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I0.msa BanepueBna Illep6akoBa
JJEeKTPOHUKA M djJeKkTpoTrexHuka. Illmapraaka

1. KTIACCUPUKAIINSA
JIEKTPUUECKUX [ENEN. MOHATHUE O
NABYXITOJIIOCHUKAX.COIMMPOTUBJIEHUE
IIPOBO/IHUKOB

IIpu aHanM3e MeKTPUYECKUX Lierned Ba)KHO 3HaTh TOJIBKO MapaMeTphbl U COCOO COeJUHEHNUS
APYr C ApYroM. AKTUBHbIE 1€MEHTbI Oy/ieM 0003HauaTh B OCHOBHOM KPYXOUYKaMU CO CTPEJIKaMU
BHYTPHM, yKa3biBalolMu HarpasieHue DIC (puc. 1); 11s 6atapen U3 ralbBaHUYECKUX JIEMEHTOB
UCIIONb3yeM 00O3HaueHue, PUBEIeHHOe Ha puc. 10.

B conpoTruBiieHUsAX pa3MyHbIX IEMEHTOB EKTPUUECKUX LIeNel POUCXOIUT MpoLiece mpe-
00pa30BaHMs MEKTPUUECKON SHEPIUM B TETUIOTY. Takue 3JIeMeHThl Ha3bIBAIOTCS PE3UCTUBHBIMU U
0003HAYAI0TCS MPSAMOYTOJIbHUKaMU (CM. puc. 1)

Puc. 1. Ilpumepsl cxeM 31eKTpUYECKUX Lienen

DNeKTPUUYECKHUE 1IeTIU MOCTOSTHHOTO TOKA (Kak M MEPEMEHHOI0) U, COOTBETCTBEHHO, UX K-
TPUYECKHUE CXeMbI OBIBAIOT BEChbMa pa3HOOOpa3HbIMU. Tak, BCTpevaloTcs MK TPUIECKHe Leny Hepas-
BeTBJIeHHbIE (pucC. 1a 1 10) 1 pa3BeTBIeHHBIE (pUC. 1B), C OJJHUM aKTHBHBIM JIeMeHTOM (pHc. 1a), ¢
aBymsi (puc.16) vau ¢ OONBITAM KOJTMUYECTBOM aKTUBHBIX JIEMEHTOB, JIMHEWHBIE U HETMHEHHBIE.

JIvHeHO# Ha3bIBAETCS MEKTPUUYECKas Lelb, TapaMeTPbl KOTOPOU HE 3aBUCAT OT HANPsIKEHUI
WM TOKOB B 1ieni. Ecim mapamerp xotst Obl OJJHOTO U3 3JIEMEHTOB HE OCTAETCS TIOCTOSTHHBIM TIPH
M3MEHEHUH HalpsKeHUI WM TOKOB B LIETIM, TO JIaHHBIH JIEMEHT U BCS JIEKTPUYECKast 1eTb Ha3bl-
BAaIOTCSl HeJINHENHBIMHU.

YacTb 3/IeKTpUYECKOil LIeTH, MMEIoIasi ABa BbIBOJA, C IOMOUIbIO KOTOPBIX OHA COEIMHSIETCS C
APYroil 4acThIo LIENH, Ha3bIBaeTCs ABYXIOJIOCHUKOM. Pa3inyaior naccuBHbIE Y aKTHBHbIE JIByX-
MOTIOCHUKH.

[TaccuBHBIE ABYXIIOMIOCHUKU COAIEPAKAT TOJIBKO MACCUBHBIE JIEMEHTHI, AKTHBHbIE — KaK Mac-
CHBHbBIE, TaK U aKTHBHBbIE 3eMeHTh. Hanpumep, cnipaBa oT To4yek a u b Ha pucyHKe 1B pacrio-
JIOKEHA CXeMa MACCUBHOIO JBYXIIOMIOCHUKA, COEJUHEHHOIO C AKTUBHBIM JBYXIIOTIOCHUKOM, CXeMa
KOTOPOTO JaHa CJIeBa OT yKa3zaHHbIX Touek. CripaBa U cjieBa OT TOYeK ¢ U d Ha pucyHke 1 pacnosno-
’KEHbI CXEMBI JIBYX aKTHUBHBIX ABYXIOJIOCHUKOB, 2 MEXY TUMU TOUYKaMU — MACCUBHBIN IBYXIIO-
JIIOCHUK.

TokoBenylMe 4acTu pa3iMyHbIX JIEMEHTOB MEKTPUUYECKUX LTI M3TOTOBIISIOTCS U3 MPO-
BOJHUKOBBIX MaTE€pPHUAJIOB, KOTOpPbIE OBIBAIOT TBEPAbIMU, KHAKUMH U ra3000pa3HbIiMu. OCHOB-
HBIMU ITIPOBOJHUKOBBIMU MaTepuaslaMU SIBJISIIOTCS MeTAJLJIbI U UX CIUIaBbI.

Ecnu npoBogHUK MMeeT OIHY M Ty e IUIOIA/b MONEPEYHOr0 CEYEHHsI 10 BCEH JUIMHE, TO €T
COIIPOTUBJIEHUE PABHO:

rae [ — IJMHA MPOBOIHUKA, M;

S — TIoMmab MOMEePEYHOro CeYeHU s MPOBOAHMKA, MZ;
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¥ — yIeJIbHOE CONPOTUBRJIEHUE MaTepuasa npoBoaHuka, Om/m.

ConpoTruBieHre MeTAJUIMYECKUX MPOBOAHUKOB MPU IMOBBILIEHUU TEMIIEPATYpbl BO3pacTaer.
3aBUCUMOCTh COITPOTUBJICHHUSI OT TEMIIEPATYPhI BhIpaKaeTcsl CeAyoei (hopMyJiou:

ra=ri[1+a(n -0,

€ 1] U ) — HauaJlbHasl U KOHeuHas Temmneparypsl, °C;

| ¥ I, — CONPOTUBJICHUS [IPU TEMIIEPATypax f1 U tp, Om;

0. — TemreparypHblii KO3 UIIMEHT COTPOTUBIICHHUS, oc7!

CBCILCHI/IH 00 YACJIbHBIX COIIPOTUBJIICHUAX U TEMIICPATYPHBIX KOSqu)I/ILII/ICHTaX IMPOBOJHUKO-
BbIX MATCPHUAJIOB ITPUBOATCA B CHpaBO‘IHOﬁ JIATEpATypeE.
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2. ICIIOJIb30BAHUE 3AKOHOB
OMA U KUPXT'O®A ITPU PACUETE "
AHAJIN3E SJIEKTPUYECKUX ITEITEN

Cornacno 3akoHy OMa B 3aMKHYTOI HEPa3BETBJICHHOM /IEKTPUYECKO Lienu (puc. 2):

Puc. 2. He3amMkHyTas anekTpuyeckas ceTb
A B 11000M [TaCCUBHOM 3JIEMEHTE LIeNH, HAIIpUMEP C COIIPOTUBIIEHUEM 17,

Berpaxenue (1) cripaBenyiueo npu coBnajaomux HanpasieHusax DJC E u Toka I, a Belpaxe-
Hue (2) — Ipy COBNAJAIOLIMX HATIPABJICHUAX HANpsukeHUs: U M TOKa /, 4TO U ClIelyeT YUYUThIBaTh IPU
HAHECEHUU Ha CXeMe CTPEJIOK, YKa3bIBAIOLIMX MOJIOKUTEIbHBIE HAIIPABJIEHHS B CIydae UCIOJb30Ba-
HusA 3akoHa OMa.

Cornacno nepBoMy 3akoHy Kupxroda anreGpanueckas cymMa TOKOB BETBEH, COETMHEHHBIX
B JII0OOM Y37I0BOI TOUKE IEKTPHUUECKOM LIeTH, paBHa HYIIO, T. €.

Co 3HaKOM «+» B ypaBHEHUE Clie/lyeT BKJII0YATh TOKHU, MOJIOKUTETbHbIE HAITPABICHU ST KOTOPBIX
oOpallleHbl K Y37y, CO 3HAKOM «—» — TOKH, MOJIOKUTEJIbHBIE HAPABJIEHUSI KOTOPhIX OOpaIlleHbl OT
y37a (MOXHO ¥ Ha000pOT).

CornacHo BTopomy 3akoHy Kupxroda B 1000M 3aMKHYTOM KOHTYPE JEKTPUIECKOM e
anreOpanyeckas cymma DIIC paBHa anreOpanyeckoi CyMMe HallpsKEeHU Ha BCeX Pe3UCTUBHBIX 371e-
MeHTaxX KOHTYpa, T. €.

YacTo B 9/IEKTPUYECKUX HETSAX BCTPEUAIOTCS JIEMEHThI, MEX/Ty BHIBOJAMU KOTOPBIX UMEIOTCSI
Te WM WHblE HanpspokeHus: U (Harpumep, HarpsikeHUe CeTH, HallpshKeHUe, CHUMaeMOe C JIEJIATeNIs
HaIpsKEeHUs, U T. [1.).

VYuuThIBast 310, BMecTO (4) yioOHee UCIOIb30BaTh CIIEAYIIYI0 (hopMy 3aIich BTOPOTO 3aKOHA
Kupxroda:

ITpu stom D]IC, HanpsKeHUs1 U TOKH, MOJIOKUTEIbHbIE HAPaBJIEHUSI KOTOPBIX COBIAJIAIOT C
HarpapJieHHeM 00XoJa KOHTypa IIPU COCTaBJICHUU ypaBHeHus (5), cliefyeT BKJII0YaTh B YpaBHEHUE
CO 3HaKOM «+», a Te, OJIO)KUTENbHbIE HAITPABJIEHHUS KOTOPIX HE COBIAAIOT C HAIIPaBJIEHUEM 00X0Aa
KOHTYpa, CO 3HAKOM «—» (MOXHO M Ha000pOT).

IIpu cocraBnennu ypaBHeHui o BTopomy 3akoHy Kupxroda ciesryer BkiodaTs B HUX JIMOO
3/IC u najieHue HarpsiKEHUs: BO BHYTPEHHHUX COIPOTUBIIEHUSIX AKTUBHBIX JIEMEHTOB, JIMOO TOJIBKO
UX HalpsoKeHUs..
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3. 9JIEKTPUYECKUE HENU C O ITHUM
NCTOYHUKOM SHEPTMU U TACCHUBHBIMU
IJIEMEHTAMU. IIPOCTENIIASA
IEITb C OJHUM ITPUEMHUKOM

Paccmorpum npocreiinnyio Hepa3BeTBJIEHHYIO JeKTPHYeCKYI0 enb (puc. 3). B aton nenm
y4yacTok amb npejcTapiseT co00i MpocTelnil NaCCUBHBIN ABYXIOJIIOCHUK , SBJIAIOLIMNACS PU-
€MHUKOM 3JIEKTPUUYECKON SHEPTUH, YUACTOK anb — NPOCTEUIINI aKTUBHBINA ABYXITOTIOCHUK, SIBJISIIO-

I.HHfICH HUCTOYHUKOM.
=
b |
B

Puc. 3. Cxema npocreiiei a1eKTpuyecKkoil Lenu
Il paccMaTprBaeMoit JIEKTPUYECKO LIenu 1o BTopomy 3akoHy Kupxrodga MoxxHO Haru-
carh:

E=t =k
Fow U,

W3 npuBeieHHbIX ypaBHEHUI HETPYIHO MOTYYUTh (POPMYIY [Is1 ONpPENIesIeHHs] TOKA M COOTHO-
nieHue Mexy HanpsikeHreM U DJIC ucTouHMKa:

E—ir, i

rae rM = rp + r — 9KBUBAJICHTHOE CONPOTUBJICHUE LETIN.

[Ipn HensmenHbIx 3HaYeHUAX DJIC E ¥ BHYTPEHHETO CONPOTUBIIEHUS F() TOK B LIENN 3aBUCUT
OT CONPOTUBJIEHUs r prueMHuKa. Hanpskenue ucrounuka U (paBHOE B JaHHOW LN HANPSIKEHUIO
npuemMHuKa) Mesblie ero D/1C Ha nageHue HanpsikeHus Iry BO BHyTPEHHEM COIPOTUBJIEHUH UCTOY-
HUKA.

Ecnmu ymHoxuts (1) 1 (4) Ha TOK, MOTyYUM COOTHOIIEHUSI MEK/1y MOIIHOCTSIMU:

El = Pro+ Ir; (5)
Ul = EI - Pry. (6)
[IpaBas yactb (5) cOnepXKUT NOTEPH MOLITHOCTH BO BHYTPEHHEM COIPOTHBJIEHUA 12r0 U MOIII-

HOCTb, IOTPeOJIIEMYIO TPUEMHUKOM Pr. [Tpoussenenuie EI npencraisieT coO0i MOITHOCTb, BbIpa-
OaThIBAEMYI0 UCTOYHHKOM, T. €. IEKTPUUECKYI0 MOIIHOCTb, Ipeo0pa3yeMylo UM U3 JIpyroro BUja
MOLIHOCTH; HAlIpUMeEp, €CJIA 3TO T€HEePAToOp, — U3 MEXaHUUYECKOW MOIIHOCTH.

