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BBEAEHUE

B xHure genaercd NONBITKa paccKa3aTh YUTATENIO O 3HAYCHUH
anekTpoTexHukH. [loBclomy Hac OKPpYXalwT JJIeKTpHYECKHE
YCTPOHCTBa, Ha KaXXIOM LIary Mbl BCTpeyaeMcs C JIeHCrBHEM
3MIeKTpHYecTBAa. MWUIMOHB! [ABHraTellel B MPOMBILUIEHHOCTH, B
cpencTBax cooOLIEHHMs W B fAoMaillHeM ObITy BpalualoIcsa ¢
IOMOILBI0 3NeKTpuyecTBa. OHO OCBelLIaeT KIIMLIE YellOBeKa,
IpeNIpUATHA U YIMIpI, @ TAK)Ke He0OXOAUMO /IS IPOU3BOACTBA
pasHooOpasHo#t mnpoaykiuH. EMy o00sd3aHbl Mbl HajldyueM
CIyXObl CBA3M, 3NMEKTPOHHO-CYCTHBIX MALIMH U THICAY APYTHX
IpHOOpOB, ¢ MOMOLIbI0 KOTOPbIX MBI yIpaBlisieM, H3MepsaeM H
perynupyeM. be3s anekTpuuectBa MbI He HMeNH Obl KOCMO-
HABTMKH, MEIUUMHCKOH JJIEKTPOHMKH M [aXe IbUIECOCOB.

MHorve Hapofmbl CTPOAT COLMAIM3M WM OCBOOOXHAaTCA
OT KOJIOHMAJIbHOH 3KcIUTyaTauuu. IDIg HUX 0COGEHHO BajXKHBIM
sBisercsa BoiBog B. Y. Jlenuna: ”KoMMyHH3M — 3TO eCTb COBET-
CKas BJIACT IUTIOC ATEKTPUGHK ALK BCEH CTPaHbI” .

Ecmu snekTpoTexHuka elie MeHee AecATWIeTHs Hasaf Obula
HEJIOM OT[ENbHBbIX CIELUMAIMCTOB, TO CErOMHA e/IBa JIU Hainercs
npodeccus, paboyee Mecto, rae Gbl MbI C Heit He BCTPETHIHCH.
IToaToMy-TO TaKk HEOOXOIUMO 3HATH €€ OCHOBBI.

J1a KHHUTa 33lyMaHa KaK IyTeBOOMTeNb. 3[eCh HpeIPUHATA
MOMbITKA U3/I0XHTh YHTATEII0 OCHOBBI 3HaHUIT, KOTOpble He06Xo0-
JUMBI U1 TOHMMAaHMA 3JIeKTPOTeXHUKH. B KHMre mokasao,
KaK MOTyT NPHMEHATbCA pas3iiMyHble PU3HYeCKHe 3aKOHOMep-
HOCTH, U 3aJIOXeH (GYHIaMEHT, Ha OCHOBE KOTOpOTO UMTATeNb
3aTe€M CMOXET PaCLUIMPUTh CBOU IO3HAHUA.



DJNIEKTPUHECKMA KOHTYP

Yro TaKoe 3neKTPUueckuit Tok?

Korpa 6buid mOCIpoeHbl IepBble INEKTPHYECKHE

ammaparbl 4 MalMHBI, O Cyi[HOCTH 3JIeKTPUYeCTBA
HMeJH ellle oueHb CMyTHOe IpepcraBieHue. HukTo He 3Han, uro
TaKoe COGCTBEHHO 37eK Tpuueckuii Tok. Y mium B xomue XIX B.
HayKa OTBETWIAa Ha 3TOT BOHPOC: IEKTPUYECKUH TOK €CTh COB-
MECTHO€ IepeMellleHHe HOCUTeNle 3apAfoB — MeNbYailmX
3JIEKTPHYECKH 3aPsDKEHHbIX YaCTHYeK .

Hocurensamu 3apsnoB B 371eKTPOTeXHUKE ABJIANTCA OobILeH
YacThi0 3JIEKTPOHBI, MONOGHbIE 3IEKTPOHaM Ha “oGomouxe”
KaXxJoro aroma. B »uaKocTAX M rasax B KauecTBe HOCHTeJleH
3apAfoB NpH HM3BECTHBIX OOCTOATENBCTBAX BBICTYMAIOT TAK)Ke
aTOMBbI WIH I'pyNnbl aToMoB. Ha3pIBaloTCs OHM Uoramu.

ITepememaronmecss B NpOBOJHNUKE 3JIEKTPOHbI IPOU3BOAATCA
He "2JIeKTPOHHBIM reHeparopom”. Takoro Her. OHU comepxarcs
B CaMOM IIpOBOJTHMKE. ATOMBI BeLleCTBa, U3 KOTOPOTO COCTOHT
[IPOBOJHHK , TOCTABIIAIOT JIEKTPOHbI, KOTOPble MOTYT CBOOOIHO
IOBUTATHCA MexXIy aToMaMH. EcimM oHM mepeMelnaloTcsi B OGHOM
HalpasJICH}H, TO 110 IPOBOJHHMKY TeYeT TOK.

CB0OGOIHO IBIXYILMECS B MeTaJUIe 3JIeKTPOHBI, CIIelOBaTeNb-
HO, “’TpaHCIOpTUPYIoT” 3JIeKTpuyecTBO. II03TOMy HX Ha3bIBAIOT
3MeKTpOHaMU nPo8oOUMOCTU. MeTalibl XOpOUIO IPOBOAAT
3NIEKTPHYECKHH TOK, TaK KaK y HUX HMeeTCA JNOCIaTOYHO 3JIeK-
TPOHOB IPOBOOMMOCTH. MaTepHalisl, y KOTOpPbIX UMEETCS MHOT'O
JIETKO MOIBHXXHBIX HOCUTelleH 3apafdoB, Ha3bIBAIOT HPOBOOHU-
Kamu.

B marepuarnax, y KOTOpbIX HeT COBCEM HIIH OueHb MAJIO 3JIeK-
TPOHOB NPOBOJAMMOCTH, He MOXET BO3HMKHYTh 3HAUMTEJNIbHBIH
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mok. Takue Martepuaypl Ha3blBAWT OuteK Tpuiamu (W30JATO-
pamu) . T 9NeKTPOTEXHMKH OHM HE MEHee BaXKHbI, YeM IIpo-
BOIHHUKH.

IIpoMexXyTOuHbIii LIMPOKMHA KJAacC BEIIECTB COCTAaBJIAIOT
noAynposoOHuKU, KOTOpbIe B IMOCIedHeee BpeMs HaXodaT Bce
Bonblilee MpUMEHeHHE. ITO MaTepualbl, KOTOpble IIPOBOIAT
JJIEKTPUYECKHHA TOK Xy)Xe, YeM INPOBOJHHKH, HO JIydllle, YeM
muonexTpukd. Ho He 310 B Hux miaBHoe. IIpoxoxaeHHe TOKa
Yepe3 MOJIYNPOBOMHUK OCYILECTBIISAEICA MO COBCEM OCOOBIM
¢du3MyecKUM 3aKOHaM.

B mnpoBommuKe BO3HHMKAeT HOCTOSHHBIA TOK, €CIHM 3JIeK-
TPOHBI ITPOBOJMMOCTH MOTYT COBepllaTh KPYroBYH IHMpKY-
JIALHIO.

[IpencraBuM ceGe NPOBOJIOYHOE KOJBLO, B KOTOPOM IIpOTe-
KaeT TOK. B KoInblle paBHOMEPHO HOBHXYTCS 3JIEKTPOHBI IIPOBO-
mMMocTH. VIX wMcnio cyuiecTBeHHO He MeHsercsi. EciM Mbl Bbl-
[OelMM OTpe30K IPOBOJIOYHOTO KOJIbL@, TO YCTaHOBUM, UTO B
HeM HaXOOMTCA MOCTOSIHHO paBHOe KOJIMYeCTBO 3JIEKTPOHOB
NIPOBOIHMOCTH.

YcTpoiictBO, B KOTOPOM 3JIEKTPOHBI MOryT COBepILaTh
NOCTOSAHHYI0 KpYTOBYI0 IMPKYJIALMIO, HAa30BEM Kpy208blM
KOHTYpOM WIH 3JeKTpuYeckoi uemsto (puc. 1). 310 Bax-
“HeWlllee MOHATHE 3MeKTpoTexHUKH. IIpH H3roToBnIeHHH NOGOro
3JIEKTPHYECKOr0 amiapara HCHOJb3YyeTcsl KPYroBOH KOHTYP.

Puc. 1. KoHTyp Toka



Ha mpakTuke Mbl HMeeM [€JI0 He C IPOBOJIOYHBIM KOJIBLOM,
a ¢ MmeTiAMU HpOoBOOHMKA JoOoi dopmbl. IIpoBomHUK pa3pbl-
BalOT, KaK NpaBWIO, B IByX MeCTax: B OJHOM HOMELIAIT UCTOY-
HUK 3Hepauu, KOTOPbIA COOOLIaeT HEKOTOPbIA UMITYJIbC SHEPTHH
3NIeKTPOHaM HPOBOAMMOCTH, B APYIOM — nOTpeburead ToKa,
B KOTOPOM 3TOT MMITyJIbC Npeobpasyercd B Apyryio ¢popMy 3Hep-
[MH, HATpUMEDP B TEIUIOBYIO WJIH B MeXaHWYECKYI0 SHEPTHIO IBH-
rares.

HazBanue “noTpeGuTeNns TOKa” B OCHOBE CBOEH JIOXKHO, HO
[OBCEMECTHO YKOPEHWIOCh. JNIeKTpHYeCcKas IHeprus He ~HOTpe6-
JisieTcs’’, a TONbKO mpeoGpa3syeTcss B Apyroi BUp sHepruu. TouHo
TaK XK€ U UCTOYHUK 3Hepeuu KOHTYpa TOKa ABJIAETCA TOJBKO
HPHCIOCODIEHHEM, B KOTOPOM 3JIEKTPOIHEPTHs NMEPeXOMUT U3
omHo# (GopMbI B APYTYK0. SIEKTPOHHBIH KPYTroBOi IOTOK B KOH-
Type NOMYMHEH OOLeU3BeCTHBIM 3aKOHaM: KaXXOblil MOTpeOHTeNh
TOKa JIOJDKEH COeIUHATHCA ABYMS MPOBOJHUKAMH C HCTOYHUKOM
3JIEKTPOJIHEPTHH — IO OFHOMY 3JIEKTPOHBI K HOTpeGUTeNo ~ipH-
TeKalT”, Mo JpyroMy oHM “BbiTekawT” . Eciu B kakoM-THGo Me-
CTe KOHTYp pa3pbIBaeTcsi, TOK TOTYAaC IpephIBaeICA, MOITOMY
B mMoGOM MecTe KOHTypa MOXHO YCTaHOBUTb BBIKJIIOYATelb.

CkopocTh TepeMellleHUs1 3JIEKTPOHOB IPOBOOMMOCTH, KaK
YCTaHOBJIEHO B 9K CIIEpUMEHTAJIbHbIX UCCIIENOBAaHUAX , OYeHb MaJIa
OHAa COCTaBIIAeT OONM MWUIMMETPOB B CeKyHAy. Bmecre ¢ Tem
IpU pa3pbiBe KOHTYpa WIM IIOCIefylouieM BKIIIOYEHHMH TOKa
MTHOBEHHQ IIpeKpallaeTcsl WIM BO30CHOBJIAETCA [ABIKEHHE
3JIEKTPOHOB BO BCEM KOHType.

Ha mepBbIii B3rnAn, 3T0 KaXKeTCsl CTPaHHBIM, HO OOBsACHEHHE
3TOMY SIBJIEHHIO COCTOMT B TOM, UTO UMNY1bC O8UNEHUA OT 3JIeK-
TPOHa K JJIEKTPOHY, KOTOpbIii He MMeeT HHKAKOIro OTHOLIEHHS
K CKOPOCTH IlepeMeLIeHUsA IeKTPOHOB, PaCIpPOCTPAHAETCA OYeHb
obicTpo. Tak e W yacTHIim! BoOsl B TpyGe NMOBCIOly HEMEIUIEHHO
NpUXOMAT B [BWKEHHWE HE3aBHCHMO OT CKOPOCTH CTPyH, KOrja
OTKPbIBA€eTCA KPaH.



BaxxHeMwaA KaTeropua — cuna Toka

He orpanuumBasice mpefcraBieHHeM O TOM, YTO B LM

TeUeT TOK, TMOMBbITaEMCA ONMUCAaTh HPOLECC TaKXe KOoJIHye-
CTBEHHO, UYUCIIEHHO, T. €. 0OpaTUMCs K BaXKHeHllled KaTeropuu
9JIEKTPOTEXHUKH — CcUle TOKA.

YT1o6bl OLEHHUTh MOLIHOCTh T€UEHMS PEKH, YKa3bIBAIOT Pacxof
BOIBI B KyGHMUECKMX MeTpax B CeKyHy, Hampumep: 100 m3/c
0O3HayaeT, YT0 MUMO Habopatens Ha Gepery pekH yepes ee ceue-
HMe NPOTeKaeT B KaXIyto ceKyHay 100 m> BofsI.

Yto6hl OnpenermTb CWIY 3NEKTPUUECKOrO TOKA, MOCTYMAalT
nofgoGHbIM Xe 06pa3oM: TOK CUMTaeTcs TeM “cuiibHee™, 4eM Golb-
1le 3JIeKTPOHOB NpOTeKaeT 32 eMHUIY BpeMEHH uepe3 u3bpaHHOe
U1 U3MEPEHUS CeueHue.

Bony uamepsioT KyOHYeCKMMH MeETPaMM, TaK KaK HCKIIIOYa-
€TCst TOMCYET MOJIEKYJI BOMIBI, NPOTEKAIMX Iepen, Habmopare-
seM. YHCIIo OTHENbHBIX JJIEKTPOHOB NPOBOINMOCTH TaK)Ke HEBO3-
MOXHO (HKCHPOBaTh, IOITOMY CWIy O3JIeKTPHYECKOTO TOKa
H3MEpAIOT C MOMOLLBIO AEHCTBYSA, KOTOPOE OH IPOU3BO/IMUT.

INeKTpUYeCKHA TOK BbIfieNisIeT U3 PacTBOPOB COJIeH MeTasl,
NpPUYEM BBIENAEMOE U JIETKO B3BEHIMBaeMOe KOJIHMYECTBO Me-
TaJUla IPONOPLMOHAIBHO CHJIe TOKa M BPEMEHH NEHCTBHUA TOKa.
OCHOBBIBasICh Ha 3TOM, MOXHO OIIpeleNuTh eJHHUIY CHIIBI TOKa.
Wmeercs ¥ apyroii myTh. Mexay AByMsA NPOBOOHHUKAMH, IT0 KOTO-
pbIM TeueT TOK, HEHCTBYIOT CWIbl NPUTSKEHUS WIH OTTAJIKHBa-
Husi. OHM JIETKO M3MEPHUMBI U CIIYXaT TaKdXKe I OllpeleNeHHsA
CHJIBI TOKa.

Envnuneit cuibl ToKa ABnseTcs amnep (A), Ha3BaHHBIA TaK 1O
uMeHn ¢paHiysckoro ¢u3nka 4 MateMatuka Awope Mapu Am-
nepa (1775 — 1836) . [lonbHble M KPaTHbIE €IHHUIIBI :

1 mwutHamnep (MA) = 0,001 A= 1073 A;
1 Muxpoammep (uA) = 0,000001 A =1075A;
1 xunoamnep (xA) = 1000 A = 10% A.

Ilpubop 1A H3MepeHUsT CWIBI TOKAa Ha3bIBaercsd aMiep-
METpOM.

s Toro uro6bl COCTaBHTb MpECTABIIEHHE O TOM, KaK MHOTO
IOBIXKETCA 3JIEKTPOHOB, YCTaHOBWIM, YTO NpH CWie TOKa B 1 A
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yepe3 3JEKTpUYeCKHiI MHpuUOOp MpoTeKaeT B CeKyHmy Gonee
6 10'® y1eK TPOHOB.

Cuna toka (8 amnepax)
B TeXHMYECKMX annapaTax

KapmaHnb1it poHapuk . . . . .. ceeee.... 007
3ne1<rpo6pun;a................... 0,35
PaguonpuemHux (cymep)............. 037
TemeBH30p. . . ..o vvvv v, 0,7
IbutecoC . .o oo vt i e 2
JlyroBas namma npoxeKropa . ........ 15
TpamBai.................... .. 150
3nexTpocBapouHpli ammapar. . . ... ... 300
INeKTPOXHMHUYECKas

yCTaHOBKa, He MeHee. . . ... ... ... 100000

Temnepp yMecTHO cooOLIHMTB emie 06 OTHOM BaXHOM CBOHCIBe
9JIeKTPUYECKOr0 TOKAa: 3JIEKTPOHBI B KOHType He MOTYT ’’CXKH-
MaTbCA”’, TaK K€ KaK He MOXKeT YMEHbIIAThCA PACCTOAHHE MeXTY
MOJIEKyTIaMH B IOTOKe BOABI IIpH 0GbIYHBIX yCITOBUAX. ClieAcTBUE
M3 3TOro CBOMCIBA OYeHb BAKHO: B NPOCTOH, Hepa3BeTBIIEHHON
1IeH CIJIa TOKa BO BCEX TOUKAaX PaBHOBEJIHKaA.

HanpsaxeHue — npuuuHa 3n1eKTPUYECKOro ToKa

Ms1 3HaeM, YTO THe3[a IUTETICETIBHONR PO3eTKH HAXOOATCA

nop HanpspkeHHeM™. EciM ero HeT, TO 3/IeKTpHYeCKHi

npubop OTKa3bIBaeT, XOTA M BKIIOYEH B PO3eTIKY: JlaMIlda He

TOpHUT, paguonpueMHUMK monmuui. HeoGxomumo Ha poserky ’’mo-

[aTh”’ HampsDKeHWe, YTOGpI MOr “HOTeYs” 3MEKTPHUECKHIl TOK

o>xwin” MpHGOpPB! WITH alIapaThl, BKIIOYeHHbIE B ceTb. Hamps-

JKeHUe ABNAeTCA NPUYMHON 3NeKTpHYeckoro Toka. OHo 'iponas-
JMBaeT” 3EKTPOHBI Uepe3 KOHTYP.

Ha ocHoBaHIM HaGliofeHNi B 3]IeKTPOTEXHUKE [OJITO CUMTAIIH,
YTO CylIecIByeT OBa PaxIMYHBIX BHAA EKIPUYECTBA, KOTOpHIE
Ha3BalH NOAOKUTEAbHbIM W oTpuyarensvrvim. Tema, KoTopbie
ObUIM “’TIONIOKHTENIBHO 3apsDKeHbI”, M TeNa ¢ ~OTPHIUATEIbHBIM
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3apAgOM” HpPHIATHBAICA APYT K APYTY, H IIPH CONMPHKOCHOBE-
HMM MX 3apsA0 BbIpaBHUBAeICA MOIHOCIbI0 WIH vacTiuHO. Tena
C 3apAfOM OJHOTO 3HaKa OTTAIKHMBAIICA APYT OT IpyTa.

CeropHa HM3BECTHO, YTO TOJIBKO 3JIEKTPOHBI MOTYT OTHOCH-
TeIbHO CBOGOHO NepeIBHIaThCs; MX MPOU3BOJIBHO Ha3BAIM OTpH-
LIaTeIbHBIM 3JIEKTPHYeCTBOM. I10I0XHTENIBHO 3apsDKeHHbIE YaCTH-
IbI OCTAlOICA CBA3AaHHBIMH C aTOMHBIM AAPOM M He IlepeMella-
10TCS Yepe3 NPOBOAHHK.

Teno, 3apskeHHOE OTPULATENIBHO, COMEPXKMT H3OBITOUHBIE
9JIEKTPOHBI; IOJIOKUTEIIBHO 3apsDKEHHOE TeNlo, HAlpOTUB, He
TOJIBKO He NMpHOOpeIaeT U3BHE NOMOJIHUTEINbHbIC TOJIOXKHTIEIbHbIE
3apsadpl, HO OTHOCHTENBHO CBOEro HOPMAJIBHOTO 3amaca’ TepseTr
9JIeKTPOHBI, BCIIEACTBHE Yero B HeM U NPeoGIIafaloT NONIOXUTeNb-
Hble 3apAnpl. JIEeKTPUYECKUH TOK ecTb NpollecC BhIPaBHUBAHMA,
Opd KOTOPOM O3JIeKTPOHBI II€peMellalTIcsas M3 obnacTd M30bII-
ka (—) B obnacTp HemocTarKa (+).

N36b1TOK 3NIEKTPOHOB, C OOHOH CTIOPOHBI, M HEHOOCTATOK,
C [OpyToi, Bcerja IPHCYICIBYIOT Ha 32)XHMax aKKyMyJlsIopa.
Ecnu coemyHUTL 3aKMMBI 4epe3 I0TpebUTeNIb TOKA, TO eCTECTBEH-
HbIM OyneT yIBepKAeHHEe: STIeKTPHYECKHH TOK TeyeT OT OTpHIa-
TeJIBHOrO 3a)kMMa K IMOJIOKHTIeIbHOMY. OfgHaKo BO BceX yueOHH-
KaX MO0 JJIeKTPOTeXHMKE CKa3aHO, YTO ’’TeXHMYECKOe Halpas-
JIeHMe TOKa MpsAMO NPOTHUBONOJIOKHO — OT IUII0Ca K MHMHYCY
(puc. 2).

10 Kaxyueecs NpOoTUBOpeure OGYCIIOBIEHO HCTOPHUYECKH.
KoHeuHO, HeT HUKaKOTO COMHEHHUSA B TOM, YTO 71€i< TPOHBI ABIDKYT-
¢Sl OT OTPULIATETIBHOTO 3a)KMMa K IOJIOKHIEIBHOMY — 3TO H3BECT-
HO yxe Heckoibko pecatwietuil. Ho xorpma ¢opmynuposamics

Puc. 2. Hanpaenenune psukeHwa anexTpoHoB
W HanpasneHue TOKa, NPUHATOE B TexHUKe
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OCHOBHbIE TpPaBWIA M 33KOHBI NIEKTPOTEXHHMKH, €Lie HHYETO He
3HaIM 06 3MeKTpOHax M UX NMepemMeuieHuy. OgHaKo HeoGXOOUMO
6bUIO JOTOBOPHMTHCSA O HampaBlieHWM Toka. JloroBopwimce —
noTeprnenu Heypady! TonbKO NO30HEe BBIACHWIOCH, 9YTO 3/IeK-
TPOHBI NEPEMELIA0TCA NPAMO B IPOTHBOMNOJIOKHOM IPHHATOMY
HanpaBiieHud. YToOb1 He BHOCHTb ITyTaHMIIbI ¥ HE H3MEHATD OILATH
Bce IpaBiUla, OCTaBWIM “¢ajpIlMBoe” HampaBjieHue Toka. Cero-
OHA TOBCEMECTHO NPUMEHSIOT ~TeXHUYeCKOe HAllpaBJieHHe ToKa”,
U B JaJbHEHIIIEM M3JI0KEHMH HMEHHO 3TO HallpaBJIeHHE TOKa UMe-
eTCs B BU[TY.

Tok, KOTOpbI TeuyeT, He M3MEHsA HAIpaBJICHHs, Ha3bIBalOT
NOCTOAHHBIM TOKOM, COOTBETCTBYIOLIIee HANPSIKEHHE — Hanpaice-
HUuem nocToanHo2o Toka. OueHb YacTo, OJHAKO, BCTPEYAI0ICA B
9JIEKTPOTEXHUKE C TOKOM, KOTOpBIH MEPHOOMYECKH H3MEHAET
cBoe HampaBJieHue H cwly. OH Ha3bIBaeTCA HEePeMEHHbIM TOKOM,
a COOTBEICIBYIOILEE HANPSDKEHUE — NePeMeHHbIM HANPSKeHUeM.
B nocnepyrommx pasgenax Msl GyaeM HMeTb [el0 B HepBYIo Oye-
Penp ¢ HOCTOAHHBIM TOKOM M HalpsKeHHEM.

B anexTpHueckoi LielH 3IeKTPOHbI NMONYYaloT HMITyJIbC K ABH-
JEHHIO OT MCTOUHHKA HampsiKeHUs . ITO MosxeT 6bITh Gatapeiika,
aKKyMyJIATOp, IeMEHT COJIHEYHOH Garape, TepMO3JIEMEHT WIN
yale Bcero reHeparop. s Bcex UCTOYHMKOB OOLIMM SIBIIAETCA
cledyroliee: Ha OHOM 3aXHMMe HCTOYHMKA Hablro1aeTcsa H36bITOK
3JIeKTPOHOB, Ha [pPyromM — HegocraToK. OgHAaKO HelmpaBWIBHO
rOBOPHTh 06 “HcTOuHMKe ToKa”. VICTOWHHK HampspokeHWs He IIO-
poXpaeT TOKa, a TOJIBKO HpPHBOJUI B [BIXKEHHE OSJICKTPOHBI.
B 3aBHCHMMOCTH OT BHJa M KOHCTPYKUMH HCTOYHHKH COOOIIa0T
3NIEKTPOHaM pa3NHYHbIA MO 3HAYEHMI0 MMITYNbC ABHKeHMA. leit-
CIBHE CTODOHHMX (HENOTEHIMANIbHBIX) CWI B MCTIOUYHHKAX TOKa
XapaKTepusyer daekTpodeuxywas cuna (3. O. c.). . O. c. ompe-
JensieT CWIy TOKa B LielM IIpH 33JIaHHOM ee conpoTuBieHyy. OHa
OefcTByeT BIOIb BCETO 3aMKHYTOTO KOHTypa. Mexagy npous-
BOJIBHO BbIOpaHHBIMHM OBYMsA TOUKAMHU KOHTYpa [IeHCTBYET TOJIb-
KO YacTb MMITyJIbCa ABIKEHHs. B 3TOM ciyyae TOBOpAT MpOCTO
0 Hanpsxernuy. EquHWIed HaNpsOKEHUA U 3. [. C. ABIIAETCA 601bT
(B), Ha3BaHHBII TaK B uecTh MTIAIBAHCKOrO YueHoro Aaec-

* B OTeueCTBEHHOW NuTepaType WCTOYHMK HaNPAXKEHWA TP3AULMOHHO
NPWUHATO Ha3bIBaTh MCTOYHWMKOM ToKa. (lpum. nepes.)
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canopo Boavra (1745 — 1827). onbHble U KpPAaTHbIE €OUHULBI:

1 Muwtnusonet (MB) = 0,001 B= 103 B;
1 muxposonsr (uB) = 0,000001 B=10"¢ B;
1 xunoBonsT (kB) = 1000 B = 10° B.

Ilpubop m1a u3MepeHUsA HANPKEHWH Ha3pIBaeTICd BOJIBI-
METpOM.

Ina nccrnenoBaHWMi NPUMEHAIOT HANpXKEHUA B HECKOJIBKO
MWUIMOHOB BoIbT. Ele Golee BbhiCOKHe HalpsKkeHMs HaGIona-
I0TCs IIPH TPO3ax.

Tok MoxeT BO3HMKHYTb TOJIBKO NpH HaJIMUMHM HANpsDKEHHUS,
B CBOI0 Ouepefb, HAUMYIE HaNpsDKeHWsA He O3HayaeT BO3HHKHOBe-
Hus ToKa. Eciiu miTencenpHas po3eTka HaXOOUTICS MO, HalpspKe-
HueM 220 B, TO TOK MOXeT BO3HHMKHYTh TOJIKO TOrHa, Kormaa
yepe3 3MIeKIpHYeCKHil MpuOOp GydeTr 3aMKHYTa 3JIeKTpHYecKas
tens. IIpu rpose Mexay obnakamMu wiM Mexay obllaKaMH U 3eM-
Jled BO3HMKA€T OYEHb BbICOKOE HANpsDKEHHE, KOTOpOoe MOJIHHUA
MO>€ET BBHIPaBHATH, CO3JaBasd HA MIHOBEHHe TOK BO MHOTO ThICSY
amIep.

Hanpaxeuune (B BonbTax)
B TeXHUYECKUX annapaTax

AHTeHHa paguoNpHeMHUKa, He Goree . . . . . . 0,1
Barapeiika kapMaHHOTrO pOHAapUKa . . . ... . 1,5
ABTOMOOWIbHASA

aKKYMyJATOpHas Gatapest . ... ...... 6 (12)
JnekTpHUecKas UTpyLIKa, He boree . . . . . . 24
TeneBH3HOHHASA YCTAHOBKA. . . « . . v\ ... 60
Hu1p namne HakanuBamug . . . .. ... ... 220
Tpamsaii . . . .. e 500
AHOI KEHOTPOHA. . . o v o v v vv e vt 15000
031 (5335 yo10) (o11c 1 (N ...... 15000
JIvHuw anexTpoNepenay

(coBpeMeHmbIe) *, He Goree . . . . . .. 525000

* B nocnepHue roasi CO3AaHbl NUHUKM 3nekTponepeaaumn 1150 kB nepe-
MeHHOro Toka u 1500 kB noctoAHHOro ToKka. (/Tpum. nepes.)
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ConpoTtuenexue ‘Topmo3nt’’ ToK

Ecnu coemuHuTh JIaMIIOUKY TOHKHM HPOBOJHHMKOM C

OaTapeiikoll KapMaHHOTO (OHAapHKa, TO CBETHTb OHa
Oyzer TeM MeHee ApKO, 4eM [IMHHee OyneT IpOBOOHMK. AmIiep-
MeTp, BKJIIOUEHHBIH B 1ellb, MOK@KeT, YTO CWIa TOKa Majaer
C yBelHueHHEeM UTMHBI NpOoBOHHMKA. TONBKO NOBBIIIEHMEM Ha-
npspkeHus GaTapeiKM MOXHO IPHBECTH CWIY TOKA OIATh K ee
HayaJIbHOMY 3HAYCHUIO.

W3 atoro cnemyer, 4To 3NIeKTPOHBI B NMPOBOJHMKE Ipeonose-
BaloT conpoTugaerue. COpOTHBIICHUE ABJIACTCS OTHUM U3 Bax-
HeHIIMX TOHATHH B 3NIeKTPOTeXHMKe. ITO ABJIEHHE MOXHO Ipef-
CTaBUTh B BHJIE 0CODOro TpEeHHs, KOTOpoe IpeonolIeBaloT 3JIeK-
TPOHBI, IOCTOSTHHO CIAJIKMBAsACh C aTOMaMH NpOBOJHUKA, KOJeO-
JIOLIUMHUCA B y37IaX KPHCIUIIMYECKOH peleTKH.

Emuumieii conpoTuBieHus asnsercsa om (OM) , Ha3BaHHbIH TaK
B yecTh Hemeuxoro ¢usnka Ieopea Cumona Oma (1787 — 1854).
JomnpHbIE U KpaTHbIE eTUHUIIBI :

1 mwutrom (MOm) = 0,001 OmM = 1073 Om;
1 xuoom (xkOm) = 1000 Om = 10° Om;
1 meraom (MOm) = 1000000 Om = 10° Om.

IpoBopHuK MMeeT comporuBiieHHe 1 OM, eciiM B HEM IpoTe-
KaeT TOK CWIOH B 1 A npH HanpspkeHuu B 1 B.

Ipocreinnii ommbIT MOKa3bIBaeT, YTO CONPOTUBIIEHUE 3aBUCHT
OT pasMepa NpoBogxyka. OHO BO3pacIaer ¢ yBelMYeHHEM JITHHBI
H yMEHBLIAeICsA C POCTOM IIONEPeyHOro CeyeHHs NpOBOTHUKA.
Uem pyuHHEe M YeM TOHbILE NPOBOJIOKA, TeM GoIbllie, CIIeLoBa-
TENIBHO, CONPOTUBIICHHE.

IIpu uchpITaHMM NPOBOOHMKOB OIMHAKOBBIX Pa3MepoB, HO U3
PA3TMYHBbIX MAaTepMATIOB YCTAHOBWJIH, YTO CONPOTUBJICHUE MEHs-
eTcs B 3aBHCMMOCTM OT Marepuana. CepeOpsHas INpOBOJIOKa
HMeeT CONMPOTHBIICHHE MeHbIliee, 4eM Me[IHasa, a Me[Has — MeHb-
1iee, YeM aJIIOMHMHHEBAS.

Kaxppii mMaTepual HMeeT CBOe ’'yHenbHOe” COIPOTHBIIEHHE
(p) . 310 cOMpOTHBIIEHHE OTPE3Ka MPOBOJHUKA U3 JAHHOTO MaTe-
puana cevermem 1 Mm® u mmmoi 1 m. Ecnu KpaTKo BbIPa3uTh
3TH 3aBMCHMOCTH, TO HOJy4YHM (GOpMyITy i paciera cOMpOTHB-
JIEHHs IPOBOHUKA (B OMax) :

14



ol
R=73> )
roe ! — [myiMHA NPOBOJOHMKA, M; S — CEYeHHe ero, MMZ. ITpeo6-
pasys dopmyny (1), MOXHO OIpefenuTh yHeIbHOEe CONPOTUBIIE-
HUE: P = R_IS,

Tpumep. CompoTUBIIEHHE ATTIOMUHHEBOTO NPOBOIAHMKA CeYeHHEM
0,5 mm* u muuolt 500 M momywsm u3 pacuera (o Ge-
pemM B T1a61. 1) :

0,0286 - 500

_ _ 143 _
R=—"05 = 755 ~ 860 (12)

JIns BBIYMCIIEHUs OJIMHBI AIIOMHHMEBOTO MPOBOMHUKA
ceverueM 1 Mm? u compotuBieruem 1 OM HeoBxomMMO
npeoGpasoBats hopmymy (1) :

RS 1-1

JnexIpUyecKUe MPOBOJHMKH TOJDKHBI MPENCTaBIIATh A TOKA
BO3MOXMHO MeHbllee conporuBieHue. HauGonee mopxomar Te,
KOTOpble HM3rOTOBJIEHBI K3 MaTepHajla C MEHbBIIMM YZelTbHbIM
CONPOTHBIIEHUEM H MMeloT Gonbloe ceueHue. ITO, OOHAKO, He
Bcerga ocyiectBumo. Haunmywimie anexTpuyeckue NpoOBOTHHUKO-
Bble MaTepHasibl HCIIONb3YIOTC B OrpaHMYEHHbIX CIyvyasx. Ux

Tabnuua 1
Y nensHoe Y penbHan
Matepuan | conpotus- | nposoau-
neHuef, MOCTb 7,
OM-MM“/M | M/ (OM-MM7)
Cepebpo 0,016 62,5
Meab 0,01786 56
AntomuHuin 0,0286 35
Bonstpam 0,055 18
Xeneso 0,10-0,15 10-7
OnoBso 0,21 4,8
Hukenun 0,43 2,3
KoHcTaHTaH 0,50 2,0
XpomoHukens | 1,1 0,91
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NpUMEHAI0OT TaM, I/i¢ OHM He3aMEHMMbl. JTHM OOBsCHAETCH,
K [OpHMeEpy, YT0 B MOCIEOHHE HECATWIETHA B 3JIEKTPOTEXHUKE
yalie IpUMeHsETCS ATIOMUHMH, YeM GoJlee penkas Mefb.

B mocnmemmux Tpex CIpOKax NPUBENEHHOH TabNMIpl yKa3aHbl
MarepHalibl C MCIJTIOUMTENIBHO BBICOKMM YIENBHBIM CONpPOTHBIIE-
HHeM. B ek TpoTexHHKe I MHOTHX liejled TpeOyloTcss MMEHHO
TaKue Marepuaiisl (cM. crp.35). Mx paspaboTaHo 60MbIIOE KOMH-
4ecTBO.

Ins pacyeToB mHOrAa ynmobHee IONIB30BATHCA He CONPOTHBIIE-
HHMEM NPOBOJHHKA, a BeIMYMHON, OOPaTHOH CONPOTHBIIEHMIO, —
nposodumocteio (G) :

ITpoBopuMocCTb = .t wi G = L .
ConpoTuBrenue R

ConpoTuBiicHAE = 1 ymr=1L.
IpoBoguMOCTh G

ITpoBOAMMOCTb MaJla, €CJIM BEIMKO COINpPOTHBIICHHE, U Hao60-
por. Epusuneit npoBopumocty sBnsiercss cumenc (Cm), Ha3BaH-
HBI TaK B yecTb Beprepa ghon Cumernca (1816 — 1892):

1
1CMm = 1—0'—1\4— .

Ilop ’ypenpHO# NPOBOOMMOCTBIO MaTlepHajia IMOHUMAIOT
BEIMUMHY, 0OpaTHyI0 ero yfelbHOMY colpoTBileHHIo. [Ipenmy-
LIECTBO YMCIEHHOTO BBIPDKEHHS Y[eIbHOH NPOBOJUMOCIH CO-
CIOMT B TOM, YTO OHO YKa3bIBaeT, CKOJIbKO MEIPOB IPOBOJIOKH
H3 COOTBETCIBYIOLETO MaTepuana ceueHmem 1 mm? cremyer
B35ITh, YTOOBI CONIPOTHBIIEHHE ee GbUIo paBHO 1 OM.

YroObl ONMpedeNTHTb 3HAYEHUA YHEBHOTO CONPOTHUBIIEHHA H
yOenbHO# npoBogumoctd Tpu 20°C, He0GXOMMMO yuecTh BaXKHOE
NpaBWIO: CONPOTHUBIIEHHE 3aBHCHUT OT TemIleparypsbl. s meras-
JIOB OHO YBEJMUMBAETICA C IOBBIIIEHWEM TeMIIEpaTypbl: aTOMBI
NpOBOAHMKA KOJeEOmIoTCcA TeM CHIbHEe, YeM BBILLIE €ro TeMIepa-
Typa, HO3TOMY COIPOTUBIJIEHHE ATOMOB [IBIDKEHHIO 3JIEKTPOHOB
Bcerga Gomnslie Iipy Goree BBICOKOH TeMIepaType.

HenocpencrBeHHO NOCiIe BKIOYCHMsA TOK Bcerjla HAMHOTO
Oonplle, YeM YCTAaHOBMBLUMHCA 3areM pabouMii TOK, TaK KakK
IpoTeKkaeT OH MO allaparaM, KOI[a MNPOBOJHUKH euie ~XOoJof-
Hple”. Jlamma HakajJMBaHUA, HalpHMeEp, B MOMEHT BKILIOYECHMS
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norpebisier TOK, BO MHOIO pa3 NpPeBOCXOAALIUHA ee HOPMAIbHBIH
pabowiii TOK.

IonynpoBogHUKOBBIE MaTepualibl BeAyT ceGsi COBCeM Haobo-
pOT: MX CONMpPOTHBIIEHHE Najael ¢ MOBBILIEHHEM IeMIIEpaTypbl.
ConporuBileHHe TaK Ha3bIBaeMbIX TEPMUCTOPO8 TIO3TOMY UMeEET
HauGosblllee 3HauYeHHe B MOMEHT BKJIIOUEHHs TOKa, a 3aTeM OHO
najiaer MpH MOCTETIEHHOM HArpeBaHMM Pe3UCTOpa OT TOKa WM OT
BHEIIHUX BO3JIEHCTIBUM.

ITo3ucropsr uMel0T y3Ky0 TeMIlepaTypHylo 0o6lacTb ¢ pe3ko
BO3pACTAOIINUM CONMpPOTUBIEHUEM, B TO BpeMsa KaK COMpOTHUBIIE-
HHMe TaK Ha3bIBaEMBIX GAPUCTOPOS8 U3MEHAETICS B 3aBUCUMOCTH OT
HaNpsDKeHUs1, 0JJaBaeMOro Ha pe3ucIop. ITH 0coOble BUBI pe3H-
CTOPOB HaXoAAT B MOCJeHee BpeMs HIMPOKOe NPUMEHEHHE B H3-
MEpUTeIIbHOH TeXHHKE, B CXeMaxX 3auiuThl M CTabWIM3alMH, KaK
M BO MHOTHX YCTPOMCTBaX TEXHMKHM YIpaBJIEHMS M Pperyiupo-
BaHUA.

3akox Oma cBA3bIBaeT OCHOBHbLIE BEANMUHbI

OCHOBHBIE BETMUYMHBI — HallpsDKeHUe, CIIa TOKa U CONpo-
THBJIEHHE B 3JIEKTPHYECKOM KOHType — He He3aBHCHMbI
Ipyr oT gpyra. Urto6bl MOHATh UX B3aMMO3aBHCHMOCTb, BOCIHONb-
3yeMcsl yCTpOHCTBOM, H300paXkeHHbIM Ha pHc. 3. McTouHnk Toxa
BbIOHpaercs TaK, yToObl ero HalpspkeHHe MOTJIO U3MEHSTHCS, HO
He3aBHCHMO OT CHJIBI NIPOTEKaIolIero Toka (Ha crp. 26 oObsc-
HEHO, KaK Ba)XHO 3TO YCIIOBHE) .
Cxema yka3piBaeT HaM, KpoMe TOTO, Ha BaXXHOE NpPaBWIIO:
amMrepMerp HAOJDKEH BKIIIOYaThCA BCerga IOCIIeIOBAaTeNIbHO C

Puc. 3. OnebiTHan ycTo-
HOBKa, MANIOCTPUPY-
touwan 3akoH Oma

2 B.KoHpan, 17



norpeGuIeNieM, BOJIBTMETP — Ha00OpPOT, MapaulesIbHO ¢ NHOTpeGH-
tenem (cpaBHH c1p.20).

YcranaBmiBaeM Ha pe3HCTIOpe ONpEHeNIeHHOe COMpOTHUBIIEHUE,
3aTeM M3MeHAeM HalpshkeHHe. 3ameuaeM, YIo Jo6oe U3MeHeHue
HalpsOKEHUs BBI3bIBaeT U3MEHEHHE CWIbl TOKa, KOTOpOe MpoIop-
LMOHATIBHO M3MEHEHMIO HalpsDKeHUA. Y[IBOEHHe HalpsDKEHUA
O3HayaeT yOBOEHHE M CWIbl TOKa, yBellMueHHe HANpsDKEHUA BTpoe
yTpauBaeT cWly TOKa H T. .

Ecny n3MeHuTh CONPOTUBIIEHHE NTPH HEM3MEHHOM HANpPsOKEHUH,
HU3MEHHTCS TaKXe U CWia TokKa. Vi3aMeHeHMe cwibl ToKa 06GpaTHo
TIPONOPIUMOHATIBHO H3MEHEHHIO CONPOTHBIIEHUA: YABOCHHE COIPO-
THBJIEHUA YMeHbIlaeT CHIy TOKa [0 NOJIOBHUHBI, YTPOEHHE COIPO-
THMBJIEHUSA CHIDKAET CWIy TOKa JI0 TPETH.

Teopey Cumony Omy TpUHapjIeXXMT 3acIyra OTKPBITHA 3THX
3aBHCHMOCTeli. B ero uectb Ha3BaHa eJMHULA STIEKTPUYECKOTO
CONPOTHUBIIEHHA, @ ET0 UMEHEM — 3aKOH

Cina Toka = —H2NpDKeRyte
ConpoTHBIeHHue

, @)

v
2|3

1B
1A= lOM

Ecnu paHbl gBa OCHOBHBIX IlapameTpa, TO TPETHH MOXHO pac-
CYMTATh C IOMOLIBI0 3TOTO 3aKOHA.

Npumep. Kaxoit TOK mnOTeueT dUepes 3NIEKTPOHATPEBATEND
conporuBnenreM 50 Om npu Hanpsxemm 220 B ?
B coorBerctBuM ¢ hopmymnoii (2)

220

= = 4,4 A,
Kakoe compoTuBleHMe HMeeT JIamIouKka C 3aBOf-
ckumu panHbiMu 3,5 B, 0,2A? TIpeo6pasys bopmyny
(2) , nony4aem
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Puc. 4. HanpraxeHue n cuna toka
npu nocnepoBaTeNbHOM BKAKOYe-
HWUN PE3UCTOPOB

Yepes pesucrop comporusiiehnem 250 OM mporexaer
tok 0,1 A. Kakxoe HampsbkeHHe NPWIOXEHO K pe3H-
cropy? W3 dopmynsr (2) umeem

U=IR=0,1-250 =25 B.

3akon Oma chpaBeIMB He TOJNBKO TOFHa, KOTJA MBI paccMma-
TpHBaeM BCI0 JNIEKTPUYECKYH llenb. MOXHO MM IONH30BaThCA
H 15 YaCTH LeNH.

Kak pacnpenemircs, Hanpumep, 3. I. ¢. E, ecliu B 1IeNb BKITIO-
YeHB! NOCIEOBaTeNIbHO APYT 3a ApyroM (puc. 4) [Ba pesucropa
R1 n R2 (conpoTuBieHHeM NPOBOMHUKOB M HCTOYHMKA MUTAHUS
npeneGperaem) ? H3BecTHO, uTo cwina ToKa B HepasBeTBIICHHOM
el Be3fe ofMHaKoBa. B HauweM ciyuae Tox ] HOMKeH MpoTe-
KaTh uepe3 oba pesucropa mociegoBarensHo. [Ipu 3TomM Heo6xo-
IMMBL UMITYJIbC ABMOXKeHMI0 obecrewBaer 3. 1. c. £. Ilo 3axony
Oma

Je—E
T Ri+R

Yacts HanpspKeHus, KoTopyto 06o3nayum U,, “niponasimBaer”
3MIeKTPOHBI Yepe3 pesuctop RI; npyras, U,, momobHym 3ajauy
BoimonHAeT A R2. Eciu MbI 1A 3TUX HaNpspkeHWH HalmMInem
3axoH OMa, TO Monyuum:

U =IR;; Uy=IR,

Kpowme 1oro0,

E = U] + UQ.



Mpumep. Ilpu E = 24 B,R, =80 Om u R, = 40 Om nonyyaem:

24
I=gora =02 A

U =02-80=16 B; U,=02-40=8 B;
E=U+U, , T.e.24B =16B+8B.

IocnenoBareNIbHO BKIIOYEHHbIE PE3UCTOPBI HCIIOIb3YI0TCA KaK
Oeaurenu Hanpsawenus. YacTo cryyaercs, yTo pabouee HampsDke-
HHe NOTpeGUTeNsT JIIeKTPOSHEPTMM MeHblle, YeM MMerolleecs
B pacrnopsokeHud. EciM B 9TOM cilyyae MOTpeGHTeNA COeTMHAIOT
HEMOCPEACTBEHHO C HCTOYHUKOM TOKa, TO OH Harpyxaercs CBepX
Mepbl U TIpH OIpefeNIeHHbIX YCIOBWAX paspyuiaercsa. OpHako H3-
JIHLIHee HaNpsDKeHHe MOXKHO ~YHUUTOXMTB, HCTIONb3YsA NafeHHe
HaNpsDKeHHs Ha CHEUMAIbHO MOAKIIIOYEHHOM pe3HcIope.

Mpumep. Jlamma (5 B; 0,2 A) [momxHa NUTaTsCs OT aKKYMYIIs-
TOpHO#t Garaped, umerouiedi Hanpspkenue 12 B. Ilps-
MoOe NOOKIJIOYEeHHEe HCKITIYAeTICa: JIaMIA MEPeropHr.
YroObl 3TOTO HE CIYWWIOCh, HeOOXOOMMO B ILEMb
JaMNbl BKIIIOUATh PE3MCTOP, Yy KOTOpPOro ’HajieHue
HanpsDkeHus1” cocTaBHT 7 B, korma TOk IoTeueT yepes
namMny. 3HaueHHe CONpPOTHBIIEHHA PE3HCIOPa MOXKHO
OIlpeNieIHIb 110 3aKOHy Oma:

7
RI(TQ=35 Om.

ITomoGHBII MeTOH, MOXXHO HCIOJNIB30BaTh TAK)kKe MpH OOJblIeM
uyclle pe3ucTOpoB. Hampumep, HOBOroAHHe eOUHbIE SEKTpHYE-
CKMe THpJIAHIBI COCTAaBJIeHbI H3 GOJIBIHOIO YMCIIa MOCIeHOBaTeNb-
HO BKJIIOYEHHBIX JIAMIIOYEK HU3KOro pabouero HanpspKeHHsS, HO
IIpd 3TOM OG3aTeJIbHO BHIIONHAETCA YCIOBHE, YTOGBI CYMMa HX
HaNpsOKEHWA paBHAIACh HANpsDKEHUMIO ceTH. B atom ciyuvae mpepn-
HoJIaraeIcs, 4To Bce JIAaMIOYKHY NpeJHa3HAYeHbI I OIUHAKOBOIM
CHIIBI TOKA, HO MOTYT HMeETh paxiinyHoe pabouee HalpsoKeHHe [pH
YCIIOBHH, YTO CyMMa OT/IEJIbHBIX HAIlpsDKeHUH PaBHA HATIPSKECHHIO
uen¥ IMUTaHuA. JTHM OOBACHAETCA PeKOMEHJALMA Ha crp. 18
O TOM, YTO €CJId XOTAT M3MepHTh HANpsDKeHHe y NMOTpebuTens,
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Puc. 5. HanpaxeHnue u
cuna TOKa npu napan-
nensHOM BKNIOYEHUN pe-
3UCTOpPOB

HeOBXOIMMO M3MePUTENbHDIA IpHGOp (BONBTMETp) HMpHUCOenH-
HUTb K BBIBOJAM 3Toro norpeburtens. IIpu sToM yepes BOBI-
MeTp TaKdke oreyeT Tok. Ero cuiia 3aBHCHT OT CONPOTUBIIEHUS
H3MEDHTENIBHOTO IIpUGOpa M OT HANPSDKEHUS MEXOy 3aXH-
MaMmH. M3MepHTeNb HalpsokeHUs B CYIIHOCTH ABIAETCA ~'Ka-
JMHOGPOBAHHBIM'® M3MEpHTENIeM TOKa (OIHO MCKIIIOYEHHE pac-
cMatpuBaercs Ha cTp. 63 ). Eci conpoTUBIieHHe H3MEpHTEh-
HOro npubopa BpIGHPAOT HOCTaTOYHO OOJIBIMM OTHOCHTENIBHO
CONpPOTHBIIEHUs NOTpe6UTENA, TO TOK yepe3s 3TOT Npubop Mo-
ryT MOAHepXuBaTh NpeHeGpexxuMo MaibiM. IIpH 3T0M BO3HHU-
KaeT o6UMii ¥ BXHbIH BOIPOC: YTO NPOU30HHAET, €ClIU B LEMh
HapaJUIeNbHO BKIIIOYeHb! (pHc. 5) mBa peaucropa? EcTecrBeH-
HO, Ha 0OOHMX pe3HMCTOpax HampspkeHue U OJMHaKoBO, B TO
BpeMsA KaK TOK NpOBOOUMOCTH / [eNUICS Ha OBAa YaCTUYHBIX
Toka I, u [,.Cuia BbITeKaOLIETO U3 HCTOYHMKA TOKA PaBHa
cwie 0OpaTHO NPUTEKAIOLIEro TOKa, YIO BBINOJIHACICA IpH
YCIIOBHH:

1=[1+]2'

12 3aBHCUMOCTb PACHPOCTPAHAETCA Ha CIIyYaH Mapajiiesb-
HOTO BIJTIOYEHHsI JII0GOro KOJMueCIBa Pe3HCTOPOB H COCTaB-
NsIeT cOfiepXKaHue 3aKOHa, ycraHoBleHHoro Pobeprom Kupx-
2ogpom (1824 — 1887):

Cymma TOK08 6 8eT8AX Yenu pagHa TOKY ecell yenu.
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Eciu Bocroneayemcst 3akoHoM OMa, TO MOXeM NpefcTaBUTh
YacTHUHBIE TOKH B BHIE:

U. U
Il:R_l' 12=7?—2‘.

O61uHMi TOK, ClIeIOBaTeIbHO,

U U
=% TR
MoHO npencTaBuTh cebe, yro HampspkeHne U “TOHUI” TOK J
yepes pe3ncTop R, 3HaueHHe CONPOTHBIIEHHA KOTOPOIO COOTBET-
CIBYeT CONpPOTHBJICHHIO NMAPA/LIENIBHO BKITIOYEHHBIX PE3UCIOPOB
R1 u R2. ConpoTHBIieHHe 3TOTO pe3UCTOpa R JIErko paccuMraTh,
ecii B TocnenHeit ¢opmyne samenuts / Boipaxenuem U/R,
THOJIyuYeHHbIM U3 3aKk0oHa OMa:

v_ov. v

R=R TR
Ecnu teneps nopenurb o6e yacTH paBeHCIBa Ha U, TO MONyuwHM:

1.1

R=R TR,
IpuBens BripaXkeHne K 0O1EMY 3HAMEHATEIIO0 H peoGpa3oBaB
ero, nomywiM ¢GopMynly mis pacyera CONpPOTHBIIEHMsI, 3aMella-

IOLIEro CONPOTHBIICHHE [BYX IMAapajuleibHO BKIIIOYEHHBIX pPE3H
CTOpPOB:

__RiR,
R=%Tr -

Npumep. [lapamiensHoe BKJIIOUEHHE DPE3HCIOPOB COIPOTHBIIE-
uueM 500 1 1000 Om faet

500-1000
=500+ 1000 — 233 O
®opmyna
1 1 1
R=R TR,

MOJXeT GbITh 3aMMCaHa Mpollle, eCH BBECTH B Hee BMECTO COIpO-
THBJICHHUs BEJIHYHHY, eMy 06paTHy10, — IPOBOIHMOCTb'
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G=01+G2~

TouHo Tak xe IIpH MapaJUICJIbBHOM BKIIHOYCHUN mo00ro Konyye-
CTBA PE3UCTOPOB CKJIaJbIBAITCA UX IIPOBOAYMMOCTH:

G=GI+GQ+

ITapannensHOe BKITIOYEHHE DE3UCTOPOB INpPUMEHAETCA IOBCe-
MecTHO. [lapajienibHO BKITIOYAIOTCA B CEThb, HAIpUMep, GbITOBBIE
37IeKTpHYecKHe NMpUGOps! (J1aMIIbl, XOJNOMWIPHUKH, pPaHONpHeM-
HMKH) U HaXOMATCA IOJ OJMHAKOBBIM HanpsDKeHHeM. JJIeKTpH-
YeCKHMH CUETYMK W MpENOXpaHMTEeNIH HAaXOHOATCA NOJ OoOLHMM To-
KOM, KOTOpPbIH CKJIa[iblBaeTCsi M3 OTAENIbHBIX YaCTMYHBIX TOKOB
aneKTponorpeburenei. MoOXHO — elle OJHO IIPEUMYLIECTBO
3TOrO0 BHJA COCOMHEHMA — BKIIOYaTh M OTKIIIOYATH OT/EJIbHbIE
noTpebuteru Toka 6e3 moMex I OPYTHX.

AnekTpopewmxyuwaa cuna (3. a. c.)
1 HanpaXKeHue Ha 3aKUmax

Kaxxgp1ii HCTOYHHMK TOKa XapaKTepusyeTcs ero 3JeKTpo-

OBIKyILIeH cwiod. OOHAKO eciiM IOACOEHUHHTb BOJIBT-
MeTp K BBIBOJAM HMCTOYHHKA, OT KOTOPOro OTOMpaercs TOK, TO
pubop Beeraa MOKaXeT HAlpsDKeHHE, MeHbliee, yeM 3. 1. C.

Tax, Hampumep, 3. A. C. INIOCKOW OaTapeKHM KapMAHHOTO
¢donapuxa cocrasnser 4,5 B; ecnu nmammouka ropur, To uaMepe-
HMe Ha 3axuMax Garapeiiku fgaet Tombko 3,5 B.

EcrecTtBenHo, HampsbkeHMe He “Hcuesaer”. Jlo cdx mop 6buio
OcTaBjieHO 6€3 BHMMAaHHA TO, YTO MCIOYHHK TOKa caM ob6nagaer
H3BECTHBIM CONpPOTHBIICHHEM. Ero HaspiBaoT “BHYTpeHHHM
CONpOTHBJIEHUEM” R, . ITO CONMpPOTUBIIEHHE NIEKTPOHBI JIOJDKHBL
[IpeOoIIeBaTh B MX IIOCTOAHHOM KPYTOBOPOTE, a IJIA 3TOr0 OHH
HY>X[AI0TCsL B HMITyJIbCe OBHXEHHUA, T.e. B 9. [.c. HampsokeHue,
U3MepseMOe Ha 32KMMAX MCTOYHMKA TOKA (HalpsKeHUe Ha 3aM-
Max), MeHbLIE 9. [I. C. Ha 3HaueHHe HalpsXKeHHUsl, IIPUJIOKEHHOTO
K R, ("BHyTpeHHee NafieHie HaNlpsDKeHUs') :

Hanpsaxcenue na 3amumax = 3.0.c. — @HyTDeHHee nade-
HUe HanpsixeHus.
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Puc. 6. 3kBuBaneHTHan cxema
MUCTOYHUKA TOKa

Yro6bl UMeTh BO3MOXHOCTh YUUTHIBATh IIPY pacyeTaX BHYTpeH-
Hee CONpPOTUBIIEHHE HCTOYHMKA TOKa, MBICIEHHO MOCIIefIoBa-
TeNIbHO TIPHCOEMHAIOT PE3UCTOP R, K MCTOYHHMKY TOKa C 3. J. C.
E, Ho Ge3 BHyTpeHHEro conpoTuBiieHus (puc. 6).

99

C nmoMoLpio TaKko#i IKBUBAJIEHTHOH CcXeMbl M 3akoHa Oma
MOXHO OIPpefeNATh U MafieHHe HaNpsDKEHUs Ha pe3uCTope R, .

Npumep.

24

Hpennonoxum, 4ro norpeburens Toka R, CONPOTHB-
neHuem 100 OMm Oypner mpucoequHEH K HCTOYHHKY
TOKa € 3.74.c. E = 60 B u BHyTpeHHUM CONpOTHUBIIE-
HueM R, = 5 Om. KakoB Oyner 1ok B nem? Yemy
PaBHO HanpsKeHHe Ha 3aKMMaxX MCTOYHMKA Toka?
Tox pomxeH mocledoBaTeNbHO MpPOTeKaTh Yepe3
pesucropst R, U R, . CefoBatenbHo:

Izmz'l'b-g:o,fﬁl A.

Yro6b1 paccuMTaTh BHyTpEeHHee NMafeHHEe HaIllpsDKeHU,
3anuuleM 3aKoH Oma st R

Ui=IR, =0,571-5=2,86B.
Teneps nosyyaeM H HanpshkeHHe Ha 3a)KHMax:

60 — 2,86 = 57,14 B.



Puc. 7. Mocnenosa-
TeNnbHOE BKAKYEHUE
WUCTOYHMKOB TOKa

Eciy MCTOUHMK TOKA He HAarpy»XeH, TO BHYTPEHHETO MaJIicHUsS
HanpsDKeHUs. He HabmiofaeTcd; TOTZa TOK He TeueT. B atom cmy-
yae NpH "XOJIOCTOM XOpe’’, HalpseHMe Ha 3aXuUMax U 9.[1.C.
COBMNA/IAIOT.

Ecnu compoTuBieHre BHEIUHER LEMM NpeHeOpesxuMo Maio, T0
CWIa TOKa ONpenensaeTcA NCKIIUMTEIbHO BHYTPEHHHM COIIPOTHB-
JIeHHEM HCTOYHMKa. B 3TOM ciyyae Tok (ero Ha3pIBalT TOKOM
KOPOTKOTO 3aMBIKaHHs) HOCTHUraeT OYeHb GObLIOH Cuibl. B omb-
LIMHCTBO HCTOYHHKOB NpH TOKAaX KOPOTKOIO 3aMbIKaHHA pa3py-
L1aeTcs.

Puc. 8. MapannensHoe BKntoyeHue
WUCTOYHUKOB TOKa
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Korpa HanpsikeHMsi OTHOTO HCTOYHHKA HEJOCTATOUHO, BKIIKO-
YaloT TOCJIEMOBATENIBHO HECKOIBKO HCTOYHUKOB, COSOUHAS MOJIO-
JUTEJIbHBIH NOJIIOC OTHOIO C OTPHUATENBHBIM IOJIOCOM HOCTedy-
foutero (puc. 7). IIpu 3TOM CkafpIBalTCA 3. . C. M BHy TPEHHHE
COMPOTUBIIEHUA UCTOYHHKOB, NafieHHe HANPsDKEHHA BHYTPH KOTO-
pbIx OBICTPO BO3pacTaeT ¢ pocToM cuiel Toka. [loatomy mocie-
[OBATeNlbHOE BKIIIOYEHHE IPEONIOUNTAIOT NPHMEHATh TaM, Ihe
TpeGyeTcsi CPaBHUTENBHO MaJiasl CHIA TOKa OT HCTOYHHKA.

Ilpy mapannesbHOM BKIIIOYEHMH HMCTOYHMKOB TOKAa COEIMHA-
I0TCA IpYT C [IPYTOM BCe OJHOMMCHHbIe 3axxumsbl (pHc. 8). By-
TPEHHHE CONPOTHBIICHUA OTHENIbHBIX HCTOYHMKOB BKIJIIOYEHBI
HapajuleNnsHO, oOlllee CONMPOTUBNEHHe TaKoH ’GaTapen’ MOITOMY
OYeHb MAJIo.

Ee HampsbxkeHHe COOTBETCTBYET HANPAXKEHHIO OTMAEIbHOTO HC-
TouHuKa (IoJiaraeM, YTO Bce MCTOYHHKH MMEKT PaBHYIO 3.1.C.).
Takue Gatapen MoOryT oraaBaTh 6OMNBIION CHIIBI TOK Oe3 cylect-
BEHHOTO CHIDKEHHs HaNPSXKEHUA Ha 3aKMMaX.

HakoHel1, MOXHO KOMOHMHHPOBATh IIOCTIENOBATEIbHOE U MTapa-
JIeNIbHOE BKITIOYEHHS .

PABOTA, MOWHOCTb, 3NEKTPOHATIPEB
KunoBart n KunoBartr-4ac

Bomnblioe 3HaueHHe 3JIEKTPOIHEPTUs HpHoOpena Takke

B CBSI3U C TeM, YTO OHA CPaBHMTENBHO JIETKO IIpeobpa3y-

ercs B apyrue (GOpMBI DHEPrHH: B MeXaHHUeCKylo (fIBUrarenu),

TEIUIOBYI0 (MHOTOUHCIIEHHBIE 3JIeK TPOHAr peBaTellbHble IIPHGOpPDI) ,

B JHEPTHI0 3JIEKTPOMATHUTHbIX BOJNH (pafiio U TeleBHEHHUE) .

MexaHnueckas pabora, KOTOpPYI0 COBepllaeT ABUrarTenb, TEIIo-

Ta, KOTOPYIO BbIfEJIsIET CIUpab 3IEKTPOKUIATHWIPHUKA WIH OpY-

roro fipubopa, BronHe H3Mepumbl. OT KakHuX xKe 3MeK TPHYECKHX
BEJIMYMH 3aBHUCHUT coBeplIaeMas pabora?

Uem Gonblle MOTpeOHTENIEH TOKA (3NIEKTPOIAMIIb, IBHTATENH

M T.[l.) M YeM [ONblIe OHU BKIIIOYeHbI, TeM GOJIbLIE 31K TPOIHED-

ruM Inpeobpa3yercsi B Apyrywo ¢popmy sHepruu. Ilpu yBemiueHun

KOJIHYeCTBa NoTpebuTeniell TOKa CHla TOKa TaKKe yBelINuMBaercs,
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MMOCKOJIbBKY OOBIYHO MOTpeOHTeNM TOKa BKIIIOYAIOTCA Hapasiieib-
Ho. IIpousBenennas anexrpuyeckas paboTa Bo3pacraeT, ClienoBa-
TeJIbHO, C YBeIHYeHHEeM CHJIbI TOKA U BPEMEHH.

Ho Bnuser euie ¥ TpeTba BejvudHa. [IBe MapajyiellbHO BKIIIO-
YeHHbIE 3JIEKTPONIaMITbl MHOTPeGNAKT OBOHHYH 3HEpPIul, IO
CPaBHEHMIO C OHHOH JIaMIIOH, M OBOWHOH, eCTeCTBEHHO, TOK.
MoXXHO MHOJIY4YHTh HOHNOOHBIM pe3ynbTaT M B TOM CIlyyae, eClld
JIaMIIbI BKJIIOYUTDH ITOCTIENOBATeNIbHO M IPWIOXKHTb [BOWHOE Ha-
npskeHWe. JJeKTpHyecKas paboTa 3aBMCHUT, CIIeJOBaTelIbHO,
TaKXe M OT HanpspkeHus. Ecnyu HOOBITOXUIb 3TH PacCy XIEHH,
MOXHO TONIYuMTh IJIA 3JieKTpHuecKoi paborel W cremyroutyio

dbopmymny:

W = Ult.

3nech U — HanpsixeHue, ] — cHia TOKa U ¢ — BpeM4.

IIpexxe yeM yCTaHOBHUTb efMHMIy paboTbl, BBHIACHMM OIHO
o6crosrenscteo. Ilon MouHocThI0” P MOHUMaKOT paboTy, coBep-
laeMyo 3a olpefeneHHoe Bpems. Takum obpasom, P = W/t
Ecnu Temepp BMecTo W NOACTaBUTb BbIPaXKeHHE M)A IIIEKTpHYE-
ckoii pabeTel, 10 P = Ult/ ¢,

P=UI )]

MOLUHOCTD JIEKTPHUYECKON YCTaHOBKH B IPOCTEHILIEM CIIyuae,
TakuM 00pa3soM, — MpoH3Be[eHHE HANMPKeHUA H CUIIBl TOKa.
Hanpsixenue B cucteme CH BbipaXkaeTcsi B BOJIbTaX, Ciia TOKa —
B ammnepax. [lpousBefeHHe BONbTA Ha aMIlep Ha3blBalOT 84TTOM
(BT) B mamsrp o Jwemce Yarre (1736 — 1819) . YpaBHenue enu-
HMI[ BBIFTIAOUT TaK :

1Br=1B-1A.
Mpumep. Ecnu NpoBOOHMKH KBapTHpbl 3allMUIEHbI NpemOXpa-
HUTENAIMH, PaCCUMTaHHBIMM Ha TOK 6 A, TO MOXHO

OIHOBPEMEHHO BKIIIOuaTh INpubopbl obuwieir moul-
HOCTBIO HE CBbIILIE

P =220-6 = 1320 Br.



JlonbHblE U KpaTHbI€ €JUHHUIIbI MOILLIHOCTH

1 mwuusart (MB1) = 0,001 Br= 1073 Br;
1 xunoBarT (xBt) =1000 Bt = 10° Br;
1 meraBart (MBt) = 1000000 Bt = 10° Br.

Mo>HO 3amMcaTh BbIpa>keHHE 1JIsA MOLIHOCTH U B IPyTOM BHJIE.
Ecnu B popmyne (3) samenuts U (B COOTBETCTBUM C 3aKOHOM
OmMa) BenmuuHO# IR, TO MONYYUM

P=1IR.

MoiHOcTh TNOTpebuTeneit Toka BO3pacraer, CIIefOBaTeNIbHO,
NpONOPLUMOHAIBHO KBafpary CWibl Toka. Mer Oymdem yacto BO3-
BpalaThCs K ITOMY BaXKHOMY COOTHOHIEHHIO.

MowHrocTb (B kunosarrax) , notpe6naeman

anektponpubopamu u ycTtpoicTBamu

Kapmannbiit GoHapuK . . . ........ 0,001
Papnonpuemuuk (cymep) . . ....... 0,08
TeneBU3Op. . ... oo i 0,15
Pedbmektop . ...... ... L 0,5
ONEKTPOIUIHTA « « v v o v v v e v e nn s 40
JNIeKTPOTIOKOMOTHUB . . . . . o . .. . 4000
CranennaBwibHas 3JeKTporeys . . 10000
ITeus poist rwiaBky Kapbupa . . . . . 30000

BuipabaTbiBaemMaA MOWHOCTD
(B kunosarrtax)

Moluubli redepaTop . . .. .. .. 800000
Bparckas rugpocraHuus . . . . 4500000

Ecmu BepHyThcst K ¢opMyre Al INEKTpUYECKORH paboTbl
(W= Ul¥, 10 yBUAUM, UTO OHa IpelCTaBIsAET COOOH NMpoHu3Bene-
HMe 3neKTpuueckoirt MowHoctd (P = UI) u Bpemenu (), B Teye-
HHe KOTOpOro 3Ta MOILHOCTh JHeicTByeT. Eciu Bpems BbIpasHTb
B uacax (WM CEeKyHJax), TO COOTBETCTBEHHO MNOJIYYAM BHECH-
cTeMHyI0 efuHuLy paboTtbl “BarT-yac” (Br-u) [WIH BaTT-CeKyH-
ny (Bt-c)]:

1 (Brc)=1Br-1c¢; 1Bru=1Br.lu
1 Bry = 3600 Br-c.
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BatT-yac (wiM BaTT-CeKyHIa) ABIAIOTCA MEIKMMH €IMHALEAMU
pa6oTsl. [IosToMy pacueTs BeIyT yallle B KWIoBaTT-yacax (KBr-u) :

1 kBt.y = 1000 Br-u = 3600000BT-C.

ITouty Ha BcexX IEKTPHYECKHX NMPUOOPaxX, KOTOpPbIE HCHOJb3Y-
I0TCA B NOBCEJHEBHOH >XM3HHM, YKa3bIBaeTCsI MX MOILHOCTb. JTO
ZaeT BO3MOXHOCTb MOJCYMTaTh CTOMMOCTh HCHOJIb30BaHHON KaX-
HbIM HpHOOPOM 3HEPruH.

Ipumep. CxobKO CTOMT OOMH Yac paboThI TeJIeBH30pa MOLLHO-
cteio 150 Br?
3a yac norpe6nsercsa 150 Br-u. [Tockonbky 3a xuio-
BaTT-yac IUIaTAT BOCeMb M EeHHUHIOB, TO 1 BT-4 CTOMT

nd, a 150 Br-u croar 8 01(;5(? np = 1,2n¢*.

8
1000
Otcrona BHOHO, KaK [cuIeBa IJIEKTPOIHEPIUA. ITO CTaHeT euie
sSICHEE, €CIIM TPOU3BECTH II€PECUCT OT HEINIPHUBBIYHbIX 1A GOJIBILIMH-

CTBa YMTaTeNed IeKTPUYECKHUX €IMHUIl B MeXaHHueckue ( B CH-
creme CH) : 1 kBr-u = 367000krcm = 3,6 - 10® IIx; 1 kBr=
102 #EZ* (1xBr-u = 3600000 H-m, 1 kBt = 1000 M),

Ecnmu mpeHebpeub MOTEpAMH IHEPTUM, TO 3Heprusa B 1 Kuio-
BaTT-yYaC MOXXeT MOJHATh Maccy B 367 kr Ha Beicory 1000 M.
1 kBT gocraTouHo, 4ro6s! mogHATh 102 xr3a 1 cHa 1 m.

Kak u B moGoii MalHe, B KQXIOM 3JIeK TPHYECKOM YCTPOH-
cTBe MMeloTcsa motepd. OHM BO3HMKAWT H3-32 TOrO, UTO 4YacTb
39JIeKTPUYECKOii 3Hepruu npeobpasyerca B Apyrue ¢opmsl, KOTO-
pble U [aHHOTO CIIyyas HeXKellaTeJIbHbI. Y 3JIeKTpOfBUIaTelie
4acTh MOJIE3HOH MOLIHOCTH PacXO/yeTcs Ha IpeofiOJIeHHe TPEHHs;
9NIeKTpHYecKas JIaMIIOYKa U3JIyyaeT He TOJbKO CBET, HO M Te-
wioty. IloaToMy MexaHudYecKass MOLIHOCTb 3JIEKTPOIBHIATeNA
(’nione3Has MOIUHOCTH”) MeHbILE, YeM IJIEKTPHUYECKas MOLLE
HOCTb, KOTOpYI0 OH Horpebnser. UToOpl YHCIEHHO NMpEACTaBUTb
OTHOLIEHHE MEX[y YKa3aHHOH HOMHHAIIBHON MOLIHOCTBIO H
BBIJaBaeMoii MOJIE3HOH MOIIHOCTBIO (3¢ ek THBHOH MOLIHOCTHIO),

* B CCCP kunosatT-4ac 3neKTpu4ecKoW 3Heprum ctout 4 Kon., v 4ac
paboTbl Tenesnsopa 06xoauntca B 0,6 kon. (Tpum. nepes.)
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UCTIONB3YIT TOHATHE “KO3(GUIMEHT II0I€3HOrO HAeHCTBHA

_ Jbdex THBHAST MOLHOCTD Wi = Psgp
HomuHaneHag MOLHOCTD n Puom

K.m. o

3nech 3pdexTHBHAA H HOMHHAJIBHAA MOILHOCTH H3MEPAITCH
B OJMHAKOBBIX eOMHMUAX. A K. 1. [. MONIYYaoT YKCIIEHHOE 3Ha-
yeHHe, KOTOPOE BBIpaXKaeTcA B NpoueHTaX. Tak Kak morepb He
u3bexatn, 10 Py, Bcerna Gombuue, yeM P4y . [losTomy k. 1. ;1.
HHKOrJia He MOXeT NOCTHrHyTb 3Hauenus 1 (100%) wm mpe-
B30MTH €ro.

Yem MeHble NOTEpPH, TeM BbILIE K. H. . mpubopa wiu ycra -
HOBKH M TeM Oonblle NOJIe3HasA MOIUHOCTh INIPH OAMHAKOBOM
HOMMHAJIBHOH MOIUHOCTH. CHM)XKeHHe MOTeph IHEPruM U MOLIHO-
CTH ABJIsAETCA NpobseMoit, KOTOpOH yueHble U HHXXEHEPhbI BO BCEX
CTpaHax ynenswoT 6onblIoe BHUMaHHUE.

Npumep. B kpynHoM uexe ycraHosneno 500 gBurareneit ¢ mo-
JIE3HOM MOIIHOCTBI S KBT xaxmwlit ¥ ¢ k.1m.4. 0,75
(75%) . CnenoBarenbHO, oblias MONIE3HAA MOIIHOCTh
peurareneit paBHa 2500 xBr. Onu Gepyr u3 cetu

MOILHOCTh
P, 2500
PHOM = —;2)" = 0'75 = 3330 kBT,

Xopollo, ecim yNIyYllleHHEM KOHCTPYKIMM OBHraTe-
Jieft yHaercs MOBBICHTD K. 1. A. Zo 0,82 (82%). Torpma
MOXHO NpH HEM3MEHHOH HOMMHAIlbHOH MOILHOCTH
nonyyuTs 3¢pHeKTHBHYI0 MOLIHOCT

Py = Pyou+n = 3330+0,82=2730 kBr.

Wrak, mpM OOMHAKOBOH HOMMHAJIBHOH MOILHOCTH
MOXHO NOBBILIEHHEM K. II. [I. KaK OblI JOOJTHUTENIBHO
YCTaHOBHUTB B IieX€ MOYTH NATHIECAT ABUIraTelIeH.

MoxHo ewie 106aBUTh, YTO K. II. [I. INMEKTPUUECKHX IPHGOPOB
M YCTPOHCTB [(OCTMraeT BeCbMa BBICOKHMX 3HAUeHHH M MHOTHE
3MEKTPHYCCKHE TMPUOOPB! U MallMHBI (HallpuMep, OBUTATeNH, re-
HEpaTopbl, BBUIPAMUTENN M TpaHCHOpPMAaTopbl) MMEKT K. IL 1.,
6nuakuit k 90% u BbIlIe.
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Tennorva — OT aNleKTPUYECTBa

ComnpoTHBjieHHE NPOBOAHMKA OGBACHACTCA COYIapeHUs-

MH 37IEKTPOHOB IIPOBOAMMOCTH C aTOMAMH NPOBOJHMKA.
IIpn 31X coymapeHMAX 4acTb SHEPTUM 3JIEKTPOHOB HepeXOOuT
K aToMaM IpoBoAHHMKa. BerencTBue 3T0ro aToMb! HAYMHAWOT KO-
nebatpca. ITOT mpouecc Nogo6eH ToMy, Kak OWIbAPAHBIM L1apOM
pa3buBaloT “IMpaMuAy’’: OH OTHAaeT CBOI 3HEPrHI0 [BHKEHHA
OCTaJIbHBIM 1apaM, ¥ OHM pasnerarorca. IloBhilenne TeMnepa-
Typsl B IPOBOOHMKE YKa3blBaeT Ha YCWIMBLIMecs KoJeOaHus
aTOMOB.

JIrboit MaTepHain, yepe3 KOTOpPBIH IpOTeKaeT TOK, HarpeBa-
erca. Ilpu mobOoM Toke YacTp 3JEKTPOIHEPrHH INpeobpasyercs
B Temwiory. sMeHeHHe TemmepaTypb! NpPOBOOHHKA OOBIMHO He-
XeJlaTeNIbHO, TaK KaK O3HayaeT NMOTepH 3HepIuH,H Jaxe MOXeT
ABUTbCA NpPHYMHOH omacHocTH. Ho, ¢ mpyroit cTopoHs!, NpoH3Bo-
A¥Mas TOKOM TeIUIOTa YacTO NMPHMHOCHT M nonb3y. CylecTByeT
TaKasd OTPacib JEKTPOTEXHHUKH, KaK 3JIeKTPOTEPMHUA, KOTOpas
HCTONb3YeT IEKTPUYECKYI0 SHEPrHI0 [IA Harpesa M paciUlaBiie-
HUSL MaTepHasioB M M3fleNMil M MMeeT 3HAUUTENIbHbIE NpeuMy-
ILecTBa:

1) MoxeT NpUMEeHATHCA Be3fe, Ille HMeeTCA dIeKTPOIHEPIusa;

2) He TpeGyeT rpoMO3AKOro TPAHCNOPTA, He IAeT 301b! M Lina-
Ka, He 3arpsA3HsaeT AbIMOM aTtMocdepy.

B oTnuwme oT meueit ¥ APYTHX yCTPOHCTB, B KOTOPBIX TEIUIOTY
TIOJIyYaI0T CHKUTraHHeM TOIUTHBA, 3JIeK TPOTepMHUYECKHE YCTPOHCTBA
HMeEIOT BBICOKHH K. II. II.

TMocTymnueHue TeIUIOTHI IPH TAKOM NMPOM3BOJCTBE MOJXKET JIETKO
perymipoBaTbcs 6e3 Gonbluoif MHepUMH. ABTOMAaTHYeCKHE pery-
JIATOPbI TEMIEPATYphl YCTPOEHb! 0CODEHHO MPOCTO, €CITH HCIIOMb-
3yH0T 1A NONYYEHHA TEIUIOThI MK TPOIHEPrUI0.

