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B KHMre, HanMcaHHOM B MJaHe MOCOGMA IS HAYHHAWOUWHKX H3y4YaTb 3JEKTpPO-
TeXHHKY, B JOCTYnHOH ¢opme H3naraioTcs OCHOBHble 3aKOHbI 3JEKTPOTEXHHKH,
paccMaTpHBAIOTCA (uU3HYECKHe NPOLECCH], NMPOTEKAalollHe B 3JEKTPHYECKHX Lensx,
%DHHanbl PaGuThl MCTOYHHKOB 3JIEKTPHUECKOH 3SHEPrHH H H3MEPHTEJbHbIX MpH-
OPOB. )

IMocne kaxnoff rsnaBul JAaHbl KPaTKHe BbIBOABI, oGJlervalon(de 4YHTaTesN 0 Mo-
BTOPEHHE H3YUEHHOH TeMbl, a TaK)e BOMNPOCHl AJNS CAMOKOHTROJS H YNPaXXHEHHusd,
BBINOJHEHHE KOTODLIX HEOOGXOAHMO OJAs GoJee TBEPAOro YCBOGHHA H3JIOXKEHHOro
MaTepHasa. B KOHNE KHHIH MOMEULeHbl OGO3HAYEHHS 3JEMEHTOB 3JIeKTPHUYECRHX
CXeéM, [HEeKOTOpble CBEeNEeHHsi H3 MaTeMaTHKH, OTBeTbl Ha BOMPOCHI JJ5S CaMOKOH-
TPOJSi M yhpacHeHHs!, andaBUTHLINT yKa3aTelb.
. KHura paccunTaHa Ha JHL, NPHCTYNAlOUIMX K H3YYEHHIO OCHOB 3JIeKTpo-
TeXHHUKH.
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BBENEHUE

DNIeKTPOTeXHHKA 3aHHMAeTCsl H3yyeHHEM JEKTPHUECKHX W 3JeK-
TPOMArHUTHBIX SIBJEHHH M npo6JjeMaMy HCHO/Nb30BaHUA HX IJd
HYXKJ 4esOBeKa.

HauaJjio pa3BHTHSI 3/IeKTPOTEXHHKH OTHOCHTCA KO BTOPOi NOJIO-
BiHe XVIII — nepBoit nosoBune XIX Bekos.

CoBpeMeHHOe yyeHHe 00 3JIeKTPHYECKHX M MaTHHTHBIX SIBJIEHHSX
€CTb pe3ysbTaT AJHTeJbHOTO H YIOPHOTO TPYyZa MHOTHX IOKOJIEHHH
yueHbIX pa3HbIX CTPaH W HapoJOB. BoJbllOi BK/Iag B Hero BHEC/H
M Hallli OTeyeCTBEHHble yyeHbIE.

Vi3yueHHIO 3JIeKTPHYECKHX SIBJEHHil B Halllefi CTpaHe MOJOXHJ
Hauano oTell pycckod Hayku Muxawn Bacunvesuy Jlomonocos
(1711—1765). On 3aHuMaacs Hcc/leJOBAHMAMH He TOJNBKO B 00Ja-
CTH 3JIeKTPUYECTBAa, HO U B APYTHX OTpac/asx HaykH. B uyacTHocTH,
MHOTO HEeHHOro BHeC B (H3HKY, XHMHIO, aCTPOHOMHIO, reorpaduio.

Akanemuk Bacuauit Banagumuposuu Ilerpos (1761—1834) mep-
Bbli B MHPe OTKPBII 3JEKTPHUECKYI0 AYTy W MNpefcKa3aj BO3MOX-
HOCTb ee HCMOJIb30BaHHUS I/ OCBeLUeHHsl, CBADKH M JAPYTHX LeJef.

Bosibmasi 3aciyra B pa3BHUTHH TeOPeTHUECKOH M NPaKTHUECKOH
3/IEKTPOTEXHHKH NPHHAMJIEKHT PYCCKOMY aKaZeMHKy DMHIHIO XpH-
ctuanoBuuy Jlenny (1804—1865), oTkpbiBUIeMy OBa BaXKHHIX 3a-
KOHa 3JIeKTpoTexHUKH. IlepBriii 3akoH («mpaBusio JleHua») ycra-
HaBJIUBAET CBSI3b MEXIY 3JeKTPHYECKHMH W MArHHUTHbIMH SIBJIEHHS-
MH, BTOPOH — 3aBHCHMOCTb MeXJAY KOJNHYeCTBOM Telja, BBIIeJsie-
MOTO TOKOM B MPOBOAHHMKE, H BeJHUHHON 3TOTO TOKA.

[MnonoTBopHO# GbljIa pabora B 00JIACTH 3JEKTPOTEXHHKH MPO-
tdeccopa MockoBcKoro yHHBepcHTeTa Auiekcaniapa [puropeeBuua
CronetoBa (1839—1896). On oTkpbln sBieHHe GoTosdderra u mo-
cTpous mpubop, MOCHAYXKHBIUHH Npoobpa3oMm coBpeMeHHOro ¢oTo-
ajleMeHTa.

Pycckuit yuennit [TaBen HukosiaeBuu Sl6smoukos (1847—1894),
ucrnoab3ys Ayry IleTpoBa, nepBuifi nan MHDPY 3JIeKTPUHUECKHH CBET —
«cBeyy J16/moukoBa». OH e CKOHCTPYHPOBaJl W MNPAKTHUECKH HC-
NoJb30BaJ TpaHCHOPMATOPHl, KOTOPbIe CceHuac MIHPOKO MPHUMEHSIOTCS.

B 1873 r. 3ameuaTenbHbii H306peTaTenb Asekcanap Huxomae-
Buu Jloabiru (1847—1923) cosfasn 3MeKTPHYECKYIO JaMIly HaKaJu-
BaHusl C yroibHOH HuTblo. Orpomuoit sacayroit A. H. Jloawiruua
6blIO TO, YTO OH NepBbIfi BblHEC JNaMIy HaKaJuUBaHUsA M3 (u3uye-
CKOro xaGuHeTa Ha YJHILY.

[Toutn omnospemento ¢ I1. H. S16710uK0BLIM OpUrHHANBHYIO KOH-
CTPYKLHUIO TpaHcopMaTopa mpemsioKuJ PyccKuit (HU3UK-caMOyuka
ViBan ®uaunnosuy Ycarun (1855—1919). lemoHcTpauus TpaHc-
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dopmaTopoB YcariHa Ha NMpPOMBIILIEHHOH BbicTaBke B Mockse B
1882 r. BbI3Basa BOCXMILEHHE 3PHTeJEH.

K uHcaly 3HAMEHHTBIX DPYCCKHX 3J@KTPOTEXHHKOB NPHHAIJIEXHUT
Muxana Ocunosuy Jlosnuso-o6poBonbekuii (1862—1919). Oun TBO-
pel mepBoro Tpex¢a3HoOro reiepartopa, nepBoro TpexgasHoro ABHra-
TeJsi, epBoro TpexdasHoro TpaHcpopmaropa.

C oco6oit ropaocTbio Mbl Ha3biBaem uMsi Anekcangapa Crenano-
Buua [Tonosa (1859—1906). EMy npuHaaneXuT yecTh BesqHUailliero
H306peTeHHs] COBPEMEHHOCTH — pPaJHo.

MoHO Ha3BaTh ellle MHOTO PYCCKHX 3JeKTpoTexHHkoB XIX Be-
Ka, KOTOpble BHeC/IM OOJbLIOH BKJAaX B pa3BUTHE OTEYECTBEHHOMH
nayku. K vum otHocsitest A. T. BosnotoB (BnepBble NPHMEHH] 3J1€K-
TpuyecTBo B arporexnuke), ®. A. [Tupoukuii (npakThuecku ocylie-
CTBHJI TepeJauy 3JeKTpPHUecKoil 3Hepruu Ha paccrosinue), JI. A. Jla-
YyHHOB ([aj OCHOBH pacyeTa 3JekTpomepenau), B. H. Umuxoses
(u306pesn nuddepeHUHANbHBIA pery1saTop K JAYyroBoii Jawmime),
H. . CnaBsHOB (IOJIOXKHJ Hadaso NPOMBIIIJIEHHOH 3JeKTpoTep-
muu), H. A. ¥YMoB (Hanucas psij HayyHbIX TPYAOB, KOTOphIE CIOCO6-
CTBOBaJM pa3BUTHIO YUeHH 0O 3JEeKTPOMAarHUTHBIX SfIBJEHHUSX),
1. H. JleGeneB (3KcnepuMeHTaJJbHO J0Ka3aJ sIBJEHHe JaBJEHHUs CBe-
Ta, YTO OKOHYATeJbHO MOATBEPAHJIO €ro 3/JeKTPOMAarHHTHYI NPHPO-
Iy) U MHOTHe JpyTHe.

[MTocne Benuxoit OKTAGPBCKOM COLMANUCTHYECKOH PEBOJIOLHH
pa3BUTHe 3JeKTPOTeXHUKH B Hallel cTpaHe INOLLIO YCKOPEHHBIMH
TeMnaMy. DJIEKTPUUECTBO LIMPOKO HCNOJNB3yeTcs s OOJeryeHus
Tpyla uesoBeKa.

C nepBoIx Jget cyumecrBoBanusi CoBerckoil Baactu KoMMyHHCTH-
yeckas naptus 1 COBEeTCKOe NPaBUTENbCTBO YAENSIOT GOJIbIIOE BHH-
MaHue 3neKkTpudHKalnuu Hallelt PoauHBI.

B 1920 r. mo unnnuaruse Bnagumupa Uneuua JlenuHa Gbliia co3-
paHa TocymapcTBeHHast KOMHCCHS IO 3JekTpudukauuun Poccuu
(FO3JIPO). ITnan I'O3JIPO B. U. Jlenun Ha3Baa BTOpO# TMpo-
rpaMMol naptu. B Tom ke rogy Bamamgumup Mabpuy npoosriacun
3HaMeHHTHIH J03yHr: «KoMMyHH3M —3To0 ecTh CoBeTcKas BJIacCTb
IJIIOC 3JIeKTPH(UKALUA BCEH CTPaHBI».

[Tnan TO3JIPO npepycMaTpHBas pPEKOHCTPYKUHIO CTaphiX H
crpouteabcTBo 30 HOBBIX 3JjekTpocraHuui, K 1935 r. MomHoCTb
anektpocranuuit CCCP npeBbicHia 3amiaHupoBaHHylo B 2,6 pasa.
B 1940 r. B Haweil cTpaHe NMPOU3BOAHJIOCH B 25 pa3 GoJblie 3JeK-
Tpo3Hepruu, 4yeMm B 1913 r., a B 1966 r.—noutu B 11,56 pasa Goib-
me, yeM B 1940 r.

Hupextuser XXIII cveaga KIICC no nATHIeTHeMy NjaHy pas-
BUTHs HapogHoro xossiicrBa CCCP Ha 1966—1970 rr. mpenycma-
TPUBAIOT NOBECTH BHIPaGOTKY 3jekTposHeprunm B 1970 r. no 830—
850 MJIpA. KHJIOBATT-yacoB, YTO NPHUMEPHO B 18 pa3 MPeBOCXOAUT
ypoBeHb 1940 r.

DJIEKTPHUECTBO IPOYHO BOILJIO B HAPOAHOE XO3ANUCTBO, B HAIl GBIT,
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rassa 1 OCHOBHBIE [TOHATHA

D/IeKTPOTeXHHKA — 3TO OJHAa M3 OTpacjeil HayKH, KoTopas 3a-
HHMaeTCcs H3yyeHHeM M HCIIOJNb30BaHHEM 3JEKTPHYECKOi 3SHePTHH.
DHeprusi BooOlLle mNpejcTaBJser CO60H cno-
AHeprus COOHOCTB Tesa MpoM3BOAHTHL paboty. Cyuiect-
BYIOT pa3/IMuHble BHIbI SHepruu. Tak, B HedTH,
yrje, IpeBeCHHE HMeeTCsl XHMHuYeckas SHeprus; BOLOMNAaAbl, PEKH,
BeTep OO/lajaloT 3anacaMH MeXaHHuecKoil sHepruu u T. 4. OueHb
YacTO 3TH BHAbl SHepruH Npeo6pa3yloTcs B 3JeKTPHUECKylo, a Io-
cnenHssl, Kak HaHOosee ynoOHasi, HCIOJAb3YyeTCs [J/isi CaMblx pasHo-
o6pa3HblX LieJsell, HaYHHAasg C OCBellleHHs1 U KOHYasi MPOH3BOJACTBOM
TPYLOeMKHX paboT. DHeprus — OLHO H3 OCHOBHBIX CBOHCTB Ma-
TepHH.

PasnuyaloT aIBa COCTOSIHMS 3SHEPrHH: MNOTEeHUHMAJdbHYI0, KOTrAa
TeJ0 MOXKEeT NpPOM3BOJHTb paboTy, HO OCTaeTcs B NOKOe H He oOHa-
PYXXHBAeT CBOeil SHEPTHH, U KHHETHYEeCKYI0, KOTr[a TeJo HAXOAHTCA
B JBHMXKEHHH U INPOSABJIAET CBOIO SHEPTHIO. ‘

DJIeKTPHYECTBO — 3TO BHJ 3HEPrHH, HCIOJb-
deKTPHUECTBO 3yeMbll B NPOMBIIIJIEHHOCTH H 6bITY.

CJ10BO «3/1EKTPHYECTBO» MPOHCXOLUT OT Tpe-
YecKOro CJOBa «3JIEKTPOH», YTO O3HAYaeT SIHTaph.

Eme B npeBHocTH, 6osiee IBYX C IOJOBHHOH ThicAY JeT Hasal,
rpeuecKkHe PEMEeCJEeHHHKH CTOJKHYJHCh C 3JIEKTPHYECKHMH CBOMCT-
Bamu siHTapsa. O6GrauuBasi U NMOJNHPYsl YKpallleHUs W3 sIHTapsi, OHH
3aMeTHJIH, YTO HX H3JeJHs HauMHAIOT NPUTATHBAThb K ceOe BOJOCKU
IIEPCTH, KyCOUKH HHTOK, COJIOMHHKH.

TTosxe 6bl10 OOHApPYIKEHO, YTO CBOHCTBOM MpHUTArHBaTh K cebe
npeamerst (OHO MOJNYYHJIO Ha3BaHHe 3JEKTpPH3alMH) obJagaer He
TOJIbKO SIHTapb, HO H 300HHT, CTEKJO, aaMas, cepa, Cypryu u Apy:
rue BellecTBa.

Uro6bl MOHSTH NPHPOAY 3MEKTPH3AUUH M MHOTHX JPYrHX 3J1eK-
TPHYECKHX fBJIEeHHH, pa3bepeM KOPOTKO CTPOEHHE BElEeCTBa,
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1. Ctpoenne pewecTaa

Bce, uTo cyllecTByeT BOKPYr Hac — 3eMJsi, OpeaMeThl Ha HeH,
pacTHTEJNbHBIH M XHBOTHBIH MHP, BoJa H BO3AYyX,— Bce 6e3 HCKJIO-
YeHHs] COCTOMT H3 MeJbyaHIIMX YacTHL, Ha3blBa€MblX MOJEKYJaMH.
Hrak, mojseKkyno# HasbiBaeTcs MeJibuaimas
4acTHLA BellecTBa, KOTOPYI0 MOXHO OT[e-
JIUTb OT Hero, U oHa Oyner o6/safgaTh BceMHM CBOHCTBAMH JaHHOTO
BellecTBa.

UTo6bl CyIHTb O pa3Mepax MOJIEKYJ, JOCTaTOYHO NpPeACTaBHTh,
yTo 1Jis1 06pa3oBaHus LENoYKH B 2—3 CaHTHMETpa norpebyercs He
MeHee CTa MUJJMOHOB MOJIEKYJ, YJIOXEHHBIX BIVIOTHYIO B OJHH pAL

Mouanekyaa

Mouekyapl HaxXO#ATCS B TOCTOSIHHOM ABHXeHHH. B rasax onu cB0GOgHO
ABHXKYTCA MO BCeM HanpaBJ/eHHAM, CTa/KHBasCh OfHA ¢ Jpyrofi. MosiekyJbl rasa
BCcerja 3aHMMaloT Bechb 00LeM cocyaa. ITostoMy Henb3da Ha6paTbh MOJOBHHY 6y-
TBUIKH BO31YyXa.

B JKHIKOCTAX MOJIEKYJbl TaKkKe ABHXKYTCS GeCnOpPsSiAOYHO, HO 0ocobble MoJe-
KyJsipHbHe CHJIbl yAepXKUBAIOT MX ropasfo 6auXe MeXay co6oii, yeM B rasax.

B TBepAablx TeJax MOJEKYJbl COBEpIIAIOT JHIIbL HeGOsbliHe KojeGaTesbHble
IBHXKEHUs, OCTaBasiCb Ha CBOMX Mectax. MoJleKyJsipHble CHJIBI NMPOYHO YHAEepKH-
BAalOT OJHY MOJIEKYJy OKoJo Apyroi. [10sToMy TBepAble Tela COXPaHSIOT (GopMy.

OnHako npu HarpeBaHUH TBEPJOTrO Teja CKOPOCTb JIBUXKEHHS MOJEKYJ BO3-
pacraer, pa3Max HX KoJeGaHHHl CTaHOBHTCS Bce GoJsblile H Gosblie, HaKOHel,
MOJIeKYJ/ISIpHble CHJIbl yXe He B COCTOSHMH yJAepXaTb MOJIeKyJ/bl, OHH HayHHAIOT
nepeMellaThCs; MOPSAOK PACMOJIOKEHHS HX HapyllaeTcs, M TBeplOe Te/o Tpe-
BpALlaeTcsl B KHIAKOCTb.

YBeJqHUeHHeM CKOPOCTH [BHIKEHHS MOJIeKyJ [pH HarpeBaHHH OGBACHAETCH
H npeBpallleHue JXHIAKOCTH B ras.
MouJieky/ibl COCTOSIT H3 aTOMOB.

Bosbmem g mpuMepa Boay. Ee mosekynaa
Arom 6yleT HauMeHbLIeH 4YacCTHYKOH, HMemwolLleH

cBofictBa BOAbl. EciM Mbl HauHeM [eJHTb
3Ty YaCTHYKy, TO OHa MOTepsieT CBOHCTBA BOAbl M pacnajercss Ha
IBa aToMa BOJOpPOJA M OAMH aTOM KHcjopoaa. Mosekyna cepHo#t
KHCJIOTBl NPH JeJeHHM pacfajaeTcss Ha ABa aToMa BOJODPOAa, OJHH
aToM cepbl H YeTblpe aToMa Kucaopoda (puc. 1).

Mouiekynbl pas3/MYHBIX TeJ pPas3MYalOTC YHCAOM BXOISIUIHX
B HHX aTOMOB H BHJOM (COPTOM) 3THX aTOMOB.

Her nuuero o6uiero Mexay BOLON H CepHOM KHCJIOTOH, 3a HC-
KJIIOYEHHEM TOro, YyTO H Ta H JApyras — XKHAKOCTH. PasnuyHbie
CBOMCTBA BOJBl M CEPHOM KHCJIOTH OOYCJOBJEHbl HEOLHHAKOBEIM
COCTaBOM HX MOJIEKY.JI.

Pagmepbl aTomMoB oueHb Majbl. [luameTp atoMa BOLOpOAA MpH-
ONU3UTENBHO paBeH OJHOH CTOMHJJIMOHHOM YacTH CaHTHMeTpa.
Takyio Beanuuny tpyaHo ceGe NpeACTaBUTb. JluameTp APYrHX
4TOMOB BCEro B HECKOJIbKO pa3 OoJblle AHaMeTpa aToMa BOJO-
poia. ATOM MeHbllle MaJleHbKOrO AETCKOrO MsYHKa INPHMEPHO BO
CTONIbKO K€ pa3, BO CKOJbKO pa3 3TOT MSYHK MEHblle 3eMHOro
wapa. Jlaxe cBepxcoBeplIeHHble COBpeMeHIble MHKPOCKONbI He B
COCTOSIHHH TIOMOYb YENIOBEKY pPacCMOTpeTb aTOM.

6



Korza npoctble BelecTBa BXOASIT B COCTaB CJNOMXKHOIO, TO OHH
TEpSIOT CBOH XapaKTepHble XHMHYeckue cBoiicTBa. [IpHHATO roso-
pHUTb, 4TO BOJ4 COCTOHT H3 XHMHMYECKHX 3JIEeMEHTOB BOAOpOJa W
KHCJI0pO/a.

Monexyna
cepHoU
Hucnomel

Moneryna
godbi

—_— — —_—
Amom  [ea amoma Hemeipe amoma Amom  [lea amoma
nucnopoda eodopoda Krucnopoda cepoi godopoda

Puc. 1. CocraB MOJeKyJbl BOABI H CEPHON KHCJIOTHI

Taxum o6pasom, mMoJaekyha Jai060oro BeulecTsa COCTOHT H3 arTo-
MOB XMMHYECKHX 3JEMEHTOB.
[Ton xuMHYECKHM 3/eMEHTOM CJelyeT MOHH-
Xumuyeckuil anement MaTbh MPOCTOE BelleCTBO, KOTOPOE COCTOMT H3
COBeplIeHHO OAWHAKOBbIX aToMoB!. Xumuue-
CKHE 3JIEeMEHThl CYILIeCTBYIOT B MpHpPOJAe B YUCTOM BHIAE, H UX
MOXKHO TOJYYHTb NMPH XHUMHYECKOM pas3jIOKEHHH CJIO0XKHOTO Bellle-
crBa. JlanbHeflleMy pa3/oXeHHIO (NpH XHMHUYECKOH peakluH)
Ha cocTaBHble YaCTHUbl XMMHYECKHH 3JieMeHT He moajaaercs. Pas-
JIMYHBIe XHMHYECKHe peaKUHH CBOIAATCA K TOMY, 4TOObl COEIHHHTH
WU pasbeJHHHUTb aTOMbl Pa3HbBIX XHUMHYECKHX 3JIeMEHTOB.
OcHOBOH Bcex BeIIeCTB SIBJASIOTCA aTOMbl XHMHYECKHX 3Jj1eMEeH-
TOB. ATOMBI MOXHO CPaBHHTb CO CTPOMTEJNbHbIM MaTepHaJIOM [Jis
aoMoB.- M3 HeckobKHX BHAOB CTPOHTEJbHBIX MaTepHasOB— KHP-
nuyeft, xene3Hblx 6aNoK, LOCOK H T. . — MOXHO MOCTPOUTb Camble
pasHooGpasHble JoMa. TOYHO TaK Ke M3 ATOMOB DPAa3JHUYHBIX XHMH-
YeCKHUX 3JIeMEHTOB CO3JaHbl BCe OKpYXKalollue Hac Tesa.
K 50-M romam npomJsoro croneTHsi GbLIO H3BECTHO CBBle 50 XUMHYECKHX
3JIEMEHTOB. l'locTene}mo yueHble OTKpBIBaJiIH HOBble 3JIEMEHTHI. ﬂO OTKPLITHSH

STHX 3JIeMEHTOB HHKTO He 3Ha/] M He MOT NpejcKasaTh UX cBOHCTB. CBS3aHbl JH
3TH 3JIeMeHThl MeXAy co6oit? Ecaum cBA3aHbl, TO Tlle TOT 3aKOH, KOTOPOMY MNOJA-

' B npupope CyLIeCTBYIOT MPOCTLIE BELIECTBA, COCTOSILHE H3 OAHOIO W TOrQ
XKe COpTa aTOMOB, HO Pe3KO pasfiHyaloliHecs 1no CBOMM cBofictBam Hanpumep,
BOJOPOA, [eATepHii M TPHUTHH — MPOCTHie BelleCTBAa, HO BOJAOPOA MPeACTABAsIET
coGol XHMHUECKHIl 3JieMeHT, a JAeATepHii M TPUTHH — €ro H30TOMBl (CM. HHXe
nousatde o6 H30TOMAx),
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yuHAIOTCA aroMbl? OTBeT Ha 3TOT BOMPOC Naj BeAHKHH pycckuil ydueHbIH JIMHT-
puit MBanoBnu Mengaenees (1834—1907), oTKpblBUIMiE Tak Ha3biBaeMblifi MepHO-
OUYECKHH 3aKOH XHMHYECKHX 3JeMeHTOB. OH pa3MecTHs Bce H3BecTHbie TOIJa
XHMHYeCKHe 3JIeMeHTHl B MOpPsAKe BO3PAacTaHHsi HX AaTOMHBIX BecoB (aTOMHbBIH
BEC — 3TO OTBJICYEHHOe YHCJO, NMOKa3biBalolllee, BO CKOJbKO pa3 Bec atoMma AaH-
HOTO XMMHYECKOro sjeMeHTa OoJble !/j; 4yacTH Beca artoma yriepoja). Takum
o6pa3oM, Bce XHMHYeCKHe 3/]eMeHTbl O0Ka3aJIMChb OnpejeseHHbIM 06pa3soM CBs-
3aHHBIMH Mex1y coGoll, a uXx CBOHCTBa — IlepHOAHYECKH nosTopsowuMucs. [le-
pHOAMYECKHH 3aKOH — OJMH H3 BaXXHeHIUHX 3aKOHOB eCcTecTBO3HaHUS.

Ha ocHoBanuu nepuoauyeckoro 3akoHa [I. M. Mennenees npeickasan cylie-
CTBOBaHHE HOBBIX, ellie He OTKDPBITBIX XHMHUYECKHX 3/1eMEHTOB M ONHCaJ HX CBOil-
crBa. HayuHnle fpefcKkasaHHsi BEeJMKOrO PYCCKOTO YYeHOro MOJIHOCTbIO MOATBEp-
NHJIHCh, KOTJa 3TH XHMHUYeCKHe 3JleMeHThl OblJIH Hali/eHbl.

KoauyecTBo XMMHYECKUX 3JEMEHTOB (He CYHMTasti MCKYCCTBEHHO
CO3[aHHBIX), CYLIECTBYIOLUMX Ha 3eMJe, HEBeJIHKO — HEMHOIHMM
GoJibllle CTa, HO COEJMHEHHS OJMHAKOBBIX MJH Pa3JMUHbIX 3JeMeH-
TOB B MOJIEKYJ/bl GeCcYHC/IeHHHI.

Kaxnablii XMMHYeCcKHi 5JeMeHT UMeeT CBOH YC/JOBHBIH 3HAK, CO-
CTOSILUHH H3 HayaJbHOH MJH M3 HAyaJbHOH M mocaenymooueid OYKB
ero JaTrdHHCKoro HassaHuda. Hanpuwmep, kucsiopom o6osHauaercs
6ykeo#i O, xenezo— Fe, Bogopon —H, cepa—S u 1. 1.

310 obo3HaueHHe oyeHb YA0O6HO. MoJjekyna BOJbl, COCTOALILAs
M3 IByX aTOMOB BOJOpOJa H OJZHOTO aroma KHCJIOpOJa, 3aluiiercs
H,0; monexkyna cepuo#t xuciorel — H,SO, (xBa atomMa Bomopona,
OlMH aTOM Cepbl M ueThipe aTOMa KHCJOpOAa).

AToM — cOBO rpeuyeckoe U MO-PYCCKH O3HA-
dnekTpoH yaeT «HeNeJHMblH», «Hepa3pesaeMblii». Takoe

Ha3BaHHe OODBACHSAETCA TeM, UYTO [0 KOHIA
XIX Beka aToM cuuTanau mpocreifilieil W HefenuMmoi yactuueit. Ox-
HaKo 3aTeM BBIICHWJOCH, YTO aTOM — TOXe CJOXHas 4YacTHLA,
cocrosiliass M3 Gosiee MPOCTHIX M NpPHYEM 3JEKTPHUECKH 3apsiKeH-
HbIX yactHl. CHayasna Obl1 OTKPBIT 3JEKTPOH, HMEIOLIMA MHHH-
MaJbHbIA  (3J1eMeHTapHbI) OoTpHuAaTe/NbHBl 3apsn. [lodxe Gbuin
o6HapyXeHbl APYyrue 3j1eMeHTapHble yacTulbl atoma. OKasaJaoch, 4To
aToM COCTOMT M3 siipa H BPallalOLIUXCS BOKPYT HEro 3JeKTPOHOB.

Slapo aToma ToXe cJOXKHAas 4YacTHLa, CO-
AtomHoe sapo croflias M3 TMNPOTOHOB — HOCUTEJIEH TOJIO-

XHTEbHOTO 3JIEKTPHYECTBA H HeHTPOHOB —
JIEKTPUYECKH He 3apsuKeHHBIX yacTHL. [loJoXHTeNbHBI! 3apsf
siipa paBeH CyMMapHOMY 3apsAy BXOASIIMX B HEro MPOTOHOB.
Macca sppa atoma paBma cymMMapHO#i Macce BCeX HeHTPOHOB H
NPOTOHOB 3TOro figpa. [IpoTOHBI U HEHTPOHEBI, BXOASLINE B aTOMHOE
SIAPO, HMEIOT ofllee Ha3BaHHE — HYKJOHDI.

[Topanxosblii HOMep 3ieMeHTa B Tabiuue Menneneesa pasen
CyMMapHOMY YHCJIy 3JE€KTPOHOB BO Bcex 000/J04Kax aToma
3TOro 3JIEMEHTAa M COOTBETCTBYET CYMMapHOMY UYHCJIY TPOTOHOB
B fAnpe.

B anepHoii ¢usuke XMMHYECKHH 3jeMeHT 0603HAYAETCS YHCJIOM
NPOTOHOB (BHH3Y) H OGLIMM YHCIOM HYKJIOHOB (BBEPXY) B sjpe
atoMa, Hanpumep: oHet, sO'6, U8 Tak, B siipe ypaHa, cocToss
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mwem u3 92 nporoHoB, 238 Hyk/aoHOB. Has onpenenenus yucia Hefi-
TPOHOB HEOOXOJAMMO M3 UYHMC/JIa HYK/JIOHOB BblYeCTb YHCJIO NMPOTOHOB.
3HauuT, B AApe atomMa ypaHa 238 — 92=146 HeATpPOHOB.

KonunuecTBoM mnpoToHOB B sAApax onpene-
Hsoronn JIIOTCS XMMHYEeCcKHe CBOHCTBA 3JIeMeHTOB.

[Ipy n3MeHeHMH uyHCIa TPOTOHOB B  SA-
pe aTtoM [JaHHOro 3JeMeHTa InpeoOpa3yeTcs B aTOM APYroro
3JleMeHTa ¢ JAPYTHMH XUMHYECKUMH M (H3HYECKHMH CBOil-
CTBaMH. -

AtoMbl, MMeIOIHe B sipe OAHHAKOBOE KOJHYECTBO IPOTOHOB,
HO pa3/MyHOe KOJHYeCTBO HeHTPOHOB (a C/eldoBaTeNbHO, H HYKJO-
HOB), Ha3blBalOTCs M3oTOmaMH. M3oTonbl sjemeHTa HMEOT OJHHa-
KOBble XHMHYECKHEe CBOICTBA, HO HECKOJbKO pas/jHYalTCs Mo ¢H-
3HYECKHM CBOHCTBAM.

HauGosbulee mpuMeHeHHe MOJYYHJIH H30TONBl ypaHa M BOIO-
poza.

XuMHUeCcKUil 3/71eMeHT ypaH oU?® umeer nBa u3ortoma. B He-
GOJIbILIOM KOJHYECTBE CYLLECTBYET H30Tonl ¢oU2%, B simpe atoMa Ko-
Toporo 143 HeliTpoHa. DTOT HU30TON CJAYXKHT HCXOAHBIM MaTepHa/IOM
IJs ToJyyeHHst aToMHbIX 6Gom6. CojaepxKkaHHe H3oTOoma U8 B
NPHPOJHOM ypaHe HHYTOXKHO.

Hsoton Bogopoma aeiitepuit (JI2 (uau H?) umeer B simpe ato-
Ma OfMH NPOTOH WU OAMH HEHTPOH. DTOT M30TON BXOJHT B COCTaB
TaKk Ha3biBaeMOH TsAXKeJON BOAbl, KOTOpas B HeGOJbIIOM KOJIHYe-
cTBe colepxkuTcs B oObluHOi Boge. M3oronm Bomopoma tputuit T3
(unn H3) umeer B sape atroMa OJMH MNPOTOH H J[Ba HeHTpOHA.
[lpu cuHTe3e (CAMAHMHM) sAOep AeHTepUs H TPHUTHS BbIAeJseTCS
OrpoMHOE KOJIMYeCTBO SHepruu. DTa peakllks, HasbiBaemas TepMo-
AJIePHOM, UCMONb3yeTCcss B BOLOPOIHLIX 60MOaX.

[1poute Bcero mo cBoeMy CTPOEHHIO aTOM BO-
Crpoenne aroma JOpPOAa: OH COCTOHT M3 OJHOrO MNpPOTOHa B

sIpe W OJHOrO 3JeKTpoHa (puc. 2,a).
Atom reaus uMeer OGoJiee CJIOXKHOe CTpPOEHHe: BOKPYr sApa
BpaLIaloTCsl ABa 3JMeKTpoHa (pHuc. 2,0).

3NEKMPOH

/
6 Hedmpors:

Puc. 2. CTpoesue npocTeX aToOMOB:
a — Boaopoja; 6 — reaus



PaccMoTpum cTpoeHue aToMOB yraepoaa u mexn (puc. 3).Artom
yIepofia COCTOMT M3 LIECTH NMPOTOHOB (T. €. MOMOXKHTeNbHO 3aps-
’KEHHBIX YacTHL, COCPeIOTOYEHHBIX B sJpe) M IIeCTH 3JeKTPOHOB
(puc. 3,a). DieKTPOHBI PacClONOKEHb HA ABYX opburax (o6osou-
kax). [lepBas u3s HuX (cuMTas OT sApa) HMeeT [ABa 3JIEKTPOHA,
KOTopble ABJSAIOTCS ycToHuWBbIMH. Takyio OpOHTY MPUHATO Ha3bi-
BaTh 3amoJHeHHoil. Bropasi op6uta (BHelIHsis) HMeeT 4eThipe
3]1eKTPOHA — 10 BOCbMH 3JIGKTPOHOB ‘He XBaTaeT ueThipeX, CJeMlo-
BaTe/bHO, 3Ta OpOUTA He3amoNHeHHas.

3anonHeHHbIC

He3anonHeHHas 0pGumer
op6uma

3anonHeHHas

opbuma
©
© 06 © O
©
He3anonHeHHaA
opduma
a i
Puc. 3. Crpoenne GoJiee CJOMKHBIX aTOMOB:
a — yraepoaa (C LIECTLIO NPOTOHAMH B siipe H IUECTbIO 3JEXTPOHAMH Ha op6u-

Tax); 6 -- menu (c 29 npoToHaMH B suApe H 29 3JNeKTPoHaMH Ha OpOMTax)

- Artom Memu cocrouT u3 29 mpomoHOB B AApe H 29 3/7eKTPOHOB
Ha ueTbipex op6utax. Ha nepso#i op6uTe 2 3JeKTpoHa, Ha BTO-
poit —8, Ha Tperbefi — 18; 3TH OpOUTH 3anoJHeHHble. BHemHas
(uerBepTast) op6uTa He3amoNHEeHHas, TaK Kak OHAa HMeeT OJHH
3J1eKTPOH.

OJIeKTPOHLI BpalLAlOTCsl BOKPYr sApa NoJo6HO BpallleHHIO NJja-
ver Bokpyr CoJsHla.

OneKTpHUecKasl CH/Ia NPHTATHBAET 3JEKTPOH K AApYy, a Mexa-
Huyeckasi (LeHTPOGeKHAas) CHa BpalIEHHs OTTA/JKHBaeT ero. JTH
CHJIbBl  yPaBHOBELINWBAIOTCA, MOJy4aeTcsl YCTOHUMBAs CTPYKTypa
aToma.

BellecTBo MOJIEKY/bl 3aHMMaeT JIMIIb HeGOJIBLIYIO 4YacTb ee
o6bema. PaccTosnme Mexay aTtoMamu NpuUMEpHO B AECATb pa3
Goablle HX Huamerpa. [louemy e BellecTBO He pacmagaercs?
[MoToMy uTO Mexay aToMaMH CYLIECTBYEeT CH/IbHAsi CBA3b (TaK Ha-
3bIBaEMOE CUEIVIEHHE), KOTOpasi H JAepMHUT HX BMecCTe.
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B ToM, Uuro MeXay aToMaMH HMEeTcs MPOCTPAHCTBO, JErko
y6eautbcsi. Bpocum meransnueckuii WapuUK Ha KaMeHHLIH TIOJ.
[Ilapuk OTCKOYHT. ITO MNPOUCXOAUT BCJAEACTBHE (IIPYKHHSLLIErO
HeHCTBHA» MPOCTPAHCTBA MEXKIY ATOMAaMH.

Mmeercss onpeneseHHOe 4UMCJa0- KOMOUHALHA 3JIEKDPOHOB U MPO-
ToHOB. Kaxnasi craGunbHasi ux KOMGHHALMs CO31aeT OJMH oOfpe-
JeNIeHHbIH THUN aTroMa. TakuM o06pasoM, KaXAbl XUMHYECKHH
3jJeMeHT UMeeT CBOM CBOMCTBa B 3aBHCHMOCTH OT YHC/Aa H pac-
MOJIOXKEHHsI 3JEeKTPOHOB, T. €. B 3aBHCHMOCTH OT CTPOEHHA
aToMa.

2. NonatHe o6 3HEPrHW aToMHOro AQPA

[Tpu paciuenneHHH aTOMHBIX sjep (HanpuMep, HpH [eJeHHH aTOMa H30TOMNa
ypaHa 235 Ha JiBe uacTH) Bbije/sgeTc TDOMajHOe KOJIHYeCTBO BHYTPHATOMHOI
3HEepTHH.

Beca Bcex atomoB H3BecTHH. Hampumep, atoM BOJOpPOA2 BECHT npHOGJIH3H-
TeqpHO 2° 102 2. TTocKOMBKY 3TO HHYTOXHO MaJbli BeC, YCJAOBHO MPHHSITO
NOJMb30BATLCH TAaK Ha3blBaeMbIM aTOMHBIM BecOM 3JIeMEHTOB, KOra BeC aToMa
BOJOpOJa NpHHHMAaeTcs 3a eAHHuuy. Torna aTOMHbIN Bec reidst GyneT paBeH 4,
kucaopoja — 16, ypana — 238 u 1. 1. DT uHcIa NOKA3BIBAIOT, BO CKOJBKO pas
aTOMbl YKa3aHHBIX 9JIeMEHTOB TfXelee aToMa BOjopoja. Bec 3sexTpoHa paseH
!/183s BECa aTomMa Bojopojfa .

Hrak, Bce aToMbl COCTOAT K3 Pa3HOOGPA3HOrO COYETAHHST OJHHX H Tex Ke
Tpex YacTHll: NpoToHoB (Bec l, snektpuueckuiét 3apsia +1), HefitpoHoB (Bec I,
sapsig 0) u 3JeKTpoHOB (Bec !/ig3s, 3apam— 1).

Tak Kak 3JIeKTPOHBI 3HAYHTENbHO Jerye NMPOTOHOB H HEHTPOHOB, TO MOXHO
CUHTaTh, YTO BeC aTOMa MNpaKTHYECKH COBMAajaeT C BECOM ero sApa H paBeH
o0leMy YHCNy NPOTOHOB H HEHTPOHOB B sApe.

BaxHnoit XapakTepucTHKOH XHMHYECKOro 3JeMeHTa fBJISeTCS aTOMHBIA HO-
Mep, KOTOpbIi yKa3blBaeT MeCTO 3JeMeHTa B MNepHOLHuecKoil chcTeme MeHze-
NeeBa. ATOMHBIH HOMep paBeH YHMCJY NPOTOHOB B Spe.

ITockoabKy B cocTaB siipa BXOASIT OJHOHMEHHO 3apsiKeHHble MPOTOHHL, TO,
Kasasnoch Gbl, OHO JOJIKHO pasJieTeTbCsi Ha COCTaBHble 4acCTH (NPOTOHBI H HeM-
TpoHbl) 2. TeM He MeHee sizpa aTtoMoB oueHb ycToiuuBbl. OKasblBaeTcs, Mexny
YacTHLUaMH, BXOASILIMMH B COCTaB fApa, MNeHCTBYIOT O0cCOObie silepHble CHJIbI
cuennednsi. OHM 3HaAuMTeNbHO GoJsblUe 3JEKTPHYECKHX CHJI OTTa/JKHBaHusA. flnep-
Hble CHJIBI 3aMeTHO YMEHBbIUAIOTCS NPH YBEJHYEHHH pacCTOSHHS MeXJy 4YacTH-
naMi W [JelCTBYIOT TOJBKO B CaMOM Sipe H B HenoCpeACTBEHHOH G6JH30CTH
OT Hero.

Korna arombl coemuHsitoTcsl, 0o6pa3ysi MOJIeKY/y, NPOMCXOAHT H3MeHeHHe
JIBHXXEHHSI TeX 3JIEKTPOHOB, KOTOpble HaHGoJiee yHaseHbl OT f[pa; MocjefHee Xe
B XHMHYeCKOH peakLHH He yyacTByeT coBepuleHHO. [To3TOMy HCTOYHHKaMu 3Hep-
THH, KOTOpas BbIfeNseTCs INpH COEJHHEHHH AaTOMOB (NPH TOPeHUH, OGBIYHOM
B3pEIBE W T. [.), SIBJSAIOTCA TONbKO 3JEKTPOHBl. DHEPrHs IMOYTH HEBECOMBIX 3JeK-
TPOHOB OYeHb MaJa, a OCHOBHas TrpoMajHas 3Heprus, CKpLiTags B aTtome, —

! TlepBble BLIUMC/IEHHS AaTOMHBIX BecOB GObIIM cAesaHbl aHMJIMACKHM XHMHKOM
O. HanbtonoMm. OH OTHOCHA aTOMHble Beca XMMHYECKHX 3JEeMEHTOB K aTOMHOMY
Becy BOLOpOZA, NMPHHSB MOCJeIHHI 3a elHHHMLY. BomoponHas einHHna yIepxKu-
Bajacb B XHMHM MOYTH cToseTHe. [To3/Hee XHMMKH OTKa3ajHCb OT Hee H DpHU-
HSIIH KMCJOPOAHYIO eNMHMIY, PaBHYIO /j¢ Maccel aToma KHcaopona. Kuesopox-
Hag eluHHua Gblna obwenpuHatoir ¢ 1906 mo 1961 r. C 1961 r. npunara yrae-
PoaHas enuHMUA, paBHast !/, Macchl atoMa yriepoaa. Ona oxasajace Gosee
YROGHOI1.

2 Huxe Mbl y3HaeM, YTO OJHOHMEHHbe 3apsiibl OTTaJKHBAKOTCA.
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SHEprHs CHJ CLENJIeHHs] YacTHIl SIApa — OCTaeTcs Heucnosb3oBaHHOH. Tak, sfep-
Hag 3Heprus, HMmemwiuasca B | Ke renns, COOTBETCTBYeT 3/IeKTPHUECKOH 3HEp-
[HH, NOCTAaTOYHOM JaA Toro, 4to6bl jgammoyka B 100 8T ropena 28 MUJJIHOHOB
JeT.

OHepruio s1pa MOXKHO «OCBOGOJHTb» NyTeM ero «o6cTpena» KakuMH-THOO
YacTHLUAMH, CMOCOOHLIMM HapyHWIMTh CBSI3b MeXIy MNPOTOHAMH M HeHTpOHaMH.
Bosbluyio posb B H3yYeHHH aTOMHOrO $1pa, B HaXOXKJAEHHH TAKHX «IlyJjb», KO-
TOPBIMH MOXKHO G6bl0 6Bl «O6CTpPeJHBATHLY fAAPO, CHIFPAJO OTKPBITHE pPajiHOAK-
tuBHOCTH. OKa3aJoch, YTO B TNDHPOJe aTOMHBble SIApAa CAMbIX TSXKEJNbIX 3JieMeH-
ToB (ypaHa, TOpHs, paius M 1p.) 6e3 BCAKOro BHeUIHero BO3JiedcTBUsT pacna-
JaloTcs, mpeBpallasch B JIpYyrHe siipa C BbljleJleHHeM MPH 3TOM 3HEepPruH.

Slnpo ypaHa, umelollee 3apamx 92 u aToMmumiit Bec 238, MoxeT «BLIGDPO-
CHTb» M3 cebsi AApO sJeMeHTa reauss (3apsg 2, aTomHbii Bec 4). Ocrablleecs
a1po ¢ 3apsaomM 90 u aTOMHEIM BecoM 234 npeacraBiaseT co6oH sApo aToMa
sJleMeHTa TOpHs. B 3ToM M 3aknoyaercsi siBlieHHe paJHOAKTHBHOIO pacmaja.

238
TMpouecc npuBeeHHOro MNpeBpallleHHsi MOXHO 3anucaTh Tak: (ypaH) “go > (TO-

234 . 4
puit) “go + (rennit) o.

Slnpa renus, noJydaiollimecs B pe3yJabTaTe pacnaja siep ypaHa, paius H
HEKOTOPbIX JPVIHX 3JIeMEHTOB, NOJYYINIH Ha3BaHHe aJjbga-yacTHu'; CKOpoCThb
HX IBHXeHHs TPHOnu3uTesbHo paBHa 20 000 km/cex. Pacman siiep, cOMpoBOX-
Jpapoluiics BbIIETOM TaKHX YacTHI, Ha3blBaeTcs aJjbga-pacnaaom.

Kpome Toro, cyuiecrByer Gera-pacmap?, B pe3ysbTaTe KOTOPOTO MOJY4arOTCSt

He siipa resius, a TaK Ha3blBaeMble ObICTpble 3JeKTPOoHH. Hanpumep, sigpa Topus,
noJyvaioluecs npu anabda-pacnafe ypaHa, BblGpachiBalOT GLICTpble 3JIEKTPOHBI,

fpeBpallasch NPH 3TOM B fif[pa 3JeMeHTa NPOTaKTHHHS: (TOpHIi) 238—» (npo-

TaKTHHHI1) 23‘} + 3JIEKTpOH.

Slnpo mpoTakTHHHs, moJyyawowieecs Npu Gera-pacnaje TOPUS, B CBOIO Oye-
peab pacnajgaercs, Bbl6pachiBast OoNATb Gera-yacTHIy, T. €. OBICTPBIH 3JIEKTpPOH,
H npeBpallasch CHOBAa B AP0 ypaHa: (MPOTaKTHIIII) 231 - (ypaH) 2%42+3J!EK-
TPOH.

YpaH, KoTopblit o6pa3yeTcs PH 3TOM, HMeeT cBOil 3apsii 92, HO Bec ero paBeH
Tenepb 234 BMecTO MepBOHAYAJBHOTO Beca siipa ypaxa 238.

XHMHYecKHe CBOHCTBA aTOMa IMOJHOCTBIO ONpPEAENsIIOTCA YHCIAOM 3JEKTPOHOB.
A TaKk Kak HX CyMMapHblii 3apsiA paBeH 3apsify sApa, TO 3apsAL AApa ABJASAETCH
pemalomuM (aKTOpOM, ONpenessOLIHM CBOHCTBAa TeX HJAM HHBIX Tesa. Bec sapa
TIPH 3TOM HHKAaKOro 3HaueHHsi He HMeeT. [03TOMy HasjMuHe NBYX H30TONOB sifiep
3JIeMeHTa ypaHa MNpH OLHOM H TOM e 3apsige 92 noJaroe BpeMsi OCTaBa/joCh
He3daMeYeHHbIM. PasjlequTb XHMHUECKHM NyTeM TaKHe siIpa HEBO3MOXKHO.

HayyeHne panuoaKTHBHOCTH MOMOIJIO OGHADYXKUTb MHOTHE XMMHUYECKHe 3Je-
MEHTBI, SiipPa KOTOPBIX HMEIOT OIHH H TOT XKe 3aps], HO pa3Hbiii aTOMHBIH Bec
(T. e. HeOIHHaKOBOe YHCJC HeiTPOHOB). TakHe XHMHUECKHE 3JeMEHTHl, KaK MEl
3HaeM, Ha3bIBalOTCSl M30TONAMH.

H3oTonos B npupopme BCTpeyaeTcsi MHOro. Topuil, KOTOPHIi o6pasyeTcs MpH
ajbga-pacnajge ypaHa, Kak HaM H3BeCTHO, uMeeT aTOMHbLII Bec 234. B mpupone
BCTpEYaeTCsi NpPeHMYLIECTBEHHO TODHIl C aTOMHBIM BecoM 232.

Bbllle yXKe yKasblBanoch, YTO YpaH, Kak M HEKOTOpPble [pyrHe BelLUecTBa,
pacmagaercs B npupoie Ge3 yuacTHsi uesoBeKa. OJHAKO NpoLecc 3TOT MPOHCXO-
Iut oueHp MenJsenHo. Hanpumep, masi Toro 4To6bl KYCOK YypaHa yMEeHbIIHJCS
BABOE, Heo6xoauMo 4,5 Munnuappa Jjer. [1osTtoMy ¢ MoMeHTa o6pa3oBaHHs 3eMJH

! Buauasie He 3Ha/W, UTO 3a YacTHLBl BHIGPACHIBAIOTCS YPaHOM H pajueM,
H MO3TOMy Ha3Ba/iM MX TepBOi GYKBOM rpeveckoro andasHuTa a — «ajbda».

2 «Bera» B — HasBaHue BTOpO# GYKBHl rpeueckoro aJjdaBHTa, NPOUCXOXKIe-
HHe 3TOro Ha3BaHHA Takoe XXe, Kak H ajbda-yacTHl.
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BeCh ypPaH He YyCIeJ pacrnacTbCsi Ja)ie Ha OAHY ueTBepTb. Pacnmax papus npo-
HCXOJHT 3HAUYMTEJbHO GbiCTpee, H JJsi YMeHbLIEHHs] ero KOJIHYeCTBa BIBOe HYMKHO
Bcero Juuib 1590 ser. Paauii, Kotopelit 6bi1 Ha 3emie npu ee 0GpasoBaHHH,
JaBHO yXe pacrnajcs, a HMeloUHiics B HAacTOsllee BpeMsl SBJsSETCS NPOAYKTOM
pacnajga ypasa.

PannoakTHBHOCTb — silepHOe sIBMEHHe, TAK KaK Npu Heil NDPOMCXOAHT Mpe-
BpallleHHe AaTOMHBIX sijiep. HHKAKHMH BHEUIHHMMH BO3[JeHCTBUAMH (CHJIBHBIM Ha-
rpeBaHHeM, H3MeHEHMeM [aBleHMsi B LIMPOKMX Mpeaetax M T. A.) He yraercs
NOBJHATD Ha XOH paJHOAKTHBHOro pacrnaga. OXHaKO MYalHMHCS C OTPOMHOH
CKOPOCTbIO SIipaMH resusi (anba-yacTHUAMH) MOIKIIO BO3[1eHCTBOBAaTh Ha aToM-
Hoe spapo. Ilpu «oGerpesie» anbda-vactuiia, MOLOGHO MyJe, BJIETaeT B SAPO H
ocTaeTcst B HEM HJIM Pa3pymiaeTr ero.

[lepBoe McKyccTBeHHOe pacllenJieHHe sApa ObuI0 MOJyYeHo NpPH «OOCTpesH-
BaHHH» OGBIYHOrO a3oTa GHICTPbIMH anbda-uacTHnaMH (sapamu renusi). Ho oxka-
3a/10Ch, YTO VNPaBJATh TAaKHMH YacTHUAMH (Hampumep, H3MEHATb HX CKOPOCTBb)
HEBO3MOXHO. DTO 3acTaBWJIO MNPHGErHYTb K HCKYCCTBEHHOMY pPa3rOHy 4YacTHIL
(TpOTOHOB, sizep reusi W Jp.) B 3JEKTPHUeCKOM TMoJe, CO3JaHHOM OYeHb BLICO-
KHM HanpsikeHweMm, Tak, A5 MCKYCCTBEHHOrO pasroHa siipa TeJiHsi O CKODOCTH
anba-vactui (20 000 xkm/cex), HCIycKaeMLIX PafHOAKTHBHLIMH 3JIEMEHTaMH, He-
06XOIUMO HANpSKEHHe OKOJO 4 MHJ/UIHOHOB BOJbT. CJI0XKHOCTB PaboOTHI € OUeHb
BbICOKHM HAamNpsXKeHHeM W TPYJIHOCTL MOJYUEHHsI ero INPHBeIH K CO3[aHHIO TakK
HasblBaeMblX YCKOPHTeJleil, B KOTOPHIX CPaBHHTeJLHO HeGoJblliMe HanpsixKeHus,
NofaBaeMble MO MYTH [ABHXKEHHs YacTHLbl, BO MHOTO pa3 YBeJHYHBAIOT ee CKO-
pOCTb.

ITocne monyyeHHs] HCKYCCTBEHHBIX MOTOKOB GHICTPHIX 3aPsXKEHHbIX YACTHIL GbLIH
«06CTpesIiHbl» NMPOTOHAMH M ajbda-yacTHuaMH Bce 3jeMeHTH. KosuuecTBo oGHa-
PYXeHHEIX SILCPHBIX NMpeBpallleHWid CHJIbHO BO3POCIO.

PaccmoTpum MexaHu3m siiepHbix npeBpailenuit. [lTomamawomas B sapo ua-
cruua (MPOTOH, HEHTPOH, asbda-yacTuia, HAefiTOH!) NOBLIIAaeT ero 3HEPruio.
HoBoe sinpo o6nagaer u3GLITKOM 3HEPrHH M HAXOQHTCS KaK Gbl B BO3GYXKIEHHOM
COCTOSIHMM. DTa 3HEPTHsi MOXET COCPeJOTOUHTbCS Ha OJHOM H3 TNPOTOHOB HJH
Ha HeHTPOHe, U TOrga OHM BblaeTAT u3 sapa. ViHorma u3 sigpa Bolieraer asabda-
yacTHua.

Beite MBI FOBODHJIH, YTO CYIUECTBYET [PYroii THI SiIEPHBIX TNpeBpalieHHH,
a uMeHHO GeTa-pacnaj, MpH KOTOpoM SIAPO BuiGpachiBaer 3nekTpoHbl. Ho oTKyna
GepyTcsi 3JIeKTPOHbI, ecau ux Her B sgpe? CoBpeMenHas (H3HKa 3TO OGbACHsIET
TeM, YTO B HEKOTOPLIX YC/NOBHSIX HelTPOH, KOTODHIf HMeeTcsi B SIApe, MOXeT
npeBpallaThbCcsl B NMPOTOH M 3JMEKTPOH, TNpHYeM TOCJAeNHHA HeMe[JieHHO H3Jay-
yaerc. B GOJbIIHHCTBe SIZEP aTOMOB Da3JHUHBIX BeLIECTB TAKOTO MpeBpallleHHs
HeHTpOHAa He NMPOMCXONHT BCJEJCTBHE BJIHSIHHS COCEIHHX NPOTOHOB H HEHTDPOHOB.

Jna Toro yro6bl pa3buUTb SAAPO HA TPOTOHB! H HeHTPOHBI, HEOOGXOXHMO CO-
Bepuwinth paGoty. HaoGopoT, nmpH coelHHEHHH 5THX YaCTHLl BBIIEJSIETCSl SHEprus,
paBHas TOH, KOTODYIO HYXHO 3aTPaTHTb [Jisl PacllelJieHHs siapa. ATa 3Heprus
HaskiBaeTcsl 9Heprueit cBsisu. [lis fefiToHa OHa paBHa 2 MHWJUIMOHAM BOJIBT, AJA
anba-yacTHUL! — 28 MHJJIHOHAM BOJBT, [Vl flpa JUTHA (C aTOMHEIM BecoM
7) — 39 MHJANMOHAM BOJIBT 2.

OHepruio CBfI3W OMNPENESIOT HeCcKONbKMMM crnocobamu. HauGosee pacmpo-
CTpaHeH cmoco6, OCHOBaHHLIH Ha 3aKOHe B3aHMOCBSI3H MACChl H 3HEPrHH.

PaHbule cunTamH, yTO CYLIECTBYIOT [IBa Pa3MHYHLIX 3aKOHA: 3aKOH COXpaHe-
HHS Macchl M 3aKOH COXpaHeHHs H TNpeBpaileHHs 3Hepruu. M3 mepBoro 3akona
BbITEKaeT, YTO Macca MAHHOTO BellecTBa HJH HECKOJbKHX BEIeCTB OCTAEeTCH He-
H3MEHHOH MpH XHMHYECKHX peakUHsiX, NPH HarpeBaHHH WJIH OXJNaXKIEHUH H T. I.
B sToM ciyyae BMecto Macchl MOXKHO TOBODHTb O Bece, TaK Kak OHH MpOMOp-
uHOHaJbHEL. M3 BTOpPOro 3akoHa cilefyeT, 4TO SHEPrus He MOSBJSETCA U He Hcue-
3aeT, a JHIUp NMepexXOJHT H3 OJHOH (GOpMEI B IApYryio.

! Snpo Taxesnoro Bofopoja (aTOMHbI Bec 2, 3apsig 1).

2 Tlon sHeprueit, HampuMep, B 2 MWJIHOHA BOJBT CJAELyeT MOHHMATb 3Hep-
THIO, KOTOPYI0 TMOJyyaeT TNpPOTOH, YCKODEHHHH HAmpsKeHHeM B 2 MH/IHOHA
BoabT. CTPOro roBOpsi, SHEPrHSl CB3M BHIpa)<aeTcss B 3JEKTPOH-BOJbTaX.
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Ha camom Aene 06a 3TH 3aKOHa B3aMMO3aBHCHMBI, MoTOMY 4TO Macca "
3ieprust B3aHMOCBSI3QHDI. Ecau coobuints Teay 3Hepruro. TO ero macca H BeC
BO3PACTYT. Ecan otusth 3HEprvio, TO Macca H BeC Teaa YMeHbUIaTCs. OpHako
naxe 00/ibllloe M3MeHeHUe 3HEPruu MPpHBOAUT K HHUUTOXKHOMY H3MeHeHHIO MaccChl,
TdK KakK Macca paBHA 3SHEPrHH, J[eNIeHHO!l Ha OTPOMHYIO BEJHUYHHY — CKOPOCTb
CB€Ta B KBajparte:

aHeprus .

macca =
(cxopocTh cpeta)?

[Mpyn oO6bLIUHBIX XMMHUECKHX peakuMax M (H3HYeCKMX [polueccax Macca H
SHeprusi Teja NPaKTHUECKH OCTAIOTCSl HEH3MEHHBIMH.

B aToMHOM siipe MPOHUCXONAT OrPOMHble H3MEHEHMs SHEpPTHH, M03TOMY H
H3MEHeHHE Maccbl CTAaHOBHTCS 3aMeTHbIM. IIpH coeJHHeHHWH NPOTOHOB H HeHTpo-
HOB B $1ADO BblJesisieTCss SHEPrHs CBS3H, MO3TOMY Macca HJM BeC siipa AOJXKHBI
ObITh MeHbllle CyMMbI MacC BceX BXOAALIMX B €ro COCTaB NMPOTOHOB W HeHTPO-
HoB. CJle0BaTe/IbHO, €c/IH ONpeJlesHTb ¢ GOJbLIOH TOYHOCTBIO Bec (Maccy) aToM-
HOro siApa, To OyleT u3BECTHa €ro JHepPrus CBA3H, WJIH, KaK ee OOGbIYHO Ha3bl-
BaloT, aToMHas 3xeprud. CoBpemeliHasi HayKa onpeneJsaerT Bec siapa c O6OJbLIOH
TOYHOCTbIO. Korma roBopsT, uTo Bec ypaHa 238, mompa3yMeBaloOT, 4To 3TO LeJoe
yHcae, HauGosee 6JHM3KOe K HCTHHHOMY Becy siipa ypaHa, KOTOpPBLIH Bbipa)<aetcs
JIPOGHBLIM YHCJIOM.

KakoBbl 3anacil aToMHoit 3Hepruu? Ha nepBHit B3rasigy Mo)XeT noxasaTbces,
YTO HHUKAKUX 3allacoB HeT, TaK Kak HeT B MpHpole cBOGOAHLIX HeHTpoHOB. OHH
Bcerfla BXOMAT B COCTaB aTOMHBIX sjaep, H, Ka3ajoch Obl, NMOJYYHTL 3HEPTHIO,
BBLAEJNSIIONLYIOCS MPH COeJHHEHHH NpPOTOHOB M HeflTPOHOB, Hesb3s. Kpome Toro,
yTo6bl pa36uTh SIAPO Ha INPOTOHBI M HefITPOHBI, HYXKHO 3aTPaTHTb SHEpPTHIO.
OpxHako 3anachl silepHOil 3HeprHH ecTb M oueHb Gouapiuue, [losicHHM 3TO KOH-
KpPeTHbIM NMpPHUMEpOM.

7
Ecan snpo (nuTus) 5 3axBaThiBaeT MPOTOH, TO OHO MpeBpalllaeTcsi B SAPO

Gepunusi, KOTOpoe pacnajgaetcsi Ha ABe anbda-uactuusl (sgpa remus). [lpu
3TOM BblensieTcss 3Heprus, pasHas 17 MuinuoHam BoabT. OTkyna Gepercsi 3Ta
SHeprus?

7 o
[IpeanosoxuM, 4to Mbl Da36uin sApO (JMTHS) g Ha TPOTOHBl H. Heil-

TpoHEl (3 npotoHa u 4 HefiTpoHa), 3aTpaThB 39 MHJJIUOHOB BOJbLT, T. €. 3Hep-
THIO, paBHYIO 3Hepruu cBsi3n. [laaum Temepb 3THM 3 npoToHam u 4 HelTpoHaM
BMecTe C «OGCTpe/HBAIOIMM» [IPOTOHOM COEJHHHMTBCS B ABa siApa resus. SHep-
THS CBA3W ABYX siiep renus paBHa 56 MusJIHOHaM BosbT. Tak Kak Ha paspy-
IeHHe sifpa JUTHA Obi1a 3aTpaueHa sSHeprHs 39 MHIJIHOHOB BOJIBT, TO TIpH
006pa3soBaHHH JBYX siiep TreJuss MAOJ/IKHA BBIIENHTbCH 3Heprus 17 MHJITHOHOB
BOJIBT. '

Cuabl, KoTOpble JIeHCTBYIOT B siipe, OoueHb Gosbuine. OTclofa U 3Heprusi, Bbl-
JleJslollasAcs Npu SIAEPHBIX NpeBpallleHHsiX, 3HayHTeJbHO 6oJblle TOH, KOTOpYIO
MOXHO MOJNYYHUTb MPH CrOpPAHHH, CKaxKeM, YIS MM NMPH KakoM-HHOYAb B3phIBe.

Ecan pacilenuth npu MOMOIUM NPOTOHOB BCe silpa, Haxonasiinecs B 1 e
JIMTHS,, TO MOJIYYHTCS] SHeprusi, paBHas 56 MusIHOHam Gosbliux Kajopuit. JIpy-
rumMu cnosami, 100—200 e JHTHA WJIH JPYroro 3JeMeHTa BbIAEJAT CTOJBKO Xe
SHEPrHH, CKOJIbKO BBIJENHT ee LieJblfi XKeJle3HOJOPOXHbIA coctaB yras!

UtoGhl nyumle MOHATH, Kakasi SHeprust BheNsieTcs [PH pacmafe siiep, pac-
cMoTpuM oAuH mpumep. IlycTb mpomecc pacrmajga TMPOHCXOAHT CO CKOpocTbio 1010
JleJleHuit B CceKyHay (uto BmoJHe ocymiectsumo). Torma 1 2 ypana, B KOTOpoM
Haxonutcs 4 - 102! aroMoB, ucuesHeT npuMepHo 3a 7 mun. Ecianm Takas CKOpOCTb
RleJleHHsi COXPAaHMTCA B TeyeHHe Troja, TO 3a 3TO BpeMs H3pacxoayerca 70 ke
ypaHa. Ilpu sTom BHIijennTcs Takas sHeprusi, Kakyio BhipaGaTbipaeT [lHenmporac
B TeyeHHe roja.

BoinaomuMest NOCTHXKEHHEM COBETCKOH HAYKM M TeXHHKH SBJIsieTCs co3ja-
HHe B Hallefl cTpaHe MepBOH B MMpe MPOMBILLIEHHOH aTOMHOM 3JIEKTPOCTAHUHH
il CTPOHTEJILCTBO HOBBIX.
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3. NpoBoaHUKH M HIONATOPLI

Pacnpenesnenue  3J1eKTPOHOB Ha opburax
Mposoannkn onpejlessieT 3JeKTpHYeCKHe CBOMCTBAa Mare-
pHaJsoB. YCTaHOBJIEHO, YTO, €C/IH Ha BHeELIHew
op6HTE HAXOAMTCSl BOCEMb 3JEKTPOHOB, OpOUTa 3aloJHeHa, aToM
crabuJeH, 3JeKTPOHbl O4eHb KpDeNKO CBfI3aHbl CO CBOHM SIADOM.
HesanosHeHHy0 BHEWIHIOIO OPOGUTY 3JEKTPOHbl JIeTKO MOKHAAIOT.

Bo MHoOrux BeulecTBax OT/ieJbHble 3JEKTPOHBI, caabo CcBA3aH-
Hble ¢ IPOM, JIerKo MOKHMJaloT aToM U o0pasyloT TaK HasblBaeMble
CBOOOMNBIC 3JEKTPOHBI. IDTH BEILECTBAa Ha3blBAlOTCS MPOBOJHMUKA-
MM, TaK KaK OHH XOpOLIO IPOBOJAAT 3JEKTPHUECKHUH TOK.

Meip 3HauuTeNBHO Jiyullle NPOBOAHT 3JIEKTDHUECKHH TOK, 4eM
yroJib, NMOCKOJIbKY €€ aTOM HMeeT MeHee 3allOJHEHHYIO BHELIHIO
op6uty. OnuH 3JIeKTPOH Ha NocjefHed opOHTe B KaXKAOM aroMe
MeIH MOXeT Jerko INepeaBUraTbCcsi Mexay atomamu. Kpome Toro,
y atomMa Mead Gosblue OPOHT ¥ BHeLIHss1 opOuTa Jafblie yjgajneHa
OT spa, NMO3TOMY SJIEKTPOH, HaXoJsIlUHHACA Ha IMOcAelHeH opOure,
ciabee B3aUMOAEHCTBYET C ALPOM.

JIBuKeHHe CBOGOJLHBIX 3JEKTPOHOB B NMpPOBOJHHKe HMeeT Oecrno-
psiTouHBIHl xapakrep. [IBurasicb B mpocTpaHCTBe MeXJIy aTOMaMH
B pAa3JIMYHBIX HANpaBJEHHSAX M C Pa3HbIMH CKODOCTAMH, OHHM cTaJ-
KHBAIOTCsSI C 8TOMaMH, 4acTO BLIOMBAIOT M3 aTOMOB HOBble CBOOOI-
Hble 3JIEKTPOHB!, a UX MecTa 3aHHMAaIlT CaMH U T. 1.

K npoBozHHKaM OTHOCATCS METAJJbl, PacTBOPHI COJIeH, KHCJIOT
M leJiouell B BOAE, Yrolb H MHOTHe Apyrue BeulectBa. U3 meran-
JIHYECKHX TMPOBOIHHKOB IUHPOKO pacHpoCTpPaHEHbl Mellb, XKeJjeso0,
aJIOMHHUHA H pas/THYHbIE CIJIaBHI.

B raxux BellecTBax, Kak BO3IyX, CJI01a,
Hsoastopu cTeKJ0, Mpamop, apdop, MuHepaJbHbIE

Mac/sa, KayyyK, pe3uHa, 300HHT, mnapaduu
¥ 1p., 3JEKTPOHK OUeHp KpeNkKo CBsi3aHbl CO CBOHMH aTo-
MaMH. JOTH BEUIECTBA HA3bLIBAIOTCH W3GJATOPAMH  MJH  JH-
3JieKTPHKaMH. MHorue [IM3/eKTPHKH HCIOJNB3YIOTCS B KauecTse
H30JIUPYIOIIUX MaTepHaJoB.

Kpome npoBONHHKOB H H30JATOPOB, B NPH-
MonynpoBoauuku poAe CyUleCTBYIOT BEILlECTBA, KOTODbIE saHH-

MalOT NPOMEXYTOYHOEe IMOJOXKeHHe. DTH Be-
[ieCTBA HAaSLIBAIOTCA MOJYNPOBOAHHKAMH 3JIEKTPHYECTBA.

B noaynpoBoaHHKax oueHb MaJjo CBOGOAHBIX 3JIEKTPOHOB, IO-
9TOMY B OGEIYHOM COCTOSIHHH OHH TUIOXO MPOBOMAT SJIEKTPHYECKHit
Tok. Ho rnpu ompejeseHHbIX NOCTOPOHHHX BO3JEHACTBHAX 3JIeK-
TPOHBI, c/1a60 CBsi3aHHble CO CBOHMH aTOMaMH, MOTYT MOKHAATb
HX, W TOJNYNPOBOAHHKM CTAHOBATCA MNpoBOAHMKaMH. K moay-
NIPOBOAHMKAM OTHOCATCHA, HamnpuMep, ceJeH, TepMaHHH, Teaayp,
MHOTHe OKHCabl, KapOumbl, cyabouabl. C KaXAblM TOLOM MOJY--
npoBoaHHKM Bce OoJiblle W GoJblile NPHMEHSIOTCH B  3Ji€K-
TPOHHUKe,
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Jlenenue BelleCcTB Ha MPOBOAHHMKH, MOJNYNPOBONHHKH H H30J4-
TOpbl yc/IOBHO. B npupoje HeT YHCTBIX NPOBOJHHKOB 3JEKTpHYE-
CTBA, KaK H HET H/1easbHbIX JHJEKTPHKOB.

4. IneKkTpHyecKuH 3apan

Hrak, 3/JeKTPHUECTBO COLEPIKHTCS BO BCEX BeleCTBax B BHUIE
9JIeKTPOHOB M NPOTOHOB. OGe YacCTHLBI UMEIOT OJHHAKOBOE KOJIH-
YecTBO 3apsija, HO NPOTUBOIOJNOXKHOH NOJSIPHOCTH.

B 3aBHCHMOCTH OT TOrO, KaKHe YaCTHIIbI OKa3biBalOTCSl B Bellle-
cTBe B HM30LITKE — 3/EKTPOHbI HJIH TNPOTOHBl, OHO 3apsiKaercs
OTPHLATENBHO HJIH NOJIOKHTENbHO.

PasHoumenHble  (pa3HbIX 3HAKOB) 3apsiibl
B3aumopeiicTBHe NPHTATUBAIOTCH,  OJHOMMEHHble  OTTAJKH-
3apsaaoB BalOTCH.

®pannysckuit ¢pusuk Iapab Oriocren Ky-
JgoH B Konlle XVIII Beka ycTaHOBHN 3aKOH, COIVIACHO KOTOPOMY
CHJIa, ¢ KOTOPOI B3aWMOJENCTBYIOT ABa TOUYEUHBIX 3apsifa, NMPSAMO
NpoNopUHOHaNbHAa BeJIHYMHAM 3apsijoB, 06paTHO NPONOPIHOHAJb-
Ha KBajApaTy pACCTOSIHHS MeX1y HUMH M HampaBjieHa BJIOJb JH-
HHH, COeIHHsIOLled 3TW 3apsilbl. DTOT 3aKoH Bblpaxkaercs ¢op-
MyJqao#

F=krLL
rAe ¢ ¥ ¢,— BelUUMHBl B3aMMOJEHCTBYIOLUHX TOYEUYHBIX 3aps-
J0B;
¥ — paccTostHHe MEXAY 3apsiaMH,;
k — ko3¢ HUHEHT MNPONOPUHOHANBHOCTH,  3aBUCALLHH
OoT Bbi6Opa e[MHHUL H3MepeHHs BeJHUYHH, BXOMIf-
1MX B OpMyday.

ToueunbIMH 3apsilaMH Ha3bIBAlOTCS 3apsfdbl, HaxoJsllHecs Ha
Tenax Jo60i (opMbl, pasMepbl KOTOPHIX MaJjbl MO CPaBHEHHIO C
PacCTOSIHUAMH HX B3aUMOAEHCTBHUS.

flapa aToMOB BceX 3J6MEHTOB 3apsKeHbl IOJOXKUTETbHbIM
3JIeKTPHYECTBOM, HO3TOMY OHHM B3aUMHO OTTajKuBaloTcsd. CHabl OT-
TaJKUBAHHUS HACTOJNbKO BEJHKH, UTO Jake NpPH OOBIYHBIX B3pbIBax,
Hab/10/laeMblX B TpUpOJe, AApa HHUKOrAa He cOJHXKAIOTCA 10 CO-
IPHKOCHOBEHHS.

Mexnay 3/eKTpUUECKHMH 3apsilaMH aToMa CYLIECTBYIOT CHJIbI
B3aumoseiictBisi. C OZHOI CTOPOHBI, 3JEKTPOHb, HMeEIOlIHe OTpH-
HaTeJbHBI 3apsifl, OTTAJKHBAIOTCS OAMH OT JAPYroro, Ho, ¢ JAPyro#
CTOPOHbI, MEXIYy 3/MEeKTPOHAMH M AAPOM JEHCTBYIOT 3JIEKTPUUECKHe
CHJIbl NIPUTAXKEHHS. DTH CHJbl B3aUMOJEHCTBHS Y Da3HbIX BEILECTB
pasHyHbL.

OGBIYHO aTOM XHMHUECKHX 3JI6MEHTOB 3JEeKTPHUYECKH HeHTpa-
JeH, T. e. oOWMH oOTpUUATeNbHBIl 3apsi], COCPEIOTOYEHHBIH B
3/IeKTPOHAX, paBeH MOJIOXKUTeJbHOMY 3apsay fAapa. B stom cayuae
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aTOM He MpOSIB/ISieT HUKAKHX 3JEKTPHYECKHX CBOMCTB, OH 3JIEKTpPH-
yeCcKH Kak Obl ypaBHOBellleH, HeHTpaJeH.

Tenepp Jierko oObSICHHTH ABJEHHs, MPOHCXOAsLIHE MPU HATH-
paHuH HeKoTopblx Tes. Tak, Hampumep, Korja HaTHPAIOT CTEKJsIH-
HylI0 MaJloYKy KOxeH, TO YacCTb 3JIEKTPOHOB C MMOBEPXHOCTU CTEKJA
Kak Obl «CTHpaeTcs», T. €. 3/JeKTPOHbl MepexoAaT Ha Koxy. B 3Tom
caydyae Ha CTek/ae o6pasyercsi H3OLITOK MOJNOXKHTENbHBIX 3apsifioB,
a Ha KoXe — U30bITOK oTpuuateabHbix. CTeK/JO 3apsikaercs IMOJO-
XHUTENbHO, a KOXKa — OTPHUATE/NbHO.

3apsan ~ABAAeTCs CTAaTHYECKHM  3J€KTPHYECTBOM, TaK Kak
3JIEKTPOHbl M TNPOTOHBI HAaXOMAATCA B COCTOSIHUM MOKosl (HET Ha-
NPaBNEHHOTO [BHXKEHHS).

3a emuMHUIY H3MepeHHs] 3JeKTPHYECKHX 3a-

Exunnun PSIOB, T. €. 33 €IHHHLY H3MepeHHs KoJuye-
9JIEKTPHYECKOTO CTBa 3allaCeHHbIX B BelLEeCTBE 3JEKTPOHOB
sapsina MM TPOTOHOB, B MEXAYHapoiHoOil cucreme

enunun CH npuHsT KyJaoH (k).
3auem mnoTrpe6GoBasioch BBOAUTb OCOOYI0O eIHHHLY [Jsi H3Mepe-
HUA KoJsiyecTBa nekTpuyectBa? [louemy Henb3s Oblio 3a 3Ty en-
HUIly NPHHATb 3apsifl 3JeKTpOoHa Wau npotoHa? [la moromy, 4To HX
3apsi/l HUYTOXKHO Mad. VlcyucaaTe KoOIMUECTBO 3JEKTPHUYECTBa
3apsA/aMi 3JIeKTPOHAa — 3TO BCe PaBHO, UTO YUUTHIBAThb KOJNHUYECTBO
BOJBI, HeoGXoauMoe MOCKBE, YHC/IOM Kalesb.

B omnoM Kymaoue 6,28-10'8 spekrporos (10'® nosmyuurcs, ecmu
MUJIJIHOH YMHOXHTb Ha MUJIJIMOH ¥ ellle pa3 Ha MHJIJIHOH).

Takum o6pasom, 6,28-10'® nUIIHUX 3/1EKTPOHOB, 3aMacCEeHHBIX
B BelllecTBe, PaBHbl | KyJOHY OTpHLATENbHOrO 3apsiia; To XKe ca-
MO€ YMCJIO JIHIIHUX MPOTOHOB COCTaBjasieT | KYJOH [MOJNIOXKHUTENb-
HOro 3apsna.

3akon KysoHa naer BO3MOXHOCTb YCTaHOBHTb E€IMHHILY 3J€K-
TPHYECKOro 3apsja.

[Monb3ysch NJisi U3MEPEHUs] PACCTOSIHUSL W CHJIBl €HHHIIAMH CH-
crembl CI'C u nmomaras r=1 cm, F=1 Oun, q;=¢g3=q n k=1, no

2
dopmyse F=kl’;zi=% HaXo[UM, YTO TNPH 3THX YCJAOBHAIX § =
= =+ 3apany.

3a eQMHHIY 3JEeKTPHUECKOro 3apsja NPHHHMAIOT TaKoH 3apsn,
KOTOpbI/i JAeficTBYeT B BaKyyMme (IIPOCTPaHCTBe, re HeT BO3/AyXa)
Ha paBHbIl eMy 3apsl, HaXOASUMHCA Ha PaCCTOSHHU OJHOTO CaH-
THMETPa, C CHJIOH B ONHY AMHY.

ATy enuHHUy 3apsaa Has3biBAlOT aGCOMIOTHOH 3JEKTPoCTaTHYe-
CKO#l ellnHHILEH 3apsifia (3J.-CT. ell. 3apsaa).

CucTeMy €NMHHL 1Jisi U3MepEeHHs 3JEeKTPUYECKHX 'BEJNHUYHMH, B
KOTOpO# 3a €IMHHIy 3apsaja MNPHHUMAETCS 3JEKTPOCTaTHYECKas
enuHuua (3/1.-cT. e1.) 3apsja, Ha3blBalOT abCOMIOTHOH 3JeKTpocTa-
THYecKo# cucTeMoll U o6o3Hauator CICI.

1 xysoH pasen 3-10° an1.-cT. en. 3apsina, Uny

1 k=3-10° exn. 3apaga CI'C3.
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‘5. PasHocTh NOT@HUHANOB

Jlio6oit ajeKTpuyeckuil 3apsii MoXeT Ipo-
IMousiTHe 0 pa3HOCTH H3BOJHUTb pa60Ty, KOTOpas BbIpaKaeTcsi B
NOTEHUHAJIOB NPUTSKEHUH HWJH OTTaJIKNBaHHU [ApYyroro 3a-
psna. Cnoco6HOCTh 3apsiia NPOHU3BOAUTHL pa-

6OTy 3aBHCHT OT IIOTEHLHa/a, KOTOPbIA OH CO371aer.
[pemnosoxuM, YTO Ha MpaBod nimactuHe (puc. 4,a) umeerca
NOJIOXKHUTEeIbHbIA 3apsl, PaBHbIl 3 k. DTOT 3apsii co3gaer onpejye-
JICHHYIO BeJHYUHY T[OTeHLHaJjia, 4TO CO-

@@@@ W OTBETCTBYeT KaKOH-TO paboTe, KOTOPYIO
+

006 MOXeT INPOH3BecTH 3TOT 3apsa. IlycTe
© paboTa BhHIpaXaercsi B MepeMelleHHH
CICICIC) 2J1eKTPOHOB. [lo/oXKUTENbHBIN 3apsan B

3 Kk OyneT NpUTATHBATh OMNpeleseHHOe

/L

m

» @@?@ 3k UHCJIO 3JIEKTPOHOB. llpyrqﬁ MOJIOXKHTE/Ib-

HBIfl 3apan, HaxojfdluiAcs Ha JeBoH
olelcle nJlacTHHe U paBHBIH | K, Takxe Oyner
NPUTATUBATb 3JEKTPOHBI, OJHAKO BBUAY
@@@@ + MeHblIed CBOEH BeJUUHWHbBI OH CMOXEeT

- OGO NPUTAHYTb MeHblle 3JeKTpoHOB. Eciu,
006 \ Hanpumep, 3apsax B 3 K NpHTATHBaeT 12
3JIeKTPOHOB, TO 3apsia B | K — ToJbKO 4

1K o I snexTpoHa. B pesyabTaTe B HanpaBJeHHH

K NpaBoOH MNJacTHHe ¢ 3apsanoM B 3 K 6y-

3K

CISICIS IyT mnepemellatbcsi 8 3J€KTPOHOB. ITO
00006 _ YHCJIO nepeMenlanUIuXcs 3J1€KTPO-

HOB 3KBHBAJIeHTHO pabore, KoTopas
BBHIIOJIHAETCA  3apsiioM B 2 K T1pH
OTCYTCTBHH JApYyrux 3apsanos. I[loatomy
3x UHCJIO 3JIEKTPOHOB, [epeMeLaloluX-

CISISIS,
SISICIC)

‘ ¢ B HampaBjieHHH OO0JIbIIEro MOJIOXKH-
Puc. 4. Pa6ora, 3aTpaumBae- 1 3apsina. 3ABHCHT OT DA3HO-
Mass NpH ABMXXKEHHW 3JIEKTPO- TE€JBHOTO p na, ] p
HOB Mex/y 3apsiiamu, saBi- CTH TOTEHUHAJOB MEXAy JBYMs 3aps-
CHT OT pPAa3HOCTH TMNOTEHlHa- JdaMH.

J10B: Ha puc. 4,6 orpuuatesbHbift 3apsin

O rebaaiocTh MOTCRUNAZOBOX B | K Ha JIEBOW NMJACTHHE MOXKET NPOH3-

6 — Da3HOCTb  TOTeHUHMaloR pas-  gecTH paboOTy, OTTaNKHBas 4 3JeKTpPOHa.
HbIX OJLHOHMMEHHBIX 3apsAA0B pPAaB-

Ha HYMO Ta e BesHUMHA TOJOXKHUTEJNLHOTO 3a-

psila Ha TOpaBOH IJIaCTHHE MOXeT

NpuTsiHYyTh 4 37eKTpoHa. B pesyabrate

8 3JIEKTPOHOB NepeMelllaloTCs B HalpaBJeHHH MOJOXKHTEIbHOTO 3a-

psina. PasHocTh moTeHnMasoB 3[4eCh TaKXKe 3KBHBasleHTHa paborte

3apsna B 2 k.

Ha puc. 4,8 nBa 3apsiia paBHbl. DJEKTPOHLI, NPUTATHBaeMble

B HalpaBJIEHHH ONHOTO 3apsila, C TAKON e CHJIOH NPHTATHBAIOTCA

B TPOTUBOTOJOXKHOM HalpaBleHHH K Apyromy 3apsay. B pesyib-

TaTe 3JEKTPOHbl OCTAIOTCA Ha MecTe, NOCKOJbKY HET pa3sHOCTH
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MOTEHIHAN0B MeX/1y PaBHLIMU 3apsiiAaMH OJHOH M TOH Xe moJasp-
HOCTH. B 3TOM ciydae roBopsiT, YTO Pa3HOCTh MOTEHUHANOB PaBHA
Hy.110.

«[Touemy pexa Teyer B MopeP» — cnpauluBai cebsi H3BECTHBIH
Hemeukuit ¢pusuk Om. [Toromy, uro ypoBeHb BOIBI B €€ BEPXOBbSX
BBHILIE, YeM B MOpeE.

UroObl syylle MOHSTb SBJIEHHS] 3JEKTPUYECKOTO TOKA, YacTo
CPaBHHBAIOT €ro ¢ APYrUMH SIBJEHHSMH NPHPOJLI, KOTOPble XOPOLLIO
BCEM H3BECTHBI.

J1st ysicHeHHsI YCJOBHE, NMPH KOTOPbIX BO3HHKAeT 3JIeKTpHue-
CKHMA TOK B ILl€NH, PACCMOTPHM YCJIOBHfA, IPH KOTOPbIX OGyeT Teub
BOJa Mo Tpybe, coenuHSIOIIEN [Ba COCYAa,

o c
HaloJHeHHbIX Bono# (puc. 5). Ecam Bona __fff"
B COCYylaX HAaXOJHTCH HAa OMAHOM YPOBHE, /-——-7 ‘to—=—
\ —_——

-

HMKAKOro [JBMKEeHHsI BOAbI MNo TpyGe He iyl ~~
6yner. CTOUT TOJNBKO MPUNOAHATH OIMH
COCyA, Kak BOfa ceilyac e MpUAET B JBHU-
)KeHue. Takum o6pa3om, [IBUKEHHE BOIBI
no tpy6e 3aBHCHT OT Pa3HOCTH e€e YpOB-
He#l B cocymax. Ecau 3Ty pasHocTb ypoB-
Hell M0Oj[ep:KUBaTh NPH MOMOLLHM HAacoca,

| yposHeu

ilj

e

| Pazsocme

|
|
!

TO Mnoc/JefHull OyoeT NPHYHHOM JBHXKe- =

HHSl BOJbl B TpyOe, T. e. OyAeT ABHXKYLIeH ”
CHJIONL. ‘ Puc. 5. Boma Ttewer mo
Jlisi BO3HUKHOBEHHSI JeKTpuueckoro 'PY0e Gnaronaps paso-
6 CTH YpPOBHE€H B COCyhax,
TOKa B LeNH Heo6XOAMMO HMeTb pa3HOCTb CO3IaBaeMOli HACOCOM

3JIEKTPUYECKHX YPDOBHEH Ha 3a’KMMax HCTOY-
HHKa TOKa, T. €. H30BITOK 3JIEKTPOHOB Ha
OOHOM H HENOCTAaTOK HX Ha JApYyrom. 9Ty Pa3HOCTb 3JEKTpH-
YeCKHX YpOBHe#, MJH, JIPYTHMH CJOBaMH, PasHOCTb MNOTEH-
LHAJIOB Ha 3axuMmax, TMoAJAepKHUBACT IJICKTPOABHIKYINAsA CHJA
(2. . c.) HCTOYHHKA TOKa.

UTo6bl HCHOJNB30BATH 3JEKTPHYECKHE CHJIBI,
dNeKTpH3auus Tea KOTOpble HMEITCA BO BCeX MaTepHaJdax,

NpeJBapUTENbHO HYXHO 3aTpPaTHTh oOlpeje-
JEeHHYI0 paGoTy [Jisl pasfesneHusi 3JEeKTPOHOB OT NPOTOHOB. B ocHo-
Be pasjJesieHduss 3JeKTPOHOB OT IPOTOHOB, T. €. B CO3JaHHH pPa3HO-
CTH IOTEHIHAJOB, JICXKUT SBJECHHE 3JEKTpHU3aAlMH. OG6BbIYHO KaK-
o€ TeJIO 3JIEKTPHUYECKH HeﬁTpaJIbHOZ pa3HOUMEHHBIE 3JEKTPUUYECTBA
HaxonsiTCsa B HEM B pPaBHbIX KOJHYECTBaX, BCJAGACTBHE Yero oHO
He mposiBisieT cebsi 3apsXKeHHbIM IOJOXKHTENbHO MJAH OTpHLA-
T€JbHO IIO OTHOLICHHIO K KaKO!My-JIPlﬁo 3apAKEHHOMY TeJay. Ho
CTOUT TOJBKO HADYLIHTH KOJUYECTBEHHOE€ DaBHOBECHE DA3HOHWMEH-
HOro 3jeKTpuUyeCcTBa B TeJe, KaK OHO CTAHET 3JIEKTPHYECKH 3aps-
KEHHbIM. JJIeKTPH3alMeld TeJa W Ha3biBaeTcs Mnpouecc nepexona
€ro H3 3JEKTPHYECKH Hei’lTpaJleoro COCTOSIHHA B 3JIEKTPHYECKH
3apsxKeHHOe, NPHYEM TeM CHJbHEE, UYeM Gosble 3apsan HeCKOM-
NMEeHCHPOBAHHOrO 3JIEKTpUYECTBA.
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IMonoXuUTeNbHOE 3JIEKTPUUYECTBO COCPENOTOYSHO B SIIPE, KOTO-
poe oueHb ycToiuuBo. [To3TOMy 3/IeKTpH3aLUs Teaa OCYILECTBJASET-
Csl MyTeM KOJHYECTBEHHOrO H3MEHEHHsi OTPHLATEJNbHOTO 3JIEKTPHU-
yectBa. IlpaKTHYecKH 3TO AOCTHTaeTcss NpPH MOMOLLM HCTOYHHKOB
TOKa, CO3JaI0LIUX JEKTPOABHKYLIYIO CHIY.

OcraHoBHMCA Ha fABJEHHH 3JeKTpu3auud Ttea Oojiee MOA-
pOoGHO. .

Bosbmem naBa wMerajsauueckux 1apuka—A wu b (puc. 6).
ITpeamnonoKuM, Mbl HMeeM BO3MOXHOCTb MEPEHOCHTb CBOGOMHbBIE
3JIEKTPOHBI C OJHOrO IIapuKa Ha apyroi. Ilpu mepexoce mepBoro
371eKTPOHA Mbl HOJIKHBI sanaTmb KaKyl-TO SHEPTHIO Ha Npeojo-

JIEHHE CHJIBl 3JIEKTpPHUYECKO-

TO IIDUTSIKEHHUS] MEXIY HHUM
. -*—--O—-—’ H MOJIOKHUTEJbHBIM HOHOM—
yacTHLel, o6pa3oBasiiedics

3/7€K/77[JU‘(€CHLIE npH norepe 3JIEKTpOHA

cunsi npumm«e»«uﬂ atoMmom (puc. 6,a). Ilpwu
b nepeHoce CJIeYIOLIero
3JIEKTPOHA HeoOX0AHUMO

== — 3aTpaTUTh OOJBLIYIO 3Hep-

Inenmpuyecrue FHI0, TaK KakK HYXHO

cunet ommankubarus npeogosieTb  CHJIbI 3JIeK-

TPHYECKOT'O0  NPUTSKEHHUS

O P — e e g yXKe MeXAy [BYMSl MOJIO-

XKHUTEJbHBIMH HOHAMH H

3JIEKTPOHOM, a TaK¥Xe CHJIbI

Puc. 6. ®usuueckas CylUHOCTb 3JMEKTPH3ALHH 3JIEKTPHUECKOTO  OTTaJIKH-

Ten BaHHAA MeEXAY IepeHOoCH-

MBbIM 3JIEKTPOHOM H 3JIeK=

TPOHOM, Haxonsliumcs Ha wapuke 5 (puc. 6,6). Ias nepeHoca

TpPeTbero 3/1€KTpoHa norpebyercss 3aTpaTHTh ellle OOJiblle 3HEPrHH
T O

Takum o6pas3om, 9JeKTPU3auus TeJd CONPOBOXKIAETCS 3a-

TPaToii KaKOH-TO 9HEPTHH ¥ BO3HUKHOBEHHEM 3JEKTPHYECKHX
CHJI.

B pesyabraTte sjekTpu3aluuu IWapuk A 3apALHACT [OJIOXKH-
TeJbHO, a wWapuk b — orpuuarenbHo. [Tosyuunsach pasHOCTb IIO-
TeHHa 0B, CTOHUT TOJNbKO Wapuki A H b coenuHHUTH TPOBOTHHUKOM,
Kak cBOOOMNHBIE 3JEKTPOHBI H3 HEro 3alMyT MECTO HEZOCTAIOLIHX
31eKTpoHOB Ha wapuke A (puc. 6,8). V3ObiTOuHBIE 3JI€KTPOHBI C
mapuxka b mepeiiayr B npoBoAHHK. I[Ipousoiiier MrHoBeHHOe cMe-
LleHHe 3JEeKTPOHOB B NPOBOAHHKe, a MAapHKH A W 5 BHOBb cTaHyT
3J1eKTPHYECKH HEATPaNbHbIMHU.

PoJsb HCcTOUHHKA 3JIEKTPHUECKOTO TOKA COCTOMT B TOM, YTO OH
BCe BpeMs 3JeKTPU3YyeT 3JMeKTPOAbl (3aKHUMbI) H TEM CaMbiM
NOJEPKUBAET HENPephIBHOE ABHXKEHHE 3JIEKTPOHOB B 3aMKHYTOM
LeTH.
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6. Tox B pasnuyHbLIX cpepax

Korma pasHocTh MOTEHLHANOB MEXAY ABYMSH
DNeKTPUYECKHH TOK 3apdaaaMHi 3acTaBiasge€T nepeMelartbCest Tpe-

TUH, TO 3TOT ABHXKYIUMHACA 3apsi H npen-
cTaBasieT co6oil asekrpuueckuil Tok. Takum 0o6pa3om, pasHOCTb IMO-
TEHIIHAJOB sIBJseTCS HeOOXOAMMBIM YCJAOBHeM [AJS  TOSBJIEHUSA
3JIeKTPHUYECKOTO TOKa.

Tok B MeTaNMHUYECKHUX NpoBOAHUKAX

Kak yxe ykasbiBajoCb, BO BCAKOM MeTaJJHYECKOM IIPOBOA-
HHKE HMeeTcsl TpOMajJHoe KOJHYecTBO OecrnopsiouHO ABHKYLLUXCS
ayekTpoHoB. [lom fneficTBHeM BHEIIHHX 3JEKTPHUYECKUX CHJ (ecau
OHH TPHJOXKEHbl K IPOBOJHHKY), T. €. MOJ BJUSHHEM pas3HOCTH
MOTEHLHANOB, 3JIEKTPOHBl IBHXKYTCI B OAHY CTOpoHYy. Takoe ymo-
psAoyYeHHOe JBHIKEHHe 3JEKTPOHOB B MPOBOJHHKE Ha3blBaercs
3JIEKTPHYECKUM TOKOM.

JlBH)KEeHHUEe 3JMEeKTPOHOB B MPOBOJHHKE TOJA [IefCTBHEM 3JIEKTPH-
YeCKHX CHJ1 rpy6o MOXKHO CPaBHHTb C majeHHeM cHera. CHeXHH-
KH HMEIOT HalpaB/eHHOe ABHXXEHHEe — OHM MaJaloT CBepPXy BHH3,
HO Kak/[asi CHeXHHKa MPOXOJHT NMPH 3TOM CJOXKHBIA MyTb — COBEp-
maet GecnopsilouHOe IBHKEHHE.

PaccMoTpum ABHXKeHHe OBOGOMHBIX 3JIEKTPO-
Jlpuxenne coGoaueix  HOB B NPOBOAHHKe (pHc. 7). B cpennem psny
3EKTPOHOB KaK/blH 3JEeKTPOH NpPOHYMEpPOBaH B COOTBET-

CTBHH C aTOMOM INPOBOAHMKA (MenH), K KO-
TOPOMY 3JE€KTPOH OTHOCHTCS. B JleBOf YacTH NMpPOBONHHKA 3JIEKTPOH
o6o3Haued OykBoH M, 4ToGbl MOKa3aTb, YTO OH MPHIIEN OT MHHY-
COBOTO 3apsma HCTOYHHKA, CO3JAlOlIer0 pasHOCTb MOTEHLHAJOB.

ISISISICICISICICICICN
10000000000
SICISISICICICICICIS,

+

q

N
s
PasHocmb nomenuuanos 1,58

Puc. 7. PasnHoctb moTeHUHANOB Ha [JBYX KOHUAX METAJJHYECKOrO
NPOBONHHKA BBI3bIBaeT B HEM [BHMKEHHe CBOGOLHBIX 3JEKTPOHOB,
co3JaBasi 3JIEKTPHUECKHI TOK

DTOT 3/MeKTPOH OTTaJKHBAeTCs OT MHHYCOBOTO 3apsifia — g M NpH-
TATUBaeTca MAOCOBBIM +¢. CieoBaTeNbHO, Pa3HOCTb MOTEHIHa-
JIOB HCTOYHMKA 3acTaBJseT 3/71eKTpoH M paBuratbes K atomy 1. [Tog
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oefCcTBHeM TexX e Cus OBOOOAHBIN 3/eKTpoH aTtoma [ mnepeme-
maetcst K atoMy 2 W T. 1. Takum o6pa3om ocyllecTBJsieTcs IBHXKe-
Hue cBOGOJHBIX 3JEKTPOHOB OT aroMa K aroMy. B koneunom wurore
cBOOOAHEIN 3/eKTpoH /0 ¥3 NMPOBOJHHUKA MOCTYIAET K INOJOXUTENb-
HOMY 3apsily HCTOYHHKA. _—

B Toukax, pacrnosioKeHHbIX OJMXKe K OTpPHULATEeNbHOMY 3apsny,
umeercss GOJblLIAsi CHJAA OTTAJKUBAaHHS CBOOOIHBIX 3JIEKTPOHOB U
MeHbIlIasi CHJa HPUTsDKeHUs. B cepennne mpoBoxHMKa Ha cBoGOJ-
Hble 3JIEKTPOHDLI AeHCTBYIOT paBHble CHJIBI OTTAJKUBAHUS M HPUTS-
XKeHHs. Danxe K NONMOXKHTENBPHOMY 3apsily CHJBl MPHTSKEHHS
Gosbile cua oTTajkuBauus. O6Gulas cuia, NMPUBOASiLIAs B JBHIKe-
Hue cBOOOJHBIe 3JEKTPOHB, OJlHA M Ta XKe B J0060H TO4YKe mpo-
BOJQ, MO3TOMY B NIPOBOJEe NMPOTEKAET OJHH M TOT XK€ TOK.

CkopocTb  OBHXKEHHMS  3JEKTPOHOB B MNPOBOAHHKE  (0OKOJIO
0,5 mm/cex) He cjesyeT NyTaTb CO CKOPOCTBLIO 3JIEKTPHYECKOTrO
Toka (300000 xm/ceK), mom KOTOpPOH MOHHMMAaeTcs CKOPOCTb Mepe-
Jaud ABHXKEHHA ONHHUX 3JeKTPOHOB IPYruM (COCeaHMM).

Uro6bl Jyullle 3TO YSACHHTb, PACOMOTPHM TaKOH NpHMep.

[Mpemnonoxum, nmeerca tpyb6a mauHo# 10 M, crjowb 3amoJ-
HeHHasi lIapaMH (BHYTPeHHHH AHaMeTp TpPyObl paBeH aHAMETPY
wapa). HaxwveM Ha kpafHuil wap u mepeJBHHEM ero 3a OJIHY ce-
KYHIy Ha 3 cM, TOTIA 3a 3Ty Xe CEKYHAY NepeaBHHETCS M IOCJej-
HUfl Wap Ha APYyrom KoHue TpyOGel Toxe Ha 3 cm. CKOpocTb ABH-
JKEeHHsl KaXaoro mapa B oOTAenbHocTH Gyner 3 cam/cex. CKOpoCTb
JKe nepelaud IBHXKEHHS OT OJHOrO llapa K JAPYroMy B JaHHOM
cayuae 6yner 10 M/cex, Tak Kak B TeueHue | cex NMpULIIH B [IBH-
XeHHe Bce LIapbl, HaxoAsLluecs B JecATHMETPOBOH TpyGe.

Tenerpadubt curHas, nepenanHbii U3 MockBbl B JleHuHrpan,
npoxoaut 600 xu 3a 1/500 cex. UToGbl NpOATH 3TO paccTOsHHE 110
MPOBOJAM, 3JEeKTpOHY moTpeboBasioch 661 OKoso 40 ner.

Uucio cBOGOIHBIX 3/JEKTPOHOB, yYaCTBYIOLIHX B JIBHXKEHHH, 3a-
BHCUT OT BEJMUUHBI MPHIOKEHHOH pAas3HOCTH MOoTeHuuasoB. Yem
GoJaplie Pa3HOCTh MOTEHLHANOB, TeM GoJblllee YHCJIO CBOGOJHBIX
9JIEKTPOHOB HAYMHAET Y4YacTBOBATh B HAaNpaBJeHHOM JBHIKEHHH,
TIOCKOJIBKY CHJIBI TPUTSI2KEHHs1 U OTTAJKHBaHHsl Bo3pacraioT. C yBe-
JIMYEHHEM YMCJIa JBHKYUIMXCS C OJHOH M TOH )K€ CKOPOCTbIO 3JeK-
TPOHOB BO3pacTaeT BeJnyuMHa ToKa. Ilpu pasHocTH mNoTeHLHaJa,
pPaBHOU HYJIO, TOKAa B MPOBOJE He OYyeT.

CBoGoaHbIE 3JIEKTPOHBl MepeMellialoTcss BROJMb [POBOAHHKA
TOJNBKO MpU BKJIIOYEHHOM HCTOYHHKE, HMEIOLEeM pa3HOCTb MOTeH-
nuanos. [Ipy OTKNIOUEHHH 3TOro HCTOYHHKA B NPOBOJHHKE BOCCTa-
HOBUTCSl TepBOHAYaJbHOE COCTOSIHHE; CKOJIBKO 3JIEKTPOHOB YLIIO
M3 NPOBOAHUKA K HCTOUHHKY, CTOJNBKO XK€ HX H BO3BPATHJIOCD.

Korna npoBojx He NMOAK/JIIOUEH K HCTOYHHKY TOKAa, B HeM TOKa
Her. B nposone He Oyner Toka M B TOM cjydae, Korja IBa KOHIIA
€ro MMEWT OJMH H TOT e MOoTeHuHas. B 3ToM ciaydyae pasHOCTb
MOTEHLHAN0B paBHa HyJ0. [Ipumep HyseBoil pa3sHOCTH MOTEHIHa-
JIOB — MOJAKJIOUeHHe 060X KOHIIOB MPOBOAA K OAHOMY H3 3a)KHMOB
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HCTOYHMKA TOoKa. Bor moueMy nrTupa, cuisilasi Ha OroJIEHHOM
BKJIIOUEHHOM 3JIeKTPHYECKOM [POBOJE, OCTAETCsl JKHUBOM: CBOHMH
JalKaMH OHa MpPHKacaeTcs K OJHOMY 3aXKHMY HMCTOYHHKA TOKa.
Korna ne G6bIIO HM3BECTHO CTpPOEHHE aToMa,
Hanpasaenue Toka npeanosaraad, YTo 3/JeKTPHUECKHH TOK CO3-
naeTcs [BHXKEHHEM MOJIOXKHTENbHbIX 3apsI0B
OT M/I0Ca MCTOYHHKA TOKa MO BHeIIHel Len#H K ero MuHycy. Ha
caMoOM Ke Je/ie JBMXKEHHE 3JIEKTDOHOB MPOHCXOUHT OT MHUHYCa
HCTOYHHKA Yepe3 BHEIIHIOW LeNb K ero miwocy (puc. 8).

WemoyHUuK pa3Hocmu nomeHuuanos

o —0 -0 <o ~o “—0 ~Q+0 <0 ~

HanpaenexHug mora

O— 00— O— O—

HanpaeneHue deumeHusn 3AEHmMpoHOe

Puc. 8. Ycnosnoe HamnpaBJieHHe 3JeKTpHUeCKOro TOKa
He COBmNajlaeT C HamnpaBJeHHEM JABHUXEHHS 3JeKTPOHOB

B Hacrosiiee BpeMsi B Hallledl CTpaHe UPH pPacCMOTPEHUH LeMu
3JIeKTPHUECKOTO TOKa CYHTAIOT MO-CTapoMy, YTO TOK MPOTEKaer OT
mioca (+) UCTOYHHKA Yepe3 BHELIHIOW LeNmb K ere Muuycy (—).
Taxkoii yc/oBHbBI BbIGOp HampaB/eHHs TOKa COBEPIUEHHO He BJusieT
‘Ha (u3UUeCKHe Npolecch B LEMNH.

B 3apy6exxHoii nuTrepaType 4acTo 3a HalpaBJ/eHHe TOKa I[PHHHU-
MaloT HCTHHHOE HampaB/ieHHe JBHXKEHHS 3JIEKTPOHOB.

Tox B XHUHAKUX NpPOBOOHHKAX

He Bce »XHAKOCTH MOTYT CJOYXUTb [POBOJ-
OGpa3oRanne HOHOB HHKaMH 3JekTpuyeckoro Toka. Hanpumep,

XHMHUeckH uHucrass (6e3 BCSKHX NpHMecell)
BONA, TaK e KaK M XHMHYECKH YHCTasi KHCJIO0TA, 3JEeKTPHUECKUH
TOK He NPOBOAHUT, T. €. SBJSETCs H30J9TOPOM. A BOT pacTBOpHI
coJiell, KMHCJIOT M Llejiouedl B BoJe  (MJAM B APYTHX DACTBOPHUTENSIX)
ABJAIOTCS NPOBOJHUKAMH, B HHUX MoJsekynbl paclUelISIOTCSl Ha JBe
yactd. OfHa yactb, rie aTOM TEPSET OJHH HJH HECKOJbKO 3JjieK-
TPOHOB, CTAHOBHUTCS UOJOXHTEAbHBIM HOHOM (HOH [O-TPEYECKH
O03HayaeT «HAYILIHA», «CTPAHCTBYIOILMH»), Hpyras 4acTh, rae K
aToMy MNPHCOENHHSETCS OAMH MJH HECKOJbKO 3JICKTPOHOB, CTaHO-
BHTCA OTpHLATeNbHbiM HOHOM. CjeloBaTe/NbHO, MOJIeKyJa mepe-
craer GbITb HEHTPaJbHOM — MPOHUCXOAHT HOHHM3AIMs XKHAKOTO Mpo-
BOJHHKA.
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Honuzauus o6bsacHsieTcss ocaab/eHHeM 3JeKTPHUYECKHX  CHJI
ClUelJIeHUs] MeXIy aTOMaMH MOJICKYJ BellecTBa, Haxojsilerocs B
-pacrBopurene. He Bce Mosekynbl pacuenasiorcs. YUuemo ux pas-
JIHYHO [Jisi Pa3HbIX BEIIEeCTB M 3aBUCHT OT KOHLEHTPALUH pacTBOPa
(oT KonMyecTBa pacCTBOPEHHONO BeLIECTBA) H €ro TeMIepaTyphl.

~PasHouMmeHHO 3apsKeHHble HOHBI, CTaJIKHBasicb MeXAY coboil,
cHOBa 00pasylOT HeHTpaJjibHble MOJIEKYJbl, HO B TO Xe BpeMsl ApY-
rHe MOJIEKYJbl pacUIemIsioTcsi. DTOT MpPOLecC HelpepbiBHBIH.

TakuM o6pa3oM, B MKHAKMX NMPOBOJHHKAX HOHBbI ABHXyTcs Oec-
nopsloyHo, Mofo6HO TOMY KakK B MeTaJJIHYeCKHX I[POBOJHHKAX
6ecrnopsiIOUHO JABUXKYTCS CBOGOAHDIE 3JIEKTPOHDI.

PaccmoTpuM, Kak pacllelyIsieTcss MOJeKy/Jda CepHOH KHCIOTHI
H,SO,. Ona penuTcss Ha [Ba MOJIOXHUTENbHO 3apsi)KEHHBIX HOHA

+
sBogopoaa (H), B KoTopbix HejocTaeT mno OJHOMY 3JEKTPOHY, H
OIMH OTpHLATEJbHO 3apSKEHHbIHi HOH — TaK Ha3bIBaeMblil KHCJIOT-

ublit ocratok (SO4), B KOTOPOM HMeIOTCsi ABa H3GBLITOYHBIX 3JIeK-
TpoHa. 3amHChIBaeTCsl 3TO TaK:

I
H,SO, - H+ H + SO,.

Ecan B XHAKHA NDOBONHHK ONYCTHTE [Ba

MeTaJl/IMYeCKUX TNPOBOAHHKA (3JEKTPOAbl) H

_ COeIUHUTb OJMH M3 HHUX C MOJOMHTENbHbIM,

a Jipyrofl — c OTpULATeJIbHBIM 3aXXMMaMH HCTOYHHKA TOKa, TOo Oy-

JEeT IPOUCXOAUTD cleaylouiee (puc. 9).

OrpuilaTesbHble HOHbI HAYHYT MEPEABHraThbCS K MOJIOMKHUTE/b-
HOMY 3JIeKTPoAy (cCoefiHHEHHOMY ¢
IJIIOCOM HCTOYHHKA), a TOJOXKHTENb-
Hble — K OTpHIaTeqbHOMYy. Bo3HukHer
+ il — HanpasJieHHOE JIBHXXEHHE HOHOB —

~ HOHHBbIH TOK. [lOSIOXKHTENbHBIN HOH,

IOHIs 10 OTPHLATENbHOTO 3JIEeKTpOaa

(kaToma), MOJYYUT OT HEro HeNOCTalo-

ulMe 3JMEeKTPOHBI, TOCJAe Yero Tmpe-

BPATHTCS B HEATPAJNDBHYIO MOJIEKYJTY,

KoTopasi ocsiieT Ha anektpone. OTpu-

UaTeJqbHbIl WMOH, NOHAA 1O MOJIOXKH-

TeJIbHOTO 3JeKTpoaa (aHoaa), oOr-

[acT eMy CBOM H3GLITOYHBIE 3JIEKTpPO-

Ompuuamencreid Monoxumensnord 12 KOTOPHIE TIOA ACACTBHEM HCTOY-

oH o Hdka HaNpaBATCH K OTPUIATENbHOMY
3JIEKTPOAY, a CcaM HOH NpeBpaTHUTCH

Puc. 9. Hanpasnennoe apixkenne B HeﬁTpaany}o MOJIEKYJly, KOTO-

HOHOB B 3JIEKTPOJHTE MOJ nei-

CTBHEM pasHocTH motenumatos  Pas OCTAHETCS B JIEKTPONHTE (3/1€K-
TPOJTUTAMH Ha3blBAIOTCA  PacTBOPHI
coJIel, KHCJOT WJIU 11eJiouell B BOME).

CnenoBaTenbHo, y KaTola MOJIOXKHTENbHO 3apsiiKeHHble BOJO-
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++
ponusie HoHbl (Hp) mnpespamaiorcs B HeHTpajbHble MOJEKYJbL

Bonopoia (H;), KoTopble TOHKHM ciloeM MOKPBIBAIOT KaTol, a 3a-
TeM B BUJE Ta3a BOJOPOJAA BbIAENSIOTCS W3 3JEKTPOJHTA.
CoxpallleHHO 3TO MOXKHO 3amHcaTh TaK:

++
H; 4+ 2 snektpona = H,.

Y auoma kucaoTHbiii octatok (SO4) npeBpauiaercss B 3JEKTPH-
yecKH HeliTpa/abHble yacTHunl (SO4). B npupone B cBoGomHOM BUIE
3TH YaCTHIbl He BCTPEYAIOTCs, OHU Cpa3y BCTYNAiOT B XMMHYECKYIO
peakuuio ¢ BOJAOH, B pe3ysnbrare KOTOpPOH obpa3dyeTcs KHC/IOTa H
KHCJIOPOJL:

2804 + 2H2O == 2HZSO4 + 02.

MouJiekysnbl cepHOH KHCJOTH ONSTh pacUIEmJsiioTcss B BOfe, a
MOJIEKYJIBI KHCJIOPOJA TOHKHM CJI0€M MOKpPbIBAIOT aHO[, Mocje 4ero
B BHAE ra3a BbIAEASIOTCA W3 3JEKTPOJHUTa, T. €. 3JEKTPUUYECKHUH
TOK (paKTHUECKM pasjiaraerT He CepHYIO KHUCJIOTY, a BOAY.

Takum o6pasom B LemH, COCTOsiLIell M3 HCTOYHHKA TOKa, MeETaJl-
JINYECKOT'0 U KHUIKOTO MPOBOIAHHKOB, CO3JaeTcs 3JEKTPHYECKHI TOK.

[TosoKHTENBbHBIE 3/EKTPOA Ha3biBaeTcsi AHOAOM, OTpHUIlATEJNb-
HbIl — KaTonoM. OTH Ha3BaHHSI MHaHbl W3 MPEANOJOMKEHHS, YTO
TOK HaeT oT maocd K MuHycy. OTCOfa H HOHBI, ABHTaollHecs
K aHody, MOJYYHJM Ha3BaHHe AHHOHOB, a WOHBl, [BHralo-
uigecss K KaToly, — KaTHOHOB.

OGpatum BHHMaHHE Ha MPHPOAY 3SJEKTpHUe-
CpaBHeHHe TOKOB CKOr0 TOKa B MeTaJ/IJINUeCKUX U XKHIKHX IpO-

BOJHMKaX. B MeTasqHuecKHX TNpPOBOJHHKAX
NPOUCXOJIUT ABHXKEHHe TOJbKO OTpHIATeNbHBIX 3apsanoB (cBoboa-
HbBIX 3JIEKTPOHOB), B XMUJAKHX XKe — KaK [OJIOXKHTEeNbHbIX, TaK H
OTpHIATEJNbHbIX (MOHOB), MepeMellalolUXCs B MPOTHBOMOJNOMXKHBIX
HalpaBJeHHUsIX.

UenoBeK He MOXET HenocpeACTBeHHO HaOJI0JaTb 3JeKTpHue-
ckuil Tok. O HalIUYUK ero MOXKHO CYAHTH IO CJeAYyIOLIHM BHELIHUM
npU3HaKaMm:

— TpH NPOXOXKAEHHH 3JEKTPHYECKOro TOKa NO MPOBOAHHKAM
OHH HarpeBaoTCH;

— B XHIKHUX [IPOBOJHHKAX MPOHUCXOASAT XHMHYECKHEe [POLECCHI;

— TOK CO3[aeT MarHuTHOe ToJie, KOTOPOE MOXKHO OOHApPYXHTb
[I0 OTKJIOHEHHI0 MarHUTHOH CTPEJKH B ONpeJeNeHHOM HampaBJeHHH.

Tox B rasax

Bce raspl, B TOM u4HC/le W BO31yX — AH3JEKTPHKH, HO MpHU
onpejeNeHHbIX YCIOBHSIX OHM CTAHOBSITCS MpPOBOJHHMKaMu. B o6biu-
HOM COCTOSIHHM MOJIeKYJbl ra3a HeHTpaJibHbl; 3HAYMUT, HeT cBOGOI-
HBIX 3apsiIOB, KOTOpble (MPH HaJHYUH PA3HOCTH MOTEHUHAJOB) MPH
CBOeM ABHXKEHHHM MOTJH Obl cO3[4aTh 3/IEKTPHUECKHI TOK.
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OpHako UOA BJAMSAHHEM BHEUIHHX TPHYHH
Honuzauns rasos (narpeBaHHe rasa, NMpOXOXJAEHHE 4epe3 HETO

yﬂpracpuomTosmx PEHTTEHOBCKHX HJIH KOC-
MUYECKHX JAyuell, Bo3feficTBHe O6O0/bLIOH pa3HOCTH MOTEHIHAJIOB,
paJHOaKTHBHOTO H3/y4eHHs H T. A.) MOXeT MPOHCXOAUTb HOHH3A-
UHa rasoB. B HuUX mosiBaseTcss OOJbIIOE KOJHUECTBO CBOOOIHBIX
3JIEKTPOHOB W IIOJIOXKHTEJIbHBIX HOHOB. B 3THUX yC/JOBHSIX NpH HaJH-
YHM PA3HOCTH MOTEHUHAJNOB B Fa3ax BO3HHKAET 3JIEKTPHUECKHH TOK.
[TonoxuTenbHble HOHB ABHXKYTCS K OTpHIATEJbHOMY TOJIOCY
HCTOYHHKA TOKa, a CBOOOJAHbIE 3JIEKTPOHBI — K  [MOJIOXKHTENb-
HOMY.

Honusanus rasa oTaHuyaercs OT HOHM3ALHH JKHAKOTO MPOBOA-
HHKa. B rasax npoucxoaut ovieseHHe 3JEKTPOHOB OT MOJEKYJIbI,
B TO BpeMs KaK B XHAKHX NMPOBOAHHKAX MoJieKyJja pacnajaercs
Ha JBe NMPOTHBOMOJOXHO 3apsiXKeHHble YaCTHUBI.

Ecnu ycTpaHuTh BHELIHIOW MNPUUMHY, BbIZBIBAKOLLYI0 HOHH3ALHIO
rasa, nocjaelHuil nepecraHeT ObITb MNPOBOJHHKOM TOKa. B KHAKHX
MPOBOJHUKAX 3TOTO HET, OHU BCerja NMPOBOASIT IJTEKTPHUUECKHH TOK.

[IpuMepoM NpOXOXKAEHHS 3JEKTPHYECKOro TOKa uepe3 ras Mo-
KEeT CJHYXHTb MOJIHHS — 3JIeKTPHUYeCKHA paspsax aTmocdepHoro
3JIEKTPUYECTBA UYepe3 BO3JAYIUIHBI MPOMEKYTOK MeXay 06JakoM H
3eMJjell Uau MeXxAay obaakam.

Toxk B NoONYyOpPOBOAHHKaAX

B TexHuke B OCHOBHOM HCHOJIb3YIOTCS KPHCTAJJHUECKHe nony-
MPOBOJHHKH.

[To BHellHeMy BHAY W BHYTPEHHeMYy CTPOEHHIO BCe KpHCTaJbl
OJIHOTO M TOTrO Ke BelllecTBa MoAo6HbI ApPYyr Apyry. Kaxabiit u3 HuX
COCTOUT H3 CHMMETDHUUYHO, YIODPSIAOYEHHO PAaCHOJOXKEHHBIX aTOMOB,
06pasyloluX TaK HA3bIBAEMYI0 KPHCTAJJIHYECKYI0 PElIeTKy.

MexnyaToMHasi CBfI3b B KPHCTAJ/JIMUECKOM BeleCTBe CO3/aer-
csl 9JIEKTPOHAMH BHellIHeH 0OOJIOYKH aTOMOB.

HauGonee mupokoe NpHMeHeHHe H3 MONYNPOBOAHHKOB HallJIH
repmaHuil ¥ KpeMHuii. O6a 3TH 3JeMeHTa HaXOAATCA B 4eTBepTOiH
rpymnmne neprHoiuyeckol cucrembl Menjeneesa.

Ha npumepe repMaHusi NpPOCAEAHM MEXaHH3M M[POXOXKAEHHS
3JIEKTPUUECKOTO TOKAa B MOJYNPOBOAHHKAaxX. [epmaHuii HMeeT ye-
Thipe BaJIeHTHBIX (HAXOAALUMXCH Ha BHelWHeH 060J0YKe aToma)
9J1eKTPOHA, KOTOpble CNOCOGHBI NMPHUHHMATb Y4acTHE B XMMHUYECKHX
peakuusix ¥ B Mpollecce CO3AaHHS TOKa. JTH K€ 3JEeKTPOHHI CBS-
3bIBAlOT Mexnay coboii coceanue atombl. OcranbHble 28 3/1eKTPOHOB
aToMa IPOYHO CBfI3aHbl C SAAPOM.

Taxkum o6pa3oM, KaKAbli aTOM FepMaHHsA B KPHUCTaJJE OKa3sbl-
BaeTcs CBSI3aHHBIM C YeTHIPbMsi coceqHUMHM aToMamu. Ilas cBsaAsu
C KaX/bIM M3 3THX aTOMOB y4YacCTBYIOT MO [Ba 3JeKTPOHA: OAUH OT
JaHHOro M apyrofi or coceanero aroma (puc. 10). Takas cBu3b
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O/lHOMMEHHbIX aTOMOB OObIYHO HAa3bIBaeTCs 3INEKTPOHHOH HJIM Ba-
JIEHTHOH CBA3bIO, IOCKOJIbKY B ee 00pa30oBaHHH YYaCTBYIOT BaJsleHT-
Hble 3JIeKTPOHBI.

Ilpu narpeBanuu, noj /NeHCTBUEM CBETa, PaAHOAKTHBHOTO H3Jy-
YeHHS M APYruX (aKTOPOB 3JEKTPOHHbIe CBS3H B I10JYNPOBOIAHHKE
Hapywajorca. [lToa BiIMAHHEM BHEIIHHX CHJ KHHETHYeCKasi SHeprus
3/MEKTPOHOB YBE/JIHYHBAETCS M MHOTHE M3 HHX pa3pbiBAIOT CBOH
cBsa3u ¢ aromaMmu. OcBobo-
IHUBIIHECH 3JEKTPOHbl He
MOTYT BOHUTH HH B OJIHY H3
3allOJIHEHHBIX CBfi3eldl KpH-
crajna U 6ecnopsiiouHo
epeMeIlaTca N0 HeMmy.
Ecin kK " moaynpoBoaHH-
Ky IPHJIOXKHTb 3JeKTpo-
JABHXKYLLYIO CHJTY, 3TH 3JeK-
TPOHBl CO3JaLyT 3JEKTpH-
yecku#t Tox. [IpoBogumocte
MOJIYyNPOBOJAHNKA, BbHI3BAH-
Has JBHKeHHeM cBOGOJHBIX

Puc. 10. DjeKTpoHHas CBA3b B KpHCTaJIHue-

3/IEKTDOHOB, ~ HA3bIBAETCS CKO#i pelleTKe repMaHHs
9JIEKTPOHHOH  MPOBOAUMO-
CThIO.

D/IeKTPOHHAS CBfI3b, U3 KOTOPOH BLIPBAH 3JIEKTPOH, Ha3blBaeTcs
nbIpKo#t. [Ipipka o6Gsiagaer CBOMCTBOM MOJIOXKHUTEJIBHOTO 3J€KTpHye-
CKOro 3apsifia, PaBHOro MO BeJHYMHe 3apsly 3JeKTpoHa (B He3a-
[OJIHEHHOH CBSI3M HeXOCTaeT oJHOro jektpoHa). O6pasoBaBuiylocs
IBIDKY MOKET 3allOJIHHTb 3JIEKTPOH M3 coceflHero atoma. Ilpu stom
B cocelHell CBfI3H o6pa3yeTcs HOBas AblpKa, KOTOpasi B CBOIO Oue-
penb MoXeT ObiThb 3aloJIHeHa 3JeKTpPoHOM Jpyroro atoma. [Ipouc-
XOOUT GecrnopsiloyHoe ABHXKEHHe AbIPKH IO NOJYyNPOBOAHUKY. Ecnu
K IOJIyIIPOBOJHHUKY IPHJIOXKHTE JEKTPOABHKYILYIO CHJIY, TO IBIPKH
HAYHYT YMOPSJOYEHHO [ABHraTbCsd B CTOPOHY, MPOTHBOINOJNOXHYIO
HalpaBJIeHHIO [BHXKeHHs 3JeKTpoHoB. [IpoBoauMocTb, 06ycnoBiEH-
Has [BMXKEHHeM [bIpOK, Ha3blBaercs JAbIPOYHOH, a TOK — Abl-
POYHBIM.

ITonynpoBOAHHKH, B KOTOPBIX OCHOBHBIMH HOCHTEJNSIMH TOKa
CJ1yKaT 3JeKTPOHbl, Ha3blBAIOTCA MOJYIPOBOJHHKAMH C 3JIEKTPOH-
HOW MpPOBOJAHMMOCTBIO HMJIH COKPalLIeHHO MOJYNPOBOJHHKAMH M-THNA.
(n —nepBas OykBa cJoBa «negative», 4To o03HauaeT «OTpHIaA-
TeJIbHBINY) .

[TonynmpoBOAHHKH, B KOTODBIX OCHOBHBIMH HOCHTENSIMH TOKa
cayxaT JABIPKH, Has3bIBAIOTCS TOJYNPOBOIAHMKAMH C [BIDOYHOM
NPOBOAMMOCTbIO HJIH  COKDAlEHHO IOJYNPOBOAHHKAMH p-THNA
(p — nepBas OykBa cjoBa «positive», o03Haualomero «mnoJo-
XKHTEJbHBIAY ). '

Jlio60#i monynpoOBOAHHK B 3aBHCHMOCTH OT INpHMecedl MOXKHO
cAenaTh N0 KeJaHUIO NOJYNPOBOAHHKOM N- WIH p-THIA.
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7. Tok. dnexTpoaBHKywan cuna. Conporusnenne. Hanpamenue
Tok

KoanyecTBo ajeKTpuyecTBa, MNPOXOASILIErO
yepe3 TMonepeyHoe ceyeHHe MPOBOJAHHKA B
OJIHY CeKyHJ1y, Ha3biBaeTcsi CHJOH (BeJHyH-
HOM) TOKA MJIM MPOCTO TOKOM.
[Tox KoJNMuecTBOM 3JeKTpHuecTBa CJelyeT MOHMMAaTb CyMMap-
HbIA 3apsanx 31ekTpoHoB. Takum o6pasom, cHJa TOKa 3aBUCHT OT
yucsla 3JEKTPOHOB, NPOXOASIIUX MO LENH B €AHHHLY BpeMmeHH. UeM
6oJiblile NMPOHAET HX 4Yepe3 [ONepeyHoe ceyeHHe MPOBOAHHKA 33
eIMHULy BpeMmeHH, TeM OoJblle cHjla TOKa, H HaoOOpOT.

Cujia ToKa HpU paBHOMEPHOM [BHIKEHHH 3JE€KTPUYECKHX 3apd-
LOB ollpefiessercs o popmyJe

Besnuuna ToKa

1=, ()

rae [ —cuna Toka B ammnepax (a);
Q — KOJIM4eCTBO 3JIEKTpHYECTBa B KyJOHax (K);
¢t —BpeMs B ceKyHIax (ceK).
drta ¢opmynaa nosryuaercs HeNOCPEACTBEHHO H3 ONpeleseHHUst
cusibl Toka., Eciu 3a Bpemsi ! NpOLIIO KOJHYECTBO 3JeKTPUYECTBA
Q, To AJs Toro, ytoObl Y3HATb CHJIY TOKa, HYKHO Q pasuenuTh Haf.
UTo6Bl CyAHTh O CHJE TOKa B TOH WM HHOM
Amnep LeNH, ero HyXHO H3MepuTb. 3a €IHHULY CH-
Jbl TOKa MPUHAT ammep.
Ecnu yepes mnomepeyHoe ceyeHHe INPOBOJHHKAa B TeYyeHHE OJHOM
CEKYHJbl IPOXGIUT ONUH KYJOH 3JIeKTPHUYECTBa, TO 3TO 3HAUMT, YTO
B LleH TedyeT TOK B oauH ammnep. M nHaoGopor, ecniu N0 NPOBOJHHKY
TEYeT TOK BEJMYMHOA B OJMH aMIep, TO Yepe3 NOIEepeyHOe ceueHHe
MPOBOLHHKA B T€YEHHE OJHOHM CeKyHIbl NPOXOJHUT ORUH KYJ/IOH VIeKs
TpHYecTBa:
1 xyJnoH

1 amnep =m.

Amnep o6osnauaercsi G6ykBoit a uaun A, Kyaon —k uau C. Co-
KpallleHHble 0003HaYeHHs] eNHHHIL M3MepeHHsi oueHb YNO0OHH. Tak,
HalnpuMep, BMECTO TOro 4to0bl MHcaTh: TOK B ‘eNH paBeH Tpem
amnepam, cokpauleHHo nuuwyt: /=3 a. IloatoMy cokpalleHHbIE
0603HaueHHsT MPUHATH BO BCEX OTPAC/]sX HAayKH, B TOM uHucae H B
SJIEKTPOHHKE.

Ha npakTuke oueHp 4acTo MPHUXOAUTCS HMETb HeJO C TOKaMH
3HQUUTEJbHO MeHbllle ammnepa. [lis uX H3MepeHHs DPHHATH cie-
JyIOLIHe eIHHHLbI:

— MuuIHamnep (TbicAYHas YacTb amnepa), o0O3Hayaercs Ma
uan mA;
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— MHKpoamnep (MHJJIHOHHas 4YacTb amnepa), o6o3Hauaercs
mxa unn pA (p —rpedeckast 6yKBa «MHU»).

Tok, nporekawowuii B 3JeKTpUUECKON LenH, uamepsiercss npHoo-
poM, KOTOpbIfl Ha3blBaeTcsi aMINepMeTPOM.

DJIeKTPHUECKHH TOK MOXKeT NpOTeKaTb TOJbKO MO 3aMKHYTOH
nenu. BennunHa ero B n060M MecTe NaHHOH Lenu OJHa M Ta Xe.
dT1o cnpaBeANHBO Aaxe B TOM cJjydae, KOrja, HallpuMep, CEYCHUS
COeJUHHTENbHbIX NPOBOJOB pa3/uuHbl (T. €. OTHEJbHblE YYaCTKH
3/IeKTPUYECKOH Lielld HMelOT Da3HOe CONpPOTHBJEHHE).

Ananornyno o6GCTOUT AeJO ¢ NOTOKOM BOAbl B TpyGe. Ha puc. 11
nzobpaxeHa Tpyba ¢ pas3jHYHBIMH MONepeYHbBIMU ceuyeHusimu. Ha-
xkmeM Ha nopuiedb A. IlpeamonoXuM, 4YTO 3a [JBe CEKYHAbl H3

4

yi——

Puc. 11. Teuenne Boxpl Mo TpyGe ¢ pasMYHBIMH MOMNEPeYHBIMH
CeueHHSAMH

Tpy6bl BBIIMIKCH ABa JuMTpa BoAbl. OueBHAHO, 3a 3TO XKe BpeMsi
yepe3 monepeuHble ceveHus 1, 2, 3 W 4 NpouIO TakXe ABa JUTPa
BoAabl. Eciu Obl uepe3 cevenne 2 mpomsio Gosblie BOOBl (CKaxeM,
TpH JIATpPa), YeM yepe3 cedeHHe 3, TO Yy¥Ke 3aloJHEHHOe BOMAOH
IPOCTPAHCTBO MEXIY 3TUMU CEYEHHSIMH JOJIXKHO OblJIO GBI BMECTHTb
JIONIOJHHTENBHO OJUH JIUTP BOABl, @ 3TO HEBO3MOXKHO.

Mpumep 1. M3 pactBopa a30THOKHCJIOro cepe6pa BhiieneHo 5,59 & cepe6pa.
OnpenenuTs, Kakoe KOJHMYECTBO 3JIEKTPUUECTBA MNPOLLTO Yepe3 pacTBOp.

Pewmenue Oaun KynoH 3nekTpuiectBa Bbenser 1,118 me (muaau-
rpaMm) cepe6pa, a Bcero BbigesneHo 5,59 e uau 5590 me, Torama

5590

Mpumep 2. Yepes mnomepeyHoe ceyeHHe MNPOBOAHHKA 33 | 4 mpouwio 900 &
anekTpuuectBa. OnpenesHTb TOK.
Pewenue Tok onpeaenserca no ¢opmyae (1):

. Q %00 _
I—T--m—0,250—250ma

(uncno 3600 cayxuT AJs nepeBoia yaca B CeKyHAB: 1 4=60 mun=3600 cex).
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Mpumep 3. B TeyeHne 2 mun no uenun npoxoaun toxk 0,5 a. Onpegenuts
KOJIHYECTBO MPOLIEALIero 3/1eKTPUYecTRa.
Pewenue U3 dpopmyan (1)

Q=1t=05-2-60 =60

(Ha 60 yMHOX<@eM JJii TOrO, YTOGH MHHYTHl MPeBPAaTUThb B CEKYHAH).

DeKTPOABHUKYILAsl CUJIA

Has noaaepxKaHua 3IJEKTPHUECKOTO TOKa B

7 PO— NPOBOJHHKe TpebyeTcss BHEMHHWH 1iCTOYHHK
aMeKTpHYECKOil 3/IEKTPHYECKOH HEPTHH.
SHEPruH VIcTOYHHKHM  3J1eKTpHYeCKOH  3Heprum  06-

JajJaloT  ONpENeJEHHOH  3JIEKTPOABHXKYLeH
CHJIOH, KOTOpasi co3/laeT U [JIHTe/]bHOe BPeMsi NMOJLIEepKHBAET pas-
HOCTb NIOTEHLHAJIOB HA KOHIAX IPOBOAHHKA.

HasHaueHHe HCTOYHHKA 3/E€KTPHUYECKOH 3IHOPTUM COCTOUT B TOM,
yToObl NMpHUJATh HaNpaBJeHHOe ABHXXeHHe CBOOOJHBIM 3JEKTPOHaM,
KOTOpble MMeloTcs B NpPOBOAHHKe, T. €. co34aTb ToK. [lostomy
HCTOYHHKH 3JIEKTPHYECKOH 3HeprMH HHOTJa HAa3blBalOT HCTOYHHKA-
MH TOKa.

McToyHHK 3/eKTPHYECKOH 3HEPrHH MNPOHM3BOAMUT OIpe/eseHHYIO
paboty, nmepeMelllasi 3JeKTpPHUYeOKHe 3apsiibl MO BCed 3aMKHYTOM
nenu. PaboTa, coBepiiaemMas HCTOUHHKOM 3JEKTPHUECKOH 3HEPTHH
NpHU TepeHOce eJHHHULbl MOJNOXKHTEIbHOIO 3apsia Mo Bcell 3aMKHY=
TOH lleNH, HasblBaeTcsi JMEKTPOABHIKYLIEH CHJIOH HCTOYHHKA.

DJIeKTPOABHKYLIAS] cuia (cokpalleHHO
Boabt 3. 1. c.) o6o3Hauaerca OykBoii E. 3a exuHHLy

H3MepeHHs 3. [.c. NPUHAT BoJbT. CoKpalleH-
HO BOJIbT 0003Hauaercst 6 HJIH JATHHCKOH OykBo# V.

3. . c. HCTOYHHKA 3JIEKTPUYECKOH 3HEPTHH PaBHAa OAHOMY BOJb-
Ty, €CJIH NMpPH NepeMelleHHH OJHOro KyJIOHAa 3JeKTpH4YecTBa Mo Bcei
3aMKHYTOil UeNH MCTOYHHK 9JEKTPHYECKOH IHEPrHH coBepLiaeT
paGoty, paBHYIO OLHOMY JXKOYJI0:

1 BOJBT = M
I KyuoH

’

Ha npakrtuke Asnst M3MepeHHsl 3.[.C. UCMOJb3YIOTCS KakK Gouee
KpYNHbie, TaK U 6ojiee MeJKHe eJHHUILbI:

~— KHJIOBOMBT (ThlCYa BOJBT), oOo3HauaeTca k8 uau RV,

— MHJJAUBOJNBT (ThICIUHAsi 4YacTb BOJbTa), OoOO3HAyaeTcs M8
wiau mV;

- MHKpPOBOJBT (MUJJIHOHHAsI 4YacTb BosbTa), 0603Hayaercs
nKs uan pV.
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ConmporuBaeHHe

[Ipn npoxoxaeHnu TOKa MO NPOBOAHHKY MOC/AeJHHH Harpe-
BaeTcd. DTO 0O3Hayaer, YTO UCTOUHHK 3JIEKTPOJABHKYLIEH CHJIBI MpH
CO3JaHHH TOKa coBepluaer paboTy, NpeofoseBast KaKoe-TO MpemnsT-
CTBHE.

[IpoTtuBomsiicTBHe, OKa3blBaeMoe NPOBOJHUKOM MPOXOXKIAEHHIO
3JIEKTPUYECKOT'0 TOKA3, HA3bIBAETCSl 3JEKTPHYECKHM COMPOTHBJIEHHEM
HJId TIPOCTO COMPOTHBJAEGHHEM NPOBOJAHHKA.

[TpoBOJTHUKE HMEIOT OuYeHb MaJieHbKOe CONpPOTHBJEHHE, H30Jd-
TOPbl — OYeHb 6OJbLIOE.

Ecnu npusioXuth OAHY M Ty Ke Pa3HOCTb NMOTEHIHANOB K Mel-
HOMY W YroJbHOMY MpOBOJHHMKAM (OAHOH AJHHBI), TO TOKH B HHX
yCTaHOBATCSA pasHble. B MelHOM NpoBOAHHKe TOK OydeT GoJnblle,
TaK KakK ero compoTusJedue MeHblie. UToObl MOJYYHTb OLUHAKOBbIE
TOKH, K yroJIbHOMY NPOBOJAHUKY HYXKHO NPHJIOXHUTb OOJBLIYIO pas-
HOCTb MOTEHIHAJIOB, T. €. 3aTpaTHTb 6OaAbLIyI0 paboTy, a 3TO BHI-
30BeT GOMBLUINH HArpes.

3a eauHMuy BeJHYMHbI CONPOTHBJIEHHS MPH-
Oom HaT oM. ConpoTHB/JEeHHe NpPOBOJHHKA paBHO

OJAHOMY OMY, €C/aH TpPH NPOXOXKIEHUH IO
HeMy TOKa B OAuH amnep Bbijeasietcsi 0,24  kanopuu! temma. OGo-
3HayaeTcsl CONPOTHUBJeHHe ox Uan Q (omera).

Bosabuine conporuienduss (pesuctopbi?) H3MepAIOTCS B ThICAYax
oM — KusooMax (0603HavaloTcsl KOM WIAH kQ) W MHAIHOHAX OM —
meromax (oGosnauatorcst Mom unu MQ).

DJ/IeKTPOHBI, ABHrasch MO MPOBOAHHKY, CTaJ-
3asucumocTb KHBAIOTCA C aTOMaMH H MOJIeKyJlaMH Bellle-
CONpPOTHRIEHHS CTBa, OTJaBas UM yYacTb cBoell 3Hepruu. Uem

Gosbllle  CTONIKHOBEHHH HMEeT 3JEeKTPOH ¢
aToMaMH M MOJIEKY/JaMH, TeM TpyJAHee eMy ABUraThCsl, TeM O0Jbllle
CONpOTHBJ/IEHHe NPOBOAHHKA. B 3TOM ciyuae aBuraimoliuvecs sJek-
TPOHBI OTHAIOT GOJbllle 3HEPruH, KOTOpas BbAeNsdeTcd B (opme
Tensa. UYuc/a0 CTOTKHOBEHWH 3aBHCHT OT MaTepuana, H3 KOTOPOTO
cfleJlaH NIPOBOAHHK, T. €. OT Pa3MépoB MOJEKYJ, OT TOro, Ha-
CKOJIBKO 6/1M3KO OJHA K APYrofl OHM pacloJIOXKEeHbl, OT YHCJa CBO-
GOMHBIX 3/J€KTPOHOB H T. A. Uem OGoublie cBOGOXHEBIX 3JI€KTPOHOB,
TE€M MeHbllle CONPOTHBJEHHE NPOBOJHHKA.

CenpomuBiieHHe NPOBOAHHKA 3aBHCHT OT MaTepHa/a, U3 KOTO-
poro oH H3rOTOBJIEH, €ro pa3MepoB (MJIMHBI H MJIOLIAAH MONepey-
HOTO CeYeHHUs1) U TeMIepaTyphl.

! Kanopust — eIMHHIa HM3MePeHHs TEenJOBOH 3SHEPTHM — PaBHA KOJHYECTBY
Tensa, HeoOXOAUMOTo JJIsi TOro, 4ToGbl HarpeTh | e Bomnl Ha 1°LI.

2 Tepmun «pesuctop» BBeleH B 1962 r. (FOCT 10318—62) mas oGosuaue-
HHA conmpoTHBJeNnHsl Kak npeamera (fetanu). Tepmun «compoTHBJeHHe», npuMe-
HfBLIMiCA paHee, 0603HA4aeT He CaM MpeiMeT, 4 ero CBOHCTBO MpPenATCTBOBAThH
IPOXOXKAEKHIO TOKaA. :
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3aBUCHMOCTb COMPOTHBJEHHSI OT MaTepuasa M pasMepoB MpoO-
BOJHHKA OnpejessieTcsi GopMyoH

R=p—, @)

rae R — conpoTHBJeHHe MPOBOIHHUKA B OMaXx;
p — €ro yJe/JbHOE COTNPOTHBJIEHHE B OM+ MM2[M;
[ — nnnMHa npoBOJHMKA B METpax;
S — njoulafb MONMEpPeYHOro ceyeHWss B KBAAPATHBIX MHJLIH-
MeTpax.

YneanHblM COMPOTHBJEHHEM HA3bIBAeTCsi COMPOTHBJEHHE IIPo-
BOJHHKA W3 JAHHOrO MaTepHaJia MJHWHOH B OJHH MeTp C MJIOLLAJBIO
MOMEepeyHOro CeYeHUss B OAUH KBajApaTHbI MHJIJHMMETD NpH TeMIle-
patype +15°Ll. YaenbHoe compoTHBJEHHE XapaKTepHU3yeTcs UYHC-
JoM CBOOOAHBLIX 3JEKTPOHOB B MaTepHasje: 4eMm HX OoJblle, TeM
MeHbllle yJeJbHOe CONPOTHBJEHHe, a 3HAYUT, U CONPOTUBJEHHE
NPOBOAHUKA.

M3 npuBeneHHO! Bblllle 3aBUCHMOCTH CJEAYeT, YTO CONPOTHBJIE-
HHe NPOBOJHHKA 3aBHCHT:

— OT MarepuaJna, U3 KOTOPOTO OH H3rOTOBJEH, T. €. OT YOeJb-
HOTO CONpPOTHBJIEHHs p: 4eM OHO OoJiblue, TeM 6oJbllie CONFOTHBJIE-
HHe MPOBOJHHUKA;

— OT IJMHBI NPOBOJHHMKA: YeM AJIMHHEe NPOBOAHHK, TeM 00Jb-
Iie ero CONpOTHBJIEHHE;

— OT TONEepPeyHOro ceyeHHs NPOBOJAHHUKA: 4eM OHO OoJblie, T.e.
yeM TOJIle NPOBOJHHK, TeM MEHbIle €ro CONPOTHBJEHHE.

JpyruMu cjoBaMH, CONpPOTHBJAEHHe MPOBOAHHKA MNpAMo Mpo-
NOPUUOHAJNBHO YJEJbHOMY CONMPOTHBJIEHHI0O M [JHHe MPOBOJHHKA H
Oﬁpa‘rﬂo NPpOoNnoOpuUHOHAJNIbHO [JaOLAAK €ero MONEepeyHoro CEeYEHHd.

Uro6bl Jiyyllle YSCHUTb, OT 4Y€ro 3aBHCHT CONPOTHBJIEHHE MpO-
BOJHHKA, CPAaBHUM MPOXOXKIEHUE 3JEKTPHUECKOTO TOKA MO MPOBOA-
HHKy C TeyeHHeM BoAbl B TpyOe. Boma serue Teuer no Tpybe c
rJIaJKHMH CTEHKaMH, YeM C IIEepPOXOBAaTbiMH. TpYAHO Teub BoIe MO
Tpy6e, 3acopeHHod KaMHsmH. CepeOpsiHbii M MeAHBIH NpoBOAA
nofoGHEl I'agKuM Tpy6aM — MO0 3TUM IPOBOAAM TOK TEYET JErko.
CranbHOM U HUKeJEBBII mNpoBoAa mMOMOOHB IIEpPOXoBaToil TpyGe
Hiu TpyGe, 3aCOpPeHHOH KaMHSAMH.

Bopne nerue Teub nmo KopoTKoit TpyGe, uem mo AJNHHHOK. AHa-
JIOTHYHO KODOTKHMH NPOBOJ MNpeACTaBasieT MeHblLIee CONPOTHUBJIEHHE
TOKY, 4eM [JIHHHbIN.

Hakonen, Boge Jerue Teub mo TpyOe OO0JBIIOrO ceueHus, 4yeM
majoro. ToyHo Tak Xe TOJICTHIH MPOBOJ MpPEICTaB/sSET MeHbllee
CONPOTHBJIEHHE TOKY, YeM TOHKHH.

ComnporuBieHHe NPOBOJHMKA 3aBHCHT TaKXe OT €ro Temmepa-
tTypol. Ilpy HarpeBaHWu NPOBOJHHKA CKOPOCTb Oecrnopsigo4HOra
LBUXKEHHs] 3JIEKTPOHOB W MOJIEKYJ BO3pacTaeT, a 3HAuYHT, Bo3pa-
CTaeT W YHCJIO CTOIKHOBeHHH Mexay Humu. CJeL0BaTeNbHO, COMmpo-
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THBJICHHE MeTaJINYeCKHX IMPOBOAHMKOB C. MOBBIIIEHHEM TeMIepa-
Typbl yBesnunsBaercsi. CONpPOTHBAEHHE XKUAKUX MPOBOJHHUKOB, YIsf
¥ HEKOTODbIX CI1aBOB C MOBbILIEHHEM TeMIlepaTypbl yMeHblIaeTcs.

[Tpu ouenp Huskux temneparypax (6JHM3KHX K aGCONIOTHOMY
Hysl0, paBHoMy —273°1l) HekoTopble TBepable MPOBOAHHKH o06Ja-
LAIOT Tak Ha3biBaeMOH CBEPXMPOBOAMMOCTBIO; HX COTNPOTHBJEHHE
Pe3KO yMeHbllaeTcsi H MPaKTHYECKH CTAHOBHTCS PaBHBIM HYJI0. DTO
IBJIEHHE B J0OCTATOUHOH CTENEHH ellle He M3Y4yeHo, MO3TOMY OObscC-
HHUTb €r0 TPYAHO.

Ilpu temneparypax mo -+ 100°1] compoTuBaeHHe MeTa/IHYeCcKO-
ro MpoBOJHHKA BO3pacTaeT NpsAMO NPONOPLUOHAJNBHO TeMIepaTtype:

R,=R, + aR, (t;—1)), 3)

rae R, u R,— conpoTuB/ieHHs MPOBOAHHKA B OMaX COOTBETCTBEH-
HO Mpu mnepBoHayanbHOH Temneparype (Z{L1) u
nocsie u3mMeHenus remnepatypol (npu £HL1);
t, n f,— TemnepaTypa MNpPOBOAHHMKA MepBOHayaJbHas H MO-
cJie U3MEHEeHHd,; ‘
a— Ko3(dUUHEHT MNPONOPUHOHANBHOCTH, Ha3biBaeMbli
TeMnepatypHbiM Koddduuventom. OH nokasbiBaer,
H4 K4AKyI0 BeJHUMHY H3MEHHTCSl CONPOTHBJIEHHE
NnpoBOAHHKAa B | oM nNpH MU3MEeHEHHH TeMIlepaTyphl
Ha 1°1lL
[TycTh conpoTHBJeHHe MEIHOrO NPOBOJAHHKA NpH NepBOHAYaJb-
Hoil Temnepatype £ = 10°LL pasusiioce 10 om. Uepes uekoropoe
Bpemsl TeMrepaTypa nosbicHiach fo &= 70°Ll. Kak npu stom us-
MEHHTCH COMpPOTHRJEHHE?
[Tockosbky R;=10 om, TemnepaTypHbli KO>)PHUHEHT MeaH
«=0,004, a pasHoctb Temneparyp f;— ¢ =70—10=60°L], TO
NPUPOCT COMPOTUBJIEHHS '

aR, (£;—£3)=0,004-10 (70 — 10) = 0,04 60 = 2,4 0.
Cnenosarenbﬁo, COIIPOTHBJIEHHE NMPOBOAHHKA
Ry=R,+aR, (t5—£) =10+ 24 =124 om.

MHoraa pacuer 3/eKTpHUYeCKHX Leneil yao6HO

MposoauMoCTb BecTH 1o npoBojumoctd. IlpoBoaumoctn

npoBoaHuka (o6o3Hauaercs OykBoit () —-

3TO BEJHYHHA, O0pPaTHas ero CONMPOTHBJIEHHIO.

B martemaTHKe 0OpaTHbIMH Ha3biBAIOTCA /Be BEJHYHHbI, NPOU3-

BEJleHHe KOTOPbIX paBHO enuHuue. 3Hauut, ecinm GR=1, 1o nposo-
JIUMOCTb

1
G=—+.
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Enununeldi u3MepeHHss NPOBOAMMOCTH SBJSIETCSI BEJUYHHA,
obpaTHas oMy, T. e. 1/om uiu cumeHc (cum).

B oTauune OT CONDOTHUBJEHHS MNPOBOAUMOCTb XapaKTepusyer
NPOBOAHHK C TOYKH 3DEHHS] €ro CNocOGHOCTH MPONMYCKaTb 3JEeKTPHU-
yeckHil Tok. YUem GoJblle NPOBOJMMOCTb, TeM Jyulle MDPOBOJHHK
NPONYyCKaeT TOK.

[TpoBomxumocTb NPOBOJAHHKA DaBHA OJAHOMY CHMEHCY, €CJH ero
COTNPOTHBJ/IEHHE DPABHO OJHOMY OMY. ’

B raba. 1 npuBedeHbl 3HaueHHs YJeJbHBIX CONPOTHBJEHHH,
yldeJbHbLIX NPOBOAMMOCTEH H TeMNepaTypHBIX Ko3(p(UIUHEHTOB He-
KOTOPbIX MaTepHasoB.

Tab6anma 1

YaenbHoe conpoTuBlieHHe, YAelbHast NPOBOIHMOCTH
H TeMNnepaTypHbIfi K03((PHUHEHT HEKOTOPHIX MaTepPHANOB

Y neabHoe Y nenbHas
Marepuan con%%;.u;;ﬁuue, npoaoa;moc-rb, TemnepatypHbl#t
— —_— K03 dHUMEHT, &

Cepebpo 0,016 62,5 0,0038
Menb 0,0175 58,2 0,0039
AnmoMuHuii 0,03 33,3 0,0036
unk 0,063 15,9 0,0037
OunoBo 0,12 8,33 0,0045
XKeneso 0,12 8,33 0,0045
CsuHen 0,208 4,81 ' 0,004
MaHraHuH 0,43 2,326 0,000015
Huxpom : 0,43 2,326 0,00023
KoHcranrtan 0,5 2 0,000025

MNpumep 4. OnpefenuTh BeJIHYHHY COMPOTHBJEHHS MEIHOH NPOBOJIOKH [JH-
HOM 0,5 KM W momnepeuHbiM ceueHHeM 2,5 mm2
Pemenue, YaenbHoe  CONPOTHBIEHHE  MeJHOrO  MPOBOJHHKA  p=
OM - MM?

= 0,0175 — 0,5 ku=>500 #. CneaoBaTelbHO, COrJIacHO ¢opMyJe (2)
_ pl _ 0,0175-500 _
R = S=" 95 = 3,5 on.

Mpumep 5. Kakoil AMMHE HYXHO BHGDAaThb HHKENHHOBYIO NDOBOJIOKY cede:
HHeM S=1 mm? uTOGbI U3rOTOBHTH peocTaT Ha 50 OM, €CJAH HM3BECTHO, 4TO p=

= 0332 AL,
Pewenne Hs dopmyan (2)
1= RS 0L st

0,3
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Mpumep 6. ConpoTuBneHue MenHO# MPOBOJOKH AJuHOH 600 m pasHO 3 oM.
Onpenenute nomepeyHoe ceyeHHe MPOBOJIOKH,
Pewmenue M3 dopmyan (2)

Mpumep 7. Unmeercs 1 km 413 m xene3Holt NPOBOJOKH AHaMeTpoM 6 mm.
OnpefenuTb ee cONpOTHBJEHHe.

Pewenue B dopuyny (2) sxogur nomepeuHoe ceueHue S, a He Jua-
metp. [lnolans nonepeyHoro ceueHHst KPyryioro NpoOBOAHHKA

nd?

= T )
Tle T — NOCTOSTHHOEe uuca0, paBHoe 3,14;

> d — MaMeTp NpPOBOJHHKA.
CunegoBareJibiio,

_ 31462 31436

S 4 4

= 28,26 mm2

OnpenensieM Tenepb COMPOTHBJEHHe MPOBOJNOKM MO ¢opMyne (2)i

l 0,12-1413

R=vg=—mp =00

Mpumep 8. Karyumika HamoTaHa MelHbIM MPOBOZOM AanuHo# 500 M, TOJLIH-
Ho#t 0,075 mm. KakoBo conmpoTHBJeHHe KaTyLIKH?
Pewenune. Ilnowans nonepeyHoro ceueHus
-

S= % nd? = -—‘11—-3,14«(0,075)2 = 0,0044 M2

OM - MM?
YnenvHoe conporusienue Meau p = 0,0175 — 3Hayur,

0,0175-500 _
R_—()W_2000 oM =2 KOM.

Mpumep 96 Teqerpaguas nHHUA HMeeT conpoTHBiaeHHe R;=1000 om npu
teMnepatype f; =—I10°1l. OnpelenuTb cONpOTHBIEHHe 3TON JIHHHH NpH TeMme-
patype t; =+20°L1, «a=0,00625 (mast cranau).

PemeHnue ITo dopmyne (3) Haxomum

- Ry = Ry + aR, (t3—#]) = 1000 + 0,00625-1000+[20 — (—10)] =
= 1000 + 187,5 = 1187,5 0.

HanpsaxeHue

Pa3HocTb MOTEHLUHMAJOB Ha 3aXKMMax HCTOYHHKA TOKa Ha3bl-
BaeTcs HanpsiKeHWeM n oGo3HayaeTcs JsaTuHCKOM OykBoit U. 3a
eHHULY HaNpsKeHHA TPUHAT BOJBT.

He cnenyer nyraTb Halps:KeHHe Ha 3a)KHMaX HWCTOYHHKA TOKa
C ero 3/eKTPoABHXKYULeH CUIOH. To/MbKO MPH PA3IOMKHYTOH amex-
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TpI/I'-IECKOI'/'I Lenyd HanpsaXeHue UCTOUYHWKA TOKa YUCAEHHO paBHO €ro

3. 1. C.
Hanpmxeﬂue, KakK H 3. 4.C., H3MepsAeTCa BOJbTMETPOM. -

8. dneKkTpHyecKan uenb

DeKTpUUECKHHA TOK MpUMeHsieTc AJs OCBe-
MotpeGutenn LIeHUs, JABHXEHHl TpaMBas, OTOIJIEHHA H

opyrux uenei. ‘B atux cayuyasix 3JjieKTpHue-
OKas J1aMIIOYKa, 3JMEKTPOABHraTelNb, 3JeKTpuueckas neyb H T. M.
ABJAAIOTCA NMOTPEOUTENAMH 3JEKTPHUECKOH 3HEpruu, TouHee, mpeod-
pasoBaTeNsIMH 3JEKTPHYECKOH SHEPrMM B J[PYTHe BHIbl 3JHEPTHH
(3/meKTpHUeckas JaMmIoyka npeobpasyeT 3JeKTPHYECKYIO SHEpruio
B CBETOBYIO, 3JeKTPOABHUraTesb — B -MEXaHHUECKYIO, 3JeKTpHue-
CKasl neub — B TEMJIOBYIO). .

DJleKTpUUecKasi 3IHeprus nepejaercsl MOTpe-
Llens Outesnam mo Lend. llenp MoXxHO ompenenuTs

Kak nmytb Toka. Camas mpocras 3JjeKkTpHue-
ckas uemb (puc. 12,a) COCTOHT H3 C/eYIOIUX 3JE€MEHTOB:

HNcmoyHuK :mexmpuvecjrod
IHepeuu
=

Mompedumens

1l
Puc. 12. DnekTpHueckas ueMNbs

a — 3aMKHyTas UENb C BKJAIOYCHHHIM aMnepMeTpoM; 6 — ycJ0BHOe
H306DpaXKeHHe UenH

—— HCTOYHHKA 3JIEKTPHUECKOH 3HEpIHH;

— notpebuTeNs 3JEKTPHUSCKOH SHePTHH;

— COeIMHHUTE/bHbIX NPOBOAOB.

Kpome ToOro, Kax/jaaa 3/7eKTpHYecKas LeNb HMEET BHIK/IIOYaTe/Nb,
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Hasnauenue 1aHHON LeNH — BbI3BaTb CBEUEHHE 3JIEKTPHUUECKOH
JaMIo4Ky. JlamMmoyka cBeTHTCS, Korja Bosb(paMoBasi HHTb, HaXo-
Asllasicas BHYTPH, pa3orpera Ao Oesoro cBeueHuss. CamMa HHUTb He
MOXeT BbipabatbiBaTbh TOK. Heo6xonuM HCTOYHHK 3JI€KTPHUECKOH
3HEPrud, KOTOPHIM B JAHHOM CJydae CJAYXKHT aKKyMYJsSTOD.

