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HNPEAUCJ/IOBHE

[Ipennaraemasi KHUTA SIBISETCS y4eOHBIM TOCOOMEM ISl CTYJIEHTOB,
MOJTYYArONINX CTETICHbh OaKajTaBpa TEXHUKH W TEXHOJOTHHU IO HAIPABICHHUIO
«INEeKTpPOIHEPTEeTUKAY. YUeOHOE MOCOOME COCTOWT W3 YETHIPEX IJIaB OXBa-
THIBAIOIIUX OCHOBOIIOJATAIONINEe pa3jieiibl Kypca « TexHruKka BBICOKUX Hampsi-
JKEHUIN:

® DJIEKTPUYECKHUE Pa3psbl B IUAJIEKTPUUECKUX CpPEAax;
® BBICOKOBOJIbTHOE UCIBITATENIbHOE 000PYI0BaHUE;

® H30JISIUSI BBICOKOBOJIbTHOTO O00PY/I0BAHUS;

® [IEpCHANPSHKEHUS B DJIEKTPUUECKUX CUCTEMAX.

N3noxenune marepuana 6a3upyercs Ha OCHOBHBIX MOJIOKEHHUSIX KYypCOB
oOuieit (pU3MKH, BBICHICH MaTEMaTUKH, TEOPETHUYECKUX OCHOB 3JIEKTPOTEX-
HUKH, DJIEKTPOTEXHUUYECKUX MaTepuanoB. M3moxeHne marepuaia mpousBe-
JIEHO C YYETOM IOCJIEIHUX JOCTIKEHUU B pacCMaTpUBaeMbIX 00IacTsX, a
COJIEp’KaHHE COOTBETCTBYET YTBEPAKIAEHHBIM CTaHAAPTY W MporpaMmaM Moj-
roToBKH OakanaBpoB 1o HampapiieHuio 140200 «DnekTpodHepreTHKay.

VYyebHoe mocoOre HalrMcaHo aBTOPCKUM KOJUIEKTUBOM IpernojiaBarenei
Kadenpsl DIEKTPOIHEPTreTUYECKUX CHUCTEM M BBICOKOBOJIBTHOW TEXHUKHU
DJIEKTPOTEXHUUECKOTO MHCTUTYTa TOMCKOTO MOJMTEXHUYECKOIO YHUBEPCH-
TeTa.

Jlist 6onee yrayOIeHHOTO WM3Y4YEHHUS OTICIBHBIX pa3lelioB Kypca, B
KOHIIE Ka)KJIOM IJ1aBbl MPEJICTABJICH CIIUCOK JUTEPATypPbl U KOHTPOJIBHBIX BO-
IPOCOB.

3amedaHus M MPEAJIOKEHHS TI0 YJIYUIIEHUI0 Y4eOHUKA MPOCUM HaIpaB-
a7k mo aapecy: 634050, r. Tomck, np. Jlenuna 30, TITY, DJITU, kadenpa
OCBT.



BBEJIEHUE

TexHHKa BBICOKMX HANIPSHKEHUN UMEET OYEHb IIUPOKUM CHEKTP MpUMeE-
HEHUH BO MHOTHX OOJIACTSAX COBPEMEHHOUW MHAYyCTpuu. BaxkHoe mMecTo 3aHu-
MAaeT TEXHUKA BBICOKHUX HAIpPSHXKEHUW B PAa3BUTHU JJIEKTpOsHEepreTuku Poc-
cun 21 Beka mId mepenadn BCe BO3PACTAIOIIMX MOLIHOCTEN AJIEKTPUUYECKOU
SHEPruu Ha OOJIBIITNE PACCTOSHUS U 00eCIieueHUs] CTaOMILHON pabOThI DJICK-
TpOdHEpreTuuecKkux cucteM. OCHOBHOE MPEUMYILIECTBO BBICOKOTO HaIpshKe-
HUS TIPU DJIEKTPONEPEIAYE COCTOUT B YBEIMYEHUM IEPEAABAEMON MOIIHO-
CTH, KOTOpas BO3pACTaET MPOMOPIHOHAIBLHO KBaJApaTy HOMHHAJIBHOIO Ha-
npsoKeHus. B cBs3u ¢ 3TUM, 00JIBIIIOE 3HAYCHHE ITPHOOPETAIOT BOIPOCHI CO3-
JTaHUs HOBOTO M COBEPIICHCTBOBAHUS CYIIECTBYIOIIETO KOMIIJIEKCA BBICOKO-
BOJILTHOTO 000PYy0BaHUs, PEIHA3HAYCHHOTO JIJIsI TCHEPUPOBAHUS, TIepeaa-
9 W paclpelesiCHUs] JJICKTPUUECKOW IHEPTUU: TEeHEpaToOpoB, TpaHCchopMa-
TOPOB, KOHAEHCATOPOB, U30JSLNU JTUHHAM JIEKTPOIEPEIAUYH U TOACTAHIIUN.

Bricokoe HampsikeHHE HCMONB3YETCS B AIEKTPO(YU3NYECKUX YCTaHOB-
Kax JUId PELICHUs 3a/1a4 MOIIHOM MMITYJIbCHOM 3HEPreTHKHU: YCKOPHUTEIAX
IYYKOB 3apSKEHHBIX YACTHIl, MOIHBIX Jla3€pax, YCTAaHOBKAX YIPaBJISIEMOIO
TEPMOSJIEPHOTO CUHTE3a. BhICOKOE HanpsiKeHue IMPUMEHSETCS B TEXHOJIOTH-
YeCKMX IIpoIleccax, TaKUX KaK »JJIeKTpocernapanus, 3JIeKpodHIbTpalus,
ANEKTPOOKPACKA, MATHUTOUMITYJIbCHAsI 00pa0OTKa, JIECKTPOTUAPABIHICCKAS
ITAaMIIOBKA, MJIa3MOXUMHUS, MoyuyeHue o3oHa. Ocobasi pojab MPUHAICKUT
TaKoW OBICTPOPA3BUBAOIICH 00JACTH HAHOTEXHOJIOTHU KaK CHHTE3 HAHOCT-
PYKTYPHBIX MAaTEPHUAJIOB C HOBBIMU CBOMCTBaMHU. CHUHTE3 TaKUX MAaTEPUAIIOB
MPOBOJUTCS B CIELMAIbHBIX YCTAHOBKAX IMPU BO3JCHUCTBUU KOHLEHTPHUPO-
BAHHBIX MOTOKOB YHEPTUU B BUJE MOTOKOB IJIA3Mbl U MYYKOB 3apsSyKEHHBIX
YaCTHI], OCHOBHBIM Y3JIOM KOTOPBIX SIBJIIETCS BBICOKOBOJBTHBIM WMITYJIbC-
HBI T€HEepaTop.

B cBsA3U 3TUM M3y4YeHHE NTUCUMUIUIMHBI TE€XHUKA BBICOKMX HANPSIKEHUMN
npuoOpeTaeT Bce BO3PACTAIONLYIO BAXKHOCTb.



I''TABA 1
IJIEKTPUYECKHUE PA3PS/IbI
B TUDJIEKTPUYECKHUX CPEJAX

1.1. QJIEKTPUYECKUE PA3PA/IBI B I'A3AX

["a30BbIe pa3ps/ibl B 3aBUCUMOCTU OT JIaBJICHUSI, KOHPUTYpALIUKU DJIEK-
TPOAHOM CHCTEMBI, MOIIHOCTH MCTOYHUKA MUTAHUS TOAPA3IEISIIOTCS HA KO-
POHHBIH, TJICIOUIUNA, UCKPOBOM, 1YTOBOM U T.l. Pa3psapl B razax 3aKUrarTCs
Oylarogapsi MOHHU3AIMOHHBIM B3aUMOJCHCTBHUSIM JJIEKTPOHOB W TaMMa-
KBAHTOB C aTOMaMH M MOJICKYyJIaMHU Ta3a, MPUBOASAIIMX K T€HEpallui U YMHO-
KEHHUIO DJICKTPOHOB M MOHOB, MX JIOKAJIM3AIIMHA U 00OPA30BAHMIO T1JIA3MBI.

1.1.1. Buabl JIeKTpUYeCKUX MoJiei

MHoroo0Opa3ue BUI0B JIEKTPUUECKUX OJIEH MOApa3IesieTcs Ha 00HO-
POOHbBIEe, C1AOOHEOOHOPOOHbIEe, PEe3KOHEOOHOPOOHble. TUTINUYHBIMU TIPUME-
pamMu  OJHOPOAHOTO TMOJSI SBJSIETCS TMOJ€ MEXKIYy JBYMs IUIOCKO—
napajujieIbHbIMU AJIEKTPOJAMU C 3aKPYIJIEHHBIMU KpasiMH, C1a00HEOAHOPOI-
HOE 1oJie 00pa3yeTcsi B chepuueckoil cucTteMe AIEKTPOAOB MPU PACCTOSHUU
MEXAY AJIEKTpoJlaMu S MeHbIle auamerpa mapa D (S/D), pe3KoHeoaHOPO -
HOE T0JI€ UMEET MECTO B AJIEKTPOJHOMN CHCTEME, KOTJa OJUH WIH 00a dJeK-
TPOJAa UMEIOT MaJbli paguyC KPUBU3HBI — OCTPUE — INIOCKOCTh WUJIM OCTPUE —
octpue. CteneHp HEOAHOPOJAHOCTH 3JIEKTPUUECKOrO MOJIs, MEXKAY JIEKTPO-
JaMH XapakTepusyeTcs: Ko3pduirenTom HeogHopoaHocTu K, KOTOpHIi pa-
BEH OTHOLICHUIO MAaKCUMAJIbHOM HAINPSHKEHHOCTH FEy,. K CpeaHEW Hamps-
’KEHHOCTH E, IO MEXKy SIEKTPOJAMH:

E
K, = 1.1
= (1.1)

cp

CpenHsst HalpsYKEHHOCTh €CTh OTHOIIEHUE HAMPSHKEHUS, TPUII0KEHHO-
ro K 3JIeKTpoaM U K pacCTOSIHUIO MEXKIY 3JIEKTpoJIaMHu S.

E =— (1.2)

MakcumainbHas HaMps’KCHHOCTL 3aBHUCUT OT I'COMCTPHU SBJICKTPOAOB U
PACCTOAHNA MCKAY HUMMU.



Jis ogHOpOIHOrO moJig KO3 uiMeHT HeogHopoaHoctH K,=1, nus
cnaboneogHopoiHoro Ky, <3, miist peskoneognopoinoro K> 3.

Kpome 3T0oro pasnuyarT CUMMETPUYHYI0 M HECUMMETPUUYHYIO (HOpMY
BKJIIOUEHHS 3JeKTpo0B. CumMeTpuuHas (hopma: 31€KTPOJIbl UMEIOT OJIMHA-
KOBYIO (hOpMy, pa3sMepbl U OTCYTCTBYET 3a3eMJICHUE KaKOro-iubo M3 HHUX
(puc. 1, a). HecummerpuuHnas (opma: 37€KTpOJbl UMEIOT OTIMYAIOIIYIOCS
KOH(UTypaluio, pa3Mepsl WIK OJUH U3 HUX 3a3eMiieH (puc. 1. 1, 6).

Puc. 1.1. @opmbl 21exkmpuueckux nonei:
a) cuMMempuyHas opma 21eKmpooos;
0) HecumMmempuuHas hopma 31eKmpooos.

1.1.2. Buasl noun3zanuu

B oTcyTcTBHE BHEIIHETO AJIEKTPUUECKOTO TMOJISI AaTOMBI M MOJIEKYJIBI Ta-
32 HaXOJATCS B COCTOSTHUM XaOTHYECKOTO (TEIUIOBOTO) JABMKEHUS, TTOCTOSH-
HO CTaJKWBAsCh C APYTUMU YacTUIlaMu. EClii Ha eWHUIIE JJIUHBI MMyTH Yac-
TUIIA UCTIbITANa Z CTOJKHOBEHHUMU, TO CpeAHss JUIMHA €€ CBOOOAHOro mpoode-
ra A paBHa:

A= (1.3)

1
7

3HaueHre mapameTpa A 3aBUCUT OT KOHIICHTPAIIMM YaCTHI[ U, CJIeIOBa-
TEIBHO, OT NABJICHWS W Temmeparyphl raza. C yBeJIMYCHHEM [aBIICHUS W
YMEHBIIICHUEM TEMIIEPaTyphl A yMeHbIaeTcs. YacTHUIlbl ra3a Mpu TEIIOBOM
IBW)KCHUU TIEpEeMENIaroTcsl OecriopsaouHo. Hamndre BHENTHEro AIeKTpude-
CKOTO TIOJISI IPUBOJUT K BO3HUKHOBEHUIO HAIPABICHHOTO JBWXCHHS 3apsi-
KEHHBIX YaCTHII, T.€. K TMOSBICHUIO B ra3e dJIECKTPUUECKOTO TOKA.

[Ipu paccMOTpeHUH TPOIECCOB BOSHUKHOBEHHUS W MCYE3HOBEHHUS CBO-
OOJHBIX 3apSKEHHBIX YACTHI[ B Ta3€ MOKHO CUUTATh DJICKTPOHBI YACTUIIAMHU
¥ HE YYUTHIBaTh MX BOJIHOBBIC CBOMCTBA. Korma aieKTpOHBI aTOMOB HaXo-
JITCS HA OMIDKaWIUX K SApy OopOWTax, MOTEHIIUATbHAS SHEPTHsI aTOMa MHU-
HUMAaJbHA, ¥ TAKOE COCTOSTHHE aTOMa SIBJIIETCS YCTOMYMBBIM. [lepexom ogHO-
r0 WM HECKOJIbKUX DJIEKTPOHOB ¢ OpOUT OJU3KUX K APy Ha OoJiee yaaneH-
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HBIC OT fJpa HA3BIBACTCS 6030YHcOeHUEeM aTOMA. DHEPrUl0, HEOOXOJAUMYHO
JUTS. BO3OYKICHHSI, aTOM (MOJICKYJIa) MOXET IOJIYYHTh TIPH CTOJKHOBEHUU C
DJIGKTPOHOM HWJIM TP TIOTJIONICHHH KOPOTKOBOJHOBOTO H3Iy4deHHS ((PoTO-
BO30YKJIEHHUE).

Bpewms npeObiBaHuS aTOMa B BO30YXKJICHHOM COCTOSTHUU COCTAaBJIsIET Be-

nmuuuny nopsaka ~107'’c. Bo3BpamieHue aToMa B YCTOWYMBOE COCTOSIHHE
IIPOUCXOAUT CaMOIPOM3BOILHO M YacTO COIPOBOXKAAETCS M3IyYeHHEM (o-
TOHA.

Korjia 51neKTpoH yjansercs OT sApa HACTOIBKO, YTO B3aMMOJEHCTBHE
€ro ¢ AApOM HPAKTUYECKH HCUE3aET, TO SIEKTPOH CTAHOBHUTCH CBOOOIHBIM.
[IpOMCXOIUT UOHU3AKUA ATOMA, B PE3yJIbTaTe KOTOPO obpasyeTcs JIBe He-
3aBMCHUMbIE YACTHIIBI: DJIEKTPOH M MOJIOKUTEIbHBIA MOH. DHEPrus, HE0OXO-
JUMast Ul OCYLIECTBIICHHS aKTa MOHU3AIlMU Ha3bIBACTCS IHep2ueill uoHU3a-
yuu. DHeprus BO30YXIECHUS M HOHM3ALMH BBIPAXKAETCA B DIEKTPOHBOIBTAX
(3B). MUHMMAaNbHbIE SHEPIUM BO30YKIEHHS ¥ HOHM3ALUK HEKOTOPHIX Ia30B
npuBeieHbI B Tabaue 1.1.

Tabmuma 1.1
3HaYeHUsI MUHUMAJIbLHOW SHEPIUU
BO30YKJICHUS U HOHU3AINHA HEKOTOPBIX T'a30B.

MuHumasnbHas dHeprus, 2B
l'a3
Bo306yxnenue HNonwnzaius

N, 6,1 15,5

N 6,3 14,5

0O, 7,9 12,5

O 9,1 13,6
H,O 7,6 12,7

OIHOBpPEMEHHO C MOHM3AIMEH aTOMOB M MOJIEKYJ Taza MPOUCXOIUT
MPOLECC B3aUMHON HEUTpaIu3alluM 3apsKEHHBIX YACTHUIl — PEKOMOUHAUUA.
BcenencrBue aeicTBUS ABYX MPOTHUBOIOIOXKHBIX (PAKTOPOB — MOHM3ALUM H
PEKOMOMHAIIMY yCTaHABIIMBACTCS PABHOBECHOE COCTOSIHHE, IIPH KOTOPOM B
CAVHUITY BPEMCHH BO3HHUKAET U PEKOMOMHHUPYET OMPEICICHHOS KOJIUYECTBO
3apsKEHHBIX YaCTHIl. JTO PABHOBECHOE COCTOSHUE XapaKTEPHU3YETCs Ompe-
JICJICHHOW CTEMECHBIO MOHU3AIMHU Ta3a ¥ , KOTOpas OIPEEIsieTCs OTHOIICHU-
€M KOHIIEHTpAIlMM MOHU3WPOBAHHBIX YACTHUI] 7 K OOl KOHIICHTpAI[UU Yac-
T N:



n

4 :ﬁ' (1.4)

Ilmazma — 5TO YaCTUYHO MJIM MNOJHOCTHbIO MOHM30BAHHBIM ras, B KO-
TOPOM IUIOTHOCTH MOJIOKUTENBHBIX U OTPULATEIIBHBIX 3aps0B NPAKTHYECKU
OJIMHAKOBBI.

[Ipu CTOJNIKHOBEHNH 3JIEKTPOHA C HEUTPAJIbHBIM aTOMOM HJIM MOJIEKYJION
BO3MOJKHBI 3aXBaT UMM JJICKTPOHA U 00pa30BAHUE OMPUUAMETbHOZ0 UOHA.
["a3bl, B KOTOPBIX BO3MOXKHO OOpa3oBaHUE OTPHUIIATEIIbLHBIX HOHOB, Ha3bIBa-
I0TCS 2JlIeKmpoompuyameibHvimu (KUCIOPO, XJIOp, Mapbl BOJALI U Jp.), a
rasbl, B KOTOPBIX OTPHUIIATEIbHBIC HOHBI HE 00pa3yrOTCS — JICKTPOTOIOKH-
TEJIbHBIMU (a30T, TeIui).

Ecin k mpoMexyTKy MEXAY AJIEKTPOJIAMHU B Ta3€ MPUI0KEHO HAPsIKE-
HUE, TO 3apsUKCHHBIC YACTHUIIBI, KPOME TEIUIOBOM CKOPOCTH, MPHOOPETAIOT
MO/ ICICTBUEM JJIEKTPUYECKOTO MOJISI HATPABIIEHHYIO CKOPOCTh. Ecin 3mek-
TPUYECKOE MOJIE BEJIIMKO, TO IPU 3TOM KMHETHUYECKAS SHEPTUS YACTULL MOXKET
MPEBBICUTH TEIUIOBYIO SHEPTUIO U CTATh JOCTATOYHOM JJISI YIAPHOW MOHU3A-
MU aTOMOB. DHEPrusi 3JIEKTPOHOB U UOHOB Wy, MpuUOOpEeTeHHas OT MO,
ONpeAesieTCs KakK:

W,.=eEA. (1.5)

Ycnosue HOHU3AIIUU MOXKET OBITH 3aITMCAaHO B BUJIC:

TAE€ e — 3JIEMEHTAPHBIN 3apsij,

E — HanpsiKeHHOCTb JIEKTPUYECKOTO MO,

m — 3¢ ¢deKTuBHasT Macca 3apsSKEHHON YaCTHIIHI,

V' — CKOpPOCTb JBUKEHHUS 3apSXKEHHBIX YACTHIIL,

W, — DHEpryst HOHNU3ALMU HEUTPAIIBHOTO aTOMa UJIM MOJIEKYJIBI.

Tak kak CKOPOCTb AJIEKTPOHOB 3HAUYMUTEILHO OOJIBIIE CKOPOCTU MOHOB,
TO yAapHas MOHU3alUs MOHAMU, HECMOTPS Ha UX OOJIBIIYIO0 Maccy, Manodg-
(dbeKkTHBHA U ONPECIISIONICH SBISETCS NOHU3ALUS SJICKTPOHHBIM yAapOM.

Paznuyator 00vemuyro uonuzauuio u IMUCCUIO 3apPAHCEHHBIX YACMUY
C NOGEepXHOCMU INEKMPO008 (NOBEPXHOCMHYIO UOHUZAUUIO).

Oovemnana uoHuzayua — COBOKYIHOCTH PAa3IUYHBIX MOHU3ALMOHHBIX
MIPOIIECCOB B MEXKAJIEKTPOIHOM MPOCTPAHCTBE.



Imuccua — UCIyCKaHUE 3apsHDKCHHBIX YACTHUI] MOBEPXHOCTHIO 3JIEKTPO-
JIOB.
Oovemnana uoHuzayusa B CBOIO OYEpElb, MOJPA3JIEIACTCS HA CIETYIO-
1€ BUBL:
1. ymapHas noHU3ANMS dIEKTPOHAMHU
2. CcTymneHdYaras MOHU3AIMS dJIEKTPOHAMU
3. ¢dorononuzamus
4. TepMOMOHM3ALMS
Yoapuasa uonuzayua — oopa3oBanre NOHA MPHU COyAAPCHUH IEKTPOHA
C HEUTpaJIbHBIMU aATOMOM WJIM MOJIeKyJoi (puc. 1.2, a).

€ @ e1(V2)

ei(V) —
% g;)? " @ ez(V3)|

@e\xfg) o )
0 N Qe eEUN
( ) el(Vl) — ( @ \, — @ @LI/Z)V
\\ , HOH ( ) 33(V4)|
O el(V)

\ﬁz/

YcnoBue:

2 2
mel/l + mel/?) 2 WH
2 2

hv dhoTtoH 2

e @ e(?)
©

WOH
Vcnosue: hv > W,

6)

Puc. 1.2. Cxembl 06vemmuoil uonuzayuu 2aza



Cmynenuamas uonu3ayusa NPOVUCXOJNUT TOTa, KOTJA SHEPTUs IIEPBOrO
BO3JEHUCTBYIOIIETO HA HEUTPAIBHBIA aTOM WM MOJIEKYJY 3JIEKTPOHA IPUBO-
JUT YacTHIy TOJBKO B BO30YXKJIEHHOE COCTOSHUE, T.€. HEJOCTaTO4YHa JIJIs
MoHM3auuu. Bo3neiicTBre ciaedyromero 3ieKTpoHa (OJHOTO WM HECKOJb-
KHMX) Ha BO3OYXJICHHBIA aTOM WJIM MOJICKYJy TIPUBOJMUT K MOHU3AUU (PHC.
1.2, 6). Bpems Mexy BO3EHCTBAEM TIEPBOTO U MOCIEIYIONIErO 3JIEKTPOHOB
JIOJKHO OBITH HE 00Jiee BPEMEHU HAXOXKJICHUSI HEUTPATHHOTO aTOMAa WJIH MO-
JIEKYJIbI B BO30YKJIEHHOM COCTOSIHUH.

Jis ocyuiectBieHus gpomouonusayuu B o0beme rasza sHeprus (Hoto-
HOB, 00pa30BaHHBIX B Pe3yjbTaTe BO3ACHCTBUS, HANPUMEP, KOCMUYECKOTO
WM TOPMO3HOTO HU3IY4YEHUs, JAOJKHA ObITh OOJBIIE SHEPTrUU HOHU3ALUU
py NorouieHuu GOTOHA HEUTpaIbHBIM aTOMOM HJIM MOJeKynoi (puc. 1.2,
6). doTononu3aus BO3MOXKHa B CTyIeHUaTon hopme.

Tepmouonuszayua o0ycioBIeHA TEIJIOBBIM COCTOSHHUEM Ta3a U MOXET
MPOUCXOUTHh B pe3yJbTaTe: OCBOOOXKICHHS DJIEKTPOHA NPHU COYIAPEHUIX
MEXIy aTOMaM{ U MOJIEKYJIaMH TPU BBICOKUX TeMIlepaTypax, (OTOMOHU3A-
MY HEUTPAJIbHBIX aTOMOB M MOJIEKYJI, BO30YKJIECHHBIX B PE3yJIbTATE TEIJIO-
BBIX B3aMMOJICHCTBHUI MPHU BBICOKUX TEMIIEpATypax, MOHU3ALUN NPU CTOJIK-
HOBEHUH 3JICKTPOHA C HEUTPAJIbHBIM aTOMOM HJIM MOJIEKYJIOW IPH BBICOKUX
Temieparypax. B razax nmpu TEIUIOBOM JIBUKECHHH, JUCCOLMALNS MOJIEKYJ
MPOUCXOJUT MPHU MEHBIIIEH SYHEPTUU, YEM UOHU3ALIUSL.

B tabnune 1.2 B kauecTBe mpuMepa NpUBEACHBI SHEPTUU JUCCOIUALIUN
Y UOHU3ALUU JJI HEKOTOPBIX ra30B.

Tabmuua 1.2
3HaYEHUsI SHEPTUU JUCCOLMALIMY U MOHU3ALMN HEKOTOPBIX ra30B

Mo- DHeprus A DHeprus uo-
JIeKyJa Jucconuanuu, 3B TOM HU3auuu, 3B
0O, 5,17 O 13,6
N, 9,77 N 14,5

Imuccusa 3aparxceHHbIX Yacmuy ¢ NOBEPXHOCMU OCYIICCTBISETCS 3a
CUerT:

a) bomOapaMpOBKM TMOBEPXHOCTH KaTOJa IOJOKHUTEIbHBIMA HOHAMHU

(BTopuuHas amuccus) (puc. 1.3, a).
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NOH
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Ycnosue: hv>W,_ . ; Harpes 1o Belcokoii E >30 xB/cm
m, V2
— L >SW. TEMIIEPATyPBI
_M _@
j=AT?e KT j=CE% KT
a) 0) 6) 2)

Puc. 1.3. Cxema pasiuyHvix 6008 SIMUCCUU

0) Obnmyuenust KaTo/a yabTpa(HuOIEeTOBBIM CBETOM, PEHTTEHOBCKUM HIIH

00J1ee KOPOTKOBOITHOBBIM M3IydeHueM (potosamuccus) (puc.l. 3, 6).

B) HarpeBa mOBEpXHOCTM KaTojla — TEPMORJIEKTPOHHAS SMHCCHUS

(puc.1.3, 8).

r) Bo3aeicTBUsS BHEIIHETO AJIEKTPUYECKOTO OISl — aBTOAJIEKTPOHHAs
WU XoJoaHas amuccus (puc.l. 3, 2).

Jlns peann3aniui SMUCCUU HEOOXOJUMO, YTOOBI PHEPIUs BO3IACUCTBUS

Ha TTOBEPXHOCTh KaToja Obliaa O0JbIle IHEPTUM BBIXOJA JICKTPOHA U3 KaTo-
na Wy DHeprus Wy, HIDKE SHEPTrUU yJIapHON MOHU3AIMU MIPUMEPHO B 2-
10 pa3. ;1 MeIHBIX U CTAJIBHBIX AJIEKTPOJIOB B BO3AyXe Wy = 4,5 9B.

1.1.3. JlaBrHA 3J1eKTPOHOB

Ecnu B raze Mexay ABYMs 3JIEKTPOJAMM MOSBISETCS CBOOOIHBIN 3JIEK-
TPOH, TO, HAOMpas SHEPrUI0 MPU ABMKEHUIO K aHOMAY, COTJACHO YCJIOBHIO
(1.5), oH MOXET MOHM3UPOBATh aTOM WMJIM MOJIEKYJIY Ta3a MpU CTOJIKHOBE-
HUU. B pesynbTare 3TOro, MHOrOKpaTHO MOBTOPSIOIIETOCS Mpolecca MOsB-
JISIFOTCSL HOBBIE CBOOOHBIE DJIEKTPOHBI, UACIO KOTOPHIX HEMPEPHIBHO PACTET.
B pe3ynbraTe 00paszyercs 1asuna 31eKmponos.
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Puc. 1.4. Cxema onpedenenus uucia 31eKmpoHO8 8 1a8UHe

NHTEeHCUBHOCTh pa3MHOXEHHUSI AJIEKTPOHOB B JIABUHE XapaKTEPHU3YETCs
KoI(puyuenmom yoapuoit uonuzayuu @ KOTOPHIM paBEH YKMCIY HOHU3A-
1WA, MPOU3BOAUMBIX JIEKTPOHOM HA €MHUIIE JUTMHBI ITyTH 10 HAIIPABJICHUIO
AIEKTPUYECKOTO MOJIS.

[Ipu pa3BUTHM JaBUHBI OJHOBPEMEHHO C 3JIEKTPOHAMHU O0Pa3yrOTCs MO-
JIO)KUTENbHbIE HOHBI. [10JBUKHOCTH HOHOB 3HAYUTENLHO MEHBIIIE, YEM DJICK-
TPOHOB, U 332 BPEMsI Pa3BUTHUS JIaBUHBI OHHU MIPAKTHYECKU HE YCIIEBAIOT Nepe-
MECTUTBCSA B MPOMEXKYTKE K Karody. Takum oOpa3om, Mociie MPOXOKIACHUS
JIABUHBI 3JIEKTPOHOB B ra3€ OCTAIOTCS IMOJIOKUTENIbHBIE, & B AJIEKTPOOTPHIIA-
TEJbHBIX ra3ax M OTPULATENIbHbIE MOHBI, KOTOPbIE UCKAXAIOT (YMEHBIIAIOT
WJIM YBEJIMYMBAIOT) BHEIIIHEE PJIEKTPUUECKOE T10JI€ B IPOMEKYTKE.

Jlnst onucanus npoiecca oOpa3oBaHUs JICKTPOHHOUM JaBUHBI, HEOOXO-
JTUMO OIpPEEIUTh YUCIIO JIEKTPOHOB B JiaBuHE. [Ipeamnonoxum, 4to U3 Ka-
TOJa 3a CYET BO3JICUCTBUS BHEUIHETO MOHU3ATOpa dIMUTUPYETCS K DIEKTPO-
HOB. Ha paccrosHun X oT kaTona 4MCiIO 3JEKTPOHOB BO3POCIO 110 7 (pHC.
1.4).

VYBenuyeHue yncia 3JIeKTPOHOB Ha MyTH dx OyJeT paBHO:

dn=n-a-dx, (1.7)
N

dn

—=a-dx

» (1.8)
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Nurerpupys (1.8) mon ot 1 10 n 1 o x ot 0 110 X, HOIyIUM:

—”=Ta-dx. (1.9)
0

B omHopogHom mone, rae kKodhUIMEHTOM yIapHOW HOHU3AINH O =
const, T.K. HAMPSY)KEHHOCTh B JIIO00 TOYKE MPOMEXKYTKa OJMHAKOBA, OyJemM
UMETh:

Inn=o-x,umu n=e*". (1.10)

Bripaxxenne (1.10) maeT 3HaueHue SIEKTPOHOB B JIaBUHE 0€3 ydeTa hX
MPUJIAIIAHUS K HEUTPAIBHBIM atroMaM U MoJiekynaM. Ilpununanue — 3710
MpoliecC 3aXxBaTa HEUTPATHLHOM YaCTHUIICH AJIEKTPOHA ¢ 0Opa30BaHUEM OmMpPU-
UameabHO20 UOHA. DTO SIBJICHUE XapaKTEPHU3YETCs KoIghhpuyuenmom npu-
aunanua 7). Torna 4ucio 31EKTPOHOB B JIABUHE C yYETOM NPWIMIAHUA U yC-
J0BUsA 1y 60mbie 1 Oyaer paBHO:

n=nye > W (1.11)

ITocne mpoxoXkAeHUsl NMEpBOM JIABUHBI B MPOMEKYTKE JIABUHHBIN ITPO-
[IECC MOKET BO30OHOBHUTHCS, @ MOXKET M 3aTyXHYTbh. JlJi1 BO30OHOBICHUS
pa3BUTHS JIABUHBI HYXEH XOTsS Obl OJJUH BTOPUYHBINA I¢hgheKkmuenwlii Inek-
mpon. Ihhekmuenvim Ha3bIBACTCS DIEKTPOH, CIIOCOOHBIA K OCYIIECTBIIE-
HUIO MOHU3ALMOHHOTO Pa3MHOKEHUA. ECIu 3TOT 3JIEKTPOH NOABIAECTCS OT
BHEIIIHETO MOHM3aTOpa — pas3psii Ha3bIBACTCA HecamocmoamenpHvim. 1o
€CThb, B OTCYTCTBUU BHEUIHETO MOHHU3ATOpa, Pa3BUTHE JABUHBI HE BO300OHO-
BUTCS W pa3psia moracHeT. Ecnm ke BTOpUYHBIN, 3PGEKTHBHBIA JICKTPOH
BO3HHUKAET B PE3YJbTATE NMPOXOKIACHUS IIEPBUYHON JIABUHBI — pas3psi Ha3bl-
BAETCS camocmoamenvHbvim. HecaMoCcTOATENbHBIN pa3psl MOKET IIEPEUTH B
CaMOCTOSITEIIbHBIN, €CIIM YBEJINYNUTh IPWIOKEHHOE K JJIEKTPOAAM HaIpsiKe-
HUE.

[Ipu camocTosiTenbHON QopMe pa3psa pa3BUTHE JaBUHBI  BO30OHOB-
JIIETCA, MOCKOJBKY NEPBUYHAS M MOCIEIYIOIINE JIABUHBI CO3/IA0T YCIIOBHS
JUTSL ©X BO3OOHOBJICHUS. DTH YCIOBUS COCTOAT B CIEAYIOIIEM:

1. Bo3OyIeHHbIE aTOMBI U MOJIEKYJIbI, 00pa3yromuecs Hapsay C
MOHM3aLMEN, UCITYCKAIOT (DOTOHBI, KOTOPbIE MOTYT MPUBOAUTH K (POTO-
MOHM3AIMM WM K (OTO3MUCCUHU 3JIEKTPOHOB M3 Karojaa. Bropuunsbie
3JIEKTPOHBI MOTYT 00pa30BBIBATH JJABUHBI B Pa3psiIHOM IPOMEXKYTKE.
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2. OcraBumuecs Mociae NpOX0KICHUS JIABUHBI MOJI0KUTEIbHBIE HO-
HBI, JIBUTAsACh K KaToqy, OOMOApIUPYIOT €ro U BBI3BIBAIOT BTOPUYHYIO
OMHUCCHIO JIEKTPOHOB U3 KaTO/A.

KonnuecTBO MOI0KUTEIBHBIX HMOHOB I’l; ,

IMOCJIC MMPOXOKACHUA JIABUHBI, pABHO KOJINYCCTBY JJICKTPOHOB B JIABUHEC, HC-
KJI04Yasi HadaJlbHbIN 9JICKTPOH, T. €:

OCTAaBIIUXCS B IPOMEXKYTKE

n =e
141

T elens . (1.12)

He Bce sMuTupoBaHHbIE U3 KaToAa 3JIEKTPOHBI yUacTBYIOT B 00pa3oBa-
HUU BTOPUYHBIX JIaBUH. YacTh 3JIEKTPOHOB PEKOMOMHHUPYET C MOJIOKUTEb-
HbIMU noHamMH. CyMMapHbIi Ipolecc 00pa30BaHUs BTOPUUHBIX AJIEKTPOHOB
13 KaTOAa XapaKTepU3yeTCs Koappuuyuenmom emopuunoit smuccuu y. Ko-
3¢ GUIUEHT Y 3aBUCUT OT MaTepHalia KaTo/ia, COCTaBa U JaBJICHUs ra3a U BCe-
raa y<<l. Komn4yecTBO BTOPUUYHBIX 3JEKTPOHOB, OOpPa30BaHHBIX MOCIE MPO-
XOKJIEHUS JJaBUHBI, ONIPEACIIAETCA CAEAYIOIIMM COOTHOILIEHUEM:

y(e ™ —1) =1, (1.13)

VYpaBuenue (1.13) ectb ycroeue camocmoamensnocmu paspsaoa B ra-
30BOM TpoMexKyTKe. OHO MOKa3bIBAET, YTO MOCIE MPOXOXKIACHHS TIEPBUUHON
JaBUHBI HEOOXOIMMO, KaK MUHUMYM, 0oOpa3oBaHue OJHOTO 3(h(HEKTUBHOTO
AJIEKTPOHA, CIIOCOOHOTO MPUBECTH K TMOSBICHUIO BTOPUYHOUN JIABUHBI, M CO-
OTBETCTBEHHO MOJKET PA3BUTHCS JIABUHHBLIL PA3PS]T B Ta3e.

1.1.4. CrpumepHasi popma paspsaa

JlaBuHHAS opMa caMOCTOATEIHHOTO pa3psijia, A KOTOPOH XapaKTepHa
MOHM3allUsg BO BCEM 00beMe rasa, HMEeT MECTO, €CJIM MpOU3BeleHue o - S,
OTIPEIEIISIIONIEE YUCIIO JIEKTPOHOB B OTNIEIBHOM JIaBUHE, OTHOCUTENILHO He-
BEJIMKO — HE MPEBBIIIAET HECKOJIbKO €IWHMII. XapaKTep Ipoliecca Kadect-
BEHHO MEHSETCS, €CJIM YIOMSHYTOE MPOU3BEJCHUE CTAHOBUTCS OJIU3KUM U
npesbimaet 18-20, a yncno 3IEeKTPOHOB JaBUHbI, NPOMIEAIIEH NyTh S U OIl-
penensemoe 1o popmyne N, = exp(a-S), npepsimaer 10° +10°. TIpu sux
YCIIOBHSIX BBITIOJTHAETCS KPUTEPUN JJABUHHO — CTPUMEPHOTO TIepexoa U pas-
pSil IEPEXOIUT B HOBYIO popMy — cmpumepnyro. Taxkas dhopma paspsnga xa-
pakTepHa AJi1 aTMOC(HEpHBIX AaBICHUN U OONBIIUX HATIPSHKEHUI.

CrtpumepHas Teopusi Ta30BOr0 pa3psifia OCHOBaHA Ha MPEJICTABICHUU O
MPOpPaCTaHUU MEXKAY OJJIEKTPOJaMHU ITUTA3MEHHOTO KaHalla — cmpumepd.
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Crpumep npencTaBisieT cOOOW CBETSAIIMKCA CIIa0OMOHU30BAHHBIA, TOHKHUN
KaHaJ, KOTOpBI oOpa3yercss B pe3ysibTaTe CIUSHUS 3JEKTPOHHBIX JIABUH U
pacnpocTpaHseTcsl B Ty WK APYTyI0 UK B 00€ CTOPOHBI K 3neKkTpoaam. Pac-
CMOTPUM HECKOJBKO MHOJpOOHee mepexoi OT JaBUHHOM (OpMbI paspsia K
CTPUMEPHOM.

B xoze pa3BuTHs JIaBUHBI HENPEPHIBHO YBEIUUMBAETCS YHUCIIO 3JIEKTPO-
HOB U TIOJIO)KUTENIbHBIX HOHOB. C YBEJIMYEHUEM YHCIIA 3JIEKTPOHOB B T'OJIOBKE
JIABUHBI BO3pPACTaeT HAIpPSKEHHOCTh Ha (hpoHTe NaBuHBL. Kpurepuem nepe-
X0/1a JIJABUHHOTO pa3psija B CTPUMEPHBIN (JITABUHHO — CTPUMEPHBIN MEPEXO0.)
ABJIAETCSI KPUTUYECKOE YUCIIO 3JEKTPOHOB B JIaBUHE. PacueTsl moka3bIBaioT,

7.10°
YTO MPH YHCIIC JIEKTPOHOB Myp = 10°+10" naBuHA TEPEXOAUT B CTPHMEP.
JIns HaKOIUIEHUS! TaKOro KOJWYECTBA JJIEKTPOHOB JIaBMHA JIOJHKHA MPONTH

ONPENENICHHOE KPUTHYECKOE PACCTOAHUE Xgp. HEOOXOAUMO OTMETHTH, YTO

pr 3aBHCHUT OT JaBJICHHA ra3a u €ro CoCTrana.
KOFIIa JJaBMHA, pasBUBaromascga OT Karodad, AOCTUTHET KpHTHLICCKOIZ

JUIMHBI X, HATIPSDKEHHOCTD DJIEKTPUYECKOTO MO B €€ XBOCTE HENOCTATOY-
Ha, YTOOBI AJIIEKTPOHBI MOTJIM MPOW3BOIUTH MOHU3AIMIO, TOT/a oOpa3yercs
cTpuMep. A Ha (pPOHTE JTABUHBI M0JIE 3HAYUTEIHHO YCUIIMBACTCS U CTAHOBHT-
csi BO3MOXkHOM (poromonmsanus B oobeme (puc. 1.5). Bropuunbie naBUHBI,
clielysi BAOJb CHJIOBBIX JTMHUU MOJS U UMEs Ha TOJIOBKE M30BITOYHBIA OTPH-
HATeNbHBINA 3apsij (JEKTPOHBI), BTATHBAIOTCA B 00JIACTh MOJOKUTEIHLHOTO
00BEMHOTO 3apsi/ia, OCTABICHHOTO TMEPBUYHOM JIABUHOW. DJIEKTPOHBI BTO-
PUYHBIX JIABUH CMEIIUBAIOTCS C MOJIOKUTEIBHBIMA MOHAMH TIEPBUYHOMN JIa-
BUHBI U 00pa3yloT CTpUMEp — 00JIaCTh ¢ HAMOOJBITIEH MIIOTHOCTHIO TOKA, KO-
TOpasi, pa30rpeBasiCh, HAUMHAET CBETUTHCS.

Puc. 1.5. Mexanuszm pazsumus noaioxcumenbHo20 cmpumepa
1 — anoo; 2 — kanan cmpumepa, 3 — nasunvl, 4 — pomonwvl; 5 — 31eKMpoH,
NOABUBUIUTICSA 3a CUem OMOUOHUZAYUU.

Crpumepnas dopma pazpsga B KOPOTKHUX MPOMEKYTKaX 3aBepIIaeTcs,
KOTJIa CTPUMEPHI 3aMBIKAIOT IMTPOMEKYTOK U B PE3yjIbTaTe 00pa3yeTcs UCKPO-
BOU KaHaJl.
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1.1.5. UckpoBoii pa3psia

Ecnu mocTeneHHO yBeIMUMBATh HANPSKEHUE MEXIY ABYMsI AJIEKTpOia-
MU, HAXOJAIIUMUCS B aTMOC(EPHOM BO3JyXe, TO BO3HUKAET UCKPOBOIl pa3-
pAO0. DNEKTpUUYecKas HCKpa UMEET BUJ SIPKO CBETAIIETrOoCs KaHala, COelu-
HSAIOIIET0 00a AJNEeKTPOJa, KOTOPbI OOBIYHO ObIBaeT pa3BeTBiieH. McKkpoBoi
pa3psi BOZHUKAET B TOM Cllydae, €ClIM JIEKTPUUECKOE MOJIe B ra3e JOCTUTAeT
HEKOTOPOTO OTMpPEAENEHHOTo 3HaUeHHsl E (KpUTHYEeCKasi HAMPSHKEHHOCTh T0-
7. WIK HaIpPsHKEHHOCTh MPo00si), KOTOpasi 3aBUCUT OT pojia ra3a M ero co-
CTOsiHUA. 3HaueHue E, Bo3pacTaeT ¢ yBelndeHHeM JaBieHus. OTHOIIEHHE
KPUTHUYECKON HANPSKEHHOCTU IOJIA K JIABJICHUIO p JUIsl KOHKPETHOrO rasa
OCTaeTcsi NPUONM3UTENBHO MOCTOSIHHBIM B IIMPOKOM 00JIaCTH M3MEHEHUs
JaBJICHUU:

E. ./ p =const. (1.14)

Hanpspkenne mpo0osi TOHMKAEeTCsl pY BO3JICHCTBUU Ha ra3 BHEITHETO
uoHuzaropa. Ecin mpuioxuTh K ra30BOMY NPOMEXKYTKY HampspKeHue, He-
CKOJIbKO MEHBIIIee TPOOUBHOTO, U BHECTH B MPOCTPAHCTBO MEXKIY AJIEKTPO-
JIAMHU 32KKEHHYIO Ta30BYIO TOPEIKY, TO BO3HUKAET UCKpOBOU pa3psn. Takoe
e JeWCTBUE OKa3bIBAE€T U OCBEIICHHE OTPULIATEIBHOIO 3JIEKTpOAa M3Iyde-
HUEM YJIbTPaQHUOIETOBON 00JaCTH CHEKTPA, UHKEKLHUS SJIEKTPOHHOTO MyyKa
B Pa3psAIHBINA IPOMEKYTOK, a TAKXKE JPYrHe HOHU3ATOPHIL.

3a)kMraHue HCKpPOBOrO pazpsiia MPOHUCXOAHUT MO CIEIYIOLIEH CXeMe:
Oonmarogaps Hanmu4uio 3()(PEKTUBHBIX SJIEKTPOHOB B MEXKAIICKTPOAHOM IMPO-
MEXYTKE (POPMHUPYIOTCSI HaudajdbHbIE AJIIEKTPOHHBIC JIABHHBI, MPU BBITIOJIHE-
HUU KPUTEPHS JIABUHHO — CTPUMEPHOTO TMepexona oOpa3yroTcsl CTPUMEPHI.
[TpuBeneM oOlleHKH OCHOBHBIX MapaMeTPOB KaHaja UCKPOBOTo paspsnaa. Kon-
[EHTpaIUsl 3JEKTPOHOB B KaHAJe B MOMEHT BO3HUKHOBEHUSI HAXOJUTCS Ha

19 - .
ypoBHE n, =~ 10 "M~ . YacToTa CTONKHOBEHHIT SIEKTPOHOB C MOJICKY/TAMH Ta-

12 -1
3a cocraBisieT 10" ¢. ConpoTuBieHNE KaHaAla OLEHUM KakK ISl HHJINHI-
pHUYECKOTO ITPOBOTHUKA:

R=pl /S, (1.15)

r7ie p — yAeJIbHOE CONPOTUBIIEHNE KaHana, [, — JJIMHa KaHania, S — ceue-
-8 72
nue kanana (10°+107 m™). PacuerTsl MOKA3bIBAIOT, YTO COMPOTHBICHUE Ka-
S12 4,103
HaJjla UICKpoBOro paszpsaa nanuHo 10 m umeer nopsaaok 10°+10° Om. Ecnn
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BHYTPEHHEE CONPOTHUBIIEHUE F€HEPATOPa MHOI'O MEHBIIE 3TOT0 3HAYEHUS, TO
HanpsOKEHUE Ha MPOMEKYTKE IOCJe 3aMbIKaHHsI €ro CTPUMEPOM OJU3KO K
HavanbHOMY. Crnaj HampspKeHHs! MpU OJHOBPEMEHHOM pPOCTE TOKA B LIETH
IPOUCXOAUT M3-3a CHUXKEHHS CONPOTHUBIICHUS KaHaya BCJEJICTBUE €ro pac-
[MIMPEHUS U pOCTa MPOBOAUMOCTH TJIa3MBbI.

[Iporeccsl B MCKPOBOM paspsiie JOCTATOYHO CIIOKHBI: BHaYalle HOHU3a-
IIUSI PaCIpPOCTPAHSAETCS M0 OCH KaHaja B BUJE BOJIHBI (BOJHA HOHU3AIUHU) CO
cKopocThio Goree 10° cm/c, 3aTeM POCT KOHIGHTPALIMH 3IEKTPOHOB MPOHC-
XOJUT OJJHOPOJIHO TIO JUTMHE. DTH MPOIECCHl OMMMUCHIBAIOTCS MO/IEeTbI0 Pomme-
Baiinens, mo KOTOpo# COMPOTUBIICHUE KaHAJIA:

Re— (1.16)

2a 2
— | 1°dt
L)

rae: R — ConpoTUBIICHUE KaHalla, @ — IOCTOSAHHAsA, 3aBUCSIIAs OT JaBJie-
HUS Ta3a, p — JaBJICHUE Ta3a, [ — TOK pa3psaa.

Mopaens Pomne — Baitiienst onucbIBa€T MU3MEHEHUE KOHLICHTPALMH DJIEK-
TPOHOB B JMANa3OHE 102'+-10%* M7 IPU IUIOTHOCTSIX TOKa Bhimie 10 Alem?,
HeobxoaumMo OTMETUTh, YTO CONMPOTHUBJICHUE KaHala, HE 3aBUCUT OT €ro Ce-
YEHHUsI, TaK KaK KOHUEHTpAIUs 3JIEKTPOHOB, a CJIEAOBATEIBHO W MPOBOIU-
MOCTb IJIa3Mbl MPU 3aJJaHHOM TOKE 00paTHO MPOMOPIMOHATLHEI CEYEHUIO.

1.1.6. 3axon Ilamena
Brimonnenue ycinoBus camocrositenbHOCTH paspsana (1.13) B omHOpoa-

HOM T10JIe O3HAYaeT npooOoit Bcero npomexyTka. [Ipunsas n = 0 u npupaBHsB
(1.13) enunuile, NOTyIUM:

v(e® -1)=1 (1.17)
N
S =141 (1.18)
Y

[Iponorapudmupyem (1.18) u mpeodpazyemM OTHOCUTEIHHO O
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In(l+ )
Y

o= (1.19)
S
DKCIepUMEHTAIBHO YCTaHOBJIEHO, YTO:
_Br
o=A-P-e £ . (1.20)
rae P — naBnenue,
E — HanmpsyKeHHOCTH 3JIEKTPUYECKOTO MOJIs,
A — k03 purrenT, 3aBUCAIUN OT COCTaBa rasa,
2
v
A= , (1.21)
KT

IJ1€ 7 — painyC MOJIEKYJ;
K — noctosinnas bonbiimana;
T — Temniepatypa B rpagycax KenbBuna;
B — xo3ddunmenT, 3aBucAUMi OT YHEPTUA MOHU3AIMY Ta3a, Mpu-
yem

B = A-Uy, rne Uy — noTeHIMal HOHU3AIMHY rasa.
[IpupasusB Beipaxenue ais o (1.19) u (1.20), nonyuum:

. _B,P
Inl+-)=4,-P-S-e £ . (1.22)
Y
[Toncrasus B (1.22) E = U/S, umeem:
. _By-PS
Inl+-)=4,-P-S-e U . (1.23)
Y

[Tponorapudpmupyem (1.23), Torna:

BO.PS:lnAO.P.S

(1.24)
U In1+)
Y

[TockonpKy Hac WHTEpECyeT HANpsDKEHUE, MPU KOTOPOM IMPOU30UIET
npo6oii, npupasageM U=U,,. Torga us (1.23):
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B -P-S
U 0% (1.25)

mp
A4 -P-S)
o]

In

In(l+ )
Y

N3 (1.24) BuaHO, 4YTO pa3psaAHOE HAMPSKEHUE B OJTHOPOJHOM IOJIE SIB-
asieTcst GyHKIMEH MpOM3BEACHUS JaBlieHns P Ha pacCTOsSHHUE MEXIY dJIeK-
Tpoaamu S, T.e.

U = f (PS). (1.26)

Bripaxxenue (1.26) rpaduuecku npencTaBieHo Ha puc. 1.6 U Ha3bIBaeT-
cs 3akoHoM [lamena.

Bun 510l 3aBUCMMOCTH MOKHO OOBSICHHTH, MCXOAS U3 (PU3MUECKHX
npencrasienuii. [Ipu S = const yBenuuenue maBiaeHUs OOJbINE 3HAYCHUS,
COOTBETCTBYIOIIETO MUHHUMYMY, MPUBOJHUT K YBEIWYEHUIO YHCIA CTOJKHO-
BEHUI 3JIEKTPOHA C HEUTPAIbHBIMU aTOMaMHM M MOJIEKYJIAMU U, KaK CIEICT-
BHE, K YMECHBIIICHUIO €r0 APHEPruM, HaKaluIMBaeMOW Ha JJIMHE CBOOOJHOTO
npobera. CrnenoBaTenbHO, JJIsi BOBHUKHOBEHUS! YIapHOW MOHU3AIMU HEOO-
XOJIUMO yBeNHYeHNE HANPSHKEHUS Uy,

C apyroit cTOpoHBI, IPU JABJICHUSIX MEHBIIHNX, YeM 3HAUEHUE, COOTBET-
CTBYIOIIIEE MUHUMYMY, YBEJIIMUUBAECTCS IJIMHA CBOOOIHOTO TIpo0era u HaKar-
JuBaeMasi dJIEKTPOHOM SHEPrus, HO YMEHBIIACTCS KOJUYECTBO CTOJKHOBE-
HUM, YTO YMEHBIIIAET BEPOSATHOCTh yAapHON MOHU3auuu. /{15 ee yBenuueHus
HE00XO0AMMO, YTOOBI KaK MOKHO OOJIbIIIEEe YUCIO CTOJKHOBEHHM 3aKaHYMBa-
JI0OCh MOHU3AIMeH. J{1s 7TOro He0OX0IMMO YBEIIMYUBATH SHEPTHIO JJIEKTPOHA
Ha JJIMHE CBOOOJHOIO Ipodera, T.€. yBeauuuBarh Uy,
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Puc. 1.6. 3asucumocmo Uy, =f (P-S)

OkcnepuMeHTanbHas kpuBas [lamieHa oTanyaercsi OT MOJIYUYeHHOM pac-
YeToOM KaK B 00JacTH OYEHb MaybIX 3HaueHuUM P-S, Tak M B 00/JaCTH OYCHb
Oonpmmx 3HaueHUd P-S. B oOmacty odeHb ManbIX 3HaYeHUH P-S oTianume
oOBbsIcCHsIeTCA MPUOIMIKEHHEM K BaKYyMHOMY IMPOOOI0, IPU KOTOPOM OCHOB-
HYIO POJIb UTPAIOT MPOIIECCHl HA TTOBEPXHOCTH JJIEKTPOJIOB, a HE B 00BbeMe
rasa.

CrnencrBuem 3akoHa IlamieHa sSBISIOTCS CIIOCOOBI MOBBIICHHUS TIPOOUB-
HOTO HAMPSDKEHUS Ta30B: HEOOXOIMMO WM YBEIIMUCHUE JTABJICHHS BBIIIE aT-
MOC(EpHOTO WM YMEHBIIICHUE NaBIICHUS 0 3HAYCHWA MEHBIINX, YEM JaB-
JIEHHE, COOTBETCTBYIOIIEE MUHUMYMY, BIJIOTh O BaKyyMa.

B omHOpOmHOM TTOJIE TIpH aTMOC(EPHOM JTABJICHUH TPOYHOCTHh BO3TyXa
cocrasigeT 30 kB/cm., a MunumanbsHoe 3Hadenue Uy, ~ 300 B.

1.1.7. Pa3psia B HEOAHOPOAHBIX MOJIAX

B HEOTHOPOJHOM MOJE, B OTAMYUU OT OJHOPOIHOTO, HAIPSKEHHOCTH
MOJI B PA3IMYHBIX TOYKAX MPOMEXKYTKA pa3Has Mo BEIUYMHE W/WIM MO Ha-
npaBiieHuI0. K TUIMMYHBIM MPOMEXYTKAM C HEOJHOPOJHBIM IOJIEM OTHOCST-
Csl OCTPHUE-OCTpPHUE, OCTPUE — IUIOCKOCTH, MPOBOJ — 3€MJIS, TOPOUL — ILIOC-
KOCTh U MHOTHE JIPYTHE PEabHbIE N30JALMOHHBIE TPOMEXYTKU. B HUX nme-
€TCSl TOYKA Ha AJIEKTPOJAE, HAMPSKEHHOCTh B KOTOPOHM MPEBBIIIAET HAMpSI-
JKEHHOCTb B OCTAJIbHBIX TOUYKAX IMPOMEXKYTKA.

Ha puc. 1.7 npuBeaeHa 3aBUCUMOCTb HANPSIKEHHOCTHU MOJISI OT paauyca
KPUBU3HBI U PACCTOSIHUSL MEXK]TY AJEKTPOJaMU THUIA OCTPUE — INIOCKOCTh IIPU
r <<§. DIEKTPUYECKOE MOJIE B 3TOM CIIy4yae OMPEACIICTCS KaK:
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U
E:m- (1.27)
rinf 1+ —

r

OCHOBHBIC 3aKOHOMEPHOCTH Pa3BUTHS pa3psjia B JIOOBIX PE3KOHEOTHO-
ponHbIX nonsax (K, > 4) nmpakTudeckw oauHaKoBBI. [Ipn HEKOTOpPOM Hampsi-
keHun Uy B IPOMEKYTKE BO3ZHUKAET CAMOCTOSATEIBHBIN pa3psl B JaBUHHOM
dbopme, T.K. BOJIU3U CTEPKHS UMEETCsl 00JacTh C HAPSHKEHHOCTBIO, MPEBbI-
maroeii 3HaueHne £, COOTBETCTBYIOIIEE BOSHHKHOBEHHE CAMOCTOSTEIbHOM
dbopmel paspsna (puc. 1.7). Pa3psia nokanusyercst B 3Toi 06j1acTH, a BTOPUY-
HbIE JIABUHBI TTOJICPIKUBAIOTCS MO0 3a cUeT poTonoHu3anuu u3 oobema ra-
3a (MpU MOJOKUTEILHOM MOJISPHOCTH CTEPXKHS), TUO0 3a cueT Gororddexra
¢ Katoja (MpU OTPULIATEIILHOW MOJIAPHOCTU CTepKHs). Takoil pa3psn Ha3bl-
BACTCSI KOPOHHBIM PA3PAOOM 6 NABUHHOU (hopme (nasunnas Kopona). 3Ha-
YeHUE HANPSDKCHUS W HAMPSHKEHHOCTH TOJIA Y AJIEKTPO/a MPU BOSHUKHOBE-
HUU KOPOHHOTO pa3psija 3aBUCHUT OT CTETICHH HEOJHOPOIHOCTH TTOJISI.

Puc.1.7. 3asucumocmo HanpsceHHOCMU 21eKMpU4ecKo20 nojs Om paccmost-
HUSL MeXHCOY INEKMPOOaAMU MUNA CMEPAHCEHb — NIIOCKOCb.
1—Ecp=f(S);2—E=£S); 3—E - 603HuKkn08eHUe CAMOCMOAMETbHOL POPMbI
paspsoa.

IIpyn yBenuyeHnu HarpspKeHus CBbllIe Uy, KOTAAa KOJIUYECTBO DIIEKTPO-
HOB B JIaBHHE Bo3pacraeT 10 10'+10%, B mpoMexyTKe BO3HHKAET CTPHMED Y
AJIEKTPOAA C MOBBIIICHHOW HAIPSYKEHHOCTHIO MOJIA. Ecnu B OMHOPOAHOM I10-
JI€ BOZHUKILIHNM CTPUMED MEPECEKAET BECh MEKIIIEKTPOIHBIA IIPOMEKYTOK, TO
B PE3KOHEOJAHOPOAHOM MOJI€ B 3aBUCHMOCTH OT BEJIWYMHBI HAIPSKEHUS
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CTpUMeEp, POUJII HEKOTOPOE PACCTOSHHUE, MOKET OCTAHOBUTHCA U 3apsJibl B
mia3Me PeKOMOMHHUPYIOT. DTOT MPOIECC MOXKET MOBTOPAThCsS. Takoe co-
CTOSIHHE pa3psiia YCTOMYHMBOE, T.€. BBIIOJHAETCS YCIOBUE CAMOCTOSTEIBHO-
CTHU pa3psiia. fIBieHue, Korjaa CTpUMEpPbl HE JOCTUTAIOT MPOTUBOIIOIOKHOTO
ANEKTPOJA, NMOJIYYW HA3BAHUE KOPOHHOZ20 pa3paoa 6 cCmpumepHoil gopme
(cmpumepnas kopoua). [{ns npoOOsi BCEro MEXINEKTPOAHOTO MPOMEKYTKA
HEOOXOUMO €Ile yBEJIUYUTh HampspbkeHue. Torma oOpasyercss CTpUMEpHBIN
KaHaJl, KOTOPbIH MPOJABUTAETCS OT 3JEKTPOJA C MOBBIIIEHHON HANpPsHKEHHO-
CThIO (OCTpHE) K MPOTUBOMOJOKHOMY 3iekTpony. [locie mnepembikaHus
POMEKYTKa CTPUMEPHBINA KaHal TpaHcopmupyercs B UCKpoBoil. [Ipuuem,
po0oil MPOMEXKYTKA MPH MOJOKUTEIBHON MOJSIPHOCTH JEKTPOIA C MAJIbIM
paanycoM KpHUBHU3HBI (OCTpHE), MPOUCXOIUT MPH MeHbIIUX B (2 — 2,5 pa3za)
HaMpPsHKEHUSX, YeM MPU OTPULATENBHONW. DTO SIBJICHUE CBSI3aHO C BIHMSHUEM
noJis 00BEMHOT0 3apsijla B MEXKIJIEKTPOJHOM IPOMEKYTKE U Ha3bIBACTCS
Ippexmom nonapuocmu. 1lpu 10CTaTOYHONW MOIIHOCTH HCTOYHHMKA TOKa
UCKpa pacIIupssCh, IpeoOpa3yeTcs B 3JEKTPUUECKYIO AYTY.

B pe3xoneoonopoonvlx nonax nanpsacenue npooosa ecezoa Oovuie
HANPAI}CEHUA 603HUKHOBEHUA KOPOHHO20 Pa3paoa 6 n11doil ghopme.

1.1.8. JIngepHblii pa3psaa B JIIHHHBIX IPOMEKYTKAX

B niuHHBIX MpoMeXyTKaxX (AECATKU-COTHU CAaHTUMETPOB U Oojee) u
PE3KOHEOHOPOIHBIX MOJAX (KOI(PGUIIMEHT HEOTHOPOAHOCTH Mot K,>3)
BO3HUKACT JiudepHulil pazpsad. OT aKTUBHOTO JICKTPOJ1a U3 00JIACTH CHUIILHO-
ro 1oJis, IO TPACKTOPUH, MPOKIAAbIBAEMON MPEAIIECTBYIOIIMMUA CTpUMEpa-
MU (CTPUMEPHOI KOPOHOI1), MPOpacTaeT KaHal, MPOBOJIUMOCTb KOTOPOTO Ha
2-3 mopsiKa BBIIIE, YEM y CTpUMEpa. DTOT Pa3psAHbIA KaHA MMOJTYYUBLIUI
Ha3BaHUE Jiudep, NPEACTABISIET COO0I BOJIHY HOHU3ALIMH, KOTOPasi ABUKETCS
10 TIOATOTOBIIEHHOW CTPUMEpPAMU TPACKTOPUU CO CKOPOCTHIO 10°+10° cm/c.
[Tocne Toro, Kak Jnuaep «AOTOHSET» CTPUMEPHBIA KaHal, IPOUCXOOUT €ro
OCTaHOBKA M PacUIMPEHUE C OJHOBPEMEHHBIM CHUKEHUEM SIPKOCTU CBEUEHUS
3a CYET YMEHbIIICHHUS] WHTEHCHBHOCTH peKoMOuHaiuu. Beicokas mpoBonu-
MOCTb JIMJIEPHOTO KaHalla 00eCIIeYrBAET BHIHOC MTOTEHIIMANIA HAa €T0 TOJIOBKY,
BBICOKYIO HANPSIKEHHOCTH MOJIsl, MTHTEHCUBHYIO MOHU3AIMI0O U HEMPEPHIBHOE
pasButHe cTpuMepoB. [lo Mepe mporpeBa 0JJHOT0 U3 HUX, IO HEMY pa3BUBa-
€TCsl CIeAYIOoIlasl BOJHA MOHU3ALMM — CTyneHb auaepa. CTpykTypa iuaepa
mokaszaHa Ha puc. 1.8. JlnameTp kanana BO6mm3m romoBku 10~ cM. Cam mu-
JIEPHBIN KaHaJl OKa3bIBACTCS OKPYKEHHBIM «YEXJIOM» MPOCTPAHCTBEHHOTO
3apsana.
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OcHOBHOW TpUUYMHON 0Opa3oBaHUs JUICpPAa B BO3AyXe, T.C. YCIOBHEM
CIPUMEPHO — JTUOEPHO20 hepexo0a, SIBISCTCS TOBBIIICHUE TEeMIEpaTyphl
rasa IpuBOAIIEe K mepmuueckoil uonuzayuu. Toxk HarpeBaeT KaHa JUe-
pa 10 HECKOJIBKHUX THICSY I'PATYCOB.

Puc.1.8. Cxema nudepa, npopacmaroujeco om noioicumenrbHo20 0Cmpusl.
Cmpykmypnule anemenmol. 1 — kanan mudepa; 2 — 2on106ka;, 3 — cmpumepHas
KopoHa, 4 — cmpumepsl uexna,, S — 1a8UHA, BMALUBAIOWASCS 8 20JI08KY CmMpumepa
(nokazana moabko 00OHA JABUHA Y OOHO20 U3 MHO2OUUCTIEHHBIX CIMPUMepos,, A —
anoo; K — kamoo.

3aBepias pacCMOTPEHUE JIMJIEPHOTO MPOLECCA, YKAKEM Ha CXOJCTBA U
pa3nuuus ABYX IUIa3MEHHBIX 00pa3oBaHUM — cTpuMepa u auzaepa. Jluaep u
CTpUMEp — IUIA3MEHHBIE KaHaJbl, PACIPOCTPAHSIOIINECS BO BHEIIHEM MOJIE
MEXAIEKTPOJHOr0 MNpoMexyTKa. [IpoBOAMMOCTH KaHAJIOB COIOCTAaBUMBI,
pasnuyasch He 0oJjiee yeM Ha OAUH — JiBa nopsaka. [lia3ma ctpumepa CKIOH-
Ha K MOTepe NPOBOAMMOCTH, OCOOEHHO B BO3AYLIHBIX MPOMEXKYTKaX, MiiasmMa
auzaepa — HeT.

1.1.9. Moanus

Monnusa — kak ¢popma 2azoeozo pazpsaoa. I'panano3noi Gpopmoii razo-
BOT'O MCKPOBOTO pa3psiia sIBIAETCS MoaHua. MoaHus npeactaBisieT coOoi
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JUACPHBIN pa3psijl, MPU KOTOPOM B KAYECTBE AJIEKTPOJOB Pa3psaHON cHUCTe-
MBI BBICTYIAIOT 3apsDKEHHOE 00J1ako M 3eMiis WM J[Ba 3apsDKEHHBIX O0Jaka.
Jliist 0o6pa3oBaHMsI MOJIHUH, KaK M OCYLIECTBIIEHUS JIFOOOTO pa3psAHOro Mpo-
1ecca, He0OXOAMMO HaJIMUUeE MEKTPUYECKOro MOJs. DISKTPUUECKOE MoJie B
atMocgepe 3eMiIM BO3HHMKAET B pe3ysbTare 00pa3oBaHMs U MPOCTPAHCTBEH-
HOTO pa3/iejeHHs] MOJOKUTEIbHBIX U OTPUILIATEIbHBIX 3apsIOB 3a CUET BOC-
XOSIINX ¥ HUCXOMAAIIUX MOTOKOB B Bo3ayxe. Ecau mone mexay obmakamu
WA MEXKIY 00JIaKOM U 3eMJIeii JOCTUTaeT 3HAYEHUs, JOCTAaTOYHOIO JIJIs TIPO-
0051 Bo3ayxa, mpoucxoauT paspsa. [Ipu xoporei moroje HampsKEHHOCTh
3JIEKTPUYECKOTO MOJISI y MOBEPXHOCTU 3eMJIM B cpeaHeM cocTaBisieT 100-
150 B/m. [ToBepxHOCTH 3eMiu 3apsiKeHa OTPULIATEIBHO, @ MOHOC(EPHI — IO0-
JIOKUTENBHO. 3HAYEHHS YICIbHOTO COMPOTUBIICHUS BO3/lyXa y MOBEPXHOCTU
oKeaHa HaxoaaTcs B mpeaenax — 107 =10 OM'M, MO3ToMy MIIOTHOCTH TOKA
B aTMocdepe gocTatodHo Maa — 3-107 A/m?.

Inekmpuzayus ¢ 2po3oeom oodnaxe. IlepBas HaydHas THUIIOTE3a 00pa-
30BaHMsI TPO30BOro obisiaka Obuta chopmynupoBana M.B. JlomoHOCOBEIM B
nanexkom 1753 r. CornmacHo 3Toi T€OpUH, KOTOpasi akTyallbHa U 110 CEU JI€Hb,
rpo30Boe 00JaK0 00pa3yeTcs B Impolecce OBICTPOro MepeMeIIeHns BO3IyXa B
BEPTHKAJIBHOM HANpaBlICHUH M KOHJEHCAIMHM COJCpIKallleicss B HEM BJaru
npu ero oxnaxaenuu. Coaeprkamuecs: B 00JaKe Karian BOJbI MOISIPU3YIOTCS
B DJIEKTPUYECKOM TIOJie 3eMJIM U TPEACTaBISAIOT coOoi mumonu. Tak Kak
AIIEKTPUYECKOE T0JIC HAMIPABJICHO K 3emiie, TO Ha HMKHHUX YacTsX Karemb Ha-
KaIlJIMBACTCs TIOJIOKUTENbHBIN, a Ha BEPXHHUX OTpHUIATENbHBIA 3apsan. [lpu
NaZeHUM TSKENbIX Karelb MOJIOXKUTEIbHbBIE HOHBI BO3/TyXa OTTaJIKUBAIOTCS,
a OTpuUlIaTeJIbHbIE MOHBI 3aXBATHIBAIOTCS TaKUMU KaruiaMmu. [loaromy karum
OKa3bIBAIOTCS 3aPSHKEHHBIMU OTPULIATENIbHO. Menkue Kamid, yBJIeKaeMble
BOCXO/SIIIIUM ITOTOKOM, HA000POT, 3apsiKaroTCsl MOJIOKUTENbHO. B pe3yibTa-
T€ HWKHSISI 4acTh 00Jlaka OKa3bIBAETCs 3apsHKEHHOM OTPULATENBHO, a BEpX-
HSIsl — NOJIOKUTENBbHO. [103TOMY Tpo30BO€ 00J1aKO MOKHO MPEJICTABUThH B BU-
Jie OOJIBIIIOr0 AMMOJIA C 3apsioM, B cpeaHeM paBHOM mpumepHo 25 Ki. Us-
MEpEHHUs MOKa3aliH, YTO LEHTP MOJOKUTEIBHOTO 3apsia rpo30BOTr0 obiaka
HaxOJUTCS Ha BbICOTE 2—3 KM, r1ie Temneparypa coctasiset ot 0 go —20 C.

I'po3zoeoit pazpao. J1ns BOSBHUKHOBEHUS TPO30BOrO pas3psiia HEOOXOIu-
MO, YTOOBI HAIPSHKEHHOCTHh DJIEKTPUYECKOTO IOJII B HEKOTOPOH o0nacTu
JIOCTUTIIa HECKOJIBKUX KWJIOBOJBT Ha CAaHTHMETp. B 3aBUCHMOCTH OT TOTO,
r7ie BO3HUKAET yKa3aHHas HaNpsHKEHHOCTh, Pa3juyaroT JBa BUAA MOJHUU —
HUCXOJAIasi U Bocxondias. Eciu HanpsKeHHOCTh UMEET MECTO BHYTPHU
o0Jyiaka, TO BO3HMKAaeT BHYTPUOOJAYHBIM pa3psii WIM pa3psia Ha 3emMito —
HUCXOJs1ast MOJTHUSA. Eciu HanpsyKeHHOCTH OISl CUIIBHO UCKaXKAeTCs Y MO-
BEPXHOCTU 3eMJIH, HAIPUMEP BHICOKMMH OallTHSIMU WM aHTEHHAMH, TO BO3-
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HUKAET MOJIHUS, Pa3BUBAIOIIASCS OT 3eMJIM K 00J1aKy — BOCXOSIast MOJTHUSI.
CaeroBas Benblllika MOJTHUU AyATcs B cpeaaeM 200 mc. OHa cOCTOUT U3 He-
CKOJIBKMX UMITyJIbCOB 10 10 Mc ¢ uHTepBanamu npumepHo mo 40 mc. Kax-
JIBIA UMITYJIbC HAYMHAETCS C MPOPACTaHUS OT OOJiaka K 3eMIie JUdepHO20
Kaunana.

Cetutcsa kaHan ci1abo, 32 UCKIIOUYEHUEM TOJOBHOM yacTu. Jlunep me-
PEHOCUT OTpUIIATENbHBIN 3apsa]l (M3 OTPULIATEILHOTO O0JaKa), Py ATOM Te-
yet Tok nopsiaka 100 A. Tlo mepe npubnmkeHust K 3emiie, KaHal HaYMHAET
Pa3BETBISITHCS, IIYTH BETBEH MMEIOT 3Ur3arooopasusiii xapakrep. Korga oc-
HOBHOM JIUJIEp AOCTUTAET 3€MJIM, IO €ro MyTU C OrPOMHOM CKOPOCTBIO TO-
psanka 0,1 — 0,3 ckopocTu cBeTa pacpOCTPAHAETCS SIPKO CBETALIMKCS KaHAJ
— oOpaTrHas BOJIHA. DTO SIBJICHUE HA3bIBAECTCS BO3BPATHBIM yAapOM WJIHU TJIaB-
HOU CTaauer MOJHUU. TOK MOJIHMM IIPU 3TOM JOCTUIaeT MaKCHUMAaJIbHOU Be-
nuyuHbl nopsanka 200 kKA. Umenno ¢ smum moxom ceA3anbvl ONACHbIE 603~
oelicmeus MOJITHUU GbI3blAIOUIUE NEPEHANDANCCHUA 6 JTUHUAX I1EeKMPOo-
nepeoau.

OT TerIoBBIIENIEHUS B Pa3psAIHOM KaHaJle MOJIHUU MOBBIIIAETCS J1aBJie-
HUE, YTO CIY>KUT UCTOYHUKOM YJIapHOUM BOJIHBI. Y IapHasi BOJIHA MEPEXOAUT
B aKyCTHYECKYI0, KOTOpasi BOCIPUHUMAETCS Kak gpom. Ilpu pa3psiae MoiHuu
BBIJICIIACTCA SHeprusi Ha ypoHe ~10°+10'" Jx, koTopas COOTBETCTByeT
SHEPI'UH B3PbIBA MOPSAJIKA HECKOJIBKUX TOHH B3PBIBUYATOIO BEIIECTBA.

Puc.1.9. Cxema paszpaoa monHuu. a — nepebviil iudep uoem K 3emie co
CKOPOCMBIO Vi | 6 — BOIHA 8036DAMHO20 YOAPA UOEN 88ePX CO CKOPOCMbIO
V2, 8 — NPOU3OWLEN BHYMPUOOIAUHBLI NPOHOL OM KAHAA 8036PAMHO20 YOa-
pa HA 11e8yio 4acme 001aKd, 2 — 8MOPOI IUOep OBUNCEMCSL CO CKOPOCMbIO
V3 0 YACMUYHO PACNABWIENCSL NIA3ME UCKPOBO2O KAHAA.

Monnua — Kak ucmoYHUK 2po3oevix nepenanpaxycenui. llpu ynape
MOJIHUM B JIMHUIO 3JIEKTPOIIEpeIay Ha IPOBOJAX CO3AETCsl BBICOKOE Hamps-
KEHUE OTHOCUTEIBHO 3eMJIH, MOoJ JACHCTBHEM KOTOPOro B 00€ CTOPOHBI OT
MecTa yaapa BIOJb JIMHUM PAaCIpPOCTPAHSAIOTCS BOJIHBI IEPEHAIPSKECHUI.
ATMochepHble TIepeHanps>KeHUsI COBMECTHO € pabOYMM HaIpsiKEHUEM BO3-
JCHCTBYIOT Ha M3OJISIIIUI0 000PYIOBAHUSA U MOTYT IMPHUBOJUTH K BBIXOJY €TI0
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U3 cTposi. TOK MOJIHUU, IPOTEKAIOMINI Yyepe3 MOpaKEHHbIN 00bEKT XapaKTe-
pHU3yeTcsd MaKCUMAJIbHBIM 3HaU€HUuEM [, , M CpeHeN KpyTU3HOU ppoHTa a:

dl
a _( dt j (1.28)

U JUIMTEIBHOCTBIO UMITYJIbCA T,, PABHOW BPEMEHU YMEHBIIECHHs TOKA J0 I10-
JIOBUHBI MaKCUMAaJIbHOI'O 3Ha4eHUs. IHTEHCUBHOCTH IPO30BOM IE€ATEIBHOCTH
MPUHATO XapaKTEpPU30BaTh YUCIOM TI'PO30BBIX JIHEW B Oy WM OOIIEH Mpo-
JTOJDKUTEIIBHOCTBIO P03 B Yacax. YMUCIO IpO30BBIX JTHEW WA 4acOB B IOy
OIpENENSAETCS] Ha OCHOBAaHMU MHOTOJETHUX HAONIOACHUH METEOpOJIOoTHYe-
CKMX CTaHLMW. Tak, HapuMep, YCTaHOBJIEHO, YTO B palOHAX C YUCIIOM I'pO-

30BBIX AHEi B Toxy # = 30, 1 xu’ MOBEPXHOCTH 3eMIIH B CPEHEM MOPAXKACT-
cst 1 pas B 2 roza. Takum 06pa3oM, CpejHee YHCII0 Pa3psiIoB MOTHHHE B 1 kM
MOBEPXHOCTH 3€MJIM 3a OAWH I'po3oBoil yac paBHo 0,066. Takoro pona ngaH-
HbIE TIO3BOJISIIOT OLIEHUTh YaCTOTY MOPaKEHUsI MOJTHUEN Pa3IMYHbIX dHEpre-
TUYECKUX OOBEKTOB.

VY aapsl MOJIHAM B Ha3eMHbIE OOBEKTBI YacTO COMPOBOXKIAKOTCS MOXKa-
paMd U MeXaHWYeCKUMHU pazpyuieHussMu. CpelncTBa 3alIUThl OT MOJHUU
(MOJTHUEOTBO/IBI, 3a3€MJIMTENN) AOJKHBI BBIAEPKUBATh yJIapbl MOJHUU Ca-
MOl OOJBIION MHTEHCUBHOCTH. /{7151 3TOr0 HE0OX0IMMO ONPEETUTh KOIHYe-
CTBO TEILJIa, BBIJEISIOIErOCs B MPOBOJIHUKE MPHU yJIape MOJHUU U TEMIIepa-
TYpbl, 0 KOTOPOM MPU ATOM HArpeBaeTCs MPOBOIHUK:

0=021I,rY.q,, (1.29)
k=1

rie: I, — CpeAHUI TOK MHOTOKPAaTHON MOJIHUH, KA;
¢« — 3apAll, IEPEHOCUMBIN B 3€MJIIO BO BpeMs K— ro paspsaa, Kir;
¥ - aKTUBHOE COIPOTUBIIEHUE IPOBOJHUKA, OM.
Temneparypa ¢, 10 KOTOpOM HarpeBaercs NPOBOJHMK, ONPEHEISIETCS
KaK:

=2 (1.30)

B sley”

2
r7ie: § — CEYeHUE MPOBOJAHUKA, M
[ — nMHa NPOBOJHUKA, M;
¢ — yzenbHas TermoeMkocTh, kJ[x/(kr °C);
3
Y — yIeIbHas Macca IMPOBOJAHUKA, KI/M”.
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1.1.10. yrosoii pa3psa

yzo60ii pazpad — caMOCTOSITENBHBIA 3JIEKTPUUYECKUN paspsia B rase,
rOpAIIAA TP OTHOCUTEIBHO HU3KOM HAMNPSHKEHUU, KOTOPOE COOTBETCTBYET
3HAUYEHUSIM MOTEHI[Mala MOHU3AIlMA aTOMOB Ta3a (eAMHUIbI-IeCSITKA BobT).
OCc00OEHHOCTBIO JYTOBBIX Pa3psAOB SBISETCS CYIIECTBOBAaHHE OOJIBIIUX TO-
KoB (1-100 kA) KOTOpbIE OTPaHUYUBAIOTCS TOJIHKO MOLIHOCTHIO MCTOYHUKA
MUATaHUS pa3psa.

Bnepseie gyrosoit paspsa Habm0AalICsS MEXIY IBYMS YTOJIbHBIMU SJI1EK-
Tponamu B Bo3ayxe B 1802 r. B.B. IletpoBbiM. CBeTsuiicss TOKOBBIA KaHA
ATOTO pa3psjia MPU TOPU3OHTAIILHOM PACIONI0XKEHUU AJIEKTPOJIOB U3-3a rpa-
BUTAIIUU AYrooOpa3HO M30THYT, YTO U OOYCIOBUJIO Ha3BaHUE. XapaKTEPHOU
YepTOM JAYTrOBOr0 pa3psna SABJISETCS HAJUYKME OYEHb SAPKOTr0, MAJIOro MO pas-
Mepy IsSITHA Ha KaTojAe (KamooHoe nAmHO), B KOTOPOE CTSHYT pa3psiaHBIN
TOK. B mpoiiecce ropenus pa3psjia KaTOAHOE MATHO XaOTHUYHO MEPEMEIIAETCS
[0 MOBEPXHOCTH Karoja. Temieparypa MOBEPXHOCTH 3JIEKTPOAA B IATHE
JIOCTUTAeT BEJIMYMHBI TEMIIEPATypbl KUIEHUs MaTepuaia karoja. [loatomy
3HAYUTEIBHYIO POJIb B (DOPMUPOBAHUM TOKA TYyTOBOTO paspsa UTPAET Tep-
MODXJICKTpOHHAsI dMuccus. Ham KaTomHBIM TSTHOM 0Opa3yeTcsi CIOW IOJI0-
KUTETHHOTO TPOCTPAHCTBEHHOTO 3apsijia, KOTOPBIM 00ECTICUnBAET YCKOPEHUE
AMUTHUPYEMBIX SJIEKTPOHOB JI0 SHEPI'UH, TOCTATOYHBIX JJIsI YAApHOU MOHHU3a-
MU aTOMOB U MOJIEKYJI Ta3a. DTOT CJION CO3/1a€T BBICOKYIO HAIPSKEHHOCTh
AIIEKTPUUYECKOTO TOJIS Y TOBEPXHOCTH KaToAa, 0COOEHHO BOJIM3U €CTECTBEH-
HBIX MHUKPOHEOJHOPOAHOCTEH MOBEPXHOCTH, YTO MPUBOJUT K YCUIIEHUIO PO-
JI aBTORJICKTPOHHOM 3MHUCCUU. BhICOKasi MIIOTHOCTh TOKA B KATOJHOM IIATHE
—10° = 10" A/em® u mocTosSHHOE MePEeMENIEHUE KATOJHOIO ISITHA CO3/Ia0T
YCJIOBUS JIJIsI BOBHUKHOBEHHUS B3PBIBHOM AJIEKTPOHHOM smuccun. Hemocpen-
CTBEHHO K 30HE€ KaTOAHOTO MaJCHUS MOTEHIMala MPUMBIKAET MOJIO0KUTEIIb-
HbII cTOJIO aHOMHOM YacTu Ayru. Ha aHonme dgopmupyercs sipkoe aHOTHOE
MSTHO, HECKOJIBKO OOJIBIIIErO pa3sMepa U MEHEe MOJABUKHOE, YeM KaTOJIHOE.
Harpetslii 1o Beicokoit temneparypsl 7 = 6.000 — 12.000 K, a nHorna u
BBITIIE MOHU30BAHHBIN T3 CO CTENICHBIO MOHM3AIMH 0K0JI0 107, B cTONOE SIB-
JSI€TCS TEPMOMOHU30BAHHOW IUIA3MOM, B KOTOPOW KOHUEHTPALUU SJICKTPO-
HOB U MOHOB paBHbI. KpoMme onucaHHON Jyru ¢ XOJIOJHBIM KaTOJIOM, CyIle-
CTBYIOT JIyTM C HaKaJIMBaeMbIM (TE€PMOAIMUCCHUOHHBIM) KaTOJIOM, BaKyyMHBII
Oyru (TOpAT B Mapax METAJJIOB, 00pa30BaHHBIX 32 CUET UCHAPEHMSI 3IEKTPO-
JIOB) U T.]I.

3HaHUEe 0COOEHHOCTEH M 3aKOHOMEPHOCTEH 3aKUTaHUsl AYTOBBIX pa3psi-
JIOB HEOOXOAMMO MPU MPOCKTUPOBAHUM U IKCIUTyaTallMU 00BEKTOB AJIEKTPO-
sHEpreTuku. BeiencTBue 60IbIINX TOKOB, 3aKUTaHUE JTYTOBOTO pa3psijia Be-
JI€T K BOSHUKHOBEHHUIO aBApUUHOT0 PEKMMa B CUJIOBBIX IIEMSAX M YCTAaHOBKAX
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BBICOKOTO HAMPSKEHUS, KOTOPBIN, MOXKET 3aBEPIIUTHCS BBIXOJIOM M3 CTPOS
AIEKTPUUECKOT0 000PYT0BAHHS.

1.1.11. Kopounnslii pa3psijg

Oowan xapakmepucmuka KoOpoHHo20 paspsaoa. Kopounwlit pazpsao —
OJIMH U3 BUJIOB CAMOCTOATEIBLHOTO pa3ps/ia, BOSHUKAIOIIMIA B IIUPOKOM JI1a-
Ma3oHe JaBJIeHUM — OT coTeH goJiei I1a no armocdepHoro u Boie. Ocoden-
HOCMb KOPOHHO20 pA3pada cOCMOUm 6 mom, Ymo OH Modcem He 3asep-
wiumupca npoooem npomedxcymka. KopoHHBINM pa3ps]l BOSHUKAET y AJIEK-
TpoOJla C MaJIbIM PanyCOM KPUBHU3HBI U TOPUT B BHUJIE CBETSIIETOCS OpeoJia —
«KOpOHBDY (0TCIOAa W Ha3BaHue). Q0A3amenbHbIM YC108UEM B03HUKHOGE-
HUA KOPOHHO20 pa3paoa AeAAemcs 3HAYUMENbHAA HEeOOHOPOOHOCHLb
31eKmpuueckozo noas, K,23. Takoe anekTpruieckoe mojie BO3HUKAET y MPOo-
BOJIOB JIMHUU AJIEKTpOIEepeaay, MOSIBJICHUE KOPOHHOTO pa3psiia y KOTOPBIX
NPUBOAMUT K MOTEPSIM AJIEKTpUueckoil 3Hepruu. [loTepu Ha KOPOHY MOTYT
ObITh CYIIECTBEHHBIMH M YacTO OKa3bIBAIOTCS CPABHUMBIMU C MOTEPSIMHU
JDKOYyJIeBa Teruia B npoBoAax. MoHu3alMoHHbIE TIPOLECChl B KOPOHHOM pa3-
psifie MPOUCXOAAT TOJIBKO BOJU3H 3IEKTPOJIa C MaJbIM PaANyCOM KPUBU3HBI,
ATy 30HY Ha3bIBAIOT 4exs10M KOPOHbl. B 3aBUCUMOCTH OT MOJISIPHOCTH DJIEK-
TPOJIa pa3aInyaroT OTPULATEIBHYIO U MOJOKHUTEIBbHYIO KOPOHBL. 3a CYET IPO-
LIECCOB YJIaPHOW MOHU3ALIMM B Ye€XJIE KOPOHBI HEMPEPBIBHO CO3AIOTCA 3aps-
’KEHHbIE YaCTHUIIbI 00OUX 3HAKOB. YacTHUIBl TOrO K€ 3HaKa, 4YTO U KOPOHU-
PYIOIIMIA 3JIEKTPOJ, MO IEUCTBUEM JIEKTPUUECKOIO MOJIS BEIXOJAT U3 YeXJia
KOPOHBI BO BHEIIHIOIO 00JIACTh U MOCTENEHHO MEPEMEIIAIOTCS K MPOTHBOIIO-
JIO)KHOMY 3JIEKTPOAY.

Koponnwit paspao npu nocmoannom nanpaxycenuu. llpu nocrosu-
HOM HaIlpSOKEHUU Pas3iinyaroT JIBa BHUJIa KOPOHHOTO pa3psa — YHUIIOJSIPHBIN
U OUIOJSIpHBINA. YHUIOISPHBIA KOPOHHBIN pa3ps] (yHUIOJIApHAs KOPOHA)
BO3HHMKAET B TOM Clly4ae, KOTJja KOPOHUPYIOUIUE AIEKTPObl B MPOMEKYTKE
UMEIOT OJIMHAKOBYIO MOJIAPHOCTH. [Ipy yHUNONMSPHON KOpPOHE BCS BHEIIHSIS
30Ha 3all0JIHEHA 3aps/laMd TOTO K€ 3HaKa, YTO U KOPOHUPYIOMIMKI MPOBO/I.
Pacnpenenenue 3aps10B B YHUNOJAPHOM KOPOHE MTOKa3aHo Ha puc.l.10.
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Puc. 1.10. Pacnpeoenenue 3apsaoa 6 yHUNOAAPHOU KOPOHe.

bunonsipHbIii KOPOHHBIN pa3psan (OUMOJsIpHAs KOPOHA) BOSHUKAET B TOM
clly4yae, Korja KOPOHUPYIOUIUE 3IEKTPOAbl UMEIOT MPOTUBOIOJIOXKHYIO IO-
JspHOCTh. Pacnpenenenue 3apsiaa B 3TOM ciydae nokaszaHo Ha puc.l. 11.
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Puc.1.11. Pacnpedenenue 3apsoa 6 6unoaspHoii Kopoue.

Bo BHenHel 30He OMMOJIIPHON KOPOHBI MOHBI Pa3HBIX 3HAKOB JABUKYT-
Csl HABCTpeuy Apyr apyry. Eciu Obl Ha rpaHuile HYJIEBOro MoTeHIMana, (Jiu-
HUSl HYJIEBOT'O MOTEHIMAa MOKa3aHa IITPUX-IMYHKTHPOM Ha puc.l.11) mpo-
UCXO/AMJIA TIOJHAsT PEKOMOUHAIMS MOHOB, OUIIOJIIpHAsi KOPOHA COCTOsUIa Obl
U3 JIBYX HE 3aBUCAILLUX APYT OT IpYyra YHUIIOJSIPHBIX KOPOHHBIX pa3psnoB. B
JIEMCTBUTEIILHOCTH Ha I'PaHULIE pa3/esia MPOUCXOAUT JIMIIb YaCTUYHAs pe-
KOMOMHAIIMS MOHOB, U 3HAYUTEIbHAS UX YacCTh MPOHUKAET BO BHEUIHIOIO 30-
HYy IIPOBOJA IPOTHUBOIIOJIOKHON NOJSIPHOCTU. [Ipu 3TOM ymeHbIaercs cym-
MapHbIi, 00BEMHBIN 3apsi 3TOM 30HBI. [T TOro yTOOBI BOCCTAaHOBHUTH 3HA-
YeHHUE HaIpsDKEHUs, 00ecTeyuBaloniee COXpPaHEHWE HAYaJbHOM HampsKeH-
HOCTH IIOJISI HA MIOBEPXHOCTH NPOBOJA, MOHU3ALMS B YE€XJIE KOPOHBI TOJKHA
BO3PACTH U U3 Y€XJA KOPOHBI JOJDKEH BBIACIUTHCS JOMOIHUTEIBHBIN 3apsi
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JUISL HEUTpalau3aluy MPOHUKINNX 3apsaoB. biaromaps 3ToMy TOK KOPOHBI, a
CIIEZIOBATEIIbHO, U HOmepu IHEPZuu 6 OUNONAPHOL KOPOHE 3HAYUMETbHO
Oonvuie, uem 6 yHUNONAPHOIL.

KopoHHBIN pa3psa BBIHYKAA€T OTPAHUYMBATL HANPSHKEHHOCTDH DJIEK-
TPUYECKOTO MOJII y MOBEPXHOCTH BBICOKOBOJIBTHBIX JJIEKTPOJOB MHOTHX
KOHCTPYKUMI W MPOBOJOB JMHUHN 3neKkTpornepenayd. OrpaHu4eHus: JOCTH-
raroTCsl yBEIMUYEHUEM Pa3MEpOB JIEKTPOJIOB, pHUaaHusi UM (opMbl, odecre-
YHBAIOIIEH OONBIIYI0 OAHOPOJHOCTD IMOJISI, NOJUPOBKOW 3JIEKTPOJOB U T.1.
Ha nuHusax snexrponepenayn ¢ HOMHUHAIBHBIM HanpsbkeHueM 330 kB u BbI-
1€ CHW)KECHUE HANPSHKEHHOCTH JIEKTPUYECKOTO TOJII HAa MOBEPXHOCTH IPO-
BOJOB JOCTHUTaeTCs PACLICIICHUEM IPOBOAOB, T.€. HCIOJb30BaHUEM 4-6
IIPOBOJIOB Ha OAHY (ha3zy, KOTOpPbIE B PE3yJbTaTe YBEIMYMBAIOT 3((HEKTHUB-
HBIN pagnyc. HadanbHas HanpssKEHHOCTh 3JIEKTPUYECKOro Mo £y, COOTBET-
CTBYIOLIAs IOSIBJICHUIO KOPOHBI, 3aBUCUT OT PaJilyca KpPUBU3HBI IEKTPOJA,
BUJA ra3za, €ro OTHOCUTEIbHOW IJIOTHOCTU U psana Apyrux ¢axrtopos. [lapa-
MeTp £ OKa3bIBaeTCs BAXXHBIM IIPU pacyeTe MOTEph JHEPruu Ha KOpoHy. Ha-
qaJibHasl HANPSKEHHOCTD JIEKTPUYECKOTO I0JIs, COOTBETCTBYIOIIAs MOSIBIIE-
HUIO 00IIel KOpPOHBI HA OJJMHOYHOM IIPOBOJE C 7, < 1CcM paccuuThIBaeTcs IO

dbopmyie [luka:

0,298

rae: Ey— HavanbHast HalPsHDKEHHOCTH 3aKUTaHusl KOPOHBI, (KB/cM);
m — KO3(QPUIIMEHT TTaJKOCTH MPOBOAA (U1 XOPOIIO OTIIOIHPO-
BAaHHOI'O KpYyTIJIOro mpoBoja m = 1);
O — OTHOCHTENIbHA TNIOTHOCTh BO3AYXa;
¥,— paguyc IpoBOJA.

Ex =30,3mo| 1+

(1.31)

ITpu 7,> 1 cM pacdyeT HEOOXOAUMO BECTH 11O (PopMyIie 3aJIECCKOrO:

(1.32)

Ex = 24,5m§{1 + ﬂ}

(70)™*

@opmynsl (1.31 u 1.32) paroT HEOOXOAUMYIO TOYHOCTh JJIS OLCH-

Ku E, 111 IPOBOJIOB, KaK JJIsl TOCTOSIHHOTO, TaK U JIJIs aMIUIUTY/Ibl IEPEMEH-
HOT'O HaNPSHKCHUS.