Ecnu u3 BbipaGaTeiBa€MON MOIITHOCTH BBIYECTh TIOTEPU MOIITHOCTH BO BHYTPEHHEM COIPOTUB-

2
JIEHUU UCTOYHUKA [ 1), TOIy4YuM MOITHOCTh Ul, 0TAaBaeMyI0 HICTOYHMKOM BO BHEUIHIOK LieMb. Molil-
HOCTb, OTJJaBaeMasi ICTOYHUKOM B JAHHOW IIETH, paBHA MOIITHOCTH, TIOTpeOisieMon ipueMHUKOM, Ul

= I*r. B cBs131 ¢ BbIpaxkeHUsIMU (5) U (6), a TaKkKe CXeMOM Ha PUCYHKE 3 MOXHO CIeJiaTh BbIBOJ:
BbIpadaThiBaeMasi ICTOYHUKOM MOIIHOCTh OmpesiensieTcs mpousBeneHneM Toka Ha DIIC, coBnagaro-
LIYIO [10 HAIIPABJIEHUIO C TOKOM, OTJaBaemasi UM MOIIIHOCTb — ITPOM3BEIEHUEM TOKa Ha HAIIpsIKEHUE,
HaIpaBJIeHHOEe BHYTPU UCTOYHMKA MIPOTUB TOKA; MOIIIHOCTh, MOTpedisiemMasi PUEMHHUKOM, OIpe/e-
JIsleTCsl IPOM3BEICHUEM TOKA Ha HANpsiKeHKe, COBMAAIONIEe M0 HATPABJIEHUIO C TOKOM. Takue B3a-

HWMHBIC HAIIpaBJICHHUA TOKa U QHC, a TaKXKC TOKA U HAIIPAKCHUA XapPaKTCPHBI 1A UCTOYHUKOB U
8
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MIPUEMHHUKOB U B JPYTUX MEKTPUYECKUX LETsAX. YUUThIBasl 3TO, BBIPAKEHUsI MOLTHOCTEH, BbhIpada-
ThIBAEMbBIX 1 OTAAaBA€EMbIX UICTOYHUKAMU, a TAKXKE HOTpe6JIH€MbIX MMPpUEMHUKAMH, MOT'YT 6])ITI) 3ari-
CaHBI CJICTYIOIIM 00pa3oM:

OTHoIIIeH!e MOILTHOCTH, OTJIaBaeéMOW MCTOYHUKOM, K BhIpaOAThIBAEMOW UM MOIITHOCTH TPE/I-
crapisieT cooou KITJI nctounuka:
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4. QJIEKTPUYECKUE LIEIIN C
IHOCJ/IEJOBATEJIbHBIM COEINMHEHUEM
PE3UCTHUBHbBIX 9JIEMEHTOB

HOCJIGHOBaTeJIbeIM Ha3bIBA€CTCA TAKOE€ COCIMHCHUHE SJIEMEHTOB, KOrja YCHOBHbIﬁ KOHEN
MEPBOIo 3JIEMECHTA COCANHACTCA C Ha9aJIOM BTOPOIr'O, KOHELl BTOPOro — € HAYaJIOM TPETLETO U T. NO.
XapaKTCprIM JJIA ITOCJIEAOBATEJIBHOIO COCAMHEHU A ABJIACTCA OAWH U TOT K€ TOK BO BCEX JICMCHTAX.

Puc. 4. Cxema sneKTpuuecKux Ienei ¢ Mocjie10oBaTeIbHbIM COEIMHEHUEM PEe3UCTUBHBIX JJie-
MEHTOB

[Tpumep: nocnenoBaTeIbHO C MPUEMHUKOM 7 YACTO BKJIIOYAETCSI PE3UCTOP 1P IS peryaupoBa-
HUSI HAaNIPSDKEHM 1, TOKA M MOIITHOCTU TTpueMHUKa (puc. 4a). [ljis pacimmpeHus npeaesioB u3MepeHust
BOJIFTMETPOB IOCJIeJOBATEIbHO C HUMH BKJTIOYAIOT JJ00ABOYHBIE pe3ucTophl 711 (puc. 40). C moMoIibio
peocrara, BKJIIOYaeMOTo MOC/eI0BATEIbHO B PA3IMYHbIE BETBU 1IEMH JIBUTATENIS] TIOCTOSIHHOTO TOKa,
MPOU3BOAST U3MEHEHKE ero MyCKOBOTO TOKA WJIM YaCTOThl BPAIlICHHUS.

B o6miem ciydae mpu noclie/ioBaTeIbHOM COSMHEHNH 71 PE3UCTUBHBIX JIEMEHTOB (pHC. 4B) TOK
B LIeTIH, HAMPSKEHUS Ha SJIEMEHTaX M MOTpedIsieMble MU MOIITHOCTH ONPEISTISIOTCS CeAYIOIIMMU
COOTHOIIECHUSIMH:

=y E-’;—% o=l P= =
rae k =1, 2, ..., n — HOMep IEMEHTA;

— 9KBUBAJIEHTHOE COIIPOTUBJIEHUE LIEIIN.
HanpsixeHue u MOIIHOCTb BCEH LIETN:

U= z ,-'Z.-_ P=Np =l ,-21.‘_ JZ.‘__.

CooTtHomeHue MEKAY HAITPAKEHUAMU, MOIMHOCTAMU U COITPOTUBJICHUAMUA IJIEMEHTOB!

U,

2
;

U

rae [ =1, 2, ..., n — HOMep 3JIeMeHTa.
[TpreMHUKY 37IEKTPUYECKON SHEPIUU MOCeJOBATEIbHO, KaK MPABUJIO, HE COEIMHSIOTCS, TaK
KaK IIpU 3TOM TpeOyeTcsl COracoBaHNe HOMUHAJIBHBIX TAHHBIX TPUEMHUKOB, UCKJTI0YAETCS] BO3MOXK-

10
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HOCTb HE3AaBUCUMOTI'O UX BKJIIOUCHUA U OTKIIIOUCHNA, a IIPU BLIXOOE U3 CTPOA OJHOI0 U3 ITPUEMHHUKOB
OTKJIIOYAIOTCA TAKXKE OCTAJIbHBIC ITPUEMHHKU. an_[C HX BKJIIOYAIOT MapaJlyICJIbHO.

11
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5. 9JIERTPUYECKHUE LEIIAN C ITAPAJIJIEJIbHBIM
COEIMHEHMUEM PE3NCTUBHbBIX 9JIEMEHTOB

HapaJ'IHCJ'IBHLIM Ha3bIBACTCA TAKOC COCJUHCHHNC PE3UCTUBHLIX JIEMEHTOB, ITIPU KOTOPOM COE€IU-
HAKTCA MCKIY co00M Kak YCJIOBHBIE Havdajla BCEX IJIEMEHTOB, TdK U UX KOHIIbI (pI/IC 521) XapaK—
TEPHBIM IJId NAPAJUICJIbBHOTO COEAUHCHUA ABJISCTCA OOHO U TO K€ HAIIPAKECHUE U Ha BBIBOAAaX Bcex
JIEMECHTOB. Hapanneano COCIUNHAIOTCA pa3JIMYHbIC ITIPUEMHUKN SHCKTpH‘{CCKOfI 9HCPIvu U Jpyrue
IJIEMEHTDI JICKTPUICCKUX uenef/i, PaCCUNTAHHBIC HAa OOHO U TO K€ HAIIPAKECHHUC. HpI/I napaiyieJibHOM
COCIMHCHHUHU HE Tpe6yeTc;1 COINIACOBBIBATb HOMUWHAJIbHBIC JAHHBIC TIPUEMHUKOB, BO3MOKHO BKJIIOUC-
HUE U OTKJIIOUYEHHUE JIIOOBIX IMTPUEMHHUKOB HE3ABUCUMO OT OCTAJIBHBIX, a ITPU BBIXOAC U3 CTPOA KAKO-
FO(J'II/I6O IMTPUEMHUKA OCTAJIbHLIE OCTAIOTCA BKIIIOYECHHbIMU.

Puc. 5. Cxembl 271€KTpUYECKUX LIeNel C NapaljiebHbIM COEIMHEHNEM PE3UCTUBHBIX JIEMEHTOB

[TapayuiensHOE coeMHEHME MPUMEHSETCS 4YacTo AJs PacIUMpEeHus IPEeAesoB W3MEpPEeHHUs
aMriepMeTpoB (puc. 50): eciu TOK I B 2IeKTPHUYECKON LIeTH MPEBHIIaeT HOMUHAIBHBIA TOK [HOM
amIiepMeTpa, napasuleJbHO C HUM BKJIIOYAIOT IIYHTUPYIOLIMA pe3uctop rii. Hepeako napanenabHoe
COEMHEHE VCIIOB3YIOT ISl yMEHBIIEHHUS SKBUBAJIEHTHOTO COTPOTUBIICHUS KAKOTO-JIMO0 yJacTKa
EKTPUUECKON LIETIH.

TOKM ¥ MOIIHOCTH NMapaJljie/IbHO COeIMHEHHbIX BeTBel (puc. S5a) npu U = const He 3aBUCAT
APYT OT gpyra 1 oNpeaessaoTcs no ¢hopmyaam:

I LTS

Tok 1 MOIITHOCTb BCEH 1IETIH:

rae

— 9KBUBAJICHTHAA [TPOBOAUMOCTD;
m=1/ 89 — 9KBUBAJICHTHOC COITPOTUBJICHUC.
CooTHoIIeHU MEXYy TOKaMU, MOIMHOCTAMU, IPOBOAUMOCTAMHA U COITPOTUBJICHUAMMU:

LR g
/

[Tpu yBenuueHun vucia napajuiebHO COEIMHEHHBIX BETBEW SKBUBAJIEHTHAS! TTPOBOJUMOCTh
JIEKTPUYECKON 1IENMM BO3PACTAET, a SKBUBAJIEHTHOE COMPOTHUBJIEHUE, COOTBETCTBEHHO, YMEHbIIIA-
eTcsl. DTO MPUBOAMT K yBeJUYeHUIo Toka . Ecu HarnpsikeHue ocTaeTcsi MOCTOSIHHBIM, TO YBEJTMYU-
BaeTcs Takxke oOIast MOITHOCTh P; TOKM M MOIITHOCTH paHee BKJIIOUCHHBIX BeTBEH He N3MEHSIOTCS.
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6. SJIEKTPUUECKME IENW,COIEPKAIIMNE
COEJ/IMHEHU S PEBUCTUBHBIX
9JIEMEHTOB TPEYT'OJIbHUKOM

Ilon coeauHeHueM TpPeyroiabHUKOM (puc. 6a) MOHMMAeTCs Takoe, MpU KOTopoM BbeiBoA K1
OJIHOTO U3 3JIEMEHTOB COeJUHSETCs ¢ BBIBOAOM H2 BTrOoporo, BbBOJ K2 BTOporo — ¢ BbiBOIoM H3
TpeTbero, a BeIBOA K3 TpeTbero — ¢ BbBOAOM H1 mepBoro sneMeHTa. Y3J10Bble TOUKH d, b U ¢ TOJ-
KJIIOYAIOTCS K OCTAJILHOW YacTH JIEKTPUYECKOH LieTH.

Puc. 6. Cxema coeiMHEeHHS pe3UCTUBHBIX JIEMEHTOB TPEYTOJILHUKOM (2) ¥ 3Be3710i (0)

JI7is1 yrpoITieHu st aHAJTN3a U pacdeTa HEKOTOPHIX JIEKTPUIECKHUX IIETIel, COlepKaIliX CoeTuHe-
HUSI PE3UCTUBHBIX JIEMEHTOB TPEYTOJIBHUKOM, IeJIECO00pa3HO 3aMEHUTh UX SKBUBAJIEHTHBIMU PE3U-
CTUBHBIMU 3JIEMEHTaMH, COeJIMHEHHBIMU 3Be37101 (puc. 60). [IprMepom MogoOHBIX MeKTPHUECKUX
Lienel sIBJSIOTCS: MOCTOBbIe 1ienu (puc. 7a). Kak BUAHO, B MOCTOBOM 11€TA PE3UCTUBHBIE JIEMEHTHI
00pa3yIoT JIBa CMEXHBIX TpeyrojibHUKa (rab, rbe, rca u rbe, rbd, rdc) u HeT HM OfTHOTO 3/IEMeHTa,
KOTOpBIY ObUT OBl COEAMHEH C IPYTMMU MTOCIIEI0BATEILHO WM MAPAJIETbHO. DTO OCJIOKHSET pacuer
Y aHaJIM3 JIeKTpudecKon 1ienu. Eciiv 3aMeHuTh, HanpuMep, pe3uCTUBHBIE JIEeMeHTHI rab, rbe u rca,
COE/IMHEHHBIE TPEYTOJIbHUKOM, SKBUBAJIEHTHBIMU JIEMEHTAMU 7, rb 1 rc, COeIMHEHHBIMU 3BE3/I01
(puc. 76), OTy4nM TIeTTb CO CMEIIaHHBIM COSMHEHNEM PEe3VCTHBHBIX JIEMEHTOB.

Puc. 7. Cxema MOCTOBO#1 1ienu (a) ¥ COOTBETCTBYIOIIAsI €/ CXema IOCJie 3aMeHbl OJIHOTO U3
TPEYTrOJIbHUKOB 3Be3710i (0)

3ameHa TpeyrojbHUKA PE3VCTUBHBIX JIEMEHTOB SKBUBAJIEHTHOW 3BE3/I0M JOJIKHA MPOU3BO-
JOWMTHCS TAKUM 00pa30oM, YTOOBI TIOC/IE YKa3aHHOM 3aMeHbl TOKH B OCTAJILHOM YaCTH 1T, a TaKkKe
HaNpsDKEHUST MKy TOUKaMu ab, bc v ca ocTanvch 6e3 N3MEeHEeHH .

C nomorpio 3ak0HOB Kupxroga MoKHO MOSyduTh Clieaytomuye (popMyJibl AJisl ONpeAeIeHUs
COIPOTUBJICHUI SKBUBAJIEHTHON 3BE3/IbI:

|
+[
14
14

MuHorma okaseiBaeTcs 11eJIeCOOOPa3HbIM 3aMEHWTh PE3VCTHBHBIE JIEMEHTHI, COeIMHEHHbIC
3BE3/101, S9KBUBAJIEHTHBIM TPEyroJbHUKOM. COOTBETCTBYIOLIME (POPMYJIBI MOKHO MOIYUYUTh ITyTEM
COBMECTHOTI'O pelieHusi BoipakeHuu (1).
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7. MIOHATUE Ob UICTOYHUKE TOKA

ITpu pacuete u aHaIM3€e AMEKTPUUECKUX LIETIEH UCTIONB3YIOT UCTOYHUKH JIEKTPUUYECKON SHEp-
rum ¢ napamerpamu E u r0, T. e. ucrounuku JAC, 160 UCTOYHMKHU C YKa3aHHBIMU HANPSKEHUSIMU.
Wuoraa okaseiBaeTcs 1esiecoo0pa3sHbIM 3aMeHUTh UCTOYHUK DJIC SKBUBaJIEHTHHIM €My HICTOYHUKOM
TOKA, TapaMeTpaMy KOTOPOro SIBJISIIOTCS] HEM3MEHHBIE 110 3HAYEHUIO0 TOK KOPOTKOT'O 3aMbIKaHus Ik 1
conporuiienue r0). PaccMOTpyM MCTOYHMK TOKa Ha MPUMEpe JEKTPUUECKOM 1enu (cM. puc. 8), B
koTopoil nctoyHuK DJIC 3aMeHUM SKBUBAJIEHTHBIM UCTOYHUKOM TOKA.

