIIEHHUE ISl ONIPEAEIICHUS SKBUBAJIEHTHOTO (2)
< r nr
0
CONPOTHUBIICHHSI BCel OaTapew;
g5 = Ng - DKBHBAJICHTHAs 3/IC Bceil Oarapen.  (3)
\

IToacraBnss cootHomenus (2) u (3) B (1), nomyuum

—r + R
m

[Tocne npocTeix anredpandeckux nMpeoopa3oBaHU OKOHYATEIbHBIN pe3yIbTaT MIPUHUMAET BHU/

nme

= 0% ©)

nr + mR’
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DT0 COOTHOIICHHE COBNaIaeT ¢ popmynoii (2.57). [Tocne mpocThIX BEIYHCICHUH HMEeEeM

| = 100-14  _ 07 (A):
5.0,1+20-10
OTBeT: MpOTEeKAIOIINI Yepe3 COMPOTUBIIEHNE HarPY3KH TOK - | = % =0,7(A).
nr m

2.6. Pabora 31eKTPUYeCcKOro TOKa, €ro TenjoBoe JAeicTBHEe U MOIITHOCTh

CoBpeMEHHYI0 [HMBUJIM3AIMI0O HEBO3MOXHO MPEJACTaBUTh 0€3 MOCTOSHHO
BO3pAacCTalOLIEro0  MPOU3BOJCTBA UM  MOTPEOJEHUs  DIEKTPUUYECKOHM  SHEPTUH.
Upe3BpluallHO MIMPOKOE W Pa3HOOOpa3HOE MCMOJIb30BAHUE AJIEKTPUUECKOTO TOKA
CBA3aHO C TE€M, YTO AJIEKTPUYECKAsT DHEPTHUsl OTHOCUTEIBHO JIETKO IPEBPAIIAETCS B
ApyTrHUe BUIbl SHEPTUU:
menJiomy — B DJIEKTPUYECKUX IUIUTAX, JJAMIAX HAKAJIMBAHUSA DJIEKTPUUECKAst IHEPTUSI
3aTpavynBaETCsl HA HATPEBAHUE;

MexaHuueckoe O06udiceHue — DIEKTPOJABHUraTelb  3acTaBiseT MEpPEeMENIaThCA
ANEKTPONOe3/a, TpaMBau U TPOJIEHOYChl, (YHKUMOHAIBHBIE Y3Jbl MUKCEPOB,
IIBUIECOCOB, CTAHKOB H T.[T;

XUMUYECKYI0 IHEP2UI0 — TIPU DJIEKTPOJIU3€E 34 CYET MPEBPALLEHHUS DIEKTPUUYECKOU
SHEPruM B XMMHYECKYIO IPOUCXOJAT XUMUYECKUE MTPOLIECCHI;

nekmpomaznumnoe  uzayuenue — B CBU-mewax,  paaumocTaHUusX,
AJNIEKTPOHHONIYYEBbIX TpyOKax, Jjammax JHEBHOIO CBeTa M T.J DJJEKTpUYecKas
DHEPIUs NPEBPALIAETCS B U3TyUYCHHE.

Mepoii npespawienua Inepzuu INEKMPUYECKO20 MOKA 6 Opy2ue 6Uobl IHEPIUU
Aenaemcesa padboma moka. ITO YTBEPKIACHUE SIBISETCA PACIPOCTPAHEHHUEM CTPOIO
bopMyTUpPYEMOTO B MEXaHHMKE 3aKOHA COXPAHEHHS JHEPruu Ha BJIEKTPUUYECKUE
SBJICHUS.

W3 skcnepuMeHTa W3BECTHO, YTO €CIU y MOTpeduTeneid Her 3AC, TO Bes
AIEKTPUYECKAS DHEPTHS B LIETH, IPEBPAILAETCS BO BHYTPEHHIOIO, T.€. 3aTpaurBacTCs
Ha MPOU3BOJCTBO TEIIOTHL. lIpeBpaileHne ke 3JIeKTPUYECKOW IHEPruu B JApPYyrue
BU/IbI POUCXOUT TOJIBKO MPU HATUMYHMH Y TOTpeduTeneil npotuBo-3ac (cM.m.2.5.5) u
onpezensieTcss paboTol ToKa, 3aTpaye€HHON Ha MPEOI0JIeHUE MPOTUBOAECUCTBUS 3TUX
sac. M3 3akoHa COXpaHEHMs] DHEPTUU CIEAYET, YTO 6CA IJIeKMPUUEecKds SHepus,
npespawjeHHas 6 3aMKHYmMou yenu 6 opyaue ee guovl (Meniogyio, MexaHuieckyio uiu
XUMUHECKYIO), PA6HA CymMme padom  DJeKmpuieckoeo mMoKa no npeoooieHuio
CONpomueIeHUll U NPOMUEO-30C 8 IMOU Yenu.

[IpousBeaeHHass 3JIEKTPUYECKUM TOKOM paboTa Ha y4acTKE LENU ONpeiessieTcs
COOTHOLIEHHUEM

A=qU, (2.58)

racg- KOJIHUYCCTBO OJICKTPUUYCCTBA, IpomIeAmee 4YCepe3 IMOINCpEYHOC CCUYCHUC

MPOBOJHUKA; U - HaNpsDKEHUE Ha TPOBOJAHUKE. YUHUTHIBAsI, 4TO ( = |t, IpeICTaBUM
(2.58) B BUAC
A=Ult. (2.59)

Cootnomenus (2.58) u (2.59) npeacrasisitor co00il MoNHY0 paboTy, COBEPIIAEMYIO
AIIEKTPUYECKIM TOKOM Ha ydYacTke menu. MHade roBops, 3TO JHEPrus, KOoTopas
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nepeslaeTcsa BCEM MOTPEOUTENSIM HAa YYACTKE U pAcHpedensemcss moabKO MeHcOy
HUMU HE3aBHCHMO OT TOTO, B KaKOW BHJ SHEPTHH JTH MOTPEOUTENH MpeoOpasyroT
AIEKTPUYECKYIO SHEPTHIO.

Ecnmu ywyacTok menu mpeacTaBisieT co0OW MPOBOAHUK COMPOTHBICHHEM R, TO
IpU TPOXOXKJACHUU TI0 HEMYy TOKa MPOBOJAHUK HarpeBaeTcs. B aTom ciydae Bes
paboTa dIEKTPUIECKOTO TOKA PACXOMYETCsS Ha MPOU3BOJICTBO TETUIOTHI, M COTJIACHO
(2.59) MmoxHO 3amucaTh

Q=A=UlIt. (2.60)
YuurteiBas, 4to U=1R u | = % cooTHouieHue (2.60) mpeacTaBUM B BUJIE
2
Q=12Rt= %. (2.61)

3aBUCHUMOCTbh TNPOU3BEACHHONW TOKOM TEINJOTHI OT CHJIbI TOKa M CONPOTUBIIEHHUS
ydacTka nenu ycraHosieHa B 1841 r. JIx. I1. Jxkoynem M mOATBEpKI€HA TOYHBIMU
onbiTaMu B 1842 1. D. X. JIenuem u Ha3bIBaeTCs 3aKoHoMm [oxcoyna — Jlenya.

[IpyurHa TPOU3BOACTBA TEIUIOTHI MPU MNPOXOKACHUM TOKA IO MPOBOAHUKY
COCTOMUT B TOM, YTO MOJ JEUCTBUEM OJJIEKTPUYECKOTO IIOJsS, CO3IaHHOTO B
IIPOBOJTHUKE MCTOYHUKOM TOKA, AJIEKTPOHBI YCKOPSIOTCSA M, CTAJIKUBASICh C MOHAMMU
KPUCTAJJIMYECKOW PELIETKH, MEPEJa0T UM YacTh KMHETHUYECKOM DHEPTHHU CBOETO
HAIlpPaBJICHHOI'O0 JBMXKEHHUSA. OTO NPUBOAUT K YBEJIMYECHUIO aMIUTUTYABl HX
KoJeOaHui, YTO BOCHpPUHUMAETCs (PU3UUECKUMU MPUOOpaMu M OpPraHaMH YyBCTB
YeJI0BEKA KaK YBEJIIMUYEHHUE TEMIIEPATypPbl TPOBOIHUKA.

[lonnas pabora, coBepuiaeMas HCTOYHUKOM JJIEKTPUYECKOM SHEPruM HaJ
3apsAOM (, COTJacHO (U3MYECKOMY CMBICIY 3JIC HMCTOYHHMKA, ONpeaessercs

CJICAYOIIKUM COOTHOICHNEM
A=qec=clt. (2.62)

DTO 3JIEKTpUYECKasl dHEPrus, NepeaaBaeMas HCTOYHUKOM B LIENb U pacupeaesiemas
MEXIYy BCEMU MOTPEOUTEIIMU 3TOM LIENKU HE3aBUCUMO OT MPUPOJIbI TPeoOpa3zoBaHus
€€ NOTPEOUTENIMU B JIPYTU€ BUIbI SHEPTHUH.

W3 MexaHuWKH HM3BECTHO, YTO OTHOILIEHHE paboThl K HHTEpPBAJy BpPEMEHH, B
TE€4YEHHUE KOTOPOTO OHA MPOU3BEECHA, IPEACTABISIET COO0M CPEIHIOI0 MOLIHOCTD

A
PCp = T ) (263)
3aBI/IC5IH_IYIO OT BCIINYUHBI BpeMeHHOFO I/IHTepBaHa. MFHOBCHHaH MOIIIHOCTB
p=JdA (2.64)
dt

OTpeNIeNIAeTCS KaK CPeAHsIsE MOIIHOCTh 32 OECKOHEYHO MaJIbIi MPOMEKYTOK BPEMEHHU
dt. Ecam e pabora mnOpou3BOAUTCA paBHOMEPHO, T.€. €€ 3HaueHue
MPOMOPIMOHAIILHO BpeMeHH, Kak B popmynax (2.59) u (2.62), TO MOUTHOCTh
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p=2
t

(2.65)

SABJISICTCS TOCTOSIHHOM, HE 3aBHUCAIIECH OT BpPEMEHHM BEIMYMHON. 3aMeHssi B
cooTHomieHnu (2.65) paboty ee 3HaueHueM (2.59) u cokpamiasi tB YUCIUTENE U
3HaAMEHAaTeNe, MOJTyYUM BBIPAKEHUE JIJI1 OJIHOM MOITHOCTH TOKA HA YYaCTKE LIETH

P=UI. (2.66)

OTO COOTHOIICHHE SIBISETCS KOJIMYECTBEHHBIM BBIPAXKEHHEM AJICKTPUUYECKOM
SHEPIuH, MepeaaBaeMoi MOTPEOUTENSIM Ha YUaCTKE 1€ B €JMHUILY BPEMEHHU.

MomniHoCTh TOKa, 3aTpayrBaeMasi TOJIbKO Ha €T0 TEIJIOBOE JIEUCTBUE, MOXKET ObITh
MoJiyueHa 13 cooTHoreHus (2.61)

P=12R= —. (2.67)

Ota QopMmyna ompeaenseT KOJMYECTBO TEIUIA, MPOU3BOJUMOE B IPOBOJHUKE C
COIMPOTUBIICHHEM R B €MHUILY BPEMEHHU.

MormtHocTh,  pa3BuUBacMasi ~MCTOYHUKOM  TIOCTOSSHHOTO  TOKa,  COTJIACHO
cooTHoIIEeHUsM (2.62) u (2.65), onpexaensercst popMyioi

P=cl (2.68)

U Tpe/cTaBisieT cOO0M KOIMYECTBO SHEPIUH, MepeaaBaeMoe NOTPeOUTENsIM BO BCel
3aMKHYTOM LENU B €IUHUILY BPEMEHH.

N3 3akoHa COXpaHEHUs DHEPIUM CIEIYET, YTO MOWHOCMb UCMOYHUKA DABHA
cyMMme MOUWHOCMEU MOKO8 HA OMOENbHbIX YUACMKAX, 00paA3yIouux 3aMKHYMYIO Yens

e1=12R+ 12 (5 +1,). (2.69)

Kaxnoe cnmaraemoe B mocieaHedt (opmysie UMEET OmnpeaeiaeHHbId (Qu3nueckuit
CMBICII.
el - MOIIHOCTh CTOPOHHUX CHIJI, PAa3JACIAIOIIAX PAa3HOMMEHHBIE 3apslibl B
HMCTOYHUKE TOKA M COBEPIIAIOIIUX PAOOTY MPOTUB ANEKTPOCTATUUECKUX CUIT;
I2 R - 1moie3Hass MOIIHOCTh, MOIIHOCTh, TiepeAaBaeMasi TMOTPEOUTENI0 C
COMpPOTHUBIICHUEM R;

12 (p +7r1,) - TOTEpH MOIIHOCTH HA HArpeBaHMe; MOLIHOCTh, TepseMas Ha

BHYTPEHHEM CONPOTHUBICHUN UCTOYHHUKA ( I2 rl) U B HOJABOISIINX IMPOBOAAX ( I2 r ).
MormtHocTh u3mepsiercst B gammax (BT)
Bt = K

C
Bart - MOHOIHOCTb UCTOYHHKA, ITPONU3BOJAIICTO OAWH KOYJIb OHCPIrUU B CCKYHIY.