Kopounwtit paspsao npu nepemennom nanpaxcenuu. Ha nepemen-

HOM HampspDKEHUM KOPOHHBIN paspsijl 3aKUraeTcs Mpu JTOCTHXKEHUH Hadallb-

HOTO HANpsDKEHMsI, PABHOTO HANPSHKEHUIO 3aXUTranus KopoHsl U, = U, nipu
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BpeMeHHu ¢ (puc.1.12, a). Bokpyr npoBoja o0pa3yercst 30Ha MOHM3AIUH, Ha-
3pIBa€Masl 4exJioM KopoHsbl (puc.l.12, ¢) M3 uexia KOpOHBI MOJOKUTEIbHBIE
3apsAbl BBIHOCATCA B OKpYKaloIee MPOCTPAHCTBO M OOpa3yrOT BHENTHUMN
o0weMubIit 3apsn (O3). [Iporiecc KOpOHUPOBAHUS MPOIOJKAETCA 10 TEX TIOP,
[IOKa HANPSKEHUE HE NOCTUTHET Uy, TIpU 1. HecMmoTps Ha moBbiienne U
0 Ulyaxe, HATIPSDKEHHOCTh HA MPOBOAE OCTAETCS MOCTOSIHHOW W paBHOM E
M3-3a BIUSIHUSA 00BEMHOTO 3apsjia. 3aTeM HalpsHKEHUE HAUMHACT CHUYKATHCS.
CHUHXPOHHO CHMJKA€TCS M HAIpPSKEHHOCTh HA MPOBOAE E; 4TO MPUBOJIUT K
noracanuto koponsl. Ho mociie moracanus KopoHslI (1ocie #,) B MPOCTPaHCT-
BE€ BOKPYT MPOBOJIa OCTACTCS MOJOKUTEIbHBIN BHEUIHUNA OOBEMHBIN 3apsij,
KOTOPBIN enie yaaisercs: oT npoBoja (puc.l. 12, ). Pacctosinue, Ha KoTopoe
yaanserca oObeMHBIN 3apsij, 3aBUCUT OT HANPSHKEHUs HA MPOBOJE U COCTaB-
asieT ~ 40—100 cm. Pa3HOCTh MOTEHIHAIOB MEXAYy IpoBojioM u O3 yBenuyu-
BAETCSl MO MEpPE YMEHBIIICHUS] HANPSKEHHOCTH Ha MPOBOJE N0 BPEMEHU f3.
Emie 1o poctukeHus f; MOTEHIMAN HA MPOBoje oTHocutenbHo O3 npuodpe-
TaeT OTpHUlIaTeNIbHOE 3HaueHue (yCJIOBHO mpu ;). U nipu t4 (puc.1.12, a, 8),
Korja HampsikeHue nocturaet Uy, KOTOpoe 3HAUUTENIbHO MeHbIe U, 3aKu-
raeTcsi oTpularelibHas KopoHa. [Ipu 3TOM OTpUIIATENIBHO 3apsKEHHBIE Yac-
TUIIBl HAYMHAIOT JIBUTAThCS OT MPOBOJA BO BHEIIIHIOI 00JIACTh, 2 HABCTPEUY
(K mpoBOMY) ABUKYTCS MOJIOKHUTEIIBHO 3apsKEHHBIE YACTHUIbI U3 BHEITHETO
o0bemHoOro 3apsaa. [IpoucxoauT penakcamus 3apsHKEHHBIX YaCTHUIl JO0 TOJI-
HOUM KOMIIGHCAIINH MOJOXKUTENbHOTO BHElHero O3 (#5). 3aTeM HakariiBaeT-
cs otpunarenbHeii O3 Bo BHemHeH oOmactu (4g). Bee aTo mpoucxonur 3a
BpeMsi OT #4 10 ¢ (puc.1.12, a, ). B MOMEHT BpeMeHHU #; (HA4aJl0 YMEHbIIIe-
HUS HaNpsHKEHUs1) OTpUIIATENIbHAsh KOpOHA TacHeT. B panbHelmeM Bce 3TH
IIUKJTBI TIOBTOPSIIOTCS, M 3a)KUTaHUE KOPOHBI HA 00EHX IMOJISIPHOCTSAX MPOUC-
xonut npu Uy. Mexay npoBOJOM U 3eMiled nMeeT MecTo eMKOCTh C, KOTO-
pasi 3apspKaeTcsl U pa3pskaeTcsl ¢ 4acTOTOM mepemMeHHOro Toka. Ilpu stom
MEXAy MPOBOJIOM U 3eMJIEH IPOTEKAET EMKOCTHOM TOK i.. (puc.1.12, 6)

dU
 =C—. 1.33
=C— (1.33)

Bo3HuKHOBEHHE KOPOHHOTO pa3psiia B MOMEHT f; MPUBOJUT K MOSBIIE-
HUIO TOKa KOPOHBI I, KOTOPbIN HAaKJIaJbIBACTCA Ha EMKOCTHBIN TOK JIMHUU U
UCKaXKaeT cuHycouay Toka (puc.l.12, 6). InutensHOCTh MUKOB TOKa KOPOHBI
paBHa JUIUTETLHOCTH €€ TOPEHHUSI, T.€. 10 BPEMEHHU f, (UIU Iy — g, 17— 13).

[Ipn mepeMeHHOM HamNpPsDKEHUH KOPOHHUPOBAHUE IMPOBOJIOB OoJiee WH-
TEHCHUBHOE, YeM TPHU MOCTOSSHHOM HAMNPSHKEHUU, U TMPU MPOYUX PABHBIX YC-
JIOBUSIX TIOTEPH SHEPTUU HA KOPOHY CYIIECTBEHHO OOJIBIIIE.
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Ha xapakTepuCTUKN KOPOHHOTO pa3psAa — Ha4aJbHOE HAIPSLKEHUE, T10-
TEPHU YHEPTUH, PATUOIIOMEXH, IIIyM — 3HAYUTEIBHOE BIMSHUE OKa3bIBAOT I10-
rofiHble yciaoBus. ATMoc(hepHble 0CaKU PE3KO CHUXKAIOT HadaJlbHOE HaIlpsi-
YKEHUE BO3ZHUKHOBEHUS KOPOHBI.

OcHoebt pacuema nomepsv Ha Kopowuy. IloTepu sHEpPruM Ha KOPOHY
HKCIEPUMEHTAIBHO MOXKHO OMPEICNUTh MPH MOMOIIU OCIIIIorpadupoBa-
HUS BOJIBT — KYJIOHOBOU XapakTtepucTuku. [Ipu 3TomM norepu 3a 0uH Nepro
ONPEIEISIIOTCS KaK

P=§U-dQ, Br (1.34)

rae O — BenuurHa 00bEMHOTO 3apsia B KOPOHE.

N3 (1.34) caexyer, 4To MOTEPH MPONOPLUMOHAIBHBI TUIOMIAAN, OMHUCHI-
BAEMOM BOJIBT-KYJIOHOBOU XapakTepucTukou. [lorepu s3nepruu npu KOpoHu-
POBAaHUU B €AMHULLY BPEMEHHU I1OICUUTHIBAIOTCS KaK

P=f§U-dQ ,Br (1.35)

rze f — 4acToTa IepeMeHHOro TOKa.

IIpu npoexktupoBannu JIOII moOIB3yIOTCS pacUETHBIMU 3aBUCUMOCTSIMU
IIOTEPHh DHEPIUU IPU KOPOHUPOBAHUH, T.K. UCIIOJIB30BAHUE METOAUKH pacye-
Ta MO0 BOJBT — KYJIOHOBOM XapaKTEPUCTHUKE CBSI3aHO CO 3HAYUTEIBHBIMU
TPYIHOCTSMH.

PacnipoctpaneHHON (QopMynoi as pacyeTa MOTEpPb HA KOPOHY Ha Iie-
PEMEHHOM HampsDKEHUH SIBISETCs sMnupudeckas popmyina [Tuka

P:2

4.1 r, 2 -
~(f +25) —O(U -U ) 107 , kBr/xkm-paza  (1.36)
5 st
rje O — OTHOCHUTEbHAS IJIOTHOCTh BO3/IyXa;

f —uactora, I'li;

Yo — pagnyc OAMHOYHOTO MPOBOJA, CM;

S — paccTosiHME MEXAY MPOBOJAMH, CM;

Ug — neiicTBytolee 3HaueHre pazHoro HanpsikeHus, kB;

Uy — HanpsbKeHHEe BO3HUKHOBEHUSI KOPOHBI, KB.
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Puc. 1.12. Kopona na nposooe npu nepemeHHoM HAnpsaiCeHUuu.
a) usmenenue nanpsxcenust U u nanpsiocennocmu E 6o epemenu;, 6) usmenenue em-
KOCMHO20 MOKA NPo8ooa i U MOKa KOPOHbL Iy 80 BPEMEHU, 8) UeXOl KOPOHbL U 00b-
eMHble 3apsobl 6 PA3IUYHbIE MOMEHMbL BPEMEHU
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UK=21,2°8'I”0-1n§'m1'm2, KB (137)

o

rae m; — Ko3QPUIMEHT TIaAKOCTH MPOBOAA, My — KO PHUIIMEHT moro-
Jbl. J{7s ueanbHO TIIaKoro npoBoda m; = 1, 1uisl peaibHOr0 BUTOTO MPOBO-
na, m; = 0,85+0,92 (3aBUCHUT OT KOH(PUTYpAILIMH TIPOBOJIA).

JIJIf OLIEHOYHOT0 MOJACYeTA CPeIHEr0A0BbIX MOTEPb BCE MOTOAHbIE
yCJIOBUSA pa30ouBaloT Ha 4 rpynnbl: 1) xopowasa nozooa; 2) 005#cob (6Kio-
Yasn MOKpPUbLIL CHe2 U MOPOCh); 3) cyxoiul cuez; 4) uzmoposv (6Karouas 2010-
J1e0 u uneir). HanOonpiye noTepyu B €IMHUIYY BPEMEHU BO3HHUKAIOT MIPU U3-
MOPO3H. Y cpeaHEHHAas! NPOAOKUTEIBHOCTD PA3IUYHBIX TPy MOTObI IS
CpelHel Mmoyockl eBpornerckoil yactu Poccun u 3anagnoit Cubupu npusee-

HbI B Ta0OuIe 1.3.

Taomuna 1.3

YcpenHeHHass npOJOKUTENBHOCTD PA3JIMYHBIX TPy TOTO/BI

Ipvima [IponoikuTensb- [IponoikuTensb-
py HOCTb PYIII MOTOJIbI 32 | HOCTh IPYMI MOTOIbI
IIOTObI
rog  (gac) 3aron (%)
Xopowas noro- 7120 813
na
Cyxoii cHer 800 9,1
Jloxap 500 5,7
N3Mopo3b 340 3,9

Ha muHusx QJICKTpoIricpcaadn CBCPXBBICOKOI'O HAIIPAXKCHUA HCIIOJIb3Y-

1o

Puc.1.13. Buo pacwennennozo na
mpu COCMABIAIOWUX NPO80Oa Pazvl
JIDII ceepxsvicoko2o HanpsaiceHusL:
a — wae pacweniienus,; rp — paouyc
pacujeniienusi; vy — paouyc 00OUHoOY-
HbIX COCMABNAIOUWUX NPOB0OA

I0T paclIeTUIeHHbIE TTPOBoOJa B (pazax.
B TexHHMKe BBICOKMX HaIpsKEHUN
MpUHSATA CIEeayIomas Kiaccupukamus
KJIACCOB HAIPSIKEHUS:

BbicOKHE Hampsbkenuss (BH) —
1+220 xB;

CBEPXBBICOKHE HaIPSHKCHUS
(CBH) — 330+750 B;
YJIBTPABBICOKHE HaIpsKECHUS

(YBH) > 1150 kB.

Ha pwuc.1.13 npusenen Bun pac-
nieruieHHoro Qasunoro mnposoja JIDII
500 xB ¢ paguycoMm pacuierieHus rp,
COCTOSIIEr0 U3 3™ COCTABIISIONINX /1 =
3 paanycom ry.

st ompeneneHus MOTEph MpHU
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KOPOHMPOBAHUU JIJIsl pACIIEIUICHHBIX MPOBOJOB UCHOJIB3YIOT (hopmyiry Maii-
pa:

1350- F£ ) kBT
P = n-r-K-r02 -E,(E,—-E )23 -lg———=>-1)-10 e (1.38)
Ty KM - haza
IJIe 7 — YKUCJIO TPOBOOB B (haze;
f —uactora, I'1;
7o — paauyc OJUHOYHOI'O TPOBOJA, CM;
E — Hanps»KeHHOCTh BO3HUKHOBEHHUSI KOPOHBI, KB/
E, — bkBUBaJICHTHAs1 HANIPSHKEHHOCTH, KB/cM;
K — KO3(DPUIUEHT TOTOIbI.
E +E
E, = w. (1.39)

HerouHocTe pacuera oOycClIOBI€HA YNPOILIEHUEM YYeTa MOTOJHBIX YC-
JIOBUH, KOTOpBIE AENATCS Ha ABE IPYIIIbL: «Xopowas» noroga (xk=44; E, =17
kB/cMm) u «mmoxas» noroga (x =31,5; £ = 11 kB/cm). Jlnist cpeaHeit moaock
EBponetickoit vactu Poccun u 3anagnoit Cubupu norepu Ha KOPOHY A 3-X
¢dazubix JIDII cBepXBBHICOKOTO HANPSHKEHUS] MOTYT PACCUUTHIBATHCA MO Qop-
myJie JI. EropoBon u H. Tuxoneena:

P =2,4-10"°-U2exp| 8,7 %—0,53 , KBT/kM (1.40)

K

rae U, — aMmuutygHoe 3HaueHue (pazoBoro HampspkeHus, KB.

Jis ompenenieHus MOTEPh HA KOPOHY B TE€YEHHE Tofa pacCUUTHIBAIOT
NOTEPU PHEPTUU JUIsl KAXI0H TPYMIBI MOr0Jbl, a 3aT€EM CyMMHPYIOT UX C
Y4€TOM MPOJOJIKUTEIBHOCTH IPYIIIbI B TEYEHUE TOfa

4
ZPK:ZPKI"\VM (141)
i=1

IZI€ \J; — OTHOCUTENIbHAS IMPOJOLKUTEIBHOCTh TPYIIbI MOrOJbl, Py —
CPEIHEr0/10Basi MOLTHOCTb IOTEPH MPH i- O IPYIIIE MOTOJbI.
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1.1.12. IloBepXHOCTHBIH pa3psj

Oowan xapaxmepucmuka no8epxXHOCmMHO20 pa3paoa. BHecenue teep-
JIOTO JUAJIEKTPUKA B BO3IYIIHBIN MPOMEKYTOK MOKET CYIIECTBEHHBIM 00pa-
30M M3MEHATHh YCJIOBHUS U MEXAHU3M Pa3BUTHUA pa3psja. Benuuuna pazpsia-
HOTO HAMPSDKEHUS TPU 3TOM CHIDKAETCS W 3aBUCUT OT JIaBJICHUS Ta3a u Gop-
MBI 3JIEKTPUYECKOTO TOJIsl, CBOMCTB TBEPJIOTO JUAIEKTPUKA, COCTOSHUS €ro
MOBEPXHOCTH U PACIIOJIOKEHUSI €€ OTHOCUTEJIBHO CHJIOBBIX JIUHUM DJICKTPH-
YecKkoro mnoiia. Pa3psan BOOJIb MOBEPXHOCTH AMAJIEKTPUKA HA3bIBACTCS HO-
6EPXHOCHMHBIM pPa3pA0OM. 3aKOHOMEPHOCTH Pa3BUTHUS pa3psioB BIOJb IO-
BEPXHOCTHU TBEPIOTO AMDIICKTPUKA HEOOXOIUMO 3HATh JJIS PAllUOHAILHOIO
KOHCTPYHUPOBAHUS H30JIATOPOB, KOTOPHIE SIBIISIIOTCS BaXKHOM COCTaBIISIOLIEH
BBICOKOBOJIBTHBIX M30JIAIIMOHHBIX KOHCTPYKIIUH.

PaccMoTpum BiusiHUE TBEPJOTO AUAIEKTPUKA HA BOSHUKHOBEHUE U Pa3-
BUTHE pa3psiia B BO3AYyX€ BIIOJIb IMOBEPXHOCTU U30JATOpa. B KOHCTpyKUIMH
puc. 1.14, a cunoBble TMHUU SJIEKTPUUECKOTO MOJI NapaieIbHbl HOBEPXHO-
CTHU AURJIEKTPUKA U MOJIE ABJISIETCS OJHOPOIHBIM.

E, E

[ L
E¥

1

E

a) 0) 6)
Puc.1.14. XapaxmepHnvle  KOHCMPYKYUU  BO30VUHLIX — NPOMEINCYMKO8
C meepobIM OUIIEKMPUKOM

B konctpykuuu 1.14, 6 none HEOJHOPOTHO U TAHTEHIIMAIbHASI COCTAB-
JSOIIAs HAMPSKEHHOCTH OISl Ha TOBEPXHOCTH JUAJIEKTpUKa £, mpeoOnaaa-
€T HaJ HOpMaJbHOM coctaBistomeit £,. B xoncrpykuuu puc. 1.14, ¢ none
TaK)K€ HEOJHOPOAHO, HO IpeobianaeT HopManbHas coctaBisitonias. [lepBas
KOHCTPYKIIUSI CPABHUTEIBHO PEAKO BCTPEUACTCS B PEAbHBIX YCIOBUSIX, HO
ya0OHa TIpU BBISIBICHUM BIIUSIHUSL XaPAaKTEPUCTUK JTUAJEKTPUKA HA BO3HUK-
HOBEHHUE pa3psjia, BTOpas U TPEThsl KOHCTPYKIIMHU BCTPEUAIOTCS YacTo (Onop-
HbI€ U MPOXOJHBIE U30JATOPHI). B mM30msmonHoil koHCTpykumu puc.1.14, a
AIIEKTpHUYECKasl MPOYHOCTh MPOMEKYTKA C AUIIEKTPUKOM MEHBIIE, YEM YHC-
TO BO3IYIIHOTO MpoMexyTka (puc.l.15, kpuBas 5). D10 cBsizaHO ¢ ancopO-
IMEWd BJIarM M3 OKPY KAIOIIETr0 BO3/lyXa HAa MOBEPXHOCTH AUAJIEKTPUKA, a
TaKK€ C MUKPO3a30paMu MEXKIy TBEPAbIM IUAJIEKTPUKOM U 3JIEKTPOJOM B
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TpOWHOM TOuYke. [IOBEpXHOCTh BCEX TEN B BO3AYXE ITOKPHITA TOHYAMILEH
TIeHKOM BoJibl. oHBI, 0Opa3syroiiyecs B 3TOW TUICHKE MO ICHCTBHEM DJIEK-
TPUYECKOT0 IOJIAA, IEPEMELIAIOTCS K 3JIEKTpoAaM. B pesynbrare atoro nose
BOJIM3M 3JIEKTPOJIOB YCHIIMBAETCS, & B CEpEIUHE MPOMEXKYTKa OCialIseTcs.
VYcunenue mnonst y 3JIEKTPOAOB MPUBOAUT K CHIKEHHUIO SJIEKTPUUYECKON
MPOYHOCTH MPOMEKYTKA. DTO CHIKEHHE TeM OOJIbIIE, YeM TMIPOCKOIINYHEE
nuanekTpuk. Hampumep, crekno sBisieTcs 0ojee TMIPOCKONMMYHBIM MaTe-
pHaNoM, YeM TJIa3ypOBaHHBIN (ap@op, MO3TOMY HANpsHKEHHE MEPEKPbITUS
BJI0JIb TOBEPXHOCTH CTEKJIA HUKE, YeM Bl1oJb (apdopa.

YMeHbIIIEHUE HAMPSIKEHUST TIEPEKPHITUS U30JTOpA MPU HATMYUKN MUK-
po3azopa MeXIy AUDIEKTPUKOM M 3JIEKTPOJIOM WM MHUKPOTPEUIMH Ha IO-
BEPXHOCTH JIMAJIEKTPUKA CBS3aHO C YBEJIIMYEHUEM B HUX HAIPSKEHHOCTH I10-
Js BCIEICTBHUE pa3IMYMs JUDJICKTPUUYECKUX IPOHUIAEMOCTEH BO3AyXa M
TBEPAOTO JUANEKTPUKA (AMAIEKTPUYECKas MPOHUIIAEMOCTb TBEPJOro JU-
anekTpuka B 2 — 10 pa3 Goubliie, 4eM BO3/yXa). YBETUYCHUE HATPSHKEHHO-
CTH TOJISI B MUKPO3a30paxX NPUBOAUT K MOHU3ALUUHM U YCWICHHUIO MOJS B OC-
HOBHOM TMPOMEXYTKE M YMEHBIIECHUIO HaIpsDKEHUs nepekpbitus (puc.l.15,
KpuBas 4).

JIst yBenMueHuUsl pa3psIHOTO HAMPSHKEHUS IPOMEXYTKA C TBEPBIM JIH-
ANEKTPUKOM CTPEMSTCSI UCIOIb30BaTh MAJIOTUTPOCKONUYHbBIE JAUAIICKTPUKU
WIN CO3/1aTh MOKPBITUS U3 MAJIOTMTPOCKONMUYHBIX MATEPHAJIOB, 3aIULIAI0-
M€ AURJIEKTPUK OT KOHTaKTa ¢ MapaMy BOJbI (HarpuMmep, Iia3ypoBKa MO-
BepxHOcTU (hapdopa), a Takke 00eclneunuTh HaJeKHOE, 0€3 MUKPO3a30pOB,
COTPSKEHUE Tella U30JISITOpa C METANIMYECKOM apMaTypoid, UCIOb3ys Lie-
MEHTHBIE 3aJI€JIKU U JaCTUYHBIE MPOKIAJIKU.

B u3onsunoHHON KOHCTpyKUMU Ha puc.l.14, 6 mone HeoaHOPOAHOE,
CJIEIOBATENBbHO, U B CIy4ae TOJBKO BO3AYIIHOTO MPOMEKYTKA pa3psiaHOE
HaIpsHKEHUE MEHbIIE, YeM B OJHOPOAHOM IMojie. BiusiHue rurpockonuyHo-
CTU JTUAJIEKTPUKA U MHUKPO3a30pOB 3/I€Ch KaUYE€CTBEHHO TaKOE€ K€, KaK U B
KOHCTpYKIMU Ha puc.l.14, a, HO oHO cimabee BBIpaKEHO, TaK KaK AJIEKTPHUUE-
CKoe moJie U 0e3 TOTO CYIIECTBeHHO HeomHopoaHo (puc.l.16). Ilpu gocra-
TOYHO OOJIBIION HEOJHOPOJAHOCTH MOJIS B 3TOM U30ISUMOHHON KOHCTPYKIIHH,
KaK M B YHUCTO BO3AYIIHOM MPOMEXYTKE, BOSHUKAET KOPOHHBIN pa3psan. O0-
pa3yIoLIKECS IPU 3TOM O30H M OKHCIIBI A30Ta BO3JICMCTBYIOT HA TBEPABIA JU-
anekTpuk. HambomplIy0 onacHOCTh KOPOHHBIM paspsi] MpeacTaBiseT A
MOJIMMEPHON H30JIALIMH, OCOOEHHO €CIM OH HMMEET CTPUMEpPHYI (opMmy.
Temneparypa crpuMepa 1I0CTaTOYHO BBICOKA, U CONPUKOCHOBEHHUE €r0 C IO-
BEPXHOCTHIO JTUAJIEKTPUKA MOKET MPUBECTH K TEPMUUYECKOMY Pa3NIOKEHHIO
JURJIEKTpUKA U 00pa30BaHUI0 OOYTJIEHHOTO Clie/la C MOBBIIIEHHOW MPOBOJIU-
MOCTBIO. [[muHa 3Toro cinena (mpeka) co BpeMEHEM BO3pPACTAET, YTO MPUBO-
JUT K TEPEKPBHITHIO U30JSTOpa ¢ HEOOPATUMOMN MOTEPE UM DIIEKTPUUYECKON
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IpOYHOCTH. Bee cka3aHHoe crpaBeyIMBO U JUIsl KOHCTPYKIMM Ha puc.l.14, 6.
Bonbiias HopMmalibHasi COCTaBISIOLIAS JIEKTPUUECKOTO MOJS CIIOCOOCTBYET
COJMXKEHUIO CTPUMEpA C MOBEPXHOCTHIO JUAJIEKTPUKA, YTO MOBBILIAET BEPO-
ATHOCTb MOBPEXICHHS AUDIIEKTPUKA. DJIEKTPUUECKas MPOYHOCTh 3TOM KOH-
CTPYKLIMH €Ill€ MEHbIIIE, YeM KOHCTpYKUuHU Ha puc.l.14, 6. Ctpumepsl, pas-
BUBAIOIIMECS BJOJb MOBEPXHOCTU JAMAJICKTPUKA, UMEIOT 3HAUUTENBHO OOJIb-
IIY0 €MKOCTb 110 OTHOUIEHUIO K BHYTPEHHEMY (ITPOTHUBOIIOIOKHOMY) dJIEK-
TPOJly, YeM B KOHCTPYKLMHU C MPeoOJIaJaHueM TaHT€HI[UAIbHOW COCTaBJISIO-
nieit mosst. [losroMy yepes cTpuMephbl MPOTEKAET CPABHUTEIHLHO OOJBIION
ToK. [Ipu onpeaeneHHOM 3HaYE€HUN HANPSKEHUS TOK BO3PACTAET HACTOJBKO,
YTO TEMIepaTypa CTPUMEPOB CTAHOBHUTCS JOCTATOYHOM ISl TEPMUUYECKON
noHu3auuu. TepMHUuecK MOHU3UPOBAHHBIA KaHA pa3psijia, pa3BUBAIOLIEIO-
Csl BJOJIb JURJIEKTPUKA, HA MMOBEPXHOCTH KOTOPOr0 HOpMaJibHAasl COCTaBJISIO-
miasi HanpspKEHHOCTH TOJIS MPEBBIIAeT TAHTCHIMATIbHYIO COCTAaBIISIOILYIO,
Ha3bIBAIOT KAHAIOM CKOIb3AULE20 PA3pAaoa.

Unp, UI'IP,
kB makc y kB maxkc 1 2/ /3 4/

/

/ a4

80 7 7/7 80 //
/]
/

60 Y f/ 4/ 60 / /////
o WS W/
20 /// / 20 /

0 4 8 12

0 2 4 6 8/cm 16 /, cm

Puc.1.15. 3asucumocms pazpsaonozo
HanpsiiceHus no N08epxXHocmu 0opas-

Puc.1.16. 3asucumocms pazpsaoroeco
Hanpsasjcenust no N08epXHOCMU 00pas-

Y08 U3 paAs3IUYHbIX MAMEPUAIO8 8 00-
HOPOOHOM NoJle OM PAcCMOSHUSL:
l-napagun, 2-cpapghop; 3-mypbonum,
4-HenniomHulll KOHMAKM 91eKmpooa ¢ Ou-
anekmpuxom (papgop, cmexio, mypoo-
HUM); S5-paspsoHoe Hanpsicenue
8030YUHO20 NPOMENCYMKA

Y08 U3 PA3TUYHbIX MAMEPUAIOs 8 No-
Jle ¢ npeobaadaroweli maHeeHYUab-
HOU cOCMagAuel 0m paccmosHusL:
1-npoboti 6030yuwiHo20 npomescymra,
2-napaghun, mypbonum, 3-oaxenum;
4-papghop, cmexno

HpOBOI[I/IMOCTB KaHalla CKOJIB3ALICTO paspsaga 3HAYUTCIbHO 0obIIe
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KpPBITOM YacCTH MPOMEXKYTKa MPUBOAUT K YIUIMHEHUIO KaHAJla CKOJIb3AIIETO
paspsa U MOJIHOMY NEPEKPHITUIO MMPOMEKYTKA MTPU MEHBIIEM 3HAYEHUU Ha-
MPSKEHUS] MEXKIY SIIEKTPOJIAMH.

JInvHa KaHalla CKOJIB3AIIEro pa3psiga 3aBUCUT OT €ro IPOBOJAMMOCTH, a
CJIENOBATENILHO, OT 3HAYEHHS TOKA B HEM. B CBOKO o4epenp TOK 3aBUCUT OT
HaMpsDKEHUST MEXAY JJIEKTPOJAMHU, HU3MEHEHHUS HANpSKEHUS U EMKOCTH
CTpUMEpa OTHOCUTEIIBHO MPOTUBOIOJIOKHOIO 3JIeKTpoaa. Bausinue stux ma-
paMeTpoB OTPaXXEHO B AMIIUpHUUEcKoil opmyre Temnepa, cOriacHO KOTOpOon
JUIMHA KaHAJIa CKOJIB3AIIET0 pa3psaaa

du
I =a-C*-U,|—,
- 7 (1.42)

rae a — KodphuuueHT, onpeaesieMblil ONMBITHRIM TTyTeM; C — yeabHas
MMOBEPXHOCTHASI €MKOCTh (€MKOCTh €IMHUIIBI TTIOBEPXHOCTH JTUAJICKTPHKA, T10
KOTOPOH pa3BUBAETCS pa3psijl, OTHOCUTEIHHO MPOTHUBOIOJIOKHOTO 3JIEKTPO-
na).
N3 (1.42) npu noacTaHOBKE BMECTO [ PACCTOSHUS MEXKIY JIEKTpOaa-
MU TI0 TIOBEPXHOCTH JTUAJICKTPHUKA L MOKHO ONIPEICTUTh 3HAUCHUE HATPSIKE-
Hus U,, Heo0X0auMOro Ajs nepekpsiTHa usonsatopa. Eciou xe npunsate C =
€eo/d, Te d — ToNIMMHA IUAJIEKTPHUKA, U CUWTATh 3Ha4YeHUE du/dt TOCTOSH-
HBIM, YTO B TEPBOM NPHOIMKEHHH COOTBETCTBYET ITOCTOSHCTBY YaCTOTHI
MPWIOKEHHOTO HanpspkeHust, To u3 (1.42) nomyyum
J 0,4

Uy,=a-L" — (1.43)

(6]

N3 (1.43) cienyet, 4TO pOCT JJIMHBI U30JIITOPA Ja€T OTHOCUTEIBHO Ma-
JI0€ TMOBBIIICHUE pa3psiAHOro HampsbkeHus. [loaToMy aist yBenuueHus pas-
PAIHBIX HANpPSHKEHUM MPOXOJHBIX H30JATOPOB KOMIICHCUPYIOT YEIbHYIO
MOBEPXHOCTHYIO €MKOCTh YCTAaHOBKOM 3KpaHa y (praHIia, ¢ KOTOPOro MOKHO
OXKHUJIaTh pa3BUTHS pa3psiaa. Mcnonb3yercs Takxke HaHeceHue y (iania mo-
JYOPOBOJIAIIETO MOKPBITHS, YTO CIIOCOOCTBYET BBIPABHHUBAHUIO pacipesese-
HUS HAIPSKEHUS 10 MOBEPXHOCTU U30JISITOPA U, CIEI0BATEIBLHO, TPUBOJIUT K
YBEJIMUEHUIO Pa3PsIHBIX HANIPSHKEHUH.

[Ipy MOCTOSHHOM HAIpPsHKEHUHM YJeJbHAs ITOBEPXHOCTHAS EMKOCTh
MPAKTUYECKHU HE BJIUSCT HA Pa3BUTHE pa3psiga U 3HAUCHHUE pa3psSaHOTO Ha-
NPSKEHUS OKa3bIBAETCA OJIM3KUM K Pa3psAHOMY HAIPSKEHUIO BO3AYIIHOTO
MIPOMEKYTKA.
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B ycnoBusix skcrtyaTalid MOBEPXHOCTH HM30JISITOPOB BCETJa 3arpsis-
HsAt0TCsl. OJTHAKO, KaK MPABUIIO, CYXHE 3arpsA3HEHUS, UMEIOIINE BBICOKOE CO-
IIPOTUBJICHUE U HE BIUAIOLIME HA PACIpEACIICHUE HANPsKEHUS 10 MOBEpX-
HOCTHU M30JITOPA, HE CHWKAIOT 3aMETHO €T0 paspsAHOro HANpsuKeHUs. Y B-
JAXHEHHE CJIOS 3arpsi3HEHUST MOPOCSILUM JOXKIAEM WA POCOM IPUBOJIUT K
YMEHBIICHUIO COIPOTHUBIICHUS CJIOS 3arps3HEHUS, U3MEHEHUIO paclpeserne-
HUsl HAIIPSDKEHHUS 110 ITOBEPXHOCTH HU30JIATOPA U B PE3YJIBTATE — K CHUKEHUIO
€ro Pa3psIAHOTO HAIPSKEHHUS.

MexaHU3MBI NEPEKPBITUSA U30JATOPA MO JOKIAEM U IPU 3arpsI3HECHHOU
Y YBJIAQXHEHHOM ITOBEPXHOCTH CXOJHBI. PaccMOTpuMM pa3BUTHE paspsna B
ClIy4ae, KOrJa MOBEPXHOCTh U30JIATOPA 3arpsi3HEHA U YBJIAXKHEHA.

ITon nmeiicTBHEM NMPUIIOKEHHOTO K HU30JIATOPY HANPSIKEHUS IO YBIAX-
HEHHOMY CJIOK0 3arpsi3HEHUS MPOXOJUT TOK YTEYKH, HarpeBarouui ero. Tak
KaK 3arps3HEHHE PACIPENEIICHO MO MOBEPXHOCTU HU30JISITOPA HEPABHOMEPHO
Y IUIOTHOCTh TOKAa YT€YKU HEOJMHAKOBA HA OTAEIBHBIX Y4aCTKaX M30JATOpa
U3-3a CJIOKHOW KOH(UIYpalluyd €ro MOBEpXHOCTH, TO HArpeBaHHE CJOs 3a-
I'PSA3HEHUS IIPOUCXOAUT TAaKKe HepaBHOMEpHO. Ha tex ydacTkax u3oiaropa,
r7ie INIOTHOCTh TOKAa HauOOJbIAasl, 3arpsA3HSIOIUN CI0W TOHBUIE, MPOUCXO-
JUT UHTEHCUBHOE WCIIAPEHUE BOJBI U 00pa3yrOTCs MOJCYIICHHbIE YYACTKH C
NOBBIICHHBIM CONPOTUBIIEHHEM. Pacnpenenenue HanpspKeHUs 1O MOBEPX-
HOCTH H30JsTOpa MeHsercd. [louTu Bce HamnpsbkeHue, BO3ACHCTBYIOLIEE HA
M30JISLMIO, OKa3bIBAETCS NPUJIOKEHHBIM K MOJCYLIEHHBIM ydacTkaM. B pe-
3yJBTaTe ATOTO MOACYIICHHBIE YYaCTKH IEPEKPBIBAIOTCS UCKPOBBIMU KaHa-
JJaMH{, Ha3bIBAEMBbIMHM YaCTUYHBIMU Jyramu. CONpOTHUBIIEHUE HCKPOBOTO Ka-
Hajia MEHbIIIE CONMPOTUBIICHUS MOJACYIIEHHOIO YYacTKa MOBEPXHOCTH H30JIS-
TOpa, IO3TOMY TOK YTE€UKH BO3pacTacT. Bo3pacTanue Toka yTe4yku IPUBOIUT
K JaJIbHENIIEMY IMOJCYIIMBAHUIO CJIOS 3arpsi3HEHUS, a, CIIEIOBATENIBHO, U K
YBEIIMYEHHUIO €r0 COMPOTUBIICHUS.

HMHTEeHCUBHOE MOJCYIIMBAHUE ITOBEPXHOCTH H30JIATOpPA Y KOHIIOB YT
IIPUBOIUT K HMX ymiInHeHuro. [loacymmBaHue BCel ITOBEPXHOCTH BEIET K
CHIDKECHHIO TOKA YTEUKH, 4 YBEJIIMYECHHE JUIMHBI YaCTHUYHBIX IyT — K €ro poc-
Ty. Ecnu pe3ysnbrarom 3TOoro OyaeT yMEHbIIEHUE TOKA YTEYKH, TO JAYT'H MO-
TacHYT, €CJIA K€ TOK yTEUYKH OyAEeT pacTH, TO YaCTUYHbIE Oyru OyIyT yaJIu-
HATHCS W MEPEKPOIOT BECh U30JIATOP. TaKk Kak ImapaMeTpbl YaCTUYHOM OyTH U
KOJIMYECTBO YT, OAHOBPEMEHHO CYIIECTBYIOIINX HA ITOBEPXHOCTH M30JATO-
pa, Cily4aiiHbl, TO U MEPEKPHITHE TaKKE ABIISAETCS CIydailHbIM COOBITHEM, Xa-
PaKTEPU3YEMBIM ONPEACIICHHON BEPOATHOCTBIO. BEPOATHOCTH MEPEKPBHITUS
U30JITOpa MOBBIIAETCA C YBEJIMYEHHEM BO3IECHCTBYIOLIETO HAIPSKEHUS,
TaKk Kak IpU 3TOM BO3pacTaeT TOK yTEYKH, YTO OJaronpusiTCTBYET yAJIMHE-
HUIO YaCTHUYHBIX AYT 1O MOJHOIO NMEPEKPBITHUS U30IATOPA.
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W3 npuBeIeHHOW KapTUHBI Pa3BUTHUS pa3psAna CIEIYET, YTO pa3psIHbIC
HaTPSHKEHUS U30JISITOPOB OYIyT TEM BBIIIE, YeM MEHBIIIE TOK YTEUKH

I,=U,/R, (1.44)

riae Ry — CONpOTUBIIEHHE YTEYKHU 110 IIOBEPXHOCTH U30JATOPA.
Ecnu cnoii 3arpsi3HeHUs UMEET TONIIUHY A C yIeTbHBIM 00bEMHBIM CO-

IMPOTUBJICHUCM P, TO VI THUIMHAPUYICCKOI'O I''TAIKOI'0 U30JIATOPA JHAMCTPOM
D:

Ry=p-L,/(n-A-D), (1.45)

riae Ly — JUInHa IyTH yTEYKH.
N3 (1.44) u (1.45) cnenyer, uto
I, =U-n-A-D/(p-Ly). (1.46)

CrnenmoBatenbHO, pa3psaHOE HAMPSIKEHUE M30JaTOopa OyJeT BOo3pacTaTh

C YBEJIMYECHUEM JIMHBI MYTH YTEUKU U YMEHBIIICHUEM IUAMETPa U30JISTOpA.
U:—]y ( Ly). (1.47)
n-A-D

Tak kak npoIecchl MoJACYIIKA MOBEPXHOCTH U30JIATOPa MPOUCXOIST OT-
HOCUTEJIBHO MEIJICHHO, TO NMPU KPATKOBPEMEHHBIX MEPEHANPSKEHUSIX OHH
HE YCIIEBAIOT Pa3BUTHCA U HANPSHKCHUE TICPEKPBITHS ObIBACT BHIIIE, YEM TIPH
JUTUTEIIbHOM BO3JCHCTBUU HAIIPSYKEHUS.

BnaropaszpsiiHoe HampsbKeHHE H30JISTOpa 3aBUCUT OT XapaKTEPUCTUK
CJIOSI 3arPSI3HEHUS] — €r0 KOJMYECTBA U COCTABA, a TAK)KE OT UHTEHCUBHOCTH U
BUJIa yBIAXHEHUs. bobioe pasHOoOOpa3ue BHIOB 3arps3HEHUS, BCTPEUAIO-
IIUXCS B YCJIOBHSIX JKCIUTyaTallud, HE TIO3BOJISIET BHIOpATh €IMHCTBEHHOE,
«CTaHAAPTHOE» 3arpsi3HEHUE, KOTOPOE MOXKHO ObLIO Obl HAHOCUTH Ha TIO-
BEPXHOCTh M30JISITOPOB TPU OMPEACICHUU BJIArOpa3psIHbIX HAMPSKEHUH.
Hanbonee npaBuiabHO pa3psiaHble HAMPSDKEHUS B PEaJbHBIX YCIOBUSX 3a-
IPSI3HEHUS U YBIQXKHEHUS MOTYT OBITh ONPEJIEICHBI U3 ONbITa YKCILTyaTallUH.

1.1.13. IlousiTHe podon
PaccMoTpeB OCHOBHBIEC BUIBI TA30BBIX PA3PsA0B M UX BIUSHUE HA pado-
Ty M30JSLHUOHHBIX KOHCTPYKLHM, OMPEHEINUM CMBICI Ba)KHOTO MOHSTHS B

(bu3HKe Ta30BOT0 pa3psijia ¥ TEXHUKU BHICOKUX HAIPSHKEHUN — MOHSATUE HPO-
0os.
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[Ton nmpoGoem NMOHMMAIOT J1H0OOH Mpolecc ObICTPOro BO3HUKHOBEHUS
CUJIbHO MOHU30BAHHOI'O COCTOSIHUSA BEILECTBA IOJ IECUCTBUEM IIPUIIOKEHHO-
r'0 JJIEKTPUYECKOro MmoJid. ECiau UCTOUYHMK OIS JEUCTBYET IUIMTEIBHOE Bpe-
Msl, B pe3yJibTaTe Mpo0Oos yallle BCEro 3aKUraeTcsi CaMOCTOSITENIbHBIN pa3psi.
B aTOM cMbIciie HET HEOOXOIUMOCTH JIelaTh pa3uiue MEeXIy (pakTamu mpo-
00s1 1 3axuranus paspsga. [loaTomy HampspkeHHE mpoOOs YacTO HA3BIBAIOT
HanpsOKEHUEM 3aXuranus. Tak 0ObIYHO MPOUCXOIUT NMPU HU3KUX JTaBICHUSIX.

HNuaye oOCTOUT €70 MpU BBICOKUX (aTMOC(EPHBIX) JABICHUSAX U MPHU-
MEHHTEJIBHO K MCKPOBOMY pa3psily, ¢ KOTOPBIM TECHO CBSI3aH BaYKHEWUILIHN
JUISL TEXHUKU BBICOKMX HANpPsHKEHWM BONPOC 00 3JEKTPUUYECKON MPOYHOCTH
ra3oBOil M30JSILIMU. B TeXHHKE BBICOKMX HANPSLKEHHM MPoOOEeM Ha3bIBaeTCs
o0pa3oBaHKME CKBO3HOT'O KaHajla BBICOKON IPOBOAMMOCTH, CIIOCOOHOTO Mpo-
IIyCTUTh CTOJb CHWIBHBIA TOK, 4YTO HaIlpsHKEHUE HAa W30JALUOHHOM -
IIPOMEKYTKE PE3KO ManaeT. JJIEKTPUYECKas LENb OKA3BIBACTCS B PEXUME
KOPOTKOTO 3amblkaHus. Hanpspkenus, npuBopsiiue K mpo0Ooro, Ha3bIBalOT
nPOOUGHBIMU HANPAICCHUAMU.

YtoObl B pa3psaIHON LEMH HACTYIUIO KOPOTKOE 3aMbIKaHUE, COMIPOTHB-
JIEHHE KaHala paspsiaa, IMEPEeKpBIBIIETO MPOMEXKYTOK, TOJKHO CTaThb MEHb-
IIMM, Y€M CONPOTHBIICHUE BHEIIHEW LIETH, BKIIOYAsl BHYTPEHHEE CONPOTHUB-
JIeHHE HCTOYHHMKA. JTO U SABISAETCS KOJMYECTBEHHBIM KpUTEpUEM MpoOosl.
ConpoTuBiieHHE KaHaja Mpo0osi OBICTPO YMEHbBILAETCA C TEYEHUEM BPEMEHU
Y, B KOHIIE KOHLIOB, HE KaHAJ, a JJIEMEHTHl BHEIIHEW AIEKTPUYECKOU LIENH
OTPaHUYMBAIOT TOK BO3HHUKILIETO KOPOTKOTO 3aMbIKaHMs. JlJIsl 3TOr0 COCTOs-
HUE B KaHAJI€ JOJHKHO OBITh HEYCTOMYMBBIM, YBEIMUYEHHUE TOKA JTOJKHO CHU-
’KaThb HaNpspKeHHWe, HeoOXOoIMMOe HJisi TOJJEp:KaHHUs HWOHU3ALMH B Trase.
WNHaye roBopsi, MOHM30BAaHHBIN KaHaNl JTOHKEH 00JafaTh Majaroiieid BOJIbT-
aMIIEPHOM XapaKTEPUCTUKOM.

1.1.14. Bausine BpeMeHH NMPUJIOKEHHSI HATPSIKEHUA HA
3JIEKTPUYECKYI0 POYHOCTH I'a30BOH M30JSIIIUN
AP PexT MoJasIpHOCTH

[Ipu KpaTKOBpPEMEHHBIX UMITYJIbCAX 3HAUECHHE Pa3psaHOrO HAINPSKEHUS
BO3JIYIIHBIX MPOMEXYTKOB 3aBUCUT OT IMPOJOKUTEIBHOCTH BO3JACUCTBUS.
Ecnu x mpoMexyTKy MpUIOKEHO HANpsHKEHUE, JOCTaTOYHOE sl MPo0os, TO
JUISL pa3BUTHS W 3aBEPIICHUS pa3psja B MPOMEKYTKE HEOOXOIUMO OIpese-
JIEHHO€ BpeMs #,, Ha3bIBAEMOE BPEMEHEM pas3psa.
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Puc. 1.17. Bpemennas cmpykmypa pazsumusi
paspsaoa Ha UMNY1bCHOM HANPANCEHUU

NMnynbCHBIA MPOOOH MOKET MPOUCXOAUTH WM MPHU POCTE HaMpsHKe-
HuUs, unu Ha ero cnane (puc. 1.17). Ecniu U, — HanpsbkeHue, Ipu KOTOPOM
BBITIOJTHSIETCS YCIIOBHE CAMOCTOSITEIbHOCTH pa3psifa, TO O MOMEHTA fj pas-
PSAI B IPOMEKYTKE MPUHIIMITUATIBHO TPOU30MTH HE MOXKET.

Pa3BuTHE CaMOCTOSTENLHOTO pa3psiia HAUMHAETCSA C MOSIBJICHUS B IIPO-
MeXyTKe d()PEKTUBHOIO HAYAIBHOTO 3JIEKTPOHA, YTO SBISIETCS CIy4YalHbIM
coObrTeM. Bpemst oxumganust 3PEeKTUBHOTO AIEKTPOHA £, TIOJBEPKEHO pa3-
Opocy ¥ Ha3bIBae€TCsl MOATOMY CTAaTUCTUYECKUM BpPEMEHEM 3ara3jbIBaHUs
paspsna. OTO mepBas COCTaBisioIIas BpeMeHu pazpsnaa. CraegoBaTeiabHO,
pa3BUTHE pa3psiia B MPOMEKYTKE HAUHETCSI HE B MOMEHT BPEMEHHU £, a B JIIO-
OO MOMEHT {, = fyt fc.

Jpyron cocraBistoner, UMEIOIIEA TAKXKE CTATUCTUYECKUN XapaKTep
ABJISIETCS BpeMs (popMUpOBaHUS paspsiia te, T.€. BpeMsl OT MOMEHTA MOsIBJIe-
HUS HAYaJIbHOTO JICKTPOHA JI0 3aBEPIICHUs MPOOOsI MPOMEKYTKa. ITO BpeMs
Ha3bIBACTCSA BPEMEHEM 3alla3/IbIBaHUs PAa3BUTHA pa3psiaa t, = f. + to.

Takum 06pa3zom, B 0011IeM ciTydae BpeMs paspsijia onpeaessieTcs: Kak

ty = o + 1o +y, (1.48)

Craructryeckoe BpeMs 3ama3[blBaHUs pa3psa 3aBUCUT OT HaIpsiKe-
HUS MEXIY DJIEKTPOJaMHU, Marepuaia dJIEKTpOoAa U COCTOSHUSA €ro MOoBepX-
HOCTH, MHTEHCUBHOCTH BHEIIHETO MOHU3aTOpa. B pEe3KOHEOTHOPOIHBIX ITO-
JSIX {, HEBEJIMKO U €J1a00 3aBUCUT OT BHEIIHEW HOHU3ALINH.

Bpemst popMupoBanus paspsana fy NPaKTHYECKU ONPENEIAETCS CyMMOR
MPOJOJKUTENBHOCTH JIABUHHOM, CTPUMEPHOM M UCKPOBOU (B CAaHTUMETPO-
BbIX MpPOMEXyTKax) craguil. [Ipu yBelnyeHUM HaANpSHKEHUS yMEHBIIAeTCs
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BpeMs pa3BUTHS JIABUH, CTPHUMEPOB U HMCKPHI, a CJICIOBATEIBHO, U BpeMs
dbopmupoBaHus paspsaa.
3asucumocms MaAKCUMAILHO20 HANPANCEHUSA PA3PAOA OM 8PeMeHU

oelicmeus UMRYJIbCa HA3bI8ACMCA 80IbIM — CEKYHOHOU XAPAKMEePUCMUKOU
uzonauuu (BCX).

Un
0,9U,

0,5U,,

0,3U,

Puc. 1.18. I[lapamempul 2p0o308020 umMnyivbca u 8pems pa3psaoa
tp — OMUMENLHOCIb QPOHMA UMNYILCA, by — OTUMENbHOCHb UMNYIbLCA;
tp, — 8pems 3ana3ovbléanus paspaoa

[TockonbKy Hayallo U CKOPOCTh Pa3BUTHUSA HOHU3AIMOHHBIX MPOIECCOB
3aBHUCAT OT 3HAUCHUS HANPSKEHUS, BOJIBT — CEKYH/IHbBIC XapaKTEPUCTHKU 3a-
BUCAT OT QopMbl umiyisbca. C 1enpl0 YHU(PUKALUK UCIIBITAHUNA U BO3MOXK-
HOCTU COIOCTABJICHUS M30JISIIMOHHBIX KOHCTPYKLMN YCTaHOBJIEH CTaHAApT-
HBIM Tpo30Boii nmiyike 1,2/50 mMkc (puc. 1.18).

JUis SKCTIEpUMEHTAIBHOTO OIMpEIeICHHUs BOJIBT — CEKYHJIHOM XapakTe-
PUCTUKH Ha HCCIEAYEMBI MPOMEXYTOK MOJAIOTCS UMIYJIbChI CTaHIAPTHOM
¢dopmel. [Ipym KaxqoM 3HAYEHWHM MAaKCHMAJbHOTO HANpPSKEHUS HMITYJIbCa
MIPOU3BOUTCS CEPHS OTBITOB.

B cuny cratuctudeckoro pa3dpoca BpeMeHH pas3psiia BOJIbT-CEKYHIHAS
XapaKTEepHUCTHKA MOJIy4aeTcsl B BUae o0nacTu Touek (puc. 1.19), nng koropoi
yKa3bIBaIOTCS KpUBasi CPETHUX 3HAYCHUH W IpaHUIbI pa30poca BpeMeHH pas3-
pana.

Bug BONbT — CEKyHIHON XapaKTEPUCTUKHU 3aBHCUT OT CTETIEHH HEOTHO-
POJTHOCTH DBJIEKTPUUECKOTO IMOJIA B IpOMexXyTKe. /{111 mpoMexXyTKOB ¢ OAHO-
POAHBIM WM CJIA0OHEOAHOPOAHBIM HoneM Uy, ci1abo 3aBUCUT OT f,
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(puc.1.20, xpuBas 1). HaunHas ¢ BpeMeHU 3amas3ablBaHus f, > 3- 107 ¢, pas-
opoc 3nagenuit Uy, cocraBiger AU, < 3 %, 4TO IO3BOJIIET HCIOIB30BATh
MPOMEKYTOK MEX]y IIAPOBBIMU AJIEKTPOJAMU JJIsi U3MEPEHUSI MaKCUMallb-
HBIX 3HAYECHUI HaIMPSKEHUS.

Puc. 1.19. IlocmpoeHnue 8o16m — cexyHOHOU XapaKkmepucmuxu
UB0AAYUU O ONBIMHBIM OAHHBIM (2PO308ble UMNYIbCHL).
1 — umnynvcel HanpsdiceHus,; 2 — Kpugas cpeOHUX 3HadeHuti npooUeHO20
Hanpsicenus; 3 — epanuybl pazopoca nPoOUSHBIX HANPSIHCEHUIL

Up

Puc. 1.20. BCX 3auyumnuix pa3psiOHUKos8 u u3oiayuu.
1 — BCX senmunvhoco paspsioHuka (00HOpoOHoe noine);
2 — BCX mpybuamoeo paspsaonuka (pe3xoHeooHopooHoe noe);
3 — BCX 3awuwyaemoco oo6vexma, 4 — uMnyibc Hanpsafcenust
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dPpPexT moasspHOCTH

B pe3KOHEONHOPOAHBIX MOJAX Pa3psAHOE HAIPSIKEHUE 3aBUCUT OT
(GOopMBI ANEKTPOIOB (CTENEHH HEOJHOPOAHOCTH 3JIEKTPUUYECKOTO IOJIS)
BOJIM3H 37IeKTPoIoB. Ecnu pa3psiiHbI MpOMEXYTOK HECUMMETPUYHBIN, TO
pa3psIHOE HANpPsDKEHWUE IPU OTPUUATEIBHOM IOJSAPHOCTH JJIEKTpOAA C
MEHBIINM PAJINYCOM KPHUBU3HBI CYIIECTBEHHO BBILIE, YEM IIPU MOJOKHUTENb-
HO#l (puc. 1.22). Paznuune pa3psAaHbIX HANPSKEHUH MPU Pa3HBIX MOJISPHO-
CTSX OOBICHSAETCS TEM, YTO NPHU MOJOKUTEIBHON MOJSAPHOCTH CTEPIKHS
ANEKTPOHBI IBUXKYTCS M3 30HBI pa3psAna K aHOAY B yCHUJIMBAIOLIEMC IOJIE, a
OCTAIOIIMICS BOJM3H 3IEKTPOJIa MOJOKUTEIbHbBI 00bEMHBIN 3apsi] yBEIu-
YUBAET HAIPSIKEHHOCTh AJIEKTPUYECKOrO IOJISI BO BHEIIHEW YaCTH IPOMeE-
KYTKA.

[Ipu oTpuuaTenbHON MOJSAPHOCTU OCTPUS (CTEPIKHSI) IIEKTPOHBI JBU-
KYTCSl B JUBEPIUPYIOLIEM I10JI€, & MAJIOIOABUKHBIE ITOJIOKUTEIIbHBIE HOHBI
MEJIEHHO TIOKHU/JIAal0T 30HY MOHHU3AIUH, YTO IPUBOJUT K OOpa30BaHUIO OTPH-
LATEJIBHOIO 3apsi/ia, 3aTPyAHAIOIIETO 3MHUCCUIO JJIEKTPOHOB C Karonxa i
pa3BUTHS pa3psa TpeOyeTcs 3HAYUTENbHO OO0JIbIIIee HAMIPSKEHHUE.

BonbT — CeKyHIOHBIE XapaKTEPUCTUKH NPOMEKYTKOB C PE3KOHEOIHO-
poanbiM nosieM (puc. 1.20, kpuBas 2) UMEIOT JOCTATOUYHO OOJBIIYI0 KPUBU3-
HY, TIOCKOJIbKY B TaKHUX IIPOMEXYTKAX fj, CUIILHO 3aBUCUT OT 3HAYEHHUs IIPU-
JIO’KEHHOTO HanpspKeHUs. Il TakuX MPOMEXYTKOB MPHU T'PO30BBIX UMITYJIb-
cax XapakKTepHbI OOJIbILINE pa3ps/IHbIe HanpskeHus — U, 4eM IpH nepemMeH-
HOM HaIpsKeHUH NPOMBIIIIEHHOM 9acToThl 50 'y - U~. OTHOmIEHNE

Ky =U, /U_. (1.49)

Ha3bIBae€TCS KOADPUIIMEHTOM UMITYJIHCA U OOBIYHO OTHOCHUTCS K OIpEeIICH-
HOMY BPEMEHHU pa3psa.
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UP, kB

600
/

400 /

/

200 /

0 10 20 30 S,m
Puc. 1.21. Paspsonoe nanpsiscenue
APOMENCYMKA MeAHCOY UWapamu
ouamempom 50 cm Ha npomolu-
JIeHHOU Yacmome

Up, kB /

100

60

20

0 2 4 6 Scm
Puc. 1.22. 3asucumocms npoous-
HO20 HANPANXCEHUsl 8030YXA OM
PACCMOAHUSA MeAHCOY INIeKMPOOaMU
konuueckoe ocmpue 30 °- nioc-
KOCMb

1 — ocmpue nonoscumenbHoU noaap-
Hocmu, 2 — ocmpue ompuyamenibHas

[IpoMexxyTKH ¢ OJHOPOAHBIM U CIAOOHEOAHOPOJIHBIM MOJIIMH HUMEIOT
Ky = | paKTHUeCKy BO BceM AMAna3oHe BpeMeH paspsizaa t,> 107 c.

BoabT — cekyHIHbBIE XapaKTEPUCTUKUA IMIMPOKO HCHOJB3YIOTCS ISl KO-
OpAMHAIMU U30JSILUU BICOKOBOJIBTHOTO O00PYJOBaHUS, T.€. AJIs 3aIlUTHI OT
BO3JICMCTBUS TPO30BBIX U KOMMYTAlMOHHBIX BO3AcUCTBHNM. C 3TOM LEIBIO
napajielbHO 3alUIIaeMOMY O0BEKTY BKJIIOYAETCS BO3AYIIHBIA pa3psIHUK C
nosnoroit BCX.

Hanexnas 3amura Oyaetr obecneunBaThesi, ecau BCX paspsianuka Je-
#UT Hke BCX 3amumaeMmoro o6opyaoBaHusl BO BCEM JIMara3oHE BPEMEH
BO3JIeHCTBYOIIETO Hanpskenus (puc.1.20, kpusas 1).

1.2. ITpo00o#i KOHIEHCUPOBAHHBIX Cpe/
1.2.1. IIpo0oii xKUAKUX TUIJTEKTPUKOB

Kunkue nuaneKTpuKky, o0aaas 3HaYUTEIIbHO 00Jiee BHICOKOM 2JIEKTpHU-
YECKOH MPOYHOCTHIO, IO CPABHEHHUIO C Ta3aMU HAIUTH OYCHB IMUPOKOE MPHU-
MEHEHHE B KauyeCTBE BBICOKOBOJBTHOW H3OJAIUN DJICKTPOTEXHUIECKOTO
obopyaoBaHus: TpaHcpopMmaTopoB, kabenel, KOHJIEHCATOPOB, BBIKIIIOYATE-
Je#, pa3psIHUKOB U JIp.

Kungkue AUAIEKTPUKHM MOXKHO KIacCH(DUIMPOBATH Ha CJEAYIOIINE
TPYIIIBI:

® VYTJIEBOJOPOABl MUHEPATBHBIE — MPOIYKTHI MEPETOHKH HEePTH U Ka-
MEHHOTO yTJIsi: TpaHC(HOpPMAaTOPHOE, KOHJEHCATOPHOE U IPYTHE Macha;
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® YIJIEBOAOPOABI PACTUTEIIBHBIEC — KACTOPOBOE, JIBHAHOE U APYIUe MacCa;
® XJIOPUPOBAHHBIE YIJIEBOJOPOABI APOMATHYECKOro psiaa — XJjopaude-
HUJI, COBTOJI,
® KPEMHUUOPraHUYECKHE COCTUHEHUSI.
Kpome 3Toro, xuakue TUANEKTPUKUA MOTYT ObITh MOJISIPHBIMUA U HEMO-
JSPHBIMU:

® HEMOoJSPHbIC p < 10" Om-em; £=1.8...2,5; tg 0 = 0,001;
e Ca0oMOJISIPHBIC p = 10" ... 10" Omem; €>2,5; tg 0~ 0,01;
® CUIBHOIIOJISIPHBIE p~ 10" ...10° Omcm; €>5; tg8>0,1;

B npOMBINIIIEHHOCTH UMEIOT AENI0 ¢ TEXHUYECKH YHUCTBIMH JKHJIKO-
CTSIMH, COJIEPKalIIMH MMPUMECH BOJIbI, Ta30B, BOJIOKHA IEJUTIONIO03bI, YIJIEPO-
113, POAYKTOB pasioxkenus He MeHee (107 + 10™) MaccoBbIX MPOLEHTOB.

[lo cpaBHeHUIO razamMu MNPOOMBHBIE HAMPSHKEHUS SKUAKOCTEH HMEIOT
oudeHb 0OJBIION pazdpoc. OTKIOHEHUE OT cpemHero coctaBiseT a0 (50 % +
70) % , a cpeanee kBaapatuuHoe oTkionenue 10...15 %.

Omnpenenenne snekTpuueckoi npounoctu macia Uy, mo I'OCT 6581-75
OCYUIECTBIISIETCS B CTAHAAPTHOM IPOOOITHMKE HA IEPEMEHHOM HANPSKEHUU.

Ha npo0oil XuAKUX TUAIEKTPUKOB CYIIECTBEHHOE BJIMSIHUE OKa3bIBAET
MHO>XECTBO (DAKTOPOB, KOTOpPbIE MOTYT KaK IMOHMUKATh IPOOUMBHOE HampsiKe-
HUE (3arpsi3HEHHUs], YBJIAXXHEHUE W Jp.), TaK U YBEJIWYUBATh €ro (OYUCTKA,
JaBieHue, 0apbepbl U T.A.). [ XOpoIIo O4MIEHHBIX, 00€3raXKEeHHBIX KUJ-
KOCTEH BeTUYHMHA dJIeKTpudecKoi mpouHoctu gocturaet 1000 kB/cwm.

1.2.1.1. Bausinue yCJaI0BHI IKCILIyaTAIIMU HA 3JIEKTPUYECKYI0
MPOYHOCTD KUAKOCTEH

Bausinue BJIard M1 MUKpPOIIpUMecei

Brnara B JKUJIKOM JURJIEKTPUKE MOXKET HAXOIUTHCS B TPEX COCTOSHUSAX:
MOJIEKYJIIPHO-PACTBOPEHHOM BUJE, B BUJE AIMYJIbCHH (MEJIKHE IIIAPUKH BOJIbI
pazmepom 2+10 MKM) ¥ B BHJI€ BOJSHOTO OTCTOS Ha JHE Oaka. PacTBopu-
MOCTB BOJIbI B KUAKUX TUAIEKTPUKAX 3aBUCUT OT Temneparypsl. Hanpumep,
B MuHepanbHoM Macie mpu 20° C Moxer pactBopaThes ~ 40-107° Bompsl 110
o6bemy, a mpu 80° C —400-107°.

Hanuuue Biarm B 000MX COCTOSHUSIX CKa3bIBA€TCA Ha 3JIEKTPUUECKOMN
IPOYHOCTH Macliia, OCOOCHHO B MPHUCYTCTBUU BOJOKOH. IIpuuem Hambonee
CHJIBHO BIIMSICT 3MYJbIUpOBaHHAs Boja. BcnenctBue OONMbLION AMAICKTPHU-
YecKoU nmpoHuiaeMocTH (171t BoAbl € = 80, 17151 BOJIOKOH LEIUTIONO03bI € = 6,4)
YaCTHYKHU BJIard U BOJIOKHA BTSTHMBAIOTCS B 00JIaCTh HAMOOJBIIEH Hamps-
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KEHHOCTH DJIEKTPUUYECKOTO TMOJs, MOJSPUYIOTCS M BBITSATUBAIOTCS BAOJb
CHJIOBBIX JIMHHUH MOJIsI. DTO MPUBOJIUT K 00pa30BaHUIO «MOCTUKOBY», KOTOPBIE
YBEIUYMBAIOT JIOKAJIbHYIO IUIOTHOCTh TOKA, HATPEBY, CUIBHOMY YBEIUYCHUIO
JIOKAJIbHOW HANPsSHKEHHOCTH I0JIS1 B MECTaX pa3pblBOB MOCTUKOB, HOHU3ALUN
U IIPOOO0I0 BCErO MEXKAIEKTPOJHOTO MMPOMEKYTKA.

3aBUCUMOCTh MPOOMBHOI HAMPSHKEHHOCTH TPaHC(HOPMATOPHOTO Macia
ot coxepxanust Baaru C, ,(puc.1.23) nokassBaror, uro Hammuue 0,01 %

BJIaI't YMCHBIIACT SJICKTPUYCCKYIO ITIPOYHOCTh MacCjia B HCCKOJIBKO pas.

Enp, [Ipenen pacTBOPUMOCTH BIIaTH
kB/cMm rRMacne 1 rwmacme ?

300

200

100

0 0,008 0,016 0,024

Puc. 1.23. 3asucumocms sn1ekmpuueckoi.  NPOYHOCHU MACIA OM COOEPHCA-
HUs 81azu
1 — mpancgpopmamopnoe macno;
2 — gs13K0€ KabelbHoe MAClo

CHMIXEHUE 3JEKTPUYECKON MPOYHOCTH B OOJACTHM MajbIX KOHIIEHTpa-
M{ BBI3BAHO BJIMSIHUEM PACTBOPEHHOW Bllarv, a B 00JacTH OOJBIIUX KOH-
LEHTpaUuii — AMyJbrupoBaHHoi Biaru. Ha puc. 1.23. moka3aHsl 30HBI pac-
TBOPUMOCTH BJIATH JIJIS1 MACEJI C PA3JINYHOMN BSI3KOCTBIO.

Hanu4aue Briaru v BOJOKOH €1ab0 CKa3bIBA€TCSI HA MPOYHOCTH JKUKHUX
IUAJIEKTPUKOB IIPU KOPOTKUX MUMITYJIbCAX HANPSKEHUS (€IUHHIIBI — IECSITKH
MHUKPOCEKYH]I), TOCKOJbKY YaCTHUIbI IPUMECEN HE YCIEBAIOT MEPEMECTUTHCA
Ha 3HAYUTEJIBHOE PACCTOSIHUE U MTOBIUATHh HA PA3BUTHUE PA3PAIa B KUIKOCTH.
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OO611ee KOJIMYECTBO BOJIbI, KOTOPOE MOKET HAXOJIUThCS B Macie MoJie-
KYJIIPHO — PaCTBOPEHHOM H 3MYJIbTMPOBAHHOM BUJE orpanuueHo. [Ipu co-
nepsxxkanuu ero 6omuee 0,02 % Biara KoaryJaupyeTcs U BBIMAAET B BUIE OTCTOS
Ha HO. XOTS caM OTCTOM M HE BJIMSIET Ha AIEKTPUUYECKYIO MPOYHOCTh, €ro
MOSIBIICHUE CBUJETEIBCTBYET O CYIIECTBEHHOM YXYJIIEHUHU HU3O0JISIIIUOHHBIN
CBOMCTB MacJa.

Oco0eHHO pe3Koe YMEHBINIEHUE PA3PSAHBIX HAMPSHKCHUH TPOUCXOIUT
MpU HAJIMYKUKU B Macjie TUTPOCKOMUYECKUX 3arpsi3HEHU B BUJE BOJIOKOH Oy-
Maru, KapToHa, MPsDKU, 3HAYUTEILHO 00JIeryaromux o0pa3oBaHue MPOBOIS-
[IUX MOCTHUKOB. DTHU 3arpsi3HCHUS MOSBIISIOTCSA B Maciie Mpu ero (uibTpaiuu
B MPOIECCE IKCIUTyaTalluy U3 DJIIEMEHTOB TBEPJON M3OJISIIUU, HAXOSIINXCS
B Maclie.

Bausinue naBjeHus

[IpoOuBHOE HampspDKEHHUE Kak
TEXHUYECKUX, TaK M OYHIIECHHBIX
KUJKUX JUAJIEKTPUKOB NIPU  IIPO-
MbIIIeHHOW yactoTe S50 ' 3aBucHT
40 L OT JaBjeHHs. DTO CBS3aHO C HaJM-
/ 1 ylueM U 00pa3oBaHUEM B KUIKOCTH

P BBICOKOM HAIPSKEHUU MY3bIPh-

KOB Ta3a, SBJIIOLIMXCS OYaraMu pas-
30 BUTUS TIpo0O0si. A 3JIeKTpUUecKas
200 400 600 P, mmpr. cT. IPOYHOCTh I'a3a CHJIBHO YBEJIHMYMBa-

Puc.1.24. 3asucumocms npodbusro- .
€TCsl C POCTOM JIaBJICHUS Ha IIPaBOM
20 HANPsIICEHUs MPAHCHOPMaAmop-
BETBH 3aKOH [lamiena.

HO20 MAcCa Om Od6leHUs:
1 — neoezasuposannoe macno, Ha puc. 1.24 npeacraBiieHsl 3a-
2 — e2azuposarnioe Macno BUCUMOCTH TIPOOMBHOTO HaMpsKe-
HUS TpaHC(POPMATOPHOrO Macia OT
naBieHus: Hke atMocdepHoro. [Ipu
ITOHVDKEHHBIX JABJICHUAX U3 MACJIa HAUMHAIOT BBIAEIATHCSA PACTBOPECHHBIE B
HEM rasbl, U €ro MpoYHOCTh pe3ko naaaet (puc. 1.24, kpusas 1). Bunno, uro
3aBUCUMOCTb MPOOMBHOTO HAMPSKEHUS OT JABJIEHUS 3aMETHO YBEJIUYMBAET-
Csl C TNOBBIIICHUEM CTENEHUW OYUCTKH Macjia, YTO YKa3bIBA€T Ha OO0JbILIOE
BIIMSIHUE Ta3000pa3HbIX MPUMECEH.
[Ipu naBnenun Bhilie atMochepHoro (puc. 1.25) snexTpudeckas mnpoy-
HOCTb MacJja yBEJIIMUYUBAETCS, YTO TAK)KE CBHJIETEIILCTBYET O HAJIUYHMH ras3a B
Macyie ¥ €ro BIUSHUU Ha 3JIEKTPUYECKYIO POYHOCTh Macia.
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HpI/I HUMITYJIbCHBIX BOBHCﬁCTBHHX AaBJICHUC TIPAKTHYCCKH HC CKa3bIBa-
CTCiA Ha 3JI€KTpI/I‘{eCKOﬁ IIPOYHOCTH KUAKUX AUIJICKTPHUKOB.

Enp,
kB/cm |
300
200
100
0 20 40 6@, atm

Puc.1. 25.. 3asucumocms npobusHoil HanpsceHHOCmu
Hede2a3upoB8anHo20 NApapuHO8020 MAcia om 0aeieHus

Biusinue TemMneparypbl

JIIst 9YUCTBIX CYXUX >KUAKOCTEH 3HAYUTEIBHOE BIMSHUE TEMIIEPATYPBI
Ha0ro1aeTcsl B 00J1aCTH MHTEHCUBHOTO UCTIapeHust ¥ kuneHus (puc. 1.26).

JInsi TeXHUYECKU YMCTBIX KUIKOCTEU ¢ MPUMECHIO BIIard 3aBUCUMOCTD
ANEKTPUYECKON IIPOYHOCTH OT TEMIIEPATYPBI AOCTATOYHO cioxkHas. U3 puc.
1.26 BugHO, YTO UMEET MECTO MUHUMYM M MAKCHUMYM JJIEKTPHUYECKON MpOY-
HOCTU. CHWIKEHHE TEeMIIEpaTyphl OT TOUYKH MaKCUMyMa MPUBOJUT K YMEHb-
HIEHUIO Fp, 10 MUHUMYMa, YTO CBS3aHO C IIEPEX0J0M PACTBOPEHHOM BjIard B

Enp,
kB/cm

700

500~

300 L1 1 1
-60-40-20 0 20 40 60 80 100 7,°C

Puc. 1.26. 3asucumocms snekmpuiecxou
NPOYHOCIUBILANCHO20 MPAHCHOpMamop-
HO20 MAcCla om memnepamypbol Ha nepe-

menHom Hanpsaxcenuu 50 [y 6
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AMYJIBIUPOBAHHOE COCTOSIHHE.
JlanpHeliee NOHWKEHUE TEMIEepa-
Typst (< 0° C) BBI3BIBacT 3ameps3a-
HHE KameJIeK BOJbI M, KaK CJIEICT-
BUE, NOBBIIECHUE E,,. Y nbaa 1u-
ANEKTpUYECKasi MOCTOSHHAsT  €p
MPUMEPHO paBHA TUAJIEKTPUUECKOMN
MOCTOSTHHOM Macha €, (&, €y), UTO
YMEHBIIIAET BJIMSHHUE BJard Ha
AIEKTPUYECKYIO MPOYHOCTh MacJa.

YMEHBIICHUE SJIEKTPUUECKON
MIPOYHOCTH JIJIsi CYXOr0 U TE€XHUYe-
CKOIO Macell Tpu TeMIlepaType
Boiie +80° C 00yCIIOBICHO MHTEH-
CUBHBIM HCIIAPEHHEM U KHUIIEHUEM
JKUJIKOCTH.



Biusinne BpeMeHH BO31eHCTBYUSI HATIPAKEHUS
DNeKTprYecKas MPOYHOCTh KUAKUX JAUIICKTPUKOB CYLIECTBEHHO 3aBH-
CUT OT JUIMTEIIbHOCTH TPUJIOKCHUS HAIMPSOKEHUS T W TeM OOJbIIe, YeM
OoJbllle MpUMeEce B KUAKOCTU (OCOOCHHO BJIaru M BOJIOKOH), TEM CUJIbHEE

3Ta 3aBUCUMOCTH (puc. 1.27).

3aBucumocthb Uy, =

g];p’ | 6,3 cm f (f) nug TEXHUYECKOTO
i ! TpaHc(opMaTopHOTO
300 i 1,27cm  Macjia MOXHO pa3OUTh
»00k I - : 15 oM Ha 2 oOnactu. [lepmas
! obnactes I: Biara m Bo-

100+ i II JIOKHA H€ YCIECBAKOT IIC-
! PEMECTUTBhCS U HE OKa-

' ' ' 5 ' ' ' L 3pIBAIOT  BIMSAHUS  Ha

107 10° 10 107 10" be 3JIEKTPUYECKYKD  MPOU-
Puc. 1.27. llonnas éonbm-cekynonas xapakmepu- HOCTbD. Pe3koe yBennue-
cmuka. 3asucumocms npodousHo20 Hanpsxcenuss — HUE AJIEKTPUUYECKOU

mpaucgopmamopro2o macia

Ul‘lp:
kB

600

400

200

20

| |
0 5 10 15

Puc.1.28. 3asucumocmo npoousroeo
HanpsajceHus. Om paccmosiHus ons
MparcoopmamopHo2o Macia, dJex-
Mpoovl OCMPUE-NAOCKOCHb
1 — cmanoapmuulil uMnyIbC, - OCMpue -
NIOCKOCMb, 2 - CMAHOAPMHbIU UMNYIbC,
+ ocmpue - n1ockocms, 3 — nepementoe
nanpsixcenue 50 ['y; 4 — nocmosinnoe
HanpsoiceHue, - ocmpue - NI0CKOCb;
5— nocmosannoe nanpscenue,

+ ocmpue - niockocms;

|
25 S, c™m

Npo4HOCTH TIpH ¢ < 107
C CBSI3aHO C 3aIa3/bIBa-

HUEM DPa3BUTHS pa3pslia, KOTrAa BpeMs
BO3JICHCTBUSI HANPSHKEHUS] CTaHOBUTCSA
COM3MEpPUMO C BpeMeHeM (opmupoBa-

HUsA

paspsana. YBEIWYECHUE BPEMEHU

BO3JICUCTBUA HAIPSHKEHUS [ > 102 ¢
NPUBOAUT K CHMXKEHHMIO Uy, BCIEICT-
BHC BJIIMSHHS BJIard U BOJIOKOH, a TaK-
e o0pa3oBaHUsl Ta30BbIX Iy3bIPHKOB
noj JCHCTBHEM HarpeBa TOKaMH Ipo-
BOJMMOCTH.

Bausinue mMaTepuajia, recoMmeT-
PUMA JICKTPOAOB,
PaCCTOAHUSA MEKTY HUMHU H 110-
JISIPHOCTH HANIPIKCHUA

YBenuuenne kodhpuimenta He-

OJIHOPOAHOCTH TOJIS, TAK K€, KaK U B
ra3ax, CHI>KaeT MpoOMBHOE HaIpsiKe-

HHUC.

I[an(e HC3HAYUTCIIbHOC YBCIINYC-

HUE paanyca KPUBHU3HBI DJIEKTPOJIOB B
PE3KOHEOTHOPOAHBIX TMOJSAX JaeT 00-
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Jee cylecTBeHHOe yBenudeHue Uy, 10 CPaBHEHUIO C BO3AYXOM. Y BEIMUCHUE
PACCTOSIHUSL MEXKIY AJICKTPOJAaMU S MPUBOIUT K YBEIMUYECHHUIO TTPOOHMBHOTO
HanpsokeHus (puc. 1.28) B 0000111eHHOM BUJIE 3aBUCUMOCTh MPOOUBHOTO Ha-
MPSHKEHUS OT PACCTOSIHUS MEXKTY DJIEKTPOJaMU MOKHO TIPEJICTaBUTh KaK

Uy =A-S", (1.50)

rae A U n — MOCTOSIHHBIE, 3aBUCSIINAE OT CBOMCTB JUAJIEKTPUKA U YCIOBUN
po0os.

Ha BenuunHy mpoOMBHOIO HaNpsKEHUS MPU HEU3MEHHOM S OKa3bIBaeT
BIUSIHUE TUIOLIAAb 3JEKTPOJOB U O0BEM JKUIKOCTU MEXKAY DJIEKTPOAAMMU:
YBEJIMYEHHE IUIOMIAIA JIEKTPOIOB U 00bEMa KUJKOCTH BBI3BIBAET CHUYKEHUE
U,p. CocTossHME TOBEPXHOCTHU DJIEKTPOAOB OKA3bIBAET BIMSHUE HA DIIEKTPH-
YECKYI0 MPOYHOCTh FEyp, KUIKUX JHUIIEKTPUKOB. 3arpsi3HEHUE, OKUCIICHUE U
IUIOXasl TIOJIMPOBKA MIOBEPXHOCTH DJIEKTPOJIOB CHUKAIOT Fyyp,

ITo Mepe yBenMUYEHHs PACCTOSIHUS MEX]y JIEKTPOJAMM BIIMSHHE MaTe-
pHasa 3JEeKTPOJAOB YMEHBINAECTCS M IPU PACCTOSHUHA HECKOJIBKO MUJUIAMET-
POB IpeKpamaercs. DIEKTPUYECKasl TPOYHOCTh B MaJbIX MPOMEXKYTKAX 3a-
BHCHUT OT BBICOTHI MOTEHIIMAIBHOTO Oapbepa JIsl HOCUTENEH 3apsaaa Ha rpa-
HULIE METAJT — JUAJIEKTPUK (paboThl BhIXOAA ANEKTpOHOB. Kak cienyer w3
puc. 1.28, mpoOMBHOE HANIPSHKEHUE 3aBUCUT OT MOJIIPHOCTH 3JIEKTPOAA — OCT-
pusl [IpU HECUMMETPUYHOM cuUcTeme AekTpooB. Haunbosee sipko 3Ta 3aBU-
CUMOCTb MPOSIBISETCS U1 TOJAPHBIX >kKuakocted. Hanmpumep, nns Bomabl
yBenndenue Uy, TIpu OTPULATEIBHOM NOJAPHOCTH OCTpHUS focTthraer 2,0 —
2,5 pa3 1o CPaBHEHHUIO C MOJIOKUTEIBHOMN MOJSIPHOCTHIO.

Bapbepubiii 3¢ dexT

Bapbepbl U3 TBEPIOro W30JIAIMOHHOTO MaTepuaia, yCTaHABIMBAEMbIE B
Maciie MEXAY AJIEKTPOJAMH, IIUPOKO MPUMEHSIOTCS MJIs TOBBIIMICHUS DJICK-
TPUYECKOW MPOYHOCTH MACIIIHOW M3OJISLMH. YBEIUYEHUE L, 00yCIOBIEHO
nBymsi (aktopamu. bapbep HempoHuIaem i MOHOB >KUIKOCTU. [ToaTomy
WOHBI, JIBUTAsIChb OT OJHOTO 3JEKTpoJa K JpyroMy, ocelaloT Ha Oapbepe,
«pAacCTEKalOTCA» IO €ro MOBEPXHOCTH M 3apspKaroT ee. biaromaps stomy,
AIIEKTPUYECKOE TI0JI€ B MPOMEXKYTKE BBIPABHUBAETCS, YTO MPUBOJIUT K yBE-
JUYEHUI0 TPOOUBHOTO HanpsbkeHust. Kpome aToro, 6apsep 3arpyaHser oopa-
30BaHHUE CIUIOUIHBIX MPOBOJSIIUX MOCTUKOB M3 BOJIOKHHUCTBIX BELIECTB,
HaxojsAumxcss B Macne. [ledictBue OapbepoB ©Oonee 3((PexkTUBHO B
HEOJHOPOJIHBIX MOJISIX U MPHU AJIUTEIHHOM BO3ACHCTBUU HANIPSHKEHUS.

[Ipu KpaTKOBPEMEHHBIX UMITYJIbCHBIX BO3JIEUCTBUSIX HAMPSKEHUS Oapb-
epbl MeHee 3((HEKTUBHBI, YeM Ha TOCTOSTHHOM U IEPEMEHHOM HaNPSKEHUSX.
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Ha puc. 1.29 npencraBieHO OTHOCUTEIBLHOE HM3MEHEHHUE MPOOMBHOTO
Hanpspokenus Us/Uy, (Uyp, — IpoOuB-
HO€ HaIPsDKCHHUE YUCTO MACIISTHOTO

Us/Unp NpOMEKyTKa, a U — mpoOUBHOE Ha-
/ \ NPSDKEHUE TOTO K€ MPOMEXKYTKa C

2,0 S OapbepoM) B 3aBUCUMOCTH OT pac-
\ crostHUSL 10 Oapeepa S¢/S (S = 75

1.5 - MM — PAaCCTOSHHE MEXKIY DJICKTPO-
\ namu, a Sg — PacCTOSIHHE OT OCTPUS

n0 Oaprepa) B MacisSHOM IpoMe-

1’(()) 0,25 0,5 0,75 S&/S JKYTKC, 06p330BaHHOM QJICKTPOAaMU

Puc. 1.29. Bauanue 6apvepa na npo-  OCTPHE — TUIOCKOCTh IIPU BO3JEHCT-
ousroe HANPANCEHUE MACIIAHO20 Npo- BHH TICPCMCHHOI'O HAIIPSAKCHHUA C
MENCYMKA OCMPUE-NI0CKOCb yactotoit 50 I'1.
bapeep — mutockuii anekTpokapToH ToimuHOM 5 mM. [IpoOuBHOE Ha-
MpsHKEHUE MaclITHOTO MPOMEXyTKa 0e3 6apbepa paBHo 1. Hamnuue G6apbepa
MPUBOJNUT K YBEIWYEHUIO MPOOMBHOTO HAMpsyKeHUs. MakcuManbHBIA (-
(EeKT COOTBETCTBYET pacCTOSAHUIO 0 Oaprepa Sg =~ 0,25 S, 4TO XOpoIIo KOp-
pENHUPYET C aHATTIOTUYHBIM 3P HEKTOM TSI Ta3a U TBEPIbIX TUIICKTPUKOB.
MacnobapbepHasi U30IS1USI IIUPOKO MPUMEHSETCS B BHICOKOBOJIBTHOM
TEXHUKE IIPU U3TOTOBJIECHUU TPaHC(POPMATOPOB, BBOJIOB, PEAKTOPOB U T.II.

1.2.1.2. Mexanu3m npooost xKHIAKUX JUIJTCKTPHKOB

DKCNIEpUMEHTANIBHBIE PE3yJbTaThl MO MPOOOI0 KUIKUX AMIIEKTPUKOB
NOKa3bIBAlOT HAJIMYUE, KAK MUHUMYM, JIByX 00JIacTEH, CBSI3aHHBIX C BpeMe-
HEM BO3JIeHcTBUS HanpspkeHus (puc. 1.21), nosiBieHne KOTOpbIX 0OBSACHSET-
Csl pa3JIMYHBIMU MEXaHU3MaMU IIPOOO4L.

[Ipn puTensHOM BO3JEHCTBUU HAIPSKEHUS NMPUCYTCTBUE BIArd, rasa,
3arpsiI3HEHUM B KUJAKOM JUAIEKTPHUKE CHUJIBHO CHUXKAET €r0 3JEKTPUYECKYIO
IPOYHOCTH, MPUYEM Hanboyiee OMaCHBIM SBISETCS 3MYJIbIMPOBAHHOE CTOS-
Hue Biaru. [Ipo6oit HacTynaeT BCieACTBUE OOPA30BAHMS LIETIOUEK M3 MEIKUX
MOJIIPU30BAHHBIX YaCTHULl BKIIFOUEHHM, KOTOPBIE BBITSTUBAIOTCS BIOJIb CHJIO-
BBIX JIMHUWA. DTH LENOYKH 00pa3yloT 0oJiee MPOBOASAIINE KaHANbI, IO KOTO-
PBIM MPOTEKAET TOK, PA30IPEBAOIINI UX U MPUIIETAIOUIYI0 K HEMY KUJIKOCTh
1o kuneHus. ['a3 B )xuakoctu odpasyercs TakkKe 3a CYET AMCCOLUALUHA MO-
JIEKYJI B 3JIEKTPUUECKOM I10JI€ U DJIEKTPOJIM3E, B JaIbHEHIIIEM paCTBOPEHHBIH
ra3 KoaryJvpyeT B IMy3bIpbKU MPU HArpeBe >KUJIKOCTH TOKaAMHU MPOBOAMMO-
CTH.

OOpazoBaHue ra3oBbIX ITy3BIPBKOB Y 3JIEKTPOAA MOXKET TaKkKe HUMETb
MECTO M IPU UMILYJbCHOM HAaNpPsDKEHMH Kak 33 CYET JUCCOLMALUMU MOJIEKYJ
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KHUAKOCTH, TAK U 3a CUET JIOKAJIBHOIO BCKUIIAHUS XUAKOCTH IOJ BO3JEUCT-
BHEM BBIJICJICHHON SHEpruM. B ra3oBbIX My3bIpbKax pa3BUBAETCs yJapHas
MOHM3AIMs, 00pa3ylOTCsl CTPUMEPHBIE KaHallbl, KOTOPbIE pa3BUBAETCs K MPO-
TUBOIOJIOKHOMY 3JIEKTPOAy. B JIIMHHBIX (CAaHTUMETPOBBIX) MPOMENKYTKAX
poOOoM, KaK U B ra3ax, UMEET JIUJACPHBIA XapakTep.

Ipu BO3/IEHCTBIH NMITYJIbCOB HANPSIKEHUS ¢ JUTHTEIBHOCTRIO T < 107 ¢
BJIIMSIHUE MPUMECE 3HAUMTEIbHO OCJIA0JIEHO, T.€. OHM HE YCIIEBAIOT Iepe-
MECTUTBCS Ha 3aMETHBIE paccTosiHusA. HavyanbHas ctaaus paspsiia B JKHIKO-
CTH BO3HHKAET U HaIpspKeHHOCTsIX okosio 100 kB/cm. B atom cinyuae Ha-
YUHAOT HPOSBIATHCS MPOLECCHI IIEKTPOHHON 3MHUCCUM U MOHU3ALUU MOJIE-
KyJ KMIKOCTH. Bo3MOXHa yJlapHas MOHU3aLMsl Yy KaTo/la U aBTOMOHU3ALUSA
KUAKOCTH y aHoja. Bce mepeuucrieHHbIE SIBIEHHMS MOTYT ydacTBOBAaTh B
WHULMAPOBAHUU pa3psija.

1.2.2. IIpo0oii TBepAbIX IMIJIEKTPUKOB

B 3aBUCUMOCTH OT 3JIEKTPOPUINUECKUX XAPAKTEPUCTUK TBEPAOTO JH-
AJIEKTPUKA, BUJA HAIMPSOKEHUS M YCIOBUM paOOThl MOKHO YCTAHOBUTH TPU
OCHOBHBIX BHJIOB IPOOOS.

1. OnexkTpudeckuil mpoOoii, BOZHUKAIOUINN B PE3yJIbTaTe Pa3BUTHS
noHuM3auu (0e3 XUMHUYECKUX MPEeBpalIeHUH U Meperpena), MPakTUUeCKH He
3aBUCAILAN OT TEMIIEPATYPHI.

2. TeruioBoit mpoOOM, CBSI3aHHBI C Pa3OrpPEeBOM AMAIIEKTPUKA
BCJICJICTBHE BBIJEISIEMON B HEM SHEPIrUU IMPU MPOTEKAHUU B HEM TOKa IPO-
BOJMMOCTHU U JUAIEKTPUUYECKUX MOTEPh. [Ipy 3TOM TennoBbIIeIeHHE B TBEP-
JIOM JTURJIEKTPUKE JTOJKHO MPEBBINIATH TEMJIO0TIa4y B OKPYKAIOUIYIO Cpey,
4TO 00YCIIOBIMBAET POCT TEMIEPATYPHI BO BPEMEHH, MPOTUIABICHUE AUAJICK-
TpuKa U (OpMUPOBAHKE MPOBOASIIETO KaHaa.

3. [Ipo6oif mpu IIUTETLHOM NPWIOKEHUH HANPSHKEHUH, CBSI3aH-
HBI C pa3BUTHEM HEOOpPATUMBIX MPOIECCOB: XUMHYECKUX MPEBPAIICHUM,
o0pa3oBaHUEM CYOMUKPO — U MUKPOTPEILMH, Pa3BUTHEM YAaCTUYHBIX pa3psi-
JIOB.

[IpoOuBHas HANPSKEHHOCTh OOJBITMHCTBA TBEPBIX TUAIEKTPUKOB MPHU
JIEKTPUYECKOM TIPo6oe B OJHOPOAHOM moie cocrasmser 10°...10° kB/ewm,
npu TerwtoBoM — 10...10° kB/cM.

Haubonee cuibHOE BIMSHHME Ha AJIEKTPUUYECKYIO MPOYHOCTH TBEPIBIX
JIUAJIEKTPUKOB OKa3bIBAET BpEMs MPUIIOKEHUS HANPSKEHUs, TEMIIeparypa,
TOJIIIIMHA JUDJICKTPUK, YPPEKT MOISIPHOCTH.
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1.2.2.1. Bausinue ycJOBHIl IKCIIYaTAllMU HA JJIEKTPUYECKYIO
NMPOYHOCTb TBEPABIX INIJIEKTPHUKOB

Biausinue BpeMeHU NPUI0KEHUS HATIPSAKEHU S

Unp,
kB \
400
300 =
Al B \ C i
200
100 AN v

0
107 10° 10 107 10" 10° 10° ¢,¢
Ic 1 mun 1 gac
Puc. 1.30. 3asucumocms npobuernozo
HAanpsiceHus dI1eKmpoKapmoHa om

3aBUCUMOCTh MPOOMBHOIO Ha-
NPSDKEHUST OT BPEMEHHM Ha3bIBAETCS
BOJIbT-CEKYH/IHOM  XapaKTE€pPHUCTH-
koi. O000uIeHNe BOJIBT — CEKyHJ-
HOM XapaKTepUCTUKHU TBEPABIX IH-
AIIEKTPUKOB TMpPHUBEJEHA Ha pHC.
1.30. Ecnu BpeMsi IpUIIOKEHHS Ha-
NOpsHDKEHUST HE TPEBBINIACT JI0JIeH
ceKkyHabl, o0nactu A u B, To mpo-
OOl YHCTO HJIEKTPUUECKHI Xapak-
Tep. TersaoBble MPOLECCH B CUILY
CBOCH HMHEpPLUU HE YCIEBAIOT pas-

8peMeHU 8030eliCMBUST HANPAHNCEHUSL:
nojie —00HOpPOOHOe,; cpedd - MmpaHchop-
MamopHoe Macio;, moawuna — 2...2,5 um

BUTBHCA CTOJIb CYIIIECTBEHHO, YTOOBI
nOBJIMATE Ha Uy,

Oo6macte C xapakTepusyercs
PE3KUM CIIaJloM NPOOMBHOIO HAMNPSKEHHs, YTO, HECOMHEHHO, TOBOPHUT O
npeobJiaiaronieil posik TEIUIOBBIX MpolieccoB mpu mpobdoe. Obnacts [l — Hau-
0ojyiee HU3KOE, KBAa3WyCTAHOBHBIIEECS (OYEHb MEIJIEHHO CHaJarollee BO
BpEMEHHU) MPOOUBHOE HAMNpPSKEHUE, 00YCIOBIEHHOE MEIJIEHHBIMHU MpPOLIEC-
caMu Jierpajaiuu (CTapeHus) TBep0Tro TUAIEKTPUKA.

Pe3koe Bo3pacTanue mpoOMBHOIO HAINPSHKEHUS B 00JacTH A CBSI3aHO C
3amas3iblBAaHUEM pa3BUTUA KaHayia Mpo0osi. CKOpOCTh pa3BUTHUSL Pa3psAHBIX
KaHAJIOB B TBEPJOM JUAJIEKTPUKE 3aBUCHUT OT KO3PUIIMEHTa NIepeHanpsiKe-
HHUSI U COCTaBJISCT 0,1...106 cM/c. CremoBarelibHO, BpeMsI BO3HUKHOBEHUS
PE3KOro BO3pacTaHMsi MPOOMBHOIO HAIpsHKEHUs OyAeT 3aBUCETh OT TOJIIU-
HbI TBEPAOTO AUIIEKTPHUKA.

3aBUCUMOCTh IIPOOMBHOIO HAIPSKEHUS OT BPEMEHM INPUJIOKEHUS Ha-
NpPsDKEHUS, COOTBETCTBYIOIIAs 3JEKTpHUECKON (opMe MmpoOosi, Ha3bIBACTCSA
BOJIBT — CEKYHJIHOI Xapakrepuctukoi (BCX) (na puc. 1.30 3T0 BpeMeHHOMI
UHTEPBAT fyp < 10" ¢), a ipu ¢ Gomee 10" — BOIBT — BpeMeHHasL.
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Bunsinue TOJIMHBI IN3JIEKTPUKA H MOJISIPHOCTH 3JIEKTPO0B
DnexkTpudeckas MPOYHOCTh JIUAJIEKTPUKA NP HEM3MEHHBIX I'€OMETpH-
YECKUX MapaMeTpax 3JIEKTPOJOB YBEJINYMBAETCA C YMEHBIIEHUEM TOJIIIUHBI
muanektpuka. Ha puc. 1.31 npuBegeHa 3aBUCUMOCTD 3JIEKTPUYECKON MpOY-
HOCTH E\, HENPONHUTAaHHON KOHIEHCATOPHOW OyMarw OT TOJILIMHBI HA Iepe-
MeHHOM Hanpspkenun 50 I'm.

Enp, UHP; ¢

kB/MMm kB %
1 L~

20
30 ) /// 7/
20 N 10 ,//

\ 4/ — |
10 50
0 10 20 d, MKM 0 4 8 12 d, Mmm
Puc.1.31. 3asucumocms s/1ex- Puc. 1.32. 3asucumocms Upp om monuumsl
MpUYecKoU NPOYHOCMU HENpPo- OUDNIEKMPUKA HA UMNYTIbCHOM HANPAHCEHUU
NUMAHHOU KOHOEHCAMOPHOUL OY- Ilone ocmpue-nnocxocms. 1,2 - opecmexno,
mazu om moJujunbsl, U._: 3.4 —NaCl; 1,3-ompuuameﬂbHa}z, 2,4-

noaoHcCUmMelbHAaAsA NOJAPHOCNb OCMpUst

Habmronaercs peskoe Bo3pactanue £y, py TommuHax 20 MKM U MEHEe.
9t1oT 3ddext O6but OTKpHIT A.D. Nodde B 1928 roay. Tonkue cion audiex-
TPUKa HUCIOJB3YETCS B M3OJALMU KOHAEHCATOPOB, MEXBUTKOBOM JIM MEX-
CJIOEBOM H3OJISIIIUK TPAHC(HOPMATOPOB, OYMaKHO — MACIISTHOW U TJICHOYHO —
MAacCJISIHOM U301 KaOeleli, BBOJIOB.

VYBenuueHne NpoOMBHOTO HAMPSIKEHUS C POCTOM TOJIIUHBI U30JSLUN
MPOUCXOJIUT C HACBHIIICHUEM KakK JUIsl OPraHUYECKOM, TaK M HEOPTraHUYECKOU
nsonsnuu (puc. 1.32). Xapakrep 5THX 3aBUCUMOCTEN aHAIOTUYEH £, Ta30B U
KHUJIKOCTEN: CHIKEHHUE DJIEKTPUIECKON IIPOUYHOCTH Ey, TUDJIEKTPUKOB C yBE-
JUYEHUEM TOJIIMHBI B IIIMPOKOM JHANa30He U3MEHEHUS TOJIIIHH.

