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PaccMOTpEH KOMILAGKC BOIPOCOB, CBSI3AHHBIX ¢ 3aub114dHHﬂMH Ha ‘aeM-~
M0 B ceTAX 6-—35 kB W 3amurofl ceredl M 3JIEKTPOYCTAHOEOK OT Taxux

. MOBpeXJIeHHH.

IMpuBeneHyl aHAJHTHYECKHe YPaBHeHust JJs pacdyera TOKOB 3aubma-

HUS Ha 3eMId B VCTAHOBHBHICMCH H AepexoJHOoM peXHUMax B ceTsxX O

9302040000-529
Il 51(01)-86

H30JAPOEAHHOR H 3a3eMJEeHHOH depes KaTyIIKY

Bhle MeTO[bl KOCBEHHHX HM3MepeHMH TOKOB 3aMblKaHHs Ha 3eMJ.
IIast HWHXeHeDPOB, 3aHHMAaIOUIUXCHA - IIPOCKTHPOBAHUCM, sKCOayvaralluen
M HCCJAEeAOBaHHEM 3JEKTPHUECKHX Ceteid, MOXKeT OBITh noJiesHa HAYUHLIM

paﬁuTHHKaM, acnnpamam U CT}’,II.EHTE[M
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..-,f_'aHepreTHKa» 3a NyOJHKALHIO - CTaTew,
- AAHHOM KHHUTH, a TaKxkKe PelaKTOPOB M pEIEeH3EHTa 3a COBETH

‘WM 3aMeuaHHsi, CIOCOOCTBOBABINHE YJy4YLIEHHIO KHHIH.
MHAYKTHBHOCTH | Hed~ N

| O #erTBa  3ailMTBI OT 3aMBIKAHHI Ha 3eMJI0 M HO- -
Tpanbio. OUHCAHBI YCTPORCT JI9Th B -ajapec SHeproaTOMl«IsaaTa

: -'-If'-?f.mJI}OSOBaH Hao., 10.

nPEnHCHOBHE

O,uﬂoq)aSHmM 3aMBIKAHHAM Ha 3eMJII0 B PaclpefesHTeb-

HbIX ceTsiX 6—35 kB nocsieHo HeMaJIo paﬁoT KaK y Hac, Tak

g 3a pyOexRoM.
~ OpHako B OfHHX paboTax MNPOLECCH paccMaTPHBAIOTCA C

'yanMeHeHHeM CJIOKHOTO MaTeMaTHYeCKOro ammnapara, 4acro
'HeJIOCTYNHOTO JUUIsi MHOTHX IPaKTHKOB, B APYTHX — pPacCMOT-
‘peHHe YIPOMIAeTCss HACTOJbKO, YTO He HCIOJb3YETCS TeOPEeTH-
~ Yeckasl JIEKTPOTEXHUK4, B TPETbHX HEPEKO OTCYTCTBYET He-

00X0AuM as CTPOTOCTh NPHMEHEHH S MOHATHUH U 3aKOHOB TEOPHH

_aJekTpuueckux mened. Ilo 3THM npHUHMHAM 3aTPYLHSIETCS IIO-

HHMaHHe (PHU3HYECKUX IPOLECCOB, HPOUCXOASIIHX  [PH OAHO-

, 'Q)asHm 3aMbIKaHUSIX Ha 3€MJIIO, a CcJed0BaTeJIbHO, H CO3]a-
~ HHe HaJeXHbX H 3((OEKTHBHHIX cﬁeg;’eTB BaIIlHTbI OT aBappm-
| '_?HI:»IX PEeKHMOB. - -

[leab HacTOSIEH KHUI'H 34KJII0Y4ETCA B TOM, tl'roﬁbl Jla'l’b

; _cneuHaJIHc'raM SHEpPTeTHKaAM ,I[OCTYHHOE K B TO e BpeMs CTpPO-
- TOe HU3JI0XKCHHE OCHOBHLIX NOHATHH H tbnane(:KOH CYILILHOCTH

- AIPOIECCOB, NPOHCXOAAMMKX IPH ofHO(pa3HKIX 3aMBIKAHHUSX HA
~3eMJyi0. Ha 3Tolf ocHOBe MOXKHO GoJjiee ©60CHOBaHHO obecre-
f-;.lm'rb 3AUUTY 3JIEKTPOYCTaHOBOK :H . CETEH OT BOSI{eHCTBHH aBa-
“PHUHHBIX TOKOB. ¢ - | |

- Pabora 633preTc;I Ha TEOPETHYECKUX M BKCHepHMeHTaJIb-
CHBIX HCCJeIO0BAaHHSAX, IPOBEACHHBIX B OCHOBHOM aBTOPOM ‘B
TequHe psna NnoCJaeAHUX JIeT.

"ABTOp O6JarofapuT perakiHio )KypHaIa <<1'Ip0Mb11uJ1eHHaH'
COCTaBHBILUHX OCHOBY

Bce saMeuaHdsi U moXeJaHHS MO KHHIe Ipochba Hanpas-
113114 MockBa, M 114'

Aarop__ .



- BBEAEHHE

B Halledl cTpaHe HEYKJOHHO BO3pacTaer aﬂeKTpOBoopy
XKEHHOCTb TPYJa U YBEJHYUBAETCS BHPAbOTKA 3JEKTPO3HEp-
rud. Eciau B OJMHHAANATOH OATUAETKE OBLJIO IPOU3BELEHO
1600 mapn. xBT-y, To yreepxkaennnie XXVII cvesnom KIICC
«OCHOBHBIC HaNpaBJeHUus 3KOHOMHYECKOTO U COLMAJBHOTO pas-
Butusg CCCP na 1985—1990 roaply» HaMeuaroT LOBeCTH BBIPa-
60TKy aJjeKTposHeprun B 1990 r. no 1880 mapxa. xBr-u.

JNeKTpHOUKaLUss — TrJaaBHAsi SHepreTudeckasg 6as3a Tex-
HHYeCKOro nporpecca. Ha pasBuTHe sHepreTHkKH 3aTpayuBaioT
OrpOMHBIE CPEJICTBA. HoaTOMy HapsaAy ¢ pa3pabOTKOH H OCy-
[ICCTBJICHHEM MEDONPHUSITHH, MO3BOJAKIIUX YIPOCTHTh H V]e€-
IIEBUTb 3HEPTOCTPOUTENBLCTBO, CJEAVET 00eCcneuynTh Hajex-
HOCTb 3JeKTpocHaOxeHHs. M3BecTHo, uTO mpaxe KpaTKOBpe-
MEHHDbIE NEPepPLIBH B NOAaue 3JMEKTPOIHEPrHu HAHOCAT OTPOM-
Hble YOBITKH HapOZHOMY X03sHCTBY (6pak, TsKeJjble aBapuu,
a MHOTAa HecuacTHble Caydau C, JIoAbMu).. [las obecrnedeHus
GecriepeGOAHOro  3JeKTPOCHAGKEHHUST HeOOXOJAHMa B IEPBYIO
ouepenb HajexXHas 3aliura OT 3aMbIKAHHH Ha 3eMJIIo KaK
HanboJIee TAKEJOro aBapHHAHOTO PeKUMA.

'3aMBIKaHHSl Ha 3€MJII0 B PaClpefesHTeNbHBIX CeTAX 6—
35 kB SIBJISIETCA JOBOJLHO YacTbiM $SIBJ€HHEM H COCTaBJSAIOT
He MeHee 759 obmero uvcaa nospexgenuit [1]. B certn c
HU30/IMPDOBAHHOH HEHTPAJIbIO 3aMblKaHHe OAHOH (ha3bl Ha 3eM-
JI0 caMo 1o cebe He sBasgercsa aBapueil. OQHAKO C yBeJUUYEHH-
€M IPOTSKEHHOCTH 3JEKTPOCeTed YBEJHUHBAETCH HX €MKOCTE
U BO3pAacTalOT TOKM 3aMBIKAHUS Ha 3eMJaro- 1Ipoxoasi yepes
MECTO TMOBPEXKIEHUs, TOK BBIJEAde€T MHOrO TeIlja, paspyiuas
IpH 5TOM TOKOBeAyHIHE 4yacTH u u3oaauuio. OxnodasHoe 3a-
MbIKalHe TePeXO[HT B aBapHiHOe TpexdaszHoe, Hapyuas
SHeprocHabxkeHue NOTpebuTeIel. Kpome TOro, TOK ORHO(Aa3-

HOTO 3aMbIKaHHSI SIBJSIETCH NPHYMHON yBeJTHYCHHS HaHpH}Ke--

HHsI HeNOBPEeXJAeHHBIX a3z OTHOcHTeJbHO 3eMyu B}/ 3 pas.
JMTeNbHBI peXKHM CHOCOGCTBYET BO3HHUKHOBEHHIO IBOMHBIX
3aMBIKaHHI Ha 3eMJII0, KOTODbie Jaxe IIPH XOPOLIEM COCTOS-
HUHM 3a3eMJISIOIIMX YCTPOHCTB NPHBOAAT K IOSIBJEHHIO OMac-

. HBIX IIOTCHIHMAJOB Ha MeTaJIIHYEeCKHX Kopnycax obopynoBa-
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HHH CO3/1aI0T MOBHIIIEHHYIO

- IepeXOJHbBIX
NOKa3aHO, 4YTO KOMMYTALUHOHHble YBEJIUYEHHS HANpPSKeHHH M

ONNaCHOCTb  JJist nepCOHaJIa
HquHHbl BOSHHKHOBEHHSI 3aMbIKAHHH B BO3JIYIIHBIX H Ka-

','_ﬁeﬂbelx ceTsaX MHOroo6pasHel. OHH HOSBJSIOTCH BCJEICTBHE

MEXAHHIECKUX DPaspylleHUH H3O0JslHH, OOpPLIBOB NPOBOLOB H

TPOCOB, a TaK¥Xe B Dpe3y/JbTaTe pa3pyuUieHUH H3OJAIHH H3-33
rpO30OBBIX U BHYTPEHHHX mepeHanpsiKeHudl. K BHYTpeHHUM me-
peHalpSKEHUSIM, KaK H3BECTHO, OTHOCST KOMMYTAalHOHHBIE H
 pe3OHaHCHBIE. KommyTauHOHHme [[epEHANPSKEHUST HEe MOrYT

HMeTh OOJIBIIHUX KPATHOCTEH, TaK KAK BO3HHKAIOT BCJIEACTBHE
[IPOLECCOB. B TeopeTndeckofi = 3JIeKTPOTEXHHKE

TOKOB B JIMHEHHBIX LENAX, KaK NPABHJIO, HE MOTYT IPEeBLIIIATh
JBOHHYIO aMILIUTYJy YCTAHOBHBLIETOCS 3HaueHusi. Yrto Kaca-

‘eTCsl PE3OHAHCHBIX IIepEHaNpPAXKEeHNH, TO OHH U3MEHSITCS B ILIH-
POKHX JHANasoHax H B IIpejeJie (TEOpPeTHYECKH) MOTYT JOCTH-

raTs 0€CKOHeYHOo Gosbluux 3HaueHuit [2]. IlepeHanpsxenue
3aBHCHT OT TOr'0, HACKOJbKO COOTHOLIEHHSI AKTHBHBIX, HHIYK-
THBHBIX H EMKOCTHBIX 3/E€MEHTOB OJH3KH K YCJHOBHSM pPe30-
HaHCa B NaHHOH Iend. Eciu B ceTH orcyrerByIOT HHAYKTHBHO-

- CTH OTHOCHUTEJILbHO 3CMJIH, TO, OUCBUIHO, pGSOHaHCHbIe [nepe-

HaHpH}KeHIfIH HE BOSHHKHYT:
- Pe3oHaHCHBIE nepeHaan}KeHHﬂ OTHOCHTEJIbHO 3eMJIH B Ce-

Tax 6—35 kB ¢ H30MIUPOBAHHOH HEHTPAJIbIO BLI3BIBAIOTCS 0O0-

PasoBaHHeM PE30HAHCHOTO KOHTYpa M3 HHIYKTHBHOCTEH M eM-

- KOCTeH MexJy ¢asamH ceTH u 3emJjel [3]. B ceTsix 06B4HO

HPUCYTCTBYIOT =~ HHAYKTHBHOCTH H3MEDHTEJNbHBIX TpaHcdOp-

- MaTopoOB HaNpsAXKeHHUSA. EMKOCTH B ceTH BCeria MMEIOTcs Kak

MexXny (asaMu, Tak U MeXAy dbasaMmu u semueill. Kak moxa-
3aJ/in HCCJeOBaHMs, MPOBEAEHHble C yyacTHeM aBTOpa, B ce-

TaX 6—10 kB uMeHHO pe3oHaHCHBIE MepeHanpskKeHus MIPUBO-
JAT K BBIXOAY H3 CTPOS TPaHC(POPMATOPOB KOHTPOJS HU30-

“ﬂHuHH

SQ)QJeKTHBHbIM CPEeICTBOM, YCTPAHSIIOIIUM  aBapHiHbIR

PeXKHM 3aMBbIKaHUd Ha 3eMJI0, ABJSETCH OBICTPOE aBTOMATH-

1E€CKO€ OTKJIOUEHHE IIOBPEKAEHHOTO yyacTKa ceTH. B macros-

ee BpeMs NPelJoKeHO MHOTO PasJHYHBIX NPHHIIHIIOB ce-
JICKTHBHOH 3alUTEL OT OAHO(MA3HBIX 3aMBIKAHHH Ha 3eMJIIO.

‘OnHako MOAOOHBIE YCTPOHCTBA He HallTM NPHMEHEHHUsT H3-32

JIOXKHBIX cpabaTblBAHUH, OTPUIIATEJNLHO CKa3bIBAIOIIUXCS HA
paboTe 3alUTHI B YCJOBHAX 3KCHJyaTallMd. YKa3aHHOe I10JI10-
KCHHE BO MHOTOM OOBSCHAETCS HEAOCTATOYHOCTHIO TEOPETH-
HeCKHX pa3paboTok. B wacrHocTH, OTCyTCTBYyeT 000CHOBAH-

"HBIA yuerT aMHﬂHTyaHHX H (paSOBblx COOTHOIIEHHH TOKOB H

HalpsaKEeHUH HYJEBOH IOCJEIOBATEILHOCTH IIPH paspaboTke
CEJICKTUBHBIX 34IUT OT 3aMBIKaHUs Ha 3eMJIIO.
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I[JIH ymeﬂbmeﬂnﬂ eMKOCTHOH COCTABJSIOMEH TOKa 3aMBbi-

KaHUsd Ha 3eMJII0 B OTeYeCTBEHHOH IPaKTHKe IPHUMEHAIOT Ay-
~roracsulre peaKTOPhl, KOTOPble BKJIIOYAIOT B HEHTpaJp MUTA-
IOIlero CeThb TPaHcopMaTopa WM B HEHTPaJb AOMOJHHTEJb-
HOro 3aseMJidwllero TpaHchopmaropa, He HeCyIIero HHOHU Ha-

rpyskd. B Hacrosiiee BpeMs HAKOIJIEH ONBIT SKCILIyaTalMH
OnHako

CeTeH C PEakKTOpPOM B HEUTpasJu TpaHchopMmaTopa.
TEOpHs NPOUECCOB, HMEIOUINX MECTO IPH pasﬂHqulx peXXHuMax
paboThl Takux ceredl, TpeOyeT JaJjbHeliled paspaGoTKy.

- B panHoO# paﬁoTe CUCTEMATH3UPOBAHHO H3Jaraiorcsi Oc-
HOBHBIE BOIIPOCHI,  OTHOCAILHECS K pexuMmaM paGoThl ceTeil
C M30JIMDOBAHHOM ¥ 323eMJICHHOM Yepe3 KaTyLIKH HHAYKTHBHO-

CTH HEHTPaJbI0 B YCJOBUAX OAHO(GA3HOTO 3aMBIKaHHA Ha 3€M-

JII0, a Takke OOOCHOBaHBI TEOPETHYECKHE NPEANOCHIJIKH, He-
oﬁxonHMble I pacyera, pa3pabOTKM U NPABUJLHOH 3KCIJIY-

aTallil CPEJCTB 3aIUHUTHI OT SaMbIKaHHH Ha 3eM.m0 B CeTHX
6—35- KB ,

B L TR

__",-6bITb npejcTaBjJeHa B
YYacTKOB, COCTOAIIHX H3 IOCJEA0BATC/IbHO BKIIOYEHHBIX -aK-~
'THBHOT'O H HHAYKTHBHOIO
BKJIIOUEHHBIX aKTUBHOM [POBOJAHMOCTH H eMkocTd. IIpu aTom
 TOK, BXOASIIMA B KaXJblH H3 ITHX 3JEMEHTAPHBIX YYaCTKOB,
_, He ‘PaBCH TOKY, BEIXOAAUIEMY M3 HEro.

%l‘J‘lABA NEPBAS
- LOCHOBHbIE MOHATHS

,'._1 Cxema 3aMelleHus ceTH. TOKM YTEUKM M TOKM

SBMbIHaHHﬂ Ha 3emMnio

Ka}mbm BJIeMeHTapHHﬁ YUaCTOK = 3JEKTPHUUYECKOH CEeTH

| _CKOJIb yrOAHO MaJOH AJIMHBI HMeeT MPOJOJBbHbIC H INOIepey-
‘HBIE conpOTHBﬂeHHﬁ [lonepeyHsle CONPOTHBJICHHS ONpPeaes-
JOT TOKH YTEUKH, NMOABJSWIINECS BCIEACTBHE HCCOBEPUICHCTBA
U30JALHH MEXAY TPOBOIAMHY.
06pa3oBaHbl aKTHBHBIMH COCTaBJSIOIAME NPOBOJOB M HHAYK-

[IpononbHbie CONPOTHBACHHA
THBHOCTHMH ABYX npomaocmﬂmnx APYT APYTY yqaCTKOB.
nHHHH | . | -

CJIE,HOBEITEJIBHO 3J1eKTqueCKaﬂ CeTb HJH €€ YACTh MOKET
BHAJE COBOKYIHOCTH 3JIEMEHTaDHBIX¥

CONMPOTHBJICHUH H TNapaJyieJbHO

- Ilpoueccs B JMUHUAX Mepefauu B obuleM ciaydae HCCTIeny-

:zm‘ Ha OCHOBAHHH TEOPUH 3JEKTDPHUYECKHX IIelled ¢ pacmpeje-
__JIeHHI:.IMH napaMeTpaMu.
[POTSKEHHOCTD cerefl HampsKenueMm Ao 35 KB 1o cpaBHeHmo

On1HakKo OTHOCUTEJHLHO He(OJabIIAST

¢ J.IJII/IHOH BOJIUBI MO3BOJSIET CUUTATh TOK B KaXKJIblH MOMEHT

‘BpeMeHH B J11060f TOUKe JHHHH OJHHAKOBBIM. IIoaTOMYy MOXK-
“'HO paccMaTpUBAThb TaKHE JHHHH C cocpe;LOToquHbIMH a He
-paCHpe,ILEJIEHHbIMH mapamMeTpamu.

. [Tockonpky MexnydasHbie conpOTHBﬂeHHH H eMKOCTH He

___.'KﬂBbIBaIOT 3SHAUHTEJbHOTO BJAHSAHHUS HA TOKH YTEUKH HA 3eM-
0, TO cxeMa 3aMellleHus! TpexdasHOi CeTH ¢ H30JHPOBAHHOM
HEHTpaJbl0 MOXKET OBITh NIPEICTaBJCHA,
‘puc. 1. T1pu 3TOM NPHHATH CjAenylolHe 0603HaUeHHS:

Kak I0Ka3aHo HAa

UM, Uch, U¢c—-KOMHJIeKCHbIe (hasHble HAMPSIAKEHHs, PaBHble IO .

_-_MQ—JIymo, Ua. UB,_ Uc — KOMILIEKCHBIE HaNpsKeHUs OTHENbHBIX
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C'PHC 1

CxeMa 3aMENICHHA Tpe}{(baa-
HOH CeTH ¢ HsompOBaHHou HEHTPAaJbIO
B |
A -
y¢ | $a3 ceTH OTHOCHTEILHO 3eMJIH;

/1 Uy — KOMILIEKCHOE HalpsiKeHne

! cmemenua meittpanu; Iya; Iys,
/' lyc — KOMILJIEKCHBIE NOJHBIE TO-
II&’A KA YTeUKH Ha 3eMJI0; ra, Ig,
7777 _ _ rc¢ — aKTHBHBIE CONPOTHBJCHHUS
MEXKAY OTHEJbHBIMHU :pasaMH ceTH U 3eMJeld; Ca, CB, Cc—
€MKOCTH NPOBOJOB IO OTHOLIEHHIO K 3eMJe.. - --
Ilonupie KOMIIJIEKCHBIe NPOBOAUMOCTH cpas ceTH OTHOCH-

TEJAbHO 3EeMJIH ONPEACIAITCS 10 (DOpMYy.JIe

l— A "

Y 4 3—;1;—!—1'03614; Yp= -}l; - jolp; Ye= —:5- - jolc.

Bocnoassyemcs HSBECTHI::IMI- ypaBHEHHEM JJisi HalpsiKeHHS
CMEIIEHHS HEHTPaJHd, KOTOpOe NPEACTaBUM B BHIE

rIe Y;; YA-[—YB—I—YC—CyMMapHaH KOMHJIeKCHaH

MOCTb CeTH OTHOCHTEJbHO 3eMJu; Ugp— MOLYJIb (pas;Horo Ha-
NPAXKEHUSA CeTH; YS—YA+a2YB+aYC—(1)a3HaH KOMILJIEKC-

Has TMPOBOJAMMOCTbL CETH OTHOCHTEJNBHO 3€MJIH, KOTOpPas pas-
' Ha HyJIO IPH paBeHCTBe NpoBoauMocTedl ¢pa3 Ya=Yp—=T¢;

— 1 | .
@ =——-7] V3 —¢ 3 —@a3HLIH MHQXHTEJb, yqn-TbIBa._Io-

Uit CABHT (as. |
Tak Kax TOK yTeuKH B (ase A
Iya = (Upa— UN)YA,

10 ¢ ylieTOM (1) no.nyth

IyﬂﬁU¢;ﬂ—LYA- . - ()

Uy =Uy=>. N

NIPOBOJM-

_:ﬁH_aﬂquHO _HafI,I{eM TOK yTquH B (base B

[yp= Uy 2= _};Y Y, 3

: HB @ése C - - _ .
]yc——— Ug R z:Y -Y. - o (4)
‘CoorHoweHus (2)—(4) mNO3BOJSIOT onpeﬂeﬂmb ' TOKd

yTetIKH B JI00OH (pa3e -CeTH NPH M3BECTHBIX AKTHBHBIX COIPO-
THBJICRUAX 74, rB, rc H eMKOCTSX CA, CB, Cc  OTHOCHUTEJBHO
SEMHH | - o
-3 3TUX COOTHOIIEeHHH no.nyqaeM BHIPAYKEHHS JIJIS1 TOKOB
o,t{HO(paSHoro rJIyXOrO 3aMbIKaHHs Ha 3€MJII0 PAa3JIMUHEIX (a3

ceTH TaK JIJIsT TOKa 3aMBIKAHUS B qja3e A (YA—oo) HMeeM

La=Uollall—a)+Ye(l—a)], ()
aHAJIOTHUHO 15 hasbl B _ | o
Lw=Ua Ya(a>—1) +Yo(a?—a)] (6)

ISC——Ud}[YA(a—I)—]—YB(a-—-az)] - (7)_‘

TaKHM 06p330M 151 BHIYHCJIEHHST TOKOB yTquH OTeJb-

'_Hblx (a3 ¥ TOKOB 3aMBIKaHHSI HA 3eMJIO HEOGXOAMMO pacmo-
JlaraTh CBEIEHUSIMH O [apaMeTpax H30JAIHH CETH OTHOCH-
 TeJIbHO 3€MJIH ra, I's, Ic, Ca, Cp u Ce. Ina ux onpefeneHus
 PaspaboraHel clenuasbHbBle KOCBEHHBIE

METOAbl H3MepeHus
(CM TJI. 7) ' ' o

2 Coomomemm mexpy KOMMNEKCHBIMM HaﬂPH}HEHMHMH
q:aa omocurenbuo 3EMNIM U HX Monynamu

PaCCMOTpHM KaKHM 06pa30M MPH KOCBEHHBIX H3MEpPEHHSX

‘TOKOB YTEUKH U 3aMBIKAHHUA HA 3eMJIIO, TapaMeTPOB U3OJISALHNH
CETH OTHOCHUTEJBHO 3€MJH MOTYT GBLITH OIPeNeJIeHb KOMILJIEKC-
- HBl@ ‘HanpsKeHHus (a3 CeTH OTHOCHTENbHO 3eMJIH .TIO WX - MO-
AyasiM, Takoili MmoAX0J MO3BOJISIET [0Jy4yaTh pacUeTHBIE ,IlaH-
‘HBI®, TOJIb3ysICh TOJILKO IOKa3aHHSIMH BOJIbTMETPOB KOHTpo-

9



Puc. 2. Bekropuas JuarpaMma Ha-
npsaXeHuil cxembl pHC. 1

7 HW30JSLHH, KOTODble SBJSA-
j0TCs, HeOOXOAUMOH TIPHHALJIeK-

HOCTBIO  KaxKJoh ceTH 06—
35 kB. a
- Tlisi cxeMbl 3aMellleHHs ce-
TH ¢ H30JUPOBAHHOH  HEH-
TpaJblo, INpeACTaBjeHHOH Ha

pHuc. 1, sagauya CBOJAHTCA KYy<Ta-
HOBJIEHUIO 3aBUCHMOCTefi MeK-
Iy KOMIJIGKCHBIMH HampsizKeHn-
SIMH UA, UB, Uc n UX Mo,uyJIHMH IUA|—-UA, IUBI—-UB,
IUCI--*-UC BekropHas auarpaMma yKaSHHHbIX HaNpAXKEeHUN

nana "Ha puc. 2. Hanaem MHUMYIO H IEACTBUTENBHYIO HaCTH
KOMIIJIEKCHOTO HanpsiKeHHsl CMelleHHs HedTpaiu Un, T. e.

KooanHaTm Touku N (X, y).
11 2TOr0 COCTaBUM YPaBHEHUS OKPYIKHOCTEH C HEeHTpa-

My B Toukax A, B, C paauycamu UA, UB, Uc:

f. 2
_Ua 2 : 8)
(x 3 ) -+ y A (
U 2 Uy \?2 2 (
L Y 1\ —=Ujz: J
(X’—l“z §)+(y+ 2) R o
U, U, \2 9 '
Ja X7 J— L ﬂU . IO |
(vt 73] +e—=) =1 o
U3z (8) —(10) umeem
. . U% 4 Ug — U7 (11)'
o 6U g, "
2 2
= Tl (12)
2¥3Ug
CrienoBaTe/ibHO
o urpui—ouy |, Uy —UG »
Uy = TP +- -21[5% : (19)

KOMHJIeKCHme HaHpH}KeHHH a3 cetu OTHOCHTeJIbHO 3eMJH -

Us=Uoa—Ur; Us=aUsa—Un: Ue =aJon—Un,
10 '

25 — (U +U2) UL Ut
W2 — (U2 -U2) 1 U2 ._;-U2 T

651 C""—'_Ucp_l‘](" ?._E__m_'/_g_[jcb ,

Ug 2 21/ 3V, 2
T _ | (15)
Wh — (U3 +U%) o
T [ — 4 ptT~c/ 1 g
[ ULt=U%3 VT
4 + ]( ?I/?U(b i 9 UCD) (l 6)

- .YpaBHeHUs (14)-—-—(16) [O3BOJISIIOT N0 H3BECTHLIM HaNpf- -
XKeHusAM (a3 cet orHOcHTeabHO 3emau U, Up, Uc paccun-
THIBaTh HX KOMIUIEKCH Uy, Us, Uc, 3HaYeHHs1 KOTOPBIX HEOO-

XOAMMO 3HATh JJIf nalbHeAIINX PacueTOB TOKOB 3aMBIKAHHS

'_Ha BEMJHO 151 HapaMETpOB H30J/AHUN B CETAX C HSOJIHPOBaHHOH

| ,HEHTpaJIbIO

-_-3 Pacnpenenenue TOKOB Hyneaou nocne.qona'renbuocm

“no yHacTkam cerm NPU 3aMbiKaHMM q:asbl Ha 3emnmo

_ I/ICCJIE,ILOBEIHHH PEKHMOB paﬁoTbl cetedl ¢ HBOJIHpOBaHHOH
._HEHTpaJIbIO [I0Ka3zaJad, 4YTo B OOJIBIIMHCTBE CJAyYaeB B IENH
‘AMeeTcH HECHMMeTprIH (ha3HBIX Haan}KeHHH [ToaToMy pac-

. 4eT YCTPOUCTB 3aLIUTHl OT 3aMBIKAHHH Ha 3eMJII0 M KOHTDPOJb
I'IBOJIHIJ;HH B CETAX C H30JHPOBAHHOH HEHTpaJbio Lejecoobpas-
-~ HO TNPOH3BOAUTH IO METOy CHMMCTPHYHBIX- COCTABJSIOLINX.