Bonpocwel u 3a0danusa o0aa camonpoeepkKu

1. B kakue BHIBI SHEPTrUM MOXKET MNPEeoOPa3OBHIBATHCA DJICKTPUYECKask SHEprusi?
[IpuBenuTe npuMepsl.
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11.
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14.

3amaua 2.15

OO0ocHyiiTe YyTBEpXACHUE, YTO MEPOH MPEeBPAIICHHS YHEPTUN DJIEKTPUIECKOTO TOKA
B JIpyrye BHJIbI )HEPTUU SIBJIAETCS paboTa TOKa.

Kakoii mpouecc B 3aMKHYTOM 3JIEKTPUYECKON LIEMHU SBISETCSI UICTOYHUKOM SHEPTUU
ANEKTPUUECKOTO TOKa?

B kakux nensix Bcsl 3JEKTpUYECKas SHEPrUsl MPEBpAIIAE€TCs BO BHYTPEHHIONO, T.€.
3aTpauynBaeTCs Ha MPOU3BOJICTBO TEIUIOTHI?

KakuM cBOWCTBOM JIOJIKEH 00JIaaTh MOTPEOUTENb SIEKTPUIECKON SHEPIHH, YTOOBI
paboTa TOKa B HEM IMpeBpallajach He TOJHKO B TEIUIOBYIO, HO M JAPYrHe BUJBI
SHEpruu?

[IpuBenure popmyny assa paboThl TOKa Ha Y4acTKE AJEKTpHUUECKOU 1enu. B kakux
eAMHUIAX U3MepsieTcs: padbora Toka?

Cdhopmymupyiite 3akoH Jxoyms — JleHma um 0OOCHYWTE €ro, HCIOJIb3Ys 3aKOH
COXPAHEHHUS SHEPTUU.

Uro sBnsercs NPUYMHOM MPOM3BOJCTBA TEIUIOTHI IPU MPOXOXKIACHUM TOKa I10
IIPOBOJHUKY?

[IpuBenure dhopmyny Ui SIEKTPUUECKOW SHEPIUM, MEepeaaBaeMOil HMCTOYHHKOM B
LEMb.

. aitite o0mue omnpeneiaeHus: cpeaHeil, MTHOBEHHON U TMOCTOSIHHOM MoIIHOCTe. B

4YeM CXOJICTBO M OTJIMYME 3TUX MOHATHI? BcrnomHuTe ompeneneHus cpenHell u
MT'HOBEHHOHM ckopocTel (yckopenuid) B MexaHuke. [lompoOyiite Haiitm oOmiee B
(GOpMyITUPOBKE TOHATUH CpPEAHET0O W MTHOBCHHOTO 3HAa4YCHHA (DU3HUECKOM
BennuuHbl. [IpuBennTe M3BECTHBIE BaM NPUMEPHI CPEHUX U MTHOBEHHBIX BEJIMYHH
U3 Ipyrux oOnacteil HayKu, TEXHUKH, IPOU3BOJICTBA.

Omnpenenure NOHSATHS MOIIHOCTH TOKAa HAa y4acTKE LENU U MOIIHOCTH MCTOYHHKA
aNeKTpudeckoir dHeprum. Jlalite Qu3MYeckoe TOJKOBAHHWE JTHUM IOHSATHUSIM.
[TpuBenuTe COOTBETCTBYIONINE (DOPMYIIBI.

B kakux eauHMIaAx H3MEpSAETCs MOLIHOCTb TOKA M MOIIHOCTh HCTOYHMKA
AJIEKTpUYECKOW HHepruu? B OIMHAKOBBIX WIM DPa3HBIX EIUHHUIAX H3MEPSETCS
MOIIIHOCTh CHJIBI B MEXaHMKE M MOILIHOCTh TOKa B 3JeKTpoauHamuke? OTBeT
000CHYITE U IPUBETUTE TPUMEPHI.

Ha 4ro pacxonmyercss MOIIHOCTh TOKAa Ha YYacTKE LIENMM U MOIIHOCTb MCTOYHHMKA
TOKa?

JaiiTe onpenenenys noJIe3HOW MOIIHOCTH U MOIIHOCTH ITOTEPb.

Hpumepvor, pewmwenusn 3a0au

Bo Bremnel nenu npu Toke | 3a Bpemsi t IpOM3BOIUTCS KOJMYECTBO TEIIOBON sHepruu Q.
Haiit ynciao m 351eMeHTOB, NMUTAIOIMIMX BHEIIHIOK LEIb, €CJIM OHU COCMHEHbl  Mapajule]IbHO U
KOKIbII M3 HHUX HMMEET JIC €& W BHYTPEHHEE COIPOTHUBIICHHUE I.

Hano: I, t, 1, ¢, Q. g

Hawitu: m.

r

— 1
— 1

Hanomunanme. Ecnu 6aTapes cOCTOMT U3 N MapajuIeIbHO COEIMHEHHBIX MCTOYHHUKOB TOKA C
9/IC € U BHYTPEHHUM COTPOTHUBIIEHUEM I KaXK]IbIi, TO SKBUBAJIEHTHAs 3/IC OaTapeu U ee BHyTPEHHEE
COIIPOTHUBIIEHHUE ONPEAEIISIOTCS POpPMyIaMu
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C Y4YE€TOM 3TOTO 3aMC€UYaHUsA CUCTEMA ypaBHeHI/Iﬁ JJId pCHICHUA 3a1a4i UMECT BU:

€
l= — — 3akoH OMa JiIs IOJTHOH 1ernu (CM. puc.); 1)

r
— 4+ R
m

Q= 12 R t — KOJIMYECTBO TEIUIOTHI, BBIJICIIIEMOE B HArPy3Ke. 2

N3 cooTHomIeHus (2) HaliIeM CONTPOTUBIIEHUE HArPy3KU

_ Q
R=— 3
2 ©)

u noactaBuM ero B (1). B pesynbrare numeem

|:;
e
m 1<t
Otcrona
=11+ 2 4)
m It

B 5TOM ypaBHEHUU €TMHCTBEHHON HEM3BECTHOM BEJIMUMHOM siBNsieTcss M. Pemmast ypaBHeHue (4)
OTHOCHUTEJILHO 3TOM BEJIMYMHBI, ITOJYYUM PE3yJbTaT NPEACTABICHHBIN B OTBETE.

I2rt

elt - Q°

OrtBerT: m =

3anaua 2.16

AxkxymynstopHas Oataped ¢ 3¢ € = 9,5 B, BHyrpeHHum comnportusienuem I = 0,5 OMm u
BKJIFOUEHHBIM TOCJIEI0BATENBHO C HEH JOMOJHUTENBHBIM conpoTuBiIeHneM R = 1 OM noaxirodeHa
JUIA 3apsAJKU K ncTouHUKY HanpsbkeHust U = 15 B. Onpenenuts cuity | 3apsgHOro Toka, KOJIMYECTBO
W 3amaceHHON aKKyMyJISTOPOM XHMHYECKOW 3HEPTHMHM U KOJUYECTBO TEIUIA, BBIJCJICHHOTO B
Oarapee (Q1) 1 Ha foO6aBouHOM comnpoTHuBiIeHNH (Q2) 3at =20 MuH.

Hano: ¢ = 9,5 B;
r

I
(=]
o)
@)
'?.

U 15
t =20 MI/IH =1200 c.
Haiitu: | y w , Ql, Qz.

AKkyMymsITOpHas Oatapesi HAXOUTCS B pexXUMe 3apsiiku. J[Jis ygacTka menu ¢ mpoTHBO-3/IC U
N00aBOYHBIM COMTPOTUBIICHUEM BBITIONHSIETCS cooTHOIIeHHE ( 2.35) B BUJIE

U=¢+ I(r+R), (1)
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N3 31010 ypaBHEHUs JIETKO HAUTHU CUITy TOKA

r+ R’

Jns HaxoKIeHus OCTaJbHBIX HEW3BECTHBIX [AapaMeTpOB 3aJaud YMHOXXHMM 00€ YacTu
cooTHomeHus (1) Ha MHOXxwuTens | 1. B pesynbraTe nmomyuynm paBeHCTBO

Ult=elt+ 12rt + I2Rt, (3)

ABIISIIOIIEECST 3aKOHOM COXpaHeHusi sHepruu. Kaxmoe cimaraemoe B 3Tod (opmyrne umeer
omnpeneNeHHbI (u3ndeckuit cmbicn. JleBas ero uacte — mpejacTaBisieT co0oit  paboTy cuil
ANEKTPUUECKOTO TI0JISI Ha yYaCTKe LEMH C 3JIC, KOTOpasi TPATUTCS Ha 3apsKy akkymyssropa (€ 1t),
T.€. TPEBpalleHHe DdIEKTPHUUECKOW DSHEPrud B XHMHUYECKYI0O M TIPOM3BOJCTBO TEIUIOTHI Ha
BHYTpEHHEM ( I2 rt) u BHemHeM ( I2 R t) comporuBnenusx. Mcnone3ys BBeAEHHbIE B 3a/1aye
obo3HaveHus 1 opmyny (3), MOKHO 3arucaTh

WZS(U—S)t’ Ql:(U—a]

r+ R r+ R

2 2

(U -c¢
rt, QZ—(—r_I_R] Rt. 4.

[MoxcraBnsist B opmynsl (2) u (4) 3HAYCHHUS] TTApaMETPOB, OINPEICICHHBIX YCIOBUSAMH 3aauu,
MOJTYYUM YHCIICHHbIE 3HAY€HUs HEU3BECTHBIX BEJIMYMH, IPEICTABIICHHBIX HIDKE.

Otser: | = b =37A;
r+R
W= g1t =42180 b, Q = 121t = 8214 [l Q, = 17 Rt = 16428 JIx.

3anaua 2.17

JIBe aMIiouku ¢ HOMUHAIBbHBIMU MOITHOCTAMH Pyj= 40 Bt u Pyp= 100 BT u HOMUHAIBHBIM
HarnpspkenueM Uy = 110 B coeauHsioT mocneaoBaTesibHO W BKJIIOYAIOT B CETh C MOCTOSIHHBIM
HanpspbkenueMm U = 220 B. Haittu moutnoctu P1 u Py kaxmoit naMnoyku.

Hano: P_.= 40Bt; P_,=100BrT;
Hl H2
Uy = 110B; U = 220B.
Haiiu: Pl’ P2.

Cucrema ypaBHEHUH JUIsl pelIeHUs 3a/1a4 UMEET BUJ:

( P = 12 R 1 — MOIIHOCTbD, BBIJICIISIOIIASACS HA MIEPBOH JIaMITOYKE; (1)
P, = 2R 5 — MOIIIHOCTD, BBIJICJISIOIIASACS Ha BTOPOU JIAMITOYUKE; 2
U2
< PHl = R_H — HOMUHaJIbHAasi MOIIIHOCTb, BBIJEISAIONIASACS HA IIEPBOM JIAMIIOUKE; 3)
1
U2
PH2 = R_H — HOMUHaJIbHAs MOIIIHOCTb, BBIACISAIONIAsICS Ha BTOPOM 1aMriouke;  (4)
2
U
\ = - R2 — TOK Ha y4acTke 1enu (3akoH Oma jutst yuactka memnu). (D)
1
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N3 ypaBuennii (3) u (4) HaliieM CONPOTUBIICHUS JIaMIT
2
P
H2

Y MOJICTaBUM TOJIyY€HHBIE BBIpaXKEHUsI COBMECTHO ¢ (5) B cooTHomieHue (1). B pesynbraTe umeem

2 2
P, = v s 7
1 , , 2 (")
$+UH Hl
PHl PH2

[Tocne npocTeix mpeoOpa3zoBanuii (7) MpuHUMAET BUJT

2
R e ®)
Un PHl * PH2
AHaJIOTrMYHO Hai/IeM MOIHOCTb BTOPOH JIaMIIbI
2
Py = Py | oot | . ©)
Un PHl * PH2

[ToncraBnsist B hopmysnsl (8) u (9) unciaeHHbIE 3HAYEHUS MTAPAMETPOB, OMPEICICHHBIE YCIOBUSIMHU
3a/1ayu, MOJIyYUM YMCIICHHBIE 3HaYEHHUsI MOIIIHOCTEHN MPECTABICHHBIE B OTBETE.