Ha puc. 12,6 npuseleHo yca0BHOe H300paKeHHe LeMH B 3JeK-
TPHYECKHX CXeMaX: CONMpOTHBJeHHe TNOoTpeOUTeneld 3JeKTpHYeCcKOH
3Heprud o006o3HauyaeTcsi NPSAMOYroJbHHKOM (Ha cXeMe IOKa3aHa
JaMIouKa),-a COeJHHHTEe/IbHbIE MPOBOAA — NPSIMbIMH TOHKUMH JIH-
HHUSMH.

Ecau  conpoTuBNeHHe  COeIHHHTENBHBIX MPOBOAOB MEHBIIE
0,01 oM, To MpaKTHYECKH OHO PaBHO HYJIO MO CPaBHEHHIO, CKaXeM,
C CONpOTHBJAeHHeM HHTH Jamnoukd B 300 om. Ecau ke compoTus-
JIeHHe MpoBOoJa AOCTAaTOYHO BeJNHKO, TO ero H3obpaKalT B J000H
YacTH cXeMbl KaK JOMOJHHTEJNbHOEe CONPOTHBJEHHE.

YacTp LenH, MNOAKIIOYEHHAs K HCTOYHHKY
Harpyska TOKa, HrpaeT poJib COTNPOTHBJAEHUS] HarpyskKH,

KOTOpOe ONpeje/sieT  BeJHYHHY  paboThl
HcTOYHHKA. B paccmatpuBaeMoM HamM ciydyae HUTh 3J1eKTPHUYECKOH
JaMTOUYKH CJYXHUT CONDOTHBJEHHEM HAarpyskH akKyMmyJasTopa.

[Torpe6utenu 31eKTPHUECKOH 3HEPrHH, BKJIOYEHHble BO BHeLI-
HIOIO ILleTlb, YacTo Ha3blBAlOT HArpy3Ko#, a TOK, MpOTeKaloLHi ue-
pe3 HHX, — TOKOM Harpy3KH. YBeJHUYUTb Harpy3Ky HCTOUHHKA
3/IeKTPHYECKOH 3HEPTHH, — 3HAUUT, B3ATb OT HEro OOJbIIHH TOK;
Hao60pOT, YMEHbUIMTb HArpy3Ky, — 3HAUMT, B3siTb MEHbIIHH TOK.

OueHb 4acTO HaAYWHAWOLIME H3YyyaTh 3JEKTPOTEXHHKY CUHTAIOT,
YTO YyBeJHYeHHe Harpy3KH MHCTOYHHKA paBHO3HAYHO YBEJHUEHHIO
COMpPOTHBJEHHS B €ro BHellHed Lend. Takoe npeiacras/eHHe OLIH-
6ouHo. Bo3spacraHue BeJiH4HHBI pabOThI, KOTOPYIO 3aTPayMBaET HCTOY-
HHK, CBSI3aHO C YBe/JHYEHHEM He CONPOTHUBJIEHHs, a TOKA HarpysKH.

HasBanne «norpeburenb 3JEKTPUYECKOH  3HEPTHHU» — YHCTO
YCJ0BHOE, M He CJedyeT CYHTaTh, YTO TOK L0 moTpebuTessi GoJblile,
yeM IocJje Hero.

Yro6bl BBIKJIIOUHTL J1AMIIOUYKY, HEOOXOLMMO H3MEHHTb [OJOXKe-
HMe BbIKJIOuaTenst (pPa3oOMKHYTb Lellb), TOTAA MeXJAy ero KOHTaK-
TaMH GyZIeT BO3JyX, KOTOPbIHl MPH HOPMAaJbHBIX YCITOBHAX HE HMeeT
CBOGOMHBIX 3JEKTPOHOB H NOITOMY He NPOBOAMT TOKa. B Pa3oMKHY-
TOH LENH TOKa Her.

Ha puc. 12 u3obpaxeHna uenb NOCTOAHHOrO ToKa. ITocTosHHBIM
TOK Ha3blBaeTCsl NMOTOMY, YTO OH MMeeT TOJNbKO OJHO HalpaBJ/ieHHe,
KOTOpOe ompejensercs MOCTOAHHOH IOJSIPHOCTbIO BBLIXOAHOIO Ha-
NpSKeHUST aKKyMyJsiTopa. ’

Kparkue svigodvt

1. DieKTpUUECTBO MMEETCSl BO BCeX BELIECTBAX, HOCHTENSAMH
KOTOPOro fIBJAIOTCS 3/JEKTPOHbl M NMpPOTOHBL. IIpoTOHBI cocpeaoTo-
YeHbl B fiApe aTOMa, 3JEeKTPOHbI Bpamaiorca BOKDYr A/pa {0 ompe-
Ae/IEHHBIM 0pOHUTaM,
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2. DneKTpoOH mpelcTaBAseT HaHMeHbllee KOJHYECTBO OTpHLA-
TeJbHOTO 3JEKTPHUYECTBa, NPOTOH — MOJIOKHTEAbHOro. 3apsl 3JeK-
TpOHA paBeH 3apsly NPOTOHA.

3. PasHouMeHHble 3apsijibl NPUTSCHBAIOTCH, OJNHOMMEHHbIE — OT-
TaJKHBAIOTCH. '

4. DJeKTpOHBI J[JBHUTalOTCs N0 HaNpas/JIeHHI0 K MPOTOHaM, TakK
Kak 3jekTpod B 1800 pa3 Jierue npoToHa.

5. 3akon Kynona nss ajnekTpuueckHX 3apsiioB yCTaHaBJHBaeT,
YTO CHJIa TIPUTSI)KEHHA WM OTTaJKUBAHUS NMPSMO MPONOPUHOHANbHA
IPOU3BEJEHUIO BeJHYUH 3THX 3apAJ0B U OOPATHO NPONOPUHOHANDb-
Ha KBaJpaTy PacCTOSIHUS MeXAy HHUMH.

6. 3a eannuny 3apsaga (Q) npunAt kyaoH (k). OH xapakrepH-
3yeT BeJHUMHY 3aMACEHHQro B BellecTBe H36bITKA 3JeKTPOHOB HJH
MPOTOHOB.

7. Benuuuna HamnpsXKeHHs BbIpAXKaeT Pa3HOCTb MNOTEHLHANOB
Ha 3a)XKMMaX HCTOYHHKA TOKA, KOTOpas 3acTaBJ/sieT 3/1eKTPOHBI ABH-
rathcs. 3a enuHuuny HanpsixkeHus (U) npHHAT BoabT (8).

8. Tox mpencraBasier co60i ynmopsiJ0YeHHOe ABHXKEeHHE 3JeKTpo-
HOB. 3a eaununy toka (/) npuHar amnep (a).

9. B KHMIOKOCTAX 3JEKTPHYECKHH TOK CO3JaerTcsi IBHXKEeHHeM
HOHOB, a B ra3ax — JIBUJXXEHHEM MHOHOB U 3JeKTpoHOB. HoHbl —
aToMbl (HJIH MOJIEKYJIbl), KOTOpDble SIBJSIIOTCS JeKTPHUECKH 3apsi-
JKEeHHBIMH: OTPHLlATeJbHble HOHbl UMEIOT H3JIHIIEeK 3JeKTPOHOB, TI0-
JIOXKHTeJNbHble — UX HeIOCTaTOK.

10. ConpoTHB/ieHHe — 3TO TIPeNsiTCTBHE, OKa3biBaeMoOe IPOBO-
HUKOM TMOTOKY 3JIEKTDOHOB; IpPH NPOUYHX PaBHBIX YCJOBHSIX OHO
onpenensieT BeJHYUHY TOKa B Uend. 3a eNHHUIY COMNPOTHBJIEHHS
(R) npussar om (om).

11. ITpoBoanMOCTb — BenHuUHA, OGpaTHasi COMPOTHUBJEHHIO. 3a
efuHULy npoBoauMocTH (G) NMpUHAT cUMeHC (cum).

12. TIpoBomxHHKH HMeIOT HeGOJIbllIOe CONpPOTHBJeHHe. Xopoliue
NPOBOAHHKH — MeTaanbl. Haunyumne u3 Hux — cepebpo, Melb H
amoMUHHA. I coeMHHTENbHEIX NPOBOAOB OGBLIYHO HOMOJb3yeTcs
Melb.

13. YaenbHoe COMPOTHBIIEHHE (p) matepuana pPaBHO CONMPOTHB-
JIeHHIO MPOBOAA AJNHHOH | M ¢ momepeuHnIM ceyeHHeM | Mm? mpu

° OM * MM?
Temnepatype 15° 11 (———7—>

14. YnenvHas mpoBOAMMOCTb — BeJHYHHA, O6paTHas YAEJIbHOMY
COMPOTHBIEHHIO.

15. ConporuBieHHe NPOBOAHHKA MPSIMO  TPOMOPILHOHAILHO
yAenbHOMY CONPOTHBJIEHHIO (p) M NJIHHe NMPOBOAHHKa (/) u o6part-
HO TNPONOPUHOHANBHO TNJIOLIALH €ro MOoNepeyHoro ceueHus (S):

l
R=PT'

16. Korna tpebyercs, uToOb npoBoA HarpeBancsi (B 9/€KTpH-
YEeCKHX TWIHTKAX, JaMNOYKax H T, A.), OH AOMKEeH HMETh QTHOCH:
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TeJbHO GOMbLIOE YJeabHOE COMpOTHBJEeHHe. TakKHM CONpOTHBIeE-
HueM oOsaagaloT BoJabdpaM, HHKeJNb, HUXPOM, MaHTaHWH, KOH-
CTaHTaH.

17. Temneparypubifi Ko3dduLHEHT CONMPOTHBJIEHHS MOKa3bl-
BaeT, Ha KaKyl0 BEJHUHHY M3MEHHTCS COMPOTHBJIEHHE NPOBOAHHKA
B | om npu n3meHenun temneparypwl Ha 1°LL. Jns Bcex MerassioB
COMPOTHB/IEHHE yBe/AHYMBAETCH NPH MoBbilIeHHH TemmepaTyphl. Co-
NpOTHBJIEHHE HATPETOro NPOBOAA, HMeIOLlero BbICOKHH Temiepa-
TYPHBIH KO3(ppHLUEHT, HAMHOTO GoJiblle, YeM XOJNOAHOro. Bbicokni
TeMIlepaTypHbIH KO3(P(PHLUHEHT uMeloT BoJb(paMoBas, HHKeJeBas
H HUXPOMOBas MPOBOJIOKH.

18. DaexTpuyeckas Uenb npeicras/seT coO0H 3aMKHYTHIH MYyTb
IJ1S1 IOTOKA 3J1eKTpoHOB. UTO6Gbl MOJYYHTb TOK, HEOOXOAHMO HMETh
pa3HOCTb NMOTEHLHAMO0B.

19. 3a HampaBJieHHe TOKa YCJAOBHO NPHUHATO HamnpaBJieHHe OT
MOJIOKHUTENBHOTO 3aXKHMa HCTOYHHKA yepe3 BHELIHIOK Lenb K OTPH-
LaTe]bHOMY 3aXKHMY.

BOITPOCHI [J151 CAMOKOHTPOJIS

B 3TOoM pa3znene uyHMTaTeNb HMeeT BO3MOXHOCTb MpPOBEPHTb ceGsi, HACKOJBKO
yCBOEH MaTepHaJ, H3MOXeHHbIH B ra. 1. Ha kaXaslii W3 1npHBeAeHHBIX HHUXe
BONPOCOB [aHbl YeThbipe OTBeTa, W3 HHX OJHH MNPaBUJIbHBIA, a OCTajbHble HeT.
Yuratenn Ao/KeH BbIOpaTh OAMH OTBET, KOTOPbIH OH CYHTaeT MPAaBH/bHBIM.
B KoHlle KHHTH JAaHbl NpaBHJbHble OTBETHI.

1. AToM HaTpus noA BO3jJeficTBHeM BHellHell cuabl uMeeT 11 npoToHOB,
12 HeliTpOoHOB H 13 3/€KTPOHOB. DTOT aTOM Ha3EBIBAETCH:

a — HeHTpa/bHEIM; 6 — HOPMaJIbHbIM; B — MOJOXHTE/JbHBIM HOHOM; [ — OT-
pHLATEJbHBIM HOHOM.

2. 3akon Kynona ycranaBnuBaer, u4TO CHJAa B3auMOJeilcTBHA [ABYX 3aps-
MEHHBIX TeJ paBHa:

a — CyMMe 3apfio0B, JleJEHHORl Ha pacciosiHHe MeXJy HHMH; 6 — mpou3se-
JIeHHIO 3apsJoB, NeNeHHOMY Ha pacCTOsiHHe MeXIy HHMH; B— CyMMe 3apsos,
LeJeHHO! Ha KBajpaT pAacCCTOSHMS; T — NPOH3BELEHHIO 3aPA/OB, JeJEHHOMY Ha
KBaJApaT pacCTOSHHS.

3. OnHO Teno WMeeT OTPHUATEJbHbIN sapan 10 equnuu, a Apyroe — 1noJio-
XKuTeabHblit 3apaa 10 eaumnun. PaccrosHne MeXAy HuMH 5 JIHHEHHBIX eIHHHIL
Cuna Mex/a1y AByMs 3apsjaMH paBHa:

a— 20 eauHHUaM npuTsKeHHd; 6 -— 20 eaMHHLAM OTTa/IKHBaHHA; B — 4 ellu-
HHUAM MPUTSXKeHHMs; T —4 eHHHUAM OTTAJKHBaHHS.

4. Cua NpHTSAEHHS MeXy NBYMS 3apSIKeHHWIMM TelaMH pasHa 20 efu-
HHlaM. PaccrosnHe MeX1y HHMM yMeHbUIMJIOCH B 1Ba pa3a. Hosas cuna npu-
TSAXeHHsl paBHa:

a — 80 exunuuam; 6 — 40 exunuuamM; B — 10 eAuHHIaM; r — 5 eJIHHHUIIAM.

5. [ToyeMy B 3JieKTpHYeCKOH LeNMH 3JEKTPOHB ABHralOTCA K MPOTOHaM?

a — MPOTHBOMNOJIOXKHbIE 3apsi/ibl OTTaJKHBAIOTCA, H 3JEKTPOHbI Jierye npoTo-
HOB; 6 — MPOTHBOMO/IOMKHbIE 3apsAabl NMPHUTATHBAIOTCS, W 3JIEKTPOHBI Jierye mpo-
TOHOB;. B — NPOTHBONOJIOXKHbIe 3apsifibl OTTAJKHBAlOTCA, M MPOTOHBI Jerye
9JIEKTPOHOB; T — MPOTHBOMOJIOXKHbEIE 3apsiAbl NPUTATHBAIOTCA, W MpOTOHH Jefye
3JIeKTPOHOB.

6. Uto uamepsercs B KyJOHax?

a — BeIMYHHA 3anaceHHOro 3apsaja; 6 — HHTEHCHBHOCTL  3JIEKTPHYECKOro
TOKa, MpoTeKawllero 4epe3. [aHHOe ceyeHHe [IPOBOJAHHKA; B — COMPOTHBJ/IEHHE
NPOBOHHKA _O/IEKTPHYECKOMY TOKY; T -— CMOCOGHOCTb NPOBOAHHKA MPOMYCKaTh
S/IEKTPHUECKHA TOK.
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7. Uro mu3Mepsiercss B BOJbTax?

a — pasHOCTb MOTEHLHANOB MeXAy NBYMS pa3/HYHbIMH 3apsjaamu; 6 — HH-
TEHCHBHOCTb 3/IEKTPHYECKOTO TOKa, [POTeKallero yepe3 /aHHOe CceuyeHHe MPoO-
BOJHHKA; B — CONPOTHBJEHHe INPOBOJAHHKA 3/EKTPHUECKOMY TOKY; T — CNOCO0-
HOCTh MPOBOJHHKA NPONYCKaTb 3JeKTPHYECKHH TOK.

8. Uro usmepsiercss B amnepax?

a — pasHoOCTb NOTEHUHANOB MeX]1y ABYMs TOYKaMM, KOTOpble HMelT pa3-
JIHUHble 3apsiibl; 6 — HHTEHCHBHOCTb 3JIEKTPHUECKOrO TOKa, MPOTeKaloulero yepes
JlaHHOe ceyeHHe MPOBOJIHMKA, B — COMpPOTHBJIEHHE NPOBOJAHHKA 3J/KTPHUECKOMY
TOKY; T — CNOCOGHOCTb NMPOBOJHHKA NPONYCKATH 3JEeKTPHYECKHH TOK. ~

9. Uro usmepsiercss B oMax?

a — pa3HOCTb MOTEHLHaNoB MeXAy ABYMS pAa3/H4YHBIMH 3apsaamu; 6 — HH-
TEHCHBHOCTb 3/1€KTPHYECKOTO TOKa; B — COMpPOTHBJIEHHe NPOBOJAHHKA 3JIeKTpHUe-
CKOMY TOKY; T — CMOCOGHOCTb NMPOBOAHHKA MPONYCKaTb 3/EKTPHYECKHIl TOK.

10. Tok B 2 a paBeH NOTOKY 3.1€KTPOHOB:

a—1 &/2 cex; 6 —2 K/l cex; B—2 K/2 cex; r— 1 k/1 cek.

11. ConporuB/ieHHe NPOBOJAHHKA H3MeHseTCA:

a — NpsAMO NPONOPLHOHAJNBHO HJHHE; 6 — O6paTHO NpPOMOPLHOHANBHO JJIHHE;
B — NPSAMO NPOMNOPLUHOHANBHO JAHAMeTpy; I — 06paTHO NPOMNOPIHOHANBLHO TeMIe-
partype.

12. Korna HanpsiKeHHe NpPHKJIa/JblBaeTcsi K Pa3OMKHYTOH LenH, To:

a— TOK paBeH HYJIO BO BceXx ee 4YacTsix; 6 — NPHJIOXKEHIOe HampsiKeHHe
najaer [0 HyJs; B — CONPOTHBJIEHHe llenH najaet A0 HYyJg; T — TOK Bo3pacTaer
0 OYyeHb GOJIbILOH BeJHYHHBHI.

13. HopmanbHOe coOnpoTHB/IeHHe HECKOJAbKHX METPOB MeAHOrO npoBoja B
3aMKHYTOIl 3/1eKTPHYECKOIl LenH:

a — OueHb BeJIHKO; 6 — NMPaKTHYECKH paBHO HYJIO;B — PABHO HECKOJbKHM
ThicilYaM OMOB: I — Gausko k 100000 om.

14. HopmanbHOe COMPOTHBJIEHHE PE3HHOBOH H3OMfILUH MPOBOAA:

a — oueHb BeJIHKO; 6 — MpaKTHYeCKH PaBHO Hy.i0; B — MeHbuie 10 om; r—
6nusko kK 100 om.

15. Orpesox nposoaHuka uMeer conporusienue 0,1 om. Ecanm ynsouts miu-
Hy MNPOBOJHHKA, €ro COMPOTHBJIEHHEe CTaHET pPaBHBIM:

a—0,01 ou; 6 —0,02 om; B— 0,05 oa; r— 0,2 on.

16. ConpoTnBiaeHHe HArpeToil BOJAL(PAMOBOM HHUTH JAMMOYKM BHILlE, YeM
XOJIO[IHOH, MOTOMY YTO TeMMepaTYPHBIH KOI((HUHEHT HHTH:

a — OTpHIlaTe/bHbll; 6 — MOJNOXHTEJbHBIH; B-— paBeH HYMO; T — OKOJIO
10 om na 1°11. :

17. TleperopeBiuuil npefOXpaHHTeJ]b HMeeT COIIPOTHBJEHHE:

a — paBHOe Hyq0; 6 — paBHOe GecKOHeuHOCTH; B — 50 oM; T — He MeHee
100 ox. ’

18. HasHaueHHe H30SILHOHHBIX MAaTepPHAJOB:.

a — NMPOBOAUTb OYeHb GOJblliHe TOKH; 6 — NMpefoTBpallaTh pa3MbiKaHue IEMH
MeXJy HCTOYHHKOM HAmpsiXKeHHss M Harpys3ko#l; B — NMpefOTBpalllaTh KOPOTKOe
3aMblKaHHe MeXNy MPOBOJHHKAaMH; T — 3anacaTb OYeHb GOJIBIIOH TOK.

19. ¥ wusoasitopos:

a — MHOTO CBOGOAHBIX 3JI€KTPOHOB; 6 — Masio CBOGOJHBIX 3/EKTPOHOB; B —
HeT CBOGOJHBIX 3JEKTPOHOB; I' — HET 3JIeKTPOHOB.

20. Uon npencrabnaser co6oii:

a — CBOOOMHDII 3/€KTPOH; 6 — NMPOTOH; B — aTOM C HECKOMINEHCHPOBAHHLIMH
3apsilaMi; T — siipo Ge3 MPOTOHOB.

21. Tok B XHAKOCTAX mpeacTaBjseT co6ofi MOTOK:

a — CBOGOIHBIX 3/EeKTPOHOB; 6 — INPOTOHOB; B — MOJIOKHTEJbHEIX W OTpHIUA-
Te/IbHBIX HOHOB; I — HEHTPOHOB.

YIIPA)KHEHUS

1. Uro takoe aTtom?
2. Yro Takoe Moiekyna?
3. Kakue 3/1eKTpoHBI Ha3bIBalOTCA CBOGOHBLIMH?P
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4. Jlaiite onpeseneHHe MNOJOXHTENbHOTO M OTPHULATENbHOTO HOHOB.

5. O6bscHHTe KOPOTKO, YTO Takoe 3apsifl, Pa3HOCTb MOTEHLHAJOB, TOK, CO-
NpOTHBJEHHEe W NPOBOAMMOCTb. JlaliTe HX €NMHHUb H3MEepPeHHS M yCJOBHOe 060-
3HayeHHe.

6. Uro Takoe 3/eKTpH3alUHUs Tes?

7. O6bsicHUTe KOPOTKO, TOYEMy HeT TOKa B 3JeKTPHYECKOH JaMIouke, eciH
OHa He coelMHeHa C 3a)XHMaMH HCTOYHHMKA MNPHJIOKEHHOTO HampsKeHHs.

8. YkaxuTe HanpaB/leHHe 3JEKTPHUECKOTO TOKa B 3aMKHyTOll Uemu. -

9. Ykaxurte aBa croco6a yBeaHyeHus TOKa B LeMH.

10. Hro Takoe NOCTOSHHBIH TOK?

11. Kak B3auMogeHcTBYIOT ONHOHMEHHble H Pa3HOMMEHHble 3JIeKTpHUeCKHe
3apsibI?

12. HapucyiitTe cxeMy: HCTOYHMK TOKa, COEJHHEHHbIH C COMPOTHBJIEHHEM
50 om.

13. Kakas pasHHua MeXJAy [OUaMeTpOM H TMOMNEPeYHBIM CeyeHHeM MpPOBOL-
HHka? Kak o©oHH onpegneasiorcs?

14. Katymka BO036YyXIeHHs 3JEKTPOLHHAMHUECKOTO TI'DOVKOrCSOpHTENs Ha-
motana u3 1000 » menmHoit npoBosioku auamerpoMm 0,2 mm. Kakosa BemHuHHa
CONMPOTHBJIEHHS] KATYLIKH B KHJIOOMax?
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rIABA 2 OCHOBHBIE 3AKOHBbI

Cuna ToKa B 3aMKHYTOH LeNH 3aBHCHT OT ABYX (akTOpoB: OT
JIEKTPOJABHKYIEH CHJbl H CONPOTHBJAeHHA. Eciu npu yBesnueHUU
3. J. c. BO3pacTaeT CUJa, CNOCOoGHAsl 3aCTaBUTh GOJblIee YHCAO CBO-
6OIHbIX 3JEKTPOHOB HaNpaBJeHHO MepeMellaTbCsi B LEenu, TO MPH
yBeJTMYEHHH CONPOTHUBJIEHHS LENH YHCJIO MepeMelLlalolluXcsl 3JeK-
TPOHOB, Hao60pOT, YMeHblllaeTcs. DTa 3aBUCUMOCTb Oblia HaljeHa
HeMelkuM yueHboiMm Omom B 1828 .

1. 3akon Oma

B 3aMKHYyTOl Lienu MeX1y 3JeKTPOABHKYIleH
3akon Oma CHJIOH, TOKOM M CONPOTHBJIEHHEM CYLIECTBYET
AJs BCeH LenH 3aBHCHUMOCTb, MMOJYUYHBLIAA Ha3BaHHe 3aKOHa

Oma 145 Bceil uemnu.

Cuia TOKa npsiMo NPONOPUHOHAJIbHA JJNEKTPOABHXKYIUEH CHIe
HCTOYHHKA TOKAa M 00PaTHO NPONMOPLHOHAJIbHA CONPOTHBJEHHIO BCEH
uenu:

I=%, ©

rae [ — cuia Toka B leny;

E — 3. 1. c. ICTOUHHKA TOKa;

R — conpoTuBJIeHHe Bcell LeMu.

B naHHoMm cayudae (puc. 13) conpoTuB/ieHHe BCeH LleNH COCTOUT
M3 BHYTPEHHero CONPOTHBJIEHHSI HCTOYHHKA TOKA W CONMPOTHBJIEHHH
aMnepMeTpa, JJaMINOYKH M peoctaTa (MepeMeHHOTO CONpPOTHBJEHHUS),
T. €. BHElIHEero conpotus/enus uenu. [ToaToMy yacto conpoTusJ/eHHte
BCeHl 1LleNy Ha3biBAlOT MOJHbIM CONPOTHBJEHHEM LEMNH.

[1pn H3MepeHHu BeJMYHMHBI 3. A. C. B BOJNbTAX, CONPOTHBJIEHHS B
oMax M CHJIbl TOKa B aMmepax MOJY4YHM

1 BOJBT

1 amnep = T ont
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Takum oGpasoM, CHJ1a TOKA B LieNH HAXOAHUTCA B HpHMOﬁ 3aBHCH-
MOCTH OT 3. 4. C. HCTOYHHKA U B oépan—roﬁ 3aBHCHMOCTH OT COIIpO-
THBJEHHA LENH, T. €. MJid YBEJIHUYCHUA TOKa He06X0IUMO YBECJIHUYHTD
3. I. C. ICTOYHHKA WJH YMEHDbIIHUTH CONPOTHUBJECHUE LENH; NJA YMEHb-
HI€HUA TOKAa — YMEHbIIHTDb 3. . C. HCTOYHHKA HJIH YBE€JAHUYHUTbL COIIPO-
THBJICHHE LEIIH.

u,,, Q X
I} I= eﬁeR R P +rp v
rp/
3

Puc. 13. 3akon Oma aas Bceil uenn

[Ipu G0/bLIOH 3. A. C. TOK B LIENH MOXeT HMeTbh HeGOJbIIYIO Be-
JIMUHHY, €C/IM B LeNH HMeeTcs1 o4eHb GoJblioe conpoTuBiaeHue. M Ha-
06opoT, HeGosbllash BEJHYHHA 3. . C. MOXKET BbI3BaThb B llellH OYeHb
60/IbLIOH TOK, €cJad CONPOTHBJEHHe lenH HeBeaHko. PaccmoTpum
[iBa npuUMepa.

Mpumep 10. OnpenenuTb cujay TOKa B LeNH, ecau 3. A. C. HCTOYHHKA paBHA

1000 8, a conmpotuBieHne uenu pasHo 1000000 om.
Pemenue.

i: 1000 & = L a=0001a=1 ma.

= = 1500000 oar = T000

Mpumep 11. Onpeaeantb cHIy TOKa B LENH, eClH 3. A. C. HCTOYHHKa paB-
na 6 6, a corporusjeHue uenu pasro 0,01 om.
PewmeHnHue.

E 6 8
I=F=%o1on = 00c

3akoy OMa — olUH H3 OCHOBHbIX B 3JieKTpoTexHuKe. [To/b3ysch
3akoHoM OMa W BbIBOLAMH, KOTOpble M3 HEro CjaeLyloT, MOXHO Mpo-
H3BOJMTb pacueThl 3JEKTPUUECKOH LEMH.
3akoy Oma cnpaBeiJiuB He TOJbKO AJis Bcei
3akon Oma 3aMKHYTOH 3JIeKTpHYECKOH uenu, HO H HJd
ANA yyacTKa Uenk Jio6oro ee ydacTka. B nocnenHem ciayuae oH
BblpaxkaeT 3aBHCHMOCTb MEXAY CHJOH TOKa
Ha 3TOM ydYacTKe, HanpsiXKeHHeM (Pa3HOCTbIO 3JEKTPHUECKHX MOTEH-
LuajoB) Ha KOHUAx (T. €. Ha KpaHHUX TOYKAx) ydyacTkKa H ero co-
npotusienneM (puc. 14).
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Cuna ToKka nPAMO NPONOPUHOHAJILHA HAMNPSKEHHIO HA KOH-
ax yyacTka uend ¥ o0OOpaTtHO NPONOPUHOHAJAbHA €ro CONPOTHB-
JfieHuIo:

03un yvacmor uenu U,
A I ==,
R, Ry
! \ I=ﬂu”ume [ — cuna Toka ydacTKa lieny;
‘-—U,——‘I Ry U, — HanpsixkeHHe Ha  KOHLAX
- U I yuacTKa; _
T ! ! R, R, — CONpOTHB/IEHHe YyYacTKa.
— -
‘ dra dopmyna aas NepBoro yuact
R, Ka lenH, H3o6paxkeHHOH Ha puc. 14,
b — -crlpaBeJJyiiBa H sl J11060ro Apyroro
u acm
Apyeod yacmon enu yuacTka:
Puc. 14. Onpepenenne BeJHUYHHDI U
TOKa Ha y4acTKax LeMH ]=T' (5)

2. CnenctBHa 3akoxHa Oma

N3 popmya (4) u (5) 3akona OMa MOXKHO MOJYYHTh HECKOJBKO
Ba’KHbIX COOTHOMLIEHHH."

1. DJIeKTPOABHKYLIAA CHJIA YUCIEHHO PaBHA NMPOH3BEJNEHHIO Be-
JHYHHBI TOKA Ha COMPOTHBJIEHHE BCEH LEMH:

E=IR. (6)

M3 stoit GopMynsl Kak OyATO Obl CJAeAyeT, YTO €CJH YBEJIHUHUThb
CONpPOTHBJEHHe B ABa Pas3a, TO yBEeJHUUTCS B [Ba pasa uU 3. 1. C.
B HeACTBUTENbHOCTH 3TOr0 He NpPOM30HAET. DJEKTPOABHAKYLIAS CH-
Jla 3aBUCHT He OT €WJIbl TOKA U CONpPOTHBJIEHHS, a OT CBOHCTB HCTOUY-
HuKa Toka. IIpu yBesHYeHHH CONPOTHB/IEHHA B [BA Pa3a TOK B LENH
B [Ba Pasa YMEHbIUUTCSH, a 3. A. C. OCTAHETCs NpexXHeH.

2. HanpsixkeHue Ha KOHLAX yyacTKa ueNH YHCJIEHHO pPaBHO Mpo-
M3BE/lEHHIO CHJIbI TOKA Ha CONMPOTHBJIEHHE y4acTKa:

U=IR. )

ITo HampsiKeHHe YAaCTO HA3LIBAIOT MaJeHHEM HANPSKEHHs1 Ha
JaHHOM YYacTKe LEIH.

3. ConpoTtHBieHHe Bceil LieNMH YHCAEHHO PABHO 3. A. C., AEJEHHOM
Ha CHJy TOKa:

E
4, COI’IpOTHBJleHHe yuacTKa uend 4YHCJAE€HHO paBHO MajA€HUIO Ha-

NMPpAXKEHHA HA 9TOM Y4YacCTKe, ACJEHHOMY Ha CHJy TOKa B HEM:
U

= ©)
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ConpoTHBJ/ieHHe LleNH He 3aBHCHT OT 3. . C. M CHJIbI TOKa; OHO
onpejesnsiercss TONbKO CBOMCTBAMM CaMOH LeMH.

C OJHOH CTOpPOHBI, CONPOTHBJEHHE MOXKHO paccMaTpHBaTh Kak
CBOACTBO MaTepHasa ONpeJeseHHON CTPYKTypbl, KOTOpas Mo3BOJseET
CBOOOAHBIM 3JIEKTPOHAM MNepeMelllaTbest IPU TOH HJIH HHOH BelHUH-
He 3. A. C.

. . U
C Apyroi CTOpPOHBI, CYLIECTBYeT 3aBUCHMOCTb R=—1—. Jlrobas
cpefa, KOTopasi MO3BoJISieT NpoTekaTh TOKy 1 a mpu 3. A. c. 10 6,
U
umeer conpoTussienue 10 om. B 3Tom caydae oTHOUIeHHe -, paBHOE

10 om, xapakrepusyer comnpotusjenue. Eciun 3. A. c. yABauBaercs
1o 20 8, To Mpu 3TOM YABOUTCA H TOK A0 2 a, TOrla KaK OTHOLIe-

U
HHe —~ OCTaHeTCs paBHbIM 10 om. 3Hauut, HeT HeOOXOLMMOCTH

3HaTh (U3HUYECKYIO CTPYKTYDY CONpPOTHBJIEHHS JJsi TOFO, 4TOGHI
paccMaTpHBaTb €ro BJIHSHHE. Ha TOK B  LeNH, [OCKOJIBKY

. U
Mbl  3HaeM  OTHOLIEHHE —.

Yro6wl Jiyullie 3anOMHUTb 3aKoH OMa u BbITe-
Mpasuao Kalollie M3 Hero CJAeICTBHS, PEKOMEHAyeTcs
TPeYroJbHHKA nepBOe BpeMsi MOJb30BaThC MNPABHJIOM Tpe-

yroapHuKa (puc. 15).
Ec/u, Hanpumep, HYXKHO BCHOMHHTb GOpMyJay Juisa ONpejeleHus
CHJIBI TOKa, TO JIOCTATOYHO 3aKpbiTh nanbileM OykBy /. Torpa ortHo-
CHTEJbHOE  pAacloJioKeHHe  ABYX
Ipyrux OYKB IIOKaxeT, Kakoe Jei-
cTBUe (mesieHHe WM yYMHOXeHHe)
HY2KHO TPOU3BECTH.

Ecan Bmecto Hampsxenus U
Ha yuyacTKe LeMH B TpPeyroJbHHKE @
MOCTaBUTh 3JEKTPOABHKYILLYIO CH- U U
Jy HCTOYHHKa TokKa E, To mnojg @R l l R
compoTuBjeHueM R ciaenyer mo-

HUMaTb T[OJIHOE  CONPOTHBJIEHHE Puc. 15. TIpasuio TpeyroMpHiKa
HelmnH. /1 3anoMHHaHus 3aKoHa Owma

3. Onpenenenne NPaKTHYECKHX ERHHHL

ITo 3aKOoHy OMa cooTHOlLIeHHSA NPAaKTHUECKHX €AHHHI[ TaKOBHI:

1 a=,0; les=1a-1onm 1 0M=1—s-.

1 aMnep ecTb CHJia TOKa, NMPOTEKAIOILero yepe3 CONPOTUBJIEHHE
B | oM, Ha 3aXKKUMax KOTOPOTO HMEETCS Pa3HOCTb MOTEHLHANOB, PaB-
Has | BOJIBTY.

1 BOIbT ecTh PA3HOCTL MOTEHUHANOB Ha 3a)KMMaxX CONPOTHBJIE-
HUsa B | om, Yepe3 KOTOpOe npoTeKaeT TOK B | amnep.
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{ oM eCTb CONMPOTHBJIEHHe, IPH KOTOPOM HampsKeHue B 1 BOJBT
cosjaer ToK B 1 ammep.
Mpumep 12, Hctounuk Toka ¢ 3. A. ¢. E=24 & BK/IOYEH B 3aMKHYTYIO LeNb,

conpoTuBJeHne KoTopoli R=48 oam. OnpejequTb CHAY TOKa B ILenH.
Pemenune Cornacio gopmyne (4)

E 24
1= T?- = —4—8— = 0,5 a.
Mpamep 13. ITo uenu nporexkaer Tok /=200 ma (0,2 a); 3. A. C. HCTOUHHKA
Toka E=12 8. OnpegennTb COMpOTHB/IEHHe BCeH LEMH.
Pewmenne Ilo dopuyne (8)
E 12

R=T=O,—2:60 OAM.

Mpumep 14. Hanpscenne Ha 3aumax sJekTpuueckodt Jamnel U=120 s,
conpotusjeHne ee R=240 om. OnpeneauTbh CHAy TOKa, MPOXOANLULETO Yepe3 HHUTb

JlaMbl.
Peumenne B coorBerctBuu ¢ dopmynaoit (3)
U 120
1= —[e— = 34—0' = 0,5 a.

NMpumep 15. ConpoTusiieHue 3JeKTpuueckoro uaiinnka R=48 om. Tlpu Bxmio-
YeHHH B 3/EKTPHUECKYI0 CeTb [0 HeMy mnporekaeT Tok /=25 a. Onpeaenutb Ha-

npsiKeHue Ha 3aXKHMax.
Pemenue. [lo dopmyne (7)

U=IR=25-48=120 s.
Mpumep 16. K snekTpuueckoil neun nonsefieHo Hanpsikenne U=220 6, npu

STOM B [eNnH MPOXOAHT ToK /=25 a. OmpenennTb CONDOTHBJIEHHE MNEYH,
Pewenue Ilo dopmyne (9)

U 220
—T—-Z—S_SS OM.

4. 3aBucumocTh MeXAay 3. A. C. HCTOYHHKA TOKA W HanpAXeHHeM
Ha ero 3axumax '

Ha puc. 16 cxemaTHuyecKH H306paxkeHa 3jieKTpHUECKas LelMb, CO-
CTOsillasi M3 HCTOYHHMKA TOKa, NoTpebuTensi (Harpy3kKu) H COEIHHH-

TeJIbHBIX NPOBOJOB.
Ecnu BHYTpeHHee CONMpPOTHBJIEHHE r), a BHELUHee r, — 3HAYHT,

NOJIHOe CONPOTHBJIEHHe LEMH
R=r,+r.
Ioncrasum B dopmyny (4) Bmecto R mpaByio yacTb 3TOro pa-
BeHctBa, Toraa dopmyna 3akona Oma NpUMET BHJ

I=-£_ (10)

r0+r’

OTKyZa
E=I(ro+r)y=Ir,+Ir.
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Tak kak Npou3BeNeHHUEe CHJIbI TOKA Ha CONMPOTHUBJEHHE YydacTKa
ueny YUCJACHHO paBHO MAACHHUI0O HANPsA2KEHHS HA 3TOM YyudacCTKe, TO

E=U,+ U. (11)

W3 dopmyawr (11) BHAHO, UTO 3. A. C. MCTOUHHKA TOKa pacxo-
IYeTcsi Ha MpeofoJieHHe CONPOTHBJEHHS
npu TNepeMelleHHH 3JeKTPOHOB BHYTDH
HCTOUHMKA TOKa H MO BHEIIHeH Iemu. %
[TepBast yacth 3. n. ¢.— U, Ha3wIBaercH
BHYTPEHHHM TMaJEHHEM HaMpPsKEHHs,
propass — U — BHEWIHHM WJIM TPOCTO Ha-
npsixKeHHeM Ha 3a)XKMMaX HCTOYHMKA TO-

UcmoyHuKk moxa

ka. Kak BunHo uz dopmyas (11), r
U=E—U, (12) Haepysra

T. e. HANPSXKEHHE HA 3aXXMMaxX MCTOYHH-  Puc. 16. [Ipocrass aJek-

Ka TOKa paBHO €ro 3. aA. ¢. MHHyC najae- TpUYecKas LeMNb

HHe HanpsiXKeHHs] BHYTPH HCTOYHHKA TOKA.

[IpeanonokuM, 4To 3. 4. C. HCTOYHHKA TOKAa MNOCTOsIHHA U BHY-
TpeHHee CONPOTUBJIEHHE €ro NpakKTHUeckH He MeHsieTcs. [TocMoTpuwM,
Kak Oyjler M3MeHSTbCS TOK B ILleNH, MaJleHHe HanpsKeHUs BHYTPH
HCTOYHHKA TOKAa M HaNpsiKeHHe Ha 3aXKHUMaxX B 3aBHCHMOCTH OT H3-
MEHEHHsi Harpy3ku (BHEIUHEro CONPOTHBJIEHHS).

IlomycTuM, CONMpPOTHBJIEHHE Harpy3Kd r yBeauuusochb. Toraa U3
¢dopmyasr (10) cieayer, 4To TOK B LelH YMEHbUIWJICH. DTO NMPUBO-
AMT K YMEHDbIIEHHIO NajeHHs HanpsKeHHs BHYTPH HCTOYHHKA
TOKat

U,=1Ir,

YTO B CBOIO O4Ye€pelb BhI3bIBA€T YBEJHYEHHE HANPAXKEHHSA HaA 3aXKH-
MaX, MOCKOJbKY"

U=E_U0.

IIpu ymeHbLIEHHH CONPOTHBJIEHHS] HATPY3KH TOK B LeMH W maje-
HHe HaNpsiXKeHHs BHYTPU UCTOYHHKA TOKA YBENMYHUBAKOTCSA, a Hanpﬂ-
JKeHHe Ha 3a)KHMaX YMeHbLIaeTcs.

PaccMoTtpum nBa ciyyasi, MMEIOUIMX Ba)KHOe NpaKTHYECKoe 3Ha-
yeHue:

1) BHelHsis1 3/MeKTpHYecKas lleMb PasopBaHa, T. €. COMPOTHBIIE-
HHe Harpysky paBHO 6ECKOHEYHOCTH;

2) MCTOYHHMK TOKa 3aMKHYT HaKODOTKO OTPE3KOM MPOBOMA, T. €.
BHeELIIHee CONPOTHBJEHHE PABHO HYJIIO.

B nepBom cayuae npu r=oo (6eckoHeuHocTH) ToK /=0; nane-
HHe HampsKeHHs BHYTPH HcTouHUKA Toka Uy=0 (Uy=Iry=0); Ha-
TipsiZKeHHe Ha 3a)XKuMMax DaBHO 3. A. C. HCTOYHHKA TOKa:

U=E—U,=E—0=E.
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Ortciola sicCHO, YTO 1Ji5l ONpeAesNeHHst 3. . C. HCTOYHHKA TOKa He-
06X04HMO Pas3opBaTh BHEWIHIOK Lelb W H3MEPHTb BOJbTMETPOM
HampsKeHHe Ha 3a)KHMax.

Pexum paboThl HCTOUHHKA 3JIEKTPUUECKOrO TOKA MPH Pa3OMKHY-
TOH BHELIHel IlelH Ha3biBAaeTCsi XOJOCTHIM XOJAO0M.

‘Bo BTopoM cayuae, npu 3aMblKaHHH HCTOYHHMKA TOKa HaKOPOTKO,
BHeIlIHee CONPOTHBJEHUE MPAKTHYECKW paBHO Hya (r=0) H ToK B
lenu onpejensercs no dopmyJe

E E

b __E _E
—r0+r—r0+0_ ro.

Cuna TOKa B LeNH OKa3blBaeTcsi oyeHb GOJbILON (BHYTpeHHee
CONMpPOTHB/IEHHE HCTOYHHKA OObIYHO OueHb Maso). HanpsikeHue Ha
3a)KHMax HCTOYHHMKA TOKa NMPAaKTHYECKH PaBHO HYJIIO:

U=Ir=1[-0=0.

aJ'IEKTpOJlBI/I)KymaH ChJjla B paccMatpuBaeMoMm cJjydyae pacxo-
AYEeTCA TONbKO Ha NPEOAOJEHHE BHYTPEHHEro CONPOTHBIJAECHHS HCTOY-
HHKa TOKa:

E=Ir,
. /
Pexum paGoThl HCTOUHHKA 3JIEKTPHUECKOTO TOKA NMpPH COeNHHE-
HUM 32XKUMOB NPOBOJAOM HAKOPOTKO Ha3biBaeTCsi KOPOTKHM 3aMbl-
KaHHeM.

SIBNIEHHs KOPOTKOro 3aMbIKaHHsi HEOGXOAHMO u3Gerathb, MOCKOJb-
Ky 4Yp€3MepHOe yBe/HYeHHe TOKa OMacCHO MJIs ero MCTOYHHMKA.

Mpumep 17. HcrouHuk snexTpuueckoro Toka ¢ 3. A. ¢. E=220 8 noakawo-

YeH K BHelUHeil Lenu ¢ conpoTuBjaeHHeM r=21,5 om (puc. 17). BHyTpeHnee co-

E=2208 NPOTHB/IEHHE HCTOYHMKA TOKa ro=

=0,5 on. Onpenenutp Tok / B Le-

NH, NafieHHe HaNpsKEHUs] BHYTPH

ucrounnka U, W HampsiKeHue Ha
ero saxumax U.

Pemenue. Ilo dopmyne (10)

TOK B LENH

__E 220

T 05 Fos 04

[Manenue HaNpsAXeHHsA BHYTPH
HCTOYHHKA

Uy=1Iry=10-05=35 s.

Puc. 17. Cxema x nmpumepy 17

Hanpsxenne Ha 3aXuMax MCTOUHMKA TOKa
U=1Ir=10-21,5=2158
HIH 1o ¢opmyse (12)
U=E—Uy=220—5=2158.
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Mpumep 18. HanpsikeHue Ha 3axumax HcrouHuka U=120 8 (mpu 3aMkHy-
TOil BHemIHefi uLenu), TOK B UenH /=5 a, BHyTpelHee CONMpPOTHBJEHHe HCTOYHHKA
ro=2 om. OnpenenuTb CONMPOTHBJEHHe BHeWHeH Lenu M 3. A. C. HCTOYHHKA TOKa.

Pewenue ConpoTusieHHe BHeluHefl IenH

U 120
r——l-=—5-=240.u-

OJIeKTPOJABHIKYLILAS CHTa MCTOYHHKA TOKA _
E=1(ro+nN=52+24)=130s.

5. Pa6ota U MOLLHOCTL 3NBKTPHYECKOro TOKa

Pa6oTy 3/1eKTpHYeCKOro TOKa MOXHO CPaBHHTb C paGoOTOH BOIBI
B peke. Crosiuasi Bofa He NPOH3BOJAUT HHKaKOH paboThbl, HalpHMep,
He MOXKeT BpalaTh KoJeco BOASAHOM MesbHHIbl. UTOOGbI BOAsiHAs
MeJbHHIA Hayasla paboTaTh, HEOOXOAMMO [ABHKEHHE BOIBI B peKe.
Paborocnoco6HOCT pEKH 3aBHCHT OT KOJMYeCcTBAa BOAbl B HEH U OT
Hanopa. Tak ke u paBoTa 3/1eKTPUUECKOTO TOKA 3aBHCHT OT KOJH-
YecTBa JEKTPHUECTBA M HaNPsKEHHS. _

DAeKTpPHUECKU TOK, MPOXOAA MO LeNnH, coBepuiaer paboTy: ABH-
raer 3JeKTpHYecKHe Noe3na, TpaMBaH, BpalllaeT 3JeKTPOABHraTesH
CTaHKOB Ha 3aB0Jax, OCBelLlaeT AOMa, YAHUBl U T. A.

CrnocoGHOCTb 3JIeKTPHYECKOTO TOKA COBEpINaTh
JnekTpHueCKas paGoTy Ha3bIBaeTCA 3JNEKTPHYECKOH 3Heprueil.
3Heprus- OHeprus nposiBJsieTCsl TOJBKO B BHAE pa-
60Tbl, a MNOCTefHsAss sABJseTcs eJUHCTBEHHON

Mepoit onpeleseHHs KoJjuyecTBa dHeprud. OnpenesuTb 3Hepruio —
3HAUUT HalTH PaboTy, KOTOPYIO cOBepllIaeT HCTOYHUK TOKa, pacxo-
Jlysi CBOIO 3HEPTHIO.

Pa6ora, coBepliaeMas 3JeKTPUYECKMM TOKOM BO BCel LeMH WU
Ha OTJeNbHOM YydacCTKe, Bblpa)iaeTcs NpOM3BeJEeHHEM KOJHYeCcTBa
npouiejliero Mo LENH 3JeKTpHUYecTBa Ha NajleHHe HaNpsiKeHUs:

A=QU.

Kak uaBecTHO, KOMHYeCTBO eKTpHuectBa Q, mpoleauee yepes
Harpy3ky 3a Bpemsi ¢ [dopmyna (1)], paBHsieTcs NpPOM3BeIEHHIO
ToKa / Ha Bpems £, T. €.

Q=1t.

[MoncraBus BMecto Q ero 3HayeHHe B NMpPHBEJEHHYIO Bbillle (op-
MyJ1y, TOJydHM

A=UL, (13)

rae A —paboTa B BaTT-CeKyHAax (cM. ompejesneHue HHXKe);
U — HampsiKeHue B BOJbTAX;
I — Tok B ammepax;
{ — BpemMs B CeKyHJax.
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dopmyay (13) MoxHo npeo6pas3oBaTh, NOJACTAaBUB B HEE 3Haye-
nue U=IR; Torna

A=TIRt, (13a)
rae R — conpoTHB/IeHHe B OMaXx.
[oactaBus B Noc/efH0l0 GopMyay 3naueHne /= %— , TIONYYHM

U? U?
; A_—RTRt"_R"t' (136)
®opmyast (13), (13a), (136) paBHO3HAuHBI U MPUMEHSIOTCS B
3aBHCHMOCTH OT YCJJOBHA 3aJayH.
3a enuHuuy paboTBl NpPHHATA BaTT-CEKYHAA
(o603HauaeTcss 8T-C WIH WS), WIH [XKOYJb
(o6o3Hayaetcs Ox).

BarT-ceKyHpa ectb paGoTa 3JeKTPHYECKOr0 TOKAa BEJHYUHOH 1@
npu HanpsiKeHuu 1.8 B TeueHue 1 cex.
Bonee KpymnHble efHHHLB Pa6OTHI:

1 Barr-uac (87-4)=3600 67-c=3600 Osx.
1 rekroBatT-uac (e8r-4) =100 87" 4.
1 xunoBatr-yac (k87-4)=1000 87T u.

Hanpumep, ecan namna B 100 81 ropur B Teuenue 10 4, paGora
paBHa 100 er, ymHOKeHHbIM Ha 10 4, T. e. 1000 8T -4, unu 1 k8T - 4.
CrouMocTb | K8T-4 3JeKTPUUECKON 3HEepPTHH AJsi OGBITOBLIX HYXKI B
Halllell cTpaHe — 4 KOMeHKH.

OHeprust U paboTa. BbIPaXKaloT OJHO U TO XKe
Montnocts noHsiTie. MOIIHOCTD XKe OTJIMYAeTCss OT HHUX:
3NMeKTPHYECKOro ToKa OHa npejacraBjsier co6oii paboTy, NPOU3BOAH-

MyI0 B eIHHUIY BpeMeHH. Pafora oT BpemeHu
He 3aBucuT. Hanpumep, ecnu npenmer Becom 10 ke mepemelleH Ha
paccrosiiue 100 m, To coBepuena pa6ora 10-100=1000 kusiorpam-
MOMETPOB (Ke#) HE3aBHCHMO OT TOrO, OLICTPO WM MeJJIeHHO OHa
BhINIOIHEHA., MollHOCTs Xe paBHa paGoTe, AeJeHHON Ha BpeMs, 3a
KoTopoe Tpebyercsi ee BHIMOJAHHTb. Ecau paboty 1000 kem Hano BbI-
nonHuTh 3a 20 cex, To MouHocTh paBHa 1000 : 20=50 xam/ceK.

PaGora aMeKTPHYECKOro TOKa B OJHY CEKYHAYy Ha3biBaeTcsi MOII-
HOCTBbIO 3JIEKTPHUECKOr0 TOKAa, OHA XapaKTepH3yeT HHTEHCHBHOCTb
paboThl, coBepuIaeMOil TOKOM:

Barr-cekyHnna,
HIH JOKOYJb

-~

P=

A
t

[MoacraBup cioga BMecto A NMpaByi 4acTb paBeHcTBa M3, dop-
Myasl (13), monyuum
- Ult
P=—F=UI, (14)
T. €. MOLUIHOCTb, pa3BUBaeMas 3JEKTPHYECKHM TOKOM B lieMH. paBHA
NpPou3BeJEHUI0 HANPSIKEHHS HA TOK.
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®opmyny (14) MoxHO MpeACTaBHUTb B APYroM BHIe, 3aMEHHB
panpsikenne U paBHoii emy BenuunHoin [R:

P=1IR=IR, (14a)

T. €. MOILUHOCTb MOXKHO ONpenesHTb KakK I[pOH3BeJeHHEe KBajpara
Be/JTHYHHbI TOKA Ha COI'lpOTPIBJ'léHPIe.

Hakoneu, noacrasue B dopmyay (14) Bmecro / Bennqymy-%-,
NONyYHM

UZ
p=2, (146)

T. €. MOIIHOCTb paBHA KBAaApaTy BeJUYUHBl HaMNpsiKeHUs, Ie-
JIEHHOMY Ha COIpPOTHBJIEHHE.
3a elHHHLY MOLUHOCTH NPHHAT BatT (8T, W).
Bart BatT ecTh MOWHOCTb, KOTOPYIO pPa3BUBAET TOK
BEJHYHHOH 1 @ npu Hanpsikenuu 1 8.
BoJsiee KpynHble €IHHHLbLI MOLLHOCTH:
1 rekroBatr (es8t) =100 87;
1 kunoBarr (x67)=1000 8T}
1 merasart (Msr) =1 000000 87.
Ilpn paccmMoTpeHnu paGoTHl MCTOUHHKA 3JEeK-
Mosnan W mnoje3Has TPHYECKOrO0 TOKa MNPUXOMAUTCS CTaJKHBATbCsl C
MOLIHOCTE TIOHATHSIMH TOJIHOH W MOJIE3HOH MOILHOCTH.
IlonHoii Ha3bIBaeTCs MOWHOCTb, pa3BHBae-
Masi HCTOYHHKOM TOKa, TMOJIe3HON — MOIIHOCTb, pacxoayemasi BO
BHellHell uenu (notpeburtenem).
ITosHas MOLLHOCTb
P=EI, (15)
rie P — moJHas MOLIHOCTbL B BaTTax;
E — sjexTpoaBuKylilas cH/a B BOJNbTAX;
I — Tox B ammepax.
W3 ¢opmyns (15) BHAHO, 4TO MOJHAST MOLIHOCTb, pa3BHBaeMas
HCTOYHHKOM TOKa, NpsIMO NpPONOPLHOHA/JbHA BeJHYHHE ToKa I.
[TockonbKy 3. A. c. E MCTOYHMKA TOKa cjaaraetcs U3 IBYX Hampsi-

KEHHI (najeHHst HaNps>KeHUH Ha BHEUIHEM H BHYTPEHHEM yyacTKax
Henu), MOXKHO HamucaTb, 4TO

E=Ir+Ir,

Te r — CONPOTHB/IEHHEe BHELIHEro yyacTka LEeNH B OMax;
7, — COIPOTHBJ/IEHHe BHYTPEHHEro yyacTka lleld B oMaXx.
[ToncraBuB 3HaueHue E B dopmyay (15), nonyuum

P=1%+ I, (16)

U3 dopmynn (16) BuaHO, yTO nosHasi MoliHocTh P, pa3BuBae-
Masi HCTOYHMKOM TOKa, COCTOMT M3 ABYyX cjaaraeMbix. [lepeoe cna-
raemoe

P1=12r
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H ecTb NMOJIe3Has MOLIHOCTb HCTOYHHKA TOKa, KOTOpPAasi pacXodyercs
BO BHEIIHEM YYacTKe LIEMH. :
Bropoe cnaraemoe

By = Ir,

npeacrasnsier co00fi MOIIHOCTb, KOTOpasi TepsieTcsl BHYTPH HCTOU-

HMKa TOK4, T. €. 3TO MOUIHOCTb MOTEPb.

‘ OTHOWEHHE NOJIE3HOH MOIHOCTA K TOJIHOH

Koaddpnument MOLIHOCTH, pa3BMBaeMOii HCTOYHMKOM TOKa,

T10/1€3HOF0  JeHCTBUSA Ha3biBaercsi KOa(h(UUMEHTOM TNOoJe3HOro AeH-
crBua. Kosdduuuent mnosesnoro pedcTBUA

(cokpalleHHo K. m. 1.) 0o603Hauaercs rpevyeckoit Gyksoi m (3T1a):

/ P

Benuuuna = tem Bhillle, uem Gosiblile BHELIHee COMPOTHBIEHHE
IO OTHOLIEHHIO K BHYTpPeHHeMYy ro. B 3Tom cayuae wmowHocTb Py,
pacxoayemasi Bo BHelllHe#l uemu, Gyaer GoJjiblie MoliHocTH Po, pac-
XONyeMOi BHYTPH HCTOUHHKA TOKA.

®opmyny (17) MOXKHO NpPeACTaBUTb B APYrOM BHAE:

. pmBr VLU (172)

[Ipu NOCTOAAHHOM 3. [. C. HCTOYHHKA TOKA K. M. . TéM Bblilie, YeM
6o/ibllle HaNPsI)KEHHE Ha €ro 3dXHMax.

Insa npakTHuecKoi 3JeKTPOTEXHUKH OUeHb BaXKHO 3HATb YCJO-
BHSI MOJY4eHHs] HaUGOJIbILINX BEJIMYHH TOJE3HOH MOIIHOCTH U K. I. 1.

Onpenenum 3aBUCHMOCTb MOJIE3HOH MOLIHOCTH OT TOKa Ha-
TPYy3KHu. '

[Mpn M3MeHeHUH ToKa HATPy3KH | uaMeHsietcss U Hanpsikenne U
‘Ha 3a)KMMax HMCTOUYHHKA. 3HAuuT, BEJHYMHA T10J€3HOM MOLUHOCTH
P,=UI 3aBucur or AByx nepemeHHbix Beanund — U u [. Tlpu yse-
JNIMYEHHH TOKA HATPY3KH, KaK Mbl yKe 3HaeM, Halps:KeHue Ha 3aXH-
Max nagaer. Kak ke nameHsieTcsi nojie3dasi MOIHOCTb? )

PaccMoTpuM ABa KpaiiHux caydas.

[Tpu XonocTtoM Xole TOK HAarpy3Ku paBeH HYJIO, a HalpsiKeHHe
Ha 3aXHMax pPaBHO 3. 1. C., IOITOMY

Plx.x.=E'O=O'
[Tpu KOpOTKOM 3aMbIKaHWM HamNpsKeHHe Ha 3aKMMax paBHO
E
Hyao, a Tok [ ==, nostomy
0

E ,
Pyes=0-%=0.

CneoBaTe/ibHO, B peXHMaX, GIH3KHX K XOJOCTOMY XOAYy H K Ko-
POTKOMY 3aMbIKaHHIO, Noje3Hast mMomHoctb Py=Ul mana B nepsom
caydae W3-3a MaJjioit BeJHUYMHBI ToKa [, a BO BTOPOM — M3-3a MaJloi
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BennuyuHbl Hanpsikenus U. OueBHaHO, MaKcHMaJjibHas MoJe3Has
MOLLHOCTb CO312€TCS B KakKOM-TO IIPOMEXYTOYHOM pexHMe, Mo-
CKOJIBKY B TIpoilecce H3MEHEHHsl TOKa HArpys3KH MoJie3Has MOLIHOCTb
CHayaja yBeJUYHUBAETCA OT HyJsl 1O KaKOH-TO MaKCHMaJibHOH BeJlH-
YHHBI,-a 3aTeM BHOBb YMeHbIIaeTcss 10 Hyas. OHAa AOCTUraeT MaKCH-
MaJIbHOH BE/JUYHHbI, KOrJla BHEIHee CONPOTHBJIEHHE I PABHO BHY-
TPeHHeMy CONPOTHBJIEHHIO HCTOYHHKA fy.

W3 popmyanr (17a) crenyer, 4To mpH XOJOCTOM XOA€ K. I. A. pa-
BeH elMHHle (HampsyKeHHe Ha 3a)KUMaX PaBHO 3. [. C. MCTOYHHKA,;
B 3TOM c/lyYae MoJie3Hass MOLIHOCTb He BBIAe/NseTCs, HO B TO Xe
BpeMs M He 3aTpayHBaercsi MOLIHOCTb MCTOYHHMKa Toka). [lo mepe
YBEJNHYEHHs1 TOKA HArpy3Ku K. M. [l. YMeHbIIaercsl Mo NPSMOJNHHEH-
HOMY 3aKOHY.

[1pu KopoTKOM 3aMbIKaHUH K. N. [I. paBeH HyJo (Mone3HOH MOII-
HOCTH HeT, a MOLIHOCTb, Pa3BHBaeMas UCTOUHHKOM, MOJHOCTBIO pac-
X0JyeTcss BHYTPH €r0).

Takum o6pa3om, yclOBHe MOJNYYeHHs HauGOJblIed MoJie3HOn
MOUWHOCTH (r=ry) H YyeJoBHe IOJy4YeHHs Haubosbllero K. m. [.
(r=o00) He coBmagairt. [Ipu noayyeHHn OT HCTOYHHKA MAKCHMAJb-
HO#l MOJIE3HOH MOLIHOCTH K. M. J. cocTaBasier Bcero 509, T. e. noJo-
BHHa Da3BMBaeMoOil HCTOYHHKOM MOIIHOCTH TepsieTcs BHYTPH ero.

B MOIIHLIX 37€KTPHYECKHX YCTAHOBKAaX CTPEMSATCSl TMOJYYHUTb
naubosiee BBICOKHH K. M. [., 4TOoObl H36ekaThb CAHIIKOM OGOJBIIMX
norepb. B TexHuKe cnabbix TOKOB CTaparoTcs A06HTbCA HanGOMbLIEH
MOJIe3HO! MOLLHOCTH, NMOCKOJIbKY NMOTEPH 3HEpruH 3Aecb HCUHCIfA-
I0TCsl DOJIIMH HJIM €AHHHLAMH MHJJIMBATT, T. €. HeT GOJBLIOTO 3KO-
HOMHYecKoro yiuepo6a.

[TpuBenem cooTHOLIEHHE MEKJY 3/JeKTPHUECKOH H MeXaHH4ecKoi
MOILHOCTAMHU. 736 BaTT 3JMEKTPUYECKOH MOLIHOCTH pPaBHbl OJHOM
JioulaAHHO| CHJIE:

736 em=1 1. ¢.=75 Kem/cex.

Npumep 19. Hanpsikenue wucrounuka nutanus U=220 8, Tok I=15 a,
OnpefenuTh €ro MOLIHOCTb.
Pewenune Ilo dopmyne (14)

P =Ul=220-15= 3300 6m = 3,3 xem.

Mpumep 20. dnekTpuueckass samna norpebaser MouiHocts P=60 87 mnpu
Hanpsikenuu 120 8. Onpefle/UTb TOK, NMPOXOMSIHIA MO JaMne, U CONPOTHBJEHHE
HUTH HaKaJ/IHBaHHS.

Pewenune. U3 dopmyan (14)

_P_ 60 oo
=T 1008
ConpoTubJieHne
U 120
R = - = —0‘5 = 240 om. .

NMpumep 21. [lBuraTesp BHYTPeHHero CropaHusi MOLIHOCTbIO 6 4. ¢. mpuBo-
OHT BO BpallleHHe 3JIeKTPHYECKYI0 MalUuHHY, MOLIHOCTb KOTOPOH (NpH MOJHOH Ha-
rpyske) P=3 ksr. OnpefenuTh K. m. A. MauUlHHBI
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Pemenune [IlepeBefieM MeXaHHueCKYI0 MOLIHOCTb JIBMraTe/is B 3JeEKTpHue-
ckytw. [Tockoarky 1 4. ¢.=736 81, TO

P,y = 736Pyex = 736-6 = 4416 sm = 4,416 xam.

Takum o6pasom, MamuHa noTpeGisieT MOIIHOCT Pr=4,416 k8T, a orpaer
Py=3 ke6r. 3nauut, K. . A. MalIHHbI
- Py 3
=P, T 146

Mpumep 22. Uepes HHTb HaKala 3MEKTPHUCCKOH JAaMIBL, COMPOTHBJEHHE KO-
Topoit R=18 om, npoxoaut Toxk /=120 ma B Teuenue Bpemenu t=15 4. Ompe-
Ne/IHTh SHEPrHio, KOTOpas PacxOAyeTcs HCTOYHHKOM TOKAa Ha HakaJ JlaMmbl,

- Pewenne Ilo ¢popmyse

A = PRt =0,122:18-1,5-60-60 = 1400 doxc.
B 31y QopMyny BelMuHHy TOKa Hajo NOACTaBAATL B amnepax (120 ma=

=0,12 a), a Bpemss — B cekynmax (1,5 u=1,5.60-60 cex).
Buipasum pacxoayemyto sHepruto B BatT-uacax (1 67-4 =3600 dorc):
/
1400

A = 1400 OJM:W:O,SQ sm-u,

= 0,68.

TMpumep ‘23. ONeKTPHYECKHH YaHHHK NOLK/IIOUEH K CeTH HampsKeHHeM
U=220 g. ConpoTuBieHHe HarpeBaTe/JLHOTO 3JeMeHTa uaiiHHka R=100 ox.
Onpenennts 3Hepruo, M3pacxof0BaHHyl0 B yailHMKe 3a BpeMs =5 Muk.

Pewenue.
Uz, 200 . 145200 -
A——R—-t— 100 -5-60 = 145200 0.?/0——5—60-6- Bm"l~40,3 em-4,

6. MowHocTL, pacceHsaeman CONPOTHBAGHHEM

CorsacHo 3aKOHy cOXpaHeHHs W MpeBpallleHHs SHEePTHH, OTKpHI-
Tomy M. B. JlomoHOCOBbIM, 3Heprusi He Hcye3aeT W He MOsIBJAsiETCS
BHOBb, OHa TOJNIBKO MEPEXOAUT M3 OLHOTO BHAA B APYroil. DJeKTpPH-
yeckasi SHEPrusi HCTOYHHKA TOKA MepexoJHT B JApYyrue BHAbI 3Hep-
FHH — MEeXaHHYeCKylo, CBETOBYIO, TEIVIOBYIO U T. L.

Bolno 3ameyeHo, YTo NMPOBOJHHK NpPH MNPOXOXKAEHHH MO HeMY
TOKa HarpeBaercsi. [loueMy 3TO MPOHCXOAMT? D/eKTpHuecKas 3Hep-
THs TOKa 3aTpayuBaeTcsl Ha NpeojoJeHHe CONPOTHBJIEHHS, NpeBpa-
1asich B TEMJIOBYIO. ’

KakoBa e 3aBHCHMOCTb MeKJy KOJIHYECTBOM Tela, Bhifejse-
MOTO B NPOBOJAHHKe NpH NMPOXOXKAEHHH IO HeMy TOKa, CHJOH TOKa
U COMPOTHBJIEHHEM? .

DTy 3aBHCHMOCTb YCTAHOBHJIH He3aBHCHMO APYT OT Apyra pyc-
ckuit yuenblli JleHuw W aurauiickuil ydeuplit J[XKoynb, Mo3ToMy OHa
nonyuusna HasBaHue 3akoHa [xkoyas — Jlenua.

KoanuecTBo TenJa, BbIEJNsIEMOro B MPOBOAHH-
K€ 9JIEKTPHYECKHM TOKOM, NMPONOPUHOHAJIbHO
KBajpaTy BeJHYHHbBI TOKa, COMPOTHBJIECHHIO
NPOBOJAHHKA U BPEMEHH NMPOXOXKAEHHS TOKA.
3axkou [[xoynsi — JleHua Beipaxcaerca GopmyJioit

Q = 0,24/°R, (18)

3akon Jlxoyis — Jlenua
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rae Q— KOJIMYeCTBO Temsa B KalOpHSX;
I — BeqnynHa TOKa B aMmImepax;
R — conporuBneHne B oMax;
! — BpeMs B CEeKyHAax;
0,24 — koatduLHeHT, Ha3bIBaeMblii TEMJOBLIM 3KBUBAJNEHTOM.

IMponssenenne [?Rt onpejensieT KoOJHMYECTBO 3JEKTPHUECKOH
HEPruH, NoTpebssieMOd HAarpy3koH; TEeNJOBOH 3KBUBaJeHT NepeBo-
JHT 3Ty 3HEPTHI0 B TEMJOBYIO.

OnbitibiM nyTem JIeHI[ onpenenus, 4uto TOK BeJHuuHOH | a, mpo-
X051 Mo NPOBOAHMKY, CONpPOTHBJIEHHe KoToporo | oM, B TeueHue
1 cex Bbliensier B HeM Temjo, paBHoe 0,24 maJjioll Kamopuu. Takum
obpa3oM, Kosdpoduuuent 0,24 cayXKuT A5 Hepexofa OT €IHHHI
3JIeKTPHUYECKOH 3HEepPruM K eJHHHLAM TeN/JOBOH SHEepTHH.
MoiHocTb, paccenBaemMas CONpPOTHBJEHHEM, B
3aBUCHMMOCTH OT M3BECTHBIX BeJIHUMH, NMOJACUH-
ThiBaeTcsl o ofaHoH u3 dopmya (14), (14a),
(1406):

U2
P=UI, P=I'R, P=—.

Moacuer MOWIHOCTH

Mpumep 24. OnpefenuTb MOLIHOCTb, PacCeHBAeMYI0 COMPOTHUBJIEHHEM UeNH,
u3o6paxkeHHoli Ha puc. 18.

PeweHue OnperenyM MOUIHOCTb No TpeM dopMyaaM.

ITo dopmyne (14)

P=Ul=12:2=2 sm. T
Mo dopmyse (14 a) . -

P=IR =26 =24 sm. —-—; U=ize R=6om
Ilo ¢opmyne (14 6)

=R S5 -5 = 24 am. Puc. 18. Ilomcuer 3Jek-
TPHYECKON MOLLHOCTH

Peaynbra‘r noacueTra nmnoJyyaercss OJAWH U TOT
XKe. B maHHOM ciyuyae MOILHOCTb 24 8T, paccenBaeMast B (opMe Temja, HOJKHA
HemnpepblBHO MOCTynaTb OT OaTapeH.

Ha ocHoBe oTKpbITHS TEeNJOBOro AeHCTBUSI TOKA PYCCKUI YUeHbIH
A. H. Jloanirun B 1873 r. u3o6pes 3/1€KTPHYECKYIO JIaMIy HaKasu-
BaHus. B 3Toit 1aMne asneKTpUUeCKast 3HEPTUs NpeBpalllaeTcs B cBe-
TOBYIO BCJIEACTBHE HaKaJIHBAHHSl METaJJIMYeCKOH HUTH, MOMELLEHHOMH
B BaKyyM, uTo6 oHa He Meperopesa, fo 0enoro CBeuUeHHs, NPUUEM
JIMIIb He3HAauWTeJbHasi YacTb 3JIEKTPUYECKOH 3HepPruy NepexonuT B
CBeTOBY10, a 6GOJsbluasi 4acTb — B TEMNJOBYIO.

Ha TenyioBoM MeHCTBHM TOKa OCHOBaHa paboTa 3JEKTPHUYECKHX
OCBETHTEJIbHBIX JIaMIl, 3JeKTPOHAarpeBaTe/bHbHIX NPUGOPOB (meuelt,
NasiIbHAKOB, YTIOTOB), TEIJIOBBIX H3MePHTEbHBLIX NPHGOPOB (ammep-
MeTpoB), NMpeJoXpaHHTeNel 3JeKTpHUeCcKHX- Leneid 1 T. M.

B s1060m cnyyae MOIMHOCTb paccesiHHsl paBHA KBaJApaTy CHJIbI
TOKa, YMHOXeHHOMY Ha conporusjeHue (/?R). Kasanoch Gbl, uem
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MeHblle COMPOTHBJEHHE, TeM MeHblIe MOIIHOCTb pPaccesiHUsl Ha HeM,
MMOCKOJIbKY CONpPOTHBJ/IEHHE BXOIHT B cpopMyﬂy OJHHM H3 MHOXKHUTE-
seit. B neHCTBUTE/NIBHOCTH 3TO He TakK. Beab, 4yeM MeHblle COMPOTHB-
JeHue, TeM 0OJ/blle BeIHYHHA TOKa, a MOC/JeNHSsT BXOAUT MHOXKHTE-
nem Bo BTOpoil creneHu. CieloBaTesbHO, MPH YMEHbUIEHHH COMpO-
THBJIEHHS] MOLLHOCTb PAacCCesHHsl yBeJHYMBaeTcs.

ITpu6opel, B KOTOPHIX HCHOJb3YETCS TEMJIOBOE
Homunaaphas mommuocts ACHCTBHE TOKa, OGBIYHO OLIEHHBAIOTCH HOMH-
H HanpsKeHue HaJbHOH MOUIHOCTbIO NpPH OMpeJeNeHHOM Ha-

npsikeHny. HoMHHaJbHAS MOWHOCTbD MOKa3bl-
BaeT, KakKyio MOWHOCTb paccedBaer cOMpoTuBjieHue npubopa. Ha-
npumMep, 100-BatTHas snaMna npu HanpsiKeHHu 127 8 paccenBaeT
100-BaTTHyI0 MOILHOCTD B CONPOTHBJEHHWH HHUTH. HomuHuasb-
Hasi MOIIHOCTb M HampsiXKeHHe CeTH, B KOTOPYIO MOXKHO BKJIO-
yaThb JaHHbIH NpH6Op, YyKa3biBalOTC B TMacnopre M Ha caMoM
npubope. .B Hawell cTpaHe HCHONB3YIOTCS AJsT GLITOBBIX HY¥KJ
JBa Hanpskenus cetu: 127 u 220 s.

B psae cayyaeB BbiAe/eHHe Telja CBEPX Ompe-
JeJIeHHOH HOPMbl JONMYycKaTb Hesb3sl. Tak, Ha-
npumep, TeperpeB 3JeKTPHUYECKUX NPOBOIOB
BEJET K Nopye H30Js1UHH U K aBapusaM. UTtoOwl
u30exaTh aBapHil, A5l JeKTPHYECKHX NMPOBOLOB YCTaHABIAHBAIOTCS
AONYCTUMbIE MJIOTHOCTH ToKa. IIOTHOCTBIO TOKa Ha3biBaeTcsi BeJiH-
YHHA TOKA B amnepax, NPUXOAsilerocs Ha OJWH KBaJPaTHbIi MHJ-
JHMeTp TJIOWAAK MONEpPeyHoro ceyeHus nposona (a/mm?).

Ecnin gBa oOrosieHHBIX MNpOBOAa, HAyLIHe OT
pPa3HOMMEHHBIX MOJIIOCOB HCTOYHHKA TOKa K
notpebuTesisiM, COEIUHATCS MeXAy coboH, To
NpOH30iAeT KOpoTKoe 3aMblKaHue. OHO BBI3bI-
BaeTCsl pa3HOOOPa3HBIMH NPUYUHAMH: [TOPYeH H30JSUUH, HENPaBUJIb-
HbIM BKJIOueHHeM NoTtpebuteneil u T. 4. Tak KakK CONPOTHBJIEHHE
COeIMHUTENbHEIX TMPOBOLOB MaJjo, TO NpPH KOPOTKOM 3aMblKa-
HHH 1O HHUM HIeT oueHb Oosabiofi Tok. [IpoBoma meperpe-
BalOTCA, 3arepaetcs H30JSLHS, MOXKeT BO3HHKHYTb noxap. Kpome
TOro, NPH KOPOTKOM 3aMbIKaHHH MOTYT OLITb TMOBpeXJIeHbl HCTOY-
HHKM TOKa (MOXeT cropeTb O0OMOTKa 3/MEKTPHUYECKOH MallHHbI
UJIH "HCTIOPTUTBLCA aKKyMYJSTOPD).

Uro6bl u36exxaTb aBapHil MPH KOPOTKOM 3a-
Mpenoxpauutenu MbIKaHHH, BO BC€ 3JIEKTPHUECKHE LENH BKJO-

YalOT NpPeJOXPaHHTeNH, HCIOJb30BaHHE KOTO-
pBIX OCHOBAHO Yallle Bcero Ha TEMJOBOM AEHCTBMM ToKa. Tako# mpe-
JlOXpaHHTeNb NpeAcTaBiasieT cCOGOH KYyCOK TOHKOM MpPOBOJOKH (MM
MJIaCTHHKY), BKJIOYaeMOH MOC/E/0BATENIbHO B JEKTPHUECKYIO LENb
(puc. 19). IlpegoxpaHuTtenb paccuMTHIBAIOT TakK, 4YTO, €CIAH TOK B
Leny npesblllaeT AONYCTHMYIO BEeJHUHHY, NPOBOJIOKA CHJIbHO Harpe-
BaeTcs M pacmjasjsieTcs (OTCIO/la — IVIaBKHe NPeJOXPaHHTENH),
pa3MblKasi 5J€KTPHYECKYIOo LeMb.
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I'Ipenoxpaﬂmenb HMeeT O4YeHb MaJeHbKoe COIPOTHUBJIEHHE, IMO-
3TOMYy MaJA€HHEe HAMNpsI)KeHUss Ha HeM INPaKTHYECKH paBHO HYJIIO.
paSOMKHYTbIﬁ npeaoxpaHuTeab UMEET 0eckoHeuHo 6oJblIoe CcoImpo-
TuBJeHHe. B uenu Npy Ppa3sOMKHYTOM MNpefoXpaHHUTeNle BCE€ Hanps-

JKeHHe TMpHKAaablBaeTcs K
ero 3a)KUHMaM. ;

B Ta6n. 2 npusenensl
Hau6oJbllIie  JOMYyCTHMBIE
BeJMYMHBI TOKa B aMmepax
JIS1 TOJILIX MPOBOJOB, a B
Taba. 3— A H30JHupO-
BaHHBIX MeIHBIX MPOBOJOB.

B ta6a. 3, kpome TOrO,
B TpeTbeil rpade yKasaHo,
KaKOH MnJaBKHH npejpoxpa-
HUTEh HYXHO BKJIOUHTD
B LeNb NPU JaHHON jgony-
CTUMOII  BeJIHUMHE TOKA.
Hanpumep, ecnu Tok B Ue-
MY He [NOJIXKEH NpeBbILIATh
20 a, TO mnpenOXpaHUTEJNb
cnenyet B3fTb Ha 15 a.

Buikarouamens

~O

KaHmaxkmHoie
Konnayxku

GE===X> Cmekasnnas
mpyOka

Tonkaq

Npedoxpa -
NPOBOMONKY,

HumeaAau

K nompedumeato

Puc. 19. Cxema BKJIOUEHHS MJIaBKHX TNpeLo-
XpaHHTeJell B 9MeKTPHYECKYIO' LeMb H  HX

Oo0MWIHIA BHJT

Ta6auuma 3

Ta6auma 2

JlonycTHMble BeJIHYHHBEI TOKa

JlonyCTHMEIE BeHYHHBI TOKa
ISl KSOJNHPOBAHHBIX MEXHBIX

AJif rojiplX NpoBOJOB npoBoaoB
Hau6oabuias aonycTumas BeiaH-

Maowans \iHHA TOKa, a Maowans HauGonbuas [naskuit npe-
CeueHu, CeueHHsl, | HONYCTHMas BeAH- | AOXPaHUTeNb
Mm? Menb amoMunnit | ctaaw - MM YHHA TOKa, a Ha TOK, @
4 46 35 16 0,75 9 6
6 60 45 20 1 11 6
10 86 65 30 1,5 14 10
16 118 90’ 40 2,5 20 15
25 162 125 55 4 25 20
35 206 155 72 6 31 25
50 266 205 95 10 43 35
70 340 260 120 16 75 60
95 420 320 150 25 ' 100 80

flpumep 25. DB  a/eKTpHYecKyl0 Uemb, MO KOTOPOA  NPOXOAHT TOK
I=2,5 a, Bkaioyen peoctaT R=6 om. OnpegenuTh KOJNHYECTBO TemnJa, Bbigesse-
Moro B peoctate B TeueHHe 30 mun (1800 cex),
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Pemenue. ITo dopmyne (18)
Q = 0,24°Rt = 0,24 (2,5)2-6-1800 = 16200 xas = 16,2 xxaa

(kkas — KuIOKaJopus, uau Gosbuwiast Kasopus; 1 xkkazr= 1000 xaz).

Mpumep 26. TpeGyeTcst BCKUMATHTb 2 4 BOIbl B 3/IEKTPUYECKOM uafiHHKe.
HauanbHas Ttemmeparypa BoAbl 12°Ll; compoTuB/ieHHe HarpeBare/bHOro mpuéopa
yaiinika R=25 om; BeJHuYHHAa TOKa, NMPOXOAsLIero yepe3 uaitHuk, /=6 a. Usse-
CTHO, 4yto Toabko 80% Temsa, BbILENSIEMOro HarpeBRaTebHBIM MPHGOPOM yaii-
HHKa, HJeT Ha HarpeBaHHe BoAbl, a 20% — Ha HarpeBanue Bospyxa. Onpeaennts,
yepe3 KaKoe BpeMsl 3aKMNHT BO/Ja B YailHHKe.

Pemenne. Ompemenum, ckoibko Temaa HeoOXOAMMO 3aTpaTHTb TOJBKO
Ha HarpeBaHHe BOJbI B ualHHKe:

Qsogm = 2 (100 — 12) = 2.88 = 176 xxaa.
BblllHCJIﬁeM, CKOJIbKO BCero Temaa HeoGXOJIHMO 3aTpaTUTb HAa HarpeBaHHe
BOAbl (C yyeTOM HarpeBaHHs BO31yXa):
176 xxan - 800y Q rxan — 1000/,

3HAYHT,

Q= E%)—O- = 220 xraa = 220000 xaax.

Hs ¢popmyan (18)

t Q — 220000 = 1018 cex =~ 17 mun.

= 0,24PR T 0,24-62-95

Mpumep 27. IMapgenne Hanpsikennss Ha peoctate U=20 8, conpoTHBieHHE
ero R=5 osm. OnpelenuTb KONHYECTBO Ten.sa, BblAensieMOro B peoctaTe 3a 20 MuH.

Pewenmne TIIpeoGpasyem ¢opmyay (18). Ilo 3akony Oma I=—U§ niau

2
noc/le BO3Be/leHHs B KBaJpat JIeBO# W npaBod yacTedi 3TOr0 paBeHCTBa I2=—% .
IMoacraBum B ¢opmyay (18) Bmecto /2 ero 3HaueHHe:
U? U?
— 2 Rf — = = — ¢
Q = 0,24PRt = 0,24 yo2 Rt = 0,24 R ¢
Bpems t=20 mun=1200 cex.
OnpejesisieM KOJMMYECTBO TemJa:
U 202
Q = 0,24 —ﬁ' t= 0,24'—5—‘ 1200 = 23040 xas =~ 23 xxaa.

Mpumep 28. HanpsixkeHne Ha 3axuMax yuyactka uenu U=120 s; Tok, mpo-
xonsuuit no uend, /=25 a. OnpefennTb KOMMYECTBO Temaa, BBLIAEISAEMOrO B

nenu 3a 10 mun.
Pemenune, IIpeo6pasyem ¢opmyay (18), uckmouus u3 uee R, Tak kak

U=IR, 10
Q = 0,24/RIt = 0,241Ut,

CnepnoBatesbHO,

Q =0,24U1t = 0,24-120-2,5-600 = 43200 xas = 43,2 xxan.

Mpnmep 29. dektpHueckas Jamna MoulHocTeio 100 8T BKJAIOYEHA B CeTh
nanpaxenneM 120 8. Onpele/nuTb BeNHHHHY TOKA, NMPOTEKAIOLIEro uepes gammy,
H CONpOTHBJEHHE DPAaCKa/leHHOH HHTH,
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Pemenue. ITo dopmyae (14)

p 100
l=—=——x0833 a.
U 120 08
ITo 3akony Oma
U 120
OcHOBHBlE eqMHHLBI: aMmep, BOJbT, OM,
BoabulHe W Maubie BAaTT — YAOOHbl [Jsi pacuera GOJbIIHHCTBA
e IMHHLBI 3JIEKTPHUECKHX Lened, HO BO MHOTHX CJydasix

OHM CJHLIKOM MaJbl HIH OYeHb Benuku. Ha-
npuMep, CONPOTHBJIEHHS] MOTYT H3MEpPSATbCS HECKOJbKHMH MUJLIHO-
HaMH OMOB, HANpSIXKEHHs1 BbICOKOBOJIbTHBIX JIHHHH — MHOTMMH Thi-
CAYaMH BOJIbT, a TOK, NPOTEKAIOUIHH Yyepe3 BaKyyMHble JaMIbl, —
TBHICAYHBIMH AOJSIMH aMmrepa. B aTux ciyyasx nmo/b3yoTcs elHHHIA-
MH, Oojiee KPYNHBIMH HJH MENKHMH MO CPaBHEHHIO C OCHOBHBIMH
(Taba. 4).

Tabauna 4
JlecATHYHAA CHCTeMa HSMepeHHH

Dpwerama | Pemmicctomon | e pmepu
Mukpo OnHa MHITMOHHASA, WJIH MK - _ 25 _
L o () 2 MK8 = To00000 ° =
1000000 ~ =25-10% g;
225
225 Mra = 1000000 a=
=225-10"6 a
Munn Onna TeiCAYHASA, HIH M 12
1 N (m) 12 46 = 1555 =
——=1.10"3 —
1000 =12.10-3 g;
46
46 Ma = ——1000 =
=46-10"3 g;
0,075 a = 0,075-1000 =
=75 Ma
Kuno OpHa Thics4a, WX K 15 x8 = 15000 s;
1000 = 1-103 56 xKox = 56 000 o,
10000 ox = 10 xox;
15000 6m = 15 xsm
Mera OIHH MHIHOH, WJIH M 5 Mox = 5000000 o ==
1000000 = 1-108 =0-108 o
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Mpumep 30. Uepes conporunenne R=5000 os npotekaer ToK /=10 Mma.
OnpejiesuTb NajieHHe HanpsXKeHWs Ha CONPOTHBJEHUH.
Pewenne. g
U=1IR=10-10"3.5-103 = 10-5 = 50 s.
Mpumep 31. Hanpsokenne U=10 ke BbisbiBaer Tok B uend /=1 ma. Onpe-

Je/IMTh COMPOTHBJIEHHE LEMH.,
Pewenue.

U 10-103
R._-T—-ﬁo—: oM = 10.106 o = 10 Mox.

Npumep 32. Hanpsxenne U=300 8 npujoKeHo K CONPOTHBJEHHIO R=
=50000 ox. OrrpejleuTb BeJHYHHY TOKa, NMPOTEKAIOULErO Yepe3 COMPOTHBJIEHHE.
Pewenne.

U 300 300 3
= —_—= — = —— 107 =6.10"3 =6 R
1 R 50108 0 10~% a . 103 a Ma
[TpuBenenHble MpuMephl MOKa3blBAIOT, HACKOJBKO YIPOLIAKOTCS
NMOACYETHI NIPpH HUCIIO/B30OBAaHHH ﬂeCﬂTHqHOﬁ CHCTEMbI HSMepeHHI:I.

7. Mepbl NpepoCTOPOXKHOCTH NpH paboTe ¢ 3NEXTPHYBCKHM TOKOM

Ecau mpHKOCHYTbCSL K TOJIBIM NPOBOJAM, HaXOASALIUMCS IOA TO-
KOM, TO MOXHO MOJNYUYHTb 3JeKTPHUECKUH yaap: BO3HHKHYT 6oJes-
HeHHble CYAOPOTH MYCKYJ, BbI3BaHHble TOKOM, IPOXOASILHM Yepe3
TeJIO.

ConporuBieHue YeoBeKa MeXAY ABYMsl JafOHAMH (4epe3 pYKu
u Tesno) okosao 10000—50000 ox. ConpoTuB/eHHe Teqa MeXAy py-
KO H KOHEUHOCTSIMH HOr HaMHOTO OoJibllle.

IIpu cpennem conpotussenuu Tena 30000 ox nanpsaxenue 300 e
coznaer Tok 0,01 @, KOTOpbIHi BbI3bIBAET CHJbHBIA 3JEKTPHUECKHH
ynap. Tok 0,1 a npuBoAMT K TparuyeckuM nocsaeactsuam. Korga xe
CONPOTHUBJIEHHe Tejila HUXKEe CPelHero, TO Cepbe3HbHl yaap MOXKeT
NPUYUHHTL JHHUA faxe HanpsixkeHuem 120 . [Tostomy mpu pabote
¢ TOKoM Tpebyercsi co6/i0gaTh Mepbl NPELOCTOPOXKHOCTH.

Camoe BepHOe NpaBu/0 Ge30MacHOCTH — paboTa NPH BbIKJIOYEH-
HOM HamnpsiXKeHHH.

‘Ecsniu npoBoga 06eCTOYHTL HEBO3MOXKHO, To cJelyeT paboTaTb
OlHO# PYKOMH, a Apyrywo AepxaTb 3a cnuHod. Cebsf HeoGXoaumo
H30JIMPOBaThb OT 3eMJM, 0COOeHHO Npu paboTe C UENMH MOLIHOH
JIHHHH, TaK KakK OJHa CTOPOHAa JIMHHM OOBIUHO 3a3eMJsieTcs.

Kpome Toro, npu pa6oTe ¢ 3MeKTPUYECKHMMH YCTAHOBKaMH HYXKHO
06si3aTesbHO CO6/1I01aTh TPeGOBaHUSl HHCTPYKUHH MO TeXHHKe 6e3-
OMACHOCTH, MPUJIaraeMblx K 31eKTPo06OpYyAOBAHHIO.

Kparkue 86180061

1. ﬂ.ﬂﬂ onpeneJieHUs: CHJbl TOKa, HaANpAXEeHUA HJIH CONPOTHBJE-
HHsl MCTloab3yercsi popmyna 3akoHa Oma:
U . U
=g U=IR R=-T,
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rie Hanpsikedue U BbipaxKeHo B BOJIbTaX, TOK [ — B ammepax, co-
npoTusjedue R — B omax.

2. OnuH amnep ecTh BeJIMYHHA TOKA, KOTOPBIA CO3[aeTcsi pasHo-
CTbI0 MOTEHIHAJOB B OAHH BOJbLT B LENH CONPOTHBJEHHEM B
OJMH OM.

3. DJleKTpHYeCKHl TOK, MPOTEKas Yepe3 CONPOTUBJIEHHE, Bbille-
JsieT B HeM TeIJO: MPOMCXOAHT mpeo6pa3oBaHHe 3JEKTPHUECKOH
3HEPTHH B TEMJIOBYIO.

4. KosuuecTBo BblAe/sieMOil TEMNOBOM 3HEPTHM 3aBHUCHT OT Ha-
NpsKeHus, TOKa u BpeMeHH. EauHuuna sHepruum uau paGoThl —
JUKOY b,

5. Pa6ora 3/ieKTpHyeckoro ToKa B OAHY CEKyHAY Ha3blBaeTcsl
MOLIHOCTBIO. )

6. Eqununa sjaektpuyeckoit MolHOCTH — BaTT. OlUH BATT paBeH
OJHOMY BOJIbTY, YMHOXXEHHOMY Ha OMH amiiep.

7. Qs nojcyera 3/eKTPHYECKOH MOLLLHOCTH MOXKHO N0/1b30BaTh
cs1 hopMyJaMHu Tpex BHIOB:

P=Ul, P=IR, P=4, -

roie P — B Barrax; U — B BosbTax; [ — B amnepax; R —B oMax.
8. KusoBatT-yac (x6T-4) sBJsieTcsl eNHHHLEH 3JeKTpUYecKoH
3HEpPrHi.

1 xem-u=1000 sm -4 =3,6-10% Odxc.

9. UsonATopbl HCNONB3YIOTCA OJs NpPELOTBpallUeHHs] KOPOTKOro
3aMblKaHus uenud. OObluHble H30/SLLHOHHBIE MaTepuaJsbl — BO3AYX,
BaKyyM, pe3uHa, creksao, ¢papdop, niacrmacch.

10. TIpenoxpaHuTenu UCMOJB3YIOTCA B lieNH BO H30eXaHHe aBa-
puil NP CHJBHBIX TOKax: NpEBLILIEHHE PaCYETHOro 3HAUEHHs TOKa
IpeJoXpaHUTe/iss BbI3bIBAET €ro IeperpeB U pacljaBjieHHe, a 3Ha-
YMT, U PasMblKaHHe LeEMH.

11. HampsixkeHue, NpPHIOXKEHHOE K TeJy YeJOBeKa, MOXKET BbI3-
BaTb OMacHbI 3/ekTpuueckuil ynap. [Tostomy npu pabote ¢ uensimu
3JIEKTPUYECKOTO TOKA HEO6XOAMMO BBLIKJIOUHTb HalpsXKeHHe.

BOIMPOCHI OJi1 CAMOKOHTPOJIA

1. K conmpoTuB/MeHHI0O B 3 OM NpHJIOXEHO HanpsixKeHHe 9 6, mNpH 3TOM TOK
paBeH:

a—3a 6—6a, B—9a; r—12a.
L2 Hanpml(em{e 10 & BbsEBaer ToK 3 a, np¥ 3TOM CONMPOTHBJ/IEHHE LENH
paBHO:

a—2 om; 6 — 33 om; B— 10 on; r— 13 om.

3. Ecnu uepes pesuctop 20 om mporekaer TOK 2 @, TO HampsiKeHHe Ha
3aXHUMax paBHO:

a—28;, 6—2086, B—228; r—40 8.

4. Hanpameﬂne MCTOYHHKA TOKa & 6, NpPHJOXKEHHOe K pe3uctopy 1000 os,
BLI3LIBAET TOK, PaBHBI:

a—>5 mka; 6 —5 ma; 8— 50 ma; r—95 a,
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5. PasHuna MeXAy MOLIHOCTHIO H 3Heprueil COCTOUT B TOM, UTO:

a — MOLLHOCTb NpeacTaBasieT co6oil pa6oTy, NMPOH3BOAMUMYIO B eJMHHIY Bpe-
MeHH, a 3Heprusi OT BpeMeHH He 3aBHCHMT, 6 — 3Heprus npejcraBgaser co6od pa-
60Ty, NPOM3BOAUMYIO B €IHHHIY BPeMeHH, a MOLIHOCTb OT BPEeMeHH He 3aBHCHT;
B — MOLIHOCTb MOXeT H3MepATbCS B BaTT-uacax, a 3HepPrus HeT; T — 3Heprus
paBHa npousBeseHuo U/ Ge3 ydyeta BpeMeHH.

6. Conporusnenne 820000 om paBHO:

a— 82 xom; 6 — 0,82 Mom; B —82 Mom; r— 820 cum.

7. Korna nanpsixkeHue 10 8 mpHJIOXKeHO K CONPOTHBJIEHHIO 4 OM, MOLIHOCTb,
pacxoiyeMast MCTOYHHKOM HampsiXKeHHs, PaBHSETCS:

a— 14 er; 6 —20 81; B—40 8T1; r — 25 4T.

8. Korna BHelllHee COMpOTHBJIEHHE YMeHbIUAeTCss, MOLUHOCTb, pacxoiyemas
HCTOYHHKOM TMOCTOSIHHOTO HamnpsiXKeHHs:

a — yMeHblllaeTCsl, IOTOMY YTO MeHbllle TOK; 6 — yBeJHYMBaeTCsi, MOTOMY YTO
GoJsiblle TOK; B — OCTaeTcsi TOH JKe CaMOH, XOTSl TOK YBEJNHUHBAETCs; I — OCTaer-
cg Toil JKe caMoil, XOTl TOK YMeHbIIaeTcs.

9. TeneBH3HOHHBIH NpPHEMHUK NOTpeGisieT MoumHOCTh 240 8T OT HCTOYHHKA
Toka 120 8. B 3ToM cnyyae uyepe3 npHeMHHK NpoOTeKaeT TOK, PaBHBIi:

a—2 ma; 6 —2 a; B— 120 a; r—240 a.

10. ®opmyna MOWHOCTH He MOXeT OBITb HamMcaHa B TakOM BHJE:

a—P=Ul, 6— =R B—P=I[R, r—P=1DIR

11. Eciu TOK, NMpoOTeKaloWIUil yYepe3 pe3UCTOD, YBEJNMYUTCA B [JBa pasa, TO
MOIIHOCTb paccesiHust 6yneT: :

a — cocTaBasTh !/4 mepBOHauanbHOl; 6 — !/ NepBOHauasbHOH; B-—B 1Ba
pasa GoJibllle NepBOHAYaJbHON; I' — B YeTbipe pas3a GoJblile MepBOHAYANbHOM.

12. ConpoTtuBieHHe, MOAK/IOUeHHOe K 3axXuMmaM 100 8 HCTOuHHMKa, pacceH-
Baer 200 sr MowHocTH. Ero BenmunmHa pasHa:

a—50 om; 6 — 100 om; B— 200 om; r— 500 ox.

13. Tox 50 ma mporekaer uepe3 pe3uctop 1000 om. MoiHocTs, pacceuBae-
Masi pe3ucTOpOM, paBHa: -

a—0,25 ar; 6 — 0,5 87; B— 2,5 81; I— 25 8T.

14. Conporubsnenne 100 om pacceuBaer MouwHocts 100 87. Hanpsikenue Ha
ero 3axKMMax paBHO:

a—10 6, 6— 100 6; B— 1000 8; r—1 8.

15. DiekTpHYeckHe Yachl HMeIOT MOLIHOCTb paccesiHusi 2 8T. B TeueHue
10 nneii o6uiasi 3HEPrHA paccesiHUA COCTaBJSET:

a—20 87.4; 6 —48 8T.4; B — 240 @r.u; r —480 871 . 4.

16. OcBetuTefbHass JaMna YJaHYHOro ¢OHapA MoIHOCThiO 200 8T TOpHT
B cpeiHeM 10 « Houbio B TeueHue | rojna (365 aueir). B stom cayuae norpe-
6yeTcsl 3Heprus, paBHas:

a—73 k6T .4; 6 — 730 x6T.4; B— 7300 k8T . 4; r — 3650 6T . 4.

17. Tlpu pa6ote xomoAHAbHHK TOTpeGiseT MowHoctb 50 8r. ITpeanonoxum,
uto oH paGotaer 20% BpemeHu. Pacxon snepruu 3a mecsau (30 awneit) cocraBut:

a—720 8T7.4; 6 — 7200 8T .4; B— 72 k8T .4; T— 3600 87 .4,

YIIPAJKXHEHHS

1. Hanuwute Tpn Buma ¢opmynsl 3akona Oma.

2. Tlouemy Gosiee BEICOKOe HampsiKeHHe, MPUIOMKEHHOE K OJXHOMY H TOMY XKe
COMPOTHBJ/IEHHUIO, BbI3bIBaeT 6GoJiee CHUJIBHBIH TOK?

[Mouemy npu GosibuIeM CONPOTHBJEHHH H TOM Xe HamnpsXKeHHH TOK B LeNH
MeHblle?

3. Hcrounnk Toka HanpsixeHHeM 120 8 moAx/ioyeH K compoTtuBjaeHHio 30 om.

a) Hapucyfite cxemy Bkmiouenust. 6) Kako#i Tok mpoTekaer wuepe3 compo-
TuBienne? B) Kakoil TOK mportekaer uepes coeAMHHTe/bHEe npooaa? r) Kakod
TOK NPOTEKAET YEPe3 HCTQUHHUK Haﬂpﬂ)KeHlM?
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4. Hanumute Tpu BHAA GOPMYJB 3/MEKTPHYECKOH MOILHOCTH.

5. Batapes HanpsikKeHueM 12 8 moJk/O4YeHa K COMPOTHUBJIEHHIO 4 OM.

a) Hapucyiite cxemy Bk/ioueHus. 6) Ilomcuuraiite MOILHOCTb, KOTOpas pac-
ceHBaeTCsi Ha conpoTuBjeHud. B) Kakas MollHOCTh pacxoayercs Gartapeeit?
r) Ecau conpoTHB/leHHe yBeJHYHMTCS B OBa pa3a, Kakopa OyJeT MOLIHOCTb pac-
CesHHs Ha COMpPOTHBJIEHHH? .

6. Kakass u3 AByX BeJWUYHH GOJbllle: BOJIbT WM KHJIOBOJBLT; aMiep HJH MHJ-
JIHAMMep; OM HJM MeroM; BOJNbT HJIM MHKDOBOJBT?

7. ITpeo6pa3syiite: 12 ma B ammepsl; 500 8 B KHJAOBOALTH; '/, Mom B oML,
100000 om B Merombl; !/; @ B MHAIHAMOeEpHL. _

8. ConpoTuBJjeHHe COCTOMT H3 HHXPOMOBOIO MpoBOja AJHHOH 4,5 M u ana-
merpom 2,54 ms. IloacuuraiiTe monepeyHoe ceueHue NpoBofa B #m? H ero co-
npotuBjenne. Ilpn Kakom HanpsikeHHHn TOK paBeH 0,5 a?

9. K HCTOYHHKY KaKOro HampsiKeHHsi HeOGXOAMMO MNOJAKJIOUHTb KOHCTaHTa-
HOBBIl NPOBOA AJauHOH 15 M u nuamerpom 0,45 mm, yToGbl monyuuTh TOK 1,2 a?

10. ConporuBnerne 40 kom uMeeT MoliHOCTb paccestHust 1 8r. Kakosa no-
NyCcTHMasl BeJIM4HHA TOKA B COMPOTHBJIEHHH?

- I1. Tok 100 ma npotekaer B comporuBieHus 1200 ox. KakoBa MoIIHOCTD
paccesiHdst COMPOTHBJIEHUSA?

12. Uro6ul HarpeTb ytior ot cet 120 8, Heo6XxOAWM TOK, paBHbii 1,8 a.
KakoBo conpoTHB/eHHe HarpeBaTe/bHOrO 3JeMeHTa?
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[IABA 3 COEIVHEHWE PE3UCTOPOB
B LIETIN

1. MocnenoBaTtensHoe COBAHHEHHE PB3HCTOPOB

ITocnenoBatesnbHbIM Ha3biBaeTcd TaKoe CO€MHEHHE DPE3UCTOPOB,
KOria K KOHILy IepBOro M3 HUX INOJAKJIOYAETCS HauaJjao BTOpPOro, K
KOHUY BTOpPOTr0O — Haya/Jo TpeTbero U T. H.,, T. €. PE3UCTOPhI

! - v -—
$ 7 =
U=IR, Uz=1Ry U=IRs
v T
) |
R ! Rz ! A3
- b | o -

Puc. 20. [TocnenoBaTenbHOE COeIHHEHHe pPE3HCTOPOB

coefnHeHbl B BuAe lenoukd (puc. 20). 3a HauasO0 MOXHO MpPHHSTH
Ja1060f1 KOHell pe3ucTopa.
: [TosoxxuTENbHEIM 322KMM HCTOYHHKA TOKA MpH-
Tok B uenu TATHBAeT 3JIEKTPOHBI C TAKON CHJIOH, ¢ Kakoil
OTpHULATEbHBIA 32XKHM OTTaJKHBaeT WX. [IBH-
JeHHe CBOOOAHBIX 3JEKTPOHOB BO BCeX YacTAX MOCJef0BaTeJNbHOM
Lend HayuHaeTcs OJHOBDPEMEHHO C OJHHAKOBOH ckopoctbio. Cieno-
BaTeNbHO, 3JIEKTPOHHHIN NOTOK BO BCell LenH OAHH H TOT XKe, yepes
Ji06oe ee MOMepeyHoe CeyeHUe OJHOBPEMEHHO MPOXOJAHT paBHOe
YHC/I0 3JEKTPOHOB, ABHTAWOMIMXCH € OJAMHAKOBOH cKopocTbio. [lo-
3TOMY TOK TPH NOC/A€J0BaTeNbHOM COEJHHEHHH PE3HCTOPOB OAHH H
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TOT K€ BO BCeX 4acTax uenmu. [Ins ToKa BO BHeIIHeH MeMH ecTb
TONBKO OAMH MYTh.

[Topsanok BKJIOYEHHs PE3UCTOPOB He BJHSET Ha cu1y Toka. Ha
puc. 21, a, 6 u 8 MOPALOK BKJIOUeHHs pe3uctopoB Ry, Ry u R; pas-
JIMYHDBIH, HO BO BCEX TPeX C/yuasX OHH COeJHHEeHbl MOC/Ief0BaTeNbHO

Ry Rz R3 R Ri Ry Ry Rz Rz

Puc. 21. PasnuuHblit Mopsifiok MOC/NENOBATeJbHOTO BKIIOYEHHS
pesucropoB Ry, R; u Rs

M Yepe3 HHUX NMpOTeKaeT OAMH H TOT ke Tok /. U ecanm maxe conpo-
THBJIGHHS] PE3HCTOPOB HMEIOT pasHble BEeJHYMHBI, TOK B HHX OJHH.
[Ipu noc/ienoBaTeNbHOM COEAHHEHHH PE3HCTO-
OGuee conpoTusaeHHe 55 oGuiee CONPOTHBJEHHE BCEH LeNM PABHO
uen CyMMe CONMpOTHBJIeHHI ee yuyacTKoB (puc. 20):

R=R1+R2+R3, i

rue R — o6liiee CONPOTHBAEHHE LIEMH;
R,, R, R, — cONpOTHB/JEHHs y4yacCTKOB.

dTa dopmyna npuMeHHMa K JI0GOMY YHCIY COMPOTHBJAEHUI OfH-
HAKOBBIX MJIM PA3HbIX BEIHUYHH:

R=R +R,+...+R, (19)

Koraa nenouka u3 Mo0C/TefOBaTeNbHO COEAUHEHHBIX Pe3UCTOPOB
MOAKJI0YaeTCss K HCTOYHUKY TokKa (puc. 21), cBo6OAHbIE 3/71€KTPOHBI,
o6pasyiolllie TOK, NPOXOAAT Mo BceM pe3ucTopaM. Obliee conpoTHs-
JieHHe BHEIIHel LeNnH Ha 3aXXHUMax HCTOYHHKA TOKa — 3TO COMNpo-
THBJIEHHe BCEX PE3HCTOPOB.

Tok, mpoxols mo pesncTopy, cO3[aetr Ha €ro
Manenue nanpsikenus KOHIAX HamnpsaXeHue, paBHOE MO 3aKOHY Oma

npoussenenuio /R. HanpsxeHne Ha KOHuUAX
KaXXJ0ro Pe3sucTopa Ha3bIBaeTCSl MAajJEeHHEM HANPSKEHHd, TaK Kak
Ha 3Ty BeJIMUMHY Majaer, T. €. yMEHbllIaeTCs, PA3HOCTb MOTEHLHAJIOB
HCTOYHHKA TOKa, KOTOpasi MIPUXOAUTCA HA OCTaJbHbie PE3UCTOPHI MO-
c/e0BaTeNbHON LeNnu.

"Ha. puc. 22 noxasaHa snekTpuyeckas Lenb, cocTosillas M3 ABYX
NOC/1e0BATE/NIbHBIX PE3HCTOPOB R, Ry, MOMK/IOUEHHBIX K UCTOYHUKY
toka 12 8. Tok 1 a, NpoTekas uyepe3 pe3HCTOPHI, CO3JaeT MajeHHS
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nanpsaxenuiit U =IR,=1-4=4 6 na peauctope R, n Uy=IRy=
=1.8=8 g Ha pe3sucTope R, PasHoctb morenuuanos 12 8 ymeHb-
waercs Ha BeanunHy U;=4 8. OcraBiuneca 8 6 cocTaBasiioT maje-
HHe HanpsixkeHus Ha pesuctope Rp. Taxkum o6pasom, HanpsixeHue
najgaer ¢ 12 8 B Touke [

11/ (10 OTHOLUEHHIO K TOukKe 3)
[=1a 10 8 6 B Touke 2. 3areM
U=IR,=48 R,=4om  HAMDANKEHHE C 8 8 B TOU-

ke 2 magmaer go 0 B Tou-

ke 3. PasHocTh norteHuua-

U=1Ze f—""12 JIOB MeXJy JI0ObIMH ABYMst
TOYKAaMH Ha y4yacTKe MpoBO-

i Uz=IR; = 88 R2=80M  na oT Harpysku K MCTOYHH-
Ky TOKa paBHa HYJIO, IO-

3 CKOJIbKY MNpOBOA IpakTii-

Puc. 22. [Manenns manpsxenusa B mociegopa- JCCKH  HE HMEET CONpPO-
TeJIbHOIT LeMH THBJIEHHSA H MO3TOMY

HeT mnaJeHus HaNpsKEeHUs
(1 a-0 on=0 8).
[Tagenne HanpsiKeHus Ha pe3ucTope Ry Gosblue MajfeHHst HaNps-
JKeHHsl Ha pe3ucTope R, Tak Kak Heo6xoauma OGOJblliass pPasHOCTb
NOTEHUHAJOB, YTOOBI NMOJYYHTb TOT XK€ CaMbli TOK B pe3HCTOpe ¢
60/1ee BBICOKHM COMPOTHBJIEHHEM.
Hanpsxenne Ha 3aXXuMax uenu paBHO CymMMe
najieHHii HampsiXKEHHi Ha OTHeJbHbIX ee yua-
ctkax (puc. 20):

U=U,+U,+ U+ ...+ U, (20)

OTH najfeHUss HaNpsiKeHHH — NMPONMOPLHOHAJbHbIE YACTH MPHJIO-
XEHHOro Hampsi)KeHHsl, KOTopble HeOOXOAUMBI AJs CO3JaHUST OLHOTrO
M TOro e TOKa B Ka)[IOM I[0C/IeI0BaTeJbHOM COMPOTHBJEHHH.
3HayuT, BCe MPUJIOKEHHOE HanpsXKeHHe PaBHO CyMMe ero uyacre.
Taxk, na puc. 22 cymma nageHuit HanpsikeHui 4 6 u 8 8 paBHa 1mpu-
JIOXKEHHOMY HamnpsixkeHuio 12 s.

Toxk ouH M TOT Ke BO BCEX Pe3UCTOPaX MOC/AENOBATENbHOH lenH,
a najeHHe HampsXKeHHs] PaBHO MPOM3BENEHHIO CHUJIbl TOKA Ha COMpo-
THBJIEHHE, NTO3TOMY Hamnpsi)KeHusi /R TNpONOPUHOHANbHBI BeJHUYHHAM
noc/nefoBaTeIbHbIX CONPOTHBJeHMH. Ha O6oJbllieM CONPOTHBIEHHH
npoucxonut Gosbliee NajeHue HanpskKeHHs, U HaoGopor. Ha pas-
HBIX CONpPOTUBJEHHSIX OYAyT paBHble MNaJeHUA HaNpsiKeHHH. ITO
NpaBHJI0 MOXHO 3alHcaTh TakK:

IR=

CymMma napeHuii
HanpsKeHHit

\

U,

Roﬁm.

rie [R — najeHHe HampsiKeHHS;
R — 0[HO M3 CONPOTHBJEHHUI MOCAENOBATENbHON LIEMNH;
R, — oOlllee ee CONPOTHBIEHHUE;
U — npuioxeHHoe HampsKeHHe.
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OGuee conmpoTuBJeHHE Ha3blBAlOT IKBMBAJEHTHbIM, MOCKOJBKY
UM MOXXHO 3aMEHHUTb HECKOJIbKO CONPOTUBJEHHH, He HU3MEHAS BEJH-
YHHBl TOKa B LENH.

Llenouky u3 MoC/JeL0BaTENbHO BKJIOYEHHBIX PE3HCTOPOB MOXKHO
paccMaTpUBaTh KaK AenuTenb HanpsnkeHus. Ha kaxaom pesucrope
NPOUCXOJUT NajieHHe HANpPSIXKEHHs, paBHOE OTHOLIEHHIO €ro CoNpo-
THBJIEHHS] K CONPOTHBJIEHHIO BCell LeMH, YMHOXEHHOMY Ha MpPHJIO-
KeHHoe HanpsikeHue. Hanpsikenus Ha OTAeNbHBIX yyacTKax pac-
npeesioTcss NPONOPUHOHANLHO WX COMPOTHBJEHHSIM.

Korpa Ha pe3uctope umeercs najeHue Ha-
MonspHocTb NameHui npsixkenuss /R, TO OAUH KOHeLl pe3ucropa A0J-
HanpskeHud )KeH ObITb 6o0Jiee MOJOXKHUTENbHBIH HAH Oosee
OTpHLiaTeJNbHbIH, yeM Apyroi. ToabKo B 3TOM
cJyuae co3jaercss PasHOCTb NMOTEHLHAJOB, Bbi3biBaioulas ToK. [lo-
JSIPHOCTL €e CBfi3aHa ¢ HaNpaBJeHHeM MOTOKA 3JeKTPOHOB B LeNH
OT OTPUUATEJbHOTO K TMOJ0XKHTEJAbHOMY TMOTeHUHady. DJEeKTPOHbI
ABHXKYTCs yepe3 pe3uctop Ry (puc. 23) or touku / K Touke 2. Ilo-
3TOMY KOHel pe3HcTopa R,
MNOLKJIOUEHHBIH K Touke I,
uMeeT Gojiee OTpHLATE]bHBIH
noteHnuan (—), 4em KOHel,
nomknlouenHbli Kk Ttouke 2. °F 1
[TonsipHOCTL Pa3HOCTH MOTEH- -
UHasoB (HaNpSXKEeHHs) HA pe- fo —
sucrope R, TakoBa, 4TO TOU-
kKa | sBAsieTcs OTpHIATeNb- Hanpasnexue
HOH CTOpOHOﬁ (—-—)’ a. TOy- dsuxeHus 3n§£<mp0Hoe L_ |
Ka 2 — MosNoXHuTebHOH (+).
Hans pesuctropa R; Touka 3 Puc. 23. ITonsipHocTh majeHHi Hanps-
oTpuuaTeiabHas, a 4 — moJo- HeHHA
XKUTeNbHAs. .

O6muii cnoco6 onpenensiTh MOJSIPHOCTb MaNeHWN HampsiKeHHH
B llenu caenymoiluid. B Touke, pacrnonoXeHHOi OJHKe K TMNOJOXKHU-
TeJbHOMY 32XXMMYy HCTOYHHKA TOKa, MOTEHLHan Gojee MONOKHTENb-
Hblll, Y4eM B TOuKe, Haxoisueicsa panabuwe. TouHo Tak e B TOUKe,
pacno/ioxKeHHo# GJHXKe K OTPULlAaTeNbHOMY 3aXKHUMY, MOTeHIHaa 6o-
Jiee OTPHULLATENbHBIA, YeM B LajbHeld TOUKe.

Ha puc. 23, Hampumep, 3HaK «+>» Bo3je Touku 2 (3Ta mojsp-
HOCTb T0Ka3aHa TOJNBKO JJIst Hamps)KeHHs Ha pe3ucrope Rjp) moka-
3bIBaeT, YTO MOTEHLHaJ B Hell MmosioKuTenabHee, ueM B Touke I. Ho
Ta Xe Touka 2 He MOXKeT ObITb GoJiee MOJIOXKHUTEJNbHOH, YeM TOUKa 4,
HaxoJslascs O/MHKe K NOJNOXKHTENbHOMY 3a)KHMYy HCTOUHHMKA, H
TeM 6oJjiee, ueM TOYKa 5, ABJASIOLIAsiCA caMHM 3axkuMoM. Ilo Tako#
e MpHuyHHe (AJs pesucTopa R;) B Toukax 6 u [/ noteHuuan Gosee
OTpHIllaTeJNbHbIH, YeM B TOouke 3.

PasHocTb moTeHLHANI0B MeXAy TOYKaMHu 2 U 3 paBHa HYJIO, MO-
CKOJIbKY CONDOTHBJIEHHe MeXAy HUMH paBHO HYyJal0. DTH TOUKH B
3JIeKTPUYECKOM OTHOLIEHHM PaBHOLEHHEI, MOTOMY YTO OHH HMEIOT
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OAMH H TOT e TMOTEHIHAa] — MOJOXKUTENbHbIH M0 OTHOIUEHHIO
K OTpPHLATENbHOMY 3a)KHMY HCTOYHHKAa TOKa (M3-3a INajeHHs
HanpsiKeHHsT Ha 3a)KMMaxX pe3HcTopa R;) M OTpHUATEJbHBIH IO
OTHOLIEHHIO K [MOJIOXKHTENBHOMY 3axXMMy (u3-3a INafeHHs Ha-
NpsIXKEHUs1 Ha pe3ucrope R;).

MoluHoCTh pacxonyercsl B BHIe Temaa Ha CO-
O6las MOWHOCTH NPOTHBJIEHHH Harpy3ku. BelHuMHYy MOILHOCTH

MOXHO omnpeneast no gopmyaam (14, 14a,
146). Bocnonbsyemest popmyamoit P=UJ.

Tak kak HanpsKeHHe, NPUJIOKEHHOEe K LIeNH, paBHO CyMMe ma-
IeHUil HaNps)KeHUH Ha ee yyacTKax, a BO BCeX COMPOTUBJIEHHSX
NpoTeKaeT OAUH M TOT K€ TOK, TO 06llasi MOWHOCTb, pacxoayemasi
MCTOYHHKOM MHTaHHsl, PABHA CyMMe MOILUHOCTEH, pacceHBaeMblX Mo-
C/el0BaTENbHO COEJHHEHHBIMH CONMPOTHBJEHHAMH, T. €.

Py = Ul =(U, + Uy + Up) [ = UyJ + Ul + Uy =
=P, +P,+Py+...4 P,

.ConporuB/eHe pa3pblBa leNd OYeHb BEJHKO,
[IOTOMY 4YTO MeXJy KOHLAMH pa30pBaHHOTO
MPOBOJIHHKA HMeeTCsd BO3IYyX, KOTOpHIH mNpH
OOBIYHBIX YCIOBHSIX HE INPOBOAUT TOK. [lo-
CKOJIbKY TOK B IOC/J€J0BATEJIbHON LENH HHUILe He pa3BeTBJIseTCH,
paspniB B J1060i1 ee TOUKe NMPUBOJAHUT K MPeKpallleHHIO TOKa.

Ha puc. 24, a noka3aHa 3aMKHyTas LeNb, COCTOALIAS U3 TPeX MO-

R]=ZSUM Ry

BausiHHe pa3priBa -

M~
1I=In 258" L 0g — 508 R=co
S . i L2
? 158 7 Os | (R,
108 Os
— [
. R3=100M R3
a 6

Puc. 24. BausHue paspeiBa B NOCAENOBaTE/IbHOM 'LeNH:
a — 3aMKHYyTas uenb, 6 — NpH pa3pbiBe LUENH TOKa HET

C/lel0BaTeJbHO BKJ/IOUEHHBIX PE3HCTOPOB, a Ha pHC. 24,6 — Ta Xe
Lensb, pasopBaHHasg MeXAy ToukKamu / u 2. Pa3pniB B sn06oM MecTe
ueny HMeer NpaKTHYECKH OeckOHeuHoe comnpoTusieHue. [TosTomy
BeJIHUHHA TOKa MPAaKTHVECKH PaBHa HYJIO, XOTS HCTOYHHMK Bhlpaba-
ThIBaeT Hanpsxkenue 50 a. ‘

[Tpeanonoxum, 4To CONPOTHB/NEHHE pa3pbiBa paBHO 50 Guivo-
HaMm oMoB. [lo cpaBHeHHIO ¢ 3TOH BENHYHHOH CONPOTHBJEHHS PE3H-
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cTOpoB Ry, Ry u R; HuutoxkHo maJbl. [To 3akony Oma (50 & : 50 Gu-
JINOHOB OMOB) TOK BO BCe€X TOYKaX LENMU COCTABHT OAHY OUJIJIMOHHYIO
4yacTb ammepa, T. e. OH NpaKTHYecKH Oylner paBeH Hymi0. 3HAYUT, H
NajfieHus HalpsixkeHMH Ha pe3ucropax R;, R; u R; He Oyner — Bce
Hanpsi)KeHHe HMCTOYHHKA NHTaHus (50 8) OKaXKeTcs NPUIOKEHHBIM
K ToukaMm paspniBa. (IIpousBenenue onHo#i OuJIMOHHOH ammepa Ha
50 6unaoHOB OMOB Haet 50 8.)

Mpumep 33. HanpskeHne Ha 3axkHMax UenH, cocTosillefi M3 Moc/enoBa-
TeNbHO BKJIIOUEHHBIX pe3ucTopoB R;=40 oM, Ry=15 om u R3=25 om, paBHO
120 s. Onpenenutp najeHHe HanpsXKeHHsd Ha KaXAOM pe3HCTOpe.

Pemenue OxBHBaNeHTHOe CONpPOTHBJEHHe LUeNu onpejenseM no ¢op-
mynae (19):

R=R1+R2+R3=40+ 15+25:80 OM.

Tok B uenu
120
80
3HauuT, NajeHds HanpsUKeHUil HA pe3ucTopax:

Uy = IR, = 1,5-40 = 60 s;
Uy =1R, = 1,5-15 = 22,5 8
U3 = IR3 = 1,525 = 37,5 8.

1:%: 2‘—‘1,5(1.

IMpoBepsieM npaBHJBHOCTb pelleHHs 3alauH:
U=U,+U;+U; =60+ 22,5+ 37,5 =120 6.

Mpumep 34. K nenu, cocrosfuieli M3 nocjeloBaTeJbHO BKJ/KOYEHHBIX DPE3HCTO-
poB R;=10 o u R,=20 om, noaseneHo Hanpsixkenne 30 s. Onpesenuts MolL-
HOCTb, PaCCeHBaeMYI0 KaX{/IbIM PE3HCTOPOM, H MOILHOCTb, PacXOJdyeMylo HCTOY-
HHKOM TOKa.

PeweHdHe ODKBUBANEHTHOE CONPOTHB/EHHE LEMH
R=R;+ R, =10+ 20 = 30 ox.
Tok .

U 30 8
I=p=mm =12

MoutHocTb paccestHHS pe3nCTOPOM R

Py = PRy = 12.10 = 10 &m,

pe3uctopoM R
P, = I’R, = 12-20 = 20 6m.
MouHOCTb, pacxoxyeMasi HCTOUHHKOM TOKa,
Pyer = Py + P, =10 4 20 = 30 sm.

1l

Mpumep 35. K uenu, cocrosiueil H3 Tpex MOCJAELOBATENbHO BKJIOYEHHBIX pe-
sucropos R, R, u Ra noxgseneno Hampsixende 120 6. Comporusienne
R,=10 om u R.=30 os. Tok, nporekaimoutuit uepes pesuctop R;, paBeH 2 a.
OnpefeanTs: NajeHHe HANDSKEHHH Ha KaXIOM DE3HCTOPe; COMPOTHBJEHHe Rs;
oflilee CONPOTHBAEHHE IleNH; MOILHOCTb, PacCeHBAEMYyi0 KaXKAbIM pe3HCTOPOM, H
MOLLHOCTb, MOCTYNAlOULYI0 OT HCTOYHHKA NHTaHHA. '
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PeweHue [lageHusa HanpsXeHHH Ha pe3ucTopax:
Uy=1IR; =2:-10=20 s,
Ug = 1R2 = 230 = 60 8,
Uy =U— U, + U,) =120 (20 + 60) = 120 — 80 = 40 s.
ConpoTtuBJieHue
R3 =

U _
7=
O6lee conpoTHB/IEHHE LENH
R=R,+ R+ R; =10+ 30 + 20 = 60 ox.
MouHocTb, pacceuBaemMasi pe3UCTOpPaMH:
Py = PR, =22.10 = 40 sm;
P, =12R, =22.30 = 120 sm;
Py == 2R3 = 22-20 = 80 sm.
MoHocTs, nocTynatollasi oT HCTOUHHKA MHTaHHS,
P =P+ P, + P; =40 + 120 + 80 = 240 am.

2. NapannennHoe COeAHHEHe Pe3HCTOPOB

I'Iapa,mr]eﬂbeIM Ha3bIBAETCA TaKoe COe€AHHEHHE pPEe3UCTOPOB,
Koraa ux HaudaJga COedHWHEHbl B OAHY 061.[1.}’}0 TOYKY, a KOHUbI —

B ApYyryio (pHc. 25).

[ e
1, Ri
[UEUI —
Z [z r_ﬁ—! 3
_—= e  J
I3 Rs
RLEF—

TR

Puc. 25. [TapanaenbHoe coelHHeHHe Pe3HUCTOPOB

Tak kak pesucropsl R;, R 1 R3 HenocpeaCTBEHHO MOJKJIOUEHbI
K 3aXMMaM HCTOYHHKA TOKA, TO Pa3HOCTb NOTEHIHAJNOB Ha HX KOH-
Iax OfHa M Ta Xe — Ta, KOoTopylo uMeeT HcroyHuK. Otcioma cie-
LYeT, 4YTO HANpPSXKEeHHS Ha 3aXKHMax BCeX Pe3NCTOPOB, COEAHHEHHbIX
napajieibHo, OAHHAKOBBI:

U=U| = Ug = Ua.
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[MpumepoM napanenbHBIX LeMel CAYKHT AOMaLIHASR 3JEKTPHU-
yeckas nmpoBojKa. Jlammel, yTior, paAHONPHEMHHUK, TeJIeBU30P — BCE
MOAKJ/IIOUAIOTCA NapaJjienbHo K cetd 127 uan 220 8. Bece mrencennb-
Hble PO3€TKH B AOMe HMEIOT OAHY U Ty XK€ Pa3HOCTb NOTEHLHAJOB.

Tok BeTBM paBeH HampsiKeHHIO, MPHJIOXKEHHO-

Tok Kaxno# BeTBH My K Lend, [OeJeHHOMY Ha CONPOTHBJEHHE
, 3TOH BETBH.

Ha puc. 26 nanpsikenue U npunoxeHo K pesucropy R, B TOU-

Kax I u 4, a K pe3ncTopy Ry — B Toukax 3 u 6. Uepes mepsoe co-

1
i

[R:

4 6

Puc. 26. Tok B KaXnoil mapajiesnbHO#H

BETBH paBeH MNPHJIOXEHHOMY HamnpsKe-

HHIO, [leJIeHHOMY Ha CONpPOTHBJEHHE
BETBH

+
[3,) S, T H ~
-~
o~
B

NpPOTHBJIEHHe TNPOTEKaeT TOK 11=R£1 , @ 4yepe3 BTOpPOe — TOK 12=—%.
Uem Gosblie CONPOTHBJEHHE BETBH, TEM MeEHbllle TOK B Hel, U Ha-
o6opot. Ecnu conporusiienus R; U R; paBHBI, TOKH B 00eHX BETBSX
OJIMHAKOBbI N0 BE/JIHYHHE.
[Torpe6utenn, KoTopble HOJXKHBI ObITb MOA-
Tok B o6wel uenn KJIOYeHbl MapasijiesibHO, OObIYHO COEeNHHSIOT
' MeXay co6oH, a 3aTeM MOAKJIOUAIOT K HCTOU-
HHKY TOKAa, KaK MoKa3aHo Ha puc. 25. To 3KBHBaJIEHTHO MOAK/IOYE-
HUIO KaXX[0il NapaJjijieNbHOl BETBH HENOCPEACTBEHHO K HCTOUHHKY
HanpsiXKeHHs, €CJH MPOBOJAA HMEIT HHUTOXKHO MaJjioe COMpPOTHB-
JIeHHe.

JIlBa mpoBoja, KOTOpPble COENHHAIOT BCe NapaJJesbHble BETBH C
3a)XMMaMH HCTOYHHKA HaNpsi)KeHHs,, COCTaBJsOT obulylo (Hepas-
BETBJIEHHYI0) 4YacTb uenu. Ha puc. 25 310 npoBona /—2 u 3—4.

B BeTBH c pe3ucropoM R; nportekaeT TOK /|, B BETBH C PE3HCTO-
pom Ry — Tok /o, u B BeTBU ¢ pe3ucropoM R;— Tok [5. B obuei
LenH TOK paBeH CyMMe TOKOB BeTBed (B J11060M yyacTKe momepeu-
HOTO CeUeHHs BCeH LeNnu NMPOTeKaeT OfHH H TOT XKe TOK).

Ha puc. 25 tok obuei uenu /—2 loem B TOUKe 2 pasBeTBAsETCH
Ha TOKu BeTBelt [y, I, n I3, B Touke pa3BeTBNeHUS 3 TOKH Mapas-
JieNIbHBIX BeTBeH CK/IadbiBaloTcs, M TOK B lenH 3—4 onfaTb paBeH

loﬁm:
IOQU{=II+[2+IS+"'+/"’ (21)
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DTo MpPAaBMJIO CMPaBeJHBO AJS JIOGOro uHucaa MapasiesbHbiX
BeTBeH C Pa3HbIMU HJH PaBHBIMH CONMPOTHBJIEHHSMH.

HTak, TOK KaX/I0ii BETBH PaBeH HANPSKEHHIO HCTOYHHKA, JleJieH-
HOMY Ha CONPOTHBJEHHEe BETBH; TOK B OGlleH wUeNH paBeH cymme
TOKOB BeTBei.

PaccMorpuM, Kak NpOMCXOANT pa3BeTBJEHHE TOKA B LENsAX C pe-
sucropaMu R; u Ry (puc. 27). ITockonbKy HanpsoKeHHe Ha 3aXKH-
Max 3TUX PE3HCTOPOB OJHHAKOBO, TO

U=11R1 " U=12Rg.
R, .

| BN

— u
Puc. 27. [lapaanenbHoe coeiuHHeHHe
IBYX Pe3sHCTOPOB

JleBble yacTH THX PaBEHCTB OJHHAKOBHI, CJeJOBATENbHO, PaBHbI
U NpaBble YacCTH:

IRy =R,

HITH
4R
L Ry’

.

T. €. TOK NPH NapasiesbHOM COeJHHEHHH PEe3UCTOPOB Pa3BETBJAET-
ca 00paTHo MPOMOPUHOHAJBLHO CONMPOTHBJEHHSIM BeTBell (uau mps-
MO NMpPONOPLHOHAJIBHO UX NMpoBOoAMMOCTAM). UeM GoJsbllie CONMpPOTHB-
JIeHHe BETBH, TEM MEHbllle TOK B Hell, # Hao60poT.

O6uee (3KBUBANEHTHOE) CONPOTHBJIEHHE Ma-
Obee conpoThaenHe pajiebHOI LeMH MOXXHO ONpefesuTb Mo 3a-
nenn koHy Owma, pasfenuB HaNpsiKeHHE Ha 3aXKHU-

Max napaJijlenbHbIX CONPOTHBJIEHHH HA 06U

TOK BCeX BeTBeH.

Ha puc. 28, @ nyskTHpom 0603HaueHO SKBHBAJNEHTHOE COMPOTHB-
JeHHe Uenu R, cocTosillieii W3 ABYX MapaJjliejbHO BKJIOUEHHBIX pe-
3ucTopoB R, u R,.

OHo oKasbiBaeT MpensTCTBHe TOKY B o6uleit nenu. [Tostomy

7
5 = ‘I—[J— = -%(-)- =20 oxm.
061y,

Harpyska, noicoeiuHeHHasi K HCTOYHHKY HampsiKeHHs, Takas
e, Kak ecju Gbl OQHO 5KBHUBajeHTHOe comporisieHue 20 ox Gblio
MOJKJ/IIOUEHO K 3axuMmam oblell uHuu (pHc. 28, 6).
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Qopmyna ang R, cnpasefyuBa st J000ro yucsia napalnJjens:
HbIX CONPOTHUBJIEHUH JIIO60H BeJHYHHBI.

Tok B 06luell uenu npeacrasaser co60H CyMMy TOKOB BceX MNa-
paJiesIbHBIX BeTBell, T. e. OH Bcerga GoJsiblile caMoro 60Jbllero Toka
BetBi. Haubospinii TOK HMeeT BeTBb, CONPOTHBJIEHHE KOTOPO# HaH-
MeHbllee. CaefloBaTeJbHO, Oflllee CONMPOTHBAEHHE BCETAa MeHblIe
HauMeHbLIEro CONPOTHBJEHUS BETBH.

log =80 _ _\1=la | l_z=_Z]a logw=3a

+ b3

+ l | 3 3 ' o S

S S L = =0 S

U=608 1S g | =bUs >

-1 | é Q“?, | —? o

L4 -
. ! Ra=z00m
a 6
Puc. 28. 3ameHa napajjelbHO BKJIOUEHHbIX PE3HCTOPOB IKBHBAJIEHTHHIM

COMPOTHBJ/IEHHEM:

a — ABa napaJjieIbHO BKJIOYEHHBIX PE3HCTOPA; 6 — 3KBHBAJIEHTHOE CONPOTHBJIEHHE

o U " U
Tox B obuieit uenu paBeH -, a B Kaxl0if BETBH . [TockosbKy
3
o6lUMiI TOK paBeH CyMMe TOKOB BeTBei, TO

U U U U U
Rm-mTR TR T TR

Pasgenus JieBylo U NMpaByl0 4acTH 3Toro paBeHcTBa Ha U, mo-
JY4HM _
1 1 1 1 1 i
=’ TRttt 1tz (22)

3 1

Taxkum o6pa3om, NPOBOAMMOCTb BCEeX NapasJiebHO COEAHHEHHBIX
CONPOTHBJIEHHI paBHA CyMMe HX MPOBOAUMOCTEH.

Uto6bl HAlTH 3KBUBAJIEHTHOE CONPOTUBJIEHHE NPU NapaJiesbHOM
coefMHeHHH, HeOOXOAMMO CJIOXKUTb NPOBOAMMOCTH BCEX YYacTKOB,
T. e. HaliTh o6ulyl0 NpoBoauMOCTb. Bennuuna, obGpatHas oOuleit
MpPOBOJHUMOCTH, H fIBJIIeTCS] OOLIMM CONPOTHBJIEHHEM.

HafimzeM SKBHBajleHTHOe CONPOTHBJIEHHE [BYX IapaJiiesbHO
BKJIIOUEHHEIX pe3ucTopoB R; u Ry (puc. 27). IIpoBogumocts nepsoi

BETBH PaBHa x, BTOpOH — = 3Hauur, obliasi NPOBOAHMOCTD

Gl 1 R+R
R R TR~ RR; °
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OTtciofna 5KBHBAJIEHTHOE CONMpOTHBJAeHHe (OOBIYHO GyKBa «3» He
nuuieTcs)

__ _RiR,
R=q+ R @)

Takum o6pa3om, 3KBHUBaJeHTHOe CONpPOTUBJEHHE [BYX NapaJg-
NIeJIbHO BKJIIOYEHHBIX PE3HUCTOPOB PAaBHO MPOM3BEACHHIO 3THX COMPO-
THBJIEHHI, 1€JEHHOMY HAa MX CyMMYy.

Onpenenum no dopmyne (23) BeJUUHHY 3KBHBAJEHTHOTO CO-
NpOTHBJAEHHA cXeMbl (pHcC. 28):

R _RiR:__ 60:30 _ 1800
— R,+R, 60+30 90

=20 ox.

HPH napaJanejJbHOM COCAHWHEHHH N pPABHBIX COHpOTPIBJ'leHHﬁ R[
5KBHUBAJICHTHOE CONMPOTHBJIEHHE HX 6yneT B n pas MeHblle, T. €.
R
R=—.

n

Ha cxeme, u3o6paxeHHol Ha puC. 29, BK/IIOYEHO MATb PE3HCTO-

’1

Ry=300m R=hom

D

Puc. 29. [lapannenbHoe coellHeHHe MSATH OLHHAKOBBIX
Pe3ucTopoB

poB R, no 30 om kaxnbiii. CefoBaTe/bHO, 00lllee CONMPOTHBIEHHE

R, 30
= — = — =6 ou.
5 5
Mpumep 36. JnekTpHuecKkasi Lenb COCTOHT H3 TPeX Mapasiie/IbHO BKJIOYEHHBIX
pe3uctopos R;=24 om, Ry=12 om n R3=8 om. Onpeneautb 3KBHBa/EHTHOe
COMpOTHBJIEHHE UENH.
Pewenue. IlpoBoaumoctsb

111

R~ W' R,

1 1

L =L

2' R~ 8"
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IMpoBosuMocTs Beell 1emu
1 6 1

tE @ T 71

1
“wtE

1
R 24
OKBHBAJIEHTHOE CONPOTHBJIEHHE LeNu

1
R=1: 7 =4 o
Mpumep 37. DuiekTpHyeckast WeNb, COCTOsIMAs M3 TPex MapaJjeNbHO COeNH-
HEHHBIX pe3HcTOpoB R;=4 oM, Ry;=5 om 11 R3=20 o#, NOAKIOYEHA K HCTOUYHHKY
ToKa HanpsikeHremM U=24 8. Onpeneants OGUIMH TOK B LENH U TOKH B OTAe/b-
HBbIX pe3ucTopax.
emweHHe OnpelensieM 3KBHBaJIeHTHOe CONMPOTHBJEHHE UeEMH:

1 1 1 1 1 1 1 1.
R R TBITR T T35 T~
1

R=1:7=20.1t.
O6uuit ToK B UenH
U 24
1-7_7_12&
Toxku B pe3ucropax
U 24 . U 24 . _U 24 _
11-—?‘---—4—=6a. IQ—E—T—Zl,Sa, 13—- R3—20—1,20.

IposepsieM NpaBU/IBHOCTL pelileHHs:
I=L+L+15L=6+48+12=12a.

Mpumep 38. OnpemenuTp MajfieHHe HaNpPSKEHUs] HA yyacTKe LeEMNH, COCTOALIEM
H3 YeThbipex napaJJesbHO COeJHHEHHBbIX pe3HcTOpoB R; 1o 60 om KaXabiil, ecau
oGIUKiT TOK paBeH 2 a.

Pemenne. OGluee conpoTHB/IEHHEe yuacTKa LeNH

R, 60

R=T=—4—-=150M.

IMajnenne HanpsXKeHHS Ha yyacTKe UeNH
U=IR=215=30s.

Mpumep 39. [lo 4aByM napaaieltHLIM BeTBAM € CONMPOTHBJACHHSIMH
Ry=5 om u R;=20 om pa3serBasercs ToK 25 a. OnpeiaesuTb TOK B KaXIOH
BETBH. .

Pemenne Tok npu napa/enbHOM COefHHEHUH PE3HCTOPOB pa3BeTBJseTcs
06paTHO MPOMOPLHOHANBHO CONPOTHBJEHHUSIM BETBEH, T. €.

Iy, Ry, 20 _ _
'72——-—?— 35 =4 nm 11—412.

O6wwuit ToK
I=1+ I, =41, + I, = 51,
a c/1e08aTeNbHO,

]2=‘L=§=5a u 11=412=4‘5=20 a.
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WUHorna serdye NoACYHTATH SKBHBAJNEHTHOE CO-
HpOTHBJleHHe MEeTOoI0M 06].1.1.61‘0 TOKa, 4eM IIo

1 1 1 1
bopmyne & =% + R +...+ R [Toncuuraem

MeToaoM 06llero Toka 3KBHBaJeHTHOE CONPOTHBJEHHE NapaJJjebHo
BKJIIOUEHHbIX conpomsneﬂun ey, uso6paxennoil Ha puc. 30.

3 XoT mNpUIOXKEHHOe HaNpsiXKeHHe Heus-
BECTHO, Mbl MOXK€M TPHHATb ero Jo6oH Be-
L 1uuudbl. OGBIUHO TMpolle MNPeANOJOXHTD
|:J TNPUNOKEHHOE HAmNps)KeHHe pPaBHBIM HaH-

6onbmemy CONMpOTHBJIEHHIO BeTBH. Toria
T TOK OJHOH BeTBH OyneT paBeH 1 a, a TOKH

l B ApPYrux BeTBAX OyAyT GoJblie.

Puc. 30. TMoxcuer skeusa: .  Y1TaK, OepeM 3a IMpHJOXeHHOe Hamps-
nentroro conporusnenns KeHue 30 8. B 3TGM cayuae TOKH ‘B BeTBfX
napajjenbHoil uemu mero-  6ynyT 1, 2 u 3 a Ans pes3ucTopos R, Rou

IOM O6LIero TOoKa IIpH Ha- - %
NpsenHH 30 8 R;3 cootsetctBerHO. Tok o6lLeit nenu paBeH

MeTton o6uiero Toka

-

300m
150m
100m

u

Ry
Rz
R3

6 a, oTciona R—IU =—6——5 oM.
006u1

Ta ke BeJMUHHA MOJNYYHTCH, €CH MPOH3BECTH MojcueT mo ¢op-
1 1 1 "
yie 4 R, + R + R, [Topcuuraiite 1 yGeaurecb B 3TOM.

Hocxoany BCA MOLIHOCTb, paccenBaeMas CO-
O6masfs MOLLHOCTh ﬂpOTHBJ'IEHPlﬂM‘H BETBeﬁ, AOJI)KHA TMOCTyNnaTb

OT UCTOYHHKA HaAIpAXEHHdA, TO oﬁmaa MoLl-
HOCTb, Bblpaﬁarbmaemaﬂ HCTOYHHKOM NMHTAHHA, paBHA CyMMe€ MoOIl-
HOCTeﬁ, paccenBaembiXx B OTAEJbHbIX BETBAX.

O6was MOLIHOCTb, BblpaGaTbiBaeMasi HCTOUHMKOM MHUTaHHs, KaK
npH MOC/e10BaTeNbHOM, TaK M TPU MapasjeNbHOM BKJIIOYEHHH CO-
UPOTHBJEHUH paBHAa CyMMe MOLHOCTelN, pacCeHBaeMblX HATPy3KaMHu.

Ha puc. 31 npuBenena cxema 3JeKTpHYeCKOH
Bausinue paspsina LenH, COCTosIeH M3 YeTbipeXx MapaJesbHO
: BKJIIQUEHHBIX 3JeKTPHUUECKHX Jamnouek. Ecau

Y paspbiB MPOH30HAET B
! Pa3pbie ‘ o6ue# uenu (puc. 31, a),
TO BCe JaMIOYKH IIO-
U=1208 racaytr. Ecau mnepero-
a T pUT  OAHA J1aMIIOYKa
6 l L, |eopena l
I/ copena l, I Puc. 31. PaspbniB B mapan-
U=1208 ]:?&— () ‘\§ ]::1‘)\\;- JeJIbHO UenH:
I ] a — B Hepa3BeTBJEHHOH YacTH ue-
T nH; 6 — B OAHOM BeTBH
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(puc. 31,6), . e. HpoUsoiaeT paspblB OXHOM MapasiesbHOH BeTBH,
OCTaJibHble JIaMIIOYKH 6YII.YT ropeThb.

3. CmewaHHoe COBAHHBHHE PE3HCTOPOS

CMeLUaHHbIM, HJIH 110CJe40BaTe/bHO-NTapaJijesbHbIM, HA3bIBACTCHA
Takoe COe€JHHEHHe DPE3UCTOPOB, Korga B LENH HMEITCAd OJHOBpe-
MEHHO U IapaJJenbHOe H MNOC/AeA0BaTe/JbHOE HUX COeLHHEHHA.

Ha pHuc. 32 mokasaHo camoe NPOCTOE€ CMEeUIaHHOe COeJHHEHHE

Ry

Puc. 32. Cmeinannoe coejllHeHHe pe3HCTOPOB

pe3HCTOpOR: pe3HcTopel R u R, BK/IOYeHb Mexnay coboi mnapas-
JieJIbHO, H B TO K€ BpeMsl OHH BKJIIOUEHB! NOCJE0BATENbHO C pe3H-
cropoM R3. B 3ToM ciyyae 3KBHBaJIeHTHOE CONPOTHBJIEHHE

_ _RiRy
R+ R, + Rs.

[TocnenoBatenbHo-napanienbHbie LENH HCHONb3YIOTCS, KOTAA
HeOOXOAHMO MOJYUYHTb B LeNH Pa3jHUHbIEe BEeJIUYHHBI TOKOB U Hamps-
JKeHHUil NpH OJHOM HCTOYHUKE NMUTaHHUS.

DneMeHTBI, KOTOpble TPeGYIOT OJHOr0 M TOTO XK€ TOKa, COeJUHS-
I0TCSl TIOCJIe0BaTeJNbHO, a 3JIeMeHTHI, Tpebylolliue OJHOrO H TOTO *e
HanpsXKeHUs] — NMapaJesbHo.

IlpennonoxuM, HCTOYHHK NHTaHHS HMeeT HanpsiKeHue 240 s,
a 50-BaTTHble 3JleKTpUYECKHe namnoukd — 120 8. BkuiouaTh Takue
JIaMIOYKH TapaJjijienibHo, Kak OOBIYHO, HEeJNb3s — OHH Ieperopsr.
Bocnosb3yeMcsi moc/efoBaTeNbHO-NIapasenbHbiM BKAOYeHHeM. Ha
puc. 33 npuBeeHa cxeMa BKJIIOYEHHS LIECTH 3J1eKTPHUECKHX J1aMIIo-
uyek. Tpu mapannenpHble LENH MO JBe JaMIOYKH B KaXKIOH coefnH-
HeHbl NocnefoBaTeabHo. I[lajeHHe HanpsixKeHHs Ha 3aXKHMax Kax-
noit 1amnoyku cocrabaser 120 8. Kaxnas uenp paccensaer 100 87
MOLIHOCTH. )

YacTto GhiBaeT OYeHb TPYAHO ONpelesiHTb, KAKOe CONpPOTHBJIEHHE
BKJIIOUEHO NOc/aejoBaTe/ibHO, a Kakoe napaanenbHo. [lpusxak no-
clel0oBaTeqbHOl UEeNH — o6IMi TOK. AHanu3 Lenu cjaeayer Hauu-
HaTb C COMpPOTHBJEHHH, Hanbo/ee yda/leHHbIX OT HCTOYHHKA TOKa.
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[TpeoGpasyem uenb co CMEIIAHHBIM COEJHHEHHEM DE3HCTOPOB
(puc. 34, a) B 3KBHBaJIEHTHYIO MOC/Je0BaTeJNbHYIO Lenb. Pe3ncTopshl
R, u Rs coennHeHbl mapajjenbHO, HX 3KBHBAJIEHTHOE CONPOTHBJIE-
Hue R; paBHo 12 om (puc. 34,6). Pesucropsl R; U R; coenuHeHbl

< ,/{/ R I 4 R (//
R - — —
O ! :DI&‘ 3 D\ 5 N
U=2408 | o
'z {z z
T #fO5 & RO

Puc. 33. Tpu omuHakoBble MochefoBaTeNbHbIE
HenH coejHHeHLI MapaJjjenbHo. Hanpsxenue
Ha 3axHMax Kaxpaoi samnel 120 6

R, | RZ R,
I L | e [ L
—J —J —J | IS )
300m 8om 300m 8om
© R3 R4 R.‘v o R7
U=2008  200m 240m| | 240m z0vs ZDOM 120m
9 (]
Rg
2
60om ’ 60 oM
a ]
R) Rl
e ¥ |
J S | Jj) S———
300m 300m
o
R3 Rg : R R3
2008 200m []ZUDM[] 2008 100w Z00s 1000m
o [ °
Rs Rg
- —
—_J
60om 60om
8 2 0
Puc. 34. TlpeoGpasoBanue mnocsen0BaTe/bHO-Napa/ylelbHOH LeNu B 3KBHBa-
JIEHTHYIO TOCJeA0BaTeNbHYIO:
a— nocnenoea'renbﬂo-napa_JmeanaRﬂ Ruenb; 6 —-R, = -E:Q—f%s—: 86— Ry =R, + R;;
—_ 34<g . _ -
Z—R’—R—,+Rg 30— R3=R, + Ry + R,.

Noc/ne0BaTe/NbHO, HX JKBHBAJEHTHOE CONPOTHBJEHHe KRg paBHO
20 om (puc. 34,8). Pesucropsl R3 H R coeHHeHb! NapaJjeabHo, HX
3KBHBAJ/IEHTHOE CONMpOTHBJAEHUE Ry paBHO 10 om (puc. 34,2). Takum
06pa3oM, MBI MOJYYHJIH LIeNb, COCTOALLYIO H3 TPeX MOCJeA0BaTeNbHO
BKJ/IIOYEHHBIX De3HCTOpoB R, Ry u Rs. OO6liee 3KBUBAJIEHTHOE CO=
npotus/eHue lenu pasHo 100 om (puc. 34, 9).
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ITpu paccmoTpenuu Ueneil ¢ HECKOJIbKHMH
Mpasuaa Kupxroga HCTOYHUKAMU HaIpsXKeHHs CJeAyeT PYKOBOL-
CTBOBaThCs ABYMs npasuiamu Kupxroda.

1. B mo6o# nocienoBaTe/bHOH Lend cymMMa MajfeHHH Hanpsixe-
i IR [o/KHA pPaBHATbCA CyMMe HalpsaKeHHH HCTOYHHKOB (C yue-
TOM MOJIIPHOCTH).

2. B mapasiesbHbIX LENsiX TOK, IOCTyNaduuii B TOUKy pa3BeTBJe-
HUS, NOJKEH ObITh pPaBeH CyMMe TOKOB, YXOASILIMX H3 3TOH TOUKH.

Ha puc. 35, a npuBeneHa uenb co CMellaHHbIM
Bansnue paspbisa coelHHeHHeM pesucTopoB. Ecau npousoiiger

pa3pbiB B of6ueil LenH B Touke [/ uan 3, To
TOK NMpeKpaTHTCcs Bo Bcel uenu. Ecan paspeiB 6yaeTr B o4HO# napaJ-
JIeJbHOH LEeNnoYkKe, To NPOM30HAET mNepepacnpejeseHde TOKa U Ha-
Npsi2KeHUH B LeMnH.

Ri=100m
1
J S g
| T U608 l
lofwu=6a =53 L=1a" | |g,=
Up=256 || Ry=50m | th=a0s] |7 200
U=1008 Z
o 408
N Us=158 R3=30m Us=108 | |R5=100m
3
Bemsp | Bemab 2
a
Ry=100m
|
L —
V=208
fI=Za R4=300m
Us=608
U=1008
Q
Rs=100m
Us =20s
(]

Puc. 35. Paspbie B mocsenoBaTebHO-Napal-
JIJIbHOH  1leMH:

a — HcnpaBHas uenb; 6 — 3KBMBAJNEHTHAs Uenb NPH
pa3puiBe B TOuKe 2

Paccmotpum cayuait paspeiBa B Touke 2. Ha puc. 35,6 npuse-
JleHa 3KBHBaJieHTHas leNb AJs 3Toro ciayuyas. CpaBHUTe, KaKOH TOK
npoTeKaJ yepe3 pe3ucTopol Ry, Ry u Rs 10 paspbiBa W nocie Hero.
Ilo paspniBa uepes pesuctop R, mnpoTeka]l TOK 6 a u najenue
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HanpsiKeHHsi Ha HeM coctasasao 60 6. [Tocne paspriBa nagenue Ha-
NpsiKeHHs1 Ha pe3ucTope R; yMeHbIIH/I0Ch 00 20 8; H3MEHU/IHCh TOK
u.TajleHde HanpsXKeHHs TaKXe M Ha pe3ucTtopax Ry, Rs.

ConpoTHB/eHHe yyacTKa IleMH, 3aMKHYTOTO
Bamsiiue KOPOTKOro HaKOPOTKO, NpaKTHYECKH pPaBHO HYJIO, 4YTO
3aMBIKaHHS BbHI3bIBaeT Ype3MepHO OOJBIIOH TOK.

PaccMoTpuM 3aMKHYTYIO HaKOpPOTKO ma-

pajsiebHylO Henb, H306paxeHHylo Ha pHuc. 36, a. CompoTuBIeHHE
Mex1y Toukamu I M 2 mpoBoJa NpakTHYeCKH paBHO Hymo. [lo-
CKOJIbKY 3T4 TOYKH MOJKJIOUEHbl K 3a’KHMaM HMCTOYHHKA Hampsixke-
HHUS, TOK B LENH ONpejensieTcs BHYTPEHHHM CONpPOTHBJIEHHEM HCTOY-
HHKa, KOTOpoe OObIYHO OveHb MaJso. [T03ToMy TOK KOpPOTKOro 3aMbl-
KaHUS MOXKeT BO3pacTH IO HECKOJbKHX COTEH aMmep BMECTO HOp-
MaJbHbIX 2 a. OH MOXeT HacTOJNIbKO pacKaJHTb NPOBOAA, YTO 3aro-
pHTCA H3OJALHSA. \

B pesucropax R, u R, TOK mpoTekaTb He OyleT, MOTOMY YTO
y4acTOK, 3aMKHYTbIi HaKOPOTKO, BKJ/IOYEH NapaJ/ljiesbHO WM, a Mo-
CKOJIbKY COTPOTHBJEHHE KOPOTKOIO 3aMbIKaHHS NMPAaKTHYECKH PABHO
HYJIIO, TO BeCb TOK MOTEYET MO ITOMY YYacCTKy JHHHHM, MUHYS pe3H-

’ [ l
l l R3 20004 R4 1000m

Rs ]
100 oM

- R, Rz [] -
U=2008 2000m F U=200s,
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Puc. 36. KopoTkoe 3aMbiKanue:
a — B napajjiesbHOR uenH; 6 — B nocilenoBaTesibHOM uenu

cropbl. Eciin BMecto pesncTopos GyAyT 3JeKTDHUYECKHE JaMIbl, TO
OHH MOTACHYT. 3aKOpOUYeHHble 3JE€MEHTHl MPH MapaJjlieJ]bHOM BKJIO-
YeHUH He pa3pyllaloTcs; OHH CTAaHYT HOpPMaJbHO PaboTaTh TOJbKO
110C/Ie BOCCTAHOBJEHHS LEIMH.

HesaBucuMo oT uHc/ia mapaJsjiesbHbIX BeTBell BCe OHH 3aMbiKa-
I0TCAl HaKOPOTKO, NMO3TOMY NPH 3aKOPayMBAaHMH OJHOH BEeTBH Mepe-
cTaeT paboTaTbh BCS LeMb.

B nocnenoBatenbHOl lenu He BCS LeNb MOXET BHIK/IIOUHThCS.
Ha puc. 36, 6 3akopoueHHast uenb Mexay Toukamu I W 2 BBIKJIIO-
yaeT U3 [ENH pe3HCTOpn Ry M R, Tak Kak HamnpsiKeHHe HAa HX 3a-
JKHMax paBHO Hymo. Pesancrop R; ocraercs mod HanmpsiKeHHEM, HO
B NlaHHOM [pHMepe uepe3 Hero npotekaer Tok | a Bmecro 0,5 a.
Ecau pesuctop He paccuuTaH Ha 3TOT TOK, TO OH [E€PErOpHT,
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4. Tunbl pe3uctopos

PesucTtopbl HeasiTcsi Ha INOCTOSAHHbBle W TepeMeHHble. B cBowo
ouepelb B KaX/J0H M3 3THX DPYNN OHH NO0APasiefsiOTca Ha f1po-
BOJIOUHBlE U HEemlPOBOJOYHbIE. .

: OueHb uyacto TpebyeTcs peryJHpoBaTb CHJIY
Tlepemennbie pesuctopst TOKA HJIM HaIMpsi>k€HHe B LENH. Has atoit

Henu IMPHMEHSAIOTCS YCTPOUCTBA — PEOCTATHI
H noTeHuHoMeTpbl. PeocTaT naeT BO3MOXKHOCTb H3MEHSTb CONPOTHB-
JIeHHe 3JIeKTPUUEeCKOH LeNy W TeM caMblM pery/jHpoBaTbh B Hell Be-
JHYUHY TOKa, a NOTEHUHOMETDP — BEJMYHHY HaNpsiKeHHs.

IlpuHuun nelcTBHSI PEOCTATOB OCHOBAH HW HCIOJb30BAaHHM H3-
BECTHOH HaM 3aBUCUMOCTH CONPOTHUBJEHUS IPOBONHHUKOB OT HX
JIJIHHBI.

B npoBoJiouHBIX peocTaTax TOKOBeAYyLIeH YacTblO CJAYKHUT Ipo-
BOJIOKA C BBICOKMM Y/J€JbHbIM CONPOTHBJEHHEM, a B HENPOBOJIOY-
HBIX — TOKONPOBOJALIUN CJOH clelHajJbHOro COCTaBa, HaHeCEHHBbIH
Ha OCHOBaHHE H3 H30JsLUHOHHOrO Matepuana. [IpoBosiounble peo-

-
Menowe  bonswe

Puc. 37. Buemnuit BHA u ycjoBHOe H306paxKeHHe
peocrarta

cTathl cTabuibHee HEMPOBOJOYHBIX, YCTOHYHBEEe NPU TNeperpyskax
H MOTOMY IIHPOKO MNPHUMEHSIOTCS B HLenAX NMHTaHHS.