=‘HpH 5TOM HECHMMETDHUHBIH DEeXHUM IPeACTaBJSETCH KaK pe-
8YJIbTAT HAJIOXKEHHs TPEX CHMMETPHUHBIX PeXKHMOB. Caenyer
"‘OTMeTIfITb 4TO TEOPHA CHMMETPHUHBIX COCTABJISIOUIMX JJISI CH-
~CTEM C 'H30JIAPOBAHHOM HEHTPAJbIO B OTIMYHE OT CeTeH ¢ 3a-
‘3eMJIEHHO! HeHTPaJsbio B JUTEPATYPe OCBEIICHA HeOCTATOYHO
- TOJIHO. DTO OTHOCHTCH MPeNKe BCEro K cJiydajo, ‘Korja He06-
- XOIIMMO 3HaTh paclpejesicHHe TOKOB HYJIEBOf MOCJAeN0BATE b
HOCTH 10 OTAEJbHBIM y4acTKaMm CeTH NMPH OAHO(PA3HOM 3aMHI-

| K&HHH Ha 3€MJI0 Ha OJHOM H3 HHX.

- Ha pmc. 3 npuBenena pacuetHast cxema ceTH ¢ TpeMd
Y‘IHCTKHMH Ha KOTOPBIX YKa3aHbl yCJOBHbIE IOJIOXKHTENbHbIE
HaHpaBJIeHPIH TOKOB M HanpsKeHuu. Ha cxeme NpHHATH cJle-
Hyfomne o6o3HaueHus1: [o — TOK HYJIEBOM OCJIe10BaTeIbHO-

_. cm Ha IIOBpe}K,[LeHHOM y9acTKe;. [02, ]gg*-TOKI/I HYJIEBOH TO-

11



Puc. 3. Cxema saMelleHHs CeTH C TpeMs yYacTKaMH

CJIe)_:LOBaTeJIbHOCTH Ha HEHOBpe}K,ILeHHbIX ydacTKax; 1 — TOK
oJHO(a3HOro 3aMbIKaHUd Ha 3eMJIO, Za——COIIpOTIfIBJIEHHe B

e TOKa BaMbIKaHHH Yl,_ Yz Y3 —nosnpie  KOMILIEKCHBIE
NPOBOAHMOCTH OT,IIeJIbeIX yqac'rKo‘B - CeTH OTHOCHTeJIbHO
3eMJIH.

3anuuleM ypaBHeHHH JUISE TOKOB I 4, I’B, I’C Ha HOBpe}K-‘

ACHHOM VYU aCTKEe CeTH:

S 1 '
N _(A:(QQJA“E]N)( 7 "I‘Zl)f |
=, —UyY: [ a7
Te= Uy _._' Ul Y, f

Ha ocHOBaHHH MeTOAA CHMMETPHYHBIX COCTABJISIOMIHX TOK
HyJIeBOH l'IOCJIe,[I;OBaTe.HbHOCTH Ha TEePBOM yqaCTKe paBeH

_{01'=-5- fA'-{'_]B‘l‘_{C' o

Hamnpsikenue HyJeBoil mocseaoBaTeJbHOCTH U paBHHeTCHN

B3ATOMY ¢ 0OpPAaTHLIM 3HAKOM HalpPAXKEHHIO CMeIeHHs] HeH-
TpaJm Un. JIJIH onpeseseHus UN BOCIIOJIb3yeMCH ypaBHeHH-

m (1), Torza

g°$“UNﬁ“T::fr}g{dff'%“ﬁﬁ‘ -f (19)
I[anee U3 (17)-—-—(19) HafaeM .
[y=—U, (Yz-H’ (20)

AHAOTHYHO ,
. [o=UYs 1, =Ud, o (21)

12

(18)

Puc. 4. Pacuernble cXeMbl TOKOB HYJIeBO#l [ocCJen0Ba-
T€JbHOCTH OTHAEJNbHLIX YYacCTKOB CE€TH PHC. 3

..yp'aBHeHHHM (20) u (21) COOTBeTCTByIOT CXeMbl 3aMelre-

_' HHH npeacTaBJeHHbIe HA puc. 4.

_Me__meH_Hﬂ, IPH U3BECTHHIX MapamMeTpax H30JAIUH KaXkKAO0H KOH-

-~ mpikaaus  r;=1000 Om . a8 caepyiomux |
'—1 10— -3 CM gg-—4 10_'3 CM g3=3 103 CM Cl-—5 MK(I) Cg—~l5 MK(D,

- Jloap3ydch HOPUBEACHHBIMU YPaBHEHHIMH H CXe€MaMH 3a-

KPETHOH CeTH OTHOCHTEJbHO 3€MJIH, MOXKHO YCTAHOBHTbL aMII-

. JUTYIHBIE H tbasoable COOTHOIIEHHST TOKOB U HAaMNPAXKEHHUH B
--paccmanHBaeMOH CUCTEeME JIEKTPOCHAOKEeHHA.

" B KauecTBe IpHMepa pacciuTaeM CHMMETPHYHBIE COCTABJISIOLIHE TOKa
33MbIKaHHH Ha 3eMJI0 B ceTd 6,3 KB 1pH coOnpoTHBNAEHHH B MecTe 3a-

napaMeTpoB H30JSALHH:. g;=

'_C 10 mk®. Yacrora nanpsaxenns cetn 50 I'm (w=314 pan).

 ,HOCTH

,HJIH YKHSHHHBIX HapaMETPOB H30JAALNH H&HHEM KOMIIJIEKCHBIE NPOBO-

N I[HMOCTH OTII.EJII:HI:IX YddCTKOB CCTH

Yz=gz-—l—f=ﬁlCz= (4 +1'4=7) -10~% Cwm;
Yg—-—g2+;1m63-—(3+13 14) 10—3 Cwm.
I/Ial (19) ONpene]uM HampsiKeHue HYJIeBO [10C/1e10BaTeNLHOCTH
U, R 3640

S —_ -1 +3 103.10—3(8 + {9, 41) |
l'Io (20) H (21) HaxoZHM KOMILIEKCH TOKOB HYJEBO# NOC/JeA0BaTENb-

= 96 4\131 5°B

T = —96,4 |'131,5'=_' (7 - 7,84)-10—8 = 1,01 |—0,23° A;

» ke

1, =196,4]131,5° (4+ j4,7)-103 = 0,595 | — 178,9 A;

oy =96,4]131,5° (3 4] 3,14)-10~3 = 0,419]177, 8° A.

HEPQXOII,H OT KOMHJIEKCHBIX 3HAUYE€HHH TOKOB K ILCHCTBHTEJILHLIM o~

_ _-?IY‘IHM MI‘HOBEHHHB 3HaQUEHHS TOKOB HVJEeBOH NOCJAeL0BaTeAbHOCTH:

in=1,343 sin (©{—0,23°):

£02=0,84 SiIt ('@f—178,9ﬂ),

i03=0,592 sin (0#-177,8°).
| | 13



| [Tpu r.nyxom 3aMBIKAHHH ba3z A ma semio (r3=0) HaHpH}KEHHE cMe-
[eHdsi HEATpali paBHO (hasHoMy HATPSAKEHUIO 3aMKHyBIIedca ¢aspl. Jlas
5TOr0 CJayuas CHMMETPHYHbLIE COCTaBJAIOIME TOKAa 3aMBIKAHHA HA 3eMJIO
DABHBL: | |

In= 3640(7 4 j 7, 84) .10—3 = 38 26|48 3° A

Jog = —3640(4-1 4, 7)-10~8 = 22 47|--13o 4 A;

Tos = -—3640(3 1-j3,14)-10-3 = 15,81| —133,7° A.

ﬂJIH IIOJIY‘-IEHH]’::IX KOMIIJIEKCDB MI‘HOBEHHbIE 3HaqycHHuA CHMMETPH‘IHHK

COCTaBAAOLIHX paBHLL: .
oy =54,1 sin (mf+48,3°); -
ioy—318 sin (@f—130,4%);
i3=22,4 sin (0f—133,7°).

-F'

‘4. COnpoTHBNEHMS, BHOCHMbIE TPaHC(HOPMATOPaMK
HaNPSHKEHWS B CXEMY 3aMeLeHMs CeTH

_ TparcdopMaTOPLl HaNpsKEHHUS KOHTPOJIsSl H30JALHH MOJ-
KJI0UalOTC MeXAy (aszaMHu CeTH U 3€MJIEH U IO3TOMY BHOCAT
onpefeseHHOE CONpPOTHBJAEHHE B Lelb I[POTEKaHHS TOKa OT-
HOCHUTEJBHO 3eMJH. 11OCKOJBKY 3TH CONPOTHUBJICHHSI HOCAT HH-
AYKTHBHBIH Xapakrep, a ceTb 00/1afaeT e€MKOCTbK OTHOCH-
TeJbHO 3€MJIH, BHOCHMBIE CONPOTHBJIEHHA MOTYT 3HAYHTEIBHO

BJAUSATh HA TOKH YTE€YKH H 3aMBIKaHHH Ha 3€MJIIO. -
- Ilpn HecHMMETPHYHOM DEXKHME  depes TpaHC(HOPMATOPHL

HalpsKeHHsT MPOXOAST TOKH HYJIEBOH NOCJEA0BATEJbHOCTH,

HO3TOMY BHOCHMBIE TPaHC(OPMATOPaMH COHNPOTHBJIEHHSA MO-
ryT OLITh HaWAEHH KaK OTHOLIeHHe HaMpsKeHHs HYJNEBOH IIO-
cJIeOBATEAbHOCTH K TOKY HYJEBOH IOCJAeN0BaTeJbHOCTH. [
npnmeHHeMbe TpaHCHOPMATOPOB HANPAKEHHA KOHTPOJIST U3O-
',JIHU,PII/I HalipuMep, THNA HTMI/I CHpaBe,ILJIHBa SaBHCHMOCTb

=[(Uo).

Tpex He CBA3aHHBHIX MeXAy coboii maruuronposonos 1l-06-
pasHoOH (POPMEHI, Ha CPEAHHX CTEPXKHSAX KOTOPHIX pacmoJaraet-
Csi IO TpH O6MOTKH Kaxo# (pasbl, HAMOTAHHBIX OAHA NOBEPX

- mpyro#i. Ha puc. 5 144 nmpumepa NokasaH MarHMTONPOBOJ, Ha . -

KOTOPOM OOMOTKH YCJOBHO PaclOJIOKEHBl PSANOM.
| MarsuTaoe CcONpPOTHUBJIEHHE y4yaCTKa Ienu PaBHO

z 1
R—_b b
M  paSy T 21,8, 7
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. penu; pa— a6COMIOTHAH MarHHTHAS
| 'MaI‘HHTOI'IPOBO)E{El

: q)agbl TpaHCcHOPMATODOB HAaNps-
| JKEeHHUSA
_H-TMI/I-IO

MarautHas cuctema HTMU-6 u HTMI/I 10 coc'rom 13 .

me h U |, — LJIHHA ‘CPeIHHX JHHHH MArHUTHOH HHAYKUUH -
- cOOTBETCTBYIOIHX y4acTKOB MarHMTHOA uen#; S; H Sp-—II0-

qepeyHble CEUeHHUS COOTBETCTBYIOUIMX YYAaCTKOB MAarCHHTHOU
NPOHUIIAEMOCT  CTaJIH

“TIoCcKOJIbKY HHﬂ,yKTHBHOCTb KATYIIKH C YHCJOM BHTKOB W@

_?Onpeﬂe.ﬂﬂeTCH B ofueM cayuae kKak L=w?/Ry, To HHAYKTHB-

_;-_'.-....._._.__.'..:.._...._'...-.._'..-_\'

|
Puc. 5. MariuTOnpoBox OJHOM

THIIOB HTMI/IB M

Puc 6. ‘CxeMa coeIuHeHH{ Nep-
BHYHBIX H BTOPHYHHIX OOMOTOK
TpanchopMaTOpOB ~ THUIIOB

_ HTMU-6 # HTMH-10 T 5

HOe COIPOTHBJIEHUE MEPBHYHOH OGMOTKH C YHCJIOM BHTKOB Wi
- JJr IPOMBILIJIEHHOH 4acTOTH [ HafAeM M3 ypaBHEHHA

oL, = 2 2

HPHHHTaH Ha HpaKTHKe cxeMa - COeJHHEHHH 06MOTOK

.TpaHC(bopmaTopa HalpsAXKeHHs] MoKkazaHa Ha puc. 6. Haitnem

| _-'lIJIH 3TOH CX@MI::I COQJ.II/IH@HHH 06MOTOK BHOCHMOE COIIpOTPIB-
.,"JIEHHe |

"Ha ocHoBanun 3akoHOB Kprm(pa sanumeM ‘CHCTEMY

ﬁ?ypaBHeHHH

. AT IepPBHIHBIX 06MOTOK TpchcpopmaTopa

Ijol, —Ijo V' LL, — I jo V'L, L-—_:UA;
1 gjoL, —-[}m]/LL ——-[b]mVLL —-U ) - (22)
A gjoL, ——[]mVLL ——[}mVLL = Ug;




JUI1 BTOPWUYHBIX OBMOTOK ~TpaHCHOPMATOPA, COCJUHEHHBIX B
3Beay, ~ R

._{a(ﬁﬂL; -1 ) _-%{AmeL;La.. JjoVLL=0)
{-b (joL r]\) — LB]'(D V L.L, -—I—-!_][D V L,L,=0; (23)

L (joL,+r ) —Icjo VIL,+IjoVIL,=0; |

JUIsi BTOPHYHBIX OOMOTOK, COeIHHEHHBIX B OTKDPHITOil Tpe-
YI'OJIBHHUK, - ' -

Iy +3oL)—joVIL(Ia+Is+ [+
4 RVILUA L) =0 @

 OnpepenuM TOKH M HaNpSKEHHS HYJEBOH IOCJAEHOBATENb-
HOCTH - | TR -

= —(IatIs+ Lo}
U, f—-;—- Ua-+Up -I—J'QC)- o '
| Us (22)—(24) MOeM ompeseuTs

f ¢L1 X Rt RN

OTKyAa 1noJHas nposoguMocth TIH oTHOocuTesbpHO 3eMan
| £ 1 1 -3 B
ZHH:E} :L +K2 —[— _2'-;_ | | ' .
VL, K.o— @ VL
s /'L,

TpaHCQ)opMaT_Opa Hanps-

5

3I1EChb Kl pm -E-];— — —

, Wy I/Lz_

— KO3((PUIHeHT TpaHCchOpMalUK

- Takum o6paszom, BHOCHMOe TpaHCHOPMATOPOM HaINpsKe-
HHS aKTHBHOTO CONPOTHBJIEHHA ' - -

L\ Ky +K22r5)

H HHAYKTHBHOEe X;==wLl,. - , .
‘Ha puc. 7 nokasana cxema 3aMeIleHUS] CETH C Y4ETOM CO-
MPOTUBJIEHHH TpaHcpopMaTopa HanpsxkeHus tuna HTMU-6.

Honyuennble ypasHenus CnpaBeJHBLH U AJS:OLHODASHBIX

TPaHC(OPMATOPOB HANPSAKEHHS KOHTPOJA M3QJSLUHH THIA
HOM. Ilpn atom B (25) Gymer oTCyTCTBOBATh BTOPOIl 4JIeH.
'16 . ) . '

o %
.3 '
-

(25)

~ 2-5188

~-Puc, 7. E]xema 3aMelleHus1 TpexdasHol ceTu ¢ YUETOM. COIPO-
THBJCHHH TPaHC(HOPMATOPDOB HANPSIKEHHS

- IlpencraBasior uuTepec cONPOTHBICHHS a3 ceTH OTHOCH-

| TeJIbB_O_ 3€MJIH, OOYCJIOBJEHHbLIE HaJHYHEeM NATHCTEPIKHEBBIX -
TPaHCHOPMATOPOB HAIPAKEHHUS, HanpuMmep, tuna HTMMU-18.

- - IlatucrepxKueBoi MAarHaTONpoOBOJ  TpaHchopMaropa yKa-
3aHHOTO THIA C NEPBHUYHBIMH M BTOPHUHBIMH OOMOTKAMH H30-
OpaxkeH Ha puC. 8, a NPHMeHseMasa Ha NPAaKTUKE CXeMa CO-
€eMHeHHi1 OOMOTOK MoKasana Ha puc. 9. HafiteM s 5Tok
CXeMbl COCIHHEHUH OOMOTOK BHOCHMOE CONpOTHBJIeHHMe [4].
-+ Tak Kak K03 (OUUUEHT CBS3H KaTylieK, pAacClOOXKEHHBIX

 Ha oasom (obmweM A STHX KaTylieK) cepaeyHHKe, ‘paBeH

eIMHMIE, a JJIs KaTYIIeK, PacloJOXKEeHHBIX Ha PasHbX cep-

JeuHHKax,— 1/4, To, BOCHO/Ib30BABIIHCHL H3BECTHHIM COOTHO-

meHHeM M, :kIEVL1L2', Halllem JIst CXeMBl pHc.: 9.-_1{.03(1}' .
- QUUMeHTbl B3aUMOMHAYKIHH M n caMounaykuum I Beex Ka-

- TYWIeK HATHCTEPKHEBOrO TPaHCHOPMATOPa HANPSIKEHHS
MAB — MAC — MBC — T-L:L;
o Ma—Ma=Me=VIL;
o Map = Mae = Mps = Mp =Mco =M¢y= —VLL,;
) oo ' 4 1 272

Mﬂb:MﬂG: be = 4"'L2;*

Mf;lar' :: Mgb'r :MCC’ :VLlLa; o N




_-;m]/Lle({A———L{B—- _C): );

Lyry+joL, (—-—}{_awb-—f_c) +—joVLL]—
VIL(— It la— L) =0
Jer,FioLy(— - Lo— Lt L )+ iV LI —

Mab’ '—:Mac’ _Mba’ — Mbc" — M ! — M cb’ ""_:f_"VLzLa’

May = Marer = Mb’c’ = — L

Ha OCHOBAHMH 3aKOHA Kprro¢)a 3anuuIeM cuc'reMy ypas-
HeHHIl: JJIsi NEPBHYHBIX OOMOTOK, COCIMHCHHBIX B 3BE3LY,
-

|

—jo )/ L,L, (_—i—fa—{—fb'—-i—f) ""‘I“’VLL!—'UB{

]m]/L L ].—-—-UA,_*

AJ1f BTOPHYHBIX 06MOTOK, COE€IHHECHHBIX B TpeyroanHK

(r +__.;mL)+._,m]/L' Lo(, 41,4+ 1)—
' __,mVLT(IAJr/BJr/c

A_w -d"'u' PR,

r -’ " | " . r

Ji‘;, " 'E:ll M- :_Ip,:r L - . - l'?

: ) - A
i.
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(26)

(28)

 THyﬂeBoH [OCIEI0BATETBHOCTH

__-_'i'.f__-__f_;Ter,zla u3 (26)—(28) naiizem
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PHC 8. MarHHTonpOBo,u HHTHCTep}KHeBOI‘O
HaHpH}KEHHH THOE THMHU-18

oo * b o2
l [ ¢ 7 l W;
[, Uy _gf." |

Tpaﬂcqjopma'rop'a |

Puc. 9. Cxema COCIMHEHHH nepBHquIx H BTOPHUHBIX

OOMOTOK MSITHCTEPIKHEBBIX

TPAHCHOPMATOPOB -
HpH}KEHHH tuna THMMH- 18 -

Hd-

Bocno.nbsyeMCﬂ BBIPAKEHHEM ,D;JIH TOKOB X HaHpHH(eHHH

In+1p+4Ic= 3/0,
Ua~+Us+Uc = 3U,,

2 L,
I“:(]mL +L1I’ _}_ Llr&)an

A

_;-_-_-oTKyﬂa OMHAs NPOBOJAHMOCTb MATHCTEPIKHEBOTO
Ma'ropa Haﬂpﬂ}KeHHH OTHOCHTEJbHO 3E€MJIH Oyner

: - Ta .
I e, . .
LT - B "I - : .
L L : .
I e . "
s - M . ’
? - '-I:.._ Lot . a . " B
R .l_'-;.'-"' AT
. . T 1 b i . . -
' '.' I_.I'J .
" .I. - - .

1., 3 2

Yoo T, + K e

TpaHcdop-
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TaxuMm o6pa3oM, BHOCHMOE KaxaoH ‘ba3oil NATHCTEPKHE-
BOro TpaHcpopMarzopa HanpsKeHud Tulla HTMHU-18 aKTHBHOE:
CONpPOTHBJIEHHE HMEET TaKHe Ke COCTaBJIAIONIUE, KBKM?/II(TGHBH
HOE COMPOTHUBJIEHHE TpchcpopmaTopOB THIIOB HT

HTMHU-10: _ _
. N
e ( 7 2”.&) |

VHAYKTUBHOE conpOTHBﬂeHHe “umeer B 0,0 pasa Menpliee
3HayeHue . -
| o )
X, = — oL,
| 2
‘CJiefioBaTebHO, B cXeMe 3aMEUIEHHA puc 7 BMeCTO 3Ha-

yeHHS MHAYKTHBHOCTH L noJyxkuo 6uTh 0,0L;. 1lpu s71OM, pa-

3yMeeTcsl, UMCJEHHbIe 3HAUCHHS UHAYKTHBHOCTH Ly onHoq)as--

' HBIX -TPAaHCPOPMATOPOB HTMU-6 1 TpexdasHbiX HTMU-18
He paBHBH MeXJy co0oH, TaK Kak OHM 3aBUCAT OT KOHCTPYX-

THBHBIX Pa3MepOB MarHUTONpPOBOAA M UHCJIa BHTKOB.

[lpuBefeHHbe yDABHEHHS W CXeMa 3aMelleHHa CETH, VUHTHIBAIOMIAS cc;
IPOTHBJEHHA TpaHCHOPMATOpa HANpsKEHHS, MOTYyT GBITb HCIOJIb30BAH

I HCCJAEAO0BAHHS Pe30HAHCHDIX qBJICHANl B CHCTEMaX 3JEKTPOCHAGKeHHA. ._
PaccMOTPHM YCJIOBHE, NPH KOTOPOM BOSMOKHO BO3HMKHOBEHHE PE3O0-

qanca B ceTax 6—10 kB npu HaIuYHH B Heifl ¥3MepUTeJbHOTO TpaHcdhop-

MaTopa HanpsxkKeHHsd, panpumep, tTuna HTMU-6.
[lepeHanpsiKeHdsi OTHOCHUTE/IBHO 3EMJIH ya0GHO XapaKTepH30BaTb Ha-

NpsiKeHHeM CMeLICHHs HeHA TPy UN, TaK KakK OHO Onperenser HﬁIIpH}KE*

Hua Pas omocmenbﬂg SEMJIH

Up=Upp—Ux; Up=Usn—Yw; Uo=loe—Cn,

Jlas cXeMbl CeTH C BHECEHHBIMH TPaHCHOPMATOPAMU HANPAKEHHA CO-

‘npotuBaeHnaMH (pUC. 7) HanpsaKeHue CMELLEHHS HelTpaJH paBHO

CenoBaTeNbHO, KPATHOCTh NEPEHANPAKEHHHA MOXeT OBTh pacCuHTand

_______________________________.__

(C4+Cp+ CoP—3(C,Cp+ Cple+CcCa)

';4‘7) + o? (CA‘l"CB‘[‘(’C (_')EL-‘ )
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‘KpaTHOCTb MEPEHANPSKEHHS HMeeT HaHOoJbliee 3HAYEHHE H ONpPELeNsercs
ypaBHEHHEM

. rre
K= ——
| | 3”1"|‘f)

]/-622 —~3(C,Cp+ CBCC'I"CCCA) - (29)

‘rre C =C A—’—C BJrCcmcymmapHaﬁ €MKOCTb CETH OTHOCHTE/NbHO 3eMJIH;
. (ﬂ”’“QﬂIf — YINI0Basl 4acToTa.

MnaykTHBHOCTD L; 0nHO# (asnl TpaHcOpMaTopa HANpSKEHHS THIA

' "‘HTMI/I 6 pasua npumepno 180 mMIH. B cetax OAHOBPEMEHHO MOFYT paﬁo- __
l'ra'rb J.'I,O eCsATH TPAHCHOPMATOPOB HaHpH}KEHHH Ilpu stom

°3.108
-314.180.10—1

HOKaH{eM YTO PE30HAHC MOH{ET BO3ZHUKHYTH INIPH MaJIbIX eMKOCTSIX
CETH omocmenbno 36MJIH, T. €. KOrjga CceTb HMeEerT HEﬁOJIbHIyIO HpOTH}KE‘H-

. HOCTS, B stux YCJIOBHAX aKTHBHOE CONPOTHMBJEHHE NPOBOAOB OTHOCHTEJBHO

BEMJIH MOXKET AOCTHIaTh OOJBIIHX 3HAYEHHH, B Tpelese — GeCKOHEYHOCTH.
Hyf:'rb HanpuMmep, C4=Cp=0,5 Mk®, Cc=0,6 MK®, r=300 kOwm. Tor-

; za HpH PA30OMKHYTHIX BTOPHYHBIX 06MOTKAaX TpchchpmaTepOB HanpsxKe-

HHH (r1=cx>) n3 (29) H&H,IIEM

-f . 300.10%.314-10—6

: V/ (T,6°—3(0,5-0,5 7-0,5-0,6 7-0,6.0,5) =

=3,t4.