Puc. 8. Dnexrpuyeckas nenb

HcTounuk TOKa ciieyer cuuTarh SKBHBAJEHTHBIM B TOM Cllydae, €CIM Mocjie 3aMEHbl UM
ucrounuka DJIC 3Hayenus toka I, HanpsikeHus: U M OTHaBaeMor MCTOYHUKOM MorHoctd Ul mipu
Pa3IMYHBIX 3HAYCHUSIX CONPOTUBJICHUs 7 BHEIIHEH IIeNM OCTalTcs 0e3 M3MEHEeHUs. DTO YCIOBHe
Oy/IeT BBITIOJIHEHO, €CJTM MCTOYHUK TOKa Oy/lleT MMeTh TaKyIo e BHEIIHIO XapaKTePUCTUKY, KaKYI0
nmeeT ucrounnk DJIC.

Bocronb3yeMcsi yKazaHHBIM COOOpakeHHeM JUIsi OOOCHOBAaHMS CTPYKTYPBI JIEKTPUIECKON
LIeNY UCTOYHMKA TOKa. Pa3fenuB JieByl0 M MpaByl0 YacTH YpaBHEHUs BHEIIHEW XapaKTePUCTUKU
rcrouHuka JIC Ha conporuyienue 1), MOTy4um

—== i1

rae

— TOK KOPOTKOI'O 3aMbIKaHNA UCTOYHUKA SHC, HBIIHIOH.IHfICH BMECTE C TEM OJHUM U3 Iapa-
METPOB UCTOYHUKA TOKA;

k=

— HEKOTOPBIN TOK, ONpeAesieMblid Kak yacTHoe oT jaeneHust U Ha r0.
Pemmus (1) otHOCHUTEIBHO

[ oo
— MO — — — &
i [

nm Ik =10+ 1. (2)

Tak kak Toku /0 u [ onipeesnsioTcs MyTeM JeJIEHUs] OJHOIO M TOro ke HanpsikeHus: U Ha cooT-
BETCTBYIOIME CONPOTHUBJICHUS, TO B MEKTPUYECKON LIEMU C UCTOYHUKOM TOKA JIOJKHBI OBITh JIBE
BETBU C COEJUHEHHBIMU N1APAJUIENIbHO Pe3UCTUBHBIMU ieMeHTaMu 10 1 r. CoryacHo (2) napauiesibHO
yKa3aHHBIM BETBSIM JIOJI)KHA OBITh BKJIIOYEHA TPEThsI BETBb, COAEPKAINAsi SEMEHT C TOKoM /K.

e -lb---
i
Il
i
i
| ==
i}

6}

Puc. 9. Cxema snekrpuyeckon nienu
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Cxema 3JIEKTpPUYECKON 1IeNH, SKBUBAJICHTHAsI MPUBEIEHHONW HA PUCYHKE 8, HO cojepiKaiias
WCTOYHUK TOKA, JIaHa Ha PUCYHKe 9a. DjieMeHT ¢ TOKOM I B COBOKYMHOCTHU ¢ pe3uctopom r() u npej-
CTaBJIsieT COOOM UCTOUHUK TOKA:

[Tonyuwnu ypaBHeHME BHEIIHEW XapaKTepPUCTUKHI

I(U) uctounuka ToKa. YpaBHeHue (3) 1 BHEIIHIS XapaKTEPUCTUKA, TIOCTPOSHHASI C TIOMOIIIbIO
9TOro ypaBHeHnus (puc. 90), JaayT npu JIIOOOM pexume padOTHI e TaKue ke 3HaueHHs Toka [ u
HanpsikeHus U, Kak U B ciyyae ucrounuka /IC.
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[O. B. IllepbakoBa. «nekTpoHuKa u nekTporexHuka. [lmapramkar»

8. METO/ 3AKOHOB KUPXIT'O®PA.
METO/J KOHTYPHbBIX TOKOB

ITokaxem Ha cxeme MOoJIOKUTEIbHbIE HAITPABJIEHUS] U3BECTHBIX U HEU3BECTHBIX BeJMUMH. CHa-
yaja crie/lyeT COCTaBUTh OoJlee MPOCThle ypaBHEHH 1o nepsoMy 3akoHy Kupxroda, makcumarns-
HOE YHCJI0 KOTOPBIX JOJKHO OBITh Ha €JMHUILY MEHbIIIE Yucia y3/10BbIX Touek. HepocTatomue ypas-
HEHUs CJIeyeT COCTaBUTh 0 BTOpoMy 3akoHy Kupxroda.

B kauecTBe mpumepa cOCTaBUM CXEMY YPAaBHEHUII [U1sl ONpeleSIeHUs] TOKOB B JIEKTPUYECKOM
ey, cxemMa KOTopoi n3o0paxeHa Ha pucynke 10. Bynem cuntats, yro DAC 1 HanpspKeHHs ¢ UX
HAaIlpaBJIEHUAMM, a TaKKe CONPOTUBJIEHUS U3BECTHBI. [I0CKOIBKY JaHHAs LIeTlb UMEET MSATh BETBEM C
HEU3BECTHBIMH TOKaMH, HEOOXOMMO COCTABUTh IISITh ypaBHEHNH. BHIOpaB 1MooXkuTeIbHbIE HAITPAB-
nenusi TokoB 11, 12, I3, 14 u I5 1y1s1 y310B a U 0, a Tak:Ke 711 KOHTYPOB azoa, abza u 6620 py 00xo1e
MOCJIEJHUX 10 YaCOBOM CTPEJIKE, MOTy4rM:

Puc. 10. K pacuery pa3BeTBIIEHHBIX JIEKTPUUYECKUX LIETIEN ¢ TOMOMIBIO 3aKoHOB Kupxrodga

Puc. 11. K nosicHeHn10 MeToAa KOHTYPHBIX TOKOB

Mertoa KOHTYpHBIX TOKOB €T BO3MOXXHOCTb YIPOCTUThH pacyeT JIEKTPUUECKUX Lieneu Mo
CPaBHEHUIO C METO/IOM 3akOHOB Kupxroda 3a cuer yMeHbIIEHUs Yucia YpaBHEHUI, KOTOPBIE ITPU-
XOJUTCS PelaTh COBMECTHO.

JlioGasi pa3BeTBICHHAs MEKTPUUECKAs LIETb COCTOMT M3 HECKOJIBKMX CMEKHBIX KOHTYPOB.
Hanpumep, B anexktpuueckoit uenu (puc. 10) Takux KOHTYpOB Tpu: adeea, 6066 u aedva. Kaxapiii
KOHTYp MMEET HECMEXHble BETBH, MPUHAJIEKAILME JIMIIb JAHHOMY KOHTYPY, U CMEXHBbIE BETBHU,
MIPUHA/IJIeKALIME TAKKe COCETHUM KOHTYpaM. Tak, KOHTYp ab62a UMeeT HECMEKHYIO BETBb 62d U JIBE
CMEKHbIE BETBU a0 U 08.

HomyctuM, 4TO B Kax)JI0M KOHType (puc. 11) mmeercss HEKOTOPbI KOHTYPHbI TOK, OJUHA-
KOBBIW JIIs1 BCeX 7IeMeHTOB KOoHTypa. Ha pucynke 11 xonTypHble TokM o6o3Hauenst /1, /11 u /111
[NonoxwuTenbHbIEe HAPABJIEHUsI KOHTYPHBIX TOKOB MOT'YT OBITh BHIOpaHbI MPOU3BOJIbHO. Hanmoxum Ha
KOHTYPHBIE TOKH CJIeyIOIlIee YCJIOBHEe: KOHTYPHBIE TOKHU JOJIKHBI ObITh PABHBI 10 A0COITIOTHOMY 3Ha-
YEHHUIO TOKAM HECMEKHBIX BETBE COOTBETCTBYIOIIMX KOHTYPOB.

Ecnu BEIOpaTh MONIOXUTEIBHOE HANTPABJIEHHE TOKA HECMEKHOW BETBU COBIAAIONINM C KOHTYP-
HBIM TOKOM, TO TOK BETBH JJOJIKEH ObITh PaBEH KOHTYPHOMY TOKY; €CJIU K€ HAIPaBUTh TOK HECMEXK-
HOH BETBH MPOTUB KOHTYPHOT'O TOKA, TO OH JOJIKEH ObITh PaBEH KOHTYPHOMY TOKY CO 3HAKOM «—».

Tak, TOKM B HECM@XHBIX BeTBSAX 11enu OynyT paBHbl:l; = Iy; I = —Iy; I = — Iny;

Lh=hL+BL=h-Iy; 4=+ 5= Im+ I

BuiHO, 4TO CO 3HAKOM «+» JOJIKEH OBITh B3SIT TOT KOHTYPHbIN TOK, HAaIlPaBJIE€HUE KOTOPOTO
COBIAJAET C HAIPaBJIEHUEM TOKA CMEKHOW BETBU; KOHTYPHbIA TOK, HAIIPABJIEHHBIA B IIPOTUBOIIO-
JIO’KHYIO CTOPOHY, JIOJKEH OBITh B3SIT CO 3HAKOM «—».

VYpaBHenue no BTopomy 3axkoHy Kupxrodpa npu BKIIIOUEHUM B HETO KOHTYPHBIX TOKOB B
o0I1em ciyvae umeeT BU/I:

Hns paccmarpuBaemoit mienu (puc. 11) ypaBHeHus OyayT:
16
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9. METO/I Y3JIOBOI'O HAIIPAKEHUA

MeTton y3J10BOro HampsiKeHHsi JaeT BO3MOXHOCTb IPOCTO MPOU3BECTH AHAINA3 U pacyeT
JIEKTPUUECKON LIETTH, COZIEpKallell HECKOIBKO MapauIesIbHO COEIMHEHHbBIX aKTHBHBIX U MTACCUBHBIX
BETBEW, HaIpUMep 1IeTH, CXeMa KOTOpOo M300pakeHa Ha prcyHKe 12.

Puc. 12. Cxema aneKTpruieckoi memnu

[IpeneOperasi cONMpPOTUBIIECHHEM IPOBOMOB, COCTUHSIONIMX BETBU IemH, cxemy (puc. 12a)
MOYHO 3aMEHHUTh OoJtee YIOOHOM 11 paccMoTpenus (puc. 120).

B 3aBucumMocTy ot 3HaueHuii 1 Hanpaienuid DIC u HanpsKeHUH, a TakKe 3HAUYEHUH COMpo-
TUBJIEHUI BETBEH MEX/1y Y3/I0BbIMU TOUKAMU @ U b YCTAaHOBUTCS OIPENIEIEHHOE Y3JI0BOE Harpsike-
Hue Uab. Tpeanonoxum, 4To OHO HAMPABJICHO TaK, KaK MOKa3aHO Ha PUCYHKe 12, u n3BecTHO. 3Has
HanpspkeHane Uab, Nerko HAWTU BCE TOKU.

Bribepem mnonoxuTenbHbIe HAMTPABJIEHWS] TOKOB, HATIPUMEpP TaK, KakK MOKa3aHO HAa PHCYHKE.
Torpa mo BTopomy 3akony Kupxrocpa 1 KoHTypa, IpOXOASAIIEro Mo nepBoi BETBH,

'3

M=+l

OTKYyJa:

[ocTynas aHaJIOTMYHBIM CITOCOOOM, HETPYIHO MOIYYUTh (DOPMYJIBI TSl TOKOB 12, 13 w1 14:

L= [+ U g L = (=g, L= =1 g,

[To 3akony Oma 117151 IATOM BETBU:
i —%— U.o

Jl1st BBIBOAA hOpMYJIBI, TO3BOJISIOIIEH ONpeenuTh HanpsukeHne Uab. [IpeoOpasyem dopmyty
1o nepBoMy akoHy Kupxroda:

(I)OPMYIIa Y3JIOBOT'O HAIIPSAKECHUA B O6H_ICM CJIy4yae€ UMECT BU:

g4 Bl

Yt -

Xy

Ilepen onpeneneHreM HanpshkeHUs MO MOCEAHeN popMmylie cieyeT 3a1aThCsl €ro MOoJNIOXKHU-
TeJIbHBIM HaripaieHreM. Co 3HaKOM «+» HO/KHBI BxoauTh DJIC, HanpaBieHHbIE MKy TOUKAMU d
1 b BcTpeuHo HanpspkeHuo Uab, v HanpsikeHWs BETBEH, HAIlpaBJIeHHbIE cornacHo ¢ Uab. 3Haku B
nociieqHelt popmyJie He 3aBUCAT OT HAlpaBJIeHUs! TOKOB U BETBEH.

IIpu aHanu3e u pacuere MEKTPUUYECKUX LIETell METOJOM Y3JI0BOTO HalpsKEHUs Leecoo0-
Pa3HO BBIOMpATh MOJOKUTEIbHBIE HAIIPABJIEHNS TOKOB TIOCJIE ONpeeseH!s y3JI0BOr0 HalpsKEeHHUS.
B 3TOM Ccityyae nosoxuTebHble HarpaBJieH!s! TOKOB HETPYAHO BHIOpPATh TaKUM 00pa3oM, YTOObI BCe
OHM COBIAJAN C X JEWCTBUTEIbHBIMU HAIPABJICHUSMHU.
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10. METO /I HAJIOZKEHU A

MeTo HaJIO’KeHHsI OCHOBAH HA TOM, YTO B JIMHEHHBIX MEKTPUUECKUX LIEMAX TOK J0OOM
BETBU MOXET OBITh ONpeIeNieH Kak aaredpanveckasi CyMMa TOKOB OT KaKJIOro MICTOYHMKA B OT/IEITb-
HOCTH.

Pacuer anekTprueckux 1enei METoA0M HaJIOoKeHHUs IPOU3BOIAT B TAKOM nopsake. V3 anek-
TPUYECKOU LIENH YIAII0T Bce UCTOUHMKHU DIIC 1 HanpsikeHus, Kpome onHoro. CoxpaHuB B 3JIEKTPU-
YECKOM LIeNY BCE PE3UCTHBHBIE JIEMEHTHI, B TOM YMCJIE M BHYTPEHHHE CONPOTUBJIEHUS UICTOYHUKOB,
MIPOU3BOIAT pacyeT NEKTPUUECKO 1ienH. BHyTpeHHME COPOTUBIIEHNSI UICTOUHUKOB C YKa3aHHBIMU
HAaIpsKEHUSAMM T0J1araloT paBHbIMU HYJTIO.