PeocraTel GbIBAIOT' CO CKOJB3SLIMM KOHTAKTOM H CTyNeHYaThle.

Peocrarbl co ckoab3siutum KoHTakToM. HauGosbluiee pacnpo-
cTpaHeHUue MOJYUYHIM PEOCTaThl, NMpeAcTaBJasioluiHe coboii MeTasi-
UeCKyl0 CnupaJjb, HAMOTAHHYIO Ha H3oaupylowuil kapkac. [lo cnu-
paJH nepeMellaeTcsl MOJ3YHOK, Gsiarofapsi ueMy MeHseTcsl AJIMHA
CIHpasH, a CJel0BaTe/]bHO, H CONPOTHBJCHHE, BK/IOUEHHOE B LElb.
Ha puc. 37 nanbl BHeLIHH BHA H YCJIOBHOe H300parkeHHe peocrara.
[Tpu nepemellleHMH JBMXKKa /[ BOpaBO CONPOTHUBJIEHHE YBENHUU-
Baercsl, NpH MepPeMelleHHH BJIeBO -— yMeHbIIaeTcs.

Ha puc. 38, a nokasana cxema BKJIOUeHHs peocTaTa st pery-
JMPOBaHHS BEeNHUYMHbI TOKA B Llend; Ha pHC. 38,6 — /19 perynaupo-
BAaHHS BEeJNHYHHBI HANPFAXEHHS, MOABOJAUMOrO K Harpyske.

B peocrarax ucnosb3yerca cnenuasbHas MPOBOJIOKA, H3TOTOB-
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JIeHHasi M3 CnJaBOB pas3/IHYHbIX METAaJJOB HJM M3 YHUCTHIX MeTaJi-
J10B, HMEIOLIHX BBICOKOE yJe/bHOE COMPOTHBJEHHE W MaJbli TeMIe-

PaTYpHbIH KOS((HIUHEHT, T. . CNOCOGHOCTb BbIAEPXKHBATH NMPOAOM-
MUTEJIbHbIH Harpes.

K noezpysxe
Kuozpyare

k=i k=il
a ]

Puc. 38. Bkatwouenne peocrarta:

a — ANA W3MEHCHUA BCJWYHHBI TOKAa; 6 — AR HW3MEHEHHs BeJHUHHbI
Hanps)eHHs (B 3TOM cJyuyae pCOCTAT Ha3blBACTCA MOTEHLHOMETPOM)

B pannoTexHHKe WHPOKO pacnpocTpaHeHbl HeNpPOBOJNOYHBIE peo-
CTaThl, BBIMOJHEHHble B BHAE MAACTHHKH KOJbLeBOH (OPMBI C Ha-
HeCeHHbIM Ha Hell TOHKHM cJoeM TOKOMpPOBOJSLIEro MaTepHasa
(puc. 39). BennuuHy conpoTuBJeHHs (KOTOpas H3MepsieTCsl KHJO-
OMaMM H MeroMamHl) H3MEHSIOT
MOBOPOTOM pY4YKH peocTara.

Peocratsl co ckonmb3fllHM
KOHTAaKTOM MO3BOJISIIOT [J1aBHO
MEHATb CONPOTHBJEHHE  3JeK-
TPHYECKOH LEMH.

/mnuﬂb s

I,

Puc. 39. Henposo- Puc. 40. Crynenuatwii peocrar:
JIO4YHbIH peoCTaT K — xoutakThi: Ul — mtypnaa

Crynenuatbie peoctathl. B cTymeHuaTbix peocTaTax CoNpoTUB-
JIeHHe MEHSIETCA He MOCTeNeHHo, a ckauykooGpa3no. CTymeHuarTwiii
peoctar, npHBeieHHbIH Ha puC. 40, COCTOMT M3 PAAA OAMHAKOBBHIX
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CONPOTHBJEHHUI (CeKuui), NpHUCcCOeIUHEHHBIX K KOHTAKTHbIM MJIACTH-
HaMm k. Jlas BKJAIOUYEHHS B LeNb Pa3/IHUHOTO KOJHYeCTBA CeKIHIi
cayxKuT wrypsana I

CryneHuaTble peocTaThl LIMPOKO MPUMEHSIOTCS, HaNpHMep, B Ka-
yecTBe MYCKOBBIX HJS 3JeKTPOABHraTenel.

ITpn H3MepeHHAX 4YacTO HCNOJB3YIOTCA Tak Ha3blBaeMble Mara-
3HMHbI CONpPOTHBJAeHHl (puc. 41), KoTopble C AOCTAaTOYHO BbICOKOM

~

1

Puc. 41. Marasud CONMpPOTHBJEHUI
(BHEWHHIT BUJ H cXeMa)

CTEMEeHbI0 TOYHOCTH [AalT BO3MOXKHOCTb YCTAHOBUTb HEOOXOAHMOe
conpoTuB/aenre. Habop compoTHB/eHHH CTPOro omnpejgeseHHOH Be-
JIMYMHBI . OObIYHO noMmernaercds B siiuKe. -CONPOTHUBJEHHST COENHHSA-
10TCsI MeXJy cOO0H MeAHBIMH IJIaCTHHAMH, HMeIOIIMMH THe3jia AJs
mwrenceneit. Ecin B rHe310 BCTaBHTh LITENCENb, TO MOAKJIOYEHHOE
K MJacTHHAM CONMPOTHBJIEHHE 3aMblKaeTC HAKOPOTKO. ¥ KaxKIoro
rHe3/la HMeeTCsl YHCJO, MOKasblBalollee, Kakoe CONPOTHBJIEHHE HaeT
MarasuH, ec/i U3 JaHHOrO THe3Jga BLIHYTb LUTEINCe/b.
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PesucTopbl MOCTOSHHOH BeNHUMHBI H3rOTOB-
JSIIOTCS HAa passiMyHble HOMHHa/bHbie 3Haue-
HHSI CONPOTHBJIEHHH — OT HECKOJNbKHX OMOB
0 HECKOJIbKHX MeroMOB.

[TpoBosoyHEIE MOCTOSIHHBIE PE3HCTOPHI HCIOJb3YIOTCH, KOrjia
MOILIHOCTb paccesiHHsl B pe3nCTOpe NpHUMepHO 5 67 uau Gosee. Ecan
MOILHOCTb paccesiHus 2 8T WM MeHee, TO NPEANOUYTHTE/NbHEE Hempo-
BOJIOYHBle PE3UCTOPH, TaK KaK OHH MeHblle [0 pa3MepaMm H Je-

. lIeBJe.
_ MposoaouHpie pe3ucTopbl. [IpoBosOKYy H3
_e00% - cIjlaBa METa/lJIOB BBICOKOTO YAEJNbHOTO CO-
=/ npoTHBJEHUss (HUXPOMA, KOHCTaHTaHa, MaH-
raHMHa) HaMmMaTblBalOT BOKPYT OCHOBaHHS H3
H30JAIMOHHOTO Matepuana (dopdopa, ue-
MeHTa, OakenuTa, TMpeccoBaHHOH OGymaru).
CBepxy O0OMOTKY MHOKPBHIBAIOT CTEKJOBUIHOM
3Majblo, KOTOpas CHYXKHUT H30JUPYIOLIHM
Cl0eM M TNpeJoXpaHsieT NPOBOJOKY OT OKHUC/EHHS, MeXaHHUECKHX
NOBpeXAeHUH U 3arpsi3HeHus.

‘Ha puc. 42 nokasan npoBosiounbiit pesuctop THna [13B — mo-
CTOSIHHDLI{, 3MaJIMPOBaHHbIN, BJIArOCTOHKHIL.

HegnocraTok npoBO/JOYHBIX pE3UCTOPOB — 3aBHCHMOCTb HX CO-
NPOTHBJEHHA OT 4acCTOTHl TOKa (cM. I, 5 u 6).

Homunanpnas MOWHOCTL (MOHATHE JaeTcs HHXKeE) MPOBOJIOYHBIX
pe3ucTopoB ¢  CONPOTHBJe-
HUeM mpHGJIU3UTENBHO  OT
1 oM 100 HeECKOJBKHX ThICAY
OMOB — OT 5 8T A0 HECKOJb-
KHX COT BAaTT.

Henpososiounble pe3ucro-
prl. DTH pe3ucTophl BecbMa

MocTosiHHbie Pe3ucTOpHl

Puc. 42. Pesucrop
I13B

xd
HIHPOKO pacrnpocTpaHeHs.l. Nposodauee
IlocTonHcmBa MX — He6OJIb- gewecmso

nige pasmepbl, HE3HaYUuTeJb- EP TSNS

Hble eMKOCTb M WHIYKTHB- —%/////—’—

HOCTb (cM. rai. 6 u-8), mpo-
CTOTA H3TOTOBJIEHHS, HEOOJb-

U3sonsuuonnas
nrasa CTOHMO‘CTb. 8, ofonoyxa
Tunosbie HenpoBOJOUHBIE Puc. 43. HenpoBo/iouHbie Pe3UCTOPbI:
PE3UCTOPBl BBIMYCKAIOTCS Be- a— MJIT; 6 —BC: 6 — TBO

JauuuHon ot 10 om no mecsit-
koB MeroM. HomunasnbHas MmouHocTh uX o6biuHO 0,25; 0,5; 1
u 2 8r.

Cpely HenpoBOJIOYHBIX  YACTO NPHMEHSIOTCST YI/IEPOJHCThIE pe-
3HCTOPbl. FIX H3TOTOBASIIOT M3 HM3MeJNbUEHHOTo yris WM rpadura,
CMelIaHHOTO ¢ MOpPOIIKOM H30/fLHOHHOrO MaTepHana B ONpejeseH-
HOH MpOMOpUHH, 3aBHCALLeH OT BEJIHUMHBI CONPOTHBJEHHS. Pe3u-
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crop o6bIYHO froMeltaloT B QyTasip AN M30ASGLUHH H MeXaHHUECKOH
MPOYHOCTH. ‘
Ha puc. 43 npuBeseHbl HeKOTOpble THNBI HENPOBOJIOYHLIX pe3H-
CTOPOB.
Kpome Heo6X0aMMOH BeJMUHHBI COMpPOTHBJ/IEHHS, PE3HCTOP [HOJ-
K€H HMeTb JOCTaTOYHYI0 HOMHMHAJbHYIO MOIL-
Homunanshas mommocts HOCTb, YTOOBl MPH pacceMBAHHHM MOIIHOCTH OH
He meperpeBajcs. YIJIEDOAHCTbIE PEe3HCTOPBI
JOMYCKalOT MaKCHMaJbHYyl0 Temnepatypy Harpea 85° L. I1pu nepe-
rpeBaHHH OHM HAYHHAIOT «MOTETb» My3bIPbKAMH XHAKOCTH Ha H30-
aupyouteit o6osouke. [IpoBosouHble pesHCTOPbl JOMYCKalOT MaKCH-
MaJjbHyio Temneparypy Harpesa 300°LL. Ilpu neperpeBaHHu OHHU
MOTYT 3aMeTHO H3MeHHTb CBOe CONPOTHBJIEHHE MJIH IeperopeTb.
BoJburoe Hampsi:keHHe B NPOBOJIOYHBIX PE3UCTOPAX  MOXKET
BbI3BaTb HNYry MeXAy BHTKaMH, a B YIJeDOJHCTBIX Pe3HCTopax —
MeXJy 3epHaMH yrJjepoja.
Brauase BbIGHpPAIOT BeJIHYHHY HEOOGXOLHMOTO
BriGop pesucropa CONIPOTHBJ/IEHHS,, @ 3aTeM ONpelensiloT MOLI-
HOCTb, KOTOPYIO J[OJIXKEH paccenBaTb pe3H-
crop. Ha puc. 44, a uso6paxxen notpeGHTe/b 3/1€KTPHUECKOlH 3Hep-
ruu ¢ conporuBieHHeM R;=1100 osm. TpeGyercs mogoGpath Takoe

Ry=11000m Rz=5MoM
L1 —t — M
, 1=0,1a l
+ R, + Re
U=1208 I*R,=1sm [] 1000M U=-2008 [ SMaM
, 28m - 0,258m,
- i T 1=20mka
-f————
a ]

Puc. 44. [lonGop AOMONHHTENBbHBIX CONPOTHBJIEHHH:

a — conporuBiaenne Rz, paccenBas moutHocTs | 87, paGoraer ¢ Koabh(PHUHEHTOM
3anaca 2; 6 — conpoTuBieHue R, paccensaer 0,004 87, a ucmoab3yercs COMpo-
THBJEHHE ¢ MOILHOCTbIO paccesnus 0,25 er

JONIOJIHHTENIbHOE COMPOTHBJEHHE Ry, 4TOOLI NPH HANPAXKEHUH HCTOY-
HuKa Toka 120 ¢ B menu npotekan 1ok 0,1 a. O6iee conpoTUBJ/IeHHE

120
Jo/mxkHO cocTaBisith 1200 ox, T. e. R=L—; =351 = 1200 om. Takum

06pa3oM, CONPOTHBJEHHe [LOMOJHUTEJNbHOIO pE3HCTOpPa  PaBHO
100 om; oH BKJIOYaeTcsl MOCJIeJOBAaTeNbHO C NOTpebHTeNeM.
Tenepb HalO ONpeAeHTb, KaKyl0 MOILHOCTb JIOJIXKEH paccerBaThb
pesucrop: [2R=0,12-100=0,01-100=1 s67. Opnnako Gepercsi pe3u-
CTOp C HOMHHAJbHOH MOLIHOCTbIO paccesiHusi 2 67, TaK Kak mepe-
KpbITHE MOLIHOCTH B JBa pa3a — OObIUHOe /ISl YIJIEPOAUCTBIX pe3H-
CTOpOB, NPH KOTOPOM OHH He meperpeBaioTcs. Pesucropnl ¢ 60b-
uiefi HOMHHAJIbHOH MOILHOCTBIO paccesiHHs MPH TOH JKe BeNHYHHe
CONPOTHBJNEHHS TapaHTHPYIOT OoJsee MJIHTEJIBHYIO H HaIeXHYIO
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paboTy uenu, HO OHH MOIYT OKAa3aTbCAd HEMOAXOASLIMMH H3-3a
6oblIMX pa3Mepos. BoJblIyi0 MOUIHOCTh paccesiHUsi HMEIOT MPOBO-
JIOUHble PE3UCTOPbl, Pa3MEpPbl KOTOPBHIX 3HAUHUTENbHO OOJibLIE.

[TpoBosiouHble pe3uCTOPHl MOTYT HMeTb MOLIHOCTb pacCesiHHS,
6/IM3KYI0 K HOMHHaJbHOH BC/aeACTBHe 6oJiee BbICOKOH MaKCHMadb-
HOW TeMmnepaTypbl paboOThl MO CpaBHEHHUIO C YIJEePOAHCTHIMU COINpPO-
THBJIEHHSIMH.

0
R=50m R3 R4
o 28m

Rg Rio

R=100M R=150m
48m Rﬁ RB 48m R”
z2sm

Puc. 45. Uernipe mpuMepa pasjHUYHOrO BKJIOYEHHS CO-
NPOTHBJEHHIT AN TOJYYeHHA IKeJAeMOH  BeJHYHHbLI
COMPOTHBJIEHHS] ¢ Pa3JHUHON HOMHHAJIBHON MOUIHOCTHIO
paccesinusi. Benuunna kaxjaoro conportusaenus 10 os,
HOMHHaJ/IbHasi MOLIHOCTb 1 8T (3a HckJoueHHeM Rjp,
HOMHHAJIbHAsi MOILHOCTb KOTOPOro 2 67)

PaccuntaeM IDOMOMHUTENbHbI pe3HcTOp R4 AMs LeNH, nokasaH-
Hoil Ha puc. 44, 6. Ilpu Hanpsxeuun 200 6 TOK B LeNu LOJXKeH

ObiTb paBeH 20 mka. Torga ofilee conpoTHBJAeHHEe UeNH Ropm=
=Y 20 _10 Mox. Tax kax R3=5 Mom, To conpoTus/ieHue
JOTIOJIHHTE/bHOTO pe3ucTopa R, ROMXHO ObITb paBHO 5 Mo,
B 3tom pe3ucrope O6ymeTr paccenBaTbCd  MOLIHOCTb [?2R=
=(20-1076)2.5.105=400-10-"2-5.105=2000-10-6=0,002 &r, uan
2 mer. bepem pesuctop ¢ HauMeHblled MOLLHOCTbIO pacCesiHUs
0,25 1. On Gynet paboTaTh ¢ ouyeHb GO/BIIHNM 3aNacoM MPOYHOCTH.

B HeKoTOpBIX clyuasiX HeCKOJNbKO Pe3HCTOPOB COeJHHSIOT BMe-
CTe — MOCJef0BaTeNbHO, MapaJJ/enbHO WM CMellaHHO, YToObl Mo-
JYUYHTb 2Ke/JaeMyI0 BeJHUHHY CONPOTHBJEHHS, COOTBETCTBYIOLLYIO
Gosbliel HOMHHAJIBHOH MOLIHOCTH paccesHusi. Ha puc. 45 mpuBe-
JieHbl yeTbipe MpHMepa pasJIHYHOTO BKJIOUYeHHs pesncTopoB. Compo-
THBJIEHHE KaXKAoro pe3ucropa pasHo |0 om, HOMHHa/JbHAasA MoLll-
HOCTb paccefnus — | 87 (3a uckJloueHHeM pe3ncTopa Ry, KOTOpbiii
HMeeT HOMHHaJbHYI0 MOLIHOCTb paccesnus 2 6r). OOuiee comnpo-
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THBJE€HHEe 3aBHCHT OT cmocofa BKAIOUeHUs, obluiass HOMHHanbHafd
MOLIHOCTb paccesiHuss paBHAa CyMMe HOMMHAJ/bHbIX MOLIHOCTEH CO-
eJIHHEHHBIX Pe3UCTOPOB.

[lieHoyHble pe3ucTopbl. TU PE3UCTOPbI HMEIOT
CreunasibHbie KPUCTA/IIHYECKYIO YIepOAHCTYIO TJIEHKY, Ha-
peaucTophbi HeCEHHYI0O Ha KepaMHueckyw miacTHHKY. OHnu

MUMeloT 060JbIIyI0 TOYHOCTD H CTaGUIBHOCTD
NpH H3MEHEeHHH TeMIlepaTyphl M BJaXKHOCTH.

Peauctopnl BbicOKOro Hanpsikenusi. Csoft yriiepoAHCThIX COeIH-
HEHHH HAaHOCHTCS Ha IJIMHHble KepaMHueckue TPYOKH.

KaTyweunblie npoBoJiOYHbiE PE3UCTOPbl. DTH pPE3UCTOPHl YacTo
HCMOJIB3YIOTCS B KauecTBe IIYHTOB M N00ABOYHBIX CONPOTHBJIEHHH
B H3MepHUTeNbHbIX NpHOOpax.

Bapuctopsl. 910 pes3sucTOpbl, BeNHUHHB KOTOPbIX MEHSIIOTCS B
3aBHCHMOCTH OT MNpHUJOXKeHHOro HanpsixkeHuss. OHH MOTYT HCMOJb-
30BaThCsl [/ KOHTpOJA.

TepMucTopbl. ITH cONPOTHBAEHHS MEHSIOT BEJIHYHHY B 3aBHCH-
MOCTH OT TeMIepaTyphl.

HaunGonee uacras HeucnpaBHOCTb B pe3HCTO-
Heuncnpasunoctu pe — pa3priB. OH o6pa3syeTcs B pe3yJbTaTe
pe3ucTopos IJMTeNbHOH paboThl pesucropa. Ilpu Bk./ioye-

HHM TOKa pe3uCTOp pacluupsieTcs, NpH Bbl-
KJIOUEHHH CXHMAaeTcs, H MOCJe HEeCKOJbKHX JeT paGoThl MOXET Ha-
cTynHTh pa3pblB. OH MOXET MOJYUuMTbCA TaKXe H3-3a MeXaHHue-
CKOH TPSICKH.

Yalnle Bcero BbIXOAAT M3 CTPOs pe3ucTopbl, padoTaiollve B lie-
nfix ¢ 60JbLINMH MOIIHOCTSIMHM, MOTOMY 4TO OHH CHJbHO Harpena-
10Tcd. CpoK cayKObl TAKHX PE3UCTOPOB MOXKHO 3HAUMTEIbHO YBEJH-
YUTb, €CAH HX OpaTh ¢ HOMHHAJbHOH MOIIHOCTbIO B ABa pasa MIHU
eite GoJsibllieil MO CpaBHEHHIO C pacceHBaeMoOH.

Upe3MepHbIi TOK MOXeT BHI3BaThb CropaHHe pe3HCTOPOB: OH
o6GyraHuTCsA, pacchimiaercs U pa3opBeT uenb. OGbIYHO TAaKOH TOK IO-
ABJAETCA BCJAEACTBUE KOPOTKOTO 3aMblKaHHfl B IMOCJA€I0BaTeJbHO-
napaJjiiesibHOH Lemny.

BenuuuHa cOMpOTHBJEHHSI YIJIEPOAHCTHIX PE3UCTOPOB MOXKET 3a-
METHO MeHfTbCA. Tak KaK yroib HMeeT OTPHIaTeJbHbI Temmepa-
TYpPHBII KO3(h(hHLUEHT, TO CONPOTHBJAEHHE YyMeHbIIaeTcsi MpH TO-
BbllleHHH TemnepaTtypbl. Ilpu HopmasbHO# paboTe COMPOTHBJEHHE
pe3ucTopa HaxOJUTCA B MNpefesnax [OMYycCKa.

Ecnu pesncrop paccedBaeT MOIIHOCTb G60Jibllle HOMHHAJbHOH,
TO OpH AJHTEeNbHON paboTe OH KPHCTAJJH3YeTC U ero CONPOTHB-
JieHue HaMHOro BO3pacTaer.

[Tockosbky omMMeTp HMeeT COOCTBEHHBIH HC-
Uamepenne TOYHHK HampsiKEeHHs, €ero HCINOJb3YIOT MJs
CONpPOTHBIEHHS H3MepeHHs] pe3UCTOpPOB 6e3 MOCTOPOHHEro Hc-
TouHHKa. OMMeTp MOAKJIOYAIOT K 3a)KHMaM
pesucropa. I[Ipn paspbiBe pe3ucTopa nokasaHHe OMMETpPa paBHO
GeckoneynoctH. CjielyeT YYyMTBIBaTb, UTO €CJAH H3MepsiTb, HampH-
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mep, conpoTusieHne 10 Mom u 10 om Ha wkane | Mom, To oMMeTp
B NepBOM c/yyae MOKaxeT GeCKOHeYHOCTb, a BO BTOPOM — HY.JIb.
[ToaTomy, CONpPOTHUB/EHHS HAaZO H3MepPATb MO COOTBETCTBYIOLUIHUM
1IKaJaMm.

IIpu u3mMepeHHH CONPOTHBJIEHHS B CXeMe Haxo y6edUTbCs, 4TO
B LENM HET MapaJlieNbHO BK/AIOYEHHBIX 3/1€MEHTOB.

Kparkue svig00ot

Hdns nocnepoBaTenbHBX liemed

1. Bo Bcex 3jeMeHTax LeNH TOK OOHH H TOT XKe.

2. Oblee compoTHB/AEHHe LeNH PaBHO CyMMe BXOASIIHX B Hee
CONPOTHBJIEHHH. .

3. TlpunoxeHHoe K LeNW HampsikeHHe paBHO CyMMe MajieHH#
HanpsiXKeHH Ha ee yyacTKaxX, HJH oOfllee MajgeHHe HaMpsKeHHH
pPaBHO NMPHJOXKEHHOMY HaNpsKeHHIO.

4, TlonsipHOCTh NaJeHHS HaNpsXKeHHsT Ha KaXIOM pe3HcTope
TaKOBa: KOHell, PacloJIOXKeHHbIH 6/HXKe K «MOJIOCY» HCTOYHHKa Ha-
NpsiKeHUsi, HMeeT M0 CpaBHEHHIO C APYTHM KOHLOM 6oJiee MOJOXH-
TeJIbHbIA MOTeHLHaJ.

5. Cymma MoluHocTell, norpebasieMblx (pacceMBaeMblX) B pe-
3UcTOpax, paBHa MOLIHOCTH, KOTOpasi MOCTyNmaeT OT HCTOYHHKaA
TOKa. -

Ona napaanenbHbX uemne#

6. Hanpsixkenne Ha 3a)KHMax BceX HAarpy3oK OLHO H TO Xe.

7. Tok B Ka>X0H BeTBH paBeH HAlPFXKEHHIO HA 3a)KHUMaXxX BeTBH,
IeJleHHOMY Ha ee CONpOTHBJEHHE.

8. Tox B ORHOI BeTBH He 3aBHUCHT OT TOKAa B JAPYTHX BETBAX.

9. Tok B o6Ilell Leny paBeH CyMMe TOKOB BCeX NapaJiie/ibHbIX
BeTBeil.

10. DxkBUBa/JEHTHOE COMpPOTHBJIEHHE MapaJJeJbHOH LEmHd MeHb-
lle HaHMeHbLIero CONPOTHBJEHHS BETBH.

DKBHBAJIGHTHOE COMpPOTHBJIEHHE ABYX PE3HCTOPOB DABHO MpPOM3-
BeJIeHHIO HX CONPOTHBJIEHHH, 1eJeHHOMY Ha HX CyMMY.

Ilast 060ro yucaa pe3UCTOPOB C PaBHBIMH CONPOTHBJIEHUSIMH
3KBHBAJ€HTHOE CONPOTHBJEHHE DaBHO CONPOTHBJEHHIO ONHOH BeT-
BH, [leJIeHHOMY Ha YHCJIO BeTBef.

11. O6wasa MOIHOCTb, 3aTpayuBaeMas HCTOUYHMKOM IMHTaHHS,
paBHAa CyMMe MOIIHOCTeH, pacCeHBaeMbIX B BETBSAX LEIH.

12. O6pbiB B 0JHOI BeTBH BBbI3bIBAeT NMpeKpallleHHe B Hell ToKa;
B JDYTHX BETBAX TOK OCTaeTcs MPEXHHUM.

OG6pbiB B O6lLelt lLeny Bbi3biBaeT NpeKpallleHHe TOKAa BO Bcex
BETBAX.
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13. CpaBHeHHe noc/efOBaTeJbHbIX U NMapaJ/eNbHbIX Lemnefl:

MocnenosaTe bHag uenb

[TapannenbHas nenb

1. Tok oAuMH B TCT Xe BO BCEX 3le-
MEeHTax uenu

2. [lageHue HanpsiAKeHUS Ha 3aKH-
Max KaxJOTro CONpOTUBIeHHS paBHO IR

3. IlpuaoxenHoe K uemu Hampske-
Hue PaBHO CyMMe NajieHuii Hampsike-
Huit

4.E%mu==R1+'R2+'Rs+'u-+'Rn

5. O6pbiB B ONHOM MecTe LeNH Bbl-
3piBaeT MpekpallleHHe Toka BO Bceil

nenu
6. KopoTkoe 3aMblIKaHHe Ha yyacTke
LenH BHI3bIBAET YBelauyeHHe TOKa B

uenu

1. HanpsiiceHue ofiHO i TO e Ha 3a-
XKUMax BceX BerBel
2. Toxk B KaxJ0il BeTBH paBeH

U

R

3. Tok B cOueil uenu pasBeH cymme
TOKOB BeTBeil

1 1 1 1
4 — = e —
Rou R TRTRT
1

5. O6peiB B ojHOHl BeTBU He Ipe-
OATCTBYEeT  MPOXOXJEeHHIO Toka B
CCTaJbHbIX BETBAX

6. KopoTkoe 3aMblKaHMe OJfHOiH BeT-
BH COeJMHAET HAKODOTKO BCE€ BETBH
U BbI3bIBAa€T Ype3MepHo GoabIIOH TOK
B HCTOYHHKE HAMNpPXKEeHUd

14. Pe3uctopnl ObIBalOT NBYX OCHOBHBIX THIIOB. YIJI€POJUCTHE
(yroabHeie) M mpoBosoyHble. CpaBHeHHe 3THX PE3HCTOPOB NpH-

BOAHUTCA HHXKeE!

.

YronbHble pe3HCTOPHI

ITpoBonoyHBIe pe3HCTOPHI

1. U3rotaBauBaiTCs M3 YrOAbHBIX
3epeH

2. BeruuuHa  CONMPOTHUBMEHHS — [0
20 Moxn

3. MpumeHsioTcs B ULeNAX Maiblx
TOKOB; HOMHHaJAbHas MOLIHOCTBH pac-
censanus 0,25 — 2 sm

4. TpuMeHAIOTCA KaK NOTEHIHOMET-
pbl conpoTuBieHUeM 10 5 Moxm nas
KOHTDPOJIi TPOMKOCTH H TOHA B IIpHEM-
HHKaX

15. HoMHHaNbHAst MOIIHOCTD

1. M3roraBiuBanTCd M3 NPOBOJOKH
B opMe cnupaiu

2. BenuyuHa compoTHBAEHUS — J0-
11 oMma

3. MpuMensitorest B uensx Goapuinx
TOKOB; HOMHHAJbHAas MOLIHOCTH pac-
ceuanus 5-—100 sm u BbIlIE

4. TlpumeHnsioTcs Kak HU3KOOMHbIE
peocTaThl; KaK TOTEHIHOMETPHl CO-
nporusieHueM Jo 50 xoa Ans jenu-
Tesneif HanpsiKeHUst B HCTOYHUKAX IHU-
TaHUS

YrojibHbIX pE€3UCTOPOB 3aBHUCHT

rJiaBHbIM 00pa3oM OT uX pa3MepoB. Pe3ucTopbl GOJbIIMX pa3MepoB
crnocoGHbl paccenBaTb OGO/bLIYIO MOLIHOCTb.
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16. as HopmanbHOH Ge3omacHOH paGOThl YrOJbHBIX PE3HCTO-
poB HOMHHaJbHas MOILHOCTb JOJIXKHa ObiTb MPUMEPHO B ABa pasa
Bbillle MoL{HOCTH paccesHus [2R. HomuHa/ibHaf MOIIHOCTb He
BJMSET HA BeJHYHHY TOKa B LlellM — OHa OmpejenseT TOJbKO Ipe-
JesbHbIH TOK, MPH KOTOPOM COMpOTHBJIeHHe paboTaeT 6e3 upesmep-
HOTO HarpeBa.

17. HauboJsiee yacras HeHCIPaBHOCTb B Pe3UCTOPax — OGPLIB.
Ha konuax o6opBaHHOrO pe3ucTopa OMMETD IOKa3biBaeT Gecko-
HeuHo GoJblIOe  COMPOTHBJEHHe  (ecJuW  HET MapaslJelbHbX
neneft).

BOIPOCH] AJjis1 CAMOKOHTPO./I4

1. Tpu pe3sucropa BrJIOYeHB mnocaefoBaTenbHo. Ecau uepe3 pesucrop R;
npoTekaer TOK 2 a, TO 4epe3 pe3uctop R, 6yleT npoTekaTh TOK:

a—13a;,6—"'9a,B—2a,r—6 a

2. Pesucroper 10, 20 u 30 om, coeniHHeHHBle MOCJeAOBATEbHO, MOAK/IOUEHBI
K 3aXHuMaM HCTOYHHKa Toka. Ha 3axumax pesucropa B 20 os najeHue Hanps-
xenus 40 e. IlpunoxkeHHoe HanpsiKeHHe DaBHO:

a—40 8, 6 —80 s; B— 120 8; 1 —180 e.

3. Pe3HCTOpbl 6 1 12 oM BRIIOYEHH nocsnenosatenbHo. Yepes pesucrop 6 om
npotekaer ToK 50 ma. IlajeHne HanpsKeHHs Ha 3aXHMax [BYX pPe3HCTOPOB
paBHoO:

a— 1808, 6— 188, B—9 8, r—09 8.

4. Pesuctop 50 oM, CcOeAHHEHHbII TNOC/JAENOBATENbHO C pE3HCTOPOM HeH3-
BECTHOTO COMPOTHBJEHHs, TNOAK/AIOUEH K 3a)XHMaM HCTOYHHKa ToKa 15 @6.
Uepe3 pesucrop 50 om nporekaer Tok 0,2 a. BenHunHa HEH3BECTHOrO COMpPOTHB-
JIeHHUS:

a— 100 om; 6 — 50 o, B— 25 om; T-—10 ox.

5. Pesucropn 50, 100, 150 u 200 om, coeauHeHHble NOCJAeLOBATeNbHO, MOJ-
KJIIOYeHbl K 3a)XHMaM MCTOYHHKAa HanpsixkeHusi 100 8. Tok B uenu paseH:

a— 20 ma: 6 — 100 ma; B — 200 ma; r — 1000 ma.

6. B napannenbHoli nens:

a— TOK BeTBM paBeH ofuleMy TOKy; 6 -—CyMMa TOKOB BeTBeHl paBHa
ofleMy TOKY; B — TOK BETBH NpPAMO NPOMOPLHOHAJIEH ero COMPOTHBJEHHIO; T —
TOKH BeTBell B3aHMHO KOMMEHCHPYIOTCS.

7. B mapannejbHoil LienmH, KOrjJa HECKOJbKO PE3HCTODPOB MOJKJKUEHBl K 3a-
XKHMaM HCTOYHHKA TOKa:

a— HanpsikeHHe BeTBH paBHO oflueMy Hanpsi:KeHHI0; 6 — HamnpsiKeHHe BeT-
BH 3aBHCHT OT ee TOKa; B — HampsKeHue BETBH 3aBUCHT OT ee CONpPOTHBJIEHHS;
r — HanpsxeHus BerBeil J06aBasOTCA K OO6LIEMY HanpsKeHHIO.

8. B napannenbHoil tienu:

a — COMPOTHBJIEHHe BETBH 3aBHCHT OT TOKA BeTBH; G — CyMMa CONpOTHBJe-
Huit BeTBeil paBHa oOLleMy CONPOTHBJEHHIO; B — ofulee COMPOTHBJIEHHE DABHO
Be/MuuHe, oOpaTHoOli CymMe NpOBOAWMOCTEH BeTBeil; I — COMPOTHBJEHHe BETBH
onpejensiercss NajeHHeM HaNpsKeHHS B HeH.

9. Hanpsixkenue 120 8 NpHIOXKEHO K 3aXXHMaM LIECTH Pe3HCTOPOB 1o 60 om,
cee/lMHEeHHbIM napaJienbHo. Uepe3 KaX bl Pe3HCTOD NMPOTEKAeT TOK:

a—2a, 6—20 a; B—60 a: r— 120 a.

10. Tpu pesucropa mo 3 om coeimHeHnbl napannensHo. Mx skBuBajeHTHoe
COMPOTHBJIEHHE PaBHO: :

a—1 om; 6— 15 om; B—3 om; T—9 om.

11. Pesnctrop B | om, BKJIIOuEHHHII NapaJjselibHO € pE3UCTOPOM B 2 oA,
o6pa3yeT 3KBHBaJeHTHOE CONPOTHBJIEHHE:

a—2yom 6—1 om; B—2 omu; T— 3 om.

12. Ecnu KaX/blii M3 ABYX Pe3HCTOPOB, COeJHHEHHBIX napannenbﬂo paccen-
BaeT 10 g7, To o6ulad MOLLHOCTb, OTMaBaeMasi HCTOYHHKOM, paBHa:

a—>5ar, 6 — 10 s7; B— 20 87; 1 — 100 87,
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13. B napannesbHO# UenH, K KOTOpPOil MNpPHJOXKEHO HanpsXenue 20 8, aBe
BeTBH HMeloT ofuluil Tok 5 a. ConporunjeHue OAHOH BeTBM 5 oM, a NPYroit:

a—35 om; 6 —20 om; B— 25 om; r— 100 om.

14. Tpu anexTpuyeckMe MaMmouky MOIMHOCTBIO 100 6T MNOACOeNMHeHH ma-
pamnenbHo k cetu 120 6. Ecnu omHa JslaMiouka neperopesa, TO CKOJBKO JiaMMmo-
yeK OyaeT roperh?

— a — HY OJHOH; 6 — oflHa; B — JBE; T — BCe.

Ry R3
r )
u -
u Rz R3 T Rz Ry
R b
Puc. 46 Puc. 47

15. B cmeniannoil uenu ¢ 12 pesucTopaMu TPH M3 HHX HaxXOAsTCs B OIHOM
napaJiesibHoli rpynne. OTH TpH pPe3HCTOpA AOJ/KHbI HMETh:

a — OIHH H TOT Xe TOK; 6 — Oj/IHHAKOBOe NajeHHe HamnpsiKeHus /R; B —
TOT e TOK, UTO H B HCTOYHMKE NUTAHHUS; I — rajeHHe HanpsikeHus /R, paBHoe
NPHJIOKEHHOMY HalpsIXKeHHIO. '

16. B cmemanHoit uenu (puc. 46) pe3nCTOpbl BKJIOYEHB TaK:

a — R, nocsienoBatenbHo ¢ Ry, 6 — R, mocaegoBaTtenbHo ¢ R3 B —R;
napaJanenabHo ¢ Rs; r— R; napaajesnbHo ¢ Rj.

Puc. 48

17. B cMeuranHo#l uenu (puc. 47) pe3UCTOpPb! BKJIOUEHBI TakK:

a — R, napamneabHo ¢ Rj3; 6 — R, napaanensHo ¢ Ry, B — R; mnocsenosa-
TeNbHO ¢ Ry; © — R, nocsendsBaTesibHo ¢ Ry

18. Ecu pe3ucrop R, (puc. 48) pa3soMKHYT, a Bce oOCTa/bHble HCMpaBHBI,
TOK:

a—pB pe3uctope R; paseH Hy/aw: 6—B pe3ucrtope R, paBeH Hyl0; B —
B pesncTope R; paBeH HyJi0; T — GyIeT MeHblle B pe3uctope R.

. ] .' ..

l 30om 80Mm 1208 1208
U=2008  200Mm 240m| |240m u=z408 | 1006m 1008m

1208 1208

60oMm I-C)
T_: ¢ 4 1008m 1008m

Z 7
Puc. 49 Puc. 50
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19. B cMemanHo#t uenu (puc. 49) BelMYHHA TOKa, BXOASIEro B TOYKy [
M BBIXOASALIET0 M3 TOYKH 2, paBHa:

a—05a;, 6—1a, B—2 a;, r—4 a. .

20. B uenu (puc. 50) BK/IIOYEHBl YEThipe IJMEKTPHUECKHe JaMmoyku Ha 120 g,
100 er kaxpasa. ConpoTuBJeHHe OLHOW JIAMIOYKH DaBHO:

a—72 om; 6— 100 om; B— 120 om; r— 144 onm.

2]1. Kakne u3 c/ledyOLHX BeJHYHH CONPOTHBJIEHHS H MOLUHOCTH DacCesiHHs
THIHYHBL IS IPOBOJIOYHOTO pe3HcTOpa?
50 a—1 Mom, Y3 er; 6—~500 om, 1 sr; B—50000 om, 1 81, r—10 o,

8r.

22. Kakue u3 c/elyloUlX BeJMYHH CONMPOTHBJIEHHS H MOILHOCTH paccesHus
THIOHYHBL [/ YTOJALHOTO pe3ncTopa?

a — 100000 om, 1 8r; 6 — 10000 om, 10 8r; B —5 om, 5 61; r — 1000 om,
100 sr. .

23. JIsa pesucropa mo 1000 om, 1 8T coeiuHeHb mnapaJuienbHo. Hx o6liee
COMpOTHBJIEHHE H HOMHHaJIbHas MOILHOCTb:
0 a—500 o, 1 8r; 6—500 om, 2 sr; B— 1000 o, 2 8r; r— 2000 o,

8T,

NMomenuuomemp
5 +

1,58
- 0 - 1

Puc. 51

24. Pe3uctop Ao/KeH GbiTb TMOAK/IOUEH K 3a)KHMaM HMCTOYHHKA HaMpPsKEHHs
45 g Tak, uToGbl MOMYyuTh TOK B lend 1 ma. Tpebyemoe CONpPOTHBJEHHE C MOA-
XO[siliefl HOMUHANbHON MOLIHOCTbBIO:
y a—4,5 om, 1 8r; 6 —45 om, 10 8r; B—450 om, 2 er; r—45000 om,
/s er.

25. Korza nepeMeHHHI KOHTaKT noTteHuuoMerpa (puc. 51) mofimer no Tou-
KH 1, moKa3aHHs BOJbTMeTpa GYILYyT paBHBIL:

a—Hymo; 6 —"'5 8, B—23/y 8, T— 1,5 8.

26. Tlpu MOZK/IOUEHHH OMMeTpa K 38XHMaM OGOPBAaHHOIO Pe3HCTOpa MOKa-
3aHHe npubopa:

a— paBHO HYJIO; 6 — paBHO GeCKOHEYHOCTH; B — BLICOKOE, HO B Mpeje]ax
JIONyCTUMOTO; I' — HH3KOe, HO He PaBHO HYJIO.

YTIPAJKHEHUSA

1. IlpuBeanTe TpH nNpaBHJIa, KOTOPhlE OTHOCATCA K TOKY, HANMpsXKEHHIO U
CONPOTHBJIEHHIO B TOCJELOBaTeNbHON LEIMH.

2. Hapucyiite cxeMy uoOC/Ief0BaTeNbHOTO BKJOYeHHs pe3nctopos 10, 20
u 30 om.

a) OnpenmenuTe compoTuBaeHHe ofuwlel uenu. 6) Kakoi Tox nportekaer B
KaXX[IOM pe3UCTope, eC/qH MOAKJIOUHTb HCTOYHHK Hanpskenus 120 e? B) Hai-
JliTe TMajeHHe HAMpPSIKEHUA HA 3a)KUMax Kaxjaoro pesucropa. r) Haiinure mouw-
HOCTb, PaCCEUBAEMYyI0 B Ka)XXJOM pPE3HCTOpe.

3. YKaxuTe, Kak pacnpelefsioTCs HanpsyKeHHe W TOK B Napaslie/ibHOH
LenH.

4. Hapucy#iTe cxeMy NOAKJIIOYEHHS Napajie/lbHO COEAHHEHHBIX DE3HCTOpOB
R,=30 om u R;=90 ox x Garapee 90 &. ;
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a) Kakoo HanpsukeHue Ha 3amumax Ry u Ry? 6) Onperenure BeJHUHHY
Toka B pesucropax Ry u Ry B) Haiiaute Bennuuny ToKa oOuieil Leny. r) Onmpe-
JeJHTe BeJHUMHY SKBHBAJEHTHOro comportussienus. A) Onpeleante MOLHOCTb,
KOTOgYIO pacxonyer GaTapes.

. Hapucyiite cxeMy mnapasiie/bHOH lemH C TpeMsl BETBSIMH DE3HCTOPOB.
Hanpsikenue, npujoXeHHOe K LeNH, paBHo 18 6; TOK B Kakao# BeTBH 2 a.

a) Kakos Tok B ofwei uenu? HakauTe BeqMuMHY 3KBHBAJEHTHOTO CONPO-
THBJEHUS [ABYyMs crnocobaMu.

6. Peauctopsl 30, 15 u 10 om coeiuHennl napasneibHo. Uepe3 pesucrop
30 om mporekaeT ToK | a.

a) Kakoe HanpsKeHHe NpHJIOXKeHO K 3aXKuMaM Bcex BeTBei? 6) Kaxkoil Tok
npoTekaer yepe3 pesuctopnl 15 u 10 om?

7. TIpy KakoM YC/IOBHH TOK B MapajljeJbHbIX BeTBAAX OLWH H TOT e H NpH
KakoM — pasubit? IloueMy BO BTOPOM cJayuyae TOK pasHbiff, XOTA HampsKeHHe
OLHO U _TO Xe?

8. INpexnosoxum, uto pe3uctop Ry (puc. 52) Bbilen u3 CTpos.

— ' R,=100M Ry=100m
[=3a . 1,=!U lZ:ZU A
U =248 Ry z46m R, | l48em u
726m Y 0M 1Zom
Rz=100m Rg=200m
Puc. 52 Puc. 53

a) KakoB TOK B BeTBM C Pe3HCTOPOM R;, B BeTBM C pe3nUCTOpoM R; H
B obueil uenu? 6) Yemy paBHO 3KBUBaJNEeHTHoe COnpoTHBJAeHHe uenu? B) Ka-
KOBa MOLUHOCTb, pacxojyeMasli HCTOYHHKOM NHUTaHHA? .

9. Kak 'COeflMHUTb TPH ONMHAKOBLIX pe3HCTOpa, uTOOL 3KBUBAJIEHTHOE CO-
npotuBJeHHe ObIO B MOJTOpa pa3a GoJbllle OQHOrO M3 HHX?

10. B cxeme puc. 53: )

a) ITouemy pesncTop R, BKJIOYeH TNOC/JeIOBaTeNbHO C R3, a He ¢ Ry?

6) KakoBo oflueée conpoTHBAEHHe LelH, NONKIIOYEHHON K HCTOUHHKY TH-
TaHHSA?P

11. Tlokaxute Ha cXeMe, KaK MNOAKMOYHTH K 3aXKHMaM HCTOYHHKA TOKa
HanpsixkenueM 120 8 gse 120-8 u aBe 60-8 3/eKTpHYeCKHe JaMIOYKH (OJHHAKOBOI
MOILHOCTH) .

12. Tox | ma nportekaer uepe3 yro.bHHIH pe3ucrop Ha | Mom, 2 er. Kakas
MOULIHOCTb pacceMBaeTcst B BHIe Tenua? Kakasi MakcuMaJsbHas MOILHOCTb MOXKeT
6biTh paccesiHa Ge3 Ype3MepPHOro HarpeBa pe3HcTopa? "

13. Pe3uctop nosxKen 6biThb noaxiioueH K 3axumam 10 8 akkymyastopa s
nosnyuyeHuss Toka 1 ma.

Kakoit BeqanuuHbl Tpe6yeTcsi CONpPOTHBJEHHe pPe3HCTOpPAa, KaKOBa €ro Molll-
HOCTb pacCesiHUs- U HOMHHA/bHas MOLLHOCTb? MOXHO JIH HCIONb30BaTh YroJb-
Hblil pe3ucTop?

14. Peaucroper 0,1 Mom, 5000 om u 60 xom, coelMHEHHble TNapaJJesbHo,
MOJAKJIOUEHBl K HCTOYHMKY HanpsikeHus 105 s.

Hapucyfite cxeMy BKJIOYEHHS, ONpeie/HTe 3KBHBAJEHTHOE CONMPOTHBJIEHHE,
o6LUMI TOK U TOK Ka)XAOH BeTBH.

15, PanuonpueMHUK noTpe6isieT MOIMIHOCT 55 6T, KOrAa pa6GoTaeT OT ceTH
110 8. Kakoit pesncTop HeQOXOAHMO BKJIOUYHTH AOMOJHHUTENLHO NpPH paboTe OT
cety 220 8? KakoBa MOLIHOCTb paccesiHHSi 3TOrO pe3HcTopa?

16. Hutu namn OGarapediHoro mnpHeMHHMKAa MOAKJIOYEHbl TapasielNbHO K
(liggapee 1,4 8. Ilpy 3TOM HanpsiKeHHH TOK Hakajga Jnamn paseH 50, 50 u

Ma,
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Kakoii TOK HdO/MKHa HaBaTb O6aTapes? KaKoBO 35KBHBaJeHTHOe COMpPOTHUB:
JNeHne HUTel?

17. Hatu Ttpex sniamn GaTapeiiHOro mpHeMHHKA MOJKJIIOUEHbl MOC/IELOBAaTE/b-
HO K MCTOYHHKY HampskeHus 4,2 6. Il Hakana HUTeil ABYX JaMmm Tpe6GyeTcs
Tok 50 ma npu HanmpsxkeHuH 1,4 8 Ha KaxkAyl0 JaMny; IS Hakaja TpeTbeit
naMnbl TpedyeTcsl TOJMBKO 25 Mma.

Onpejie/UTe BeJWYHHY IIYHTHPYIONIEr0 CONPOTHBJIEHHS IS TpeTbeH JaMmbl

18. AmmepmeTp Ho/xeH OBITb BKJIOYeH B Lenb, Fle npoTekaeT Tok 50 ma.
ITpubop paccuuraH Ha TOK | ma (comporuBienue Katywku 100 om).

Kakoit TOK no/ReH MpOTeKaTb 4Yepe3 LIYHT M KakoBa BeJHUYHHA ero compo-
THBJIEHHS?

w



raapa 4 MATHETU3M
1 9JIEKTPOMATHETH3M

1. MarHeTHsm

anpOILHbIe U HUCKYCCTBEHHbBIe MArHHTLI

[IpuponHbiM (ecTeCTBEHHBIM) MarHMTOM Ha-
MpupopHnblii  MarHuT 3biBaeTcs KYyCOK pYAbl, 06Jafaiouii CBOMH-

CTBOM MNpUTATHBATL K cebe CTaJjibHble Mpej-
MeThl. DTO CBOACTBO, Ha3blBaeMOe MAarHeTH3IMOM, HMeeT MarHUTHBIH
Kesle3HdK, NpeACTaBAsIOUMA co60l XUMHUYECKOe COelUHeHHEe XKe-
Jeza ¢ kucjaoporom. Hama 3emast Takxke npencrabiasier coboit rpo-
MajHblfl ecTeCTBeHHbIl MAarHuT ¢ HauboJjblled CHUJIOH NPHUTSKEHHS
Ha CeBEePHOM H I0OXKHOM IMOJIIOCAX.
CBO/ICTBO MAarHUTHOTO Ke/e3HsiKa TMPHTSTH--
BaTb K ce6e CTajlbHble NpeAMeTbl MOXKHO CO-
OOUIMTb CTaJbHBIM CTEPIKHSIM, HaTepeB HX
ecTecTBeHHbIM MarHutoMm. [locne rtakoro Ha-
THPaHHA (HaMarHUYMBAHHA) CTAJbHOH CTepKeHb CTAHOBUTCS MCKYC-
CTBEHHBIM MOCTOSIHHLIM MAarHuTOM, HMEIOIIUM Te JKe CBOHCTBa, YTO
¥ TPUPOAHBIH MarHut. McKyccTBeHHble MATHUTBI MOJYYHJIM LUHPOKOE
pacnpocTpaHeHue. B 3aBHCHUMOCTH OT Ha3HauyeHUs OHH ObIBaIOT ca-
Mol pasHooOpasHoil dopmbl (pHuc. 54).

Ha puc. 55 u3obpax<en MarHuT ¢ NPUTSHYTBIMH K €ro KOHIaM
cTaJbHbIMH onunkamu. HauGosee cuibHOe NPUTAKEHHE NPOUCXOAUT
y MPOTHBOMOJIOKHbBIX KOHLOB, Ha3blBaeéMbiX IOJIOCAMH MarHura. yc-
JIOBHAs JIHHHS, NPOXOAslLAsi yepe3 cepeJHHy MarHura, riae He npo-
ABJSIIOTCS MarHHUTHBIE CBOMCTBA, HAa3blBaeTCs HEHTPaJbHOH JIHHHE.

Konuer nto6oro cBo60AHO NMOJBEIIEHHOrO Mar-
CeBepHblii M 10XHbIIf HUTA YCTAHABJAMUBAKOTCA B IMPOCTPAHCTBE B
MATHUTHBIE MOJHOCHI CTporo onpeneneHHom HanpasaeHuu. OQuH Ko-

Hell yKa3blBaeT Ha ceBep, a APYroii — Ha IoT.
KoHen, ofpalleHHBbIi K ceBepy, Ha3biBaeTCAd CEBEPHBIM MOJIOCOM
Mariurta u o6o3Hauyaerca 6yksoi C uau N, a KoHel, ob6palieH-
Hblil K 10Ty, Ha3biBaeTCsl I0XKHBIM NOMOCOM H 0003Hayaercss GYKBOJ
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Puc. 54. VckyccTBeHHLIE MarHHTHI

I/Helimluanbuaa
l nuHUA

Puc. 55. CrajbHele OmHAKH Hau6osee
CHIBHO NPHTATHBAOTCA Y  IIOJIOCOB
Mariura

),

=N

Puc. 56. BsaumoueiicTBie Mmo/itocos marHura
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IO unu S. Ha cBoiicTBe MarHUTOB MOBOPAYHBATLCS B ONpeneSeHHOM
HamnpaBJeHHH OCHOBAHO YCTPOMICTBO KoMIaca.

Ecnu k marHuTHO# cTpesike, yKpemjeHHoH Ha
BaaumoneiicTeue octpue (puc. 56), NoAHeCTH NOCTOSTHHBIA Mar-
NO/IOCOB MAarHuTa HHUT, TO CEBePHbIH ee KOHel HayHeT OTTaJKH-

BaTbC OT CEeBEPHOro MnoJjioca MarHura, a
I0XKHBIH — NPUTATABATBCA K HEMy, T. e. B3aUMOJefiCTBHe MOJIOCOB
MarsiuTa TaKOBO: OJHOWMEHHble MOJIOCHI B3aHMHO OTTAJKHBAIOTCH,
pPa3HOHMEHHbI€ — MPHUTATHBAIOTCS.

Cuna, ¢ KOTOpOi OQWH MarHUT AENCTBYeT Ha APYroi, Ha3blBaer-
csi MArHHTHOM CHJIOK. MarHuTHas cujla UMeeT B KaXA0# TOYKe Mpo-
CTpaHcTBa OMNpeJleJieHHOe HanpaBjeHHe W BEeNHUHHY.

Cuna B3aMMOJEHCTBHS MeXAY ABYMS MarHHTHBIMH MOJMIOCAMH
npsiMo MPONMOpPLHOHANIbHA MArHUTHHIM Maccam, 3aK/IOYeHHbIM B MO-
Jocax, # o6paTHO NponopuUOHaNbHA KBaJApaTy PacCTOAHHA MeXIy
HHMH: ‘

f=_”’_1r’.2’_’2_, (24)
rjie M; U My— MarHUTHbIE Macchl OJHOrO M APYroro IMOJIIOCOB;
7 — paccTosiHHe MeXAy NoJIOCaMH MarHHTOB.

M3 3r0it GopMysnbl MOXKHO ONpeeNHTh eJUHHIYy MarHUTHON Mac-
col. [Ipennosioxxum, uro my=me=1, a f=1 nune. Torna 3a eguHuLy
MarHdTHON Maccel cjleflyer NPUHATb TaKyl Maccy, KoTopas [JeH-
CTByeT Ha pPaBHyI0 ce6e MarHMUTHyI0 Maccy, HaxoAsLlylocf Ha pac-
CTOSIHHH | c¢m OT Hee B IyCTOTe, ¢ CHUJIOH B | OHHY.

Ha3sBaHne «MaruutHas Macca» OGBbSICHSieTCS TeM, YTO paHblle
MarHHTHble CBOKMCTBA INDHINHCHIBAAH OCOGBIM MAaTHHTHBIM MaccaM,
KOoTopbie sIKOObl COCPENOTOYEeHH B moJiocax. HaspaHue «marHuTHas
Macca» COXPaHHJIOCh O CHX NOp, HECMOTPSl Ha TO YTO NOHSTHE O
MarHeTH3Me Kak O KaKOH-TO Macce NMPOTHBOPEYHT COBPEMEHHOH Teo-
puu. MarHuTHBIX Macc B AeHCTBUTENBHOCTH He CyLIECTBYET, H 3TOT
TEPMHH cjeJyeT MOHMMAaTh YUCTO YCJOBHO, KaK HEKOTOPYIO pacuer-
HYI0 MaTeMaTHUYeCKyl0 BEJHUYHHY.

[ToBeneHne MarHUTHON CTPeJKH OOBSICHSETCS TeM, UTO 3eMHOM
wap sBasgercs Goabuium MarHuToM. OKosio eeBepHOro reorpaduue-
cKoro moJjiloca HaXoAHTCs I0XHBIH MarHHTHeIN nogioc IO, a okoso
I02KHOTO reorpaHyecKkoro moJjoca HaXOAHUTCS CeBEpPHbIH MarHHTHBIN
noatoc C. Tak Kak pa3sHOUMEHHble MAarHHUTHbIe MOJIOCHI NPHUTATHBA-
I0TCS, TO MarHHTHas CTpeJKa KOoMIaca CBOMM CeBepHbIM KOHLOM
BCerja yCcTaHaB/AHBaeTCs B HalpaBjieHHH, OJIU3KOM K HaNpaB/eHHIO
reorpaduyeckoro MepHauaHa. JTo HanpaB/ieHHe Ha3blBaeTcs Mar-
HUTHBIM MepHIHAHOM,

BsaumopefictBie MarHutoB (pa3sHoMMEHHBIe IMOMIOCHl TPHTSATH-
BAlOTCsA, ONHOMMEHHbIE — OTTAJKHMBAIOTCA) HANOMHHAET B3aHMojefis
CTBHe 3JIeKTPHUYECKHX 3apsoB (Pa3HOHMEHHble 3apsi[bl MPHTSATHBA-
foTCsA, OfHOMMeHHble — oTTasnKuBaTcsl). OJHAKO MeXAy MarHuT-
HbIMH M 3JIEKTPUYECKHMHU sIBJIEHHAMH CYLIECTBYeT pa3HHLA.
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Ho nosiBneHus 371eKTPOHHON TEOPHH CHUHTANH, YTO B NMPHPOIE Cy-
LUIeCTBYIOT ABa BHAa MarHeTH3ma MOAOGHO ABYM BUAaM 3Je€KTpHYye-
crBa. Ho monbiTkKu pasfenuTb NOCTOSIHHBIA MAarHUT, NOJYYHTb B
OJIHO!l €ro 4yacTH MarTHETH3M OJHOTO 3HaKa, a B APYroil — MpOTHBO-
MOJIOKHOTO HH K yeMy He mpuBesu. JlelieHHe Kax<[Oro MarHuTa Ha
IBe YacTd BCeraa /aer JBa HOBBIX MarHuta (pHc. 57), HMeOIIUX
CeBepHBIl M I0XKHBIA mosockl. [loayuute .

OTHENbHO CEBEepPHBIH MOMIOC («MOJIOXKH- \{1}‘,\\

TEIbHYI0» MACHUTHYIO Maccy) U IOKHBIH ZZ= e\
(«oTpHuLATEIBHYIO») HEJb3sl, B TO BpeMs 5
KaK [MOJIOXKUTEJbHBIA H OTpHULlAaTe bHbIH
3JIeKTPUUECKHe 3apslbl CYLIeCTBYIOT B
OTAEJIbHOCTH.

HamaruuuuBas pasnuuyHbiM 06pasom
CTa/ibHble MpeIMeThl, MOXHO TOJYYHUTb
MHOTOMOJ/IIOCHbIE MATHUTBI C JIOOBIM YHC-
JaoM noJocoB. Hanpuwmep, Ha puc. 58 no-

R o}
1 Y J Y
[Cod €[ EIled (o
Puc. 57. [lpu neneHuw marHuTa Ha 4YacCTH Puc. 58. Cnektp Ha-
MOJIy4aloTCsl CaMOCTOSTENbHbBIE MAarHUThI MarHHYeHHOil  MJIaCTHHKH

(MHOromoJOCHoe  Hamar-
HHYUBaHHe)

——

’?:'//«4 o NN

Ka3aH CHeKTp HaMarHHYEHHOH MJAaCTHHKM, MUMENolled ABa OAHHAKO-
BBbIX M0/1H0CA Ha KOHLAX H NPOTHBOIOJIOXHEBII MOJIOC B CEPEdHHE.

Huxe Oyner mokasaHo, 4TO 3J€KTpHUYECKH]
Monekyaspubre TOK co3JlaeT MardHuTHoe noJje. Bpamatouinecs
MarHHTHKH BOKPYT sipa Ka)KAOTO aToMa 3JIEKTPOHbI 06-

pasyioT TaK Ha3blBaeMblil 3JeMeHTaPHBIN KOJb-
uesoii Tok. [Tostomy (cormacHo Teopun MarHeTuaMa, mpeasoXKeHHOM
HeMeUKHM (H3HKoM BebGepoM) Kaablii 3M€MEHTapHBbIA KOJblLeBOMH
TOK MOXHO PacCMaTpHBaTh KaK MaJeHbKHIl MOJEKYJsIpHbIH MarHu-
THK. M3 Takux 3/eMEeHTapHbBIX MAarHHUTHKOB COCTOSIT BCE MarHUTHBbIE
MaTepHaJIbl.

Korpa MarHMTHKM ODHEHTHPOBAHbI B OJHOM HAampaBJeHHH, OHH
YCHJHMBAIOT APYr ApYyra, co3jaBasi CUJbHble MarHUTHbIE MOJIOCH Ha
NPOTHBOMOJIOKHBIX KOHIIAX MarHUTHOro cepiaeuHuka. Korna marHu-
THKH HMEIOT pa3Hble HampaBjieHHsl, UX BJIHSHHEe B3aHMHO YHHYTO-
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KAaeTcsa U CepAeyYHHK He HMEET MarHUTHBIX MOJIOCOB. Hamaruuuusa-
HUe KyCKa CTaJilu CBOJAHUTCA K ODUEHTHPOBAHUIO BHYTPEHHUX 3/JEMEH-
TAPHBIX MAarHHTHKOB.

Y HeMarHUTHBIX MaTepHaJioB 3JIEKTPOHBI BHYTPH KaXKA0ro atoMa
OBHXYTCS TaK, 4YTO MarHUTHBIE MOJIS 3JIEKTPOHOB KOMIIEHCHPYIOTCH.
Y atux MaTepHaJ/ioB HET 3JEMEHTAapHbIX MarHUTHKOB,

MarHutHoe mnoJae

Huorna maruutHOoe nose ompejenserca Kak
MarnuTHoe noxe MPOCTPAHCTBO, B KOTOPOM IIPOSABJIAETCHA aen-
CTBHE MarHHUTHBIX CHJI.

Takoe onpeneneHue HeBepHO, MOCKOJMbKY B HEM OTOXAECTBJfA-
I0TCA TOHATHA IPOCTPAHCTBA M MAarHUTHOrO MNOJS, TOrJa KakK Mar-
HUTHOe IoJie — 3To Ocobas dopma Matepuu, KoTopasi CylLEeCTBYyeT
HapaBHe c BellleCTBOM, [IPOCTPAHCTBO XK€ *— 3TO HE MaTepHus, a OjJHa
U3 ¢GopM ee CYyLIECTBOBAHHS.

MaruuTHoE mosie mpeiacTaBasieT coGoW KaK Obl NpPOJOJIKEHHE
MarsuTa, T. €. OHO TaK XKe MaTepuasibHO, KaK U caM MAarHuT, XOTH
HENoCpeJCTBEHHO MBI €r0 BHUAETb HE MOXEM.

Kpome MarauTtHoro mnoJssi, B Npypone CYLIECTBYIOT H Jpyrie mo-
Jasg. Mbl exeJHeBHO ollyllaeM M Hab/iofaeMm [AefcTBUe IOJS 3eM-
HOro TAroTeHus. Beskuil npeamer, OpoLieHHbIH BBepX, MaJaeT Ha
3ems0 mon JelictBHem 3Toro mnosas. CyllecTByer TaK HasbiBae-
MOe 3JIeKTpHUYecKoe I0oJie, KOTOpoe Mbl OyleM paccMaTpHBaThb
HHXe. _

[Togo6HO TOMy Kak 3JeKTpuuecKoe MoJjie NMPUBOAHT B JBHKEHHE
37eKTpHYEeCKHe 3apsbl, MATHHTHOE TOJIe 3aCTaBJseT epeMellaThcs
BCe Tesa, oOsafaloliie MarHHTHBIMH CBOHCTBaMH.

Jag oGjerueHHss U3yueHHsi CBOMCTB MarHMTHOro MNOJiSi BBENEHO
MOHSITHE 0 MarHUTHBIX CHJOBBIX JHHHUSX.

Ecsiu nomMecTHTb ONMU/IKH B MarHuTHoe MoOJe,
MarguTHpie TO OHH pacloJIOXKaTcs B HaNpaBJeHUH [eli-
CHJIOBbIE JIHHUH CTBHSI MarHUTHbIX cua (puc. 59). Jluuuw,

BAOJ/b KOTOPbIX JEHCTBYIOT CHJIBI B MArHUTHOM
noJjie, Ha3blBAIOTCS MArHHTHBIMH CHJIOBBIMU JIHHHSIMH.

MaruuTHble CHJIOBble JIHHHM He MatepuanbHbl. OHU BBeleHH
ycnoBHo. HanpasieHue uX BHe MarHuTa NMOKasblBaeT MYThb MOJOXKH-
TeNbHOH MAarHHTHOW Macchl, NPOXOAsiiliell B MOJe, OTTAJKHBAACh OT
CeBEepPHOro MOJIOCAa MarHuTa M NPHTATMBASCh K I0XKHOMY. BHyTpu
MarHuTa, CO3Jaloulero MarHWTHOE IoJie, CHJIOBBIE JMHHU HAYT OT
I0XKHOTO TIOJII0OCa K CEBEPHOMY.

HanpaBneHnne MarHMTHHIX CHJIOBBIX JIMHUII He MEHSIETCsl, KOTrAa
OHHM NPOXOAAT Yepe3 HEMarHWTHbE MaTepuasbl, TaKHe, KaK BO3AyX,
G6ymara uau nepeBo. OQHAKO B MarHUTHBIX BEILECTBAX, MOLOGHBIX
CTajM, MAarHWTHble CHJIOBBIE JIMHHH CHJBHO crymaiprca. Ha
puc. 60,a, 6 cujioBble JIHHHK Te XKe caMble, Kak Oyato 6bl Gpycka
IepeBa ¥ HeT. DTOT MarHUT MOXET IPHTAHYTb K ceGe NPOTHBOMNO-
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JIOJKHBI! MOJIIOC Ja)Ke uepe3 CTeHy, ec/H oHa HemaruuTHas. Kak mo-
Ka3aHo Ha puc. 60, 8, MarHUT NMPHTATHBAET CTaJbHOH TMpPEAMET, KO-
TOPHI HaXOAUTCA 33 AEPEeBAHHBIM OGDYCKOM.
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Puc. 59. PacnosioxxeHue 'onuIoK MeXRy pasHo-
MMEHHbIMH TOJIOCAaMH MarHHTa

Yrobn OXapakKTepu3oBaTb MATHUTHOE I0Ji€, BBEOEHO TOHATHE
O €ro HanpsaXXKeHHOCTH. )

Jllepeso
=4
ViR
Nocmosannbiu \/
MOZHum Vi -
H C Hio ¢
! E<uui
AR \
\\‘ Cmansnas
—— ‘\‘ " nnacmunka
a 8

Puc. 60. MaruuTHOoe moJje B BO3AyXe, OIepeBe M CTAJH:

a — MarHHTHOE ToJje B BO3AYyXe; 6 — MoJe He WU3MeHSeTCHS NepeBSAHHBIM GPYCKOM;
8 — noJjic KOHUEHTPHPYeTC B CTaJbHOM CTepXKHe

HanpskeHHOCTBIO MATHUTHOTO MOJISt B NaHHOM
HanpsikesHocTs TOYKe Ha3blBAeTCsi CHJIA, C KOTOPOH MAarHUT-
MarHUTHOTO MnoJs HOe ToJie AeHCTBYeT Ha eIHHHIY MarHUTHOM

Macesl (eIMHHYHBIN noatoc). [ pyrumMu caosa-
MH, YeM CHJIbHee MarHWTHOe noJje, TeM GoJblle ero HanpPsXKEeHHOCTh,
T. €. TeM CHJIbHee OHO AEHCTBYeT Ha MarHHTHYIO CTDE/KY.
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MarunurtHoe noJse, HaNpAXKEHHOCTb KOTOPOrO BO BCeX TOYKax
onuﬂa‘xosa, Ha3blBae€TCs1 OJAHOPOAHBIM, a MOJIe, HANPSAXKEHHOCTb KO-
TOPOTO passMyHa B Pa3HbIX TOYKAX, — HEOAHOPOIHBIM.

3J1eKTquecxoe BJIMSIHHE ONHOrO Te/Ja Ha ApY-
MarunutHas uHAyKuUHs roe 6e3 Kakoro-1u60 KOHTaKTa MEXAYy HHMH
Ha3blBaeTcss MHAYKUHEH.
Kycok cTanu, BHeCeHHBIi B MarHHTHOe MoOJe, caM NpHOGpeTaer
cBoiicTBa MarHurta. Ta CTOpOHA €ro, B KOTODYIO BXOASIT MAarHHTHhbIE
CHJ/IOBBIE JIHHHH, CTAHOBHUTCS IOXKHBIM MOJIIOCOM, 8 OTKYJa OHH BBIXO-
aat — cesepHbiM. CiieoBaTebHO BOKDYI KyCKa CTajld o6pasyercs

BrewnHee maznumnoe

none
o ¢ EITm——- W
oo o =
Pesynomupyrouiee

maaHumHoe none

Puc. 61. MaruutHoe™ noJe:

a — N0 BHECEHHS CTaJbHOTO CTEPXHS; 6 — mocje BHECEHHA
CTaJIbHOro CTepXHs

co6cTBeHHOe MarHuTHoe noJe. Ero B3aumoneficTBHEe C BHEIIHHM
MarHHUTHBIM TOJIEM BbI3bIBAeT NMOsIBJIE€HHE TaK Ha3bIBAEMOro pe3yJib-
THPYIOLIEro MarHuTHOro noas (puc. 61).

Bo36yxneHne COGCTBEHHOrO MarHHTHOTO MOJIS B BellecTBe (B
LAaHHOM C/ly4yae B CTa/jii) NPH BHECEHHH €ro B MarHWTHOe TOJie Ha-
3bIBaeTcss MarHWTHOH MHAyKumeid. Ona Xapakrepusyer Ipoliecc,
NPOHCXOASLIMA B HAMarHMYHBaeMOM Marepuase (CTeleHb MOBOPOTA
«3JleMEHTapHbBIX MAarHUTHKOB®»), T. €. CTelleHb HaMarHUYuBaHHs
cpenbl.

Cranp B 800 pas Jayuie BO3AyXa TPOBOAHT MAarHUTHBIH INOTOK,
«BTATHBas» B ceOs BHellHee MarHuTHoe moue. [Ipogenaem cienyio-
wui onbiT. Ha cranbHOM JaucT HackIIeM CTajbHBIX omuiaok. Mar-
HHT, PACIONOXKEHHBI MOJ JIMCTOM, He OKaXeT Ha HHX HHUKAKOro
BIUsIHMSA. 3HAUHT, MarHUTHBIA NOTOK 3aMKHyJcs depe3 cranab. Ha
MCIIOIb30BAHHU ITOI'0 CBOMCTBA OCHOBAHO 3KPAHHPOBaHHe (3alLHTa)
3J1eMEHTOB PAaAHOTEXHHUYECKHX YCTPOHCTB (KaTylleK HHIYKTUB-
HOCTH, TpPaHChOpPMaTopoB M ApP.) OT BJHAHHA - MAarHHTHOH MHH-
AYKUHH.
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[TocTosTHHBIe MArHHUTH

[TocTostHHBIE MATHUTHI noJiyyarTcs MyTeM Ha-
Monyuenne noctosHupix MATHHYHBAHHS CII€LHAJIbHBIX CIJ/1aBOB, tiau.l.e
MarHuToB BCero aJIHHKO (CI'IJIaB 4AJIIOMHHHSA, HHUKeJdA U
Kesne3a c¢ nobaBjeHHeM KobajibTa) WAH KO-
6anbTOBOH CTaJ. an 3TOM CO3JAaKT CHJbHOE MATrHHTHOE TII0Jie,
yTo6Bl CMECTHTH MOJIEKYJ/IIpHble MAarHUTHKH B KPHCTaJTJ'IH'-IECKOﬁ
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Puc. 62. [TocTosiHHbIE MAaTHHTHI:

a — MOAKOBOOGDa3Hbii MAarHUT HMeeT HeGONbILOH BO3AYIUHBIA 3a30p; 6 — CTepXHeBOH
MarHut umeer G60JbllOe BO3AYIIHOE MPOCTPAHCTBO MEXAy MOJHCAMHU

CTPYKType CIJIaBOB H CO31aTh CHJIBHBIE MATrHHTHBIE IOJIKOCHI. Korna
raMarHuuuBawuiee mnoJse yaaJsorT, MOJIEKYJIADHbIE MArHHTHKU OCTa-
IOTCA B (I)HKCHPOB&HHOM MoJroxKe-
HHH — MaTepHaJ/l CTaHOBHTCA IO-
CTOAHHBIM MArHUTOM.
[TocTosiHHBIE MArHUTHI coxpa-
HSIOT CBOM CBOHCTBA Heompene-
JIEHHO [0JIroe BpEMf, €CJIH HX He
[noaBepraTb HaArpeBy 10 BbICOKOH
TEMINEpaTyphbl, CHJIbHBIM yaapaM
U He BHOCHTb B CHJIbBHOE pas-
MarHH4uBalwllee IoJe. HpH Ha-
rpeBaHHH MaArHuTa MOHeKYJIHp-
. . Hasgs CTPYKTypa MOXeT Hapy-
o T-
Do B e e IUHTHCA H OH TIOTEPSET CBOM Mar-
a — 4yeTbipe IMOCTOSHHBIX CTEePXKHEBbIX Mar- HHTHBIE CBOHCTBA, KOTOpble He
HHUTA, 6—)133 TMOCTOSAHHBIX CTep>KHEBBIX BOCCTaHaBHHBalOTCﬂ nocJae OCTbI'
MarHuTa; 6 — MOAKOBOOGPa3HbIA MAarHUT CO
CTaJbHBIM CTepPXXHEM BMecTo Bo3aymHoro  BaHHS. B}{ﬁpauﬂﬁ " yhapbl OkKa-
sasopa 3bIBAIOT HEOOJBILIOE BJIHSHHE Ha
MarHHUTHbIE CBOKHCTBA aJHUHKO, HO 3TOT MeTaJana Xpyl'!KHﬁ H MOXKeT
JIETKO PaspyLIHTBCA.
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[Tpu XpaHeHHH MOCTOSTHHBIX MATHUTOB HX Hal0 pacrojaraThb TakK,
yToObl NMPEJOXPAaHHTb OT pa3MarHWYHWBaHHS.

Kak mokasaHo Ha puc. 62, BO31yuUIHOe NPOCTPAHCTBO MeXAy MO-
JI0OCaMH MarHHTa COCTaBJSIeT ero BO3AyIIHBIA 3a30p. UeM oH MeHb-
e, TeM CH/bHee B HeM MarHuTHoe noJje (A5 JaHHOTO MarHHTa).
ITonkoBOOGpa3HBIl MAarHUT MO CpPaBHEHHIO CO CTEPIKHEBLIM HMEET
6osee TycTble MarHUTHbie CUJIOBHIE JIHHHH B BO3AYyILIHOM 3a3ope. Ha
pHc. 63, a u 6 NOKa3aHO, KaK HYXKHO pacrnoJiaratb 4eThbipe U IBa IO-
CTOSIHHBIX MAarHuTa, YToObl NMPefOXpPaHWTh HX OT pa3MarHUYHBAHHUSA
BO Bpemsi xpaHeHuss. Ha puc. 63, 8 XxpaHeHHe NOCTOSIHHOTO NOJ-
KOBOOOpa3HOTO MarHuTa obecreyuBaeTcss MNPU MOMOLIH CTaJbHOTO
KycKa.

2. MarHuTHble eAHHHLbI

Insi cpaBHeHHst MeXAy cOGOM Pa3NMUHBIX MarHUTHBIX MOJed |
MarHUTHBIX MaTepHasoB U MX pacuera BBeJEHbl MarHUTHble eIMHH-
ubl, OHE NMPHMEHUMBI K MOJIIO HE3aBHCHMO OT TOrO, CO31aeTcs OHO
MOCTOSTHHBIM MAarHUTOM HJIM 3/J€KTPOMAarHHTOM.

BHewHsss yacTb MarHuTHoro noas (omnpene-
MarHuTHBI# NOTOK JsieMasi YHCJAOM MarHUTHBIX CHJIOBBIX JIMHHM),

HampaBJeHHbIX OT CeBepHOro MoJrca MarHH-
T4, Ha3bIBA€TCA MATHHTHBIM NMOTOKOM. MarHUTHBIH MOTOK UHCJIEHHO
BbIpa)kaeTcs o6LIMM KOJHYECTBOM MAarHHTHBIX CHJIOBBIX JIMHHH, MpPO-
XOAALMX yepe3 ofpeseleHHyI0 NJOWLAaAb, U 0003HaYaeTCss Tpedeckon
6ykBoii @. Enununeit motoka B MeTpHUYeCKOH cHCTeMe €JHHHIl «CaH-
tumerp—rpamm—cekyHaa» (CI'C uaun CGS) cayXut Makcseaa (mo
MMeHM aHrauiickoro yyeHoro MakcBenna). CokpalleHHo 0603Ha-
qyaercst MKC.

Ha puc. 64 uso6GpaxeH NOTOK, paBHBI 6 MaKcBeasaM, Tak Kak
HMEeTCs IECTb CHJOBBIX JIHHUU, HAYILUX K MOJMIOCY UJH OT HEro.
KonuyecTBeHHO MAarHuTHash HHAYKUHSA, HIH
EauHulia MarHuTHOM - [JIOTHOCTb MATHUTHOTO NOTOKA, MpeACTaBJsET
MHAYKUHH Cco60M YHC/JA0O MATHUTHBIX CHJIOBBIK JIMHHMU, WJIH
MakKcBeJJ, Ha eJMHUIY IIOLIaAH, pacnoJjo-
JKeHHON MNepNeHJHKYJNsPHO K HampaBJeHHIO MOTOKa:

(0]
B=-¢,

rIe MarHMTHAas HHAYKUMs OGo3Hauaercs 6yksoi B, miowans —S.

JIuHeliHol eauHuLel! CTOPOHBI KBAaapaTa B METPHUECKON CHCTeMe
EIHHHL CAYXKUT caHTuMerp. OngHa MarHuTHas CHJI0Bast JIHHUSA
(mMakcBes1) Ha 1 k8. cm Ha3blBaeTcs rayccoM — COKpallleHHo e¢ (10
HMeHM HeMelKoro yyeHoro 'aycca). DTo W ecTb eIMHHLA MarHHTHOU
HWHIYKIHH.

Ha puc. 64 B naockoctn I B=2 ec, nocKoNbKY Ha 1 k8. cm TpH-
xoaurcs ABe JHHHH. [110THOCTD MOTOKA y MoJilocoB Gosblie.
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Mpumep 40. [Totok B 10000 mkc NMpPOHH3BLIBAeT MepneHAHKYAAPHYIO MJOLIaAb
5 cm2 KaxkoBa MarHuTHas MH/AYKUHSI B rayccax?

Pewenne.
I
B =2 o 10000 dre _ o400 2K _ 9000 .
N 5 cm?
Crnoco6HocTb martepuassa KOHLUEHTPHUPOBATH
MarunurtHas MarHuTHOe 1oJie (MarHHTHble CHJIO-BbIe‘JlI/IHHH)
NpOHULIAEMOCTD Ha3blBaeTCsi MarHUTHO#H NMPOHHUAEMOCTbIO.

MarHuTHass TPOHHIAEMOCTb . CPeibl Xapak-
TepH3yeT CNOCOGHOCTh Pa3/HUHBIX TeJ OPUEHTHPOBATH 3/MEKTPOHHBIE
OpOUTHI ATOMOB IOJ AeHCTBHEM BHEIUHEro MarHHTHoro moJas. Yem
GoJsbllle MarHUTHasi NPOHHLAEMOCTb Teja, TeM CHJIbHEe OHO HaMmar-

- — HUYHBaeETCH.
- - . \\ ~< BenuuuHbl MarHUTHOH NpOHULae-
M //,____‘_____\\ \’ MOCTH [Js pPAasJHYHBIX MaTepHaJioB
- OnpefensiloTes M0 CPaBHEHHIO ¢ BO3Y-

XoM Hau BakKyymoMm. Tak Kak Ha B03-
AYX, BaKyyM WJH J1060e HeMarHuTHoe
BEILECTBO MArHUTHOE IO0Jie HHKAKOro
BJHSIHHSL He OKa3blBaeT, MarHUTHas
NPOHHLAEMOCTb X PaBHa eJHHHIIE.
Puc. 64. O6wuit MarHuTHbI T10- MarnutHas mnpoHuiiaemoctb 060-
TOK W3 lecTH JIMHMA paBeH  3Hayaercsi rpeyeckoii OykBo#d p. Tu-
6 a;"‘gHm'?Ku“H"‘:cs‘::;: 21 2 (2nu. [HUHBIE BEMMUHHE puis cTann 100—
unn Ha 1 ca?) 5000, a ana mepmaniosi (cniaBa HH-
KeJs M CTaJjiH), H3TOTOBJIEHHOTO Clie-
UHaIbHO AMA MOJYYEHHS BBICOKOH MAarHUTHOH NPOHUILAEMOCTH, —
3HauHTeNbHO GoJblIe,

Mpumep 41. [TnoTHOCTs MOTOKA B Katylike 6e3 cepAeunuka 100 ec, co cramb-
HbiM cepaeyHHKoM 50000 ec. KakoBa MarHuTHas NpPOHHILAEMOCTD cepneqﬂﬂxa?
Pemennue.
50000 2¢
~ 100 2c = 500.
Marnutnas NPOHULAEMOCTDb HE HMeET Pa3MepPHOCTH, TaK KaK 3TO
OTHOLLEHHe MJIOTHOCTEeH ABYX 'MOTOKOB.
HanpsikenHocTb MardHuTHOro moas o6o03Ha-
Ennsuua manpsxensoctn YaeTcsi OYKBOH H. I/IsMepﬂeTCR OHa B 3pcTeaax
MariHTHOTO noas (mo umeHn natckoro ¢usuka pcrefa, oT-
KpbIBILEro 3JeKTpoMarderusm). Apcren (3) —
3TO HANPsXKEHHOCTb TAKOr0 MAarHHTHOTO MOJsl, KOTOpoe ueﬁCTByeT
Ha €QHHHIy MarHHTHOH Macchl B JaHHOH TOYKe MOJNSA C CHJIOH B
oany auny (1/981 e).
[Ipn HanpsKeHHOCTH NMoOJs, PABHOH OLHOMY 3pcTedy, Ha 1 cm?
IIDHXOJMTCH OJHA CHJIOBas JIMHHS.
Takum oGpasoM, Ha KaXablit KBaJApaTHBIH CAHTHMETP MOMepey-
HOro CeuyeHHs MOJIsT NMPHUXOAUTCS CTOJBKO CHJIOBBIX JIMHHH, CKOJIBKO
3pcTel HMeeT B JAHHOM MeCTe Hanpsi)KeHHOCTb MATHHTHOTO NOJIS.

104



Ecin 3To ycn0BHe BLINOJIHAETCS, TO HANPSXKEHHOCTb MarHHTHOTO
10JI1 MOXKHO ONpeAensTh MO YHCJAY MATHUTHBIX CHJIOBBIX JIHHUE, MPO-
XOAALIMX 4Yepe3 OAUH KBaJPaTHbI CAHTUMETD MJIOLLANH, TIeprneHId-
KYJSIDHOH CHJIOBBIM JIHHHSIM.

IlvHa ecTb MCXOJHAfl €IMHHLA MeXaHWUYEeCKOH CHJbI B METpHUe-
ckoil cucreMe enuHuu. Cuna TposAB/sieTcs B MPUTSXKEHUH HJIH OT-
TaJKUBAaHHM E€IHHHIBI Macchl CeBEpHOro moJgioca. Ecau HampsiKeH-
HOCTb MOJIsf1 IPUTATHBAET HJIH OTTaJKHBaeT ¢ cuioil 400 IHH eIUHH-
1y Macchl ceBepHoro nojioca, To H=400 5. HanpsixeHHocTb noJs
H3MeHsieTcsi 0OpaTHO TNPOMOPLHOHANBHO KBaJgpaTy pacCTOSHUS OT
noutocoB. Ecaiu H=400 3 na paccrosiiud 1 ¢cM OT OXHOro M3 MOJIO-
COB MarHuTa, TO MpPH PACCTOSIHUM 2 cM HaNpsKEHHOCTb HoJsA OyleT
paBHa ONHOM ueTBepTOi YacTH, uau 100 a.

Korma MarHutTHoe moJie CO3faeTcss KaTyLIKOH,
AMnep-BHTKH o0 KOTOpO# NpOTeKaeT TOK, TO OHO TeM CHJlb-

Hee, ueM 6oJblie TOK U 6Gosblie BUTKOB. [lo-
3TOMY Hanpsi)KeHHOCTb 110/l JEKTPOMAarHuTa MOXHO H3MepATb B
aMrep-BUTKax (a-8), KOTOpble BbIpAXKaloT IPOU3BeJleHHe TOKa B
aMmmepax Ha YMCJ/J0 BHTKOB KaTyIUKH:

ammnep - BUTKU = w/.

Katywka B 5 BYTKOB, 10 KOTOPOH NpOTEKaeT TOK 2 a, CO3AaeT
TO e CaMOe MarHUTHOe MoJie, 4TO M KaTylWlKa, KoTopas HMeeT
10 BuUTKOB IpH TOKe | @, MOCKOJbKY UYHCJIO aMnep BUTKOB paBHO 10
B TOM H ADYrom cCJaydae.

Mpumep 42. Ckonbko ammnep-BUTKOB B KaTymke ¢ 2000 BHTKaMH, MO KOTO-

poit mporekaeT TOK 5 ma?
PemeHue.

wl = 2000-0,005 a = 10 a-s.

Mpumep 43. IlpoBon B KaTyulKe HMeeT conpoTuBiaeHHe 3 os. Korma ka-
Tyllika NOAKJloYeHa K GaTapee 6 6, To B Heit nporekaer ToK 2 a. CKOJNBKO HyX-
HO MMeTb BHTKOB, 4TOGbl mosayuuTb 500 a-8?

PeweHnue.

wl = 500 a-8;
w = M = 250 BHTKOB.
2a

HJIH KaTYUWKH COOTHOUIECHHE MEXAYy aMIiep- BHTKaMH H 3pcTenaMu
BbIpaxKaeTcsi ciaefymoleil Gopmy.oii:
1,26/
H = NJIHHA (CM) % (25)
rae wl — aMIep-BHTKH;
1,26 — MOCTOSIHHBIA MHOXHTEJIb.
Mpumep 44. Karywka Ge3 cepreunuka paunolt 100 cm umeer 1000 a-a,

Onpenesiuth HanpsKeHHOCTb MarsutHoro noas H.
Pemenue Ilo ¢opmyne (25)
1,26w/ 1,26-1000 *

H=— 0 =100 =126 5.
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Katyuka 6e3 cepoeyHHKa, paccMOTpeHHasi B npuMepe 44, umeer
Hanpsi>KeHHOCTh MarHUTHOTO 1noJis 12,6 3 Mo LeHTPYy KaTyUIKH.
Korna karymka uMmeer cTa/bHOl cepAeuHHK, 1,26 wl penurcs Ha
IOJUHY cepleyHuka. B 3ToM cJjyyae HanpsKeHHOCTb noJas Oyder
OJlHa M Ta Xe B JI000A TOUKe CTA/JbHOrO Cep/euHHKa.
Mpumep 45. KakoBa HampsiXK€HHOCTb MAarHHTHOrO MOJs B CTa/bHOM cepjed-
unke amuHo#t 10 cu npu 100 a-8 B KaTymike?
Pewenune. Ilo dopmyne (25)
1,26w/ 126
H= =

Tenw 10 126 ».

O6paTuTe BHHMaHHe, UTO OfHA U Ta XKe HANpPSKEHHOCTb MATHUT-
Horo mojsi 12,6 5 co3maercss KaTylwikod 6e3 cepleyHHKA AJHHOM
100 cm, umerowiesr 1000 a-8, U KaTyIIKOH CO CTaJbHBIM CepIEUYHHKOM,
JJuMHa Kotoporo Bcero 10 ¢, npu Hanuuuya 100 a-s.

MarHuTHas MHOYKUHS H HanpsiKeHHOCTb Mar-
HHUTHOTO MO0JI51 CBSI3aHbl MeXAY coboi cienyio-
LIUM PaBEHCTBOM:

B =pH, (26)

rie B — marHuTHas MHIYKUHA B rayccax;
H— HaNnpsa2KeHHOCTb MArHUTHOro IOJISI B 3pcTenax,
B MarHuTHasg IHNPOHULAEMOCTb Cpedbl — YHUCJO OTBJEUYEeHHOe,
IMIOKa3biBawlllee OTHOLIEHUE MAarHHUTHOH NMPpOHULIAEMOCTH
JlaHHOH Ccpellbl K MarHWTHOH MPOHHLAEMOCTH BaKyyma.
Takum o6pa30M, €CJIH H3BECTHA HANPAXKEHHOCTb MAarHUTHOIO
noJas H, TO AJid onpenesieHusa BeJTHUYHHDI MAarHUTHoOH HHAYKUHH B ne-
O6X01lHMO 3HaTb OTHOCHTE/IbHYI0 MATrHHTHYIO NPOHHUAEMOCTb cpe-
Abl p.

CooTHol:eHHe
mexay B n H

B Hayase rsiaBbl YKa3blBaJoCh, YTO H3 HEKO-
Hamaruununsanue Ten TOPBIX MaTepHaJ/JOB MO2KHO IOJYYHTH:HCKYyC-
CTBEHHble NMOCTOSIHHBle MarHuTel. Hamaruuuu-
BaHHIO Jyyllle Bcero NMOAJAIOTCA TaK Ha3biBaeMble (peppOMarHUTHbIE
MaTepHaJ/bl (Fpeueckoe C/JI0BO «(peppyM» O3HAUaeT Kesne30; BepBhle
MarHHWTHble CBOHCTBa Obliu OOHapy:Kewbl y Kenesa). K Hum oTHo-
cAATC CTajb, YYTyH, HUKeJb, KOOAJAbT W JApyrue MarepHaJbl, KOTO-
pble NPOBOAST MATHUTHBIA MOTOK 3HAYHTE/IBHO Jy4lle, YeM BO3LYX.
[lepeiinem Tenepp K OODBACHEHHIO fIBJIEHHSl HaMarHHYHUBaHUSA
¢eppoMarHuTHeIX MaTepuaJsos. Jlo HaMarHHUUBaHUs TeJO He NPOsB-
JisileT MAarHWTHbIX CBOHCTB, TaK KaK 3JeMeHTapHble MarHUTHKH pac-
noJioKeHbl 6eCnopsiloYHO M HMX TMO0Js B3aUMHO KOMIEHCHPYIOTCS
(puc. 65, a). OgHako cTéUT TONBKO CO34aTb BHelIHee MarHUTHOe
noJie, KaK 3JeMeHTapHble MAarHUTHKH HayHYyT NMOBOpPayHBaTbCsl, OPH-
EHTHUPYSiCb B OJHQM HamnpasJjieHHH (puc. 65,6), U KycoK cTaju INpH-
o6GpeTeT CBOHCTBA MarHUTa C SBHO BbIPAXKEHHBIMH MOJIIOCAMH.
Cuoenyroluuit MpoCTON OMNBIT LaeT BO3MOXKHOCTb HATJISLHO YSICHUTD
CYILLHOCTh HaMarHHUMBAaHUS M pasMarHuyusaHua Tea1. Bospmem
CTeKJIAHHYIO POGHPKY H HACHIIEM B Hee CTa/bHbIX OMHJIOK. Bynem
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CUMTaTh, UYTO NMPOOHMPKA ¢ ONMUJIKAMHU MpeAcTaB/seT co0oif MarHur-
HOe TeJo, a ONUJKH — 3JeMeHTapHble MarHUTHKU. [Tocne Hamarau-
yUBaHUsI ONMUJIOK NpobupKa Npuobperaer cBoiicTBa MarHura. EciH
HOMHECTH ee K MarHHTHOM CTpeJsiKe, TO CTpesKka OTKAOHHTcsA. Ilocra-
TOYHO BCTPSIXHYTb NpPOOHPKY HECKOJIbKO pa3, KakK oOHa IoTepsieT
CBOMCTBA MarHuTa, OTOMY YTO 3JeMeHTapHble MAarHUTHKH (ONHJIKH)
pacnosioxkarcsi 6ecnopsiiouHo.

Y (eppomMarHuTHBIX MaTepHasoB MOA JAeHCTBHEM BHELIHEro Mar-
HHMTHOTO IOJISi 3JIEKTPOHBI ABHKYTCS BOKPYI aTOMOB Tak, YTO CO3/a-
BaeMoe HMH ITloJe BHYTpPU OpOHUTHl COBNAjaeT MO HaNpaBjIeHHIO C
BHELIHHM MoJjieM. Y HEMAarHHTHbIX Tea 3Toro He mnpoucxoaut. [lo-

Mg -0 0 &
g & 0P 0 0 -9 -9 -0 0
o g% 0000000000
5 By 2. S || o0 T 0049

SR” 9X
a o 6
Puc. 65. Pacrostoxenne 3JeMCHTAPHLIX MAUHHNTHKOB B MarHHTHOM

noJjie:
a — 10 HaMarHHYHBaHHA: 6 — Nocje HaMarHHUHBaHHA

3TOMy ()epPOMAarHUTHbIE MaTepHaJbl, MOMelLleHHble B MarHUTHOE MOo-
Jie, YCHJIMBAIOT €ro 3a cueT NoJiefl OPHEHTHPOBAHHbLIX 3JIEKTPOHOB.

Ecau npekpaTHTb HaMarHMuMBaHHe KycKa CTajli, TO OH YaCTHYHO
NOTEPSET CBOM MATHHTHBIE CBOHCTBA, a YacTHYHO coxpaHUT. Cnoco6-
HOCTb TeJl COXPaHATb MarHHTHble CBOHCTBA MocJe NpeKpalleHus Ha-
MarHHYMBaHHUS Ha3blBAaeTCS OCTATOYHLIM MArHeTH3MOM. Y OHUX Ma-
TepuasoB (MArkasi OTOXKJKeHHast CTaJb) OCTATOYHBI MarHe-
TH3M OYeHb MaJ, y ApYrux (Msirkasi JuTas CTajb) — HECKOJbKO
6oJblie. '

CyuiecTBoBaHHe OCTAaTOYHOTO MarHeTH3ma OOGBSICHsETCS HaJu-
YHeM Yy MaTepHaJioB TaK Ha3blBaeMoH 3ajepxKuBalouleii cuabl. Bob-
IO 3aJepKHUBaoLLel CHUIol obsajaer TBepiaas Jjutas ¢rajnb. Ha-
MarHy4yeHHbII KYCOK €ee [0Jro COXpaHseT MarHHTHble CBOICTBa,
OCTaBasich NOCTOSIHHBIM MarHUTOM.

ITpu ncnonb3oBaHuu GepPOMArHHTHBIX MAaTEPHAJNOB HAa NMpPaKTHKE
OYeHb BaXKHO 3HaTb, KAKOBA Y HHX 3aBHCHMOCTb MArHUTHON HHIYK-
uud B ot HanpsKeHHOCTH HaMarHHYMBawollero moJs f.

[TomecTum uccjefyeMblit KycOK MaTepHaja (CepleyHHK) BHYTPb
KaTylwky u OyldeM H3MEHSITb HaNpsXKeHHOCTb MarHutHoro noas H,
pery/upys BeJHUYHHY NPOXOASALLEro Mo KaTylke Toka. Torga 6ymer
M3MeHATbCA M MArHUTHas WHAYKLUMS CepaAeYHHKaA.

[TposeneM fABe B3dUMHO NepHeHAMKYJ/DHble NpsSMble — OCH KO-
OpPAMHAT: TOPH30HTa/bHyI0 (ocb abcuMcC) H BepTHKaJbHylO (OChb
opauHat). BrmpaBo or Hauaila KoopAMHAT (OT TOYKH MepeceyeHHs
oceit) 6yleM OTKIalbiBaTb HaMNPSXKEHHOCTb MAarHUTHOTO MoJs, a
BBEPX — COOTBETCTBYIOLMEe 3HAUEHHS MarHuTHOM MHAyKuuu. Coenu-
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HUM TOJIYYEHHBIH psiI TOYeK MJaBHOH KPHUBOH, KOTopas HasbiBaercs
KpHBOii HaMarHuyuBauusa. Ha puc. 66 takux kpusbix Tpu. OHH IlO-
Ka3blBalOT, YTO NpH YBeIHYEHHH HaNpSKEHHOCTH HaMarHMYHBaIo-
Hiero MoJisi MarHUTHasi HHAYKLUHsA BHauaje BO3pacraer ObICTpO, 3a-
TeM MelJieHHee W HAaKOHeI MOcje HEKOTOPOro 3HaueHus f mouTH

; nepecraer BO3pacTaTb — HacTy-
B Mszkas cmanp  [1aeT MarHHTHOE HacChIlLEHHE.

OHo oObsicHAGTCA TeM, UTO Bce
3/leMeHTapHble MAarHUTHKH OKasbl-
BalOTCSl OPMEHTHDOBAHHBLIMH B Ha-
npaB/jieHHH JAeHCTBHA HaMarHU4Hu-
Bawulero mnoJs. HesHauutenanbHoe

CmansHoe numne
YyeyH cepsiu

0 . h yBEJIHUEHHe  MAarHUTHOH  HHAYK-
Puc. 66. Kpusole Hamarduunpa- LUK TO0CJe HACbILEeHUSA MPOUCXOAHUT
HuS TOJIBKO 3a CYeT T[OBbIIIEHHs Ha-
NPsIXKEHHOCTH HAMarHWYUBAIOLIETO

noJisi.

Maruuritan [IPOHHLLAEMOCTb MaTepuaJoB A0 HACbILLEHHST MaKCH-
MaJibHa, a 3aTeMm 6blCTpO yMeHbllaeTcs.

3. MarHuTHLI# THCTGPE3HC

SiBJleHHe MarHMUTHOTO THCTEPE3HCa 3aK/I0YaeT-
MaruuTthbiii ructepesuc €1 B TOM, UTO NMPH U3MEHEHHH HAMPAXKEHHOCTH
HaMmaruuyusawowero noass H npoucxoautr or-

€TaBaHue B M3MEHEHMWH MArHUTHOH WHAYKUMH B (CI0BO «THCTEpe-
3HMC» O3Hayaer «3anasjibiBaHue»). ['ncTepesnc Habaomaercsa Bo Bcex
MarHUTHbIX MaTepHanax. ITO oOBACHAETCSl TeM, UTO MOJIEKYJsipHbIe
MAarHuTHKH HeJOCTaTOYHO 3JaCTHYHbI: OMHAaXIbl OPHEHTHPOBAHHbIE
BHELIHHM MarHuUTHbIM [OJIEM, OHHM "He BO3BpAILAIOTCSA B NepBOHA-
yajbHOoe TOJIOXKEeHHe MOc/e ylajeHHss MarHUTHOTO MOJSl.

ITpocnenum 3a M3MeHeHHeM MArHHTHOM MHAYKUHH NMpH HaMarHu-
YHBAHHU CTAJLHOTO cTepKHs. [IoMecTHM crepKeHb BHYTPb KaTYLIKH
H HayHeM ero HaMarHuyuBaTh, MNpPONYyCKas Yepe3 KaTyIIKy TOK.
C yBeJMYeHHEM TOKa MarHUTHasi HHIYKHHUS cepleuyHHKa Gyaer BO3-
pacrath (KpuBasi oa Ha puc. 67), U NPH HEKOTOPOM 3HAUYEHUH TOKA
+yaxe (MpH ONpeleseHHON BeJWUYHHE HaNpsKEHHOCTH HaMarHW4H-
BAIOLIEro MoJisi) HACTYNHT MArHWTHOE HachllleHHe (TOYKa a).

Haunem Tenepb yMeHbIaThb TOK A0 HyJasi. MarHuTHas MHAYKUUS
Toxe Oyner M3MEHSTbCS, HO He MO KPHUBOH a0, a MO COBepILIEHHO
npyro#i KpuBoii — a6. Ilpu ToKe, paBHOM HYJI0 (HanpsXKeHHOCTb
MOJIsi TaKXke PaBHA HYMIO), MarHMTHas MHAYKUHA COXPAHHUT HEKOTO-
poe 3HaueHue 06 (OCTAaTOUHBIH MarHeTH3M), T. €. NPOHM30HAET 3a-
na3ibiBaHHe B H3MEHEHHH MAarHUTHOH MHAYKLHH IO CPABHEHHIO C H3-
MeHeHHeM HamnpsXKEeHHOCTH HaMarHH4YHMBalOILero MoJs.

WameHum HanpaBjieHHe TOKa B KaTyllKe. Torxa MarHUTHAs HH-
AYKUHs, yMEHbIUAsich, CTAHET PABHOH HYJIO NPH 3HAaYeHHH TOKa —I,
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(MUHYC O3Hayaer, YTO TOK NMPOXOAUT B APYroM HanpasneHnuu). [Ipu
3HaYeHHH TOKa —Iygx ONATH HACTYNUT MAarHMTHOE HacChillleHHe, HO
NOJIOCH y CepleuHHKa HM3MeHATcs. B c/iyyae H3MeHeHHsI TOKAa OT
A Tyare 10 —Iyaxec ¥ ONATb A0 + [yake MOJNYUYHTCS KPHUBAsh H3MEHEHHUs
MarHMTHOM HMHAYKIHH, H306paKeHHasi XKHpHOH sauHHed. OHa nosy-
YyuJIa Ha3BaHHe NMETJIH THCTepe3uca.

MouiHocTs 3/JIGKTPHYECKOrO TOKa, NPOXOASILEro MO KaTyllKe,
pacxonyercs Ha MNepeMardHyuHBaHHe CTaJbHOTO CepJAeYHHKa. ITa
MOILHOCTb NpeBpallaeTcss B TeilJO, TaK KaK NMPH NMepeMarHHYHBaHHH
BO3HHKAaeT TpeHHe 3JEeMEeHTAapHBIX MarHUTHKoB. Kosauuectso Ttemaa,
BbIAEJSAEMOr0 MPH MepeMarHHYHBAHWH, MPAMO MNPONOPLHOHANBHO
naoulaau INeTau rucrepesuca. Uem wnpe
netssi, TeM OoJblie BblAeAsieTcs Temjaa.

[Tpn HeGosbluoOll CKOPOCTH H3MEHEHHS
MarHHTHOTO [OTOKa fBJEeHHE THcTepe3uca
ckasbiBaeTcst MaJo. IIpumepoM moxer cay-
JKHTb BKJ/IOYEHHE M BBHIK/JIOUEHHE 3JeKTpo-
Mariura, pa6oTalolero Ha MOCTOSHHOM
TOKe, WJH HM3MeHeHHe MAarHHTHOro MOTOKa
NnepeMeHHOr0 TOKa, KOTOPbIH MeEHseT cBoe
HanpasseHne 50 pa3 B CeKyHAy HJIH
pexe. Puc. 67. Tlerns rucrepe-

UeM GbICTpEe H3MEHAETCA MarHWTHOE MNo- anga
Je, TeM cujibHee 3ddekr rucrepesuca. Ko-
ria H u3MeHsieTcsl THICAYH MJIM MHJJHOHBI pa3 B CEKYHAY, MOTepH
MOLHOCTH Ha THCTepe3uc 3HauyuTesJbHO BO3pacTaloT. .

UTo6bl pa3MarHHTHTb MarHHT, HEOGXOAUMO CBECTH K HYJIIO OCTa-
TouHy0 HHAYKuuio. ITpouie Bcero ato cpesaTh mpu MOMOIIK nepe-
MeHHOro TNoJsi, NOCTeNleHHO YAaJsis CTajJbHOH CepHeYHHK H3 HEro
(unu ynanenueM moss OT cepleynuka). Iletnss rucrepesuca npu
5TOM GydeT CTAaHOBHTbCSl BCe MEHbIe W MeHbIIe W B KOHIle KOHIIOB
npu cnaGom MoJie MeTasi NMPAaKTHYECKH HCYe3HeT, T. €.  OCTaToyHas
MHIYKIHs CTaHeT paBHa Hymio. [yis pasamarHuunBaHusi_ OGBIYHO HC-
nosnb3yercss NMepeMeHHbI TOK. Eciu NPHMEHHTb NOCTOSIHHBIN TOK C
H3MeHeHHeM ero HalpabJieHHs, TO MaTepuHaj MepeMarHHYUBaeTcs C
NPOTHBOMNOJIOKHOMN MOJASPHOCTBIO.

B Hacrosiiee BpeMs NMoJy4Yuna pa3BuTHe Tpyil-
depputhi Ha KepaMHYecKHX MaTepHasoB, 06jafaloliux

MarHUTHBIMH CBOMCTBaMH Keje3a. DTH Mare-
pHaJsbl Has3blBalOTCs (eppHTaAMH.

OO6blyHO HX M3rOTABJIMBAIOT H3 pa3Me/bYeHHBIX B IOPOLIOK
OKHce#l MeTasJloB, KOTOpble 3aTeM IIpeccyloT B TpebGyemyio
Gbopmy.

XapakrepHag 0coGeHHOCTb (epPHTOB — BbICOKAasi MarHMTHas
NPOHULAEMOCTb. ¥ HHKeNb-LUHHKOBOTO deppuTa oHa mocturaer 6000.
Hmetorcss depputhl U ¢ 6GoJsee BbICOKOH MAarHHTHOM NMPOHHIIaeMo-
ctbio. K npenmyuiectBaM (G eppUTOB OTHOCHTCS H HX BBICOKOE CONpO-

109



THBJ/IEHHE, KOTOpOe MOXKeT ObITh B MHJIJIHOH pas Goablile CONpPOTHB-
JIEHHs METaNJOoB BC/HEACTBUE HU30JASAIUM KDYIMHHOK KeJe3a.
(DeppI/ITOBbIe CepACYHHUKH LIHNPOKO HCIOJb3YIOTCA B KaTyUKax
WHAYKTUBHOCTH, NpedHa3HaYeHHBIX /i pa6OTbI B LENdaX BBICOKHX
4acCToT. HOTepH MOLIHOCTH B 3THUX CepACYHHKaX HeOoJibllive, TaK
KakK HMX cONIpOTHBJIEHHE OY€Hb BEJIHKO. ’

4, IneKrpomarHeTusm

CBf3b MeXJy MarHeTH3MOM H 3JeKTpHuYecTBOM G6blla OTKPBITA
B 1824 r. dpcTenom, KoTOpblii OGHAPYXKUJI, UTO TOK B NPOBOJAE 3a-
CTaBJseT JBUTaThCs CTPEKY paclosoKeHHOro psiAoM Kommaca. He-
CKOJIBKO JIET CNYCTS GblJI0 0OHAPYXKEeHOo, YTO H3MEeHsoIleecs: MarHuT-
HOE T0Jle BbI3bIBAEeT [BHXKEHHE 3JeKTPOHOB — 3JIEKTPHUECKHH TOK.
7o B CBOIO OYepe/ib NMPHBOAUT K MOSIBJAEHHIO MAarHUTHONO MoJs, KO-
TOpOe, HU3MEHssACh, OMSITh CO3MaeT TOK. DTH 3JeKTPOMaTHHUTHbIe fiB-
JIEHHsl JIETVIH B OCHOBY NpPaKTH4YeCKOH 3JE€KTPOTEXHHKH.

MarHuTHOe NoJe BOKDPYr MPOBOJAHHUKA C TOKOM

Eciu nponycTuTh 3/1€KTPHYECKHH TOK MO MPOBOJAHHKY, TO B Mep-
MNEHAUKYJSIPHO/ €My NJOCKOCTH BO3HMKHET KPYroBoe MarHuTHoe
nose. [leiicTBHe ero Jerko o6-
HapyxuTb. Pacmnosoxum Bo-
Kpyr NpPOBOIHHKA HECKOJBKO
MarHUTHBIX CTpEJIOK (pHc. 68).
Korga B mnpoBogHHKe TOKa
HeT, BCe CTPeJKH HalpasJieHbl
Ha ceBep. BkimouuM TOK —H
o6pasoBaBlieecss MarHUTHoe
noJie, eI OHO CHJIbHee MoJis
3eMJIH, TIOBEDPHET BCE CTPEJIKH
no OKpyxHocTH. FI3MeHUM Ha-
NpaBJeHHe TOKa, MOMEHSIEM

p— ME€CTaMH KOHIbI nponon}mka
Puc. 68. MaruutHoe none Bokpyr mpoBox- Ha 3aXHMax HCTOYHHKA — H
HHKa C TOKOM MarHuTHbl€ CTPEJKH IIOBEp-

HyTcs Ha 180°.

Takum o6pa3om, HanpaBleHHe MAarHUTHBIX CHJIOBBIX JMHHI (Ha-
npaBJleHHe NoJisi) BOKPYT NMPOBOAHHKA C TOKOM 3aBHCHT OT Halpas-
JIEHHs] TOKa B MPOBOJHHKe.

MarnuTHOe ToJe, 06pa30BaHHOE TOKOM, NPUTATHBAET CTaJbHbIE
ONMHUMKH K NPOBOAHHUKY (puc. 69).

HanpaBienne MarHMTHBIX CHJIOBBIX JHHHIH BO-
Hanpasaenne noas KPyr NPOBOAHHKA C TOKOM OIpeJe/sieTcs Mo

npasuay GypaBunka: ecjqd GypaBYHK BBUHYH-
BaTh M0 HANPABJEHHUIO TOKA, TO PYKOATKAa ero OyaeT BpalllaThes MO
HanpaB/IeHHI0O MAarHHTHBIX CHUJIOBBIX JiHHUI (puc. 70).
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YcnoBuauch 0603HayaTh TOK, MAYLIHHA OT HAac (ecqH CMOTPETb
Ha MomepeyHoe CeyeHHe MPOBOJAHHKA), 3HAKOM «+>» (XBOCT CTpei-
KH), a8 TOK, UIyIIUH K HaM, 3HAKOM «+» (OCTpHE CTPEeJKH),

Puc. 69. CrajbHble ONUAKHM NPHUTATHBAIOTCH MACHHUTHBIM MOJeM MpPOBOA-
HHKa C TOKOM

Korga MarHuTHble CHJIOBbIe JIMHHM [1BYX TMoJeil AefCTBYIOT B
OHOM HamNpaBJeHHH, MOJA CKJIaJbiBalOTCs, co34aBas Gojee CHAbHOE
nose. M1 Hao6opor, Korja MarHUT-
Hble CHJIOBble JIMHHH [ABYX TOJeH
JEHCTBYIOT B NPOTHBOIMOJNOXKHBIX
HalpaBJeHHsiX, MOJs BBIYHTAIOTCH,
B pe3yJabrate [oJyyaercs G6oJee
cnaboe moJe.

CeepHeM Temepp NPOBOJAHHK B
BHJle BUTKA M MPONYCTHUM MO HEMY
ToK. Bocnosip3oBaBlivch NpaBuaoM
OypaBuHKa /s Pas3IMYHBIX dacTelt
BHTKAa, YCTAHOBHM, 4YTO CHJIOBbIE
JHHHH 006pa3oBaBLUErocsi MarHHT-
HOTO I10JI1 C OJHON CTOPOHBI BXO-

U U IAT B INIOCKOCTb BUTKA, a C APY-

. - roil — BHIXOAAT M3 Hee (puc. 71).

7 SN [Mone BHyTPU BUTKa GoJjiee rycToe,

l\@ ) \\G') ) yeM CHapyxH, INOTOMy UYTO JIH-

~_7 To\-é;m‘ HHH CHJIbHee KOHLEHTPUPYIOTCA B
N U

TIZ'KHL:‘IZ.BM or ude HeGoablUIOM TpocTpaHcTe. Kpome

Prc. 70 0 ‘TOro, BHYTPH BHTKa BCE OHH Ha-

uc. 7¢. OnpejelieEHe HaNPaBJeHUs

Mal‘HHT‘Hle CHJIOBbIX JIHHHH NO npa- Hpa%ﬂeﬂbl B OHHy CTOpOHy‘ 3T0
BuIy Gypanunka npHOMMIKAeT [OJe BHTKAa MO0 €ero
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NEeHCTBHIO K MMOJIO CTEpPXHEBOro MarHuTa ¢ IPOTHBOMONIOXKHBIMU I10-
JIIOCaMH Ha NPOTUBOIOJOXKHBIX NTOBEPXHOCTSAX BHTKA.

Ecnn HamoraTh B BHM/Je CNHpanu WJIH KaTyll-
ConteHOUb KH Pfi1 BHTKOB W NPONYCTHTb MO HHUM TOK, TO

MariHiTHble MOJs Kax<[A0ro H3 HHUX 06pasyloT
olHo o6ulee nose (puc. 72). MarHuTHble CH/IOBHIE JIMHHH MEXIY
COCEIHHMH BHTKaMH O6yAyT HampaBsJeHbl B NPOTHBONOJNOXKHBIE CTO-
pOHBL. I'IoaTomy 4acTb CHJIO-
BBIX JIHHUI (a2 MMEHHO Te, KO-
TOpble He «[IOMelL[al0TCA» MeX-
Ny BUTKAMH) 3aMKHeETCSl BO-

—5 Kpyr Kartywku. Takas Kartyll-
— = ' Ka Ha3blBaeTcsi COJIEHOHIOM.
L HOnvHa WieasbHOrO COJIEHOH-
//7// Ia HaMHOro 6O0Jbllie ero JHa-
/ Merpa.
+C

MarnuTHOe noJsie coseHou-
[la HallOMUHAEeT NoJjie MpsiMOTo
marHuta. CoseHoul, Tak Xe
Kak M MarHuT, HMeeT ceBep-

N HBIH ¥ 102KHBIH noJ10chl. B aToM
Puc. 71. Maruntuble nosiockl BHTKa nerko yGeauTbcA, eclH Co-
¢ TOKOM JIEHOM CBOGOAHO MOABECHTD
U TpONYCTHTb 4Yepe3 Hero
TOK: KaTyllKa OJHMUM KOHLOM
NOBepHEeTCsl Ha ceBep, a ApY-
IIM — Ha IOT.

CeBepHBINl M IOXKHBI IO-
Jlocbl cojleHouAa (UHaye ro-
BOps, HamnpaBJ/jeHUe CHJIOBBIX
JHHHUH)  olpefensioTcs MO
npasuay npaBod Pyku (puc.
73): ecau mpaByl0O pyKy Ha-

Puc. 72. MaruutHoe noJe KaTyIIKH JIOZKHTb JIAAOHbKXO Ha coJie-

HOHJ Tak, 4ToObl COTHYTbie
naJjblpl MOKa3biBa/ju HalpaBjJeHHe TOKAa, TO OTOTHYTHIH GOJbLIOL
naJei MoKa)<er CeBepHbIH MOJIOC COJIEHOHA.

Bennunna MarHUTHOro MOTOKa 3aBHCHT-OT YHCJAA BUTKOB B Ka-
TYWIKe U OT TOKa, MPOXOAsILero mno Heil. Uem 6GoJibille BUTKOB H 4eM
CH/JIbHEEe TOK, TEM 60J/1bIlle MAarHUTHBIH MOTOK.

Ecny nogHecTH K KOHLY COJIEHOMAA CTaJbHYIO MIACTHHKY, TO OHa
HayHeT BTATHBATbCS BHYTPb HEro A0 TeX IOp, N0OKa HX CepelUHbl He
coBnanyt (puc. 74). Kak TosqbKO myacTHHKA MoliafaeT B MarHUTHOe
nosie coJeHOHAA, OHa HaMarHuyuBaercs; Haubosee YNaNeHHBIH OT
coJieHOHJa KOHel ee NnpuoOperaer CeBepHYIO NOJSPHOCTb, a 6GJu3-
KU — 10XKHY10. EC/IM M1acTHHKY NMOZHECTH K LPYyroMy KOHIY co.e-
HOHJa, KapTHHA H3MeHHTcsA. Takum o6pa3om, COJEHOHA H NJaCTHH-
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Ka cbauxkalores Pa3HOHMMEHHBIMH MOJIIOCAMH. ATo cOauKeHue npe-
Kpamjaercs II0CJie COBMEILUEHHSA Hef/'ITpaJlebIX JUHUHA coJieHoua
U IIJIACTHHKH, IIOCKOJIbKY JlasibHellllee BTATHBAHUE [J1aCTHHKHU
HEBO3MOXXHO, TaK KakK OJHOHMEHHbIe IIOJIOChl B3aWMHO OTTaAJKH-
BawTCH. '

Hanpabnenue
mora 8 coneroude

_/  HanpaBnenue
- MAEHUMHLIX

S—— 0 cunobux

~< nunud

flaney nosascem Ha
ceBepreid nosoc co-
nenouda

Puc. 73. OnpejesieHne MoJIOCOB COJIEHOHAA MO MpaBHJy MpaBofi PYyKH

z
P> \
s
7.

Cuia BTATMBaHHs 3aBHCHT OT BeJHYMHbI MAarHHTHOTO MOTOKA.
Cnoco6HOCTb KaTYLIKH BTATHBATL B ceOst GheppoMarHuTHEIE MpeaMe-
Thl IIHPOKO HCHOJb3YeTcst B 3JEKTPHUECKHX NpHOopax.

CBOHCTBO KaTyIIKH cO31aBaTh MarHUTHOE MO-
ANeKTPOMATHHTEI Jie pH NPOXOXKJAeHHH N0 Hell 3JeKTPHYECKOro

TOKa HCNOJIb3yeTcs B 3JEeKTPOMarHHTe, KOTO-
pblii IpeicTaBAseT CcO0ON KaTYyIIKYy CO CTanbHBIM CepAEYHHKOM
(puc. 75).

Hedmpanswas nunus
conenouda

Puc. 74. BrsiruBaHHe CO/MICHOHAOM CTaJ/ibHOI MJIACTHHKH

DieKTpoMarHuT NMofoGeH KaTyllke 6Ge3 CTaJbHOIO CepleyHHKa:
Tak ke HanpaBJeHbl MaTHATHBIE CUJIOBble JIMHUH BHYTPH CEpAEUHH-
Ka, Mo NpaBHay NPaBOil PyKH ONpeNe]soTcst MOMIOCH dJeKTpomar-
Hura. OJHaKo MarHuTHOoe J[eHCTBME 3JEKTPOMAarHHTa CHJbHee,
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HOCK‘OJIbe COTMPOTHUBJIEHHEe MArHHTHOMY MOTOKY CTa/jJbHOro cepaeu-
HUKa 3HayuTeJbHO MeHblIE, YeM BO31yXa, BCJAEACTBHE YEr0 MArHHuT-
HbIi [IOTOK B 3JIEKTPOMATHHTE MPH TOM XK€ TOKe 3HAUYUTEJbHO 60J1b-

Kamywkao Cepdeunuk

¢ { 1o

-

Puc.  75.  CrepxHeBoil
3JIEKTPOMArHUT

ule, yeM B OOBIYHON KaTylIKe.

B kauecTBe cepaeyHHKa sl 3JMEKTPO-
MarHuTa MCIOJIb3yeTcs CleUHanbHas cTalbp,
a OGMOTKOH CJYXKHT MeIHas H30MHPOBaH-
Has NMpPOBOJIOKA, KaK MPaBHJIO, HAMOTaHHas
Ha KapKac B HECKOJIbKO CJIOEB.

DJIeKTPOMarHuTh ObIBAIOT CAMBIX pa3Ho-
o6pa3HbiXx ¢opM M pa3MepoB, ABYXIOJIOC-
Hble M MHOTOMOJIOCHblE, C BHEIIHHMH H
BHYTpEeHHHMH TNoJjiocamMu (puc. 76). Ouu

IIHPOKO HPHUMEHSIIOTCA B pajHOTEeXHHKe, TenedoHHH, Tesnerpaduu,
B 3JEKTPDHYECKHUX MalllMHAX, MOAbEMHBIX MeXaHHU3Max U T. [.
Eciu B3sTb 1ABa INPOBOAHHKA, MO KOTO-
B3anmopeiicteue pPEIM MDPOXOAHT 3JEKTPHUUECKHH TOK, H pac-
MarHuTHLIX noJied MOJIOXKHUTb HMX BOJH3M OJHH OT [PYroro,
TO OHH OyAyT B3aumojeficTBoBaTb (NpUTH-
THBATbCSl WJIH OTTAJKHBATbCA).

NodKosoo6pasHbrl

YembipexnontcHbId

lIlsyxnonrochbli C BHYMPEHHUMU
C BHYMPEHHUMU nonHwcamu
nonwcamu

&

Puc. 76. DJieKTPOMAarHWTHl C pa3JH4YHOH QopMof

cepraeyHuKa

Korpa HampaBneHHe TOKa B OGOMX NpPOBOJHHKAX COBMAfaert,
OHM npurArusBaloTca (puc. 77,a), Korga HeT — OTTaJKHBAIOTCS

(puc. 77,6).

JIBuxeHHe NMPpOBOAHHKOB BbI3BAHO CHJIAMH BO3HHUKAIOUIHX BOKPYT

HUX MAarHUTHBIX MOJieH:
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nons K Oosee cmaGomy. OpnHOMMEHHBIE TOJIOCHI MATHHTA HMe-
I0OT ToJsg B OJIHOM HampasJjieHun — obpasyercss Gosee CUIbHOE
noJe. :

Mexay pasHOMMEHHBIMH MOJIOCAMH ToJe ciabee, Tak Kak NMpo-
THBOIIOJIOKHBIE NOJIS YHHUTOXKAIOTCA. B 3TOM ciydae MarHuTH NpH-
TATHBAIOTCSA, ABUTasiChb B Hampas/eHUH ciaboro mojs. CuilbHOe Mo-
Jie IBHXKeTcs K c1aboMy, CTPeMsiCh BHIPaBHATb HAMPsIKEHHOCTD MO,

Ecnu B MarHuTHoe noJie TNOMECTUTb NPOBOJ-
MpoBoAHKK C TOKOM HHMK Tak, KaK [0Ka3aHo Ha pHc. 78, u mpony-
B MarHHTHOM noJje CTUTb 110 HeMy TOK, TO B pe3yJ/ibTaTe B3aHMO-
JNEeHCTBHS BHEIIHEro MarHUTHOro MoJsl ¢ Mar-
HHTHBIM I10JleM TOKa, CO34aHHBIM BOKPYr NPOBOAHHKA, MPOU30AAET
BbITAJKHBaHHe NMPOBOAHHKA 3a Mpefesbl BHELIHETO MarHHTHOrO MoJs.

Puc. 77. BsaumozgeiicTBHe TNPOBOAHHKOB: Puc. 78. Britankupa-

@ —npu OLHOM M TOM XK€ HaNpaBJEHHH TOKa HHe NPOBOAHHKA C TO-

B HHX; 6—an Pa3HblX HAlpPAaBJEHHAX TOKa KOM U3 MATrHUTHOTO
1noJis

C onHO# CTOPOHBLI MPOBOAHHKA 6yaeT HaGMONAThCS CryllieHHe Mar-
HHTHBIX JIHHUH, C [POTHBOIOJIOXKHOH  CTOPOHBI — paspexKeHue.
BriTankHBaHHe TNpPOBOJHHKAa MNpPOH30OHAET B CTOPOHY paspe-
JKeHHs.

Hamnpasiienue BbiTaJKHBAHHSI IPOBOLHHKA 3aBHCHT OT HampasJie-
HHsl CHJIOBBIX JIMHHH BHELIHEero MarHUTHOrO MOJISt U OT HalpaBjieHHs
TOKa B NPOBOJHHKE H ONpefessieTcs MO NpaBHay JeBoil pyku. Eciu
JIeBYIO PYKy (pHc. 79) pacnojoXXUTb B MAarHUTHOM MOJie TakK, YTOGBI
MarHuTHblE CHJIOBble JIHHHH BXOJAWJU B Ja[0Hb, a BHITAHYTbIE YEThI-
pe nmajblia yKa3biBaJu HanpaBjeHHe TOKAa B NPOBOJHHKE, TO OTOTHY-
Thifi 6OJIBLIOH Masjien yKaxeT HanpaBjeHHe BbITAJKHBAHHUSA NPOBOJI-
HHKa. ‘

ITocMoTpuM, 4TO NMOJNYYMUTCS, €CAH BMECTO NPOBOAHHKA MOMe-
CTHTb B MarHHTHOe IoJie BHTOK C ToKOM. OKa3blBaeTcsi, BBITAa/NKH-
BaHWs BHTKa U3 MarHHUTHOro moJjsi He mpouseijer. Ecau sutok 6bu1
noMellleH B MarHUTHOE TOJIe TaK, KakK 3To IoKa3aHo Ha puc. 80 ciesa,
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TO BepXHsAA CTOpOHa ero OyJeT BLHITAJIKHBAThCi BIPaBO, a HHXK-
#1511 — BJeBo. [log aeficTBMeM ABYX CHJ BUTOK IOBEPHETCS M 3aHMeT
mosioxKeHue, NMokasaHHoe Ha puc. 80 copaBa. B 3ToM mO/MOXKeHHH

Puc. 79. Onpepenerue Hanpabaenddss  Puc. 80. Pamxka ¢ TOKOM B MarHMTHOM
BBITAJIKHBAHHSl MPOBOJHHKA C 'ROKOM noJie
MarHUTHBIM TOTOKOM [0 MpaBHay

JIeBOH PYKH

IPOM30HAET YPABHOBEIIMBAHHE CHJ M BUTOK OCTAHETCA HEMOIBHXK-
abiM. Hanpasiienne BpalleHHsi BHTKa ONpejesieTCs TOXKE MO Mpa-
BHJY JIEBOH PYKH.

ONeKTPOMATHUTHAS HHAYKUHUS

Ecin B MarHuTHoe mosie MOMECTHTb MPOBOJ-
HHpyKTHPOBaHHBIH TOK HHK H @épeMellaTbh €ro Tak, 4ToObl OH nepe-

ceKaJ] MAarHUTHbII NOTOK, TO B IMPOBOJAHHKE
BO3HHKHET 3JEeKTPOABMXKYylUasi cuaa. IDTO sBJeHHe Ha3blBaeTcs
BJICKTPOMArHUTHOH MHIAYKUHMEH (371€KTPOMATHUTHBIM HaBeldeHHeM
WY BJMsAHHEM), a 3. A. C., BO3HHKIIAs B NPOBOJHHKE, — HHAYKTH-
pOBaHHOI 3. A. c. Ecnu cocTaBuTh 3aMKHYTYIO LeNb C NPOBOJHHKOM,
B KOTOPOM HaBOJAMTCH 3. [. C., TO MO LenH OyAeT mporekaTb MHAYK-
THPOBAHHBIH 3JeKTpUUeckuit Tok (puc. 81).

Kak aBuxKeHHe 37€KTPOHOB CO3/7aeT MAarHUTHOe MoJjie, TOUHO TakK
e MarHdTHoe NOJe, nepecekast NPOBOAHHK, BbI3bIBaeT HallpaBleH-
HOoe [BHKEHHe CBOOOAHBIX JIEKTPOHOB B NPOBOJAHHKE, T. €. TOK.

Hu onun BHA 3HEpPTHM He MOxeT ObITb ToJydyeH 0e3 3aTpaThl
KaKoro-iu6o Apyroro BHAa 3Heprud. Hanpumep, ecau MarHur Jje-
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*KHUT OKOJIO MPOBOJHHKA, TO B IPOBOLHHKE HMKAKOTO TOKa He GyHer.
OH BO3HHKaET TOJIbKO MpH NepeMellleHHH MariHuTa OKoJIo NpPOBOJAHH-
Ka WM NPOBOJHHKA OKOJIO MarHura. B sToM ciayyae 3aTpauupaemas
MeXaHHyeckasi 3Heprus npeBpalllaeTcs B 3JEKTPHUYECKYIO.
PaccmMoTpum ciyuail nepeceueHust NIpOBOJHHKA
HHuaykTupoBanHas 3. l. C. MATHHTHBLIM NOTOKOM (pHc. 82) Mpu pa3oMKHY-
to#t uenu. Ilpu ABHXKeHHWH MarHuTa BHM3 Mar-
HUTHBIH MOTOK IlepeceKaeT NPOBOJAHHK H BbIHYX1aeT CBOOGOIHBIE
5JIEKTPOHBI JBUraTbcs. [IpH pa3soMKHYTOH LENH 3JIEKTPOHBI CMella-
IOTCSl U CO3/1al0T MPOTHBOMOJOXKHbBIE 3JEKTPHUECKUE 3aPSbl HA ABYX
OTKPBLITBIX KOHIIAX MPOBOAHHKA. B agaHHOM cjyyae H30BITOK 3JeK-
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Puc. 81. [lpu nepeceuenuu maruuT- Puc. 82. Ha 3axumax pasoMKHYTOro
HOro MOTOKa TNpPOBOJAHHKOM B HEM  TPOBOJAHHKA MPH MepeceYyeHHH HM MarHHT-
HHLYKTHpYeTCs 3. A. C. HOTO MOJIi BO3HHKAaeT 3. A. C.

TpoHOB HabJiojaeTcss B TOYKe 2, a HeJOCTaTOK — B Touke I. B pe-
3yJbTaTe MOJy4yaeTcs Pa3HOCTb MOTEHLUMAJOB Ha JABYX KOHIAX, CO3-
HaHHasi pas3lejeHHeM 3JEKTPHUYECKUX 3apsifoB B MPOBOTHHKE.

DJIeKTPOABHIKYLLAsA CHJA, BbI3BaHHAsi paGoOTOil MIBHKEHHS Mar-
HHTHOTO NMOTOKA, CO3/aeT Pa3HoCTb MOTEHUHAJOB. J. A. C. cO3haercs
TONIbKO TpH ABHMKXEHHM MAaTHUTHOTO MOTOKAa, KOTOPBIA Iepecekaer
npoBoAHHK. Kak TONbKO ABH)KeHHe MAarHUTHOTO MOTOKa NMpeKpaTHT-
csi, B MPOBOJHHMKe IpPOM3OHAeT BblpaBHHBaHHe pa3jJesleHHbIX 3a-
psI0B.

HMHAYKTHPOBAHHYIO 3. M. C. MOXHO NOJNYYHTh HE TOJMbKO MyTeM
mepemelleHdsi MaTHUTHOTO NOJs; oHa OyAeT BO3HHKATb M NpH Mepe-
ceYeHHH MArHUTHOTrO NOJisi MPOBOAHUKOM. EcaM MOAKMIOYHTBL K Ka-
TYIIKe YYBCTBUTENbHBI H3MepUTENbHbIH NPUOOD, B3ATb OOLIYHBIH
MOCTOSIHHBIYI MArHUT M BABHraTh €ro B KaTyIUKy H BbIJBHTaThb, TO
npu6op MoKaxeT Haiuuue Toka B Lenu (puc. 83). Ecau Bmecto mo-
CTOSTHHOTO MarHHTa B3siTh APYTYI0 KaTyLIKy, MO KOTOpoO#l mpomy-
CTHTb TOK, M TOXe BJIBHTaTb U BBIABHUraTh €€, TO B NMepBOH KaTylIKe
MosIBUTCA HMHAYKTHDOBaHHas 3. H. C. © TPUOOp TMOKaXKeT Haluuyue
ToKa B uenu (puc. 84). HakoHel, HHAYKTHPOBAHHYIO 3. . C. MOXHO
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MOJIYYHTb, €C/H B MEPBYIO KATYIIKY BCTaBHTb BTOPYIO U MPH NMOMOLIH

peoctata HM3MEHfTb BEeJHYHHY TOKa, MpPOXOIsulero MO Hei
(puc. 85).

= l e |
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Puc. 83. [Ilpu aBuXKeHHM TMOCTOSIHHOrO MarHHTa
B KaTyLIKE BO3HHKACT 3. A. C.

Hanpasienve HHIYKTHPOBaHHOI 3. 1. C. ONpejensierca 1o npa-

BUy mpaBoil pyku. Eciiu npaByio pyky pacnosioKHTb TaK, YTOObI
MarHMTHble CHJIOBBle JIMHHHM BXOAMJH B J1aJOHb, a8 OTOTHYTbI 6OMb-

Puc. 84. Tlpu aBuKeHHH KaTylkn A ¢ TOKOM B KaTyllke 5 BO3HHKaeT
9. 4. C

1IOH maJjel] NoKasbiBasl HarnpasJeHUe NBHXEHHWA NMPOBOAHUKA, TO BhI-

TAHyTble OCTa/bHble Ma/blibl YKaXKyT HamnpaBieHHe HHAYKTHPOBAH-
HO# 3. 4. c. (puc. 86).
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Puc. 85. [Ipu u3MeHeHHWH ToKa B KaTyllke A BosHHKaeT 3. A. C,
B KaTylike B

Puc. 86. Onpesencune Hanpab/ieHHs
HHAYKTHDOBaHHOH 2. 4. ¢. MO Hpa-
BUJIy NpaBOil PYKH
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BoJibllloe MpUMEHeHHe B 3JEKTPOTeXHHKe IOJNYYHJIO INPaBUJo,
OTKpbITOE pycckum yueHbim O. X. JleHlleM: HanpaB/ieHHe HHAYKTH-
POBAHHOrO TOKa BCErja TaKoBO, YTO OH NMPOTHBOMAEHCTBYET NMPHYHHE,
Bbi3BaBUIEH ero (Hampumep, ABUKEHHIO NPOBOJIHHKA).

PaccMoTpuM HMHAYKTHpyeMOe HalpsiKeHHE Ha 3a)XUMax KaTyul-
ku. Ilpun oOTK/IOueHHOH KaTyiike (puc. 87,a) HHAYKTHpOBaHHAs
3. 1. c. yB&JIMUHBAETCH C yBeJHUeHHeM Yucjia BHUTKOB. Kaxablli BU-
TOK, MepeceKaeMblii MAaTHHTHBIM [OTOKOM, A00aB/SET HaNpsKeHHe
K 00lleMy HHAYKTHPOBAHHOMY HaNpsXKeHHIO, I[OCKOJbKY OHH Bce
BBIHYK/JaI0T CBOGOJHBIE 3JIEKTPOHBl HAKAIVIHBATbCS HA OTPHIATENb-
HOM KOHILle KaTyLIKH ¢ HeJocTayell 3JIEKTPOHOB Ha IOJIOXKHTEJNbHOM
KoHue. IlonsipHOCTb HHAYKTHPOBAHHOM 3. 1. C. ONpenessiercs Ha-
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Puc. 87. D. 4. c, MHAyKTHpyeMasl Ha 3a)KHMax KaTyIUKd NpuU MepeceyeHHH
€e BHTKOB MAarHHTHbIM IMOTOKOM:

a — ABHXXEHHEe MAarHHTHOro MOTOKAa TreHepHpyeT 3. A. C. Ha 3a)KMMax KaTylWKH; 6 — 3KBH-
BaJIGHTHas UeNnb; 6 — MHAYKTHpyeMas 3. I. C. NPeACTaBJ/iseT HCTOYHHK, KOTOpbI# MOKeT
co3faBaTh TOK BO BHeLIHEil Harpy3ke, NOAKMIOYEHHON K 3axXMMaM KaTyLKH

npaBJeHHeM MHAYKTHPOBAHHOTrO ToKa. KoHel NpoBOJAHKKaA, Tle 3JeK-
TPOHBI HAKaMJWBAlOTCA, MpeAcTaBasieT cOGOH OTpULlATe/bHBIH 3a-
MM, a NPOTHBOMOJIOXKHbBIH KOHell, ¢ He0CTauyell 3JeKTPOHOB, — MO-
JIOXKHUTEJbHbI,

O6was 3. 1. c. Ha 3aXKKUMaxX KaTYUIKK paBHAa CyMMe 3. 1. C. BHT-
KOB, TaK KaK BCe BUTKH COelHHeHBl nmocaenoBaTenbHo. Ha puc. 87,6
uzobpaxkeHa 3KBUBaJIeHTHasi UeNb, I'ie MHAYKTHPOBaHHAas 3. 1. C.
NMOKa3aHa KakK OTJeJIbHblI HCTOUHHK.

Hcrounuk 3. 4. c. E MoxXeT co3JaTh TOK BO BHellHell Harpyske,
NOAKJMIOUEHHOH K IO0JOXUTEJIbHOMY M OTPHIUATEJNbHOMY 3aXKHMaM
(puc. 87,8). Hanpumep, unaykTupoBanHoe HanpsixkeHue 12 g mpu
CONPOTHBJEHHH HAarpysku 6 om cosgaer TOK 2 @, KOTOpBIA mpoTe-
KaeT yepe3 SKBHBAJIEHTHHIH HCTOYHHK, KaTyHWIKy H -CONMPOTHBJIEHHE
Harpysku.

BenvuyuHa MHAYKTHDPOBAHHOHU 3. [. C. 3aBUCUT:

1. Or BennuuHbl Motoka. Uem G6oJibllle TOTOK, MNepeceKaroliuf
NPOBOJHHK, TeM GoJiblile HHAYKTHPOBAHHAS 3. I. C.

2. Ot ckopoctu nepecedeHus. Uem ObicTpee MOTOK Nepecekaer
NPOBOAHUK, TEM Bhillle UHAYKTHPOBAHHAsA 3. A. ¢. Koraa motok nsu-
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KeTes1 ¢ 6osbliiell CKOPOCTbIO, NPOBOAHHK MOXET Mepeceub Gosblie
CHJIOBBIX JIMHUH 3a OMNpeJieieHHOe BpeMsl.

3. Ot uucna ButkoB. Uem GoJiblile BUTKOB B KaTyllKe, TeM 60Jib-
lle ee MHAYKTHpPOBaHHadA 3. M. C.

WHayKTHPOBAHHYIO 3. A. C. MOXKHO NMOJCYHTATb MO QopmyJe

D
Ean == 7_'&}_1_0_8 (3): (27)

rpe ®— MarHuTHBHIH MOTOK B MakKcBeJJax, HJAH YHCJO CHJIOBHIX
JIMHHUH;
W — YUCJIO BUTKOB;
T — BpeMsi B CeKyHJaX;
108 — ko3¢ duuMeHT AAs nepeBoa HHAYKTHPOBAHHOH 3. 1. C.
B BosbThl. Hanmpumep, ecnu katywka B 100 BUTKOB nepe-
cekaercs moTokoM 1 MuH. (108) CHJIOBBIX JHHHH WJIH
MakcBess1 3a | cek, To HHAYKTHPOBaHHasl 3. A. C. paBHa
100-10° _ 4 . '
e - &

Kparkue 86180001

1. MaruutoM HasbIBaeTcs MeTaJJIMUeCKHil mpeamer, obsaajaio-
I CBOMCTBOM NDPHTATHBATb CTaJbHble TeJa.

2. OTKpbITble KOHIBI MarHuTa, CONMpHKAacaiollHecs ¢ Hemar-
HHUTHOH cpeno#, 06pasyloT MOJIOCH, KOTOpble HMEIOT NPOTHBOMNO-
JIOXKHYIO. TIOJIAPHOCTh: TOJIIOC, HanpaB/eHHbl Ha ceBep (NpH CBO-
60o4HOM BpallleHHH MarHuTa), Ha3blBaeTcs CeBepHbIM, Ha IOT —
IOXKHbBIM.

3. PazHonMeHHble MOJIOCH MarHuTa TNPpUTATHBAIOTCA, OQHOUMEH-
Hbl€ — OTTaJIKHBAlOTCH.

4. Marsur umeer HeBHAHMOE MarHHTHOE M0Jie, KOTOPOE YCJOBHO
H300paxaeTcss MarHUTHBIMHM CHJIOBBIMH JuHHsAMH. HanpaBieHbl oHU
OT CEeBEpPHOro MOJIOCa K I0XKHOMY BHE MarHuTa M OT I0XKHOTO K ce-
BepHOMY BHYTpu ero. bunmxke Kk moJiocam, rie noje cuibHee, Mar-
HUTHBle CHJIOBble JIHHHMHM- IJIOTHee, HaJjibille OT IOJIOCOB OHH MeHee
CYCThIE. _ ,

5. Maruut nputsruBaer (eppoMAarHUTHble MaTepHasbl, MOTOMY
YTO MarHUTHOE IoJie HaMarHHYMBaeT HX NMyTeM HHAYKUUH. Banxai-
IMe TOJIOCH MarHuTa ¥ HaMarHHYWBaeMOro UM MaTephaJja Bceraa
HMEIOT MPOTHBOMOJIOKHYIO MONSPHOCTD.

6. MarHuTHBIA MaTepuHaJ KOHIEHTpUpYeT B cefe MAarHUTHoe mo-
Je (MarHuTHBle CHJIOBble JuMHUHM). HeMarduTHeli MaTepuan He
BJMSIeT Ha MarHUTHoe IOJIe.

7. IMocrosiHHble MarHHTBI M3TOTOBJSIOTCS H3 CHELHAJbHBIX Mar-
HMTHBIX MaTepHAaJiOoB, KOTOpble COXPaHAIT OCTATOUHBIH MarHeTH3M
JJIUTENbHOE BpeMs.
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8. MarHuTHble elMHHIBl U UX ONpejpe.eHHe:

§§ Eaunnua
Hassanue YTo o3HayaeT ?_,5 o HaNepeHus IMpumeuanue
$8E
MarsuTtHbIH Bce MaruutHble cupo-| @ 1 Mrc = 1 xnronu-
NOTOK Bble JHHUM, NPOHU3BIBA- =1 cuao- | Hua = 1000 nu-
ol e JAaHHBI KOHTYP BOH JMHHH | HUAM
MaruuTtHas “Koadouumenr mnpomop-| Her @ BO3ayxa
NMPOHHUIAEMCCTh | IHOHAMbHOCTH MarHUTHO- WIH  Bakyyma
ro NoToKka B MaTepuane pPaBHO eJuHHLE
MO CpaBHEHHIO C BO3[Yy-
XOM
Hanpsxen- Cuna wua cantuMmerp| H l1a= CootBeTcr-
HOCThb MArHMT- |YTH NOTOKA 1,26 a-8 | ByeT BuabTy Ha
HOT'O MOJS, HIH = T x|l ea pnuaet
HaMarHUYUBamw-
mast cuia
MaruuTtHas MaruutHble  cusioBnie| B 1 ec=
HHAYKUHUS JAUHUM Ha eJHHHUY IIJIO- _q Jummn
waau: B = pH = A2

9. KpuBasi HamarHuuuBaHus (puc. 66) nokasbiBaeT 3aBHCHMOCTb
MarHUTHOH MHAYKUMM B OoT HanpsiKeHHOCTH MarHuTHoro mnoss H.
Kaxaplif MariuTHbI MaTepHas HMeeT CBOK KPUBYIO HaMarHHYH-
BaHHUS.

10. MaruuTHas npOHHLAeMOCTb (p) BbIpa)aeT CHOCOGHOCTD
MarHUTHOTO MaTepHaja KOHLEHTPHPOBaTb MAarHuTHoe Tmosie. Uem
GoJblile p, TeM GoJibllle MarHUTHAsi MHIAYKIUS, OCKOIbKY B=pH.

11. HacblllleHHe B MarHHTHOM MaTepuasje XapaKTepH3YeTCsl TeM,
YTO yBe/JHYeHHe HAMPSXKEHHOCTH IOJs- BbI3bIBAeT He3HAUHTENbHOEe
yBeJiHYeHHe MAarHuTHON HHAYKUuH. [Ipu HaCHILIEHHH MPOUCXOLHUT
pe3koe yMeHbIUE€HHe MarHHTHOH MPOHUIIAeMOCTH.

12. ITetns rucrepesuca npencraB/isieT cO6GH yYacTOK BeNHUHH
B—H 3a nosHblil KK HaAMarHHYMBAHHUS M pasMarHuuuBanus. Uem
60Jblile MJOLLAAb MET/IH FUCTEpe3nca, TeM GoJbllie NOTEPH HA THCTe-
pesuc.

13. depputbl sIBAAIOTCS KepaMuuecKUMH Martepuasnamu. Ouu
HMEIOT BBICOKYIO MAarHMTHYIO MPOHHLAEMOCTb U B TO e BPEMs CJly-
JKaT M30JATOPaMHU IS 3JeKTPUUECKOro TOKa.

14. Tok, nmpoTeKaruluii IO NPSIMOMY NMPOBOAHUKY, CO3MaeT 3aMK-
HYTOe MarHuTHOE 10Jie, CHJIOBBbIE JIHHHH KOTOPOTO MPeACTaBAAIOT CO-
60i1 OKPYKHOCTH, PaclosioXKeHHble B IJIOCKOCTSIX, NepNeHIHKYJIsp-
HbIX NpoBOAHMKY. HampaBieHue CHJIOBBIX JIMHUH OnpefesnsieTcs IO
npasusy 6ypaBuHKa.

15. [IBa moJsis B OAHOM M TOH XXe NMJAOCKOCTH, CO3JdHHbIE TOKOM
HJIM TIOCTOSIHHBIM MAarHMTOM, CKJAaJbiBaloTCst, o6pa3ys 0ojee CHJibs
HOe MoJle, eC/IM HalpaBJieHHe MAarHHTHBIX CHJIOBLIX JIMHHME COBIAjaer.
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M nao6oport, no/isi Bbl4uTaloTCsA, 06pa3ys Gosee ciaboe moJje, eciau
MaTHUTHblE CHJIOBble JIMHUH HanpaBJieHbl B MPOTHBONOJIOXKHbBIE CTO-
pOHBI.

16. Conenonag — 310 Katymka. Co/leHOMA HMeeT pe3y/bTHPYIO-
Llee 3JeKTPOMarHHUTHOe MoJe MOoAOGHO CTepXKHEBOMY MarHuty c ce-
BEDHBIM H I0XKHBIM [OJIOCAMH Ha INPOTHBOMOJNOXKHBIX KoHUax. I[lo-
JNIDHOCTH COJIEHOMZA OMNpejessieTcs MO NpaBUAY NMPaBoOH PYKH.

17. JIBuXyIIHHCS MarHUTHBIH MOTOK, NMepeceKkasi IPOBOAHHK, HH-
AYKTHDYET B Hem 3. A. c. HenpeMmeHHoe yc/i0BHE 3TOro — OTHOCH-
TeJbHOE ABHXKeHHe NMOTOKa W NPOBOAHHKA. DJEKTPOMArHUTHAs HH-
NYKLUHUs YBeJHYHBAeTCs, €C1M BMECTO NPSIMOrO NMPOBOJHHKA HCNOJb-
3yeTcsi KaTyllKa.

18. MlupyKTHpyemasi 5. 1I. C. BbI3bIBaeT pasjesieHHe 3apsiiloB B
MPOBOJHHKE, T. €. CO3[aeT Pa3HOCTb NMOTEHIMAJOB MeXJAy pasfeseH-
HBIMH 3apsiaMid. B 3TOM cjyyae NPOBOJHHK SBJISIETCH HCTOUYHHKOM
HHAYKTHPYEMOH 3. 1. C., KOTOpasi MOXeT [epeMellaTb 3JeKTPOHbI
yepe3 BHEIUHIOI LE€Nb.

BOITPOCHI [J151 CAMOKOHTPOJIA

1. TToTOK cuJIOBBIX JIMHUIT BOKDYT MarHMTa HanpasbJleH:

a — OT I0XKHOrO MOJII0Ca K CeBEpPHOMY; 6 — OT CeBepHOro MOoJIoca K I0XKHOMY;
B — PaBHBLIMU MOPUHSAMH OT OJAHOrO MOJIOCA K APYTrOMYy; T — TOJbKO OT OJHOrO
MATHUTA K APYromy.

2. BelecTBo, KOTOpoe MMeeT GOJbLIYIO 3aAEPKHBAIOILYI0 CHJIY, HCMOAb3yeTCs
IIsT U3TOTOBJICHHS:

a — 3/IeKTPOMATrHHTOB; 6 — MOCTOSSHHBIX MarHHTOB; B — BpPeMeHHbIX MarHH-
TOB; I' — He HCIOJb3yeTcs.

3. MarHuTHble NMOJIOCH NPUTACHBAIOTCS B TOM cjayuae, ecau:”

a — OHH MMEIOT OLHY H Ty ¥e MOJSPHOCTb; 6 — NPOTHBOMOJIOXKHYIO MNOJSp-
HOCTb; B — HeT BO3JYIIHOro INPOMeXYTKa MeXJy MOJIOCaMH; I — OHH HMeIoT
0IMHAKOBBIE pa3Mephl.

4. MarHuT npHTATMBaeT IBO3Jb BCJENCTBHE:

a — TOro, 4TO CO3JaeT 3apsj Ha TrBo3fe; 6 — sIBJEeHHS MarHMTHOH HHAYK-
UMK, B — MajleHHss MAarHHUTHOrO MNOJS; I — CO3JaHHUS MOJIEKY/ISDHbIX MarHHTHKOB
B BO3[yXe BOKPYT IBO3JSf.

5. MariuTHasi MHAYKUHS HaBOJUT:

a — MOJIOCHI, TNPOTHBOMOJIOXKHBIE [MOJIOCAM MEePBHYHOrO MOJs; 6 — MOJIOCH
TOH e TOJSIPHOCTH; B — ABa CeBEPHBIX MNOJIOCA; T — MarHWTHOE TMoJie, HO He
TIOJTIIOCH.

6. Ecin cTanbHOH CepieYHHK INOMeIleH B MarHHTHOe mnoJe, TO:

a — MarHMTHOe IMOJIe MeHbllle KOHIEHTPHpYeTcS B cepieuHHKe; 6 — cepheu-
HUK He BJIMsIeT Ha MarHuTHOe MoJje; B — CepAeYHHK TaK XXe BJMSEeT Ha MarHuTHOe
noje, KaK U BO3LYX; I — CEepPJAeYHUK KOHUEHTPHUPYeT MarHHTHOe MoJe.

7. TloTok 4000 cHNIOBBIX JIMHUE, MPOHH3BIBAIOILMI maowlanb 4 cM?, paBeH Mar-
HUTHOH HMHIAYKLUH:

a— 1000 ec; 6 — 2000 2c; B— 4000 2c; r— 16000 ec.

8. ®eppuTOBLIN CEpPIEYHHK HMeeT MarHuTHYI HHAYKUHIO 5000 ec mo cpaBue-
Hio ¢ 10 ec B Bo3fyxe. MarHuTHas MpOHHIIaeMOCTb 3TOro (eppura:

a—100; 6 —500; B — 5000; r — 50 000.

9. Tox 4 a, mpoTeKalouUluii yepe3 KaTyIWKy c 25 BHTKaMH, oGpasyert:

a—2 a8, 6—125 a-8; 8 — 25 a-8; r — 100 a-s.

10. TTotepu Ha rucrepe3uc B MarHHTHOM CepJeyHHKe:

a — YBeJIHYHBAIOTCS -C IOBBIIIEHHEM YacTOTH; 0 — yMeHbWAIOTCS C MOBHI-
WleHHeM YacTOThl; B — OCTalOTCSl Te e caMble He3aBHCHMO OT YaCTOTH; I —
MaKCHMaJIbHbl NPH NMOCTOSIHHOM TOKe.
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11. Ecau BHTOK NpoBOAa MepeceKaeT MAarHUTHble CHJIOBblE JHHHH, TO:

a — HHYero He mpousoiier; 6 — B NMPOBOJE HHAYKTHpPYeTCs TOK, MarHHTHOe
noJe KOTOPOTO HampaBjeHO NPOTHBOIIOJOXKHO BHEIIHEMY MarHUTHOMY [OJIO;
B— B TIpOBOAe HHAYKTHpPYeTCH TOK, MAarHMUTHOe [OJie KOTOPOro CoBMajaeT
C BHEIUHUM I0JieM; I — MarHuTHHE MNOJS He B3aHMOJEHCTBYIOT.

12. Butok mpoBoja nepecekaeT MarHHTHble CHJIOBble JIMHHH. Ecau ckopocTh
nepeceuyeHHst BO3pacTaeT, TO:

a— MHAYKTHpYeMass 3. A. C. yBeJHYHBaercs; 6‘— HHAYKTHpyeMas 3. A. C.
yMeHplllaeTCsl; B — HHAYKTHpPYeMas 3. 4. C. OCTaeTCs MNpeXHeH; I — 3a eIHHHIY
BpeMeHH NepeceKaeTcsi MeHblle MarHMTHBIX CHJIOBBIX JIHHHIL

13. B npoBonHHKe, NPOXOAfLleM MEPHEHAHKYJIAPHO TJIOCKOCTH JIHCTA, TOK
npoTekaer cBepXy BHH3. IIpoBORHHK:

a — He HMeeT MAarHHTHOro nojs; 6 — MMeeT MarHHTHOe IOJie, HampaBJeH-
HOe MO 4acoBOH CTpesKe B MJIOCKOCTH JIHCTa; B —- HMeeT MarHHTHOe ToJe, Ha-
npaBJieHHOe NPOTHB YacoBOH CTPeJKH B IJIOCKOCTH JIHCTAa; I' — HMeeT MarHHTHOe
LoJle, HanpaBJ/leHHOe MPOTHB YacoBOH CTPeJIKH B IJIOCKOCTH, NepHeHAHKYJSpHOH
IJIOCKOCTH JIHCTA.

14. ITpy HanMYHM OBYX MarHHTHHIX moJeil moJe:

a —— CHJbHee TaM, rfle MarHHTHble CHJIOBBle JIHHHM COBMAajJaloT MO Hampas-
JIEHHI0; 6 — CHJIbHee TaM, Tle MarHUTHble CHJIOBBlE JIMHHH MMeIOT MpPOTHBOMO-
JIOXKHOe HanpaBJleHHe; B — HMeeT Ty e HaMNpsKeHHOCTb, KaK H JUIS OXHOro
MarHuTa; r — cjabee TaM, Tle MarHHTHbhle CHJIOBble JHHMH COBMajaloT MO Ha-
npaBJIeHHIO.

15. ConeHonpn mpeacraBisieT co6oif KaTyiIKy, KOTOpas:

a — JleHCTBYeT, KaK CTepXKHeBOM MarHHMT, TOJbKO TOrAa, KOrAa B NpPOBOJ-
HHKe HeT TOKa; 6 — HelCTBYyeT, KaK CTEpPXKHEeBOil MarHHMT, NpPH HaJHYUH TOKA B
KaTyllKe; B — MOJ0o6Ha KpYIJIOMy MarHMTy, TaKk KakK HeT BO3/IYIIHOTO 3a30pa;
I — JOeHCTBYeT, Kak CTEpXKHeBOH MarHHT, eClH OHa HMeeT CTa/NbHOH CcepleyHHK.

16. Ecin nepekJiouuth Gatapeio (puc. 72), To:

a— ceBepHBI M IOXKHBI MOJIOCH Yy COJNEHOHWAa He H3MeHATcs: 6 — ceBep-
HBI momoc Gyjer ciabee, YeM IOXKHbIH, B — HanpaBJieHHe TOKa He H3MEHHTCH,
H3MEHATCS JIMIIb MarHHTHble MOJIOCH; I — HanpaBjleHHe TOKa H MarHHTHbe IO-
JIIOCHI H3MEHSTCS.

17. Eciu nmoMeHsTb MarHuTHble TOJIOCH (pHC. 78), TO HCTOYHUK MexaHHwe-
CKOW 3HepruM OyAeT BbITAJIKHBATb NMPOBOJHHK: )

a — BBepX; 6 — BHH3; B — BJIeBO; ' — BIpaBo.

18. Eciu BMecTo mpoBOAHHKAa mepeMelllaeTcsi BBepX MarHut (puc. 82), To:

a — HHAYKTHDYEMHIil TOK TeyeT B TOM e HaNnpaBJeHHH; 6 — UHAYKTHUPyeMblit
TOK TedeT B MPOTHBOMNOJOXHOM HampaBjieHHH; B — TOK He WHAYKTHDyeTCs; I —
pa6ora He 3aTpauHBaercs.

19. Ecoiu u3MeHuTb HanpasJieHHe Toka B BHTKe (puc. 80), To:

a — BHTOK BpallaThCsl He MOXeT; 6 — MOJIOCH BHeLIHero Moss H3MeHATCS,;
B — BHTOK GyleT BpalaThCsi B TOM e HaNmpaBAeHHH; T — BHTOK GyIeT mnoBo-
payHBaTbCA B NpPOTHUBONOJOXKHOM HampaBJIeHHH.

YIIPA)XHEHMHS

1. O6bsicHUTe, MOueMy .MOCTOSHHBIA MarHUT MOXeT NPHTACHBATb CTaJbHOM
rBO3[b.

a) Touemy M060# KoHel MarHHTa NpPHTATMBaer TBO3Ab? -6) I[louemy Maruut
MOXEeT NMPUTATHBATb I'BO3Ab Yepe3 JHCT Oymaru?