" Takum 06pasoM, B JaHHOM TpHMepe; B KOTOPOM DAaCcCMOTPEHH pealb

_HBIE! I'IﬂpﬂMEprI CeTH, BO3MOKHO O60Jee ‘IEM Tpempa’moe yBeJH4Yenne Ha-

HpH}KEHHH CMELICHHA HEHTpaJII/I a CJIE,HOB&TEJ‘IBHO H HHHPH}KEHHH CEeTH

| OTHOCHTEJIBHO 3CMJIN,

- Caenyer 3aMeTHTb, 4TO HpU r =0 HanpsiKeHHe CMellleHHs] HEHTpaJIH

--UN ‘paBHo nymo. ITostomy [IpaBuaa ycrpolicTBa 3jekTpoycTanoBok (ITYD)

pEKOMeH,EYIOT B llenb BTOPHYHOH OOMOTKH TpaHCPOpPMATOpa KOHTPOJA H30-
JALHY, COeIHHEHHOA B PA30OMKHYTHIH TPeyroJibHUK, BKJIOYATH aKTHBHOE CO-

.-ﬂpDTHBJIEHHe r ﬁ—-25 Om [5]. B 3apy0eKHONl NPakKTHKE HJs OrpaHHYEHHS]

PE30HaHCHBIX epeHanpskKeHuH HpHMEHHH’JT CETH C HBHTpaJIbIO 323eMJIEH-

HOH ‘IEPES pEBHCTOp
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EO AaHbl ¢OPMYJIBl U ypaBHEHHS AJS BBIYHCJCHUS KPaTHO-.
_ | - _ erefl YKa32HHBIX IIepeHANPSIKEHUI. ' | .
NMEPEXOAHbLIE NPOLLECCH! NMPHU 3AMBIKAHMAX ' .- - He NpHBOASL CTPOrOoro HayyHo OOGOCHOBAaHHOIO aHAJH3a,
HA 3EMIIIO ) o | _ }_“_:--"._.':3_.:-1-__'e"repceH 00bsACHsACT 00pa3oBaHHe IepEeHaNpsIKeHHH NpH AY-
| ' - - roBbIX 3aMBIKaHHfX Ha 3€MJI0 BO3HUKHOBEHHEM B MOBPEXK-

- JICHHOU CETH «yDABHHUTEJbHBIX 3apAJ0OB», H3-3a Y€ro IOBHILIA-

rnABABTOPAﬂ

5. Obuime ceepeHus _ - erca OOIIMHA NOTEHUHAJ ceTH. B cymme ¢ pabounm HapsiKe-
[Ipn ogHodasHOM saMbIKaHMH.B JHHHAX 6—35 KB B 30HE - :{Ig;{ﬁocfﬁoiggaeg;:ﬂg Ezlﬁcr?ém:o;acn;'[;l, O opasylonect mpK
KOHTaKTa NMPOBOJHHKA C 3eMJIeH YacTO BO3HHKAET 3JEKTPHYE- qeficss AYTH, NPHBOAAT K paSPBHTmOSK MHF&HHH oppesan |
cKas jAyra. ApapuiHBIf Ipolecc XxapakTepu3yeTcs psaioMm cJae- - 'd)dp.MHPOBa};HH IepCHANPSKEHHH. Hp)IfI gil(f;ﬂﬁ};d?;fﬂ’?}?;; eBCEIa
~ AYIOIUX APYT 32 APYrOM MOBTOPHBLIX 3aXKUTAHUH W IOracail —  ,npoyacroTHBIX KOJMe6aHHUi, YPABHUTENbHBIX 3aDAI0B ONDEse-
- sueKTpuuyeckol ayru. Ilyra, urpasi poJib ¢BO€OOPA3HOIO KOM- - I p PEA
pH dAYTH. AV,  eMKOCTL NOBDEKIEH- JAs€TCA N0 YIPOLIEHHBIM ¢opMysnaM. CBoell HeJJOCTATOYHOM
MyTaTOpa, MePHOLHYECKH 3aKOPauHBACT eo' };,qnoqz?e'r o g TEOPETHICCKOH OOOCHOBAHHOCTBLIO NpUBELEHHbie (POPMYJEI BHI-
HOH (pa3bl OTHOCUTEJBHO 3€MJIH, 3aTEM BHOBL BRJ - 3bIBaJH COMHEHHA B MaTeMaTHUYCCKOH TOUHOCTU. B mesoM Bc

cerTp. Iloracande W 3aXKMraHue lepeMexalolleics Ayrd BbI3bI-

. . o TeOPETHYECKAasi TPAKTOBKAa MeXaHH3Ma o0pa3OBaHHS AyT
BAeT CJOXKHbIe NepexoJHbie NMPOIeCcChl, HHTEHCUBHOCTH  KOTO- - - % JyrOBBIX

nmepeHanpsixkeHud 1o Ilerepceny HocuT ‘XapakTep TIHIOTe3H.

'PHIX 3@BHCHT OT TAaKUX (DAKTOPOB, KaK, HAlPUMED, XaPAKTC:  FerecTpeHHO, UTo NP TaKOM yPOBHE OGOCHOBAHHS TEODHS He
PDUCTHKA JyTH, €MKOCTb, HHAYKTUBHOCTb, CONPOTHBJICHME IL- - MoxeT OBITb IIPH3HAHA COBEPILIEHHOH H SBJATLCH OCHOBOI
IH u Ap. - o , O AJIA pacyeTa AYTOBHIX IEePeHamps ; 50T Mel
Heo6x0AMMO OTMETHTb, YTO y4eT BCeX (PAKTOPOB, BJAHAL- *BéMHg‘bI OT. aBaBISHﬁ, ocoﬁepHHo Bpg{ﬁepHeHh?eHHHbI;; 31&};333{?1::: 3}11\?13
TUX HA [epexojHbie MPOIECCH], NPHU MepeMexKanmuxca 3aMbl-  raeperemax. | . | | :
KaHHAX Ha 8eMJI0 NpeAcTaBiser Cco00H TpyAHylo 3alady. - JajpHeiiiee pasBHTHe TeODHS AYTOBBIX nep'eHanpﬂ'}Keriﬁ
B HacTofllee BPeMs H3-3a CJOXKHOCTH (PH3HUCCKHX ABJICHHH,  popyyyna B pa6orax coBETCKHX yueHBIX. BHIIO, B 4aCTHOCTH
CBSI3aHHBIX C NAYTOBBIMH 3aMBIKAHHAMH, HE CYWIECTBYCT MX  ppcgazano MHEHHe, YTO B MexaHH3Me OBGDa30BAHHS nepena-
CTPOTOTO 'aHAJUTHYECKOro ONHCAHMI. Mnaye rosops, mpouec- NPSIKEHHH NPH JIYTOBHIX 3aMBIKAHHAX HA 3€MJIIO CYLIECTBEH- -
CHI, TIPOMCXOASIIHE TPH NepeMeRalomuxcs OAHOQASHBIX 33~  pyig pojib HrpaeT CKOPOCTb BOCCTAHOBJICHHS JIEKTPHUECKOH
MbIKaHHAX Ha 3eMJIIO, He YAaercs OMHCAThb MPOCTBIMH MATEMA~ ppogpocTH nyrosoro mpomemxyTka B MecTe MOBPEXICHHS ce-

THICCKUMH YypaBHEHHSAMH. FI3-32 OTCYTCTBHA NAHHBIX O 3aKO™  ry. Qpmako 3Ta TeOPHS M3-32 OTCYTCTBHS aHAJHTHUECKOLO

HOMEPHOCTIX H3MEHeHHsi TOKOB M HAlpPSXKEHUH SaTPYMHCHO  “ampmapara npm u3yueHHM paccMaTpHBAaeMEIX OBPEX ACHHU
' CO3LaHMe HaJeXHbIX ¥ 3(QQEKTHBHEIX Mep IO 3aMATE MCKT-  syeprocucTeMbl He BeKkpblia CYLIHOCTH o0pa3oBaHHA AYroBBIX
PHUECKHX ceTell OT AYroBBIX NepeHampAXeHUi NPU OXHO(A3-  mepeHanpsKeHHA H OCTABUJA OTKPHITHIM BOTIPOC 0 MeszHSMe
HBIX 3aMBIKQHUAX Ha 3eMJIIO. * - HX 06pa30BaHuA. | o | -

" BODSI, M3VUEHMHIO OAHOGMA3HBIX 3aMBIKaHMH HA Ao - -
3emﬁ%o6‘Ul<:ec)n1;;)ooaopmﬂaIOELHXCﬁ I‘OPEI?HEM mepeMesKalolencs HPOABTOPOM MPOBEJCH MAONOJIHUTENbHBIN aHaJu3 (PH3HUYECKHUX
* ) e | | | | POLECCOB, BO3HUKAWOIIUX B JCKTPHUYECKUX CeTSIX ¢ H30JIU-
9J€KTPHUECKON AyrH B ~MECTe 3aMblKaHufd, M BOSHHKAIOMHUX  napap., o0 eHTDPAIBIO - X . )
L | . s e, Pobd IpH 3aMBIKAHHH Ha 3€MJI0 OZHOHU (hashl
npu 3TOM IepeHaNpsiKeHUi B CeTHX C H30JHUPOBAHHOH HEU-  gapaq llepeMeK A 101y IOCs - _ ~
SR | | et A JIEKTPHUECKYIO ayry. Huke nmpuso-
0 qIIeHo HeMaJo paboT KaK vV HAc, TaK U 32 PY"  pdamed tramf | .
gg;{ﬂoh;o HOCBAILL P J ! sa by gﬂTCH Haﬂﬁ%.nee CYIIeCTBEHHLIE TEOPETHYECKHE Pe3yJbTaThl, B
' | - - ' - OCHOBHOM OODBACHAWIIHE CYTH ' - L
[IepBble NONBITKH HCCACNOBAHHS [YTOBHIX - MEPEHANPSKE-  popyy o [IOIIHE CYThb M NPHYHHBE BO3HHKHOBEHHS 1Y
(il BHIBBANHBIX TEPEXOXHMMI MPOLIECCAMH, OTHOCATCH K gy o b aupAKEHA TpH OAHO(A3HBIX 3aMBIKaHMAX Ha
o _ __ - ' ~ SEMJI0 KaK' B OAHO(a3HBIX, Ta o
1917 r. ¥ npHHaLJIeXaT U3BECTHOMY HEMEUKOMY 3JCKTPOIHED- "B mecre AHOG p , TdK H B Tpex‘ib%HIﬂX CeTAX. _
retuky Ilerepceny. B cBoux TeopeTnyeckux paspaborkax lle- i oo ILOBI:‘_ﬂIHIfIHx bl/1a HCIOJb30BaHA B KayeCcTBE HCXOM-
TepceH, ONHPasich Ha 3KCIEPHMEHTaJbHble NaHHbIE H OCLHJI- xmK}IEHH -3a ‘CTE€PCCHa O TOM, 4TO Ayra racHeT npH Mpo- -
jorpaduuéckne HaOMIOACHHS, HHTYUTHBHO NPHUXOAHT K oboc- 7 4 .TO_Ka q€pe3 Hy/Ib H 3aXKHUIaeTcs NPH NPOXOKACHHH
'HOBAHHIO -MEXaHH3Ma pa3BuTHsi mepeHanpsxkenui. Mexoms w3 | |
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Hanps:KeHuss B 00JacCTH Ayru depe3 O/uMKaulIMd MaKCHMYM.
MHorouncjeHHble 3KCHEPHUMEHTHl, IIPOBEJAEHHbIC KaK caMUM
[TetepceHoM, TaK ¥ APYTMMH HCCJEAOBATENAMH, HNOATBEPAKIA-
IOT 3TOT (PaKT. ' ' ' '

—

B paccMaTpuBaeMOM pexHMe Ayra MONEPEMEHHO racHeT H

3a)KUraeTtcsi, MpPHUYeM 3TO IPOUCXOAUT Uepe3 Kax/bie IOJIIe-
puopa. L | S - '

[Tepemexkaromancsa Ayra KaxXAbld pa3 BbIBBIBACT CJOZKHBIC

HepeXoiHble mpoluecchl. B cBoeii rumorese llerepcen orMmeual
CYLeCTBOBAHHE TAaKUX MEePeXOAHBIX IPOLECCOB U Aaxe noJaradl,

4TO MMEHHO OHM NPHBOLAT K mepeHanpsxkenuaM. OJHaKO TeO-

peTHyeCKHe HCCJIEeJOBAHUA NEPEeXOAHBIX ITPOLECCOB IPOBELE-
‘BBl He Opid. [losToMy ycraHnoBjeHHast lleTepceHOM MaKCH-

MaJpHass KPAaTHOCTb HANPSXKEHHH NPU NEPEXOJHBIX npoiec-

cax, paBHasa 3—4, N0 CPAaBHEHHUIO C HOMHHAJbHBIMH 3HAYEHUA-
MU (PasHBIX HANPAKEHUI CETH He MOXKeT CUATAaThCAd AOCTO-

Heo6X0AuMO - OTMETHTDH, UTO aHaJIN3 NePeXOJHBIX NPOUEC-

COB IPH IepeMeXalolUlnXcst 3aMBIKaHUAX Ha 3EMJIO C y1eTOM
pasJHuHbIX (aKTOpoB Tpebyer crnenualbHbIX METOLOB .M HE
ABJISIETCSI PEJAMETOM JAaHHOH IJIaBhl. S S
 Besgyrosele ogHO(asHble 3aMblKaHHs Ha 3€MJI0 B CETHAX
6—35 KB ¢ M30JHPOBaHHON HEATPA/JblOo TaKKe fBJIAOTCA N0-
'BOJIBHO uUacThIM siBJeHHeM. Takue 3aMbIKaHUSA CONPOBOXK/AANOT-

Cfl. IPOXOKAEHUEM B 3E€MJIE TOKAa, 3HayeHue KOTOPOro B nepe-

XOMHOM peKuUMe OIpelesaeTCa B OCHOBHOM €MKOCTBIO IIPOBO-

0B CeTH OTHOCHTeJbHO 3emju. Boobiue roops, ueiaecoobpas-

HO pasJjuuaTh ABa Buja 0e31yroBbiX onHO(a3HBIX 3aMBIKaHUH:
saMLIKaHUsI Ha 3eMJi0 M 3aMblKanusa Ha kopmyc. B TI¥VD [5]
oTMeuaercs: «3aMblKaHueM Ha 3eMJII0 Has3blBacTCH cjyyanHoe

coeMHEHHEe HaXOAAIHUXCA MOJ HAlPAXKCHHEM yacTeH. 3JIEKT-

POYCTAHOBKH C KOHCTPYKTUBHBIMH UaCTSIMHU; HE H30/JJUPOBaH-
HEIMH OT 3eMJIH, MJIH HEeHOCPeACTBEHHO C 3eMJjeill. 3aMbIKaHU-
eM Ha KOpIyC — CJAydyalHOe COCJAMHEHHE HaXOMAUHXCH om
 panpsiKeHHeM uacTeil 3JeKTPOYCTAHOBKH ¢ HX KOHCTPYKTHB-
HBIMH YacTdIMH, HOPMaJbHO HE HaxoJAWHUMHUCA 1104 HAIDH-
JKEHHEM». S - I IR
. Dro ‘pasauuue HUMeeT CYULeCTBEHHOE 3HAYCHHE, TIOCKOJIbKY
BO BTOPOM CJyuae MOXKET UMETb MECTO 3HauuTeJIbHOE Iepe-
XOJHO€ COIPOTHBJIEHHE B MecCTe 3aMbIKaHHIL. B ToM u Apyrom
_ cyyae BO3HMKaeT TOK, KOTOpbIii OyleM Ha3bBaTh TOKOM OL-
Hoha3HOTo 3aMBIKaHMA. L

[nyxue onno¢pasHble 3aMBIKaHHA Ha 3eMJIIO -B. CETSAX ¢ U30-

JINPOBAHHON HeHTpajblo MPHBOAAT, KaK H3BECTHO, K yBEJHYe-

M0 HanpsKeHus HEMoBpeXKIEHHDIX (pa3 OTHOCHTEJBHO 3€MJIH
o | -

- 6—0,4 xB. Bosuukuine npu stom me

- TH NpH - oxHO(a3HOM 3a-

N - -
i o —y -
. - . -

B]/3 pas. bosee Toro, ogHoasHble 3aMBIKAaHHA SBASIOTCS
OpHIHHON BOSHHKHOBEHHSI NePeHANpPsIKeHHH BBICOKOH Kpart-
“HOCTH. BO3HHMKaIolHe NepeHanpakeHHs MOTYT BEHI3BATh IIO-
~ BpEXKJICHHE H30/IALNH, NOPaxKeHHe JJel TOKOM, a TaKiKe.
MPUBECTH K I0XKapaM H B3puiBaM. B § 11 'pacc;{OTpeH T PM-
‘Mep IICPEXOJHOTO Npouecca, BO3HHKINETO B Pe3y/bTaTe 3aMEl-
KaHHfl Ha KOpIyc TpaHc(opmaropa MauToOBOH MOACTAaHIMH

e PCHANPDAKECHUSA OIDPUBEJAH
Kno}Kapy C GQJIHLLIHMH yﬁ‘BITKEIMH. | P

6. =_'Ipex_q:aanaa CeTb € MaeanbHOM M3OoNsAUMEM

. ~Ilycts numeercsa cumMetpuuHas TpexasHas ceTb ¢ W3OMH-
pOBaHHOH HefiTpaapio (puc. 10). PaccMOTpuM noBeleHue Ta-

~ KOW CeTH NPH OAHO(PA3HOM [AYIrOBOM 3aMBIKAHHH Ha 3eMJIIO
. . »

~Hanpumep, B ¢dase A. Dynem noJiarath, 4To mepBoe 3aMbIKa-
HHE IPOM3OUIJIO B MOMEHT BpeMeHH {=0, Korxa HampskeHHe

‘

~—Ugp

v

Hu)— _ ' | A

,[a | 0 0 0 /  ‘
N L!.Al H'Bl ucl

Puc. 10. Pacyetnas cxe-
‘Ma HIeaJH3HPOBAHHOH ce-

. MHKaHHH Ha 3eMJI0

-

~Pasel A OTHOCHTENBHO 3eMJIM HMEJ0 MAKCHMAJbHO® 3HAYCHHE.

Hsmepenne (asublx HanpsKeHHE MCTOUHHKA NHTAHHS ceTH

- 3allULIEM B BHJE |

. ude-—_.“‘ Umcb Sin ((ﬂf—]——g-) :

— : T 2
typ == Uy SiN (mt_l_“{_‘_l)?

o9
K u-d)cx mb sin (mf—-l——g—___féf_)

T’eHeHIIOCpteIICTBeHHO nepes 3aMplkaHueMm daspr A HA 3eMJIIo
- . —_— ] — ’
T. e. mpu (—0), nanpsxenus ¢as A, B, C OTHOCUTEIBLHO

3BMJIH UMeaHd 3HAYCHHS
4 (—0) =Una; ttp(—0) =thc (—0) =—0,5Urng.
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B unrtepBase BpeMmeHH oT wl==0 10 wi=n (Ha30BEM €ro
epBLIM MHTEPBAJOM) TOK 3aMbiKaHHA Ha 3EMJIO H3MEHSIeTCH
0 3aKOHY |

is=3UngaC sin (ol+), .

a HanpsiKeHHe CMEUICHHS HeUTPaTH Uy Gyger paBHO Hamps- .o
KeHuw $assl A HCTOUYHHKA. _ ' R

CornacHo runotese IleTepceHa ayra racHer Ipu mpOXOxK-
JEeHHH TOKa 3aMblKaHHS Yepe3 GaMKaRIIME HYJdb. DTO CJAYUHT-
ot B MOMEHT @f=mn (puc. 11). EMKOCTb MOBpeXKAeHHOH (hasbl

Goabuie He Oyler 3akopoueHa TOKOM JyTH, COIIPOTUBJICHHE
KOTOPOH MBI IioJlaraem papHuM Hysio. CienoBarelpHO, mpo- - -
H30iAeT MTHOBEHHOE mepepacnpese/ieHue Halps2KeHU! Ha eM-
KOCTSIX CeTH OTHOCHTEJIbHO 3eMJH. - e
Hanpsikenue cCMelleHns HedTpaji B C/IeNylomeM HETEPBd-

. 3 ] . .
je, T. €. NpH T <ol é-.-—é—'m, HafifeM H3 OIEepPaTOPHOH CXe€-

Mbi puc. 12. Tak, Hanpsizkenue CMeIICHHs HeHTpami B ONEPA-
TOPHOH (popme - .

wt

[Tepéxon oT n3o06paxKeHHd K OPHUIHHAMY naeT

|
o
|
l_
N
|
|

CaenoBartejibHO, HyJeBag TOYKa rpexda3HoOro HCTOUHHKE - - &
OTHOCHTEJBHO 3eMJu Moejie noracatus AyTH OpUHEMaeT . He - it A
H3MEHSIONMMICS BO BpeMeHn NoTeHnuall, paBHBIN N0 3HAYEHHIO
AMITHTYAE (asSHOTO HANPsMKEHUs CETH. - . _
[losToMy HampsiKeHHss B CETH B MHTEPBAJC moracaHug Ay- -
v 6yAyT ONpefe/siTbCsl BhIPaKEHUAMN. * .

UA:UWIJ [Siﬂ ((ﬂt—i—-%—) —‘-11’
"‘.U [%in of - = _ 2n -{—11 .
o S ( 1 2““‘5"") }:

o | | o " Phe. 11. KpusHe, xapax | |

| | | | | . o e . . ’ PAaKTEDH3VIOUIHE nepeXOIHBI -
TakUM 06pa30M, HaNpAKeHUS (1)33 CeTH OTHOCHTEJBHO - ;%01;3? {](I)) H AYyrOBOM 3aMBIKaHHH Ha SGMJII;{) B CXxe-
geMJId MOTYT JOCTHraTh 3HayeHu#d, PaBHOIO yJIBOGHHOH aMIl- = = . . T R 8
autyae (asHoro HanpsXeHHs CETH 2Ume (pHuc. 11).

. N :- !. --

£\
<+

e Seeenlls . SR




OnepaTtopHas

Upelr 15U Puc. 12.
el 1/pC > pm cxeMa pacuera Iepexol-
| goro mnpouecca IMJasg HH-
0 72\ ; ' N TeppaNa NSO 5 T

3
— T

2
crurger Makcumyma, ta=Umy,
nyru Ha 3emJio. B 3TOT MOMEHT

CBSI3H C 3THM nponaonne'r CKauoK TOKa is (PHC. 11). ;Hanee
1"
mpoxece, KaK U ¢ MOMEHTa® #-——2—- , nomopmca TOJILKO BCE

B MomeHT of = panpsukenne dassi A omATh JAO-

T. e. ONATh BO3HHKAET TOK
KOHAEHCATOP 3aKOPOTHTICH, B

3HayeHHA (TOKH, HanpsKeHus) NOMEHAT SHARK. _
Takum o6paszom, mpu AYroBblX 2aMblKaHNgX Ha 3eMJI0

gauGoJibliee MepeHanpsiKenue He MOIKET MpeBHIaTh YABO-
eHHON AMIUIUTYAbl NPHI0KEHHOTO
MJeaJbHON CETH. o

7. OpxoghasHas cerb, oﬁnap,arou.l,asl aKTMBHbIM
 CONPOTHBNEHHEM H EMKOCTBIO - -

Orpeiesouy B DasBUTHH IepeHarnpsKeHHi apsercs mpollece, mpo-

TeKAIOMINE B CETH HENOCPEICTBEHHO MOCe OYEPEAHOTD HoracaHHsl 3a3eM-
fAsiomied Ayru. IJTOT pusHIeCKHH HPOHECe XapaKTepH3yeTC s BOCCTAHOBJIE-
HHEM ganpsxkenu# as ceT IO oTHOIMEHMI0 K 3emue. Harjasiano 3TO MO-
sKeT OBTh IPOHMTIOCTPUPOBAHO CXeMOH 3aMelleHHs] ofgodas3HOH CEeTH,
HpE,ILCTaBJIEHHOH na puc. !3. Ha cxeMme C. n Cy— eMKOCTH ha3z ceTu

OTHOCHUTEJLHO -3EMJIM. [IpH OAMHAKOBOH MPOTHAKCHHOCTH NPOBOAOB JIUHHH -
spauenuio, T. e. Ci= .

yYuTHIBAET AKTHBHBE MOTEPH B e 3aMBbl-
B yacTHOCTH, HM MOXKeT fBJIATHCA AKTABHOE CONPOTUBJEHAE NMPOBO-

3JleKTponepesadd OHH I'[pI/IHHMElHJTCH PaBHBIMH - 11O
—Co==C. ConpoTHBJCHHE 7

KaHHsl.
JLOB. Hanpﬁmeﬂne HCTOYHHKA SJIEKTPOBHEEPI‘HH 3aJaH0 BHpaXKCHHEM

u(t) = Up, sin (0f41P).

BojieicTBHE TOTAcaHHs nepeMelaiomelicss /IEKTPHIECKOR AYIH, dTO
s cXeMbl pHC. 13 COOTBETCTBYET BKJJOUEHUI0O B C€Th E€MKOCTH BTOPOIC
IpoBOAA OTHOCHTEJBHO 3eMJi, B o6pasyouefica NpH 3TOM .LeNHM BO3HH-
KaeT MepeXOJHBE mpouecc, KOTOPHIH H Ompeneder SaKol H3MeHeHHs Ha-
npsixennit #;(f) u uz(?) NPOBOAOB CETH [O OTHOWEHHIO K 3eMile.
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(hasHOrO HAMpSKEHAS B
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13. PacueTHas cXeMa OJIHO- i
f_paaﬁon CeTH IIpH - 3aMblKaHUHU
Ha 3eMJII0 B onﬁocpaaﬂon CeTH
g

FiT

st wlt)] 4

_':.;__-.a:::'__:::_{;:.z-_[IOJIIJBYHCL MOGHIM W3 H3BECTHHIX METONOB PAcyeTa NepeXOAHLIX HpO-
[{ecCOB, HETPYAHO HOJYYHTh _

1/ — —_— C
Vet s o F 6 @ere’ T
Y el e T
+ V4(<0C-")_2—|—4 Si1l (4’ "I“Pl“—"‘Q_');
ug(t) = — Y y o
o V (oCr)? +4 S| @ +4’+‘P2—'7)+
- +7-7——-"—[}—”1——“"" ——¢ rct-[-
. 4(oC 90 4. 10
._ * r) + +(0}Cr)2
| U | o
+ 1/4_-(T;C*"'—z"q‘:""":{'Sf“-'1 (‘H— ?1 --—z—)

l‘ﬂ;e cp;--arctg l/mC;, (p2=31'Ctg 2/wCr..

EMK
SaMHKa OCTHHIH TOK HAa 3eMJI0 B HEpEXOﬂHOM pexume, Korga TOK JAYIH
. HHH Ha 3eMJI0 l3=0, OHpE,H,e.}IHETCH ypaBHeHHem

2

U e_ E—t
TV (@CrE 5+ 4 (Cr)E

- M3 n I ; | .
pe,[LCTaBJIEHHbIK BhIpAXKEHHUH BUJIHO, YTO HampsaxkeHusa ¢as cern

OTHOCHTEHBH
. O 3eMad u;(f) u uy(f) B pesy’bTaTe NEePeXOAHOTO npouecca

ocae nora
ca
Hue COCTHBJIHHHH 3a3eMJIAI0IeH AYTH NPHOGPETAIOT HEKOTOpble NOCTOsH-
folllle, PABHBIC MO 3HAYEHHIO M OJIMHAKOBO OpHEHTHPOBAHHLIE

o OTHOH_IEHHIO K 3eMJIe
o U | |
e 02

wlf—.'

sin (¢+ ?y _
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OueBHAHO, YTO YyKasdaupble MNOCTOAHHBLIE COCTaBJIAIONIIE -npgcch'r-ByfoT
B CeTH A0 'oqepeﬂﬁ‘oro MOBTOPHOTO 3aXHraHud IAYTH. B cymme ¢ pabodHM
(pa3HBIM HaNpsXKEHHEM 3TH cocTaBJigone O0yCAOBAHBAIOT IOBLILCHHE .
HampsKEHUH CeTH MO OTHOWIEHHIO K 3eMJje. KpaTHOCTb 06pa3yoLuxcs IIe-

peHaNpAXKeHHH 3aBUCHT OT MHOr'HX «(aKTOpOB, B TOM UYHCJE OT JIApaMETPOB
. ceTH W OT MOMEHTOB BPEMEHH, B KOTOpble NPOHCXOLAT NOBTOPHLIC 3aKH-

ragus ¥ IOracaHHs nepeMexawllenca AYTH.
Tak MOXHO 110Ka3aTb, UTO TIPH |

p= (24 1) ———g, k=0, F1, £2 ..

U= Hoﬂzo;

a npu Pp= (k4-1)n—e@;, k=0, 1, +2 ...
- . ! Um -
o1 =02 = L Y (wCr) + 4

;
" Ug max -

- Takum obpasom pacéMOTpe'HHbiﬁ bu3HUECKHii NPOIECC JIEKHT B OCHOBE
bOpPMUpPOBAHHS AYrOBBIX MEPEHANPSKEHAH B onHO(a3HbIX CeTAX, a YHer
AKTHBHEIX TOTEPb MO3BOJSET KOJHUECTBEHHO OLHHTh KPATHOCTL 3THX MIC-

 PeHalpsKeHHH.