O dexT nonsIpHOCTH TaKKe MPUCYI TBEPABIM TudIeKkTpruKkaM. Kak Bu/I-
HO U3 puc. 1.32, u3MeHEeHHE MOJAPHOCTU DJIEKTPOJAa — OCTPUS MPUBOJUT K
M3MEHEHHUIO DJIEKTPUYECKON MPOYHOCTH IUAJIEKTPUKA MPU OJHOU U TOU XKe
ero tonmuHe. [IpoOMBHOE HampsKEHUE TPU OTPHUIATEIBHON MOJSIPHOCTH
ANEKTPOAA — OCTPHSI BBIILIE, YEM IIPU MOJOKUTEIBHON. JTa pa3HUIlAa BO3pac-
TaeT C yBEJIMUYECHUEM JUAJICKTPUUYECKON poHUIaeMoctu ¢ (Ha puc. 1.32 mis
oprcrekiia €=3,5; s KaME@HHOU coiu €=5,6). B MOJSIpHBIX JUAIEKTPUKaX
TaK e, KaK M B KHUIKOCTAX, ITOT 3P deKT OobIie, 4eM B HETIOISIPHBIX.
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Bausinue Temneparypsl

[IpoGoii TBepAbIX IUAIEKTPUKOB B 3aBUCUMOCTH OT TEMIIEPaTypbl
BHYTPU JUAJIEKTPUKA UMEET JIOCTATOUHO CIOXHBIA XapaKTep M MOXKET OBbITh
paszesieH Ha JBe 00JaCTH OTHOCUTENIbHO HEKOTOPOM KPpUTHUECKON TeMIiepa-
Typsl Ty,. Hanuune nByx o0iacTell XapakTepHO Kak Ul OPraHUYECKHX, TaK
Y HEOpraHW4yeckux au3jeKkTpukoB. Ha puc. 1.33 mpuBeneHsl mogoOHbIE 3a-
BHUCUMOCTH JJisl moiudTuieHa (kpuBas 1) u ¢papdopa (kpusas 2). B obnactu
HU3KUX TEMIEpaTyp NpUOUWBHOE HAINpPSIKEHUE MPAKTUYECKH HE 3aBHCHUT OT

TEeMIIepaTyphbl.
Hauyunast ¢ onpeneneHHON KPUTHYECKON TeMmmeparypsl (A1 MOJIUITH-
Enm, neHa T, ~+30° C, ms1 bapdopa T, -
KB/MM ~+60° C), NMpPOMCXOMHUT pe3Koe M
1000 . 1 3HAYUTCJIbHOC CHMXKCHHEC DJICKTPH-
500 1 YEeCKOH MPOYHOCTH. 3aBHCUMOCTHU
Ha puc. 23 XapaKTepHBbI JJIs1 MHOTUX

100 - TUBJIEKTPUKOB. CnenoBaTenbHoO,
50t s IUISL OZTHOTO U TOTO K€ AUAJIEKTPHUKA
HaOJI0JaeTcs JIBE TeMIepaTypHbIe

10 o0nacTu: 00JacTh TEIUIOBOTO MPO-

500 -100 0  +100 A, C  ©00s — BBICOKHE TeMIepaTypsl i 00-

JacTh JJIEKTPUUECKOTO TPo0os —

Puc.v 1.33. 3a6ucumocmo snekmpuve-  pusxpe Temmeparypsl. | 'paHuia

CKoUu npodYHocmu om memnepaniypul. THX O6HaCTeﬁ Naxke IS OJHOTO U
l-norusmunen; 2- gpapgpop

TOrO K€ MaTepuaia J0CTaTOYHO

yCJIOBHA, MOCKOJIbKY OHa 3aBHUCTH

OT yCJIOBUI paboThI (OXJIaxACHUE, BU HAMPSKEHUS, opMa UMITYJIbCa, Yac-

toTa). [IpH MmIoXxoM OXNaXJAEHUU U3OJSUUKA WK MIPU BHICOKON TeMIlepaType

OKpY’KaroIIel Cpelbl 3Ta TpaHUIla CMENIAETCS B CTOPOHY HHU3KUX TeMIiepa-

TYp.

1.2.2.2. MexaHu3M 3JIEKTPUYECKOT0 NPO0Ost
TBEPABIX INIJIEKTPUKOB

DNeKTpUYeCKUd MPOoOOH TBEPABIX IAUICKTPUKOB IMPOUCXOAWT B TEX
ClIyJasiX, Korja HCKI0YeHAa BO3MOXHOCTHh CYIIECTBEHHOTO pPa3orpeBa [u-
AIIEKTPHKA WK TMPOIIECCOB CTAPCHHUS.

[Ipu3HakamMu AJIEKTPHUECKOTO MPOOOS MOTYT CITY)KHUTh:

a) He3aBUCUMOCTb Uy, OT TEMIIEpATypBhl;

0) cimabas 3aBucuMocTb Uy, OT BpeMEHHU (HE CUMTasi OYEHb KOPOTKHMX
BpemeH, < 10°¢);
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B) 3HAUUTEJIbHOE BJIMSHUE JIOKAJTBHBIX HEPAaBHOMEPHOCTEH 3JIeKTpUUe-
CKOT'O MOJIS.

B TBepabIX MuiNEKTpHUKaX TaK K€, TaK B Ta3000pa3HBIX W KHUIAKUX, HE-
00X0JIMMO BBIICNIUTH 2 CTaIUU PA3BUTHS KaHaja pa3psiia:

1. ®opmupoBanue paspsija: MosiBICHUE (MCTOYHUK) CBOOOJHBIX 3apsi-
YKEHHBIX YacCTHIl (3JIEKTPOHBI, HOHBI), 00pa30BaHUE NOHU3ALUOHHBIX MPOIIEC-
COB, IPOTEKAHUE TOKA Yepe3 AUNICKTPUK, CO3TaAHUE TPOBOSIIIETO My TH.

2. 3aBeplieHue pa3psaa: ObICTpOE HApacTaHUE TOKA uepe3 AUICKTPUK,
criaj] HarpsHKEHUsI 10 HYJIS.

Bech 3T0T mporecc MoKeT ObITh U300pakeH rpaduuecKu Npyu MOMOILIU
BOJIbTAMIIEDHOW  XapakKTepu-
ctuku (puc. 1.34), tne Oa -

I ~ MPOBOJUMOCTh  TUAJICKTPHUKA
\ HEe u3MeHsieTcs (coOtoaaeTcs
6 3akoH Oma); aé - TOK OBICTPO
BO3pACTa€T HE MPONOPIHO-
HaJbHO HAaIpsDKeHHIO (Hapy-
/./ meHue 3akoHa Oma); 6c —
L— ¢ MPEANPOONBHOE  COCTOSIHUE,
0 Upr U nocjie KOTOPOro TOK KaTacT-
podrYeCcKH YBEIMUUBACTCA 3a

Puc. 1.34. Boremamnepnas xapakmepu- — c4eT yBEJIHUYCHUS TPOBOJIM-

CmMuKa meepoo20 OUINeKmMpuKa MocTu (MaJieHue HaNpsHKEHUs
(06wt 6u0) Ipyu 3TOM Ha JUDJICKTPUKE
YMEHBIIAETCS.

[IpoGoit TBepAbIX JHU-
AIIEKTPUKOB BCETJa aCCOIMUPYETCS C BOBHUKHOBEHUEM KaHaua, 00Ja1arolne-
r'0 BBICOKOU MPOBOJIMMOCTBIO U 3aMBIKAIOIIETO PA3PSIAHBIA POMEKYTOK.

DOneKTpudecKuil IpoOoil 0OBIYHO CBA3BIBAIOT C KPATKOBPEMEHHBIM, UM-
MyJILCHBIM BO3JCHCTBUEM Ha M3O0JISIUIO BBICOKOTO HampsikeHus. OTCyTCTBHE
HAy4YHO OOOCHOBAHHBIX WHKEHEPHBIX METOJOB pacuera 3aTpyaHseT d(dek-
TUBHOE MCIOJIb30BAaHUE TBEPAOW H3OJIAIMU BO BCEM MHOr0oOpa3uu CoBpe-
MeHHOro ee npumeHeHus. [Ipu snekTpudeckoil hopme mpoOos MO aHATOTUH
C ra3000pa3HBIMU JIUAJICKTPUKAMH MEXAHU3M MPOOOST TBEPABIX AUDIICKTPH-
KOB OCHOBBIBAJICS TaK)K€ Ha YJIapHOW MOHM3ALUM BaJICHTHOM 30HBI. CaMa ke
peanu3alus 3TOro MeXaHu3Mma rnoJjaraiach O4eBUIHOM.

Bepmmnauaeim FO.H. npennoxen (2000 r.) uHON MOAXOJ W ONMUCAHUE
MEXaHU3MOB JJIEKTPUUECKOT0 MPOOOs TBEPABIX JUIIEKTPUKOB, YTO MO3BOJIS-
€T IIeJICHANPABIEHHO BHIOMpATh TUAJNIEKTPUKUA W WX CBOMCTBa, obecreyu-
BAIOIIME HEOOXOAMMbIE TEXHUUYECKHE TPEOOBAHMS K AJIECKTPUUYECKON M30JI5-
LU BBICOKOBOJIbTHBIX YCTPOMCTB U YCTAHOBOK.
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PacnipocTpanenue kaHaJOB pa3psiia HEPA3PhIBHO CBSA3aHO C BO3HUKHO-
BEHHUEM U MEepEeMEIIeHUEM B 00beMe TBEPIIOTO JAUAIICKTpUKa (a30BbIX Mepe-
X040B nepBoro pojna. Ilpu paspsae ¢ karoma 3TO NMEPEXOI «TBEPIOE TEJO-
pacIuiaBy, a IpU paspsiie ¢ aHOAA — «TBEPJI0E TEJIO — IUIOTHAs Iu1azMa». Bos-
HUKHOBEHHE NIEPBUYHOTO KaHAJIA pa3psAa KAK ¢ KaTo/1a, TaK U C aHOJIA UMEET
OJIMHAKOBYIO TEIUIOBYIO (PU3MUECKYIO MPUPOTy. Paznmmune cOCTOUT UMb B
TOM, 4TO TIPU paspsae ¢ KaToja B €ro (OpMUPOBAHUU yYaCTBYIOT TPEHMY-
IIECTBEHHO HECOOCTBEHHBIC 3JIEKTPOHBI, WHXKEKTUPOBAHHbIC M3 KaTo/aa, a
MpU pa3psjiec ¢ aHOJA — COOCTBEHHBIE AJICKTPOHBI M3 MEJIKUX JOHOPHBIX
YPOBHEU. 3HAHWE ATHUX MEXAHW3MOB MO3BOJISIET YIPABIATh JAHHBIM MPOILIEC-
COM, HaIIpuMep, METOAOM JIETUPOBAHUS IPUIIICKTPOIHBIX 00JIACTEH.

[IpeanpoOuBHOI 3Tan pa3BUTHS pa3psiia B TBEPIAbIX TUIIEKTPUKAX CO-
CTOUT U3 JABYX cTaauil. Ha mepBoii cranuu npoucxoauT GopMUpOBaHUE Ha-
YaJbHOTO yYacTKa KaHalla — MEPBUYHOTO KaHAJIA pa3psAna. JTa CTaaus sBIIs-
€TCsl CJIEICTBUEM BO3HUKHOBEHHS B MPHUAJIEKTPOJAHONW 00JIACTH Pa3psIHOTO
IIPOMEKYTKA JIEKTPOHOB ITPOBOJAUMOCTH U PA3BUTHUS HEYCTOMYMBOCTEN B UX
KoJuiekTuBe. [Ipu nqocTkeHnH B JTOKAIbHOM 00JIaCTH AMAIIEKTPUKA TUIOTHO-
CTH TOKa j, IPEBBIIIAONIEN HEKOTOPOIO0 KPUTHUECKOIO 3HAYEHHE Jyp, TAM CO3-
TAKOTCS YCIOBHS IS IEPEX0/IA TBEPAOTO BEIIECTBA AUAICKTPHUKA B €r0 pac-
TJIaB.

3aKOHOMEpPHOCTH U MeXaHU3M (GOpMHUPOBaAHMS pa3psaaa

[IpeanpoOuBHOI 3Tanm pa3BUTHA HMMIYJIbCHOTO pa3psia 3aBeplIAeTCs
MIPY 3aMBIKAHUS KaHAJIOM BCETO Pa3psAIHOrO MPOMEKYTKA. ITUM 3aBEPIIACT-
cs mepBas ctaaud. Bropasd ctagus HauYMHAETCs, KOT1a JIEKTPUUECKUMN pa3psia
[IEPEXOJUT B COCTOSIHME IyT'H, FOPSAILEH B OTPaHUYEHHOM IpocTpaHcTBe. Ha
ATOM 3aBepUIAOUIEM AdTare Npo0osi MPUHIMIHAIBHO U3MEHSIOTCS (aKTOPHI,
onpenenstonme (Guznyeckoe coaepkanue mnpouecca. Ha npeanpoOuBHOM
ATamne OMPENEIIONUMU (PaKTOpaMu SIBISIOTCA MapaMeTphl HMITYJIbCa Ha-
MPSDKEHUSL, CBOMCTBA JIMAJIEKTPUKA U TE€OMETPHUS PA3PSIAHOTO IPOMEKYTKA.
Ha BTOpOM 3Tame riaBHas poJib OTBOJUTCS JJIEKTPUUYECKHMM IapameTpam
pa3psIHON 1IENU U UCTOYHUKA YHEPTHU. JTO OJHA U3 MOJIeNEel, ONUCHIBAIO-
IUX 3JIEKTPUUECKUN MPOOOM TBEPIbIX NUAIEKTPpUKOB. OHA OCHOBaHA Ha CO-
BPEMEHHBIX JOCTIKCHHMSIX (DU3WKH TBEPJOTO Tella T HAyKH O MpoIleccax,
MPOUCXOJAIINX B TBEPABIX TUAJICKTPUKAX MPU BO3JACUCTBUM CUJIBHBIX DJICK-
TPUYECKUX MoJiek. TeM HE MeHee, UCITOIB30BaHUE €€ ISl PAaCYETOB U30JIALU-
OHHBIX YCTPOMCTB BBICOKOBOJIbTHBIX KOHCTPYKIIMH, JISI MHKCHEPHOW Ipak-
TUKHU 3aTPyJIHUTENbHO. TpedyeTcst nanbHeiinas pa3padoTka Kak BBIJIBUHY-
TBIX UJIeH, TaK U HOBBIX MOAX0A0B. Kak cka3anm KpymHBIN y4eHbIN B 001aCTH
anekTpudeckoro paspsiaa I'. Perep: «Meacdy kamooom u anooom cywiecm-
gyem 0onbuie AGNEHUN, YeM IMO NPeOCMmaAsnaemca Hauemy 6000paice-
HUIO».
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1.2.2.3. TensioBoii mpo00ii TBEPABIX JUITCKTPUKOB

[Ipu Bcex pa3pelIeHHBIX PEKUMAaX PaOOTHI M3OJSIUMOHHOM KOHCTPYK-
MU HauOOJbIINE TEMIIEPATyphl €€ 3JIEMEHTOB HE JOJDKHBI MPEBHINIATH J10-
nyctuMble 3HaueHus. Heo6xonnmo, yToObI BhIETSIONICECsS B HEM TEIyIo Ha-
JIEKHO OTBOJMIIOCH B OKPYXKAIOIIYIO Cpely. B MPOTUBHOM citydae mpoucxo-
JTUT YCKOPEHHOE TEIUIOBOE CTAPEHNE M COKpALIEHUE PECYpCa U30JSILIUOHHON
KOHCTPYKIIMM WJIA HApyILIECHHE €€ TEIUIOBOM YCTOWYMBOCTH, T.€. TEIJIOBOMU
npo0oil.

JIj1s TennoBoro npo0ost XapakTepHbl CAEAYIOIINE MPU3HAKU:

¢ TPOOMBHOE HANPSKEHHE YMEHbBIIACTCS C YBEJIUUCHUEM JITUTEIbHOCTH
MPUJIOKEHUS HAIPSKECHHUS;

® TPOOMBHOE HAMPSHKEHUE YMEHBIIAETCA C POCTOM TOJIIIMHBI 00pa3Iia;

e 1poOOil MPOUCXOAUT B TOM MECTE, IJIe TEIUIOOTAAaua B OKPYKAIOLIYIO
Cpely HauMEHbIIAs;

® TEIIOBOM MpoOOi HanboJee YacTo MPOUCXOJUT IPU HAMPSKEHHOCTIX
nons E,, = 10+10% kB/cm.

PazButue TemnoBoro mpo0Oos B OOIIMX YEpTaX MOXKET OBITh MPEICTaB-
JIEHO B BHUJIE CIEAYIOLIEH MTOCIEA0BATEIbHOCTH:

U—L>T Ty T utg 81>, ura,

rae U, — HalpsbKeHUe, IPUWIOKEHHOE K IUDIIEKTPUKY;

[, — TOK, TEKylIMU Yepe3 AUAIICKTPUK;

T, — TeMIieparypa JUAJIEKTPHUKA,;

Y 4 tg O — MPOBOJIUMOCTH U YTOJI TUANEKTPUUECKUX TOTEPh TUIIEKTPH-
Ka.

HarpeB M30751IMOHHON KOHCTPYKIIMU MPOUCXOUT, B OOIIEM cliydae, 3a
CYET HOTEPh B TOKOBEIYIINX YACTIX U B CAMOM U30JISLNH.

MoOnIHOCTE IOTEPH YFHEPTUU IIPU ITIOCTOSHHOM TOKE:

P =U-I1=1*-R=1%/y, (1.51)

rae R, y - CONPOTUBJIEHUE U ITPOBOAUMOCTD U3O0JISLIHH.
MOIHOCTh AUAIEKTPUUYECKUX MOTEPh B M3O0JSIUMHA NPU CUHYCOUIAJb-
HOM HaNpsHKEHUU

2
B, =U-I-cosp=2m-f-C-U"-tgd, (1.52)
rze f — 9acToTa mepeMeHHOro TOKa,;
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C — eMKOCTbh U30JIALINY;
tgd — yroJ JudJIeKTPUIECKUX MOTEPh.
VY nenpHas MOIIHOCTD IIOTEPh

P =2n-f-gg, E -tgd, (1.53)

I7Ie € — OTHOCUTENIbHAS JAUAJIEKTpUYECKas MPOHUIIAEMOCTh MaTepuaia
W30JIALIY;

€0 — IEKTPUUECKas MOCTOSHHA (g9 = 8,854-107'% d/m);

E — HanpsyKEHHOCTD JIEKTPUUECKOTO OIS B U30JISALINH.

[ToTepu sHEepruu B TBEPAOM AUIICKTPUKE MPUBOJAT K MOBBIIICHUIO €r0
temriepaTypbl. C yBeJIMueHUEM TeMIlepaTyphbl yBeTUUUBaAETCS tgo M0 3aKOHY

tgd(T) = tgd, - "0, (1.54)

rrae tgdy — TAaHTeHC yIiia JUAJIEKTPUYECKUX MOTEepPh MPU 3aJaHHOU TeM-
nepatype T, Hanpumep, pu +20° C;

a — KO3 HUIIMEHT, 3aBUCAIINNA OT CBOMCTB U30JISIINH;

T\, — ucxoaHas TeMIepaTypa OKpy>Karomei Cpebl.

Jl7isi OTHOCHTENBFHO Y3KOTO MHTEpBaJia BO3MOXKHBIX pabouux Temrmepa-
Typ 3aBUCUMOCTb Y (MOHHasi MPOBOJUMOCTb) OT TeMIieparypbl 1 Kak JUis
KUAKUX, TaK U JIJIS1 TBEPBIX AUAJICKTPUKOB MOXKET OBITh BhIpaKE€Ha B BUJIC

y=v,-¢""70, (1.55)

rzie Yo — MIPOBOAMMOCTH pu Temmepatype 7j;

a — kK03 (HULIMEHT, ONIPeIEIEMBbIil ONBITHBIM ITyTEM.

HonHass MpPOBOAMMOCTH HE 3aBUCUT OT HAMNPSHKEHHOCTH BIUIOTH JIO
npeanpoOUBHBIX MOJIEH.

TemoBoil mpoboil — 3T0 HapylIeHHe TEIUIOBOTO PaBHOBECHUS B M30JIf-
IIUOHHOW KOHCTPYKIIMHU, CIIEACTBUEM KOTOPOT'O SIBJISIETCS HEOTpaHUYEHHBIN
pocT Haubonbled TeMuepaTypsl 7y, U paspylienue uzonsuud. OH npouc-
XOJUT IIPH HaNpsKeHUU Uy, KOTIA BBIIIOIHSIETCS yCIOBHE

oU
oT,

MakcC

= 0. (1.56)

OCHOBY METOJIMKHM PAacUETOB COCTABISIET pelleHue nuddepeHimnanbHo-
ro ypaBHEHUS BUJa
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— 1.57
dz? K (1.57)

rae Z — KOOpJANHATA, IO KOTOPOU IIPOUCXOIUT OCHOBHOM TEIIIONEPEHOC
OT HanboJee HarpeToil 00IacTu;

P, — ynenbHble OTEpU MOIIHOCTH;

K — ko3 punmeHT TennonpoBoIHOCTH.

ITpu 3TOM HEOOXOAMMO 3aJ1aTh TPAaHUYHBIE YCIOBUA. [ miockoro nu-
AJIEKTPUKA HA MOCTOSSHHOM HAIIpsHKEHUHM I'PAaHWYHBIE YCIOBUS MOTYT OBIThH
3allMCcaHsbl B caeayrouiem suae puc. 1.35)

I. k(d—Tj :kl(d—Tj , (1.58)
dz )., dz ).,

rie k — KodpUITUEHT TETIONPOBOHOCTH AUAJICKTPHKA,;

ki — K03 HUITMEHT TEMIOTPOBOIHOCTH JIEKTPOIOB.

T.e. Ha TpaHuUIEe pa3jena AUIICKTPUK-ITICKTPO MOTOK TeTia Hepephl-
BEH: CKOJIbKO TeIUIa MOAXOAUT M3 JUAJIEKTPHUKA, CTOJBKO K€ OTBOJMUTCS B
AIIEKTPO/I.

1L kl(d—Tj =MT, ~T)), (1.59)
dZ z=h+d

rae A — KOd(QQUIMEHT TEIUIOOTAAaud C TMOBEPXHOCTH DJIEKTPOJOB BO
BHEIITHIOIO CPEIy; CKOJBKO TEIIa MOJONUIO K BHENTHEH MOBEPXHOCTH DJICK-
TpOJa, CTOJILKO ¥ OTBEJCHO BO BHEIIIHIOIO CPEY.

118 (d—T] = 0. (1.60)
dz z=0

DTO yCIOBHE TMOKAa3bIBAET, YTO TEMIEpaTypa Uisi CHMMETPUIHOU KOH-
CTPYKIIMH HAIIIETO TUAJICKTPUKA MAaKCHMAJIbHA B IICHTPE €TO.

PaccmoTpum ciioli ogHOpoHOTO audjiekTpuka (puc. 1.35) ¢ TonmmHoMi
2h-d, Haxonsuierocsi MeXay OCCKOHEYHBIMHU TUIOCKUMHU AJIEKTpoAamMu (KOH-
JICHCATOD).
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T o+ 10 |7 z=h+6

z=h

o
N
Ny
<
gy 0 — |
<
= o

-P
a) 0)

Puc. 1.35. Cxema k pacuemy mennogozo npo6os ousiekmpuka (a) u epapux uz-
MeHeHUs. memMnepamypuvl 6Hympu oudiekmpuxa (0):
¢ - nHOMmeHyuUanbl 3NeKmpooos, d — monyuna OudieKmpuxka, h — noioeuHa moauuHsl Ou-
anekmpuka, h=d/2; b - monwuna snekmpooa; Ty — memnepamypa okpysicaioujeti cpeobi,
T\ — memnepamypa epanuyvl 31eKmpoo-ousiekmpux, T» — memnepamypa enewnel no-
gepxnocmu 21ekmpooa; Ty — MAKCUManbHAas memMnepamypa 8 yenmpe OudieKmpuxa

HuddepenuunanbHoe ypaBHEHHE, COOTBETCTBYIOLIEE PABHOBECHOMY Te-
MJIOBOMY COCTOSIHUIO CHCTEMbI, UMEET BU/T

k(d—T] —k(d—Tj =vy,-E*dZ, (1.61)
dZ z+dz dZ z

i€ Y, — 9KBUBAJICHTHAs YJelIbHasl TPOBOJIUMOCTD JUAJICKTPUKA; JUISl T10-
CTOSTHHOT'O HATIPSDKEHUS Y, = Yo, AJIA IEPEMEHHOTO HAMIPSHKEHUS ¥, = ©-€-t20.

VYpaBuenue (28) nmokasbiBaeT, UTO MOTOK TeIla, BXOJAAIIUM 3a 1 CeKyH-
Iy B CIIOH AMAIEKTPUKA TONIIMHON dZ ¥ miomans | cM’, GyaeT MeHbIIe o-
TOKA, BBIXOJISIIIETO W3 ATOTO CJI0sI, HA KOJMYECTBO TEILIA, BBIACISIIONIETOCS B
ATOM cJioe 3a 1 CeKyH]ly BCJIEICTBHUE IUAICKTPUUECKUX MOTEPh.

Pemenne nuddepenimansuoro ypaBueHus (1.58) mist ykazaHHBIX BBIIIIE
IPaHUYHBIX YCIOBHUI U UCIONb30BaHuE ycioBus (1.56) naet ciaeayromue Bbi-
paxkeHus A1 MPOOUBHOTO HAMPSXKEHUS:

P IEPEMEHHOM HaIpsKEHUU

Uy = |- e 710 g0, (1.62)
a.’YBO
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ITpH MMOCTOAHHOM HAIIPAKCHUN

8k

Uy = |—-€""772.9,(c), (1.63)

np
a-v,

TTI€ Vao = 2T0:f-€0€-tg0 - AL IEPEMEHHOTO HAMIPSKCHHUS,

¢(c) 0)=0.66

0.7 ©(0)=0,663
2\/ 1

0.5

/

V

0.3 //
0.1
107 107 1 10" 10%¢

Puc. 1.36. @ynxyus ¢(c) u ¢i(c) k pacuemy
meniogo2o npobosi:

1 — nepemennoe nanpsiicenue;

2 — nocmosiHHoe HanpsCceHUe

TIpY TIEpeMEHHOM Hanpsbkennn U

IIPY TOCTOSIHHOM HaIlpsKEHUH Unp

9(¢), ¢1(c) — dynKuuy ma-
pameTpa ¢, TpauKd KOTOPBIX
npuseneHsl Ha puc. 1.36. Ilpm
YBEJIUYCHUH TOJIIUHBI H30JIs-
nuu d GyHkua ¢(c) s nepe-
MEHHOTO HampsDKeHHsS B Tpefie-
ne crpemutcs k 0,663, a GpyHK-
uust @q(c) s MOCTOSHHOTO Ha-
npsokenus — k 1,0. Crenosa-
TEIbHO, TIPEAETHHO JIOCTHKH-
Mble 3HAYEHHUS MPOOUBHOIO Ha-
npsoxenus (npu 7=T,) OyayT

~ 0,663 |-k (1.64)
a"YBO
= |8 (1.65)
a-y,

CpaBnuBas (1.59, 1.61) u (1.63, 1.65), noiyyaeM, 4TO Ha IEPEMEHHOM
HanpsoxeHun Uy, MeHbIIE, 4eM Ha IOCTOSTHHOM, MOCKOJIBKY @(c)< ¢i(c). Ta-
KO pasinyue 00YCJIOBJIICHO HEOJIWHAKOBBIM pacCIpeCICHUEM IOTCHIIMAIOB
10 TOJIIIMHE JMAJICKTPUKA M Pa3HON BEIMYMHOW IOTEPh MOIIMHOCTH B JIH-

ANEKTPUKE.
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1.2.2.4. InureabHast 3JIEKTPUYECKasl POYHOCTH
TBEePAbIX AUIJICKTPUKOB

IIpy pnuTEnpHOW HKCIUTyaTallMU AJIEKTPOU3OJALMOHHBIX YCTPOWCTB
MPOUCXOJIUT CTAPEHHE TBEPAOU H3OISALMU, KOTOPOE BHIPAXKAETCS B YMEHb-
HICHUU KPATKOBPEMEHHOM 3JIEKTPUUECKON MPOUYHOCTH, YBEIUUYEHUU MPOBO-
JTUMOCTHU U AURJIEKTPUUYECKUX MOTEPb U, KaK CIEJICTBHUE, B OTPAHUYEHUU CPO-
Ka CITY>KObI M30JIAIIMOHHBIX KOHCTPYKIMNA. B CBsI3U ¢ 3TUM nipu pa3paboTKe U
M3TOTOBJICHUM O0OPYJI0OBAHUSI BRICOKOTO HAIPSKEHUSI, a TaKKe MPU OpraHu-
3al[UU €r0 JKCIUTyaTalluy JOJKHBI MPEyCMaTPUBATHCS MEPHI, CHUKAIOIIIHNE
TEMIIbl CTapeHUs U30JSIIUU. VI3MeHeHHs] CBOMCTB U30JISIIIUU TIPU DKCILTyaTa-
IIUW TTPOUCXOIAT 3a CUET PHEPIUH OT UCTOUYHUKOB BHEITHUX HATPY30K: dJIEK-
TPUYECKUE U TEIUIOBBIE MOJIS, MOJE MEXaHUYECKUX HAIMPSIKCHUH, XUMUYe-
CKHME B3aUMOJEUCTBUS C OKPYKAIOIIEH CPEIOM.

[IprunHamu cTapeHus BHYTPEHHEW U30JISUN SABIISIOTCS:

® CTapeHHE BCJEACTBUE PA3BUTUS YACTUYHBIX Pa3psoB (HE3aBUCUMBIX
pa3psa0B B UMEIOIIUXCS MOPAX WM 00pa3yroIMXcs JCHIPUTaX) Mpu
MEPEHAIPSKEHUSIX U pab0dYeM HaIpsKEHUH;

® TEIUIOBAs ACCTPYKLUS MATEpHUAIIA;

® YBIAXHEHHE U3OJSLMU U BOJHBIA TPUUHT (POCT APEBOBUIHBIX HACHI-
HICHHBIX BOJOU HUryp);

® JJIEKTPOXUMHUYECKOE CTAPEHHUE;

® MEXAHUYECKOE CTAPEHUE U MOBPEKIECHUSA 3a CUET DIIECKTPOJMHAMMUYE-
CKHMX YCUJIUHU, BUOpALIUii U T.1I.

Kak npaBuio, npu BO3IEUCTBUU 3JIEKTPUYECKOTO MOJIA MU30JISALUS MOA-
BEpKEHA KOMIUIEKCY Ha3BaHHBIX BBILIE BO3IECHCTBUN WIIH, B KpallHEM cllydae,
IBYyM — TpeM (hakTopaMm, HO IpeodnanaTh MOXKET Kakod — To oauH. Takoe
MHOTO(AKTOpHOE BO3JIEHCTBUE JI0 HACTOSIIETO BPEMEHU HE MO3BOJISIET CBS-
3aTh «BpPEMS JKU3HU» H30JSIUUA C KaKUM — JUOO OJHUM OIPEIENISIFOITIM
dakTopom.

CrapeHne uMeeT MECTO MPU HAMPSHKEHHOCTSX 3JIEKTPUUYECKOTO MOJIsA, BO
MHOTO pa3 MEHBIINX MPOOUBHBIX MPU KPATKOBPEMEHHOM TMPHUIIOKCHHUH Ha-
npsbkenust (B 5 ...20 pa3 u 6oinee). C yBenuueHuem HampsokeHust U, nmpuiio-
KEHHOTO K M30JIALMH JIFOOOT0 THUIA, TEMIIbl JIEKTPUUYECKOTO CTApEHHS BO3-
pacTaroT, a CpOK CIIyKObl / COOTBETCTBEHHO YMEHbIIAETCA. 3aBUCHUMOCTh
t=(U) B B INPOKOM JMana3oHe BPpeMEH UMEET CIOXHBIA XapakTep. HTeH-
CHUBHOCTBH DJICKTPUUECKOTO CTApeHHUs 000 H3OJISAIIMOHHONW KOHCTPYKIIUU
3aBUCHUT HE TOJBKO OT 3HAYEHUS BO3JCHCTBYIOIIETO HAIPSIKEHHS, HO U OT
psna (akTopoB, HEMOAMAIOIIMXCA KOHTPOJIIO, HAlpUMEpP, OT KOJIMYECTBA,
pPa3MepPOB U PACHOJIOKEHUS MUKPOHEPOBHOCTEN HA MMOBEPXHOCTH AJIEKTPOAOB
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U MUKPO — M MakKpOHEOJIHOpOJHOCTEH B 0O0beMe m3oisanuu. [loaTomy cpok
CITy OBl M3OJISIITUOHHONW KOHCTPYKIIMHM JIF0OOOTO THMA MPHU 3aJaHHOM Harpsi-
YKCHUU SIBIISIETCS BEJIMUYUHOM CIIYYAHOU.

DneKTpuuecKas NpOYHOCTh MPHU IIUTEIbHOM MPUIIOKEHUN HANPSHKEHUS
XapaKTepU3yeT CIIOCOOHOCTh M3OJSIINN BBIJCPKUBATh pabouee HaIPsKECHUE
B TEUEHUE OMNPEJICTICHHOr0 CPOKa CIY>KObl U YHUCJICHHO OMNpEAessieTCs Ha-
MPSYKEHHOCTBIO AJIEKTPUUECKOTO MOJis (HanpsHDKEHUEM), MPUBOJIAIICH K pas-
PYIICHUIO U30JSIIUUA K KOHITY 33JIaHHOTO Teproja dKCILTyaTaluu, HalpuMmep,
yepe3 20-30 ner.

Jlyst onrcanus 00IIEro BUaAa OTKa30B U30JISIMOHHBIX YCTPONCTB BO Bpe-
MEHHU HMCHOJB3YIOT 3aBUCUMOCTh MHTEHCUBHOCTU OTKa30B A(f). DTa BaxkHas
XapaKTePUCTUKA OMPEENsieT HaJC)KHOCTh PAaOOThI M3OJISAIMHU B KaXKIbI MO-
MCHT BPEMCHHU {.

NHTEeHCUBHOCTD OTKa30B A(f) €CTh BEPOSITHOCTh TOTO, YTO DJIEKTPOU30-
JSILUOHHOE YCTPOMCTBO, T0KHUBILIEE 10 MOMEHTA /, OTKAXKET 3a CIECAYIOIIYIO
enuHUIly BpemeHu. OyHkius A(f), mpuBeaeHHas Ha puc. 1.37, umeeT 607b-
1I0€ MPAKTUYECKOE 3HAUEHHE JIJIsi aHajdu3a Pe3yJbTaTOB BPEMEHH pPalOThI
oObekTa. Ha puc. 1.38 B 00111eM Bujie TpUBEIeHA 3aBUCUMOCTD A(?).

I
0

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

|
to 11 t t

Puc. 1.37. 3asucumocmov unmencusHoCcmu 0mra308 OJIEKMPOU3OIAYUOH-
HblX

Ha puc. 1.37 paznuuarot 3 obnactu:

I — o6macTh HaYaIBHBIX OTKA30B — 00J1aCTh MPUPAOOTKH (Z) — 11);

I — o6sacTh ciryualiHBIX OTKA30B — paboyast 00JacTh (¢ — 1,);

IIT — 0651acTh M3HOCOBBIX OTKA30B — CTapeHHUE (1> 13).

Oo6mactp | - mpupaboTka cBs3aHa C BBIXOJIOM U3 CTPOs (OTKa3aMu) U30-
JISIUY 32 CUET TPYOBIX TEXHOJIOTHUECKUX Je(EKTOB B MPOIIECCE €€ U3T0TOB-
nenusi. K xoniy nepuona (fy — ¢;) 9Tu 1eeKThl MOTHOCTHIO BBISBISIOTCS U
WHTEHCHUBHOCTH OTKA30B Pe3K0 MoHMKaeTcs. CaeaoBaTenbHo, MPU  MPaBHIIb-
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HO MPOBEJCHHBIX IPEIBAPUTEIIBHBIX 3aBOJCKUX HCIBITAHUSIX MOXHO BBI-
SIBUTh OpaK B U30JISIIUU U MOBBICUTH HAJEKHOCTh €€ HKCIUTyaTaluu B paboTe.

O6mnactp Il — BHe3anHbIe ciyyaliHbIe OTKa3bl, KOTOPhIE HE MOTYT OBITh
ycTpaHeHbl MpUpaOboTKoH. OHM BO3HMKAIOT BHE3AIHO M OMNPEIEINIIOTCS
CIIy4aliHbIM COUYETaHHEM psiia HeOIarompusATHRIX (PAKTOPOB, AEUCTBYIOIIMX
Ha W30JIALUIO — BBICOKME aMILIUTY bl IEPEHANPSKEHUN, IIEPErPEB U30JIALUH,
NOBBIIICHHBIE  CIlydallHble  MEXaHHMYeCKHe Harpy3ku, aTMocpepHbie
BO3JIECUCTBHAS M [Jp. 31€Ch HWHTEHCUBHOCTH OTKA30B OCTA€TCA BEIMYHHOU
ITOCTOSTHHOM.

Oo6mactp III — oTKa3bl BBI3BIBAIOTCS OOIIMM CTapeHUEM HW30JSLUU, U3-
HOCOBBIE OTKa3bl, KOTOPBIE CBSA3aHBI C JIIUTEIBHBIM IPUIOKEHUEM JIIEKTPH-
YECKOro MOJisi K HM30JSIUMA U BCEMHU COMYTCTBYIOIIMMH €My IPOLECCAMM.
VYBenuueHue BpeMeHHU paOOThl U3OJSAIUU OOJbIlIE £, HElEIecooOpa3Ho, T.K.
ATO MPUBOJUT K CHUKEHUIO HAJCKHOCTU €€ pabOThl, K YBEIMUYCHHUIO aBapUii-
HOCTH.

Haubonee >xenarenbHO 00JaCThIO AKCIUTyaTallMM SJIEKTPOU3OISAIHMOH-
HBIX YCTPOWCTB SIBJISIETCS 00JaCTh CIIy4alHBIX OTKa30B (f; — £,). B aToit 00-
JJACTY MHTEHCUBHOCTH OTKa30B MUHUMAJIbHA.

3agada BbIOOpa paOoudedl HANpSHKEHHOCTH E, NIl BBICOKOBOJIBTHOIO
U30JISIIIMOHHOTO YCTPOMCTBA, oOecreunBaromeil TpeOyeMblii CPOK CITyKOBI,
JOCTATOYHO CJIOKHA U TpedyeT 0OoJbIIOoro o0beMa IKCIEPUMEHTAIbHBIX HC-
CJIEIOBaHUM, TOCKOJIbKY B OOJBIIMHCTBE CIIy4aeB pacyeThl 0a3upyroTcs Ha
SMIIMPUYECKUX NPEANOCHUIKAaX. DQQEKTHUBHBIM METOJIOM OIpeAenacHus £,
ABJISIETCS PACYET IO YPABHEHHUIO «KPUBOM JKU3HW». DTO YPABHEHHUE SIBIIACTCS
OCHOBHOHM XapaKTEPUCTUKOM, MO3BOJISIOMIENH 3KCTPANOJIHPOBATH HKCIEPH-
MEHTaJbHBIE PE3yJIbTaThl B 00JIaCTh pabOUYMX HANPSHKEHHOCTEH 3JIeKTpUye-
ckoro mnouist. OHo HauboJiee YacTo 3aMuChiBACTCS B BUJIE

t=A-E", (1.66)

i€ ¢ — «BpeMs JKU3HW» U30JLHUH NIPU HAPSLDKEHHOCTH E;
A, n — Ko3(pPpUMEHTHI, OnpeneasieMble SKCIEPUMEHTANBHO:
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lg ¢

kodppunueHT A
— HW3BECTHOE 3Haye-
HUE «BPEMEHU KU3-
HW» ¢y IPU 3aJaHHOU
HaIpsSHKEHHOCTH  E,

B2
lg ty--L--

"""" e A=ty -Ej; KO-

g £, g £ sbdunmeHT n — TaH-
Puc. 1.38. 3asucumocmo z{l;;Bg;Ha Iﬁﬁggﬁi
' 1=/18E) (puc. 1.38) — ko03¢-
buIMeHT  CKOpoCTU
cTapeHus: n = tg .
Iloncrasass
3HaueHHus KodpdunreHToB B (1.63), momydum:

el we

HccnenoBanusi MOBENEHUS «KPUBOW JKM3HW» B HIMPOKOM JHaIia3oHe
HaNpsHKEHHOCTEN 3JIEKTPUYECKOro MOJs MOKa3ald, YTO JJS IMOJHMEpPOB B
KoopauHatax lg ¢ u g £ oHa COCTOUT U3 ABYX MPSMOJMHEHHBIX Y4aCTKOB
(puc. 1.37), nuist KOTOPBIX A W 1 pa3IUYHBI.

B aro0i1 cBsi3u ypaBHeHue (1.66) Oynetr uMeTh BUI:

t=A-E™, (1.68)

rae i = 1,2, T.e. I KaXJI0T0 y4acTKa JOJKHBI ObITh ONpe/eeHbl CBOU
3HaueHust A u n: Ay, ny oTHOCcATCA K £ > E,, a Ay, ny — k E < E,. Touka nepe-
ruda lg «(lg E,) (puc. 1.38) cOOTBETCTBYET HANPSKEHHOCTH, MPH KOTOPOM
yMEHbIIIEHUE E TPUBOAUT K UCUC3HOBEHUIO KPUTUUCCKUX YACTUUYHBIX pa3psi-
JIOB U K YBEJIIMUCHUIO KO (PUITMEHTOB A U 1 U pe3KOMY YBEIIMUCHHUIO BpeMe-
HU 710 TIpo0os.

Bripaxenue (1.66) nmeeT CylmeCTBEHHBIM HEJOCTATOK — HEBO3MOKHO
MPOTHO3UPOBATh HAJACKHOCTh Pa0OTHl M3OJSIUHU, MOCKOIBKY OTCYTCTBYET
BEPOSITHOCTHASI OLIEHKA OTKa30B. [Ipu JIUTEIbHOM BO3JIEUCTBUU AJIEKTpUYE-
CKOTO TIOJISI Ha TAPTUIO UIACHTUYHBIX JICKTPOU3OIISIIUMOHHBIX YCTPOUCTB Oy-
JIeT UMETh MECTO OOJIBIIION pa30poc BpeMEeHH 10 MPo00s, TOCTUTAIOIINI He-
CKOJIbKMX MOPSIJIKOB.
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[IpoGoit — sBIeHHE ciaydallHOE, CBS3aHHOE C WMHIUBUIYAIbHBIMU OCO-
OCHHOCTAMH MHUKPO — M MAKpPOCTPYKTYPbl M30JIALMU OTIACIbHBIX W3JICTUH.
[IpoGoi#t mpoucxoaut B Hambosnee cimabom Mecre uzoisaiuu. Konmenius
«crmabeiniero 3BeHa», KOTOpas YYUTHIBACT paCIpeesiCeHHe MHUHUMAIbHBIX
CPOKOB CIIy>KObI, Ha CEroJiHs sIBJIsieTCa HauOosee pa3padOTaHHOW B MPUIIO-
KEHUU K TEOPUHU MPOOOS ANEKTprUecKoi n30msaiuu. C 3TOH TOYKHA 3pEHUs
HanOoJiee mprueMJIeMbIM U (U3HUECKH 0OOCHOBAHHBIM JIJISl OMUCAHUS «BpE-
MEHHU XU3HW» SBIISIETCSI BEPOATHOCTHOE ypaBHeHue BeliOymna. J{ns KoH-
KPETHOTO 3HAYEHMSI UCTBITATEIbHOW HAMPSKEHHOCTU DJIEKTPUYECKOIO MOJIS
E\cn QyHKIIMS pacpeiesieHusi BpEMEHH J10 TPO00st UMEET BU/T

O(t)=1-exp(-B-t"), (1.69)

rae QJ(f) — BeposATHOCTh Mpo0os uzosauuu; B u b — mapameTpsl ypaBHe-
Hus BeiiOyniia, onpenensieMble 3KCIEPUMEHTAIBHO.

[IpakTrueckasi LeHHOCTh BhIpaxeHus (1.69) 3akmouaercs B BO3MOKHO-
CTH OLIEHOK JIOJITOBEYHOCTH PAaOOTHI M30JSALMOHHOIO YCTPOICTBA C JIIOOBIM
YPOBHEM HaJEKHOCTHU. /{1151 onncaHusi «KpUBOM KM3HW» ypaBHEHHE BeiiOy:-
Ja UMEeT BUJ!

O(E.t)=1-exp|-C-E*-B 1" (1.70)

rae C, a — onpenensemMble SKCIEPUMEHTAIBHO MapaMeTphbl ypaBHEHUS
BeiiOymnia, omnuceiBaromue pacrnpeeieHue MPOOUBHBIX HaNpsKEHHOCTEH
U30JISIUH.
Jlutepatypa k riase Ne 1:

1. Tonant B.E., XKununckuit A.I1., CaxapoB 1.E. OcHOBBI ¢u3uku
mia3Mel. — M.: Atomusnar, 1977. — 384 c.

2. Paiizep FO.II. ®usuka razosoro pazpsga. —M.: Hayka, 1992. —
536 c.

3. TlonkoB B.M. KopoHHBIIl pa3psia U JIMHUU CBEPXBBICOKOIO Ha-
npsokeHus. M36pannsie Tpyasl. — M.: Hayka, 1990. — 256 c.

4. Jlozauckuii 2.J[., ®@upcoB O.b. Teopus uckpsl. — M.: AtomMus-
nat, 1975. — 272 c.

5. bazensn D5.M., Paiizep IO.Il. UckpoBoii paspsa. M.: U3n-Bo
M®TU, 1997. - 320c.

6. JoOpeuos JI.H., 'omotonoBa M.B. OMuccuoHHas 3JIEKTPOHUKA.
— M.: Hayka, 1966. — 564 c.
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7. bazensn 3.M., Paxanckuii .M. MckpoBoii pa3psa B BO3AyXe. -
M.: Hayka, 1988. — 232 c.

8. VYmakoB B.f. M3onsuus ycTaHOBOK BBICOKOTO HAMNPSHKEHUS.
Oueproatomuzaar 1994. — 230 c.

9. AnamueBckuii .A. DnexkTpruyeckasi IpOBOJUMOCTb KUIKUX JIH-
ANEKTPUKOB. - JI.: DHeprus, 1972. — 295 c.

10. BopoOreB I'.A. JludnekTpuyuecKkre CBOWCTBA DJCKTPOU3OJISIIH-
OHHBIX MatepuanoB. — Tomck: M3a-Bo TI'Y, 1984. — 312 c.

11. C. Yairtxen. [Tpo6oii TBepabIX TU3AEKTPUKOB. - M.; JI.: 1957. —
272 c.

12. BopoOseB A.A., 3aBagoBckas E.K. Dnexktpuueckas mpoyHOCTb
TBEPABIX IUAIIEKTPUKOB. — M.: 'oc. M31-BO TEXHUKO-TEOPETUYECKON JIU-
Teparypsl, 1956. — 312 c.

13. BopobneB A.A., BopooneB I'.A. Dnexkrtpuueckuii mpoOoi u pas-
pYILIEHUE TBEPABIX TUAIEKTPUKOB. — M.: Beiciias mkona, 1966. — 224 c.

14. Baxos B.®. [1po6oii TBepabIx nudiaekTpukoB. — Tomck: M3a-Bo
TITY, 1992. - 80 c.

15. Jlapuonos B.II., bazytkun B.B., Ceprees }O.I'. Texnuka BbIcO-
KHX HampspkeHuil. — M.: Dueprousaar, 1982. — 296 c.

16. Paxanckunii 1.M. ®usnyeckue mpouecchl Npu paspsae B BO3-
JOYIIHBIX MPOMEXYTKax. YueOHoe mocooue./ HoBocuOupckuil 3yekTpo-
TexHu4Yeckui nHcTuTyT. —HoBocuOupck, 1985.- 71 c.

17. Kyprenkos I'.E. Pa3psanbie npoueccel B ra3ax. Y4eOHOe Moco-
oue./ Tomckuii monuTeXHuueckuii yuusepcurer- Tomck, 1993. — 96 c.

18. IIpoexkTHupoBaHKWE JUHUN ANEKTPONEPEAAUN CBEPXBBICOKOIO Ha-
npsbkenus. /Tlox pen. I'.H. Anexcannpona, JI.JI. Ilerepcena. — JI.: DHep-
roaromusnar, 1983. — 366 c.

KontponbsHbie Bonpocs! K riaase Nel:

1. [IpuBenure kiaccu(UKALMIO HIEKTPUUYECKUX TMOJEH B
TEXHUKE BBICOKMX HAIPSKCHUMU.

2. Bubl nOHW3aMOHHBIX TPOLIECCOB B ra3ax.

3. Bungel omuccun.

4. JlaitTe onpeneneHune JaBUHbI JIEKTPOHOB.

3. [To xakomy 3aKOHY IPOUCXOAUT POCT YKCIA DIIEKTPOHOB B
JaBuHE?

6. 3anuumTe yCIOBUE CAMOCTOSITEILHOCTH pa3psjia B ra3ax.

7. B pesynbrare kakoro mporecca nNpoucxXoauT o0Opa3oBaHue
OTPULIATENBHBIX HOHOB?

8. Kaxoii anexktpon HazbiBaeTcst 3 HEKTUBHBIM?
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0. Crpumep. Kputepuii 1aBUHHO — CTPUMEPHOTO MEPEX0/a.

10. UckpoBoii paspsa. YUem ompenensercs COIMPOTUBIICHUE
KaHaJla UCKPOBOTO pas3psiia?

1. 3akoH [lamena.

12. OcobeHHOCTH pa3psia B HEOJHOPOAHBIX MOSX.

13. JInpepHsblii pa3psan. YCIOBUE CTPUMEPHO — JIMIEPHOIO Iie-
pexona.

14. Monnus kak ¢opma razoBoro pazpsga. Ctaauu ¥ OCHOB-
HbI€ MMapaMeTPbl MOJTHHH.

15.  JyroBo# pa3psa. OcoOOEHHOCTH 3MHCCHH B AYTOBBIX pa3-
psaaax.

16.  YcnoBrue BO3HMKHOBEHUS KOPOHHOrO paspsiaa. Buasl ko-
POHBI.

17. Pacuer norepb Ha KOpOHY.

18. Pa3psan mo nmoBepxHOCTH AUAIEKTpUKA. BHUabl 1MOBEpPXHO-
CTHOTO pa3psiza.

19. @akTophl, BIUSIOMIME HA HAMPSHKEHUE 3aXKUTAHUS I10-
BEPXHOCTHOTI'O pa3psja.

20.  [aiite onpeneneHue npooos.

21. BpeMmennas ctpykTypa pa3BuTHs paspsiaa.

22. Yro npencraBiiger coOOi BOJBT — CEKYHJIHAsL XapaKTepH-
CTHKA.

23. B uyewm 3akmouaercs 3pPexT noisipHOCTH.

24. Oco0EHHOCTU U IPEUMYILECTBA KUIKUX AUIIIEKTPUKOB.

25. @akTOpHl, BIUSIOIINE HA PA3BUTUE MOHU3ALMOHHBIX IPO-
LIECCOB B )KUAKUX JUAJICKTPUKAX.

26.  MexaHu3Mbl IpoOOS KUIKUX AUIIIEKTPUKOB.

27. BnusiHMe ycimoBHHM AKCIUTyaTallid Ha AJIEKTPUYECKYIO
IIPOYHOCTH TBEPJBIX JTUIIEKTPUKOB.

28. MexaHu3M 3JIEKTPUIECKOTO TTPOOO0ST TBEPIBIX TUIICKTPH-
KOB.

29. MexaHu3M TeII0BOro MPoO0s TBEPABIX JUIIEKTPUKOB.

30. Kak npouncxoaur mpouecc 3JeKTPUYECKOE CTapeHUE TBEP-

IbIX TUJIEKTPUKOB?
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I'IABA 2
BBICOKOBOJIBTHOE UCIIBITATEJIBHOE
OBOPYJIOBAHUME

2.1. MeToabl U YCTPOHCTBA MOJIYy4YeHHUSI BHICOKOTO
NepeMeHHOr0 HANPSIKeHU s

OCHOBHBIM MCTOJAOM ITIOJIYUYCHHA BBICOKOI'O HAIIPSXKCHHA IMEPEMCHHOIO

TOKa MPOMBIINIJICHHON YacTOTHI SIBJISIETCS MpeoOpa3oBaHUE HU3KOIO Hamps-
KEHHUS B BBICOKOE C TTOMOIIBIO MOBBIMIAIOIIUX TpaHchopMaTopoB. B BeICOKO-
BOJIbTHOM TEXHHUKE HUCIIOIB3YIOTCS pa3iIudHbie TpaHCHOpPMATOPHI, KOTOPHIE
MO>KHO YCJIOBHO KJIACCU(UIIMPOBATH MO KOHCTPYKTUBHOMY UCIIOJIHEHUIO:

¢ TpaHcHOPMATOPHI B METALTUIECKOM U M3OJSIUOHHOM KOPITyce ¢ Ma-
TaHOM wm3ossiuuend. M30JSIUOHHOM U OJTHOBPEMEHHO OXJIAXKIAIOIIEH
cpenoit sBisiercst TpaHchopMaTopHOE Macio. B kadecTBe mpoaoabHOM
M30JIALMY TIPUMEHSIETCsE OyMara, CTeKJIOTKaHb, MOJMMEPHAasl MIICHKA.
BriBog BBICOKOTO TOTEHITMANA OCymiecTBiseTrcs (papdopoBeiMu uu
OyMaXkKHO — OaKETTUTOBBIMU U30JISITOPAMHU (BBIBOJIAMHU );
cyxue TpaHchopmaTopbl ¢ TBEpION H30JsIUEd. DTO OECKOPITyCHBIE
TpaHCHOPMATOPHI, 3AIUThIE KOMIAYHIOM, BBIIOJHSAIONIMM POIb OC-
HOBHOW W30JIALINY;
cyxue TpanchopmaTopsl ¢ Ta30BOM M30JAIMEH. ITH TpaHCHOPMATOPHI
B HACTOSILIEE BPEMS IPAKTUUECKUA HE UCTIOJIb3YIOTCS.

[To ciocoOy BKJIIOYEHHS BTOPUYHOM OOMOTKH TpaHc(opmaTtopsl ObIBa-

10T 0JfHO(A3HBIE C OJTHUM BBICOKOBOJBTHBIM BBIBOJIOM WJIH C IBYMS BBICOKO-
BOJIbTHBIMH BBIBOJAMH WU CPEIHEU TOUYKOW, COeTWHEHHOU ¢ KopmycoM. O0-
MOTKH Tpex(ha3HbIX TPaHC(HOPMATOPOB BKIIOUAIOTCS TPEYTOJIHLHUKOM U 3BE3-

[To HaznaueHuto TpanchopMaTopsl MOAPA3ACIAIOTCS Ha:

® CWIOBBIEC, MCHOJb3yEMble B JHEProcucTeMax. ITU TpaHC(HOPMATOPHI
JOJDKHBI  00J1a1aTh BBICOKOM HAJEKHOCTHIO, MPOTHUBOCTOSITH aTMO-
C(epHBIM MepeHanpsKeHUsIM. MOLTHOCTh TOCTUraeT JECSITKU — COTHH
MeraBoJbTamIiep. BeimonHstoTes Tpexda3zHbIMU, peske 0JHO(PA3HBIMU.
TpaHchopMaTopbl HampsbKeHusl (M3MeputenbHbie). MMeroT Hebosib-
IIyI0 MOIIHOCTh, HO OYeHb HAJICKHBI B paboTe. MoryT OBITH MCIOIB-
30BaHbl KaK MUCTOYHUKH BBICOKOTO HAMPSOIKEHHS MPU UCIBITAHUU H30-
JISITTHH.

UCHIBITATENIbHBIE TpaHCc(OpPMATOpPhI, MpelHa3HAYEHHbIE NJIs MpOBejie-
HUSl UCIBITAHUN 3JEKTPUYECKON MPOYHOCTH U3OJISIIIMU BBICOKOBOJIBT-
HOTO 000pynoBaHus. MimeroT cBou crnernududeckue ycaoBusi padoOTHI:
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KpPaTKOBPEMEHHOCTh PabOThl, B TOM YHCII€ NIPU HOMHHAJIBHOM HaIpsi-
YKEHUH, YaCThI€ 3aMbIKaHUS CO CTOPOHBI BBICOKOTO HAIPSKEHUS U OT-
CYTCTBHE BO3JICUCTBHS aTMOC(HEPHBIX TMepeHanpspkeHuid. Takue
TpaHCHOPMATOPHl UMEIOT OOJETYECHHYIO H3OJIAIHIO, OONBIION KOd(-
¢uuueHT TpaHcOopMaLMK, OTHOCUTEIBHO HEOOJIBIINE MOUTHOCTD, Ia-
O0apuThl U Bec. BuIMONHAIOTCA, KaK NpaBwiio, ogHO(pa3HbIMU. KoHCT-
PYKTHBHO BBITIOJIHSAIOTCS TPEX THIOB: TPaHC(HOPMATOPHI B U30JSIIUOH-
HOM KopIiyce ¢ IByMs (uaHuamu — BbiBogamu (puc. 2.1, 6), TpaHc-
dbopMaTopsl B METAIUIMYECKOM Kopmyce ¢ oaHum (puc. 2.1, 6) unu
JIByMsI BBICOKOBOJIbTHBIMU BhIBOJaMH [1,3,4].

1—

{1
[
|

Puc. 2.1. [Ipunyunuanvroe ycmpoticmeo mpancgopmamopa:
a—cxema, 0 — ¢ MemaniuyecKum Kopnycom, 6 — C U30JAIUUOHHRbIM KOPNn)YCOM.
1 — cepoeunux; 2 — nepsuunas oomomxa,; 3 — 0OMOMKA 8bICOKO20 HANpsice-
Hus, 4,6 — kopnyc, 5 — 661800 8bICOKO20 HANPANCEHUS

OcHOBHBIMH TPEeOOBaHUSIMU K HCIIBITATEIbHBIM TpaHc(opMaTopaMm siB-
JAKOTCS: MHUHAMAJIbHOE HMCKaXCHUE KPUBOM TOKA, OTCYTCTBHE YaCTHUYHBIX
paspsAOB B U30JIALUHU IIPU UCHBITATEIbHOM HANPSHKECHUN, U30JALUMA J0JDKHA
OBITh paccuuTaHa Ha KPYThI€ CPE3bl HAINPSDHKCHHS MPH 3aMbIKAHHHM Ha CTOPO-
HE BBICOKOT'O HAIIPSKEHUS.

CyMmMapHblif BKJIaJ BBICIIUX TAPMOHHUK B KPUBOW TOKa M HAMPSHKEHUS
HE JOJDKEH MpeBblaTh 5%. DTO JOCTUTaeTCsl UCIOIb30BAHUEM CEpACUYHU-
KOB M3 XOJIOJHOKATAHOU CTAJIM C OPUEHTUPOBAHHBIMU 3€pHAMH, JOIIOJIHU-
TEJIbHON 00pabOTKON MOBEPXHOCTH JIUCTA.

OtTcyTcTBUE BHYTPEHHUX YaCTUYHBIX Pa3psioB B M3OJALUU HCHBITA-
TEJbHBIX TPAaHC(HOPMATOPOB U CHIKEHHE TPAIUCHTHBIX HANPSIKEHUN B U30-
JSIUAM TIPUA KPYTHIX Cpe3ax HAIPSHKEHUS JOCTUTACTCS PalMOHAJIbHBIM KOHCT-
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PYMpPOBAHUEM BBICOKOBOJITHOW OOMOTKHM B COUETAHUHU C DKPAHAMHU U €MKO-
CTHBIMU KoJiblIaMu. COBpEMEHHBIE U3OJSALIMOHHBIE MAaTEPUANIBI U TEXHOJIOTUH
MO3BOJISIFOT MCKJIFOYUTH IOSBJIEHUE YACTHUYHBIX Pa3psioB C KAXKYIIUMCS 3a-
paaoM > 10" K maxe IIPA OYEHb BBICOKUX HaIPsLKEHUsIX. B ucnbItaTesns-
HbIX TpaHc(opMaTropax MNPUMEHSETCA CJoeBas LUIUHIpPUYECKass OOMOTKa
(puc. 2.1).

Br16op momrHOCTH TpaHChOpMaTopa OCYIIECTBISETCS B 3aBUCHMOCTH
OT BUja Harpy3ku. Harpyska ucneITaTelbHBIX TPaHC(POPMATOPOB HOCUT €M-
KOCTHBIN xapaktep (puc.2.2).

Puc. 2.2. I[lpunyunuanvras snekmpuyeckas cxema UCNblmManus U3oaayuu
T — mpancgopmamop,; R; — zawumnoe conpomugnenue, Cos — eMKOCMb 00beKMa;
Ry — Ry — oenumens nanpsicenus;, N - ocyunnozpag

O6H13.5[ MOIIHOCTD Harpy3kKu MOJKCT OBITH OLCHCHA KakK

SHan =U,ey 1., TREL. =U, - ®C 5 EMKOCTHBIN TOK, a Uper—

e
UCIIBITATENIbHOE HampspKeHWe. EMKOCTh 00BEKTa 3aBUCHUT OT THIA 3JICKTPO-
000OpyIOBaHUS U JICKHUT B MpeJesiax ¢IuHUIl — COTeH ThIcsad mukodapan [1].
[Ipu BrIOOpE TpaHchopMaTopa U peryisiTopa HeoOX0AUMO COOMIOAATh YCII0-
BuA S; > Sy, S, > Sy U HOMMHAJIBHBI TOK TpaHC(OpMaTopa U perynsaropa
JIOJIKEH OBITH OOJIBITIE UCTIBITATEILHOTO TOKA /.

[Ipn HEOOXOIUMOCTH Pa3Tpy3KH peryiasaropa u TpaHchopmaropa (mpu
OoNbIIUX /) OCYIIECTBISIOT KOMIIEHCAIIMI0 €MKOCTHOIO TOKa WHIYKTHB-
HBIM. B ciywae pasrpy3ku perymsaropa HEOOXOauMas MOITHOCTh MOJKET
OBITH

OIICHCHA KaK

0 Cog =5 | @.1)

2
SH:UI/IC K‘Z'(D'L
T

11

rae K, — koddduuueHTt TpanchopMaluu UCIBITATEIBLHOTO TpaHchopMaTopa;
L — MTHIYKTUBHOCTH KOMIICHCHPYIOIIETO PEeaKTOpa, BKIIOYAEMOT0 Ha BBIXOJIE
perynstopa. B ciydae pasrpysku TpanchopMaTopa MOIIHOCTh OLIEHUBAETCS
KaK
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S, =U2, oo-Co6—w1L , 22)
t L

rae L| — MHIyKTUBHOCTh PEAKTOPa, BKIOYAEMOr0 MapajuieIbHO Harpys3-
K€ (Cop)-

Cy11ecTBEHHOE CHUKEHHUE MAacChl 1 CTOMMOCTH UCTOYHUKA BBICOKOTO
HaIPSHKEHUS] MOKHO JIOCTUTHYTh, UCIIOIb3Ys PE30HAHCHBIE CXEMBI [4].

JlOCTUTHYTBIA MpOTrpecc B TEXHOJIOTUU M KOHCTPYHPOBAHUU TPAHC-
dhopMaTOpOB MO3BOJISICT U3TOTABIMBATh MX Ha HampsbkeHue mo 1,0+1,2 MB.
JlanbHeiiee TMOBBIIIICHUE HAMPSHKEHUS €JUHUYHOrO0 TpaHcdopmaTopa
CTAaHOBHUTCSl HELEIECOOOpa3HbIM M C TEXHHYECKOW, U C SKOHOMHUYECKOH
Toukn 3peHusa. [loatoMy wucnelTarenbHOe HamnpspkeHue cBbime 750 kB
1enecooOpa3Heil moyryyarb OT HECKOJIBKUX TPaHC(HOPMATOPOB, COEAMHEHHBIX
MOCJIEIOBATENBHO B KACKA/I.

[Ipu co3ganuu KackaJgoB OJHOM W3 MpOOJIEM SBISETCS MUTAHHE Tep-
BUYHBIX OOMOTOK BTOPOT'O M MOCJIEAYIONIUX TpaHC(HOPMATOPOB B CXeMe. ITO
CBA3aHO C TEM, YTO NMOTEHUMAJIbI KOPIIYCOB B 3aBUCUMOCTH OT MECTa Pacmo-
JIO)KEeHUA TpaHchopMaropa B CXEME KacKajJa 3HAUYUTENIbHO IPEBBIIIAIOT
YPOBHH U3O0JISIIIUM BTOPUYHBIX U MEPBUYHBIX OOMOTOK OTHOCUTEIHHO KOPITY-
ca u apyr apyra. I[loaTomy MOJIy4HUTh BBICOKOE HAIPSIKEHHE C MOMOIIBIO
KacKaJHOTO BKJIFOYEHHS TpaHCHOPMATOPOB YIAETCS TOJIHKO MPU MCIOIB30-
BaHUM CIEIUATIBHBIX CXEM MUTaHUs IEPBUYHBIX OOMOTOK [ 1, 2, 4].

OOBIYHO NpU KACKAJHOM COEIUHEHUU MEpBUYHBbIE OOMOTKH TOCIe-
QYIOIIMX TpaHC(HOPMATOPOB MUTAOTCSA MO aBTOTPaHC(HPOPMATOPHOMY CIIOCO-
oy (puc. 2.3). B Takux cxemax (puc. 2.3, 6) kaxaplii TpaHncpopmarop, 1mo-
MHUMO TMEPBUYHON HU3KOBOJBTHOW OOMOTKH (1) U BTOPUYHON BBICOKOBOJIBT-
HOW OOMOTKH (2), UMeeT JOTOJHUTEIbHYI0O 0OMOTKY BO30YyxaeHus (3), 1o
napaMeTpaM OJMHAKOBYIO C MEPBUYHON M UCIOJIB3YEMYIO ISl MUTAHUS TEp-
BUYHOU OOMOTKHU mocieayromuiero tpancopmaropa. Cpeass Touka 0OMOT-
Ku (2) coenuHsIeTCs ¢ cepAeUHUKOM (4) u koprrycom. MormHocTu TpaHcdop-
MaToOpOB B TAKOW CXEME HE OJIMHAKOBBI U paBHbI Sy = K-Sy, IA€ Sy — MOII-
HOCTb TpaHcpopMaTopa, OJIMKANUIIEro K Harpy3Ke, a K — MOPSIKOBBIA HOMEpP
TpaHcdopmaropa B cxeme, cuutasi oT Harpy3ku. Kaxaeiii Tpancopmatop B
TaKoOU cxeMe J0JIKEH ObITh M30JUPOBaH OT 3emMiid Ha Hamnpsikenue U, = Uy (n
—k + 0,5), tne U, — HOMUHAJIbHOE HANpPsKEHUE BBICOKOBOJIBTHOW OOMOTKHU
TpaHchopmaropa, a n — YUCJIO TPAaHCHOPMATOPOB B KACKATHOM CXEMe.
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Puc. 2.3. Kackao uz mpex mpauncghopmamopos
a) — obwuil 8u0; O) — cxema coeOUuHeHUss 0OMOMOK

CywiecmgeHHbIM HEOOCMAMKOM KACKAOHBIX CXeM AaAAemcsa 00/1b-
wasn eenudUHa UHOYKMUBHOCMU pacceaHus Kackaoa 6 ueaom. Ona pac-
mem Ovicmpee, yem npou3eedeHue UHOYKMUBHOCHMU PACCEAHUA O00HO20
mpancgopmamopa Ha ux YUcio é Kackaoe.

OcHogHoe npeumyuiecmeo KACKAOHBIX CXeM 3aKAI0Uaemcsa 6 HoM,
Ymo, UCnoL3Ya MpPAaAHcHoOpmamopsvl HA OMHOCUMETbHO HEDOIbUIoe Ha-
npAdCeHUe, MONCHO NOJIYYHUMb 00/1bUI0E HANPANCCHUE HA 6bIX00€ KACKA-
oa. Imo docmuzaemcsa 3a cuem UCHOIb308AHUA 6HEWIHEel, RPOCMOI U Oe-
uiegoll, U3ONAUUU OMHOCUMENbHO 3eMJIU  KaXHC0020 NOCIeO0yIOULe2o
mpancgopmamopa ¢ Kackaoe.

Kpome aToro, xackaanbie cxembl 00€CIeUnBalOT MHOTOOOpa3ue M JKC-
MUTyaTallUOHHYI0 THOKOCTH MPOBEICHMS UCTIBITAHUN 0O0BEKTOB Ha pa3IMYHbIE
KJIACCHI HAMPSKEHUS, PA3TUYHON MOITHOCTH.

CoznanHble B HacToslee BpeMsl KacKajbl MO3BOJSIOT MOJIy4aTh Iepe-
MEHHOE HamnpsibkeHue 10 2,5 MB npu momHocT 10 S MBA.
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2.2. MeToabl U YCTPOHCTBA PeryJTUPOBAHNUS HANPSIKEHUS
TpaHc(opmMaTopa U Kackaaa Tpaicpopmaropon

OKcITyaTalusi BHICOKOBOJBTHBIX HCHBITATENIbHBIX YCTAHOBOK TpeOyeT
pPEryJIMpOBaHUs HANPSIKEHUS HAa Harpys3ke. JTO 11eJ1ecCO00pa3HO OCYILIECTB-
JISITh HA 32KMMaxX HU3KOBOJLTHOW 0OMOTKM TpaHcopmatopa [1, 2, 4].

Bri6upas cnocod peryiaupoBaHus U PeryJHpyoliee yCTpoucTBo, HE00-
XOJIMMO YYHUTHIBaTh TEXHUYECKHUE XAPAKTEPUCTUKHU: MOILIHOCTH PEryJsiToOpa,
BEJIMUMHY PETYJIMPYEMOT0 HaIpsDKEHHs, CKOPOCTh M MpPEJeNbl peryanupoBa-
Hus. Mcxoast u3 3Toro, K peryjsitopaM HampsDKEHUs MPEAbSBISAIOTCS Clie-
JTyIOIIe TpeOOBaHMUS:

® TIOTEPH B PETYISTOPE JOHKHBI OBITh MUHUMAJbHBIC, M €[0 MOIIHOCTb
COOTBETCTBOBATH MOIIIHOCTH, Pealn3yeMOi Ha Harpy3Ke;

e oOecreunBaTh JOCTATOYHBIC MPEEbl, INIABHOCTh U CKOPOCTh PETYIIN-
pOBaHUS;

® DEryJsATOpbl HE JOKHBI BHOCUTH HCKaXeHHMsI B (pOopMy KpHUBOW Ha-
NPSDKEHUS;

® pEryiaupyolee yCTpOUCTBO JIOJKHO OBITh HAJAECKHBIM, IPOCTHIM B 00-
CITy>KMBaHHH U UMETH XOPOIIINE MACCO — rabapuTHBIEC TOKA3aTEIH.

Haunboniee npocThiM cOCOOOM pEryiMpoOBaHUs SIBISETCS PEOCTATHBIN
crocob (puc. 2.4, a). OgHako OosbllIM€ MOTEPU HA CONMPOTUBICHUH, MOATO-
paHue CONPOTUBIICHUN U UCKA)KEHHE KPUBOM HAIPSKEHUS] OTPAHUYMBAIOT MX
npuUMeHEHue pu MouTHocTIX He 6onee 0,5 kBA.

[lupoko mpuMeHseTcs aBTOTpaHC(HOPMATOPHBIM CIIOCO0 peryiaupoBa-
Husl. CylIecTBYIOT JBE Pa3HOBUIAHOCTH PETYJIHMPOBAHMS: CO CKOJIB3SIIMMHU
KOHTakTamu (puc. 2.4, 6) U C KOPOTKO 3aMKHYTOW IMOJABUKHOW OOMOTKOM
(puc.2.4, g). IlpuHiun peryjJupoBaHus B IEPBOM CIIy4yae 3aKJIIOYAETCS B TOM,
4TO perynupyemoe HanpsbkeHun (U,) CHUMaeTcs ¢ 4acTH OOMOTKH, K KOTO-
poii mpunokeno HampsbxeHue cetu (U,). Takoit ciocod obecrieunBaeT A0CcTa-
TOYHO TJIABHOE PETYJIMPOBAHKE U MAJIbIE TIOTEPH.

HenoctaTkom siBIsieTCSl TO, UTO MPOUCXOJUT MOJATOPAHHE CKOJIB3SIINX
KOHTaKTOB M 0OMOTKH. [IpuMeHsieTcss mpu MOUTHOCTAX TpaHchopMaropa 10
20 xBA.

Bo BTOpoMm cnyuae (puc. 2.4, g) peryaupoBaHue OCYILECTBISIETCS U3Me-
HEHUEM MHIYKTUBHOM CBSI3M MEXay oOMoTkamu. HamnpsbkeHnue cetu npukiia-
IbIBA€TCSl K OOMOTKE, COCTOSIIIEH M3 JBYX OJMHAKOBBIX CeKlMid. Perynupye-
MO€ HaNpsKEHUE CHUMAETCS C OJTHOM U3 CEKIIUH.
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Puc. 2.4. Dnexmpuueckue cxemvl ycmpoucme pe2yiupo8anusi HAnpa’CeHus.:
peocmamubwlii (@), A8MOMpPAHCHOPMAMOPHBIU CO CKOIbIAUUMU KOHMAKMAMU
(6) u KOPOMKO3AMKHYMOU 0OMOMKOU (8), UHOYKYUOHHDBIU (2)

Ri, Ry, Wy, W, — coomeemcmeenno: conpomuenenus peocmanmos, 0OMOmMKU pomopa u
cmamopa, K — kopomkozamkrymas noosusxicuas oomomxa

MaruuTHblii MOTOK, CO3/1aBa€MbIi TOKOM, IMPOTEKAIOIUM B CEKIMSIX
OOMOTKH, YACTUYHO WJIM MOJTHOCTHIO KOMIIEHCUPYETCSI MAarHUTHBIM MTOTOKOM,
CO3/1aBa€MbIM TOKOM B MOABM)XHON KOPOTKO3aMKHYTOH 0OMoTKe (K) B 3aBU-
CUMOCTH OT MECTa PacloOJOKEHHUSI €€ OTHOCUTEIbHO CeKIui oOMOTKU. OT-
CYTCTBHUE CKOJB3ALIMX KOHTAKTOB M BBICOKAs IUIABHOCThH PETYJIUPOBAHMSI TO-
3BOJISIIOT IPUMEHSITh TaKUE PETYIATOPHI Mpu MomHocTH 110 250 kBA. Heko-
TOPBIM HEJJOCTATKOM SIBJISIFOTCS IIOTEPU XOJIOCTOTO XO/1a.

PerynupoBanue HanpspKeHHS WHAYKTHBHBIMH peryistopamu. MHIyK-
TUBHBIN PEryJSTOP MPEICTABISIET U3 Ce0sl HIEKTPOIBUTATEND C 3aTOPMOKEH-
HbIM (a3HBIM poTopoM. OOMOTKY POTOpa MOXKHO MEXaHWYECKH MOBOpPAYH-
BaTh Ha OIPEICICHHBIA YToJ OTHOCUTENIEHO 0OMOTKHU ctatopa. Hampsikenne
CeTH MOABOAUTCI K 00MOTKe poTtopa. Ha oOMoTke ctaTopa HaBoautcs D/C,
BEJIMYMHA KOTOPOM 3aBUCUT OT B3aUMHOTO PAaCIOJIOKEHHSI 0OMOTOK poTopa
(W,) n cratopa (W,). Perymupyemoe HanpsskeHHE CyMMHPYETCS M3 Hampsi-
xeHus cetd ¥ HaBogumoi DJIC obmotku cratopa (AU): U, = U, £ AU. Ot0T
croco0 obecreynBaeT IIAaBHOCTh PETYIMPOBAHUS U OTCYTCTBUE CKOJIB3SINX
KOHTaKkTOB. HeocTaTkoM SIBISIOTCS MOTEPU XOJIOCTOrO XoAa. Mcmonb3yercs
npu TpancpopmaTopa 10 30 kBA.

Jlnist peryaupoBaHus HAMPsDKEHUST MOIIHBIX TPaHC(HOPMATOPOB U KacKa-
OB TpaHC(HOPMATOPOB MCIOJIB3YIOT PEryJaTOphl Ha 0a3e TpaHchOpMaTOPOB
C TIOJIBUKHBIMU 0OMOTKaMH (puc.2.5).
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Puc. 2.5. Cxema pacnonosicenus 06MOmMOK 8 nazax CMepi#CHsL U
apma (a), IneKmpudecKas cxema pe2yaiupo8ouno2o mpancghopma-
mopa (6) u cxema pe2yiupo8ouHo20 mpauncghopmamopa ¢ 0onoJ-
HUMENIbHLIM MPAHCHOpMamopom (8)
1, 2 — emopuunas u nep8uunas 0OMOmMKuU
De2VIUDOBOUHO20 MPAHCDHODMAmona

CyTh cnioco0a 3aKiIro4aeTcsi B TOM, YTO MEXaHUUYECKH OCYIIECTBIISIECTCS
nepemenienne ctepks (C), Ha KOTOPOM PacToIoKeHa BTOpUYHAsS 0OMOTKa
(1) oTHOCUTETHLHO BTOPUYHON OOMOTKH (2), COCTOSAIIEH U3 IBYX OJIMHAKOBBIX
CEeKIIMH, pacnoyioKeHHbIX B ma3ax spma () (puc.2.5, a). BeaeactBue 3toro
MEHSIETCSl AJIEKTPOMAarHuTHAas CBSI3b MEeXay oOMoTkamu. [Ipu nmepemerenun
CTEp>KHSI BTOpUYHAsT OOMOTKA OXBAThIBAETCS MOJTHOCTHIO MM YaCTUYHO Mar-
HUTHBIM TIOTOKOM OJHOM WJIM JPYTrOM CEKIMU nepBu4yHON oomoTku (2). Ha
BTOpUYHON 00MOTKe HaBoauTcs DJIC B 3aBUCMMOCTH OT UX B3aUMHOTO MEcC-
Ta MojoxkeHus. s pacimupeHus auarnazoHa peryJMpyeMoro HampsKEeHUs
UCIIONIB3YIOT PEryJupoBOYHBIN TpaHchopmarop (7)) ¢ JOMOJHUTEIBHBIM
tpancopmaropom (75) (puc. 2.5, 8). Perynupyemoe HanpsokeHUE MPEICTaB-
JSIeT B 9TOM Cilydyae ajiredpandeckyro cymMmy HaBoguMbix DJIC Ha oOMoOTKax
1 u 4. HemocTaTkoM Takoro croco0a SBISIOTCS OOJIBIINE TTOTEPH XOJIOCTOTO
X0/1a, CII0’KHOCTh KOHCTPYKIIMH PETYJIMPOBOYHOTO TpaHchopmaropa. Moxker
MIPUMEHSITHCS MMPU MOILITHOCTAX JO HECKOJIBKUX METaBOJIbTaMIIEp.
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2.3. MeToabl 4 YCTPOICTBA NMOJTYy4Y€EHUS
BBICOKOI'0 HANPSIKEHUS MOCTOSTHHOI0 TOKA

OO6smacTi MpUMEHEHUST BBICOKOTO HAIPSHKEHUS MOCTOSTHHOTO TOKA pas-
HOOOpa3Hbl. DTO Pa3IUYHBIE OTPACIH BJIECKTPOIHEPTETUKU, FIEKTPOTEXHOIIO-
TMU U CUCTEMbI MUTAHUSI UMITYJbCHBIX YCTPOUCTB. OCHOBHBIM METOJIOM IIO-
Jy4YEeHUS] BHICOKOT'O HAMPSHKEHUSI TTOCTOSTHHOTO TOKA SIBJISIETCS BBIMPSAMIICHUE
MEPEMEHHOT0 TOKa BBICOKOTO HAIPSHKEHUS] MPOMBINIIEHHONW 4acToThl. [Ipu
CO3/JaHUU MCTOYHHMKOB BBICOKOTO IOCTOSIHHOT'O HANpPsKEHUS OJHOW U3 OC-
HOBHBIX 3aJ1a4 SIBJISICTCS BBIOOP BEHTHJISI M CXEMbl BBIIpsMIeHUs. Bribop
BEHTWJISl Oa3MpyeTcsi Ha CPAaBHEHUU TEXHUYECKUX, SKOHOMUYECKUX U IKC-
IUTyaTallMOHHBIX XapakTepUCTUK. C TEXHUYECKOW TOYKH 3PEHUS BBICOKO-
BOJIbTHBIE BEHTUJIM XapaKTEPU3YIOTCS OCHOBHBIMU IapaMeTpaMH: MaKCH-
MaJIbHO JIOMYCTUMBIM M JIMTEIBHO MPOTEKAIONIUM TOKOM Y€pe3 BEHTHIIb;
oOpaTHBIM HANpPsHKEHUEM Ha BEHTHJIE B 3aKPBITOM COCTOSIHWU; MaJIEHUE Ha-
MPSIKEHUS] HA BEHTHUJIE B OTKPBHITOM COCTOSIHUH.

C PKOHOMHYECKOHN M AKCIUTYaTallMOHHOW TOYEK 3PEHUS] BEHTUIN Xapak-
TEPU3YIOTCS: CTOMMOCTBbIO OCHOBHOTO M BCIIOMOTATEIbHOTO O0OPY/I0BaHMS,
AKCIUTYaTallMOHHBIX PAacX0JI0B, CTaOUIBLHOCTHIO MapaMeTPOB, HAJEHKHOCTHIO
U CPOKOM CITy>KObI, BpEMEHEM TMOJIFOTOBKH €ro K padore, 0€30MacHOCTHIO,
MIPOCTOTON U yA0OCTBOM OOCTYKUBaHHUS.

B BBICOKOBOJIbTHOW HCIBITATEIBHON TEXHUKE LIUPOKO NPUMEHSIIUCH
AJIEKTPOHHBIE Y MOHHBIC BBIIPSIMUTEIHU, a B MOCIEIHUE ACCATUIICTUS — TTOJTY-
MIPOBOJAHUKOBBIE.

DONEeKTPOHHBIA BEHTUJIb — 3TO JJIEKTPOBAKYYMHBINH MPUOOpP aHOIOM U
HaKaJIMBa€MbIM KaTOJIOM, TOMEUIEHHBIMU B KEPAMUYECKUN WJIN CTEKJITHHBIN
xopnyc ¢ gasnerneM 10” — 10 mm. pr. cr. PaGoTa 97IeKTPOHHOTO BEHTHIS
OCHOBaHa Ha TEPMOAJIEKTPOHHON AMHUCCHM C HAKAJIIMBAEMOI'0 Karoaa. AHOA-
HbII TOK B MPOBOJSIIEM COCTOSHUM, KOTJa MOTEHLIHAJI aHOJIa BBILIE, YEM Y
KaToJla, 3aBUCUT OT BEJIWYUHBI MPUIIOKEHHOTO HAIPSKEHUSI, TEMIIEPATYPHI,
Marepuana U pa3MepoB KaToja, a TAKXKE OT PHEPTUU BBIXOJA SJIEKTPOHOB C
Karoza.

VYBenuuenue pabodeit TemrepaTypbl KaTojJa OTPAaHUYMBAETCS €r0 BO3-
MOHBIM pa3pyIICHUEM TOJI ACHCTBUEM IMOHJIEPOMOTOPHBIX CHJI U HCHape-
HUe ero Marepuana. CHUKEeHHE pabOThl BBIXOJ/A JIEKTPOHOB, C IIEIbIO YBe-
JUYEHUS TOKA, JOCTUTAETCS HMCIOJIb30BAHHEM OKCHJIHBIX U TOPHUPOBAHHBIX
kaTo/10B. C yBEIMYEHUEM HOMUHAJIBHOTO HANPSKEHUS U TOKA BEHTUJIS Cia-
ObIM 3BEHOM CTAaHOBUTCS aHOJ. DJIEKTPOHbI, OOMOApANPYS aHOM, MPUBOJIAT K
ero pazorpeBy. [Io3ToMy aHOI BBINIOJHSETCS MAaCCHUBHBIM U3 TYTOILIABKOIO
Marepuaia ¢ BBICOKOM SHEPTrUeu BBIXOAA AIEKTPOHOB.
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IIpu cMmeHe NnoIsApHOCTH, KOTAa MOTEHIHMAN aHOIA CTAHOBUTCS MEHBIIE,
4YeM KaToja, SMUCCHs 3JEKTPOHOB MpEKpallaercs u Npubop NpUXoIuT B 3a-
KPBITOE, HEIIPOBOAIIIEE, COCTOSTHUE.

Kopryc BeHTHIIs1 KOHCTPYUPYETCSL B COOTBETCTBHM C 3aKOHOM Ilamena
TaK, 4TOObI MPOOOIi, €ClIi OH BO3HUKHET, MPOXOAUI 10 BHEIIHEH MOBEPXHO-
CTH KopItyca. DTO HNPUBOJIUT K POCTY rabapuTOB MpPU M3rOTOBJIEHUU UX Ha
BBICOKHE HAPSKCHUSL.

HNoHHbIE BEHTUIIM WIA Ta30TPOHBI MPEACTABISIOT U3 ce0s JABYXDJIEK-
TPOJIHBIN CTEKJIIHHBIA WM KepaMudeckui OaimoH. BHyTpu OaiisioHa Haxo-
JUITCS Tapbl PTYTH WM MHEPTHBIH a3 moa aasiaenneM 107 — 107 M. pT. cr.
B BBICOKOBOJIbTHOM TE€XHUKE MOJYUYUIM PACIPOCTPAHEHUE Ta30TPOHBI C Ha-
KQJIMBAEMbIM KaTOJOM B PEKHMME TIICIOLIEr0 pa3psaa.

IIpu oTrpunaTenpbHON MOJIIPHOCTH KaToAa JJIEKTPOHBI, IOJydYacMble 3a
CYET TEPMOIMHUCCUM C KaTOJa, JABUTA’ACh K AHOAY, BBI3BIBAKOT MOHU3ALIUIO
MOJIEKYJI Ta3a U 00pa3yloT razopaspsinyto miasmy. [loatomy mioTHoCcTh TO-
Ka B Ta30TPOHAX 3HAYUTENIBHO BBIIIE, YEM B 3JIEKTPOHHBIX BEHTUIISIX, U CPEA-
HUWA TOK MOXET JAOCTUraTh JecsITKoB ammep. Hanpspkenue 3axuranus (Us)
3aBUCHUT OT POJa ra3a, KOHCTPYKLIHH JaMIbl 1 MOIIHOCTH HakKaja U OOBIYHO
He npesbimaeT (5-20) % ot Uy

IIpy n3MEHEHUH MOISIPHOCTH IMUCCHS JJIEKTPOHOB ITPEKPAIIACTCS, YCH-
JIMBAETCS MpoLlecC PEKOMOMHALIMY U T1a3Ma Pa3BaJIMBAETCS.

["a30TpoHBI IO pa3mMepy 3HAYUTENIBHO OOJIbIIE 3JEKTPOHHBIX BEHTHIICH
npu 0JUHAKOBBIX Uy, U co3aBaTh UX Ha Uy, 250 xB cranoButcs Henene-
coobpazHo. Kpome 3Toro, ra3oTpoHsl yCTOMUHMBO pabOTaIOT TOJIBKO B Y3KOM
TemmeparypaoM uuTepsaie (10-40)° C.

JlocTkenrss GU3UKU TBEPAOTO Tella U TEXHOJIOTHH TIOTyYCHHS CBEPX-
YUCTBIX MATEPUAIOB B MOCIEIHNUE NECATUIETUS IMO3BOJIWIM TOJIYIIPOBOAHU-
KOBBIM BEHTWISM 3aHSTh JOMHUHUPYIOLIEE MOJIOKEHHE. B BBICOKOBOJIBTHOM
TEXHUKE MOJIYIIPOBOAHUKOBBIE BBINPAMUTENN B PSIAE CIIy4aeB IOJHOCTHIO
3aMEHSIOT JIEKTPOHHBIE, HOHHBIE U PTYTHBIE BEHTUJIN.

[TomynpOBOIHUKOBBIA BEHTHJIb MPEACTABISIET COOOM 3JIEKTPOHHBIN
npuodOp, COCTOSAUIMI W3 KpPUCTAIA TMOJYNPOBOJAHHUKA C «p—/» TEPEXO/IOM,
JBYX OMUUYECKUX KOHTAKTOB, IByX BbIBOJOB U KOPIIyCa.

He ananusupyst mporiecchl 00pa3oBaHusi U pabOThl «p—n» Mepexona,
JIOCTAaTOYHO OCBEILIEHHBIE B HAYYHOM M y4eOHOH JMTepaType, pacCMOTPUM
3aBUCUMOCTH TOKa JMOJA OT IPUJIOKEHHOIO K HEMY HanpsipkeHus. Boiapram-
nepHas XapakTepucTuka auonaa (puc. 2.6) onpenensercss CBOWCTBAMU MOJTY-
MIPOBOJIHUKOBBIX MaTE€pPUAJIOB, COCTOSSHUEM IMOBEPXHOCTH, KOHCTPYKIMEU
IO/ ¥ TEMIIEPATypOH Mepexoa.

IIpaBas BETBb BOJBTAMIIEPHOM XAaPAKTEPUCTUKH COOTBETCTBYET BEHTH-
JIO B OTKPBITOM COCTOSIHHH, ONpEAEsis MPOTEKaHUE NPAMOro Toka (/.,) mpH
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MajioM TaJEHUU HaIpsKEHUS
Ha Benruie (U,). JIleBas BeTBB
BOJIBTAMIIEPHOU XapaxkTepu-
cTuku (2) nus ynoOcTBa To-
CTpO€Ha B JpyroM Macurade.
Jlns omeHkM Maciitaba OoTMe-
TUM, YTO Y COBPEMEHHBIX IO-
JyIPOBOJHUKOBBIX JHOJOB OT-
Uep HOILIEHUE NPAMOro TOKa K 00-
paTHOMY JNEXHUT B npezenax 10°
—10°, a oTHOIICHHE 0OPATHOTO
HalpsDKeHUs K TMAJCHUI0 Ha-
Puc.2.6. BO]lbmaMI’lepHaﬂ IPSDKCHUS npu MIpOTCKaHUU
Xapakmepucmura MPSAMOTO TOKa JISKUT B MpeJie-
NOTVANNRNDHUKORN20) NN 13X 102 _ 104’ T4 BeTBL Xa-
paKTEpU3yeT BEHTUIIb B 3aKpPbl-
TOM COCTOSIHMH, KOTJIa HaIlPSKEHUE HA BEHTHJIC OOJIBIIIOE TTPH MajoM o0part-
HOM TOKE. BBICOKOBOJBTHBIE BEHTUJIA BBHITIOJHSIOTCS Ha 0a3e KPEMHUS U ce-
JIeHa.

[ToyTipOBOTHUKOBBIC BEHTUJIM MPU HOMHHAJIBHBIX PEKHMaX CTaOWIIb-
HBI, JI0CTATOYHO HAJEXKHbI, Cpok ciyx6bl 10° — 10% wacos, mpoctsl n Ge30-
nacHsl B pabore. OgHAKO TPU HE3HAYUTEIbHBIX OTKJIOHEHUSX OT HOMUHAJIb-
HBIX PEKUMOB (0OCOOEHHO KPEMHHUEBBIE BEHTHJIM ) YACTO BBIXOJIAT U3 CTPOSI.

B cuny Toro, 4to eIMHUYHBIC «p—n» MEPEXO0JIbl UMEIOT OTHOCUTEIIHHO
HEOOJIbIINE TPSIMbIE TOKM W OOpaTHBbIE HAINpPSIKEHUS, B BBICOKOBOJLTHOM
TEXHUKE UCMOJB3YIOT MOCIEI0BATEIbHOE WIH MapaluielIbHOE BKIKOYEHUE HE-
CKOJIbKUX BeHTuiel. [locnenoBarenbHoe BKIIOUEHHUE BEHTHIICH Ooublie 5 —
10 «p—n» mepexonoB TpeOyeT BBHIpAaBHUBAHHS HANPSDKEHUS! BIOJL CTOJOOB
€MKOCTHBIMH WJIK OMHUYECKUMH JICIUTEIAMU HATIPSAKEHUS.

T
Uo6p:

:
! !
2
! !

Ioﬁp i

2.3.1. CxemMbl BBIIPAMJICHUS] TOKA BHICOKOT0 HANIPSIZKEHUS

Br16op cxembl BhIIpsMIICHUS Oa3zupyeTcst Ha pse (HaKTOPOB KaK TeX-
HOJIOTMYECKOr0, TaK ¥ SKOHOMHUYECKOTO IJIaHa, UCXO0Jd U3 TpeOOBaHUM Ha-
IPy3KH U UMEIOLIEr0Cs B HATMYUHU 000pyAOBaHUS.

Bce cxempl yCTaHOBOK MOJTYYEHHUsI BBICOKOTO HANPSIKEHUS BBIIPSAMIICH-
HOTO TOKa MOKHO KJacCU(UUUPOBATH MO CIAEAYIOMIMM MpU3HaKaM: 1o ¢Ghop-
M€ BBINPSIMIIEHHOTO HANpsDKeHHUs (OAHO — W JABYXITOJYIIEPUOIHBIE CXEMBI);
o uncny ¢a3 BTOpUYHOM 0OMOTKa TpaHchopmatopa (ogHOda3HbIE, ABYX — U
Tpexda3Hble CXeMbl); M0 OTHOIICHHIO BBIXOJHOTO HAMPSHKEHHUS K BXOAHOMY
(cXeMbl BBIPSIMIIEHUSI U CXEMBI BBITIPSIMIICHHS C YMHOKEHUEM HAIPSKEHUS ).
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OCHOBHBIMHM DJIEMEHTAMH CXEM BBINIPSMIICHUSI SIBJISIOTCS: HWCTOYHHK
BBICOKOTO HANpPsDKCHHS, BBIMPSIMUTEIBHOE YCTPOMCTBO, CrIIaKUBAIOLIUIN
GbuIbTp U Harpys3Ka.

N3 Bcero pazHooOpasms cxeM BuIIpsAMieHUs (puc.2.7), moapoOHO pac-
cMaTpUBaeMbIX B y4eOHOM W HaywyHoul surtepatype [1,12], paccmorpum
MPUHITUI pabOTHI U TIApaMETPhl BBIXOJHOTO HAIPSIKEHUS HA TIPUMEPE IBYX-
MOJTYTIEPUOTHOM cXeMbl (puc. 2.7, 6).

T V T
~ Ry =Cd) ~ » Ry =Cd3
j _T{ i
a) 0) N
T 4 T 4 .
g Y
V, v, Va
' ; R | ==Cy gV, R | =¢
3
V
Vanl
L g m'
Ve -

6) 2)

Puc. 2.7. Cxembl guinpsamaenus
a) — 0OHONONYNEePUOOHast; 6) — 08YXNOIYNEPUOOHAS, 8) — OOHNOLYNEPUOOHASL
mpexghasnasi, 2) - 08YXnoaynepuoonas mpexgaznas

B »Toi cxeme BoinipssMuTenu V' u V4 OTKPBITHI U IPOITYCKAKOT TOK, KO-
r7ia MOTeHIHal TOUku 1 Gosiblie, YemM MoTeHIan Touku 2. Beimmpsamurenu V,
U V3 OTKPBITHI, €CIIU MTOTEHITUAT TOYKU 2 OO0JIbIIe MOTEHI[MANA TOYKH 1.

JlmarpaMMbl HampsiKeHUsT Ha TpaHCGOpMATOpe U HA HArpy3Ke MOKa3aHbl
Ha puc 2.8.

UTV\ /\ ’w\\/\\/\\/\\
/ \/ \/ \/ \
/ \L \L \L \
e U |
a) 0) 8)

Puc. 2.8. Jluacpamma nanpsoicenus ons cxemst (puc.2.7, 6):
@) — Ha 8bICOKOL CMOpOHe mpancgopmamopa, 6) — Ha HazpysKke be3 purbmpa;
8) — Ha Hazpyske ¢ punvmpom (Ce)
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Takas cxema obnmagaeT psaoM HEAOCTATKOB MpH padbore Oe3 punbTpa, a
MMEHHO OOJIbIlIas MyJIbCAIIUS HAIMIPSKEHUSI M TOKA, ¥ Majble UX 3HAUYCHUS Ha
Harpy3ke. DG HEeKTUBHOE U CpelHee 3HaUCHNE HANPSDKEHHSI 3a MEePUOJI COOT-

BETCTBEHHO paBHbL: U,y ~ U2, Uy, ~2U, /7, rne U,,— amiumryaHoe

3HaueHne (pazHoro HampspkeHus TpaHchopmatopa. Mcmonbp3oBaHue eMKOCT-
Horo ¢unbrpa (Cy) NO3BONIAET YCTPAHUTh 3TH HENOCTaTKH. Bennuuna mysb-
caluy U HaIpsDKCHHS B OTOM ciTydae OyJeT 3aBHCETh OT CONMPOTUBIICHUS Ha-
IPY3KH U €MKOCTH (PHIbTpa. 3HAYUTEIIBHO JIYYIIHE TapaMeTPhl BBIXOIHOTO
HAIPSHKCHUS MOYKHO TIOJIYYHMTh MPU UCIIOB30BAaHNUU Tpex(ha3HbIX cxeM (puc.
2.7, 8, 2). OqHAKO B 3TOM CIIy4ae CXEMbI YCIOKHSIIOTCS.