2
P
Orser: Py =P - v, H2 = 81,6 Br;
f Un PHl + PH2
p 2
Py =P, yv. ul = 32,65 Br.
f Un PHl + PH2

2.7. HexkoTopble NPUMEHEHUS MOCTOSIHHOTO YJIEKTPUYECKOT0 TOKA

ITOCTOSAHHBIN JJIEKTPUYECKUM TOK IIMPOKO HCIIOJIB3YETCS B JJIEKTPUUYECKUX
CXe€Max MOABMKHOIO JKEJIE3HOJOPOKHOIO COCTaBa, TpPOJIEHOYyCOB, TpaMBaes,
aBTOMOOMJIe, a Takke B MHUKpOdJEKTpoHUKe. Paccmorpum 1Ba mnpumepa
MCIIOJIb30BaHUS TOCTOSHHOT'O TOKAa B COBPEMEHHBIX aBTOMOOMIISX.

MHoro¢pyHKUMOHAJBHAA CXeMa JIEKTPONUTAHUS ABTOMOOMJISA

Ha ©pwuc.2.16 mnpexncraBneHa NpUHUMNHAAIBHAS W JJIEKTPUYECKAass CXeMa
sHepronuTaHus aBTomMoOWis. HecmoTrps Ha ee MHOroyHUHMOHAIBHOCTH U
KaXKyILYIOCS CII0KHOCTb, OHA JIOCTAaTOYHO IpocTa. Bee noTpedurenu noaxioyaroTes
K UCTOYHHUKY HaIpsKeHUs (aKKyMyJsTOpY) MapaiebHO. JTO MO3BOJIIET B cliydae
BbIXOZla M3 CTPOS OAHOTO WJIM HECKOJbKHX OJJIEKTPUUYECKUX MPUOOpPOB LENU
HOPMAJILHO BBIMOJIHATH CBOM (DYHKLIUH OCTABLIUMCH.
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Ha cxeme yachl MOCTOAHHO MOAKIIIOYEHBI K aKKYMYJATOPY. 3aMbIKAaHUE KITIOYEH
A; U A; TUpPUBOAUT K BKIIOUYEHHUIO DJJIEKTPUYECKOTO CHUTHAJIBHOTO TablIo,
YKa3bIBAIONIETO HA Hadu4ue psifa (PYHKIHMOHAIBHBIX CUCTEM B JJIEKTPUUECKOU
cxeme. B 3aBUcMMOCTH OT HEOOXOIMMOCTH BBIMIOJHEHUS  aBTOMOOUIIEM
ONPEIECIIEHHBIX JIEMCTBUM C TMOMOIIBIO CHUCTEMBI KIIFOYEHW  ITOJKIFOYAKOTCS
COOTBETCTBYIOIKE TpuOOpbl. OOpaTuTe BHUMAaHWE, YTO BKIIOUEHUE Ta0apUTHBIX
OTHEW MEPBUYHO MO OTHOIIEHUIO K (apaM. DIeKTpUUecKas cxema, MpeIcTaBiIeHHas
Ha puc.2.16, mo3BonsieT nanbHEIIee €€ YCIOKHEHHWE B 3aBUCUMOCTH OT 3ajad,
MOCTABJIICHHBIX MOTpeduTenemM mnepen paszpadoruukoM. K Heil MoxeTr ObITh
MOJKJIIOUEHA CUCTEMbl 0€30MTaCHOCTH, KOHTPOJISI KIMMATOM B CajlOHE, KOHIUITUOHED
U T.JI.

JlaT4MK YypPOBHS ropruero B 6aKe aBToMo0MJIst

Ha puc.2.17 u3o0paxeHo NPpUHLMIHAIBHOE YCTPOMCTBO 3NEKTPOMEXaHHUYECKOTIO
npubopa AJis U3MEpEeHMsl ypOBHs OcH3MHA B 0aKe COBPEMEHHOIO aBTOMOOMIISL.

Y

AW D g L

=

Puc.2.17

B Mexanuueckoil uacTtu 3TOro mnpubopa BbICOTa YpOoBHA X TrOprHOYEro
BOCIIPUHUMAETCS. TOIUIaBKOM 1, KOTOpBIA NIpPU €ro M3MEHEHHH C TOMOUIBIO
pBIYAXKHOMN Mepeaayuu 2 nepeMenaeT ABMKOK 110 TOBEPXHOCTH peoctara R. OTa yacthb
YCTPOMCTBA OMpPENENIeT COOTBETCTBUE MEXKY U3MEpAeMON BeMUNMHOM X U JITTUHOU
nepemenienus L npmwkka, T.e. L= L(X).

Peoctar wmam peocTaTHbId  M3MEPUTENBHBI  MpeoOpa3oBarenb  SBISETCS
IEKTPOMEXAaHUYECKON YaCThIO DJIEKTPUUYECKOU 1IeNH yCcTporcTBa. Ero paBHoMepHas
HaMOTKa IMO3BOJISIET YCTAHOBUTh (DYHKIIMOHAJIBHYIO 3aBUCUMOCTh CONPOTUBIEHUS R
peoctara oT JuMHBI L mepeMeineHus M, TeM caMbIM, OT MU3MEpSAEMOro ypoBHS X
OensuHa B Oake, T.e. R = R(L(X)). B anekrpuyeckoil Imemnu BCe €€ IEMEHTHI: JIC €
VUCTOYHHKA TMHTAHUS M €ro BHYTPEHHEE COINPOTUBJIEHUE, CONPOTHUBIICHHUS
NOJBONAIIMX MPOBOJOB M T.JI, KpoMme comnpoTuBieHuss R peocrara sBusiorcs
MOCTOSSHHBIMU ~ BEJIMYMHAMU.  BbINONHEHHWE  3TUX  YCJIOBHM  oOecreuuBaet
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OJTHO3HAYHYIO B3aUMOCBSI3b MEXKJly CHUJIOM TOKA B IIENU U YPOBHEM O€H3MHA B 0ake
aBTOMOOMJIS. DTa B3aUMOCBS3b onpeenseTcs 3akoHoM Oma /15l OJTHOM 1Henu

1(X) = ———,

R(X) +r
rie I — CONpPOTUBIIEHUS BCEX JJIEMEHTOB LENHU, Kpome peoctata. Eciom mikamy
AIIEKTPOU3MEPUTENBHOTO Mpudopa A (ammepMmeTpa) IporpagyupoBaTh HE B €AMHHUIIAX
CWJIBl TOKAa, a B E€IWHULAX HM3MEPSEMOro YpOBHS, TO €ro IMOKa3aHus  OymyT
COOTBETCTBOBATh KOJIMYECTBY OCTABILIErOCs TOIUIMBA B OaKe aBTOMOOMJIS.

OCHOBHBIE MOJIOKEHUS

® DjIeKTPHYECKHIl TOK —
HaIPaBJIEHHOE JBUKECHHUE 3apsKEHHBIX
YaCTHII.

e HanpasieHue ToKka NPOBOAMMOCTH-
HaIpaBJIEHUE JIBUKEHUSI B
JJIEKTPUYECKOM  TI0J€  MOJOKHUTEIBHO
3apsKEHHBIX YaCTHII.

e JlocTOsIHHBIN 2IEKTPHYECKUH TOK —
TOK, CHJa W HAIpPaBICHHE KOTOPOIo HE
U3MEHSIIOTCS C TEYEHUEM BPEMEHMU.

e JIMdjeKTpUKYU —
BEIIECTBA, HE
JIEKTPUYECKOTO TOKA.
e IIpoBogHukm —
BEIIECTBA, B KOTOPBIX MOJ JAECHCTBUEM

MIPOBOJAIINE

BHEIITHETO ANEKTPUYECKOTO OJIS

BO3HHUKAET AJIEKTPUUECKUN TOK.

e MHcrounuk TOKA (3Heprum,
HANPSKEHUs) —

YCTPOMCTBO, B KOTOPOM MPOUCXOAUT

paszaeieHue 3apsii0OB  CTOPOHHHUMH

CHJIaMH, COBEpIICHUE HaJ HUMHU pPabOTHI
U ee 3armac.
e CrTopoHHME CHJIBI —
CHITBI HEDJIEKTPOCTATHUECKOTO
MIPOUCXOXKACHUS, OCYIIECTBIISIONINE
paszesneHue 3apsAa0B B HICTOUHUKE TOKA U
MepEeMEIAIOINe AT 3apsiibl TPOTUB CHII
AIIEKTPUYECKOTO TOJIsI BHYTPU MCTOYHHUKA
TOKa.
® DJIeKTPOABMKYIIAs cuia (34c) —
XapaKTepUCTUKA 3alaceHHOW 3apsiioM
EKTPUUECKOU JHEpPruu BHYTpH
MCTOYHMKA TOKA
£ = E
q
O/1C coBnasaer ¢ HaNpsHKECHUEM MEXKITY
MOJIFOCAMHM  Pa30MKHYTOTO  MCTOYHHUKA
TOKa.
e 3akon Oma qis yuyacTka uenu Oe3
3¢ (0AHOPOAHBbIN MPOBOIHUK) —
U=1IR

e 3axon Oma Jisl y4acTKa Lenu ¢ 3¢
(HeoAHOPOIHBII MPOBOJHUK) —
Ir=U + ¢
raee - anreOpamveckas cymma BCEX JJIC
HMCTOYHHUKOB (aKKyMYJSITOPOB, TEpPMOIIAp,
T€HEepaTopoB M T.A.), BKJIIOYEHHBIX B
paccMaTpUBAEMBbI y4aCTOK LEIH.
e 3akon Oma sl 3aMKHYTOIl Lenu ¢
COCpea0TOYeHHOM 3/1C —
e=IR+1Ir

e DJleKTpHYeCKOe CONPOTUBJIEHHE —
1. BEIIMYHHA,
XapaKTEepU3YIOIIASITPOTUBOICHCTBUE
MPOBOJIHUKA WJIA BJIEKTPUYECKOW LIeNH
ANEKTPUYECKOMY TOKY, 3aBUCAIIAS OT

FEOMETPUYECKUX U DIEKTPUUYECKUX
CBOICTB MPOBOJHUKA, a TAKXKe
TeMIepaTypbl
L
R=p—,
S

R =Ry (1+at).

2. CTPYKTYPHBIN 3JIEMEHT 3JIEKTPUUECKOM
LeMHd, BKIOYaEMBI B 1emb  JUIs
peryaupoBaHus CUJIbI TOKA.
e [IlocaexoBarenbHoOe
HCTOYHUKOB TOKA —
COC/IMHCHUE MCTOYHUKOB AJIEKTPUUECKOM
SHEPTUM, MPU KOTOPOM TOJIOKUTETHHBIN
TIOJIIOC MpEeABITYIIEro MCTOYHHKA
COCIMHSIOT C OTPULIATEIHHBIM TOJIOCOM
MTOCJIEAYIOLIETO.
e [lapasienbHoe
HCTOYHUKOB TOKA —
COCIMHEHUE UCTOYHUKOB JIEKTPUUECKOMN
SHEpPruv, TMpH KOTOPOM  BCE  HX
MOJIOKUTEIIHHBIE MOJIFOCHI IPUCOEANHEHBI
K OJIHOMYy KOHIly TIPOBOJHHUKA, a
OTpPULIATENBHBIE — K JIPYTOMY.
e Pabora Toka —
Mepa MIpeBpaICHUS SHEPTUU
ANEKTPUYECKOTO TOKA B JPYrH€ BHUJIBI
SHEPTHUH.

COCAMHECHUC

COCAMHECHUC
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e Pabora CTOPOHHHUX CHJI — e MomHOCTb JIEKTPHYECCKOT0 TOKA —

A =¢clt KOJIMYECTBO  DJIGKTPUUECKOU  SHEPTUH
e Pal0ora Toka Ha y4YacTKe Ienu — HepeaaBaeMoﬁ HOTp€6I/IT€JI$IM Ha y4aCTKE
A=Uqg-=1Ut. LIETIA B €IMHUILY BPEMEHU
e 3axon JI:xoyas — Jlenua — U2

P=UI=I1?R= —
OIpe/IENIAeT KOJIMYECTBO TEMIOTH  Q, R
BBIJACIIAROIICECA B HpOBOL[HI/IKe C

e MomHoCTh HCTOYHHKA TOKA —
conporuBieHneM R 3a Bpems t mnpu

IIPOXOXKJAECHUU 110 HEMY TOKa | P =cl .
2 KOJIMYECTBO AIIEKTPUIECKOU DHEPTHH,
Q= |2 Rt = U nepefaBaeMoe  MOTpPeOUTENsiM BO  BCell
.

3aMKHYTOM LIETIN B €IMHUILY BPEMEHU.