2. Ha3oBuTe efuHHUBI H YCJIOBHLHIe 0603HAueHHs I CJIEAYIOWUX TMOHATHI:
NMOTOK, MarHMTHasl HHAYKUMS, HANpSIXEHHOCTb MariHTHOro MoJs.

3. Uro Ttakoe MarHuTHas npoHunaemocte? [lToueMy HeT eIHMHHL H3MepeHHS
AJNSt MarHUTHOW TPOHHLAEMOCTH?

4. OGbsICHUTE KOPOTKO, YTO O3HAuaeT HACHIUIEHHbI CTaJbHOH CepleyHHK.

5. Mo katymke, coctosiiedr u3 80 BUTKOB, TMpoTeKaeT TOK, paBHblit 100 ma.
Onpenenute yHcao amnep-suTkoB. Ecan uucao BHTKOB yBenuuutb Ao 100, Kakoi
HEO6XOAHM TOK, YTOGhl MOJNYYHTH Te ke caMble  aMmep-BHTKH?
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6. Katymka co cra/jbHbIM CepleuHHKOM HMeeT JauHy 20 c¢# M yuCIO BHUT-
koB 1000. Ilo Hefi mportekaer TOK, paBHbii 100 ma.

a) KakoBa HanpsZKeHHOCTb MAarHHTHOTO MOJS B CepleYHHKe B 3pcTeiax?

6) Ecmu MarHuTHas NPOHHIAEMOCTb CTAJMbHOrO CepAeyHHKa paBHa 200, KakoBa
MarHuTHast MHAYKUHSI B rayccax B CeplIeyHHKe?

7. O6bsicHHTe croco6 HaMarHHYMBAHHA CTaJbHOrO cepieuHHka. Kak MoxXHO
ero pasMarHUTHTL?

H3noxute npasuio O/s1 OnpejiesieHHss MarHHUTHOMH nonﬂpnocm COJIEHOHAA.

a) Kak MOXHO H3MEHUTb MOJISIPHOCTbL COJIEHOHAa? 6) I'quemy HeT MarHur-
HbIX TMOJIIOCOB, KOrJla HET TOKa B COJIEHOHMfe?

9. YKkaXHuTe TpPH TNYTH TNOBbILiEHHS BeJHYHHBI HHAYKTHpyeMOH 3. 4. C.
B KaTyllKe.

10. Maruutueit motok B 900 mkc nepecekaer -kaTywky ¢ 1000 BuTKaMHu 3a
I mrcex. Kakoe HanpsiKeHHe HHAYKTHDYeTCst B KaTyLIKe?

I1. Karymka umeer 4000 BuTKOB. Ka(iblii BHTOK HMeeT CpPeIHIO0 JJIHHY
20 cm u tomuuHy nposoaa 0,2 mu. HanpsikeHne Ha 3axumax katymwkd 10 s;
yaAesnbHOe conpotuB/ieHHe nposoaa 0,0175.

Omnpepennte: a) oWy AJAMHY npoBoja; 6) /AMaMeTp KaTyIIKH; B) COMpO-
THBJIEHHE KAaTYIIKH; T) BeJHYMHY TOKa; 1) YHCJIO aMrep-BHTKOB.

12. MmeloTcst nBa ONMHAKOBBIX MeTasIJIHYECKHX cTepXHs. ONHH M3 HHMX Mar-
HUT, a apvroit — Her. Kak onpeaeauts MarHHT, He npuberass K MOCTOPOHHUM
npesMeram?
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TIABA O [MEPEMEHHBIM TOK

B Hauaje KHHI'H Mbl NO3HAKOMUJIUCH C TOCTOSIHHBIM 3JI€KTpHUe-
CKHM TOKOM, T. €. TAaKUM, KOTOPHIl MPOTeKaeT MO IieNHd B OJHOM Ha-
NpaBJieHHd U C TeYEHUEM BPEMEHH He H3MEHsSIET CBOEH BeJHYHHBI.
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Puc. 88. I'paduueckoe n3o6pakeHHe CHHYCOHJaJbHOrO MePeMEHHOro TOKa

BennunHy ero MOXHO MEHATb INyTeM H3MeHeHHs CONpPOTHBJEHHUS
uenu. ITocTosiHHBIA TOK CO3haercsi B LieNd HCTOYHHKAMH, KOTOpHIE
MMEIOT MOCTOSIHHYIO TOJISIPHOCTD 3. A. C. Ha 3axumax. I[lepemenubiit
TOK B OTJAHYHE OT MOCTOSHHOrO0 M3MEHsieTcsl M0 BEJHYMHE H Hanpas-
JeHunto. Oco06eHHO BaXKHO TO, YTO OH, HENPEPBIBHO MEHsfch MO Be-
JIUYHHE, CO3/laeT MepeMeHHOe MarHuTHOe ToJe. i
Bosnbiioe pacnpocrpanenye nonyynsa nepuoau-
CHHycoHAaabHbiii Tok  YECKHH CHHYCOHAA/NbHBIH NMEPEMEHHbIA TOK, Ha-
3bIBaeMbIil TaK MOTOMY, YTO OH H3MEHseTcd Mo
3aKOHYy KDHBOH — «CHHYCOM[bl», NpPHYEM H3MEHEHHs €ero MoBTOPS-
I0TCs yepe3 paBHble MpoMexyTku BpeMenu. Ha puc. 88 mpuseneno
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rpaduyeckoe u3o6pakeHHe CHHYCOHMANbHOTO MepeMeHHOTO TOKa.
Tok, npoTekalouluil Mo NPOBOJHHKY B OJAHOM HallpaBJeHHH, OTJI0XKEH
HaJ rOPH3OHTaJbHOH JUHHeH of, u3obpaxxawouledl BpeMd, a TOK, NPo-
TeKalolKii B 06paTHOM HampasjeHHH,— o] Hell. Bepxuue noxy-
NepHOMbl MPHHATO CYMTATh MOJOMHTEbHBIMH, a HHXKHHE — OTpHLA-
TEJbHbIMH,

1. MapameTpbl NEPeMOHHOro TOKa

[TocTosiHHBIE BeHYMHBI, KOTOpBIE ONMpeNesoT XapaKTep H3MeHe-
HHsl TMIEPEMEHHOr0 TOKa, Ha3blBAIOTCH €ro NapaMeTpaMH.
K HUM OTHOCATCS MEPHOA, 4acTOTa M aMIIMTYyJa.
BpeMa B TeUEHHe KOTOPOTO MPOHCXOAHUT nou-
Mepuon Hblfl LMK/ H3MeHEeHHIl TOKa, Mocje Yero H3me-
HeHHs TMOBTOPSIIOTCS, Ha3blBaeTcs MEPHOAOM.
Ilepuon o6o3zHauaercs 6ykBoi T (puc. 88) u H3MepsieTCss B CEKYH-
ndax. ITepuon elle MOXKHO OMpelesHTb KaK BpPeMsi OJHOTO IOJHOTO
KoJsie6aHusi TOKa, HCXOAS M3 TOTO, YTO MepeMeHHbIl TOK MpeacTaB-
Jsier coGoil KoneGaHHsI 3/JEKTPOHOB B NPOBOJE.
ITepuox u3MepsieTcsi OueHb MaJIbIMH AOJNSIMH CEKYHABI, 0coGeH-
HO [/l TMepeMeHHbIX TOKOB, NpHMeHsieMblX B paauHoTexHuke. [as
XapaKTePHCTHKH TNepeMeHHbIX TOKOB ualle TMOJIb3YIOTCH JAPYTHM
rapaMeTpoM — 4acToTOil.
YacToToii mnepeMeHHOro TOKa Ha3biBaeTcs
Yacrora YHCJ0 NMEPHOAOB B OJHY CEKYHAY HJIH YHCIO
MOJNIHBIX KoJe6aHHH TOKa B ONHY CeKYyHAY.
Yacrora Toka o6o3Hayaercs OykBoit f. UToGEl y3HATh, CKOJMBKO KO-
JnebaHuil TOKa NPOH30HIET 3a ONHY CeKyHAy, HYXHO 1 cex paane-
JIHTb Ha BpeMsi OfHOro KosebGaHHus, T. €.

f=age. (28)

Takum o6pa3oM, yacrora — 3TO BeJHYHHA, oGpaTHas MepHOAY.

Yacrora u3Mepsierca B repuax (o6osHauaercs ey uau Hz). Ya-
CTOTa NEepeMeHHOro TOKa paBHa | 2y, eciu B CEKYHAY NPOHCXOIUT
OIHO KoJsieGaHue.

B paauoTexHHKe NPHXOAHUTCA HMETb JIeJO C NepeMeHHBIMH TOKa-
MM BBICOKOI YacTOTBI, I103TOMY AaJist yno6CcTBa HCMOJIB3YyeTcs efH-
Huna yactothl, B 1000 pas Gésbluasg ogHOro repua. dta eIHHUIA
Ha3biBaeTcsi KuJjorepuem (kxey):

1 xey =103 ey.
B TexHHKe Y/JIbTPAKOPOTKHX BOJH M CBEPXBBLICOKHX 4acCTOT HcC-

MOJb3YIOTCA elle OO/blIMe €IHHHLBI 4acTOThl — Merarepl, (Mey) u
rurarepn ([2y):

1 Mey = 103 rey = 10° 2y;
1 ey = 108 Mey = 108 rey = 10° 24,
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AMNauTya0il TOKa HasbiBaercd HauGosbliee

Amnautyna (MakKcHMaJsbHOE) 3HaueHHe TOKa 3a Bpems

oaHoro mepuona. 3a OAMH MEPHUOL TOK ABAXK-

Il IpoxoauT HauGosblee (/) 3HaueHHe: OAMH pa3 NpH H3MeHe-

HHH B NOJIOXHTEJNbHOM HAaNpaBJEHUH, APYroil — B OTPHIATEbHOM.

MrHoBeHHbIM 3HauyeHHeM IepeMEeHHOr0 TOKa HasblBaeTcsi 3Haye-
HHe TOKa [AJs LAHHOTO MOMEHTa BpeMEHH.

2. TeHepaTep nepemMeHHOro HanpsKeHHd

DJeKTpUUECKHe MalllMHbI, Npeobpasyioline Me-
MprHuMn paGoTbi XaHHUECKYIO SHEPTUIO B 3JEKTPHUYECKYIO, Ha3bl-
BalOTCA reHepaTopamu.
JleficTBHe 3JIEKTPHUECKOTO reHepaTopa OCHOBAaHO Ha H3BECTHOM
HaM $IBJI€HHH 3JIEKTPOMArHUTHOH HHAYKLHH.

C
A - n
b
L ®
Puc. 89. [IBuxkenve Puc. 90. Cxeya ycTpoiicTBa reHeparopa
. [IPOBOJHHKA B MarHHT- nepeMeHHOro TOKa
HOM noJe -

Ha puc. 89 uzobpaxen nposoauuk [, uaymuii oT Hac 3a Mjio-
cKocTh Yeprexa. Ilpu ABMXKEHHH 3TOro NMPOBOJHHKA B MAarHUTHOM
noJjie B HanpaB/leHHH A B HeM MHAYKTHpyeTcsl HauGosbiuasi 3. A. C.;
npud IBUXKEHHH B HanpaBJjeHHH b 3. 4. :c. He MHAYKTHpYeTcs, Tak
KakK B NMepBOM CJyyae NPOBOJHHK IepeceKaeT MarHHTHBIA MOTOK MOJ
NpAMBIM YIVIOM, BO BTOPOM CJydYae OH ero He IepeceKaeT, a KakK Obl
«CKOJIb3UT» BIOJb Hero. Eciiu yros, moi KOTOPHIM NMPOBOAHHK Mepe-
CeKaeT MarHHTHbIH NOTOK, uaMeHsercss ot 90° Qo Hy/s, TO HHAYKTH-
pyemas 3. A. C. TOXe MeHsieTCsl OF KaKOro-To HauGoJbllero 3Haye-
HHS 0 HYJIS.

B 3/eKTpHuecKMX MAIUHHAX AJs MOJYYeHHS NMepeMeHHOro TOoKa
HCIOJIb3yeTcsl KPYroBoe ABMIKEHMEe NPOBOAHMKA B MarHHTHOM IOJie.

Ha puc. 90 nmoxasaH NpOBOJIHHK, H3OTHYTHIH B BH/E DaMKH, KO-
TOpasi MOXeT BpauiaTbcsi BOKpPYr ocH. Ilpu BpallleHHH 3TOH paMKn
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B MarHMTHOM MoJie B Hell MHAYKTHPYETCs 3. A. C., BEJIHYHHA KOTOPOH
M3MEHsIeTCsl Mo CHHYCOHJAaJbHOMY 3aKOHY. Ec/iiM paMKy coeauHHTb
c BHelllHejl LeNblo, TO MO Hel noreyer NepeMeHHbIH CHHYCOHAA/b-
Hbifi TOK.

Ias coelnHeHHs Bpallalolleiics PaMKH ¢ HeNOABHAKHOIl LEMNbIo
CIy2KaT JBa B3aUMHO H30JHPOBAHHBIX MeIHbIX KOHTAKTHBEIX KO/bla,
HacaxkeHHble Ha BaJ. OJHMH KOHell pAMKH COEIUHSIIOT C OJHHM KOJIb-
HoMm, Ipyro#i —c ApyruM. Ilpu BpalleHHH paMKM MO KOJIbllaM
CKOJIb3SIT HEMOABUKHBIE LIETKH, K KOTOPHIM MOMAKJIOUaeTCs BHELIHSS
Lefb.

B paMKe, Haxojslledics B TOJOXEHHH, H300paXKeHHOM Ha
puc. 91, @, 3. &. c. He uHAyKTHpYyeTcA. OHa BO3HMKaeT B MPOBOJAHH-
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Puc. 91. [ToayueHue cHHYCOHAATLHOTO MEPEMEHHOrO TOKa (BBEPXy psA MoCie-
[OBATEJbHbIX MOJOXEHHII PaMKH, BHH3y rpadHk H3MeHeHHs 3. A. C.)

Kax Ab u BT’ npu BpallleHHH paMKH MO yacoBoil cTpeske. [Ipu npo-
XOX[eHHu npoBojHHKa AB nox ceBepHbiM, a BI' — MO 10XKHBIM M0~
aiocoM (puc. 91, 6) 3. m. c. Kocruraer HauGosbliel BeauuuHbl. [IpH
fanbHelllleM BpallleHHH PAaMKH 3. A. C. YMEHbIIAETCH H CTAHOBUTCA
paBHoit HyJ10 (puc. 91, 8). 3aTeM HanpaB/eHHe ee MeHseTcH, 3. [. C.
onfATh Bo3pacTaeTr Lo Haubosbliero 3HaueHus (puc. 91,e) u cHoBa
yMeHblllaetcss Ao Hyas (puc. 91,0). Ha stom 3akanuuBaercs uoJi-
HbIH LHKJ ee H3MeHeHWs. B HasbHelilleM mpouecc HHAYKTHPOBaHHS
3. 1. C. MOBTOpPSETCH.

HanpasaeHue 3. 4. C. onpejensieTcsa TO NPaBUNY NPABOH PYKH.
B ofuiel Lenu 3. A. c. COBNAAAIOT MO HanpasJeHHo. B mepsyio mno-
JIOBHHY TiepHoja 3. A. c. B NpoBoJAHHKe ADb HampaB/ieHa OT Hac, a B
npoBojiiuke BI' — Ha Hac, BO BTOpPYIO MOJNOBHHY — Ha060pOT.

B 1Byx moJIOXKeHHsIX 3a OAMH 060pPOT paMKa He llepeceKaer mar-
HutHoro noas (puc. 91,a u 8). B npoBonHukax 6B u Al 3. n. c.
He HHAYKTHPYETCH, TaK KaK OHH He NEePeceKaloT MarHUTHOrO MOJSf.

CHHYCOMIAJNbHYIO KPUBYIO OOBIYHO CTPOAT CJAEAYIOIHM 00pa3oMm:
M0 rOpH30HTaJbHOM OCH OTKJaABIBAIOT BpeMs HJH YroJ MOBOPOTa
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paMKi, a N0 BePTHKaJbHOM — 3. O. €. WM Tok. [lomoxuTenbHad
4acTb CHHYCOMIbI COOTBETCTBYEeT OJHOMY HalNpaB/eHHIO 3. A. C. B
NPOBOAHHKAX, OTPHLATeNbHAd — APYTOMY.

C HyJeBoro 3HaueHHMss | HauMHaeT HHAYKTHDOBATbCS IIOJNOXKH-
TeJIbHAas NMOJYBOJIHA HaNpsizKeHlisl, a ¢ HyJeBOro aHaveuuss 3 — oTpH-
LaTeJpHas, ‘

VismeHeHHe MEPEMEHHOIO TOKA B - LUeMH MPOHCXOAHT 10 CHHY-
COHa/IbHOI BOJIHE, KOTOpas no ¢opMe TOYHO COOTBETCTBYET CHHY-
COHJIaJIbHON BOJIHE mepeMeHHOoro HamnpsiKeHus. Ho TobKo no dopme:
OTHOCHTEJIbHbIe BeJTHYHHBbl TOKA M HANpSi)KeHHUS CPAaBHHBATb Hesb3s,
HNOTOMY YTO 3TO pasHble (H3HUECKHEe NMOHATHSI.

Ouenp BaXkKHO, YTO OTpHlaTesqbHasi MOJNYBOJNHA NMPHJIOKEHHOTO K
Lenu HanpsiKeHus ob6pasyeT TOK ¢ TOH Ke 3(PGEKTHBHOCTBIO, YTO H
NOJIOKHTE/IbHAs MOJYBOJHAa: HUTb JaMIbl HarpeBaeTcs ORHHAKOBO.
MesnsieTcs nuWb HampaBJ/leHHe TOKAa, KOTOPOe He BJMseT Ha HarpeBa-
HHe HUTH, NMOCKOJIbKY B TOM M JPYroM cJjyyae 3JeKTPOHbI MpPeoio-
JIeBAlOT OJHO W TO K€ COMPOTHBJIEHHE, KOTOPOEe pacCeHBaeT MOLI-
HoCThb I%R.

H3mepenue yria mosopora pamMku. Tak Kak NEepHOL COOTBET-
CTBYeT BPALLEHHIO PAMKH [0 OKPYXKHOCTH,.€[0 BbIpAXawT B yriax,
H3MepseMblX TpaaycaMu HaH pajauaHamu. [TosnHbII NepHoOX paBeH
360°, nonosuna nepuoaa — 180°, yerBepTb nepuoma — 90°. I1posoa-
HHK AB Bpaulaetcs 1o uvacoBoit ctpeske ot 0 go 90° u 3areM Ao
180° 3a oxHy MoMOBHHY NMepuoja, a 3a BTOPYIO MOJOBHHY NPOXOAUT
ot 180 mo 360°. )

Ins pacuetoB ynoOHee u3MepsATb yros MOBOPOTA PaMKH B pa-
nuanax. Papuanm (puc. 92) ecTb yroJs, Ayra KOTOpPOTO paBHa pa-
auycy r okpyxHoctu (uau 57,3°). Tak Kak AJMHA OKPYKHOCTH 2 mr,
nepuon paBeH 2w paguan (w=3,14), uan 360°=2x, 180°=x, 90°=
=xn/2 u 270°=3 «/2 pajpuan.

PaccmoTpuM  mocTpoeHHe — CHHYCOHAAJIbHOH
MMocTpoenne chuHycouabl KprIBOI'/'l, o 3aKOHY KOTOpOI'/'I U3MEHseTCs Iepe-

MEHHBIH TOK.
Ha puc. 93 usoGpaxen Bekrop OA (BeKTOpOM Ha3blBaeTcs Be-
JMYMHa, HMelollasi olpefieJleHHOe UHC/IOBOe 3HaueHHe W HanpasJe-
Hue). Ilycte BekTOp BpallaerTcsi MPOTHB YacOBOH CTPEJKH C MO-
CTOSIHHOH YTIJIOBOH CKOPOCTbIO (32 paBHble MpPOMEXYTKH BpeMeHH
NOBOPAYHBAETCst Ha OAMH H TOT XKe yroJ). 3a MepHoJ KOHel[ BEeKTo-
pa OMHUIUET OKPYXKHOCTb. -

[TpoBenem u3 meHTpa OKPYXKHOCTH fABe B3aUMHO INepNeHIHUKY-
JISIpHble JHHHH: Ocb abcuuce Ox (ropH3OHTasbHAsi JIMHHSI) H OCb
opauHat Oy (BepTuKajabHas JauHusi). Ecaum onyctuth u3 Toukn A
NepneHuKyJIsp Ha OCb OpPJHHAT, TO MOJyuuM oTpe3ok Oa, KOTOpHIi
HasbiBaercs npoekuuei Bektropa OA. Tlpu BpallleHHMH BeKTOpa Be-
JUUHHA ero NMpoeKuud 6yaeT Bce BpeMsI MEHSITbCS OT HyJs OO0 Mak-
CHMaJIbHOTO 3HaueHusi (MpOeKUHss paBHa BEKTOPY) M ONATb M0
HyJisi B MOJIOXKHUTEJbHOM HalpasJjieHHH (BBepX); TO XKe caMoe u3Me-
HeHHe MocJe/yeT B OTPHLATeNbHOM HanpaBjeHHH (BHH3).
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Jna usyueHusi Xapakrepa 3TOro H3MeHEeHHS NMOCTPOUM KPHBYIO,
ero usobpaxamwouy. [To ocu abcuucc 6yneM OTK/aAaAblBaTbh BpeMs,
a Mo OCH OpAMHAT — NpoekUHio Bektopa OA.

Hauxem nocTpoeHHe KpHBO# C TOro MOMEHTA, KOTa BEKTOp Ha-
xonutcss B nosoxenun OA; (puc. 94, a). B 3Tom ciyyae mpoekuus
ero Ha OCb OpJMHAT PaBHa HYJI0, a COOTBETCTBYIOILAs TOYKA KpH-
BoH — K. o

Uepes HeKOTOpPBIl TPOMEXKYTOK BPeMEHH f; BEKTOP 3aiiMeT moJio-
xkenve OA, (puc. 94, 6). OroHM Ha ocH BpeMeHM (Ha ocH ab-
CIHCC) BpeMsi fp, BOCCTAHOBHM IepHeHAUKYJSIp H3 3TOH TOQUKH U

®
2rr
Jnuna DKp)’)KHDC{ﬂU
Puc. 92. Oaun paaman paBeH N Puc. 93. O603HaueHHe HANpas-
yray 57,3°. TlosHast OKpy»HOCTb JIeHHs1 W BeJHYMHBl NMPH MOMOLILH

cocTaBiseT 2w paaHaH BEKTOpa

OTJIOXXHM Ha HeM MNpPOEKIHI0 BeKTopa, KoTopasi B JaHHOM cJydae
paBHa ero BeanuuHe. ITonyuum touky K,. Eciu aHanoruuseim o6pa-
30M NMOCTPOHTb TOYKH, COOTBETCTBYIOIIHE NMPOMEXKYTOUHBIM IOJIOXKe-

Husim BekTopa OA, U COENMHUTb HX, TO MOJYYMTCS MJaBHAsh KpUBas
KiK;. P
Uepes npoMexXyToK BpeMeHU f; BeKTOp 3aiimer mosioxeHne OAj
(puc. 94, 8); ero nmpoekuus Ha ocb OpAHHAT OYAET paBHA HYJIO, H
COOTBETCTBYIOIlas TOYKa KpHBOH K; OKaXKeTcsl Ha OCH BPEMEHH.

Uepes Bpems f; BekTOp 3aiimMer noJioxkenue OAy (puc. 94, e); ero
NpoeKklusi onfATb GyJeT paBHa BeJHUHHE BEKTOPAa, U COOTBETCTBYIO-
ulas Toyka KpPHBOUN OKa)KeTcsi B mnoJoxeHun K, Haxonew, uepes
BpeMss !5 BEKTOp BO3BpaTHTCA B HCXOAHOoe nogoxenie OA,
(puc. 94, 0), rme ero mpoekUHsi CHOBa paBHa HyJI0, a Touka Ks Ha-
XOJHUTCS Ha OCH BPEMEHH.

Hrak, Bektop OA coBepiius moJHbll o6opor (360°) 3a Bpems
t;—t,. PasHocTb f;—f, COOTBeTCTBYyeT MNepHoAy Kosebauuit T, mo-
TOMy 4TO nocje TouKH Kz KpuBasi OyJdeT M3MEHATbCA TOUHO TaK IKe,
Kak oT Touku K, 1o Touku Ks. KpuBas, nzo6paxennas ua puc. 94, 0,
HasbiBaercsi cuHycounoi. OHa xapaKTepH3YyeT 3aKOH H3MEHeHHs Be-
JIHYHHBI TPOEKIIMH BpalLAIolLerocs BEKTOPa HAa OCb 4.
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Puc. 94. TocTpoeHne CHHYCOHAbI
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Bripasus yros 360° B pamgnanax (360°=2 ), mosyuum yrjoByio
CKOPOCTb BEKTOpa

€
Il
'\:] ¥

; 1
3amenus T ero 3HauyeHHeM —» TOMYUHM KPYroByio 4actoty
o= Qﬂf

Yros noBopoTa BeKTOpd OTHOCHTE/NbHO ero Ha-
®dasa YaJbHOrO MOJIOXKEHHA B JI0OO0H MOMEHT Bpe-

MeHH HasbiBaercsi (a3oil. Pasa ompepnensier
MTHOBEHHOe 3HaueHHe TOKa (MJHM 3. A. C.) M €ro HamnpaBJjieHHe B
LeNy: oHa NOKa3blBaeT, BO3pacTaeT TOK HJ/IH yObIBaer.

i

A;
e
|
A T/Bj! ! S ' e —~t
e 1 |
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e T/Z'k -l | |
I 3T | |
= T 1 I
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e T -

Pyc. 95. KpuBasi cHHycOMAaJdbHOIO TOKA

Takum o6pasom, ¢a3oil HaH (a3oBLIM yrJaoM Ha3biBaercst yrod,
onpenesomHii MIrHOBEHHOE 3HayeHHe ToKa (3. A. €., HaNPSIKEHUS)
B JAHHbBIH MOMEHT BPEMEHH.

B ¢usuke ¢asoit kosebaHusi Ha3bIBAETCS BCSKOE MOJIOXKEHUE
Tejla, COBeplIaolilero mepuoanueckue kosaebanus. Ilpu kosmeGanun
NoJIOXKEHHe Tesa, T. €. ero ¢a3a, HeNpepbIBHO H3MEHseTCs.

Ha puc. 95 u3o6paxena KpuBasi CHHYCOMJAJbHOTO H3MEHEHH]
nepeMeHHoro Toka. Touke A;, Haxonslelcs Ha CHHYCOHLE, COOTBET-
ctByetr (a3oBblil yroj, paBHblil Hymo. Toukam A, A;, Ay, As u Ag

) o 3
COOTBETCTBYIOT (pa3oBbie YI.IbI - =45°, - =90°, - =180°,
3T
——=270° n T=360°. [laa ynoGctBa oTcCYeTa 3a HadaldbHYlO

basy npunnmaercs ¢asa HyJeBBIX MIH AMIVIUTYAHBIX (MaKCUMaJb-
HbIX) 3HauyeHHH.
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Ha puc. 96 noka3anbl KpUBble MepeMeHHbIX TOKOB i H iy, COBMaA-
nawomux no ¢ase. Kak npuHATO roBOpHTh, CABUT (pa3 MeKAy HHMH
paBeH HyJllo, T. €. OHH OJHOBPEMEHHO MPOXOISIT uepe3 HyJb, OAHO-

o~

Puc. 96. Kpusnle 1BYX CHHYCOHILAMBHBIX TOKNB,
coBmajawuMx no ¢ase

BpeMeHHO BO3pacTaloT 10 HauOGOJbllIero 3HayeHUs] H YMCHbLIAIOTCH
J0 Hyasl U T. L.

0y

I

Puc. 97. KpuBble ABYX CHHYCOMJAJbHBIX TOKOB,
CIBHHYTHIX no (ase Ha 90°

Ha puc. 97 uso6GpakeHbl KpHBBIE MEPEMEHHbIX TOKOB i) H iy,
cABHHYThIX no ¢ase. Tok i, u3MeHsercs paHblue Toka i;. Hampu-
Mep, TOK I HMeeT HauGoJiblllee OTpULATENbHOE 3HAUEHHE B MOMEHT
1, a TOK iy — JIMlb B MOMEHT f/;, T. €. uepe3 YeTBEPTb TNepHOjA.
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CaemoBaTesibHO, TOK {; OTCcTaeT mno ¢a3e oT Toka i, Ha 90°, wum,
IpYTUMH CJIOBaMH, TOK ip omepexxaeT mo ¢ase Tok i, Ha 90° (yroa
casura ¢a3 o6o3Hauaercss oObIUHO rpeueckoi OYKBOH ¢).

OueHb yacto caBur a3 uso-
Opaxator BekTopamd. Ha puc. ;)
98 BekTOp /; B HEKOTOpPOM Mac-
wrabe u306paxaeT JeHCTBYyIO-
llee 3HaueHHe TOKa I;, MOKas3aH-
Horo Ha puc. 97, a BekTOp [o —
ToKa i3. [lockosbKy TOK i, OT-

ctaer no ¢ase OT ToKa ip Ha 90° ,\(f=gao

BeKTOp /| OTJIOXKEH TMNOA YIJoM =~ I

90° x Bektopy [ B CTOpPOHY OT-  Puc. 98. BekropHoe H306paeHHe ABY-

CTaBaHUA. CHHYCOMJAJIbHLIX TOKOB, CABHHYTBHIX IO
CTOpOHOI OTCTaBaHUsl YCJIOB- base Ha 90°

HO TNpPHHATO CYHTaThb HampasJe-
HHE [JBHXKEHHS YacOBOH CTPeJKH, CTODOHOH ONepeKeHHs — Hampas-
JieHHe MPOTHUB [BHIKEHHS YACOBOH CTPEJIKH.
dopMa BOJHBI HaMpsi)KeHUsA, CO31aBaeMoOro
CuHYCOMWAaIBHOE Ha 3a)XKUMaX paMKH IpH ee KPYyroBOM Bpalle-
HAnpskeHue HUMH, cHHycoupaabHasaA. MuaykTHpyemas 3. 1. C.
MaKCHMaJjlbHa MpH BepTHKaJbHOM pacroJo-
KeHun paMku (¢=90°). OHa nponopuHOHa/NbHA CHHYCY yI/a NMOBO-
poTa paMkH Ajsi Bcero mepuoaa 360°.
B ta6na. 5 mpuBejeHbl YHCAOBble BeJHYHHbl CHHYCa HEKOTOPHIX
yIJIOB, 4TOObI MPOMJIIOCTPUPOBATL XapaKTepHble OCOOEHHOCTH CH-
HYCOHJaJbHOH BOJIHBI Ha[IPSI’KeHHS.

Ta6aumuga 5

Yro1 nosopota
paMKH B rpaaycex Cunyc HanpsiceHue Ha 3a:KMMax BHTKA
0 0 Hyan

30 0,5 500/, MakcHMaabHOIT BeJIHYHHBI

45 : 0,707 70,70/, " "

60 0,866 86,69 » "

90 1 MMonouTeAbHAST MaKCHMa/hHas BeJH-
EUME

180 0 Hyab

270 —1 OrtpuuaresbHas MakcHMalbHas BeJu-
4[Ha

360 0 Hyap

O6paTuTe BHHMaHHe, YyTO CHHYCOHNaNbHasi BOJHA JOCTHraeT Mno-
JIOBHHBI CBOell MaKCHMaJsbHOH BesHuHHbl nmpu 30°, KOoTopble cocTab-
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asoT /3 or 90°. DTo 03HAuaeT, UTO CHHyCOMJajbHasi BOJIHA BOJIH3H
OT TOpDHM3OHTANbHOH OCH H3MeHseTcs Oosee pe3ko, uyeM BJaJH
OT Hee.

MrhoBeHHOe  3HaueHHe 3. O. C. CHHYCOMAAJbHOH  BOJIHBI
Ajqs qoGoro  yraa BpauleHHs paMKH onpedeasieTcs 1o ¢op-
myJe

e=FE_sin¢ (8), (29)

rie Em— BeJHUHHA -MaKCHMaJIbHOH 3. M. C.;
© — yroJs, NpH KOTOPOM oONpejesieTcsi MIHOBeHHasi 3. [. C.

Mpumep 46. Cuuycounanbiiasi BOJHA HanpsiKeHHsi H3MEHsIeTCA OT HyJs [0
MaKCHMaJbHOH BesnunHbl, pasHoit 100 6. Onpeje/iuTb BeJHYHHY HanpsKeHUus
nas 30, 45, 90 u 270°.

Pewenune Cornacio dopmyse (29)

ansa 30°
U = 100-0,5 = 50 8;
nas 45°
U = 100-0,707 = 70,7 s;
aast 90°
U = 100-1 = 100 s;
ans 270°

U = 100-(—1) = —100 8.

Kak Buano, nanpsoxenne npu 270° to e camoe, yto H npu 90° Ho nporu-
BOMNOJIOXKHOI noaspuoct (—100 &).

3. UsivepeHne nepemeH!Or0 TOKa

[TepemenHblii TOK, NPOXOAS MO LeNH, Bce Bpe-
JleiictByioee 3Hauenne MSI MEHSIETCS [0 BeJWYMHE W HANpaBJi€HHIO.

OnpenensATb ero MTHOBEeHHble 3HaueHHus (T. e.
BEJIMUHHY TOKa B J1I06OH MOMEHT BPEMEHH) H3MEDUTENbHBIMH MpH-
6opamMu Hesb3si, IOTOMY 4TO CTpesnka nmpubopa He yChmeBaeT cJe-
AOBaThb 3a ObICTPHIMH H3MeHeHHsiMM ToKa. [lostomy nepe-
MeHHBIi TOK H3MepSIOT, CpaBHMBas ero JeHCTBHe C [eliCTBHEM
NOCTOSTHHOTO TOKa. JTO BO3MOXHO MOTOMY, YTO BCSIKOe H3MepeHHe
€CThb CpaBHeHHe OJHOH BeJUYMHBI C APYroH, YCJAOBHO NpPHHSITOH 3a
e[MHHULY.

Heiicteyomum (Hian 3¢deKTUBHBIM) 3HAYEHHEM MEPEMEHHOro
TOKAa MPHHATO CYHTATh TAKOH MOCTOSHHBbIA TOK, KOTOpBIA, MPOXOAs
yepe3 OJHO H TO K€ COMPOTHUBJIEHHE B OJHH H TOT XK€ NPOMEXKYTOK
BPEMEHH, NMPOH3BOJAHT OJHHAKOBOE C MEPEMEHHbIM TOKOM TEMJoBOE
neicTBHE,
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HelicTByowee (MM cpefHeKBaApaTHYHOE) 3HAUeHHe MepeMeH-

Horo Toka B V/ 2=1,41 pasza Mesbllle aMIJIHTYLHOTO 3HaYeHUs (3TO
CNpaBeAJIuBO TOJMbKO IJ51 CHHYCOMAaJbHBIX TOKOB), T. €.

1 /
. 'm __ 'm 3
[l V§ i 1‘41 ’ ( O)
rie [, — neficTBylollee 3HayeHHe MepeMeHHOro Toka !
I, — aMnIuTy[HOe 3HAueHHe MepeMeHHOro TOKa.

Mpumep 47. Onpegeants jeiicTByIOllee 3HAYCHHe MNEePEMEHHOrO TOKa, BCJH
amMnautyna Toka /m =282 a.
Pewenwue. Ilo dopmyne (30)

/ 28,2

m - 3y =

\ I = V= Tar 2 a.

TO‘JHO TaK 2Ke onpezxenaerca H IleflcTBleLllee 3HA4YEHUe Haﬂpﬂ-
KEeHHUd: '

U
Sl I (31)
V2
NMpumep 48. [eiicTBylouee 3HaueHHe HanpsiKeHUs MepeMEHHOro TOKA pPaBHO
120 8. OnpenenuTb aMOIHTYIHOE 3HaueHUe HaMpshKeHUs.
Pewenne. Ilo popmyre (31)

Uypy=UV'Z =120-141 == 1692 6.

Yaue Bcero TexHuueckHe NpubOpbl, BK/AlOYaeMble B LeNb A5
H3MepeHHs MepeMeHHOI0 TOKa, MOKa3blBaloT ero ACHCTBYIOLLHE 3Ha-
YeHHSI.

IleficTBylolllee 3HaUeHHe LIMPOKO HCMOJB3YeTCsl AJsi OLEHKH CU-
HYCOM/Ja/lIbHON BOJIHBI HampsiKeHHsi uiau Toka. OHO mpesacraBiasieT
co60f1 BE&THUHHY CHHYCOUWJa/JbHOH BOJIHBI GLpu 45° W cocraBaseT
70,7% aMMJIUTYIHOTO 3HAUEHHSI.

HeiictBylomee 3HaueHne=0,707 X-aMMJaHTyHOe 3HaueHHUE.

Koadouuuent 0,707 ans cpefHeKBaApaTHUHOTO 3HAYEHUs NOJY-
YMTCA, €CJAH CHHYChl BCEX YIJOB B MOJYNEPHORE BO3BECTH B KBai-
paT, CNOXKHTb 3TH BeIHYHHBl, CYMMY Das[eNUTb Ha MX YHCJIO H U3
NOJIyYeHHOH BeJNHYHHBI H3BJeYb KBAJPAaTHBI KOPEHb.

[Ipu amnautyne Hanpskenus 170 8 pgeficTBywoliee 3HaueHue
paBHo 0,707-170=~120 6. ODTO HampsiacliHe OCBETHTE/bHON 3JeK-
TPUYECKOH CeTH, KOTOpOe BCerja BbIparkaeTcsl B JEHCTBYIOLLEM 3Ha-
YeHHH.

[Tepemennoe HanpsixkeHHe €O CpelHEKBAJAPaTHYHOH BeJHUYHHOM
120 8 HaKaJaUT 3NEKTPHYECKYIO JIaMMOYKY 1O TaKOH XKe CTemeHH,

! OGblyHO MHAEKC «[» y JAeHCTBYIOILEro 3HAUEHHS MEePeMEeHHOro TOKa WJH
HanpsiXXeHusi He nuuwercd. AMNIHTYAlCe 3HaueHHe Toka (HanpsiKeHus) 0603Ha-
4aiot /iy, Ivaxe WM /max (Um, Unaxve 40 Umax).
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kak W Hanpsixenue 120 8 mnoctosiHHoro Toka. Hcxomss u3 3Ttoro,
CpelHEKBaJApaTHYHYI0 BEJHUHHY HanpsKeHWs  Ha3biBalOT Jel-
CTBYIOLIMM Hanpsi>KeHHeM.

AMIUIMTYHOEe 3HAaueHHe TOKa (HaMpPsIXKeHHS)
TaKXKe CAYXKHUT /51 OLEHKH ero CHHYCOMAab-
HOH BOJIHBI. 3Hasi aMIUIUTYAHOE 3HayeHHe,
MOXHO ONpeNeqHTh AEHCTBYIOUIYIO BeJHUUHY.

AMNJHMTYIHOE 3HayeHHe

1 .
AMILINTY 1HOE 3Hauellle = o707 X neiicTBylollee 3HAYEHIE =
b

= 1,414 X neiicTByioniee 3Haueile.

Dra BeJMUMHA TIpeACTaBJsieT cO0Oil cpefHe-
apudMeTHUeCKoe BCeX YIJIOB CHHYCOHAAJbHOM
BOJIHBI TOKa (HampsiKeHHs1) 3a MOJIOBHHY Ie-
puona. lns onpeneseHHs CpefHero 3HaueHHs
HCIOJIb3yeTCsi NMOJMOBHHA NMepHoja, TaK Kak CPelHss BeJHYHHa I10J-
HOT'O MepHoja paBHA HYJIO U [/ CpaBHEHUS HHKAaKOTO MpakTHye-
CKOrO HHTepeca He NpeacTaBJser.

Ecnn penuunHbl TOKa (HampsiXKeHHs) CHHYCOMAAJbHOH BOJIHBI
4151 Bcex yraoB po 180° cioxuTh, a 3aTeM pa3fleJuTh Ha YHCIO
CJIOXKEeHHbIX BeJHYHMH, TO NOJYYHTCS CpefHeapH(MeTHUeCcKoe 3Haue-
Hve 0,637. Tak xak aMniuTyJAHasi BeJHUYMHa CHHyca paBHa ejH-
HHULe, TO

Cpennee 3nauenue

cpeanee 3Hauenne = 0,637 X aMniuTyAHOE 3HAUYEHIlE,
-

4. HH3KHe ‘W BbICOKHE 4acTOThl

Bce yacToThl mepeMeHHOrO HanpsiXKeHHs H TOKa MOXHO pasje-
JUTb Ha JBa UIMPOKHX [HAaNa30oHa: HU3KHE U BLICOKHE.

Jluanasod HH3KHX 4acTOT BKJlouaeT B ceGs 4yacToThl oT 16 mo
18 000 ey, koTopble nocne npeo6pa3oBaHHsi B 3BYKOBble BOJIHBLI 4e-
JIOBEYECKOe YXO BOCIPUHHMAaeT Kak 3BYKH. .

Uem Goiibllie yacToTa, TeM Bbllle BbICOTA, MJH TOH, 3BYKa; ueM
6oJblile aMMJIUTYaa, TeM Tpomue 3BYK.

OnHako BoJIHBI NMEpPEMEHHOro TOKa 3BYKOBOH (HHU3KOI) 4acTOThHI
He cjelyeT IyTaTb CO 3BYKOBBIMH BOJIHAMH, KOTOpble CO34al0TCs
MeXaHHYeCKHM mnyTeM. OJIeKTpHUeCKHe BOJIHbl PaclpOCTPaHSIOTCA
co ckopocTblo 3108 m/cex M HX MOXKHO CJBIILIATE JIHIIL MOCJIE Tpe-
o6pa3oBaHHsl B 3BYKOBble BOJIHBI, TOTa KaK 3BYK paclnpocTpaHsier-
csi co ckopocTblo 300 a/cex.

[TepemenHblit TOK BbIcOKO# uacToThl (0T 18 000 24 x0 30 000 May)
CO3/1aeT 3JIeKTPOMAarHUTHble BOJIHBI (PaAHOBOJHBI), HCIOJb3yeMble
B TeXHHKE CBf3H.
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5. AKTHBHOE CONpPOTHBNEHHE

ITon akTHBHBIM CONPOTHBJEHHEM CJeldyeT MOHUMAaTb COMPOTHB-
JleHHe NpPOBOJHHKA, H3MepeHHOe INpu NepeMeHHOM Toke (oGo3Ha-
yaerca r uad R). CompoTuBjeHue NPOBOJHHKA NPH IOCTOSHHOM
TOKE HHOI/Jla Ha3blBalOT OMHUYECKHM, a yalile BCEro — MPOCTO COMpo-
TuBjieHueM. [lpum mu3kux uacrorax (16—18000 ey) nepemeH-
HOr0 TOKa pasHulla MeX]y aKTHBHbIM M OMHYECKHM COMNPOTHBJE-
HHSIMH TIPOBOJHHMKA OUeHb MaJjd W €0 NpaKTHUeCKd NmpeHeGperaor.
[Ipyt BBICOKMX YacTOTax aKTHBHOE COINPOTHBJEHHE B JeCSTKH pas
6oJiblile OMHYECKOro. DTO 0G'bsICHSIETCS BJAHSIHHEM TaK Ha3blBaeMOTo
NOBEPXHOCTHOTO 3ddeKTa.

-MoBepXHOCTHBIN 3(dekT BbIpa)kaercs B He-
IoBepXHOCTHBI paBHOMEPHOM pacnpeaeNeHHH MnepeMEeHHOro
atdexr TOKa MO CEYEHHI0 MNPOBOJAHHKA. DTO sIBJEHHE
4acTo Ha3biBAlOT CKUH-3QdexToM (OT aHr/ui-
CKOTO csloBa «skin» — KoXKa), MOCKOJIbKY MepeMeHHbIi TOK BhICO-
KOH 4acTOThl NMPAKTHYECKH MpPOTeKaeT II0 IMOBEPXHOCTH («KOMKe»)
npoBogHuKa. B 1ueHnTpe mNpoBOJHHKA IMJIOTHOCTb TOKa MaJa,
a no mepe npHOJHKEHHMSI K
[IOBEPXHOCTH BO3pacTaer.
B cuny storo mosesnoe ce-
yeHHe MPOBOJHHKA AJ5 Iepe-
MEHHOrO TOKa KaK Obl yMeHb-
[1aeTCs H COMPOTHBJIEHHE €ro

yBeJHUYHBAETCH.
3aMeTHOe NpOSIBJIEHHE Ha  Buympennee

BHICOKHX 4YacTOTax IIOBepx- none

HoCTHOro 3(QeKkra nO3BOJAELT

NpUMeHSITe B paAuoannapa- Buewnee — -

Type KaTVIUKH HHIYKTHBHO- none

CTH, HU3rOTOBJIEHHbIE HE H3 Puc. 99. MarHuTHOe Mno./e OAHHOYHOTO
CMJIOIIHOTO TMPOBOAd, a U3 IPOBOLHHKA C TOKOM
Tpy6OK. *

Paccmorpum (usuueckymo CTOpoHy 3Toro siBjeHus. Ha puc. 99
n3006paxeHo MornepeyHoe ceyeHHe NMPOBOAHMKA C BHELWIHHM H BHY-
TPEHHUM MATHHUTHBIMH NOJISIMH B MOMEHT, KOra TOK NpOTeKaer
OT Hac.

[Tpeano/ioKUM, MPOBOAHHK COCTOMT M3 MHOXECTBA TOHKHX IMpO-
BOAALIMX HUTell. BriiesnM ABe TakHe HHTH: y MOBEPXHOCTH MPOBOI-
HuKa I ¥ OKoJIo LieHTpa 2.

[Tocko/ibKy MpH M3MEeHEHHH TOKa, NpPOTeKalollero Mo MpoBo[I-
HHMKY, OZHOBDEMEHHO H3MeHsieTc M MAarHMTHBI MOTOK, cJiefoBa-
TeJIbHO, B MPOBOJHHKE HHAYKTHpPYeTCs 3. A. C.," IPOTHBOAEHCTBYIO-
umiasi H3MeHeHHIO Toka (mpaBuJjo Jlexua).

[Tpu yBennueHHH TOKa MAarHHUTHBIH IIOTOK BO3pacTaeT MNOAOGHO
TOMY, KaK PacXofaTcsi KOHLEHTpHUYeCKHEe BOJHBI OT KaMHs, GpOLIeH-
Horo B npyA. [Ipn 3ToM HUTb I nmepecekaeTr TOJbKO HAPYXKHBIH Mar-
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HUTHBIA MOTOK, a HHUTb 2 — BeCh MarHWTHbIH MmoTok. To ke camoe
NPOHCXOAMT H NPH YMEHbLIEHHH TOKA, KOrja MarHHTHHIH MOTOK
‘«CTATHBAETCHA» K LEHTPY MPOBOLHHUKA.

C/ienoBaTesibHO, BeJIHYMHA HHAYKTHPOBAHHOH 3. A. c.. GoJjblie
B LIeHTpe, ueM Ha nosepxHocTd. OTcloga NpOTHBOJENCTBHE AJS TOKa
‘B LIeHTpe MpOBOJHHKA GOJIbllle, a 3HAUHT, BeJHUYHHA TOKA B HHTH 1
‘60J1bllle, UeM B HHTH 2. )

Uewm BBILIE YacTOTa TOKA, TeM CHJbHee MPOTHBOJEHCTBHE HHAYK-
THPOBAHHOM 3. . C., IOCKOJIbKY OHa BO3pacTaer.

B cranbneix NpOBOJAxX MPH MPOUYMX PABHBIX YCIOBHAX BHYTPEH-
Hee MAarHHTHoe roJie Gosblile, yeM B MeJHbIX, I03TOMY MOBEPXHOCT-
HbIH 3¢ ekt MPOABJIACTCA CHAbHEE.

6. FeHepaTOp NOCTOAHHOrO HAaNPAMEHHS

CoBpeMeHHble 3JIeKTpHUECKHe MaLIHHbl MepeMeHHOro TOoKa
UMeIoT caMoe pa3HooOpa3Hoe yctpofictBo. Ho mpuuuun ux paGoThl
OJHH H TOT xe. Kaxkpas snekTpHyeckass MalllMHa JOJKHA HMETh:

1. MarHuTHyl cHcTeMy, NpefHa3HAuYeHHYI0 AJS CO3JaHUSA Mar-
HUTHOTO noJ/isi. OObIMHO BMECTO MOCTOSIHHBIX MarHUTOB NPHMEHSIOT-
cfl 3JIeKTPOMATHHUTHI, TAK KaK C HX MOMOLIbIO NPH MEHbLIHX pa3me-
pax MOXHO NOJYYHTb 3HAUYHTENIbHO OOJbLIYIO HaMpsi>KeHHOCTb NOJ,
4YeM OT MOCTOSTHHBIX MarHHTOB.

2. Bpawarouyioocss yacTb — SIKOpb C NMPOBOJHMKaMH; IIpH Bpa-
LIeHHH AKOps B NPOBOJHHKAX HHIYKTHpYeTCS 3. I. C.

UTobObl MOMYYUTh 3JEKTPHUECKUH TeHepaTop, CO3[4aIOLHiA BO
BHelIHe#l LeMH NOCTOSHHBbI TOK, HeOOXOJUMO KOHTaKTHble KoJibLia
3aMeHUTb 0coObIM mpHcnocobieHneM — KOMJNeKTOpoM. Takas asex-
TpUYecKasi MallHHA HAa3blBaeTcsi FeHEPaATOPOM MOCTOSIHHOTO TOKa.

W3 puc. 91 BuaHO, uTO 32 OJIMH 0BOPOT paMKH IPOBOAHHKH AB
u BI' gBaxjabl nepecekaloT MarHuTHoe noje. B momeHT, koraa
paMKa NPOXOAHT HelTpasbHOe noJoxenue (puc. 91,8), HampasJe-
HUe 3. . ¢. B npoBoaHuKax Ab u BI' mensiercs. UrtoOml mosmyuuts
MOCTOSIHHOE HanpaBjieHHe TOKa BO BHEIUHEH lend, HeoOXOAUMO B
STOT MOMEHT MepeKJIOUHTb KOHIBl paMKH K IIPOBOAAM BHeELIHeH
uend. Posib aBTOMaTHUeCKOro nepekxJiouarte/si KOHLUOB PaMKH H BHI-
NOJIHSIET KOJIJIEKTOp.

Ha puc. 100 H306pa}KEH NPOCTEHILNI KOJIJIEKTOp, KOTOPHIH CO-
CTOMT H3 JIBYX IOJyKOJiell, H30JHPOBAaHHbIX MeXAy co0GOd M OT
Bana. K ogHOMYy mnoJiyko/ibLly NpHCOeAHHSETCS OLHH KOHell paMKH
(Butka), K apyromy — gpyro#i. ITo nosnykosbuaM mpu BpalleHHH
CKO/Bb3ST HenoABHKHble WeTku L[} w [y Tlpu BpalueHHH paMKH
no yacoBoii cTpeske B mpoBoxHuke AL (puc. 100, a), korma on
NPOXOAHT OKOJIO CEeBEpHOrO TOJIOCa, HHAYKTHpyeTcs 3. OA. C., Ha-
npassennast or A k 5. B 370 Bpems mnpoBoaHuk Bl npoxogut
OK6eJ10 I0XKHOTO 0JIIoca U B HeM HHIYKTHpYeTcsl 3. A. C., HalpaBJeH-
Hast of B k I'. OGe 3TH 3. A. C. CKIAABIBAIOTCA H CO3LAIOT TOK BO
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BHEUIHell IeMH, HampaBJeHHBI oT weTku IIf; uepes Harpysky Kk
wetke [,

[To mepe Bpalleuns pamMKM HaBoAMMas B Hell 3. 1. C. yMeHb-
aetcsi. B MoMeHT, koraa pamka 3aiiMeT BepTHKAJbHOE I[0J0XKe-
HHe, 3. A. C. Oyner paBHa Hyuawo. [lleTkn npu 3TOM HAXOAATCA Ha
H3OJIMPYIOLIHX MPOK/AaJKaX, KOTOpble pa3fensioT noJykoabua. K3
puc. 100, 6 BHAHO, YTO NMpH JajbHellueM BpalleHHH PAMKH NMPOBOJ-
HUK BI' GyjfeT npoXoJHTb OKOJIO CEBEDHOTO MOJIOCa, a MPOBOJHHK
AB — oxosio 1oxkHoro. Cile0BaTeNbHO, MPOBOAHHKH MOMEHSIHCH

Puc. 100. TTpuHuun npeo6pa3oBaHHs NepeMEHHOro TOKa B MOCTOAHHbIA
NpH NOMOLIU KOJIIEKTOpa:
a — MCXOAHOE MNONOXKEeHHe PaMKH; 0 — MOJIOXKeHHe pPaMKu focie nosopora Ha 180°

MecTaMH W HalpaBjeHHe 3. A. C. B paMKe H3MeHHJOChb. Kasanoch
Gbl, HanpaBJeHHe TOKAa BO BHEIIHeH LeNH TOXe MOJKHO H3MEHHTh-
¢, HO GJiarogapsi KoJIJIeKTOpY 3TOro He mpoucxoiut. [Ipu mosopoTe
paMKH MOBepHYJHCh U mojaykoJbua. llletka II]; cKonb3UT Tenepb 1O
noaykoapuy 2, a merka I, — no nonykoaeny I. BeaegcrBue 3TOrO
TOK BO BHelIHell LeNH He H3MeHsSeT CBOero HamnpaBJeHUs H Mo-
NpexHeMy MPOXOMUT OT wieTKH [I]; uepe3 Harpysky K werke I[,.

Tak kak BeJWuUMHA HUHAYKTHPYEMOH 3. A. C. B paMKe MeHseTcH,
TO MEHSIeTCs U BeJHYHHA TOKa B LeINH.

HsMeHeHHe TOKa B 3aBHCHMOCTH OT IIOJIOKEHHSI PaMKH MOXKHO
H306pa3uTh KPUBOH, npuBeneHHo# Ha puc. 101.

B 3snekTpHYecKHX reHepaTopax, MNpHUMeHSIeMBbIX JJs TpaKTHYe-
CKHX LeJell, BMECTO PaMKH HCIOJb3yeTcsl KaTylllKa, COCTosllasl H3
6osbuioro yuciaa BUTKOB (puc. 102). DTH BHTKH HaMaTbIBAalOTCS Ha
CTaJbHON LMJHHAD, KOTOPHI BpaillaeTcd MexAy NOJICAaMH MarHH-
Ta. Bce 3To NPUBOAMT K TOMY, 4TO 3. A. C. TAKOH MaIUAHBl Pe3KO
BO3pacraer.

CranpHON HUIMHAD BMeCTe C HaMOTaHHbBIMH BHTKaMH Ha3bl-
BaeTcs siKopem.
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Eciu B MallMHe MCMOMBb3yeTCs OfHA KaTyIIKa, TO XOTsA HAMps-
JKeHHe Ha 3a)XKHMax, a cJefoBaTe/NbHO, H TOK B LeNMH NOJYy4aloTcs
MOCTOSIHHBIMU [0 HaNpPaBJeHHIO, UX BEeJUYMHBI MEHSIIOTCS, WJIH, KakK
NPHHATO TOBODUTbH, MYJbCHPYIOT B LIMPOKUX Npefesnax — OT HYJd
IO KaKoro-to Hau6oJbllero 3HaueHust ¥ CHOBa o HyJas (puc. 101).
Jisi yMeHbIeHHs MyJbcaluil TOKAa B UENH HA CTAJbHOH LUJIMHAD

I
! I
! !
! I
! | Yeon
0 90 180 270 //360° nosopoma
\
N /
\\ /
N
Puc. 101. KpuBasi TOKa, BLIIPSIMIEHHOrO NMPH MOMOLIH
KOJIJIEKTOpa

HaMaThiBAIOT HECKOJBKO KaTylleK, B3aHMHO CMELIEHHLIX Ha ollpe-
JeJleHHbIH yroJ.

Ha puc. 103 cxemaTuyeckd usoGpaxkeH sIKOPb C ABYMSI KaTyIl-
kamu (/—1 u 2—2), cmeuwenuniMu Ha 90°. B namHom cayuae kous-
JIEKTOD COCTOWT He M3 JIByX MOJIYKOJIEN, a H3 ueThipex : MIacTHH

Ramywra
/Hamguma

c
1
Kamywra Kamywra
Puc. 102. Tlpunuun ycrpoiictBa ofHO- Puc. 103. TIIpunuun ycrpoiicTsa
KaTyIIeYHOro reHeparopa MOCTOSHHOTO NBYXKAaTYLIEYHOro TreHepaTopa Io-
TOKa CTOSIHHOT'O TOKa

(cerMeHTOB), H30JMPOBAHHBIX MeXAy coGoit M oT Baja. [lo 3Tum
NJaCTHHAM CKOJb3SIT TNPH BpALIeHHH SIKOPS HENOABHIXKHBIE ILETKH.
K kaxpmoli maacTHHe NpHCOeNUHSIIOTCS KOHLBI KaTyluek. KpuBas
H3MEeHeHHs 3. L. C. Ha 3a)XUMaX IeTOK JIS 3TOro cjyyasi MokasaHa
Ha puc. 104.

Ecnu cpaBHuTb KpuBble, H306paxeHHole Ha puc. 101 u 104, To
BHJIHO, YTO BO BTOPOM cJyyae MyJbCalHs 3. . ¢. (2 3HAUHT, U TOKa
B UenH) MeHblle, 4eM B mepBoMm. [Ipu GosblieM uHcje KaTyllek,
HaMOTaHHbIX Ha SIKOpe, MOXHO IOJYYHTb elle MeHee MNYJbCHPYIO-
Y0 3. [A. C.
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J_IJ'IH MOBbILLIEHUAA HANps2KEHUA Ha 3aXHUMaxX LIETOK He0OX0IUMO
KaTylIKH COCAUHHTb B OIHY 06MOTKy Tak, uToObl Bce KaTyLIKH, Ha-
MOTaHHbIe Ha $AKOpb, Y4YdCTBOBAJH OJHOBPEMEHHO B CO3JAaHHH
3. 4. c. Takue 06MOTKH OOBIUHO UCNOJB3YIOT B 3JCKTPHUECKHUX Tre-
HepaTopax NPOMBILUJEHHBIX THUIOB.

|
N

Yeon
0 90 180 270 360° nosopoma
Puc. 104. Kpupast uameHenust . j. C. Ha 3a/KHMAX jBYX-

KaTyLI€uHOoro redepartopa

7. Npuiuun paGoTbl 3NeKTpoABHraTens NOCTOAHHOIO TOKA

daexkTpoABUraTeNeM Ha3blBaeTCs MaulMHA, Mnpeobpasyiollas
3/IeKTPHUECKYIO 3HEPTHI0O B MEXaHHYEeCKYyIo.

SnekTpuyeckash MallHHA MOCTOSHHOTO TOKa — 06paTuMas. ITo
03HayaeT, 4To OHAa 6e3 H3MEHEeHHs KOHCTPYKIHH MOXkeT paboTaTh
Kak B KayecTBe reHepaTopa, TaK M B KaueCTBe 3JIEKTPOABH-~
rareJis. ,

Brnepsble npuHuuMn 0OGPaTHMOCTH 3JMEKTPHUECKHX MalUMH Obla
ycranosieH akafemukamu J. X. Jlenuem u B. C. flko6u. Ecau
AKOPb MAILKHBI NOCTOSIHHOTO TOKA BpalllaTh NP NOMOLIM JBHrare-
Js, To oHa Oyner pa6GoTaTh Kak reHeparop. Ecau xe no oOMOTKe
SIKOpSl NPONYCTHTH NOCTOSIHHBIH TOK OT KAaKOro-M60 HCTOUHHKA, TO
MalipHa Oyger paboTaThb Kak JBHUraTesb, npeoOpasys 3/eKTpHue-
CKYIO 3HEpPTHI0 B MeXaHHUYeCKYIo.

PaGoTa aneKTpOABHraTess1 OCHOBaHAa Ha SBJE€HHH B3auUMoJeil-
CTBUSI NPOBOJHHMKA, N0 KOTOPOMY IPOXOAHT 3JeKTPHUECKHH TOK, C
MarHuTHbIM noJsem. [Ipu 3TOoM BO3HMKaeT MexaHHuYeckas cHsa, KO-
Topasi B 3aBUCHMOCTH OT HalpaBJleHUs MarHUTHOTO NOJf U TOKa B
NpPOBOJHUKE 3aCTaBJ/fAeT NOCIEeJHHH NepeMellaTbCd B Ty HJAM HHYIO
CTOPOHY.

[IpoBonHUKH OOMOTKH YyKpelJeHbl Ha sikope. B pesysabrate
B3aUMOJEHCTBHS MArHUTHOIO MOJsA C OOMOTKOH, MOAKJ/IOUEHHOH K
HCTOYHHMKY 3JIeKTPHUECKOTO TOKa, fKOpb HAauWHaeT Bpauiatbca. Ha-
npaBJieHHe BpallleHUs onpejensieTcsi No NpaBHJIY JIeBOH PYKH.

Ha puc. 105 noxkasano B3aumojeficTBMe MarHMTHBIX IOJIeH MO-
JIIOCOB U npoBofoB fKops. Ha puc. 105, a u3o6pakeHo MarHuTHoe
noJie MOJOCOB, Ha pHC. 105, 6 — MarHHTHOe MOJie OJHOT'O BHTKA.
B pesysabrate B3aHMOJeHCTBHA 3THX noJeil BUTOK I BMecTe ¢ KoJ-
JIEKTOPOM HaYHeT BpallaTbCH MO0 HaNPaBJEHHIO YAaCOBOH CTPEJKH
(puc. 105,8). Korna oH 3afiMeT mnoJsioxKeHHe, H300pa)keHHoe Ha
puc. 105, e, mapa naacTuH KoJJeKTOpa (K KOTOPBIM MPHCOeIHHEH
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3TOT BMTOK) BBbIHIET H3-NMOJ LIETOK H TOK NepecTaHeT MPOXOLHUThb IO
3TOMY BHTKY, HO MOJ LIE€TKAMH OKakeTcs BTOpasi mapa MNJIacTHH 1
TOK MOHJeT Tenepb Mo BUTKY 2. Burtok 2 6yneT BpaulaThC B Ty XKe
CTOPOHY, YTO M BHTOK /.

KosnnexTop npenHasHaueH Ajsi pacnpele/eHHss TOKAa IO NPOBOA-
HHKaM,

"o 6 i 2

Puc. 105. BsaumoaeficTBMe MATHNHTHLIX MOJECI MOJIOCOB
M NpoBOAa fIKOPS:

@ — MarHHTHOE 1OoJIe NOJIIOCOB; 6 — MarHHTHOE MoJie OJHOro BHTKA;
8 — B3aHMOJENCTBHE MAarHHTHOTO TNOJS MOJIOCOB M MNOAs BHTKa I:
2 — B3auMofeficTBHE MAarHHTHOTO MOJisA NOJIOCOB H NOJAS BHTKa 2

B NMPOBOJAHHKAX, HAXOASALLUXCS MOA CE€BEPHLIM IOJIOCOM MarHu-
Ta, TOK NPOXOAHUT B OJHOM HampaBJjeHWH, a B HpOBOJIHPIKaX, Haxo-
AAUUXCA MOJ 10XKHBIM NOJIOCOM, — B APYroM. Korna MMPOBOAHHUKH
MEHSIOTCA MEeCTaMH, HallpaBJjeHHe TOKa B HHUX TOXKE€ MEHAETCH,
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Takum o6pasoMm, eciu K LIeTKaM MOABECTH MOCTOSIHHBIH 3JeK-
TPHYECKHH TOK, TO SIKODb HauHeT HEeNpepbBHO BpalllaTbCcs BOKPYT
CBOEH OCH.

Kaxk yxe yKasbiBasnoch, Aisi 06pa3oBaHHsi MAarHUTHOTO MOJS. B
3J1EKTPHYECKHX MallHHaX BMECTO NOCTOSHHBIX MaTrHHTOB HCIOJB3y-
IoTCsl /1eKTPOMAarHuTel. OGMOTKH 3THX 3JeKTPOMarHUTOB Ha3biBa-
oTCsi 0OMOTKamMu BO30YXK/EHHS.

B 3aBucuMocTH OT TOro, Kak OOMOTKa BO30YKAEHHS MNOAKJIO-
gaeTcs K 06MOTKe SIKOpsk Pa3/inyaioT TPU THIA reHepaTopos H 3JIeK-
TPOJBUTATENEfl OCTOSHHOTO TOKA:

1. C napanienbHbiM Bo36yxaeHuem (wyHToBble). O6MOTKA BO3-
OyXKIeHHs NMOJKJIOYaeTcss NapasienbHo 06MOTKE SEKOPSI.

2. C nocsaenoBaTenbHbiM BO36ykaeHHeM (cepuechbie). O6MoTKa
BO30YK/€HHA BKJIOYAETCH NOC/AeI0BaTelbHO ¢ OOMOTKOM SIKOPS.

3. Co cMemaHHbiM B036yxKAeHHeMm (KomnayHAHble). MamnHa
uMeeT 1Be OOMOTKH BO30Y:KIEHHsi: OQHA BKJIOUYaeTcs MOC/Aeq0Ba-
TeJbHO, a Apyras — napaJiejbHo 06MOTKe SKOpS.

8. Tpexchasnoe nepemenHoe HanprXKeHHe

Cpean MHOrodasHblX CHCTEM I€PEMEHHOTO CHHYCOHAAJbHOTO
TOKa HauboJsee IIMPOKOe MPHMEHEeHHe NoJyyuaa TpexdasHas.

Tpexcdasnoit cucTemoit Hasbi- -

BAETC COBOKYIIHOCTb Tpe€X Of- alee Maznumnsii
Ho(a3HBIX Lenel, B KOTOPbIX ‘ nomok
HeHCTBYIOT TpH 3JEKTPOABHNKY- b
UHe CHJIBl OJJHHAKOBOH YacTOTHI,
B3aMMHO CIBHHYTbIe IO ¢ase Ha
yroan 120° (%/3m).

['eneparophl NepeMeHHOoro
TOKa HHOTIA HA3blBalOT aJjbTep-
HaToOpaMH.

Ha puc. 106 npusenena npuH-
HunHajibHass cxemMa IPOCTeH- :
mero reHepatopa Tpex¢asHoro K
TOKa. 3/1eCb HA HENQABUNKHOM Puc. 106. Pacnonoxenue 06MOTOK Tpex-
CTa/JbHOM KOJIbL{€BOM CepJeYHH- asHoro rexepaTopa 3
Ke pa3MelileHbl TPH OJHMHAKOBbIe
06MOTKH, caBHHYTble Ha 120°
Ouy co3maloT BBIXOAHblE HANpSXKEHHS, CABHHYThle Mo ¢ase Ha
120° (puc. 107).

Konbueo6pa3Hbliil CepleyHHK C pa3MelleHHbIMH Ha HeM 0oOMOT-
KaMu fIBJseTcs HEMOJBMIKHO 4YacTbio reHepaTopa M HasblBaercs
CTaToOpPOM.

BHyTpH cTaTopa Bpalaercss BOKPYr CBOEH OCH ABYXMOJIOCHBIH
3/IeKTPOMATHUT, Ha3blBaeMblii poTopom reHepatopa. O6MoTKa po-
TOpa MUTaeTcst IIOCTOSIHHbIM TOKOM OT MOCTOPOHHEro MCTOUHHKA
JIEKTPHYECKON SHEPTHH,
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TpexdasHoe nepemMeHHoe HanpsxeHHe obOJanaer 3HaUUTEJAbHBIM
npeuMylIecTBOM N0 CPAaBHEHHMIO C oAHO(a3HbIM, TaK Kak Tpebyer
MeHbIIE| 3aTpaThl MeTaJjljia Ha NPoBOJda NpPH nepegaye oJHOM H ToiH
e MOIIHOCTH. [Ipyroe BecbMa BaxKHOe NMPEHMYILECTBO — BO3MOXK-
HOCTb. ITOJIyYE€HHUs BpallaloUIerocsi MAarHUTHOTO MOJIsl, MPH MOMOLIH

$gza 3 $aza 2 ¢asza ! R
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Puc. 107. Tpexdasuoe nepemenHoe nanpsiKeHue co caBurom ¢as 120
a — H3MEeHEeHHe CHHYCOHWAAJNbHOrO HaNpsiXKEHHA; 6——B€KTOpHaH auarpamMma

KOTOporo pafoTaloT MpoCThle MO KOHCTPYKUUH U YAOOHBIE B 3KC-
mJyaTalMd 3JEeKTPHUECKHe MalUHHBI. ]

[Tpu TpexcdasHomM INepeMEHHOM HAaNpPsKEHHH HCIOJb3YIATCS
TpeX- WM YETHbIPEXNIPOBOAHbIE COEIHHHTENbHbIE JHHUH.

Puc. 108. Tpexda3Hoe nepemMeHHOe HanpsixKeHHe:
a — coelHHEeHHe <TPEeyTOJbHHKOM>» ; 6 — coeAMHEHHe <«3Be3oH»

Pesyiabrupyiolilee HanpsixKeHHe 3aBHCHT OT crnocofa CcOeauHEeHHs
06MOTOK reHepaTopa — «TPEyroJbHHKOM» HJIH «3Be310i» (puc. 108),
ITpu coenuHennu oGMOTOK «TpPeyroJbHHKOM» (puc. 108,a) Hamps-
KeHHe Ha 3a)XKMMax KaK/IOi mapel JHUHUN PaBHO HANPSKEHHIO Ha
noboi odMoTke cratopa. Hanpumep, ecin o6moTka Kaxkao# dassl
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cosnaer 120 6 neficTBYIOLIET0 HAMPSKEHUA, TO 9TO HampsKenue 6y-
ner Ha 3axumax [—2, 2—3 u 1-3.

IMpu coeaunenun o6MOTOK «3Be3moi» (puc. 108,6) HanpsikeHue
Ha 3a)XMMax J1060i napbl MPOBOJOB PaBHO HANpsKeHHIO ABYX 06-
MOTOK CTaTOpa, COeJMHEHHbIX [OC/eL0BaTeNbHO CO CABUIOM (a3
120°. TTostoMy BeKTOpHasi CyMMa HanpshKeHHil ABYyX OOMOTOK Ha
3axuMax Kaxaon jqunmu B V'3 (1,73) pas Gosbllie HampsKeHus
BbIXOJa OJHON OOMOTKH. ,

Ha puc. 109 npuBeieHO coelHHEHHEe «3BE3MA0H» AJIsl YEThbIPeXNpo-
BOAHOH JHMHHM. B 3ToM cayuae Tpexcdasnoe Hanpsikenue 208 &
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"Puc. 109. Coegunente «3Be310ii» C HCNTPAILHLIM MPOBOLOM
(120-1,73) ucnosb3yercss A/ NMUTAHUS ACHHXPOHHBIX JABHUrartesed,

a Kaxpaas u3 Tpex oAHodasHbix auHuil 120 8 — 1151 NUTaHUA OCBe-
THTEJIbHBIX Lemneu. .

9, OcseTHTenbHan ceThb

[Tpakruuecku Bce noma B CoBeTckoM Colo3e NMHTAIOTCS NMepeMeH-
HBIM TOKOM C BEJHUHHOH AeHCTBYyMOLlero HanpsixkeHus 127 unu 220 8
i dacrortoit 50 ey. DTo CHHYCOMAA/bHOE HaMNpsKeHHe BblpabaThl-
BaeTcsl Ha 3JIeKTPHYECKHX CTAHLHUSIX M OTTYAa 1O NPOBOJAM MOJBO-
auTca K AomaM. Bce moTpeGuTenn 3/eKTpUYECKOrO TOKa (3JeKTpH-
yeckHe JIaMIOYKH, TeJeBH30p, YTIOT, 3JeKTpuueckas MJAHTKA H T. A.)
MOAKJ/I0UAIOTCS NMapalliesbHO.

[To TensoBOMy BO3[€HCTBHIO MOLLHOCTb MEPEMEHHOro TOKa Ha-
npsikeHneM 127 6 3KBHBaJleHTHA MOUIHOCTH MOCTOSIHHOTO TOKa Ha-
npsikeHueM 127 6. Hanpsaxenune Boime 220 8 B 10MaUIHKX YCIOBHAX
He HCMOJb3yeTcs, TaK KaK YBeJHYUBAETCs ONACHOCTb IOpaKeHHs
snektpuueckum TokoMm. Hanpskenue nuxke. 127 8 npumeHstb 3Ko-
HOMHYECKH HeBbIroAHO. IIpu Gosiee BHICOKOM HANpSIXKEHHWH TEIlJIOBble
notepu (/2R) monyyaioTcsi MeHblle, TIOCKOJIbKY Ty Ke Camyio MOLL-
HOCTb MOXHO NepeaaTh NpH MeHblIEM TOKeE.
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[TepeMeHHbIl TOK M0 CPABHEHUIO C NOCTOSHHBIM JIerue «JOCTAB-
JATb» K TNOTPEOHTEIAM, MOTOMY YTO €ro NpaKTHYECKH 6e3 noTepb
MOXKHO HM3MEHATb MpPH MNOMoLM TpaHcdopmartopa. Jlasi BBICOKO-
BOJIbTHBIX Pacnpele/HTe/]bHbIX JHHHH MepeMeHHOoe HampsiKeHHe Ha
3JIEKTPHUECKOH CTAHLUHH NOBBIIIAETCS [0 COTEH H ThICAY KHJIOBOJBT,
TeIJIOBble NMOTepH MPH 3TOM 3HAUMUTEJNbHO MeHblle, ueM npu 127 s.
Y notpeGuTesneii BBICOKOe HaMpsiKeHHe IMOHHXKaeTcs A0 127 uau
220 s. v

Han6osiee noxxonsias uacrora nepeMeHHoro Toka — 50 2y. Bo-
Jiee HH3KHe YacTOTbl TPeOYIOT CJHHIIKOM TPOMO3IAKHX TpaHcdopma-
TOPOB U MOTYT MPHUBECTH K MHUraHuio cBera. CJMUIIKOM BLICOKHE Ya-
CTOTBI BBHI3BIBAIOT' 6OJblilMe MOTEPH B CepledyHHKe TpaHcdopmartopa
Ha THCTEpe3uc.

B HeKOTOpBIX cTpaHax HCHoOJb3yeTcsl yactota 60 ey.

Kparkue 86180001

1. IlepemeHHOe Hampsi)KeHHe HENMpPepPbLIBHO U3MEHSIETCS [0 BeJH-
YHyHe U NEePHOAMYECKH 110 HaNmpaBJeHHIO, T. €. MePUOJHUUECKH MeEHSeT
cBoo noasipHocTb. IlepeMeHHOe HampsiKeHHe, MPHIOXKEHHOE K CO-
NIPOTHBJIEHHIO Harpy3KH, CO3[aeT B LleNH NMepeMeHHbIH TOK.

2. BpeMsi, B TeueHHe KOTOPOTrO MPOMCXOAMT MOJIHBIA LHKJI H3-
MeHeHU#l ToKa, Ha3blBaeTcs nepuogoM. Ilepuoa MoxKeT H3MepAThCA
OT J1I06OK TOYKH CHHYCOMIBI /IO CJAeYIolleH TOUYKH, HMeloulell Ty ke
BEJMUHHY M M3MeHeHHe B TOM Xe HanpasjseHnu. OQuH NMepHOA pa-
BeH 360°, uin 2« paauaH.

3. 3HaueHHe MOCTOSIHHOTO TOKa, NMPOXONSILEro Yepe3 OAHO H TO
Xe CONMPOTHBJIEHHe B OAMH M TOT XKe NPOMEXYTOK BpEMEHH, 4TO U
JaHHbIA NMepPeMeHHBbI!l TOK, H BBbIAEJSIOLIEr0 paBHOE C HUM KOJHYe-
CTBO TeMlJa, Ha3biBaeTcs 3G (eKTUBHBIM WJH AEeHCTBYIOLIUM 3Haue-
HHeM TlepeMeHHOro TOKa.

4. CpeaHekBajpaTHYHOe 3HAYeHHe CHHYCOWAAJbHOH BOJIHBI paB-
Ho BesnHuuHe 0,707, yMHOXKeHHOH Ha aMNJUTYAHOe 3HaueHHe. AMIu-
tyaa npu 90 u 270° B nmepuone paBHa BeanuuHe 1,414, yMHOXKeHHOM
Ha cpelHeKBaapaTHyHOe 3HaueHue. CpelHee 3HaYeHHe PaBHO BEJIH-
yuHe 0,637, yMHOXEHHO! Ha aMILIUTYLy.

5. YacToTa paBHa 4MCJy NMEPHOAOB B CeKyHAY. [luamason 3ByKo-
BBIX YacTOT NpHOJM3UTeNbHO paBeH 16—18000 2y. Bosee Bhico-
KHe uacToTel — oT 18000 2y mo 30 000 Mey — oTHocATCS K Quamna-
30HY PafHOBOJH.

6. Bpems onHoro mepuona o6osHauaercs OykBoi T. I[lepuon u

o 1
4acToTa CBSI3aHbl MeXAy COOOH DPaBeHCTBOM T=—f— WM f=—

UYeM Bbilie yacToTa f, TeM MeHblie nepuox T. Hactora ocBeTHTeNb-
Hoit cetn 50 ey; ofMH mepHox cooTBeTcTByeT 1/50 cex..

7. Ecin iBe cHHycOM[IaJ/IbHble BOJIHBI OJHOH M TOM K€ YacCTOThl
rnepecekalT OCb BPeMeHH B OJHHX M TeX e TOYKax IPH OJHOM H
TOM e HamnpaBJ/ieHHH, 3TH [Be BOJIHBI HaxojsTcs B (ase.
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8. Ecaiu 1Be CHHYCOMAA/IbHBle BOJHBI OJHOH M TOI: K€ YacTOTHI
NepecekaoT OCb BPEMEHH B Pa3/MYHBIX TOYKAX MJIH B ONHHX H TeX
JXe TOYKaX, HO MPH Pa3/IHYHOM HampaBJ/eHHH, TO 3TH ABE BOJHbBI Ha-
XolATcs He B (dase.

9. ®asosbiit yron (cABHr mo (ase) Bbipa)kaeT PasHOCTb BO Bpe-
MEHH MEXAY JIBYMs OJHHAKOBBIMH MTHOBEHHBHIMH 3HAUEHHSIMH TOKa
(HanpsikeHHs1) B pa3HbIX MepPHOAAX KoJeOGaHHH ONHON M TOW XKe ua-
crotel. Ecin ofHa cHHycoMAanbHas BoJIHA MaKcUMaJgbHa, a JApyras
paBHa HYJIIO, 3HAYHUT, OHU CABMHYTHI No ¢ase Ha 90°. [[Be BOJIHEI C
($a30BbLIM YIJIOM, PaBHBIM HYJI0, HaxoAATcs B ¢asze. Pas3osbiil yrod,
paBHbiit 180°, 03Hayaer, 4To ABe BOJHBI HAXOAATCS B MPOTHBOMOJOXK-
Hol ¢ase. [[1HHA BeKTOpa COOTBETCTBYET aMIIHTYAe, a yroJ IMOBO-
poTa BeKTOpa OTHOCHTENBbHO €ro Havya/JbHOTO MOJIOXKEHHS B J060H
MOMEHT BpPeMeHH COOTBeTcTBYyeT ¢ase. Onmepexkenne no ¢ase orcuu-
ThIBaeTcsl YrJlaMy MOBOPOTa NMPOTHB YaCOBOH CTPENKH.

10. ITepemeHHOe , HanpsiXKeHHe, NPUJIOKEHHOE K AaKTHBHOMY CO-
NPOTHBJIEHHIO Harpy3KH, CO3/laeT B LeNH NepeMeHHbIH TOK C TOH Xe

o o U
yactotoit u (asoi. Benuunna Toka paBHa 1=—ﬁ.

11. Kaxnas snekTpuueckass MalluMHa (reHepartop, 3JeKTPOJABH-
ratesib) JLOJNIKHA MMETb: IKOPb, MOJIOCHI JIf CO3LAaHHSI MarHMTHOrO
noJisi, NepeceKkaeMoro BHTKaMH $IKOps, KOHTAKTHble KoJjblla (and
MalliyH [epeMeHHOro TOKa) HWJIH KOJJeKTop (AJ1s MAallMH MOCTOSH-
HOTO TOKa) M LUEeTKH. .

12. B reHepatopax Tpex(asHOro HamnpsiKeHHUs KaxKJoe M3 Ha-
NpsKeHHi cABUHYTO. Mo ¢asze Ha 120°. O6MOTKM reHepaTopa coei-
HSIIOTCH «TPEYrOJbHHKOM» HJH «3Be3L0H».

’

BOMPOCHI /11 CAMOKOHTPOJIA

1. B ueM pasHHIa MeXJy nepeMeHHbIM M MOCTOSTHHbIM HanpsiXKeHHSIMH?

a — nepeMeHHOe HanpsXKeHHe MOCTOSIHHO MO BeJIHYHHE;

6 — NMOJIAPHOCTb MOCTOSIHHOTO HANpsXKCHHSA NEepUOAHYECKH MeHseTcs;

B — NOJNISIPHOCTb MEPEeMeHHOro HalpsXKeHHs MNepHOJHYECKH MeHseTcs, a mo-
CTOSIHHOTO — HeT; I — MepeMeHHOe HamnpsiKeHHe HMeeT TMOCTOSIHHYI MOJsip-
HOCTb.

2. TlepHoa CHHYCOHMAA/NbHOH BOJIHBI:

a—He CBSI3aH C YacroToil; 6 — NpsAMO NpPONOpUHOHANeH yacToTe; B — 06-
paTHO TIPONMOPLHOHAJEH YacTOTe; I' — He ONpefeNsieTcs.

3. IIBe BosiHbl Bceria (B JoGoil MOMEHT) CHABHHYTH 1o ¢ase, ecnu:

a4 — MX YacTOThl pa3juykibl; 6 -— HX YacTOTHl OJHH M Te Xe, HO aMIIHU-
TYAB MEHSIIOTCH; B — HX YacTOThl pPAa3jiHiHbl, HO aMIUIMTY[bl OJHH H Te XKe;
I —HX 4acTOTBl OJHM H Te e, HO Koje6aHWsi HauMHAIOTCS B pa3Hoe
BpeMs.

4. OauH MOJHBIA MepHOJd NepeMeHHOro HampsXKeHMs HJH TOKa DaBeH:

a— 180°, wuau -;— paanan; 6 — 180°, wau = pagdad; B —360° wuaH

= paguaH; r— 360°, WiH 2 w paiHaH.
5.'CpefHsist Be/MYMHA ONHOrO H3MeHeHHS CHHYCOM/aNbHOH BOJIHBI paBHa:

a — Uwaxe : 0,707, 6 — Unaxe : 0,637; B — Usaxe 0,637, ©— Uyaxe+ ) 2
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6. Heiictayiomas (3ddexTuBHAsA) BeNHUHHA CHHYCOMAAJLHON BOAHBL ompe-
JeJsiaeTcs Kak:
a — Uyake : 0,707, 6 — Unaxc - 0,707;

B— Uyakce : Ueps T — UM&KC'VZ'

7. Unaxc paBHO:

a—U:p-0,637, 6 — Uyg-0,707;

B— Ugp-0,707; 1 — Uy )/ 2.

8. Korna nBe BOJHBI CABHHYTHI Mo ¢ase Ha 90° To:

a — KaxxJas HMeeT CBOI0O aMIUIUTYJHYIO BeJHYHHY B OAHO H TO e BpeMs;
6 — Kaxznas HMeeT CBOI0 MUHHMAJIbHYIO BeJHYHHY B OJHO H TO JXKe BpeMs;
B — OJlHa HMMeeT TMOJIOKHTE/NbHYI0 aMIJIMTYAy, a Apyras OTpULaTelbHyl0; T —
OJlHa MMeeT MaKCHMaJbHYIO BeJHUHHY, KOrja Apyras paBHa HyJIo. )

9. Kakoi#t u3 cieiylollux MepHOJOB COOTBETCTBYeT HauboOJblleH 4YacToTe?

a— /g cex; 6 — /30 cex; B—30 cex; r — 60 cex.

10. TlepemenHoe HanpsKeHHe, [eHCTBYIOLlAsi BeJUuMHa KOTOPOro paBHa
120 8, mpuioxeno k conporusieHunio 100 os. Tok pasen:

a—1,2 a mMaxkcuMaJbHOil BeqHuMHbl; 6 — 1,2 a IeiicTBylolleit BeJHUHHLI;
B — 1,7 a peiictBylowle#t BequuuHbl; © — 1,7 @ cpejiHeil BeJHMYHMHBI.

I1. B tpexca3HoMm reHeparope:

a — HanmpsXKeHHs CABUHYTH no ¢ase Ha 120°; 6 — OOMOTKH HOJIKHbBI ObITh
COeIHHEHBl «TPEYTOJbHHKOM»;, B -— OCMOTKH [OOJ/DKHBI GbiTh COeIHHEHBl «3Be3-
L0¥»; © — HanpsiKeHHs] CABHHYTH no ¢ase Ha 90°

12. llleTkn B reHepaTope HJIH 3JEKTPOABUraTee:

a — HYXHBl TOJbKO AJsI 3JIeKTPOABHMraTeseil nepeMeHHOro ToKa; 6 — H30-
JHPYIOT DOTOpP OT CTaTOpa; B — COENHHSIOT POTOP C BHelUHell Ilenbl; I — He
HYXHbl /15 3/1eKTPOABHraTesNell MOCTOSIHHOTO TOKa. I

YIIPA)XXHEHHSA

1. laiite onpejefeHHe nepeMeHHOMY HaNpsiXKeHHIO M TOKY.

2. YeMy paBeH yroJs, H3MepseMblil B rpajycax H paiuaHax, AJs OJHOro mne-
puona, '/, /s, %4 mepuopa?

3. AMmuTynHOEe 3HAueHHe CUHYCOMZAMbHON BOJHBI 1 6. Onpemenute: cped-
HIOI0 BeJIMYMHY, AeHCTBYIOLIYI0 BeJHYHHY, ABOHHOe aMIUIUTYIHOe 3HayeHHe.

4. U3obpa3ute rpaduyecKH [Be BOJHBI, HacTOTHl KOTOPBIX . Pa3JIHYAIOTCA
B ABa pasa.

5. M3o6pasnte rpacduueckn nBe CHHYCOHM/Jajb4ble BOJNHBI H BEKTODHble [H3-
rpaMMbl, cABHHYTHe mo ¢a3e Ha 180 u 90°.

6. Hanpsixkenne 120 8, 50 2y npujoxeHo kK conportuBieHuto 10 om. Kakopa
BeJIHUMHA JeficTBylollero Toka B lenx? KakoBa uacrora Ttoka? Kakos ¢asosbiii
yrosl MeXJ1y TOKOM M HanpsKeHHem?

7. KakoBo Ha3HaueHHe SIKOpS, NOJS CTaTOpa, KOJIEKTOPHBIX KOJel M lie-
TOK B 3/eKTPHUECKHX MallWHax?

*



raaBa 6 MHOYKTUBHOCTb

1. MoHATHe 00 HHAYKTHBHOCTH

Bokpyr KaTyWKH, MO KOTOPOil MPOTEKAeT TOK,
flBnenne caMoMHuykuun CO3JA€TCs MAarHUTHOE MoJie.

Ecnin u3aMeHsiTe BeNHUMHY TOKa, MpPOXOJsi-
ero no Katymke, To GyAeT M3MEHATbCS W MAaTHUTHBIA MOTOK. [lo
3aKOHy 3JIEKTDOMATHUTHOH MHAYKLHH H3MeHeHHe MArHUTHOrO MOTO-
Ka BbI3bIBaeT mosiBleHue 3. n. ¢, CJjenoBaTesnbHO, H3Me-
HSIOUWIMACSH MarHUTHBIH TOTOK KaTyWKH OyAeT HHAYKTH-
poBaTh B Hell 3. 1. C., KOTOpas Ha3blBaeTcs 3JEKTPOJBH-

XKyleid CHI0id CaMOMHIAYKLHH. ,

Cnoco6HocTb MpoBOAHHMKA (KaTyLUKH) HHAYKTHPOBATD
B camMoM cebe 3. 1. C. MPH M3MEHEHHH BeJUUYMHBI TOKA,
NPOXOASALLEro MO HEMY, Ha3blBAeTCs CAMOMHAYKLHE.

dra cnocoOHOCTh XapakTepHU3yeTCs HHAYKTHBHOCTBIO,
BeJMUMHA KOTOPOH NOKa3blBaeT, B KAKOH CTeleHH Npo- g i
BOJHHKY CBOHCTBEHHA CaMOHHAYKUHSA. INHHHBI} NPOBOA-
HHK HMeeT OO/IbIIYI0 HHAYKTHBHOCTb, Y€M KOpPOTKHH, 5?5532{)%
Tak Kak OO/bluasi ero AJHHA NEPEeCeKaerTcs MATCHUTHBIM j3o6pase-
MOTOKOM. ¥ KaTyIIKM HHAYKTHBHOCTb OOJIbIlIe, UeM Y  Hue KaTy-
KBHBAJIEHTHOH MNpPAMOH MNpPOBOJIOKH, BCJEACTBHE Crylle- WeK HH-

HUS MArHMTHOTO MOTOKAa BHYTPH BUTKOB. Ewe Gospreir AYETIPHO®
HHAYKTHBHOCTbIO 06/1a/laeT KaTYIIKa CO CTAMbHBIM CE€P- 4 yarou

IeUHUKOM B CHJY yBeJuueHHs (MHIYKUMH) B HeM Mar- ka Sea cep-
B IDe4yHHKa;

HHTHOTO MOTOKA. 6 — Karyu-

0 Ka Cco cTanab-

YenoBHoe H300pakeHHe KaTyUIKH HHIAYKTHBHOCTH &S0 cron:
npuseneno Ha puc. 110. HHKOM

) I/IHﬂyKTpreMaﬂ 3. I. C. cO3aeTcd TIpU mepe-
Hunykuws nepemennoiv CEUEHHH NPDOBOAHHMKA MArHUTHbIM IIOTOKOM B
TOKOM pesy/sbTate ABHXKEHHSI MArHHTHOTO IMOJISI HJIH

NPpOBOAHHKA. Korapa Tok B NPpOBOAHHKE H3Me-
HAeTCs mo aMIUIMTyJde, H3MEHEeHHe TOKa M CBA3aHHOTO ¢ HUM Mar-
HHUTHOrO noJisi paBHOUEHHO ABUXKEHHI0 MAarHHTHOIrO MOTOKaA.



Ha puc. 111 nokazaHo u3MeHeHHe MAarHUTHOTO MOJsl, CBS3aHHOTO
¢ CHHYCOMJa/ibHbiM TNepeMeHHbIM TOKOM. IlocKoJibKy mnepeMeHHbI
TOK H3MeHsleTcs 110 aMIVIUTyde H 10 HalpaBJeHHIO, CBSI3aHHOE C
HMUM MarHUTHOe MoJie TaKXe HU3MEHSIeTCs MO BeJUYHHe U HalpasJie-
HHIO0. B Touke !/ TOK paBeH HYJIIO, MO3TOMY MAarHHTHOTO MOTOKa HeT.
B Touke 2 TOK CO3JaeT HEKOTOpPOe MOJe, CHJIOBblE JIMHHH KOTOPOro
HanpaBJeHbl NPOTUB YacoBoil cTpeaku. B Touke & TOK MMeeT MaKCH-
MaJIbHYIO BEJAMYMHY U MaKCHMaJIbHbI MarHUTHbIA MOTOK B 3TOM Ha-
npasjieHuy. B Touke 4 MarHUTHBIH MOTOK MeHblle, YeM B TOUKe 3, —
nose y6biBaeT ¢ yMeHblIeHHEM TOKa. B TOuke 5 TOK M MarHUTHBIHA

NIOTOK PaBHBI HY.JIIO.
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Puc. 111. MarHuTHoe nojie mepeMeHHOrO TOKa HeNpepbiBHO
H3MeHsIeTCAA: BO3pacTaeT, y6biBaeT H MeHfieT CBOe Hanpas-
NeHue

B cnenyounlyio NnosioBHHY nepHojia NMpoOH30HAET TaKoe e Bo3pa-
cTaHHe ¥ YObIBaHHe MArHMTHOTO IOJIS, HO YKe IO YaCOBOH CTpeJIKe,
NOCKOJNBKY TOK H MarHHTHBIH NOTOK H3MEHST HalpaBJieHHe.

M3meHnsmomuiicss MarHuTHBIH TOTOK, TepeceKasi MPOBOJAHHK, B KO-
TOpoM TpOTeKaeT TOK, HHAYKTHPYeT B 3TOM INPOBOAHHKE 3. 1. C.
B no6oM Apyrom TPOBOJAHHKE, NMOMELIEHHOM B TO XK€ NepeMeHHoe
noJie, HHAYKTHPYeTCs 3. O. C. HE3aBUCHMO OT TOrO, €CThb B HEeM TOK
HJIH HET.

OGsi3aTenbHOe yC/OBHE [Ji1 HHAYKTHPOBAHHUS 3. /. C. — H3MEHe-
HHe TOKa, HeoOGXxoAumMoe, 4YTOOGL BbI3BaTh H3MEHEHHE MATHHTHOTO
noroka. [TocTOsAHHBIN TOK HaKe B THICSAYM aMIEp He MOXET cO31aTb
HUKaKo#i MHAYKTHDYEeMOH 3. I. C., B TO BPeMs KaK NMepeMeHHbIH TOK
B | MKa MHOYKTHpyeT 3. A. C.

BenuuuHa 3. A. ¢. CAMOMHAYKUHH 3aBHCHT OT CKODOCTH H3MeHe-
HH7 MarHUTHOro MOTOKa H OT BEJUYHHBI HHAYKTUBHOCTH. Uem G6bi-
cTpee H3MeHseTCss MATHUTHbLIH NOTOK, TeM Gosblle 3. 4. C. CAMOHUH-
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aykuun. [Ipu pasmblkaHuM UenmH 3. A. ¢. CAMOMHAYKIHH MOXKET J10-
CTHTaTb OYeHb OONBLIMX 3HAUYeHHiH, UTO BhbI3bIBAET OGropaHue KOH-
TAKTOB Y PYOH/IbHHKA HJIH NMPOO6OI H30MSLUH Y BKJIIOYEHHBIX NPUGO-
poB. IT0o O0ODBACHAETCS TEM, YTO NPH BbIK/IOUEHHH LENH TOK Pe3KO
najgaer Ao HyJs W CO3JaHHOe MM [MoJie BOKPYr KATYWKH HcYe3aeT
NpakTHYeCKH MTHOBEHHO, BbI3biBasi pe3KHH CKAyoK 3. A. C. CAMOMH-
nykiuu. Yem GoJblie MHAYKTHBHOCTb KaTyIUKH, TeM 6oJiblie mar-
HUTHBI NOTOK H TeM GoJbuie 3. A. C. CAMOHHAYKUHH.

[TockoabKy HHAYKTHBHOCTb OMNpefde/sieT BeJHYHHY HHAYKTHpYye-
MOl 3. 1. C., OHA HI'pPaeT BAaXKHYIO posib B JIIOGOH LienH NnepeMeHHOro
TOKa, XapaKTepu3ysl 3Ty LeNb HapaBHe ¢ conpoTuBaeHueM. OaHa H
Ta e HHAYKTHBHOCTb CO3JaeT MeHbIUYI0 HHAYKTHPyeMylo 3. A. C.
Npy HH3KHX YaCTOTax W GOJbIIYIO — MPHU BBICOKUX.

B uenu MOCTOSAHHOTO TOKa HHAYKTHBHOCTb CJEAYyeT Y4YUTHIBATb,
KOorJda TOK M3MEHSieTCs Mo BejHuynHe (coBceM He 0053aTeNbHO H3Me-
HAITb €ro HanpasJjieHHe), HAalpHMep, KOrfaa OH BO3pacTaeT OT HYyJs
o TIOCTOSIHHON BENHYMHBI NMPH BKJIOYEHHH U yMeHbIIaeTcs OT Io-
CTOSIHHO!M BE&JHYHHBI A0 HYJ/S MPH BbIKIOYEHHH.

HanpasneHue 3. 1. c. CaMOMHAYKLUMH olpeje-
Mpasuao Jlenua asiercst mo npasuny Jlenna. Ecam TokK B uenw

yBeJHYHBaeTCd, TO 3. A. C. CAMOHHAYKLUHH
NpensaTCTBYeT ero BO3pacTaHHIo, CO34aBas TOK, HallpaBJEeHHbIA MPO-
TUB OCHOBHOTO TOoKa. [lpH yMeHbLIeHHH TOKa B LeMH 3. A. C. CaMo-
HHIYKUHH NpensTcTByeT ero YObIBaHMIO, CO3[1aBasi TOK, COBIajlalo-
LUK ¢ OCHOBHBIM TOKOM. JIpyrumu-cioBamu, TOK, MPOXOASIIMH de-
pes KaTywKy HHIAYKTHBHOCTH, BbI3bIBaeT MOSIBJEHHE MAaTHHTHOTO
noJsi, KOTOPOe B CBOIO OYe€pelb HHAYKTHPYET BTOPUYHBIH 3JIEKTpHU-
yecKHi TOK. DBTOpHYHBIA TOK Bcerga MNpPensiTCTBYeT H3MEHEHHUIO
OCHOBHOI'O TOKa.

PaccmoTpum npouecc HapacTaHusi TOKa B lIeNH ¢ KATYUIKOH WH-
AYKTHBHOCTH. Kak TOIbKO MO KaTyllKe MOMIET TOK, BOKPYT Hee BO3-
HUKHET MAarHHTHOe IIoJie, KOTOpPOe BLI30BET TMOsIBJIEHHE <«BCTPEYHO-
ro» ToKa B caMmoil KaryuwkKe. [lockonbky Mo OAHOMY NPOBOAY TOK
OJIHOBPEMEeHHO B [BYX IIDOTHBONOJIOXKHBIX HANpaBJNeHHsSIX Teub He
MOXKeT, NPOHUCXOAUT OCTab/eHHe BKJIHOYaeMoro TOKa, T. €. TOK Ha-
pacraer MeJJI€HHO, 4 He MI'HOBEHHO YCTaHaBJIHBAeTCs HOPMaJbHbIM.
CaMOHHAYKUHIO MOXHO YC/JIOBHO CPaBHHTb ¢ WHepuueil. Bcem usse-
CTHO, YTO TSHKEJO HAarpyKeHHYI0 BaroHeTKy TpPYAHO MNpPUBECTH B
JABHXKEHHe. HO €CJIH 3Ta BaroHeTka IOBHXKETCHA, TO ee prlIHO H ocTta-
HoBUTb. UeM TsAXejlee BAaroHETKa, TeM TPYyJAHEe €€ CABUHYTb C Me-
CTa UJH OCTAHOBHTb; TOUHO TaK e, ueM GOoJibllle HHAYKTUBHOCTb Ka-
TYWIKH, TeM TPyJAHee H3MEHHUTb BeNHYHHY NPOXOAAILEN0 yepe3 Hee
ToKa. Takum 06pa3oM, Kak HHEPLHS 3aMesieT H3MEHeHHe CKopo-
CTM Tesa, TaK M HMHAYKUMS 3aMel/sieT H3MeHeHHe BeJHYHHBI
TOKa.

CrneroBaTeNbHO, HHAYKTHBHOCTb MPENATCTBYET JIOGOMYy H3MeHe-
HHIO TOKa.
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[ToscHum 3To Ha Npumepe.

1. Kak nokasaHo Ha puc. 112, BHemHu#l reHepatop ¢ HampsiKe-
muem U cosgaer nameHeHne Toka Al (rpeyeckas OykBa A — jpenib-
Ta — sIBJSIETCS CUMBOJIOM M3MEHEHHsl BeJIMUKHBI) B KaTYUIKe, HA 3a-
KUMaX KOTOPOH MOSIBUTCS 3. . C. CAaMOHHAYKUUH Ep.

2. UnpykrupoBaHHas 3. n. c. E; co3maer Tok /.

3. Korja Tok Al yBennuuBaercs (puc. 112, a), MHAYKTHpPOBaH-
Hast 3. [. C. HMeeT MOJIIPHOCTb, KOTOpasl BbI3bIBaeT TOK B NMPOTHBO-
NoJIOKHOM Hampas/jeHHH. B pesyabrate Tok Al pacreT MefseHHee.

4. Korna tok Al ymenbuaercs (puc. 112, 6), uHIYKTHpOBaHHAH
3. . C. HMeeT MOJIAPHOCTD, MPH KOTOPOH TOK HAET B TOM Ke Hanpas-
JIEHHH, YTO H TOK reHepatopa. MHAYKTHPOBAHHBIH TOK MpPensTCTBYET
yMeHRLIEHHI0 TOKa reHepaTtopa, T. e. TOK Al yObiBaeT MeAJeHHee,
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Puc. 112. HuaykriBHoe Hanpsixenue Ep cosmaer TOK, KOTODblil Mpenst-
CTByeT H3MeHeHHI0 Toka Al: .

a — Al ypeauuusaercs — /7, Hanpasien nportks [; 6 — A/ ymeublaercss — /f
COBMNajaer no HanpaBJeHHO ¢ [

[TockonbKy H3MeHeHHe TOKa Al MPOMCXONHMT B pe3yabTaTe HaMme-
HeHHsi reHepHpyemoro Hanpsikenust U, HHLYKTHpyeMas 3. 1. C. mpe-
NATCTBYeT MW3MeHeHuio Hanpsixkenus U. Tlostomy HHAYKTHpyeMylo
9. . C. 4aCTO Ha3bIBAIOT MPOTHBOIEKTPOABHKYILEH CUJION (U 06-
paTHoit 3. 4. c.).

B kartywkax ¢ GoJbIIO# HHAYKTHBHOCTBIO BeJHUYHHA HHAYKTHPO-
BaHHOH 3. A. ¢. (3. A. C. CAMOHHAYKLHH) MOKET IOCTHTaTh OYeHb
6o/bIINX 3HAYeHHH, 0COGEHHO NMpPH Pe3KOM H3MeHeHHH ToKa. Bosb-
mwasi 3. A. c. CAMOMHAYKLUHH BO3HHMKaeT B KaTyllKe NPH ee BKJOYe-
HUM H 0COO@HHO NPH OTKJAKOUEHHH OT HCTOYHHMKA Toka. IIpu ompepne-
JIEHHBIX YCJOBHAX 3Ta 3. A. C. MOXET IIPHBECTH K NMP0o6OI0 H30/ALUH
Mexay BUTKaMH. Tok B KaTyliKe MpH ee OTKJIIOUEHUH OT MUCTOYHHKA
MHTaHHA HA3blBaeTcsi IKCTPATOKOM pa3MblKaHHS.

Kak BblsicHeHo BhIllle, CNOCOGHOCTH KaTyIIKH
HWHIYKTHBHOCTbL KATYIIKH (HpOBO}lHHKa) HHAYKTUPOBATbL 3. A. C. B camon

cefe, KOTJa M3MEHSIETCSl TOK, OLlEHUBAETCsl ee
MHAYKTHBHOCTbIO (MHOTAa MOXKHO BCTPETHTh TEPMHH «KO3(hGHIMEHT
caMOMHAYKUHHU»). HMHAYKTHBHOCTb XapaKTepudyeT CBA3b MeXAy
CKOPOCTbIO H3MEHeHHs TOKa B ILeNd M BO3HHKAWOWEH NPH 3TOM
9. A. C. CAMOHMHIYKIHH.
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VHayKTHBHOCTL 0603Hauaercst GykBoit L ¥ n3mepsieTcss B €1HHH-
uax reHpu (cokpalleHHO 2H uau H). TeHpH ecTb HMHAYKTHBHOCTb
TAaKoro NpOBOJHHKA, B KOTOPOM NpH, U3MEeHEHUH TOKA HA OJMH ammep
B OJHY CEKYH1ly BO3HHKAaeT 3. J. C. CAMOMHAYKUHU B OJAHH BOJIbT
(puc. 113), 1. e.

—E
L = — (renpu), (32)
T
rae E — MHAyKTHpyeMasi 3. A. C. B 6;
.Y § S
—- — HU3MeHeHHe TOKa B a/cex.
1 al=1ajcex
3nak MHHyC nepen E nokaskiBaer, '
YTO  [OJSPHOCTh UHIYKTHPYEMOX Nbu L=12H =
3. 1. C. NPOTHBOMOJIOXKHA MNOJSPHOCTH o
NpUAOXKEeHHOro HanpsxkeHus.  [lpu z
nojacyetre BeAdUYHHDBI [ MOJSPHOCTH BO “-‘J[

BHHMaHHe H€ NDHHHUMAaeTCH.
Pyc. 113. Korana TOK, u3MeHsio-

Mpumep 49. Onpenenutn HHllyKTP[B‘HOCTb uuiics co ckopocteio | a B
KaTyWKH, ec/H NpH H3MeHeHHH Toka ot 112 1 cex, unayktupyer 1 & Ha 3a-
1o 114 a 3a 1 cex Ha ee 3aXKMMax HHAYKTH-  XKHMax KaTymku L, ee HHIyX-
pyetcsl HanpsixeHne 10 8. THBHOCTb paBHa | e

: 114 —112) a

Pewenune Tak Kak H3MeHEHHe TOKa paBHO (——1—5-97{—)—— =2 afcek,
no ¢opmyJe (32)

10 s =
L=—-——-=>5 2n.
2 ajcex

MHAykTHBHOCTL KAaTYIUKH BO3pacTaer MNpH VYBEJMUYEHHH uHcIa
BHTKOB, [HaMeTpa M AJHHbI KATYIIKH H MarHUTHOH NPOHHIAeMOCTH
ceplieyHHKa. .

Hasi npsamoir KaTymku Ge3 cepleYHHKa C MJOTHO HAMOTAHHBIMH
BHTKaMH HHAYKTHBHOCTb YBE/JUUYUBAETCH MNPSIMO MNPONOPLUHUOHANBHO
KBajJpaTy 4yHcjga BUTKOB M KBajApaTy AUaMeTpa KaTYIUKH. YBesuue-
Hue AMaMeTpa HJu YHMcjia BUTKOB B JIBa pa3a Bhi3biBaeT Bo3pacTa-
HH¥e HHAYKTHBHOCTH B YeThipe pasa. Ecjiu yIBOWTH H UYHCJIO BUTKOB,
u AuameTp KaTyIIKH, HHAYKTHBHOCTbL yBeJHyuTcs B 16 pas.

3aBHCHMOCTb HHAYKTHBHOCTH OT [IJIHHBI KaTYIIKH MPSIMO MpPOIOP-
LHOHa/NbHasi: yABOEHHe NJMHHBI YBaUBAeT MHIYKTHBHOCTb.

B panuMoTeXHHKe YacTO MPHXOAUTCS MMETb A€o C KaTylKaMH,
oOsafainuMy HeGOJNLWHMH HHAYKTUBHOCTAMA. B 3TOM cayuae wuc-
HOJIb3YIOTCS €IMHHILI MeHbIle TeHpH:

— MuJauredpu (THICSYHAs HOJSl TeHPH), COKpalleHHO 06o3Ha-
yaercst mexn unu mH; 1 men=1-10-3 en;

— MHUKporeHpu (MHJIJIHOHHAS 4YacTh ' [eHPH), COKpPalLleHHO 06o-
3Hauaercad MKen Wan pH; 1 mxen=1-10-% en.

Katyuku co cTa/lbHbIM CEPJEUHHKOM, HCIONb3yeMble B LEMSX
nepeMeHHOro Toka 50 ey4 M B LEAsAX 3BYKOBBIX YacTOT, UMEIOT HH-
AYKTHBHOCTb 1—20 en.
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2. B3auMHaA HHAYKUHA

Korna B npoBogHHKe H3MeHSIeTCS TOK, MEHSIOLIMACS MarHUTHbIHA
NOTOK, NepeceKasi pacroJio’KeHHbi#t BOIM3H APYrod NMPOBOAHHK, HH-
AYKTHpPYyeT B O6OHX NMPOBOAHHKAax 3. A. ¢. (puc. 114). Karymka L,
MOJK/IOUeHA K TeHepaTopy, KOTOPHIH CO31aeT nepeMeHHb TOK A/
B ee BUTKax. Karyuika L, HaxonuTcs B MarHHTHOM TMoJie KaTyll-
KH L), 103TOMy H3MeHsIOIIUICA TOK NocaefiHe HHAYKTHPYET 3. 1. C.
Ha 3axuMax o0eHux KaTyllek.

Ec/iu Becb MarHHUTHBIH NMOTOK KaTYIIKH L, cBSI3aH cO BCEMH BHT-
KaM{ KaTylkamy Lo, TO B KaXXJIOM BHUTKE H TOH M APYrod HHAYKTH-

Ly
DN,
—_— NN
>
ol ~ \
] ' '
[ XIS
2114
Lodyy :Lz Eiz
ol
N~ —
O—
Maznumubiu
nomox a 6
Puc. 114, BsaumHas HHAYKIMA Puc. 115. Ycaos-
Ly mexxny xatywkamu Ly u Ly, Hoe H306parie-
CBAI3aHHBIMH MAarHUTHbIM 110TO- HHe [BYX KaTy-
KOM IIeK CO B3aHM-

HOH HHAYKLHel:
a — 6e3 ceplevHH-
< Ka; 6 —co cranab-
HBIM CeplAeYHHKOM

pyeTcs ofiMHaKoBas 3. A. c. Takum o6pa3oM, HHAYKTHpyeMas 3. I. C.
E12 MOXeT co3JaTh TOK B CONPOTHBJIEHHH HArpy3KH, MOAKJIOUEHHOM
K Katyuike L.

Korpa uuayktupyemas 3. . . CO3JlaeT TOK B KaTyiike L, ee re-
peMeHHOe MarHHTHOe IoJe HHAYKTHPYeT 3. . C. B Kartymke L. Ta-
KUM 06pasoM, B KaTyllKax L, u L, BO3HHKaeT B3aUMHas HHYKIHSE:
TaK KaK TOK B OJHOHM M3 HHX MOXeT BbI3BaTb 3. A. C. B APYroH.

Enununeit B3auMHO# MHAYKUMM (B3aHMOHHAYKUHH), KaK H HH-
JNYKTHUBHOCTH, cayXHUT reHpH. O6o3navaercss oHa yepe3 Ly (unu M).

JBe KaTylIKH MMEIOT B3aHMHYI0 HHAYKUHIO 1 2H, KOrga M3MeHe-
HMe TOKa | a/cex B ONHON KaTylUKe BbI3bIBaeT 3. A. C. 1 8 Ha 3aXKH-
Max Apyroi.

YcnoBHBIE H300paxKeHHs ABYX HUMEIOLIUX B3aUMHYIO HHAYKIHIO
KaTyllek 6e3 CTaJbHOro CEPAEUHHKA M CO CTaJbHBIM CepIEYHHKOM
NOKasaHbl COOTBETCTBEHHO HA puc. 115,a W 6. MarHuTHble CHJIOBbIe
JHIIHH, KOTOpble He CBA3bIBAOT o0e KaTyIIKH, 00pasyioT MOTOK
YTEUKH.
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CreneHb B3aUMOMEACTBHS KaTyllleK HHAYKTHUB-

Koadduunenr csasn HOCTH oOleHHBaeTcs KoapduuueHtomMm cCBA3M

(k). Koathpuunent cBA3M NOKa3biBaeT, KaKylo

WacTp NpelebHOH BeJMYHMHBI 3. JI. C., KOTOPYI0 Morjaa Gbl HaBecTH

nepBuYHas KaTylika BO BTOPHYHOM, COCTaBjisieT (PAKTHYECKH HaBe-

JIeHHas 3. 1. -c. Hanpumep, ec/iu Bechb MOTOK ONHOM KaTYIIKH OXBa-

ThiBaeT APYry!o, To R=1. Ecid To/bKO MOJOBHHA NMOTOKA ORHON Ka-
TYUIKH OXBaThlBaeT Apyrywm, 1o £=0,5.

Koagguument cBSi3n MoXer NPUHUMATbL 3HAYEHHS OT HyJs N0

€MHHLbl U 4acTO Bblpar<aercsl B npoueHtax. YUem 6JauxKe 01HA K

-0
L ° b
2 o—r—3 .
q
f—0 L', q- ) LZ
o— P D
o
L, o_m_o
/U )
aq 8 2

Puc. 116. MarHnrHas cBsizb MeXJy JIByMs KaTyllKaMHW, CBS3aHHbIMH B3aHMHOH
WUHAYKUHEI:

a — KaTyllKH HaMOTaHbl Ha KapKac Cc BO3AYLIHbIM cepAeyHHKOM, R ~0,1; 6 — KaTywka L, Ha-
MoTaHa Ha KaTtywky Ly, B ~ 0,3; 8 — KaTywKd pPacnonoxKeHol Ha o6lieM CTajJbHOM CepAeu-
Huke, R~ 1; 2 — KaTywKH 6e3 CePAEYHHKOB PacrnoJioXKeHbl B3aHMHO NEPNEHAHKYJIRAPHO, kB ~ 0

JApYrofi pasMelleHbl KaTyWKH, TeM Gosblie KoapduuueHT cs3u. Be-
JIMYHHA ero 3aBHCHT TOJBKO OT B3aHMHOTO PacIo/IOKeHUs KaTylleK
H He 3aBHCHT OT KOJHYeCTBa BHTKOB B HHX, T. €. OT UX UHIYKTHB-
HOCTH.

Ha puc. 116, @ u3obpaxens Katymwku L; u Ly, HaMOTaHHble Ha
6yMaXKHbIl WK NJIACTMACCOBBIH KapKac 6€e3 CTaJbHOTO CepJeuHHKa.
B stom cayuae k=0,1. Ha puc. 116, 6 u3o6pakeHbl KaTymwku L, u
L,, HaMoTaHHble Ha TOT e Kapkac OfHa Ha apyrywl. [as storo
cnyuasn k=~0,3. Ha puc. 116, 8 katywku .L; v Ly Haxoasrcs Ha oGlieM
cragabHoM cepleunnke. Tenepbp k~l. Kosdduuuenr csssu OGyner
OKOJIO HYJIst, eciu KaTywku Ly u L, 6e3 cepieuHHKA PachoJOXKHThb
B3aUMHO TNepneHAMKyaspHo (puc. 116,2) Ha onpeneneHHom pac-
CTOSIHUH OJHY OT APYrOH.

Uem OGosbllle BeJHUYHNA R, TEM CHJAbHee CBfidb, TeM OOJbllas
3. I. C. HHAYKTHpYeTcsi Bo BTOpHYHOH KaTyumke. M HaoGoport, uem
MeHblle R, TeM ciabee CBS3b.

Katymkn Ges cepleyHHKa, HaMOTaHHble HAa OJHOM KapkKace,

umeror kospouuuert cesizu or 0,05 po 0,3, uto cooTBercTBYeT
5—309% cBsa3n.
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UToObl pas3nuyaTh Mapbl KaTylleK MO HX cIo-
Onpenenetne COOHOCTH B3aMMHO MHAYKTHpOBAaThb 3. . C.,
B3aHMOHHAYKLHH BBEJ€HO MOHATHE B3AHMOHHIYKLHH.
Eciu u3BeCTHbl HHAYKTHBHOCTH B3aHMO-
CBSI3aHHbIX KaTylleK W KO3(Q(HUHEHT CBs3H, TO B3aHMOHHIYKTHB-
HOCTb HETPYAHO ONpPENe/]HTb [0 QopMyJe

Ly=FkVLL, (33)

rie L,— B3aUMOHHIYKTHBHOCTb B 2H;
L, u L,— HHAYKTHBHOCTH KaTylIeK B eH;

k — xo3ppuureHT cBsS3u (pa3sMEpHOCTH He MMeeT, MOCKOJ/b-
Ky OH NpeICTaBJ/seT OTHOUIeHHe ABYX BeJHYHMH, HMeIo-
UIHX OJHY H Ty e Pa3MepHOCTb).
Ilas cayuasi, npuBegeHHoro Ha puc. 116,86, korpa Ly=2 en H
L,=8 en, k=1. Torna no popmyne (33)

L,=1V2.8=V)16=4 ean.

D710 03HayaeT, 4TO ec/H TOK B OAHOH KaTyuike 6yAeT U3MEHSIThb-
csl co cKopocTbio | afcex, To OH OyAeT HHAYKTHPOBATbL B APYroH Ka-
TyWIKe 3. 4. C., paBHy10 4 8.

3. TpaHctopmatspbi

Tpauchopmaropom HasbiBaeTcsi npuGop, NawUHii BO3MOXKHOCTb
NOBBIIUATD HWJH TOHHXKATb HaNpsiXKeHHe B LENH HePEeMEHHOro
TOXa.

Bnepsbie BbiABHHYsM Haeio TpaHchopmauuu (T. €. M3MEHEHHs)
HanpsKeHHusi nepemeHHoro toka [I. H. fd6soukoB B 1876 r., a B
1882 r. TpaHchopmaTop KOHCTPYKUHH $16/104KOBa JE€MOHCTPHPOBAJI-
csl Ha 3JIEKTPOTexHHYecKoi BeicTaBKe B [lerepOypre u mosyuus 3a-
CyKeHHOe NpU3HaHHe.

B ToM e roay Ha NpOMBIILJIEHHON BbicTaBKe B MocKBe Gbia
npeacraBieH TpaHchopMaTop APYroro pycckoro HaobperaTend,
H. ®. YcaryHa, HMeBIUHH TaKOH K€ NPHHIHUM JeHCTBUS U OT/NHUYAB-
wuiica ot TpaHchopmaTtopa $SI6/10YKOBa TOJNBKO KOHCTPYKUHEH.

Pa6ora TpaHchopmMaTropa OCHOBaHa Ha MCHOJb30OBAHHH SIBJEHHS
3JIEKTPOMArHUTHOW HMHIYKLHH.

ITpoctehmnit Tpancopmatop -(puc. 117, a) cocTouT U3 crasb-
HOTO CepleuyHHKa U 1BYX pa3MelLIeHHbIX Ha HeM KaTyllek (0OMOTOK).
O6MOTKM M3 H30JMPOBAHHOIO NPOBOAA 3JEKTPHYECKH He CBA3aHBI
MexAay coboil. OfHa H3-HHUX (NMepBHYHAs!) NMPUCOENHHAETCA K HCTOY-
HHKY TepPeMeHHOro ToKa, a K Jpyroii 06MOTKe (BTOPHYHOH) MOAKJIO-
yeH NMoTpebHTeND, -
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HasnaueHue cepieyHuKa — yBeJIHUHBATb MarHUTHBIN MOTOK, T. e,
yCHJIHBATb HHAYKTHBHYIO CBfI3b MeX1y OOMOTKaMH.

OpHako B TpaHcopmartopax, NpelHa3HAaYeHHBIX Aas paboThl B
Hensx NepeMeHHOTO TOKA BLICOKOH YacCTOTDI, CTaJbHbIE CepaevyHHKU
He TPHMEHSIIoTCS,

TTepemeHHBIH TOK, IPOXOAs HO BUTKAM NepBHUHON 0OMOTKI, CO3-
AdeT B CTaJbHOM CepAeUHHKe IlepeMeHHOe MAarHMTHOe iloJe, KOTO-
poe, nepeceKkas BUTKH BTOPHUUYHOH OOMOTKH, HaBOAMT B HUX 3. H. C.
HHAYKUHH.

() O
N =\ e .
Y cnHoms CmansHou™
Yy & dbd CendeyHuK .
N S| MepBuynas /
3 N o6momra Bmopuynas

00momHa

R Z,_MWLMW 7

Puc. 117. Tlpocreiiwnii TpaHcdopmatop:
a — BHeIIHH BUA; 6 — cxeMa

Ha puc. 117, 6 npusenena cxema. IlepBuunast o6MOTKa w, TPaHC-
dopmarTopa COeHHEHA C HCTOYHHKOM HANpsXKeHHs, a KO BTOPHYHOM
00MOTKe W; MOAK/IOUEHO CONMPOTHBJIEHHe Harpysku R, WHAYKTH-
pyemasi 3. 4. C. CO3[aeT TOK B CONPOTHBJEHHH Harpysku Ry, Xors
OOMOTKH He COeJHHEeHbl OJHAa C [APYroH, MOLIHOCTb Y3 NepBHYHOH
06MOTKH NOCTYIaeT BO BTOPHYHYIO Yepe3 MarHUTHOe ToJie, KOTOpoe
HX CBSI3bIBAeT.

TpaHchopMaTop HCroJdb3yeTcss B TOM cJydyae, KOTAA CONDPOTHB-
JleHHe Harpysku Ry He/b3sl MOJKJIOUHTbL HEMOCPEICTBEHHO K 3aXH-
MaM reHepaTopa, T. €. KOrjla Harpy3ka paccyuTaHa Ha lepeMeHHOe
HampsiKeHHe OOJiblle WM MeHblle HaNPAXKeHHs reHeparopa.

ITepeMeHHBI MarHUTHBIH MOTOK, BHI3BAHHBIN NepEeMEeHHbIM TOKOM
B MepBHYHOH OOMOTKE, OLHOBDEMEHHO MepeceKaeT BHUTKH 0Geux 06-
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MOTOK. B mnepBuuHOii 0O6MOTKe HABOAHMTCH 3. H. C. CAMOHUHAYKIHH
E,, Bo BTOPHYHON — 3. A. c. B3aUMOUHAYKUHH Ey. Beauuuna E, 3a-
BHCHT OT B€JIMYMHBI MardHHTHOTO MOTOKAa B Cep/eyHHKe, CKOPOCTH
ero H3MeHeHHs] U OT COOTHOLUEHHSI MeX[y YHCIaMH BHTKOB MepBHY-
Holt W BTOpHUHO# 06MOTOK. CKOpOCThb H3MEHEHHSI MarHHTHOrO INoO-
TOKa OnpejenseTcss 4acTOTOH MepeMeHHOro TokKa, KoTtopas AJs JNdH-
HOTO TOKAa — BeJMYHHA MOCTOSIHHAsl. Be/qMYHHA MarHUTHOTO NOTOKa
obyc/ioB/leHa TJIaBHBIM 06pa3oM HampsixKeHHeM, NPHIOXKEHHbIM K
nepBHYHOI OOMOTKe, H YUCJTOM €€ BHTKOB.

CnepmoBaTtesibHO, HW 3. A. €., Bo30Oyxjaaemas BO BTOPHUYHOH
06MOTKe TpaHchopmaTopa, 3aBHCHT TaKXKe OT Halps:KeHUsl B Mep-
BHYHON OOMOTKE U OT COOTHOLUEHUSI YHCEeJ BHTKOB MepBHY-
HOl W BTOPUYHOH OOMOTOK.

OTHOLIeHHe 4KC/da BHTKOB MEPBHYHON OGMOT-

:(":3:3':’“':;‘:"" KM K YHCJY BUTKOB BTODHYHON OGMOTKH Ha3bi-
P p Baercs Koaddguauuenrom tpaHchopmauuu.

w
rie k — Ko3dduuHeHT TpaHchoOpMaLUH;

W, U W, — YHCJa BHTKOB NEPBHYHON H BTOPHYHOH OOMOTOK.

Ecan kKoadduuneHT TpaHc@opMauuy MeHblle eJHHULbI, TO TPaHC-
topmaTop NOBbIIAIOUIHH, €CH 60Jblle — NOHHKaIOLIHH.

Ilpu xo3pduuueHTe cBA3U MeXAYy 06MOTKaMH,
OTHOWeHHe paBHOM €JHHHLE, 3. A. C. (HanmpskKeHHe), HH-
HanpAXeHHil NyKTHpyeMas B KaXXJOM BHTKe BTOPHYHOH 06-

MOTKH, Ta e camas, 4To H 3. 4. C. (Hamps-
KeHHe) KaxKIOoro BHUTKa B NnepBHYHOH oOMoTKe. [Tostomy oTHOwIeHHUe
Hanpsi>kKeHu# (TOuHee, 3/JEKTPOABMKYLIUX CHJ, HO OOBIYHO BeJNHYH-
HOHM NajleHHs HalpsiKeHUs B 0OMOTKax TpaHchopmartopa npexebpe-
ralT) TNPONOPLUHOHAIbHO OTHOLIEHHIO BHUTKOB: '

U1 . W, .

T=ti—r, (35)
rie U; u U; — HanpsixkeHHs Ha 3aXHMax MepBHYHON W BTOPHUHOM
06MOTOK TpaHcopmMaTopa.

dTo paBeHCTBO CNpaBefJHBO [/ TPaHCHOPMATOPOB CO CTaJb-
HblM cepaeunukom npu k=1. Ilockoabky TpaHchopmaTtop Ge3 cep-
HNeYHUKA He MOXKeT MMeTb KO3(D()HIHEHT CBSA3H, DaBHLIH eIHHHLE,
€ro OTHOLIeHWe HampskKeHHH Gosblle, YeM OTHOLUEHHE BUTKOB.

B 3aBHcumocTH OT KosdduuueHta TpaHchopmauuu TpaHcdop-
MaToOp MOXKeT MOBHILIATb /M MOHHXKATh Hanps:KeHue. Ecau Hanps-
XKEHHe BO BTODUYHOH o6MOTKe GoJblile, 4eM B MEPBUYHOM, TO TPaHC-
tdopmatop moBuiwamui. B ero BTOpUYHON OGMOTKE UHCJIO BHTKOB
Gosblie, yem B NepsuuHoi. HaobopoT, ecau HampsikeHue BO BTO-
pHYHOIl 06GMOTKe MeHbllle, UeM B NEPBHUYHOMH, TO TpaHchopmaTop no-
HuXawwHui. Yucno BUTKOB B €r0 BTOPHYHOH OOMOTKE MEHbIlle, 4yeM
B NepBHuHo#. Kaxablii TpaHcopmaTop MOXKET ObIThb HCNOJb30BaH
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KaK MOBBILAKLINA H KaK MOHHKAOIUA B 3aBUCHMOCTH OT TOTO, Ka-
Kas OOMOTKa MOJAK/IOYAeTCsl KakK NepBHYHAs — ¢ GONBIIUM UHCIOM
BHTKOB HJIM C MEHDLIHM.

Tpancpopmatop He ABAAETCH HCTOYHHKOM SHEPTHH; OH CIYXKHT
TOJIbKO A/ Nepelayd SHepruu u3 oaHo#l uenu B Apyryto. [Tostomy
MOLIHOCTb, pa3BuBaeMas BO BTOPHYHON 06MOTKe, HHKOrAa HEe MOXKeT
GeiTh Gosbllle MOHIHOCTH, MOABOAMMONH K NepBHYHOA OOMOTKE; OHa
BCeria MeHbllle Ha BeJUUYHMHY NoTepb B TpaHcdopmartope.

[To 3akony Owma BejMyHMHA BTOPHYHOTIO TOKa
BropHuHbIil TOK paBHA BTOPHYHOMY HaNpsiKeHHIO, AENEeHHOMY

Ha CONpPOTHB/IeHHEe B LeNH BTOPHUHOH OOMOT-
ku. s puc. 118, xoraa conpotusienue Harpy3kn Ry=100 om (co-
TIPOTHBJIEHHEM KaTyllKH npeHeGperaem),

U, 100 &

=g =T —1%
[,=10a I,=1a l
" U=108 Wi wy
G "I 100 Up=1006 4
8UMKO8 8UMKO8 H
1000m

Puc. 118. TpaHchopmaTop cO CTalbHBIM CepIEYHHKOM, HMeo-

wui otHoweHue BUTKOB 1:10. Tok I/, B nepBuuHOR 06MOTKeE

HHAYKTHDYeT BTOpHuHOe Hampsikeuue U, KoTopoe cosnaer
TOK B Harpyske BTOPHYHOH OOMOTKH

MolHocTs  paccestHisi B CONPOTHBJIEHHH HATPY3KH, paBHas
I3 Ry wnn Usly, cocraBaser 100 sr.

MoiHocTb, 3aTpaunBaeMasi B CONPOTHBJIEHHH HAaTpPy3KH BO BTO-
puyHOit 0OMOTKe, MOCTYNaeT OT FeHepaTopa, BKJIOUEHHOrO B Lelb
nepBUYHONH 06MOTKH. Eciu BTODHUHBIA TOK yJABauWBaercst (Hampumep,
U3-3a YMeHbLIEHHS] CONPOTHBJ/IEHHS] HArpy3Ku B ABa pasa), To nep-
BHYHBIA TOK TaK:Ke YBeJHYUTCcA B fABa pa3a, yToObl Nepenath Tpe-
O6yeMyi0 MOLIHOCTb BO BTOPHYHYIO Lelb.

[lorepn B TpaHchopmatope Masnbl. [loaTomy

OTHOMEHKE TOKOB NPaKTHYeCKH MOXHO CYMTaTb, YTO MOLIHOCTH
B MEPBHYHOH M BTOPHYHON OOMOTKAX PaBHBI:
U1!1=U212,
OTKyZAa
U, Iy
U, — T (36)

T. e. TOKH B 06MOTKax TpaHcdopmaropa 06paTHO NPONOPLHOHAJBHDI
HanpsXKEHHAM,
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ITockonbKy uepe3 OGMOTKH BBICOKOTO HaNpPSiXKEHHsA MPOXOIHT
MEHbIIHI TOK, OHH BBINOJNIHAIOTCA W3 60Jee TOHKOH NMPOBOJOKH, YEM
06MOTKH HHU3KOTO HanpsKeHus.

Ipumep 50. TpaHchopmaTop BKJIIOUEH B CeTh MEPEMEHHOrO TOKa C HAMps-
xenwem U;=120 6. Uucio BMTKOB mnepBHUHOH OGMOTKH w;=>500, BTOpHYHOM

wy=>50. Tok B nepBuuHOil o6MOTKe [1=0,2 a. Onpenesnth KO3pHLHEHT TpaHC-
dopManuun k, HanpsiKeHue Ha Harpyske U u TOK B He#t /.

[z*’ﬂ,Zﬂ

R
wy U808 pnny []

I,=18a l P,=968m
Q4
1208 wy -— |
[3=700
ws Us=IZs R
Pi=2166m 3 12 oM
P3=1208m

Puc. 119. MouwHocTtb, HcrnoJb3yeMasi CONPOTHBJIEHHSIMH Harpysok
Ry u R, BTOpHuHbIX OGMOTOK, PaBHa MOLIHOCTH, TNOCTynaiolleil
OT reHepaTtopa, BKJIIOYEHHOro B INEPBHUHYI0 OGMOTKY

Pewenue Tlo dopmyne (34)

= 30y (TpaHcdopMaTop NOHHKAKUMH);
W, 50
U 120
Ua— Z — 10 =12 g

IL,=1Lk =02-10=2 a.

Ha puc. 119 mpuBenena cxema TtpaHncdopma-
O6mas BTOpHYHASA TOpa C ABYMA BTOPHYHBIMH 0OMOTKaMH — W,
MOLIHOCT U w3. BTOpHYHBIX OOMOTOK MOXKeT GHIThb He-

CKOJIBKO, H, €CJIH BCce OHH HAaXOJATCSI B OJHOM
cepleyHHke, KO3dHuLUHeHT cBA3M k=1. B Kaxa0#i 06MOTKe HHAYK-
THUpYyeTCst CBOsI 3. 1. C., 3aBHcAIlas OT Ko3dduuueHTa TpaHchopma-
unu. B Lenbp nepBHYHON OGMOTKH BKJ/IOYEH HCTOUHHK NEepEeMEHHOro
Hanpsixenus 120 s. ’

Ilpu Kosdduunente TpaHchopmanuu 1:4 B 06MOTKe W, HHAYK-
THpyeTcs 3. A. c. 480 8, KOTOpasi NpH CONPOTHBJEHHH HAarpysku
Ry;=2400 om co3paer B uenu T0K I,=0,2 a. MolllHOCTb B 3TOH LenH
Py=480-:0,2=96 sr.

O6MoTka w,; MOHMXKaer HanpsixkeHHe ¢ oTHowenuem 10/1, T. e.
Ha ee 3aXHMax HHAyKTHpyeTcsi 3. A. c. 12 8, KoTopasi TpH compo-
THUBJEHHH Harpysku Rs=1,2 om cosnaer B uenu 1ok /s=10 a. B aTom
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cjydyae MoulHocTb P3=120 87. [TockojibKy 06MOTKH UMEIOT pa3jieb-
Hble BbIBOJbl, HAMPsXKeHHe U TOK B HUX MOTYT ObITb Pa3HBIMH.

Bcsi MOILHOCTB, pacxoayemasi BO BTOPHYUHBIX lensX, NOCTynaer
W3 TMEepBUYHOH Uend. B Haumlem npumepe oOlias MOLIHOCTs BTOPHY-
goix Lenell paBHa 216 s81. CienoBaTeNbHO, TOK B INepBHYHOHM LENH
[= 1,8 a:

Py 216
'—'LT - 'm = 1,8.

ABTOoTpaHchopMaToOpHhl

AstoTpancopmartop (puc. 120) umeer ofHY HenpepniBHYIO 06-
MOTKy ¢ BblBOJOM 2 Mexay BuiBogaMu / u 3. Ha puc. 120, a npu-
BeJleHa cXema MOBBINIAIOILEro aBTOTpaHchOpMaTopa; nepBHYHOE Ha-

3 ' 3

Uy
I
wz H CN) wl
U,=4808

a 6

Puc. 120. AprorpaHcdopMaTophi:
a — NoBLIWAICIHA: 6 — MOHHKAIOWHA

npsixkeHue reHepatopa U, NOAK/IIOYEHO K YacTH OGLIHX BHTKOB
(Mexny BoiBogamu / u 2), a BTopuunoe U, cosmaercs Ha 3axumax
BCeX BHTKOB (MexXnay BbIBOZaMH I u 3). Ec/iM 4HC/IO BUTKOB MEXIy
BoiBoAaMu [ u 8 paBHo 400, a mexay BuiBogamu [ u 2 — 100, To
NepBUYHBIH TOK, NPOTEKAlOUIHA MeXNy BhiBoAaMH [ H 2, HHAYKTH-
pyeT OINHHaKOBOe HamnpsXKeHHe B Kaxkjaom u3 400 BUTKOB, nOTOMY
4yTo KOI(pPHUHEHT CBS3M NpaKTHYECKH paBeH eJHHHLE JJf Bcex
BUTKOB Ha OJHOM cTaJbHOM cepaeuHHke. Takum o6Gpasom, BTOpHY-
Hoe Hampsikenue Us=4-U,=4-:120=480 s.

Ha puc. 120, 6 npuBejgeHa cxema NOHHXKaIOLLEro aBTOTpaHchoOp-
MaTopa: HalpsKeHHe reHepaTopa NMOAK/IOYEHO KO Bcelf oOMOTKe, a
BTOPDHYHOE CHHMAaeTcsi ¢ MEHBILEro 4ucja BHTKOB.

O6MoTKa, KOTOpasi COeMHsIeTCs ¢ HCTOYHHKOM HanpsXKeHus, fAB=
nsieTca NepBMYHOH. Bropuunas o6MOTKa NOJKNIOYaeTc K COMpo-
TUBJIEHHIO HArpyskKH.

Kos¢duunenr Tpanchopmaluud U OTHOIIEHHE HATPAXKEHHA MOJ-
CYHTHIBAIOTCS B aBToTpaHchopMatope Tak Xe, Kak U B TpaHchop-
MaTope, HMeIOLIEM H3O0/JMPOBAHHYIO BTOPHYHYIO OOMOTKY.
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ABtoTpaHcdhopmaTtop 6ojiee KOMNAKTEH MO CPaBHEHHIO C TPaHC-
¢opMaTopoM H yallle BCero MCnosab3yercsi TOraa, Koraa tpebyercs
M3MEHHUTb HampsixKeHue B HeOoJbIIHX nMpedenax. OnHaKo aBTOTpaHC:
¢opMaTop He H30JUPYET CONPOTHBJEHHE Harpy3kH BTOpHYHOH 06-
MOTKH OT FeHepaTopa HanpsXXeHud, a 3TO0 Hebe3omacHO MpPH 3Kc-
nJyaTauuy.

[Totrepu B TpaHchpopmMaTopax

Koadpduunenr nonesnoro neiicteua (k. m. A.)
Koadpuunent TpanchopmMaTopa onpeneisieTcs KaK OTHOLIe-
MoJie3Horo AeﬁCTlHﬂ o
HHe MOLIHOCTH Ha BbiXode (BO BTOPHYHOIi Le-
MH) K MOWHOCTH Ha BXoje (B NEepBHYHOMH
uenu):

K. IL ;L.—_—’j;_::- 1009%.

Hanpumep, Korna Pyux=0,5 Psx K. M. 1.=0,5-100% =50%.

Buxpesol moK

PE———— |
ppr— (A || i
5”“ il n-
HE l
R y [
fj”ﬂ- == tl ‘il
T == —J |
L=

| .
e T
moxa

Puc. 121. CranbHoii cepieuHHK B paspese

ITpeanqnoxum, 4To MOTepH B TpaHchHOpMATOpe pAaBHBHL HYJIO,
toraa Ppux=Psx 4 K. 0. 1. paBen 100%. B neficTBHTENTbHOCTH BO
Bcex TpaHcdopMaTopax ecTh MOTEPH B Biijle TEMJsa, MO3TOMY K. I. J.
Bcerfia HeckosbKo Menbiie 100%. TpudchopmaTopsl GONBIIMX MOLL-
HocTeil 6osiee SKOHOMHUYHBI, TaK KakK B HHMX MCIOJb3yercs GoJsee
ToJicTasi OOMOTKa, KOTOpasi HMEET MeHbllee CONpPOTHBJEHHE.

Ecnu Mertansuyeckue Macchl HaxoAasTcs B Ie-
BuxpeBbie TOKH peMEeHHOM MArHUTHOM IoJie, TO B HUX HHAYK-

: THPYIOTCS TaK Ha3blBaeMble BUXpeBble (mapa-
3UTHBbIE) TOKM. DTH TOKH 6ecno/ie3HO pacXOAyloTcs, Harpesasi TeJo,
B KOTODOM OHH BO3HHKAIOT. B cTanbHOM cepleyHHKe KaTyIIKH WH-
NIYKTHBHOCTH MOA JeficTBHEM NepeMeHHOro TOKa HaBOJAHMTCH Hamps-
’KeHHe, KOTOpOe B CBOIO Ouepelb CO31aeT B cepJeyHHKe TOK. DTOT
TOK M Ha3blBAeTCs BHUXPEBHIM, [IOCKOJIbKY OH NPOTEKaeT M0 3aMKHY-
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TbIM KOJIbllaM yepe3 MOMNepeyHoe ceyeHHe CepJeYHUKA B BUAE BHX-
peii (puc. 121).

Buxpesble TOKH BBI3BIBAaIOT Oecrnosne3Hyl TpPaTy MOLUIHOCTH Ha
HarpeBaHue CepleYyHHMKa, paBHyiww P=/2R, rpe | — BennuuHa Bcex
BHXPEBBIX TOKOB, R — CONMpOTUBJIEHHE CEPAEUHHUKA.

Byayuun MHAYKTHDOBAHHBIMH, BUXPEBbIE TOKH COFJaCHO TpaBUAY
JleHua npenATCTBYIOT NPHYHHE, KOTOPAs BHI3bIBAET UX: MOTOK BHX-
peBHIX TOKOB HamnpaBJeH NPOTHB NMOTOKA KaTyLIKH, YBEJHUYHBAA TOK
B Heil, 4TOObI COXPaHHTb NEPBOHAYaNbHOE MAarHUTHOE MOJe.

Yem Bbile yacroTa
nepeMeHHOro ToKa B Ka-
Tyuike HMHAYKTHBHOCTH,
teM GoJiblue notepu OT
BHUXPEBbIX TOKOB.

O6r1uHO compoTHBIe-
HHe MaCCHBHOTO NMPOBOJ-
HHKAa OYeHb MaJjIo, Beael-
CTBHE Yero BHXpeBble
TOKH MOTYT JOCTHraTh
60/bUINX BEJHUYHH H BbI-
3blBaTh CHJIBHBLIA mepe- .
[peB €ro, 4TO MOXKeT Puc. 122, HOCTOHHHbEH MAarHutT H cBoGOIHO

YKpeIvIeHHbIH Ha OCH AHCK
NpUBECTH K O0OyriauBa-
Huto udonauuu. [lostomy
CTa/ibHble CepAeYHHKH TPaHCHOPMATOPOB H SIKODH 3JEKTPHYECKHUX
MalIHH H3rOTOB/AIOT He M3 CIVIOIIHOTO KYycKa CTajH, a U3 TOHKUX
JIUCTOB, H30JHPOBAHHBIX OAHH OT APYroro. 3T0 yBEJHUHBAET COMPO-
THBJIEHHE, a 3HAYHT, YMEHbLIAET BUXPEBbIe TOKH.

EcTb cayuau, Koraa BHXpeBble TOKH NpPHHOCAT noJab3y. Hanpu-
Mep, B METa/JJyPrHud HX NMPHUMEHAIOT AJs NJaBKH MeTaJJoB, B psle
H3MEePHTEbHBIX NPHGOPOB — HJsT TOPMOXKEHHUS MOABHXKHBIX yacTell.

Ha wucnosnb3oBaHHH BHXpEBHIX TOKOB OCHOBaHa pa6oTa HEKOTO-
pBIX 3JIeKTpUueckux ABHrarteeit. O6bsCHUM 3TO Ha npumepe. Bosb-
MeM CBOGOJHO YKpeIlJeHHBbI Ha ocH AucK (puc. 122) u3 HeMmarHur-
Horo Merasjna (Meau, aqlOMHHHA M T. I.) H NOMeCTHM BGJIH3H Hero
fOCTOAHHBI MarHut. Eciu BpauaTh MarHut, TO AHCK TOXe OyleT
BpallaThCs B Ty XKe CTOPOHY. JT0 OOGBSCHSIETCS B3auMoOJeiicTBHEM
MArHUTHOrO MOJs MOCTOSSHHOrO MarHuTa ¥ MAarHUTHOrO MOJf, CO3-
IaHHOTO BHXPEBLIMH TOKaMH, KOTOPble HHAYKTHPYIOTCA B AMCcKe. CKo-
poCTb BpPallEHHsA AHCKA J0MXKHA ObITh MEHbLIE CKOPOCTH BpalleHHs
NOCTOSTHHOTO MAarHuTa, MHaye B AHCKe He OYAYT HHIYKTHPOBATbCA
BHXpeBble TOKH (MarHHTHOe MmoJie He GyJAeT NepeceKarbcs AUCKOM).

YTto6bl cBECTH K MHHMUMYMY NOTEpH OT BHXpe-
Tunbt cepaeuyHHKOB BbIX TOKOB U B TO e BpPe€Mf COXPAHUTb BBICO-

KYI0 MarHHTHYIO HHAYKUHIO, CEpAEYHHKH je-
J1al0T U3 OTAENbHBIX TJIACTHH, U30JHPOBAHHBIX OJHA OT APYTo#, H3
H30/IHPOBAHHBIX YACTHL, CTaJbHOrQ TNOPOIIKA u.nld H3 (eppoMarHuT-
HbIX MaTepHaJIoB,
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CepleuHHKH MNepBOro THMNA — B BHJAE MJACTHH, WU30JHPOBAHHBIX
OYEeHb TOHKHM CJIOEM OKHCH eJsje3a W JiakKa, — OObIYHO TPUMEHSIOT
B TpaHchopMaTopax 3BYKOBBIX YacToT ¥ 4acTtoTel 50 ey, [lnacTunb
yBEJIMUYMBAIOT CONPOTHBJEHUE B TNONEPEUHOM CEUeHUH CcepeyHHKa,

i

f | [

a o

Puc. 123. CranbHOit cepIeUHHK H3 MJIACTHH:
a — cepleyHHK OGPOHEBOFO THMA; O — MJACTHIBI

yMeHblllasi BAXpPeBble TOKH, HO NMpPeACTaB/fA0T He6GoJbllioe CONPOTUB-

JeHHe AJ1s1 MAarHHTHOro HOTOKa cepaeuHuka (puc. 123).
(CepaeuHHKH BTOPOro THNA — CNIPECCOBAHHBIE U3 XKEJIE3HbIX 3e-

p€H — NPUMEHSIOT B KaTylIKaX HMHAYKTUBHOCTH [IJsi PajHOYacTOT.

Bezynaposounsiit
suHm

cepdeyrur

1

Puc. 124, KaTymkn UHAYKTHBHOLTH ¢ CepAeURHKAMU

®eppuTOBble CEplleyHHKH OOECNeyuBalOT BHICOKYIO MarHHTHYIO
HHJYKLHI0, OCTaBascb B TO JKe BpeMs M3oasitopaMd. [TosToMy ux
IIUPOKO HCIONDb3YIOT B KATYIUKAX WHAYKTHBHOCTH /1Sl BHICOKHX Ya-
croT. OHH NO3BOJISIIOT CHH3UTh 10 MUHHMYyMa [OTEDPH HA BUXPEBbIE
tTokH. Ha puc. 124 npuBeneHsl KaTyIIKH MHAYKTHBHOCTH ¢ deppuro-
BbIM CEPAEYHHKOM, BHHT CBEpPXy C/IYKHT AJA MOACTPONKH BENTHUHHBI
HHAYKTHBHOCTH, ;
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4. CoenuHeHHe KATYyWeK HHAYKTHBHOCTH

BeauunHy HHAYKTHBHOCTH MOXHO H3MeHSTh
TNepemennas Pa3IHUYHBIMU cllocoGaMH.
MHLYKTHBHOCTD Ha puc. 125,a usobpakeHa CeKLHOHHas
KaTyllKa, WHAYKTHBHOCTb KOTOPOH moa6u-
paercs nmyTeMm MOJAKJIOUEHHS K TOMY WJIH HHOMY BBIBOAY.

Ha puc. 125, 6 cKOb3SHKNA KOHTAKT KATYIIKH H3MEHSIET 4YHCJIO
HCMOJIb3yeMbiX BUTKOB. Hencnosb3yeMble BUTKH COEMHSIIOTCS HAKo-
pOTKO, 4TO NpefoTBpallaeT paboTy KaTyLIKH B KauecTBe. aBTOTPAHC-
dopmartopa (Takas paGora HexesaTesqbHa, MOCKOJbKY MOBBIIIAIO-
lleecst HanpsiKeHHe MOXKET BbI3BaTh AYrY Ha 3a)KMMaxX BHTKOB).

i
b—O
b—0
. ,
a 6 8 2 ]

Puc. 125. Cnoco6bl nojyueHHsi népeMeHHOll HHAYKTHBHOCTH:

a — ceKUHOHHasi KaTyllKa C BbIBOAaMH; 06 — KaTyllKa CO CKOJb3SILLUHM KOHTaKTOM: 8 —
KaTyllka ¢ MOACTPaHBalOIUHM CepAEYHHKOM; & — BapHOMETp; a—yCHOBHOG usobpaxkeHHe
KaTyUIKH C nepeMeHHOll HHAYKTHBHOCTbIO

Ha puc. 125, 8 mokasana KaTylka co CTajIbHbIM CEpAEUHHKOM.
[Tpu M3MeHeHHH NOJOXKEHHs cepleuHUKa MeHsIeTCs] HHIYKTHBHOCTb
KaTywku. MakcuManbHas HHAYKTHBHOCTb INOJyyaeTcss TOrja, Koria
cep/leYHHUK HAXOAHTCS NMOJHOCTBIO BHYTPU KaTYUIKH.

Ha puc. 125, 2 npuBegeHa cxema BapHOMeTpa — yCTPONCTBA AJisl
H3MeHeHUsl NOJIOXKEHHSI OJHOH KaTyWKH [0 OTHOLIEHWI0 K APYroi.
OGuas HHAYKTHBHOCTb MOCJENOBATENbHO COENHHEHHBIX KaTylleK
MEHSIeTCS B 3aBUCHMOCTH OT HX B3aUMHOTO DacCIOJOMXEHHS.

Ha puc. 125, 9 npuBeneHo YC/I0BHOEe H300paKeHHe KaTyIlEK C
nepeMeHHO# MHAYKTHBHOCTBIO.

OGmas MHAYKTHBHOCTh KaTylleK, COeIMHeH-
HbIX mocJjenoBaTedbHO (puc. 126), paBHa cym-

MocaenoBarteibHoOE b
W mapaJuiefibHoe Me HHAYKTHBHOCTEH OTAEAbHbLIX KAaTYUIEK:
coellMHeHHe

L06m=L1+L2+L3+---+L”. (37)

dta Qopmysa chnpaBelaHBa, KOrja HeT B3aHMHOH HHAYKIHH Me-
KAy KaTyIIKaMH.

Tak kak B moc/ieJl0BaTeqbHO COeIMHEHHBIX KaTyIIKax MpoTeKaeT
OMH M TOT Ke TOK, o6llas HHAYKTHpyeMas 3. A. C. 3aBHCHT OT 00-
Iero 4Yucja BHTKOB.
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Mpumep 51. KaTywku c uHgyktvBHocTaMu Ly=5 men u L;=10 men coenu-
HeHbl nocaefoBaTesnbHo. OnpenennTb OOLLYI0 HHAYKTHBHOCTb.
Pewenue Ilo popmyre (37)

Logyy =Ly + Ly =35+ 10 =15 men.
Eciu  KaTylwlKd HHIYKTHBHOCTH  CO€AMHEHbl  MapajiejibHO
(puc. 127), To obmas MHAYKTUBHOCTD
L1 L 38
m Lttt T (38)

dopmyna (38) cnpaseanuBa, KOrja HET B3aHMHOW HHAYKLHH
MexXJy KaTyllKaMH.

L

Lz

) !

Puc. 126. Tlocae- Puc. 127. [lapan-
[10BaTe/bHOE COefH- JleJlbHOe  cOeflHHe-
HeHHe KaTylleK HH- HHEe KaTylleK HH-
NYKTHBHOCTH  6e3 NYKTUBHOCTH  6e3
B3aHMHOWH CBA3H B3aUMHON CBA3H

Mpumep 52. Katywku c WHAyKTHBHOCTAMH Ly u Ly no 8 M2M coeauHeHbl ma-
paasenbto. OnpefenuTh 06LLYI0 HHAYKTHBHOCTb.
Pewmenne Ilo dopmyne (38)
1 1 1 1
=0t 5=+
LOGIJ-( Ll L, 8

w| o
I
[~
£
N
x

2
“'8"- Logw =

oo —

PaccmoTpum ABe nocienoBaTesibHO COEAHHEHHblE KaTYIIKH HH-
AYKTHBHOCTH, KOTOpble MMEIOT B3aMMHYI0 HHAyKuuio. O6uwias HH-
OYKTHBHOCTb B 3TOM C/lyuae 3aBHCHT OT BEJHYHHBI CBA3H H OT TOTO,
KaK BKJIOYeHbl KaTyLIKH: COIJIacoBaHHO (OOLM# TOK cO3jaer wmar-
HUTHOE MoJie ONHOro HampaBjeHUs B o6eHX KaTyllKax) HJH Heco-
rJ1lacoBaHHO (MarHUTHBIE MOJIsi KaTylleK NPOTHBOMOJIOXHBI).

BesnunHa CBA3M 3aBHCHT OT COeJHHEHHS KaTylleK M HanpasJe-
HHs1 06MoTKH. [TepekioueHne 060# KaTYIIKH H3MeHsleT HamnpasJie-
HHe ee MarHuTHoro noas. Ha puc. 128, a ABe KaTylIKH ¢ OJHHM H
TeM Xe HanpaBJieHHeM BHTKOB COelMHeHbl NOCJef0BaTeNbHO corJa-
coBanHo, CTouT NeEpEKNIOYHTb ONHY M3 KaTylleK, Hanpumep L,
(puc. 128,6), kak mnoJsy4uM I[OC/TeJOBaTeNbHO HECOrJlacOBaHHOe
BKJ/IIOYEHHe,

O6ias MHAYKTHBHOCTb ABYX KaTylllek, coeJlHHeHHBIX MOC/Ie]0Ba-
TeJbHO, C YYeToM B3aWMHOH HHAYKLHM onpejensercs mo dopmyae

Lodu.x = Ll + L2 i 2LM' (39)
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Baaumouuaykuus Ly co 3HaKOM <«MJIOC» yBeJaHuHBaeT OOLLYIO
MHIYKTHBHOCTb (KaTyLIKH BKJIOYEHbl MOCJEL0BATEJbHO COrJiacOBaH-
HO), a CO 3HAaKOM <«MHHYC» — yMeHblIaeT ee (KaTyWKH BKJIOYEHbI
noc/e10BaTeNIbHO HECOrIacoOBaHHO).

[Mocnennss ¢opMyna KaeT BO3MOMKHOCTb ONpENENHTb KO3b(us
LUHEeHT B3aHMOHHAYKUMH ABYX MOC/IENOBAaTEJbHO COeAHHEHHBIX KaTy-
uieK, ecqd H3BeCTHa HHIAYKTHBHOCTb Kaxpao# u3 Hux. [Has asrtoro
HYXHO H3MEpPHUTb O6ILYyI0 HHAYKTHBHOCTb NP MOCAEJ0BATENBHO CO-

Ly
————

Lobw=LitLlyt 2Ly
Ly
e N ———
L,
L)
L
3 A

Logw=Li*ly-2ly

Puc. 128. [locnegoBaTelbHOe BKJIOYEHHe KaTyllex
C B3aHMHOH HHIYKLHeR:
a — cornacosaHHoe; 6 — HecOrjacoBaHHOE

riacosaHHOM BKJtoueHHH. IlycTh 370 6yaeT Logm. corn. 3aTEM ORHY
M3 KaTyulek Halo MNepeKk/JIOYHTb W H3MepHTb OOLLYI0 HHIYKTHB-
HOCTb NMPH MNOC/]eJ0BaTeNbHO HECOr/JIacOBAHHOM BKJIIOUEHHH KaTy-
wek. Ilyctb 310 6yner Logm, mecora- 10TAA

Loﬁu.:. cora = 4-06w. Hecora
L,= - . (40)

Korna usBecTHa B3aUMOMHAYKTHBHOCTb Ly, KO3hduuMeHT cBsis
31 B MOXHO MOACYHTATb U3 dopmybl (33).

Mpumep 53. Hmeiorca gBe katymku. HHAYKTHBHOCTD KaXKmO# H3 HHX
250 mken. O6llasg WHAYKTHBHOCTb MpPH MOCNEAOBATebHO COrJACOBAHHOM BKJIO-
yenuu 550 MmKeH, a npH nNoCJefOBaTeJbHO HecornacosakHoM 450 mxzx. Onpene-
NUTb B3aHMOMHAYKTHBHOCTb Ly ¥ KO3HILHEHT cBA3N X.

Pewenne. ITo dopmyne (40)
Lo.c— 1oy 550—450 100

3 3 =7 = 25 MK2H.

LM=
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Us dpopmyas (33)

k = M = 25 = 2-5-

VII, V250-250 250

CaMasi yacrass HeMCIPaBHQCTb B KaTyumKax —

Heucnpasnocty 06pbiB. OMMeTp, MOIK/IOYEHHBIH K KaTylIKe

B KaTylkax ¢ o6pbIBOM, NMOKaXXeT 6eCKOHEYHO 60JbIloe CO-

' NpPOTHUBJIEHHE HEe3aBUCUMO.OT TOro, HMeeT Ka-
TylllKa CepAeYHUK HJIH HET. )

Lpyrue HeHCIpaBHOCTH — 3aMblKaHHe MeXIY BUTKaMH, KOTOpPOe
yMeHblIaeT HHAYKTHBHOCTb, 3aMbIKaHHe MeXJAy MepBUYHOH H BTO-
pHYHOH OOGMOTKaMH, 3aMbiKaHHe OOMOTKH Ha CTaJIbHOH CeplIeYHHUK.

Ilpu u3aMepeHuu COMpOTHUBJIEHHS KaTYLWIKH OAMH KOHeL ee Halo
OTKJIOYHTb OT CXeMbl, UTOObl H36GeKaTh mapaJJesbHbIX Lenel, KOTo-
pble MOTYT MOBJUATH Ha MOKa3aHue npubopa.