IIpexpe yeM paccMaTpHBaTh NpPHMEHEHHMe 3JIEKTPOTepMHUYe-
CKHMX YCTPOHCTB, Mbl [IOJDKHbI H3YYHTb COOTHOILCHMs JHEPreTHye-
CKHUX eOMHML B JJIEKTPO- H TeIUIOTeXHHKe. JKCIepHUMEHTANIBHOE
ollpefiesieHUe 3TUX UHCIIEHHBIX COOTHOLUEHHMH He IpefcTaBiiser
Gonbiuoi TpyaHOCTH. Bocnonbs3yeMcs cocynoM, B KOTOPOM Haxo-
IOMTICA TOYHO B3BELIEHHOEe KOJIMYecTBO Bompl (puc. 9). Cocynm
HOJKeH OBbITh YCTpOeH TaK, YToObl BO3MOXHO MCHbLIEE KOJIHYe-
CTBO TEIJIOTBI OTAABAJIOCh HAPYXY, T. €. OH HOMXEH OBITh CBOETO
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Puc.9. OnbiTHaR ycTaHOBKa ANA ONpeAeneHuA Konuue-
CTBa TeNNOTbi, NPOU3BOAMMONA INEKTPUYECKUM TOKOM

pona tepMocoM. B cocyn nomernator TepMOMeETp M HarpeBaTellb-
HYI0 CIiMpajlb, KOTOPas COeAMHsAEICA ¢ MCTOUHHKOM Toka. Hanps-
*KeHHe, oJlaBaeMOe Ha CIIMpalb, U3MepsIeTCst BOIbTMETPOM, CHITY
TOKa yKa3biBaeT ammepMerp. Iid ombiTa HeOOXOIMMBI TaKke
uacsl. KpoMe TOro, B memb BKIIIOYAIOT PEOCTAT, C MOMOILBI0 KOTO-
pPOro U3MeHAIT TOK HarpeBa WM NOOAEPXKUBAIOT €ro Ha 3aJaH-
HOM 3HaueHMH. H3mepurtenbHbie NpHGOpbI MO3BONAIT TOYHO
OIpefieIATh KOJIMYECTBO 3NIEKTPO3HepIHH, NOTpebnAemMoOH cIu-
paiiplo. ITa 3HEprus NOJNHOCTHIO Tpeo6pa3yercs B TEIUIOTY H Iepe-
JiaeTca BOME B OIIBITHOM cOCYTe.

Ecnu npHHATH, YTO CaM COCY/, He MOITIOLIAaeT U He pacceuBaer
TeITOTel (WIM YTO 3TH MOTEpU 3apaHee OIpeqereHbl U, cliefloBa-
TeNIbHO, U3BECTHbI) , TO MOXHO JIETKO PAaCCUMTATh MO NOBBIILIEHHIO
TEMIIEpaTypbl BOJBI, CKOJBKO JDKOyJeH (KaJIopuii) MHepenaHo
cofiepXXMMOMY cocyfia. Ecy cpaBHUTD 3TOT pesyJbTar ¢ KOJHye-
CTBOM M3DPacXO[I0BaHHON 3JIEKTPOSHEPTHH, TO MOJIyYUM HCKOMOe
YHCIIEHHOE COOTHOLUIEHHE MEX/y eIMHULIAMH :

1 Br.c = 0,239 xan = 1 [Ix;
1 xan = 4,1868 Br-.c = 4,1868 [Ix.
Ecnu umeror geno ¢ GolbLIMMU KOJMYECTBAMHU TEIUIOTHI H

3JIEKTPOIHEPIHH, TO pacyeTbl BeJYT OOBIYHO C OKPYTJIEHHBIMH
3HAYEHUAMH :

1 kBr-u = 860 xxan = 3,6 - 10° IIx.
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INpumep. Kaxoe xonuuecTBo Temwiors! oTaact 500-BaTTHbIN pe-
¢nexTop 32 8 4 paborsI?
Iorpe6ieHHas 3MeKTpUYECKas IHeprus

W= Pt =500 -8=4000Bruy=4xBru.
Orciopa cienyer, 4To BrIpabOTaHHasA TEIUIOTa
Q = 4-860 = 3440 xkan = 14,4-10° 1.

Tax kax komuyecTBO TewlIoTsl B 1 kkan (4187 JIx)
HarpeBaeT 1 J1 BOApl Ha OOMH I'paayc, TO BbIdeleHHasa
pednexTopom Temwiora Harpeer 100 n (am® wmm
1073 m*) Bomp! mpuMepHo Ha 34°C.

KomuyecTBO TEIUTOTBI MOXET PacCUMTHIBAThCS TaKKe HeOCpeN-
CTBeHHO N0 dopMyle miA JJeKTpHYecKoit paborsl. s sToro
HeoOXOOUMO TONbKO BBECTH K03 GHUIMEHT Nepecyera. IIeKTpU-
yeckasg pabora W = Ult cooTBeTCTByeT BbIpa)KeHHOMY B KaJio-
PUAX KOJTHYECTBY TEIUIOTHI

Q=0239W.

a ClIe1OoBaTejIbHO,

Q=10,239 Ult.

Npumep. CxobKO TEIUIOTHI OTAACT 32 1 Y YTIOT, PACCUMTAaHHBIN
Ha HanpskeHde 110 B, yepe3 koTopsIii poTeKkaeT TOK
B 3,8 A? Honyuum

Q = 0,239-110-3,8-3600 = 360 000 kax a1,5-10° Jx.

ITpeumy1ecTBa €K TPOTEPMUH HACTONIBKO OYEBHIHDI, YTO OHA
HallUla UIMpOKOe MpUMeHeHHe BO MHOTHX OTPAaciIfaX MPOMBILLIIEH-
Hoctd. KTO XOTb OfHaxmpl HaOmopan B 3MMHMH [IeHb BHCsILee
Haj ropofoM obJaKo AbIMa H Yaja, KTO 30 JHA B [€Hb OTIpaB-
JIsUIcS B MOOBAJI 33 TOIUIMBOM, a IOTOM BBIHOCHJI 3011y, TOT HEH3-
6exxHO 3a[1aBancs BOIPOCOM, NMOYEMY HE YCTPAaHAT 3TH HepasyM-
Hble MeTompl oborpeBa B MONB3Y MEKTpUUecKoH 3Heprid. Ho
MHOTHe, OBITh MOJXET, €llie He 3HAIT, YTO A TelwIohUKanuu
TpebyeTcs MpOoKJIafKa GONBIIMX COOPYXKEHHi U3 TpyD, a B HOBBIX
XWIbIX Ol0Kax HeoOXOOMMO MpPOKJIafbIBaTh JHEPreTHYECKHE Ka-
Genu A OCBeLIEHUA, 1A JBUIaTellel BOIOCHaOXeHUA, A Ky-
XOHHBIX 37IEKTPOIUIMT Y OTOIUICHHUA.
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Ho rnaBHOE — HeT elie OCHOBBI, YTOObI IOJIHOCTHIO JIEKTpHDH-
IMpOBaTh XOTsA Obl OOMH rOpOA, WIX OIHO CeJio rae-ubo B MHpe:
3JIEKTPO3Heprua Be3fde sABNAeTcsa AedmuuToM. IloTpeGHOCTH B
3JIEKTPO3HEPTHU 32 NOCNIefHMEe OEecATWIeTHA Tak ObICTpO BO3pa-
CTaeT, YTO HUIJIe ee HeT B OOCTaTke U TeM Oonee B H30ObITKe.
ITosToMy mpeBpalleHye 3IeKTPOIHEPTUH B TEIUIOTY 15T GhITOBBIX
LeJIel OKa OCTaeTCs OrpaHUYeHHBIM, B TO BpeMs KaK HOJIy4YeHHUe
TEIUTOTBI ISt Pa3sBUTHA Pa3JIMYHBIX OTPaciield MPOMBIIUIEHHOCTH
TaKUX OrpaHHYEHHH He UMeeT.

OpnHako HpH U3yYeHNH NeKTPOTEPMHUH CIIeyeT IPHHUMATh BO
BHMMaHKe He TONbKO NoTpeburend. MoXHO MOTyYyaTh U3 OJHOTO
KmwrioBarT-yaca 3,6 + 10° Dx (860 kKkai) ¥ HAa KPyMHBIX EKTPO-
TEPMHYECKHX YCTaHOBKaX, KpOMe TOro, JOOMBaThCS OYEHb HH3-
KHMX nortepb. OOHAKC HAa 3JIEKTPOCTaHUMAX, MOJYYAIOIHUX dJIeK-
TPHYECKYI0 JHEPIMI0 OT CXHUIaHMA YTJid, HehTH WIM rasa, Mpous3-
BOJIAT OJIMH KMWIOBATT-4ac Aanexo He u3 3,6 - 10° JIx (860 xkai).
Ha coBpeMeHHBIX TEIIOBBIX 3JIEKTPOCTaHUMAX IJIA ITOTO Heob-
xoammo okorno 8,4 - 10 JIx (2000 xkan). K. m. . IpHU BbIpa-
60TKe 3HEpruM, ClelOBaTENbHO, HU30K, YTO 0ObsAcHAeTcA GU3H-
YeCKHMH 3aKOHAMM, KOTOpbIe 3[leCh HE pacCMaTpUBAIOTCA H KO-
TOpble He CYyJIAT CEepbe3HOro YIyuuleHHs OOBIYHBIM TEILUIOBBIM
CTaHIMAM.

Tonbko Te pMOsIAE pHbIE MO HBIE IEKTPOCTaHIMH (CM. cTp.192)
WIM [pyTHE HCTOYHMKHM 3Heprud (HamnpHMep, reoTepMaibHas
WIH CONHEYHasi JHEeprHs) H3MeHAT (QyHOaMeHTaIbHO SHepreTH-
YECKYI0 CHTYallMI0 B MHpe M HaflyT HaM B pacnopshKeHHe TaKoH
H30BITOK JHEPTMH, YTO HM O[MH TeXHWYECKHi MPOEKT He OymeT
OTKJIOHEH H3-3a HOTPeOGHOCTH B OOJBIIMX KOJIHYECTBAX 3JIEKTPO-
SHepIrHH.

AnekTposHeprua B 6biTy

Haunem c HezameTHOro, HO BMecTe C TeM BaKHEHIEro

IpMMEHEHHA JJIeKTPOTepMHH. Peup umer o IwiaBxom
IpefoXpaHuTere, KOTOPbIH ~credu1” 3a TeM, YToGbl B HallleM
XUJMILlE He BO3HMKAJIO ONACHOCTH H3-33 NEperpy3KH B OCBETH-
TEJIbHOH NMpPOBOMKE, H3-32 HEUCIIPABHOCTH 3NIeKTPUUECKHX MpubOo-
POB WJIH M3-332 KOPOTKOTO 3aMbIKaHHs.
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Ecnu noBblIaTh CWIy TOKa B IPOBOJHMKE, TO YBEJIHMYMBAETCA
KOJIHYECTBO BbIfEJIIEMOH TEIUIOTHI, @ CJIefOBaTellbHO, BO3pacTaer
U temneparypa. IIpoBomHMK HauMHaeT pacKaJATbCA H HAKOHeL|
pacIUIaBiifieTcsl — TeYeHHe TOKa IpeKpaiaercs. TakoB NpUHIMI
IeHCTBHA IUIABKOTO NpEeJOXPpaHUTeNIA.

Buytpu dapdopoBoroe kopiyca, 3al0THEHHOTO NECKOM, Ipo-
XOIOMT TOHKas IpoBoriouka. Ee mapamerps! paccuMTaHsl TaK, 4TO
IpH ONpeNieJIeHHON CWIe TOKa, HallpuMep NpH 6 A, OHa paciuias-
nsercs. IIpoBonouka 3axaHuMBaercsa AByMsA KoHTakTaMu. OmHO-
BpeMEHHO C €e pacIUIaBIIEeHHEM OT TOpLa IpelOXpaHMTelNA OTIa-
OaeT IBeTHas IUlacTHHKA. ~’CropeBLIMi” IpefoXpaHUTENb Cpasy
y3HAIOT IO OTCYTCTBHIO 3TOM IUIACTHHKH.

ITpenoxpaHUTeNM BKITIOYAIOTCSA TaK, YTOGHI Yepe3 HUX MpoTeKall
o6y TOK ceTd KBapTHpbl. “HoMuHanmbpHas cwia ToKa’ Ipemo-
XPaHUTENA COTiacyeTcs ¢ JAOMyCTUMOlt Haubonbllel CHIIOH TOKa B
’3ammiiaeMbix’”’ mpoBoaHukax. Hu B koeMm cityuae Henb3s NpUMe-
HATH MpeJOXpaHUTesb Ha TOK Bbillle HOMUHAIBHOTO. B TakoM ciy-
yae B CeTH MOXKeT BO3HMKHYTb ONACHOH CWIbI TOK U Ge30MacHOCTh
6yner HapyileHa. YTo6bI He IOMYyCTUTh BKITIOYEHHS NTpeOXPaHHuTe-
JIed, PaCCUMTaHHBIX Ha TOK Bblllle HOMHHAIBHOTO, OCHOBaHHA Ipe-
OOXpaHUTeJIell [eraloT pasHbIX AMaMerpoB. Kaxpomy muamerpy
COOTBETCIBYET Ha LIUTE MpefoXpaHuTeNIed OTBEPCTHE TOYHO MOJ
[peJOXPaHUTeNb 3aJaHHOTO 3HaueHus Toka. Kaxgomy 3HayeHuio
HOMUHAJIPHOTO TOKa COOTBEICTBYET OIpeleleHHbIH pa3Mep, H
BKJTIOYEHUE NPeIOXPAHHTEIA Ha GOBIIYIO CHITY TOKa HEBO3MOXHO.

IInaBkue NpemoXpaHUTENH OMHOKPAaTHOTO AEHCTBUA IpH Iepe-
Ipy3Ke NPUXOOAT B HETOOHOCTh U NOJDKHBI 3aMeHAThCs. [loatomy
6bUIM paspabGoTaHbl pa3NMyHble THIBI NpPEJOXpaHUTEIbHBIX aBTO-
MaTOB, KOTOpbIe, pasphiBas Lielb IIPH Meperpy3Ke UIH KOPOTKOM
3aMBIKaHWM, MOTYT BHOBb aBTOMAaTHYeCKH BKIIIOYaTb €€ IIOCIIe
yCTpaHeHUs IIPHYMHBI OTKITIoYeHusA (cM. cTp. 88).

BonpuimHcTBO GBITOBBIX 37IEKTPOHArpeBaTelibHbIX NPUOOpPOB
OYeHb MAJIO pa3lIMyaeTcs Mo MPUHUMIY JeicrBuA. Temioty mpo-
M3BOIOMT’ TaK Ha3biBaeMblil 31eKTPOHaz2pesarens U3 YIOXKEHHOMH
B 3MI3alr WIM CIMpaIb MPOBOJIOKH. MaTepHanoM s 3JIeKTpOHa-
rpeBatesid OOBIYHO CIIYXMT XpOMOHMKeneBblH ciuiaB. Harpesa-
TeJIbHAS CIMpalb CBOOOOHO YKIIafbIBaeTcsA B KaHaBKH Kepamuue-
CKOr0 H30JIATOpa MJIM B HM30JMpYOLIyI Maccy (HampuMmep, B
OKHCb MarHusm) .
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OueHb MPOCTBIM M IIMPOKO PacHpOCTPaHEHHBbIM 3JIEKTPOHArpe-
BaTeJIbHbIM NpUOOpOM ABIIAETCA K TPOKHMIATIIILHUK : H30IMPO-
BaHHAs HarpeBaTellbHas CIIMPallb y HETO PACIOJIOKeHa B KOPPO3H-
OHHO-CTOMKOW MeTa/uTHyeckoi Tpyoke. UYrobel MoxxHO GbUTO MO-
MECTUTb HarpeBaTelIbHYI0 CITHpalib He0OXOMMMOM [TUHBI, HCIIONIb-
3yIOT YKIaaKy nemiamMu. KUIATWIBHUK oOIyckaercs B COCYH C
JKMAKOCTBIO, KOTOpas [OJDKHA HarpeBaThcA. BoieneHue TemnoTsl
COBepIIAETCA BHYTPH JXMAKOCTH, H NOTEpb TEIUIOTHI IOYTH HeT.
JNeKTPOKUNATIWILHUK HMeeT MO3TOMY OuYeHb BBICOKMI K. II. 4.,
KOTODBIH NpH NPUONMKEHHBIX pacyeTax NpuHHMMaercs 3a 100%.

B snexrTpHyeckux KacTproisax, KodeBapkax H T. II. AJIeKTpOHa-
rpeBaTellb MOMeILAT WIM B JHE COCyla WIM B CTeHKaxX. boinb-
LIMHCTBO KAacCTPIOJIb MOTYT HKCHOJIb30BaThbCA TOJIBKO HAMOJNIHEH-
HBIMH XUAKOCTBI0, TAK KaK B IPOTUBHOM CJIyYae IeperpeBarorcs.
Hexoropble cOBpeMeHHble KOHCTPYKIMH CAMOCTOATENIbHO OTKITIO-
Yal0T TOK, Pa3MbIKas JIEKTPUYECKYIO 1IeNb, €CIIM MX BKIIIOYAIOT 110
oubke 6e3 KUIKOCTH.

AneKTpHYeCKHe KYXOHHbIE IUTUTBI H IUTMTKU H3BECTHBI MOBCe-
MecTHO. OHM H3TOTOBIIAITCA Pa3HOOOPa3HLIMM MO BEJIMYMHE U yC-
TpoiictBy. C moMolpio NepekiioyaTesied MOXHO YCTaHaBIIMBAaTh
pas3imyHble CTYIIEHM HarpeBa, YTOObl BECTH MPUTOTOBJIEHUE HMHIIU
Haubosee 3KOHOMHO O pacxofy IHeprHH. MHOTHe 3JIeK TpOTUTUTHI
cHabxeHb! TaiMepaMu. C MX MOMOILBIO IUIMTA BKIIIOYAETCS U BbI-
KJIIOYaeTcd B 3aJaHHOe BpeMs WIM aBTOMATHYECKH MeEHAeTCs
pexuM Harpesa. IInia noMoxo3sieK, KOTOpbIe MONIb3YHTCA TAKMMU
IUTHTaMH, TaMePbI IPUHOCAT 601bIIOE O6MeryeHue.

Y paccMOTpeHHBIX NIEKTPOHArpeBaTelbHbIX IPUOOPOB TeIuIoTa
HENOCPeICTBEHHO IepefaeTcs HarpeBaeMoil cpepe. IlocrosHHO
HCXofsllee OT 3INEKTPOHarpeBarensa MH(pPaKpacHOe TeIIOBOe
U3llyYeHHe MIpaeT 3[ech BTOPOCTENEHHVI0 ponb. Temepp oGpa-
THMCsA K IpubopaM, B KOTOpPBIX TEIUIOBOE HM3IIy4YeHHe ABJIAEICS
peluaoIuM haKTopoM.

Yxe B ToCTepe KyCOYKHM Xjieba He CONPHKACAIICA C 3JIEKTPO-
HarpeBatelleM (KOPOTKHMH CTep)KeHbKaMH M3 MartepHalia BBICO-
KOTo conpoTusienus) . To ke MPOMCXOOUT U B XKapOBHE ¢ HHGpa-
KpacHbIM TEIUIOBBIM H3JIyYeHHEM: JJIeKTpPOHarpeBartellb yHajieH
OT XapsAILErocs Maca.

HndpakpacHoe H3myueHMe MCIIONR3yeICs TaKXe B IJJIeK-
TpUUeCKHX KaMHuHaX. OHM COCTOAT M3 PacKafgeMbIX OTKPBITO
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PacIHONOXXeHHbIX JNIeKTpOHAarpeBaresieit ¥ MPUCTPOEHHOTO MO3ay
MeTajuiMieckoro pediiexrtopa. PediiekTop Hampasnser TemwioBoe
u3JlyyeHue B Onpe/eneHHoM HanpasieHun. Haubornee pacnpoctpa-
HEHHbIM U3 TaKHX 3JIeKTPOHArpeBaTeNbHbIX NPUGOPOB ABIAETCA
KOMHATHBIA 3JIeK TPOKaMUH.

Bce anexTpokaMuHbI UMEIOT TO 06llee, YTO OHU HE3HAUUTEIIBHO
HarpeBawT BO3[yX B momeuieHud. Teruiora nepenaerca Oospliei
YacThl0 TeNlaM, Ha KOTOpble HeloCpeCTBEHHO Ha/ialoT HHpakpac-
Hole myud. [ToaToMy HarpeB OT KaMHHOB BCeTa ’OHOCTOPOHEH
HarpeBalIcd TOJIbKO Tejla, KOTOpble HaXOMATCA B 30He 0GIyue-
HusA. KpoMe TOro, cremeHp HarpeBa ObICTPO yMeHBIIaeTcs C yna-
JIeHHeM OT MCTOYHMKA U3JTyYeHHUs.

W3-32 GomplIoro pacxona 3HEPruy 3eKTPOKaMHHbI HPHMeEHs-
I0TCAL TOJIBKO [JIs1 KPaTKOBPEMEHHOT'O M [JONOIHUTENIBHOTO IIOMI0-
rpeBa 4 Hi B KOEM Cllyyae He MOI'YT 3aMeHMTh IleYd WIIH BOJA-
HOe OTOIUIeHHe. BaXdHBIM IpeUMYIeCTBOM 31eKTPOKaMHHOB
ABNIAETCA TO, YTO OHH [AOT TEIUIOTY Cpasy MOCNe BKIIIOYeHHs,
no3TOMy Haubollee YacTO NpPUMEHAIOT ceiyac WHpaKpacHble
U3JTyyareliy B 6aHAX, BAHHBIX KOMHATax U T. II.

Ecnu xe 1pebyercss o6orpers moMellieHue, TO Ciefyer npuber-
HyTb K JPYTHM MeTOOaM. MO>XHO BOCIOJIb30BaThCS TaK Ha3bIBa-
eMbIM KaJlopudepoM (oborpeBatesieM BO3OyXa): BeHTUIATOP
TOHHUT MOTOK BO3JyXa MeXy pacKajleHHbIMH 3JIeKTpOHarpeBaTe-
navH. Bo3myx momelieHUs HarpeBaeTcsi M MOCTOSHHO LUPKYITH-
pyer. Temneparypa B KOMHaTe MOBBILIAETCSA JOBOJIBHO OBICTpO.
OpfHako U 3TOT MeTOf, MPUTOfieH TOJIBKO B OCOGBIX CIydYasdX H
TOJIPKO KPaTKOBPEeMEHHOTIO HCIION b30BAHHMA.

B Hacrosiuiee BpeMs peryJsipHOe 3JIEKTPHYECKOE OTOIUIEHHE
NOMEILICHU! CYHTAlOT BO3MOXHBIM, €CJIH B OCHOBE €ro JIeXHT
“TemwIoBoi akkymynarop”. Pacxom JHepruM B TeueHHe CYTOK
cwIbHO KoJebnerca (cM. crp.199). Ilpu aTOoM HOUYBIO CO3M1aeTCA
B o6uweM “u3miuiek” 371eKTpodHeprud. Ee MOXHO HaKarwiMBaTh
M COXpPaHATh WA MCHoNb30BaHusa AHeM. Houblo ee moatomy mpe-
BpalllaloT B TEIIOBYI0 JHEPIui0o, KOTOPYI0 MCIONB3YI0T 3aTeM
OHeM.

nexTpHYECKHE AKKyMYJHpyOLMe HeYd COOEpXKaT MacCHB-
HBI aKKyMYJIMpYIOWIMHA TewioTy OJIOK M3 KaMHA WIM I'paBUA.
B HoumHble yachl c MOMOLIBIO IIEKTpOHarpeBaTesiel TeMIlepaTypa
3TOro 6510Ka HOBOOMTCA 10 HECKOJIBKUX COTEH I'pagycoB. YTpoOM
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BKJIIOYaeTcs: BeHTwIAuMA. KOMHATHBIH BO3yX HpOXOOMT uepes
aKKyMyJMpylowuii 610K ¥ HarpeBaeTcs. B sHepreTuyeckomM oTHO-
LIEHWH JJIEKTPUYECKHE aKKyMYJIMpYIOLiMe eu BbIFOIAHBI: OHEM
OHM pasTpyXaloT JJIEKTPUYECKHE CeTH, B HOYHOe BpeMs pealiu-
3yI0T M30BITOK JHepruH. BhIrOOHBI OHU U BIafeNbly IeYd, TaK
KaK “HOYHOH TOK’’ OTIYCKaeTCA IO HOJIOBUHHOM LieHE.

XopoUmM  TeII0aKKYMYJIATOPOM SIBJIAETCA TAaK)Ke Boa.
B TemnoBogsAHOM aKKyMynaTOpe BOOA HarpeBaeTcs HELIeBbIM
HOYHBIM TOKOM IIOYTH [0 KuIeHus. Boma Haxomurcs B XOpOILO
H30JIMPOBAHHOM COCYZ€e M OXJIaKHaeTcs OUeHb MeIIeHHo. Benen-
CTBHE ITOTO B [JHEBHbIE 4achl MOCTOAHHO UMeeETCA ropsuas Bojaa
Oe3 MOMONMHMTENBHBIX 3aTPAT 3MIEKTPOIHEPIHH. AKKYyMYyJMpy-
IOLMe 1Y M TeIUIOBOMAHbIe aKKYMYJIATOPbI BKJIIOYAIOTCA ¥ BBI-
KJTIOYAI0TCA aBTOMAaTHYECKH.

AneKTPOHArpes B MPOMBILLAEHHOCTH

Ha npemnpuaTuax M B MaCTepCKHX HaM BCTpEYaeTCs

MHOTO 3NIEKTPOHArpEBaTeNbHBIX NpHOOpPOB, OOGBIMHO

TaKHX Xe€, KaK M B ObITy, HO HECKOJIBKO BHIOH3MEHEHHBIX H,
yauie, yBeJIMYEHHBIX pa3MepoB (CM. HANIpEMep, pHc. 10).

3ajaHHad TeMIepaTypa B XMMMUECKHX BaHHAX WIH TeMIlepa-

Typa MaTepHaioB O/Ie PXKUBAIOTCS C HOMOILLIBIO AIeK TpooGorpesa.

Puc. 10. llyueson wur
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IIpecc-hopMsI ¥ MyaHCOHBI TaKe MOJIOTPEBAIOTCA K TPOHArpe-
BatenAMH. Ileu mys 3aKagKM M OTXMra CHaGXKEHDI JIErKO peryJiH-
pyeMbIMH 3JIeKTpHYeCKUMHM HarpeBatensmu. Ha mecte npoBosoy-
HBIX CIIMpajied B KaueCTBe OJJIEKTpOHarpeBaTejied CTOAT uvalie
BCErO CTEPXXHH H3 CHJIMTA (COEIMHEHUE KPEMHHA C YIJIEpOIOM).
I BbICOKHX TeMIepaTyp MaTepHaJIOM [IA 3K TpOHAarpeBaTe-
Jiel cIyXaT MONMHOIEH ¥ BoJbdpaM.

OcoGoe 3HaueHwe IA IPOMBILUIEHHOCTH HpHoOpena 3a Io-
cregHue rogpl HHGpakpacHasa TexHuka. OHa MOXeET OCHOBATEJIbHO
HW3MEHUTh MHOI'OYHMCIICHHbIE €MKHe IO BPeMEHH M [0 CHX IIOp
HecoBepLIEHHbIE POLECCHI CYLIKH.

Ecimm cywar uadpak pachbiM obnyyaTeniem, HallpuMep, TaKHUpo-
BaHHbIe [IETaJH, TO HarpeB IPOMCXOOMT B CaMOM CJIO€ JlaKa.
Ipouecc cylky 3HAUUTENIBHO YCKOPAETCA IO CPABHEHMIO C paHee

NpUHATEIM crocoboM BosmymHoro oborpesa. Ilpy 3tom He
BO3HMKaeT ONACHOCTH, YTO MOBEpPXHOCTh Jlaka GbICTPO 3aTBEp-

JeeT ¥ BO3HMKHYT TpewmHsl. Kpome TOro, ycraHoBKa Iif Cyll-
KM HHGPAKpaCHbIM H3JIyUYeHHEM JIETKO peryimpyeMa M OTHOCH-
TeJIbHO HpocTa B ycrpoiicTBe. CylliKa NPOMCXOMUT, KOraa AeTaib
MeJIEHHO IiepeMelliaeTcsi B ~'CYLIWIBHOM TyHHelne”, oBopymo-
BaHHOM MH(QpaKpacHbIMU 0OIyyatensasMu. MOXHO CyILHTb ITHM
cmoco6oM Ky30Ba aBTOMOOWeH, BCe JIaKHPOBaHHbIE METald
BaroHoB.

Puc. 11. Mpubop ana oborpesa
MONOAHAKA B XMBOTHOBOACTBE
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ITomOGHBIM IPOCTBIM CIIOCOGOM MOXHO CYLUMTh 3MaJIUpo-
BaHHble M TaIbBAaHU3MPOBAHHBIE [ETANIM, JIMTEHHblE (GOpMBI M
CTEP>KHH.

Bymaxnaa Macca M Oymaxaoe IOJOTHO CYWIATCS CErOMHsA
TaKXe C MOMOLIbI0 HHPPAKPACHBIX U3JTy4aTeNIeH.

IIpu mpou3BOACTBe, HalpuUMep, IeueHbsI, B CEJIbCKOM XO3SH-
crBe (puc. 11) u BO MHOTHX OpYTHX coepax BHEAPAT HHGDpa-
KpacHyl0 TeXHMKY. Ee npumeHeHue euie Goblie pacUIMPHTCA
B [OCTIEAyOIIKE TOMbI.

Mexpgy ABymMs IHpOBOOHMKAMH, KOTOpble COMIDKEHB! 0 Kaca-
HUsA, NOABJIAETCA KOHTaKTHOE CONpOTUBIIeHHe. EciM yepe3 uemb
HPOMYCTUTh CWIbHBINA 3MIEKTPHYECKHH TOK, TO B MeCTe KacaHWA
IIPOBO/THUKOB IPOM30HeT JHEPIrUYHOE BhIeNICHHE TeIUIOTHI.

Jra TeIIOTa MCNONb3yeTCd B JJIEKTPHYECKOH KOHTaKTHOM
cBapke (puc. 12). Obe coenuHseMble [eTaNH NPIKAMAIOT APYT
K JIpyTYy.

Yepes ob6a anexTpopa NpoTeKaeT CHIbHbIA TOK. B Touke compu-
KOCHOBEHHS METalUI TAK CHIBHO pacKaJigercs, YIO IUIABHUTCA
M CBapHBaeTc.

Puc. 12. MawuHa anA TouYeuHON cBapKu
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Jlamna HakanuBaHua

B mamMATh O HepBBIX HOCIEBOEHHBIX rofiaX, KOrfa He
TOJbKO 3JIEKTPO3HEPrHsi, a U JEKTPOJIaMIbl ObIIH [pa-
TOLIEHHOCTBI0, OCOOBIN pa3fieN B 9TOH KHUTE MOCBALIAETCS JIAMIIe
HaKaJIMBaHUA, TaK KaK 3Ty OOJacTbh 3JeKTPOTEXHUKH — 3JIeKTPO-
TEpMHI0 — B Halllell >XM3HU NPOCTO HEBO3MOXHO HEPEOLEHUTb.

To, yTo 27EKTPUYECKHH TOK MOXET HarpeTb NPOBOJHHMK [0
KaJleHVs, OTKPBUIH €llle B Hauajle mpouuioro cronerus. OgHako
ObUIO He NPOCTO chenaTh yAOOHBIH M [elleBblii UCTOYHUK CBeTa
U3 PacKaJleHHOTO NMpoBoaHHKa. YTo6b1 Haxomdumiica Mof, Hanps-
JKEHHEM NPOBOAHHUK CTJI U3/Iy4YaTh IPKUIl CBET, eT0 HEOOXOTUMO
poBectd o OGenmoro kanenusa. Ho GonpuIMHCTBO HpPOBOAAIIMX
MaTepHaJioB IUIABHTCA YXe NHpH Oollee HU3KHX TeMIeEpaTypax.
Kpome TOro, Mx Hago H3OJIMpOBaTb OT KHMCIOpOAa BO3MyXa,
YTOGBI 3aLUTHTD OT CTOPaHHUA.

IMonayany cuutanu Haubosee MOAXOAAIMM MaTEPHAJIOM YTOJIb:
Tenpux TI'o6eav (1818 — 1893) HatsaHyn oGyrileHHble BOJIOKHA
6am6yka BHYTpU Ge3BO3LYILIHOIO CTeKJIAHHOTO cocyna; Asaex-
canop Huwxonaesuy Jlodvieun (1847 — 1923) BMecTO HenmpoYHbIX
oOyTIIeHHBIX HHUTeHd MCHONb30BaJ YronbHble NaoukH; Tomac
Ansa F0oucon (1847 — 1931) ycoBepLIEHCTBOBAI HAKOHEI JIAMITY
HaKaJIMBaHUs [0 TaKOH CTeNeHH, YTO OHa CMOIJIa COBEpPUIMTDb
noGegHOe LIECTBUE 110 BCEMY MHpY.

Ceer “yroJbHOi J1aMIibl” ObUI XKeJITOBAThIM, PacXof, 3JIeKTpO-
9HEprHM, OTHECEHHBI K CBETOOTHAaue, HeCypasHO BbICOK. [laimb-
Hejilllee MOBBIILIEHHEe TeMIIEPAaTypbl HUTH HAKAJIMBAHUA HCKIIIOYA-
JI0Ch, TAK KaK Yrofib ObICTpO ~pacnbLisics’”.

Iocrne mIMTENbHBIX ONMBITOB YAAJIOCh U3TOTOBUTb CBETAILHECH
HUTH M3 TYTOIUIaBKHMX MeTajuioB — ocmua (2500°C) u TaHTama
(3000°C) . Bonbdpam (3370°C) mornro He moaaBajcsa TEXHONO-
ruyeckoii obpaborke. Tompko B 1910 r. ypmanoch M3roTOBHTb
JIaMIy HaKaJIMBaHHsA CO CBETALLEHCS HUTbI0 U3 Bolbdpama. C Tex
nop oHa rnaBeHcIByeT. OfHaKo NpUOIM3UTL TeMIEpaTypy CBETA-
uieficd HUTH K TOYKe IUIaBJIeHMA BolibdpaMa TaK M HE YHAJoCh.
IIp1 OTHOCHTENILHO HH3KOMN TeMIlepaType MaTepHall HUTH HaKajiu-
BaHMA HaUYMHAeT PacHbUIATHCA, YeMY COCOGCTBYET HAJIMUME BaKy-
yMma B 6ayutoHe namisl. [Io3ToMy cTanu 3anmofHATh MOCNE OTKAYKH
GaJUTOHB! JIAMIT XUMHYECKH HeaKTHBHBIM a30TOM WJIM HHEPTHbIM
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rasom. brarogaps 3ToMy pacnbliieHUe 3HAaYUTENIbHO YMEHBLIAeTCS
U HUTb HaKaya 6bICTpo He cropaer. C APYyroil CTOPOHBI, OIATH 3a-
METHO BO3POCIIH IIOTEpH TEIUIOTHI, TaK KaK TeIUIOTa HalOJIHHTEb-
HOro rasa mepepaerca 6awtoHy. Ho u 3pech Hauiencst BBIXOH:
HUTh HaKIUBaHHA COKUMAETCA JI0 HAaMMEHBLIET0 BO3MOXHOTO
o6bema. [y 3TOro HUTh CBMBAKT B CHUpPATh U MOJyYEHHYIO CIIH-
paib elile pa3 cBuBaioT. IloTepu TEIIOTHI Y JIAMIIBI C TAKO# JIBaX-
Obl CBMTOH CIMpAIbI0 OTHOCHTENIBHO HeBelMKH. TeMIepartypa
HUTH HaKaJIMBaHUA npubmwkaercsa k 3000°C.

HecMoTps Ha MHOTOYMCIIEHHble YCOBEpLIEHCTBOBAaHUA, K. IL. 1.
JIaMIbl HAKaJIMBaHUA OCTAETCSA OUeHb HU3KUM IO CPaBHEHUIO
C [PYTMMH MHOTOYMCIIEHHBIMH O3JIEKTPUYECKUMHU INpHGOpaMHu.
Bonee 95% nopBeneHHON >MeKTPUYECKOH 3Hepruu HpeoGpa3y-
eTcsl B TEIUIOTY, U TONBKO 5% — B cBeT. [lo3TOMy yueHble U TeX-
HUKH YyXXe OeCATWIeTHs pa3pabaThIBaloT 3J1EKTPHYECKHE HCTOY-
HHKH cBeTa HOBOro THma (cM. crp. 135).

XWUMUYECKOE AEWCTBMUE
ANEKTPUYECKOIO TOKA

D,uccouua uMA U IneKTponul

Ilpy npoxokmeHMM TOKa Yepe3 TBEpHbIA MPOBOIOHUK

M3MeHeHHH B HeM He Habmopaercsa. Muaue oGcrout
OeN0o ¢ JNIeKTpONpOBOsALIeH >kuAKocThio. PaccMoTpuMm 1pu-
Mmep.

Puc. 13. YcrpoincTso ana
3NEeKTPOXMMUYECKOFO

pPas3noxKeHnA KUCOTbl
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Ha puc. 13 mokazaHa V-o6pasHas TpyOka, 3alOJIHEHHas pa3-
Gasennoi consanoit kucnoroii (HCI), B xoTopyio morpysxeHsi
[Ba YroJIbHBIX CTEPKHSA B KaYECTBE 31eKTPO008 . INeKTPOOb! MPH-
coefIMHeHbl K MCTOYHMKY IOCTOSHHOTO Toka. Kak Tonpko Bkimo-
YaloT TOK, Y 3JIeKTPOJOB HAaYMHAIOT BBIICIATBCA IMy3bIPbKH rasa,
a KOJIMYECTBO XUAKOCTH B TpyOKe HauMHAeT HOCTeNeHHO yMEeHb-
LIaThCsA. Y OTPUUATENIBHOrO 3JIEKTpoaa (KaTooa) BbifieNsAeTcA ras,
KOTOPBIii JIETKO OIpefeNsaercs Kak BoJopos,. Y NOI0KHTeIbHOTO
ek Tpora (@Hoda) BBIMENAILMIACA Ia3 pe3KO HaXHeT U pasfpa-
JKaeT [pIxaTeNibHble IYTH; XUMHYECKOE HCCIIeOBaHHME MOKa3bl-
BaeT, YTO 37ech Boifensaercs xyiop. ColsaHas KUCIoTa nop, AeicT-
BHEM JJIEKTPHUYECKOT'0 TOKAa Pa3JIOXUIacCh HA COCTaBHbIE YAaCTH —
xJiop 4 Bopopon. Takoe pasnokeHHe C IOMOLUBIO 3JIEKTPHYe-
CKOTO TOKa Ha3bIBAIOT 3/1eKTPOAUZOM .

NeKTPONMTUYECKUIA MpOLleCC He OrPaHWYEH pa3JoXeHHeM
ONHOH CONAHON KHCIOTbl. Bce KHCIOTBI, 1ETOUM, PacTBOPbI
M paciuiaBel colied BenyT cebs momoOHbIM o6pazom. MHorue
OpraHHuecKHe pacTBOpPbI, HA060POT, He NPOBOIAT 3JIEK TPHYECKHI
TOK, T. €. JJIEKTPOJIMTUYECKUX MBJIEHUH B HUX He IPOMCXOMHUT.

ToHavary mpeOnoJIOXIUTH, YTO Pa3loKeHHe MPOBOMMIMX XU/-
Kocteit (’INIeKTPONIMTOB’’) BHI3BAHO TEM, YTO MOJIEKYIIbI KUK O-
CTH ’pacHajialoTcs’ MOA, BIMAHMEM IIPWIOKEHHOTO K 3JIeKTPOAaM
INIEKTPUYECKOTO HANpXKEHUs. ITO MpeONoNIoKEeHUe, OJIHAKO,
NPOTHBOpEUWIO HaOMIofeHHuI0 — 3JIeKTPOMTHYECKHI MpoLecc
HAaUHHAeTCA INPU CKOJIb YTrOOHO MajIoM HanpsbkeHud. Torma
MPeIONICKIIM, YTO HeoOXOOMMO HeKOTOpOoe He3HauMTellbHOe
HanpsDKeHHe, NP KOTOPOM MOJIeKYIIbl paclajamich Obl Ha co-
CTaBHbIE YaCTH.

[pasunbhoe 0GbACHEHUE 3TOTO ABJIEHUA [all IIBEACKHHA GHU3UK
Csanre Agzycr Appenuyc (1859 — 1927). MHorowicieHuble
MOJIEKYJIBI KUCIIOTBI, LIIEJIOYH, PaCTBOPa MJIM PacijlaBa COJIM pac-
NafgalTca Ha 3JIEKTPUYECKH MOJIOKUTENIbHO WIJIM OTPULIATENIBHO
3apsKeHHble COCTaBHbIE YacTH, T. e. ~muccouuupyror”. Ilon Biu-
SIHUEM 3JIEKTPUYECKUX CHJI OHM HaYMHAIOT MepeMellarbes, 32 4To
U Ha3BaHbl UOHaMU — “CTPaHHUKAMHU’. UHCIIO MOJIOXKHMTENbHBIX
K OTPHUATENIbBHBIX MOHOB B J>KU/IKOCTH BcCerga OJMHAKOBO.
ITo3TOMYy XUIKOCTb INEKTPHYECKH HEHTpasibHa.

Ecnd norpysuTh B OKMOKOCTb 3JIEKTPOMBI, HAXOMAALIHECS
N0/, HaNlpsKEHWEM, TO MOHBI C IIOJIOXUTENbHBIM 3apsAfoM, T. e.
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C HeIOCTAaTKOM 3JIeKTPOHOB, HAauHYT [OBHraThCsi K KaTomy, Ife
MOMOJIHAT CBOM HETOCTaloliHe 31eKTpoHbl. MOHBI ¢ OTpHUATEND-
HbIM 3apsIOM IBIDKYTCA K aHOMY U TaM OTAAIT CBOM M3JIMLIHHE
3apsAmBbL.

IToNMOXUTENIBHO 3apsDKeHHbIe MOHBI HA3BIBAOT KATUOHAMU
(mBHXYTCA K KaTOMy) : CpelH HMX BOHOPOA W MeTauibl. OTpuIa-
TEJIbHO 3apsDKeHHble MOHBI HAa3bIBAOT AHUOHAMU: K HUM IIPUHAN-
JIeXar “KHUCIOTHbIe OcTaTKH’, “’rpymnst OH” mienouei.

Mb1 HO3HaKOMUITHCh C HOBBIM THIIOM 3JIEKTPHUECKOM IIPOBOIHU-
MoCTH. B TO Bpems kak B IPOBOIHHMKE TONBKO 3JIEKTPOHbI yua-
CTBYIOT B 3JIEKTPUYECKOH MPOBOTHMOCTH, B XHUIKOCTH 3JIEKTPO-
IPOBOIUMOCTb CBfI3aHa C IepeHOCOM BelnecTBa. IIpu 3toM He
HapyllaeTcs LMPKYJAUUS IEKTPOHOB B LielMM; Y KaToa HOHBI
HOMONHAITCA 3JIeKTPOHAMU, B TO >Ke BpeMs HOHBI y aHOMA
OT[IAI0T 3IEKTPOHBI.

3apmonro Ao TOro Kak AppeHHycC CO3[aJ CBOIO TEOPHIO, BEJMCh
HCCTIEOBaHMA B IIOMCKaX B3aMMOCBA3H MEXIY KOJMYECTBOM
BbIZIEJIEHHOI'O BeleCTBa — B HallleM IIpUMepe, CIIE[IOBAaTelIbHO,
XJIOpa W BOZOPOAa — M KOJINYECTBOM 3JIEKTPHYECTBA, 3aTpayeH-
HOTO Ha 3MeKTpormu3. Yxxe Maiixa @apadeii (1791 — 1867) or-
KpbUT GyHIAMEHTAJIBHY0 3aBUCHMOCTD:

Koauuecreo @vl0enenno2o npu 3aexTpoause eewjecréa
NPONOPYUOHANBHO 3apA0Y (KOoAUYeCT8Y 3AeKTpU4ecTsa),
nepeHeceHHOMY UOHAMU.

I9TO 3HAaUMT: KOJIMYECTBO BBILEJIEHHOTO BellecTBa TeM Goblie,
yeM Oorbile OymeT ToK, IpOMycKaeMblii Yepe3 3nekTpormt. Eciu
YBEJIMUHTD CHIy TOKa, TO 33 OJJHO H TO ke Bpems Oy/ieT epeHeceH
GonbUmMi N0 3HauYeHuIo 3apsAf. Ilpy 3TOM 3apsan, WM KOIHYECTBO
NIEPEHECEHHOTO JNIEKTPUYeCTBa, HM3MEpAT B aMIep-CeKyHIax
(A-c) win amnep-uacax (A-u). Ecii yepes ceueHMe NPOBOIHMKA
3a O[IHYy CEeKyHJy IpPOTeKaeT TOK B OfIUH aMIep, TO 3TO COOTBET-
CTBYeT KOJIMYECTBY JJIEKTPHYECTBA B OIHY aMIlep-CeKYHAY.

W3 MHOrouMCIeHHBIX ONBITOB YCTaHOBJIEHA CIIEAYIOLasi 3aBH-
CHUMOCTb:

m= alt. “)
3pecy I —cuna Toka; f —BpeMs; @ —Ko3¢dHuMeRT nponopuy-

OHAJIBHOCTH, OH COOTBETCTBYET OTHOLUCHHIO MACCbhbl BbIJEJIICHHOI O
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BElIECTBA M K 3JIEKTPHYECKOMY 3apsiiy, KOTOPbIA IPOLIEN Yepes
JEKTPOJIMT, ABJIACTCA XapaKTePUCTHKOH JaHHOrO marepvana M
Ha3bIBaeTCA ’INEK TPOXMMUYECKHM JKBUBAJIEHTOM  [AHHOIO Be-
uieciBa. B 3aBucuMocTH OT TOrO, KaKHe e UHUIILI TOACTABUTD 11
BpPEMEHH M IS MAacchl, MOXHO MONywiTh mis a: mr/(A-c) win
r/ (A-4) . Ecnu, k npuMepy, i Meau 371K TPOXMMHUYECK Uil IKBH-
BaJsleHT cocTtaBnsger 0,3294 mr/(A-c) wu 1,186 r/(A-v), T0 310
03HayaeT, uro ToK B 1 A B Teuenue 1 ¢ Beigemut 0,3294 mr menu,
B TO Bpems Kak 3a 14 mpu cwie ToKa B 1 A monyuaior 1,186 r.
OTOenbHbie IPUMeEpHl INMEKTPOXUMUYECKUX IKBHUBAIEHTOB [Uif
OCHOBHbIX BELIECTB IIpUBeleHbI B Tab. 2.

Tabnuuya 2
BewecTao 3HaueHue 4, BewecTso 3HaueHue a,
r/ (A-u) r/ (A-4)
CauHey, 3,859 Cepe6po 4,025
Xpom 0,323 Boaopoa 0,0374
Meab 1,186 Kucnopoa 0,2984
Hukens 1,096 Xnop 1,3212
UnHk 1,219

Ecnu Bpipa3uTh 371eKTPOXMMUYECKHI SKBUBAJIEHT [1711 cepebGpa
B’'MIUIMIPaAMMAX Ha amIlep-CeK yHAY, To nonyuum 1,118 mr/(A-c).
970 3HauyeHMe MHTEPECHO, MOCKOJbKY VIMTEIIbHOE BpeMs CIly-
YWIO 3TAJIOHOM €IMHMIBI CHIIbI TOKA.

¥Ye c mepBOro B3rnsama U3 TabiHIBI BUAHO, YTO IS BbIAEIe-
HHUS OINpEelIeHHOTO KOJIMYECTBA BelleCcTBa HeOOXOAUMBI 3HAauM-
TeJIbHbIE KOJIMYeCTBAa 3JIeKTpUYecTBa. M Ha caMoM [iefne 3NEKTpoO-
XMMHUYECKHe MpPeANIpUATHSA CUMTAIOTCS CAMBIMH KPYIIHBIMH IIOTpe-
OUTeNnAMU INIeKTPOIHEPTHUH.

Ilpumep. Kakoe mnorpebyercss KONHYECTBO IJIEKTPHYECTBA,
yro6B! BBIIEMMTL 1 KI' XJIOpa, M CKONBKO NOTpebyerca
IUIS 3TOTO KMJIOBATT-4acoB, €CIIH HalpsDKeHHe XMMHUYe-
CKOr0 HCTOYHHMKA TOKa cocTaBiser 4 B?
B coorBercTBuH ¢ dopmynoeii (4)

It= = 13017 vawy ~ PTAY
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PaGora, KOTOpYI0 COBEPILHT TOK,
W = Ult =4 -757 = 3028 Br.u = 3,028 kBr-u.

Paccmotrpum npyroit mpumep. CKOJBKO BbIAEIUTCA
Menu 3a 244 U3 pacTBOpa MEOHOro Kymopoca IHpH
TokeB 12A?

m=alt=1,186-12-24 =342 kr.

He Bcerna anexTponu3 mpoTekaeT TaK MPOCTO U HArJAAHO, KaK
3TO IMOKa3aHO Ha MpUMepe pasJIoKeHUsI CONSAHON KHcoThl. Yacto
[IPOUCXOIAT AajibHelIlMe peaKlH, BTopHuHble npoueccsl. Ho npu
3TOM BCerja BBINOJIHAKTCA COOTHOLIEHHs, YCTaHOBJIeHHble Da-
pameeM.

W3BecTHbIE 31eKTPOIMTHYIECKHE ABJIEHUSA CBOATCA K pa3aoxe-
Huto 800bl. Eciu MpomycKaioT 3JIeKTpUYeCKUil TOK Yepe3 BOLY,
K KOTOpOi mopMelllaHo HeMHoro cepHoii kuciorsl (H,S0,), o
Ha KaTofe BbiAeNnsaercsa BOOOPO/, a Ha aHOfle — KHCIIOPOL B OTHO-
mrenyy 2 : 1. KonuuectBo Bompl yMeHbllIaeTcsi, B TO Bpems Kak
KOHIIEHTpalU A KHCIIOTHI BO3pacTaer.

B pefcTBUTENIBHOCTH, OOHAKO, IPOTeKaeT Horee CI0XKHBIN IPo-
tecc. IIpexrne yem ero mccienoBarth, HEOOXOTMMO O3HAKOMHUTBCS
¢ CHMBOJIaMH, KOTOpbIe IPHHATHI B 3nekTpoxumuu. MoH, koTo-
pBIif COmepXUT HU3OBITOUHBIA JJIeKTPOH, ODO3HayaeTcsi CBEpXY
OTpHMUATENbHBIM IITpUXoM, HanpuMep Cl - Ecnu uoH uMeeT ngBa
H36BITOUHBIX 3JIEKTPOHA, TO NHUILYT [IBa OTPUUATEIIBHBIX LITPUXA
OpYyT 32 OpyroMm. Y MOJOXHTENIbHOTO MOHA HEJOCTAaK0IlKe 3JleK-
TpoHbI O0003HaualTCA 3HAKAMH IUIOC, IOCTAaBIIEHHBIMH CBepXY,
Hanpumep H'. CaMu 57exTpoHBI H306pPaXKATCA 3HAKOM MHHYC
B MaJIeHPKOM KpYyXKe ©.

Tenepp BepHeMcA K pasJiOXkeHHI0O BoAbl. Monekyibl cepHOM
KHCITOTBI AUCCOLMUPYIOT IIO CXeMe:

H,S0, —2H* + S0%~

y KaroJia HOHbI BOJOPOJAa BOCIHOJIHAIT JJIEKTPOHbI U COEOH-
HAITCA B HCﬁTpaﬂbeIe MOIJIEKYJIbI BOOOPOOa, KOTOPbIC YIIETYUH-
BaIOTCA, KaK ras:

2H* + 26 —H,.
Y aHona vonsl SO, OTJAIOT 1O /1Ba EKTPOHA U CTAHOBATCSA

3JIEKTPUYECKH HeH TPAJIbHBIMH :
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S03™ —206— 80, .

H3BecTHO, yTO rpynna SO, He MOXeT CyLIeCTBOBaTb CAMOCTOA-
teabHO. OHa *’pa3pbiBaeT’”” MOJIEKYILy BOIbI U 3aXBaThIBaeT BOMIO-
pox. Y aHo[a MPOUCXOTUT BTOPHYHASA PEaK LU :

SO, +H,0 —H,S0, + +0,,

rae [Ba aToMa KHcjopona obpa3yloT MONeKylly, KOTopas cpasy
yJeTyuBaeTcs.

Urak, ycTaHOBIIEHO: Ha KaXXIOy0 MOJIEKYNTY CEpHOH KHUCIIOTHI,
KOTOpas pacmajfaercdA, NPHUXOAMICS HOBafg MOJIeKYJa CepHoM
KHCJIOTBI, TIPAYEM HOMOJIHUTENIBHO paclafaeTcss MOJIeKysa BOMIbI.
Yucmo MOJNEKYNl CepHOH KHCIIOTBI OCTaeIcsi, CliefloBaTelbHO,
HEeU3MEHHBIM, B TO BpeMs KaK UCIIO MOJIEKYJ BOAbI HOCTOSIHHO
yMeHblIIaeTcA.

MpumeHeHue 3neKTPONMN3A

IlBe obmnacTy MpUMeEHEeHHs eKTPOXMMUUYECKHX ABJICHUI

0CcODeHHO BaXKHbI [UIA HAPOIHOrO XO3sicTBa: HoObIya
BAXKHEUIIMX HCXOIHBIX MaTepUaJIOB MJIsi XMMHYECKOH U MeTall-
JIyprudyecKoii HHOYCTPMH C IOMOILBI0 3JIEKTPHYECKOro TOKa
H 3JIEKTPOXUMMYECKAS OUMCTKA IIOBEPXHOCTH METAJLIOB.

Bo mHOrux orpacnsx MpOMBILUIEHHOCTH HeoOXxoauMa HaTpu-
eBas wenoub. Ee MOXHO monyyaTe M3 NMOBapeHHOH comH. Ecimu
HpOMyCKaTh TOK Yepe3 pacTBop moBapeHHo# comi (NaCl), to
OTpHMIIaTeNIbHbIE HOHBI XJIOpa HepeMeLaloTcs K aHOAY, OTHAIOT
CBO# 3apsf M BBIAENAIICA B BHAE ra3a. ITO BaXKHEHLIMI HCXOf-
HbBIA NMPOAYKT IJIA XUMHYeCKOil npombliuieHHocTH. Ilonoxurens-
Hble MOHBI HAaTpHsA, HaoGOpOT, mBHXKYTCA X Karofdy. TaM ouu
BOCIIOJIHAT 3JIEKTPOHbI M HelTpanu3ylor cBoi 3apsaf. Tak kak
HATpHil ABJISAETCA XUMUYECKH OUYSHb AKTUBHBIM JJIEMEHTOM, TO
OH TOTYaC COEJHHSAETCS C BOAOH pacTBopa IOBapeHHOH COJH.
IIpu 3TOM BO3HHKaeT ruapookucs Harpuss (NaOH), Bommblil
pacTBOp KOTOPO# H ABJIAETCSA HaTpUeBOH Iuenoybto. Kpome Toro,
y Karoaa BbIcBODOX/IaeTcsi BOOOpoAd. B MpoMbIIUIEHHOM MPOU3-
BOICTBe HeobxoaumMo HoOUThCA TOro, YToObl XJIOP M LIEJIOUb OCTa-
BaJMeb OTACNICHHBIMU JPYT OT JIPYra, TaK Kak B IIPOTHBHOM CIIy-
yae MO>eT IIPOM30HTH HeXKelaTeNIbHasA peaKlka, B X0e KOTOpOH
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obpasyercs BHOBb XxJIopH, HaTpHs. KanuiiHylo mienous noimyyanT
aneKTponu3omM xiaopuaa kamsa (KCl).

Korpa Hago MOJyYuTh MeETajUl BBICOKOW UMCTOTBI, T.€. C HU3-
KHM cOflepXaHHeM IMpUMeceid, 4acTo ToXKe NpHberawoT K 3J1eKTpo-
mu3y. Bbicokast cTemeHp 4MCTOTHI Tpebyercs OT mpuMeHsAeMO#
B JJIEKTPOTEXHUKE MeIH, TAK KAaK NMPU HU3KOH CTeNeHH YHCTOTHI
CHIIbHO yXynuiaercs ee nmpoBoaumocTts. [loatoMy usrorosnsemas
MeTaJUTyprueii YepHOBast Mefib, cofiepxaiias Megu o1 96 no 98%,
He YHOBJETBOpPseT TpeOOBaHMAM JJIEKTPOTEXHHUKH H IPOXOIOMUT
OAIBHEHIIYI0 JJIeKTPOXMMHMYEeCKYI0 06paboTKy.

Ha puc. 14 noka3zaHo, KaK pacronaranTca Apyr IpOTUB ApyTa
B pacTBoOpe MeJHOro Kymopoca TOHKAs MJIACTHHA U3 YMCTOH Menu
B KauecTBe Karoga M OJOK YepHOBOH MemM B KayeCTBe aHOAA.
K snexTponam noagBOAMTCs MOCTOSHHOE HAlpsDKEHHe B HECK OJIb-
KO BOJIBT.

Puc. 14. AneK TpONMTMYECKOE NOMYYEHUe YncToih Mean (cxeMaTuyHo)
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TMonmo>xwuTenbHble HOHBI MeIH IepeMeILaTCs B pacTBOpe Mefl-
HOTO KYIOpOca K OTPHIIATEIBHOMY 3JIEK TPOMLY, Ifle OHM Hel TpayH-
3yTcsa H ocenalor. COOTBETCTBEHHO OTpHILATENbHbIE HOHBI SO4
OBIXKYTCA TpymnamMu K aHony. Tam oHu o6pa3yior HOBbIe Molle-
KYJIbl MeTHOTO KYNOopoca, COeAUHSASACh C HOHaMHU Meu U3 OGroka
yepHOBOH MelH. ITOT Npouecc IpoTeKaeT HenmpepbBHO. [Ipu 3tom
Ha KaTofle OCaXJaeTcs YMCTas Mefp, B TO BpeMd Kak aHop, (610K
YepHOBOH Me[ld) MOCTENEeHHO pacTBOpsiercsi. IlpuMecH aHoma
(6noka yepHOBOW Me[M) B 3TOM IIPOLIECCE HE YYACTBYIOT H BbIIa-
JAI0T Ha MOf, KaK “’aHomHbiA uwiam” (puc. 15). CTeneHb OUHCTKH
TAKMM 00pa3oM IOJyYeHHOH 3JIEKTPOIIMTHYECKOH MeOy COCTaB-
nser 99,97%.

BakHeHIMM 3JIeKTPOXUMHUYECKHM HpPOLIECCOM B TEXHUKE SIB-
nseTcs TaKXe JaeKTpoau3 pacnaasa amomuHusa (puc. 16).

O6nuioBaHHasA yrieM BaHHa HaIOJHAETCS CMEChbI0 U3 ITIMHO-
3eMHBIX COe[UHEHUH ATIOMHMHMA U KpHolMIa. B cMech BBogMTCA
yroJibHpIi OJIOK B KayecrBe aHopa. Karomom cCITy>XHT yronbHas
o6muoBKa BaHHbI. IIOCTOAHHBIM TOKOM GOJBIIOH CHIBI CMECh
IpeXxx/ie BCEro HarpeBalT [0 paciuviaBieHus. Kpuonur npu stom
B HEKOTOPO# CTeNeHW BBINOJHAET PONb pacIBopuTend. B mpo-
Hecce 3JIeKTPONIN3a OH MaJIO pacXomyeTcs.

IMonoxutenbHble HOHBI AIOMUHHA B paclUlaBe IBIKYTCS
K KaTofy, BOCIIOIHSIOT HeIOCTAIoLIHe IeKTPOHbI U CTEKaI0T BHU3
B BHJe MeTaJUIHuyecKoro amoMuHus. OH ocTaeTcss B )XHUIKOM CO-
crosHuU. BpeMsa OT BpeMeHM ero mepeMellMBalOT Ha JHe BaHHBI.
IMockonbKy ITMHO3eM SBIAETCS COeAUHEHHWEM AJIIOMHMHHSA C KHC-
JIOPOZIOM, TO OTPHIATENIbHbIE HOHbI KHCIOpPOAA HANpaBIIAITCA
Kk asopy. TaM OHHM coeguHSIOTCA C yriepomoM. AHOM, CleoBa-
TeJIbHO, CTOpaeT B XOJie NMPOIeCcca H JOMKEH WM IOCTOSHHO OIy-
CKaThCS B PacIUIaB WIH 3aMeHATHCHA.

IToTpebnenue ToKa -oYeHs BeNMHKO. I moiyueHus 1T aomu-
mia Tpebyerca okono 20000 kBr-u (1 kBr-u = 3,6-10° IIx).
Bonbuasg norpe6GHOCTh B aIIOMHHHM [UTS HHIYCTPHH, TPaHCIIOpTa
U T.[., OJHAKO, ONIPaB/bIBAET TAKHeE 3aTPAThl IHEPIHH.

ITomo6HeIM croco6oM MoNMy4aroT M Opyrue JierkHe MeTajulbl,
HalpyMep MarHui ¥ KaJiui.

Mens BBIOENsAeTCS M3 PacTBOpa MeTHOTO KYMOpoca H B TOM
ClTyyae, eClld B KayecTBE KaToHa MUCHOMNb3YIOT KaKoi-mb0 Opyroi
npoBopaAumi Marepuan. Eci, K mpuMepy, B KayecTBe Karopa
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Puc. 15. OnekTponus meav

Puc. 16. QnekTponus pacnsnasa antoMUHUA
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BBIOHPAIOT JKeJIe3HbIe JIUCThI, TO OHM MOKPHIBAIOTCA CJIOEM METH,
TOJILMHA KOTOPOre BO3pacraeT NPH YBEJMUEHMM CWIbI TOKa M
UM TEeNIBHOCTH Ipouecca. JIucT “oMemuaeTcsa”.

910 ewe ogHa GosbLIasg 06IaCTh NPUMEHEHUS TEK TPOXHUMHMYE-
CKUX SIBJIEHWH: IIOBEPXHOCTb MeTaJUla WK Jo0ble 3JIeKTPHUECKH
IpOBOIALIME IUIOCKOCTH MOXHO NOKPbIBATh JPYTHM MeETaJUIOM
3J1eKTPOXMMHUYECKUM CIOCO6OM.

JXene3o U Cranb OTHOCHTENILHO MAJIO YCTOHUMBLI IIPOTHB XHMH-
4yecKoro pasmbefjaHus. Bo BceM Mupe rop oT rofa paspyulanics
OT KOPPO3UM MWUTHOHBI TOHH XKeJle3a U CTallH, Ja M Ka Kbl Ha-
6mopan, xak 6bICTPO CTAHOBHMTCSA HENPUNIATHON MeTaJUlnyecKas
MIOBEPXHOCTh TOJIBKO YTO HAJIO)KEHHOI'O CBapOYHOTO 1LBa.

Ilpyrue Merajuibl, HallpuMep LMHK , HUKeJIb WIH XPOM, a TaKKe
cepebpo M 307I0TO, XOTA XMMHYECKH U OYeHb YCTOHUUBBHI, HO He
TOAATCA IO Ppa3NIMYHBIM OOCTOATENHCTBAM [UIA HM3TrOTOBJIEHUA
peTayieil. JJNEKTPOXUMHUA IO3BOJIAET HCIIONb30BAaTh IpeHMYIle-
CTBA 3THX METAUIOB [LIA 3alUMTHl APYTHX METAUIOB, KOTOpPbIE
XMMHUYECKH JIETKO pa3bedalnTcs.

Ecm moMecTHTh H3fiesve U3 CTaJIM B pacTBOP HUKeJIEBOMH COJIH,
NOAKJIIOUUTD U3[elIMe K LiemM B KauyeCTBe KaTOMa, a IUIaCTHUHY M3
HHMKeNsd — B KadyecrBe aHOMA, TO CTajlb NMOKPOEICSA CIOeM HH-
kena. Ecmu paboraror ¢ aHOBOM M3 XpoMa H pacTBOPOM colleil
XpoMa, TO CIyXallMe KarogoM u3feims xpomupymwrcs. Ilpu
UCHONb30BaHUM aHOAAa M3 cepebpa B pacTBOpe colM cepebpa
usgemusa cepebparca. B TexHuke IMPOKO NMONB3YIOTCA 2a1b6a-
Hu3ayueii [JIA 3aLUTHI NOBEPXHOCTH METa/Ia WIH B 3CTeTHYe-
CKHX LeJIfAX.

ANMIOMMHMI TOCTOSIHHO TNOKpbIBaeTcs CJIOEM TOHKOro Haiera
U3 OKHMCH. ITOT CJIOH BecbMa HOJIe3€eH, TaK KaK BBINOJHAET pOJib
3aUMTHOrO MOKpbiTHA. IIpy Tak Ha3piBaeMOM ’’aHOAUpOBaHUM
(37meKTpHYeCKOe OKHCIIEHHE) CJIOH OKHCIa CO3[AlT M 3aKpell-
JISI0T MCKYCCTBEHHO. AHOIMpYeMoe H3[e/iie ABJIACTCA aHOIOM
B CcIelManbHOM xHMHYeckoi BaHHe. COOTBETCTBYIOIINM BbIOOpOM
XUOKOCTH IJiA BaHHBI J0OHMBaOICA, YTOOBI aFOMMHHEBBIH aHOZ,
He pacTBOpSJICA, a ero IIOBEPXHOCTb MOKPHIBAJIACh OKHUCHIO aJII0-
MHUHHA. JTOT 3alUMTHBIA CJIOH B M3BECTHOH Mepe “Bpacraer’ B
MeTaJUT 4 He MHaeT pacTBOPATbCA moaxiaake. OH XMMHYECKH U
MEXaHUYeCKH OUEeHb YCTOHYMB H, KpPOMe TOTO, MOXET JIerKo
OKpalLlUBaThCA.
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Ecmi mopaBecHTs B 3JIEKTPOXMMHYECKOH BaHHE B KauecIBe
Karoma penbedHy0 MPOBOAALIYI0 JETallb H OCTABHTH IIOM, TOKOM
[OCTaTOYHO JOJT0, TO 06pa3yeTcs TONCTBIA CIIOH METAJUIMYECKOTO
oK pbiTHsA. ECTIM 3TOT CJIOM OCTOPOXHO OTHENHTH, TO ero obpar-
HasA CTOPOHA, KaK “HeraruB’’, HOKaXXeT BCe BO3BbILICHUA U YTIIy6-
neHus katopa. Jlanmee MOXHO OTJIMTb OTIEYAaTOK, HAalpUMEp, U3
BOCK2a M TaK NOJYYUTh KOIMI0 HEPBOHAYAIPHO MOMELLEHHOH B
BaHHY JeTaTy.

Taxoe HCIONB30BaHUE IJIEKTPOXMMUYECKHX SBJICHUHA Ha3bl-
BalOT 2aqbsaronaactuxol . OHa JAaBHO NMPUMEHsSETCA Wi HOMy-
YeHHsA KOIMHA HeOOJBIIMX MpeOIMETOB HCKYCCTBAa WM CTapHHBI,
MOHET 4 T.[J. MOXHO MOITy4aTh AaXke KOIMH HeMPOBOAAIIMX JeTa-
JIeH, eClIM TpedBapUTeNIbHO HOKPBITh MX TOHKHM NPOBOIAIIMM
MOBEPXHOCTHBIM CJIOEM, HallpuMep clloeM rpadura.

Wupycrpus rpaMIuIacTHHOK NMOSIBWJIACH TOXe He 6e3 rajibBaHo-
wiacTUKH. [Ipy 3amicu Ha BOCKOBO#H IUIaCTHHE BbIpe3aloTcA LITH-
XelleM COOTBETCTBYIOLIHE 3BYKOBBIM KonebaHusaM OoKoBble
Wik ryGunsble 6oposnku. OHU, eCTECTBEHHO, OYeHb HENPOYHBI.
ITo3TOMy MX MOKPBIBAIOT MUKPOCKOIMMYECKH TOHKHMM CJIOEM Ipa-
duTa W HomewalT B 3MEKTPOXMMHMYECKYH BaHHY, B KOTOPOi
OHM MeTaJUIM3upywTcsa. Clioi MeTalUia mpencraBiser cobo¥ Hera-
TMB BOCKOBOH IUTACTUHKH BMecTe ¢ Gopo3mikaMu. ITOT CIIOH CHU-
maercs U oOpabaTeiBaeTcs TaK, 4ToObl OH MOT CITYXMTb IyaHCO-
HOM IIpY LITaMIIOBKe IUIaCTHHOK .

Iomo6HpIM 06Gpa3soM IPOUCXOOUT H3TOTOBJIEHHE 'TalIbBAaHO-
¢opm” B moymrpacuyeckoil NpOMBINUIEHHOCTH. IIpH BBICOKHX
TpeGOBaHMAX K MEYATHOH NPOOYKLMH IOYTH HEBO3MOXHO Ieva-
TaTh HENMOCPEICIBEHHO ¢ Habopa, Tak Kak OH ObICTPO M3HALIMBa-
erca. IlosToMy cHavayia [elaloT OTTHCK € MeETaJUIMYecKOro Ha-
Gopa — ’Marpuny” — M3 MATKOrO MaTepuayia, HallpuMep U3
BOCKAa WIM IUIACTMAcCOBON IuleHKHM. Ha MaTpHue Bce BhICTYIBI
Habopa BOCHPOU3BeeHb! KaK BIAHHBbI.

Matpuua nokpbiBaeTcs NPOBOAAIIMM ClIoeM rpagHra U mome-
1aeTcss B KayecTBe KaTroa B IJIEKTPOXMMHUUECKYIO BAHHY C Me[-
HbIM aHOOOM. MaTpuiia NMOKPBIBAa€ICA CIIOEM MeIH, BBICTYIIbI
MEJHOTO IOKPBITHA COOTBETCTBYIOT BIafguHaM Martpuiei. Creno-
BaTeJIbHO, CIIOH Me[I¥ ABIIAETCSA KOIHeH NepBOHAYAIbHOrO Habopa.
Cnoli aKKypaTHO CHMMAeTcs, OOIyXHBaeTCs M IOKpPbIBaeTCA
CBHHIIOM.
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XumMuueckune MCTOUHUKWU TOKa

Ecrm morpy3urs [Ba pa3iMYHBIX METaJUIa WIIM MeETajul

U Yroib B 3JIeKTPUYECKH MPOBOIALIYI0 >XMAKOCTb, TO
MeX/y MeTa/UIaM{ WIM MeTaJUIOM M yTJIeM BO3HUKaeT U3MepH-
Moe JJIEKTPHYeCKOe HampspkeHHe. Eciu coemuHMTIb 3I1eKTPOLbI
¢ morpebuTeneM TOKa, TO MO IIeIH IOTeyeT dIeKTPHYEeCKHUil TOK.
Ilepen HaMH XMMHYECKHH HCTOUYHWK HampspKeHUs — “TaJIbBaHU-
YeCKHit JIeMeHT”.

T'anpBaHMyeckue 3meMeHThl u3BecTHbl ¢ Hayasla XIX B. OHu
Torga ObUTH e[IMHCTBEHHBIMY HCTOUHUKAMH TOKa, KOTOPble MOTTIH
OaBaTh [0 TeM BpeMEHaM 3HAaUMTENIbHYI0 MOLIHOCTb; Ha3BaHbI TaK
B NaMATh 00 UTAJIBTHCKOM Bpaue U eCTeCTBOUCHbITaTeNe JIyuomu
Taaveanu (1737 — 1798) . Bo BpeMs CBOMX 3HAMEHHMTHIX ONBITOB
C NpenapHpOBaHHBIMY JIANKaMH JIATYIIKH OH OTKPBUI 3TOT BHI
anekTpuyecTBa. KoHeuHo, OH He MOT ellle NPaBUIBHO OOBACHUTH
HabJlogaeMele ABJIEHWA, HO JOraAbBaJIcss 00 ocoBGOM BHOe “Ku-
BOTHOT'O 3JIeKTpUYecTBa”.

Ecim onmycTuTs MeTaul B 3JeKTPOJIMT, TO NPOABIIAIOICA ABa
addexTa, JHCIBYIOLUX APYT IPOTHB IpYra.

Meraiwn mopBepraercs AaBieHUI0 pactBopa. OH CTpeMHICA
OTOpBaTh MOHbI METAJUIA H IepeBecTd UX B xkuakocts. HaoGopor,
XHIOKOCTh Ha OCHOBe “’OCMOTHYECKOTO HABJIEHWUA’ CTPEMHTCSA
BBITONIKHYTh HOHBI MeTaiia. IIpd 3TOM NMOCTOSAHHO YCTaHaBIIMBA-
€TCS paBHOBECHOE COCTOSHME.

Ecmi, HanpuMep, NOrpy3UTh IMHKOBYIO IUTACTHHY B pa3GaBlleH-
HYI0 CEpHYI0 KHUCIIOTY, TO HpeobranatonmM Oyner JaBiieHUe pac-
TBOpa UMHKA. ITomoxuTenbHble HOHBI NMHKA NEpeHIyT B PacTBOP.
BoienctBre 3T0r0 UMHKOBasg IJACTHHA (He TaK, KakK IpH 3JeK-
TPOJIM3e) CTAHOBHUTCA ONEKTPUUECKH OTPUUATENIBHO 3apsDKeH-
Hoii. IIpouecc pasfeneHus 3apAfOB He pa3BHBaeTCs GECKOHEUHO.
Yem Gorbllle HOHOB MEPEXOOUT B JKHOKOCTb, TEM CHIIbHEE OTTall-
KHBAKOTCA MOCNeAyIolLINe 3apsAbl OT HMEIOLIUXCS yXKe B HUIKO-
CTH W OIHOBPEMEHHO TeM TpyOHee YHOEpXKUBAEICA yBeIMYUBA-
IOIIMACS OTPHMIIATENIbHBIA 3apAN LMHKOBOH IUIacTHHBI. Kpome
TOTO, C POCTOM YHCJIa HOHOB BO3pacTaeT OCMOTHYECKOE [aBJIeHUe
JKMIKOCTH, KOTOPOE HallpaBJIeHO MPOTUB [aBJIEHUS pacTBopa.

Ecmu ocMoTHyeckoe AaBrneHue Oonbilie NaBIIeHUsA pacTBoOpa,
TO HOHbI MeTaUIa BBITAJIKMBAIOTCA M3 >XUAKOCTH U MeETall
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ocaxgaercs. BereqcTBHe 3TOro MeTalll CTaHOBUTCS JJIeKTPUYECKH
THOJIOXKHTENIBHO 3apsDKEHHBIM B INIPOTHBOMNOJIONKHOCTD XHIKOCTH.
Ho ckopo BHOBb YCTaHAaBIWBAeTCS PaBHOBECHE, TAK KaK OCMOTH-
yecKoe JaBjieHye YMEHbLIaeTCA U332 OCKACHUA HOHOB.

Mexoy MeTaUIoM H XUIOKOCTbIO JIEKTPOIHTa B 0DOHX CiTyya-
sIX BO3HMKAeT 3JIEKTPHUeCKoe HampspkeHue. OOHAKO OHO Hemo-
CpeNCTBEHHOMYy H3MepeHHI0 HefmocTynmHo. Ecnu Bce ke XOTAT
H3MEPHTh HaNpAKeHHe, BO3HUKAIOIEee MEXAY METaJUIoM H JlIeK-
TPOJIMTOM, HeoGXoouMO (KaK B BBIIEYNOMSAHYTOM OINbITE)
HOTpY34Tb B JXKMAKOCTh [Ba Merauia. IlosBnsiomeecs Mexmy
3TMMH 3JIeKTPONAaMH HalpsOKeHUe SBJIAETCS Pa3sHOCTBIO MM CyM-
MOH OTHEIBHBIX HANPKEHWH MeXOy KaXIbIM 3JIeKTPOIOM H
anextpomrom. Ecim BbIGpaTh ONMHAKOBBIA MeTayUl AjiA obomx
9JIEKTPOIOB, TO HANpPSKEHHA B3aMMHO YHHMUTOXATCA. 3HaueHHe
HATIpSDKEHUA 3aBHCHT OT MaTepHalia 3JIEKTPOHOOB M 3JIEKTPOJIH-
THYECKOH JUIKOCTH M He 3aBHCHT OT pasMepoB, PacCTOSHUA
U GOpPMBI 37IEKTPOMIOB.

Ecnu uconb30BaTh OOMHAKOBBIH 3JIEKTPOJIUT, TO pa3iMyHbIe
MaTepHalibl, CIIOJIb3yeMble B KaueCTBe 3JIEKTPOIOB, MOXHO pac-
MOJNIOXUTh B 3aBUCHMOCTH OT 3HAUEHUA MEXMIY3JIeKTPOTHOTO
HaIIPSDKEHUs B “3JIeKTPOXUMUYECKHH pan”:

”+” Vroms, IWIAaTHHA, 30JI0TO, cepeGpo, Medb, ONOBO,

CBHHell, IMHK,, AJITOMHHHI, Maruui "

Eci KOHCTpYHpYIOT rajlbBaHUYeCK Ui SJIEMEHT U3 IBYX JI0ObIX
BelleCTB, KOTOpble NIPUBEIEHBI B 3TOM PAARY, TO BELIECTBO, CTOs-
lee JieBee B PAMNY, CTAHOBHMTICA IOJIOXHUTENbHBIM IoiifocoM. Ha-
IpuMep, IpH KOMOMHAIMH “yroms — Medp” y yris obpasyercs
IIOJIOXKHTEJIBHBIN NOJIIC, Y MeId — OTPHLATENbHBIA; NpU KOMOH-
Halpy MarHuii — cepeGpo’ y maruus oGpa3syeTcs OTpULATENb-
HBI TOJIOC, y cepebpa — MoNoXxuTeNnbHbId. YeM manblie OpyT OT
Opyra paclojioXeHbl IBa BelECTBA B 3JIeKTPOXUMHYECKOM ALY,
TeM Oonbllle MCXOMHOE HAmpsDKeHWe H3TOTOBJIEHHOTO M3 HUX
rajibBaHH4eCcKOoro 3JIeMeHTa.

INeKTPOXUMHUESCKUI PAN HaNpsDKeHUH OTKPhUI OosbliHe BO3-
MOXHOCTH Ul CO3[AaHUA raJbBaHUYeCKUX 3JIeMeHTOB. MHorue
M3 HUX CO3[aBAMCh B IpouUUIOM cToneTHH. OOHAKO 3HAUUTENIb-
HBIX YCIEXOB AOCTHUTHYTO He 6bu10. HanGonbuiee 3Hauenue cero-
[HA UMeeT YroJbHO-LMHKOBBII 31emeHT (puc.17), B ocobeHHOCTH
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Puc. 17. YcrtpoictBo cyxoro
3neMeHTa

KaK “’Cyxoil aJieMeHT”’, U3BeCTHBIH HaM 10 6aTapesM KapMaHHBIX
¢oHapeit, GatapesM I HOPTATUBHBIX PaMON PUEMHHKOB , CITyXO-
BbIX alNaparosB H T. .

YToNbHO-IMHKOBBIA 3JIEMEHT COCTOMT H3 YTOJIBHOTO CTEPXKHA
B KauecTBe IOJIOKMTEIIbHOTO JJIEKTPOOa M LMHKOBOTO IMJIMH-
Opa — B KayeCTBe OTPHULATENBHOTO. JJIeKTPOIMTOM CIIYXKHT pac-
TBOp Haluatbips. HavanbHoe HampspKeHHe TaKOro JJIEMEHTa CO-
craBjseT npumepHo 1,5 B.