OOmMM HETOCTAaTKOM CXEM BBIMPSIMIICHUS SBJISETCS TO, YTO MX IIEJIECO-
o0pa3HO HCIIOJIH30BaTh TOJBKO MPH TOJYYCHHH HampspkeHUs He Bbime 100
kB. [{nsg monyuyenus 0ojiee BBICOKMX HANPSHKCHHH HCIIOJIB3YIOT CXEMBI BbI-
NPSAMJICHUS C yJBOCHHEM, YTPOCHHEM M MHOTOKPATHBIM YBEIIMYECHUEM Ha-
MIPSDKEHUS Ha Harpy3Ke OTHOCUTENILHO BXOIHOTO HaMNpsbkeHus (puc. 2.9).

C] UH
I ?
N Vi
I 3U,
<7,
I
G +
0)

Puc.2.9. dnexkmpuueckue cxemvl 8bINPAMIECHUS C YMHONCEHUEM HANPAHNCEHUS!
a) — ¢ yosoeHuem Hanpsicenust, 6) — ¢ ympoeHuem Hanps’ceHus,
8) — ouazpamma Hanpaxcenus 0as cxemol (a)

Heo0xoaumMocTh TakuxX CXeM JAMKTYETCS IKOHOMUYECKOH Ienecoolpas-
HOCTBIO. MIcronb3ys 371eMEHTHI C OTHOCUTEIBHO HU3KUM pabOounuM Hampsixke-
HUEM U o0ecrieunBasi KECTKOE paclpeesieHne MOTEHIIMAIOB M0 3JIEMEHTaM,
MO>KHO TOJIy4YaTh HANPSPKEHUSI B COTHU U THICSIYU KUIJIOBOJIBT.

Huxe paccMoTpuM npuHUUIN pabOThl CXEMbI BBIIPSIMIICHHS C yIBOCHHU-
em HanpspkeHust (puc.2.10), koTopas sBISE€TCS OCHOBHOM IJisi MOJIYYEHUS
MHOTOKPAaTHO YBEJIMYECHHOI'O0 HAIPSDKEHHUS B CXEME KacKaJHOTO reHeparopa
noctosinHoro toka (KI'TIT).
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Puc. 2.10. /lsyxnonynepuoornas cxema 8binpsamieHusi ¢ Y08oeHuem Hanpsi-
JHCeHUs (a) U OUASPaAMMA HANPSHCEHUS HA 8bIXO0e CXeMbl U NOMEHYUANO08 8
PasIuyHbLx mouxax (6)

B aroii cxeme BoinpssMutenu V; u V, paboTaroT B TeUEHHE pa3HBIX IO-
JYNEepUuoAOB KoJieOaHusl HampsbkeHus TpaHcdopmaTtopa. Bempsmutens V)
OTKPBIT TOTJ1a, KOIa IOTEHIMAJI TOYKM 2 MEHbIIe noTeHnuana Touku 0, a 7,
OTKPBIT, KOT'/Ia MOTEHIIMAJ TOYKHU 2 Oonblie noteHuuana Touku 3. Kongenca-
Top C,, BHINONHSIOMNNA poJib QUIBTPA B CXEME, 3apsKACTCSl HAPSKEHUEM,
KOTOPOE CO3JaeTcsa Mexay ToukaMu 2—(0, paBHOE CyMMe HaIpsKEHUM TpaHC-
(dopmaTopa u kouaeHcaropa C. 1o HanpskeHue nmyascupyet ot 0 no 2U .

HetpyaHo y0enuTbest U1 B TOM, YTO HANPSHKEHUE MEXIY TOYKamu 2-3 MyJib-
cupyet Takxe ot 0 go 2U,,, HO 110 BpEMEHH CABUHYT Ha 180° oTHOCHTENBHO

HalpsHKEHUs] Ha BEHTWIE V).
3apsa konzaeHcatopa C, 1o nmoaHoro HampsbkeHus (2U,,) mpu Ry —o

UJIET B T€UEHUE HEKOTOPOTO KOJIMYECTBA MEPUOI0B KOJICOAHUS TEPEMEHHOTO
TOKA.

IIpu peanbHol Harpy3ke (R, # o) koHaeHcaTop C; B IPOMEKYTKE MEX-
Iy TOJ3aps/IKaMuy, KOT/ia 3aKPbIT BEHTUIb V), pa3pspkaeTcss 4aCTUYHO Ha Ha-
Ipy3Ky M HamnpsbKeHHWE Ha HeM CHmbKaercs Ha Benuuuny OU ~ AQ/C, =
1., T/C5, Tre I, — cpeHuii TOK 4epe3 HarpysKy 3a nepuon 7' (puc. 2.10, 6).

[Tocne oTkpeiTUs BeHTWIS V, xoHmeHcatop C, OyneT moazapsKaThCs
M30BITOYHBIM 3apsiioM Ha koHjaeHcaTope C,. OIHOBPEMEHHO C MOJ3apsiaoM
KoHaeHcaTopa C, 4acTUYHO UAET pa3psa KoHaeHcaTopa C; Ha Harpysky. B
pe3ynbTare 4ero HampsbkeHue Ha C, He JOCTUTHET MaKCHMMAaJIbHOTO 3Haue-
HH, T.€. B CXEM€ BO3HMKHET nazeHue Hanpsbkenus AU= Io,-T/C) (puc.2.10,
0). Takum 00pa3om, BUTHO, YTO MyJIbCAIIMS U TAJICHUE HAMPSIKEHUS 3aBUCST
OT TOKA Harpy3kKH U 4acCTOThI MUTAIONIEr0 HanpsbkeHus. Kpome storo, myiib-
caius 3aBUCUT OT BEJIMUMHBI eMKOCTU C,, a MaJIicHUe HAMpPSIKEHUSI OT BEJIH-
yuHbl eMKocTh C.
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2.3.2. KackajaHblii reHEPaTOP NOCTOSHHOTO TOKA
BBICOKOI'0 HANPSIsKEHUsI.

N3 ananuza npeasiaymieit cxemsl (puc.2.10, a) HETPYJIHO BUIEThH, YTO
HaIpsDKEHUE Ha BBIIpAMUTENAX V) U V, nynscupyert ot 0 no 2U,, . [Ipuyem

ATU HAMNPSHKEHUs CABMHYTHI BO BPEMEHHM Ha TOJIIEPHOJIa IEPEMEHHOT0 Ha-
npsbkeHus: TpaHchopmaropa. Mcnonb3yst 3T0O, MOXHO 4epe3 JOMOJTHUTEINb-
Hble BeHTUM (V3, V4 v T.1.) 3apsiKaTh NONOJTHUTEIbHBIE KOHAEHCATOPHI (C3,
C4 ¥ T.1.), BKIOUeHHbIe 110 cxeme (puc.2.11). Takasa cxema mpencraBisieT
Ha0Op MOJYJEH, COCTOSIIMNX U3 IBYX BEHTWJICH U IBYX KOHJICHCATOPOB.

U 2NU,,
lau
A ———a
. T N
U, i P /\
| [ |
| [ | |
l P! Lo
4 hilt ty 15 ¢
0) P
|

-t B h- 1 13- 1y
13- 1y 8)

Puc. 2.11. Kackaowuwiii cenepamop nocmosnHo2o moka.
a) — cxema;, 0) — Quazpamma Hanpsicenuss mpancgopmamopa (U,,) u naepysxu (U,);
8) — cocmosnue cxemol OJisl PA3TUYHBIX MOMEHMO8 spemenu 6 meuerue nepuooa (T)

[TosToMy HETpYHO YOEAUTHCS, YTO KOTJA 3aKPbIThl BEHTUIU Vs, Vi, Vi
(puc.2.11, 8, t, — t3), myJbCUpYIOUIEE HAMPSHKEHUE HA HUX YEPE3 OTKPHITHIE
BeHTUIU V3, Vs mopsapsixaer konaeHcaropsl Cs, Cs B ipenene no 2U,, . Ko-

raa OyIyT 3aKkpbIThl Beinpsmurenu Vy, Vi, Vs (puc.2.11, 6, t4 — ts), myJibCcu-
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pyloliee HampsiKeHUE Ha HUX 4epe3 OTKPBIThIe BEHTWIH Vi, Vg mon3apskaer
koHaeHcaTopsl Cy, Cg B ipegene Toxe 1o 2U,, . CnenoBarenbHo, IPU OTCYT-

CTBMH HAarpy3KH (XOJIOCTOM XOJ) HalPsKEHHE Ha MPaBOW KOJIOHKE B KOHEY-
HOM cuere mocTturuer 3Hadenus 2NU,, rne N — yucino monynei, a U, —
AMIUIMTYJHOE 3HaYEHUE HAIPSKEHUs TpaHCPOpMaTopa.

Bce BIIpAMUTENN U KOHIEHCATOPHI, KPOME INEPBOIO, IOJLKHBI OBITh

paccuntansl Ha HanpsbkeHue 2U, . Konpencatop C) paboTtaer B cxeme Ipu
HanpspkeHU He Oounbiie U,.

[Ipu KoHEe4YHOW BeNMYMHE R, # 00 B YCTAHOBUBIIEMCSI PEKUME KOHJICH-
caTopbl IPaBOM (BBIXOJHOM) KOJIOHHBI HEMPEPHIBHO OTAAIOT 3apsA] B HArpy3-
Ky. DTO KOJMYECTBO 3aps/1a BOCIIOIHIETCS HA KOHJIEHCATOPAX BBIXOJIHOM KO-
JIOHHBI B TIEPUOJ] TIOJ3APSIKK €€ OT BXOJHOW KOJIOHHBI M TpaHCcpopMaTopa.
Takum 00pa3oM, KacKaJHbIM reHepaTop padoOTaeT Mo OJHOU U3 CXEM, MPUBE-
neHHbIX Ha puc. 2.11, 6. He paccmarpuBas moapoOHO aHanu3 pabOThI CXEMBI,
JIOCTATOYHO TOJHO HM3JIOKEHHBIM B y4eOHOM W Hay4HOU nwurteparype [1,9],
OTMETHM, YTO TyJbcanus HampstkeHus: (OU) cBsizaHa, BO-TIEPBBIX, C pa3psi-
JIOM Ha Harpy3Ky ImpaBoil kKojoHHbI (puc.2.11, 0, 6, t| — t4) ¥ IOA3APAAOM Jie-
BOM KOJOHHBI (puc. 2.11, 6, 6, t; — t3) U, BO - BTOPBIX, MOCIEAYIOIIUM M0]13a-
PSIOM MPaBOM KOJOHHBI OT JIEBOUW KOJOHHKI (puc. 2.11, 6, 8, t4— ts5). [lanenue
ke HanpspkeHus: (AU) oOyclIOBIEHO TeM, UTO IMPH 3apsje MpaBoOil KOJIOHHbI
KOHJICHCATOPHI JIEBOM KOJIOHHBI OJJHOBPEMEHHO Pa3psKaroTCs Ha HArpys3Ky.
B cuny sTOoro HampsbkeHUE Ha BBIXOJIE T€HEepaTtopa HE JIOCTUraeT MaKCH-
MaJIbHOT'O 3HAYEHUSI.

Ipu stom, SU =~ (I, x N)x N +1)/2Cx f, (2.3)
a AU ~1_(4N’ +3N* +2N)/6Cx f, (2.4)

rae C — eMKOCTb KOHAEHCATOPOB, I, — CPEIHUM TOK 4epe3 Harpy3Ky U f
— 4aCTOTa MUTAIOILETO HAIIPSKEHMUS.

N3 ananuza 3aBucuMoctd dU u AU HETpyIHO BUAETH, YTO ISl CHHKE-
HUS UX HEOOXOAMMO B Pa3yMHBIX Ipejesiax yBEIUYUBaTh €EMKOCTb KOHJIEH-
CaTOpOB, YACTOTY MUTAOLIETO HAIPSDKEHUS M UCIOJIB30BaTh KACKAJHBINA Ie-
HEepaTop Ui paboThl HAa BBICOKOBOJIBTHYIO HATPY3KY.

HeoOxoaumo Taxke OTMETUTh, YTO YBEJIIMYEHHE BBIXOJHOTO HaIpsiKe-
HUSl 32 CUET YBEJIMYEHMs 4YHClia MOXyJied He Bcerja uenecoobpazno. Ha
IPAaKTHUKE OOBIUHO MCIONB3YIOT TEHEpaTopbl C 4YHUCIOM Mopayjieit N =

(0.6+0.8)Np, 1€ Nyy = (f-C-U,, / 1.,)"? n Toxamn 1< 107 A.
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2.4 MeToabl U yCTPOHCTBA MOJIy4YeHUSA
BbICOKOBOJIbTHBIX UMITYJIbCOB HANPSIKEHUSI

NMnynbcHOE BBICOKOE HAMPSKEHUE MCMONIB3YETCs ISl UMHUTAIlUU TPO-
30BBIX M KOMMYTAIIMOHHBIX MEPEHANPSKEHUNW MNPU HUCHBITAHUU U3OJSLUU
AIEKTPOOOOPYI0BaHUS B YCKOPUTEIbHON TEXHUKE, PEHTI€HOrpapuu, B dJIEK-
TPOPA3PSATHBIX U MMYYKOBO — MJIA3MEHHBIX TEXHOJOTHSIX.

IIpu rpo30BBIX paspsaax B DJIEMEHTHI YHEPrOCUCTEM Ha JIMHEWHON U30-
JSIUMU BO3HUKAET alepuoJIMYECKUd UMIYJIbC HanpspkeHus. Ha anexTpoo6o-
PYJIOBaHUU TMOJCTAHILIMM, 3aIUIIAEMOM DPAa3PsAHUKAMHU, BO3ZMOXHO MOSBIIE-
HUE UMITYyJIbCA «CPE3aHHOTO» IOCIe MakcumMyma HanpsbkeHus. Mcxons us
BEPOSITHOCTU TOSIBJICHUS MEPEHAIPSKEHUSI TOW WK UHOM (OpMBI, CTaHAAp-
TU30BaH T'PO30BOM aANEpUOANYECKUN HMITYJIbC HanpspkeHus. [lonHblid uM-
nyJbC UMEET mapameTpel Tgp = 1,2 (£0,36) mMxc u 1, = 50 (£10) mxc. (puc.
2.12, a). Cpe3aHHBIH UMITYJIbC XapaKTEPU3YETCs BPEMEHEM CPe3a Ty = (2+5)
MKC.

U U

U, L Un
09—~
095 _________________________ \ 075
0,3r———-

T t T
Tu Tu
a) 0)
U U
U Uy

s /TN NIVZRN
’\\/\’ VAV,

Tn t Tu t

’cp[ TI/I

6) 2)
Puc.2.12. Tunuunsie chopmol «epozosozor» umnynvca 1,2/50 (a) u xommyma-
YUOHHBIX UMNYTIbCOS (0, 8, 2)
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KoMMyTalnmonHeie TepeHanpsskeHus OOYCIOBIEHBI IUIAHOBBIMU  HIIU
aBapUUHBIMH MEPEKIIOUEHUAMHU B 3Heprocucremax. [lapamerpsl hopmbl uM-
MyJibCa KOMMYTAIIMOHHBIX MEPEHANPSHKEHUN SBIISIIOTCS CIIyYalHBIMU BEJU-
YUHAMU U U3MEHSIOTCS B IIMPOKUX Ipenenax. s sHeprocucreM ¢ Hamps-
xeHueM cBoilie 220 kB koMMyTalmoHHbIE MEPEHANPSKEHUS SBISIOTCS 00-
Jiee KPUTUYHBIMU ISl U30JSIUUH, YEM I'PO30BbIE€, BBUlY 3HAUUTEIbHON BEIIU-
YUHBl MAKCUMAJIBHBIX 3HAYEHUU U JUTUTEIBHOCTU BO3JAEHCTBUA. JTO 00CTOSA-
TEIBCTBO OOBACHSET MCHOJb30BaHUE JJI MUCHBITAHUNA U UCCIIETOBAHUN H30-
JSIUUU KaK arepuoMYecKuX, TaKk U KojieOaTebHbIX UMITYJIbCOB. B kauecTBe
OCHOBHOT'O HCHBITaTEIbHOTO HMITYJbCA PEKOMEHJOBAH arepuoAnYeCKUil
UMITyJIbC C T, = 250 (£50) Mkc u t, = 2500 (£1500) mkc (puc. 2.12, 6). Hpy-
I'MMH PEKOMEHIOBAaHHBIMU MUMITYJIbCAMH SBJISIFOTCS allEpPUOJUYECKUE C Tapa-
metpamu 100/2500; 500/2500; 1000/5000 mkc u KoneOaTeNbHbBIE ¢ TapaMeT-
pamu (4000£1000)/7500+2500), 100/1000 u 50/500 mxc (puc. 2.12, s, 2)
[4,13,14].

HcnbiTaHusiM KOMMYTallMOHHBIMM HMMITYJIbCAMH B TIOCIIETHEE BpeMs
npuaaercs O0NbIIOe 3HAYEHUE, TOCKOJIbKY BO3MOKHO UX MPUMEHEHUE BMeE-
CTO IJIUTEIbHBIX UCIIBITAHUN HAMPSIKEHUEM MTPOMBIIIIIEHHOW YaCTOTHI.

JUIg monydeHusl arnepuoJMYeCKUX HMITYJIbCOB HAIPSDKEHHUS HCIOJIB3Y-
10TCsl TeHeparopbl ummyibcoB (I'MH), ocHOBaHHBIE HA MPUHIMIE, TPEAJIO-
xeHHoM B.K. ApkaaseBbiM u 3. MapkcoM. ['pynna KOHAEHCATOPOB 3apsixKa-
€TCsl B MapaJUIEIbHOM CXeME COEAMHEHUS 10 ONPENEIEHHOTO HANPSKEHUs, a
3aTeéM C MOMOILBIO BBICOKOBOJBTHBIX KOMMYTATOPOB KOHJIEHCATOPHI MeEpe-
KJIIOYAIOTCS B MOCJIEIOBATEIbHYIO CXEMY BKIItOUeHHUs. B pe3ynbrare Hamps-
KEHUE MEXYy HA4aJloM M KOHIIOM 3TOM LIEMOYKHA KOHJEHCATOPOB CyMMUPY-
ercst, nocruras BenuunHbl NUj, rae N — yucio koHaencatopos u U, — Ha-
NpsHKEHHE, 10 KOTOPOro OHU ObLIW 3apsKeHbl. B kauecTBe KOMMYTHPYIOILIUX
BBICOKOBOJIBTHBIX YCTPOMCTB MCIOIb3YIOTCS OOBIYHO ra30BbI€ Pa3psAIHUKHU F'
(puc. 2. 13, a).

B Hacrosimiee Bpemsi CymlIeCTBYET OOJIBIIOE KOJWYECTBO Pa3IMYHBIX
CXEM U KOHCTPYKUMH I'€HEpaTOpOB, OMMCAHUE KOTOPBIX MOKHO HAlTH B JIU-
Tepatype, Harpumep [1+5]. Padoty ['MTH nosicHuM Ha mpumepe CXeMbl C OJ1-
HOCTOPOHHEW OJHOMOJIyTIepruoaHOM 3apsakoi (puc. 2.13, a). KonaeHncatopsl
cryneneil C 3apsyaroTcs OT UCTOYHHMKA BBINPSMIIEHHOTO HANPSKEHUS Yepes
3aIMUTHOE CONMPOTHUBJICHUE R, N pa3[eNUTENbHbIE COMPOTUBICHUS R.

Jliis obecrieueHrs MPaKTUYECKHA OJIMHAKOBOM 3apsIKM BCEX KOHJIEHCA-
TOPOB HEOOXOMMO COOMI0IaTh ycioBue: R, >>> R . K KoHIy 3apsiku 10-

TeHmanel Touek 0,2,4, ... paBHBI HYJIIO, a MOTEHUUAIBI TOYeK 1,3, ... paB-
Hbl+ U, . PaccTosiHne mexay mapoBeIMU deKkTponamu Fy, F,, ... F, ycTtaHas-
JMBAIOTCS TaK, YTOOBI Mpu HampsbkeHun Uy mpoOuBancs Toasko F. Tlocne
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po0ost mpoMexKyTKa Fj Touka 1 coelMHAeTcs Yepe3 COMPOTUBIIEHUE UCKPBI €
«3emiiein». B pe3ynbraTe noreHunan Touku 1 craner paBeH 0, a mOTEHIMAT
TOYKHU 2 CTaHeT paBeH -Uy, T.K. mapa3uTHast eMKOCTh C;; MPAKTUYECKU MTHO-
BEHHO Yepe3 Majioe COMPOTUBIICHUE 3aPAIUTCS 10 HAIMPSIKEHUs, OJU3KOTO K
Uo.

Ci T
U F R3 . 3
T 1
G C, Co % i~ C, Co
TR T° HEAT T
6) 8)

Puc.2.13. Ilpunyunuanvrnas snexkmpuueckasn cxema I’ MH (a)
U 2eHepamopo8 KOMMYMAayUuOHHbIX UMNYIbCO8 (0, 8)

[ToTeHuman Touku 3 B TEUEHUE HEKOTOPOTO BPEMEHU COXPAHSETCS paB-
HbIM npuMmepHo +Uj, T.K. 3Ta TOUKa OTJIeJeHa OT TOYKU | OONBIIUM COMpPO-
TUBJICHUEM R). B pe3ynbrare UCKpOBOM MPOMEXKYTOK [ OKXKETCS MOJ Ha-
npsHKeHUEM, OJM3KUM K 3HAYeHHI0, paBHOMY 2Uj, 9TO BBI30BET €0 MpoOOi,
II0CJIE Yero MOTEHUHAa] TOYKH 3 cTaHeT paBHBIM -Ujy, a TOUKU 4 — paBHBIM —
2U. llpomexyTok F;3 okaxkeTcs moJ Hampspkenuem, ommskum k 3U,. Tpose-
7Sl aHAJIOTUYHBIE PACCYXACHUS, MOKHO YOETUTHCS, YTO MPOU30IIET MPaKTH-
YeCKH MTHOBEHHBIM TpoOOH mMmocienoBarenbHO Bcex mnpomexyTkoB ['H.
[Tocne nmpobost mpomexyTka F),;;, KOTOPBIM UCKITIOYAET MOa4y HalpsHKEHUS
Ha 00BEKT B Ipoliecce 3apsaku reneparopa, BeiBoj I'MH (Touka n) mogkito-
yaercst K anemMeHTaM Rgp, Cop U Rp, oOecnieunBaromyM (GOpMHUPOBAHUE HM-
MyJibca C HEOOXOAUMBIMU ITApaMETPaMHu.

®dopmupoBanue (HpoHTA UMIYJIbCA OCYILECTBISETCS U3MEHEHUEM Rg U
Cop, @ IMUTENBHOCTh UMITyJIbca — Rp. I3MEHEHNE aMIIUTyAbl UMITYJIbCA pe-
IYJIUPYETCS U3MEHEHUEM PACCTOSHHS MEXKIY IIapOBBIMHM AJIEKTpoaamu F1,
Fy, ... F,. llpu >TOM 17151 MOJIy4eHHUs] MaKCUMalbHOro Kod(duimeHra uc-
nonb3oBanusi ' MH neobxoaumo cobntoaats ycinoBusi: Rp>> Re, C>>Co, T1E
C.= C/N.
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B reneparopax ¢ mapoBbIMU pa3psOHUKAMU MIPU U3MEHEHUH HAIPSKE-
HUSl Ha BBIXOJIE B LIMPOKOM Juana3zoHe TpeOyercs MepecTpoiika pas3psaHu-
KOB. JlJI1 3TOT0 MCHOJB3YIOTCSI MEXaHUYECKHE U30JIALIMOHHBIE CUCTEMBI, I10-
3BOJISIFOIIAE OJTHOBPEMEHHO BO BCEX CTYIEHSAX M3MEHATH PACCTOSHUE MEXKIY
IIapOBBIMU IEKTpoAaMu. Bee 3To yClIoKHAET KOHCTPYKIMIO FeHepaTopa.

B coBpeMeHHbIX reHepaTopax Jijisl JOCTUKEHHUS CTa0UIBHOCTH padOThHI B
HIMPOKOM JUAIIa30HE HAIIPSHKEHUW U UCKITIOYEHUS MEXaHUYECKON HACTPOMKH
pa3psAIHUKOB MPU MEPEX0JIe K APYTOMY HCIBITATEIbHOMY HANpPSKEHUIO HC-
MOJIB3YIOTCSl yIpPAaBJISIEMble, B TOM YHUCJIE MHOI03a30pHBIE Pa3pPSIIHUKU.
VYnpasnsiemble pa3psSAHUKA YCTAHABIMBAIOTCA B HECKOJBKUX WM BO BCEX
crynensax [ TH.

PaccMoTpeHHbIe cXeMbl 00ECTIEYMBAIOT WCIBITAHUS H3OJISIIUK arlepuo-
JUYECKUMU UMITYJIbCAMU, B TOM YUCJIE€ 1 KOMMYTallMOHHBIMU (puc. 2.12, a u
0).

Bonee nmonmHoe cooTBeTcTBUE (POpME KOMMYTAIIMOHHBIX IepeHanpsiKe-
HUW UMEIOT KojebaTenbHble UMITYIIbCHI (puc. 2.12, ¢ u 2). Takue UMIyJIbChI
Yale BCEero MoJiyyaroT Ha 0a3e MCHBITaTeIbHBIX TPaHC(HOPMATOPOB WK Kac-
kazoB TpanchopmaTtopos (puc. 2.13, 6 u 6). OgHaKo 9acToTa KoJieOaHUN NM-
IyJIbCA B 3TOM CJIy4ae 3aBUCHUT OT MHIYKTUBHOCTH TpaHC(HOpMaTopa U €eMKO-
CTH O0BEKTA U UBMEHSETCS B Y3KHUX MpeAeIiax.

bonpmiol auana3zoH koseOaTeabHbIX UMITYJIBCOB MO (OPME M HacTOTE
KosiebaHnuii MoxxkHo noayuuth Ha 6aze I'MH c nByxcroponneil 3apsakoi. B
TOM PEXHME BMECTO Pa3psAHBIX CONMPOTHBICHUN BKIIOYAIOTCS WHIYKTHUB-
HBIE JIPOCCEIHU, @ MHOTJIA €IIe U MEHSIOT MOJISIPHOCTh 3apsAIKH BEPXHEN YacTH
I'MH [13].

Jlnana3zoH UMIYJIbCHBIX HANPSKEHUN BECbMa IIUPOK — OT JECATKOB J10
HECKOJIbKHUX ThICAY KHUJIOBOJIBT. MaKCHUMabHBIM HANPSHKEHUEM U TUIIOM HC-
MOJIb3YEMBIX KOHJEHCATOPOB OIpPEAENAeTCd M KOHCTPYKUUSI TeHepaTopa.
Koncrpyktusno I'MH ObIBatOT JE€CTHUYHOTO, ATAXKEPOUHOr0, OAILIEHHOTO U
KOJIOHHOT'O THIIOB.

Bbonee nmonpodno unpopmanuo o 'MH MoxHO MOSYYUTH B ClielHAIIb-
HOU y4eOHOU U Hay4yHOU nuTeparype, Harpumep, [1-5,11,12 ].

2.4. MeToabl NOJIy4eHHs] MMITYJIbCHBIX TOKOB

[Ipy moBeneHWM pa3IMYHBIX (PUINYECKUX HCCICAOBAHUNA: CO3/1aHUE
CUIBHBIX MarHUTHBIX IOJIEH, NOJYYEHUE YAAPHBIX BOJH BBICOKOTEMIIEpPA-
TYpHOH IUIa3Mbl U T.JI. TPEOYIOTCS MMIYJIbCHbIE TOKH, BEIUMYHMHA, (opMma U
JUIMTENBHOCTh KOTOPBIX MEHseTCA B IMPOKuxX npexaenax. [lupoko npume-
HSAIOTCS UMITYJIbCHBIE TOKH IPU UCIIBITAHWUA KOMMYTAILMOHHOM amnmaparypsl
JJIE DHEPrOCUCTEM M Pa3iIMYHBbIX 3JeKTpodu3nueckux yctaHoBOK. llpen-
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CTaBJICHUE O Pa3HOOOpa3uu MPUMEHEHUS MMITYJIbCHBIX TOKOB MOXKHO IOJTY-
YUTh U3 HAYYHOU JIUTEpaTypbl, Hanpumep, u3 [1 —4, §8].

JIro60if WCTOYHMK WM TEHEPaTOp HMITYJIbCOB MPEACTAaBISAET COOOM
OJIMH U3 BHUJIOB HakomnuTeneu sHepruu ¢ kommyratopoMm. K naunbonee pac-
MPOCTPAHEHHBIM HAKOIMUTESIM B HACTOALIEE BPEMs OTHOCSTCS €MKOCTHbIE
(puc. 2.14), uHIYKTUBHBIE, AIEKTPOMEXaHWYECKUE (yAapHbIE T€HEpaTophl),
XMMHYECKHE (MMITYJIbCHBIE aKKYMYJISITOPBI), @ TaK)K€ pazIn4yHble KOMOWHa-
IIUM HECKOJIbKHUX HAKOIIUTENEH.

T 4 R3am L P
— 0 ——t — +—""—0OO
(L YIpaBJICHUC f

~U Cil= (CO= (C,= RH[]

Puc. 2.14. Dnexmpuueckas cxema I'HT: V — evicokosonvmmubiii sbinpsamumend, Rz —
conpomusenenue 0 oepanudenust 3apsaonozo moka; C—C, — bamapes konoencamopos; P
— paspsaoHux ynpasisemviil;, Ry — naepyska, L — unoykmuenocmo paspsaono2o KOHmypa

[ens ummynscHoro Toka ['MT (pa3psiaHas 1enb) COCTOUT U3 MOCIEN0-
BATEJIbHO COEAMHEHHBIX U 3apsSKEHHBIX 10 Hanpsbkenus U, emkocren C, UH-
JYKTUBHOCTH L W aKTUBHOTO CONpOTUBIICHUA R,. UHAYKTUBHOCTH L U ak-
TUBHOE COINPOTUBIIEHUE R, BKIIOYAIOT B ce0s COOTBETCTBEHHO WHIYKTHB-
HOCTb U COIIPOTUBIICHHUE HAKOIIUTEIA, KOMMYTAaTOpa M COCAUHUTEIbHBIX
LIUH.

[lepexonHbIi mpoLECC MOXKET HOCUTh KOJIEOATEIbHBIA WIN alepuoiu-
4ecKMii XapakTep, B 3aBHCHMOCTH OT BeuunHbl ¥ ~ 0,5 R(C/L)™, 3aBucsie-
r'o OT COOTHOILIEHUS MapaMeTpoB paspsaaHoro kourypa I'UT u Harpysku.

[Ipu paszpabotrke u co3zganuu ['MT Ha 0a3ze eMKOCTHOrO HAaKOMMTENs
CTPEMSATCS YMEHBIINTh HHAYKTUBHOCTh U AKTUBHOE CONPOTUBIICHUE pa3psii-
HOTO KOHTypa M Hakonwureld. JlocTuraercs 510 IMyTeM NPUMEHEHUs Iapai-
JENbHBIX Pa3psIHUKOB, COEIMHUTENbHBIX IIMH OOJBIIOIO CEYEHUS U Kade-
JeH, a TakKe COKpallleHUs JUIMHBI IIMH U KaOesel, COeANHSIOMNX HAaKOIH-
TE€JIb C HarPy3KOM.

Konctpyktusno I'MI'T noikeH BBINONHATHCS KOMIIAKTHO C BO3MOYXKHO
MUHUMAJIBHBIMHU PACCTOSIHUSIMU MEXKTy OJOKaMH KOHJIEHCATOPOB, HArPYy3KOU
u paspsaHukoM. Kak mpaBuiio, 3To pacrosiokeHue OJI0KOB KOHJEHCATOPOB
[0 MEPUMETPY OKPYKHOCTHM WM MHOTOYI'OJIbBHMKA C PAacIOJIOKEHHEM Ha-
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rpy3ku U paspsaanuka B 1entpe. Koncrpykiuu I'MT Moryt ornuyaTtees Tu-
MOM OIIIMHOBKH, COOPHBIX IIMH U Pa3psSIHUKOB, KOJIUYECTBOM OJOKOB KOH-
JIEHCATOPOB B HUX U T.A. (puc. 2.15).

IToMUMO €MKOCTHBIX HAKOMUTEJEH SHEPTUU MEPCIIEKTUBHBIMU SIBISFOT-
Cs MHAYKTUBHbIC HAKOIMUTENW, B KOTOPBIX SHEPrusl HAKAIJIMBAETCSl B Mar-
HUTHOM I10JI€ UHIYKTUBHOCTH [4].
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Puc. 2.15. Cxema xoncmpyxkmugrnozeo ucnoanenusi I UT:
a) — 610K Hakonumens ¢ KabeabHOU OUWUHOBKOU U OOHUM PA3PAOHUKOM HA OJIOK, 0)
— Mo Jice, HO C PA3PAOHUKOM HA KAXHCObIU KOHOeHcamop O]0Kd, 8) — HAKONUmenb ¢ Nio-
CKOU OUUHOBKOU U OOHUM PA3PAOHUKOM, 1- 010K KoHOeHncamopos,; 2 ,3,4- owmunoska, 5 -
paspsaoHuk, 6 - Hazcpy3Ka

2.6 U3mepeHne BHICOKUX HANPSKEHUH M UMITYJILCHBIX TOKOB

Jlns mpoBeneHus B 1a0OPaTOPHUSX MCIBITAHUNA H30JSALWU U JKCIEpH-
MEHTaJIbHBIX MCCIIEOBAaHUN B 00JIACTU U3OJISILIUU U Pa3psIHBIX MPOLIECCOB B
U30JIAIIMOHHBIX CpeAax HEOOXOAMMBI HE TOJHKO HMCTOYHHUKH BBICOKMX Ha-
NpPsDKEHUH U OOJIBIIMX TOKOB, HO M pa3HOOOpa3Hble U3MEPUTEIbHBIE YCTPOIl-
ctBa. J{s M3MepeHuil Ha BBHICOKOM HAINPSIKEHUM HCIOJNb3YHOTCS IIApOBBIE
pa3psAHUKY, JNEJUTENN HANpsDKEHUN, aMIUIUTYIHbIE BOJBTMETPBI, TOKOBBIE
IIYHTBI, IIUPOKO — U Y3KOIOJIOCHBIE TPaHC(HOPMATOPhI TOKA U T.II.

OO61eit 0cCOOCHHOCTHIO U3MEPEHHI HAa BHICOKOM HANPSDKCHHH SIBIISICTCS
TO, YTO OHU JIOJKHBI MPOBOJUTHCS B YCIOBUSX CHUJIBHBIX AJIEKTPUUYECKUX U
MarHUTHBIX TOJIEH, KOTOpPbIE BBI3BIBAIOT B M3MEPHUTEIBHBIX IIETISIX MOMEXH.
Kpome 3T0ro, cymecTBeHHOE BIMSHUE OKAa3bIBAIOT Takue (PaKTOphI, KaK €M-
KOCTHBIE CBSI3M MEXKIY 3JEMEHTAaMU U3MEPUTEIbHON CUCTEMBbI, COOCTBEHHAs
WHAYKTUBHOCTB 3THUX DJIEMEHTOB, KOPOHHBIA W YaCTUYHBIC Pa3psIbl, COMPO-
TUBJICHHE YTECYKU W T.M. BiusHUE THX (aKTOpOB HE MPEACTABISAETCS BO3-
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MO>KHBIM TTOJIHOCTBIO UCKITIOUUTD, TIOITOMY UX HEOOXOJUMO YUUTHIBATH MPHU
IIPOBEJICHUN U3MEPEHUU.

W3mepenne BBHICOKMX HampsKeHUH TpeOyeT, Kak MpaBUiIo, IPUMEHEHUs
CIELUAJIBHBIX YCTPOMCTB, ITO3BOJIAIOIINX WM HEMOCPEACTBEHHO ONPEAEIATh
U3MEPAEMOE HANPSIKEHNUE, HIIA COIIACOBATh OOBIYHBIA U3MEPUTENbHBINA MPHU-
00p C HICTOYHUKOM BBICOKOTO HaIPsHKEHUS.

B nanpHeiimem KpaTKO paccCMOTpUM Hambosee 4acTo MpHUMEHsIeMbIe
YCTPOMCTBA JIJI1 U3MEPEHUS IEPEMEHHOTO, IOCTOSIHHOTO U UMITYJIbCHOI'O Ha-
npsbkeHuil. boiiee moapoOHbIE CBEEHMSI MO PACCMATPUBAEMBIM HUXKE YCT-
pPOMCTBAM Il U3MEPEHUS HAIPSIKEHHUS M TOKAa U HEKOTOPBIM APYTMM YCT-
poiicTBaM MOKHO HalTH B JIUTEparype, Hanpumep, [1-7, 10, 11].

DNEeKTPOCTATUYECKUE BBICOKOBOJIBTHBIE BOJIBTMETPBI HMCIOJIB3YIOTCS
JUIsL HETIOCPEICTBEHHOTO OTCYETa MU3MEPSIEMOro HamnpspbkeHus. [IpuHnun ns-
MEpEHHsI OCHOBAH HA M3MEPEHUN CHJI JIEKTPUUYECKOTO ITOJIsI, BOZHUKAIOIIUX
MEXAY IEKTPOJIaMU U3MEPUTENBHON cucTeMBI (puc. 2.16, a).

[Tox BO3aEHiCTBHEM MPUIIOKEHHOTO HAMPSHKEHUS K diekTpoaam 1, 2, 3,
00pa3yIoluX BbICOKOBOJIbTHBIA KOHAEHCATOP, MEKy HUMU BO3HUKAET CUia
F, crpemsimasicsa cOnu3uth ux. I[lepemenieHne MOABMKHOW IJIACTUHBI 3
YPaBHOBEIINBAETCA MEXaHUYECKON CHIIONM CUCTEMBI €€ KPEIUIEHUs. JTa cuja
MPOTOPLHOHAIbHA KBaapaTy Hanpsvkenus — F= KU, tae K - kosddumpenT
MIPONOPLUOHAIBHOCTH, 3aBUCSIINI OT MAPAMETPOB JIEKTPOIHON CUCTEMBI.

Merannuyeckoe 3epKajio, COEIMHEHHOE C MOABUKHOM CHUCTEMOW IUIa-
CTUHBI 3, IO3BOJISIET PETUCTPUPOBATH BEJIMUYNHY OTKJIOHEHHS CBETOBOIO JIy4a
oT Jlamnibl 6 Ha 1Kasne 4, OTrpagyupoBaHHOM B KHioBosibTax. K aTomy kiac-
Cy KWJIOBOJIbTMETPOB OTHOCSTCS, Hanpumep, C-96, C-100, C-101.

PaccMmoTpeHHble pUOOPHl UMEIOT OTHOCUTENBHO MAJIyI0 MOTPEIIHOCTh
U3MEPEHHUs, HEOOJBIIYIO BXOJHYIO €EMKOCTh M MO3BOJSIOT U3MEPAThH JIEUCT-
BYIOILIEE 3HAYCHUE HAIPSKEHUS U MOCTOSHHOE HAIPSDHKEHHE B IpPENenax 10
300 kB.

[ITapoBON U3MEPUTENBHBIN Pa3psAIHUK BECbMA ILIMPOKO HCIOJIB3YETCS
JUISL U3MEPEHHUsT BBICOKUX HAIpsKEHUH Oiaroiapsi MpoCTOTE yCTPOMCTBA U
MPUEMIIEMON ISl IPAKTUKH TOYHOCTH, KOTOPYIO MOXKHO TOJYYHTh MPH Ipa-
BUJILHOM METOJIMKE U3MEPEHUS C COOIIOIEHUEM OMpeIeICHHBIX TPEOOBAHUM.
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a) 0)

Puc.2.16. llpunyunuanvroe ycmpoucmeo 31eKmpocmamuiecko2o Kuio-
soIbMMemMpPa (@) u UMepUMenIbHO20 Wapoeo20 pa3paonuxa ().

A u B — paccmosnue om mouku pazpsaoa 00 OKpys#caroujux npeomemos;
1.2.3 — sanexmnoowl. 4 - wkana

W3mepenne OCHOBaHO Ha HWCIHOJIB30BAHWU 3aBUCHUMOCTH MPOOUBHOTO
HaMpsHDKEHUST BO3IYIIHOTO MPOMEXKYTKA MEXAY LIAPOBBIMU 3JIEKTPOJAMU OT
paccTostHUSL MeXAy HUMH. 11 U3MEepeHus cilelyeT MCIOJIb30BaTh MPOMe-
KYTKU C OJHOPOJHBIM WM CIA0OHEOJHOPOJAHBIM IOJIEM, B KOTOPBIX HAIpsi-
KEHHE Npo00s MMEET JIMHEHHYI 3aBUCUMOCTb OT pacctosHud. lllapoBbie
pa3psAHUKY TO3BOJISIIOT U3MEPSITh BBICOKOE HANPSDKEHUE B IIMPOKOM JiMarna-
30HE BEJIMYUH — OT €IMHULl KUJIOBOJIBT /10 HECKOJIBKUX MEraBoJjbT (puc. 2.16,
0).

[Ipu m3MepeHnH MOJIB3YIOTCS TPayHPOBOUYHBIMU TaOIUIIAMH, JAIOIIU-
MU CBSI3b MPOOMBHOIO HAIPSDKEHUS C JAMAMETPOM IIAPOBBIX 3JIEKTPOJOB U
paccTosiHuEM MeXay HUMHU. B TaGnumax naHbel aMIUTUTYIHbIE 3HAUEHUS MPO-
OMBHOTO HaNPSHKEHUS 1711 HOPMAJIbHBIX aTMOC(EPHBIX YCIOBHMA.

[IlapoBble pa3psIHUKU yCTaHABIMBAKOTCS BEPTHUKAJIBHO WM T'OPU30H-
TanbHO. [Ipy BEpTUKAIBHOM paCIIONIOKEHUN HUKHUHN [Iap BCEr/1a 3a3eMJIIsIET-
csi. UToOBI MOrpenHocTh U3MEPEHHs HE TpeBbIlana + 3 % Heo0X0auMo co-
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omonats ycnosus: S < 0,5D, rne D — nuameTtp 1mapos, a S — pacCTOSHUE Me-
*kay HuMH. Kpome 3TOro, paccrossHue a0 OKPYKAKOIIHUX IPEIMETOB HE
JIOJDKHO OBITh MEHBLIE YCTaHOBJIEHHOro HopMaTuBa. [loaToMy miapoBble
pa3psIIHUKK MIPU OOJBIIMX JAMAaMETpax TPeOYIOT 3HAYUTENIbHOTO MPOCTpaH-
cTBa. B CBsI3M C 3TUM NMPUXOIUTCA OTKA3bIBaThCA OT UX MPUMEHEHUS B yCTa-
HOBKax ¢ HanpspkenueM Boimre 1000 kB.

[Ipyn HU3MEpeHUH MOCTOSIHHBIX U NEPEMEHHBIX HANPSIKEHUU, C LENbIO
CHWKEHUS 3PO3UU MMOBEPXHOCTHU IIAPOB U JIJIs JeMIiprpoBaHus KoieOaHuil B
LENU pa3psia, MOCIEA0BATENbHO C apaMy BKJIIOYAETCSI CONPOTUBIIEHUE OT
10 kOMm no 1 Mowm. IIpu n3mMepeHnn UMITYJIbCHBIX HANPSXKEHUN PEKOMEHY-
€TCsl BKJII0YaTh conpoTtusiieHne He 6omaee 250 — 500 Om.

Meronuka u3MepeHus: NOCTOSHHBIX M IIEPEMEHHBIX HAIPSIKEHUH CO-
CTOUT B caeayromeM. [locie moakiroueHus mapoBeIX pa3psIHUKOB K UCTOY-
HUKY H3MEPSEMOr0 HAIPSDKEHUS W3MEHSIOT PACCTOSIHUE MEXJy HUMH J10
BO3HUKHOBEHUS IPOOOS TPOMEXKYTKA.

IIpy M3MepeHNH UMITYJIbCHOTO HAIPSKEHUS! PACCTOSIHME MEXy Liapa-
MU U3MEHSAIOT, 0OMBAsCh TOrO, YTOOBI MMOJIOBUHA MOJIAHHBIX UMITYJICOB BbI-
3bpIBAJIa MPOOOW MPOMEKYTKA. 3HAs PACCTOSHHE MEXAY IIapaMU U HX JIHa-
METp, IO TAaOJULAM ONPEAEIIAIOT BEIUYUHY MTPOOUBHOIO HanpskeHus. B Tex
Cllydasix, KOT/la U3MEpPEHUs IPOBOJATCS B YCIOBHSX, OTJIMYHBIX OT HOpMaJb-
HBIX, BBOJUTCS NONpaBoyHbId kKoadduument & = 0,386P/(273+t), rne P u ¢ —
COOTBETCTBEHHO JABJIECHHUE B MM. PT. CT U TeMIleparypa B rpaaycax Llenpcus
OKpY KaIOLIEH CpelIbl IIPU MPOBEACHUU U3MEpPEHUU. Torna uCKoMoe 3HaueHue
HanpsbkeHus Oyaet pasuo U, = U,’d, rne U, — TabnuyHOE 3HaUYCHHE TTPOOUB-
HOT'O HalPsSKEHHUS.

JU1s u3mMepeHust NIEPEMEHHOTO ¥ UMITYJIbCHOTO HAIPSKEHHSI IPUMEHSIIOT
€MKOCTHO-BBINPSIMUTEIbHBIE CXeMbI (puc. 2.17) [2,4] .

B cxeme puc. 2.17, a npu u3MepeHnH NEPEMEHHOTO HAIIPSDKEHUS TOK [,
IIPOTEKAET B TEYEHUE NOIYIIEPUOJA Yepe3 BEHTWIb V1 W ranbBaHOMETp, a B
TE€YEHHUE IPYTroro noyynepuoaa yepe3 BeHTwib V2. CpenqHnid TOK 4epe3 rajib-
BaHOMETp 3a nepuoj Oyner paseH I, = O/T, rae O= 2CU,, — naTErpan ToKa
3a mepuon 7. CienoBaTenbHO, BEIMYMHA AMIUIMTYTHOTO 3HAYEHUS HaIpsiKe-
g U, = K, TO€ K — K09()(OUILHUEHT IPONOPLIHOHATBHOCTH, 3aBUCSIIUHA OT
4acTOThI M BEJIMYMHBI EMKOCTH KOHAEHCATOPA.
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Puc.2.17. [lpunyunuanvusie snekmpuyecKue cxemol 01 UsMepeHust
AMAAUMYOHBIX 3HAYEHUL HANPANCEHUSL

[TorpemHOCTh M3MEPEHUS OYIET 3aBUCETh OT TOYHOCTH M3MEPEHUS Be-
JIMYMHBI EMKOCTH U YaCTOThI HAIIPSDKEHUS, & TAKKE OT KOHEUHOTO 3HAYEHHUS
CONPOTHUBIICHUSI BEHTWJISI B OTKPBITOM U 3aKPBITOM cOCTOsIHUH. Kpome 3Toro,
MOrPENTHOCTh 3aBUCUT OT HAJIMYMS BBICIIMX TAPMOHUK B KPUBOM TOKA W Ha-
MPSHKEHUA.

Jpyroii pa3HOBHUIHOCTBIO YCTPOMCTBA I M3MEPEHUS aMIUIUTYIHOIO
3HAUYEHUS TIEPEMEHHOIO HAIPSKEHUS SIBISETCS CXEMA aMILIUTYIHOTO BOJIBT-
MeTpa (MUK — BOJbTMETpa). PaccMoTpeHHbIe MTPUOOPHI UMEIOT OTHOCUTENIBHO
Majyl MOTPEUIHOCTh U3MEPEHHUsI, HEOOBIITYI0 BXOAHYI0 €MKOCTh U IO3BO-
JISIOT U3MEPATH JIEUCTBYIOIIEE 3HAUYCHUE HAIPSKEHUS U IIOCTOSIHHOE Harpsi-
»eHue B npeaenax 10 300 xB.

[ITapoBON M3MEPUTENBHBIN Pa3pPSAIHUK BECbMA LIMPOKO HCHOJIB3YETCS
JUTSl I3MEPEHUsST BBICOKUX HAIpPsOKEHUHN OJiaromapsi MpoCTOTe yCTPONCTBA U
MPUEMIIEMOM ISl TPAKTUKU TOYHOCTH, KOTOPYKO MOXHO MOJIYYHUTh IIPU Mpa-
BUJIBHOW METOANKE U3MEPEHUS C COOIOICHUEM OMpPEACICHHBIX TPeOOBAHUIA.
CxeMa BOJIBTMETpPA € UCIIOIB30BAHUEM EMKOCTHOTO JEJIUTEN MOKA3aHA Ha
puc. 2.17, 6. IlapannenpHo €4y HU3KOTO HANpPSKEHUS €MKOCTHOTO JeIH-
tens C; — C, noakimroyaercs yepe3 BeHTWwIb V konaencarop C,. Hanpsxenue
Ha H3MEPUTEIHLHOM KOHJIEHCATOPE MOXET OBITh U3MEPEHO BOJBTMETPOM
AIEKTPOCTATUYECKON CUCTEMBI UITU DJIEKTPOHHBIM BOJBTMETPOM C OOJIBIIUM
BXOJHBIM CONPOTHUBIICHUEM.

IIpn n“3MepeHHH amIUIUTYyJAHBIMH BOJBTMETPAMH BO3HHMKAET IOTPELI-
HOCTb, CBSI3aHHAsl C HEWUJICAIBHOCTBIO JJIEMEHTOB W3MEPUTEIIBHOM CXEMBI:
KOHEYHOE 3HAYECHUE COIPOTHUBIICHUS BEHTWJISI B OTKPBITOM U 3aKPBITOM CO-
CTOSIHUM M KOHEYHOE 3HA4YE€HHE CONPOTUBIEHHS Ry. Kpome 3TOr0, BO3HUKaeT
MOTPENTHOCTh, CBS3aHHAS C BIUSHUEM CXEMbI U3MEpEHUs Ha Kod(PPuImeHt
nenennst nenutens. CHIDKEHHE STOM MOTPEIIHOCTH MOXKHO JTOOUTHCS, CO-
omonas ycnosue C, <<C.
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2.6.1. [lequresu 11l MU3MEPEHUS BLICOKMX HANPSIAKEHU

OpHuM M3 CHOCOOOB M3MEpPEHUs! BBICOKMX HAIpPsDKEHUN Pa3iMyHOTro
BUJIA SIBJISIOTCS JEJIMTENN HalpsDkeHus. Vcnoap30BaHME AEIUTENEH Hamps-
KEHHSI C 3JIEKTPOHHBIMH OCIIIIIOrpadaMu Mo3BOJIAET MOIYYUTh OOIINPHYIO
MH(}OpPMALMIO 0 MapaMeTpax U3MEPSEMOr0 HalPsHKEHUS.

[IpumeHstoTCS AENUTENn CIEAYIOMMX TUIIOB: OMUYECKUE, EMKOCTHBIE U
OMHMYECKO — €MKOCTHbIE. PaccMOTpeHHbIE MPUOOPHI UMEIOT OTHOCHUTEIBHO
Majylo MOrPEUIHOCTh U3MEPEHHUsI, HEOOJIBIIYI0 BXOAHYI0 €MKOCTh U IMO3BO-
JSIOT U3MEPATH JACHCTBYIOLIEE 3HAUEHUE HANPSKEHUS U MOCTOSSHHOE HAIpsi-
»keHue B npeaenax 1o 300 xB.

[ITapoBO¥ M3MEPUTEIBHBIM Pa3psSAHUK BECbMa IIHPOKO HCIIONIb3YETCS
JUIsL U3MEPEHUsl BBICOKMX HaNpsbKEHUH Onarogaps MPOCTOTE yCTpOicTBa U
IPUEMIIEMON JJI IPAKTUKH TOYHOCTH, KOTOPYIO MOYHO IOJIYYUTh IIPU Mpa-
BUJILHOW METOJIMKE U3MEPEHUS C COOJIIO/IEHUEM ONPEIeNIEHHBIX TPeOOBaHUIA.
eMKOCTHbIe. Jlemutens, mpenctaBisist coOOMl LEMOYKy MOCIeA0BaTENbHO
BKJIFOYEHHBIX aKTUBHBIX WJIM PEAKTUBHBIX CONPOTHUBIICHHM, SBIIAETCS CBOE-
oOpa3HbIM NEPEIATOYHBIM 3BEHOM B LIENU U3MEPEHUS U ONpPENEIEHHBIM 00-
pa3oM JOJKEH OKa3bIBaTh BIUSHUE HA TOYHOCTh U3MepeHus. B cBs3u ¢ 3TuM
K JICTUTENSIM HaIpsHKEHUsS! MPEAbSBISIETCS JOCTATOYHO KECTKOE OCHOBHOE
TpeOOBaHME: HANPSXKEHUE HAa HU3KOBOJIBTHOM IUI€YE JEIUTEINS JOJKHO IO
(dbopme NOBTOPATH U3MEPSIEMOE HAMPSKEHHE. DTO 3HAYUT, 4TO KOADPUITUEHT
JIeJICHHUs] HE JOJKEH 3aBUCETh OT YacTOThl M BEIWYMHBI MU3MEPSIEMOTO Ha-
npsokeHusi. Kpome storo, Ha Ko3((UUMEHT nAeJeHHUs HE JOJDKHBI BIHATH
BHEILIHUE IEKTPOCTATUYECKNE U DJIEKTPOMArHUTHBIE TOJIs, KOPOHA U YyTEUKHU
10 U30JIALIMOHHON KOHCTPYKIIMH JETUTEIIS.

[lepenaTounpiM OTHOLIEHHEM (KOA(M(UIMEHTOM JeJIeHUs) AETUTEeNs,
COCTOSIIETrO U3 N OAHOPOJHBIX 3JIEMEHTOB C CONPOTUBIIEHUEM Z, HA3bIBAOT
OTHOUIEHUE HaIPSOKEHUs, MOABOAUMOro K aenutento (U)) Kk BeNUMYMHE Ha-
NpsDKEHUS, CHIMAEMOT0 C HU3KOBOJIBTHOM yactu genurens (U,).

OKBUBAJICHTHAsI CXeMa TaKoro JEIHUTeNs B OOLIEM cilydae MUMEET BH],
NpeCTaBICHHBIN Ha puc. 2.18, 6, rae AeTuTenb paccMaTpUBaeTCs KaK JIMHUSA
C paclpeieliecHHbIMU NapaMeTpaMHy KOHEUHOM JJIMHBI, 3a3€MJIEHHAs Ha OJl-
HOM KoHIe. O6o3Ha4eHNs Ha cxeMe cootBerctByioT: R, C' u L' — cobcTBeH-
HOE COINpOTUBIICHHE, EMKOCTh M HMHIYKTHBHOCTH OHOTO diemeHTa; C, —
TPOIOJIbHAS EMKOCTh ¢IMHUI! JHHEL, C, ' — eMKOCTh ¢IMHUIbI JUTMHEI OT-
HOCUTENBHO 3eMJIU. M3 3T0i 0011ei cXeMbl MOKHO MOJIYYUTh IPAKTHUECKUE
CXEMBI JIF000r0 THIA AETUTENs, KaK YacTHbIE ciydyau. Borpocam Teopun ae-
JIUTEJIEW HAIPSOKEHUS M UX NMPUMEHEHMSI B TEXHUKE BBICOKUX HANPSKEHUN
MOCBSILIEHO JIOCTATOYHOE KOJWYECTBO paboT, Hampumep, [6,7]. Huke Mbl
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pPacCMOTPUM HEKOTOpbIE TPUHIIMITHAIBHBIE BOTIPOCHI pabOThHI JEAUTeNel Mpu
VM3MEPEHUU BBICOKMX HANPSIKECHUM.

IIpr u3mMepeHHH BBICOKHMX MOCTOSIHHBIX HAIIPSDKEHUM Yalle BCErO MC-
MOJIB3YIOTCSl CTPEIOYHBIE MPUOOPHI (MUKPO- U MIJTHAMIIEPMETPHI) ¢ 100a-
BOYHBIMU CONTPOTUBJICHUSIMU, JIUOO aKTUBHBIE ACIIUTEIIN HAPSHKEHUS.

Qj - ]
]
U C/
7 c c/
I c/
Ul UN C/ —_— C /
L
I >
|
/ /
U, c  =c/
a) 6)

Puc. 2.18. llpunyunuanvuas cxema oenumerisi HAnpAXCeHus (a) u e2o cxema
3amewyerus (0)

[TpuHIMNIMANBHYIO CXEMY TaKOTO JIEJIUTENS] MOXHO IMOJYy4YUTh, €CIIH B
obueii cxeme 3amerierns (puc. 2.18, 6) monarats Cu L' paBHBIME HyIIO, a
C’ paBHBIMH OECKOHEUHOCTH. BIHsAHNE TOKOB yTEUKH 110 U3O0NSILHH PE3HCTO-
POB JIETIUTENSL MOXHO YYECTh COINPOTUBIECHUEM YTE€UKH EIMHULIbI JIJTUHBI
(Ry/ ), BKTIoueHHbIM BMecTo C, ' Ha 3emitio. TOYHOCT M3MEPEHHUs TAKOTO JIe-
auTenst OyZeT onpeeNsIThcsl B OCHOBHOM KadecTBOM pe3ucTopoB. C yBenu-
YEHUEM HM3MEPSEMOro HaIpsKEHUs] MOTPEIIHOCTh Bo3pacTtaeT. OCHOBHBIMU
MIPUYUHAMH 3TOTO SIBJISIFOTCS: BIIMSIHUE TOKOB YTEUYKH 110 U30JSILUOHHON KOH-
CTPYKLIMH JICJIUTEINS, BOSBHUKHOBEHHE KOPOHHOI'O pas3psija, 3aBUCHUMOCTh CO-
MIPOTUBJIEHUS OT TEMIIEPATYPHI U HEIIMHEWHOCTh PE3UCTOPOB OT HAIPSIKEHUS.

IIpu co3panum nenurenen s U3MEPEHUs MOCTOSHHBIX HaNpsSKEHUU
WCIIOJIB3YIOT MPOBOJIOYHBIE WJIM KE€paMUYECKUE pe3ucTophl. [IpoBonounsbie
CONPOTUBIICHUSI U3rOTABJIMBAIOTCS U3 MAaHTaHMHA, KOHCTAHTaHA, HUXpOMa U
JIPYTUX METAJJIOB C BBICOKUM YIEIbHBIM CONPOTUBICHUEM WIIA WCHOJIB3YIOT
BBIITYCKAa€MbIE TTPOMBIIIIEHHOCTHIO MPOBOJIOUHBIE pe3ucTopbl C5 — 23 + C5 —
25 u pag npyrux. B kauecTBe cOmpOTHBIEHUN MOTYT KCIOJIB30BaThCA Kepa-
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mudeckre oobeMHble (TBO) U ¢ MiIeHOYHBIM MPOBOASIIKUM HOKPBITHEM pe-
3uctopbl KOB.

IIpn u3MepeHUM NEPEMEHHBIX W MMIYJBCHBIX BBICOKHX HAIPSKEHUN
UCIIOJIB3YIOTCSI OMUYECKHE, EMKOCTHBIE U EMKOCTHO — OMMYECKHUE JCIIUTEIN.
[IprunHON TMOSBIEHUSA IOIPEIIHOCTEW NPU H3MEPEHUU MEHSIOIIHUXCS BO
BPEMEHH HATIPSKEHHMI SIBIAIOTCS NApasUTHBIE MapaMeTpsl, a nMenno C,

C,'n L' (puc. 2.18, 6). Hanuame 5THX 3IEMEHTOB BHI3BIBACT YBEIHICHHC
BPEMEHU HapacTaHUsl HaIpPSOKEHUs, MOSBICHUS KOJeOaHUl U HepaBHOMEp-
HOCTb PacHlpeielIeHUs] HAMPSKEHUs 10 3JIEMEHTaM JIEJTUTENsl, CBA3aHHOIO C
TOKaMH Ha 3aps Ky emxocteit C,'.

OMUYeCKUi JeInTeNlb HANPSKEHUs (d = oo, puc. 2.18, 6). UnaykTus-
HOCTb JICJIUTEINS SBIIAETCS HEXKEJIaTeNIbHbIM, HO HEU30€KHBIM MapaMeTpoM,
OpUCYIIUM JI00OMy aenuTento. Benmnynna ee 3aBUCUT OT KOHCTPYKTHBHOTO
UCTIOJTHEHUSI JICJIUTENSI M MPONOpIHOHANbHA ero juymHe. [Ipudyem koadurm-
eHT MPONOPIMOHATBHOCTH HMeeT opsiiok (107 + 107) Tr/m.

IIpyn M3MepeHHH NEPEMEHHBIX HAIPSKEHUN MPOMBIIUICHHOW YaCTOTHI
BJIMSIHUEM MHIYKTUBHOCTH Ha TOYHOCTh U3MEPEHUSI MOXKHO IPEHEOPEYb.

IIpu n3mMepeHny UMITyJIbCHOTO HAaIPsDKEHUS TOIPENIHOCTb, CBA3aHHAas C
WHIYKTUBHOCTBIO, HAUMHAET BO3pACTaTh. DTa MOTPEUIHOCTh CBA3aHA C BO3-
HUKHOBEHHEM KojeOaHuil. BinsHrue MHIyKTUBHOCTH CYIIECTBEHHO JJISi HU3-
KOOMHBIX JEJIMTENIEH, Y KOTOPBIX conpoTtusieHue nopsaka 400 OM n MeHb-
mie. /(s BBICOKOOMHBIX JI€IUTENICH BIMSHUEM MHIYKTUBHOCTH MOXHO Ipe-
HeOpeub. Y CI0BUEM OTCYTCTBHS KOJIEOAaHU, CBA3aHHBIX C HUHAYKTUBHOCTBIO,

SBISIETCA HEpaBeHCTBO R >2m\/L/C,/ \/ 1+C,-m*/C, . HeobXx0auMo OTMe-

TUTh, YTO BBIIIOJHEHHE ITOTO YCIIOBUS MOYKHO JOOUTHCS TOJIBKO OJHOBpE-
MEHHbIM yMmeHblieHueEM L u C,. YMEHBIINTh BIMSHUE WHIYKTUBHOCTH Ha
U3MEPSAEMOE HAIPSHKEHUE MOYKHO, UCIIOJIb3Ysl MAJIOWHYKTUBHBIE COIPOTHUB-
JIEHUSI ¥ TPOBOJIOYHBIE COMTPOTUBIICHUS C OMPUIISIPHON HAMOTKOM.

Ha xapakrep nepenaun ¢popMbl HallpsDKEHUS pelliarolee BIMSHHUE OKa-
3bIBA€T €MKOCTh JenuTess Ha 3emiro C,. OTa €MKOCTh HEpaBHOMEpHA I10
JUIMHE JCJIUTENS U €€ HAJIMYUE MPUBOAUT K HEPAaBHOMEPHOMY paclpeielie-
HUIO HAIPSKEHUS BJIOJIb €TO JITUHBI.

IIpn n3mMepeHnn HanpsKEHUH NPOMBIIUIEHHON YaCTOThI BOZHUKAIOT I10-
I'PEUIHOCTH, KOTOPBIE ONpPENENsIOTCS B OCHOBHOM mpou3BeneHuem R- C.,.
Beirenstor amminTyiHyo oU U yIIOBYIO O@ NMOTPEIIHOCTH, KOTOPhIE MOTYT
6b1Th BhIpaxeHsl OU = -0,3(wz,)’ u 8¢ = arc tg(w7,). AHAIH3 OKA3bIBACT
[7], yTO MpUMEHEHHUE AETUTENEH MajIoro CONPOTUBIEHUS M MallbIX radapu-
TOB MO3BOJIMJIO Obl YMEHBIINTH NMOTpeIHOCTH. OHAKO rabapuThl JEINUTENS
OyayT OIpenensiThCs MAKCUMaJIbHOM JOIMyCTUMOW HaNps>KEHHOCTHIO BJIOJIb
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JIEJIUTENIS, @ YMEHbIIIEHUE CONMPOTUBIICHUS MPUBOAUT K OTOOPY MOITHOCTH U
BIIMSIHUIO JIEJIUTENS HA U3MEPSAEMOE HAIIPSKEHUE.

IIpy u3MepeHn MMITYJIbCHBIX U BBICOKOYACTOTHBIX HANPSKECHUNU OMH-
YECKUM JICJIUTEJIEM BO3HHUKAIOT elle 0ojiee CIoKHbIe MPOOJIeMbl, CBSI3aHHBIC
C BBICOKOM CKOpPOCTBIO HapacTaHus HampspkeHus. Ilepexonnas (yHKuus
OMHYECKOI0 HEIKPAHUPOBAHHOTO JEIIUTEINS IIPU BO3AEHUCTBUHU NPSAMOYIOJIb-
HOTO UMITYJIbCA C YYETOM HEKOTOPBIX JOIYIICHUN UMEET BUL

Un

h(t) = .
N

=L 1423 (=1 e | (2.5)
N k-1

rae n/N — BenuunHa, oopatHas kordduuenty nenenus. Bropoe cna-
racMo€ IPEJICTaBIICT CYMMY O3KCIOHEHT C IIOCTOSSHHOM BpPEMEHU 7, =
RC./(xm)’ W XxapakTepu3yeT HeJTHHEHHOCTh PACIPE/ICICHNs HATIPSKCHHUS, T.¢.
NOTPEIIHOCTh u3MepeHus. sl yMeHbIIeHUs] MOTPelIHOCTe HEeoO0X0IUMO
YMEHBIIUTh Ty, T.€. UCIIOJIB30BaTh MajlorabapuTHbIE HU3KOOMHBIE JIEIUTENH,
YTO OIPAHUYMBAETCS, KAK YK€ BBIIIE TOBOPWIOCH, MAKCUMAJIBHOW JTOIYCTH-
MO HanpsKEHHOCTBIO U 0TOOpOM MolHOCTU. Kpome 3Toro, conpoTuBieHue
JIEJIUTENS SIBISIETCS PA3PSAHBIM ISl UMITYJIbCHBIX T€HEPATOPOB M HE MOYKET
OBITh BBIOPAHO MPOU3BOJIBHO MajbIM, KOO OHO OIpenaessieT POopMy UMITYIIb-
ca.

OnHyM K3 IyTel CHUKEHUS MOIPEIIHOCTEN OMMYECKUX JEIUTENEH SB-
JSIeTCS yBEeJIMUEHUE COOCTBEHHOM MpoaoiabHoi emkoctu Cy, T.€. BBIpaBHUBA-
HUE paclpeiesieHus HalpsSHKEHUs MO JJIMHE. DTOr0 MOXHO JOOUThCA OO
BKJIFOUEHUEM €MKOCTH IapajlIelIbHO BBICOKOOMHOMY IIIedy (KOMIIEHCHPO-
BaHHBIN JE€NUTEND), TNOO UCIIOIB30BAaHUEM SKpAaHOB. BiusiHue 3KkpaHOB CBs-
3aHO C BBIPABHHUBAHHEM JJIEKTPUUECKOTO TOJSi U KOMIEHCAIIMEN OTTEeKaro-
IIMX TOKOB Y€pPe3 €EMKOCTh OTHOCUTENIBHO 3eMIIH. /[ Takoro nenurens Ie-
pexoaHas (GyHKIUS MPU BO3JECUCTBUU MPSMOYTOJBHOTO UMITYJIbCA B IIEPBOM
NpUOIMKEHUU UMEET BUJT

t

Ce oy, (2.6)

6C

X

h(?) =%(1—

rae 7= RC..

HerpynHno ybenuTthes, 4To WicaibHAs MEpeaaTodHas XapaKTEPHCTHKA
Oyzaer nmpu MakcumanabHO Oosbiiom otHomeHuu C,/C,.. B mpakTuke co3ma-
HMS TaKUX JIEINUTEIEH JOCTaTOUYHO MMeTh cooTHomenune C/C> 3+5,
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T.K. IpU OOJIBIIMX 3HAYEHMSIX JEIUTENb OyAeT MPECTABIATH OONbIIYIO
€MKOCTHYI0 Harpy3Ky HMITYJIbCHBIM YCTAHOBKAM W BIIMSTH Ha H3MEPSIEMOE
HaIpsDKCHUE.

EMKOCTHBIN JenuTelh (R/ =0, L= 0, puc. 2.18, 6). Kak oTrmeuanoch
IIPU PAaCCMOTPEHUH OMUYECKOI'O JEJIMUTENs, CHUKEHUE MOTPEIIHOCTH MOYKHO
I00UThCA yBEIUYEHHEM MpoaoiabHON eMKocTH Cy. C pocTOM 4YacTOTHI MpHU
nocrtatouyHo Oonbmiom otHomeHun C,/C, pacmpeleneHne HampsKeHHs
OyZeT onmpenensiTbCcd TOKaMU Yepe3 €eMKOCTHYI MPOBOAMMOCTb. Takum 00-
pa3oM, MOKHO CJieJIaTh BBIBOJ O LIETIECOO0Pa3HOCTH MPUMEHEHHUS YUCTO €M-
KOCTHOTO JIEIUTEN AJI1 U3MEpPEHUs: ObICTPOM3MEHSIOIIETOCsS HaIpPsKEHUS.
[lepexogHas GyHKIMSA TaKOro IeauTens umeeT BUll. Kak BUIHO U3 3TOTO BbI-
pa’ke€HUsl, EMKOCTHBIN JEIUTEIb BOCIPOU3BOIUT MPOLIECC C MOCTOSHHOM IO-
IPELIHOCTHIO, HE 3aBUCALIEH OT 4acToThl. OHAKO peajbHble EMKOCTHBIE JIe-
JUTENIU, COOpaHHbIE U3 KOHJIEHCATOPOB, Bcerjga o0JadatoT CONPOTUBICHUEM
YTEUKH, KOTOPOE HE MO3BOJIAET UCIIOIb30BATh TAKUE JEIUTEIM I U3MEpe-
HUS MEJUICHHO MEHSIIOIIMXCS WU TOCTOSHHBIX HamnpsyKeHUH, T.K. B 3TOM
cllydae pacnpe/esIeHue HallpspDKeHUs OyIeT He M0 €eMKOCTSIM, a 110 COMPOTHB-
aeHusiM yteuku. Kpome Toro, Hainume cOOCTBEHHON MHIYKTUBHOCTU KOH-
JIEHCATOPOB (L/ #0) BbI3BIBA€T BO3HHKHOBEHHE KOJICOAHUM B JEIUTEIIE, UTO
OrPaHUYMBAET PUMEHEHHUE TAKUX JACITUTENICH.

2.6.2. U3mepenue 00JbIIMX UMITYJIbCHBIX TOKOB

Bo MHOrux 005acTsX HAyKHd U TEXHUKHA HEOOXOAMMO MPOU3BOIUTH U3-
MepeHHs HMITyJIbCOB TOKa 600l aMmmty sl a0 10° = 10° A mpu ckopo-
cTsix Hapactanus Toka 10 10° + 10" A/c. 3amuch Takux KpaTKOBPEMEHHBIX
MPOLIECCOB TPeOyeT CO3MaHusl CHEIUAIbHBIX U3MEPHUTEIBbHBIX yCTPOUCTB. B
HACTOSIIEE BpeMs IIMPOKOE PACIIPOCTPAHEHUE MPH U3MEPEHUN UMITYJIbCHBIX
TOKOB TMOJYYHJIM, B OCHOBHOM, JIBa CHOcO0a: MCMOJIb30BaHUE HU3KOOMHBIX
U3MEPUTETHHBIX COMPOTUBIECHUH (TOKOBBIX IIIYHTOB) M CIEIHUAIHLHOTO
Tpanchopmaropa Toka (karymku PoroBckoro). B o6oux ciydasx moy4aroT
HaIpsDKEHHE, KOTOPOE B OOJIbIIIEH WIJIM MEHBIIIEH CTENEHU MPOMOPIIMOHATBHO
M3MEHEHUIO U3MEPSIEMOT0 TOKa BO BPEMEHHU.

N3mepenne Toka ¢ MOMOIIBI0 TOKOBBIX ITYHTOB OCHOBAHO Ha BKIIIOYE-
HUU HEOOJIBIIIOTO O BEJIMYUHE CONMPOTHUBJICHUS B IIENb U3MEPSIEMOTO TOKa.
CoznmaBaemoe majieHne HanpspkeHus Uy(?) OyneT NnponmopuuoHAIbHO [y(2),
€CJIM U3MEPUTENIbHOE COMPOTUBIICHUE JJI 33JaHHOTO JIMara30oHa 4acToT SIB-
asieTcst akTUBHBIM. OJIHaKO 3TO TpeOOBaHKE HEJIETKO peaju30BaTh y IIYHTOB
JUTSL U3MEPEHUs OONBIINX IO aMIUTUTYy i€ TOKOB. [Ipu n3mepenunn ObICTpOuU3-
MEHSIOIIUXCSA BO BPEMEHH TOKOB HEOOXOJMMO CUHTATHCS C U3MEHEHUEM CO-
MPOTHUBJICHHUS IITYHTA 32 CYET MOBEPXHOCTHOTO A deKTa, BIUIHUSA criocoda u
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MecTa MOJKIIOUYEHUS, COOCTBEHHOW WHIYKTUBHOCTBIO IIYHTAa U BIHMSHUEM
MOCTOPOHHUX MAarHUTHBIX TOJIEW Ha KOHTYpP TMOJCOEIUHEHUs myHTa. B 00-
HIEM BHUJE HANOpsSOKEHWE NIYHTAa MOXHO MNPEACTaBUTh Kak Uy(t)=I,
(t)-RytL-dU/dt, Tne mocnennee ciaraeMoe MpaBOW YacTH TPEICTABISACT W3
ce0sl MHAYKTUBHYIO COCTaBJISIONLYI0, OOYCIIOBJIEHHYIO MOTOKOCIEIUIEHHE C
koHTypoM ABCJI (puc.2.19, a) coOCTBEHHOT0O MarHUTHOTO MOJSI TOKOBOM
HEeNu NIYHTa U MOCTOPOHHUX MATHUTHBIX TOJEH, cO3/1aBaeMbIX MpPHUIIEraro-
IIMMH K IIYHTY Y4aCTKaMH TOKOIPOBOJIA, U COOCTBEHHON MHYKTUBHOCTBIO.

b l,(t) ' s A YO B@/ A () . z(t)= A
J___ L J l 4
.A - Z
K 3
| ? p
1B A VO
cT % %
B
T[>3 —4
= . __>—K 13
a) 6) 6) o0 vF

Puc. 2.19. Ilpunyunuanvrhoe ycmpoucmeo moKogulx UlyHmos.

a) — npocmeuwuti CmepiICcHesol; 6) — mpyouamolit; 8) — mpyouamvlil KOAKCUATbHBIU,
2) — IeHmouHblll, 0) — OUCKOBbL.

1 — meno wynma, 2- oopamuwiti mokogoo, 3 — kabenv, 4 — NP0 ¢ CUCHATIOM.

A —noosoo moxka; B — omeoo moxa

HcknroueHne HEPABHOMEPHOCTH PACHpPENCIICHUS TOKA IO CEYECHUIO
IIYHTa MOXKHO TOOUTHCS, 3aMeHss CIUIONIHON HIYHT Ha TpyOuatsiii. Haunbo-
Jiee MPUTOJHBIMU SIBJIIIOTCS JICHTOYHBIN (M3 TOHKOW JIEHTHI, CJIOKEHHOU B
neto (puc. 2.19, 2), TpyOuateiii (puc. 2.19, 6) TpyOuaThiii KOaKCHAIbHBIM
(puc. 2.19, 8), nuckoBsiit (puc.2.19, 0). B xauecTBe COMpPOTUBIEHUS IIIYHTA
UCIIOJIB3YIOTCSL MaTepualibl ¢ BBICOKHM YEIbHBIM CONPOTUBJICHUEM (HU-
XpOM, MaHTaHWH, KOHCTAHTaH | Ap.). MaTepuaiibl ¢ OOJIBIINM YJEIbHBIM CO-
MPOTUBIIEHUEM 00JafatoT O0Jiee paBHOMEPHBIM paclpe/ieieHHeM ToKa 110
CEUCHMIO. DTU MaTepualbl, 00Jagas HU3KUM TeMIepaTypHbIM Kodppuiuen-
TOM COIPOTHUBJICHHSI, 00ECIIEUUBAIOT MPAKTUYECKH HE3aBHUCHUMOCTb COIPO-
TUBJICHUS IIYHTA OT TEMIEPATYpPHI.

[IpuHIMO W3MEpEeHHs] TOKa C MOMOIIbI0 KaTtymku PoroBckoro (TpaHc-
(dopMaTopa TOKa) MOKHO OOBSICHUTH U3 3aKOHA MOJHOIO TOKA, KOTJa MHTE-
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rpajq MarHUTHON MHIYKIIUU OepeTcs Mo KOHTYpPY KpHUBON HAMOTKH KaTYIIKA
(puc. 2.20, a), T.c. §BdS =/, . Ecnu npexncraButh, 4yTo MO KpuBOH «C»

JUIMHHOW /, OXBaThIBAIOIIEH MPOBOJHUK C TOKOM /(1), HAMOTaHa KaTyIlIKa C
YHCIIOM BUTKOB «/» C OJJUHAKOBBIM IIAaroM A / ¥ MJI0mapi0 BUTKA S, TO MPU
W3MEHCHUM MAarHUTHOTO TOJIS B KaTyIIke OyaeT WHIYIIMPOBATHCS HAMpsDKe-
Hue U,(t) = Mdl,(¢)/dt, tne M — ko3pPULMEHT B3aUMHOW MHIAYKIIMH MEX-
1y TIPOBOAHUKOM C TOKoM /; W karymikou. [lonmyuuts Hampspkenue Uy(f),
MPONOPLUHUOHAIBHOE TOKY /1(f), MOKHO MPH MOMOILU IMTACCUBHOU CXEMBI, CO-
crosiieit u3 LR win RC xoutypa (puc. 2.20, 6, 8), ecnu ()<< I;(¢). IIpu u3-
MepeHuH Toka 1o cxeme (puc. 2.20, 6) ¢ MUHMUMaIBHON MOTPEUTHOCTHIO He-
00X0AMMO COOIOIaTh YCIIOBHS: MaJeHUE HANPSIKEHUS HA COMPOTUBICHUU R
JIOJDKHO OBITH MHOTO OOJIBIIIE MAJCHUS HAMPSDKEHUS] HA UHAYKTUBHOCTH L U
Ha emkoctu C. B atom ciyuae U,, (t)=MI,(¢)/RC, T.e. mponoplHOHATBHO TOKY

L(D).

iy(t)

Ut =10

Puc. 2.20. IIpunuunuanvhsle cxemuvl uzmeperus UMNVIbCHO20 MOKA

[Ipn u3mepennu Toka o cxeme puc. 2.20, 6 ¢ MUHUMAJIBHOW MOTPEILI-
HOCTbIO HEOOXOJIUMO COOIIOJATh YCIOBHUE: MaJCHUE HANPSKEHUS HA UHIYK-
TUBHOCTHU L KaTYyIIKU AOJHKHO ObITh MHOTO OOJIbIIE AJACHUS HANPSHKEHUS Ha
conpotuBieHnu R. B atom cnyuae U, (t)=RMI(f)/L, T.e. IpONOPIHOHATIHEHO
ToKYy 1;(%).

Heo0Oxomumo, 0HAaKO, TOMHUTh, YTO OBICTPOM3MEHSIOUINECS MarHUT-
HBIE TI0JIA BCETAA CBSI3aHBbI C OBICTPOU3MEHSIIOIIMMHUCS JCKTPUUECKUMHU T10-
assvu. UToObl n30exaTh HEXENaTeIbHBIX €MKOCTHBIX CBSI3€H, M3MEPUTEIb-
HbIE€ KaTYILIKH 3KPAaHUPYIOTCS.
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JlonoaHHUTENbHbIE CBEACHUS 10 PACCMAaTPUBAEMBIM BBIIIE YCTPOWCTBAM
JUIS. U3MEPEHUSI UMITYJIbCHBIX TOKOB MOXKHO IOJIyYHMTb, HAIIPUMEp, B JIUTEpa-
Type [1,2,4,6,7].

Jluteparypa k riaBe Ne 2:

1. BbIcOKOBOJIBTHOE HCHBITATENIBHOE 00OPYIOBAHUE U U3MEPEHUs/
[Tox pen. A.A. BopobseBa. M.-J1.: DU, 1960. — 584 c.

2. Texnuka Beicokux HanpspkeHuit/Ilox pen. I'.C. Kyumnckoro. —
C-116.:II2UIIK, 1998 — 700 c.

3. TexHuKa BBICOKMX HANPSLKEHUN: TEOPETUYECKHE M IPAKTHYE-
ckre ocHOBBI puMeHeHus. [lepeBon ¢ Hem./ M. Baiiep, B. bek, K. Men-
nep, B. Haenrns. [lox pea. B.I1. Jlapuonoa. — M.:Oueprousnar, 1989 —
555 c.

4. Aspyukuii B.A., Kyxekun WN.I1., YepnoB E.H. WcnsiTarensHbie
U 3JIEKTpo(U3NUECKUE YCTAaHOBKHU. TexHuka 3kcrepumenta. — M.: MOU,
1983. 262 c.

5. Texnuka Beicokux HanpspkeHuit/ Ilox pen. M.B. Kocrenko. —
M.: Bricmag mkona, 1973 — 528 c.

6. 1lIBab A. M3mepeHus Ha BBICOKOM HaIpspDKEHUU. — M.: DHeprus,
1973.-233 c.

7. bonotun WN.b., Diinens JI.3. U3MepeHust B pexxuMax KOPOTKOIrO
3ambikanud. —JI.: Oneprus, 1973. — 181 c.

8. Texnuka OONBIIMX WMITYyJIBCHBIX TOKOB M MAarHUTHBIX MOJIEH/
[Tox pen. B.C. KomenbkoBa. M.: Atomuznar, 1970. — 472 c.

9. AnbOeptunckuii b.W., CBunbun M.II. Kackagueie renepaTopsl.
— M.: Atomm3gar, 1980 — 196 c.

10. Anmep A.M. IlonyueHne U U3MEPEHNUE UMITYJILCHOI'O BBICOKOTO
HanpsbkeHus. — M.: Oueprus, 1979 — 120 c.

11. Kyxekun W.II. McneiTaTenbHble YyCTAaHOBKM W W3MEPEHUSA HaA
BBICOKOM HampsixeHuu. — M.: Dueprus, 1980 — 136 c.

12. CmupnoB C.M., TepentneB I1.B. I'enepaTopsl UMITyIHCOB BBI-
COKOro HanpspbkeHust. - M.: Dueprus, 1964.-239 c.

13. DnexTpoobopynoBaHKE U IEKTPOYCTAHOBKH MEPEMEHHOTO TOKA
Ha HanpspkeHue 3 kB u Bpime. 'OCT 1516.2-76. — M.: U3aaTenscTBO
cranaaprtos, 1987 — 56 c.
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14. DnexkTpoobopyaoBaHHE TIEPEMEHHOI0 TOKA Ha HaIpsKeHue ot 1
kB 1o 750 xB. T'OCT 1516.3 - 96. — M.: M3gaTenbCTBO CTaHIapTOB,
1998 —50 c.

KoHTponbsHbIE BONPOCHI K riase Ne 2:

1. Kak xmaccudumupytorcss Tpanc@opmMaTopsl B BBICOKO-
BOJIBTHOM TEXHUKE?

2. Kakue TpeOoBaHus TPENBABIAIOTCS K HCHBITATEIbHBIM
TpaHchopmaropam?

3. B cuiy, Kakux NMPUYWH MOBBIILICHUE HAIPSKEHUS TPAHC-
dbopmaropa Oonee 750 kB okasbiBaeTcs HellenecooOpa3HbIM?
CriocoObl OJTy4eHHsI HAMPSXKEHUS MOCTOSTHHOTO TOKA.
Kakue cymecTByrOT CXeMbI BBIIPSMIICHUS?

OCHOBHBIE 2JIEMEHTBI CXEMBI BBIIPSIMIICHHUS.

Bune! Beinpsamureneii. Mx npeuMyiiecTsa 1 HEJOCTATKHU.
[IpuBenure cxeMy M AuarpaMmy HalpspKEHUM KacKaJaHO-
ro reHeparopa NOCTOSTHHOTO TOKA.

9. Kakum 06pa3oM MOXKHO MOJYYUTh BBICOKOE UMITYJIbCHOE
HanpspkeHue? ['ne m [ 4ero MCrosib3yeTcsl BBICOKOE HMITYJIbCHOE
HaIpsKeHHe?

PN b

10. [IpuBenuTe cxeMy M MOSCHUTE MPHUHIIMI PaObOThI reHepa-
Topa ApkaabeBa-Mapkca.

11. Kakum 00pazoM MOXXHO TOJYYHUTHh OOJIBIIME HMITYJIbC-
Hble TOKU? '€ U [U1d 4ero OHU NPUMEHSIOTCS?

12. IIpuBenuTte cxeMy M MOSICHUTE NPUHIUI pabOThl reHepa-
TOpa UMILYJIbCHBIX TOKOB.

13. B dyem coctoutr mpuHIMNHUAIBHOE pa3iuyue B padore
['MH u TUT?

14. HazoBute criocoObl u3MepeHus BHICOKUX HampspkeHuil. B
4em

COCTOST CJIOKHOCTH MPU U3MEPEHUH HA BBICOKOM HAIPSHKEHUU?

15. Kakum 00pa3zom ocymiecTBIsI€TCS U3MEpPEHUE OOJIbIINX
VMMITYJIbCHBIX TOKOB?

16. [IpuBenuTe cxemy M NOSICHUTE MPUHIUI PabOThl TOKOBO-
ro UIyHTA.

17. OOBscHUTE NPUHLUII PabOThl U3MEPUTEIBHOIO TpaHC-
dbopmaTopa Toka.

18. B kakux o0nactsax COBPEMEHHON MHIYCTPUHU HCIIONb3Y-

CTCs BBICOKOBOJIBTHOC HCIIBITATCIBHOC O60py,Z[OBaHI/IC?

107



I'JTABA 3
n30JAIU A BBICOKOBOJIBTHOT'O
IJIEKTPOOBOPY/JIOBAHUA

3.1. Knaccudgukanus 31eKTPUIECKON U30ISIIIHA

OnexTpuuecKas U30JISILUS SBISAETCS OJHUM U3 BaXHEHIIMX 3JIEMEHTOB,
o0ecrneunBaIuX 0€3aBapuilHOCTh U JOJATOBEYHOCTH PAOOTHI BHICOKOBOJIBT-
HBIX allapaToB M KOHCTPYKUMWA. Kpome 3JIeKTpHyYecKOoro H30JMpOBaHUS
MPOBOJIHUKOB, HAXOMSIIMUXCS TOJ PA3NTUYHBIMU MOTEHIUATAMH, W3OS
JIOJIKHA BBIJEPKUBATH OOJIBIINE MEXAHUYECKHUE, TETUIOBBIE U IPYTUE HArpy3-
KU (BO3JIEUCTBHS), KOTOPbIE MOTYT BO3HUKATh B IKCILTYaTALIUH.

N30i111si BBICOKOBOJIBTHBIX KOHCTPYKLMM MOAPA3AEISAETCS HAa BHENI-
HIOIO U BHYTPEHHIOKO.

BHemHsAs 305Ul — 3TO BO3AYIIHBIE MPOMEXKYTKH U TOBEPXHOCTH
TBEP/AOH M30JSLUU B aTMOC(HEPHOM BO3/yX€, KOTOPbIE MOJBEPratoTCs BIIUs-
HUIO aTMOC(EpPHBIX U JPYTUX BHEIIHUX BO3JEHCTBUM (3arpsA3HEHUE, YBIIAXK-
HeHHe U T.1.). OHU CYIIECTBEHHO 3aTPYAHSIOT YCIOBUS padOThl U30JSUH B
OTKpPBITOM aTMocdepe.

BHyTpeHHss U30/510Usl — 3TO TBEpAas, XKUAKas razoo0pa3Has U30s1us
(W UX KOMOWHAIIMK) BHYTPEHHUX YaCTEH AJIEKTPOOOOPYIOBaHUS, HE TO/I-
BEprarouiascsi HEMOCPEICTBEHHOMY BJIMSHUIO aTMOC(EpPHOTO U APYIHX BHU-
JIOB BHELIHUX BO3CHCTBUH (3arpsi3HEHHE, YBIAXKHEHUE, BO3ACHCTBUE NITULL U
MHUKpPOOPraHU3MOB).

[Tocne mpo6ost U CHATHUSI HANIPSDKEHUS Tra30Bas U30JSIUS (BO3/IyX, BbI-
COKOIIPOYHBIE T'a3bl) MOJHOCTHIO BOCCTAHABIMBAET CBOK IEPBOHAYATIBHYIO
ANEKTPUUECKYIO IPOYHOCTD, T.€. ITOT IpoliecC SBisieTcs: oOpaTUMbIM. K-
Kas U30JISIIUs 1ocje Mpo0osi BOCCTAHABIMBAECT CBOIO MPOYHOCTh YACTHYHO,
T.K. MPOOOY MPUBOJIUT K YXYAIICHUIO e xapakTepucTuk. [Ipoboii TBepmoit
KOMOWHUPOBAaHHOW M30JISIINH (OyMa)KHO — MacisiHas, MaciiobapbepHas) — siB-
JeHre HeoOpaTUMOoe, U30JIALHUS OIIEKUT 3aMEHE.

JIeKTPO0OOpPyI0BaHNE, IPEeAHA3HAYEHHOE JJIs1 pa00ThI B 3JIEKTPHU-
YEeCKHUX CeTsIX, MOAPa3Ae/sieTcss HAa KJacchl Hanpsikenusi. Knaccom na-
NPAJNCEHUA HA3bIEAEMCA HOMUHAIbHOE Mmedcoypaznoe (MuHneinnoe) Ha-
npascenue 3J1eKmpuiecKoil cemu, 0asa padomsl 6 KOMopoil npeoHa3Haye-
HO 371eKmpoooopyodosanue. Kaxaplii KIacC HANPSDKEHUS XapaKTEPU3YETCS
CBOMM YPOBHEM M30JIALIMH, IO KOTOPHIM MOHUMAETCSI COBOKYITHOCTb HCIIbI-
TaTeJbHBIX HaIpPSHKEHUM, YCTaHOBJIEHHBIX cTaHaaptoM (Hampumep, 'OCT
1516.1. - 76) unu TEXHUYECKUMH YCIOBUSMU JJIsi BHYTPCHHEH M BHEUTHEH
U30JISIUU JAHHOTO 000pY/I0BaHMS.
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DOnexkTpuyeckas M30Jusl paboTaeT Kak B OJHOPOJAHOM (JIOCTATOYHO
pPEIKO), TaK U B HEOJHOPOAHOM (TOpa3io Yallle) SIEKTPUIECKUX MOJISIX.

B onHOpoaHOM mosie BEKTOp HANPSIKEHHOCTU BAOJb CHJIOBBIX JIMHHMA
COXpaHseT cBOE€ 3HaueHue (£ = const), a B HEOAHOPOJHOM — BEKTOp HAMpsi-
KEHHOCTU u3MeHsiercsa (£ = var). Ilpu 3TOM CUIIOBBIE JIMHUM TIOJISI B OJIHO-
POJHOM TI0JI€ MapaJUIeNibHBI ApYyTr Apyry (71eKkTpoabl PoroBckoro wiaum mio-
CKHI KOHJIEHCATOp), & B HEOJHOPOIHOM CHJIOBBIC JIMHUU MOJIs, KaK IPaBUIIo,
HE TapajuiesIbHbI (OCTPUE-TIIIOCKOCTB).

3.2. YcioBus padoTsl 4 TpeOOBaHMS, IPeIbsBJIsAeMbIe
K JIEKTPU4Y€eCKOi M30/ISIIMH BHICOKOBOJBTHOI0 000PY10BAHHUA

B npouecce akcrtyatanny U30ISIUS 3JIEKTPOOOOPYAOBaHUS MMOABEPTa-
eTCsl BO3JICHCTBUIO pa3HOOOpa3HBIX (haKTOPOB.

Bo3neiicTByomme HanpsikeHHsi. YCIOBHUSL palbOTHl DIIEKTPUUYECKOMN
M30JISIIIUU BBICOKOBOJIBTHOTO OOOPYAOBAHUS OIPEACISIOTCS B MEPBYIO OUe-
pelb BO3AEHCTBYIONIMMHU HanpsiKeHUAMHU. CTeNeHb BIUSHUS HANPSKEHUS Ha
ANEKTPUUYECKYIO TPOUYHOCTh U JOJITOBEYHOCTh M30JIALIMU 3aBUCUT OT €r0 am-
TUTUTY/IBI, JUTATEIIEHOCTH, (POPMBI.

Ilpu 3xcnayamayuu 6b1COKOB0JIbMHBIX YCMAHOBOK MOJCHO 6bloe-
JAUMb MPU 2PYNnvl 6030€liCMEYIOWUX HANPANCEHUN: padouee Hanpadice-
HUe; 6HympeHHue (Kommymauuonnwie) nepenanpaxycenus (BITH); ammo-
chepuvie (2po3oevie) nepenanpsayicenun (AITH).

PabGouee Hanpsiskenue. /JIMTEIBHO BO3JAEHCTBYET HA M3OJISILUIO BBICO-
KOBOJIbTHBIX KOHCTPYKIIMM B TEUEHHE BCEro cpoka ciayxosl (20 — 30 mer).
Benuuuna storo HampspkeHusi yctaHaBiuBaercs B coorBercTBuM ¢ ['OCT
1516.1 — 76 HOMHHAIBLHBIM HAINPSHKEHUE DJICKTPUUECKOW CETU U MOXET OT-
JAUYaThCA OT MOCJIEAHEro, B 3aBUCUMOCTH OT PEXKHMa 3JIEKTPONEpeaadu, B
OOJIBIIYIO WJIM MEHBIIYIO CTOPOHY. /[l KaXJoro Kjiacca HanpsoKeHUs Hau-
OombIiiee pabouee BO3JACHCTBYIONIEE HAMPSHKEHUE (JIMHEWMHOE) ONpeesieTcs
Kak

U

pab.Bo3n.

=K-U,,, (3.1)

nmpudeM 3HaueHune ko3 duirnenta K mpuHUMAETCS PABHBIM:

Ta6numna 3.1
CootBercTtBue ko3 dunrienTa K 1 K1acCOB HANPSKEHUS
Knacc nanpsixenus, 500 -
<B 3-20 35-220 330 1150
K 1,20 1,15 1,10 1,05
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[Ipu BBIOOpE M3OIAIUU DIEKTPOOOOPYAOBAHUS, MPETHAZHAYEHHOTO /IS
paboTHI B CETSIX C U30JUPOBAHHOW WJIM PE30HAHCHO — 3a3€MJICHHON HEWTpa-
7610 (Uyey <35 kB) 3a pacueTHOe HampspkeHHE OOBIYHO TPHHUMACTCS HaW-
OoJbiliee pabouee JIMHEMHOE HANTPSAKEHUE CETH.

Jlnst o6opynoBaHus, MpeIHa3HAYEHHOTO JIJIsi padoThl B CeTAX ¢ dPdek-
TUBHO 3a3€MJICHHOM HEWUTpalblo — HauOouiblliee padbouee (azHoe Hampsixke-
HUE CETH, pAaBHOE

:%_ (3.2)

UQ).H. \/g

Cnextp 3HaueHue xapakrepuctuk BIIH B snekTponepenauax JIEKUT B
MIMPOKKUX Tpenenax. Tak mpu onHo(pa3HBIX 3aMbIKAaHUSIX HA 3€MJII0O U BHE-
3alHBIX cOpocax HArpy3kH, B COOTBETCTBUM C XapaKTEPUCTUKAMH OTEUECT-
BEHHBIX BECHTWIbHBIX PA3pPAIHUKOB, KPATHOCTh NEPECHANPSKECHUN MPOMBIII-
JIEHHOM 4yacToThl 11 Ki1accoB 110 - 500 kB ne nomxna npessimats 1,38Ug
(3a3emnenHas Heiitpasib) U 1,73 Up . B CETIX ¢ U30JIMPOBAHHON HEUTPAJIBIO.