8. TpexchasHas Ce€Tb € EMKOCTBIO M aKTMEHBIMM
CONPOTMBNIEHMAMM M3ONALMM

PacCMOTPUM - IIPOLECCH, TPOHCXOAAILNE TPH AYTOBOM 3a-
MBIKAHHM Ha 3eMJI0 B CHMMeTDHYHOH TpexX(pasHOM CETH IPH
CA;CBche—-C, ta—rp==fc=r, CXE€Ma SQMEIILEHHH KOTO-

poil mpefcTaBJeHa Ha PHC. l.

- I yKa3aHHOH cXeMbl MCHOBEHHbIE 3HAYEHHS (DA3HBIX HA-
npsKEHHH HCTOUYHHKA NHTaHUS 3alaiuM ypaBHEHUSAMHU

upa=Umsin (0f4));

Upp = U‘ﬁ” sin (wf+ b — —-5—) :

. 1 47
u[bC:: Um Sin ((lft f—ﬂl)“—'-——e) ),

rae P — yroJl 3ajKMraHus Ayr¥, OPUHATHIH PaBHBIM /2.
[Ipi aHaju3e CXeMBbl 3aMELICHHS YUHTHIBA
HOCTb TOSIBJEHHS M MCUE3HOBEHHS NYTH

HO 3eMJIM OT BpeMeHH s JIo00ro aBapHHHOrO LHKJA MEpe

30

. 1-_',., ...- o .:-:.I;:.__. i
- . ':--:.j.:':.. j. ._;.:,'l_.-.._ R o
X )

L im=3Y &+ @C) Uysin(of+-¢Fo-£n/2), (31}

MeHHt2 I -t_g n+2, OIIUCHIBA

: uﬂ(t) I U m S (‘”t —+ ¢ -

ach IepHOANY-
B MeCTe. 3aMBIKaHMS.

OmnpejenuM 3aBHCHMOCTD HalpsiKeHu# (a3 ceTH OTHOCHTENDb

pId L A
. it L i .
Srhns ENE R U L
g » T

:

pxarouerocs 3ambikanns. Ilpn srom mop aBapuilHBIM HHK-

b
el
1:
T,

joM TOHMMAeTCS IPOMERKYTOK BPEMEHH MEXIY IBYMS cleny-

QUIAMH JPYT 32 IPYrOM 3aXKHTaHHAMH AYTH.
- Kaxabi UHKJ pasje/eH Ha fABa 3Talla Tak, 4yTo B Teue-

-
1

AR
e

SXELi
s '_.\:_?.._{_u.

R H

gHe NepBoro (fn<Ct<Tfont1) OCYLIECTBJSIETCS AYTOBOE 3aMHI-
“ganMe, a NPH BTOPOM (lon<Ci<Clonte) ZAyra orcyrerByer. JLis

ko] =i
..--:.f};?ﬁ- .

T

HaanH{EHHﬁ a3 ceTH OTHOCHTEJBbHO 3e€MJIM U TOKa 3aMbIKa-

. -.-_‘
JFJ

-
Al

Hﬂ Ha 3CMJIIO MO2KHO 3anucaTts cJaeAyiollue YVPaBHECHUS:

L

AT

% B HHTepBaJe lon t<Cfony) mpu n=0,1,2 ...

o
P N f L

.' uA(f):O;

U (f) — ]/_gUm sin ("(Uf —I—- ¢ ———2:)’—ﬁ- — _g_)

’»

_ (30)
.'uc (f) = V?‘TUm sin (mt 1 — _%.’f_+ _;‘_.); - '

u-. -. Il ' -\L
. "-,.'_ i

.r'\:-q,-..__l u

1
|
%_
|
)

rae g=arctg—I1/wCr. | o
‘_::_._@ifj_;;'_B.iﬁ'._-jpe.SYJIbTaTe OYepPeJHOTO MOTacaHusl 3a3eMJAONIeH IYTH
B MOMEHT BPEMEHH [==[3,41' B CETH BO3HHKAIOT IMepPeXOJHBIE
. MpoLeccH, ONpeaesadollie W3MEHEeHHs HaNpsKeHHH (a3 ceTw
OTHOCHTeNIBHO 3eMJIH. JTH HaNpSIKEHUS B TEYEHHE BTOPOTO
~9Talla aBapHHHOrO LHUKJA, ONPEAENIEMOT0 MPOMEKYTKOM Bpe-
IOTCSI VP aBHEHHUSIMH: '

Uy (O) =Upsin (of +¢) — U, sin(ot,,,, +-$)e €

rc

?

t—toniy
rC

27 : -
'-3) UmSIH (@fznjﬂl 1 q))e |

(32)

f—tzn-!- 1

rc

4n o N
) Uy i oy e

i
;
A& n=0, 1, 2 ...

=18 (30) BHAHO, YTO HaNMpsAXKeHHS BaA3 CeTH 10 OTHOMICHUIO

- SEMJIe B TeueHHe NEPBOr0 3TAaNa IPOU3BOJLHOIO A-IO 4BA-
MH JHHEHHOMY HallpsKe-

O3HUKAWIIHE B JaHHOM

PHHHOro nukaa oKasLIBAOTCS paBHB
€ BTOPOro 3Talla NnepeHa-
€pPEexXoLHOro Ipomecca  co-
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=

Puc. 14. Kpusnie,
3VIOU[HE ITePeXOAHBIY
IIpH  JAYTOBOM  3aMBIKaHMY  Ha
3eMJII0 B OgHOMa3HOH ceTH

(32). Ilocrosnnasi BpeMe-
pamu ceTu r u C.

- B kauecTBe npuMmepa Ha
puc. 14 nmpuBelcHBl rpadu-
KU, WIJIOCTPUpPYIOUIHE aHa-

0} \— JUTHUECKHe  3aBHCHMOCTH
| t2n tares \ f2r+¢ T (30) m (32), KOTOpHIE OIH-
* 1 CLIBAIOT aBapPUUHBLIH PEXUM

| ~1oUm  opHodasHOrO  3aMBbIKaHUS
wp () Vi, ~ Ha 3emMJ10 1Jf caydas, Ko-

ria napaMerphbi CeTH YJI0B-
J€TBOPAIOT yCJIOBmo

|
' - wC ( )

[Ipx yKa3aHHOM COOT-

| th%ff t

C Husg (32) u (3l
v ypapHeHust (32) u (31)

UMelOT BH]
. . | —w(t—tyy . )
iy (8) = Upysin (of - q))—Um sin (m_t”“ +¢)e .
| . | . 9 . | o -—m(t-——f " )
Up (t) — Um S11l (mf T '"'33) — U SITL (mtﬂfz?l-l + (‘P) € | 2& e g

—oli—tgp. 1)

u,(t)=U sm(mt—}—q)——- ) Umsm wtmﬂ—l—q))e | ;'
i (t) =31/ 2CU,, sin (mt_ 1y —[—-—) .

CJIeILyeT OTMETUTb, 4TO (ha30Bble YIVIBL MOBTOPHBIX 3aXKH-

TaHWA W IoracaHum 3a3eMJISIOLLEN ,H,YFH OIIPECACHSIOTCA petae- .
HHUCM Tp&HCH@Hﬂ,EHTHbIX ypaBHGHI/IH COOTBeTCTBYIOI_U,HX Ka}K-..

AOMYy 3Taly n-ro° IHKJa. PelieHue TaKHX ypaBHEHHH MOKeT
OBITh MOJY4eHO rpaduyeckuM METOLOM. [Ipn BBIOJMHEHHH YC-

Jopusa (33) uMeeM

XapakTepu-
npouece =

OTBETCTBEHHO ypaBHEHUAM

HOLIEHHH [apaMeTpPoB 7 1
-cTH (a3 OTHOCHTEJNBHO 3eMJH, aKTHBHO HHAYKTHBHBIM CONPO-

" THBJIEHUEM IIPOBOJOB.

TH, oﬁ.ﬂaﬂa}omaﬂ aK-

| 'HLIM _ CONPOTHBJICHHSAMH
(34)

~ Ha SE‘:MJIIO |

YpaBHeHHH (32) m rpaq)HKH pHc 14 O3BOJISAIOT CAENATh

;BHBO,I[ 0 TOM, YTO AYrOBBIE IEpeHampsIKEHHs, BO3HHKAIOIHE
B CETH B DE3yJbTaTe NMEPEeXOAHbIX MPOLECCOB BO BTOPOM 3Ta-

ﬂe Ka}K,IIOI‘O aBapHHHOI‘O IHKJ4, 3aBHCAT OT COIIPOTHUBJECHMU

‘M30JAUHH I B TEM MeHbllle, YeM MEHbIIE 3TO CONPOTHUBJIEHHE.

Tpu r=1/0C OHH HE NPEBHIUIAIOT AMILIHTYAHOTO SHAYCHUS

._JIHHeHHOI‘O HanpsXKeHus NaHHOH CeTH.
HU ONpEJeJisieTcsi mapamer-

- CJiefoBaTe/IbHO, HCKYCCTBEHHO H3MEHSIOT aKTHBHOE COIPO-
'THBJIeHHe CETH OTHOCHTEJNbHO 3€MJIM TaK, YTOObI BHINOJHSIJIOCE

"chIOBHe r<<1/wC. dTo 03HauaeT BO3MOIKHOCTb CYLIECTBEHHO
'BIMATH HAa KPATHOCTb AYIOBHIX NeDEHaNpPsKeHHH, BO3HHKAIO-

EX B CETAX C H30JUPOBAHHOH HEUTpaJbIO NPH ORXHO(Pa3HBIX

‘_saMbIKaHHHX Ha 3eMJy10. [JJs 5TOro MOXeT CaOyXHTh yCTpo#-
-*CTBO, COCTOSIIIIEE U3 TPeX AKTHUBHBIX CONPOTUBJEHHUH, MOAKJIIO-

yeHHBIX K (a3aM 3allulIaeMOH CeTH, ¢ oOlled 3a3eMJIeHHO
rouko#. Takue yCTPOHCTBa OTJIHYAOTCA IPOCTOTOH, HEBHICO-
KOH CTOMMOCTBIO, TPeOYIOT MHHHMAJBLHOIO yXOJa H llOCTaToq,

| HO Ha)le}KHO paGOTafoT 0e3 peryJupoOBKHY.

9. 06u4as| MeToauKa MCCNeAOBaHUA M t pacuera AYI'OBHX

3aMHKaHHH

PeaJIbeIe ceTH 06J1a1a10T, KpOMe EMKOC’I‘HOH MPOBOAUMO- -

BJE HOSTOMy NpH HepeMekaloluxcs - 3a-
MBIKAHHSIX JAYrH Ha 3eMJII0 BO3MOXKHBI KoJe0aTe/bHBIE MPO-

——Upr

‘
- !

Puc. 15. Pacuernas
cxema Tpex(asnoit ce-

THBHHM U HH/JYKTHR-

PH- -3aMBIKaHUHA cl)am o l cll c
Up | Ug

Ileccm BOBHHKa}OILlHe Mpu 3TOM nepeHaHpﬂ}KeHHH 6y1{y'r
HMETh HEKOTOPYIO KPAaTHOCTb OTHOCHTEJNbHO IIOJTyYeHHBIX Pa-
Hee 3HaueHHi s HACAJH3HPOBAHHBIX ceTeH. B CBA3H ¢ aTum
IPONECCH, NpOUCXOAsIIKE NPH IepeMexalrolleiica Ayre mneJe-

- .
wf ,.,__.__sm, “me—l-‘lz'r(l -+ 4n), fCOOQpa:%Ho HCC/IEJI0BATL HA NPHHIHMIHAJIBHOH —CXeMe, Mpej-

o _ ' - CTaBJEHHONR Ha puc. 15, B KOTOPOH yUTEH HHAYKTUBHOCTH L

rae n=0, 1, 2... _ _ | H CONPOTHBJICHHS 7 NPOBOJOB. B HaHHOM claydae 1esaeco006-
a9 S o o PaSHO paccmanHBaTb BOSHHKaIOLL[He nepexo,u,HbIe poLecchl

3__
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mar 3a maroM, HaymHas ¢ NEPBOHAYAJNbHOTO BO3HHKHOBEHHUS HanpfrbKeHHe Ha eMKOCTH MOBDEKAEHHOH (haspl NOCHEe I10-
ayrd. MBl yx&e OTMeua/Jy CIOXKHOCTb TakKux 3ajaay. 110sToMy rdcanns AYyrd 11€JIecO00pa3HO ONpelessiTh H3 ONePaToPHOL
IpUBeJleM 3/eCh JHIIb METOAUKY pelleHHS H OCHOBHBIe pac- cxeMbl 3aMEIIEHHS C HCTOUHMKOM ToKa (puc. 16,6) kak
yeTHBIE COOTHOLICHHS. e _ | B

JIOTHYHO NPEeANOJ0XKUTH, YTO BO3HUKHOBEHHE Iyrd NPOHC- . _ Ua(p)=1, (P)Z(p),
XOJIHT B TOT MOMEHT, KOrja HalpsxKeHHe NaHHOH (a3bl HMe- '
eT 3HaueHue, 6JU3Koe K aMIINTYAHOMY. Haijnem HanpsKeHHe

£

rﬁéfoﬁépaTopHoe'coHpOTHBHEHHe WMeeT BH/L

Ha moBpexjeHHOH dasze A B MOMEHT IIPOXOXKJeHHs ero yepes = 12 (3r—|—3pL—[— I ) 1
MAaKCHMYM H H3 3TOTO YCJOBHS ONpefe]HM HadadpHyo ¢azy = - Z (p) = - . | pC | pC
{ HanpsKeHui Tpex(asHOro HCTOUHHKA. KiMeeM _ S — /2 (Sr 3L 4 1 ) 1
tpa=Umesin(of-+1)); S o F e
- - 9o\ - - Ilepexox oT u30o0paxKeHHH K OPHIHHAJAM qCYLIECTBJSIET-
Uy = U g, SIN (mt—|-ap- — -); - cq no gopmyse Xepucainpa. B : |
- - ° /7 . - PaccmarpuBas, TakuM 00pa3oM, HHTEPBaJ 32 MHTEPBAJOM
u c‘i U g, 8101 (cnf—|—cp-~—-—-—-—4w ) B oraCahus H SdMHIAHHA AYrd, NOMYIHM KapTHHY Iepexon-
b . 3 '  HBIX TIPOIECEOB, M3 KOTOPOH MOMKHO ONPEAENHTh KPATHOCTH.

&

CorJiacHo MPHHATON CXxeMe HaNpsKEHHe Ha dbase A 1o 3a- Bosﬂ_ﬁKa}omHL}; ngeﬂanpﬂmemﬁ A/ KOHKPETHBIX Hapamer-
MBIKAHHS Ha 3eMJjo onbefensiercss ypaBHeHHEM PO__:B.lIeI_IH-. r,LuC. .

4 | - sin (of 4§ — o), 105,:_ Pacuer TOKOB nNepexoaHLiX NPOLECccoB MPH FAYXMX
X A V r3n2C? -I- (1 ——mZLC) | . | L _SaMbIK_aHHHX Ha 3éMnio - -
rie _ . - Toku nepexoanoro npomecca OTJIHYAIOTCH OT TOKOB yCTa-
o = arclg roC . o HOBUBINErOCA peXHMMa HaJHUueM CBOOOLHBIX COCTABJSIOLIUX.
e T el LC'“- _ ~ Tok opnodasHOro 3saMblKaHHS Ha-3€MJI0 NPH IEPEXOAHOM

_ _ * - ' rmpouecce HanboJsiee MPOCTO MOXKHO OINPEACJHUTh HAa OCHOBAHHUH
_ =0 HauGOJBLICE oo . - ' h
OueBHIHO, YTO AJA MOMEHTA Bpe}lleHH {=0 naud " METOJa IKBHBAJEHTHOIO TeHepaATOpa pacuera JHHEHHBIX Ie-

3HaueHue U4 OyaeT uMerb npu §— — — ¢. TakumM o0O6pasowm, neH. Cor/iacHO 3TOMY METOAY NMEepexXOAHBIH TOK 3aMBIKAHHS HA

o | | | 2 | 3eMJII0. Hat SN, o
HauaJbHyl (asy P GyAeM CUHTaTh BEJAHYUHON H3BECTHOH. q)opﬁg:HaHﬂeM i3 ypaBHEHH, 3alNMCAHHOrO B OlEPATOPHOH
Pacyer ToKa IePeXOJHOTO mpolecca Temepnp JErko mpous- = = _ U ()
RECTH M3 ONEepaTOPHONH CXeMHl, NpejAcTaBJeHHOd Ha puc. 16,0 . - I (p)— d __
MwMes: BBIpaxKeHHe AJs TOKa IEPEXOJHOTO mpouecca, MOXKHI . . - 3 Zo(P) F Za(P)

onpeneJIMTh MOMEHT BpPEMEHM IoracaHus IyrH, npuuas ;=0 _~ U | o
P - ' . rae -(_}_(P):—- =—— — OIlePaTOPHOe H300paskeHHe KOMILIEKCHOTO

e AT
. . L . wt . , * ' : s
g HapAKeHHs U.e'" vexny ¢asoit ceTd H 3sewsefl, uMeBLIEro
Z MECTO,[[() 3aMbIKaHHsI 3TOH (asbl Ha 3eMI0; Zs (P)= Y i ) —
7 e | — AV

I %PC ggﬁﬂge_.enepafropﬂoe CONIPOTUBJICHHE CETH OTHO.CI/ITEJIBHO_ 3eM-
S H; Z:(p) — onepatopHoe cOMpOTHBICHNE B HENH TOKA 3a-
- MbIKaHua Ha 3emio. - '

- O

- - epexon or OIIEPATOPHON (OPMEI K KOMIL ;

| . . LN OMNJIEKCHOHU MOXKer
Puc. 16. OneparopHble CXeMbl pacuera TOKZ 3aMBIKAHUs Ha 3¢MAM. 6bI'Tbé-.;-'-QCYLI_J;eCTBJIeH Ha OCHOBaHHHM U3BECTHOH (DOPMYJIBI BKJIO-
@ — 1IPH TOPEHHH JYIH, 6 — nocje neracanus nyry | . Q% e | . B



1eHHA HA [APMOHHIECKOE Haﬁpﬁ}i{eﬁﬂé

efwt

Z(jo) _+

U, Frt
(P:e——fw)l (Pk)

' 13(?»‘)_-‘:—“

rae Upm — KOMIIEKCHAS __aMHJIHTy,E_La HalpAXKeHus Mexay da-

301l CeTH H aeM.neﬁ; Hmeﬂmero MECTO JIO 3aMLIKaHU$SI Ha 3€eM-

:
Puc. 17. Cxema saMelieHHs
' TPpexX(pa3HOH CEeTH MpPH 3aMbi-
KQaHHH Ha 3eMJI0 Uepe3 akK-

) TUBHO-HHAYKTHBHOE

4 THBJICHHE

J110; Z(]co)—,-ZE(]m)—]—Z (]m) ——-KOMHJIeKCHoe COTMPOTHBJIEHHE

CXeMBl 3aMEIUEeHHs] 10 METOAY 3KBHBAJEHTHOrO T'eHepaTopa;
Z'(pr) — 3HaueHHUE NPOUSBOAHOH Z(p) npH p=pr; Z(p)=

=Z5(p) +Zs(p) — OllepaToOpHOEe CONPOTHBJIEHHE CXEMBI 3aMe-

HIeHHUSs, 1O METOAY 5KBHUBAJIEHTHOI'O Tr¢HepaTopa,

Pk —_HYJI{I
¢ynxuun Z(p). o *

HcKoMEIH TOK o,zLHocpaSHoro 3aMBIKaHHsA Ha 3eMJIO IIPH Ie-

PEXOIHOM IIpollecce HAXOAUTCA KaK MHHMasl 4acTb TOKa /s (t) _
T. €. i(f)=Im[/5(f)]. " "

PaccMorpum 6L cayuali 3aMBIKAaHUS Ha' 3eMJIO, Koma

B Il TOKd, KPOME aKTHBHOTO CONPOTHBJEHUS r3, UMEETCH ¥
HHAYKTHBHOCTb L, OﬁYCJIOBJI@HHaH HalpHMep, NOBpPEXKJeHH-
eM 0OMOTOK [BHUraTeJied, CHJOBBHIX H HM3MEPHUTEJBHBIX TPaHC-

(opMaTOPOB M APYrHX YCTPOHCTB, 06JafalOUHX HHAYKTHBHO-

cteio. Ha puc. 17 npusefena cxema BaMemeHHﬂ ceT . I
3TOTO CJyYas. -

Ha ocHoBanuu TeopeMsl _00
HaANpSAKEeHUd CJAOKHYIO Tpexcpasﬂyzo ellb ¢ TPeMs HCTOUYHU-
KaMH Hanpsikenusi (puc. 17) MoXKHO 3aMEHHTh- CXEMOH € OJI-
HUM MCTOYHHKOM HAIpPsXKeHHs, KaK 3TO MOKa3aHo Ha pHC. 18
K- sTrofi cxemMe MNpHKJIaAbIBAGTCH  HalpsAXKeHHE
=Upsin (of+1)), KOTOpoe sBJAAETCS HANPSKEHHEM XOJOCTO-
ro Xo4a B CXeMe J0 3aMBIKaHUA Ha SeMJIIO Ha cxeme TIpHHS
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SKBHBaJIeHTHOM HCTOUHMKE

¢eTH OTHOCHTeNbHO 3eMJIH;

Ca+Cp}Ce=

_-cyMMapHaH €MKOCTb CETH OTHOCHTEJNbHO 3eMJIH; s —

'":"'*'*‘5"’:"5%"*"’-peXOI.lHoe CONPOTHUBJIEHHE B LMK TOKA 3aMBIKAHM{ HA 3€M-

'_,'ﬁ'. (npu TiayXoM 3aMBIKaHHH 73==0); Ls"-—PIHIlYKTHBHOCTb B
germ TOKA 3aMBIKAHUS Ha 3€MJIIO.

TIpuMeHHM K cxeMe pHC. 18 (popmyﬂy BKJIOUEHHS Ha Tap-
MGHH'—IECKOG Hanpsukenue (35). .

~=  Pue. 18. PacueTHasi cxe-

‘ Ma K METOAY 3KBHBaJICHT-
.. HOTO TeHepaTopa pacuera
R 1 (51 (7

Ecm{ HpeILHOJIO}KHTb YTO 3aMbIKaHHE NPOU3OIIQ. B (pase
HA TO KOMILJIEKC aMININTYAHOrO 3HAUEHHS ONpe/IeNUTCS

| Um_.—Ume "““VQ(ngA ——-g;v)

- TlosHoe KOMIUIEKCHOE CONpOTHBIICHHE /IS cXeMH puc. 18
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KOPHH xapaKTepHCTquCKoro yPaBHEHHS - pp. onpe;];eﬂmo'r-'
CH H3 ypaBHEHHH Z(p) =0, npa 3TOM uMeeM
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SHaquHe (byHKHHPI Z (p) npH P =Dy

f . ‘Z (pl)_— (1+r2 Ep]_) '_"_"'"_,
Z’( - LC’ r%p2+2L3CErEp2—|—r%CE+L |
R G2

HOI{CTHHOBK& nonyquHbe cootHowenuit B (35)

,I[aeT |

PaBHEHHe AJIA pacyera TOKa ONHOMA3HOrO 3aMBIKAHHA Ha

BEMJIIO B KOMIJICKCHOH ¢popme. HICKOMBIH TOK B QyHKUMH Bpe-
~MEHH HaXO,H;HTCH KaK MHHMasl 4aCTb OT BHIPAXKEHHs ias(f) B
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KomiLerciofl hopme. ﬁpﬂ BEIHECTBQHHBIX KOPHAX pP1 U Do 6y
IeM HMETh | -

Um P _

Z SI(0f = ¢ — @) -

U sin(y 4 8,)(p,Cy 1y 1)
m3(2p1LC‘ e+ Cs rers + Lg)

+ U, sm(nb—]—@ ) (Pl rE—]—I)
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(36)

rae 0, = arctg —; = ; o-—(ha30BLI YT OJI CBUTA MEN-
- P . Pa | |
1y TOKOM H Hanpf{}KeHHeM B CXeMe pHC. -_18;'Z-—"-\£z—!—éal —

- HOJIHOC COHpOTHBJIEHHG CXEMBbL.

[Tosyuennoe ypaBHeHHe A4 TOKa ONHO(PA3HOTO 3aMBIKa- _
HUSl Ha 3e€MJII0 IPH NepexOJHOM IIpolecce COOTBETCTBYET CJy-

"';2 N
g Puc. 19. Kpupwie TOKa 3aMHBKAa-
» | { HHS Ha 3eMJ10, NOCTPOEHHBIE TO
4 - NaHHBIM TIpHMepa 3.1
Z 10 14 18 22 26 "tX10 ) C

6 _.__,__.__..._'.——J

yam TNPUCOCINHEHUST (baabi A K semJie uepe3 aKTHBHO- HHIYK-
THBHOE comporuBieHne. Ilonb3ysch NPHBELEHHOH METOJHKOH,

MOIKHO OINpEJe/IUTh TOKH nepexozmoro Hpouecca H B JIOOBIX
C uyepes emxocth C

JPYrux cayuasix 3aMblkanusa (§pas b,

nJin Jio0oe APyroe CONPOTUBJCHUE).
I[Ipuwmep. JonyeruM, uto oxHodas3noe 3aMblKaHHe Ha 3E€MJIO MPOU30-

HIIO Yepe3 AKTHBHO-HHAYKTHBHOE CONPOTHBJEHHE INPH CJEAYIOUIMX mapa-
merpax cet: Cy=6-10-° @, ry=10- [0 Owm, rz==50-103 Om, L,=20 I'm.

Hanpsasxenne, KoTopoe OblIo MexAy (asod A H .3eMied A0 3aMbIKallHsl

o o
1, = 440103 |/ 2 sin (314t+-é—).

ITopcraBuB yxasanHble JaHHble B [PHBEJEHHBIE BHILIE ypaBHeHHH, [O-
aydaem py=—20 c~!; pe=—2500 c~t; Z'(p))=150-10* Om-c;
' =1997 Om-c: Z'(jo)=50344]_6,5°Om.
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Z'(p2)=

ﬂm STHX UYHCJIOBHIX JAAHHHX mo (36) moaydyaem aHaJUTHYECKOE BHIpa-

;KeHHe _ONHCHBANIee H3MEHEHHE TOKAa B IIEPEXOAHOM peXHME (B KOM-
T{JIECKHOH fIJGPMe) '

440 103|/ 2 1300031 ¥V 2.440.108 [30°¢ 72"

- DA=TTTROBA6,5 T (20— 3,14)1500
o 1/9.440. 10_3|30° g 20002
(—2500—j3,14)19,97 °

- McKOMBIE TOK 3aMBIK4HHSI Ha. 3€MJII0 PaBeH MHHMOf qacTH [za
i(t) =12,32 sin (314¢4-23,5°) —0,1e~201—4,8e—22%,

[To pesyabTaTaM pacuera Ha pHC. 19 mpuBeseHa 3aBHCHMOCTh TOKA

_O,E[H-Oﬁ(ba3HOI‘O 3aMBIKAHHSI Ha 3€MJII0 OT BDPEMEHN.