O0o03Ha4eHNs1, NCTOJIb3yeMble B IJIaBe 2

| - cuna Toka;
g - DJIEKTPUYECKUN 3apsik;

J - TUIOTHOCTB TOKA;

dS - ayeMeHT MOBEPXHOCTH;

€ - DJIC UCTOYHHUKA TOKA;

€g - DIC 0araper HCTOYHHKOB TOKA,;

A ; — paboTa CTOPOHHHX CHIT;

k —koa¢dureHT ypyroctu npyxuHsl;
A@ - pa3HOCTb OTEHLHAJIOB;

R - conpoTuBieHnE IPOBOIHUKA;
RO — COIPOTHUBIICHUE ITPOBOIHUKA IIPH 0°C;

I — BHYTPEHHEE COIIPOTHUBIICHHUE IPOBOJIHHKA;
5 - BHYTPEHHEE COMPOTHBICHHE OaTapen HCTOYHHKOB;

g - MPOBOJMMOCTH;
U - HanpspkeHue;

L - miMHa MpOBOIHUKA;

N - KOHIEHTPAIUs 3apsXKEHHBIX YACTHIL;

N, M -KOJIMYECTBO MIPOBOHUKOB B 1IENH (MICTOYHUKOB TOKA) U T.]I;

S - mIomaak MONepPeyHOro CEUCHMS;

T - CpeliHee BpeMs JIBIKEHUSI YACTHUI MEXIY ABYMS CTOJIKHOBEHUSMU,

PQ - YIENbHOE COMPOTUBIICHUE TIPH 0°C;

p - YyZAETbHOE CONMPOTHBIICHHE TPOBOIHHUKA;
A - paboTa TOKa;

Q - KoNHMUYECTBO TeIIa,

P - momHOCTb TOKA.

TecTbl AJI JIGKTPOHHOI'0 IK3aMeHa

T2.1 Ecnu cuiia NOCTOSSHHOTO TOKa B TIPOBOIHHKE 6,5 A, TO 32 5 4 "yepe3 ero MomnepeyHoe CEUCHHE
HpOI/IIIeT BJICKTpI/I‘-IGCKI/II/I 3apsna, paBHI)II/I

1)1,28-10*°Kn = 2)1,17-10°Kn  3)3,73-10°Kn  4)1,12:10'Kn  5) 5,67-10°Kn
T2.2 Ecnu yepe3 NOMNEpPEYHOE CEUEHHE MPOBOJAHHMKA IUIOMAnp0 5 MM~ 3a 10c mpoxoaut
KOJIMHECTBO SIIEKTPHUIECTB, 100 K, T0 JUIOTHOCTB TOKA PaBHA

1) 210°AM°  2)310° A2 3) 410°AM>  4)510°AM°  5) 6100 A/’

T2.3 Ecnu cuna Toka B npoBojgHuKe 1,6 A, To 3a 1 ¢ 4yepe3 ero nomnepevyHoe CeYeHHUe MPOXOTUT
YHCIIO0 AJIEKTPOHOB PaBHOE

1) 6,1-10" 2) 5:10" 3)1-10®°  4)4,2.10°  5)7,2:10"
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T2.4 Ecnu o npoBOJHUKY B TeueHUe 365 nHel mpoTekaeT ToK cuiioi 1 A, To Macca 3J€KTPOHOB,
MPOWIEIAX YEPEe3 MONEPEHOE CEYCHUE NMPOBOJHMKA 33 5TO BPEMs, paBHA (oTHOMIEHHE 3apsiaa
3IIeKTpoHa K ero macce 1,76-10 Ki/kr)
1)0 I5r 2)0,20T 3)0,25r 4H12r 5)0,18r
T2.5 Eciu 3a 4 ¢ cuwia Toka B TMPOBOJHUKE JIMHEHMHO Bo3pactaeTr ¢ 1 A 1o 5 A, To uepes
MOTIEPEYHOE CEYCHHE IPOBOTHIKA 32 9TO BPEMsI IPOXOAUT 3apsiil, PaBHBIH
1)12Kn  2)11Kn 3)44Kn 4) 23 Kn 5) 6,7Kn
T2.6 Ecnu cuna Toxka B IMPOBOJHUKE JMHEHHO Bo3pactaeT ¢ 1 A 1o 5 A u mpu 3TOM yepe3
MIOTIEPEYHOE CeUYEHHUE MPOBOJAHUKA MPOXOAUT 3apsn 24 Kii, To BpeMs, 3a KOTOPOE 3TO MPOUCXOIHUT,

paBHO
D2c  2dc 36 H8c  5)10c

T2.7 Eciu 3a 3 ¢ cwia Toka B NPOBOJHUKE JIMHEHHO BO3pacTaeT OT HEKOTOPOro HaYalbHOTO
3HauYeHus 10 8§ A U IIPU ATOM 4Yepe3 MONEPEYHOE CeUueHUe MPOBOIHUKA poxoauT 3apsa 18 Ki, To

Ha4vYaJIbHOC 3HAUYCHUEC CUJIBI TOKA paBHO
1A 2)2A H3A 4H4A 5 5A

T2.8 Ecinut 3a 6 ¢ cuiia TOKa B MPOBOJHUKE JIMHEMHO BO3PACTAET OT 2 A JI0 HEKOTOPOTO KOHEYHOTO
3HAUEHUS W TIPU ITOM 4Yepe3 IOMEPeyHOe CEYCHHE MPOBOJHHMKA TpoxomuT 3apsn 15 K, to

KOHEYHOE 3HAYEeHUE CUJIBI TOKA PaBHO

1) 1A 2)2A 3)3A 4) 4A 5) 5A
T2.9 Eciu 3a 2 ¢ cuna Toka B POBOJHUKE JTUHEWHO Bo3pactaeT ¢ 3 A 1o 11 A, TO 3aBUCUMOCTh
CHJIBI TOKAa OT BPEMEHHU MMEET BH/
DI =4t+3 2)I()=4t-3 3)I{M)=-4t+3 4 IM)=-4t-3 5)I{H)=

2t+4

T2.10 Ecnu 3a 2 ¢ cuia Toka B IPOBOJIHUKE JIMHENHO Bo3pacTaer ¢ 3 A 1o 11 A, To 3aBUCHUMOCTb
3apsiia, POLIEAIIEro Yepes3 MONepeyoe CeueHne MPOBOIHIKA OT BPEMEHH, HMECT, BHJL

1) qt)=4+3  2)q)=4r-3 3)qt)=-4C+3  4)q(f) = 2t + 3t ;q(t)

T2.11 Ecnu 3aBUCMMOCTH CHJIBI TOKA OT BpeMeHHu umeeT Bua I(t) =5t + 1, To 3a 4 ¢ or Havyana
OTCYeTa BPEMEHH Yepe3 NONEPEYHOE CEUEHUE MMPOBOIHUKA IIPOXOAUT 3apsl, PAaBHBIM
1)12Kn  2)11Kn 3)44Kn  4)23Kn  5)6,7Kn
T2.12 Ecnu 3aBUCHMOCTH CHITBI TOKa OT Bpemenu umeer Bug I(t) = 0,5 t?, To BO BPEMEHHOM
uHTepBaie oT | 710 3 ¢ Yepe3 nonepeyHoe ceueHne MPOBOAHNUKA TPOXOUT 3apsii, PABHbBIN
1)1,2Kn 2)11Kn  3)34Kn  4)43Kn  5)6,7Kn
T2.13 Ecau B METaJIIMYECKOM MPOBOJHUKE NMPOTEKAET TOK CUIION 32 MKA, TO yepe3 NomepevyHoe
CeUeHUe NPOBOAHMUKA MPOXOJNT 2- 10° DJIEKTPOHOB 32 BPEMS], PaBHOE
1) 10°¢ 2)10%¢ 3)107 ¢ 4)10%¢ 5)10%¢
T2.14 Pa3zmepHOCTH IIIOTHOCTH TOKa B cucteme CH BbIpakaeTcss COOTHOLIEHUEM

Kn Kn A
1) — 2) 3) — 4) — 5)
M M -C M C M%-c
T2.15 Ecnu npu miaoTHOCTH TOKa 1 A/MM® CcHIIa TOKA B npoBojiHUKe 314 A, TO TMaMeTp mpoBoAa

paBeH
D2vMvm 2)2cem 3)1mm 4)1lcm 5) 0,2 mm
T2.16 Ecnu anmvuHa MUIMHIPUYECKOW MeTHOM poBosioku 240 M u ee monepeuHoe ceuenue 0,4 MM,
TO IIPY  YZI€IILHOM COIIPOTHUBIICHUH MEJIU 1,7-10° Omm, CONPOTHUBJIEHUE TIPOBOJIOKU PABHO
1)27,340m  2) 12,42 Om 3)1,740M  4)4860m  5)10,20m
T2.17 Ecaum conpoTHBIIEHHWE NMIUHAPUYECKONW allOMUHHUEBON IPOBOJOKH 4 OM JUaMeTp
MONIEPEYHOr0 ceyeHus: 1 MM, TO IpU yJEIbHOM COIPOTHBIIEHUH IIOMUHMS 2,8 10% Om- ‘M, JJIMHA

IIPOBOJIOKH paBHA
1) 135 ™ 2)112 ™ 3)182 ™ 4) 98 m 5)116m
T2.18 Eciu anuHa HuIMHIPUYECKOTo MeHOoro nposoda 1 kM, ero conporusienue 10 Om, To npu
yaenbroM conpotusiennn 1,7-10% Om-M n motrocTH 8,9-10° kr/M° Mew, Macca IpoBoOJIa paBHa
1) 9,2 xr 2) 18 xr 3) 15,1 kr 4) 6,38 kr 5) 5,3 kr
T2.19 Ecnu Macca MeIHOTO LMIMHAPUYECKOTo MpoBoja 1 Kr, ero_compotusienue 5 Om, To npu
YAEIBHOM COIPOTHUBIICHUHN 1,7-10® Om-M u mmotHOCTH 8,9-10° Kr/M® MeH, UTHHA IIPOBOJIA PaBHA