[Mono6HBIM 06pa30M MOCTYMHAIOT CTOBKO pa3, CKOJIBKO UMEETCs B IIENH UCTOYHUKOB.

Pe3ynbTupyionmii TOK KakJ0i BETBH ONPEeNsioT Kak aJlreOpandecKyio CyMMY TOKOB OT BCEX
HCTOYHHUKOB.

J1s1 Toro 4roObl pe3y/lbTUPYIOIIME TOKM COBMAAAIM C JAEHCTBUTEIbHBIMUA HAIpPaBJICHUsIMHU,
11eJ1eCO00Pa3HO BHIOMPATh MOJIOKUTENIbHBIE HAITPABJIEHUS PE3YJIbTUPYIOLIUX TOKOB IOCJIE OIpe/ieie-
HUS TOKOB OT BCEX UCTOYHUKOB.

MeToa Ha10:KeHHUsI BecbMa YJ0OeH [Isl aHAJIM3a SIBJICHUH, TIPOMCXOIAIINX B NEKTPUIECKUX
LETSAX PU U3MEHEHUH UX [TapaMeTpOB.

Harpumep, ucnosnb3ys METo/ HAJIOXKEHUs1, HETPYIHO ONPEeUTh XapaKTep U3MEHEHHsI TOKOB
BeTBel B 1enu (cM. puc. 13) mpu ysemmuenuu SJIC E1 no E17 .

e 17_ 1_'?"%1 Ej
JE RTINS i !

al 6]

Puc. 13. Cxema 371eKTprYECKOi LIeTn

JleicTBUTENbHO, MPEIIOoNOKUM, YTO IIPU HEKOTOPHIX Mapamerpax Lenu 1o yBenuveHus El
YCTAaHOBUJIUCh TOKH, IEMCTBUTEIIbHBIE HATIPABJIEHUsI KOTOPBIX COBIA/IAIOT C YKa3aHHBIMU Ha PUCYHKE
13. JIna pemeHus 3agaun 3aMeHUM MbIcieHHO yBeandeHue D/IC E1 BBeeHHEM B NIEPBYIO BETBb
pononHUTeNbHOro Mcrounuka ¢ rOnon = 0 u Exon = E1” — E1. Tlocne 3T0oro ynaium u3 Helu Bce
WCTOYHMKU, KpoMme uctouHrKa ¢ DIIC Enor, u onpeaennM IeMCTBUTENbHBIE HAITPABJICHU S JOIOJIHU-
TEJIbHBIX TOKOB OT TOI'0 UCTOYHUKA, KOTOPbIE OYEBU/IHBI.

ITockonpKy JOMOMHUTENBHBIN TOK MepBOil BeTBU /110m OyneT coBmnaaaTh MO HANpPaBIEHUIO C
TOKOM /1, U1 orpeeneHns pe3yJIbTUPYIOLIEro TOKa MepBOil BETBU ClieyeT BOCIOb30BaThCs (hop-
mysoit 11”7 = I1 + I1gon. Ha ocHOBaHMM JaHHOW (hOPMYJIBI MOKHO CHEJIATh BBIBOI O TOM, YTO MPH
yBennyenuu E1 tok /1 Oynet Bo3pacrarb.

K Takomy e BBIBOLy MOXKHO IPUIATH U B OTHOLIIEHHH TOKOB JIPYTHX BETBEH, KpOMe TpeTbeil.

Tak Kak JOIOJHUTENBHBIN TOK TPETHENM BETBU /31011 HAIIPaBJIeH NPOTUB TOKa /3, TO 11 onpe-
JieNieHHsl Pe3yJIbTUPYIOIIEro ToKa HyXKHO McHoib3oBath dopmyny 13” = I3 + [3non. B orHOleHNN
PE3YJIBTUPYIOLIETO TOKA TPEThEN BETBU MOKHO CHEJIaTh TaKOW BbIBOA: py yBesmdeHu DIIC E1 Tok
I3 Gyner cHavas1a yMeHbLIaThCs, TPU HEKOTOPOM 3HaueHUH E1 oKakeTcs paBHbIM HYIIO, a TIPH AaJTb-
HeimeM yBenmmuennn E1 namenut Hanpasnenue (13 < 0) 1 mo abcoMmoTHOMY 3HaYEHHIO Oy/eT BO3-
pacrars.
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11. METO/I 9KBUBAJIEHTHOI'O 'EHEPATOPA

Mertop 5KBUBAJIEHTHOTO IT'eHepaTropa JaeT BO3MOXHOCTb YITPOCTUTh aHATIM3 U pacyeT IeKTPU-
YEeCKUX IIerell B TOM clly4ae, Korjaa TpeOyeTcs OlpeJesnTh TOK, HApsKeHUe WM MOIIHOCTb JIMIIIb
OIHOU BETBHU.

e EEy
! [ -
al w1 a0 -],
! [

I S—
= 1

I
L

|
J

Puc. 14. Cxema 371eKTpUYECKOil 11eTIM SKBUBAJIEHTHOT'O TeHepaTopa

[peamnonoxum, uyTo TpedyeTcsi HAUTH TOK [ BETBU amb HEKOTOPOM IEKTPUIECKOH Lienu (puc.
14a), ocranbHble 3J€MEHTHl KOTOPOI COCPEIOTOYEHBI B Ipejesia NpsSMOYIOJIbHUKA, MPEeICTaBIA0-
I1Iero coOOM aKTUBHBIN JBYXIIOMIOCHUK A.

CoracHO MeTo/ly HaJIOXKEHUs TOK / He U3MEHUTCS, €CJIM B JAHHYIO BETBb BBECTH JBa MCTOY-
Huka, DJIC kotopbix E£1 1 ED paBHBI 1 HAallpaBJIeHbI B pa3Hble CTOPOHBI (puc. 140).

Tok I MOXHO OIpeNesuTh KaKk pa3HOCTb ABYX TOKOB: [ =19 + I1,

rae /1 — Tok, BbI3BaHHBIN BceMU McToOuHUKamMu AByxnomocHuka A u DJIC E1 (puc. 14B);

I3 — 1ok, BbI3BaHHBIN ToNBKO DAC ED (puc. 14r).

Ecmu Bei6pars D/IC E1 takum oOpazom, utoOsl onyunTh /1 = 0, To Tok I 6yneT paBeH:

[

rae r03 — SKBUBAJICHTHOE COMPOTUBJIEHUE JBYXITOMIOCHUKA A OTHOCUTEJILHO BHIBOAOB d U b.

Tak kak nipu /1 = O (puc. 14B) aKTUBHBIN JBYXTOMIOCHUK A OyaeT padoTaTh OTHOCHTEIHHO
BETBU amb B peKUMe XOJIOCTOTO X0, TO MEXAY BHIBOAAMU d U b YCTAHOBUTCS HAIPsIKEHUE XOJI0-
croro xofga U = Ux u nio Bropomy 3akoHy Kupxroga nonyuum E1 = I1r + Ux. Ho no ycinosuio ED
= E1, noatromy u ED = Ux. YuutbiBasi 310, popmyiny isi onpeaeseHus: Toka / MOKHO 3arucarh B
Takou popme:

B cootBercTBUM ¢ moceaHel hopMysoi aneKkTpudeckas 1erns (puc. 14a) MoxeT ObITh 3aMe-
HEeHa SKBUBAJIEHTHON 1ienbio (puc. 1411), B kotopoit ED = Ux u r03 criieayet paccMarpuBath Kak DJIC
Y BHYTpEHHEEe COIPOTHUBJIEHUE HEKOTOPOT'O SKBUBAJIEHTHOIO TeHepaTopa.

B pesynbrare BO3MOXXHOCTH TaKOM 3aMEHbl M BOHUKJIO Ha3BaHHUE U3JI0KEHHOI'O METO/IaA.

3Hayenns E = Ux n 03 MOXHO OIPEJesUTh KaK PACYETHBIM, TAK U IKCHEPUMEHTAIBHBIM
nyteM. [{nst pacuetHoro onpenenenuss Ux u r03 HEoOX0AMMO 3HATH MTAPAMETPHI JIEMEHTOB aKTHB-
HOT'O IBYXIIOJIIOCHUKA A M cxeMy uX coenuHeHus. [Ipu onpenenennu conporusienus 103 HeoOxo-
OUMO YJQIUTh U3 CXEMBI JIBYXIIOTIOCHUKA BCE UICTOYHMKH, COXPaHUB BCE PE3UCTUBHBIE SJIEMEHTHI, B
TOM YHCJI€ U BHYTPEHHHME CONTPOTUBIIEHUs UCTOUHUKOB D/IC. BHyTpeHHME CONPOTUBIEHUS UCTOY-
HUKOB C YKa3aHHBIMHU HaNPSKEHUSIMU CJIEIyeT IPUHSATh PAaBHBIMU HYJTIO.
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12. IOJIYYEHUE CHHYCOUJIAJIBHON
3]IC. OCHOBHBIE COOTHOIIIEHU I

DNEeKTPUUYECKUE LIENH, B KOTOPBIX 3HaUeHU: U HanpasieHusa DJIC, HanpskeHUs U TOKa NepU-
O/INYECKU M3MEHSIOTCS BO BPEMEHH I0 CUHYCOUAATIbHOMY 3aKOHY, HA3bIBAIOTCS LIEMSAMH CUHYCOM-
AaJbHOro ToKa. MIHOra ux Ha3bIBalOT MPOCTO LEMSMU EPEMEHHOTO TOKA.

DNEKTPUUYECKUE LIENH, B KOTOPBIX 3HaUeHU: U HanpasieHusa DJIC, HanpskeHUs U TOKa NepU-
OINYECKM M3MEHSIOTCS BO BPEMEHH IO 3aKOHaM, OTIMYHBIM OT CHHYCOWAJIBHOIO, HA3bIBAIOTCS
LENsAMUA HECUHYCOMJAJIBHOTO TOKA.

I'enepaTophl 2IEKTPUYECKUX CTAHLMI IEPEMEHHOIO TOKA YCTPOEHBI TaK, YTO BO3HUKAIOLIAS B
ux oomotkax /IC usmensercs no cuHyconaabHoMy 3akoHy. CunycoupauabHasa DJIC B nuHeil-
HBIX LIEMX, [Ie COOepKaTcs Pe3UCTUBHbIC, MHIYKTUBHBIE U EMKOCTHBIE JIEMEHTHI, BO30YKa€T TOK,
M3MEHSIOIUICA TI0 3aKOHY CUHYCA.

Bosnukaromye rmpu 3toM 3/IC caMOMHAYKLIMY B KaTyIIKax ¥ HAIPsKEHWS Ha KOHJEHcaTopax,
KaK 3TO BBITEKAET U3 BbIPAXKEHUI:

g=di—i]

di at

TaKke U3MEHSIIOTCA MO CUHYCOMJAJIbHOMY 3aKOHY, TaK KaK MPOM3BOAHAS CUHYCOWAATBHOU
dbyHkMM ectb PyHKIMSA cuHycounanbHas. HampsikeHre Ha pe3UCTUBHOM 3JeMeHTe OyJeT Tak-ike
M3MEHSTHCS 10 CUHYCOMIATbHOMY 3aKOHY: U = ir.

[enecooOpa3HOCTh TEXHUUECKOTO UCTIOIb30BAHUSI CHHYCOMJAIBHOTO TOKa 0OYCIIOBJIEHA TeM,
yto KIIJ] renepatopoB, qBuraresneii, TpaHcOpMaTOpoB M JTMHUIN IEKTPOIepeiayu Py CUHYCOU-
nanbHOM popme DIIC, HanpsKEHHWT U TOKA MOTyYaeTcsl HAMBBICIIMM 10 CPABHEHUIO C HECHHYCOM-
JayibHBIM TOKOM. Kpome Toro, mpu uHbIX (popMax n3MeHeHus1 Toka u3(3a C caMOMHAYKIIMYA MOTYT
BO3HUKATh 3HAUMTEJIbHBIE TTEPEHANPSIKEHNS Ha OTAENbHBIX YYaCcTKaX IeTlu.

BaxHny1o poss urpaer u Tot ¢akTt, 4to pacyer uenei, rae DC, HanpsiKeHre U TOK U3MEHSIOTCS
CHHYCOUIAIbHO, 3HAYUTENIHLHO MPOIIIE, YeM pacueT IeTiei, rie yKa3aHHbIe BeTMUYMHbI U3MEHSIIOTCS TI0
HECUHYCOU/IAJTbHOMY 3aKOHY.

PaccMoTpum mexaHn3M BOZHMKHOBEHUSI U OCHOBHBIE COOTHOIIIEHU S, XapaKTEPHBIE [1J11 CHHY-
coupaiabnoin JJIC.

Jnst 3TOoro ynoOHO MCHONMB30BaTh MPOCTEUIITYI0 MOJIENb — PAMKY, BPAIAIOIIYIOCS C TIOCTOSH-
HOM YIJIOBOM CKOPOCTHIO B PABHOMEPHOM MAarHUTHOM Tosie. [IpoBOIHUKY paMKH, TiepemMeniasch B
MarHUTHOM II0JIe, TIEPECeKal0T ero, 1 B HUX Ha OCHOBAHMM 3aKOHA IEKTPOMArHUTHOW WHIYKIIUU
HaBogutcs D/IC. 3nauenne DIC nponopLrOHAILHO MAarHUTHOM UHIYKIMU B, 1JIMHE NPOBOJHUKA [
Y CKOPOCTH MepeMelieHusl TPOBOAHMUKA OTHOCUTENBHO TOJS Ut : e = Blut.

BbIpasuB ckopoCTh VUt Uyepe3 OKpPYKAIOILyl0 CKOPOCTh U U YIoJl o, MoayduuM: e = Blv sin o =
Em sin a.

Yron o paBeH MpoU3BEIEHUIO YIJIOBOM CKOPOCTH PaMKH () Ha BpeMs £: 0. = wt.

Takum obpazom, D/IC, Bo3HMKaIas B paMKe, OyJeT paBHa: e = Em sin oo = Em sin of.