[Ipu OTKIIIOUEHUH HEHArpyKEHHBIX TpaHcPopMaTopoB kpatHocTs BITH
MoxeT aocturath (3,5 — 4,0) Up,, npu giutensHoctu a0 100 MKC ¢ yacro-
Tor 10 10 KI'm.

Bennuunsl Bo3aencTByromux Hanpsbkenuid npu BIIH orpanunuuBarorcs
BEHTUJIBHBIMU pPa3psAIHUKAMU. [ BHYTPEHHUX INEPECHANPSIKEHUN YpOBEHb
BO3JECHUCTBYIOIIUX HAIIPSIKEHUN OLICHUBAETCS KaK

UBO3)1.BHH =1,07U (33)

pas>»

rae Up,, — HanOonbliee NPOOMBHOE HANPSKEHUE Pa3psIHUKA IIPU IIPO-
MbIIIeHHOH yacToTe; 1,07 — KoahPUIMEHT, YUUTHIBAIONTUN CTATUCTHIECKUIN
paz0poc MPOOUBHBIX HATIPSHKCHUH pa3psiTHUKA.

ATtMocdepHbie nepenanpsukenusi. (AINH) ¢o3nukatom na uzonayuu
IJIEKMPOO0OOPYO0CAHUA KAK NPU NPAMbBIX YOapax MOAHUU 8 NPOEOO WU
onopy JIZII, mak u npu pazpsaoe moaHuu 0au3u TUHUU.

Jliist 3ammThl 000pYI0OBaHUS OT HAOETAIOMUX BOJIH HA MOACTAHITUU YC-
TaHABJIMBAIOTCS TPO303alUTHBIC BEHTUJIBHBIE PA3PSTHUKHU.

Benuunnbl BO3ACHCTBYIONMIETO HANPSKEHUM Ha W30JALMI0 000pya0Ba-
Hus pu AITH

UBO3I[.AHH =K r’ Upa3.OCT > (3.4)

r11€ Upas.ocr — OCTATOYHOE HANPSHKEHUE HA PA3PAIHUKE IIPH TOKE MOJTHHUN
5 KA s m3onsauuu kinacca HanpspkeHus 110 — 220 kB u npu toke 10
KA 1is knacca Hanpsbkenus 6osee 300 kB;
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K — ko3¢ puuMeHT, yUnThIBAIOIINN Nepenaj HaNpsHKEHUsS MEXIY pas-
PSAHUKOM M 3aIMIIAEMbIM OOBEKTOM 3a CUYET MHIYKTUBHOCTU OIIMHOBKH
MEXy HUMU.

[Ipu orpaHuueHUM KpYTU3HBI HaOeraromieid BOJHBI U pallMOHAIbHBIM
PACITOJIO)KEHUEM DPa3psAIHUKOB HA MOJICTAHIIMM MOXHO IPHUHATH IS CHJIO-
BbIX TpaHc(opmaTopoB K. = 1,2 u juist ocraneHoro obopynosanus K, = 1,3 —
1,4.

Henunelinbple orpaHuyuTeNr NEPEHANPSIKEHUM HMEIT CYLIECTBEHHO
MEHBIIIEE OCTAIOLIEECs HANpPSHKEHWE IMpPHU TOKax KoopauHanuu. I[losTomy
IIPUMEHEHUE ITUX OTPAHUYUTEIIEN MO3BOJISIET CYIIECTBEHHO CHU3UTH 3HAYe-
HUs BO3JICMCTBYIOIINX HE TOJBKO BHYTPEHHUX, HO U T'PO30BBIX MEpeHANps-
KEHUU.

duiekTpuYeckue (akropbl. [Ipy HapylmleHHMH HOPMAJIBHOIO pEXHUMa
skcruryaranuu JIOII, mpuBOIAIIEro K pe3KOMY YBEIMYEHHUIO HAIIPSDKEHUS, a
TaKKe IPU yXYILIEHUH CBOMCTB H30JSLIMM, B CBSI3M C U3MEHEHHEM OKpY-
JKAIOIIMX YCJIIOBUM, MOT'YT BO3HUKATh TAKHUE HEXKEIATCIbHBIE SBJICHUSA KaK
KOpPOHA, CKOJB3SIIUE PA3PAAbl, YACTUUHBIC Pa3psAlbl, TPEKUHI, TPUUHT, CHU-
YKAIOIIKE HAACKHOCTD U JOJITOBEYHOCTh BEICOKOBOJIBTHBIX YCTAHOBOK.

Mexanuyeckue GpakTopbl. MexaHNYeCKUe yCWINS B U30JSALHM  BO3-
HUKAIOT KaK IpU HOpMaJbHOU paboTe (yCHIINS MPH IIAHOBBIX KOMMYTAIUSX,
BETPOBBIC HAIPY3KHU U T.J.), TAK U B aBapUIHBIX peKUMax (POCT 3JIEKTPOIU-
HAMHYECKUX CHJI MEXKIY TOKOBEIYLUIMMH YACTSAMHM anmnapaToB HNPH KOPOTKHUX
3aMBIKaHUSX ).

TemsioBbie Bo3aeicTBUsA. TEIUIOBBIE BO3ICUCTBUSA B U30JISIIIUN BO3HU-
KAIOT U3-3a HarpeBa U30JIALMU 3a CUET TEIUla, BBIICIAIOMIETOCA B IIPOBOJAHU-
KaX IPU NPOTEKAaHUU [UIUTEIBHOIO HOMMHAJIBHOIO TOKA, a TAKXKE JIHDIIEK-
TPUYECKUX IOTEPD B U3OJISILUU IIPU IPUIIOKEHUH DJIEKTPUYECKOIO IOJIA.

IIpu nmporekanuu Mo NpPOBOJIHUKAM TOKOB KOPOTKOI'O 3aMBIKAHUS B aBa-
PUITHOM PEXHMME U30JISILUS UCIIBITHIBAET KPAaTKOBPEMEHHBIN IEPErpeB («Ter-
JIOBOM ynap»).

AtMocgepubie Bo3aecTBus. [Ipn dKkcruryaranuym B OTKPBITOM aTMO-
cepe M30IAUS MTOABEPraeTcs BO3ACUCTBUIO JOXK/IS, TyMaHa, pOCHI, CHEra,
rojojie/ia, MPUPOAHBIX M MPOMBIIUICHHBIX 3arpsA3HEeHUH, KoineOaHul TemIe-
patypsl, naBinenus U T.1. Kak npaBuio, Bce 3TH (akTOpbl NPUBOIAT K CHH-
YKEHHIO DJIEKTPUYECKON MPOYHOCTH U30JSLHUU U €€ HAZEKHOCTH.

®axkTop BpemeHH. C TEUEHUEM BPEMEHU JTa)K€ NPU HOPMAJIBHBIX YCJIO-
BUSIX DKCIULyaTalluy JIEKTPOU3OIALMOHHBIE U MEXaHUYECKUE CBOMCTBA U30-
JIALAU TTOCTENEHHO YXYAIIAKTCS, IPOUCXOAUT «CTAPEHUE» U3OJISLUU.

Bo3pencrByromme cpeasl. IIpu skcruryaranuy BEICOKOBOJIBTHBIX YC-
TaHOBOK Ha M30JIALIMI0 MOT'YT BO3JIECHUCTBOBATh arpeCCUBHBIC I'a3bl U KUAKO-
CTH, IPUBOASALINE K PEKIAECBPEMEHHOMY YXYAILIECHUIO €€ CBOMCTB.
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B psine ciyyaeB HEOOXOAMMO YUYUTHIBATh CHeM(pUUYECKUE YCIOBHS pa-
60ThI u3omsuu. Tak npu pabote 000pyAOBaHMS B TPOMHUKAX HA HU3OJISAILIUIO
BO3J/ICHCTBYET MOBBIIIEHHAS BJIAXKHOCTh M TEMIEpaTypa, MOBBIIIEHHAs COJ-
HEYHas paauaius, IeSITeIbHOCTh HEKOTOPBIX MHUKPOOPIaHU3MOB U >KUBOT-
HBIX.

Hanexxnast u Ge3aBapuiiHas paboTa BBHICOKOBOJBTHOTO OOOpYIOBaHUS
MOXET OBITh oOecrieueHa, eCiau 30U Oy/IeT UMETh BBICOKYIO MMITYJIbC-
HYI0O U KPaTKOBPEMEHHYIO DJIEKTPUYECKYIO MPOYHOCTh MPU T'PO30OBBIX H
BHYTPEHHHX TEPEHAIPSIKEHUSIX, COOTBETCTBEHHO, a TAKXE MPHU YCIOBUU OT-
CYTCTBHUS TaKuX (DaKTOPOB, KaK KOPOHA, YACTUYHBIEC U CKOJIB3SIIUE Pa3PsIbl,
TPEKUHT MPHU JTTUTETLHOM BO3ACHCTBUM pab0Yero HaNpsHKEHUS.

Coznanve HaJle)KHOUM M30JISIUU HETOCPEICTBEHHO CBSI3aHO C BOMpOCa-
MU KOOpPJHMHAILIMM, T.€. C COTJIaCOBAaHMEM XapaKTEPUCTUK 3alIUTHON ammapa-
TYpbI CO CBOMCTBaMHU H30JISIMHU. KOMIUIEKCHOE pellieHre 3TUX BOIIPOCOB MpU
BBITIOJIHEHUN BBINIE M3JI0KEHHBIX TPeOOBaHMUIA, MO3BOJIIET BHIOpATh TaK Ha-
3bIBAEMbIIl YPOBEHb U3OJISLIHUH.

YpoBeHb M30/IS1IMKA 03HAYAET TAKOE KAYECTBO M3OJIALIMHU, IPU KOTOPOM
OHa B COCTOSIHUM BBIIEP’KUBATh KOMMYTAIMOHHBIE TIEPEHAIPSIKEHUS 3a/1aH-
HOW KPaTHOCTH OTHOCHTEIBHO HamOObIIero (a3HOro padodero Hampspke-
HUSI 1 UMITYJIbCHBIE BO3JICHCTBUS, OTPAHUYEHHBIE COOTBETCTBYIOIIMMU pa3-
psanaukaMu. OOBIYHO TOJ ATUM IMOHUMAIOT HMCHBITaTEIbHBIC HANPSIKCHUS
m3osinuu, 3akperieHasle ['OCT 1516.1 — 76. McnblTarenbHoe HaNpsihKEHUE
SIBJISIETCS HEKOTOPBIM SKBHBAJIECHTOM BO3JICUCTBYIOIIMX HAMPSKEHUU U BbI-
OMpaeTcss C y4eTOM XapaKTEPUCTUK BEHTWIBbHBIX Pa3psaHUKOB. [y BHeII-
HEl ¥ BHYTpPEHHEH U30JIAIHUU AJIEKTPOOOOPYI0BaHUS HKBUBAJICHTOM BO3JIEH-
CTByIoIMX HanpspbkeHud npu AITH sBIsitOTCS MMIyNIbCHBIE UCTIBITATENIbHbBIE
BOMHBI (Uyeryn) TpY OTTHOM (1,2/50 MKc) u cpezanHoM (2 — 3 MKC) cTaH-
JapTHOM UMITYJIbCE.

[IpoBepka CTOMKOCTH BHYTPEHHEH H3OJISIIUU AJICKTPOOOOPYIOBAHHS K
BoznerictBuio BITH mpousBoauTcs myTem IpHiIoKeHUST K OOBEKTY OJHOMU-
HYTHOTO MCHBITaTeNbHOTO HANPsKEHUs (U)yyy). TOCT 1516.1 — 76 ycranas-
JIMBAET TAKXE HUCIBITATEIbHOE HAINPSKEHUE MPOMBIIUIEHHON 4acTOThI, BbI-
JEP>KUBAEMOE BHEIIHEN U3OJSALUEH 3JIEKTPOOOOPYI0BAHUSI B CYyXOM COCTOSI-
HUU (U, — CYXOBBIICP)KUBAEMOE HaIpspKeHHE) U moj qoxaeM (U, — MOK-
POBBIICP)KUBAEMOE HAIPSIKEHUE).

M3onsmus snexktpoodopynoBanust Ha kiacc HanpsikeHus 330 kB u BwI-
II€ MCHBITHIBAETCS TAK)KE KOMMYTAIIMOHHBIMU BOJIHAMH PA3IHYHON (HOPMBI,
B 3aBUCUMOCTH OT THIa 000pYJOBaHUS, C 1EJIbI0 MPOBEPKH CTOHKOCTH U30-
JSIUU K BO3IEUCTBUIO KOMMYTAllMOHHBIX TIEPEHANPSIKEHUM.
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TpeOoBaHUsMU MO0 MEXAHHUYECKOW MPOYHOCTH M3OJISIIIMM HA HaIpsiKe-
Hue 10 35 kB B COOTBETCTBUU C IpaBUIIAMH YCTPOMCTBA 3JIEKTPOYCTAHOBOK
(ITYD) npenycmaTpuBaercs AOMyCTUMAas Harpy3ka Ha U30JIsTOP

p <lp (3.5)

aom — 3 pasp ?

r1e Ppasp — paspyuaromas Harpyska, KI'c.

Ha xnaccel Hanpsikenus 6osee 110 kB gqonmyctrmbie Harpy3ku He ycTa-
HOBJICHBI, I OHH OIPEIEIATCS TEXHUYECKUMH YCIIOBUSIMU Ha U3JICJIUE, BbI-
MyCKaeMO€ NPEeANPUATHEM.

3.3. HapyxHasi n30/11Usl 3JIEKTPOYCTAHOBOK

Hapy>xHas BHICOKOBOJIbTHAS M30JSAIUs pabOTaeT B HEMOCPEICTBEHHOM
KOHTaKTe ¢ aTMOC(HEpHBIM BO31yXOM. B yCIOBUSIX AKCIITyaTalluy Takasi U30-
a5t (M30J5TOPBI) MOJIBEPraeTcsl BO3AEHCTBUIO AJIEKTPUUECKOTO TOJIs, Me-
XaHUYECKUX YCWINN U BUOPAIMH, METEOPOJIOTHUECKUX (aTMOc(]epHbIX) dak-
TOPOB.

ITo Ha3HAYEHHUIO U30JIATOPHI AEIATCA HA JUHEWHbIE U CTAHIMOHHO — afl-
napaTHble, KOTOpPbIE, B CBOKO OYEPEb, IETATCS HA OMIOPHBIE U MPOXOIHBIE.

CTaHIIMOHHO — alMapaTHbIC H30JATOPhl MOTYT W3TrOTaBIMBATHCS HE
TOJIBKO JIJISl HAPY>KHBIX, HO U JUIsl BHYTPEHHUX YCTAHOBOK, MPEIHA3HAYECHHbBIX
JU1sl paOOThI B 3aKPBITHIX MOMEIICHUIX. /(151 Hapy>KHOW yCTaHOBKHU M30JISTO-
PBl U3rOTABJIMBAKOT C HOPMAJIBHOU U YCUJICHHON BHEIIHEH U30JIALUEH, T.€. C
YBEJIMYEHHON JJIMHOM MyTH YTE€YKHM TOKAa IO MOBEPXHOCTH H30JsATOpa (32
cYeT MNpuMeHeHus pebdep). M30maTopel BHYTpPEHHEHM YCTAaHOBKHM HMMEIOT
OOBIYHO TJIAJIKYIO WK C1a00peOpUCTYIO TOBEPXHOCTD.

N3onsarop cocrout u3 audnekrpuka (dhapdop, cTeko, cTeaTurt, CUTaI)
U METAUTMYECKON apMaTypbl ISl KPEIUIEHUS HU30JSTOpa B YCIOBHSX HIKC-
iyatanuu. B nociegHee BpeMs B KAUECTBE HAPYKHOM U30ISLUUU IPUMEHS -
IOTCSI TTIOJIMMEPHBIE M30JIATOPHl HA OCHOBE 3MOKCUIHBIX KOMIIAYH]IOB, KPEM-
HUHOPTaHWYECKUX U TOJUI(OUPHBIX CMOJI C MUHEPAJIbHBIMH HATIOTHUTEISIMHU.
Takue M30J9TOPbl UMEIOT BBICOKYIO 3JIEKTPUYECKYIO MPOYHOCTh, MBI BEC
U JOCTATOYHYIO TPEKHMHTOCTOMKOCTh. C IIENBIO MOBBIMIEHUS MEXaHHUYECKOU
MPOYHOCTH H30JIATOPOB MPOU3BOJUTCS UX APMUPOBAHUE CTEKIOBOJIOKHOM
(CTEKJIOTIACTUKOBBIE U30JISITOPHI).

HaunGomnpiee pacnpocTpaHeHUE B DJIEKTPOIHEPTETUKE MOJYUUIIU H30-
astopsl u3 dhapdopa u crekna.
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3.3.1. M30as1Ms1 BO3AYIIHBIX JMHUH dJIEKTpoNepeIavn.

IIpoBoaa nMMHMM dIEKTpOIIEpeNaYl KPENATCS Ha METAIUINYECKUX, XKelle-
300€TOHHBIX, IEPEBAHHBIX U CMEIIAHHOTO TUIIA OTMOpax MPH MOMOIIU JTUHEH-
HBIX U30JTOPOB. [10 KOHCTPYKTUBHOMY MCIIOJIHEHUIO JIMHENHBIE U30JIATOPEI
JENATCS HA IITHIPEBBIE U NTOJABECHBIE.

IITeipeBbie n3o0aaTopsl. [Ipumenstorcs Ha JIDII no 35 kB n MoHTH-
PYIOTCS Ha ONOpax C MNOMOIIBIO IITHIPEW WIIA KPIOKOB.

KoHcTpykiust mteipeBoro u3onsropa Ha HamnpspkeHue 6-10 kB npen-
cTaByicHa Ha puc. 3.1.

N3054TOp KpEenUTCs B BEPTUKAIBHOM MOJIOKEHNUN HA IITHIPE WU KPIOKE

T—“ CHEUHUAIBHOTO TMOJMATUIEHOBOTO KOJIIAYKa.
— [IpoBoa KpenmuTcs B BEepXHEW WU OOKOBOM
H = KaHaBKE C IOMOULIbIO IPOBOJIOYHOM BSI3KH.
[IITeIpeBBIE N30IATOPBI BBITOIHSIOTCS C PE3KO
D—j BBICTYMAOIMIMMH  pedpamMu, OOpalieHHbIMU
' KHM3Yy, YTO HOBBIIIAET MOKPOPA3PSAIHOE H
Puc.3.1. Jlunetinoii wumsvipesoii CYXOpa3psiiHOE HAIPSHKEHUE U30JATOPA.
usonamop muna [1ID10-B

HMoasecHsbie uzoasaTopsl. [Ipu U, = 35 kB Ha JIDII npumeHstoT noj-
BECHBIE M30JISATOPBI, KOTOPHIE MOKHO pa3le/IiNTh Ha Tapeiibuarbie (IIapHUp-
HbIE), CTEP)KHEBBIE (C KOJBIEBHIMU WM BUHTOBBIMU peOpaMH) U CTEpIKHE-
BbIC TUIa/IKKE (MJIU NAJIOUHbIE) U30JIATOPHI.

[ToaBecHO MApHUPHBINA U30JIATOP C KOHYCHOU roJIOBKOM (pHc. 3.2) co-
cTouT u3 dapdopa Win 3aKkaJeHHOro CTeKa 1, apMUPOBAHHBIX METAJLTHYE-
CKHMH 3JIEMEHTAMHU - IIANKOW 2 U3 KOBKOT'O UyT'yHa U CTEP>KHS 3 U3 CTaju,
KOTOpbIE BO U30€KaHNE KOPPO3UU OLIMHKOBBIBAIOTCS.

\¢

N %%
9
TTSLRXKKKKY
0000 00,9:9:%%,
¢ ;&:’4‘:’2‘:’:9'
X

Puc. 3.2. [loosecHoti wapHupHwiii Puc. 3.3. [loosecHoti uzonsmop
U30JIIMOP C KOHYCHOU 207106KOL C YUIUHOPUUECKOU 207108KOU

Meranmnuueckass apMarypa COCAUHAECTCS C M3OJSIIUOHHOW «TapeaKom»
MOCPEJACTBOM apMHUPOBOYHBIX IIEMEHTHO — IecUaHbIX cBs3eil 4. Bo n30exa-
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HUE TIOBPEXKCHUS Tela U30JIATOpa MPHU yJlapax MEXIy apMaTypod U H30Jis-
[IMOHHBIM TEJIOM IOMENIAIOTCs JeMIlpepHble TPOKIANKH 5 W3 KapToHa,
npoOku wim Kup3bl. M3omisTopel u3 dapdopa B mpolecce uxX U3roTOBICHUS
MOKPBIBAIOTCS TJIa3yphio (Oenas, KOpuuHeBasi), 4YTO YJIydIlIaeT uX MEXaHH4e-
ckue cBoiictBa Ha 15 — 20 %, MOBBIIIAET BIAroCTOMKOCTh, CIIOCOOCTBYET ca-
MOOYHMCTKE TIOJT  JICWCTBHEM BETpa U JOXKS, TOBBIMIACT JIEKTPUICCKUAC Xa-
pPaKTEpUCTUKHU, YITydlllaeT BHEUIHUI BuJ. Bce Oonee mmpokoe pacmpoctpa-
HEHHE HaXOJSAT U30JISITOPHI C IIUIMHAPUIECKOHN ToJI0BKOM (puc. 3.3).

N30a5TOpPBI ¢ HUIMHAPUUECKONW TOJOBKOM UMEIOT 00jiee BBICOKYIO Me-
XaHUYECKYIO TPOYHOCTH, 00JI€€ BHICOKHME TEXHUKO — IKOHOMUYECKHE MTOKa3a-
TEJIM, MEHBIIIYI0 CTPOUTEIBHYIO BBICOTY. [Ipoliecc M3roToBIeHNUs TaKUX U30-
JIITOPOB JIeTYe MOIIACTCS MEXaHU3allUU.

[Ipu paspsize no 3arps3HEHHON U YBJIaXKHEHHON MMOBEPXHOCTU U30JISTO-
pa BaXHBIM MapamMeTpoOM SIBIISIETCS JJIMHA MYyTH YTEUYKU H30JISITOpa — Kpat-
yaiflliee pacCTOSTHUE BJIOJIb TTOBEPXHOCTH U30JSATOPA MEKIY METALTUYECKHU-
MU YaCTSIMHU, HAXOSIIUMHUCS TOJT Pa3TMYHBIMU TTOTCHITUATIAMH.

Ha puc. 3.4 npencraBieHbl HEKOTOPBIE TUIIBI U30JISITOPOB, MPEIHA3HA-
YEHHBIX I paOOTHI B YCIOBUSX MHTCHCUBHOTO 3arpsi3HCHUS aTMOC(HEPHI.

ITonBecHoi cTep:kHEBOM u30ysITOp (pUC. 3.5, @) MpelcTaBisieT coOoit
CIUIOIIHOM CTEp)KEeHb W3 HM30JALUOHHOrO Matepuaina (dhapdop, CHUTAIIIBL,
CTEKJIO), apMUPOBAHHBIN ¢ 000MX KOHIIOB METANTMYCCKUMH IIANTKAMH C T10-
MOIIIbIO IIEMEHTHOM CBS3KH C IPUMEHEHUEM JAeMII(EPHBIX MTPOKIAIOK.

TexHonorus U3r0-
TOBJICHUS TaKMX H30JIATOPOB
BECbMa TMPOCTa, HO TPYIHO
U3TOTOBUTH HU3OJSATOP Ha
OoJpIIMe pa3pylaoiiue Ha-
TPY3KH, T.K. U30JSIUOHHBIN
Marepuan (Jaiie HCHOJb3Y-
ercs ¢apdop) paboraer Ha
pas3poIB.

OCOOEHHOCTBIO  TaKHX
U30JIATOPOB  SBIISETCA  TO,
YTO OHHU HENpoOMBaEMbl B
OTJIMYUE OT Tapeiab4aThIX

Puc. 3.4. Iloosecnvie mapenvuamule u3ons- monsaTopos.  Henoctarkom
e : , . CTEpP)KHEBBIX  M30JIATOPOB
Z__gg;%OB_ Z_ TICr120-4; 6 = IIPIS0-4; ABJIIETCS BO3MOXKHOCTH HX

IIOJIHOTO pas3pylICHUs U Ta-
JICHHS ITPOBOJIAa HA 3eMIII0. B Halel ctpaHe Takue U30JTOPbl IPUMEHSFOTCS,
B OCHOBHOM, JUJII OTTSDKEK BO3AYIIHBIX BBIKJIFOUATEIEH, & TAKKE B KAUECTBE
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(bUKCAaTOPHBIX U30JIATOPOB JIJIS ANEKTPUPUIIUPOBAHHOTO KEJIE3HOIOPOAKHOTO
TpaHcnopTta. B mocneanue roasl pa3paboTaHbl CTEKIOIIACTUKOBBIE JUIMHHO-
CTEp>KHEBBIC M30JIATOPHI (TNagkue u ¢ peopamu Ha U = 35 — 220 kB), koto-
pbIe UMEIOT HE3HAUUTEIBHBIN BEC U 001aIal0T XOPOIIEeH CTOMKOCTBIO K y/Ia-
Py, B YaCTHOCTH, K paccTpeiy u3 pyxeu (puc. 3.5, 6).

JUisl 3aIIUThl CTEKJIOIUIACTUKOBOTO CTEPXKHS OT OOpa3oBaHMs HayTJie-
POKEHHBIX JIOPOKEK Ha MOBEPXHOCTh M30JSATOPAa HAHOCUTCS TPEKUHIOCTOM-
KO€ MOKPBITHUE U3 PTOPOIIIACTA UM KPEMHUMOPTaHUYECKON PE3UHBI.

Kpennenue ¢aHieB mpou3BOAUTCS IMyTEM ONPECCOBKU. M3054TOpHI
MOTYT HMCIIOJIb30BAaThC KAK B KQUECTBE MOANCPKUBAIOIINX, TaK U HATSHKHBIX
M30JIMPYIOLIMX TTOJABECOK MpU padoueM Hanpsikenuu 35-220 xB.

Puc. 3.5. Cmepoicnesoii ghapgoposuwiii
usonamop muna CO-110/2,25 (a) u cmexno-
NIIACMUKOBBIL CIMEPHCHEBOU U301amop (6)

0)

I'upastHabl M30JATOPOB W BhIpaBHUBaWINAas apMatypa. Ha nmuHmsx
35 kB m BpIme s oOecnedeHus 3aJaHHOTO HM30JISIMOHHOIO PACCTOSHUS
MOJABECHBIC M3O0JISITOPHl TapeIb4aTOTO THUIIA COCJAMHSIOTCS B THUPJISHIIBL.
CrpoutenbHas BbICOTa TUPISHBI (puUc. 3.6)

H.=n-H, (3.6)
TJIe 7 — YUCIIO DJIEMEHTOB (M30JIATOPOB) B THPJsSHAE;, H — CTpoUTEenbHAs
BBICOTa M30JIATOpa. biaromapsi MIapHUPHOMY COSAMHEHUIO M30JISITOPOB THP-
JsSHAA MpUoOpeTaeT TMOKOCTh, KOTOpasi CIOCOOCTBYET CHMXKEHUIO MEXaHU-
YECKUX HArpy30K Ha U30JSTOPHI MPU CUIILHOM BETPE U 0OpBIBE TPOBO/IA.
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Ha npomexyTOouHBIX oOmopax HCHOJB3YIOTCS IMOAJEPKUBAIOIINE THp-
JSTH/BI, BOCIPUHUMAIOILIUE BEC NMPUKPEIUIEHHOTO MPOBOJA, & Ha aHKEPHBIX,
YTJIOBBIX U KOHLIEBBIX OMOpax — HATSXKHBIE, KOTOPhIE BOCIPUHUMAIOT TSXKe-
HUE npoBoja. ['MpAsSHAY HM307ATOPOB MOXKHO MPEACTaBUTH B BUJE LEMNOYKU
emkocted (puc. 3.6, a), rae npoaosibHas eMKocTb C MMUTHUPYET €MKOCTh
n3onsaropa, ¢ C; u C, — eMKOCTh M30JITOpa HA METAUINYECKYIO OIOpPY (3€M-
JII0) ¥ Ha MIPOBOJI COOTBETCTBEHHO. [10CKOJIBKY YaCTUUHBIE E€MKOCTH H30JIs1-
TopoB C) Ha 3eMJI0 OoJibllIe, YeM €MKOCTh Ha mpoBoj (,, pacmpejaesieHue
HaIpPsHKEHUS 10 U30JITOpaM TUPJISHABI HEPAaBHOMEPHO M HauOoJIbIlIee Majie-
HUE HANPSHKEHUS TPUXOAUTCS Ha ONmKaillliie oT IpoBOJa H30JISITOPHI (puUc.

3.6, 6).

\\ i ..\'2 i=
\\\ &\.“ oy -2- _— - CE

Ci C 7

gl_1 |

IR SESaEs

7 fpafod

0)
Puc. 3.6. Cxema 3amewenus
2upaanosl (a) u pacnpeoeie-
HUe HANPAHCEeHUsI NO 2UPJISIHOE
(6)
1 - HopmanvHoe pacnpedenenue
Hanpsdicenus, 2 — pacnpeoee-
HUe Hanpsjcenus no cupJsiHoe
npu oepexmHom namom uzois-
mope

Bricokne HanmpsyKEHHOCTH IIOJsS Ha
U30JIsITOpax BOJM3M MPOBOAA MOTYT MpH-
BOJUTH K KOPOHUPOBAHUIO, BBI3BIBAIOIIEMY
CTapeHHE H30JIALIMOHHOIO TEJa H30JATOpa
U OKUCIIUTENIbHbIE MPOLECChl HA METalIu-
yeckoun apMmarype. M3 onbiTa yCTaHOBIICHO,
YTO MO0 YKa3aHHOW NMPUYNHE MAKCUMAJIbHOE
HaIpsSOKEHUE Ha M30JSATOpE HE JOJIKHO
npesbimate 25 — 30 xB. [Insa BeIpaBHMBa-
HUSL pacrpe/iesieHus HanpsDKeHHUs BJIOJb
rupasiabl Ha JIDIT nanpspkenuem 220 kB
Y BBILIE IPUMEHSIETCS 3alllUTHAas apMarypa
B BHJI€ KOJIELl, BOCbMEPOK, OBaJiOB, POTrOB.
Ho npu U, > 750 kB 3amurtHas apmarypa
HE TMPUMEHSIETCS, T.K. BbIpAaBHHBAaHHUE Ha-
NPSOKEHUST BIOJIb TUPJSHIIBI JOCTUTAETCs
3a CUET HAJIMYMS PaCIICIUIEHHBIX MPOBOOB
B (aze u chenuaibHON («YTOIJIEHHOW)
IIOJBECKOW TUPJSAHIBI, IPU KOTOPOMU IPO-
BoAa (pa3pl pacmosiaraloTcs Ha YpOBHE Ta-
PEJIKU TIEPBOTO U30JISITOPA WIIM BBILIE.

PazpsinHoe HampspkeHUE TUPISHIBI
MOJABECHBIX HU30JSATOPOB HE MPEICTABIISAET
co00l CyMMy pa3psiIHBIX XapaKTEpPUCTHUK
OTIEIBHBIX JJIEMEHTOB, T.K. pa3psal IO

TUpJIAHAC Pa3BUBACTCA HCCKOJIBKO MHAYC, YCM Ha OTACIIBHOM 3JICMCHTC (pI/IC

3.7).

N3 puc. 3.7 BUIHO, YTO MyTh pa3zpsiia U30JATOpa B TUPJAHIAE /p He-

CKOJIBKO OTJIMYACTCA OT IIYTHU paspssaa OAUMHOYHOI'O U30JITOPA ll/)I/I OT AJIMHBbI
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NyTH YTeUKH uzonstopa L. Pa3zpsaHoe Ha-
MPSYKEHUE TUPJISIHABI 3aBUCUT OT YUCia M
TUIA U30JATOPa, @ TAKXKE OT HAMYuA 3a-
IMTHOU apmatypsl. st yBenuueHus pas-
PSAIHOTO HAMPSHKEHUS! TUPJISHIBI HA TIPakK-
TUKe npuHumarot /p/H > 1,3. B aTtoMm ciy-
yae pazpsg nouaer no nytu ABCF, T.e. o
BO3yXy. BblaepxuBaeMoe HanpsKeHUE
TUPJSHIBL B CyXOM cOCTOSIHUU (Uy;) Tipu
9TOM OyJIeT HauOOIBIITUM.
IlepcnexkTBHBIE pa3padoOTKH B

Puc.3.7. Ilymu pa3sps- o0Js1acTH JJUHEHOM n3oasiumuu. B Ha-
0a u nyme ymeuxu CTOsIILIEE BPEMS B OTEYECTBEHHOM U 3apy-
noOGeCHbLX OEKHOM SHEPreTHKe pa3padaThIBAlOTCA U
UzoIAMODO8 YCIICITHO BHEZIPSAIOTCS HOBBIE U30JISIIUOH-

HbI€ KOHCTPYKIIMU Ha BO3AYLIHbIX JIDII, KOTOphIE NPUHIIMITHAIIBHO OTJINYa-
IOTCSl OT TPAAULIMOHHBIX KOHCTPYKIIHM, UCIIOJIB3yEMBIX B KAUECTBE U30JISLIUN
JIMHUU DJIEKTPOTIEPEIAYUH.

B psane ctpan (Urtanmus, ®PI', CHI' u ap.) ucnonb3yroTcs U30JISILIMOH-
HBIE TPABEPCHl HA OCHOBE CTEKJIOIUIACTUKOB, KOTOPBIE TTO3BOJISIOT OTKA3aTh-
Csl OT TPAAMIIMOHHO NMPUMEHSEMbIX U30JTOPOB U YMEHBIIUTH Maccy U rada-
PUTHI OTIOP.

Pa3HOBUIHOCTBIO U30JALIMOHHBIX TPABEPC ABJISIOTCA TPABEPCHI U3 DIICK-
TPOU3OJIAIIMOHHOTO OeToHa, pazpadorannbie B CuOHNUND (r. HoBocubupck).
TpaBepcbl paznuuHoi (Gopmbl (TpexiydeBasi 3Be3/la, TPEyrojibHas pama)
KpEIATCS Ha KeIe300€TOHHBIX OMopax. B HacTosIee Bpems JIMHAK ¢ TAKUMHU
tpaBepcamu Ha 10, 35 n 110 kB mpoxoasiT ONbITHYO OIPOBEPKY.

Ilpumenenue u3zonayUOHHBIX MPagepc NO36014em NPeoomepamums
2ubenb nmuy om nOpPasceHusn I1eKmpudecKum moKom.

B cBs3u ¢ 0CBOEHMEM CBEPXBBICOKMX M YJIBTPABBICOKUX HAINPSKEHUN
BCE OCTPEE CTABUTCS BOIPOC O MyTAX pa3BUTHs Bo3AywHbIX JIDII. Ve cent-
yac otrhenbHble BapuaHThl JIDII Ha MeTauM4ecKux omopax C IOJABECHOU
U30JISIIIUEN UMEIOT rabapuThl 1Mo BhICOTE U ImmpuHe 10 50 M u 6one, a macca
onopsl focturaer 6osee 20 TouH. [loaToMy npesaraercs penieHue o 3aMeHe
MOJIBECHOW M30JIAIIMK Ha TAKUX JTUHUSAX OTIOPHOM, T.€. M30JIALMS KaKIou ¢a-
3bl U 3aKPEILUICHUE €€ Ha ONMPEJACICHHOM PACCTOSHUMU OT 3€MJIA OCYIIECTBIIS-
€TCs C MIOMOIIBIO OTAEJIBHBIX U30JIMPYIOIIUX KOJIOHH (CTOEK) U3 AJIEKTPOU30-
JSMOHHOTO OeToHa. /{7151 GoMbIelt yCTOMYMBOCTH «OTIOpa — U30JISATOP» Kpe-
IIATCA K 36MJIE C IIOMOILBIO U30JSIHOHHBIX PACTSIKEK.
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[IpuMeHeHne CTEKIOIIACTUKOBBIX MoJbIX omop (SAmonus, CIIA) mo-
3BOJISIET YBEJIMYUTH CpoK rogHocTu ctoek JIDIT mo 100 ner. Macca omnopsl
npu BeicoTe 10,5 m cocTtaBmusietr 60 Kr.

3.3.2. OnopHbIe H30JIATOPBI

OnopHble U30JATOPBI NPEIHA3HAYEHBI JIJII MEXaHUYECKOIO KPEIUICHUS
HIMHONIPOBOJIOB, JETAJEN anmaparoB W IPOBOJOB, HAXOMSAIIMXCS IOJ pas-
JMYHBIMU MMOTEHUHUAIAMH, U JJISI U30JIMPOBAHUS UX OT 3a3€MJICHHBIX KOHCT-
PYKIUI U MeXIy cOO0M B 3aKPBITHIX U OTKPBITHIX PY.

B 3aBucuMocTH OT yclioBUW pPabOThl OMOPHBIE H3OJISITOPHI OBIBAIOT
BHYTPEHHEW U HAPYKHOW YCTAHOBKHU.

OnopHble M30JA9TOPbI BHYTPEHHEHl YCTaHOBKH. M3054TOpBI BHYT-
PEHHEW YCTaHOBKH SIBJISIFOTCS M30JATOPAaMU CTEP>KHEBOIO THUIIA, KOTOPBIE
MOXHO pa3elINTh Ha U30JISITOPBl C BHYTpeHHEH (puc. 3.8, @) U HapyKHOU
(puc. 3.8, 6) 3amenkoi apmarypbl. OHU H3roTaBIMBarOTCS U3 dapdopa u
IPUMEHSIOTCS 10 HampsbkeHus 35 kB. Apmarypa y H30JTOPOB C BHYTPEH-
HEW 3aJIeIIKOM BBINIOIHAET POJIb BHYTPEHHETO dKpaHa. BHYyTpeHHUN dKpaH u
pedpo yBENMUMBAIOT pa3psaHOE HaNpsKeHne u3oisatopa. Kak HapyxHas, Tak
U BHYTPEHHSASI IOBEPXHOCTU
M30JI5ITOpa MOKpBIBAIOTCS Oe-
JI0M TIa3ypero. M3osstoper ¢
BHYTPEHHEN 3aJICIKOW apMma-
Typsl Ha 35-40 % meHbLIE 1O

2

L, 2
5 ;f/ BBICOTE, YEM H30JIATOPHI C
3 g_ HApY>KHOM 3aJI€JIKOW, OHU

MMECIOT MEHBIIYIO MAacCy

Puc. 3.8. Onopnvie cmeporcnegvie uzonsimo- (bapdopa 1 apmatypbi.
Pl O 6HYMPEHHEU YCMAHOBKIL OHOBHI’Ie H30JISTOPBI
1 — meno usonamopa; 2 — memainuueckas ap- Hapy>KHOHU YCTAaHOBKH.
mamypa uzonsamopa,; 3 — yemMeHmuo-necuaHast OnopHbie U30JISITOPHI JI Ha-
3adenka; 4 — npoknaoka PY’KHON YCTAaHOBKH JEISATCS

Ha LITBIPEBBIE U CTEPIKHEBBIE.
OCHOBHBIM MaTEpHAJIOM TAaKHX H30JSATOPOB siBisieTcs: (apdhop, HO UMEIOTCS
LITBIPEBBIE U3OJISATOPHI U3 CTEKIIA HA HanpskeHue 6-10 kB.
OnopHble M30JATOPBI, MpPEIHA3HAUYCHHBIE ISl HApY»KHOM YCTaHOBKH,
UMEIOT pa3BUThIE pedpa, CYLIECTBEHHO IMOBBIIIAIONINE MOKPOPA3psIIHOE Ha-
npsbxkenue. @opma pedep nokaszana Ha puc. 3.9.
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Puc. 3.9. Pebpa onopHuvix uzonamopos Puc. 3.10. llImeipesout onopnuiti
HAPYIHCHOU YCMAHOBKU U30JISIMOP HAPYIHCHOUL YCIMAHOBKU
muna OHIII- 35

Kpomku pebep OTOrHyThl KHHU3Y, 00pa3ysl TaK Ha3bIBAEMYIO KareJbHU-
ny. Boja ¢ xanenapHUIbI CKaThIBAETCS, KaK MMOKAa3aHO HA PUCYHKE, >KUPHBIMU
CTpENKaMH, OCTABJISISI CYXOW HUKHIOIO MOBEPXHOCTH pedep. [Ipu HakiioHHOM
JIOKJIe BEpXHUE pedpa 4acTUYHO 3alllMINAIOT OT Bjiaru HkHHe pedpa. Or-
TUMaJIbHOE COOTHOIICHHE MEXIY BBUIETOM pedpa a U PacCTOSHUEM MEXIY

pebpamu / nexut B penenax 0,5 < % <1,0.

IIITeIpeBbIe ONMOPHBbIE U30JATOPbI. Takue U30JATOPbl UCIOJIB3YIOTCS
B TeX CilydasXx, Korja Tpedyercst Oobllias MeXxaHuyeckasi MpOYHOCTh Ha W3-
ru0, KoTopas obecreunBaeTcs, B OCHOBHOM, IIThIpeM U3 ctanu 1. M3omsarop
COCTOMUT M3 M30JSLUOHHON JAeTall 2, KOTOpask C IOMOLIBI0 IEMEHTHOM CBSI3-
KM 4 CKPEIUIIETCS ¢ METALINYECKOW apMaTypOH — IITBIPEM U KOJITAYKOM WIIH
mankoil 3. M3onupyromas aeTainb OMOPHBIX IITHIPEBBIX H30JISITOPOB HA Ha-
npsbkeHne 6 — 10 kB BBINOJHAETCS OAHODJIEMEHTHOM, @ Ha HampspKeHue 35
kB — nByx — unu tpexaneMmentHou (puc. 3.10).

B ycranoBkax Ha HanpspkeHue 110 kB u BbIlie HCIIONB3yIOTCS KOJIOHKH,
COCTOSIIIME W3 HECKOJbKHUX, YCTAHOBJIIEHHBIX IPYT Ha JIpyra, OMOPHBIX U30-
natopoB Ha 35 kB.

Crep:xHeBble ONOPHBIE M30JATOPbI. Ha Hanpspkenue 35 kB u BbIe
IPUMEHSIOTCSI ONIOPHBIE U30JISTOPHI B BUJIE CILIOIIHBIX (ap(OpOoBBIX CTEpXK-
Hel (puc. 3.11, a).

Taxue U307ATOPHI ABJISAIOTCS MPAKTUYECKU HETPOOMBAEMBIMM, U TOATO-
My JUISl HUX OTCYTCTBYET pacueT 3JIeKTpuueckoi mnpouHoctu apdopa. Bei-
0op uucna pedep Benercs no gopmyse n = 1,5 + 0,065 U, wr. (U, — HOMH-
HaJgbHOE HanpsbkeHue, kB). C yueTom 3arpsisHeHus: atMoc(epsl unciio pedep
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MOXXET OBITh YBEIWYEHO. MEXIy BbUIETOM
pebpa a u pacctosHueM [/ KelmaTelbHO BHI-
Jep>KUBaTh cooTHoIIeHue a = 0,5 /.

Ha U>110 kB coGuparoTcsi KOJOHKH U3
OTJICIBHBIX MyCTOTEJIBIX CTEPIKHEBBIX M30JIS-
TopoB (puc. 3.11, 0).

Jlist mpenynpexeHnsT BOSHUKHOBEHHUSI
pa3psioB B TMOJOCTU H3OJSATOPHI, coOupae-
MbI€ B KOJIOHKH, W3TOTaBJIMBAIOT C (apdo-
pPOBBIMH TIeperopojikamu. MHOTIa BHYTpEH-
HUE TI0JIOCTU 3aIMOHSIOTCS TpaHchopMaTop-
HBIM MacJIOM, KOMITayHOM HJTH Ta30M.

Ho=ibs

=

Y
=

x

b = bexp =380

Puc. 3.11. Dckuzvl onopro- OtedecTBEHHAsd MPOMBIIIJIEHHOCTh OC-
CMEPIHCHEBbIX U30NAMOPOS:  BOWJIA BBIITYCK CTEPIKHEBBIX OMOPHBIX H30JIs-
a — CNIOWHOU CIMEPIHCHEE0U topoB 70 110 kB u3 xoMOMHMpPOBaHHOM T10-

muna OHC; 6 — konouxa u3
NYCMOMENbIX CIMEPHCHEBLIX
uzonamopoes muna KO

JMMEPHOM M30JIALNH, COCTOALIECH U3 CTEKIIO-
MJIACTUKOBOTO HMWJIMHAPA ¢ OpeOPEHHBIM TI0-
KPBITHEM U3 KPEMHUMOPTaHUYECKOU PE3UHBI.

Ha nanpspbkenue 500 kB u Bbilie AJisi OAMHOYHBIX OMOPHBIX KOJIOHOK
TpeOYIOTCSI U30JISATOPHI BeCbMa BBICOKOM MEXaHMYECKOW MPOYHOCTH, HM3TO-
TOBJICHHUE KOTOPBIX MPEACTABISACT OOJBIINE TPYTHOCTH. B CBsi3w ¢ 3TUM B
ycraHoBKax HamnpsbkeHrueM 500 kB m BpIlle TpUMEHSIOTCS ONOPHBIE KOHCT-
PYKILIHH, COCTOAIINE U3 HECKOJILKUX MapayIebHBIX KOJOHOK OMOPHBIX H30-
JISITOPOB.

OOBIYHO TTPUMEHSIOTCS KOHCTPYKIIUU C TPEeMs
KOJIOHKaMH, OOpa3yIIIMMU KOHYCOOOpa3HbIN Tpe-
HOYKHUK.

B ocHOBaHMM, Ha BEpXYIIKE U B CEPEAHMHE IO
BBICOTE TPEHOXHUK YKPEIUIAETCS HAa pamax, CKper-
JSAIOIMMX BCE TPU KOJOHKHU. M3019TOpBl B TaKUX
KOHCTPYKIIUSIX UCIHBITHIBAIOT MEXAHUYECKUE YCUIIUS
HE TOJBLKO Ha U3TU0, HO U HA PACTSDKEHHUE U CKATHE.

3a pyOekoM C 1LIeNbI0 YBEIUYCHHS] MEXaHUYe-
CKOM MPOYHOCTH Ha M3THO pa3pabOTaHbl U30ISTOPHI
tuna «MyJIbTUKOH», MPEACTABIAIONMe co00H M30-
JUPYIOIIUE KOJIMA4yKH, MOCTABJICHHBIE APYT Ha JApPyra U CKJICCHHbIC MEXIY
coboii (puc. 3.12). DTu U30JATOPHI TOCTATOYHO CJIOKHBI U JIOPOTH.

B AOOT «Cu6HUMD» pa3paboTaHbl ONMOPHBIE KOHCTPYKIIUU U3 DJIEK-
TPOU3OJISIIUOHHOTO OETOHA ISl KOHJIEHCATOPHBIX OaTapeil Ha MOJICTaHITUSAX
110 1 500 kB, 4T0 MO3BONSAET CYLIECTBEHHO CHU3UTH KANUTAIBHBIE 3aTPAThI
IIPU CTPOUTEIIHCTBE.

Puc. 3.12. OnopHuiti
U30JIAMOp MUna
«Mynomukon»
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3.3.3. IIpoxoaHbie U30JSTOPbI

N B IIpoxonnsie U30JISITOPBI (BBOJIBI)
[t | fiaed

e kesl 2 IPUMEHSFOTCS U1 H30JIUPOBAHHSI U
o] | o] =

] | oo 3 MEXAHUYECKOIO  KPEIUICHWsSI  TOKOBEAYIIMX
Fatete I tat! - o

-’*EEEEEE EEEEE E yacTel (IIMH, MPOBOJOB), MPOXOJAIIUX CKBO3b
5] | R ~ |'"  3a3eMJICHHbIE KPBILIKH anmnaparos,
[oied | Posds - :

[ | P _—

1B E E_ [EPEropojKH,  CTEHbl  paclpeie/UTENbHbIX
s | B2 ycTpoiictB  u  T.0. [losTomMy mpoxojHbie

H30JIATOPBl  JOJDKHBI  00J1alaTh JOCTaTOYHOU

Puc. 3.13. Dcxuz npoxodﬂoeo SHGKTqueCKOﬁ U MEXaHUYECKOM IMIPOYHOCTBIO

usonsmopa: 1 — moxosedywuii ¥ obecreunBaTh MPOITYCKaHUE TOKa
cmepaicenn, 2 — uzonamop; OIPEICIICHHON BEJIMYUHBI.
3 — raney; Bbvicokosonvmmuuie npoxoonwvle

U301AMOopvl, NPEOHA3HAUEHHble 0N PAdombl
npu Hanpaxcenuu eviuie 35 KB, nazvigaiomesn 6gooamu.

[IpoxoaHble M30IATOPHI (B YAaCTHOCTH,
BBO/IbI B BBICOKOBOJIbTHBIX anmaparax U KOH-
CTPYKLMSIX) B OTJIMYUE OT JIPYTUX TUIIOB H30-
JSTOPOB MUMEIOT HEOJIAronpuUsiTHOE pacrosio-
XKeHHUe IIEKTpoaoB (puc. 3.13), mpu KOTOpoM
paavalibHasi COCTABJISIONIAs HAIPSKEHHOCTH
ANIeKTpUUecKoro nojis £, BOnu3M ¢raHia Ha-
MHOI'O MPEBOCXOAUT TAHTECHIMAIBHYIO CO-
CTaBJISIFOIIYIO £, YTO PUBOAUT K KpalHE He-
PaBHOMEPHOMY pacHpelIeIeHUIO N0 U He-
PaBHOMEPHOMY CHWXEHUIO pa3psIHbIX Ha-
MPSKEHUN.

[IpoxoaHble U30AATOPHI U3TOTABIMBAIOT
IUIl BHYTPEHHEN U HapY>KHOW yCTAHOBOK, I1O-
ATOMY MOCIEAHUE JOJKHBI OBITh PACCUUTAHBI
Ha MOKpOpa3psaHOe HamnpspkeHue. Paznuya-
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Puc. 3.14. IIpoxoonoii IOT TPOXOJHBIE H30JIATOPHl CO CIUIOUIHOM
U30JAMOP CO CRILOULHOUL dapdopoBoii uzoIALUEN U U30JIATOPHI C IO-
dapdoposoii usonauuer JIOCTBIO, KOTOpasi MOXKET ObITh 3alOJIHEHA ra-

30M (BO3IyXOM), MHHEPAJIBFHBIM MAaclIOM HIIN

KOMITayHJIOM.
[IpoxogHoii HM305IATOp CO CIUIOMHON  (dappopoBoii  H3oIALUEH
(puc.3.14) cocrout u3 ¢apdopoBoro snemMeHTa 1, BHyTpH KOTOPOTO MPOXO-
JIUT CTEPKEHb (IuHA) 2, TByX (UIaHIeB (KOJIMAYKOB) 3 HA KOHIIAX U30JISTOpa
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JUTSL KpETUIEHUsI TOKOBEAYIIEH 4acTu M ONOpHOTo ¢uiaHia 4, ciayskaero ais
MEXaHUYECKOTO KPETUICHUS U30JIITOpa K KOHCTPYKIIMU allapara Uik CTEHKH
pacnpeneauTeNbHOTO YCTPOMCTBA, Yepe3 KOTOPYIO OCYILECTBISETCS BBOJ
BBICOKOT0 HampspkeHus. OnopHsIi dianen coenunasercsa ¢ dpapdopom ¢ 1o-
MOTIIBIO TIEMEHTHOM CBSI3KH 5. Mex Iy KoimadykoM U ¢GappopoM MOMEmarT-
Csl aMOPTU3HMPYIOLIME KAPTOHHBIE MTPOKIAJIKN U YIITIOTHEHHS.

W3o0naTOpbl AJI1 HApPY>XKHOW YCTAHOBKH HMMEIOT PEOPUCTYIO MOBEPX-
HOCTb, a JUISl BHYTPEHHEH — TJIaJIKYI0 UJIM BOJHHUCTYIO. JIJIsl yBETUYEHUS Cy-
XOpa3psAIHOTO HANPSHKEHUs OMOPHBIA (cpenHuil) (uianen 3KpaHUpPyOT ped-
pamu, OOpallleHHbIMU K (UIaHIly, C METaJUIM3UPOBAHHON MOBEPXHOCTHIO,
ANEKTPUUECKH COETMHEHHON C METAINTMYECKUM (PIIaHLIEM.

[IpumeHeHre mpoOMEKyTOUHBIX pedep TakKe MO3BOJISET MOBBICUTH Pa3-
PAIHBIE HAIPSKECHMUS.

HwxHss dacTh anmapaTHBIX M30JATOPOB MOMEIIAETCS B MacioO, UMEET
IJIAJKYI0 TOBEPXHOCTh M NPUOIM3UTENBHO BABOE KOpouye BO3AYLIHOW (Ha-
PY>KHOW) 4acTHu.

JUI MCKIIOYEHUS HMOHU3ALMOHHBIX IPOLECCOB B BO3AYIIHOM 3a30pe€
MEXAYy TOKOBEAYLIUM CTEPKHEM M BHYTPEHHEH CTEHKOW M30JISITOpA MOCHE-
HSI MOXKET METAJTIM3UPOBATHCS U COEAMHSTHCS C TOKOBEAYLIUM CTEPKHEM.

Pacuer crmomHbix (appopoBBIX MPOXOIHBIX H3OJIATOPOB BEIACTCS B
HaIpaBJIeHUH OIpEAeSIEHNs TOJIIUHBI CTEHKH H30JIATOpa, 0O0ecneunBaronieit
HEOOXOJIMMBIN 3amac 3JEKTPUUYECKONM M MEXaHUYECKOW MPOYHOCTU MpHU 3a-
JaHHBIX BoznedcTByromux (akropax. Hanbonee vacro crutomHsie Gapdo-
POBBIE U30JATOPHI IPUMEHSIOTCS Ha HanpsbkeHue 6 — 10 kB.

[IpoxoiHbIE M30ISATOPHI C MOJOCTHIO Ha-
XOIAT NPUMEHEHHE B YCTAHOBKAaX Hampsike-
HueMm 10 35 kB. C Touku 3peHus sneKTpuye-
CKOM MPOYHOCTH Hambojee clabblM MECTOM
Takoro m3ojaropa (puc. 3.15) sBusercs mo-
JIOCTh, 3aIIOJHEHHAs Ta30M, MacjaoOM WU KOM-
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Puc. 3.15. Ceuenue npo- [Tpo6oii mos0CTH BEIET K MOJHOMY IPO-
X0OH020 U30JIIMOPA C NO- 6010 H30JIATOPA. HOBTOMy MaKCHUMaJIbHasA Ha-
JIOCbIO: MPSYKEHHOCTD TOJIS B MOJIOCTH U30JITOpa HE

1 — mokosedywuii cmepocernb  TOJKHA MPEBBINIATH AOMYCTUMBIX 3HAYEHHIA
(mpyba); 2 — usorayuotiroe IS BRIOPAHHOM Cpeibl, T.€. Epay < Eon, TIPH
ROKpLIMUE; 3 = ROAOCY; 5TOM E OJI’KHA OBITh MEHBIIIE TPOOUBHOM
4 — pappop aon /1 P

HANPSKEHHOCTHU MOJIOCTH F .
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3.3.4. BLICOKOBOJILTHBIE BBO/IbI

[Ipu Hanpsbxkenuun Beimie 35 KB mpuMmeHstoTcs BBOJIBI ¢ Maciodapbep-
HOM, OyMa)kHO—OaKEIUTOBOW M KOHACHCATOPHON OyMaKHO—MACJISTHON BHYT-
peHHel uzonanuend. HapyxHo#l n30is1ieit Takux BBOJIOB SIBISIOTCS (hapdo-
POBBIE MOKPBIIIKK, B KOTOPHIE MOMEIIAOTCA OCTOBBI BBOJOB. B mocnenHee
BpeMsl JUIsl KOMIUIEKTHBIX PaCHpEACIUTENBHBIX YCTPOMCTB BBITYCKAKOTCSA

Puc. 3.16. Macnobapvepnuiii

6600 Ha Hanpsidicenue 220 kB:

1 — mokosuwii 3axcum, 2 — pac-
wupumensv, 3- ykazameinv ypos-
HA macna; 4 — nodoou; 5 — ¢aa-

Hey, 6 — mpancgopmamoproe
macno, 7— pacnopku Oucmanyu-

OHHble, 8§ — moKo6edywull
cmepaicetv; 9 — OyMadcHo-

baxenumosvie yuaunopwl, 10—
noxpuvlwka eepxuss,; 11 — ¢aa-

ney, 12 — coeounumenvrast
emynka, 13 — ¢hnaney; 14 — no-

KpbluKa HUNCHAA, 15 — cmakan

BBOJBI C 3JE€ra3oBOM H30JIIMEH Ha Ha-
npsbxenne 110 — 220 kB.

Macsob6apsepusie BBoabl (MBB).
MBbBB  sBisitoTCS  yCTapeBIIMMU KOHCT-
PYKLUMSIMU U TPUMEHSIIOTCSI B DHEPTETH-
YECKMX YCTAHOBKax Ha HAaIpsIKEHHE 10
400 kB. KOHCTpyKTMBHOE HCIOJHEHUE
BBOJIOB C MAacio0apbepHOU H3OJSAIUEH
MoKa3zaHo Ha puc. 3.16.

OCHOBHOM U3OJISIIIAEN TAaKUX BBOJOB
ABIISIETCS TpaHc(OpMaTOpHOE Macio, B
KOTOPOM MEXJy TOKOBEIYUIUM CTEpkK-
HEM U (pJ1aHLEM pacroIokKeHbl OyMaKHO-
0aKeIUTOBBIE HUIMHAPHI C KOHJIEHCATOP-
HBIMHM OOKJIaJIKaMH M3 METHOW WA ajlto-
MuHUEBOU (onbru TonummHOM 0,01 —
0,015 MM, ¢ OYMaXHBIM TOKpPBITUEM
TonmuHon 10 3 — 5 mMm. IlpumMeHenue
KOH/ICHCATOPHBIX OOKJIaJJOK IO3BOJISET
BBIPAaBHUBATh MOJIE KaK B PagualbHOM,
TaK U B aKCHUAJIbHOM HaIpPaBIICHUSX TMPU
COOTBETCTBYIOILIEM 33aKOHE HW3MEHEHUS
JUIMHBI ¥ paguyca oOkiIamok. M3omsim-
OHHbIEC LIWJIMHIPBI KPEMATCS C MOMOIIbIO
JUCTAaHIIMOHHBIX PAclopoK W3 JiepeBa
(kpacHoro Oyka) WM IUIACTMACCHI.
TpancopmaTropHoe Macio, HUPKYJIUPYS
B KOJIBLIEBBIX 3a30pax (TONIIMHON 2 — 5
CM) MEXIy OapbepaMiu, OXJIaKIAeT TOKO-
BEIYILUI CTEPKEHb U CIIOCOOCTBYET OT-
BOJAY TEIUIa OT U30JISILIUOHHBIX [TEPErOPO-
JOK.

BBon cHaGxkeH pacumupuTelieM u
yKazareneM ypoBHs Macia. MbB otnm-
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YarOTCs BICOKOM HAJEKHOCTHIO, HO UMEIOT OOJIbIINE radapuThl U3-3a OTHO-
CUTENIbHO OOJIBIIMX MAaCIISHbIX 3a30POB MEXAY LMIMHIPUYECKUMU Oapbepa-
Mmu [1]. B 3aBUCUMOCTH OT TOJIIIIMHBI MACJISTHOT'O KaHajla U pa3MepoB KOH/ICH-
CaTOPHBIX OOKJIAJOK JOIYCTHUMbIE HANPSKEHHOCTH B Macjie HE JOJDKHA Ipe-
BeImIath 40 — 65 kB/cwm.

JluaMeTp TOKOBEIyHIEro CTepxHs (TpyObl) M €ro CEUYCHHUE JIOJKHBI
o0ecrneuynTh HEOOXOAUMYIO BEIMUYMHY MAaKCUMAIbHON HANpsXKEHHOCTH Ha
cTepkHe (Emax < Ejon) ¥ MPOIMyCKaHUE TOKA 3aJaHHOM BEJIUYHMHBI C YUYETOM
JOITyCTUMOM TIJIOTHOCTH TOKA.

BBoabl koHaeHcaTopHoro tuma. IIpuMeHeHne BO BBOAAX Macio-
OapbepHON M30JIALMU A0 BO3MOXKHOCTb MOBBICUTH HUX 3JIEKTPUUYECKYIO
IPOYHOCTh, HO TabapuThl BBOJIOB OCTAIOTCS 3HAYUTEIBHBIMH, YTO CYLIECT-
BEHHO 3aTPyAHSAET UX MCIOJb30BaHue npu HanpsskeHuu 220 — 500 kB u BbI-
mie. [lo3ToMy Ha BBICHIMX KJaccax HANpsDKEHHS] MPUMEHSIOTCS TEXHUYECKH
0oJiee COBEpILIECHHBIE BBOJbI KOHACHCATOPHOIO THMA, K KOTOPBIM OTHOCSTCS
OyMa)KHO-0aKeJIUTOBbIE U OYMaKHO — MacisiHble KOHJIEHCATOPHbIE BBOJBI. B
KaueCcTBE OCHOBHOM M30JSLIMU B OYMa)KHO — OaKeIUTOBBIX BBOAAX (BBOJBI C
TBEPION M30MSAIMEN) KCIONb3yeTCsl OakeIu3UpoBaHHAs Oymara TOJIIIMHON
0,06 MM, KOTOpasi HaMaThIBAETCS Ha TOKOBEIYIIHMH CTEPKEHb WU TPyOy B
ropsiueM COCTOSTHUU TpH Temieparype a0 160 ° C.

Mexnay crnosiMu Oymaru 4epes3 OnpelieJICHHbIE TTPOMEXKYTKU 3aKIIalIbl-
BAIOTCSl YpaBHUTEIbHbIE OOKJIAAKK U3 antoMuHueBou (oibru. [lomyuennas
BTYJIKA 3alI€KaeTCs, KOHIIbl OCTOBAa OOTaYMBAIOTCS HA CTAHKE C LIEJIbIO MPH-
JaHUSI U30JIATOPY ONpeAesieHHOW (opMbl (Jallle KOHYCHOM), a 3aTeM MOBEepX-
HOCTb M3O0JISIITUOHHOI'O OCTOBA IOKPBIBAETCS BJIATOCTOMKUM JIaKOM (pHC.
3.17). Takue BBOJBI OTIMYAKOTCS MPOCTOTOM HM3rOTOBIEHUS, KOMIIAKTHO-
CTBIO, BBICOKOM MEXAHUYECKOUN MTPOYHOCTBHIO.

K HemocrarkaM HX cleAyeT OTHECTH TMI'POCKONUYHOCTH HW3OJISLUU,
BCJIEZICTBUE YETO OHA MOXKET OTCHIPEBATh M3-3a PACTPECKUBAHUA JIaKa, HU3-
KYIO0 TPEKHUHIOCTOMKOCTb, BO3MOKHOCTh TEIJIOBOTO MPOOOSI.

ByMakHO-0aKeIUTOBbIE W30JISTOPBI ISl Hapy>KHOM YCTaHOBKH IOMeE-
matoT B (aphopoBble MOKPHIINIKK, & MPOCTPAHCTBO MEXY MOKPBIILIKOW U
M30JSILIMOHHBIM OCTOBOM 3aJIMBAIOT CHELUAIBbHONW MAacTUKON. Eciym HUXKHSAA
4yacTh BBOJA paboraer B macie (TpaHchopMaTopbl, MacisHbIE BBIKIIIOYATE-
JIM), TO HIKHSS (papPopoBasi MOKPHIIIKA OTCYTCTBYET. B 3TOM ciiydyae HMX-
HsIS 4aCTh U30JISITOpa Kopoye HapykHou [ 1-3].

MockoBckuii  3aBoji «M30msTOp» BBITyCKAaeT BBOABI C OyMa)HO-
6axenutoBoi uzossiueit 10 500 kB (RBP — uzonayus). B nocneaHue roapl
3TO MpEANpUsATHE BBITycKaeT OakenutoBbie BBOAbI Tuma ['TIIB — 35/1000 ¢
nojuMepHoil BHemHed wuzonsiuuen (puc. 3.18). Buemnsis uzonsuus (1o-
KPBIIIKA) U3rOTOBJICHA U3 TPEKUHTOCTOMKON CUIIMKOHOBOUM PE3WHBI B rpsi3e-
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cToiikoM ucnoyiHeHuH. [Tokpeiika Ha 35 kB umeer 7 ToHkux pedep. ToHkue
ruOkue pedpa MO3BOJSIOT BBIACPKUBATH OOJIBIINE YIapHbIE MEXaHUYECKUE
Harpy3KH.
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Puc. 3.17. Konoencamopmbwiii Puc. 3.18. bakeaumosgulii 6600 ¢
OYMAANCHO-OaKenUmMosblil 6600 0.5 NOIUMEPHOU NOKPLIWKOU: ] — moKo-
BHYMPEHHel YCMAHOBKU. I — moko- 6edywutl Cmepoicens;  2- 6epxnuil
6e0YUULL CMEPIICEHD, KOINA4oK,; 3 — NOKPbIUKA U3 CUTUKO-
2 - KOHOeHcamopHbvle 0OKAAOKU, HOBOU  pe3umbl (6epXHss 4acmb
3 — baxenuzuposanHas bymaea, uzonamopa),
4 - memannuveckuil praney; 4 — cpednuii praney, 5- HUICHASA
5 — yemenmnas 3aoenxa (macnauas) yacme u30AAMOpPa

B Hacrosiiiee BpeMs IIMPOKOE pacinpocTpaHEeHUE MOTyUriIn Hanboiee co-
BEpIIICHHBIE BBOJIbI C KOHJIEHCATOPHOW OYMa)kKHO — MAacIsiHOM u3ossiueii. B
JTAHHOM KOHCTPYKIIMU BBOJIa HA TOKOBEAYILIUH cTepKeHb (TpyOy) miu Ha Oy-
Ma)XHO — OAKeIWTOBBIN IWJIWHIP HaMaThIBETCs KaOeiabHas Oymara Mapku
KB-120 mupunoit 100 — 150 MM 1o cioco0y crniupaibHOW HAMOTKH C IOJI0-
KUTEIbHBIM MepeKpbITUEM. Yepe3 ompeaeneHHble NTPOMEXYTKH MEXKIY
CIosIMU OyMaru 3aKJIaJpIBalOTCsl KOHACHCATOPHBIE OOKIAAKU U3 epdopupo-
BaHHOU amtoMUHUEBOU (poibru Tonmuuoin 0,01 mm.

IIpu Oornee cCOBEpPIIEHHON TEXHOJOIMU NPHUMEHSETCS HAaMOTKa B JBa
ciiosi Oymaru: OJJHOTO — YUCTOTO, a APYrOr0 — C MEYaTHBIM METAJUTMYECKUM
MOKPBITUEM. 3aTEM MPOU3BOAMTCS TILATEIbHAS BaKyyMHasl CyIKa OCTOBa
BBOJIa W TOCIEAYIOIIasi MPOMUTKA JIera3upoBaHHBIM TpaHC(HOpPMATOPHBIM
MaciaoM. M30i41HMOHHBII OCTOB BBOJAa nomeniaercss B (papdopoBbie yexiibl
(BepXHASI W HIWKHSS TMOKPBIIIKK), 3aJIUThIE TPaHC(HOPMATOPHBIM MAacIIOM.
JlJis coeqHeHUs1 BEpXHEW M HIKHEW YacTeil BBOJA MCIIOIb3YETCS METaslIn-
yecKkas COeAMHUTENIbHAS BTYJIKA.

B Bepxneit wactu BBoAa (puc. 3.19) k dmaHIy Kpenutcs Macliopaciiu-
pPUTENb C yKa3aTelieM ypOBHS Maciia, KOTOPBIM MOXET CHa0KaThCsA THAPO3a-
TBOPOM ISl IPEIOTBPAILCHHS YBIQXKHEHUS Maca.
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Puc. 3.19. Konoencamopmwiii 6ymasxicHo-
macasanwiil 6600 muna BMT- 110/630:

1 — pacwupumens ¢ 2udpozameopom, 2 — mokose-
Ooywas mpyba, 3 — 8epxHsisi NOKpbluKa, 4 — uzois-
YUOHHBIU OCMO8, 5 — U3Mepumenvhvlii 6600, 6 —
MAci00mOOpHUK, 7 — COeOUHUMEbHASL 6MYIKA, 8 —
HUICHSISL NOKDPBIUKA,

9 — cmaxan

CoBpeMeHHbIE KOHCTPYKIIMM  BBOJIOB
BBITIOJTHSIFOTCSL TE€PMETUYHBIMU, YTO MO3BOJISIET M30€XaTh YBIAKHEHUS WU
OKHUCJICHHUS Macja aTMOC(PEPHBIM BO3AYXOM. Takue BBOJBI UMEIOT BCTPOCH-
Hble (BBojabl 110 — 220 xB) unu BeiHOCHBIE (BBOABI 220 KB u BbIIIE) Oaku
JaBJeHusl (KOMIIEHCATOPhI), KOTOPbIE COEAMHSIOTCS MEIHBIM TPYOOIPOBO-
JIOM JJIMHOM 3 — 6 M C BHYTPEHHEN MOJIOCTHIO BBOJIA YEPE3 COCAUHUTEIBHYIO
BTYJKY [4,5].

B nocnegnue roawsl 3aBox  «M307ATOpP» OCBOMI BBIIYCK HOBBIX
TpancopmaropHbix BBoJ0B Ha 330-500 kB ¢ xommeHcaTopoMm JaBiieHHs B
BEPXHEW YacTH BBOJA.

Hekoropbie MacioHanoJHEHHbIE BBOJIbI CHA0KEHBI MPUCTIOCOOIEHUEM
st m3mepenus Hanpstkenus (IIMH). Ins npucoeaunenus [TMH ucnonb3y-
I0TCS JIB€ YPaBHUTEIIbHBIE OOKJIAJKA CEepACUHUKA — TIOCIEIHSS 3a3eMIICHHAs
U Tpeanociensssi, koropas mnpucoeaunsercss k BoiBoay I[IMH. Otu nBe
oOKIaIKi BBOAA 0OPa3ylOT HU3KOBOJILTHOE IJIEYO €MKOCTHOrO Jenutens. B
COBPEMEHHBIX KOHCTPYKIMSAX BBOJAOB BBHIBOA Jyuisl pucoenunenus [TMH mo-
KET OBITh UCIIOJIb30BAH JIJIsI U3MEPEHUS £ O U EMKOCTH BBOJIA. JJIs1 KOHTPOJIS
KauecTBa Maciia BBOJIbI UMEIOT MAaclIOOTOOPHOE YCTPOMCTBO, PACTIOIOKEHHOE
Ha COEAMHUTEIBbHOMN BTYJIKE.
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®dapdopoBbie MOKPHIINIKKA BBOJA KOHCTPYH-
PYIOTCSL TaKUM 00pa3oM, YTOOBI MOJYYUTh HaH-
OosbIliee 3HAYEHUE PaA3PAIHBIX HANPSDKCHUN B
HKCIUTYaTallHOHHBIX YCIOBUSIX.

W3roToBienne  BBOJOB €  OYMaKHO-
MACJISTHOM M30JISIUMEH SBJSETCS CIIOXKHBIM IIPO-
1meccoM W Tpedyer OOJNBIION TIIATETHLHOCTH.
3AO0 «Abb Onexrtponzonut bymuHr» OCBOMIO
BBHIMTYCK BBICOKOBOJIbTHBIX BBOJIOB (I10 IIBEHIIAp-
ckol TexHosioruu) ¢ tBepao RIP — m3onsuument
Ha U =500 kB, I, =800 -2500 A (abcomroT-
HO CyXH€) C 3alOJIHEHHEM KOMIIAyHJOM THIIA
«Mukarenp.

RIP - wu3onsums W3roToBJ€HAa Ha OCHOBE
OyMaru, mpONUTAaHHONW B BaKyyme JMOKCHIHBIM
KoMMayHAoM. Takas u30Js1usi coueTaeT B cebe
BBICOKHE JUAJICKTPUUYECKHE XapPaKTEPUCTHUKH,
npucymuye OyMa)KHO — MAacJISIHOW HW30JSIUUHU, U
yAOOCTBO B DJKCIUTyaTallMHM, XapaKTepHOE IS
TBepaoi m3omsauuu. RIP — wm3onsuusa obnagaer

19404 20

Pu_c. 320 F'azona- BBICOKOW TEPMHUYECKOW U MEXAHUYECKOM CTOM-
nonHenHbli 6600 Ha kocThi0. Hegoctatkom BBOJ10B ¢ RIP — n3omsnu-
nanpsicenue 110 kB: €U ABJIAECTCA UX JIOCTATOYHO BBICOKAS CTOUMOCTD
1 — 3auummsiii KOAHCYX, [0 CpaBHEHHUIO ¢ OyMa)XHO — MACIISIHBIMU BBOJA-
2 — eepxnss papgopo- mu (OIP — uzomnsus).

64 NOKPLIUUKA; 3 - K- BBoabl ¢ dserazosou miouasumen. Ilpu-

pau GHympeHHutl, 4 —
HUJCHASL U30JIUPYIOWAs
noxkpviKa, 5 — 3a-
WUMHBIU KOXHCYX, 6 —

MCHCHHUC BBICOKOIIPOYHBIX TI'ada30B B Ka4YCCTBC
BHCKTpI/I‘{eCKOﬁ HU30JI0WKU II03BOJIACT CYIICCT-
BCHHO YIIPOCTHUTH KOHCTPYKOHUIO BBOJOB H

9KPAH HAPYHCHOLU, 7 — YMCHBIHINTHL UX MACCY U Fa6apI/ITI>I. Fa3, HCITIOJIb-
manomemp, 8 - 6en- 3yeMbli B KayeCTBE BHYTPEHHEN M3O0JSALNH,
mumb JOJDKEH 00JaaTh HE TOJBKO BBICOKOW 3JEKTPH-

YECKOW MPOYHOCTBHIO, HO U JOCTATOYHOW TEPMH-

YECKOM CTOMKOCTBIO, MAJIOW TOKCHUYHOCTBIO, CTOMKOCTBIO K AJIEKTPHUUECKUM
paspsijiamM, HU3KOW TeMIlepaTypoi CHKMKEHUsI, TPUEMIIEMON CTOUMOCTHIO [4].
Haubonee monHo yka3aHHbBIM TpeOOBaHMSM oOTBedaeT anera3 (SFg —
mectudropucras cepa). Jiera3 npouHee Bo3ayxa B 2,3 — 2,6 paza u He pas-
jaraercs 1o JeHCTBUEM BOJIbI, KUCIIOT, mienoyeil. [1o cBoeit HHEpTHOCTH 3iie-
ra3z OJM30K K XMMUYECKH YUCTOMY a30Ty. [l CHUIKEHUS CTOMMOCTH W3JIe-
JUH C 3JIera30BOM M3OJISIUMEN B psijie CIy4aeB MCIOJb3YIOT CMECh 3Jierasa ¢
a30TOM. JJiera3 peKOMEHIyeTCs IPUMEHSTh TOJIbKO B OJTHOPOJAHOM WU Clia-
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OOHEOTHOPOIHOM 3JIEKTPUUECKUX TMOJISIX, T.K. IPU MOHU3ALMOHHBIX MPOLIEC-
cax HaONIOAaeTcs pa3lioKEHUE 3Jerasa ¢ 0Opa30BaHHMEM BECbMa OIACHBIX
HEOOPATHUMBIX COSTMHCHHI.

OTeuecTBEHHOM MPOMBIIUIEHHOCTBIO Pa3paboTaHbl BBOJABI C 3JIETAa30BOM
U30JsI0MeN, peaHa3HadeHHble 1 yctaHoBoK B KPY (puc.3.20) Ha Hanps-
xenue 110 — 220 xB.

3.4. U30as1uMsi CWIOBBIX KOHAECHCATOPOB

Oo0wmme cBenenus. CUIOBBIE KOHIEHCATOPHI MCIIOIB3YIOTCS B LEIISX
AIIEKTPOIHEPTETUUECKUX YCTAHOBOK, TJI€ OCYILECTBISETCS MpeoOpa3oBaHUE U
nepegava OOJIbIIMX MOIIHOCTEH WM HAaKOIIEHHE OOJIBIIUX KOJUYECTB 3HEP-
ruv. OHM IPUMEHSIOTCS B CUJIOBOW JIEKTPOTEXHUKE, I YIYUYIIEHUs KO-
(¢uIMeHTa MOILHOCTH, B TEXHUKE CBSI3U, B UMITYJIbCHOM TEXHUKE, B SJEPHBIX
UCCJIEIOBAHUSIX, B AJIEKTPOPA3PSAIHBIX U IJIa3MEHHBIX TEXHOJIOTHSX.

Pacuer xoHmeHCcaTOpa 3aKII04YAaEeTCA B TOM, YTOOBI 1O 33JaHHBIM 3Haue-
HUSIM DJIEKTPUUECKUX XapaKTEPUCTUK ONPECIUTh Hanbosiee ONTUMabHbIE
pa3Mephl U CPOK CITyKObI KOHJIEHCATOpa.

3.4.1. PacyeT eMKOCTH KOHIEHCATOPOB.

OtHomenune 3apsaa (), HAKOIUIEHHOTO Ha IUIACTHHAX, K HaNpsKeHuto U,
IIPUJIOKEHHOMY K HUM, Ha3bIBAlOT EMKOCTBIO KOHJIEHCATOpA

_0
c=25.0 (3.7)

rae O —B Kn, U—-B B.
Ha nmpakTuke yacTo mojap3yroTcs €IMHUIIAMHU MEHBIIINMU, yeM (apaja.
1 ®=10° Mx® = 10"* MkMk® (D).
EmkocTs mockoro konaeHcaropa (puc.3.21, a) MOKHO ONpEennTh U3
dbopmybl
_gype-S
d

C , @ (3.8)

rae S — aKkTHBHAs IUIOWanb oOknagok (S = b-), cM*; d — TONIMMHA [IH-
AIIEKTPUKA, CM; € — OTHOCUTEJIbHAS TUAJICKTpUYEcKas MPOHUIIAEMOCTh JH-
ANEKTPHKA; €) — TUAICKTpUUECKasl MMPOHHUIIAEMOCTh Bakyyma, @/cm; b u [ —
HIMPUHA U JUTMHA OOKJIA/IKH, CM.
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€ = ;“ =0,00885-107"" d/cm. (3.9)
41-9-10

EMkocTh munmmHIpuieckoro konaeHncaropa (puc. 3.21, 6) onpenemnsiercs
o gopmyiie
_ 2m-gpe-l

ln&

1

C D (3.10)

rae [ — akTUBHAs JJIMHA 00KJIAJIOK, CM;

R}, R, — BHYTpEHHUN U HAPYKHBIN PaIUyChl DJIEKTPOJOB COOTBETCT-
BEHHO, CM.

IIpy ucronb30BaHUM TOHKHUX JUAIEKTPUKOB, IIOCTABIISIEMBIX B PYJIOHAX
(xoHneHcaTOpHast Oymara, IUIEHKH), JIs OTy4eHHs OOJIbIINX 3HAYEHUN eM-
KOCTH IPUMEHSETCS cnMpanbHas HamoTka (puc. 3.22). B sToMm citydae pabo-
TaIOT 00€ JIEHTHI JUAJIEKTPUKA U eMKOCTb KOHJIEHCATOPa

C:2-O,0885-%:0,177-8'2'Z , D (3.11)

rae b u [ — mmpuHa U amuHa GONIbrd, cM; d — TOJIIMHA TUAJIEKTPUKA,

RlJiqz

CM.

a) 0)
Puc. 3.21. K onpedenenuio emxocmu KoHOeHCamopa.
a — NIOCKULl KOHOeHCcamop, 6 - YUTUHOPUYECKULl KOHOEHCamop

[IpumeHeHune cekumii Co CIUPAIbHONM HAMOTKOM IO3BOJISIET 3HAYUTENb-
HO COKPAaTHTh PAcXO0J aIFOMUHUEBON (DOIBIM MPU MPOU3BOJICTBE KOHJICHCA-
TopoB. CeKIMyu HaMaTHIBAIOT HAa CHEIUANIBHBIX CTAHKAX JIMOO HA IUIUHAPHU-
YECKYIO OIPaBKY U IOCJE CHATHUS C ONPaBKH MPECCYIOT (IJIOCKOMPECCOBAH-
Has CEeKIHUs), MO0 Ha KECTKUU H3OJISIIUOHHBIN NUIUHIP (UINHIpUYECKas
CEKIIHS).
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BymMara OBKnanku

JaxpauHa

Puc. 3.22. Dckuz cexyuu co cnupanvbHot HAMOMKOU.
Ho — ouamemp onpasxu; Ab — wupuna 3axkpaursl

3.4.2. XapaKkTepUCTHKHA OCHOBHBIX MATepPHAJIOB, IPUMEHSIEMbIX B
BbICOKOBOJIbTHBIX KOHAECHCATOPAX

B TexHMKe CUIIbHBIX TOKOB U BBICOKMX HANPSKEHUIM, a TAaKKe B dHEpTe-
TUYECKUX YCTAHOBKAX JIJISl MOBBIMICHUS KOA()PUIIMEHTa MOITHOCTH UCIIOJIb-
3YIOTCSI KOHJEHCATOphl C OYMa)KHOM H30JISLUEH, MPONUTAHHOM MUHEpaIIb-
HBIM (KOHJICHCATOPHBIM) MAacCJOM, JKUIKOCTSIMU PACTUTEIHHOTO MPOUCXOXK-
neHus (KacTOpOBOE MAC]O — JUIsi UMITYJIbCHBIX KOHJIEHCATOPOB) WJIM CHHTE-
TUYECKUMH KHUJIKOCTAMHU (COBOJI, COBTOJ, TPUXJIOpAUGEHWI, (EHUITKCUIU-
3TaH u ap.) [2].

JIOCTOMHCTBaMHU XJIOPUPOBAHHBIX Je(PUHUIOB (COBOJ, COBTOJ, TpH-
XJIOPAUGUHWIOB) SIBJISIFOTCS 00Jie€ BBICOKHE €, MOBBIIIEHHAS CTOWKOCTh K
BO3JICUCTBUIO YaCTHUYHBIX Pa3psiioB, HeroprouecTb. OJIHAKO 3TU KUIKOCTH
SBJIIIOTCS. TOKCMYHBIMUA M JKOJIOTMUECKH omnacHbiMU. [losTomy MacmitaObl
MPUMEHEHUST XJIOPUPOBAHHBIX Ne(OUHUIIOB COKPAIAIOTCS M MX 3aMEHSIOT Ha
0osee O6e3omacHbIC KUAKOCTH (MUOYTUI(TUIAT, PEHUIKCUIIIAITAH U Jp.).

JUIs U3rOTOBJIEHUSI TAKMX KOHJIEHCATOPOB OOBIYHO MCIOJB3YETCS] KOH-
neHcaropHas Oymara. KonneHcaTopHas Oymara oTJIM4YaeTcs BecbMa Malloi
ToNHUHON (5 — 30 MKM), BBICOKOH MJIOTHOCTBIO U HEOOJIBIIIUM COJIEPKAHUEM
HEOpPraHWYeCKuX 3arps3HeHuil. OTeuecTBeHHass OyMara BBIITYCKaeTCs JBYX
BUJIOB: 00bIYHAsl KOHJIeHcaTopHas Oymara — KOH u Oymara ¢ yiy4diieHHbIMU
muanekTpuueckumu cBorictBamu — CUJIKOH. OGbiunyro Oymary u3roras-
JIMBAOT 1BYX Mapok mo mwiotoctr: KOH — I (¢ = 2,2) miorHOCTBIO | T/CM
1 KOH — II (g = 2,9) motHocThiO 1,2 r/em’. Yiyumrennas 6ymara CUJIKOH
uMmeeT miIoTHocTh 0,8; 1,0 m 1,2 /e’
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B nocnennee Bpems i yIydllleHUs XapaKTePUCTUK UAJIEKTpUKa (TI0-
BBIIIECHUS 3JEKTPUUYECKON MPOYHOCTH M HANPSKEHUS Hadyala YaCTUYHBIX
pa3psAI0B, YMEHBIICHUS AUDJICKTPUUYECKUX IMOTEPh) MCIOIB3YIOT KOMOWHH-
POBaHHYI0 OYMa)KHO-TUICHOYHYIO H30JSIIMI0. B 3TOM ciiydae OymaxHbIe
CJIOW BBITIOJHSIOT PObh (DUTHIISA, KOTOPBHIA BTATHBACT MPOMUTHIBAIOITYIO
KUJKOCTh B MPOCIIOMKU MEXIY TUICHKaMH U 00€CeYrBAET XOPOIIYIO MPo-
MUTKY U OTCYTCTBHE I'a30BbIX BKJIIOUCHUHN B U30JISIIIUU.

N3 nmonuMepHBIX MICHOK JJii KOHJIEHCATOPOB MPOMBIILJICHHONW U TOBBI-
meHHo# 9acToThl (1o 10 kI'1) npuMeHsAeTCs MOJUIPONMIEHOBAs TICHKA (£,
=180 — 190 kB/MM; tg 8 = (2 — 3)-10™; & = 2,25) u U1 UMITYJIbCHBIX KOH-
JEHCAaTOpOB — MOJMITHIEHTepe(IaTHas (JlaBcaHOBasA) IeHKa (E,, = 160
kB/MM; tg & = (4 —20)-107; £ =3,2).

B kauecTBe 00KJIaJI0K B KOHAEHCATOPaX Yallle BCETO UCIOJIb3YETCS Me-
TajuM4eckasi QoJibra U3 allOMUHUS TOJIIMHON do = 7 — 12 mxMm. s nepe-
MBIUYEK MEXAY CEKIUMSMU U JIJIsl BHIBOJOB KOHJIEHCATOpA MPUMEHSETCS MEl-
Has Qosbra TommuHOoM 0,3 — 0,5 MMm.

JIJist U3rOTOBJICHUS IIEK, XOMYTOB M KOPITYCOB KOHJIEHCATOPOB UCIOJIb-
3YIOT OTOXGKEHHYIO M MPOTPABICHHYIO (711 yIAJICHHUs] OKAJIWHBI) TOHKOJIU-
CTOBYIO CTaJIb TONIINHOMN 1 — 2 MM, Ha3bIBAEMYIO JI€KATUPOBAHHOM.

JI71s1 U3roTOBIEHUS KOHIAEHCATOPOB B M30JISLIMOHHOM KOPITYyCE HCIOJIb-
syetcs hapdop, OakeauT, BUHUIIIACT, CTEKJIOIIACTHK U JPYTHUE MaTePHUATTBI.

3.4.3. OCHOBBI JIEKTPHYECKOI0 pacuyera
KOCHHYCHBIX KOHJIEHCATOPOB

DJIEKTPUYECKUNA pacyeT KOHJEHCATOPOB CBOJAWUTCS K HAXOXKICHHUIO O-
IIyCKAa€MbIX 3HAYEHHMH HANPSKCHHOCTH IIPH JIIUTENBHOM (Ep5) M KpaTKoO-
BPEMEHHOM (£¢;) BO3AECHCTBUN HANIPSKEHUS.

3areM oIpenessseTcs 1Ba 3Ha4CHMsI TOJIIIMHBI JUJICKTPUKa

U
d, =—2C n d, = Yuen (3.12)
E. . E

pa uct

U BbIOMpaeTcs HauOoJbIIee.

B OonpmmHCTBE CiiydaeB pacdeT BEAYyT Ha JUIMTEIbHYIO pa0OTy KOH-
J€HCATopa, T.€. ONPENENAOT Epys, 10 HEMY HaXOIAT TOJNIIMHY JUIIEKTPHKA,
a 3aTeM ONPENEISIOT HCTIBITATEIbHYI0 HANPSHKEHHOCTh E,;, COOTBETCTBYIO-
YO TAaHHOHW TOJIITMHE W 3aJaHHOMY HCITBITATEIIbBHOMY HANPSDKCHHUIO Ul

E,,=K -E (3.13)

pab >
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rae K, — ko3pUIHUEHT, YYUTHIBAIONIUN HEBBISIBICHHBIC ACPEKTHI MpU
KpPaTKOBPEMEHHOM MCIBITAHUM TU3JIEKTPUKA KoHJeHcaTopa (K = 1,5 + 3,0).

CrnenyeT UMETh B BHY, UTO DJCKTpUUYECKasi MPOYHOCTH CIOMCTON H30-
JISIUUM 3aBUCUT OT TOJIIIMHBI WIM YKCJIA JIUCTOB B AUAJIEKTpUKeE (puc. 3.23).
[Tpu manbix TommuHax Ey, yBEIUYUBAECTCA C POCTOM YHCJIA CJIOEB HU3O0JIALNN
BCJICAICTBUE TEPEKPBITUS «CIA0BIX MECT» MPOYHBIMHU CIOSAMH HU30JSIUH, a
3aTeM C JaJIbHEHIIMM POCTOM TOJIIMHBI U30JISIIIUN AUAJIEKTPUKOB HAYMHAET
NPOSBIATECA KpaeBoil d(dekT u £, cHrxkaercs. BeaeacTBue U3n0KeHHOIo
MexXaHu3Ma Ey, = f(d) iMeeT MakCUMyM IIpU ONIPEJEICHHON TOJIIUHE H30JIA-

LUU CEKLHUU dyyy.

220 \

180 N

7110 4 \

100
/

60

~L

dC

20 40 60 80 mxm
Puc. 3.23. 3asucumocms npobusrnoii nanpsiceHnocmu oymasicHoco (1)
U OYMAIHCHO — NAEHOUHO20 (2) OUINIeKMPUKO8
om MONUWUHBL UZOAAYUU (MPONUMKA MPUXTOPOUDEHUTIOM)

OObBIYHO TOMIIMHA OYMaXHOTO TUANIeKTpuKa coctaBisieT 50 — 60 Mxm (5
— 6 cnoeB Oymaru mpu Toimmee jucta 10 Mxm), a TommuHa OyMa)XHO-
MJICHOYHOTO JUAJIEKTpUKa cocTaBisger 25+35 MmkM. Pabouee HampspkeHue
CEKLIUU KOHJIEHCATOpa onpenensercs no popmyse

Upas, = Epas - de. (3.14)

rne d. — TOJIIKWHA U30JISLHUN B CEKIINU.
Cekuu BBIMOIHAIOTCA MO0 cO CKpBITOH (puc. 3.24, a), mubo ¢ BBICTY-
natomieit (puc. 3.24, 6 ) ponbroii.
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KoHncTpykuus ¢ BbIcTynaromei Goabroi NpuMeHseTcs Uil yIyqIleHus
TEIUIOOTBOJA, @ B HEKOTOPBIX CIIy4asX — Ui YMEHBIICHUS WHIYKTUBHOCTH
UMIYJBCHBIX KOHJEHCATOpoB. BriOpaB BwicOTYy cekuuu /. (h. = 8+15 mm),
MO>KHO HAaWTH YHMCIIO BUTKOB IPU HAMOTKE CEKLUU

ne— e (3.15)
X(d, +dy)

b Al & |

e e e
KR,
SR

e e e
R M MR ]
S S S

I,-‘f

a) 0)
Puc. 3.24. Cnocobvl Hamomxu KOHOEHCamopHvIX CeKYUll

3Has rabapuTHBIE pa3Mephbl CEKIMHU, JIETKO OMNpPENeNUTh TrabapUTHBIC
pa3Mephl MaKeTa CeKIUHU KOHJIEHCATOpa U KOpIyca KOHJIEHCATOPa B LIEJIOM.

JUisi KOHZIEHCAaTOpOB, pabOTAIOIIMX B YCIOBUSX MOBBIIIEHHOTO TEILIO-
BBIJICJICHUS B AKTUBHOM JIURJIEKTPUKE (KOCMHYCHbBIE KOH/IEHCATOPHI, KOHJIEH-
CaTophl AJIA DJIEKTPOTEPMHUUECKUX YCTAHOBOK, UMITYJIbCHbBIE KOHJEHCATOPHI C
OOJIBIION YaCTOTOM CleAOBaHUS MUMIYJIbCOB U Jp.), HEOOXOIUMO MPOBECTH
TEIJIOBOW pacyeT C LENbI0 ONPEACIICHNs TEMIEpaTyphbl HarpeBa €ro mo ot-
HOILIEHUIO K TEMIIEPATYPE OKPYKAIOLIEH CPEIbI.

JIJist KOHJIEHCATOPOB ¢ OYMa)KHO — MACIISTHOW U30JISIUEN MaKCUMAaJIbHO
JOoMycTAMasi Temiieparypa coctaisier 65-70°C, a it KOHIEHCATOPOB C
MPOITUTKOM XJIOPIU(EHIIOM HIH KacTOpOoBbIM MacioMm — 90 — 95° C, uto co-
OTBETCTBYET MAKCUMAJIbHO JIONYCTHMOMY N€penaay TeMIepaTypbl MEXIy
LEHTPAJIBHOM TOYKOM MaKeTa CEKLUM f, M OKpYKaromiei cpemoit 25 — 30° C
1 50-55°C COOTBETCTBEHHO IIPH TEMIIEPATYPE OKpYKaromei cpenst 1,=40° C.

3.5. U30asauust TpaHC(POPMATOPOB BHICOKOT0 HATIPSKEHU I

['maBHO# (TIONIEPEYHOM) MBOMIAIMEH SABISCTCS U3OJALMSI MEXKIYy OOMOT-
KaMH BBICOKOTO ¥ HM3KOT'O HAIpPsHKEHUS, a TAaKKe MEXITy OOMOTKaMH U Cep-
JICYHUKOM MAarHUTOIIPOBOJIA, IPMOM M METANTMYECKUM OakoM TpaHcgopma-
TOpa.

ButkoBo# (Mpo1075HOM) U30JISAIMEN HA3bIBAETCS U30JISIIIUAS MEK]TY BUT-
KaMU KaTyIIeK JaHHOW OOMOTKH, U30JSIUS MEXKAY KaTyIIKAMH U CIIOSIMH.
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Jiis  TpanchopmMaTOpoB HApY>KHOM YCTAaHOBKH CJEIYET pa3inyarh
BHEIIHIOIO M BHYTPEHHIOK W3OJSLMIO. BHEmHSs M30741us (BO3IyILIHBIC
MPOMEKYTKHA MEX]Ty BHIBOAAMH 1 0aKOM, MEK/y BBIBOJIAMH PA3IMYHBIX (a3,
a Taxke BIOJb (PapopoBBIX MOKPHIIIIEK BBOJOB) BHIOUPAETCS IO MOKPOpPa3-
PAHOMY U UMITYJIbCHOMY Pa3psiTHOMY HaIpPsHKEHUIO, a BHYTPEHHSIS U30J1s-
1IMsI BEIOMPAETCS C 3aMacoM MPOYHOCTU MO OTHOIICHUIO K BHEIIHEW U30JIs-
uuu (Kiyp = 1,2), 4TOOBI HE TPOUCXOIUIIO €€ MOBPEKICHUS ITPU BO3ACHCTBUM
CYyXOpa3psIHOTO HANPSIKEHUS BHEITHEN U30JISIINY.

B rnaBHo# uzonsuuu TpaHchOpMaTOPOB UCHOJB3YIOTCS: TpaHcpopma-
TOPHOE Macllo, AJEKTPOKAPTOH (JUCTOBOM, PYJIOHHBIN), T€THHAKC, TEKCTO-
JIUT, JIeTbTa — JApeBecHMHA. B ra3oHanoiHeHHbIX TpaHchopMaTopax HCIOJb-
3YIOTCSI BBICOKOIIPOYHBIE T'a3bl.

JIJ1st MeXCI10eBOM M BUTKOBOM M30JIALIMM UCIIOJIb3YIOT KAOCIbHYIO U Te-
nedoHHy0 Oymary, MpOMHUTAHHYIO MAacCJOM, pa3JIMYHble BUJbI JAKOTKAHEH
(xmomuaroOyMakHbIe, MIETKOBBIE, KumepHbie). [llnpoko mpumensieTcs sma-
JIeBasi U30JISIUS, a TAKXKE CTEKJIOBOJIOKHO, TPOMUTAHHOE KPEMHUMOpraHnye-
CKHMHU JIaKaMH, 3TMIOKCUHAS CMOJIA.