1) 135 M 2)112m  3)182m  4)98m 5)116 m
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T2.20 Ecau macca MEIHOTO III/IJII/IH%pI/I‘-IeCKOFO npoBoja 1 kr, ero COHpOTI/IBJIeHI/Ie 5 Owm, TO TipHU
ynensHOM compoTuBieHuu 1,7-10° OmM  w motHocTH 8,9- 10° kr/m MeId,  IUIoIanb
TOTIEPEUHOTO CEYEHHUs MPOBO/IA PABHA
1) 02mm®  2)0,62Mm®  3) 05mM° 4)23 MM 5)6,2 MM
T2.21 Ecnu nBa NMIMHIPUYECKUX MPOBOJIHUKA, MEJIHBIA U aIIOMUHUEBBIA, UMEIOT OJIMHAKOBYIO
JUIMHY M OJMHAKOBOE CONPOTHBIICHHE, TO OTHOWIEHHE MACChl MEIHOTO TPOBOJA K Macce
QTIOMUHHUEBOTO PaBHO (YIEIBbHOE COTIPOTHBIICHHE ME/M M ATIOMHHAS: 1,7.10® Om-M, 2,8-10°
OM-M; IUIOTHOCTH Meau 1 anroMuans 8900 xr/m>, 2700 kr/m® )
1)2 2) 2,5 3) 3,2 4) 4 5) 4,6
T2.22 Ecam pnuHa UWIMHAPUYECKOTO MeIHOTo TmpoBoaa B 10 pa3 Oosbliie, 4YeMm IMHA
AIFOMUHUEBOTO, @ MX MAacChl OJMHAKOBBI, TO OTHOIIEHHE COMPOTHBICHUH ATUX MPOBOJHUKOB
paBHO (yAETbHOE COMPOTUBICHUE MEIU U ATFOMUHMUS: 1,7-10'8 Om-M, 2,8-10° OM-M; IJIOTHOCTH
meu 1 amomuans 8900 kr/m®, 2700 kr/m°)
1) 300 2) 250 3) 200 4) 1 5) 82
T2.23 Ecim TemmeparypHsiii kodduiment conportusnerns  mexd 4,3-10° K u mpu 0°C
COINPOTHUBJIEHUE LIMJIMHAPUIECKOTO MTpoBoHMKA 4 OM, TO npu 50°C ero CONPOTHUBJICHUE PABHO
l) 27,34 Om 2) 12,42 Om 3) 1,74 Om 4) 4,86 Om 5) 10,2 Om
T2.24 Eciu nipu 20°C CONPOTHBIICHUE LIUTHHIPHIECKOTO IPOBOTHHKA 25 Om, anpu 35°C — 25,17
Owm, To Temmepar 5ypHI>II/I Koa(p(puuneHT COTIPOTHBIIEHHS STOIO NPOBOIHHKA PaBEH
1) 3,210 K 2)5810 K* 3)6:10° K* 4)2,510" K* 5)4510 K
T2.25 Eciu TemiepaTypHsiii kodpduIHeHT conpoTusienns Boibgpama 4,6-10° K™ u mpu 20°C
COIPOTHUBJIEHUE BOJIb(PPAMOBOI HUTH JaMIibl HakanuBanus 20 OM, To TeMIieparypa 3TO HUTH O]
HanpspkeHueM 220 B u cune Toka & Hent 0,8 A, paBHa
1) 1502°C 2) 2347°C  3)3047°C  4)3591° C. 9 4005°
T2.26 Eciu TemmepaTypHeIii KoddduImenT conpoTupieans Boibppama 4,6:10° K nu npu 20°C
CONIPOTHBIICHHE Bonb(bpaMOBon HUTH Jam1bl HakanuBaHust 20 OM, To pH TeMIepaType 3TOi HUTH
2394° C, maxosmieiics no HanpsokerneM 220 B, cria Toka B Heil paBHa
l) 1A 2)2A 3)3A 4) 4A 5) 5A
T2.27 Ecnu teMnepaTypHblil KO3QQUIMEHT CONPOTUBIEHNUS BoJib(pama 4,6- 10° K* u npu 20°C
CONIPOTHBIICHHE Bonb(bpaMOBon HUTH Jamrbl HakanuBaHust 20 OM, To pH TeMIepaType 3TOi HUTH
2394° C u cuie Toka B Heit 0,5 A, HHTh HAXOIUTCS IT0J] HATPSUKCHHEM, PABHBIM
1)220 B 2)127B 3)110B 4)20B 5)22B
T2.28 Ecnu npu HaNpsLKEHUH 220 B na BOJH)(bpaMOBOI/I HUTH JIaMIIbl HakanuBaHus u Toke 0,8 A B
HEW, TeMIlepaTypa HUTH 2400°C, a IIpY HEKOTOPOM Apyroi temmneparype conpoTusienne Hutu 30
Om, TO 3HaAYeHUE 3TOI/I TEMIIepaTypbl PaBHO (TeMIEpPaTypHBIH KOI(D(GUIIMEHT CONMpPOTHBICHUS
Bonb(bpaMa 4,6:10° K1)
1) 15,2°C 2) 23,5°C  3)30,7°C  4)68,1°C  5)40,5°C
T2.29 Eciin [ TP HANPSKEHUH 220 B Ha HUTH JIAMIIbl HAKATMBAHHS H TOKe 1 A B Hell Temneparypa
matn 2400° C, 1o IIpU TEMIIEpaType 20° C CONPOTHUBJICHHE HHUTHU pPaBHO (TeMIEpaTypHBIN
k03 urment conpotuBienuss Hutu 5-107 K™)
1) 2,7 Om 2) 12,8 Om 3) 13,4 Om 4) 18,6 Om 5) 10,2 Om
T2.30 Ecnu npu mnocieoBaTeIbHOM COEIMHEHUH JIBYX IPOBOJHUKOB HX 3KBUBAJIEHTHOE
conpotuBiienne 20 Owm, a mnpu mnapauieibHOM coeauHeHun — 5 O, TO CONpPOTHBIICHUS
MIPOBOJTHUKOB PaBHBI
1)20Mm; 180Mm  2) 120m; 80m  3) 130mM; 70Mm  4) 150M; 50Mm  5) 100m; 100M
T2.31 Ecnu tpu conpotusnenus 2 Om, 5 Om u 10 OM coeuHUTh napaienbHo, TO S3KBUBAJIEHTHOE
COIIPOTHUBIICHNE TaKOW LIENI PAaBHO
1)2 Om 2) 1,25 Om 3) 3,4 Om 4) 8,5 Om 5)5,2 Om
T2.32 Ecnu snexkTpuyeckast ierb COCTOUT U3 JIBYX MapajuleIbHO COEIUHEHHBIX TPOBOIHUKOB 2 OM
u 3 OM U MOJCOEIMHEHHOTO TOCIEA0BATENIFHO K HUM conpoTHBiIeHUS 4 OM, TO SKBUBAJICHTHOE
COIIPOTHUBIICHNE TaKOW LIENI PAaBHO
1)2 Om 2) 1,25 Om 3) 3,4 Om 4) 8,5 Om 5)5,2 Om
T2.33 Ecnu 3KBUBaJIEHTHOE CONPOTHUBIIEHHE TPEX MApaJIICIbHO COCAMHEHHBIX CONPOTUBIEHUN 30
OM 1 oHU OTHOCSTCS Kak 1:3:5, To cOonpOTUBIIEHHE BTOPOTO U3 HUX PaBHO
1) 312 Om 2) 125 Om 3) 234 Om 4) 138 Om 5)52 Om
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T2.34 Ecniu y4acTok 3J€KTPUUECKON LIETTH MPECTaBIIsIET cO00H OECKOHEYHOE YUCIIO Tapane/ibHo
COEJIMHEHHBIX CONPOTHUBIIEHUN BEIMYMHBI KOTOPBIX 00pa3yloT MOCIENI0BaTENbHOCTD: I, dr, T ...
g'r ... (g> 1), To S5KBUBaJIEHTHOE CONPOTHBIEHUE R TaKoii LeMU paBHO

1)r(1-£) 2)r(q-l) 3)r(£-1) 4)r(£-q) 5)
q q q q 1-q
T2.35 Ecnu npoBoaHuk conpotusiieHneM 200 OM pa3pe3aroT Ha HECKOJIBKO PaBHBIX YacTel U
IIpU MX NapajuleIbHOM COEAMHEHUU TNOJy4aroT 3KBHUBAJIEHTHOE coNpoTuBiieHHe 2 OM, TO 4HCIO
yacTel paBHO
1)4 2)8 3) 10 4) 12 5) 15
T2.36 Ecinu uetsipe conpotusieHust o 300 Om kaxa0e COEOUHSIOT CHadajla MOCJIeI0BaTeIbHO,
3aTeM MapajjIesIbHO, TO 3KBUBAJEHTHOE COIPOTHUBIIEHHE BO BTOPOM CIydae IO CPAaBHEHHIO C
MIEPBBIM
1) yBenuunBaetcsi B 4 paza  2) yBenuuuBaeTcsi B 16 pa3  3) ymenslaercs B 4 paza
4) ymenbiaercs B 16 pas 5) He u3mensercs
T2.37 Ecnu snextpudeckuit oborpeBarens ¢ comnpotuBieHueM 44 O BKJIIOYEH B IENb C
MIOCTOSIHHBIM HarpsbkeHneM 220 B, To cuia mpoTekarolero uepe3 Hero Toka paBHa
1) 1A 2) 2A 3)3A 4) 4A 5)5A
T2.38 Ecnu npu HanpsbxeHuu 6 B cuina Toka B MpOBOJHUKE 2 MKA, TO €r0 CONPOTUBIIEHUE PAaBHO
1) 2,7 MOwm 2) 12 MOwm 3) 1 MOm 4) 3 MOwm 5) 10 MOm
T2.39 Ecnu 3a MuHYTy dYepe3 IONEPEYHOE CEUCHHE IPOBOJHHUKA C COMpOTUBICHHEM 5 OwMm
npoxoauT 3apsia 2,88 kKi1, To pa3HOCTh MOTEHIIMATIOB HA €r0 KOHIIAX paBHA
1)220B 2)127B 3)110B 4)240B 5)22B
T2.40 Eciiu x mpoBOAHUKY conpoTuBieHreM 5 OM npunoxeHo Hamnpspkenue 10 B, To uepes ero
nomnepeuHoe cedenne mpoiiaer 10%° ameKTpoHoB 3a Bpems, paBHOE
)2c 2)4c 3)6¢ 4)8c¢c 5)10c¢c
T2.41 Ecnu Garapesi, 3aMKkHyTasi Ha conpotuBienne 5 OM, 1aeT TOK B 1enu 5 A, a 3aMKHyTasi Ha
corpoTtuBieHue 2 OM, naet Tok 8 A, To 311c OaTapen paBHa
1)50B 2)40B 3)30B 4)20B 5)10B
T2.42 Ecnu 6arapesi, 3aMkHyTas Ha conpoTusieHue 10 Om, naet Tok B nenu 1 A, a 3amMkHyTas Ha
corpoTtusieHue 4 OM, 1aeT Tok 2 A, To BHyTpEHHEE CONPOTUBIICHHE OaTaper paBHO
1) 2,7 Om 2)4 Om 3) 1 Om 4) 8 Om 5)2 0Om
T2.43 Ecnu B 3aMKHYTOH Lienu cuia NOCTOSHHOTO TOKa 5 A, conpoTuBieHHE Harpy3ku 8 Om u
BHYTpPEHHEE CONPOTUBIIEHUE UcToUHMKA Toka 0,4 OM, TO 371 HCTOUHUKA paBHA
1) 14,6 B 2)12,7B 3)11B 4)42 B 5)22B
T2.44 Eciu B 3aMKHYTOM LIeNM 37C MCTOYHMKA Toka 12 B, compoTtuBnenue Harpysku 8 OM u
BHYTPEHHEE CONPOTUBIIEHUE UCTOUHUKA 2 OM, TO CHJIa TOCTOSIHHOTO TOKA B LIENH paBHA
1) 1,2A 2) 2,4A 3)3A 4) 4,3A 5) 1,5A
T2.45 Ecnu B 3aMKHYTOM 1IENM 3JIC UCTOYHUKA ToKa 12 B, ero BHyTpeHHee conpotuBienue 1 Om,
TO MPU CHJIE IOCTOSHHOTO TOKA B IIENH 3 A CONPOTHUBIJIEHNE HAIPY3KU PABHO
1) 3 Om 2) 1,2 Om 3) 0,5 Om 4) 8,2 Om 5) 10,2 Om
T2.46 Eciiu B 3aMKHYTOM 1€ 37C UCTOYHMKA TOKa 12 B u conportuBnenue Harpysku 3,5 OM, TO
IIPYU CUJIE TIOCTOSIHHOTO TOKA B 11eNU 3 A BHYTpPEHHEE CONIPOTUBIIEHUE HCTOYHHMKA PABHO
1) 3 Om 2) 1,2 Om 3) 0,5 Om 4) 8,2 Om 5) 10,2 Om
T2.47 Eciu ucrounuk c¢ 3ac 12 B u BHyrpeHHum comnpotuieHueM 0,8 OM mnurTaer uens,
COCTOSIIIYI0 M3 JIBYX MapajuielbHO COEAMHEHHBIX CONPOTUBJIEHHMM, OJHO M3 KOTOphIX 4 OM, TO
BTOpOE corpoTuiieHue rnpu Toke 0,6 A dyepes Hero, paBHO
1) 4 Om 2) 6 Om 3) 8 Om 4) 12 Om 5) 16 Om
T2.48 Ecnu B 1enu, cocTosmell U3 NCTOYHUKA TOKa C 3/IC € U BHYTPEHHUM CONPOTHBJIEHUEM I U
BHELIHUM COINpPOTUBIEHHEM R, BHyTpeHHEe M BHEUIHEE COINPOTHUBICHHUE YBEIMYUTH N pas, TO
HaIpsDKEHNE Ha BHEIIHEM COIPOTHUBIIEHUHU
1) yBenuuuBaeTcst B N pa3  2) yBenuuuBaercs B 2N pa3  3) yMeHbIIaeTcs B N pa3
4) ymenbiiaercs B 2N pas 5) He u3MeHseTcs
T2.49 Eciu B 3aMKHYTOM 1LIeTK 3/IC UICTOYHUKA Toka 6 B, conpotuBienue Harpysku 9 Owm, cuia
Toka 0,6 A, To cuja TOKa KOPOTKOTO 3aMbIKaHMsI paBHA
1) 1,2A 2) 4A 3) SA 4)4,3A 5) 6A
T2.50 Eciu B 3aMKHYTOM Lienu conpoTuBieHue Harpysku 4 Ow, cuna Toka 1 A, cwia Toka