Hanpspkenue anemMeHTa, ofHaKo, ObICTpO MajaeT, ecil¥ yrojb-
HBIH CTep)keHb He OKpyXeH mupomosutoM (MnO,), mometa-
eMbIM B MaJleHbkuit Meuioyek. IIpoucxomur sto Taxk. Eciwm ane-
MEHT [aeT TOK, TO YTrOJIbHBbIA CTep)keHb ObICTpPO NOKpBIBaeICs
c7l0eM My3bIpbKOB BOOpoAa. M3-3a 3Toro ymeHpliaercs MOBepX-
HOCTh CONPHKOCHOBEHUS MEXIY YyIJeM H JJeKTPOJIMIOM, BO3-
pacraer BHyTpeHHee CONOTHBIIEHMe anemeHIa. Kpome Toro,
BO3HMKAeT MPOTUBO-3.[.C. 3JIeMeHTa. ITO ABJIEHHe Habmopaercs
y BCeX TrajibBaHMYECKHX D3JIEMEHTOB U HA3bIBaeTCA TIOJIAPH3a-
mueir”. B yronpHO-LMHKOBOM 3JIeMeHTe pojib “’menongpusaropa’
npunuMaer Ha cebsa Goraroe KHCIOPOAOM COeAMHEHHE MHPOJIIo-
3uTa. Bo3HuKaeT XxumMuuecKas peaklys, B Xofle KOTOPOH BOOPOZ,
COEMMHAETCA C YaCTHIO COMIEPIKAILErocs B MMPOIIO3UTE KHCIOPOAa,
06pasya Bony. Tak ycrpangerca nonapusauusa. Tonsko npu 60ms-
IO Harpy3Ke 3JleMeHTa, T.e. IpH 0T60pe CHIIbHBIX TOKOB, BOJIO-
pon obpasyercs Tak ObICTpO, 4TO NOJIAPH3ALUA HE MOXET KOM-
NeHCUPOBaThCA TOTYac. B 3TOM ciryyae majaer 3.7.cC. JJEMeEHTa.
Ecnu a5eMeHT OCTaBIAIOT JoNroe Bpems 6Ge3 HAarpyskH, TO BOHO-
pol “cBA3BIBAETCH” M INIEMEHT ONATh ~BOCCTaHABIMBaeTCA™
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B ”cyxux’ anmeMeHTax B KayecTBe 3JIEKTPOJIMTAa NPUMEHSETCH
BA3Kas MmacTa. MMewTcs TakXke yrOJbHO-IMHKOBbIE 3JIEMEHTHI,
KOTOpbIE MCHOJNIb3YHT A ACTMONAPH3aLMM KHCIOpOA BO3LyXa.

BcnencTBue  pa3sBUBAlOLLEHCS MUHMATIOPU3ALMH  3JIEKTpHYe-
CKHX, JJIEKTPOHHBIX H pPaJIHOTEXHUYECKHUX YCTPOHCTIB, a TaK-
e BCJEICTBUE CHIDKEHMS SJIeKTpONOTpeOiieHus mnpubopamu,
KOTOpble OCHOBaHbI Ha MOJyNPOBOAHMKOBBIX 3JIEMEHTaxX, 3Ha-
YeHHe TaIbBAaHMYECKUX O3JIEMEHTOB B IIOCIIEOHHE TOMBI OIATH
BO3pOCIIO.

Ynanoce co3math YOIUBHTENBHO MalleHbKHE, JIeTKue H HPHTOM
paboTocrnocobHble 37IEMEHThI, KOTOpble MOT'YT IHUTaTh TOKOM IOf
U Goree 3NMeKTpUUECKHe HapyuHble Yachl. s TakKHX 371eMEHTOB
TpeOyloTCA CHenuaIbHble 3JIeKTPOOHble MaTepHajibl U 3JIEKTPO-
nutbl (HampUMep, OKHUCh PTYTH, amMajibramMa LMHKa U PacTBOp
€IKOTO KaJIH) .

AkKymynaropbl

XumuyecKHe MpoLecchl, KOTOpble NMPOTEKAOT B rajibBa-

HUYECKUX IJIEMEHTaX, B OOBIUHBIX YCIOBUAX He MOTYT
uOTd B oOpaTHOM HampaBiieHuM. I103TOMy ranbBaHHYeCKHH 3lie-
MEHT yTpauMBaeT LEHHOCTb, Koraa uspacxomyercs. Ilo 3Toii mpu-
YMHe rajJbBaHWYeCKHe 3JIeMeHThl He IPUMEHSIOTCS, KOT/A 3apaHee
Tpebyercss Gonpllloe KOJIMYECTBO I3JIEKTPOIHEPTHUU, — CIIHUIKOM
BeIMK 6bU1 6b1 pacxofl MaTepHajIoB.

Ilupoko pacHpocTpaHeHHBIMH XMMHUYECKHMH MCTOYHMKAaMH
TOKa ABJISAITCA aKKyMynsaTopsl. OHY MOryT IpY NONTy4YeHHH TOKa
M3BHE IpeTeprneBaTb XMMHUYECKOe MpeBpauieHue B OGpaTHOM Ha-
NpaBJIeHHH, T. €. BOCCTAHABIINBATh CBOK €MKOCTb. JTH IIPOIIECCHI,
HaspIBaeMble ~paspanoM” U 73apAnom” aKKyMYJSATOpa, MOTYT
NOBTOPATHCSA COTHHU pa3.

Oco6eHHO pacIpOCTPaHEeHHBIM ABJIAETCS CBHHLOBBIH (KHCIIOT-
HbIH) akKymynsaTtop. OH COCTOHMT W3 TPYNN TIONOXHTEIbHBIX
(PbO,) u "orpuuarensHbix” (Pb) IwiacTvH, KOTOpble pa3MelleHbI
B cocyfe. JNeKTPOIUTOM CITY>HT pa3baBlieHHasi CepHasA KHCIIOTa
(H2S0,). InactiHbl KaXKHo# IPYNIBI COEAUHSIOTCA APYT C OApY-
rom. Obe rpymnmbl IUIaCTHH pacmollaralnTcs Tak, YTo6bl OHM BXO-
MU OpYT B Ipyra Hanonobue rpe6eHoK .
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Yto0b1 AeiicTByIOLIasA MOBEPXHOCTb Obla Haubonblilei, Iia-
CTHHBI [IeJIAl0T PeOpHUCTBIMM WIM NMPUAAIT UM GOpMY peLIeTKH.
3a3oper MexAy pebpaMu UM pelleTKaMH 3aMoOJHAITCA MAacCOi
U3 cOelMHeHWH CBHMHUA. ECNM IUIacTHHBI IOrpy3uTb B pPacTBoOp
CepHOH KMCIIOTBI, TO Ha UX IOBEPXHOCTH 00pa3yeTcsl BeuleCTBO,
Ha3bIBaeMoe CyJibhaTtoM CBHHIIA.

Ecnu otpuiatenbHble IUIaCTHHBI COEOUHUTb € ~—°, @ MOJIOXH-
TeNbHblE — ¢ 1+’ HUCTOYHMKA TOKa, TO HauMHaeTCAd XMMMUecKas
peakims. Cynedar CBMHLA OTPHUATENIbHBIX IUIACTHH MpeBpauia-
eTCs B CBMHEll, a U3 CynbdaTa CBUHIA MOJIOXKUTEIbHbIX IUIACTUH
obpazyercssi okuCb CBHUHLA. Kpome TOro, 3a cuer pasiioxeHus
BOMBI IPOUCXOOUT OOpa3oBaHMe “HOBOW~’ CEPHOH KHCIIOTHI.
IInoTHOCTH KHCIIOTBI BO3pacraer. JTOT HPOLECC CXeMaTUYEeCKH
MOXHO U306pa3uTh TaK :

2PbSO, + 2H,0 — Pb0, + Pb + 2H, SO,

Kaxoe konuyecTBO 3/IeKTpHYECTBA MOTYT OTJATh MIIM IIOTpe-
OUTb aKKYMYJIATOPbI HPH UX 3apsJie UK pa3pslle, 3aBUCUT OT MX
pasMepoB H KOHCTPYKIMH. JTy CHOCOGHOCTh K HaKOIUIEHHIO
XapaKTepU3yIT KaK ~eMKOCTb” aKKyMyJIATOpa H H3MEPSIOT
B KyJIOHaX WM ammep-yacaXx. Eciou eMKocTh akkyMynsropa
cocraBnszer 50A-u (50 - 3600 Ki), T0 3T0 O3Hauaer, yro OH
MOJXeT [aBaTb TOK Cwio B 5A B TeyeHHe 104 wid B TeueHHe
204 tok cuioit 2,5 A. KoHeuHO, MOXXHO He [ENTUTb MPOU3BOJIBHO
XapaKTepPUCTHKY Ha paspsiiHbIi TOK M BpeMs pa3psjga. Toraa
yCTaHAaBIIMBAlOT HOMMHAIbHBIA DEXHM paspsAna, Npd KOTOPOM
HCTOYHUK TOKa OTHaeT MpPaKTHYeCKH HaubOIbIIyI0 eMKOCTb.
Ecmu 310 3HaueHue OyneT MpeBBILIEHO, TO AKKYMYJIATOP IOABEp-
rHeTCA ONACHOCTH BbIX0Aa U3 cTposi. Takxke eMKOCTb aKKyMyJis-
TOpa CHIDKaercsA B TeM Ooiblueii cTeneHu, yem OoJIblle TOK pas-
pama. W3 3tux cooOpakeHWH YCTaHABIIMBAWT ~HOPMANbHYIO™
€MKOCTb Ha YPOBHE TPEX4acoBOI'O pa3psafa.

J151s1 HaKoTTeHUs1 OONMBIIMX KOJIMYECTB SHEPIHU aKKYMYJIIATOP
HenmpuromeH. Macca akKyMyJATOpHOH Oaraped, KOTOpas MOXeT
samactd 1kB-4, cocraBnsger npumepHo 50 kr. K Hemocratkam
CBHUHIIOBOTO aKKyMyJIATOpA CllelyeT OTHECTH U TO, YTO OH YyBCT-
BHUTeJIeH K 3JIEKTPUYECKOil Heperpy3ke M MeXaHMYECKHM Hamps-
JKEHUSM.
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PAkKyMmynaTop Jaucona” (cTanbHON” aKKyMyNATOp) HC-
MOJIb3YeT B KayecTBe 3JIeKTPOIIMTHUECKOH XUIOKOCTH efIKoe Kalu
(KOH), B KauecrBe 3JIEKTPOJHBIX MAaTepHAJIOB — COeIMHEHHUSA
Xerne3a M HMKeNs. Pa3panHoe HanpsbkeHHMe CTaJIbHOTO aKKYMyJs-
TOpa cocraBisfeT Toibko 1,2 B. OmHako MeXaHHYeCKH OH OYeHb
YCTOHYMB; TaKXe eMy Majo ONAcHbl Meperpy3KH NpH pas3psne.
Tpu paspsne u 3apse BbleAeTCs HEMHOTO rasa.

IlanpHeiilllee yCOBepLIEHCTBOBaHHE ILEJIOYHBIX AKKYMYJIATO-
poB (HampUMep, Ka[IMHEBO-HUKENEBbIX) BecbMa CIIOXHO. MX He-
06X0IMMO FepMeTH3HpPOBaTh. ITO OCOGEHHO BaXKHO I MCTOY-
HMKOB MMHTaHMs II€PEHOCHbIX ammaparoB (dNeKTpoHHasA ¢oro-
BCIIBILIKA, 31K TPOGPHTBA, TOPTATUBHBIA PATHONIPHEMHHUK) .

CrpemileHMe K MUHHATIODH3ALMH OJIEKTPHYECKHX U OIJIeK-
TPOHHBIX NPUOOPOB BefleT K HOSBJIEHUI0 HOBBIX THUIIOB aKKyMYy-
JIATOPOB, KOTOpble NpeJHA3HAYAlOTCA YXe [UIA CIIeNUaIbHBIX
peneit. Tak, npuMeHseTcs cepeGPAHO-UMHKOBBIH aKKYMYIATOP,
Macca KOTOPOro IpPH paBHOH MOLIHOCTH COCTaBJjigeT okojo 1/3
MacChl CBUHIIOBOI'O aKKYMYyJIATOPA.

CTATUMECKOE 3NEKTPUYECTBO

BsaumopeircTeue 3apAnoB

INEeKTPOTEXHHKA pacCMaTpUBAeT NpPEXKOE BCETO IBHXKE-
HME M B3aMMOMEHCTBHE 3NIEKTPHUECKMX 3apsAfoB, T.e.
97IEK TPUYECKHUH TOK.

OpHako 3HaUMTENIHO paHblile, IPUMEPHO 33 ThICAUENIETHE , GbUIH
H3BECTHBI TONBKO T€ IJIEKTPHYECKUE sBJIEHMs, NPH KOTOPBIX
INEKTPUYECKHE 3apsaapl HaXOOWIHCh B IOKOE H OCTaBaJIMCh
Ha ogHoM MecTe. 06 3ToM moKosmEeMcs, ~cTaTHyeckoM” 3jeK-
TpHueCTBe U OyHeT paccKa3aHO HUXe.

Bruio o6HapyXeHO, YTO HEKOTOpble MaTepHaibl (HAampHMep,
AIHTapb, cepa, CTEKJIO) CTPaHHO BefyT cels, eclM MX MoTepeTb
O LIEpCTb: OHM NPUTATHBAIOT JIeTKHe MpeaMeThl (IyIIMHKH,
IIepCTAHbIE BOJIOKHA, 0Ope3aku 6ymark), KOTOpsle IO Mpolle-
CTBHM HEKOTOPOTO BpEMeHHM ONATh ocBoGoxmaiorca. IlosmHee
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HaOmopjanocs, 4T0 OT TaKOro HATEPTOro Tejla IPOCKaKHBaja
HCKPa K APYrOMY TeNy, eClIi OHM COMIKaUCh.

ITH MarepHalbl, CJIEOBATENbHO, CTAaHOBWIMCh OT TpPEHUS
”INIEK TPUUECKUMH’, IpPMYeM Ha3BaHHe 3TO NPOHM3OLUIO OT Ipe-
YeCKOro CJIoBa “’3JIeKTpoH’’, 0603HavaLero aHraps. Bckope Gbi-
JIO YCTaHOBJIEHO CYLIeCTBEHHOE pa3iurie MeXIy TAkKUMH MaTepHua-
JIaMM: TNpH 3JIeKTPH3alMU TpeHWEM [Ba CTEKJISHHBIX CTEPXHS
OTTAIKHBAKOTCA JPYT OT JpYyra, a CTEPXeHb U3 CMOJIbI, Ha060POT,
MPUTATUBAET CTEKJIHHbIE CTEPXKHU; [Ba KYCKa CMOJIbl OTTaIKHU-
BAlOTCA APYT OT Apyra, HO MPUTATHBAIOT 3aPSDKEHHBIH CTEKJIAH-
HBIA CTEpPXEHb; Cepa, Ha060pOT, OTTAIKUBAET HX.

11 HabIOfeHNA NpPHBENH K BBIBOAY: CYLUECTBYET ~CTeKAAH-
Hoe neKTpuvectéo” u “anexTpuvecreo cmoavt’’. TlosgHee cramu
Ha3bIBaTh 3apsDKEHHOE BelleCTBO, KOTOPOE BeJIo ce6s KaK CTeKJIO,
371K TPHYeCKH NIONIOXKH TENTBHBIM, @ BelLeCTBO, KOTOpOe IIPOABIIAIO
cebs nogobHO cMoTle, AMEKTPUUECKH OTpHIATENbHEIM. IIpu 3TOoM
GbUI0 OLMGOYHO NPEONONIOKEHO, YTO TOJIOKHTENBHOE JIEKTPH-
YeCTBO OJMHAKOBO NOIBIDKHO U NePEHOCHMO, KaK M OTPHLATENb-
Hoe. 3T 3a0ITyX/ieHHe CHauaa, ONHAKO, He MeILAJIO IeHCTBOBATb.
Tax, ¥ cerofHsa CIpaBe[UIMBO yCTaHOBJIEHHOE B Te BpeMeHa II0JIo-
KeHHe:

3apsaovl 00UHAK08bIX 3HAKO8 OTTAAKUBANTCA,
3apA0bl NPOTUBONOAONKHBIX 3HAKO08 NPUTAUBAIOTCA.

Kak noHumaercss Temepp “3jeKTpu3ammA Tperuem’? Yrobbr
TEJIO OKAa3aJIoCh 3MIeKTPHYECKH 3apsDKEHHBIM, OHO JOIDKHO o6na-
HaTth M36BITKOM MWIM HENOCTaTKOM 3JeKTpoHoB. CllemoBatelbHo,
MOXHO IPe/TIoNIOKHTh, YTO IIPH TPeHUH NPOMCXOMMT * pasiesieHue
3apAMoB”, BCNEACTBHE YEro OFHO M3 TeJl JIMLIAETCA JJIEK TPOHOB,
B TO BpeMd KaK Ha JpyroM Tejle OHM HaKammBawica. HeiicTBu-
TeNbHO, NPH BCeX ONBITAX YCTAHOBJIEHO, IO 3JNEKTPHYECKH
3apsDKaeTcA He TOJIBKO HAaTHpaeMoe Tello, a U Apyroe, “Haloiee”
3NIEKTPUYECKHUH 3apAf M NPOTHBOCTOSAILEe HATHPAEMOMY TelTy.

Hnsa o6bsACHeHHA Nepexofa 3JIEKTPOHOB MOJIAralT, YTO pas-
JMYHBle BellecTBa 0ONapaloT TaKXke PAaNIMIHOH CIOCOGHOCTHIO
K orpave M mpuHoOpereHmio 37mexTpoHOB. EciuM TecHo compuka-
CaloTCA ABA Pa3iIMUHbIX BELECTBA, TO MEKTPOHDI IEPEXONAT K Ma-
Tepuaiy, obnapjawuemy Gornbliei CHOCOOHOCTBIO K HAKOIUIEHHIO
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3NeKTpoHOoB. Eciu Temeps oTmanmuTe Tella ApYyr OT Jpyra, TO
pa3nuude B 3apsjle COXPaHAETCA: OJHO TeJIO INEKTPUYECKH 3aps-
’KaeTcs MOJIOXKHUTENIbHO, IPYroe — OTPHLATENIbHO.

Teneps peus NoiAET He O “’TPeHHH’, @ TOJILKO O CONPHKOCHOBE-
HuH. JIeHCTBUTENIBHO, 3TO ABJIEHHE 3aBHCHT TOJIbKO OT BO3MOXHO
GoJee TECHOTO CONPHKOCHOBEHHA 0OOUX Tell.

Uro, MeliCTBUTENIBHO, [IEJI0 B COIPUKOCHOBEHHH, a HE B TPEHUH,
MOXHO [OKa3arh mpocreiM onbitoM. Eme Bonera meMoHcTpupo-
BaJI, YTO /BE MOEAJIbHO IJIAAKHE IUIACTHHBI U3 Pa3HbIX METAUIOB
IMpHoOpeTaloT 3NMEeKTPHYeCKUH 3apsAf, e€ClIM MX CHayalla HaJIOXHTh
Opyr Ha Apyra, a 3aTeM BHe3allHO pas3bequHuTh. Ecu morpysuts
B BOJY 3aKpeIUleHHbIN Ha M30nsATope napaduHOBBIN LIap, a 3aTeM
GBICTPO ero BBITALUUTb, TO BOJA 3apANMICA IJIEKTPUYECKH MOJIO-
XUTEIbHO, a TapaMHOBBIH HIap — OTPHLATENBHO.

3akoH 06 OTTAIKMBAaHUU APYT OT ApPYra OTHOWMEHHBIX 3apd-
QOB CIIpaBe[yIUB He TOJIbKO /1A pasNuyHbIX Tesl. OnHOMMEHHbIe
3apsAasl OOHO20 Tella BHYTPH HEro IOCTOSHHO CTPeMATCS MO
BO3MOXHOCTH OTHAIMTBCA ApYr oT apyra. IlpaBpa, ynmaercs um
5TO TONBKO B NPOBOJHMKE, B KOTOPOM 3JIeKTPHYECKHE 3aps/ibl
pocTaToyHo nopBuxHbl. OTcI0fa CllegyeT BaKHOe NPaBHUJIO :

B 3apawennom nposodnuke 3apadbl NOCTOAHHO pAcno-
J10€eHbl HA NOBEPXHOCTU NPOBOOHUKA.

Ecotd BHectd 3apsAf B cepedMHy NpOBOAHMKAE, HallpUMep
BHYTpb IyCTOTEJIOr0 METAIIIMYECKOrO MLIapa, TO OH HEMEIEHHO
IepeiifieT Hapy>Ky, Ha BHELIHIOK NOBEPXHOCTD L1apa. BHyTpeHH:AA
MOBEPXHOCTb 1Iapa OKaXeTcsa CBOBOIHOM OT 3apana.

3apsapl, KOTOpble HAXOMATCA CHApYXM HAa LIape WIHM Ha JIpy-
roM IyCTOTEJIOM IIpeaMeTe, He MOTYT NepedTH BHyTpb. B sTOoM
cocrouT npuHiun “kietku Papapes’”. Ecnu Heobxomumo 3aii-
TATh OT BHEILIHEro 3JIEKTPUYECKOro BO3IEHCIBHA YyBCTBHTENb-
HbIif K3MePHUTENbHBLL TPpUOOpP WITM OPYTOM aNapar, ero IOMeIanT
B KIJIETKY” M3 )XeCTH WX U3 MeJIKOMH IIPOBOJIOYHOM ceTKU (9K pa-
HupyiwoT) . Eciiu Hapy’kHas MOBEPXHOCTh 3TOH “KIIETKH’’ HadJlek-
TPU30BaHa, TO, KaK JOKa3aHO, Ha BHYTPEHHUX CTeHKaX 3JIeKTpPH-
yeckoro 3apspa Her. Braropaps 3alMTHOMY [EHCTBHIO 3KpaHa
[aCCaXXMUPBI XKeJIE3HOIOPOXKHOTO 10e3/1a, 3aKPhITOr0 aBTOMOGHIIA
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WM KaOUHbI caMoJIeTa HaXOAATCA B OTHOCUTEJIBHON 0€30IaCHOCTH
OT yIapOB MOJIHUH.

MpyumeHeHWe 3NeKTPOCTaTUMECKUX ABNEHUIA

Vxe Orro Tepuxe (1602—1686) mnocTpoun mpocTyio
”3NeKTpU3ylolly0 MauuHy”. Tak HasbIBajics aImiapar,
¢ MOMOLIBI0 KOTOPOTO MOXHO OBUIO HOCPE/ICTBOM TPEHHUs Hellpe-
PBIBHO IOJIyYaTh 3JIeKTpUYEeCKHUe 3apsapl. Ero MaimHa npencras-
nsiia coboii, Mo cyuiecTBy, GOMBLIOH LIap U3 cepbl, KOTOPBIA MOT
cBobomHO Bpauiathcsa. Ecnu Bpalwanmy wWap 4 OOHOBPEMEHHO
KacaJich ero pyKoil /Uia “TIPOH3BOACTIBA TpeHUs , TO cepa 3apd-
xanace. I'epuKe MOr MoOJyyaTh OT 3apsDKEHHOTO 1Iapa IMHHbIE
HCKpB! U MPOBOIOUTH MHOrouMciieHHsle 3¢dexTHbie onbiThl. Ero
3NIEKTPU3YIOLIas MallMHa BCKOpe ObUIa CYILECTIBEHHO YCOBEp-
LICHCTBOBaHa. B pesynbrate CTraimo BO3MOXHBIM IONYYaTh OYeHb
BBICOKHE HANPSXKEHUsA — [0 COTEH THICAY BOJIBT, HO KOJIIHYECTBO
3apAJ0B OCTABAIOCh HAMHOTO MEHbILMM, YeM HeoOXOmuMo i
BO3HMKHOBEHHA TeXHWYeCKH MPUMEHAEMOro TOKa Ha JOCTaTOYHO
IUTHTENIbHOE BpeM.
3apsan oT TpeHUsa BO3HUKAET oueHb YacTo. O6LIeH3BeCTHO, YTO
Hallli BOJIOCHI M PacyecKa CTAHOBSATCSA ~3IeKTPHYECKUMHU , KOT/ia
pacyechiBaeM Cyxue BOJIOCHI. BbI3piBaeT HeynobcrBo TOT (akT,
YTO M JIpyrHe NpeaMeTbl CKJIOHHBI 3apsKaTbCA: Ha TPaMIUIACTHH-
KH, HalpuMep, YHOPHO OCeHaeT NbUIb W NOMNBITKH €€ CTHpaTh
TONBKO YXYHIUAIOT AeNo; IUIACTHHKH OT 3TOTO 3apsKaloTCs elle
CwibHee M YHEPXUBAIOT IbUIb elle Kpemnye. [fomolup B OaHHOM
ClIyyde MOXET OKa3aTh TaK Ha3biBaeMbli “TUIaTOK-aHTHCTAaTUK,
IpH BBITUP3aHWM KOTOPbIM IUIACTHHKH 3apsAf Cpa3y CHHMAercs.
ITpu u3BeCTHBIX OOCTOATENHCTBAX IPUBOIHOM PeMEHb 3apsaercs
OO TAaKOTO BBICOKOIO HaNpsDKEHHs, YTO Mexjly peMHEM H 3a-
3eMJIEHHBIMH METAJUTHYECKUMH YacTSIMU IIPOCKAKHBAIOT [IJIHHHbIE
uckpbl. [logo6GHbIe SABIEHHUsT MOTYT HaOJomaTrbcs Ha IpedtipUs-
THAX TEKCTWIPHOH M OyMaKHOH NpPOMBILIEHHOCTH. 34ech 3TH
SIBJICHUS OYeHb MEILAIOT, TaK Kak OyMakHbIe JIUCTbI CIHMIANTCA
Opyr ¢ OPYroM, a HUTH MPUTATUBAITCA WM CMEIIANTCA U T.I.
3apsAn CHUMAKT HCKYCCTBEHHBIM IOBBILIEHHMEM BIIAXKHOCTH
BO3/1yXa UIH TeM, YTO ¥ OMaCHbIX MeCT IOMeILaloT Pa/IHOaK TUBHbIE
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Npenaparbl, KOTOpble JENalT BO3MYX YaCTHYHO IJIEKTPHYECKH
[IPOBOOMMBIM, TaK YTO 3apAM CPa3y OTBOTUTCS.

Takoxke NpU TeYEHUH HENMpPOBOAMILEH >XHOKOCTU Yepe3 TpyObl
WIM COIUIa M3 H30JMpyeMbIX MaTepHaJioOB MOXeT BO3HUKATh
CWIbHas 3JIeKTpU3auys. ITO ONMACHO, TaK KaK MHOTHe HelpOBOAA-
LIMe XUAKOCTY, Hampumep OeH3uH, roprouy. V3-3a snexrpocrary-
YeCKHMX 3apsAOB Yy>Ke MHOIOKPaTHO IPOMCXOOWIH B3pbIBbI TO-
proyero.

CwIBI IPUTSDKEHHA WIHM OTTAIKUBAHUA MEXAY ABYMS 3apsKEH-
HbIMH TeJIaMH OYeHb CKOPO CTAIM HCMOJIb30BAaTh IS CO3MAHHA
npuGopoB, oGHApYXUBAIOLMX JJIeKTpHYeCKHe 3apamnsl. B “anex-
TPOCKOIIE C 30JI0THIMH JIMCTHKAMU ™ K MeTaJUTHYeCKOMY CTEPXKHIO,
KOTOPBIH BBe[IeH BHYTpb NIPO3PayHOro COCYyAa, HPHKpeIUleHb! Be
y3KHe 30JI0Thbie NONOCKH. EciM KOCHYThCA IIapHica WK IUTaCTUHKH
Ha KOHIE CTepXHA O3JIeKTPHYECKH 3apsKeHHBIM IIpeIMETOM,
TO 3apAn COOGLIMTCA MeTaJUTHYECKON LITaHIe U 30JI0THIM IIOJIOC-
KaM. BcrencTBHe OOHOMMEHHOCTH 3apsafa JIMCTUKH pasoimyTcs
OaJieKo ApYT OT Apyra.

B “aneKTpocTaTHyecKOM U3MepHUTesie Hampspkenuit” (puc. 18)
Ha He3HaYMTeJIbLHOM pacCTOSIHMM APYT OT [pyra NOMeIleHbl TPU
MeTaUTHUeCKHe TUIacTUHbl. CpefHAA IUIaCTHHA MOXET OTKJIOHATb-
CSl B CTOPOHY H IlepeMeliaTh CTpPeJIKy C ITIOMOILbI0 Hauleryaiien
cucteMsl peryaroB. Crpelika pacnonosxeHa nepep wkanoi. CpenHssa
IUTaCTHUHA COe[IMHEHAa ¢ OJHON U3 BHeLIHMX NiacTHH. Eciu k BHew-
Hell IUIaCTMHe NPWIOXUTH HaNpsDKeHWe, TO CpefHss IIacTHHa

Puc. 18. 3nextpoctatuueckuit
M3MepuUTEeNnb HaNPAXEHUA
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NPUTATUBAETCSA K OIHOH BHEIHEH IUTaCTHHE U OTTAJIKUBAETCSA OT
opyroii. OHa OTKIIOHSETCS B CTOPOHY M ABMTaeT CIPeNKy IIo
LIKae.

ITpeuMyiIecTBO 3IEKTPOCTATHUECKOTO H3MEpPHUTENIs HaIpsKe-
HUA MO CPaBHEHWI0 C OOJBIIMHCIBOM HAPYTHX H3MEPUTENbHBIX
npubOpPOB COCTOMT B TOM, YTO Yyepe3 HEro MpaKTUYeCKHU He NpoTe-
KaeT TOK. OH MOXeT, KpoMe TOro, HaiiTH IpUMEHEeHHe NIPU U3Me-
pPeHMH KakK I[OCTOSHHOTO, TaK M IIePEMEHHOr0 HaNpsDKeHUA
HM3KOH 4acTOTHI. "UyBCTBUTENBHOCTD™ 3JIEKTPOCTaTHYECKOTrO U3-
MepHTeNs HalpsOKeHUs, OJHAKO, OTHOCHTENbHO Mana, TaK KakK
TOJILKO NpH HampspkeHMd okoio 100 B BoaHMKaeT nocTaToyHo
3HAUMTENIbHAsA CWIa NPHTSDKEHMA, KOTOPas MOXET PerHcIpupo-
BaThCsA MpuGopoM.

AnekTpuueckoe none

3apsKeHHbIe Tejla WIM NPUTATUBAIOTCA .WIM OTTAIKUBa-

forca. JleficTByoLIME CHIIBI, OOHAKO, HE OCTAIOTCS Orpa-
HUYEHHbIMH TOJIBKO CaAMUMM TellaMH; OHM IPOSBIIAIOTCH TaKXKe
B 00beMe MeXxLy HUMH H B UX OKPYXKEHHH.

310 MOXHO JIerko JOoKa3aTh Ha MHOTHX npuMepax. Hanpumep,
€CIIH TIOMECTHUTH ILIEPCTAHbIE HUTH MeXAY OBYMs 3JeKTPUYECKH
3apsOKEHHBIMU IDIacTHHaMu (puc. 19), TO HHTH paclonoXarcs
TaK, YTO OKAXYyTCA BBITAHYTHIMH OT IUIACTHHBI K IUIaCTHHeE.
TouHo TaK e BedyT ce0s KyCOYKH COJIOMBI WIH y3KHEe KYCOUKH

Puc. 19. Cunbl 8 3anekTpuyeckom none



6ymaru. Ecim momBecHTh 3NIeKTpHYECKH 3apsDKEHHBIA MeTayliy-
YeCKHMil IIapHK B IPOCTPaHCIBE MeXY IUIACTUHAMM, TO OH
OTKJIOHUTCSI B Ty CTOPOHY, I[le HaXOOWICA IUIACTHHA C 3aps/IoM,
HPOTUBOINOJIOXKHBIM 3apAfdy wiapuka. Ecmu momectuTs B Ipo-
CTPaHCTBE MeXXAy IUIaCTHHaMH MaJIeHbKHH CTOJIMK M3 H3OJIALHOH-
HOrO MarepMalia, MOBEPXHOCTh KOTOPOro IHOCHINaTh MPOOKOBOM
MYKOH WIM HaHeCTH Ha MOBEPXHOCTb IyJIbBEPU3aTOPOM K PUCTaJI-
JIbI THIICA, TO BO3HUKHYT XapaKTePUCTHYECKUE JIMHUHM, KOTOpPbIE
B IIPOCTPAaHCTBE MeXAY IUIACTHHAMM PacIIONOXKATCA NapalielIbHO,
a 33 KpaeM IUIaCTUHbI M30THYTCA HAPYXY.

OnucaHHble 4 MHOTHe JPYTHE ONbIThI NOKA3bIBAIOT, YTO HMeEET-
cs HempepbIBHast o6JIacT MPOCTPAHCTBA, B KOTOPOH HEHCTBYIOT
CWIBI, BbI3BaHHbIe 3apAfaMH. ITy OGNacTh Ha3pIBAIOT 1eKTpU-
YeCKUM noaem.

UYroObl Nyullle ONUCAaTh 3JIEKTPHYECKOe Iojie U ero (opmsi,
BBeJIM YPEe3BBIYAHHO IUIOAOTBOPHOE IOHATHE “JIMHMM 3JIeKTpH-
YecKoro Hoisa’’, Wi " CWIOBbIe JIMHIK . ITO BooGpaxkaeMbie JIH-
HHMHM, KOTOpbIE IIPOXOOAT OT OJHOTO KaK IOIBHUXHOIO, TaK U
HETMOJIBUXKHOTO 3apAfa K [PyroMy H B KaXIOH TOYKE 3JIeKTpH-
YeCKOTO MOJIA YKa3bIBaIOT HANlpaBJIeHUE OEACTBYIOLIEH CHITBI.

OmbIT ¢ KpUCTAINIAMU THIICA WM ¢ KPOLIKaMH HPOOKH yxe
JAeT HAIJIAOHYIO0, XOTA U IUNIOCKOCTHYI0 KapTHHY 3JIeK TPHYECKOTO
HOJIA MEXIY MBYMS 3apsOKEHHBIMM IUTACTHHAMH. JJIEKTPHYECKOE
HoJie APYTHX 3apsXKEHHbIX TeJl MOXXHO H300pa3uTh MOAOGHBIM Xe
o6pa3zom (puc. 20 u 21) . BymaskHbie ¢praxKH, el pacloIOXHTh
HX y CWIOBOMH JIMHMH, YCTAHOBATCS TAHTEHIMOHAJIBHO K HeM, eclu
6ynyT MMeTb BO3MOXHOCTh JOCTaTOUYHO JIErKO IOBOPAUUBATHCA.

Boo6paxkaeMslii TOJIOXUTEIbHBIH, GECKOHEUHO MAJIbIil U JIETKO
HOIBHXHBIA 3apsAf, Gynyus “oMellleHHbIM” Ha CIJIOBYIO JIMHHIO,
cran 6bl MepeIBUraThCsA BAOIb Hee K OTPHIATENBHO 3aPAKEHHOMY
Teny. ITO NpefCcTaBlieHHe MPOUCXOMUT OT CTPEMJIEHHS IIPHCBOMTH
CWIOBOM JIMHMH OIpEHeNIeHHOe HalpaBlieHWe, a HMMEHHO: OT
TIOJIOXMTENIBHOTO K OTPULIATEIIbHOMY 3apsily. JTO MOJIOXKEHHE
MIPOU3BOJNIBHO, HO HCTOpHYeCKH oOycnoBneHo. Haum ceromusmi-
HHME II03HaHMA HAMHOTO TOYHEee: Ha CWIOBOH JIMHMM HAXOMMTCA
37eKTPOH (OTPHUATENIbHBIA 3aps) M ABHXKETCA OH IO CHIOBOW
JIMHMH K TIOJIOXMUTEIbHOMY 3apAany.

Ilpy McclenoBaHMM JMEKTPUYECKUX IMOJIEH yCTAHOBIIEHO, YTO
CIIOBble JIMHMM 33KaHYMBAOTCA BCErda IepPHeHOMKYIIAPHO
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Puc. 20. Onektpuueckoe none
MeXAYy ABYMA NnacTuHamu

Puc. 21. 3nekTpuuyeckoe none
MexAy ABYMA Wapamu

3apsDKEHHBIM TeJlaM M HUr[e He nepecekarorcsi. CUIIOBbIe JIMHWH,
KpOMe TOTO, CTPEMSTCA COKPAaTUTbCS, HO He CIMBAIOTCA OPYT
¢ mpyrom. OHu HaxomsATca Kak Obl B COCTOSHUM “pacTsDKeHHs”
B HAaNpaBJIeHHH CUJIOBOH JIMHUK M “CKaTUA™ — TMOMEpeK Hee.

ITonsA, cHnoBBle JIMHUM KOTOPBIX PACIIONIOKEHbI HapalielbHO
U PaBHOMEpHO IUTOTHO, HAa3bIBalOT ~TOMOreHHBIMH~ (OZHOpPOA-
HbiMH) . OIHOPOIOHBIM MOXHO CYMTATh NOJIE MEXIY Hapajiiesb-
HbIMH 32psDKEHHBIMM IUIACTHHAMH, IO3TOMY IIOKa M OTPaHHUMMCS
paccMoTpeHreM 00beMa TOJILKO MEXK/LY IUTACTHHAMH.

Hccrenys noBefeHHe MaleHBKOTO 3apSDKEHHOTO MeTaslIMye-
CKOTO LIapHka, ybexmaeMcs B TOM, YTO BO BCeX TOUKAaX OLHO-
POIHOTO 3JIEKTPHYECKOTO OIS TOT LIAPUK OTKIIOHAETCS OIMHA-
KOBO. JTO O3Hayaer, YTO OTKJIOHAIIAA CWIa BO BCEX TOUKAaX
OJIMHAKOBA.

Y106l YCTAaHOBUTH, OT KAKHX (paKTOpOB 3aBHCHT 3Ta CHWIA,
[OBBILIIAeM HANpsDKeHUe ONWHAKOBO Ha OOeMX IUIaCTHHaX, He
MeHsIs PacCTOSIHUA MexIy HuMH. ToTuac yBelMUMBAaeTCs OTKIIO-
HeHWe LIapuka. TOUHBIMM H3MepeHMsIMH YCTaHaBIIMBAeICA, UTO
yBeJMYeHUe HaNpsDKEHWs BJIBOE BbI3bIBaeT BO3pAcIaHue BIIBOE
U eHCTBYIOLIEH CHIbI, yBeJIHUeHUe HANpPSDKEHHs BTPOE BbI3bIBAET
TpexKparHylo cwiy. HampsokeHue Ha IUTaCTHHaX M OTKJIOHSIOLIASA
CWJIa MIPSAMO HMPONOPIHOHAIIbHBI IPYT OPYTY .
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Temepb pa3ABHHEM IUIACTHHbI, HE MEHsA HanpshkeHHs. B stom
cryuae AedcTByIOLIasg HAa I1UAPMK CWIA YMEHBUIMTCA OOpaTHO
MpPOMOPIMOHAIBHO paccTosHUI. ECIM yBe/MUMTb pacCTOsAHME
MeXOy IUIaCTUHAaMH BABOE, TO CHJIa YMEHBUIMICA HAaIOJIOBHHY
U T.J.

Eci¥ M3MeHHUTh OOHOBPEMEHHO HalpsDKeHME M PAacCTOsHUE,
TO OTKJIOHANOLIAs CWIAa OKa)XeICsA NPONOPLUMOHATIbHOH OTHOIlIle-
HUI0 HaNPsDKEHUS Ha IUTaCTUHAX K PACCTOSTHUIO MEXXAY IUTaCTUHAMHU :

e
JTO OTHOUIEHHe BbIPaXkaeT He YTO HHOe, KaK ’HafieHye Hampsi-
JKeHUs” BIONb CWIOBOH JIMHUU IOJSA, T.e. 3HAUeHUe HallpsDKeHUs,
KOTOpOe IMPUXONUTCS Ha CAHTHMETp IJIMHBbI CHIIOBO# yuHuMH. OHO
HONYYWIO Ha3BaHMe “HANpPsDKEHHOCTb (CHIa) 3JIEKTPUYECKOTO
nonsa’” E. JIns OMHOPOMHOTrO 3JIEKTPUYECKOro IOJIsA, CIIeOBa-

TeJIbHO,

gl

Enununedt HanpsKeHHOCTH 3JIeKTpUUecKoro nons E B cucremMe
CU sBnsieTcst BonbT Ha MeTp (a Tak)ke KPAaTHble U AOJIbHbIE eH-
HULpI) .

O6o3HaueHHass HaMH BellMYMHA £ CHpaBeIMBa TONBKO IS
0coboro ciyyass OTHOPOJHOrO moJjiA. B obuieM ciyyae HanpsikeH-
HOCTb 3JIEKTPHYeCKOro nons o6o3HauaoT E, uro6p1 mogye pkHyTH,
YTO UMEIOT JIENIO C BEKTOPOM, T.€. C BEeJIMYUHOMN, KOTOpast XapaKTe-
pu3yeTcs He TONbKO YMCIEHHBIM 3HaUeHHEM, HO M HallpaBJICHUEM.

Mpumep. Ecnu x AByM mapasiienbHbIM IUIACTHHAM, OTCTOSLUMM
Opyr OT [pyra Ha 5 cM, NPWIOXKEHO HANpsKeHHE
B 50 B, TO HampsHKeHHOCTb 3INEKTPHYECKOTO MoNs

Ecnu moBpnuaiot HalNpsK€HHEe HJIM YMEHbIUAT PACCTOAHHUE
MeXIy IUIaCTUHaMH, TO HaNpsSHXKEHHOCTb IIOJIA BO3DACTaeT. Ona
HMMeEeT OIMHAKOBOE 3HAYCHHME M HAIIpaBJICHUE BO BceX TOYKaxX
OOHOPOOHOTIO I10JIA.
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Puc. 22.UcnbitaHua Ho-
BOrO  U30NALMOHHOIO
marepuana B naboparo-
pUM  BBLICOKUX HanpA-
HeHu

Opxaxo GesrpaHiyHOe MOBBIIIEHHEe HANMPSOKEHHOCTH UOJIA
HeBO3MO>HO. Ecii OHa IpeBBICHT ompefielieHHOe 3HayeHHe, 3aBH-
cslllee OT MaTepHala MeX/y IUIACTHHaMH, TO NPOU30M/IET Hempo-
U3BOJIPHOE BBIDaBHUBAaHHE 3apsAfga B (opMe 3JIeKTPHIECKOTO
paspsaaa, MEKTPHYISCKHX HCKP.

3HaueHHe HANPsDKEHHOCTH NOJIA, NPH KOTOPOM HpPOHUCXOIUT
”npo6oii”, uMéeT GONBILIOE 3HAYeHHE IS SNEKTPOTEXHHKH, OHO
yKa3bIBaeT, KaKkoe HauBBICLIee HANpsIKEHHEe MOXET BBIIEPXKaTh
[JAHHBIH H30JIMPYIOLUMA MaTepHall NIpH ONpefelieHHOH TONUUHE
(puc. 22) . Hexotopsie faHHbIe 06 3neKTpuueckoit (mpoGHBHOI)
MPOYHOCTH NpUBeJieHbI B Tabm. 3.

Januple T1abMMnbl yKasbIBaWT, YTO, HanmpuMep, Heo6X0mMMO
Hanpspkerue B 3200 B s npoGost cnos Bosmyxa B 1 MM, Hanps-
xenue or 6000 no 8000 B mist Toro, yro6s1 mpoGHTH CIOH IWIOTHOM
6ymaru B 1 MM H T.1I.
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Ta6nuua 3

OneKkTpuyeckan OneKkTpuyeckan
(npo6usHan) (npo6usHan)
Marepuan Marepuan
NPOYHOCTb, APOYHOCTb,
KB/MMm KB/Mm
Bo3ayx Mapachux 40
[npu 20°C 3akaneHHoe
v 1,0131 0° Na cTekno 20-50
(760 mm pT.cT.) ] 3,2 Monuctupon 50-55
Bymara 6—-8 Monusunrun-
3akaneHHbIN xnopua (MBX) 20-60
tapcop 30-55 Cniopa 60
360HUT 15—40 Crupotnekc 100

B HeOTHOPOIHBIX MEKTPUYECKHX MONAX COOTHOILEHUS HEOIH-
HaKOBbl M 3HAUUTEJIBHO CIIOXKHee. B HMX y»e HeT COOTBETCTBHUSA
MeX/1y JUTMHOM CHWIOBbIX JINHHI H PacCTOSHHEM MEX[Y 3apsiiaMHu,
KpoMe TOTrO, CWIOBble JIMHMM HPOXONAT He NAapajulesibHO M He
OIMHAKOBO IUIOTHO. IT03TOMy HanpspKeHHOCTh JJIEKTPHYECKOTO
HOJIS MMeET pa3Hoe 3HaueHWe W pa3HOe HalpaBlIeHHe IPH Mepexo-
Oe OT OfHOW TOUKHM IIPOCTPAHCTBAa K J[IPYyrod B HEOOTHOPOHHOM
Hore.

MOXHO JIOKa3aTh, YTO HAIpsDKeHHOCTh (cwia) mons Goiblue
TaM, rae HauGollee YIUIOTHeHb! cwioBble MHUM. Kak nokassiBaer
KapTHHa CWIOBBIX JIMHUI, 5TO HMeeT MeCTO Ha OCTpHAX, pebpax
WM Ha 33KPYTJIEHUAX C MaJIbIMH paguycamMu KpPHBH3HBI. B aTHX
MecTaX MOSBNAETCA OCOGEHHO BBICOKAsA HANPSKEHHOCTb MHOJIA.
Moxer BO3HMKAaTb TaK Ha3plBaeMOe “sIBJIIEHHE OCTpUs :@ B He-
NOCpPeNCIBeHHOH 6nu30cTd 0T pebpa WM OCTpUS BO3OYX CTaHO-
BUTCSI YAaCTMYHO 3JIEKTPHYECKH INPOBOMALIMM, H B 3TOM MecCTe
9NeKTPUYECKHl 3apsAN HaUuMHAaeT CTeKaTh C TeJla B MPOCTPAHCTBO.

OOBIYHO 3TO fABJIEHME B TEXHHUKe HeEXeJaTelbHO. Tak, Ha
OATPHUX JIMHUAX BBICOKOTO HANpSDKeHUs Bcernaa M3BeCTHas [0S
SHEeprHd paccerBaeTCs B MPOCTPAHCTBO H3-32 ~addexTa KOpOoHbI”
(3T0 He YTO HMHOe, KaK BO3HUKAIOIIMHA Yy NPOBOAOB ~3ddexT
ocrpusa’) u TakuM o6pa3oM TepsteTca misA noTpeGutensa. OcTpus
U pebpa mnpuGOpOB, KOTOpPHIE HAXOMATCA MO BBICOKHM
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Puc. 23. OnexkTtpoctatnyeckan
QYMCTKaA rasos OT Nbinu

HanpsDKeHHeM, SBIISIOTCA IIPU PaBHBIX YCIIOBHAX Hauboree Bepo-
ATHBIMM MeCTaMHM AJIs MCKPOBOIoO paspsfa wid npobosa. Korpa
B arMocdepe CKaIUIMBalOTCA Oonblune 3apsamsl 3JIEKTPHYECTBaA,
3¢ deKT ocTpusa’” HabI0AAIT HHOIAA Y MeTaJUTMYeCKHUX LUITIIeH,
Ha BeTBAX WIM MayraX B BUJe pa3BeTBIICHHBIX ~OTHEH CBATOro
nbMa”.

C npyroii ctopoHsl, ’3¢dexT ocTpusa” yCclnelwHo MPUMEHIOT,
KOI[la XOTAT OUACTUTh AIMOBBIE ra3bl OT MbuH (puc. 23) . OpiMo-
Bble Tra3bl NPOXOAAT uYepe3 BEPTHKAIbHBIA 3a3eMIIEHHBIH Me-
TaMYeckuil mmHap. Ilo npomonbHOM OcH IMUIMHpPA HAaTAHYTa
MpPOBOJIOKA, TIIATEJIBHO HM30JIMPOBAHHAsA OT CTEHOK LWMJIMHIpA.
Ilunuupop ¥ NpoBOX BKITIOYAIOTCA B Liellb HCTOYHHKA BBICOKOTO
HampspkeHuss. B HemocpencTBeHHOH 6NH30CTH OT NPOBOJIOKH
CWIOBBIE JIMHMM DJJIEKTPUYECKOTO MOJNA paclonaraiics Gonee
miotHO. BosHukaer ouyeHb cwibHoe mone. Bcnepcreue sToro
JIEKTPOHBI U3 MPOBOJIOKH “BbIpbiBaloTcsa’”. OHH yCTpeMIIAIOTCA
B paJuabHOM HaNpaBJIEHMH H IPH 3TOM OTPHIATEIILHO 32 PSKAI0T
IpoJeTalide MUMO COpUHKU. CTeHKHM UMIIMHIpPA, COeqUHEHHbIE
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C TIONIOXMTENIbHBIM IIOJIIOCOM HCTOYHMKA TOKA, HpPHTATHBAIOT
3TH vacTHipl. OHM ypapAOIcA O CTeHKY, OTAAIOT CBOM 3apsf,
Y MajalT BHU3.

Koupexcarop

JTOT paspgen HauHeM C TOrO, YTO BBefleM HOBOE Ha3Ba-

HUe VIS PacHoJIOKEHHbIX HApyr HpOTUB ApYyTa H30JUpO-
BaHHbIX IUtacTH. HasoBeM ux kxowOencarop. Ero Baxweiiiee
CBOMCTBO 3aKJIIOYAETCA B TOM, YTO OH MOJXKET HAKaIUIMBaTh U3BECT-
HOe KOJMYeCTBO 3MeKTpuyecTBa. EciM NPHCOeTUHMTD IUIaCTHHBI
K HCTOYHHMKY TOKa, TO B TeYyeHHe KpPaTKOro BpeMeHU B KOHIEH-
caTop moTeuer “3apAmHBIA TOK”. ECIM OTKIIOWMTbD MCTOUHMK,
3apAd OCTAHETCA Ha KOHpeHcaTtope. PasHoumeHHble 3apspmpl
YOEpKHBAOTCA HA OOEHMX IUIACTMHAX IO M3BECTHOH CTENeHH
B3auMHO. Ecim 3ateM coeMHHTH IUIACTHHBI NPOBOIHHMKOM, TO
KOHIOEHCATOp 3apsAfMICA, a 3apsafd BbIpaBHAeTCA uepe3 ~pas-
PAIHbIA TOK.

KomiuectBo snekTpuyecTBa, KOTOPOE MOXET HAKOIMTh KOH-
HeHcaTop, KOHeYHO, OYeHb MAJIO IO CPaBHEHHUIO C MPOTEKAIILKM
yepe3 MeKTpHYecKui nmpubop. KoxneHcarop no3toMy Hu B KoeM
clTyyae He MOXKeT BBICTYNAaTh 3aMEHMTENIEM aKKyMyJaTopa, HO
3aTO0 OH MpHUIOJeH I “yHapHOro” paspspa, T.e. TaM, TIIe
Ha 0YeHb KOPOTKOE BpeMs HeOOXOAMMO paclosiaraTb OTHOCUTENIb-
HO OOMNBIUOI 3MIEKTPUYECKON MOWHOCTbI0. 3TO, HATIPUMED, HEOG-
XOIUMO I 3a>KHTaHUA J1eKTPOHHOM (HOTOBCHBILIKH.

Ot KaKux BeNMYMH 3aBMCHT 3apsp KOHeHcaTopa?

Ecnu noBsicurs HampspkeHue, TO B KOHOEHCaTOpe MOABUTCA
OONOIHUTENbHBIA 3apsAl; eCM MOHWU3MTb HAIpsDKEHHUE, TO 3apsf
creyer C KoOHAeHcaTopa. CremoBaTesbHO, CYIIECIBYeT HpsAMas
CBA3b MEX/y 3apsAAOM KOHMIEHCATOpa U NPUIOKEHHbIM K HEMy
HaIpsDKEHHEM.

AneKTpUYecKHe 3apsfdbl, HaXOOALMECA Ha IUIACTHHEe KOHJIEH-
caTopa, OTTAUIKHBAIOTCA APYT OT Apyra B CWIy OOHOHMEHHOCTH.
3TOMy OTTaJIKHBaHWI0O IMPOTUBOCTOMT “[aBjleHWe” 3JIeKTpUuUe-
CKOro HampsDKeHMs. B 3apskeHHOM KOHIEHCaTope, TaKMM
obpazom, “HapHr paBHOBecde. Eciu HampspkeHMe Bo3pacraer,
TO 3apAMb! YIUIOTHAWTCA; BCIEACTBHE ITOTO HAXOMUTCA MECTO
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Ha KOHJ/ICHCATOPHOM IUIACTHHE AJIA HOBBIX 3apsAHoB. U, HaoGopor,
ecllM HampsDKeHWe majaer, TO MpeoGNafaoIiMH CTAHOBATCS
CWJIBI OTTAJIKMBAHNA; 3apAAbI ~’BBITECHAIOTCA’ ¢ KOHIEHCATOPHOU
IUTACTHHBI.

3HaueHus 3apsafa (), KOTOpBIA mpuobpenr KOHOEHCAaTop, U Ha-
npsokerss U nmponopimoHanbHel Opyr apyry. Koadduument
nponopmiMoHanbHocTH C, KOTOpBIA CBA3bIBaeT 00e BeJIMUMHBI,
HOCTOSTHEH JIf KaXXAO0T0 KOH/IEHCATOpa M 3aBUCHT TOJIBKO OT €ro
KOHCTpyKIuH. ClleloBaTebHO, MOXHO 3aIHCaTh:

Q
Q=CU wunmn C=7.

Tak xak x03hGHIMEHT NPONOPLMOHATILHOCTH HaeT CBeleHUs
0 ToM, OOTbLIMI WIM MEHbUIMI 3apsAfd MOXET BOCIPUHATH KOH-
IEeHCaTop, TO ero Ha3bIBaloT ~eMKOCTbI0” KOHIEHCaTopa.

Enununeit anekrpuyeckoil emxoctd sBnserca gdapad (0),
Ha3BaHHbIH TaK B YeCcTh aHINHMiCKOro ¢usuxa Maiixaa Papades
(1791—-1867). Koupencatop umeer eMkoctb 1 @, ecnmd KO-
4ecTBO JMeKTpuyecTBa B 1 Kir 3apskaer ero no Hampsbxenus 1 B.
CrienoBaTenbHO, CIPaBeIMBO COOTHOUIEHHE

1 Kn
lq’:lB.

Jns npakTHyecKHX Ierned, OJHAKO, 3Ta eNUHUIA CIHIIKOM
Beymka. [I03ToOMy BBOIAT NOJIbHbIE €IUHHUIIBI :

1 Muxpodapan (Mx®) = 107° @;
1 nanodapan (u®) =107° @;
1 muxodapan (n®) = 10712 @.

Ecnu yBenuuuths pasMepsl IUIACTUH, TO MOXHO, €CTECTBEHHO,
”yMecTHTb’’ Ha HUX GOJblilee KOJIMYECTBO 3JIeKTpUYecTBa. EMKOCTD
BO3pacTaeT, CIIeJOBaTeNIbHO, C YBEJIMUEHHEM PA3MEpOB IUIaCTHH.
Ecrnu yMeHbLINTh PacCTOSIHHE MeXIy IUIaCTMHAMH, TO eMKOCTh
BO3pacTeT, H, HAOOOPOT, MpPH YBENUUYEHUHM DACCTOSHHUA MEXIY
[UTACTHHAMU €MKOCTb CHu3UTCA. CyLIeCTBEHHYI0 pOJIb, KpOMe
TOrO, UIpaeT HaXOOMUMHACA MeXOy IUIaCTHHAMH Marepuan —
OMINeKTpUK. Eciu, K IMpuMepy, 3anofHUTs 6ymaroii Becb o6seM
MeXIy IUITaCTHHAMM KOHOEHCaTopa, TO eMKOCTh €ro YIOBOUTCA.
Ecmu B xauecTBe OMIJIEKTPUKA UCIOJNIB30BAaTh CIIOMY, TO EMKOCTh
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Bo3pacrer B ceMb pa3. Takoe Bo3pacTaHue eMKOCTH 0ObACHAETCS
B3aUMOIEHCTBHEM MEXAY JJIEKTPHUECKMM MOJIEM KOHEHCATOpa
M MOJeKylnaMHM mudNeKTpuka. IlonpoGHee 06 3THX ABIEHUAX
OymeT U3TI0XKEHO HIDKe.

Ilist KaXOoro OU3JIEKTPUKA MOXKHO ONpefeNuTh [OCTOSAHHYIO,
KOTOpasi Ha3bIBaeTCA '~ OTHOCHUTEINIBHOH 3JIeKTPHYECKOH MOCTOSH-
HOW” WM “OTHOCUTEJIBHOH IHIJIEKTPUYECKOH IIPOHUIIAEMOCTHIO™ .
OHa yKa3sbIBaeT, BO CKOJIBKO Pa3 eMKOCTb JaHHOTO KOHAEHCaTopa
BO3pacTaer, eCld 3aMeHUTh BO3[yX (TOouHee, BaKyym) B IpO-
CTPaHCTBE MeX/y IUIACTHHAMH PpacCMAaTpPUBaeMbIM [HIJIEK-

TPUKOM.

EMKOCTD ¢ THINEKTPHKOM Cuusn

&r WIH o= ——.
BaK

Emxocrs Ge3 nuanexTpuxa

3HaueHUss OTHOCHUTEJIbHOMN mdanexrpmecxoﬁ TIIPOHUIIAEMOCTH

e, HEKOTODPBIX H3OJIAIMOHHBIX MaTepHaJIOB IIPUBENIEHDI B Tabm. 4.

Tabnuua 4
Martepuan 3Ha:eﬂue
.

Bosayx

[npu 20°¢

v 1,013-10° Ma

(760 mm pr. ct.) ] 1
Bymara 2
Keapu 4,5
Crekno, dhapdop 5
Konaenca F 80
Oncunax <10 000

IlpuBeneHHble B OBYX MOCIEOHMX CTpOKaX MaTepHalibl GbUIH
H3rOTOBJIEHBI CIHENMAIBHO UiA KOHAeHcaTopoB. KonpeHcatop
HeoOX0MM [J11 MHOTHX LieJiell B TeXHHUKE CBA3H, PaMOTEXHHKeE,
a TaKXe B JNIEKTPOHMKE. JTO MPHBENIO K TOMY, YTO BO3HMKIIH
MHOTOUMCIICHHbIE BH/Ibl Y THITbl KOHAEHCATOPOB. 31ech paccMaT-
PMBAIOTCSA TOJTBKO HEKOTOpBIE.
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B papguonpreMHHKaX Hy>XHbI KOHIEHCATOPbI, EMKOCTb KOTOPbIX
MOXeT M3MEeHATbCS. ITO TaK Ha3bIBaeMble KOHIEHCATOPHI Iepe-
MeHHOI eMKOCTH. BMecro o0OBbIUHBIX ABYX OOJBIUMX IUIACTHH
NPHMEHSIOTCA TaKeThl IUTaCTHH M3 MHOTMX MAJIeHBKHX IUIACTH-
HOK, KOTODBIE;[IOJOGHO ABYM rpeGeHKaM, BXOAAT ApPYT B ApyTra,
He CONpHKacasch, OyOoyyd pa3fiefleHHbIMH BO3OYLIHbIM 3a30pOM.
ITaxeTs! MIACTUH MOTYT 3aXOMMTh APYT B [Ipyra Ha pasHy IJIy-
OHMHY, BCJIEICTBHE YeTO U3MEHAETCA eMKOCTb.

Ecnu xoTaAT monyuuts OOJIBUIYI0 eMKOCTh (ITOpAfKa MHKPO-
¢dapamoB) mpd BO3MOXHO MeHbLleM OOBEME, TO HCIONb3YIOT
TaK HasbIBaeMble ~OyMakHble KOHAeHCATOphl . OHU COCTOAT H3
OBYX JIEHT METAUTHYECKOH (ONbrU, KOTOpbIe U30JMPOBAHbI OPYT
OT [pyra CJI0OeM CIelManbHOi OyMaru M CKaraHel B IUTOTHBIA
MaKer.

B ”MeTanno6ymMaxHbIX KOHeHcaTopax™> MeTajuinyeckas ¢oss-
ra 3aMeHfAeTCsA Ype3BbMANHO TOHKHM CIIOEM METaJUIa, KOTOPhIA
HanpUisieTc Ha G6ymary ¢ oGeux cropoH. HanmputeHHBI MeTaut
B MecTe mpobos cpasy UcnapsieTcsi, H30JAIMsA BOCCTaHABIMBAETCS
H KOHfleHcaTop “m3neumBaerca cam”. Hamwnyuummu snextpu-
YeCKHMMH CBOMCTBaMM 06JIajiaeT INIeHOYHBIH KOHAEHCATOp, Y KOTO-
poro Oymara 3aMeHeHa IUICHKOH, MCIONB3yeMOH B KauecTBe
OUIJIEKTPHUKa.

EMKoOCTb B HECKOJIBKO [EeCATKOB ThICAY MUKO(DApagoB MOXET
ObITh HONTyYeHa B “KepaMHYeCKUX KOHpeHcaTopax’ . JluanekTpu-
KOM 3/1€Ch CITYXMUT TOHK OCTEeHHasI KepaMUKa, BTYJIKa WIM TpyOKa,
Ha KOTOpYyIo ¢ 00enx CTOPOH HAIUIaBJIEH CIIOi cepebpa.

Ecnu 1tpebyrorcs euwie Gospilide eMKOCTH — IO ThICAY MHUKPO-
¢dapanoB, TO NPUMEHAIT 3NEKTPOIIMTUYECKUH KOHIEHCAaTop” .
Ero “miacTHHbI” COCTOSAT U3 aIlOMUHUEBOH (HOJIBIU U U3 3JIEKTPO-
JIMTa, CIeAOBaTeNIbHO J>XKHIOKOCTH (6ymaxHas ¢onbra oGeIYHO ee
BruThiBaer) . OHU pasfesieHbl MUKPOCKONMMYECKH TOHKUM CJIOEM
OKHCH aJIIoMHUHHA. briarogaps coBcem Maio# ToMIHe ¥ BbICOKOM
OM3IEKTPHUeCKOH IPOHMIAEMOCTH 3TOFO CJIOS, OYeHb BbICOKAA
€MKOCTb TPUXOMUTCS Ha Mellpyaiiliiie HOBEPXHOCTH “TUIACTHH.
Tak Kak OKHCh AIIOMUHUA KaK H30NATOpP AEHCTBYET TOJIBKO
B OJIHOM HallpaBJIeHWH, a B IPYTOM — TOK IIPOIYCKaeT, TO JJieK-
TPOJIMTUYECKHI KGHIEHCATOp HOIKEH IOMIUTIOYaThC K MCTOUHH-
Ky TOKa C yyeTOM cTporoil nonspHoctd. IIpu HenmpaswisHOM
TIOIKITIOYEeHUH OH pa3pyluaercs.
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”TaHTaJIOBble KOHOEHCATOPbI” SBIAIOTCA IJIEKTPOJIUTHYE-
CKMMH. JNEeKTPOAbl WA HUX CHEKATCI W3 MOpOoLIKa TaHTala,
a OU3TIEKTPHKOM CITY>KMT CIIOH MATHOKHMCH TaHTala. OHM OTIIMYa-
I0TCA XOPOLIMMH 3JIEKTPHYECKMMH CBOHCTBaMH H MaJIbIMH pa3Me-
PaMH, YTO OTBeYaeT TpeOOBaHUAM COBPEeMEHHOH JJIEK TPOHHKH.

MAMHUTHbIE CBONCTBA
ANEKTPUYECKOIO TOKA

Maruut u marHuTHoe none

TeicsiueneTus 3HAIOT O CBOMCIBE py[Obl MAarHMTHOrO
XKeJle3HAKa NMPUTATHBATh Xejle30; 06 3TOM CBUETelb-
CTBYIOT CKa3aHHS, IPEJAHUSA U JIETeHIbI.

JlaBHO TaK>ke H3BECTHO, YTO CTaJIb ~"HaMarHUYHBaeTCA  , COMPH-
Kacasicb C MarHUTHBIM OkelesHAkoM. Cramp mpeBpaiuaercs
B MAarHMr, TOYHee B ’’MIOCTOAHHBIH MarHMT’; €€ MarHUTHbIE
CBOWCTBA MaJIO H3MEHSIIOTCA CO BpeMeHeM.

Ecny mogBecuTh MarHUTHBIA CTAJIBHOH CTEp)KeHb TaK, yTOOBI
OH MOT JIeTKO BpalliaThCA BOKPYI BepTUKAJIbHOH OCH, TO OH
HOCTOAHHO OyHeT CTPeMHMTbCS K MOJIOKEHUI0, OJTM3KOMY HalpaB-
JIeHul0 ceBep—ior. Ecnu HOBepHYTh MAarHMTHBIA CTEpXeHb Ha
180%, oH omATh YCTaHOBHMICA B HEPBOHAYAIILHOM HAINpaBJIEHHH
ceBep—Ior.

W3 310ro MOXHO chenarh 3akJIloueHHe, YTo 00a MarHMTHBIX
HomIoca” UMeRT pa3nuyHylo Hpupony. KoHen maruura, oGpaieH-
HBII K CeBepy, Ha30BeM CeBepHbIM IOJIIOCOM, a OOpalleHHbIN
K 0Ty , — HOKHBIM.

Ecnu nipubnusuth OpyT K [OpYry [Ba CTEPKHEBBIX MAarHuTa,
TO HX 06a ceBepHBIX M 002 I0XKHBIX HOMIoca Oy LyT OTTaJIKUBATHCA
IpYyr OT [pyra, B TO BPeMsl KaK CEeBepHBIN U HXKHBIHA IONIOChI —
nputsaruBareca. CyliecTByer NpaBuiIo:

OOHOuMEHHble MA2HUTHble HNOAIOCHl OTTAAKUBAIOTCA,
a4 PDA3HOUMEHHbIE MA2HUTHblIE NOAIOCHL NPUTAUBAIOTCA.
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Ecnu nopHecT KycOK MATKOIO JeJle3a K MarHHTY, TO OH
TOXe€ CTaHeT MarHUTHbIM. Ho 3TOT MarHeTH3M Kcue3aeT 10 He3Ha-
YMTEJIBHOrO OCTaTKa, €CIIH yIAJIUTh XKeJle30 OT MarHuTa.

3TO sABJIEHUE HAa3bIBAT MA2HUTHOU uHOyxyueil. OHa Bcerma
B030yXHaer B MATKOH CTaJIM CEBEPHBbIH IONIOC IIPOTHB I0XKHOIO
MOJII0Ca MAarHuTa, a IPOTHB CeBEPHOTO MOJIOCA — I0XKHBIA. ITUM
oObsicCHAETCA, MOYeMYy MATKas CTalb NPUTATHBAaeTcA K 060MM
[OJIIOCAM MAarHWTa: B MarHuTe U CTald Bceraa NpOTUBOCTOAT
OpyT APYTY pa3HOMMeEHHbIE MarHUTHbIE TIOJIIOCHI.

Ecnu penst MarHWT Ha YacTH, TO KaXAas 4acTb CTAaHOBHTCSH
MOJTHOLIEHHbIM MarHUTOM C CEBEPHBIM U 100KHBIM nosocamu. Ecrm
MPOIOJDKAIT AelieHue, TO MOJyYaloT BHOBb MaJIeHbKHE TOJIHOIEH-
Hble MarHUThI, HO HUKOIa He MOJIyYaioT OT/IENIbHO CEeBEPHbIA MIHU
I0)KHBIH NOJTIOC.

IIpencraBnsie Tcs, YTO KYCOK CTaJIM COCTOMT U3 OYeHb GOJIBILIOro
4KCJIa HUYTOXHO MAaJIeHbKUX MarHUTOB — TAaK Ha3bIBaeMbIX * 3Jle-
MEHTapHbIX MAarHuTOB”. B HeHaMarHWYeHHOM MartepHalie OHHU pac-
HOJIOXeHb! 6eCOPAIOYHO OTHOCHTEINILHO APYT Apyra (puc. 24,4a).
Ecnu kycok cram NpHONH3UTh K MAarHUTy WM MarHMUTHOMY
XKeJIe3HAKY, TO IeMEeHTapHble MarHUTHKHU MOCTENEHHO BbIPOBHSI-
1o1csa (puc. 24, 6). Bartencreue 3Toro MoryT cpasy MpOSBUTHCA
BHeIHMe MarHWTHble CWIbI. B cTamu anemMeHTapHble MarHUTHKH
”OBOpawMBalOTCA” C TPYOAOM M YCTOHYMBO COXpAHAIOT CBOE
nonoxkenue. B MarHUTHOM kene3e, Ha00OPOT, 3NIeMEHTapHbIE
MarHWThl CHayajia JIETKO IIOBOPauMBAaKOTCS, a MOCIe CHATHS Mar-
HUTHOH MHIOYKIMM PAacloNaralIcs onarh 6ecopagoyHO — MarHe-
TH3M HCYe3aeT.

JTa TeOpHs MOXKeT ObITh HOATBEPXKMEHa 3KCIEPHMEHTAIBHO
pa3nuuHbIMU crioco6amMu. Eciii MOCTOSIHHBIN MarHUT NOABEPTalT
IUTUTENIbHOE BPEMS CHIIBHOH TpsCKe, TO OH YaCTHYHO pa3MarHu-
UMBAeTCs, TaK KaK MHOTOUUCIIEHHble 3JIeMEHTapHbIe MarHUThI

Puc. 24. InemeHTapHbie mar-
HUTUKKM B HEHAMarHUYeHHOM
(a) u Hamarnuuennom (6)
wenese



Puc. 25. None noakosoo6pa3Horo mMaruuta

’BbIOMBAIOTCA’ M3 MPEMMYLUIECTBEHHON OpHMEHTAaIMH, NOIEPKH-
BaBIlel [0 3TOro HaMarHuueHHocTb. C MOMOIIbI0 ClEnHaTIbHON
ammaparypbl MOXXHO CJIeNIaTh CIIBIUIMMBIMH TIOBOPOTHI” 3Jle-
MEHTapHbIX MAarHUTOB IIPH HaMarHWYMBAaHUH CTaJIbHOTO CTEPXKHA.

JIBa M3BeCTHBIX fABJICHUs TaKXXe OOBACHAIICA TeOopHel 3Je-
MEHTapHbIX MarHuToB. EciiM BBIBECTH >eJie3HBIH CTepXKeHb U3
obnacTy BIMSAHMA MarHura, TO HAMAarHUYeHHOCTb €ro, BbI3BaHHAsA
MHOYKIIMeH, Hcye3HeT He MOJIHOCThIO, TAK KaK OTHeNbHble, Oolee
yCTONYMBBIE SJIeMEHTapHble MarHUThl COXpAHAT IepBOHAYalib-
Hylo opueHTaiuio. Y, Ha060poT, HEBO3MOXHO NOBBICHTh HAMAarHu-
YEeHHOCTb CTaJIbHOTO CTepxHA A0 moboro 3HayeHus. Ecm copuen-
THPOBaTb OJMHAKOBO IIOYTH BCe 3JIleMeHTapHble MAarHUTUKH,
JanbHeillee HaMarHMYMBaHUE CTAHOBUTCS HEBO3MOXXHBIM, CTallb
CTQHOBHUTCS “"MarHUTHO HacCblllleHHO#H .

O6nactb, B KOTOPO#H HpOABINAETCA [eHCTBHE MarHUTHBIX CHII,
Ha3bIBAIOT Ma2HUTHbIM noaem (puc. 25) . 3nech onATh mpuberawoT
K NpelCTaBIIEHUI0 O MarHUTHBIX CHJIOBBIX JIMHUAX, HallpaBJIeHHE
KOTOPBIX B KaXOH TOUKe MAarHUTHOrO IOJNISA COBMAjaer C Ha-
NpaBJICHUEM [IEHCTBYIOUIEH CHIIBI.

Kaxpapiii 3Haer, 4TO HarjsAgHYI0 KapTUHY 3THX JIMHMH, U TeM
CaMbIM MAarHMTHOrO MOJs, MOXHO IOJIYYMTb, €CIIH IIOJIOXXHTb
Ha MarHWT JIMCT KaPTOHA M MOCBINATh JKeJIe3HbIMY omwIKamu. [1pu
JIETKOM BCTPSIXMBAHUM JIMCTa YaCTHUKH JKeJle3a BBICTPOATCA B Xa-
paKTepHble JIMHMH H LEMOYKU. ITH LEHOYKH IOABIIAIOTCA HM3-3a
TOI'0, YTO YaCTHYKH JKeJle3a OPHEHTHPYIOTCS MOM BJIMSHMEM Mar-
HMTHOW MHIYKUMU U ~CUEIIATCA” Opyr ¢ ApyroM. Ecmu BMecTo
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YaCTHYEK JKeJle3a YCTAaHOBMTb MHOXECTBO MaJIeHbPKHX MarHUTHBIX
CTPEJIOK, TO MOy YMTCs aHAJIOTUYHAsA KapTHHA.

Kapruna nons cuMTtaercs 3aKOHYEHHOH, €CIIM CHIIOBbIE JIMHUK
HAaUMHAITCS Y OFHOTO MONI0Ca MarHUTa ¥ 3aKaHYMBAKOICA y OpYy-
roro. OgHaKo B NPOTUBOHOJIOXHOCTb JIMHHUAM 3JIEKTPHYeCKOI o
NOJIs1, KOTOpble HAUMHAKITCA U 3aKaHYMBAIOTCA Y 3apsAfa, MarHuI-
Hble CWIOBbIE JIMHUU SBJISIIOTCA 3aMKHYTHIMU JNuHUAMH. Heob-
xoauMo ceOe MpeCTaBUTb HUX IPONOIDKEHHbIMH TaK)e BHYTPb
MarHuTa. CeBepHbIi U IOXKHBIA TOJIIOCHI MAarHUTIa SABJIAIOTCA
TOJIBKO MeCTaMH BBIXOJIa MJIM BXOAa CUJIOBBIX JIMHHMH, HO He
HayaJIOM ¥ KOHIIOM HX.

Bruio pellleHO Tak)Ke U MarHUTHBIM CHUJIOBBIM JIMHUAM IPHIATh
ollpelelleHHOE HallpaBieHue. Y CIIOBWINCh CYMTATh, YTO BHE MarHu-
Ta CWIOBBIE JIMHUU UIOYT OT CEBEPHOrO Mooca K 1oxHoMy. CeBep-
HbIH TOJIIOC MaJieHbKOH NMOJABMXKHOH MAarHUTHOM CTpEJKH, KOTO-
pyI0 BHOCAT B IIOJIe MAarHUIa, YKa3bIBaeT [IOITOMY HallpaBJIeHHE
CWJIOBO# JIMHUM, TOCKOJIbKY CIJIA “MCKYCCIBEHHOTO’’ MarHUTHOI'O
[OJIsi OTHOCHMTENIBHO GOJIbllle CHITbI “’eCTeCTBEHHOr0” MarHUTHOTO
nons 3emnu. To oBcroATeNnsCTBO, YTO CHIOBBIC JIMHMU HUKOITA
He MepeceKaTCcsa U CTPEMATCSA OTHANMTLCA APYT OT APYra, MOXKHO
OOBACHUTD MO-Ipe)XHEMY HAIHUMEM ~CXKaTUA’’, HeHCIBYIOLIETO
NepneHAUKyNAPHO HanpaBlleHuI0 cwioBod nuHuM. HaoGopor,
NPUTSDKEHHe Pa3HOMMEHHBIX MAarHWTHBIX IIOJIIOCOB YKa3bIBaeT
Ha “’pacTsKeHue” B HalPABJIEHUH CHIOBBIX JIMHUIA.

MarHutHoe none 3neKTPUYECKOro Toka

Iatckomy ¢usuky Xaucy Kpucruany Ipcredy (1777—

1851) uenoBeuecTBO GNIArofiapHO 3a OTKPbITHE, KOTOPOE
U TEXHUKH MMeeT OFPOMHOe 3HaueHHe. JPCTel] yCTaHOBMII, UTO
CTpeliKa KOMIaca OTKJIOHAIACh B CTOPOHY KaXMplil pa3, Korga
HaXOJMBLUMIACST BOJNU3H NMPOBOJHUK BKIIIOYAIN B 3JIEKTPHYECKYIO
Hemnb. ITO OTKJIOHEHUEe He 3aBUCENI0 OT MaTepHalia MpOBOIOHUKA,
HO 3aBHUCEJIO OT CHIIbI TOKa.

HanbHefilMe HCClIeNOBaHUSA IIOKAa3ajii: JEKTPHYECKUH TOK
[OpOXHaeT BOKDPYr NpPOBOIHMUKAa MarHuTHoe moie (puc. 26).
C momouipio CTIOS MarHUTHOTO MOpOLIKAa MOXHO ClejaTh fB-
JIeHUe HarJIAOHbIM M YCTaHOBHMTb, YTO CHJIOBbIC JIHHHH B 3TOM
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Puc. 26. MarnuutHoe none npo-
BOAHWUKA C TOKOM

Cllyyae 3aMKHYTbl M IIpe[ICTaBISIOT COOOH KOHIEHTpUYECKHE
KPYTH BOKDYT IPOBOJIHHKA.

MarHuTHbIe OTIOChI B HEKOTOPOM CMBICIIE 3[1eCh OTCYTCTBYIOT.
HampaBneHue >xe CHJIOBBIX JIMHMH, Hao6OpOT, coxpaHsercs. Ma-
JIeHbKasg MarHuTHas CTpeJIka B 3TOM IOJie yKa3bIBaeT B KaXHOi
TOUKe OIpefielieHHOe HalpaBJieHHe, KOTOpoe H3MeHsercs Ha 180°
OpU [epeMeHe HampaBlIeHHMsa Toka Ha oGparHoe. Hampasnenue
TOKa ¥ HallpaBJIeHUe CWJIOBBIX JIMHHMI 3aBHUCAT JPYT OT pyra:

Ecau CMOTpeTb NnO HANpAasAeHulw ToKa, TO Cunogble
AUHUU UMEIOT HanpasaeHue 8paujeHus 4acoeoli CTpenKu.

3JTO MPaBUIIO MOXHO cHOpMYIMPOBATh U HHAYE:

Ecau oxearurv npogodHuk npasoii pykoii Tak, 4ToGbl
orcrasnenHblil 60AbWOL naney yKazvl@da HANPasneHue
TOKa, TO OCTAnbHble NAAbYbL PACNOAONKATCA NO HANpase-
HUI0 CUNOBbIX AUHUU.

MarHuTHblE CWIOBBIE JIMHMM OTXOHAT OT KaXIOro CamMoro
MaJIeHbKOTO OTpe3ka npoBopa. Ecim HamoTaTh mpoBoOA Ha KarTyul-
KY, TO OT/E/IbHbIE MarHUTHBIE NTOJIS OTPEe3KOB IIPOBOAA H BUTKOB
KaTyIIKH COCTaBAT pe3yJbTUpYyIOLIee NoJle, KOTOpOe UMeeT BHI,
IpPe/CTaBIIEHHbIA Ha puc. 27. KapTHHa NoJis COOTBETCTBYET MOJTIO
MarHMTHOTO CTepXHA. Eci mUmHAa KaTyliky BelHKa IO CpaBHe-
HUIO C €€ OMaMeTPOM, TO CHIOBbIE JIMHHHM BHYTPH KaTyLIKH pac-
TIOJIaTaloTCsl NapajuleNIbHo M paBHOMEPHO IUIoTHO. Ilone BHyTpu
KaTyLIKH ABJIAETCS TOMOTEHHbIM.
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Puc. 27. MaruuTtHoe none Ka-
TYWKK®

Ecim mopgBecuTs HOOKIIOYEHHYI0 K HCTOYHHKY TOKa KaTyLIKY
TaK, ytoObl OHAa MorTIa cBOGOOHO BpamiarbCsA BOKPYT BePTHKAlIb-
HOH OCH, TO OHa YCTaHOBMICA B HampaBileHuu ceBep—ior. Ilpu
HU3MeHeHHH HalpaBJIeHHs TOKa Ha 06paTHOe KaTylIKa MOBEPHETCS
Ha 180°.