ConpoTuBJieHHe KaTYUIKH MOCTOSIHHOMY TOKY PaBHO COMpPOTHB-
JIeHHlo MpoBofa oOMOTKH. KaTywku Ajas paguodyacTtoT, HMeEIollue
yucjao BUTKOB oT 10 gpo 100, o6.saparOT HMHAYKTHBHOCTBIO B He-
CKOJIbKO MHJIHreHpu. ConpoTuB/ieHHe HX MOCTOSHHOMY TOKY — OT
1 1o 20 om. KaTymwku HHAYKTHBHOCTH [Jis 3BYKOBBIX 4acTOT M 4a-
crot 50 ey, MMemLlHe HECKOJIbKO COTEH BHTKOB, XapaKTepH3ylTcs
conporuB/aeHueM ot 10 go 500 om.

5. HHAYKTHBHO® CONPOTHBABHHE

Korpa mnepemeHHbIH TOK NMpOTEKaeT yepe3 Ka-
OGuiee nonsiTHe TYWKY HWHAYKTHBHOCTH, TOK B LIENH YyMeHb-
uraeTcs 1Mo CPaBHEHMIO C TeM, KOTOpbIH mpore-
KaJ/l PH HaJIMYUU OAHOrO aKTHBHOTO CONPOTHBJIEHHS.
[TpoTuBO3/NIEKTPOABHKYLILAA CHJIA, CO3LAHHAS HHIAYKTHBHOCTBIO
KaTyllKH, NPeACcTaByseT co60i ee peaklHio Ha U3MeHeHHe ToKa. [1pu
NepeMeHHOM TOKe CHHyCOMAa/bHON (OpMBI 3Ta peakuus Bbipa-
JKaeTcsi B YMEHbIUEHHH TOKa, CO31aBaeMOro IlepeMeHHbIM Hampsi-
xkenneM. [IpoTuBoJelicTBHe KaTYIIKH HHAYKTHBHOCTH NepeMEHHOMY
TOKY, H3MepsieMoe B OMaX, Ha3blBaeTcss HMHAYKTHBHBIM. CONMPOTHBJIE-
HMeM 1 o6o3HayaeTcs yeped Xp.
HMupykTHBHOE compoTHBIeHHe X; YacTO HA3bIBAIOT PEaKTHBHBIM
(B OT/IMYHE OT AKTUBHOTO CONMPOTHBJEHHS R).
VMHAyKTHBHOE CONPOTUBJ/IEHHE KATYIIKH B LEMH
Bauanue uHpaykTHBHOro II€EPEMEHHOIO TOKa OrpaHHYUBaeT BEJHUUHY
CONPOTHBACHHSA TOKa: YeM OHO GoJibllle, TEM MEHbLIE TOK.
B uenu, nokazanHod Ha puc. 129,a, Her
KaTyWKH MHAYKTUBHOCTH. VCTOUHHK TnepeMeHHOro HamnpsiKeHUs
120 8 cozmaer B uenu TOK 1 @, MOCKO/JbKY CONpPOTHBJIEHHE JIAMIIOUKH
paBHO 120 om. Jlammouka ropuT HOpPMaJbHO. .
Bkaounm B Uenp KaTyWKy HHAYKTHBHOCTH (puc. 129,6). Ee
aKTHBHOe CONPOTHBJIEHHE, paBHOe | oM, HHATOXKHO 10 CPABHEHHIO C
CONPOTHBJ/IEHHEM JaMIIOUKU. PeakTHBHOe e CONPOTHBJEHHE KaTyll-
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k1 paBHo 12000 om. OHo Tenepb rnaBHBIM 06pasoM M onpenesier

Ly 1208
BeJIMYUHY TOKa B Lenu: [ = 5000 oo =10 #a (conporuBieHuem | u

120 om npeneGperaem). IIpu TakoM HeBOJBIIOM TOKE JaMIOYKa ro-
peTb He OyZerT. .

Ha puc. 129, 8 noKasaHa Lienb ¢ HCTOYHHKOM MOCTOSHHOrO Ha-
npskeHus. Katyumka He MOXeT HHAYKTHPOBaTb HaNpsiKeHHe, TO-

H,=12000 0m X, =0
R=1om R=1om
= - /
R=1200M) 17/ R=1200m Tv-1208 z
Q“Suazne R\% v-1208 =2 : R=1200M IC\{\
L
I=la [=10Mma [=lg |
a 0 . 8

Puc. 129. BingHHe HHAYKTHBHOrO CONMPOTHBJIEHHS HA TOK B LEMH:

a — jaMiia TOPHT MpH NepeMeHHOM TOKe | a: 6 — BK/IOYeHHe HHAYKTHBHOTO CO-

npoTHBaeHus 12000 om ymeHbuiaeT nepeMeHHslf Tok no 10 ma, naMma He TOPHT;

8 — NP NOCTOAHHOM TOKe KaTylllKa He HMeeT MWHAYKTHBHOTO CONDOTHBJIEHHS,
naMmna TOPHT

3TOMY OHa He HMEET PEAKTUBHOTO CONPOTHBJIEHHUS. Cnenosarenbﬂo,
BEJHYHHA IIOCTOSTHHOTO TOKA NPAKTHYECKH Ta XKe, KaK ecCiH 6bl
HCTOYHHK HaNpAXKEHHSA OblJl OLKJIOYEH HENMOCpeACTBEHHO K 3aXH-

e e
®
R R
8 ‘ 2

Puc. 130. MHAYKTHBHOCTb VMeHbLIAeT BeNHYHHY MEPEMEHHOro TOKa:
a — KaTylwlka HHAYKTHBHOCTH C BHYTPEHHHM COINPOTHBJIEHHEM; 6 — TOK Il" CcOo3AaHHbIA
MPHNOXKEHHbIM HanpsiXK€HHEM, MPH OTCYTCTBHH L; 8 — NMPOTHBOMOJOXHBIH TOK IL, CO31aH-

HbIf - KaTYWIKOH HHAYKTHBHOCTH, MpDH OTCYTCTBHH reHepaTopa; ¢ — Tok / B uenH npen-
crasisier co6of pasHOCTbL NPOTHBOMNOJIOXXHBIX TOKOB

MaM JIaMNOYKH, H J1aMNOYKa ropuT HopManabHo. TakuM oGpa3om, HH-
AYKTHBHOCTb MMEET PeaKTHBHOe COMPOTHBJIEHHE TO/NBKO AJIs mepe-
MEHHOTO TOKa.

PaccMoTpuM KaTyllKy, HMEIOLLYI0 HHAYKTHBHOCTb L H aKTHB-
Hoe conporuBienue R (puc. 130,a). Eciun 6bl KaTymika He umena
MHAYKTHBHOCTH, TO TeHepaTop MNepeMEeHHOro HampsiKeHHs co3fal
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6u1 ToK [, paBHblit, ponycrum, 10 a (puc. 130, 6). BosbMeM Tenepb
KaTyliKy HMHAYKTUBHOocTH L  6Ge3 reHepaTopa HaNpsXKeHHA
(puc. 130, 8). Ilpennmosoxum, 4To 3. A. C. CAMOMHAYKLHH HA ee 3a-
J)KHUMax co3faetr ToK /. =9 a, HanpaB/eHHBIH NPOTHBOINOJOXHO TOKY
reHepatopa Ir. CyMMapHblii TOK B AaHHOH uenu (puc. 130, e), pas-
Hbifi pasHocTu Ir—Ir, 6yger 1 a. Takum o6pasoM, HHAYKTHBHOE CO-
NPOTHUBJIEHHe KaTYLIKH YMeHblllaeT TOK reHeparopa.

Beauuuna 3. a. c. camounaykuuu E; (amniu-
dopmyna HHAyKTHBHOro TYAHOE 3HayeHHe) TMPSAMO MNPONOPUHOHANbHA
COMPOTHBJIEHHS 4acToTe TOKa w, HHAYKTHBHOCTH L M BesuuuHe

ToKa I:

E,=1loL.

Onpenenum BeNHYHHY CONMPOTHBJIEHHs, BHOCHMOrO B LieNb Mepe-
MEHHOro TOKa KaTyIUKOH HHAYKTHBHOCTH. ’
Tak kak

EL =1mL,

TO AJS TOrO, YTOGKl B LENH NPOXOAH] TOK, HeOOXOAUMO NPHI0KHTb
K 3a)kuMam HanpsiKeHue Us:

Us=lolL.
3Havyur,
=% (41)

®opwmyna (41) npexacrasaser co6oil 3akon Oma A/ Henu nepe-
MEHHOr0 TOKa, B KOTOPYIO BKJIIOYeHa KaTyllKa, o6safaiolias HHAYK-
THBHOCTbIO L (BeJMYHHY aKTHBHOI'O CONPOTHBJIEHHS LieNH He YUYMUThI-
BaeM). Ecau B popMysie (41) I Beipasuthb B amnepax, a U, — B BoJib-
Tax, TO 3HaMeHaTesnb APOOH MOJYYHTCH B OMax. IDTO H eCTb MHAYK-
THBHOE CONpPOTHBJIEHHe X :

X, =0l =2=xfL, (42)

rae f — 4acToTa nepeMeHHOro TOKa B repLax;
L — HHAYKTHBHOCTb KaTYIUKH B T€HpH.

HMHaykTHBHOE cONpOTHB/IEHHE 3aBUCHT TOJNbKO OT BesHuuH L u f.
OHo Bo3pacTaer npu YBeJHYEHHH HHAYKTHBHOCTH, TaK KaK HHAYK-
THBHOCTb L Gouiblleil BeJHUYHHbI cO3/laeT 66/bLIYIO 3. 1. C. CAMOMH-
AYKUHH, YTOGbl NMPensATcTBOBaTH TOKY B LenH. ITogo6HbIM e o6pa-
30M TOK 6oJsiee BBICOKOH YacTOTbl MHAYKTHPYeT B KaTylIKe GOJbLIYIO
3. . C., T. €. TOXKEe YBeJH4YHBaeT HHAYKTHBHOe conporusieHue. [lo-
CTOSIHHAsi BeJMYHHA 2w BBITEKAeT M3 KPYroBOTO ABHXKEHHS, CBA3aH-
HOTO C MepHOJOM CHHYCOHMJaJbHOH BOJIHBI.

3aBUCHMOCTb MHAYKTHBHOrO CONMPOTHBJEHHS OT HHAYKTHBHOCTH
H YacCTOThl — MpsiMo NMPONMOPLHOHAJNbHASA: €C/H YacTOTa HJIH HHAYK-
THBHOCTb YBEJHYHTCsi B ABa pasa, TO BJBOE BO3PACTeT U MHIYKTHB-
Hoe compoTtuBjieHHe. Jlpyrumu ciaoBaMH, Mexay Xp ¥ f, a Takxe
Mexay Xp u L cylecTByer JiHefiHasi 3aBUCHMOCTb.
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pumep 54. Hmetorcss nee watywkn: Ly=10 en u Ly=5 en. Onpeneints
HX HHAYKTHBHOe COMpPOTHBJEHHe HpH uactote 50 2y.
Pemenune [lo dopmyne (42)

X,, = 2nfL = 6,28-50-10 = 3140 ox.

Tak Kak HHAYKTHBHOCTb BTODOH KaTy[KM B [Ba pa3a MeHbile, TO BO CTOJBbKO
’)Ke pa3 MeHbllle MHAYKTUBHOe cOMpoOTHBjeHHe, T. e. Xr2=1570 om.

lpumep 55. OnpefenuTb HHAYKTHBHOE COMPOTHBJeHHe KaTylwikd 250 mkeH
npu yacrorax 1 u 10 Mey.

Pemenne Ilo ¢popmyne (42) nna f=1 Mey

X, =2znfL = 2m-1-108-250-1076 = 1570 ox.

IMpu noBbimieHdd uactothl B 10 pa3 BO CTOJBKO e pa3 yBeJHYHTCHA H
MHIYKTHBHOE CONpOTHBJIEHHEe NpPH TOH e HHAYKTHBHOCTH, T. e. 1ia f=10 Mey
X =15700 om.

Mpumep 56. MuayktusHocTh Katywku L=40 men. Onpelenutb ee HHAYK-
THBHOE COMpOTHBJeHHe npu yactorax f1=50 ey u f,=1000 ey, a TakXKe TOK,
€C/IH TpHJIOKeHHOoe HampsKeHue U=125,6 6 (aKTHBHOe CONMPOTHBJ/EHHE KaTYIUKH
R=0).

Pewenne Tlo dopmyne (42)

X, =2nfil =2-3,14-50-0,04 = 12,56 ox
(B ¢opMyay HHAYKTHBHOCTb Haj0 MOACTaBJsiTb B TeHpH, T. e. L=40 MeH=

=0,04 en);
XL2 = wyl = 2nf,l = 2.3,14.1000.0,04 = 251,2 on.

Tok B Katyluke

U 125,6
11 = = —— =10 a,
X, T 125
U- 1256
h=5—=575=05a

L2

Mpumep 57. Onpemenutp HHAYKTHBHOCTb KaTywku L (R=0), ecan npu Ha-
npsikednn U=220 8 u uacrote f=50 ey no Heil npoXomut Tok /=25 a.
Pewenune H3 ¢popmyns (41) uHIYyKTHBHOE COTPOTHBJ/IEHHe KaTYLIKH

U 220 .
XL—O)L-—T-——23—-88 oM,
OTKyJa HHAYKTHBHOCTD
88 88 88
= T T TEIAE0 0,28 21 = 280 aen.

HHAyKTHBHOe CONPOTHBJEHHe X; YacTO MOXHO H3MEpHTb, TOrJa
NpH H3BECTHOH 4YacToTe [ HHAYKTHBHOCTD MOXHO MOACYHTATH 110
dopmyse

X
=L
L=3 2 (43)

Ecau u3BecTHb HHAYKTHBHOe COMpPOTHBAeHHe Xp M HMHAYKTHB-

HOCTb L, 4acTOTy MOXKHO HaHTH Mo ¢opmyJe

XL -
f=gk. (44)
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Mpumep 58. Karymika ¢ HHUTOXKHO MasbIM AKTHBHBIM COMpOTHBJAeHHeM R
uMeeT WHAYKTHBHOe CONpoTHBJeHHe Xp=6280 om npu uactore [=1000 ey.
OnpefeauTe MHAYKTHBHOCTb KaTywKu L.

Pemenue. Ilo dopmyrne (43)

L—f.YL— 6280 _ 6280 _,
T 2nf 6281000 ~ 6280

Mpumep 59. Ilpu kakoii yactote f KaTyuwlka ¢ HHAYKTHBHOCTbIO 1 en Gyner
uMeTb cornpotuejedde Xr=1000 ox?

Pewenue, [lo dopmyne (44)

Fe X, 1000

—_— i ———— .108 = 15
9nL = 6981 0,159-108 = 139 2y4.
ITocnenoBartenibHOe WM MapaJdiienbHOe COeAMHEHHE WHAYKTUB-

HbIX COINPOTHUBJIEHHHA ONpelensieTcsl TaK Ke, KAK U aKTHBHBIX COIPO-
THBJIEHHH.

X, =1000m

= X, =100 0m X,;=20004

XL"'XLZ =3000m

Xy 2=2000m <

XL obu

a 6
Puc. 131. OG6uiee UHAYKTHBHOE COMPOTHBJIEHUE:

@ — MPH NOocCJenoBaTeJbHOM COeNHHEHHH;
6 — npu MapaanesbHOM COeJHHEHHH

HpH [OC/JI€0BATEJNbHOM COE€IHHEHUHU HHAYKTHBHBIX CONIpOTHBJE-

HHil o6lllee peaKTHBHOE CONPOTUBJIEHHE PABHO CyMMe OTHEJNBbHBIX HX
BEJIUYHH:

XLoou:.= 0t XL2+XL3+"'+XLn- (45)

Ha puc. 131,a nokasaHbl JBa HHAYKTHBHBIX CONpPOTHBJEHHS
Xr1=100 om u X15=200 om, BKJAIOYEHHBIX NOC/eA0BaTebHO. Ofliee
HHAYKTHBHOe CONpOTHBJIeHHe paBHO 300 om.

[Tpu mapansnenbHOM COeJHMHEHHH HHAYKTHBHBIX COMDOTHBJ/IEHHI
(puc, 131, 6) ofiiee compoTHBIeHHEe MOACUHTHIBAETCS MO (GopMyse

1 1

1 1 1
=gt ottt . 46
XL o6m, Xu XLz ‘TYLs ) XLn ( )

OHo Bcerna MeHbll€ HaHMEHbIUETO K3 NMapaJJelbHO BKIOYEHHBIX
COMpPOTHUBJIEHHUH],
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Tox B nenu ¢ OJlHHM HHAYKTUBHBIM CONPOTHBJIEHHEM DaBEH MPU-
JIOXKEHHOMY HanpsiXKeHuo, aeneHHomy Ha Xp. [Toncuntaem Bennuuny
TOKa B Llensx, nMokasaHHblx Ha puc. 132. ConpoTuBieHneM R karty-

ek npeHe6peraeM. Hdas puc. 132,a X =120 ox; I—-—;,/— =%=
L
=1 a. na puc. 132, 6 X;1=X;,=120 om; Xpo6m =240 om; Tor =
U 120
=5 =r15p= 0,5 a@ omuuakoB B 060HX HHAYKTUBHBIX CONpPOTHUB-
Lo6m

JIEHUSIX, TIOITOMY HanpsiKeHHe Ha 3a)XKMMaX KaXKJoro u3 Hux [Xp=
=0,5-120=60 8. dns puc. 132, 8 Toxk Kaxka0# BeTBH paBeH | a, no-
CKOJIbKY HaNpsi)KeHHe Ha 3axcuMax o6euX KaTylleK OJHO H TO Xe,

[=050a
Uy =IX, =608
Xy =1200M
Imjm=za
u IL’;"’O
’”> U=1208
1208 " I,_fla
ULZ:IXLZ=608 XL,=’ZUDM XLZ=IZOM
XLZ=IZUUM
a 0 8

Puc. 132. [Moacyetsl B ilensix ¢ MHAYKTHBHBIM COMPOTHBJIEHHEM:

a — OJHO HHIAYKTHBHOE COMPOTHBJEHHe; 6 — nocjenoBaTe/bHOE COeAHHeHHe HHAYKTHBHO-
cTell; 8 — mapaajesbHOe cO€JHHEHHe HHAYKTHBHOCTEMH

paBHOe HaMpsiXKeHHIO reHepatopa. Tok B oO6lleli Lenu paBeH CyMMe
TOKOB OTIe/JbHBIX BeTBel, T. e. 2 a.

MHayKTHBHBIE CONMPOTHBJIEHHS CO3Aal0T HEGOJbILIOE CONpPOTHBIIE-
HHe TOKY OTHOCHTE/IbHO HHM3KHX 4YacTOT W GO/bIIOE — TOKY OTHOCH-
TeJbHO BBICOKUX 4acToT. [Ipuusas conporusienue 1000 om Kak mpax-
THYecKH Haubojiee HCIONb3yeMoe, ONpefeSHM HeOOXOLUMYIO /s
ero NnojlyueHusi BeJIHMYHHY HHAYKTUBHOCTH NMPH PAa3JIHUHBIX 4acTOTax
(taba. 6).

Karywka ¢ uHAyKTHBHOCTBIO 3,3 en npu yactote 50 ey HMeeT
UHAYKTHBHOE CONpOTHBJeHHe npubausutespto 1000 om. das yacTot
uuxe 50 2y MHAYKTHBHOE COMPOTHBJEHHe MeHbIle, a [Jf YacToT
eoitie 50 ey — 6oabiie 1000 om.

TunuyHas MHAYKTHBHOCTb KaTylleK pajHOBelllaTeJbHOro JaHarma-
30Ha BoJiH — o1 100 po 300 mxen.

B muanmasoHe yJabTPaKOPOTKHX BOJIH TPeOYeTCA HECKOJIbKO MHKPO-
reHpH, 4ToObl TOJYYHTb HHAYKTHBHOe CONPOTHBJEHHE MOpPAAKa
1000 ox.

175



ITo Mepe TOBbILIEHHs YAaCTOThl cjeayer 6paTb KaTylKH C MEHb-
e MHAYKTUBHOCTbIO, HHAye BO3HMKHYT Ype3MepHble MOTepH, OCO-
6eHHO B KaTylKax cO CTaJIbHbIM CE€PLEYHHKOM.

Ta6auua 6

BeJHYHHB HHIAYKTHBHOCTEH ANS NMOJYYeHHS HHIYKTHBHOIO
conpoTuBjaeHus B 1000 oxn

(El;;g:;:::g;::o) ‘ Yacrtorta
3,3 2n 50 24 (uactoTa ocBeTHTEABHOIl JMHHUH, HUKHAA 3BY-
KOBag 4acToTa)

160 wmen 1000 24 (cpeausist 3ByKoBasi 4acToTa)

16 men 10000 2y (Bepxiisisi 3ByKOBasl 4acToTa)

160 snen 1000 w2y (wupoKoe pajguoBeLlaHUE)

16 Mren 10 M2y (auanasoH KOPOTKHX BOJH)

1,6 Mren 100 Mzy (nmanas3oH MeTPOBLIX BOJH)

6. a30B08 COOTHOWEHH® B TpaHccopmarope

Kpome mepenaun MOIUIHOCTH W3 MEPBUYHOH LENH BO BTOPHUHYIO,
TpaHchopMaTop HCMOJb3yeTcss AJA MNOJydYeHUs CABUra (asbl Ha
180°.

Puc. 133. dazoBoe coornoulenne B TpaHchOpMaTope ¢ PA3OMKHYTON BTOPHYHOH
enblo WK ¢ GOMbLIOH HAarpy3KOi akTHBHBIM CONMPOTHBJIEHHEM:

a — nanpsxeune U casuuyTto no dase ua 180° ¢ U;; 6 — nepecoeiuHeHHe Bo BTOpHYHOMN
o6MoTKe c LUeablo mnoayuenuss U, B dase ¢ U;; 8 —nepsuuHas H BTOpPHYHAs OOGMOTKH Ha-
MOTaHel B OLHOM HamNpaBJIEHHH

\]
Hanpsixkenne U, Ha BTOpuYHOH 06MOTKe TpaHcpopmaTtopa Mo-
)KeT ObITh B (pase uiu cABHHYTO Ha 180° no oTHOLIEHHIO K HampsixKe-
uuio U, Ha 3axXkuMax nepBHYHON OGMOTKH.
B uenu puc. 133, a HanpaBJeHHe 06MOTOK NPOTHBOMOJOXKHOE, TJO-
3TOMY HanpsiXKeHHe Ha 3aXKHMax BTOPHUHOH OOMOTKH CABHHYTO MO
daze Ha 180°. B uenu puc. 133, 6 HanpaBJjenHe 0OMOTOK TOXKe Mpo-
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THBOMOJIOXKHOE, HO BbIBOAbl BTOPHYHON OGMOTKH Mepek/ioyeHsl, Mo-
3TOMy HanpsikKeHHe Ha ee 3a)KMMax HaXoAMTcsl B (ase c HampsiKe-
HHeM NepBHYHOM OOGMOTKH. B uenu puc. 133,68 HanpaBieHue o6Mo-
TOK OlMHaKoBoe, nostomy U, u U, HaxondaTcs B (pase.

Takum obpasowm, noayuenne ciasura mno. dase 180° mexapy U,
1 U, 3aBuCUT OT HanpaB/eHHss OGMOTOK U HX MOAKJIOYEHHS K UEIMH.
Korpa mer Tpe6yemolt MOJSAPHOCTH, IOCTAaTOYHO NEPEKJIOYHThL Mep-
BHYHYIO HJIH BTOPHYHYIO OGMOTKY TpaHcdopmaropa.

7. MocToAHHAA BPEMEHH %

dopmyna HHAYKTHBHOTO COMpOTHBJIEHHsI BbiBeJleHa [ TMepeMeHHOro TOKa
cHHyconaaaphoit ¢opmbl. ITosTtomy BenmuuHa X, He XapaKTepu3yeT BJHSAHHS
WHAYKTHBHOCTH B LeNH MHpH HEeCHHYCOHAANbHOM H3MeHEHHH Toka. [Ipumepom

2063 —

Tox

I

|

|

I

|

I

_ |

0 or 02 03 04 05
Bpems 6 cek

Puc. 134. Korpa Bblk/MouaTesb BKJKOYAeTCH, TOK HapacTaeT OT HyJas
JI0 NMOCTOSIHHOH Be/HuMHbl | a

TAaKOTO H3MEHEHHS TOKAa CJNYXHT BK/IOUEHHe WM BLIKJIOYEHHE MOCTOSIHHOTO TOoKa
(puc. 134). i

Korpa Beikmouatesns K Bkiiouaercs, Tok Bospacraer ot 0 po 1 a. B ko-
HEUHOM cueTe OH GyJeT HMeTb NOCTOAHHYIO BesqMuHHY | a, paBHYIO Hanpsixe-
Huo Gartapen 10 8, neneHHoMy Ha conportuBnenve uenu 10 om. Korpa Tok
u3Mensercss or 0 a0 | a, MHAYKTHBHOCTb NpensATCTBYeT 3TOMYy. BiHAHuHe wLenH,
cocrosilled M3 MHAYKTHBHOCTH M COTpPOTHBJIEHMS, B TeuyeHHe 3TOrO BpeMeHH Xa-
paKTepH3yeTCsi MOCTOSTHHOH BpeMeHH. '

IMono6ubiM ke o6pason, Korla K BbIK/IIOYaeTcs, NOCTOSIHHas BPEeMEHH Xa-
paKTepH3yeT CNOCOGHOCTb LENH NPOTHBOJAEHCTBOBATb CMady TOKa noL Hyas.

CKOpOCTb HapacTaHHs HanpsKEHWS 3aBUCHT OT OTHOIIEHHUS = KOoTopoe
Ha3blBaeTC MOCTOSIHHON BPEMEHH HMHAYKTHBHOH UenH:
L
T=F (cex), (47)

rjpe T -— BpeMs B CeKyHIaX;
L—HHﬂyKTHBHOCTb B TeHpH;
R—‘COHDOTHBJleHHe B OMax.
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L .
Jlerko y6emHThbCS, YTO OTHOIUEHHE R HMeeT pa3MepHOCTh BPEMEHH. Hunyx-

A
THpyeMoe HanpsiKeHHe U3 dopmyan (32) U=L (A_-:)’ oTkyza L= —%: Takum
o6pasoM,

ITocTosnHas BpeMeHH LenH, u3o6paxceHHod Ha puc. 134, pasHa mo ¢op-
MmyJae (47)

1=7=W=0,1 CeK.

ITocTosiHHasA BpeMeHH BBIpaXKaeT BpeMsi, HEOGXOAUMOe ANl W3MeHeHHS TOKa
Ha 63% (B menu puc. 134 — ot 0 mo 0,63 a). B Teuenue BpemeHH, paBHOro 5r,
TOK J[OCTHraeT MOCTOSIHHOH Be/HYMHBl (B AaHHOM npuMepe | a). Ilpu BBIKIIO-
YeHHH Lenu 3a BpeMsa t TOK yMeHbluaeTcsl NpuGiu3uTeNbHO N0 37% nocTosH-
HO# ero BeJIMYMHbI (AJs Hallero npuMepa — ot 1 no 0,37 a).

To, uTo npu BHIKJIOYEHHH Lend MOCTOSTHHAas BpeMeHH MeHblue, 4ueM MpH
BKJIIOUEHHH, OODbsCHAeTcss GOJbIIHM CONMPOTHBJIEHHEM MeXAY pa3OMKHYTHIMH
KOHTaKTaMH BbIK/IIOYaTens, NOJCOeIHHEHHOro K UenH mnociaegoBaTeabHo. [IpakrtH-
YeCKH TOK CMajJaeT [0 HyJsl B TeueHHe O <.

Mpumep 60. B uenb BKJIOYEHA KaTyluKa HHAYKTHBHOCTH L=20 en, compo-
THBJIeHHe KoTopo# coctaBasier 100 os. OnpenenuTb MOCTOSIHHYIO BpeMeHH.

Pemenue. Ilo dopmyne (47)

Mpumep 61. K 3axumaM uenu, ykazanHoii B npumepe 60, MOAKIIOYEHO MO-
cTosiHHoe HanpsikeHue 10 8. Onpenenntb BenuuuHy Toka uepe3 0,2 cex u | cex.
PeweHnue Tok B uemu
U 10

1=T:1T0=0'1 a =100 xa.

IMockoabKy 0,2 cex — NOCTOSIHHAasi BpeMeHM 3Toil LemH, TOoK uepe3 0,2 cex
coctaBut 63%, T. e. 63 ma. 3a Bpemss | cek=5t TOK [AOCTHTHET NOCTOSIHHOM
cpoel BennuuHbl 100 ma.

Mpumep 62. B Ty xe uenp NoCJeIOBaTeNbHO C KaTYIIKOH HHAYKTHBHOCTH
BKJIIOYEH PE3HCTOp C COmpoTHBIeHHeM R=1 Mom. Onpefenntb NOCTOSIHHYIO Bpe-
MeHH.

Penrenue. Ilo dopmyne (47)

L 20

*="R = 1000100°

uau npubansntennHo 201076 = 20 axcex.

Ilpu Takoil MaJoil NMOCTOSHHOW BpeMEeHH TOK MOXeT YBeJHUHTbCsH Ha 639
oyeHb OBICTPO — 3a 20 MKCeKk WM 3a 3TO BpeMs yMeHblHTbcs 10 37%.

[TocTosiHHas BpeMeHH BO3pacTaeT MpPU YBeJHYEHHH HHAYKTHBHOCTH U yMeHb-
[WaeTcs NpH YBeNHYEHHH CONpOTHUBJEHHS. Doslee KOpOTKas NocTOsHHAas BpeMeHH
Bhi3bIBaeT GoJsiee GLICTpOe H3MeHeHHe TOKA B KaTyUIKe HHAYKTHBHOCTH TNIPH BKJIO-
YEHHH M BHIKJIOUEHHH MPHIOKEHHOro Hanpsikenus. Ilpu 3TOM Ha ee 3axuMax
MOXET BO3HHKHYTb 6OJbIIast 3. A, C. CAMOMHAYKIIHH.

HeGonbliasi BennunMHA NOCTOSIHHOH BpeMeHH npu GOJBILIOM MOC/IeAOBaTeNb-
HOM CONpPOTHBJEHHH OGDbACHAETCA TeM, YTO MOC/Jef0BaTeNbHAass Lenb MeHee HWH-
JYKTHBHa H MeHbllle NPOTHBOJeHCTBYeT M3MeHEHHSIM TOKa.

9. A. c. CAMOMHAYKUMH Ha 3aXKHMaxX KaTyWKH NPH BBHIKJIIOYEHHH UENHA MO-
KeT BO MHOrO pa3 npeBbiliaTh NPHIOMEHHOE HanpsakeHue, Bricokoe Hampsike-
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LiHe, pa3BHBaeMOe Ha 3aXHMax pyGHJbHHKA, BBI3bIBAET 0Gpa30BaHUE HCKPHL.
OT nyru ToKa MOAropalOT KOHTaKThl pyGuibHHKA. OHM CTaHOBATCA YepHBIMH
C IbIpOYKaMH M He MOryT OGecnmeyHTb HHM3KOe CONPOTHBJEHHE NpPH 3aMKHYTOM
py6Hu/IbHHKe. Takue KOHTAKTHl C/eflyeT 3aYHCTHTh WJIH 3aMeHHTb. [l mpenoTBpa-
leHHsi o6ropaHust NPHMEHSIOT HCKporacsilliue ycrpofictBa (B mpocTeiieM ciy-
Yyae 370 OOBIUHLIH KOHJIEHCaTop, MOJAKJIOYaeMBIli K KOHTaKTaM; IpH pa3pbiBe
IleNd NPOMCXOAUT 3apsill KOHAeHCaTopa, BCJIEACTBHE Yero HCKpPa yMeHbLIaeTcs)
WIH KOHTaKThl NOKPHIBAIOT CJI0EM KakKoro-nmu6o TYromaaBKOro MaTepuasa.

Bo MHorux ciyyasx BBICOKOE HanpsiKeHHe, pa3BHBaeMOe MNPH pa3phbiBe HH-
JYKTHBHOH llenu, IMOJIe3HO HCMOJb3yeTcss (HanmpuMep, B CHCTeMe 3aXKHCaHHSA
B aBTOMOOGHJAX — A/ CO3[aHHs HMCKPbl B CBeYax LHJIHHAPOB).

IlyteM MrHOBEHHOro pa3pbiBa HHAYKTHBHON ILeMH JIerKO CO31aThb Hampsxe-
HHe B HECKOJIbKO ThiCAY BOJIBT.

8. Heprua B MAarHMTHOM none KaTyWKH HHAYKTHBHOCTH

MarHuTHBEIl TIOTOK, CBSI3aHHBIH C TOKOM B KaTyllKe HHIYKTHB-
HOCTH, HMMeeT 3JeKTPHUECKYI0 3Hepruio, KoTopas TMOCTyNaeT OT
MCTOYHHKA HampsiXKeHHs. DHeprusi 3amacaeTcs B 10Je, KOTOpoe
MOXeT TPOU3BOAUTH ‘paboTy, HHIAYKTHPYA 3.[.C. IPU H3MeHEHUH
MOTOKa. 3amaceHHas 3JeKTpHUYecKas SHeprusi paBHa

S LP, (48)

nie [ — BelMYHHA TIOCTOSIHHOTO TOKA.

Ecau L B3siTb B reHpu, a TOK—B aMmlepax, To JIHeprus Oyner
B BATT-CEKYHAaxX, WM JKOyasax. Hanmpumep, mpu HHAYKTUBHOCTHU
L=10 en u cune toka I=2 a

sHeprs = - LI* = 122 =20 o7- ¢ (dowc).

STa 3Heprus MOCTYHAeT OT HCTOYHHKA HaMpSIKEHHs, KOTOPBIH
co3laeT TOK 2 a B KaTyllke HHAYKTHBHOCTH. Konma uenb paspwbl-
BaeTcsl, MarHHTHOe TOJIe HCYe3aeT M ero SHeprusi BO3BpalLIaeTcs B
uenb B Gopme MHAYKTHPYEMOH 3.J.C., KOTOpas MOLIEepPXKHBAET TOK
B LeNH. [Ipy HaJMYUH CONPOTHBJIGHHS B LENH 3Ta 3HEePrus uepes
ompeleneHHOe BpeMsl paccenBaercsi B ¢opMe TemJa.

Kparkue sb18000t

1. IlepeMeHHBIH TOK MHAYKTHPYET B MPOBOAHHKE 3. [.C., TAK KaK
nepeMeHHOe MalHHTHOe MoJie TOKa 3KBHBAJeHTHO NepeMellaeMOMy
MarHUTHOMY TOTOKY.

2. ITo npaBuny Jlenua WHAYKTHpyeMas 3.[A.C. MPEMSTCTBYeT
H3MEeHEHHIO TOKa, BBI3BIBAIOILErO HHAYKIHIO, CJeJOBATEJbHO, OHa
npeacrap/aser coboil BeaHUMHY, OGpaTHYIO 3.4.C., T. €. MIPOTHBO-
3JIEKTPOJBUKYIUYIO CHJY.

3. VIHpyKTUBHOCTb KAaTyIUKH BC/IEACTBHE sABJIEHHs 06paTHOR
3. /. C. MHODA Ha3blBAIOT CaMOHHAYKIHEH,
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. Cnoco6HOCTb TPOBOMHHKA HHAYKTHPOBaTb 3.1.C. B CaMOM
ce6e Npy M3MEHEHHH TOKAa XapaKTepH3yeTcsl ero CaMOHHAYKIHeH,
WM HHIYKTHBHOCTBIO. YCJI0BHOE 0603HaueHHe MHAYKTHBHOCTH L, a
eIHHUIA ee U3MepeHUs] — FeHpH.

Karymka oGyagaer HHAYKTHBHOCTbIO | I'eHpH, €clH NpH H3Me-
HeHWH TOKa Ha | amnep B CeKyHAy B HeH HaBOAUTCA 3.4.C B
1 BOJIBT. '

5. B3anvHan HHAYKUHS NpOSBJAsieTcS B CNOCOOHOCTH NepeMeH-
HOTO TOKa, NMPOTEKAaIoUlero B OJHOM TIPOBOJHHKE, HHAYKTHPOBATb
3.1.C. B APYroM TIpOBOJHUKe, pacnonoxeHHoM BOGau3u. O6o3Ha-
YyaeTcsl B3aMMHas HHAYKUHS uepe3 L, u u3McepsieTcsi B TeHpH.
L,=kV'LL, rae k—Ko3pbHUHEHT CBA3M MeXAy ABYMS KaTyll-
KaMH ¢ HHAYKTHBHOCTbIO Ly 1 L,.

6. MHAYKTHBHOCTb KATYLIKH, BbI3BaHHAs BJHSHHEM MarHUTHOrO
NOJIs coCenHell KATYIUKH, Ha3blBA€TCS B3aUMHOH HHAYKTHBHOCTBIO.
Korga Her B3anMOmefiCcTBHSI MarHUTHBIX HOJIEH MeXAy KaTyIUKaMH,
B3aWMHasi HHAYKTHBHOCTb PaBHa HY/IIO.

7. Ecaiun B3aumMHas HHAYKTHBHOCTb MeXAy ABYMs KaTyLIKaMH
no6aBnasercs K oOillefi HHAYKTHUBHOCTH, 3HAYHUT, KaTYIIKH MOAKJIO-
YeHb! MOC/JeL0BaTENbHO COTJIACOBAHHO.

8. Ecau ofliasi UHAYKTHBHOCTb YMeHbLIAETCs, 3HAUMT, KaTyll-
KH COeIMHEeHbl 10C/e]0BaTeJbHO HEeCOrnacoBaHHo.

9. Tpauchopmarop cayXKUT AJasd npeoGpa3oBaHHs HaHpﬂ}KeHHﬂ
OH CcOCTOMT M3 ABYX MAH OOJbLIEr0 YMCAa HHAYKTHBHO CBSI3aHHBIX
M30/MHPOBAaHHBIX 006MOTOK. [lepBHuHass o6MOTKa monk.alo4aercss K
HCTOYHHKY HaTpPSIXKeHUsI; BTOPUUHAS — K CONPOTHBJIEHHIO HArpy3KH.

10. TpanchopmaTop co cTaJbHbIM CepAEYHHKOM HMeeT Ko3(-
(UUHEeHT CBSI3H, NpPaKTHYeCKU paBHBIH eauHuue. [ToaTtomy oTHoue-
HHUEe HanpsiXKeHUH MOXHO 3aMEHUTb OTHOLIEHHeM BHTKOB.

11. HanpsxeHne Ha 3akumMax BTOPAYHOH OOMOTKH TpaHcdop-
MaTtopa MoXeT ObiTb cABMHYTO no ¢ase Ha 180° oTHOcHTE/NBHO Ha-
NpsXKeHUs MepBUYHOA OOMOTKH WM GbITh B (haze. DTO 3aBHCHT OT
HanpaBJeHuss 0OMOTOK U cnocoba HX BKJIOYEHHS.

12. KoadduuueHnt mosesHoro AeHcrusi TpaHchopmaTopa paBeH
OTHOLIEeHHIO €ero BBIXOAHOH MOIIHOCTM K BXoAHOH. Ecau k.m. .
TpaHcopMaTopa cO CTaNbHbIM cepJeyHHKOM npuHATb 3a 100%,, To
MOILLHOCTb, TOMBOAUMAS K NepBHYHOH 0OMOTKe, OyldeT paBHA MOLI-
HOCTH, HCIO/Nb3yeMOH BO BTOPHYHOH OOMOTKe.

13. BuxpeBble TOKH, HHAYKTHPyeMble B CTAJbHOM CepAeYHHKe
KaTYIIKH, BbI3bIBAIOT MOTEPI0 MOLIHOCTH Ha HarpeBaHue - cepleu-
nuka. [Torepn oT BHXpeBHIX TOKOB BO3DacCTalOT NpPH MOBLILIEHHH
4acToThl TOKa. UTo6bl YMEHBIIHTb HX, CepAeYHHK CcoOHpaloT M3
CTa/lbHbIX MJIaCTHH, H30JHPOBAHHBIX MeXAy co6oil. MHHHMaJbHbie
MoTepH OT BHXPeBbIX TOKOB HMENT mopowkoo6pasHble U (eppHuTo-
Bble CepIeyHHKH.

14, Ecau HeT B3ayMHOH MHAYKIMH, TO NOCJeA0BaTeNbHO BKJIO-
YeHHble HHAYKTHBHOCTH CKJ/1aAbIBalOTCA. '
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15. Kpome HHIyKTHBHOCTH, KaTylIKa HMeeT aKTHBHOE COTpO-
THBJIEHHE NOCTOAHHOMY TOKY, pPaBHOe CONPOTHBJIEHHIO mMpoBojJa Ka-
tywkd. Ecam 310 compoTuBiaeHHe (MOXHO H3MOPHTb OMMETPOM)
HaxodUTCA B MIpelesiaX HOPMBbI, TO MOXKHO MPENNOJNIOXKHTb, UTO Ka-
TyllKa MCIpPaBHAa U HMEET HOPMAaAbHYIO HHAYKTHBHOCTb.

16. ¥ xaTyuiku, B KOTOpOH mpousomwesn oO6pbB, 6eCKOHEYHO
GoJsblloe comporuBjeHHe. Takas KaTylka He HMeeT HHLYKTHBHO-
CTH, TaK KakK M0 Hell He MOXeT NPOoTeKaTb TOK, YTO Heo6X0AMMO A
HHAYKTHPOBaHHSA 3. 1. C.

17. IlporuBomelicTBHe KAaTYIIKH HHAYKTHBHOCTH CHHYCOMJAJb-
HOMY flepeMeHHOMY TOKY Ha3biBaeTcsi HHAYKTHBHBIM COMNPOTHBJIe-
HueM. OHo o6o3Hauaercss X W H3MepsieTCss B oMaXx.

18. MuaykTuBHOe cOMpOTHBJEHHe KaTyLIKH BO3pacTaer npo-
MOPIHOHA/IBHO YacTOTe, a NMPH OXHOM M TOH XKe YacToTe — NPOMNop-
[MOHAJbHO ee HHAYKTHBHOCTH:

XL = 27':fL.

19. O6Guiee HHAYKTHBHOE CONPOTHBJEHHE  IOCJAEL0BATENbHO
BKJIIOUEHHBIX KaTylleK PaBHO CyMMe HX HHAYKTHBHBIX CONDOTHBJIe-
Hui. B mocsienoBarenbHo BK/AOYEHHBIX HHAYKTHBHBIX COTPOTHBJE-
HUAX MPOTEKAaeT OAMH M TOT K€ TOK, a HalpsiKeHHe Ha HX 3aXH-
max pasHo [X,.

. 20. [lpy napanjenbHOM BKJ/IOYEHHH KaTylleK HHIYKTHBHOCTH
ux obllee UHAYKTHBHOE COMPOTHBJEHHE IOLCYUTHIBAETCS TakK XKe,
Kak o0lllee aKTHBHOe CONDOTHBJEHHE Napa/IeJbHO BKJIOYEHHbIX

" U . .
pesucropos. Tok B KaX[0it BeTBU paBeH —y—, a B OOLLedl uenu —
L

cCyMMe TOKOB OTJeJIbHbIX BeTBeH.

21. Uto6bl noayuutb mpebyemylo BeJHYUHY HHAYKTHBHOTO CO-
NPOTHBJIEHHS, HYXKHO MPH MOBBbILIEHHH YaCTOThl YMEHBIUHTb HHAYK-
THBHOCTb. [lOpAMOK BeNHUMH HHAYKTHBHOCTH AJs1 Olpere/IeHHbIX
YacToT: reHpH — MJsi 0 ey M HH3KHX 3BYKOBBIX 4YacTOT; MHJJIH-
TeHpH — MUIS BBICOKHX 3BYKOBBIX YaCTOT, HECKOJbKO COT MHKpO-
reHpH — [J51 pPaAuoyacTOT; HeCKOJNbKO MUKDOTreHpPH — AJisi BbICOKHX
H yJbTPaBbICOKHX 4acTOT. ‘

22. XapaKkrepucTHKa HapacTaHHs TOKa B leNH, COCTOsALLeH M3
conpoTuB/eHHss R H MHAYKTHBHOCTH L, npu ee MOAK/IOYEHHH K HcC-
TOYHHKY HECHHYCOHAAJbHOrO HaMpskKeHHs ONpelesseTcs IOCTOSH-

Hoit BpemeHH t=—. [Ipy L —B respy 1 R—m» omax « Bbipa-
JKaeTcsi B CEKYHAaX; 3TO=—BpeMs, B TeYeHHe KOTOPOrO TOK H3Me-
HseTcss Ha 63%.

23. Ilpu MDPHOBEHHOM pa3pblBe UEMH, COCTOSILIEH H3 COMPOTHB-
neHust R W MHAYKTHBHOCTH L, BeremcTBHe HeGOJbIUOH MOCTOSHHOM
BpeMeHH H OBbICTPOrO Claja TOKAa reHepHPYeTCs HHIYKTHBHOCTBIO
BLICOKOE HampsXKeHHe.
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BOITPOCHI J/151 CAMOKOHTPOJIA

1. IlepeMeHHBI TOK MOXeT MHAYKTHPOBAaTb 3. J. C., TaK Kak ‘OH CO3Jaer:

a — 6OoJIbIIYI0 aMIVIHTYALY; 6 — NepeMeHHOe MarHUTHOe IoJle; B — MarHHT-
HOe MoJle CHJLHee TMOJisi TNMOCTOSHHONO TOKAa; I — MOCTOSIHHOE MAarHHTHOE [OJIE.

2. Korja ToK B TMNpPOBOJAHHKE YBENMYHBAeTCS, 3. A. C. CAMOHHAYKLIHH IO
npaBuny JleHua 6yner:

a— CTPEMUTbCA yBEJHYHTb TOK; O — nmoMoraTh MNPHJIOXKEHHOMY HamnpsiXKe-
HHIO; B — CO3/aBaTh TOK, MPOTHBOMOJOXHBEIH YBEJHUHBAIIEMY TOKY; I — CKJAa-
[bIBATbCSA C YBEJHYUBAIOLUIUM TOKOM. ,

3. IlepBHunas o6MOTKa TpaHChOPMATOpa, MOBHILAILLErO HANPSIKEHHE B NATh
pa3, uMeer Hanpsikenue 120 6. Ko BTOpHuHON 0o6MOTKe MOIK/IOYEHa HArpyska
600 om. Ecau k. n. 1.=100%, Tok B nepBHuHOH O6MOTKE paBeH:

a—0,5a; 6 —600 ma; B—5 a; r— 10 a.

4. TpancdopMaTOop €O CTaNbHBLIM CepJEYHHKOM, MOBLIWLAIUIHH HanpsiKeHHe
8 BoceMb pa3, uMeerT 120 & Ha 3axumax nepsuydolfi o6Morku. Hampsikenue Ha
3aXKHMaxX BTOPHYHOH OOGMOTKH PaBHO:

a— 156, 6—120 6, B— 180 8; r — 960 8.

5. MHAYKTUBHOCTD KAaTYIIKH Ge3 cepleyHHKa 3aBHUCHT OT:

a—uactoThl; 6-—3. A. C; B-— KOHCTPYKUHH; T — TOKa, MpPOTEKaIOLLero
yepe3 KaTYLIKY. .

6. IBe katywiky no 250 wmken, coefliHEHHBle MNOC/JIeI0BaTe/JbHO 6e3 B3auM-
HOH CBfI3H, UMEIOT OGLIYI0 HHAYKTHBHOCTh:

a— 125 mken; 6 — 250 mken; B — 400 mxen; r — 500 mxen.

7. ConpoTuBJ/IeHHEe KAaTYWIKH MMOCTOHHOMY TOKY:

a— OYeHb BeJIHKO; 6 — MNPAKTHUECKH DAaBHO GeCKOHEYHOCTH; B — PaBHO
HYJII0; T — HeBeJHKO.

8. Katywka, B KOTOpPOH mnpousolies o6pbiB, HMeerT:

a — 6eCKOHeYHO G6oJbilloe CONPOTHBJEHHE W HYJNEBYI0 HHAYKTHBHOCTb, 6 —
HyJleBOe COMNpPOTHBJEHHe W 6O/IbIIYI0 HHAYKTHBHOCTH; B — GECKOHEUHO GoJblloe
CONMpOTHBJ/IEHHe M HOPMAaJIbHYI0 HHIYKTHBHOCTb; I — HYyJIeBOe CONMpPOTHBJIEHHE M
HHAYKTHBHOCTD.

9. UuayKTHBHOe CONMpOTHBJIEHHe H3MepsieTCsi B OMax, TaK KaK OHO:

a — yMeHblllaeT aMIIHTYJ]y MepeMeHHOro TOKa; 6 — yBeJuuHBaeT ee; B —
yBeMYUBAeT AMIUIHTYAY IIOCTOSHHOTO TOKA; T — MMeeT OOpaTHYK 3. . C., KO-
TOpasi NpensiTCTBYeT HanpsiXKeHHIO Gartaped.

10. MuaykTHBHOE COMPOTHBJIEHHE KATYIUKH MepeMeHHOMY TOKY:

a — 3aBHCHT OT BEJHYHHBI NPHJIOMXKEHHOr0 HanpsiXKeHHs; 6 — MPsSMO MNpomnop-
(IHOHAJIbHO YyacCTOTe Hamnpsi2KeHHs; B — o6DaTHO NPONOPUHOHANBHO YacTOTe IMpH-
JIOXKEHHOr0 HamnpsiXKeHusl; T — He 3aBHCHT OT YacTOTHI.

11. IBe katymwku no 10 ew coejlHHeHBl MOC/IeJ0BAaTe/NIbHO COIJIaCOBAaHHO H
UMeIOT B3auMHYW HHAYKUHIO 0,75 en. O6lias MHAYKTHBHOCTb pPaBHa:

a—21,5 ex; 6 — 20,75 en; B — 19,25 en; r— 18,5 en.

12. Katymka HHIYKTHBHOCTH HMeeT peakTHBHOe cOnpoTuBJjeHHe 10000 om
npu uyacrore 10000 ey. Ilpum uvacrore 20000 2y ee peakTHBHOe CONPOTHBJ/IEHHE
paBHoO: : :

a— 500 om; 6 —2 kom; B— 20 xom; r— 40 Kom.

- 13. PeakTuRHOe cONpPOTHBJIEHHe KaTyIUKH B 2 2¢ NpH yacToTe Toka 100 ey
paBHO:

a—200 om; 6 — 628 om; B — 1256 om; r— 1884 ox.

14. PeakTHBHOE COMpPOTHBNeHHe KaTymku B 500 mKew npu uyacTtore TOKa
2 Mey paBHo:

a— 628 om; 6 — 6,28 xom; B — 62,8 kom; r— 628 Kom.

15. OGiee peakTHBHOe CONMpOTHBJeHHe KaTymek 50 men u 600 meH, coenm-
HeHHBIX TNOC/e[0BaTeNbHO COrJIaCOBaHHO C B3aMMHOM WHAyKUHMeH 25 mew mpu
gacrote 100 xey, pasHO:

a— 376 kom; 6 — 410 kKom; B — 424 xom; r — 440 kom,
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16. [IBa MHAYKTHBHBIX COMpPOTHBJEHUs no 5000 oM, BKJIOUEHHHIX mapaJ-
JIeIbHO, HMEIOT 3KBUBAJIEHTHOE CONpPOTHBJCHNE:

a — 2500 om; 6 — 5000 om; B — 10 xkom; r — 50 Kom.

17. UcTounuk HanpsikeHuss B 10 8 noaxk/iOueH K HMHAYKTHBHOMY COINDOTUB-
nexuto 100 om. Tox B Uenu paBeH:

a— 10 mxa; 6 — 10 ma; B— 100 ma; r — 10 a.

18. Tox 100 ma, npoTexarolluii Yepe3 HHAYKTMBHOe compoTuBieHne 100 om,
co3/laeT najeHHe HanpsKeHHS:

a—1 8 6—628 8; B—10 8, r— 100 8.

19. KaTtymka MHAYKTHBHOCTH, peakTHBHOe CONpOTHBJEeHHe KOTOPOH npi
20 Mey paBHO 2000 oM, MMeeT HHAYKTHBHOCTB: - '

a— 10 mxen; 6 — 16 mren; B — 159 mken; r— 320 mxen.

20. KaTymka c HWHIYKTHBHOCTbIO 160 mKkew GyneT MMeTb peakTHBHOE COMpO-
tuBJeHHe 5000 om npu yacrore:

a—>5 xey; 6 — 200 xey; B — 1 Mey;, r-——5 Mey.

21. Katyuika uMeeT WHAYKTHBHOe conpotuBieHHe 1000 os. Eciu uHAYKTHB-
HOCTb H YacToTa Y/ABAaHBAIOTCS, DEAKTHBHOE COMPOTHBJEHHe GyLeT paBHO:

a— 100 om; 6 — 2000 om; B — 4000 om; r — 16000 om.

22. UugykTuBHOCTh 250 MKew BKJIIOYEHA MNOCTELOBATENbHO C aKTHBHBIM CO-
npotusjienneM 50 ox. IlocTosiHHast BpeMeHM lLienmd paBHa:

a — 25 mKcex; 6 —5 mKcex; B —2 mceK; r — 25 cek.

YIPA)KHEHHS

. 1. Uto Takoe CaMOMHIYKLHS M B3aUMOHHIYKLMUS?

2. Cchopmyaupyiite npasuao Jlexua.

3. IlpeoGpasyiite cJjeaylOLlHe BeJHYMHBl B TEHDH, HCMOJB3ys cTemeHb 10:
250 mreH, 40 mren, 40 meH, 5 meH.

4. B TpaHcdopmaTope co cTaibHbIM cepmeudukoM 10Y% moToka mnepBHYHOH
OGMOTKH CBfi3aHO cO BTOpHYHOH o6MoTKOH. KakoBa BesuyMHa Ko3¢pdHUHEHTa
CBA3M? .

5. Hapucyiite cxemy TtpanchopMaTopa co CTajbHBIM CepleYHHKOM. TpaHc-
¢opMaTop MOBHIIIAET HanpsiXKeHHe B IUECTb pas.

a) Hcnonnsyiite aBToTpaHcdopmartop. 6) Hcnoawsyiite Tpancdopmatop
C U30/IHPOBaHHOH BTOpHuYHOH o6MoTKoH. B) Ilpu 100 BHTKax B mNepBHYHON 00-
MOTKe CKOJIbKO BHTKOB JO/IKHO ObITb BO BTOPHUYHOH [IJsi OOOHX cayyaeB?

6. Ilouemy B nepBuuHOii 0GMOTKe cHJioBoro TpaHchopMaTtopa Gymer upes-
MepHBIH TOK, eclM BTOPHYHAasw OGMOTKAa 3aMKHYTa HaKOPOTKO?

IToueMy HeT HampsiXeHus Ha BTOPHYUHOH OGMOTKe, ecid NepBHYHast o6MOTKa
pa3oMKHyTa?

7. CusoBo#t TpaHchOpMaTOp, NOBBIIAKINKI HanpsiXKeHHe B BOCEMb pas,
HMeeT Ha 3aXXHMax mnepBHuHON o6Motkn 120 &, 50 2y.

a) KakoBa uactoTa HampsiKeHHsi BO BTOpHuHOH oOGMoTKe? 6) KakoBa ero
BeqnunHa? B) KakoBa BesHuMHa TOKa BO BTOPHUHONH OOMOTKE, €C/JH COMpPOTHB-
snenne Harpysku paBHo 10000 om? r) KaxkoBa BenHuHHa TOKa B NEPBHYHOI
o6MOTKe? .

8. IToyeMy HHAYKTHBHOE CONMPOTHBJEHHE BO3pAcTaeT MNpH MOBBIIEHHH Ya-
CTOTHl M YBeJMYEHHH HHIYKTHBHOCTH?

9. IoacunraiiTe MHAYKTHBHOEe CONMPOTHBJIEHHe M1 KaTymwku 0,5 ew mpu ua-
crorax 100, 200 u 1000 ey. )

10. KakoBa MHOYKTUBHOCTb KAaTyIUKH, KOTOpPash HMeeT pPeakTUBHOE CONpPOTHB-
nexue 628 om, npu 100, 200, 1000 eywu 500 xey?

11. Karymka ¢ HBykTuBHbIM conpoTtuBieHueMm 2000 o moAKIiOYeHa K reHe-
patopy 10 6. Hapucyiite cxemy, moacuuraiite Tok. KakoBa BesquunHa Hamnpsike-
HHSL Ha 3aXKMMaxX KaTyLIKH?

12. K kaTymke ¢ HMHAYKTHBHOCTbIO 20 e+ TDHJOXKEHO HampsiXeHue 10 &
yactoto#i 50 ey.

a) Hapucyiire cxemy. 6) KaxoBa BeJqHYMHa HHIYKTHBHOTO CONMPOTUBJIEHHS?
B) [loacuuraitite ToK. r) KakoBa yacToTa TOKa?
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13. UunykTuBHOCTL B, | en mnoakatoueHa K HcTouHuky 10 8. IToxcuuraiite
TOK B Uend ans yacToTel 50 2y4. Ecnu yacrora yBemuuutcst mo 100 2y, moyemy TOK
B LIEeNH yMEHBIUHTCA?

14. KakoBa MHIYKTHBHOCTb KaTYUIKH C OYeHb MaJblM aKTHBHHIM CONMpPOTHBJeE-
HHEM, eCld No Heil mpoTekaeT ToK 1 a npu Hanpsikenun 120 8, 50 ey?

15. KaTtyuka HMeeT HHIYKTHBHOCTE | 2# M BHyTpeHHee compoTuBieHHe 100 on.

a) Hapucyiite akBHBaJIeHTHYIO cXeMy KaTyWKH (BHYTpEHHee CONMpPOTHBJEHHE
noc/ne0BaTebHO ¢ HHIYKTHBHOCTEIO). 6) KakoBO HHAYKTHBHOE CONPOTHBJIEHHE
KkaTymku npu uacrote 50 ey? B) Kakoit Tok GyleT npoTekaTh Yepe3 KaTyWIKY,
ec/M ee MOIKJIOYMTL K HCTOUHMKY 100 6 wacrtoroit 400 ey?
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IIABA ¢ [IOHATHE OB 3JIEKTPMHYECKOM
1 JIEKTPOMATHUMTHOM T10JIAX

1. 3nektpHyeckoe none

Beilie ykasbiBasoch, YTO B HPHUPOJAE CYILIECT-
Jnexktpuueckoe nose — BYIOT 3JeKTPHUECKHE 3apsibl ABYX BHI0B—
0COGHIi BHA MaTephu MOJIOKHTEAbHbIE W OoTpHUaTeNbHble. OnHo-

MMeHHble 3apsibl OTTaJAKHBAlOTCA, a pas-
HOMMEHHble mnpuTArHBaloTcd. Yem o06bACHAETCS 3TO B3aHMOJEH-
CTBHE?

Bcakuil snekTpuueckui 3apsj, TOMELIEHHBIH B Ty HJAH APYryio
cpeay, u3MeHseT ee cBoHcTBa. Eciiu B 3Ty H3MEHEHHYIO cpely 110-
MECTHTb Terepb APYro# 3/neKTpUYecKHH 3apsl, TO OH HayHEeT HCIbI-
ThiBaTb Ha cebe AefcTBHe HEKOTOPOH ou/bl (OyJeT NPHUTATHBATLCA
HIH oTTajkuBaTbcsd). Takum o6pasom, 3/MeKTpHUecKHe 3apsfbl
B3aHMOJAEHCTBYIOT MeXJy CO00H He HenocpeACTBEHHO, a yepe3 HU3-
MeHsIeMYI0 HMH Cpely — 3JIeKTPHYecKoe MoJe.

OnexkTpHyeckoe ToJie, KaK U MarHUTHoe, — 3TO ocobasi ¢opma
MaTepHuH.

Ecnu pyka uesnoBeka nmonajer B AOCTaTOYHO MOLIHOE 3JIEKTPO-
MarHHTHOe 110Jle, TO OHO MOXET BHI3BaThb 0XKOT. DTO TOBOPHT O TOM,
YTO MOJIe He MeHee MaTepHaJbHO, YeM KHUIATOK WM MJaMs. -

HenocpexcmBenHo BHAETb 3JeKTPHUECKHE M MAarHHTHblE T0JS
Mbl HEe MOXKEM, HO 3TO He O3HayaeT, YTO OHH He MarepuaybHBEL. XOTH
ellle He H3y4yeHbl Bce OCOOEHHOCTH 3JEKTPHYECKHX M MAarHHTHBIX
noJiefl, HX CHUJBl YXXe NOCTaBJEHB Ha CAYXOy ueJOBEYecTBy, CO3-
naBlieMy TenedoH, Tenerpad, paiHo, TeseBHAEHHe H T. X. ITO
Jyyiliee [10Ka3aTeJbCTBO OOBEKTHBHOCTH CYLIECTBOBAHHA TaKHX
noJem.

B. M. Jlenun a0Ka3aj ONMpaHHYEHHOCTb CTAPOrO, YIPOLIEHHOro
moHsiTust MaTtepuu. He TOJbKO BellecTBo, HO H 3JEKTpHUECKHE H
MarHMUTHBlIE TIOJIA, OBeT H JPYyrHe BHAbl M3Jy4YeHHA — Bce 3TO MaTe-
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pHsi, «..MaTepHsi ecTb TO, 4TO, AEHCTBYs Ha HAWIM OPraHbl 4yBCTB,
NPOU3BOJHT OLLylLleHHe...» L.
DJIeKTpHYECKOe ~TMOJie XapaKTepu3yercss CH-
HanpsixeHHOCTb JIOH, ¢ KOTOpOH OHO [JefcTBYeT Ha eAHHHY-
SJIEKTPHYECKOTO MO HBIH 3apsii B AaHHOH ToYKe. DTa CHJa HA3bl-
BaeTcsi  HANPSXKEHHOCTbIO  3JEKTPHYECKOro
noas u o6osnauaercs Oyksoit E. Uem GoJibllle HaNpsKEHHOCTDb
nosisi, TeM CHJbHee ero JefcTBHe Ha 3JEKTPHUECKHH 3apsl.
Hanpsi:keHHOCTb ~ 3/1€KTPHYECKOTO
Mo/l MOXKHO CPaBHHTb C CHJIOH, KO-
TOopas AeHCTBYyeT B HoJie 3eMHOTO TH-
roTeHHss Ha eQMHHLY Macchl (HampH-
mep, Ha | e). Cuna npuTsKeHUs K
3eMJle yMeHbllaeTcsl N0 Mepe ynale-
HUSl NpeaMeTa OT MOBEPXHOCTH 3eM-
aun  (yMeHbllaeTcsi Bec TpegMeTa).
AHaslOrMyHO U HaNpsAXKEHHOCTb 3JIeK-
TPUYECKOrO TO0JIT yMEHbIIAeTCsl [0
Mepe yrajieHHsl OT 3apsiXKEHHOTO TeJqa.
duekTpuueckoe mose (Kak W mar-

HMTHOE) YCJOBHO MNPHHATO H300pa-
J)KaThb B BHJE COBOKYMHOCTH CHJIOBBIX
JIMHHH, COBMNAJalILUX C HamnpaaJe-
HueM neicTBHS 1oJs. CHloBbIe JTHHHH
HeMaTepHaJIbHLI; UX BBeJH, UTOOLI 00-
JICTUUTb H3yueHHe CBOHUCTB MOJISI, IO-

D

NO06HO TOMY KaK 3eMHble MepHIHa-
Hbl U MapaJJesy, He CYLIeCTBYWIIHe
B NEHCTBUTE/BHOCTH, HAHOCAT Ha
KapThl IS YKa3aHHs MeCTOIOJIOXKe-
HHUA.

CusoBble JIMHHM CTaTHYECKHX (T. e.
HaxoJsIMXCSd B TMOKOe) 3apsioB
(puc. 135) wH306pakalT 3JeKTpHUe-
CKOe IoJie; TOYHee, 3TO MOJe Hasbl-
Baercs 3JI€KTpOCTaTH‘{eCKPIM.

[IpuHATO cCYHTaTh, YTO CHJIOBbIE
JIMHHM 3JIEKTPHYECKOTO TMOJS HMEIT
HayaJo u KoHel. HauunaioTcs oHH
Puc. 135. DsekTpHueckoe moje: Y TIOJOXKHTEJNbHOTO 3apsiia, a 3aKaH-
G — ABYX DAasHOHMEHHbX 3aDAL0B;  YHBAIOTCS HA OTPHULATEJ]bHOM H BCe-
6— ABYX OJAHOHMEHHBIX 3apaaoB;

8 — ONMHOUHOro IMOJIOKHTEJbHOIO 3a- I'ia BBIXOAAT HJHU BXOIAT nepneHau-
pana KYJISIDHO K OBEPXHOCTH 3apsIKEHHOTO
Tena.

Ha pwuc. 135,a u 6 u306paKeHbl 3J€KTpHYECKHE MOJSI pasHo-

HMEHHBIX U OJHOMMEHHBIX 3apsigoB, a Ha puc. 135,868 —mose onu-

\_/\/

A
i\

1 B. U. Jleuun, Couunenus, usa. 4-e, t. 14, ctp. 133.
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HOYHOIO TIOJIOXKHUTENbHOro 3apsifa. HanpaBieHne e CHJIOBHIX JH-
HUH OJMHOYHOTO OTPHLATENBHOTO 3apsiia MPOTHBOMOJNONKHO TMOKA-
3aHHOMY MJISl MOJIOXKUTEJIBHOTO 3apsiia.

Ha puc. 136,a u300paxkeHb! 1Ba pPAa3HOMMEHHO 3apSIXKEHHBIX
MeTa/IIMYeCKHX WIapuKa. JJEeKTPOH B TOYKe J| UCIBITHIBAET Ha
ceGe neilicTBHe ABYX cH/I: Fa, KoTopasi OTTaJIKHBAeT €ro OT WIApPHU-
kKa A, u Fy, Kotopas nputaruBaer ero k wmapuky b. Ilepsas cuna

GoJbliie BTOPOH, TaK KaK 3/JEKTPOH HaXOAWTCs OJHXKe K Liapuky A.

Puc. 136. diekTpHyeckoe TnoJe:

a — HanpaBReHUs1 JAeHcTBUS 3/1EKTPHYECKHX ci‘l.n Ha 3JIeK-
TPOH OT OBYX Pa3HOHMEHHO 3apsiXKeHHbIX LIapHKOB;
6 — TPaeKTOPHS HABHMIXKEHHS 3JEeKTPOHA

PesynpTupylomas cuna F HampaBieHa MO JHaroHanu mapaJiesno-
rpamma, TOCTPOGHHOrO Ha COCTABJSIOIMX oulax. B Touke I»
cuna Fa menbwe cunbl Fg, MOCKOJNBKY 3JIeKTPOH TeNepb HaXOLUTCA
6amke K wapuky 5. Takum oGpa3om, 571€KTPOH MpH CBOEM JIBHXKe-
HMH ONULIET HEKOTOPYK KPHUBYIO, Ha3blBaeMyl0 TPaeKTOpHeil
(puc. 136,6).

TpaekTopHuio [BHXKEHHS 3JMEKTPOHA B IJEKTPHUECKOM IoJie H
NPHHATO U300paxKaThb 3JeKTPHUECKOH CHJIOBOH JIMHHEH.

Ecau 371€KTpOH MOMECTHTb B APYroe MecTO, TO OH OMHMILET Jpy-
I'YI0 TPAEKTOPHIO U T. A,

TTo TeM XKe TpaeKTOpUSAM- 6YAYyT HABHUTaTbCA M TOJOXKHTENLHO
3apsi)KeHHble YacTHIbl, HO TOJNBKO HaNmpaB/ieHHe ABHXEHHS HX Oy-
AeT 00paTHbLIM.
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Cuna MPUTSKEHUS HIH OTTANKUBAHHA IBYX 3apsKEHHBIX Tes
3aBHUCHT OT BEIMUHUHBI 38PAAOB H OT PacCTOSHUS MeXAYy HUMH.
Mbl yXe TOBOpHJIM, YTO AJs CO3[1aHHUSA 3JeK-
TPUYECKOr0 TOKa B LeNH HEOOXOIUMO HMEThb
PasHocrt. pa3HOCTb NOTEHUHANOB (Pa3HOCTb 3JEKTPH-
roTeRuKAT0R YeCKHX YpOBHeHl) Ha 3a)KMMax HCTOUHHKE
toka. OcraHoBuMcsl Ha 3TOM Gosiee NOAPOGHO.
Korza Mbpl HOZHHMaeM rpy3, TO HApPOH3BOAMM paboTy, T. e. 3a-
TpauuBaeM KaKOe-TO KOJHYECTBO 3HOprdH, KOTOpas MEepexoiHT B
TaK Ha3biBaeMyl0 MOTEHUHAJbHYI0 SHEPruio (OCTaeTcs 3anaceHHOH
B ITOJIe 36MHOTO TATOTEHHA ).
[ToTeHunanbHyl0 3HEPTHIO
JIETKO TpEeBpaTHTb, HaNpH-
Mep, B 3HEpPIrHIO ABHKEHHH,
eC/d MOJAHATHIA Tpy3 OTHy-

5 CTHTbD.

azHocms

INeKmpu4yecrux Yem onpefesercs Ko-
yposHeu JUYeCTBO 3HEpruH, 3aTpa-

YHBaeMON Ha NMOABEM Tpy-
3a? Bo-nepBbiX, BeJHUHHON
rpysa: noguath 20 Ke Tpya-
Hee, ueM | ke. Bo-BTOpBIX,
BBICOTOH, Ha KOTOpYIO Ipy3
NMoAHUMaeTcs: NOJHATh
ONUH M TOT XXe TPy3 Jerye
Ha TNepBHIH 3TaX, YyeM HaA
nateiil. Ho ecin ycsoButs-
Csl, YTO NMOAHHUMAETCH OIUH
H TOT XXe eJUHHYHBIH rpy3 (Hampumep, 1 k2), TO moTeHuHa/JbHas
3Heprus ero OyAeT onmpejessiTbCS TOJNBKO BBICOTOH Hajg IMOBEPXHO-
CTbIO 3eMJIH.

[TycTb smexTpuyeckoe floJie CO3AaHO MOJIOXKUTENbHO 3apsiXKeH-

HbIM TesioM (puc. 137). IlonycTUM, YTO HaM HYXHO BHECTH B TOY-
Ky A u3 6GecKOHEYHO YyIa/JeHHON TOYKH eIMHHUYHBIH I[IOJNOMXKHTENb-
HbIH 3apsn (3apsi, paBHbH eauHuue). Ilpu 3TOM MBI JOJXKHBI
COBEPLIHTh KaKylo-To paboTy, 4TOOBI MpeofoseTh CHJY OTTaJKHBa-
HHS ABYX OHOMMEHHBIX 3apSA0B. .
- Uem OnHxe Mbl MOJHECEM EIHHHYHBIA 3apAA K 3apsiKEHHOMY
Teay, TeM GoJblle coBeplieHHas HaMH paboTa. D/IEKTPHYECKYIO Xa-
PaKTEPUCTHKY T0Jf, NMPOTOPUHOHANBHYIO 3TOl pa6GoTe, Ha3BaJu ero
NOTeHUHA oM B JdaHHOH Touke. Toukam, pacloNOXKeHHBIM Ha OLHU-
HAaKOBOM DacCTOSIHHH OT 3apSIXKEHHOTO Tesa, COOTBETCTBYET OAHH H
TOT JKe MTOTeHIIHaJl.

CrenoBartenpHo, MOA MOTEHIMANOM CJIEAYeT MOHHMATh 3JEKTpH-
YeCKHH «ypOBeHb» JaHHOH TOouKH noJs. COBepLIEHHO OUeBHAHO, YTO
noteHuuansl Toyek A u b pa3iaHuHB (HEOAHHAKOBBI HX 9JeK-
TpUYecKHe «ypoBHH»). JIpyrHMu cJOBaMH, MOTeHUHAN 1NOJAS B
KakoH-Tu00 TOYKe Bhipaxaer co0oH 3HeprHio, KOTOPYI mnoJse
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cmoco6HO COOOLIMTh €AHHUYHOMY 3apsilly, HaxoAsllemycs B 3ITOH
TOUKe. '

ONeKTpHYECKHH 3apsil, DPacnoJIOXKEeHHbIA B Kakoi-1ubo ToYKe
noss, rpy6o MOXHO CPaBHHTb C TeJOM, MOLHATHIM Hal 3eMJedl Ha
HEKOTOPYIO BBICOTY; MOTEHLHAN 3/eKTPHYECKOTO MOJIA aHaJOrHYeH
NOTEHIIHAJLHON 3HePrHH INOJs 3eMHOr0 THATOTEeHHS.

[IpakTuyecKH TPUXOAUTCH HUMETb J€J0 C TNEepPeHOCOM 3apsioB
He U3 GECKOHEUHOCTH (MU B GECKOHEYHOCThb), a2 MeXAy OmpejeseH-
HbIMH ToukaMmu. [lo3ToMy BaxHO 3HaTh pasHOCTb MOTEHLHAJOB
MeXY ABYMS 3THMH TOYKAMH, a He BEJHUUHHY.3JeKTPHYECKOro mo-
TeHLHasa B KaxJ0# u3 HUX. UToObl syyllle NMOHATbL 3TO, NMPUBeJLEM
crenymooliee cpaBHeHHe. Haxoasicb B KOMHAaTe NnepBOro 3Taxa, BHI
noaHaau rupio 8 10 ke Ha BbicOTy | M. Bbl coBeplIN/IM KaKylo-TO
paboty. Touno Takyo e pabGory Bbl COBeplIHTe, eCaH MNOJHHMETE
rUpI0 Ha Ty e BBICOTY HAaXoJsfchb B KOMHaTe MATOro sraxa. B mep-
BOM H BO BTOpPOM CJyyasix BBICOTA (ypOBeHb) Hal MOBEPXHOCTHIO
3eMJIM Pa3JjiMyHa, HO A/1S Bac BaXKHO He 3TO, a TO, 4YTO Bbl KaXK/Jbli
pa3 NMoAHMMAaJaH TPy3 Ha OXHY U TyXe BbicoTy — 1 x (T. e. coBep-
IaJu OAHHAKOBYIO DPaboTy). AHAJOTHYHO B 3JEKTPHYECKOM IIoJe
BaXKHbl He caMH no cebe NOTeHIMAJbl TOYEK, a UX Pa3HOCTb, HeoG-
XOLUMas 1Jsl CO3LaHHs TOKa.

Pa3HocTb NMOTEHUHANOB MeXIy IByMs TOYKaMH Ha3blBaeTcs
HanpskeHHeM.

BosBpaTtumcs K 3/MeKTpU3auuH [ABYyX LIApH-
Anextpuueckas ameprus KOB (pHc. 6). IlepeHocss aneKTpoHbl ¢ LapH-
H 1one Ka A Ha mwapuk b5, Mbl 3aTpaunBaeM 3Hep-

THIO, KOTOpasi MepexOJUT B TNOTEHLHAJIbHYIO
JHEPTHUIO 3JIeKTPHUECKOro MoJisl 1IapukoB. Ecau anextpoHam wpe-
NOCTaBHTb BO3MOXHOCTb, TO OHH BO3BPATATCA K WAPHKY A nox
JeHCTBHEM O/IEKTPHYECKHX CHJI, T. €. cOBepuiar paGoTy 3a cuer
3aTpayeHHON HAMHM 3HePTHH, Mepellefliedl B MOTEHUHAJbHYIO 3Hep-
THIO 3JIeKTPHYECKOr0 TOJS.

Takum 06pa3oM, NOA 3JNEKTPHYECKOH IHEPrHeil cieayeT MOHH-
MaTb 3JHEPrHi0 3JEKTPHYECKOTO MOJsi, B KOTOPYIO MpeBpalllaercs
SHEpTUs BHEIUHUX CHJ (MeXxaHHyecKas, XMMUYecKas W T. I.).

[lpu snekTpu3anuu TeJ Ha MPeOAOJEHHE 3JEKTPHUECKHX CHJI
MPHTSXKEHHS DPa3HOPO/HBIX 3apAA0B PAcCXOAyeTcst BHELIHsisl JHep-
rdsl, KOTOpPas HaKalJIMBAeTCA B 3JEKTPHUECKOM MoJie Ha3JeKTPH30-
BaHHBIX TeJ H HCIOJNb3YETCS B BH/E 3JOKTPHYECKOH SHEPTHH.

- DJekTpHyeckoe MmoJse — 00s3aTeNbHOE YCJIOBHE "CYLIECTBOBAHHUSA
3/IEKTPHYECKOT0 TOKa B 3aMKHyTOH uend. Jasa nonyueHus Hempe-
PBIBHOTO TOKa B lleNH Heo6XOAHMMO CO31aBaTh JMEKTPHUECKOE MoJe
NyTeM HeNpepbiBHOW 3JIEKTPH3AILHH 3JEKTPONOB (MOJMIOCOB) HCTOY-
HHKa 3/JeKTPHYIECKOro TOKa.

MarnuTtHoe 1noJie MO CBOEMY MEHCTBHIO OTJIHYAGTCH OT 3JEKTPH-
yeckoro. CHJIbI 3JIEKTPHYECKOTO TOJA JAEHCTBYIOT Ha 3JEKTPOHBI
HE3aBHCHMO OT TOTO, HaXOAATCH JIH OHH B COCTOSIHHH [MOKOS HJIH
ABHxKeHHA. Koria 3/eKDpOH NABHAKETCH, TO HaNpaB/jeHHe ero ABH-
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XKeHHd BCerjga coBllajaeT C HallpaB/JE€HHEM cus1oBo# siHuH. CHJIbI
MarHUTHOTO II0OJIA nef{cray}m‘ TOJIbBKO Ha [ABHXKYILUHUECSA 3JEKTDPOHBI,
Ja H TO He BO BCEX CJyuasX, a TOJNBbKO KOria 3JIEKTPDOH IepeceKkaeT
maruutHoe mose. Koraa 3JIEKTPOH NBHXKETCHA BAOJIb HANpABJICHUSA
MAarHiTHOI'O MoJisl, OHO Ha HEro He Aeﬁcrsyer.

2. JneKTpomarHuTHO® none

Besikuit mpoBOA, MO KOTOPOMY NpPOTEKaeT NepeMeHHbIil
OTKpBITHI KOHTYP TOK BBICOKOH YaCTOTBl, M3JyYaeT 3JeKTPOMAarHHTHble
BoHEl. Tem He MeHee He BCsKasi 3JeKTpHYecKast Lelb
MOXET c031aTh B MPOCTPAHCTBE LOCTATOYHO 3(dekTHBHOE H3nyueHue. Tak, mpu
HaJHYHH B LeMH JIBYX NPOBOAOB, MO KOTOPbIM Yalle BCETO TOK MpoOTeKaeT

Puc. 138. Tlepexos OT 3aMKHYTOro KoJeGaTebHOro
KOHTYPa K OTKPLITOMY

B TPOTHBOMOJIOXKHBIX HaNpaBJeHHAX, H3JyuaeMble 3JEeKTPHYECKHE M MaTHHTHbIE
noig OCMabafT APYr Apyra, H NOSTOMY CYMMapHOe H3JY4YeHHOe TNoJie TMoJy-
1 yaeTcsi BO MHOro pas cjaabee, yeM ecad Gbl H3Jydaa TOJbKO OJHH
NpoBOL.

Ina o6pa3oBaHHsl pajHOBOJH B NPOCTPAHCTBE HE/b3sl HCIOJb-
30BaTh M OGBIYHBIH 3aMKHYTBHI KOHTYD, Ha3blBa€MBIl KOHTYPOM C CO-
cpeloTOYeHHbBIMH napaMerpaMd L — C. MaruuTtHoe nose ero, cocpe-
JOTOUeHHOe BOGJIH3H BHMTKOB KaTyIIKH, OXBaThbiBaeT He6oO.bllioe Mpo-
ctpaHcTBo. Ellle MeHbllee NPOCTPAHCTBO 3aHHMAET 3JIEKTPHUECKOe
@ nosie, COCpeNOTOYEHHOE MeXNy OOK/aaiKaMu KoHpaeHcatopa!. Hame-

HeHUsl BeJHYMHBI M HalpaBjeHHs] MATHHTHOIO H 3JIEKTPHYECKOrO TO-
Jeit co3naioT BOJM3H KOHTYypa OueHb c1abyio palHOBOJIHY, KOTOpad
He crnocoGHa pacrpocTpaHATbCst Ha GOJsibLiKHE PAacCTOSTHHA.

Takoll KOHTYp MOXHO CPaBHHTb C 3aKpbiTOil KOMHATOil, BHYTpH
KOTOPOii HaXOAMTCSl MCTOUHHK 3ByKa. HaXomsicb BHe KOMHaThbl, Bbl
c/BbIIKTE c1abbiit 3ByK. UToGbl 3BYK Obl XOPOIIO CJBLILIEH, A0CTa-
TOYHO PacCKpbiTb OKHa M aBepH. II0HOGHO 3TOMY HYXHO <«PacKphITb»
Puc. 139. 3aMKHYTHIi KOHTYp, 4TO6bl OH MOT H3/y4aTh.

TpocTeii- Jnsi co3maHust pagMOBOJIHBI, CHOCOGHOM pPACMpPOCTPaHATbCA Ha
wiag aH- O6OJblliHe pacCTOSIHUSl, HYKHO pAacUIHpDHTh NPOCTPAHCTBO, 3aHHMae-
TeHHa MO€ MAarHMTHBIM H 3JIEKTPHYECKHM MOJSIMH, DTO BO3MOXHO CAe1aTh

NpH TOMOIUH aHTEHHBl, MOCKOJBbKY OHa NpejicTaBasieT cO60H OTKPbI-

Thift KOJeGaTeNbHbI KOHTYD.
Ipocneaum npeoGpaszoBaHHe 3aMKHYTOro KosieGaTe/bHOTO KOHTYpa B OT-
KPBIThIt — aHTeHHY. Bo3bMeM 3aMkHyTHIT KOHTyp (puc. 138) M Gynem pasaBHrath

! YerpoiicTBO M HasHaueHHe KCHAEHcaTOpa paccMaTpuBaworcs B M. 8,
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MJIacTHHBI KoHAeHcaTopa. UToGbl eMKOCTb KOHTYpa He H3MeHHJach, HeOGXOIHMO
OJHOBPEMEeHHO YBeJHYMBAThb pa3Mephl IIaCTHH. B KOHUE KOHUOB KOHJEHCaTop
npeBpaTHTCS B JBa AJHHHBIX TPOBOJA — ero 3/EKTPHYECKOe foJie 3aiiMeT 3Ha-
YHTeNbHO GOJIbliee -[NPOCTPAHCTBO, UeM paHblLe,

Touno Tak e, ec/H 3aMEHHTb KaTYyIUKy [JHHHBIM TNPOBOJOM, YBEJHYHTCS
IPOCTPAHCTBO, OXBAaThIBaeMOe MArHHTHBIM MOJIEM.

Takum o6pasoM, KosieGaTeJbHEI KOHTYp € COCPeJOTOYEHHBIMH MNapaMerpa-
mu L u C npeBpaTuics B KoJeGaTeabHbli KOHTYp (B [JBa MpoBOZa) C pacmpeje-
neHHbIMU napamerpamu L u C, T. e. B aHTeHHy (puc. 139), cnocobHyilo co3nath
pa;moaomuyﬁa NPOCTPAHCTBE.

’ O6pa3oBaHHe M pacnpocTpaHeHHe DaJAHOBOJIH B HEKO-
BoJiHbI Ha MOBEPXHOCTH TOPOM CTeMeHH aHaJOrHUHO 0O6pa30BaHHIO H pacmnpo-
BOJBI CTPaHEHHIO BOJIH Ha MOBEpXHOCTH BoAbl (puc. 140).

KameHnb, GpolleHHBIH B BOAY, CJAYXHT HCTOUHHKOM
06pa30oBaHHst BOJH ABYX BHAOB: 3BYKOBbIX BOJIH (CJbILIEH BCIUIECK), pacrmpocrpa-
HeHHe KOTOPBIX Mbl He BMIHM, H BOJIH, BHAHMbIX Ha MOBEPXHOCTH BOABI, 3a pac-
NPOCTPAHEHHEM -KOTODHIX MOXKHO ﬂpOCJ‘ICILHTb.\STH BOJIHBI OT MecTa MNajeHHs
KaMHSl pacXORATCS B BHAe KOHUEHTPHYECKHX OKPYXKHOCTeH, KOTOpble, pacllu-
pAficb, OXBaTHIBAIOT BCe GOJbILYIO MOBEPXHOCTb BOIHI.
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Puc. 140. O6pa3oBaHie BOJIH Ha MOBEPXHOCTH BObI
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Cnuuka, NyiaBaiolliasi Ha MOBEPXHOCTH BOMbI, He GymeT yBjeueHa MPOXOMASALIH-
MH BOJIHAMH, a OCTaHeTC Ha MecTe, coBeépluasi KoseGaHHsi BBepX W BHU3., Ort-
clla fICHO, YTO BOJa He rnepejBHraeTcss BMecTe ¢ BOJIHOA. KaMeHp Hapylu/a noko#i
OJHHX YacCTHL BOJBI, 3aCTABMB HMX COBepLIATh KoJeGaTelbHble ABHXKEHHUA BBEPX
M BHH3, KOTOpble MepelaioTcsi COCeJHHM HacTHUAM, M Te TOXe HAYHHAIOT KoJe-
6aTbcsl, HO € HEKOTODbIM ONO3JaHHEM. HOCTeﬂeHHO Bce GOsbllIas Macca BOJb
BTATUBaeTCs B KoJjedaTelnbHOe NBHXKeHHe. B pe3ysnbTaTe Ha NOBEPXHOCTH BOMbI
o6Gpa3yeTcsi BOJHa, KOTopas MNpelcTaBiaseT co6oil BepTHKa/lbHOoe KoJie6aHHe ua-
CTHL{ BOJBI.

Paccrosnue Mexay MABYMs COCeHHMH TpeGHSAMH HJH BNafiHHaMH Hasbl-
Baercsi AJHHOH BOJIHBI.

PagnosonHb!, BO3HHKAst OKOJIO aHTEHHBI, PACMPOCTPAHSIOTCA B NMPOCTPAHCTBE
nogo6HO BOJHAM Ha IIOBEPXHOCTH BOAbI HJIH 3BYKOBBIM BOJIHaM.

Beimte yxasbiBasioch, YTO NpH MNPOXOXKAEHHH TOKa IO
DeKTPOMArHUTHOE NPOBOJHHKY: BOKPYr Hero o6pa3yeTcsi MarHHTHoOe NoJe,
noJje a TaK KaK MeXJy OTAeNbHbIMH y4acTKaMH NPOBOJHHKA

CylleCTBYeT ONpeJes]ieHHasi pa3HOCTb MOTEHIHAaNO0B, TO
HMeeTcsi M 3JeKTpuyeckoe moJe. C/iefOBaTeNbHO, MeX1y 3JEKTPHYECKHM M Mar-
HUTHBIM TOJSIMH CYLIECTBYeT HepaspbiBHas CBS3b.

DieKTpHyecKoe InoJe BLI3bIBaeT [BHXKEHHEe 3JIEKTPOHOB, T. €. 3JEKTPHUECKH#
TOK. DJIeKTPHYECKHHl K€ TOK B CBOIO Ouepelb BbI3bIBaeT MOSIBJCHHE MarHHTHOrO
noJs BOKPYT NPOBOJHMKA H/IM BOKPYr TOro MecTa, rae OH npoxoadt. Cnerosa-
TeJIbHO, 3JeKTPHYecKoe IoJie cOo3[JaeT MarHuTHOe, a TNepeMeHHOe MarHHTHoe MoJe,
co3JaBas 3JIeKTPHUeCKOe IoJe, BbI3bIBaeT MNOSIBJEHHe 3JIeKTPHUECKOro TOKa.

CHNI0BBle JIHHHM H3MeHSIOLIerocs 3/MeKTPUYecKoro moJs (B OT/JHYHE OT CTa«
THUECKOTO) 3aMKHYTHl TaK »Ke, KaK H CHJIOBble JHHHH MAarHHTHOrO MoJd,
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INockoabKy H3MeHsIOUIHECS MarHHTHOE M 3JIEKTPHYECKOE MNOAs Hepa3pbiBHO
CBSI3aHbl, NMpPaBH/bHee TOBOPHTb 06 3/MeKTPOMATHUTHOM MoJieé Kak O COBOKYMHOCTH
HeNpepbIBHO H3MEHSIOLIHXCS - 3JIEKTPHYCCKOIO M MAarHUTHOTO MoJedl.

Ha puc. 141 npuBegeHbl 3Ha4Y€HHS HaNpSIKEHHOCTEH MATHHTHOrO H 3JEKTpH-
4ecKoro mnosefl Ojs OQHOrO MOMeHTa BpemeHH. Hanpasnenuwe Hanpsixennoctu H
MarHHTHOTO NOJs B KaKAOH TOUKe NEepneHAHKYJASPHO HaNpaB/eHHIO HaNpsiKeH:
HocTH E  3/leKTpHYECKOro MOJl.

Kaxayio ceKyHAy aHTEHHa H3/yyaeT B MNPOCTPAHCTBO
JinnHa BOJHBI KOJIHUECTBO PaJHOBOJH, PaBHOE YaCTOTe TOKA B aHTeH-

ne. JonyctuM, uTo uyacTota TOKa B aHTeHHe 3 Mey,
Torga 3a 1 cex Gyxer co3maHo B npoctpaHctBe 3000000 paauoBosH. 3a omHY
CeKyHAy «mepBasi» BOJHa mnpo#ger myte 300000 xx, a Bce ocTajbHbie BOJHBI
NpofiAyT COOTBETCTBEHHO MEHbIIHE paCCTOSHHSA,
T. e. Ha paccrosHun 300000 xm ynoxuTCH B
naHHoM cayyae 3000000 pagpmoBosn. Orciofa
jieTKO OfpeleJNHTh MJAHHY A OAHOH BOJHbI:

300000

} = 3500000

= 0,1 xm = 100 .

Ecnu yactota Toka B aHtenHe 1 Mey, To 3a
1 cex cospaercs 1000000 BonH. B 3tom cayuae

Puc. 141. MrHoBeHHOe 3Haue- A= M = 0,3 «m = 300 .
HHe HanpsXKeHHOCTH 3JIeKTpO- 1000000
MarHHTHOrO noJjs B Npo-
CTpPaHCTBe Paccrosinue, Ha KOTOpOe paclpoCTpaHaeTcs

palqoOBOMHA 3a BpeMs OIHOro KoseGaHHs TOKa
B aHTeHHe, Ha3blBaeTCs AJHHOM BOJHbL.

LpyruMu cJI0BaMH, LJMHA BOJIHEI — 3TO PaccCTOSIHHE MeXAy IBYMs OGJMxKaii-
IIMMH TOYKaMH Ha CHHYCOMJE, HMEIOWHMH OJHY H Ty Xe ¢asy (Hampumep, pac-
CTOSIHHE MEXIy JABYMS COCEQHHMH IOJIOXKHTENbHLIMH aMIIHTYdaMH).

Tak xak CKOpOCTb DacCHpOCTPAaHEHHS! SJAEKTPOMATHUTHBIX BOJH (PaZMOBOJH)
MOCTOSIHHA H paBHa cKopocTH cBeta 300000000 m/cex, TO AnMHA BOJHBI

A=cT,
rie A— IJHHa BOJHB B MeTpax;

¢ — CKOpOCTb CBera, paBHaﬂ, 300000000 wx/cex;
T — nepxon koJieGaHuil B CEKyHAaX.

Ho Tak Kak
T= -}—,
3HauuT,
A= —;-, (49)

rie f—wuacrota xoneGaHuii B repuax,
HJIH

3-108 (#/cex)

fleg) -

YeMm Bhillle yacToTa TOKa B aHTEHHe, TeM MeHblle [JHHA H3JlyuaeMbX pa-
JAHOBOJIH,

Ecau uactoTy B3sTb B Merarepuax, To ¢opMmyjaa npHMeT BHA

300 (a/cex)
A (M) = M )

S (Mey)

A(x) =
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HJH
A (an)- f (May) = 300.

dtoii  ¢dopmynoil Jerko nosb3oBaThes. YacTo MO pajHo NepefaioT, uTo
Takas-TO CTaHUHA DP36OTaeT Ha YacTOTe CTOJbKHX-TO Merarepu. YToGsl y3HaTb
IJIMHY BOJIHbI 3TOH CTaHUMM B MeTpax, pocraroyHo 300 pasjenuTs Ha YHCIO
merarepu. M HaoGopoT, ecin BaM HYXHO y3HaTb 4acTOTy B Merarepuax, LOCTa-
TcyHO 300 pasfenuTb Ha OJHHY BOJHBI B MeTpax. ‘ -

Ins 3BYKOBLHIX BOJIH CKOPOCTb PacmpOCTpaHeHHss B BO3JyXe DaBHAa OKOJIO
300 m/cex nasi cpedHHX YCJOBHH. 3HAUHT, ~

300 (/cex)
f(ey)
Mpumep 63. HaiiTu jJuHY BOJHEL, cOOTBeTCTBylOlLyl uwactotaM 1200 ©

600 xey .
Pewenne [lo dopmyne (49)

A(au) =

300000 ..
A= 900~ 250 ;
300000
A = 0 = 500 .

Mpumep 64. Pammocranuns paGoTaetr Ha BoaHe 240 s, OnpepenuTh ee ua-
cTorty.
Pewenune H3 dopmynan (49) naxomum
c 300000

Mpumep 65. TeneBu3HOHHas mepepnaya ocyllecTBiseTcs Ha uacroTe 60 Mey.
OnpenenuTs AJMHHY BOJIHBI.

Pewenue ITo ¢popmyne (49)
3-1010 (cat/cer) 1

-~ 4 = 104 = 5§
60-106 (2g) 20 10¢ = 0,05-10% = 500 c..

A(w) =
Mpumep 66. Onpenennts NJAHHY 3BYKOBBHIX BOJIH, CO34aBaeMBIX T[POMKOro-
BopuTesieM npu uactore 100 ey.
Pewenue Ilo dopmyne (49)
) 300 (at/cex) _

A(M):W_'S M.

Ha puc. 142 ycnoBHO (mpH NOMOLUH CHJIOBBLIX JIHHHH) H306paXkKeHbl MarHuT-
HOe M 3JIeKTpHueckoe MOJsi BOKPYr aHTeHHbl. Ilpy NHTaHHM aHTEHHB MepeMeH-
HBIM TOKOM BBICOKO#l YacCTOTHl CO3[aeTcsi NepeMeHHOe 3JeKTPOMarHHTHOe ToJe.

Hexoropoe ympolieHHoe mnpeactaBieHHe o6 o6Gpa3oBa-
AeKTPOMArHHTHBIE HMM M PacHpOCTPaHEHHH 3JIeKTPOMATHHTHBIX BOJH MOX-
BOJIHBI HO MOJIYYHTb, paccMOTpeB KoJeGaTeJbHOe JBHXKEHHE

OJLHOTO 3JIEKTPOHa.
ITocKo/IbKY BOKPYT 3JIEKTPHUECKOro 3apsila CyLIecTBYyeT 3JeKTPUYECKOoe Toue,
TO NpU ABHXKEHHH 3apsja MepeMelllaeTcs M 3JeKTPHYecKoe rnoJe (CHJIOBbIE JIH-
HuH). OJHaKo KapTHHA MOJIA MTHOBEHHO H3MeHHTbcS He MoxeT. [lis 3toro Tpe-
GyeTcsi Kakoe-To BpeMsl. l3MeHeHHe COCTOSiIHMS TMOJA pacfpoCTpaHsieTcd OT
OJHOIl TOYKH MPOCTPAHCTBA K JPYro cO CKOPOCTbIO CBeTa.

! Ecnu yactoTa BblpaXKaeTcs B KuJorepiuax, TO AJSl MOJYYEHHA AJHHLI BOJIHLL
B MeTpax CKOPOCTb paclpocTpaHeHHs Hafo GpaTb He B METpaX, a B KHJIOMETpax
(300000 sm/cex).
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Ha puc. 143 noka3an OAuH nepuOA KoneGaHMsl 3JMeKTPOHa B MPOBOAHHKE H
H3MeHeHHe NIPH 3TOM OAHOH CHJIOBOH JIHHHH 3JeKTPHYECKOro MoJjist B MPOCTpaH-
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Puc. 142. YcnosHoe u306paxe- Puc. 143. l3meHenue
HHe 3JIeKTPHYECKOro H MarHHT- 3/IeKTPHYECKOro MNoJs NpH
HOTO TOJIefi BOKPYT aHTeHHH JBHXXEHHH 3/eKTpOHa B

NpOBOAHHKE

crBe. TIpH NpPOROMIKHTENBLHOM MEPHOAHYECKOM KOJMeGAaHHH 3JIeKTPOHa B NPOBOAs
HHKe B [IPOCTPaHCTBe 06pa3yeTcs BOJIHA 3JEKTPHYECKOro MOJs.

8
N\

6 4

Puc. 144. YcaoBHoe nsoGpakeHue pacnpo-

CTPaHeHHS BOJH 3JEKTPHYECKOro MoJifi B pa3-

JHYHBIX HaMpaB/AeHHSIX OT KoJeGJoLerocs
3/MeKTPOHA

l
A BN
5

Ha puc. 144 mpefcTaBieHa KapTHHA DacnpOCTPaHEHHsi BOJH 3JEKTPHYECKOro
nonst B BOCBMH HampaBJ/leHHAX OT KoJjeGiiollerocs saektpoHa. KoneGanua ¢ Hau-
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Gosblel aMIVIMTYAOH pACHpOCTPAHAOTCS NepHEHAHKYJSPHO OCH mpoBoja, T. €.
B 3THX HanpaBJ/leHHAX NPOHCXOAHT HauGoJblliee H3aydeHHe. Broab ocu mposozna
aMIVIUTYAbl KOJeOaHHI PaBHbl HYJIO, T. € B 3THX HANPABJEHHAX OTCYTCTBYET HU3-
nydeHne. XapakTep H3JY4YeHHS H DAacNpoCTpaHeHHs BOJH He U3MEHHTCH, ec/H
BMECTO OJHOTO 3/IeKTPOHa OyIyT KoJeGaTbcsi MHOPHe: ueM GOJblie HX ydyacTByeT
8 KoJieGaTelbHOM Mpolecce, TeM GoJbllle MOLIHOCTb H3JIYyYaeMhIX KoJeGaHuil.
DJleKTpHUecKoe I10/le B JI0GOH TOUKe NPOCTPAHCTBA MOXKHO DA3NOXHTb Ha
IBe cocrapasomHe (puc. 145). CocTaBasiollue 3/EKTPHUECKOrO MOJs, NepHeHIu-
KyJIsIpHble HampaBJ/IEHHIO DacnpoCTPaHeHHs BOJHBL, HecyT Ha cefe sHepruwo. Ecin

Puc. 145. Cocraasiomue saek- Puc. 146. YcnosHoe u3o6paKeHHe 3JEKTPH-
TPHYECKOro NoJst 4eCKOro noJst

HX NPOCYMMHPOBaThb BO BCEX TOYKax NPOCTPAHCTBA, TO INOJYYaeTCs SJeKTpHYe-
CKOe MoJile B BHAE 3aMKHYTBIX CHJIOBBLIX JIMHHH, KOTOpHle pacmpoCTPaHSIOTCA
B mpocTpaHcTBe (pHC. 146).

TakuM 06pa3oM, NpH NHTAaHHH AHTEHHB NMepeMeHHbIM TOKOM BBICOKOH yacTo-
Tl B NPOCTPAHCTBE BOKPYr AHTEHHBl BO3HHKAeT NepeMeHHOe 3JeKTPOMarHHTHOe
noJsie, KOTOpPOe H3MeHSeT 3JIeKTPHYEeCKOe COCTOsIHHe cpeabl. [IpyrHMu cia0BaMmy,
BO3HHMKaer KoJeGaHue 3JEKTPHYECKHX M MAarHMTHBIX CHJ, BL3biBalolllee NOROGHOE
KoseGaHHe B COCEIHHX TOYKAaX NPOCTPAHCTBA, T. €. 3JMEKTPOMArHHTHbIE BOJIHBL
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raaBs 8 DJIEKTPUYECKAS EMKOCTb

1. 3neKTpocTaTHYECKAA HHAYKUHA

OTpuuartesibHO  3apsiKeHHass  MeTajauyeckas naactuHa A
(puc. 147) HaxoauTCAd Ha H30JHUPYIOILeH NOACTaBKe (MHAue cO3-
JaTh Ha [JaCTHHE H3GBITOK 3JEKTPOHOB Obli0 Obl HEBO3MOMXKHO —
OHH «CTe€KaJH» Obl B 3eMJI0). DJEKTPOHbI, OTTAJKHBASICb ONHH OT
NpYroro, pacnpenessiioTcsl pPaBHOMEPHO
| Mo Bceft MOBEPXHOCTH MJACTHHBI.

Ecan B anekTpuuyeckoe moJie MmiacTu-
Hbel A BHeCTH H30JHPOBAHHYIO He3aps-
KEeHHYI0O MeTa/IHYecKyl0 MJIacTHHy b,
TO Ha ee MOBEPXHOCTH MOSIBATCS 3JieK-
TPHYECKHe 3apsipl: Ha CTOpPOHe, o6pa-
LIEHHOH K 3apsXKeHOMY Tesy, NPOTHBO-
MOJIOXKHOTO 3HaKa, a Ha Jpyro#f cro-
poHe — onHouMeHHoro. Tako#l cnoco6
3/MeKTPH3aIHH ‘Ha PACCTOSIHUH Ha3biBaer-
Csl  3JEKTPOCTATHYECKOW  MHAYKLHEN.
3apsanbpl Ha MOBEPXHOCTH MNJacTuHel b
OyoyT CYLlecTBOBaTb BCe BpEeMsl, MOKa
OHa HaXOAUTCS B 3JIEKTPHUECKOM MOJIe.
Puc. 147. Slsnenne snex-  CTOHT TONBKO YAQJHTh IJIACTHHY A uiu
TPOCTATHYECKON MHAYKUHM L gak 3;1eKTPUYECKHI 3apsii Ha MOBepX-

HOCTH MJACTHHBl 5 HefTpa/ausyercs.

SIBneHue 3/1€KTPOCTATHUECKON HHAYKLUHH OODBSCHSETCH CJefylo-
wumM ob6pasoM. B nposogsulelt naactuHe b mox BAMSHHeM [OJs
OTPHLATEIbHO 3apsiKEHHON miaacTuHbl A cBOGOAHBIE 3JEKTPOHBI Ie-
peMellaloTCsl B MPOTHBONONOXHYIO OT Hee cTopoHy. CtopoHa, obpa-
IeHHas K nsacTuHe A, HCIBITHIBAS HELOCTATOK 3/1EKTPOHOB, OKa3bl-
BaeTcsi 3apsKEHHOH INOJMOXKHTeNbHO. Takoe pasle/eHHe 3apsilioB
CHIaMH TOJIsl — BBIHYK/IEHHOe: oOfliee KOJMYecTBO 3apsiloB Ha
njaactiie b He M3MeHseTCH, U NPH yCTPaHEHHUH BHELIHEro BJHAHHS
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OHa CHOBA CTAHOBUTCH HeHTPa/JbHOH — ee 3apSAbl KOMIEHCHPYIOT-
ca (3/€KTPOHBI BO3BPAUIAIOTCSl Ha NpeXHHe MecTa).

Jana toro yro6sl miaacTHHa b -ocTanack 3apsKeHHOH, Heo6Xo-
AUMO 3apsfbl OXHOrO U3 3HaKoB orTBectd. CTOHT, HampuMep, NpH-
KOCHYTbCA 3a3eMJeHHbIM NPOBOJHHKOM K CTOpPOHe IJIacTHHBI. b,
3apsiKEHHOW OTpHUATeJNbHO (Korga niaacTuHa b HaxoQuTcs B moJe
nnactuibl A), Kak oBOGOJHBIE 3JeKTPOHbI OyIyT OTBELEHBI B 3eM-
Jo. Eciu renepp naactuHy 5 ynanuth U3 MoJd, OHA OKaXeTcs 3a-
PSXKEHHOH MOJIOXKHUTEJBHO.

SIBJIeHHe 3JIeKTPOCTATHYECKOH HHAYKUHH NPOUCXOLHT aHaJo-
THYHO, ecM nyactuHa A sapsikeHa nosoxureasHo. Ho B atoM cay-
uae CTOPOHA njactunbl 5, o6paiuennas K miaactuHe A, okasbiBaercs
3apsXKEeHHOH OTpULATeNbHO, a 06paT‘HaH—\HOJIO}K'P[Te.HbHO Uem
Bbille 3/IeKTPH3allHsl maacTuHbl A (4eM Bblllle ee IOTEHLHAN), TeM
710 GONBILETO MOTEHIMasa MOXHO -Had/JeKTPH30BaThb MJacTHHY b.

. -

2. 3nexrpuyeckan emkocTtb. KoHpeHncarop

Tor ¢axr, utro 3nekTpuyecKoe noJe 3apsaa
O6wue nousTHS HMeeT CHJY, KOTOpas MOXeT OTTaJKUBaTh

WU TPHTACHBATb 3JEKTPOHBI, O3HAyaeT, 4Ty
3apsii MOXeT HHAYKTHPOBaTb (HABOAMTb) H3JIHIIEK HJIH HeJocTa-
TOK 3JIEGKDPOHOB B JI000M MaTtepuale, TOMEILEHHOM B 3/eKTpHYe-
ckoM moJe. Hamnpumep, 3/1eKTPOHHI
JM3JeKTpHKa B [oJle MeXIy 3apsiia-
MH, MOKa3aHHbIMH Ha puc. 148, casu-
ralotcsi BHU3. BepxHsis yacTb nusJek-
TPHKa 3apsiKaAeTcs MOJOXKHTENbHO U3-
3a HeJOoCTaTKa 3JeKTPOHOB IO CpaB-
HEHMIO ¢ HIDXKHEH 4acTbio, TAe HX
u3bbIToK. O6pasyercs. HHIYKTHPOBaH-
HbI 3apsaj BCJEACTBHE 3JeKTpHue-
CKOM MHAYKLHH, KOTOpas COOTBET-
CTBYET 3JIEKTPOMArHUTHOH HHAYKIHH
MArHUTHOTO TNOJIS.
- CwMelleHHe 3/J€KTPOHHbIX | op6m B
IH3JIEKTPUKEe aHaJIOTHYHO CMeLLleHHIO
MOJIEKYJ/ISIDHBIX MAarHUTHKOB B Mar-
HUTHOM MaTepuaJje TMOA [AeHCTBHEM
MarHuTHoro noJs. CTpyKTypa Au3JeK- Puc. 148. Buusinnue 3JIEKTPHYEs
TpUKa HOedopmupyeTcss  3JeKTpHUe- CKOTO MO HA MHANEKTPHK
CKHM [OJIEM.

Beakoe Teso MOXKHO 3apsAMTh TOJBLKO 10 ONpeNe/eHHOro o«
reHuuana. [1pu nosbilleHMH TOTeHIHana CBEPX NpelenbHoro Oyxer
‘MPOMCXOAUTh pa3psil. PasnuuHble Tena BMeLIAlOT pasjH4yHOE KO-
HYECTBO S/MEKTPHYECTBA, APYrHMU C/0BaMH, 00/1aJal0T HeOAHHa+
KOBOH 3/IeKTPHYECKOH eMKOCTHIO, . -

Juanexmpuk
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CnocoOHOCTb Te€Jda HaKamJiHBaTh 3JJEKTPHUECKHE 3apsiibl ¢ ol-
HOBPEMEHHBIM  NOBBIIIEHHEM T[OTEHUHANa N0 OMNpejeeHHOro
YPOBHA Ha3blBAeTCsl 3JEKTPHYECKOH €EMKOCTBIO HIIH IPOCTO eMKOCTbIO.

JOasi  nojsyyeHHss HEOOXONMMBIX  €MKOCTeH

Koupeuncarop B 3JIEKTPOTEXHHKE NMPHMEHSIOT 3JeKTpHYECKHE

KoHJeHcaTopbl. [TpuHLHN HX HeHfcTBHA OCHO-

BaH Ha HCIOJb30BAHHU SBJEHHS 3JEKTPOCTATHUECKOH MHIYKLHH.

Memavsinuveckue [Tpoctefiuit  KoHAeHcaTop o0pasyioT

naaemuns!® OBE MeTa/l/IHuecKHe IMJIaCTHHbI, H30JHPO-
BaHHble OJHa oT Apyro# (puc. 149, a).

Ecnu omHy nsacTuHy 3apsiuTb IOJIO-
XKUTENbHO, a APYTYI0 — OTPHIATEJbHO, TO
pa3HOMMEHHble  3apsiibl, TNPHUTATUBASIChH
Ipyr K Jpyry, OyoyT YHep:KUBaThCAd Ha

Auanekmpun nJ1acTHHAaxX — «3anacatbcsi». KoHaeHcaTop
cnocobeH 3amacaTh Ha CBOMX IJIaCTHHAX
; 60/1blIOE KOJMYECTBO 3JEKTPHYECTBAa, T. €.
6 f'—"“‘—" MOKET CJAYXHTb HAKOIHTEJEeM 3JIeKTpHye-
P 19 ) CKOH 3HEepruu.
. _vlcc.xe:ml.“elgggeueﬂcyi:gg&. Uamle Bcero NJIacTHHBI KOHJleHcaTopa
c-rao.npocremuer'o KOHJIeHca- Ha3bIBAKOT OéKﬂﬂﬂKaMI/I, a4 H3O0JHPYIOLIHH
oD, e yonomnoe 90033 (10if — AHAJIEKTPHKOM. OGKJIALKH OBBIUHO
H3TOTOBJISIIOT M3 aJIIOMMHHS, JAaTyHH, CTa-
HHOMA. B KauecTBe [M3JEKTPHKA HCHOJB3YIOT CJIIOAY, BO3IYX,
6ymary, macJsio, napaguH.
KosnuuecTBo ajieKTpHuecTBAa B KOHJEHCATOpE
dapana MOXXHO CPaBHHTb C KOJHYECTBOM KHJIKOCTH
B cocyne. [Tocnensee 3aBucuT oT o6beMa co-
Cyla H OT YpOBHfl, 10 KOTOPOTO XKHIKOCTb HaJuTa: yeM OoJblle
o6beM M yeM Bhbllle YpOBeHb, TeM OoJblle XHAKOCTH. TOuHO Tak
XKe, 4yeM 6oJblle eMKOCTh KOHJEHCATOpa M YeM Bbllie NMOTEHUHaJ,
0 KOTOPOro OH 3apsikeH, Tem Gojbuiee KOJHYECTBO JEKTPHUECTBA
B HEM 3anaceHo:

Q=CU, (50)

rae Q —3apsn, 3amaceHHbI B KOHIEHCATODE;
' C — eMKOCTb KOHAEHCaTopa, T. €. BeJHYHHA, MOKasbiBalollasd,
Kakoif 3apsia MoxeT OblTb HAKONJEH NPH JaHHOM Hamps-
. JKEHHH;
U — npunoxeHHoe HanpsiKeHHe.

Enuuuueii emkocts siBasietcss dapasa. EmkocTe kKonaencaropa
paBHa 1 dapapne, €ciu 3apsn B 1 KyJOH MOBLIMIAET €ro MOTEHLHAN
Ha | BOJIbT.

[Tpu Gosbulem HanmpsiKEHHH 3apsifia JMEKTPUYECKOE MoJe CHJlb-
Hee, NIO3TOMY B KOH/JeHcartope HaxalliuBaercs GoJibllie 3JEKTpHue-
CTBa, T. €. BEeJIHYMHA 3apsja Q, 3amacaeMoro B KOHJeHcaTope, mpo-
NMOpUHOHAblA NPHIOKEHHOMY Hanpsxennio U,
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Tak kak eMKocTb B OfHYy (apaly OuYeHb BeJHKa, TO OGBIYHO
HCIIOJIb3YIOTCSE MeHbLIMe eJHHHUb: MHKpodapaaa — MHJIHOHHAS
yacTb (papaipl (COKpalleHHO oGosnauaercs Mg nau pF); muko-
tdapama (MHKpoMuKpodapaja) — MUJIIHOHHAA 4YacTb MHKpoda-
paabl (cokpalleHHo oGo3Hayaercs ng umu ppkF).

1 ¢=10° mrg= 1012 ng;
1 mrgp=10° ntp = 10— of;
1 ngp=10-¢ mrg==10"12 (.

TunuuHple BeMHUMHBI NPAKTHYECKHX €MKOCTel — OT COTeH MHK-
podapai 10 HeCKOJbKHX MHKOpapan.
EMKocTb KOHZeHCAaTOpa 3aBHCHT:
— OT pa3MepoB TNMPOBOAAIIUX 0OKNAAOK (4em oHY OGosblle, TeM
60JIbllle EMKOCTb);
— OT paccrosiHus MexJy OOKJaAKaMH HJH TOJIHHBI AH3JIeK-
TPHKa (YeM TOHblUe NH3JIEeKTPUK, TeM GOJblie eMKOCTE);
— OT BelllecTBa OH3JEeKTpHKA (3/1eKTpHUECKOH TPOHHIIAEMOCTH).
Ecnu niomaab Ka)XAOH MJIACTUHBL YBEJAHYHTD
Maowans naactuu B ABa pa3a, TO BO CTOJIbBKO XXe Bo3pacTaer
3apAl KOHAeHcaTopa IIpH OAHOM H TOM xXKe
pasHocTd norteHuuasnos. Ilpu OGOJbIIKNX MIAaCTHHAX yBeJHYHBAeTCsH
NJI0ILaAb COMPHKOCHOBEHHS C HHUMH OHOJEKTPUKA, CJeN0BaTeNbHO,
yepe3 HEro NpPOXOAMT OOJblle CHJIOBbIX JHHUH 3/JEKTPHUECKOTrO
noJs, a 3HAYHMT, MoJje MOXeT co3fartb Gosbunii 3apsn. Takum o6-
pasoM, eMKOCTb KOHJeHcaTopa (HaKanJaHBaeMblii WM 3apsj) yse-
JHYHBaeTca MPsAMO NPONOPUHMOHANBHO Pa3MepaM ero MJACTHH.
Ecnu paccrosinde Mexay MIacTHHAMH YMEHb-
Tonmuua AmadexkTpuka UIMTb B [BA pa3a, BO CTOJIbKO XK€ YBEJHUYHTCS
3apsj KOHAEHcaTopa NpH ONHOH H TOH XKe
Pa3HOCTH MNOTeHUHaJoB. JTO 0ObsiCHAETCS TeM, 4TO, 4eM MeHblle
pacCTOsiHHE MeXJy [J1acTHHaMH, TeM GoJbllle B3aHMHOE BJIHSA-
HHe MexXAy 3apsfamH, 4TO MO3BOJISET COCPENOTOYMTh Ha IMJla-
cTHHax OoJ/blllee KOJHMYECTBO 3JEKTPUYECTBA, T. €. YBEJHUYHTb
eMKOCTb KOHJeHcaTopa.
dueKTpHYECKas TNPOHHLAEMOCTb (B JuTepa-
Anextpuueckasn Type BCTpeuaeTcss AHMIJEKTPHYecKasi [POHH-
NPOHKILAEMOCTD 1[aeMOCTb, UTO OJIHO U TO KE) XapaKrepusyer
CMocOOHOCTL [M3JIEKTPHKA KOHUEHTPHPOBATHL
sjekTpuyeckoe noje. OHa Moka3blBaeT, BO" CKOMIBKO pa3 yBeJHUYHTCA
EMKOCTh KOHLEHCATOPA, €CAM BO3AYLIHBIA [AH3JEKTPHK 3aMeHHThb
ApyruMm. UHcneHHO BeJHUYHHA 3JeKTPHYECKOH MPOHHMUAEMOCTH olpe-
feaseTcd OTHOLIEHUEM 3JIEKTPUUECKOTO MO/ B OHUJIEKTPHKE K
3JIeKTPUYECKOMY TOJI0 B BO3AYXe HJIH BaKkyyMme. J/eKTpHuecKast
NpoHHIIAeMOCTh BO3JyXa HJIM BaKyyma, paBHas eauHHue, 6epercst
3a ucxonnyo. Caniona, Hanmpumep, HMEET CPEIHIOK 3JeKTPHUYECKYiO
MPOHUIIAEMOCTb, PaBHYIO 6; 3TO 03HauaeT, YTO NPH HCMNONb30OBaHHU
CJIIOJBI TIOTOK 3JeKTPUYeCKoro mnosass B 6 pag Goablie, yeM TMPH Hc-
NoJb30BaHUH BO3AyXa.
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B n060oM au3/eKTpHKe MOT AeCTBHEM HATpsIKeHHs Ha oOKnal-
KaX KOHJeHcaTopa NMPOHCXOIHT TIONAPU3ALMUSA, T. €. CMELIeHHEe 3JIeK-
TPOHHBIX OPOGHT aTOMOB JHM3JEKTPHKA B CTODOHY TMOJIOXKHTENbHO
3apsKEHHOH MacTHHBL. BesegcTBue 3TOro 3apsj YacTHUHO HeM-
Tpasiusyercs. [Ipn ofHOM H TOM Ke HaNpsXKEHHH YHCJIO 3apPsiloB
Ha o6KJaJiKax yBeJUUHBaeTcs, a 3To corsacHo ¢opmynae (50) pas-
HOCHJIbHO YBEeJHYEHHIO eMKOCTH.

DsiekTpHUecKasi MPOHHLAEMOCTb oGo3Hauaercs OyKBOH e (31-
CUJIOH). .

Huxe npuBoauTcs 3JeKTpHYecKass NPOHHLIAEMOCTb HEKOTOPBIX
IH3JeKTPHKOB:

Bo3ayX HJIH BAKYYM . v v v v v o v v e v v e e e 1
Kepamuka . . . .. . e e e e oo .. 80—1200
L0 T o o X o U
ClOMA . . , . . . v v i e e e sy 38
Hedrs . . ... ... ... ... .......... 35
Bymara , . . .. .. e
Pesuna . . . . . S
SDnextpokapTon . . . .. . . S ]

BenuunHa snekTpuuecKkoil NPOHHLAEMOCTH 3aBUCHT OT TeMIle-
paTtyphbl, 1aBAeHHs W BJaXHOCTH. MeHbllle Bcero H3MeHsieTCs e
C/IOMIbl, MO3TOMY CJIOAY NMPUMEHSAIOT B KAauecTBe JAU3JeKTPUKa [
U3rOTOBJIEHUS] TOYHbIX KOHIEHCATOPOB.

HuanekTpuyeckas MPOYHOCTL BhIPaXKaeT cro-
Huanektpuueckas COOHOCTb JH3JEKTPHKA BblAepXHBaTb OINpe-
NpouHOCTh JeJeHHYl0 Pa3HOCTb TNOTeHuHasoB Oe3 npo-

0051 KOHaeHcaTopa.
Kaxapll KoHJeHCAaTOp paccyHTaH Ha ONpelesNeHHOe Hampsike-
HHMe, KOTOpOe Ha3biBaerca Ppabouyum (HoMuHanbHbiM). [1pu mpesbl-
LIeHHH pabGoyero HampsKEHHs MOXKeT NPOU30HTH NMpobol AH3JeK-
TPHKa, OOKJNaAKH KOHIeHCcaTopa 3aMKHYTCS HAKOPOTKO M KOHJEH-
caTop BHIHJET U3 CTPOA.

®y3uyecKHil cMbICA siBIeHHs NPoGosi AHAJIEKTPHKA 3aKJA04yaercs

B TOM, YTO CHJIbI 3JEKTPHYECKOro IOJs, AEHCTBYIOLIHE Ha 3JjeK-
TPOHBI, He TOJNBKO CMELIAIOT HX, HO H BBIPLIBAIOT H3 aToMma, Mocje
4ero AUIJEKTPHK CTAaHOBUTCA NpPOBOASLLIHM 3JeKTPHUeCKHH TOK.
Ta HampsKeHHOCTb NOJs, KOTOPYIO AM3JIEKTPHK BbIAEpPKHBAET [0
npo6osi, CAYy>KHT MepoH ero KH3JEKTphuecKod INpouyHocTH. Hamnpu-
Mep, A8 npobosi BO3AYIIHOTO 3a30pa B | (M HYXHO INPHJIOXKHTH
K HeMy HamnpsixXeHue okoso 30 k8, Aana npo6os NJACTHHKH CJIOJBI
ToJLKHON | cm Tpebyercs Hampsikenne 1500 8.

YcnoBHoe o6Go3HauyeHUe KOHAeHcaTopa IpH-
THNE KOHJEHCATODPOB BeleHo Ha puc. 149,6.

B 3aBucuMocTH OT BUAa NU3JMEKTPHKA KOH-
JEHCATOPHl [JeNaTcs Ha BO3JAYLIHbie, C TBEPIAbIM IHIJIEKTPHKOM W
C JKHMAKMM JIu3JeKTpuKoM. Kpowme TOro, KoHAeHcaTophl OblBaloOT
MOCTOSIHHOM U NMepeMEeHHOH eMKOCTH.
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Ha puc. 150 n3obpaxen KoHaeHCaTOp NepPeMEHHOH eMKOCTH ¢
BO3AYIUHBIM AH3JeKTpHKOM. OH COCTOMT H3 HECKOJBLKHX Helo-
JBHXKHBIX MeTa/JIHUeCKHX IJIacTHH (cTatopa), JeKTPHUYECKH COefu-
HeHHBIX MeXA1y co0o#, H HeCKOJbKHX MOABHXKHBIX IJIAacTHH (poTo-
pa), ykpemaeHHoX Ha ocH. [Ipu noBopoTe pyuykH MNOXBHXKHbIE
IVIACTHHBl BXOAAT MeXAY HENOABHXHBIMH WJH BBIXOAAT H3 HHX.
ITpu sTOM MeHserTcs NJOILAaAb MNepeKpbITHA IJIacTHH, a CcJeloBa-
TeJbHO, H eMKOCTb KOHJAeHcaTopa.

Ha puc. 151 u3o6GpakeHnl KepaMHuecKue, c/0jisHble, GyMaxKHbIe
1 MeTaano0yMaxHble KOHLEHCATOPbl NOCTOSIHHOH €MKOCTH.

B KepamuueckMX KOHJAEHcaTopax
(puc. 151,a) [IH3IEKTPHKOM CJYKHT
KepaMHKa C BbICOKOH  3JIeKTpHYe-
ckoit nponuuaemoctbio. C KaxJjoH
CTODOHBI [IHIJEKTPDHKA HMeeTcsl IO
0JHOMY cJol0 cepe6pa. JTH 1Ba CJ0s
ABJAAIOTCA OOKJMafKaMH KOHJEHCaTo-
pa. EMKocTb TakKux KOHAeHcaro-
POB — OT HeCKOJbKHX eAMHHIl JO Thl-
cA4 nuKodapal.

CrnronsHble KOHAeHcaTopel  (pHC.
151, 6) uMeT eMKOCTb OT eAHHHL
00 JeCATKOB ThicAY MNUKodapan, Oy-
maxHbie (puc. 151,8) —or 0,01 no
10 mxgp, wmeranno6ymaxHble (pHC.
151,¢) npsamoyrojgpHO#  (QOpPMBI-—
0,1—30 mk¢, a uUMIHHAPHUECKOH —
0,025—1 mx¢p. Pasmepnl Mmeramnofy- Puc. 150. Konnpencarop nepe-
MaXKHbIX KOHIEHCATOPOB 3HAUWTEJNbHO  MEHHOM EMKOCTH C BO3AYIUIHBIM
MeHblle, yeM GyMa’kHbIX, NPH OXUHA- AUSTIEKTPHKOM
KOBLIX OCHOBHBIX XapaKTepHCTHKaX.

Yacto npuuHHOA HapylleHUss HOPMa/abHOH paboThl NpueMHHKa
GbiBaeT mMpo6Oi KOHAEHCAaTOPOB MOCTOSHHON eMKocTH. [Ipu ucmosb-
30BaHWU Ke MeTaano0yMa)KHbIX KOHJAeHcaropoB mnpoboit He crpa-
IeH, TaK KakK eMKOCTb NpoOUTOro KOHAeHcaTopa OBICTPO caMoBOC-
cTaHaBiuBaeTcda, o0O0bfAcHAeTcs 3To caenyoumuMm. B kauectBe
IM3JIEKTPUKa B MeTaj100yMaxKHbIX KOHIeHCaTopaX NpUMeHsIoT Oy-
Mary, MOKPBITYIO CJ10eM aleTHJ/ILE/NIION03HOro Jlaka, a B KauecTBe
06K/MaloK — OUeHb TOHKHE CJOH MeTaJjja, HaHeceHHble Ha ORHY
cropoHy Oymaru moBepx cjos Jaka. [Tpo6oit KonaeHcaTopa oGbiu-
HO MPOMCXOLUT B «caabblX MecTax» AH3/JeKTpuKa, T. e. TaM, e
GyMara TOHblLIe WJIH Tle B Hee BKpalJeHbl 3/EKTPONPOBOASLLIUE
yactulibl, IIpu 3TOM BO3HHKAeT CHJbHBIH 3JMEKTPHUECKHH TOK, KO-
TOpPbIi MTHOBEHHO paciJaBjseT MeTaJJH4YeCKHH C/JIO0H BOKPYr MmecTa
npo6os. JIMUIeHHAas CIIOIIHOTO MeTa/NIMYeckoro cjos, 6Gymara B
3TOM MeCTe OKasblBaeTCsl H30JHPOBAHHOH OT OOKJAJOK M TOK mpe-
Kpalaercs, .
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Puc. 151. KonpgeHcaTopbl MOCTOSIHHON €MKOCTH:
a — KepaMHYeckHe; 0 — CAIOAfHbIE; 8 — GYMaXKHbie; ¢ — MeTaa106yMaxKHbie
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EMKocTb KOHZeHcaTOpa moce npobost MaJo yMeHblIaercs, Tak
KaK nJoulajip ONJaBJIeHHst OdYeHb Mana. MerannoO6yMaXKHblii KOH-
JleHCaTOp MOXET BBiePXKaTh HECKOJBKO COTEH H JaXe ThICAY [1PO-
6oeB.

Ha puc. 152 n306paxeHsl KOHAEHCATOPH! C KHAKHM IH3JeKTpHU-
KOM — TaK Ha3blBaeMble 3JEKTPOJHTHYECKHE KOHAEHCATophl. Mx
M3TOTOBJSIOT M3 [BYX a/JIOMHHHEBBIX MJACTHH, OMEIAaEMBIX B XH-
MHYECKHH DacTBOp WM macty. Poab nuajiekTpuka Hrpaer TOHKas
OKCHIHAs MJeHKa, HaHeceHHas Ha OAHYy ¥3 m1acTHH. [lockosbky
TJIeHKa OYeHb TOHKasi, €MKOCTb KOHIEHCaTopa MOJYyYaeTcs OuYeHb

Puc. 152. DaekTposnuTHUECKHe KOHIEHCATOPDI:

a — 3NeKTPONHTHUYECKHE KOHAEHCATOPb! C aJIOMHHHEBBIM
aHONOM; 6 — MajoraGapHTHble 3JIeKTPOJIHTHYECKHEe KOHJAEH-
CaToOphl; 8 — YCJIOBHOE H306paXKeHHe

GonbLiofl (0 HECKOJIbKHX ThICSY MHKpodapal) NpH CPaBHHTENbHO
He6OJIbIIMX ero pas3Mepax. IlnacTuHa ¢ nNJAEHKOH CJAYyXKHT OLHOMH
o6k1ankoil KoHaeHcatopa. Ilpyroit ero o6knajfkol (aKTHYECKH sB-
JISIOTCS 3JIEeKTPOJIUT, a YUCTas ajlOMHHHMeBas NJacTHHa NpelHasHa-
yeHa JJIsi IOJYYeHHS KOHTAKTa C 3JIEKTPOJHUTOM.

[Ipn BKAIOYEHHH B leNb 3JIEKTPOJNHTHYECKOrO KOH/JeHcaTopa
HYXHO co6/10JaTh ONpeleNeHHyl0 MNOJSPHOCTb, HHaue OKCHAHASA
MJIeHKa HCcYe3HeT M KOHIEHCATOD CTAHeT HENMPHUTOJHBIM K HCIHOJb-
3oBaHMI0. [T03TOMY 3TH KOHAEHCAaTOPbl MCMOJAbL3YIOT B UENAX MO-
CTOSIHHOTO TOKa.

HepmocraTku 3/1eKTPOIHTHUECKHX KOHIEHCATOPOB CledylolLHe:

— HH3KOoe NMPOOHMBHOE HaIpsiXKeHHe BCJENCTBHE HeGOJbIION IH-
3/1eKTPHYECKOH MPOYHOCTH OKCHAHOH IIeHKH (3JMEKTPOJHTHUECKHE
KOHJI@HCATOPbI HeJb3sl BKAIOYaTb B LEMH C BHICOKHM Hanpsike-
HHEeM) ; '

—- 3aBHCHMOCTb ©MKOCTH OT TeMIepaTyphl.
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3. 3apAn W paspaa KonaeHcaropa

HesapsikenHblii KoHzeHcaTop (puc. 153, a)
3apsan TIOAK/JIIOYHM K HCTOYHHKY IIOCTOSIHHOTO TOKa

(puc. 153,6). Ilon neficrBueM cUsI 3JeKTPH-
YeCKOro [OJisi OT OTPHIATEIbHOrO 3a)KMMa HCTOYHHKA K KOHJEH-
caTopy HauHYT NepeMellaTbCs 3JEKTPOHbl, H Ha BepXHeil MiacTuHe
OKa)keTcsl HX H3OLITOK (TaK Kak OHM He MOTyT «CTE€KaTb» uepes
Ou3J1eKTpHK). Kaxkablli 3/IeKTPOH BepXHel WJIaCTHHH BCJIEACTBHE
3JIEKTPOCTATHYECKON HHAYKIUH BbI30OBET Ha BHYTPEHHEH CTOPOHE
HH)XKHeH NJIaCTHHbI DaBHbIA €My MOJIOXKHTeNbHbI 3apsn (HOH), a

K K .
— —o ? —-0
|
- - [ R—
4 i Mloceal leoac
- -|- |
|
=) =+ PO OO0
+ + b6
00068 .
+ ? + ‘ -+
a ] 8 2

Puc. 153. IToaxkmoueHHe uenu, comepKalueli KOHAEHCATOP, K MCTOUHHKY
NOCTOSIHHOTO TOKa:

a — He3apsXKEHHbIA KOHAEeHcaTop; 6 — KOHIOEHCAaTOp 3apsxkKaeTcsi OT HCTOYHHKA [0 BEJHYHHBI
NPHJIOXKEHHOTO HAaNpsXKEHHS; 6 — 3aMaceHHbI! 3apsan OCTAaeTCs B KOHAEHCATOpe; 2 — pas3psf
KOHJeHcaTopa

Ha BHelllHel — oTpuuatenbHbli. [losokuTenbHble 3apsifibl Hasbl-
BalOTCSl CBSI3aHHBIMH (IIOCKOJIBKY OHH «YypaBHOBEIIHBAIOTCA» 3JeK-
TPOHAMHM BepXHeH MJIacTHHBI), a OTpULaTes]bHble — CBOGOLHBIMH.

CBoGoHBIE 3JIEKTPOHBl C HUXKHENl I[1acTHHB OyAyT nepenBH-
raTbCfl K IOJIOXKHUTENbHO 3aPAKEHHOMY 3aXKHMy HCTOYHHKA TOKa, H
B leNH BO3HUKHET 3JeKTPHUUYECKHH TOK — MPOHCXOAHT 3apsij KOH-
JeHcaTtopa. HacTb 3/1eKTPOHOB BepXHeH MJIAacCTHHBl HEHTpaau3yeTcs
MOJIOKHTENIbHBIM 3apsiIOM B pe3yJbTaTe CMeLIeHHS] 3JeKTPOHHBIX
op6uT nusjgeKkTpuka. Ho OT McTOYHHKA TOKa NOCTYNalT Ha Bepx-
HIOIO IIJIaCTHHY HOBBble 3JeKTpoHbl. OHHM Hakal/JuBaITCA Ha mJa-
cTuHe A, B TO BpeMsl Kak NuacTiHa b HakansiuBaeT paBHbIH H3GHI-
TOK NPOTOHOB.

ITo mepe 3apsiza KoHIeHcaTopa ero cOOGCTBEHHOe HampsiKeHHe
YBEJHUHBAETCA M MO OKOHYAHHM 3apsAfa CTAHOBUTCS PaBHBIM Ha-
NPAXKEHHI0 HCTOYHMKA TOKa. IIpH OTK/IIOYEHHH HCTOYHHMKA KOHAEH-
caTop ocraeTcs 3apsiKeHHbIM (puc. 153,8).

B Hauane 3apsiga KoHmeHcaTopa B LENH TeyeT GOJBIIOK TOK.
ITo Mepe TOro Kak uyuc/o 3JeKTPOHOB Ha BepXHeil NJacTHHE YBesaH-
4HMBaeTCs, BeNIMUMHA 3apANHOTO TOKA yMeHbLIaeTcsi U HOXOJAHUT [0
Hy/s1 B KOHLE 3apsajna. B aTom ciyvyae BeJiMuMHa cOGCTBEHHOTO 3J1€K-
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TPHUECKOro noJisi KOHJIeHcaTopa CTAHOBHUTCA PaBHOM BeJIMYMHE NOJA
HcTouyHHKa. HanpaB/ieHbl »Ke 3TH moJisi HaBCTpPeuy OJHO APYrOMY.
. OHeprusi, HakoIJeHHass B 3JeKTPHYECKOM
Paspan noJjie KOHAeHcaTopa, pacXoldyeTcs IIpH €ro
paspsje. o

Ecnn  noakaioudTh K NJIacTHHAM KOHJEHcaTopa KakKylo-HHOYIb
HarpysKy, To 3/JeKTPOHbl BepXHeH ero mJacTHHbl HaYHYT Mepeme-
IaThCs [0 COEJAHMHHTENbHBIM NPOBOAAM Ha HUXKHIOW IUIACTHHY H
HeATpa/u30BaTh Ha HeH MOJIOXKHTeabHble HOHBL. KoHaeHncartop 6y-
AeT ObICTPO pa3psikaTbCd 1O TeX IMOp, NOKa ero CcoBCTBeHHOe
HanpsiXkeHue He ynajer A0 Hyas (puc. 183,2). 3HauuT, 3Heprus
37IeKTPHYECKOro [10/1g KOHJeHcaTtopa pacxolyeTcs B Harpyske.

Koraa koHaeHcaTop NMOJNHOCTBIO paspsfuTCs, HanpsiXKeHHe HA
ero 3a)KMMax CTaHeT paBHbIM HYJIIO — OH ONfATb OKaXeTcs He3aps-
XeHHBIM (puc. 153,a) u ero MOXKHO CHOBAa 3apAJHTb OT HCTOUHHKA.

KongeHncatop umeer cnocobHOCTh HaKal/IMBaTb 3apsij, HeoOXo-
NUMBIl I/ CO3JaHHsl Pa3HOCTH NOTeHIHAaJIOB, PAaBHOH NPHJONKeH-
HoMy HanpsixkeHnuwo. Ecaun Bmecto 10 8 npumoxurs 120 8, To KOH-
nencatop 3apsaurcst Ao 120 6. Ecan xe HanpsxkeHue Gyner 6GoJib-
Ile HOMHHAJIBHOTO, Ha KOTOPOe pacCYHTaH KOHAEHCATop, TO
3/JIeKTPUYECKOE TOJe MOXKET Pa3pyLIHTb MOJIEKYJASPHYIO CTPYKTYpY
OU3JIeKTpHKa — [OTeUeT TOK H, CJEef0oBaTebHO, MPOH30HAET KOpPOT-
Koe 3aMblKaHHe MeXAy IJ1aCTHHaMHU.

Canenyer obpaTuTh BHHMaHHE, YTO TOK 3apsna U pa3psla KOH-
JeHcaTopa NpOTeKaeT TOJbKO B COeAMHHTeNbHBbIX MpPOBOAAX, a He
yepe3 IH3JIEKTPHK.

4. TNMocnepoBaTtennHoe W napannen-Hoe COGAHHeHHE KOHRGHca-
TOpOB . )
[TocnenoBatenbHOe, napaJjienbHOe WJIH CMELIAHHOE COELMHEHHE

KOHJeHCAaTOPOB MpHUMeHsleTcss [Js TOro, ‘4ToObl MOJYYHUTb HeoGXo-

AMMYIO BEeJMYHHY €MKOCTH M HOpMaJjbHOe (B mnpefenax Aomycka)

HalpsiXKeHHe Ha KaXk10M KOHJeHCaTope.

Ilpu nocnenoBaTeNbHOM COeJHHEHHM KOHMEH-

MocaenoBatennhoe catopos (puc. 154) oOwas emMKOCTb HX

coenuHeHHe yMEHbIIAaeTcsl MO CpPaBHEHHI0 C €eMKOCTbiO

KaXJoro KOHIEHCATOPa, TMOCKOJbKY o6lias
TOJNIUHHA [AH3/eKTPHKA KaK Gbl yBeJHUHBAETCS.

BennunHa, o6paTHasi obuieil eMKOCTH O6aTaped TOCAeI0BATENbHO

COeIMHEHHbIX KOHIEHCAaTOPOB, PaBHA CyMMe BeJHYHH, OGPaTHBIX HX

€MKOCTAM:

=C—1+—CT+-CT+...+EI—. (51)

paCCMOTpHM, KakK pacnpejaensercss HanpaXeHue MeX1y KOHAEH-
caTopamH, COeAHHEHHbIMH NOCAeN0BaTENbHO.
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[ToaxaOUMM K HCTOUHHKY TOKa TPH MOCASN0BAaTeJ]bHO COeLH-
HEHHBIX KOHJeHcaTopa pasJHyHOH eMmKocTd (puc. 154). lomycTuwm,
YTO 3/IEKTPOHBI OT MCTOYHHKA, NepeMellasicb K NaactuHe I, 3aps-
IAT ee KoJuuecTBOM 3jekrpuyectBa —Q. Toraa cBoGomHble 3jeK-
TPOHBI MJIACTHHBE 2 mMepeHAyT Ha NaacTUHy 8 U Takxke 3apsisiT ee
KoJsuectBOM 3jekTpuuectBa —Q. IlinacTuHa 2, moTepsiB 3JM€KTPO-
Hbl, 3apSAAHTCSA MOJOXKHTENbHHIM 3JekTpudectBoM +Q u T. 1. Ta-
KHM o00pasoM, Bce TPHM KOHAEHCaTopa, HeCMOTPS Ha pasHyIo
€MKOCTb, 3apAASATCS OAMHAKOBBIM KOJHYECTBOM 3JIEKTpHUYECTBa.

Hanpsixkenuss Ha KOHJeHCAaTOpax Pas3/HYHOH ©MKOCTH pas3/IHYHBI,
MOTOMY 4TO KaX(1blil M3 HHX 3apsKaeTcsd OJHHM H TeM XKe KoJHye-

— = [k -1t =1t +
¢-—-—-——4||——— Dm—
2 stls stle

Puc. 154. TlocnepoBatenvHoe coeaHHEHHe KOHIEHCAaTOPOB

cmBoM agekTpudectBa. OOuiee HanpsikeHue U, mpuioxeHHoe K
TpeM KOHJAeHCcaTopaM, PaBHO cyMMe HalpsiKeHUH Ha KaxXIOM H3
HUX:
U06m= Ul + U2+ U3.
[Mockonbky
Q=C1U1=C2U2=C3U3,
TO
Ui _ G U _ 6 U G
U, C ' U ~— C U ~— C;3°
Hrak, HanpsixKeHHe Ha KaXAOM M3 MOCJAeN0BATeJbHO COEIHHEH-
HBIX KOHAEHCATOpOB OGPAaTHO MPOMOPLHUOHAJIBLHO €ro eMKOCTH. Uem
6oJipllle €MKOCTb KOHJEeHCAaTOpa, TeM MeHblle HalpsiKeHHe, Heol-
XoQ¥MoOe NJsi €ero 3apsja ONpeNeNeHHbIM KOJHYECTBOM 3JIEKTpH-
YyecTBa.
[Tpu Bx/IIOUEHUH N KOHAEHCATOPOB OLUHAKOBOH €MKOCTH O6lLas
eMKOCTb 6aTapey yMeHbLIaeTcs B n pas:

C
Coon == (52)
ﬂ.ﬂﬂ ABYX KOHAEHCATOPOB, COEAHHOHHBIX MOC/NEAOBAaTENBHO,
CiC,
. Codm = C.+Cs' (53)
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Ilpu nocienoBaTe/bHOM BK/AIOUGHHH N ONMHAKOBBLIX KOHJEHCA-
TOPOB HalpsiKeHHe Ha KaXJOM H3 HMX B 7 Da3 MeHblIe Hamps-
KEeHHs, NMPHJIOXKEHHOro Ko Bcell Gartapee. TakuM o6pas3oM, eciH
HalpsiKeHHe LeNH Bbllle TNPOOGHBHOrO HANpPSXKEHHS OTAeNb-
HBIX KOHIEHCAaTOpOB, HeOo6XoAMMO npuUGErHyTb K MOcC/enoBa-
TEJIbHOMY COeIUHEHHIO.

' lpu napannenbHOM COENMHEHHH KOHIEHCATO-

MapannenbHoe poB (puc. 155) o6wmas eMKOCTb HX YyBeJHYH-

coelliHeHHe BAETCH IO CPaBHEHHIO C EMKOCThIO KaXIOro

H3 HHX, IOTOMY YTO Kak Obl YyBEJHUHBAeTCs

obwas mioulaab 06KNan0K KoHaeHcaTopoB. Oflias eMKocTh 6arta-
peH KOHIEHCATOPOB B 3TOM C/lydae paBHa CyMMe HX €MKOCTel:

C06m=C1+C2+ C3+"'+Cfl‘ ' (54)

+5Y

Up=5006.

; Puc. 155. TlapannenbHoe coefHHeHHe KOHAEHCAaTOPOB

[TapannenpHoe BK/IOYEHHE HECKONBbKHX KOHIEHCATOPOB MpHMe-

HAIOT /IS NoJyueHHss OoJbllied eMKOCPH, YeM eMKOCTh KaXXIOoro M3
HUX B otaenbHocTH. IIpH nmapanjeabHOM coefuMHEHHH HANpAXKEHHE
Ha BCeX KOHAEHcaTopax OJHHAKOBOE.
UTo6bl HCMOJAB30BATH MpPEMMYLIECTBA MOC/i€-
L0BaTeJNbHOIO W IapaJjJefNbHOrO0 COoeJHHEHUH
KOHJIEHCaTOpPOB, NPHUMEHAIOT CMELIaHHOe HX
coenuHeHHe (pyc. 156). Ero MoxHO monyuyuTh
IBYyMs crioco6aMu:

1) coexMHUTb KOHIEHCATOPbI CHayaJga MOCAENOBAaTENLHO, a Mo-
TOM IOC/eJ0OBaTeJbHble DNPYNNBl COEAHHHTb MeXAy cob6oi mnapas-
JIeJIBHO;

2) COeXMHHTb KOHIEHCATOpbl CHaya/ja MnapaJjJjenbHO, a MOTOM
napaJJ/enbHble IDYNMIBI COEAMHHTb MeXAy cOo00H Moc/1ef0BaTebHO.

BennunHa eMKOCTH NPH 3TUX cloco0ax coelHHEHUs NoJyuyaercs
OMlHA H Ta XKe.

Mpumep 67. Tpu KoHaeHcaTOpa, EMKOCTH KOTOPHIX ;=2 mkp, Co=4 MK
H C3=6 mKeh, coeauHeHs nocmaegoBaTtenbHo. OnpeennTh, o61yI0 eMKOCTh GaTapeH.
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Pewenne Ilo popmyne (51)

| 111
bt e =
Con Gt TT =2

1
+ T +
OTKyZa

12
Codm. = ﬁ' = 1,09 MK¢.

Mpumep 68. Uerbipe KoHAeHcaTOpa oOAMHaKOBOH emkoctH (C=1,2 mxg)
COeAMHEHH MocieaoBaTeNnHo. OmnpeflelnTh OOLLYI0O e€MKOCTh 6GaTape.

Pewmenue. ITo popmyne (52)
& T: c 12
_|| 1] COG""‘:T = —4—'-=0,3 MK,
PR
J|C.’{ J|Cb Mpumep 69. [lBa KOHAeHcaTopa,
1" 1} eMkoctd Kotopeix C,=04 mkp
& C;=0,6 MK, coenuHeHbl TMOCAEIOBa-
C, C tesbHo. OnpenenuTb O6GLIYI0 €MKOCTb.
Pewenue Ilo dopmyre (53)
Cz C, _CiCy 0406
|-J Coom = &1 ¢, " 04 7006
< = -0'& = 0,24 lew.
Puc. 156. CmeluaHHOe coeiuHEHHE KOH- 1
IEeHCaTopoB

Mpumep 70. Tpu KouzeHcaTopa,
eMkoctH Kotopbix C1=2 mkd, Co=
=05 sxp u C3=0,4 mxe, coequnensl napamnenbuo. Onpenenutb o6LLYI0 eMKOCTh
GaTapeH.

eweHune [lo popmyne (54)

C‘Dﬁu.l. = C] +C; + C3 =2+ 0,5 +04=29 MK¢.

O6blyHasi HEHCIPABHOCTb  KOHIEHcaTopa —-
Hencnpasuoctn 06pbIB B BbIBOJAX HJIH KODOTKO€ 3aMblKaHHE
B KOHJeHcaTopax MeX1y muactiHamu. B ToM u apyrom cayuae
KOHJIEHCATOp. HEMPHUTO/eH, TaK KaK OH HE MO-.
XeT HaKanauBaTb 3apsil. Kpome Toro, 4acTHYHOMY 3aMblKaHHIO
3KBHBa/JIGHTHA yTeuka B KOHJEHCATope, KOTAa MU3JEKTPHK MOCTe-
NEHHO TepsieT H3O0JSLUOHHBIE CBOHCTBA MOJ AEHCTBHEM MPHJIONKEH-
HOrO HaNpSIKeHHs, T. €. COPOTHBJIEHHE JHIJIEKTPHKA YMeHbIIAeTCs.
Ecau conpoTuB/eHHe HCIPaBHOIO KOHAEHCATOPAa HCUUCIAAETCH
MeromMaMH (COmpOTHBJAEHHE GYMaXKHBIX, CIIOAAHBIX H KepaMHUECKHX
KOHAEHCATOpPOB NpakTuyeckd OGeckoHeyHo — 500—1000 Mom w
GoJiblile, a 3JEKTPONUTHYeCKHX —mopsiaka 0,5 Mom), a 3aMKHY-
TOr0 HaKOpPOTKO KOHOEHCaTopa paBHO HYJI0, TO CONPOTHBJIEHHE
KOHIEeHCAaTopa C yTeukKoH HMeeT NMPOMeXYTOUHOe 3HaueHHe.
ConporuBieHHe KOHIEHCATOpa INpPOBEPSIOT OMMETPOM OGBLIUHO
no BBICOKOOMHOH wkase. OnHYy CTOpOHY KOHAeHcaTopa ciaenyer
OTCOEJHHHTb OT CXE€MBI, 4TOGBI MCK/JIOYHTb BO3MOXKHOCTb MOSBJE-
HUS NapajjeNbHbIX CONPOTHBJAeHHH. BHBombl omMMeTpa mOIKJIO-
yaloT K 3axHMaM KoHaeHcatopa. IIpu ucnpaBHOM KoHZeHcaTope
cTpesnika npubopa cHauajsa OBICTPO OTKJOHSIETCS B CTOPOHY HU3«
KOTO COMPOTHBJEHHA ILIKaJbl, a 3aTeM MeJJeHHO BO3BpalllaeTcs B
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CTOPOHY NOKa3aHuss OeCKOHeYHO OGOJIBIIOrO COMPOTHBJEHHST (00).
Korga crpenka ocTaHOBHTCS — npuGOp MOKa3bIBAeT COMPOTUBJIE-
HHe IH3JeKTPHKa KOHIeHcaTopa.

[lepen npoBepkoHl COMPOTHBJIEHHSI KOHIEHCATOp HeOOXOAUMO
Pa3psAuTb H TOJBKO MOTOM MOAK/IOYHTH K oMMeTpy. KonzeHcartop
HauuHaeT 3apsxaTbcsl oT GaTapen ommenpa. [lox BiusHHEM TOKa
3apaga cTpenka npubopa OTK/IOHsSETCS OT MoOKasaHusa oo. Makcu:
MaJbHBIA TOK NpOTeKaeT Yepe3 OMMETP B NepBbIi MOMEHT 3apsia
(ueM u oObscHseTcss OGHICTPOe OTKJOHEHHWE CTpesnKH). 3aTeM oH
yMeHblllaeTcsi, IOCKOJNbKY HampsiXKeHHe Ha KOHJeHCaTOope YBeJHYH-
BAaeTCst B MNOJSPHOCTH, MPOTHBOMONOMKHOH MNPUJIOXKEHHOMY Hamps-
JKeHHIO, T. €. Pa3HOCTb HanpskKeHHH MeX1y HCTOUHHKOM TOKa H
KOHJIEHCAaTOPOM YMEHbLIAeTCsl, O3TOMY CTpesKa MeIJeHHO BO3Bpa-
1laeTcs B CTOPOHY MoKa3aHus oo. HakoHel, KoHieHcaTop NOIHO-
CTBIO 3apSAAMTCA A0 HampsixKeHusi Oaraped oMMeTpa, TOK 3apsaa
CTAQHOBUTCS PaBHBIM HYJIO H OMMETD MOKAa)KeT BeJHYMHY COMPOTHB-
JISHUS THIMeKTpPHKA. DTO 03HAyaeT, YTO KOHJAEHCATOpP MOXeT Ha-
KanJauBaTh 3apsj, T. €. HONPABEH.

HencnpaBHocTH KoHJleHCAaTOpa MO MOKa3aHUAM OMMeETpa ompe-
JIeJsoTcs claeAyluM 06pasom:

1. Ecnu crpenka oMmeTpa ObICTPO HAET K HYJMIO U OCTaeTcs B
3TOM TOJIOKEeHHH, TO KOHIEHCATOp HMeeT KOPOTKOe 3aMblKaHUE.

2. Ecnn npuGop mokasbiBaer 3apsifi KOHJeHCaTopa, Kak Omuca-
HO BBIle,” HO €ro- CTpejKa YCTaHaB/JMBaeTCs Ha CONPOTHBJEHHM,
KOTODOE 3aMeTHO MEHbllle HOPMaJbHOTO, 3HAYHT, KOHIEHCaTop
umeeT yreuky. Momosb3oBaTh ero B UeNsX BBICOKOrO HalmpsidKeHHS
He peKoMeHIyeTcsl. :

DJIeKTPONUTHYECKHH KOHIEHCATOp CJeLyeT MPOBepsiTh JBaXAbl
DU Pa3/UYHBIX NMOAKNIOUEHHSIX OMMETpa U B pacyeT G6paTh Hawu-
6oJblliee MoOKa3aHHe.

3. Ecnu npubop He noxasbiBaer 3apsifia KOHIeHCATOpa, a CTpes-
Ka yCTaHOBH/IAacb Ha Ype3MepHO BBICOKOM COINPOTHBJIEHHH, 3HAUHT,
KoHIeHcaTop uMeeT oOpbiB. OXHAKO B 3TOM cjydae HeoGXOMHMO
NpOSIBUTH GOJNBLIYI0 BHUMAaTeJbHOCTb, MOCKOJAbKY BOOOILIE-TO BHICO-
Koe CONPOTHBJIEHHE — HOPMAaJIbHOE IJIA KOHAEHCATOPOB, 4 HMEHHO:
nepek/JIOUHTb BBIBOABI OMMeTpa, 4TOObl pa3psAIuTb KOHIEeHCaTop, H
NpoOBepUTb ero cHosa. [Ipu 3TOM HeOOXOAUMO MNOMHHTb, YTO KOH-
nesicaTopbl eMKocTbio 100 ngp u MeHblile HMET OueHb HeGOJIbIION
TOK 3apsja.

5. EMKOCTHOE GONpOTHBNGHHE

[TepemeHHOe HampsiKeHHe, NPUIOKEHHOE K
3aXKMMaM KOH/JEHCaTopa, CO3JaeT MepeMeH-
HBIl TOK 3apsaga M paspsaga. Yem Gosgplie
NepeMEeHHbIH TOK — TeM MeHblle MPOTHBOAEH-
CTBHE KOHJeHcaTopa, T. €. MeHbllle er0 eMKOCTHOE CONMpOTHBJIEHHe Xc.
Emkocrnoe comporusnenHe X¢ Tak XKe, KaK akKTHBHOe R W HMH/IyK-
THBHOE X CONPOTHBJIEHHS, H3MePsETCH B OMaXx.

OG6iee nNoHATHE
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[ToaKNIOYUM K IeNH, COCTOsIILel U3 JIaMNbl, aMIepMeTpa U KOH-
IeHCaTopa, pas/iuyHble HCTOUHUKU (pHc. 157).

B nepBom cayyae (puc. 157,a) namma He roput 4 mokasaHue
amnepMeTpa paBHO HyJIO0. 3HAuUT, KOHJAEHCATOD He IPOMyCKaer
NOCTOSIHHBIA . TOK — BKJIIOUEHHe ero PaBHOCHJIBHO PaspuiBy UemH. Bo
BTOpOM cayuyae (puc. 157,6) namna ropar ¥ aMmepMeTp OTMedYaeT
HaJH4yHe ToKa B uend. B TpeTwem cayuae (puc. 157,8) nammna ro-
PUT ellle spye W NOKa3aHHe aMlepMeTpa pe3Ko Bo3pacraer. 3Ha-
YHT, NMPOBOAMMOCTb LENH YBEJTHUWBAETCH C NOBBILIEHHEM YacTOThI
MHTAMOLero ToKa, T. €. CONPOTHBJEHHE YMEHbLIAETCH.

e=amk@ C=4 MKP C=4 MK

——/ = =1
. L ZIZDG\ l ! ﬂ ! |
——_". ) - ,'/“ 20 \ /-/
:_Li] /208 O ;Igg:u K,\)\" % ;oaiu A
Fopum lapum
1-0 ~ myckno fipKo
H— ® —(—
a 6 ¢

Puc. 157. Tok B eMKOCTHOIi Lenu:

a — npH_TOCTOSTHHOM HAaNpsXKEHHH JlaMna He TropHT; 6 — MpH NepeMeHHOM HaNpsXKEeHHH
120 8, 50 24 naMmoYka TOPHT TYCKJIO; 8 — NDH NMEPEMEHHOM HanpsiKeHHu 120 g, 500 2y JnaM-
. MoYKa TOPHT sipye

Hrtak, B oT/IHYHe OT lenH MOCTOSHHOTO TOKA, IJe YYHThIBaeTcs
TOJIBKO aKTHBHOE CONPOTHBJIEHHE, B L@NH NEePEMEHHOro ToKa Heod-
XOAMMO TaKXe Yy4YHTbIBATb CONPOTHBJ/IGHHS, OKa3biBaeMble HHAYK-
THBHOCTBIO H ©MKOCTbIO.

KonnencaTopsl pasiuyHOH €MKOCTH BbI3bIBAIOT B L@NH Da3HbIe
TOKH 3apajia H paspana. CieqoBaTeqbHO, KOHAEHCATOP MOXHO pac-
CMaTPHBAaTb KaK HEKOTOpOe COMpOTHBJEHHEe MePeMEHHOMY TOKY.
®u3nyecKuil CMBICJA 3TOTO CONPOTHBJEHHS 3aK/I0UaeTcsi B TOM, UTO
npu 3apsiie KOHAEHCaTopa MeXAy ero OOK/JaaKaMu NOsIBJAsSETCs
Hanpsikenue Ec, HanpaBiaeHHoe HaBcTpeuy Hanpsixkenuio U, Ha 3a-
XKHMaxX HCTOYHMKA H IMOTOMY NPOTHBOMEHCTBYIOLLEE eMy.