KOpOTKOFO 3aMbIKaAHUA 5 A, TO 51C UCTOYHHUKA TOKaA paBHa
)14B  2)12B 3)11B 4)5B  5)22B
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T2.51 Ecnu B 3aMKHYTOM Lienu conpoTuBieHue Harpysku 4 Ow, cuna Toka 1 A, cwia Toka
KOPOTKOT'O 3aMbIKaHUsA 5 A, TO BHyTPEHHEE CONPOTUBJIEHHE HCTOYHHKA TOKA PABHO
1) 3 Om 2) 1 Om 3)50m 4) 1,2 Om 5) 0,2 Om
T2.52 Ecnu B 3aMKHYTOM JJIEKTPUUECKOM MMM CHJIa TOKa KOPOTKOTO 3aMblkaHusi 8,4 A,
BHyTpeHHee colpoTuBieHue uctouynuka 0,6 OM, TO 3/1c HCTOUHMKA TOKA paBHA
1)4B 2)5B 3)17B 4)15B 5)22B
T2.53 Ecnu B nenu cuna toka 0,8 A, cuiia Toka KOpPOTKOTO 3amblkaHusd 8,4 A, BHYTpPEHHEE
conpotuBiieHne ucroyHuka 0,6 Om, TO CONPOTUBIIEHNE HATPY3KU PABHO
1) 23,9 Om 2) 10,8 Om 3) 5,7 Om 4) 12,3 Om 5) 25,5 Om
T2.54 Ecnu B 3aMKHYTOH AJIEKTPUIECKON IS COMPOTUBIIEHUE HArpy3ku S Om u cwia Toka 4,8
A, BHyTpeHHee conpoTuBiaeHre uctouHuka 0,2 OM, TO 3JIC € ICTOYHUKA TOKA paBHA
1)14B 2)25B 3)47B 4)15B 5)22B
T2.55 Ecnu B 3aMKHYTOM 31EKTPUYECKOM 1IETH CONMPOTUBIIEHHE HArpy3ku 5 Om u cuia toka 4,8
A, BHyTpeHHee conpoTuBieHre uctoyHuka 0,2 OM, TO cuia Toka KOPOTKOIO 3aMbIKaHUS paBHA
1) 125 A 2) 24A 3) 53A 4) 43A 5) 65A
T2.56 Ecnu B 3aMKHYTOMH 3JIEKTPUYECKON 1IETIH BHYTpEHHEE conpoTuBieHue ucroyHuka 0,8 OMm u
CHJIa TOKa KOPOTKOTO 3aMbIKaHUs 5,4 A, TO IpU CONPOTUBJIEHUN HArpy3ku 4 OM cuia Toka B enu
paBHa
)2A 2)6,5 A 3) 2,3A 4)4,1A 5)09A
T2.57 Ecnu B 3aMKHYTOH 2JIEKTPUYECKON LIETIN HANpsKEHUE Ha CONPOTHUBIIEHUU Harpy3sku 1,4 B u
OTHOLIEHHE TOKa KOPOTKOTO 3aMbIKAHUS K TOKY B LIENIU C HAarpy3Koi 3, TO 3/C € UCTOYHUKA TOKa
paBHa
1)4B 2)2,5B 3)4,2B 4)2,1B 5)2,8B
T2.58 Eciu B 3aMKHYTON 3J€KTPUUYECKOMN LIENHU CONPOTUBIEHUE Harpy3ku 5,5 OM U OTHOLIECHHE
TOKa KOPOTKOI'O 3aMbIKaHUsl K TOKY B IIEMM C HArpy3koil 3, TO BHYTpPEHHEE CONPOTHUBIICHHE
HCTOYHHUKA TOKAa PABHO
1) 2,9 Om 2) 1,82 Om 3) 2,75 Om 4) 1,25 Om 5)2,58 Om
T2.59 Ecau nBa mocCieIOBaTeNbHO COEAMHEHHBIX MCTOYHHMKA TOKa ¢ »ac 3,5B, 6,5B u
BHyTpeHHUMHU conpoTusieHusMu 0,12 Om m 0,18 Om BKIIOYEHBI COIVIACOBAHHO, TO IIpU
COTNPOTHUBIIEHUU Harpy3ku 2 OM cuiia TOKa B €N paBHA
1)2,71 A 2)4,5 A 3) 1,3A 4) 4,35A 5)0,92 A
T2.60 Eciu nBa mociemoBaTeNbHO COEAMHEHHBIX MCTOYHHMKA TOKa ¢ »ac 3,5B, 6,5B u
BHyTpeHHUMU cornpotuBieHusMu 0,12 Om u 0,18 OM BrIItOUEHBI HaBCTpPeUy ApYr APYry, TO MpU
COTNPOTHUBIIEHUH Harpy3ku 2 OM cuiia TOKa B IIEMU paBHA
1)2,71 A 2)4,5 A 3) 1,3A 4) 4,35A 5)0,92 A
T2.61 IIpu mocnenoBaTesbHOM, COTJIACOBAHHOM COEIMHEHHH N OJIMHAKOBBIX MCTOYHUKOB TOKA C
9/IC € U BHYTPEHHUMH CONPOTHUBIIEHUSAMH I, TIOJHBIA TOK B LIENIM C BHEUIHUM COIPOTUBJIEHHEM R
paBeH

1 € 2 € 3 ne 4 ne 5) €
R+nr R+n/r R+nr R+r/n R+r/n

T2.62 Ilpu napamieabHOM, COTJIACOBAHHOM COEMHEHUH N OJIMHAKOBBIX UICTOYHUKOB TOKA C 3/IC € U
BHYTPEHHUMH CONPOTUBIICHUSMHU I, TIOJHBIN TOK B LIEMTU C BHEIIHUM COTIPOTHUBIICHHEM R paBeH

1)_-° e H_tE . m
R+nr R+n/r R+nr R+r/n R+r/n
T2.63 Ilpum mnapamnensHOM COETUHEHMHM M Oarapeil Kaxaas M3 KOTOPBIX COCTOMT W3 N
IIOCJIEJIOBATEIIbHO U COTJIACOBAHHO BKJIFOYEHHBIX HMCTOYHHMKOB TOKAa C OJIMHAKOBBIMM JJIC € U
BHYTPEHHUMU COIIPOTUBIIEHUSMHU I, TOK BO BHEIIIHEW LIETIM C CONPOTHBJIEHHEM R paBeH
l) me 2) nme 3) nme 4) ne 5 me

R+nr R+n/r mR+nr mR+r/n nNR+r/n
T2.64 Ecnu ycnoBHas croumocTs 1 kBT-u anexktposnepruu 50 ko, a HanpsikeHue B cetu 220 B, o
npu paboTe B TeEUYEeHHWE 2 Y DIIEKTPOHArpeBareisl € CONpOTHUBIEHHEM chupanu 22 Om
U3pacxoJ0BaHO 3JIEKTPOIHEPTUU Ha
1) 1 py6. 20kom.  2) 1 py0. 80kon.  3) 2 py0. 20 ko  4) 3 py0. 50 ko 5) 3 py6. 80 xon
T2.65 Ecnm nBa mpoBomHuKa ¢ conpoTuBieHUsMU 3 OM 1 6 OM COeIMHEHBI MapauIeTbHO U B
MIEPBOM IPU MPOXOXKAECHUU 3JIEKTPUUECKOTO TOKa Bhlaensercs 20 k[ TemioTel, TO KOJUYECTBO
TEIUIOTHI, BBIIETSIEMOE BO BTOPOM IPOBOJAHMKE 3a 3TO KE BPEMs, PABHO

1) 5,5 kI 2) 7,5 kllx 3) 10 Ik 4) 12 KTk 5) 15 /x
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T2.66 Eciiu 1Ba 1ipoBoJiHUKA ¢ cONpOTUBICHUIMH 3 OM 1 6 OM COE€IMHEHBI M1OCIEA0BATENbHO U
B IIEPBOM IIPU MPOXOKAECHUU IEKTPUUECKOro Toka Bbiaeisercs 20 kK TErIoThl, TO KOJIUYECTBO
TEIUIOTHI, BBIIETSIEMOE BO BTOPOM IPOBOJHMKE 3a 3TO K€ BPEMS], pAaBHO
1) 15,5 xJlx 2) 20 xJIx 3) 40 x/Ix 4) 120 xIx 5) 105 x/Ix
T2.67 Ecnu nipu noodyepesHOM MOAKIIOUEHUH JBYX UICTOYHUKOB TOKA K COIIPOTUBIICHUIO B IIEPBOM
cinydae kg 40%, Bo BropoM — 60%, TO mpu  MOCIIEI0OBATETLHOM COECIUHEHUN UCTOYHUKOB TOKA C
TEM K€ COIPOTUBICHUEM KIIJ| PAaBHO
1) 56% 2) 48% 3) 42% 4) 36% 5) 32%
T2.68 Ecnau npu NoakiaO4eHMM K MCTOYHUKY TOKa ¢ 3ac 5 B comportusnenust B 1 OMm Kiijg
ucTouHuka 25%, TO TOK KOPOTKOTO 3aMbIKaHUSl PaBEH
1A 2) 1,67 A 3)2,05A 4)2,4 A 5)2,88A
T2.69 Ecnu cimpainb 31€KTPHUUECKON TUIMTKM YMEHBIIUTh Ha MATYIO 4acTh OT MEPBOHAYAIBHOM
JUIMHBI, TO 3JIEKTPUYECKAsi MOIIHOCTb IJIUTKH
1) ymenbmaercs B 1,25 pasa 2) yBenuuuBaercs B 1,25 pasa 3) ymensbiaercs B 4 pasza
4) yBenuuuBaercs B 4 paza 5) He U3MeHseTcs
T2.70 Ecnau e naMmoykd MMEIOT OJMHAKOBBIE MOLIHOCTH M NEpBas M3 HUX PAcCUMTAHA Ha
HanpspkeHue 127 B, a BTopas - Ha 220 B, TO OTHOIIEHHE CONPOTUBIIEHHS BTOPOI JaMIOYKU K
COIIPOTHUBIICHUIO IIEPBOM PABHO
1) 1,73 2) 2,00 3) 3,00 4) 3,46 5) 4,00
T2.71 Ecnu ceueHue NpoBOJHMKA YMEHBIIUTD B JIBA Pa3a, OCTABUB HEM3MEHHBIMU €T0 JJIUHY U
Pa3HOCTh MOTEHIIMAJIOB Ha KOHLAX, TO MOIHOCTb, BBIACISAIONIASACS B IPOBOJIHUKE
1) ymenbutcs B 4 pasa 2) yMEHbIINTCA B 2 pa3a  3) HE UBMEHsETCA 4)
YBEJTMYUTCS B 2 pasza 5) yBenuuuTtcs B 4 paza
T2.72 Ecnu snekTpoBo3, NoTpedmsss Hanpspkenue 10° B, IBUXKETCS O CKOPOCTBIO 72 KM/ O]
neiicteuem cuiibl Tsiru 4-10° H, To nipu knij ero asurarens 0,8 TOK B CETH paBeH
1)87 A 2)92 A 3) 100 A 4) 115 A 5) 120 A

3amaum AJ151 KOHTPOJIBHBIX PadoT

2.1
Ha craniuu texo0cnyKuBaHUs aKKyMYJISTOp 3apsaroT TOkoM cuiioi [ = 6,5 A B Teuenue t =5
yacoB. Kakoif 3apsii ( coo0marT akkKyMyJsiTopy?
2.2
Haiitu cunty Toka [ depes kieTouHyro MeMOpaHny, eci 3a t= 4 MKC "epe3 Hee MpOXOuT N=
1000 TOOXKHTETBHBIX HOHOB HaTpHs. 3apsit nona Na® e =1,6-10"° K.
2.3
ComnpoTuBieHHE €IWHUIBI JIMHBI MenHoW mpoBosokd R/L = 2,23 Owm/m. Haiitn ynenbHOE
COINPOTHBIIEHUE P MENU, €CIIU AUaMeTp npoBojoku D = 0,1 mm.
24
[Ipu BKIIIOYEHHUH B JIEKTPUUECKYIO 1IENb IPOBOAHMKA, UMetoero auamerp D = 0,5 MM u ynnay L

47 mwm, Hampspkenne Ha HeM U = 1,2 B mpu toke B memu I = 1 A. Hailtu ynenbHoe
COMPOTHUBIIEHUE P MaTepuasa MPOBOJHHUKA.
2.5
[Tocne mpoTAruBaHus NPOBOJIOKH YEPE3 BOJOUMIIBHBIN CTAHOK JJIMHA €€ YBEIMUMiIach B n = 4 pasa.
Haiitu conporusnenue Ry 3Toii mpoBosoku, eciiu 10 00paboTku ee conpotusienue Ry = 20 Om.
2.6
AnromMuHuEBas M MeIHas MPOBOJIOKM HMMEIOT OJMHAKOBBIE MacChl U IUIOIIAIU TOTEpEHOTg
ceueHus. Haiitu OTHOHIGHI/IG ux conpotusiieHuit Ra/Rey. [lnoTHOCTH MaT é)I/IaJIOB p*al= 2,3 10
kr/M°, p*cy = 8,9:10% kr/m® 1 ux ymensHbIe conpotuBieHns pa = 2,8:10° Omm, pey = 1, 7-10°
Om-Mm.
2.7
JIBa MpoBOJIHUKA I1, 2 U TPU NPOBOJHUKA I1, 2, I3 TIPHU MOCIEAOBATEIBHOM COECIUHEHUH UMEIOT
JKBUBAJIEHTHbIE conpotuBieHuss R; u Rz, coorBercTBeHHO. IlapaimienbHO COEQUMHEHHBIE
MPOBOJIHUKHU I'1 U I'3 UMEIOT SKBUBAJIEHTHOE CONpOTUBIIeHHE Rj. HaliT conpoTuBIeHUs 11, M2 U T3
Ka)KJI0TO IPOBOTHUKA.
2.8
N3 otpeska nmpoBosioku conpotuBienneM R = 10 Om caenano kousbuo. [IpoBona, moaBosime K
KOJIbI[y TOK, MOJICOEIMHEHBI TaK, YTO CONPOTHUBIEHHE KOJIblIa CTAHOBUTCS paBHBIM I = 1 Owm.
HaliTu oTHomIeHHME JUIMHBI JHOOOH YacTH KOJIbLIA MEXAY TOUYKAMM IOJICOEIMHEHUS MPOBOJOB K
JUIMHE KOJIbLIA.
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2.9

[locnenoBarenbHO COEOUHEHBI N PaBHBIX CONPOTUBIEHUH. Bo ckoiabko pa3  u3MeEHHTCA
COINPOTHBIIEHUE LIETIH, E€CJIN UX COEIMHUTH NapajlIeNIbHO.