3.5.1. M3oas1uust TpaHcGopMaTOPOB TOKA

TpancdopmaTopbl TOKa ciyxat i MpeoOpa3oBaHUs U3MEPSIEMOTO TO-
Ka J10 BEJIMYUHBI, TONMYCKAIOIIEH MOJKIIOUEHNE U3MEPUTENIBHBIX TPUOOPOB U
anrapaToB 3alIUThI.

B 3aBUCMMOCTM OT HOMUHAJIBHBIX ITApaMETPOB, KOHCTPYKTUBHOI'O HC-
IIOJIHEHHSI M MECTa YCTAHOBKM MOXKHO BBIJICIUTH CJIIEIYIOLIME THUIIBI TPAHC-
(opMaTOpOB TOKA: KaTyLIEUHbIE, BTYJIOYHbIE, IPOXOAHbIE, IIMHHbIE, OAKO-
Bble (3BeHbEBBIE). [lepeuncnennbie TpaHchopMaTopbl, KPOME 3BEHBEBBIX, U3-
rOTaBJIMBAOTCSA B cyxoM ucnoysiHeHuH A0 20 xB. I'maBHas m3onsuus Takux
TpaHcOpPMaATOPOB TOKA MPEACTABISAET U3 cedsl uepeayromuecs ciou dapdo-
pa u Bo3ayxa. Jlis yCcuineHus N300 UU IPOU3BOJUTCS] YCTAHOBKA CIIELMAIIb-
HBIX M30JIALIMOHHBIX 0apbepoB. bobiloe pacnpocTpaHEeHUE MOIYYHIA CYyXUe
TpaHcopMaTOpbl TOKA C JTUTON M MPECCOBAHHON M30JIALIUEH.

[IpumeHneHre Takoil M30JSAUHU TO3BOJISET U3rOTAaBINBATh TpaHChOopMa-
TOPBI TOKa Ha HanpsbkeHue 110 kB u Boime. [[ns ynydmenus pacnpeneneHust
HaNpsHDKEHUs] B KOHCTPYKLMK TpaHchopmaTopa TOKa MCIOJIb3YIOTCS KOHJIEH-
caTopHble 0Oknaaku. TpaHncgopmMaTopsl TOKa ¢ JUTOM U MPECCOBAHHOM H30-
JSIMER NMEI0T MEHbIINE rabapuThl, XOpOIIMKA TOBapHbIi BUA [3].
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J{nst Hapy»KHOW ycTaHOBKM Ha Hamnpsikenue 35 — 500 kB npumenstotcs
Tpanchopmaropsl Toka Tuna TOH 3BeHbeBOTO THITA ¢ OyMakKHO — MACIISTHOU
n3oJsnueit B hapdopoBom kopiryce (puc. 3.25).

Puc. 3.25. Tpancgopma-
Mmop MOKa 36eHbe8020
muna:

1 — nepeuunas obmomxka,

2 — emopuuHas 0OMomKa;
3 —kopnyc, 4 — mpancgop-

MAMONHOE MACTO

['maBHast u3onAIMs Takux TpaHchopma-
TOPOB HAa3bIBACTCS JIBYXCTYIEHUATON (HA Ka-
KIYI0 OOMOTKY HaKJIAIbIBACTCS IOJIOBUHA
PacUYeTHOW TOJIIIUHBI W3OJIAIHUH), YTO TT03BO-
JSET YIAYYIIUTh YCIIOBUS TEIJIOOTBOJA M IIO-
BBICUTh YCTOHYMBOCTH H3OJISIIIUM K TEIJIOBO-
My IpoOOI0.

Ha nanpsokenue Bpime 220 kB tpanc-
dbopMaTopsl TOKa 3BEHBEBOI'O THIA HM3TOTaB-
JUBAIOTCA B BHUJE Kackaaa (puc. 3.26) u3 He-
CKOJbKUX (0OBIUHO HEe Oojiee JBYX) TpaHC-
(dbopMaToOpoB, KaXKIbI U3 KOTOPHIX pacCUUTaH
Ha MEHBIIIEE HOMHUHAIBHOE HANIPSHKCHHE.

D¢ GDHEeKTUBHBIM CIIOCOOOM  YMEHBIIIEHHUS
rabapuToB, pacxoja MaTepHaloB U Beca
TpaHnchopMaTopa TOKa Ha BHICOKUE HaIpshKe-
Huga (110 — 500 xB) siBnsieTcss mpuUMEHEHHE

OJIHOCTYIIEHUaTOM OyMa)KHO — MaCJSIHOM KOHJeHCAaTOpHOUM u3ossiiuu. Onpe-
JIeJICHUE TOJIIIUHBI OyMaXHOW M30JISLUKU BEACTCS aHAJIOTMYHO pacyeTy BBO-
JIOB C KOHJICHCATOpPHOU OyMa)KHO — MacisiHOW u3osisiiuedd. B kauectBe mep-
BUYHOU OOMOTKHM TakKuX TpaHC(HOPMATOPOB HCIOIb3YyeTCsl Kabelb ¢ Oymaxk-
HOM M30JISIMEeN U KOHJEHCATOPHBIMU OOKJIaKaMH.

Puc. 3.26. Kackaonoe coedunenue mpancgpopmamopos moka
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3.5.2. M30as1ums Tpancgopmaro-
POB HaNPSIKEHUS

8
12270757797, cdrrstpsrseetrizd

Tpancopmaropsl HaIpsHKEHUS
OpelHa3Ha4YeHbl i1 [peoOpa3oBaHUs
BBICOKOIO HAIPSDKEHUSI CETU JI0 BEJu-
YUHBI, TO3BOJISIIOLIEN MPOU3BOJIUTH M3-
MEpeHHe OOBIYHBIMH H3MEPUTEIBHBIMU
npudopamu.

Tpanchopmatopsl HaIpPsHKEHUS
MOTYT OBITh B CyXOM (BO31yIIHasl, ra3o-
Bas, JIUTasi M3OJSMsA) U MACIsSTHOM HC-
MOJIHEHUU.

[Ipu Hanpsikenuu Bbilie 35 kB uc-
IOJIB3YIOTCSl KAaCKaJHbIE CXEMBbI COEIU-

-
" \A\\\\\\\\\_\\ ~

N

Puc. 3.27. Cxema enasnou uzonayuu:
MPanchopmamopos HanpPAHCeHUsL Ha

35 kB

1- cepoeuHuk macHumonpogooa,

2 — u3onAYUOHHBIL YUAUHOD, 3 — 00- HEHHs 10 THIy KacCKaJHbIX TpaHcdop-
MOMKA HUZKO20 HANPANCEHUSL, MaTopoB Toka. B Tpancdopmaropax Ha-
4 — UB0NAYUOHHBII YUTUHOD, npsokeHust Ha 6 — 35 kB rimaBHOW H3051s1-

5 — 00MOMKa 6bICOKO20 HANPANCENUA,  [ryiefi SBIACTCA MAcIO B COYETAHHU C
0 —mexcoyasnas nepe2opooxa; OWIMHAPUYECKUMHA WU  TUIOCKUMU
7 — UBOJIAUUOHHBLU WUMOK; 8 — ADMO

O6apnrepamu (puc. 3.27). Jlyis BbIpaBHU-

BaHUS HAIpPsDKEHUs] BIOJIb OOMOTKH B
Tpancopmaropax 6 — 10 kB u BbIIIIE, € 1IETBI0 YMEHBIIICHUS MEKBUTKOBBIX
HaIpsKEHHUM, TPUMEHSIIOTCS. SKpaHbl U3 pa3pe3HbIX Kousel. s 3amuTel OT
IpaJIMeHTHBIX MepeHanpsHKeHnil B TpancopmaTopax Hampsbkenust Ha 35 kB
0 JIB€ KaTYIIKU C 000MX KOHIIOB OOMOTKH BBITIOJHSIOT C YCUJICHHON HU30JI51-
rueii. OOMOTKU BBICOKOTO HAIPSKEHUSI MOTYT BBITIOJIHATHCS KaK CIIOEBBIMH,
TaK U HEMPEPHIBHBIMU KaTYIICYHBIMHU.

3.5.3 U3oasiuus CUI0BBIX TPaHCGOPMATOPOB

[To KOHCTPYKTHBHOMY HCIIOTHEHHUIO W3OJSIMS CHUJIOBBIX TpaHchopMa-
TOpOB 110 35 kKB He uMeeT NMPUHIMITHAIBHBIX OTIMYUN OT U3OJSALMU TPAHC-
dbopmaropoB HanpskeHus [3].

OcoOEHHOCTBIO TJIaBHOW M30JIALIMH BBICOKOBOJIBTHBIX OOMOTOK TpaHC-
dbopmaropoB Ha Hanpspkenue 110 kB u Bblle SBiIsieTCsl HATUYUE HE OJTHOTO,
a HECKOJIbKMX M30JSIMOHHBIX IIMIMHIPOB (pUC. 3.28), KOJIUYECTBO KOTOPHIX
3aBUCUT OT HOMUHAJIBHOTO HANPsKEeHUs TpaHchopmaTopa.

Heorwemiiemoii yacThio miiaBHOM u3oJsnuu Tpanchopmaropos 110 kB
U BBIIIE SIBJISIFOTCS YIJIOBBIE IIAMOBI 2, KOTOPBIE MPEACTABISIIOT CO00M KOJIb-
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neBbie I — oOpasHbie Oapbephl, 3aTPyAHSIONINE PA3BUTHE Pa3psAI0B ¢ TOpIa
0OMOTKH Ha SpMO MarHUTOIIPOBO/IA.

W3onsmusa Mexay oOMoTKamu pasnudHbix (a3 TpaHchopmaropa ocy-
MIECTBIISIETCS C TOMOIIBIO TWIOCKHUX [ — 0Opa3Hbie 6apbepoB — MeX My (ha3HBIX
MIEPETOPOJIOK 3 M3 AJIEKTpPOKapToHA. SIpMoBas
30U 4 MOXKET COCTOSATh M3 HECKOJIBKHX
JIMCTOB 3JIEKTPOKAPTOHA.

Jyst BBIpaBHUBAHUS PACTIPEICIICHHS DIICK-
TPUYECKOTO IO Ha TIEPBBIX KaTylIKaX |
YMEHBIIICHUSI TPAJUEHTHBIX IepeHaAINPsKECHUI
UCIIOJIb3YETCS Pa3pe3HOe €eMKOCTHOE KOJIBIIO S,
MPUCOSAMHEHHOE K Hadally BBICOKOBOJIbTHBIX
0OMOTOK.

O6motka Ha 110 xB BeImomHSETCS U3 HE-
NPEPBHIBHOM YacTH M BXOJHBIX JHCKOBBIX Ka-
Puc. 3. 28. Cxema enagnoii  TyHIEK 6 (10 BE KaTYIIKM ¢ KaXJA0TO KOHIIA) €

B84
fpasa  2asa

UBONAYUU CUTLOBO20 JOTIOJTHATEIIPHOW OyMakHO#M m3ossiiuen. Hus-
mpancpopmamopa na 110 KOBOJIbTHAI OOMOTKAa HMMEET W3OS0 OT
KB ¢ 6bi6000M Ha KoHYe CTEpXHS MAarHUTONPOBOJA B BUAE M3OJSALIMOH-
oomomku (6apuanm): Horo nunuHApa 7. B TpancdopmaTopax ¢ 3a-
1 — usonayuonnvie yununo-  senrepnoM HefiTpanbio Ha 220 KB 1 BbIITe, Kak

pul,; 2 — yenosgule waiiovl, 3 —
Medicoygaznbie nepe2opooKu,
4 — apmosas uzonsayus; 5 —

MPaBUJIO, BBICOKOBOJBTHBIE OOMOTKH COCTOST
U3 JIByX BETBEH C BBOJIOM BBICOKOTO HaIpsDKe-
HUS B CepeANHY OOMOTKH. DJIEKTPUUECKOE IO-
Jie B cepenruHe 0OMOTKH IIPHU 3TOM 0oJiee paBHOMEPHOE, YeM Ha KOHIaX, 4TO
MO3BOJISIET MPUMEHATH OOJIETYCHHYIO U3OJSIUI0 MEXAY BUTKAMH OOMOTKH.
B koHIle 0OMOTKH TI0JIe XOTS U OCTAETCSI PE3KOHEOTHOPOIHBIM, HO HEBBICO-
KO€ 3HAYEHHE IMOTEHUMAaNTa OTHOCUTEIBHO 3€MIIM MO3BOJIIET OTHOCHUTEIBHO
JIETKO PEUIUTh MPOoOJIeMy U30JSAIHUHU TOpiia 0OMOTKHU OT sjpMa MarHUTOIPOBO-
na. Konipl 06enx BeTBeH BHICOKOBOJIBTHBIX OOMOTOK OOBEAMHSIOTCS B HEM-
Tpajib. MHOTHE COBPEMEHHBIE KOHCTPYKIIUU CUJIOBBIX TpaHC(HOPMATOPOB U3-
TOTaBJIMBAIOTCS ¢ KaOCIHbHBIMU BBOJIAMH HAIPSKEHUSI, UTO MO3BOJIIET OTKa-
3aTbCsl OT NMPUMEHEHMS] Hapy>KHOW M30JSIMM (BBOJBI TpaHchopmaropa) u
YMEHBIINTH Tabaputsl Tpanchopmaropos [1,3]. i cumoBbix Tpanchopma-
TOpPOB HCTBbITATENbHOE Hanpsbkenue, B coorBerctBuu ¢ [OCT 1516 — 76, 60-
jiee, 4eM B 2 pa3a MpEeBHIIIAET HOMUHAIIBHOE.

3.5.4. M30/15111Ms1 HCHIBITATEJIbHBIX TPAHC()OPMATOPOB

Cyxue wucnhbITaTelbHbIE TpaHCHOPMATOPHI C BO3AYIIHOW H30JISIIUEH
(6e3 xopmyca) M3roTaBIUBAIOTCS 11 BHYTPEHHEW ycTaHOBKH. OHH HMEIOT
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3HAYUTEIbHBbIE Ta0apUTHI, HETpaHCTIOPTabenbHbI, X 00muii Bec Ha 20—40 %
MEHBIIIE, YeM Y MACJISTHBIX TPaHCPOPMATOPOB.

WcnbiTatenbapie TpaHCHOPMATOPHI C M3OJSAIUMEN O/ JaBICHUEM Tas3a
MOKA HE MOJYYIIH MHPOKOTO PACIPOCTPAHEHHS.

HaunGomnbmee pacnpocTpaHeHUE TMONYYIIIH MACIISTHBIE WCIIBITATEIbHBIC
tpanchopmarops! Tua MOM (ucnbITaTenbHbIA, 01HO(PA3HBIN, MACIISTHBIN).

['maBHOV OCOOEHHOCTBHIO HMCTBITATEIBHBIX TPAHC(HOPMATOPOB SIBISETCS
HEBBICOKMH KOA(DPUIIUEHT 3araca dIeKTPUUECKON MPOUYHOCTH, YTO MO3BOJIS-
€T M3roTaBIWBaTh TpaHCHOPMATOPHI C OOJErYCHHON M3OJSIUEH U CHU3UTH
ux rabaputbl. M30s11usl UCTIBITATEIbHBIX TPAaHC(HOPMATOPOB HCIBITHIBACTCS
BBICOKUM HamnpspkenueM Uy, = (1,1 — 1,4) U, npuyeM HUCIBITaTeIbHOE Ha-
MPSKEHUE CTPOrO0 HE HOPMUPYETCH.

Huskuii ypoBeHb M30JIAIIMH HCHBITATEIBHBIX TpaHCGHOPMATOPOB 00Y-
CJIOBJIEH KPATKOBPEMEHHBIM PEXXUMOM padoThl. JJTUTEIHHOCTh OONBIIMHCTBA
UCIIBITAaHUI BRICOKMM HANPSDKEHHE COCTaBIIsIeT He OoJiee 3 — 5 MUH., puyemM
4acTO MPU HANPSIKEHUAX HUKE HOMUHAIBHOTO.

WcnbrTatenbapie TpaHCPOPMATOPHI, KaK MPaBUIIO, PabOTAIOT B 3aKPhI-
ThIX ToOMeneHusX. [103ToMy BBOJIbI MOTYT OBITh pacCuMTaHbl Ha BO3ACHCT-
Bue U,. K Takum TpancdopmaTopaM npeapsBIsSIOTCS MEHBIIINE TPEOOBAHUS B
OTHOILIEHUH HAJEKHOCTH PabOTHI MO CPAaBHEHUIO C CUIJIOBBIMU TpaHc(opma-
TOpamu, T.K. BBIXOJ[ U3 CTPOS HCHBITATEJIHLHOTO TpaHCc(opMaTropa CBsI3aH C
MEHBIIINM YIIepOOM.

3.6. U30usus1 CHJIOBBIX KaleJiell BBICOKOT0 HANIPSAKeHHU s

OO0mue cBeaeHHsi. DICKTPUUYCCKUM KabeneM (WU MpocTo Kabeiem)
HA3bIBACTCS OJJHA WJIM HECKOJIBKO W30JMPOBAHHBIX TOKOBEAYIIUX >KUJ, 3a-
KITFOUEHHBIX B TEPMETHUHYIO 000JI0UYKY, MOBEPX KOTOPOM MOTYT OBITH HAJIO-
YKEHBI 3aIUTHBIC TOKPOBBI. CHUIIOBBIE KaOeau MpeaHa3HAYEHBI I TIepe1adn
U pacrmpeieNieHus JJIEKTPUUECKOW DHEPruu B YCIOBUSX, KOTJA MPOKIAJKA
BO3JYILIHBIX JIMHUI OKa3bIBAETCS TPYAHOBBIMOIHUMOW WM HEBO3MOXKHOM,
HSKOHOMUYECKU HEBBITOJHOW WM HEXENATeIbHOW MO 3CTETUYECKUM, MPUPO-
JIOOXPAHHBIM U JIPyTUM cooOpaxeHusiM. [loaTomy kabeiabHble JTUHUU TMPO-
KJIQJIBIBAIOTCS B TOPOJIaX, HA TEPPUTOPUM MPEANPUITHI, MPU MEPECCUCHUU
pPEeK, MOPCKHUX MPOJUBOB. [[mnHa kabenpHbIX JIMHUHN yarie coctasiuser 0,5 — 1
KM 1 pexe 5 — 10 kM u Oonee. OcHoéHas npuvuna, nPensAmMCcmeyIouias co3-
OaHuI0 OJIUHHBIX KAOEAbHBIX JUHUN, COCOUmM 6 mom, umo 1 km makoi
aunuu 6 10— 20 pa3 oopoosice 6030yutHoil TuHUU.

OCHOBHBIM KOHCTPYKTHBHBIM 3JIEMEHTOM KaOessi sIBJIIETCS TOKOBEIY-
mas xwia (TBXX) kpyrioi, cerMeHTHOM WM CEKTOPHOM (OpMBI, U3TOTOB-
JICHHOW W3 MeIM WU aloMuHus (pexe u3 oumeramna). Jns obecrieueHus
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ruOkocTu kabens ¢ 6onbmuM ceueHueM TBIK ckpyuuBaroTcs U3 OTIENbHBIX
npoBosiok. Ha »xuimy HakiaapIBaeTCsl M30JLUS B BUJAE MPOINUTAaHHBIX Oy-
Ma)XHbIX JICHT U3 KaOenpHOM OyMmaru, pe3suHbl WM Ijlactmacc. B kauectse
U30JISIIMA CUJIOBBIX KaOeseil MOryT ObITh HCIIOJIb30BAHBI BBICOKOIIPOYHBIE
ra3pl. 1loBepx HM30JSIMM HAKIIABIBAOTCS 3AIUTHBIE CBUHLIOBBIC WJIH AJIO-
MUHUEBBIE O00JIOUKH, a TaKKe 000JIOYKHA HA OCHOBE PE3MHBI WM IJIACTMACC
(MOAMATHIIEH, MONUXJIOPBUHMI). JJ11 BhIpaBHHUBAHUS TOJA («HETJIAIKOCThY
YKWJT) U TOBBIIIECHUST HanpspkeHust noHu3anuu Ha TBXK u Ha HapyxHYIO MO-
BEPXHOCTh M30JSILUH HAKJIAIBIBAKOTCS SKPAHbI U3 MEIHBIX JICHT WJIU MOJY-
npoBoJsIe OyMaru, pe3uHbl, NOJUATHICHA. MeTaminyeckas 000j0uKa Ka-
Oenst MOKPBIBAETCS 3AIUUTHBIMU IIOKPOBAMH, TOBEPX KOTOPBIX HAKIIAbIBACT-
cs1 OpOHs U3 CTAIbHBIX JIEHT WU IPOBOJIOK.

DnexTpuyecKas MPOYHOCTh KaOENbHOM H30JIALIMA HAa MOCTOSTHHOM Ha-
IPSDKEHUU BBILIE, YEM Ha NepeMeHHOM. [103ToMy 3KOHOMHUYECKH 11e1ec000-
pa3Ho BBIMOJHATH KaOeJIbHbIE TMHUHU HA MOCTOSSHHOM HaIPSHKEHUU.

IIpy 3a1aHHOM HOMHMHAJIBHOM HANPSKEHUU CEYEHUE TOKOBEIYIIECH JKU-
7Bl KaOenst onpenenseTcs BeIMUYMHON IepejaBaeMoil Harpy3Ku U YCIOBHSIMU
MPOKJIAJKA U OXJaxAeHus kadens. YBenuuenue ceuenus: TBXX mpuBogut k
YBEIMUYEHUIO 00beMa U30JIALINHN U, KaK CIEICTBUE, K POCTY JUINEKTPUICCKUX
IIOTEPb.

B Hacrosiee BpeMsi 0Te4eCTBEHHAs! TPOMBILIJIEHHOCTD BBIITYCKAET pas-
JIMYHBIEC TUIIBI CUJIOBBIX KaOejell MMpPOKOW HOMEHKIATYPbI, OTIIMYAIOIINUXCS
BHJIOM HCIIOJIb3yEMOM U30JSUUHA U KOHCTPYKTUBHBIM UCIIONIHEHUEM [ 1-3].

3.6.1. KabGesu ¢ BA3KOH NPONUTKOM

CunoBeie kabenu ¢ MPOMUTAHHON OyMa)KHO-MACJSIHOM M3O0JISIIUEH sIB-
JSIOTCS OJJHUM M3 CaMbIX PacHpOCTPAHEHHBIX BUJIOB KaOENbHBIX W3ICIIHA,
VCIIOJIB3YEMBIX IIPU II€pelladye M PACIHpPECIICHUU JJIEKTPUYECKOW SHEPTHM.
OHH U3rOTaBIMBAIOTCS C MEIHBIMU WM AJIFOMUHUEBBIMU JKHJIAMH, B CBUH-
IOBOY WJIM QIFOMHUHUEBON 000JI0OUKE C Pa3TUIHBIMK 3alTUTHBIMHU TTOKPOBAMHU
B 3aBUCHMOCTH OT Ha3HAYCHUS U YCIOBUM DKCIUTyaTalllH.

Jlis n3onsuu kabeseit Ha HampsbkeHue 10 35 kB nmpumeHstoT kabenb-
Hyto oymary KB—120 u KB-170 ¢ mmpunoit sent 10+30 mm. s kabeneit
Ha 0oJiee BBICOKME HAMPSHKEHUS UCIOJIb3YIOT OyMary moBBIIIEHHOTO KavyecT-
Ba tuna KBY. B kauecTBe mpOnuTKU NPUMEHSIOTCA BS3KUE ITPOIUTHIBAIO-
IIMe COCTaBbl (MAcCIOKaHU(OIBHBIA KOMITAYH]]), MUHEPAJIbHbIC WA CUHTE-
TUYECKHUE Maciia (OKTOJI).

[ToBbilIEHHAsT BA3KOCTh MPOINUTKHA MNPENSATCTBYET €€ BBITEKAHUIO IPU
HOPMAJILHOM DKCIUTyaTaliy KaOenel W IpH meperagax BhICOT MPOKIAIKH.
MacnokanuoibHbII KOMMIAayHJ MPUTOTOBJICH W3 MHHEPAIBHOTO Macia C
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nobasnenuem 10 — 35 % kanudonu. [IporieHTHOE copepxanue KaHUPOIU B
KOMITayHJI€ 3aBUCUT OT COpTa HE(PTSIHOTO Maciia U BHIOMpAETCS U3 YCIOBUS
oOecrieueHus: TpeOyeMoil BA3KOCTH M MUHUMyMa tg & M3OJSIIIUU B 00JIacTH

pabouux Temneparyp.

Puc.3.29. Tpexocuns-
Hbll Kabelb ¢ NOsICHOU
uzonayuet (mun Cb:)
1- mokosedywas scuna,
2- asnas uzonsyusi;
3- noscnas uzonayusi,

4 — medxncoygaznoe 3anon-
HeHue,; 5 — obonouka, 6 —
OpOHsL ¢ 3aUUMHBLMU
NOKDOBAMU

[Io KOHCTPYKTUBHOMY MCIIOJIHEHUIO Kade-
71 OBIBAIOT C HEpAJIUaAIbHBIM U C PaguaIbHbIM
AIEKTPUYECKUM ITOJIEM.

KabGenu ¢ HepaguaibHBIM 3JIEKTpUYE-
ckuM TosieM (puc.3.29) SBASIOTCS OCHOBHOM
KOHCTPYKIIMEH MHOTOXXUJIBHBIX KaOenei Ha Ha-
npsbkerue 10 10 kB, oTnuyaroieiics HanuaueM
MOSICHOM W30JSIMK B OOIIEH CBUHIIOBOM WIIH
amomuHueBor obosiouke (tun Cb). daznas u
MOSICHAs M30JIALIUS U3TOTABIMBACTCS IMyTEM Ha-
JIOKEeHUs OyMa)KHbIX JICHT C OTpHUIATEIbHBIM
nepekpbiTueM. [ 3anoiHeHUsT MexX Ty pa3HbIX
MPOCTPAHCTB C IEIbI0 MPHUIAAHUS KaOeo Iu-
JUHApPUYECKON (OpMBbI, TPUMEHsIETCS OyMax-
HbIl KOpJENb, KOTOPBIA CKPY4YMBaeTCs W3
cylb(aTHON MK KaOeIbHON OyMmaru.

B HOpMambHOM pabodeM pekuMe HaMpsKeHHe MEKTy KHIAMU B /3
pa3 6oJblIe, YeM MEXKY KUjIaMu U 000J0YKOM, MOATOMY TOJIIMHA (da3HOU

S Oy Qi RO -

W30JIALMN  dgp TPUHUMACTCS OOJBIICH,
4eM TOJIIIHMHA TOSICHON H30isauuu d;; (B
1,5+2,2 paza). [locne HanoxeHUs U30715-
ITUW TIPOUCXOJIUT CYIIKA M TIOCTEAYFOIIast
MPOIHUTKA B BAKYyMHBIX KOTJIaX, P KO-
TOPOW MPOUCXOIUT 3arOJHEHUE MYCTOT
BSI3KMM IPOIUTBIBAIOIIUM cocTaBoM. Ha
KOHCYHBIX CTQJMSIX MPOIHTKA HJET IPH
aTMOC()CPHOM HJIM HEKOTOPOM H30bI-
TOYHOM JaBJICHUH.

Puc. 3.30. Tpexocunvuuiii kabenb ¢ 0OMOENbHO OCBUHYOBAHHBIMU

arcunamu (mun OCB):
1 — mokosedywas sncuna;

2 — 9KpaH u3 noaynposoosauell bymazu,
3 — bymadicnas uzonsayus gazvl,
4 — ceunyosas 000104KaA ¢ OUMYMHBIM NOKPLIIMUEM,

5— d?fcym060€ 3anoJjiHerue,

6— npoeoJloYHAaA 6p0H}l C 3dUMHBIMU NOKpoeaMUu
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TpexxunbHble Kabenu ¢ MOSCHOW M30JSIMed HapsAy ¢ HepaJaualbHbIM
AIEKTPUUECKUM T10JIEM, 00JIETHAIOIINM PAa3BUTHE BETBUCTOTO pa3psija BIOJb
CJIO€B BCJIECCTBUE HAIMYMS TAHTCHIIMAJIBbHOW COCTABIISIONIEH NOJIs £, UMEeT
HEOJIAroNpUsITHYIO KOHCTPYKLMIO C TOYKH 3PEHHs TEIUIOOTBOJA. DTU 00-
CTOSITEILCTBA HE MO3BOJISIIOT MCIOJIL30BaTh MOJ00OHBIC KAOEIN Ha HaIpsIKe-
Hue cBbile 10 kB.

KabGenu c¢ paamanbHbiM siextpudeckuM mnosiem (tun OCB) moBepx
U30JISUU KOKI0M (a3bl UMEIOT METALTUYECKYI0 O0OJOUKY WIIM MPOBO/IS-
M KpaH U3 MeTaiia MO0 METaNIM3UPOBAHHON OyMaru, KOTOPbIE, B CBOIO
ouepeib, 3aKII0UCHBI B 00IyI0 0001049Ky (puc. 3.30).

Hanuune skpana moBepx >KUJIbl U TTOBEPX H3OJSAIUU KaKI0W (a3bl BbI-
PaBHHBAET MOJIE, & TAKKE SKPAHUPYET HA MOBEPXHOCTH KUJIbl U HA HAPYXK-
HOU MOBEPXHOCTH H3O0JISILIMU Ta30BbIe U MaclisiHble BKJItOUeHus. B utore no-
MyCTUMbIE MaKCUMAaJbHbIE T'PAJUEHTHl B M30JS1UU Kabelel ¢ paJuaibHbIM
AIEKTPUYECKUM TIOJIEM B JIBa pa3a MPEBBIIAIOT JIOMYCTUMbIC TPAJAUCHTHI B
KabeJsax ¢ mosiCHOM m3oJisanueil. B Hamieit ctpane Tpex>kwibHble kadenu Ha U
= 20-35 kB ¢ Bs3K0OM NPONMUTKOW M3TOTABIMBAIOTCS TOJBKO C OTJEIBHO OC-
BUHIIOBAaHHBbIMU >kuniaMu (puc. 3.30). Jlns coeguHeHusi OTpe3KOB Kaless
MPUMEHSIOTCST COeIMHUTENbHBIE My(ThI, @ Ha KOHI[aX Kabesss — KOHIEBbIE
MydThl. MydTa sABIsgeTCsS 0cnabIeHHON TOUKOW KaOCIbHOW JIMHHUH, IOITOMY
pabouue HanpsHPKEHHOCTH B HUX CHUXKEHBI B 2-3 pasa.

3.6.2. MacjioHANOJTHEHHBIE Ka0eJau

BricokoBonbTHBIE Kabenu HAa U = 110 kB umeror OyMaxHyr0 H30I1s-
M0, MPOMUTAHHYIO >XUAKAM (MaJlOBSA3KMM) MHUHEpaIbHBIM MAacjoM, T.K.
BSI3Kasi IPOIMUTKA, B CUIIy OTMEUEHHBIX BBIIIE€ HEJIOCTATKOB OKa3bIBACTCS HeE-
addextrBHON. [I[pruMeHeHre TpaupOBaHUs U3OJISIMU IO TOMIINHE (UCTIONb-
30BaHuEe OyMakHBIX JieHT TosmuHon 0,08 u 0,12 MM) U UCHOJIB30BaHUE Ma-
JIOBSI3KOW TIPOMUTKU, HUPKYJIUPYIOUIEH TOJ H30BITOYHBIM JaBJICHUEM IIO
MacJIONPOBOISIIIEMY KaHaTy, PACIIOJOKEHHOMY B LIEHTPE TOKOBEIYIIEH KU-
abl (puc. 3.31), HO3BOJISIET YMEHBIIUTH BO3MOKHOCTh BO3HUKHOBEHUS B U30-
JISIUAM Ta30BBIX BKIIOYEHUM.

Honuzayuonnie npoyeccol 6 makux ¢ makux Kadenax npaKkmuiecKu
OMCYymcmeyiom, 4mo no360J11em NOGbICUMb MAKCUMAIbHYI0 HANPANCEH-
HOCMb 6 uzonauuu maxux kaoeneir 00 9 — 12 kB/mm u noevicumsv cma-
ounvHocmy 1eKkmpuyeckux xapakmepucmuk. XUakuid AUIIEKTPUK, LUP-
KYJIMPYIOLUK M0 KaOeIbHOW JIMHUM U MPOHUKAIOIIMA U3 MACIONPOBOASIIAX
KaHaJIOB B TOJIILY U30JISIIIUHU, HE TOJIBKO MPOMUTHIBAET N3OSN0, HO U YIIyY-
[IAET YCJIOBUSL OXJIAXKJICHHS KaOelisl, YTO MOXET OBbITh HCIOJIB30BAHO IS
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yBeJIMUEHUsI nepeaBaeMoi MOITHOCTH. [ 6osiee 3pdhekTUBHOTO 3aroinHe-
HUS W30JISIIUA MacjOM HCIIONB3YIOTCS JTONOJHUTEIbHBIC KaHAJIBI Ha BHYT-
PEHHEH CTOPOHE CBHHIIOBON 000JI0uKHM (Kabeln BBICOKOTO JaBJICHHS JI0 15
at). Ilpu sToM 1151 yBEMWYEHUS] MEXaHMYECKOW MPOYHOCTH HCIIOIB3YETCS
BTOpas (JOMOJHUTENIbHAS) CBUHIIOBAasE 000JI04uKa. B MacioHanolHEHHBIX Ka-
OeJsX MPONMMUTOYHBIM COCTaB J0KEH UMETh HU3KUM tgd BO M30exkaHue onac-

HOCTH TCIIJIOBOI'O HpO60$I.

Puc. 3.31. Macronanonnennuiii Ka-
benb ¢ YeHMpPaibHLIM MACIONPOBO-
OSWUM KAHATOM:

1 — macnonpogooswuii Kanau,

2 — mokosedywas sHcuna,

3, 5 — oxpamsi,

4 — uzonayus;

6 — ceunyo08as 0bonoUKA,

7 — OpOHsL C 3aUUMHBIM NOKPOBOM;
8 — OononnumenvHbvle macianvie Ka-
Hanvl

3.6.3. 'azonanoJiHeHHbIE Ka0eu

[Io KOHCTPYKTHBHOMY HCTIOJHEHHWIO Ta30HANOJHEHHbIE KaOelu aHajo-

Oy = W Mo =

Puc. 3.32. Macronanonnennsiu
Kabenb BblCOKO20 0aBleHUs 8
cmanvHou mpybe:l — ¢aza xa-
bensa; 2 — macno, 3 — mpyoonpo-
600; 4 — 3auumHbvle NOKposvl, 5 —
NPOBOJIOKU CKOJIbIHCEHUA

THYHBl MAacCJIOHAIMOJIHEHHBIM, HO TIO-
BEIIIICHUE DJIEKTPUICCKON TPOYHOCTH
W30JISIIUN IOCTUTACTCS HAIMYUEM Trasa
MOJI BBICOKMM JIaBJICHUEM, YTO TIO3BO-
JSET TIOBBICUTH HAMPSHKCHWE HOHM3a-
MU B OyMaXHOM H3OJISIIIUU C 00e-
HEHHOM IMPOINUTKOU. B 3aBUCHUMOCTH OT
BEJTUYUHBI U30BITOYHOTO JIaBJICHUS Ta-
3a (a30T, (peoH, 3era3) pa3IuyaroT
kabenmu Huzkoro nasienus (0,7 — 1,5
at), cpennero (1,7 — 3,0 aT) U BBICOKO-
ro (10 — 15 ar). 'a3oHanonHeHHbIE Ka-
oenmu HanpspkeHueM 10 10 m 35 kB
OOBIYHO BBITIONHSIOTCSI B OOMIEH Me-
TAJUTMYECKOM 000JI0UKE CO CIUIOIIHBI-
MU WA CEKTOPHBIMU YIUIOTHECHHBIMH
KUJIaMH C JKpaHaMH W3 TIOJyIpPOBO-
nsammx Oymar. [loBepx wu3omnsiuu Ha-

KJIQJbIBACTCSl CJIOW M3 METaUIM3UPOBaHHOW mepdopupoBaHHONW Oymaru u
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MeiHas iephopupoBaHHas JICHTA C 3a30pOM MEXIy BUTKaMH. ['a3 1moaBouT-
Cs C MOMOIIBI THOKMX CTAJIBHBIX OIIMHKOBAHHBIX T'a30MPOHHUIIAEMBIX TPY-
OOK, YJIOKEHHBIX B IPOCTPAHCTBO MEXKIY JKUIJIAMH.

Ha nanpspkenune 110 kB u BbIlie npuMeHstOTCs Kabenu B 0 JHO(Ga3HOM
VCTIOJIHEHUH C LIEHTPAJIbHBIM KaHAIOM.

["azoHanonHeHHbIe Kabelu UCTONB3YIOTCA MPU MPOKIIAJKEe HAa KPyTOHA-
KJIIOHHBIX Tpaccax. OHM 3HAYUTENIBHO JCIIEBIIE MACIOHATIOJIHCHHBIX Kabe-
JICH.

JlomycTUMBbIe HAMPS)KEHHOCTU B U3OJSALMM KaOeleld HU3KOro JaBJICHUS
cocTaBsOT 2,5 kB/MM, a B uzonsuuu kabesned cpeaHero namieHus — 6,5
kB/MM.

3.6.4. KabGesiu B cTaIbHBIX TPYOAX MO JaBJCHHEM MACJIAa UJIM ra3a

MacnonanonaHeHHble kKabenu Bbicokoro nasienus (BJl) mo 15 at tuma
MBJIT BeimonHsFOTCS B CTaTbHOM TpyOompoBoe (puc. 3.32).

AHaJIOTUYHO BBHITJIAIUT TaK)K€ KOHCTPYKIUS Ta30HAMOIHEHHOTO Kabess
Bbicokoro masnenus tuna ['BJIT (T — kabens B TpyOe).

JIJist MpOTIMTKYA MAacIOHATIOJHEHHBIX KabeNel BHICOKOTO JABJICHHUS TIPH-
MeHsieTcs: Oosiee BA3KOE M3OJSLMOHHOE Maciio, YeM sl Kabeneld HU3KOro U
cpenHero nasiieHus. Tak kak TpyOa HaJeKHO 3alIMILAET Kabesib OT BHEIIHUX
MEXaHUUYECKUX BO3JEUCTBUHN, TO BHEIIHSS 000JOYKA BBIMOJIHSETCS 00JIer-
YEHHOM — U3 MEIHOM JIEHTHI, IOBEPX KOTOPOU HAKIIAABIBAKOT KPYTJIbIE MIPO-
BOJIOKM WJIM CIUIOIIHYIO OpOHIO CKOJIbKeHHs. CBUHIIOBas 000J0UKa HaKJIa-
JBIBACTCS] TOJIBKO HA MEPUOJ XpaHEHUs U TpaHCHOpTUpOBKU kabeins. Ilepen
MOHTQKOM OHa CHUMaeTcs. Takue kaOeiau M3roTaBIMBAIOTCS HA BBICIIUE HO-
MuHaibHble HanpsokeHus 110 — 500 xB. [loBepx Wbl HAKIIaIbIBAETCS K-
paH W3 JEHT METAJUTM3UPOBAHHON Oymaru, a MOBEpX H3OJSAIUU — DKpaH U3
MEIHBIX Mep(HOPUPOBAHHBIX JICHT. J[OMycTHMbBIE HANMPSHYKEHHOCTH B HM30JIS-
1y Kabenel coctaBisitoT Tipu 3ToM 6 — 11 kB/Mwm, a Tonmmaa w3omsmum —
oT 12 1o 29 mMm.

B xa0enbHbIX TUHUAX MO JaBJI€HUEM ra3a npu 12 — 15 ar nonycrumsie
HanpspkeHHocTH cocTaBisioT 10 — 12 kB/mm. Henocratkom Takux kaGeneit
ABJISIFOTCS XyALIME YCIOBUS TEIJIO0TBOJA.

3.6.5. KaOenbHble JIMHMH B TPYOAX CO CKATHIM ra3om

[TomoOHbIE TUHUM BEChbMa MPOCTHI B KOHCTPYKTUBHOM HCITOJIHEHUH
(puc. 3.33). KabGenb cOCTOUT U3 HApPYKHOM 000JOUKH (CTaJIbHAS WM TUIACT-
MaccoBas TpyOa) ¥ IEHTPAILHOTO TPYyOOIPOBOAA, KOTOPHIA KPEIUTCS U yC-
TaHABIIMBAETCS COOCHO C HAPYKHOUM 000JO0UYKON C TMOMOIIBIO IEHTPUPYIOIIIEe-
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Puc. 3.33. Koncmpykyus xabens co cocamvim eazom
1 —mpyba; 2 — mokonpooo,
3 - yenmpupyrowuii uzonamop (pacnopka)

ro m3ossitopa (apdop, smokcuaHbl KomMmayHa). Takoi kabenb coueraer B
ceOe yepThl BO3AYIIHONW U KaOeapbHON JTMHUH. OCHOBHOMN M30JISIUEH SBIISCT-
Csl Ta3 MO/l BBICOKUM JaBJICHUEM, KOTOPBIN, KaK U3BECTHO, 00JaaeT Crocoo-
HOCTBIO OBICTPO BOCCTAHABJIMBATH SJEKTPUUYECKYIO MPOYHOCTH MOCIHE TIpe-
KparieHus: pa3psaoB. OaHON U3 OCHOBHBIX TIPOOJIEM SIBIISIETCS CO3/IaHHE Pac-
MOPKH C BBICOKMM 3HAYCHUEM HAMPSIKCHUS TTEPEKPHITHS.

3.6.6. Kabesu ¢ pe3nHOBOI MJIM IJIACTMACCOBOM U30JIALM eI
CunoBsie Kabenu ¢ pe3MHOBOM MM TJIACTMACCOBOM M30JIALIMEN MpeiHa-

3HAYEHBI JIJIs1 TIepelauul U paclpeesieHHs MIEKTPUUECKON SHEPrur Ha Tpac-
cax ¢ HEOTPAaHWYEHHOM Pa3HOCTHIO YPOBHEH MTPOKIIAIKH.

D Ly SRS -

Puc. 3.34. Kabenws c pe3unosoii uzonayueii:
1 — cepoeunux,; 2 — moxosedywas sxcuna;, 3 — uzonayus ¢azvl;
4 —sxpan; 5 - 3anonnenue; 6 — 000104Ka U3 pe3UHBL

Kabenu ¢ pesunoBoit uzomnsinuent (puc. 3.34) Ha Hanpspkenue 10 6 — 10 kB
ITMPOKO HUCIOJIB3YIOTCS B 3€MJICPOMHBIX M TOPHBIX paboTax, B reodusmye-
CKHX TMOUCKaX, HeQTIHOM OypeHUHU U T.1.

[ToBepx TOKOBemyIIeH KUJIbI HAKIIABIBACTCS M30JSLUA U3 PE3UHbI, HA
KOTOPYIO HAaKJIaAbIBAIOTCS PKPaHbl U3 MOJYNPOBOASIICH U SKpaHUpYROIIas
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OIUIETKA U3 MEIHBIX MPOBOJIOK. M30IMpOBaHHBIE KU CKPYYHBAIOT BOKPYT
npoUIMPOBAHHOTO CEPICYHHKA M 3aKJII0Yal0T B CBUHILOBYIO, MOJMBUHUII-
XJIOPUIHYIO WJIM TOJUXJIOPIIPEHOBYIO (HErOPIOYYI0 PE3UHOBYIO) 000JIOUKY C
nokpoBaMu Ui 6e3 Hux. Kabenu ¢ moiMsTUIEHOBOM WK MONUXJIOPBUHUIIO-
Boil (6 — 10 kB) m3omsmueit B TpexpazHOM UCHOTHEHHH W3TOTABIUBAIOTCSA
TOJIBKO B MOJMBUHWIXJIOpUIHON oOonouke. Kaxnas ¢aza moepx TBXK u
M30JALMHU TTOKPBIBAETCS MOJYNPOBOISAIIAM 3KPAaHOM H3 IOIYNPOBOJISILETO
nosudTUIeHa uin Oymaru. Haubonblee pacnpocTpaHeHHe Ha HaAIpPSKEHUE
35 — 500 kB nomyunnu kabenu ¢ MOTUATUICHOBOW M3oisiuei. [ Boipas-
HUBaHUS TOJISI TOBEPX M3O0JISIIMU HAKIIAJIBIBAKOTCSA SKPAHbI U3 MOJIYIIPOBOAS-
IETr0 MOJUATUIICHA WM HAYTJEPOKEHHON OyMaru U MeHO! (aTFOMUHHUEBOM )
JIEHTBI. DKpPaHbl U3 IMOJYIPOBOIAILEIO MOJMATUICHA HAKJIAJbIBAIOTCA W Ha
TBX. Ins 3aTtpyiHeHUs pa3BUTUA JICHAPUTOB B MOJUITUICHE MEXKIY IOJY-
IIPOBOALIMM 3KPAHOM U U30JIALMEN HAHOCUTCS aHTUIMUCCUOHHBIN CIIOW U3
Marepuana C IMOBBIILICHHON JUAJIEKTPUUYECKON MTPOHULIAEMOCTHIO.

KoncTpykuus ka-

5 3 2 1
/4 Oens B omaHO(pA3HOM

_______ - ucnonHenuu (Ha U =
110 — 500 kB) ¢ nomnu-

STUJIEHOBON H30JISLU-

Puc. 3.35. Kabenv ¢ nonusmuneHosou uzonayuetl. eil IpeAcTaBIeHa Ha
I — moxosedywas scuna; 2, 5— sKpausl uz noaynposo- pyc. 3.35. Kabemn c
O5uge20 NOAUIMUNEHA; 3 — AHMUIMUCCUOHHBILL CILOU; 4 — [ractviascoBoll H30-
usonAYus (IKCmpyoupo8arHlli noaudImMuieH); 6 — nouy-
npogooawas bymaea,; 7 — C8UHY08As 00010YKA

JIALMEN HUCIIOJIb3YIOTCA
I pacupeacsieHus
BJIEKTPOSHEPTUU oT
MOJICTAHIIMKA K TIOTpeE-
ouTenasM, B KadecTBE
CYJIOBBIX Ka0eseH, T.K. MOJUATHICH U TOJHMXJIOPBUHIII 00Iaal0T BBICOKOM
BJIArOCTOMKOCThIO. B Hacrosimee Bpemss B Poccun OCBOEHO MPOM3BOICTBO
cuJIOBbIX Kabeneil Ha HanpspkeHue 110 — 500 kB B ogqHOMa3HOM HCTIOTHEHUN
C aJIOMMHHEBOM WM MEIHON TOKOBEYIEW >KUIIOH, BMECTe C KaOelbHOH
apMaTypom, ¢ U30JISIUEN U3 «CIIUTOr0» MOJIUITUIIEHA, YTO TTO3BOJISIET MOBBI-
CUTb paboune rpaueHThl U IepeaBaeMble MOIIIHOCTH.

3.7. I/I30.]1$IIII/IH BpallalOIUXCA MAIIMH BBICOKOT'0O HAITPAKCHU A
BpaHlaI-OHII/ICC}I MallHbI UCTTIOJIB3YIOTCS IIPHU IIPOU3BOIACTBC IJICKTPHUYIC-

CKOM sHepruu (TypOoreHepaTopsl, THAPOreHEPATOPHI), IPU BHIPAOOTKE peak-
TUBHOW MOIIHOCTH (CHMHXPOHHBIE KOMIIEHCATOPHI), a TaKXKe MpH Mpeodpas3o-
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BAHUM DJIEKTPUYECKOU PHEPIrUU B PA3JIUYHbIE BUJIBI MEXAHUUYECKOW IHEPTHUU
(2JIEKTPOJIBUTATENN ).

['eHepaTopsl SBISIOTCS HauboJee OTBETCTBEHHBIM O0OpPYAOBaHHEM, K
KOTOPOMY MpPENBSABISIOTCA OYEHb BBICOKHME TPeOOBaHUS B OTHOILUEHUM Ha-
JEXKHOCTU U JOJITOBEYHOCTH PabOTHI.

B Hacrosimiee Bpemsi B 3KCIUIyaTallUM HAaxXoAATCS TypOOreHEepaTopbl
motrHocThi0 500 — 800 MBT (3000 06/MUH) ¢ HOMUHAJIBHBIM HAIPSHKEHUEM
21 — 24 xB tuna TI'. CoBpeMeHHBbIE THIPOT€HEPATOPHI UMEIOT MOIIHOCTH
500-640 MBr [1-3].

B 1980 r. Ha 3aBozie «DneKTpOCHIIa» U3rOTOBIIEH TypOOTreHepaTop TUIIa
TBB — 1200 gns Bropoi ouepeaun Koctpomckoit I'POC. I'enepaTtop nmeer
MoiHocTh 1200 MBT, HOMUHanbHOE HanpsbkeHue 24 kB, oxnaxiaeHue cep-
JEYHUKAa U OOMOTKH POTOpa — BOJOPOAHOE, OOMOTKHM CTaTopa — BOJSIHOE.
Macca reneparopa coctasisier 610 T. Kpome Toro, n30muus 31eKTpUIECKUX
MAIITMH HCTIBITHIBAET MOCTOSHHBIE BUOpAIMU U OOJBINNE yAApHBIE MEXaHU-

YECKHE Harpy3ku IpH KO-

POTKHX 3aMbIKaHUAX, BO3-

1 NEHUCTBUE BBICOKUX TEMIIE-

paTyp ¥ NPOAYKTOB paszio-
JKeHust  Boszayxa  (030H,
OKHCJIBI a30Ta H  Jp.).
bonpmme  reHepupyembie
(mpeoOpa3zyeMbie) MOIITHO-
CTU DJEKTPUYECKON 3Hep-
- TMU U, KakK CIIEJICTBUE,
OOJBIIINE TOKM B aKTUBHBIX

[
w-l:‘_—_:’—J’l YacTAX DIEKTPHYECKHX Ma-
]’(—E——]’F IIMH TPUBOAAT K 3HAYM-

TCJIIBHBIM  TCIIJIOBBIM  HAa-

Cmepwmi
A

\

Kamyuimu
l\
®

Puc. 3.36. Koncmpyxkyusa nasa cmamop- rpy3KaM B U30JIALIAH.

HOU 0OMomKU mypbOo2eHepamopa ¢ 803- B reneparopax mainou
OYULHBIM OXTIANCOCHUEM. U CPeIHEN MOIIHOCTH IpH-
I — knun; MEHSETCSI  IOBEPXHOCTHASA
2 — U30IAYUOHHBIE NPOKAAOKU, CHCTEMA OXJIAKICHHS BO3-

3 — KOpnycHas u3onayusi,

4 - npoBOOHUK;

5 — sumkosas uzonAyus,

6 — mediccroesas u3onaAYuUs,
7 — URONAUUS CINENIHCHS]

IyIIHBIM IIOTOKOM. B 3iek-
TPUYECKUX MalIuHax OOJb-
moi momHoctu (200 MBT
U BBIIIE) UCIOIb3YyETCH
BHYTpEHHEE BOJSHOE, Mac-
JSTHOE WJIM BOJIOPOAHOE OXJIaXJA€HHE OOMOTOK C HCIIOJIb30BAHMEM MEIHBIX
MOJIBIX TIPOBOJIHUKOB.
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M3omnsiuyio MalvH MOYKHO HOJPA3AeIuTh HAa KOPIYCHYIO (TJIaBHYIO) U
MEXBUTKOBYIO (TMpoaoasHyt0). CoBpeMeHHBbIE TypOOreHepaTophl OOJIBIION
MOII[HOCTH, KaK MPaBUIIO, UMEIOT OOMOTKY C OJJHOBUTKOBBIMU CTEPKHIMHU, U,
CJIEIOBATEIbHO, BUTKOBAsI M30JISILMS B TAKUX MAlIMHAX B CTEPXKHE OTCYTCT-
ByeT. Ha puc. 3.36 npencraBiieH pa3pes3 ma3a cTaTopHOl 0OMOTKH TypOore-
HepaTopa CpelHEl MOIIHOCTH.

['maBHOW (BBICOKOBOJIBTHOWM) M3OJISILIUEN SIBIIAECTCS W3OJISLUS CTEPHKHS
OTHOCHUTEJILHO Kopryca 2, 3 U MexXay cTepKHAMU 7. COBpEMEHHBIE MAIIMHBI
UMEIOT HEMPEPHIBHYI0O MUKAJIEHTHYIO KOMIAyHAUPOBAHHYIO U3OJSLUIO, T0-
KPBITYIO acOECTOBOM JIEHTONH. MUKaneHTa COCTOUT U3 JIBYX CIIOEB CIELHAIIb-
HOM OyMaXHOW MOJJIOKKH, MEXKIY KOTOPBIMU PACHOJAraroTcsl IUIACTUHKHU
cimonpl. Cinroa B MUKAJICHTE YAEP)KUBAECTCS MAaciIHO-OUTYMHBIM JIaKOM
(xommayHaoM). CTEp)KHM COCTOSIT U3 MEIHBIX MPOBOJHUKOB, Pa3JeI€HHbIX
HU3KOBOJIbTHOM M30JsiLuel 6 u3 acoecta WiK CTEKJIOBOJIOKHA.

BBICOKOBOJIBTHAST W30JS1US BpPALIAOIIMXCS MAallUH pa3fessieTcss Ha
TEPMOIJIACTUYHYI0 U TEPMOPEAKTHBHYIO (COBPEMEHHbIE KOHCTPYKLHU
MOIIHBIX MAIIIMH).

TepmornnacTUuHast U30JIALMS, IPUMEHAEMasl Kak B CTapbIX, TaK U B CO-
BPEMEHHBIX KOHCTPYKIIUSIX, B COOTBETCTBUU C LIUKJIAMU HArpeBa M OXJax/e-
HUS pa3MAr4aeTcsi 1 BHOBb 3aTBEPJIEBAET, YTO MOXKET MPUBOJUTH K BO3HUK-
HOBEHHUIO B TOUIE HM3OJSLUU Ta3000pa3HbIX BKJIIOYEHHUH, CHUXKAIOLUIUX €€
ANEKTPUUECKYIO MPOYHOCTb.

TepmopeakTuBHasi cMoOJIa MPU LUKJIAX HarpeBa HeE pa3Mardaercs, T.K.
OHA HAXOJUTCS B HEIJIABKOM U HEPACTBOPUMOM COCTOSIHUU. DTO CBOMCTBO
MO3BOJISIET MCIIOJIb30BaTh TaKyl0 M30JSLUIO IpU OoJiee BBICOKUX TEMIEpaTy-
pax C COXpaHEHUEM IEPBOHAYAIBHON 3JIEKTPUYECKON TPOYHOCTH U BBICOKOH
HAJEeKHOCTU. B Hacrosmiee Bpems IIMPOKOE BHEAPEHHE IOJIydnsIa MHUKa-
JIEHTHAs! U30JIALMS Ha OCHOBE MOJJIOKKHU M3 JIBYX JIEHT CTEKJIOBOJIOKHA C 3a-
KJIFOYCHHOW MEXIYy HUMH CIFOJO0M M MPOMUTAHHOW 3MOKCHIHBIM KOMIIAyH-
JIOM WJIH MTOJIU3(UPHBIM JIAKOM.

[Io KOHCTPYKTHBHOMY HCIIOJIHEHHIO M3OJSLUS CTEPKHEW paznensercs
Ha TWIB30BYIO (CTapble KOHCTPYKIIMH) U HENPEPBIBHYIO (COBPEMEHHBIE KOH-
CTPYKLIHH).

CyTb ruib30BOM M30JSLUHU 3aKI0YAETCS B TOM, YTO Ma30Bast 4acTh (00-
Jiee HaNpsyKEHHas ) BBINIOJIHAETCS B BUJE TMIIb3bl U3 MUKa(oaus (MUKaHUT C
MOJIOKKOM M3 Oymaru, meaKoOBON WM CTEKISTHHOM TKaHu), a 1000Basi 4acTh
(MeHee HanpsKEHHAs) — Ha OCHOBE MUKaJieHTHI. [Ipu Takom criocobe n3onu-
poBaHMsI HEN30€XKHBIM SIBJISIETCSl HAJIMYME CThIKa (c1aboro mecra) 3a mpeje-
JaMU BBIXOJA CTEpKHA W3 Iasza. HapylueHune HEnpepbIBHOCTH H30JSALUN
IIPUBOJNT K CYLIECTBEHHOMY CHIKEHHIO JIEKTPUYECKON IPOYHOCTH B 3TOM
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mecte. [loaToMy ruiib30Basi M30JSMS NMPUMEHAETCS B MallMHaX Maylod
MOIITHOCTH ¥ HAIIPSIAKEHUS.

HenpepbiBHAst U305, BBIIOJIHSIEMAs U3 OAHOTO U TOTO K€ MaTepua-
Jla Ha BCEW NJIMHE CTEpP)KHS, UMEET NMPAKTUYECKU OJMHAKOBYIO 3JIEKTpUYE-
CKYIO ITPOYHOCTh B Ma30BOil U 1000BOM yacTsax. Ilociie HaHEeCeHUsT HEeCKOJIb-
KHX CJIOEB MUKAJIEHTHI CTEPKHU MOMEIIAIOTCA B CHEIUMAIbHbIE KOMIAYH/IHU-
POBOYHBIEC KOTJIBI, T/I€ U30JISIUS CYLIUTCS, BAKYYMUPYETCS U IPOMUTHIBACTCS
MO/ IaBJICHUEM PACIUIABICHHBIM KOMITayH/IOM — KOMIMAayHJAUPOBAHUE U301~
nuu. HemnpepriBHAsS KoMMOayHAWUPOBAHHAS MUKAJICHTHAs W3OJSLMS SIBISETCS
TEPMOIUIACTUYHOM.

CoBpeMeHHbIE MOIIHbIE TypOOreHEepaTOpbl MUMEIOT Ma3bl U CTEPKHU
npsMoyrojibHOM (opMmbl. [losToMy aii BbIpaBHUBaHUSA TOJIE HAa KPOMKH
CTEpP>KHSI HAKJIAbIBACTCS MOJIYNPOBOASINAS JaKOTKaHb WM Oymara Jis yBe-
JUYCHMS paJryca 3aKpyrJieHHs. 3aTeM MOBEPX M3OJSIUU CTEPKHS HAHOCHUT-
Csl MOJYNPOBOJIAILIEE MOKPBITHE, KOTOPOE JIEKTPUUECKUA COCIUHSIETCS C Ke-
JIE30M CTaTopa BO M30EKaHUE Pa3psI0B MEK]y CTEPKHEM U CTEHKOM mas3a.

Jnist yctpaneHus: kpaeBoro 3ddexra (KOpOHbI) B MECTE BbIXOJa CTEPIKHS
U3 Ta3a UCIOJIb3YETCs] HAHECEHUE MOTYNPOBOSAIINX MOKPBHITHI MO MOBEPX-
HOCTH W3OJIALIMH, YTO MO3BOJISIET MPEAOTBPATUTH €€ MPEKICBPEMEHHOE pa3-
pyuienue. MHoraa npuMeHsIeTCsl U €MKOCTHOE BBIPABHHUBAHUE C MOMOIUIBIO
MPOBOAIINX WM MOJYIPOBOASIIMX OOKIaA0K (3KpAHOB), BCTPAUBAEMbIX B
TOJIIILY HU30JISINH.

Haubonee pacnpocTpaHEHHBIM METOJIOM MPOTUBOKOPOHHOW 3aIllUThI
SBJISIETCS JIBYXCTYIIEHUATO€ HAHECEHHUE TMOJYMPOBOJSIIETO CI0S Ha H30JIs-
IIUI0 B MECTE BbIXOJ1a U3 naza. B ma3zoBoil wactu Ha pacctosiHuu 50 — 100 MM
OT KPOMKH ITa3a HAHOCHTCS TTOMyIPOBOMILINIA ak ¢ ps = 10° — 10° Om, a 3a-
TEM H30JSILUS TPOMUTHIBACTCSA JAKOM C Pg = 10— 10° OM Ha e 200 —
300 mMm. TlomynpoBogsiiee MOKPHITHE MOKPHIBACTCS CIOEM H30JSIUOHHOTO
matepuaiia TonmuHoi 0,4 — 0,5 MM, 4TO ylydiiaer HaJe>KHOCTb MOKPBITHSL.

Jlo6oBbie yacT OOMOTKH OGOPMIISIOTCS ¢ TAKUM PacdeToM, YTOOBI B
HUX OTCYTCTBOBaja KOpPOHA TP HOMUHAJILHOM HaIPSKEHUU.

[Ipu BHYTpeHHEM BOJSIHOM OXJIZKJIECHUU OOMOTOK BOJa TOJBOJUTCS
Yyepe3 TOJOBKU JIOOOBBIX YACTEH C MOMOIIBIO CHEIHAIBHBIX W30JISIIUOHHBIX
IIUTAHTOB U3 (TOPOIIIACTa WU TETUIOMACIOCTOMKONW PE3UHBI, COSTUHSIONMINX
HAKOHEYHUKH TOJIOBOK OOMOTKH, HAXO/ISIIICHCS TI0/T BRICOKHM TTOTCHITHAIIOM,
C 3a3€MJICHHBIM BOJIOCOOPHBIM KOJIJIEKTOPOM.

MexxyBUTKOBAs U30JISILIUASI MAIIMH Majod U cpeaHel MoiHoctu (10 30
MBT) uMeeT CTep>KHM C HECKOJbKUMU BUTKaMH, HAMPSHKEHUE MEXKTY KOTO-
pPBIMU HE MPEBBINIAET HECKOJBKUX COTEH BOJBLT. M30Jisiius MexXay BUTKaAMU
paccuuThIBaeTCsl TakuM 00pa3oMm, 4YTOObl OHA MOTIJIa BBIJIEPKUBATH CPABHU-
TenbHO HeBbICOKHE U, = 1000 — 2250 B. OcoOeHHOCTBEIO BUTKOBOM H30J15-
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LMY BPAIIAIOMINXCS MAIIUH SBISETCS OTCYTCTBHE pacueTa Ha BO3JCHCTBUE
UMIYJBCHBIX BOJH aTMOC(EpHBIX MEpEHANpsKEHUH, T.K. T€HepaTopbl MOJ-
coeuHA0TCS K Bo3aymHbIM JIDIT uepe3 kabenu unu tpanchopmaropsl. [Ipu
HENOCPEICTBEHHOM IOJCOECIMHEHNN T€HEPaTOPOB HA BO3JYIIHBIE CETH 3 —
10 kB (Takas paboTa MHOI/AA JOMYCKAeTCs1) HEOOXOAUMO YYUTHIBATh IPAIU-
€HTHbIE MTePEHANPSHKEHUS IPU BO3ACHCTBUU UMITYJIBCHBIX BOJIH Ha BUTKOBYIO
V30JILMIO.

B nameit ctpane pemarorcsi BOIPOCH O pa3pabOTKe U CO3/IaHUI0 TeHe-
paTopoB BbICOKOTO HanpsbkeHus Ha 35 — 100 kB u gaxe 220 kB, uro no3so-
JIUT MUTaTh PACIpPEACIUTENbHBIE JJIEKTPUUECKHUE CETU HEMOCPEICTBEHHO OT
IeHepaToOpoOB U OTKa3aThCs OT MPUMEHEHHUs MOBBIIIAIOUIMX TpaHC(hOpMaTo-
pOB, 00eCIeurB HAPOJHOMY XO3SUCTBY OOJBIION SKOHOMHUYECKUMA PEKT.
Pa3zpaboTtana xoHCTpyKkius ruaporenepatopa Ha 110 kB ¢ xopmycHo#t Oy-
Ma)KHO-MAacJIIHOM u3oJisinuen. CTaTop ¢ 0OMOTKOM OT/EleH OT Bpalllarolie-
rocsi poTopa M30JSALMOHHOM Teperopoakou. IIpoctpancTBo craropa 3arod-
HEHO MAaciiOM, CIIY’KalllUM B Ka4eCTBE M3OJLIMOHHOW M OXJIAXKIAIOLIEN Ccpe-
nbl. 3015111t 0OMOTOK — OyMasKHO — MacisiHasl.

I'eneparops! Ha 35 — 220 kB MOryT HEMOCPEACTBEHHO MOAKIIOYATHCS K
JIDII, mo3ToMy HM30MSIUS TAaKMX MAlIUH JOJDKHA OBITH pacCUMTaHa Ha BO3-
JIeiCTBHE aTMOC(EPHBIX MEPEHATIPSKSHUIA.

3.8. Meroabl npoQPUIAKTHYCCKUX UCIIBITAHUN M30JISIIIUU
BbICOKOBOJIbTHOT0 000PY/10BAHUSA

Oo0mue cBenenusi. IIpodunakTuyeckre MCHBITAHUS W3OJSIIIUU DJICK-
TPOOOOPYAOBAHMS MPEAHA3HAYEHBI JUIsI KOHTPOJIS 32 €€ COCTOSIHUEM U CBOE-
BPEMEHHOTO OOHApYXEHUsI M YCTpaHEHHs Je(DEKTOB C 1eNIbI0 0OecreyeHus
HaJIC)KHON PadOTHI.

[Ipu Bcem MHOroOOpa3uu BCTPEUAIONINXCS HA MPaKTHUKE NEe(HEKTOB HX
MOXHO Pa3J€IUTh HA JIBE OCHOBHBIE TPYIIIbI: COCPEAOTOUYEHHbIE, 3aHUMAIO-
1€ HEeOOJIBIIYIO YacTh U30JIALMH, U PacCIpeie]ICHHbIE, OXBATHIBAIOIINE 3HA-
YUTEJBHYIO WM BCIO NOBEPXHOCTh (MM 00BEM) AUDIIEKTPUKA.

Paznmuuaror cnepyrommue BUABI HEOJHOPOAHOCTEW: MHOTOCIOWHOCTh
(puc.3.37, a, 6); ckBo3HbIe KanmumyuisApkl (puc.3.37, 8); ra3000pa3HbIe, KUIKHUE
WM TBepJible BKparieHus (puc.3.37, 2). HeognopoaHocTh Matepuania u

HaJIMYM€ BKIIOYEHHHN CYIIECTBEHHO BIMSAIOT Ha M3OJISIIIUOHHBIE Xapak-
TEPUCTUKU U PabOTOCTIOCOOHOCTD 3IEKTPOOOOPYAOBAHUS.
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Puc. 3.37. Buowi neoOHOpoOHOCHEl 8 OUdIeKmMpuUKe

3.8.1. ®Pu3znyeckue Npouecchbl B MHOIOCJI0MHOM IHIJICKTPHKE

Haubonee pacmpocTpaHeHHOUN SBISE€TCS HEOMHOPOJHAs (KOMOWHHUPO-
BaHHAs) U3OJALMS, COCTOSIAS U3 Pa3IMYHBIX [0 CBOMM CBOMCTBAM CJIOEB
TUAIEKTPUKOB. Ilpu 3arpsi3sHEHWHU WM YBIAXXHEHUHM OTJIEIbHBIX €€ CJIOEB
CTENEHb HEOJHOPOJHOCTH TAKOW M3O0JISIIUU BO3PACTAET, T.K. MPOBOJUMOCTH
YBI@XEHHBIX clloeB yBenuumBaercs B 10° — 10° pa3 u Gosee, a H3MEHEHHE
€MKOCTH IIPH 3TOM CYIIECTBEHHO MeHblue (B 1,5 — 2,0 pa3a).

HavanpHoe cocTOssHME TaKOW MU30JALMHU IOCIIE BKIKOUYEHUS HA MOCTOSH-
HOE HaNpsHKEHUE XapaKTepU3yeTcsl MPOTEKaHUEM €MKOCTHOrO Toka i, (pac-
npeeicHue HaMpsKEHUs M0 €MKOCTSIM), a KOHEYHOE — MPOTEKaHWEeM TOKa
CKBO3HOW NPOBOAUMOCTH iy, (PACHpPEAEICHUE HANPSKEHHU II0 NPOBOIUMO-
CTSIM).

( OTnvuve HAvyaJbHOTO U KOHEYHOT'O
pacripefieieHui (EMKOCTU CJIOE€B HE COOT-
BETCTBYIOT UX MPOBOJMMOCTSIM) BBI3bIBAET
MEepEeXOHbIA Tpouecc. B KoHlEe mepexon-
HOT'O MpOLECCa BCE HANPSKEHUE OKa3bIBa-
€TCS. TPUIOKEHHBIM K HEYBJIAKHEHHOMY
(cyxoMy) cIoro, KOTOPOMY, TIPH 3TOM, OY-
Puc.3.38. Usmenenue moka 6 ne- AeT  COOOIWIEH  OMONHUTENbHBIA 3apiil

00HOPOOHOM QudeKmpUKe OM («3apsm abcopOuMmM») OT YBIAKHEHHOTO
Onumensnocmu npunoscennozo 0%, YTO CONPOBOKIAETCA IPOTCKAHUEM

HANPSHCEHUSA yepe3 JMAJICKTPUK TOKa aOCOPOIUU iy

(puc. 3.38). IlycTh ABYXCIOWHBINH HEOIHO-

POIHBIA TUAIEKTPUK MOJAKIIOUEH K UCTOYHUKY CHHYCOHMJAIBHOTO HaTpsDKe-

HUS, IPUYEM TIOJTHAsI MPOBOJUMOCTh TIEPBOTO (YBIQXKHEHHOTO) CJIOS paBHA

G, =g; + joC;, a noiHas NPOBOAUMOCTb BTOporo (cyxoro) ciosa — G, =

joC,. Torma nmonHasi (SKBUBAJICHTHAsS) MPOBOJUMOCTD TUAJICKTPUKA TIPH TI0-
CJIEJIOBATEITbHOM BKJIFOUCHUH CJIOCB

Tabe
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@’C; + joC, [gf + COZCI(CI +C, )]
g +0'(C, +C,)

G =% =g +joC, (3.16)

rac g,, C'3 — OKBUBAJICHTHAA IMPOBOJUMOCTL M OKBUBAJICHTHAA €MKOCTDH
YBIIAKCHHOI'O JUIJICKTPHUKA.

3.8.2. Metoabl npopUIAKTHIECKUX UCTIBITAHU I
U30JIIUMHU 000PYA0BAHNS BHICOKOT0 HANIPSIZKEHUS

W3mepsist 3HAaYEHNE €MKOCTH M30JSILHN MPU Pa3HbIX YaCTOTAX IEPEMEH-
HOTO HAaNpsDKEHUS U CPaBHUBAS UX, MOYXKHO CYAUTh O CTEIECHU YBJIAXKHEHUS
U30JISIHUU BBICOKOBOJIBTHOTO 00OpyaoBaHus. Ha mpakTuke 3TOT MeToj Ha-
HIeNl IIUPOKOE paCHpOCTpaHEHUE MpH MPOYUIAKTUUECKUX HCTIBITAHUSIX
BHYTPEHHEN HM30JSIUU TPAaHCPOPMATOPOB U BBOJAOB C OyMa)KHO-MACIISTHON
u3oJisanueit. Msmepsiercst eMKoCTh mpu ABYX yactoTtax (mpu fi =2 I'nu f, = 50
I'r). Ha ocHOBaHuUM ombITa 3KCIUTyaTallud OBLUIO YCTAHOBJICHO, UTO JJis BO-
JIOKHUCTBIX OpPraHUYECKUX MAaTE€pUaOB CTENEHb YBIAXKHEHUS SBIISIETCS HE-
JIOIYCTUMOM (OIacHOM), €ClIi OTHOIIIEHUE BEIMYUH €MKOCTH HU3O0JISLUU MPHU

BBIIIEYKA3aHHBIX 4aCTOTaX &21,3. N3MepeHne eMKOCTH M30JSLUHUHA BBICO-
Cso
KOBOJIBTHOTO 00OPYIOBaHUS TIPOU3ZBOAMUTCS € MOMOIIbI0 mpubopoB [TKB-7,
IIKB - 13, EB - 3.
O Hanmuuuu BJaru B WU3OJSAIUU TpaHC(HOPMATOPOB, BBOJOB, DIICKTPUYEC-
CKHMX MAIlIMH MOKHO TaKXe CyJAUTh MO BeIM4rHe Koddduiimenta abcopouu

Ko =60 (3.17)

rae Rep, R;5 — CONPOTUBIICHUE M3OJALMHU, U3MEpEeHHOe uepe3 15 u 60
CEKYH/I, COOTBETCTBEHHO, C MOMOIIbI0 Meraommerpa tuna MC — 0,5 na 2,5
KB.

J{nst yBiaxxHEHHOW u30Juu K5, = 1, T.K. BO BIaXHOW H3OJSALUU T10-
JIIPU3ALMOOHBIC MPOLIECCH CPABHUTEIBHO KPATKOBPEMEHHBI U Rgo<R;s .

B cyxoii n3onsmuu nporiecchl MoJIsipu3aliuy MpoTeKarT 0ojiee MeJIeH-
HO, a TOATOMY Ry > Ri5 U K> 1. V30811 MOXKET IKCIUTyaTHPOBATHCS, €C-
m Ky5.21,3. IIpu 5TOM OJTHOBPEMEHHO ITPOU3BOIAT OLEHKY KadyecTBa U30JIs-
UM TI0 HOPMHUPYEMOMY 3HAQYEHHUIO COMPOTHUBJICHUS YTECUKU H3O0JISIUN
Ry(Ry:R60).

Benmuuuna tg o, onpenensromnas TU3JIEKTPUUECKUE MTOTEPH B U3OJISAIIUU
Ha MIEPEMECHHOM HAaIPSKCHUHU, SBJISICTCS OJHOM M3 CaMbIX PaCIpOCTPaHECH-
HBIX XapaKTEPUCTUK, 3HAYEHHE KOTOPOW HCIOJIb3YETCS B KaUECTBE JUArHO-
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CTHYECKOI0 TlapaMeTpa JiJisi OLICHKU COCTOSIHUS M30JISIITMOHHBIX U3/IeNuid (Ha-
JU4ue Blard, 3arpssHeHuii). [lo HopMupoBaHHOMY (JIOITyCTUMOMY) U HU3Me-
PEHHOMY 3HAUCHHUIO tg O MPH 3aJaHHOW TeMIepaType JIeIaeTcs 3aKII0UCHUE
0 JajdbHEUIel MPUTOHOCTH U30JIAINU K paboTe. B sKcIuTyaTalimoHHBIX yC-
JIOBUSAX JIJII U3MEPEHUS 12 O UCIOIB3YIOTCS MEPEHOCHBIE MOCTHI Tuma M/JI-
16, P-525, P-595 u np. VI3amepenue oObIYHO MTPOBOUTCS MPU HATIPSDKEHUH J10
10 kB u f= 50 I'u. Hopmpbl 3HaueHus fg O M3OJSIUHN YCTAHABIUBAIOTCA OT-
JEIBHO IS KaXKJ0ro BUJa o0OpynoBaHUs. BaXXHO HE TOJIBKO abCOJIOTHOE
3HAYCHHE fg O, HO M €r0 CTaOMJIBHOCTh BO BPEMEHH. [[J1s1 OLICHKU COCTOSTHUS
M30JIAIMN MacCJIOHATIOJIHEHHOTO O00OPYIOBaHMS IIMPOKO HCIIOJIB3YETCS aHa-
U3 mpoObl Maciia (MCClielyeTcs JIEKTpUYecKasi MPOYHOCTh Macia, CTEIEHb
OKHUCJICHUSI, KUCTIOTHOE YKCIIO, BIArocojiepKaHue, ra3ocoaepKkaHue).

JIns OLIEHKM SJIEKTPUYECKOW MPOYHOCTH MCIOJB3YETCs ammapaTr TUIa
AVM-90 co cranmapTHOU SIYEMKOM, a aHAJIU3 BJIAar0 — U ra30CoAep>KaHus B
Maciie OCYIIECTBISETCS C MOMOIIBIO Ta30BbIX XpoMaTorpadgos.

Ha 3axnrounTenbHON CTaauM JUArHOCTUKHU HW3OJALUMU O00OpYIOBAHUS
MPOU3BOJAT UCIIBITAHUSI BICOKUM HampsbkeHueM. [IpruMeHeHne 3Toro MeTo-
Jla OTPAHUYHMBACTCS BO3MOXKHOCTSIMU CO3JIaHUSI MOOMJIBHBIX UCTOYHUKOB BbI-
COKOT'0 HampshKeHUsI TPeOyeMO MOIIHOCTH M OMACHOCTHhIO HEKOHTPOJHUpPYE-
MOT'0 OBPEXKICHUS U30JISIIIUM BEICOKMM HUCTIBITATEIbHBIM HAIIPSKEHUEM [2].

[IpodunakTUdecknue HCIBITAHUS HW30JAIUH BBICOKUM HaANpPsHKEHHUEM
MPOBOAAT JIJIsE KPYIHBIX BPAIAIOIIMXCS MAIlIMH, KaOCIbHBIX JIMHUH, a TaKKe
st ooopyaoBanus 1o 10 kB. M3omsmus ctaTopHBIX 00MOTOK TypOO — 1 TH/I-
POT€HEPATOPOB HCIBITHIBACTCS €KETOJHO MEPEMEHHBIM HampsiKEHHEM 1,5
Uion. JlOMycKaeTCss NPpUMEHEHUE MOCTOSHHOTO HCHIBITATEILHOTO HAaIpshKe-
HUS, 3HAYEHUE KOTOPOTO JTOJDKHO OBITh B 1,6 pasa Boimie Uy, TPOMBIIIUICH-
HOW 4acToOThl. /JJOCTOMHCTBAMU TaKWX HUCHIBITAHUM SBIISIOTCS CYIIECTBEHHO
MEHbIIAss MOIIHOCTh MCIBITATEIbHOM YCTAHOBKH, BO3MOXXHOCTh MU3MEPEHUI
TOKOB yT€UKkH [, (Min Ry), a Takke MEHbIIAsA, YEM IIPA IEPEMEHHOM HCIIBITA-
TEJIbHOM HaINpsKEHUH, OMACHOCTh TOBPEKICHUS U30JISLINH.

Bce paccmoTpeHHble METOABI TMArHOCTUKU MPUTOAHBI TOJBKO I Tie-
PUOIUYECKOTO0 KOHTPOJIST U30JSAINUH, 3)PEKTUBHOCTh KOTOPOTO 3HAYUTEITHLHO
CHM)KAETCSl MPU YBEJIWYCHUHW WHTEpPBAJa BPEMEHU MEXKAY HUCIBITAHUSIMH, A
COKpAIllCHUE ATUX HWHTEPBAIOB OrPAaHUYMBAECTCS BO3MOXKHOCTSIMH BBIBOJA
00opyoBaHUs W3 pabOTBI U POCTOM TpyAO3aTpaT Ha MPOBEICHUE HCIBITA-
HUH. B cBs3M ¢ 3TUM OOJIbIlIOe BHUMaHUE yeIsIeTcs pa3paboTKe METOIOB H
anmapaTtypsl i1 aBTOMaTUYECKOTO0 HEMPEPHIBHOTO KOHTPOJISI (MOHUTOPUHTA)
usosAnuy npu Upys. B KayecTBe NEPCIIEKTUBHOIO METOAA KOHTPOJISA U30I1s-
1uu pu Uy ABISETCS PErMCTpanis YaCTUYHBIX pa3psioB.

153



Jluteparypa k rinaBe Ne 3:

1. HonruunoB A.M. TexHuka BBICOKHX HAIPSIKEHUU B DIIEKTPO-
sHepreTuke. — M.: DHeprus, 1968. — 464 c.

2. Kyuunckuii I'.C., Kuzeserrep B.E., [lunrtans FO.C. W3onsauus
YCTaHOBOK BBICOKOIO HampspbkeHus. — M.: DHeproatomusaar, 1987. — 368
C.

3. KyprenkoB I['.E. OCHOBBI NpPOEKTUPOBAHUSA H30ISLNNA BBICOKO-
BOJIBTHOTO 3JIEKTpooOopynoBanus, - Tomck: U3narenscteo HTJI, 1999. —
276 c.

4. DbaxanoB C.A., Bockpecencknili B.®@. MoHTax U 3KCIUTyaTanus
MAaCJIOHANIOJTHEHHBIX BBOJOB. — M.: DHeprousaart, 1981. — 104 c.

5. Cunsasckuii B.H. PacueT u KOHCTpyupOBaHHUE 3JIEKTPOKEpPAMMU-
YECKUX KOHCTpYKUMi. — M.: Oueprus, 1977. — 192 c.

KonTtponbsHbie Bonpocsl K riaase Ne 3:

1. [lepeuncnure ycnoBus pabOThl U TpeOOBAHUA, TPEIbSIB-
JsieMble K U30JISILIMHA BBICOKOBOJIBTHOTO AJIEKTPOOOOPYIOBAHUSI.

2. Ha3naueHne M KOHCTPYKTHBHBIE OCOOCHHOCTH W30JISLUU
BO3aywHbIX JIOII.

3. HcnonHeHre OMOPHBIX M30JIATOPOB Il BHYTPEHHEH U
Hapy>XHOU YCTaHOBOK.

4. Oco0eHHOCTH Ha3HAYEHUS U KOHCTPYKTHUBHOTO MCIOJIHE-
HUS IPOXOJHBIX U30JIATOPOB.

5. BBICOKOBOJIBTHBIE BBOJBI: HA3HAYEHWE, TUIl H30JALUH,
KOHCTPYKTHUBHOE UcnOJIHEHHE. COBPEMEHHBIE THUIIBI BBICOKOBOJIBTHBIX
BBO/IOB.

6. XapakTepUCTUKH OCHOBHBIX MaTEPHAIOB IPUMEHSEMBIX B
CUJIOBBIX KOHJAECHCATOPaX.

7. KoHCTpyKTHBHBIE OCOOEHHOCTH H30JSLUU TpaHCHOopMa-
TOPOB HaIPSKEHUSI.

8. CunoBble TpaHcopMaTOphl: Ha3HAUEHHUE, KOHCTPYKTHB-
HO€ UCIIOJTHEHUE U30JISLUH.

9. CunoBelie ka0enu: Ha3HAYEHUE U KOHCTPYKTUBHOE (IIPUH-

IIAMTHATIBLHOE) UCTIOTHEHHUE.

10.  OcobGeHHOCTH KOHCTPYKTHMBHOTO WCIIOJHEHHS CHUJIOBBIX
Kabenel ¢ BA3KOM MPOIMUTKOM.

11.  MacnoHanoJHeHHbIE U Fa30HANIOJIHEHHbIE Ka0emu.

12. KaOenbHbIE JUHUU B TPyOax CO CXKAThIM Ia30M.
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I'/TABA 4
HEPEHAIIPAKEHUS B DQJIEKTPHYECKHUX CUCTEMAX

4.1. Knaccupukauusi BUA0B MepeHaANPsKeHN i

[lepeHanpspkeHMEM Ha3bIBAIOTCS JIIOOBIE TIOBBIMICHUS HANPSKEHUS B
AIEKTPUUYECKON CUCTEME, KOTOPhIE TI0 BEJIMUUHE BBIIIE JITUTEIBHO JOMYCTH-
MBIX TIPY HOPMAJIbHOM 3KCIUTyaTallmOHHOM pekume (T. €. 6omee 5-20%).

Bce Buapl nepenanpsokenuii 6onee 1,2U, mis 6-10 kB u 6omnee 1,05U;
st 750—1150 kB B 351eKTpUYECKON CUCTEME MO XapaKTepy BO3HUKHOBEHHS
JEJIAT Ha:

® BHyTpEHHUE (BO3HUKAIOT BCJICICTBUE BHYTPEHHUX MPUYHUH);

® BHEIIIHKE (TPO30BHIC).

B cBoto ouepenb BHyTpeHHUE JCIATCS Ha:

® KOMMYTAllMOHHBIE, CBSI3aHHBIE C BKIIOUCHUEM U OTKIFOUCHUEM;

e apapuiiHbIC (JIyrOBBIE), CBSI3aHHBIE C KOPOTKUM 3aMbIKAHUEM;

® pe30HaHCHBbIE U (Peppope3OHaHCHBIC, BO3ZHUKAIOUIUE BCIEJICTBUE HE-
OmaronpusaTHoro coueranusi R, L, C TUHUN U €€ DJIEMEHTOB.

oy = v (4.1)

\/EUM JIOII ,

rac U vna ~ MAaKCHMaJIbHAs aMIIJIMTYda BOJIHbI IICPCHAIIPSIKCHUS

UM 01 —HauOoJIbIIICe JJIATCIIbHO AOITyCTUMOC pa60qee HaIIPAKCHUC

B aniekTpuueckoit cetu (cormacuo 'OCT 1516.1-77).

B nepBom npuOamkeHUN KPaTHOCTh BHYTPEHHHUX MEPEHAIPSKEHUN HE
3aBUCUT OT HOMHHAJBHOTO HAmNpspKeHUs ceTu Uy AMIUIUTYNIa BHYTPEHHHUX
NepeHaNPSHKEHUM OTPEISISIETCS] 3aacoM DHEPTUU B DJIEKTPUUYECKON CHUCTE-

Me u cBsizaHa ¢ Uy, Tak mipu Oosnee Hu3kux U, MEHBIIEC W 3amac dHEPTUU
(puc. 4.1).

k
Puc. 4.1. Cpasnenue 3asucumocmen Kpamuocmu

BHYMPEHHUX U 2PO30BLIX NEPEHANPANCEHUL OM
2 HOMUHANbHO20 HANPSICEHUS Cemu:

1 — cpeonue 3navenus KodIhhuyuenmos 2po308vix
nepenanpsjiceHull; 2 — cpeonue 3HavyeHus Ko3ggu-

YUEHMOB KOMMYMAaAYUOHHbIX nepenanpﬂofcenuﬁ

|
220 500 750 kB
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[TpoIOIKATENBPHOCTh TPO30BBIX NEPEHANPSIKEHUN OIpeaessieTcs napa-
MeTpamMu Toka MOJTHUU (PpoHT mopsiaka 1-1,5 MKC ¥ AIUTETLHOCTH TTOPSII-
ka 45-50 mkc). BHyTpeHHue nepeHanpsiKeHusi MOTYT ObITh OTHOCHTEILHO
kpatkoBpeMeHHbiMU (0,1-0,01 ¢) (koMMyTallMOHHbBIE, aBapuiiHbie) U Ooliee
JUINTENbHBIMU (pe30HaHCHBIE). BennunHa nepeHanpspkeHuil 0OBIYHO Xapak-
TEPU3YETCS KPATHOCTBIO MEPEHANPSHKEHUI:

Bce aneMeHThI 3JeKTpUYeCcKOil CUCTEMBI pa30UThl HA TPU TPYIIIIBL:

o WCTOYHUKH DHEPTUH (e(?) — reHepaTopsl);
° AJIEMEHTHI CITIOCOOHBIC HaKaIIMBaTh dHeprHio (L u C);
o AJIEMEHTHI, CTIOCOOHBIC TIOTJIONIATh YPHEPTHIO (aKTUBHASI HATPY3-

Ka, KOPOHA, COCPEIOTOUEHHBIE U paclpeesieHHbIe R 1 npoBoauMoctu ().

Ecnu 6ananc Mexay reHepupyeMoil U MOTJIONIAeMO SHEPTUSAMU Hapy-
1IaeTcsi, BO3HHMKAIOT KOJeOaHMs, CIHOCOOHBIE BBI3BATh IEPEHANPSHKEHUS
KPaTHOCTEIO 10 4—6 Uy. DTO MOXHO NPOJEMOHCTPUPOBATh, PACCMOTPEB YII-
POILEHHYIO OAHO(A3HYIO CXEMY 3aMEIICHUS 3JIEKTPOCHA0XKEHMSI, PUBEICH-
HYI0 Ha puc. 4.2.

r T B, L T
| |
B, L.2 L/2 B, L,
Y Y L~ Y YN

(Dew C, Zary

Puc. 4.2. Ynpowennas oonogasznasn cxema 3amewjenusi 31eKmpocHadxce-
HUSL:

e(t) — 9K6UBANIEHMHBIN UCIOYHUK NUMAHUSA, Ly — 9K8UBATIEHMHASL UHOYKMUG-
HOCMb UCMOYHUKA NUManusi, L, — 5K6usaneHmnas uHOyKmueHOCMb JIUHUU HI1eK-
mponepeoauiu;

C, — 9K6UBANEHMHAsL EMKOCNIb TUHUU dllekmponepedadu; B u B> — evikmouamenu,

IIpu pazoMKkHyTOM BBIKIIOYaTene B, B cXeMe TOJIBKO pEaKTUBHBIE dJle-
MEHTBI 1 BO3MOXHBI KOJIEOaHUSI U POCT HAIPSDKEHUs HAa eMKOCTU JIMHUU C),.
IlepeHanpskeHUst BO3MOJKHBI IIPU BKJIFOYEHUU BBIKIIIOYaTesieM B HeHa-
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IPYKE€HHOW JIMHUU, WU TP HEOJHOBPEMEHHOM BKiItoueHuu B u B, B ciy-
gae X0JIOCTOTO TpaHchopmaTopa.

Bremnue nepeHanpsokeHus aTMOCHEpPHOTO MPOUCXOXKIACHUS MOYKHO
pa3ieNuTh Ha IBE TPYIIIIbL:

e [psAMOIl ynap MOJHUM B nojicTaHuuto, BJI win naGeranue BOJH Ha
MOJICTAHIIMIO OT MpsiMOTo yaapa mosinuu B BJI (ITYM);

® UHIYKTUPOBAHHBbIE HA MPOBOAAX U BJIEMEHTaX OT IPO30BOro obiaka
WJIU OT MPSAMOro yaapa MojaHuu okoio BJL.

[lepeHanpsbkeHUs pU OPSMOM yJape MOJHUU B ontopy U B JIDII moryt
JOCTUTaTh HECKOJbKO MHJUIMOHOB BOJIbT. CTaTH4yeckue (MHAYKTUPOBAHHBIE)
nepeHanpsbkeHuss MeHee omacHel M coctaBisaioT 200-300 kB. KpatHocThb
IPO30BBIX MEPEHANPSKEHUN 3aBUCUT OT HOMHUHAJIBHOI'O HAIPSKEHHS] CETH
Uy, T. K. 3a11ac SHEPTruu aTMOC(EPHOTO IMEeKTprudecTBa orpannyeH. [loatomy
YEM BBIIIE HOMHHAJIBbHOE HANPSIKEHUE CETH, TEM MEHBIIE KPATHOCTh I'PO30-
BBIX TlepeHanpsbkeHuit (puc. 4.1).

ToKkrM MOJTHUU HOCSIT BEPOSITHOCTHBIN XapakTep U MOTYT JOCTUraTh aM-
mwutyasl 10 200 KA co ckopocThio HapacTtanus 10 100 kA/mkc. UeM MeHb-
e aMIUIUTY]a TOKa MOJTHUM, TeM OOJIbIIe ero BEpOsITHOCTh. Tak ke U C Kpy-
TU3HOM TOKA MOJIHMU. BenmnunHa nepeHanpssKkeHu npu npsMoM yaape MoJI-
uuu B JIDII onpenensercs no dpopmyiie:

_ /
Upx=1y Z+1,-L, (4.2)
rae I,, — aMIUINTy1a TOKAa MOJIHUY;
Z — BOJIHOBOE COIIPOTUBIICHUE JIMHHUU JJIEKTPOIIEPEIAYUH;
1 1(4 — KpyTH3HA TOKA MOJIHUMU;

L — HHAYKTUBHOCTD ITPOBOAOB, I10 KOTOPBIM ITPOTCKACT TOK MOJIHUH.
OTCI-OI[a CJICAYCT, UTO KPAaTHOCTDb HCpCHaHpﬂ}KGHHﬁ:

/
k=1, I}). (4.3)
CpaBHeHuUe KpaTHOCTEH BHYTPEHHHUX U I'PO30BBIX MEPEHANPSIKEHUH IS
Pa3IMYHBIX KJIACCOB HANPSDKEHUH IMOKA3bIBAET, UTO:
Uy =6-220 B, ky,>>ky;

U, =330-500 kB, ky, ~ky;
U, =750-1150 B, k,, <ky,.

4.2. YPOBHM U KOOPAMHALMS U30JISIUU
OCHOBHBIE BUIbI U30JIALIMU B DJICKTPUUECKON CUCTEME:

1) Bo3ayminas (B);
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2) nuneitnas (JI);

3) annapatHo-ctaniuonHas (A-C);

4) tpanchopmaropnas (T);

5) mammunaHas (M).

Kaxxnplil 13 HUX UMEET CBOW YPOBEHb U3O0JISILUN.

VYpoBenb uzonsuuu — 310 oTHoleHue 50% — HOro pa3psAHOrO Hamps-
xeHusA (Upsoy,) OMHOTO H30JIALUOHHOTO 3JIEMEHTA (BO3MYIIHBINA IPOMEKYTOK,
TUPJSHIA, OMOPHBIM M30JSTOpP, BHYTPEHHSS H30JsUUA TpaHcdopmaTopa,
BpallalouIeicsl MalllMHbl) K aMIUIUTYA€ HauOOJIBLIEro JJIUTEIBHO JOMYCTH-
Moro padouero (azHoro HanpsKeHUA (Ugyy):

U, <n0
=B (4.4)
" \/EU(bMH
rae k,— ypoBeHb U30JISUY;

»xkenue cetn o ['OCT 1516.1 —77.

VYPOBHM M30JSIMKA YMEHBIIAIOTCS OT BO3AYLIHON K TpaHC(POPMATOPHOU
Y MAIlIMHHOM M3 SKOHOMHUYECKUX COOOpa)Ke€HUH, T. K. clieJaTh 00Jjiee BBICO-
KUM pa3psigHOE HANPSHDKEHUE 3HAUUTENIBHO JEUIEBJIE JJIS BO3AYILIHOIO IMpO-
MEXYTKa, 4eM JJIsl U30JISIIUH TpaHchopmaTopa nin Mamussl (puc. 4.3).

C pocTOM HOMHHAJIBHOI'O HANpSKEHUS U3 SKOHOMHYECKUX COOOpake-
HUW YPOBHU M30JIALIMM TaKKe yMeHbIatoTcs (puc. 4.4).

Taxum oOpazom, UMerOTCsS MPOTUBOpeUrBhbIe TpeboBanus. C 01HOI CcTO-
POHBI, YPOBHHU M30JISIUMY YMEHBIIAKOTCA OT BO3AYyIIHOW K MammHHON. C npy-
rOi CTOPOHBI, BaKHOCTh (POJIb) U30JSLUMU IS anmnapara U HeJJOIMyCTUMOCTh
OTKJIFOYEHHUS] pabOThl CUCTEMBbI BO3PACTAET OT MAIIMHHOW U30JSUU K BO3-
JYIIHOM, T. €. AOJKHA PacTH HAJEKHOCTh Pa0OThl CUCTEMBI C YMEHBIIEHUEM
YPOBHSI U30JSIUMU. AHAJOTMYHAs CUTyalusi HAOJIIOJAETCS MPU PACCMOTpe-
HUU U30JISIUM PA3JIMYHBIX KJIACCOB HANPSKEHUS. YPOBEHb M3OJIALIMHM CHU-
MKAETCSl OT KJIAcCOB BhICOKOT0 Hampspkenust (BH) k cBepXBBICOKMM U yibTpa-
BbicOKMM HanpsbkeHusM (CBH u YBH), a HageKHOCTh cucTeM JO0JIKHA pac-
™1 oT BH x CBH 1 ot CBH k YBH. B 3T0M 3akitouaercsi CyTh KOOpIMHAIIUU
YPOBHEU M30JIALMU U YPOBHEM 3aIUTHI U30JIALUN.

YpoBeHb 3alIUThI U30SALNN:

k. = UBY 4.5)
3a U >
dmn

rae U,y — HampsbkeHne cpabaThIBaHKs 3aIIUTHOTO yCTPOMCTBA.
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IIpy paBUIBbHOM KOOPAMHALME H30ILHUH K,y <k, .

YPOBCHB 3allIUThI U30JIANUN:

U
_ 3y
k3a - U b (46)
dmn
rae U,y — HampsbkeHHe cpabaThIBaHMS 3aIIUTHOTO yCTPOMCTBA.
py npaBUIBbHOM KOOPAMHALME H30ILHUH K,y <k, .