O6a xOHUa KaTylWIKU ABIANTCA NOAIOCIMU BO3HUKAIOLIETO
anexTpoMaruuta. IlonmoxxkeHne ceBepHOro M I0XHOTO IIONIOCOB
MOXeT OIPeNIENATLCS O CleAyIoleMy IpaBUIy :

Ha6awoareas, nHaxooawuiica neped TOpYoM KaTywKu,
8UOUT HKHbLIL noaloc, ecau TOK 8 GUTKAX NPOTeKaeT
no HanpagsaeHulo epaweHusn vacogol crpeaxku. Ecau we
TOK Te¥eT NPOTUE BPAWYEHU HYacOoB8Oll CTIpeaxKu, TO
Habawoarens HAXOOUTCA neped CEe8EPHbIM NOAIOCOM.

EcrecrBeHHO, YTO Hemlb3si YHOBJIETBODUTBCS TOJIBKO Kaue-
CTBEHHBIM OIMCaHWEM MAarHWTHOro mois. Tak Kak MarHuTHOe
NoJie TEKTPHYECKOTO TOKa HrpaeT HCKITIOUUTENBHO BaXKHYIO pOJlb
B 9JIEKTPOTEXHUKe, HeO6XOMMO ero TOYHO PacCUMTBIBATh U ITHMH
OaHHBIMH PYKOBOJCTBOBATbCS NPH NPOCKTHPOBAHUH.

KomiuecTBeHHOH XapaKTepUCTUKOH MArHMTHOTO IONSA fABJISA-
eTcsl HAaNpsDKEHHOCTb (CWia) MAarHUTHOTO IOJs, KOTOpas OIpe-
OensieTcs OeliCTBHEM ero CHil. 3[ech OTPaHHUMBAEMCST pacCMOTpe-
HHEM TOMOTEeHHOTO HOJISA, KOTOPOe PeallM3yeTcst BHYTPH JUTMHHON
KaTyILKH.

MaruuTHyi0 CIpelIKy NOJBELIMBAIOT HAa TOHKOH IPOBOJIOUKE
BHyTpu Kartyuiku (puc. 28) M yCTaHAaBIMB2OT HPU OTCYTCTBHH
TOKa B KaTylIKe TaK, YroObl OHa COBHAfaJia C ee MpOAOJIbHOMH
ocpio. EciM BKIIIOWMTb TOK, TO BO3HHMKILME CWIbl CIpeMATCA
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Pnc. 28, UsmepeHue HanNpAXEHHOCTH
MarHUTHOrO NONA C NOMOWLbLI0 MarHWT-
HOW cTpenku

YCTaHOBHTD CTPEJIKY HMapalJIelIbHO CIIOBBIM JIMHUAM. Bo3HMkaer
MOMEHT BpalleHUsI, KOTOPbIi MOXeT KOMIIEHCHPOBaTbCsA CKPY-
yuBaHWeM HUTH nopseca. CTeneHb 3aKPyUMBAHUA HUTH ABIISAETCA
Mepo#i I ONpefeNieHHss MOMEHTa BpAllleHHs CIPeIIKH H TeM
CaMbIM HaNPSDKEHHOCTH MarHUTHOT'O NOJISA BHYTPY KaTYLIKH.

WcnplTaHus NpH pa3nuyHOA CWIe TOKa B KarylIKaX pasHOH
IUTMHBI U C Pa3IMYHbIM YUCIIOM BMTKOB IIOKa3bIBAalOT, YTO HAIps-
JKEHHOCTb MAarHUTHOTO IOJISI BO3pacraeT C yBEJMYEHHEM YMCIIa
BHTKOB M CWIBbI TOKa. YeThIpeXKpaTHOE yBelMYEeHHE CHIbl TOKa
4 TpexXKpaTHOe YBeJIMueHHe YHCIIa BHTKOB (TIpH HEM3MEHHON
IUIMHE KaTyLUKH) AaeT OBeHaAUATHKPAaTHOe BO3pacTaHue Hamps-
JKEHHOCTH II0JIAI, T.€. TOUHO TaKoe e, KaK M IIeCTHKPaTHOe yBellU-
yeHHe TOKa IpH IBYKPaTHOM YBeJIHYeHHH YucIia BUTKOB. [IpousBe-
OeHHe 3HAYeHUSA CWIbl TOKAa Ha YUCIIO BHTKOB HMIpaeT BaXKHYIO
ponb. Ty GH3MYECKyH0 BeJIMUMHY Ha3bIBalOT M.J.C. — MarHUTO-
ABMXKYLLeH CWiIoi (paHbllle Ha3bIBAIY amnep-BuTKamH) . Katyumxa
u3 500 BUT. mpU HpoTeKawoLieM TOKe B 2 A XapaKTepH3yercs
M.I.C., paBHo# 1000 A (wm 1000 a - B).

Ecim ocraBnsioT HeM3MeHHOW CWIy TOKa M YHCIO BHTKOB
KaTyIKH, 2 YBeJIHYUBAIOT ee IIMHY, PACTATUBasA BUTKH, TO Halps-
KEHHOCTb HOJISL HafaeT OOpaTHO IPONOPIMOHAJIBHO MJIMHE Ka-
Tymiky. ClienoBaTebHO, HANPSDOKEHHOCTb MOXHO  BBIPasHTh
ClleAyIOLIEN 3aBUCHMOCTBIO:

lw

H=—l—.
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Cwiy toxa I H3MEPSIOT B aMIepax, IJIHHY KaTyIIKH [ — B MeT-
pax, HampsDKEHHOCTh MarHUTHOrC monis f— B aMmepax Ha MeTp
(uMCI10 BUTKOB sBJsAETCA Ge3pa3sMepHON BETUUUHOM) .

Mpumep. B karymke, umerouieid 250 BUT. ¥ [WUIMHY 4 cM Ip4
cwie TOKa B 1,5 A, HanpsHKeHHOCTb MarHUTHOTO TMOJISA

1,5-250 A A
004 = 93757 =937—

H= .
oM

B HeroMoreHHOM MarHMTHOM IOJIe, TaK e KaK U B HETOMO-
FEHHOM DJ3JIEKTPHUYECKOM IIOJIe, HalpsDKeHHOCTh MOXKET ollpere-
JIATBCA TOJIBKO B OTHENbHOH Touke. Tak KaK HanpspkeHHOCTh
MAarHMTHOTO IOJISI, KaK U 3JIEKTPUYECKOr0, IBIIAETCS BeKTOPHOM
BENIMUMHOM, TO oOo3Hauvaercs uepe3 H, mockonbKy 3aBHCHUT He
TOJIIBKO OT 3HaueHUsI, HO U OT HalpaBJIeHU.

MarxuurHble maTepuansl

B ¢Qopmyne IS HANPSOKEHHOCTH MAarHUTHOTO TMOJSA

MoJIe XapaKTepu3yeIcs uepe3 NpPUUYMHY, €r0 BbI3bIBa-
0LIYI0, T.e. Yepe3 CWIY TOKa, KOTOpBIA MpOTeKaeT IO IPOBOM-
HUKY WM Karyuike. Ho Mo>XHO Haii T U1 U3MepeHUss MarHUTHOTO
HONSA W BEJMYMHY, CBA3aHHYI0 C CHIOBOH XapaKTepPUCTHKOMH
MAarHUTHOTO HOJsA. ITO — MA2HUTHAA UHOYKYUA.

Ecniu momMecTdTh BHYTpH KaTYUIKH (KATYWKU NOAR) TPOBO-
JIOUHYI0 TeTmio (UHOYKYUOHHYI KATYWKY), KOHHbI KOTOpOH
NPHCOCIUHUTh K YYBCIBMTEIIbHOMY H3MEpUTENIbHOMY Hpubopy
(puc. 29), to mpubop OymeT MOKa3bIBaTh OTKIIOHEHHE KaXKIbli
pas, KOTAa TOK OyneT BKJIIOUaThCA WIIM OTKITIOYAThCA B KATYLIKe
noJnA. B HHOYKUMOHHON KaTylllke BO3HUKaeT KOPOTKHUH 8CHnaeckK
HanpaxeHua — unoyyupyerca Tok. OH XapaKTepuU3yeTcs HpoH3-
BelEHUEM HaIpsSDKeHUS U BpPEMEHH U HU3MepsAeTcs B 60.bT-
cexyndax (B -c)*. Ilanee (cM. crp.107) mogpoGHO paccMaTpuBa-
€TCsi 9TO Ype3BBIYANHO BaXKHOe sBIIeHUe. 3[eCh Xe OTMETHM, YTO

*B cucteme CU MHAYKUMOHHbIA TOK ONpeAenAeTcA U3MEHeHWEM mar-
HUTHOTO NOTOKa, NPU KOTOPOM Yepe3 NoMnepeyHoe ceyeHWe NPOBOAHMKA NPO-
XOAWUT KonuuecTsBO 3neKTpuuectsa 1 Kn B 3aneKTpuyeckomn uenu conpoTus-
nenvem 1 Om. EauHuua marHuTHoro notoxka —sebep (B6). (/Tpum. nepes.)
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Puc. 29. YctpoiicTtBo, unntoctpupy-
toulee ABNEHUe MarHUTHOM UHAYK-
uum

C IOMOILBIO 3TOTO BCIUIECKA HAaNPSKEHUS MOXKHO KOJIMYECTBEHHO
ONMUcaTh MarHUTHOe Mone. MarHuTHas MHOyKIUsA B paccuuTbiBa-
€TCA Ha eJUHHLY IUTOLLAIM MOMEePeyHoro CeueHUsT HHAYKIMOHHOM
KAaTylIKd. MarHuTHasg MHOYKIMA TaKxXe SfABJIAETCA BEKTOPOM;
MAarHMTHOE 10JIe MOXXHO H300pa3suTb C IIOMOLIBIO CUA08bIX AUHULL
uHOyKyuu. B3auMOCBsA3b MexAy HaNpsSKEHHOCThI0 MAarHUTHOTO
HOJISE M MarHUTHOH MHAYKLMeH (B BaKyyMe) BbIpaXKaeTcsi 3aBUCH-
MOCTBIO:

B=“0H H

Toe Ko — MAZHUTHAR MOCTOAHHAA: lg = 1,26 -107¢ Tu/m (um
Mo =125,6-107% ﬁ).

MeTop, HaxOXOEHMA UMCIIEHHOTO 3HAYeHWS W, 3[€Cb MIA Hac
HeCylleCTBeH; JIErKO paccydTaeM 3HaueHWe IOCTOSHHOM, KOormaa
6ynem onpenensars equHuLb! s H u B.

Marmuteiit  3¢dexT BKITIOYEHHOH B IJIEKTPHYECKYIO LEIb
KaryllIK¥ YCWJIMICA, €CIIM BBECTH B KaTYIIKY >KeJIe3Hblid cTep-
KeHb — TaK Ha3bIBaeMbli cepoeynux. CepleuHMK OKa3bIBaer
TaKoe e HeHCTBHe, KaK yBeJlMueHHe YUCNIa BUTKOB B KaTyllKe,
T.€. yBEIIHUUBAET M. [I. C.

ITO CTAHOBUTCA MOHATHBIM, €CIIU BEPHYTHCA K TEOPHH dJIeMeH-
TapHBIX MAarHUTUKOB H IPENIONIOXHTh, YTO UX MAarHeTH3M BbI3bI-
BaeTCA KPYIoBBIMH “’3JleMeHTapHbIMH ToKamu™ (puc.30). d1u
TOKH BBIPABHMBAIOTCA TOKOM KaTyLIKH TaK, YTO OPHEHTHPYIOTCA
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Puc. 30. OpueHTUpOBaHHbIE
3aneMeHTapHbie TOKH

napasuiesibHo eMy (cM. crp. 100) . BHYTpH XeJe3HOro cepaeyHuK
9JIeMeHTapHbIe TOKH YaCTUYHO B3aUMHO YHUUTOXKAIOTCS, CHAPYXKH,
Ha060pOT, OHM yCUITMBAIOT TOK KaTyLIKH.

MarnuTHaA MHOYKIMA CHaGXXEHHOM CepHEeYHHMKOM KaTyUIKH,
ClleIoBaTeIbHO, MHOTO Gonblile “ycToi” Karylky. YroOs! Bim -
HMe cepfleYyHWKa MOXXHO ObUIO BBIPasHTh YUCIIEHHO, BBENIU HOHS-
THE OTHOCUTEAbHOU MA2HUTHOU NPOHUYAEMOCTU

UHIyK 1M KaTyLIKY C CepAeYHHKOM

My =
r Hupyximsa katywku 6e3 cepoeyHuKa

ITpoHMuaeMOCTh Uy ABNAETCA Oe3pa3zMepHON BeIMWMHOM U [Tt
BaKkyyMa (a HpaKTHYEeCKH U IUIA BO3AyXa) MMeET 3HauYeHHe, paB-
Hoe 1.

Tenepp MoxHO monyuyuts Gosee oOlee BbIpaXkeHUe MJIA 3aBH-
CHUMOCTH MEXAY HaIPA>XKEHHOCTDIO TTOJIS U Mar HUTHOM HHIYKIMe :

B=pou H.

Martepuansl, y KOTOPBIX Mp CYLUeCTBEHHO Gosbllie 1 ¥ KOTOpbIe
BenyT cebj, clleoBaTeNlbHO, IOIOGHO Xele3y, Ha3bIBaIOT geppo-
mazHutHbiMu. Cpemy HMX, KpOMe >Kele3a, HaXOIUTCS HMKeElb,
KOGaIbT ¥ TafoNMMHMA (MET&T M3 IPYIIbI PeNKO3eMEJIbHBIX) .
K HUM mIpUMBIKAalOT MHOrOYMCIIEHHblE CIUIaBbI, CHeLUabHO
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paszpaGoTaHHble OJIsL HYX[, JMEKTPOTEXHUKH. ¥ CIUIaBOB 3HauyeHUe
1y > 100 000.

Ilpyrue mMatepuasibl TaK>ke 0Oa/laloT MarHUTHBIMM CBOMCTBA-
MH, XOTA ¥ MeHee BBIPaXeHHbIMH. VX OTHOCHTeNbHAasE NMpPOHHU-
naemocts Gmuska k 1. IlapamarHutHele Martepuaist (u, > 1),
Harpumep J00HUT, BedyT cebs Kak dKele30, XOTS M B 3HAUUTellb-
HO ocnabneHHoii creneHd. OHU BTATUBAIOTCA B MarHUTHOE IIOJIE.
IuamaruutHele Matepuanbl (u, < 1), HampuMep BOJa M Mefb,
CTpEMATCA BBIATH U3 MarHUTHOTO MOJIA.

Y ¢deppOMarHMTHbIX MaTepUaJiOB OTHOCHUTEIbHash MarHHTHas
IIPOHHUILIAEMOCTb 3aBUCUT HE TOJIBKO OT BUAA MaTepHasia, HO M OT
HaINpsKeHHOCTH MarHuTHoro mois. Eciu 6b1 u306pasuwm rpadu-
YeCKH 3aBHCHMOCTb MAarHWUTHOH MHTYKIMH OT HANpsKEHHOCTH
MarHUTHOTO TONsA i (eppOMATHUTHOIO MaTepHaya, TO IpU
HEU3MEHHOW MPOHMIIAEMOCTH HOJDKHBI ObUIM OBl HOJYyUMTh NpA-
MYI0 JIHHHIO. B [NefCTBUTENIBHOCTH, OTHAKO, ~KPUBasA HaMarHHYM-
BaHMA” HMeeT HMHOM BHMI: OHa CHayaJia KpyTO MOOHHMaercs,
3aTeM U3rubaeTcs v MAeT Jasbiue nonoro (puc. 31). Hamomuum,
YTO JIEXUT B OCHOBE 3TOrO MBJIEHHA: €CIIM BCE 3JIeMeHIapHbie
MAarHUThl WK JJIEMEHTapHble TOKH COPHEHTHPYIOTCSI OUHAKOBO,
TO MaTeprajl MarHUTHO “HachliaeTcsa’ .

Ecim mocne 1oro, kak jxeie30 HaMarHUTHICA B MarHHUTHOM
Holle, 3JIEKTPUYECKYI0 Liellb DPa3opBarb, TO HAMAarHUYeHHOCTh
JKene3a ucyesHeT He NMOJHOCTHI0, TaK KaK He BCe JJIeMEHTapHbIE
TOKH Cpa3y pasynopsagoyarcs. ITO CBOHCTBO HAXOIMT LUK pPOKOe
NpUMeHEHHe Ha MPaKTUKE.

Ecmu yBemMuuTh HampsDKEHHOCTh MAarHUTHOTO IOJIA B HeHa-
MarHM4eHHOM ¢eppOMarHUTHOM MaTepuasle, TO TNOMYYHUM IJis

Puc. 31. Kpugaa HamarHuuusaHusa
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MHOYKLMHU y>kKe M3BECTHYI0 HaAM KpHBYI0O HaMarHuuMBauusa. Haso-
BEM ee “’TIEPBHUYHOH KPHBOH H3-32 TOTO, YTO OHA peayM3yercs
TOJIBKO TOIJa, KOrfja MaTepuasl He ObLI NpedBapHTeIbHO Ha-
MarHuyeH.

Eciit yMeHBIIUTh HANpPsDKEHHOCTb 0JIA, YMEHBIUMTCA TaKxe
U MarHuTHas WHAyKiMsA. IIpy M3MepeHHMHM B3aMMOCBSI3aHHBIX
3HAYEeHU HATNPSOKEHHOCTH MOJISA M MHAYKLMHM NOYYaloT KaXKAbIA
pa3 pasHbie KpuBble. [Ipy HyneBo# HanpsKeHHOCTH MAarHUTHOIO
nonst H Bcerma ocraeTcsi MarHMTHas HMHAYKIMA B, KoTtOpas
Ha puc.32 u3obpaxeHa OTpe3sKOM Mexay 0 M TOYKOH mHepece-
YeHHsi MeTIM rucTepe3uca ¢ Monyocklo +B. 3T0 — OCTaTOuHaA
HAMarHUYeHHocTb. EcmM  Temepb INpWIOXHUTb OMNpefesIeHHY0
”’OTpHLATENbHYI0” HANPSDKEHHOCTb TONIsA, T.e. HANPaBIIEHHYIO
MPOTHBOIOJIOXHO, TO MHAYKIHA CHU3UTCA 10 Hynd. Heo6xomumoe
UL 3TOTO 3HayeHHe OTPHULATENIBHON HANpsOKEHHOCTH MO Ha3bl-
BaKT “KOIpUMTUBHON cwioi” H . lpu manbHeieM yBeJMYeHUH
OTpMIATENbHOM HAIPSDKEHHOCTH TIONA MHAYKUMSA TaK)ke NpH-
oOpereT oTpuuaTesbHble 3HayeHHs. TakuM 00pasoM, HOITYUHITH
3aMKHYTYI0 KpUBYI — neraw eucrepesuca. Ilnomans 3aMKHyTON
KpPUBOH COOTBETCTBYET 3aTpaTaM 3HEPrHH, KOTOpble HOTpeboBa-
JMCh U TepeMarHMYMBAHUsA MaTepuana. JTH TUCTepe3HCHbIE
HOTEPH MIpaoT 0COOEHHO BaXKHYI0 POJIb B TEXHMKE MEPEMEHHOTO
TOKa.

IoTepy Ha rucTepesuc TeM MeHbLIE, YeM MeHbllle O paHUYEHHAs
nernei 1wiowanp. s MarHUTOMATKHX MaTepuUalioB, Halpumep,

Puc. 32. Metna rucrepesunca
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HOJIyYaloT OYeHb Y3KYI0 HETNII0 THcTepe3uca; IOTepd Ha THcCTe-
Pe3HC 3/1eCh HE3HAUUTEIIbHBI.

Martepurayipl ¢ IIMPOKOH IeTNell rucrepesuca (MarHUTOTBeEp-
nbie), HaoGopoT, TpeOylT Ha HepeMarHWYMBaHWE 3HAYMTENIbHO
Gonpimx 3arpar dHepruu. OHU O3TOMY Hauboree HPUrOOHbI 1A
MTOCTOSTHHBIX MarHUTOB.

3neKTpomaernme ABJNIEHUA B TeXHUKe

MarHuTHble SBJIEHUA B 9JIEKTPOTEXHMKE HAILTM LINPO-

Koe npumMeHerue. OHU UCHOJIb3YIOTCA B MHOTOUUCIIEHHBIX
npubopax, almaparax, MallMHaX M BooOuie JAIT BO3MOXHOCTb
OCYILECTBIIATH MOJIYYeHHE, epefayy U peoOpa3oBaHue JeKTPHU-
4eCKOH SHepruy B GOJIBIIMX KOIMYECTBAX.

Yxe Habmopenus Jpcrela 3a TeM, KaK MarHUTHas CTpeJIKa
OTKJIOHSIETCA II0L [eHCTBHEM NPOBOJHUKA C JJIEKTPHYECKHM
TOKOM, MPUBEJH K CO3NAaHUI0 IPUOOPOB 11 U3MepeHUs eKTPH-
YeCKOro TOKa. B mpocTeiiiieM Cifyyae OHU COCTOSUTH U3 KaTyILUKH,
BHYTPH KOTODOH HaXOMWIach cTpenka xommaca (puc.33). Jror
2a1b6aHOCKON® YCTaHABIIMBAETCA TaK, YToObl MarHUTHAasA CTpeyKa
ObUIa MapaJuleNibHa BUTKaM KaTyluku. Korpa uepes KaTyuiky
MOTeYeT TOK, MAarHUTHOe IoJie OymeT CTPeMMTbCS IOBEPHYTbH

Puc. 33. NanbBaHoCKON Ha OCHOBe Komnaca

* FanbBaHocKOn ABWNACA NPoOO6pPasoOM ransLBaHOMETPOB — BbICOKO-
YYBCTBUTENbHbIX 3NeKTpouMaMepuTenbHbix npubopos. ([Tpum. nepes.)
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CTpENIKY [EPHeHINKYIIAPHO BUTKaM, T.€. B HAIIPABJIEHUH CHJIOBBIX
JIMHUIA, B TO BpeMs KaK MarHuTHOe IHone 3eMIIM CTpeMHUTCSA
yOepxaTb CIpelIKy B IepBOHayaJibHoM monoxeHuu. Crpenka
YPaBHOBEIIMBAETCA 3THMH CWJIAMH B IIPOMEXYTOUHOM MOJIOXe-
HMM, TIpUYEM YTOJI OBOPOTA 3aBHCHT OT CHIBI TOKA B KaTyLIKE.
B ycoBepliieHCTBOBaHHbIX KOHCTPYKUMAX raJIbBBAHOCKOIIOB, KOTO-
pble PErHCTPUPYIOT Aaxe clabble TOKH, AeHCTBHE 3eMHOTO MOJA
HCKIIIOYAETCA M CTPeNIka TOPMO3MTCS MEXaHMYECKON CHJION
NPY>XUHBI.

Bornee MOLHBIMM M OTHOCHTEJILHO JeLeBbiMU TpubopamMu o
H3MepeHHs JJIeKTPHYECKOTO TOKa fABJIANTICA npubopsl ¢ nogo-
poTHbIM peppurogbim cepOeynuxom (puc.34). Ecmm BHyTpH
KaTyLIKH YJIOXKUTh [B€ IUIACTHHKH M3 MAarHMUTOMATKOIO XeJesa,
TO OHM HAMAarHUTATCS, KOrjJa uepe3 KaTyulKy HOTeyeT TOK. Tak
KaK Ha pPAJOM paclONIOXEeHHBIX KOHLAX IUIACTMH BO3HMKAKOT
OIHOMMEHHBIE IIONIIOCHI, TO OHU OTTAJIKMBAKWTICA Opyr OT Apyra.
Opna u3 wiactiH B Npubope >keCTKO 3aKpelUieHa, a Jpyras —
MOJeT BpaliarhCs U IepeIBUTaTh CTPEJIKY ITO LLIKare, IpeoosieBas
cwty npyxuHbl. IIpu nepeMeHe HampaBileHHs TOKa B KaTyllKe
MAarHMTHbIE IIOJIIOCHI MEHSAIT MeCTo Ha 00enx IutacTuHax. Oxu
OTTAJIKMBAIOTCA IAPYT OT Hpyra, Kak U 1o 31oro. IloatoMy MoXxHO
HCIIOJNIb30BaTh MpHGOp IJis W3MepeHHUs He TOJIbKO INOCTOSHHOTO,
HO H IIEpeMEHHOT 0 TOKa.

Puc. 34. Mpu6op ¢ NOBOPOTHLIM
KenesHbIM CepAeYHUKOM
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IneKTPOMAarHuTbl NMPUMEHAIOTCS B TEXHMKe i pa3HooOpas-
HbIX nenei. IIpexxsie Bcero ¢ HOMOLLBIO 3IeKTPOMAarHUTOB MOXHO
noJIyyath Ooliee BBICOKYIO CWIY NPUTSDKEHHA, YeM C MOMOILIbIO
NOCTOSHHBIX MarHUTOB. HO 3Ta cHia NmpUTSIKEHUS He OCTaeTcA
HEM3MEHHOH, KakK y HOCTOSHHbIX MarHuToB. Hao6opor, oHa
MOJXeT peryJIMpoBaThCA B HIMPOKHUX NpefiesiaXx W3MeHeHHeM CHIIbI
TOKa B KaTylIKe MarHuta. bomnee Toro, 4ro y>xe BOBCe HEBO3MOX-
HO [ NOCTOAHHBIX MAarHUTOB, CWIA NPHTKEHUA MOXET BO3-
Oy KOaThCA WIM YHMYTOXATbCA BKIIIOYEHMEM MIIM OTKIIIOYEeHHEM
nuTaromed anexTpuueckod uend. Hakoreu, anmexTpomarHMTOoM
MOJXXHO YTIPaBJIATh Ha OONBLIOM pacCTOSHUM Yepe3 COOTBET-
CTBYIOLIME JIMHUH CBS3H.

®opMbl M3rOTOBJIEHUA 3INNEKTPOMArHUIOB ONpENeNsIOTCA He-
NAMH MX npumeHeHus. IloatoMy, kpoMe MarHuToB B ¢opmMe
CTepXXHA M MOOKOBBI, CyLECTBYIOT MarHMTbl CaMoi pa3sHoobpas-
Ho# dhopMBl.

I'py3ononbseMHble MarHUThl OKAa3bIBAIOTCA Ype3BBbIYAHHO yA00-
HbIMM [JI1 TPaHCIOPTUPOBKH (heppOMArHUTHbIX MaTepHaJIOB.
OcobeHHO JIerko ¢ IOMOIUBI0 3JIEKTPOMAarHuTa IiepeMelaTh
PBIXJIBIH WIM IPOMO3JKHMH MeTajutoNioM 6e3 CHelUalIbHOH ymia-
KOBKH WM BCIIOMOTATEINIbHBIX YCTPOHCTB. 3HAUUTEIBHO MEHbIIAA
Cwia MpUTSKEHUA HeoOxoduma, 4toObl NpUBECTH B JEHCTBHE
JJIEKTPOMArHUTHBIA KIIallaH, 3aclIOHKY WIM 3amOpHbIA KpaH.
ITomo6Hble MarHUTHBIE pacIpenerUTeNIbHble YCTPOHCTBA IIMPOKO
OPUMEHANTCA B CIyvasX, KOTJa HeoOXOOMMO OCYIUECTBIIATH
yIpaBJIeHHe Ha PaCCTOSHUH.

IIpu obpaboTke Ha craHkax ()epPpOMarHUTHBIX [eTajied 3a-
KpeIUleHHe HX YNPOWAETCA H YCKOpAETCS, €C/M MPUMEHSIOT
TaK Ha3bIBaeMyl0 3JIEKTPOMArHHTHYI0 32)KHMHYI0 IUIMTY, Ha KO-
TOPOM [eTaJlH Y[EepPXMBAIOTCS COOTBETCTBEHHO pa3MeleHHBIMH
MHOTOYHCIIEHHbIMM JIeKTPOMAarHUTaMHy.

JNeKTPOMArHUTHOEe yMpaBJIeHHe CTPeNKaMH M cemadopaMH
Ha TPaHCIIOPTE 3aMeHsAET CIIOXHbIC MEXaHHUECKHE , [IO/IBEPIKEHHbIE
YaCThIM ITOBPEX/ICHHAM Mepefayy U3 KaHaTHbIX TAT.

s 3alMThl 3M€KTPHYECKHX YCTPOHCIB OT KOPOTKHX 3aMbl-
KaHWH WIM CIMUIKOM CHJIbHBIX TOKOB HCIONB3YIOTCS OrPaHHUH-
T CWIbl TOKa. OHM BKMOYAIOT B ceOsi IJIEKTPOMATHUT KaK
BaXXHEHLIYI0 COCTaBHYI0 yacTh. Ha puc. 35 BGM3u nomoca ek tpo-
MarHuTa pacroyioXeH (peppOMATHUTHBIA AKOPh, yHEPKUBAEMBIH
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Puc. 35. 3nektpo-
MarHMTHbIW OrpaHu-
4uTENL CUNLI TOKA

OPYXXMHOH Ha 33aJaHHOM pacCTOSIHUM OT MAarHMTHOrO MOJIOCa.
B 3TOM NOJIO>KEHHHU STKOPb JKECTKO COEUHEH C IlepeKIToyaTerneM,
KOTOpBIA BKIJIIOYEH B Lellb KaTyLIKH Mariura. Ecmu cuima toka
MPEBBICUT OIpefie/IeHHOe KPUTHYeCKOe 3HaueHue, NpPUTKeHUe
CTaHeT HaCTONbKO CWJIBHBIM, YTO IpeofolieeT CHIY YHAepXuBa-
fouieii npyxwuubl. IlepeximouaTellb pa3soMKHeTICs, BTOpasa NPYXUHA
OTBeJIeT ero Ha3afl, I[ellb pa30pBeTCs.

Tak xe paGoTaeT INMEKTpHUeCKHH 3BOHOK (puc.36). Korma
HaOXUMAT KHONKY 3BOHKA, Yepe3 I3JIEKTPOMATHHUT IIPOTeKaeT
TOK. Bcrnefcreue 3TO0ro NMpy>XHHHBIH AKOpb IPUTATHBAETCS, TOK
npepbBaercs. Cuna NpUTsDKeHUS Mcye3aeT, SKOPb BO3BPaLlaeTcs
06paTHO, TOK BKIIIOYAETCA BHOBB, H BCe MOBTOpseTcs. Ha koHme
SIKOPsA KPeIUTCA MOJIOTOYeK, KOTOPhIH yIapser Mo uallle 3BOHKa
MPH ITUX KOJleOaHUAX.

BakHeHIIMM 3JIEMEHTOM JJIEKTPOTEXHMKH SABJIAETCA pede.
C ero moMoupl0 MOXHO clabbiM TOKOM BKJIIOUaTh CHJIbHBIH
TOK WJIM OCYILECTBJIATH NIPOLECCH] ePeKHOYEHUA.

Puc. 36. 3nexTpu-
YeCKUA 3BOHOK
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Puc. 37. KOHTaKkTOp BKIOYEHUA

MarnuTHass KaTyllKa, KOTOpas MHOIZIA MMEET MHOIO ThICHY
BUTKOB TOHKOTO INpOBOAa, NUTaercs cnabbIM ynpasaswouwum
roxom. [Ipy 3TOM OHa NpPUTATHBAET SAKOPb, KOTOPBIA, B CBOK
ouepeib, BK/IIOYAET 3aMbIKAIOLIMIA KOHTAaKT. Pente BXonur B cxemy
paboueco Toka U B cxemy yenu TokKa nokos. B cxemax pabouero
TOKA LieMb BKIIIOYAETCsI AIKOPEM B MOMEHT, KOIJia YIIPaBIIAOLIMHA
TOK HpOTeKaeT Yyepe3 MarHuTHyw KaTymky (puc. 37). Takas cxe-
Ma BCTpEYaeTCs, KaK IpaBHIIO, TaM, Ide MCIONb3YHT cladble
TOKH [1J1f1 BKITIOYUEHUS CUIIbHBIX TOKOB. ATy CXeMY , MEXIY IIPOUUM,
HCIIOb3YIOT B LEMAX OCREIIEHHS MHOIMX COBPEMEHHBIX JKUIHULL,
rie LeHb BK/IKYaeTCs M OTKIII0YaeTCs Yepe3 KOHTAKTOp C TOMOLIbI0
MPOCTBIX C1a60TOYHBIX KHOTMOK .

Puc 38 KoHWrtakrop oTkntoueHun
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B cxemax Lend TOKa MOKOs, HaoOOpOT, Liemb BKIIIOYaeTCH
KaX/bli pa3, KOr[a TOK NpephIBaeTcs B Karyiuke pene (puc. 38).
THIMYHBIM TIPHMEPOM TNMPUMEHEHHS CXEeMbl ABIAIOTCA CHCTEMbI
CUTHQJIM3aUMM O TpeBOre: eciii oOpbIBaeTcsl TOHKAsA MpPOBOJIOKA
WM MpepbiBaeTCA CBETOBO Jlyd, TO IpepbIBaeTcs TOK yepe3
Karyuky peie. Eciii skopp majaer u 3amMblkaeT BTOpOH KOHTYD,
TO BKIJIIOYAeTCs yCTPOMCTBO TPEBOTHY WIH 3alMThI.

Tak Kkak fAKOpb MOXeT 3aMbIKaTb OJHOBPEMEHHO MHOTO
KOHTaKTOB, TO C HOMOILUBI0 pejle MOXXHO Ha IIPOCTOH OCHOBE
HPOM3BOJMTH CJIOXKHBIE NT€PEKIIIOYEHUSA.

Tenerpadc v TenedoH

OmnbIThI HO UCTIONB30OBAHHIO JJIEKTPOMArHUTOB i Hepe-

maud cooOlleHut BO3BpalIal0T HAC K MEepBOH IOJIOBHHE
npouutoro cronerus. Amepuxanuy Camysaw Mopze (1791—
1872) OnaromapHel Mbl 33 HepBBIH ONBIT TenerpadHoH CBA3M,
KOTOpasi CMOIJIa IIOBCEMECTHO paclpOCTPAaHHTBCS M elle ceiyac
Koe-rfe Hcrnonb3yerca. SIKOpb CHIOBOro 31MeKTPOMAarHHIa yIo-
nobnen camomxcuy (puc. 39). Kaxngpiii pa3, Korga sSKopb INpH-
TATUBAETCS MArHUTHBIM IIOJIIOCOM, CMauMBaeMoe YepHWJIAMH
nuwywee Koaecuko NpHXKHMMaeTcsi K y3KOH molocke Gymaru,
KOTOpasi NpOTATMBAaeTCs YacOBbIM MEXAaHU3MOM WIM 3JIEKTpO-
oBurareneM BOIM3M nNuiuyliero Konecuka. Ecnu Tok BkImoua-
eTCsl ¥ OTKJIIYaeTcs B puTMe 3HAaKOB Mop3e, To nmuuiyllee Koie-
CHKO 3amulieT Ha OyMaXKHOH JIeHTe 3TU UMIIYJIbCbl TOKa B BHME
TOYEK U THpe.

Puc. 39 Ycrpouncrso
camMonuwywero npu-
6opa
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Tenerpaguas cBsi3p Mop3e HelpephIBHO COBEPIIEHCTBOBAJIACh.
Donbinie u3MeHeHHs IMpeTeplien U cnocob nepenaud. CyliecTBeH-
HOe yTpolUeHHWe M YOeuleBeHHe NPOU30LLIO, KOr/a, HampuMep,
B KayecTBe OJHOTO U3 [IBYX NPOBOOHMKOB CTaJId HUCHOJIb30BATh
3NIeKTpONpoBoHOCTh 3emiid (puc. 40) . [lo3nnee ynanocs 3Hauu-
TeJIbHO YBEJIMUUTh KOJIMYECIBO TeNlerpaMM, OJHOBpPEMEHHO
1lepefaBaeMbpIX MO NPOBOAHMKY B 00OMX HampaBneHusax. bnaro-
Iaps BHePeHHIO pelie U MPOKIaaKe NOABOHbIX Kaberneil ynanoch
NepeKHHyTh ~TenerpacdHplit MOCT’’ HAa OFPOMHbIE PACCTOAHMS.

Ho mBa cywecTBeHHbIX HepgocTaTka TeserpadHoi cBsizn Mopae
OCTaBaNIUCh HENPEOJOIMMBIMH: OTHOCHUTENIBHO HU3Kasg CKOPOCTh
nepeJayd ¥ HeoDXOOMMOCTb KaXIblil pa3 MepeBOIMTh OYKBbI
TeJlerpaMMbl CHayala B 3HaKH Mop3e (TOUKH U THpe), a MOTOM
(B myHKTE Ha3HAYEHMS) — ONATb B GYKBBI.

C camoro Hayana CTPeMHMJIMCh CO3MaThb OYyKE0NeYaTarouull
Tenezpagrblll annapar, T.e. YCTPOWCTIBO, Y KOTOpPOro C MNepena-
IOlled CTaHLUMM OTNHpaBiifeTcA OYyKBeHHbIH TEKCT, a HA CTaHIUH
[pyMeMa 3allMChbIBACTCA HENMOCPe[CTBEHHO TaKXe OyKBeHHbIH
TexcT. Co BpeMeHeM CO3/1aJld MHOTO ammapaTtoB, KOTopbie Gosee
WIM MeHee YCNEIUHO pelulany 31y 3amayy. CerogHs yske moBce-
MECTHO MCIOJIb3yHT OykBoNlevataroiide TeserpadHsle ammapa-
TbI — TEJIETaMMBI.

IlpyHiMn ero peficTBUsA 3aKJIlOYaeTcs B ClenywolieM: oba
MapTHepa MMEKT MO TeNeTallly, OH CIIY>XHT JUIA Hepenaud ¥ [isa
npueMa, OCHAalIeH THIIOBbIM HabOpOM M KIIaBHATypoOil, KakK
nuyniad MawmHka. Kak tonbko y “nepenarudka’ HakMMaeTcs
pbyar OyKBbl, Cpa3y BKIJIOYAaeTCA TaK Ha3bIBaeMbli u30upa-
TenbHbIH OGyok. OH BblOaeT KOMOHMHAUMIO MMIIYJIbCOB, KOTOpas

92



nepefiaeTcs MO JIMHMM Mepefaud K ~HPUEMHOMY MeXaHu3Mmy’ .
Kaxxpoit 6ykBe M KaxaoMy 3HaKY COOTBETCTBYET OIpeielieHHas
KOMOUHaIHs.

B mpuemMHOM MexaHM3Me HpHILEALIME MMITyJbChl BKJIIOYAIOT
C MOMOLIBI0 3TIEKTPOMAarHuTa nogoGHbIi ke 6nok. OH pearupyer,
OJIHAKO, He Ha JIoOble MMITYJNIbChI, 3 HA KOMOHMHALMIO UX, COOT-
BETCTBYIOLLYI0 YyHapy JaHHOM Oyksbl. Ilpu nepepmaue u npueme
3aIUChIBAIOTCA, CJIEI0BATENBHO, ONUHAKOBbIE GYKBbI.

OGcnyxuBanue OykBomevaTarouiero TenerpadHOro amnnapara
(teneraiina) He TpebGyer ocoOeHHOM KBambuxamuu. [Toatomy
MOXHO, KaK 3TO B GOJIBLIMHCTBE CTPaH M [IeNIAeTCH, CTPOUTH CeTh
tenerpa¢uposanust (HaseiBaemylo TEJIEKC-ceTbio), koTopas
OaeT BO3MOXHOCTh JIIOOOMY YyYaCTHHKY BCTynaTh B Helocpen-
CTBEHHYI0 TenerpadHyro cBA3b apyr ¢ gpyrom. C momouisio
AOMOJIHUTENbHbIX YCTPOHCTB MOXXHO COXPaHATbH Nepenauu B ¢op-
Me nepdoseHT (GyMaXkHbIX MOJIOCOK C OTBEPCTUAMMU) AJIS NOBTO-
PEHUM WIM 151 OTIpaBKHU B GoJee ynobHoe Bpems.

[lo ppyromy mnpunmuny paGotaeT cBeToBO# aBToMar. 37ech
TaK)Xe mnepelaercss KoMOWHauus wumnysbcoB. OHM yNpaBiAwT
Ha CTaHUMM TIPUEMA DJIEKTPOMATHMTOM, KOTODbIA B PHUTME M-
MyJbCOB MPXUMAET MUIIYLIYI0 CHHPAIb K OBMKYylieHcs Oymax-
HOii JieHTe. VIMIysnibebl, mUIUyIas COMpans ¥ CKOPOCTb MAlIMHBI
TaK COrJacoBaHb! APYT C JPYyroM, YTO Ha CTAHLMH IIpHeMa 3amu-
cbIBaTCA GIIOKH GYKB.

Tenegornblil annapar T0Xe HEMbICIMM Oe3 3NIeKTPOMAarHuTa.
Yro6Gpel CMOHTMpPOBaTh ero (puc.41), HeoGXOOMM MCTOYHUK
MOCTOSIHHOTO TOKa, JINHHUS CBSA3U, MUKPOGOH U TeslehOH.

MukpodoH cocToUT U3 OGIMLIOBAHHON YyIileM KallCyJIbl, YaCTHY-
HO 3anoJIHeHHOW 3epHamu yris. Karcyma 3akpbiBaeTcsi 2j1acTy-
Hol MemOpaHoi. Ecmu roBopute nepen meMOpaHoO#t, TO OHa

Puc. 41. MNpununn peircteua
TenegoHHOW CBA3N
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Puc. 42. TenedoH B
paspese

CKMMAeT B TaKT CO 3BYKOBBIMH BOJIHAMH YTroJbHble 3epHa B 60JIb-
wield wix MeHbuielt crenedu. CooTBeTCTBeHHO KonebrneTcsa compo-
THBJIEHHE KacaHUs 3epeH B PUTMe 3BYKOBBIX BONH. Eclu uepes
Karncyyy MHKpodOHa MpPOMyCTHTb NOCTOSHHBIA TOK, TO CWIA ero
MEHSETC TOXe B pHTMe KOJeOaHHH COMpPOTHBIIEHHUA U TeM
CaMbIM 3BYKOBBIX BOJIH.

B renedone (cMoTpH pHc.42) KoneGaHUs TOKa Hpeobpasy-
I0TCSI B 3BYKOBble BONHbI. UTOGBI 3TO OCYILIECTBHTb, IYJIBCH-
PYIOILMI TOK IIPOMYCKAalT Yepe3 MArHUTHylH KaTyHIKy, Moje
KOTOPOH COOTBETCTBEHHO TO yCWIMBaeTcs, TO ocnabepaet. Biot-
Hyl0 K KaTylIKe INpujieraeT TOHKas ejie3Has MemOpaHa. OHa
[PUTATUBAETCA WIM OCBOOOXOAeTCs B PHUTME TOKAa KaTyLIKH
U OpUBOOUT B KonebaHue Bo3OyX. Tak BO3HMKAalT BHOBb 3BY-
KOBbIE BOJIHbI, KOTOPbIE MOXeT BOCIIPMHHUMATh yXO.

C nomolupio IByX MHKPOGhOHOB, IBYX TeledOHOB, HCTOUHUKA
TOKa M Heo0XO0JMMOro HpPOBOJHUKOBOIO MaTepHana MOXXHO
HOCTPOHUTb TeNeOHHYI0 CBA3b MJIA IIeperoBOopoB B 0OOUX Ha-
npasienusax (puc.43). Jrta cBsA3b roguwnach Obl, OIHAKO, TOIBKO
TS JEMOHCTPAlM NPHHIMUIA, A He JIJIsA NPaKTHYeCKUX NeperoBo-
poB. JInsi MpaKTHYeCKOro IMPHMEHEHHs 3TOH CXeMbl HaJlo elle
IpUAyMaTb MHOTO yCOBEPIIIEHCTBOBAHMUI U TOTIOJTHEHHIA.

Puc. 43. Cxema
ABYCTOpPOHHEN Te-
nechOoHHOW CBA3M
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Tak, HanpuMmep, HeoGX0AMMO pelinTh NpoGiiemMy “Bbi3oBa”
C camoro Hauanma cHaGxanu TenedoH ~OYIMIIBHAKOM™ — 3JieK-
TPHYECKUM 3BOHKOM. OH COENUHAICA C JIMHHEH Mepenauu MpH
MNOJHATON M IIpM TNOJOXEHHOH TpyOke C MOMOLIUbIO aBTOMATH-
YeCKOro pejieé TOJIbKO TOTAa, KOIZa MeperoBOpbl Ha JIMHUM He
BEJTHCD.

[Tockoneky TesiedoHHAs CBA3b MpHOGpea GONbILOE 3HAYECHHE,
TO HE MOIJIM yXe yJOBJIETBOPATLCH CBSI3bI0 TOJBKO MEXIY HBY-
ma aboneHTamu. Ilorpe6oBamoch co3math TenepOHHYIO CETb,
B KOTOpO# ObUIM Obl COedMHEHb! MeXOy cOOON Bce aBOHEHThI
4 B KOTOpO¥ 111060i abOoHEeHT Mor Gbl COEJUHUTBCS C IPYTUM.

Ha sape TenedoHMM UMENHMCbh TOJIBKO ’pyuHble TenedOHHbIe
craiimuu”. OT Kaxpgoro aboHeHTa GbuUla IpOBefeHa CBA3b K LCH-
TpabHO# “craHuuu”. Korpa aGoHeHT XOTel MO3BOHUTH MO Telle-
¢$hOoHy, OH NOJHUMAN “pYYHOH ammnapar’, B KOTOPOM OObeIHHEHbBI
MHKpPoGoH U TenedoH. Ha TenmedoHHOI cTaHuuu najgan “kianan’”
aboHeHTa WM BCHbIXMBAIA TaMnoyka. TereOHUCTKA HA CTAHUMU
crnpaumBaiia aboHeHTa O xelaeMoM coefuHeHHH. IIpu aToM OHa
COeUHANA MHOTOXMJIbHBIM LIHYpOM TellehOHHOE THEe3[I0 BbI3bI-
BaeMoOro ¢ TereOHHbIM FHe310M BbI3biBaloilero. Or6oil npouc-
XOOWI TOrja, korga Tpybka omyckanach Ha pplyar O OKOHYAHHU
pasroBopa.

3TH OPUHUMIBI, KOTOPble HCIONb3YITCA B HEOONbIUIUX YCTPO#-
CTBax M ceiiuac, He MOITIM OOJIbllle yIOBJIETBOPATh Pa3BUBAIOLLY-
10cs  TellehOHHYI0 CBfA3b, IOCKONIbKY 3aMETHO YBEIMYMIIOCH
yicno abOHEeHTOB U BeOYIIMXCS UMH INEperoBOpoOB. Yike HaBHO
npoboBajii TaK aBTOMATHU3HPOBaThb CTAaHLMM, YTOObI abOHEHT
Mor caM BbIOHpaTh HyXHOro cobecelHHKa U COEOUHATHCA C HUM.

JT1a e TOCTUraeTCA C MOMOILBI0 UMILYJIBCOB TOKA, KOTOpbIE
aboHeHT HampaBJIfeT Ha CTaHIMIo. IIpy 3TOM MCHONB3YIOTCA ABa
BaXKHEHIIMX TEXHHYCCKHUX YCOBEpIIEHCTBOBAaHUA — HOMEPOHa-
buparend M uckarens.

C nomouipio HoMepoHaOHpaTens HOJyuyaloT UMIIYJIbChl TOKa,
YKCIIO M FPYIIIUPOBKA KOTOPbIX COOTBETCIBYIOT HOMeEPY BhI3bIBa-
emoro aboneHTta. Ecnu Bpawiath AUCK C OTBepCTUAMM IIA NMaJibla
OO ymopa M BO3Bpamarh OOGpaTHO C MOMOILBIO IIPY>XHHBI, TO
[BWKeHHe MepefacTcs “UMITyabcHoMY ucky’ . IIpu Bo3Bpate mu-
CKa COOTBETCTBEHHO HabpaHHON wudpe MPOUCXOOUT MHOTOKpAT-
HOe MpepbiBaHie KOHTaKTOB. Tak BO3HUKAKT UMITYJIbCHI.
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Puc 44 Mpunumn pgeitcteun
BPaWaloWerocn uckatena

[Ipu Habope HeckonbkMX UMGP [LId BbI30BA BO3HHKAKOT
TpYIIbl HMITYJIbCOB.

Wmnynbceb! nepedaTcs MO MPOBOAAM Ha CTAHIMIO M IPUBOASAT
B [IefCTBUE gpawaowuiics uckareas (puc.44). JneKTpOMArHuT,
BKJIIOYEHHBIH B JJIEKTPUYECKYIO LieNb, IPHUTATMBaeT Ha KOPOTKOe
MIHOBEHHE MOOBMXHbBIA fAKOpb. fIKOpb HpM 3TOM IpOIBHIaeT
TOJIKaTellb XpalnoBOrO Kojleca, ¥ OHO IIOBOPaYHBaeTCsA Ha ONUH
3y0el. C XpanoBbIM KOJIECOM CBs3aH MepekJioyatelis. Ero KoHen
CKOJIB3UT IO KOHTaKTHBIM IUIACTHHAaM, KOTOpble PacIOIOXKEHbI
Ha CeKTOpe OKpYXXHOCTH. Eciu 3/IeKTpPOMarHdT MOJyyYaeT TpU
HMIyNbCa TOKa, TO IlepeKJovaTelib IIOBOpAYMBAETCA [0 KOH-
TaKTHOH IUTACTHHBI '3 U 3aMbIKaeT COCOUHEHHDIH C Hel KOHTYD.
IIpy niectw MMIyNbCcax MepeKIIIOYaTeNb IEPeXONUT Ha KOHTAKT
”’6”. ITOT KOHTAaKT BKIIIoyaeT aboHeHTa, (paKTHYECKH 3aMbIKas
Cpa3y MHOTO IlepeKJIoyaTeNei i KOHTaKTHbIX CEKTOPOB, KOTOpbIE
cpabarTbIBalOT OOHOBpeMeHHO. TexHuueckas H300peTaTesbHOCTb
obecrmewia BO3BpaT MCKAaTelsl B MCXOJHOE MOIOXEHHE II0 OKOH-
YaHUHU TeneOHHOIO PasroBopa.

C moMolbI0 BpAILAIOIErOCaA UCKATEN MOXHO OCYLUECTBIIATh
TONBKO HECATh COeOuHEHMiH. Jlexaono-uiazo8blii uckareab pac-
LIMpsieT BO3MOXHoCcTU Habopa 1o 100 coenuHeHuit.

B nexanmHo-aroBoM Hckartenle OObEIUHEHBI [ECATh MECATH-
PAIHBIX KOHTaKTOpoB. IIpM MOCTyIUIeHUM NEepBOH FPYNIbI HM-
MyJbcoB (HampuMep, TpyIIlbl, COCTOSILIEH M3 TPeX UMILYIIbCOB)
cpabarpiBaeT MacHUr noosema. OH NMOJHUMAET UCKATeNb MOCIIE-
OOBaTeNbHbIMH 1IaraMd 10 TPEThEro psjga KOHTakToB. Clemy-
I0lIMe MMITYJIbChl AEHCTBYIOT Ha 8PAWaiowjull MA2HUT U TIOBOPAYH-
BalOT IIEPEKIII0YATENb TEMEPh YOKe B FOPU3OHTAIIbHOM HAITPABIIEHHH.
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Ilpu Habope 67, HampuMmep, HCKaTelb CHAyana COBCPLUMUT
LIeCTh 1LATOB MO BEPTUKAJIH, @ 3aTeM — CEMb ILAroB B rOPU30H-
TAbHOM HalnpaBiieHud. [1o OKOHYaHMK pa3roBOpa nepexioyaTenb
BO3BpaTUTCA 0OPaTHO B MCXOAHOE NOJIOXKEHHE.

Bbuto 6b1 HepauMOHANBHO, eci Obl KaXa0My aBOHEHTy COOT-
BETCTBOBaJI ’CBOH™ CpaBHUTEJIBHO CJIOXKHBIH HEKaJHO-ILAroBbIH
dckarenb. Tak Kak 3TH MCKaTeNld OJTHOBPeMeHHO B paboTe Haxo-
nATca B HeGomnbiiom KonmuectBe (or 6 go 10%), 10, Kak mpa-
BWIO, 00XOMATCS 3HAYUTENIBHO MEHBILMM YHCIOM HMX: KaXIOro
aboHeHTa CHayana oOCIIy»KUBaeT TAK HA3bIBAEMBbIil IPEAbICKATEND,
KOTOpBIA IpPU TMOMHATOM pbluare TejleOHA aBTOMATHUECKH
pasbicKkuBaeT ’cBOGOAHBIA’’ [OEeKagHO-1IAaroBbIA McKatelb, obec-
NIeYHBAIOLIMHA 3aTeM CBa3b aGoHeHTOB. [Ipu obGenysxmBanuu Gonee
100 aGoHEeHTOB MOAKIIIOYAIOTCA HECKONBKO [IeKagHO-HIArOBbIX
MCKaTeJied ApyT 32 IpyIroM.

HenaBHo crany 3aMeHATh UCKaTellM MHOTOKPaTHbIMH KOOpOU-
HATHLIMU COeOUHUTenAMU, IPUHIMI paboThl KOTOPBIX 3aKIII0Ya-
€TCi B YCTaHOBJIEHUH COOTBETCIBYIOIIETO KOHTAKTa B TOYKE
nepeceyeHust IPOBOJHUKOB CoefduHsieMbIX JMHui. OHH MOryT
OHOBPEMEHHO Ocy1ecTBiIATh A0 20 coenMHeHHUii.

IToppasymeBainocs, 4To TenedOH AacT BO3MOXXHOCTb He TOJIBKO
COEIMHATBCA CO MHOTMMHM abOHEHTaMH, HO M BECTH pasroBOp
Ha GonplioM paccrosiHuK. OueHb CKOPO, OIHAKO, OOHaPYKUIIOCH,
YTO Ha JIMHMAX Ilepefaus OOJNBIION MpPOTAKEHHOCTH TellepOH-
HbIl CHUrH&1 TaK CHJIBHO OcClabnsercs, yro GeceIoBaTh HEBO3-
MOXKHO.

bnaropapss HM300peTeHMI0 NPUEMHO-YCUAUTEAbHOU 1aMnbl —
1puooa (cm. ctp. 130) mosBUIach BO3MOXHOCTb BECTH INEepero-
BOpBI Ha GOJIBILIOM pacCTOSIHUH.

Ho yXe CKOpO CyueCIBYIOIIMe JIMHMM 3JIEKTpONEpeayy
nepecTayii yIOBJIETBOPATh NOTPeOHOCTAM abOHEHTOB, TaK Kak
IIMTENIBHOCTh OXWMJIAHUS NMEeperoBOPOB Ha GOJBIIOM pacCTOSHUU
3HAYMTEJIBHO CHIKAJIA MX TOJIb3Y .

BhICOKOYACTOTHAsA TEXHHKA, METOHbl KOTOPOH 3aHMCTBOBaHbI
U3 pafMOTeXHMKH, YCTPaHWIAa JTH TPYy[HOCTH M Jiajia BO3MOX-
HOCTb OJHOBPEMEHHO BECTH MHOrOUMCIIEHHbIE NEpPEroBOphI IO
KaHamaMm cBAsd. OHa cOo3fata Takke MpeOChUIKM I HIMpO-
KOr0O BHEJIPEHHS COBPEMEHHBIX aBTOMATHYECKHMX CTAHIUMA [aib-
HUX TeJIe)OHHBIX M€ PErOBOPOB.
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B3aumopneincTBue MarHUTHbIX nosen

IMocTosIHHBIE MarHMThl NPUTATHBAIOTCS WJIM OTTAJIKHBA-
I0TCA, eCTH COMKaTh pasHOUMEHHbIE WIH OHOMMEHHbIE
HOJIIOCHL.

Tak kak 6e3pa3znMyHO, HABOOUTCS JIM MAarHUTHOE IOJIe MOCTO-
SAHHBIM MAarHHTOM WIH 3JIeKTPUYECKHM TOKOM, TO ODObIYHO pac-
CMAaTpHBAaIOTCA ABJICHHA NPH MPOTEKAHUH TOKA.

Ecnu HaTAHYTbH [1Ba JIErKOHOABIMXKHBIX IIPOBOJA MapasUIesIbHO
OpyT APYTY K NPONYCTUTh [0 HUM TOK OOMHAK OBOTO HallpaBJIeHUA
OT OIHOTO WIM pa3HbIX MCTOYHMKOB TOKa, TO NPOBOJIOKHU cONH-
aarca (puc. 45) . Mexxoy HUMY IPOSIBATCS CHJIbI IIPUTDKEHHS .

Ecmn ke B IBYX NapajuielbHbIX IPOBOOHMKAX IPOTeKaeT TOK
B IIPOTHUBOIOJIOXKHBIX HANPaBJIEHUAX, TO NMPOBOOHMKH OTTAJIKH-
Batotcs. IIpUTsDkeHMe M OTTAaIKMBaHHE JIETKO OOBSACHUTH C HO-
MOLIBI0 CWIOBBIX JIMHMA (puc.46). [Ipy mapajuleNbHbIX, OLHHA-
KOBO HanpaBJIeHHbIX TOKaX CHIOBble JIMHUH MeXJy HpOBOJHH-
KaMH HalpaBJieHbl HaBCTpe4y ApYr Apyry — Ione ocnabnsercs.
Bue nmpoBopHMKa CwiIOBble JIMHWM HAanpaBJieHbl B OJTHOM HaIpaB-
JleHMyd — none ycwmBaercs. [lostomy npoBogHukH cOmuxarorcs
opyr c¢ napyrom. Ilpy mapanenbHbIX IMPOBOAHHMKAaX, HO NPOTH-
BOINOJIOXHBIX IO HAfNpaBieHHI TOKAaX CHIOBBbIE JIMHUM MeXOy
[IPOBOJHUKAMHM NapajijielIbHbl ¥ paBHOHANpaBJIeHbl — MAarHUTHOE
none ycwivBaercsa. BHe NmpoBogHMKOB, Hao60pOT, MPOHCXOOUT
ocnabnexue nons. B pesynbrate NMPOBOAHMKH OTTAJIKUBAOTCA
IpyT OT Opyra.

Puc. 45. MputAxceHne u oTTanKuBaHue NPOBOAHUKOB
npy NPOXOXAEHUM TOKA
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Puc. 46. Pacnono)keHne MarHuTHbIX CUNOBbIX
NUHUIA BOKPYr MPOBOAHWKOB, W30OGPAXKEHHbLIX
Ha puc. 45

Curmbl, JefiCTBYIOLIME MEXIy NapaslielIbHbIMH, HAXOMALUMMHUCS
Moj TOKOM IPOBOOHHUKAaMM, NPOSABIAIOTCA B IPOMBILUICHHBIX
ycrpoiictBax. Tak, Ipd KOPOTKUX 3aMBIKaHMAX B NapajljielbHO
PAacIONIOKEeHHBIX NPOBOAHUKAX IIPU ONpeferieHHBIX 0OCTOATENb-
CTBax MOTYT BO3HMKaTbh K3-32 OOJIBLION CHIIBI TOKA 3HAUMTEJIbHBIE
MeXaHMYeCKHe HANpsOKEHUA. BUTKM KaTylleK, MO KOTOPBIM
[POTEKAIT OYeHb GOJNBIIME TOKH, HOIDKHBI TLIATEIILHO YKIafbl-
BarbCA, YTOObI BO3HMKAKIIME MEXAY BUTKAaMH CHIIbI He MOIIM
HapyIUUTh HX MOJOXEHHUSA.

HakoHen, emuHMua cwisl Toka ammep (A) ompemdensercs
CWIAaMH TPHUTAXKEHHA, HEHCTBYOIUMMH MexXOy HOByMs INapai-
JIeTIbHBIMH IPOBOJTHUKAMH.
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Puc. 47. Cunel NPUTAXEHUA U OTTANKUBAHUA MEXAY KaTyLluKamu
npy NPOXOXAEHUN TOKa

PaccmoTpum Tenepb B3auMofeicTBUe IBYX Katyiek (puc.47).
Tak kak MX MarHWTHbIE MOJISA NOYTH MOJIHOCTHIO COOTBETCTBYIOT
MO0 HMOCTOSTHHOrQ MarHHTa B BHAE CTEPXKHsA, TO [IBa KOHUA
KaTyllleK NPUTATUBAIOTCSA, €CITH Y HUX BO3HUKAIOT Pa3HOMMEHHbIE
nomockl. OHM OTTAJIKUBAKOTCA, €CIH 00pa3ylTCs OOHOUMEHHbIE
TIOJTIOCHI.

Tak kak NONOXXeHHe MAarHUTHBIX IONIOCOB 32BMCAT OT Ha-
NpaBJIeHHs1 ABMIKEHUSI TOKA, TO MOJXKHO CKa3aTh: [IB€ KaTYUIKH
MPUTATHBAIOTCA APYT K ApPYTrY, eCid B 06eHX TOK TeueT B OJMHa-
KOBOM HallpaBJIeHNH, H OTTAIKUBAIOTCA JPYyT OT IpPYTa, eCNIH TOK
TEYET B HUX B MPOTUBONOJIOKHBIX HalpaBJIeHUAX.

Ecnu 3akpenuts 06e KaTylIKH Tak, yTo6bI OHU MOTJIH NTOBOpa-
YMBATBCA, TO KATYHUIKM YCTaHOBATCA MapajulelibHO, MpHYEM
TOK B 00eHx KaTyuikax 6ymer Teub B OFJHOM HalpaBJIeHHU.

HeiicTByroumit Mesxxay OBYMs KaTyLIKaMH MOMEHT BpallleHUs
HCHONb3YETCS B OUHAMOMETPUYECKUX  YCTPOUCTeaxX U1l U3Mepe-
HMA TOKa, HampsDkeHMs M MomHocTH. OHM COCTOAT M3 HeNo-
OBHXKHOM  KaTyUIKM, B KOTOPOH HaxOmUTCA IOIBHXKHAs
Karyuka (puc.48). B uCXOomHOM COCTOAHMM 3Ta KaTyllKa yep-
XMBaeTCAd NPY>XHHOH B IONEPEUHOM IOJIO)KEHHH OTHOCHTEJIBHO
HeIOABWXHOM KaTylIKH. IIpH nocnenoBaTesbHOM UITH Tapajuiellb-
HOM BKIIIOYEHHM B IJIEKTPHUeCKYI0 Iiemb oOeMX KaTylleK Io-
OBWKHAS KAaTyLIKa CTPEMHTCA CTaTh MapajUlelIbHO HeMOOBWKHOM.
Tak kax 3TOMy NOBOpOTY NPENATCIBYIOT PY>XHHBI, TO OTKJIOHE-
HHME CIpENKHM, PACIOJIOKEHHOH Hap IIKaJIOH M CBA3aHHOH C IMO-
OBWKHON KaTyLIKOH, XapaKTepU3yeT CHIIy TOKa.

Ecnu u3MeHUTb HampaBlleHMe TOKa Ha obparHoe, To o6a mar-
HUTHBIX TIOJIS U3MEHAT HallpaBIIeHHe, 3 MOMEHT BPAILEHUA OCTaHeT-
cs1 Heu3MeHHbIM. I103TOMy IMHaMOMETpUYeCKHe H3MepPHTENbHbIE
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Puc. 48. [unamomeTpuue-
cKOe u3MepuTenbHoe ycCT-
POMUCTBO

IMpubOpBl MOTYT HCHOJIB30BaTbCA I H3MEPEHUS U HepeMeH-
HOrO TOKa.

MoMeHT BpauieHHs, BO3HUKAIOLIMHA Ha OCH MOABH)KHON KaTyLil-
KH, TPONOPLMOHAJIEH IPOU3BEICHUI0 CHIIbI TOKA B HEMOJBHXKHOM
KaTyllIke 4 CHiIbl TOKa B noasHxHOR. Ecimu 06e Karyuiky nuTanT
He3aBHCHMBIMH [IPYT OT [pyra TOKamH, TO NpubOp MOXKeT Hc-
TMOJIb30BAThCA 711 U3MEPEHUs NPOM3BEHCHUA ITHX IBYX TOKOB.

dneKTpuUYecKass MOILHOCTb, HANpUMep, ABIISAETCS NpPOU3Bene-
HHEM CHWIbl TOKa M Hampspkenus. Ecnu mogkimouwits guHamome-
TPUYECKHUIA HM3MepUTENbHBI NpUOOp y HOTpeOUTENA Tak, Kak
NOKa3aHo Ha puc.49, To yepe3 HEMOIBIKHYH KaTyLIKy IpH-
6opa mnorever mnorpebnsempni Tok. Ecnu comporuBiieHHe Imo-
OBHXKHOW KaTyIIKH BeJIMKO, T.e. eclM ee OOMOTKAa COCTOMT
U3 GONBLIOro YMCja BUTKOB TOHKOIO IPOBOAR, TO 3Ta KaTylLIKa
HaxXOOMTCA NpPaKTHYeCKH IIOJ  HUMeEIMMcA Yy INoTpebuTens
HalpsDKeHHeM, KOTOpOe BbI3bIBaeT MO 3akOoHy OMa cooTBeT-
cTByMoweit cuibl ToK. lllkana JUHAMOMETPHYECKOTO H3MEpHTENb-
HOro YCTPOWCTBa IIPU 3TOM MOXeT IpagyHpOBaThCsA Hemocpen-
CTBEHHO B e[JMHULIAX MOLIHOCTH.

101



Puc. 49. Cxema BKNOYEHUA
AMHEMOMETPUYECKOro Npu-
6opa anA uaMepeHUA MoL-
HOCTH

Ha npamoTMHeA b OTpe30K NIPOBOJHUKA C TOKOM (pHc. 50)
OyoyT BO3MeHCTBOBaTh MEXAHMYECKHE CHIIBI, €CJIH BHECIU €r0
(IpOBOHMK) B NIOCTOSHHOE MarHMTHOE I0JIe.

JTM ABIEHUA TaKKe OGBACHAIOTCA B3aMMOIEHCIBMEM HEIO-
IBHXKHOTO MAarHMTHOTO HOJIA U MAarHMTHOTO NOJISA ABHXXYHIErocs
OpOBOJHUKA. M3BeCTHO, YTO Ha OJHOH CTOpPOHE NPOBOJHMKA
CUIOBBle JIMHMHM o6oux moneit (puc.51) HMeT OIMHAKOBOE
Hanpasniende — o0iee none “ymiorHsercsa” . Ha npyroit cropoHe
NPOBOJHHKA, HA060POT, CUIIOBbIe JIMHUM HAIPaBJIeHbl BCTPEYHO —
obuiee mone ocnabnsercsa. B pesynbrate BO3HMKAET Cwia JaBlie-
HHMs1, KOTOpasi TOJIKaeT MPOBOJHMK K MeHee “IUIOTHBIM y4acTKaM
moJisA. 3HaueHHe 3TOH CHIIbI 3aBUCUT OT HAITPSDKEHHOCTH HETIOABHK-
HOTO MOJA, OT [UTHHbI MPOBOJHUKA B MarHUTHOM IIOJIe U OT CHIIbI
MPOTEKAIOLIEro TOKa.

Puc. 50. OTpe3ok NPOBOAHWKA B NONE NOCTOAHHOrO MarHUTa

102



Puc. 51. Xoa cunossix
NMHUA  ANA  CXembl
puc. 50

910 ABNIEHHE JIEXUT B OCHOBe paGoThI BCeX 3IEKTPOIBHIaTe-
neit. IIo3TOMy MPaBHIIO, C IOMOLIBI0 KOTOPOTrO B IaHHOM CITyyae
OIIpelieNIANT HaNpaBjieHHe [BIDKEHUs NPOBOMHMKA, HA3bIBAIOT
npaguaom Ogu2arens WIH npaguaom saeeoli pyxu (puc.52):

Ecau neeyio pyky Oepwars mak, 4006l cunogvie AUHUU
8xoounu 8 AaOOHb, A CAONEHHble NaAAbybl CO8NACAAU
C HanpaeneHuem TOKa, TO OTO2HYTbll 6Goabwuoili naney
YKaxer Hanpagaerue 08U eHUA NPDOBOOHUKA.

B xauecrse npubopa i NEMOHCTPAUMH CWJI, BO3HMKAIOLIMX
y NPOBOOHMKOB C TOKOM B MarHMTHOM IIOJle, HCIOJIB30BaJIOCh
nonroe Bpems koaeco bapaoea (puc. 53) . OHO COCTOHMT U3 JIETKO
BPALIAIILETOCs MEeTaJUIMYeCKOTO Kolleca, K KOTOpOMY uepe3
ochb mogBoaurcs ToK. Yacrs 060/a Koseca norpyeHa B BAHHOUKY
C INIeKTPHYECKH NPOBOJALIEH XHOKOCTBbI, Yepe3 KOTOpYIo

Puc. 52. MNpasuno nesow pykun
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Puc. 53. Koneco Bapnosa

nporekaeTr ToK. YacTb KoJleca MOMeLIeHa MeX/1y HOJII0CaMH CHJTb-
HOTO MOCTOAHHOrO MarHuta. Kak TONBKO BKIIIOYaeTcs TOK,
BO3HMKaeT MeXaHUYecKas CWIa, NPWIOKEeHHas K CHULe, HaXOMsd-
1IeHCsT B MAaTHUTHOM IIOJIe IIpH TAHHOM HOJIOXKeHUHU Koneca. Cuna
coobliaer cnule [ABWKEHHe, KOJlecO HauMHaeT Bpauarbcsa. Ha-
IpaBJieHUe [IBWKEHUA MOXHO 3apaHee OIpeleliTh IO ''TIPaBUILY
JIeBO# pyKH’.

IIbrTasmick ycoBepILIeHCTBOBAaTh Kojleco baprosa, ¢ TeM 4TOGbI
HCIONb30BaTh €r0 B KayecTBe 3leKTponsurarens. ONbITel B 3TOM
HalpaBJIeHUM OKa3aJluch yCHeUIHbIMHU. JIBUTaTeNnb, HOCTPOEHHBIH
Ha JTOM IIpUHIMIIE, OTJIMYAICA OcobeHHOM mpocToToi. Ero
BpAIIAIOLAACA YaCTh — POTOP — COCTOsUIa U3 U3OJIALMOHHbIX IIJIa-
CTHH, OOTAHYTHIX METANIMYECKOH NIMHOH (Kak U cruipl) . Tak sxe
KOMIAKTHO MOTYT BBIIOHATHCSA M MAarHUThI, JIETKO 3aMeHsAeMble
3NIeKTPOMaruuTamu. JIBuratenb HamOMHHAeT CHAapYXH IUIOCKYIO,
3aKPYIJICHHYI0 KOPOOKY.

g 3nekTpOTeXHUKH OCOGEHHO BaXKHO 3HAaTh BIIMAHUE IOCTO-
SHHOIO MAarHMTHOTO MOJA Ha MOABMXHYW0 Kartyuky. Ha puc. 54
BU[IHO, YTO B COOTBEICIBHM C “’TIPaBWIOM JIEBOH PYKH’ JeBasg
BeTBb KaTYIIK{ OTKJIOHSETCS BBEpX, a IpaBasg BEeTBb — BHHU3.
Ha xatyniky peficTByeT Bpaliaioluii MOMEHT, 3HaUeHHe KOTOPOTo
(ecnu Bce Opyrue MapaMeTpbl OCTAIOTCA HEM3MEHHBIMH) 3aBMCHT
OT CHIbl TOKA B Karyllke. 3TOT NPUHIMII UCIIOJIb3yeTCs B pabore

Puc. 54. BpaweHue Butka Ka-
TYWKN B MarHUTHOM none
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Puc. 55. YcTponcTBO MarHutoanekTpUYecKoro
npubopa

anexTponsurateneid. Hwke 310 Oymer paccmorpeHo Gosiee mo-
npobHo.

Ha srtom mnpuHuune paGoTAOT LIMPOKO pacHpOCTpaHeHHbIe
H3MepHTENbHbIE MASHUTOI1EK TpUteckue npubopsl. Mexxay moiio-
CaMH ITOCTOSTHHOTO MAarHHTa NOMELIAIOT IOABIDKHYI0 KaTyIIKY
(puc. 55), MO KOTOpOH INpOTeKaeT H3MepsAeMblii TOK. BUTkH
KaTyLIKH NpUOOpeTanT Bpallaouiui MOMEHT, KOTODPBIH 3aBHCHT
OT cwibl TOKa. JIBe CIMpalibHble MPYXKUHBI YIEPXKUBAIOT KaTyLIKy
OT BpallleHusI, ¢ TeM YToObl CBfA3aHHAasA C Hell cTpeyika mpubopa
3aHMMaJIa Ha 1Kaje HyJleBoe MOJIOXeHHe. BcrencrBue 3rtoro
pubOp MOKa3bIBaeT COOTBETCIBYIOLIHE OTKJIOHEHHMS CWIIbI TOKaA.

Ecnu u3MeHHTh HanpaBlieHHe TOKa Ha IPOTUBOIIONIOXKHOE,
TO M3MEHMTCS HalpaBJieHWe BpALICHUsA KaTyLIKH NMpH HEM3MEH-
HOM HalpaBJIeHUd MarHUTHOTro nos. [Io3ToMy MarHMTO3/IeK TpH-
YeCKHi MpUOOP MOXeT BKIIOYAThCA TOJLKO MPH ONpeesIeHHON
nonspHoctd. OH UCIONBb3YeTCA MCKITIOUUTENIBHO MpH M3MEpEHUIX
MOCTOSTHHOIO TOKa.



ABNEHUA NHAYKUUN

I'lonyqenue TOKa METOAOM MHAYKUUK

B npenpioyiem pazperne 6bUT0 MOKa3aHO, KAK MATHUTHOE

[OJie ¥ 3JIEKTPUYECKUH TOK BBI3BIBAIOT ABIDKEHHE IIPO-
BomHMKa. EcrecTBeHHO wucmbiTaTh W 0OpaTHBIA IIpolecc, T.e.
BO30OYIUTh 3JIEKTPUYECKOE HANpPsDKEHHE WIH TOK [ABHXKEHHEM
IPOBOIHWKAa B MAarHUTHOM IHone. Yxe Maiixa @Papadeii (1791—
1867) zamumarics 9Toil NpoGlIeMOil U OTKPBUT hyHIAMEHTaIbHbIE
3aKOHBI H SBJIEHUS, B YaCTHOCTHU 31€KTPOMAHUTHYIO UHOYKYUIO —
MOJTy4YeHHe HaNpsDKeHUs C IOMOLIBI0 MarHUTHOrO NoJid. fIBneHus
HHAYKIMH JIeXKAT CErofiHA B OCHOBE IIPOU3BOICTBA 3JIEKTPO-
3HEeprUH BO BCEM MHpe.

Ecnu coenuHMTh KOHIBI HECKOJIBKUX NPOBOJIOYHBIX BHUTKOB
C YYBCTBHUTEJIbHBIM BOJIBTMETPOM (pHC. 56) H K 9THM BUTKaM IIpH-
6ITM3MTh MAarHUT, TO CTpeNIKa NMpUOOpa OTKIIOHUTCS OT HYJIEBOTO
nonoxxexus. IIpy ynaneHUy MarHura crpeiika npubopa OTK JIOHUTCS
B INPOTUBOIMOJIOXKHYI0 CTOPOHY. ECIH MAarHur HemoOBHXeH, TO
crpeJika Npubopa OCTaeTcs B HYJIEBOM IIOJIOXKEHHH, T.€. HalpsDKe-
HUA He BO3HMKaeT, Ha KakoM Obl pacCTOSHMM OT KaTyLIKH OH
HM HaXO[WJICH.

Ecnu 3axpenuts MarHut 4 NpubIuMKaTh WM yOAIATH KaTyLIKY,
TO Habmopaercs 1ot ke 3ddexr. To e camoe IPOU30HAET, eCIIU
MOCTOSIHHBIC MAarHMTbl 3aMEHHTh 3JIEKTPOMAarHUTaMH — B IIpo-
cTeiillleM ciTyyae KaTyliKaMu ¢ TokoM (puc. 57) . Haxe ecnu 3t
KarylIK¥ (3aMeHSIOUlyl0 MarHUTHBIA CTepXXeHb KATYWKY 603-
OymOeHUs M UHOYKTUSBHYI0 KaTYWKy) CHOBHHYTb OTHOCHTEJIBHO
OpyYr Opyra, TO BO3HHKHET HalpsKeHUe.

Puc. 56. Knaccuueckuin oneir,
MAROCTPUPYIOLLMIA ABNEeHue
3NEKTPOMArHUTHON WHAYKUUKN
(cunosbie nuHum)
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Puc. 57. OnekTpomarHuTHaR MHAYKUMUA
B ABYX cOCeAHUX KaTyuwiKax

Ha nepBsb1ii B3rnAm, Kaxercs, OyATo nepeaBuKeHHe KaTyllleK
BBI3bIBaeT MOsBJIEHHE TOKAa HHAYKIMU. MOXXHO, OIHaKO, JIETKO
ybeoursca B TOM, 4TO 3TO He Tak. Ecm ykpenuts 06e KaTyiiky,
KaK yKa3aHO, H BKJII0YaTb M OTKJIIOYaTh TOK B KaTYIIKe BO30yx-
JEHUA, TO KaXIpIA pa3 MOXHO HabiiofaTh MOABIIEHHE HaIlpsiKe-
HUA B HHOYK TUBHOM KaTyLIKe.

W3 storo omsita ciegyeT, 4TO ABH)KEHHE KATyIIEK HE MOXXET
ObITh NPHUYMHOM NOABIIEHMA TOKAa MHOYKIMH. UTOObI OTBICKATH
NIPUYHHY, CTIelyeT HAalTH TO 00liiee, YTO eCTh BO BCEX OIBITAX. Yxke
U3 puc. 56 4 57 MOXKHO yCTaHOBHTb!

Ilpu npubnuxcenuu uau yoaneHuu MA2HUTHO20 CTEPHHS
UAU  KaTyWKu USMEHAeTCA HUCA0 CUAOBBIX AUHUL,
Koropble “oxearsieatotca’’ karywkoi. Hx uucao ysenu-
yugaerca npu NpUGAUNEHUU U YMeHbUWAeTCA npu yoa-
Aeruu.

Tak e W B [pyrux ONbITaX M3MEHAETCA UMCIIO OXBaYEeHHBIX
CWIOBBIX JIMHUM: €CJIM BKJIIOYAaTh WM OTKJIIOYATh IJIEKTPHUECKYIO
LeNb ¢ KaTyIIKo# BO30yxXOeHus, To Ipexne ~cBobomHas” oOT
CIWJIOBBIX JIMHUH KaTylIKa BAPYT 3alOJHAETCA CWIOBBIMHU JIMHU-
SIMH, KOTOpbI€e IIPU BKJTIOYEHUH BHOBb HCUE3AI0T.

3HaueHMe WHOYUMPOBAaHHOTO HAINPSKEHUS 3aBHCHT OT CKOpO-
CTH, C KOTOPOH MEHSETCS UMCIIO OXBauyeHHbIX CHJIOBBIX JIMHHUA.
Yem Gorbliie 3Ta CKOPOCTb, TeM Bbllle MHAYLMPOBaHHOE HaIpsDKe-
Hue. ITO MOTOXKEeHHEe MOXHO JIETKO MOOTBEPAMTH ONBITAMU C MEHs-
IOLLEACA CKOPOCTbIO H C MATHUTHBIMH MOJISIMH Pa3JIMYHOM CHIIBI.