11 ﬂepexonﬂme npouecch npu 3aMbiKaHuaAx (Pasbl

'Ha Kopnyc 'rpaucqmpmampa 6/0, 4 KB

O,I[HO(PEISHBIG saMuKanug (asel Ha Kopnyc ABJAIOTCA aCTOH NPHYH-

~~_HOH BOSHHKHOBEHHUS! aBaPHUAHBIX PeXHMOB. Tak, H3BECTEH moxXap, HAHEeCIIHH

6o.nbmne yOLITKH HAPOLHOMY XO3fHCTBY, BO3HHKINMH B pesyJbTaTe nepe-

- _Hanpﬂmeﬁnu OT 3aMBIKaHUs Ha Kﬂpnyc rpanchopMaTopa MayTOBOH HOJ-

CTaHHHH 6/04 kB. | |
" Ha CcTOpOHE BLICOKOTIO HaHpH}KEHHH MTII npou30LINO nepekphLITHE

'aﬂeTthxecxon Ayroi u3oJATopa npeloXpaHuTesen 6 kB. Jlyra paspymuia

| @ap@opoabm H30JIATOD, BCJAEACTBHE YETr0 METAJJIHUECKHH IUTHPb MOBHC Ha
IIPOBOJE H KOCHYJCA MEeTaJJHYeCKOH TPaBepCHl,
TypoM 3zaseMmaenus MTIL
BHCIIMH HA NPOBOJE MITHIPh H30JNATOPA NMEPHOJHUECKH Pa3MBIKaJI H 3aMHl-

CBAI3aHHOH C OOIIHM KOH-
‘ABapua npousoiuya npu cuiabaom Berpe. Ilo-

KQJI 3JEKTPHUECKYIO IeNb, CO3/aBas TEM CaMbiM CEDHI0 HMIYJbCOB TOKA

nepexo,uﬂoro nmpouecca H HEpEHaHpHH{EHHﬂ B cetu 0,4 kB. Bce 3to npu-
BEJIO K MOXKapy.

Boocmepcrsum  Ha  mopcTaHumm GBI BOCCTAHOBJIEHBl - YCJOBHS,

- MMeBIIHe- MECTO BO BpEMsl aBapud M HPOBeAeHH OCHHUJIOrpadHpOBanHs

NEPEXOAHBIX MNPOLECCOB TOKOB 3aMBIKAHHS Ha 3eMJI0 H Hanpﬁ}KEHHﬁ Ha
CONPOTHBJ/IEHHH 3a3EMJIAIONICI0 yCTPOHCTBA. l3smMepeHHsA NOATBEPAHJIH Rnpa-

_:,_BHJIBHGCTB IIIJEI[IIOJIO}KEHHH O UMEBINUXCSI B CeTH IIE’:pE’:HaIIpHH{EHHHX 00J6-

[OH KpaTHOCTH. B npoTOKOJe npoBefieHHs 3aMepoB OTMEYaJ0Ch, 4TO OCIHJI-

| _-HOTPH(I)H[JDBEIHHe TOKA  3aMBIKaHUsI Ha 3eMJI0 OBblJI0O IPHOCTAHOBAEHO H3-33

TOABJIEHHS TIepeHaNpPsKEHH HA 3a3eMJIHTEJE.
HCCJIEI[OB&HHE HPOLECCOB, HMEWINUX MeCTO B MNOAOGHBIX CAydYaax,

_.MO}KHG npoaecm no cxeme, npejcrapjaennonn #a puc. 20. Ilpn 3ambikanum

a
?;0 S A Ha xopmyc Tpamchopmaropa 6—10/0,4 kB BO3HHKaeT TOK mepe-
;imom fapouecca is. B pe3yabTaTe 3TOI'0 HA CONPOTHBJEHHH 3a3€MJIEHHS
HE TpaJIH ro noﬂBHTcﬂ HalpsAKEHUE ugwtdr{} Ecau IIpH 2TOM TOK JHOCTHT-
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Puc. 20. Cxema aamememﬂ CeTH HJS HCCJAeJOBAHUST SBMMKHHHS—I Ha
kopnyc TpaHncdopmaropa 6/0,4 kB

HET 3HAYHTEJbHOH - BEJHYUHB], TO B CETH Haan}KeHHeM no 1000 B BO3HI-
KaeT NepeHanpsi:K€HAe OTHOCHTENILHO 3eMJH CO BCEMH BLITEKAIOLAMH  110-
- CJEACTBUSIMHU. | | | | |

B paccmanHBaeMOH 3ajiaye MO}KHO He quTbIBaTb HH,[lyKTHBHOCTH JIH -
HHH H OOGMOTOK TpaHchopMaTopa H3-3d HX MaJOCTH 0 CPABHEHHIO C eMKO-
CTBI0 NPOBOJOB C OTHOCHTEJNBLHO 3eMJH. DTO JONYIIEHHE 00y CHOBJUBAET

HoJee BbICOKHE pvaETHbIe HalIpAXKEHUSI Ha COIPOTHBJCHHH I'IpH IIepexon-

HOM HpOLECCe: M TEM CaMbIM NO3BOJIAET BHISIBHTH HaHOOJee THAKEbIN CJTy-
qal [mepeHanpsKeHHH.

Ecau MruoBennoe aﬂaquHe ¢asuoro HaHpH}I{EHHH IPOBOAA, HA KOTO-

 poM POH30IIJIO 3aMBIKAHNE Ha KOPNycC, 0003HAYUTD KaK Ua=Um 4 sin (of+ -
TO ‘TOK IIEPEXOAHOr0 mpolecca B paCCManHHaE:MOM cayuae MO}KHO"

_Jrllﬂ

Puc. 21. PacueTHas cxe
Ma K METOAY 3KBHBAJIEHT-
HOIO reHepaTopa pacyera
nened o

g

—

 ONpefeaHTb H3 pacueTHOf cxeMul puc. 21, Bocmosb30BaBUIHCE METOZHKON,
npuBefeHHod B § 10, mosyynm ypaBHeHHE A TOKa ﬂepexozmoro npo-'

Heccd
- . U f -

, mA . - mA 3reC

BT SO ) “’W’ pe T, ()
- 2 i | )
rjie Z —_ ?'0 _I— 9&)26‘2‘

.t 1
g ? == 3(0Cr0 .

| PI3 yp aBHEHHH

_MEHH T=3roC. IlockosbKy ry BhIpaxkaercs B oMax, TO MJIHTENILHOCTE

‘CTBHHM Bo-nepsbix, npr nmoxom konraxre B

KeT: nponaoHTH npoboi H3OJISIHE C
._KHM 3aMLIKAHHEM. [Ipn BOSHMKHOBEHHH TaKOTo [ipollecca Ha CTOpPOHE HH3-

'GHaCHGCTb HEPEHBHPHH{EHHH OT 3aMbIKaHHSA

3 (37) onpeﬁenm Hal‘IpHH{EHHe HA conpOTHBJIeHHH rg Lt[}=ﬂ’"{] B wmo-
SaMHKaHHH Ha Kopnyc npH {=0
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TaKPlM -00pa3oM, B HEPBHIH MOMEHT nepexo,uﬂoro pouecca Hampsixe-
HHe Ha CONPOTHBJICHHH 3a3eMJICHHs HEHTpaJM He 3aBHCHT OT 3HAYeHUs

"QTQI‘O CONPOTUBJIEHHA U ONpeiesercs HadaJbHoH ¢asoir Y. [lpu camom

HEﬁJIaI'OHpHHTHOM ciaydae, Korjla Y= /2, HanpsKeHHe Ha 3a3eMJEHHH
Heﬂmann AOCTHraeT aMIJIHTYAsl (asHOTO HanpsixKeHHs ceTH. Tak, Ajas Ho-
MHHa.ubHoro HanpsAxeHus 6 kKB u,(0)=4,9 kB, a aas HaHpH}KEHHH 10 KB

Lu,u (O)-—-—S 2 kB.

- Hanpsixenus a3 LIS ceTed Ao 1000 B DTHOCHTEJIBHO 3eMJIH Hafizeu

- 2n )
3 - T

| - 4n S .

B MOMEHT 3aMBbIKaHHS NPH CaMbix Het’maronpﬂﬁmmx yCJIOBHﬂx 6y,ueM N

ua" =g, = ug—l—Uma sin (mf—]—q;) :

| | .Hrb' ==y | U = Uy - Un:b sin (mt‘l'"["’“

| HMETB

,D;JIH HOMHH&JII:HOI‘O HaHpH}KEHHH 6 KB

 u(0)=5,12 kB; uy’ (0) =u,’ (0).._4 79 KB;

E .ium HOMHH&JII:HOI‘O Hanpsxenua 10 xB
R g’ (0)=8,42 KB: uy’ (0) =uc’(0) =7,98 <B.

B nepnbm MOMEHT 3aMBIKAHHS “HA 3€MJIO HanpsizkeHHe Ha COHPOTHB-
JEHHH 3a3eMJIeHUs] HeATPaJu He 3aBHCHT OT CONIPOTHBJIEHUS, ITO IMO3BO-
JAS€T CAeNaTh BBIBOJA, YTO paCCManHBaEMbIH ClyYal 3aMBIKaHHS HPAKTH-
1€CKH BCErAd NPHBOJHT K IIePEHANpSIIKEHHAM.

- JdaurenpHoets [IEPEXOAROrO npouecca ompeelseTcss MOCTOSHHOR Bpe-
1ie-
-_pexonﬂmx npoueccos OyIeT OnpenedisiThCs MHKpOCEKyHAaMu, Tem He Me-
HCE BOSHHKHOBEHHE NEPEHAIIPSI:KEHHH MOMKET NPUBECTH K ONHacHHIM NOCJex-
MECTe 3aMbIKAHHS HA KOpmyc
Tpaﬂupapma'ropa MOXKET BO3HHKHYTbL CEpHSI HMIYJIBCOB, CONPOBOKAAILIHX-
sl AYTOBEIMU -SBJCHHSMH BO BTOpU4YHOH ceTH 0,4 kB. Bo-BTOpHX, naxke
npH HaJmtIHH OJHOTO HMIYJbCA BHICOKOIO HANPSMKEHHS B CETH 0,4 kB wMmo-

HOCENYIOWHM METALIHIECKHM KOpOT-

KOI‘E}THaan}KEHHH Tpaﬁcqmpmampa HE Bceria cpalathiBaer 3alluTa.
4KHM -~ o0pasoM, mnpx PRCIIyaTallHH CEeTEH HEOGXOAHMO YUYHTHIBATEH

a KOopnyc TpaHncopmatopa u

-alHHHMHTb ,I{OHOJIHHTEJIBHBIE MEpEl MMl HX NPEAYNPEXAEHHS,



FNABA TPETbS

KOMMNEHCALIMS EMKOCTHbBIX TOKCB 3AMbBIKAHMKA
HA 3EMAIO ' .

12. KoMneHcauma B MACANBLHOW cXemMe -~

B FIpaBuiax ycrpoficTBa 3JeKTPOYCTaHOBOK [D5] oTmeua-
ercs: «Pabora 3jekTpHyeckux cereit 3—30 KB Mo/KHa npen-
yCMATPHBATHLCA C M30JHPOBAHHOH MJIM 3a3€MJIEHHOH uepe3 [1y-
roracsiiiiie peakTopbl HeliTpajibio. KoMIeHcanuss eMKOCTHOTO
TOKa 3aMBbIKaHHd Ha 3e€MJIO JO0JIKHA IPUMEHATHCA IIPH 3HA4e-
HUSX 5TOrO TOKa B HODMAJbHBIX peXUMax: B CeTAX HampaxKe-
HueM 3—20 kB, umenwux xene300eTOHHbE H METaJJIHUECKHE
onopul Ha BJI, u Bo Bcex cersix 35 kB —Gosee 30 A; mpu
10 kB — 6oJee 20 A; npu 15-—20 kB — GoJsee 15 A; B cxemax
6—20 kB 6J0KOB reHepatop — TpaHcgopmarTop (Ha reHepa-
TOPDHOM HampskeHuu) — Gojee o5 A. Ilpu TOKax 3aMbLIKaHHA
Ha 3eMJi0 Gojsee D0 A pexoMmeHAyeTcs IPHMEHEHHE HE MeEHee

ABYX 3a3eMJIIOIIHX PEAKTOPOBY»,

Heo6x01uMO, OAHAKO, OTMETHTb, UTO, HECMOTPS Ha IIHPO-
Koe NpHMeHEHHE KOMICHCAIHH €MKOCTHBIX TOKOB 3aMBIKaHH!
Ha 3eMJII0 HPH IOMOIIM KaTylleK HHAYKTHBHOCTH, B HaCTO-
lllee BpeMsi MHOTHE BOIPOCH OCODEHHO TEOPEeTHUYECKOro Xa-
paKTepa, HCCJeJ0BaHb He AOCTATOYHO NoOJHO. Ilpexae Bcero
1Jg peasibHbIX YCJOBHH 3KCIJAyaTalHMH CETeH ¢ KOMIEHCHPY-
JOIIMMH KATyLIKaMH B HeHdTpa/ju TpaHchopmaropa He ObLIH
YCTAHOBJIEHbl aHAJUTHUECKHE 3aBHCHMOCTH, XapaKTepusyio-
MHe Ipouecchl NPH PasiMyHbHIX pexuMax pabornl cerd. klc-
cJeJl0OBaHHSl NPOBOAMJUCH, KaK NPaBHJ/O, 2KCIEPHMEHTANbHbBIM

MyTeM.

- KommneHcanuo eMKOCTHHIX TOKOB OJHO(Aa3HOro 3aMbiKa-

. HMA Ha 3eMJII0 IpPH NOMOLIM KaTyllieK HHAYKTUBHOCTH HpeEN-
 JIOXHJI U3BECTHBIH HeMelKHii aJeKTpoTexXHuUK lleTepcen B
1919 r. CBOM BHIBOJBI OH CAeJAJ HAa OCHOBAHMH HCCJIEIOBAHHH
cXeMbl 3aMelleHHs] CUMMeTPHUYHOH ceTH, T. €. IpH Ca=Cp=
-— Co=C, ¢ HIeaJbHOH KaTyUKON HHAYKTHBHOCTH IJsI CJIY-
yasg IJIYXOro 3aMbIKaHHst OfNHOH (aspl Ha 3eMmiio (puc. 22).
Ona aTofi cXeMBl ypaBHeHHE TOKa 3aMblKaHH Ha 3eMJII0

HMECT BUIL.

3 wlL

I :Ucb (3{1)(:' --—-—-!—-)
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HANPSKEHHIO UCTOUYHHKA muTanus Uy,

. TalHM| HeNnH, YTO BHLI3BIBAET INepexoIHble NMPOUECCH

- uwIeMcsd peXuMe NpPU NPOMBIIIJIEHHOH YacTOTe
PesyibTaTel 00OOIUTL IPAKTHUYECKH HEBO3MOXKHO

'H3-32 MHOTHX HE MOAJAIOIIUXCA yueTy cJydahHbIX (PakTopos.

A
. -y
LN

. TIpu BHINOJHEHHH YC/JIOBHS PE3OHAHCA
1
S0l —

- oL 0
oK 3aMBIKAHHUS Ha 3eMJII0 PaBEH HYJIIO.

TakuM 06pasoM, mpobjeMa TauwieHus AYrH Kak OYATO pe-
qieHa. IIpH HIeaJbHBIX YCJIOBHSIX He BO3HHUKAIOT HEpPeHaIps-
yKEHHUsT OTHOCHTEJbHO 3eMJH B HOPMAJbHOM pexHME pPabOTh

UQ."JC

f . .
Puc. 22. CxeMa KoOMIEH- o -

callUd ©MKOCTHBIX TOKOB
3aMbIKAHUS Ha 3eMJIIO
npH HAeANbHBIX IapaMmer-

pax ceTH ¥ KaTyIUKH

cerd. Tak Kak Hampskende cMemenus HedTpann Uy nopm

Ci=Cp=Cc¢=C paBHO HYIJIIO,
a3 cetn oTHocuTeJbHO 3eMiH Uy, Up, Uc

TO HaNPAKEHUS OTIAEJNbHHX
paBHB (Da3HOMY

Cetn ¥ KaTymkKd 00/anal0T aKTHBHBIMH COINPOTHUBJECHH{-
MH, 4 €MKOCTH CETH OTHOCUTEJbHO 3€MJIH MOTYT OTJAHYAThCH
apyr ot apyra, T. e. Ca5=Cp#Cc. VMeeTca TakkKe NPUHIM-
MUaJbHOE DPa3JHuHe MeXIy 3aMblKanueM O0e31yroBeiM (Me-
TaJJHUECKUM) M C IepeMexawleficy ayrod. Kak yxe oTMe-
4aJioCh, -TIOracaHue ¥ 3aXKHUTaHME JYI'H IKBUBAJEHTHO KOMMY-
B CETH.
[loaTOMy roOBOpHTbL O pE30HAHCE B oObIYHOM HOHHMAHHH 3TO-
ro siBJeHusl He clieayer. Pe3oHanc yMeeT MeCcTO B YCTaHOBMB-
CUHYCOUaJIb-
HBIX TOKOB H HaNpAKEHUH, '

13. CxeMbl 3aMeLEHHA KaTYLIKK MHAYKTUBHOCTH

Karymka moxXeT 6bTb HpelCTaB/eHa NOCJAELOBaTeNbHOH (pHC. 23,q)
M napajaenssHonn (puc. 23,6) cxeMaMH 3aMelienusi. [lapaMeTpel CXeM 3a-
MEUIEHHsI ONpenessiOTCS Ha OCHOBAHHU pnaMepenuil. Jlis 3aZaHHOH 4acTo-
Thl OHUM HBJIAIOTCS BIIOJIHE ONp4aBAaHHRIMH, YTO J4a€T BO3MOZXKHOCTDL AJdA
_a'mifl 9aCTOTHl HCIIOJL30BATH YKa3aHHbIE CXeMbl 3aMEIleHHd C KOHKPETHBIMH
napaMerpamy.
. Mms cxemul puc. 23,6 noumoe’ COMpOTHBJAEHHE ONPEAERETCS OTHOIle-
HHEM JNEHCTBYIOINX 3HAUEHHH HaNpAXKeH ysg W TOKA |

A%

f

U _
T‘ = V P§1+(‘°LK1)2
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H MOXeT OBITb H3MEPEeHO C MOMOIIBK BOJbBTMeTpa H ammnepMmerpa. AKTHE-
HOE CONPOTHUBJIEHHE OnpeleNisieTcss KaK OTHOILIEHHe aKTHBHOH MOUIHOCTH
KAaTyIIKH K KBajpaTy AeHCTBYIOLIEro 3HAYeHHS TOKA
| . P
M1 = T3

Torpa HHAYKTHUBHOE CONPOTHRJIECHUE HAUAEM KaK

22 2
{’JLKI‘“‘“-'/-ZK '_*'rK1 .

I

Puc. 23. CxeMa zamelieHusl Ka-
TYUIKH

a)

CBHB]’:: MeXAY NapaMeTpaMu NapaJjilelbHOH M IIOCJIE,ILOBHTEJII:HOH CXEM

3aMEILECHHST MOXeT ObiTh YCTAHOBJIEHA CJAEAYIOIUM 00pa3oM:
l Iy 1 oLk

— y 2 2 ] |
e ey Ok o tetly
OTKYJa
mZLK1 @ZL?{I' ~
I'K2::I'I,;1 1+ 9 — zrl{l_‘_ Lr -; . (38)
| rKI | K1 | : *
2 - |
- r
Kkl
Lyo=L (39)
K2 K1l (‘JZLKl

‘er Takum oﬁpaaom U3 (38) u (39) caenpyer, u4TO rry>rxy H Lxa> Ly

OOBIYHO WLk >k, @ 3HAYUHT, rxo D7kl U Lyo= Lk,

B o6meM cayuae mapaMeTpH rxi, Luxi, rﬂg, Lo 06e1»1x cxXeMm SaMEHJ.EHHH
SABJAAIOTCA (YHKUUAMH 4aCTOTHI. |
| [Tpy HH3KHX UYaCcTOTaX KaTYWKy MOMKHO paccMaTpUBaTh TOJBKO Kak
HHAYKTHBHOE conportusiaenre, C BO3pacTaHHeM YacTOThl HaYHHAET Mpo-
ABJIATb ce6s1 MEXKBHTKOBasi €MKOCTb, JlasbHefilllee yBeJUYEHHE YaCTOTH MO-
JKET TpPHBECTH K IOJHOH KOMIEHCAllHd MHAYKTHBHOTO CONPOTHBJEHHS,
€MKOCTHOH Harpy3ke [end B UeJoM. AKTHBHOe CONPOTHBJIEHHE KAaTYIIKH
TaKxKe 3aBHCHT OT YacCTOTBI H3-32 NPOSBJEHHS MOBEPXHOCTHOO aqatpema I
BUXDEBBIX TOKOB.

Orciofa ciepyer, uTo, ONpedeNHB TEODETHYECKH HJIH 3KCHEPHMEHTAJbHO
napaMerphl CXeM 3aMellleHUsl KaTYIIKH NPH OJHOH HacToTe, B YaCTHOCTH
IpH TNOCTOAHHOM TOKE,- MOXKHO JONYCTHTb ONMIHOKY, HCHOJIb3YSt 3TH mapa-
METpPHl Ha JPYI'OH YacTOTe,. | - .

B nanpHefimieM O6yAeM OPUMEHATh NAPAJJIENbHYIO CXEMY B3aMelieHHS
KATYIIKH HHAYKTHBHOCTH, Tak KaK [pH 3TOM I[OJyYaloTcs GoJee NPOCTHIE
ypaBHEHHs, ONHCHIBAIOUIHE COCTOSIHHA pAacCMATPUBAEMOH CETH,
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14 pemmn 6e3ayrosoro oaHotha3HOro 3aMbIKAHWA Ha 3EMNI0

I]ych CETH C KOMIEHCHPYIOLIEH KaTymKoH (puc. 24)
Hpgnsoumo ofHO(pa3HOe 3aMbIKaHHe Ha 3emiw0. Ha pucyHke

_ ueﬂb TOKa TI0Ka3aHa NYHKTHPOM.

‘Tlpn pacCMOTPEHHH DE30HAHCHOTO fABJICHHA OyleMm moOJa-
rath, UTO 3aMBIKaHHE fBJSETCH Oe3nyrosuiM. JleHCcTBUTEJBHO,
npd AYyTOBOM 3aMbIKaHHH BCJIC/JCTBHE NEPHOLUUYECKUX 3a3KHTa-

'gyil 4 MOracaHui AYrd B LENH UMEIOT MeCTO MEPEXONHBIE TPO--

geccH, MPH KOTOPHIX TOBOPHUTb O DE30HAHCe B oOIIENPHHSATOM

.

-

Uy | -
,
B A

o |
I 7% I o= “7
: /
/
. 15
AR ~ Puc. 24. CxeMa ceTH ¢ KOMIEHCALHeH eMKOCT-

- HOTO- TOKa MNpH
3EMJI0

0e3AYyroBOM 3aMBIKAHHH Ha

: HOHHM&HI/IPI 3TOI'O HBJIEHPIH HE cneﬂyeT yIBsIeHHE pGSOHaHCE

OOBLIYHO [10J1aTai0T B YCTAHOBHUBLUEMCS PeXKHMe, KOrjga TOKH H
HanpsAXeHHsl SABJIGIOTCA CHHYCOUAAJNbHBIMH (YHKUHSIMU. Dy-
A€M TaKXe CYHTaTh, UTO B CETH HET COEJUHEHUH C 3eMJed —
TPaHC(OPMATOPOB HAaNpPAXKEHHs KOHTPOJIS H30JAALMH, HCKYC-
CTBEHHO BBEeJEHHBIX AKTHBHBEIX CONPOTHBJIEHHH H IP. '

PaccmoTpuM cayuail, Korjfla KaryliKa BKJOYe€Ha B . Hel-

‘TpaJib MUTAIOUIETO CETh TpaHCfpopmaTopa Tok 3aMbIKaHUA HA
3emao coryacso [8]

b4 G )+ )

B

+,U¢[V3 (“——-L)—F

2 g re

_1
@l

-"——(D((:B'—f-(fc)-*ﬂ

. ] (40)

"KaK BUAHO H3 (40), TOK 3aMBIKaHUSI HAa 3eMJIIO NPeJCTaB-
JSET  CO60/ CI0KHYIO q)yHKumo 3aBUCALLYIO OT 3HAYEHUS €M-
KOCTeH, conpoTuB/JeHHH (Pa3 CeTH OTHOCHUTE/JIbHO 3eMJHU M Ia-
PaMﬂ‘pc}B KaTymky. Ero HauMeHbIllee 3HaueHUEe HMEEeT MecTO

45
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IIPH PE3OHaHce, KOrjia
V3 /1 1 3 1
| - L —w (C Ceo) = .
) (fﬁ fc) + g e Csrlo)=—p
| Tok 3aMplkanusa Ha 3emfl0 npu yCJIOBHH Pe30HAHCa OIpe-
HeJACTCA U3 BhIDaXKEHUA -

[, a= Uq)[-l—_]_—;’-(—l-—_]_-l—) V;’_

Yk B rc N (CC—_CB)]'

Taxkum obpasom, naxe npu uaeadbHOH HAcTPOHKe TOK 3a-
MBIKAHHMSI Ha 3eMJII0 CYLIECTBEHHO OTJHYAETCHd OT HYJA H 3a-
BUCUT HC TOJbKO OT aKTHBHBIX COINPOTHBJCHHUH, HO U OT pas-
HOCTH eMKocTell Cp u C¢ HEemOBpeXJAEeHHBIX (has.

HpH HaJIMUUH aCHMMETPHH TOKH 3aMBIKaHHS Ha 3EMJIIO
KaxXJI0H (asbl UMEIOT pas3juyHble 3HAUE€HHss W BOIPOC O Ha-
CTPOHMKE KaTVIUIKH [Ji HECUMMETPHYHOH CETH He MOMKET pac
cMaTpHuBaThbcs BooOIe. [loaToMy paccMOTpUM CHMMeETPHUIHYIO
ceTb, T. €. IpU Ca=Cp=Cr=C rp=rg=rc=r. Jaf 3T0rO0
cayyasi u3 (40) nMeem BhIpaKeHHe JJs TOKa 3aMblKaHHS

T 1 _{;—2 | o 1 \2
jsﬂi_ﬂU(b‘/(rK_[—r) ‘|‘(3“’C mLH)

H ycJIOBHE pPe30HAaHCa

(41)

300 —

wly

YpaBHeHuo (41) cooTBeTcTByeT SKBHBaJcHTHAfl CXeMa,
npeacTaB/jeHHas Ha PHUC. 25, JUIsT KOTOPOH

I, =V {,+ 1)+ Uc— 1),
U | | | ‘
rae I, = rdJ — aKTUBHAs COCTABJAIONlasi ToKa JAyrofacsinei
K .
Ug
KaTyWKH; [r==-——— peakTHBHasg COCTaBJAloNlas TOKA Ayro-
K .

| ts l '
racsinieil KaTymKu; IL:3U — — aKTHBHAas CoCTapJsdoulas To-

r

Ka 3aMbIKaHUg Ha
[c—3U¢.(OC——eMKOCTHaH COCTaBALIOIAas TOKa 3aMbIKAHUSA HAa

3eMJio [’s IPH OTKJAIOUEHHOH KaTyUIKE.
YcioBueM pesoHaHca SBJASETCS PAaBEHCTBO eMKOCTHOro /¢

H UHAVKTUBHOTO /5 TOKOB. TOK 3aMBIKaHMg Ha 3e€MJI0 B 3TOM
cydqae onpejiesisieM H3 BBEIPaKeHHUS - '

b=Us[ ot ),

I r
46

TOK KaTYHIKH

seMJ0 [’ MpH OTKAOYEHHOH KATYIIKE;, -

- 1
FFFFFF

KaK BHlIHO H B 3TOM 4acTHOM cﬁyqae HpH pEBOHaHCHOI’I

' HachOHKe TOK 3aMBbIKaHHA HA 3€MJIIO HE paBEH HYJAI0 H OHpe-
" gessieTCSl CONPOTUBJECHHSIMH H30JALHMH M IlapaMerpaMu  Ka-

TyIHKH
Hpn yKa3aHHBIX YC/OBHSIX CHMMETPUH MOXKHO FOBOPHUTH O

HHCTPOHKG C H@p&KOMHEHC&HHeH, HeJJOKOMIIeHcauued uJIU B

“Puc. 25. Pacuernas cxemacx
 METOLY 3KBHUBAJECHTHOrO re- =
~ - Hepartopa pacuera Leney

peSOHch ,[[Jm OLIEHKH HaCTpOHKH ya00HO BOCIOJb30BATHCS

TOHATHEM CTElleHH paccTpoiiku KomIeHcauuu [9]

) - -'.- .- .