Takum o6pasom, KOHAeHCATOp, BK/IOUEHHBIH B IleNb NepeMeH-
HOTO TOKa, BHOCHT B Hee JONOJIHUTEJIbHOE CONpPOTHB/EHMHE.

. [TepeMenHbIl TOK B LeNH C KOHAEHCATOPOM
PopMyNa eMKOCTHOTO npaAMO NpoNnopHHOHAJNEH MNPHIOXKEHHOMY Ha-

CONpPOTHBJEHHS npskennto U,, eMKoctH KoHpencatopa C u
YyacToTe NMEPEMEeHHOTO TOKa w:
I = oCU,,
rae C — eMKOCTb KOHJeHcaTopa B ¢apanax;

U, — NpHJIOXKeHHOe HanpsiKeHHe B BOJNbTAX;
® = 2nf (f —4acTOTa NEPeMEHHOr0 TOKa B repuax).
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U3 pasencrsa [ =wCU; umeem
_Us
=3
oC
dra dopmyna npeacrasaser coboit 3akoH OMa 1as memu nepe-
MEHHOTO TOKa, B KOTODYIO BKJIOYEH KOHAEHCATOP.

1
BeqnuuHa —~ — eMKOCTHOE CONpPOTHBJIEHHE — JUIf LEMH Mepe-
MOHHOTO CHHYCOMAAJBbHOTO TOKa ompejesasercsi no dopmyne

1 1
XC=E= 2nfC*

Jlns mpocToThl MOAcYeTa €MKOCTHOTO COTNPOTHBJEHHS MOCTOSH-
1 . i
HYIO BEJMYHHY —5— MOXHO NPHHATb PaBHOH npubausutensqo 0,16.

Torna
0
Xo="2 (om). (55)

W3 npuBenenHoN ¢dopMyJabl crenyeT, uTo, 4eM GoJblle eMKOCTh
KOHJleHcaTopa M 4acToTa NepeMeHHOro TOKa, TeM MeHblle eMKOCT-
HOe compoTHBjeHHe. JIPYrUMH CJOBaMH, eMKOCTHOE CONpPOTHBJIEHHE
Heny o6paTHO MPONOPLHOHANBHO €MKOCTH KOHAEeHcaTopa M yacToTe
[HTAIOLLEro TOKa.

[TosToMy KOHZeHCATOp YaCTO HCHOJNB3YIOT B LeNsX NepeMeHHOro
TOKa JJs TOoro, yrobbl cO3faBaTh HEOGOJ/bLIOE CONPOTHUBJIEHHE MJIA
BEPXHHX YaCTOT U 6oJblIOe IJIS HHXKHHX.

O6paTuTe BHHMaHHe, YTO €MKOCTHOE COIPOTHBJIEHHE MPOTHUBO-
MOJIOXKHO MHAYKTHBHOMY, KOTOpOe Bo3pacraer npu GoJiee BbICOKHX
gacToTax.

Mpumep 71. Onpefenuth €MKOCTHOe COMNPOTHBJEHHE KOHAEHCATOPOR €MKO-
cteio 0,1 1 1 MK npy uacrore nepeMenHoro Toka 1000 ey.

Pemenue Ilo dopMmyne (55) .
1016 0,16 _0,16-106 _ 160000 _
Xe = 57C = FC = 1000-0,1.10=5 — 1000-0,1 = 100 — 1000 o

ITockosibKy eMKOCTb BTOPOro KoHJeHcatopa B 10 pa3 GoJblue, yeM nepBoro,
ero conpotussedne B 10 pas MeHbine, T. e. 160 ox.
Npumep 72. OnpeleinTh €MKOCTHOe CONpPOTHBJEHHe KOHAeHcatopa 100 ng
upu uyacrorax | u 10 Mey.
Pewmenue Ilo dopmyne (55)
_ 0,16 0,16 _0,16-108

X = =TI6 100,107 = oo = 1000 o4

Ipu uacrorte, Goabiieir B 10 pa3, KOHAEHCAaTOp TOH Ke €MKOCTH HMeer
€MKOCTHOe cOmpoTHBJeHHe, B 10 pa3 MeHbluee, T. e. 160 on.

3aMeTbTe, UTO BCJeACTBHEe Gosee BBICOKOH 4YaCTOThHl BO BTOPOM
mpuMepe KOHAeHcarop MeHbluei emkoctd (100 n¢g) umeer rtakoe
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’Ke eéMKOCTHOe COMpOTHBJIEHME, KAK U KOHIeHcaTop Go.bliell eMKO-
ctit (1 mKkg) B nepBom npumepe.
M3 paccMoTpeHHBIX NpHMePOB BHAHO, Kak pesxo yMeHbllIaercs
€MKOCTHO€ COINPOTUBJIEHHE KOHIAEHCAaTOp&a NpH MOBLILIEHHH HACTOTHI.
INpumep 73. Tlpu Kakoit yacToTe KOHIeHcaTOp eMKocTbio 0,1 mxkg Oynmer

HMeTb eMKOCTHOe compoTHBjeHHe 1000 ox?
Pemwenne. U3 dopmyan (55)

0,16 016 _ 016 _ .
=X, = o1 T0-s-1000 ~ 103 — »16-10°= 1600 2.

OO6ulee eMKOCTHOe CONPOTHBJIEHHE LeNHW C MOCJeA0BaTENbHBIM
WIH TNapaje/bHbIM COeJIHHEHHEM KOH/IEHCAaTOPOB ONlpelesieTcs
TaKHM Ke 00pa3oM, KaK H NpPH COOTBETCTBYIOLlEM COEAHHEHHH pe-

3UCTOPOB.
o—j o
E
§ Xgr 0
S 100 0m - Xor e KXoz ol
'l? X P 1000M === Z000M =——
cz 3
§ 2000m bS]
RS 2
‘ o
a 0

Puc. 158. EMKOCTHbIE CONPOTHBJIEHUS KOMOHHHPYIOTCS MO-
N06HO aKTHBHbIM CONPOTHBJIEHHAM:

a — NpH MOCNeNOBaTeJbHOM BKJIOYEHHH — CKJIaIbiBalOTCA; 6 — NpH
napajfieJibHOM — PaBHbBI NPOH3BENEHHIO CONPOTHBJEHHH, NENEHHOM
Ha HX CYMMYy -

Ha puc. 158,a 1Ba KOHOeHcaTOpa ¢ €MKOCTHBIMH CONpPOTHBIe-
HUsAMH Xc =100 om n Xco=200 oM BKIIOMEHH MOCJAEL0BATENBHO.
Hx o6mee emkocTHOe conpotuBieHHe paBHo 300 ox. CiiefoBaTelbHO,

Xeoomw =X + Xog + oo+ Xy (36)

[Ipu napaanejbHOM COEAHHEHHH KOHIEHCAaTOPOB Be/HYHMHA,
o6paTHas oO0llleMy CONPOTUBIEHHIO, paBHa CyMMe BeJHYHH, obpart-
HBbIX KaXXJ10My OTAENbHOMY COMPOTHBJEHHIO:

1 1 1 1
— =t ot (57)
XCoGu.l XCI XCZ XCn
OTKyJda MOXHO onpefenutb X¢osm. OHO BCerna MeHblle HaWMeHb-
LIero M3 mapaJjiiesbHO BKJIOYEHHBIX CONpPOTHBJEHHI.
B uwacrHocTH, AN ABYX MapaJiiesbHO BKJIOYEHHBIX KOHJEHCaTo-
pPOB C eMKOCTHbIMM compoTuBjenHsiMu (puc. 158,6) 100 u 200 om

o0liee eMKOCTHOE CONPOTHBJEHHE, TOLCYHUTaHHOE no dopMyne (57),
paBuo 66%/3 ox.
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Tox B HemM TOJBKO ¢ €MKOCTHbIM CONPOTUB/IEHHEM (aKTHBHBIM
COMPOTHBJIEHHEM COeJMHHTENbHbIX MPOBOJOB MpeHebperaeM) paBed

NPUJIOKEHHOMY HanpsiKeHHIO, nefeHHoMy Ha X¢: [ = X Ha

puc. 159 npusensennr Tpu npumepa. s puc. 159, a (XC—lOO oMm)

U 100 100
—_——C————-l a. Oas puc. 159, 61--XC 100+200 =305=
o6mwm

1
=T(l. DTOT TOK OJMHAKOB B 0060HX KOHJeHCaTOopax, a HalpsaxKeHne

Ha 3a)XKMMaXx KaxkJoro M3 HHX paBHO NPOU3BELEHHIO TOKa Ha CONpO-
tuBaenue. das puc. 159, 8 Kaxnasi BeTBb HMeeT CBoﬁ TOK, pPaBHbIII

[1="/5a | . lobw172a .
/ XCI ’ u‘ ’]'I 17 ’/Zﬂ
U
U xc >” 100 04 C
1000M ~
= & Xc2 > ’003 1000M 2000M
1008 ‘ o0y,
ZUUOMI;

Up=IXg =33"/386
Uz=1Xgz=66%38
h

Puc. 159. Tlomcuersl B LemAX ¢ €MKOCTHBLIM CONpPOTHBJEHHEM:
a — TOK paBeH HanpsXeHHlo, AeNeHHOMY Ha CONPOTHBJEHHe Xc; 6—CyMMa nocnenoBsa-

TeNbHBIX TafeHHH HanpsiKeHHH paBHa MPHJIOKEHHOMY HANpPSXKEHHIO; 8 — CyMMa TOKOB
napajjesabHblX BeTBe paBHa OGLIEMY TOKY LeMH

MPHJIOKEHHOMY HamNpsiKeHUIO, 1eJeHHOMY Ha CONpPOTHBJIEHHE BETBH.
Tok onHo#t BeTBu paBeH 1 a, npyroii — !/ya, o6uuit ToK paseH 11/qa.

['naBHOe HasHauyeHHe KOHIEeHCAaTOPOB — GJIOKHPOBATb (He Mpo-
NycKaTh) HOCTOSIHHBIH TOK W CO34aBaTbh MHHHMAJbHOE COIPOTHBJIE-
HHe TlepeMeHHOMY.

Konpgencartopel eMkocToio oT 2 o 100 mx¢ wmenmoab3yioT B Le-
nsX OCBeTHTEeNbHbIX JHHHH 50 ey. B nmanasoHe 3BYKOBBIX 4acToT
NMPUMEHSIIOT KOHZAeHcaTopsl eMmkocTbio oT 0,001 mo 1 mk¢, B nua-
nasoHe BhICOKHX 4acToT — oT 1 xo 1000 ng.

6. EMKOCTHbI® [6NHTENH HANPAXEHHA

[TocnenoBaTeNbHO COEAUHEHHbIE KOHIEHCATODBI, MOAKJIOUEHHBIe
K HCTOYHHMKY HaMpsiKEHHS, CAyXKaT JesuTe]eM HanpsikeHus. Ha
KaXk/l0M KOHJeHCaTope NPOHCXOIHT TaleHHe YaCTH NPU/IOKEHHOrO
HalpsKEHHs, @ CyMMa BCeX IOC/I@N0BaTe/bHbIX najeHuii Hamps-
JKeHHH paBHa HaNpsKeHHIO HcTOuHHKA. Hampsikenue Ha saxumax
KaXk[I0oro KOHJeHcaTopa 0o6GpPaTHO MPONOPLUHOHATBHO €MKOCTH.

B cxeme (puc. 160) BxJ/IOYeHBI MOC/TENOBATEJNbHO [Ba KOHJIEH-
caropa: C;=2 mxp u Co=1 mx¢p. Konnencarop, eMKoCTb KOTOPOro
B /B2 pa3a MeHbllle, UMeeT B JBa pa3a Gosblliee Hanpsokenue. [Ipu
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120 8 npunoxenHoro HampsixkeHus 40 8 mafaer Ha 3axKUMax KOH-
neHcatopa Cy=2mk¢ u 808 Ha 3axkumax KonjpeHcatopa Co=1 mxep.
Ilpu cuHycouganbHOM TMepeMeHHOM TOKe e-
Mepemennoro Toka JUTeNb HalpsKeHHSs M3 IO0C/]Ie10BaTebHO
COEeMHEHHbIX KOHJEHCAaTOPOB MOXHO pacCyH-
TaTh HCXOAA H3 €MKOCTHONO COMNpPOTHBJIEHHUS.

B cxeme puc. 160, a KoHAeHCAaTODPbl ¢ OOLUIMM €MKOCTHBIM COIpO-
tuBaeHdeM 120 oM MOAK/MIOUEHBI K HCTOYHUKY Hampsxkenus 120 s.
B 3TOM canyyae TOK B mocjenoBaTesbHON Uenu paBeH | a. [Toatomy
najeHue HanpsikeHus Ha Kouzencatope C, pasHo 40 8, a Ha Cy—
80 8. Takum o6pa3oM, HanpsKeHHe [eAUTCS NPOTMOPLHOHANBHO

[=la
-hC’ -b+
U;=408 == +] U, =408 == C1,
. T - -
C,\, U=1208 '\ U=1208
fraxeu [0z Ty 1+
U,=808 = U, =808 == C;
Ci=ZMKQ ;i Xgy=400m Ci1=2 MK
Ca= 1Mk Xc2 =800Mm Cy= 1 MK
d 6

Puc. 160. [denutenp HanpsiKeHHA M3 MOCHeNOBaTeJNbHO COEXH-
HEHHLIX KOHJeHCAaTOPOB (TPHJIOXKEHHOe HamNpskKeHHe AEIUTCH
0o6paTHO MPOMOPIHOHANBHO €MKOCTAM) 3
@ — IJA fnepeMeHHOro ToKa: 6 — ANS TMOCTOAHHOTO TOKa

@MKOCTHBIM conpoTuBJeHHsIM. OJHAKO €MKOCTHOE CONPOTHBJIEHHE
0o6paTHO NPONOPUHOHANBbHO eMKOCTH. B pe3y.ibTaTe MeHbIlas eM-
KOCTb HMeeT GoJiblliee CONPOTHBJEHHE, a C/AeNO0BaTeNbHO, H 00Jb-
Illee NafeHHe HAMpPAXKEHHS.

B cxeme puc. 160,6 o6a KounmeHcaTopa 3aps-
MocrosiHHoro Toxa xeHbl oT Gatapeu. Hanpsixkenne Ha HX 3aXKHu-

Max AOJIKHO ObITb PaBHO IIPHJIOXKEHHOMY Ha-
npsikenuio U, a BeqwuuHa 3apaia OAMHAKOBa A/l KakIOTO KOH-
AeHcaTopa, NMOCKOJMbKY OHM BKJIOUEHBl mocaefoBatenbHo. Tak kak
pPasHOCTb NMOTEHLHAJ0B, CO31aBagMas PaBHBIMH 3apsAaMH, 06paTHO
NpONopUHOHA/IbHA €MKOCTH KOHJIeHcaTOpa u3 ¢opmyast (50), TO
kouaencatop Co=1 mK¢ umeer HanpsiKeHue, B [Ba pasa GoJbliee,
yeMm koHJeHcaTop Cy=2 mK.

Ecin u3MepuTh BOJIBTMETPOM IOCTOSIHHOTO TOKa HaNpsikKeHHe
Ha 3axumax KoupeHncatopoB C; u Cp, TO mpuGOp MOKaXKeT COOTBET-
crBeHHo 40 n 80 8. Ecan npu6op NOAKMIOYHTb MEXAY INJIIOCOBOH
nnacruHolt Koupencatopa Co u munycoBoit — C, TO ero noxkasanus
6ynyT paBHBl HYJIO. DTH NJIACTHHB MMEIOT OJMH H TOT e NOTeH-
I[HaJ, TaK KaK OHH coefldHeHbl NMPOBOJHUKOM, CONPOTHBJAEHHE KOTO-
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poro MpaKTHYECKH paBHO HYyaI0. 3HAK INIIOC WIH MHHYC B TOUKe
coequtennss C; u C; MOKa3blBaeT MOJNSPHOCTb HANpsIXKEHHS B 3TOM
TOUKE MO0 OTHOLIEHHIO K MPOTHBOMOJOXKHOH TMJAaCTHHE KaXJI0ro
kongeHcatopa. CoeluHeHHe HMeeT TOJNOXKHUTENbHBIH IIOTEHI KA
OTHOCHTE/IbHO TPOTHUBOMOJMOXKHON m/acTHHbl KOoHAeHcaTopa C,, rie
UMeeTcs M3OBITOK 3/JEKTPOHOB, U OTpHIATeJbHBIH MOTEHIHaJ] OTHO-
CHTeJIBHO NPOTHBOTONOXKHON niaacTuHel KoHAeHcatopa C,, KoTopas
¥MeeT HeI0CTATOK 3JeKTPOHOB,

7. NoctoaxHan Bpemenn RC

DopMyna eMKOCTHOrO CONpPOTHBJEHHS BhiBeleHa [/l MEPEMEHHOro TOKa CH-
HYCOMLaNbLHOH ¢opmbl. [Ipn HecuHycounanbHOM H3MEHEHHH HanpsiXKeHHs, HampH-
Mep MpH BKJIOYEHHH HJH BHKIIOYEHHH HMCTOMHHKA MOCTOSIHHOrO TOKa (puc. 161),

Ug

Ky - 80 1
p—{ 638
I + R=3Mom 601 ~ °
T * a0d /

e e e .

|

ulione K, \ C-imkp== :
£ 7 !
|

|

- 204
T =1

0 3 6 9 12 15
a Bpems 8 cex

- 100

80 1

60 7
40

201

6 . Bpems 8 cex

Puc. 161. TlocTosiHHasi BpeMeHH 3apsfia U paspAna KOHAelcatopa:

@ — KOHAeHcaTop 3apsixaercs 4epes R nﬁ 63% NpHIOXEHHOTO HanNpAXEHHs 3a T =3 cex;
6 — KoHjpeHcaTop pa3psxKaercs yepes 11% 37% ero nepBOHaYaJIbHOrO HaNpPSKEHHS
3a T=3 cex

ponb Xc B uenu uHas. Koraa seikmouartens K saMbikaerca (puc. 161, a), npu-
JIoOXeHHOe HamnpsiXKeHHe Bo3pacTaer MruHoBeHHO oT ( mo 100 6. Ecam Bhkioua-
Teib K; pasoMkHyTb, a BbiKaouaTenb Kp 3aMKHYTb, HanpsXKeHHe CHH3HTCA CO
100 & no O (puc. 161,6). Bauanne uens, cocrosuled W3 KOHIEHCATOpA M pPe3H-
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cTOpa, BO BpeMsi BO3pacTaHUsl M/IH Chnaja HaNps:KeHHs XapaKTepU3yeTCH MOCTO-
sHHO# BpeMeHH (O3HauaeT NMPOTHBOAENHCTBHE LieNH MIHOBEHHOMY YBEJHYEHHIO HJIH
yMeHbLIEHHIO NPHJIOXKEHHOr0 HampsiXKeHHs).

CKOpOCTh HapacTaHus HanpsiKeHHsi H3MepsieTCsl BeJH-
4yHHOH npou3BeleHusst RC, KOTOpOe BhipaX<aeT MOCTOSIH-
HYIO BpeMeHH eMKOCTHOH LlenH:

1= RC, (58)

Popmyaa
NOCTOSIHHOH BpeMeHH

rje tT—BpeMs B CeKyHIax;

R —conpotuBieHne B oMax;

C —eMKocTb B (hapajnax.

Jlerko y6Genutbes, yto npousseieHHe RC uMeer pasMepHocTb BpeMeHH. M3
dopmyanr (50)

_Q_ 1
C=7=T1"
CJ/1e10BaTeJbHO,
__RQ__RIT _
RE=F =" =T

Ha npakThke conpoTHB/eHHe B LiensX 4acToO HM3MepsieTcs B MeroMax, TOLja
€MKOCTb CcJeflyeT H3MepsATh B MuKpodapasax. Hanpumep, ans uenu, u3oGpa-
XeHHOH Ha pHuc. 161,

t=RC=3-106-1-10-6=3 cex

(mMHOMHUTenn 105 nas nepesBojga MeroMoB B oMbl M 10-6 ans nepeBoma MHKpoda-
pan B dapaanl cokpaulanrcs). :

Pe3ucTtop HyXHO BKJIOYaTb MOC/NEAOBATEJIbHO C KOHAeHcaTopoM. Toubko
B 3TOM cayuyae npousBeseHue RC BbIpaxKaeT MOCTOSTHHYIO BpEMEHH.

Mocrosnnas Bpemenn RC-uenn XxapakTepH3yeT cTeneHp 3apafa M pa3psaa
konpeHcaropa. [lpu 3apsjge t Nokasbipaer BpeMs, He0OGXOIMMOe [Jsi TOTO, 4TOGHI
KOHeHcaTop 3apsauicsa 1o 63% npunoxenHoro Hanpsikenus.. Ilpu paspsge =
nOKa3blBaeT BpeMs, B TeYeHHe KOTOPOro KOHIEHCATOp YycrneBaeT pa3psiAHThCS
1o 37% nepBOHAya/NbHOTO HamnpsiXKEHHS Ha ero 3a)kuMax.

IOns uenu puc. 161,a nmocrosiHHas BpeMeHn t=3 cex. 3a 3TO BpeMs KOH-
aeHcarop 3apsikaercs A0 63%, uto ot 100 e cocraBut 63 6. IlpakTHuecKH KOH-
JleHCAaTOp TMOJIHOCTBIO 3apsUIMTC A0 NpHAOXKeHHoro Hanpskenns 100 6 3a Bpe-
M 5 1 (15 cex). Tlpu paspsie 3TOrO KOHAeHCAaTOpa HanpsixKeHHe ero ynajer
no 37 @ 3a 3 cex. Ilocne 5t KOHAEHCAaTOp MPAaKTHYECKH MOJNHOCTLIO Pa3pARUTCH.

UeM MeHbllle NMOCTOSIHHAs BpeMeHH, TeM ObICTpee NPOHCXOAHT 3apsl H pas-
pan KoHaencatopa. Ecau ana cxembl puc. 161 nocrosiHHas BpeMEHH COCTaBHT
' cex, To KoHmeHCATOp 6ymder 3apsxaTbesd A0 63 & 3a 1 cex BMecTo 3 cex
MOJHOCTbIO 3apsAMTCA L0 NpHJIOXKeHHoro HampskeHus 100 & 3a 5 cex BMmecTO
15 cex. Beictpee 6yfeT MPOMCXOAMTL M Paspsii KOHAEHCATOPaA.

[puBemeM HecKOMbKO MNpPHMEPOB NpHMeHeHHs GOPMYJEl [Js TOCTOSHHOM
BpeMeRd aasi RC-ieneii )

Mpumep 74. Koupencatop C=0,01 mk¢ BKIIOUeH mnoC/eA0OBaTeNbHO C CO--
uporusjenneM R=1 ‘Mon. OnpegenuTb NOCTOAHHYI) BpEMEHH.

Pewenune Ilo dpopmyne (58)

©=RC =1 Moxm-001 mrg = 0,01 cex.

STa BesiHYHHA cnpaBeAauBa As aapfma’n pa3psiia KOHAEHcaTopa, eCJH nocJje-
ROBaTe/IbHOE - CONPOTHBJIEHHE OAHO W TO Ke B TOM H IpYyromM cJaydae.
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Mpumep 75. Tlpu nocrosHHOM Hanpsskenun 300 8, NpunOXKeHHOM K TOH XKe
lleny, onpenennTb HanpsXXeHWe Ha 3aKUMax KOHAeHcaTtopa uepe3 0,01 cex nocie
ero BKJIIOYEHHUS.

Pewenne Taxk xak 0,01 cex =1+, HanpsKeHHe Ha 3aXKUMax KOHIeHCa-
topa uepe3 0,01 cex cocraBur 63% ot 300 &, T. e. 189 8. ITocne 51=0,05 cex
KOH/IEHCATOp MNpAaKTHYeCKH 3apsAHTC [0 NpPHAOXKeHHOro Hampsixenusa 300 e.

Mpumep 76. Konnencatop Toit ke uenu 3apsken 1o 300 8. Ompenemuts
HanpsixKeHHe Ha KoHIeHcaTope yepe3 0,01 cex c MoMeHTa HayaJja paspsja.

Pemenmne 3a Bpeusa |« KoHJeHcaTop paspsamutcs no 37Y% cBoero mnep-
BOHaYa/IbHOTO HanpsiKeHus, uyto coctasur 0,37 -300=111 s.

Mpumep 77. Ecau B Ty e uenb JOGaBHTb NOCJeJL0BaTeNbHOE COMNPOTHBJIE-
Hue,lyaanoe 1 Mom, To Kakoii Gyaer nocTosivHas BpPeMeHH?

emweHue Tenephb nocjenoBaTeNbHO ¢ KOH/JAEHCATOPOM BKJIOYEHO COMPO-
THBJeHHe 2 Mom. TTosTomy

t=RC = 2-0,01 = 0,02 cex.

[ToctosinHas Bpemend RC-uemi Bo3pacTaeT NpH yBeNHUEHHH CONPOTHBJIE-
HHf H eMKOCTH KOHAeHcatopa. DBOéabhiasi eMKOCTb O3HauaeT, YTO KOHJEHCaTop
MOXeT HakonuTb Goabuinil 3apsia. Yem Gosblle conpoTHBJeHHe (MpPH OAMHAKO-
BOM MPHJOXEHHOM HanpsKeHHH), TeM MeHblle TOK 3apsua, TeM OoJblie Tpe-
6Gyercsi BpeMeHH [Js 3apsijla M pa3psila KOHAeHcartopa.

Ha puc. 161, a usobpaxena kpuBas 3apsga RC-uenu.
Kpuseie 3apsapa Buavyane 3apsii MPOMCXOAHT GLICTPO, 3aTeM KpHuBas
H pa3papa BO3pacTaeT MeNJeHHO. DTO OGDBACHAETCS TeM, 4TO MO

Mepe 3apsja KOHAeHCAaTOpa Ppa3HHIA MeXJy NpHJIO-
JKeHHBIM HanpsikeHueM U u HanpsbkeHueM Ha KoHAeHcatope Uc yMeHbliaercs.
MeHblast pa3HOCTb NOTEHLHAJOB BHI3bIBAET MEHbIIH{I TOK, KOTOpHIH HIeT AJs
3apanga KoHleHcaropa. Uem Gosblue cTeneHb 3apsiia KOHAEHCAaTOpa, TeM MexJIeH-
Hee OH 3apsKaercs.

IMonoGueiM ke o6Gpa3om mnpu paspsfe KoHeHcatop (puc. 161,6) Ttepser
CBOW 3apsii BHayajJe OBICTPO, a 3aTeM Bce MeAJeHHee W MejJieHHee. KpuBas,
XapaKkTepH3ylolllas H3MeHeHHe TaKoro BHIa: OLICTPOe BHayale W 3aMelJIeHHOe
B KOHIle, Ha3blBaeTCsl KCMOHEHUHANbHOH KPHBOM.

¥

8. 3Heprua aNeKTPHYECKOro NONA KOHAeHCATOpa

B nusjeKTpHKe 3apsiXKEHHOrO KOHNEHCATOpa 3amacaetcs sHep-
THSl B BHJE 3JMEKTPHYECKOTO NMOJsA. DTa 3alaceHHasi SHEPTHS MOXKeT
BBI3BATb TOK paspsila KOHAEHCAaTOopa NpH OTK/IOYEHHH HCTOYHHKA
Halpsi)KeHUsl M 3aMblKaHUM ero OOKMafOK uYepe3 BHEIUHIOW Ielb.

BennuuHa 3anaceHHOH 3JeKTpHYECKOH 3IHEPTHU paBHa

= - CU? (dow), (59)
rie C — emkoctb B apanax; v
U — HamnpsxKeHue B BOJbTAX.

9. KonpencaTopsl CBASH ANA HUSKMX W pafiHoyactoT

B uenn (puc. 162) mokasaH KoHleHcaTOp cBfisu. Tak Kak eMKOCTHOe COMpo-
THBJIEHHEe HeBeJIMKO, NPaKTHYECKH BCe fepeMeHHOe HANpsXKeHHe TeHepaTopa na-
IaerT Ha 34)XHMax pe3ucTopa W JMIIb HeGosblllas 4acTb €ro — Ha 3aXKUMaX KOH-
ReHcaTopa. KoHIeHCaTop CBfi3H pacCYHTAaH Ha ONpeJeNeHHYIO MOJOCY uacToT. IIpH
Gonee HH3KHX 4acTOTax OH MpPEeACTaBJseT AJA Uenu GoJIblIoe eMKOCTHOE CONpo-
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THBJEHHe, B pe3y/bTaTe 4Yero HeGo.blloe HaMpsKeHHe Majaer Ha pe3ncrope R
M TIOYTH BCe HanpsKeHHe — Ha 3aXuMaX KoHjaeHcatopa Cc. Ilpn nocTostHHOM
TOKe BCe HampsXeHHe MajaeT Ha 3a)XHMax KOHAeHcaTopa, a Ha pe3ucTope Ha-
npsiKeHUs! HeT, MOCKOJIbKY KOHAeHcaTop GJIOKHPYET MOCTOSIHHbIH TOK.

HeoGxoanmoe ycioBHe AJS1 CO3JaHMS najeHHs HanpsiKeHHs Ha pe3UCTOpe,
a He Ha KOHJeHcaTope — yTOGbl eMKOCTHOe CONMDOTHBJIEHHe OblI0 MPHMEPHO
B JleGATb pa3 MeHblle akTHBHOro. Toraa npakTHueCcKH Bce HanpsXKeHHe nepeMeH-
HOoro Toka OyAeT MajaTh Ha 3a)KHMax pe3ucTopa R H OYeHb Manas ero 4acTb —
Ha KOHJeHcaTope.

TunuuHble eMKOCTH KOH/JEHCAaTOPOB CBSI3H [JSi HU3KHX M PaZHoO4YacTOT MOXK-
HC [OJCYMTATb HCXONS M3 CONMPOTHBJIEHHS NOC/AENOBATEJNbHO MOAKJIOYEHHOrO
pesucropa nopsaka 160 xkom. Torpa Xc¢ nomkHo GbiTe npuGnusutensHo 16 xom
H/IH MeHbllle.

Ilpu yactote 100 2y KOHAEHCATOp CBA3H AOJKEH HMeTb eMKOCTb MpPHOJIH3H-
tensHo 0,1 mkgh, uTOGBl €MKOCTHOE COnpoTHBJeHHe paBHsinoch 16 xom. Ilpu Go-
Jee. BLICOKHX 4acToTax HOMNyckaercs MeHbwas eMkocTb. Hanpumep, npu 100 Mey
jgocratoyHa emkocth 0,1 ng.

iL

|1} 3
Xc=160000M

. 3=}

(9 IR=159,26 [] R=160 0000M S

U=1608 3

o\.

Puc. 162. Lleny cpasu u3 R u C (HeGosblias Bemu-

YHHA €MKOCTHOrO COMpOTHBJEHHA Xc¢ MO3BOJSET

‘NMPaKTHYeCKH BCeMY NPHJIOXKEHHOMY HaMNpsKeHHIO
feficTBOBATL Ha 3a)XKHMax pesHCTOpa)

EMKOCTb KoHmeHCATOpa CBA3H MOACYMTHIBAIOT A HIXKHell uacToTH. Ilpu
Goslee BHICOKHX YAacTOTAaX TOT )K€ KOHJAeHCAaTOp GyleT MMeTb €MKOCTHOe COMpOTHB-
JieHHe MeHbllle !/io R, T. e. BBINOJIHEHHe YC/MOBHSL CBA3H TrapaHTHpyeTcss ¢ 3a-
nacom.

-

Kparkue svi8006t

1. KonnmeHncatop COCTOMT M3 IBYX MPOBOASLUHX MIACTHH, pa3-
llefleHHbIX Au3JeKTpuKoM (u3oasaTopoM). .CnocoGHOCTD KOHIEH-
caTopa HakalmJiMBaThb 3apsAnx onpefpensieTca ero emkoctbio C.
Korpa HanpsixkeHHe npHKJaAblBaeTCsi K KOHAEHCATOpPY, OH 3a-
psixkaeTcs; MNpH NOAKMIOYEHHMH K Harpy3ke KOHAEHCAaTOp pa3ps-
)KaeTtcs. ' '

2. Enununnedt u3MepedHs eMKocTH cayXHT ¢apana. Konnmerca-
TOp HMeeT eMKocTb | ¢, ecnu yBenuueHue ero 3apsiia Ha | k BhI-
3bIBaeT yBeJHYeHHe HanpspkeHus Ha | 8. KoHaeHcaTopel, HCTOJb-
3yeMble Ha MpaKTHKe, HMeIOT eMKOcTH oT 1 n¢ mo 1000 mxg.
1 ng=1-10"12 ¢p; 1 mrgp=1.10-6 ¢h.
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3. EmKoCTb KOHJeHCaTOpa NMPsIMO NPOMOPIHOHANBHA €ro 3apAay
¥ 06paTHO MNpPONOPUUOHANbHA PA3HOCTH MNOTEHLHANOB Ha €ro 3a-
KHMaXx:

c=2,
rie C— eMKOCTb B (apajax;
Q—3apsn B Ky/lOHax;
U — pa3HocTb TOTEHILHAICB B BOJNbTaX.

4. EMKOCTb KOHAEHCAaTOpa BO3pacTaeT MNPH YBETHYEHHH TJIO-
Iag4 MAACTHH M 3JIEKTPHYECKOH NPOHHLAEMOCTH H IPH yMeHblle-
HHH TOJIUHHBI IH3/IeKTPHKa.

5. HauGonee pacnpocTpaHeHbl GyMaKHble, BO3AYIIHbIE, CJIOAA-
Hble, KEDAMHUYEOKHE U 3JEKTPOJNHMTHYECKHE KOHAEHCATOPBl. DJeKTPo-
JUTHYECKHE KOHJIEHCATOPbl HCIOJB3YIOTCS AJIS LeNned MOCTOSHHOFO
TOKa.

6. O6iwas emMKOCTb MapajlieJbHO COELHHEHHbIX KOHJAEHCaTOpOB
paBHa CyMMe HX eMKOCTeH:

Coﬁm_=C1+C2+C3+“'+CIl'

7. BennunHa, o6patHas oOllefl eMKOCTH MOCTeI0BATENbHO CO-
elMHEHHBIX KOHIEHCAaTOPOB, paBHAa CyMMe BeJHYHH, O0OpaTHBIX
eMKOCTAM KOH/IeHCaTOPOB:

1 1 1 1 1
COGLU. _/Cl + Cg + C3 +"-+ C,,’
OTKYyAa ompefessieTcs obllas eMKOCTb KOHJEHCAaTOPOB NpH MOcC/e-
NoBaTe/bHOM COeJHHEHHH.

[TocnenoBatenbHOe CO@NMHEHHE KOHNEHCATOPOB yMeHbIaeT 06-
ILyI0 eMKOCTb 6aTapeH.

8. Ilpy npoBepke KOHAGHCAaTOpa OMMETPOM B CJIyyae HCIpasB-
HOCTH KOHJeHcaTopa CTpeaka NpuHGopa mocie ObICTPOrO OTKJAOHE-
HUA 1O WIKaJe B CTOPOHY HH3KOTO CONPOTHBJIEHHS MENJEHHO ycTa-
HaB/IWBAETCA HA BEJMUHHY COMPOTHBJIEHHS H3OJSAUUHH KOHJeHca-
Topa. Bce KOoHZeHCAaTOPH, KPOME 3JEKTPONHTHYECKHX, HOPMAaJbHO
HMEIOT OYeHb BBICOKOE CONPOTHBJEHHE H30aALHH — OoT 500 1o
1000 Mom. ¥V 31eKTPOSMTHYECKHX KOHIEHCAaTOPOB HeGOJblIoe cO-
NPOTUBJIEHHE H30JIANUH — OKoJ10 0,5 Mon.

9. EMKOCTHOe CONpOTHBJIeHHE Xc om npencTassieT 0060 mpo-
THBOAEMCTBHE KOHJEHCATOPa CHHYCOWIaJbHOMY NEPeMEHHOMY TOKY,
OrpaHMuMBAst TOK [0 BeJHYHHB [ =—%—.

(o
Benuuuna X¢ ymeHblIaeTCs1 C TOBBIIUEHHEM YacTOTbl H C yBeJH-

YyeHHeM €MKOCTH (0OpaTHO NPONOPLUHOHAJNbHA YaCTOTe H eMKOCTH);

1
XC:Q—Wf—C.
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10. O6iiee eMKOCTHOE COMNPOTHBJIEHHE MpPH [OC/AEL0BATENbHOM
COeIMHEeHUH KOHIEeHCAaTOPOB DAaBHO CyMMe HX CONPOTHBJISHHH.
Tok B HHX OOHH M TOT XKe, a HaNpsKeHHe Ha 3aXXUMax Kax-
goro pasHo [Xc.
11. Tlpu mapanjenbHOM BKJIOUEHHH KOHIEHCAaTOPOB o0llee eM-
KOCTHOE COTPOTHBJIGHHE NMOACYHTBHIBAIOT M3 (HOPMYJIbI
1 1 1 1 1
X - X + X + X + --°+ X

C o6m ct Cc2 C3 Cn

. U o
Tok B KaX/A0H BeTBH paBeH X a obuiuii TOK B HEpa3BeT-
C

BJIEHHOH YaCTH UeNd paBeH CyMMe TOKOB OTIeJbHBIX BeTBe.

12. EMKOCTHOe CONpOTHBJIEHHE NPAKTHUYECKH HCIOOJBb3YIOT MAJs
6/710KHPOBKH TMOCTOSTHHOTO TOKAa H CO3JaHHS HeOO/bLIOro peaKkTHB-
HOTO COMNPOTHBJIEHHS epeMeHHOMY TOKY.

13. CpaBHeHHe MHAYKTHBHOrO X; H eMKOCTHOro X¢ conpomB-
JIeHUH:

X, Xc

YMeunmaercs
EeMKOCTH

Boapacraer npu yBeanyeHuu HHAYK-
THBHOCTH

npu  yBeJqHYeHHH

YBeanunsaercs  npu
43CTOTHI

MOBLIIIEHUH VMeHblIaeTcs NpH TMOBBIIIEHHH 4a-

CTOTHI

IIpy HM3KMX YacTOTaX CONMPOTHBIe-
HHe MaJjoe, TOK O60Jbloii

Karymka HHAYKTHBHOCTH

npony-
CKaeT NOCTOSHHBIK TOK

[lpn HU3KHX YACTOTax conpomane-
HHe 60JbIIOe, TOK MaJblif

Konjencarop 6mokupyer noCTOAH-
HBI TOK

14. JIBa U1 HECKOJIbKO KOHAEHCATOPOB, MOAK/AIOUEHHBIX MOC/e-
IOBaTeJNbHO K 3aXKHMaM HCTOYHMKa Hanpsxenus U, ucnombsyorcs
Kak Jenutenb Hanpsiokenus. Hanpsikenue U feantcs o6partHo mpo-
NOPUHOHAJILHO €MKOCTH KaXJI0r0 KOHIeHCaTopa. ‘Ha kougencarop
C HanMeHbLIeH eMKOCTHIO NPHXOXMTCH HAHOGO/BIUIAS YaCTh IPHIIO-
MEHHOI'0 HampsiKeHHS.

15. EmxocTHOe conpoTuBiende X¢ KOHIeHcaTopa cBs3u B 10 pas3
u GoJiee MeHbllle AKTHBHOrO COMPOTHBJEHHi R mociexoBartesb-
HO BKJIIOYeHHOro pesucropa. [IpakTuueckn Bce nmepeMeHnHoe Hamps-
‘eHHe OKa3blBaeTCs NMPHJIONKEHHBIM K KOHUAM pe3ucTopa M JHIUIb
He6oJIbIIasi €ro YacTb — K KOHLAM KOHIeHcaTopa.

16. CkopoCTb HapacCTaHHSl aMIJNUTYAbl HanpsiXKeHHUs B LeMH, CO-
CTOsIllell M3 Pe3UCTOpa H KOHNCHCATOpa, NPH HECHHYCOHIAJIbHOM
pexume onpelensieTcs NMOCTOSHHOH BpeMeHH T, DaBHOH NpOH3Bele-
unio RC. Tlpu C —B dapagax u R —B omax BpeMs t BhIpaxkaercs
B CceKyH/ax. Bequunna v, paBHas efuHulle, NOKasblBaeT BpPeMs, He-
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006x0quMOe 1Js1 TOro, 9TOGBl HANpsKeHHe Ha 3a)KUMax KOHJeHca-
TOpa D0CTHIIO 63%) MPUIOKEHHOrO HATUPSIKEHHUS.

17. Dueprus, 3anaceHHas B KoHpeHcatope, paBHa '/; CU2 Tlpu
C B ¢apanax u U B BombTax sHeprus BbIPAXKAETCS B AXKOYMAX,

BOIPOCHI /i1 CAMOKOHTPOJIA

1. Emxocts koujaencatopa 0,02 mk¢ paBHO3HauHa eMKOCTH:

a—0,02.10-'2 ¢; 6—0,02.10-6 ¢; B—0,02.105 ¢; r—200.10-12 ¢.

2. KOH,’leHcaTOp eMKocTbio 10 mk¢h, 3apsxennniit no 10 8, umeer 3apan,
paBHBbIii:

a—10-10-% k; 6 —100-10-¢ x; B—10 x; r— 100 «.

3. EMKOCTb KOHJEHcaTOpa yBeJHYHBaeTcs NpH:

a — yBeJIMYeHHH IJIOULaJH NUVIACTHII M DAaceTOSHHsS MeXAy HUMH; 6 — yMeHb-
WEHHH TJIOIAJH TMJIACTHH H PAacCTOSHHA MeXAY HHMH; B — YBeJHYEHHH TJIOILA-
AM OJAaCTHH M YMEHbLIEHHW DPACCTOSHHSA MeXJy HHMH; I — yBeJHYeHHH TNpPHJIO-
XEHHOro HanpsiKeHHS.

4. HanpsixeHue, TNpHJOKEHHOe K KepAMHYECKOMY [H3JIEKTPHKY, CO3]aeT
aslekTpocTaTtHyeckoe nose, B 100 pa3 Gosbliee, YeM B BO3Jyxe. DJeKTpHuecKas
NPOHHLAEMOCTh & KePaMHKH DaBHa:

a— 33!/3; 6 — 50; B — 100; r — 10000.

5. IIBa nocsenoBaTeibHO COelHHEHHBIX KoHZeHcaTtopa no 0,02 mxkegp, 500 e
HMelOT O6ILyl0 EMKOCTb H. HOMHHaJlbHOe MPOGUBHOE- HaMpsiXKeHHe:

a— 0,01 mkep, 500 6; 6 — 0,01 mkep, 1000 8; B — 0,02 M), 500 8; r—
C,04 mxgh, 500 8. ‘

6. Ilsa mapaJssiesibHO COeAMHEHHBIX KoHjaeHcaTtopa mo 0,02 mxg, 500 8 umeror
OGLLYI0 eMKOCTb H HOMHHaJbHOe NMpPOGHBHOE HanpsiXKeHHe:

a—0,01 mx¢, 1000 8; 6 — 0,02 mxgh, 500 8; ‘B — 0,04 mx¢h, 500 &; r—
0,04 mrg, 1000 s.

7. Ilpn npoBepke HcnpdBHOrO GyMaXKHOro KoHAeHcaTtopa eMkoctbio 0,05 mkg
CTpesiKa OMMeTpa JOJIKHA:

a — GbICTPO OTKJOHHTbCS NpuGAUsHTeNbHO K 100 oM u ocTaThcsi B 3TOM
NoJIOXeHHH; G — MFHOBEHHO MOKa3aTb HeGOJBbUIOe COMPOTHBJIEHHE H BO3Bpa-
THTBCS K OUEHb BLICOKOMY CONMPOTHBJIEHHIO; B — MTHOBEHHO [10Ka3aTb G60Jb-
lioe CONMPOTHBJEHHE W BO3BPATHTLCH K- OYeHb HH3KOMY; T — OCTaTbCSl Hemo-
JBHXHOH. .

8. Ilpu noBHILIEHHH YACTOTHI eMKOCTHOE COTPOTHBJIEHHE:

a — yBejHuHBaeTcsl; 6 — ocTaercsi. §e3 H3MeHeHHs; B — YMEHbIUAETCs; I —
BO3pacTraer, KOrja YBeJHYHBAeTCH HarpsKeHHe.

9. Ilpu oxnHolt u ToHl XKe 4acToTe, @C/H eMKOCTb yBE/JMIHBAeTCs, TO eMKOCT-
HOe CONMpPOTHBJEHHE:

a — Bo3pacraer; 6 — octaercs Ge; H3MEeHeHHsi; B — yMeHbllaeTcs; I —
yMeHbUIAeTCs NMPY YCAORMM YMEHbUIEHHS MPHJIOKEHHOr0 HampsKeHHs.

10. EMxocTHoe conpoTuB/ieHHe KonaeHcatopa 0,1 mxg npu uyacrore 1000 ey
paBHO:

a— 1000 o#; 6 — 1600 om; B-—2000 om; r— 3200 om.

11. [{Ba eMKOCTHBIX COMDOTHBJEHHS MO 1000 om KaM[0e, BKJKMEHHEIX [0+
CJ1e10BaTEJbHO, UMEIOT OOfllee CONPOTHBJIEHHE:

a—500 om; 6 — 1000 om; B — 1414 om; r — 2000 om.

12. IBa eMKOCTHBbIX CONDOTHBJIEHHS . IO 1000 OM . Ka¥ioe, BKJIOYEHHBIX mna-
paJsiesbHO, HMEIOT oflilee CONMPOTHBIEHHE:
a—>500 os; 6 — 707 osm; B— 1000 osi; r'— 2000 om.
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13. Uro6e nmomyuuts eMrocTHpe conpgrueaedde 1000 ox mpu uyactore 2 Mey,
eMKOCTh KOHJleHCcaTopa IOJKHa ObiTb paBHa:

a—2 ng; 6—80 nep; 8— 1000 ng; r — 2000 ngp.

14. Konpencatop emkocteto 0,2 MKk()p HMeeT €MKOCTHOe CONMpPOTHBJ/IEHHE
1000 om npu uacroTe:

a—800 ey; 6 — 1 key, B— 1 Mey; r— 8 Mey.

15. Konnencatop eMmkoctbio 250 n¢p nocienoBatenbHo ¢ pesuctopom 1 Mom
noaxJsoyaercs k Gatapee 100 6. Hanpsixxenne pasHo 63 8 Ha 3axumax:

a — KoHJleHcaTopa uepes 250 mrcex; 6 — conpoTHBJeHHs uepes 250 mkcek;
B — KOH/JeHcaTopa uyepe3 1250 mkcex; r— conporuBjieHHst uepe3 1250 mxcex.

16. Hanpsixkenne 120 @ noaBelNeHO K TpPeM MOCJEI0BATENbHO BKJIOYEHHBIM
KOHJleHcaTopaM mo 5 mxg kaxani. HanpskeHue Ha 3aMHMax KaXXJOLo KOH-
JleHcaTopa paBHO: -

a—586;, 6 —40 8, B—600 6, r — 80 8.

17. Kounencatop eMmKocTbio | mkgh, 3apsikeHHBII A0 Hanmpsxkenusa 2000 s,
HMeeT 3anmaceHHYI0 JHepruio:

a—1 0w, 6—2 O0x; B—4 Juc; r— 2000 Oox.

11

OrBeTbTe, NMpaBH/IBHB HJH HENPaBHJIbHB M MOYEeMy CJELYIOUIHE MOJIOMEeHHS:

1. KonneHcaTop MoXeT HakamIuBaTb 3apsil, TaK KakK OH HMeeT NHIJIEKTPHK
MeX1y ABYMSI NMPOBOAAILHMH MJACTHHAMH.

2. Uto6el monyudTh JaHHYIO BEJHYYHY 3apsila, Ha 3aXHMaX KOHIeHCaTopa
MeHblIell eMKOCTH ROJIKHA ObITb 60/blIas pasHOCTb MOTEHIHAJOB.

3. Emkocte 250 ngp paBnHa 250.10-12 ¢h.

4. Uem TOHbLIE NU3NEKTPHK, TeM OGoJibllle €MKOCTb KOHAEHCaTopa H HHXKe
ero npo6HBHOe HanpsXeHHe.

5. UeMm Gosblue nJollafb NJacTHH, TeM GoJsbliie €eMKOCTb KOHJeHCaTopa.

6. ITocnenoBsatebHO COeAMHEHHBIE KOHIEHCATOPH HMEIOT MEHbIIYI eMKOCTb,
HO npo6GHBHOe Hanpsi)KeHHe Bcell LeMH YBeJHYHBAETCH.

7. TapannenbHo cOelHHEeHHbIE KOHIEHCATOPH YBENTHUMBAIOT OGLLYI0 €MKOCTb
NpPH TOM K€ HOMHHAa/JbHOM HampsiKEeHUH.

8. IBa, KongeHcatopa no 0,01 mKg, coelHHeHHble NapasjenbHO, HMelOT 06-
umyio eMkocTb 0,005 mxg.

9. Ilpu ‘HmcnpaBHOM G6yMaxcHOM KonuaeHcaTope emkoctbio 0,01 amkgp crpeska
OMMETP3 OTKJIOHSETCS B CTOPOHY HH3KOrO CONMDOTMBJEHHS, a 3aTeM OCTaHaBJH-
BaeTcs Ha noka3aHuu 500 Mom wmau GoJsblueM.

10. Ecin eMKOCTh KOHIEHCAaTOpa YBeJHYHBAeTCs B ABa pas3a, TO E€MKOCTHOe
CONMpPOTHBJ/IEHHE B 1Ba pasa yMeHbLIaeTCs. :

11. Ecau - uactotd: YABaHBAeTCs, TO €MKOCTHOE CONPOTHBJIEHHE B JBa pasa
yMeHblLaeTcs. ) :

12 EMKOCTHOé cCOTpoTHBJIeHHe KOHIeHcatopa 0;1° mk¢p npu uacrore 60 2y
paBHO MpHOaH3HTENbHO 60 oM. L. B B

13. HAYKTHBHOE M €MKOCTHOE COMpPOTHBJICHHA H3MEHSIOTCS MNPU H3MEHEHUH
YacTOTBl, @ MHAYKTHBHOCTb H €MKOCTb — HeT. )

14. Toctosinnasi BpeMenu RC-uenu Bo3pacTaeT IpH YBEJHYEHHH €MKOCTH
H CONMpPOTHBJIEHHS.

15. Korga mocrosnHas Bpemenn RC noxcuuthiBaeTcss s pas3psma, To R
JIOJIKHO GHITh CONPOTHBJIEHHEM B UENMH Pa3pANHOro TOKa.

16. AKTHBHOEe M peaKTHBHOE CONDOTHBJEHHS H3MepSIOTCA B OMax.

17. VIHAYKTHBHOE M €MKOCTHOe CONMPOTHBJIEHHSI U3MEPSIOTCA B OMaXx.

18.. Tpu npuwroxenHoM HampsiKeHuu 100 e kompencatop 1 Mk, BKJIOYeH-
HbIfl Moc/efoBaTeabHO ¢ peaucropoM 1 Mosm, B TeyeHue 1 cex 3apfAuTCA. KO _63; 8.
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19. Koupgencatop eMRocTbio | Mg, 3apskeHHblit 1o Hampsxenus 2000 s,
HMeeT 3alaceHHYIO 3Hepruio 1 .

20. Konnencarop, 3apskeHnHblt ao 100 6, B TeueHHe OAHOH MOCTOSTHHOM
BpeMeHH paspsaauTes no 37 s.

21. Korza npuioxeHHOe HaNpsXKeHHe YBEJAWYHBAETCH, TO B UMM MPOTEKaeT
TOK 3apsla, NMOCKONbKY KOHNEHCAaTOp MNpHHMMaeT NONMONHHTENbHbI! 3apal.

22. Korza mnpuoKeHHOe HaNpsiKeHMe YMEHbIIAeTCH, MNPOHCXOAUT pPa3psf
KOHJEHCAaTOpa, TAK KaK OH HMeeT G6oJeeyBLICOKYIO Pa3sHOCTb MOTEHUHANOB, 4eM
HCTOYHHK.

23. KoHIeHcaTOpsl, BKIIOYEHHblE NOC/EA0BATeJbHO, HMEIOT OXMH H TOT XKe
TOK 3apsiia u paspsia.

24. KoHIeHcaToOpbl, BK/MOUYEHHble Napa/iiejbHO, HMET ONHO U TO e Ha-
npsiXKeHHe.

25. Uem GoJbllle €MKOCTHOe CONMPOTHB/IEHHEe B IOC/AENOBATENbHOH LENH, TeM
Gosblllee nafieHHe HAamNpsKEHHA MNPUXOJMTCS Ha KOHJIeHCATOp MO CpaBHEHHWIO
C pesHc1opoM.

YITPA)KHEHHUS

1. Uro Takoe emkocTh? Korma mBe maacTHHB 06pa3yloT KOHIeHcaTop?

2. Kak 3apsauth KoHIeHcaTop?

3. Ilpeo6pasyiiTe crelymioliHe BeqHuHHbl B ¢apajabl, Hcnomb3ys crenenp 10:
50 ne, 0,001 mxp, 0,047 mxeh, 0,01 mxd, 10 mxd.

4. Kak BJMSIOT Ha e€MKOCTb yBe/HU€HHe MJIOLIAJH MJACTHH U 3JIeKTPHUECKOH
MPOHHIAEMOCTH H yMEeHbLUEHHe TOJIUUHbI AHJIEKTPHKA?

5. Kakoit Tun KoHAeHcaTopa LeJecOO6GPasHO HCIOAB30BaTb B CJAeAYIOLIHX
nensx?

a—80 mx¢g nns uenn NOCTOSHHOIO TOKAa HanpsikeHuem MeHee 500 8; 6 —
1,6 n¢p B panuovacToTHO! UenH mnpu HanpsikeHnd wmedee 500 8; B — 0,05 mxgh
B llend 3BYKOBO! YacCTOTHI MpH HampsixkeHHH Menee 500 a.

6. Hapucyiite cxemMy ¢ HaHMeHBUIHM KOJMYECTBOM KOHIeHcaTopos 400 6,
2 mKr¢, uTOGBl HX MOXKHO GBLIO BKJIIOYHTL B lienb HanpsokeHueM 800 8, Koraa
Tpe6¥eTCﬂ obLiast eMKOCTb 2 MK.

. Ecan. konjieHcaTop, 3apseHHbli 10 500 6, NOACOEAHHHTb K He3apsiKeH-
HOMY KOHIeHcaTOpy TOH e €MKOCTH, TO Hamps)KeHMe Ha WX 3aXHMax G6yner
250 8. Iloyemy? .

8. Kak npoBepuTb OMMETDOM  HCMPAaBHOCTb  KOHAEHCATOPA  €MKOCTbHIO
0,05 mkg? VYxaxute NOKasaHHWs OMMeTpa /Ui C/yyaeB, KOTAa KOHHEHCATOp HC-
rpaBeH, 3aMKHYT HaKOPOTKO M pa3opBaH.

9. INoueMy eMKOCTHOe CONPOTHBJIEHHE yMEHbIIAETCS NpH  yBeJMYeHHH
€MKOCTH?

10. [Toyemy koHzeHcaTOp OJIOKHPYET MOCTOSHHBIA TOK?

11. Kakas TpeGyeTcs eMKOCTb MJs MNOJyYeHHS E€MKOCTHOTO COMPOTHBJEHHS
100 ox npu uacrore 100 xey?

12. KonnencaTtop, nojak/JioueHHH K HCTOYHHKY 10 8, 1000 xey, umeeT eMmko-
cTHoe conporHs/enne 2000 ox.

a) Hapucyiite cxemy. 6) KakoBa BennunHa Toka B uenu? B) Kakosa ya-
CTOTa TOKa?

13. Kakoa eMKoCTb KOHIEHCaTopa, yepe3 KoTopu# nportekaer tok 0,1 a npu
120 6 u 50 ey NMpUNOXKEHHOTrO HaMpsXKEHUA?

14. [Ia KOHZeHCAaTOpa C eMKOCTHBIMH CONMPOTHBJEHHAMH Xc;=1000 ox u
Xc2=4000 om, coefMHeHHble MOCAe/l0BaTebHO, TNOAKMIOUEHBl K HCTOYHHKY Ha-
npsaxeHus 10 6.

a) Hapucyhite cxemy coeaunenus. 6) [IlofcuHTaliTe TOK B nocsegoBa-
TenpHOil uend. B) Onpelennre najdeHHe HanpsXKeHHA HA KaXAOM KOHAEH-
carope.
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15. JIpa KOHJleHcaTopa ¢ EeMKOCTHBIMH CONpPOTHBAeRHAMH Xci=1000 om u
Xc2=4000 om, coeluHeHHble NapajfeJbHO, MOAK/AKYEHH K HCTOYHHKY Hamps-
xenus 10 s.

a) Hapucyiite cxemy coenuHeHusi. 6) IlomcuuraliTe TOK B KaXKZOH BETBH.
B) IlopcunTaiiTe oGUIMA TOK B Hepa3BeTBJeHHOH uacTH uend. r) KakoBo Ha-
NpsiXKeHHe Ha 3aXXHMaX KaXJIO0ro KOHJeHcaTtopa?

16. Tloyemy KoHaeHcaTOp_ 3apsKaeTcs, KOrja NpPHJOXKEHHOe HamnpskKeHHe
yBe/JHYMBaeTCsl M paspskaeTcs, KOrJa OHO yMeHbllaeTcs?

17. Ba koumeHcatopa C; u Cy, gCoefMHEHHbE TNOCNENOBATENbHO, MOAKIIO-
YeHbl K MCTOYHHMKY HanpsikenHs 10000 s. Kougencatop C; emkocteio 900 ng
HMeeT HamnpsixeHHe Ha 3axkumax 9000 s. -

a) KakoBo HanpsiKeHHe Ha 3aXXuMaxX KoHjeHcatopa Cp? 6) KakoBa eMKocTb
KoHleHcaTopa Cp?

18. EMKocTHOe conpoTiBJeHHe KkoHAeHcaTopa Xc¢=100 os. Kakosa ero em-
KocTb mpu uactotax 50 ey, 1000 ey u 1 Mey?

19. Moacunrafite nocTosHHYIO BpeMeEM LeNH CAEAYIOUIHX KOMGHHALHiL:

a) R=1 Mom, C=0,001 mxgp, 6) R=1000 om, C=1 mkegp; B) R=250 Kxom,
C=0,05 muxgp; r) R=10 xom, C=100 ng.
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raaBa 9 LEIMW MMEPEMEHHOI'O TOKA

B uensx nepeMeHHOr'0 TOKa CHHYCOHAANbHOH QOpMbI cCHa TOKA
3aBUCHUT OT o6ulero conporuBaenus. [locsaenHee MOXKeT cOCTOATb H3
aKTHBHOrO R (pesucropa), HHAYKTHBHOro X; (KaTyWIKH WHIYKTHB-
HOCTH) H eMKOCTHOro X¢ (KOHJeHcaTopa) COMPOTHBJIEHHH, OLHOTO
M3 HUX WJIM UX KOMOHHALMH. :

1. llenu ¢ pesucTopamu

B uenu nepemMeHHOro TOKa C OJHUM AKTHBHBLIM CONPOTHBJIEHHEM
(puc. 163) HanmpsixeHue W TOK coBnajgait no dase (puc. 164,a).
BekropHas nuarpamma npHBe/leHa Ha puc.
164, 6.

3akon Oma ana JeACTBYIOIMX 3Haue- R
HUM HampsXKeHHUS M TOKa BBIPA3UTCS TaKo#H "~
ke (opMyJoOH, KaK M JJA NOCTOSTHHOTO T

TOKa: "
U Puc. 163. llenp nepemen-
X U
. I =— nwmm [=—. HOTO TOKa C OOHUM aKTHB-
A R R HbIM CONMpPOTHBJIEHHEM

MouiHocTh B Uenu onpeae/sigeTcd He IO MIHOBEHHbIM 3Haue-
HUAM, a 10 cpeiHEMY 3HAaYEeHHIO 3a NEepHUOon:

P,=UI=IR.

Mpumep 78. Cpeansis MOLIHOCTb, MOTpeG/isfieMass B aKTHBHOM COTPOTHBJEHHH
norpeéutensi, Pcp=1200 6r; a peficTBylollee 3HaueHHe Toka [=2,5 a, Onpege-
JIUTh AaKTHBHOE COMPOTHBJEHHE MOTpeGHTeNs.

PemeHue.

Py 1200 1200

Mpumep 79. K uenn ¢ aKkTUBHBIM conpoTHBieHHeM R=30 om npusokeHo
nepeMeHHOe HanpsiZKeHWe, aMIVIHTYAHOe 3HauyeHue Kotoporo Un=169,2 s,
a KpyroBas uacToTa w=314. OnpenesanTb neHcTBylOLlME 3HaueHUss TOKA M Ha-
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npsAXeHHd, CpelHIOI MOLIHOCTbL H 3HEPTrHi0, pacxoayemble B IenH 3a MNepHon,

a Takke 4aCTOTy M TMepHOJ TepeMeHHOro TOKa.
Pemwenue [HeiictByiouee Hanpskenne no ¢opmyne (31)

“Unm 1692
U= —_‘_Z—- = T‘E =120 6.
OefcTBylollee 3HaueHHe TOKa Mo ¢opmyse
_U _10_,
TRTHE
Uar
u
|
|
T I i
I
0 ‘ t —

a

Puc. 164. Tpaduueckoe n3o6parcenue TOKa M HaMpsiKeHHH,
coBMajalowHlx no ¢ase

CpenHsisi  MOIHOCTb, pacxofyemass B lenu (MHIEKC «cP» OOLIYHO
nHuerea), no ¢opmyae (14) .

P =Ul=120-4 = 480 ar.

Yacrota nepeMeHHOro TOKa
© 314

=g =gan=N
IMepuon no dopmyne (28)
1 1
T = —‘f— = E = 0,02 CeK.

OHeprus, pacxolyeMasi B Lend 3a nepuof, no gopmysae (13)
W = PT = 480-0,02 = 9,6 dorc.

HE

KoMGHHALMH TOC/IeNOBATE/NbHOTO M (1apaJ/Ie/IbHOTO  COHHEe-
HHH Pe3HCTOpOB MoKasaHbl Ha puc. 165. B o6oux ciayyasx Bce Ha-
TpsAXeHHs W TOKH Haxo#fATcd B OLHOHM (pase ¢ NPHIIOKEHHBIM

HampsKeHUeM.

Ha puc. 165,a nBa pesucropa R; u R; mo 60 om coelHHEHDI
[I0CNeN0BATE/NbHO, TOK NpH HampsxkeHud ucrouHunka 120 8 pasen
1 a. TlageHue HampsiKeHHS Ha KaXAOM COMDOTHBJIEHHH COCTABHT

60 s.

Takum V06'p83'O'M, TI0OC/I€T0BATE/NIBHO . BKJ/IIQUEHHBIE PE3UCTOPDI

HrPAIOT POJIb AENUTeJ HalPAXKEeHHs.
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[lpun napanjenbHOM BKJIOYEHHH pe3ucTopos (puc. 165,6) ob6a
OHHM HAxXoAATCA MOA HampsixkeHueM 120 8 M TOK B Kax[o# BeTBU
paBen 2 a. O6wuit ToK 4 @, 4TO COOTBETCTBYET CONPOTUBJEHHUIO
30 om nnsi 1BYX BeTBeH.

- - .I =20 |1,=20
1=1a g6 []® vl | Bl e B
600Mm ‘ -
u
i 1 Ol s]] el
1208 600M 2
508 Rz 600M
600m
U7=IR,"GOB
"Uz=IR;=60¢
a 1]
Puc. 165. lLlemu nepeMeHHOro TOKa ¢ AKTHBHBLIMH CONPOTHBJIE-

HHSIMH!
a — nocneaoBaTeNLHOE BKJIOUCHHE; 6 — napajiesnbHae

2, lienb ¢ KaTYWKOH WHRYKTHBHOCTH

Tok u 3.4.c. CcaMOMHAYKHHM B  IeNH
(puc. 166,a) casunytel mo ¢ase. Haubosb-
el BeJHYHMHBI 3.J.C. CAMOMHAYKWHH OOCTH-
raeT B MOMEHTHl I[POXOXKAEHHS TOKa uyepe3s
HyJieBble 3HaueHus (puc. 166,6), Tak Kak B 3T0 BpeMs NMPOUCXOTUT
HauboJsiee pe3Koe H3MeHeHHe ManHUTHOro moroka. Ilpm ammnauryi-

Tok M Hanpsxenue
Ha MHAYKTHBHOCTH

ULLE,
_ N //\\EL u,
Tr’ / , w0,
ﬂ”) “LL_.. L / 360° ‘
0 ,// p \\ lsgb

Puc. 166. Tox B KaTylllke UHAYKTHBHOCTH oTcraeT Ha 90° Bo Bpe-
MeHH OT HanpsMeHHdA, NPUIOKEHHOTO K 3aKHMaM KaTylIKH:

a — cxeMa; 6 — rpaduueckoe H306pajKeHHe HaNpsKEHHWH H TOKa;
6 — BeKTOpDHAas nuarpaMma ¢as3oBbiX COOTHOLIEHHH

HbIX 3HAYeHUAX TOKa 3. 1.C. CaMOHHIAYKUHWH paBHa HYJIO ('B 3TH
MOMEHTbl BPEMEHH IIOTOK He H3M€‘HﬂeTCﬂ).

Hanpasnenue 3.4.c. camounaykuumu Ep cornacHo npasHiy
Jlenna TakoBO, YTO OHa BCEria NpeNATCTBYeT NPUYMHE, €e BbI3bl-
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Balwliel, T. e. NPOTHBOACHCTBYeT H3MeHEHUSAM ToKa. A Tak Kak
nepeMeHHbIH TOK NOSIBJSIETCS B LENH BCJAEACTBHE TOTO, YTO K ee
3aXKHMaM [PUJOXKEHO NepeMeHHOe HalpsiKeHue Uy, 10 EL 6y11eT
NPOTHBOAEHCTBOBATL ITOMY HAIpPSKEHHIO.

B nepsoit ueTBepTH nepuoia, Korja TOK HapacTaeT OT HYJAd IO
HauOGOJBIIEr0 MOJIOKHUTENBHOrO 3HAYeHHs, 3.M4.C. CaMOMHAYKIIHH,
NpenATCTBYA YBEJIHUEHHIO TOKA, H3MEHAeTCH OT HauOGOJbLIEro OTpH-
LaTeJBHONO 3HaueHHs 10 HYJAs. Bo BropoH uyemBepTH mepuoma TOK
yMeHbIIAeTcs H 3. 1.C. CAMOMHAYKIHUH, NPOHAS HyJleBoe 3HaueHue,
CTaHeT MOJIOKUTEIbHON — OHa 6y:LeT npensiTcTBOBaTh yObIBaHHIO
TOKa (MOAMepXKHBAs TOK B LeMH)

f. I-1a X I<4a H1,=Zu =20l
L1 N 2
506 600M
X,
L2
v v Ku 1208
~ ) 1208 ~)i205 B0 s0om
Xy,
608 J60oMm
U,:IXL,"‘GDB 6

»UZ:IXLZ=BOB
a

Puc. 167. Llenu nepeMeHHOTro TOKA C HHAYKTHBHBIMH CONDOTHB-
JIEHHSIMH:
a — TNOC/IeA0BATE/IbHOE BKJIIOYEHHE! 6—napa.n.'lem:,Hoe \

3.1 c. camounaykuuu £p orncraer mo ¢ase ot roka [ Ha 90°
(ueTBepThb NEpHOAA).

Ha puc. 166,68 npuBeneHa BektopHas auarpaMma. OTaoxuMm
BeKTOp ToKa / nmo ropusoHTanbHOH JsuHHH. TTockobKy 3.4.c. camo-
unykund Ep orcraer wa 90° ot toka /, Bekrop Ep Hano oTkuamsl-
BaTh noj yrsom 90° B CTOPOHY OTCTaBaHHs (M0 4acoBOH CTpeJKe),
1. e. Buu3. Ilockosbky HampspkeHue Ha 3axumax Up mpeomoneBaer
wanpsxehue Ep, Bektop U, paBHbil no BeauuuHe BekTopy Ep,
Gyner HanpaBJeH BBepX.

Tok B LeNH ¢ YUCTO HHAYKTHBHbIM CONPOTHBJEHHEM OTCTaeT OT
NPUJIOKEHHOro HanpsikeHuss Ha 90° (Ha yeTBepTh NEpPHOAA) HJIH
Hanpsikenue onepexkaer Tok Ha 90°. Jipyrumu cioBamu, casur ¢as
MEX/]y TOKOM W MPUJOXKEHHbIM HanpsikeHuem paseH 90°.

Takyum 06pa3oM, HHAYKTUBHOCTb KAaTYIUKH, BO-NMEDPBBIX, BHOCUT
JOTOJIHUTENBHOE PEaKTHBHOE CONPOTHBJEHHe B leNb NepeMeHHOro
TOKa, a BO-BTOPBIX, BbI3bIBaeT CABUI (a3 MeXAy TOKOM B LeMH H
PUJIOKEHHBIM HaMpSKEeHHeM.

WMHAYKTHBHOE CONPOTHBJEHHE HHOIAA HAa3blBalOT Ge3BaTTHBIM,
IOTOMY YTO 3HEDPrUst HCTOYHHKA TOKa pacxXOAyeTcs Ha cO3jaHue
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TOJIbKO 3. J.C. CAMOHHAYKUHH, T. €. Npespallaercs B Hepruio mar-
uuTHoro noas. Ilpoucxoaur nonepemeHHbIi OOMEH 3Heprueid Mexny
UCTOYHUKOM TOKA M MATHHTHBIM [OJIEM KaTYUIKH.

Hanpsixkenne Ha 3axumax reHeparopa H KaTyUIKM OLHO H TO
Ke. Mexny sTuMU IBYMS HanNpsIKeHUAMH HHMKAKOTO OTCTaBaHHA
unu onepexkeHuss no ¢ase GuiTb He MoxeT. O6a OHH CABUHYTHI MO
dase Ha 90° no oTHOLIEHUIO K 0oflIeMy TOKY I.

- B cxeme puc. 167 MHAYKTHBHOE CONpPOTHBJEHHE DaBHO aKTHB-
HOMY conpoTuB/aeHHIO puc. 165. Tak kak B 3TOM ciydae HeT R 4
Xc, conporuB/eHuss Xy LeNd MOXKHO CKJaAblBaTb, HENOCPEACTBEHHO.

B cxeme puc. 167,a cymma comporuBieHuH Xy ABYX nocuaeio-
BaTeJbHO COEJMHEHHBIX KaTylleK HHAYKTHBHOCTH  COCTaBJseT
120 om. Tok paBeH | a. [lagenue HanpsKeHHs Ha KaXAOH KaTyllke
60 8. B cxeme puc. 167,6 B KaxaoH napanjenbHOll BeTBH NpoTe-
KaeT TOK 2 a npu 120 @ mpusoxeHHOro Hanps:keHHa. OOLME TOK
cocraBJisieT 4 a. Tok 4epe3 KaTyIIKy C CONpOTHB/IeHHeM X OTcTaer
OT HampsKeHHs HA KaTyuwke Ha 90°,

3. lenb ¢ nocnenonarenbuﬁ COBAHHEHHbIMH KaTYWHKOH W pe3u-
cTopom .

enb MepeMeHHoro toka ¢ OAHUM HHAYKTHBHbIM COMNPOTHBJ/IE-
HHEM IMPaKTHYECKH MOJYYHTb O4YE€Hb TPYyAHO; B UeNH Bceraa HMeeT-

1,1

G ~——
Tl '
R=1000# 1001, \/
L .
100 . .
\]0 180" 2707 360"
h UL
\/ t
100

XL= 100 om

141 {Y
100 .
/\ p25* / ¢=90
45" 135 270° I Ug
100
141

a 6 8

Puc. 168. Llenb ¢ Xz u R, BK/AIOUEHHbIMH MOC/€I0BATENbHO:

a — cxema; 6 — rpacduyecKoe H3o6pakeHHe TOKa H HaNpPSKEHHH; 8 — BEKTOpHas AMarpamma
$ha3uBbIX COOTHOLIEHHIY

Csi U aKTHBHOE€ CONPOTHUBJIEHHE (eCJIH_ HET CHeLHaJbHO BKJIOYeH»
HOTO, TO CONpOTHBJEHHE KAaTyWKH WU COEAHHHUTEJBbHBIX MPOBOJAOB)?

Korza B Lenb MOC/Ael0OBATeNbHO BKJ/IOUEHBbl KaTyIIKa H De3H-
crop -(puc. 168,a), TOK B lelH OXUH M TOT XKe H OrpaHUYHBAETCS
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OH HHAYKTHBHBIM Xp WM aKTHBHbIM R conporuBienusamu. [lagenue
HampsiKeHuss Ha pesucrope paBHo /R, Ha xarymke — [X;.

ITanenne Hanpsikenus Ha Katywke U, omepexkaer Tok [ Ha
90°, a Ha pesucrope Ug coBnazaer no ¢ase ¢ Tokom /.

Tok u Hanpsi>KeHHe MOryT H3MepATbcs B AelicTyrouleM (opel-
HEKBaJIpaTHYHOM), aMIVIHTYAHOM MJH MrHOBEHHOM 3HauyeHHH.
HOns yno6ctBa cpaBHEHHs AaMIIUTYA Mbl Gygem H3MepsATh HX
B AMIUIMTYAHBIX 3HAYEHHUSIX.

[Manenue Hanpsixkeuus Up coBnazaer 1o
¢ase ¢ TOKOM, a NOCKOJbKY TOK OTCTaeT 0

Ur orcraer

or Uy, Ha 90° ¢dase or namenus Hanpsxenus Up Ha 90°,
Takoe Xe OTcTaBaHHe No ¢dase HUMeeT M Ha-
npsixxenue Up. -

BBuay Toro uto B KaTyliKe U Pe3UCTOPEe B [OCJeJ0BaTeNbHOH
uend MNpOTeKaeT OAHHAKOBBIH TOK, ero M GepyT 3a HCXOAHYIO
BeJHYHHY (32 Hauajo OTcyeTa) Il onpefedeHusi (as3oBHIX cO-
oTHouweHu# (puc. 168, 8).

B pesyibrare c/ioXeHUS IBYX HanpsiKeHUI
Cnoxenne nanpaxennit Up ¥ Uy (puc. 168,6) moayyaercs BeqHuuHA
Ur n U, npujoXKeHHoro HamnpskeHus U reHepartopa.

OBa amnurynubix 3HaueHus Up u Up, Kax-
noe no 100 8, B cyMMe DalOT aMIIMTYAHYIO BeauuuHy 141 8 BMecTo
200 e u3-3a cxsura no ¢dase Ha 90°. Hanpumep, korna Ur=100 s,
to UpL=0 u, cnepoBatenvno, U=1008. To ke camoe, korga U=
=100 8, a Ur=0, o U=100 8. Beauuuna U mMakcumajbHa
(141 6) mpu ycaoBuu, yto Kaxkjaoe Hanpsikenue Ur u Uy pasHo
70,7 s.

ITpu Hanuuuu pasHocTH Gas MexAy ABYMS MOC/I€10BATENbHBIMH

NajeHUsIMH HaNpsKEHHA CKAaAbiBaTh WX apudMeTHYecKM HeENb3s.
[TocTpouM MOJMHYI0 BEKTOPHYIO IHArpamMmy
Bektopuas amarpamma  (pHC. 169) nas uenu ¢ Xp u R.
OcHoBHOe Ha3HaueHHe BEKTOPHOH [ua-
DPpaMMBbl — YCTAHOBHUTb CBfi3b M€XAY TOKOM B llelld M HalpskKeHHeM
Ha ee 3aXKUMax.

O1/oxkuM BeKTOp ToKa | MO rOpU30OHTAJH, TOTAA BEKTOP 3. I.C.
camounaykuun Ep HyXHO oTnoXuTh BHM3 mox yraom 90°. Ilanemue
HaNpsKeHHs] Ha KaTyllke WHAYKTHBHOCTH, HeoOXOauMoOe IJs Tpe-
oJoneHust HanpsikeHuss Ep, Bbipasurcs Bekropom Up, KOTOpbIH yHc-
JIEHHO paBeH BeKTopy Ep, HO HampaBjeH B NPOTHBOMOJIOXKHYI CTO-
POHY, T. e. BBEpX.

Kpome toro, 6ymer npoucxonuTh najeHde HanpsixkeHus Up Ha
pesucrope. Bekrop Ugr paBed npousseneHui0 Bektopa / Ha BesH-
YUHY aKTHBHOIO CONMpOTHBJAeHHs pesucropa R; Uy coBmajmaer 1o
Hanpas/JeHHI0 ¢ BeKTopoM Toka. Otnoxum B Macmitabe HampsixKe-
HHH 3TOT BEKTOD.

Teneps, uTo6bl NONYYUTH HAMpSKEHHe HAa 3a)KUMax HCTOUHHKaA,
JOCTATOYHO CJIO0XKHTb reoOMeTPHYECKH NajleHHs HampskKeHUH Ha Kas
Tywke HHAYKTHBHOCTH Up # pesucrope U
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Bekrop U, mosyuusmuiics Kak reoMeTpuueckas cymMva BEKTO-
pos U u Up (auaroHanb npsiMoyrosibHHKa, MOCTPOEHHOTO HA 3TUX
BeKTOpax), ABJAsAETCH HanpsIKeHHeM Ha 3axkuMax uenu. Tok or-
craer no ¢dase or Hanpskenus U Ha yroa ¢ (cmBur ¢das paseH ¢).

Bwmecto [NOCTPOEHUA nosiHOH BeKTOpHOH llHaI‘paMMbI

06bIYHO

CTPOAT TaK Ha3biBaeMblil TPEYroJbHHK HanpskeHui (puc. 170).
DTOT TPeyroJbHHK NPAMOYro/bHBEIA. Ero KaTeThl MpOMOPILHOHAVIb-
Hbl NaleHHi0 Hanpskedns Ha aktuBHOM (Up=IR) n HHIYKTHB+

HOM (UL=1XL)

UL r -— .U
|
o I
i |
SAY
Ug &
£

Puc. 169. Bexkrop-
Hasi [uarpamMma ue-
Ny nepeMeHHOro To-
Ka C aKTHBHBIM H
HHIYKTUBHBIM  CO-
[IPOTHBJIEHUSAMH

CONPOTHBJACHUNAX,

=1XL

U,

UR=IR

Puc. 170. TpeyroJs-
HHK  HampsiXKeHHil
/A UeNH nepemeH-
Horo Toka ¢ R u L

a THUIIOTEeHYy3a — HaTpAXEHHIO

Ha saxumax uenu (U=IZ), rne Z — nonHoe cONPOTHBJIEHHE LEMH.
[To teopeme ITucdaropa u3 TpeyroibHHKAa HANpsIKEHHH MOJY+

yaeMm

OTKy1a

U =U + U2 = PR + IPX2,

=V IR + 12X =

VER+ X)) =IVR + X:.

Halinem, uemy paBHsieTCs BeJIHUYHHA TOKa:

=Y

Vre+x

(60)

Dra ¢opMyna Bhipaxkaer 3akoH OMa JAJs Lend nepeMeHHOro
TOKa C HHAYKTHBHBIM M aKTHBHBIM CONPOTHBJEHHSMH.
BenuuuHa, crosillas B 3HaMeHaTesle, H €CTb MOJAHOe COMpOTHBS,
JenHue uenu, o6osnadaemoe G6ykBoit Z. Toraa

U=1Z,
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rae

Z=VRF+X:=VR + (oL} =VR+ 2=fL}*.  (61)

Ecin pasgenuth KaAyl0 CTOPOHY TpPEyroJibHHKA Ha BEJHUHHY
TOKa [/, To MOJIyYUM TaK Ha3blBaeMblfi TPEYroJIbHHK CONPOTHBJIEHUM
(puc. 171). Karterbl 3TOro TpeyrosbHHKa MpPONOPLUHOHANbHB COOT-
BETCTBEHHO AKTHBHOMY M HHAYKTHBHOMY CONPOTHBJIEHHSM, a T'HIO-
TeHy3a — MOJIHOMY COTIPOTHBJIEHHIO.

TpeyrosibHHK HanpsiKeHHH NPUHUMNKAJIBHO OTJIHMYAETCS OT Tpe-
yroJbHUKa CONPOTHBJEHHH TeM, 4TO CTOPOHBI MEPBOTO SBJSIOTCS

BEKTOpaMH, T. e. rpadHYecKH H306paKkaloT BeSTHUHHB,
CHHYCOHAA/IbHO H3MeHslolHnecs Bo BpemeHH. Corpo-

& THBJIEHHS BO BPeMeHH He H3MeHsoTcsl. TpeyroJibHUK
XL.  CONpPOTHB/IEHHIl WJNIOCTPUPYET MAaTeMaTHYECKOE COOT-

' HOLIeHHe MeXAY CONDOTHBJIEHHAMH B LENH NepeMeH-

R HOro TOKa.

CaBur a3 Mexay TOKOM M HampsiKeHHeM OGbIYHO

Puc. 171" BbipaXKaloT He B rpajycax, a B BHIe OTHOLIEHUS

Ig:ggf:;;‘e”_“ aKTHBHOTO COMPOTHBJIEHKES K [OJIHOMY CONMPOTHBJIEHHIO
Hnit prsuenn  LETMH MEPEMEHHOTO TOKa:

nepeMeHHOT0
Toka ' Rt L COS‘p=~§—= ——-—-i__ (62)
Vrei+x

COOTBETC‘DBYIOLLLI/H”{ HaﬁﬂeHHvO‘My 3HAYEHHUIO CHHYCa HJH KOCH-
Hyca yros onpenesisieTcsi N0 TPHIOHOMETPHYECKUM TabaHLaM.

CH‘Hy-C KU KOCHHYC HE€ 3aBHCAT OT MAJHHBI KAaT€TOB H THIIOTEHY3HI,
a 3aBUCAT TOJIBKO OT BEJHYHHBI yIJia o.

Has wauwero caydasi (puc. 171) oTHOLleHHWe aKTHBHOTO COIpO-
THBJIEHHSI R K MOJIHOMY CONPOTHBJAEHHIO Z H eCTb COS¢ (KOCHHYC
yraa o).

Mpumep 80. Kartyumika ¢ HHAYKTHBHOCTbIO L=60 Men u conpoTHB/IeHHeM
R=80 om nojxiioueHa K HCTOYHHKY ToKa HanpsikenneM U=120 a. Onpegenuts
TOK B LeNH H yroj cABHra a3 MexXIy TOKOM M HanpsiXKeHHeM, ecAM yIioBas

yactoTa Toka w=1000 1/cex.
Pemwenne HHLyKTHBHOe conpoTHB/EHHE

oL =1000:0,06 = 60 on

(MHAYKTHBHOCTb Bblpaxkaercss B reHpu: L=60 men=0,06 2n).
ITonHoe conpoTHB/IeHHe KaTyWKH nmo ¢opmyne (61)
Z=V R+ (oL) =}/ 802 + 60t = }/ 10000 = 100 0.
Tok B uenu no ¢opmysae (60)
U 120

1=7—r.0—1,2_a.

Kocunyc yrna capura ¢as no dopmyse (62)
R 80
Z 710

Vroa casura a3 Mex7y TOKOM M HanpsiKeHHEM HaXoAuM u3 tabauubl. [as
cos ¢=0,8 yron ¢=36°50".
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Ha puc. 172 npuBeieHbl TPeyroNbHHK HaNpsKEHUH U Tpeyrofb-
HHK COMPOTHBIEHHH A8 Lenu puc. 168, a.
O61wee HampsKeHHe

U = )/ 1002 + 1002 = }/ 20000 = 141 .

O61ee conpoTuB/eHue
Z =}/ 100% + 1002 = /20000 = 141 o.

Tok B uenu

S

= S s
" N S
< 7

= v s
s A )

Ug=IR=1008 R=1000m
a i

Puc. 172. Croxenne BEKTOPOB ABYX COCTaBJSIOLIHX,
CABHHYTBHIX No ¢a3e Ha 90°

a — TPeyroNbHHK HAADSXKEeHHH A UenH NepeMeHHOro TOKa
C NOC/e0BaTeNbHO BKJIOYeHHBIMH R H L; 6 — TPeyroJbHHK
CONMPOTHBJIEHHR AnNs 3TOft uenu

Casur (a3 Mexay HalpsiXKeHHeM reHepatopa U TOKOM UENH

—_ = = ‘= 45°
COSP=— =1 0,707, t. e. = 45°,

WU (M3 TPEyroJibHMKa COMPOTUBJEHHH)

Uem Gosbllle HHAYKTHBHOCTh B [OCJeA0Ba-
CooTHoweHHe TeqBHOH Uend, TeM OoJiblie BeqHunHa X 0o
mexny Xp n R cpaBHeHHl0 ¢ R. dto o3HauaeT, YTO GoJibllee

najeHue HampsKeHUs MPUXOJUTCS Ha HHAYK-
THBHOE COMpOTHBJAeHHe U (Da3oBbll yroam npubamxkaercs Kk 90°.

B rta6a. 7 npuBeldeHbl 3HaueHHsl OOlLero comnpoTusaeHHs H ¢a-
30BOM0 yrja /s HEKOTOPbIX cooTHolleHHH R u Xp.

ITpu orHowenun Xp:R=10:1 uenb npakTHYECKU Bes UHAYK-
tuBHasa. Pa3oBblfl yrosa, paBHBI 84°, HeMHOro otauuyaercs ot 90°.
O6uee compoTHBAeHHe Z NPaKTHYECKH DaBHO HHAYKTHBHOMY CO-
TNpOTUB/IEHHIO Xy, a NMajeHHe HANPAXKEHWA Ha KaTyIUKe WHIYKTHB-
HOCTH — NpHJI0KeHHOMY Hanpskenuio, HaoGopor, koraa R B 10 pas
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Ta6anua 7

. R owu X,, on Z, oM 9, °
1 10 Y101 = 10 84
10- 10 V200 = 14 45
10 1 V10l ~ 10 6

»
Gonblie Xy, uenb riaBHbIM 0o6pa3oM akTuBHas. TOK HMeeT MOYTH
Ty Xe ¢dasy, yTo W npuaoxKeHHoe HampsiKeHue. OOllee conpoTus-
Jenve Z npu6IH3HTENbHO PaBHO R W NmajeHHe HaNpskKeHUS HA-3TOM
CONPOTHUBJIEHHH MOXKHO CUHTAThb PaBHBIM TPHUJIOKEHHOMY Hamps-
KEeHHIO.

HOas  cayuasi, korpa Xp=R, o6uwee conporusjiedue Z B
1,41 pasa Goablue Kaxkgoro u3 Hux. [Ipu 3ToM ¢asoBblit yroa pa-
BeH 45° T. e. OH HAXOAUTCS MOCPENHHE MEXKAY HyJeM [IJs YHCTO
akTHBHOro conporuBiaenus u 90° 11s HHAYKTHBHOTrO.

4. llenb ¢ napannenbHo COBAHHBHHLIMH KaTYWKOA H PeSHCTOPOM

Jlns napansnenbHO COeNMHEHHBIX KATYIIKH HHIYKTHBHOCTH H
peaucropa ¢asobift yron B 90° ans X; HyXKHO paccMaTpHBaTh B
U
100

100 {
10 1l

"<

. 101,
Ig=10a | I,=10a 270° 360° U Ir

=-90°
q\) R=10om| |X,=100 m \ ¢
U=1008 14 1 lobw
logw=Ma /\225 270° I,
lD \\/
14 1
a 8

Puc. 173. Llens ¢ X ¥ R, BK/IIOYEHHBIMH NapaJjiebHO:

@ — cxeMa; 6 |- rpaduueckoe H306pakeHHe HaNpsKEHUS H TOKOB;, 8 — BEKTODHAs JHa-
rpaMma ($a3oBbIX COOTHOIUEHHH

10 \/
/\

OTHOLIEHHH TOKa HH}.lyKTlfIBHOﬁ BE€TBH (BMECTO najgeHud Hanpaxe-
HHA MPH Noc/iefoBaTeJIbHOM BKJIlO'-leHI/IH).
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. B napanneabnoil uenu (puc. 173,a) HampsikeHue Ha 3aKuMax
reHepaTopa, KaTylUIKM ¥ De3ucTopa OZHO M TO XKe, N0O3TOMY CABHra
¢da3 mexnay HuMH ObiTb He MmoxeT. ONHaKo KaXnasi BETBb HMeeT

o U Y
CBOH TOK: aKTHBHafA —/p= —-, unAyktHBHag — /[, =—5—. Tok B
L

nepBOH BETBHM HMeeT Ty ke (asy, uTo H HaIpsXKeHHe TeHepaTo-
pa U, TOK BO BTOpPOH BeTBH OTCTaeT OT HanpsikeHHs U, MOCKOJBKY
TOK B KaTyllKe WHAYKTHBHOCTH OTCTaeT OT HaNpsSXKeHHd Ha ee 3a-
kuvax Ha 90°

Tox HepasBeTBJEHHOM YacTH LeMH COCTOMT H3 TOKOB [p u Ip,
cABHHYTHIX mo (ase Ha 90°. BekropHas cymma TOKOB BeTBeH [ U
I, paBHa o6leMy TOKy B uenH /o6 lo=100

Ha puc. 173, 6 BekTOpHasi cyMMa TOKOB R
Ig v I (no 10 a kaxawit) paBHa 06-
wemy ToKy losm=14 a. 31ecb TOKH BeTBei
CK/J1aJbIBAIOTCS BEKTOPHO, TaK KaK OHH [P

o o dofw =10

CABHHYTH no ¢ase Ha 90° B mapaJienbHOH T
BETEH aHAJIOTHYHO MAaJeHHI0 HaNpsXKeHHUH, 0w = VIR
caBHHYTBIX mno ¢ase Ha 90° B mocne- ' .
foBaTeqbHOH uenu. B mamHOM cayuae  PHe. 174 BekropHbi tpe-
(puc. 173,8) HMCXOAHBIM BEKTOPOM CJYXHT ¥£?;1b:0HK¢;‘:;(O}{Bé Q%BH;XE
HanpsxeHde U, NockoJbKy O0HO oOlLee. NapaeabHOf LenH
BexTtop Toka [; uaer BHH3, T. €. H3obpa-
XeH ¢ oTpuuarteabHbiM yriom 90°, MOCKONbKY OH OTCTaeT OT BeK-
topa U. '

OO6uiuit TOK MOXHO NOJACYMTATb M3 BEKTOPHOTO TPeyroJbHHKa
TOKOB (pHc. 174). Pacuer Beiercsi B aMMJHUTYIHBIX 3HAyeHHAX.
O6uruit Tok

Low=VE+E. (63)
[ns 3HaueHHH TOKOB, MPUBEJEHHBIX Ha puc. 174,
I = V102 +102=) 200 = 14,1 a.

Yro6bl ompenesuTh ofllee COMPOTHBISHHEe Z
OGuwee conpoTuBienne  l1apasiyieibHO BKJOUeHHBIX X M R, Heo6xo-

IMMO IIORCYHTATb OOIWHH TOK [opm. 3HaA
NPUIOKEHHOE HampsiKeHHe, TOJTyIHM

U
Z= .
Iodu.v.
Onpenemrdm Z Ans LenH, npuBeaenHoll Ha puc. 173,a. Hamps-
xenne U=100 8, o6uuit Tok loem=14 a (Tounee, 14,1 a). Cneno-
BaTeJbHO,

_3T0 CcONMpOTHBJEHHE, MOAKJIOYEHHOe K TreHepaTopy, NpeacTaB-
nser coGoit obllee NMPOTHBOJEHCTBHE, OKa3biBaeMoe TOKY mapal-
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AeJbHON: Uenbio, coctositiell 3 R=10 om n X, =10 om. IIpu pas-
HbIX BequunHax R u X, OHO paBHO He MOJIOBHHE OJHOTO H3 HHX, a
70,7%. :

ITpn moacuere o6luero conpoTHUBJEHUS MapanjebHOH LUenu Me-
TOAOM OGILEer0 TOKa MOXHO NPOW3BOJIBLHO B3SiTh JIOOYI0O BEJHUHHY
NPUTOKEHHOTO HanpsixKeHHs1 (cM. ra. 3, pasden 2), HO Jyulle, ecaH
oHa Oyfer paBHa 3HaUeHHIO HaHGOJbLIErO COMPOTHBJEHHS, YTOOBI
n36exaTb ApOOGHON BeJHUHHBI TOKa.

Mpumep- 81. . TlogcuntaTe o6llee COMPOTHBJIEHHE Mapa//e/bHOR LenH ¢
R=600 on u X1 =300 om.
Pewenune, Bo3bMem Hanpskenue reHepatopa paBHbiM 600 8. Toraa

600 _ 600 ,
R=go =1l =30 =24

106m=V,%?+,§.—.V1+4=VT=2,24 a.

Orcioaa

U 600
__m_m_QGB oM.

B uenu, cocrosilled H3 mapassenbHO BKJIO-
dasosblit yroa YeHHBIX KaTYIIKH H pe3ucTopa, ¢asoBbiit
YyroJl ¢ ecTb yrosa ciaBura no ¢ase mMexny oo-
UM TOKOM logw W HampskeHuem renepatopa U. Tlpusoxenusoe
Hanpskenue U u TOK /g BETBH C aKTHBHBIM COMPOTHUBJIEHHEM HaXO-

adarcs B pase, MOITOMY BMECTO ToKa [ MOXKHO paccMaTphBaTh Ha-
apsikenune U. Uepes Kocuuyc ¢asoBblii yros Bhipaxkaercs

1

R (64)

‘_loéu.x ’

COS @ =

3uak «MuHYC» nepel /osm MOKa3biBaeT, 4To ¢a3oBbI yroa cie-
IyeT OTK/JIaAblBaTb MO 4acOBOH cTpesnke (Y4TO O3HAYaeT OTCTaBaHHe
no ¢ase), T. e. BAH3 OT HYJ/eBOH, HCXOAHOH, (ha3bl. )

UtoObl onpenenuTb ¢, He BHIYHC/AAS OOLIErO TOKa, MOXKHO MpH-
MEHHUTb (OpMYJy TaHreHca :

—[L
lgo= Ty (65)

Ha puc. 174 dasoBwmift yron paBen —45° nockonbky —Ip=Ip.
Orpuuatenbublii ¢as3oBelfl yros TeM MeHblle, YeM GOJbIIe HHAYK-
THBHOE CONpOTHBJeHHe X; B MapaJjeNbHOH BETBH, MOCKOJBKY TOK
HHIYKTHBHOH BeTBH yMeHbllaeTcsl.

B rtabn. 8 npuBeneHsl 3HaueHus oOLIEro €o-

CooTHolweHue NpOTHBJEHUss H (as3oBoro yriaa Ajs HeKOTo-
mexny Xp uR puix cootHowenu#t Xp u R (npu U=10 8).
Korpna X B 10 pas Gonbuwe R, To mapain-

JeqbHas LeNb NPaKTHUYECKH aKTHBHAf, TaK KaK HHAYKTHBHBIH TOK
B uenu MaJj. OGuiee conmpoTHBJeHHe NApaJJebHOH Lenu npubJH-
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Ta6anna 8

1 [05 , a Zoﬁu.l =5, o
R,om | X 1o OM IR, a Iz,’ a (npn 6’[":;“”“0) Togw ?,
oM
1 10 10 1 }/ 101 = 10 1 —6
10 10 1 1 Vz=".4 7,07 —45
10 1 1 10 Y 1o1=10 1 —84

3UTEJbHO PABHO AKTMBHOMY CONMpOTHBJIeHHIO. Pa30BbIH yros MOXHO
CYUTaTh DABHLIM HYJIIO, MOTOMY UTO MOYTH Bechb OOILHI TOK COCTaB-
JisleT TOK aKTHBHOH BeTBH. [lo mepe ymeHbluieHHss X; TOK B HHAYK-
THBHO! BemBM yBenuuuBaercs. Korma X npuGamkaercs k 1/10 Be-
JHYHBl R, OOLIHil TOK cOCTaB/se€T B OCHOBHOM TOK WHIYKTHBHOH
BerBu. [lapanjenbHass lenb CTAHOBUTCA HHAYKTHBHOH C 0O6IUM
CONMpOTHBJIEHHEM, MPAaKTHYeCKH paBHbIM X;, a ¢dasoBblft yroa—
okos0 90°, MOCKOJIBKY OOLIMH TOK — rJaBHbIM 00pasoM HHIYKTHB-
Hoiii. CpaBHHTE 3TH BBIBOIBI C BBIBOJAMH [JS I10C/TI€L0BaTeNbHOH
uenu (taba. 7).

IMpu Xp=R Toku BeTBel paBHbI M ()a30BHI yroa COCTaB-
asiet 45°, )

5. Konpencartop B uenu nepemeuuéro TOKa

B cxeme puc. 175 cunycouaanbHoe Hampsaxe-
Tox M HanpskeHue HUe Uc, MPHUJIOKEHHOE K 3a>XXHMaM KOHIAeH-
Ha KOHJeHcaTope caTopa, CO3[aeT MepeMeHHBIl TOK 3apsiga H

paspsina. Hanpsaxenue Uc=U B ni060it Mo-
MEHT BpeMeHH.

Korga U ysemnunBaercs, KoHIeHncaTop 3apsikaercs u Uc Bo3-
pacraer no BeauuuHbl U, a xorga U ywmeHbllaeTcsi, KOHAeHCATOp
paspsikaercss U Uc ymeHbllaeTcsl, TaK YTO PaBEHCTBO HaTPSAXKeHHH
onsith coxpausiercs. Korga U He u3MeHsieTcs, TO HeT TOKa 3apsja.
UM paspsna. ,

B nepByio uyerBepTb mnepuoma (puc. 175,a) mnpunoxeHHoe Ha-
npsixkeHue U yBenuunBaercs, 3apsixKas KOHISHCATOp C yKa3aHHOH
noasipHocTblo. TOK TeueT OT MOJIOXKHTEJbHOTO 3a)KMMa HCTOUHHKA,
cosfaBas TOK 3apsila B HalpaBJeHHH, NOKAa3aHHOM CTpPEJKOH.

Bo BTOpylO uerBepTb nepuoxa (puc. 175,6) Hanpskenune U
yMeHblIaeTcs, NPOMCXOAHT pa3psAl Kouuaercatopa. Tok paspsnga
IpoTeKaeT OT TMOMOKHTeNbHOH TNJNAaCTHHBI KOHAeHcaTopa uepes
MCTOUHHK HaNpSXKEeHHs K OTPHLATeNbHON MJIAacTHHe, T. €. MPOTHBO-
N0JIOKHO HanpaB/JeHUIO,TOKA 3apaaa.
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B tperbto uerBepTh nepuona (puc. 175, 8) nanpsixenue U onsith
yBe/nuMBae(Csl, HO yxe B HANPAaBJEHHH, IPOTHBONO.I0KHOM MEPBO-
HauajbHOMY. KoHmeHcaTtop 3apskaercss ¢ 06paTHOH MOJSIPHOCTDIO.
Tok 3apsiza uMeer To Ke HampaBJieHWe, YTO U TOK paspsiia BO BTO-
PO YeTBEpTH MepHOA.

Hakonen, B mocsnenHiolo yerBepTb mepuoaa (puc. 175,2) ortpu-
LiaTenpHOe MpHJIOKEHHOe HampsiKeHHe yMmeHbliaercs. KoHnaeHcaTtop

—_— . —— .
[, l i
+ - +
/\\ ¢ |, I,/‘\ ol s
\ , v=ue = , U ==
A\ AN !
— o\ oM l
T L
0 ]
RE [
/ \\ el - I’ \\ c
\/" ¢ T+ \\\/ +
+ + |
[ L [ 1
8 2

Puc. 175. Tok 3apsiza u paspsiza KOHjJeHcaTopa:

a — nanpsAXeHHe, YyBEJHYHBASICL B OJHOM HamnpaBJleHHH, 3apsdxKaeT

KOHJeHcaTop; 6 — KOHAEHcaTOp pa3psiKaercs, Mo Mepe TOro Kak Ha-

npsi>keHHe YMCHbUIAETCHA; 6 — Hanupsikeliue yBEJIHYHBAETCst B APYyrom

HanpasJieHHH, MPOHCXOAHMT 3apsAJd KOHAEHCAaTOpa B HDOTHBOI‘IO.HO)KHOR

NOJIADHOCTH; & — KOHJeHcaTop pa3psixaeTcs, 110 Mepe TOro Kak o6par-
HOe HanpsXeHWe yMeHbllaeTcs

paspsxKaeTca B TOM XKe HalpaBJeHHH, 4TO W MNpH 3apsile B mep-
BOM 4eTBePTH NepHoja.
[Ipu cuHycOHZA/JbHOM TNPHUJIOXKEHHOM Hamps-
Casur a3 mexny XEHHH B ULEMH C KOHAEHCATOPOM CO3[aercs
Uc nlc 90° mepeMeHHBI TOK 3apana u paspsanma. Ha
puc. 176,a npuBegeHa cxeMa BKJ/IOYEHHUs
KOHJeHcaTopa, a Ha puc. 176,6 —rpaduueckoe u3obpaxKeHue TOKa

U HanpsxeHus. Beauuuna toka [o= 5

PaccmorpuM, Kak cOBuHYTH 10 dase Tok ¢ u Hanpsikenue Ue.
[Tpn BK/IIOYEHHM HCTOYHHKA HaNpsikKeHHs, KOTAa KOHJEHCATOp He
3apsikKeH, TOK B Lenu MakcumasneH. I[To Mepe 3apsiza KoHzeHcaTopa
TOK yMeHbllaeTcs, H# B MOMEHT HauGO/bIIET0 HaNpSi)KEHHUs OH pa-
BeH Hyqo. [Ipu yMeHbIIEHHH HaNpsXKeHHS B MOJIOXKHTEJIbHOM MOJY-
nmepuoje HampaBjeHWe TOKA B LeNH MeHseTcss Ha ofpaTHoe H T. i.
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Taxkum o6pasoM, TOK W HanmpsKeHue CABHHYTHI no ¢a3se Ha 90°,
IIOCKOJIbKY MaKCHMaJlbHasi BeJMYHHA OJHOTO COOTBETCTBYET HyJe-
BO# BesmnyuHe apyroro. Tok /. onepexaer nanpsikenue U, ua 90°,
MOCKOJIbKY MaKCHMYM TOKAa HacTynaeT Ha YeTBepTb NepHOAA paHb-
LIe MaKCHMyMa HampsiyKeHHs.

‘Ha puc. 177 npuBeneHa BekTopHass auMarpamma. BekTtop TOKa
I¢ u306paxeH COBNAJAIOLHM C TOPU3OHTANbBHON JIHHHEH. Bexkrop

——
e
le
O bi
I
po—
a

R

Japad | Paspnad

Pa:;pfé‘ : 2pnd 3P A
[ | - e | Faag
0 \

Puc. 176. Toxk onepexkaer HanpsixeHHe Ha 90° B uenu nepe-
MEHHOTO TOKa C €MKOCTbIO:

a — nepeMeHHoe HaNpsi)KEHHe NPHJIOXKEHO K 3a)XXUMaM KOHAeHca-
Topa; 6 — rpacduueckoe H3o6pakeHHe cABHra no dasze Mexay
TOKOM H HanpskeHHeM

HanpsikeHus U Ha 3a)XKMMax HCTOYHHKA HanpaBjeH BHU3 MO YIJoM
90° x BekTopy TOoKa [c. Bekrop Hanpsikenus Ug Mexay oGKaaz-
KaMH KOHJeHcaTopa, paBHbIl 0 BesnnuuHe BekTopy U, HO mpoTmHBO-
N0JI0OXKHBIA eMy N0 HanpaBJeHUIO, OTI0XKeH BBEDX.

Hanpsixkenne, BO3HHKalOLlee. Ha 3a)XXHMaX KOHJeHcaTopa, Bo-
MepBbIX, BHOCHT JOMNOJIHHTENbHOE CONPOTHBJEHHE B Lellb NepeMeH-
HOTO TOKa H, BO-BTOPbIX, BbI3bIBAeT CHABUI (a3 MeXKIYy TOKOM B LieMH
U NIPUJIOXKEHHBIM HamlpsKeHHEM.

EMKOCTHOe CONpOTHBJEHHE YacTo Ha3blBalOT Ge3BaTTHLIM CO-
MPOTUBJEHHEM, TaK KakK Ha €ro npeojoseHHe HUKAKOH MOLIHOCTH
He 3atpaunBaerca. [IPOHCXONHT monepeMeHHblii 06MeH 3Hepruei Mme-
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KAy HCTOYHHKOM TOKA H 3JIEKTPHYECKMM ToOJeM KOHIeHcaTopa.
B nepByio ueTBepTb NepHoia IHEPrHs NepegaeTcss OT HCTOYHHKA
KOHIeHCcaTopy, B KOTOPOM OHa 3amacaercs. Bo BTOpylo ueTBepTh
9Heprus MOCTyNaeT W3 KOHAEHCcAaTopa B HCTOYHHUK (He cyMTas Io-
Tepb Ha HarpeBaHHe MPOBOAOB). B TpeTbio yeTBepTh ONATH Mepe-
JdaeTcsd OT MCTOYHHKA TOKa K KOHJeHCaTopy H, HaKOHell, B YeTBep-
TYIO YeTBEPTb — OMNSATb K UCTOUHHKY.
Ug Hanpsikenne Ha 3axumax reHeparopa
H KOHJeHcaTopa OJHO H TO Xe. Mexnay
3THMH IBYMSl HaNpSDKEHUSMH HHKaKOro

90° OTCTaBaHUSl WJH OlepexeHUs mno ¢dase
\ - 6biTh He MoxeT. OHH o6a CABHHYTBHI MO
J Le tase Ha 90° Mo OTHOLIEHHIO K TOKY /¢.

Y= B cxeme, noxasadHo#i Ha puc. 178,

€MKOCTHOe COMNpPOTHBJEHHE KOHIEHCAaTOpOB

pPaBHO aKTHBHOMY COIMPOTHBJIEHHIO pe3HU-
U cTOpOB cXxeMbl puc. 165. Ilpu To# xe Benu-
Puc. 177. Bexropuasi aua-  IHHE NMPHJIOXEHHOTO HATpSXKEHHS obe uenu
rpaMma LenH nepeMeHHoro HUMEIOT OJAHHAKOBBIM TOK, NMOTOMY YTO KOH-

TOKa ¢ eMKOCTbIO JeHcaTop AeHCcTByeT aHaJOTHYHO Pe3UCTOpPY

B OrpaHHYEHMHM TOKa H B CO3[JaHHUM Maje-
HUS HaNpsXKEeHHUS.

PeaktuBnoe conporusnenne X¢ co3maer cABUr no dase Mexay
TOKOM u HanpsokeHneM. OIHaKOo, MOCKOJbKY OHO OZHOPOJHOE
(Tosbko emkocTHoe, 6e3 R u X.), Beauunnnl X¢ (puc. 178) wmoryr
CKJIaAblBAaTbC HENOCPEACTBEHHO, KaK U aKTUBHble CONPOTHRJEHHS.

— 7——‘4—’ W1=207 1,-20){}
I=1la Xer =4a
[——’
608 == L
U — Y Xcr Xez
~izgs —xe “’) T 10 ==
" 608 :I: . 600m 600M
600M )
=[Xg =608 6

UZ=[XCZ= 608
a

Puc. 178. llenn nepemeHHOro TOKa C €MKOCTHBIMM COMpOTHBJE-
HUSIMH:
a — nocnenoBaTeNbHOE BKJIIOYEHHE! 6 — napasnanejpHoe

B cxeme puc.: 178,a uepes ABa nocjefoBaTesbHO BKJIOUEHHBIX
KoHJIeHcaTopa ¢ o6muM compoTusjeHdeM 120 om mnpoTekaer - TOK
1 a. Ilapenue HanpsKeHUs Ha KaXIOM KoHaeHcaTope 60 sa.
B cxeme puc. 178,6 K 3aXnMaM MapasielbHO BKJIOUEHHBIX KOH-
Aexcatopos npunoxkeno Hanpskedue 120 8. Tok B KaXJ0H BeTBH
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paseH 2 a, a of6wuit ToX 4 @, 4TO COOTBETCTBYeT OOLIEMY eMKOCT-
HOMY conporuB/eHno 30 o nmpu napajsielbHOM COeAHHEHHH [BYX
KOHJEHCATOPOB C COMPOTHBIAeHUsIMH M0 X¢=60 om. Hanpsixenue
Ha mgéo.vl KOHJeHcarope OTcTaeT OT TOKAa 3apsila WM paspsaia
Ha 90°

6. Uenb ¢ nocnemoBaTenLHo COGAHHBHHbIMH KOHAeHCaTOpOM
H pe3ncTopom

Korna B umenb moc/iefoBaTeNbHO BKJIOUEHbl KOHAEHCATOp H pe-
suctop (puc. 179,a), ToK B LeNH 3aBUCHT OT €MKOCTHOrO X¢ u-
akTuBHOro R conporuB/eHuit. [lajenne HanpsXKeHus Ha pe3ucTope
Ur=IR, ua xounaencarope Uc=I1Xc. :

R=1000m Ug=1IR=1008 R=1000m
{___}
/~ :—45"
Ug=1008 > N t
(=)
v S .
Xp=1000M i S
~ Up=1008 == < S
U=1418 oy Z=14lom =
1418 lL ©
S x
. v=Vuty2 =VR%ex?
[=1a ®*Vc c
a 0 8
Puc. 179. AxtuBnoe R u emMkocTHoe X¢ CONPOTHBJIEHHS COeLHHEHBl MOC/AeLOBa-

TeJIbHO:
a — CXCMa BKJIOUCHHS;, O — BEKTODHLIH TPEYrOJIbHUK HAlPSKCHHIY (UC orcraer or Up
Ha —90°); 8 — TPeVIOJbHUK COMPOTHB.JIEHU

[To dase Uc otcraer ot toka Ha 90°, a Ur coBmagaer ¢ Tokom.
OGa 3TH HaANpsIXKEHHA NOJ/IKHBI CKJIaAbBaTbCS BEKTOPHO, NMOCKOJIbKY
OHM CABHHYTH mo ¢ase Ha 90°.

[Tapenue HanpsixkeHus Ha pesucrope IR
BeKTOpHOE CJIOKEHHE (puc. 179,6) coBnajgaer no ¢dase c TOKOM.
Uc n Ur [Tanenue HanpsixkeHHss Ha KouzeHcatope [X¢
oTctaer Mo ¢ase ot Toka Ha 90°, mostomy
BEKTOpP 3TOro HampsiKeHHs OTJ0XKeH noi yraom 90° Buus. [Tostomy

U=VU,+ Uz . (66)
Jlas cxeMbl, NpuBedeHHoit Ha puc. 179, a,

U =J/100% 4 100% = }/'20000 = 141 s.

BekTopHasi cyMMa ABYX HaNpsKeHUN B NaHHOM c/ydyae paBHa
141 6 smecto 200 8, Tak Kak caBur ¢as3ml Ha 90° o3Hayaer, uTO
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MakKcHMaJibHass BeJHYHHA OLHOTO HampAKEHHA COOT‘BeTC:DBYET HYy-
JIeBOMY 3HaY€HHIO ApYyroro.

TpeyronbHuK conpoTHBJIEHHH NpuBefeH Ha

TeomeTpHueckoe puc. 179, 8.
croxenre Xc M R O61uee conpoTHBJEeHHE
Z=VR+XZ. (67)

Hns cxemnl puc. 179, a

Z = 1/1002 4 1002 = /20000 = 141 ox.

. U
Tox B aToit uenu paBeH -Z—= 1 a. IManenus HanpsKeHusa Ha pe-

3ucrope W KoHAeHcaTope paBHbl mo 100 8 Kaxnoe.
@a30BbIl yroa ¢ (CABUT MeXAy HampsKe-
®azosbii yroa HUEM reHepaTopa H TOKOM) B MOC/A€10BATE/b-
HOH uUenu MoXKeT OBbITb MOACYHTAH H3 Tpe-
yroJibHuKa HanpsKeHUH HAd conpoTHBaeHuit (puc. 179,6 u 8).
da3oBbil yroa oTpuuaTesbHbil (mepef Z uau X¢ CTaBAT MHHYC),
MO3TOMY OTKJ/aJblBAIOT ero 1Mo 4acoBOH CTpeske OT HCXOJHOro (Hy-
U
JIEBOTO) yIyla BeKTOpa ToKa.
®a30BbI yros NOACYUTHIBAIOT MO dopMmyJe

Cos ¢ = —_R—Z (68)

HIH
__XC

HesaBucumo or BbiGOpa (opMy/bl 3HAueHHE ¢ OLMHAKOBO A
MOJIOXKHUTEBHBIX H OTPHLATEIBHBIX yrioB 1o 90°

Hanpumep, maa cxembl, npuBefeHHo#t Ha puc. 179, a, no dop-
myne (68) ompeznennm

R 100
COS@—j—m—~0,707,

T.e. ¢ = —45°
ITo ¢popmyne (69)

T. e. TOXKe ¢ = —45°,
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dopmynolt KocHHyca. yroGHee MOAb30BATHCS, KOMNA H3BECTHBI
R u Z, dopmynoli tanrenca — Koraa usBecTHbl X¢ u R.
B nocnemosatesnbHOlt uenu 60gbliag  Besau<
CootHowenue ynHa X¢ N0 cpaBHeHHIO ¢ R o3nauaer, 4TO
mexay Xc u R Henb HWMeeT eMKOCTHHIH xapakrtep. Ha saxu-
Max KOHIeHcaTopa HuMeercs O6osblloe naje-
HHe HanpsiKeHusa u ¢asoBeiil yroa npubauxaerca k 90°. Ilpu Ha-
JHYHH TOMIBKO X¢ M OTCYTCTBUH R Bce BHelllHee HamlpsiKeHue mpil-
K/J1aJblBaeTcsi K 3aKHMaM KOHJAeHcaTopa M yroa ¢ = —90°
B ta6sn. 9 npuBemeHbl 3HaueHus 0OLIETO COHpOTPIBJ'IEHHﬂ u ¢a-
30BOT0 yrJsia JJisi HEKOTOPBIX cooTHowleHuit R u Xc.

Ta6auuma 9
Z, oM o
R, on XC‘ oM (NpHGAHIHTENbHO) #
1 10 }/ 101 = 10 —84
10 10 V200 = 14 —45
10 1 Y101 =10 —6

OtHowenne X¢:R=10:1 o3Hauaer, 4TO IeNb NMPAKTHUECKH BCS
emKoctHasA. ®as3oBblfi yrosa, paBHwii —84°, HeMHOro OTJHYaercs
ot 90°. O6uiee conpoTuB/JeHHe Z MpPAKTHYECKH DABHO €MKOCTHOMY
compoTuB/entio Xc¢. [lafeHHe HanpsKeHUst Ha KOHJEHCATOpE MOYTH
paBHO TpHJIOXeHHOMY Hanpsixkenuwo. Hao6opot, korga R B 10 pa3s
Gosbiie X¢, Lenb TaBHHIM o6pa3oM akTHBHas. TOK HMeeT mouTH
Ty Ke (a3y, uTOo H NpHIONKeHHoe HanpsikeHue. [Tamenue Hanps-
JKeHHS Ha pe3HCTope IPAKTHYECKH DaBHO MpPHJIOXKEHHOMY Hamps-
JKEHHI0.'

Korna X¢=R, obuiee conporusienne Z B 1,41 pasa Goublie
Kaxjaoro u3 Hux. [Ipu stom ¢as3oBbift yronm paBeH —45° T. e.
nocpefivHe MeXAy HyJaeM JJsi akTMBHOM uenu u —90° mis eMKo-
‘CTHOH,

7. llenb ¢ napannenbHo COGAHHEHHLIMH KOHA@HCATOPOM H pe-
3HCTOPOM

B napannennHoit uenu (puc. 180,a) HanpsikeHHe HaA 3aXKUMax
reHeparopa, KOHAeHCaTopa U pe3ncTopa OJHO U TO XK€, MOCKOJBbKY
OHM BKJIOYeHbl napaJjnenbHo. CienoBaTtesibHo, (a3a HampsiKeHHs,
MPUJIOKEHHOr0 K PE3HUCTOPY U KOHJAEHCATOPY, OfHA U Ta Xe. B 1O
XKe BpeMs Kaxjaasd BETBb HMeEET CBOH TOK: BETBb C aKTHBHBIM CO-

U U
npotHB/ieHHeM — [p = —, C €MKOCTHEIM — /¢ = ——. BekropHas
c
nuarpaMma TpuBefeHa Ha puc. 180, 6.
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3a Hauaso oTcyeTa NPHUHATO HarnpsiXKeHHe reHepaTopa, OAUHAa«
KoBoe 1s1s Bceit uenu. Tok [r coBmazaer no (ase c Hampsixe-
Hiem U, a Tok /¢ onepexaer ero Ha 90°. O6wwiuii Tok paBeH CyMMe
BEKTOPOB TOKOB /g U [¢, CABUHYTHIX Mo ¢a3e Ha 90°:

106m=V][§+12C~ . (70)

s cxemel, npusesenHoit Ha puc. 180, a, cymma BEKTOPOB TO-
KoB (puc. 180, 3) paBHa 14 a. Toku B BeTBSX mapaJie/bHOH LeNH
CABHHYTHl no (asde Ha 90°.

O6uiee conmpoTHBJAEHHE MNapaaeJbHON LelH

O6uee pPaBHO NPHJIOXKEHHOMY HamnpsiXKeHHIO, IeJieH-
COnpoTHBJEHHE HOMYy Ha o6wui Tok wenud. Jasi cxeMnl
puc. 180,a
100 s
z7=Y _106_ 707 om,

106111 14 a

Beanunna Z—sTo compoTHBIEHHE Ha 3aXHMaX TeHepaTtopa,
HOAKJIIOUEHHOT0 K MapaJsJenbHoit nend ¢ R=:=10 oxm u Xc=10 om.

STz
logu=Vig*1¢

logw="1a |lg lg
u 10a 10a L7

C v [] XC=’UUM
~
- 1008 R=100m

—i

Ic=100

Ig=10a
a 6 8

Puc. 180. AxTuBHOe R UM eMKOCTHOE X¢ CONPOTHUB/IEHHS COELHHEHbl MapaJJIesNbHoO:
a — cxeMa BKJIIOYEHHs; 6 — BeKTop ToKa /¢ omepexaer BekTop Hanpsxkenus U ma 90°%
6 — BeKTOPHBI TpeyroJbHHK TokoB BetBel /¢ M Ip nns momcyera obuero Toka ’06111

O6parute BHHMaHHe, YTO oOllee CONPOTHBAEHHE PE3UCTOpPA H
KOHJleHCcaTopa, HMeILIHX paBHble compoTtuBiaeHus R u X¢, paBHO
He noJoBuHe, a 0,707 omHOM H3 BEJHUMH.

Hasi cxembr puc. 180,a ¢aszoBuiii yroa ¢ pa-
®azosbiii yroa BeH 45° Tak Kak conporuBieHusi R u X¢

ONMHAKOBbI, a CJeJOBaTeJbHO, PaBHbBl H TOKH
B BeTBfiX. [l/1s1 ompenesneHust $a3oBOro yriaa BBITOAHO MOJNb30BAThCA
topmyJiof TaHreHca.

Yron ¢ xapakTepu3yeT cABHT (a3 Mexay OOLIMM TOKOM /ogy
¥ HanpsikeHHem reHepatopa U. OH NOJNOXHTeNbHBIN — BeKTOp I¢
HanpaB/leH BBepX (TOK omepexaeT HanpsikeHue Ha 90°).
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Yem Gosbllle eMKOCTHOE COMPOTHBJIEHHE B MapaJyieNlbHOH LelH,
TeM MeHblle (a30BbI YroJ, NOCKOJNBKY €MKOCTHBII TOK BETBH
yMeHbIIaeTcs.

B Tab6a. 10 npuBeneHbl 3HaueHus obilero co-
CooTHoWeHHUE NpPOTHBJEeHHST H (a30BOro yria AJas HEKOTO=
mexay Xc u R pHIX cooTHoweHHit X¢ U R (BeJMUYHHB TOKOB

onpenesNeHbl NPH YCJOBHH, YTO HampsKeHHE
ncrounuka U=10 g).

Ta6auuma 10
R oon | Xp om | Iy d I, a Togw, a Z, on ¢, °
(NpUGAH3HTENBHO) (npuﬁm_lamenbﬂo)
1 - 10 10 1 )/ 101 = 10 t 6
10 10 1 1 V2=14 7,07 45
10 1 1 10 Y101 =10 1 84

)

Korga X¢ B 10 pa3 GoJblie R, nmapajjenbHas lenb NpakTHYe-
cku aktuBHas. OOllee ee CONpOTHBJleHHE NPUOIH3UTENBHO PAaBHO
aKTHBHOMY CONpPOTHBJIeHHIO pe3uctopa R. PasoBbiil yrosa G6JH30K
K HYJIIO, TaK KaK [OYTH BeCh OOLIHI TOK COCTABJ/SET TOK aKTHBHOMH
BeTBH. [To Mepe yMeHblIEHHSI €MKOCTHOTO COMpPOTHBJeHHS X¢ TOK
B e€MKOCTHO# BeTBH YyBeauunBaercsi. Korma conportusienne X¢
npubJauKaercs K !/, conporuBaeHus R, napaJajenbHas Henb CTa-
HOBHTCSl NPaKTHYECKH €MKOCTHOH ¢ o6IuM compoT#BieHueM Xc.
@a3oBbiit yros nouytd paBeH 90°, moToMy 4TO OOLIMH TOK TIVIaBHBIM
06pa3oM eMKOCTHBIH.

OOGpaTuTe BHHMaHHE, UTO 3TH 3aKOHOMEPHOCTH INPOTHBOINOJMOXK-
Hbl TeM, KOTOPBIM TNOAUHHSIETCS TMOC/eJoBaTe/NbHasi lLeNnb, COCTOS-
mas 3 X¢ v R. ‘

8. Llenb ¢ KaTywWwKOH W KOHAGHCATOPOM

Ha puc. 181,a usobpaxeHa uenb ¢ focieno-
BaTeNlbHO COEIHHEHHBIMH KOHIEHCAaTOpOM H
KaTYIIKO# C DPEaKTHBHBIMH CONDOTHBJIEHHAMH
Xc=60 om u X;,=40 om. B sTomM cayuae
40 om MHAYKTHBHOTO COIPOTHBJIEHHS KOMIIEH-
cupylorcsi 40 om e€MKOCTHOro, T. €. Lefb 3KBHBAJ€HTa €MKOCTHOM
uenu ¢ Xe=20 om (puc. 181,8). Ha puc. 181,6 npuBesena nmua-
rpamma conpotusieHuii. [Ipn emkoctHoM conpoTuBiaenun 20 om w
Hanpsxenuu 120 8 B wenu nporekaer Tok 6 a. OH onepexaer npu-
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Joxennoe Hanpskenite Ha 90°. Tok B 6 a mpoTekaet uepe3 compo-
tusneHus Xy u X¢. [TosToMy nmajeHue HanpsiXKeHUsi HA HHAYKTUBHO-
et Up=6-40=240 8 u Ha KoHpmeHcatope Uc=6.60=360 s.

pam— ] b ¢ - —_—
-—— | . C‘BUOM -
] 1 X
-6a 3soe—c I-6a
500M 5 Xp=200M Xg
Ol ] | ©  wT
~e ] ~o -y
0
1208 : o unu ‘ 200m
2408 < 400m
X, =400m
L
J‘ _
Uc=1X;=3608 6 8
Up=1X,=2408
a

Puc. 181. I1pu nocnegoBaTtesbHOM BKJIOYeHHH X¢ H X HX peaKTHBHbIe CONpO-
THBJIEHHS B3aHMHO KOMIEHCHPYVIOTCH:
a — cXeMa ILeMnH; 6— BEeKTOpPHad JAHarpaMma; 8 — 3KBHBaAJYIEHTHas UeEMNb

Takum oGpa3om, najgeHde HaNPSKEHUS HA KaXK/JOM H3 M0CJen0-
BaTEJbHO COEJIMHEHHbIX PEaKTHBHBIX CONMPOTHBJEHHH MOXeT ObITh
Go/ibllie MPHJIOXKEHHOTO HAMPSIXKEHHs, HO CyMMa HMX pPaBHAa NPHJIO-

I,=3a

-— g=2a {}[1.=30 | -~
I=1la ‘1 ‘ IL=’D I =1a
~)Y b X unu 1 v X
‘ YIc=2a
a ] 8

Puc. 182. Tlpu napanjensHoM BRMOYeHHH Xc¢ M X TOKM BeTBell B3aHMHO
KOMIEHCHPYIOTCSl B OOLUeil LenH:

a — cxeMa uenH; 6 — BeKTOpHas JHarpaMmma;

6 — 3KBHBAJIeHTHasa UeMnb

XKeHHomy Hanpsokenuio (120 ). dro mosnyuaercs MOTOMY, UTO Ha
npsikends [X; u [Xc HUMeIOT TPOTHBOMOJONKHBIE MNOJSPHOCTH:
U,=IX. onepexaer Tok Ha 90°, a Uc=IX. orcraer or Hero Ha
90°, Bc/leACTBHE Yero 3TH HANpPSKeHHs OKa3blBAIOTCH CABHHYTHIMH
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no ¢ase Ha 180° W, KaK HMeIOLIHe MPOTHBONOJOXKHEIE TOJSPHOCTH,
B ofLled Leny B3aHMHO YHHUTOXAIOTCH.
B cxeme puc. 182 X¢=60 om u X.=40 om
COeJIHHEHbl MNapaJjJesbHO H TNOJAKIIOUEHbl K
ucTounuky 120 g. Tok B HMHAYKTHBHOH BeTBHU
IL=3 a, a B emroctHO# [c=2 a. IlepBuiit
60Jbllle BTOPOro, MOTOMY YTO peakTHBHOE CO-
NPOTHBJIEHHE KATYIIKH MeHbllle, yeM KOHJeHcaTopa. Tok [, orcraer
OT NMPHUJOXKeHHOro HanpsiKeHuHsi Ha 90°, a Tok /¢ onepexaeT ero Ha
90° T. e. 3TH TOKH B3aUMHO cABUHYTLI mo ¢ase Ha 180° Bcaexct-
BHe Yero UxX HelcTBHE KOMIEHCHPYeETCS.

Tok B o6uielt uenu paBeH 3 a—2 a=1 a. OH orcTaer oT npu-
JIOXKEHHOro HanpsikeHuss Ha 90°, Tak KaK 3TO — MHAYKTHBHBIH TOK.

Ecau X. =60 om, a X¢=40 om, T0 [¢c=3 a, a [,=2 a. O6muii
TOK ONsATh paBeH | a, HO OH Temepb €MKOCTHbIA, a 3HAYMT, omepe-
JKaeT NMpPHJOXKeHHOe HanpsikeHue Ha 90°

X. n Xc coemnuneHbl
napangenbHo

9. llenH ¢ aKTUBHLIMH M PBAKTHBHbLIMH CONPOTHBNOHUAMH

B nocienoBatenbHOll uend reoMeTPHUYECKH CK/a[blBAlOT aKTHB-
Hble CONpPOTHBJEHHSI C peaKTHBHbIMH. BHauase CYMMHpPYIOT Bce
aKTHBHble COMpPOTUBJEHHS, B pe3yJjbTaTe uero obpasyercs obilee
aKTUBHOe CONpOTHBJAeHHe R. 3aTeM CYMMHPYIOT BCe DEaKTHBHbIE
CONMpOTUBJIEHUS, B pe3y/bTaTe yero moJyyaercs obliiee peakTHBHOe
conpoTtuBieHHe X, KOTOPOe MOXKeT GbiTb HEAYKTHBHBIM HJIH €MKO-
CTHBIM B 3aBHCHMOCTH OT TOrO, KaKas M3 BeJHUHH npeobsanaer.
3atem R u X cKJaAbIBalOT reoMeTPHYecKH, 4TOGbl HaHTH COMpO-
THBJIEHHE BCeH MocJjef0BaTeNbHOH Lemny.

Jas napannenbHbIX Leneil CKJanbiBalOT TOKH BeTBeil. BHauase
CYMMHPYIOT TOKH aKTHBHBIX BeTBeiH, 4TOObl IIOJYYHTb OOIIMH TOK
Ir, 3aTeM — TOKH peaKTHBHbIX BeTBefl (C yueTOM HX (a30BBHIX CO-
OTHOLIEHHUF), 4TOObl MOJYYHTh OOWHH TOK [x, UHAYKTUBHBIA HJIH
€MKOCTHBIH B 3aBHCHMOCTH OT TOrO, Kakas BeJHUHHA PEaKTHBHOrO
CONpPOTHBJIEHHST MeHble. 3aTeM TOKH [p U [y CKJIaAbIBAalOT reoMer-
pHYecKH, yTOObI HalTH OOLIMA TOK Bceil mapaJiiesbHOH LenH.

B o6oux cayuasx (a3oBbii yroa onpenesnsiercs npeo6Jajnaro-
LIIHM TOKOM P€aKTHBHOI BETBH.

PaccMoTpuMm Lenb nepeMeHHOro TOKa, COCTOS-

TMocneposaTednHoe LIYI0 H3 TIOCJEAOBATENbHO BKJ/IIOYUEHHBIX pe3H-
coenuHenue cTopa R, KaTyLIKH HWHAYKTUBHOCTH L M KOH-
- nercatopa C (puc. 183): Hanpsaxenue Ha

3a)XKUMax MCTOYHMKA TOKa CKJaAblBaeTcs M3 NaJeHHH Hamnpsike-
uus Ha pesucrope (Ug), Ha katymke (Ur) M Ha KOHIeHcaTope
(Uc).

Ha puc. 184 nzo6pakeHbl BEeKTOPHble JHarpaMMbl AJsi paccMmaT-
puBaemoro coeaunenus. OgHa aumarpamma (puc. 184,a) cootBer-
CTBYeT cjyyalo, KOTJa WHIAYKTHBHOE CONPOTHBJEHHe 6oJblle eMKO-
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1
CTHoro<wL>m—C>, T. €. KOIJla MaJieHHe HamnpsiKeHHS Ha KaTyIlIKe
HMHAYKTHBHOCTH Gosiblue, yeM Ha KoHaeHcatope (Up>Uc). Hdpyras

Puc. 183. Llenb nepemeHHoro ToKa ¢ mocie-
IOBaTeJbHO BKJAIOYEHHLIMH pesHCTOpoM, Ka-
TYWIKON MHAYKTHBHOCTH M KOHZEHCaTOPOM

auarpamma (puc. 184,6) OTHOCHTCsi K Cayyaio, KOTAa HHIYKTHBHOE
1
CONPOTHBJIEHHE MeHbllle eMKOCTHOI‘O(wL <m_C)’T' e. Korja naje-

I
1Ue
|
A U | U,
: Up I .
Up 1 I
Y b r
(4 U |
a ! !
A p
Puc. 184. BekrtopHasi guarpamMma IJs Ueld NepeMeHHOro Téxa
cR LuC:

G — HHAYKTHBHOE COIIPOTHBJEHHe G6oJbllie eMKOCTHOro; 6—HH11yKTHBH06
COMPOTHBJIEHHE MeHblIe E€MKOCTHOro

HHe HanpsiKeHUsl Ha KaTyllKe .MHAYKTHBHOCTH MeHblle, YeM Ha
koHaeHcatope (Up<Uc).
v Pasnocty Hanpsaxeuuit Up,—Ug Hasbl-

BaeTcsi PeaKTHBHbIM HampsiXKeHHeM H 0603Ha-
yaercs uepes U,.

U, ' Ha puc. 185 mn30o6paxkeH TpeyrosbHUK
Prc. 185. Tpeyroasunk  HANPSUKEHUH, Koraa oL > wC @ H3 Tpeyrojb-

HanpsiKeHUil AJIs1 LenH _
NepeMeHHOro Toka ¢ R, HHKa olpeae/iem
C

L U=VUET .
IMoacraBuB B 3Ty opmMyny 3HaueHus
Up=IR u U= U, —Ug=1X,— IX;=1(X,— Xo),
MONYy4HM

U=V PR+ P (X,— X =1V R+ (X, — Xc) .
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OKOHYaTenbHO

_ U
7e e » =

dra ¢opmyna Belpaxkaer 3akon OMa A LeNH IepeMeHHOTD
TOKa C MOC/AeN0oBaTelbHO BK/oueHHbiMU R, L u C. ITosnHoe compo-
THBJIEHHE LIEMH B 3TOM CJyuae

Z=V R+ (X,— X"

Pasnocts X; — X HasbiBaeTcsi peaKTUBHBIM CONPOTHBJEHHEM
n obosHauaercs 6ykBoit X.

Ug=1R=808
R=400M
J¢=-31°
o
[==]
_ ‘=]
2=50a0Mm iR
>
~
Q
b=)
U=1Z=1008 -
8

Puc. 186. O6uiee conpoTHBjeHHe Z MOCTeLOBaTENbHOI LEIH:
a — nocnefoBaTenbioe BkaloueHHe R, Xc M Xy; 6 — 5KBHBaJIeHTHas Lenb; & — BEKTOP-
Hasi AHarpamma

ITpu nocemoBatenbHO BKJIOYeHHBIX R, L n C, mocie Toro kKak
Haiiienbl R u X, MOXHO onpejenuTh oOliee CONPOTHBJIEHHE MO

popmy.e
Z=VR{ Xt (72)

O6uiee conpoTHBieHHe lend Z mpeiacTaBiseT coGOH reoMeTpH-
YeCKYyl0 CYMMY IIOC/Jel0BaTeJbHO BKJIIOUEHHBIX aKTHBHOTO H peak-
THUBHOTO CONpOTHBJAeHHi. 3Hak nepef X (MOJNOXHUTENbHBI HJIH OT-
puLlaTe/IbHBIH) He HMeET 3HaueHHsi, TaK KaK MOC/Je BO3BeLeHHs B
KBaApar MoJsiyyaeTcsi MOJIOXKHTe/bHas BeNMUYUHA.

Bo3sbMeM Oj1sa nmpuMepa lenb, NOKa3aHHVIO Ha puc. 186. 3xechb
NeficTBYIOLee NOC/eL0BaTeJbHOE PEaKTHBHOE COMpPOTHBJIEHHE €MKO-
CTHoe, noToMy u4to Xc¢>Xp (120—90=30 om). A Tak Kak B uenu
ellle eCTh MOCJ/el0BaTeJbHO BKJIOYEHHOE aKTUBHOE CONPOTHBJIEHHE
R=40 om (puc. 186,6), T0 no popmyne (72)

Z=VR2+X2=]/402+302=V2500=50 oM,

Tok [ = > == 2a. TlosToMy HanpsiKeHHs Ha OTAEJbHBIX

yuactkax uenu [R=80 6, [Xc=240 8 u [X.=180 4. ITockonbKky
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Hanpskentst [X¢ u [X;, UMeOT NMPOTUBONONOKHYIO MONAPHOCTH, TO
YHCTOEe peakTHBHOe HanpsxKeHHe cocTaBHT 240—180=60 8. I'eomer-
puueckass cymma [R=80 8 ¥ 4uHCTOrO peakTHBHOro Hamps-
keHusi [X=60 & paBHa TPHIOKEHHOMY HanpsikeHuio 100 8

(U=V TR 1 FX)

o X
®azoBuill  yroa tge¢=-%. Tak kak B nauHOM mpumepe X=
=Xc=30 om, a R=40 om, To ¢~—37°. 3HaK «MHHYC> O3Hayaer,
uyTO HanpsikeHHe reHepatopa U orcraer Ha 37° ot Toka [/
(puc. 186, 8).

[Toncunraem o6LiHe aKTHBHOe M pPEaKTHBHOE COMpPOTHBJIEHHS
LenH, npHBefeHHoN Ha pHc. 187. Obuiee aKTHBHOE COMPOTHBJIEHHE

R=250M
—_— 1§
| S L1}
XC’:’DDUM =
S
S .
)
]
N>u-moe 593
&
< '
Xp2=400m Rgz=150M I =2
Y VY — 1}
| {

Puc. 187. Cnoxunas uenb mepeMeHHOTO TOKa

R=R|+Ry=40 om (mopsgok nogkjaiouenuss R, u R, He wumeer
3HayeHHUs, MOCKOJbKY TOK BO BCefl Lenu oAuH M TOT Ke). OObuiee
eMKocTHoe conportuBieHHe Xe=X¢+Xce=130 om. Gbiiee MHAYK-
THBHOe conpotuBiaeHne Xp=Xp -+X. =100 om. OOiee peakTus-
Hoe conpotuBieHne X =X¢— X, =130—100=30 om; OHO eMKOCT-
Hoe. llenn puc. 187 3kBuBajieHTHa uenu puc. 186, 6.

PaccMoTpuM Lenb nepeMeHHOro TOKa, COCTOS-
Mapannenshoe IYI0 U3 TapaJ/iebHO BKJ/IOYEHHBIX PEe3UCTO-
coeauHeHHe pa R, XaTVIIKH MHAYKTHBHOCTH L W KOH/EH-

catopa C (puc. 188).

O6wuit ToK B Lend paBeH cymMMe TOKOB ee BeTBed. TOKH BBeT-
BAX CABHHYTHI 110 ¢a3e, ¥ CyMMHPOBATb HX HYXXHO F€OMETPHYECKH.

[ToctpouM BekTOpHyi0 auarpamMmy. Tak Kak Hanpsikenue U Ha
3aXKHUMax HCTOYHHKA ofulee njs R, L u C, ero u BO3bMeM 3a HUC+
XoAHbI BekTop (puc. 189).

JluaroHanp TNpsIMOYTrOJbHHKA, [OCTPOEHHOro Ha BekTope Igp
(akTHBHOro TOKa) M [x (peakTHBHOrO TOKa), fIBJASETCS BEKTOPOM
obuero Toka, npoxoAsiero no nend. CiaenoBarteibHO, OOLHiA TOK
nenu

L=V +T%. (73)
CaBur a3 Mex1y TOKOM H HanpsiKeHHeM paBeH . Ecun B uenu
MHAYKTHBHBIH TOK OoJibilie eMKocTHoro (/p>/Ic), TQ oOwui TOK
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oTcTaer Mo ¢ase or HanpsiKeHHs Ha yroa ¢. Ecau mpeo6namaer
eMKOCTHbII TOK (/¢>]L), To OGLUMA TOK ONEpeXaerT HaNpsKeHHe
Ha KaKOH-TO yroJ.

I, R
—____}+—
1l |
— T
| |
Loy U -

Puc. 188. llenb nepeMeHHOro Toka ¢ napaJJesb-
HO BKJIIOYEHHBIMH DE3HCTOPOM, KaTyUIKOH HHAYK-
THBHOCTH U KOHAEHCATOPOM

B cxeme puc. 190,a 1ok Ip=4 a. Tok Ix=I,—1c=3 a, T. e.
COCTaBJ/IsIeT Pa3HOCTb MexAy 4 a TOKa HHAYKTUBHOH BeTBH U | a
TOKa eMKOCTHQ# BeTBH (puc. 190, 6). [Tostomy

lon=VEXE=VEF+3=V2B=5a
v

Iy ~—=-

?

Lesl=lg ! Ie _
.i; — L
Puc. 189. BekropHas puarpamMma njs LenH

NepeMeHHOro TOKa C NapaJjlielbHO BKJIOYeH-
HbIMH R, X1, u Xc¢

OG6uiee conpoTuB/eHHe Z NapaJJenbHOl LenH

S Uy,
061w, 9

1
Das3oBbIl yros napasJenbHol uennﬁ,tgcp=T:—, rae Tok Ix=3a,
B JaHHOM NpuMepe — HHAYKTHBHBIH. YTOJ ¢ OTPHUATE/BHbIH H MpH-
6iu3UTEe/NbHO paBeH —37°, 3HAK MHHYC O3HAyaeT OTCTaBaHHE HH«
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OYKTHBHOTO TOKa B napaJienbHoil llend. TakuMm o6pa3oM, TOK o6y
orcraeT Ha 37° oT mpusoxKeHHoro Hanpsikenuss U (puc. 190, 8).

‘ ITocaenoBatenbHO-napaJienbHas Lenb
CmewanHoe (puc. 191,a) moxer 6bITh npeo6pa3oBaHa B
COeHHEeHHE noc/ae0BaTelbHYI0 LEeNb C OJHHM pPEaKTUB-

HbIM H OJHHUM AaKTHBHBIM COIIPOTHBJEHHSIMH.
Bosee caoxHble cMelllaHHBIE Hend nepeMeHHOro TOKa HaWJIYYIIHM
06pa30M NMOJACYHUTHIBAIOTCA NPHU NMOMOIUH KOMIIJIEKCHBIX YHCEJ, KOTO-
pbie OMHCLIBAIOTCA B KHUIAX MO MaTeMaTHKe.

= 2= ’
I 04243 5a IR=4D I, =4a Ig=1la
R XL XC ‘L

C’\" v 250m 250m 1000M oy

1008

a
Us paze Ig=4a

1=50 Ip=40a [;=3a ¢=-37°
/ V] R Xe Q
C"’DIUOG ]ZSOM 33'3um ©

6 8

Puc. 190. O6wiuit TOK Hepa3BeTBAEHHO{ YaCTH Ienu Npu Mapad-
JNe/bHOM BKJOUeHHH R, Xp u Xc:

@ — cXeMa BK/OYeHUS; 6 — 3KBUBAJIEHTHAs leMnb;
8 — BEKTOpHas jpuarpamma

[Toacuer pekomeHayeTcs HauHHATB C BETBH, HauboJsee ymajieH-
HOK OT reHepartopa. MHAyKkTHBHBle conpoTtuBiaeHust Xpi, Xpo u Xp3
BKJIIOYEeHbl MOC/JAeI0BATENbHO, MOITOMY HX obUlee CONMPOTHBJIEHHE
paBHO Xps=Xp;+Xpa+Xp3=25+4+1004+75=200 om (puc. 191,6).
B npyroit BetBu Xpe=Xps— Xc1 — Xc2=700—350—150=200 oux.
O6uee axtuBHOe comportuBieHHe R=100 oxn. O6uiee peakTHBHOE
conporuB/aenie X =100 om; oHO HHAYKTHBHOe (06pasyeTcs H3 ABYX
napasnjesbHblX HHAYKTHUBHBIX conpoTus/ieHuil mo 200 om kaxnoe).
DKBHBaJIeHTHasl lielb NpuBefeHa Ha puc. 191,8, a ee TpeyrosbHHK
conpotuBenuil —Ha puc. 191, e. O6uee conporusienne Z=141 om.
ITpu nanpsikenuu resepartopa 100 8 Tox B uenu paseH 0,7 a. Pazo-
BBl yroa ¢=45°
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Puc. 191. IIpeoGpasoBaHHe MOCIeA0BaTeJNbHO-NapaJIeNbHON LeMu;

a —cxemMa uenu; 6 — ynpouleHHas cxema; 6 — SKBHBaJeHTHas LeMnb;
& — aMarpaMMa AJsl 3KBHBAJIEHTHOH LUeNnH

10. AKTHBHAA MOLLHOCTb

B uenu mepeMeHHOro TOKa C PeAKTHBHBIM CONPOTHBJIEHHEM TOK,
co3/laBaeMblif TeHEPATOPOM, ONepexXaeT HAIlpSKEeHHe HJIH OTCTaeT OT
Hero. Torga npousBsefenne Ul He BhIpaxkaeT peajibHYIO (aKTHBHYIO)
MOIIHOCTb, CO3[1aBa€MYI0 I'€HepaTOpPOM, IOCKOJIbKY HaNpsiKeHHe Mo-
J)KeT ObITb GOMBLINM, a TOK — OKOJIO HYJA (UJd Hao6opoT). AKTHB-
HYI0O MOLIHOCTb P, MOXHO NOJICUHTATh KaK npousBeleHue [2R, rae
R — ofliee akTHBHOE CONPOTHBJEHHe LeNH (MOCKOJbKY TOK H Ha-
NpsKeHHe HMET OLHY U Ty Xe (asy).

Uro6bl BbIpa3uTh MOLHOCTb P, uepe3 npousBenenue Ul, Hamo
YMHOXHTb €ro Ha COS @. )

AKTHBHast MOWHOCTL P, = I?R

WK
AxruBHas MomHocts P, = Ul cose. (74)

Tax xak U u [ oObiuHO OepyT B [eHCTBYIOLIHX BeJHYHHAX,
E HUX XK€ MOJy4aeTCsl aKTHBHasg MOLIHOCTb. YMHOXeHHeM U] Ha
KOCHHYC (pa30BOro yria BBOAMTCS COCTaBJ/AONIAss aKTHBHOTO CO-
NpOTHBJIEHUS, HeoOXonumas [Js IMOJACYeTa AaKTHBHOH MOLIHOCTH
P,=I?R.
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Hanpumep, B uenu nepemMeHHoro toka (puc. 192) nporekaer Tok
3 a uepe3 pe3ucrop R=100 on u kougeHcatop ¢ Xc=173 om.
B sroit menu ¢=—60° a cos60°=0,5. IIpunoxeHHOE HanpsKeHHE
U=600 s. IToatomy

P,=IPR=9-100 =900 6r

HJH
P,=Ulcose=1600-3-0,5=900 ar.
12R=9008m B}
o R=1000M
— — °
| =— r=1000m (Ji=‘50
11=3a

u Xe
~ 7=200qm
6008 173 0m

Ulcos ¢ =9008m

Xe=-1730m

a 0

Puc. 192, [eiicTBuTesbHasi MOLIHOCTb B NOCJeL0Ba-
TeJbHOH LEnH:
a — cxeMa uend; 6 — AuarpaMma TpeyrojbHHKa CONPOTHBJEHUH

Benuunna cos ¢, 3HaueHHs1 KOTOPOH HaXOAsATs
Kospduunent mowmoctn Cs1 B HHTepBaje oT 0 mo 1, mpeacrasisier cos
60i1 KO3h(hHUHEHT MOLIHOCTH LEMH.
JJ1s1 mocsenoBaTebHOH LEmH

cos ¢ = % , (75)
ANS mapasveabHON LemH
1
cos = 10}:u.1 . (76)

Ecau B nenu ToJMbKO aKTHBHBIE CONPOTHBJIEHHS, TO JJsl NOCJ/E~
JoBaTeNbHON lend R==Z, a aja napannenbHoit Ip=Iy6y, U TOTAA
cos o=1. Ecau xe B Lenu ToNbKO peaKTHBHbIE CONPOTHBJIEHHUS
(aKTHBHOe CONPOTHBJEHHE PaBHO HYMI0), TO cos @=0.
Takum o6pasom, no BesHYUHE COS ¢ MOXKHO CYIHTb O XapakTepe
Lenu: mpu cos ¢=1 OHa YUCTO aKTHUBHadA, NpH cos ¢=0 — yucro
peakTHBHas.
AKTHBHafi MOWIHOCTb He pacceuBaercs B Ka-
TylIKe HHAYKTHBHOCTH MJIHM KOHJEHcaTope,

Kaxymasca MOWHOCTs  axrypHoe CONPOTHBJEHHE KOTOPEIX PaBHO
HYJIIO.

HeificTBUTeNbHO, HanpsixkeHHEe W TOK B HHUX CABHHYTH Nmo dase
Ha 90° T. e. OfHa BeJIMYHHA paBHa HYJMIO, a JApyras — MakCHMaJ/b-
Hasg. JHeprus, 3anacaeMas B MarHMUTHOM IOJ€ KaTyLIKH HHAYKTUBs
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HOCTH HJIM B 3JEKTpPHYeCcKOM TmoJje KOHAeHcaTopa, BO3BpalllaeTcs
B leNb, T. € MOLIHOCTh B UHCTO pEaKTHBHOM COIPOTHBJEHHH He
pacceuBaercs. [lostomy MmomiHocTh uenu, B Kotopoit U u [ cuBu-
HYTH 1o ¢ase Ha 90° HasniBaeTci KaXKYWEHCH HIH pPEaKTHBHOH.
H3mepsieTcs oHa He B BaTTax (KakK aKkTHBHas), a B BOJMbT-aMIepax
pPEaKTHBHBIX (8ap).

11. Pe3oHaHC HanpAMOHHH

B uenwu, coqrosileil H3 moc/e0BaTENbHO COeAMHEHHBIX Pe3HCTO-
pa, KaTyIIKH HHAYKTHBHOCTH ¥ KOHJEHcaTopa, PacCMOTPHM cayuad,
KOTAa HHAYKTHBHOE CONPOTHBJEHHE PpaBHO €MKOCTHOMY, T. €.

1
oL = = Tlpn 3TOM MOJHOE CONMPOTHB/IEHHE CTaHOBHTCA DaBHBIM

aKTHBHOMY, Tak kKak X=0, cjenoBaTe/bHO, corJacHo ¢opmy-

ne (72): YTk

Tak Kak nmo Mepe MNOBBIILEHHS YAaCTOThl €MKOCTHOE COIPOTHBJIE-
HHe yMeHblLIaeTCss, a MHAYKTHBHOE BO3pacTaeT, TO MpPHU COYETAHHH
Jo6bIx BeuyuH L 1 C MMeeTcs 4acToTa, NMPH KOTOPOH peaKTHBHbIG
CCTIPOTHBJIEHHST KaTYUIKH H KOHIEHCaTopa paBHbI.

Yacrora, mpu KOTOpPOH IPOTHBOMOJIOXKHBIE pPEaKTHBHBIE COIPO-
THBJIEHHS B LENH NMEepeMEeHHOTrO0 TOKAa PaBHbI, Ha3bIBAETCS PE3OHaHC-
HO#M, a caM cjydyail UX paBeHCTBA Ha3bIBAeTCsi PE30OHAHCOM Hamps-
MEHHHA HIM HHOTAA MOC/NeJOBaTeNbHBIM pe30HaHCOM (IIOCKOJIBKY
R, L u C BKJIIOUYEHBI MOCJEJ0BATENbHO).

Ilpu pe3oHaHCe 3HAYMTENBLHO BO3pAcTaeT I[IePEMEHHBIH TOK pe-
30HAHCHOI YacTOThbl, NPH KOTODOH HHAYKTHBHOE H €MKOCTHOE CO-
NPOTHBJIEHHS] TOJHOCTbIO KOMMEHCHPYIOT OIHO IpPYToe.

Cnsur ¢a3 MexXAy TOKOM M HAMpsKeHHeM CTAHOBHTCSI PaBHLIM
Hynao (¢=0), Torna R

oS g = — = 1.

Takum o6pasoM, Lelb C MOC/AeL0BaTeNbHO BKIOUEHHBIMH R, L
n C mpH pe3oHaHCe CTAaHOBHTCH 3SKBHBAJIEHTHOH LENH C YHCTO aK-
THBHBIM compoTuBiaeHHeM. IlajgeHHs HanpsXKeHHH Ha KaTyuwke WH-
AYKTHBHOCTH M KOHJIEHCaTope NPH 3TOM CTAHOBATCS OYeHb GOJbIUH-
MH — OGBIYHO MHOTO Bbil€ HANpPSIXKEHHS, TMPHIAOKEHHOTO K 3aXKH-
MaM Bceil LielH.

OmnpejenuM 4acToTy, MPH KOTOPOI BO3HHKAeT PE30HAHC Hamps+
XKeHHH (cunrtaeM, yTo R, L u C uUMeIOT NMOCTOsSIHHble 3HAYeHHs):

1

Wpes L = g C
orclofa
w2, LC=1,
1
Spes = {775
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Ho .
Opes == Qﬁfpes,
a CJeaoBaTesNbHO,

: 1
_— . 77
for =577 (77)
Paccmorpum 6osiee mospo6GHO 3aBHCHMOCTb PeaKTHBHOTO COMpO-
THBJIEHHS OT YaCTOTHI.
PeaktuBHOe cOnpoTHB/EHHE KATYIIKH NEPEMEHHOMY TOKY

ol = QﬂfL

obpamiaercss B HyJb npu yactote f=0, NOCKOJLKY IPH 3TOM Mepe-
MEHHBI TOK INpeBpalilaeTcs B MOCTOSHHBIA, NMPH KOTOPOM CONpPO=

Makcumanerue
HanpsKeHue
500K2U TN Pegonaxchnasn :uueblwgfaaﬂkeu
. ~— L-C uens Pu fpes
1000K2u N\ 1
A4 fves= zwvic - I
=1000 K2y |
1500 K2t /\
\V/

Puc. 193. Llenb npu pesonaHcHoii uacrorte 1000 Koy co3maeT MaKCHMasbHOe
HanpsixKeHHe Ha BbIXOAe

THBJ’IeHH‘e KaTyllKH HHAYKTHBHOCTH MHWHHMAJIbLHO. Bo BCeX OCTaJjib-
HBbIX cJyyassX C NOBBIUIEHHEM YaCTOTbI CONPDOTHUBJEHHE KATYUIKH BO3+

pacraer..
PeakTiBHOe conpoTHBJ/EHHE KOHJIEHCATOpa NePEeMEHHOMY TOKY
11
oC ~ 2afC
) o 1
npu f=0 paBHO GeCKOHEUHO GOJIbILON BEJHUHHE (3 = oo), noTOMY

YTO KOHJEHCATOp He MPONyCKaeT NOCTOSHHOIO TOKa. B ocTanbHBIX
Clyyasix C TOBBILIEHHEM YacTOThl CONPOTHBJEHHE KOHAeHcaTopa
yMeHbllaeTcs.

[Ipu oueHb HHU3KOK UACTOTE CONPOTHB/IEHHE: KAaTYIIKH OYeHb
MaJjio, a KOHZeHcaTopa BesJHKO. IIpM oueHb BBICOKOH uacToOTe, Ha-
060pOT, CONPOTHBJIEHHE KaTYHUIKH BeJMKO, a KOHJeHcaTopa Maso.

Kak nokasano na puc. 193, pesoHanc B L-— C-uenu Hacrynaer
npu 1000 key, Korma Ha BHIXOJAE LENH CO3JaeTcsi MaKCHMaJjbHOe
HanpsiKeHHe. ~

PeakTuBHble CONPOTHUBJEHHS KaTyWIKH HHAYKTHBHOCTH (L=
=239 mxen) u koHgeHcatopa (C=106 n¢) paBHBI NpH 3TOM MO
1500 om xaxnoe (puc. 194, a).

ITockoabky npu Xp=Xc obliee peakTHBHOE CONPOTHBJEHHE MO~
C/e0BaTe/IbHOH Lienu paBHO HyJio (puc. 194, 6), To eAHMHCTBEHHBIM
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JAeHCTBYIOUMM OKasbiBaeTcss Hebo/bllloe aKTHBHOe COMPOTHBJE-
HHe Ry. B pe3yJjbraTe TOK B lenu CHUABHO BO3pacTaer.
FnaBHas ocoGeHHOCTh MOCAEL0BAaTeJbHOTO pe-

30H — ' CTaHHe TOKa J0 €ro
Tok MakcHMaJdbHbI# OHaHca 3T0  BO3pa o

o U
MAaKCHMAJIbHOH BE€JHYHHbI "3 npu pe3OHaHC-

HO# yacrote (mas uenu puc. 194,a ona pasua 30 mxa). Tlpu ya-
CTOTE Bblllle MJHM HHXKE DE30HAHCHOH TOK B LeNH MeHbIIe.

Ha puc. 195,a BenuyHHBl TOKa I[peACTaB/JeHbl B BHAE OTAE/b-
HbIX Kose6aHHH MepeMeHHOro TOKa, CO3JaHHOrO B LeNu Hampske-

XL om
L=243Y9 mKen
X =Ll
Ry=100m X = 1000um
npU ]’pea XL,=XC
( U=300 mKs8
~ ) +=1000 K2y U
! fpes f
Xg=15000m
1
11 g
C=1Ubnyg B
Xcum
a 6
Puc. 194. PesoHaHc HanpsikeHHil:
@ — cxemMa BKJIIOYEHHS CONPOTHBJEHHH; G—XL a XC PaBHbl H MPOTHBOMOMOMNKHBI

fPH pe30oHaHCHON vacToTe

HMeM reHepaTopa. BesuunHa Toka Haubosbllasi NpH pe30HAHCHOM
yacrore. Ha puc. 195,6 3aBHCHMOCTb aMMJIHTYABl TOKa OT 4acTOThI
u300paxeHa KpUBOH A/as yacToT, GJU3KHUX K PE30HAHCHOM, KOTOPYIO
HasbiBaloT KpHBOH pe3oHnaHca. Ee MOXHO paccMaTpHBaTh Kak oyep-
TaHHe YBEJHYHBAIOIIHXCA H YMEHBIUAIOIIHUXCH aMIVIMHTY[ OTAe/b-
HbIX KoneGaHMH, npuBeAeHHBIX Ha puc. 195, a.