IIpy HEKOTOPO#H CKOPOCTH U3MEHEHHA UMCIIA CHJICBBIX JIMHMI
B PaBHOH Mepe H3MEHseTCA HalpspkeHHe, KaK M IIPH HU3MEHEHUH
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Puc. 58. Bo3HukHOBeHue TOKa
UHAYKUun

YHCITa BUTKOB UHYKTUBHOM KaTYILIKH, TAK KaK COOTBETCTBYIOLIHE
HallpSDKEHHsI B OTIeEJIbHBIX BUTKaX CyMMHpyloTcs. MoxHo, cre-
OOBATebHO, IONYyYMTh OYeHb BBICOKOE HAMPSIKEHHE COOTBET-
CTBYIOIIMM YBeJIMYeHMeM UMCNIa BHTKOB. JIiA yBelMYeHUs
HHOYKTUBHOCTH IIPUMEHAIOT KAaTylIKU C (eppUTOBBIMU cep-
JOEeYHUKaMH.

WHOyKIMOHHBIA TOK BO3HUKAaeT TaKXe, €CIM Iepemellarh
NpAMOJIMHEHHBIH OTPe30K MPOBOAHMKA ’'HoNepek’ MarHUTHOTO
nons (puc. 58). Ecnu [BUraTh mpOBOOHHK B MAarHMTHOM IIOJIE
”Hazan”’, TO HAXOMAIMECS B NMPOBOMHMKE JJIEKTPOHbI MPOBOIM-
MOCTH JIOJDKHBI IPUHATH YYacTHe B 3TOM [ABM)KeHHH. JIBIKylIHecs
“Hazan’ BMecCTe C NPOBOJHMKOM 3IEKTPOHBI MOMANAloT IIOJ,
OeHCTBHE CHJI, O KOTOPBIX TOBOPWIOCH BbIILIE IIPH PACCMOTPEHHH
BO3JIEHCTBHA MarHUTHOTO NOJIA Ha NIPOBOJHUK C TOKOM. ITo npa-
BWIY I€BOH pPyKH’ CleflyeT, YTO 3JIEKTPOHbI OTKJIOHAIOTCA
BNPaBO — JleBasd 4YacThb NPOBOAHHMKA OOeIHAETCSA, B TO BpeMs
KaK y NpaBoro KoHia obpasyercd HM30BITOK 3JIEKTPOHOB. A 3TO
O3HayaeT, YTO HA KOHIAX IPOBOJHHKA BO3HHKAET Pa3HOCTh
noTeHIMaIoB. OHa MOXeT BbI3BaTh NOSBJIEHHE TOKA.

Yro6p! onpedeNMTh HANpaBIIeHWE BO3HMKAWILETO TOKa, He
06s13aTeNnbHO KaX/IpIi pa3 BOCCO3AaBaTh MPOLECC BOSHUKHOBEHUA
toxa. Ilpomle 3anoMHUTL npasuao 2eneparopa, WM npasuio
npaesoii pyku (puc. 59) :
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Puc. 59. Mpaesuno npaBoit pyKu

Ecau npasyio pyky pacnoaoxcurs rakx, 4robbl cunogoie
AUHUU 8X00UAU 8 AA0OHb, a 6oabWOol naney yKazslean
HanpasaeHue OBUXEHUS NPOBOOHUKA, TO BbITAHYTblE
nanbysl yKaxyT Hanpasaerue ToKa.

BosHukamommit HHOYKIMOHHBIA TOK, KaK BCAKHHA TOK, MOXeET
coBepuiath pabory. OHa NMPOHCXOMUT OT MeXaHWYeCKOH paboTsl,
KOTOpYI0 3aTpaTWM Ha [BMKeHWe npoBopHuka. OOb4HO yKa-
3bIBaeTCA, YTO IIPM ITOM [BIXKEHMHM INIPEOMOJIeBAECTCS MeXaHHM-
YeCKOe CONpOTUBJIEHHE. ITO IMPOUCXOAUT MOTOMY, YTO HpOTeKa-
OIMHA B ABHXYLIEMCA NPOBOJHUKE MHOYKIMOHHBIA TOK CO3/aeT
MarHuTHoe Hojie. B3auMopelcTByA C y>xe MMELIMMCA MAarHur-
HBIM MOJIEM, 3TO MOJe BCerga HalpaBJIeHO TaK, YToObi Npemndr-
CTBOBaTh ABHM)KEHHIO NIPOBOAHMKA, B KOTOPOM IPOTEeKaeT HHOYK-
IMOHHBIH TOK. ITOT BaXkKHbIA 3aKOH JjIA BceX obnacreil MHOyK-
IIMOHHBIX fABJICHWH BIEpBble ObUI OTKPBHIT PYCCKHMM (GH3HKOM
Imuauem Xpucruanosuuem Jlenyem (1804—1865). “Ipasuno
Jlenua’ rimacur:

Jlio60ii uHOYKYUOHHbLE TOK HaAnpasaeH TaK, YTO €20
none NpenaArcreyer TOMy U3MeHeHul0 NOTOKa MA2HUTHOU
UHOyKYuu, KOTOpoe 8bl3b18aeT OAHHbLU TOK.

MO>KHO BBIPa3HTh 3TO PABUIIO MPOLIE

HnoyxyuonHblii TOK 6ce20a NPOTUBOOEIICTEYeT NPULUHE
€20 803HUKHOBEHUSA.

B HameM ciyyae OBH)XKeHHe OTpe3Ka IPOBOIOHUKA SBIIAETCSA
NPUYMHOH BO3HMKHOBEHUA HHAYKUHOHHOTO Toka. Bo36yxxmaemoe
HM IOJIe [IPH 3TOM HAIlpaBJIEHO TakK, YroObl BO B3aHMO[EHCTBUH
C ToJIeM TIOCTOSHHOTO MAarHuTa IpeNsATCTBOBAaTb [BIKEHHUIO
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Puc. 60. Oneit, NNACTPUPY-
owun  npasuno fewxua

npoBofHuka. s Toro 4ro6bl MPOBOTHUK [ABHIAJICS, HECMOTPS
Ha IPOTHBOAEHCIBYIOLIYIO CHI1Y, HeoOXoauma 3Heprus. IT1a dHep-
IUs 9KBUBAJICHTHA MOIIHOCTH TOKA HHAYKIMH.

CrpaBemymmBocTs “npaBmia JleHua” MOXHO IPOIEMOHCTPHPO-
BaTh INIPOCTBIM ONBITOM (pHC. 60): eci NpUGIMXKATH KOJIBLO
U3 MeOy WIN ATIOMHHUSA, CHabXeHHOe JIerko OBOPaudBaloIMMCSA
PBIYATOM, K CWIBHOMY MarHuty, TO KOJbLO Oy AET BHITAIKUBATHCSA
MarHuToM, IIpy npH6mMkeHHH B KOJbLE BO3HHKAET HHAYKIHMOH-
HpUi Tok. Ero marHuTHOE mHoONe CTpeMHTCs NMPOTHBOLEHCTBOBATH
NpHYMHE HHAYKLIHMH, CIPEMHUTCS ONATh YBEIMUYUTb PacCTOSHHUE
oo marmura. Ecnu, Hao6opoT, BBIBOAUTH KOJIBLO U3 MEXIOJI0C-
HOTO IPOCTPAaHCTBA, TO KONBLO OyneT yAepXUBAaThCs MarHUTOM.
Tenepy npuuMHON HHOYKUMM SBNsAETCS yBeJMYMBalOLeeCs pac-
cTosiHMe. JTa NpHYMHA HMCYe3aeT, eclM KOJbLo Oyler MBHrarbcs
BMECTE C MarHUTOM.

MpumeHeHne ABAEHNIA MHAYKUUK

SIBnenyua MHOYKIMH HaXxOAsT BaXKHble NPUMEHEHMs IpH
MONMYYEeHMH H MCHONIb30BAHMH INeKTpodHepruu. Ocra-
HOBUMCS Ha HEKOTODBIX M3 HHX.

Ecnmu mpopBMrarh TOJCTYH0 HaMarHMYeHHYI0 IUIACTHHY Haf
KaTylIKO#, TO B KaTyIIKe BO3HHKAeT HMIIYJbC HANpPSKEHHS.
Ero MOXHO HCIONb30BaTh [JIA YNpPaBJIeHHsA HEKOTOPHIMH IIPO-
neccamu (puc.61). Ecnu, Hampumep, HeoGXomumo, 4To6bI CyTI-
IOPT CTaHKa WM TelleXKKa MOCTOBOrO KpaHa IIpH BO3BpaTHO-
[OCTYNATEeIPHOM [BIXKEHMM B KOHLE NYTH CaMOCTOSTENIbHO
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Puc. 61. Npuxuun
ynpasneHua ¢ ucnons-
30BaHMEM  3NeKTpo-
MarHUTHOM MHAYK UMUK

OCTAHABJIMBAJICh WM MEHAJIM HampaBlieHHe [BIWKEHHA, TO Cle-
OyeT YCTaHOBHTb Yy JJIEKTPOMEXaHHUYECKOTO KOHUe8020 8blKAK-
yarens YCTPOWCIBO, OeHCTBHe KOTOPOrO OCHOBAHO Ha NpUHIMIIE
uHoykmud. Ha cynmopre craHka wiM TefexKe KpaHa ycTaHaBIIH-
BaeTcs IUIACTHHKA U3 MAarHUTHOIO MaTepHajia TaK, YToOsl B MO-
MEHT, KOIJia J>KeJIlaTeJIbHO IepeKIIoYeHHe, OHa MpOXOAWwiIa Haj
Karylmkol. MHAyuMpyeMbIi HMIYJIbC HaNpsOKEHHS YIpaBIIAeT
pelle WM 3JIeKTPOHHBIM YCTPOHCTBOM, KOTOpOe MEHseT Ha-
IpaBjleHHEe [BHXKEHUA CYNNOpPTa WIM OCTaHABIIMBAET TeEJIEXKKY
KpaHa.

Yr1o6p!l OmpenenUTh 3HaUYEHHE WIM H3MEHEHHE MAaTrHHUTHOTO
mojia 3eMJIM, MCIIONbL3YIOT TaK Ha3biBaeMbIil 3eMHOW HHOUKATOP.
OH mnpepcTaBnsAeT coboif He YTO WHOE, KaK KaTylIKy, KOTopas
Bpalaercs OKOJIO TOPH3OHTAJIbBHOM WJIH BepTUKAIbHOH OCH
U COeMHEHA C COOTBETCTBYIOLIMM H3MEpPHUTENIbHBIM TIPHOOpPOM.
Kartyuika nepecexaercs CWIOBbBIMH JIMHUAMH MarHMTHOTO NOJIA
3emmu. Eciu kartylika nmoBopauMBaeTcd, TO U3MEHAETCA YUCIO
MPOXOIALIMX Yepe3 Hee CHIIOBbIX JHMHHH. o MHAYuMpOBaHHOMY
HampsDKeHNI0 MOXXHO PpacCUMTaTh XapaKTePUCTHKH MAarHUTHOTO
nonst 3emild. BpaileHue OKOJO TOPU3OHTAIBHOM OCH [AaeT NpH
3TOM BEepPTHKAJIbHYI0 KOMIIOHEHTY MAarHUTHOTO MOJIs, a BpalleHue
BOKPYT BEPTHKAJIILHON OCH — IrOPU3OHTAJIBHYIO.

Eciu ykpemuTp Ha BpamamiIeMcs Bally HAMAarHWYeHHYIO
IUTaCTHHKY Tak, 4yrobbl OHa INpH KaXOOM 060poTe Mpoxommna
y MHOYKTHUBHOH KaTyHIKM, TO aMIUIUTYJa H YacTOTa MOBTOPEHMs
BO3HMKAWIIMX HMMIYJIbCOB HANpPDKEHUA 3aBHCAT OT YacCTOThI
BpalleHus Bajla. MOXHO H3MepHUTb YacTOTY BpALICHHs H YCTa-
HOBUTb yKa3saTellb Ha JIoOOM J>KelaTeIbHOM pacCTOSIHUM OT Bpa-
LIaUIErocs Bana.
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Kak HeoGxonumble COCTaBHble YaCTH TeleOHHOI CBA3H BbILLE
Ha3pBaMCh TelepoH M MuKpodoH. B mepBrix TenedOHHbIX
anmaparax, paBfa, He 6p110 Mukpodona. B Hux Tenedon ucnoss-
30BaJICs [J1 pHeMa U [ig pasroBopa. Ecnu roBoputs B MeM6pa-
Hy TenedoOHa, TO OHa KoyeOlercs B PHUTMe 3BYKOBBIX BOJH.
B Takom ke puTMe MeHsieTCs MoJle MOCTOSAHHOIO MarHuTa, Haxo-
gsuuerocs B TesedoHe, Ife HMHAYUUPYIOTCS HANpsKeHHA, COOT-
BETCTBYIOILIME TePBOHAYaJIbHBIM 3BYKOBbIM KonebanusaM. Hamps-
>KEHUsI 3TH OTHOCHTENIbHO Maiibl. M 9T0 Takske SBWIOCH NPUYMHOH
BBelieHHs MUKpodoHa B TenlehOHHBI] anmapar.

Tonbko ¢ mosBIleHMEM TeXHUKH DPafMOBELIaHHs OOpaTHIIHCh
K 31eKTPOOUHAMU4ecKoMy NpuHyuny Npeobpa3oBaHus 3BYKO-
BBIX KoneOaHuil B 3NeKTpHYecKoe HanmpspkeHue. Bpul co3man Tak
Ha3bIBAE€MbIii JIEHTOYHbIH MHUKPOGDOH. MeXay NoIcaMH CHJIBHOTO
MOCTOAAHHOIO MAarHWTa HaTAruBaeTcss rodpHpoBaHHas1, JIETKO-
NOIBIXXHAA MeTalMuecKas c¢onbra. Eciy ropopurs, Npubnusus
ry6bl k ¢onbre, TO OHa U3rubGaeTCsa B pUTMe 3BYKOBBIX BOJIH, T.€.
OBWKETCS B MarHUTHOM nose. [Ipy 3ToM HHOyIMpyeTcs Hampsike-
HHe, KOTOPOe COOTBETCIBYET 3BYKOBBIM BOJIHaM.

Hanpsokenue neHToyHOro mukpodgoHa ouveHp mano. HamHoro
Gonblie HANpsOKEHUs [aeT CKOHCTPYMPOBAaHHbIH Ha NOAOOHOM
)Ke TIPHHIMIE 31eKTPOOUHAMUYECKUL MUKPOGHOH, WK ~MHKDO-
¢doH ¢ morpyxeHHo#t katywko#”. Ilom neficTBUeM 3BYKOBBIX
KoyebaHuit Jlerkas IOABHXHAA KaTylllka MOrpyXaeTcsi B Mar-
HUTHOe mojie B Oombllieil WIM MeHblllel cremeHu. Bosmmkaror
HHAYKIMOHHBIE HAIIPSDKEHHS , KOTOpble MOTYT YCUIIMBAThHCA.

Yxe ¢ cepedMHBl IPOLUIOr0 BeKa HHAYKUHOHHbIE SBJICHHA
HCTIOJIb30BAJIUCH IIPU U3TOTOBIIEHUH UCKPOBbLX UHOYKTOPOS, C TO-
MOLIBI0 KOTOPBIX YOABAJIOCh CO3/IaBaTh OYEHb BBICOKOE Halps-
XKeHue.

Ha puc. 62 n306paxkeH cepaeyHUK U3 MarHUTOMATKOTO XeJle3a,
Ha KOTOPOM paclOJIOXEHbI [IBe OOMOTKH: NepeuyHas 0OMOTKd,
COCTOsAIIIAsA M3 MAIOrO YHMC/Ia BUTKOB TOJICTOrO IpOBOJA, U 8TO-
pUYHas O0OMOTKA, KOTOpasg MMeeT TbICAYM BHTKOB TOHKOTO
npoBopaa. IlepBryHas OOMOTKa COEIMHAETC C MCTOYHHKOM
TOKa W hpepbleatenem. IlpeppiBaTelib OOGBIMHO IIpeACTaBIISAET
0000l He 4YTO MHOE, KAK MEXaHHU3M IIEKTPUYECKOrO 3BOHKA
(cM. c1p.89), KOTOpBIT MEPHOOUYECKHM BKIIIOYAET H OTKJIIO-
YaeT TOK
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Puc. 62 Cxema
WCKPOBOr0  WH-
AyK TOpa

C TakuM >xe HHTEPBAJIOM B CepAECYHMKE HCKPOBOTO HHAYKTOpa
c GOnbIUOM YacTOTONM BO3HMKAET W HCYe3aeT MArHUTHOE IoIle.
Bo BTOpHuHOII 06MOTKe BO3OysAaercs OYeHb BbICOKOE MHAYIH-
pOBaHHOE HaIPSKEHHE.

[Mupoxoe pacnpocTpaHeHHe MCKPOBOH HMHAYKTOD IOIYYMII
B CHCTEMAaX 3aXMraHus aBTOMOOUIIA — B IIpepbiBaTerie-paclpe-
penurenie. C TMOMOUIbI0 TpepbiBaTeNis B KaTylIKe 3a)KMIaHUsA
BO3HMKaeT M HMcYe3aeT TOK, MOCTYHAWIIUMA OT aKKyMyJsATOpa
MalliHel. BropuuHas oGMOTKa KaTyLIKH 3aXXHMIaHus BbIpabaTsl-
BaeT BCJIEACTBHE 3TOro BbicOKOe Hampshkenme (mo 20 kB),
KOTOpOe TOHaeTCsA Yepe3 paclpefienuTellb Ha CBEUM 3a)KMIaHHMA.
Mexny 3NEKTpOJaMH CBeud IPOCKAaKHBaeT HCKpa, KOTopas
33)KUraeT rOpIYYyI0 CMECh.

SIBrieHMsT MHOYKLMU HCHONB3YIOTCA TaK)Ke B TeXHHKE MArHu-
TOOHOB. MarHuTHas JIeHTa COCTOMT U3 IUIaCTMAaCCOBOH OCHOBBI,
Ha KOTODPYIO TOHKHUM CJI0eM HaHeceH (eppOMAarHUTHbIA IIOPOLIOK .
TIpy 3amicH MAarHUTHAs JIEHTa NIPOXOOMT Yepe3 3anucbleaiowyyio
20/108KYy, KOTOpasl IpefcIaBisAer coboit anexTpoMarHur. B Hem
BO30YyXIOaeTcst TOK, COOTBETCTBYIOLIHMI 3BYKOBBIM KOJIeOaHHAM.

Ecry HaZo ocylieCTBUTh BOCIIPOU3BEICHHE 3aITHCH, MATHUTHYIO
JIEHTy MPOMYCKAlT Yepe3 BOCHPOM3BOIALLYI0 ronoBky. Oha
nopgo6Ha 3amMchiBawlel rooBKe. B ee xartynike HHOyIMpyoTCS
HaIpsDKEHHsI, KOTOpble COOTBETCTBYIOT 3BYKOBBIM KOJIeOaHHAM,
3aMMCaHHbIM Ha MarHUTHOU JieHTe. OHU yCWIMBAWTCA M NOAA0TCA
Ha IPOMKOrOBOPHTEIb.

TexHUKa MarHUTHOM 3aIUCH MCTIONIb3YETCA HE TOJIBKO B pajivo-
nepefayax, HO ¥ 3aMeHseT HIPUMEHABIIMECS A0 CHX HOP CNocoObI
NpsAMOK “KOHCepBalMM~ 3BYKOB. Yké HECKOJIbKO JIET OHa
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UCIIONb3YyeTCs TaKOKe [JIs 3alMCH TEJIeBU3MOHHBIX Nepenay M, Mo-
xeT ObITh, pelLMT MpoGiieMy 3anMCH U BOCNMpPOM3BE[EeHUA KHHO-
¢unbMOB. MarHuTHas JIeHTa Hallia IIMPOKOe MPUMeHeHHe TaKXe
B aBTOMAaTHKE U BBIUMCIIMTENbHON TexHHKe. MOXHO HakamuuBath
Ha MArHUTHBIX JIEHTaX CJIOXHbBIE IPOrpaMMbl YIpaBJIeHUSA WK
3amacsl JaHHbIX. Mcnone3ys nepeMeHHOe MarHUTHOE NOJIE, MOYKHO
OCYLIECTBUTb CTUpaHHE 3alMCH, YTOObI JleHTa crana cBobGomgHON
U1 3aIMCcH HOBOM MHGopmManuu. KpoMe TOro, MarHuTHbIE JIEHThI
MOXXHO pa3pe3aTh MU BHOBb CKJIeMBaTb TaK, YTOOBI cO3/1aBaTh
pasniyHbie KOMOMHAIMU U3 HAKOIJIEHHOH HHPOPMALUH .

BuxpeBbie TOKU

SIBNeHNsT MHAYKIMH HaOMIOJATCA He TOJBKO B IIPO-

BOJIHUKAX, HO U B KaXOOM IPOBO/fALIEM MarepHaie,
KOTJa U3MEHSETCA YMCIO CWIOBBIX JIMHMH, MEPEceKalolIuX €ro.
I9TO MOXHO ITOKa3aTh C HOMOLIBIO IPOCTOTO OTbITA.

Mexnay ImomocaMH 3MIeKTPOMAarHuIa moABeuleH MAasTHUK
(puc. 63), uUeNbHBIA KOpPIYC KOTOPOro cpejiaH U3 kectd. [Toka
TOK He BKIJIIOYEH, MaATHUK KayaeTcA cBOGOIHO. Ecnu BKIIOWMTSH
TOK, IpOM30M/IET TOPMOJXKEHWE [BIDKEHHs MasTHuka. OH OBH-
XETCA MEeXy MOJIICaMH JIEK TPOMAarHuTa, Kak B BA3KOH XUIKO-
CTH, M yallle BCETro Yy>Ke MpU NepBOM KayaHUH IIpHXOMHUT K IOKOI.

Kak oGbscHuth 310 siBjieHHe? MarHMTHOe NOJie HMHOYLWMpYyeT
HanpsikeHue B MBMWXKYLIEHCSA XecTH. JTO HanpsKeHHe B JKECTH

Puc. 63. Cxema ycTpoit-
CcTBa, B KOTOPOM Uens-
HbIW MaATHUK T TOpMmO-
3UTCA CUNLHO, a MaAT-
HUK 2 ¢ Happe3samu —
cnabo
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MOpOXHaeT TOK, KOTOpbIH Onaromapsi GONBLIOMY CEYEHHIO MPO-
BOJAHMKAa MOXET [OCTHraThb 3HAYMTENbHOH CWJIbI M HarpeBaTh
XecTb. JTOT TOK HasbIBaeTca suxpegsim T1oKoM. Ilo npaBuity
JleHlla MarHuTHOE IOJIe BUXPEBOrO TOKA HANPaBJIEHO TaK , YTOObI
YHHYTOXMUTb NPHYUHY €r0 BOSHUKHOBEHHUA, T.€. [IBUKEHHE XKECTH.
ITHM OOBACHAETCSA 3aMeIJIeHUe ABUKEHHA B MarHUTHOM IIOJIe.

BuxpeBble TOKM B TEXHMKE, KaK IpaBHIIO, KpaiHe HeXeJa-
TesbHpl. OHM BO3HMKAWT BO BCEX NPOBOOAIIMX TOK JETANfAX
MallliH, KOTOpble HaxOMATCA BHYyTpH WiM BOIM3M KaTyllex
C U3MEHSWILMMCA MarHUTHbIM noiteM. Tak, Hanpumep, BUXpeBbIe
TOKH BO3HHKAIOT BO BCeX KaTyIUKax IpH NHTaHUH X IE€peMeH-
HBIM TOKOM, 2@ TaKXe B METAUIMYECKHX JeTAIAX, KOTOpbIE
BpalaloTCcs B MAarHUTHOM mose. O6pasylomiascs Npy 3TOM TewIo-
Ta IOBBILIAET TeMIIEpaTypy MalluuH. BuxpeBble TOKH CHHXAIOT
K.II.J. YCTPOHCIB, TaK Kak IpeobpasyemMas B TEIUIOTY 3Heprus
0oTOHpaeTca OT 3HEPTHH, TOABOAUMOM K 3TOMY YCTPOHCTBY.

[TosToMy uauie BCEero CTPeMATCA MO BO3MOXXHOCTH CHHU3MTb
nmoTepd OT BHUXpeBbIX TokoB. Haubomee mnpocteiM pelieHHeM
SIBJISAETCA YMEHbLIEHHE MacChl JIeKTpHYeckux yctaHoBok . Ho ato
BBINOJIIHUMO BCerfa TOJIbKO B M3BecTHOH Mepe. OMbIT ¢ MasATHH-
KOM YKa3biBaeT Ha [IPYryl0 BO3MOXHOCTb CHHDKEHUS HedCTBHUSA
BHXPEBBIX TOKOB.

Ecny npopenarb B eCTH MasTHAKA MHOTOYHMCIICHHbIE Napa-
NenbHble Hampe3bl (puc. 63), T0 OH GyneT packauMBaThCA M TIpH
BKIJIIOYEHHBIX NIEKTPOMArHUTax MOYTH GeclpensaIcTBeHHO. brnaro-
Oaps Hafipe3aM YIIMHAIOTCA NMyTH Toka. COmpoTMBIIEHHE BO3pa-
CTaeT, U CUJIa BHXPEBBIX TOKOB 3HAYUTeNIbHO CHWkaeTcsa. C 3ToH
LeJIb0 B 3NEKTpHYEeCKMX MallMHaX M aNnapatax [AeTaiH, pOHH-
3pIBa€Mble CHIIOBBIMM JIMHMAMM, [eniaT ~’ciodcibivu’. Omu
COCTABJIAIICS U3 TOHKHX, H30IMPOBaHHBIX APYT OT ApYTa JIMCTOB,
IpUYyeM MOAOUPAIOT MAaTepHaJIbl C BBICOKHM CONPOTHBIICHUEM.

OnHako HHOIZA B TEXHHKE CO3HATENIBHO HCIOJNb3YIOT ABJICHHE
BO3HMKHOBEHMsI BHXpeBbIX TOKOB. CTpenka H3MepHTEIbHOTO
npubopa OOBIYHO AONrC pPACKAYMBAETCs, HPEXAE YeM YCTaHO-
BUTCSI Ha OKOHYAaTeJIbHOM 3HayeHUU. Y CTPaHSIOT 3TO BBEJEHUEM
B cucteMy Oemngiepa guxpego2o Toka. Ilpu OBUO>KEHHMH CTpenKH
CEEMEHT XKECTH IIPOXOAMT MeXy ABYMs MarHUTHBIMH IOJII0CAMH,
OJIM3KO CTOALMMM OpYT K ApyTY. BeneacTBUe 3T0ro BO3HUKAOLIME
BHUXpeBble TOKH OBICTPO 3aTOPMAXUBAIOT CTPENIKY.
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Puc. 64. MNpuHumn geicTBuUA TaxomeTpa
Ha BUXPEBOM TOKe

UroObl ONpedeNuTb MOLIHOCTEL MallUMHbI, MOXHO YKpPEIHUTb
9NIEKTPOMAarHMT Haj obomom MaxoBuKa. CTaBAT MAarHWUT Ha
HOJABIKHOE TJIeY0 pbryara. BenmencrBue NpOABIAIOIMXCSA BHXpe-
BbIX TOKOB MarHut “3axBarsiBaercsi’ (cm. crp.110). U3 storo
MOXHO CZIeNIaTb BHIBOJ, O CTENEHH MOILHOCTH MALIMHBI.

ITono6HbBI MeTON, NPUMEHEH B TAXOMeTpe HA 8UXPEBOM TOKe
(puc. 64) I u3MepeHus: YacToThl Bpaluenus. Ilepen moBopayu-
BAIOILEACS METAUIMYECKOH Iaiifoil BpalIaeTcs NOCTOAHHbIN
MAarHHUT, 3aKPEIUIEHHbIA Ha KOHTPOJIMPYEMOM Bajly.

ITo npaBunmy JleHua BHXpeBble TOKH CTPEMSICS BOBIIeYb
BO BpauleHHe 1aiidy. Ho 310 HeBO3MOXHO, Tak KaK BpallleHHI0
Laibbl NpenATCIBYeT Hpy>XxHHa. [lo3TomMy wiaitba TONBKO IOBO-
pauMBaeTCs Ha ompeeneHHbll yroil. OH ABJAETCS MEPOH YaCTOTbI
BpalLieHUd BaJla ¥ U3MepseTcs O LIKaJle.

CamouHayKUuuA

Ecny  pa3MbIKalT 3/IEKTPUYECKYIO Lielb, B KOTOPYH

BKJIIOYEHbI KaTYLIKH ¢ GOJIBIIKHM YMCIIOM BUTKOB H C Cep-
HEeYHHKaMH U3 jKejle3a, HallpuMep 3NIeKTPOMArHUIaMH, TO y Bbl-
KJII0YyaTesisl BCIBIXUBAET CHIIbHAS [yra, KOTOpasi yCKOpsSET H3HOC
KOHTaKTOB BbiKIItoyaTeliss. Hao60poT, npu BKIIIOYEHHH YCTaHABIIHN-
BAIOT, YTO TOK He Cpa3y U He B IOJIHYIO CHJTy BO3HMKAET,a JOXO-
OuT 10 paboyero 3HauYeHUs NMOCTENEHHO.
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Puc. 65. MonA camonHay kuum

O6a sBneHNs MMEIOT OJHY NMPHYAHY — TaK Ha3bIBAEMYI0 CaMO-
unoyxyuto. PaccMotpuM puc. 65. ECliH 3aMKHYTD 316K TPHUECK Y10
Lelb, BOSHUKaeT MaruuTHoe nose. Kax/siit oTpe3ok NpoBogHuKa,
KaX[Oplii BUTOK KaTyIIKH “HOpOXJaeT” B W3BECTHOM Mepe
MarHUTHbIE CUJIOBble JIMHMH. OHM NPOHU3BIBAIOT [IPYyIHE BUTKH
KaTylIK{ M BBI3BIBAOT B HMX MHAYKIMOHHBIA TOK. Kaxmpiii Bu-
TOK HHAYUMPYET 3.0.C. B K&XIOM ApYroMm BuTKe. BHOBb 06paThm-
¢ K npaswiy Jlenua. IIpn 3aMbIKaHUU LieNH TOK CaMOUH/IYKIMH
OomkeH ObITh HaNpaBlieH TaK, YToObl OH “HeHCTBOBAJ IpPOTHB
[PHYMHBI CBOETO BO3HUKHOBEHHA ’, T.€. IPOTHB BbI3BABILETO TOK
MArHuTHOro nojs. IoaTtomy HpH 3aMbIKaHUM LEMH TOABISAETCA
HpoTUBO-3.1.Cc. OHa yMeHbllIaeT IEHCTBYIOLIEE B KaTyIIKe Hamps-
KeHue. ITUM OGBACHAETCA TO, UTO NPH 3aMBIKAHHM LENH TOK
BO3pAacTaeT MOCTENEHHO M JIOCTUraeT 3HaueHHs, PACCUMTAHHOTO II0
3akoHy OMa, TOJIbKO MNpH “yCTaHOBUBILEMCS™ MarHHTHOM MOJIE.

Tlpu pa3sMbIKaHMU LIEHH COOTHOILIEHHS MEHSIOTCA. MarHUTHOe
none “paspyilaercs’, ucyesaer. IIpy 9TOM BUTKH KaTyLIKH OTHiTh
TIEPECEKaloTCA CHWIOBBIMU JIMHHAMH, YTO NOPOXMAAET TOK CaMo-
MHOYKIMH. JTOT ‘ TOK [IOIDKEH MPOTHBOMIEHCTBOBATh IPHUMHE
CBOETO MOABJICHAA B COOTBETCTBUHM C IpaBHIOM JleHna, mosromy
OH CTPEMHTCA MNOAAEPXkaTb Hcyesarolllee MarHuTHoe Inoine. Ilpu
Pa3sMbIKaHHMM LMY TOK B MarHUTHOM KaTyllIKe ¥ TOK CAMOUHIYK-
UMM MMET OOMHAKOBOe HampaBlieHue. JTOT TOK BbI3bIBAET
MEKTPHYECKYIO IyTY. ’
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Ecimu BMecTO BBIKITIOYaTeN s MOAKIIIOUMTD K 1IENH HepeMeHHbIH
PE3UCTOp, KOTOpBIi OyneT peryiMpoBaTh CWIY TOKa, TO MOXHO
HaOlmofiaTh sIBJIeHME CaMOMHOYKLMH:@ CWIa TOKa B KaTylIKe
”0TCTaeT” OT U3MEHEHUA CONMPOTUBIICHHUSA, T.€.

CamouHOyKyua npoTUBOOEliCT8YET KAKOOMY U3MEHEHUID
cunbl TOKa.

CrnenoBatenbHO, 3.1.C. CAMOMHAYKLMHM 3aBUCHUT OT CKOPOCTH
HU3MeHeHHUs CHIIbI TOKa B IIE€MH, TaK KaK JTa CKOPOCTh ONpeHeNser
TaK>e ¥ CKOPOCTb U3MEHEHUSI MArHUTHOTO HOJS.

KpoMme TOro, obGHapyxuBaeTcsi TaK)Ke, YTO M CaMa KaTyllKa
B SBJIEHUAX UHAYKIUWM MI'paeT peliamouiyio pois. Ilpexpe Bcero
SICHO, YTO 3.1.C. CAMOMHIYKINH YBeTHYMBAETCS C WICIOM BUTKOB
KaTylkd. OHa 3aBHCHT TaKdXe OT TOr0, KaKOB IHaMeTp U KaKOBa
$opmMa KaTyUIKH U COMEPHKHT JIM OHA XKeJIe3HbIH CepIeyHUK .

YuurbiBas BCe 3TH JaHHble KaTYLIKH, [IONYYaIT IMOCTOSHHBIA
K03 PUUMEHT, Ha KOTOpPBIH YMHOXAKT CKOPOCTh H3MEHEHUs
CWJIbI TOKA Y NOJIYYaloT 3.11.C. CAMOMHAYKIMH. ITOT KO3bHUIMEHT
Ha3bIBalT UHOYKTUBHOCTbI0 KaTyliKH. B cucreme CY uHpykTHB-
HOCTb M3mepsmoT B renpu (I'H). O1a enuHMua Ha3BaHa B YecTb
amMepukaHckoro ¢usuka woszega I'enpu (1797—1878), Bnep-
BbI€ OTKPBIBLLETO SIBJIEHHE CAMOHHIYKIIMH.

Karyuika obnafaer MHOYKTUBHOCTBIO B 1 I'H, ecli npH U3Me-
HEHMH CWIbl TOKa Ha | A B 1 ¢B Helt MHOyuMpyeTcs HalpsDKeHHe
B1B:

1B 1G-c 1 B

M= o= 71 =~ TA

Tax kak 3Ta eIUHWIA I NPaKTHYECKOTO NPUMEHEHHS OUEHb
BeJMKa, TO BBEJIM JOJIbHbIE eOUHMIbI — Mustuzenpu (MI'H) u mu-
kpozenpu (MkIH) :

1 Tu= 1000 MmI's 000 000 MKIH.

(coBeHHO NMpOABNIALTCS CAMOMHAYKIMA B LEMAX e peMEHHOT O
ToKa (cMm. cTp. 152).



3MEKTPUMECKWUIA TOK B BAKYYME,
FA3AX U NOAYNPOBOAHUKAX

Tepmo3neKTPOHHaA 3IMUCCHA

BakyyM He NIpPOBOIHT 3JIEKTPUYECKOTO TOKA — ABJISIETCS

ousnekTpukoM. [losToMy B BakyyMe HeT HOCHTeJIEH
3apsAO0B, KOTOpHle NepefaBanu 6bl 3ekTpHuecTBO. Eciu Bce xke
HeoOX01MMO NPONYCTUTh IEKTPHYECKHUH TOK uepe3 Ge3BO3my1I-
HOe IMPOCTPAHCTBO, TO 3TO IPOCTPAHCTBO ~MHDBEKIMPYOT 3JIEK-
TPOHAMM H3BHe. JTO CpPaBHUTENIbHO HpOCTO. JIBHXKeHHe 3JIeK-
TPOHOB B BaKyyMme NpHoOperaeT Bce Gojiblliee 3HaueHWe [IA
TEXHUKH B NOCTIeJHUE NeCATUIIETUSA.

IIpocTeliumM MeTONOM BBeleHHA OJJIEKTPOHOB B BaKyyM
SABNAETCA METOH, TepMOo3aeKTPOHHOU 3muccuu. Haxopsiuuecs
B NIPOBOJHUKE 3JIeKTPOHBI MOCTOSHHO COBEPLIAIOT HEOPraHU30-
BaHHOe Tensi1080e O8uUXeHUe, HO OCTAIOTCS ~3amepTbiMH’’-B IpO-
BOOHMKE, TaK KaK OHH NpPUTATUBAITCA aTOMaMHM MeTaia, OT
KOTOpbIX oTHenumuck. OOHAaKO MpU BBICOKHX TeMIlepaTypax
yIepXUuBAwLMe CUIIbI MOIYT ObITh INpeonoieHbl ObICTPHIMU
2JIEKTPOHaMM. JJIeKTPOHbI BbIOpAchIBAaWICA M3 HAarpeTorc Tena.
Urobpl mIpeoponieTh NOTEHUMAIbHbIA 6apbep y rpaHMIbl Tena,
TpeDyeTcd M3BECTHAasA 3arpara 3HEPrUH — paboTa 8vlxoda. J1a
paboTa 3aBUCHT OT MaTepUasia IPOBOJHIKA : HMEIOTCS MaTepPUAITbI,
HampuMep coefuHeHus bapus, KOTOpbIe yXXe IpU TemIleparype
Hmwxe 1000°C ocBoGOXIAaT GONbIIIOE KOMMYECTBO 3NIEKTPOHOB,
U U3BeCTHbI MaTepHasibl, HANpUMep Bolbdpam, KOTOpbIe JOTKHbI
ObITb DOBedeHbl OO Oelloro KajleHus, Ipex/e YeM OTAayT 3aMeT-
HO€ YHCIIO 3TIEKTPOHOB.

BruiereBiime 37eKTpOHBI OOBOJIAKHBAIOT IPOBOA MOLOOHO
obnaky. OGpa3syeTca oTpuyareabHsvlii NPOCTPAHCTEEHKbLI 3apa0,
KOTOpBIA MpensaTCTBYeT [aJIbHeilllleMy BbUIETY JJIeKTPOHOB
U3 TPOBOJIOYHOIO HpPOBOOHUKA. VICKYCCTBEHHBIMH MepamMH
ynaercs ~’paccpeOTOUUTh” 3TH ~obnaka”.

B OTKauaHHOM CTeKNHHOM GaJJIOHE MOMELIAIT BONU3M HcC-
MyCKaILIETO 3IEKTPOHbI NPOBONHMUKA METAJUIMYECKYH0 IUIACTHH-
Ky. Ee coequHAIOT ¢ MOIOXUTENbHBIM IIOJII0COM HCTOYHHMKA TOKA,
OTpHLATENbHBIA MOJI0C KOTOPOro MOAKIIIYAI0T K IMUCCHOHHOMY
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Puc. 66. OneKTpOHHbLIN TOK B BaKy-
yme (npuHuun auoaa)

[POBOAHMKY. JJIeKTPOHbI HPOCTPAHCTBEHHOTO 3apsada HMpPUTATH-
BAlOTCA MOJIOXHUTENIbHO 3apsDKEHHON IUIACTHHKOH — aHOJOM.
ITpocTpaHCTBEHHBIH 3apAf, PacCpelOTOYMBAETCA, H U3 COEIUHEH-
HOTO C OTpPHIATeNIbHbIM 33aXHMOM 3MHCCHOHHOTO IPOBOAHHMKA
(xaTona) BHUIETAIOT HEMPEPHIBHO HOBbIE TIEK TPOHBI.

Ha puc.66 nokasaHo NHOCTOAHHOE MCTeYeHHE 3JEKTPOHOB
OT Katoa K aHofy. Tak Kak [OBIDKeHHe JEKTPOHOB O3HAauaeT
9JIEKTPUYECKHH TOK, TO MOXHO CKa3aTh: BHYTpH CTEKJISHHOTO
6ajIoHa TeyeT 51eK TPOHHbLY TOK . INEK TPOHBI, KOTOPbIE IOCTUT -
10T aHOJa, yepe3 aHOIHBIA MCTOYHUK TOKA HANpAaBIIAITCA OMAThH
K Karofgy. Taxum o6pazom nomyiep>KuBaeTcs MOCTOSHHASA IMPKY-
JIALUA IJIEKTPOHOB.

IIBwxeHre 3MeKTPOHOB BHYTPU 0a110Ha ycKopsercsa. JJeK-
TPOHBI MafalT Ha aHofd. CKOpoOCTh, C KOTOPOH OHM HOCTHIalOT
aHOJA, 3aBMCHT TOJIKO OT HANpMKEHHA MEXAY KaToJIOM H aHo-
JIOM, HO HE OT pAacCTOAHMA MeXHy a3nekTpoaamu. Jlaxe mpu
OTHOCHTEJIBHO HM3KOM HANDSDKEHUH [IBIDKEHHEe 3JIEKTPOHOB
K aHOJly JOCTHMIaeT OueHb OOMBbLIOH CKOPOCTH, HallpUMep:

UB........ | 10 100 1000
U,KM/C ...... .. 595 1885 5950 18850

BenencrBue GomnbUmMX CKOpPOCTeH 3MeKTPOHbI 00/Iaal0T 3HAUH-
TeJIbHOH JHeprueil. IIpu CTONKHOBEHMH C aHOAOM GOJIBIIAA YacTh
JTOH 3HepruH npeobGpasyercs B TEIUIOTY.

Ecnu nepexniouMTh 32XHMBbl HA HAXOSALIEHC B AHOTHOM 1emu
Garapee, TO BHYTpU GaJllloHa TOK He NOTEYET, TAK KaK 3NEKTpo-
HbI yxe He 6ynyT nputarusarhes arogoM. Ho cam axon npu aTom
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3JIEKTPOHOB He HCIYCKaeT, TaK KaK TemIlepaTypa aHOJa He[oCTa-
TOUHO BbIcOKa. HUrak, TaMna feficTByeT KaK BBIIPSIMMTENb: MPO-
MyCcKaeT JMeKTPUYECKHH TOK TOJIBKO B OJHOM HAllpaBJICHHH.
Ecnin 3ameHuTts B aHOmHOW menmyu Gatapeio MCTOYHMKOM Iiepe-
MEHHOr0 TOKa, TO yepe3 IPOCTPAHCTBO MEXAY KaToOM H aHO-
OOM TOK HOTeYeT TOJIBKO TOrJa, KOIJa aHOJ, OTHOCHTENIBHO
Karoma Oymer 3apsbkeH MONOXHTeNbHO. Jlpyras moiyBonHa’
JaMMoi “3amipaercsa”.

910 sBIIEHME MCIONB3YIOT TOT/a, KOTAa Heo6X0AUMO IepeMeH-
HOe HalpsDKeHHWe ¥ IepeMeHHbIH TOK Mpeo6pa3oBaTh B HOCTOSHHOE
HampsDKEHHe M MOCTOAHHBI TOK (puc. 67). ’BrinpsamurensHbie”
JIaMIlbl JOCTaTOYHO XOPOLIO HM3BECTHBI, TaK KaK ILIMPOKO HcC-
HONB3YIOTCA B DAaAUONpPHEMHMKAaX M TeleBH3opax. OHM MoryT
npeoGpa3oBbIBaTh HU3KHE YacTOThI INEPEMEHHOTO HAMPSDKEHHsA
U TOKa B OueHb Bbicokue. C npyroi CTopoHbI, CHJIa TOKa, KOTOPYIo

Puc. 68. PeHTreHoBCcKan Tpy6ka

Puc. 67. BoinpAaMuUTEeNnbHaA namMna ANA BbICOKUX
HanpPAXeHU:
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MOTyT MpONycKaTh TaKHe JIaMIbl, OTHOCHTEIIbHO HHYTOXHA.
OgHako B TeXHMKE CBA3H 3TH BBIIPSIMHTENM, Ha3biBaemble OUO-
Oamu (MMeIOT [IBa JJEKTPOLIA) , XOPOLIO ONpaBABIBAIOT cebsl.

IIp4 CTONKHOBEHMH C HpeNATCTBUSAMU He BCS KUHeTHYecKas
JHEprus 3JIeKTpPOHOB Ipeobpasyerca B TemwroTy. Hebonbinas
YacTb MepexXOdUT B OYeHb KOPOTKOBOJIHOBOE 3JIEKTPOMArHHUTHOE
U3TyYeHue — B peHTeerHodckue ayyu (Buaveenvm Konpao Penteen,
1845-1923).

Her HeobxomuMoCTH 0COOeHHO HOApPOOHO OCTaHABJIMBATHCA
3/ech Ha pa3sHOOOpa3HOM INPUMEHEHMH PEHTTeHOBCKHUX IIydei
B Me[uWlMHe, Hayke H TexHuMke. OHM H3BECTHBI NOBCEMECTHO.
Cnenyer ynoMsHyTb TONBKO, YIO pEHTTEHOBCKHE TpyOKH
(puc. 68) B npUHIMIE IOCTPOEHDI TAK XK€, KAK BBIIPSAMUTEIbHbIE
yaMibl. MOWIHBIN KaTon HM3My4aeT IUIOTHBIA MOTOK 3JIEKTPOHOB,
KOTOpBI YCKOpSETCSI MpH OBIKEHWH K aHOAY OuYeHb BBICOKHUM
HalMpsDKeHUeM Mexy KarogoM H aHomom. IIpum 6ombapmupoBke
aHona ObICTPhIMHU 3JIEKTPOHAMM YacTh UX IHEPrHU NPeBpaIlaeTcst
B PEHTIeHOBCKOE H3IyueHue. AHOJI KOHCTPYHUPYIOT TaK, YTOObI
PEHTIeHOBCKHe JIyud O6bUIM HampaBlleHbl IpedMYLIeCTBEHHO
B OJIHY CTOpPOHY.

Y aHopma Bblaensercs 3HaUMTeNIbHOE KOJIMUECTBO TEIUIOTHI,
KOTOpYI0 MOXHO OTBECTH BOGIHBIM OXJTaXkeHueM. OObIYHO
aHOJ HeNpepbIBHO BpalIaeTcsl ¢ MOMOLIBI0 3JIeKTPOJBUIaTeNs.
IIpu 3TOM HOpA, 3NEKTPOHHBIH MOTOK NMOMAfaloT pa3Hble YYacTKH
aHO[IA U NeperpeB yMeHbIlaeTcs.

Snekrponbl Ha 3alaHHbIX TPaeKTOpPUAX

B nmope 3mexTpoHBI NIETAT MO KpaTdyaiillleMy IyTH OT
Karoga K aHopy. OpHako He HpeAcraBisgeTr 0coboro
TPYyAa U3MEHUTb TPAEKTOPHIO NOJIeTa IEKTPOHOB.

Ecnu  ”’BbICTpenTb” 3JIEKTPOHOM B IIPOCTPaHCTBO MeEXIY
OByMs IUIacTMHaMM (pHc. 69), K KOTOPBIM MOIBENEHO HaIpsDKe-
HHe, TO JJIEKTPOH TPUTATHBACTCA K ONHONW U3 IUIACTHH U OTTAN-
KHBaeTcA OT OpPYToi BO BpeMs IpoJieTa MeXOy IUIaCTHHaMH.
OH omuchiBaeT napaboiy mogoGHO FOPU3OHTATIBHO WITH HAKJIOHHO
OpOLIEHHOMY KaMHIO, JIETAIIEMY C YCKOpeHHeM IIOf AeHCTBHEM
CHJIBI TSDKECTH.
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Puc. 69. OrknoHeHue 3nek-
TpOHa B 3INEK TPUYECKOM
none

TouHo Tak e OTKJIOHAETCS JJIEKTPOH B MarHUTHOM IMOJIe.
TpaekTopus ero OBHXeHUS OIpefeNisieTcd MO IpaBWIY JIeBOH
pyku. IIpy 3TOM OH OIMCBIBaeT YacTh KpyroBo# opOursi. Ecrmu
BBICTpe/IMTh MIEKTPOH HAKIIOHHO K CHJIOBBIM JIMHUAM, TO MOX-
HO MOJIyYUTh BUHTOBYI0 OPOHUTY WITH HETIIIo.

Yoxke HECKOJNIBKO [eCATUIIETHH HayKa UCIONb3YyeT OTKJIOHEHUE
TPaeKTOPUU MOJIeTa 3JIEKTPOHOB HOJ JeHCTBHEM 3JIEKTPUYECKHX
W MarHUTHBIX MOJel [UIA olpefesieHUs CKOPOCTH M MacChl 3JieK-
TPOHOB.

3T0 sABIleHWEe LIMPOKO HCIONb3YeTCs IS CO3TaHHA MHOTrO-
WICNIEHHBIX MpPUOOPOB M yYCTPOHCTB B pa3iMHbIX OO6NacTax
HAayKH M TeXHUKH, KOTOPbIE CeroH ABJIAIOTCA K paiiHe Ba)KHBIMH.
OnHHM U3 MepBbIX TAKKX YCTPOHCTB OKasanach ~’'tpybia bpayna”
(Kapa ®epounano bpayn, 1850—1918), koTOpas B ycoBepIlIEH-
CTBOBaHHOM BHE M3BeCTHa HaM KaK IIpUEMHas 3JIeK TPOHHOJTyYe-
Bas TpyOKa — KMHECKOII.

Tpybka Bpayna (puc.70) 6buia co3maHa Wi TOro, 4ro6bl
chernaTh BUAMMBIMH OBICTpble 3JIEKTPOHHBIE NpoLecchl. I'T1aBHas

Puc. 70. BpayHoBckan Tpy6Kka € 3neKTpocTaTuue-
CKUM O TKNIOHEHUEM
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Ufies ee COCTOUT B TOM, YTOOBI 3aMeHHTb TPOMO3IKYI0” CTpENKy
JEK TPUYECKOTO M3MEPUTENIBHOTO IpHOGOpa Ge3bIHepLIMOHHBIM
37IeKTPOHHBIM yKa3aTelleM’’.

B GpayHoBcko#H TpyOke 3TUM yKasarelleM SBIAETCA Y3KHMH
9JIEKTPOHHBIA NMYYOK — 34eKTpokHbli ayy. Ero momyyawT, mpo-
MycKas BBHIXOOALME U3 KaTOAA 3NeKTPOHBI Yepe3 WMIMHAD, K KO-
TOPOMY IOMABENEHO ONpefeieHHOe HAaNpsDKeHHe WIH B KOTOPOM
OHM TPOXOMAT Yepe3 MAarHMTHOE IMojle CHeUManbHOH (OpPMBI
(cM. Takke crp. 125). INeKTPOHBI YCKOPAIOTCA aHOIOM, KOTO-
pbii B GOJIBLIMHCTBE CIIyYaeB SBJIAETCA MeTAJUIMYECKHM NOKPBI-
THEM, HaHECeHHbIM Ha BHYTPEHHIOID CTOPOHY KOHHYeCKH pac-
umpsomeiics Tpyoku. “OcTpue” 3JIeKTPOHHOrO JIyua Majaer
Ha IUIOCKHH HJIM CJIerka BBITHYTbIA IKpaH Teaegu3opa. JKpaH
HOKPBIT COCTaBOM  (JIIOMHHOOPOM), KOTODBI CBETHTCS NpH
NOMAaJIaHMK Ha Hero OBICTPO JIETAIUMX 3JIeKTPOHOB. B Hacrosuee
BpeMs MMeeTCsA HacTobko Oonblioi BbIOOp TAKMX MaTepUaloB,
YTO MPaKTHYECKH MOXHO HOOMTHCA NM0OOro >keaeMoro He TOJNb-
KO I[BE€Ta, HO 4 OTTEHKaA.

ONeKTPOHHBIA JIyYy HeoOXOAMMO IOCTOSHHO TO YCHJIMBATbh,
1O ocnabnsare. g sToro B Tpybke nomeuieH yuiunop Beneabvra
(Aptyp Beneavr, 1871—1944) . OH npepcraBnser co6oil MaJieHb-
KYy10, C OTBEPCTHAMY B [HE XeCTAHYIO YallleuKy, KOTOpas Ha/ieBa-
ercs Ha Kkarop TpyOku bpayHa. Mexay mmungpom Benensra
U KaTO[IOM HallpsDKeHUe perysMpyercs TaK, YToObl WWIMHOD Gbin
OTPHULIATEIIBHO 3apsDKeH OTHOCHTeNbHO KaTtona. BenepctBue aroro
OH “oTTaNKKBaer’ OGoOJblie WIX MeHblIe 3JIEKTPOHOB B 3aBHCH-
MOCTH OT BBICOTBI HAaNpSDKEHUs, T.e. OH peryiupyeT 3JIeKTpH-
yeckuil ToK. Ecnu BrIGHpaloT JOCTaTOYHO BBICOKOE HAINpsDKeHHe,
TO JJIEKTPOHHBINA JIyY MOJHOCTBIO 3aMHMpaercsi, COOTBETCTBYIOLIIEE
MECTO TeJIeBH3HOHHOIO JKpaHa, Ha KOTOpoe Temepb Goblie
He MOMafaloT AeKTPOHbI, CTAHOBHICA TEMHBIM.

Tam, rme “ocTpHe” 3JIeKTPOHHOTO JIyya NafaeT Ha 9KpaH,
BO3HHMKaeT cBeTseecs NATHO. EciiM Hamo BOCHPOH3BECTH dJIEK-
TPHYECKHH IIpOHECC, TO ero ciefdyeT “’3amMcarh’”’ Ha SKpaHe, T.e.
CyMeTb “’pa3BepHyTh” Ha BCeil MOBEPXHOCTH IKPaHa. ITO JOCTH-
raercs BO3AEHCTBHEM JJIEKTPHYECKHMMH WIM MarHUTHBIMH IIOJIA-
MH Ha 37IEKTPOHbI IPH MX JBHXKEHMH OT KaTo/la K aHOMy .

Mosxso, HanmpHMep, HpemycMOTpeTh BHYTPH TPYOKH OTKA0-
HAOWuUe nadcTunbl. 3TO PACHONIOKEHHble ApPYr IMPOTHB Jpyra
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MeTANTMYECKHE IUIaCTHHBI, HA KOTOpBIE MOMAeTCA HampsDKeHHe.
OGbIYHO CTaBAT [IBe Mapbl TAKHX IUIACTHH, pacmojiarasg Mx IOQ
yriom 90° apyr k apyry.

CHayana NofaeTcsl HalpsoKeHHe Ha PacmoJIodKeHHbIE TOPH30H-
T&JIBHO OTKJIOHAMOLIME IDIACTHHBI. Ecii mpH 3TOM BepXHss IUIa-
CTMHA 3apsDKeHa MOJIOXKHUTEIIBHO, @ HYDKHAS — OTPUIIATENIBHO, TO
37IeKTPUYECKHE CHIIBI CMECTAT JJIEKTPOHHBIH JTy4 BBepX. CBeTOBOE
NMATHO CMECTHICA Ha TelledKpaHe B BePTHKAIIBHOM HANpPaBJIEHUH.
Ecii mepexiouuTh MOJMIOCHI, TO 3JIEKTPOHHBIA JIyY CMECTHICA
BHM3. OTKIIOHEHHE JIyya HpAMO HPOHOPUMOHANIBHO IpPUIIOXKEH-
HOMY K IUIACTHHAaM HAINPSDKEHUIO — OTKAOHAIOWeMY HANPAKEHUIO .
Tak kak 23JIeKTPOHBI JIETAT K 3KpaHy C OvYeHb GONbIIOH CKO-
POCTBIO, TO KaX/oe M3MeHeHHe HANpSKeHHA Ha OTKIIOHAIUIUX
IUTACTUHAX IOYTH C TaKOH XK€ CKOPOCThI0 OTPAXKAeTCsA Ha Iepe-
MeLIeHUAX CBOOOIHOTrO OT HHePIMY CBETOBOYO MATHA.

Ecnu, Hampumep, IPWIOXKUTH NlepeMeHHOe HAIpsDKeHUe K IUIa-
CTHHaM BEPTUKATIbHOTO OTKJIOHEHHs, TO IUIACTHHBI NONEPEMEHHO
OyOyT CTAaHOBUTHCS IOJIOXKMUTEIBHBIMU K OTPULATENIbHBIMH, IpH-
yeM HampsDKeHWe MOCTOSHHO MeHseTcs Mexdy KpaiHUMH 3Have-
HMAMM, TO Bo3pacrag, To nagasg. CBeToBoe NATHO MOCTOAHHO
mepeMelaeTcss Ha CBETOBOM JKpaHe B BepTHKAIIBHOM HalpaBJie-
HUM CHM3Yy BBepX M cBepXy BHU3. IIpu oueHb GOMNBIIMX YacTOTAX
NepeMEeHHOro HalpshKkeHHUs, Garogaps MHepUMOHHOCTH 3pHTeb-
HOTO BOCIpHATUA, H306pakeHMe Ha 5KpaHe BOCHPHHUMAETCS
Kax efMHoOe Lenoe. 3ToT 3P deKT yCumBaeTcsa TeM, 4YT0 MaTeprat
nmoMiHOdopa o61agaeT CBOHCTBOM NOCIeCBeYeHUA (JIIOMHHOGOD
[IpOHOIDKaeT CBETHTbCA B TedeHHe HEKOTOpOro BPeMEHH Hocie
npexpauieHuss GoMGapAUPOBKH €ro NMeKTPOHAMH) .

Ecmu npunoxuTs HampsDkeHWe K BepTHKAJIBHO CTOALIEH mape
IUIACTHH, TO MOXHO OTKJIOHATD 3JIeKTPOHHBIA JTyY B TOPH30HTAJIb-
HOM HaTpaBJIeHHH BIPaBO WIH BJIEBO.

Ecny npusnoxurs HalpspkeHHe OITHOBPEMEHHO K 06eHM Iapam
IUTACTHH, TO CBETOBOE NATHO GyneT nepeIBUIaTeCs B FOPU30HTalIb-
HOM H BepTHKAJIbHOM HampaBiieHHAxX. CooTBeTCTBYOLIMM Bb1GO-
POM "OTKIIOHSIOLIMX HallpsDKEHWH MOXKHO IPHUBECTH CBETOBOE
[ATHO B JII0GYIO )KeJIaeMyI0 TOUKY TeJICBH3HOHHOTO JKpaHa.

KoMOuHMpys HampsokeHUs: B OIIPEMENICHHOH II0OCie/loBaTellb-
HOCTH, MOXHO 3JIEKTPOHHBIM JIYYOM 3aIMChIBATh HCCIICHYEMbIE
WM H3MepsieMble IJIeKTPUYeCKHe IPOLECCHI.
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Puc. 71. BHewnuit Bua aedpextockona ¢ ocumnnorpadom

ITpubopsl, B KOTOphIX UcHONb3yeTcs TpyOka BpayHa, Ha3biBa-
I0TCA 31EeKTPOHHOAYHEe8bIMU Ocyunnoepagamu. X npuMeHeHue
He OrpaHWuMBAeTCA HCHbITATENIBHOH H HU3MEPHUTENBHOM 3JIEKTPO-
TexHUKo# (puc. 71). ITHM CIOCOGOM HCCIIENYIOT TAKXe aKyCTH-
yecKMe M MeXaHWuYecKHe KolleGaTeNibHble NpPOLECCHI, JJEKTpHYe-
CKHe HallpsOKeHMs Ceplua WIM HEPBHOH CHCTeMbI XWUBBIX Opra-
HHM3MOB. BaxkHble 3JIeMeHTBI TeleBH30POB H PagHMONpPHEMHHKOB
HOCTPOEHBI o MpuHIMIy TpyOkHu BpayHa.

Ina dbokycHpoBaHHA NMyyKa 3JIEKTPOHOB IpH MOMOIIHM 3JIeK-
TPUYECKOTO WIIM MAarHUTHOTO IOJIA KOHCTPYMPYIOT 31eKTPOHHblE
aun3bl. B HUX 5MeKTpOHHBIA Myuok BedeT ce6Gsi MOMOGHO CBETO-
BOMY JIy4y B CTEKJITHHbIX JIMH3aX.

JNeKTpOHHBIE JIMH3BI COCTOAT JIMGO U3 METAJUIMYECKHX [IMa-
¢dparM c oTBepcTHAMM NIOCEpeIHHE,, PACTIONIOKEHHbIX B OTIpeelieH-
HOM TIOPSKE OTHOCHTEJIbHO APYT APYTa U HaXOIMIMXCSA IIOL pas3-
JIMYHBIM HaIpsDKEHUEM, JIH60 U3 MarHUTHBIX KaTy1lIeK , BHY TPH KO-
TOPbIX MPOXOOMT 37IeKTPOHHBIH J1yd. COOTBETCTBEHHO Pa3iMyaloT
INEKTPOCTATUYECKUE U SAEKTPOMASHUTHbLE STIEK TPOHHBIE JAUH3bL.

JNeKTPOHHbIE JIMH3bI MOTYT COGHpaTbh M pacceuBarh IMyuKH
37IEKTPOHOB, MOTYT YBEJIMYMBATh WM YMEHBILIATh ~"U306paxeHye”
IpeMeTOB, KOTOpble MO0 CaMH H3INIYYaloT IEKTPOHBI, JMGO
6omnee WM MeHee XOPOILO MPOIYCKAIOT IEKTPOHHDIIA JTyY B 3aBH-
CHMOCTH OT IUIOTHOCTH.
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HauGornee nmpoxoe npHMEHeHHe 3MIEKTPOHHBIE JINH3bl HALDIH
B eKIPOHHOM Mukpockone (puc.72), KOTOpBIi IO3BOJIAET
nonywts yBenwuerne no 500000 pas (B CBETOBOM MHMKpPO-
cxore — 100—1500 pas) .

B 3MeKTPOHHOM MWMKPOCKONE C IIOMOLUBI0 3JIEKTPHYECKH
PacKasieHHOTO KaTofa IOJy4aloT MOIUHBIA 3JIEKTPOHHBIA MOTOK
H IpeoOpasyloT ero 3MeKTPOMAarHUTHOH JIMH30M, KOHOEHCOPOM,
B Napajuie/ibHble Iy4YKH. JTH 3JIeKTPOHHble NMyYyKH MaJalT Ha
97IEKTPOHHO-MHKPOCKOMUYECKHH IpenapaT. IeKTPOHbI YaCTHYHO
MOTJIOMIAIOTCS, KAK CBET AUANO3UTUBOM, YACTHYHO PACCEMBAIOTCA.
Iosapyu nmpenapara HaXoOMTCA Cliedytowias JeKTPOHHAS JIMH3a —
00sexTUge. YBenuueHHOe OOBEKTHBOM H306pakeHHe HcCiedy-
€MOro Impemnapara euie pa3 YBeIMYMBAaeTcsl TpeTbed JIMH3OM.

Puc. 72. PaboTta c 3neKTPOHHLIM MMWKPOCKOMOM
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Ha teneskpane, GOTOIUIACTHHE WM B HHUIbMe BOSHUKAET OKOHYA-
TelbHasd KapTuHa. B 3IeKTPOHHOM MMKPOCKOIE HCIOJb3YIOTCA
3JIEKTPOMarHUTHbIE WM 3JIeKTPOCTaTHYeCKHe JIMH3BI.

Tak Kak 3JIeKTPOHHbIE JIyYd MOTYT IPOXOIUTh GOJNblLMeE pac-
CTOSIHUSL TONBKO B BaKyyMe,- TO JJeKTPOHHBII MMKPOCKOII
HeoOX0IMMO BHYTpH Bce Bpems oTKauMBaTh. Hccnemyembpri npe-
mapaT ToXe HOJDKeH HaXOmuThcs B Ge3BO3AyLIHOM oOBeMe. ITO
Tpe6Gyer He TONBKO BBHICOKONPOH3BOOMTENILHOIO OTKAYMBAIOIIETO
oBopymoBaHusT MU MOHTax@ OCOOBIX BaKYyMHBIX IUIO30B, HO
U NpUMEHEHUsI COBCEM HOBOH TEeXHMKH IIPUTOTOBIICHHS HCCIle-
IlyeMoro Ipenapara.

3NeKTPOHHBII MMKPOCKON TNO3TOMYy SMBJIACICA HOPOTHM
U CIOXHBIM ycrpodcTBoM. OpmHako OH ObICTpO OKyMaercs.
He tomeko MemyimHa M 6HONIOrusA, HO M MaTepHaJloBeleHHe, H
XUMUYECKasd UHAYCTPUs NONYYalT HOBble OeclieHHble CBeleHMA
C HOMOILBIO 3JIEKTPOHHOI0 MHKPOCKOIIa.

B OonbLIMHCTBE CiTyuaeB ABJIAETCSA HeOIaronpusATHBIM TO, YTO
3NeKTPOHbI NpH OomOapauMpOBKe HAarpeBalOT NpeNATCIBHA. JTY
TEIUTOTY TNPUXOMOUTCA OTBOOUTh. OMHAKO B IOCIIEIHHE TIOJBI
OTKPBbIBAETCA BO3MOXHOCTh IIMPOKOTO HpHMEHEHUs I3TOH Te-
IUIOTHI TpU IpPAMOH “INEeKTpOHHOH OGoMbGapoupoBke” Mare-
pHAaJIoB.

JIJiss MHOTHMX TeXHWYEeCKHX YCTPOWCTB Tpebyercs OueHb *'uM-
crple” MaTepuasisl. B xome MX 06paGoTKH OCyUlecTBIAeTCA
paciuiaByieHue, IIpY 3TOM OYeHb TPYIHO U36exaTb 3arps3HeHHs
MaTepHajia TOPIOYMMH ra3aMH WM aTMOChEPHBIM BO3LYXOM.
ITosTomMy oTnenbHBIE MaTepHallbl IUIABAT HENOCPECTBEHHO B Ba-
KyyMe.

IIpu 3TOM OKa3bIBaloTCA HaMboJee IPHIOIHBIMU OCODbIe 31eK-
TpOHHOAYUesble neyu (puc.73) . PaciaBnseMblii MaTepUan B BU/e
CTep)KHA BBOAMICA B KaMepy, M3 KOTOpOH OTKayaH BO3OYX
HacocHbIM arperatoM. Ha kxoHell cTep)kHs HalpaBIIAeTCs MOLLHBIN
3JIEKTPOHHBIA Jyy. MaTepuan HarpeBaeTcs, IUIABUICA M CTeKaeT
B TUrenb. 3arpsA3HeHHe paciUlaBa TOPIOYMMH TIa3aMu WIH BO3My-
XOM Hckmoyaercss. KpoMe Toro, Bo BpeMsl pacIIaBJieHHs yOasis-
I0TC BCE HAXOAMBLIMECA B MaTepuajle OCTaTKM ra3oB. OHu
YOAIAITCA OTKAUKOM.

9NeKTPOHHBIM JIyYOM MOTYT PAcIUIaBJIATBCA CaMble TyTOIUIaB-
KHe MaTepHaitbl. 31a CIoCOGHOCTb 3eKTPOHHOTO JIyyYa NO3BOJMIIA
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Puc. 73. Mpunuun pei-
CTBMA 3NEKTPOHHONYuYe-
BOI neuu

OTKpBITh HOBbIA croco6 cBapkH. ToHuaiiime OTBepCTHs, Ma3bl
U T.I. JIy4 Mpo6uBaeT B JIONH CEKYHIbI, HA YTO paHee 3aTpauydBa-
JIOCh MHOTO BpPeMEHH.

Y cunutenu anektTpudeckux konebanuin

Pene cnocob6HO c momouiplo CcIabbIX TOKOB BKIIIOYATh

M OTKJIIOYaTh CWIbHBIE TOKH. OTHAKO Helb3s C IOMOILBI0
c1abpIX HM3MEHSIUMXCA TOKOB HEIIPEPhIBHO YIIPABIATb CHIIVA
OpYTHX TOKOB. B TexHuke xe yacro Tpebyerca MMEHHO 3TO.

Korpna u3obpemu tenedoH, TO 0Kas3ajioch, HaIpUMep, YTO Ha
IJIMHHBIX JIMHUMAX [epefaud TOK HAacTONbKO OcCnabnswics, 4Io
Henb3d ObUTO BECTH yCTOHUMBBIX NEperoBopoB. Ero Heob6xomumo
6bU10 ycuausars. Jjia 3TOro HCHONB30BATM 3EKTPOMArHUTHOE
TeneioHHOe pene, KOTOpOE YCHIMBAIIO clabble 3JIEKTpUUECKHE
CHTHAIBl [I0 3HAYEHMH, NOCTATOUHBIX I paboThl TeneOHHbIX
anmnapaToB.

TonmsITKH CKOHCTPYHpPOBaTbh MeXaHHyecKoe TeseOHHOE pelie
ObUIM TINETHBI. TOJBKO 3/1eKTPOHHblE NAMNbl, NPUEMHO-YCUU-
TeAbHble 1aMNbL, IPUHECTH pellleHue Mpo6iieMsl.

IpuHiMn JefcTBUA 3JIEKTPOHHBIX JIAMII PACCMOTPEH BbILIE.
B anexTpoHHOIYyYeBOH TpyOKe 3JIEKTPOHHBIH NOTOK peryiupyor
¢ HOMoLIbI0 INUTHHApPa BeHernbTa. B 271K TPOHHOM J1aMIle B KaueCcTBE
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Puc. 74. Tpuoga Puc. 75. Tproa 1 UCTOMHUKMK NUTAHUA

IWmHApa BeHenbra BhICTYNaeT ynpagasiowas ceTka. 310, HAIPH-
Mep, TPOBOJIOYHBIH BHTOK, KOTOPBIHA paclonaraercsa Mexmay KaTto-
OOM M IMUMHApPHYeCKUM aHopoM. Takue namiisl, KOTQpbIe comep-
aT TPU MEKTPOHa, HasbiBaT Tpuodamu (puc. 74) .

Ecimm MexIy aHOIOM M KaToIOM TPHOHA BKJIIOYMTH UCTOUHMK
10Ka (pHc.75), TO B LeMH NO-pexXHeMy IOTeYeT aHOOHbLI TOK,
Kak ¥ y muona. Koseudo, Tenepp 3/1eKTpOHDBI AOJDKHBI IPOTEKATh
MeXIy BHTKaMH CeTKH. Mexgy ceTKOH H KarofoM BKIIIYAeTCA
JIONIOJIHMTEJ bHBIM HCTOUHMK TOKAa — 6aTapes ceTKu. ITOT UCTOUHMK
TOKa BJIMsET Ha aHOTHBIN TOK B 3aBUCHUMOCTH OT 3HAaYEHHU A Hall pA-
JKeHUs Y HOJIAPHOCTH.

Ecnu BkiIouuTh B Ienb GaTapeio CeTKH OTPULATENBHBIM MOJIIO-
COM K CeTKe, a NOJIOKMTENIbHbIM — K KaTofdy, TO aHOOHbIH TOK
YMEHbIIMTCA; HaKOHell ceTKa BooOIie IepecTaHeT MpOIyCKaTh
9JIEKTPOHBI; aHOMHbIA ToK npepBercsa. Hao6opor, aHOmHBIH TOK
3HAYMTENIBHO YBENUYUTCSA NPH BKIIIOYEHUH 3TOH GaTaped MONOXKH-
TEJIbHBIM MOJIIOCOM K CeTKe, OTPHUIATENbHBIM — K KarTomy. ITOT
CiTyyail, OHAKO, HeXkeNaTesIeH B 0ObIYHBIX CXeMaX YCUIEHHSA .

CrnepoBatesibHO, MOXHO YNPaBJIATh aHOOHBIM TOKOM C IIOMO-
L(pl0 MOTEHUWaNa YNpaBlsAwlled ceTkd. ITO ympaBisoliee
OeficTBHe He OTPaHMYMBAETCS BKIIIOYEHHEM H OTKIIIOUEHHEM, KaK
y pene, a MOXeT NPOM3BOOMTbCA HempepbiBHO. Kpome Toro,
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5TOT MpoLecC #ABJIAETCA NOYTH Oe3bIHEPIMOHHBIM Gnaropaps
BBICOKHM CKOPOCTSIM 3JIeKTPOHOB.

Tak kak ceTka pacmoiiokeHa BOIM3M Karofa, T.e. B obnacTy,
rie 3JeKTPOHBI ellle He IPHOGPeITH CITHUIIKOM GONBIIONH CKOPOCTH,
TO Aace HeOOJbIIMe H3MEeHEeHUSI TOTEHIMANIa YIIPABJISIOIIEH CETKH
BBI3BIBAIOT 3HAUMTENIbHble W3MEHEHHS CHJIBI aHOMHOrO TOKA.
9710 sABJICHWE U JIKUT B OCHOBe JEHCTBUA YCWIMTENEH, coBpaH-
HBIX Ha 3JIEKTPOHHBIX JIAMIAX.

Ecnu nopxmounts 3axumbl A U 5 (puc. 76) k cnaborouHoi
3NeKTPUYECKOH 1leNY IMHHOW JIMHUU TeJIeOHHOM CBA3H, TO TOK
noreuer uepe3 pesucrop RI. Ilo 3akoHy OMa Ha 3TOM pe3HCTOpe
BO3HHUKAET NAOeHUE HANPANKEHUs, KOTOpoe OOHOBPEMEHHO BbI-
CTyIaeT KaK ynpasasiujee HANpAxeHue MeXmy CeTKOH H Karo-
OOM TpHOHa. JTO HampsDKeHHe H3MEHSETC TaK, YTO CeTKa
HMKOIJa HE MOXeT IpUOGpPEeCTH ITOJIOKHUTENbHBIH MOTEHLIHAI
OTHOCHTENIBHO KaTofa. CoOTBETCTBEHHO BKIIIoYaeTcad 6arapest
CEeTKH.

Ynpasnsomee HanpsbkeHHe, KOTOpOe SBISAETCA NapaMeTpoM
INEKTPUYECKOH LENH TelleOHHOH CBA3M H TeM CaMbIM HEpBHY-
HBIX 3BYKOBBIX KOJeGaHUii, ONpenenseT aHOOHbIA TOK . ITOT TOK
3aMbIKaeTCs yepe3 pesucTop R2. 3pech Takke MPOMCXOAMT Majie-
HMe HanpspkeHMs. OHO MeHseTCA B PHUTMe M3MEHEHHH aHOTHOTO
TOKa, T.€. IAeT Ty ke KapTHHY U3MeHeHHUs 3BYKOBBIX KoebaHuii.

Puc. 76. Tpuoa B KauecTBe ycunutena
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AHOIHBIA TOK, OJHAKO, HAMHOIO CHJIbHee ClIaboro ToKa JIMHHU
Te1eOHHOM CBSA3U, KOTOPBIN NMpOTEeKaeT yepe3 pesucrop RI. Kpo-
Me TOro, CWia aHOOHOrO TOKa He 3aBHCUT OT CBONMCTB JIMHUH
CBA3M, a TOJIBKO OT KOHCTPYKIMH JIaMIIbI H OT MOLIHOCTH HCTOY-
HUKa TOKa B aHoAHo# uend. [To3ToMy aHOOHBIHA TOK Haer Ha pe-
3ucTope R2 3HauuTenbHOe NafieHue HanpsikeHusa. OHO xapakTe-
pHU3yeT CTelleHb YCWIEeHH HU3KOrO HallPsyKeHUs Ha CeTKe.

UM croco0OM MOXKHO MOMyuuTh OOJiee YeM CTOKpaTHOe
ycwieHne HampspkeHus. ECIM HeJOCTaTOYHO OJHOM JIAMIIbI, TO
MOXHO IONIyYeHHOe Ha RZ2 yCHIIeHHOe HalpsKeHue IOIaBaTh
Ha BTOpy0 Jlamny u T.4. [Ipu 3TOM OOlee ycuiieHue IojyyaeTcs
U3 IPOU3BE/IEHUs Y CIIEHUH Ha OTHEIIbHBIX CTYTIEHAX.

JNeKTpPOHHbIE JIAMIIbl YCUIIMBAIOT TEpPeMEHHOE HaNpsKeHHE
C 4aCTOTaMM 10 MHOTUX MHMJUIMOHOB repi. [Ioatomy mamrbl ume-
10T DOJIBLIIOE 3HAUEHHUE ISt PAIMOTEXHUKH, PaHOBELIIaHUSA H Telle-
Bunenusa. Hemp3a npencraButh cebe 6e3 MpUeMHO-Y CUITMTENbHBIX
JIaMI IPOMBILUTEHHYI0 3JIEKTPOHUKY, TEXHUKY YCWICHHS 3JIeK-
TPUYECKUX CUTHAJIOB, PaUOJIOKALMI0 U paguoHaBurayuio. Ilomy-
IPOBOOHHKOBas TeXHHMKa HpefocTaBuna euie Gonee 3ddexTUB-
Hble KOHCTPYKTUBHbIE 3JIeMeHThbl, KOTOpPblE BO MHOTHX 00nacTax
3aMEeHUIH 3JIeKTPOHHbIE JIaMIIbI.

Co BpeMeHeM NOABWIOCh MHOTO pa3lIMUYHbIX THIIOB JJIEKTPOH-
HbIX jami. Tak, camblie OoJbliie CErofHsi JIAMIIbI UMEIOT KaTom
KoceenH020 Haxana. Tox Hakajia packaisieT TOHKMi TPOBO,
KOTOpBIA pa3orpeBaeT TOHKYI0 Tpybouky. IloBepxHOCTh 3TOM
TpyDOOUKH MOKPBITA CII0EM, U3ITyYalolLIUM 3JIeKTPOHBI. Tak MOXHO
TNOJTy4yaTh KaToMbl C BeChbMa MOLHBIM H3JTyYeHHEM 3JIeKTPOHOB;
HaKaJIUBaHWe TPYOKM MOXKET IPOU3BOAMTLCA IIOYUTH Bcerma
HMEIOLIMMCS B PacOpsKEHUU TIePEMEHHBIM TOKOM.

Oxkas3sanoch TaKxe 1eecoo0pasHbIM CTPOUTH JIaMIIbl HE TOJIBKO
C OJIHOM, HO U CO MHOTMMH ceTkamH. Haubonee yacro ynorpe6ns-
€MbIM TUIIOM JIaMII OCTal0TCs JIaMIIbl C TPeMS CeTKaMH — HeHTOObL.

flBnenuna paspana B raszax

JlamIIOBBIE JYOMIBI U TPHOMbI ABJIAITCS EKTPOBAKYYM-
HbIMU NpubopamMu. INEeKTPUUECKHE CBOMCTBA JIaMII
He MEHSIOTCS, eClId 3alOJIHUTh UX Ta30M MpH HU3KOM [IaBJICHUH.
Tloka npwiokeHHOe HANpsDKEHHE MEXOy KaTogoOM H aHOAOM
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OCTaeTcs HU3KHMM, TOK OyfeT HesHauutenbHbIM. Ho ecnu Hanpsixe-
HHe TOCTeNEHHO MOBBIIIANIT, TO IPH ONpeesleHHOM ero 3HaYeHUH
cwla TOKa “TofacKkakuBaeT BBepX’ . ONHOBpeMEHHO BHYTpH
JaMIbl NOsSBIAeTCA cBeueHHe. IIBeT ITOro cBeyeHHs 3aBUCHT
OT BM/IA HaTOJIHAIOLIETrO [a3a: rejIMid — XeNTo-po30Bbli, aproH —
¢uoneroBblil, HEOH — KpacHbIA. Ecnu 3anonHuTh GalIoH NaMIibl
napaMu HATpHsA, MOMABJIAETCS CBeYEHHe UHTEHCUBHOIO JKEITOro
BeTa.