K
10

2 Ys
| |
10 1150
Puc. 4.3. 3asucumocms ypoeus Puc. 4.4. 3asucumocms ypoeus
U30IAYUU OM BUOA USOTIAYUU: UBONAYUU OM
B — 6030ywmnas; JI — nunetinas, HOMUHANbHO20 HANDANCEHUS

A—C — annapamuo-cmanyuorHas;
T — mpancghopmamopnas, M — ma-
wunHas, k,— yposensv uzonayuu;

UH— HOMUHAJIbHOE HANPAMNCEHUE cemu

Koopounayus uzonayuu — 5TO MPaBWIBHBIA YKOHOMHUYECKH OOOCHO-
BaHHBIN BHIOOP YPOBHEH M30JSUUU U YPOBHEHN HCIBITATEbHBIX HAMPSKECHUI
OTJIETIbHBIX BBICOKOBOJBTHBIX OOBEKTOB U COIVIACOBAHHME ITUX YPOBHEH C Xa-
PAKTEPUCTUKAMM 3AIUTHBIX Pa3psAHUKOB (yCTpoMcTB). bonbliue 3anacel mo
U30JILIMY SKOHOMHMUYECKU HenpueMieMbl. Henocrarounslie 3anacel 1o U30sisi-
UM HeNpueMiIeMbl H3—3a yuiepba or nepebost B cHaOxenuu. Crparerus
3J1eCh TaKOBa — BBIOPATh YPOBHU M30JISLUU 3JIEMEHTOB 10 YCIOBUSAM HAJIEXK-
HOM JJIUTENbHOM paboThl B HOPMAJIbHOM 3KCIUTyaTallHOHHOM pexume (1o
Ugma ) ¥ BBIOPATh YPOBHH 3AIUUTHBIX YCTPONCTB C YYETOM BO3MOXKHBIX IIe-

peHaHp}I)KGHI/Iﬁ (I/IX BCIIMYUHBI, KPATHOCTH, JJIUTCIIBHOCTHU, BEPOATHOCTHU IIO-
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SIBJICHUS), TO €CTh OTPAaHUYUTh UX 10 HOPMAJIBHO JOMYCTUMBIX WIH, KaK IO-
BOPAT, "ipuBecTH U30JsUI0 K HOpMme'. Takast cTpaTerus Jaet onTUMalibHbIE
pEe3yIbTaThl C SKOHOMUYECKON TOUKH 3PEHUS.

JIJist KoopaMHAIIMK U3OJISIIIMN TPeOyeTCsi 3HATh BO3MOXKHBIE KPAaTHOCTHU
KOMMYTAIIMOHHBIX U TPO30BBIX MEPEHAINPSIKEHUM, a Tak:Ke BEPOSTHOCTh UX
MOSIBJICHUS B CUCTEME.

4.3. BostHOBBIE ponecchbl B JIMHUAX

[Ipu 1m1000M 3JIEKTPOMAarHUTHOM BO3MYIIEHUH B JIMHUU BO3HUKAIOT
BOJIHOBBIE IPOLIECCHI (BKJIIOYEHUE U OTKIIIOYEHHE JIMHUU, K. 3., TTOPAXKEHUE
JIMHUU TPO30BBIM Pa3pPsIOM U T. 11.). DJIEKTPOMArHUTHOE BO3MYIIICHUE B Ka-
KOM-TMO0 TOYKE JIMHUU BBI3BIBACT JBUKEHUE BOJIH OT ATOM TOUYKH B 00OMX
HarpablieHUsX. OTpakeHUE U MPETOMIICHUE 3TUX BOJIH ONPEIECISIOT HAIps-
JKEHMS HA JIMHUAX U nojacTaHuusx. [1oaTtoMy 10 m3ydeHuss BOmpocoB Ipo30-
3amuThl JIDII u moactannmii 11e7I€co00pa3HO PACCMOTPETh BOJTHOBBIC TPO-
LIECCHl B BBICOKOBOJIBTHBIX JIMHUAX, LEISX C Pa3psiAHUKAMH, BBICOKOBOJIBT-
HBIX TpaHC(pOpMaTOpaXx.

4.3.1. BosiHoBbI€ PoO1EeCChI B JJINHHBIX JHHUSX

BonHoBo# niporiecc B TMHUM OeCKOHEUHOU NuHbI (puc. 4.5 u 4.6) onu-
ChIBAETCS TaK HAa3bIBAEMbIMU TeJIerpadHbIMU YPABHCHUSIMU:

ou . i
——:r01+L06—
aa?c taU' (4.7)
1
e U+C,—
ox B0 0 o

[ToTepu sHepruu npu ABuKeHnd DMB B TMHUN ONpPENEsSIOTCS aAKTUB-
HBIM COIIPOTUBIICHHEM HA €AWUHULY JUIMHBI 7y U YACIBHOU MPOBOAUMOCTBIO
go (MpOBOAMMOCTH U30JISIUUU, KOPOHBI).

="

Vo Y

Puc. 4.5. Cxema pacnpocmparneHnus 801Hbl HANPANCEHUSL NO OOUHOYHOLL
JUHUU HAO 3emiell
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AX

Puc. 4.6. Cxema 3ameuienuss 0OUHOUHOU TUHUL.

79 — AKmMuHoe conpomugierHue Ha eOUHUYY ONUHbL TUHUU (YOelbHOe CONPOMUGIeHUe);
g0 — AKMUBHAsL NPOBOOUMOCTb UZONAYUU HA eOUHUYY OUHBL TUHUU (VOeTbHAsI NPOBO-
oumocmy); Cy— eMKOCmb NPO800a HA eOUHUYY ONIUHbL TUHUU (VOeNbHAsl EMKOCMb),
Lo— undykmusHocms Ha eOUHUYY OUHBL TUHUU (VOeTbHASI UHOYKIMUBHOCHb)

Jliis nmunaum 6e3 notepsb 1y = 0, g = 0 cucrema ypaBHEHUN UMEET BU/L:

oU o
__:Loa_

O 2 (4.8)
o U

o Vo

B nuHUAX 6€3 MOTeph AIIEKTPOMArHUTHAS BOJIHA JIBUXKETCS BIOJb MPO-
BOJIa, KOTOPBIN CIIY>KUT JIMIIb HANPABIISIONIAM, HJIEKTPOMArHUTHOE T0JIC Ha-
XOIUTCS LETUKOM B TUAJIEKTpHuYecKoi cpenae. CKOpOCTh pacrpoCTpaHEHUs
AIIEKTPOMATrHUTHOMN BOJIHBI BJIOJIb JIMHUU O€3 MOTEPh MOXHO ONPEICIUTh HC-
XOJsI U3 yPaBHEHHUS:

e 4.9
= (4.9)

rle 0 — CKOPOCTb PacCIpOCTPAHEHUS JJIEKTPOMArHUTHOM BOJIHBI, U.—

D=

CKOPOCTb CBCTA B BAKYYMC, € — JHUIJICKTPpUYCCKAA IMOCTOSAHHAA CPCAbI; L—

MAarHUTHas IPOHUIIAEMOCTb CPEJIbL.
s Boznyxa €¢=1 u p=1, moaToMy B BO3AyXE€ 3JIEKTPOMArHUTHAas

BOJIHA PAcIpPOCTPAHAETCS CO CKOPOCTBIO L = U, 0€3 NCKAXKEHUS U 3aTyXaHusl.
Pemenue tenerpadusix ypaBuenuii (u3 kypca TOD) mist nuauu 6e3 mo-
TE€pPb MOXKET ObITh MPEJICTABICHO B BUJE BOJHOBBIX (DYHKUUWA TOKA U HAIMpPS-
YKEHUS Yepe3 MPOCTPAHCTBEHHYIO KOOPJAMHATY JUIsl 3aIaHHOTO MOMEHTA Bpe-
MEHHU ¢ B QYHKIIMHU OT PACCTOSHHUS X:
U=u(xtut)

i=i(xtut) (4.10)

501041

161



{U:u(x—ut)+u(x+0f) 4.11)

i=i(x—vt)+i(x+ut)

T. e. BoJHa TOKa M BOJIHA HANPSHKEHUS MOTYT OBITh MPEJCTaBICHBI B
BUJIE CYMMBbI 2—X BOJIH JBIXKYIIMXCS B TIPOTHUBOIOJIOXKHBIE CTOPOHBI CO CKO-
POCTBIO L 03 U3MEHEHUs (HPOPMBI.

Hanpumep, Tpo30BOi UMITYJIbC Ty/T, = 1,2/50 MKC B KOOpAMHATaxX pac-
crosiHusl Oyner mnpexcrtasieH ans BoszaymHod JIDII (v, =300- 10° M/c):
(pOHT uMIIylIbCA Ty — 1,2:10°300-10° = 360 M, mIMHA HMIyIbCA T, —
50-10°-300-10°=15000 m.

B kaOene ckopocTh BOJIHBI MeHblIE (€~ 2,3, v, ~150-10° M/c), To-
ATOMY TPO30BOM UMITYJIbC B KOOpAMHATaX PACCTOSHUSA OYyIET MpEeACTaBIICH:
g =180 m; 753 =7500 m.

[Tonynepron cuHYcOMIIBI MPOMBINUICHHOW dactorhl f = 50 I'm
(% =0,01 ¢) pacmpocrpanutcs 3a T/2 Ha paccrosiaue 0,01-3-10° = 3000 kM
JUTst BO3AYITHOM Jinann uiy Ha 1500 kM 1715 kabenbHOM TMHUH.

CKOpOCTh IBMKEHUS BOJHBI 110 JINHUM MOKET OBITH OIIPEJENICHa Yepes
napameTpel TMHUU Ly 1 C:

1

v LOCO .

[TapameTp, KOTOpBIN ycTaHaBIWMBAaeT CBI3b Mexay U u [ muHUM (WK
MEKJ1y 3JIEKTPOMAarHUTHOM M MArHUTHOW SHEPTUEHN B AJIEKTPOMAarHUTHON

BOJIHE), Ha3bIBAIOT BOJIHOBBIM WJIM XapPAaKTEPUCTUYECKHUM COIPOTUBIIC-
HUEM JIMHUU ( Z; ), KOTOPOE HE 3aBUCUT OT JJIMHBI JTUHUH:

v= (4.12)

L
zZ = 2. (4.13)
Co
JInst OqHOIIPOBOIHOM JIMHUU, CXEMA KOTOPOM IpUBEAEHA Ha puc. 4.7:
o=t Mo n 2R, (4.14)
21 r
_2mee-gg
Cy = — 7 (4.15)
In—
r
Z, :60-1n%. (4.16)

r
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2

Puc. 4.7. Cxema ona pacuema 8011068020 conpomuieHuss 0OHONPOBOOHOU IUHUU

Tak xak 4 u r HaxoAATCS MOJ JiorapumMom, B 11€JIOM BOJTHOBOE COMPO-
TUBJIeHNE BO3AYIIHBIX JIDII pa3HbBIX KIIaCCOB HAIPSKEHUS MaJIO H3MEHSAETCS
c usamenenuem h u r. Hanmpumep, aiis Bo3aymabix JIDII ¢ pacmennenHoi da-
301 Z, =350+400 Owm, 6e3 pacmemenus — Z,; =450+550 Om. s xabe-

11 Z, =20+50 OM u3-3a 6oabmoin Cy u Maou Ly .
4.3.2. IIpesiomJieHHe U OTPaKeHUE BOJIH B Y3J10BbIX TOUKAX

VY3510Basi TOYKOW JIMHHAM HA3BIBAIOT TAKyK TOYKY, B KOTOPOM CKAauyKOM
U3MEHSAETCS COOTHOLIEHUE MEXAY HJIEKTPUYECKUM M MArHUTHBIM IIOJIEM,
T. €. U3MEHSAETCS BOJIHOBOE COIPOTUBIIEHUE NuHUU Z . Jlnd pacdera mpe-

JIOMJICHHBIX M OTPAXXEHHBIX BOJIH B Y3JIOBBIX TOYKAaX MCIIOJb3YIOT JKBUBA-
JICHTHYIK0 CXE€MY 3aMELICHHS JIMHUHU C PaCIpECICHHBIMU IIapaMeTpaMy Ha
JUHUIO C COCPEIOTOYEHHBIMM IapamerpamMu 1o npaswiry llerepcena
(puc. 4.8).

U,

R
o

VA A

2Upan Uy Z>

!

Puc. 4.8. xeusanenmnas cxema 3ameweHus OnuHHOU TuHUU no npasuny Ilemep-
CeHa 05 pacuema npeioMIeHHbIX U OMPANHCEHHBIX BOJIH 8 Y3110601U mouke A
Unax — naoaiowas 6011a Hanpsiicenusi; Z; — 60IH0B0E CONPOMUGIEHUE ONUHHOU TUHULU,
no KOMOopoU nadaem 60JHA HANPSHCEHUS, 2 — 80IHOBOE CONPOMUGLEHUE ONUHHOU U~
HUU Nocie MOYKU HeOOHOPOOHOCMU,; A — Y3108a51 MOYKa (Mecmo HeOOHOPOOHOCIU),
U4 — Hanpsoicenue 8 y310601 mouxe

163



PaccMoTpuM HECKONBKO MPUMEPOB OTPAXKEHUS M MPEITOMIICHUSI BOJIH B
y3JIOBBIX TOUKaxX Mpu OECKOHEYHOM Majarollei BOJIHE C MPSIMOYTOJIbHBIM
bpoHTOM.

1. Konen nunum (Touka A) pa3oMKHYT, Z, = oo.
[Tamaromiast BoJHAa HANPSDKEHUS OTPAXKAETCS IMOJHOCTBIO C TEM XKeE
3HAKOM U B TOUKE A, Ha KOHIIE JIMHUH, HAITPSKCHUE YIBAUBACTCS:
Up = 22 Unan = 2Unax - (4.17)
Zl + Zz

J171s1 BOJTHBI TOKA:

i =0, T.e. IPEJOMIICHHBIN TOK PaBEH HYJIIO:

[,=0. (4.18)

[Taparomas BoHA TOKa OTpa)kaeTcsi OT PA30MKHYTOrO KOHIIA IIOJIHO-
CTBIO C OOpaTHBIM 3HAKOM U TOK B JIMHUU PaBEH HYJIIO.

2. Jlunus B KoHile (T. A) 3akopoueHa, Z, =0 .

[Taparomass BoNHA HANPSKEHUS OTPAXKAETCS MOJHOCTBIO OT KOPOT-
KO3aMKHYTOT'O KOHIIa TUHUU C OOpAaTHBIM 3HAKOM, HAMPSHKEHUE B T. A paBHO
HYJII0, 4 BOJIHA TOKA OTPAXKAETCsI C TEM K€ 3HAKOM W y/IBAaUBAECTCS.

3. JIuaus B xoHIle (T. A) coritacoBana, T. €. Z; = Z, = Z.

HetpynHo BUIETH, YTO B 3TOM CiIydae MaJIal0lIde BOJIHbBI HANPSIKEHUS U
TOKa HE UCIBITHIBAIOT OTPAXKEHUM U NMPEJIIOMIICHUH [IPU TaJICHUU Ha COIJIaco-
BaHHOE Z.

4. JIuHus pUCOEAUHEHA K IIMHAM NOJACTaHUUHU, OT KOTOPOU OTXOIUT 1
Takux e JuHui (puc. 4.9). Ilo TMHUM NPUXOIUT BOJIHA HA MIMHBI MOJICTAH-
LWH.

OO01ee KOJIMYECTBO JIMHHM, MPUCOCIWHEHHBIX K IIMHAM IOJCTaHIUU
paBHO 71, TPEOYETCS ONMPESIUTh HAMPSHKEHNE HA TITMHAX:

>2z,=>.
n—1
Hanpspkenue Ha muHax Uy, = 2 U,,/n. Hpu:
n =1, 1. e. tynukoBas noactanuusi, Uy = 2U,y;
n =2, T. e. npoxoaHas noacranuus, Uy = Uy,y;
n > 2, 1.e. MHOrouaepHas nojactanuus, Uy < Upa,.

(4.19)
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Puc. 4.9. Cxema 3amewenusn 0ns paciema naoaroujux u OMpadCceHHvlX 80JIH Om

V3110801 NOOCAHYUU!
n— O6W€€ KoJuyecmeo JZMHMLZ npucoeéuHeHHblx K WuUHam I’lO()CWlaHMMM

5. Ilepexon Bosnbl ¢ Bo3aymHoM JIDII B kabens (puc. 4.10):

Uy =2U Z)

—_— 4.20
maj Zl+Zz ( )

Puc 4.10. Cxema 3amewenus ona pacuema nepexooa 6onnul ¢ 030yurou JIII1 6 ka-
benv.

Z; = 350—400 Om (0ns pacwennennvix pasz); Z, = 450—550 Om (05 HepacuenieHHbix
Gaz); Z, =5—20 Om.

Paccuntannas mpu 3TUX YCIOBHSIX aMIUIMTYJa BOJHBI HANPSKCHUS B
kabene ymensbinaercs B 10 — 50 pa3, a BoitHa TOKa B KaOeyie yBeIMUHBa-
eTcs mouTH B 2 pasa (tTounee Ha 90 — 98%).

6. B xoHlEe 1MHUM BKJIIOYeHA eMKOCTh C (€MKOCTh IIMH Ha 3€MJT0, EM-
KOCTh KOPOTKHMX KaOesiel Ha 3eMJII0 U T. 1I.). DTO MPAKTUUYECKUI Cllydyail aJis
OoLIeHKH ()OPMBI UMITYJIbCA HAMPSHKEHUS HA IIWHAX MMOJCTAHIINK TP MaICHUN
BOJIHBI C IPSIMOYTOJIbHBIM (hpoHTOM (puc. 4.11).

Una Zl A
1> A
7 o j— (L—: " l
IC = 2U ax U, -|—C

Puc. 4.11. I[ladenue on1bl HanpsadiceHus: HA WUHbL NOOCMAHYUU
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t

Up=Uc=2Up, | 1-e 1|, (4.21)

[IpstmoyTONBbHBIN (POHT BOJHBI CIIIAXKHBACTCS C MOCTOSTHHOW BpEMEHU
T=Z, -C. OObIYHO €MKOCTh IIIMH W MOJKIIOUEHHBIX almapaToB JIEKUT B Ipe-
nenax 1000-5000 n®, npu Z; = 500 Om, 7= 0,5-2,5 MKc.

7. B KOHIIE TMHUY BKJIFOUEHA UHIYKTUBHOCTH (pHuc. 4.12).

Unazl 1 A
> A o
Z,
L T l‘laﬂ % L
1 °
Puc. 4.12. Ilaoenue 6onnbl HanpsdiceHUss HA UHOYKMUBHYIO HACPY3KY
_(th]
U,=2Up, e "7, (4.22)
Upar=U(2) Zi 4
> o
2 F s
Zl N ]
_ = . S
ZZ_ZpB T A ? ZZZZpB
<)
[

Puc. 4.13. Cxema 6030eticmsusi 80.1Hbl NEPEHANPAHCEHUSL
HAa 86eHMUNbHbBIU PA3PAOHUK

VY npuxonsiieil Ha MOACTAHUUIO BOJHBI NMPU MOAKIIOYEHHH K IIMHAM
peakTopa (MHIYKTUBHOCTH) (PPOHT HE CTIIAKUBACTCS (HE YMEHBIIACTCS KPY-
TU3HA (POHTA), a HAMPSDKCHHWE Ha IIMHAX BO3PAcTaeT, KaK Ha TYMUKOBOU
NOACTAHIMH, T. €. Y/IBAUBAETCS.

['po30BBIE BOJHBI UMEIOT OTHOCUTEIBLHO Myl JJIUHY, KpOME TOro, Ha
MOACTAHIIMIO YaCTO MPUXOJAT BOJIHBI, CpE€3aHHbIE TPYyOUaThIM pa3psiAHUKOM
(C KpyThIM CIaJI0M), KOPOTKYIO BOJTHY MOKHO MPEICTABUTh KaK BO3/ICUCTBUE
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2—X MajaloluX BOJH (MOJOKUTEIBHOM M OTPUIATENBHOW) CIABUHYTHIX BO
BPEMEHM Ha JJINHY BOJIHBI Ty,

4.3.3. OnpeneseHne HaNPS’KEHUsI HA BEHTUILHOM pa3psiIHUKeE
IPH BO3/1eliCTBUM BOJIHBI IPO30BOI0 NEepeHANpPsKeHHUs

OKBUBAJIICHTHAs CXEMa 3aMEIleHUs IpUBeIeHa Ha puc. 4.13.
Hanpspkenne Ha BEHTUIIBHOM pPa3psIHUKE OMPENENIeTCS HCXOId W3

ypaBHeHusa 2U (z‘):i1 Zy+Up,, Toe U (t) — HaIpsDKEHHWE BOJIHBI, PacCIpoO-

CTpaHHIOHlefICH 10 JIMHUMH, Zl — BOJIHOBOC COIIPOTHUBJICHUC JIMHHH, il— TOK B
JIMHHU, UpB — HAIIPsAKCHUC HAa BCHTHIIBHOM PA3PAIHUKE.

Pacuet npousBoautcst rpado—aHATUTUYECKUM METOA0M. 3anaetcs U(t),
BOJIbT—CEKYHJIHAsI XapaKTEPUCTUKA HCKPOBOTO IMPOMEKYTKA BEHTHJIBHOTO
paspsaauka (BCX), BompT—ammepHas XapaKTepUCTHKa HEIMHEHHOTo 3iie-
menta (BAX), BomHoBoe compotuBieHue juHuu Z; (puc. 4.14). MomeHnt
MpPUX0/ia BOJIHBI MepeHanpspkeHust U(?) B TOUKY YCTAaHOBKM BEHTHJIBHOTO
pa3psanHuKa (Touka A, KOHEll JUHUU) IpUMeM 3a HoJib. Hanpshkenue Ha uc-
KPOBOM IPOMEXYTKE BEHTUJILHOTO Pa3psIHUKA OyJeT U3MEHSTHCS MO KpH-
Bol 2U(t) (yIBOCHME HAIPSKEHUS MPOU30ILIIO U3-3a TOTO, UTO KOHEI] TUHUU
Pa3oOMKHYT, Z, = ). B MOMeHT BpemeHu ¢, korjaa Hanpsbkenue 2U(t) mnoc-
TUTHET 3HA4YCHHUS NMPOOMBHOTO HAIPSKEHUS HCKPOBOTO MPOMEXKYTKa BEH-
TUJILHOTO pa3psiaHuKa (Touka 1 Ha puc. 4.14 — nepeceuenue 2U(?) ¢ BOJIBT-
CEKYHIHOM XapaKTEPUCTUKOW), MPOUCXOJIUT CpaldaThIBAaHWE BEHTUIHHOTO
pa3psIHUKA U MOAKIIOYEHHUE HEeJIMHENMHOTo pe3uctopa k Touke A. [Ipu sTom
MTHOBEHHO Harnpsbkenust 2U(t) (Touka la) mepepacnpenensiercss Mexay He-
JMHEWHBIM COMPOTUBICHUEM BEHTWJIBHOTO Pa3psiIHUKA U BOJHOBBIM COMPO-
TUBJICHUEM JIMHUU (Touku 10 u 1B). Hanpsikenue B Touke A MTHOBEHHO U3-
MEHSIETCSl OT 3Ha4€HUs TOUKHU 1 10 3HaueHus B Touke 1r. [anee, Bciencreue
HEJIMHEWHOW BOJIBTAMIIEPHOM XAapAaKTEPUCTUKU BEHTWIBHOTO pa3psIHUKA
HalpspKeHUE B TOYKE A B IIMPOKOM JMAaNa3oHe TOKOB Uepe3 BEHTHJIHHBIN
Pa3psIHUK B TEYECHUE BPEMEHHU MPOXOKICHUS BOJIHBI TIEPEHAIIPSIKEHUS] MaJIo
U3MeHsAeTCs. MaKCUMyM OCTaloIIerocs HampshKEHUsS Ha BEHTWIBHOM pas-
psanHuke (Touka 2B) OyAeT HAONIOAAThCSI B MOMEHT f,, KOT/Ia UMITYJIbC TIepe-
HanpspkeHust 2U(t) nocTuraet aMIuIMTyTHOTO 3HAYCHUS.
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t 153 h 0 th Ha4 t
Puc. 4.14. Onpedenenue ocmarowezocs nanpsxcerus Upp(t) npu cpabamuléanuu
BEHMUNLHO20 PA3PAOHUKA:
BCX- 80o16m—ceKkyHOHas Xapakxmepucmura UCKpo8o20 NPOMeNCYMKA 6eHMUNbHO20 Pa3-
paonuka, BAX— éorbm—amnepHas xapakxmepucmuka HeIuHeHo20 1eMeHma

4.3.4. MHOrOKpaTHbI€e OTPAKEHUS B JMHUAX KOHECYHOH NJINHBI

Besikas TUHUST MOXKET paccMaTpUBaThC Kak JUHUS OECKOHEU-
HOM JUIMHBI O MOMEHTA BPEMEHMU f TIOKA K TOYKE OTcyeTa "x" He mpuIia oT-
paXeHHas BOJHA OT JAPYroM y3JIOBOM TOYKH, T. €. B T€UYEHHUE BpPEMEHU ! <
2[l/v, e "I" paccTrosiHEE OT TOYKH "X" 10 TOYKH HEOJTHOPOAHOCTH JuHUN "[".
[Tocne mpuxona OTpaKEHHOM BOJHBI JUIsl OLEHKU HamnpsikeHust U, B TOUKe
"x" cnemyeTr yuyuThIBaTh BO3JAEHCTBUE OTPAKEHHBIX U MPEITIOMIICHHBIX BOJIH.
PaccMoTpum mpocTedinii citydaii: nepexol npsMOYrOJIbHOM BOJIHBI C
JVMHUM Z| B JUHUIO Z, 4Ye€pe3 JIMHUIO KOHEYHOUN JIuHbl ADB C BOJHOBBIM CO-
npotuBieHueM Z (puc. 4.15). byaem cuutatb, uto [y u [, >> [, 1.e. Z, u 2,

JABC OCCKOHEYHEBIX I10 JJINHC JINHHUH.

—— b ¥

\

—
—

— —

Y
I

Puc. 4.15. Dxeusanenmnasn cxema HeOOHOPOOHO20 Y4ACMKA ONUHHOU JTUHUU
0/14 pacdema OmpaxiceHHblX U NPeNoMIeHHbIX 80JIH.

168



U — CKopocnb O0BUICEHUS BOJIHbL NO AUHUU AE, T— 6pems np06eea 60JIHbl NO JIUHUU
Ab

B ciyuae paBeHcTBa Z| = Z, HETPYIHO MTOKA3aTh C IPUMEHEHUEM CXEMBI
3amenieHus o npasuiy llerepceHa, 4To B MOMEHT MpHUXOAa ABAXAbl Ipe-
JIOMJIEHHOM BOJIHBI YEPE3 TOUKU HEOJHOPOIHOCTU A U b HanmpsikeHue B TOY-
ke b Bcerma Oyner mensine Uy, Hanpsokenue B Touke b B mocnenyroiee
BpeMsi OyJIeT 3aBUCETh OT OTPAKCHUS U MPEIOMIICHUS Maatomeid BOTHbI Uy,
OT TOYeK HeoJAHOpoAHOCTH A U b. OTpaxkeHHbIE U NPEIOMIICHHBIE BOJIHBI B
Touke b OyayT MosBIATHCS Yepe3 BpeMs JBOWHOTO ITpodera BOJHBI 10 JIMHUU

[ . . .
Ab t =2—. Bo3HUKIINI NEPEXOAHBIA NPOLECC, CBSI3aHHBI ¢ MHOTOKPATHBI-
L

MU OTPAaXEHUSMHU U MPEIOMJIEHUSIMU B TOYKaX HEOJHOPOJHOCTH, MOKHO
IIPOCYUTATh UCIOJIb3Ys] NPHHLMI HAJIOXKEHUS, T. €. HAlPSIKEHUE B KaXKIOU
y3JI0BOM TOYKE PABHO CyMME MPEIOMIIEHHBIX U OTPa’KEHHBIX BOJIH.

[locne OeCKOHEYHOro 4YHclia OTPAKEHUW HAINpsKEHUE B Z, JOCTUraeT
TOTO € 3HAaYeHUs, KOTOpoe ObLIO Obl MpHU MEepexo]e BOJIHBI C Z; HA Z, NpHU
OoTCyTCTBUU JuHUU ADb.

4.3.5. UckaxeHue 1 3aTyXaHue BOJIH

B npuBeneHHbIX TpUMepax pacCMOTPEHO JIBUKEHHUE BOJIH B JIMHUAX 0€3
notepsb. B peanbubix JIOII nBukeHue 3JI€KTPOMArHUTHOM BOJIHBI HPOUCXO-
JUT C 3aTyXaHHUEM U UCKakeHueM. Jleopmarinsi BOJHBI TOJKHA YUUTHIBATh-
Csl IIPH pacyeTax MepeHanpsHKEHUI U CXEM 3allUThI OT HUX.

O603HaunM (HakTOpbl, KOTOPbIE OMPEICISIIOT MOTEPU SHEPTrUU U Jie-
(dopManyK 3JEKTPOMArHUTHOW BOJHBI:

l)akTUBHOE CONPOTUBIIEHUE MPOBOAA U AKTUBHOE COMPOTUBIIEHUE
3EMIIH:
15 = Ryp + Ryey 5 (4.23)

2) uMMIyJbCHasi KOPOHa.

Hanuuue akTUBHOTO CONMPOTHUBIICHUSI TTPOBOAA U 3€MJIU BBI3bIBAET MOTE-
pU DHEPrUM, YTO BBIPAXKAETCS B YMEHbBIICHUM aMIUIUTYJIIbl U YBEJIMYEHUU
JUIMHBL U (poHTa BONHBL. OCHOBHOE BIIMSHHE OKa3bIBAET AKTUBHOE COIpPO-
TUBJICHUE 3€MJIM, OCOOEHHO MPH IUIOXUX TPYHTAX, T. K. IOTEPSIMU B MIPOBOJIE
JUISL 9TOM 3a/laud MOKHO npeHeOpeub. Ha BeicOkoO# yacToTe (IIpH TPO30BBIX
HMMITYJIbCaX) B MACCUBHOM ITPOBOJAHUKE "TIPOBO — 3eMJIs" PE3KO MPOSBIISICT-
Csl IOBEPXHOCTHBIN 3(PQEKT, T. €. IUHUU TOKA B 3eMJIe TIOJITATUBAIOTCS K I10-
BEPXHOCTU 3€MJIM M aKTMBHOE CONPOTHUBIIEHHE 3eMJIM Bo3pacTaeT. [Ipsmo-
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YTOJIBHBIN (DPOHT CTITAKUBACTCS 0 KOCOyroybHOTO. [lnHa gpoHTa (0T mpsi-
MOYTOJIBHOT'0) MOKET OBITh paccuuTaHa mo Gpopmyiie:

ps -1
Ty, = 2 , (MKC 4.24
™ 2.60-12 -2 (i) 429

o Ts,— AJIUTCIBbHOCTD OHTAa JJICKT OMaFHHTHOﬁ BOJIHBI ITIOCJIC IIPO-
bp

oera paccTosiHus /; p; — yA€JIbHOE CONMPOTUBJICHUE IpyHTa B OM-M; [ — iH-
Ha mpo0bera 3JeKTPOMarHUTHOM BOJIHBI B MeTpax; Z — BOJHOBOE COMPOTHUB-
nenue TMHUU B OM; /i, — CpeAHss BBICOTA IIOJIBECA ITPOBOJA B METPAX.

IIpu p, = 1000 Omm, Z = 400 Om, 4 = 10 M, / = 1 KM DOIYyYUM T =
0,25 MKc.

YMeHbIIIeHHe aMIUTUTYABl BOJHBI HANpPsDKCHHS OT PACCTOSHUS TIPH
MPSIMOM yJlape MOJIHMH B TIPOBOJ MOKHO MOJCYUTATH 110 (hopMmyIie:

U=U, e (4.25)
rjae [, — JjuHa npobdera oT TOYKHU IpsSMOoro yjaapa Moiauuu; Uy — Hadallb-
Has aMIUTUTYJ1a epeHanpsHKeHUst; a — K03 PUITMEHT 3aTyXaHusl.

s JIDIT 110 xB u Beiie a = 0,07 xm 03

N3 onwitHEIX JaHHBIX AU = Uy/U = 0,9 Ha 1 kM, T. €. CHIOKEHHE aMILIH-
Tyael Ha 10% Ha 1 kM, mpuyem, 60abIIyI0 IehOpPMAITUIO UCITBITHIBAIOT BOJI-
HbI Ha KpaHUX IPOBOAAX.

Bonee cyiiecTBeHHOE BIMSHUE HA TMOTEPU DHEPrUM U JePopMaIluio
AJIEKTPOMArHUTHOM BOJIHBI OKa3bIBaeT MMITyJbCHas kopoHa. [Ipu mpsmom
yaape monHud B JIDII Ha mpoBoAax BO3HHMKAIOT BOJIHBI MEPEHANPSIKEHUS
amrutygor 1o 1MB. Korga ammnuTyna BOJIHBI TEpEHANPSDKEHUS OyneT
BBIIIIE HAYAJIBHOTO HANPSKEHUS KOPOHBI, BOSHUKACT UHTCHCUBHAS UMITYJIhC-
Has KOpOHA, KOTopas sIBJISICTCSl OJIaronpHusITHBIM (haKTOPOM JJIsI 3aTyXaHUS U
yUIMHEHUS (PPOHTA BOJIH MEPEHANPSHKCHUSI.

['po30BBIE BOHBI Yallle UMEIOT OTPUUATEIBHYIO MOJISIPHOCTH, TO3TOMY
pacyeT UCKa)KEHHUs BOJIH MEePEHAIPSKEHUS JIeiaeTcsl A OTPUIIATEIHbHON KO-
poHbl. BcneacTBue Haliuyusi 3HAYUTEIBHOTO JIOMOJHUTEIBHOTO 3apsija B
4yexJie UMITYJIbCHOW KOPOHBI — yJEiIbHas €MKOCTh MPOBOJIa OTHOCUTEIHHO
3emuin Cy yBEIMUUBAETCS, T. K.:

C, =%, (4.26)

I g — 3apsa Ha MPOBOJAE HA €IMHMILY JJIMHBI JUHUU (YIEIbHBIA 3a-
pan);

U — HanpsikeHUe TpOBOI—3EMIIA.

VYBemnuenne C, NPUBOAUT K CHUKEHUIO CKOPOCTH PACIpPOCTPAHEHUS
BOJIHBI L:
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oo L 4.27)

>
Ly -Gy

rae Lo — ynenbHass UHAYKTUBHOCTD JIMHUU;

Co — yAenbHasi EMKOCTb JTUHUU.

N3MeHeHne CKOpOCTH PaclpOCTPAHEHUsI BOJHBI U YACIBbHOM €MKOCTH
JIMHUM NPUBOAUT K U3MEHEHUIO BOJIHOBOT'O COIIPOTUBIICHUS JIMHMU. Haliiena
sMnupudeckas (Gpopmyna s HaxXOXKJIEHUS BOJIHOBOTO COIMPOTUBIICHUS JIH-
HUU IIPU KOPOHUPOBAHUU:

IZi€ Zy — BOJHOBOE CONPOTHUBIICHUE JIMHUY ITIPU KOPOHUPOBAHNH;

Zy= Lo _ BOJIHOBOE CONMPOTHUBJICHUE JIMHUU NPU OTCYTCTBUU KOPOHBI.
Co
Jlns onpenenenusi koddduimenta B MOXKHO BOCMOJB30BaThCs rpadu-
KOM, IIPUBEACHHBIM Ha puc. 4.16.

Z /7,4
1 I

0’5 _______________________ k

>

1 2 3 U,MB
Puc. 4.16. Brusanue nanpsascerusi Ha OMHOCUMENbLHOE B0JIHOBOE
conpomuenenue JIII1 npu koponuposanuu

Jl1st pacdeToB MOKHO OpaTh:

® Il OAMHOYHOTO npoBoAa Z, = 400 Owm;

® ISl IBYX TPOCOB Z, = 250 Owm;

e JJIs1 TIPOBO/IA paciienieHHoro Ha Ba Z, = 370 Owm;

° JUIs1 TPOBOJIA paciueryieHHoro Ha tpu Z, = 300 Owm.

CHuxeHue Z, IpUBOAUT K YBEIUUYEHHUIO KO3 uLreHTa cBs3u kj Mex-

ny npoBojiamu JIDIIT oTHOCHTEIRHO KOA(DdUIIMeHTa CBS3U kj JIMHUHU O€3 T10-
TEPb:

k, =k, -?z(HBU)-kO. (4.29)
k
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Koaddunment cBszu k; ms JIDI u3z-3a uMIyaIbCHOM KOPOHBI YBETHYH-
Baercd Ha 10—15%.

B pesynbTaTe Bcex moTeph MPOUCXOIUT UCKaKeHUE (DOPMBI BOJHBI I1€-
pPEHaIpPSKEeHMS, KaK ToKa3aHo Ha puc. 4.17.

VYinunenne (GpoHTa MMIynsca Aty Ha 1 KM IOA I€MCTBUEM HMMITYJIbC-
HOM KOPOHBI MOKHO OIIEHUTH 10 hopMmyIie:

0,008-Uyar ) 1

Aty =] 0,5+ - (4.30)

r7ie i — cpeAHsisl BBICOTA MOABECKU MPOBOJIOB;
Ulian - AMIUTUTY 1A TIOJTHOW BOJIHBI;
[ — nnvuHa mpoOera BOJIHBI,

k — xoaddulMeHT, 3aBUCAIIMN OT KOJIMYeCTBa MPOBOJIOB B (paze u ompe-
IEeNAEMBIN 10 JaHHBIM TalI1. 4.1.

Tabnumna 4.1.
3aBucHUMOCTb K03 (dULKMEHTa k OT YKciIa IPOBOAOB B (haze ny,

k 1,0 1,1 1,45 1,55
KonnuecTtBO 1 ) 3 4 wu
IIPOBOJIOB B (haze, ngy Oonee
U
U —
= — s |
-~ \\ / \
AU // ~ A U / 1‘
// / |
/ // i
/ e
/ // ‘l
/ / \
/ // ‘l
/ ! !
UH KOp UH KOp - l\
AN
f ‘\vll v/ t
a

Puc. 4.17. Hckascenue on nepenanpsiceHus UMnYibCHOU KOPOHOU.:
a — NOJIKAA 60JIHA, 6 — Cpe3annas 60JIHA
Y KOpOTKON Cpe3aHHOW BOJIHBI

CHIDKCHHE aMIUIUTYIbI  OOJIbIIe
(puc. 4.17, 6).
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4.4. BosiHoBbIE npouecchl B Tpanchopmaropax

Bounsl rpo3osbix [1H, npuxonsimme Ha noACTaHUINIO, BO3IEUCTBYIOT Ha
O0OMOTKHM TpaHC(HOPMATOPOB, B TpaHCPOpMATOPE MPOUCXOAUT SIEKTpOMAr-
HUTHBIN TPOLECC, TPUBOIALIMI K IEPEHANPSIKECHUSAM:

® MEXK/Ty YacTsIMU OOMOTKH (CJIOM, BUTKH, KATYIIIKH);
eMexy oomMoTkamu BH u HH;

emexay obomorkoit BH u 3azemineHHbIMu YacTsiMu TpaHchopmaropa
(koprryc, Kemne30).

JlnuHa mpoBOoJOB B 00MOTKax TpaHcpopmaTopa BH moxer mocturatsh
HECKOJIBKO KWJIOMETPOB, TIO3TOMY BOJIHOBBIE MPOIECCHI B 0OMOTKAaX MMEIOT
HEKOTOPYIO aHAJIOTHIO ¢ Tporieccamu B JuiMHHBIX JIDII, ogHako onu ropasno
CJIOKHEe M3-3a psAja ocoOOEHHOCTEH, npucymux Tpanchopmaropam. Hampu-
Mep, B CXEME 3aMEIICHHs OJJHOM (pa3bl KaTylIeuHOH OOMOTKH TpaHC-

dbopmaropa, npuBegeHHON Ha puc. 4.18, a, cienyeT yuuThiBaTh (Kpome
COMPOTHUBICHUS OOMOTOK R, ¥ MPOBOJUMOCTHU JTUAICKTPUKA Zyrr, KOTOPHIE
MaJibl):

® EMKOCTh MEXIY KaTyIIKaMH (BUTKaMU) — MPOJOJIbHAS €MKOCTh
K;

® B3aNMHYI0 MHAYKTHBHOCTh M(X) KaKIOTO BUTKA CO BCEMHU OCTAJIbHBI-

MU BUTKaMH OOMOTKH.
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P

R

K/dx

T

7 [ ]
v

Puc. 4.18. Koncmpykxmugnas cxema (a) u snekmpuyeckas cxema 3ameuye-
HUs (6) 8b1COKOBONILMHO20 MPAHCPopmamopa:
Z,,— conpomugnenue Heumpaiu mpascghopmamopa

B mepBoM mpuOIMKEHUH TPEICTaBUM CXEMY 3aMEIICHHsT OOMOTKH TpaHC-
dbopmaropa ¢ y4eToM Tpex OCHOBHBIX mapameTpoB L, C u K (cpeaHue 3Have-
HUS HAa €AVHUILY JJIMHBI 0OMOTKH) 0€3 ydeTra g U R , KOTOpble OTHOCUTEIILHO
MaJibl, [TO3TOMY UMH MOYKHO TIpeHeOpeus (puc. 4.18, 6).

PaccMoTpuMm miepexojHbIe TPOIECCH B O0OMOTKax TpaHchopmaropa.
[Tpu nmanenun BoaH Ha 0OMoTKy BH o6motrky HH (puc. 4.19) MmoxHO cum-
TaTh 3a3€MJICHHOW M 3aKOPOYEHHOM, T. K. OTXOMAIIUE JIUHUU UMEIOT BOJIHO-
BOE COMPOTHUBJICHHE MHOTO MEHBIIIE, YeM BOJTHOBOE COMTPOTUBICHHE OOMOTKHU
TpanchopmaTopa (Hanpumep, Z, = 10 + 400 Om, Z;, = 1000 = 10000 Om).
IIepexoHbIN NPOLIECC 3aBUCUT OT:

® CXEMBbI COETMHEHUSI 0OMOTOK;
® pe)KMMa HEUTPAJIH;

exonuyecTBa ¢a3, 1Mo KOTOPHIM MajaeT BOJHA (IO OIHOW, JBYM WIIH
TpEM).
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BH

Puc. 4.19. Cxema nabezanusn 6011 nepeHanpaiceHus Ha 0OMOMKY

BH mpancgopmamopa

JIJist TpOCTOTBI PACCMOTPUM OCHOBHBIE 3aKOHOMEPHOCTH Ha TpHUMEpe
o/IHO(ha3HOM KaTylIeuHOW OOMOTKH B Cilydyae MajeHUs MpAMOYTOIbHOUN Oec-

KOHEYHOW BOJIHBI.

Bech nepexoaHbIil IpoLece IeJIUM Ha TPU CTAAUU:

a) HavaJIbHBIN mporiecc (¢ = 0).
0) ycTaHOBUBLIMICS Mpouece (¢ = tycr).

r) nepexofubIi npouecc 0 < ¢ <ty (cBoOOIHOE KONEOAHNE).

Cxema 3amMerieHus: o1HO(a3HOM KaTylmedHol oOMOTKH TpaHCc(hopMaTo-
pa JUIs HAa4aJIbHOTO Mpoliecca npuBeeHa Ha puc. 4.20, a.

['padrueckoe n300paxkeHne HaYaIBHOTO pacHpe/eICHUs] HaMPSKEHUs
Usaq ipu ¢ = 0 mpuBenieHo Ha puc. 4.20, 6.

Ul'[ an

=S

dx

1
{

d
Unax
@ZH

Puc. 4.20. Hauanvnoe pacnpedeneHue HanpsxceHus
no obmomke mparcgopmamopa:

a — 9NeKMpuUYecKas cxema 3ameujeHus 0 HavarbHo2o npoyecca (t=0);

06— pacnpeoenenue HanpsjiceHus: 00J1b 0OMomku 01 t=0

Pacnipenenenue ycTaHOBUBIIETOCs HANPsDKEHUS BAOJIb OOMOTKU TPaHC-
dbopmartopa npu Z; = 0 (HehTpayib 3a3emiieHa) NpuBeJeHO Ha puc. 4.21, a.
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HauanpHoe pacmpeneneHue HanpsoKeHHs OyJEeT NEepeXxOoquTh K YCTaHOBMB-
HIeMycsi B KoJieOaTeJIbHOM PEXUME, COBeplIasl 3aTyXarolue KojaeOaHus oT-
HOCUTEJIBHO KPUBOW pACIPENEICHUs] HAINpPSHKEHUsT B YCTAHOBUBILIEMCS pe-
xume. B pesynbrare, ormbaromias MakCUMalbHBIX 3HAYEHUM HaNpsDKEHUs
BJIOJIb OOMOTKHM TpaHcpopmaTopa OyneT HMETb BHJ, NPUBEACHHBIN Ha
puc. 4.21, a. MakcuMyM INepeHaNpsHKEHUH, BOSHUKAIOIIMKA B NEPEXOAHBIN
nepuosi, NPUXOJUTCS Ha  OOMOTKY NPUMEpPHO HA  PACCTOSHUU
I, ~(0,1-0,2)-1.

Pacnipenenenue HamnpskeHUs BAOJIb OOMOTKH TpaHc(dopMaropa C H30-
JMPOBAHHOW HEWUTpasibio MpuBenaeHo Ha puc. 4.21, 6. B atom cinydae Hau-
OoJbllINE HANPSKEHUS B IEPEXOHOM PEXKHUME MOSIBISIIOTCS Ha U30JIMPOBAH-
HOM HeWTpaau 0OMOTKHU.

U
Uaxc(x)
U
U, Mmaxc |
Uyer(x)
Unan UMaXC(x) Unaz{
Uyer(x)
| Ua(x)
i U,()
i HEUTpab
Ao 4 z x

a 4]

Puc. 4.21. Pacnpedenenue nanpssxicenus 80071 00MOMKU mparchopmamopa 6
PA3HBIX CMAOUSIX.
a — conpomuenenue Hetumpaiy pagHo Hyuo,

5 — CONNOMURTCHUS HENTMNATU NARHO ﬁpm(nypuynr*mu

Jsist 06MOTOK TpaHC(hHOPMATOPOB OCOOCHHO OMACHBI CPE3aHHBIC BOJIHBI,
T. €. BOJIHBI C KPYTBhIMM ClajilaMu (Cpe3amu), Ipu CpadaThIBAHUM 3AIUTHBIX
Pa3psAIHUKOB WU TIEPEKPHITUI BOJIM3U TPAaHCHOPMATOPOB.
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Bce npaktuyeckue ciydyau nageHust Boad [TH Ha tpanchopmatopsl Mo-
I'yT OBbITh MOJIy4E€HbI METO/IOM CYINEPIO3ULIUU, UCXOM U3 ABYX PacCMOTPEH-
HBIX [IPUMEPOB.

Ilepenaua Boan IIH u3 oanoit o0MoTkm B aApyrywo. Ilpu nageHun
AJIEKTPOMArHUTHOW BOJIHBI Ha OJIHY W3 OOMOTOK TpaHcopmaTopa, 3JIeKTpo-
MarHUTHbIE TPOLECCHl B HEH BO30YKJAIOT BBICOKME MOTEHIIMAIBI B IPYron
oOMoTke. Bo3moskHsb! 2 Buza nepenaun BH.

1. EMkocTHass nmepenaya ToTeHIMana B TpaHchopmaTopax
(puc. 4.22).

OOBIYHO B BBICOKOBOJIBTHBIX TpaHC(HOpMaTOpax €eMKOCTh Ha 3€MIII0 00-
MOTKHM BBICOKOT'O HAaNpPsKEHHUS MHOTO MEHbIIE, YEM €MKOCTh Ha 3eMJII0 00-
MOTKH HHU3KOro HampsbkeHus, T.e. C); << C,,. DKBHBAJICHTHasA CXE€Ma 3aMe-
IICHUS, MpeCTaBiIeHHas Ha puc. 4.22, 6, TO3BOJISIET OIEHUTH HAIPSIKECHUE
Ha BTOPUYHON OOMOTKE B 3aBUCHMOCTH OT HAIPsDKEHUS BOJIHBI, MIPHUILIE/IICH
Ha MEPBUYHYI0 OOMOTKY:

U _Ch+Cy
U, Ciy
U, =U,- Cio =U, lc (4.31)
Cip +Cp 14 722
Ciy
Ul‘laﬂ
>
| lUl
C22 C12
— U,
TCn Isz
BH HH o
a o

Puc. 4.22. Emxocmuas nepedaua 31eKmpoMacHUmMHOU 80JIHbL MeNCOY 0OMOMKAMU
mpancghopmamopa npu npuxooe 01HbL NEPEHANPANCEHUSL NO OOHOU U3 Pas:
a — obwas cxema 3ameujerus; 6 — IKGUBATICHMHASA IJIeKMPUUECKas cxema OJis
pacuema
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[Tpu eMKOCTHOM Tepeaade dMEKTPOMAarHUTHON BOJHBI MEXTy OOMOTKa-
MU TpaHchopmaropa KodhGUIMEHT TpaHchopMaIuu He UTPAET POJIU U 3aBU-

C
CHT OT —22 . 3HauuTeNbHBIE MOTEHIHATEl MOTYT OBITh Ha obmoTke 2 (HH),
12

TOoabKO Koraa Cyy Mao.
1. DnexkTpoMarHuTHas Tnepeada HampshKEeHUsl B TpaHchopMaTopax.
[Tanenue BosHbl Ha 00MOTKY HH mpencraBneno Ha puc. 4.23.
B sTom cityyae BO3MOKHBI /1Ba BapUaHTA:

a) Eciiu ¢a3er BH npucoegunens x JIDII, To poct morennuana 0yaer
HE3HAYWTEJIeH KaK B Havaje, TaKk U B CEPeIMHE OOMOTKH.
0) Eciu dazer ABC orcoequnens: ot JIDII, To:
U,=Uz=U_, 'k (4.32)

an T ?
rae ky, — KO3(QQUIHUCHT TpaHCHOpMALHH.

DTO OMACHBIN PEXKUM W IS BHYTPEHHEH W IJIsl BHEIIHEH W3OJISAIUH
tparcopmaropa. CrenoBareiabHO, Hy’)KHA YCTAaHOBKA 3alTUTHBIX aIapaToB
OT TIEpeHAIPsDKeHNH Ha BBIBOJIaX TpaHchopmaropa.

Hanpumep: U, =10kB, £k, =10/0,4=25. Ilpu Takux yCIOBHIX

UABC :Un 'kT

an P
HanpspKeHue B 3 pasa Bbllle ucnbitareabHoro (75-80 kB).

it

=250kB, 1.e. nna tpancpopmaropa kiacca 10 kB 3to

a 4]

Puc. 4.23. Dnekmpomacnummnas nepedaua npu nadeHuu
B0JIHbI NEPEHANPSANCEHUSA HA OOMOMKY HUZKO20 HANPANCEHUSL
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Ecnu oomotku A, B, C npusemiieHbl 4epe3 BOJHOBBIE COMPOTUBICHUS
JIDII, To Ha dazax A, B, C coxpaHseTcs HyJeBOM MOTEHIIUAN, a BO30yX1ae-
Mas 3. JI. C. MOBBIIIAET NOTeHIMaI HeuTpain. OTCr0Ja MOXKHO clielaTh BbI-
Boa: cetu HH Toxe HyxnaroTcst B 3amuTe OT aTMOC(EPHBIX MEepeHarnpsixKe-
HUM, HY’)KHA YCTaHOBKA TpeX 3aluTHbIX anmnaparoB Ha HH Tpancdopmaropa,
KOTOPBIE OTPAaHUYMBAIOT aMILTUTYAy HanpspkeHus 10 2,5-3 kB.

4.5 AtMoc(epHbIe epeHanpsizKeHust
4.5.1 IlapameTpbl MOJIHUU

MouHuST — 3TO DJEKTPUUYECKUN pa3psii MEXITy O00JIaKOM M 3eMIled WU
Mexay obsiakamu. Ha HauanbHOM, TMAEPHON CTalMK, MOJHUS MPEACTABISIET
co00ll OTHOCHUTENFHO MEJUICHHO Pa3BUBAIOIIMICS €1a00 CBETSIIMICS KaHal
(uaep). 30Ha MOHU3AIMY JTUAepa UMEET N30BITOUHBIN 3aps]l TOTO K€ 3HaKa,
41O U 00aKo. 3apsiabl 0bjaka U Juaepa HHAYLUPYIOT Ha OBEPXHOCTHU 3€M-
JIM ¥ Ha PACIOJIOKEHHBIX Ha HEel 00bEKTax 3apsjibl APYyroro 3Haka, KOTOpbIe
MOTYT UHULMUPOBATh BCTPEUHBIE JIMJIEPBI, UMEIOIIHNE 3apsiibl, IO 3HAKY 00-
paTHbIe 3apsny auzaepa. Korjna kanaim pa3BHBarolierocs ot oOjaka Juaepa
MPUOIMKAETCS K 3€MJI€ WIM K OJHOMY W3 BCTPEUYHBIX JHUAECPOB, TO MEXKIY
HUMH Ha paccTodHUU 25—100 M BO3HMKAET BBICOKAS HANPSKEHHOCTH DJIEK-
TPUYECKOTO TOJIA, CpeJHEee 3HaueHue KOoTopoil oueHuBaercs B 10 kB/cm.
[IpoMexxyTOK 3TOT MpOOMBAETCS 3a HECKOJIBKO MUKPOCEKYHJ, 1 B HEM BbI-
nensiercs sHeprud nopsanaka 0,5 — 5 MJIx, koTopast pacXoQyeTcsi Ha HarpeB u
TEpMOMOHU3AIMI0. [IpOBOAMMOCTE 3TOM YAaCTH KaHajla Pe3KO BO3PacTaeT, U
30HA MOBBIIICHHOW HANPsHKEHHOCTH MEPEMEIIAeTCs MO HaMpaBJICHUIO K 00-
JaKy co CKopocThio ot 1,5-107 110 1,5%x10°% m/c (0,05 — 0,5 ckopocTH CBeTa).
IIponiecc 3TOT, HA3BIBAEMBIN TTIABHBIM Pa3PsAA0M, COIPOBOXKIAAETCS CHIIBHBIM
CBEUCHHEM KaHasa paspsaa. Tok B kaHaine 3a 5 — 10 MKC 1OCTHraeT 1eCSITKOB
U Jaxe OAHOM — JIBYX COTEH KujoaMmIiiep, a 3ateM 3a Bpems 25 — 200 mkc
CIaJaeT 0 NOJIOBUHBI aMIUIUTYIHOTO 3Ha4YeHUs. Bo Bpems Ii1laBHOrO pasps-
J1a TPOMCXOUT HEUTpanu3anus 3apsa0B JIHIEpa.

K ocHOBHBIM mapameTpaM MOJIHUU OTHOCSITCS:

® aMIUIUTYJIa TOKa MOJIHUHM ([;;) — KA;

e KpyTu3Ha (ppoHTa TOKa MOJHMHU (@) — KA/MKC; a = 7 ~ M

T1I€ Ty — AJIUTEIBHOCTh (PPOHTA TOKA MOJIHHU;
® BEPOSATHOCTH aMILIUTYAbl TOKa MoJiHuu — P(1y) =exp(— 0.041,),
® BEpOSATHOCTb KPYTU3HBI TOKa MoJHUU — P(a) = exp(—0,08 a),
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rne  P(ly) u P(a) — BEpOSTHOCTH TOTO, YTO COOTBETCTBEHHO TOK MOJI-
HUU U KpyTH3HA OyAyT paBHbI WM IPEBHICAT 3aJaHHbIC 3HAUCHUS.

[Ipu pacuerax momuuesamutel JISII, momcraniuii wim Apyrux oObEK-
TOB Ba)XHO 3HATb MHTEHCUBHOCTb TI'PO30BOM IEATEIBHOCTH B JTAHHOW MECT-
HOCTH, KOTOpasi XapaKTEepU3yeTCsl CPEAHUM YUCIIOM I'PO30BBIX 4aCOB B FOJY —
D,. Jlpyroi XapakTE€pUCTUKOW TI'PO30BOM ACATEIBHOCTU SIBISIETCA CpeaHEe
YKCJIO YIapOB MOJIHUU y,; B 1kM” TOBEPXHOCTH 3eMiin 32 100 I'PO30BEIX Ya-

COB. 3HaYeHUE ny, = 6,7 1/kM” 3a 100 TpO30BBIX YACOB.

4.5.2. MoJIHHEOTBOLI

3ammTa OT NPSAMBIX YIApOB OCYIIECTBISAETCA C MOMOLIBIO MOJIHHE-
OTBOJIOB. MOJTHMEOTBOI MPEACTABISET COO0M YCTPONUCTBO, BO3BBIIIAIOIIEECS
HaJ 3alMIAEMbIM 00BEKTOM, Yepe3 KOTOPOE TOK MOJHUU, MUHYS 3alllHIlae-
MBI 00BEKT, OTBOJUTCS B 3eMIII0. MOJIIHUEOTBO COCTOUT U3 MOJIHHETIPHU-
€MHUKa, HETIOCPEACTBEHHO BOCIIPUHUMAIOIIETO Ha ce0s yaap MOJHUHU, TOKO-
OTBOJIA U 3a3€MJIUTEISI.

3amuTHOE JEUCTBUE MOJIHMEOTBOJOB OCHOBAHO Ha TOM, YTO BO
BpEMS JIMAEPHOM CTAaMH HA BEPIIMHE MOJHUEOTBO/IA CKAIJIMBAKOTCS 3aPSIAbI
¥ HanOOJBIINE HAMPSKEHHOCTH JJIEKTPUYECKOTO TIOJST CO3MAIOTCS Ha IyTH
MEXKy Pa3BUBAIOIIMMCS JIMIEPOM U BEPIIMHON MOJIHUEOTBOAOB. BO3HUKHO-
BEHHE U PAa3BUTHE C MOJHUEOTBO/AA BCTPEUHOIO JIUEpa ellle 0oyiee yCUinuBa-
€T HAIMPSKEHHOCTH MOJIs Ha TOM IyTH, YTO OKOHYATEIBHO NMPEAONPENACIAET
yaap B MOJTHUEOTBO/. 3allUIaeMblii 00bEKT, O0JIee HU3KUN, YeM MOJTHUEOT-
BOJI, OyJy4d PACIOJIOKEH MOOJMU30CTH OT HEro, OKa3bIBAETCS 3adKPAHUPO-
BAHHBIM MOJIHUEOTBOJOM M BCTPEYHBIM JIUJIEPOM U MOITOMY IMPAKTUYECKU
HE MOET OBITh MOPAKEH MOJHUEH.

3aluTHOE EWCTBUE MOJIHUEOTBOAA XapaKTEPU3yETCsl €ro 30HOM 3alllu-
ThI, T.€. MPOCTPAHCTBOM BOJM3U MOJHHEOTBOJIA, BEPOSTHOCTH IOMATAHUS
MOJIHUHU B KOTOPOE HE MPEBBIIIAECT ONMPEACICHHOr0, JOCTATOYHO Majoro 3Ha-
YEHUSI.

MoOIHUEOTBOABI MO TUIY MOJHHUEIPUEMHUKOB Pa3ICIAIOTCA Ha CTEPXK-
HEBbIE U TPOCOBbIE. CTEP>KHEBBIE MOJHUEOTBOIbI BBIMOJHSIOTCS B BUJIE BEp-
THUKAJIbHO YCTAHOBJIEHHBIX CTEPKHEH (MauT), COEIMHEHHBIX C 3a3EMIIUTENIEM,
a TPOCOBBIE — B BUJIC TOPU3OHTAIBHO MOJABELICHHBIX MPoBOAOB. 1o onopam,
K KOTOPBIM KPEMUTCSl TPOC, MPOKJIAJIBIBAIOTCS  TOKOOTBOJIbI, COCAUHSIONINE
TPOC C 3a3EMIIUTENEM.

OTKpBITBIE paclpeleIUTENbHbIE YCTPOUCTBA MOACTAHIUIN 3AIIUIIAOTCS
CTEP>KHEBBIMU MOJIHUEOTBOJAMHU, & JIMHUM AJIEKTPONEPEAAYN — TPOCOBBIMM.
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I[JIH 3allIUThBI MIMHHBIX MOCTOB H T'HOKUX CBsI3€Hd OOJIBIION IMPOTAKCHHOCTHU
TAKKC MOTI'YT IIPUMCHATHCA TPOCOBBIC MOJITHHUCOTBOIBI.

4.5.2.1. 30HBI 321U THI MOJTHHEOTBOJI0B

30Ha 3alUThl OJMHOYHOT'O MOJIHUEOTBOJIa BhicOTOM £ < 150 M mpen-
cTaB-JisieT coboi KpyroBoi KoHyc (puc. 4.24) ¢ BepuIMHON Ha BbICOTE /g < A,
CEUYEHHE KOTOPOr0 Ha BBICOTE /1, UMEET PAINYC 7.
['paHulIbl 30HBI 3aIIUTHI HAXOATCS MO (POpMYyIIaMm:
hy =0,85h, r=(1,1 -0,002h)(h — h, / 0,85). (4.33)
BeposTHOCTh NpOpbIBa MOJIHHMU 4Y€pE3 TPaHUIly 30HBI He Oonee Ppy
=0,005.
Ecin nomyctuts BepoATHOCTH mpopbiBa MosHuu P, =0,05, To 30Ha
3alIUTHl PACIIUPSETCS U ONMUCHIBACTCS (POpPMyIaMHu:
ho=0,92h, re=1,5(h—h./0,92). (4.34)
30Ha 3alIUTHI IBYX CTEP>KHEBBIX MOJHUEOTBOAOB, HAXOALIUXCS BOJIM-
34 Ipyr OT Apyra (Ha paccTosHuM, MeHblueM (3 — 5)h), pacumupsieTcs 1o
CPaBHEHHUIO C 30HAMHU OTAEJIbHBIX MOJIHMEOTBOJOB. BoO3HMKaeT nomojaHu-
TEIbHBIM O00BEM 30HBI 3AIUTHI, O0YCIOBICHHBI COBMECTHBIM JICHCTBHUEM
JIBYX MOJHUEOTBOAOB. 30HBI 3alIUThI IBOIHOTO CTEPKHEBOTO MOJIHUEOTBOA
(puc. 4.25) onuceiBatoTcst opMyiaMu, KOTOPbIE MOXXHO HAWTHU B CIELHAAIb-
HOUl nutepatype. Ecnu paccrosinue / MeX1y MOJHHUEOTBOJAMH MPEBBILIACT
3h (Prp = 0,005) wimm 54 (P, = 0,05), kakaplii U3 MOJIHHEOTBOIOB CIEIYET
paccMmarpuBaTh Kak OAMHOYHBIN. Heckoybko OJM3KO pacmnoiokeHHBIX MOJI-
HUEOTBOJOB (Hampumep, Tpu u Oosiee) 00pazyloT «MHOTOKPATHBIN» MOJHHUE-
oTBOJ. Ero 30Ha 3amuThl onpeaensercs 30HaMHu 3allUThl OJIMKaWIIUX MOJI-
HUEOTBOJIOB.
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ALO 30 h,

Puc. 4.24. Ceuenue 30mb1 3a14umovl 0OUHOUHO20 CIMEPHCHEBO2O MOJHUEOMBO-
oa;, MO — monnueomeoo, 30 — zauuwiaemviii 00vekm, h — eblcoma MoaHUEOMB004a,
hy — 8epxHssL MOYKA 30HbL 3AUUMBL MOJIHUEOMB0OA NPU EPOSIMHOCIU NPOPbLEA
monnuu Py, h- 6blcoma 3awunjaemozo odvexma, ry — paouyc 301l 3auumol Ha
svicome h,, r,— conpomueienue 3a3emMieHus MOJIHUeomeood, h, — akmusHas 6vi-
coma MOAHUEOMEBOOA.

IIpu 5TOM nNpUHUMAETCA, YTO BHYTPEHHSSI 30HA HUMEET BEPOSTHOCTH
MPOPBIBA TAKYIO K€, KAK U 30HA B3SITHIX MTONAPHO MOJHHUEOTBOJIOB.
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o

Puc. 4.25. 30na 3awyumet 08011020 cmepicHe8020 MOIHUEOMBOOA: d - ceye-
HUe 8ePMUKAIbHOU NIOCKOCIbIO, NPOX00swell epes 0CuU MOIHUeoma80008, b — ce-
yeHue 20pU30HMAIbHOU NIOCKOCMbIO Ha 8blcome h,, h- evicoma monHueomeooa, hy
— BEPXHSASL MOYKA 30HbL 3auumvl, h,,;, — MUHUMATbHAS 6blCOMA 30HbL 3aujumol, [ -
paccmosinue mexncoy MOAHUeomeo0amu, dy - MUHUMAIbHASL NOAYUUPUHA 30HbL 3d-
wumol Ha gvlcome hy, ¥, — paouyc 6HeutHell 30HblL 3auumsl Ha évicome h,.

4.5.3. I'po3o3amnra JMHHUI dJIeKTPoneperayu
4.5.3.1. UaaykTrpoBaHHbIe NepeHanpsxkeHus Ha JIDII

[Ipu ynapax MOJHUU B 36MJIIO BOJIU3U JIMHUM AJIEKTPOTIEpEIaun Ha U30-
JSIUUIO JIMHUM BO3JIEUCTBYIOT WHIYKTUPOBAHHBIC MepeHanpsokeHus. MHayk-
TUPOBAHHBIC TEPEHANPSKEHUS HMEIOT ICKTPUUYECKYH) W MArHUTHYHO CO-
CTaBJISAIOIIHE:

UI/IHZ[ = UI/I.a. + UI/I.M. . (435)
3apsapl TUASPHOIO KaHala MOJHHU CBSA3BIBAIOT Ha IPOBOJIC 3apsijibl
MPOTHUBOMOJIOKHOTO 3HaKa (puc. 4.26).
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Puc.4.26. Pacnpeodenenue 3aps008 Ha npogooe

DNeKTpUYecKoe MoJie CBA3AHHBIX 3apsAJ0B YPAaBHOBEIIMBAETCS IOJEM
auzaepa, Mo3TOMY MOTEHLHMa MPOBOJAa BO BpPEeMs JUACPHOM CTaauu paBeH
HyJI0 (paboyee HanpsHKEHUE HE YUUThIBaeTCsa). Bo BpeMs riiaBHOro paspsiia
3apsabl IUAEpa HEUTPAIU3YIOTCS, IPH 3TOM CBSI3aHHBIE HA IIPOBOJIE 3aPSbI
OCBOOO0KIAI0TCSI, UTO COMPOBOK/IAETCS MOBBIIICHHEM MOTEHIIMAa TPOBOJIA U
o0pa30BaHUEM UMITYJIbCHBIX BOJH HAIPSKEHUS, PACTIPOCTPAHSIOMIUXCS T10
IPOBOY B 00€ CTOPOHBI. Tak BO3HUKAET MEKTPUUECKAsk COCTABIIAIOIIAS UH-
JYKTUPOBAHHOTO HAIPSDKEHUS. 3HAUYEHUE €€ MPSIMO MPONOPLUUOHAIBHO JIH-
HEWHOM IJIOTHOCTH 3apsi/ioB G JIMJIEPHOTO KaHaia, CPEAHEH BBICOTE MOABECA
npoBoJa /i, 1 0OPAaTHO MPONOPLUUOHATIBHO KpaTYallIeMy PACCTOSHUIO b OT
IIPOBOJIA 0 TOYKH yJlapa MOJIHUU:

u

hC
U, =K1, (4.36)

rae K, — koahpuimeHT nponopiuroHAIbHOCTH, YMEHBIIAIOMIUNUCS TPH
BO3PAacCTaHUU CKOPOCTH TJIABHOT'O pa3pslia v U UMEIOUIMNA pa3MEpHOCTh CO-
MPOTUBJICHUS. MarHuTHOE 10Jie, BHI3BAHHOE TOKOM B KaHaJjle MOJIHUU, UHITY-
mupyetr DJIC B KOHTYpe 3emiis — onopa — (pa3ubiii ipoBo. MakcuMmanbHOE
3HAYCHUE 3TON COCTABJISIIONIEH MOXKHO MPEJACTABUTH B BUJIE:

n

hC
U =1{M71°1M, (4.37)
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rae K, — Ko3pUIHMEeHT, KOTOPbIN TakKe 3aBUCUT OT CKOPOCTH IJIaBHOTO
paspsia v, HO YBEITUYUBAETCS C POCTOM .
MakcuManbHOE UHIYLIUPOBAHHOE HAMPSHKEHUE HA JTUHUU:

hc hC
Pr, ~30-2] . (4.38)
b b

[TockosbKy TIpU pa3IWyHbIX 3HaUYCHUSIX v BenuuuHbl K, u K, MEHSIOTCS
B MPOTUBOMOJIOKHBIE CTOPOHBI, UX CYMMY MOKHO CUMTATh MOCTOSIHHOW Be-
JUYUHOM, paBHOU 30 OM.

Ha puc. 4.27 npuBeneHo yJIeabHOE TOJI0BOE YUCIO WUHIYKTUPOBAHHBIX
nepeHanpsbkeHuil N IpH yapax MOJIHAM B 3€MJTIO PSZIOM C JIMHHUEHR CO cpel-
HEl BBICOTOH mozBeca npoBoAa /g, = 10 M. M3 5ToM KpHBO#l BUIHO, YTO MH-
OYKTUPOBAHHbBIC TEPEHANPSHKEHUS MOTYT NPEBBINIATh UMITYJIbCHYIO MHpPOY-
HOCTh u3oisiuuu auHui 35 kB (Usgpy, = 350 kB) menee 2 pa3 B rog, a um-
MyJbCHYIO0 MPOYHOCTh M3oauu auHui 110 kB (Usgy, = 700 kB) — Bcero 1

UI/IHZ[ = UI/I.B. + UI/I.M. = (KQ + KM)

pa3 B 5 JerT.
U,
KB |\
1000 \ Puc. 4.27. VoensHOe TOOOBOE
YHCIIO HHIYKTHPOBAHHEIX
\ nepeHanpsokeHn (Ha 100 kM
500 ImHHEL JISII 1 100 TpO30BRIX
9aCOR)
200
-\-\-\-‘_‘—‘-—\.
0 0,1 1,0 10 100 N

[TosToMy Takoro poja HHAYKTUPOBAHHBIC IEPECHANPSIKEHNUSI HE UTPAFOT
cymectBeHHOU ponu 115t BJI 110 kB u BeIme.

OnHako CleAyeT YYUThIBaTh, YTO MHIYKTUPOBAHHBIE HAMIPSKEHUS BO3-
HUKAIOT TAKXKE U MPH yAapax MOJHHUH B TPOCHI U OMOPHI U, HAKJIAIIBAsACH HA
nepeHanpsikeHus [1YM, yBennunBaroT pa3HOCTh NOTEHIMAIOB HA U30JIALINH.

4.5.3.2. IlepenanpsizkeHust OT NPSIMOI0 yaAapa MOJHUH
B JINHUIO 0€3 Tpoca

[Ipu mpsiMoM yzaape B MPOBOJ TOK MOJIHMHM PacTEKaeTcs Io mopa-
’KEHHOMY TIPOBOJIy B 00€ CTOPOHBI, IOATOMY aMIUIUTY/Ia BOJIHBI TIEpEHATPSI-
YKEHHS Ha MPOBOJIE ONPEACISIETCS KaK:
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U=12y72, (4.39)
rae Zy, — BOJHOBOE CONPOTHMBIIEHHME IPOBOJA C YYETOM HMMILYIbCHON
KOpO-HBI.

Ha nuHum ¢ MerauimyeckuMy Omopamu HMITYJIbC MEPEHANPSKEHUS C
aMIumTy10M U BO3IEMCTBYET Ha U3OJALMIO IPpoBoJa Ha omope. [Ipu Tokax
MoiaHUU 5 — 10 KA, T.€. B OOJIBIIMHCTBE T'PO30BBIX Pa3psIOB B JIMHHUIO, BO3-
HUKAIOT MEPEHANPSHKEHUS, JOCTATOYHBIE ISl IIEPEKPBITUS THUPJISHIBI U30J15-
TOPOB.

Ha nuHusAxX ¢ nepeBSHHBIMH ONMOPaMH HEOOXOIWMO YUHMTHIBATH JIOIOJI-
HHUTENBHYIO HMMITYJbCHYIO NPOYHOCTH (K, = 100kB/M), co3naBacmyro 1pe-
BecuHOM. Ha nuHusAX c aepeBssHHbIMH omnopamu (puc. 4.28) mepekpbiTue
MIPEXKIE BCETO MPOUCXOIUT MEKY IIPOBOJIAMH 1O MYTH TUPISHIA — TpaBepca
— rupasHaa. MMmynibC Ha MOpa>KeHHOM MPOBOJIE UHAYKTUPYET HANPSIKEHUE
Ha COCEJHEM MPOBOJIE B COOTBETCTBUM C KOIPPHUIIMEHTOM 3JIECKTPOMArHUT-
HOM cBsi3M k. Mexay MpoBOIaMU BOSHUKAET HAIPSIKEHUE:

IMZH
U= Tp(l —k), (4.40)

rae k — Ko3pGUIUEHT CBA3M MEXIY MPOBOJAMH C YYETOM MMITYJIbCHON
KOPOHBI, uMeroiuii 3Hauenus 0,25 — 0,4.

BepoaTHOCTh NEPEKPHITUA TUHEWHON H30IAIMHU Py, PACCUUTHIBACTCH
M0 KPUTUYECKOMY 3HAYEHHUIO TOKAa MOJTHUHU. KpUTHYECKUH TOK MOJIHMM OII-
penaensercs U3 yCIOBUN paBEeHCTBA BO3AEHCTBYoUIero HanpsbkeHus U u uM-
MyJIbCHOTO Pa3psIHOrO HanpsLKeHUs U30ISIUK Usgo, IO PopMyiam:

mis BJI Ha  MerauiMyeckuX M KENEe300€TOHHBIX — ONOpax

2U 540 2U 50
Iy = &, 11 BJI Ha nepeBsHHBIX onmopax Iy = Z(I{—S_OI/;).
BeposiTHOCTB nepekphITUs onpezensercs no Gopmyie:
Prep = exp(-0,041,). (4.41)
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Puc. 4.28. Yoap monnuu 6 nposoo nunuu Ha 0epessiHHbIX ONOpPax

Yucno nepexphITHil IMHEWHON U30JSLUH (71yep) B 3TOM CIIy4ae PaBHO:

Miep = NynPrueps (4.42)
I JI€ Ny, — YUCIIO YIapOB MOJIHUHU B JuHUIO JynHOM 100 kM 3a 100 rposo-
BBIX 4aCOB.
Ny = 6,7-100-6/1, 10 = 41y, (4.43)
1€ A, — CPEAHsA BBICOTA MOJBECA IPOBOJA, M.
['ogoBoe uncino y1apoB MOJIHUM B JIMHUIO JJIMHOW / TIpW 4McCIe rpo30-

BbIX YaCOB B IOy Dr OIIPCACIIACTCA KaK:

| D,
nroz{ = ”yn m . 100 . (444)

OTkIiI0YeHUE JIMHUM MPOU30UJIET, €CIIM UMITYJIbCHOE MEPEKPBITUE HU30-
JALUA TIEPEUZIET B YCTOMYMBYIO CHJIOBYIO YTy C TOW WJIM UHOM BEPOSITHO-
CTHIO YCTAHOBJIEHHUSI CUJIOBOU IyTH — 1.

Majoe 4uciio OTKIFOUSHUH JTUHUNA Ha JIEPEBSIHHBIX OMoOpax 0e3 TPOCOB
oOecrieunBaeTcs 0OBIYHO 3a CUET HU3KOTO 3HadeHUs Kodddunuenta 1. Oue-
BUJHO, YTO B CIy4ae METALNIMYECKUX OIMOP PA3PSAIHBIA MPOMEKYTOK YMEHb-
IAETCs 10 JUIMHBI OJHOW THPJISTHIBI, YTO BBI3BIBAECT CYILIECTBEHHOE YBEINYE-
HHE KaK KOd((QULUEHTA 1, TAK U BEPOATHOCTH MEPEKPBITHS U30JALUH Py
[TosTomy nunuu 110 kB u BbIlIe Ha METaUIMYECKUX Omopax 0e3 TPOCOB B
paiioHax co cpeaHei U OOJBIION MHTEHCUBHOCTBIO TPO30BOM NESITEIHLHOCTH
uMeNd Obl HEJIOMYCTUMO OOJIBIIIOE YUCIO OTKIOUeHu. Kak npaBuiio, Takue
JIMHUH 3alIUIIAI0TCS TPOCOBBIMA MOJIHUEOTBOJIAMH 1O BCEM JJIMHE.
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Heckonpko 1o mHOMY 00CTOUT Aeno ¢ auHusMu 35 kB Ha Mertaminue-
CKUX OIOpax, paboTaroIMX B CUCTEME C M30JUPOBAHHOM HEHUTpasblO, OCO-
OEHHO eclli B HEeW NMPUMEHEHBbI Jyroracsiye ammaparsl. B Takux cuctemax
oJHO(a3HbIe MEPEKPBHITHS H30JALUUU HE NPUBOIAT K OTKIIOUEHHUIO JHHHH,
TaK Kak J{yra eMKOCTHOTO TOKa B OOJIBIIMHCTBE CIIy4yaeB TacHET B pPe3yJIbTa-
T€ ACUCTBUS IyToracsieil KaTymku, a Ko3Q(UIUEHT nepexoia B CUIOBYIO
ayry n = 0 He3aBUCHMO OT 3HaueHus E,. IloaToMy oTKIIIOUEHUs MUHHKA 35
kB 3a cder rpo30BbIX MOPAXXEHUW MOTYT IPOUCXOAUTH TOJBKO B CIydae
IByX(a3HbIX WU Tpex(a3HbIX NEPEKPHITUM.

[Ipu ynape MOJHHUM B MPOBOJ U MEPEKPHITUU (DA3HON M3OMISAIUU TTOpa-
YKEHHOT'0 MPOBO/JIA B ITyTh TOKa BMECTO BOJHOBOI'O CONPOTUBIICHUS IIPOBO/IA
Zp/2 BKIIIOYAETCS 3HAYUTENBHO MEHBILIEE CONPOTHUBIICHHE 3a3€MIICHUS OIO-
pBl R,;, ¥ oropa nmpuoOpeTaeT MOTEeHINAaN, TPUOJIU3UTEIbHO paBHbIN /R,. Ha
COCEJIHEM NPOBOJIE HAaBOAUTCSA moTeHuuan kl,R,. IlepexpwiTe W30ISAIUU
BTOPOTO IIPOBOJA IPOU3OUAET, ECIIN:

Isz—RUSO% .
u (1 —k )

OTcroAa CIIeIyeT, 9YTO BEPOSTHOCTh MIEPEKPHITHS Ppe, TEM MEHBIIE, YeM
HHIKC COIIPOTHUBJIICHHUC RH (I/IHI/I 0oJIbIIIE KPUTHYCCKOC 3HAUCHHUC TOKa MOJI-
uun). [TosroMy Ha nmuHMAX 35 KB Ha MeTalIMuecKux ornopax 0e3 TPOCOB Iie-
HCC006p33H0 MMPUMCHATH AOIMOJHUTCIIBHBIC 3a3CMIINTCIIN JII YMCHBIICHUA

COIMPOTHUBJICHUA 3a3CMIJICHUA OIIOP.

(4.45)

4.5.3.3 IlepenanpsizkeHusi NPSAMOro yaapa MOJHHUHA
B JIUHHIO C TPOCOM

[Ipu pssMmoM yzaape mosiHuM B BJI ¢ TpOCOM €€ OTKIIOYEHHE MOKET
IPOU30UTH MO CIAEAYIOIIMM INPUYUHAM: 1) MPOPBIB MOJHUU YEPE3 TPOCO-
BYIO 3alIUTY; 2) yJap MOJHHH B ONOPY KU 00paTHOE NEPEKPHITUE UIOJISALIMU C
OIIOpPHI Ha MPOBOJ; 3) ylap MOJIHUM B TPOC B CEPENMHE IIPOJETa U MPOOOH
BO3IyIIHOIO IIPOMEXKYTKA TPOC — IIPOBOLL.

Ilpopovie moanuu uepes mpocogyio 3auiunty
BeposTHOCTh mpopbIBa MOJHUM Y€pE3 TPOCOBYIO 3aluTy (P,) HaXOIsIT
110 SMIIUPUUYECKOI PopmyJe:

O h
lgP, =—Y-° _4 4.46
gk, %0 (4.46)
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/i€ /oy — BBICOTA OTOPBI, M; 0 — 3AIIUTHBIA YTOJI TPOCA, T.€. YIOJI MEXKIY
BEPTUKAIBIO, MPOXOIALIEH Yepe3 TPOC, U MPSAMOU, COCAUHAIOIIEH TPOC C
mpoBojaoM, rpaa. (puc. 4.29).

Torma yucino OTKIIOYEHHM JIMHUU 3a CUET
yaapoB MosiHMM B mnpoBona JIDII ompenenutcs
KakK:

Ny = Ay PoPrpMi, (4.47)
& a rae Py, — BEPOATHOCTh NEPEKPHITHS H30JIs-
LMY Ha OIOPE MPHU yIape MOJHUU B MPOBOJ, 1| —
BEPOSATHOCTb YCTAaHOBJICHUS CHUJIOBOM AYTU IIpU
HEPEKPLITHHA U30JIALUU ONOPEL. Py, onpezenser-
CAi II0 KPUTUYECKOMY TOKY MOJIHUM, KOTOPBIN
IIPUBOJUT K MEPEKPBITUI0 TUPIISHABI HU30JIATO-
pOB:

, Pu =PI ). (4.48)

Puc. 4.29. Onpeoenenue
3auUMHO20 yena mpoca

Yoap monnuu 6 onopy
Ywucno yaapoB MOJIHMH B OTIOPY OMpeeseTcs o ¢hopmylie:
4h,,
l b
p
1€ Ny, — YUCIIO yapPOB MOJHUU B JINHUIO, [y, — IJIMHA IIPOJIETA.

OOpaTHOE TEPEKPHITHE JTMHEHHOW U30JSIIMN C OTOPHI HAa TIPOBO (ha3bl
MOYKET MPOU30UTH, €CJIM HANPSHKEHUE HA U30JALUN JOCTUTHET €€ UMITYJIbC-
HOT'O pa3psAIHOTO HANPSHKEHUS WU MIPEBBICUT €TO0.

Hanpsoxkenne Ha HM3015LMM JTUHUM PAaBHO PAa3HOCTH MOTEHIHMAIOB Ha
ornope u nposoxe: Uy, = Uy — Uyp. Ilpu pacdere moreHnuana onopel €€ B
cxeme 3amernenus (puc. 4.30) mpeacTaBisioT COCPEAOTOUYECHHON WHIYKTHB-
HOCTBIO Lo, = Lohy; W WUMITYJIbCHBIM CONPOTHUBJICHUEM 3a3eMJIeHUS R,.
VaenwHass MHIYKTUBHOCTB ONOpPHI Ly coctaBiseT 0,5 MkI'H/M 111 1BYXCTO-
euHbIX, 0,6 MKI'H/M 111 OTHOCTOCYHBIX METAJIMYECKUX U JKEJI€300€TOHHBIX
ornop u 0,7 MkI'H/M 17151 IepeBSHHBIX OTOP C JBYMsI 3a3€MIISTFOIITUMHU CITyCKa-
MHU.

Ny =Ny, (4.50)
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Ilotenmnuan MMOPAXKEHHOMN
OTIOpbI, KpOME MaJICHUI Hampsixe-
HUS Ha CONPOTHUBJICHUU 3a3eMiie-
HUS W WHIYKTUBHOCTH OMOPBHI,
ONPENEISACTCS TAKKE COCTABIISIIO-
e, oO0yCIOBICHHON HHIYKTHB-
HOM CBA3BKD MEXIY KaHajJoM
MOJIHMH C TOKOM L, (f) U Tenom

Puc. 4.30. Cxema samewenus 01 pacue- ~ ONOPBL  Koobouuuent  Bzanm-

ma HanpANCeHUs Ha 6epuiune Onopbl Ju- HOM  MHAYKUUM IPUOIHKEHHO

HUU ¢ mpocamu npu yoape 8 Hee MOJHUU paBeH M, =Moho, , ToE M) = 0,2
MKI['H/M. TakuM oOpazom, MOTEH-
MaJjl BEPIINHBI OIOP:

Uny = ion(ORy + Log Slon . gy i (4.51)
dt dt
Tox B omope B npeeaax GpoHTa ONMPeaesIeTcs: Kak:

0,5Ly, ~ My 1—e

i =at , 4.52
on =41l 0,5Ly, + Ly, ~ ot (452)
e o :L, me =

O,5LTp + L.y,

2h,

Zmpln—p = (0,1 81ln )ll'lp .

9 Fap
B stux gopmynax: Z,, — BOJHOBOE CONPOTHBIEHHE TpOca, L, — HHIYKTUB-
HOCTb TpOCa, /1, — CPENHSASA BBICOTA IOABECA TPOCA, Iy, — PALUYC TPOCA, 9 —
CKOpPOCTbH JIBUKECHUS BOJIHBI HAIIPSKEHUS BIOJIb TPOCA.
[Ipon3BoHAS TOKA B OITOPE IO BPEMEHU:

on

: 0,5L. —M
Do _ 222w = Mpy ar (4.53)
dt 0,5Ly, + Lon

[ToTeHnnan mpoBoga UMEET TPU COCTABIAIOLIUE: pabodyee HAIPSIKEHUE;
HaIpspKeHUEe, WHAYKTUPOBAHHOE Ha IMPOBOJE 3apsioM JuAepa MOJHUU
(3meKkTpocTaTHYeCKasi COCTaBIAOIIAs UHAYKTUPOBAHHBIX MEPEHANPSKEHUH);
HaIpspKeHUe, THAYKTHPOBAHHOE Ha MPOBOJIE B pe3yJIbTaTe PaCHpOCTPAHEHUS
10 TPOCY MMITYJIbCOB HAIPSKECHHUS.

PacuyeTHoe 3HaueHue pabodero HamNpsHKEHUS MPUHUMAETCS PaBHBIM
CpPEIHEMY 3HAYECHUIO 3a MOJYNEPUO;

190



U 2 Ysow 2=0,5U

pa6:ﬂ: \/5

DJIeKTpUYecKasi  COCTaBJISIO-
njasi MHAYKTUPOBAHHOTO TEepeHa-
NpSKEHUsI TIPU yJIape B OMOPY MO-
XKeT ObITh MPUOJIUKEHHO PACCUH-

.(4.5%)

HOM

Ip1 Ip t TaHa 1o Gopmyiie:
Puc. 4.31. Onpeoenenue epemernu npo6ost
JIUHEUHOU U30JAYUU NPU PAZHBIX KDYMU3- Uiin= Ecphep( 1 = k), (4.55)
Hax ponma moxa MonHu (a; > ay): rae E., = 10 kB/cM — cpennsis

1— 60Jme—C€KyHaHClﬂ xapakmepucmuka u3o- HaHpH}KeHHOCTB BHCKTPI/I[ICCKOFO
JAYUU,; 2 — HanpsdiceHue Ha U30aAYUU [0S B IIPOMEXKYTKE MEXKIY KaHa-
JIOM JIMJIepa MOJIHUM U OTIOPOH Mepe]] IIaBHBIM pa3psiioM; k — KO3QPUIUEHT
AJIEKTPOMArHUTHOM CBA3U MEXAY MPOBOJAOM M TPOCOM, YUHUTHIBAKOUIUU IK-
paHMpyoLIee IeUCTBUE TPOca.

Hampsixenue Uy, ©MEET MOISPHOCTh, OOPATHYIO TOJSAPHOCTH MOTEH-
[AAJIa BEPUIMHBI ONOPHI. [[poxokaeHne Toka no TpOCy BBI3BIBAET IOSBJICHUE
Ha npoBojie HanpsikeHust kU, TOTo e 3HaKa, YTO W MOTEHIIUAJ OMOpPhI. DTa
COCTABIIAIONIAs] YMEHbBIIIACT HAMPSHKEHNUE HA U3OJSAIUN JTHHUHN. Takum obpa-
30M, HaNpsDKEHUE HA JIMHEHMHOW M30JSILHMH, PABHOE PAa3HOCTU MOTEH-

[MAJIIOB BEPUIMHBI OMIOPHI U MPOBOJIA, B MOMEHT MAKCUMyMa TOKA MOJI-
HUHM OMPEACISIETCS KaK:

Um:Uon - Unp:Uon _(_UpaG _UI/IHI[ + kan) = Uon(J_k) + Upa6 + UI/IHI[' (456)

OT0 HampsiKeHUE HEOOXOJAMMO CPAaBHHUTH C HAIPSKEHUEM IMEPEKPBITHUS
TUPJSHABI TPU TPEAPA3PSITHOM BPEMEHH, PaBHOM JIJTUTEIBHOCTH (PpoHTA
UMITyJIbCA TOKAa MOJIHUU Ty. 3HaUeHHEe U,; 3aBUCHT OT KPyTU3HBI ()POHTA TOKA
MOJIHUH, KOTOpas IpU 3aJaHHOM BPEMEHHU Ty ONPENENIET MaKCUMAIbHOE
3HAYCHHUE TOKA MOJIHUU [, = aTy.

Ecnu mocTpouTh 3aBUCHUMOCTH HANPSOKCHUS HA W3OJIAIMH OT BPEMEHU
U,(f) mpu pa3HbIX KpyTu3Hax ¢poHTa a (puc. 4.31), To Touka nepecedyeHus
ITHX KPUBBIX C BOJBT—CEKYHIHON XapaKTePUCTHKOW H3OJISALUU OMpPEEIsIeT
JJIMTENILHOCT ()POHTA TOKA MOJIHUM Ty = f, 1 MUHMMAJIbHOE 3HAUYEHHUE aM-
IUIUTY 16l TOKA [, = ATy, IPU KOTOPOM IPOU3OUAET NEPEKPHITUE U3OIALHUM.

[To >THM 3HAYEHUSIM MOKHO MOCTPOUTH KPUBYIO OIACHBIX MapaMeTpoB
(puc. 4.32), koTopasi ACIUT KOOPAMHATHYIO TUIOCKOCTh (a, I,) Ha objacThb
0e30macHbIX apaMeTpoB Toka MoJHUU (1) U 00JacTh OMACHBIX MMapaMETPOB
(2). Ota xpuBasg orpaHMYMBAET 00JIACTb COYETAHUN KPYTHU3HBI U TOKA MOJI-
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HUW, TIPY KOTOPBIX IMPOUCXOIUT MEPEKPHITUE H30JsIuuU JuHUU. Hanpumep,
OpU KPYTU3HE @ MEPEKPHITHE H3OJSALUU MPOUCXOAUT MPU TOKAX OOJBLIMX
L1, IPY KPYTU3HE @) — TIPU TOKaX, OONBINX Iy, U T.1. [lo KpuBO# OMmacHbIX
[IapaMeTPOB MOXHO IOCTPOUTh KPUBYIO BEPOATHOCTH ONACHBIX MapaMeTpPOB
(puc. 4.33). Ilo 3TOMy PHUCYHKY BEPOSATHOCTbH IEPEKPBITUS U30JSALHUU OIpe-
JeIsgeTcs Kak:

Py =[] fU,,a)dl,da, (4.57)
D

rae f(ly, a ) — nByMepHas (QYHKIMS TJIOTHOCTH BEPOSITHOCTH MAaKCHU-
MaJIbHOT'O 3HAYEHUS U KPYTU3HBI TOKA MOJIHUU, 3 UHTETPUPOBAHUE OCYIIECT-
BIIsieTCs 10 Beer obnactu D. O6nacts D 3710 3amrpuxoBanHas o0JacTh Ha
puc. 4.33. Ilpu npakTUYECKHX pacyeTax MaKCHMaJlbHbIE 3HAaYEHUS TOKa Iy U
KPYTHU3HBI (PpOHTA TOKA MOJHUU @ MPUHUMAIOT HE3aBUCUMBIMU CITyYaiHbBI-
MU BEJIMYMHAMH, BEPOATHOCTH KOTOPBIX OIMPEIEISIOTCS MO COOTBETCTBYIO-
M popmyrnam. B atom cioydae (4.57) npuHUMaeT BUT;

P, = [ P(1,))dP(a) = [ P(a)dP(I,), (4.58)

T.€. BEPOSITHOCTh MEPEKPHITUSI OTIPEACIISICTCS 3allITPUXOBAHHOMN IIIOIIA-
160 Ha puc. 4.33, KoTopas OorpaHUYeHa KPUBON BEPOATHOCTH OMACHBIX Ta-
paMeTpOB.
VYpoleHHO BEPOSTHOCTh NEPEKPHITUS U30JISIIIUU MPU YJIape MOJIHUM B
OTIOPY MOJKHO OIPEACIIUTH 110 3HAYEHUIO KPUTUUECKOTO TOKA:
_ Uso,
Kp ’
R, +06h,,
rae o = 0,15 qis nuauii ¢ nByms Tpocamu u 6 = 0,3 Ju1s TMHUN ¢ OJTHUM
TPOCOM.
Torna Poy = P(Ip). (4.60)

(4.59)
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a Pa

2 P(a) %
i, B

L L Iy Pi(lv2) Pi(Zw1)
Puc. 4.32. Kpueas onacuvix napa-  Puc. 4.33. Onpeoenenue seposmnocmu ne-
Mempo8s peKpbimus U3oNAYUY (3aumpuxo8arHHas

obacmv 0aem 3Havenue 8eposmHOCmU)

O4eBUIHO, YTO MpHU ABYX TpOcax AOJSA TOKAa B ONIOPE MEHBIIE, YEM IIPU
OIHOM TpOCE, U KPUTHYECKOE 3HAYECHHE TOKAa MOJIHHUU BbILIE. YBEINYCHUE
BBICOTHI OIIOPHI, & 3HAYUT, U €€ UHAYKTUBHOCTH IIPUBOJIUT K POCTY HaIlpsiKe-
HUS HAa TUPJAHIE U30JIATOPOB U BCIEACTBUE ITOIO K YMEHBIIECHUIO KPUTH-
YECKOT'0 TOKA, YTO TaKXKE OTPAXKaeT BhILLIECIPUBEICHHAs (popmyia.

VYrpoleHHas METoIMKa MOKET ObITh MCIOJIb30BaHA JIJIsl OLICHKU YHCIia
OTKJIIOUYECHHMU JIMHUM HanpspbkeHreMm 10 500 kB mpu conpoTuBieHUsAX 3a3eM-
nenuit onop 10 30 Om.

Yoap monnuu ¢ mpoc ¢ cepeoune nponema

[Ipumem A pacuyeTa KOCOYroJIbHY0 (OpMY TOKA MOJIHUHU U IIOCTPOUM
UMITYJIbC HANPSKEHUsI B TOUKE yJapa MOJHUU B Tpoc. CUUTaeM Takke, 4To
VMIIYJIbCHOE COIPOTHUBIICHUE 3a3€MJICHUSA OIIOP 3HAYUTEIBHO MEHBIIE BOJI-
HOBOI'O CONPOTHUBIIEHUS TPOCA, T.€. OT OMOP BOJIHBI OTpaXXaTbcs OynyT ¢ 00-
paTHBIM 3HaKOM. Jl0 MpHUXOJa MMITYJIbCOB, OTPAKEHHBIX OT COIPOTUBIICHUU
3a3eMJICHUSI COCETHUX OTOp, HAINpsHKEHHUE Ha Tpoce ompenensercs mo ¢op-
MyJI€:

pO =1, 2“’ :at%. (4.61)
Yepes uHTEpBANl BpEMEHH T = lyy/V, TAE [yp - JUIMHA MIPOJIETA, K MECTY
yaapa OJHOBPEMEHHO MOJOWIYT WMITYJIbCHBIC BOJIHBI, OTPaKEHHBIC C TIEpe-
MEHOM 3HaKa OT COMPOTHUBIICHUH 3a3eMJICHUS ABYX ONMKAMIIUX OMOp, U POCT
HanpspDKeHUs pekpatutcs. [lonctaBuB B popMyry Bpems ¢ = T, HaiIeM Mak-
CUMAaJIbHOE HAIPSKEHHE Ha TPOCe:
Unrp max =aZplyy/(20). (4.62)
Harmpsixenue MexXy TpOCOM U MPOBOJIOM € YYETOM HHAYKTHPOBAHHOTO
Ha TIPOBOJIE HAIPSKEHUSI PABHO:

193



Urpp =(1-k) aZply/(20). (4.63)

VY ap MOTHHU B TPOC B CEPEIMHE MPOJIETA ABJISETCA PACUETHBIM CITyda-

€M I BBIOOpA PACcCTOSHUS MEXIy TPOCOM M mpoBojaoM. [IpoGoit mpome-

KyTKa TpPOC — IPOBOJ BO3MOKEH, €CIU CPEIHAS HANPSKEHHOCTb JOCTUTHET

sHauenus 500 kB/m. 3Hast paccTosiHEe MEXITy TPOCOM U MPOBOJIOM, MOKHO

HalTU NpOOMBHOE HANPSHKEHHE, & 3aT€M KPUTHYECKYIO KPYTHU3HY TOKa MOJI-

HUH (ayp), IPA KOTOPOM IPOM3OUIET MPOOOH MPOMEKYTKA TPOC — IMPOBOL.