3a OIMH NOBOPOT PaMKH IMPOUCXOIUT MOJHBIN UK n3MeHeHust D]IC.

Ecmu nipu ¢ = 0 D]JIC e He paBHa HyJ10, TO Beipaxkenue D/IC 3anuceiBaetcs B BUie:e = Em sin
(0 +y),

rae e — MmrHoBeHHoe 3HaueHne D/IC (3HaueHue DJIC B MOMEHT BPEMEHH 1);

Em — ammmutyaHoe 3Hadenue DIIC (3HaueHue DIC B MOMEHT BpeMEHH );

i =—i:
wf ==

PR

(ot + ) — Paza;
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1 — HauayIbHasA (paza.
®aza omnpenensier 3HaueHre DIC B MOMEHT BpeMeHH ¢, HadalibHast paza — npu ¢ = 0.
Bpemst ogHOTO 1IMKJIa Ha3bIBaeTCs MepUoioM 7, a YHCIIO TIEPUOIOB B CEKYH[Y — YaCTOTOM f:

f=—

=

Enununeit usmepenus yactotsl sipisiercs c—1, wim repu (I'n). Bennunza

2xf

-

B JIEKTPOTEXHUKE HA3bIBAETCS YIVIOBOM YaCTOTOM U U3MEpSIETCs B paj/c.
Yacrora Bparenus pamku 7 1 yactora DJIC f cBsi3aHbl MeX Ty cOOOW COOTHOLIIEHUEM:

w=2xf=—

30

OTKyZa

2=
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13. HEIIb, COAEPRAIIIAA KATYHIKY C AKTUBHBIM
COINNPOTUBJIEHUEM R 1 THAYKTUBHOCTDBIO L

PeabHast KaTylika JI00Or0 3JEKTPOTEXHUYECKOTO YCTPOMCTBA OO/NAaaeT OIpeieeHHbIM
AKTUBHBIM COMNPOTUBJIEHMEM 7 M MHAYKTMBHOCTBIO L. YUacTOK LielM ¢ MHAYyKTUBHOCTBIO L Oynem
paccMaTpuBaTh Kak y4acTOK, 0O/Ia/IaloMIvil MHAYKTUBHBIM COIPOTUBJIEHHEM X;. YpaBHEHME Harps-
’KEHHMH, COCTaBJIEHHOE 110 BTOpoMmy 3akoHy Kupxroda niua uenu ¢ r u L, uveer un:U = U, + U,

Puc. 15. Lens, conepxarias KaTylniky ¢ akTUBHBIM COITPOTUBJIEHUEM R U MHAYKTUBHOCTBIO

Ha BexTopHoii iuarpamme (puc. 156) Bektop U, coBnagaer ¢ BEKTOpOM TOKa, a Bektop Uj ome-
peskaer BEKTop Toka Ha 90°.

N3 nuarpammebl cienyer, 4To BEKTOP HANpPsIKEHUsI CETH paBEH reOMETPUUECKO CyMMe BEKTO-
pos Um Uy. U= Uy + Uy, a ero 3uauenue

TN T

BeipasuB HanpsikeHKUsA 4epe3 TOK M CONPOTUBIIEHUS, IOy YUM

2

U=y (i, Y =1+ 40,

[NocnenHee BbIpakeHHe MpeICTaBisieT coOoi 3akoH Oma 1ieru (puc. 151):
U U

I2 7
NI

=

re Z — NOJIHOE CONPOTUBJIEHUE LIETIH.

N3 BeKTOpHON MarpaMmsbl CJeyeT, YTO HallpsiKEHUE LIENU onepexaeT no ase TOK Ha yroi p
Y €ro MTHOBEHHOE 3HaueHue paBHO: v = U, sin (wf + ).

I'pachvikvi MrHOBEHHBIX 3HAUCHUI HAMPSKEHUS M TOKA IIeN N300pakeHbl Ha pUCYHKe 15B.

Vroin casura no ¢ase ¢ Mexy HalpsKEHUEM U BBI3BAHHBIM UM TOKOM OIPEJENIsIoT U3 COOT-
HOIIICHMS:

I'paduk p,(f) moKa3pIBaeT, YTO AKTUBHASI MOLTHOCTh HETIPEPHIBHO MOCTYMAET U3 CETH U BblJE-
JIieTcsl B aKTUBHOM COIPOTUBIIEHUM B BUJE TeIUIoThl. OHa paBHa:

15 .
P 7?4 U1, sin” wbdt = U1 = U cos p

MrHoBeHHasi MOLTHOCTb, OOYCJIOBJIEHHAs1 SHEPrueid MarHUTHOTO TOJIsi MHAYKTUBHOCTH, LIUP-
KyJIUpyeT Me:KJy CeThlo U KaTylmkoi. Ee cpeiHee 3HaueHue 3a eproj, paBHO HYJIIO:

1
P :Ff Ui sin ol X sin

w4 “,—"J[u =0,
2
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14. IIENIb, COJTEPKAIIIASI PE3UCTUBHBIN
1 EMKOCTHOW SJIEMEHTBI

Vyactok nenu ¢ eMkocTbio C OylieM NMpeAcTaBIsATh KaK y4acTOK, OOJaJalonuidi eMKOCTHBIM
CONPOTHUBJIEHUEM XC.
B s10M Ccityyae ypaBHeHue HanpsikeHun nenu (puc. 16a) umeer sun: U = U, + U,

Ha (puc. 166) n3o0paxeHa BekTopHas quarpamma menu r u C.

N A i

U T
AN ﬂA
r o

Puc. 16. Dnexrpuueckas 1emnp, coaepkaiias pe3UCTUBHBIN r 1 eMKOCTHBbIN C 371eMEHTHI (a),
ee BeKTopHas auarpamma (0), rpadiKi MrHOBEHHBIX 3HAU€HW (B), TPEYTOJIbHUKU MOIIHOCTEH U
COIPOTUBJIEHUH (T U 1)

Bekrop Hanpsikenus U, cOBIAfaeT ¢ BEKTOPOM TOKa, BEKTOp U OTCTaeT OT BEKTOpa TOKa Ha

yrois 90°. I3 auarpaMmsl ciie1yeT, YTo MOLYJIb HallPSKEHU 1, IPUJIOKEHHOIO K LETIH, PAaBEH:
U=JU +U,

Boipazu Ur u Uc yepe3 TOK U CONTPOTUBIIEHUS, TIOTYYHM:

U= JUrY +(k

OTKyZa

U=t +x}.

[Nocnennee BbIpaskeHue MpeacTaBiseT codoit 3akoH Oma 1ienu + u C:

I7ie Z — MOJIHOE CONPOTUBIICHUE.

I'pacpuxn u(i), i(f) n300pakeHsl Ha pucyHKe 16B. Pa3nenuB CTOpOHBI TPEYroibHUKA HAMpsi-
xeHui (puc. 160) Ha TOK, MOMYYUM TPEYTOJbHUK CONPOTUBIIEHUH (puc. 16/1), N3 KOTOPOro MOKHO
OIpeJeUTh KOCUHYC YIUIa caBura (a3 Mexay TOKOM U HallpsKeHUeM:

!
oS =—=—
P f

MrHoBeHHast MOITHOCTH Lenu:p = ui = [;sinwtUy, X sin (ot +¢)
CpenHsist MOIIIHOCTD 32 MEPUO/L;:

1
P, —?J uid =
I
= [ 1 U sin et % sin{awt—p)dt = Uf cos ¢
7J o

TToxcTaBrB BMECTO COS ¢ €ro 3HaueHue, noiayunm P, = Ul cosg = Ul(r/z) = ’r=P
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Takum 00pazom, cpeiHee 3HaUeHHEe MOIIHOCTY 1ienu ¢ 1, C, Tak ke Kak U Uemnu C 7, L, npen-
CTaBJIACT 0060171 AKTHUBHYIO MOIIHOCTb, KOTOPAadA BBIACTIACTCA B AKTUBHOM COIIPOTHUBJICHUMA 1 B BUOC
TEIJIOTHI.

Ha (puc. 16B) u3oOpaxeH rpadpuk MrHOBEHHOUM MOIITHOCTH Tienu C 7, C.

DHepreTUUecKue Mporecchl 1er ¢ 7, C MOKHO paccMaTpuBaTh Kak COBOKYITHOCTb IPOIIECCOB,
Mpoucxogdamux OTACJIBHO B LCIHA C ¥ U C. U3 cetn HETIPEPLIBHO IOCTYIIACT aKTUBHAs MOIIHOCTb.
PeakTuBHasI MOIITHOCTB, 0OYCJIOBJIEHHAS SJICKTPUIESCKUM TOJIEM EMKOCTH, HETPEPBIBHO [TUPKYJIHPYET
MesK/1y UICTOYHUKOM M 1iernbio. Ee cpeiHee 3HaueHue 3a epuos] paBHO HYIIO.
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15. NIOCJ/IEAJOBATEJIbHOE COEINHEHUME R, L, C

VpaBHeHue HanpsokeHui s nenu (puc. 17a) umeer sua: U = U, + Ui+ U,

Puc. 17. DnexTpuyeckas uens, coaepkaiias rnocjaeaoBaresbHo BKoueHHsle 1, L u C (a), ee
BeKTOpHas auarpamma (0), TpeyroJbHUKU COMPOTUBJIEHUIA U MOIIHOCTEH (B ¥ T') LIETH NIPH X7, > X,
BEKTOpHAs Juarpamma (1), TpeyroJbHUKH CONPOTUBIIEHUI Y MOIIHOCTEN (€ M K) LIENH IIPU X¢ > XI.

BekTopHble muarpamMmel uist 1ienu (puc. 17a) nzoOpaxkeHsl Ha pucyHKax 176 u 178. Bekrtop
HalpsKEHWA Ha aKTUBHOM COINPOTHMBJIEHMU COBIIAJIAET C BEKTOPOM TOKA, BEKTOP HAIPSDKEHUS Ha
VHIYKTUBHOCTH Uj orepekaeT BEKTOp ToKa Ha 90°, BEKTOp HAIpsiKEHUsl Ha eMKOCTU U, OTCTaer ot

BeKTOpa ToKa Ha 90°. CneroBaTesibHO, MEX /Ty BEKTOPAMU HANIPSIKEHN A HA MHyKTUBHOCTH U EMKOCTH
obpasyetcst yron B 180°.

Eciu x;, > x¢, 10 u UL > U, ¥ BeKTOpHAs auarpamma Oy/IeT Takoi (cm. puc. 176), a TpeyrobHuK
COIPOTUBJIEHUI — Ha pUcyHKe 178, rae x = x; —xc. Ecm x> xp, 10 Uc > Ur ¥ BeKTOpHAs uarpaMma
OyzieT UMeTh BUJI, N300pakeHHbIN Ha pUCcyHKe 17e, Te x = x¢ — Xj.

3HaueHue HaNpsHKEHU S, MPUIOKEHHOTO K 1IETH:

U= Uy + -0,

BblpaSI/IB HaITpAKECHUEC YC€PE3 TOK U COIIPOTUBJICHUS, TTOJTYIUM

U= JUrf i, — i =17+ (5, —x

[NocieiHee BHIpakeHUE MPeaCcTaBIIsieT coooi 3akoH OMa 1 ImocyiejoBaTeIbHOM 1ienw 7, L, C:
U U

|l=—F—n—==
A

VI _Xc:‘? z

A€ 7 — IOJIHOE COITPOTUBJICHUEC LICTIN;
X — PEAKTUBHOEC COIIPOTHBJICHUEC LICTIN.

Ha ocHoBaHuM poOBEAEHHOrO aHAIM3a eI, COCTOSIIEH U3 TOCIEA0BATEIbHO COeTUHEHHBIX
r, L, C, MOXHO clieJiaTh CJIEAYIONTIE BHIBOIbI.

Ecnmu x;, > x¢, To HanpsikeHue ceTu onepexaer 1o ase Tok Ha yroi ¢: v = U, sin (of + ¢).
enb nmeer ak THBHO(MHAYKTUBHBINA XapakTep.

Ecnu x¢ > x;, TO HaripsikeHue ceTu OTCTaeT 1o (paze OT TOKa Ha yroi ¢: v = Uy, sin (0f + ).
Llenb nMeeT akTMBHO(EMKOCTHBII XapakTep.
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16. AKTUBHASL, PEAKTUBHAS 1
IMOJIHASI MOIITHOCTH LEITA

AKTHBHasA MOIHOCTDL menu — P = Ul = Izr, Br.
PeakTuBHAs1 MHAYKTUBHAS MOIIIHOCTb 11eJTM, OOYCIOBJICHHAS SHEPrrel MAarHUTHOTO Mo, — O,

= Uyl = I*x;, BAP.

PeakTuBHasi eMKOCTHAsI MOIIIHOCTD 1IeTH, OOYCJIOBJIEHHASI SHEPTrUer MEeKTPUIECKOro Mmojis, —
QC = Ucl= IZXC, BAP.

PeaxtuBHasg momHocts nenu Q = Qp — Oc = sz, BAP,— 310 Ta MOITHOCTB, KOTOPOH MTPUEMHHUK

oOMennBaercs ¢ cerbio. Honnas Mowmsocts nemm — S — UI = Iz, BA, cos ¢ = K03(PUIUEHT MOIII-
Hoctu 1enu. Torga P=Scos @ = Ul cos @; Q=Ssin ¢ = Ulsin ;
S=\P+ Q" =UL

3a eAUHUIly aKTUBHON MOIITHOCTY NPUHAT BatT (BT), peakTMBHOI MOIIHOCTH — BOJIbT-aMIIep
peaktuBHbI (BAP), nonHoil MoitHOCTH — BosbT-amnep(BA).