Kak u B BakyyMe, 3JIEKTPOHbI 3[eCb YCKOPAIOTCA OT KaToaa
K aHofny. IIpu 3TOM OHH MHOTOKPAaTHO CTaJKWBAIOTCS C aTOMaMHU
HaNOJIHAIOLIErO ra3a, KOTOpble HAXOHATCA B HEYNOPAIOYEHHOM
TEMJIOBOM [BMXXEHHM BHYTIpU Jamnel. EcIM anekTpoH Mexnmy
OBYMSA COYIapeHHsAMH IpHOOpeTeT HOCTaTOYHYI0 JHEPrHI0 OBH-
XKEHUA, YTO IPOUCXOIUT IPH OMpeNieTIeHHOM ~HaNpsKeHUH 3aXH-
ramusa’”, TO MOXET IIpU IOCNEeAYyLIMX COYAApeHHAX BbIGUTDH
3JIEKTPOHBI U3 BCTPEYHOTO aToMa. JTOT IJEKTPOH YCTpeMIIsAETCA
B HalpaBJIeHUM aHOMa M ~0CBOGOXIaeT” IO NMYyTH CleAylollide
JJIeKTPOHbI. B pesynsrare 3T0# ymapHON MOHM3ALMKM TOK pacTer
naBHHOOOpa3Ho. OH MOXeT pa3pylUMTb JamIly, €ClIM He Impemy-
CMOTpeTb CMEeLUalbHbIX Mep [0 OrpaHuyeHuIo Toka. OqHOBpeMeH-
Ho Gonbllioe YKCIIO aTOMOB “BO30y>xmaercs”. OHM mproOpeTaoT
9HEPTHIO, HO He MOHM3UPYIOTCS, @ OTHAIOT ee BCIBIIIKAMU CBETa.
10T mpouecc BO3HUKAET OJHOBPEMEHHO BO MHOTMX MecCTax
GaJIIOHa JIaMITbl ¥ BbI3bIBAET CBEYCHUE HAMOJIHAIOILETO Iasa.

3TO sABJIEHUE UCIONbB3YIOT B ra30pa3psAAHbIX HOHHBIX BEHTWIAX
C HeyNpaBJIsieMbIM OJJIEKTPUYECKHM pa3psaioM — 2a30TPOHAX.
Tax xak HanpaBjieHUe IBWKEHUS JIeKTPOHOB H HOHOB OIIpefens-
eTcs NpHUTsHKEHWeM KaTo/a ¥ aHoJIa, ra30pa3 psigHbIe JIaMIIbI MOXKHO
HCHOJIb30BaTh TaK)XKe [JIA BBINPAMIICHUA NepeMeHHOro Toka. OHU
MOTYT BBIIPAMIIATH TOK HaMHOro Oollbillel CHIIbI, YeM JJIEKTPO-
BaKkyyMHble samnbl. OueHb GonblliHe TOKH TaKe MOTYT Bbl-
HPAMIIATH PTYTHblE 8EHTUAU , HCTIONIb3YIOLIHE MIPOLIECC HOHHU3ALMHY.

Ecny B ra30TpOHe YCTaHOBUTh OOMH WIM HECKOJIDKO YIpaBis-
IOLIMX 3JIEKTPOOOB MeXIY KaToIOM M aHOOM, TO MOXHO IOJy-
YMTb ra30pas3psaaHbiil npubop — TuUparpoH. B KauecTBe MpUeMHO-
YCHIIMTENIBHOH JlamIlel OH He roputcsa. Ho B HeM MbI MOXeM
WU3MEHATb HaNpsDKEHWe 3aKUTaHUA, PeryJjmpys HallpsDKeHHe
Ha yIpaBIIAIOLIEH CETKe, T.€. JOOUBATHCS, YTOObI 1TaMIIa 32)KHrasnach
opy Gojiee BBICOKOM MIIM 0ONiee HM3KOM HANPSIKEHHH MEXTY

133



xatonoMm M anomoM. Ilocite 3axxuraHus ceTka TepsieT CBOM yIpas-
JIALIME CBOHCTBA, TAK KaK ee OKPYKAI0T NOJIOXUTEIbHO 3aps-
skeHHbIe HOHBI. HecMOTps Ha 3TO, THPAaTPOHBI ABIAIOTCA BaXKHBIMH
3JIeMeHTaMH I1pOMBILLIIEHHOH JJIEK TPOHUKH ™.

Bo MHOIrHX OTpacisix MPOMBILUIEHHOCTH HEOOXOOUMO peryJiu-
pOBaTh MOLLUHOCTh OBMraTenell WIM [PYTHX JJIEKTPHYECKHUX
yCTPOHCTB 0e3 CKayKoB U, II0 BO3MOXHOCTH, Oe3 moTeps, NpuueM
YacTo eule ¥ [IMCTAHIMOHHO, Ha GONBIIOM paccTOAHMU. 37eCh
TIOMOTaeT THPaTPOH.

PaccMOTpHM THPAaTpOH, aHOH M KaTofi KOTOPOrO COeIHHEHBI
C HCTOUYHMKOM IlepeMEHHOIO TOKAa uepe3 Harpysky. Mexumy
CeTKOH M KaTOJOM THPAaTpOHAa IIPUIIOKEHO TaKOe HallpsKEHHeE,
IpH KOTOPOM THPAaTpOH 3a}MIraercs; IIpd 3TOM TOK TEYeT uepe3
JaMIy M Harpy3ky. THpaTpOH MOXET 3aXMraTbC TOJBKO IIPH
nonyBonHe (cM. ctp.120), IpH KOTOpOH aHOJ, MONOXHUTENIEH,
a KaToj OTpUI@ATeNIeH. B KOHUE NOJyBONIHbI IIpU HANPAKEHUU
2auienus TOK TpepbiBaeTcs, YTOObI ONATh BO3HUKHYTb IIpH Clle-
oywomeid mnonyBonHe. CliemoBaTeNIbHO, THPAaTPOH [IEHCTBYET
KaK BBIIPAMHTENb. B ero aHOMHO#M el TeyeT NMOCTOAHHBIA TOK
B BHIE UMIIYJIbCOB TOKA M IIPOMEXYTOUHbIX Hay3. Takum TOKoM,
HaIlpHMepP, MOXHO MUTATh IBUraTelb IOCTOAHHOIO TOKaA.

W3MeHeryieM HanpsDKeHUsl YNpPaBIA0LIEH CETKHM MOXHO Me-
HATH HalpsDKeHWe 3axcuraHusa. Ecim HampsbkeHue ceTku Oyner
OTpULIATENbHBIM, TO TUPAaTPOH Oy[eT 3aXHraTbcs HPHU OTHOCH-
TEJIBHO BBICOKOM HalpsDkeHHd. Eciu “cOBHHYTH” HampspkeHHe
CeTKM B MOJIOXUTEIIPHOM HAaIpaBJIeHUH, TO 3a)KMTaHHWE JIaMIIbl
[IPOU30MIET paHbliie. JTM H3MEHCHHS CEeTOYHOrO HaNpsDKeHHA
MOTYT OCYILECTBJIATBCA C GONBUIMX PACCTOSAHUM, TaK KaK CTO-
HMOCTb TPOBOAKHM HE3HauuTellbHA M3-332 I€pelaud Ha CeTKYy
OYeHb MaJIOTO HAallPSDKEHHS.

COBUTOM TOYKH 3aKHraHus B OOJIblLIeH MU MeHblIeH cTeleH:
COKPaLIaloT UMIyJIbChl TOKa. [1ay3sl Mexay UMITYJIbCAMH CTaHO-
BATCA [UTHHHEE, CAMH MMITyJbckl — Kopoye. Ciita Toka B aHOAHO#M
LeNH TUPAaTPOHAa YMEHbIIAeTCs M BO3pacTaeT B 3aBUCHMOCTH OT
3HAYEHUSA HANPSKEHUA CeTKH. Y IBUTrartells, MUTAILErocsa TaKUM
TOKOM, MOXeT PerylupoBarhCs, HapHUMep, YaCTOTa BPALLEHUS .

* B HacTOAWee BPEeMA TMPaTPOHbl NOBCEMECTHO BbITECHAIOTCA TUPW-
ctopamu. (lpum. nepes.)
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Kpome tupatpoHa Gbimu pa3pabGoTaHbl H Apyrue THIBI ra3o-
Pa3pAOHBIX JIaMII.

CBeuenne HanoJHUTENA B ra3opaspsgHOM Ipubope sBIsgeTcs
no6ounsiM sBiIeHHeM. OIHAKO 3TO CBeyYeHHe NPUBIIEKATO K cebe
BHHMaHHe B TeyeHHe MHOTHUX JIECATUIIETHH, TAK KaK He 6bUIo CBA-
33HO C CHJIbHBIM TeIUIOBbIAENIeHHEeM, HeH36eXHbIM y IpYrux
HUCTOYHUKOB CBETa.

ITepBbIMU CBETWIbHUKAaMHU TAKOTO THIA CTaIH IOSABUBLIMECA
B CepenuHe npouuioro Bexa “tpybku [elicaepa” (Ienpux Ieii-
caep, 1814—1879). Ecnu mopBecTH HampspkeHHe B HECKOJBKO
TBICAY BOJIBT K MPOJOJITOBaTON CTEKJIAHHOM TpyOke, KoTOpas
OCHallleHa [BYMs MeTaJUIMYeCKMMM IUTaCTUHKaMH B KayecTBe
37IeKTPOMOB U 3al0JIHEHa CHIIBHO pa3peXKeHHbIM ra3oM, To Tpybka
WIH 0060 U3rOTOBJIEHHbIH KaTOJ, HaUMHaeT CBETHThCS, HE Harpe-
Basich. B Tpybke Bcerga MMeercsi HEKOTOpOe KOJIMYECTBO HOCH-
Telled 3apANOB, HAXOMNAIUUXCA B MABIDKEHUH M OO6Nafarolmx
BCJIEICTBHE BBICOKOIO HAalpsDKeHWsT TaKON 3Heprueit, Koropas
MOJKET BbI3BIBATb HOTOK 3APSAMEHHBLX YACTUY.

OneITel N0 MCIOJIB30BAHUIO TEHCIIEPOBCKHX TpyOoK miisg
obuiero ocBeLIeHUs OKa3allMch HeynauHbIMH. X ApKoCTh OKa3a-
J1ach HEJOCTaTOYHOH, LBET [IA IJla3a — HeoObIYHBIM. Bbicokoe
HalpsDKeHHe 3THX Tpy6ok TpeGoBaso ocobbix Mep MO M3ONIALMH.
Opnako B cBeToBOHM pekiiame TpyOku Ieficiiepa numpoko mnpu-
MeHsI0TCA, 0co6eHHO Graromaps ToMy, YTO UM MOXXHO NpU/IaBaTh
moutH Jo6yro xenaemyio popmy.

Bcnen 3a reficiepoBckUMHM TpyOKaMH IOSBWIHCH H0MUHeE-
CyeHTHble namnsl. B OTIHuYME OT peKJIAMHBIX OCBETUTENIbHBIX
TpyOOK OHM paboTaloT NpH OOBIYHOM HANpPSXKEHUH CeTH U IpHU-
TOIHSI 171 OCBELIeHHA.

JliomuHecuenTHasas Jamma (puc. 77) npexacrasiser co6oit
OOBOJIBHO [UIMHHYIO CTeKJIAHHYI0 TpYOKYy, 3aIOJIHEHHYIO pa3pe-
JKEHHbIMH TapaMU PTYTH. JTH MHapbl IIpU [a30BOM paspsle Mo-
POXAAIT He TONBKO Foyy0oBaTo-3eJIeHbI CBeT, HO Ipex[e
BCErO HEBHAMMOE YJIbTpadHOIETOBOE UITYUeHHE. ITO U3NMyyeHHe
M HCIOJIb3yeTCsl B JIIOMHHECHEHTHOH J1amIle. BHyTpeHHsA cTOpoHa
CTEeKJIAHHOTO OaJJIoHa NMOKpBIBAETCS BellecTBOM (JtoMHHOGO-
poM), obNajaoIuM CBOMCTBOM fIPKO CBETHTIbCA MOJ, BO3MCH-
CTBHEM YIIbTpacHONeTOBbIX Tyyeil. [[BeTOBON TOH 3aBHCHUT HE OT
xapakTepa yibrpacduoneroBoro obiyueHHs, @ OT XMMHUYECKOTrO
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Puc. 77. NTioMuHecueHTHaR namna

cocraBa MOMHHOGOpa. ITOT COCTAB MO>KeT ObIThb BeCcbMa PasHo-
06pa3HbIM.

B mamme Ha 00oHX KOHIAX NOMeEINAITCA BOJbGPAMOBbIE
CIMpajibHble IeKTponpl. IIpy BKITIOYEHUH JIaMIbI OHHM pacKasis-
I0TCSI M BbICBODOXIAIOT OONIbIIOE KOJIMYECTBO IJIEKTPOHOB. JTH
9NIeKTPOHbI OOJeryaror ~3axairanue’ jammbl. [Tocie 3akuraHus
pa3pAn MOIJepXKUBaeICcsa B Jamie cam coboil. Iloatomy Tok uepes
CIMPAIH TOCIIe HECKOTIbKUX CeKYH, aBTOMATHYECKH OTKITIOYaeTCs
TaK Ha3bIBaeMbIM ITyCKareJeM.

[lepen NMIOMHHECLEHTHON JIAMITOH BKIIIOYAeTCsl MYCKO-peryiiu-
pymwoulee ycrpoicTBo — dpocceas (cm. crp. 153), cocrosmmit
U3 (GeppOMarHUTHOTO CepfeuHHKa M GOJIBLIOro YWClia BHTKOB
npoBofa. B gpoccene Bo3HukaeT marHuTHOe mone. Ecnu npepsath
TOK 4Yepe3 BOJIbPpaMOBble CIHPATIH C MOMOLIBI0 MyCKaTeNs, TO
MAarHuTHOEe II0Jie MIHOBEHHO Hcue3aeT. IIpy 3ToMm M3-3a camo-
HHIYKIMH BO3HWUKAaeT MOLUHbIA MMIYJbC (yOap) HalpsDKEHHs,
KOTODPBbIH HAIEXHO 3aXHraer Jamiy. B panmeHeiuieli paborte
Opoccenb obecnieunBaeT OrpaHUYeHHe CUIIbI TOKaA, IIPOTEKAIOLIErO
yepes JaMmIy.

JIloMUHeCIIEHTHbIE JIaMIIbI JOpOXKe OOBIYHBIX JIaMII HaKaJIHBa-
HusA. OOHAKO UX Y9KOHOMMYHOCTb ¥ CPOK CITyXGbI BbILlE, TAK UTO
MepBOHAYATIbHAS CTOUMOCTH ObICTpO OKymaeTcsi. CBeueHHe ra3oBo-
ro paspsjia UCIONb3yeTCs TAKXKe B AAMNAX Taelwe20 pas3paoa.
Pacxom uMM D3HepruMm W SPKOCTb CBEYEHHS HE3HAUUTEIIbHBI.
IlostToMy oHu Haubosiee NpPUIOAHBI B KAa4yeCTBE CUTHAIbHBIX
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M KOHTPOJIBHBIX JIaMIL. B 3THX nammax Toxe Heo6XOOMMO Or paHH-
YeHHe CHJIbI TOKa. JTO obecneunBaeTcs ¢ MOMOILLBIO CIIEIUATIBHOTO
pe3ucTopa, BMOHTHPOBAHHOTO HEMOCPEACTBEHHO B  LIOKOJb
JIAMITBI.

ﬂonynposouuukoable 3N1IeMeHTb!

CucreMaTHyecKHe HCCIIEOBaHUA IIPOLECCOB 3IEKTPO-

TPOBOJHOCTH B MONYIPOBOOHUKAX, K KOTOPBIM OTHO-
CATCA TaKHe MaTepHalbl, KaK IepMaHUil ¥ KPEMHHUil, CelIeH, CyIib-
&uapl CBUHLA M KaJMHUsA, apCEHUIb! TaJUlMs U MHOUA, dhochun
rajuldsi ¥ MHOTHe [pyrue, HayaJIuch, KOIOa MeXaHH3M 3JIeKTpO-
NPOBOAHOCTH B MeTaJlIaX, XUAKOCTAX U ra3ax GbUl JaBHO BBISC-
HeH. Pa3bepeM MexaHH3M 3JIeKTPONPOBOJHOCTH Ha IIpHMeEDe
0CcO6GEHHO BaXKHOTO [UIA MOJYTIPOBOJHMKOBON TEXHMKH MaTepH-
aJjia — repMaHus.

TepmaHuit — xummyeckuii anemeHr IV rpymmsi. B upeansHom
cllyyae BCE ero YeTbIpe BAJIEHTHBIX JJIEKTPOHa ObUTM ObI CBS3aHbI
C BQJIEHTHBIMH 3JJIEKTPOHAMU COCEIHEero atomMa. ITo ObutH GObI He
97IeKTPOHBI IPOBOAUMOCTH, M TepMaHH# OblT ObI AUAIEKTPHKOM.
Ho yxe mpH KOMHATHOH TemiepaType OTMEJIbHbIE M€K TPOHBI
MOIyT NOKHIATh *’CBOM’’ aTOMBI H NMeEpeBHUraThCs B KPUCTAJLIE
KaK 3JIEKTPOHBI IPOBOIMMOCTH. MX wiciio yBenmumBaeTcs ¢ poc-
TOM TEMIEpaTyphl, IPOBOJUMOCTh — Bo3pacraer. (B mporuBo-
HOJIOKHOCTh 3TOMY B METAJUTMYECKOM IIPOBOJHUKE YXe IpH
KOMHATHOH TeMIleparype KaX[Iplii aToM ~OTHaer”’ 3JIeKTPOH;
YMCJIO 3JIEKTPOHOB IPOBOOMMOCTH, CJIEIOBATeNIbHO, OYeHb
BEJIHKO.)

Tam, roe 37eKTPOH NOKHHYII aTOM, BO3HMKaeT ~Osipxa’. OHa
XapaKTepu3yeTcss HeloCTaueil OTPHIATENIBHOTO 3apAla M MOXeT
[O3TOMYy pacCMaTpUBaTbCs KaK IOJIOKHUTENbHO 3apsiKeHHas
vactuna. Ecmu BONU3M ApIpKH OCBOOOOWICS 3JIEKTPOH, MOXET
[IOKa3aThCs, YTO [blpKa “3akpbmBaerca’. OOHAKO TNpH 3TOM
BO3HMKaeT HOBasg [bIpKa Ha MecTe, KOTOpOe OCTaBWI 3allOJHH-
BILMiA MpeAbIIyLIyI0 ObIPKY 3JIEKTPOH. 3Ta AbIpKa ONATH MOXET
6bITb 3aKpbITa NIEKTPOHOM, KOTOPbIiA, B CBOI0 OYepe/ib, OCTABHII
nocine cebs gpipky, 4 1.10. CilegoBaTebHO, B K PUCTAIIIIE ABIKYTCS
He TOJIBKO 3JIeEKTPOHBI, HO H AbIPKH.
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Ecld [pWiIOXuTh 37IeKTPHYECKOe HampshKeHHe K NMPOTUBOIIO-
JIOXKHBIM CTOPOHAaM KPHUCTaJIa I€PMaHHUs, TO 3JeKTPOHbI IPOBO-
OMMOCTH NPUOIM3ATCA K MOJIOXKUTEIBHOMY IOJIIOCY; OBIPKU CMe-
CTATCA K OTpULaTeJIbHOMY momocy. Kpome 3meKTpOHHOro TOKa,
B IIPOTHBOIIOIIOXHOM €My HaIpaBJIEHUH IOTeYeT OblPOYHbLI TOK .

B omucaHHOM mpoliecce YYacCTBYIOT TONIBKO aTOMbI FeépMaHHsA
U UX 371eKTpoHBL. [I03TOMY rOBOPAT 0 cOOCTeeHHOI NPOBOOUMOCTU
repmanusi. OHa CpaBHHTENIBHO Majia IIpY KOMHATHOM TeMIepaType,
C TOBBILIEHHEM TeMIIepaTypbl CIAHOBUICS 3aMETHOH, a 3aTeM
PE3KO BO3pacraer.

BaxHoit myia repMaHusA U WA OPYTMX NOIYIPOBOJHUKOBBIX
MaTEpUAIOB SABJIETCS TaK HA3bIBaeMasg HPUMECHAA NpPO8OoOU-
Mmocrs. OHa mposBIAeTCS, KOrfa B KPHCTALI HOJIYyNPOBOTHUKA
”BBOOAT” Yy>KepOJHble aTOMbI B KayecTBe MPHMECHBIX 1LICHTPOB.
Jlaxxe KpPOXOTHOTO KONMYeCTBa Takoro “3arpsasueHus’ (1 arom
Ha 10° aTOMOB OCHOBHOrO MaTepHana) JOCTaTOUHO, YTOBBI Pe3KO
U3MEHHUTD JIEKTPHUYECKHE CBONCTBA MOTYIPOBOIHHKA.

ITpennonoxum, Y10 B KPUCTAUIIMYECKYIO PeIleTKY I'epMaHHs
BBeJleHbl NATUBAJIEHTHbIE aTOMBbI, HApUMep, Mbilbska. U3 maru
BaJIEHTHBIX 3JIEKTPOHOB aTOMa MBILIBAKA TOJIBKO YeTbipe OymyT
CBfI3aHBl COCEJHMM aTOMOM TIepMaHUsA, MNATbIA MOXET Iepe-
OBUraThCA B TepPMaHUU KakK 3IJIeKTPOH HpoBogumoctd. To e
IIPOMCXOJUT M CO BCeMHM [PYTMMH aTOMaMu MbllbAKa. 3[ech
UMeeM [IeNI0 ¢ U3OBITOYHBIM IMOJIyNPOBOOHMKOM (TaK Kak IIpO-
BOAMMOCTb OCYLUECTBIIAETCA 3a cyYeT H30BITKAa OTPHIATENBHBIX
3JIEKTPOHOB) — C H-IPOBOALLMM repMaHUEM, C TepMaHHUEM H-THIIA.

Ecnu BBecTH B KPHCTAJUIMYECKYIO DELIETKY YeTbIpEeXBaJIeHT-
HOTO repMaHUsA TpeXBaJIeHTHble aTOMbI (HamnpUmep, aToMbl 6opa,
HHIUA WIM JIIOMHHUA), TO Y NPHUMECHOTO LEHTpa [IA IOJIHOH
CBA3M HEJOCTaeT BAJIEHTHOTO 3IEKTpPOHa — BO3HUKaeT [bIpKa.
OueHb CKOPO OHa 3alOJIHAETCS EKTPOHOM OT COCEHEr0 aToMa
repMaHus, rfge, B CBOK ouepedb, obpasyerca HOBas HObIpKa.
Ilon BNHAHHEM INPWIOKEHHOTO H3BHE HANPAXEHMA MBIPKH Ie-
peMeLaTcs. Bo3HuKaeT [BIPOYHBIA TOK, [BIPOYHAst IPOBO-
OMMOCTb.

9Ta TNpOBOAMMOCTb BO3HHKJIA Ollaromaps HeIOCTAIOLIMM
3nexTpoHaM. [Io3ToMy roBOpAT O HOMYNPOBOAHHUKE C Aed HIMTOM
(TaK Kak B 3TOM CJIyyae B NPoLecce NPOBOAUMOCTH NIPEBATIUPYIOT
TOJIOXMTENbHbIE [BIDKH) — 0 P-IPOBOIANIEM FePMAaHHH, MM

138



o repmanuy p-tuna. Oba BUAa NPUMECHOH NMPOBOAMMOCTH HMEKT
Ba)KHOE 3HaYeHHE B NOJIYTIPOBOTHUKOBON TeXHHUKeE.

Hcnonb3oBaHne OONBILIMHCTBA MONYNPOBOAHHKOBBIX 3JIEMEH-
TOB OCHOBAHO Ha IpOlLieccaX, MPOTEKAIUNX Ha PaHUIEC COIpH-
KOCHOBEHMsS OBYX OONacTeii pa3nuuHbIX TUIIOB NPOBOOHUMOCTH.
Tax, Hanpumep, p—nr-lepexof OCYLIECTBISAEICS B IOTPaHUYHON
00macTy CONMPHKACAIOMIUXCA p- U H-IPOBOISAILMX MOJTYIPOBOIHHU-
KOBBIX MaTepHaJIOB, COCTAaBIISASI OCHOBY HO/AYNPOBOOHUKOBbLX
Oduodos. HIx peiicTBHe MOXHO pacCMOTpeTb Ha KpUCTaJlle repma-
HHs, B KOTOPOM IIPOMCXOIOUT TaKON Iepexon U HUMeeTcAd KakK
n-o6mnacts, oborawieHHas M30GbHITOUHBIMA™ 3JIEKTPOHAMH, TaK
u p-obnactb, o6eHeHHas 3JIeKTPOHAMHU, — ABIPOYHAs O0ONacTsb.

ATOMBI KpHUCTa//Ia IIOCTOSTHHO COBepUIAIOT TeIUIOBbIe KoJeba-
HHfA. JJIEKTPOHBI IPOBOIUMOCTH H IBIPKH, CJIEAOBATENBHO, TOXE
He MOKoATCsA. BcnmencTBue 3Toro Ha rpaHuue p- M n-obnacreit
HENpephIBHO NPOHCXOMAT IMepexo/bl: U3 p-00JIacTy AbIpKH NPOHHU-
KalT B #-06711acTh, B TO BpeMs KaK 3JIEKTPOHbI U3 A-IIPOBOJISLLEH
YaCTH NepexXOnAT B p-00NacTh.

BOmu3u rpanuiner p-065IacTH MOJIOXUMTENBHBIA 3apand Ucye3aer
M3-32 yXOHa IOBIPOK: ITO O3HAyaeT, YTO Y IPaHHULbI P-IPOBOAALIEH
YaCTH BO3HUKaeT OTPULATENbHbIH NPOCTPaHCTBEHHbII 3apsa/. ITOT
3apsAn ycwiuBaeTcd elle TeM, YTO U3 n-00macty B p-obmactb
HepexoAT 31eKTPOHbI.

B n-obrnactu HaGmopaercs Takoe e sBJIeHHe, HO ¢ 06paTHBIM
3HakoM. brnaropaps nepexony 37eKTPOHOB M BHEJPEHHIO OBIPOK
co3paeTcs INPOCTPaHCTBEHHbIA NOJNOXKUTENbHBIA 3apsan. Kak nmomo-
SKMTEJIbHbIA, TaK M OTPHUILATENIbHbIA IPOCTPaHCTBEHHBIE 3apPSIbI
OTTAJIKMBAOT HOBBIE HOCUTENIM 3apsAfa TOrO JXe 3Haka. YcTIa-
HaBIIMBAaeTICAd paBHOBeCHe, NP KOTOPOM HOBble HOCHTENH 3aps-
OooB Golnbille He MOFYT HOCTyTaTh B OONacTs MPOCTPAHCTBEHHBIX
3apsaAoB. B morpanmuyHoM cnoe o6pasyeTcsa TOHKas, obegHeHHas
HOCHUTEJIIMU 3apAlOB M BCJEACTBHE 3TOro cnabo mpoBopsiias
obnacrs.

Ecid mopate HalpsbkeHHE Ha [PaHMYHYI0 IDIOCKOCTh KpH-
CTaJijIa, COEMHUB TOIOKHTEIIBHBIN OI0C HCTOYHMKA TOKa C 1-06-
JIACTBIO, TIEKTPOHBI OYAYT ~OTCachIBaThCA™ € FPAHUIIBI H-IPOBOAA-
uiei obyacTu: OHH GyIoyT IBUraThbCsA B HANpPaBJIEHHH MOJIOXKHUTEIb-
Horo nomoca. ITomoxuTenbHpli NPOCTPaHCTBEHHBIN 3apsaf, BOIM3U
rpaHMubl pa3fena cTaHoBuTcs ewte pesue. Ha pmpyroit cropone,
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B p-00GNacTu, AbIPKH HepeMeLalTCa K OTPHLATENIBHOMY 3JIEKTPO-
Ooy. BcnencrBue 3toro BOGNM3M IpaHMIBI OTPMUATENIBHBIA IIPO-
CTPaHCTBEHHbIA 3apAn Bo3pacraer. I'paHuuHas obnacTs H3-32 3THX
[pOLECCOB HACTOJIBKO OOemHAeTCA HOCHTENSAMHM 3apAfioB, UYTO
HUKaKoH TOK IpOTeKaTh yxxe He MoxeT. Co3paercs 3amMparolHi
CIIOH.

IpucoemuHuM Tellepb MOJIOXHMTENbHBIH IIOJIOC MCTOYHMKA
K p-06J1acTH, a GTPHLATENbHbI — K r-npoBopsuieit cropore. Tak
KaK OJHOMMEHHbIe 3apsfbl OTTAIKHUBAWICA OpPYr OT Jpyra,
[OJIOXKUTENIbHBIA 3TeKTPON, ~’BbiIaBIMBaeT’’ ABIPKH B IPAHHUHYIO
obnactb, a OTpHIATENBHBIN — 37eKTpoHbI. IIpocTpaHCcTBEHHBIE
3apsdpl BCIIEACTBHe 3TOro ocnabnsiorcsa. Kpome Toro, B rpaHuy-
HOW oOmacTd yMeHbIIaeTcsl KOJMYECTBO HOCHTeNed 3apsapa.
ONeKTPONPOBOSHOCTh KPUCTAJUIa PE3KO IOBbILIAETCS.

CrnenoBateNbHO, p—r-K pHCTAJUT OTHOCUTEIIBHO OeclpenATCTBEH-
HO IPOBOOMT MIEKTPHYECKHMH TOK B OJHOM HANpPaBJIEHWH, B TO
BpeMs KaK B IPOTHBONOJIO)KHOM HalIpaBJIEHWH TOK IOYTH 3amepT.
ComnporuBiieHHA B TOM H B IpyTOM Cjiydae pa3jiMyalIcs BO MHOTO
THICAY pa3. JToT 3¢ddeKT OOHOCTOPOHHeH NPOBOOMMOCTH JaeT
BO3MOXXHOCTb HCNOJIb30BaTh p—H-Epexop, OJId BbINpAMIICHUS
ToKa. Eciu npwioxmTe oObIYHBIA NepeMeHHbIH TOK K p—N-KpH-
CTaJuly, TO TOK IOTeyeT TOJIBKO BO BpeMs HOJIyBOJHBI, IPH KOTO-
poit ¢ p-obnacreio Oyner coedMHEH HOJIOXKHTENbHbIH MMOM0C HCTOY-
HuKa. IIpy 3TOM Yepe3 NOIYNMPOBOIHUKOBBIH 3JIEMEHT HOTEYeT
U cnabpni OGpaTHBNi TOK B IPOTHBOMOJIOKHOM HAIpaBJIeHHH.
OH BO3HMKaeT BCJIEICTBHE MOCTOSHHO HMeIoLIEHCcA cOOCTBEHHOM
NPOBOAMMOCTH TOJYIPOBOJHUKOBOIO MaTepHalla, 3aBHCAIIEH
OoT Temmeparypbl. ECIH IONYIIpOBOOHUKOBBIH 3JIEMEHT CHIIBHO
HarpeTh Bo BpeMs paboTsl, T0 3¢ibeKT OOHOCTOPOHHEH IPOBOJIU-
MOCTH p—n-iepexofja MpoNafeT Mu3-32 BO3pociliell coOGCTBEHHOU
[POBOAUMOCTH HONYTIPOBOJHHKA.

Ecmu obnacts p—n-nepexona HaXOAUTCSA BHY TPH IIOJTYIIPOB OJHH-
KOBOTO BBINPAMUTENA, TO OH OTHOCHICSA K IUTOCKOCTHBIM BBIIpS-
MHUTENAM — NAOCKOCTHbIM Ouodom. OpHako o6nact p—n-epe-
XOJIa MOXeT HaXOIMThCA TAKXKE y HAPY>KHOH HOBEPXHOCTH KpH-
CTAJIIa H pacroaraTbcsa Ha caMOM KOHUMK e METAJUTHYECKOM HIJIbI.
Torpa noNMyyarT TOYEUHBI BHUIPAMMTENL — TOYeuH sl OUOO. DTH
AHOIBI HMEIT BAXHOE 3HaYeHHE IMpex/ie Bcero s mpeobpas3oBa-
HUS YaCTOTbI, B H3MEPHTENIbHON Pa/IMOaNIaparype 1 T.1.
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B anekTpoHHMKe LIMPOKO HCIONb3YHTCA B KayeCTBE IUIOCKOCT-
HBIX BBINPSAMUTENEH MEJHO3AKHCHBIE H CEJIEHOBbIE BHINPAMUTEIH
ONHAKO B Hacrosilee Bpems (Ipexxae Bcero B obract# GoNbIIMX
3JIEKTPUYECKHX MOIIHOCTEl) NPEeHMYIIECTBEHHO PaclpoCTpaHeHbI
KpeMHMEBbIe U FepMaHUeBbIe BbIIPAMHTEIH.

s 3TOro MMeIOTCS BaXKHbIe TeXHWYECKHE M IKOHOMMUYECKHe
OCHOBaHMsA. 3amMpaloniee HANpsDKeHHE OTCEYKH y KPEMHHEBOTO
BBIIPAMMTENIA BO MHOTO pa3 Bbillle, YeM, HalIpHMED, Y CeJIeHO-
Boro. IloaToMy npd BBIIPAMIIEHHMH BBICOKOTO HAIPOKEHHA
06X0ATCA HECKOJIBKHMHU BBIIPAMIIAIOLMMY JJIEMEHTaMH, TOTAa
KaK paHee IPHXOMWIOCH NOCIIeOBATENBHO BKIIIOYaTh OYeHb 6OIIb-
[I0€ KOJMYECTBO 3MIeMeHTOB. Tak ke M 1A CWIbl TOKa: OJHH
KpEeMHUEBBI/l BBIIPAMHTENIb MOXeT Ipeobpa3oBbiBaTh Gonee
YeM THICAYEKPAaTHYI0 CWIy TOKa IO CPaBHEHMIO C CeJIeHOBBIM
BhIIpAMHTeIeM (DM OJMHAKOBOH IUIOLIa[M P—h-TIEPEXOna) .
BcreacTBuMe 3TOro KpeMHMEBbIi (MM TepMaHUeBBbIi) BBIIPIMHU-
TeJIb 3aHMMaeT HAMHOTI'O MEHbIIMH 06beM, YeM ero MpefecTBeH-
HuKH. K.I.0. KpeMHHEBOro BBIIPSMUTENS COCTaBIsAeT NPHMEPHO
95% ¥ TaK pHaneKo MpPeBOCXOOUT OpPYTHe BbIIPAMMTENH, UTO
HCIIONb30BaHME YCTPOMCTB Ha KpEeMHHMEBBIX IJIeMEHTaX Bceria
obecreuMBaeT 3HAUMTENIbHYI0 SKOHOMMIO 3HeprHd (ocoGeHHO
y KpYHHBIX IOTpebuTesniell MOCTOAHHOTO TOKA, HAPUMEDP B XUMH-
YeCKOii IPOMbILIEHHOCTH) .

JIOCTOMHCTBO HOJYNPOBOOHMKOBBIX MMOHOB OYEBMIHO: 3TO
ellle OJMH IIAar Ha MYTH OT BBOIPAMHUTENIBHbIX JIaMIl K TpaH3H-
CTOpaM, K PpasBHTHIO CHIIOBOH IONYNPOBOOHMKOBOH TEXHHKH.
Tpan3uctop SBIAETCA BaXKHEHIUNM JJIEMEHTOM COBPEMEHHOH
3NEeKTPOHHMKH.

B xpucTanie repMaHus WM KPEMHHUA JPYyT 3a APYTOM paclo-
JIOXKEHBI TPH OGJIACTH Pas3IHYHOIO BHAA MPOBOAHUMOCTH: IMUTTED,
6a3z (B HECKONBKO MMKpPOMETPOB TONILMHOH) H KOA1eKTOp.
Kaxxnas oGnacts coemMHeHa coO CBOMM 3NeKTponoM. B 3aBucumo-
CTH OT TOro, KaK paclojIOokeHbl OTHOCHTENIBHO ApYyT Apyra obna-
CTH pas3jIMYHOM NPOBOIMMOCTH, FOBOPAT O TPAH3HCTOpaX p—H—p-
WIH n—p—n-THTA.

Tpausucrop p—n—p-ana (puc. 78) coenuHeH ¢ OBYMs HCTOY-
HAKaMH TOK4 B HECKOJIBKO BOJIBT M C IByMsA pe3ucropami. Pac-
CMOTpPUM CHayajla TOJIBKO JIEBBbIi p—N-TIEPEXOM, YCIOBHO CUMTaA
€ro TONYNPOBOAHUKOBBIM JHOOOM. JTOT IEpeXol MOAKJIIIOYEH
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Puc. 78. p—n—p-tpansucrop
M CXema ero BKNtoYeHun

B- HallpaBJIeHMH IPOIYCKAaHUA JJIEKTPUYECKOTO TOKAa: M3 JIEBOH
p-o0NIacTi IpIpKH MPOTAIIKMBAITCA B TpaHMuHyto 00macTs U B 6a-
3y (31a obnactb Ha3bIBaeTcs ~IMHITEPOM’ — BBINMyCKaloLIeH) .
TpaBeiii p—n-nepexomn, HaoGopoT, 3amepT (0ONacTe Has3biBaeTcs
“koiuiekTopoM” — cobupatoweit) . Yepes Hero HpoTeKaer TOJILKO
cnabprit ob6parHeli TOK. PemmarommM pnsa paboTel TpaH3HCTOpPa
SIBIIAETCA TO, YTO 00e H306paXkeHHbIE Ha CXeMe LieH COeNMHAITCA
Ipyr ¢ apyroM 6a3oii.

Bonpuias yacte NpOHMKaloOWIMX B 6a3y ApIpoK OOBIYHO Teuer
He K JJeKTpomy ©0a3bl, YToObl COEOMHMTHCA C IJIEKTPOHAMH
[IPOBOJIMMOCTH, a UOET K NpaBoii rpaHulle 6a3pl U Jajee B IPaBYyo
pobnacte. OHM NPUTATHBAKTCA K 3INeKTpody Komrekropa. Cre-
[OBaTenbHO, TOK B IeNU KOJUIEKTOpa ONpefdenseTcsa He NpoTeKa-
IOIMM Yepe3 3aMupalotkil pe3ucTop R, TOKOM Ha Iepexofe 6aza—
KOJIJIEKTOP, a NpexkHe BCero NpUXOIAIINMH U3 6a3pl AbIPKAMU.

ConporuBieHHe NPAMOMY TOKY Ha Iepexone 3MHTTep—06a3a
HuyroxHO. IToaToMy HOCTaTOuHO Yy>ke HeGONBLIOro H3MeHEeHUA
HanpsKeHHs, BbI3BAHHOTO, HAIlpMMep, PeryJMpoBKOH pe3ucropa
R, uT06bl MOXHO 6BUIO CyLIECTBEHHO M3MEHMTb IMUTTEPHBIH
TOK. JTH M3MEHEHMsI OTPAXAIOTCHA, €CTECTBEHHO, Ha WMCIle Hepe-
cekaomux 6asy IBIPOK, T.e. KOJUIGKTOPHBIH TOK H3MEHsAETCA
NPONOPLUMOHANIBHO H3MEHEHHAM IMHUTTEPHOTO HallPSIKEHUS .

Tax kak comporuBieHHe nepexona 6asa—KoJUIEKTOp B 3amep-
TOM HaNpaBJIeHMH BeMKO, a B IeNb KOJMJIEKTOpa, KpOMe TOro,
BBeJIeH pe3ucTop R, , TO U3MEeHEHUsA OBIPOYHOTO TOKA BbI3BIBAIOT
3HAUYMTENIbHbIE KOJeOaHus HANpspKeHUsA B KOJUIEKTOPHOH liemH
pesucropa R,.. Ho ecimn manbie koneGaHusa HaNpsKeHUs B IMHUT-
TEepHO# et (K KOTOPBIM OTHOCHTCS ¥ HallpsKeHue IlepeMeHHOro
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TOK2) YBEIHUMBAKNTCI B KOJUIEKTOPHOH LENH, TO 3TO 3HAUMT,
yTo TpaH3ucrop ycwiuBaer. I[Ipu 3ToM B mpuHuMIe Ge3pasmuuHo,
B KakKo# HOCIIeIOBAaTeIbHOCTH PacnoJIoXeHbl O6JIaCTH IPOBOIM-
MOCTH B TPaH3HCTOpe: p—N—p WK h—p—h. B TpaH3ucrope n—p—n-
THIIa IPOUCXONAT NMoNoGHbIe e pHU3HYeCcKHe MPOLECChl, HO B HeM
9JIEKTPOHBI U IBIPKH MEHSAIOTCA POJIAMH, a NMONAPHOCTH IPHIO-
JKEHHBIX HAaIPsDKeHWH NOJKHBI GbITh H3MEHeHbI Ha OOpaTHbIe.

B mocnemHue rompl yoanoch HaWTH i OOJIBIIMHCTBA JIAMIIO-
BBIX CXeM “TPaH3UCTOpHbIE aHanoru”. bosee Toro, TpaH3UCTOPHI
OTKpBUIM HOBble BO3MOXXHOCTH Ui 3JIEKTPOHHBIX HpHOGOPOB
M MX KacKagoB. Tak, HONyWUIM, HalpuMep, IHepeKIIloyaloine
yCTpONCTBa KOMOHHanueld TpPaH3UCTOPOB p—n—p H H—p—H-THNA,
He mpuMeHsa namn. Takoke yCTaHOBWIHM, YTO TPAH3UCTOP FOAUTCA
He TONBKO [UIA YCWJIEHHsI, HO MOXET XOpOUIO HCHOJIb30BaThCS
B KauecTBe 3JIEKTPOHHOTO KITIoua.

JNeKTpONUTIaHHe TPaH3UCTOpa Mpole M IKOHOMHYHEE, 4eM
NHUTaHKe JIaMIIbl, TOTpe6ligeT OH 3HAYUTEeIIbHO MEHBLIYIO 3JIEK TPH-
YecKyl0 MOIIHOCTb. TpaH3HCTOp He pa3orpeBaercs, MOXeT pabo-
TaTb NPH HU3KUX HANPKEHUAX. TPAH3UCTOp He HACTONIBKQ
YYBCTBUTEJIEH K TPACKE, KaK 3JIeKTPOHHbIE JIaMIIbl C BAKYYMHBI-
MH GaJUIOHAMH ¥ MHOTOUHCIIEHHBIMH JIETAJIAMH, B3aHMOPACIIONO-
JKeHue KOTOPbIX He JOJDKHO HapyLIaThCA.

C u306peTeHHeM TPaH3UCTOPAa HACTYNWI NepHOJ MUHHATIO PH3a-
MK PafUMOIeKTPOHHOH anmapaTypbl. YMeHbIIEHHE pa3MepoB
9JIEKTPOHHBIX JIaMIT OrpaHMYeHO HECKOJIBKHMM KyOHYeCKHUMH
CaHTHMeTpaMH, B TO BpeMs KaK IUIOagb KPHCTAUIA CaMbIX
MOILHBIX TPaH3UCTOPOB He MpeBbILIaeT HECKOJIbKHUX KBaipaTHBIX
MUJIJIMMETPOB.

Bce 318 GnaronpHsaTHbIE CBOWCTBAa HMENH pellalolee 3HaUeHUe
B PasBHTUM COBPEMEHHOH MOJYNPOBOJHUKOBOH 3INIEKTPOHHKH.
YcrpoiictBa ms c6opa u 06paboTku MHGOpPMAIMH, TIeK TPOHHOe
0060opyoBaHMe IS TeHEepalMH CHTHAJIOB, perylHPOBAHUA H KOH-
TpPOJIA COHEpXaT MHOTHe THICAYM 3eMeHTOB. Takue ycCIpoicTBa
PALMOHANBHBI TOJIBKO TOTAA, KOTAA J/IEMEHThl IKOHOMHYHBI,
(GYHKIMOHMPYIOT HaJleXXHO, UMeloT GOJBbIION CPOK Cy»ObI M 3a-
HMMAT Maiblii 06beM. Be3 MONympoBOOHMKOBOH TeXHHKH
nopo6Hble ycTpoicTBa ObUlM Obl, KaK MpPaBUIIO, BOBCE HEBBI-
nonauMmel. He mosBuiace GbI M COBpeMEHHas MHKPOIJIEKTpPO-
HMKa, KOTOpas MO3BOJIAeT CO3[aBarb Ha OOHOM KpHCTajljle
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MONYTPOBOMHMKA IuTomiamplo 30—35 Mm® JJIeKTpOHHBIE YCT-
pOMCTBa, HAacUMTHIBAWOLIME OO HECKOIbKHUX [IECATKOB ThICAY
TPaH3HCTOPOB.

IlepBble 3NIEKTPOHHBIE JIaMIIbl MOSABWIMCh B BUIE OTHAEIIbHBIX
3K3eMIUIApOB B J1aGopatopuu. [Ipexae yem ymanoch B GONBILMX
KOJIMYECTBAX BBIMYCKaTh HaJje)KHble JIaMIIbl, MPHIIUIOCH MPEoao-
JIeTb MHOrOuMCIeHHble TpyAHOcTH. C TpaH3ucropamu OblIo
TaK xe. [lepBoit pa3HOBUIHOCTBIO TPAaH3UCTOPOB ObUIM, KOHEUHO,
He HI0CKOCTHble TPAH3UCTOPhI (CM. puc. 78) , a ToYeuHsble, B KOTO-
PBIX MCHOJIB30BAICH TOYEYHble KOHTAKThl ABYX METaJUIMYECKHX
url (KOJUIEKTOpa U 3MHUTTEPa) C KPHUCTAJUIOM MOTYTIPOBOIHUKA
(B TOUEUHOM [1MOIle OfIHA METAJUIHYECKasI UITIa) .

Ilpy npou3BOACIBE IUIOCKOCTHBIX TPAH3HUCTOPOB BO3HHUKIIM
MHOTOYMCIICHHbIE TPYHIHOCTH, HAauMHasg OT TMOJyYeHUsI MAKCH-
MJIBHO YMCTBIX MCXOMAHBIX MaTepUasIoB [0 MPHK peIUIeHUs COelH-
HMTEJIbHBIX KOHTAaKTOB WJIM 3aIUMThl TOTOBBIX TPaH3HCTOPOB
OT BJIaXXHOCTH, IbUIH U JPYTHX 3arpA3HEHHi U3 BO3yXa.

YcoBeplIeHCTBOBaHUE LUIO IpeXx/ie BCEro MO TpeM FJIaBHBIM
HamnpaBieHuaMm. Heo6xomimo G110 H3roTOBIIATH OONIBIIHE CEPHU
HaJIOKHBIX TPaH3UCTOPOB, TOYHO MepeJalLMX HHGOPMALMIO.
CnepoBaJIo MOBBICHTb NepelaBaeMyl0 TPAH3UCTOPOM JNIEKTpH-
YeCKYH0 MOIIHOCTb, KOTOpas BHAayajle COCTaBJIsJIa MIJUIMBATThI;
OTOIBUHYTb I'PaHUNY YaCTOT, IPH KOTOPBIX TPAH3UCTOP OCTABAIICA
61 paboTOCIOCOOHBIM, K elie Gollee BBICOKMM 4acToraM. B co-
OTBETCTBUM C TEXHOJIOTHEH MOJIyYeHUs B KPUCTaJUle 30H C pa3iuy-
HBIMH TUNIAMHU TIPOBOIMMOCTH TPAH3UCTOPHI AENIATCSA Ha CIUIaBHbIE,
muddy3HoHHBIE, CIUIaBHO-IM(GY3HOHHbIE, Me3aTPaH3UCTOPbI
4 pap. 3gech OCTAHOBMMCS TOJIBKO HAa CpPaBHUTENIBHO HOBOM,
uMeloiieM Gobliioe 3HaYeHHe 1711 HOJTYTPOBOIHMKOBOM 3JIEKTPO-
HUKH NAGHAPHOM TpaH3ucrope (puc. 79).

Puc. 79. Crpyktypa nnanap-
HOrO TpaHaucTopa
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IIpy ero u3roTOBIEHWM HCXONAT U3 N-IPOBOAUMOCTH KpeM-
HHeBOH IIACTUHKH, HA BEPXHIOK IUIOCKOCTh KOTODOH IpexIe
BCEro HaHOCAT CIIOH ABYOKHcH KpemHusA. OH obnamaeT GoJbLIOH
YCTOHYMBOCTBIO H 3allMIaeT TPaH3HCTOP OT BHELIHWX XMMHUe-
cKuX M (u3MUeCKMX BO3[EHCTBMIl, KOTOpblE NPUBOAAT OOBIYHO
OpyTHe TPaH3UCTOPBl K cOosM B paboTe WIM BBIXOOY U3 CTDOA.
B 3aumTHOM ClI0e BBITPaBIIMBAIOT YYacTOK M 0O6pabarbiBaioT
IUIaCTHHKY napamu 6opa. ATomsl 6opa aubGbyHIUPYIOT B KpeM-
Huif 4 o6pa3yior 6a3oByl0 061acTh C p-IPOBOOUMOCTBIO, B TO
BpeMsi KaK OCHOBHAasg Macca Marepuaia IUIACTHHbI oOpasyer
KO/IeKT0p (MpoBOmIMOCTh A-THma). Bo BpeMsa muddysuu Ha
BepXHeil MJIOCKOCTH BO3HMKAET HOBBI CIIOH [IBYOKHCH KPeMHHS.
OH 3aKpbIBaeT OKHO H 3auymaer 6asy.

IMuTTEpHYI0 O6Nacts (¢ HPOBOLMMOCTBIO H-THIA) IMONYYAOT
maddysueir atomoB docdopa B 3amaHHble yyacTKH 0a3oBoOi 00-
7MacTH. OMHUTITED TAaKXKe 3aKpBIBAETCA [JBYOKHCBIO KpeMHUS.
HaxoHen, Hap sMuTTepHOl U 6230BOi 06MacTAMH BBITPaBIIHBAIOT
OTBEepCcTHs IJIA BBIBOJOB K 3TMM ofuactam. Bee 3tu crmoxwHele
[poLenypbl BBINOJHSIOTCA OJHOBPEMEHHO I MHOTHX ThICAY
IUIAHAPHBIX TPAH3UCTOPOB, KOTOpble pa3MeIUeHbl Ha OHOM
KpeMHMeBOH IUIaCTHHe pa3sMEPOM B HECKOJIbBKO CAaHTUMETPOB.
3areM IUTACTMHY pa3pe3aloT Ha OTHEeNbHbIE KPUCTAIIIbl, KaXKObIH
U3 KOTOPbIX UMeeT TPAH3UCTOPHYIO0 CTPYKTYpY.

IInanapHbni TpaH3ucrop paboraer B 0OIMacTH BBICOKHX Yacroi
M OTIMYaeTcs CTaOWIbHBIMH NapaMerpaMd H GONbIIMM CPOKOM
cnyx6b1. JlanbHefilee pa3puTHe (SMUTAKCHATIBHBINA NOTYNPOBO-
HUK) ofecrmeywIo 3HAUUTENbHOE YITyUllleHHe 3JIeK TPHUeCKUX
CBOWCTB IOy IPOBOJHUKOB.

Becema MHOrooGewjaonfdM — TPaH3UCTOPHBIM  3JIEMEHIOM,
KOTOpBIi paboTaeT MO HECKOJbKO M3MEHEHHOMY IPHHLMILY,
ABJIsieTCd TOJIeBOH TpaH3ucTOp M mpexae Bcero MOC-tpaH3uc-
Top* [Metaym—okucen—cwMINyM (KpeMHHUH) | . Yipassroumii
TOK MOCTyTaeT Ha 3JEKTPOJ B MOJYyNpPOBOAHHMKOBOM MaTtepuaile,
IpoTeKaer B HeM IO “KaHATYy”’, KOTOpBIA obnmapaer Apyrum
THIIOM HpPOBOOMUMOCTH, YeM OCHOBHOH MaTepuall, W BbIaercs

*3710T TUN NONEBbIX TPaH3UCTOPOB B OTEYECTBEHHOW NUTepaType Ha-
3biBaercA MOM-tpansuctop (Metann—okucb—nonynposoawuk) . (Mpum.
nepes.)
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CcO BTOpPOro 3JIeKTpoAa moiynpoBopHuka. KaHan Haxopurcs
B aKTHBHOH 0O0JlacTH yIpaBiswoumero 3nexTpoaa. OH “BbhITaIKH-
BaeT”’, B COOTBETCTBHM C NPWIIOXKEHHBIM K HEMY HallpsDKeHHeM,
M3 KaHaJjla HOCUTEJM 3apAioB, U3MeHAA, CIIe[IOBATENIBHO, B H3BECT-
Holt Mepe muamerp KaHala. Takum oOpa3oM ocymliecTBIAETCSH
yTIpaBJIeHHE.

UckimouutensHoe, feHb OTO JHA pacTylllee 3HaYeHHe MOJYIpPO-
BOJHMKOBO} TeXHMKH CBA33HO HE TOJBKO C BbINPAMUTENIbHBIMU
OUONAMHM M YCWIMTENbHBIMH TPaH3HCTOpaMM, 2 M C MHOTOYM-
CIICHHbIMM HOBBIMM HAaNpPaBIIEHUAMHU HCCIEHOBaHHNA, KOTOpbIE
BBI3bIBAIOT MHTepec K paboTe C MONYNPOBOAHUKAMM U pe3yllb-
Tarbl KOTOPBIX OYeHb OBICTPO HAaXOMAT TeXHUYeCKOe IIpH-
MeHEeHHe.

Huon, Hampumep, B HeoObIYHOM HMCIIOJIHEHHM BBICTYIAET
KaK eMKOCTHbul Ouod, Wiy Bapukan. OH Torja BemeT cebs Kak
KOHJIEHCAaTOp, €eMKOCTb KOTOPOIO Peryiupyercs HPUIIOKeHHbIM
NOCTOAHHBIM HampsDkeHHeM. JTO HeOOGXODMMO He TONBKO IJiA
MHOTOUMCIICHHBIX YIIPaBIIAIOMIMX U PeryJUpyolMX HpHOGOpPOB,
HO ¥ Id HAcTpPOMKH pagHo- M TeJIeBU3HOHHBIX NMPHEMHUKOB.
JIpyroii BHA HONYNPOBOOHMKOBOIO IMONAa — CTaGWIMTPOH (Z-
OMON) — HalleNl UIMPOKOe NPMMeHEHHe B 3alUMTHBIX M CTaOWIH-
3MPYIOLIMX YCTPOHCTBAaX. Tak Ha3bIBaeMbI TYHHeAbHbld OuU00
MPUMEHSAETCA I yCWIeHMs U reHepupoBaHus BU-koneGaHuii
OpocTbiMM  cperictBaMH. PoTo0UOO, B KOTOPOM H3MeEHEHHE
OCBEIIEHHOCTH BHI3bIBAET BO3PACTAHHE INIEKTPHUECKOrO TOKa,
SIBJIAACTCS TONBKO OJHUM K3 MHOTHX (DOTOIIEKTPUYECKHX IJie-
MEHTOB, KOTOpPbIE HCIONB3YIOT IIPOLECC 3JIEKTPONPOBOOHOCTH
B HONMYyNpoBOOHMKaX. K TakUM 3yeMeHTaM OTHOCATICA oTope-
3uUcTopsl, KOTOPBIE HAXOAAT IIPUMEHEeHHEe BO MHOTHX 31IEKTPOHHBIX
yCTpPOHCTBaX MPOMBILUIEHHOCTH (HalpuMep, B CBETOBBIX KOMMY-
TAaTOPaX U CyMepEeUHbIX BBIKIIIOYATEIAX), fOTOIMEMEHTbL , KOTOPbIE
HaxodAT LIMPOKOe IMpHMeHeHMe B IpocTedlliux npubopax mis
H3MEpeHH OCBEIEHHOCTH (HAIpHMep, IOBCEMECTHO H3BEeCTEH
($OTO3MEKTPUUECKHH IKCIIOHOMETP) . BaxkHoe MprMeHeHue HallUTH
doronuonpl B CONHEYHBIX OaTapesx — MONYNPOBOSHMKOBBIX
(OTOINEKTPUYECKHX TeHepaTopax, INpeobpasymruMx IHeprHio
COJIHEYHOH pafMaluM B 3JIEKTPHYECKYI0 [UIA obecIieyeHUs dHep-
THed HCKYCCTBEHHBIX CIyTHUKOB, MEXIUIAHETHbIX KOCMHUECKHX
craHuMit. QPOTOTPAH3UCTOP, HAKOHel, SBIIAETCA 3JIEMEHTOM,
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KOTOpBIN NIPY N3MEHEHHUH OCBELUEHHOCTH He TOJIBKO BbIAAET TOK,
HO ellie ¥ YCWIMBAET €ro.

HenocpencrBenHoe npeobpa3oBaHue TEIUIOBOI SHEPTUH B JJIeK-
TPUYECKYH0 CHayana TpeGoBajioch B HEGONBIINX KONUYECTBAX, Ha-
mpuMep s NMTaHUA DPafMONPHEMHHMKOB HIM MeETeOCTaHLMMA.
Ho coBerckue yueHble W MHXKeHepbl HEPBBIMH J[OKAa3aJM, 4TO
MOXHO TOIy4YaTh OGombLIMe 3JeKTpHYecKHe MOLIHOCTH, HCHOIb-
3ys TepMO3JIeMEHTbl B SAIEPHOM peaKTope. IJTO pe3ynbIaT,
KOTODBIA MpefCcTaBnsgeT ocobeHHbI MHTepeC, TaK KaK OObIYHBEA
B Hallle BpeMs NyTh MPeoOpa30oBaHHUsA TEIUIOBOH SHEPIHH B 3JIeK-
TPHYECKYI0 [UIMTENeH H CBA3aH C GONBIIMMY NOTEPAMH.

HaoGopor, Temnora ot oxyiaxngaeMoro oGbeKTa MOXET OTBO-
OMTBCA, €CIIH MPOMyCKaTh TOK Yepe3 KOMOUHAIIO ONpeneeHHbIX
noynpoBopgHUKOB. [Iloaynposoonukogsle oxaaxcoawwue 3ne-
MeHTbl CYIleCTBYIOT y>ke MHoro yet. OHH, ObITh MOXeT, KOTIa-
HUOY[Ib COeNaloT HeHyXXHBIMHM LIIMPOKO paclpocTpaHeHHbIe ceiyac
THIIbI XOJIOOWIBHUKOB.

Ilna ynpaBiieHWsA CWIbHBIMM TOKaMU paHee HpHUMEHSICS
ra3opaspafHbeiii npubop — tHpaTpoH. CO3[MaHHBIA B IOCIIeHHE
rofipl HOJyPOBOJHUKOBBIA IpHOOp — TUPUCTOP — HE TOJBKO
3aMEHWI THPAaTPOH, HO U NPEB30LLeN ero B psifie BaXKHbIX CBOMCTB.

Tupucrop ABNAETCA KpeMHHEBBHIM HOJYIPOBOTHHUKOM C Ie-
JIBIM PAIOM YePeAYILIUXCA CI0eB p—N—p—Hn. YIPaBIIAOUNA TOK
MIPOTEKAEeT yepe3 BHELIHUE H- U pP-CIIOU. 3aTeM TUPUCTOP 3aIupaer
TOK, ¥ OJaxe B OOOMX HampaBjeHusX (B OTIMUME OT IMOMA).
OpHako eciM K BHYTPeHHEMYy p-CJIOI0 HPHIIOKHTH MOJIOKUTENIBHOE
HampsDKeHUe WIIM HMITYJIbC B HECKOJIBKO BOJIBT, TO TUPUCTOP
HayHeT NpONycKaTb TOK B OJHOM HalpaBJIeHHM, Kak Auofn. OH
paboTaer Kak BbIIPAMHUTENb, IpHYEM CHIA BBIIPAMIICHHOTO
TOKa H3MEHSeTCs C MOMOLUbI0 BHyTpeHHero p-ciios (ympaBis-
towlero anmexTpopa) . CoBpeMeHHble THPUCTOPbI MOTYT YIIPaBJIATH
Ttokamu cBbire 1000 A.

10*



NEPEMEHHbIA TOK

Mony4eHue n xapaKTePUCTUKH

Yxe He pa3 yMOMMHAJIOCh O MEPEMEHHOM TOKe H O ero
3HAYEHUM 1A JJIeKTpOTeXHUKH. Temepp Heo6xomumo
Ormke MMO3HAKOMMUTBCSA C ero CBOMCTBAMH M 3aKOHAMH NOBEJIeHNUA .

B mpoBonouHol pamke HaBOOMTCA 3.J1.C., KOTNa paMKa OBU-
XeTcA B MAarHUTHOM IIOJI€ TaK, YTO NPH 3TOM M3MEHAETCS YUCIIO
CWIOBBIX JIMHHMH, NepeceKaeMbIX elo. JTO MMeeT MeCTO TaKKe
B Clly4ae, KOI/a paMKa BpAIIaeTcsi B MATHUTHOM IIOJIe.

B ycrpoiiciBe, moka3aHHOM Ha puc. 80, paMKa paBHOMEPHO
Bpalaercd B ODHOPOJHOM MarHMTHOM Iose. Ee KoHIp! nogKio-
4eHbl K KOHTAKTHbIM Koabyam. 1o HUIM CKOJNb3AT MeTaluInYecKHe
WeTKy , KOTOpble COeIMHAITCA C TOTpebUTeNIeM TOKa.

IIpu BpamieHMM paMKH B Heilt Bo3Oyxxmaercd 3.4.C., KOTOpast
BbI3bIBAET B LEMU moTpeburens Tok. Ero HampaBlieHMe ompe-
HeTsAeTcs ¢ MOMOUIbI0 NIPaBWIa MpaBod pykH. B u3006paxkeHHOM
Ha PUCYHKe IOJIOXKEHHMH PAMKH B BepXHeM OTpe3Ke IIPOBOTHUKA,
KOTOPbIH [BHXXETCSI BIIPaBO, TOK TeyeT OT HAC, B HIDKHEM OTpes-
Ke, KOTOPbIH IBIXKETCSA BIEBO, — K HaM.

WUnpymupyemsie 3.0.c. B 0DOMX OTpe3Kkax IpOBOIOHHKA Ha-
IpaBJIEHb! TaK, YTO OHM CKJIA[bIBAIOTCS.

Puc. 80. Ycrpo#ctBo npo-
cTeiero reHeparopa nepe-
MEHHOro ToKa
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VHaynmpoBaHHasg B paMKe 3.7.C. 338BHCUT OT TOT0, Kak GbIcTpo
MEHSIETCS UMCIIO NlepeceKaeMbIX PaMKO# CHJIOBBIX JIMHUI MarHuT-
HOro mHoisi. JTO UMCIIO He MeHseTCs, KOrjia paMKa IpPOXOJHT
THOJIOXKEeHUe, NPU KOTOPOM OHa NepleHOUKYJsApHa K CHJIOBBIM
JIMHUAM, IO3TOMY B 3TO MIHOBeEHUeE 3.1.C. He uHAympyercs. Cxo-
POCTb H3MEHEHHA UHCIIa CHIIOBbIX JIMHU CTaHOBHUTCA HaMOOIIbLIEH,
KOrfa paMKa IIPOXOOMT IOJIOXKeHHe, IPU KOTOpPOM OHa MHapall-
JIelibHa 3THM JIMHUAM. B 3T0 MrHoBeHue HHEy1MpyeTcs HauOOIIb-
n1as 3.7.C.

Korga pamMka NpuXOOMT B HOJIOXKeHHe, IIPH KOTOPOM OHa
MapajUlelibHa CHJIOBBIM JIMHUSAIM MAarHUTHOTO HOJIS, OBMH OTPE30K
BHTKa NEpeXOAMT U3 JIeBOH obnacTy B NpaBylo, Apyroid — Haobo-
poT. 3TO O3HayaeT, YTO KaXKAbI pa3 HpH IPOXOXKIACHUH “Hei-
TPAJIBHOU 30HBI" 3.]1.C. MEHSET 3HAK.

Eciu uccriemoBath H3MeHeHWe 3.J1.C. B 3aBHCHMOCTH OT yIJa
MOBOPOTa PaMKH, TO MOXHO HONMyuuTh cuHycoupy (puc.81),
H3BECTHYI0 U3 MaTeMAaTHKH W MHOTHX IIPUMePOB KoJebaTeIbHOTo
OBHXKEHUS.

MoBopor pamku Ha 360° o6pasyer NONMHyl0 BOJHY 3.1.C.
(wm Toka). IlepBas ’monyBoNHa” COOTBETCTBYET MHOBOPOTY
paMku Ha 180° OT HelTpanbHO# 30HBI K HEHATPAbHON 30HE.
3.4.c. Bo3pacTaeT OT HyNiA OO MAaKCHMMyMa U BHOBb NajaeT [0
Hyns. B teueHue BTOpo# monmyBonHbI (0Ha o6pa3soBaHa JajibHEM-
umM noBoporom Ha 180°) xop 3.i.c. MOBTOpsieTCs, NpPaBAa,
npy 06paTHOM HANpPaBJIeHUH 3.74.C. (WIH TOKA) .

Puc. 81. Kpusaa nepeMeHHOro HanpAxeHnA
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IMocnenoBaTeNIbHOCTh TAKKUX BOJIH Ha3bIBaeTCs IepeMEHHBIM
TOKOM, a OTHe/bHasl BOJIHA — nepuodom. YUcno neprosioB , KOTo-
poe OCYLIECTBIISACTCA B €IMHUIy BPEMEHH, T.€. B OOHY CEKYHIY,
aBnserca yactoroii (f) mepemeHnoro toka. Ecnu oGo3Hauuth
Bpems ofHoro nepuona 7', To

1 1
T = — WIH f='—T-

EnuHuLER 4acTOThl SBNAETCA 2epy, HAa3BaHHBIA MO HMEHH
Hemeuxoro ¢usuxka Ilewpuxa TIepya (1857—1894). OGbiuHO
HCHONb3YIOT KPaTHble €AUHULIBI:

1 xunorepn (x'm) = 1000 I'y = 10° Tu;
1 merarepn (MI'u) = 1 000 000 I'y = 10° T
1 rurarepy (I'T) = 1 000 000 000 ' = 10° Tu.

YacToTa BBIPaXaeTca B CeKYHIax B MHHyC [iepBOH crelle-
nenu (c™!):

lruz L: c‘l.
[

YacToTa NepeMeHHOTO TOKa B 3NIEKTPUYECKHX IeNsx GOJb-
LIMHCTBA cTpaH cocraBisger SO wiu 60 I'u. Jto o3Hauaer, yro
HanpaBJieHWe TOKa (M HANpsDKeHHsT) B KaXIYI0 CEKYHOY MeHs-
ercss 100 u 120 pas.

Cwia TOKa M HampsiKeHHe INEPeMEHHOro TOKa H3MepsAIoTCs
COOTBETCTBEHHO B amllepax M BOJbTax. IIpd 3TOM cpa3y BO3HH-
KaeT BOIIPOC, YTO CllefiyeT OHUMATh MOA, CWIOH TOKa WITH Hampsi-
JK€HHEM, TaK KaK B OTJIMUME OT MOCTOSHHOIO TOKa 3IeCh U CHJIa
TOKA ¥ HallpsDKeHHe HelPEPhIBHO MEHSIOTCA.

AcHO, 4TO U3 MrHOBEHHBIX 3HAUEHHH OCOOEHHO Ba)XKHbI MaKCH-
MalbHBII TOK M HalpsDKeHWe, Ha3bIBaeMble AMAAUTYOHbIMU.
O6o3HayaloT ux uepes I, u Uy,,. ODHAKO aMIUIMTyJHble 3HAYECHHS
UIA XapaKTepHCTHKH IEePEMEHHOr0 TOKa YacTo ObIBAlOT MaJlo
MIPUrOHBI Ha MPaKTHKE.

Ecnu, HanpuMep, IpOINyCTUTh Yepe3 3JIeK TPOHArpeBaTeNIbHbIM
npuGop (HampuMep, KHMIATWIBHMK) IIOCIIEOBATENLHO MOCTOSH-
HbII TOK CHJIOH B 2 A U mepeMeHHbIl TOK ¢ aMIUIMTYIHbIM 3Haye-
HUEeM 2 A, TO NIerKO yCTaHOBHTb, YTO IIpH NlepEMEHHOM TOKE BbI-
HensAeTCsl HAMHOTO MEHbLIe TEIUIOThI, YeM IpH IIOCTOAHHOM TOKE.
310 ¥ noHATHO. [IoCcTOsIHHBIN TOK TeYeT HEMPEPHIBHO C HEU3MEHHOM
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CWIOH, B TO BpeMs KaK IepeMeHHbI# TOK JOCTUIaeT 3TOH CHIIbI
TONbKO B KPaTkoe MFHOBEHHE €r0 aMIUIMTYIHOrO 3Ha4eHus, a BO
BCe OCTaJIbHOE BpeMs €ro 3HayeHue HaMHOTO MeHblLE.

MOXXHO BBeCTH TIOHATHE OelicTeyiowe2o (3ggex Tuenozo) 3na-
YeHus cuabl TOKA, TIpY KOTOPOM CHJIa IePEMEHHOTO TOKA ypaBHA-
€TCs C CWIOH MOCTOSHHOIO TOKA IIPH CONOCTaBJICHUH MX CPEIHUX
TeIUIOBbIX Bo3aeicTBuii. Eciiu 0603HawiTh NelicTBYIONE 3HAYEHU A
CWJIBI TOKAa W HanpspkeHus (T.e. CWIIy U HANpsDKEHUe SKBHBAJICHT-
HOTO MOCTOSIHHOTO ToKa) Yepe3 I u U, TO MOJIyYMM COOTHOLIEHHS |

/ Iny . .

=35 = 0,707/, (9)
U

U= —% =0,707U,,. (€)

B TexHuke B GONBILIMHCTBE CIyYaeB yKa3blBaloT JEHCTBYIOLIHE
3HaYeHUs1 TOKa M HampshkeHus. Tak, Hampsokenue B cetd 220 B
O3HayaeT, YTO MeiCIBylollee HalpsDKeHUe COCTaBIISAET B OCBETH-
termpHoi cetn 220 B. Ho uacto Tpebyercs Bce ke NMpPUHUMATD
BO BHHMAaHHE U aMIUIMTYIOHOe HanpspkeHue. OHO MOXeET, HallpH-
Mep, UrpaTh Polib IpU BrI6OPE H30MAIMH. AMIUIMTYJHOe 3HaueHue
HanpsKeHHs B CETH MOXHO HaiTd U3 dpopmyist (6) :

Un =707 = o707 =11 B
AMIUIMTY/IHOE 3HaueHHe CHJIbI ToKa — U3 hopmyisl (5) :

P
m= 0,707 -

MHAYK‘!’MBHOCTB ¥ eMKOCTb B uenu

3akon Oma ycraHaBiIMBaeT BaXKHEHIHE COOTHOMIEHHSA

MapamMeTpoB 2JlekTpuueckoi uemu. Ho moxHO nu npu-
MEHATb 3TOT 3aKOH K IJIEKTPUYECKUM IeNAM, B KOTOPBIX TEYeT
nepeMeHHbIH TOK?
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Ecnu B Bupe ombiTa NMOOKIIOUUTH JIAMILy HaKaJIWBaHWSA, JJIEK-
TPUUECKHH YTIOT WIH APYTOH 3JeKTpOHAarpeBarTesibHbIA mpubop
MOCNelOBaTeNbHO CHAyaJla K LeNMH NOCTOSHHOIO TOKa, a 3aTeM
K Llelld IepeMEHHOro TOKa, UMeloulell [eiCTBYIollNe 3HaueHus
HalpsDKEHUS M TOKA, TO JIeTKO YCTaHOBUTb, UTO 3aKOH Oma
IpPUMEHUM M K LENAM IIepeMEHHOTO TOKa. AKTUBHOE COIpO-
THBJIEHHE M XapaKTePHCTUKH NpPUOOPOB He 3aBUCAT OT TOTO,
MHUTAIOTCA JIH OHH NTOCTOSHHBIM WM NIEPeMEHHBIM TOKOM.

CoBceM ApYrod pe3yJIbTaT MOXHO IOJYYHTb, €CIIM IIPOBECTH
NOJOOHBIA ONBIT C KaTyHUIKOH HHOYKTHBHOCTH, COCTOSMILEH M3
GOIBILIOr0 KOMMYECTBA BUTKOB U CHaOXKEHHOH (heppOMarHUTHBIM
cepaeyHukoM. Ecnu paccuntaTh CONpOTHBIIEHHE KAaTyLUKH O [UTH-
He, CCYCHMI0O M MATEepUally NpPOBOMAA U COEOMHMTb KaTYLIKY C HC-
TOYHMKOM TIOCTOSHHOTO TOKa, TO B IeNHU HMOTeYeT TOK, 3HAUEeHHE
KOTOPOTO HaXOJMUTICA B IOITHOM COOTBETCTBUH C 3aKOHOM Oma.

Ecnu ke Tenepb MNOOKIIIOUUTH KaTylIKy HHOYKTABHOCTH
K MCTOYHMKY NePeMEHHOrO0 TOKAa C 3KBHBAIEHTHBIM MEHCTBY-
IOLIMM 3HAaYeHHWEM HANpsKEHUs, TO CHIA TOKa B LIENMH 3aMETHO
ymeHbumTcsa. OHa ynaper ewe Golnblile, €CIM BBOOUTD B KaTYLWIKY
WIK BBIBOJHTH U3 Hee peppOMAarHUTHbINA CEPIEYHNK .

OueBHIHO, YTO K AKTUBHOMY CONPOTUBAEHUIO , BBIYACIIEHHOMY
no 3akoHy Oma [ Lielld HOCTOSTHHOrO TOKA, IIPU [epeMEHHOM
TOKe npubaBinisgerca eule 706aBOYHOe CONpOTHBIIEHHE. Ero Hasbl-
BAIOT UHOYKTUBHbIM COnpoTUSaeHuem (X7 ) WIH PeaKTUGHBIM.

9T0 Ha3BaHWe YKa3bIBaeT HAa NPUUMHY UHIYKTHBHOIO COIpPO-
tuBjieHuss. OHO BbI3bIBaeTCA caMouHOyKIMe#. [Ipasuno Jlenna
YKa3bIBaeT, YTO 3.1.C. CAMOMHIAYKIMH BCerfa MpOTHBOIEHCTBYET
U3MeHeHUAM Toka. IIpM mNUTaHMM KaTylIKH MHIYKTHBHOCTH
NIEPEMEHHbIM TOKOM [eHCTBUE 3TOH 3.JI.C. HE OrpaHHYMBAETCA
TOJIbKO IIpOLleCCaMM OTKIIIOYEHHS MM BKIIIOYeHHsA. B coorser-
CTBUM C 3aKOHAMH, HACHCTBYIOLIMMHU B OTHOLUEHHH II€PEMEHHOIO
TOKa, HENpEpbIBHO MEHAETCA MAarHUTHOE CHJIOBOe Mojie. Bosnu-
KaeT MOCTOSAHHO [IEHCTBYIOIIAsA NPOTHBO-3.A.C. (OHAa TaKXKe, CaMO
coboit pasymeerTcs, ABJIAETCS MEPEMEHHOM) , KOTOPas HallpaBiieHa
HaBCTpeuy TOKY M CO3[aeT KaK 6bl 106aBOYHOE CONPOTHBIIEHHE.

WHOyKTHBHOE CONpOTHBIIEHHE 3aBHCUT [pPEXOE BCEro OT
CBOMCIB KaTylUKH HHOYKTUBHOCTH. JTH CBOMCTBA, TIOCKOJIBKY
OHH OTHOCATCA K CaMOHHIYKUMH, ObUIH KPaTKO M3JI0XKeHbI PH
obCyxHeHud ABNEHMA HMHOYKTMBHOCTH (cm. crp. 118). Uem
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OoJbllle MHOYKTUBHOCTb KATyLIKU, T€M OoJibllle MpH HaHHOM
nepeMeHHOM TOKe ee HHAYKTUBHOE CONPOTHBIIEHHE .

HeiicTBMe CaMOMHOYKLMH, KaK BCAKOW HHOYKIMH, 3aBHCUT
TaKXKe OT TOrOo, ¢ KaKOil CKOPOCTbI0 M3MEHSAETCS YUCIIO CUIOBbIX
JIMHUHA, TepeceKalolMX BUTKM KaTylUKW. B HailleM ciyyae 310
03HayaeT, YTO NPOTHBO-3.A.C. M HHAYKTHBHOE CONPOTHBJIEHHE
PacTyT C YaCTOTOi IIepeMEHHOT0 TOKa.

O6o3Hayass MHAYKTHBHOCTb KaTyHIKd L M YacTOTy HepemeH-
HOro TOKa f, MOJYYMM IUIS MHOYKTHBHOIO CONPOTUBJICHHs Ka-
TYLIKH ClIefyloliee BbIpasKeHHUe :

xy, = 2nfL.

Tak xak f u3MepsieTca B CeKyH/IaX B MUHYC Ne€pBOH CTENeHH,
1B:-1c¢c

al —Breapu (1TH = TA

), TO MHAYK THBHOE CONPOTHB-

JICHHE

Cnenosarenbﬂo, UHOYKTUBHOE COIPDOTHUBJICHUE HU3MEPALTCA
B OMax.

Mpumep. PaccMoTpuM Karyuwiky HHAYKTHBHOCTH ¢ ¢eppo-
MAarHUTHBIM CEpMICYHHKOM  HHAYKTHBHOCTbIO 5 T'H.
IIpu yactote nepemeHHoro Toka B cetd 50 ' uHOyK-
TUBHOE COIPOTUBJIEHWE I3TOH KAaTyUIKH COCTABMT:

X, =2-3,14.50.5=1570 Om.

Ecnu nossicure yactory pgo 1000 I'm, to compo-
THBJIEHHE

x; =2-3,14.1000 - 5 =31 400 Om.

Yacro ObIBaeT TaK, YTO KaTyIUKH 00J1afaloT OuYeHb HU3KUM
aKTUBHBIM COIPOTHUBJIEHUEM, HO B TO K€ BPEeMs MX HHIYKTUBHOE
CONPOTHBIIEHHE OYeHDb BEJIHKO.

Ecny coeMMHHTh MCTOUHMK HEpeMEHHOrO TOKAa C HArpys3KoH,
Yy KOTOpOH HET MHIYKTHBHOIrO, 3 TOJIBKO ~OMHMUYECKOE COMpO-
TUBJIEHHE, TO NOSBJIEHNE MaKCHMAIbHBIX 3HAYEHMH M MPOXOXK-
OeHUe Yepe3 HyJb HANpsOKEHUs U TOKa Oy/deT BCerma OJIHOBpe-
MEHHBIM. B 3TOM cilyyae roBOpAT, YTO HANpSXKEHHE M CHJIA TOKA
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Puc.82. Cpsur a3 mexay TOKOM
M HanpAXeHMeM B UeNU C MHAYKTUB-
HbIM CONPO TUB NEHUEM

coBnaaawT mo ¢asze — ’cundasns”. Eciy e Teneps MOOKITIOUUTH
KaTylIKy HHOYKTHBHOCTH, TO OGHapy)XuBaeTcs, YTO COBIaje-
Husg mo ¢ase OGombule He cyutectByeT. Cwia Toka [OCTHraer
MakCHMyMa IO3)e, 4YeM HampsbkeHue. KpuBble HalpspDKeHUsA
U CWIbl TOKa paclojaralorcs Opyr 3a apyrom (puc. 82). Cosue
¢haz MexxIy HUMU COOTBETCTBYET OIpeelIeHHOMY YITIy TOBOpoTa
pPaMKH B IlepeMEHHOM MarHMTHOM IIOJie U BbIpaxkaeTcs B Tpajy-
Cax WIJIK paUaHax.