BeposTtHOCTS TPO0OOS 3TOT0 MPOMEKYTKA Py, ONPENEIACTCS 110 BEPOATHOCTH

BO3HMKHOBEHUS TOKA MOJIHMM C KPYTU3HOW PAaBHOW MIIM OOJBINEH dyp:

P, =P (a =2 ay, ) = exp(— 0,08a,, ). (4.64)

OnbIT SKCIUTyaTaIlliy TTOKa3bIBAET, YTO BEPOSITHOCTH MP0o00st peHebpe-
KMMO MaJla, €CJIM PaCCTOSIHUE TPOC — MPOBOJ O BEPTUKAIN COCTABIISIET HE

MeHee 2% JJIMHBI IpoJieTa, HanpuMep 8 M Ipu anuHe nposeta 400 m.
VY neapHOe YMCI0 OTKIIOYEHUN JIMHUM C TPOCAMH BBIYUCISIETCSA B 00I1IEM
ciydae 1o popmyiie:

4h

4, PPy (465)

[

:4th{Poc1)npnl+(1_Pa)X[ l-I])onhl—i_(l_

nOTl(J'I

4.6. KBazucraumoHapHble MepeHaANPAKCHUA

KBazucranuoHnapHbie nepeHanpsHKEeHUsl BOSHUKAIOT ITPU BPEMEHHBIX C
TOYKH 3PEHUS IKCIUTYaTallMH PeKuMax paboThl M HEOIAroMpUsATHBIX COYeTa-
HUSX [TAPaMETPOB CETHU U MOTYT IPOJIOIIAKATHCS A0 TEX TOP , IOKA HE U3MeE-
HUTCS CXEMA WU PEKUM CETH. JUTMTETbHOCTh TAKUX MEPEHANPSIKEHUN — OT
CEeKYHJ 0 JIECATKOB MUHYT — OTPAHUYMBACTCS ICCTBUEM PEJICUHON 3alllN-
ThI WJIM OTIEPATUBHOTO MIEPCOHAA.

4.6.1. PesoHaHCHBIE NIepeHANPSIKEHU HA OCHOBHOM 4acTOTE B
YCTAHOBUBIIEMCH peKUMe IPH X0J10CTOM X0/e
OJHOCTOPOHHE MUTACMON JIMHUM

B pexume mepemaun 1o JUHUM HOMUHAJIBHOW (MM OJM3KOM K HEM)
MotHocTd Mexay nutatonieil 3/(C (E), BbIHYKIEHHBIM HampsbDKEHUEM Ha
nuTaromux muHax (V) u BRIHYXICHHBIM HaIpsSKEHUEM Ha KOHIIE JIMHUU
(V¢ ) cymiecTByeT HOpMalIbHOE COOTHOIIEHHE, Korna £ > V> V., 00ycioB-
JIEHHOE NaJCHUEM HAIPSHKEHUST Ha NPEIBKIIOYEHHON MHAYKTUBHOCTH (L) U
Ha uHAyKTUBHOCTHU JIDII (L)) py IpOTEKaHUU MO JIMHUU AKTUBHO — UHAYK-
TUBHOrO TOKa Harpy3ku (puc. 4.34, a,6) (cM. BEKTOpPHYIO JHarpammy,
puc.4.34, s).
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Korpa xe Harpy3ka HeBesMKa, a TeM 0oJiee MPU XOJOCTOM XOJI€ dJIEK-
Tporepeau MOKHO CUHTATh B OMPENEICHHOM MPUOIMKEHUU, YTO IO JIU-
HUU TIPOTEKAET YUCTO EMKOCTHBIA TOK (/.), KOTOPBI 00yCIOBIMBAET 00OpaT-
HOE COOTHOILICHUE MEXIY YKa3aHHBIMU BeIW4YUMHaMu, T.e. £ < V; <V, (cm.
BEKTOPHYIO Auarpammy, puc. 4.35, 6).

E

Puc. 4.34. Cxema snexkmponepeoauu (a) 6 pexcume nepedauu MOWHOCMU, CXe-
Ma 3amewyerus (0) u 6eKMOPHAS OUASPAMMA HANPHCEHUT (8)

Takoe yBennueHHe HAMPSOKEHUS HA JIMHUM MOKHO paccMaTpHBaTh Kak
mpUOIMKEHUE K PE30HAHCHBIM ycIoBusAM. YeMm Onuke HU3IIAs 4acToTa cO0-

CTBEHHBIX KOJieOaHU# cXxeMbl ®/ K gacToTe BeIHYKAaromehd I/[C o, Tem
OoJbIie OyZET MOBBIIATHCS HANPSKEHUE K KOHILY JJUHUU. DTO SIBJICHUE
Ha3bIBAIOT €eMKOCTHBIM 3 dekTom miu dpdexktom deppaHTi.

E T v, Ve o N
| | lx.x. E

a N SR IAS A
i L, V, Lo W VadllUn
. 4U— 4_[]— jT:CJ] VKV .
Un ' o ! 8

Puc. 4.35. Dnekmponepeoaua na xonocmom xooy(a), cxema 3ameusenus (0) u
BEKMOPHAsL OUALPAMMA HANPsHCceHUll (8)

Cxema OIHOCTOPOHHETO IMMTAHUA BO3HHMKACT IMPAKTHUYCCKH B IIPOLCCCC
KaXXJ10T0 €€ BKIKOYCHUA W OTKIIOYCHHA, ITOCKOJIBKY MOMCHTBI KOMMYTAaIlluU
BBIKJIIOYATEICH HA Pa3HbIX KOHLAX JIMHKUKU HE COBIIAAArOT.
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JmuTensHOCTh paboThl JIMHUM B PEKUME OJTHOCTOPOHHETO MUTAHUS MPU
ONPE/ICTICHHBIX BKIIIOUEHUSAX U OTKIIFOYEHUSX MO JAHHBIM OMbITA SKCILTyaTa-
uuu nocturaer 20 MUHYT B CIydae HEAaBTOMAaTUYECKOW CHHXpOHM3auuu. Bo
BpeMst AIIB wnm npu Apyrux aBTOMAaTHYECKUX KOMMYTAIUSAX JUHUN -
TEIHHOCTh STUX HHTEPBAJIOB OOBIYHO 3HAYUTEIHHO MEHBINE — MOPSJIKA Ce-
KYH/IBI.

Pacuer pe30oHAHCHBIX TEpEeHANPSHKEHUN, O0OYCIOBIEHHBIX €MKOCTHBIM
3 PexkToM HEHArpykKE€HHOW JMHUM B CHUMMETPUUYHOM PEXKUME €€ padoThI,
MOXET OBITh MPOBEJICH C MOMOIIBIO YPAaBHEHUM YETHIPEXIOIIOCHUKA:

U 1=A U. 2 + BI. 2,
11 =CU2 + D]2 (466)
rae A,B,C,D — xo3hPUIHEHTBl Y4eThIPEXIOIIOCHUKA, SKBUBAJIEHTHOTO
paccMaTpuBaEeMou Mepeaye;

Ui, I, — HanipsiKEHUE U TOK B Ha4aJle JINHUMY;

U,, I, — HanpsKeHUE U TOK B KOHIIE JIMHUU.

B pexuMme X010CTOro Xo/a TOK B KOHIIE Pa3oMKHYTOMl juHuu I, =0.
O0603Ha4YMM BBIHYKJICHHOE HAIPSHKEHUE B KOHIIE PA30MKHYTOU JIMHUH Yepe3
V, ¥ HaiigeM V), 1 3JIeKTpolepeiadu, NpeacTaBIeHHon Ha puc. 4.36.

E T v, V.
| ¥ AB.C.D ol
O—0H .
Q
E X ¥, v
oo™ ABcCD P
o I | |X.X
&
: ; 7
Xg=0 | ™ A.B.C,.D P
s’ | |x.x.

=]
Puc. 4.36. Cxema snexmponepedauu (a), oowasn cxema 3ameuenust (6) u cxe-
Ma 3amewjeHus d1eKmponepedai ¢ UCHOYHUKOM OeCKOHeYHOU MOWHOCMU (8)
Jlnst nmuHUM  3IeKTporepenadyd  Kod(PQOHUIMEHThI YeThIPEXITOIIOCHUKA

paBHBI:
A=chyl, B=Zshyl, C=shyl/z, D=chyl, (4.67)

rae: [-mmHa JIOIL; y-mocTosiHHAs pacnpOCTpaHEHUs! 3JIEKTPOMAarHUT-
HBIX BOJIH; WW-BOJHOBOE CONpOTUBIEHUE IUHUU. [Ipu aTOM:

_ . . . _ (Ro +ja)L0) .
v=(Ry + joLy)(gy + joCy); Z= 1/—(&) RS (4.68)
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rae Ro, Lo, g0, Co — IEpBUUYHBIE TApAMETPBhI JINHUU.

B nono0OHbIX pacueTax monepedHas akKTUBHAs MPOBOAUMOCTh JIMHUU g
OOBIYHO MPUHUMAETCS PaBHOU HYJIIO, T.€. gy = 0. [Ipumem taxke s ynpo-
IICHUS PACYETOB, YTO JIMHHUS IMPUCOEIMHEHA K HCTOYHHKY OECKOHEYHOU
MOIIIHOCTH, IJIi KOTOPOro IpeaBKitoueHHoe comnpotuBieHne X,;,=0. C yue-
TOM CJIEJAHHBIX 3aMEYaHWW M JAOINYIIEHW pacueTHas CXeMa 3aMelIeHUs
NPUHUMAET BUJ, M300pakeHHbIM Ha puc 4.36, 6, a BbIHY)KIEHHAasl COCTaB-
JISIOIIAs HAMPSDKEHUST Ha Pa30MKHYTOM KOHIIe AiekTponepeaaun (1) Oynaer
paBHa:

E E E
p == =—T—==—"r, (4.69)
A chyl chi
rae A=yl. Ilapamerp osnekTpomepenadyd A MOXHO IOCJIE psja Ma-
TEMaTUYECKUX MpeoOpa3oBaHmil (C UCTIOIb30BAHUEM PA3JIOKEHUS B psinl Tew-

JI0pa) NPEJACTABUTH B BUJIE:

X=yl=l\/(R0 + joLy) joCy =I( Ry + jo,/LyCy) =(a+ jB)I, (4.70)
2 |=0
Co
Ry
rJe o= - KO3 (HULIMEHT 3aTyXaHus;
Ly
7 |0
Co
o 314 T pan
B=w./L,C, = = = — ko3 durueHt wus-

1/JLyCy 300000 3000 xm

MeHeHHUs (assbl.
Yacrto BBoAT k03P duriment n3meHeHus $hasel Ha 100 KM IITMHBI TUHUAN
T pao 91.2pao
Byi=— =6 Jlunuu smekTpornepenayn 001a1ar0T BEChMa MajibiM
30 100xm 100xm
KOX(PUIIMEHTOM 3aTyXaHHs U B PEKUMaX JaJeKUX OT PE30HAHCA MOKHO IO0-
n0xuTh o = 0. Torna mapametp sekrponepenaun A=jB/ u runepOoIudecKue
GbyHKUMA KO3(PPULIHUEHTOB YETHIPEXIOJIOCHIUKA MOXHO C MOMOILBIO MTPeood-
pa3oBaHui Diiepa 3aMEHUTh TPUTOHOMETPUYECKUMU:

A=cos \; B=jZsink; C=jsin\MZ; D=cos A. (4.71)

C yueroMm clielaHHBIX MPeoOpa30oBaHUI HANpPsSHKEHUE Ha PaA30MKHYTOM
koHiie D11 paBHo:
E
Vo = :
COSA

(4.72)
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ITpumep 1.
Hano: gmuna JIDII — [ =500km; By,~6,2 rpan./100xkm; E=1.
Hanru V.
Perenue: A= By, -//100=6,2-500/100=31°
Vy=E/A=E/cos A=1/c0s31°=1/0,858=1,16.

[Tpu sTOM HanpsbxkeHue Ha nutaronieM konie JIDIT V= Vp-A=§ -A=F,

T.€. Ha IIMHAaX OECKOHEYHON MOIIIHOCTH NIEPEHANPSKEHUN HET.
B cnydae ucrounrnka KoHeUHOM MOIIHOCTH X #0 1 pacueTHas cxema
3aMelIeHus MPUHUMAET BUJ, U300pakeHHbId Ha puc. 4.37, a. Torna
AJICKTPOIIEPENAYY MOXKHO MPEACTABUTH B BUJIE JABYX UYETBIPEXIOIIOCHUKOB,
COCIMHEHHBIX TocaeaoBaTeabHo (puc.4.37, 6). BeiHy)IeHHOE HaNpsiKEHUE
Ha pa3oMKHyTOM KoHIle D11 paBHoO:

E
Vo=—", (4.73)
A
12
rae A;; — KO3(DPUIMEHT YeThIPEXMOIIOCHUKA SKBUBAJICHTHOTO BCEM
anekTponepeaade B uesnom; App=A4,4,+B,C.
JUis  1epBOro 4YeThIPEXMOJTIOCHUKA KOA(P(ULIMEHTH paBHBL: A1=1;
B=jX.; C,=0; D=1, Torna A, = cosA — (X1/Z)sinA.

CrenoBaTenbHO:
E
v, = , (4.74)
cosA——=sinA
E AV, ABCJA £
o— 7YY P
— |
4, B34, B9 ST14, Bu[ 3
V =
?)— C Hl—%— G ﬂz—ng EfO— Ci HIZ—g
4]

4

Puc. 4.37. Cxema 3amewjenus snekmponepeoadu ¢ UCMOYHUKOM O2PAHUYEH-
HOU MOWHOCMU (a), npedcmasieHue 31eKmponepeoasi 08yMs Yemublpexno-

JtocHuxamu (0)
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T.€. IIPY MCTOYHMKE OTPAHMYECHHOM MOIIHOCTU V), BBIIIE, YEM IIPH MC-
TOYHHKE OECKOHEUHOW MOIIHOCTH. BBIHYXJ€HHAs! COCTABIISIONIAs HAMPSKE-
HHUSI Ha [TUTAIOIIEM KOHIE 3JIEKTPONEPENAYr PaBHa:

Vi=AsV, (4.75)

IIpumep 2.

Hano: mmna JIDII — [ =500kMm; By,=6,2 rpan./100xkm; E=1; X;=100 Om;
/=280 Om.

Haiitu V,, V. Pemenue: A= Py, /100 = 6,2-500/100 = 31°.

A= cos h— Xngin 1= cos31’ — msin31"= 0,675.
7z 280

V, = E/A1,=1/0,675=1,49.
[Tpu >Tom HanpskeHne Ha nuraromeM konue JIDII — V=V, 4,=V,,-cos
A= 1,49- cos31° =1,28.

4.6.2. Bausinue mpoao0JibHbIX U NMONEPEYHbIX KOMIIEHCUPYIOIIHX
YCTPOICTB Ha BHIHYKIEHHYI) COCTABJISIIONIYI0 HANIPSKEHUS

a) PeakTop momepeyHOil KOMIIEHCAIIMM YCTAaHOBJEH B Hauale JUHUU
(puc. 4.38, a)

PacueTHas cxema COAECPXKUT TPU YETHIPEXIOIIOCHUKA, COCIMHEHHBIX
MOCJIEIOBATENLHO. BBIHYXIEHHAsT COCTABISAIONIAs HANPSHKEHUSI HA Pa3OMK-
HyToM KoHIie DI1 onpenensieTcs mo Toit ke Gopmyre:

E

V. =—; 4.76
b= (4.76)

H
rae Ay, — KOO(POUIMEHT YeTHIPEXMOMIOCHUKA, 3KBUBAJCHTHOTO BCEH
JJIEKTPOIIEPEAAYN B LIEJIOM IIPU PEAKTOPE, MOJACOCAMHEHHOM B HA4aje JIH-
HUH.
B cooTBeTcTBUU € IpaBUIaMU CI0KEHUS YETBIPEXITOIOCHUKOB, COE/IH-
HEHHBIX IO LIENHON CXEME MOIYYNM:

X, . X
A, =cosA——Lsinl+—"cos]. (4.77)
Z X,
Torna HampsKEHHE Ha Pa30MKHYTOM KOHIE PAacCMATPUBAEMOM DIIEK-
Tporepenaun V,, paBHo:

Vow= E . (4.78)

cosA— X, sin A+ X, cos A
Z X,
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Puc. 4.38. Cxemwl snekmponepedau ¢ peakmopamu u yCmaHo8Kol NPOOObHOL
KOMHeHcayuu

IIpu stom Vy,, < V,, (V) cootBetcTByeT DIl O3 peakTopa). AHAJIOIHYHO
MO>KHO MPOAHAJIM3UPOBATh BIUSHHE HA BBIHYKIEHHYI COCTABJISIOLIYIO Ha-
IIPSDKEHUS HAa pa30MKHYTOM KoHIE OlI peakTopa nmonepedyHor KOMIIEHCALNH,
MIPUCOEIMHEHHOI0 K KOHILy JHuHUM (puc. 4.38, 2). KoappuuneHt A, 4eTsi-
PEXITIONOCHUKA, SKBUBAJICHTHOTO Beer DI B 1ienoM, koraa peakTop noaKIIo-
YeH K KOHILY JIMHUU, PABEH:

X . X zZ .
A, =cosA——"sin A +—"cos A +—sinA. (4.79)
Z X
P p
Tax xak A > Ay, T0 Vi < Vi, T.€. PEAKTOP MOACOETUHEHHBIM B KOHIIE
JIMHUU OTPAaHUYMBAET PE30HAHCHBIC MEPEHANPSIKEHUST B OOJIBIICH CTENEeHH,
4eM peaKkTop B Havasie JIMHUHU. TakuM ke 00pa3oM MOXKHO MOKa3aTh, YTO yC-
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TaHOBKa NpoaoJabHON KomreHcauu: (Cync , puc. 4.38, 0) CHHXKAET BBIHYX-
JIEHHYIO COCTABJISIFOILYIO HAITPSIAKEHUS.

4.7. ®eppope30HAHCHBIE TEPeHANIPSIKEeHUS

deppope30HAHCHBIC SIBJICHUS BOZHUKAIOT B CXeMaX, KOTOPbIE CO/IepKaT
AJIEMEHTHI ¢ (ePPOMArHUTHBIMU CEpJICYHUKaMU. B aJIeKTpUUeCKUX CeTsIX Ta-
KM€ DJIEMEHThI TPAKTUUECKU €CTh BCErJa M MOATOMY B JIOOOU CETH UMeeTCs
MPUHIUNHATBHAS BO3MOXHOCTh TOSIBICHUS (eppOpPEe30HAHCHBIX MPOIIECCOB
Ha MPOMBIILICHHOW 4acTOTEe, Ha BBICHIUX WIM HU3IIUX TapMOHHKaX. B cum-
METPUYHBIX TpeX(a3HbIX PEKUMaX CETU EMKOCTHBIC DJIEMEHTHI OOBIYHO OKa-
3bIBAIOTCSl 3alIYHTUPOBAHHBIMA HH3KOOMHBIM BXOJIHBIM COIPOTUBJIIEHUEM
MATAONIEN CETH, KOTOPOE BCEra UMEET MHAYKTUBHBIN Xapakrep. [loatomy B
HOPMAJIBHBIX pexuMax (Qeppope3oHaHc ManoBeposTeH. Ddeppope3oHaHC
BO3HHMKAET B HECUMMETPHUYHBIX peknMax. Hampumep, mpu HemomHO(Da3HBIX
peKMMaxX CEeTH C M30JIMPOBAHHON HEUTpabio, KOTIa eMKOCTh (Da3bl OTHOCH-
TenbHO 3eMiu (puc. 4.39, a) BKiIOYaeTCs MOCIEAOBATEIBHO ¢ OOMOTKaMH
CUJIOBOTO TpaHc(opmaTopa WIH JIEKTPOMAarHUTHOTO TpaHcpopmaTopa Ha-
npsbkeHus. B kadecTBe nmpumepa MOXKHO pacCMOTPETh CXemy, KoTopasi oOpa-
3yeTcsi Ipu OOpBIBE OJHOTO MPOBOJIA C MAJIEHUEM €TI0 Ha 3€MJII0 B CUCTEME C
U30JMpOBaHHON HeuTpanbio. [lycTs mpoBoa obopBaics B daze A, npuyem
ynaja Ha 36MJII0 KOHEIl MPOBOJA, MPUCOECIUHEHHBIN K HCTOYHUKY. Y TIPOIIEH-
Hasl CXeMa JIJIsl 3TOTO CIydas IpeacTaBieHa Ha puc. 4.39.

Tok B ¢aze A nociie oOpriBa MpoBoAa OyJIeT CTEKaTh B 36MJIIO YEPE3 Me-
CTO 3a3€MJICHHUS, 3aTEM BO3BpallaThCi Ha MPOBOJ 4yepe3 eMKOCTb (), mocie
4Yero OH Pa3BETBIACTCA: YaCTh TOKA MIPOXOJUT Yepe3 MEKIyPa3HyI0 eMKOCTh
C1», a Apyras — yepe3 MHAYKTHUBHOCTHh TpaHchopmaropa L.. Llens Toka 3a-
MbIKaeTcs depe3 ¢aszpl B u C uctoyHuka. B cuimy cummeTpun mOTEHITHAIbI
HYJIEBBIX TOYEK TpaHchopMaTropa U 3Be3/bl MEXTY(Pa30BbIX €MKOCTEH O/1-
HAaKOBBI.

[ToaTomy cxemy puc. 4.39, a MOXHO TIpeoOpa3oBaTh B cxemy puc. 4. 39,
0, B kotopoit DJIC ucTOUHMKa HA OCHOBAaHUHU MPaBUJI MIEpexojia OT Tpexdas-
HOU CHCTeMBI K 01HO(]A3HOM cxeMe 3aMenieHns Oyaer pasHa 1,5U,.

MoxkHO TIOKa3aTh, YTO BIUSHUE MEXAY(Pa30BOi €eMKOCTU Ha aMILTUTYAY
MepeHaNpsHKeHU OTHOCUTENIBHO HeBesnKo. [lonaras B mepBoM mpuOmmxke-
Huu Ci, = 0, moJIyduM cXemy 3aMelleHus], IPEICTaBIeHHYI0 Ha puc. 4.39, s.
B cooTBeTcTBHM C 3TOM CXEMOM MOYKEM HAITUCATh:

U=15U;+Uc, mm +U=1.5U; -U,, (4.80)
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Puc.4.39. Cxema 3amewenus 015 cayuas oopsviea 00HO20 Npo8ooa
€ naoeHuem Ha 3emio 8 cucmeme ¢ U30AUPOBAHHOU HEUMPAIbIO

I7I€ IUTI0C COOTBETCTBYET PEXUMY € OoTcTarouuMm TokoM (1,5U;>U¢), a
MUHYC — PEXKHUMY C ONEPEKAIOIUM TOKOM.

I'padpuueckoe pemenrie ypaBHenus (4.80) mpeacrasieno Ha puc. 4. 40,
U3 KOTOPOTO BHJHO, YTO B paccMaTpUBAaEeMON CXeMe NMPUHLIUIUAIBHO BO3-
MOYKHBI TPU peXHMa, COOTBETCTBYIOLINE TOYKaM d, 0, 6.

|
v _7/UC=I/(DC |_
/

LSUL=/(1) /

X

1.’5 UL C1

+1,5U;

IS\
|
|
|
<
7®
\
\\
\
\Q
N
\
N

(1
~1,5U; DN |
Puc. 4.40. I pagpuuecxoe pewenue ypagnenus Puc. 4.41. Bexmopuas oua-
07151 KonebamenbH020 KOHMYpa ¢ HeTUHeUHOU epamma HanpsHCeHul npu
UHOYKMUBHOCMbIO «ONPOKUOBIBAHUU» YEPEOO-

sanusy gaz
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JIBa U3 HUX SBISIOTCS MHIYKTHUBHBIMU (0, 6; U;>Uc ) m oiuH — €MKO-
ctHbIil (a, Uc >Uy). Ilpu 3TOM peXuMbI, COOTBETCTBYIOIIHME TOYKaM a, 0, sB-
JISFOTCS YCTOMYMBBIMH, & PEKUM, COOTBETCTBYIOIIUN TOUKE 6 — HEYCTOM-
YUBBIM, T.€. (U3MUECKH HE peaym3yeMbiM. [IpoBepka yCTOMYMBOCTH perie-
HUS OCYILIECTBIISIETCS. OOBIYHO MyTEM HCCIICIOBAHMS MOBEACHUSI CXEMbl MPH
HEOOJIBIIIOM U3MEHEHUH TOKA B IIEIH.

C poctoM Harpy3ku TpaHchopmaTopa, 4TO SKBUBAJICHTHO BBEICHHUIO B
cxemy 3ametieHus (puc. 4.39, g) yBeIMUMUBAIOIIETOCS aKTUBHOT'O COMPOTHUB-
JieHus, 00JacTh CYILECTBOBAHUS TAPMOHMYECKOTO pPE30HAHCA CYXKaercs M
MIPU HEKOTOPOM 3HAYEHUM HArpy3KU BOSHUKHOBEHHUE PE30HAHCHBIX SIBICHUM
CTAHOBUTCSI HEBO3MOKHBIM.

Ecnau mocTpouth BEKTOPHYIO IHArpaMMy Uil EMKOCTHOTO PEXHMa, CO-
OTBETCTBYIOIIETO TOYKE «, TO YBUAUM, YTO MOPAJIOK yeperoBaHus (a3 Ha
TpaHchopMaTope Harpy3Ku U3MEeHICA Ha oOpaTHbId (puc. 4.41). I[Ipousor-
JI0O TaK Ha3bIBaeMOE «ONpPOKHbIBaHHE» uepenoBaHus (a3. Ilpu stom, ecnu
TpaHchopMaTop UMeNl HeOONIBIIYI0 MOTOPHYIO HAarpy3Ky, TO Mocje oOpbIBa
MPOBOJa HAMPABJICHUE BpaIllCHUs JBUTATEIEH MOXET U3MEHHUTHCSI HA 00paT-
Hoe. Kak ciemyeTr U3 pacCMOTPEHHOI0 HAMU Cilyyasi, IEPEHANPSKEHUST TTPU
HECUMMETPUYHOM OTKJIIOUEHHUHU (pa3 MOryT mpesbliats 3U, U, cle10BaTelNb-
HO, TIPEJICTABIIATh HEMOCPEJICTBEHHYIO OMACHOCTh ISl u3oiisiiuu. [loatoMy B
AKCIUTyaTalMy CJIeAYeT OrPAaHUYUTh BEPOSTHOCTH MOSIBJICHUS MEepEeHaNpsiKe-
HUN paccMaTpuBaeMoro Buja. Haubonee paaukaibHBIM CPEICTBOM, MO3BO-
JISIOIIUM TIOJTHOCTBIO YCTPAHUTh TEPEHAIpsKEHUsI pu oOpbhIBE MPOBOJIOB,
ABIIIETCS 3a3eMIICHHE HelTpanu TpaHchopmaropa Harpy3ku. OmHAKO 3TO
TpeOOBaHKE HE BCEr/1a BHIMOIHUMO Jaxe /it cuctem 110 kB, He roBops yxe
0 cucTemax 0osee HU3KOro HampsikeHus. [loaToMy HEOOXOUMO CTPEMUTHCS
K YMEHBUICHHUIO BEPOSTHOCTH HECUMMETPUYHBIX OTKJIIOUEHHI, Hampumep,
MyTEM OTKa3a OT MPUMEHEHUS IJIABKUX MPEAOXpPaHUTEIEH U BBIKIIOYATENICH
¢ modaszHpIM yrpaBieHueM. Kpome Toro, He cieayeT JUIMTEIbHO OCTaBISATh
BKJIFOUCHHBIMHU XOJIOCTBIC MJIM CJIA00 HArpy>KEHHBIE TPAaHC(POPMATOPHI.

4.8. KomMyTannoHHbIe NepeHanpsKeHnst

4.8.1. IlepeHanpsizkeHUs] NPH OTKII0YEHUH HEHATPYKEHHBIX JTMHUM
U 0aTapeil KOHAEHCATOPOB

OTKJII0OYEHHE HEHArpyXEHHBIX JUHUN U OaTapeil KOHJAEHCATOPOB MO-
’KET COMPOBOXKIATHCS 3HAYUTEIHHBIMU MEPEHANPSIKEHUSIMHU, €CJIA B TIPOLIEC-
Ce OTKJIIOUEHHUS MEXKy KOHTAKTAaMU TOJIIOCA BBIKJIIOYATENSI TPOUCXOIST T0-
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BTOpHBIC 3akuranus. I10BTOpHBIE 3aKUIraHUs MEXAY PACXOIALIMMUCST KOH-
TaKTaMU BBIKJIIOYATEI BO3HUKAIOT, €CIU DJIEKTPUYECKas IPOYHOCTH MEX-
KOHTAKTHOI'O IPOMEXYTKA BBIKIKOYATEISA OKAa3bIBA€TCS MEHBIIE, YEM BOC-
CTaHABJIMBAIOIIECECS IOCIIE TalleHUs AYTH HAIPSKEHUE Ha €ro KOHTAKTax.
[Iporneccel, CONPOBOXKAAOIINE TOBTOPHBIE 3aKUTaHUS, MOKHO PACCMOTPETH,
IPEICTaBUB PA30MKHYTYIO JIMHUIO B BHUJIE COCPEIOTOUYEHHON €MKOCTH (pHC.
4.42). Cuntaem, 4TO BBIKIKOYATENb OTKIIOYAET EMKOCTHBIA TOK IMPH IPOXO-
XKIEHUHU €T0 YEPE3 HYJIEBOE 3HAUEHUE. B 3TOT MOMEHT HaNpsKEHUE HA EMKO-
CTH MaKCUMaJIbHO U paBHO Ucy = —FE,, (Ipu HE OYeHB OOJIBIION JITTMHE JTUHUH,
puc.4.42, 6).

ETOp0E TAIIEHHE

i ETOpoe
2 3Em MOETOpHOE

r. 2 SLHHTAHHE

Eo e ) \_/

nepEoe

MOETOpHOE
IAKHTAHHE

TMepEOe TANleHHE
aTH

Uc

i T])E’l'l: € TalleHHe
aoTH

Puc. 4.42. Pacuemnas cxema (a) u npoyecc no8mopHwix 3adCU2anuti npu om-
KoyeHuu emkocmu (0)

[Tocne oOpbiBa AYru HaIpsSKEHUE HA €MKOCTH HE MEHSIETCs, COXpaHss
cBoe 3HaueHue Uqy = — E,,. HanpsikeHne ke HCTOYHUKA U3MEHSETCS 10 CH-
HYCOMJAIBHOMY 3aKOHY M 4Yepe3 MOJNEPUoaa JOCTUraeT 3Hauenus +£,. Ha-
npsHDKeHUE MEXAy KOHTAKTaMHu BbIKIItouaress Oyner paBHO 2FE, u, ecid K
ATOMY MOMEHTY JJIEKTPUYECKAs] MPOYHOCTh MEXKAY KOHTAKTaMU OKaXEeTCS
HUXKE, yeM 2FE,,, To BO3MOXEH MPOoO0Oil MEKKOHTAKTHOTO MPOMEXKYTKa, T.€.
MOBTOPHOE BKIIIOYEHUE TUHUK. HauHeTcsl nepexoaHblil mpouecc nepe3apsii-
KU JIMHUU (EMKOCTH) OT HaudajabHOro HampsikeHus Uy,.= — E, 10 NIpUHYX-
JCHHOIO 3HaueHus HampsbkeHus Uy,= + E, (10 3Ha4YeHUs BBIHYKIAIOIIEH
O/1C). Bo Bpems nmepexoIHOro Mpolecca HaMpsHKeHHe Ha JTUHUU (€EMKOCTH)
MOXXET JTIOCTUTHYTh MaKCHUMaJlbHOW BEIMYMHBI (0€3 yuyeTa 3aTyXaHHs) paB-
HOM:

U= UpptUgs, (4.81)
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rae U, — aMIumiTy1a cBOOOAHON COCTaBIISAIONICH EPEXOAHOrO MPOoLiec-

ca, KOTOpasi MOKET ObITh YIIPOLICHHO HallieHa KaK MOJYJIb Pa3HOCTH:
o= | Usp— Usaw | =2E - (4.82)

Torma makcumanbHOE HampspKeHue Ha auHuu (emkoctn) U, (4.81) Oy-
ner paBHoO 3E,, . IIpu 5TOM B MOMEHT MakCUMyMa HaIIpsSKEHUS] CyMMapHBIN
TOK IPOXOAUT YE€pPe3 HYJEBOE 3HAYEHME U MO3TOMY B BBIKJIIKOYATEIE BHOBb
npousoier ramenue Ayru. [lpu moracaHuu Ayrd HampsOKEHUE Ha JIMHUU
(EeMKOCTH) OCTaeTCsl HEM3MEHHBIM, PaBHBIM MTpUMeEpHO 3E,, .

Uepes nonmepuoa npomeiiuieHHol yactoTel (0,01 ¢) HanpsbkeHue uc-
TOYHUKA CTAHET PAaBHO — £, @ pa3HOCTh MOTEHIMAIIOB HA KOHTAKTaX BBIKIIIO-
yarens AOCTUTHET 4F,. Eciu BHOBb MPOU3OHIET MPOOON MEKKOHTAKTHOTO
MIPOMEKYTKa B 3TOT MOMEHT BPEMEHH, TO CHOBA BO3HUKHYT KoJieOaHUsI Ha-
MPSDKEHUSI Ha €MKOCTH C aMIUIMTYJI0W CBOOOJHOW cocTamistomet 4F,. A
MaKCUMaJIbHOE HaNpsbKeHUe Ha JTUHUM (eMKocTH) nocturaetr SE,,. Eciau mpo-
JOJDKUTh TIOJOOHBIE pacCyKIEHUs, TO paccMaTpUBAEMbIE OINAacHbIE MOBTOP-
HbIE 3a)KUTaHUsl MOTJIM Obl IPUBECTU K HEMPEPHIBHOMY BO3PACTAHUIO IEpe-
HanpspkeHuil. OJTHaKO 3TOro HE MPOUCXOAMT, TAK KAK COBPEMEHHBIE BBIKIIIO-
YaTeau HMMEIOT 3HAYNUTENBHYI0 CKOPOCTh BOCCTAHOBIICHMS JJIEKTPHUYECKON
IPOYHOCTH, OJarogapsi 4Yemy B IOJABISIONIEM OOJBIIMHCTBE CIy4YaeB MpU
OTKJIFOYEHUHN XOJIOCTBIX JIMHUWA MPOMCXOAUT HE OoJiee OJHOr0 MOBTOPHOTO
3akuranusi yru. [losromy nepeHanpsbkeHue Ha JIMHUM HE JIOJIKHO IPEBBI-
math 3Uy. OAHAaKO B IPUBENEHHBIX PACCYKACHUAX HE PACCMATPUBAETCS €M-
KOCTHBIN 3((EKT, y4yeT KOTOPOro MPUBOJIUT K YBEIUYEHHUIO OCTAIOIIETOCs
HaNpsDKeHUs Ha JIMHUM, T.€. Uy > E,, 1 Toraa HanpspKeHUe MEXKIy KOHTaKTa-
MU BBIKJTIOYaTeNs Oyner 6omnbiie 2F,, 4To MPUBEAET K YBEIUUCHUIO BEPOAT-
HOCTH TMOBTOPHBIX 3aKUTAaHUW, K BO3PACTAHUIO aMIUIUTY]IbI CBOOOJHON CO-
CTaBJIIOLIEN NIEPEXOTHOrO MPOLECCA U POCTY BO3MOKHBIX NIEPEHATPSKEHUIN.

Takum 00pa3om, MOBTOPHBIE 3aKUTAHUS JYyTH B BBIKJIIOYATEIE BOJIM3U
MaKCMMyMa BOCCTaHABJIMBAIOIIETOCA HAMPSKEHUSI HA KOHTAKTaX MPUBOAAT K
CYLIECTBEHHBIM MEPEHANPSHKEHUSM M HEOOXOAMMO MPUHUMATh MEphI MO MX
OrpaHu4eHHI0. PaccMOTpUM OCHOBHBIE ITyTH OTPAHUYEHUS MEPEHANPSHKEHUI
IIPU OTKJIFOYEHUH HEHATPY>KEHHBIX JIMHUU.

1. PagukanpHbIM c110COOOM OIpaHHYEHHUS 3TOrO BHUJA MEPEHAPSKEHUI
ABJISIETCS YBEJIIMUEHUE CKOPOCTH BOCCTAHOBIICHHUSI DJIEKTPUUECKON IIPOYHOCTH
MEXAY KOHTaKTaMH BBIKIOYaTesd. VICKIIOUMB MOBTOPHBIE 3aKUTAHUS, MBI
ITOJIHOCTBIO HCKJIKOYAEM IEPECHANPSHKEHUS MPU OTKIFOUEHUH XOJOCTBIX JIH-
Hui. OJIHAKO 3TOT croco0 He Bceraa MPUrofeH, Tak Kak C yBEIMYEHUEM Obl-
CTPOJICUCTBUS BBIKIIFOYATENECH CHIIBHO BO3PACTAIOT IEPEHAIPSIKEHUS TIPU
OTKJIFOYEHHUH XOJIOCTHIX TpaHC(HOPMATOPOB.
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2. IlpuMeHEHUE BBIKITIOYATEICH ¢ IIYHTUPYIOMUMH COMPOTHBICHUSAMU
— Ry, (puc. 4.43).
R, BreikmrouaTens mMeeT JaBa pa3phiBa,

_|:|_ OJIMH U3 KOTOPBIX 3allyHTUPOBAH COIIPO-
tuBjaeHueM. [Ipu oTkaroueHMn cHavana
¢ 10/&0 0’2 O pa3MbIKaeTca pa3peiB 1, a 3aTemM HadWHa-
IOT PacXOJINUThCA KOHTAKTHI pa3pbiBa 2.
Puc. 4.43.Cxema evixnouamens ¢ p pasp

[Ipu npoxoxJIeHUH TOKa Yyepe3 HyJb Ayra
WYHMUPYIOWUM CONPOMUBTEHUEM
R B MIEPBOM pa3pbIBE TACHET, HO MOCJIE ATO-
w

ro JIMHHUS OCTAaeTCsl NMPUCOEAMHEHHOW K
MCTOYHHUKY YEpe3 COMPOTUBIIEHUE R,

[To3TOMY IIpY U3MEHEHUN HAIIPSKEHUS UICTOYHUKA 3apsijl HAa JIMHUU HE
OCTaeTCsl HEU3MEHHBIM, a YaCTUYHO CTEKAeT 0OOpaTHO B UCTOYHUK. Kpome To-
ro, IOCJI€ TallleHUs! [Ty B IIEPBOM Pa3pbIBE TOK B LIETIH NMPUOOPETAET aKTHUB-
HYI0 COCTAaBJISIOILYIO M MPOXOAMT Yepe3 HYJIb YK€ HE IIPU MAaKCUMyM€E Ha-
npspkeHus. [losTomy mocie rameHust Tyrd BO BTOPOM pa3pblBE JIUHUSA OCTa-
€TCs 3apsSKEHHOM J0 HAIpsDKEHUs, KOTOPOE CYIIECTBEHHO MeHbIE E,. JTOo
YMEHBIIAET BEPOSITHOCTh MIOBTOPHOT'O 3a)KUT'aHUs, HO €CJIM OHO U IPOU30M-
JIET, BEJINYMHA NIEpEHANPSHKEHHS Oy €T 3HAUUTENIbHO CHUKEHA.

3. IlpumeHeHne BeHTWIBbHBIX pa3psaHukoB Ha JIDIL. [Ipu aTom rposzosa-
HIUTHBIE PA3PSAHUKNA TPUMEHSIOTCA JUIsl TUHUN AnnHOM He Oosiee 200 kM.
OrpaHuyeHue CBA3aHO C MPOMYCKHOM CIIOCOOHOCTBIO 3TUX PA3PSIAHUKOB.

4. TlepeHamnpsikeHus: MPU OTKIIOYEHUU HEHArpYXEHHBIX JIMHUU PE3KO
CHW)KAIOTCS, €CIM K JIMHUM OCTalOTCSl MPUCOECIUHEHHBIMHU AJIEKTPOMArHUT-
Hble TpaHcpopMaTopsl HamnpsbkeHus. [Ipu yBenndeHUH HanpsyKEHHUs! Ha JH-
HUM CEpJECYHUKH 3TUX TPaHC(HOPMATOPOB OUEHb CUIJIBHO HACBILIAKOTCS, MX
UHIYKTUBHOCTb PE3KO CHMIKAETCA M Yepe3 Ty CHUIKECHHYH0 MHIYKTUBHOCTH
3apsil C JINHUM CTEKAET B 3€MIJIIO.

4.8.2. KomMmyTaumoHHbIE NePeHANIPSKEeHN 1, BOSHUKAIOI[HE
IIpu OTKIIOYEHHAX MAJIBIX HHAYKTHBHBIX TOKOB

[Ipn oTkimroueHnn TOKa Harpy3ku win Toka K.3. ramenue ayru B BbI-
KIJIFOUATENSIX BBICOKOTO HANPSHKEHUS MPOUCXOAUT IPU MEPEXOJE TOKA Yepes
HYyJIEBOE 3HAaYEHHE. B 3TOM ciydae 3amaceHHass B MHAYKTHUBHOCTH JHEPTHS
paBHA HYJIO U NEPEHAIPSIKEHHS MPAKTUYECKU HE BO3HUKarOT. Korma ke or-
KJTIOYAIOTCSl MaJsible MHJIYKTUBHBIE TOKM (HampuMmep, TOK XOJIOCTOTO XOJa
TpaHchopmaTropa, KOTOPBIM COCTABISAET EAUHULIBI WIH JIaXKe JOJU MPOLIEHTOB
HOMHHAJIBHOTO TOKa TpaHchopmaropa), OOpbIB TOKa MPOMCXOAMUT pPaHbIIE
€ro €CTECTBEHHOI'O MPOXOKICHHUS Yepe3 HyJEBOE 3HAUEHUE U B ITOM CUTya-
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IIMA MOTYT Pa3BUTHCA 3HAYUTENbHbIE KOMMYTAIIMOHHbBIE MEpPEHAIPSKEHUS.
CxeMa 17151 aHalIM3a TaKUX MepeHanpsHKeHUM MpecTaBiieHa Ha puc. 4.44.

BH - HH B

—* e(t) == L

0

Puc. 4.44. Ilpunyunuanvnas (a) u pacuemnas (6) cxemvl npu OMKIOYEHUU
HeHazpycenno2o mparcopmamopa,; T — mpancghopmamop, B — sviknouamens,
BH, HH — wiunvl 8vicoko2o u Hu3ko2o Hanpsicenus, e(t) — 3/]C ucmounuxa numa-
nust, C — 6x00Has emkocmes mpancpopmamopa, L — uHOyKmusHocmos HamacHuyu-
sanusi mparcpopmamopa

SIBneHue oOpbIBa TOKA MOMY-

L YUJI0O HA3BaHME Cpe3a TOKa, a TOK
. lo i) Ha3BIBAIOT TOKOM cpe3a (puc.
‘E \ 4.45). Emxocte C B pacueTHOU
\\\ CXeMe 3aMEellCHUs BKIOYaeT B ce-

\

- 051 BXOJIHYI0O €MKOCTh TpaHchop-
Maropa U CYMMapHYI €MKOCTh
OIIMHOBKU OT TpaHchopmaropa
10 BbIKJIIOYaTeNsi. UHIyKTUBHOCTD
L pacueTHOU CXEMBI MOJEIUPYET
WHYKTUBHOCTh HEHArpy>XeHHOTO TpaHc(opMaTopa (MHAYKTUBHOCTh Hamar-
HUYHMBAHUS, KOTOpPAsi MOXKET COCTABIISATh JECATKHU UJIM COTHU T'€HPH).

IlycTh KOHTAaKTBI BBIKIIIOYATEISI HAYAJIA PACXOIUTHCS B MOMEHT BpeMe-
HU 1, (puc. 4.46 ), MeXly KOHTAKTaMH 3aropaeTcs Ayra, B BHIKJIIOUATEIE Ha-
YUHAETCA aKTUBHBIMA MPOLIECC NYTOralleHus U B MOMEHT fy POUCXOAUT CpeE3
TOKa IIpHU TOKe cpe3a iy. Hampsixenue Ha eMkocTH C B 3TO MTHOBEHUE PABHO
Up. B xonebarenbHOM KOHTYpE OCTAeTCSl DHEPTHs, 3amaceHHasi B UHIYyKTHB-
nHoctn  L4,/2 u B emxoctu CUy/2. B KOHType BOSHHUKHYT KOIEGAHHS C
MaKCUMaJIbHOW aMIUTUTY/I0M HANpsOKEHUST Ha €MKOCTH, ONpeAesisieMol u3
ypaBHEHUS OallaHCca SHEPTUH:

Puc. 4.45. Hnmocmpayus cpesa
MoKa 6 eviKIIouamere
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2 2
CU, _CUq +£i02. (4.83)
2 2 2

| L L
U= U2 +=i? =Zy, rtneZ= |—. 4.84
0+ o Tio c (4.84)

Hanpsioxenue, onpenensiemoe 1o (4.84), MOXKeT OOCTUraTth OOJIBIIMX
3HaueHUU. PeanpHble ke HaAMpPSKEHUST OTpaHUYECHBI MPOOOEM MEKKOHTAKT-
HOTO TpoMexyTKa. [Ipoiiecc MOBTOpPHBIX MPOOOEB B BBIKIIOUATEIE TIPEI-
cTaBlicH Ha puc. 4.46. Ilocie nepBoro cpesa Toka HanpsKeHue Ha eMkocTu C
HAaYMHAET BO3PacTaTh 10 3aKOHY:

U.(t) = Uycosmt + iy \/z SINMf, (4.85)
C

Orcrona:

rie we=1/~/LC — cobeTBeHHas 4acToTa KoIeGaHuil KOHTYpa.

Ha puc. 4.46 mTpuxoBbIMH JIMHUSIMUA TIOKa3aH TaKXe MPOIECC BOCCTa-
HOBJICHUS 3JIEKTPUYECKON IPOYHOCTH MEXKKOHTAKTHOIO IPOMEKYTKA BBbI-
KJIIOYaTess, eclid Obl ayra rnoracja B MOMEHT ¢, Korna nmpoucxoaur cpes

TOKa () U Jajnee), TO BCIEACTBHE HWHTEHCHUBHOIO paclaja JIyrd Npod-
HOCTb IIPOMEXKYTKA OBICTPO BO3PACTAET JO 3HAYCHUN KPUBOH Uy p ().

[ToBTOpHBIN MpPOOOI HACTYNHT, KOTJA HANpPSKEHHE HA KOHTAKTaxX BbI-
Krouarens Au(f) mepecedercst ¢ KPUBOH Usy np (£). B cBA3M ¢ TeM, uTo Au(t) =
U.(t) — e(t), To MOMEHT Npo0Osi MOKHO ONPEJETUTh KaK TOUKY MMEePEeCCUCHU
NEPEHANPSHKCHUI HA €MKOCTH C KPUBOM Uy np (f) + e(f). Ilociie moBTOpHOTO
po0osi HaIpsSKEHUE Ha €MKOCTH cTaHOBUTCS paBHbIM JJIC, B 11enM BHOBB
MOSIBJISIETCS TOK, B BBIKJIIOYATEJIE BHOBh HAUMHAETCSI MPOIECC AyToraiieHus: u
MIPOUCXOJUT HOBBIM Cpe3 TOKA, HO YK€ MpHU MEHBIIEM 3HAUCHHUH, YeM .
BenencTere 3TOro M 0ugaeMoe HalpspKeHUE okasbpiBaeTcss MeHblie. Ho ec-
JM OHO JIOCTaTOYHO BEJIMKO, TO BHOBb OBTOPUTCS MIOBTOPHBIN Mpo0O0il B BbI-
KJItoUaTese U Tak OyJeT IIUThCS JI0 TeX TMOop, MoKa MaKCUMAaJIbHOE HampsiKe-
HUE MEXIY KOHTAKTaAMH BBIKJIIOYATEI HE CIENIAETCS MEHbIIE BOCCTAHABIIN-
BAaIOILEHCS MPOYHOCTU MEXKOHTAKTHOI'O MPOMEXKYTKA BBIKIIFOUATEIIS.
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" Usg (V) -2(1)

Puc. 4.46. IIpoyecc nosmoproeo 3adxcueanus 0yau 8 8blKirouamesne npu om-
KA0YeHue Hazpy30K UHOYKMUBHO20 XapaKkmepa

B skcnepumenTax mo OTKIIO4YEHHIO TpaHchopmatopoB 110-220 kB
HaOmomanuck nepenanpsbkeHus 10 4,3Uy, U 10

2,75U4, nna tpanchopmaropos 380—410 kB. Tak kak sHeprus, 3ama-
caemasi B K0je0aTeIbHOM KOHTYpPE, OTHOCUTEIBHO HEBEJIMKA, TO 3alUTa OT
ATUX MEPEHAIPSKEHUN MOXKET OCYIIECTBISTHCS C OMOLIBIO OOBIUHBIX T'PO-
303aIUTHBIX BEHTWJIbHBIX pa3psiaiHukoB win OITH.

4.8.3. [lepenanpsiskeHusi Npu 0AHO(PAZHOM 3aMbIKAHUH
HA 3eMJII0 B CHCTEMAX C He3a3eMJIEHHOH HeHTpaJibio

[Ipu HapymeHun H30JSIIUM MMPOBOJA OTHOCHUTEIBHO 3EMJIM B CETAX C
TIIyX0 3a3eMJICHHOW HEUTpalibl0 MPOTEKAeT OOJBIION TOK OIHOIOIIOCHOTO
K.3. u 3amuTa HEMeaJIeHHO OTKJIFoYaeT JIHUK. MlHaue 00CTOUT Jesio B CUc-
TeMaxX C He3a3eMJICHHON HEUTpalblo. 37€Ch Yepe3 MECTO 3aMbIKaHUsI Ha 3€M-
JIIO0 TIPOTEKAET OTHOCUTEHHO HEOOJBINON €MKOCTHBIM TOK U HET HEOOXOIH-
MOCTH HEMEJICHHO OTKJIIO4aTh JIUHUIO (puc. 4.47).

209



IIpy mpOXOXKIEHUH E€MKOCTHOIO TOKa 4Yepe3 HYyJIEBOE 3HAUYCHUE BO3-
MOXXHO camororacanue nyru. Ha moBpexaeHHON (a3ze BOCCTAHOBUTCS Ha-
MPSIKEHUE, TIOCJIE YEro BO3MOKHO MOBTOPHOE 3aKUTAHUE TYyTH U T.1.. Takue
MEePUOANYECKHUE 3aMBbIKaHMSI HA 3€MJII0 Ha3bIBAIOT mepemexaromumucs. [le-
pPEMEKAIONINECS YT BbI3BIBAIOT JIJIUTENbHBIC IMEPEHANPSHKEHUS, OXBaThI-
Barolue BCio cucteMy. CyliecTByeT HECKOJIBKO TMIIOTE3 BOSHUKHOBEHUS Tie-
peHanpspkeHuit npu nepemexaroniuxces ayrax (Ilerepcen, Cnensin u Iletepe,
bensikoB u 1p.). 3aeck Mbl paccMoTpuM runotesy [lerepcena.

MexaHu3M pa3BUTHUSI TEPEHANPSHKEHUN PacCMOTPUM Ha SKBUBAJICHT-
HOU cxeMme ceTu, npeacrtaBieHHor Ha puc. 4.47, rne Cy, Cp, Ce — €MKOCTH
poBoJI0B a3z oTHocutenbHO 3eMiu, Cye, Cyp, Cpe — MeXIy(a30Bble EMKO-
ctu. [{ns ynpomieHus Haiiero paccMotrpeHus nojioxuMm C, = Cp = Ce= C u
Cup = Cyc = Cpc= Cy.

[TycTh B MOMEHT, Korja HampsbkeHue Ha (aze C mpoxoamino depes oT-
pHUIIATENbHBIA MAaKCUMYM, MPOU3O0IIIO 3aMbIKaHUE 3TON (a3bl Ha 3eMJII0. 3a-
METHUM, YTO B MOMEHT, MPEIIIECTBYIONIUN 3aMbIKaHHIO, HAMIPSXKEHHUE Ha ABYX
npyrux ¢azax U,~=Up=0,5Uq 1, cienoBaTeibHO, CYMMApHBIN 3apsi]l B CUCTE-
Me 0,5Uqp' C+0,5Uqg C — Ugp'C = 0 U, COOTBETCTBEHHO, MOTEHIMAT HEHUTpaIH
Uy = 0. B pesynbrare 3ambikanus ¢azoBsie (C) u Mexayha3oBble eMKOCTH
(C1,) 3m0poBBIX (a3 OKa3bIBAIOTCS BKIOYEHHBIMU NapajuieNibHO puc. 4.48, a
u 4.48, 6). [lpu >TOM TPOUCXOIUT MPAKTUYECKH MTHOBEHHOE Tepepacipe-
JIeJICHUE 3apsiIOB MEXKAY HUMU, U HANPsKEHUE HAa €MKOCTAX OKaXKETCsl paB-
HBIM:

ZQ ZC‘O,SUq) +2C12 ‘1,5U¢)
UI_O = = .

L ==2= (4.86)
>C 2C+2C,,

+0,5T, 2C, AU |C\BI L TL;:GEJ', 750,
LYY T T 2
* - i

. U, a -T_— 7]

[ .Iil_-. : _
Taaald j_ J_ 2 2C
2C 1

Puc. 4.48. Cxema 3amewernus cemu 0151 MOMEHMA 3AHCULAHUS OYeU

B cerax 6 -35 kB C = (3-5)Cy,. llpunumas C = 3C,, noaydum
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Ui~ = 0,75Uy. Takum 006pa3om, HaIPsKEHUE HAa €MKOCTSIX COCTaBJISET
0,75Uy, a B KOHTYpE nercTByeT (puc. 4.48, 6) HanpsHKEHHE UCTOYHUKA, PaB-
Hoe 1,5Uy. CnenoBaTenbHO, HCTOYHHUK OYIET J03apsikaTh eMKocTd 110 1,5Ug
B BBICOKOYACTOTHOM KOJIEOATEIbHOM PEXUME C 4acTOTOMH o’. Yacrora cBo-
GOMHBIX KONeGaHuit @ BO MHOTO pa3 GOJIbIIIE YACTOTHI CETH, TO3TOMY MOYKHO
CUMTATh, YTO 3a MOJIMNEPUOa CBOOOIHBIX KOJIEOAHUN HAIPSKEHUE UCTOYHU-
Ka OCTAeTCsl MPUMEPHO MOCTOSHHBIM U paBHbIM 1,5Ug. Torga MakcumaibHOE
HaIpsHKEHUE Ha 3I0POBBIX (ha3ax, KOTOpoe OyAeT MMETh MECTO Yepe3 TOJIIe-
proJIa CBOGOIHBIX KoTeGaHuii (1 = 1/ @)

Upn= UnptUss;
Uy = (Unp — Uyaw) € = (1,5U4 - 0,75U4 ) e ™. (4.87)

B nepBoM NpHOIMKEHUH BEINYHHA e ' MOMKET OBITh TPUHATA PABHOM
0,85. Torna:

U,=2,14 Us. (4.88)

Ecnu Obl 3aMblKaHuE OKa3aJIoCh METAUIMYECKHM, TO MOCIIE 3aTyXaHUs
CBOOOJIHBIX KOJIeOaHUM Mpolecc ObUT Obl 3aKOHYEH (MYHKTUP Ha puc. 4.49).

OnHako B MOMEHT, KOTJa HampsiKeHUe CBOOOJHBIX KOJIEOaHUN uMeeT
MaKCUMyM, TOK Iy, = 0. Tak kak @' >> ®, To CBOGOIHAs COCTABIIIONIAs TOKA
3aMbIKaHUSI MHOTO OOJIbIlie IPUHYKIEHHON cocTaBisitomieil. [loatomy mMox-
HO IIPUHATH, YTO NpH [, = 0 CyMMapHBIN TOK YE€PE3 MECTO 3aMBIKAHMS TAKKE
MIPUMEPHO PABEH HYIIIO.

CrnenoBareslbHO, B MOMEHT IMPOXOJa BBICOKOYACTOTHOIO TOKAa 4Yepe3
HYJIb BO3MOHO mnoracanue ayru. [locie moracanust 1yru Ha mpoBoJiax 370-
poBbIX (a3 ocraercs M30bITOUHBIN 3apsan Q = U, -2C, mnepepacnpenensto-
HIUNCS MEXKy BCEMU TPEMsI eMKOCTSIMU (a3 OTHOCUTENIBHO 3€MJIH, KOTOPhIC
MIPU ATOM MPUOOPETYT AOMOTHUTEIbHBINA MOTEHIINAT:

2 2
" :%:EU,” =§'2,14UCD =1,43U. (4.89)

OTOT MOTEHLMAN TPEACTaBIsAeT COOOW HE YTO MHOE, KaK CMEIICHHE
HEWUTpaJIu CUCTEMBI.

Tak kak 3apsi eMKOCTH HETIOBPEXKACHHOU (ha3bl MEPEXOJUT HA EMKOCTh
«00IBHONY» Yepe3 MHAYKTUBHOCTh OOMOTKH TpaHchopmaTopa, TO MPOIece
UMEET XapakTep KoJeOaHui.
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B mporecce 3Toro kosiedarenbHOTO mpolecca HalpshKEHUE Ha «00JTb-
HOI» (ha3e dvepe3 MoNmeprojia CBOOOTHBIX KOJICOAHUN JOCTUTHET MaKCH-
MaJIbHOM BEJIMUMHBI (TaK HA3bIBAEMBIN «ITHK TaIlICHUS ):

Un.r.: Unp + UCB ; UCB :Unp - UHaq 5 UHaq = O,
TOrJa:
Un.r.: 2Unp- (490)
[IpunyXIeHHOE 3HAUYE€HHE HANPSDKEHHS CKIIAJbIBAETCS M3 CYMMBI Ha-
NpsDKEHUST CMEIeHHs] HelTpanu | 3HadeHus (asznoit DJC nns  naHHOTO
MOMEHTA BPEMEHH, KOTOPOE MOYKHO MPUHATH paBHbIM ( e, =— Uy ):

Unp=Uy + €. =1,43Uq + (~Us) = 043U, a Uy =2:0,43Uq = 0,86Us. (4.91)

[Ipenmonoxum, 9TO MEPBBIA MUK TANICHUS HE BBI3BAI HEMEIJICHHOTO
MOBTOPHOTO 3XUTaHUs MyTu. [Ipeanonoxum Takxe, 4T0 MOBTOPHOTO 3a3KU-
raHusl He MPOU30IILIO B T€UEHUE BCEro MOCIEIYIONIEro mojynepuoaa pado-
yeil gactoTel (puc. 4.49). Haitnem norennuansl a3 K 5ToMy MOMEHTY (CKJia-
TBIBasi HAMIPSDKCHUE UCTOYHUKA C TIOTCHIIMAIOM HEUTpasn):

U=-0,5Up+ Uy=-0,5Up + 1,43U4 = 0,93U,
UB: - 0,5 Uq>+ UH = 0,93 qu,
U= +Ugp + U, = 2,43U,. (4.92)

3HaYUTENbHOE MOBBIICHNE HampsokeHus Ha (ase C co3maeT BO3MOXK-
HOCTb ITOBTOPHOTO 3aKMI'aHMs AYTU Ha IIPEKHEM MECTE, €IIe COXPAHUBILIEM
OCTaTOUHYI0 MOHHM3aIMI0. Ecii B MOMEHT MakCcUMyMa HalpsbDKeHHus Ha ¢aze
IIPOU30MIET HOBOE 3)KUTAHUE JYTH, TO PACCMOTPEHHBIM HAMU ITPOLECC ITO-
BTOPHUTCHL.

B MOMEHT MOBTOPHOTO 3aKUTAHUS:

—2C), - 1,5Ugy +2C-093U4 0.35
2(C+Cpy) ’
Cnenyert yuects, uto Tenepb Uyc = Ugc=—1,5 Uy .

Uy = Up . (4.93)

MakcumanibHOE HaIpsiKEHUE Ha 37]0pOBBIX (hazax:

Up= Unp + Usy = — 1,5Uq + (= 1,5Ug — 0,35U)-0,85Ug = — 3,07Us. (4.94)
Hocne BTOpOFO TrallICHUA I[yrI/I IHoTCHIIHAJI HeﬁTpaHPI HpI/IMeT 3HAYCHMUC:
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Uy= %Um = %(—3,07UCD) =-2,04U. (4.95)
ITocKoNbKY B CHCTEME UMEIOTCS IOTEPH, TO OYEBUIHO, YTO IOCIE P
3)KUTAaHUM JTYTH HAMPSOKEHUE B MPEAINISCTBYIONIEM MOIyIIeproie OyaeT oT-
JUYATECS OT MOCHIELYIOIIEr0 TOIBKO 3HAKOM Uy — Upp-1). Toraa, ucnons-
3ys BbipaxeHus (1) — (7), HETpyIHO MOJYYUTh aMIUTUTYAY MPEAEIbHOTO Te-
peHANPSHKEHMS Ha 37J0POBBIX (hazax:

1,5 + (j(j(:’ e_at
Uy = 15U, o (4.96)
15— ™
C+Cp,

MBI paccMOTpenu pa3BUTHE TNEpeHANpsLKeHU 1o Tteopuu llerepcena,
KOTOpasi JlaeT abCOTIOTHBIM MAaKCUMYM BO3MOXKHBIX MepeHanpsbkeHuid. [Ipak-
THUYECKH TaKoe CTEUCHHE HEOJarompHsATHBIX OOCTOATENIBCTB, KOTOPOE MBI
MIPUHSIM B pacyeT (3aMbIKaHME B MOMEHT MaKCHUMyMa HalpsiKEHUs, rmoraca-
HUE AYyTH B MOMEHT IIepeXx0jia BLICOKOYACTOTHOTO TOKa Yepe3 HOJIb, OTCYTCT-
BHE 3Q)KUTaHUS OT ITHUKa TallleHUs, TOBTOPHBIN MpoOOii B MOMEHT

MaKCUMyMa HaIpsDKEHUS Ha TMOBPEXKICHHOW ¢ase), He MOXXET UMETh
Mecta. HemocpencTBeHHbIE SKCIEPUMEHTHl HA JIMHUSX TOKa3aliv, 4TO B
OOJIBIIIMHCTBE CIIy4YaeB MEpEeHANPSHKEHUST Ha TUHUAX MeHblie 3Ug U JUIb B
PEAKUX clydasix OHU NpuOImkaroTcs K 3,5 Ugp.

4.8.4. I'aimeHne eMKOCTHOI'0O TOKA 3aMbIKAHHUS
HA 3¢MJII0 ¢ IOMOIIBIO IYTOracAllnX anmnaparoB

B cucremax ¢ M30J1MpOBaHHOM HEUTpaJIbIO Yepe3 MECTO OJHO(PA3HOIO
3aMbIKaHUSI TIPOTEKAET OTHOCUTENIbHO HEOOJbIION €MKOCTHBIM TOK M BO3-
MOXXHO camornioracanue Ayru. OIHaKo JyroBO€ 3aMbIKaHHUE Ha 3€MITI0 OBICT-
PO CaAaMOJUKBUAMPYETCS TOJBKO MPU HEOOJBIINX TOKAX 3aMbIKAaHUS Ha 3€M-
mo (5-10 A B cetsix 35 kB 1 20-30 A B cetsax 610 kB). IIpu cpennunx Tokax
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Puc. 4.49. Pazsumue nepenanpsicenutl npu 0y2080M 3aMbIKAHUU HA 3eMII0
(meopus [lemepcena).
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JlyTa UMEET MEPEMEKAIOIIUICA XapaKTep U MOXKET NPUBOAUTH K CYIECTBEH-
HBIM TIEPEHANPSIKEHUAM, JUINTEIBHOCTh KOTOPBIX PaBHA BPEMEHU TOPEHUSA
nyru. [Ipu Gonmbmiux Tokax Jyra UMEET YCTOWYUBBIN XapaKTep, MOXKET To-
pPETh HEOTPAHUYEHHO [IOJITO U B KOHIIE KOHIIOB TIepeOpachiBacTCs Ha IpyTue
¢a3pl, MPUBOAS K MHOTO(PA3HOMY KOPOTKOMY 3aMBIKAHUIO U OTKIIOUCHUIO
muauu. [loaToMy BO Beex ciiydasix HEOOXOJIMMa MO0 BO3MOXXHOCTH OBICTpast
JYMKBHUAAIMA Nyrd. B cucremax ¢ pe30HAHCHBIM 3a3€MJICHHEM HEUTpaIu 3TO
OCYILECTBIISIETCS C IOMOUIBIO TyTOracsIInX anmnaparos.

Paccmotpum nipocteiinnyto TpexdazHyro cuctemy, B KOTOPOW TTPOU30III-
JI0 3aMbIKaHWE Ha 3eMJito ofgHOM u3 (a3 (puc. 4.50). i mpocToThl moJio-
UM, YTO €eMKOCTHU (pa3 Ha 3eMJTI0 paBHBI MEXTY COOOM.

]

C’AB T CAC

fcc ECB i Cy

Puc. 4.50. Komnencauus emxocmmno2o moxa

C A= CB = CC = C.
Toxk 3ambIKaHus [, CONEPIKUT ABE COCTABIISIOIINE [, U [p, KOTOPBIE IIPO-
TEKAlOT, COOTBETCTBEHHO, TIOJ JICMCTBUEM JIMHEWHBIX HAIPsHKEHUN

(U 4=U c)u (U 5-U C) ¥ 1O MOAYJIIO PaBHbI V3U. o ®C. T'eomerpuueckoe

cloKeHHue TOKOB [ 4+ I p (CM. BEKTOpHYIO Auarpammy Ha puc. 4.50.) nmaer
HaM CYMMapHbIA TOK 3aMBIKAHUS HA 3€MJIIO:
1,=3UspmC. (4.97)
JUis yMeHbIIeHHs (KOMIIEHCAMU) 3TOrO0 TOKAa C MOMOILBIO AYroracs-
IIUX aIlapaToB B CXEMY BBOJMTCS WHAYKTUBHBIN TOK, PABHBIA 11O BEJIMYMHE
Y OOpaTHBIM 10 HAMNPABICHHUIO TOKY KOPOTKOIO 3aMBIKaHHS Ha 3EMIIIO
(puc. 4.50.).
Kak BugHo u3 puc. 4.50, npu 3aMbIKaHUM Ha 3€MJIIO OJHOM M3 (a3 Ha-
NpsDKeHUEe Ha Heutpaiu paBHO Ug. TOk, NpoTekaronui yepe3 KaTyul-

Ky,
I, = Uy/oL.
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IIpu MoOJHOW KOMIIEHCALIMM €MKOCTHOI'O TOKa 3aMbIKAHUSI Ha 3EMIIIO
I; = I, u, cnieqoBaTeabHO:
1
30’C’
Bo3MOXkHBI Takxke elle /iBa pekuMa padoThl: HEJOKOMIIEH CAIIMS, KOT1a
I, < I, n nepekomrieHcauus, korna I; > I.,.
ITpu 3TOM OCTATOYHBIN TOK B MECTE 3aMbIKaHUS HA 3EMJIIO:

Iy =+, +(I - 1), (4.99)

— aKTHBHaiA COCTaBJIAIOIIIAaA TOKa B MECTC 3aMBbIKa-

L

(4.98)

K

1]
rac 1 a ® U ) ﬁ
oL,
HUSI HA 3€MJIIO,

Vs Lk — COOTBCTCTBCHHO, aKTHUBHOC COIIPOTHUBJICHUC W HWHIYKTHB-
HOCTB nyroracameﬁ KaTylIKH.

N3 Boipakenus (4.92) cneayer, 4To Mpu UACATIbHON KOMIICHCAIIUU Yac-

TOTa COOCTBEHHBIX KOJCOaAHUN CXEMBI ) = |——— paBHA YacTOTE CETH, T.€.
3L C

B CETHU UMEET MECTO SIBJICHHE PE30HAHCA JJI1 TOKOB OCHOBHOW 4acTOThl. [lo-
3TOMY HapsAy C TEPMUHAMU «KOMITCHCALIUSI EMKOCTHOT'O TOKA», «3a3€MJICHUE
yepe3 Karyumky llerepceHa», «3a3emiieHHe 4epe3 HAaCTPOCHHYH) HWHIYKTHB-
HOCTBY» IMPUMEHSAECTCS TEPMHUH «PE30HAHCHOE 3a3EMJICHUE HEUTPAINY.

Ecnu paccmotpers nponecce 3aKuranvs U Mociaeayomero ramexus ay-
TM B CETH C Jyroracsilied KaTylIIKOW, TO MOXHO ITOKa3aTh, YTO 3a)KUTAHUE
JIyTH, TaK )K€ KAK WU B CETU C U30JIMPOBAHHOW HEUTPAIBIO, COIPOBOKIAACTCS
K0J1e0aTeNbHbIM MIPOLIECCOM, TPUYEM YaCTOTa U aMIUIUTY/1a KOJIeOaHui Majio
3aBUCAT OT HAJIWYUA KaTylKH. J[eCTBUTENHbHO, MHAYTUBHOCTh KATYIIKU 3a-
IIYHTUPOBaHA JAYTOBBIM MPOMEKYTKOM U WHIYKTUBHOCTBHIO MOBPEKICHHOU
da3bl L , KoTOpas 3HaUUTETbHO MEHbIe, ueM L. [locie oOpbiBa ayru B Mo-
MEHT NMEPEX0/a BBICOKOYACTOTHOTO TOKA YEPE3 HYJIEBOE 3HAUEHNE HAUNHACT-
csl KoJieOaTeNbHBIN MPOLIecC MepeTeKaHus U30bITOUYHBIX 3apsIOB C €eMKOCTEM
HETOBPEXK/ICHHBIX (a3 HA €MKOCTh MOBPEXICHHON (a3bl yepe3 WHIYyKTHUB-
HOCTh paccesiHus TpancPpopMaTtopoB. MHIYKTUBHOCTh KATYIIKH BKJIIOYEHA
napajuieIbHO WHIYKTUBHOCTH TTOBPEXKACHHOMN (hasbl, HO MOCKOJBKY L; >> L,
OHa B 3TOM CJIly4ae MPaKTHUYECKU HE OKA3bIBAET BIIUSIHUS HU HA YACTOTY, HU
Ha amMIuuTyny konebanmii. Ilocne 3aTyxaHus xonebaHuii HEHTpanb MpH-
oOpeTaeT MOTEHIMAT OTHOCHTEIHLHO 3€MJIHM, PaBHBIN

2/3 U,, (U,, — nanpspkeHnue Ha 3A0pOBbIX (pa3zax B MOMEHT OOpbIBa IyTH).
W 10 3TOro MOMEHTa BpEMEHHU NPOLECC B CXEME C KaTyUIKOH M B cxeme 0e3
KaTyIIKA IPOTEKAET OJMHAKOBO.
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Hanee B cxeMe 0€3 KaTyIIKH 3TO HANPSKEHHE COXPAHSETCS BIUIOTH /10
CJIEIYIOLIETO 3aKUTAHMS JYyTU U ABJIETCS NPUYMHON JTONOJHUTEIBHOTO I10-
BBILLICHUS HAIIPSDKEHUS Ha MPOBOJAX. B cxeme ¢ ayroracsiiei KaTylkou Bce
TPU €MKOCTH HaYMHAIOT pa3psikarbes dyepe3 He€. YactoTa cBOOOJHBIX KoJe-
OaHMIl B 3TOM Clly4yae paBHA YaCTOTE MCTOYHUKA WJIM HE3HAYUTEIBHO OTIIH-
qaeTcs OT He€, B 3aBUCUMOCTH OT TOT'0, B KAKOM PEXHME padOTaeT CETh

(komneHcanuss WM HeOONbIIAs paccTpoilka). AMIUTUTYAAa CBOOOJHBIX
Koje0aHuil npumepHo pasHa 2/3U,,, mpUuyeM OHHM HAaXOJATCA B MpOTHUBO(dAa3e
C HANPSKEHUEM UCTOYHUKA.

\ / \
\UH — / \
\ RN / \
\ s N / \
N7 N/ \
\, Ny — \
X
d //)\\\ AN i
7 7 \\ U / N 7
c /7 N
- eC /ec \\ / ~--
/
\v/
a 7]

Puc. 4.51. Kpusvie 6occmarnosnenus Hanpsajcenus Ha 0y2080M NPOMeENCYMKe
a — 6e3 kamywku,; 6 — ¢ kamywroui, e. — I/C gaszvl C,; U, — nanpsidicenue neumpanu

Ha puc. 4.51, a npuBeneHo HampsbKeHUE Ha MOBPEXICHHOM (aze mpu
OTCYTCTBUHU KaTyIIKH, a Ha puc. 4.51, 6 — Opu HAIMYUU KATYIIKU (PEKUM
uJeaqbHON HAacTporkM). M3 cpaBHEHUS KPUBBIX BUJIHO, YTO MUK TallICHUS B
o0oux ciydasX OJMHAKOB, HO JaJbHEUIIHUMA XOJ mpoliecca pa3iaudeH. B ciy-
4ae M30JMPOBAHHOW HEWTpAIM HAIMPSHKEHUE TOCTE 3aTyXaHWsl BBICOKOYAC-
TOTHBIX KOJIeOAHUM BO3PACTAET M Yepe3 MOJMNEPHoia MOKET MPUBECTU K T10-
BTOPHOMY 3aKUTaHUIO AyTH. B cxeMe ¢ KaTylKoW HamnpsHKEHUE Mociie 3aTy-
XaHUS BBICOKOYACTOTHBIX KOJICOAHWM pacTeT MeJIeHHee, TaK KaK COCTaB-
JISOIIasl CBOOOAHBIX KOJICOAHMN HHU3KOM YacTOThl U (ha30BOE HAIPSIKCHHE
HaIpaBJIE€Hbl B MPOTUBOIOJI0XKHbBIE CTOPOHBI. BOCCTaHOBIICHUE HANPSXKEHUS
Ha JYTOBOM IPOMEKYTKE IO BEIIMUHMHBI (PA30BOT0 HANPSHKEHUS IMPOU30MICT
MoCJie 3aTyXaHus CBOOOAHON COCTaBIISIONICH, T. €. Yepe3 HECKOIbKO MOTyIIe-
PUOJIOB. 3a 3TO BpeMs MPOYHOCTH JYTOBOTO MPOMEXYTKA BOCCTAHABIIUBACTCS
Y HOBOE 32KMT'AHUE YT CTAHOBUTCS MaJIOBEPOATHBIM.

Takum oOpazom, ayroracsiiye amnmaparbl ClIOCOOCTBYIOT TalllEHUIO Y-
I'l HE TOJIBKO 32 CUET YMEHBIIEHUSI TOKA B MECTE 3aMbIKaHUsI, HO U Oyiaroja-
pA CYIIECTBEHHOMY YMEHBIIECHUIO CKOPOCTH BOCCTAHOBJICHUSI HAMPSIKECHUS
nociie noracanusa nyru. Tak kak mo teopun H.H. bensdakoBa MakcumanbHbie
HanpsHKEHUsT TIPU TyTOBOM 3aMbIKAHUM HAa 3€MJII0 MOTYT JIOCTUTAaThCS YiKe
IIPU BTOPOM 3aXKUTAHUM JYTH U OMPENICIISIFOTCS B OCHOBHOM BEJIMYMHOM MMHUKA
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ralieHusi, TO BKIIFOUEHHUE KaTylIKHU llerepcena He OKa3bpIBaeT CyILIECTBEHHO-
ro BJIMSIHUS HA MPEJETbHO BO3MOXKHBIE NepeHanpskeHus. OJIHaKO OHa PE3KO
OTPaHUYMBAET MX JJIUTEIBHOCTH, YTO OYEHBb BAXKHO JIsl TpaHC(hopMaTOpHOU
U30JISIIIUU, U YMEHBIIAET BEPOSTHOCTH TMOSIBICHUS MEpPEHAIPSKEHUMN, OIu3-
KHUX K MPEIEIIbHBIM.

4.8.5. CMelieHHe HEMTPAJIH B CeTAX C AYIroracsmuMu anmnaparamu

[Ipu HOpMasIbHOM paboTe CeTH MOTEHIMAT HEUTpaId BCEria HECKOIbKO
OTJIMYAeTCs] OT HYJsl, TaK KaK MOJHOW cUMMeTpuH (a3 Jaxke MpU CTPOro
CUMMETPUYHON HArpy3ke JOCTHYb MPAKTUYECKH HEBO3MOXKHO. B wacTHOCTH,
IPU TOPU30HTAIBHOM PACIIONOKEHUU MPOBOJOB €MKOCTh CpeAHel (a3bl 1o
oTHoIIIeHHIO K 3eMyie Ha 10 % Huxke, ueM eMKocTH KpaitHux (a3. CMmelieHue
HeiTpanu (U,,) nipu 3ToM He npeBbimaet 3 — 4 % ¢pa3oBOro HampsiKeHUs U
HE NPEJCTaBIsAECT HUKAKOW onacHOCTH. OJIHAKO YCIIOBHS CYIIECTBEHHO Me-
HSAIOTCS MPY BKJIIOUYEHHUH TYyroracsiiux anmnaparos.

Haitnem HanpsbxeHue Ha HEUTPAJIM B ClIy4dae MPOCTEUIIEH CXEMBI, ITPEI-
CTaBJICHHOU Ha puc. 4.52, a.

Hcnonb3ys u3BecTHbld U3 Kypca TOD meTon 3ameHbl HCTOYHUKA Ha-
NPSKEHUS] HICTOYHUKOM TOKA, HECJIOKHO MOJIYUUTh CXEMY 3aMElIeHUs, TPe-
CTaBJICHHYIO Ha puc. 4.52, 6, B KOTOpOi

3
inyi
E=1—— (4.100)

Vi

1

1 .
rae E;,—»snc ¢a3;  y; = —+joC;. — IpoBOAUMOCTb (a3.

l
B BO3aymIHBIX JTUHUSX aKTUBHBIC COMPOTHUBIICHHS 7; TIPU OTCYTCTBUU
KOPOHBI MaJibl U UMM MOKHO TipeHeOpeus. Toraa y; = joC;:

1
3

Sy

i=l

7=

(4.101)
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JITK

1 Iﬁ JoLy
a 4]

Puc. 4.52. Ilpocmeiiwasn pacuemnas cxema (a) u cxema 3amewjerus (0) onsa on-
peoeneHusi cmeweHusi Heumpanu

IIpn orcyrcTBUM nyroracsiliel KaTyLIKMd HanpsDKEHWE Ha HEUTpaIH
Uy = E . Ilpu IOJTHOM CUMMETPUHU CUCTEMBI, KOTA

E1=E2 =E3 =0 u C1:C2:C3

3 . 3
. . ylei ZE’
Upo=E=—5—= 13 =0 . (4.102)

[Ipu HaJIMYMK KaTylIKA U, = I (1, + joL;), (4.103)
E

rone lx = )
Z+7"k +J(!)Lk

Hcenonp3yst npuBEAEHHBIE COOTHOLIEHUSI U YUUTBIBAs, 4TO 7y << joLy,
IIOJIyYUM

' : oL
UH:UHO J k

— (4.104)
e+ j(oL; — R)
MonyJiib 3TOM BETUYUHBI
Ul=Uye Ol . (4.105)
1 5
i +oh =)
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[Ipy mpeanpHOM HACTPOMKE KATYIIKHU mLk=3 c’ Y, CJIEIOBATEIBHO,
®

ol . . .
—k,T.e. NIpU WJIeabHOM HACTPOMKE KAaTYIIKU CMEIICHUE HEUTpaau BO

Tk
CTOJIBKO pa3 OOJIbIlIe CMEIIECHHS], UMEIOIIET0 MECTO MPH OTCYTCTBHM KaTyIII-
KM, BO CKOJIbKO pa3 MHIYKTHUBHOE COMPOTHUBJICHUE KATYIIKU OOJIbIIE aKTUB-
Horo. OrtHomenue ®L;/ry Mmoxer aocturath 20. Ilpu 3TOM B ciayuyae ropu-
30HTAJILHOT'O PACIOJI0KEHUS TPOBOJAOB JIMHUU:

U= Uyox20 = 0,7Uy, (4.1006)
4T0, 0€3YCIIOBHO, HEJOMYCTUMO, TJIaBHBIM 00pa30oM, B CUJIY BJIMSHUS JTUHUU
AIEKTpONEpeIaur Ha COCEIHUE JIMHUU CBs3H. [Ipu 0OpbIBEe TpoBOIa, MpH He-
OJITHOBPEMEHHOM 3aMBbIKAHUW U Pa3MbIKAHMM KOHTAKTOB BBIKJIKOUATEIIS, MPU
no(a3HbIX UCIBITAHUAX U T. M. CMEIIEHNE HEUTpaJIK CYIIECTBEHHO BO3pacTa-
€T. YMCHBIICHUE CMEIICHUSI HEUTPAId MOXHO JTIOCTUYb ABYMS MY TSIMH:

® yMEHbIIICHUEM BEIUUUHBI Uy,
® HEKOTOPOU PaCCTPOUKON KaTYIIKH.
Jna ymenbimiennuss Uy, B CUCTEMax C PE30HAHCHBIM 3a3€MJICHUEM HEU-
Tpaju cieayeT oopaiiarh 0COOEHHO Cephe3HOE BHUMAHUE HA CUMMETPUIO
eMKocTel (a3 u B ciiydyae HEOOXOIUMOCTH MPUMEHSATH TPAHCIIO3UITHIO
poBo10B. IIpu 3TOM 10CTaTOYHO YMEHBIINTD Uy, 10 0,01U5,
Hexkoropas paccTpoiika KaTyIlliKd, HE MPUBOJAIIAS K YXYAUIEHUIO YCJIO-
BHM TallICHUS TyTH, SIBISETCS JKEJIaTeIbHOM M OCOOCHHO IiejiecooOpa3Ha B
CETSIX, HEC UMEKIUX TPAHCHO3UIUHU. Y UYHUTHIBAS BO3MOXXHOCTb OTKIIFOUCHUS
oJHOM M3 (pa3 Ha ydyacTKe JIMHUHU, PEKOMEHIyeTcs paboTaTh ¢ TEPEKOMIICH-
cale, Tak KaK peXuM HEJOKOMIICHCAIIUH MOCIIe OTKIIOUSHHS KaKOT0-ITu00
Y4aCTKa MOYKET NEPEUTH B PEKUM HACTPOUKHU.

U

HO

4.9. CpencrBa 3alIUTHI OT NePeHANIPSKEHU I

B cersax mo 35 kB yacTo mis 3alMThI KCHOJIB3YIOT OTKPBITHIE pa3psii-
HBbIE TIPOMEKYTKU — 3allIUTHBIC pa3psaHuku (“pora”) u TpyOUaThie pa3psi-
HuKU. CpabaThlBaHUE TaKUX Pa3psIHUKOB BBI3BIBAECT PE3KUH CIaJ] HaIpsiKe-
HUS, BOSHUKHOBEHHUE IEPEXOIHBIX MPOLECCOB U OMACHBIX MEpPEHAINPSKEHUN
Ha MPOJOJIBHOM H30JIALUU BBICOKOBOJBTHBIX YCTPOUCTB (TpaHC(HOPMATOPHI,
TEHEPATOPBI, PEAKTOPHI U T. 11.) Kpome 3TOro, Takue pa3psiHUKA UMEIOT KPY-
TYI0 BOJIbT — CEKYHJIHYI0 Xapaktepuctuky (BCX), T. k. ¢popma snektpuue-
CKOT'O IOJISI PE3KOHEOAHOPOIHAS. DTO HE MO3BOJISIET OCYLIECTBIISThH 3AILUTY
00BEKTOB B 00JJACTH KOPOTKUX BPEMEH BO3JECUCTBUS HAIPSKEHUS (IPO30BbIE
NepeHanpsHKCHMS ).
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OgHuM U3 Jy4dIIuX Pa3psAHUKOB TAaKOrO THIIA SBISETCS TpyOdaThIid
paspsiaauk (PT), puc. 4.53.

DIEKTPOJIbI HCKPOBOTO MPOMEXKYTKA TOMENIAIOTCS B TUAJIEKTPHUECKYIO
TpyOy (/) W3 ra3orenepupytomiero marepuana (Hanpumep, BuHuILIacT). Oc-
HOBHOM IPOMEXKYTOK S; obecneunBaeT ayroramenue. [IpomexyTok S, ciy-
KUT JUIsl OTJACTICHUSI Ta30TeHEPUPYIONMEH TPyOKH OT ceTH, 4TOObI n30ekKaTh
€€ pa3JIoKEHHs OT TOKOB yTeuku. [Ipu nmosBieHun nepeHanpsKeHuii npoou-
BaeTcsa S U ;. Uepe3 HUX MPOTEKAeT UMIYJILCHBIA TOK M COMPOBOKIAOIINIA
TOK MPOMBIIIUICHHON 4acTOThl. TemMmeparypa MOBBIIIAETCS, MPOUCXOAUT UH-
TEHCUBHOE Ta30BbIjieicHue. JlaBieHre MOBbIAeTCs 10 ASCATKOB aTMocdep.
["a3 BbIXOAUT yepe3 OTKPBITHIN 3ekTpo (3). Co3naercst MpoAoJIbHOE TyThE.
[yra BeinyBaetcs Hapyxy. [Ipu nepexone Toka uepe3 0 nyra racHer. M3-3a
HenocTaTkoB (kpyTas BCX) PT He nmpuMeHSIOTCS Jis 3alUThl OTBETCTBEH-
HOT'O 000pPYJOBaHUS.

Haubonee mupokoe pacnpoCTpaHEHHE B CETAX BBHICOKOTO HAIPSIKEHUS
MOJIyYWJIM BEHTUJIbHbIE pa3psaHuku (PB), kotopeie nmeror nosoryro BCX.
OHHU COCTOSIT U3 HECKOJIBKUX MCKPOBBIX MpoMexxyTKoB (MII), BKiIFOUEHHBIX
MOCJICTIOBATEIHHO, TIOCIE0OBATEIBHBIX HETMHEHHBIX PaO0YMX COIMPOTHUBIIC-
Huii (HC) n myHTHpYyommx conpoTuBieHui (Ry,).

BHTT

A

S

— r

Puc. 4.53. Yempoiicmeo mpybuamozo paspsonuxa:
S| — ocnoenoll npomedcymok; S, — 6HeUHUL UCKPOBOU NPOMENHCYMOK,
1 — ousnekmpuuecxas mpyoa,; 2 — cmepicHesoll d1eKmpoo;
3 — omKkpwvimbiil 21eKkmpoo

UII cnyxat nns otnenenus HC oT mocToSHHOTO BO3AEUCTBUS paboyero
HaNpsHKEHUST M MPOTEKAIOIIETO Yepe3 HEro Toka, KoTtopbld paspymaetr HC.
HC ciy)uT aJi orpaHideHus COMPOBOXK/IAIOIIETO TOKA 0 BEJIMUUHBI, HE00-
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XOIUMOM I Tall€Husl JyTh. Ry, CIIyKUT JJI BBIPAaBHUBAHUS PacpeeiIcHUs
HaIPSDKEHUS 110 3JIEMEHTAPHBIM Pa3psIHbIM IIPOMEXYTKAM C LENbI0 UCKIIIO-
YEeHHUS JIOKHOTO cpabaThIBaHUS pa3psiIHUKA.

PB orpannuuBaeT nepeHanpsHyKeHUs UM TacUT AYTYy COIMPOBOKIAOLIETO
TOKa 0€3 OTKJIIOYCHHSI CeTH WU MOICTAHITIH.

Ilocne ramenus 1yru pa3psIHUK BO3BPAIIAETCS B HCXOJHOE COCTOSHUE
Y TOTOB K IMMOBTOpHOM padote. Yucno cpadbarsiBanuii PB — 20 nu 50.

B npocreiimux PB (tuna PBC, PBII) Tok raimieHus 1yra cOCTaBIseT
80 A. bonee coBpemennsie PB nmeror Tok ramenuns gyru 250 A.

Marepanamu HC gBIArOTCSA BUIUT U TEPBUT. BosbT-amnepHas xapakre-
PUCTHKA UX ONMCHIBAETCS BBIPAKEHUEM

U=K-I%, (4.107)

rjae o — K03 UIIMEHT BEHTWIHLHOCTH; K — IMMOCTOSTHHASI.

Jns Bunuta o = 0,11-0,2; qs Tepsuta o = 0,15-0,25.

PB nensarcs nva 4 rpynnsl. HaunmydmuMuy 3aliuTHBIMUA CBOMCTBaMH 00-
nanatot PB I rpynmnsl, HO oHM U 605ee qoporue.

IV rpynna — PBII (moacraHunoHHBIE);

III rpynma — PBC (cTaHuHOHHEIE);

II rpynna — PBM (marautoBenTunbHble), PBMI™ (MarHUTOBEHTHIIBHBIE,
I'PO30BEBIE);

I rpynna — PBT (toxoorpannuuBatomue), PBPJl (c pactaruparomieiics
TyTOM).

CymiecTBeHHOE YJIy4lIeHUE 3alIUTHBIX XapaKTEPUCTUK MOXKET OBbITh
JIOCTUTHYTO MpHU OTKa3ze oT ucnoib3oBanus UII. [{ns atoro TpeGyrorcs marte-
puansl ¢ pe3ko HenuHeitHo BAX. DTuM TpeOoBaHMSIM OTBEYAeT MaTepHall
Ha OCHOBE OKCHJIa LIMHKA, U3 KOTOPOTO HM3rOTaBJIMBAIOT HEJIUHEHHBIE PE3U-
CTOpBI — BapUCTOPBI. 3aIlUTHBIE YCTPOMCTBA HA UX OCHOBE HOCST Ha3BaHUE
orpanuuntenei nepeHanpspkennit HenmuneHsx (OITH). Koaddunment ne-
muueriHoctu OITH cocrtaBnser a = 0,02-0,1. OITH coGupatotcst U3 OTAEb-
HBIX JHUCKOB (BapUCTOPOB), KOTOpPHIE MOMEUIAIOTCA B TePMETHUHBINA (papdo-
POBBIN KOPIYC.

OIIH noaxiro4aroTcss HEMOCPEACTBEHHO K CETH U 3a3eMJISIOTCS 4epe3
peructpaTop cpabaTeiBaHui. Mameiii ko3 duuent HeaumHerinoctu OITH
MO3BOJISIET TJIYOOKO OTpaHMYMBATH NMEPEHANPSIKEHUS M MPUMEHSTh UX B Ce-
TAX CBEPXBBICOKOTO M YJIBTPAaBBICOKOTO KJIACCOB HAMPSIHKEHUMN.
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Jlutepartypa k riaBe Ne 4:

1. Texnuka Beicokux Hanpspkenuii / [lox pen. I'.C. Kyuunckoro /.- C-
I1.: Dueproarommsaar.: 2003.-608c¢.

2. B.B.bazytkun, K.II. Kagomckasa u np. IlepeHanpskeHus B 2JIE€KTpHU-
YECKHMX CHCTeMax M 3allliTa OT HUX. JHeproaromusaar.: 1995.-320 c.

3. B.B. basyrkun, B.Il.JlappoHoB u np. TexHHKa BBICOKMX HaIpsiKe-
Huii. M. DHeprus. 1986.-464 c.

4. Texnuxa Bbicokux Hamnpspbkenuit / Ilon pea. M.B. Koctenko/,-M.:
Oueprus, 1973r.- 486 c.

5. Tuxonees H.H., lllyp C.C. M30mauus dNEKTPUUECKUX CETEU. JHEp-
rus.: 1979.-304 c.

6. JI.B. JImoxoBckasg MHXeHEpHbIE pacdyeThl BHYTPEHHUX MEpeHANpsi-
KEHHI B dNieKTponepenayax.- M.: Dueprus, 1972.-296 c.

7. Texuuka Bweicokux Hampspbkenuit / Ilom pen. [I.B. PazeBura /.- M.:
Oueprus, 1976.-506 c.

KoHTtponbsHbIe BOonpocs! K riase Ne 4:

Knaccudukarus nepeHanpspkeHUl U X KPaTHOCTb.

B 4emM COCTOMT NMPUHUMNHAIBHOE OTJIIMYME BHEIIHUX IEpEHAINps-

JKEHHUI OT BHYTPEHHUX?

3. Iloyemy rpo30Bble NEpeHANPsHKEHUsT HauboJiee ONacHbl AJi CeTel

CPEIHMX KJIacCOB HAIPSDIKEHHS, 4 KOMMYTAaUHOHHBIE ISl CETEH

BBICIIIMX KJIACCOB HAIIPSHKCHUM?

I'po3zozammra JIDII 1 noacTaHuid.

30Ha 3aIIUTHI ABYX CTEPKHEBBIX MOJIHUEOTBOOB.

3amuTa NoACTaHIUN OT HaOeTaIUX BOJIH.

30Ha 3aIIXATHI TPOCOBOT'O MOJIHUEOTBOAA.

[louemy 1mpu HNPOXOXKAEHUU IO JIMHUM HMITYJIBCOB BBICOKOTIO Ha-

NPSDKEHUS IPOUCXOTUT 3HAYUTEIFHOE U3MEHEHHE (PPOHTA UMITYJIb-

ca?

9. Kakum o0Opa3oM UMITyJIbCHAs KOPOHA BIIMSAET HA apaMeTphl IPo30-
BOT'0 MMITYJIbCA, PACIIPOCTPAHSIOIIETOCA IO JJMHUAM JJIEKTPONeEpea-
qu?

10.ITouemy nipu Bo3aeHcTBUMA HA OOMOTKY TpaHchopMaTopa UMITYJIbC-
HOT'O HAIIpSDKEHUS BO3HUKAECT HEPABHOMEPHOE pacIIpe/iesIeHue Ha-
HpPsDKEHUS IO BUTKaM 0OMOTKH?

11. B yem oTiM4Me €MKOCTHOHM Iepeaud BOJH IEPEHANPSDKCHUS B

TpaHchopMaTopax OT MEKTPOMArHUTHOU?

223

N —

PN A



12.OcHOBHBIE 3aIIUTHBIE YCTPOMCTBA OT NEPEHANPSIKEHUM.

13.OcHOBHBIE TapaMeTPbl MOJIHUEBOTO pa3psijia.

14.Kak onpenensieTcs 3alUTHBIN yToJ Tpoca?

15.Kak onpenensercs NOTEHIMA BEPUIMHBI ONOPHI MPU MPSMOM yJ1a-
pE MOJIHUU B OIIOPY C TPOCOM?

16.0Tyero 3aBUCUT BEIMYHMHA PE30HAHCHBIX IEPEHANPSHKEHUN Ha
JIDII npy HECUMMETPUYHBIX KOPOTKHUX 3aMBIKAHUSAX HA 3EMIIIO?

17.B xakoM pexuMe NepeHanpssKeHHUs BEChbMa CYIIECTBEHHBI IMPHU
dbeppope3oHaHnce?

18.Mephbl 3aIUThl OT MEPEHANPSHKEHHUM, BO3SHUKAIOIIUXIIPU OTKIIIOYE-
HUU HEHArpyKEHHBIX JIMHUI.

19.Cxema BKIIIOYEHUS U IPUHIUI paOOThl BEHTUIILHOTO pa3psaHUKa.

20. YcTpoicTBO BEHTHIIBHOTO pa3psiIHUKA.

21.Ilpunuun paboThl OTPAaHUYUTENS IEPEHANPSKEHUH.
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