2.10

ConpoTuBIEHUE OJHOTO U3 JIBYX MOCJIEA0BATEIbHO BKIOYEHHBIX NMPOBOJHUKOB B N pa3 OoJblie
COIMPOTUBIIEHUS ApYyroro. Bo ckoibKko pa3 M3MEHUTCS CUJIa TOKA B LIENH (HaNpsyKEHUE NOCTOSTHHO),
€CJIM IPOBOJHUKY BKJIIOYHUThH MapalIeIbHO?

211

B snektpuueckyio ceTb NOCIEA0BATEIbHO BKIIIOYEHB! IUIMTKA, PEOCTAT M aMIIEPMETP, UMEIOIINe
conpotusiieHus Ry = 50 Om, R =30 Om u Rz = 0,1 Om. Haittu nanpsokennst Uy, Uz u Us Ha
KaKJIOM 3JIEMEHTE IIeTIH, €CJIM B Hel poTeKaeT Tok [ =4 A.

2.12

[Tpu BKITIOYEHUH B AJIEKTPUUYECKYIO IIeTh MpoBoaHuKa nuamerpoM D = 0,48 mm u mmnoit L = 56
MM Ha HeM Bo3HHKaeT Hanpspkenue U = 1,8 B, Haiitu cuny Toka | B mpoBoHUKE, €Clid YACIBHOE
CONPOTHBIICHHE ero Mmareprana p = 3,85:10° Om-m.

2.13

DnexTpuyecKas Ielb COCTaBICHAa U3 YETHIPEX COEAMHEHHBIX MOCIIE0OBATEIBLHO OTPE3KOB MPOBOA
OJIMHAKOBOM NJIMHBI U CHENaHHBIX M3 OJMHAKOBOTO MaTepHasa. HJIOHI&%[I/I CEUEHUN KaXJ0ro u3
OTpe3KOB pazmuyHbl: S =1 Mm%, S; =2 MMm™, S3=3 Mm", S; =4 mMMm". PazHOCTh TIOTEHIIMAIOB
Mexay koHamu nenu U = 100 B. Onpenenuts najeHrne HanpsKEHUs Ha KaXXJI0M IPOBOTHUKE.
2.14

AMIiepMeTp, HAaKOPOTKO NPUCOECTUHEHHBIM K raJlbBAHUYECKOMY JJIEMEHTYy ¢ 3ac € = 1,6 B, wu
BHYTpEeHHUM conpoTtusieHreM r = 0,2 Om, NoKa3bIBacT TOK Io = 4 A. Haiitu nokasanue
amMIepMeTpa, €Ciu NapajijiesIbHO eMy BKIIOUUTH conpoTuBieHue Ry, = 0,1 Om.

2.15

HaliTn »nexkTpoJBHXKYLIyI0 CHIy DJIeMEHTa &, €CIIH HW3BECTHO, YTO TpPU YBEIUYEHUU
COINPOTHBIICHUSI HAarpy3KH, MOJKIIOYEHHON K 3JIEMEHTY, B N = 4 pa3a HanpsyKeHUE Ha Harpyske
yBennuuBaercss ot Up=5B go U= 15B.

2.16

I"anpBaHKMYECKUH AJIEMEHT JaeT Ha BHelIHee comportuBieHMe Ri=40m Tok I3 =0,2 A. Eciu
K€ BHeIIHee corpoTuBieHne Ry =7 OMm, To snemenT gaet Tok I = 0,14 A. Haittu Tok
KOPOTKOTO 3aMbIKaHUsA [y, d1eMeHTa.

2.17

AKKyMyJISITOp C¢ BHYTPEHHMM comnpoTuBieHueM r = 1 OM 3aMKHYT Ha comnpoTtuBieHue R.
BonsT™meTp, MOAKIIOUEHHBIN K €ro 3a)kuMaMm, nokasbiBaeT HamnpsbkeHue Up; = 20 B. Iloxazanus
BOJIbTMETpa yMeHbIIaroTcss 10 U, = 15 B, ecnm mapamiensHO R npucoenuHseTcs Takoe ke
cormportuBienue. Ompenenuts R, cumTas, 4T0 CONMPOTHBICHHE BOJBTMETpa MHOTO Oojbmie R.
ConpoTHBIICHHEM TTOABOISIINX TPOBOJIOB MTPEHEOPEYb.

2.18

[lenb cCOCTOUT U3 aKKYMYJISTOpa C BHYTPEHHUM COIIPOTUBIIEHUEM I' U Harpy3KH C CONPOTHUBIIEHUEM
R. BosibT™MeTp, OAKIIOUEHHBIN MOCIEA0BATEIBHO U MTApAUIEIbHO K COMMPOTUBIICHUIO R, naet ogHo
U TO K€ Nokasanue. Halitu conpotusnenue BoibT™MeTpa Ry.

2.19

B 3amkHyTO# 11enu ¢ 34a¢ € = 6 B u conporusiennem Harpysku R = 9 Owm cuna toka I = 0,6 A.
HaiiTu BHyTpeHHEE CONPOTUBIIEHNE T HCTOUHUKA TOKA M CUITY TOKA [x; KOPOTKOTO 3aMbIKaHUSI.

2.20

B 3amMkHyTO# 3mekTpuyueckoil nienu ¢ Harpyskoi cuia Toka I = 0,8 A. Halitu s/1c € ucTouHnKa ToKa
U CONIPOTUBJIEHHE R Harpys3ku, eciu BHYTpEHHEE CONpoTHBIeHHE HcTouHMKa I = 0,6 OM u cuna
TOKa KOPOTKOTO 3ambikaHus [, = 8,4 A

2.21

Haiitu s7ac € ucTOYHMKA TOKa U CWITy TOoKa | B 1ienu ¢ Harpy3koi, eciu ee conpotuBieHue R = 4
Om, BHyTpeHHee conpoTuBieHne ucToyHuka r = 0,8 OM 1 cuia Toka KOPOTKOTO 3aMbIKaHUS [y, =
5,4 A.

2.22

Haiitu cuny Toka | Ha ywacTke ILenM, COCTOSILEr0 U3 IOCJIEJOBATEIbHO COEAMHEHHBIX
conpotusiieHuss R =1 Om u akkymynstopa ¢ 3ac € = 11,1 B u BHyTpeHHUM CONIPOTUBIIEHUEM [ =
0,3 Om, eciy pyu NOJKIIOYEHUH 3TOTO y4acTKa LEMU K UICTOYHHUKY ITOCTOSIHHOTO Hanpspkenus U =
15 B nmpoucxoauT 3apsijika akKyMmyJisITopa.
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2.23

barapes u3z n = 50 mocnenoBaTeabHO COEAMHEHHBIX aKKyMYJSTOPOB 3apsKaeTcsl OT UCTOYHHKA
noctossHHOoro HampspkeHus U = 120 B tokom | = 11 A. Halitu BenmuuHy J100aBOYHOTO
conpoTusiieHUs R, K0TOpoe HeoOX0IMMO BBECTH B LIETIb, €CIIM 3JIC akKKymyssTopa € = 1,85 B u ero
BHyTpeHHee conpotusienue I = 0,02 Om.

2.24
AxkxkyMmynsiTopHas OaTapes ¢ BHYTPEHHUM conpoTusieHueM I = 0,9 Om 3apskaeTcst OT HCTOUHHKA
noctosiHHOro HampsbkeHust U = 14 B tokoMm | = 2 A. Onpenenuts konuuectBo W 3amaceHHOU

aKKyMYJIITOPOM XHMHUYECKOW HEPTrUu M KomdecTBo Teruia Q, BeiaeneHHoro B Oarapee 3a t = 20
MUH.

2.25

AxxymynstopHas 6arapes ¢ 31c € = 10 B nmoaximtouena juid 3apsiiku K MICTOYHUKY HanpsokeHus: U
= 17 B. Omnpenenutpy konudectBo Q Terura, BBIICICHHOTO B Oarapee 3a BpeMs 3apsijiKH, €CIU
3armaceHHas 3a 9TO BpeMs akKyMyJIsITopoM xumudeckas sHeprus W = 32720 [Ix.

2.26

Jlig ompeneneHus 31C aKKyMyJsTOpa MOXHO BOCIIOJIb30BaThCs STAJIOHHBIM 3J€MEeHTOM. Eciu
aKKyMYJISITOp BKJIIOUUTH TOCJIEIOBATEIbHO C STAJIOHHBIM AJIEMEHTOM € 31C & = 2 B, B memnm
Bo3HUKaeT TOK |1 = 0,3 A . [Ipu mocnenoBaTebHOM BKJIIOYEHMM AaKKyMYJSITOpa B Ty K€ LEMb
HaBCTPEUy STATOHHOMY 3JIEMEHTY TOK BO BHEIIHEW IeNu yMeHbInaeTcs 10 3HadeHus l; = 0,1 A u
MMEET HalpaBJIeHUE OT MOJIOKUTEIBLHOTO MOJII0ca akkKyMyiaTopa. HaliTu azic € akkymynsitTopa.

2.27

N OJJMHAKOBBIX UICTOYHUKOB TOKA C BHYTPEHHUM COIIPOTUBJICHUEM I' CHauajaa COeIMHSAIOT B OaTapetro
NapajuleJIbHO, a 3aTEM — IIOCJIEIOBATEIbHO M 3aMBIKalOT Ha BHEIIHEE CONpOTHBIEHHE R, mpu
KOTOpPOM CHJIa TOKa B 000X Cily4asx oanHakoBa. Haiitu BennuuHy conpotuieHus R.

2.28

barapes cocTout U3 n = 8 COEMHEHHBIX M1OCIIEI0BATENBHO 3JIEMEHTOB, KaXK/IbIil U3 KOTOPBIX UMEET
sac & = 1,5 B u BHyrpennee compotuBieHue ro = 0,25 Om. BHemiHsas 1mienb COCTOUT U3 JBYX
napajuieIbHO coeAMHEHHBIX conpoTuBiaeHuss Ry = 10 Om u Ry = 50 Om. Haittu nanpsixenue U Ha
3akuMax OaTapeu.

2.29

JIBa mocienoBaTeIbHO COEIUHEHHBIX NCTOUYHUKA TOKa ¢ 3/c €1 = 4,5 B, €2 = 6 B u BHyrpeHHUMU
conpotusyieHussMU 11 = 0,3 OM u r2= 0,2 OM BKIIIOUEHBI coriacoBaHHO. CONpOTHUBIIEHNE HATPY3KU
R =10 Om. Haiitu cuny I Toka B 1ienu u paznocts notenimanos U u Uy Ha KJieMMax HCTOYHUKOB
TOKa.

2.30

JIBa mocienoBaTeIbHO COETMHEHHBIX NCTOYHUKA TOKa ¢ 3¢ €1 = 4,5 B, €2 = 6 B u BHyrpeHHUMU
conpotusiieHusmu r1 = 0,3 OM u 2= 0,2 Om BKIIIOUEHBI coryiacoBaHHo. Haiitu cuny | Toka B nienu
U COMpoTHBIIeHHE R Harpys3ku, eciu pa3HOCTh MOTEHLMANIOB  Ha KJIEMMaX [EepBOr0 MCTOYHUKA
Toka U = 3,5 B.

2.31

JIBa mocnenoBaTeNbHO COEIUHEHHBIX HMCTOYHMKA TOKA, 3JC OJHOro M3 KOTOpeIX € = 4,5 B,
BKJTIOYEHBI COTJIACOBAaHHO. BHyTpeHHee CONMpOTHBIIEHHE MCTOYHMKA C HEW3BECTHOH »nc 12 = 0,2
Om. HaliTu BHYTpeHHEE COIPOTUBIEHHE I1 MEPBOTO HCTOYHUKA M BJC BTOPOrO €z, €CIU
conpoTuBiieHne Harpy3kd R = 5 Owm, cuna Toka B enu [ = 2 A u pa3HOCTh MOTEHIIMAIOB  Ha
KJIeMMax IepBoro ncrounuka toka U; = 3,5 B.