PeakTuBHBIE (MHIYKTUBHASl, €MKOCTHas)) MOIIHOCTH, OOYCJIOBJICHHbIE COOTBETCTBEHHO
SHeprueil MarHUTHOTO MOJIsi UHIYKTUBHOCTU U 3JIEKTPUUECKOTO MOJISI EMKOCTH, HE COBEPILIAIOT HUKA-
KOW T0JIe3HOM PadOThI, HO OHU OKa3bIBAIOT CYIIECTBEHHOE BIIMSHUE HA PEXUM PaOOTHI JIEKTpHUE-
ckoll nenu. Lupkyaupyst o npoBoaaM TpaHchOpMaTOpoOB, FEHEPATOPOB, IBUTATENEH, JIMHUIL ITepe-
Ja4, oHU HarpeBaloT ux. [ToaTomy pacuer nmpoBOIOB U JIPYTUX JIEMEHTOB YCTPOICTB MEPEMEHHOTO
TOKa IMPOU3BO/AT UCXO/SI U3 MOJTHOM MOIIHOCTH, KOTOPasi yYUTHIBAET aKTUBHYIO U PEAKTUBHYIO MOIII-
HOCTH.

Puc. 18. Cxema BKJI0UEHUsI MPUOOPOB AM U3MEPEHUH aKTUBHOM, pEaKTUBHOU U MOJHOW MOIII-
HOCTEH LIeTy, a TaKXke ee MapamMeTpoB

KoadduimenT MomiHoCTH MMeeT GOJbIIoe MPaKTHUECKOe 3HaUeHHe: OH MOKAa3bIBAeT, KaKasi
YacTh NOJHOW MOIIHOCTH SBJIAETCA aKTUBHOM MOIIHOCTHIO. IlosiHass MomHOCTD 1 KO3 PUIMEHT
MOIIHOCTH Hapsijly ¢ APYTMMM NapamMeTpaMy SIBJISIOTCS PAacCYETHBIMU BEJIMYMHAMU U B KOHEYHOM
cyeTe OIpesesIsIoT radapuTHBIE pa3Mepsl TPaHC(OPMATOPOB, TEHEPATOPOB, ABUraTeNle U APYrux
JIEKTPOTEXHUYECKUX YCTPOWCTB.

V3mepeHre akTUBHOW, pPeaKTUBHOM, MOJIHOM MOIIHOCTE! U COS (p, a TaKKe IapaMeTpoB LTy,
Haripumep r ¥ L, MOXHO IpOU3BECTH C IIOMOILBIO BATTMETPa, aMIIEpMETpa U BOJIbTMETPA, BKJIIOYEH-
HBIX B LIETb TI0 cXeMe, N300pakeHHOI Ha prcyHKe 18.

BaTT™MeTp u3Mepser akTUBHYI0 MOUIHOCTb P 1ienu. [TosHas MOIHOCTE Lieny paBHA POU3Be-
JEHUIO TTOKA3aHUI BOJIbTMETPA U aMIIepMETpa.

PeakTrBHY1I0 (MHAYKTMBHYI0) MOUIHOCTb U KO3(p(pHULIMEHT MOITHOCTH Lienu (puc. 18) ornpene-
JISIIOT pacyeTHBIM IyTeM 110 (popMyiam:

—_— P
Q=+8"—P% cos p=—
v ¢ 3
AKTHBHOE COITPOTUBJIEHUE HAXOAST U3 (DOPMYJIbL:
P
P= % otkypar :f—
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[TosHOE CcompoTHBIEHKE LIETH -

-._‘C:

NHaykTUBHOE CONPOTUBIIEHUE -

x, =~ =r8

NunyktuBHOCTh L onpenensior uz popmyisl: x; = 2pL,

OTKYyJa
X,

" oaf
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17. PE3OHAHC HANIPSI’)KEHUM

W3BecTHO, YTO B MEXaHMUYECKOW CHUCTeMe PE30HAHC HACTyMaeT MPH PaBEHCTBE COOCTBEH-
HOU YacTOTHI KOJIEOAHUI CHCTEMBI M YaCTOTBI KOJIEOAHWI BO3MYIIAIONIECH CUJIBI, ISHCTBYIOIIECH Ha
cuctemy. KoneGaHust MexaHMUeCKOW CHUCTEMBbI, HapuMep KoJieOaHUsl MasiTHUKA, COMPOBOXK/IAIOTCS
MEPUOANYECKUM TEPEXOJOM KHMHETUYECKOW SHEepruM B MOTEHLUANIbHYI0 U HaoOopoT. [Ipu peso-
HaHCE MEXaHWUYECKOW CHCTeMbl Majible BO3MYIIAIOIIME CUJIbI MOTYT BBI3BIBATH OOJIbIIIME KONEeOaHUSs
CHUCTEMBI, HaripuMep OOJIBIIYI0 aMILTUTYIY KOJIeOAaHUI MasiTHUKA.

B niensix nepeMeHHOro TOKa, T/ie €CTh MHAYKTUBHOCTh U eMKOCTh, MOTYT BOHUKHYTh SIBJICHUS
pe30HaHca, KOTOPbIe aHAJIOTUYHBI SIBJICHUIO PE30HAHCA B MeXaHMU(

yeckoli cucteme. [ToHast aHaJIOTHsI — PaBEHCTBO COOCTBEHHON YacTOTHI KOJICOAHUH JIeKTpH-
YEeCKOro KOHTYpPa 4acTOTe BO3MYIIAIOIIEH CHITBI (YACTOTe HAIIPSIKEHU I CETH) — BO3MOKHA HE BO BCEX
clyyJasx.

B ofmem ciydae nmon pe30HaHCOM IEKTPUYECKOM IIeTd MOHUMAIOT TaKoe COCTOSTHUE ey,
KOIJla TOK U HamlpsiKeHUe COBMAIaloT 1o ¢hase, U, CIeI0BaTeNIbHO, 9KBUBAJIEHTHASI CXeMa 1IeMT UMeeT
MECTO IPH OIPEJEeIEHHOM COOTHOUIEHUH €€ MapaMeTpoB r, L, C, Korga pe30HaHCHAas 4acToTa Lenu
paBHA YacTOTe MPUJIOKEHHOTO K Hel HallpsiKeHUs.

Pe3oHaHc B 3/1eKTprUYecKoil LIeNH COMPOBOKAAETCS MEPUOJMUECKUM MEPEXO0M SHEPIUHU JIEK-
TPUYECKOTO TIOJIsI EMKOCTU B SHEPTUI0 MarHUTHOT'O TIOJISI U HA0OOPOT.

[Tpu pe3oHaHce B /IEKTPUUECKON I1IeTIM MaJible HAIpsKeHUs, MPUJIOKEHHbIE K 1IeTH, MOTYT
BbI3BaTh 3HAYMTEJIbHBIE TOKM U HANPsKEHUs] HAa OTAEbHBIX y4yacTkax. B uenwm, raoe r, L, C coequ-
HEHBI [10CJIEJ0BATENILHO, MOKET BO3HUKHYTh PE30HAHC HAIIPSIKEHUH, a B LIeNH, ¢ 7, L, C coeJUHEHbI
NapajuiebHO, — P€30HAHC TOKOB.

PaccmoTpum sBjIeHME pe3oHaHCa HANIPSDKEHWU Ha ITpuMepe uenu (puc. 19).

Kak ormeuasock, npu pe3oHaHCce TOK U HanpshkeHHe COBMaAaloT 1o ¢ase, T. €. yron ¢ =0, u
TMOJTHOE COTPOTHBIIEHUE 11eTI PAaBHO €€ aKTUBHOMY COIMPOTUBJICHUIO:

z=ri+{x,—xf=r

uhp

=

U

Puc. 19. fIBnenune pezoHaHca HanpsKeHUN

ITO paBEeHCTBO OY/IET UMETh MECTO, €CIIU X, = X(, T. €. PEAKTUBHOE COIPOTUBIICHUE 1IETTH PAaBHO
HYJIO: X = X, — X(.

Beipa3us x; 1 x¢ cooTBeTCTBEHHO uepes L, C u f,

Oy YUM:
I —
2 T \;';E

2afl= votkyga f=

0

2xfC

rae f — 4acToTa HalpsiKeHHUs, OABEJEHHOIO K KOHTYPY;
Jfpes — PE30HAHCHASA YACTOTA.
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Takum 06pa3om, Iy Xz, = X¢ B IIeNTM BO3HUKAET PE30HAHC HANPSDKEHUH, TaK KaK Pe30HaHCHAsI
4yacTOTa PaBHA YacTOTE HAIPSIKEHUsI, MOJBEAEHHOIO K LIETH.

W3 Boipaxenus 3akoHa OMa 151 OC/IeIOBaTeIbHOM TIETH:
U

=
N —x )

[Ipu pe3zonance:
I)CL:I)CC: UL: UC; Ur:Ir: U;
0=0.L-0c=Ul-Ucl=0.
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18. PEBOHAHC TOKOB

Pe3oHaHC TOKOB MOXET BO3HMKHYTh B MapaulebHOM Lienu (cM. puc. 20a), onHa U3 BETBEU
KOTOpOU coiepxuT L ur, a gpyraa—Cur.
Puc. 20. Pe3oHaHC TOKOB B NapaJijieIbHOM LIETTU

N

) T

Pe30HaHCOM TOKOB Ha3bIBAETCSI TAKOE COCTOSTHHUE TIETIH, KOT/1a OOIIHIA TOK COBIagaeT no ¢ase
C HaIlpsKEHUEM, PeaKTHBHAsl MOIHOCTh paBHA HYJIO U IIeNb NOTPeOIsieT TOJIBKO aKTUBHYIO MOIII-
HocTb. Ha pucynke 20r n3odpaxeHa BeKTOpHas Auarpamma 1enu (puc. 20a) npu pe3oHaHce TOKOB.

Kak BUIHO M3 BEKTOPHOI AMarpaMMbl, OO TOK HEMH COBMAAAET 1o (pa3e ¢ HanpsHKeHUEM,
€CJIM PEAKTUBHBIE COCTABJIAIOIINE TOKOB BETBEW C MHAYKTUBHOCTBIO M EMKOCTBIO PaBHBI 110 MOAYJIIO:
Ly = bp.

OOmmmii peakTUBHBIN TOK LIETIM, PABHBIA Pa3HOCTH PEaKTHBHBIX TOKOB BETBEH, B 9TOM CiIydae
paBeH Hymo: 1, — I = 0.

OOImuii TOK IIeNy UMEET TOIBKO aKTHBHYIO COCTABJISIONLYI0, PABHYIO CYMME aKTUBHBIX COCTaB-
JISIOIIMX TOKOB BeTBel: I, = Ila = I,.

B npeanpsHOM citydae, Koraa

r=r,=0fes= 1; -
s 270
ITpu pe3oHaHce TOKOB KO9(h(PHULIMEHT MOLITHOCTY PaBEH €UHULIE: cos ¢ = 1.
[TonHas MOIITHOCTH paBHA AaKTUBHOM MOIITHOCTH: S = P.
PeaktuBHas momHoCTh paBHa HYMO: Q = O — Oc = 0.
DHepreTMYecKre MpoLEeCcChl B LIENH MPU PE30HaHCE TOKOB aHAJIOTMYHBI [TPOLEccaMm, IPOUCXO-
OAIIMM IIPY PE30HAHCE HAIPSIKEHUI.
PeakTuBHas 3Heprus AENCTBYET BHYTPU LIENM: B OJHY YacTb NEPUO/a SHEPrusi MAarHUTHOTO
T0JIs1 UHAYKTUBHOCTHU TIEPEXOJUT B SHEPIUIO EKTPUUYECKOTO MOJISI EMKOCTH, B CIEAYIOUIYIO YacTb
MIEPUO/Ia SHEPTUS EKTPUUECKOTO M0JIs1 EMKOCTH MEPEXOJUT B SHEPTUI0 MArHUTHOIO MOJIST MHIYK-
TUBHOCTH. OOMEHa peakTUBHOU SHEPrUei Mesk1y NOTpeOUTEeIsIMU 1IeNM ¥ UICTOYHUKOM MUTaHUS He
npoucxonuT. TOK B MPOBOIAX, COEAUHSIONIMX LETb ¢ UICTOUHUKOM, OOYCJIOBJIEH TOJIBKO aKTUBHOM
MOIITHOCTBIO.
JI71s1 pe3oHaHca TOKOB XapaKTepHO, YTO OOLIMIA TOK MPU ONpeeIeHHOM COYeTaHWH TMapamerT-
POB LI MOKET ObITh 3HAYMTEBHO MEHbIIIE TOKOB B KaX10i BeTBU. Hanpumep, B uaeanbHOM 11en,
Korga r; = rp = 0, oOuMid TOK paBeH HYJIO, & TOKA BETBEH C eMKOCTBhIO M MHIYKTUBHOCTBIO CYIIle-
CTBYIOT: OHHM PaBHbI 10 MOJYJIIO ¥ CABUHYTHI O (paze Ha 180°. Pe3oHaHC B ienu npy napajijieIbHOM
COeJMHEHUH MOTpeOuTesNIell Ha3bIBAETCS] PE30HAHCOM TOKOB.

31



10. B. Illepb6akoBa. «DnekTpoHMKa u nekTporexHuka. [llmapramka»

Pe3onanc TOKOB MOkeT OBITh MOJNy4YeH IMyTeM IOAOOpa MapaMeTpoB LMW TMpU 3aJaHHOM
YacTOTe UCTOUHHMKA MUTAHUS WU ITyTeM M0A00Pa YaCTOThl ICTOYHMKA MTUTAHUS TIPH 33/IaHHBIX Mapa-
MeTpax LeTu.
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19. CI1IOCOBbbI COEIMHEHUA A3 UICTOYHUKOB
U INIPUEMHHUKOB. IIOJIOZKUTEJIBHBIE
HAIIPABJIEHUA 3/1C, HAIIPSI’KEHU 1 TOKOB

YT1oObI YMEHBUINUTH YUCIIO ITPOBOAOB, OTACIBHBIC (1)21351 HUCTOYHUKOB COCOIUHAIOT MEXKIAY cooou
3B63H0ﬁ WJIK TPEYTOJIbHUKOM.

Puc. 22. Cxema coequnenust a3 reHeparopa TpeyroJbHUKOM

[Tpu coenuHennu 3Be310i (puc. 21) KOHIIH X, y ¥ Z TpeX (a3 00beTUHSIOT B OHY OOIIYI0, TaK
Ha3bIBAEMYIO HEMTpasbHYIO TOUKy Np. IIpu coenuHennn TpeyrojbsHUKOM (puc. 22) KOHELl X OJHOMN
(pazbl coenuHAIOT ¢ HaUYaIoM b BTOpoil (ha3bl, KOHEll BTOPOM (hasbl — C HAYAJIOM ¢ TpeTbel hasbl, a
KOHell 7 TpeTbell (pas3bl — ¢ HauaJIoM a nepBoi (pasbl. B 0b6oux ciyuasx Havyana a, b u ¢ Tpex ¢as ¢
MIOMOILBIO TPEX JIMHEWHBIX MPOBOJIOB MOIKJIIOYAIOTCS K IPUEMHUKAM JIEKTPUIECKOU SHEPIUHU, KOTO-
pble TaKXke COSAUHSIIOTCS 3Be3/10H WK TPeYrOJbHUKOM.