R P
ﬂ:u-]C .

l'IpH HeJOKOMITeHCAIHH v >0, Ipu nepeKOMneHcaunH v <l

- <0 IpH pesonaHce v=0.

- IIpg u3MepeHHH aMIEPMETPOM MOLYT 6bITb onpejieseHbl

| T_OK_H 3daMbIKaHHA Ha 3€MJII0 IIPH HAJHUYUU KaTYIIKH HHAYKTHB-

HocTH (41) u Ges nee

I U,

—_— +m202;

]/ +w2L2'

Hocxonmy eMKOCTHAag COCTaBJSOIIAS TOKa 3aMbIKaHHUS
Ha 3eMJI0 He MOXeT ObITb ONpeleseHa NPSMBIM H3MEPEHUEM,

TO pe3oHaHCHas HACTPONKA, COOTBETCTBYIOILAast paBEHCTBY TO-
KOB [¢==[;, He MoOXKer ﬁbITI:a OCYHIECTBJEHA HENOCPEeACTBEHHO.
Tlostomy HacTpoiiky KommeHcaluu C/IelyeT BeCTH He MO H3-

MEPEHHOMY TOKy [’5, a 1o pacquﬂomy _ _
S | 3U¢,GJC - |

,H.JIH 3TOTO Heoﬁxo,rmmo NpeABaPHTEJbHO ¢ MOMOILLIO clie-

_' llHaJIbeIx H3MEpeHHH ONnpenesuTh €MKOCTH OTAEJbHBIX (a3
CeTH OTHOCHTEJbHO 3eMJH. Meroans onpenenenusi r u C B ce-
TAX ¢ U30JHPOBAHHOH HEHTPaJbIO NPUBEACHE! B IJI. 7.

- Takum o6pa3oM pesoHaHCHasi HAcTPOHKAa KaTyWIKH AJS
KOMHEHcauHH €MKOCTHBIX TOKOB MOKeT OBITh OCYLIECTBJIEHA
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JAbL NPHOAMKEHHO, a TOK 3aMBIKAHUA HA 3eMJ0 [PH BCex

BHAAaX HAaCTPOHKH Bcerga OyaeT OTJHYEH OT HY IS, DPPeKTUB-

HOCTb FAUICHH AYTH HE MOZKET ﬁbITb BbICOKOH TdK KdK H

IpH MaJibiX TOKaX TOPEHHe JyTH HO,I[iIep}KHBaETCH BEICOKHM
"HANPSKEHHEM CeTH. -

15. Pexxum AyroeBoro sambiKaHuA

IIpu ucciaenoBaHuu AYroBBIX 3aMBIKAHWMH Ha 3€MJII0 B CETH
C KaTyHLIKOH B HEHTpaJH HNUTapUero TpaHcpopMaropa BOC-
noJb3yeMmcs ruroresod llerepcena, 3akamouaiwlledcs B TOM,
YTO JAyra racHeT IpPH NPOXOXKAEHHUHU TOKa yepe3 HyJb. llora-
CaHue M 3axHuranue lepeMellaolledcs AYIrH BHI3BIBAIOT B Ce-
TH CJAOKHBIE MepPEeXOAHBIE NPOIECCHI. '

byaem ux paccMmarpuBaTh HAaYMHASA ¢ [E€PBOHAYAJLHOIO
JAyroBOro 3aMblKaHusl Ha 3eMi0. 1 nepBoro MHTEpBaJa Bpe-
MEHH TOK isa OINpPedeJUM K3 paCUeTHOH cxeMHBl puc. 24. Ilpu
PE30HAHCHOH HAaCTPOHKE KAaTYUIKH TOK NEPEeXOJHOro MPOIECCa
onpegensercss TOJbKO AKTHBHBIMH COIPOTHBJIEHUSIMH CETH.
Ecaun ¢dbasHble HanpsiKeHUusl 3amucaTh B BHAE

. v
u¢A=Um31n(mt+—2-);
. . on
= Up, 8t (mt—u-é—+-§-);
47 T
Uye = Uy, sin (mt———-—-—S _|__2_),

TO TOK 3aMbIKaHHS Ha 3eMJIO B nepBbm HHTEpBAJ BpeMeHH

Oyner paBeH
i =1 si (*’-"f +'1),
rs 2

‘rae
3ry

ry == ————,
3rg -+ r

B MOMEHT MpPOXOXKIEHHS TOKA is4 4Yepe3 HyJdb, T. €. IPH

ayra moracHer. HemocpeacTseHHO nepen oraca-

'HHEeM JAYrd HanpsiKeHHd Ha eMKOCTSX HeHOBpe}KILeHHbIX ¢pas.
OVayT paBHH

48

’paBeH
HHIO

| paTopHaH

| Un (P) =

R A 1 /1 /11y 1
P y=m———— T — —_— '.
ﬁpl'.z___ S (r " 3rk ) l/ 4C2 (r +3rﬁ) LyC

B MO-

_ TOK B Karywke Ly
MeHT poracaHuss Ayru (is==0)

aMHJIIfITYILHOMy 3Haye-

’”'.sin-—f— — Uam .
ﬂ)LK " 2 [I)LK

a————

g =

B COOTBETCTBHH C 3THM OIle- ;
cXeMa  3aMelleHHs ¥(p)
B CleAylOlleM HHTepBaje, Koraa TOK AYrH paBeH HYJII0, MO-

© keT GHTH NPEJCTaBJeHa, KAK NoKasaHo Ha puc. 26. M3 sroil

CXEMBI HEpr,H,HO HalHTH B ONepaTOPHOU (dopme HampsKeHue
MKy HYJEBOH TOUYKOH TpaHcpopMaropa M 3eMJeH, paBHOE
HaNpsXKEHHIO Ha KaTylUIKe:

Uy 1

3
3P2LC+PL (r +

Uy (p) = —2- —.
L)1

Ik

Flepexo,uﬁ OT H300parxeHHs K OPHTHHAJY, MONyqaeM

U
uy () = () = (™ -
= wlg 6.C 4 Jd 1
pl r 'y
_ I pat |
S - |
T | 3 | ’
60.C +— 4 —
' r 'k

r

R S B Iy . o
n " 21 -
. p LK c > i ( 1 ™~ ) KOpPHU p, H p2 6y11yT KOMH\

'.JIeKCHbIMH M03TOMY HampskKeHHe CBOGOLHON COCTABJASIOLLEH
- M@XJy HysneBoil TOUKOH TpaHchopMaTopa H 3eMJeH 6yﬂe'r HO- -
CHTB 3aTyxafomHH KOJIEﬁ&TEJIbeIH XapakTep ¢ yIJIOBOH ya-

CTGTOﬁ

e l/ L (— LY. (42)



i _ . : ' e 4 L .t | : i
Jina videasiH3dpoBaHHOH CeTH W KaTyllKH, T. €. KOTJAa —=
| | r

1

— .—(), yrJioBasl 4acTOTa, He3aTyXalouiux KoJieOaHuil o, ==

3)"1{'

—1/)/ L C paBHa pesoHaHCHOH YacTOTe KOHTYypa, COCTOALIErC

M3 UHAYKTHUBHOCTH KAaTYWIKH U CYMMapHOH €MKOCTH CETH OT-
HOCHTEJHHO 3€MJIM. ' o

- Takum o6pas3oM, B HHTepBaJje BPEMEHH IIOCJe MOTracaHud
JIVIH Jaxe NPH CHMMETPHYHOH CETH HalpfAXenue Ha KaTyllKe
HHAYKTHBHOCTH He paBHO Hymo. OHO H3MeHfeTCd C YIJIOBOH
4acToTOH, ompedenaseMol (42). B 3THX yCJOBHAX MEXAY OT-
JeJbHBIMH HMPOBOJAMU CETH M 3eMJied MOTYT BO3HHKATh IIe-
peHanpsaxenus. Vx 3HaueHHe onpejeaseTcd PasHOCTBIO (Pas-
HBIX HaOPsSKEHUH U HalpAXKeHHs CMELIEHUs HeHTDPaJlu:

UA=H¢A—LLN, Up=Upp—UN, Uc—Ugpc—UN.

- Jlyra cHoBa 3axKHraeTcd IPH NPOXOXK/JEHHAUH HaNPIKEHHA
paspl uepes OsuKafmui MakcuMmyM. llajee mpomecc HOBTO-
purcg, OfHAKO NpH pacyeTe TOKOB M HaNPAXKEHHH IMEPeXon-
HOro Npolecca B HOCJAeIYIOUIHe HHTEPBAJL HEOOXOAHMO YyUH-
THIBATh APYrde HayaJbHBIE 3HAYEHHs TOKa B MHAYKTHBHOCTH
KaTYIIK¥M KaK B MOMEHTHl 3aMbiKaHHs Ha 3€MJIO, TdK H B MO-
MEHTBl IOTacaHus LYTH.

PaccMOTpeHHBIH MeTOJ IO3BOJSIET paccyuTaTb TOKH H Ha-
IpAXKEHASA NPH IePEeXOAHBIX Hpoueccax /s KOHKPETHBIX Ia-

PAMETPOB KATYLUIKH M CeTH M ONpeJeJuTh BO3MOXKHBbIC Hepe-

HaNpsaXKEeHHA.

16. HopMmanbHbi peXKMM paboThl ceTy

Ilo nosiBJIeHHs 3aMBIKaHHS Ha 3€MJI0 HJH IIOC/Je Toraca-
qust Ayra ([3=0) ceTb NPUXOAHT B HOPMaJbHOE COCTOSHHE.
B aTOM pexHMe HampsixKeHHe cMelleHHs HeiTpamud Uy PaBHO

HanpsKeHHIo Ha Katyuike Ux H ONpEfeNsieTCs M3 yPaBHEHHs

. ](!)(CA -l— QZCB + aCC)

Ui=Uv=Uy 1 '
—+—+ jo(Cy+ Cp+Cc+ 1/0%)
K

He uCKJ/IOYEHO, UTO MOFYT BO3HHKaTh yCJ/JIOBHS, O/H3KHE K
pe30HaHCy, KOTrAa |

CatCs+Co = ——. , (43)

wl

Cn
-
(1o
4

geseds TOKa B KATYIIKE Kak b YHK-

~ IeaecoofpasHO M0Jb30BATHCA CXEMOH 3aMelieHHud,
XKeHHOHU Ha puc. 27. CoraacHo cxeMe TOK B KaTyIlke OIpEeIe-

1/13 (43) BUJHO, YTO YCJIOBHE DE3OHAHCA 3aBUCHT TENEpPh

.oT eMKOCTe#l Tpex (a3, a He [BYX, KaK 3TO CJEAyeT U3 ypaB-

penus (40).
T B 3TOoM cJayuae

r 'k

Tak KakK rx HMeeT JOBOJbHO O0OJBIIOE 3HaU€HUE, a COIpo- -

rppJIeHHE HM30JALMH 3aBHCHT OT COCTOSHHS CEeTH H  MOXKET

MpPHHAMATh -CaMble Dasjuuible SHAYCHHS, B TOM YHCJE H

_.L( LKJPK

Puc. 27. PacuerHas cxema aJas ompe-

qui HaNpsiKeHHs CMEIIEHHS HeUTPAIM

GosiplliMe, TO Hamps:KeHHe CMEULeHHs HeHTpaji B NPHHIHIE
‘MOXKeT HOCTUIaTh 3HAUHTE/bHLIX BeJIMYMH H B Ipeiese OecKO-
~ HEYHOCTH. |

- TTockonpKy HanpsizKeHHH OTHENbHBIX (pa3 OTHOCHTE/BHO
3€MJIH PaBHBL

(_]A:gcpA—“t_]N:gB:gth‘"gN: g_cigdacf‘“q_ﬁh

" BO3MOKHBI DE30HAHCHBIC MepeHalpsiKeHHs GOJbIINX KPATHO-

CTe#, KOTOphle NMPHUBEAYT K MOBPEKACHHUIO H30JAUHM N 3aMBbl-

"KaHHIO Ha 3¢MJIIO.

"B HEKOTOPHIX CXeMax C aBTOMATHYECKOH HACTPOMKOH KOM-

TEHCAIMH yIPaBJSIONUM CHUTHAJOM JUIss pabOTHl PeryJisTo-
' POB sBJAsleTcA - HaNpsKeHHe CMeIleHHs HeHTpajH, KOTopoe
OTJAHYHO OT HYJS M IpPH HOPMaJbHBIX pexkumMax paboTel ce-

TH. B 3THxX ciyuasx npu pacuere CHCTEMBl pEryJHDOBaHHA
n3obpa-

Jserca Kak (YHKUUS HaNnps:KeHHs cMelleHus He#Tpau -U'w
NPDH OTKJIOYEeHHOH KaTyIUKe, T. €. B pPeXHMe XO0JOCTOro xoaa
HEHTpau — | -

. U" o U N ]‘(!)ECA —l—_ach;l— aCC)

| I

A Fjo(Cqp+Cp+ Co)

r

- . 3Hasg U’y u3 cxemnl puc. 27, Ha OCHOBaHHHM 3akoHa OMma

MOXHO HaiiTu ToK B KaTywke /, u HampsxkeHne Ux=Uy.
L 5]



" 17. BrmioyeHue KaTywKu B HEHTPaNb 3a3eMNAOLLEro
TPaHchopmaTopa | |

IIpaBunamu ycrpofictBa ° 3JEKTPOYCTAHOBOK B ceTAX Ha-
- npsaxenueMm 6—I10 kB pekomeHnnyercs 06MOTKH NHTAIOLIEro
TpaHcopMaTopa COeAHHATb B TPEYroJbHHK. B Takux cersx
. KaTyllKa II0OJKJ/JIIOYaeTcss K UCKYCCTBEHHOH HYJIeBOH TOuKe, 00-
Pa3’OBaHHOH MEPBUYHBLIMH OOMOTKAaMH, COeAMHEHHLIMH B 3BE3-
1y IONOJHHUTCJBHOrO (3a3eMJAIONEro) TpaHchopMaTopa, He
HMEIOLIEr0 HHKAKOH APYFOM Harpysku. Bropuunbie oOMOTKH
JOTNOJHUTEJABHOTO TpaHC(HOPMATOpPa COCAUHSIOTCSI B TPEYIrOJib-
HUK, YeM JOCTHTaeTCss YMEHbIIEHHUE COMPOTUBJEHHS TOKaM
HYyJIEBOH IOCJeJ0BaTEJbHOCTH (puc. 28). ' -
MaruutHag cucreMa 3aseMJsIoliero TpaHchopMaropa
npeacrasiasier coboi oObluHHIE MarHutonposoj IlI-o6pasHoi
(QOPMBI, HA CTEPKHAX KOTOPOTO PaclnojaraiTcs NepBHYHBIE H
BTOPHUHBIE OOMOTKH COOTBETCTBYIOIIUX ¢a3. [Ipu TakoMm Mar-
HHTOIPOBOAE MArHUTHble MOTOKH HYJEBOH HIOCJEeJ0BaTEJbHO-
CTH 3aMBIKalOTCS MO NPOU3BOJBHBIM NyTsAM (BO3AYXY, 6aKxy,
JPYTYM MeTa/UIHYeCKHM 4YacTIM KOHCTPYKLHH ~ TpaHchopMma-
ropa). | | |
B cxeme KoMIOeHCanuKW ¢ HHAYKTHBHOH KaTYIIKOH OyHert
HMETb MECTO BJIUAHHE COINPOTUBJEHHH JONOJHHTEJBHOIO
TpaHCopMaTopa Ha YCJOBHSl ONTHMAaJbHOH KOMIEHCAIHH
EMKOCTHBIX TOKOB 3aMbIKaHHUS Ha 3emJio. JJas InpocTOTH
AaJjdbHeHlIero H3J0XKEeHHST MAarHUTHOE CONPOTHBJIEHHE IIOTOKA
HYJeBOH IIOCNENOBATEJbHOCTH MNPUMEM paBHBIM MAarHHTHOMY
‘CONPOTHBJIEHHIO OJHOTO CTEPXKHA JOMNOJHHTENbHOIO TpAHC-
- ¢opmaropa. . |
- Ha puc. 28 npuBesieHa pacueTHas cxeMma Tpexcdas3HOro 3a-
3eMJdomero TpaHcopMmaropa, K HYJIEBOH TOUKE KOTOPOTO
- OJAKJIOYEHA KOMIIEHCHpYyoIlas KaTtylmika. Ha pucyHke npu-
HATH o06o03HaueHHs: L{— HHAYKTHBHOCTH IEePBHYHHX OOMO-

'TOK TpaHcopmaropa; Ly — HUHAYKTHBHOCTH BTOPHYHBIX OOMO-

TOK; Ly —— UHJYKTHBHOCTb KOMIIEH-
CUPVIOILEH KAaTYWIKU; 7x— aKTUB-
HOE COINPOTUBJNEHHE KATYILUKH, FA—
AKTUBHOE COINPOTHBJIEHHE, YUUTHI-
Balolee CONPOTHBJEHUE BTOPHUYHBIX
oOMOTOK TpaHchopmaropa; U,

kel

L« Up, Uc— KOMILIEKCHBIC HaTpsxKe-

@. Ly n
oa l—obL=29c X Puc. 28. Cxema Tpex(asHOro 3a3eMJsio-
d Ta mero TpaHcpopmaTopa ¢ TOAKJIOYEHHOI]

= K HEHTpaJH KOMNEHCHPYIWOIIEH KaTyWKOH

92
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b ' 1)|.“r

sy Ha NepBHUHEIX oOMoTKax TpaHcdopmaTopa;/a, s, fc

“KOMIUIEKCHBIE TOKH B NEPBHYHBHIX OOMOTKaX; [ — TOK B aKTHB-

o ﬁOM COHpOTHB'ﬂeHHH A

" [IpeacTaB/eHHAas Ha pHC. 28 cxeMa MOXKeT ObiTh 3aMeHe-
44 SKBUBAJCHTHOM, y KOTODO/ MarHHTHbE CBA3H MEXHy 00-
MOTKAMH JIOTIOJHATEJILHOIO — TPaHcpopMaTopa ~ OTCYTCTBYIOT.
[Ips 3TOM YUTEM, UTO K03} duinueHT CBA3HM KaTylIeK, pacllo-
10KeHHHX HAa ONHOM OOIIEM CepIeuHHKe, paBeH eIMEHLE, a

st KaTylIeK, pacloJIOKEeHHBIX Ha pasHBIX cepJeyHuKaxX, pa-

?B'eH 1/3. BocmoJsib30BaBIIHCh COOTHOLICHHEM M,= kl/ LL,

gafimeM JJf cxeMmbl puC. 28 CBSI3b MeXIY KO3(D(PHUIHEHTAMH
p3aHMOHHAYKUHY M M caMOMHAYKUMH L BCEX KaTylIeK 3a3€M-

JqIollero TpaHcopmaropa
| I

Map— M = MBC:_S_ 13

| |
ac:Mbc - '_""in

Mﬂ-b —= 3

" May= Mp = Mps=Mpc = Mco = Mcp = ?VLlea

jMAa —_— MBE;.- — MC‘g = VLle-

~Ha ocHoBaHuu 3akoHoB Kupxroga umeem

. 1 ] ‘ 1 . .
ek (Ia— 5 Te— - le) — oV LLd =Us

Wi

3

";oL |

1

(— 5 latdo— L) — 5 VIl =Us | (44

 joL, —--I—-IAH———IB—Jr]c) — —joV LLJ="Ukc
B 3 - 3- - 3 =)
 Crnoxup mpaBble H JeBble 4acTH cucTembl ypasHeHnil (44),

0y M

oL, (Iad-Ist o) — jo VLI =Ua+Us4-Us. (45)

s BTOPUYHOTO KOHTYpa, 00pa30oBaHHOTO OOMOTKAMH
- TPaHchopMmaTopa, COEIMHEHHBIMI B TPEYTOJbHHK, MOKEM 32-
IHCAaTh - | . o
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Bocnob3yeMcss BhIpaXKeHHEM IS TOKA Y  HaNpPSKeHHs
HYJICBOH NOCJE€A0BATEIbHOCTH B NEPBUYHHX OOMOTKaX TPaHC-
¢opmaropa:

{A—I_I_B—'l—_lczg_l_u;
QA—I—_UB-]—_(_/(:: SQG.

- Torna noJiHass NPOBOJHMMOCTL OJHOM (hasbl AOMOJHHTEJABHOI'Q
TpaHcopmartopa 6yJeT pasHa '

Iy 3 '3

—
L e | L

Uy ™ nirp

joL,’

, w, __ L | |
e n— w: - V L; — KO3((UUUCHT TpaHchopMaliHl 3a3eM-

JSAI0LLEro TpaHchopmaTopa. .
Taxum o6GpasoM, BHOCHMOe NONMOJHUTENBLHEIM TPaHchopMa-
TOPOM aKTHBHO€ CONPOTHBJEHHE PaBHO '

1

Iy = _é— ﬂgr& ) ' .' (47)
d HHAYKTHBHOEg |
» | . .

X,=—toL. o s)

CJleloBaTeNbHO, B CXeMe 3aMElleHHs 3JeKTPHUECKOH CeTH
AJIA  yueTa BJHAHUA JOIOJNHHTENbHOIO TpaHchOpMaTOpA,
BK/IIOUEHHOr0 MEXKIy KaxKAaoH (pasodl u oOlueil TOYKOH, K KO-
TOPOH MNPHCOEAUHSACTCS KaTYIIKa, HeOOXOAHMMO BKJIOUHTL aK-

] | 1 |
THBHOE -g—rﬂfza H WHIYKTUBHOE —3—le

COTIPOTHUBJICHHS.
Ha puc. 29 npusefiena cxema 3aMELIEHHs C YIeTOM IlapaMerT-
poB 3azemJasmomiero tpaHchopmartopa. Haa 3Toli CXeMBI He-
TPYAHO NOJYyYHTh BCE HEOOXONHMBIE yDaBHEHHS, XapaKTepPH-
3ylolue paboTy CeTH B peXuMe KOMIEHCALHH TOKOB 3aMBbIKa-
HUSA Ha 3eMJIO. | _ .
Heo0xoauMo OTMETHTH, UTO NPH Ao =0 06ILafg IPOBOJIH-
MOCTb, OOYCJIOBJIEHHASI AONOJIHHTENBHBIM TPaHCHOPMATOPOM,

04

esoia GeCKOHEUHO GO0JibLIOH BeJTHYHHE.
TpeyroﬂbHHKe (f' A =DO)
‘pa
f..-,_.. . Xl o e— (!JL“

[Ipu pasomkiyToM
COMPOTHBJICHME TPaHCc(popMaTopa

BHO TOJBKO HHAYKTHBHOMY CONPOTHBJIEHHIO

3

"':j{(:)TOPOG MOJKET GBITh MCIOJb30BAHO TaKxkKe IJs KOMIEHCALUH
“aMKOCTHOTO TOKa 3aMbIKaHHA Ha 3€MIIO.

" Puc. 29. DKBHBaJEHTHAS CXeMa CeTH C YUYeTOM CONPOTHBJIEHHH 3a3€MJSIO-
Hero TpaHc@opMmaTopa

" Ws cxeMbl 3aMelleHusi puc. 29 RafileM M HalpsXKeHHE

' cMellleHUs HefTpa/iy, KOTOpPOe HMeEeT MECTO NpH OTCYTCTBHHU

‘3aMBIKaHHS Ha 3€MJIIO:

IR  jo(C 4+ a?Cg+aCp)
- Un=U, 3 - '
o — 4 jo(Cy+Cp+Cc) + 7 L7
r JOLAT A wl.
o ThFjely TIeTIOM

- H TOK oxpoda3HOro 3aMbIKaHHA HA 3eMJIO

Lia=Up| =+ fio (Ca+Ce) — jo (*Ca+aCc) +

. 1 .
+ el [ L
| + rg + jolk

=

1
9

- Ilpu pa3oMKHYTHIX BTOPHUHBIX OGMOTKAaX, COeJHHEHHBIX B

TPEYroNbHUK (r o =00), H re=0 u3 (49) YTOUHHM 3HaUEHHE

5d -



TOKa 3aMbIKaHHs Ha 3eMJI0 AJa8 cuMMeTPHUHO# cetn (Cp==
—Cp—Co=C) |
Uy T 3 : I
_{344:_ l/_"g'- - I-] :.3('00_‘ {
(OLK + —9_" (.I)Ll

(50)

. K3 (50) ycnoBue pesonanca B cxemMe KOMIEHCAUUH C 3a-
3CMJISIOMHUM TpaHchOpPMaTOPOM 3anHleTCH *

SLDC — 1
{ |
W kLK_I-?"LI)
Kak BHAHO H3 (H1), K HHAYKTHBHOCTH KaTyIKH Lk Jo-
~ OaBasercs 3nHauyeHue YoL;, 06yciioBJeHHOE HaJHUHEM 3a3eM-
JIAIOIIero TpaHcdopmartopa. | -

TakuM o6Gpas3oMm, KoMneHcanuss €eMKOCTHBIX TOKOB 3aMbIKa-
HHS Ha 3eMJI0 B NPHHIHUIE MOXKeT ObTh OCyliecTBJeHa H Ges
KOMIICHCHPYIOLIEH KaTyILIKH, TOJbKO 3a CYET HHAYKTHBHOCTEH
MEPBHUYHBIX OOMOTOK CaMOro 3a3eMJdillero TpaHchopMaTo-
pa. Ilpu aToM BTOpHUHBIE €r0 OOMOTKH AOJXKHH OBITH Pa3OMK-
HYTBIMH. | '

OnHako ecqd He HYXHB BTOpHuHBle OOMOTKH TpaHcdop-
MaTopa, TO, OUEBHUIAHO, OTHamaeT HeOOXOAHMOCTh U B CaAMOM

Puc. 30. Maruuronposon
TpexX(pA3HOrQ Apoccens
onsg KOMIICHcalun eMKo-
CTHHX TOKOB 3aMbIKaHHSA
Ha 3eMJ0 |

- TpaHcdopmarope, TeM OGoJsiee 4TO KOHCTPYKLIUSA 3a3eMJsIOLe-

ro Tpancopmaropa obnamaer TaKdM CcEPbE3HBIM HeAOCTAaT-

KOM, KaK OTCYTCTBHE NYTeH I 3aMbIKaHHA MarHUTHHX I10-
TOKOB HYJIEBOH IIOCJIE€HOBATEJbHOCTH. o

- C yuerom OTMeueHHHIX o6cTOsITENbCTB Hanbosee Lenecoot-
Pa3HO KOMIIEHCHpYIOIee YCTPOHCTBO BHIIIOMHHTH B BHIE TPEX-

(hasHoro ppoccessi ¢ NATHCTEPKHEBHIM MAarHUTONPOBOAOM IO

cxeMe, npeacraBJeHHoun Ha puc. 30. JIad 3Toro cJaydas us

(49) samumeM pacueTHOe BHIpaXKeHHe MJIS. TOKA 3aMBIKaHHs
Ha 3eMJHO

Jog = —2 [.._1_ (_3_
= l/é- 2 \7m

—% — 1/ 3eCs+ ngcc) -

56

T L (B et 3aCe |

N ;158

. paxaercsi B BHJIC
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%ﬁé[;-——HﬂﬂyKTHBHO'CTb OLHOH KATYIIKH TMSTHCTEDXKHEBOIO

H3 HO-T[y'quHOFO BHIDAXKEHUSA BHIAHO, YTO npHu yCJAOBHH

,__"L.( V3 _ V3 4 36Cs1-80Cc | = —

2 rB rC y (I)L

gl

[IDOMCXONHT pe3OHaHC, H TOK 3aMbKAHHA HA 3eMTIO Oyiet
. MHHHEMAJIbREIM

v, (3 . 3 R
fa= 2V:T(_f§ e T Y 3Cot VSU}CC)'

.\ Eend CoTp CHMMETDHUHA OTHOCHTENBbHO 3eMJH B (asax
B u C (ra=rc=r, Cy=C¢=C), T0 ycJI0BHE De30HAHCa BbHI-

, ' 3
. Q}C p— aa—
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- @ TOK 3aMKgaHUs Ha 3eMJII0
' __ Y,