KpuBas pesoHaHca moc/ieloBaTeqbHON LEMH MOKa3bIBaeT, UTO
TOK, He6OJIbIION Mepej], pe30HAHCOM, BO3PACTA€T [0 MaKCHMaJbHOM
BeJIMUMHbl NPH PE30HAHCHOH YacTOTe M 3aTeM CHOBa Majaer Ao
HeGOMbLUIMX BeNHYHH.

HOnsg unmocrpauuu sroro B Taba. 11 npusefeHbl BeJHUYHHBI CO-
MPOTHBJNEHHA M TOKa Qs Uenu puc. 194, a npu pe3oHaHcHOH ua-
crore 1000 xKey W npum ABYX yacToTax HHXKe H [IBYX BHIIEe pe3o-
HaHCHOH.

ITpu yacrote 600 xey, xorga Xc Goablie X;, peakTHBHOe CO-
npoTHBJNeHHe, paBHOe HX Pa3HOCTH, OTPaHHYMBAET TOK O OTHOCH-
TesibHO HeGosbuiol BennuuHbl. [Ipu uacrote 800 xey compotuBie-
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uue X¢ yMeHbllaercsi, a X, yBeJMUMBaeTcsl, PasHOCTb CONPOTUBIE-
HUil CTAHOBMTCSl MeHblle M TOK B lenu Bo3pacraer. Ilpu pesonanc-
HOH YactoTe, Korka X¢=Xp, peakTUBHOE CONPOTHBJIEHHE LIENH pas-

U
HO HYJIIO U TOK CTAQHOBHUTCA MaKCHUMaJbHBIM, pPaBHbIM F an ya-
cToTax Bhille pe3oHaHcHod (1200 u 1400 xey), korma Xp Gouib-

Huuvulbuus
8eNUYUHT MOKA
npu fpes
th W HL W
——— ———
Hebonbwas Hebonbwas
gENUMUNA MOKQ genuyuHa maka
HUKE fpeg gbiuie fﬂE’J
a
A imxe
30— ——————7
20
10
'p v .
[~
s 8 38 38 8
® ® = 9 =
é

Puc. 195. Tox B uenu MaKCHMa/bHBIY NpH
Pe30HAHCHOM YacToTe:

Q@ — aMIUIUTYAbl TOKA Ppa3JjIHYHBIX YacCTOT,
6 — pe3oHaHCHas KpHBas

me X¢, PasHOCTHOE DEaKTHBHOE CONPOTHB/EHHE BHI3LIBAET YMEHbs
lIeHHe TOKAa O CPaBHEHHUIO C ero BeJUYHHOH MNpPH PEe30HAHCHOM
4yacToTe.

Takum o6pa3oM, Ha 4YacTOTax HHXKe PE30HAHCHOH CONpPOTHBJIE-
uue Xp ManeHbkoe, a X¢ 6oJ/bllloe, YTO OrpaHHYUBAET BEJIHUHHY
tToka. Ha uactoTax Bbllle pe3oHaHCHOH X¢ MaJjieHbkoe, a Xy 60/bs
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110€, 4YTO TakK»Ke orpanuuuMBaer TOkK. [Ipu pe3oHaHCHOH uYacToTe
peakTHBHble conpotuB/ieHus X¢ u Xy, 6yAvuM paBHBIMH, B3aHMHO
KOMIEHCUDYIOTCS, Bbl3blBasi MaKCHMAaJIbHbIH TOK B LEIH.
ITockobKY peakTHBHbIE COIPOTHBJEHHS KOM-
OGuiee conpoTuseHme NEHCHPYIOTCA TIpH pe30HaHCHOI:l 4acToTe, 06-
MHHMMAJbHOE Hiee CONpPOTHBJEHHE TI0C/Ae10BaTeNbHOH Lenu
CTAaHOBHTCS MHHHMaJ/IbHbBIM, PaBHbIM aKTHB-
HOMY CONpOTHBJIEHHIO, NMO3TOMY (Da30BbIA yros paBeH Hymwo. [lpu
pe3oHaHCe TOK HaXOJAUTCsl B (pase c HanpsKeHWeM reHepartopa.
MakcuMaJbHBII TOK B MOCJeA0BaTe/NbHOH
Hanpsikenue HaaamumaxL—-C-U.erIH NpH pe30HaHCe BeCbMa KeJsare-
L w C npu pesonance  jeH, NMOTOMY YTO OH CO3JlaeT MaKCHMaJjbHOE
Hanpsi)KeHHe Ha 3aXKuMax KaTyWKH HHIYK-
TUBHOCTH M KOHJIeHCaTOpa.

Rg=100m L=239 mKey —?
Bbixodnoe
U=300mKs8 Hanpsixxenue
~ C=106np == Uxe Maxkcumanvuoe

npu f=1000K2u
Ueb'x =45 000MmKe

Yacmoma 600-1400Kzu’

Puc. 196. [lpu pesoHaHCHOi YacToTe B MOC/AEAOBATEbHOIl llenH cO3iaercs
MaKCHMaJbHOe HaNpsiXXeHHe Ha 3aXKMMax KOHAeHcaTopa

Tak, B uenu puc. 196 npu pe3soHaHcHoir yacrote 1000 key Ha-
npsKeHHe Ha KoupgeHcatope C Bo3pacraer no 45000 mxs mpu Ha-
NpsKeHUH Ha 3axkumax uenu 300 mxs.

ITocnenoBarte/ibHO-pe30HAHCHAS Lenb Kak Obl «u30upaeT» peso-
HaHCHYIO 4acToOTy.

MakcumanbHBIE TOK NMPH PE30HaHCHOR 4acTOTe CO3[1aeT MaKCH-
MaJibHble HanpskeHus — /X¢ Ha KonneHcarope C u /X, Ha kaTyw-
Ke HHIYKTHBHOCTH L. Vi3aMeHeHHs HampsiXKeHHsl Ha 3aXXUMaX KOH-«
nedcatopa C TNpH yacToTax HHMIXKE H Bblllle PE30HAHCHOH MOKa3aHbl
Ha puc. 197.

XoTsl HanpsKeHHsT HA 3aXKMMax KaTyIIKM HHAYKTHBHOCTH M
KOHleHcaTopa peaKTHBHbIe, OHH peaJsibHble — HX MOXKHO H3MEepSTh.
Hanpumep, B uenu Ha puc. 198 npyu pesonaHce nafeHHs: Hanpsxe-
HHS Ha KoHieHcarope C M Karyllke HHAYKTHBHOCTH L - mo
45000 mxa, a Ha pesuctope R — 300 mxs.

Hanpsikenue Ha 3aXuMax pesucTopa paBHO HaNpPSIXKEHHIO reHe-
patopa U uMeeT Ty Xe (pa3y. HanpsixkeHue Ha 3axuMax Mocjeq0=
BaTe/NbHO BKJ/IIOYEHHBIX KAaTYLUIKH HMHAYKTHBHOCTH L M KOHJEHca-
Topa C (B TOukax / u 2) paBHO HY/I0, TaK KaK HanpsiXKeHHd Ha

~.
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KaTyllKe MHIYKTHBHOCTH H Ha KOHJeHCaTope DaBHbl M MPOTUBOMNO-
JIOXKHBI N0 ¢ase. UTo6bl Hcnosb3oBaTh BO3pocliee NMPH Pe30HaHce
HanpsiKeHue, ero cjaeayeT CHHMAaTh C 3aXKHMOB KaTYLIKH HHAYKTHB<

Uyg, MK8
50000 MakeumManbHoe
———————— HONPAXEHUE
40000 npu fpea
30000
20000 1
fpeg= 1000 K2y,
10 000 A
L f.x2u
0 =——-r T
s 2 8 & 8

Puc. 197. KpuBas HanpsiKeHHsi Ha 3aXXHMax
KOH/IeHcaTopa

HOCTH HJIM KOHJeHcaTopa. [IpakTHuecKH OHO CHHMMaeTcs C 3aXXHMOB
KoHaeHcaTopa C.

Ryx=100m ! X1,=15000m

—J\
42300MK6X /U/L=4saoo MK;X

X

U=300mKe

~ ]’pe;;:lUUUKZUO
T =30mKa S Mk

Uyc=45000 MKs,

1l

2 L1}
Xp=15000M

Puc, 198. Magende HanpsixKeHWH B mocJe-
[OBATeJbHON LeNH MpH pe3oHaHce

12. PesonaHc TOX03

B napannensHoli L — C-nenn (puc. 199), korga X,.=Xc, T. e.
npy pe3oHaHCE, PEAKTHBHble TOKH BeTBeH PaBHbl NO BEJUYHHE H
NPOTHBOMNOJ/IOKHBl N0 HaNpaB/EHHIO, BCAENCTBUE Yero OOGIUH@A TOK
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MUHHMaJjeH, a ofliee COMPOTHBJEHHe Lenu (Ha 3aXuMmax reHepa-
TOpa) MaKCHMaJbHO.

Taxk kak Karymka L, koHxeHcatop C U reHe-

O6umii Tok paTop BKJ/IOUEHL NapaJjieNbHO, HampsiKeHHe,

MHHHMaJeH NPHJIOXKEHHOE K BETBAM LUENH, PaBHO Hamps-

Kennio redepatopa U. [Tostomy TOKM B Kax-

no# BerBu [/ =Y ulc=——

L XL Cc XC .

Tox emMKoCTHOiI BeTBM OmepeKaeT Halps)KeHHe reHepatopa Ha

90°, a TOK HHAYKTHBHOH BETBH OTCTaeT OT 3TOr0 HaNpsKeHHS Ha
90°, 1. e. oHM cABHHYTH Mo (ase Ha 180° U MO3TOMY KOMMEHCHPY-
I0OTCH B HEPa3BETBJIEHHOM yuacCTKe LeMNH.

ITo Mepe TOro Kak 4acToTa MOBbIILIAeTCs, MPUOIUKAACH K pe3o-
HaHCHOM, TOK €MKOCTHOH BETBH BO3DACTaeT M3-3a yMEHbLIEHHs CO-
OpOTHBJ/IEHUA Xc, a TOK

3 ‘ MHIYKTUBHOH BETBH yMEHb-
S 5 L s 1aercs BcleACTBHE YBeH-
2 3 <SS ueHus conportuBjieHus Xp.
RS 8 <&  O6uwuii PeaKTHBHbBII TOK
o r I ", B HepasBEeTBJEHHOH 4YaCcTH
U=300 mx8 7 < L < uemn
fpes= 1000 K2 § Iy=1,—1I..
&

106 n

IIpu pe3onaHcHoi uya-
CTOTe TOKH HHAYKTHBHOH
U eMKOCTHOH BeTBell paB-
Hbl M MO3TOMY NOJIHOCTBIO
KoMneHcupyiores. I[lpu ua-
CTOTe BBIlE DPe30HAHCHOH TOK B €MKOCTHOH BeTBH OOJiblie, YeM B
WHAYKTHBHOH, H OOILMH peaKTHUBHBIH TOK LleNH BO3pacTaer.

Korana Her pe3oHaHca, akKTHBHBIM TOKOM B HHIYKTHBHOH BETBH
MOXHO mnpeHe6peub, IOCKOJBLKY OH OYeHb MaJsieHbKHH IO CpaBHe-
HHIO C peakTHBHBIM TOKOM B Hepa3BeTBJeHHOH uenH. IIpu peso-
HaHCHOW 4YacToTe, KOTZa PEaKTHBHLIE TOKH YHHUTOXKAIOTCS, aKTHB-
Haf COCTaBJA0OI(as TOKa MMeeTcsl BO BHelHeft Hemd. OG6muil TOK
paBeH aKTHBHOH COCTaBJAMOILEH U coBMajaer mo dase c TPHIIOKEH-
HbIM HaNpsKeHHEeM.

C=

Puc. 199. Pe3oHaHc TOKoB

Mpu napannerbHoM pe3oHaHce oGuiee compo-
OGiuee conporusaenue  THBJCHHE LENU HA 3aKHMaX reHepatropa Mak-
MaKCHMATLHO cumaabHo. [Ipn wyactotrax HHXKe HJIHM Bbille
pe30HAaHCHOM OHO MeHbLIE.
IlapannenpHo-pe3oHancHas L — C-uenb «u3bupaer»  4acrory,
NpH KOTOPOH mosyyaeTcss MaKCHMaJjbHOe ofllee CONPOTHBJEHHE.
Tok nepasBeTBleHHOro yyacTka LeNmH MOXKeT OBITb OYeHb He-
GosibLINM, XOTS TOKH pPeaKTHBHBIX BeTBei 3HauuTenbHbl (puc. 200).
Ha puc. 200 akTHBHasi cocrasasiiollass o6UlEro TOKa IpeacTaB-
JieHa B BHJe OTIE€]bHOA BETBH, IO KOTOPOH NpOTeKaeT OT reHepa-
TOpa B OOULYIO LieMb. AKTHBHBIN TOK, paBHblii TOKY, onpejeseMomy
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COTPOTHB/IEHHEM KaTyliku. PeaKTHBHBIN TOK Ka)XJ0il BETBU paBeH
HampsiKEHHIO TeHepaTopa, [eNeHHOMY Ha COOTBETCTBylollee peak-
THBHOE conpoTusieHHe. TIoCKONBKY 3TH TOKM paBHbl H NPOTHBOINO-
NOXHBI MO (hase, OHH B3aHMHO KOMIEHCHPYIOTCS.

Ha nepBuifi B3rmfa MoXeT NMokasaTbCsi CTPaHHLIM, NOYEMY NpH
pe3oHaHce OOLIHA TOK B Hepa3BeTBJEHHO!N YacTH LeNH OYeHb Mal,
TOrJa KaK TOKH B BETBSIX OYeHb BEJHKH.

®u3HYecKas CYUHOCTb NpPOIECCOB IPH Pe30HAHCEe Cieayiollas.
[Ipu pesonaHce TOKOB, KaK M NpPH pe30HaHCe HANpPsKEHUH, MPOHC-
XOAHT OOMEH 3HEPrHH MeX1y MarHUTHbIM NOJIEM KaTyWIKH H 3JeK-
TPUYECKHM MoJeM KoHaeHcaTopa. KoneGaHHil 3Hepruu Mexay KoH-
TypoMm, o0pasyeMblM KaTyLWKOH H KOHJEHCATOPOM, H HCTOYHHKOM

/===

0,00133 Omko
MK 0.2 mka 0,2MK0

U=300 mKs 0,00133 mxo
Puc. 200. PacnpeneneHne TOKOB NpH pe30OHaHce
B MapaJJ/iesibHON LenH

IUTAHHS HET, HEePrus Moc/JeJHero pacxolyerc TONbKO Ha MOKpbl-
THe TMOTepb aKTHBHOTO CONPOTHBJAEHHS KoHTypa. KoHTyp mpencras-
JsieT A5 reHepatopa 4HCTO aKTHBHOE CONPOTHBJEHHE, BEJHUYHHA
KoToporo TeMm GoJblie, 4eM MeHblle NOTepH B KoHType. Ecau Gbl
He GblIO NOTEPb B KOHType, OH NpeacTaBdsii Obl 6ecKOHeyHO 60.1b-
nioe compoTHB/aeHHe. ['eHepaTop, COOOLIMB ONHAXKAbl SHEPTHIO LENH
(KOHTYpY), OKa3aJjicsl Kak Obl H301HPOBaHHBIM OT Hee. TOK B pas-
BETBJIEHHOH 4YacCTH LeNH nojnep:kusBascs Obl 3a CUeT 3amaceHHOl
sHepruu. HanpsixkeHue Ha 3a)KMMax Lenu ocTaBajocb Gbl pPaBHBIM
HalpsiXKeHHIo reHepaTtopa.

SIB/ieHUs, BO3HHKAIOIIYE B MapaJjJjejJbHOM KOHType IpH paBeH-
CTBe peaKTHUBHBIX COMDOTHBJEHUII BeTBEH, Ha3LIBAIOTCS pPe30HaH-
COM TOKOB.

[TapannenpHblii KoseGaTeNqbHbIH KOHTYD OTJIHYaeTcs OT mocuae-
IOBaTeNbHOrO TOJbKO TeM, UTO OH 3aMKHYTHI/i: TeHepaTop, co3-
HalolHi KosieOaHUA, HEe BKJ/IOYEH HEMOCPeJCTBEHHO B Hero.

3navenuss L, C u f, mpu KOTOpBIX HacTymaeT pe30HAHC TOKOB,
ONpeneNsloTCs TaK ke, KaK M NpPH De3oHaHce Hamps:xeuui. Mame-
Hsosi JI06yl0 H3 TpPEX. BeJHUHMH, MOXKHO J00HTbC paBeHcTBA Xp
u X¢, T. € HAaCTpOHTb KoJiebaTeJbHLIE KOHTYD B pe30HaHC.
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[TocnegoBatenbHbIll W napafnenbHbli KoJebaTesbHble .KOHTY-
pbl — BakHellllHe 3/JeMEHThl KaXKA0TO pPaJHOTEeXHHUECKOro YCTpOH-
CTBa.

Kparkue sbi8006t

1. Tlpn HanuyuH OAHHX DE3HCTOPOB pacyeT lienmeH nepeMeHHOro
TOKa HHYeM He OTJIHYAaeTCs OT pacyeTa LeMneil IOCTOSHHOrO TOKa —
dCToNb3yeTcsl JelCTBYIOILAsl BeIHYHHA NEPeMEHHOro HamNpsKeHHs.
Korna Her peakTHBHOro compoTuBJieHHs, ¢a3oBblil yrom paseH 0°

2. EMKOCTHbIe CONPOTHBJEHHSI, TaK e KaK M HHAYKTHBHbIE,
CKMajblBAlOTC MNpPH MOCJAEN0BaTeNbHOM COeJHHEHHH H olpeje-
Jf0Tcsi Do o6paTHoi dopMyse NpH MapalselbHOM COeJIHHEHHH.

3. CpaBHeHHe mapaMeTpoOB lleneil MPH MOCAeN0BaTeNbHOM H MNa-
paJJieIbHOM COeJMHEHHH KaTylIKH H pe3HCTopa:

IMocnenoBaTenbHOEe COelHHEHHE - [MapannenbHoe coelHHeHHe
Tok I/ B KaTylike ¥ pe3ducTope OAMH Hanpsaxenue U Ha 3amuMax ka-
H TOT Xe TYWKH H Pe3UCTOpa OJHO U TO XKe
2 772 V2 L7
Unpua =V Ug + U, loow =V I+ %,
S oa—; U
z=Vr+x zZ=~
061
t = —-XL t = i = R
R L
VYron ¢ yBseanuuBaeTcs ¢ BO3pacTa- OTpuuatenabHblii  Yyror ¢  VMeHb-
HHEM XL, KOoTopoe jejaeT Uenb 6ojee | maercs ¢ BO3pacTaHHeM XL, KoTopoe
HHAYKTHBHOII yMeHbllaeT TOK MHAYKTHBHOH BeTBM

4. CpaBHeHMe MapaMeTPOB Ienei NPH NOCAeN0BaTENbHOM H
napajjieJbHOM COeIMHEeHHHM KOHJEHCAaTopa M pe3ucTopa:

IMocaenosaTeabHoe COEAHHEHHe ﬂapannenbﬂoe CcoeaHHeHHUe
Tok I/ opun W TOT e B KOHJeHca- Hanpsikenue U ofHO # To xe Ha
TOpe H pe3ucrope 3a)XKMMax KOHJeHcaTopa M pesHncTopa
TR VT_'
Ungun = V U + Uke Lo =V B+ I
VE+ & Togw
—X Iye
tgo = -—?g- tgo = +
R
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[Tpu nocnemoBaTesbHOM COeIHHEHHH KOMIEHCHPYIOTCS €MKOCT-
HO€ W HHIYKTHBHOE CONPOTHBJIEHHS OJHHAKOBOW BeJHYHHBI, a TpH
mapajieqbHOM COEIHHEHHH — O/IHHAKOBbIE TOKH €MKOCTHOH M HH-
LYKTHBHOH BeTBeH.

5. Llens mepeMeHHOr0 TOKa C aKTHBHHIM R, HHAYKTHBHbIM X
H eMKOCTHBIM X¢ CONPOTHUB/JIEHHSMH MOXHO Npeo6pa3oBaTh B LENb
C OIHMM 3KBHBAJEHTHBIM aKTHBHBIM H OJHMM HHIYKTHBHBIM HJIH
eMKOCTHBIM CONPOTHBJAEHHSIMH B 3aBUCHMOCTH OT TOrO, Kakoe H3
ABYX mocieiHux npeo6aasnaer B unenu. Ilocie 3toro mas mocieno-
BaTe/IbHON LEeNU reoMeTpHUYecKH CKJajAblBaloTcs obliuee aKTHBHOE R
U obilee peakTHBHoe X compoTuBjeHHs. Pas3oBbll yrom omnpene-

X o
10T U3 (PopMYJiBl tgcp=73. Ins napannenvHoil uenu reoMerpH-

YeCKH CKJanblBalOT OOLIMA TOK aKTHBHOH BeTBH M CYMMAapHBIA TOK
1
X

peakTHBHOH. Pa3oBHI yroa onpejensior no dopmyae tge= 7o
R
6. CpaBHeHHe conpotuBieHudt R, X, X¢c u Z:

AKTHBHOE CONpPOTHBAE-
HHe R, ox

HHpyxTHBHOE conpo-
THBNEeHHE X7, Ox

EMKOCTHOe CONMpOTH-
Brenue Xc, ox

OG6uee compoTHBaE=
HHe Z, OM

Hanpsxenne Ha
peauctope B (ase
¢ TOKOM (MepeMeH-
HbIM M TOCTOSIH-
HBIM)

Beanuuna R onua
M Ta ke JAaA Bcex
Y4acToT

Hanpsikenne Ha
KaTymke  onepe-
*aeT ToK Ha 90°

Beanunna XL
yBeIuuUBaeTcs ¢
NOBbLIIIEHHEM  Ya-
CTOTHI

Hanps:kenue Ha
KOHJleHcaTope OT-
CTaeT OT TOKa Ha
90°

Benuuuna XC

YMEHbLIAeTcd C No-
BbILIEHHEM  YHaCTO-
TbI

CymmapHoe 3Ha-
YyeHHe aKTHBHOro R
M peakTHBHOro X
CONpoTUBAEHHUIT

Z=VRF+X

Cocrasasioinas
XL yBeJHuMBaeTcH,

a X, ymenbuaercs

0pu  yBeaHUeHHH
Y4acTOTHI

[Ipn mnocaepoBa-
TENbHOM COelHHe-
HHU

X
‘e¢=T7

npn rnapauiejJbHOM
CO€eJIHHeHUH

Tx

BT

7. B uensx NnepeMeHHOro ToKa C pEaKTHBHBIM COIIDOTHBJ/IEHHEM

aKTHBHas

MOIIHOCTb H3MepsieTca B BatTax: Pa=I?R=UI cos ¢,

roe ¢ — a3oBbiii yron. Ta MOLUHOCTb fBAsieTcs MoJe3Holl. OHa
ompejessieT Ty YacTb 3JEKTPHYECKOH SHEPTHH, KOTopas mpeBpa-
liaeTcss B 3HEPrHIO APYroro BHAa (TENJOBYIO, MEXaHHYECKyio, CBe-
TOBYIO, XHMHYECKYI0).
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R
Bennuuna cos ¢= — Ha3biBaeTcs K03 (PHUIHEHTOM MOIIHOCTH.

PeakTHBHasi MOLIHOCTb B LENH He HCIIOJIb3YETCH. Ona uper or
HCTOYHUKA K TPHEMHHKY H OTTyAa BO3BpPalUlaeTCd K HCTOYHHKY
TOKa.

BOTIPOCHI [J/151 CAMOKOHTPOJIS

1. B nenu ¢ HHAYKTHBHBIM CONPOTHBJEHHEM MpPH CUHYCOHLAJLHOM mMepeMeH-
HOM TOKe:

a — ¢da3oBulii yroaq Toka paBeH 90° 6 — HanmpsiXKeHWe, NPUJIOKEHHOe K Ka-
TYyllKe HHAYKTHBHOCTH, CABHHYTO Tio ¢ase Ha 90° mo cpaBHEHHIO C HanpsKeHHeM
UCTOYHHKA TOKA; B — TOK Yepe3 KaTYLIKy OTCTAeT OT MPHJOXKEHHOro HalpsiKeHHS
Ha 90° r— TOK uYepe3 KaTyWIKy WHIYKTHBHOCTH H HalpsKeHHe Ha ee 3aXKHMax
cABHHYTH Mo ¢dase Ha 180°

2. B uenu nepemeHHoro Toka npu Xp M R, BKJIOYEHHBIX HOCJeNCBATENbHO:

a — HanpsiKeHHst Ha 3aXHMax Xp u R Haxoasitca B ¢ase; 6 — HanpsixKeHus
Ha 3axuMax Xrp u R cABHHYTH no ¢a3e Ha [80° B — HanpsKeHHe Ha 3aXH-
Max R oTcraer OT HanpsiXKeHus Ha 3axumax Xp Ha 90°% r— HanpsXKeHHe Ha
IMKEMAX R onepexaer HampsiKeHHe Ha 3amumax X Ha 90°

3. B menu nepeMeHHOro TOKa ¢ aKTHBHbIM conpoTHBJeHHeM 40 om, BK/IOYeH-
HbIM [OCJIElOBATENLHO C HMHIAYKTHBHBIM conpoTHB/enHeM 30 om, ofllee compo-
FHBJIEHHe Z DaBHO:

a—30 om; 6 —40 om; B—50 om; r— 70 ox.

4. B uenu nepeMeHHOro TOKa C aKTHBHBIM conpoTHBJIeHHeM 90 oM, BKJIO-
YeHHBIM TMOC/eJ]0BaTeJbHO C HHIAYKTHBHbIM conporus/enueM 90 om, ¢asosbiit
rox aBeH:

Y a(P—pOE’; 6 — 30°% B —45° r—90°.

5. AktusHoe conporHBieHHe 1000 os BK/IIOYEHO NapaiieNbHO C HHIYKTHB-
HbIM conpoTuBieHHeM 1000 os. OG6liee conpoTHBJIEHHE PABHO:
© a—>500 om; 6 — 707 om; B— 1000 om; r — 2000 om.

6. B uenu nepeMeHHOro TOKa, COCTOsLUEH H3 MapasileJbHO BKJIOYEHHbIX pe-
3ucTopa R M KaTyWIKH MHAYKTHBHOCTH L:

a — HanpsXeHHe Ha 3a)KMMax KaTyIUKH ONepexaeT HaMpsXKeHHe Ha 3aXH-
Max pesuctopa Ha 90° 6 — TOKH B AKTHBHOH M HMHIAYKTHBHOH BeTBSIX CIBHHYTHI
no ¢ase Ha 90°; B—ToKu B BeTBsix ¢ R u L umeior oiHy ¢a3y; I — TOKH B
BeTBAX ¢ R u L casuHyTH mno ¢ase Ha 180°

7. B uenu CHHYCOHJA/IBHOTO MepeMEHHOrO0 TOKa C COEeJMHEHHBIMH MOC/eNo-
BaTeJIbHO KOHJEHCAaTOPOM H DPE3HCTOPOM:

a — ¢asoBhlif yron uend paBeH —90° npu GOJBIIOM CONPOTHUBJIEHHH pe3H-
cTopa; 6 — HanpsXeHHe Ha 3aXHMax KOHJeHcaTopa CABHHYTO no ¢dase Ha 90°
10 OTHOLUEHHIO K TOKY 3apsja M pa3psja; B — HamlpsKeHHe Ha 3aXKUMaX KOH-
neHcaropa B ()ase ¢ TOKOM 3apsla M paspsja; I — TOK 3apsifia H pas3psiia KOH-
ngHcaTtopa caBHHYT no ¢ase Ha 90° NMO OTHOIIEHHIO K TPHJIOKEHHOMY Hamps-
KeHHIO.

8. B menn cHHYCOMAa/JbHOTO MEpeMeHHOro TOKa MPH MapaIeNbHOM BKJIOYe-
HHH pe3HCTOpa H KOHJeHcaTopa:

a — Hanps)KeHHe Ha 3a)XHMax KOHJeHCaTopa OTCTaeT OT HANpsSKEHHS Ha
3aXuMax pesuctopa Ha 90° 6 — TOK B BETBH C Pe3HCTOPOM CABHHYT no ¢ase
Ha 90° Mo OTHOLIEHHIO K TOKY B BETBH C KOHJEHCATOPOM; B — TOKH B OGeHX BeT-
BAX HMeIOT ONHY H TY Xe (a3y; r— TOKH B 0GeHX BeTBAX CABHHYTH MO ¢asze
#a 180°

9. B uenu cuHHYCOMIANbHOIO NepeMEHHOro TOKa BK/IOYEHbl MOC/IeL0BAaTENbHO
pe3HUCTOpP ¢ aKTHBHBIM cOMpoTHBJeHHeM 90 oM M KOHIEHCATOp C eMKOCTHHLIM
conpotusienieM 90 om. Pa30BhIi yroa ¢ paseH:

a——90°% 6 — —45°% B —0° r—90°,
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10. Pesucrop ¢ axTusmbplM conpotibiennem 1000 os n KoHpeHcaTop € eM-
KOCTHBIM conporuBieHdeM 1000 om Bkmouensl napaaiensHo. O6luee CONpOTHB-
JleHHe LeNH paBHO:

a—500 om; 6 — 707 om; B— 1000 om; r — 2000 on.

11. B uenn CHHYCOHJAJLHOTO TEpPeMEHHOTO TOKAa TNpH MOC/HeN0BaTe bHOM
pKiloyeHud X¢ u R:

a — HanpsiKeHHe Ha HHUX Haxomutcss B (ase; 6 — HanpsKeHMe HA HHX
CABHHYTO no ¢ase Ha 180°% B — HanpsiXeHHe Ha R onepexaer HanpsDKeHue Ha
Xc Ha 90° r — HanpsKeHHe Ha R oOTcTaeT oT HanpsixKenus Ha X¢ Ha 90°.

12. B uenb nepeMeHHOro TOKa BKJIOYEHB! MOC/E/0BATeNbHO peaKTHBHbIE
conpoTuBieHuss X¢1=100 oM, Xco=50 oM, Xr1=40 om u Xp,=30 om. Obiiee
peakTHBHOE CONMpPOTHBJIEHHE PaBHO:

a—80 om Xp; 6—220 om Xr; B—80 om X¢; r— 220 om Xc.

13. B uenb nmepeMEHHOr0 TOKa BKJIOYEHbl MOCJELORATENbHO CONPOTHBJEHHS
R=40 om, X1, =90 om u X¢c=60 osm. OGuiee conpoTHBJEHHEe PaBHO:

a— 50 om; 6 —70,7 om; B— 110 om; r — 190 om.

14. B uenp mnepeMeHHOro TOKa BKJIOYEHbl MapajiebHO  COMpPOTHB/EHHA
R=100 om, X =100 o u Xc=100 om. O6miee conpoTuBieHHe Z paBHO:

a—33!/3 om; 6—70,7 om; B— 100 om; r— 300 ox.

15. B uenb nepeMEHHOrO TOKA BKJIOYEHBI J10C/NEIOBATENbHO COMPOTUBJEHHS
R=100 os, X =200 om u Xc=300 om. Pa30BHii yros LenH paBeH:

a—0°% 6 —37°% B— MmuHyc 45° r— 90°.

16. KospduuueHr MoIUHOCTH Ileny NepeMEeHHOro TOKa paBeH: a — COS &,
6 —tg e, B—HYyQIO a8 Uend ¢ OJHHM aKTHBHBIM CONpPOTHBJENHeM; T — elH-
HHIEe JJIS PEakTHBHOH LenH.

YIIPAJ)KHEHH S

1. M3o6pa3ure rpajuyeckn nBa HampsiKeHus, CABHHYThle no ¢aze Ha 90°
Kaxnoe ¢ amnautynoit 100 e. Uemy paBHa ux cymma BexkTopoB? Korga cymma
JByX TOCNeAOBaTeNbHbIX NajeHHH Hanpsxkenuit mo 100 & OGymer paBHa 200° 8?

2. Hapucyiite cxeMy nenu ¢ MHAYKTHBHEIM X; H aKTHBHbBIM R cOMpOTHBIE-
HUSMH, MOAKJIOYEHHBIMH TMoOC/Jel0BaTeNbHO K 3axxuMaM ucrounuka 100-s8. Iloa-
cuntaiiTe o6llee conpoTHBieHHe Z, TOK I, majeHHs HampsiKeHHil Ha pesHcTOpe
# Ha KaTyllke HHAYKTHBHOCTH W ()a30BBIl yron ¢ [Js ClefyOIUX Lened:

a—R=100 om, Xpr=1 om; 6 —R=1 om, Xp=100 om; B—R=D50 on,
X1=50 om.

3. Uro rakoe ¢a3oBblil yros mepemeHHoro toka? Hamumurte dopmyay caso-
BOro yrsa AJsl lLend C NOC/AefOBATENbHO BKJIOYEHHBIMH HHAYKTHBHBIM H aKTHB-
HBIM COIIPOTHBJIEHHSAMH.

4. HapucyiTe cxeMy uen¥ ¢ HHAYKTHBHBIM Xp M aKTUBHbIM R conpoTHB.e-
HUAMH, TOIKJIOUEHHBIMH MapajyielbHo K 3a)XumMaM Hcrounuka 100 8. Ilomcuu-
rafite /p, Ix1, lo6w U Z LNA CIeAYIOLHX CJyYaes:

a—R=100 om; Xr=1 om; 6 —R=1 om; Xr=100 om; B— R=50 ox;
XL=50 onm.

5. Peaucrop c¢ conporuBieHHeM 40 om H KOHJIEHCAaTOp C €MKOCTHBIM CO-
npotuBJeHHeM 30 oM NOAKJIOYEHBI MOC/]eJ0BATENbHO K 3aXKMMaM HCTOYHHKA CH-
HycouIanbHOoro Hampsikexus 100 s.

a) Hapucyiite cxemy uenu. 6) IlomcuuraitTe obluee conpotHBiaeHHe Z K
tok I. B) Onpenenute HanpseHHe Ha pesncrope R # kougedcatope C. r) Ka-
Ko (a3oBuii yroam ¢ uenu? n) CpaBHuTe a3y ToKa B pe3HCTOpPe H KOHJEHca-
TOpe.

P 6. Peaucrop c conporusnenneM 40 om M KOHJEHCATOp C €MKOCTHBIM CONpO-
tHBNeHHeM 30 oM MOAKJIOYEHbl MapaeNbHO K 3aXHMaM HMCTOYHHKA CHHYCOH-
nanpHoro HanpsikeHys 100 e.

a) Hapucyiite cxemy uenu. 6) IMomcuprafite TOK Kaxnoi BerBH. B) Kakos
o6wuit ToK B HepasBeTBJeHHo# yactH uenu? r) Ilogcuurafite obluee CONPOTHB-
nenve Z. 1) Kakos ¢asosbiit yron ¢? e) CpaBuute dasbl HanpsxeHus Ha 3a-
KHMax pe3ucTopa M KOHJeHcaTopa.
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7. Hapucyiite cxemy, B KoTopoit KoHaeHcatop C mociefoBaTelbHO € Pe3H-
ctopoM R=1 Mom nopgk/ioueH K 3aKHMaM HCTOYHHKA nepeMeHHoro Toka 10 s.
Kakas norpe6Gyercsi emMkocTb KOHJAeHcaTopa C, 4TOGBl MOJY4HUTb paBHOE NafeHHe
Hanpsi)KeHHs Ha Pe3HCTOpe M KOHAeHcatope npH uvacrorax 100 ey u 100 xey?

8. TloueMy HHAYKTHBHOE U €MKOCTHOE CONPOTHUBJIGHHS MNpH NOC/AELOBATENb-
HOM COeJMHEHHH B3aUMHO KoMneHcupyloTcsi? IloueMy npu napajienbHOM co-
eIHHEHHH KOMIEHCHPYIOTCS TOKH HHIYKTHBHOH M eMKOCTHOR BeTBeH?>

9. IlpuBeauTe pasiuuHe B 3JeKTPHUYeCKHX cBoiHictBax Mexay R # Xc¢; R
u Xz; RuZ, Xe u C; X u L.

10. B yeM pasHHUa MeXAy BOJbT-aMNepaMH H BaTTaMH.

11. TlapaanenbHas Uenmb COCTOHT M3 C/leNyIOLUIMX NATH BeTBefi: Tpex BeTBedl
C aKTHBHBIM conpoTHBJeHHeM 10 30 OM, BETBM C MHAYKTUBHBIM CONPOTHUBJIEHHEM
600 om u BeTBH C €MKOCTHHIM compoTuBjenHeM 400 om.

a) Hapucyiite cxemy uenu. 6) Kakowo ofliee cOnpoTHBJIEHHE Lenu? B) ‘-!emy
paBen ¢a3oBeiii yronm ¢? r) KakoBa BeiauunHa o6llero Toka B Hepa3BeTBJEHHOH
yacti tend npd 100 8 NPHUIOKEHHOTO HAMpPSIAKEHHSIP

. B nocnenoBatenbHoll uenu nepeMeHHOro Toka, cocrosileii H3 R=20 ox,
Xr=40 om u Xc=60 oa, nporekaer TOK 2 a.

a) Hapucyiite cxemy uenu. 6) I[loacuutaiiTe najende HanpsikeHHs Ha 3a-
JKHMaX KaxAoro sjemeHta. B) KakoBa Be/HYHHAa NDHJIOXEHHOrO HamNpsiKeHHA?
r) Iloacyutafite KO3pHUMEHT MOLIHOCTH LEMH.
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. raaBa 10 XUMHWYECKHUE UCTOYHHUKU
TOKA

McTOYHHK 3/1€KTPHYECKOTO TOKa, B KOTOPOM XHMHUecKast dHep-
rHst mpeobGpasyeTcsd B 3/JeKTPHUECKYIO, Ha3blBaeTcsi raJjbBaHHYe-
CKMM 3jieMeHTOM. TaKue 3/1eMeHTh MHOrZa Ha3blBalOT TaKike mep-
BHYHBIMH.

FanbBanuyeckHe 3/eMEHTHl NPOCTHI MO YCTPOHCTBY, HMEIOT He-
GosbLide pa3mepbl W Bec. [103TOMYy OHM MOJMYYHIH IIHPOKOE pac-
npocTpaHeHHe, HECMOTPS Ha CBOI0O MaJyl0 MOLIHOCTb.

Beskuil ranbBaHMYeCKHH 3JIeMEHT COCTOHMT H3 JBYX DPas3HOpOA-
HBIX NMPOBOAALIMX MJACTHH (3JMEKTPOMOB) M 3JeKTpoauTta. B Kauye-
CTBe 3JIEKTPOJAOB HCIOJB3YIOTCA T[J1aBHBIM 00pa3oM LHHK H Melb
HJIH LHHK W Yroib, a B KauecTBe 3JEKTPOJHUTA — PacTBOPbI coJjeH
H KHCJIOT.

DJIEKTPOJIUTLl ABJAIOTCS MPOBOJHHKAMU 3JEKTPHYECKOrO TOKa.
Tax ke Kak H MeTa/uIHUecKHe NPOBOJHHUKH, OHH XapaKTepH3YIOTCs
nposoAuMoOcCTbI0. [IpOBOAHMOCTD HX Ha3bIBaeTCs HOHHOMH, OHa Mmps-
MO MpONOPLHOHANbHA YHUCAY paCUIENJIEHHBIX MOJIEKYJ, T. €. KOJH-
YecTBY HOHOB B OJHOM KyGHUYECKOM CaHTHMeTpe.

C Bo3pacTaHHeM TeMIeparypbl NPOBOAMMOCTb 3JEKTPOJUTOB
(B OT/MMYHE OT METaJJIOB) YBeJHYHBAETCs, MOTOMY 4YTO CKOPOCTb
IOBHXKEHHSI MOJIEKYJ BO3pacTaeT H HEKOTOpble M3 HHUX INPH .CTOJKHO-
BeHHSIX pacnajgaloTcsi Ha HOHBI-— NPOHUCXOJUT TaK HasblBaemas
HOHH3aUMs TOJUYKAaMH, NOBBINIAONIAS TTPOBOJHMOCTb.

BesecTBHe  3/1€KTPHYECKOH HEATPANBHOCTH aTOMOB, 06pa3ylo-
LIHX MOJIEKYJIbl, BCIKHH 3JEKTPOJHUT B 0Oluell Macce 3JeKTPHYECKH
HeiiTpaseH (TaK Xe KaK M MeTaJJIMYecKHii MPOBOAHHMK NPH HaJH-
YHH B HeM CBOGOAHBIX 3JEKTPOHOB).

B pesyabTaTe XHMHYECKOH peaKLHH, KOTOPasi MPOHCXOLHT MEXK-
AV 3JIEKTPOJMUTOM H NOTPYXKEHHBIMH B HEro 3JeKTpPojaMH, B ralb-
BAHHYECKOM 3JIeMeHTe BO3HHMKaeT 3. A. c. BeanuHHa ee He 3aBHCHT
OT pasMepoB 3JM€KTPOJOB H KOJHYECTBA 3/JEKTPOJHTA, OHA ONpeje-
JSeTCA TOJbKO MaTepHajloM 3JeKTPOJAOB H XHMHYECKHM COCTABOM
JIEKTPOJINTA. .
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DyieMeHT pacxoTyeT CROIO SHEPTHIO MPH MOIKMIOUEHHH K €ro
snekTpojaM BHelineil Ilenn. Kak TObKO XHMHueckas 3HepTHs, 3a-
maceHHasi B 3JMEKTPOJIHTEe H 3JIeKTPOAaX, H3PacXodyeTcsi, JeMEeHT
MPHXOAUT B HETOJAHOCTb.

CyluecTByeT MHOTO THIOB Tra/lbBaHHYECKHX 3/1EMEHTOB, HO HaH-
GoJsiee pacnpocTpaHeHbl JeMEHTbl MapraHueBOH CHCTEMbl C yroJib-
HO-LHHKOBBIMK 3JIEKTPOAAMH.

1. MpHHUMN NEHCTBHA ranbBaHW4YeCKOr0 3NEeMOHTa

[Mpocreiimnii ranbBaHuyecknit snement (puc. 201) cocrour wus3

meaHoil (Cu) u uHHKOBOH (Zn) MIacTHH, MOTPYZKEHHbIX B pacTBOP

T cepnoit kucaore (HpSO4). Men-

oK Has MNJacTHHA CJYXKHT  [0JO-

JKHTENBbHBIM MOJIOCOM  3JIEMEH-

1 _fﬁ%z Ta, a UWHKOBasg — OTpHIlaTe/b-
HBIM.

M3BecTHo, uTO  MOJeKyJa
‘=1 [==—==| [==}) 'CepHOH KHCJOTH B BOJHOM
— 7| [—=——{|==f pactBope pacnagaerca (pac-
—7|— | —§ ulenasercsa) Ha JBa MOJOXH-
= TeJBHO 3apfXKeHHBbIX HOHA BOJO-

Haepysra

+
—| [— —| |—H poma (H), B xoTopom HegmocTaeT
—||— — ||~ -4 mo onHOMY 3/eKTPOHY, H OAHH
OTpHUIIATEJNbHO 3apsiXKeHHBIH HOH

/- (SO,), B KOTOpPOM HMeEIOTCS [ABa

M30BITOYHBIX 3JeKTpOoHA. Mexny

Puc. 201. TIpocreiimuii raJbBaHHYECKHI OTpHLATEJbHBIMH HOHaMH, B CO-

SNEMEHT CTaB KOTOpPbIX BXOJHMT cepa H

KHCJIOPOA, U UHMHKOBBIM 3JIEK-

TPOAOM MPOHCXOJHT XHMHYeCKas peaklus, B pe3ysabTaTe KOTOPOH

ob6pasyeTcs cepHOKHCAbH UHHK. [Ipu 3TOM ocBoGOXKmaloTcs nBa

3/JIeKTPOHA, KOTOpble NPH pacClleNNeHHH MOJIEKYJ CEepHOH KHCJOTHI

OblIH «3aXBaueHbl» Y BoAopoaa. Ha IIMHKOBO# MiacTHHE BO3HHKAaeT
H36BITOK CBOGOJHBIX 3JIEKTPOHOB.

[Tpu pasoMKHyTO#i BHellHeil Lemu 3JeMeHTa JNajbHeHdlIass Xu-
MHYyecKas peaKLHsi HpeKkpallaeTcs, MNOCKOJbKY 3/JeKTPOHBI, CKOMHB-
lidecss Ha UHMHKOBOH IJIaCTHHE, OTTAJKHBAIT OTPHLATENbHbIE
HOHBI. Mexay MeIHOW M LHHKOBOH NJAaCTHHAMHM YCTaHaBJHBaeTCs
ompefeNeHHas pa3HOCTb NMOTEHIMaJIOB, KOTOpas [Js [NaHHOTO 3Jje-
MeHTa paBHa 1,1 6. .

IIpy nmoakaoueHHH Harpy3kH BO BHELIHeHd LEeNH BO3HHKAaer
3JIEKTPHYECKHH TOK, NPOXOAALIMH OT MEeNHOH MNJIACTHHB K IHHKO-
BOHl (IBHKEHHe 3/1eKTPOHOB IIPOMCXOAHT HAoGOpOT); BHYTPH 3Je-
MeHTa TOK TeyeT OT IMHKOBOH NJacCTHHbl K MenHOH. [losioKHTe/b-
Hble HOHbl BOJOPOJA, HaXOoAflUHecs B 3JEKTPOJHTe, COeAHHSIOTCS
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Ha MOBEPXHOCTH MEAHOro 3JEKTPoAa C 3JeKTPOHaMH H 06pasyioT
Ny3bIPbKH BOAOPOJAA, KOTOpble TMOKPHIBAIOT IIACTHHY TOHKHUM CJI0€M.
[Tpoucxoaut Tak Ha3biBaeMasi MOJsiPH3ALHUsl 3JEMEHTa.

Hanuune nysblpbKOB BOJOpOxa Ha MeLHOH IIaCTHHE YBeJHYH-
BaeT BHyTPeHHee CONpPOTHBJIEHHE 3NMeMeHTa H CO3[1aeT MHONOJHH-
TeNbHYI0 3. A. C. MOJAPH3aUUH (CaI0f BOAOPOJAA COBMECTHO C Mej-
HbIM 3J€KTPOJOM CO3AaeT Kak Obl ApPYrodl 3jJeMeHT), HalpaBJeH-
HYIO NIPOTHB OCHOBHOH 3. A. C. H NO3TOMY YXYALIAIOIIYIO 3JIEKTPH-
yecKHe CBOMCTBA 3JI€MEHTA.

[1pu s3aMKHYTOil BHeUIHEell LM JeMeHTa XHMHUeckKas peaklus
Ha LHHKOBOM 3JIEKTPOJe MPOTeKaeT HENpephIBHO, TaK XKe Hempe-
pbIBHO 06pasyloTcsi U cBOOOAHBIE 3JEKTPOHbI B3aMeH YXOJSILHX BO
BHEIIHIOI0 Ienb. B 1enu ycraHaBauBaeTcs NOCTOSAHHBIE TOK. Bo
BHELIHE ([[eNU MPOUCXOAUT [ABHXKEHHE 3JIEKTPOHOB B OIHOM Ha-
NpaBJeHHH, a BO BHYTPEHHel IeNH ABHXKEHHEe IIOJOXKHTEJbHbIX H
OTpHLATebHLIX HOHOB B Da3HBIX HalpaBJIEHHAX.

Takum -o6pa3om, pabora raJbBaHHYECKHX 3JE€MEHTOB OCHOBaHa
Ha npeBpalleHHH XHMHYECKOH 3HEPTHH B 3JeKTPHYECKYIO.

Jlnsi mpaKTHYeCKHX Lesiefl TaKoil 3/7eMEeHT HeNpurojJeH Hs-3a
CHJIBHOTO BJIHSIHUS NoJsfpu3auuyu. s ycTpaHeHHsT 3TOTO sIBJIEHHS
MOJIOXKHTE/bHBIA 3JIEKTPOL 3JeMEHTa OKDYXKaloT BellecTBaMH, CIO-
CcCOHBIMHM IOTVIOILATb BOAOPOJA, — TAK Ha3blBAEMBIMH JAeNoJsipH3a-
topamu. MMu wmoryr ObiTh BellecTBa, Goratble KHCIOPOAOM HIH
xsaopoM. Kucsaopos (MM XJ0p) COeAMHSETCS C BOJOPOJOM, 00pasys
BOJYy (MM COJIIHYIO KHCJOTY), MO3TOMY IJIeHKA H3 INy3BIPbKOB BO-
J0pojsa Ha TNOBEPXHOCTH MeJHOH MJaCTHHbl He TMOsBJAETCS.

- IlpoposkuTe1bHOCTb PabOTHl 3/eMEHTa Ha BHELIHIOK Harpysky
3aBHCUT OT BEJNHYHHBI Pa3psNHOro TOKa. KoJHyecTBO 3jeKTpHye-
CTBa B aMIep-yacax, KOTOpoe 3JeMeHT OTAaeT NpHu paspsiie Hop-
MaJIbHbIM TOKOM [0 HEKOTOPOro KOHEYHOrO HallpsKeHHs, Hasbl-
BaeTcsl eMKOCTblo 3/aeMeHTa. OHa 3aBHCHT OT ero pa3mepa, T. e.
OT Macchl 3JEKTPOJOB H KOJHYECTBA 3/1EKTPOJIHTA (B PacCMOTpEH-
HOM 3JIeMEHTe — OT MaccChl IIHHKOBOTO 3JIeKTPOJa, KOTOpbIH pac-
TBODPSIETCS B 3JIEKTPOJIHTE).

EMKOCTh 3/IeMeHTa MOACYHThIBaeTcs Mo dopmysne

Q=1y, (78)

rae [,— HOpMa/lbHBEIH Da3psiiHBIA TOK B LENMM 3/7EMeHTa B aMile-
pax;
{ — NpOJOJ/IKHTEJNbHOCTh pa3psijia B yacax.

2. 3neMeHTbl MapraHueBoii CHCTOMbI

Cpenu raibBaHHYECKHX 3JIEMEHTOB LIHPOKO MPHMEHSIOTCA Map-
raHueBble (MapraHueBO-UHHKOBble) 3JeMeHTh. OHH mNpocThl 10
KOHCTPYKLUHH M HaA€XHbl B SKCIJyaTallid NPH pa3JHYHBIX YCJIO-
BHAX.
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YrodbHbIA 3/1€KTPOJ SIBASIETCHA MOJOMXKHUTEJIbHBIM [OJIOCOM, LHH-
KOBbIi — OTpHIlaTeJbHBIM; 3. O. C. 3JeMeHTa paBHa 1,45—1,5 s;
BHYTpPEeHHee CONPOTHBJeHHE (CyMMapHOe — 3J1eKTPOJIMTa U CaMHX
asekTponoB) 0,3—3 om (B 3aBUCHMOCTH OT pa3MepoB 3Je-
MeHTa).

Ilpu nauTenbHOH HempepulBHOH paboTe 3/1eMeHT INOJspU3yeTcs,
HO €C/1M Da3OMKHYTb LeNb ¥ JaTh €My <OTAOXHYTb», TO 3. A. C.
NOCTeNEeHHO BOCCTAHOBUTCSA MOYTH N0 TNpeXHell BETHUYUHBl (BblAe-
JHBIUKHACS HA TOJOXHTENbHOM 3JEeKTPOAe BOLOPOA COEeLHHHTCS
C MNepeKHChbI0 MapraHia).

HmetoTcs BogonanuBHbIE H CyXHe 3/1eMeHThI MapraHLeBOH CHCTEMBI.

BonmonanuBHo#i 3jeMeHT B pa3pe3e H300pa-
BononaausHoii anement 2KeH Ha puc. 202. OTpunaTesbHBIM 3JEKTPO-

JOM y Hero CAYyXHT LHHKOBas KopoOka, BHY-
TPH KOTOpPOH NOMeLeH YroJbHBIH CTePXKEeHb C [eNoJIIpPH3aTopOM,
NpeACTaBJAAWMM co60if cMech ABYOKHCH MapraHiua, rpagura u
ocoboit caxku. Jlas npuAaHHA AenoJspH3aTopy OoJbiied MPOYHO-
CTH ero o0epTbIBAIOT MHTKa/neM (TOHKOH TKaHbl0) H OOBS3BIBAIOT
HUTKaMHU.

OTpHLATe/NIbHBIM MOJIIOCOM 3J€MEHTa CHYXHUT THOKHH MeIHbIH
MHOTOXXHJIbHBIN H30JHPOBaHHBIH INPOBOAHHMK, NMPHMNAaSHHBIA K ONHOH
H3 CTEHOK I[H{HKOBOH KOPOOKH, a MOJIOXKHTEJNbHBIM IOJIOCOM — Jj1a-
TYHHbIf] KOJI1a40K, TYro Haca)KeHHbI Ha YrOoJbHBI CTepXXeHb U
¥MEIOLHH BbIBOJ B BMJAe IMOKOro IpOBOJHHKA.

Mexny creHKaMH KOpPOOKH M [€NOJSIPH3aTOPOM MJIOTHO MPOJIO-
KeHa (QHAbTpOBaJbHass Oymara WM KapToH, KOTOpble XOpOLUO II0-
rJOLIAIOT pPacTBOD 3JEKTpoJMTa MpH 3apsje sjaeMeHTa. [das H30-
NSIUMH YTOJIBHOTO CTEPXHS OT IHMHKA ‘Ha JHO KOPOOKH KJIaAyT mna-
padHHHpOBaHHbIH KapToH. CBepxy [AenoJsipH3aTop 3achiMaioT
MOPOLIKOM HAaWaThIPsl, KOTOPBI MOKPLIBAIOT KapTOHHOH MNpOKJIan-
KOH, moc/e 4Yero 3JeMeHT 3aJ/IMBalOT H30JHpYIOLIEH CMOJIKOH [0
Kkpast Kopo6ku. Uepe3 CMOJNKY M KapTOHHYI NPOK/JaLKy NPOXOAAT
aBe crek/JsiHHble TpyOku. Oana TpyOKa (6osbllero auaMmeTpa) ciay-
KHT [/ 3a0MBKH BOJAbl NPH 3apsajie dJeMeHTa, a jpyras (MeHb-
urero Jguametrpa) — AJis BbIXOJa BO3AyXa INpH 3a/jHBKE BOAbl H
BbIXO/la ra3oB npu paboTe sjeMeHTa.

CHapy»M UHHKOBYIO KOPOOKY MOKDBHIBAIOT cjoeM napaduHa u
BCTaBJASIIOT ee B KAapTOHHBIA GyTaAp A48 3allUThl OT MeXaHHUe-
CKHX TOBpeXAeHUH.

He3anutele BoJOHA/NHBHBIE 3/IEMEHTHl MOXKHO XPaHUTh AJHTE/]b-
HOe BpeMsi B CYXOM U NpOXJaJHOM moMelleHHH. UTOOb BHYTpPb 3Je-
MEHTa He TorafaJja BJjara, Y3Kyl0 CTEKJSHHYIO TPyOKYy 3aJHBaioT
Ha 3aBoJe CMOJIKOH, a IIHPOKYI0 3aKpbIBAIOT NPOOGKOH.

Ha 3axumax He3ajuTOro 3j1eMeHTa He JOJ/KHO ObITh Hamps-
xeHus1. llosiBieHHe ero MOKa3bIBAeT, YTO IMPOH3OLIEN YaCTHUYHBIY
caMopaspsl BCJAEACTBHE NOMaJaHHs BJarv BHYTPb 3JeMeHTa (H3-3a
HCMOJNB30BaHHUSl CBHIPBIX MaTepHasoB NPH H3rOTOBJEHHH, XpaHEHHH
B CbIPOM TMOMELIEHHH, HEeMJOTHOH 3aKYNOPKH CTeK/IAHHBIX TPYOOK).
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Taxoit 3/eMeHT ISt IJIHTEeNbHOrO XpaHeHHs HenpurojeH: on GyaeT
TepATb eMKOCTb BC/eNCTBHe camopa3psiia (BHYTpPEHHEro pa3psijia)
3/JeMeHTa.

[lepen TeM Kak HCIOJb30BAaThb 3JEMEHT, €ro HEOOXOAMMO 3a-
JHTb 4HCTOH Bojoi. Hamatbips, pactsopsiice B Bome, oGpasyer
3J1eKTpOsuT. [lepen 3anuBKOf HYXHO BBIHYTb NpPOGKY H3 BOILOHA-
JMBHOH TPYOKH H TOHKOH  IPOBOJOKOH HJH HIJOf OPOYHCTUThH
Y3KYIO Ta300TBOAHYIO TPYOKy. 3a/uBaTh 3JEKTPOJIHT KeqdTeqbHO
BOJOH, HMeoLlell TeMmepa-
Typy 15—20°11. Tlocne

BodonanusHas razoomeodxas

nepBOH 3a/IMBKH HaJI0 71aTh + -

3JIeMEeHTY NOCTOAATb He Me-

Hee uaca, 3aTeM CHOBA 10-  cmorna [|as Hapmonias

JHBaTb BOAY HeOOJBbIUHMH ] -

NnopuusiMd4 10 Tex Top, , Kopo6a

noka BIHTLIBAHHE HE NPe-  ygwamoips| k!

KpaTuTcsi. OKOHUHB 3a/HB- o punempo-

Ky, 3aKpbITb ILIHPOKOE OT- Gymaza

BepcTHe npob6kofi. Uepes

5—6 yacoB 3jeMeHT InpH- —ﬂggr%gpu.

obperaeT TpebGyeMble 3JeK-

TpHUECKHEe CBOHCTBA H IO- & Yeononoid
gnexmpod

TOB K 3KCIJIyaTalliH.

DIeKTPOABHKYLIAS CH- KapmoHHbIi
jga sjgeMenra 1,45—1,5 s, - @ymasp
BHYTpPeHHee  CONpPOTHBJIE-

HHe KoJebnercsi ot 0,2 om
B HauaJse paGoThl 10 3,5 oM
B KoHle. Huxe uem 10 gy
Hanpsixkenus 0,7 8 snemeH- yenem U
TH pa3psXKaTb HeJ/b3d, TakK P

Kak Iocje TakKoro pasps-
Jla OHM CTAHOBATCA MNpakK- Puc. 202. YcTpoiicTBO BOLOHAJHBHOrO
THYECKH HeﬂpHFOﬂHbIMH. 3JIeMEHTa MapraHueBOH CHCTEeMbI

BHyTpeHHee CcONpOTHUB-
JieHHe 3jieMeHTa 3aBHCUT OT XMMHUECKOro cocTaBa BellecTs, oGpa-
3YIOLIHX 3JeMeHT, OT pa3MepoB 3/i€eMeHTa, ero KOHCTPYKTHBHOIO
HCIIOJIHEHHST M CcTemeHU pa3psga. Uem Gousiblie reomeTpHyeckHe pas-
Mepbl 3JeMeHTa, TeM MeHblle ero BHYTPeHHee COIPOTHBJ/IEHHE.
B npoluecce paspsifa cONpOTHB/IEHHE 3JleMEHTa IOBbIIIAETCH.

BomonanuBHble 37€MeHTH], 3aJUTbie BOJOH, NpH TeMmepaType
okosno —18°1] 3amep3atoT u nepectaloT pa6oraTb. UToObl OHH MOT-
Ju paboTaTb npH OoJiee HHU3KHX Temmepatypax (mo —40°Ll), ux
3aJMBAIOT XOJOJOCTOMKHM 3JeKTPOJHTOM (TOJIbKO HOBLIE 3jieMeH-
Thl: JIOJIUBKa XOJIOAOCTOMKOTO 3JIEKTPOJIHTA B 3JIEMEHTHI, paHee 3a-
JINTble YHCTOH BOJOH, He JaeT MOJIOXKHUTEJbHBIX Pe3yJbTaToB).

B Hacrosiuiee BpeMsi BOLOHAQ/IMBHBIEC 3JIEMEHTHl HCHOJb3YIOTCH
peako.
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Cyxue 37ieMeHTbl M0 CBOE€i KOHCTPYKLHH MaJjo
CyxHe ajeMeHThI OTJHYAIOTCA OT BOAOHaAHBHBIX (puc. 203).
[Ipu u3roTOB/NIEHMH CyXOro 3/jeMeHTa [enoJsi-
pH3aTOp He MPOCYWIMBAIOT, d& [POMHUTHIBAIOT pPaCTBOPOM HalIaThbIps.
[IpocTpaHCcTBO MeXAY LIMHKOBOH KOPOGKOH M AenossipH3aTopoM 3a-
MOJHAKT 3JM€KTPOJHTOM B BHJ€ NacCThl, COCTOSILleH B OCHOBHOM H3

ragovmeodnay
mpydna

Cmonra
Kapmonnas
L— wauda
Uunnosas
=  Kopodxa
277
7, 3
t27 Nacma
A p
24
2 ;2 ﬂ/ﬂenanﬂpusumop
7 =
L e 77 T YeoneHbil
| l 7 — Aexmpod
AR i .
ous it samp AR 1,664 A 77 Kapmontoid
Npoduawumensnocms 727 _—
e %7 _pymasp
T eri e s 0 €T r;; 7
et e 7
Cosparn / Z Z
ot pORC 72
Y H3onsiyus
NN MEXHCDy yonem
P 727 ” U Yuxkosou
i K¥0podiod

Puc. 203. Cyxoii 371eMeHT MapraHueBO# CHCTEMbI:
a — BHEIIHHH BHA; 6 — YCTPOHCTBO 3JI€MEHTa

pacTBOpa HaAUIATBIPS C NMPHMECbIO HEOOJBIIOr0 KOJMHUECTBA XJOpH-
CTOTO IIIHKA, NPHYEM B KauyecTBe CIYCTHTeJs 3JeKTPOJaHTa MpHMe-
HSIOT KapTogesabHYI0 HJAH MIIEHHYHYI MYKY. BBenerHe B 3seKTpo-
AUT XJOPUCTOTO ILHMHKA NpefoXPaHseT [acTy OT MOpuH.

CyxHe 3/7eMeHTHl BCerja roToBbl K AeHCTBHIO (He HYXIalTcs
B 3aJHBKe BOIOH), B 3TOM HX MPEHMYLIeCTBO MNepel BOJOHAJKB-
#piMH. K [QJIHTEbHOMY XpaHeHHI0 OHH HEeNpHUTrOJHbl BCJEICTBHE
camopaspsiia, KOTOPbIH NPOHCXCAUT BCe BpeMsi C MOMEHTa HX H3ro-
TOBJIEHHS] He3aBHCHMO OT TOrO, BKJ/IOUeHa BHEIUHSAS LeNb HJAM HeT.
OO6bsicHsieTCsT 3TO TeM, UTO B L(HHKOBOM 3J/IEKTPOJe HMEIOTCS MpH-
MeCH APYrHX MeTaJjljioB, 00pa3ylolllHe Ha HeM MHOXEeCTBO KOPOTKO-
3aMKHYTLIX MeJbYyaflIHX 3/eMEeHTOB, KOTOpble H pa3pyLIaloT 3JjeK-
TPOI.

.eKTpoABIRKyLasa cuia snemeHta 1,45—1,5 6, eMkocts 30 a- 4.

274



Jlast yMeHbIIeHHsE pa3nepoB CyXHX 3JeMeHTOB NMpH OHOI 1 Tok
e HX eMKOCTH H3TOTOBJISIIOT TaK Ha3blBaeMyio HAGHBHYIO KOH-
CTPYKIHIO: NMPOCTPAHCTBO /ISl CTYIIEHHOTO 3JIEKTPOJHTa OrpaHuyH-
BAIOT KApPTOHHOI TH/b30H C AHOM, KOTOPYIO XOpOLIO MPONHTHIBAIOT
3JeKTpouTOM. OOBbeM TaKHX 3JeMEeHTOB HCIOJb3yeTcss 6oJiee
HOJIHO.

Ha cmonsinoit /10t HaGMBHOrO 3jeMeHTa (OH HMeeT KPYIIyIo
Gopmy) HakjaabIBAKOT ellle OAHY WAy M Kpas UHHKOBOTO COCY-
Ia 3adaJbllOBbIBAIOT BHYTPb.

ITo ycrpoficTBy 3/€eMEHTH C
BO3/JyLIHO-MapraHueBol aemoJs-
pu3anuei (anemMenThl  THINA
BMLI) maso oTsiHuaioTes OT cy-

XHX 3JIeMeHTOB  MapraHueBoli

cucrembel.  [emosnsipusauus B AT
HHUX ocyLlecCTBJ/ISIeTCSl BYOKHCBIO :f@%}
MapraHila 1 KHCJIODOZOM BO3J1y-

xa. B cocraB jenoasipusatopa
BXOJAT  JABYOKHCb Maprasua,
rpagutr H aKTUBHPOBAHHBIf
yroJb; TMOCJAeIHHH QOrJoLiaeT
M3 BO3/lyXa KHCJIOPOJ, KOTOpHIH
H yyacTByeT B TOKooOpasywlled
peaxuuH.

[TpumeHenne cMel1aHHOM BO3- Puc. 204. ManoraGaputhuie cyxue
,U.YIHHO-MapFaHueBofI I[erlOJ'lﬂpH- 3JIEMEHTbl MapraHueBOH CHCTEMbl
3allHH PE3KO MOBBIIAET €MKOCTh
3/1eMeHTOB 6Jarojaapst yBeJHUeHHIO KOJHYecTBa KHCJAOpOAA, MOCTY-
nampoinero u3 Bo3Ayxa. Tak Kak MOCTyIJ/eHHe KHCJOpoja H3 BO3-
Jlyxa He OrpaHHyYeHO, a KOJHMYeCTBO IHHKa (Macca LHHKOBOH KO-
po6kHu) Gepercs ¢ 3amacoM, eMKOCTb 3jeMeHTa Thuna BMIL orpanu-
yHBaeTcss 06bEMOM 3JIEKTPOJIHTA.

Js1 cBoGOAHOTO AOCTyNa BO3jlyXa K [AeNoJsipH3aTopy, KOTOPBIH
CBEPXYy He OOBS3LIBAIOT, CJYyXKaT JBe IUIHDOKHE CTeKJISIHHble TPYOKH.
Bo Bpemsi paGoTbl 37eMeHTa OHH [JOJIKHBI OBITb OTKPHITHI, a B
ocTa/ilbHOe BpeMSf — IJIOTHO 3aKpbiThl Npo6KaMH s npefoxpaHe-
HHS NacThl OT BBICHIXaHHS. .

B ajeMeHTH ¢ BO3QYUIHO-MapraHLEBOH [enoJjsipu3alieil 3ampe-
11aeTCsl HAJMBaTh BOAY HJIU JEKTPOJIUT, TaK KaK CMOUYEHHBIH YroJjb
nepecTaeT MOrJaolaTh KUCAOPOA BO3AyXa.

Haa xaxporo saementa tuna BMIIL ycraHaBiuBaeTcs Makcu-
MaJibHO JONYCTUMBbII pa3psAfHbBIE TOK. B cayyae ero mnpeswiue-
HHUS €MKOCTh 3JIEKTPOJIUTA DPE3KO CHHIKAeTCs, NMOCKOJBKY TOK006-
pasyiomiasi peakuus C yYacTHeM KHCJIOpPOAa BO3AyXa HOPMaJbHO
NpOTeKaeT JIMIb NPH CPAaBHHTEJbHO HEGOJBUIMX MJOTHOCTAX
TOKa.

[lInpokoe pacmpocTpaHeHHe INOJYYHJH MaJoraGapuTHble Cyxue
sjieMeHThl (puc. 204).
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3, CoenHHenHe 3nemaHTOB B Garapew

McTouHHKH 3/1EKTPHYECKOrO TOKa AJs WX COBMECTHOH paboThi
MOXHO COEAMHAITb IIOC/IE€I0BATe/NbHO, apaJ//ieNbHO HAH CMeLlaHHO.
Heckonbko coeIMHEHHBIX TeM WM JPYyrMM o6pa3oM 3JeMeHTOB
Ha3plBaloTCcs GaTtapeeil.
D/IeKTpPOABUKYILAA CHJIa ORHOTO 3JeMeHTa
MocaenosarensHoe paBHa 1,5 8. Ecaiu ansi nuTtaHus uenu Tpe-
coeuHenne OyeTcss UCTOYHHK TOKa ¢ Ooablied 3. A. C., TO
3JMeMeHTbl HaJ0 COeJHHHTb MOCJed0BaTeNbHO
(puc. 205): oTpuLaTeIBHLII MOJIOC NEPBOTO 3JeMeHTa — C NOJOXKH-
TeJIbHBIM BTOPOTO, OTPHLATENbHBIH TMOJIOC BTOPOrO — ¢ MOJOXH-
TeNbHBIM TPETHEro H T. A.

Puc. 205. IlocienoBaTenbHOe cOefHHEHUe 3/EMEHTOB B GaTtapero

Ilpu nocnenoBatebHOM COEAMHEHHH 3JEMEHTOB 3. M. C. GaTapen
paBHa cyMMe MX 3. 4. C., a BHYTPEHHee CONpPOTHBJEHHE — CyMMe HX
BHYTPEHHHX conpoTuBJeHHi. EMKocTb Ke Garaperm paBHa eMKOCTH
OJHOr0 3JIeMEeHTa.

Ecau Gatapes cocTouT H3 7 0OAMHAKOBHIX 3JEMEHTOB, TO BEJH-
4YHHA TOKa BO BHELIHeH Lenu omnpenensercsa no gopwmysae

En -
1=‘R‘m, (79)
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rtne E u Ry,—»5. A. c. u BHyTpeHHee CONpPOTHB/EHHE OIHOTO 3Je-
MEHTa;
R — conporuB/ieHHe BHEUIHEH LEMH.

[Tpn nmapannesbHOM COCIHHEHHH 3J1€MEHTOB
MapaaaensHoe HX  TOJIOXKHTEeNbHbIE  TOJIOCH  06pa3syior
coeauHeHHe «mjaoc» 0ataped, a OTpHIATENbHblE — «MH-

Hyc» (puc. 206). [lapannenbHo MOXKHO CcO-
eIHHATb TOJBKO OJHOTHIIHbIE 3JEMEHTHl, HMelollHe OIHHAKOBYIO
3. . C. H OJHHAKOBOe BHYTPEHHEE CONPOTUBJIEHHE, HHAYe OJHH 3JIe-
MEHTbl OYAYyT paspsxkaTbCs uepe3 APyrHe H CPOK cayKGbl Oarapeu
COKpaTHUTCA.

’

Puc. 206. [MapaanennHoe coelnHHeHHe 3JIeMeHTOB B GaTapeio

Mpu mapannenbHoM coegMHeHHH 3. . c. 6aTapedH paBHa 3. 1. C.
onHoro ajeMeHta. BHyTpeHHee conporuBjienHe 6araped ymems-
IUAETCS BO CTOJBLKO pPa3s, CKOJIbLKO BKJIIHOYEHO 3JEMEHTOB; BO CTOJbKG
Ke pa3 yBeJHYMBAETCs €€ eMKOCThb.

Tox BO BHelIHell Lienu

[= 55— (80)

rae n— 4uCJaO 3/71eMeHTOB B Oarapee.
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[IpH cMelaHHOM COeNHHEHIH 3AeMeHTbl (0-
CmewanHoe eIMHSIOT TNOCJaeJ0BaTelbHO  (Mapasiiesblo)
coeauHenne B HEeCKOJIBKO TpYMM, a TPyNnbl Mexay coboi
COeHHAIOT MNapajfenbHo (mociefoBartenbHo). Ha puc. 207 cxe-
MaTHUeCKH H306paxkeHa OaTapesi, KOTOpas COCTOMT M3 JBYX
CPyIN, COeJHMHEHHBIX NapaJJienbHO; 3JEMEeHThl B KaXJAo#i rpymnmne
coeMHeHBl TO0CJef0BaTe/1bHO.

-

Puc. 207. CmemaHHOe cOeflMHeHHe 3J€MEHTOB B GaTapeio

Yucno rpynn B Gatapee MoxeT ObITb caMoe Da3HooGpasHoe,
HO YHCJIO 3/1eMEHTOB B KaMJOQH rpynne [0JXKHO OBITh OJHO H TO XKe.

4. Cyxue anopnnble Gatapeu

Cyxue aHoAHble GaTapeH NPHMEHSIOTCS [Js NMHTAHHA aHOLHBIX
nenefl MaJOMOIIHbIX IEePEHOCHbIX DPaAHOCTAHUHMI, BeJIMYHHA TOKa
B KOTOpbIX He npesbliaer 10—I12 ma. Ecau Gatapen paspsixkaTh
60/1b11MM TOKOM, TO HX €MKOCTb De3KO CHHU3HTCH.
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Yacto npHMeHSIOTCH cyXxue aHoaHble 6aTaped Ttuma 102-AMILI-1,0
n 68-AMLI-0,6 (panee umenoBasucs BAC-80 u BAC-60 coorset-
CTBeHHO). DT 6aTapen COCTOSIT H3 ONpeJeJeHHOro KoJMyecTBa He-
60/1bILINX MO pa3Mepy 3/MEeMEHTOB MapraHLUeBOH CHCTEMbI, COeJHHEeH-
HBIX MeXIy coboii mocaenoBatenbHo. Ilo ycTpoiicTBy Takoil 3Je-
MeHT OT/IHYAaEeTCsl OT PaHee PacCMOTPEHHOro JHIIb TeM, YTO LIHHKO-
BBIH COCYA ero HMeeT LHUJIHHAPHYECKYIO QOpPMYy (TakK Ha3biBaeMyio
CTaKaHYMKOBYI0 KOHCTPYKLUHIO) M MaJjble pa3Mepbl, a cjeloBa-
TeNbHO, H €MKOCTb €ro MeHbllIe.

[Ipu cOGopke 3/jemMeHTOB B GaTapeio HX H30JHPYIOT OAMH OT
npyroro mapauHHpPOBaHHOH OyMarodl M KapTOHOM M pa3MellaiT
B KapTOHHO!I KOpOOKe, KOTOPYIO CBEpXY 3a/HBaiOT H30JSALHOHHON
CMOJIKOH.

702-AMU - 1,0

24¢ - 94 [Ml(OFTb

;

Puc. 208. YceTpoiicTBO cyxoii aHoaHoii Gatapen AMLL

Barapest 102-AMLI-1,0 (puc. 208) uMeeT ueTbipe BbIBOAA: OOLLMI
«MHHYyC», +60 8, +80 8 u +100 8. O6GeruHO 3Ta GaTapess HUCMOJb-
syercsi Qi nonydyeHus 80 8. DTO HampsiKeHHe MOJYuyaeTcss He OT
Bcex ajaeMeHTOB. Korga B mpouecce 3skcnayatauun OGartapes He-
CKOJIbKO paspsixkKaercs, JONOJHHUTEJNbHBIM IOJKIIOUEHHEM OCTaB-
LIMXCS1 3JEeMEHTOB HampsixKeHHe BHOBb NogHuMalT a0 80 a.

OcranbHble aHOAHbie OGartapen otTauuvarTess ot 102-AMII-1,0
TOJILKO UHCJIOM BKJ/IIOUEHHBIX 3JIEMEHTOB M HX Pa3MepoM.

[Tpu paboTe HEOOXOAMMO CJAEAHTb 3a MPaBHJABHBIM COeJHHe-
HHeM GaTapeil Mexay coboii U ¢ Harpy3koil. Mecra coeluHeHHH H
cBOGOIHBIE BBIBOABI MOJ/IXKHBI OBITh TIIATENbHO H30JHPOBAHHI,

He Bcerga yMeHblileHHe HaNpSKEHUs HUXKE [OMYCTHMOTO MPH
[AJIUTEJbHON M HeNpepeIBHOH paboTe CBHAETENLCTBYET O HEIPUIOJ-
HocTH Gartaped. HampsiKeHue MOXKeT MOHHMXKAThCSI U BCJEICTBHe
nossipusauud. B aTom cayyae Gatapeio He cielyeT BbIGpachiBaTh,
a HYXXHO 1aTb el «OTAOXHYTb» 2—3 [IHf; MOCJe 3TOrO0 HaNpsiKeHHe
ee MOBLIIIAETCS, H OHAa MOXeET ellle HeKOTopoe BpeMsl paboTaThb.

XpaHutb 6GaTaped HaJl0 B CyXOM H IPOXJaJHOM IOMeEIeHHH
(xkenatenbHo mpu Temneparype okoso 0°1I). BaakHocTs cnoco6-
CTByeT camopaspsajay 0GaTapeH, a BbiCOKasi TeMllepaTypa Bbi3bIBaeT
OpICTPOE BBICHIXaHHE 3JIEKTPOJIHTA.
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IMpu noayueHun GaTapeu CO CK/a1ada HeoOXOAMMO NPOBEPHTH €e
HanpsXKeHUHe BOJILTMETPOM, HO HH B KOeM Cjyuyae He NyTeM KOpOT-
KOTO 3aMbiKaHHs («Ha UcKpy»). [lepeHocuTh Gatapeu 3a BbIBOJHbIe
KOHIIbI KaTeropHYeCKH 3anpelnaercs.

Hapsny ¢ 6GaTapesiMi CTaKaHYMKOBOH KOHCT-
lFanerupie 6aTapen DYKLUHMH Halla [DPOMBILIJIEHHOCTh BbITyCKaeT

cyxue aHOIHbie GaTapeu rajnerHoro tuna. Ta-
KOe Ha3BaHHe 3TH 6aTaped INOJYYHJIH IOTOMY, UYTO HX 3JEMEHTHI
{MEIOT BHJ IJIOCKHX Jellelllek — raJer.

PaccMoTpuUM yCTpPOHCTBO 3JeMeHTa Tra-
JNeTHOH KoHcTpykuuu (puc. 209). Otpuua-
TeJIbHBIM 3JIEKTPOJOM CJYXKHT LHHKOBas
naacTiHa I, MOKpBITas CHAapY»XH 3JeKTpo-
MPOBOAAIIUM cjoeM 2. DTOT CJIOH co3jpaer
HaJeXHbII KOHTAaKT C OAPYIHM 3JI€MEHTOM
GaTaped H npeJoXpaHfeT 3JeMeHT OT KO-
POTKOrO 3aMblKaHHS (He MPOMyCKaeT BJa-
ru 1 3jaekTposuta). C BHYTpeHHeH CTOPOHBI
Ha ULMHKOBYIO IIJIACTHHY HaJjlOXeHa Kap-
TOHHas Auadparma J, NMpPONHUTAHHAA 3JeK-
tTponuToM. [IlosoxiTeJbHBIM 3J1€KTPOAOM
3JleMeHTa CJHYXHT TpecCOBaHHBIH OpH-
KeT 4, COCTOSIIUMH U3 CMECH ABYOKHCH Map-
raiya wu rpadura (arnomepar). Ipecco-
BaHHBIH OpHUKET YaCTUYHO MOKPHIT TOHKOH

- ‘ / Gymaroit 5, koTopas mnpefoTBpallaeT nomna-
Pic. 209. Yetpoiicto ra-  JaHMe KpOIUEK arjioMepaTa Ha LHMHK.
JIeTHOrO 3/eMeHTa: ° CocTaBHble YaCTH 3JieMeHTa CIpeccoBa-

! — uuHKoBast nJjactHHa (oT- % X
DHLATENbHBIA 3MEKTPON): 2 — Hbl H CKpenJieHbl TOHKOH XJIOpDBHHHJ/IOBOH

3”.‘3“,{;’3?33:25”"‘";‘"3¢p§?§g‘ IJIEHKOH, HaJeBaeMoil B BHJAe KoJblia 6.
ponnTansas  snexipomurom. 11JIEHOUHOE KOJBLO, OYAYyYH 3J1aCTHUHBIM,
o aaeccoBanHil Mexﬁ%’ggj NJOTHO o06J/ieraer 3/7€MeHT, Ha[deXHO H30-
S, Gywaxmas = mpoxnama; JIHDYS €ro ¢ 6okoBbIX cTOpoH. Kpome Toro,

OHO NperoTBpalllaeT BbITEKaHHE M BHICHIXa-

HHe 3JeKTpoJHTa. TOpLOBBIE CTOPOHBI 3Je-
MeHTa ([IOBEPXHOCTH 3JIEKTPONPOBOASILErO CJOS U MOJIOXKHTEJNbHOTO
3JIEKTPOJa) OCTAIOTCS YaCTHUHO OTKPBITHIMH.

M3onupytoulas xJ10pBUHHAOBAsE MJeHKa OvyeHb ToHKas. OHa 06-
JalaeT CBOICTBOM MponmyckaTe uepe3 ceOs rasbl, KOT@pble
ofpasyleTcs B ajeMeHTe NpH paGoTe. IDTo NMo3Be/AET HE [esaThb
ra3oBoil Kamepbl H Ta300TBONHOH TPYOKH B 3J1€MeHTe, 4YTO 3Ha-
UHTeNbHO yMeHbllaeT 0ObeM 3JIeMEeHTa M YIpollaeT ero KOH-
CTPYKUHUIO. .

FanerHole 3neMeHTH "coequHsilOT B OaTaped Tak, YyToObl arvo-
MepaT OJHOrO 3J/JeMeHTa, HeCKOJbKO BBICTYMAIOIUMH HaJL IJIOCKO-
CThIO TaJeTbl, "MMeJl -XOPOLIMH KOHTAKT C 3JeKTPONPOBOIALIUM
cJ0eM Ipyroro aJjemeHta. K kpallHuM 3sjeMeHTaM HabpaHHOroQ

cTonbuka (6/0Ka) NPHUKAAAbIBAIOT IIHHKOBBIE IVIACTHHBI C MpPHNa-
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SHHBIMH K HHM BbIBOAHBIMH NMPOBOAHHKaMH. Ha LHHKOBbIE M1aCTH-
Hbl KJadyT H30JIHDYIOLIHE MPOKJAAKH H3 napaduUHHPOBAHHOTO Kap-
ToHa. [lnA HaleXHOCTH KOHTAaKTOB MEXJAy OTAe/JbHbIMU 3JeMEeHTa-
MH OJIOKH CTATHBAIOT M MepeBsA3bIBAlOT. [OTOBbIN GJI0K MOKPBLIBAIOT
napa¢uHOM H 00BepTHIBAKT NapaduHHPOBaHHOH Oymaroi. 3aTeM
6JIOKM COeJIUHAOT MeXAy COOOH M yK/JagblBalOT B KAapTOHHBIN
dyTasp.

Brewne cobpanHble B QyTadp rajeTHble aHOAHbie 6aTapeu HHU-
yeM He OTJHYalTCS OT CTAKAHYUKOBBIX — MOCJAEIHHE TOJBKO
6oJble. ‘

B ranerHeix 0aTapesix aKTHBHbIII MaTeplas MOJOXKHTENLHOrO
3/J€KTPOJa HCIONb3yeTCsi Jyulle, YeM B CTaKaHUMKOBbIX, Y KOTOPbIX
a0 409% o6beMa 3aHATO BelllecTBAMH, HE YUYACTBYIOLIHMH B TOKO-
obpasywoulem npouecce. [TosToMy OGaTaped rajeTHOH KOHCTPYKUHI
006/1aJJal0T OTHOCHUTENbHO O0QJibliell eMKocTblo. OJHAKO BHYTpPEHHee
CONpPOTHBJIEHHE Yy HUX Gosee BbiCOKOe. Kpome TOro, B rajeTHbIX
3JleMeHTaX 3aTpyAHeHa Juddy3us 3JeKTPOsHTa, KOTOPBIM Mpo-
NMUTaHbBl KapTOHHble pAHadparMbl, 4YTO [OBBILIAET IMOJSPH3ALHIO
3JIeKTPOJOB; BIpOYEM, NPH HeOOJbIIHX TOKaX Harpy3kd 3TOT
HeJ0CTAaTOK HeCyLI[eCTBEH.

CanbBaHHUecKHe 3JeMeHThl TpelHa3HayeHbl
Ienenne oisi paboTel B pas3MYHBIX TeMIiepaTypHBIX
N0 TemnepaTypHOMY ycaoBusax. Iloatomy asaektpoaut (macra) u
pexxumy arjoMepaTHyl0O Maccy IJf KaxJIOTO H3 HHUX

M3TOTOBJISIIOT TNO pa3HbiM pellentaMm. [lo KoH-
CTPYKIHH e OHH HHYEM He OT/JIHYaloTCS.

JleTHHe 3JeMeHThl TNpeJHa3HaueHbl MJjs1 paboThl B HHTepBase
temneparyp or —20 mo +60°11. Ilpu Temnepatype, O/H3KOi K
—20° I, ux emkoctb He mnpeBbiiiaer 30—409 HoMuHaabHOH. [Ipu
6osiee BBICOKHX TeMIepaTypax 3JeMeHThl OO6J1afaloT MOBBIILIEHHOH
oTpayed, HO IpPH 3TOM YCKOpSIeTCS BBbICBIXaHHE 3JEKTpoJuTa (ma-
CThl) W arjioMepara, YTO MPHBOAHUT K MNpeXIeBPEMEeHHOMY BBIXOAY
3JleMeHTa M3 CTPosl. DTO INpEXKJe BCEro OTHOCHTCA K 3JjleMeHTaM
tina BMILI, y KOTOpBIX HMEIOTCH OTBEPCTUS AJs JOCTyrma BO3AyXa
K arjomepary. ;

Xo0JI0HOCTOHKHE 3JeMeHThl NpefiHa3HaueHbl [ paboTbt B HH-
TepBaje Temneparyp oT —40 po +40°Ll. Okono Husmweil U3
VKa3aHHbIX TeMIlepaTyp eMKOCTb HX cHHxaeTcd npo 209% womu-
HaJbHOH.

YHuBepcaJ/bHblE 3JEMEHTbl HCNO/Nb3YIOTCS KaK MpH HU3KHX, TakK
W NpH BBICOKHX TeMnepatypax (ot —40 go +60°Ll). -

B skcnayatauuio snemeHThl u 6aTapen mocry-
Mposepka anementos  NaKOT CO CK/aala TMoCJe XPaHEHHS, MOITOMY
u 6aTapeil nepes YCTAHOBKOH HX HYXXHO [MPOBEPHTb.

HauGonee npaBu/bHO 3TO JenaTh TNpPH MNOA-
KJIIOUeHHOM Harpyske CIyCTd HEKOTOpOoe BpeMs.

DNeMeHThl MOXHO HCMBITHIBATL BOJILTMETPOM C BHYTPEHHHM CO-
npotusnaeHneM He MeHee 1000 om u wxanoit Ha 3 8, aHoAHble Ga-
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TapeH — BOJBTMETPOM C BHYTPEHHHM CONpPOTHBJIEHHEM He MeHee
50 kom u mkagaoi Ha 150—200 s.

Cunenyer HMeTb B BHY, YTO MOJKJIOYeHHe HeLOOPOKaueCTBEHHOTO

3/leMeHTa MOXeT HCHOPTHTb pabGoTy BCero KOMIJIEKTA MHTaHHA.

MapkHpoBKa JaeT BO3MOXKHOCTb 110 YCJOBHO-
MapkupoBka anemeHToB MY 0603HAaYeHUI0 onpene/isiTb OCHOBHble [OaH-
W Oatapeii Hble sjeMeHTa H 6artapen. IlepBoe uuciao mo

HOBOH CHCTeMe MapKHPOBKH 06GO3HauaeT HO-
MHHa/bHOe Hanps:enue. [lepBas OykBa (MM coueTaHHe [BYX,
a MHorja W Tpex OYKB) YyKa3biBaerT Ha3HaueHHMe HCTOYHMKA TOKa:
A — aHonHasi, C — cerounasi, H — HakaabHas, @ — ¢onapuas, T —
teneponHas, Il —mpubopuas, AH — aHonHo-HakaibHasa, AC—
aHonHo-ceTouHasi, CA —cayxoBas, CH —cayxoBasi HakaabHas,
I'P — reonoropa3senpiBaTesibHast, P3A — paano3oHgoBas aHoaHas,
P3H — paauosonnoBas HakaabHasa, AHC — aHoaHo-HaKaJbHO-ce-
TOYHAs H T. I

JJieMeHTbl Pa3/HYHbIX CHCTeM 0603HAYalOTCs CJELYIOLUIUMH CO-
uetaHusiMu O6ykB: MLl — mapraHueBo-unskoBble, BMIL] — Bo3ayu-
HO-MapraHueBo-uiHKoBble, BJIIL uau B — Bo3aywiHO# aenossipusa-
UuH HUHKOBble, MO0 — MeIHOOKHCHblE C LHHKOBBIM OTpHIlATE/Nb-
HbIM 3JIEKTPOJOM. ‘

MapraHueBo-uUHHKOBble 3JeMeHThl W G6GaTaped MO CBOeH KOH-
CTPYKUHH MOTryT OBITh TpeX BHIOB: CTaKaHYHKOBbIE, rajieTHbie MU
yalleykoBble. BykBbl o3Haualor: ['-—rajnersble, Y — yaineukoBsie.
CrakaHYHKOBble MONOJHHTEJIbHBIX 0003HaueHHii He UMelT. DykBbl
X uau Y yKa3blBalOT COOTBETCTBEHHO XOJIOJOCTOHKHE HJIH YHHUBEp-
canabhble. Ilpu orcyrcTBHM 3THX OYyKB THN GaTaped — «JETHHII».
BykBa Il B o6Go3HaueHusix GaTapell ykasblBaeT Ha TO, UTO BbIBOA-
Hble TpoBofa OaTaped MojBeleHbl K MaHeJNH, B KOTOPYIO BCTaB-
JsieTcsl TepexofHas KOJOAKAa iunaHra nutaHus. Lludpbo B KoHle
ycJoBHOTO 0003HaueHHs1 Win nepel GykBoil IT cooTBeTCcTBYIOT HO-
MHHaJbHOH eMKOCTH B aMIep-yacax.

Yka3zaHHoe B Tab/HUax BpeMsi rapaHTHHHOH COXPaHHOCTH 3Jle-
MEHTOB M 6aTapeil — 3TO BpeMs, B TeUeHHE KOTOPOTO HX MOXKHO
XPaHHTb 10 Hayaja HCIONb3OBAHHUSA.

Muorpa mapkupoBka GaTapeil HeCKOJNBKO ynpoluaercss (Hanpu-
mep, «102-A-1», «65-AH-1,3»). IlepBoe uHCJO NpH 3TOM MOKa3hl-
BaeT HayaJibHOe HaNpsi’KeHHe, YHCJIO B KOHLe — eMKOCTb HJIH MpOo-
JOJ/KUTEJNbHOCTh paboThl, a 6ykBaMH 00603HayaeTcsi TOJbLKO Ha-
3HayeHue Gartapef.

MapkupoBka sjeMeHTOB u GaTapeil HaHOCHTCS Ha CTEHKH QyT-
JSPOB y 3JEMEeHTOB M Ha KpBIUKH ¢yTaspoB y 6atapeil. Tam xe
YKa3blBalOTCs HeoOXOMHMble 3JIeKTpHYecKHe AaHHble (3. A. C., eM-
KOCTb), 4 /AJs CYXHX 3JIeMEHTOB — JaTa BbIyCKa 3aBOAOM M CpOK
COXPAHHOCTH B Mecsllax (CpOK, B TeueHHe KOTOPOrO 3JIeKTpHuecKHe
JlaHHble 3/71eMeHTOB YXYALIAIOTCS B MpejeaX yCTaHOBJIEHHBIX HOPM).

K BojoHa/MBHBIM 3JeMeHTaM INpHAaeTcsl KpaTKas HHCTPYKUUS
I0 3a/7HBKe BOJIOH.

282 .



OcHoBHble faHHble HauGojlee pacHpPOCTPAHEHHBIX 3J]€MEHTOB
npuBeleHsl B Taba. 12, a cyxux Gartapeit —B Ta6a. 13.

Ta6bauua 12
-OCHOBHBIE NaHHble HEKOTOPBIX 3/JEMEeHTOB
O603HayeHiie 31eMeHTOB é . . g g § g ai ;: ,Z
e | £3 | 5% |&8¢|8ad| 8% | =8
1,50-TMLL-29,5 3C-J1-30 1,5 | 29,5 18 | 22,01 10,0 0,7]0,7
1,66-TMLL-VY-28 3C-¥-30 1,66 | 28,0 18 | 23,0 | 10,01 0,7 ]0,7
1,60-TMLI-Y-8 2KC-¥-8 1,6 8,0 12 7,51 10,0 |0,7]0,3
1,48-TIMII-9 2C-JI-9 1,48 ] 9,0 12 6,0 | 10,0 0,7 0,3
1,35-TBMLI-30 3CMBJ, 1,35 | 45,0 15 | 30,0 10,0 | 0,7 | 0,6
1,30-HBM_LI-150 6CMBJ, 1,3 |[130,0 15 | 80 5,0 10,71 1,7
1,60-®MLIL-Y-3,2 1KC-¥-3 1,6 3,2 12 2,6 1 10,0 { 0,7 | 0,105
1,3-®MLI-0,25 ®BC-0,25 1,3 0,25 4 0,14 Tok | 0,6 | 0,022
150 ata
Ta6auua 13
OcHoBHbie JaHHble HEKOTOPHLIX CYXHX GaTape#
. s. | 3],
O6o3naveHne Garaped é . . :=:~ gg E ;: E_ ,E
HOBOE cTapoe é g g g ; ;ir g g . g_% g E g Z
g |23 | 5% |45 SE | 2% | =3
102-AMLI-Y-1,0 BAC-80-V-1,0 102 [1,0 15 10,75| 7000 60 | 3,0
102-AMII-X-1,0 BAC-80-X-1,0 102 [1,0 15 |0,70| 7000 60 | 3,0
68-AMLI-X-0,6 BAC-60-X-0,6 68 10,6 12 [0,40] 4680 40 | 1,3
160-AMILIT-0,35 BAC-T-60 160 {0,335 6 [0,24]|11700{ 100 | 1,8
102-AMIIT-1,2 BAC-T'-90 102 |1,2 12 0,85 7000{ 60 { 2,5
100-AMIITC-Y-2,0 BAC-T'-80-¥2,1 100 {2,0 15 |1,6 | 7000[ 60 { 3,35
100-AMIIT-2,0 BAC-T'-80-J12,0 100 , 2,0 15 |1,6 | 7000[ 60 | 3,35
70-AMIIT-Y-1,3 BAC-T'-60-¥1,3 70 |1,3 15 [1,05| 4680 40 | 1,6
70-AMITI-1,3 BAC-I'-60-J11,3 70 1,3 15 |1,05| 4680 40 | 1,6
4,1-®MI1I-X-0,7 KBC-X-0,7 4,1 0,7 8 10,38 100 20,16
3,7-OMLL-0,5 KBC-J1-0,5 3,710,5 > 10,27 100 210,16
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Mpumep 82. Barapes COCTOUT H3 BOCBMH CYXHX I/€MEHTOB, COEIAHHEHHBIX
nocjenoBaTebHo; 3. A. C. Kaxjaoro snemeHta E==1,5 8. Onpegenuts 3. A. c.
6arapen.

PeweHue.

Egar = Epn=15-8=12 6.

Npumep 83. DaTapes u3 BOCBMH CYXHX 3/IEMEHTOB BKJIOUEHa BO BHEIIHIOIO
uenb, COMpOTHBJIeHHEe KoTopo#li R=D56 osm; 3. A. c. kaxjaoro ajemeHta E=15 g;
BHYTPEHHee CONpPOTHUBJEHHe KaxXAoro 3jemeHTa Ry=0,5 om. OnpeleJutp TOK
B IleNH ¥ HanpsiX<eHHe Ha 3axkuMax GaTapeH.

Pemenune. Ilo dopmyne (79)

o En _ 158 12 12 .,
T Rn+RT058+56 445 60 7

U=1IR =025 = 11,2 6.

Mpumep 84. Dartapes, cotrosulas H3 yeTbipex MapaJJie]bHO COeLHHEHHBIX
5]eMeHTOB, MO/K/JIYeHa K BHellHeH Lenu ¢ compoTusieHneM R=23 om; 3. n. c.
Kampuoro snementa E=1,4 6, BHyTpeHHee compoTuBieHHe Ro=2 om. Ompepenutsb
TOK B Llenu.

Pewenune Ilo dopmyre (80)

Jo B Mg,
0+R __4_ )

n

5. HexoTtopbie apyrue anemeHThl M Gatapeu

Xapax‘repucmxu MapraHiueBO-MarHueBbIX 3Jje-

MEHTOB BbIllle XapaKTePUCTHK MapraHueBo-
MapraHueBo-marunessie

SNeMEHTHE LIUHKOBBIX; HaNpsiKeHHe HX [JOCTHraeT 2 8 Ha
3JIeMeHT, TapaHTHUHBIA CPOK XpaHeHHs — IO
IBYX JeT.

TTonoxuTeNbHBIH 3JEKTPOJ COCTOUT M3 CMECH MHPOJIO3UTA, ale-
THJIEHOBOH ca)Xd U xpomarta Gapus. OTpuuaTe/NbHBIA. 5J€KTPOJL BbI-
MOJHEH H3 MarHHeBOro CljiaBa W HMeeT (OpPMY CTaKaHa. DJIEKTPO-
JIUT — OPOMUCTBIAI MarHuil.

’ CrpeMJieHHe ynelleBUTb HCTOYHHKH TOKa, 3a-
JKeneso-yroabHbie MeHHB IBeTHEHE MeTaJ/J bl MeHee Ae(PULHTHBI+
3NEMEHTHI MH MaTepHasaMH, MPHBEJNO K MOSIBJEHHIO XKe-

J1€30-yrOJIbHOTO 3JIeMeHTa C BO3AYIIHOH Jemo-
aspusauneii BJDK.
ITosoKUTeIbHBIM ~ 3JIEKTPOLOM CJHYXKHT CMeCb aKTHBHPOBAaHHOMU
YyTOJNBHON MNBIJIM C KayuyKoM M napaduHOM, OTpHLATeNbHbIM — Iy6-
yaToe Kese3o. DJIEKTDOJIUT — PacTBOP Ilesoun OGOJbUIOH MJIOT-
HOCTH.

ITpocToTa KOHCTPYKLHH »ese30-yToJbHBIX 3JeMEeHTOB M HX 3KC-
NJyaTallHOHHAst HENPHXOTJAMBOCTb CNOCOOCTBYIOT HX LIHPOKOMY
NIPHMEHEHHIO. '
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CylecTBeHHbIH HENOCTaTOK 3TUX 3JIEMEHTOB — HeBBICOKOE Ha-
npsixkenne (0,75 8) u HempurogHocth K paboTe mpu TemIiepatype
HUXKE HYJIA.
[TosiBJIEHUIO OKHCHOPTYTHbIX 371€M@HTOB B 3Ha-
OKHCHOPTYTHbe YUTENBHOH CTEneHH crnoco6CTBOBAJIO pa3BHUTHE
SJEMEHTH! MOPTATHBHOH pPalMONPHEMHOH H 3BYKO3allH-
ChiBalollell anmapaTyphl, IJe Bec HCTOYHHKA
TOKa M CcTaGHJbHOCTb HANpPSI)KEHHS BO BpeMs paspsja UIpaT pe-
[aILYI0 POJb.

IMonoXuTeNbHbIH 3/JeKTPOA COCTOMT H3 OKHCH PTYTH C A006aB-
AeHdeM rpadurTa, OTPHLATEJNbHbIH -— H3 MOPOLIKA UHMHKA C HeGOJb-
IUMM KOJIHYECTBOM PTYTH. DJIEKTPOJHTOM CJYXKHUT 1eJOYHOH PacTBOP.

Baiarogapst OTCYTCTBHIO TOKOOTBOAOB NOTEDH HANpSXKEHHS BHY-
TPH 3JIeMEHTa CBeleHbl K MHHHMYMY, YTO MO3BOJIeT NPOH3BOAUTH
pas3psii OTHOCHTENbHO OOJBIIMM TOKOM 6e3 3aMeTHOTO MOHHXeHHd
HanpsiKeHus.

Xopouio paGorasi npu NoBbllleHHOH Temnepartype (1o +50°Ll),
OKMCHOPTYTHble 3JIeMEHTbl MNpAaKTHYeCKH HepaboTOCNOCOGHBI YiKe
npu temneparype —10°.

OueHp GOJIBLIYIO TPYNIY raJbBaHUUECKUX 3Jie-
HanuBHbie 3JeMEHTH MEHTOB COCTaBJIAKOT HaJHUBHbIE, HJH, KaK HUX
ellle Ha3bIBAalOT, pe3epBHble 3jeMeHTbl. OHu
OTJIHYAIOTCA OT CYXHX Te€M, YTO 3IJIEKTPOJHT B HHX 3aJUBAIOT HeEro-
CPeJICTBEHHO Nepej HX MCNOJb30BaHHEM, BCJAENCTBHE YEro CpPOK Xpa-
HEHHsI HaJUBHBIX 3/1€MEHTOB, He 3aJUTHIX 3JEKTPOJHUTOM, BecbMa
B@JIUK — HECKOJIbKO JieT. 3aTO CPOK CJYXKObI 3aJHTBIX 3JEKTPOJHU-
TOM 3JIEMEHTOB B 3aBHCHMOCTH OT UX THIIa KoJieGJIeTCs OT HecKoJib-
KHX MHHYT 10 6—9 Mmecsaues.
B aToMHO# 3J€KTPOCTAaHLUHHU 3JeKTpHYecKas
AtomHbie GaTapen 3HEeprus nojydaeTcsi 3a CYeT HCNOJb30BAaHHUS
’ TeMNJOBOH 3HEepPrHH, BBIAENAIOLLENCS NPH Jele-
HHH fiflep YpaHa., DeKTPHYECKYIO HEPTHI0 MOXKHO MOJYYUTb U He
npeBpallas 3HePrUIo AeJeHUsl siiep B TeINIOBYIO. B Hacrosiee Bpe-
Msl yXKe CO3laHbl 0aTapeu, HENOCPeACTBEHHO mpeobpasyrolllkie BHY-
TPHALEPHYIO SHEPTHIO B 3JIEKTDPHUECKYIO. _ )

HmeloTcs ABa THMa aTOMHBIX 6aTapeil: BBICOKOBOJIbTHBIE U HH3-
KOBOJIbTHEIE, '

IelicTBHe BbICOKOBOJIbTHOM OaTaped OCHOBAHO Ha HCHOJb30Ba-
HHH SBJEHUS paJHOAKTHBHOIO pacnajga HEKOTOpbIX 3djemeHToB. Ha-
npUMep, palHOaKTHBHBIM 3JIeMEHTOM MOXKeT ObTh cTpoHuuil 90, Ko-
TOPHIHi CONEPXKHTCS B OTXOJax AaTOMHOro npousBoictBa. CTpoH-
uvit 90 — oueHb aKTHBHBI MCTOYHHUK H3Jy4yeHUs OLICTPHIX Gera-ya-
CTHIL (3/71€KTPOHOB). DHEPrusi 3THX YACTHI[ AOCTATOYHO BEJHKA; OHH
MOTYT TpoJsieTaTb B aTMocdepe G6o/iblIoe DPACCTOSIHHE M CO3/1aBaTh
OTpHUATEJNbHbIH TMOTEHLHAJ Ha 3JEKTPOJe, HaXOASLIEMCS HAa HEKO-
TOPOM PacCTOsSIHMM OT paaMOaKTHBHOro BeulectBa. Camo xe pajuo-
aKTHBHOE BELeCTBO, HCMYCKask OTPUUATENbHO 3apsKeHHble YaCTHIIbI,
CTAaHOBHUTCH TMOJIOXKHUTENBHO 3aPSAKEHHBIM 3/1EKTPOLOM.
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Maxcuma/bHOe HaNpsKeHHe, KOTOPOE MOXKHO MOJYYHTH OT aTOM-
Hoit G6aTapel, 3aBUCHT OT SHEPTHH HCIYCKaeMbiX 3/IEKTPOHOB M Ka-
yecTBa M30JIALHMH MEXKAY 3JMEKTPOLAMH; OHO MOXKET JOCTHTaTb [e-
CATKOB ThICAY BOJIbT. MaKCHMaJIbHbBIl TOK 3aBUCHT OT YHCJa aTOMOB,
pacnajamoluxcs B TeUeHHe OJHOH CeKyHIbl. BequunHa ToKa 3THX
farapeil HUUTOXKHO MaJja.

PaccmoTrpum mpuHOUN paGoThl HU3KOBOJBTHOH aTtoMHON Gara-
ped. Ha moBepxHOcTH MOJNYINpPOBOJHHKA, HANpUMEp TFepMaHHs WJIH
KPEMHHS, HAHOCHTCS CJIOH paJHOaKTHBHOro BellecTBa. Manyuaewmblit
3THM cJloeM NOTOK Oera-yactul GoMbGapAUpyeT aTOMbl MOJYNPOBOI-
HHUKa, BblOUBAsg M3 Hero OYeHb O60JbLIOE KOJHUECTBO MeEIJEHHbIX
3/1eKTPpOHOB. Tak Kak BHIGHTbIE 3/JEKTPOHBI B MOJYNPOBOAHHKE MO-
ryT IBUTaThbCs TOJbKO B OJHOM HalpaBJleHHH, TO OHH HaKamJuBa-
IOTCA Ha MeTaJJIMueCcKOM KoJJjeKTope, NPHBapEHHOM K APYrod cToO-
pOHe TOJYNpPOBOAHHKA. MeXIy KONJIEKTOPOM M TMOJAYNpPOBOXHHKOM
BO3HHKAeT PAa3HOCTb NMOTEHLUHANOB. DNEKTPOABHKYLIAA CHJIA TAKOTO
sneMenta gocruraet 0,2 8 mpu BesHUMHE TOKA B HECKOJbKO MHKPO-
amnep.

XapakTtepHble OCOGEHHOCTH aTOMHbIX GaTapeil — GOJIbLIOH CPOK
cnyK6bl, HeGOMblIIHE pa3Mephl, BLICOKAs CTaOUNBHOCTb HaMpsKeHUS
¥ HaJeXHOCTb B 3KCIIyaTaLHH. -

ConHeunass Garapes npeAacTasiseT co6oi
Conneunbie GaTtapenu yCTPOHCTBO, cnocoGHoe MpeBpalllaTb CONHEY-

HYIO 3HEpPTHIO B 3jeKTpuueckuil Tok. PaccMot-
pHM cOJIHeYHyto 6aTapelo, COCTOSILLYI0 H3 KPeMHHeBbIX MuacTuH. Ha
0/HY NMOBEPXHOCTb KPEMHHEBOH MJIACTHHbI, pa3MepoM c Je3Bue 6e3o-
macHoii GpUTBbl, yTeM HarpeBaHMs B ra3oBoil aTmocepe HaHOCAT
BeCbMa UYBCTBHTENbHBI K CBeTy TOHKH# cioii 6opa. B pesynbrate
Kak Gbl o6pa3yercsi MONyNPOBOAHUKOBLIN NPHOOP, AAIOWIHHA TOK MOJ
neficTBHeM COJMHeuHbIXx Jyueit. Hanpsixkenne, cosmaBaemoe OnHOH
naacTuHoil (snementom), — okoso 0,5 . [1nacTHHBI COENHHSIIOT MO-
c/e0BaTeJNbHO; 3aMbIKalOTCst OHM 4epe3 Harpysky. Cpok ciyxGbl
6aTapen NpakTHYECKU HeorpaHHYEHHBIH.

Ot conHeyHblXx 6aTtapei, YCTaHABAHBAEMBIX Ha HCKYCCTBEHHBIX
CyTHHKax 3eMJH H KOCMHYeCKHX Kopabssx, MHTaeTcs BCA
6opToBasi amnmaparypa.

Ins nutaHus paiMOTEeXHHYECKUX CXeM Ha mo-
MeyatHbie GaTapeu JYNIPOBOJHHUKOBLIX NpPHOOpax = MPHUMEHSIOTCH

neyatHele 6aTapeq.
DJIeKTPOJUTOM TakKoHl GaTaped CJAYXKHUT ClelHaJbHass IMeyaTHas
kpacka. Ha u3onsilnoHHOe OCHOBaHHE (M3 CelHaJbHOH GyMard HiH
M1acTMacchl) MeToJOM THIOrpadCcKoro neyaTaHHs HaHOCAT cHayaja
ePBbIH CJAOH KPAackH, K KOTOPOMY NPHMeEIIHBAIOT MeJKHEe KYCOUKH
xenesa. [Tox BausgHUEM CUJIBHOTO MATHHTHOTO MOJIS KeJe3Hble ya-
CTHYKH pacnoJ/iaraloTcsi B psj Tak, YTO OHH HAYHHAIOT KacaTbCs APYT
npyra. Korga mepBbiji c/lo#t BBLICOXHET, Ha HEro HaHOCAT BTOPOM
cJI0# KpPaCKH, K KOTOPOMY MpHMeIIaHbl MeJIKHe KycouKu HHuKess. Ha-
CTHYKYM HHKeJas TaK:Ke [OABEpraloTcs BO3JEHCTBHIO MAaTCHUTHOIO
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moas. B pesyabraTe MosyuaeTcst cyxOf 3/MEMEHT ¢ 3JAeKTPOTAMH H3
Kejesa (MHHYC) u Hukeas (maioc). Hauocs takum obGpasom cioil
KPackd OfMH Ha ADPYro#, MOXKHO MOJYUUTb GaTaper HeoHXO 1IMOro
Hanpsxenus. [lepBblit U MocaefHu#t cou ClayXKaT Aas NOAKJIOYe-
Husa 6aTapeH K cXeMe.

6. Llleno4Hbie aKKyMynaTopbI

MUcTouHHK TOKa, B KOTOPOM mnepBOHAYaNbLHO
O6wue CBeJeHHs NPOHUCXOAHT  MpeBpalleHue  JEKTPHUECKOI

9HEPTHM B XHMHYECKYI0, a 3aT€M — XHMHuE-
CKOif B 3JIEKTPHUYECKY!0, HA3bIBAETCS 3JEKTPUUECKMM AaKKyMYyJsiTO-
pOM WM BTOPHYHBIM TaJibBAHHMUYECKHUM 3JEMEHTOM (TakK Kak aas
NpeBpailleHHsl B HCTOYHHK TOKA OH HYXKHAeTcd B MpelBapHTEeNbHOM
3apsije). '

AKKyMysnsaTOp caM 3J1eKTDHYECKONl 3HeprHH He MPOU3BOJHUT, OH
MOXKeT ee HaKalJHBaTb (aKKyMyJaupoBaTb) mpu 3apsge. Ilpu pas-
psille aKKyMyJsATOpa HaKOIVIeHHas 3JeKTpHUecKas SHeprus pacxo-
JyeTcsi B MOAKJIIOYEHHO!N K HeMy BHEIIHEH LelH.

AKKyMyJISITOpBI HMEIOT 3HAYUTENbHO GOMBLIMI CPOK CayKOBI, ueM
rajbBaHH4yeckue 3jJeMeHTH. [locje M3pacXodoBaHHA XHMHUECKOH
SHepruH, 3allaceHHON B TaJbBAHHYECKOM 3JeMEeHTe NpH H3TOTOBJe-
HHUH, OH NPHUXOAMUT B HEroJHOCTb. XHMHYECKYIO SHEPTHIO aKKyMYyJsi-
TOpa MOXHO BOCCTaHaB/JHMBAaTb NpH 3apsae. Ilpu npaBuIbHON 3KC-
miayaTaluud aKKyMYJsTOp BblA§PKHBAeT HECKOJbKO COTEH LHKJ/IOB
3apsila M paspsia.

B 3aBucuMocTH OT poja 3JEKTPONHTAa AKKyMyJATOPbl pasjens-
I0TCS Ha LeJOYHble H KHCJOTHbIE.

Ina nuranus TtenedoHHo-TenerpadHbIX Lenefl U paAHOCTAHIMM
IUMPOKO NPHUMEHSAIOTCS LIeJOYHble aKKyMYJATOPDI.

[Mlenounoir akkymyasitop (puc. 210) coctour
YctpoitcTBo menounbix M3 CTalbHON OGaHKH, B KOTOPOM HaXOHSATCS
AKKyMyasTOpOB 3a/MTble 3JEKTPOJIUTOM MOJIOKHTEJNbHBIE H

OTpHIlaTe/bHble NJACTHHBI B BHAE CTaJbHbIX
peuIeToK, 3aM0JHEeHHbIX aKTHBHON Maccoi.

OrpuuartenbHble TMIACTHHBI Pa3MELIEHBl MEXY MOJOXKHTEIbHbI-
MH. UToObl MiacTHHBl He Kacalucb OOHA JAPYro#, MeXIy HUMH
BCTaBJIEHbl 360HHTOBble TaJo4YKH. [losoXKHUTeJNbHBEIE TJIACTHHBEI CO-
elHHeHbl OTAEJNbHO OT OTPHLATENbHbIX, H UX BCErga Ha OXHY 6OJib-
Lie, yeM OTPHUATENbHLIX, AJS NOJYyYeHHs Gosbluero ob6bema aKTHB-
HOIl Macchl,

Csepxy k GaHKe IUIOTHO NpHBapeHa KpbllIKa C TPeMsi OTBep-
CTHIMH. B /ABa KpafiHHX OTBEDPCTHS BbIBElEeHbl GOJNTHI; OJHH OGOJT,
COEMHEHHDBIHl ¢ IOJOKHMTEJIbHBIMUH IJIAaCTHHAMM (Kopmycom) cay-
JKHUT TIOJIOXKHTEAbHBIM TOJIOCOM aKKyMYJATOpa, APYrOi, CoelHHEH-
HBII ¢ OTPUUATENbHBIMH IJIACTHHAMM H H30JHMPOBAHHBIA OT KOpMy-
ca, — oTpHUATeNbHBIM TMOJIocoM. Hepes cpefHee oTBepcTHe 3asu-
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BAIOT 3JEKTPOMHT. DTO OTBEPCTHE 3aKPLIBAKOT MPOoGKOH, KOTOpas
TaK:Ke HMeeT OTBePCTHe, 3aKpbiBaeMoe Pe3HHOBBIM KosbLoM. KoJib-
l0 He M03BOJIsieT MPOHUKAaTb BHYTPb aKKyMYJsiTOpa BO3AYyXy H BMe-
CTe c TeM He MPENATCTBYeT BBLIXOAY HapyxXKy o0pasymoluMcs NpH
pa6oTe aKKymyJ/siTopa rasam.
O/NIEKTPOIUTOM B LUEJOYHHIX AKKYMYJASiITOpPax
CHYXHT pacTBOp Liejodd (€AKOro KajH HJH
eJKOro HaTpa); 3THM H OODbsCHSIETCA HX Ha-
3BaHHe,
[TnoTHOCTD 37eKTpONHTA 3aBHCHT OT OKpylKaiollell TeMmmepaTyphi.
ITpu Temnepatype cBbimie =+ 15°11 npuMeHsioT pacTBOp e€AKOro
‘HaTpa maotHocTeio 1,17—1,19 rpaMmma Ha KyGHYecKHH CaHTHMeTp
(e/cm3) umcToit (AMCTHANHpPOBaHHON) BoAbl. Ecau AMCTHANHPOBAH-
HOH BOJLI HET, TO MOXKHO HCIO/JIL30BATh YHCTYIO NOXKAEBYIO HJIH CHe-
roByto 1 B0OGule /06y NpecHyio BOALY, NPHUrOAHYIO [Jsi MHTbA.

AEKTPONHUT

N

Onacnocms KOPOMKO20
= JUMbIKQHUA

Huxenupobanneii  Ni(OH)s
nakem (rudpooruces
HUKenA)

[1on0H#CUMEN zHbIE NNACTIUHM

== {lopowox ene3a u
kadmun)

gmpuuamensHsie nNNacmunyl

Puc. 210. YcTpoiicTBO [IeNOYHOTO aKKyMyasiTOPa

B aTom caydyae NMPUrOTOBNEHHOMY 3JIEKTPOJNHUTY HYIKHO NaTb OTCTO-
fTbcst 6—12 4, 4TOGLl caMble BpefHble NpUMecH (KaJbUHi, kKejeso,
MapraHel, H Ap.) OceJH Ha JHO cOCy[da, MOC/Je Yero 3JeKTpo-
JIUT OCTOPOXKHO NepeuTb B JAPYroil COCyH, a 3aTeM B aKKyMyJsi-

TOPHI.
Ecau HeT elkoro HaTpa, TO MOXKHO HCIO/NbB30BaTh €1KHHA KaJu.
ITpu Temnepatype or +15° mo —I15°L1 npumeHsiloT pacTBOp

eIKoro kaau miaotHoctbio 1,19—1,21 e/cm3, npu TeMnepatype HHXKe
—15° 11 — pacTBop eakoro Kaau maotHocTbio 1,27—1,3 e/cm3.

st yBeqHueHHs] cpoKa CJyXObl LIEJOUYHOrO akKKyMyasdTopa 4a-
CTO B 3JIEKTPOJNUT A06AaBJAIOT HEKOTOPOE KOJHYECTBO €IKOrO JIHTHS.
[Ipu 3TOM COMPOTHB/EHHE AaKKYyMYJSTOpA HEMHOTO YBeJHUHBAeTCs H
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OH CTaHOBHTCSl MeHee MPHUTOAHBIM /sl paGoThl B YCJOBHSX Gosee
HHU3KHX TeMIeparyp.

DJIEKTPOJIUT INPHUTOTOBJASIOT B YMCTOH CTA/JbHOH, UYTYHHON WU
CTEKJ/SIHHO} TOCyJde, Kylda cHayasna KJaaAyT eIKHH Kaju, a 3aTeM
OCTOPOXKHO BJHBAKOT BOAy (Ha | xe emxoro Ka/au 2 24 Bogel). Pac-
TBOP lepeMelIMBaOT OO0 MOJHOro pacTBOpeHHs enkoro Kagu. [lpu
3TOM TeMIlepaTypa 3JeKTpoJnTa nosbiwaercs. [Tociae Toro kak ssek-
TPOJIMT OCTbIHET, HYy>KHO M3MEpPHTb €ro MJOTHOCTb U JOBECTH ee [0
HY>HOH Be/HYHHBI. 3a/]UBaThb B AKKYMYJATOpP TOPAUYHH 3JEKTPOJIHT
(remneparypoii Beie 30°1]) Henb3s, Tak Kak NPH 3TOM MOPTHTCA
aKTHBHas Macca.

3a/UBalOT 3JIEKTPONHT B AKKYMYJISITOP yepes CTeK/SHHYIO BO-
POHKy. YpOBeHb ero A0JeH GHTb Bbillle BepXHell KPOMKH MIaCTUH
Ha 5—10 mm.

Ecau pactBop 2/€KTpo/iMTa MOMafeT Ha KOXKY WM ONEXKAY, TO
HYXHO HEMEJJIEHHO CMBbITh €ro PacTBOpOM OOpPHON KHCJOTHI, a 3a-
TEM BOJOM.

3ampelaercs M0Jb30BaTbCA /51 MPHTOTOBJEHHS 3JEKTPOJNHTA
JIyXKE€HOH, aJIOMUHHEBO-OIIMHKOBAHHOMN, MeJIHOH HJM CBHHIOBOH MO-
CyJd0#, a TakKxKe MOCYIOH, B KOTOPOH MPHTOTOBJASAETCA 3JEKTPOJHT
IUIsT CBUHLOBBIX AKKYMYJSATOPOB: KHCJAOTA Aaxe B HEOGOJbIIOM KO-
JIHYEeCTBe paspyllaer LiesOUHble aKKyMYJSTOPHI.

YraekucnoTa, HaXoAsulascs B BO31yXe, JErKO COENHHSIETCH C
€KUM KaJjiH, BCJEICTBHEe Yero eMKOCTb AaKKyMyJasiTopa yMeHb-
maercs, a BHYTpPeHHee CONpOTHBJeHHe ero ypenuuuBaercs. Jlas
NpeJOTBPALEHHSI 3TOTO peKOMeuayeTcs B aKKyMyasTop A006aBasATb
HECKOJIbKO KareJsb 'UUCTOT0 Ba3eJHHOBOrO Macsa, KoTopoe ofpasyer
TOHKYIO 3allMTHYlo MjeHkKy. Kpome Toro, oTsepctue anfa 3anuBKH
3JIeKTPOJINTa HEOGX0/IMMO TJIOTHO 3aKpblBaTb MPOOKOH MpH paspsje
akkymyastopa. HecMmoTpss Ha 3TH Mepbl MpeLOCTOPOKHOCTH, yTie-
KHCJIOTA ¢ TeueHHeM BpeMeHH MPOHHKaeT W3 BO3AyXa B aKKyMyJs-
TOp U 3arpssHser s/ekTpoaut. [lostomy yepes 100 uuknos «3apag—
paspsia» akKKymyasTtopa (HO He pexe ONHOro pa3a B rol) Heof6Xo-
OMMO 3aMeHSAThb 3JEKTPOJIHT.

EMKOCTb 1leJIOYHOTO aKKyMyJasiTopa olpeje-
EmkocTh ¥ K. M. J. Jasiercs no opmyae
C =1t (81)
rie C — eMKOCTh B aMIep-yacax;
I — BeqMuuHa paspsAAHOro TOKa B aMMmepax;
t — BpeMs paspsia B yacax.
EMKoCTb aKKyMyJsiTOpa 3aBHCHT OT KOJHYeCTBA AKTHBHOH Mac-
Yem Gosblile NOBEPXHOCTh MJIACTHH, TeM 0G0Jblie eMKocTh. OT
BeJII/I‘{HHbI pas3psiHOrO TOKAa €MKOCTb NPaKTHYECKH HEe 3aBHCHT.

KosddhuuneHT moJsiesHoro MAeHCTBUS IUEJIOYHBIX AKKYyMYJSITOPOB
pasen 0,65. 3Hauut, 65% KONHYeCTBa 3/EKTPHYECTBA, 3aTPauYCHHOTO
Ha 3apsil aKKyMyJsTOpa, HCNOJIb3yeTcs MOJIEe3HO NMpPU ero paspsije,
a ocraabHble 35% pacxopyiorcs GecrnoJiesHo,
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IMpu skenayataumu AKKYMyJasiTOPOB CJAefyeT YYHTHIBATh TakK
Ha3biBaeMblil HOpMaJibHbIA caMopa3psl. 3apsKeHHbIl aKKyMYJsaTop,
HaxoAscb B Oe3leHCTBHM, IOCTENEHHO pa3psiKaeTcs, BCJEACTBHE
yero eMKOCTb ero ymeHbuiaercs. OcoGeHHO CHJIBHBII caMopaspsij
HabJ/110laeTcs B TeueHHe IepBOro Mecsia nocJje 3apsijia akKyMyJasaTopa.

CpenHee paGoyee HanpsiXKEHHE ILEJOYHOTO aK-
AnextpuueckHe aannbie KyMmyastopa paBHo 1,25 8. OmHako OHO He

' ocraetcss noctosiHHbIM. [lpu 3apsize oHo cHa-
Yyaja MelJeHHO yBeauuuBaercs ot 1,4 mo 1,5 8, 3atem GuicTpo — 110
1,7 8 u notrom onsitb meanenHo — go 1,8 6. Ilpu paspsine Hampsixke-
HHe ObicTpo mapaer no 1,25 8, 3atem mensnesHo — o 1,1 8. B cay-
yae HeO6GXOAMMOCTH LI€JIOYHOH aKKyMYJIITOp MOXKHO 6e3 Bpena pas-
psixarte no Hanpsikenua 0,9—0,8 8, Ho yacro 310 AenaTbh He peKo-
MeHJAyeTcsi, 4TOOLI He BbI3BaThb IpeXXAEeBPEMEHHOT0 YMEeHbLUeHHs
€MKOCTH.

ITpoBepsiTh cTeneHb 3apsKEHHOCTH aKKyMYJsiTOpa HEOOXOAHMO
nox Harpyskol. BbicTpoe cHHXeHHe HaNpsXKEHH aKKyMyJasTopa
NpH BKJAIOYEHHH HArpy3KH I[OKa3blBaeT, 4YTO aKKyMyJsTop pas-
PSIXKeH.

BuyTpeHHee conmpoTHB/IeHHe aKKyMyJsiTopa B OTJIHYHE OT ralb-
BaHHYECKHX 3JIEMEHTOB OYeHb Maso (HJS OLHOro aKKyMYJSTOPHOTO
3JeMeHTa coctasaser okosao 0,03 ox). K koHLy paspsiga oHO yBes-
YyHBaeTcs MPHMEPHO B [Ba pasa.

OteuecTBeHHast NPOMBILIIEHHOCTb BBINYCKaeT
Tuns akkymyasTopos  AKKYMYJISITOPBl Pas3/IMYHBIX THIOB, HalmpHMep

HKH-100, HKH-60, HKH-45, HKH-22,
HKH-10, AKH-2,25. Ileppasi GykBa yKasbiBaeT HasHaueHue: H —
HaKa/bHblIH, A — aHOAHBIA; BTopasi u TpeTbs 6yksnl (KH) — kan-
MHEBO-HHKeJIeBbll, UM(ppPaMH yKasbiBaeTcs €MKOCTb aKKyMyJ/siTopa
B aMIep-yacax.

AKKYMYJSITOpbl COEAUHSIOT NocaenoBaTeNbHo B 6aTapen. Obuiee
HanpsxeHHe 6aTaped paBHO HampsiKEHHIO OLHOTO 3JieMeHTa, yMHO-
XKEHHOMY Ha HMX YHCJIO, 2 eMKOCTb PaBHa €MKOCTH OJHOrO.aKKyMy-
astopa. ,

Ha puc. 211 usobpaxkeHbl TpU aKKyMYJSITOpHBle GaTapeu:
S5HKH-45, 4HKH-10 u 64AKH-2,25. Lu¢pa nepex 6ykBamu O3Ha-
YyaeT YUCJO0 aKKyMyJsiTopoB B 6artapee.

Beauunna 3apsgHOro TOoKa ompejensieTcss JesleHHEM €MKOCTH
aKKyMyJsTopa Ha 4; BeJMYHHA pPa3psiiHOTO TOKa — Je/leHHeM Ha 8.

B nocsienHee’ Bpemsi [nepeBsiHHble SIIUMKH JAS1 pa3MelleHHs
GaTapeii 3aMeHAIOT JIETKHMH  OTKDHITHIMH  MeTaJJIHYeCKHMH
KoHTefiHepaMu (pHc. 212).

AXKyMyJIsiTOPBl 3apsiKalOT TOJBKO IOCTOSIH-
3apag, M paspsi HbIM TOKOM OT BBINPAMHTENbHbIX YCTPOHCTB,
aKKyMyJsTOpoOB npeo6pasyiollux nepeMeHHbIH TOK B IOCTOSIH-

HbIH, HJIH OT TeHepaToOpOB MNOCTOSIHHOI'O TOKa.
Ilpu sapsile NOMOXKHTeNbHBIEI ToOMOC 6aTaped MOAKIIOUAIOT K
NOJIOAKHUTEJIbHOMY IIOJIIOCY HCTOYHHKA TOKa, a OTpHUATeNbHb — K
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oTpuuarenbHoMy. Ecin atapeio MoAK/IOUHTL HA0GOPOT, TO BMECTO

3apsila Oyler NMPOHCXOAUTH ee Pa3psi.

e

4HKH-10

Puc. 211, O6wnit BUx aKKyMyJAaTOpHbIX GaTapeii

I'Iepen 3apsiaom 6a’rape}o HeOoOXOAMMO OYMCTHTb OT HaJjeTa Co-
JU W TPA3H, 3aTeM OTKPbITb OTBEPCTHA MAJId 3aJUBKH 3JIEKTPOJIHMTA

(uHaue BbIfeJflOILHecs NpH 3apsle
BOJOPOJL H KHCJODPOL MOTYT NOKOPO-
6uTb G6GaHKH) MU TNPOBEPHUTb YPOBEHb
3/IeKTPOJIUTA B aKKyMYJsTOpax.

OG6blyHO 3apsi BeAyT B TeueHHe
6 » TOKOM HOpDMaJIbHOH BEJHUYHMHBI CO-
rnacHo MHCTpykuuu. Ilpu Heo6xonu-
MOCTH  paspeliaerci  YCKOPEHHBIH,
4-yacoBon 3apsAA: 2,5 « — TOKOM JIBOJ-
HOH BeJIMYUHBI H 1,5 4 — HOpMa/NbHBIM
TokoM. Hamnpumep,  akkyMmyasTop
eMKocTblo 60 a-4 HyXKHO 3apsixkaThb
2,54 tokoM 30a u 1,54 —Tokom 15 a.

EMKOCTh 11€710YHOTO aKKyMYJsTO-
pa mpH 4acTHX HeNo3apslax yMeHb-
LaeTcs, a Iepe3apsioB OH He GOHT-
csi. [TosToMy Jyulie akKyMmyJsiTop me-
pe3apsiuTb, 4YeM Her03apsAHTh.

HoBble akkyMyJasiTopbl 3apsikatoT
HEeCKOJIbKO HHaue, yeM 3KCILIyaTHpYe-
Mble. BrepBble 3a/nHTble aKKyMyJsi-
TOphl HEOOXOZHMO OCTaBHTb Ha 2 4,
yTOGbl 3JIEKTPOJNUT NPONHUTAd aKTHB-
HYI0O Maccy TJIacTHH, H TOJBKO MOcJe
JIOJUBKH 3JEKTPOJHTA OO HOpMajib-
HOTO ypoBHs 3apaiuTb. CHauana ax-
KyMYJSTOpbl 3apsixkalT 6 « ToKoM
HOpMa/IbHOH BEJUYMHBI H ellle 6 4

10*

Puc. 212, O6wmi BHA aKKyMmy-
JNATOPHbIX 6aTapeit B MeTaJJH:
4ECKOM KOHTelHepe
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TOKOM, B [Ba Pa3a MeHbIIHM, IOTOM Pa3psixkaloT B TeueHue 4 4 TO-
KOM HOpMaJibHOil BesnuuHbl. [locae AByX — Tpex TaKHMX LHMKJOB akK-
KyMYJSATOPbl TOAHbI K 3KCIJIyaTaUUH.

[IpumepHo yepe3 100 UHK/IOB «3apsii—paspsii», HO He pexe
OJIHOTO pa3a B TOJ 3JeKTPOJIHT 3aMmeHsioT. Ilepen sTHM akKymyJs-
TOpHl Pa3psiKaioT TOKOM HOPMa/bHOH BeJHYHHb B TeueHHe 8 « (10
1 8 Ha KaxzaoMm akkymyastope). Ctapblii 3/71€KTPOJHUT BBHIIMBAIOT H
aKKYMYJSITOPBI [IPOMBIBAIOT TPH—YeThipe pasa IUCTH/IIHPOBAHHOH
BOJOH. 3ateM 3a/MBAIOT HOBBIA 3JIEKTPOJIUT, HECKOJbKO TMOBbIILIEH-

1

o

O,
Puc. 213. MpuHuunuanbuas cxe-
Ma 3apsiia akKKyMyJsTOpOB

~

HOH MJIOTHOCTH (BoJa, OcTaBLIAfAcCs BHYTPU GaHOK, pa3baBUT 3jeK-
TPOJIUT), U CTABAT aKKyMYJATOPbl Ha NepPBHUYHBIH 3apsig (6 4 ToKOM
HOpPMAaJ/IbHOHN BEJHYHHBI U 6 4 — MOJOBHHHBIM).

AkkymyasiTopHble GaTaped 3apsKaloT 0 cXe-

Coenunenue Garapeit Me, H300paxeHHoi Ha puc. 213. Conporusie-

AN 3apana HHe R paccuuThiBaeTcs no (opmyse
_U—Us
R= T’ (82)

rae U — HampsixkeHdHe Ha 3aXKUMax CETH;
Us — HanpsixKeHde Ha 3a)xXuMmax Gatapew;
U— Ug —najeHue HanpsixkeHHsl Ha peocTaTe B HayaJje 3apsiia;
I3, — 3aPSALHBIA TOK.
Hanpsxenue Ha 3axumax OaTtapeil B HayaJje 3apsija

U6= 1,4 n,

rae 14— HanpsiXKeHde B BOJIbTaX, MOJABOAHMOE K OJHOMY aKKyMy-
JSATOpPY B Hauase 3apana;
27— YUCJI0 aKKYMYJISITOPOB.

Onpenennm, cKoMbKO aKKyMyJasiTopHbix Gartapeit tuna 4HKH-45
MOXHO 3apsIIUTb OJHOBDPEMEHHO OT HCTOYHHMKA TOKa, HampsKeHHe
kotoporo U=36 & u ponyctumblit Tok /=25 a.

292



K-omHomy akky™mynsTopy (HE3aBHCHMO OT €ro eMKOCTH) B KOH-
ue 3apsiia AOJKHO ObiTb MPUJIOKeHO HanpsiKkenue 1,8 8 (mpu 3a-
psile Ha Mopo3de 2—2,2 8). 3HAYUT, K UCTOUYHUKY TOKA MONKHO MOJ-
ka0unTh 36 : 1,8=20 akkymysastopoB. Takum o6pa3om, MakcHMa/b-
HOE 4MCJIO TOC/Ie0BaTeJNbHO BK/IIOYaeMblX aKKyMYJSTOPOB

U

n=
Uk.s’

rie U/ — HanpsikeHHe UCTOUHHKA TOKa;
Uy. s — HampsikeHHe OJHOrO aKKyMyJsTOpa B KOHIE 3apsija.

BosBpatumcsa K Hamemy npumepy. Mbl onpesfenusn, 4To MOXKHO
BKIIOYNTb 20 @KKyMyJsiTOpOB, a TakK Kak Garapes tuna 4HKH-45

+ -
+0—o —f o o oo oo o

-— 3—0
Puc. 214. Cxema napasieibHOro BKJAIOYEHUSI aKKyMYJsTOPHbIX OaTapei

s 3apsina

UMeeT YeTbipe aKKyMyJsiTopa, 3HauMuT, AJs OLHOBPEMEHHOro 3apsia
MOXHO BKJIIOUMTH NATb OaTapei.

“Ecau OrpaHHYHTbLCS BKJIOYEHHEM [10C/JeN0BaTeNbHO MsATH GaTa-
pe#l, To HCTOUHUK TOKa He OyAeT MOJHOCTbIO MCHOJb30BAH.
HopmanbHbl#l 3apsaHbiil TOK
45

IH=Tzll a,

a HUCTOYHHMK TOKa JlomycKaeT Harpysky mo 25 a. CaenoBaTenbHO,
MOXHO TapaJjJejbHO MDHCOEJHHUTb ellle NATb Oartapeidl THIa
4HKH-45 (puc. 214). -

ConporuBJsetne peocrata no ¢opmyJse (82)
U—Us _U—14n__ 36—14-20

R= T = T 2

=~ 0,37 oxm.

[Tpu 3TOM Yepe3 peocTaT MPOTEKAeT CyMMapHBIA TOK mapaJJelb-
HbIX BeTBeH 22 a.

IIpH napaJjJaeqbHoM CO€AHHEHHH HHCJIO aKKyMyJasToOpoB B
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BeTBAX JOJ/XKHO ObITb OJHHAKOBBIM H AKKyMYJIATOpPbl [AOJI2)KHbI

HMEeTb OJIHY €MKOCTb. .

Kak yxe oTMmeuasioch, BbICOKasi TemIliepatypa
Jkcnayaraums TNOHHXKAeT eMKOCTb aKkKymyJ.sTtopa. OcoGeHHo
4KKYMYyaTOPOB BpeJHOe JeHCTBHE OKa3blBaeT Ha HEro 3apsj

B xkapkoe Bpems. Ilo3Tomy B Kapkoe BpeMs
pPeKOMeHAyeTCcst NPOU3BOJLHUTDb 3apsijJ BedepoM HJIH Houblo. ITnoTHOCTH
3JIEKTPOJIMTa M3 €JKOro Ka/Ju C HacCTyNJeHUeM Kapbl HeoO6XOLHMO
CHU3UTb 10 1,16—1,18 e/cm3.

Hapno usberatp cTaBUTh aKKyMYJATOPbI Ha pacKajeHHbie KAMHH,
3€MJI0, OCTaBJ/IATb Ha COJHILE.

Tak Kak Boja CHUJIbHO HcmapsieTcsl, HeOOXOAHMO Yallle OTKPbIBaTh
npoOKH AJS BHINYCKa ra3oB M JOJHBATb 3JEKTPOJHT HJIH AHCTHJJIH-
DPOBaHHYIO BOAY.

AkxkyMmyasitopbl, paGoTaloliye B YCJIOBHAX HH3KHX TeMIepartyp,
clelyeT YKpbIBaTb TeMJIbIMH TKaHsMH. [IpodosKuTeqbHOCTh 3apsana
npu Temnepatype Huxe —10° L] Heo6XoAHMO yBeJHYUTH 10 7 4.

7. LipyrHe THAbl aKKyMYNATOPOB

Cpenu 1eJMOYHBIX BHIMYCKAIOTCH KaAMHEBO-HUKeJeBbie aKKyMy-
asitopel, Hanpumep HKH-14, HKH-32, HKH-55, ¢ namenpHbIMU
TOHKHMH 3JIEKTPOJaMH M l1eJ0UeCTOHKOH XJIOPBHHHJ/IOBOH H30Jf-
uueil. Paccrosine MeXJy NMJacTHHaAaMH B HHX yMeHbIUEHO, a YHCJIO
aKTHBHBIX MJACTHH H, CJelOoBaTe/NbHO, HOMHHAJbHAsA €MKOCTb YBe-
JINYEHBI.

XJIOpBHHU/IOBAsi TKaHb BIHTHIBAE€T B CBOH MOPbl 3HAUUTENbHYIO
yacTh 3JeKTpoauTa. Baarogapss 3ToMy, a TakxKe NmyTeM yIJHHEHHSA
npo6KU yaa/och CO3AaTh aKKyMYJATOPHI, H3 KOTOPBIX B JIOGOM MO-
JIOXKEHHH 3JIEKTPOJUT He BbiTeKaeT. IIpob6xa HmeeT [ABe pe3bObl —
BepxHOI0 U HUXHiO. IIpH 3apsane akKKyMyJasTOpPOB NPOOGKH BLIBHH-
YHMBAIOT Ha HECKOJbKO O60pOTOB, YJydllas OTBOJ Ta30B Hapyxy.
ITocne 3apsina mpo6KH 3aBUHYKBAIOT A0 OTKa3a — aKKyMyJsTOp ro-
TOB K pabore.

HopmasnbHoe BpeMs 3apsifia akkymyaaTopoB — 10° 4, oaHako
HX MOXHO 3apsi’)KaTb B HCK/IOUHTEJIbHBIX CIyYasgX M YCKOPEHHBIM
3apsAIoM B TeueHHe 3—4 . '

BesnamenbHble aKKyMyJATOPbl HHOTAA Ha3bl-
BeanamensHbie BAalOT aKKyMYJSITOpPaMH C HOBBIIIEHHOH €M-
aKKyMyJsiTOpbI KocTblo. HanbGosiee mupokoe pacnpoctpane-

HHEe TOJyyuaH G6e3jaMesbHble KaJMHEBO-
HHKEJIEBble aKKYMYJSTOPHI.

Camo Ha3BaHue «06e3jlaMeNbHbIH» TOBOPHT O TOM, YTO B 3TOM
aKKyMyJIiTOpe HeT JaMeJel, T. €. TaKeTOB, KOTOPble 3aNpecCcOBLIBA-
10TCs B MJacTHHBL. [l1acTHHBI TaKOro akKKyMyJasATOpa M3TOTOBJASIOT
TIPEeCcCOBKOH MOPOLIKOOOGPa3HOM Macchl Ha CTaJbHYIO PaMKY.

[MpuHuun AeficTBHS M XHMHUeCKHe Npouecchl B Ge3slaMesbHbIX
aKKyMyJIATOpax TaKHe XKe, KaK H B J1aMeJbHbIX,
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Vi3MeHenue KOHCTPYKUHH IJIACTHH 6e3J1aMeJbHOTO aKKyMyJATo-
pa MO3BOJH/IO YBEJHYHUTb €r0 €MKOCTb, OJHOBPEMEHHO YMEHBbLIUB
pasMepbl, a c/ieJloBaTe/bHO, U BeC.

K wHemocratkam Ge3naMeNbHBIX aKKYMYJTOPOB OTHOCHTCA
He6OJbIIOH CPOK HX CJIOYXKObl H OTHOCHTEJbHO BBICOKas CTOH-
MOCTb. _

C pasBuTHeM MOJYNPOBOAHHKOBONH TeXHHKH, KOTOpas MO3BOJHJIA
YMEHDbIUUTb Pa3Mepbl 3JEKTPOHHBIX YCTPOHCTB, MosiBUJach HeoBGXo-
AMMOCTb B CO3JLaHHH MaJorabapHTHBIX HCTOYHHKOB IUTAHUS, U TTPeXK-_
Je BCero MajorabapHuTHbIX TepMETHUHbIX aKKymymTopoa

B Hacrosilliee BpeMs Mpo-
MBILIJIEHHOCTb BBHINMyCKaeT ABa
THNA TepMEeTHUYHbIX KaJMHe-
BO-HHKeJIEBBIX  aKKyMYJATO-
pOB: [AHCKOBble H IHJIHHIDH-
uyeckde. I Te U npyrue moryr
O6bITb JMaMenbHble H 6e3Jna-
MeJlbHbIe.

[pu HOpMaJbHOH SKCILTya- Puc. 215. Paspes 1HCKOBOro akKymyJs-
tauuu (HopMaJibHOM 3apsn- Topa:

HOM H paspsHOM TOKe) Jaa- ! — xoprtyc: 2 — KpplwKa Kopmyca; 3 — MpYXH-
MENbHHE GKKYMYIATOPEl [O- 1o, 43 csquumali J folonincmy ey
gyckalotT go 500 uukioB 3a- JHpYIOINAR npOKAaAKa
psda — pa3psiia, Tepsas INpH

sToM Ho 50% eMKocTH. ,

HopmanbHoe Hanpskenne akkymyastopa 1,2 8. KoneuHoe Ha-
fips>keHde paspsija He AOJKHO ObITb HUXe | 8, uHAUe eMKOCTh akK-
KyMyJIATOpa CHH3UTCSA M OH TNPEXKJAEBPEMEHHO BBIALET H3 CTPOS.

W3 nuckoBriXx akKyMyJasiTOpOB HauGoJiee IIH-
Anckosnie poko pacnpoctpaHensl I1-0,06, [1-0,1 u 1-0,2.
aKKyMyasTOpbE PacuudpyeM 115 npumepa Ha3BaHue 6arapen
7[0-0,1: 7 —unucio akKyMysasTopoB B 6ara-
pee; H — nuckosbii; 0,1 —eMKocTb aKKyMynaTOpa B ammep-yacax.

Ilo KOHCTPYKLHMHU IepMeTHUHble AHCKOBbie aKKyMYJaSTOPbl COBep-
{IIeHHO OJMHAKOBBI, Pa3/IHUAIOTCS OHH TOJbKO pPasMepamu.

JI#cKOBHIN aKKyMyJasaTop (pHc. 215) COCTOHT H3 Koprmyca 1, B Ko-
TOPOM HAXOAATCH HOJIOXKHTE/IbHbIN 5 H OTPHLATENbHBIA 6 3JIEKTpO-
Rbl, pa3feneHHble cenapatopoM 4. OTpHIaTeNbHbIH 37€KTPOAL MpH-
JKHMaeTcss K Cenapatopy ¥ MNOJOXKHTENbHOMY 3JEKTPOAY MNpYXKH-
Hoit 3. Kpnimka Kopmyca 2 3adasbuoBaHa c kopnycom [ uepes
H3OJIHPYIOLLYIO MPOKNAAKy 7.

CB0GOIHBIH 06beM BHYTPH aKKyMyJadaTopa 3alojiHeH CTPOro
OrpaHHYEHHBIM KOJIMUECTBOM 3JIEKTPOJIHTA.

JluckoBble aKKyMYJSATOPbl T€PMETHUHBI, 4 NO3TOMY He Tpe6yioT
n06aBKH HJIM CMEHBl 3JIEeKTPOJHTA B TeUeHHe BCEro CpPOKa CJYKObI
‘M XpaHeHHsl.

Ha emKOCTb aKKyMyJAfiTOPOB 3HAUUTEJbHO BJMSET TeMIepaTtypa
OKpyXaiolleil cpelnl. AKKymMyJasTOpbl NpeAHa3’HayeHbl A1 paGoTHl
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npu Temneparypax ot +5 no +50° L. Tlpu 0° akkymyJasitop oTAaer
auip 50% eMKocTH.

B Ta6a. 14 npuBedeHbl OCHOBHblE XapaKTEDPUCTHKH AMCKOBBIX
aKKyMYJISITOpPOB.

Tabauuwa 14

OcHOBHBIE XapaKTepHCTHKH JHCKOBBIX aKKyMYJfATOpPOB

PexuMm 3apaaa Tox paspsna, xa, 3a Bpems
- EMKoCTB, :
Tun a-u 1:40;2 Bpf:m’ 10 4 34 1« Bec, 2
Kd
-0,06 0,06 5 15 6 20 60 3,6
n-0,12 0,12 12 15 12 40 120 6,8
0-0,2 0,2 25 15 20 65 200 14,2
llquliHllpu'leCKue npOMbILUJIEHHOCTbIO BbIMYCKAlOTCA, LHJIHHIDH-

YeCKHe aKKyMyJaAaTOpbl CJeLyIOLIHX THIOB:
AKKyMyaaTopbl

[HIHK-0,2; IIHK-0,45; I1HK-0,85. HasBaHus
Hx pacungpossiBaoTca Tak: HK — nununppuueckui, HHUKeJb-
KaJAMHeBbIH, LHPPbl — eMKOCTb aKKyMyJsiTOpa B aMIep-uacax.

7 5 YCTpPOHCTBO UHMJIMHAPHUECKOTO Kal-
\ / MHEeBO-HHKeJ1€BOro aKKyMyJasTopa

] // Z [IHK-0,45 u3o6paxeHo Ha puc. 216.
/ B orTsuuMe OT JHCKOBOrO B ULHJHH-

JIPUYECKOM aKKyMYJsITOpe C KOpPIYycoM
CBSI3aH OTPHUATEJbHbIH 3JEKTPOL.
Kpblllka 7 H3roToB/JeHa H3 mJjacT-
Macchl, 1 B Hee 3alpeccoBaH BbIBOZ MO-
JIOXKHUTeJNbHOrO 3JieKkTpona. Kopnyc umeer
rodppsl, 61arofgaps KOTODHIM MeXAy OT-
pHIaTe/bHBIM 3JEKTPOAOM H KOPIYCOM
CO3/1al0TCSl Ta3oBble MeLIKH, NpeJoTBpa-

Y ujamuiye noBbIIIeHHe AAaBJEHHs MNpHU 3a-
°l8 psille aKKyMyJsiToOpa.
H kS TemnepaTypublil auana3oH paGoThl

UMJIHHIPHYECKHX aKKYMYJSTOPOB HaXo-
aurcsa B mpegenax ot —10 mo +35°1L1.

OTHOCHTENPHO HEBBICOKast CTOHMOCTH
repMeTHYeCKHX aKKyMyJsiTOpOB, 3HauM-
TeJIbHble CPOKH C/YXKOBI M XpaHeHHsl, Bbl-
COKas CTOHKOCTb K YIAapHBIM Harpyskam,

- RN Puc. 216. Akkymyasrop LIHK-0,45:

I — pHO; 2 — Kopnyc cocyaa; 3 — oTpHuaTeJbHas nJja-
+ CTHHa; 4 — OJIOK TOJIOXKHTEJIbHLIX 3JIEKTPOAOB ¢ cema-
@ 1410,) pauMeH; 5 — MOJIOXKHTENbHBII BBIBOA; 6 — KOJbLO;, 7 =
KpbILIKa
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HCKJIIOUMTEe/bHAsA MPOCTOTA 3KCIJyaTalUH Aen1aloT UX He3aMeHUMBbI-
MH JJisi TIMTaHHS annapaTypbl Ha TpaH3HCTOpax.

B Tabn. 15 npuBeneHsl OCHOBHbiE XaPaKTEPHCTHKH LMJIHHApHYE-
CKHX aKKyMYJISITOpOB.,

Ta6auna 15

OcHOBHbIE XapaKTePHCTHKH DHIHHIPHYECKHX aKKyMYJATOpPOB

Pexxum 3apsna Tox paspana, xa
T EwmxocTb, B
un . TOK, BpeMs, ec, 2
a-t o u 10 4 3y 14
1IHK-0,2 0,2 20 15 20 65 200 15
1LHHK-0,45 0,45 45 15 45 150 450 21
LIHK-0,85 0,85 85 15 85 280 850 41

PaccMoTpeHHble Bblillfe MaJjoraGapuTHble akKKyMyJsiTOPbl MOTYT
6bITb coenHeHbl B 6atapeu. [IpoMbliliieHHOCTb BbIMYyCKAeT C/AeLyiO-
e 6atapeu, cobpaHHble U3 AHUCKOBBIX W LUJIMHIPUUWECKHX aKKyMy-
asitopos: 6/1-0,07; 7[1-0,12; 21-0,2; 511HK-0,2; 1211HK-0,85.

K HemocraTxaM CyLUECTBYIOLIHX KHCJIOTHBIX H
CepeOpsiHO-LLHHKOBbIE LIeJIOYHBIX aKKYMYJSITOPOB OTHOCATCS: He-
aKKyMyaSTOPbI Gosiblllasi yAesbHash €MKOCTb (y KHCJOTHBIX

aKKyMyJaTopoB 8 a-u/Ke, y 1IeNOYHBIX —
Bcero 3 a-4/Kz), CpaBHUTENbHO OOJBLIONH caMOpa3psil, HEBbICOKHH
K. 0. O. (0co0eHHO Yy LUeJOYHbIX AaKKyMYJsTOPOB), HEBO3MOX-
HOCTb HCIIOJIb30BAHHS MPH MOHHXKEHHOM aTMOCHEPHOM [aBJIEHHH.
CepeOpAHO-LHHKOBbIE ~ aKKYMYJATOpPBl  3THX  HEJAOCTaTKOB He
HMeIOT. .

Ha puc. 217 nokasaHo ycTpoiicTBO cepeGpsiHO-LMHKOBOTO aKKYy-
-mysaatopa. Co6pan OH B mnsactMmaccoBoit GaHke. OTpuilaTeNbHbIM
3JIEKTPOAOM CJIYKAT IJIACTHHBl M3 CMeCH OKHCH LIUHKA U LHHKOBOTO
nopouika, MoJI0XKHTeNbHBIM — NJ1aCTHHBI U3 yHcToro cepebpa. Kax-
[lasi oTpullaTeJbHas MJAacTHHA NMOMelleHa. B MaKeT U3 LesJi0J103HOT0
BelllecTBa, MMEIILero XOpoLIy0 NPOHKIIAeMOCTb AJSi 3JeKTPOJIHTA,
a Kaxpaas M0JIOXKHTe/bHasl MJIAacTHHA — B KalpOHOBYIO TKaHb, CTOM-
KYIO K I1eJ0YH. DTO HaJeXKHO NpeJoXpaHseT pasHOMMEHHbIe MJIACTH-
Hbl OT KOPOTKOI'0 3aMblKaHHSl H B TO K€ BPeMsl CO3/laeT J0CTaTo4-
_HyI0 MJIolafb CONPUKOCHOBEHHS 3JIEKTPOJIMTA C aKTHBHOH Maccol
naactud. [Ipu cOopke aKKymyJasiTopa 3/eKTPOAbl MJOTHO NpPHIKH-
MaloT OAMH K APYrOMYy ¥ YCTaHaBJMBAIOT HENOCPEACTBEHHO Ha JHO
6anky. BBumy BbICOKOH NPOBOAMMOCTH H MPOYHOCTH MaTrepuasna
NAacTHH OTNajaeT HaloOHOCTb B NPHMEHEHHH CIELHAaNbHBIX pelle-
TOK. BubGpauuit 1 y1apoB akKyMyJsaTop He GOHTCS.
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DJIeKTPONUTOM CJIYKHUT pPacTBop elAKoro Kaau. Ilas paboThl ak-
KymyJjsitopa TpebGyeTcs He6GOJIbILOE KOJHYECTBO 3JEKTPOJIUTa. DTO
JaeT BO3MOXKHOCTb HCIOJIb30BATh AaKKyMYJATOp B JO6G0OM IOJOXKe-
HUH — TFOPH30HTAJbHOM HJIH BepTHKaJbHOM. Bo BpeMms 3apsja akky-
MYJISITOpP JOJI2KEH HaXOAHTbCH TOJbKO B BePTHKAJBbHOM INOJNOXKEHHH.
IMpo6ka BoaoHenpoHiuaema. OTKpbIBaeTcs OHa BO BpeMs 3apsia.

HopMmanbHoe HampsiKeHHe aKKyMyJasTopa 3aBHCHT OT BEJTUYHMHBI
paspsagHoOro ToKa M B cpeaHem paBHo 1,5 6. [locse 3apspa Hamps-

Honnayox

s Nonosmumeng
Omp A ameeHell Mpodua Hbll NOAKIC

Hannadna
Hpsiuura

HPsItUKa

Toroombo-

B b1
nnacmux

bawnKa
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' MefbHbIE

NACMUHbI
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MeNbHbIe
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—_—— = = = = ==+ — — — [

. e
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Puc. 217. YcTpoiicTBO cepe6psAHO-LMHKOBOTO aKKyMyJaaTopa

eHHe JNOoCTHraeT 2 8, OAHAKO OHO OBICTPO cHHxKaeTcs a0 1,6 8. 3a-
psXaercss aKKyMyJaTOp IpH Hanpsixennu 2,1 6. BuyTpennee conpo-
THBJIEHHE €ro HHYTOXHO — NECATHUTBICAUHbIE JOJAH oMa. B cuay He-
3HAYHTEJIbHOTO BHYTPEHHEro COMPOTHBJIEHHA 3TH aKKYMYJSATOPbI
YCTOHYMBO paboTalOT NpPH KPAaTKOBPEMEHHBIX Paspsiiax oYeHb 6OJb-
wuMy Tokamu (fo 1000 @), mpu 3ToM HampsiKeHHe NpaKTHYECKHU
OCTaeTCsl HOpMaJIbHBIM.

OG6biunoe Bpems 3apsija aKKyMyJasTopoB — 8 «. 3apsn cienyer
Npekpalnarh, KOrga HamnpsixkeHue Ha KaxXnoH GaHke mocturaer 2 8.

Hepmocratku 3Tux akKyMynasTopoB — 6oJbllasi CTOHMOCTb H OT-
HOCHTEJ/ILHO MaJiblii CPOK CJTYXKGbI,
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Hamel npomeiientocTbio Bbimyckaercs 6oJblLIoe KOMHYECTBO
pPa3/NMYHBIX THIOB cepeOpSHO-UMHKOBLIX aKKyMyasTOpoB U GaTapest
emkocTbio ot 0,5 mo 120 a- 4.

8. Kucnotnbie aKKymynaTophl

KHCIOTHBI aKKyMYJISITOP COCTOMT U3 CBHUHILO-
Yerpoiictso BbIX TOJIOXKHTEJNbHBIX H OTPHLUATEJNbHBIX IIa~
aKKymyasTopa CTHH, NIOMELUEHHbIX B COCYJ C BOAHBIM pPacTBO-

pom cepHo#t KucaoTel. Cocyn (6ak) H3roTos-
JSIOT M3 MaTepuana, He NOABEPKEHHOr0 NeHCTBHIO CEPHON KHUCJOTHI
(ctekna, 360HMTa, AepeBa, LeJ1YJ0HAA).

[TosoxuTenbHble  MJIA-
CTHHBI aKKyMyJsiTopa cCO-
CTOSIT M3 CBHHIA, TOKPBITO-
ro cJoeM [ABYOKHCH CBHH-
Ila, OTpHULaTe/]bHble — H3
YHCTOT'O Ty6yaToro CBHHLA.
[TosToMy KHC/IOTHBIE aKKY-
MYJISITOPBl MHOrJa Hashbl-
BAalOT CBHHILOBbIMH.