Cnoco6sl coeriHeHns (hpa3 UICTOUHUKOB U IPUEMHHUKOB MOTYT OBITh KaK OIMHAKOBBIMH, TaK U
pazmuuHbiMU. [Ipu coenuuennn a3 UCTOYHKMKA U IPUEMHUKA 3BE3/10i MHOTA IPUMEHSIETCS Hell-
TpaJIbHBII MPOBOJ, COETUHSIIONINNA HEUTpaIbHble TOYKU N U N UCTOYHHMKA U PUEMHUKA.

MozkeT nokazaTbcs, UTO MPU COeIMHEHNH (hpa3 UCTOYHUKA TPEYTrOJIbHUKOM B 3aMKHYTOM KOH-

TYpP€ BO3HUKACT TOK OAXKE IPU OTKJIIOYCHHBIX IIPUCMHHKAX. Ho »10 HE TaK, ITIOCKOJIbKY
E+E +E =0.

DneKTpUYecKre ey MPH COeAMHEHUH UCTOYHMKA TPEYTOMbHUKOM U 3BE3J0H 0e3 HelTpalib-
HOT'O ITPOBO/IA HAa3bIBAIOT TPEXNPOBOAHBIMM, [1PU COEIMHEHUU UCTOYHHKA 3BE3/101 C HENTPAIbHBIM
MIPOBOJIOM — YeThIPEeXNPOBOIHBIMH.

B Tpexdra3HbIX 3/1eKTpUYECKUX LENAX pa3anyaioT (pa3Hble U JMHeNHbIe HANpsKeHUs U
TOKH.

P a3HBIMH HA3bIBAIOTCS HAMIPSKEHU S MEK1Y HauaJlaMU M KOHLIAMU OTAEJIbHBIX (pa3 UCTOYHHMKA
WA IPUEMHHUKA.

[Ton ¢pa3HBIMH NOHMMAIOT TOKM B pa3ax UCTOYHMKA WM IpueMHUKa. Hanpumep, Ha pucyHke
21 asHbIMU HaNPsKEHUAME U ToKamu siesiiorest U, , Uy, U’ 1, I m I.. Ha pucynke 22 (a3Hbie
HanpspkeHus1 1 Toku odosHavesl U’y , Uy, U, Ipg, Leg 1 1.
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JINHeMHBIMU Ha3bIBAIOTCS HANpPSDKEHUS MEX1y Hadanamu ¢a3 UCTOYHMKA UM MPUEMHHUKA
MO0 MeX Iy JIMHEHHBIMU MPOBOAaMU. JIMHEMHBIMU TOKAMHU SIBJISIOTCS] TOKU B TPEX JIMHEHHBIX MTPO-
BOJIaX, COEIUHSIONIMX UCTOYHUK U TIPUEMHUK.

3a nonoxurtenbHble HanpasieHus DJIC UCTOUHMKA IPUHUMAIOT HAIlpaBJIeHUs OT KOHIIOB (a3
K ux HavasaM. ®a3Hble TokU HarpaiisiioT coriacHo ¢ DJIC, a pazHble HaNpsiKeHUsI — B IPOTUBOIIO-
JIOKHYIO CTOPOHY.

JInneiiHble HANPSIZKEHUST HATIPABJISIOT CleyonmM oOpazom: Hanpsikenue Uy, — OT a K b,
Upe — 0T b K ¢, Uyy — OT ¢ K a. JIuHeliHble TOKU BO BCEX JIMHEMHBIX MPOBOAAX HANPABJISIOT K MPU-

€MHUKaM.
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20. COOTHOHIEHUA MEZKY ®ASHBIMHA
1 INHEUHBIMU HATIP A KEHUSIMUA
NCTOYHUKOB. HOMHNHAJIbHBIE HAIIPAKEHN A

dazHble HaNpsIKEHU UCTOYHMKA oTiinyatoTes oT ero D/IC BeieacTBre NaieHUil HalpshKeHU s
BO BHYTPEHHUX COIPOTUBIICHUSIX UCTOUHMKA, & HANPSKEHUS IPUEMHUKA OTJIMYAIOTCS OT Hampsike-
HUI UCTOYHMKA 32 CYET MAJEHUI HaNpsKeHUs1 B COMPOTUBJIEHUAX ITPOBOAOB IEKTPUUYECKON CETH.
Ioka e yis ynpoLIeH!sl aHaJIM3a COOTHOLLIEHUI B Tpex(a3HbIX Hemnsax OyaeM npeHeOperarh yka-
3aHHBIMU NAICHUSMU HANIPSKEHUSL.

Puc. 23. BektopHbie aguarpaMmbl (hba3HbIX ¥ JIMHEHHBIX HATIPSDKEHWH MPU COEIMHEHUN UCTOY-
HHUKAa 3BE31I01
[Tpumensist Bropoii 3akoH Kupxrodya moouepenHo ko Bcem ¢azam, npu CASTAaHHOM JOITy-

IEHNHU U COEANHEHNU NCTOYHUKOB 3Be3)1017i MOJIy4YuM:
U.=E, U, =E, U =E.

Ha ocHoBaHMM 3THX BBIpak€HMI MOKHO CIEJIaTh BBIBOJ O TOM, YTO €C/IA I'€HEpaTop MMEET
cummeTpuuHyio cuctemy S/IC, To ero ¢azHble HaNPsKEHHUs TOKe CUMMETPHYHbI, 2 BEKTOPHAs 1ua-
rpamma ¢pa3HbIX HanpskeHUi (puc. 23a) He oMyaeTcs ot BeKTopHoi nuarpammsl DJIC reneparopa.

Ha ocHoBanuu ypaBHeHwmii o BTopomy 3akoHy Kupxroda nis koutypoB NjabNy, N1bcNy
U NicaN| HETPYAHO MONYYUTh CJAEAYIOIIME YPAaBHEHN I, CBS3BIBAIOIIME JTUHEWHbIE U (Da3HbIe HAIpsi-
KEHUS:

Uy =U,=Uy; U, =U,=U; U, =U,~U.

MOo3HO OCTPOUTb BEKTOPbI JIMHEUHBbIX HanpsikeHud Uy, Upe 1 Uy,.

N3 BekTopHOM auarpammsl (puc. 23a) ciedyeT, 4To NP COEIWHEHWH HMCTOYHUWKA 3BE3J0U
JIMHENHbIE HANIPSKEHUsl PaBHBI U COBUHYTHI 10 (pa3e OTHOCHUTENILHO APYr Apyra Ha yroj. BekTopel
JIMHEWHBIX HaNpsKeHUH M300paxaloT Yallle COeJUHSIOIMMU BEKTOPbl COOTBETCTBYIOIIMX (pa3HbIX
HanpaBJIeHHH, KaK MOKa3aHoO Ha prcyHKe 230. M3 BekTopHO# quarpamMMsl (puc. 230) ciemyer, 4To

U,=2Usin60° =3u.

U,
)

il
[
—

A

-—

]

c

Puc. 24. BektopHas auarpamMma (a3HbIX U JIMHEWHBIX HANPSKEHUI NIPU COEAUHEHUU MCTOY-
HUKA TPEYTOJIbBHUKOM
Takoe ke COOTHOIIEHHWE CYIIECTBYET MEXAy JIIOOBIMU APYTUMH JIMHEHHBIMU M (Da3HBIMU
HarpspkeHUsAME. [109ToMy MOXHO Hanmcarh, 4YTo BOOOIIE TPU COEAMHEHUH NCTOYHUKA 3BE3/I01
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HHHCfIHLIe HaHp}I)KeHI/IH paBHbI COOTBCTCTBYIOH_II/IM (ba?,HbIM HaHpH)I(CHI/IHMZ
U,=t, U, =U,;U,=U.

MoxHo HanucaTh, 4TO NPY COEMHEHNN UCTOUHKMKA TpeyronbHukoM Boobute U’ = U’y
BekropHas nuarpamMMa (pasHbIX U JIMHEHHBIX HANPSKEHUI MPU COEJUHEHUN UCTOYHUKA Tpe-
YTOJIbHUKOM IIPUBE/IEHA HA PUCYHKE 24.
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21. COEJIMHEHUSI IPUEMHUKOB 3BE3/1011

W3 pucynke 25 BUIHO, UTO MPU COEAUHEHUY 3Be3101 (pa3Hble HanpsikeHus nprueMuuka U,, Uy
u U, He paBHBI TMHEWHBIM HanpspkeHusm Uy, Uy 1 U,,. [lpumensis BTopoii 3akon Kupxroda n

K KOHTYpaMm aNba, bNcb v cNac, MOXHO MOTYyYUTh CJIEAYIOIINE COOTHOIIEHUSI MEXKAY JTUHEUHBIMU
1 (pa3HBIMU HATIPSKSHUSIMHU:
v,=u-u,u, =u-4;

<

G :Qﬂ _U

=a"

. HerpyaHO nocTpouTh BEKTOPBI JIMHEMHBIX HANIPsDKEHUN (puc. 20).

Puc. 26. BektopHas nuarpamMma npu COeJUHEHUM MPUEMHHUKA 3BE3/101 B CIIy4ae CUMMETPUY-
HOW Harpy3Ku

Ecnu He yuuThIBaTh CONPOTUBIEHUI JTMHENHBIX TPOBOAOB M HEUTPAJILHOTO MTPOBOJA, TO CJle-
AyeT CUATATh KOMIUIEKCHbIE 3HAYEHUsl JIMHEWHBIX U (Da3HbIX HANpsKEHUH MPUEMHUKA PaBHBIMHU,
COOTBETCTBEHHO, KOMIUIEKCHBIM 3HAYEHUSIM JIMHEWHBIX U (pa3HbIX HaIlpsikeHUi ucroyHuka. Benen-
CTBHE YKa3aHHOTO PaBEHCTBA BEKTOpHAs JuarpaMma HarpshkeHWHd NMpPUEeMHUKa HE OTIMYaeTcsl OT
BEKTOPHOM JMarpaMMbl UCTOUYHMKA TIPH COeTUHEHUHU 3Be3/101 (cM. puc. 26). JIuneiHble U (a3Hble
HAaIpsUKeHHS IPUEMHHKA, KaK U UCTOYHHMKA, 00Pa3yloT B CUMMETPUYHBIE CUCTEMbI HAITPSIKSHUI.
Me:xay TUHERHBIMU U (Da3HBIMU HANPSKEHUSIMU PUEMHUKA CYIIECTBYET COOTHOILIEHHE

U,=V3Uy,

DTO COOTHOIIEHUE CITPABEJTUBO MPH OINPEICIICHHBIX YCIOBHAX TaKkKe B CIyvae OTCYTCTBHS
HENTPaJIbHOTO MPOBOJIA, T. €. B TPEXNPOBOHOM TICTH.

Ha ocHOBaHMM yKa3aHHOTO COOTHOITIEHU ST MOKHO CZIeJIaTh BBIBOJ O TOM, UTO COSMHEHHE 3BE3-
JOH criefyeT IPUMEHATh B TOM Cilydae, Korjaa Kakjaas ¢asa Tpexda3sHoro nprueMHUKA WIA OIHO-
(pasHBIC IPUEMHMKY PACCIMTAHBI HA HAIPSDKEHME B V3 Pa3 MeHbIlee, 4eM HOMUHAILHOE JTMHEITHOe
HarnpspKeHUe CEeTH.

W3 cxembl pucyHKe 25 BUIHO, UTO MPH COSAMHEHUU 3BE3/I01 JIMHEHHbIE TOKW PaBHBI COOTBET-
CTBYIOIIMM (pasHbIM TOKaM: Iy = Iy,

C nomorpio nepsoro 3akona Kupxroda nonyunm cienyioiiee COOTHOIIEHUE MekAy das-
HBIMHU TOKaMH ¥ TOKOM HEUTPAJIbHOTO TPOBOJIA:

[+1,+1 =1

Nwmest BekTOphI (Da3HBIX TOKOB, HETPYJHO MOCTPOUTH BEKTOP TOKA HEUTPATBLHOTO TIPOBO/A.
Ecnu ve#trpanbHbiil TPOBOJ, OTCYTCTBYET, TO

37



10. B. Iep6akoBa. «neKTpoHUKA U MeKTpoTexHuKa. [lImapramka»

38



[O. B. IllepbakoBa. «nekTpoHuKa u nekTporexHuka. [lmapramkar»

22. COEJIUHEHUA ITPUEMHHUKOB
TPEYI'OJIbHUKOM

Kak BUJHO M3 CXEMbI, KaxXXJad (1)2138. MpUEMHUKaA ITpU COCAUHEHNU TPEYTOJIbHUKOM IMOIKJIIO-
YCHa K IBYM JIMHEHHBIM MpoBO4aM. HOSTOMY HE3aBUCHUMO OT 3HAYCHUS U XapaKTEPa COHpOTI/IBHeHI/Iﬁ
MMPpUEMHUKA KaXKI0C (1)213H06 HaIIpAKEHUE pABHO COOTBETCTBYIOLIEMY J'IPIHCfIHOMy HaITpAKEHUIO: Uq)

=U,.

Puc. 27. Coenunenue a3 npueMHUKA TPEYTOJbHUKOM W BEKTOPHBIE JAMArpaMMbl B ClTydyae
CUMMETPUYHOMN HArpy3KH

Ecnu He yunThIBaTh CONPOTUBIIEHUI TPOBOJIOB CETH, TO HAIPSKEHU S TPUEMHUKA CJIEIyeT CUu-
TaTh PaBHBIMU JIMHEMHBIM HAIIPSI’KEHUSIM UCTOYHUKA.