2.32

HcTroyHuk TOKa ¢ BHYTPEHHUM COIIPOTHUBIICHHEM I' COEAMHEH C Harpy3kou compotusieHueM R. Bo
CKOJIBKO pa3 M3MEHHUTCS MOIIHOCTb, BBIJACNAIONIASACA BO BHEIIHEH LENHU, €CId BMECTO
COMPOTHUBIIEHUS R MOIKIIOYNTH B N pa3 MEHBIIEE COMPOTHUBIICHHUE.

2.33
HcroyHuk TOKa ¢ BHYTPEHHUM COIIPOTUBJIICHHEM I COEAMHEH C HArpy3KOH COIpOTHBIICHHEM R.
Kakoe comnportusienue Ry #R HEOOXOAMMO BKIIOYUTh BO BHEIIHIOK LEIMb BMECTO

conpoTuBiieHUs R, 4T0ObI BBIAENAIONIASACSA B HEH MOLIHOCTh HE U3MEHUIACh?

2.34

OJ1C wucrounuka ¢ =2 B, BHyTpeHHee conpotuBieHue r= 1 Om. Onpenenuts cuiny Toka I, eciu
BHEILIHSAA 1enb noTpedisier MomHocTs P = 0,75 BrT.
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2.35

HcroyHuk TOKa C AC € M BHYTPEHHHMM COIIPOTHBIIEHHEM I 3aMKHYT Ha peocraT. IlocTtpouts
rpaduKy 3aBUCHMOCTH CHIIbI Toka | B memnwm, HampspkeHuss U Ha Harpyske, MOIIHOCTH P,
pa3BUBAEMON BO BHEIIHEW LEMH, ITOJTHOW MOIMHOCTH Po M K1 | HCTOYHUKA TOKA IPHU U3MEHEHUU
COIIPOTUBIIEHHUS peocTara R. Haiitu cooTHOmEHHME MeEXAy BHEIIHUM U BHYTPEHHUM
CONPOTUBIICHUSAMHM, IIPU KOTOPOM JOCTUIACTCS MaKCHUMaJlbHas MOIIHOCTb BO BHEIIHEH LENU U
COOTBETCTBYIOIIIEE 3TOM MOIIHOCTY 3HAYECHUE KIIJ.

2.36

OT UCTOYHMKA TOKA C BJIC € W BHYTPEHHUM COIMPOTHBIIEHHUEM I' HEOOXOJAUMO MOJYYUTh MOIIHOCTD
P, 3ampikas Ha BHemHee conpoTuBieHHE. ONpenenuTb COOTBETCTBYIOIIYIO 3TOM MOLIHOCTH
pa3HOCTh noreHuuanos U Ha COTPOTHUBIIEHUH HATPY3KH.

2.37

Hcrounuk Toka, 31C KOTOPOrO € M BHYTPEHHEE CONMPOTUBIICHHUE I, 3aMKHYT Ha BHEIIIHEE
conporuBiienne. Haubonbiias MomHOCT BO BHemHed nenu Ppax = 9 Br. Cuna Toka,
COOTBETCTBYIOIIAs 3TOM MomHocTH, | =3 A. Haiitn ¢ wu r.

2.38

DNeMEeHT 3aMBIKaeTCsl OJIUH pa3 Ha conpoTuBieHne Ri =4 Owm, apyroii pa3 Ha R =9 Om. B o6oux
CllydasiX KOJHMYECTBO TEIUIOTHI, BBIJENSAIONIECECS B CONPOTHUBIEHUSAX 32 OJHO U TO K€ BpEM,
OKa3bIBaeTCs OAMHAKOBBIM. HallTu BHyTpeHHEE CONTPOTUBIICHUE IEMEHTA T.

2.39

DNeKTpoIInTKa, noTpedsitomas MoimHocTs P = 0,8 kBT, npucoenuHeHa K ce€TH ¢ MOCTOSIHHBIM
HanpspkenueM U = 120 B npoBogamu ¢ conpotuBinenuem r = 4 Owm. Haiitu conmportusienue R
TUTUTKH.

2.40

ITon xakuMm HampspkeHneM U HeoOXoIMMO mepeAaBaTh 3JIEKTPUUECKYIO SHEPrUI0 IMOCTOSIHHOTO
TOKa Ha paccTosiHie L = 5 KM, 94TOGBI IIPH MIIOTHOCTH TOKa j = 2,5-10° A/M? B MEIHBIX IIPOBOAX
JBYXIPOBOHOM JIMHUM DJIEKTPOTIEpEIaun TOTEPU B JIMHUU COCTAaBIsUM M = 1% OoT mepenaBaemMoit
MOITHOCTH? Y IeIbHOE COMPOTUBJICHUE MEIU P = 1,7-10% Om-m.

241

JIBa 4aifHUKa, Kbl M3 KOTOPBIX MoTpedmsier npu Hanpspkennn U = 220 B momuocts P = 400
BT, 3akunaer npu nociaenoBaTeIbHOM U AapajuIeIbHOM BKJIFOUEHUH 32 OJHO U TO ke BpeMs. Halitu
COINPOTHUBIICHUE I TIOJIBOASIIINUX TPOBOJIOB.

2.42

Omnpenenuts paboTy A BIIEKTPUISCKUX CHIT U KOJTMYECTBO TEIUIOTH Q, BhIIEIsIeMoe B TeueHue t = 1
¢ B akkymyssTope ¢ 34a¢ € = 1,3 B, 3apspkaemom TokoMm I = 1 A, HampspkeHHe MEXIY MOJI0cCaMu
kotoporo U; =2 B;.

2.43

B nenu u3 n 0MHAaKOBBIX MPOBOJHUKOB, COEIMHEHHBIX MapajuIeIbHO U BKIIIOUEHHBIX B IIEMb, 32
BpeMs t; BBLAEISAETCS HEKOTOPOE KOJMYECTBO TEIJIOTHI. 3a Kakoe BpeMs t; B LENHU BBIACIAETCS
TaK0e€ K€ KOJIMYECTBO TEIJIOTHI, €CIIH MPOBOIHUKN COETMHUTD MOCIEI0BATENBHO.

2.44

Tpu nocnenoBaTebHO COEAMHEHHBIX JIAMIIBL, KaX/1asi U3 KOTOPbIX uMeeT conpoTtunieHne R = 500
Om u paccuntana Ha HanpspkeHue Up; = 60 B, nurtarorcs yepe3 peocTar OT CETH C MOCTOSIHHBIM
HanpspkenueM U = 220 B. Haiitu momHocTh P Toka B peocrare.

2.45

Haiitu momrHocTh Py TOKa KOPOTKOTO 3aMbIKaHUsl OaTape, COCTOAIIEH U3 N TMOCIEI0BATEIHHO
COEJIMHEHHBIX UICTOYHUKOB TOKA C BHYTPEHHUM COIIPOTHUBIIEHUEM I U JIC € KaXIbI.

2.46

Ot reneparopa ¢ sac € = 500 B Tpebyercss mepenarh sHEpruto Ha pacctossHue L = 2,5 km.
MomHocTs notpebutens sHepruu P = 10xkBt. Onenurs notepu Mmomuoctu AP B ceru, eciu
JIMaMeTp MEIHBIX MOIBOASIMUX MpoBoaoB d = 1,5 MmM. YenbHoe conpotuBieane menu: p = 0,017
MKOM-M.

2.47

DneKTpoABUTaTeb MOIBEMHOIO KpaHa MOJKIIOUYEH K UICTOYHUKY ToKa ¢ HanpsbkeHueM U = 380 B,
P 3TOM CHJIa ToKa B ero oomotke I = 20 A. Haiitu ki m kpaHa, ecnu rpy3 Maccoid m = 1 T oH
nosHUMaeT Ha BbicoTy h = 19 M 3a Bpems t = 50 c.
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2.48

Jluaus snexrporepenaun amuHo L = 100 kM pabGotaer mpu Hanpsokenun U = 2:10° B.
Onpenenuth 1 KIJ JWHUM, T.6. OTHOIIEHUE HANpsHKEHUS Ha Harpy3ske K HallpshKEHHMIO,
MIOABOJJUMOMY K JIMHHMH, €CJIM OHA BBINIOJIHEHA U3 AJJIOMUHUEBOTO KaOels, MIIOMAablo ONEPEYHOT0
cedennst S = 150 mm°. IlepemaBaemas mommocts P = 3-10% xBr. ViensHoe compoTHBieHHE
amomunus: p = 0,028 MkOM-M.

2.49

Kak mnpu mnocrnenoBarenpHOM, Tak W HpPHU MapajlIeIbHOM COEIUHEHUHM JIBYX OJMHAKOBBIX
HMCTOYHUKOB Ha BHEIIHEM COMPOTUBIIEHUU BbIAeseTcs MomiHocTh Py = 80 Brt. Kakas momuocts P
BBIICIISICTCS] HA 3TOM CONPOTHUBIIEHNH, €CJIM 3aMKHYTh Ha HETO OJIMH U3 UCTOYHUKOB?

2.50

n = 10 mnapamienbHO COEOUHEHHBIX JIAMII, KaXJas M3 KOTOPHIX HMEET JJIEKTPHUECKOe
conpotuBiienne R = 0,5 kOM wu paccumrtana Ha Hanpspkenne Ujp = 120 B, moncoenuHeHsl
MIOCJIEI0BATENbHO K peocTaTy. HailTh MOIIHOCTh TOKa B peocTare, €M HalpsKEHWE Ha y4acTKe
rern Uy = 220 B.

2.51

HcTouHUK TOKa ¢ BHYTPEHHUM CONPOTHBJIEHHEM I' U 3AC € 3aMKHYT Ha TpU pe3UcTopa ¢
conpoTuBiieHneM R = 3r kax/plil, CoelMHEHHbIE TIOCIEA0BaTENbHO. BO CKOJIBKO pa3 U3MEHUTCS
cCuJla TOKa B II€MM, HaNpsDKEHHWE Ha 3aXKMMaX MCTOYHMKA M II0JIe3Hash MOIIHOCTb, €CIU
PE3UCTOPBI COEANHUTD MapAJIETBHO?

2.52

JIudt mogHUMaET ¢ MOCTOSIHHOM CKOPOCTBIO Tpy3 Maccoir M = 500 kr. [Iuratens pabotaer ot
aKKyMyJsTOpHOM Oatapen ¢ HanpspbkeHneM U = 24 B nipu cune Toka [ = 41 A. Haiitu paccrosinue
h, mpoiinennoe mudTom 3at = 1,5 mun, ecnu ki apurarens i = 0,75.

2.53

Tponneiibyc maccoit m = 11 T nBWXKeTcs cO CKOpOCThIO vV = 36 Km/4ac TO Jjgopore c
koapduumentom Tpenus | = 0,02. Haiftu conpotuBienne R 0OMOTKM JBUTATEINS, €CIIU €T0 K M
= 0,8 u Hanpspkenue B cetu U = 550 B.

2.54

Tpomneitdyc maccoit m = 11 T ABMXKETCS CO CKOPOCThIO V = 36 KM/4ac TO JIOPOT€ C HEKOTOPHIM
kodp¢uimeHToM TpeHus L. Haiith  3HaueHwe 3toro ko3dduimeHrta, eciu CONpOTHBICHHE
oomotku asurarenst R = 10 Owm, ero ko m = 0,8 u Hanpspkenne B cetu U = 550 B.

2.55

Haiitu konm4ecTBO mocieoBaTeNbHO COCAMHEHHBIX OJMHAKOBBIX Oarapeek ¢ sac € = 4,5 B u
BHYTPEHHUM COIpOTHUBIIEHUEM I = 3,5 OM, 4TOOBI MUTATh JIAMITY, PACCUUTAHHYIO HAa HaIPsDKEHUE
U =127 B u momHocTts P = 60 Br.

2.56

Haiitn MomiHoCTh P moTreps B 1emnu, COCTOSINEN M3 N OJMHAKOBBIX MCTOYHUKOB TOKA C JJIC € H
BHYTPEHHUM COIIPOTHBJICHUEM I COEJUHEHHBIX IIOCJIEAOBATEIbHO U COIJIACOBAHHO, €CIU OHU
3aMKHYTbI HAKOPOTKO.

2.57

Haiitn ko m JuHUM 3J€KTponepesadyyd ¢ CONPOTUBICHUEM MOABOISAIINX MpoBoJoB r = 0,2 Om,
nepenaroux norpedurento MmomHocts P = 10 kBT ¢ Hanpsbxennem U = 250 B Ha BXozie kK HeMy.
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