BHewHH#l BHA cTapTep-
Hoii G6araped,; cocTosLLel
H3 TpPexX KHCJOTHBIX aKKy-
MyJaSITOPOB, M300pakeH Ha
puc. 218.

Bce  mosoxuTesbHbIE
MJIaCTHHBl COEJHMHSAIOT mna-
paj/ienbHO B OAHY rpymnmy
(610K), a oTpuuaTe/nb: Puc. 218. O6uMi By CTapTePHOH KHCIOTHOM
Hble—B Apyryio (puc.219). aKKyMyJasTOpHO#H 6GaTapeu
OT Kaxa0# rpynmel AejanT
BbIBOJ Ha KpbIIIKY GaHKU. BEIBOL OT MOMOXKHTENBHBIX MJIACTHH CJIY-
JKHT MOJIOXKHTEJbHBIM MOJMIOCOM aKKyMYJfiTOpa, BBIBOJ OT OTpHLA-
TeJbHbIX — OTPHLATEIbHBIM  MoJocoM. OTpHuaTeNbHBIX I1ACTHH
BCerfia Ha OJHY OoJsiblile, yeM IMOJOXHTeNbHBIX. [loJloXKHTeabHbIE
MJIaCTHHEl BCTABJSIOT MeXAY OTpHLATeNbHBIMH; /s MpefoTBpallle-
HHUS 3aMbIKaHHSl HX H30JHUDYIOT NMpPOKJaJKaMH.

Paspannblii TOK KHCJIOTHOro akKyMmyJasTopa ropasao G6oJblie,
yem wIeJO4HOro. [T0o3TOMy KHC/IOTHBIE aKKYMYJATOPBI MPHMEHSIOTCS
B KayecTBe CTapTepHbIX ([Jsi 3amycka [JBHratejeil BHYTpPEHHEro
cropanusi). Ilpu 3TOoM TOK (npu KpaTKOBpeMEHHOH paboTe) MOXeT
JOXOJUTb 0 AECATKOB H COTEH aMIep.

C 3aBona crapTepHbie 6aTap€d BbillycKaloTcs 6e3 3JeKTpoJuTa
M B TAKOM BHUJe MOTYT XPaHHTbCSl 10 ABYX JIeT.

Pacuudpyem o6osHauenne craprepHoit Gatapeu 3-CTII-80:
uuppa 3 — uncao akkymyasitopos B Garapee; CT — craprepHas
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Garapes; Il — 6ak (MOHOG/0K) naacrmaccoBeil; undpa 80 — eMm-
KocTh Oarapeu B aMmep-yacax.

ANeKTPONIUTOM AJs1 KHCIAOTHBIX AKKyMYJSTO-
POB CIYXHT CePHas KHCIOTa, PAcTBOPeHHas
B JHCTHIIIHPOBaHHOI Boje. [1pu neobxomumo-
CTH AMCTWIJIHDOBAHHYIO BOLY MOXHO 3aMme-
HUTb YMCTOH MOXKAEBOH BOJOH H/IM BOAOH, MOJYYEHHOH OT TasiHUSA
YUCTOTrO CHera. B KkpaiHeM cJyyae MOXHO HCMOJIb30BATh YHCTYIO
npecHyio BOAY (TO/IbKO He XJOpPHpPOBaHHYIO). OT YHCTOTBI 3J1€KTPO-
JIUTA 3aBHCHT HCNIIPAaBHOCTb paboOThbl aKKyMyJaTopa, M03TOMY BOAA H
KHCJIOTa He JIOJIKHBI COJEpKaTb BPeJHbIX NPHMeceH.

DNeKTPONUT

=

N
R
R
NARNE

Puc. 219. IlnacTHHBI CcTapTepHOro aKKyMyJsiTopa

CepHas KucJOTa NpeiacTaBisieT co6oit GeCLBETHYIO TYCTYIO XKHI-
KOCTb C yAedbHbIM BecoM {maoTHOcThbio) 1,84 2/cm3. B xumunueckoM
OTHOLIEHHH cepHas KHCJI0Ta — OJHA M3 CaMbIX CHJIbHBIX: OHa OOYT-
JIHBaeT OpPraHUYecKHe BeLIECTBa, pPacTBOpseT OOJBUIMHCTBO MeTaJl-
JIOB; Tonajasi Ha KOXY, BbI3bIBA€T CUJIbHBIE OXOTH.

B 3aBHCHMOCTH OT Ha3HayeHHs aKKyMYJSATOPOB H OT OKpyXkalo-
llell TeMmepaTypbl NJOTHOCTb 3JIeKTpoJuTa (ycTaHaBJaHWBaemas 3a-
BOLOM-H3roTOBUTEeNeM) MeHsieTcsi oT 1,12 no 1,29 2/cmd.

[TnoTHOCTL 3/1€KTpOJIMTA H3MEpSIOT apeoMeTpoM. ApeoMerp
(puc. 220) npexcras/sieT cOGO# CTEKSHHYIO TPYOKY, PaclIHPEHHYIO
cHu3y. Ha nHo Tpy6ku 3anuTo He6OJIblIOE KOJHYECTBO PTYTH HJIH
nomellleHa Apo6b. BHyTpu TpyOKH uMeeTcss OymaxkHas IIKaJjaa c
JleIeHUsIMH, YKa3bIBAIOIUMHU NJIOTHOCTb 3J1€KTposnTa. UeM MeHblie
IJIOTHOCTBL 3JIEKTPOJIUTa, TeM OoJblie IOrpyxaercs apeoMerp, H
Hao60porT.

[1pHroTOB/SATH 3JEKTPOJHT HYXKHO B YHCTOH CTEKJISIHHOMH, CBUHIO-
BO#, MJ1acTMaccoBoi, GapdopoBoil uau 360HMTOBOH nocyne. 3ampe-
miaeTcs I0/1b30BaThbcsl HOCYAOH, pasbeflaeMOH CepHOM KHCJIOTOH
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(OUHHKOBAHHOH, aNMOMHHHEBOH, MenHoH, ayxenol). CHauana Heob-
XOA¥MO HaJ/UTh ONpefeseHHOe KOMHYeCTBO AUCTUINHPOBAHHOHN BOMHI,
a 3areM TOHKOH CTPYHKOH OCTOPOXKHO BJHMBATh KHCJOTY, pasMellu-
Basg pacTBOp CTEKNSHHOH WM 300HHTOBOH MaJjOUKO.

[Tpu cMelmnBaHHM CepHON KHCJIOTH C BONOH BbIIENSIETCS TEILIO,
BCJIEICTBHE Yero PacTBOp HarpesaeTcsi. 3a/iuBaTh aKKyMYJsTOp ro-
psAuMM ssekTpoanToM (Temmepatypoi Beite 30°L1) Hesb3si, 3TO

—~ yMeHblIaeT eMKOCTb aKKyMYJIsiTopa.
' Korza pactBop octbiHeT g0 25—30° L, ero miot-
"‘4 HOCTb H3MepsilOT apeoMeTpoM. Eciau nioTHoOCTh
i MeHbllle HOpMaJbHOMH, TO H06aBJASAIOT KHCJIOTY, €C/H
: 6osbiue, — Bony. [Tocse TOoro Kak IJIOTHOCTb 3JeK-

HenpasunbHo

X flpasunsto
Puc. 220. Puc. 221. [IpaBuabHOe U HENpaBHJIbHOE
-~ Apeomerp NPUrOTOBJIEHHE 3JIEKTPOJIHTA

TPOJINTA CTaHeT HOPMaJbHOH, €ro 3a/JMBAIOT B aKKyMyasTop. ¥Ypo-
BeHb 3J1EKTPOJIUTa B 6aHKe AO/XKeH ObITh Bblllle BEPXHUX KpaeB IJa-
CTHH Ha 15—20 M.

IlpuroToBasis 3J€KTPOJIHT, HY B KOEM CJyyae HeJb3sl HaJHBaThb
BOAY B KMCJOTY, IOTOMY 4TO IIPH 3TOM KaIlJH BOJBI NpeBpallaTcs
B nap, Kucsaora pasbpoisruBaercss (puc. 221) u, nonagasi Ha KOXy,
BbI3bIBAaeT 0XKOT. 11 MpeloTBpallleHHs 0XKOroB HeOOXOAHMMO MecTa,
Ha KOTOpble NomaJjia KHCJ0Ta, MNPOMBITE CHauaja caabbiM pacTBO-
pOM COABI, a 3aTeM XOJOAHOH BOJOH H CMa3aTb Ba3eJHHOM.
KucaoTy, nonaBulylo Ha OJexAay, HefTpajH30BaTb HallaTbIPHLIM
CIIHPTOM HJH PacTBOPOM COJBI.

Hanpsixkenne 3apsizKeHHOro aKKyMyJaaTopa B
AnekTpuueckne nanHpie CPEIHEM paBHO 2 8, MpHUYEM OHO IIOUYTH HE HU3-

MeHsieTcs1 B TedeHHe paspana. BeauuuHa
3. 1. C. aKKYMYyJ/ISITOpa 3aBHCHT OT IJIOTHOCTH 3JIEKTPOJIUTA.

HanpsixkeHve KHCJIOTHBIX aKKYMYJSITOPOB BBHAY HHUUYTOXKHO Ma-
noro BHYTpPEHHEro COMpPOTHB/EHHS MOYTH PaBHO 3. M. C.
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BesvuHHA BHYTpPEeHHEro COMPOTHBAEHUS Upe3BbIUaliHO Mana: A4
AKKYMYJATOPOB OOJIBIION M CPefHell eMKOCTH — ThICAYHbIE 0JH
OMa, a s aKKyMYJsTOPOB MaJiod €MKOCTH — COTBHIE.

EMKoCTh aKKyMyJssiTOpa 3aBHCHT OT KOJIHYecTBa aKTHBHOM Mac-
cbl: yem oHa GoJsiblile, TeM 6oJibile eMKOCTb. [IpH yBesqnueHHH pas-
PSAHOTO TOKa Bbillle HOPMasibHOH eMKOCTb yMmeHbiuaercs. [Ipu mo-
BHILIEHUH OKpYIKalwolleil TeMmepaTypbl Bbille HOPMaJsibHOH (Bbille
+25°11) eMKOCTh yBeJMYHBAETCA (3JEKTPOJHT Jierye NPOHHKaeT B
nopbl aKTHBHOM Maccel), NPH MOHHXXEHHH — yMeHbliaercs. Benen-
CTBHE MOCTOSIHHOTO pa3pyLIeHHS IJIAaCTHH €MKOCTb CO BpeMeHeM
yMenbiuaercsi. [1pu CHUXKeHHH eMKOCTH 10 75 aKKyMyJsTOp CuH-
TaeTcsl HeroIHbIM. _

Camopaspsn y KHCJOTHBIX aKKyMYJ/SITOPOB 3HAYHTENbHO 00Jb-
e, yeM Y LIeJIOYHBIX, MOTOMY 4YTO 3JEKTPOJHT B3aHMOIeHCT-
ByeT ¢ aKTHBHOH Maccol myactHH. Ilpn stom uyem Bbllle Temme-
patypa M YAeJbHBIH BeC 3JIeKTPOJHTA, TeM OblcTpee INPOXOAHT
peakLus.

[TpuunHoO#i GoJblIOro camopaspsiia CJAYXHUT TaKXkKe pa3HOpOX-
HOCTb OTpHLATeNbHbIX MJACTHH.

AKKYMYJSTOD 3apsiKalOT TOKOM, BeJHUYHHA KO-
3apsan u paspsan TOPOTO YKa3blBaeTCsl 3aBOAOM-H3TOTOBHTEJEM.
aKKyMyssiTopos Korpa HanpsixkeHue Ha 3apsIKEHHOM aKKyMy-

JasTope pocruraer 2,4 8, BeJIMUYUHY 3apsAHOTO
TOKa HeO6XOAMMO CHH3HTb DeOCTaTOM B [Ba pa3a M MPOJOJKaTh
3apsn.

KoHen 3apsifa onpenensior no cjaedyoOLHM NPH3HAKAM:

— HanpsXeHHe Ha 3aXHMax gocrturaet 2,7—2,8 8 u Go.blle He
MOBBILIACTCS;

— 3JIEKTPOJIMT HAUHHaeT KHUMEeTb» BCJeNCTBHEe GOJIBLIOTO BhIe-
NIeHHs ra3oB (MIeT MHTEHCHBHOE Pa3JioXKeHHe BOJbI, CONPOBOXKAAIO-
uieecst OYypHbIM BbifesleHHeM KHCJIOpOAa W BOJOPOJA);

— IJIOTHOCTb 3JIEKTPOJIMTA He MOBBILIAETCH.

Bo BpeMs 3apsina Heo6X0ZUMO:

— BEHTHJIMPOBATh NOMeLIEeHHE;

— He BXOJHUTb B NOMelleHHe C OTHEM HJIH 3aXKKEeHHOH narmpo-
cofi (Bo Bpems 3apsiia obpa3yeTcsi TpeMYYHil ras, KOTOPBIil JIerKo
B3pbiBaeTcs);

— He JONYyCKaTh MOBBILIEHHUS TeMIepaTypbl 3JeKTpoJauTa 00/b-
we yem 10 +40° L], B mpPOTHBHOM C/yyae CHHXKATb BeJHYHHY 3apa-
HOTO TOKa HJIM BpeMeHHO NpeKpallaTh 3apan.

Paspsxath akKyMmyJsiTOp cieldyeT TOKOM He Bblllie MaKCHMaJb-
HOro (yKa3aHHOrO B MAaCNOPTHLIX AAHHBIX) IO HANpPSKEHUS He HUXKe
1,8 8. C yBennueHHeM pa3psiIHOTO TOKa €MKOCTb aKKyMYJsTOpa
yMeHbIaeTcsi, TaK KaK He HCIOJb3YIOTC aKTHBHblE MacChl B IVIY-
6OKHX Mopax NMaacTHH. Pa3psixkeHHBIH aKKyMYJSTOD HYXXHO CTaBHUThb
Ha 3apAjl He MO3Xke ueM yepe3 24 « mocsie ero paspsija.

Paspan akkymysnstopa 10 HanpsixkeHus Huxe 1,8 8, anuTesbHOE
XpaHeHHe ero B Pa3psiXKEHHOM BHJe, CHCTeMaTHueCKHe Hen03apsijbl
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MPUBOJAAT K YBEJHYEHHIO BHYTPEHHEro CONPOTHUBJEHUS aKKyMYJs-
TOpa H YMEHbLIEHHIO €ro eMKOCTH.

[TpoBepsiTb cTeneHb 3apsKEHHOCTH aKKyMyJsATOpa CjelyeT MO
Harpy3KoM, MOCKOJBKY 3. A. C. OTKJIOYEHHOTO Da3psI’KEHHOTO aKKYy-
MyJSTOpa C TeuYeHHeM BpeMeHH noxHHMaercss A0 2,27 g, HO CTOHT
TOJIbKO BKJ/IIOUHTHL TaKOH aKKyMYJSITOp Ha HAarpyskKy, Kak Hampsike-
HHe ero ObICTpO CHH3HTCA 1o 1,8 s.

Cha . lIlesouHble aKKyMyJATOpPbl 10 CpPaBHEHHIO C
a:l:x;xr::mpon KI/ICJI'OTHbIMH HMEIOT clelyloulHe NperMylie-
CTBa:

— uMeloT GoJiee MPOUHYIO KOHCTPYKIHIO;

— He 604TCS1 NEPErpPy3KH; ‘

— He BbIE/AIOT BPEJHbIX a30B NpU 3apsile;

— HMeIOT - MaJIbli caMopaspsijl; HX MOXHO MIJIHTeJbHOEe BpeMs
XPaHHUTb B MNOJYPa3pAKEHHOM HJH pas3ps’KeHHOM COCTOSIHHH.

HenmocraTky Lue/n0YHBIX aKKyMYJsATOPOB:

— MeHblllee paboyee HampsiXKeHHE;

— MeHbIUHH KO3}(HUUEHT MOJIe3HOro AeHCTBHS;

— OGoJblllee BHYTpeHHee CONpPOTHBJEHHE.

Kparkue evi80dbt

1. FanbBaHHYECKHH 3/7€MEHT COCTOUT M3 ABYX Pa3HOPOAHBIX MpO-
BOJSILHX IJIACTHH (3J€KTPOLOB), MOTPYKEHHBIX B 3J€KTPOJHT. Bel-
XOIHOE HaNpsKeHHe ONpeensieTcs TOJbKO MaTepHajioM 3JEeKTPOLOB
H XHMHYECKHM cOCTaBOM 3JekTpgonuTta. EMKOCTh 3/ieMeHTa. 3aBHCHT
OT ero pas3Mepa, T. €. OT MacChl 3JIEKTPOJOB H KOJUYECTBA 3JieK-
TPOJIHTA.

[TepBuyHbIfl TaJbBaHHYECKHH 3JEMEHT Mepe3apsiKaTh HeNb3fl.
AKKyMynaTop (BTOPHUHBIH 3JIEMEHT) MOXKHO Mepe3apsiKaTb.

2. Hecko/ibkO 3J/ileMEHTOB, COeIHMHEHHBIX MOCJAeLOBaTeJbHO, Ma-
paJjiie/lbHO MJHM CMellaHHO, Ha3biBaloTcsl 6atapeefi. [Ipu mocienosa-
TENIbHOM COEeJHHEHHH 3JIeKTPOABHIKYILHE CHJIBI U BHYTPEHHHE COMpO-
THBJIEHHS 3J1eMEHTOB CKJaAblBalOTCA, a eMKOCTb Bceit Gatapen
ocTaeTcsl paBHOH eMKOCTH OfHOro 3JjemeHta. [Ipu mapassenbHom
COeJMHEHHH N OJHOTHIIHBIX 3JIeMEHTOB ofllee BHYTpPeHHee CONpo-
THBJIeHHe Bceil 6aTaped yMeHbluaeTc B n pa3, a eMKOCTb ec yBe-
JIMUMBAETCS BO CTOJIBKO XK€ pas, MpH 3TOM 3. A. C. 6aTapeu ocraercs
paBHOM 3. A. C. OJHOTO 3JIeMEeHTA.

3. HanGosiblllee pacnpocTpaHeHHe MOJIYUHJIH 3J€MEHThl MapraH-
1eBOH CHUCTeMbl C YTOJIbHO-LUHHKOBBIMH 3JjieKTponaMu. LIHHK siBasieT-
csl OTpPHLATE/ILHBIM 3JIEKTPOAOM, YroJib — HOJOXKHTEJbHBIM. . I. C.
ajementa paBHa 1,456—1.,5 .

4. O6pasoBaHHe BOLOPOAA BOKPYr YrOJNbHOTO 3/€KTPOAA BbI3bi+
BaeT NOJISIPU3AUHUI0 CYXOro 3jeMeHTa. [lonsipH3alusi CHHXKaeT BHI-
xoqHoe HampsixkeHue. [lenonsipusauns OCyILeCTBISETCA ABYOKHCbIO
Maprasua.
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5. K nauTelbHOMY XpaHEHHIO CyXHe 3JIEMEHThl HENPUTOAHBI
BCcJeJCTBHE CaMmopaspsna.

6. Cyxue GaTapeH LIMPOKO HCIOJB3YIOT /I NHTAHWA MOpTa-
THBHOH paanoannapatyphl. baTapen Hakana HMelOT HH3KOe Hamps-
’eHHe H GOJIbIIYI0 eMKOCTb. AHOAHbIe 6aTaped UMEIT BHICOKOE Ha-
apsiKeHHe ¥ OTHOCHTENbHO HeGOJIbIIYI0 €MKOCTb.

7. Ilna nuTaHus TenedoHHO-TeserpadHbX Lened W paauoCTaH-
UMl WIHPOKO MPUMEHSIOTCS lleJOUHble aKKyMyJsiTopsl. PaGouee Ha-
npsixkeHue aeMenta ot 1 no 1,4 8.

8. Pa3psignblil TOK KHCJOTHOrO aKKyMmyasTopa ropasio Goablue,
yeM 1eqoyHoro. [103TOMY KHCJOTHbIe aKKYMYJSTOPbl NPHMEHSIOT-
cfi B KaueCcTBe CTAapTepHbIX ([Js 3amycka [BHraTened BHYTpeH-
Hero cropanusi), HampsixeHHe aKKymyasTopa B CpelHEM pas-
HO 2 8. )

9. 3aps LENOYHBIX H KHCAOTHBIX aKKYMYJSITOPOB NPOU3BOAHTCA
OT MCTOYHHKA NOCTOAHHOrO HampsikeHHs. [To/0XKUTENbHBIH 32XKHM
GaTapeu NMOJAKJIIOYaeTCs K IUIIOCY HCTOYHHMKA HampsKeHHs, OTpuua-
TeJIbHbIA 3aKHM — K MHHYCY.

BOITPOCH!I /11 CAMOKOHTPO/IS

1. Cyxoii anemeHT KapmanHoro ¢onapsa 1,5 6:

a — nepBUUHbIH 3/JeMeHT; 6 -— BTOPHYHLIH 3/€MEeHT, B — HMeEeT HeOorpaHHuYeH-
HbIfi CPOK XpaHeHHsl; T — JIONYCKaeT MakKCHMaJjibHbli TOK paspsna no 200 a.

2. KucnoTubiii akkymyastop 2,2 a:

a — NMepBHYHBIH 3J1eMeHT; O — BTOPUUHBIH 3/1eMEHT, B — HMeeT HeOorpaHH-
YeHHbIl CPOK XpaHeHHs; I — JOMNyCKaeT MaKCHMaJibHbIH TOK pa3psfa no 150 ma.

3. O6pasoBaHne My3bpbKOB BOJOPOJA BOKPYP YTrOJBHOTO 3JIEKTpPOJa B CYyXOM
3JeMeHTe MpeACTaBJser: .

a — MeCTHOe sBJIeHHe, BbI3blBAeMOe HeXKeJaeMbIMH NPHMeCSIMH B 3JIEKTpOJe;
6 — MoJIIpU3allHIo, BLI3BIBAEMYIO 3J€KTPOJH30M; B — [eNoJisipH3aluuio, BLI3bIBae-
MYI0 [BYOKHCbIO Maprasila; T — NpeHMYIleCTBO, MOCKOJbKY 3TO YBe/NHYHBAET Ha-
npsixKeHHe 3JeMeHTa.

4. Tlpu 3apsile KHCJIOTHOH GaTapeu:

a — HanpsiKeHHe 6GaTapeH NOMXKHO ObITb GoJibllle, YeM HampsiXKeHHe HCTOY-
HHKa; 6 — COeJIMHHTbL MNOJIOXKHTEJNbHbIH 3aKuM 6aTaped C OTPHLATEJbHBIM 3aXKH-
MOM HCTOYHHKA HAmpsAXeHHs; B — TOK 3apsja AO/KEeH COBmajaTh C Hampasie-
HHEM TOKa pa3psiia; I — COeJHHHTb NOJIOXKHTENbHBI 3a:KHM GaTaped C MOJOXKH-
TeJbHLIM 3a)XHMOM HCTOYHHKA HanpskeHHs, a OTPHUATENbHBII —C OTpHUa-
TeJIbHBIM.

5. DyleMeHTbl COEMHSIOTCS I10C/1e10BaTeNbHO, YTOGHI:

a — yBeJMUHTb BBIXOJHOe HaMpsiKeHHe; 6 — yBeJMUHTb eMKOCTb GaTapew;
B — YMeHLUIUTh BHYTPEHHee CONpPOTHBJEHHe 6arapeH; I — yMeHbIUHTb BeNUUYUHY
HanpsKeHus 3apsaa GaTape. :

6. DneMeHTbl COeNMHSIIOTCS MapaJiienbHO, YTOGHI:

a — yBe/IMYUTb BBIXOJHOe HaNpsKeHHe; 6 — VBEJHUHTL eMKOCTb GaTapen;
B — YBEJMYHTb BHYTPEHHee CONpOTHBNeHHe 6aTapeu; T — yBeJHYHUTb HaNpsiKeHHe
3apsjga 6aTtapeu.

7. lllenoyHble aKKyMyJsiTOpPbl MO CPaBHEHHIO C KHCJIOTHBIMH HMEIOT CJelylo-
lilee NPeHMYIIeCTBO:

a — MeHbillee paGoyee HampsiKeHHe; 6 — MeHbWIHH KOIPQUUHEHT MO/Ne3HOTOo
neiicTBUsA; B — GoJiblllee BHYTpEHHee CONMpPOTHB/EHHe; [ — Majblii caMopaspsn;
MOXHO AJIHTe/JbHOE BpeMsi XPAHHTb B IMO0JYpPa3psi:KEHHOM WJH Pa3psiKeHHOM ¢Q-
CTOSTHHH.

304 .



8. Hcrtounuk HanpsikeHHeM 45 6 W BHYTpPeHHHM CONMpOTHBJEHHEM 2 0M MOI-
KJIOYeH K 3aXKHMaM MpPOBOJIOYHOrO conpoTHBJ/eHHsi. [IpH Kako#l BeiauuuHe COMpo-
THBJIEHH OYyNeT pacceMBaTbhCsl MaKCHMaJbHasg MOLLHOCTH?

a—0 om; 6—2 om; B—45 om; T — oo.

YIPA)XHEHHW A

1. Kak coeIMHHTb INeCTb KHCJOTHBIX AKKYMYJSITOPOB, YTOGH MOJMYyYHTb Ha-
npsixenue 12 g?

2. B yeM npeMMyliecTBO MOC/ELOBATENbHOTO BKJIOYEHHS 3/EeMEHTOB?

3. B uem npeumymiecTBo mnapa/iesbHOro COeJHHeHHs sneMenTos? [louemy
MOXHO MOJKJIOYaTb HArpy3ky kK JIGOMY M3 NapajjefbHO BKJIOYEHHBIX 3Je-
MEHTOB?

4. CKoNMbKO HYXXHO 3neMeHTOB B GaTapee, uToGbl Y[ABOHTb HaNpsKeHue U
HOMMHAJIbHBIH TOK OJQHOro 3/jeMeHTa? M3o6pasute Ha pHCYyHKe.

5. TloueMy HampsiXeHHe CYXOro 3jeMeHTa H3MepsieTCsi NOJ HarpysKoii?

6. Kak BKJIOYUTb [IBe KHCJIOTHble GaTapeu mo 6 6 Ansd 3apfAla OT HCTOYHHKA
HanpsixeHus 7,5 8?

7. TloueMy reHepaTop C OUYeHb MaJjblM BHYTPEHHHM CONPOTHBJEHHEM Ha3Li-
BaeTcsl MCTOYHHKOM [OCTOSTHHOrO HanmpaAXeHHs?

8. AHoznaa Gatapesa cocToMT H3 60 3JeMeHTOB, COeIHHEHHbLIX MOCJeloBa-
TeJbHO. . A. C. 37eMeHTa 1,4 8, a BHyTpeHHee CONpOTHBJIEHHe | oa.

Onpenenutb oblllee BHyTpeHHee COMPOTHBJAeHHe GaTapen, o0LIyl0 3. A. C. H
Hanpsi)KeHwe Ha 3a)kumax Aas toka 0,2 a?

9. ABTOMOGU/IBHBIH aKKyMYJsiTOp COCTOMT M3 TpeX GaHOK, COEIMHEHHBIX MO-
cneloBaTeNbHO. J. . ¢. Ka¥aoil 6anku 2,15 s. [Ipn Toke 1,5 a HanpsiKeHue Ha
3a)XMMaX BHeIHero CONpOTHBJIeHHs 6 6. KakoBa BejHYMHa BHYTpPEHHero Conpo-
THBJIEHHs1 KaxXJao# GaHKH?

10. 1sa conpotusenust 30 u 60 oM, coelHHEeHHble MapaJjlie]bHO, MOILKJIO-
YyeHbl K ABYM 3/eMeHTaM nmo 1,5 8 Kaxabll, coe/lHHeHHHM mnapaJjnesbHo. Kako#
TOK TNpOTeKaeT uepe3 KakJ0e COMPOTHBJEeHHe (BHYTPEHHHM CONpPOTHB/CHHEM
3/IeMEHTOB MOXHO rnpeHebpeub)?
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raapa 11 AJIEKTPUYECKHUE
N3MEPUTEJIbHBIE TMPUBOPHI

1. HasHayeHHe H KNAcCHUKAUHA 3NBKTPOH3IMOPHTENbHbLIX
npuGopos

DsleKTpon3mMepUTe/IbHbIe MPHOOPHI NpeJHa3HAYalTCsi AJsI H3Me-
pEHHUs] PA3IHYHBIX 3/JEKTPHUECKHX BEJHUHH.

[To npuHuMNy AeficTBUS 3MEKTPOHM3MepHTeNbHble NPUGOPHI GbI-
BAIOT CJEAYIOLIHX OCHOBHBIX CHCTEM:

— MAarHMTO3JIeKTPHUECKHe, paboTaroliue Ha OCHOBE B3aUMOLEi-
CTBUSI MeXJy MAarHuTHBIM MOJeM KaTyIUKH, MO0 KOTOPOH MPOXOIHUT
TOK, U MarHUTHBIM IOJIEM [OCTOSIHHOTO MarHHTa;

— 3JIeKTPOMArHMTHbIE, B KOTOPBHIX HCIOJb3YeTC B3aHMOJeil-
CTBHe COJIEHOHJA H CTaJbHOTO CepJEYHHKa;

— TeNJIOBble, JEHCTBYIOLUIHE MO NMPUHUUNY YAJUHEHUS MPOBOJIO-
K1 [IpU HarpeBaHHH ee TOKOM;

— 3JIEKTPOJAMHAMHYECKHe, paboTalolle HAa OCHOBE B3aHMOJeE-
CTBUSL NPOBOJHHKOB, [0 KOTOPbIM MPOXOAMT TOK;

— TEPMO3JIEKTPHYECKHe, B KOTOPBIX HUCMOAb3yeTcs 3. A. C., BO3-
HUKalolas NMpH HarpeBaHUH MecTa chasg JABYX Da3HOPOMHBIX NpO-
BOJHHKOB;

— MHAYKLUHOHHbIe, OCHOBAHHbIE HA HCIMOJIb30BAHUH BpalllAIOLLLEro
MarHUTHOTO MOJf; , .

— 2JIeKTPOCTaTHYECKHe, [eHCTBYIOLLHEe MO MPUHIUIY " B3aHMO-
NEeHCTBUS  3JEKTPUUECKH 3apsXKeHHbIX  MEeTaJIMYeCKHX  mpel-
METOB;

— BHOPaLMOHHBIE, B KOTODBHIX HCIO/b3yeTcsi MeXaHWYeCKHH pe-
30HAHC METaJJIMYeCKHX TJACTHH NMOX AeHCTBUEM IMePeMEeHHOro-Mar-
HHTHOTO MOJIA.

DJIeKTpOU3MepHUTeNbHbI TPU6GOp MOJKEH YHNOBJETBOPSATH cCile-
AYIOUIHM TpeOOBaHHUAM: .

— OBbITb AOCTATOYHO TOYHBIM;
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~— flaBaTh HeMOCPeNCTBEHHBI OTCYeT H3MepsAeMOH BEJHUHHBI B
MpaKTHYECKHUX €IMHHLAX;

— noTpebadaTh He3HaYUTEJNbHYIO MOILHOCTb;

— cpasy [JaBaTh HyXHOe NoKasanue (CTpesika npubopa HOJKHA
cpasy YCTaHaB/IMBAThCS HA COOTBETCTBYIOILEE [e/eHHe LIKaJlbl);

— BBIJEPXKHBATb MEPErpysKy;

— OBITh MpPOCTBIM # YAOOHBIM B 06GpalleHuH;

~— 006J1aAaTb HE3aBHCHMOCTbIO MOKA3aHUI OT BHEUIHUX BJIHSHHI
(TTOCTOPOHHHX MAarHHTHBIX ToOJed, TeMIOepaTypPHbIX H3MeHEeHHH
HT. I);

— HMeTb M0 BO3MOXKHOCTH PaBHOMEpHYIO MIKaay;

— HUMeTb npHucrnocobseHue, NO3BOAIOIIEe YCTaHABAUBATh CTpe-
Ky Ha HyJb;

— HMMeTb AOCTATOYHBIH CPOK CHAYKOHI.

Uacto M3MepuTeabHbli MpuGop NpelHa3HAauyeH [Jsi ONpeneseH-
HBIX LleJell H MOXeT H3MepsATb Ty HJIH MHYIO BEJIHYHMHY B H3BECTHBIX
npefenax. Tak, HanpuMep, npu6opom, nNpeaHa3HayeHHbIM /11 H3Me-
peHusi MOCTOSHHOrO TOKa, HeJb3s H3MepPATh epeMeHHBIH TOK, BOJIBT-
METPOM HeJb3s IO0Jb30BATbCA AJNS H3MEPEHHS TOKa H T. 1.

Ha wkane snextpouamepurenbHoro npubopa oGbIYHO HMeEOTCS
yCJOBHBIE 00O3HAueHHs, YyKas3blBaloLlHe €ro CHCTeMYy, Ha3BaHHe,
pon u3MepsAeMON BEJIHYHHBI U T. [.

B rta6n. 16 npuBeneHbl 0603HayeHHsT HEKOTOPBHIX NMPHGOPOB MO
[PUHIHUNY UX [delcTBUsA, B Taba 17 — ycnoBHble 0003HAUEHHS Ha3Ba-
#ui npubopos, B Taba. 18 — ycioBHble 0603HAuYeHHS HX TeXHHYe-
CKUX XapaKTepHCTHK. ‘

Tabauwa 16

YcnoBHble 0603HaueHKs] HEKOTOPLIX NMPHGOPOB MO MPHHIHMY
HX HeACTBHS

Y caoBHOE YcnosHoe
0603HaueHHE Cucremg npusopa 0603HaueHHe Cucrema npu6opa
MarsnTosnexrpirue- .
r\ ckas (¢ TOJBHAHOI DieKkTpoaMHAMHUYECKas
ol paMmKoif)
HUuayxunonuas

{ ailel(’l'pOMal'HHTHaﬂ

\1/, Tenaosas (c Harpe-

I+ © 4

DieKTpocTaTHYeCcKast

BaeMoii NpOBOJOKOI)

-
~.

Bu6pauuonHas
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Tabauua 17

VYcnosueie 06osHaveHust HasBaHUA npuGopos

YcnoBHOe HasBanue npubopa u pén YcanosHoe Hassanue npu6opa u pox
0603HaueHHe HamepxeMoﬁ BeJHYUHB 0603HayeHHe uamepneMoﬂ BEeJHYHHBI
A AMnepmetp (u3MepseT w Battmerp (n3MepseT
TOK B aMiepax) 3JeKTPHYECKYIO Mol -
HOCTb B BaTTax)
mA Munauamnepmerp (13- kW KunoBatr™Merp  (u3me:
MepsieT TOK B MHILTHAM- psiet 31€KTPHUYECKYIO
nepax) MOIIHOCTb B KHIOBAaTTaX)
pA Mukpoamnepmerp (H3- Q OmMeTp (u3MepsieT co-
MepsieT TOK B MHKpO- NpPOTHBJEHHE B OMax)
amnepax)
A" BoabT™Merp  (n3MepseT Me MerommeTrp (H3MepsieT
Hamnpsi:keHHe B BOJIbTAX) CONpOTHBJEHHE B Mero-
Max)
.
kV KusioBosbT™MeTp (H3Me- { YactoToMep (H3MepseT

pdeT BbICOKOE Halpsdxke-
HUE B KHHOBOHBTHX)

YyacToTy TOK4 B Tepuax)

Ta6auma 18

YcnoBHble 0603HaYeHHSI TeXHHYECKHX XapPaKTepPHCTHK NpuHGopoB

YcnoBHoe TexHuyeckas XapaKTepPHCTHKA Ycaosnoe Texjinueckas XapakTepHCTHKa
0603HaueHHe npu6opa 0603HayeHHe npubopa
_ Cnyxut_ njas  wu3Mepe- [Ipu u3MepeHHsXx npu-
HHSI [IOCTOSIHHOTO TOKa — 60p HYXHO YyCTaHaBJHU-
BaTb IOPHU3OHTAJNBHO
~ Ciyxut nas mn3Mepe- [Ipu wu3MepeHun npu-
- HHA IepeMEeHHOTo TOKa /s 60p HYXHO YCTaHaBJHU-
BaTh moj yriaom 60°
_ Cayxur pas  H3Mepe- H3zonsauus npu6opa
~~ HHST NIOCTOSIHHOTO H Ilepe- HCIIpITaHA HanpsKeHueMm
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MEHHOTO TOKOB

[lpu usMepeHHAX mpH-
60p HYXKHO YycTaHaBJH-
BaTb BEPTHKA/IbHO

1,5 k8 (cTpenka KpacHo-
ro mnsera)

[pepocteperamomuii
3HaK BBICOKOTO Halpsxe-
HUA (CTpeJKH KpacHoro
nBeTa)



Ha puc. 222 B kadecTse npumepa mpuBefeHa wIKana MHKpO-
amnepmerpa (pA) tunma M93 mareurtosnekTpuueckoh cucremn [) .

On npenHasHaueH A/ U3MEPEHHS MOCTOSIHHOrO ToKa (—) c mpene-
namu usmepenuit 0—50 mka; ueHa nene-

Hus wkane | mka. Mukpoamnepmerp WS g5
JIOJDKEH YCTaHaBJIMBATBHCS BEPTHKANbHO Q«,\" : s
0
( 1 ) u3meputenpnas uenb H30JAHPOBa- "
— M93
Ha OT Koplyca M HCIbITaHa Hampsike @ RN _M 2w
nuem 2 k8 (g8 ). Kuacc Tounoctu npu- | 43éor rocr 8741-6
Gopa 1,0, Boimyck 1960 rosa, 3aBOACKOH  pyc, 222, [llkana saextpo-
HoMmep 122. MarHHTHOrO aMmmnepMeTpa

2. MaruutosanexTpu4yeckus npubopsl

MaruuTos/1eKTpHYecKHe NpuGOpEl NpeAHa3HaueHbl AJs1 H3Mepe-
HUfl TOKA M HAIpSKEHHUs B LeNsAX NOCTOSHHOIO TOKa.

Kak rosopusioch Bbillle, paGora npubopa 3TOH CHCTEMbl OCHOBA-
Ha Ha B3aHMO/JEHCTBMH MArHHMTHOTO MOJS TOABHMHOH KaTYLIKH, MO
. KOTOpOH NMPOXOAHUT TOK, C MAarHUTHLIM NOJIEM MMOCTOSIHHOTO MAarHuTa.
CaenoBaTeslbHO, MAarHUTO3JIEKTPHUECKHH NPUOODP MOJKEH HMETHb ABE
OCHOBHble YaCTH: HEMOJBHMXKHYIO— MaTHUTHYIO CHCTEMY H MOABHXK-
HYI0O — KaTYLIKY.

B MarsuTHylo CcHCTeMy BXOAAT MOAKOBOOOpasHbii MarHut I
(puc. 223) ¢ NOJMIOCHBIMH HAaKOHEUHHKAMH 2 M HEMOJBHXKHBIH CTaJb-
Hoit unmannap 8. Unannap npenna3HaueH AJsi yMeHbLIEHHs COMPO-
TUBJIEHUST MArHUTHOH LeNH MeXJy TOJNIOCHBIMH HAaKOHeYHHKAaMH.
Bnaropapst uMIHHApPY B BO3AYMIHOM 3a30pe MEXAYy HUM H TOJIOC-
HbIMY HAKOHEUYHHKAaMH cO3[aeTcs CHJIbHOE M MPaKTHYeCKH paBHO-
MepHOe MarHuTHoe moJe (puc. 224). B HemomBMKHYIO 4acTb MNpH-
Gopa BXOAUT MarHUTHBIA LIYHT, NPEeACTaBJAAOUIUA co00H MAaCTHHKY
13 MATKOH CTaJ/H, KOTODYIO BHHTOM NPHKPENJSAIOT K MOJIOCHBIM Ha-
KOHEYHHKaM,

Uepe3 MarHUTHbIH LIYHT OTBOAMTCA (LIYHTHPYyeTCsl) 4YacTb Mar-
HHTHOTO MOTOKa MOCTOSIHHBIX MarHuToB. Ilepemelennem myHTa 10-
CTUralOTCsi U3MeHeHHe MarHMTHOM MHAYKIHH B BO3AyLIHOM 3a30pe, a
clef0BaTe/bHO, TMOATOHKA OTKJIOHEHHS CTPeJKH MO UIKaje MpH-
6opa.

ITocTosiHHBIE MAarHUTHl H3TOTOBJSIIOTCS W3 CHellMaTbHBIX COPTOB
CTaji ¢ BHICOKHMH BEJHYMHAMH 3aJepXKUBAIOIIEd CHJIBI U OCTATO4-
HOH MarHUTHOH WHAYKLHH.

[ToxBuxHas#g yacTb Nnpubopa COCTOHT M3 TOHKOH aJIlOMHHHEBOH
paMKu 4, Ha KOTOpylO HaMQTaHa H30/IHDOBaHHAs TPOBOJIOKA
(puc. 223). PamMka mMoxeT cBOGOIHO MOBOPAYMBATLCA B BO3LYLIHOM
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3asope. K ocu ee np#kperaena crtpenka 5 ¢ nporusosecom 6. C mo-
BOPOTOM PaMKH OBOPAYMBAETCS M CTpeJKa. .

Kpome cTpeskH, K OCH MPHKpeNieHbl BHYTPeHHHE KOHIUH IBYX
CHUpaNbHBIX NPYXKHH (pHC. 225), HapyxKHbBle KOHLBI KOTOPBIX MPH-
KpelJieHbl K HEMOABHXHOU wacTu mpu6opa. [IpyxuHbI cayxat pis
NOJBEEHUsI TOKa K PaMKe, NPOTHBOAEHCTBUS BpAlLEHHIO €€ IpH
NPOXOXKAEHHH TOKa H AJfA BO3-
BpallleHHsI paMKH (CTpeJkH) B
nepBOHAaYaJ/JbHOE MOJIOXKEHHE MOC-
Jle npeKpalleHHsl TOKa.

Ilnst ycTaHOBKM CTPeJKH Ha
HyJb  HMeeTc KoppeKTtop &
(puc. 223). YcraHoBKa NpoOH3BO-
JUTCA MpPH MOMOLIH BHHTA 9, BHI-
BeJIeHHOTO HapyXy.

[Tpu mpoxoxneHun Toka ue-
pe3 KaTyllKy paMKH BO3HHKaer
MarsuTHOe moJe. B3aumoneiict-

\llll‘l
At l

b— —
! 7/,
Puc. 223. YcrpoiicTBO MarHuTosJiek- Puc. 224. MaruutHoe mose B 3a3ope
TPUYECKOTO H3MEDHTENBbHOrOo  INpH- MeXAy MNOJIOCHLIMH HaKOHEYHHKAMH H
Gopa: UHJHHAPOM

1 — noakoBooGpa3Hblft MarduT; 2 — Mo-

JIIOCHbIE HAKOHEYHHMKH; 3 — CTaJIbHOW UHM-

JHHAP: 4 — MOABHMXKHAA KaTywlka (paM-’

Ka); 5 — cTpeska; 6 — NpoTHBOBECHI; 7 —

CHpaJbHasi TNpYXHHA; 8 — KOPPEKTop;
9 — BHHT KOppeKTOpa

Bys C TOJieM TNOCTOSIHHOTO MarHMTa, OHO 3acTaB/seT paMKy NOBO-
pauuBaTbc N0 TeX MOp, MOKa CHJa, Bpallaiollas paMKy, He ypas-
HOBECHTCS MpPOTHBOJEHCTBYIOLUUMH CHJIAMH CIHPAJbHBIX NPYKHUH.
Uem Oosibllle TOK, NPOXOASIUHH uepe3 KaTyWIKy paMKH, TeM Ha
6oJIbIIMHA yroa OHa MOBepHeTcs, T. €. TeM GoJblie 6yneT noka3aHue
CTpEJIKH.

IIpu6opsl MarHUTO3/ME€KTPHUECKOH CHCTEMbl UMEIOT IIKaJay C paB-
HOMEpHBIMH [eJleHHIMH, TaK KaK YroJl OTKJOHEHHS! CTPeJ]KH Npornop-
I[MOHaJleH BeJHYMHEe TOKa, NMPOXOAALIEro Mo KaTyllKe paMkKH. ITH
npu6opel — HauboJsiee TOUHbIE H3 BCEX.

Crpenka npubopa noutH 6e3 KayaHUH yCTaHaBJHBaeTCA NMPOTHB
COOTBETCTBYIOILLErO [e/eHUsl UIKaJibl. YCIOKOHTeJeM CJYXKHT cama
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allOMUHBUEBAasl paMKa, B KOTOPOH INpH BpalleHHH HHAYKTHpYeTCs
3. I. ¢, a caejgoBare/bHO, Bo3HHKaeT Tok. [lo mpaBuay JleHua Ha-
npaBJeHHe TOKa TaKOBO, YTO OH MpPEMSTCTBYET IOBOPOTY paMKH.
Kora pamMka ocCTaHaBJMBaeTcs, HaBOAMMbIH TOK Hcue3aeT H He
BJIHSIET Ha TOYHOCTb M3MEpeHHS.

Hns Goablieli YyBCTBHUTENbHOCTH NMpUGOpa pamKy [AenaloT Jier-
KOH, a KaTyllKy HaMaTbiBalOT M3 TOHKOH MDPOBOJIOKH, uYepe3 KOTO-
pyio MOXHo 6e3omacHO IIPONYycKaTb TOJbKO HeGOJbLION TOK (He-
CKOJIBKO MuJiHamnep). JJas pacliupeHHs nNpejesoB H3MepPeHHs
MarHHTO3JIEKTPHYECKHE aMMNEePMeTpbl MCMONb3YIOTCA C IUYHTAMH, a
BOJILTMETPbl — ¢ J00aBOYHLIMH CONMPOTHBJEHHSIMH, O YeM MOAPOGHO
CKasaHo HHXKe,

HanpaBnenne BpalleHus
paMKH 3aBHCHT OT HamnpasJje-
HUA TOKa B KaTyllKe, TMO-
3TOMY MAarHHTO3JEKTpHUYeCKHe
npu6GOpEl INPUTOAHBl TOJBKO
IJIS. U3MepeHHS IOCTOSHHOTO
ToKa. Ilpu H3MeHeHHM Ha-
NpaBJeHUst TOKa CTpeJiKa MpHu-
60pa OTKJIOHSIETCS B MPOTHBO-
NOJIOKHOM HallpaBJIEHHH. Sto0 Puc. 225. IIpoxoxaeHHe TOKa B DaMKe
Nno3BoJisieT [ejaTb MarHUTO-
3JIeKTpUuecKHe NpPUGOpBI C ABYCTOPOHHell MIKa/Jof (c HyJaeM B ce-
penvHe mkasabl). [Ipu HaAMYUH OLHOCTOPOHHEH IIKaJabl HEO6XOLHUMO
co6/ioaTh NOJNSPHOCTh BKJ/IOYEHHS (Ha OJHOM H3 3aXXMMOB IPH-
6opa CTOMT 3HAK «+»), HHaye MOXHO NOTHYTb CTPEJKY.

[Ipu BK/IIOYUEHHH MAaTHHTO3JEKTpHYecKoro npubopa B LeNb Ie-
pEeMEHHOro ToKa cTpesnka ero 6yJeT TOJbKO ApoXaTb, OCTaBasaCh Ha
Hysne. B coueTaHuu ke c npeoO6pa3oBaTesiIMU H BLIIPAMUTENAMHU
3T NpUGOPBl IUHMPOKO HCMOJB3YIOTCS AJIS H3MepeHUl B Lenax nepe-
MEHHOTO TOKa. :

JocTouHCTBa MarHMTO3/J1eKTPHYECKHX MPHGOpOB:

— BBICOKAs1 YYBCTBUTEJBHOCTh U TOYHOCTb NOKa3aHHI;

— paBHOMepHag WIKaJa;

— MaJsioe norpeb/ieHHe SHEPTHUH;

— cTpeJ/Ka npu6opa npu M3MepeHHH ycTaHaBAMBAaEeTCsl HA COOT-
BETCTBYIOLlee Je/eHHe LIKaJbl NJ1aBHO, 6e3 KauaHHUi.

Hepnocratku MarHHTO3/MeKTpHYECKUX NPHGOPOB:

— 060A3Hb Neperpy3ok BCAEACTBHE MaJoro ceueHusi TOKONOABO-
ISIIHX CHOHPAJbHbIX MPYXHUH H NIPOBOJA KaTYUIKH;

— BO3MOXXHOCTb M3MEpeHHsi TOJIbKO NOCTOSIHHOTO TOKa.

3. OnexTpomaruuTHbLIe NpHOOPLI

DJieKTpoMarHUTHbIe NPUOOPHI HCIOJB3YIOTCS AJIs U3MEpPEHHs Ha-
npsiKeHusi U Toka. JleficTBHe MX OCHOBAaHO Ha HCIIONb30BAHUU siBJIE-
HUS BTATHBAHHS CTaJbHOTO CepleyHHKa B KaTYIIKy NDH MPOXOKJe-
HHH Mo Hell TOKa,
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Ha pwuc. 226 nokaszan npu6op, COCTOALLHH M3 HENONABHXKHOH Ka-
TylwKy /, NIPOBOJL KOTOPOH HAMOTaH Ha pPaMKy, HMEIOLLYI0 Y3KYIO
weab 2. KoHIbl KAaTYIUKY MOLBENEHb! K 3aXXUMaM 3, CAYXKalluM s
MOJK/II0UeHHs1 npubopa Npu H3MEpPEHHAX.

Korpa TOK NPOXOAMT MO KAaTyIIKe, BOKPYr Hee CO3[aeTcsl Mar-
HHTHOe MOJe M IJacTHHKa 4 BTATHBaeTcs B Liesab. JTa MJACTHHKA
clenaHa M3 MSATKOH CTaJu
H 3KCIIEHTPUYHO YKpelJe-
Ha Ha ocu 5. Ha srtoit xe
OCH YKpemJeHbl: CTpesKab
C MpPOTHBOBeCOM 7, MpeaHa-
3HaueHHbIM [J5 ypaBHOBe-
IUMBAHUSl MOABHXXHOH CH-
cTeMbl; mnopuieHp & BO3-
IYUIHOTO YCIIOKOHTEJIS; CIIU-
pasnbHasi mpyxuHa 9, cay-
)Kaias s NpoTHBOLEHCT-
BHSl BTATHBAHHIO CTaJbHOMH
N1aCTHHKH 4 B LeJab U 114
BO3BpalleHHs1 TMOLBHXHOM
CHCTEMBbl B HCXOJHOE M0JO-
JKeHHe.

Boanymublit  ycnokou-
TeJb COCTOHT M3 MeTaJslJH-
yeckoi#l kKamepn! /0 u mopiu-
Hg 8. Tak kak mnopuieHb
CBfI3aH C OChIO NOJABHXHOMH
CHCTEMBl, TO TIIpH CBOeM
IBHXKEHHH OH BCTpeyaer
CONMpOTHBJIEHHE  BO34YyXa,
yeM U JOCTHTaeTcsl yCIo-
, KOeHHE CTpeJsIKH.

Puc. 226. VYcTpoitcTBO  3/1€KTPOMAarHWTHOTO KoppekTop anekTpoMmar-

U3MepHTeNbHOro npubopa:
1 — HenoABHXKHAS KaTylulka; 2 — weab; 3 — 3aXH- HHTHOTO npnéopa HHYEM HE

Mbl; 4 — cTanbHasl nJacTHHKa; 5 —ock: 6 —cTtpen-  OTJIHYAETCA OT KOPPEKTO-
Venokonrenn Ty enipanenan  Apywana; 10— %a. Pa MAarHHTO3EKTPHYECKO-
Mepa ycnoxouTens ro npu6opa, MO3TOMY Ha
PHCYHKE OH He MOKa3aH.
Brarusaollee ycuine KaTyIIKH, IeHCTBYIOlLlee Ha CepHeYHHK
(n71acTHHKY), 3aBHCHT OT HANpPSXKEHHOCTH MAarHUTHOTO TOTOKA
(T. e. OT TOKa B KaTyIUKe) W OT MarHUTHOH WHAYKUHH B CTaJbHOM
cepleuHrke. BejuyuHa MarHUTHOH MHAYKIMHM 3aBHCHT OT TOKa IO
cl0KHOMY 3aKoHy. [To3ToMy mpu BO3pacTaHHWM TOKa CTpesKa OT-
KJIOHfieTcl HepaBHOMEDHO: CHauaJja MeJJIeHHO, 3aTeM ObICTpee H
onAth MeAneHHo. Cle0BaTe/NbHO, 3J€KTPOMArHHTHblE TNPHGOPHI
HMEIOT HepaBHOMEpHYIO LIKasny. '
[Ipu M3MeHeHHM HaNpaBJeHHsl TOKA B KaTyLIKe MEHSIIOTCS Ha-
npasjieHHe MarHUTHOTO NOTOKA B IUEJAH Y MOJSAPHOCTb HaMarHH4H-
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BaHHs CTaJbHOM NMaacTHHKM. HanpaBaeHnne cuibl, meficTByroLled Ha
NOJABHXHYIO CHCTEMY, OCTaeTcsl NMPEeXHHUM, H CTaJibHas TMJacTHHKA
NOBOpAaYHBaeTcsl B Ty K€ CTOpPOHY. TakuM o6pa3om, 3/eKTpomar-
HHTHble NPHOOPHI MOXHO MCNOJIBb30BaTh [Jsi M3MEPEHHS MOCTOSHHO-
ro W NepeMeHHOro (HH3KOH 4acTorsl) ToKoB. OmHako mpubop, OT-
TPaiyHPOBAHHBINA [/ H3MEPEHHs MOCTOSHHOrO TOKa, AaeT GOJbliHe
NOTPELIHOCTH NP BKJIOYEHHH ero B LeMNb NepeMeHHOro Toka. Ha-
o6opoT, npubop, OTrPaAyHPOBAHHBIH /i H3MepeHHs MepeMeHHOro
TOKa, Aaer OO/blliMe MOTPEIIHOCTH MNPH H3MEDEHHH MOCTOSIHHOTO
TOKa.

IocTouHcTBa 2JIEKTPOMArHUTHBIX MPUGOPOB:

— BO3MOXHOCTb H3MEpEeHHSl NOCTOSIHHOTO U TepeMeHHOro TO-
KOB;

— CNoco6HOCTb BhIEpXKUBATh 60JbllUHE MEperpys3KH;

— MpOCTOTa KOHCTPYKIHHU;

— MexaHuyecKasi IPOYHOCTbD.

Wx HemocraTku:

— HepaBHOMEPHOCTb LIKaJbl;

— CTpeJKa He cpa3y YCTaHABJIHBAETCA MNPOTHUB COOTBETCTBYIO-
1iero AeJieHHs LIKaJbl (OHAa HEKOTOpoe Bpemsl KosebJercs);

— MeHblllasi TOYHOCTb H3MepeHHUs] N0 CPaBHEHHI0O C MAarHHuTo-
3JIeKTpUYEeCKUMH NpUOOpaMu; .

— 3aBHCHUMOCTb [IOKa3aHHI OT BHEUIHHX MArHUTHBIX MoJeH.

4. TennoBule aneKTpHyeckHe fpuGopol

TensoBble 3JeKTpHUECKHe NPUOOPBI HCIONB3YIOTCA AJS H3Mepe-
HHsl HanpsKeHHst W Toka. JleficTBMe MX OCHOBAHO Ha MCMOJIb30Ba-
HHUH fIBJIEHHS] YIJMHEHHS NPOBOJHHKA
npu HarpeBaHuH ero TokoM. Ilo ynu-
HEHHIO MpPOBOAHHKA MOXKHO CYAHTb O
BeJHUMHE TPOXOISLIEro IO HeMy
TOKa.

OcHoBHasi YacTb TeMNJIOBOrO MpH-
60pa — KyCOK TOHKOH MpPOBOJIOKH H3
CMeUHaNbHOTO  CIljlaBa, HAaTAHYTOH
mexay 3axumamu A u 5 (puc. 227).
K sToit npoBoJioke B TOYKe B npu-
KpenJjieHa Jpyras, 3akpenseHHasl BTO-
pbIM KOHLIOM Ha Koplyce mpuH6opa (B
Touke I'). K BepTHKaJbHOH NpPOBOJIO- ,
Ke BI' B Touke /[ mpuBfi3aHa OJHHM  Puc. 227. YCTpONCTBO TEIIOBOTO
KOHI[OM IlIeJIKOBAsi HHTh, KOTOpas Ie-  3/MeKTPOH3MEepPHTeNbHOro npubopa
PEKHHYTa BOKDYT poJHKa P, a 1pyrum
KOHLIOM HHTb NpHBfi3aHa K mjockoit mpyxune EJ)K. Ilpyxuna E)X
HaTsruBaeT npoBoJiokH AB u BI', Ponuk P u cTpesika HacaXeHbl Ha
OJHY OCb.
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ITpu npoXxoaeHHH TOKA 110 NpoBOJioke AB (mpu NOMOLIM 3aXKH-
mMoB A u b npubop BKJIIOYAETCS B 3JEKTPUUYECKYIO LleNb) OHA Harpe-
BaeTcsl U yAuuHsieTcs. HarsixkeHHne ee yMeHbiaetcsi u npyxuna E)K
nepeMenlaer LeNKOBYIO HHTb BJIeBO, TOBOpauuBasi pOJIUK, a BMecCTe
C HUM H CTpesKy npuGopa BIpaBo (3TO NMOJIOXKEHHE CTPe/KH NOKa-
3aHO MYHKTHPOM Ha puc. 227).

YanuHeHHe HHTH TPONOPUHOHAJBLHO KBAJpaTy BEJHYHHBI TOKA,
[03TOMY M IKaja Npubopa HMeeT HepaBHOMepHble JAe/leHHA: B Ha-
YaJjie WIKaJ/bl OHH CXKAaTbl, a 3aTeM MOCTENEeHHO paCLIHPAIOTCH.

[Tocne BeikmoueHnst npu6opa U3 uenu npososoka A5 mocrenel-
HO OXxJlaxkjaaercss U ykopauuBaercd. Crpeska npubopa NPHXOAHUT B
MCXO/HOe TOJIO)KeHHe — Ha HyJb. IlepBoHayasbHass YycCTaHOBKa
CTPe/JKH Ha HYJb TPOU3BOAMTCH HaTsKeHHeM HJIH ocjaabieHneM
npoBoJIOKH AB NpH moMomu KoppekTopa.

ITo ToHKo# npoBo/sioke A5 MOXHO NMPONyCcKaTb CPaBHHTEJIbHO He-
6o/bliMe TOKH. [lns paclivpeHusi INpelesioB H3MepeHHs NpPHMEeHs-
10Tl LIYHTHl U A06aBOYHbIE COTPOTHBJIEHHS.

JocTouHcTBa TemIoBbIX NPHOOPOB:

— BO3MOXHOCTb M3MeDeHHs MOCTOSHHOIO W NepeMEeHHOro TOKOB
{HH3KOI ¥ BBICOKOH YacCTOTHI);

— HEe3aBHCHMOCTb IIOKa3aHHH OT BHELIHMX MArHMUTHBIX TOJeH;

— CTpeJKa YCTaHaBJHBAeTCsi Ha COOTBETCTByIOllee JesleHHe
{iKaJibl MJ1aBHO, 6e3 KauyaHHil.

Wx HemocraTku:

— HepaBHOMEPHOCTb LIKAJbI;

— 00513Hb Neperpysox;

— OoJsblilee N0 CPaBHEHHUIO ¢ APYruMu npubopaMu notpebieHue
3Hepruu;

— 3aBHCHMOCTb N0OKa3aHHH OT OKpy»Karwolle#i TeMIepaTypbl.

' 5. InekTpoaMHamu4ecKue NpRGOPLI

DNeKTPOAHHAMUYECKHe NPUGOPHI UCTIOJIB3YIOTCS [Jisi U3MEpEHHS
HamnpsKeHHs, ToOKa U MOLIHOCTH.

Pa6ora 5Tux NpuOOPOB OCHOBaHA Ha B3aUMOJEHCTBHH NPOBOA-
HHKOB, 110 KOTOPbIM NMPOXOAUT 3/J1eKTPHYECKHH TOK.

DekTpoAuHaMHUyecKuit npubop (puc. 228) cocTouT U3 Hemo-
JBHXHOH | ¥ Haxo[sllleHcsi BHYTPU Hee TOJABMXKHOH 2 KaTyllek,
cTpeskyu 3, MOpLIHs 4 BO3NYLIHONO YCMOKOWTeNs W JBYX CHHDafb-
HbIX TPYXHHH 5. Tlocneanue MOABOAAT TOK K MOJABHXKHOA KaTyIIKe,
NIPOTHBONEHCTBYIOT ee BPALUEHHIO NMPHU MPOXOKAEHHH TOKA H BO3-
BpalalOT KaTYyILIKy (CTPeJKy) B nepBoHayabHoe NoJ0XKeHHe nocie
BBIKJIIOUEHHS NpHbopa.

[Tpu mpoxoxAeHHH TOKa MO KaTylWIKaM BOKPYr HUX CO3JalTCs
MarHMTHble IT0Jisi, KOTOpbie, B3aMMOLEHCTBYS, 3aCTaBJfAIOT MOBOpa-
yuBaThCs MOABMXKHYIO KaTYLIKy, a C Hel0 BMeCTe H CTPeJKYy MpH-
6opa.
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Uem Gouibliie TOK, MPOXOASLLHH Yepe3 KaTyLIKH, TeM Ha GOJBIIHHA
yroJs MHoBepHeTcs TOABHXKHAs KaTywka. Tak KakK cuja, OTKJOHSIO-
Hias ee, NPONOPIHOHANbHA NPOU3BENEHHIO BEJHYHH TOKOB B KaTyll-
KaXx, To NpUGOpbl 3TOH CHCTEMBI MMEIOT HePaBHOMEpPHYIO LIKaJy.

Ecnn HampaBJieHHe TOKa B 00eHX KaTYIIKax MeHsieTcsi OJHOBpe-
MEHHO, TO HalpaBJleHHe BpalleHHA NOJABHXKHOH KaTyLIKH OCTaercst
HensMeHHbIM. [loaToMy a/eKTpoAMHaMHyecKHe TNPHOOPBI MPUTOAHBI
IJ1s1 U3MepeHHsl MOCTOSIHHOTO H NMEPEMEHHOro TOKOB.

a
:
e
Puc. 228. Ycrpo#cTBO 3JeK- Puc. 229. Bkawouenie 00-
TPOAMHAMHUYECKOTO  H3MepH- 1 MOTOK 3JIGKTpPOJHHaMHuue-
TeJbHOr0 npHbopa: CKHX MpPHOGOPOB:
I M 2 — HeNmONBHXHAS M MOMBHX- a — napaajenbHoe; 6 — no-
Hasi KaTYWKH; 3 — cTpeska; 4 — cnenoBaTeNibHOe: 8 — IJIA H3-
NopLIeHb YCNOKOHTeNsA: &§ — CnH- MEpEeHHS 3JIeKTPHYECKOH MOLL-
paJibHbIe l'lpy)KHHbl ’ HOCTH

Kone6anus cTpejku racfitcsi BO3LYLIHBIM YCIOKOHTeJeM. Ycra-
HOBKa CTpeJKH Ha HY/1b — TaKas Ke, KAK y MarHUTO3JIEKTPUUYECKUX
H 3JIEKTPOMAarHUTHBIX NPHGOPOB.

ConpoTHB/IeHHe HENOABHXHOH KAaTYIUIKU HEBEJIHMKO, TaK KaK OHa
HaMOTaHa TOJICTHIM IPOBOJOM; CONPOTHBJIEHHE TMOABHKHON KaTYUIKH
OYyeHb BEJHKO — OHAa COCTOHT U3 OOJIBIIOTO YHCJIA BHTKOB TOHKOM
POBOJIOKH. T :

AMnepMeTpbl JOJKHBI HMeTb HeGOJblIOe BHYTPEHHEe COMpPOTUB-
JeHHe, TI03TOMY OOMOTKH 3JI€EKTPOAHHAMHUYECKHX NPHUGOPOB COedH-
HAIOT TapasiefibHo M BKJIOYAIOT B LeNb TaK, KaK [0Ka3aHo Ha
puc. 229, a. BonbTMeTphl, Ha060POT, MOMKHBI MMETb GOJbIIOE BHY-
TpeHHee CONPOTHBJ/IEHHE, IOITOMY HX OOMOTKH COEIMHSIOT MOCJ]eN0-
BaTeJbHO, a MPUGOp BKJIOYAIOT B lleNb NapaJsieapHo (puc. 229, 6).

Eciu HEMOABHKHYIO KaTYUIKy BKJ/IOYHTb MOCJTEN0BaTeJbHO, a
MOJBHKHYIO — NapalyieNbHO BHellHeH uenu (puc. 229,8), To Mar-
HHUTHBIH MOTOK MepPBOH KJTYWKH OyeT NPONOPIUHOHAIeH TOKY, a BTO-
poit — Hanpsi:KeHHio. YroJ moBopora MOABHMHOA KaTywku Gyner
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NponopuMoHasey PacXoiyeMoii B LENH MOLIHOCTH, T. €. 3JEKTPOIH-
HaMHYeCKHil npubOp MOKET C/AYKHTb BaTTMeTpoM. BaTTMerp umeer
yeroipe 3axuma. K aBym ero 3axkumam, 0603HauaeMbiM OGRIYHO
6ykBoil A, mojJBeeHbl KOHLBI TOJCTOH OOGMOTKH, K ABYM APYTHM,
o6o3Hauaembim V unn E, — KOHLBI TOHKOH OOMOTKH.

Henpasu/ibHoe BK/IIOYeHHE BaTTMETPa MOXKET NPUBECTH K Nepe-
ropaHHi0 O6GMOTKH HEMOJBHXKHOH KAaTyILUKH.

AMnepmeTpbl W BOJbTMETPHl 3JIEKTPOJHHAMHYECKON CHCTEMBbI
HCIOJIb3YIOTCS TMIaBHBIM 00pa3oM B KayecTBe KOHTDPOJBbHBIX MpuGo-
POB I H3MeDEeHHH B LienAX NMepeMeHHOro ToKa (HU3KOH YacTOThI).
[Iupokoro pacnpocTpaHeHuss 3TH NPUGOPBI He MOJYYHIH, TAK Kak
OHHU A0pOKe NMPOCTBIX 3JeKTPOMAarHuTHboIX npubopos. [Toutu He mpu-
MEHAIOTCS OHH M /sl H3MepeHHsi MOCTOSHHOTO ToKa. [To cpaBHEHHIO
C MarHHTO3JeKTpHUYeCKUMHU NpubopaMu OHH AOPOKE W HHKAKHX Ipe-
HMYILECTB He HMEIOT.

BaTTmeTphl 3/71€KTpPOJHHAMUYECKOH CHCTEMBl ILIHPOKO HCIOJb3Y-
I0TCS /IS U3MepeHHsi MOLIHOCTH B LeNsX NMOCTOSIHHOTO W TNepeMeH-
HOTrO TOKOB.

JlocTOHHCTBA 3JIeKTPOAHHAMHYECKHX NpPHOOPOB:

— BO3MOXHOCTb MU3MEPEHHsI MOCTOSTHHOTO U MepPeMEeHHOr0 TOKOB:

— J1O0CTaTO4YHada TOYHOCTb.

Hx HemocraTku:

— 4YYBCTBUTEJNbHOCTb K BHELUIHMM MATHHTHBIM MOJISIM;

— HepaBHOMEpHOCTb LIKaJbl; ‘

— 60sI3Hb NEperpysox; -

— BBICOKAsi CTOUMOCTb.

6. TepmoanexkTpuyeckue npulopn

Tepmo3/eKTpHUeCKHe H3MepUTeNbHble NPHOOPHI NPUMEHSIOTCS
rJaBHBIM 00pasoMm [Jisi U3MepeHHUs] TOKa BBICOKOH yacToTel — oT 0,3
1o 6 Mey. Ilpu yacrorax Beime 6 Mey OHM ciyXaT MHAMKATOpaMu
toka. [Ipu6opsl NpUrogHbl TakXKe I/ H3MEPeHHs TOKa MPOMBbIII-
JIEHHOH YacTOThl.

TepMo3/1eKTpHUECKHH MPUOOP COCTOMT M3 YYBCTBHTENBHOTO MpH-
6opa MarHUTO3JeKTPHYeCKOH CHCTEMBbl H TepMOINaphl.

Tepmonapoii Ha3bIBaIOTCA clasitHHbie MeXAY co00il pa3HOpOAHbIe
MeTaJbl, crnoco0lble npM HarpeBaHHM Mecta chas CO3/AaBaTh
3. . C., KOTOPYIO MPHHSTO Ha3blBaTh TEPMOJIEKTPOABHKYLUEH CHIIOM
(1. 3. n. c.). IlocnenHsis umeeT NMOCTOSIHHOE HampaBJ/eHHe, a BeJH-
YHHA ee 3aBUCHUT OT MaTepHaJ/a [POBOJIOK, 00pa3yloLHX TepMonapy,
U OT TEeMIlepaTyphl crnas. -

Tepmonapb! H3roTOBJAAIOTCSA M3 pasjHYHbIX MeTananoB. HauGonee
pacnpocTpaHeHbl Maphbl: MeJb-— KOHCTAHTaH, eJe30 — KOHCTaHTaH,
BHUCMYT — CypbMa.

Ha puc. 230 cxematduecku wn300pax<eH TepPMO3JIEKTPHUECKHH
npubop. Mamepsiemblit TOK, npoxons uepe3_MpoBOJIOKY (Mogorpesa-
Tesib) I—2, HarpeBaeT ee. B Tepmonape 3 Bo3HHKaeT T. 3. I. C., KO-
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TOpasi BbI3bIBaeT MOSiBJIEHHE TOKA B LleNH MUJJMamnepmerpa. Benau-
YHHaA TEPMOTOKa MPONOpUHOHaJbHA T. 3. A. C., @ Ta — H3MEpPsIeMOMY
ToKy. [losToMy no nokasaHusM MuJIsHaMnepMeTpa MOXKHO CYAUTb
0 BeJHYHHe TOKa, MPOXOASLUEro yepe3 MOLOTPEBATE/Nb.

TepmoaneMeHT OObIYHO NMOMEILAIOT B CTEKJSIHHBIH 6aJJoH, U3
KOTOpOro BbiKauaH Bo3AyX. J[Ba 3axkuMma cayKat JJsi IpHCOedHHe-
HUSl TepMO3JeMeHTa K 3JeKTPHYECKOH lleMnHy,

a 1Ba JpYruX 3axKuma — AJs M[pHCOeldH-
HeHHs] H3MepHUTeJbHOro mnpubopa (MHJIH- \

amrepMeTpa, BOJbTMETPA HJH TajbBaHO- % 5

MmeTpa). 3
JloCTOMHCTBA TepMO3JeKTPHUECKHX TNPH- N .

60poB: 1 2

— BO3MOX>XHOCTb H3M€pEHHA IMOCTOfH-

Puc. 230. Cxe -
HOTO M MepeMeHHOTO TOKOB (B TOM YHCJe XeMa TepMo

3JIEKTPHUYECKOTO H3MEepH-

H BBICOKOH YacTOTHI); Te/IbHOrO MpHGOpa:
— OoJblIasi TOYHOCTD; 1—2 — ToKOonpoBoASLlas MPO-
— BBICOKASi YYBCTBHTEJIbHOCTD. O onapa g hepaTenL):
I/IX HeAOCTaTKH: KHMBbI MHJIAJHAMIIEpMETDA

— HepaBHOMEPHOCTDb LUKaJbl;
— Gosi3Hb Meperpy3ok U MeXaHHYeCKOH BCTPSICKH;
-—— MaJsblil CPOK CaYXKOHI.

" 7. 3neKTpHYeCKHEe H3MEpeHHA

NsmMepeHune ToKa

Tok B LENH B 3aBUCHMOCTH OT €ro BEJUYHHbI H3MEpSIIOT amimep-
MeTpOM, MU/IJHAMIEPMeTPOM HJIH MHKDPOaMIEpMETPOM.
AMnepMeTp BKJIOYAeTCs B LeNb MNocJje-

~\RA o
A NOBaTeNbHO, YTOGbl BECh M3MeEPsieMbIil TOK
a ~ NPOXOAHJ yepe3 mpuGop. Amnepmerp poJ-
: o — *eH MMETb OYeHb MaJioe CONpPOTHBJIEHHE.
I b6 Iy gy TosnbKO MpU 3TOM YCJIOBHU €ro BKJIOUEHHE
B lleNb He BbI30BET YMEHbIIEHHUs H3Mepsie-

Puc. 231. [IloakmioueHue
IIYHTa K aMIepMeTpy

MOTO TOKa.

Ons u3MepeHHs MOCTOSIHHOTO  TOKa
06bIYHO NPUMEHSIIOT MarHUTO3JIEKTPHYECKHE
npubopbl (Kak Haubojiee TOYHbIE), 4epe3 KOTOPble MOXKHO MPOIMy-
CKaTb JIHIIb HeGO/bLINE TOKH (fecATble U COThle AoJu amnepa). [Lis
u3MepeHusi GOJIbLIMX TOKOB K 3THM NPUOOpPAM MOAKMIOYAIOT UIYHTBI.

LlyHTOoM Ha3biBaeTcs CONPOTHBJEHHE, BKJIO-
Wynr yaeMoe MapajejbHO H3MEPHTEJIbHOMY MpH-
6opy (puc. 231). Tok, moaxoms K Touke b,
passerBaserca. Hactb ero wuuaer uepes npuGop, a 4acTb — uyepes
WyHT. BesiMuMHBI TOKA, PAa3BETBJIAIOLIETOCH B TY U APYTYIO BETBb, 06-
pPaTHO MPOMOPUHOHAJNbHbI CONPOTHBJEHHsAM BeTBell, ConpoTHB/EHHE
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myHta Ry Bcerga MeHblle CONPOTHBJeHHA. mnpubopa R,, mno-
3TOMy OOJbllIasi 4acTb TOKAa WOET yepe3 IUYHT. EcaM H3BECTHHI cO-
NPOTHBJIEHHS IIYHTa U NpuOOpa, TO MOXKHO MOACYHTAThb OOLIUH TOK.
Eciu wyHT nojkJaoueH BHYTpH npubopa, To LIKaly TpafiyHpYyIOT He-
MOCPEICTBEHHO B eJMHHULaX OOLIero ToKa.

Jns pacuiMpeHusi npefesoB H3MepeHHs! aMmepMerpa eMmy ITpH-
JlaeTcst HeCKOJIbKO LIYHTOB.

Yro6bl BLIOpATh HEOGXOAHMBIH LIYHT, HY’)KHO YMeTb €ro paccy-
TaTh. [{1a aToro noJ/bayioorcs GhopmyJioH

]A
Ru=11R,, (83)

rie R, u R, — CONpOTUBJeHHs LIyHTa  NpHOOpa;
I, m I, — ToKku uynta u npuGopa.

—F G A
) 6

a

Puc. 232. BkiioueHue ammnepMerpa ¢ LIYHTOM:
a — npaBUJbHOE; 6 — HelpaBHJbHOE

Yacto pacuetHylo ¢opMy.ay Bblpa)KaloT Tak:

R,=—R,,

T n—1
Tae n — YHUCJo, HOKa3bIBaIOLU.ee, BO CKOJILKO pas H3MepﬂeMblﬁ TOK

6osblle TOKa, NPOXOAAIIEro Mo npuéopy (” =x‘)-

HsmepsieMbilt TOK [ =nl4. ,

Ha puc. 232,a noka3aHo npaBHJIBHOE BKJIO-
BkJioveHHe WyHTA yeHue IUyHTa, a Ha pHc. 232, 6 — HelmpaBHJIb-

Hoe. Bx/ouaTh IIYHT, KakK T1NOKa3aHO Ha
puc. 232, 6, Helb3s MO ABYM NpHYHHAM. Bo-mepBbIX, mpu 3TOM co-
NPOTHBJIEHHe COENMHHUTE/bHBIX NMPOBOJOB CKJAAAbIBAaeTCs C COMpO-
THBJIEeHHeM LIYHTa, KOTOpoe MOXeT ObITb OYEHb MaJbiM, B pe3yJib-
TaTe Yero HapyUIMTCSl COOTHOLIEHHe MeXJy CONPOTHUBJIEHHUSIMH aM-
nepMeTpa U WyHTa. Bo-BTOPBIX, NpH OOpBIBE COENHHHUTENbHBIX INPO-
BOJIOB MOKHO CXKeub KaTYLIKy aMlepMeTpa (Becb H3MepsieMbldl TOK
nofifer uepes npubop).

t TpeneoM M3MepeHHs aMnepMeTpa Ha3BIBAIOT HauGOMIbUIYIO  BeJHUHHY
TOKa, KOTOPYIO MOXKHO H3MepHTb (T. €. BeJHYHHY TOKa, KOTOPOH COOTBETCTBYIOT
nocJefHue AejeHde M uxdpa WIKadbi).
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Mpumep 85. MarnutosnekTpuueckuit mpuGop Ha 50 Mka HMeeT COMPOTHBJe-
gue 1000 om. QnpenenuTb CONMPOTHBJEHHE WIYHTA, YTOOBI PacIIMPHTL MNpPEeAEbl
u3Mepenns mpu6opa go 500 mxa.

Pemenue Ilo dopmyne (83)

Iy 50 1
Rm=KRA=4—5-(—)- 1000=—9-- 1000 =111,1 oxm.

HN3mepeHne HanpsiKeHHUS

Hanpsxenue B 3aBHCHUMOCTH OT BeJIHYMHBI H3MepSIOT BOJbTMET+

pOM, KHJIOBOJIbTMETPOM HJIH MHJJIHBOJBTMETPOM.
BoabTMerp BKJAMualOT MNapaiiesbHO TOMY

Bxatouenne BoabTmerpa YYACTKy lierid, HA KOTOPOM TpebOyercs H3Me-

' " putb Hampsikenue. Eciu HYXHO ONpeesuTb
najeHde Hanpsi>kKeHHs1 Ha pesucrope R (puc. 233), To napajesbHO
3TOMY pe3HcTOpy BKJ/uaioT BosbTMeTp. O6pasyioTcs aBa BKJIO-
YeHHBIX MapaJijieJbHO CONpPOTHBJAeHH —R H P
Rv (Rv — BHyTpeHHee CONpPOTHBJEHHE BOJbT- Y -
MeTpa). Tak Kak Hampsi>keHHe Ha 3a)KUMax
pe3ucropa W BOJbTMeTpa OJHHAKOBO, TO 3aja-
4ya H3MepeHHs CBOAMTCS K OlpeleseHHIO TO-
Ka, MpOXOJsllero yepe3 BOJIbTMeTp. BHyTpeH- R
Hee CONPOTHBJIEHHE BOJIbTMETPa H3BECTHO, NO-
5TOMY, ONpejleiiB TOK, MOXHO HaiTH Hampsi- 4
JKEeHHe MEeXJAY HHTEepecyllIUMH Hac TOYKaMHU:

\ Puc. 233. Bkioye-
Uw=IR,. HHe BOJbTMETpa

OTU BBIUUC/IEHHS NPU H3MEPEHHH HANpsIXKEeHUS] He MPOH3BOIATCS,
1IKaja BOJbTMETpa NpPOrpaiyHpoBaHa HEMNOCPEACTBEHHO B BOJIbTAX.

BosbTMETp — 3TO MO CyllecTBY amMnepMerp ¢ 6OJIbIIHM BHYTPEH-
HuM conporuBiaeHneM. ConpoTHB/eHHe GepyT GOJBIIMM JJs TOrO,
yTo6Hl BKJIOUEHHEe BOJbTMETDPA He BHOCHJIO 3aMETHBIX H3MeHeHHH B
CONpPOTHBJIEHHe ydacTKa (a 3HayMT, U B HalpsiKeHHe), Ha KOTOPOM
H3MmepsieTcss NajeHHe HanpsixeHusa. IIpu GosbLIOM CONPOTHBJIEHHH
BOJIbTMETPA YMEHbILIAETCS TaKKe GecrosiesHasi TpaTa 5HepPTHH BHY-
Tpu npubopa.

Ins u3aMepeHus HanpsikeHus (Kak M A/ H3MEpPEeHHs TOKa) B
Hensix NOCTOSHHOTO TOKA OOBIYHO TNPUMEHSIOT MarHHTO3JEKTpHue-
cKHe NpUOOpHI Kak HanboJiee TOYHLIE.

Jas pacmupeHus npeneioB H3IMEPEHHI BOJbT-
Ilo6aBounoe MeTpa MOCJedOBAaTEJbHO C HHM BKJIOYAIOT
COMPOTHBJIEHHE n06aBo4yHOe CONPOTHBJEHHE, YTOOH Uepes Mo-

IBHXHYIO CHCTeMY Npubopa NMPOXOAHJ TOK, He
NpeBLILIAILIKA HOPMaJbHOH (LONMYyCTHMOK) BeNHuHHbL. [Jo6aBoyHbie
COMPOTHBJIEHHS] MOXHO BKJIOYaTh BHYTPH TpPHOOPA WM CHApYXH.
MeHss1 UX, OAHUM H TEM Xe NPUOOPOM MOKHO H3MepSATb pPas3jHyHbe
HanpsKeHHsl.
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Ha puc. 234, 6 no6aBouHOe COMpPOTHBJIEHHe R, BKJIOUEHHOe MO-
c/le0BaTebHO C MHJJIMaMIepmeTpoM, ofpasyer BoabTMmeTp. [lpu
HanpsikeHuu 10 8 oHO obecneyuBaeT NOJHOE OTKJIOHEHHE CTPEJKH
npubopa. B- maHHOM cayuae mkana 10 8 cootBeTcTByeT WiKaje | xa
(puc. 234, 8).

Jo6aBouHoe COMpOTHBJEHHE PACCYUTBHIBAIOT MO opMmy.ie

R,=um R, (84)
n. m
rae R, — 106aBouHOe COMPOTHBJIEHHE;

R,, — conporuaenue npubopa;
Upw ¥ I, — HampsiKeHHe U TOK MOJHOH LIKAJBbI.

3 — ]
l 1 99500M : 106 93500M I
, o6asoynoe -
S flputop ? | conpomugnerue |
I | 108 na Imo \4) | Nputop I
> R=500M Ha 1Mo *
+ | R=500m
I1=1Mma | I
+ R — _l
- + Bonpmmemp
a Bbigodb C nonHOU wKanou
sonsmmempa Ha 108

Puc. 234. Amnepmerp ¢ M06aBOYHBLIM CONMPOTHBJEHHEM 06pa3yeT BOALTMETP:

a — n06aBoYHOE CONMPOTHBJEHHe o6ecneyHBaeT MOJHOE OTKJIOHEHHe CTPeJIKH NpH Hanps-
KeHHH 10 8; 6 — BONBTMETP MOAKJIIOYAETC K 3aXXHMaM LeNnH IJs H3MepeHHs Hanps-
xKeHHs 0—10 8; & — 10-8 mkana coorBeTcTByeT | Ma

Paccuutaem no6aBouHOe CONPOTHBJEHHE TO MaBHBIM pHC. 234, a:
Ry = s — 50 oa = 10000 — 50 = 9950 ox.

Hacro pacuetHyio GopMysy BBIpaXKaloT B BUfe
=(n— 1R,

rje n — 4YucJjao, MoxKasbiBamwllee, BO CKOJbKO pa3 H3MepsAemMoe Ha-
npsiKeHne 6ouiblile HanpsdAXKeHuda, Ha KOTOpOe€ pacCyHTaH

npubop (12 = —UL‘J,—) . -
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Tpumep 86. MaruuroanekTpuyeckuit npuGop Ha 50 Mka MMeeT CONMPOTHBJE-
uue 1000 om. Onpenennts 106aBOYHOE CONpOTHBJEHHE, HeOGXOIMMOe MAJIs H3Me-
peHusi Hanpsikeuus 10 e.

Pemenune Ilo dopmyre (84)

.

10 8

= 0,000050 2 1000 ox = 200000 — 1000 = 199000 o.x.

Ry
H3mepenne conporTHBJEHHS NpPH NOMOIUH
aMnepMeTpa MU BOJbBTMETpa

IIpn nomown aMnepmerpa H BOJbTMETPA MOXKHO ONPENENHTD CO-
NPOTHBJIEHHE yYyacTKa LeNH.

Ecan usBectHbl Hanpspkenne U Ha 3aflaHHOM yuacTKe uenu (mo
NOKa3aHHUIO BOJbTMETPA) M TOK [ (10 NMOKa3aHHIO aMmepmerpa), TO
no 3akony Oma .

R=Y. C
Iv

Takofi MeTon onpeleNeHUss CoONpo- I Iz
THBJIEHUS] Ha3blBaeTCss MeTOJOM amnep- g BRI o
MeTpa M BoJbTMeTpa. biaromapsi cBoen Rz
NPOCTOTE OH MOJYYHJ LIMPOKOE pacnpo- Puc. 235. Cxema Hamepe-
CTpaHeHHe TPH 3/EKTPOH3MEpPEHHSX. ﬁg;oﬁnp?ﬁggi’gpanp‘;

ViaMepAiTb CONpPOTHB/IEHHE MOXKHO MO  gonirverpa  (u3mepsiemoe
IByM cxemaM. Pa3bepeM, B KaKuxX CJy-  conpOTHB/IEHHEe 3HAYHTEJb-
yasgx cjaelyeT MOJb30BAaTbCd TOH WM  HO MeHbllle CONPOTHBJe-
HHOH CXeMOil. HHSl BOJIbTMeTpa)

Ecnn K yuyacTKy uend, cCOnpoTHBJe-
HHe KOTOPOTO- HY>KHO ONpeAeJHTh, NOAK/IIOUHTb aMIepMeTp H BOJbT-
MeTp NO cxeMe, NMpeACTaBJeHHOH Ha puc. 235, TO BOJABTMETp MOKa-
JKeT najneHHe Hanpspkenus U Ha H3MepsieMOM CONPOTHBJIEHHH Ry,
a amnepmeTp — TOK /, paBHBIH CyMMe JBYX TOKOB:

I=1,+1,

rae /, — TOK B H3MepsieMOM CONPOTHBJEHHH Ry;
I, — TOK, NPOXOAALLHH Yepe3 BOJbTMETP,

Otciofia
I,=1—1,,
a 3Hau4HT,
U U
Re=7-= =1y
Tak kak
U
Iv = RV'
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rie Rv — conpoTuBjeHHe BOJbTMETpPa, TO, TMNOJACTAaBHB BMECTO
U

IV €ro 3HaueHue R B IocJjieilHee paBeHCTBO, MNOJY.YHM
14

Ro=—Y . (85)

Ecau conpoTuBjeHHe BOIbTMeTPa Ry 3HAuYMTeNbHO O6oOJblle H3-
MepsieMOoro CONpOTHBJEHHS R, TO BenuuuHOH Toka v (T. e. BesH-

YHHOH —é’—) MOXHO NpeHeGpeub MO CPABHEHHIO C TOKOM / M CUHTaTh,
v 4YTO

U
R=Y.

I, : »
L Ecnu xe Ry couamepumo (0omHOTO
_@_[L: nopsinka) ¢ Ry, To npeuneGperaTb BeJjH-
Y

Rz YHHOH R, Heab3sl, HHaue 6yner pomy-

Puc. 236. Cxema wuamepe-
HMS  COTPOTHBJEHHS NpH uleHa GoJsbliasi ownOKa NpH ompejeJe-

MOMOUIH aMOepMeTpa | HUH CONpPOTHBJIEHUS R..
BosIbTMeTpa  (M3MepsieMoe Takum o6pa3om, ecau H3MepsieMoe
COMPOTHBJEHHE ~  3HAUH-  conpoTHBJAEHHE 3HAUMTENbHO MEHbIIE CO-
TeJbHO G6OJIble COTMPOTHB-
JIeHHs BOJBTMeTpa) NPOTHBJNEHHSI BOJNBTMETPa, TO BOJBT-
MeTp M aMIlepMeTp CJelyeT BKJKOYaTh
o cxeMme, NMOKa3aHHON Ha puc. 235.

PaccmoTpum Temepb BK/IIOUEHHe aMmepMerpa M BOJBTMETPA MO
cxeMme, npejcraBieHHON Ha puc. 236. B 3Tom ciayuae amnepMerp 1o-
Kaxer TOK [, TpOXOAALMI Yepe3 H3MepseMOe CONPOTHUBIEHHE
R., a BoNbTMeTp — nMajieHWe HANpsiXKeHHss Ha R, ¥ Ha aMmép-
‘MeTpe, T. €,

U=IR.+ LR,

rie Ra— compoTHBJIeHHe aMIepMeTpa.
Orciona

Re=-1—Ry (86)

Ecnn mo BenuuuHe R, 3HAUHTENbHO MeHbIUe R, TO CONMpPOTHBJIE-
HHeM R, MOXHO mpeHeGpeub M CUMTATh, YTO

U
Re= 7.

Ecmu xe Ra cousamepuMo ¢ Ry, To mpeHe6peratb BeqHUHHON Ra
HeJsb3s, HHaye Gyaer gonylieHa Gosblias olnGKa MPH ONpefeJeHHH
CONPOTHBJIEHHS R,.

Takum 06pas3oM, ecid H3MepsieMO€e CONPOTHBJIEHHE 3HAYHTEJIbHO
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Gosibllle COMPOTHBJEHHs] aMIEpPMeTpa, TO BOJbTMETP M aMmepMeTp
clefyer BKJIOYATb MO cxeMe puc. 236.

Mpumep 87. BosbTMerp, BK/IOueHHbIi MO cXeMe, NMPHBeleHHOH Ha puc. 235,
nokasbiBaer Hamnpsxene U=200 8, a amnepmerp — 1ok’ /=10 a; compoTuBJe-
HHe BOJbTMeTpa Rv=10000 os. Onpenenuts conpotupjeHue Ryx.

Pewmenue. ITo 3akony Oma

U 200
RX=T=1—=20 oM.
ITo ¢opmyie (85)
U ____ 20 _ 20 _ 200_
A - - 10— 200 “10—0,02 908 20,04 on.
) Ry 10000

Owmubka, KOTOpast NosyyaeTcs TpH ONpeleJeHHH COMPOTHBJAEHH R. 1o
npu6muxenHolt ¢opmyse, paBHa 0,04 om, uto cocraBaser 0,2%. Takas omu6ka
NPaKTHYECKH [ONyCTUMA. \ .

MMpumep 88. BosibTMeTp, BKJIOYEHHBIT MO cxeMe, H306pakeHHONl Ha puc. 235,
nokaseiBaet Hanpaxenne U=200 &, a amnepmerp — 1ok /=0,04 a; conmporus-
neHne BosbTMeTpa Ry=10000 ox. Onpenenuth compoTHB/eHHE Ry,

Pemenue. I[To 3akony Oma

U 200 .
Rx""j"‘—m—oOOO oM.
ITo popmyse (85)
U 200 200 200
Re = I—E_ B 0.04 — 200  0,04—0,02 0,02 10000 o.
Ry 7 10000 ,

B 1aHHOM ciyyae Opu ONpeleNeHHH CONpPOTHBJEHHS R. no ¢dopmyJe 3ako-
Ha Oma nosydyaercs owu6ka Ha 100%. IToaToMy HyXHO moJb30BaThesi (opMy-
qoii (85).

Mpumep 89. BoapTMeTp, BKJWYEHHBI MO cxeMe, H306paxKeHHOi Ha puc. 236,
nokassiBaer Hanpsiokenne U=200 8, a amnepmerp — 1ok /.=0,2 a; conmporuBie-
uue amnepmerpa Ra=1 om. Onpenenuts conpotusienue Ri.

‘ Pewenue Ilo 3akony Oma

Io ¢opmyne (86)

R, = 200

U

Own6ka, KoTOpasi NojayyaeTrcs NDH ONpeJeJeHHH CONDOTHUBJEHUS MO MpH-
6auxenHoit ¢opmyne, paBHa 1 om (1000—999), t. e. 0,1%; oHa npakTHuecKH
JonycTHMa,

Mpumep 90. BosbTMeTp, BKJIOUEHHBIH MO cxeMe, H306pakeHHOH Ha puc. 236,
nokasriBaet HanpsikeHne U=5 8, a amnmepmerp — Tok /=2,5 a; CONpOTHBI/IEHHE
amnepmerpa Ra=1 om. Onpenenutb conpoTuBieHHe Ry. '

Pewenue. Ilo sakony Oma
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ITo ¢opmyne (86) .

Re=Y R =2-1=10x

B nanHom ciyyae npu onpelesieHHH CONPOTHBJEHHS Ry N0 mpuGaMKeHHOM
¢dopmyse nomyyaercs omubka 100%. ITosToMy HyXHO 0O/b30BaThCA GOpMY-
Joit (86).

8. AmnepBonbTOMMeTp

AMIEePBOJLTOMMETPOM (aBomeTpoM) Ha3biBaeTcsi KOMGHHUPO-
BaHHbII 3JIEKTPOU3MEPHUTE/bHBIH NPHGOP, MO3BOMSAIOLKA H3MEPATD
BE/JIHYHHBI OCTOSHHOIO TOKA, MOCTOAHHOTO W IEPeMEHHOro Hamps-
JKEHHs, CONPOTHBJEHHs], a HHOT/IA ellle U MepeMeHHOro Toka. B aso-
MeTpe HMeercsl OAUH OOLIHH rajibBaHOMETp (MHKpOammepMeTp), Ko-
TOPbIAi B 3aBHCHMMOCTH OT POJla M3MepeHHH paGoTaer MO cXeMe aM-
nepMerpa, BOIbTMETPA WJIH OMMETPa.

OO6biuHo B aBOMETpax HCMOJB3YIOTCH TajJbBaHOMETPhl MAarHHTO-
3JIEKTPHYECKOH CHUCTEMBI.

BaxHasi XxapaKkTepHCTHKa Tra/jibBaHOMETPa — €ro 4yBCTBHTE/b-
HOCTb, KOTOpas MOKa3blBaeT, KaKoil TOK HYXXHO NpPONYCTUTb 4epes
paMKy, 4toObl cTpesika npu6opa OTKJIOHHAACh [0 KOHLA WIKAaJbl.
Jrtor TOK 06o3HauaeTcs yepes [o. Uem meHbllle BesuudHa [, Tem
YyBCTBUTEJIbHEH Ta/JbBaHOMETP.

st aBomeTpa BbIGHpaeTcsl ra/jbBAHOMETP C BBHICOKOH 4yBCTBH-
teabHoCThi0 (50—200 mKa).

UtoO6bl U3MepATb HANPSIXKEHHE OT H0JIeH BOJb-
BoabTmerp nocrosHHoro Ta 10 HECKOJIbKHX COTE€H BOJIbT, BOJBTMETD
HanpsKeHus JeNaloT MHOTOIUKaJbHBIM, T. €. KaK Obl 00b-

e[UHAIOT B HeM HECKOJbKO BOJIbBTMETPOB C
pasHbiMH npefenamu uaMepenuil. Ilepexon ¢ ogHoro mpenesna uaMes
peHuil Ha APYroll NMPOM3BOAUTCS MPOCTHIM NEPEK/IIOYeHHEM.

B aBomerpe TT-1 BosbTMETp paccuHTaH Ha YeThipe Npenesa u3s
Mmepenuit: 10, 50, 250 u 1000 8. UTo6bl He YC/I0XKHATH IIKAAYy MOPHU=
6opa, ee rpanyupyor Ha 50 8. Ilpu uamepenun Ha npepaese 10 8
nokasaHus npubGopa AeasiT HA 5, NPH HU3MepeHUsX Ha mpejenax 250
u 1000 8 — yMHOXKaIOT COOTBETCTBeHHO Ha 5 Huu 20.

J/1s1 MOJIHOrO OTKJIOHEHHS CTPEJIKH rajbBaHOMETpa 4yepe3 paMky
HYXXHO NMPONYCTHTb TOK, paBHBIH [o. UTOObl MOJYYHTb TaKOH TOK,
HaJlo TNOJABECTH K rajbBaHoMerpy HanpsikeHne Uy=IoRy; 06b14HO
OHO COCTaBJIAeT HECKOJbKO AECATHIX BOJIbTA.

OTk/IOHeHHe CTPEJKU rajibBaHOMETpPa NPONOPLHOHAJIbHO BeJHYH~
He TOKa B paMKe, a TOK B CBOIO OuyepeAb 3aBHCHT OT NOABOJAMMOrO
K paMke HanpsxeHusi. [TosToMy ranbBaHOMETP MOXKHO HCIIOJ/b30-
BaThb B KauecTBe BOJIbTMeTpa c npejenoMm usmepenuit U,.

JIlnst paclinpeHusi npejeioB H3MepeHH# BOJbTMETpa MOCje10Ba-
TEJNBHO ¢ FaJbBAHOMETPOM BK/IOYAIOT pas/iduHble A00aBOYHDbIE CO+
NpOTUBJ/IEHUS, ’ .
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[Monunoe, UM, KaK NPHHATO Ha3biBaTh, BXOLHOE, CONPOTHUBJEHHE
Bo/IbTMeTpa paBHO Ro+Rpos. B OCHOBHOM BXOJHOe CONPOTHBIIEHHE
onpesensercs N06aBOYHBIM CONPOTHBJIEHHEM, KOTOPOE 3aBUCHT OT
YYBCTBHUTENILHOCTH TajbBaHoMeTpa. Uem MeHbiie [y, TeM GoJblue
HYKHO B3fITb Rjo6, TEM, Clle[IOBaTe/bHO, Bhille Ryy. Kenanue mosy-
YUTb BOJITMETP C BBICOKHM BXOJHbIM CONPOTHB/IEHHEM — OJHA M3
NPHYKH, 10 KOTOPOH /sl aBOMETPa CTPeMsTCH M0406paTh rajJbBaHO-
METp C BbICOKOH UyBCTBUTEJNbHOCTBIO, T. €. C MajabiM /.

BesmuuHa BXOZHOrO CONMPOTHBJIEHHS ONpelessieTcss TaKkKe Mpe-
IeJOM H3MepeHHsl HampsikeHus. UeM Bbille 3TOT npejes, TeM 60Jb-
we Ry, a ciefoBaTeNbHO, H Ryx. [ToaTOMY H3MepsiTh Masibie Ha-
NpSXKeHHsl HHOTZAa YAaeTcs TOJNbKO BOJBTMETPOM C GOJIBIIMM Mpe-
JeJIoM H3MepeHHH.

Ilnst cpaBHeHHs MHOrOWIKAJbHBIX BOJBTMETPOB ONpPelEsioT HX
BXOJIHOE CONPOTHBJIEHHe R, [Js npejena usmepeHui 1 6:

1000
R x = I (ra) (B ThIC. OM Ha BOJBT).

BosibT™MeTphI CpelHero KauecTBa HMEIOT BXOJHOE CONPOTHBJIEHHE
2000—5000 on/s, x0 OLIHE BOJNbTMETPhl — 10 000—20 000 om/s.

3Has BeqHuuHy R , JIerKo NOACYUTaTh BXOJIHOE CONPOTHBJIeHHE
BOJIbTMETpA AJis JI000ro npefena H3MepeHHH.

ITycte R,,=5000 om/s. BosbTMeTp ¢ Takum .rajbBaHOMETPOM

6y,U,ET HMeTb CJeAylollne BXOAHbIE COIIPOTHBJIEHHS:
U, =10 8 R,, =5000-10 = 50000 o4 =50 Ko;
U, =50 8 R, =5000-50 = 250 xou;
U, =250 6; Ry = 5000-250 = 1,25 Mou.

Jnsi u3MepeHHs NMePeMeHHBIX HaNpsiKeHud B
BoabTMeTp mepemenHoro CXEMY aBOMeTpa BBOIAAT ﬂpoc‘DOi/'l moJynpo-
HANPAKEHHs BOJHHKOBBIH BBINpsIMATENDb (aAnon). B pesyib-
. TaTe B pPaMKe IOSABJsETCS My/IbCHPYIOLIHE TOK,
IPONOPUHOHAILHO CPEAHEMY 3HAUYEHHIO KOTOPOTO OTKJ/OHSETCH
CTpesKa rajJbBaHOMeTpa. JTO 3HaueHHe TOKa TeM GoJblle, 4eM
GoJiblile NepeMeHHOe HaNpsXKeHHe; CJIeA0BAaTe/bHO, O BeJHYHHE Me-
peMeHHOro HanpsikeHHs MOXHO CYAHTb 10O OTKJ/IOHEHHIO CTPEJIKH
npubopa. lllkana npubopa oTrpajyHpoBaHa B BOJIbTAaX IE€PeMEHHOro
HanpskeHus. [ss pacllupeHHs NpejesioB H3MEPEHHS CHYXKHT Pl
1106aBOYHBIX CONPOTUBJ/IEHHH.

B TOT MOMEHT, Korja NnoJIynpOBOJHHKOBBEIH JHOJ, He NMpOMycCKaer
TOKa, CONPOTHBJIEHHE ero OYeHb BeJHMKO M MO3TOMY K HEMY IPHJO=
XeHa Oo/ibLiasf YacTb H3MepsieMOro HamnpsiKeHus. [Ipu H3MepeHHH
Go/IbLINX HANDAXKEeHHH MOoXKeT NPOU30ATH npoboit Auoga. Utobwl u3-
6exaTb npo6os, B BOJAbTMETP BBOASIT 3alUTHHIH AWox. B Te moay-
NepuOjbl, KOrla OCHOBHOH MAHOJA He NpPONYCKaeT TOKAa, 3aLUTHBIA
Mo NPOBOAMT €ro H TaKHM 00pa3oM 3aMblKaeT HaKOPOTKO OCHOB-
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HOll IHOA M rajbBaHoMeTp. B 3ToM ciyyae HanpsikeHHe Ha OCHOB-
HOM JHOJe He MpeBblllaeT JOJEH BOJbTA.

Hauaso wkKaab BOJbTMETPa OKa3blBA€TCH HECKOJbKQ «CxKa-
THIM», TOCKOJNbKY KPYTH3HA XapaKTePHUCTHK IOJYNPOBOAHHKOBBIX
JHOJ0B B Hauaje MEHbIIE,

[anpBaHOMETP MOXKHO HCINOJb30BaThb KakK aM-
Amnepmerp noctosutoro I€PMeTp ¢ mpenenom usmepenuit lo. Ilpenensi
TOKa M3MepEeHHUsi PACIIUPAIOT NMPU MOMOLIM IIYHTA.
Hcnonb3ysi cucTeMy MepeK/IOYeHHsi LIYHTOB,
MOXHO MOJYYUTb MHOTONpEeNeNbHbI aMIepMmerp.
. Tusm [1poBoxsi ©U3MepeHHs raJib-
4 BaHOMETPOM C IUYHTAMH, He-
00u 06XOXUMO  NOMHHTb,  UTO
ocTaBJsiTh Npubop 6e3 LIyHTa
Hesab3si. Ecid, Hanpumep, BO
BpeMs MepeKJIOUeHHH mnpeje-
JIOB M3MepeHHil npubop XOTH
Obl Ha MIHOBEHHe OcCTaHeTcs
/C’D/ 6e3 IUyHTa, TO 1O paMKe
npofiieT BeCb H3MepsieMbll
= TOK M TrajbBaHOMETP MOXKET
BBIHTH M3 cTposi. MeHaATh
IUYHT HYXHO NPH OTKJIIOYeH-
HOM mnpubope.
B MHorompenesbHBIX am-
y o= nepMeTpax IMIHPOKO MpHMe-
Puc. 237. [ToaknioueHHe yHHBEPCAJbHOrO  HSIOT YHUBEpCaJbHbIH LIYHT,
1ynra KOTOPbIH BCerna MOAK/IOYeH
K raabBasoMmerpy (puc. 237).
DTOT WIYHT MO3BOJIAET JAOBOJbHO MPOCTO NEPEXOAUTH C OJHOTO Mpe-
Jena H3MepeHHH Ha Jpyroi.

[Ipy HewsmeHHOM HanpsKeHWH Garapeu
Ommetp (puc. 238, a) BesivuHMHA TOKa B lenu 19 3aBH-

CHT TOJMBKO OT Ry, BC/IeICTBHE 4YEro O BeJH«
YHHE 3TOro CONPOTHBJIEHHS MOXKHO CYIHTb MO MOKa3aHWUAM rajbBa-
HomeTpa. Uem meHblle /g, Tem Goabule R.. lllkany ranbsanomerpa
rpajiyHpylOT B oMax; TaKUM o6pa3oM npuGop npeBpallaeTcsi B OM-+
MeTp.

HyneBoe nenenue wikasbl COOTBETCTBYET C/yYalo, KOTAd KOHTAK+
Tol 1 u 2 (puc. 238, a) 3aMKHYTHl HaKOPOTKO, T. €. R,=0.

Uro6bl Hy/eBoe JeJleHHe LIKaJbl OMMETpa COBMAN0 C KpaiHUM
NpaBbiM [OJOXKEHHEM CTpeJKH, B LieNb BKIOYAOT J06aBOYHOE CO-
npoTuBjeHde Ryos (puc. 238,6), BeJHUMHY KOTOPOTO NOAGHPAIOT C
TaKHM pacyeToMm, YTOGHl NIPU 3aMKHYTBIX KOHTakrax I, 2 TOK uepe3
npubop 6bls1 paBeH [o. Kpome Toro, B oMMeTp BKJ/IIOYAIOT NepeMeH-
HOe comporuBieHue Ry o («YcraHoBKa Hyjsi»), Hrpaioliee poiib

wyHTa npubopa, [Tepen u3amepeHueM R, 3aMblKalOT KOHTakTH /, 2 H,
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M3MeHsisl conpoTuBienne Ry . , HK0oGHBAlOTCS, YTOGH TOK 4epes MpH-
6op OKasasicst paBHbIM /o, T. €. YCTAHABJMBAIOT CTPEJKY Ha HyJeBOE
AeneHne ommerpa. buarogaps 3TOMy COXpaHHTCS NpaBHJABHOCTh
rpadyupoBKH NpHOOpa, ecad HampsixKeHHe GaTaped HECKOJbKO CHH-
3UTCS.

llIxana oMmMerpa umeer npefenst ot 0 go oco. IlpaBoe kpaiinee
Jle/leHde WKajbl COOTBeTcTByeT 3HaueHHI0 R,=0 (koHTtaktbl [ u 2
3aMKHYThl HAaKOPOTKO), JIeBOe KpaliHee fesleHHe — 3HayeHUI0 R, = oo
(uenb pasomkHyTa). Kasanoch Gbl, nMeeTcsi BOSMOXHOCTb U3MepsTh
OMMETpPOM J106ele conpoTHBAeHUs oT 0 10 oo. Ho 3to He Tak. Hene-

~

Y2
- p ),
N |
2

b ol ~ b Raos

Rz

R
I 2 F—{ ¢+ o
1 Z
a ]

Puc. 238. Cxema ommerpa:

a — npuHUMn AeficTBHA oMMeTpa; 6 — BKJKOYeHHe R0GaBOYHOro COMPOTHB-
JIEHUd 106 H COHDOTH?.}TEHHH YCTAaHOBKH HYJs Yer.0

HHUS IIKaJbl OMMeTpa oueHb HepaBHOMepHBl. UeM Gosibllie COMPOTHB-
JieHHe, TeM MeHblle TOYHOCTh oTcyera. OueHb GOJIbIIHE COMPOTHBIIE-
HHUs ONpeJessiTh NPAaKTHUECKH HEBO3MOXKHO.

O6b1uHO B aBOMETpe [esaloT yeThipe Npefesa H3MepeHHH, KOTO-
pble OTJIHYAIOTCS OJHH OT APYroro B JecCATb pas.

9. UamepHTeNbHbIA MOCT

M3MepHuTebHBIH MOCT HCIOJB3YIOT B TeX CJAydasx, Korga Tpe+
6yeTcsi BBICOKAsi TOYHOCTb H3MEPEHHs] CONMPOTHUBJIEHHUS.

B cxeMy H3MepHTesnbHOro mMocra (puc. 239) BXOAAT YeThIpe CO-
nporuB/enusi: Ry, R, R3 1 R, — HasblBaeMble NMJeyaMu MOCTa, KO-
TOpble 06pa3yloT 3aMKHYTHIH KOHTYp. K yyacTkaM 3aMKHYTOro KOH-
typa /—3 u 2—4 (KoTopble Ha3bIBAIOT [HAroHa/JsIMH MOCTa) MNOA-
KJ/II0YalOT COOTBETCTBEHHO HCTOYHHMK TOKA M M3MepUTeJBHBIA npHOop
(ranbBaHOMETD).

B o6iueM cayyae B noJo6HOH cxeMe BO3MOXKHBI TPH peXHMa pa-
60THI:

-— MOTeHLHas TOYKH 2 Bblllle NMOTeHIHa a TOUKH 4 — yepes rab-
BaHOMeTp TeyeT TOK CBepXy BHH3 (CTpesKa NpHGOpa OTKJOHSETCH
B OJHOM HallpaBJIEHHH);
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— MOTeHIHaN TOYKH 2 HHXKe MOTeHLHasa TOYKH 4 — uepes3 rajbs
BAHOMETP TeueT TOK CHU3y BBepx (cTpeska npubopa OTKJOHseTCH
B JPYroM HamnpaBJ/eHHH);

— MNOTEHLHAasJ TOYKH 2 paBeH MNOTEHLHANy TOYKH 4, B rajbBaHoO-
MeTpe TOKa HeT (cTpeska mpubopa OCTaHETCsl Ha Hyne)

Hanpas/sienue u Be/MuHHA TOKa B lieNH rajibBaHOMETpPa 3aBUCHAT
OT Pa3sHOCTH MOTEHLHAJOB MeXAy TouKaMH 2 H 4, a cJe[oBaTeNbHO,
H OT BEJIHYHH CONPOTHBJIEHHHA MJeu MocTa.

Korna B amaroHanu c¢ mpubopoM NpoTeKaeT TOK, CXeMa MOCTa
Ha3blBaeTcs HeypaBHoBelleHHOM. Koria Tok paBeH HyJ0, cxeMa Mo-
CTa Ha3blBaeTcsi  ypaBHOBelleH-
HOM.

PaccmoTpum, mpu Kakom coOT-
HOLIEHHH MEXJIy CONPOTHBJIEHHS-
MH TIJled CXeMa MOCTa YypaBHOBe-
LeHa.

Ecnu MocT ypaBHOBelleH, TO
MOTeHUHaabl TouekK 2 H 4 paBHHL
B stom cayuae

I1=1X H 12=13.

+ Kpome Toro, mOJIKHBI OBITH CO-
,%—---{F 6/110eHbl YCJOBHSl paBeHCTBA Mna-
JIeHHH HanpAXKeHUH

Punc. 239. Cxema wMmocra Aas
H3MepeHHs COMpPOTHBJEHHS 11R1 =/2R0 U IrRx=]3R3~

Pasgenus nocieiHHe ABa paBeHCTBa OJHO Ha JApYyroe, MOJyYHM
LRy LR,
T.R, — LRy

Ho tak kak I, =1, u I3=1I3, nocnejHee paBeHCTBO NOC/€ yNpoLles
HUS PHMET BHA

R _ R
R, — Ry’

OTKyZa

Rle = RzR .

Hrak, ycnoBHeM DABHOBECHSi B CXeMe MOCTa SIBJSIETCSl PaBeH-
CTBO NMPOH3BENEHHii COMPOTHBJEHHII NMPOTHBOMONOKHBIX MJey.

W3 mociieiHero BHIpaKeHHs CleAyeT, 4T0 ypaBHOBELIEHHBIA MOCT
MOXHO MPUMEHSTh Jisi H3MEPEHHs CONPOTHB/IEHUA. 3Has BeJHUHHBI
Tpex comnpoTuBiaenuil (R;, Ry u R3), MOXHO ONpeJe/HTh BEJHUHHY
yerBeproro (R:):

R = 3R, (87)
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Conporusnenusi R; u R, Ha3biBaloTCsi GaNlaHCHBIMHM MJE4aMH MO-
CTa, CONPOTHBJEHHE R3 — CPAaBHHTENbHBIM, a R. — M3MePHUTEJbHBIM.

Ha npakTuke B MU3MepHUTENbHBIX MOCTAaX OTHOLIEHHE COTPOTHBJE-
Hm“{% Gepyr kpathbiM 10, T. e. %’2=1 (uan 10; 100; 0,1 7. 7).

IMopsimok mosnb3oBaHHsI MOCTOM TaKoOM:

— TOJKJIOYHTb B CBOGOJHOE MJe4o MocTa H3MepsieMoe COMpo-
THBJIEHHE;

— noa6opoM BeJHUYHHBI COMPOTHBJEHHUS R3 AOOGHUTHCA YCTaHOB-
JIeHUs1 CTpesKyu npubopa Ha HYJb;

~— OTCYUMTATh BEJHYHHY ONpENeNsieMOro CONPOTHBJIEHHS,

Kpatkue sbi800061

1. Tok 06bIYHO H3MEPSIOT aMMNepMeTPOM MarHHTO3JeKTPHUYECKON
HJIM 3JIeKTPOMAarHHWTHOH CHCTEMBI.

2. Pa6oTa MarHuTos/JeKTpHYyecKHX NMpH6OpPOB OCHOBAaHA Ha Mei-
CTBHM ME€XaHHYECKOH CHJIbl Ha NMPOBOJHUK C TOKOM, KOTOpBIH HOMe-
Ial0T B MArHuTHOe Ilose. BesuuuHa 3TOi CUJBI MPONOPLHOHAJBHA
BeJHYMHE TOKa M CHJIe MArHUTHOIO I0JS.

BmecTo mpoBozHHKa HCHOJb3yeTcss HeGoJsbliasi MOABHIKHAA Ka-
TYUIKa, Pacno/oXKeHHas B BO3AYIIHOM 3a30pe NMOCTOSIHHOTO MarHuTa.
CTpenka u KaTyllKa HaXoOAATCSi HAa OQHOM OCH W BO3BpAlLlalOTCS B
MCXOJHOe TMOJIOXKEeHHe Napoi CINHPAJbHBIX NMpPYXKHH.

MarnuTtosneKTpHUYeCcKuil NpUGOp HMEeT JIHHEHHYIO LIKaJy.

3. B s/eKTPOMarHUTHbIX NPUOOPaX H3MepsieMbli TOK NMpPOTEKaeT
yepe3 HEMOABHXKHYIO KaTyluKy. [leficTBue 3THX NpHGOPOB OCHOBAHO
Ha SIBJIEHHH BTATHBAHHUS CTaJbHOI'O CepJeuHHKa B KaTyLIKY.

DJIeKTPOMarHuTHbIN npubop, UMeeT KBajApaTHuHylo wkaay. [Tpu-
llaBas onpeleseHHY0 (opMy CTalbHOMY CepIeYHHKY, KBaJpaTHuy-
HYI0 1IKaJy MOXHO clenaTb Gosiee HIM MeHee paBHOMEDHOH.

4. TlpuGopel 0151 U3MepeHHS TOKa BKJIOYAIOT B llellb NOC/Ae0Ba-
tenpHo. OHU uMeloT HeGosblloe BHYTpeHHee conpoTHBJeHHe. Hys-
CTBHTEJNbHOCTb HX OIpejessieTcsds BeJIHYMHOH TOKa, TpebyemoH AJs
OTKJIOHEHHst CTPeJIKM Ha MOJIHYIO LIKaay.

Has paciiupeHnss MpelesioB M3MEPeHHsi TOKa MPHMEHSIOT IUyH-
Thl, BKJIIOYaeMble NapaJiesbHo K Npubopy.

5. [1pubop nns M3MepeHUs HaNpsXKeHUs Ha3blBaeTcsl BOJbTMET-
pom. Ero Bcerna noikaoyaT napasjielbHO K yyacTKy lleMu, Ha 3a-
JKHMax KOTOpOTO OnpejefsieTcsi HanpsiKeHHe. BHyTpennee compo-
THBJIEHHE BOJIbTMETPA OueHb GOJbIIOE.

Jlns M3MepeHUss HanpsiXKeHUs B Pas3JUYHBIX QHAMas3oHax Mocie-
JI0BaTeJbHO C BOJIbTMETPOM BKJIOYAIOT N06aBOYHbBIE COMPOTHUBJIEHHS.

6. McnpaBHocTh Llenefl npoBepsiloT oMMeTpoM. IIpH KOpOTKOM
3aMBbIKaHUH B LleNH NIOKa3aHHe Npu6opa paBHO HYJIO, IPH pa3opBaH-
HOH LIeTH OMMETp MOKa3blBaeT 6eCKOHeuHO GOJbllioe CONpPOTHBIEHHE.
Ins o6HapyXXeHHs paspbiBa B LeNH NOJb3YIOTCS 1IKaaod HauboJb-
1Iero CONpOCTHUBJIEHHSI.
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BOITPOCHI OJ11 CAMOKOHTPOJY

l‘? MarHHTO3JIeKTPHYECKOM npHGOpe CTpeika YCTaHAaBJMBAaeTCs Ha HYyJb
MO JeHCTBHEM:

a — CNHpA/NbHBIX NpPYXHH; 6 — IBYX CKJaJbIBAIOIIMXCA MarHUTHBIX moJel;
B — JIByX NPOTHBOMOJIOXHBIX MAarHUTHBIX MOJEH; T — TPeHHS OCH.

2. B maruuToasnekTpuueckoM npuGope OTK/IOHeHHe cTpeskd npu6opa BhHISHI-
Baercs:

a — MOCTOAHHLIMH MarHHTaMu; 6 — TOKaMH KaTyIIKH, B — B3aHMOJECTBHEM
MEX1y JABYMS MarHHTHbIMH TMOJISMH; I — JeHCTBHeM aJlOMHHHUEBOH paMKH.

3. B MarHu103/€KTPHYECKOM NpPUGOPE OTKJIOHEHHE CTREJIKH:

a — NpPOMOPUHOHANBHO TOKY KAaTyUKH; 6 — O6PaTHO MPOROPUHOHAJBHO A TOKY
KaTyWKH; B— NPONOPLUHOHAJNBHO KBAaJpaTy TOKa KaTyWKH; T — He 3aBHCHT OT
TOKa KaTYLIKH.

4. BenuuMHa TOKAa KaTylIKH, HeOOXOAMMOro J1/sl OTK/JOHEHHA CTpeNKH Ha
MOJIHYIO LIKaJay npuGopa, HasbiBaeTcs:

a — JMana3oHoM TOKa; 6 — AMAaNa30HOM HAMpSXeHHS; B — CONpPOTHBJIe-
HHEM; T — YyBCTBHTEJbHOCTbIO.

5. Jlns BKJIOYEHHs aMnmepMeTpa B LeNb M0C/€A0BaTENbHO HEOGXOAMMO:

a—pa3opBaTh leNb B OJHOH TOYKE H BKJIIOYHTb NpuGOp; 6 — pasopsaTb
lenb BO3Jie 3a)KHMOB HCTOYHHKA HaNpsXeHHS M BKJIOUYHTH NpuGOp K OLHOMY H3
HHX; B — 3aMKHYTb CONpOTHBJeHHe HAKOPOTKO W NOAKJIOYHTb NpUGOp K ero 3a-
XHMaM; T — pa3opBaTb lenb B OJHOI TOYKE M NOAKIIOUMTL NMPHGOP K OLHOMY
KOHLY NpOBOAA, a APYrOH KOHell COeAMHHTb C 3eMJell.

6. UTo6bl BKJIIOYHTL BOJIBTMETP A/ H3MepeHUs NajJeHHs] HanpsiKeHus, HaLo:

a — pasopBaTh llenb B OJHOH TOYKe M BKJ/IOYHUTb BOJIbTMeIP; 6 — pasopBaTh
Henb B JBYX TOYKAaX H MOAKAOYHTL K HHM nNpHGOp; B — MOJKJIOUHTH NpHGOp
K KOHLAM CONDOTHBJIEHHSI; T — OTK/IOYHTb HCTOYHHK HaNpsiXKeHHs, a BOJLTMETP
BKJIIOUHTD.

7. lyHT ans MHAIHaMnepMeTpa:

a — pacilupsieT mnpejejibl H3MepeHHS H H3MeHsSeT CONpOTHBJeHHe npuGopa;
6 — paciuHpsieT Npejesbl M3MepeHHs H YBeJHUHBAeT CONpPOTHB/IEHHE; B — yMeHb-
11aeT npejenabl H3MEpPEHHs] H CONMpPOTHBJEHHE; T — YMEHbILAeT Npejenbl H3MepeHHd,
HO YyBeJHYHBaeT COMpPOTHBJEHHE.

8. Ilpu usmepeHun GeCKOHEYHO GOJIBIIOrO COMPOTHBJIEHHS HYXKHO HCIOJb30-
BaTh CJeJYIOLIKil AHANa3oH COMPOTHBAEHHH Ri:

a—1 om; 6— 1000 om; B — 10000 os; r— 1000000 ox.

9. Ilpu uaMeperuu conporHBienuss | Mom na paspbiB HauGoJee lesecoo6-
Pa3HO HCNOJIb30BAaTh AMaNa3oH COMPOTHBJIEHHH Ri:

a—1 om; 6 — 1000 om; B — 10000 om; r — 1000000 o.

10. Korna wucnossn3yercss oMMeTp, TO HCTOYHHK MHTAHHS leNu OTKJIOYAIOT,
NOTOMY 4TO:

a — HCTOYHHK JMIlb YBeNHYHBAeT CONDPOTHBJEHHe; 6 — TOK yMeHbllaeT co-
NpOTHBJIEHHE; B — OMMETp HMeeT CBOIO cOGCTBeHHyio 6aTapelo; —— J1sl MarHu-
TO3JIEKTPHYecKoro npubopa He TpebyeTcs TOKAa B MOABHUNKHOH KaTylIKe.

11. Jo6aBouHoe CONpPOTHBJEHHe MAJS BOJNbTMETpPa HMeET:

a — Go/lblIyI0 BEJIMYHHY NpPH MOCJeLOBATeNbHOM COEHHEHHH C KaTyWKOH
npu6opa; 6 — GOJIbLIYI0 BeJUUHHY NpPH Napaj/ielbHOM COEJMHEHHH C KaTyLIKOH;
B — BeIHUMHY MeHbllie | Mom Tipu mnocief0BaTeIbHOM COeHHEHMH C PaMKoil
npubopa; r — BeJHYUHY MeHblle | Mom npu napaJ/jieslbHOM COeJHHEHHM C Ka-
TylWKoOH npubopa.

12. Inana3oH u3MepeHHs] TOKa MOXeT ObiTb pacIiMpeH MPH MOMOLILM:

a — WYHTOB; 6 — [06aBOYHBIX CONPOTHUBJNEHHH; B — BHIIpAMUTeNed; T —
JlenuTesieli HanpsiKeHHs.

13. AmnepmeTpoM ¢ conpoTuBieHdeM 100 o, uMetomum mxany 0—I1 xa,
HYXHO H3MepHTh TOK 10 100 ma. ComporuBjleHHe WYHTA JOJXKHO ObITb PaBHO:

a—1 om; 6 —1,1 om; B— 1,01 om; r-— 2,04 om.

14. B amnepmerpe Ha 20000 om/é [As OTK/NOHEHHsl CTPeJKH Ha MOJHYIO
mxany tpebyercs TOK:

a— 50 mka; 6 — 500 mka; B— 0,005 a; r— 0,001 a.
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15. Amnepmerp conpotuBieHueM 100 osm, uMeiournii wkaay 0—I1 ma, HyXHO
HCIO/Ib30BaTh B KauyeCcTBe BOJIbTMeTpa [/as H3MepeHHs HanpsnkeHuss 0—250 .
BesinuvHa 1p06aBOYHOrO CONPOTHBJIEHHS, BKJIOYas COMPOTHBJEeHHe mpuGopa, N0J-
JKHa ObITh:

a— 25 kom; 6 — 250 kom: B — 2500 xom; 1 — 500 xom.

16. ITpu6op na 1 ma, 100 om wucnonb3yercs coBMecTHO c Garapeeit 6 8
I H3MepeHHs conmpoTHBjeHus. OG6ulee CONpOTHBJEHHe NpHGOpa AONIKHO GBITh:

a — 450 om; 6 — 4500 om; B — 6000 om; r — 60000 ox.

YITPA)KHEHHS

1. a) IToueMy aMmepMeTp BKJIOUalOT nocleAoBaTeNbHO B Hemb? 6) ITouemy
OH JO/MKeH HMeTb HeGoJsblioe comporHBieHHe? B) [loueMy BOJIBTMETp NOAKJIO-
yalT napamienbHo K wenu? r) [louemy oH Jo/KeH HMeTb G60Jbllioe COMPOTHB-
JleHHe?

2. Uenb umeer G6aTapelo, NOAKJIIOUEHHYI0 K JABYM IOCJeN0BAaTeNbHO COeNH-
HeHHbIM COMpPOTHBJEHHSM.

a) Hapucyfite cxeMy BKJIOUEHHS MHJJIHaMnepMerpa c co6Ji0JeHHeM MOJsp-
HOCTH MeXJy HBYMsl COMPOTHBJEHHSIMH [l H3MepeHHs TOKa.

6) Hapucyiite cxeMy BKJIOUeHHSI BOJbTMeTpa C COOJIOfEHHEM MOJISAPHOCTH,
4TOGHl H3MEpHTb HanpsiXKeHHe Ha 3aXKHMax OJHOrO CONpPOTHBJIEHHS.

3. O6nACHHTe KOPOTKO, MOYyeMy WIYHT M[puGOpa, paBHBI CONMPOTHBJEHHIO
NOJABHXHON KAaTYIIKH, YABaWBaeT IIKaJy M3MepeHHs TOKa?

4. Kakoe compoTHBJeHHMe IIYHTA MUJIMaMiepMeTpa NPH CONMPOTHBJEHHH MO-
IONMXKHOH KaTyllKH 5 oM Heo6XomMMO AJA paciuupeHust AuanasoHa ¢ 0—1 go 5
u 50 ma?

5. Ins wkansl 0—1 Ma npu COMPOTHBJIEHHH NOJABHXHOH KaTywku 50 om
nojicuuTaiite N06aBOYHOE CONMPOTHBJEHHe, Heo6XoAHMoe i Auana3oHoB 10, 30,
100 1 300 s.

* 6. BosbTmerp HMeer Aauanason 0—I120 8 u ofluee comportusaeHxe 360 xom.
Kakoe conpoTHB/ieHHe HEOGXOAUMO BKJIOYHTb MOC/IEAOBATEJNbHO MJIS H3MepeHHsS
Hanpsikenust no 480 g?

7. Munnuamnepmerp ¢ muanasoHoM 0—20 ma uMeeT COMPOTHB/IEHHe INYHTA
20/9999 om. ConpoTuB/eHHe MOABHXKHOH KaTymku paBHO 20 om. KakoBa Besn-
YHHAa MAaKCHMaJbHOTO TOKa, KOTOpHIi MOXeT ObiTb HM3MepeH NpHGOPOM C 3THM
LIyHTOM?

8. M3mepsietcst HanpsiKeHue, MOPSAOK BeJHYMHBI KOTOPOro HeussecteH. [lo-
yeMy HeoGXOAMMO BHauyaJie NepekJioyaTeJb NMpHGOpa MOCTaBHTb Ha HaHGOJBIIHI
JlHanasoH, a 3aTeM MepekJioYaTb ero Ha Gojiee HH3KHE JHAMA30HBI?

9. Kakde [Be NpPeNOCTOPOKHOCTH cClefyeT coGJI0faTh MPH HCMONb30BaHHH
MHJJIHaMIepMeTpa?

10. l§aKHe JBe MNpPEeJOCTOPOXHOCTH cJeAyeT cOG/MI0JaTb NpPH HCMOJb30BaHHH
oMMeTpa
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TPHJIO)KEHHE 1

YCHOBHBIE TPAOHYECKHE OBO3HAYEHHUS HEKOTOPbLIX 3JIEMEHTOB
SJIEKTPHYECKHX CXEM

— TTocTosIHHBIN TOK, MOCTOSIHHOE HampsiKeHHe
L
~ [lepeMeHHBII TOK, MepeMeHHOe HampsXKeHHe
S~ 50 Tpexda3snbifi nepeMeHHHE TOK 4actoToit 50 24

ITocTosiHHBI M TNepeMeHHBIH TOK

CoenyiHeHHe OGMOTOK B 3Be3LNy

Coenunenne 06MOTOK B TPEYrOJbHHK

CoequHHTeNbHEI NPOBOA, Kabeab

ITposox nnu kaGenb 3KpaHHPOBaHHBIN
ODnekTpHUeCKH He COeJHHEeHHble MPOBOJIA

S.nex'rpnqecxu COoeMHeHHble NpPOBOJAA

’

OrTBeTB/ieHHe NpoBOAA

IMocrosiuHHi pe3uctop (ofliee o603HaueHHe)

[TepemenHblii pesucrop (o6ulee oGo3HaueHHE)

TTepeMeHHBIN pe3ucTOp (MOTEHLHOMETP)

SYSERSRREY

IlepeMeHHHINt pe3ncTOp (peocrar)
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Katyilka HHDYKTHBHOCTH, 06MOTKa TpaHchopMa-

TOpa

Ka'rymxa UHAYKTHBHOCTH C OTBOAAaMH

KonpeHcatop mocTosHHOH eMKOCTH

Konnercatop noactTpoeunbt

KoHnpeHncaTop nepeMeHHOH eMKOCTH

KoHnaeHcaTop 3/1eKTpOJHTHYECKHM

Ipoccesb ¢ (eppOMarHUTHHIM CepleYHHKOM

Tpanchopmatop ¢ ¢eppoMarHHTHBIM CepLeYHHKOM

OcBeTuTesbHAs Jamna

CurHaJbHasi JlamMna

3axuM (pa3beMHOe 3JIEKTPHUECKOE COeIHHEHHe)

O/IHOMOJIIOCHBIH BHIK/IOYATENb

JIBYXMOJIIOCHBIH BBIK/IIOUATENb
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BosnbTMeTp nepeMeHHOro TOKa

AMnepMeTp MOCTOSIHHOTO TOKa

O6mMoTka pene

SneKTpoOMarHuT

DJIeKTPO/IBHraTe/Ib WM TEeHEpaTOp C MapaJsliebHBIM
BO36yXK1eHHeM

DnekTpojBHTaTeNb HMJH TeHepaTop ¢ MOCJeAOBa-
TeJbHbIM BO30YXIeHUEM

DJIeKTPOJBHraTelb HJIH TFeHepaTop CO CMellaHHBIM
BO36yX/1eHHeM

XHMHuecKHi  HCTOUYHHK  3JeKTPHYECKOH  3Hepruu
(3/1eMeHT, aKKyMyJsaTop)

Batapess 3JieMeHTOB, akKyMyJasiTopHas GaTapes

G

IMnaBkuil npeaoxpaHuTe/b

IMpoBoj, coefMHeHHBI ¢ KopnycoM mpuGopa

3aszeMaeHue

HarpeBatenbHHi 3/eMeHT (3/IeKTPHYECKAs mMeub)



ITPHJIO)KEHHE 2

HEKOTOPBIE CBEOEHHS H3 MATEMATHKH

Ecnu npu BHIYHCIEHMSIX NPHXONHTCS HMeTb J€NO0 C OueHb GOJBLIMMH HIH
OYeHb MaJ/IELIMH WYHCJIAaMH, TO yMeHHe Da6oTaTb C NOKa3aTeNsIMH CTeleHedl Ha-
MHOro ofJieruaer paGory,

Bo3Benenue B creneb

IeiicTBHe, nocpelCTBOM KOTOPOrO HAaXOAAT NPOM3BeleHHe HECKONbKMX paB-
HBIX COMHOXKHTeJlell, Ha3blBAeTCsl BO3BeJeHHEM B CTENeHb.

Uncno (cOMHOXKHTeNb), BO3BOAMMOE B CTeneHb, Ha3bIBAETCS OCHOBaHHEM,
a yuCJI0, MOKasblBaiolllee, B KaKylo CTelleHb BO3BOAHTCS OCHOBaHHe (MOKa3hl-
Baiolllee YMUCJO paBHBIX COMHOXKMTesefl), — NoKasarteneM crenedd. Hampumep,
B BblpaxeHun 24=2.2.2.2=16 ocHOBaHHe —YHCJO 2, TOKasaTeJp CTere-
HH — 4, a npou3BeleHHe DaBHHIX COMHOXHTesleH (pe3ysabTaT BO3BELEHHS B CTe-
nexwb) — 16. ‘

ITepBoil cTenmeHblo yuC/a NPUHATO CYUMTaTh caMo 3T0 uyucno: 2'=2. ITokasa-
TeJb _CTeMeHH |, KaK MPaBHJO, He MHUIUETCS.

BTopylo cTenmeHb uHcsia Ha3HBAalOT KBaAPAaTOM 3TOr0 UHCJIA, TPEThbIO — Ky-
6oM, a BO3BeJleHHE BO BTODYIO M TPETbIO CTeleHb — COOTBETCTBEHHO BO3BeJeHHEM
B KBajJpaT H B KYG.

102 — necsitb B kBajparte, 10— necsithb B KyGe.

IMosie3Ho 3anoOMHHTL pe3yJibTaThl BO3BeJleHHs B CTeneHb ocHoBaHua 10:

10! = 10; 10— =0,1;

102 = 100; 10—2 = 0,01;

10% = 1000, 10—8 = 0,001;
10¢ = 10000, 10—¢ = 0,0001;
108 = 100000; 10—% = 0,00001;
106 = 1000000; 10—¢ = 0,000001.

Jas pecATHYHBIX JpoGeil MeHblue eIMHHIb OTPHUATE/NbHHIH MOKa3aTelb CTe-
MeHH O03HayaeT YHC/IO JEeCATHYHBIX 3HAKOR, OTCYMTHIBaeMbIX BIPaBO OT 3amsATOM.

Jlio6oe umcio Aasi yAOGCTBa BO3BeleHHs B CTeNeHb MOXHO MpeJCTaBUTh
B BHJe COMHOXHTeJell, OJ(HUM M3 KOTOpHIX siBasieTcsi 10 ¢ COOTBETCTBYIOUIMM MO+
KasaTesieM CTeleHH:

10 =1:10=1-10! 750 = 7,5-100 = 7,5-102
50 =5:10=25-10! 1000 = 1:1000 = 1-103
98 =9,8-10=98-10! 5000 = 5-1000 = 5-103
100 =1-100 = 1-102 9000 = 91000 = 9-103
200 = 2-100 = 2-102 9800 = 9,8:1000 = 9,8-108
Is ppobeit

0,01 =1.001=1.10"2

0,02 =2.0,01 =2-10—2

0,009 = 9:0,001 =9.10-3
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Yueno mesecoo6pa3HO HCNONb30OBATH B TOM BHAE, KOTOpHIH HauGojee yno-
6eH MJs1 Ka)OOro KOHKpeTHoro cayuas. Tax, npo6b 0,089 MOXHO MpeacTaBUTb
B AByX Bupax: 89-10-3 u 89-10-2

MHOXeHHe M [eJleHHe YHCeJ, BbIPAXKEHHBIX COMHOXHTE/SIMH, ONHHM M3
KOTOpPHIX sIBJAsieTCsl OCHOBaHMe 10 B CTeneHH, NMPOM3BOAATCS MO CJeLYIOIHM mpa-
BHJIAM.

MpaBuno ymuoxenusn. [lokasaTenu creneHell comHoxutenelt 10 CIOXKHTS,
IpyrHe COMHOXHTEJNH YMHOXHTb. Hampumep:

(2-104)(3-10%) = (2-3)-104+2 = 6.106;
(2-10-2)-(4-10-3) = (2-4)-10-2+(=3 = g.10-5
(2-107%)-(3-10%) = (2:3)-10(=9++2) = 6-107%
(2-107)-(2-10-%) = (2.2)-107H9 = 4.102

NpaBuno penenus. M3 noxasatens creneHn comuoxurtenass 10 neaHmoro Bhl-
yecTh MOKa3aTe/b CTeNeHH COMHOXHTeas 10 nenurtens, a Apyrie COMHOXHTENH
pasaenutb. Hanpumep:

(8-108) : (4-10%) = (8 : 4)-106=8 = 2.103;
(4-105): (2-1073) = (4:2)-105~(=3) = 2.108,
(4-107%): (2-10-%) = (4:2)-10(9~(3 = 2.10%
(6-10=4) : (3-102) = (6:3)- 1009~ = 2.10-s,

UasneueHue KopHs

H3Bnevenne KopHsi — neiictBHe, o6paTHOe BO3BeleHHIO B cTeneHb. KBagmpar-
HBIH KOpeHb YHC/Ia eCThb BEeJHYMHA, KOTOpAS NPH YMHOXEHUH Ha cebs (mpH BO3-
BeJleHHH B KBajpatr) paBHa JaHHOMY uHcay. OGo3HaualoT KBaJpaTHBIH KOpeHb

3dakom V', HasbiBaeMbIM paauKaoM, Hanpumep:
V36=6 (6*=36).

Jlns obneryeHusi uWTaTesio pellleHHsi 3ajau B Ta6a. 19 mpuBomATcs yucaa
(N) or 1 mo 120, ux xBazpaThl (N?) u KBajpaTHble KODHH (]/'ﬁ)

MpeoGpasoBanne ypaBHeHHM

Bo MHormx ciayuasix, nepel TeM KaK peliHTb 3ajayy, HeO6XOAHMO IMpeoG-
pasoBaTb aire6paHueckoe ypaBHEHHe, NOMEHSB MECTaMH ero MHOXHTend. s
5TOr0 MOJb3YIOTC CJAENYIOLIHM NPABHAOM: ecld 06e 4acTH yDABHEHHS YMHOMHTDb
HJAM pa3fieJuTh Ha OJHY H Ty e BeJHYHHY, TO PaBeHCTBO He u3Menutes. Ha-
npuMep, npeoGpasyem ypaBHenne U=/R nns onpejeneHust cuabl Toka /. Jlas
3TOro pasjenuM o6e yacTi ypaBHeHHs Ha R:

u_IR_, . U
R R ’ R
He uMeer 3HaueHHsi, B KaKOW uacTH ypaBHeHUs HaXoiutcsi / — paBeHCTBO

COXpaHsieTcs B TOM H ApYroM cayuae.
PaccMoTpuM ellle oanH cayvai. ITepen Hamu ¢opmyna

XL = QthL-
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HyxHo onpenenuts, yeMy paBHa uHAYyKTHBHOCTb L. Pasgenmum o6e wacTh ypas-
HeHust Ha BenuuuHy 2« f. Torma nosnyuum

i — M HJIU L = ﬁ’_
Wf ~ 2nf ! 2nf *
DT0 NpaBHIO MOXKHO TIPHMEHSTb K JIO6OMY BHIY ypaBHeHHH.

TpuroHomerpus

TpHroHOMeTPHS — 3TO OTAe] TIeOMETpPUH, MOCBSIIEHHbI H3YYEHHIO COOTHO-
IIeHH# MeX1y CTOPOHAMH M YrJaMH TPeyro/bHHKa.

Puc. 240

H3yueHHe 3aBHCHMOCTH YIJIOB HeOOGXOAMMO, KOTKa NPHXOAHUTCS HMeTb Je0
C MepeMeHHEIM TOKOM MWJIH HanpsKeHHEeM.

Ecau sunus OA (puc. 240) nepemecTuTcst BOKpPYr Toukn O B nojoxe-
HHe OB, 10 o6pa3syetcs yron AOB. Jlunun OA u OB nupencranasior co6oi
CTOPOHBl yraa, a Touka O — ero BepUIHHY. Yrosl NPHHATO 0603HauYaTh GYKBOA ¢.
Jast yno6cTBa Yroa ¢ CYMTAIOT MOJIOXKHTEJbHBIM, €C/IH OH CO34aeTCA [ABHMKEHHeM
JHHUM MpPOTHB YaCOBOM CTPeJKH, M OTPHLATEJNbHHIM — MO yacoBoil cTpeiike. [loJ-
HOe BpallleHHe JHHHH 3a ONMH nepHox o6pasyer yroa 360°. ¥Yrabl HasbiBaloTCs
OCTPLIMH, €C/IH OHH MeHblle 90° ¥ TynbIMH, ecad OHH GoJbwme 90°. ¥Yroa 90° —
npsiMoH.

" W3 wecTH TPHrOHOMeTPHYECKHX (YHKLUHA B 3JeKTPOTEXHHKe [ XapaKTepH-
CTHKM lened MepeMeHHOrO0 TOKa Hanbosee yacTo HCMOJL3YIOTCA TpH: sin ¢, COS ¢
u tge.
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B npsMoyroneHoM TpeyrombHike AOB (puc. 241) cropona OB, nexamas
NPOTHB MNpPSIMOTO yIJla, Ha3bBaeTcsl THMOTeHY30H, cropoHsl OA u AB - Ha3bl-
BalOTCHA KaTeTaMH.

NpOTHBOJIEKaLas cTopoHa  AB |

sing=

rHIOTEHy3a = 0B’
__ _ nmpuiexamas cropona _ OA,
cosg= rUNOTEHY3a 0B’
to o — npoTHBOJexallas cropoa _ AB
gP= npunexailas cropona  QA°

Cunyc 0° paBeH HyJIO M C yBeJnueHHeM yraa o 90° Bo3pacTaeT 10 MaKCH-
MaJIbHO# BeJMuHHbI, paBHO# ejuHHue. KocuHyc, HaA060pOT, paBeH eluHuue npu 0°
H yMeHbllaetcs no Hyas npu 90°. Tanrenc 0° paBen HyJ0; TaHreHC 45° — enu-
HHlle H 3aTeM Bo3pacTaeT g0 oo npu 90°,

Ecan usBectHo, uto sin ¢=0,7071, Torna no tabanue (yHKUHMI HAXOAHM,
4TO COOTBETCTBYIOWIHII yros paBeH 45°.

B ra6a. 20 npuBoAATCA 3HAUYEHHS CHHYCOB, KOCHHYCOB, TaHF€HCOB H COOT-
BETCTBYIOIIHX HM YIJIOB,

Ta6auna 19

KBaapaTel U KBagpaTHbie KOPHH yHucea oT 1 mo 120

N N2 V'N N N2 V'N
1 1 1 21 441 4,5826
2 4 1,414 22 484 4,6904
3 9 1,732 23 529 4,7958
4 16 2 24 576 4,8990
5 25 2,236 25 625 5
6 36 2,449 26 676 5,0990
7 49 2,646 27 729 5,1962
8 64 2,828 28 784 5,2915
9 81 3 29 841 5,3852

10 100 3,162 30 900 5,4772

11 121 3,3166 31 961 5,5678

12 144 3,4641 32 1024 5,669

13 169 3,6056 33 1089 5,7446

14 1% 3,7417 34 1156 5,8310

15 225 3,8730 35 1225 5,9116

16 256 4 36 1296 6

17 289 4,1231 37 1369 6,0828

18 324 4,242 38 1444 6,1644

19 361 4,3589 39 1521 6,2450

20 400 4,4721 40 1600 6,3246
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ITpodoaxcenue

‘N N2 V'N N N2 V'N
41 1681 6,4031 81 6561 9

42 1764 6,4807 82 6724 9,0554
43 1849 6,5574 83 6889 9,1104
44 1936 6,6332 84 7056 9,1652
45 2025 6,7082 85 7225 9,2195
46 2116 6,7823 86 7396 9,2736
47 2209 6,8557 87 7569 9,3274
48 2304 6,9282 88 7744 9,3808
49 2401 7 89 7921 9,4340
50 2500 7,0711 90 8100 9,4868
51 2601 7,1414 91 8281 9,5394
52 2704 7,2111 92 8464 9,5917
53 2809 7,2801 93 8649 9,6437
54 2916 7,3485 94 8836 9,6954
55 3025 7,4162 95 9025 9,7468
56 3136 7,4833 96 9216 9,7980
57 3249 7,5498 97 9409 9,8489
58 3364 7,6158 98 9604 9,8995
59 3481 7,6811 99 9801 9,9499
60 3600 7,7460 100 10000 10

61 3721 7,8102 101 10201 10,0499
62 3844 7,8740 102 10404 10,0995
63 3969 7,9373 103 10609 10,1489
64 4096 8 104 10816 10,1980
65 4225 8,0623 105 11025 10,2470
66 4356 8,1240 106 11236 10,2956
67 4489 8,1854 107 11449 10,3441
68 4624 8,2462 108 11664 10,3923
69 4761 8,3066 109 11881 10,4403
70 4900 8,3666 110 12100 10,4881
1 5041 8,4261 111 12321 10,5357
72 5184 8,4853 112 12544 10,5830
73 5329 8,5440 113 12769 10,6301
74 5476 8,6023 114 12996 10,6771
75 5625 8,6603 115 13225 10,7238
76 5776 8,7178 116 13456 10,7703
77 5929 8,7750 117 13689 10,8167
78 6084 8,8318 118 13924 10,8628
79 6241 8,8882 119 14161 10,9087
80 6400 8,9443 120 14400 10,9545

339



Ta6nanuma 20

HexkoTopbie TpuroHomeTpHyeckHe GbyHKIHH YrioB
o

or 0 o 90
2
° 2 5, E ° 7 §, é
- (3] ] ) -~ (3] o 15
] > = - 2 > = =
= =) [3] = = = 3] =
™ = o H ™ = ) <
> (@] = = > (&) = =
0 0,0000 | 1,0000 | 0,0000 40 0,6428 | 0,7660 | 0,8391
1 0175 | 0,9998 0175 41 6561 7547 8693
2 0349 9994 0349 42 6691 7431 9004
8 0523 9986 0524 43 6820 7314 9325
4 0698 9976 0699 44 6947 7193 9657
5 0,0872 | 0,9962 | 0,0875 45 0,7071 | 0,7071 1,0000
6 1045 9945 1051 46 7193 6947 0355
7 1219 9925 1228 47 7314 6820 0724
8 1392 9903 1405 48 7431 6691 1106
9 1564 9877 1584 49 7547 6561 | 1504
10 0,1736 | 0,9848 | 0,1763 50 0,7660 | 0,6428 1,1918
11 1908 9816 1944 51 7771 6293 2349
12 2079 9781 2126 52 7880 6157 2799
18 2250 9744 2309 . 53 7986 6018 3270
14 2419 9703 2493 54 8090 5878 3764
15 0,2588 | 0,9659 | 0,2679 55 0,8192 | 0,5736 | 1,4281
16 2756 9613 2867 56 8290 5592 4826
17 2924 9563 3057 57 8387 5446 5399
18 3090 9511 3249 58 8480 5299 6003
19 3256 9455 3443 59 8572 5150 6643
20 0,3420 | 0,9397 | 0,3640 60 0,8660 | 0,5000 1,732
21 3584 9336 3839 61 8746 4848 | 1,804
22 3746 9272 4040 62 8829 4695 | 1,881
23 3907 9205 4245 63 8910 4540 | 1,963
24 4067 9135 4452 64 8988 4384 | 2,050
25 0,4226 | 0,9063 | 0,4663 65 0,9063 | 0,4226 | 2,145
26 4384 8988 4877 66 9135 4067 | 2,246
27 4540 8910 5095 67 9205 3907 | 2,356
28 4695 8829 5317 68 9272 3746 | 2,475
29 4848 8746 5543 69 9336 3584 | 2,605
80 0,5000 | 0,8660 | 0,5774 70 0,9397 | 0,3420 | 2,747
31 5150 8572 6009 71 9455 3256 | 2,904
82 5299 8480 6249 72 9511 3090 | 3,078
83 5446 8387 6494 73 9563 2924 | 3,271
84 5592 8290 6745 [ 74 9613 2756 | 3,487
35 0,5736 | 0,8192 | 0,7002 75 0,9659 | 0,2588 | 3,732
36 5878 8090 7265 76 9703 2419 | 4,011
87 6018 7986 7536 77 9744 2250 | 4,331
38 6157 7880 7813 78 9781 2079,| 4,705
89 6293 7771 8098 79 9816 1908 | 5,145
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IIpodorsxcenue

] . e}

° e é 5 o 2 5 é

- 2] -] ) - [ -] )

2 > = [ 2 > = =

o E 3 s = S 3 ]

) (&) = = > (&} = =
80 0,9848 | 0,1736 | 5,671 85 0,9962 | 0,0872 11,43
81 9877 1564 | 6,314 86 9976 0698 14,30
82 9903 1392 | 7,115 87 9986 0523 19,08
83 9925 1219 | 8,144 88 9994 0349 28,64
84 9945 1045 | 9,514 89 9998 0175 57,29

90 1,0000 | 0,0000 oo




ITPHJIOJKEHHE 3

NMPABHJIbHBIE OTBETbI HA BOMNPOCHI JJI1 CAMOKOHTPOIJIS

Inasa 1 9,6 22, a 5, B FnaBa 8 11, na 12, B
10, B 23, 6 6, 6 12, et 13, a
;» r 1, r 24, r 7, I 13, na 14, B
T 12, a 25, a 8 r 14, . 15, B
i" ’ 13, B 2, 6 9, a 1, g 15, , 16, a
' 14, 6 10, 6 2, 16,
5, 6 15r Cnasa 4 11, a 38 17, , [masa 10
g’v a 16, 6 e 12, B 4,8 18, , 1 a
)@ 17, 6 ’ . 5,6 19, mer 2.6
8, 6 2, 6 6. B '
naBa 6 J 20, na 3,6
9, B 3,6 7,6
CnaBa 3 ’ 21, 4, r
10, 6 4,6 8, B !
l, 6 ! 221 » 5, a
11, a 5, a 9, B !
1, B 2, B ’ 23, . 6, 6
12, a 6,1 10, 6
2, B 3, B ' 24» » 7, r
13, 6 ’ 7, a 11, r 25
14, a i' r 8, 6 g T 12, a v 8 ¢
15, r 5 : 9r 6 i 13, 6 InaBa 11
16, 6 ’ 6 10, a 7’ 14, a
17, 6 6, 11, 6 ' T 15, a 1, a
18, B 7, a 12, a 8, a 16, 6 2, B
19, 6 g B 13, 6 % : 17, 6 3, a
20, B o 14, a 10, FnaBa 9 4T
21, 0,a 15, 6 1, a I 5, a
11, a 16, r 12, B 1, B 6, B
Cnapa 2 12, 8 17. a 13, B 1, na 2, B 7, a.
13, 6 18’ 6 14, 6 2 . 3, B 8, r
1, a 14, B ’ 15, r 3 4, B 9
19, r h » ? , T
2,6 15, 6 16, a 4, , 5, 6 10, B
3, r 16, B Crasa 5 17, B 5, 6, 6 11, a
4, 6 17, B 18, B 6, » 7, 6 12, a
5, a 18, r 1, B 19, 6 7 W 8, 6 13, B
6, 6 lg, B 2, B 20, r 8, HeT g, 6 14, a
7, r 20, r 3, r 21, B 9, na 10, 6 15, 6
8, 6 oL, r 4, r 22, 6 0 , 11, B 16, B
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NPHJIOJKEHHE 4

OTBETbl HA YNPAYXHEHUA

Inapa 1. 13. uamerp (ToaulMHA NpPoBOJA) HU3MepsieTCd B MM, CM U T. I,
[Monepeunoe ceyeHue (MI0LaNb) u3MepsieTcd B Mum2, cuM? JluaMeTp MONKHO
HU3MEepHTh MHKPOMETPOM, NolepeyHoe cedeHie MOACYUTbIBaerca mo ¢op-
MyJe

nd?

4 b

rae d — nuamertp. 14, 0,56 ~ox.

I'naBa 2.3, 6) 4 a, B)ur)4a. 5 6)us) 36 em r) 18 em. 7. 0,012 a.
umt 12:10—2 a; 0,5 xe; 500000 ox wuam 5-105 oax; 0,1 Mom; 500 ma.
8. 5 Mm% 0,39 omn; 0,2 8. 9. 56,4 6. 10. 5 ma. 11, 12 sm. 12. 66,6 om.

I'naBa 3. 2, a) 60 oux; 6) 2 a; B) 20, 40 u 60 6, r) 40, 80 u 120 sm.
4,a) 906, 6) 3u l a;, B)4 a, 1) 22,5 om;, n) 360 6m. 5. a) 6 a; 6) 3 om.
6.a) 30 6 6)2u3a 8 a)0; 2 a; 2a; 6) 12 oum; B) 48 sm.

. 10, 6) 12 ox. 11. ! 1
° —C'—Eg}— ! | [ oo
1208 1208 Qf):zoa

T 608

12. 1 am; 2 ém. 13. 10000 oaz; 0,01 8m; MOXHO HCIOJb30BaThb YTOJbHBIH
pesucTop. 14. Rogy = 4412 om; Iogy = 23,8 ma, [y = 1,00 ma; I, = 21 ma;
I, = 1,75 ma. 15. 220 os; 55 eém. 16, 0,2 a; 7 om. 17. 56 om. 18. 49 ma;
0KOJIO 2 OM.

IrnaBa 4. 5. 8 a-6, 80 wma. 6. 63 3; 1260 2c. 10. 9000 & 11, a) 800 w;
6) 6,36 cx; B) 445 ox; r) 22, 4 ma; n) 90 a6 12,

CmanvHan
nnacmMuHKO
-
€
3
x 9
Hem N Ecmbp
npumsixenua npumaxenud
/ S
[ Maenum ] [ ]

Cmanbnaoa nnocmunxa
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Tnasa 5. 2. 360° umu 2= paguan; 180° nau = paauan; 90° uan =n/2 paanan;
270° wau 3=/2 paguan. 3. 0,637 s, 0,707 @; 2 6. )

4. 5.

e e

6. 12 a; 50 2y; ¢ = 0o,

I'nasa 6. 3. 250-10 8 2x; 40-10—6 2x; 40-1073 2n; 5-1073 2n. 7. a) 50 2y;
6) 960 8; B) 96 ma; r) 768 ma. 9. 314 om; 628 om; 3140 om. 10. 1 2m;
0,5 2#; 0,1 2n; 0,2 men. 11. 5 ma; 10 6. 12. 6) 6280 ox; 1,6 ma; 50 2y. 13,
31,8 ma. 14. 0,38 2n. 15, 6) 314 ox; B) 38 Ma.

Fnasa 8. 3. 50-10—12 ¢; 1-10—% ¢f; 47-10~° ¢; 1-10—8 ¢; 10-10-6 ¢.

&——EH} 11, 0,016 mxdh. 12, a) 5 ma; 6) 1000 xeu. 13. 2,65 M.
H

14, 6) 2 ma; 2 u 8 6 15, 6) 10 u 2,5 ma; B) 12,5 ma, 1) 10 &
17. a) 1000 &; 6) 8100 ng. 18. 32 mxep; 1,6 mr; 1600 ngp. 19. 1 mcex;
1 mcer; 12,5 mcex; 1 mrcek.

FnaBa. 9. 1. a) ypp.l_ ._ 6) 141 s; B) Korja 3TH HanpsKeHUs

~

6yayT coBmnaiath no ¢ase. 2. a) 100 ox; 1 a; 100 6 u 1 6, npaKTHYECKH
¢ =0% 6) 100 os; 1 a; 1 6 u 100 8; nmpakTuuecku ¢ = 90° B) 70,7 on;
1,41 a; no 70,7 8; ¢ =45°. 4. a) 1 a; 100 a; 100 a; 1 ou; 6) 100 a; 1 a;
100 a; 1 oM. B) 2 a; 2 a; 2,828 a; 35 om. 5. 6) 50 om; 2 a; B) 80 81
60 8; r) npuMepno 53°. 6. 6) 2,5 a u 3,3 a; B) 4,12 a; r) 24,3 ox; n) npu-
MepHo 53°. 7. 0,16 mxgp u 160 ng. 11. 6) uenp NpakTHYECKH AKTHBHAA
¢ conpotuBieHneM 10 ox; B) ¢ =0° r) 10 a. 12. a) 40, 80 u 120 s;
B) 56,6 8 r) 0,707.

Tnasa 10. 1. Iocaegosateasno. 4. Yernipe. P_{H:I—— 6. Mapax-
—iH

ggnbuo. 8. a) 60 om; 6) BE=84 6, B) U=17286.9 0,1 om. 10. 50 ma u
Ma.

InaBa 11. 4. 12 o u 0,1 om. 8. 9950, 29950, 99950 u 299950 ox.
6. 1,08 Mox. 7. 200 a. .
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