Ha ocHOBaHMM cXeMBbI U MOCJIEIHETO BBIPAKEHUS] MOKHO CIEIaTh BBIBOJ O TOM, YTO COE/IMHE-
HUE TPEYTOJbHUKOM CJIeyeT IPUMEHATh TOra, Koraa Kaxaas daza TpexdaszHoro npueMHUKa I
ofHO(pa3Hble TPUEMHUKHN PACCUATAHbI HA HANIPsIKEHUE, pABHOE HOMUHAJIBHOMY JIMHEMHOMY Harpsi-
xeHuio cetu. PazHble TOKU I, Ipe U 1, B 00ILIEM cilydae HE PaBHBI JIMHEWHBIM TOKaMm I,, I, u 1.
[Tpumensist nepsbiii 3akoH Kupxroda K y3710BbIM TOUKaM a, b, ¢, MOKHO TIOTTYIHTh CJIETYIOIINE COOT-
HOIIIEHUST MEXTy TMHEUHBIMU U (pa3HBIMU TOUKAMHU:

L=l =t =1. =1 =1, —,.

cat —h Zhe

Ncnonb3yst ykazaHHble COOTHOILIEHUSI M UMesl BEKTOPbI (ha3HbIX TOKOB, HETPYAHO MOCTPOUTh
BEKTOPbI INHEUHBIX TOKOB.
[Tpu cuMMeTpUYHOI Harpy3Ke B OTHOIIEHUH 000 (ha3bl CIIpaBeAJIUBBI Bce (DOPMYJIbL, TIOTY-
YeHHbIE paHee AJis OIHO(A3HbBIX LeNel, HalpuMep:
Lo =U, [z, p, =arcsin :7 P, =U cosp, = r;

Qu = Uyl sin g =L 8 = Ui = hyz, =P+ Q5

[Ipu cuMmeTpruyHOI Harpyske:

"..w- = ‘{:v: = ".--:: = "m; P

= P:‘:" - P O:;.‘l = O.‘J!'

IIpu HECUMMETPUYHON Harpys3Ke:
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= Rh'- + R.-:: + F?.’ O = Q..‘:. + O.'.':: + O:;_-; i..r- = Q;‘.‘ ff ZH.‘,:

P
S.=Y,

£

_‘{:131; Ea-: = Heﬁ.z-,: Ga-‘) = Im§n.‘4: § =

Puc. 28. Coenunenue a3 npueMHUKA TPEyroJbHUKOM
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23. VCTPOUCTBO U ITPUHIIUAII
JNEVCTBUSI MATHUTHBIX YCTPOVICTB

MarantHbii yenumredb (MY) coctout u3 aByx (heppOMarHUTHBIX MAarHUTOIPOBOJIOB, Ha
KaXJJOM M3 KOTOPBIX pacrosiokeHbl padodast oomotka OP u oomotka yripasienust OY. 1151 ymeHb-
IIEHK S TTOTePh MOIIHOCTU MarHUTOITPOBO/IBI U3TOTOBJISIOT U3 OTIEJIbHBIX CTATbHBIX JIUCTOB. B Heko-
TOPBIX CJIy4YasX MPUMEHSIOT (heppUTOBBIE MAarHUTONMPOBOABL. Paboure OOMOTKH COEIUHSIOT, Kak
MOKa3aHO Ha PUCYHKE, NMapaJljIeIbHO JIMOO TIOCEe0BATEIBHO U MOAKJIIOYAIOT K HICTOUYHHKY TepeMeH-
HOT'O TOKA.

B 1erts pabourx 0OMOTOK BKJIIOUEH MPUEMHUK JIEKTPUUECKON SHEPruu r;,. OOMOTKY yHpaB-
JIEHWS] COE/IMHEHBI MTOC/IEIOBATENILHO U MOTYYaloT MIUTAHUE OT UCTOYHMKA ITOCTOSTHHOTO ToKa. Cyire-
CTBEHHBIM SIBJISIETCSI TO, YTO OOMOTKH YIIpaBJIeHHUS BKJIIOUYEHBI BCTPEUHO. DTO JaeT BO3ZMOXHOCTD
3HAYUTENILHO YMEHBIIIUTH IEPEMEHHYIO COCTABIISIIONTYIO TOKA B TIETTH YIIPABJICHUSI, BOSHUKAIOIIYIO M3~
32 MarHUTHOM CBSI3W MEX/1y OOMOTKaMH. YacTo BMecTo JBYX 0OMOTOK yripasiieHuss MY cHaOxaercst
otHOM. YTOOB! yMEHBIIIUTH MEPEMEHHYIO COCTABJISTIONIYIO TOKA B 1IETH YITPaBJIeHHsI, 0OMOTKA JOJKHA
OXBaThIBaTh B 3TOM CJIydae Cpasy JiBa CTEPKHSI MarHUTOIIPOBOJIOB.

Llerrb 0OMOTOK yTIpaBJieHHsI sIBJISIETCSl BXOAHOM Tierbio MY, 1iernb padovynx OOMOTOK — €ro
BBIXOIHOM LIEIBIO.

MarHuTHBI ycrmTe b, N300paKeHHBIN Ha PUCYHKE 292, HA3bIBACTCSI YCUITUTETIEM C BHIXOIOM
Ha IepeMeHHOM ToKe. Eciii preMHUK paccunTaH Ha MUTAHUE TIOCTOSTHHBIM TOKOM, TO €70 BKJTIOYAIOT
B IIeMb Pa0OYMX OOMOTOK Yepe3 BHIIPAMUTEIbHBIA MOCT (puc. 290).

MarHuTHBIA yCUIUTETh B 3TOM ClTy4yae Ha3bIBACTCS YCHJIMTENIEM C BBIXOIOM Ha TOCTOSTHHOM
TOKE.

Kpome MarHuTOrpoBOIoB psiMOyToibHOM (hOpMbI, MY UMEI0T MarHATOITPOBO/IBI KPYIJION 1
OBaJIbHOM (hopmBI. BMECTO IBYX MarHUTOIMPOBOAOB HEKOTOPBIE MY MMEIOT OMH TPEeXCTeP)KHEBOM.

O6br9yHO MY CcHAOKAIOT HECKOIBKUMH OOMOTKAMHM YIIPABJIEHHU S, UTO JIAeT BO3MOKHOCTh YCH-
JIMBaTh OJIHOBPEMEHHO HECKOJIbKO CHTHAJIOB, & TaKKe BO3/IEMCTBOBATH HA CBOWCTBA M XapaKTepH-
cruky MY. B 3aBrcMMOCTH OT Ha3Ha4YeHHsI OOMOTKaM YIIpaBJICHUsI TPUCBANBAIOTCSI COOTBETCTBYIO-
e Ha3BaHWsA (OOMOTKa yrpaBjieHus1, 0OMOTKa 0OpaTHOM CBSA3M IO TOKY, OOMOTKA CMEIICHHS U T.

I.).

Puc. 29. Cxembl MY ¢ BbIX0I0M Ha miepeMeHHOM (a) ¥ MocTossHHOM (0) ToKax

Jl7s1 BBISICHEHUSI PUHLIMIIA JeUcTBUsI MY paccMOTpUM 3aBUCUMOCTh TOKa [ paboueil 1ienu ot
CTETIEHH TTIOAMArHUYMBAHKsl MarHUTONPOBOIOB MOCTOSHHBIM TOKOM yIpaejieHus ly. Bynem cunrars
CHayaJsa, YTo MOTepH MOIIHOCTH B MATHUTOIIPOBOJIE, TOTOKU PACCEsIHUSI U AKTUBHBIE COMPOTUBIICHUS
pabounx 0OMOTOK U MOTpeduTessl paBHbI HY/M0. Ha OCHOBaHMM M3BECTHBIX COOTHOIICHHI JIJIS Ujle-
QJIM3UPOBAHHON KaTyIIKU ¢ (heppOMArHUTHBIM MarHUTOIIPOBOJOM MOKHO yYTBEP:KAaTh ClIEIyIolIee.
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Ecnu HanpsikeHre MCTOUHMKA U3MEHSsIETCsI 0 3aKoHY U = U, sin (wf + 5t/ 2), TO NPpH CAeTaHHbIX
JONYIIEHUsIX e = ey = —u = E,; sin (ot + 7w/ 2),

O = P, sin wr + D,

D, = P, sin wr — Dy,

rae @y — MOoCTOsIHHASL COCTABJIAIONIAS MATHUTHBIX MMOTOKOB; IIPU OTCYTCTBUU MOAMArHUYMBA-
HHsI TIOCTOSIHHBIM TOKOM (Iy = 0) ®g = 0.
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24. IOHATHUE O ABYXTAKTHbBIX 1
TPEXTAKTHBIX MATHUTHBIX YCTPOUCTBAX

Cy1uecTByeT MHOTO BApMaHTOB KOHCTPYKTHBHOIO UCIIOJIHEHUSA U cxeM BkioueHuss MY. Tak,
MHOTIa BO3HUKAET HEOOXOUMOCTb B TOM, UTOOBI N3MEHEHHE HallpaBJIeHUs ToKa Iy COIPOBOXAAI0Ch
M3MEHEHMEM HallpaBJIieHUs TOKAa MPUEMHHUKA MOCTOSTHHOrO TOKa JInOo u3MeHeHreM Ha 180° ¢asbl
TOKa IIPUEMHMKA NIEPEMEHHOIO TOKA. B 3THX Cilydasx NPUMEHSIOT TaK Ha3bIBAEMBIE IByXTaKTHbIE
WM peBepcuBHbE MY

Puc. 30. Cxema nByxrakTHOro MY

C nomorpio AByXTaKTHOrO MY MOXHO MOJTy4UTh XapaKepUCTUKY YIpPaBJeHUsl, U300pakeH-
HyI0 Ha pucyHke 30.

ITpu sTOM OTpHUIIATENIHOE 3HAYEHUE TOKA ¢, TipU Iy < 0 o3HauaeT usmenenue Ha 180° dasbi
TOKa ITPUEMHHUKA B cityyae MY ¢ BbIX010M Ha nepeMeHHOM Toke (puc. 30) 1 u3MeHeHNe HallpaBJICHUSA
TOKa IIPUEMHMKA B ciydae MY ¢ BBIXOZIOM Ha ITOCTOSIHHOM TOKE.

JIByxTakTHbIE MY NOJTy4aloT IyTEM COOTBETCTBYIOLIETO COEAUHEHU OJHOTAKTHBIX YCHIIUTE-
ner. OnHa U3 cxeM IByXTakTHbIX MY npusesena Ha pucyHke 30.

Jns noBblIeHNs KO3(p(PULIMEHTA YCUIIEHHS B LIENU JBYXTaKTHOro MY npuMeHeHa BHYTpeH-
HsAs oOpaTHas cBsA3b. OOMOTKM CMEIIEHH s [TO3BOJISIIOT MOMYYUTh (MPU HEUJIEHTUYHOCTU XapaKTepu-
CTUK yIpaBJieHUs OMHOTAaKTHBIX MY) mipu Iy = 0 ToK nipuemHuka I, = 0. Tlocneisee ocyiecrsisercs
IIyTEM BO3JEUCTBUS HA PE3UCTOP 7¢y.

Jlns peryampoBaHus TOKA, HAITPSKEHU S WM MOIHOCTH TpeX(pa3HbIX IIPUEMHUKOB UCTIONb3Y-
1otcst TpexdasHpie MY 6o tpu ogHodasHbix. Tpexdasnbie wim oqHodasHeie MY, coenvHsieMble
10 Tpex(pa3HbIM CXeMaM, MOI'YT UMETh BBIXOJ, TAKKE€ M HA TIOCTOSIHHOM TOKE.

Kaxnas ¢aza rpexdaznoro MY nmeer 1sa MAarHUTONPOB0/1a, Ha KOTOPBIX Pa3MelleHbl pado-
yre 0OMOTKU. JIJ151 yIydIeHs OXJlakAeHUs pabodast OOMOTKA, pacliookeHHasl Ha Kak/1I0M MarHu-
TONPOBOJE, pa30UTa Ha JIBE CEKLIMH, pa3MELIEHHbIE B BYX CTEP)KHSAX MAarHUTONPOBoAa. OOMOTKU
YIIPaBJIEHUS] Pa3IMYHOIO HA3HAYEHU S OXBATBHIBAIOT LIECTh CTEPKHEN MATHUTOIIPOBOAOB BCex (has.
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25. MATHUTOJIEKTPUYECKAA CUCTEMA

[MpuHIMIT IEHCTBISI MArHATOJIEKTPUYECKHX NTPUOOPOB OCHOBAH Ha B3aMMOJECHCTBUU Mar-
HUTHOTO MOJISI TOCTOSIHHOI'O MarHuTa 1 0OOMOTKHU ¢ TOKOM. B BozayiHoM 3a3ope 1 (puc. 31) mexay
HETO/IBMKHBIM CTAJIBHBIM LIMJIMHAPOM 2 M MOMIOCHBIMU HAKOHEUHMKaMU NS HENOJIBUKHOIO MOCTO-
SITHHOTO MarHMTa PacrioiokeHa aJllOMUHUEBAs paMKa ¢ OOMOTKOM 3, COCTOSIILEN U3 (0 BUTKOB U30JIH-

POBaHHOM MPOBOJIOKHU.

Puc. 31. MarnutoanekTpruyeckasi cucteMa

Pamka xecTko coeimHeHa ¢ AByMs rioyocsimu O u O, KOTOpble CBOUMU KOHIIAMU OITHPAIOTCS
o noammnHuKY. Ha nonyocu O 3akperuieHbl yKkas3aTeabHasi CTpesika 4 U IBe CIIUpasibHble MPYKUHKH
5u5’, uepe3 KOTOphIE K KATYIIKe MOJABOAUTCS M3MePsieMblil TOK I, poTHBOBecH 6. [T0TI0CHBIE HAKO-
HEYHUKH NS U CTaJIbHON HMIMHAP 2 00ecreunBaloT B 3a30pe 1 paBHOMEpPHOE paiuajbHOE MarHuT-
HOE ToJie ¢ MHAYKLIMen B. B pe3ysbTaTe B3auMOAEHCTBUSI MArHUTHOTO TOJISI C TOKOM B IPOBOHU-
Kax OOMOTKHM 3 cO3/aeTcsl Bpalalolii MOMEHT. Pamka ¢ 0OMOTKO# MpU 9TOM MOBOPAYMBAETCS, U
CTpeJiKa OTKJIOHSIETCS] Ha YTo . DJIeKTpOMarHuTHas cuia F
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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