]sA"—‘_‘ -

Hpﬁ yka3aHHOM TEXHHUECKOM peUIeHHM CHCTeMa KOMIICH-

 camuu Gyler 3HAUHTEJBHO SKOHOMHUHeE, TaK Kak BMECTO
" IBYX TIPOMO3JKHX AalNapaTosB — JIOTOJHHTENBHOTO TPaHCHOP-
‘MaTopa W goMreHCHpyIolle# KaTymkd OylaeT MNpHMEHATHCA

TOJMBKO. Oflyy NATHCTEPXKHEBOH TpexdasHblit APOCCEb. 3ame-
THM, YTO 32 pyOeoM NPHMEHSJIHCh TpeXdasHble Jyroracu-

TeapHHE yerpoiictBa (TpaHcdopmatope bayxa). Takue ycr

"__QPQI"'ICTBg_ NpeAcTaBAAT COOOH KoMOUHAIHMIO BCIOMOIaTe/NbHO-
‘ro TpafichopmaTopa M KaTyIIKH H NPHHUHNHAILHO HE OTJIM-
.JaloTcAd OT o6nYHOI Ayroracsiiedl KaTylWKH ¢ AOMOJHHTE]ID-
- HBIM. TpaucdopMaropoM. HemocTaTKoM IO CPaBHEHHIO € OIH-

CaHHHIM Bhle ApocceseM fBJAfAeTcA OoJsiee CJAOKHAA KOHCT-

PYKiug allpapara.

| -"1_3"1_'-05-'3q:cpeu*ruaﬂocm KOMMNEHCAUMU €MKOCTHRIX TOKOB.
. 3ambiKaHMs Ha 3eMnio ' -
| -_:f_:_:,_fﬁ_é'onpﬂ,u,'e.rleuﬂw d. A. JInxauena [I] B(IJQJEKTEIBHOCTMO KOMMEeHCAllHH
| '-E_IE&EQCTHOPOITOKa 3aMBIKAHUS Ha 3eMJHO Ha3blBaercs cnoCOOHOCTL AYIOra-

" CAIEX . anmapaTos OrpaHWYHBATL TOKH Uepe3 JHHHIO IOBPEXJICHHS, Nepe-
* HANPAXEHHS § CKOPOCTH BOCCTAHABJHMBAIOIIMXCA HANpsiKeHWA Mocae ra-
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—_



mendsa 3aszeMmJstiomelt ayru, Ilokasartenem a¢p(deKTHBHOCTH KOMOCHCALUH
NPHHHMAIOT OTHOLICHHE KOJMYeCTBA 3aMbIKaHHH Ha 3eMJII0, He pa3BHMBLINX-
Csi B KODOTKHE 3aMBIKAHHA CeTH Moem—7lk, K OOmEMy KOJIHYECTBY  32-
MBIKaHHH

Hy

Ig=1—
1611

M3 storo onpépenenuss cjaefayer, UTO BCe 3aMBIKAHHS, HE Da3BHBLIKECS
B KOpOTKHe, HaZ0 paccMarpuBaTh Kak pes3yapTaT 3(P¢heKTHBHOrO AEeHCTBUSA
KOMIIEHCHDYIOIIHX KaTylieK, DTO HE COOTBETCTBYET NEHCTBHTEJbHOCTH, TakK
KaK 4YacTh 3aMBIKaHMH 110 CBOEH CYTH SABJSETCA METaJ/JIMYeCKUMHU, a He
JYTOBBIMH, H B CBSI3H C 3THM He MOIYT MEPEXOIHTh B MexXAydasHble Ko-
pPOTKHe 3aMbiKaHusd. [lo 3TOH nmpuYHHE CTATHCTHYECKHE AAaHHBIe O BBICOKOM
nokasartene 5(PQEKTUBHOCTH KOMIEHCAUHH Jyx SBJIAIOTCA 5HBHO NpPEYBEJH-
JEeHHLIMH, |

Kak caeayer u3 onpeleseHnsi, I0Kas3aTeJb Jx OTHOCHTCS K CETIM
C KOMIIeHCaleli eMKOCTHBIX TOKOB 3aMBIKAHHS Ha 3eMJi0. OLHAKO H B ce-
TSX C U30JIMPOBAHHOM HEHATPAJbI0 He BCE 3aMBIKAHHA HA 3€MJI0' NPUBOJAST
K MeXAy(pa3HbIM KODOTKHM 3aMBIKAHHAM H OTKJIOYEHUAM peJeiHOl 3a-
[HTOH. OHbIT KCIAyaTalud MOKA3HBaeTr, YTO B TAaKHX CeTdX JAJHTEJbHOe
BpeMs MOTryT CyHIeCTBOBATh OAHO(MDA3HBle 3aMBIKAHMSI Ha 3eMJIO, He Iepe-
Xoudlune B MexnydasHhie KODOTKHE 3aMblKaHus. B cBS3W ¢ aTUM I/ ce-
Ted C H30J/IHPOBAHHOH HelTpaasio (GopMaJbHO MOKHO HCIOJb30BATbh TAKOM
JKe IMOKa3aTeJlb. | | '

Ecsu wcnpiTaTe OJHY M Ty Ke CeTb, PAaGOTAIOIIYI0 NOOYEPELHO ¢ KOM-
NeHCallMeH eMKOCTHHX "TOKOB H B peXHMe H30JHPOBAHHON HeATpan:
B OXHHAKOBBLIX YCJOBHSIX IKCIIyaTallhd, TO MOXKHO INOJYUUTb AaHHBE O pe-
aMbHOH 3((eKTHBHOCTH KoMmeHcanuud, K coxkaJjeHHIO, Takue CBEHEHHS
B JUTEpPAType OTCYTCTBYVIOT. |

Ha ocHoBaHWyM nmpOBef€HHBIX HCCJELOBAHHHA MOXKHO JHIIbL YTBEPKAATS,
YTO KOJHYECTBO CNAy4YyaeB OAHO(DASHHIX 3aMBIKAHHI Ha 3eMJIO B CETH C KOM-
- MEHCHpPYIOLlel KaTylKO# Oyner GOJblIE, 4eM B CETH C H30JHDOBaHHOI
HEHTpaJblo. JleHCTBUTEJHHO HaJMYHe HONOJHHTEJbHOH HHAYKTHBHOCTH
ABJISIETCS HPHYHHOH DE30HAHCHBIX siBJeHHHA. CBsi3aHHBlE ¢ HUMH IE€pPeHanps-
XEHHs, B CBOK OYepe/b, MOTYT SIBHTbCH HPHYUHOHA IOBPEXKIAECHHS H30OJSIUHI
i 3aMBbIKaHHK Ha 3eMJ/0, B ceTH ¢ M30MHPOBaHHOH HEHTPAJBIO HPH OTCYT-
CTBHH HMHAYKTHBHBIX 3JIEMCHTOB DE30OHAHCH H CBSI3aHHBIE ¢ HHMH HEpeHa-
OpSIXKEHHST BOSHHKATL He MOTYT.

Bonpoch 3KOHOMHYECKOH 1e1eCO00Pa3HOCTH NPUMEHEHHS CeTeH ¢ KOM-
neHCalel eMKOCTHBIX TOKOB 3aMBIKAHHA Ha 3eMJI0 TPeGYIOT AaJbHEHIIero
nayuenust. Kak orTmewasnoce, B cersix 6—10 KB, HMeollHX coeaHHeHe
0OMOTOK TpaHchOPMaTOPOB B TPEYTOJbHHK, LJA INOAKJIOYEHHS KOMIIEHCH-
PYIOILErO peakTopa Tpedyercs ChHeUHa/bHbIE 3a3eMJSIOWHR TpaHChOpMa-
TOp, MOIIHOCTb KOTOPOro NOJDKHA OBITh HPHMEPHO PaBHOH MOUIHOCTH ca-
Mod Katymkn [9]. Takofi Gnok karymku u TpaHcopMaTtopa sBJSETCSH
AOBOJBUO TPOMO3AKHM COOpy:KeHuem H, Ce3yCJOBHO, AOPOrOCTOSIIKM,

;
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Mu yxe roopusm Takike, wTO 9(13(1){31{'1‘}13110(:*1‘5 KOMIileHCallHH MOKeT

| _-}i___‘“‘ﬂ'rb ofecnedyeHa NpH aBTOMAaTHYECKOH HACTpOHKe KAaTYWKH HHAYKTHBHOCTH

iy pesonance. OZHAKO 3TO TpeGyer NMPHMEHEHHT CIOXKHHIX CHCTEM aBTOMA-
-

?H»I‘IECKOFO PETYJIHPOBAHHA, E}KDHOMH‘IECKEIH HGJIECOOﬁpaSHOCTb KOTOPLIX HE

| _'Bcerﬂa OnpaBaHa.

3a pyGekoM ceTH ¢ KaTylukKaMu B Hefitpaad TpaHchopMaTOpOB B Ha-

‘¢roslIee BpeMs He HAaXOAAT NPHMEHEHHS.

-__;rnABA YETBEPTAS
" ._;3'_'3AI.I.I,HTA OT OiHODA3HBIX 3AMbIKAHM}
-'HA 3EMJTIO

.-‘19 MpuHUMNKANbHbIE CXE€Mbl NMPOMbILINEHHLIX ycrponcm
-7 3alliMThl OT 3amblKaHMM Ha 3emmio

Samma OT OJlHOMa3HBIX 3aMBIKAHHH Ha 3eMJII0 B paclpe-
,ILeJIIfITeJII:HbIX ceTssx 6—10 kB uMeer 60JbllIoe 3HAUEHHE AJS

'HaJIeXKHOCTH 3HeprocHa0eHHsT W 0e30NacHOCTH IepcoHaJa,
__joécnymHBanmero CeTH H 3JIeKTp0yCTaHOBKH MoTpeduTeNen.

PaccmarpuBas 3aliuTy OT 3aMblKaHHH Ha 3€MJIO C TOUYKYH

_.-”-IapeHHﬂ 9JeKTPo6e30NacHOCTH, MBI HMeeM B BHAY Npexne
- 'Bcero yMeHbIUCHHE OIIAaCHOCTH OJHOMOJIOCHHX HPHKOCHOBE-
- mufi. MIaBecTHO, 4TO NPUKOCHOBEHHe K (ase ceru 6 uan 10 kB
f—-.-;-;;g;,-_-._.;.-Z-Bcer,n;a PeACTaBasCT COO0H HCKMIOUHUTEJIbHYIO ONACHOCTb JJISL
. XKu3HM yeaoBeka. OIHAKO MOXKHO C YBEPEHHOCTbIO CKasarTh,
.. 410 myTeM GBICTPOrO OTKJIOUEHHS HANPAKEHHS MOKHO BO
 MHOTHX cJayuyasix u3fexaTb CMepPTeJbHOTo HCXO0[Aa, OCOOEHHO
. ecau moctpanapuieMy OyiaeT HeMeAJeHHO OKa3aHa 3(P(eKTHB-
 Hag ﬂ;ospaqeﬁHaﬂ NOMOIIb. YKa3aHHOE OTKJIOUCHHE MOXKHO
- BHIIOJHATH YCTPOHCTBOM 3aLUTBI OT OAHO(DA3HBIX 3aMbIKaHHUH
- Ha gemmo. [Ipn monajaHuu 4yeoBeKa MOX BBHICOKOE HalPsiKe-
- HHe -er0 COIPOTUBJIEHHE PE3KO CHMUIKAeTCcd U TOK, NPOXOAs-
- HIHH yepe3 TeJO 4YEJOBEKAa, CMOXKET BhI3BaTh cpabaThiBaHME
- -8amute. Takum oOpas3oM, 3aliuTa OT 3aMBIKAHHH Ha 3EMJIIO
~ .MOJIXKHA BHIIOJHATL M (YHKIIMH 3aUIUTHOTO OTKJAueHHd. M c
____'STOH TOYKHU 3PEHUA OHa HMEeT HCKJIOUATEJbHO BaxKHOE 3HAa-
~:quHe

B Hactosmee Bpemsi npuMeHAIOTCS c/efylolie BHIBI 3a-

L mHTH pearﬁpym]_ﬂﬁe HAa HaHpH}KEHHe HYJIEBOH HOCJIeILOBEl-
*ﬁ "".TeJIbHOCTIfI Hd TOKH HY.H@BOH HOCHE}IOB&T@JII:)HOCTH peampy

‘OIag ya HanpsiKeHHe M TOKH HYJEBOH MOCJEI0BATENbHOCTH.
Bhlﬁop BHIa 3ALLATHl ONPELENSeTCs B 3aBHCHMOCTH OT YHCJA

E)TBETBJIGHHH Ha UIHMHAX MNOACTaHLIHH.
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TpchcpopM:a.uHH TpaHcoOpMaTopa HamnpsKeHHs.
Ha puc. 32,6 nokaszaHa BeKTOpPHas AuarpaMma HePBHUYHBIX
ﬁ ‘BTOPUYHBIX HANPAXKEHHU IPHU OILHOQ')HSHOM SaMbIKaHHH Ha

3éMJIIO dassl B.

¥ 4 Takum oﬁpasoM HATIPSKEHHe HYJIEBOH NOCJAeA0BaTe/bHO-
K nazpyaxe a’rn Ha BTOPHUHON OOMOTKe TpaHcdopMmaTopa BO3pAcTaer ot

Puc. 31. Ilpunnunuankuasi cxema SAIIUTH, PEArHpyiollas Ha HampsKeHHE
HYJEBOH IOCAeL0BATENbHOCTH -
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B YCJOBUAX IVIYXOTO 3aMBIKAHUS Ha 3eMJIIO HaHpH}KEHHe
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“Ta aser 100 B.

% Hanpsaxeune 3U’; moABOAUTCSH K peJie HaHpH}I(eHHH KV
tpHc 31). Ilpu cpabarpiBaHHU 3TOr0 peJie CUTHAJ NOCTyHaer

gH npoMexyrounoe peje KH, KoTopoe cBOMMH KOHTaKTaMH

ﬂﬁo,uae'r HampsaXeHHe Ha KaTywKy oTK/ao4eHua KO MacJsHO-

g¢10 BBHIKIIOuaTeasd. B pesymbraTte NPOHCXOAUT OTCOEAMHEHHE

Bpe}KILEHHOPI ¢dasel OT IIUH NOACTAHLUH.

B KauecTBe pesie HalpsiKeHus 00OBbIYHO HpHM@HHeTCH peJie

Hna PH53/60/1.

HOCKOJIbe PacCMOTPEHHAs CXeMa He MOXKeT paboTaTh

Puc. 32. BexropHagd auarpaMma HanpsXeHHH

B samurax, peardpylolluXx Ha HalpdaxkKeHHe HYJEBOH IO-
CJe/0BATeNLHOCTH, CHIHAJM CHHMAaeTCs ¢ BTOPHYHBIX OOMOTOK
TpaHchopMaTopa HaNpsSIKEHHs, COEJHHEHHBIX B  OTKPHITHIH
rpeyrojpuuk. Ha puc. 31 noxasana nmpUHUHNHAJTbHAS CXeMa
3aIUTH, Pearupylomas Ha HanpsKeHue HYJIEBOH IOCJIEeN0BA-
TeJbHOCTH. .

[Ipy OTCYTCTBHM 3aMBIKaHHg Ha 3eMJI0 HalpsKeHHS Ua,
Uy, Uc paBHB MeXAy co0OH M CABHHYTH HO (pase Ha yroil
120° (puc. 32,a). IlosToMy BTOpHYHOE HAMPsKEHHE HYJIeBOY
MOCJeNOBATEJLHOCTH Ha BTOPHYHOM OOMOTKE TpaHCHOPMaTo- *P eﬂe

pa paBHO HYJIO ‘Ha TOBpe/CHHOM y9acTKe TOK HyJEBOfi NOCHEL0BATE/b-

.._..  1 ocm HMeeT HaHGOJII:.Luee 3HAUYEHHEe H IIO9TOMY HaIpAKeHHe
d  — I ayE :
Up =5 WatUs+Uo) = y Hamp

‘[lpu 3aMBIKaHHU Ha 3eMJ0 OXHOH (asbl, HanpuMep B,

- ..
......
¥

Ub =0, U, = -k—-UAB__-E-U e - fpymmaﬂ Ha TOK HYJIeBOH HOCJIEI[OBaTeJIbHOCTI/I HpHMEHHeTCH
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MeHee MATH OTXOMALMX NPHCOCAWHeHMI. B 3ToM cayyae Xo-
POIIO 0OeCcmeyuBamTCa YCJAOBUS IJIA YETKOH CEeJeKTHBHOM pa-
OOTBl 3alLUTHI. | | |

Ha puc. 33 nokasana npuHIMIOHAJbHAA CXEMA TOKOBOI 3a-
HIATHl OT OAHO(MA3HLIX 3aMbIKANMIl Ha 3eMJl0. ECIH IPOH30k-
ACT 3aMbIKAHHE Ha 3€MJII0, BO BTOPHYHOI 0OMOTKe TpaHChop-
MaTOpa TOKa HYJEBOH IIOc/eAoBaTe/bHOCTH 1A BO3HUKAET
TOK 3/’y, moj HeHcTBHEM KOTOPOro BKJIOUHTCS TOKOBOE peJie
KA H CBOMM 3aMBIKAIOWHM KOHTAKTOM IOLACT HAaNpPsIKEHHe
Ha npoMexyrounoe pese KH. Konrtakr 3toro pese coeguuen
MOCJACA0OBATENbHO C OTKIWUamwmed katywkod KO wmacasuoro
BBEIKJIIOYaTesl. -

B KauecTBe JAaTYMKOB CHIHAaJa HYJEBOH MOCJEL0BATETbHO-
CTH HPOMBIUIICHHOCTb BBIMYCKA€T TPaHC(HOPMATODHI TOKAa HY-
Aesoll nocaenosarenprocty T3, T3P, Td, TTHII-2 u ap.
IJTH TPaHCHOPMATOPH IPeJHA3HAUCHE! ISt YCTAHOBKH Ha Ka-

OCTbHBIX JIMHUAX WIH KaOeJbHbIX BCTABKAaX. B KayecTRe pea- -
. reJIBHOCTH Ha TIOBPEKJEHHOM yuacTke [o; ¢ BBEAECHHEM B CETb

THPYIOUIANX OPraHOB TOKOBOHW 3AaUIHTHI IPUMEHSIIOT peJie THIIOB
PT-40/0,2, PT3-551 u 3TH-551. ,

- OCHOBHOH HeZOCTAaTOK TOKOBEIX 3alUUT — BO3MOKHOCTE He-
CEJEKTHBHBIX OTK/IIOUEHHH HEMOBPEXK/ACHHBIX YYACTKOB CETH,
OCOOEHHO INpPU HeOOJLUIOM YHCJe NPUCOSAHHEHHH Ha INHHAX
TOACTaHUHMM. laK, mpyu ABYX OTXOSALHX HOPHUCOCAHHEHHSX, Ha
KOTOPBIX yCTaHOBJIEHa 3alllUTa, NPH 3aMbIKAHHU Ha ONHOM M3
HHX OTKJIOualmrcs oba npucoeauHeHHs. B sToM cayuae 3a
CHET BJHMAHHA €MKOCTHBIX COCTaBJISIIOWMX TOK HYJICBOH mocJe-
AOBAaTE/JIbHOCTH B HENOBPEXKAEHHOH JHHUH, OT KOTOPOrQo OT-
CTPpanBae€TCsd 3allUTa, CTAHOBUTCA COU3MEPHMBIM C TOKOM 34-
MbIKaHHS Ha 3€MJII0 B MOBPEkJAeHHOH Juuuu. HemocTaTkom
9TOH CHCTEMBl 3aIUUTHl ABJIACTCS TPYAHOCTL BHIOOpA yCTABKH

Puc. 33. Ilpunuunuanphnast cxema Puc. 34. CxeMa TOKOBOI 3aUIUTHI C
TOKOBOH 3aIHTBL  OT OJIHO(A3HBIX  JIOAKJOUEHHBIMH  JOTMOJHATE ThHbIMI
3AMBIKAHUH Ha 3eMJI0 KoHaeHcaTopamu Cy

62
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4oKa cpabaTeBaHHsl, TAK KAK KOJMUECTBO ONHOBPEMEHHO pa-
FoTalOUIHX TPHCOEAHHEHNHA B INpONECCe JKCIIyaTalMH CETH

yMeHdAeTCs, a CJeJ0oBaTeNbHO, H3MEHACTCA M IOJIHBIH TOK 3a-
- MBIKaHUA Ha 3eMJIIO. -

3

© . Jlmg yJAyulIeHus ceNeKTHBHOH paBoThl MPOCTHIX TOKOBBIX

" pe

gAIAT AOCTATOYHO NMOAKJIOYHTh K LIHHAM TOACTAHUHH KOH-
HCATOPH! C OJMHAKOBLIMM II0 3HaueHHi0 eMKocTaMM Cj, a

. BULYI0 HX TOUYKY COEIMHHTBb C 3emued - (puc. 34). B atom ciy-

-

- mo emkoctH Cy, a Ha HemoBpeXJEeHHBIX y4acTKax TOKU [og M

‘gyge TOKH HYJIEBO# MOCJeI0BaTEJbHOCTH NPH IJYXOM 3aMBbIKa-
‘uuHi (ase Ha 3eMJI0 GYLYT PaBHBL

Ini=Ugo (Cxt+C2+4-Cs);
[go= Ucp(ﬂc2;
Jos=UypwCs.

Kak BHUIHO M3 STHX ypaBHEHMi, TOK HYJeBOI TNOCJEN0Ba-

JOMOJHHTENLHON €MKOCTH BO3pACTaeT NPSMO HTPONOPHHOHA/D-

- J4s OCTAIOTCH 0€3 M3MEHEHHS. -

... TarkuM o6pa3oM, HOAKIIOUAas K CeTH KOoHAeHcaTopbl Cy
- ~(puc. 34), MOXKHO MOOHTbCS CEJEKTHBHOH 3alllUTH OT OJHO-
"< thasHBIX 3aMBIKaHMH Ha 3eMJIIO C HCIOJb30BAHHEM TPOCTOH W
‘. HajexHoil 3aulMTH, paGoraiomell Ha 6ase pene tuna IT.
" Pa6ora 3amuThl 6ygeT ofecleueHa, €CJH €MKOCTbh KOHJEHCa-

" 7r0pa 6yZeT paccyMTaHa M3 YCJIOBHS

-

C, ~— (€, +C,+C))

" * " Heo6X0AMMO OTMETHTb, UTO B HOPMAaJbHbIX YCJOBHSIX pPa-

-

-
.
| I
l‘.

60T CeTH IOIOJHUTENbLHBIM KoHaeHcatop Oyzer crnocobCTBO-
- 'BaTh MOBBLIMICHHIO KO3()(UUHMEHTa MOIIHOCTH CHCTEMBI 3JIEKT-
~ . pocHab)eHud. - '

~ . - 3HAYMTENIbHQ CJOXKHee pellaeTcs 3ajaua CO3JaHHS CeJIeK-

-

Ll
[
[
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.. THBHOHN 3allUTH OT OAHO(hA3HBIX 3aMbIKAHMH Ha 3eMJI0 B Ce-
. TAX ¢ MaJbIMH TOKaMH 3aMBIKaHHS, KOIJla YHCJIO IIPHCOEIH-
. HeHHWH Ha WHHAaX MOACTAHIMYU He NpeBbILIdeT NATH-IIECTH. Ta-
- KHe CeTH IWHUPOKO MPHMEHSIOTCH, HalpuMep, I 3JeKTpPo-
" CHabxeHus TOpHHIX pabor, Ha Topdopa3paboTrkax U AP.

-~ B nocnepHdue roAabl B NEPHOAMYECKOH NeyaTH ONyGJIHKOBA-
HO 0OJIbllIoe KOJIMYECTBO cTaTel, B KOTOPBIX IIpedJaraloTcs
i - .Pasmunsle cxeMbl 3aIUThl B ceTax 6—10 kB ¢ MaapiMu eM-
. KOCTHBIMH TOKaMH 3aMBIKaHHA Ha 3eMmjio. H TeMm He MeHee
L MHOrupe NPHBEACHHLIC B JHUTEpPAType CXEMbl 3alUTHl HE Ha-

3B



HIJTH TPAKTHYCCKOTO NPHMEHeHHA. B Hacrosee BpeMs CepHHHO
BhITyCKAeTCd Julb 3amuta tuna 33II-1, npennasnauennas
JUIT CeJNeKTHBHOIQ OTKJIIOTIEHHH 34U aeMOTO
HHA IPH OAHO(A3HOM 3aMBIKAHMH Ha 3EMJIO B CETAX Kapbe-
POB, B IIAXTHHIX H TATOBHIX ceTaAx. ONHAKO ¥ 3Ta 3alUTa 06-
JaAaeT" CePbe3HBIMH NPHHIUNHAJbHBIMH HEJOCTATKAMH.
YKaszaHHoe MOJOXKEeHHe 0OBACHAETCH Npexie BCEro OTCYT-

CTBHEM HEOOXOAMMBIX TEOpPETHYECKMX NpeANOCHIOK. M3Bect-

HO, YTo OOJILIIMHCTBO pa3pabaTHIBAEMBIX CXEM CeJIeKTHBHOI]
3aUIHTBl HCIOJIB3YeT NMPHHUMI cpaBHeHHS (a3 U AMIJIHTY]

TOKOB H HaNPSXKEHHH HYJAEBOH mNocgaenoBaTeJbHocTA. OOHaKo
AHAJHTHICCKHE "BaBUCHMOCTH 3THX BEJHUYHH OT HAPAMETPOB
U30JALHH CEeTH OTHOCHTeJII::HO 3¢MJIM B HAcToslllee BPEMA He

YCTAHOBJIEHHI.

KOro 3aMblKaHud, ero ¢ase u popme KpPHBOLI.

Kd TpefcTaBasier coboii Heserkyio 3agauy. He cayuaiino mo-
9TOMY, YTO aBTODHI NpejsaraeMblX B JHTEPAType CXeM He
paccMaTpuBamT 3TOT BONpoC ‘Boobiie. B  Takom ciyyae He
noJyyaeT oObsICHEHHS M NMPHHIMN paGoTH NpeAsaraeMoil cxe-

MblI 3alUUTH CO BCEMH BBITCKAIOUIMMH U3 3TOIO IOCJEHACTBH-
AMU, ’ |

M3 atux coobpakeHufi MOXHO OOBACHHTL OTCYTCTBHE 3(-
- DEeKTHBHBIX CXEM 3aLIHTH, YAOBJETBOPAIONIMX NpELbABJISIE-
MBIM TpPEOOBaHMAM 3JeKTPo6e30macHOCTH. PaccMOTPHM  OT-
IeMbHbIE NPHMEpHI. YHebokcapckum ajekTpoannapaTHbiM 3aBO-

JO0M CepHHHO BbIIIYCKAETCH yCTpOHCTBO 3dlIUTHl OT 34dMBIKa-

HUH Ha 3emaw Ttuna 33I1-1,
BHHUBD3.