Ipu “uMcTOii” HHAYKTUBHOCTH, T.6. NpPH UHOYKTUBHOCTH
TONIKO C pEaKTHBHBIM CONpOTHBIIeHHEM (Ge3 aKTUBHOIO),
cmeur das cocrasiser 90°. Cuna Toka, 3HAUUT, OTCTAET OT HAIpA-
JKeHHMsl Ha YeTBEpTb MOBOPOTa paMKH. Ha mpakTuke 3TOT yron
BCerga MeHbllle, TaK KaK HEBO3MOXXHO CO3[aTb KaTylky 0e3
aKTHBHOTO CONPOTUBJIEHUS.

Crnur ¢as, TakuM 06pa3oMm, SIBIISTETCSA CIEACTBHEM [IEHCTBHA
CaMOMHAYKUMH. Bo3HuKawuas B KaTyllKe WHIYKTHBHOCTH
[IPOTUBO-3.10.C. ~’3aMeuIseT”’ TeyeHUe TOKaA.

WUHOyKTHBHOE CONpOTUBIIEHME M COBHr (a3 OYeHb BaXKHbI IS
9NIEKTPOTEXHUKHU U IHEPTeTHUKHU, HOCKOJIBKY BO MHOTHX 3JIeKTpHU-
yecKUX Tpubopax (mBuratensx, reHepaTropax, TpaHchopMaropax,
9JIEKTPOMAarHUTax 4 T.1.) HCIONB3YIOTCA KAaTYUIKH C GOJbLIOH
HHOYKTUBHOCTBIO.

Taxxe W KOHOeHcarop BefeT ce6GsA pasMyHO B 3aBHCHMOCTH
OT TOrO, BKJIIOYEH JIM OH B ILielb IIOCTOSHHOTO MJIM IlepeMEHHOTO
TOKa.

Ecm  coemuHWTh IUIACTHHBI KOHMIEHCATOPAa C HMCTOYHHKOM
HOCTOSAHHOIO TOK@, TO B MOMEHT BKIIIOYEHUA B LEMH BO3HMKHET
HMIIyTIbC TOKAa. JTO sBJIeHWE OODBACHAETCI TEM, YTO MCTOUHMK
TOKA OTTATMBAET MEKTPOHBI OT ONHOM MJIACTHHBEI KOHEHCATOpa
M HarHeTaeT HAa OpyTyH — KOHMOEHCAaTop 3apsxaerca. Korma oH
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3apAMAICA, TO TOK OOJbIle He TeyeT (TOKOM YTEYKM MOXHO IIpe-
HeGpeus) . 7151 MOCTOSTHHOTO TOKa COMpPOTUBIIEHHE KOHIEHCAaTOpa
’6e CKOHEYHO’ BEJTUKO.

Ecimu moaxmounTh Temepb KOHOEHCaTOp K MCTOUYHHKY Iepe-
MEHHOTO TOKa, TO B IIeNH IOTeyeT WIMTeNbHbIA TOK. KOHpOeHca-
TOp, “OTKIJIIoYass” leNp MOCTOSHHOTO TOKA, B LENMM [IepEMEHHOTO
TOKa AIBJIAETCA TONBKO CONPO TUBJIEHUEM.

Ecmy K KOHJAEHCATOpY NOOKIIIOUMTH MCTOUHMK II€peMEHHOTO
TOKa, TO B UENM HENpepbIBHO TeYeT 3apsaHblii (paspsiHbli)
TOK — KOHJEHCATOp MOCTOSIHHO Iepe3apsKaercs, ero IIAaCTHHbI
MOMEPEMEHHO MEHAIT INOJAPHOCT C YacTOTOH IepeMeHHOTo
TOKa. BCleocrBHe 3TOro 3MeKTPOHbI HENpPephIBHO ~KavawTcsa’
B 1erH. 3TO U eCTh epeMeHHbIN TOK , ¥ He UMeeT 3HauYeHHs TO, YTO
(daxTHueCKH JNeKTpUYeCKas IeMb B OOHOM MecTe IIpepBaHa
OU3NEK TPUKOM.

OT uYero 3aBUCHT eMKOCTHOe COnpoTugieHue KoHOeHcatopa?
Ilpy [aHHOM HCTOUHMKE TOKAa 3TO COMpPOTHBIIEHWE, OYEBHMIHO,
TeM MeHbllle, YeM GOlblile CHJIA TOKa, NPOTEKAIOLIero B LENU
MepeMEHHOIr0 TOKA3, T.e. 4eM OOlNbpllle MEKTPOHOB B €IHHHMILY
BpeMeHHM IlepeceyeT CeyeHWe MpOBOJa B NpsAMOM H OOpaTHOM
HalpaBJIeHMAX. JTO UYMCIO YBEJIMYMBAETCA, €CIH BO3pacrael
€MKOCTb KOH[IEHCaTopa, TaK KaK yBeJIHYeHHe eMKOCTU O3HauyaeT
yBenuueHue Iwioumfanu” [Uis Gonbulero uydcna 3apAanoB (oM.
crp. 71). EciM HOBBILIAIOT YaCTOTy HCTOYHHKA IEPEMEHHOTO
TOKa, TO NPOMCXOAUT YyObICTpeHHe OBWKEHUS 3IJIEKTPOHOB. ITO
yBeJlHueHHe [BHXKEHHA DPAaBHOCHWIIBHO YBEJMYEHUI0 KOJIHYECTBA
snexTpHuecTBa. I103TOMy €MKOCTHOe CONpPOTHBIICHHE KOHJIEHCa-
TOpa MajaeT ¢ pOCTOM €MKOCTH U YacTOThI IPIIOXKEHHOTO Iepe-
MeHHOTro TOKa. OTcloma dopmyna:

1
xC = 27th"

Tak Kak f U3MepsieTCsA B CEKyHOAaX B MMHYC IepBOH CTEIEHH,

a C — B dapamax (10 = % = L"%—‘:—), TO EMKOCTHO€ COIpO-

THBJICHUE
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Mpumep. Kakoe comporuBieHHe HMeeT KOHAEHCATOp eMKOCTbI0
10 Mx® npu uyactoTe nepemenHoro Toka 50 I'w?
Hmeem:
1 10¢

= = = = 319 OM.
*c 2.314 50-10.10—6 ~ 2-3,14.50-10

Mpu uyacrore B 1000 I'l eMKOCTHOE CONPOTHBIICHUE
3TOro KOH/IeHCcaTopa

10°
*c=9.314.1000.10 = 16 O

Kak 4 HHOYKTHBHOE CONpPOTUBIICHHE, EMKOCTHOE CONPOTHBIIE-
HMe TOXXe BBI3bIBaeT cIBUT (a3. [IpaByia, Ha ITOT pa3 HalpsDKEHHE
Ha KOHJ/IEHCaTOpe OTCTaeT OT CWJIBI TOKa. ITO OGBACHAETCA Clle-
nyrouuM. Korpma k HesapsokeHHOMY KOHJIEHCAaTOpy HauWHaeT
’npurtexarb”’ TOK, TO Ha €ro IUIaCTHHaX B IlepBOe MIHOBEHHE
elle HeT HUKAKOrO HANPSKEeHUs. JeKTpUYecKas dHEprus UCTOY-
HHUKa B 3THX YCJIIOBHAX NPOSABIIAETCA B OYeHb GONBILION CHIle TOKa
Kk KoHfeHcaropy. C yBelHueHHEM 3apsfia HauydHAaeT BO3pAcTaTh
HanpsDKeHHe Ha KOHJIEHCAaTOpe, B TO BpeMsA KaK CIIa TOKa Iafiaer,
TaK KaK Telepb HANpsKEHWE HMCTOYHMKA YaCTHUHO KOMIIEHCH-
pyeTcs HanpsDKeHeM, BO3HUKIIMM YyiKe Ha KoHaeHcaTtope. Korna,
HAaKOHell, KOHAEHCAaTOp 3apAfdwics, TO 3apAdHbIA TOK OoJblile
He TeueT BoBce. OJHOBPEMEHHO HampsyKeHHe Ha KOHOEHCAaTope
OOCTHIraeT HAUBBICLIEro 3HaYeHMs. B memu nepeMeHHOro ToKa
3TOT Npouecc GeclpecTaHHO NOBTOPAETCH.

B menu mepemMeHHOro TOKa, KOTOpas XapaKTepH3YeTcs eM-
KOCTbIO, HO B Hell OTCYTCTBYeT M aKTMBHOE, M HHIYKTHBHOE
compoTuBieHus, cuBur a3 cocraBiser Toxe 90°, mpapma, Ha
3TOT pa3 ¢ ~omepexanlyM”’ TOKOM. Tak KaK B [eHCTBUTEIbHO-
CTH KaX[IbIi KOHTYp MOPEMEHHOTO TOKa OO6JafaeT aKTUBHbIM
COIPOTUBIIEHHEM, TO YIOJl caBura a3 Haxomutes Mexy 0 u 90° .

M3-3a He3HauMTeNILHOrO EMKOCTHOTO COINPOTUBIIEHHUSI KOH-
JEeHCaTOpbl WIK NOJOOHBIE UM YCTPOMCIBA UIpaloT OCOOYI pOJib
TaM, rge HeoOXOIMMO HCIIONIb30BaTh BBICOKHME YacToThl. Tak,
B BbICOKOYACTOTHOH TEXHHKE y>X€ eMKOCTb MEXIY ABYMs Mapa-
JIeTIbHO  PAcTONIOKEHHBIMM IPOBOJHUKAMM COCTAaBIIAET OYEHb
CYIECTBEHHYI0 MOMeXy. IIpH NepeMeHHBIX TOKaX MpOMbILUIEH-
HOM 4acTOTh! HeONAronpUATHO JaeT o cebe 3HaTh eMKOCTh [JIMH-
HbIX KabeJtel UM BO3MYILHbIX JIMHUH.
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WHOyKTUBHOE M €MKOCTHOE CONPOTHBIIEHUS MPOTHMBOJICH-
CTBYIOT JIPYT APYTY B cABUre as.

CrnenoBaTenbHO, MOXHO CKOMIIEHCHPOBATh COBHI (a3 cCOBMeCT-
HbIM BKJIIOYEHHEM MHIYKTMBHOIO ¥ EMKOCTHOIO CONpOTHBIIEHHH,
NpuyeM “’KOMIEHCHpYyeMasi” MHAYK THBHOCTb MIIM €MKOCTb COOT-
BETCTBEHHO YypaBHuBalorca. IlpaBpa, coBur ¢as mpu paHHoM
WHAYKTUBHOCTH M €MKOCTY YCTPaHSieTCd KaXIbI pa3 TONbKO
OJ15 ONPENENIEHHON YaCTOThI.

MouiHocTb, KO3thhMUUEHT MOLLLHOCTH
# paborta

B mensAx HOCTOSIHHOrO TOKa moTpeOnsemMas MOLIHOCTb

OIpefieNgeTcs KaK NpoM3BeficHHe HANPSKEHUS M CHIIbI
TOKa, paboTa — KakK IpOH3Be[leHHe MOLLHOCTH Ha Bpems (CM.
crp. 27). B uensx mepeMeHHOro TOKa B GOJNBUIMHCIBE CIIyyaeB
TaKOil IIPOCTON pacyeT HEeBO3MOJXKEH.

Ecnu uens NHepeMEHHOrO TOKa COAEPXKUT TOJIBKO aKTUBHOE
conpoTuBiieHUe 0e3 MHAYKTUBHOIO M €MKOCTHOIO, TO IOJIHas
MOUIHOCTb PacCUMTBIBAETCA KaK IpOU3BeNicHHe [IeHCIBYIOIIETO
HanpsKeHUsA U AedCIByouiefl CWIb!l TOKAa, U3MEPAEMBIX BOIIBT-
MeTpoM U amnepmerpoM. Takum o6pazom, MowHocts P = Ul

It paBGoThI MOJTydaeM

A=Ult.

TOuKH NpH MOCTPOEHHH KPUBOl noaHol MowHocTu (puc. 83)
MONyYnM [EepEMHOXEHHEM COOTBETCTBYIOWIMX JIEHCTBYIOLUMX
3HaueHWI HalpsDKCHUA U TOKAa. MOLIHOCTb BCErja MoOXHUTEIbHa,

Puc. 83. Kpusaa Mo HOCT! npu coB-
najeHun a3 HanpAXEHWA W ToKa
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Puc. 84. Kpusaa mowHoCTH
npu casure da3 mexay Ha-
NPAXKEHUEM U TOKOM

TaK KaK B 3TOM CJlyyae HANpsDKEHHe M TOK IOCTOSHHO VMEIOT
OIMHAKOBOE HAmpaBJIEHHe: KpUBAs BCeraa pacHoiioXkeHa Bblllle
ocu Bpemenu (puc. 83).

OGhIYHO B LEMH IEPEMEHHOIO TOKa HApAAYy C aKTHBHBIM
CONPOTHUBIIEHNEM MPHUCYTCTBYeT elle U MHOYKTHBHOE, a YacTo
U eMKOCTHOe peaKTHBHbIE COIpOTHBIEeHuA. Ecin comocTraBHTb
B TaKoOW nenu GaKTUYeCKH aKTUBHYI0 MOWHOCT, (KOTOpas Mo-
XET CUMTAThCA KaK MMEIOLIAfACS B PacIOpsKCHUM MeXaHWYecKas
MOILHOCTb) C MOLUHOCTBIO, KOTOPYIO IIONYYMM, €CIIH MepeMHO-
UM 3HAYeHUs, TIOKa3aHHble BOJIBTMETPOM H aMIIEPMETPOM, TO
YKa3aHHOE NMPOHM3BeIeHUe KaX/plif pa3 HaeT OOMbIIYI0 MOILHOCTD,
4eM aKTUMBHasA. PazHuua mexny yka3saHHOH NOAHOU MOWHOCTbI0
M HCIONb3YeMOH aKTHBHOH MOIIHOCTHI0 BO3HMKAET M3-3a TOTO,
YTO TOK M HalpsbkeHHe He BCEIr[la OOUHAKOBO HAlpaBIIeHbI BCIEN-
CTBME HAIMYMA B LENH PeaKTUBHBIX COMpOTUBINeHWHA. IIpu mepe-
MHOXEHMH TOKa M HANpsDKeHWsi Telepb MOJIyYaeM TaK ke ¥ OTpH-
1aTeJIbHbIC 3HAYEHU L.

TO BHOHO M3 pHC. 84, HA KOTOPOM KPHBasA MOLIHOCTH MOCTPO-
€Ha [Is ’OTCTaloNIero” Toka (YTo YacTo MMeeT MECTO Ha MPaKTH-
Ke). KpuBas YacTHYHO HpOXOMMT HMXKE OCH BPEMEHH, YTO CO-
OTBETCTBYET ~OTPUIATENIbHON® MOIIHOCTH.

9Ty OTPHLATENbHYI0 MOIIHOCTD MOXXHO OGDBACHUTH TOJBKO
TeM, YTO 31eCh MOTpeOuTenb TOKa “Bo3Bpaiyaer o6patHo’ Moru-
HOCTb K HCTOYHMKY TOKa. 3Ty MOLIHOCTh Ha3bIBAIOT peak TUGHOI
MOWHOCTbIO.
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PeaxTiBHasg MOLIHOCTb XapakTepH3yeTcs OOMeHOM 3Heprue
MeXOy HOoTpeGHTeNeM M MCTOYHMKOM TOKa. BHelrHe ara 3Hep-
U He MNpOABIAETCA, HO YXy[laeT MOJE3HOe JEHCIBME TOKa.
PeakTuBHasg MOILIHOCTh I€pecTpauBaeT MAarHHTHOE IIOJI€ BKIIIO-
YeHHbIX B IIelb KaTylleK WIH O3JIeKTpHYecKoe Ioje KOHMEH-
catopoB. IIpd “Hcue3HOBEHMHM 3TOH MOLIHOCTH IOJA KaTylleK
M KOHJEHCATOpOB BO3BpAalaloT OOpAaTHO 3alaceHHyl HMH
9HEeprHUIo.

WUrak, nemp NepeMeHHOro TOKAa XapaKTepH3yeIcAd TpeMs
BUIAMU MOLIHOCTH.

Hoanyio mownocrs (S) HONyYaloT IMEePEMHOXEHHEM HEHCTBY-
IOLIET0 HanpsDKeHUs Ha AeACTBYOLUylo ciily Toka. EmmHuna mo-
HOMl MOWIHOCTM — BonbT-ammep (B-A) WM KHIOBONBT-aMIep
(xB-A).

MoiHOCTh, KOTOpas akTHYeckH Npeobpasyercs B MOJE3HYIO
MOILHOCTb, HA3BIBAT aKTugHol MowHocrelo (P). Enumuua
aKTMBHOW MOIIHOCTH, KaK U MOIIHOCTH NOCTOAHHOIO TOKa, —
BarT (BT), kunosarr (xBr) wiu meraBatr (MBT).

Peaxrtushoii mownocrsio (Q), HAKOHel,, SBISIETCS Ta YacTb
MOIUHOCTH, KOTOpast XapaKTepusyeTcsi 0OOMEHOM 3Heprueit Mexmy
HMCTOYHUKOM TOKa M moTpebutenem. Enunuia peak THBHOH Momui-
HOCTH — BOJIBT-aMIlep PeaKTUBHBIA (Bap).

B coorBercrBMM C BBeJEeHHbIMM HaMU MOHATHAMH aKTHBHOM
M peaKTHMBHOH MOLIHOCTH HpencTaBUM cebGe mommbii (meiicTBy-
IOLIMIA) TOK pasfielleHHbIM HA [Be YacTu: akrTughslil 10k (I,),
COBepLIAIOLMIA N0JIe3ylo paboTy, U peakTusHoll Tox (I,) , oTBeT-
CTBEHHBI 32 BO3HMKHOBEHHME M MCYE3HOBEHHE MAarHUTHBIX U
3NMEKTPHYECKUX HOoJIeH.

Ho monsbni ToKk He ABJAETCA NPOCTOH anrebpauyeckoit cyM-
MOii PeaKTUBHOI'O ¥ aKTMBHOTO TOKOB. Pemnraroutyio posis B ompe-
ZeTlleHUM TIOJTHOTO TOKA MI'PaeT cABUT (a3 MexIy TOKOM H Hamps-
skeHueM. IIOJIHBI TOK COCTOMT M3 OBYX KOMIOHeHTOB. OuH,
aKTHBHBIA, TOK UMEET OUHAKOBOE HANpPaBJIeHHE C IEHCTBYOIUM
HalpsDKEHHEM — COBNAJaeT, ClleOBaTelbHO, ¢ HUM IO (ase.
Jpyroit, peak THBHbI, TOK CIBHHYT 1o (ase Ha 90° o OTHOIIEHHIO
K aKTMBHOMY TOKY.

UroObl OmpeeUTh aKTUBHYI0 U PEAKTHBHYIO COCTaBJIAIOLIHE
TOKa HMCIONb3yI0T METOM, IpUMeHsIeMblii B MEXaHUKe LIS pasjio-
YKEHUS CHI Ha KOMIIOHEHTbI.
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CHavyayia OTKNA[BIBAIOT HANpsDKEHME B BHMIe BeKTOpa, T..
B BuAe pu3MUeCKOH BEIHUMHBI, HMEIOILEH 3HayeHWe U HallpaBJie-
HHME, MOJYNb KOTOPOI'O COOTBETCTBYET ACHCIBYIOLIEMY Hampsike-
Huio. M3 HayanmpHOM TOYKHM BeKTOpa HaNpsOHKEHUs NPOBOISAT
BEKTOp AeACIBYIOLIEH CWIbI TOKa IOJ, YIJIOM ¢, KOTODBIA COOT-
BEeTCTBYeT cIOBUTY (a3 Mexay [deHCTBYWILUHM HANpsKEHHEM
M JedcTByloLieH CwiIoi Toka. Torma mpoeKiMs BeKTOpa CHIIbI
TOKa Ha HalpaBlleHHe BEKTOpa HANPKEHUA [aeT aKTHBHYIO
COCTaBJIAIOIIYI0 TOKA, a IPOEK LA BEKTOPa CWiIbl TOKA Ha NepIeH-
IMKYJIsApHOe K aKTMBHOH COCTaBIIAIOLIEH HalpaBlleHHe [aer
PEAKTUBHYI0 COCTaBIIAIOLIYIO TOKA.

Tomnublt TOK, ClEOOBaTeNIbHO, MONYYaeTcss KaK IeoOMeTpH-
Yyeckas CyMMa aKTMBHOH M DPEaKTHBHON COCTaBIIAIOLIMX TOKa.
o teopeme ITugiazopa nomyyaem:

=141

W3 paccMOTpeHusi HpPAMOYTOJIBHOTO TpeyrojbHUKA TaKke
BHHO, YTO PEAKTHBHAS COCTABIIAIOLIAA TOKa TeM GOIblile, 4eM
Gorblile yron COABHIa ¢.

IBa KkpaiiHux ciyyas mpd $a3oBoM yriie ¢, pasHom O u 90°,
MpPaKTHYECKM MOTYT peaiu30BaTbCA TOMBKO B HpHQUIMKEHHH.

Ilpu ¢ =0, OTCYICIByeT pDeaKTHBHAasg COCTAaBJIAWIIAA TOKa.
AKTHBHasl COCTaBIIAIIOLIAA TOKA M IEHCTBYIOIUA TOK paBHbI. ITO
CIyvaif, KOra B LM HeT eMKOCTHBIX M MHOYKTUBHBIX COMpO-
TUBJIEHHH.

Ipu cusure das ¢ =90° (compoTHBIICHHE YMCTO UHIYKTUBHOE
WIM €eMKOCTHOE) BOBCE HET aKTHBHOH COCTaBIIAIOLIEH TOKa
M aKTHBHOM MOIUHOCTH. B 3TOM ciiyuae B uelM NpPHCYTCTBYeET
TOJIbKO DE€AaKTUBHAsA COCTAaBIAIOIIAS TOKAa — 3JIEKTPHYeCKHI
KOHTYD He OT/IaeT SHEepIHH.

MosxHo nerko paccuurath aKkTHBHYIO I, W peakTHBHYI0 I, CO-
CTaBJIAIOLIME TOKA IO IHCTBYIOLIEMY 3HAUEeHHIO TOKA C IOMOIIBIO
yrna cogura ¢as. Ha ocHOBe mpocTeflnx TPUTOHOMETPHYECKHX
pacueToB u3 Tpeyronsiuka ABC (puc. 85) Haxonum:

[a

cosg=—r, sincp:Tp.;

I, =1cosg, Iy = Ising.
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Puc. 85. Mpaduueckoe onpepeneHne aKTUBHOU © peak-
TUBHOW COCTaBNAIOLWMUX TOKA

OcobeHHO BaxkeH B 3JIEKTPOTEXHUYECKHX pacyeTax KOCHHYC
yrna coeura ¢as. Huke mpuBeneHpl 3HaueHUsA cOS ¢, KOTOpbIE
Hauboree 4YacTo BCTpevyaloTcs B MpPAaKTHUECKHX pacyerax, IpH
COOTBETCTBYIOLIMX 3HAUEHUAX ¢ (B Ipajiycax) :

Qv 0 10 20 30 40
cos ¢....-1,0000 0,9848 0,9397 0,8660 0,7660
Povninn, 50 60 70 80 90

cosy....0,6423 0,5000 0,3420 0,1736 0,0000

Mpumep. Ha 3axaimax gBurarens mpuGop mokazan Tok 20 A.
KakoBo 3HaueHHe aKTMBHOrO TOKa IpH yIJle CHBMIa
das ¢ =20°7

I,=1Icosp=20-09397=18,79 A.
BorpaxkeHue [jis MOIHOCTH P MO>HO, OUEBHIHO, 3aIIHCaTh KaK
IPOU3Be/IeHHE NEHCTBYIOLIETO HANPSDKEHUA M aK THBHOTO TOKa!

P = Ulcosy.

YT0o0B! MOJYYNTh aKTUBHYI MOLIHOCTh P, HeobXoouMo mo-
Hyl0 MOWIHOCTH §, KOTOpDYI0 ONpelensloT KaK NpOU3BeleHHe
peficTBylouMx 3HaueHu#t U u /, yMHOXUTB ellle Ha KOCHHYC yrIia
coeura das. Ilnsa paboTbl COOTBETCTBEHHO NMOJYYMM BbIpakeHHE

A=Ulcoso t.
Kocunyc yrna cpsura ¢as ykaspiBaeT, Ha KaKoOe UMCIIO MbI
OOJDKHBI YMHOXMHTb IOJIHYI0 MOHLIHOCTh, YTOObI HOMYYMTh aKTUB-

HYI0 MOIUHOCTB. [I03TOMy KOCHHYC yrna caBura ¢a3 HaspIBalOT
TaKxe K03GbGHIMEHTOM MOLIHOCTH .

11 B.Konpapg 161



Mpumep. KaxoBa nonHasa S v akTHBHAA P MOLLHOCTb ABUIraTeNs
(43 IpenpIoyILero NpuMepa) , el HalpsDKeHHe B Iie-
m coctasiisger 220 B?

S =UI =220-20=4400B-A =44 kB-A;
P =220-20-0,9397~4135 Br = 4,135 xBr.

Tak Kak Bblllle 3HayeHUe aKTUBHOH COCTaBiAIONIEH
TOKa yxe Gbuto paccuutano (18,79 A), MOXHO YMHO-
KUTh 3TO 3HaueHWe W HampsDKeHWe B 1emi. Pesyibrar
6yner ToT Ke.

ITonHasgs MOLHOCTh Bcerfa OoJiblile aKTHBHOM MOIIIHOCTH, TaK
KaK HpOTeKalolUii B NPOBOOHUKE TOK OONblile aKTUBHOH CO-
craBisoed Toka. OTHOLIEHHEe aKTHBHOH MOIIHOCTH K IOJIHOH,
T.e. KO3 PHIUMEHT MOLIHOCTH, TeM JIyulle, yeM Omke 3HaueHUe
ko3¢ dunenTa MOIHOCTH K 1. 3TO MMeeT MeCTO IpH MAJOM
cnsure ¢a3. IIpy Hem3sMeHHOH MOLIHOCTH IeHepaTopa WM 3JIeK-
TPOCTaHIMM IIONyYaeMass aKTHBHas MOILIHOCTb TeM Oojiblile,
yeM “nyvue” koadduuuent mowxocrd. M Haobopot, nns nomy-
YeHUs OIpedeNIeHHON aKTHBHOW MOLLHOCTH MOXXHO OTpaHUYMTbCS
TeM MeHblIeH IIOJHOH MOIIHOCTBIO, YeM Jyullle Ko3GhHUIMEeHT
mouiHocTH. ClenoBaTeNnbHO, MapaMeTpsl HelH ¢ KoahGhULIMeHTOM
MomHoCTH, 6mu3koM k 1 (¢ = 0°), crlocoBCTBYIOT yieleBIeHH o
CHCTEM 3HeprocHabxeHUs ¥ MOBBIIIEHUI0 KX SKOHOMHYHOCTH.

Tak kxaK HHAYKTUBHOCTEH H PEaKTHBHBIX COCTaBIIAIOLINX TOKa
He u30exarb, TO WA ynyulleHMs ko3dduimeHTa MOLHOCTH
NPHMEHAIOT ClleUUaibHble yCTPONCTBA, HAIpUMeEp: MOXHO BKIIIO-
WTh NapajUIeNIbBHO C MOTpeOUTeNleM TOKa KOHEHCATOp C paccyu-
TaHHBIMU TIapaMeTpPaMH, KOTOPBIH IOITHOCTHIO UIIH YACTHYHO KOM-
neHcupyer coBHr ¢a3. Jipyrue Bo3MOXHOCTH OYIyT paccMOTpeHs!
moke (cM. crp. 185).

TpexdcasHbiii TOK — BPawWwaloWuii TOK

IlepeMeHHOE HalpsDKeHME MOJYYalOT IyTeM BpalleHHS
B MarHUTHOM IIOJIe IIPOBOAHMKA B BHIE PaMKH, KOTO-
pY10, €CTECTBEHHO, MOXHO 3aMEHHUTb KaTylIKoi. OgHaKo mocry-
MalT ¥ Hao0opoT: IepeMeHHOE HANpsHKEHUe BO3HMKAET M TOINa,
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Puc. 86. MonyueHue
Tpex dasHoro nepe-
MEHHOro ToKa

KOrJla MarHuT BpalalT BHYTPH KaTyHIKH. JTO Jaxe ynoOHee,
TaK KaK BbI3BaHHbIi HHIYLM POBAHHBIM HANPSDKEHHEM TOK MOXET
CHMMaThcsA Ge3 KOHTaKTHBIX KOJIell.

Y10 CITyudrcs, ecll BMeCTO OJHON KaTyIIKH B3ATh TPU TaKHUX
e, PacliONIOXeHHBIX paBHOMepHO Io kpyry (puc.86)? Teneps
HanpsDKeHUe MHOYUMpyeTcs B Kaxo# karylike. OHo Oyner pas-
HbIM HO 3HAYEHUIO, eCIIH IPeMIIOJIONUTh, YTO [IJIMHA M YUCIIO BUT-
KOB KaTyllleK OOWHAKOBbI. ECIM 3TU HanpspKeHUs JOJDKHBI TUTATh
Heny noTpebuTeneil, To NOoTpeGyeTcs B COBOKYMHOCTH IIeCTh IpO-
BOIHHKOB.

Mexpay HampsKeHMAMH, KOTOpble MHIYLMPYIOTCA B TpeX Ka-
TYHIKaX, YCTaHaBJIMBaeTCs B3aMMOCBA3b. OTnenbHble asHble
HanpsiKeHus, 00yCIIOBIIEHHbIE PACIIONIOKEHHEM KaTyIlieK H paBHO-
MEpHbIM BpallleHWeM MAarHuTa, COBUHYTBI OTHOCHTENBHO OpYT
npyra Ha 120°. KpuBble TakHX HaNpsDKeHM U TOKOB IIpUBeIEHbI
Ha puc. 87, a.

Ecnu cnoxaith B 11060/ MOMEHT BpeMEHH HalpsDKEHMsS WU
TOKH OTHENbHbIX (a3 (puc. 87,6), yuuThIBasA HaNpaBJieHHe TOKa,
TO HOJIyYHM 3aMeyaTesIbHbIH pe3yJbTaT: CyMMa HalpsDKEHMH WIH
TOKOB B KaXX/Iblii MOMEHT paBHa HYJIIO I[P PaBHO# Harpyske ¢as.
TTo3TOMy MOXXHO TpH KaTyUIKH COEOUHATb OPYTr C OPYroM, He
omnacasich KOPOTKOTO 3aMbIKaHUS.

MoxxHo mO3TOMy Tpex NOTpebHTenell 3NeKTPOIHEPrHMd MOM-
KJIIOUMTh TaK, KaK II0OKa3aHo Ha puc. 88. Bmecro uiectu mposop-
HMKOB HMeeM Tellepb TPH JAUHEelHbIX NPO800a, KOTOpPble MUTAIOTCS
OT HayaJIbHBIX BUTKOB KaTyllek. JIJig BO3BPaTHbIX TOKOB CIIYXHUT
HyJleBOU 1poBon (06was HeliTpaab), KOTOPbIH COE[UHAET HeW-
TpaJIbHble TOUKY IeHepaTopa U MOTpeduTens.

11* 163



Puc. 87. Kpusbie hasHbix HanpAXeHni n Tokos (2) n MrHoBeHHbIE
3HaYeHVA HanpaxxeHun (6)

Ecnu Tpu motpeburena Toka oTOMparoT KaX/Iblii OAHHAKOBYIO
9HEPrulo, TO TOK B HeHTPaJIM YHHUTOXaeTCs, OHa ocTaeTcs obecro-
ueHHOI. Ee MoxHO oTkilounth. Ecin ke TpH ¢assl Harpyxarwrcs
HEPaBHOMEPHO, TO B HEHTPAJIM TEYeT TOJILKO OTHOCHTENBHO CJIa-
ObIii ypaBHUTEIIbHBI TOK.

CrieloBaTeNIbHO, MMeeTCs 3JIEKTPHYECKH CBsA3aHHag Tpexdas-
Has cucTeMa. B 3TOM ciTyyae roBOPAT O 83dUMOC8A3AHHOM TpeX-
gasnom nepemeHHOM TOKe.

Takoe coemuHeHHe 0GMOTOK Ha3bIBAIOT 36e300i. B aTol cucre-
Me HUMEIOTCS IBAa Pa3iIMYHbIX HANPSDKEHHs: MeXOy HyJeBbIM IIpo-
BOIOM M JI0GbIM M3 TpeX JMHeHHbIX mpoBofmoB (“¢as”) — dhas-
Hoe Hanpaxenue (3TO HaNpsDKEHHE, KOTOpOoe HHAYLMPYETCA
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Puc. 88. CoeanHerue 3se3noii (@, b, ¢ — KOHUbI KaTywek;
A, B, C — Hayana KaTywek)

99

B Kakoi-1uGo M3 KaTylleK “CeKLuil” reHepaTopa); Mexmay JIo-
O6pIMH [IBYMs JIMHEHHBIMH NMPOBOHNAMH — JAUHEUHOE HANPAXCEeHUe.
Ilpy TakoM BKIIOUEHHMM KakHe-1MGo [Be Karyliku  cexiwm’”
OKa3bpIBAOTCA COEOMHEHHBIMH HociegoBareibHo. Ho miueitHoe
HallpsDKeHUe He fBIAeTCA anrebpauyeckod CyMMOH HalpsDKeHHH
OTHenbHBIX KaryueK. HanpsmkeHus HOMDKHBI CKIIafpiBaThCsA reo-
MeTpPHYECKH, TAK KaK MarHUTHOMY MO0 TpebyeTcs ompefiesieH-
Hoe Bpems, 4ToGbl PaCHpPOCTPAHUTHCA OT ONHOH KaTYLIKH [0 MHO-
CIIETYIOLIEH.

O6o3HaunB (a3HOe HaNpsDKEHUE Uy, a nuneitoe — U, mo-
JYYUM:

U,= V—3—U¢ = 1,73Uy.

Mpumep. Ecmm dasHoe Hanpsokerwe cocraBusier 220 B, T0
JIMHEHHOE HallpsDKeHue

U, =1,73 - 220 =380 B.
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Puc. 89. CoeavHeHune TpeyronbHUKOM

JT0T pacueT OOBACHAET OUEHb PaCIPOCTPAHEHHOE COOTHOLIIEHHE
HanpspkeHui °220/380 B” B MHOrOYMCIIEHHBIX pacIpefe/THTesib-
HbIX CEeTAX.

CyluecTByeT eife OTHO BO3MOXHOE COEOMHEHME OOMOTOK —
3TO COeUHEHUe Tpey20abHukom (puc. 89) , Ipu KOTOPOM KOHeNl
KaKoH-Tub0 U3 KaTyllleK COelMHsAeTCS C HAuyaJioM Cllefylouei
KaTylIKH. B 3ToM ciryuyae MOXXeT CHUMATbCS HANpSIXKEHHE MEXITy
HayaJIoOM ¥ KOHLOM KaTyukH. ClieqoBaTesbHO, 9TO HaIpsDKeHue,
KOTOpPOE COOTBETCTBYET HANPSDKEHUIO, HHOYUMPOBaHHOMY B Ka-
KOHJ1H60 U3 KaTyllIeK.

Cuna e auneiinozo Toka I, Gompiue cwibl pasHoro Toka fy,
NPOTEKAIIEro Yepe3 KaTyUIKy, TaK KaK Kaxaad KaTylika
3[leChb COeMHEHa NApAUIENbHO C ABYMsS APYTHMH, NOCIeIoBa-
TEJIPHO COCNUHCHHBIMU KaTymkamu. CKIafpiBas CHIBI TOKa
reoMeTpHYECKH, IOJTY YUM

I, =31y = 1,731,.

IpermyuiecTBa TpexchasHOro HEPeMeHHOr0 TOKa HEOCIIOPUMEI.
B Hanlem pacnopsbkeHMM HMeeTCs [IBa HallPsDKEHUA [IPH COeqUHe-
HMM obMorok 3Bespmoit. K TOMy e, reHeparop Tpex¢asHOro
NepeMeHHOr0 TOKa 3HAUMTEIbHO MEHbIle TeHeparopa ofgHodas-
HOTO IIepEMEHHOro TOKa TakoH >ke MowmHoctH. Eme opmxum
CYLUECTBEHHBIM IIPEUMYILIECTBOM, KOTOpoe 0COOeHHO Ccmoco6-
CTBOB&JIO BHe[IpeHHI0 Tpex(a3sHOro NepeMEeHHOTO TOKa, ABUJIOCH
TO 0OCTOATENbCTBO, YTO M3TOTOBJIEHME ABUraTeseil TpexdasHoro
TOKa OKAa3aJIoch BECbMa IPOCThIM [AejIoM. OCHOBHOMY IIPHHLMITY
paboTbl 3TUX [BUraTelieil Tpex¢asHbIH NepeMeHHbIH TOK 06sa3aH
LIHPOKO PAaCNpOCTPaHeHHBIM Ha3BAHMEM 8pawjarouyuii ToK.
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Puc. 90. MpuHumn paboTel asuratena
nepeMeHHOro ToKa

Ecnu pacnoyoxurs TpH KaTyLIKH TaK, 4TOGbI HX OCH COCTaBIIA-
NI OTHOCHTENIbHO [pyr mnpyra yron 120°, coeguHMTh Hauana
M KOHIBl KarylleK B 3Be3fy, NMOOKIIOUHIb K TpexdasHoMy
FeHepaTopy U HOMECTUTh MeXX1y KaTyUIKaMH MarHUTHYIO CTPEJIKY
(puc. 90), To oHa By/eT HempPEepHIBHO BPALIAThCs C PABHOMEPHOI
CKOPOCTbI0, [IOKa paGoTaeT reHeparop.

U3 ycrmoBuii BOZHUKHOBEHUA Tpex(a3HOro nepeMeHHOro ToKa
H3BECTHO, YTO HAMpsKEHUS U TOKHU OTHeNbHbIX “as” COBHUHYTHI
Bo Bpemenu Ha 120°. COOTBETCTBEHHO TaKKe M B KaTyLIKax
”HBHUratens’”’ MaKCHMAallbHble 3HAUEHHs HANPAXKEHMS BO3HHKAIOT
He OJTHOBpeMEHHO, a IOCieIoBaTeibHo (OHO 3a Apyrum) . Eciu
B ONpeneNiecHHbI# MOMEHT CWJIbHOE MArHUTHOE BO3HEHCTBHE
IPUXOMUTCA Ha KaTywky L1, To B cledyoliee MrHOBeHue (Iocie
COOTBETCTBYIOLIETO H3MEHEHWs IOJOXEHHA) I3TO BO3MEHCTBHE
IpUeTcs Ha KaTylky L2, HeCKONbKO HOo3Xe — Ha KaTymky L3,
3aTeM ONATh — Ha L] ¥ T.I. — B TOYHOM COOTBETCTBHU C PUTMOM
BpallleHHsI pOTOpa B reHepaTtope.

CrnenoBaresibHO, B IPOCTPAHCIBE MexIy KaTylUKaMH Hallero
gBUratens HabylofaeTcss He YCTaHOBMBILIEeCS MarHUTHOE IIOJIe,
KOTOpOe OCTaeTcs HEHM3MEHHBIM IO HANpaBJIeHWI0, a Pe3YJIbIU-
pylolee 8pawaioujeeci MA2HUTHOe Nogae. MarHMTHas CTpenka
YYaCTByeT B 3TOM BpalIeHWH W CTAHOBHMTCS IPOCTEHLINM 3JIeK-
tpopuraTesieM. Ha HcIonb30BaHMH BpalL@IoIerocsi MarHUTHOTO
IO OCHOBaHa paboTa 3JIeKTpOABHUIrareied NepeMEHHOTO TpeX-
¢asnoro Toka.
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FEHEPATOPbI-TPAHC®OPMATOPbLI-ABUT ATENU

IeHepaTopb! NnepemMeHHOro
¥ NOCTOAHHONO TOKa

IIpy paccMOTpeHMH sABIIEHMI MHAYKUMM M IepeMeHHOTo

Tpex¢asHOro Toka 6bUIO YCTAHOBJIEHO, YTO CYLIECTBYIOT
mBa crnocoba sl NONTy4YeHHs MHIYKUMOHHOTO TOKa C IOMOILBIO
BPALIEHN : MOXHO BPAIiaTh PAMKY K3 IPOBOAHMKA WIH KaTyLIKy
B MarHMTHOM IIOJIe U MOXXHO BpaillaTh MarHUT IPH HEMOABHXHOH
MHIYKIMOHHOH KaTyuIKe.

Ecnu Bpalnaercs MHAYKUMOHHAA KAaTyIKa MEXAY MOJI0CAMH
MAarHuTa — 310 A8HONOACHAA mawuka (puc. 91,a) ¢ BHEIHMMH
nomocaMu. M HaoBopor, reHeparop, y KOTOpPOro MATHHTHbIE
TOJIIOCHI BPAUIAIOTCS MeX/Iy HelOABIDKHBIMH HHAYKIIMOHHBIMH Ka-
TYIUIKaMH, Ha3bIBAa€TCA HEA8HONOAI0CHOU mawuHoii (puc.91,6) —
MaIUKMHOH C HESIBHO BBIPAXKEHHBIMH IIOJIIOCAMH.

IIpu BbIpaboTke 3NEKTPOIHEPTHH IpPERIIOUUTAIOT HESBHO-
TOJIIOCHbIE MALIMHBI. ITO BBI3BAHO CIIEMyOLIUM. Y 3TOM MAIIHHBI
’BpIpabaThIBAIOLIAs SHEPIUIO” YACTh HEMOHBMXKHA, ChEM GOJIBILIMX

Puc. 91. MpuHumn paboTst ABHO-
nontocHo (@) u HemsHoORONtoC-
Howt (6) MawwuHb
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9NMEKTPHYECKHUX MOILHOCTENH HeTpyHeH. Y SBHOMOMIOCHBIX MAIIUH,
Hao00poT, NPUXOOHUTCA OTBOIOUTH 3JIEKTPOIHEPTHI0 OT Bpala-
IOLIMXCS MHOYKIUOHHBIX KaTyllleK Yepe3 KOHTAaKTHbIE KOJbLA
¥ meTKH. [Ipy GoNbImMX MOIIHOCTAX 3TO CO30aeT HelpPeOoJoTMMELe
TPYIHOCTH.

IlocTrosiHHBIE MAarHMTBl MOTYT MNPUMEHATHCA TOIBKO I
reHepaTopoB HeGONbLIOH 3NIEKTPUYECKOH MOIHOCTH (HAIpHMeD,
B pyuHbIX ¢oHapukax H T.4.). [Ipu GONBILKMX MOLIHOCTAX BMECTO
MOCTOSTHHBIX MAarHUTOB HCIIOJIB3YIOT 3N1€KTPOMATHUTbI, KOTOpbIE
[MTAITCA MOCTOAHHBIM TOoKOM. K poropy Takoro reHeparopa
Hanpamerue 6030Y#OeHUs TIOHAeTCA TOXE, KOHEYHO, uepe3
KOHTAaKTHbIe KOJIbLA. ITO CPaBHUTENIBHO MpPOCTO, TaK KaK MOu-
HOCTb 8030y¥O0eHuUs HaMHOTO MeHbllle, YeM MOILHOCTb, OTAABa-
€Mast TeHepaTopoM.

Yacrora BbIpabaThIBaEMOro MEepeMEHHOIO TOKa 3aBHCHT
IpeXxme BCEro OT YacTOThI BpallleHMs poropa reHeparopa. Ecim
porop menaer 10 wm 20 060poTOB B CeKyHAY, TO HOJTy4aeM Iepe-
MEeHHO€e HanpshkeHue U Tok vyacroroi 10 wm 20 I'u.

Ha vactory Tak>ke BIusAeT WICIIO Nap N0AI0CO8 Y BPALAIOIIETOC
portopa. ¥ poropa ¢ Tpems napaMH nomocos (puc. 92) mocratou-
HO yXe TpeTH obopoTa poropa, YToObI HONYYUTh NOJHYI0 BOJIHY
nepemMeHHoro HampspkeHusa. IIpm uyeThlpex mapax MOJIOCOB

Puc. 92. HeAsHONON0CHBLIH reHepaTop ¢ TPEMA NapaMu NONIOCOB
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[OOCT4TOYHO YeTBEpTU 060poTa 1 T.0. B 06001LIEHHOM BHIE HMEEM:
f=pn,

IZle p — YMCIIO Tap MOJIIOCOB; M — YACTOTa BPaIleHHus poTopa, 06/c;
f — yacrora nepeMeHHOro HanpspkeHus, ['1. CiiemoBaTenbHO, UMe-
10TCSA IB€ BO3MOXHOCTH [IJ151 U3MEHEHUA YaCTOTHI TOKA FreHepaTopa:
HOBBILIATh WIM CHIKATh YACTOTY BPAIlleHHA POTOPA WM H3MEHATD
uycyio nap noimocoB. Ha npak tvice ucnons3yioT o6e BO3MOXHOCTH.

lenepatopbl mjiA BbIpaGOTKH SHEPrHM HCNONHAIOICA MOYTH
HCKITIOUMTENIBHO KaK HEesABHONONIOCHBIE MALLMHBI IIEpPeMEHHOTO
Toka. MIx “crarop”, KOTOpBII HeceT MHOYKLMOHHbIe KaTyIIKH,
npefcraBisAer coboit KonbieBod cepieuduk. OH cocTaBinserca
U3 OT[ENbHBIX CIeUMalbHBIX IUIACTHH, ApPYr OT APYra H30JMpO-
BaHHBIX, YTOObl BOCHPENATCTBOBaTh BOZHUKHOBEHMIO CHIIBHBIX
BHUXpeBbIX TOKOB. [lapanyiesbHO OcH reHepaTopa B CTaTOpe MOHTH-
pylorcs massl. B HUX momernaror HeoOXoauMele A7 BbIpabOTKH
Tpex(a3HOro NepeMeHHOro TOKa TpPH KaTylKH WIH FpyIIbI
KaTyllieK, KOTOpble IPY MOIIHOCTAX BO MHOIO ThICAY KHIIOBOJIBT-
aMriep, KaK IpaBUJI0, 3aMEHAIOTCS MeIHBIMH 1LIIMHAMH.

Porop reneparopa He TpebyeT cOOPKU U3 OTHENbHbIX IUIACTHH,
TaK KaKk B HEM MarHWUTHOe IIOJie He MeHseTcsd, a ~Bpaiuaercsa’
BMECTE C POTOPOM.

BonbumHCTBO reHepaTOpoB HPUBOAMTCA B HBIDKEHHE NAPO-
BBIMHM WIM BOOAHBIMH TypOuHamH. IlapoBsie TypOuHBI HaMHOIrO
6picrpoxonHee. Tak kak mapoBas TypOuHa COeIMHSETCSA HEIOo-
CPEACTBEHHO C TeHEpaTOpoOM, TO POTOp COOHPAalT IOH TY Xe
yacrory Bpamenua. Ho 3TuM onpenensercs M 4Yacrora ToKa,
BbIpabaTpiBaeMoro reHepatopom. Iloatomy mia 7yp6ozenepa-
Topos B obweM ciyyae BbIGHPAaOT TOMBLKO ABYXIOJICHBIE PO-
Topsl. Kak mokassiBaer BhilenpHBeeHHas ¢OpMyIia, OH [IOIDKEH
cosepuiats 50 06opoToB B cexyHmy wix 3000 B MHHYTY, YTOOBI
4acToTa TOKa B ceTH coctaBismia 50 [m.

Ilpu Tako# yacToTe BpallleHMA Ha POTOp BO3feicrByeT Gojb-
wmasa uenrpobexHas cwia. Tak Kak OHa pacTeT C yBeJMYEHHEM
AMaMeTpa poTOpa, TO pOTOpPaM TypOOreHepaTopoB NpPHOAIT
BBITAHYTYI0 UHWIMHApHYecKyio ¢dopMy. B coorBeTcTBMH ¢ 3THM
HOJIKEH BBITOMHATLCA TAKXKE M CTATOP.

MHorue BuIbl BOIAHbIX TypOHH THXOXOIHee MapoBbiX. Ecmm
XOTAT M30eXaTb MOTEPh JHEPTMM NPH MeXaHMYeCKOH Nepe/iaye
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Puc. 93. MpuHumnn pabo-
Tbl reHepaTopa MNOCTOAH-
HOro ToKa

M COEIUMHUTh TypOUHY HENOCPEACTBEHHO C reHepaTopoM, TO HeoO-
XOOMMO KOMIIEHCHpPOBAaTh HHM3KOe uucio 06GoporoB 6GonbLmM
uKcIoM map noiocoB. IloaromMy B euopozeneparopax Ha rMAPO-
9JIEKTPOCTaHLMAX BMECTO BBITAHYTBIX POTOPOB OOBIYHO HCIIOJIB-
3yI0T IUIOCKHE “’TIONIOCHBIE KoJeca”, Ha NepubepHH KOTOPbIX
PAacIOJIOXKeHbl MAarHUTHBIE TOJIOCHI ¢ OGMOTKaMH BO30Y xIeHUSA.

Tok BO30yXHeHWs i1 MarHMTHBIX IOJIIOCOB Yy BCeX reHe-
paTopoB GOJIBLION .MOIHOCTH NMONAEeTCsI OT CIIeHAJIbHOrO TIeHe-
paTopa MOCTOSTHHOIO TOKa — 8030yourtens. OH pasMelleH, KaK
HpaBMIO, Ha BaJly reHepaTopa ¥ IpHBOOUTCA BO BpallleHHe OCHOB-
HO# TypOMHOH.

Teneps ciiemyer paccMOTpeTh paboTy reHepaTopa NOCTOSHHOTO
TOKa, IpPHHIMI paboTel KOTOPOrO CXeMaTWYeCKH H300paxceH
Ha puc.93. CxeMa 3TOro reHeparopa OTIMY3eTCA OT CXEMBI
reHeparopa nepemMeHHoro Toka (puc. 80) TONBKO TeM, UTO paMKa
U3 MPOBOOHHMKA 3[1eCh COEAUHACTCS He C ABYMA KOHTaK THBIMH
KOJIBIIAMHU U1 ChbeMA TOKA, a C MOJYIMUIMHAPHYECKHMH CerMeH-
TaMH KonaeKTopa.

KoitekTop clyxMT ciefyromiuM ueinsaM. Kak u3BectHo, npu
BpallleHWd B MeTie NPOBOAHMKA HHOYUMpYeICs IepeMeHHOe
Hanpsokenue (CHeBBIHIPAMIIEHHBIH TOK”) — puc.94. OpHako
6narofiaps cerMeHTaM KOJUIEKTOpa KOHIBI KaTyLIKH C BHEIMHeH
Lenblo NepeKIlioyaeTcs Mociie Kaxaoro noimyobopora. B MomeHT
NepeKIoYeHHs NpH COOTBETCTBYIILEM IIOJIOXKEHHH CEerMEHTOB
U OJIEKTPOUIETOK, CIYXAlMX I TOKOCbheMa, IlepeMeHHOe
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Puc. 94. Bnuanune KonnekTopa Ha Kpusbie ToKa

HanpsDKeHHe MeHseT HalpaBlleHHe TOYHO B KOHIE NOJyBOJHBI.
BemencrBue 3T0ro HMXKHAA® MOJIYBOJHA IIEPEMEHHOTO TOKa
“onpoxkunpmBaercsa’”. XOTd B IeTjie NPOBOMHMKA MO-IPEXHEMY
HHOYUMpYeTCs: IepeMeHHOe HampsDKeHHe, BO BHEIHeH ey
HUMEIOTCA TIOyBOJHBI TOJIbKO OJHOTO HalpaBiieHUs. Bo BHelHei
LENM TEM CaMbIM CO3[JaeTCsI HOCTOAHHBINA NMyJIbCHPYIOLIMA TOK.

OH MMeeT ¢ HOCTOAHHBIM TOKOM TO 0bliiee, YTo TeueT Bee BpeMs
B OJJHOM HampaBJleHNH (HalpHMep, KaK TOK OT aKKyMYJIATOPHBIX
GaTapeii) , XOTA HaNpsDKEHME M CUJIA ero HePEPHIBHO MEHSIOTCA.
Takoif TOK Ha3bIBAalOT HyJIbCUPYIOIUM HOCTOSHHBIM TOKOM.
COOTBETCTBYIOIMM BKIJIIOYEHHEM TeHepaTopa IyJIbCALHI0 MOXKHO
CYILIECTBEHHO YMEHBILIHTh.

IenepaTopsl HMOCTOSHHOTO TOKa KOHCTPYMpYIOT, KaK fBHO-
nontocHsle MaumHbl. KoHeuHo, 17151 reHepatopoB GOBILMX MOLI-
HOCTEil OTKa3bIBalOTCA OT MOCTOSHHBIX MAarHUTOB, 3aMEHAA MX
JJieKTpoMariuTaMu. EcTecTBeHHO, BO3HMKaeT BONPOC, OTKYyIa
MOJHO B3ITb MOILHOCTb Ijisi BO30yxneHusa. KoHeuno, 6bu10 ObI
Hellesiecoo6Gpa3sHO MPHMEHATH IS 3TOro aKKyMyJATOpHylo Oara-
pero WIH ellle OOHY MaHIMHY NOCTOSAHHOTO TOKa. la B 9TOM M HeT
HeoGxopuMoctu. 3pech obpauarorcs K chOpMyIMPOBaHHOMY
3pncrom Bepnepom Cumencom (1816—1892) mnpuHuMmy: o6-
MOTKY pOTOpa COe[MHAIOT ¢ 0OMOTKoO# cratopa (06MOTKOM
B0306yx/eHus’) TaK, yroObl MAaLIMHHBIA TOK, MPEXIE YeM OCTa-
BUTh MallMHy, Ipoles 06MoTKy Bo30yxpaenus. Torma manmhxa
B030y>xmaer cama cebd.

ITocrne Toro kxak MaumHa 6pU1a B paboTe U MarHUTHI BO36yXe-
HMs OTKJIIOYEHDBI, HX MarHeTW3M Hcye3aeT He HONHOCTbIO. OHM
BCEr/ia COXPaHAOT U3BECTHBIH OCTATOYHbIH MarHeTH3M. OH ocTa-
TOYeH WIS TOro, Yro6bl NMpH HOCIIEAYIILEM pa3roHe reHeparopa
B POTOpe HHOYLUPOBAJIOCH Obl Cpa3y e HeGOJbILOE HAPIKEHHUE,
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Puc. 95. lenepatop no-
cnepoBaTenbHOro  BO3-
6yxaeHuA

9T0 BBI3bIBAET TOK B 0GMOTKE BO36YXIEHMs H BO BHELIHEH 1ETIH.
Ecimn o6MoTKH BO30YXOCHUA COeIUHEHb] NPaBUIIBHO, TO 3TOT TOK
yCWIMBaeT MarHMTHOe Ioje craropa. BermencrBue 3Toro MHAymHM-
pyercsl Telepb BBICOKOE HampsDkeHWe, KOTOpPOe MOBBILIAET TOK
B BHTKaX KaTyLIKH Bo30y>/eHus U BO BHellHe# neny. bonbime
TOKM YCW/IMBAlOT MAarHuUTHOe IIoJle W T.4. JTOT MPOLECC CaMo-
BO30yXXAE€HUA 3aKOHUMTICA, KOIZAd XapaKTePUCTHMKH MAIIUHBI
OOCTUTHYT yCTaHOBJIEHHOM 3JIEKTPHYECKOH MOILHOCTH. BHellHero
B030y>xaeHUA IpU 3TOM He Tpebyercs.

CxeMaTuueckd U300paXkeHHbIN Ha pUC. 95 reHepaTOp Ha3bIBalOT
2eHepaTopoM noc1ed08aTeabHO20 8030y ¥O0eHUA WIH CEPUECHBIM,
TaK Kak OOMOTKH €ro poropa M CTaTropa CoeJuHeHbI MOCIeI0Ba-
TenbHO. OHAKO MMEIOTCS U [pyrue BO3MOXXHOCTH COEOUHEHHMS.
Hanpumep, MOXHO OBMOTKH poTopa W OOMOTKH BO30Y>KIeHHs
COEIMHMTb NapajUle/IbHO, TaK YTOOBI TOJBKO YacTb MAIIUHHOIO
TOKa INpoTekaja depe3 oOMOTKM B030yxneHusa. B aTom cityuae
HMEEM [IEJIO C 2eHepaToOpOM NApanneabHo2o 6030yxoenus (UiyH-
TOBOTO BO36YXKIEHHS) .

Tpancdopmaropbl

Ienepatops! BbIpabaThIBaIOT TOK HanpsDkeHHeM 1o 10 kB,

eCclM He NPHUHMMATh OCOOBIX JOPOTOCTOAIMX Mep IO
yITyuiieHuo u3onauuy. s nepenay aJeKTpOIHEPrUU Ha JIaJIbHUe
paccrosHUs (cM. cTp. 193) 3TO HampsikeHue SIBJISETCA HU3KHM,
a JUIA HCIOJIb30BaHHU HEMIOCPEACTBEHHO Ha NPeANIPUATUAX B BOIb-
LIMHCTBE CIIy4YaeB OHO CIIMIIKOM BbICOKO. ClleIoBaTeNnbHO, HeO6X0-
IMMO HalTH croco6 Ge3 MOTeph NMOBBIIATh M NOHIKATH HAIPXKE-
HHe TOKa resepatopa. IIpeo6pa3oBbIBaTh HAPSKEHUA TpeGyeTcs
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Puc. 96. YcrpoictBO TpaHCc-
¢opmartopa nepemMeHHOro Ha-
MPAXEHUA

TaK)Xe BO MHOrMX APYTHX CIIy4asx, HAMpUMEpP B TEXHUKE CBSA3H.

Ilna npeoGpa3oBaHUsA IIepeMEHHOTO HANPSDKEHUA B HALIEM
pacnopspKeHUH UMeeTcsi TpaHCHOpPMaTop, ABJIAILIHMKCA IPOCTHIM
H 9KOHOMMUHBIM T1ipuGopom (puc. 96) . Ha 3aMKHyThI# CepeuHHK
HaMOTaHb! JIBe KaTyLIKH, KOTOpbIE APYT C APYIrOM He COe[uHs-
1orcs. Eciu MOOKITIOUNTh HCTOYHHK NEPEMEHHOro TOKa K nepeuy-
HOli 06MOTKe, TO BO3HMKaeT MarHUTHOE 110JI€, CWIa M HanpaBJieHHe
KOTOpOro GymyT MeHATHCA C YaCTOTOH MepBHUHOro roka. Cuio-
Bble JIWHMH 3TOTO HOJIA HPOXOIAT OOBIYHO BHYTPH ¢ eppOMarHuT-
HOTO CeplieyHMKa (MarHMUTONMpPOBOMA), KPOMe OTHEIIbHBIX AUHUI
paccesaHrus. YUCno CWIOBBIX JIMHMI, OXBAaThIBAEMbIX GTOPUNHOU
00MOTKOIi, U3MEHsIeTCA C YacTOTOH HepBHuHOro toka. Ilostomy
BO BTOPHYHOH 0OMOTKe HHAYLHMpYeTCA NepeMEHHOe HalpsyKeHHe
TAKOH K€ YacTOThl, KaK MNepBHYHOe HampsoKeHue. IIpuumHOM
BQ3HUKHOBEHHsI BTOPHYHOIO HAIPsDKEHMs fABIISAETCS MarHUTHOe
nepeMeHHOe MoJle MepBUYHOH 06MOTKH. OHO OTCYTCTBYeT, eCiu
K IepBHYHONH 0OMOTKe MomBeleH MOCTOAHHLIA TOK. ToMnbko HpH
BKJIIOYCHHH H OTKIIIOYSHMH H3MEHAETCs YMCIIO CWIOBBIX JIMHMH
9JIEKTPOMArHUTHOTO HOJIfA, ¥ B 3TH MTHOBEHMs HHAYLMpYeTCs
HMIIYJIbC HANpPSDKEHUs BO BTOpHYHOH obmotke (cM. crp. 107).
ITostomy TpaHchopMaTop He MOXeT IpeoOpa3oBbIBaTh MOCTOSH-
HBIH TOK.

OtHolleHHe MeXy MepBHYHBIM M BTOPUYHBIM HaNpsKEHHEM
BBIBOIMTCA U3 Cllefyomux coobpaxenuii. IlepemeHHbIi MarHut-
HbIl TIOTOK BbI3bIBaeT HAaNpsokeHWe B obeMx kartyukax (B mep-
BUYHOH U BTOpUYHOH). IIpH 3TOM MHAYIMPOBAaHHOE HAIpsDKEHHE
3aBHCUT OT CKOPOCTH U3MEHeHMs MATHHTHOTO NOTOKa KaTyIUKH
(wicrma CWIOBBIX JIMHME) W OT YMCNa BUTKOB KaTyluku. Tak kax
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CKOpOCTb M3MEHEHUsI MArHMTHOIO NMOTOKA [AjIA 00eux KaTyulek
OIMHAKOBA M 00€ KaTYILIKH N03TOMY NePeceKalnTCss OOUHAKOBBIM
YMCIIOM CWIOBBIX JIMHMH, TO CTemeHb NpeoOpa3oBaHMA Hampd-
KEHMsSI 3aBHCHT TOJNBKO OT uMclia BUTKOB. Ecnu mnpeHeGpeus
He3HauuTeJIbHbIM COINPOTHUBIIEHMEM HEPBMUHON KaTylIKH, TO
HOIYyYMM HHOYIMpPOBaHHOe HAaNpsDKeHHEe, PaBHOE IO 3HAYCHHIO
MPWIOKEHHOMY HalpsDKeHHI0, HO oOpaTHOe NO HaIpaBJIEHUIO
(cm. crp. 117). U3 3T0ro crepyer BaKHOE COOTHOLIEHHUE :

Hanpsawenus 6 xaTywKax HeHaepyxeHHO20 TpancPop-
Mmaropa oTHOCATCA Opy2 K Opy2y KaK YUcad 8UTKO8:

B karymike c GONBLIMM WHCIIOM BHTKOB BO3HMKA€T BBICOKOE
HalpsDKeHHe, I0ITOMY ee Ha3bIBAIOT ~CTOPOHOM BBICOKOIO Hamps-
xenus”’ TpaHchoOpMaTopa — BTOPHUHOH OGMOTKOH BBICIIETO
HanpspkeHus. COOTBETCTBEHHO KaTyIIKy C MEHBLIMM YUCIOM
BHTKOB Ha3bIBAalOT ~CTOPOHOH HU3KOTO HanpshkeHus TpaHcdop-
mMaropa. ITUM e ompefiensaercs “KodbduupmeHT TpanchopMaIpy’
U TpaHchopMaTopa:

— YUMo BUTKOB BTOPHYHO# 06GMOTKH

= WIH
UHcno BUTKOB Ile pPBHYHON 0OMOTKH

n

Mpumep. Kakoe HampspkeHHe BO3HUKHET BO BTOPHYHOM 06GMOT-
Ke TpaHchopMatopa, ecnu oHa umeer 10000BHT.,
a K mnepBHuHON obmorke ¢ 1250 BHUT. HPUIIOXKEHO
Hanpspxerue 200 B?
UmeeM:

10 000
U,=U1%f=2001—25—0 — 1600 B.

Ecmu  HarpysuTp TpaHcopMaTop, T.e. COCOMHMTb 3a>KMMbI
BTOpMUHOH OOMOTKH c morpebuTeneM, TO JO/DKHbI HONYYUThH
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Ha CTOpPOHE BBICOKOIQ HANpPsDKEHUs Ty XK€ MOIUHOCTb, KOTOPYIO
3aTpaTHWIIM Ha CTOpOHE HM3KOro HanpspkeHus (mpeHeGperaem
notepsamMu tpaHchopmaropa). Y3 3toro ciemyer BaxxHOe COOTHO-
LIIeHHe YIS TOKOB 0OMOTOK :

Crie1oBaTeNibHO, ¢ IOMOLLBI0 TPaHCHOPMATOpa MOXKHO IONY-
YaTh BBICOKHME HAIMPSDKEHUS ¥ MAIYIO0 CHIy TOKa, a TAK)KEe HU3KOe
HanpshkeHre U GONbUIyIo CIITY TOKa.

B kavectBe K..ja. TpaHchOpPMATopa MPUHUMAIOT OTHOLIEHME
BTOPUUYHOM MOLIHOCTH K NIEPBHYHO#M :

2y
71=p1‘

K.n.4. TpaHchopmMaTopa HO CpaBHEHUIO C APYTMMH MallMHaMU
OUEHb BEJMK H COCTaBseT oT 96 o 99% MOILLHOCTH, TTepeJaHHON
¢ OOMOTKH HU3LIEro HamnpspkeHUss Ha QOMOTKY BBICIIETO Hamps-
xeuus. OTKJIOHeHHe OT MueanbHoro cnyyas (mpu n = 100%) 065-
SICHAETCSl Heu3OeXXHbIMU MOTepSAMH B caMOM TpaHchopMartope.
Hanpumep, B mpoBofHiKe 0OMOTOK HPOUCXONAT HOTEPU B Me-
mu”. ITH MOTEPU CBA3aHBI C TeM, YTO 06MOTKH 00/1a/ialoT U3BeCT-
HBIM COMpPOTHUBJIEHUEM H HarpeBalOTCS NMPU NPOXOXIEHUH TOKaA.

B cepneunuke TpaHchopMaTopa BO3HHKAOT HOTEPH OT BHXpe-
BbIX TOKOB. CHIDKAIOT 3TH NOTEPU TeM, YTO HaOHpaIoT cepaeyHuK
M3 OT/ENbHBIX,, U30JIMPOBAHHBIX APYT OT APYTa JIHCTOB.

JileMeHTapHble MAarHUTMKH CepeYHHKa TpaHchopmaropa
NOCTOSAHHO [OBOPAYUBAIOTCS B HAMpaBJIIeHWH NEPeMEHHOro Mar-
HUTHOro HoisA. Ha 310 HAayT H3BeCTHbIE 3aTPaThl 3HEPIUM, KOTOPbIE
paccMaTpUBaOT Kak norepu Ha eucrepesuc (cM. cip. 85). HUx
CHMXKAIOT TeM, YTO BBIOMPAIOT IS JIUCTOB CepHeYHHKa MaTepHal,
KOTOpbI TpeOyeT HE3HAUMTENIbHBIX 3aTpaT 3HEpPrud Ha Ilepe-
MarH{uMBaHUe.

Ilpu xoHCTpynpoBaHuM TpaHcdopMaropa 3ab0TATCA IMmpex[e
BCEro O TOM, 4T0o6bI paccessHie MarHUTHBIX CHJIOBBIX JIMHHH GbLIO
HEe3HauMTeNbHbIM M 4TOOBl (haKTHUECKH BCe CHIOBbIE JIMHMH
IPOXOIUIIM Yepe3 BTOPHUHYI0 OOMOTKY. B mpuHumie pasnmmyaot
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Puc.97. YcrpoicTBO 0AHODA3HOrO CTEPKHEBOrQ
(a) v 6poHesoro (6) TpaHcdhopmaTopos

[Be OCHOBHBIe KOHCTPYKILMH TpaHchOpPMAaTOpPOB: CTepXKHesol
(puc. 97,a) u 6ponesoii (puc.97,6).

IlepBuuHass M BTOpHYHasA OOGMOTKM, KaK NpaBWIO, He OIfe-
nswTca Opyr or gpyra (cm. puc.96). B rtpancdopmaropax
¢ yuaunopueckoii 06MoTKOU BUTKH OOMOTKH KJIafyT ApPYT Ha
opyra; B TpaHchOpMaropax C Ouckogoli 00MOTKOW  BHTIKH
0OMOTKH BBICOKOTO U HU3KOIO HAIpSDKEHUA Pasfenaorcsa v ¢pop-
MHPYIOTCSA B JUCKOOOpa3Hble KaTyLIKH.

Ho cux mop obCcyXmanuch U NPUBOIWIKCH KOHCTPYKIMU OOHO-
gasneix TpancopmaropoB. Ecnu Heobxomumo tpaHchopmupo-
Barh Tpex(a3Hpli TOK, TO MOXHO HCHONIB30BaTh TPH TaKHX
onHo(da3HbIX TpaHchOpMaTopa, ¢ TeM YTOOBI KaXOBIA M3 HUX
npeoOpa3oBhIBAN TOK OOHOMH ¢ha3bl. OnHAKO B OONBIIMHCTBE CIlyYa-
€B TPUMEHAIT CHeLMaNibHbIi TpexcdasHpui TpaHcopmaTop, Ha
MarHHTOIIPOBOJ, KOTOPOTo IOMeLanT TpH O6MOTKH BbICOKOIO
HampsDKeHUst ¥ TpH 0OMOTKHM HM3KOTro HanpspkeHus. it coemuHe-
HMA UX HMeeTCs MHOIO BapUaHTOB. Tak, MOXHO COEOMHATH
OGMOTKM BBICOKOIO HANpsDKEHUsA B 3Be3ly, OOMOTKH HU3KOIO
HamnpspKeHus, HA000POT, B TPeyTONIbHUK. MOXHO ¥ Ha MepBUYHOM
Y Ha BTOPMYHOM CTOPOHE MCTIONIb30BaTh COeIMHEHUe 3BE30H U T.0.

Kaxmeii  TpaHchopmarop mnpu pabore HarpeBaercs. Ilpu
BONBIIMX MOIUHOCTAX 3Ta TEIUIOTa JOIDKHA ObICTPO OTBOIOMTBHCS.
Hanpumep, MOXXHO OCHACTUTh TPaHC(HOPMATOP OXJIAXKOAOIMMHU
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peGpamu ¢ TeM, 4ToGb! OTBOJ, TEIUIOTHI 1LIeT B Bo3myx. Oxmaxge-
HHUE TaKXe MOXXHO YCWIHTb OOIyBaHHEM XOJIOAHBIM BO3IOYXOM.
OcoGeHHO LMPOKO NPUMEHSIOTCA MACAAHble TPAHCHOpMATOpP.L.
TpanchopmaTop LeTMKOM HOMelaercss B 0ak, 3amOJIHEHHbIA
00€3BOKEHHBIM  XUAKHM MUHEpaIbHbIM MacioM. JlomosnHu-
TeJIbHO Oak cHaGkaeTcs OOJNBILMM WICIOM OXJIaXaarlux pebep,
yr06bl YCWIH T OTBOJ, TEIJIO ThI M3NyueHreM. KpoMe oxmnaxueHus,
MacJIO PUHOCHT ellle TY NOJIb3Y, UTO YIyullaeT U30JISIMIO TPaHC-
dbopmatopa. B mocnennee Bpems Maciio Bce Gonblie U Gorblie
3aMeHseTCSI HEeBOCIUIAMEHAIIIUMUCA OXJIAXKIAIOWMMHU  HUIKO-
CTAMH.

ABurareny NOCTOAHHOrO TOKa

Maumusl, npeoGpasymoume 3JEeKTPUYECKYI0 IHEPrHIo

B MEXaHMYeCKYI0, HaxO[IAT IIMPOKOe MpHMeHeHHe
B MPOMBIIUTEHHBIX, TPAHCHOPTHBIX U JIPYTUX YCTAaHOBKAX : THTaHT-
CKHE 3eMJIeUepNaTIKH, MOObeMHbIE MOCTBI U KPOXOTHBIE YacChl,
TsDKeJIble JIOKOMOTHUBBI TOBAapHBIX MOE3[0B M MIpylIeYHble aBTO-
MOOWIH, IIbUIECOCHI ¥ BUHTBI aTOMHOTO Jiejokona “JleHuH”.

ITpuHImMn fKeficTBUSA 3NeKTpOABHUrartess ObIJT pacCCMOTpEH BBILIE.
Ha xaxp1it NIpOBOOHUK , KOTOPbIA HAXOOUTCA B MarHUTHOM IIOJIe,
OKa3pIBAIOT BO3[IEHCTBHE MexaHUYecKue Cuilbl. OHM MOTYT BbI3bI-
BaTh M BpalliaTelIbHOE OBHXKEHUE, YTO NPOJEMOHCTPUPOBAT IIpHU-
Gop ¢ momBwxHOH karymikoi (cM. crp. 104). Koneuno, mpu
06bpIYHOM yCTpOMCTBe NpHOOpa C MOABHXXHOH KaTyHIKOH HEBO3-
MO>XHO JOCTHYb MOBOpOTa Gosiee yem Ha 180°; sarem mBurkeHue
HpeKpalaercs, TaK KaK pa3sHOUMEHHblE MONIChI 0OMOTOK
8030y#0eHus U Axops (PoTopa) OKa3bIBAOTCA IPOTHBOCTO-
ALMMY.

JlBuraTenp ke [OMXEH COBEpUIATh HeNpepbIBHOE BpallleHHe.
910 [ocTHraercs ClHeUMaJibHbIMM Mepamu. B MOMeHT Kkorpa
Pa3sHOMMEHHbIE IIOIOCHI SAKOpPA U OOMOTKH BO30YXIIEHHs OKa-
3bIBAKOTCA APYT NPOTUB Apyra MEepeKIoYaeTCs HanpaBJieHHe TOKa
B sAKoOpe Ha obparHoe. IIpH 3TOM TOTYaC MEHSAIOTCA TAKKE MOJIOChI
SIKOPS: CeBEpPHBIH MONIOC CTAHOBHUTCS KXKHBIM, I0XKHBIH IMONIOC —
ceBepHBIM. BerecTBre 3T0ro B MOMEHT HauGOIBILETO CONMMKEHUS
NpUTSKEHUEe MeXIy MoJtocaMy 0OMOTKHU B30y KaeHHs M 0OMOTKH
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AKOPSA IepeXOOUT B OTTAIKMBaHWe. SIKOpp BpalllaeTcsA Hanblile.
Ecnu HanpasnieHue TOKa IepeKITIOYAIOT CHOBA yepe3 Kaxpie 180°
NMOBOPOTa, TO AKOpb BpalllaeTcs HempepbiBHO. Ilepekimoyenue
HalpaBJIeHUs TOKa OCyLIEeCTBIIsIET caM ABUrarens. s 3Toi uemu
Ha OCH ero fKOps pacHoJIOKeH TaKo# e KOJUIEKTOP, KaK M pac-
CMOTPEHHbIl HaMH Yy TreHeparopa nocTosHHoro Toka. Ilocre
MOJIOBHHBI 0060pOTa IKOPSA KOJUIEKTOP NePeKIIoYaeT MOBOAMMBIH
K 0OMOTKe SIKOpS TOK TaK, YTO BO BpeMs MOCIEAYIOLIETo Hoiy-
060poTa AKOps TOK TeyeT B 06paTHOM HanpaBJIeHUH.

B kayectBe MarHUTOB BO036YXIEHUS NOCTOAHHbIE MAarHUTBI
NPUMEHMAIOTCST TOJNBKO B [IBUrartelifiX OYeHb MAJIOH MOLIHOCTH.
IMonasnsouiee ke OGONBUIMHCTBO BCEX OBHraTeNiell OCHALIEHbI
IneKTpoMaruuTamu (cm. puc. 98).

Hna toro uyroOpl pBMrarens paboran paBHOMEPHO, SKOpb
cHabxarT OONMbLIMM UMCIIOM YJIOXEHHBIX [pyr NpOTHB [pyra
06MOTOK, KOTOpble 3aKpeIUIAIT B Ma3ax Akopsa. KoHipl BUT-
KOB 00MOTOK NOMCOSNUHAITCA K IUIaCTHHAM KOJUIEKTOpa, pacio-
JIOXXEHHBIM HOpYT NpPOTUB Apyra. B peanbHOH MaiiuHe uMeeTcs
GoIBILIOe YUCIIO BUTKOB M KOJUIEKTOPHBIX IUIaCTHH.

Ilpy nopOKNOYeHWH [BUTaTeNns K MCTOYHUKY IMTaHUA TOK
CHavajia TeyeT Yyepe3 0OOMOTKY sIKOps, IpHYeM HaMHOTO MIPEBOCXO-
OUT HOMUHAJIBHBIN TOK: ITO SIBIIEHHE UMeeT CIIey 0Ly IPUUNHY :
BO BpalIaIleMCs AKOPe HHOyUHpyeTcs 3.1.C., KaK B TeHepaTope.
ITo npaBwiy JleHna oHa HanpaBiieHa IPOTUB HANPSDKEHUs, ABUXKY-
uiero AKopb. Tak kak MHAyLMpYyeMas 3.0.C. 3aBHCHT OT TOro, KaK
BBICTPO MEHSETCS YUCIIO OXBaTbIBa€MbIX KOHTYPOM CHIIOBBIX
JIMHMA, TO HAa 3HayeHWe INPOTHBO-3.J.C. pellaloniee BIIUAHUE

Puc.98.MpuHumn paboTs!
[BUratenA MNOCTOAHHOrO
TOKa
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OKa3bIBaeT YacTOTa BpawleHWs ABurarens. IIporuBo-3.4.c. ucye-
33eT B MOMEHT HepekyoueHus. CliefOBaTeNIbHO, MPUIOXKEHHOE
K fAKOPI0 U3BHE HanpsDKeHHe CeTH TOHHUT Yepe3 0OMOTKHU AKOPA
OUeHb CHJIbHBIA IycKOBOH TOK. Eciu poTop mpUBOAMTH B [BIKE-
HME TMOCTEeNeHHO, TO CHayajia BO3HUKaeT HeDOOIblas, 3aT€M BO3-
pacramoias mpoTUBO-3.1.C. B UTOre, ClIlemoBaTenbHO, 3.4.C. AKOPA
yMeHBIIIAeTCs, CWIa ITyCKOBOTO TOKa AKOpA MafaeT.

IlyckoBo#i TOK MOXeT [OOCTUraTb 3HayeHuss, B 20 pas mpe-
BBILIAKOLIEr0 HOMMHANbHBIH pabGoumii Tok. Ilostomy 6b11O GBI
KpailHe HepacueTIMBO TaK KOHCTPYHPOBarb [BMIaTelM H MX
MCTOYHUKH IMHUTAaHUsA, YTOGbI Cpa3y ke He OrpPaHUYUBATH BBICOKHE
MyCKOBble TOKH. bomnbliie BOSMOXXHOCTH /1S OF PaHHYeHHsI pOCTa
TOKa IpeIOCTaBIAIOT NYCKO8ble PeocTarsl MallMH MOCTOSHHOTO
TOKa. ITO peryIMpOBOYHbIE PEOCTaThl, KOTOPbIE BKIIIOYEHBI B LElb
OBUraTelss TaK, YroObl 4yepe3 HMX HpOTeKal TOK sKops. Ilpu
BKJIIOYEHHH [IBUTATeNIs CHayasa IeicIByeT HOJHOEe CONPOTUBIIEHHE
peocTara: OH CHHXKaeT NTOIBOIMMOe K sKopIo HanpspkeHue. C yBe-
JIHYeHHEM YacTOThI BpallleH!s JABUIaTeNst H pOCTOM NPOTUBO-3./,.C.
CONPOTHBIIEHHE PEOCTaTa MOXKeT MOCTeNeHHO yMeHbiatbcsa. OH
MOJTHOCTHIO BBIKJIIOUAETCS, KOITIa JBUrarTellb BBIXOAMT HAa PeXHUM
MaK CHMaJIbHOH YaCTOTBHI BpallleHU.

Y nBuratesnieii oueHp HeGonbLIOH MoHOCTH (6bITOBBIE MPHGO-
pbl, MIPYLIKH) OT IyCKOBBIX DPEOCTaTOB MOXHO OTKAa3aTbCA.
C moMouiblo 3JIeKTPOHHBIX NPUOGOPOB CerofHs Hpolecc Mycka
MO>XHO ITOJTHOCTHIO aBTOMAaTH3HPOBaTh.

Pasniyator TpM BHIa OBUraTtesei MOCTOAHHOIO TOKA: MaUlLHbl
nocnedosarenvio20 8036yxoeHUA (cepuUecHbie) , NAPANAEAbHO20
8030ymOenus (ILYHTOBbIE) U CMEUWAHHO20 8036y HOeHus (KOM-
HayH/HbIE) .

Y pBurareneil NOCIEOOBaTeNbHOrO BO36YyxHeHusa oOGMOTKa
AKOpsT U 0OMOTKa BO30YXIEHHA BKIIIOYEHBI NOCIIEOBATENBHO
opyr 3a apyrom. HampsokeHHOCTh MarHMTHOTO MOJIA NIPU 3TOM
noBbIaercs. JIBurarens 06m1amaer BBICOKHM My CKOBBIM MOMEH-
TOM” M IUIaBHO HabupaeT CKOpOCTb IOJ GOJNBLIOH HAarpy3KoOH.
W3MeHeHWe Harpy3kH HENOCPEICTBEHHO CKa3bIBaeTCsA HAa 4acToTe
Bpaulends. JIBuraTenp Bpaiaercs TeM MeJljIeHHee, Yem GoJblile
HarpyxeH. Ecii ke OH BHe3allHO pasrpyxaercs, T0 “HOET B pa3-
Hoc”. YacroTa BpaiieHUs BO3pacraeT HacCTONBKO, YTO y MOLIHBIX
OBUrateneil BO3HHKAIOILMeE LIEHT poOexHbIe CHIIbI MOTYT Pa3pyLINTh
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sxops. IIpu Harpyske BO3pacTaT YacTOTa BpallleHUA U IPOTHBO-
3.0.C. B AKOpe, KOTOpasg yMeHbIIaeT TOK, IIOABOAUMBIN K [ABHUIa-
Tenmo. BeiencTBye 3TOro CHWKaeTcs HANPsHKEHHOCTh MarHUTHOTO
[0, NajiaeT NPOTUBO-3.11.C. YTOGBI CKOMITEHCHPOBATh 3TO 0OCNab-
JieHWe” MAarHuTHOTO TIOJs, SKepb BHOBb MOBBILIAET YacTOTy
BpalleHusA. JTOT IPONeCC YCUIMBAeTCAd, NOKa He paspyLIUTCS
[BUTraTeIb.

JBurateny nocienoBaTeNnbHOTO BO30yxIeHHs 0CoOeHHO IpH-
rOOHbI B TeX CiIy4YasgX, Korga TpebOyrorTcs Oomblive IIyCKOBBIE
YCHIMA U OTCYTCIBYET ONACHOCTb MOJHOM pa3rpy3KH [IBUIaTeNs.
OHM UCIIONIB3YIOTCS B KayecTBe TATOBBIX ABHUTraTelieil B TpaMBasXx,
moe3ax MeTpo, B KauecTBe IPUBOJHBIX OBUTATENIEH MOIBbEMHBIX
KPaHOB, JTU(GTOB, HPOKATHBIX CTAaHOB H T. 1.

Ecmu 1pebyercs M3MeHUTh HalpaBjieHUe BpaleHUs OBUraTess
MOCIIe/IOBATENIBHOTO BO36YXOEHUs, TOCTATOYHO OMEHATh MecTa-
MH TIOMIOChl 06MOTKH BO30y>xaeHHs WM oOMOTKH siKops. Ilpu
HM3MEHEHUH TOJIICOB H B 0OMoTKe B036y>kaeHus, 4 B 0OMOTKe
SIKOPS HallpaBJIeH!e TOKa B [IBUTaTeJle He H3MEHUTCH.

Ilna npuBona CTaHKOB TpebyeTcsl IBUraTelib, YaCTOTa Bpaile-
HHMsI KOTOPOr0 Majio M3MeHsuIach Gbl MPU H3MEHEHHH Harpysku
4 Morna Obl JIETKO peryiMpoBarthcs. ITUM TpeGOBaHHAM OTBe-
yaeT [BMraTellb IapajuleNIbHOTO B036yxneHus. Ilocrymaromgpuit
K [OBHUTaTeinio TOK pachpefenserca Mexay SKopeM H 0OMOTKaMHu
B036yxaeHus. IlyckoBo# TOK He 3aBUCHUT OT Harpy3KH M YaCTOTbI
BpallleHUs ABMIaTels M CO3[aeT MOCTOSIHHOE MarHUTHOE MOJIe
HEU3MEHHOH HaNpsDKeHHOCTH. UTo6bl MO BO3MOXHOCTH yMEHb-
UMTh TOK B OOMOTKaxX BO30y>X[eHUs, UX U3TOTOBIIAIOT U3 GOJIb-
LIOTO YUCJIa BATKOB TOHKOTO IPOBO/A.

ITyckoBoii peocTat peryimmpyer 31ech TOJIbKO TOK AKops. Eciu
IOBUTaTeNlb CHIILHO HAarpy»aeTcs, TO yMEeHbLIAITCs YacToTa Bpallle-
HUA M NpoTHBO-3.1.c. Cua Toka SIKOps Pacrer, a 9T0 MPUBOMUT
NpH MOCTOSAHHOM MAarHMTHOM IIOJie BHOBB K ITOBBILIEHHIO YaCTOTBI
BpaLIeHUs.

OnacHocTH ’pa3Hoca’ NpH pasrpy3Ke [BUTaTelis 3[eCh HeT,
TaK KaK HalpsHKeHHOCTh MarHHTHOTO MOJIA He M3MEHAETCS NpH
yBeJIHYEHNU YaCTOThI BpalleHu.

UYro6b1 M3MEHHMTh HalpaBlieHUE BpAlLEHWsA [BMratells, Tpe-
6yercs NOMEHATh MeCTaMH HOMIOCH OOMOTKH SKOps WM 06MOT-
K4 BO30OyxneHusa. Ecrm oBMoTka Bo30yxneHHA coeguHAeTCA
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C peryJMpoBOYHBIM PEOCTaTOM, TO MOXHO HM3MEHATb YacToTy
BpalieHls OBUTaTeliA B LIMPOKHUX mpepenax. [loTepu 3Hepruu npu
3TOM OCTalOTCA He3HAUMTeNbHbIMM, TAK KakK BCIIE[ICTBHE HeGOIIb-
LIOK CWIBl TOKa B 0OMOTKe BO30YXHEHUS TONBKO HEMHOTO
SHepIUM MOpeBpalaeTc B TewIoTy. JIBHratenu mapawielbHOTO
BO30YXIeHHA IMPOKO IPHMEHAITCA B YCTPOHCTBaX, B KOTOPbIX
HeoOX0IMMO aBTOMAaTHYECKH peryJMpoBaTh YaCTOTY BpallleHus.

JIBUraresns cMelIaHHOTO BO30y K/IeHHsA ABIAETCA KOMOUHaIMel
OBMraTelsa MOCIEHOBATENBHOIO U NapajulelIbHOrO BO30Y KOeHUs.
Ero marauTHOe none cospaercs aByms obmorkamu. OpHa coenu-
HEHa C SIKOpeM IOCIeIOBaTeNIbHO, Apyras — IHapajuielbHO. JTO
IaeT BO3MOXHOCTb B M3BECTHOH Mepe KOMOHHMPOBaTb IpeHMY-
L1eCTBa JBHraTeNlell MOCIIeOBATENIBHOIO M NAapaJUIelIbHOTO BO3-
OyXaeHus.

[OBurarenu nepemeHHOro
M Tpex(a3Horo Toka

Ecmi mepexiiouwMTh 3aXKMMBI Y [IBHUTraTelisi MOCTOSHHOTO

TOKA, TO HalpaBlieHHe [IBIKEHUS He MeHAeICs, TaK KaK
MeHsIeTCsl HallpaBJieHHe ToKa Ha oOpaTHoe U B 0OMOTKe BO30yX-
IeHusi, ¥ B obmorke saxops. [lostoMy mBuraresip MOCTOSHHOTO
TOKa MOXeT paborarth, eCli ero MOAKJIIOYMTb U K CEeTH HepeMeH-
HOTO TOKa.

Peup uner 06 yHusepcanbhom 0suzarene, MallliHe MOCTIEOOBaA-
TeJIbHOTO BO30Y>KMIeHHs, KOTOpas MOXeT paboTaTh U Ha IlepeMeH-
HOM, ¥ Ha NOCTOAHHOM ToKe. UcnonbayeTcss OHa, KOHEYHO, TOJIBKO
1151 HeGOMBIIMX MOILHOCTEH, HAaIIpMMep B GbITOBBIX MpHOOpax.

B ormiuie 0T 06bIUHOrC OBHUraTessA MOCTOAHHOTO TOKa YHH-
BepCaJIbHbIl [IBUTaTeNlb, KOHEYHO, HMeeT DAL OCOGEHHOCTEH.
SIkops M CTaTop COCTaBIISIOTCSA U3 OTHENIBHBIX, H30IMPOBAHHBIX
Apyr OT [pyra IUIaCTHH, YTOObI CHM3HTb NOTEPU OT BUXPEBBIX
TOKOB. MOILI{HOCTh YHHBEPCAJIbHOTO [JBUTraTeNsa BbIllie TIpH paGoTe
Ha MOCTOAAHHOM TOKe, YeM Ha llepeMeHHOM. ITO OOBACHAETCS TEM,
yTo HOpd paboTe Ha IepeMEHHOM TOKE CTaHOBHTCA 3aMETHBIM
HHOYKTUBHOE CONpOTHBIIEHHEe OOMOTOK. UTOOBI HOMHATH MOLU-
HOCTb 3THX [BUTrarellell 10 YPOBHSA pabOThl Ha MOCTOSHHOM TOKE,
OBUTaTellM CHAOXalOT 4YacTo [OMOJIHMUTENbHOM o6mMoTtkoii. Ee
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Puc.99. MpuHumMn nencTBUA CUHXPOHHOrO
ABuratena

HeOOXOAMMO TepeKIIIouaTh MpH Mepexofie ¢ MOCTOSHHOIO TOKa Ha
nepeMeHHbIH U 06paTHO.

OueHb HeCJIOXXEH CHHXPOHHBI [IBUraTelb MEPEMEHHOrO TOKa
(puc. 99).

Mexay HaKOHEUHWKAaMM OJIeKTPOMArHWTa, SBIISIOIETOCS
CTaTOPOM, 0OOMOTKa KOTOPOTO [IOJIKIIIOYAETCst K CEeTH IEPeMEHHOTO
TOKa, IOMeLIaeTCsi MarHUTHbIA cTepxkeHb — porop. Ha koHmax
HaKOHEYHHKOB BO3HMKAIOT IOCTOSHHO MEHAIOIIMeCS IOMIOCH
C YaCTOTOM, COOTBETCIBYIOLIEH YacToTe epeMeHHOro toka. Ifocme
KaXXOOH IOJTYBOJIHBI CEBEPHbI U I0XKHBIH MOJIIOCHI MEHAIOTCH Me-
cramu. Ecnu MarHuTHBIA cTepkeHb (pOTOp) BpalaeTcs TakK, 4To
€ro CeBepHBIH MOMI0C HAXOIUTCA KaK pa3 MPOTUB HXKHOIO MOoJoca
craTopa M HM3MeHeHHe HalpaBJieHUsd TOKa MpPOMCXOOUT, Korpa
MAarHMTHbIC TIOJIIOCHI CTaTOpa M POTOpa HaxoaArcs Ormbke Bcero
OpyT K ApYTy, TO BO BpeMs IOCHeyoliell [OoMyBOJIHbI IIEPeMeH-
HOTO TOKa CeBepHBIN MOJIIOC POTOpa OTTOJIKHETCA OT 3TOTo
MONIOCA CTaTopa, TaK KakK Temepb OH TOXe CTAJ CEBEPHBIM IIOI0-
COM, U MPUTSHETCS K MPOTHBONONIOKHOMY HAKOHEUHHKY CTaTopa.
Ecnu koHel poTopa MOAXOJMT K HAKOHEYHUKY B MOMEHT HOBOT'O
HU3MEHEHHs1 HANpaBJIeHUsi TOKa, TO B IIpoliecce ero [IBIKeHUs
ONATh IPOMCXOOMT IepeXofi OT NMpPHUTKEHUA K OTTAKHBAHHIO.
CoOTBETCTBEHHO NPOXOMAAT HPOLECChl 3aMeHbl MOJIIOCOB M Ha
OpPYroM KOHIe MarHUTHOTO CTEePOKHA.

A 3TO 03HAuaeT, YToO €C/IM POTOp IOMHan B TaKT  C IepeMeH-
HbBIM MAarHMUTHBIM IIOJIEM, TO OH OyIeT HeNpephIBHO BpauIaThCd,
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TaK KaK MepHOOWYECKHU IOJIyyaeT BCe HOBbIC HMITYJIbChl IBMDKe-
HusA. YacToTa BpalleHHs ero YCTaHOBWIACh U COOTBETCTBYeET
YaCcTOTe MePEMEHHOTO TOKA. JTHM OOBACHAETCS U €ro Ha3BaHUe —
CUHXDOHHDbLI 08U2aTEND.

Ecmm pBuratens CWIBHO MeperpysuTh, TaK YTO YacTOTa Bpauie-
HHSI €r0 3aMeTHO YHaJieT, TO POTOpHbIE IOJMIOCHI ~’OTCTaHYT
U Yy MarHMTHBIX HaKOHEYHWKOB BO3HHKHYT IIpollecChbl, MPAMO
[IPOTHBOIONIOXHBIE XelaeMbiM. JIBUraTenis BhINajgaeT U3 Temma’’
U ocraHaBnuBaercsa. OmicaHHbIi OOHOGA3HbIH CHHXPOHHBIA
meuratens (puc. 100) umeer elwe cuemyoumii HemocTarok. OH
He 3allyCcKaercs, MOKa He AOCTUTHeT HOMHHAIBbHBIX OBOpOTOB.
Tonpko ¢ TMOMOLIBIO CIENMATIBHBIX NIPHEMOB MOXHO HOOHTHCA
CaMOCTOSATEJIBHOTO 3alyCKa JBUIaTeNIs.

CHHXpPOHHbIE JBUTaTelM NMPHMEHAIOTCA TaM, Ifle HeoOXOOHUMO
TOYHO BBIAEPXUBATb YacTOTy BpaiueHusa. Hampumep, B amexTpu-
YeCKHX 4Yacax, JIeKTPOINpPUBOME HPOMIpPhIBaTeNs WIM MAarHUTO-
dona, B camonuurynmx npubopax AjifA pa3iMUHbIX H3MeEpPeHHUi
HT. O

IlpyHUMI OeHCTBUSA CUHXPOHHOIO [BUraTels Tpex(asHOro
MepeMEHHOr0 TOKa ObUI paccMOTpeH Ha cTp. 167 — 310 Bpala-
omaacsa B OerymieM MarHWTHOM II0Jle MarHWUTHas CTpeKa.
BmecTto MarHuTHON cTpenkH y Tpex¢a3sHOro CHHXPOHHOIO [IBH-
ratens (puc.101) HaxXoOmMTCA 3MEKTPOMATHHUT, KOTOPBIA IOJI-
’eH BO030yX[OaTbCA OT MCTOYHHKA MHOCTOAHHOrO TOKa. XOTA

Puc. 100. OpHodasHbii  TArOBbLIK  aBUratens
730 kBTt
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Puc. 101. CuHXpOHHLIN ABuratens Tpex$asHoro nepeMeHHOro ToKa
motuHoctelo 5000 kBT

B OGONBLUIMHCTBE ClIy4YaeB TIeHepaTop BO30YXKOEHHSA pa3MeLLaoT
Ha OCH OBHIaTeNs1, HeOOXOMUMOCTh B HE3aBUCHMOM BO30Y KIeHHUU
OCTaeTc HEJOCTaTKOM CHUHXPOHHOTO [BHUratens Tpex¢asHoOro
toxa. KpoMe Toro, samyck HABHraTenss OCYLIECTBUM TOJIbKO
CTIeLMAJIBHBIMH [IPUEMaMHM : YacTOTa ero BpallieHUs AOJKHA JOBO-
IUTHCS U3BHE JO HOMMHAJIBHOH.

HecmoTpsi Ha 3TH HeJOCTaTKM, CHHXDOHHBIA [IBUrartenb Iepe-
MEHHOTO TOKa, [0 CPaBHEHHI0 C aCHHXPOHHBIM [IBUTaTeJIeM,
uMeeT Goree BbICOKHE KOI(POUIUEHT MOIIHOCTH H Ieperpys3oy-
Hylo cnocobHocTs. Kpome TOTO, C HOMOLIBI0O CHHXPOHHOTO [IBHIa-
TeNsA MepeMEeHHOr0 TOKa MOXKHO YIIyYIlIaTh OKa3aTellb MOLIHOCTH
JHepreTHueckol ceTd. Ecimu oTperynupoBath Bo3GyxIeHHe
poTopa COOTBETCTBYWOLIMM 00pa3oM, TO pOTOp MHOYLHMpYET
B CTaTOpe IBMIaTeNs TaKylo GOJbLIYI0 HPOTHBO-3.1.C., YTO ABHIa-
TeJIb HAUMHAEeT OTAABATh PEaK TUBHBIHA TOK B CETh IHEProCHaGXKeHHUs.

Ecnu ynanuth U3 CUHXPOHHOTO JBUrareii IepeMeHHOIO TOKa
BPALAOLUIACSH MarHuT, YTo6bl MOCTaBUTh Ha €r0 MeCTO CHoCcOo6-
HBI K BpAILICHUI0 MeTAJUTHYeCK Ui IJIMHIP WIH IUCK, TO OH TOXe
HayHeT Bpaluatbcs. Takas ycTaHOBKA SABIISIETCA MOJEINBIO ACUH-
XPOHHO20 08U2aTes IePEMEHHOTO TOKa.
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Bpamenye ero o6ycnoBiieHo clienytoliiM. Bpaaromeecs momne
MepeMeHHOr0 TOKa MHOYLMPYeT B POTOpe 3IEKTPHUECKHH TOK.
Ilo npaBwny JleHma 3TOT TOK JOJDKeH OBITh HAmpaBiieH H [iei-
CTBOBaTb TaK, YTOGbI OCNabUTb Bpaujawlieecs MAarHUTHOE IOJIE,
KOTOpOe ABNsAeTCA NPUYMHON MHAyKIMH. B3aumopgeicTBHe mar-
HMTHOFrO MOJIA C MHOYIMPOBAaHHBIM TOKOM INPUBOIUT POTOP BO
Bpauienve. Ilono6HOe sBiIeHMe paccMaTpHBaIoch Ha cTp. 116.

XOoTs yacToTa BpallleHHs] pOTOpa 3aBUCHUT OT YaCTOThI IIEpeMeH-
HOro TOKa, OHa, OJTHaKO, NIOCTOSTHHO HECKOJIBKO MEHbILE YaCTOThI
TOKa: YaCTOTa BpalleHUsi poropa Gonee wm meHee ’orcraer”
OT YacTOThl IiepeMeHHOro Toka. M aro ecrectBenHo. Ecmu 6b1
pOTOp Bpaliaca Tak ke ObICTPo, KaK Bpallalouieecss MarHMTHOE
nojie MepeMEeHHOro TOKa, TO 3TO HOJie U POTOP HAXOMWIHCh Obl
OTHOCHMTENIBHO APYT [pyra B MokKoe. B porope 6b1 Torma Boobie
He MHOyIMpOBajach 3.1.C. H, CIIeIOBaTeNIbHO, UcYe3 Obl UMITYIIbC
BpalaTeIbHOTO IBHXKEHUS.

OTHollleHHe Pa3HOCTH YacTOT BpallleHHs IOJA U pOTopa K ya-
CTOTE BpallleHHs HOJIA Ha3bIBAlT ~cKoNbxeHHeM’ . OHO cOCTaB-
JseT TONbKO HeOONbLIOH NMPOLEHT OT YacTOThl BpALAIOLIErocs
nons. Tak kak Mexay YaCTOTOM BPaLIAIOLIErOCs MO ¥ YaCTOTOH
BpalLeHHs pOTOPa HeT NMOCTOAHHON CBA3M, TO TAKOrO poja [ABHra-
TEJIM Ha3bIBAKTCA ACUHXPOHHBIMU 08UATEAAMU.

Oco6eHHO 1ILIMpOKOE IpHMEHEeHHe HAXOMAT aCUHXPOHHbIE IBH-
TraTelld ¢ KOPOTKO3aMKHYTOl 00MOTKOl poropa. LTMHIpHYe CK i
poTOp COOHMpaloT M3 JIMCTOB CTANH, KOTOphle HU3ONUPYWT OpPYT
ot gpyra. B rimyGokue masbl, mapayutesibHble OCH pPOTOpa, yKIia-
ObIBAIOT MeMHbIC WIHM AIOMUHUeBHIe crepxHU. Ha oGoux KoHmax
CTEPXXHU COEOUHANT [ApPYr C APYIrOM BMeCTe MeTaJUIHYECKHMHU
KOPOTKO03aMbIKAOIMMU KonbliaMi Eciu MbicieHHO OTGPOCHTH
CepOeYHUK pOTOpa, TO ~0OMOTKa” CTAaHOBHUTCA MOXOXEH Ha
KJIETKY, IO3TOMY TaKoO#i THI OOMOTKH pOTOpa Ha3biBalOT GenM-
ypelt KJIeTKOM (puc. 102).

JIBurarens ¢ KOPOTKO3aMKHYTOH 06MOTKO# poTopa 0co6eHHO
npoct U 6e3onaced. Ilockonbky OH He MMeET HM KOHTAKTHBIX
KOJlell, Hi KOJUIEKTOpa, TO He CyLIeCTBYeT ONMacHOCTH HCKPEHHS.
IToaToMy OH MOXET HMCIONb30BaTbCsl BO B3PbIBOONACHBIX YCTa-
HOBKaXx M He [JaeT pafluonoMex.

Tak kak uacrora BpallleHMs TaKOFO MBMraTelis NOCTOSHHA
M BOBCE HE3HaUMTEJIPHO M3MEHACTCA NpU M3MEHEHMH Harpy3KH,
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Puc. 102. O6MOTKa aCUHXPOHHOIrO
aBuratenAa Tuna 6enuubein Knetku

TO €ro IHMPOKO MCIONL3YHT B KayecTBe JJIeKTPOMABMraTelns s
npuBona cTaHkoB (puc. 103).

Ilpu 3amycke [BUraTels ¢ KOPOTKO3AMKHYTOH OOMOTKOM
poropa B 06MOTKax CTaropa MpOTeKaeT BHayajle O4eHb OONbIIOH
nyckoBoi Tok. HemocpencrBeHHO mocie BKIIIOYEHHSA PasHMIA
B YaCTOTe BpallleHHs BPAIIAILIErocs MOJisA U poropa 0cobeHHO
BeJIMKa. BcrmencTBHe 3TOr0 B pOTOpe MHAOYUMPYETCS BbICOKas
3.]0.C., KOTOpasi BbI3bIBAaeT CIIbHBIA pPOTOpHBIH Tok. CoOTBel-
CTBYIOLIag 3JeKTPHYECKass Harpy3ka BO3HMKaeT TaKxe B KaTyul-
Kax CTaTopa, KaK B TpaHchopMarope.

Puc. 103. CepuitHbin aBuratens Tpex¢$a3sHOro nepemex-
Horo Toka tuna ATE 112-4, 250 kBT, 1500 06/MuH
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HUmeercsi MHOro cnocoboB CHMKEHUSA BBICOKHMX ITyCKOBBIX
TOKOB B [IBUrareisix ¢ KOPOTKO3aMKHYThIMH 0OMOTKaMH poTo-
poB. MOXHO, HapHMep, BKIIIOUMTb MEXOY CeThlo B 0OMOTKaMH
CTaTOpa TPH PETYJIMPYEMBIX IyCKOBBIX peocrala, KOTOpble OJIHO-
BPEMEHHO BIUTIOYAIOTCA Ha MOJHOE COINPOTHBIIEHHE H IOCTENEHHO
BBIBOIATCS B Ipoliecce MpubIKeHUs YacTOThI BpPAIlleHUs [IBUTa-
Tells K HOMUHAJIBHOM.

Hpyroi, UMPOKO pacnpoCTpaHeHHbIH crnocob 3akimoyaeTcs
B MCIOONB30BAHMH HNepeKAloYaATensl COeOUHeHUs 00MOTOK CO
38e30bl HA Tpey20AbHUK. JTO CHEUMANIbHBIA IepeKIIIYaTellb,
¢ TOMOILLIBI0 KOTOPOro OGMOTKHM CTaTopa BO BpeMsi IyCKa CHayana
BKJIIOYAIOTCA Ha ~3Be3ny”. JIBHrartenp H3-3a 3TOr0 IOJIyYaeT
BHauale HeGomploe HampspkeHue. IIpH JOCTIOKEHUM H3BECTHOM
YacTOTHI BpallleHUsT 0OMOTKH MepeKITIoYaloTCs Ha ~TPeyroJIbHUK ™
M Ha CTaTop MOMAETCs MOJIHOe HAalpsKEHHE CETH.

Takxe cHeuuambHOW KOHCTPYKIMeH pOTOpa HOGHBalOTCA,
4T0OBI IyCKOBOH TOK He JOCTHIAJ CIIMIIKOM BbICOKUX 3HaYeHWId.
Y poropa c Apko 8bIpaxeHHbIM NOBEPXHOCTHbIM IPPeKToM,
HalpuMep, NPOTEKAIOIHKIA TOK IIPH 3allyCKe [JBUIATellsA BCTPEuaeT
cHayaia Goree BbICOKOE CONMPOTUBIIEHUE. 3aTeM NpU paboTaloiiemM
OBHrarTelle TOK TeyeT yepe3 HETAM pOTOpa C MeEHBUIUM COHpO-
THBJIEHHEM.

ACHHXPOHHbIE [OBHIATENId H3TOTOBJIAKTCA U KaK ~OBUraTeNn
C KOHTaKTHbIMM Kolbuamu’. 3[ech pOTOp UMeeT TPU Paclojo-
XKeHHbIe ApPYr NpOTUB Apyra oO6MOTKU. MX Hauanma coemHHeHbI
OpYyr ¢ APYTOM, a KOHIIBI BhIBeEeHbI K TPEM KOHTaKTHBIM KOJIb-
naM. Tokx poTopa cHMMaeTcs LIETKaMH W IOHAETCS HA TPH pery-
JHpyeMbIX peoctaTa. IIpu 3amycke peocTaThl MOCTENEHHO BBIBO-
AATCA, ¥ OOMOTKH POTOpa NP HOMMHAIIBHON YaCTOTe BpalleHUs
ABUrarensa 3aKopauusaiorcsa. Hepermxo poTop 3akopaumBaercs
HEMOCPEICTBEHHO KOHTAKTHHIMM KOJIBIIAMM C IIOMOUIBIO Clie-
UMAIPHOTO 3aKOPaYMBANLIETO YCTPOHCTBA.



9QHEPFOCHABXEHUE

AnekTpocTaHuua

BONMBUMHCTBO 37EKTPOCTaHUMI B 3aBHCUMOCTH OT

HCTOYHMKA JHEPIMM MOXHO OTHECTH K OIHOH M3 OBYX
IPYIN: Tenaossle 34eKTPOCTAHYUU, UCTIONb3YIOlINe I MOJNyde-
HMS TOKa 3HEPIHI0 HaTYPAILHOI'O TOIUIMBA, U 2UOPO3INeKTPOCTaH-
Yuu , KOTOpble HCIONb3YIOT SHEPIHUI0 TEKYIIEH BOIbI.

B MupOBOM NIPOU3BOACTBE 3JIEKTPOIHEPrHH TEIUIOBbIE CTaHIMH
AepxaT NepBEHCTBO, JAJleKO YiisA Bmepen. TeruioBas SHeprus,
BBICBOOOXKICHHAS NPH CXKUTAHWU YTTIsA, HeTH WM rasa, CIyXuT
IUTA MOMyYeHHsl Mapa BBICOKOH TemIepaTypbl U BbICOKOTO JaBlie-
Husi. OH ycrpemiigercs ¢ GONbIIOH CKOPOCThIO Ha JIONATKH TYpOH-
Hbl, IPUBOJIMT €€ B IBH)KEHHE U HAKOHell KOHJICHCHpYeTCs B BOAy,
KOTOpasi BHOBb BO3Bpallaercsa B maporeHeparop. TypGuna e
BpallaeT reHeparop.

TerutoBbIe 3JIEKTPOCTAHUMM CTApaKTCA CTPOMTH BO3MOXHO
Gomblleli MOIHOCTH, TaK KaK OHH paboTaloT C JIywIHM K JI.[I.,
yeM MeHee MOILHbIE YCTAHOBKH. Tak, 3JIeKTPOCTaHIMH Ha Gypom
yrie B JIio66enay u Beuay umeror momnocts 1300 u 1200 MBT.
9T0 MOIIHOCTh, KOTOpasg COOTBETCIBYeT (DU3MUYECKOH CHIle
18 mutH. uenoBek!

Ha xpymHbIX 23M€KTpOCTaHIMAX HAGIIOHaeTCsA [ajlbHeHLas
TeHOEHIMsA K pabore ¢ mapoM Bce Gollee BBICOKOTO AaBIIEHHS
M TEeMIIEpPaTypbl. [aBJIEHHME Napa COBPEMEHHbIX JJIEKTPOCTaHIMIt
coctapnser 3 - 107 IMa (300 at) npu Temneparype 600°C.

MomHocTs TYpOHH U TeHepaTOpOB B IOCIEIHME ECATHIETHA
TaK)ke MOCTOSIHHO NOBbIIIAeTCs. B mpou3BopcTBe yxe HaxopATcs
reHepaTopsl U TypOUHBI MOIIHOCTBIO CBhILIe 800 MBT*.

Iaporeneparopsl, TypGoreneparops! (puc. 108) u tpaHcdop-
MaTOpbl BBICOKHMX HalpsOKEHMH HM3rOTOBIAIOTCA CETONHA, KakK
NpaBMIO, KaK TrOTOBble ONOKM Wi 3JeKTpocTaHumid. OOuias

*Y wHac B cTpaHe ana Koctpomckoit FPOC m3roToBneHsl MawnHb
no 1200 MBT kaxaan. (lpum. nepes.)
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Puc. 104. Typ6oreHepatop

KOMIIOHOBKA 3J1IeKTPOCTaHIMM U €€ MOILHOCTb ONpefieiAeTca CyM-
MapHOH MOILHOCTbI0 COOTBETCTBYIOIETO UMCIIa TAKMX EIMHHUI[ —
6510K0B.

BcenencTBHe MHOTOKpPAaTHBIX NpeoOpa3oBaHMH 3HEPIMU K.II.J.
CaMoOii COBpeMEHHOH 3JIEKTPOCTAHIMM OCTaeTCs OTHOCHTEJIBHO
Hu3KkuM. ToNnbKo He3HauuTeNbHash 4acTh CBA3AHHOH B TOIUIMBE
9HEepruH BO3BPAILAETCS B BUIE OTAABAEMOM JIEKTPHYECKOH IHep-
ruu. “YaensHoe TemonorpeGienue” B 8,4 - 10® IOx (2000 xxa)
Ha TeHepHpYeMbIil KIWIOBATT-Yac ABJIAETCS YK€ OUeHb XOPOILMM pe-
3yJIBTaTOM, KOTOPOTO JOCTUTAIOT JAJIEKO He BCe NeKTPOCTAHIMH.

Y Tax Ha3bIBAEMbBIX 2230TYPOUHHBIX 3AeK TPOCTAHYuUl: OTIAIAET
[IpOMEXyTOYHass CTymeHb — Iap.  Takue 3NIeKTPOCTAHIMU
OTIIMYAIOTCSA, TOMUMO BCETO IIPOYEro, TeM, YTO OHH MOTYT 3ally-
CKaTbCs 32 OUYeHb KOPOTKOe BpeMs M Cpa3dy HaYMHAIOT NOMaBaTh
3JIEK TPOIHEPTHIO.

Pa6oraroiue Temnepb aromuvle aekrpoctanyuu (AI3C) aBns-
I0TCA TEeIUIOBBIMHM CTaHIMAMM, KOTeJIbHAasA yCTAaHOBKAa KOTOPBIX
3aMeHeHa aTOMHbIM peakTopoM. UX ol B MHPOBOM HpPOU3BOJ-
CTBe IEKTPOIHEPIHH MHoka eue Mana. Bece paboraroiue HbiHe
YCTaHOBKH SIBJISIIOTCA He TOJIBKO HCTOUYHHKAMH SHEPTHH, HO TaKXe
U OKCIEePUMEHTATIBHBIMU [pPeNpUATHAMU, Te HAaKaIUTHBaeTcs
OIIBIT ¥ FTOTOBATCS CIEMATTMCTHI.

MecropacnomnoxeHye TeIUTOBbIX AIeKTPOCTaHIMI ONpeneNsaeTcs
HAJIMYMeM TOIUIMBA, €ro 3ajexeil. JTa NpUBA3KA K MeCTy elie
Goree sApKO BbIpaxkeHa y ruppoanexkrpocranumit (I'3C). Ussecrt-
HO, YTO THOpPOINEKTPOCTAHLUMH peajIu3yloT He3HAUUTEeIIbHYIO
YacTb BOIHBIX 3allacOB Mupa. ITO, OOHAKO, CBA3AHO HE TOJIBKO
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¢ MECTHBIMH YCJIOBHAMH, 3 TaKXe U C TEM, UTO B KaIMTAIMCTH-
YeCKHUX CTpaHaxX He 3auHTepecoBaHbl B coopyxewnu I['3C, mo-
CKOJIBKY [IOCTaTOYHO HaTypaJIbHOIO TOIUTMBA U OHO OKYMAeTcA
¢ npubbuisio. ConpaMcTHYeCK e CTpaHbl IpH coopyxenm ['IC
He PYKOBOJCTBYIOTCSA MOJOGHBIMU COOBPaXKeHUAMH.

CrpourenscrBo rumpoadnekrpocranimii B Coerckom Corose
[OKa3bIBaeT, KaKHE MOLIHbIC 3HEPreTHUECKHE PECYypChbl MOTYT
PpeayM30BaThCs B HAPOITHOM XO3iiCTBeE.

Momwmsocrs I'3C 3aBHCHT OT TOro, Kakoe KOJIHYECTBO BOJbI
IpoTeKaeT uepe3 TypOUHY B CEKYHAY, H OT BBICOTBI, C KOTOPOH
”nagaer” Boma (poiM He Mrpaer, uTo B GOJIBLIMHCTBE CIIyuaeB
peub HAET He O BOONamax B GyKBaJbHOM CMBICIE, 3 O peKax).
B npupone, npaBna, no Gomnblie# YacTH BeTpevaloTcsa mbo Gorb-
ume KOJMYECTBa BOAbI (B peKax), 160 GoNmbLIoi BBICOThI BOAO-
mazpl (B FOPHOM MECTHOCTH) . B COOTBETCTBMY C 3THM Pa3iMuaioT
Bugsl craHmmii: ['9C ¢ mepenagom oo SO M Ha3bIBalOT HU3KOHA-
nopubimu , T3C ¢ nepenagom Gonee 50 M Ha3bIBAalOT 8blLCOKO-
HAnOpHbIMU.

IIns obeux KaTeropHii 3JIeKTPOCTAHINI HMEIOTCA CllelHaIbHbIe
TypOMHbI, KOTOpbie IPUBOIAT B IBH)KeHUe reHeparopsl. B Hu3Ko-
HalOpPHBIX YCTaHOBKax BaJl TypGHHBI uyamle BCEro paclojiararT
BepTHKaIbHO. COOTBETCTBEHHO €My YCTaHaBJIMBAlOT U reHepaTop.
Tako#i reHepatop OGBIYHO MMeEET MEHBLIYI0 YAaCTOTy BpAalieHWs,
uyeM TypGoreHepaTop, 4 OCHALLeH pOTOPOM BOJIBIIOrO AHaMeTpa.

HuskoHanopubie I'9C coopyanTcs, Kak paBWIQ, HA peKax.
Bopa mapaer ¢ mwioTMHBl Ha JjomacTd Typ6unsl. OueHb yacTo
nepenaj COCTaBlIsAeT TONbKO HECKOJIBKO METPOB, KOIZia He XOTAT
3aTOIUIATh GoNbllMe HPOCTPaHCTBa MecTHOCTH. IIpu 3T0M BO MHO-
TUX CIy4Yasx BefeTcs obLIMpHOe NOMONHHTEIbHOE CTPOUTENBCIBO,
yTOoGBHI He NPENATCTBOBATh CYIOXONCTIBY.

BbICOKOHanopHbIe 3NMEKTPOCTAHIMM DACIIOJIaraloTCs y OCHOBa-
HMsA BBICOKOH CTeHbl IUIOTHHBI — Y TeJla IUIOTHHbI. Beiropaxxusa-
eTcAd vacTp Oepera WM y3Kas Mmojlocka gHa peku. OGpasyercs
BOJIOXpaHWIMILE, KOTOPOe MOYTH BCErMa CIIyXHT OHOBPEMEHHO
OpyrHM LensaM (HaIpuMep, BOAOCHabXxeHMIO, 3ali¥Ie OT Ha-
BO/IHEHWA M T.J1.) .

MupoBO#i H3BECTHOCTBIO MONB3YHTCA THTAHTCKHE BBICOKOHa-
nopuste ['3C, xoropsie nocrpoedsl B Cubupu. Camas Gonbuias
B mupe CasHo-llymenckaa ['9C moumoctbio cBbiute 6000 MBr,
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C IUTOTHHOM BBICOTOH IBeCTH METPOB co3fiaeTcs Takxe B CubupH.

Ha nporskeHMM Bcedl MCTOPMM Da3sBHTHUS YEIIOBEYECTBO CTpe-
MUJIOCh OTKPBITh HOBbIE METOMbI NMomyyeHus sHepruu. OcobeHHo
oCTpoii 3Ta mpobneMa crana ceiiyac. Tak, MOXKHO OTMETHTb AeCs-
TWIETHHE OINBITHI II0 HEMOCPEeICTBEHHOMY IIPeBpAlleHHI0 COJIHEY-
HOH SHepruM B JNeKTpHueckyto. CoaneuHsvle Oampeu, pabora
KOTOphIX OCHOBaHa Ha OTKPBITUAX (HU3MKH MOIYIPOBOIHMKOB,
OaT¥ 3TMM OIbITAM HOBOE HalpaBileHue. JTH DaTapen yxe ceruac
HMEI0T pellalolliee 3HayeHHe I MOTydYeHHs TOKa Ha CIYTHHUKaX
CBA3M M KOCMHMUeCKUX 30HIax. “Ha 3emsie” OHH MCHONB3YIOTCA
IUIs TIONTyYeHus1 HeGOMbIIMX KONMUYecTB sHepruu. OOHAKO ceroaHs
elle Henb3sl yTBepXIaTb, OymeT 1M MpeBpalieHWe COJIHEYHOM
JHepTHH B 3JIEKTPHUeCKyl0 B Onmkaiillee BpeMs Mrparh Cylue-
CTBEHHYIO POIlb B MOJTyYeHHH 3HEPrHH.

OmnbIThl O YMCIONb30BAHUIO SHEPTHHM BETpa IOKa OTrPaHMYeHbI
HeGONBUIMMH YCTAHOBKAaMM B PaliOHaX C YCTOHYMBBIM BEeTPOBBIM
pexaiiMoM. 3aTo yXXe OCYILEeCTBIIeHbl OTHENbHbIe INPOEKThl IO
MCIOJIb30BAHMIO JHEPTUM NPWIHBOB M OTJIMBOB IJIA MOJyYeHUs
aneKTpo3Hepruu. Bo @panimu B 1967 r. BBeieHa B CTpo¥ nepBas
Gombliuas MowHas npuausHas I'IC c¢ 24 TypOGMHAMM; ONbITHAas
ycranoBka co3fgaHa B B CoBerckoM Coroze. Takue ycraHOBKH
nenecoobpasHpl TONBKO TaM, Ine HabOmopaerca Oombluas pas-
HOCTb B BbICOTE IIPWIMBA U OTIIMBA.

CoBceM He TPOHYTBI IO CETONHALIHETO OHA MOLHBIE 3aMachl
TerwioTsl BHyTpd 3emid. CoBeTcKHe YueHble YTBEPXKAAIOT, YTO
KX HCIONIb30BaHUE CO BpeMEHeM CTaHeT BO3MOXXHBIM B GOJIBLIOM
obnpeme.

H3BectHO, YTO cOBpeMeHHbIe OCHOBaHHbIE Ha SAIEPHOM pac-
welwieHud aToMHble dJeKTpoctaHuuk (A3C) mpeacTaBnsANT
coboii mepexomHOe pellleHWe, XOTA M O4YeHb BaxkHoe. bymyiiee
NPUHAJIEXHUT, TIO BCell BEPOATHOCTH, eKTPOCTAHIMAM, B KOTO-
PBIX 3JIEKTPO3HEpruss OyHer NONMYyYaTbCsl NPH MCIOJIb30OBaHUM
peakUMM cHHTe3a (CNHsHMSI) JIeTKHX aTOMHBIX sfep B Gonee
TsDKenble. TakHe MeKTPOCTaHIMU CMOTYT IPHMMEHATh B KauecTBe
”1omBa” Bofdy. OHU He GYOyT UMeTb PaqMOAKTUBHBIX OTXOHOB,
JMKBUBAIMA KOTOPBIX HPEACTAaBIAET U3BECTHbIE TPYIHOCTH.
B Hacrosmiee BpeMs, OJHAKO, peaKlMs CHHTE3a Ul MOJYYEHHs
JHEpPTHM ellie TeXHUYeCKH HeocyluecTBMma. Ho yxe Hameuaercs
MyTh, KaK 3Ty HpoGieMy MO>KHO pEILMTb.
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Hapsimy ¢ 3TMM CTapaloTIcs OTKpPbITh Apyrde MeTofpl MOoJyye-
HuA 9MeKTpo3Heprvy. Tak, HampuMep, B MA2HUTO2UOPOOUHAMU-
yeckom 2eHeparope (MII-reHepaTope) ¢ NOMOILLBIO MarHUTHOTO
NoJIs AeNAT” MK TPOHbI U MOJIOXUTENbHbIE HOHBI, HAXOMIALIHEC
B pacKaIeHHOH IUIa3Me, U UCIONB3YIOT 3TOT 3PPeKT mid co3na-
HUSL 27IeKTPUYECKOTO HalpsiKeHUs. B TOIUIMBHOM Xe 3NI€MEHTe,
Hao00POT, MPOIECCHl OKUCIIEHUS ABIAIOTCA HCTOUHMKOM 3HEPrUH.

Mepenava aneKTPU4ECKOWU IHEPrumn
Ha fanbH1e PacCTOAHUA

Kak yxe oTMeyasioch BbIllI€, BaKHEHIIMM NpeUMyILe-

CTBOM D3JIEKTPOIHEPTHH SABIIAETCA TO, YTO OHA MOXET
nepefaBaThCs Ha OONblIME PAcCTOAHMA M OEIUTbCA YyTb JIM He
Ha J0Oble KONMMuecTBa. Takas MajibHAA Hepefaya HeBO3MOXHA
HH I KaKoro Jpyroro Buma 3Hepruu. IlodToMy cpasy mocie
U300peTeH!sT TeHepaTopa 3aHSJIMCh Iepefayeil 3JNMEeKTPUYECKOH
9HepruM Ha GoJbllMe PacCTOSHHUA.

IMocle MHOrOUMCIIEHHBIX OMNBITOB IO Mepemaye 3JIeK TPO3Hep-
IMM MHpPOBYI0 M3BECTHOCTh HpHOGpena nepeoaya us Jlaygpderne.
ITo cnyvato @paHkdypTCKOi HHTEPHALMOHAJIBHOH BBICTABKH
1891r. B Jlaydpdene Ha pexe Hexap, HaxonsameMcs IpdMEPHO
B 175 kM ot ®pankdypra-Ha-MaiiHe, 6bUTH 060pYIOBaHBI THIPO-
TypbuHa M TpexdasHpHl TeHeparop. I'eHepaTop BbIpabaThIBan
ToK HampspxeHem 50 B. Tok tpaHchopmupoBancs B Jlayddene
mo HanpspxeHuss 14000B u nepenaBanca Bo ®pankdypr no men-
HBIM [IpoBOAaM auamerpoM 4 Mm. Ha Tepputopuu BbICTaBKH 31O
HaIpsDKeHHe MOHWXAIOCh TpaHcHOpPMAaTOpaMu U IMTAJI0O MHOTO-
YMCIIEHHbIE JIaMIIbl HAKATMBAHUA M [IBUIaTeld, KOTOpbie IPHBO-
UM B OBHO)KEHHE HACOC I HCKYCCTBEHHOTO BOIOMANA.

CeromHs HeCleUMAIMCTaMKM 3afaeTci BOMpPOC: IIOYEMY [ajlb-
HME Tepedayd OO/DKHBI OCYLIECTBIIATHCA IPU TAKOM BbICOKOM
HAmpsDKEHUH, KOTOopoe TpebyeT MHOTIOYMCIEHHBIX Mep Gesomac-
HOCTH M AOpOrocrosiieit u3onsaumu?

OrBeT HaeT OCHOBHOM 3aKOH YyueHHs 06 dnexkTpryecTBe. YOOI
nepelaTh Ha PacCTOsSHHE ONpefelieHHyH0 JHEPruio, TeOpeTHYECKU
MOXKHO MCHOJIb30BaTh HU3KOe HalpsbkeHWe MpdH OombLioi
Cwie TOKAa WIM BBICOKOE HAIpsDKeHMe IIPH MaJIOH CWile TOoKa.
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IIpennoureHde JIMHUAM BBICOKOTO HaNpsDKeHUs OObiCHsSeTCA
CTPEMIICHHEM CHM3UTh MOTEPH, KOTOpbie TPOABIAIICA TPU
nepefave ToKa. IIpy MpOXOXXIeHUH TOKa MPOBOJA HarpeBaloTCs.
ITpeo6pa3oBaHHas B TEIVIOTY MOIHOCTb (CM. cTp. 28) IpH 3TOM

Py =1IR.

IToTepd MOLIHOCTH PacTyT IPONOPIUMOHAIBHO KBaJIPATy CHIIbI
TOKa. IIpM CHIBHBIX TOKaX OHH BO3PacTal0T HACTOJIBKO, YTO
0JIb32 OT NlepeJayd CTAHOBHUTCA HUUTOXKHOM .

Mpumep.
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Heobxonumo nepenate ofHoba3Hbli lepeMeHHbIH TOK
mouiHocTeio SOKBT Ha paccrosmme 200km. s mu-
HHM HCIOJNIB3YeTCA ATIOMMHUEBLIA IPOBOJ, CeYeHHEM
25 mm®. Kak BelMKM NOTepd B JIMHUM NIPH PasHbIX
HanpsDKeHUH M CUJe ToKa?

CHavala HeoGXOOUMO pacCYMTaTh COIPOTHBIICHUE
nuHUHA mepepaw (cM. crp. 15):

2

R=

EcM moACTaBHTh UMCIIeHHble 3HAaYeHMs (YdYHTbIBast
JIMHUH TyJa 4 06GpaTHO) , TO MOy MM

0,0286-400 000
R = ————F——— =457 Om.

25

Ecnu npenebpeus copurom ¢a3 u BeIGpaTh CHauana
HanpspkeHue nepegawt 5000 B (takoe HanpsokeHue
HeNOCPe/ICTBEHHO BbIpabaTbiBaeT TeHEpaTop), TO M3
ypaBHenusa P = Ul nomywim 1ok I = 10 A. Ilotepu
MOLUHOCTH B JINHUH IPU ITUX NIapaMeTpax COCTABAT:

P, =I*R =100 -457 =45700 Br = 45,7 xBr.

TToutu Bca mepemaBaemas MowHocts (50 kBr) pacxo-
OyeTcs Ha IpeofioJieHye CONPOTUBIIEHYs JIMHUH Ilepefia-
. Ecyin moBBICHTE HanpspkeHue nepenauut no 100 kB,
TOIJA CWia TOKa B JIMHUM COCTaBHT TombKo 0,5 A H no-
TepH OymyT

P, =I*R=025.457=114Br~0,] kBr.



Puc. 105. NluHua anexTponepeaa4n BbICOKOro HaNPAXEHUA

CnemoBatenbHO, NOBBILIEHHE HANPSKEHMA Mepelayd pewa-
I01IMM 06pa3oM MOXeET CHIKaTh IOTEPU MOLIHOCTH B JIMHHH .

Jpyroit myTh CHM)KECHHA MOTEPh 3aKII0YaeTCs B YMEHbILIEHHH
CONPOTHBJIEHH JIMHUM Hiepeflaul. ITOTO MOXHO IOCTHYb YBeJIHye-
HHEM ceyeHHs NMpoBomoB. OFHAKO yxe NPOCTble pacyeTsl IOKa-
3bIBAIOT, YTO I Hepefaud OONbIIMX KOJIMYECTB 3HEPrud ObLIM
6p1 HEOOXOOMMbI TAKHE CEYEHHs NPOBOMOB, YTO TEXHWYECKH
nepenaya Hepriy oKas3anach 5bl HEOCYLECTBUMOIA.

ITosToMy I panbHMX JIMHUIA 3rekTponepenaud (puc. 105)
C [aBHHMX IIOp [IEHCTBYeT 3aKOH: HaHBBICLIEe BO3MOXHOE Hampsi-
JKeHMe, HO HaWHM3IIasg cwia ToKa. bmaromaps stomy 3akony
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Puc. 106. MoaswxkHaA 3neKTpopacnpeaenuTensHan yCTaHOBKa

OTHaeTcs IBHOE MpeaIoYTeHHe NepeMeHHOMY TOKY IIpU Hepenaue
37IeKTpOIHeprud. ToNpKo nepeMeHHbI TOK (OoOHOGA3HBIA UIIH
Tpex(a3Hblii) CPaBHUTENBHO IIPOCTO MOXKET HOBBILIATHCA HIH
MOHMXXAThCS C MOMOLLBI0 TpaHchopmaropoB. Creqyer OTMETHTD,
YTO CHIDKEHHE HANpsDKeHMA y NOTpeGUTeNs TakkKe BaXXHO, KaK
U HOBBIIEHWe Ha JrekTpocTaHmMu. Ha mpemmpusarusax v B GbiTy
HCIOJIb30BaHKe IEKTPOIHEPTHU [OMYCTUMO JIMILb TOTAA, KOraa
OCYLIeCTBIICHHE MpPOBOAKH H H30NALUMM [OCIATOYHO [eLIeBO
M KOT/a JOCTaTOYHO CHIDKEHA ONMAaCHOCTb NOPAXEHUS TOKOM. JTH
LETH JOCTHXMMBI TOIIBKO IPU IOHIKEHHOM HaNpsDKeHUH, IPHYeM
norpeburenb HeGONMBLUMX TOKOB M C MeHee Pa3BUTOl NPOBOMKOI
HMeeT MeHbllle OeCOKONCTIB, TaK KaK INOTEPU Y HEro OCIAlTCs
MeHBIIMMH.

Eme mo Havana nepBOil MUPOBOH BOMHBI JIMHHU 3JIeKTpOIepe-
Jaud Ha [anbHUe paccrosHus HampspkeHueM 100 kB yxe Haxonu-
JHMCh B 3KcIUTyaTaimmu. B 20-x ropmax Hallero croleTusi Hampsoke-
HMA nepeuutd yxe 3a 220 kB. JIuHuM Takoro HampsKeHUs elle
U cedivac IIMPOKO pacnpocTpaHeHbl. HoBble nuHuM aneKTponepe-
pmauu (Taxke u B IIP) crpositcsa s Gonee BbICOKHMX HAIpsDKe-
muil. llHpoKo pacrpocTpaHeHbl JIMHUM JJIeKTpoNiepejaud Hampsi-
skeaueM 380 kB, a mns nepepnaun Ha oueHb GOJIbLIME PaCCTOSHUS,
Kkak 310 uMeeT MecTo B CoBerckoM Colose, MepeXxoasAT Ha TMHUH
HanpspkeHueM 525 kB u Bbilte.

TomKeHre HapsDKEHUsl OCYLIECTBIIAIOT He 33 OJMH IIPHEM,
a crymenHYaTo. Tak, 4acTO TOK BBICOKOIrO HaINpsDKEHHs CHavajia
TpaHchopMUpPYIOT B TOK HampspkeHHeMm 110 kB (puc. 106) . 3o
HANpsDKeHWe CIIYXHUT I 3HeprocHabxeHus obGnacreir. B cersax
PETHOHOB HANpsDKEHHe CHIDKAeTCA [0 HEeCKOJIbKMX KHIIOBOJIBT,
a B HEIOCPEeACTBEHHOH ONM30CTH OT HOTpebHTeNneld ¢ DOMOILbIO
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MHOTOUMCIIEHHbIX MECTHBIX TpaHCHOPMATOPOB MHOTy4aroT OO6bIYU-
Hoe [yl Hac Hanpspkerure 220/380 B.

Ilepemayy 3HepruM Ha [OajibHUE DACCTOSIHUA OCYLIECTBIIAIOT
BO3AYLUHBIMU JIMHMAMH WM KaGeleM. B ”cBoGommbIX”, He3a-
CTPOEHHBIX MeCTHOCTAX HCHOJBb3YIT BO3AylUHble NuHUM. UTOGHI
CIKOHOMMTD JIeHIMTHYI0 Me[lb, B KayeCTBe MaTepHaia IS Mpo-
BOJIA HCHOJNb3YIWT amioMuHuii. Tak Kak amoMHHMEA oOnamaer
MeHbllled HPOYHOCTbIO, YeM Meb, OObIYHO HCHONB3YIOT aJIFOMH-
HMEBBI# TPOC CO CTAIbHBIM CEPAEYHUKOM — CTajlealoMHHUEBBIH
MpOBOA.

OrpoMHOCTb H30JIATOPOB, KOTOPbIE Mbl BUIHM Ha BO3[IYILIHBIX
JIMHUSAX BBICOKOTO HANpsDKEHHsA, TOBOPUT O TOM, KaKHe JOpOro-
CTOSILLME H3ONMALMOHHBIE YCTPOHCTBA HeOOXOIMMO NPHUMEHATS,
yro6bl YMeHbUIUTH ~’yTeuKy” anekTpo3nepriu. Hecmotps Ha 3to,
BCe-TaKH HMeITCS IOTePU 3HEpPIMy U UCTOYHMKH ONaCHOCTH, KOTO-
pble He MOryT TOJIHOCTBIO MCKIIIOYaTbCA COOTBETCIBYIOLIEH
usonsauyei. Tak, Ha IMHUAX BBICOKOT'O HAMPSKEHUS MPOSABIAETCA
KpaiiHe HexelaTeNbHbl ~3¢deKT KOPOHHpOBaHHMsA — IPOLECC,
Ipd KOTOPOM 3NIEKTPOJHEPrHs CTeKaeT C NPOBOJHHKA (CM.
crp. 67).

CHIDKAIOT IOTEPH OT KOPOHBI TeM, YTO BMECTO OJHOTO CIUIOLI-
HOro IpOBOAA MCHONb3YIOT MHOTO NapajuleNIbHbIX, ONH3KO pac-
TIONIOXKEHHBIX IPOBOJHUKOB. Takue “HMyyKy’’ NPOBOIHUKOB BeyT
cebs1 nMomobHO OTMAENPHOMY TOJICTOMY NPOBOOHHUKY C He3Hauu-
TeIbHOH KPUBH3HOM IOBepXHOCTH. [loTepu Ha KOPOHY MaJaoT.

Maursl ¥ IpoOBOAA JIMHUM 3TIeKTponiepeaauy 0COOeHHO MOJIHUe-
onacHbl. B HacTrosmiiee BpeMs pa3paboTaHO MHOTO MOJIHME3aIIUT-
HBIX YCTPOMCTB : MOJTHUEOTBO/bI, IPO303aLIUTHBIE TPOCHI, pa3ps/-
HUKH Y Jp.

Tpexdasupit (KaKk ¥ OFHODA3HBIA) TOK MOXET MepeaBaThCs
Ha GoJbliMe pacCTOAHHA, XOTSA U He Ha mobsle o manbHoCcTH. [Ipu
paccroamuax 800 km u Gonee BO3HMKaeT MpobilemMa yCTOHUMBO-
cru epenaud. C yBemiueHUeM JJTMHbI THHUA CAMOMHIY KIHMSA U €M-
KOCTh COOPY>KEHHUH Iepeiaud BeCbMa 3aMeTHO HaloT O cebe 3HaTh.

9TH TPYHOHOCTH MOTyT OBITb YCTpaHEHbBI, €ClIM BMECTO TpeX-
($a3HOro mepeMeHHOro TOKa Iepefiayy IHEPrHH OCyLIECTBIIATDH
IOCTOSIHHBIM TOKOM BbICOKOTO HampspkeHus. Iloatomy yxe
Gomee mpamuaTH JieT OGCYXOAWTICA M aNpoCUpYIOTCs IMepemaun
C8EPXBbICOK020 HANPAKEHUS NOCTOAHHO20 TOKA.
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JIvHVMH 3JIeKTpOIiepe/iauil CBePXBBICOKOTO HajfIpsIKEHUA MOCTO-
SIHHOTO TOKa He IpefHa3HaueHbl A Leneil, KOTOopble yXe pelle-
Hbl COBpPEMEHHOH TeXHHKOH nepeMeHHOro Ttoka. Ilo-nmpexHemy
9IeKTPOCTAHIMHM BbIpaGaThIBAOT IlepeMeHHBIA TOK W OH HOMda-
eTca K MecTy norpebnenus. Tonmpkeo s mepelaud Ha OajibHUe
paccTosHusi BbIpabOTaHHBIH IepeMeHHbIH TOK INpeobpasyercs
B NOCTOsIHHbIHA. I 3TOrOo B Hayasle MMHMM Heobxomumo obopy-
JOBaTh BBIIPSAMUTENbHYI0 MOJCTAHINIO, 3 B KOHIIE JIMHUM Itepefia-
Y4 — HHBEPTOPHYI0 MOACTAHUMIO, Ipeobpa3yiollyio ~’BhIIPAMIIEH-
HbIA” IOCTOsIHHBIH TOK B HepeMeHHbIH TpexdasHblil TOK. JTH
YCTPOCTBa OYeHb JOPOTH U B HAcTOslllee BpeMs ellle He BIOJIHE
yIOBJIETBOPHUTENBHBI MO TEXHUYECKOMY pellleHuio. Bo MHOrmx
crpadax, HampuMmep B CoBerckom Colo3e, yxxe UMEITICA B 3KC-
IUTyaTalMy JIMHUM 3JIeKTPOIlepefiayd CBEPXBBICOKOIO HaNpsKeHUs
nocTofHHOro ToKa*. OHM ClyXaT M I HaKOIUIeHWsI OIIbITa
mepefayd SHEPrHM I3TUM CHOcoOOM. MOXHO HANOMHUTb, YTO
K COpPOKOBBIM rofiam ObUlIa IOCTpOoeHa M B 'epmaHun OmbITHas
JIMHUA 3JIeKTPONepefiaud CBEPXBBICOKOrO HANpsKEeHUs MOCTOSH-
Horo Toka. OHa, OfJHaKO, HeJIONI0 HaXOMAWIACh B IKCIUTyaTalMy
M3-32 HauaBllIe#Cs1 BTOPOH MMPOBOI BOIHBI.

JHepreTudeckue cMcTembl

B o0buiecTBeHHOM 3HeprocHaOXXeHUH peIKo CIyuyaeTcs
TaK, YTOGBI TEK TPOCTaHIMs pacroiarana ~’co6CTBeHHOM
CeTbIO paclpe/ielicHUsA 3Hepru M cHabxasa Obl 3IeKTpOIHepruei
TOJIBKO “’CBOero” noTpeGurens ToKa. B mopaBnsiomeM 601b-
LUIMHCTBE CITy4yaeB JHEPIUs MHOIUX 3JIEKTPOCTaHIMH ~’CHaGxaer”
obumte pacnpenenuTernbHble ceTd. HaspiBaoT ux anepeocucremoii.
ITorpebureny Toka BoOOIIe He 3HaeT, KaKas 3JIeKTPOCTaHIMA
cHabxaer ero sHeprueii: “toxk nu u3 [JIP”, “uemuckuii” wum
IONbCKUA TOK’’ MMTAeT HALLM JIAMIIbI M 3aCTABJIAET 3BYYaTh HAIH
PaMONIPUEMHUKH .
HeprocucremMa MMeeT HEOIEHHMOe IPeUMYILECTBO B 3HEPro-
cHabxennd. Ecmt Ob1 27IeKTpOCTaHIMA CHabXajga TOKOM TOJIbKO

* B TeKkyuleiA NATUNETKe BBOAUTCA B CTPO NUHWA Nepeaayu NOCTOAH-
HOoro Toka Jkubactys—LleHTp Hanpaxenmem 1500 kB, B 6yaywem nna-
HUPYETCA NUHUA 3neKkTponepeaauun cebiwe 2000 kB. (/Tpum. nepes.)
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OITHOTO CBOETO MOTPeOHUTeNA, TO KaKAasa aBapHs (BbIXOM U3 CTPOs
TypOHHbI, TeHepaTopa WiK TpaHchopMaTopa U T.A.) CKas3bIBalach
6b1 Ha moTpeburene. OH yumianicss Gbl JIEKTPO3IHEPrUM Ha Bce
BpeMA aBapuu. XoTA TaKHe OTKa3bl MOXHO ObUTO 6bI CKOMIIEHCH-
PoBaTh AOCTaTOYHO OONBIIMM KOJIMYeCTBOM pe3epBHOro o6opymo-
BaHMA Ha 3JIEKTPOCTaHLMK, OTHAKO 3TO ObLIO Obl HEIKOHOMHUYHO.
IIpy TaKOM TOJIOXXEHHH, HOCKOJbKY aBapHU MPOUCXOIAT CPaBHHU-
TEJIBHO PEKO, pe3epBHOE 0BOpyNOBaHHMe, KaK MpPaBWIO, OCTABa:
J10Ch OBI HEUCHOJIB30BAHHBIM.

Ilpy Hanuum >Xe IHEPrOCHCTEMbI MOXHO ~pe3epBHpOBaHUE”
OrpaHMYMTh 10 MUHUMYMa, TaK KaK MaJIOBEPOATHO, YTOObI MHOTO
9JIEK TPOCTaHIMiA UITH ar peraToB OJHOBPEMEHHO BBILIUIH U3 CTPOSI.

ABapuu SBISIOTCA Ype3BbMMaiHbIM ciiyyaeM. OmHako M mpu
HOPMAJIbHOH 9K CIUTyaTauuu oObeHeHHble 3HEPrOCUCTEMbI OKa-
3bIBAIOTCA MONe3HbIMU. IIpOM3BOJCTBO 3NIEKTPO3IHEPrHU, HAIPH-
Mep, THOPOIEKTPOCTaHUMAMH 3aBUCHT OT UMeLIerocs KOJu-
uyecTBa BOAbl. B pasrap jieta ¥ Bo BpeMs OJIMTENIBHBIX MOPO30B
HaboaeTca HeIOCTaTOK BoAbl. Bo BpeMs e TasiHUA CHEroB
U 3aTsDKHBIX JOXMei, Hao6opot, I'IC pacnonaraior KOIMYeCTBOM
BO[bI, KOTOpOEe HOJIHOCTbIO He MOTYT UCIONb30Bath. B sHepro-
CHCTEME MOXHO TaK peryiMpoBaTh HpPOH3BOJACTBO 3JHEPrUH
THAPO- W  TEIUIOINIEKTPOCTAHIMAMY, YTOOBI 3JIeKTPOSHEPrus
BbIpabaTpiBasiach Hanbolee 3KOHOMHYHO.

ITorpebHOCTD B 2NIEKTPOIHEPrHH B TeuYeHHE rofa H B TeueHUe
cyToK MeHsiercs. EcTecTBeHHO, YTO 3uMOI MOTpeGHOCTD B 3HEp-
UM BbIlIE, 4eM JIeTOM. 3MMOH MHOro Ooiblie TOKa HAeT Ha
OCBellIeHHe, B XOIIOJHOE Bpems rona Gornblile TOKa pacxomyercs
Ha 3JIEKTPOHAarpeB.

Eue moHsTHEE, YeM MO BpeMeHaM roaa, KojebaHus B nioTpeb-
JIEHHH 3JIeKTPOIHEPIUM B TeUeHHE CYyTOK. 3[1eCh MPOCIIEKUBAIOTCSA
IBa SIPKO BbIPAXeHHBbIX MAKCUMYMA HA2PY3KU — YTPEHHHH H Be-
yepHui. OHM BO3HMKAIOT M3-32 TOTO, YTO B 3TO BpeMs IIpeIiIpH-
ATHSA, XO3MMCTBA M MECTHBII TPaHCNMOPT NOTpeGnsaioT Oobiie
TOKa, YeM B OCTaJIbHble 4achl cyTOK. OCODeHHO 3aMeTHO majiaer
noTpebieHe S3HePIriy HOUBIO.

Ecyu Gbl 971eKTpOCTaHIMH BbIpabaThIBATIM IHEPTHIO TONBKO IS
”cBoux” moTpeGUTENeH, TO KaXNas CTAHUMA [O/DKHA Obura Obl
OBITh CTOJIb MOILIHA, YTOOB! MepeKphIBaTh JII0OOH MaKCHMyM Ha-
Ipy3K4. IT0 NoTpeGoBasIo Obl, C OMHOM CTOPOHBI, OYeHb OONBLIMX
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KalMTaJIOBJIOXKEHUH M NOTOMY 6bUIO 6b1 HEIKOHOMMUHO, a C ApY-
roifi CTOpOHBI, B TeYeHUe MHOTHX YaCOB MOLIHOCTb CTaHIHMH
He MCIOJIb30Basach Gbl.

CoBceM [pyras CUTyalus B 9Heprocucreme. 3[ecb OCHOBHYIO
Haepy3ky (TaK Ha3pIBaloT HOCTOSHHO MOTPeOHBIHA ypOBEHDb JHED-
[MM) HOKpBIBAIOT 3JIEKTPOCTAHIMH, KOTOPble HE MOTYT GbICTPO
peryMpoBaTbcsi. ITO OTHOCHUTCSH, HAPUMEP, K TEIUIOBBIM 3JIEK-
TPOCTaHIMAM, KOTOpPbIM TpeOyeTcs MHOTO 4acoB, YTOObI HauaTh
MOCTaBNIATh JHepruio norpeburenam. Kpome Toro, MoxHo Hc-
HOJIb30BAaTh [JIA NOK PbITHA OCHOBHOH Harpy3KH CTaHLMHU, KOTOpbIe
PaboTaT C HAWIYYIHM K.II.[1.

JIn HOKPBITHA MaKCUMYMOB HAarpy3oK CIIYXaT 3JIeKTPOCIaH-
MM, KOTOpble MOTYT ’pasTOHATHCA 33 KOPOTKOE BpeMs. JTO
Ipexxzie BCero rMApo3NIeKTPOCTAaHIMH, KOTOpPble ~KOHCEPBHPYIOT”
3aMachl SHEPI'UM B BUJe OTBEJEHHBIX OT OCHOBHOTO PYCJIa 3allacoB
BOOb! B Yachl MaJIoi Harpy3kH. IIpHIUTOTHHHbIE 3J1€KTPOCTaHIUMH
0COGEHHO MPUTOMIHBI IS BbIDABHMBAaHUA MaKCHMYMOB Harpy3okK.
Kpome TOrO, HMEIOTCA CHelmMabHble MMKOBbIE 3JIEK TPOCTAHIMH,
KOTOpBIE TOJDKHBI BKITIOYAThCA B S9HEPTOCUCTEMY IIPH MaK CHMaJIb-
HbIX Harpyskax H KOTOpble KOHCTPYHUDYIOTCA KaK TeIUIOBbIE
anekTpocTaniui. OcobGeHHO YacTo MCHOJIB3YHTCA Ia30TypOHHHbIE
YCT@HOBKH, KOTODbI€ 04eHb ObICTDO 3aIyCKAIOTCSA U TaK XKe ObICTpO
OCTaHAaBIIUBAIOTCA. BONbIIOe KOMHYECTBO TaKUX ra30TypOHHHBIX
3NIeKTpOCTaHImii co3pgaHo B ['JIP.

IToxpbITHIO MaKCHMAJIBHBIX Harpy3oK CIYXaT TaKxe 2udpo-
aKKymyaupyiowue HaHocHsle InexkTpocranyuu (puc. 107). Ha-
COCHasfg TUAPOAKKYMYJIMpYOLIasd eKTPOCTAHIMA MOMEePEMEHHO
BbIpabarTbiBaeT M NOTPeOsAeT 3IeKTpOIHepruw. Bo BpeMsa mumu-
MyMa HarpyskH, Clle[JoBaTelIbHO NPEUMYILIECTBEHHO B HOUHbIE
yachl, OHa NpPHHUMAaeT H3OBITOUHYI0 SHEPTHI0 JIPYTHX 3JIEKTpO-
CTaHIMH M NepeKayBaeT BOAY B BBICOKO pacCIONIOKEHHOE BOMO-
Xpanwiuule. Bo BpeMs MOBBINIEHHOTO HOTpeGIIeHUs SHEPruM,
T.e. BO Bpems ~muKa’’, Bofa cGpachIBaeTcs ¢ BbICOThI. Bpamiatorcs
TypOHHBI M TeHepaTopbl, ~NMKOBBIH TOK” IOCTyHaeT B CeTb
37IEKTPOCHAOKEHUS .

B I'’IP umeerca MHOTO paboTaloLIMX rHAPOAKKYMYIUPYOLIMX
aneKTpocTaHiui. Bopmoxpawwnumia cranumd B Huenepmapre,
HallpUMep, MOTYT BBIAATh TaK MHOTO BOMbI, YTO B IEPHOM MAK-
CMMyMa Harpy3kH BbIpabartbBaioT 3gech mo 560 000 xBru
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Puc. 107. CTpountenscTso rmapoaKk KyMynupyoLLei CTaHuMu

INeKTPOIHepIruk. BomoxpaHwmina aKKyMyNIUpyHOIUeH 3JIeKTpo-
cramimu B XocuBapre Il BMemwawT cronbko Bompl, yro obecre-
yyBaltoT BbIpaborky 2 000 000 kBT 4. AKKyMyJHpYyIOILMeE CTaHIMH
MOTYT BKJIIOYAaThCS B TeYeHHE HECKOJIBKHX MHUHYT.

OpHako MOKPBITHE MAaKCHMyMa HArpy3KH MOXeT OCYIIECT-
BIIAATBCA HE TONIBKO IIGHOJIHEHMEM 3HEPIMH CO CTOpoHbl. Ilorpe-
OuTeNH SHEPIMM M HMX ~OHepreTHyeckas MUCLUIUTHHA™ HIPAIoT
3[ech pellainyo polb. Bo BpeMs MakCHMYMOB HArpysokK
XO3fICTBAa JOJDKHBI COKpaliaTh NOTpeblieHue JHEPIUM OO MepsI
KpaiiHeli Heobxomumoctu. Ha npemnpusaruax Heob6xomumo mepe-
HOCHTb Ha HOYHBIE YaChl TEXHOJIOTMYECKHUE TIPOLIECChI, IPH KOTOPBIX
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TpeByeTcsi 0COGEHHO MHOTO 3JIeKTpO3Hepruu. TpexcMeHHas
paGota TaKXe CHOCOGCTBYeT “’paccachlBaHMI0” MAaKCHMYMOB
Harpy3ok. Ecrm BceMy 3TMMM MepONPHATUAMY H HeNb3sl JOCTHI-
HYTb ONTMMAJILHOTO pexxuMa paboThl 3HeProCUCTEMSBI, IPU KOTO-
poM motpebreHue 3Heprud ObUIO ObI PaBHOMEPHBIM B TeUeHHe
CYTOK, TO BCe )Ke K HeMy MOXXHO IPUOIU3UTHCA.

OObvenuHeHHble 3JHEprocucreMnl TeM 3¢ddexkTHBHEe, uYeM
Gorblliee MPOCTPAHCTBO OHM OXBATHIBAIOT. Masible CTpaHbl He
HUMEIOT 1A CHCTEeM TaKMX BO3MOJXKHOCTEH, KaK TroCyIapCiBa,
pacrionaraioriye OoNbUIMMH TeppHTOpusAMH. [TosTtomMy Bce Gomb-
e 4 Gornblle yKopeHseTcss 3HeprooOMEH uepe3 TpaHHMIpl IO-
CyHapcIB.

ITpowwtioctpupyeMm 310 nmpumMepamu. IJIP sBrserca crpaHoi,
3HeprocHabXkeHne KOTOPOH OCHOB3HO ITIaBHBIM 00pa3oM Ha
TEIUIOBBIX JNIEKTPOCTAHIMAX. B HpPOTUBOMONIOKHOCTE 3TOMY
B UCCP Gomnbliass 4acTh 37K TPUYECTBA IIPOU3BOAUTCS U3 BOIHON
9HEPIrHH, TAK KaK MMeIoTcA OJaronpuaTHble eCTeCTBEHHbIE YCIIO-
BHA [UIA COOPYXEHMs TIMIPOdJeKTpOCTaHImMid. Tak Kak o6Ge
CTpaHbl OOMEHMBAIOTCA 3JIEKTPOJHEPrHeH, TO UYeXOCTOBAIKHE
TMIPO3IEKCTPOCTAHIMY MOTYT ITOMOYb MEPEKPHITh MaKCUMYMbI
Harpy3ok I'JIP, a terioBbie anekTpocTaniuu I'JIP — nepenaBate
JNeKTpo3Heprulo B apyxecrBeHHylo YCCP Bo Bpems mapeHus
MOILHOCTH Ha UX CTaHuMax. O6e cTpaHbl HMEIOT BBITOMY OT Ta-
Koro obmeHa.

OOMmeH sHeprueit B GonbplmMx Macuitabax pelaeT IpoGeMy
MOKPBITHA MaKCHMyMOB HAarpy30K BceCTOpoHHe. Ecimi asHepro-
CHCTeMa paclipoCTpaHfeTcs pdajeKko ¢ 3amaga Ha Bocrok, TO
B OT/JENbHBIX PErHOHAX I3TOH CHCTEMbI MaKCHMYyMbl Harpys3kKu
HACTYNAlT B Pa3Hoe BpeMs, TaK KaK BOCXOL M 3aXOJl COJIHI[A
B HMX He COBNajaeT. B To BpeMs Kak B 3alajiHbIX paifOHaX TaKOH
CHCTeMbI, HAIPHMED, HACTyNaeT BeUEPHUH MAKCHUMYM HarpysKH,
B BOCTOYHBIX palfOHAX YyXe HACTyNWIa HOYb H mOTpebrieHue
SHEPr¥H COOTBETCTBEHHO CHU3WIOCH. [TI03TOMY MOXHO H3 BOCTOY-
HbIX paifOHOB IlepeflaBaTh TOK B 3aMajiHble, YTOGBbI BBIPABHAThH
BeYepHUl MaKCUMyM Harpy3kH. B paHHMe yTpeHHMe uachkl cOOT-
HoOllIIeHWe MeHseTca. B 1o BpeMsa kak Ha 3amape cucreMe TpeGy-
eTcs ellle MaJIO 3HePruM, Ha Bocroke yxe Habnmofaercsa yTpeHHmi
MaKCHMyM Harpy3KH 4 JHeprus TeyeT Telepb B ymaty” ¢ 3ama-
na Ha Bocrok.
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Takumu CoOGpaXKeHUsIMU, KaK U MHOTMMH [PYTHMH, PYKO-
BOACTBOBAUCH cTpaHbl CoBeTa JKOHOMMYECKOH B3anmonomMouu
(C3B), KOrja CO30ABATM eOVHYI0 MHTEPHAlMOHAJIbHYI0 HEpro-
cdcremy. Bonbiias yactb 3TOH CHCTEMbl, KOTOpasg KOHTPOJMpY-
eTCA ¥ YIPAaBJIAETCA M3 €AWHOIO LIEHTPA, YK€ HaXOOMICA B IKC-
miayatauud. Ceromua OGbemiHeHHas 3Heprocucrema ~Mup”
SABJIAETCA OOHOM M3 CaMbIX MOILUHBIX 3HEPrOCHCTeM B MHpe
¥ SIPKO noATBepskaaeT ciosa B.W.Jlexuna:

”KomMmyHH3M — 3T0 ecTb CoBeTckas BacTbh
WToC AneKTpuUKaIusa Beel CTPaHbl”.

NPUNOXEHUNE

Ecmu xorar rpacduyeckd u300pasuth Kakou-mubo 3neKTpo-
TeXHHYeCKUH NpHOOp MM NpuGOp 3NMEeKTPOHMKH U CBA3M TaK,
yro6bl BCE 3IEMEHThI er0 HaXOOWINCh B IPaBIIbHON IOCIEeI0Ba-
TEJIbHOCTH W HCTMHHOM Maciutabe, MoKasaTh BCe COeIUHEHUS
B UX [EHCTBUTEIbHOH CBA3M, TO B GOJIBLIMHCIBE CIIy4yaeB Heo6xo-
OUMBI MHOTOUHMCIIEHHbIE H TPYIHOOGO3pHMbIe pUCYHKH. Bputo Gbl
OUYeHb CITIOXKHO U3YUMTh OTHEJIbHbIE KOHTYPBI TOKa H B3aUMOCBA3b
3JIEMeHTOB U GJIOKOB.

Iostomy BBemm (HOHOOHO TCOMY, Kak 3TO JaBHO ClENIaHO
B MaTeMaTHKe U XMMHH) P CHMBOJIOB, YCIOBHBIX 0GO3HAUeHHH
INMEKTPHYECKHX CXeM, C TOMOLUbI0 KOTOPbIX JI0OOH TEeXHHMK
OTHOCHMTENIbHO IIPOCTO M OYeHb HAaIJIAOHO MOXET H300pa3uth
CXeMy CJIOXHOTO YCTpOHCTBa.

YcnoBHble 0603HayeHMs 3NEKTPUYECKHX CXEM BBIIEPKaHBI
TaK, yToObI BICTYIIa]l HanOoJee XapaKTepHbIiH IPU3HAK JJIeMeHTa
wm 0710Ka, KOTOPbI OH NpeACIaBifeT. Tak, CHMBOJIOM KIIoua
SBIISIETCA pblYar IepeKyovyatelns, CHMBOJIIOM TpUOAa — TpH
3JIEKTPONa, CUMBOJIOM TpaHchopMaTopa — OGMOTKa.

OrnenbHble cXemHble O6GO3HauyeHMs: NpuBefieHb! Hipke. OHH
IOJDKHBI TIOMOYb YMTAaTelII0 NIPH YTeHUH 3TOH KHMIH U IpU U3yde-
HUH CIIeUMaJIbHOM JIMTepaTyphl.
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