B HHCTPYKUHH 1O 9KCHIVATANHMH 3TOTO yCTpOHCTBa B paas-
pene «IIpuHnun peHcTBHS M KOHCTPYKTHBHOE O(OPMJEHHE»
oTMe4aercs, 4yro «3awmura tana 33I[1-1 npeacrasager coboil
HaNpaBJ/JEeHHYIO 3alIUTy HYJEBOH MOCJeL0BATEIbHOCTH. 3allli-
~Ta COCTOHUT M3 COIJIACYIOLLEro YCTPOHCTBA, VCHJAHTENA Iepe-
MEHHOTO TOKa, (ha304yBCTBHTENBHOTO ycuJurtess. Corjacyiw-
mee YCTPOHCTBO obecneyHBaeT: a) CABHT (a3sl BHIXOLHOTO
TOKa Ha yroJ, Oauskuit K 90° Mo OTHOIIEHHIO K NePBHYHOMY
TOKYy. HYJIEBOH MOCJAENOBATENLHOCTH BO BCEM MAHAMA30HE H3-

KOTOpOe paspa60TaH0 BO

MEHEHHUS MOocJaeaHero; 0) TepPMUUECKYI0O CTOHKOCTb 3allHTH
~ Ipu IBOMHBIX 3aMBIKAHHAX Ha 3EMJI0; B) BO3MOXKHOCTbL HC-
MOJIb30BAHMUA 3aLUUTHI C TpchcpopmaTopaMH TOKa HYJIEBOH

- I0C/Ie/I0BATENLHOCTH PA3/MYHBIX THIOB..,»
64 |

PHCOEUHE-

.;.{{yCHJIHTeJIb [IePeMEHHOr0 TOKa yCH/JHMBAET BbIXOLHOI cnr-_
F”Hlﬂjl COIVIACYIOIEr0 yCTPOHCTBA, MPONOPUUOHANbHEI 3/o...3

S da BoquCTBHTeJIbem yCHJIHTEJb YCUJAHBAET CHrHaJ, COo-
oTBeTCTBonmHH TOKY HYJIEBOHM IIOCJEJ0BAaTE/JbHOCTH C YIVIOM
¢33H 110 OTHOUIEHUIO K HaNPAXKEHHUIO HYJEeBOH NoCJAeL0oBaTelb-

qOCTH, 4e€M obycaoBiuBaer cpabaThiBaHHEe BBIXOJHOI'O peJje B

3oHe okoJo 180°,

"H3 3TOro ONHCcaHUS HEBO3MOXKHO YCTAaHOBHTbL MNPHHOUN
haGOTHl PAacCMaTpPUBAEMOH CXEMBI 3aIIUTHl H OOBSCHHTb, B
@yanaTe Yyero JOCTHraeTcs CeJIEKTUBHOCTh €e ASHCTBHA.

. Heo6X0AMMO OTMETHTb, YTO TIPHBeJleHHAsd B HHCTPYyKHHUH

' --paﬁoqaﬂ cxema yCTpOHCTBa npeacraBJasieT co00H ¢ TOYKH 3pe-
HHS TEOPETHYECKOH 3/IEKTPOTEXHHKH .CJIOXKHYIO HEJHHEHHYIO
5JEKTPHUECKYIO LeMb. g Takux 1enedl aHaJUTUYECKHH aHa-

. jH3 MPOLLECCOB NMPAKTHYECKH HEBO3MOXKEH. [Ipn HaluuMK BeH-

Hepes 6.10kn YCTPOHCTBa 3allMTHl B O0IleM cjyyae Mmpo- - THeH M PEaKTHBHBIX 2JIEMEHTOB B CcXeMe TepfeT CMBICH IO-
XOMUT CHTHAaJ, IPONMOPHUOHAJBLHEIN TOKY 3aMBIKaHHS Ha 3€M-
J10, H3MCHAIOIIMHCS COOTBETCTBEHHO 3HAYEHHAM TOKa KOpPOT-
Hccarenosanue -

3TOTO Bonpoca C TOUKH 3pDEHHA TEOpETH'—IECKOI’I SHEKTPOTEXHH-

“garue «(asoBbli Yyros» W Kakue-inbo Apyrue ¢a30BBIe COOT-
HOI].IEHHH O KOTOPBIX TOBOPUTCSH B MHCTPYKIUH.

~K coxaJjieHHIO, U3BECTHHIE B JIATEpAType MaTepHAJbl, OT-
‘HocAUIMecs K yKa3aHHOH 3alIMTe, TakKike He OTJHYAlOTCHA I0JI-
. HOTOH H3JI0KEHHS M He HMeKT HeOoOXOAHMBIX CBEIEHHH O
npnﬂunnax NEHCTBHAl CXEMbl PaccMaTpPUBAE€MOH 3aLHUTHI.

. OnulT 3Kcmayatanuu 3amwuTel THoa 33I1-1 cBUAETENbLCT-
Bye'r 0 ee HeceJeKTHBHOH u HeycToiHuuBOH pabore. OHa, Kak
_ TpaBHJIO, TPeJHAMEPeHHO OTK/IIOYaeTCAd IHEPreTHKaMH M IO-

STOMY He paboTaer.

2B 3apy6exHoH IpaKTHKe TPYAHOCTH CO3JaHUS CEJEeKTHB-
f‘:-_'-HDH 3alUTH OT 3aMblKaHHH Ha 3eMJI0 B PaclpeNeJaUTeNbHbIX
~CETHAX IPeOJOJICHEl B OCHOBHOM NyT€M DalMOHAJBHOIG BBIOO-
“pa pexuma mefirpanu. Tak, nanpumep, B CIIA ocHOBHas
é"_'-"-rqat:Tb CeTel CpeJHEero U BBICOKOIO HANpSXKEeHHfA, B TOM YHCJIE
B KapbepHBIE CETH, HMeeT HeHTpaJjb, 3a3eMJIEHHYIO yepe3 pe-
- BHCTOP. 3azeMieHHe MOXKeT OHITh BHIIOJHEHO Kak yepes pe-
' SHCTOP C MaJbIM CONPOTHUBJIEHHEM, TakK # C OoupliuM. B mep-
- BOM_.cJlygae pe3HUCTOp IPHMEHseTCs B OCHOBHOM B CeTAX Ha-
- npgxennem 1,4—13,8 kB. ConpoTuBieHne pe3nUCTOpa B LENH
. 3a3emJsieHnsl BHIOMpaeTCs TaK, YTOGH DU 3aMBIKAHHH Ha 3eM-
§ JI0 CO3MaTh TOK, JOCTATOYHBIH JJIsA HaZeXHOro cpabaTbiBaHHA
F33U1HTBI B cersx, 3a3eMJieHHBIX 4Yepe3 00Jbilloe aKTHBHOE CO-
. DPOTHBJIEHHe, Pe3HCTOPHl PACCUMTHIBAIOTCSA Ha TOK 15—20 A,
E 4 B ceTsx, 3a3eMJICHHBIX yepe3 Majioe aKTHBHOE COMPOTHBJIE-
b

| Hﬂe Ha Tok jno 600 A.

.- Tlpu BKMIOUeHHH PE3HCTOPOB MEXKAYy HEHATDPAJbIO CeTH H

3eMJer YMEHbIIAETCS BEPOSITHOCTh BO3HHKHOBEHMSI DE30HAHC-
HHX NepeHanpsiKeHHH; oTHafaeT HeOGXOAUMOCTH B IPHMeHe-
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HHM TPaHC(OPMATOPOB HANpPAKEHUs! HYJEBOH MocaenoBaTes. Bie.
HOCTH, sIBAAIOIHXCA NPHU ONpPENEJeHHBIX YCJIOBUAX HPHUYHHONET -
ONACHBIX NepeHanpsiKeHuit (cm. ra. 1). |

3aluTa ¢ UCKYCCTBEHHO - YBETHYEHHBIM TOKOM 3aMBIKaHMs U
Ha 3€MJI0 3a py0eKoM NDPHMEHSeTCH yxkKe B TE€UeHHE MHOTHy| _
aet. Hanpumep, B UCCP sta npes ocymecrsasierca myTeyf -
CO3MaHHA HCKYCCTBEHHOH HEHTDaJId, 3a3eMJEHHOH uepes pe~! e

3UCTOP.

: _ _ |
B Cosetrckom Colose paboThl 10 CO3MAHHIO 3ALIKTHl OT 3a-

MbIKaHUH Ha 3eMJI0 B PacHpelesuTelbHEX cetsix 6—10 kB ¢f
H30JMPOBAHHON HEHTPA/bIO NMPOBOAATCS B pPsJE HAYYHO-HC-|
CJI€0BATEJbCKHX H yueOGHBIX HHCTHTYTOB. Tak, B MOCKOBCKOM}
FOPHOM HHCTHTYTE€ Ha OCHOBAHHM IIPOBEJEHHBIX TeOperHue.f
CKHX HCCJIEJIOBaHHH paspaloTaHa ODHIHHAJbHASl CeNeKTHBHasf =
- 3alluTa OT 3aMblKaHWH Ha 3eMJI0 B ceTsx 6 KB Kapwepos, pa-l = -

OoTarollas Ha NPHHIHUIE JOTHYECKHX GIOKHPOBOK HEMNOBPERK-| -

- J€HHBIX VYaCTKOB CeTH.

20. AMNIMTYAHBIE M (Pa30BbIE COOTHOLICHMA TOKOB
M HanpmMKeHMM HYNEeBOW NOCNeAOBATENLHOCTMH
NP1 3aMbiKaHMAX Ha 3eMIio

Mg npaBUABHOrO MOCTPOEHHS 3aIIUTH OT 3aMBIKAHHEH Ha

3eMJII0 HEOOXOAHMO pacnoJiaraTh 3aBHCHMOCTAMH TOKOB M Ha-b
pSXKEHHH HYJEBOH IOCJeNOBATEJbHOCTH: OT napaMeTpoB H30-i
JAOUH CETH OTHOCHTEJbHO 3eMau. K coxkajeHUwo, A0 HacTOd-|

E puc. 35. CxeMa HCCICIOBAHHS PACHPEZENCHHS TOKOB HYJIEBOH 1I0CJIeN0Ba-
FTEJIBHOCTH IIpu SEiMbIKaHHH Ha 3eMJIO .

by _

. “CONPOTHBJIEHHE B LeNH TOKa 3aMBIKaHHS Ha 3eMJIO; Uqy
. Ups — HANPSXKEHHS Ha DAsOMKHYThIX 3aXKHMaX BTODHUHBIX
06moT0K TAI—TA3; wi—w; —YUCIO0 BHTKOB BTODHUHBIX 06-

" ‘motox TAI—TAS.

ey -

- .
oo
T

)

PR T | . v ‘
o Ilpn upa=UnSinof paa npuHATHX Ha puc. 35 MOJOKH-
' TEJIbHHIX HalpaBJeHWH HanpsiKeHHH U TOKOB Ha OCHOBAHUH

+{20), (21) MoKeM 3anHcaTh OCHOBHEIE YPABHEHHUS:

[ero BPeMEHH TaKHe 3aBHCUMOCTH YCTAHOBJEHH He OBl x .
JTO 3aTPYAHAET DACUeT M HCCAeNOBAHHE VKA3aHHBIX 3allHT. e ﬂmf(cﬂ+cﬂ), sin (of — o);- (53)
[Tpunnun pefictBust GOJBIIMHCTBA CeJEKTHBHBIX 3alLUT OF R Vi + riw?Cs

OMHOQA3HBIX 3aMbIKAHHH Ha 3€MJIO OCHOBAH Ha CPaBHeHW:| U of : '
has ¥ aMIVIATY] TOKOB H HaNPSXKEHHH HYJEBOH MOCJHEN0OBA- o [ go == —— —— 2 sin (of — ©); (54)
TE€JbHOCTH. AHaJHTHYECKUE 3aBHCHMOCTH TOKOB W HanmpdzKe- | Vl ,ngc2 : |
HUH HYJIEBOH IIOC/ENOBATENBHOCTH OT eMKOCTell OTAEABHBIX| « _— U, wC, ; '5 5
y4aCTKOB CE€TH OTHOCHTEJIbHO 3€MJIM MOXKHO IOJIYYUThb, pac-f - Log =~ V g O (o — @); (99)
CMaTpuBas pacuyeTHyIO CXeMy PHUC. 30 ¢ TpeMs ywyacTKamu, Ha} . - - | 4 ryo*Cy _ -
KOTOPBIX YCTaHOBJEHB TpaHcQOPMaTOpHl TOKa HyJeBoft mo-f. .~ . 8Upe(C,+C,+C,) . .

. o b [, = ——=L 2 sin (ef — o), (56)
cienoBatenpvioctTy TAI—TAS3 [10]. Hanpsixkenune Hysesoit| 3

[10CJIeJ0BATENBHOCTH 3Uy’ CHUMAeTCs1 CO BTOPHYHBIX OOMOTOK § -

TpaHcpopmaTopoB Hanpsxenuid TV. Ha cxeme npuHATH cie-
ayolmue o0O3HAYEHHS: Uga, Ups, Upc — Da3HBIE HANPAKEHHS

MUTawumero TpaHcpopmaropa TI; uxy — HanpsiKeHHe cMewle- |

HHS HEHTPAJH; ip) — TOK HYJEBOH IOCJAeL0BATEJbHOCTH HA IO

BPEXJEHHOM Y4acTKe; log, lo3 — TOKH HYJEBOH IOCJENOBaTeNb- |
HOCTH HA HENOBPEXJAEHHBIX YY4AaCTKAaX; Iz — TOK 3aMbIKAHHS Ha [

3eMy10; (—C3—eMKoCcTH (a3 OTHOCHTENbHO 3eMJH; ry—
66 |

Vl - rgmzC'%-

- The U, — aMIIHTyIHOe 3HaYeHUe ¢a3HOro Hanpsi:KeHus, NH-
 Taiomero ceth TpaHcdopMaTopa;

Yo —

ol (ba30BLIH CABHT.

|9 =— arcig

. Ilo ananorun MoxHO 3anmcaTh BHIPaXKEHHS 415 TOKOB HY-
| JICBOH 10CJIe0BATEJIBHOCTH B CETH C JIOOBIM YHCJIOM yuacT-
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KOB, IPH 3TOM 3a NEpPBHI y4acTOK MOXKHO TNPHHHATH J1000¥ °
M3 HHX. - B

M3 npHBeleHHbIX yPaBHEHHH CJENYeT, 4TO TOKH . HYJCBOK
oCJeIOBATEJIbHOCTH igp U fpg Ha HEMOBPEXKACHHBIX Y4ACTKAX
H ipy Ha -TIOBPEXIEHHOM YyuyacTKe HAXOAATCHA B npotuBodase

g OTJHYAlOTCA Mo aMmiuryte. |
[lepsuyHOe HaNpsiKEHHE HYJEBOH TNOCAELOBATENbHOCTH

o, PaBHOE 1O 3HAYEHHIO H NMPOTHBOMOJOXKHOE IO ¢ase Ha-
NpSKEHHIO CMelleHusi HeATpalu Uy, Onpelensercd IO (1)

gty = — =B sin (et — ), (67) 0
| 1 4 ‘rgmzC' % | A3y

rjaec

s, ; .-: |
}7-Puc. 36. BexTopHas mumarpaMma TOKOB

(p’%arctg oCxrs.

i@ HAmpPAXKEHHH B cXeme puc. 35 0

S,
.

1 .

L} g NS |
B LG ) r 1 . e ]

e _

iy

-7 Puc. 37. KpuBble, xapaktepusyiomue 20

A

Hanps:XeHust Ha BTOPHUHBIX OOMOTKaX TpaHcdopMaTopor
Toka TAI—TAS3 HaiigeM Kak

3w, diy 3w, 0 58) E:tfpacnpenenenie TOKOB HYJEBOH moce-
ot Wilhuia !} S tut el wf — - = y
Uy == R.. dft — R [ COS ( ?) (95) - II0BATENBHOCTH B cXeMe pHe. 35 J0
M1 . M1 A H a7 |
. - a pHC. NpHBEAEHH 3aBHCHMOCTH DACIpENE]CHHS TOKOB K Halpsg-
. Bwy digg 300 g cos(ef—o);  (09) Eade e o P pe P P
Upy== "2~ 4 = TR 102 j-BKeHHS HYJIEBOA MOCJIe0BATENbHOCTH B OGO MOMEHT BPEMEHH NEPHOxa
M2 v o ¥ suepeMeHHOTO TOKa. _ _
Swy dig _ _ 3@ 1 cog(wt—¢),  (60) ¥® Ilpu ruyxom 3aMBIKaHHH (Gasbl HAa 3eMTI0, KOTAA Iy=:0,

- Rug dt R ' ' {-£°(53) — (55) mpmmyT BuA: '-
rie Rui—Rw3 — MarHuTHble CONPOTHBJICHHS TAl—TA3. Amn- -
JIATYAB TOKOB HYJIEBOH IOCJIEA0BATEJIbHOCTH Imoi—Imos paB- s
Hbl AMIVINTYAHLIM 3HayeHHAM CHHYCOHJ B (53) — (99).
* Ha puc. 36 mpencrapjieBa BeKTOPHas AuarpaMma Hallp#-
sKeHKHH W TOKOB MJsi cXeMbl puc. 35. Kak BHJIHO, HANPSXKEHUE
HYJIEBOH NOCJEA0BATEIHHOCTH w0 ¥ HaAUpsKeHUe Ur, CHHMAae-

Moe €O BTOpHYHOH OGMOTKHM TpaHcpopMaTopa TOKa Ha IHO-
BpeXJEeHHOM YydYacTKe, COBIALaioT IIo ¢daze. B TO XK€ BpeMH
HANPSAIKEHHS Ure M Ur3 HA HEMOBPEXKACHHBIX ydaCTRAX HaXo0-

nsres B npotusodase ¢ uo. |
B kauecTBe mnpHMepa pacCMOTPHM cem, B KOTOpOH Uﬂ’:I/chp:
— 6000 B 75=10 OM, C;=5 Mr®, Co=15 Mr®D, C;=~10 MKO.
HO,I[CT,BBHM noayueHHHe 3HadeHus B (53)-—(99)
iy =37 sin (31414-74°);
fop=—22,23 sin (31411-74%);
 ip=—14,82 sin (3144474°);
- ug=—uyx=4719 sin (314{4-164°); ‘
upa=4899 sin 3141.

iot =Umo (Cz'-l- C3) cos wl;
iﬂ2=""Um(DC2'CdS (l)t,

‘1;'05=.—Um’0)C3=COS wt:
i3=3Un0 (C14Cs+C5)cos wl.

t ® Ilpn saMbBlKaHMH HaNpsiKeHHe HYJEBOH NOCJAEI0BaTENbHO-
| #CTH DaBHO (Pa3HOMY HaNPSKEHHIO ¢ OOPATHHIM 3HAKOM TOM
} *epasbl, Ha KOTOPOH INPOH3OLLIO 32MBIKaHHe Ha 3eMJio. B nmay-

] - TREMIG .
v -_ - .,

OM cJiyyae QHO PaBHO HanpsaXKeHHUIO das3w A. |
L & Tak kKak npu riyxoMm 3aMblKaHuu Ha 3emao @ =0, To

Uo——Uny=—Unsin .

P
P
UL
& -
- 1
.

¢ ¥ Ha puc. 38 nmpoBenena BeKTOpPHas QuarpaMma TOKOB H Ha-
Lo MIPSKEHHM IJIg CJyYast TJIyXOoro 3aMblKaHHSI Ha 3eMJIIO.
= CpaBHHMM M3MeHeHHUS (a30BHIX U AMILUIUTYAHBIX XapaKTepy-

@CTHK TOKOB H HAINpPSXEHHHU HYJEBOH NOCJAeA0BATEJNbHOCTH, KOI-
@ Aad YUacTKH ceTH 00JalaloT TOJNbKO AKTHUBHBIMH CONPOTHBJIE-

- . :‘."l r

- HHAIMU U He 00/1a1al0T €MKOCTbIO OTHOCHTEJbHO 3€MJIH.
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Puc. 39.

BekTopHad
TOKOB H HANpPSKEHHU TIPH aKTHB-
HHIX CONDOTHBJCHHUAX CETH OTHOCH-

TEJbHO 3€MJHU

Puc. 38. DBekropuas aumarpamma Auarpamma

TOKOB M HaNPSXKEHHI TNPH IVIYXOM
3aMbIKAaHHH Ha 3eMJIO .

Kax u panee, corqacuo (16), (17) ypaBHeHHS A5 TOKOB HY-
NIeBOH NIOC/IE/I0BATEJbHOCTH HMEIOT BUJL

m(gz -+ g3) 61
Ll}l - 1 + 78y Sln (ﬂt ( )
. Un8s +.= 4.
Lo T rs sin of; (62)
— Un g3 t: |
e Sif o (63)
L] l-%—ragz .{ﬂ ( )
rie g1=1/r1, go=1/re, gs==1/rs— aKTUBHbBIE IIPOBOAUMOCTH
OTIeJbHEIX (a3 COOTBETCTBYIOUIMX YHaCTKOB; gs=1/r1+

+-1/ro+1/r3=g1-+go+gs — NoJaHaag aKTUBHAaA HpOBOﬂHMOCTb

CETH OTHOCHUTEJbLHO 3eMJIN.
Hanpsakenue HyJeBOH MOCJAeJ0OBATEJNbHOCTH B COOTBETCT-

BHH ¢ (D7) paBHO
| U.’?I

sin wt.
I 4 ragy

u[}: -—--LLN - -

- HanpsXeHus Ha BTOPHUHBIX OOMOTKax TPaHc(OPMaTopoB
toka TAI—TA3 nnga storo ciayuas OIpeAeioTCs CJIeLY10-
UM 00pas3oM:

U, — 30 n.m cos wi; (60)
. R .
U, = — 3;)2“) [, COS of; (66)
M2

70

;TE.HI)HOCTH paBHble COOTBETCTBEHHO MOCTOSIHHONH COCTaBJIAIO-
' me# Boipaxenni (61)—(63). - -
. BexropHag pumarpamMMa TOKOB M HANpPSKEHHH [JJAd CETH,

oﬁﬂaﬂammeﬁ TOJBKO AKTHBHBIMH COHpOTHBJIEHHHMH

i.r-
‘.5
. ..3'-
-}n

L

..1.

- R
.. T
'Lh .H“

T3 1103
Rus

COS W, (67)

2 e Imot, Imoz, Imos — aMILITTYLB TOKOB HyJIeBOH TOC/Ie 0Ba-

HSOJIH-

uHH npHBejeHAa Ha puc. 39.
M3 PHCYHKa BHAHO, UTO B OTJIHUHE OT eMKOCTHOH ceTH Ha-

g an}KeHI’Ie t'o M TOKH ig, ip3 HA HEMOBPEXKACHHBIX y4acTKax

CGBHaILa}OT no ase. B TO Xe BpeMd TOK 101 Ha TIOBpeK/JeH-
' HOM y4acTKe HaXOJMTCs. B IIPOTHBO(a3e C u’o.

[IpoBeneHHbIE HCC/EI0BAHNUS (pasoBbIX M AMIVIATYAHBIX

COOTHOIHGHHH TOKOB M HAMpSXKEHHH HYJIEBOH IOCIEN0BATE/b-

HOCTH MO3BOJIFIOT C/eJjlaTh BHIBOJA, UMEIOLINH BaxkHOe 3Haye-
Hﬂe 719 NPaBHJILHOTO BLI6ODA HPHHIHIA 3aIUUTH OT OJHO-

rpaBHbe 3aMBIKaHHE Ha 3eMJo. B cerax, o0/analomux 3HauH-
% TeJbHONH €MKOCTHIO OTHOCHTEJBHO 3eMJH, T. €. KOTla MOXKHO
2 oToJlarath, 4To @==r/2, TpaHC(OPMATOPH TOKA NONKHHl DPa-
§ 4. 60TaTb B peXHMME XOJIOCTOTO XOJa, T. €. BTOpUYHBlE OGMOTKH

1" TA caepyer NOAKJIIOYATh K BEICOKOOMHBIM HarpyskaM. B sTom

S
3 ;?

: s

'|
i F:f
Ly ':-;.. fiaisi
gy [
e

1'!'1

i

% clyuae MOXKHO NOGHTbCA CeJIeKTHBHOM 3alIMTHI, TAK KAK Ha-

HpH}KeHHe HYJIEBOH IocJae10BaTeJbHOCTH U HANPAXKEHHe, CHH-

- MaeMoe CO BTOpHYHOH OOMOTKH TpaHc(oOpMaTopa TOKa Ha IIo-

Bpe}Kﬂ,eHHOM yyacTkKe, cosmajzaioT mo ¢ase. CieaosarespbHoO,
" UX 3HaueHHd CyMMHUpYVIOoTcA. Ha HenoBpexXJAEeHHBIX yyacTKax
COOTBeTCTBymmHe HaTI P f2KeHHS OVAYT BBLIYUTATHCH, UTO MO-

JKeT OBbITb YUTEHO CXEMOU 3aUIHUTHI.
B cetax ¢ MaJol eMKOCTBLIO OTHOCHUTEJbHO 3eMJH U 00Jb-

L IMIUMH aKTHBHBIMH YTeUKaMH _Ha 3eMJIo, T. €. Koria @=0,

TpchcpopmaTopr TOKa JOJXHBI paboTaTh B pexume, OJH3-
- KOM K KOPOTKOMY 3aMbIKaHHIO. B 3TOoM cayuae ¢ HaopsKeHM-

'j?"- 7 eM HYJeBOH INoCJaef0BaTEJbHOCTH COBHAZAIOT MO (a3e TOKH

. Ha HEMOBPEXJEHHBIX yYacTKaX- CeTH M IPOTUBONOIOXKEH C
© 3THM HanpsKeHHeM 10 (paze TOK HA NOBPEXKJICHHOM ydyacTKe.
CJIE,I[OB&TEJIBHO TIPH COOTBETCTBYIOIUEM BKJ/JKYEHHN BTOPHUY-

" Hpix 0OMOTOK TPaHCHOPMATOPOB TOKOB M HAHMPSIXKCHHI MOXKHO
._f""**""‘:?e;nonyqa'rb ‘CYMMHDPOBAaHHE CUTHAJIOB Ha MNOBPEXIECHHOM ydacr-
" K€ ¥ BpIlUHTaHHE Ha HEMOBPEXK/ICHHbIX.

CJaenyer, oJHaKo, IPUHATHL BO BHUMaHHE, 4TO B, GOJIBLIIHH-

L+ CTBe cJaydyaeB B ceTsix 6—35 kB npeoﬁﬂaﬂam’r eMKOCTHBIE CO-
. CTaBJsIIONIHE MOJHOH NPOBOLUMOCTH CETH OTHOCHTEILHO 3€M-
| - 1. 3HauuT, npyu pa3pabGoTKe 3alUT OT 3aMBIKaHHH HAa 3eMJHO
'Heoﬁxozmmo UCXOAHUTb W3 YCJOBHS PAGOTH TTHH B PeKUME

X0JIOCTOTO XO0JA4.
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21. TokM M HaNpPMHKEHMUS HYNEBOH NOCKCAOBATENbHOCTH
NpPM AEepPEXOAHbIX MpoLeccax, BbI3BAHHLIX
3aMBbIKAQHMAMM HA 3EMFIO

B MoMeHT 3aMblKaHHA (assl Ha 3eMJIIC BO3HHKAeT MNEePEXOIHBIE IpO-
Hecc, MpPH KOTOPOM TOKH H HalpsXkeHHe HYJEBOH MOCAEA0OBATENbHOCTH
H3MEeHSIOTCA N0 CJA0KHOMY 3aKOHY H MOTYT 3HAYHTEJbHO HPEBHIIATHL YCTa-
HOBUBIlIHeCS 3HAYeHHsA. B 3THX yCJOBHSIX BO3MOIKHH JIOXKHBIE cpabarThiBa-
nust 3amuThl. CJielOBATENbHO, IPH OGOCHOBAHHM 3alllUTHl OT OLHOGMA3HBIX
3aMbIKAHU Ha 3eMJII0 HeOOXOJAKMO paccMATPHBATL U YYUTHIBATH TOKH U Ha-
BpSAKEHHEe HYJEBOH MOC/ENOBATENBHOCTH B NEPEXOAHBIX pPEXHMAX.

) [uga

A

nn

Puc. 40. Cxema pacueta TOKOB HYJEBOY HOCJE-
JIOBATEJBbHOCTH HDH IEpeXOAHBIX npoueccax

t

i cXeMbl puc. 35 nmpW HaupsAXKeHUH ceTH Upa=Upn sin (of-9) pac-

geT lenell 6yJeM BeCTH HA OCHOBAHHU METOJAa 3KBUBAJICHTHOrO renepartopa.

Tok mepexojHOTO NpoLEecca iz, BRI3BAHHOrO 3aMblKaHueM (a3t A Ha 3eM-

J0, HaHJeM K3 pacyeTHoH cxembl pHc. 40

) 4 |
C | —_—) -
Iy = - [ﬁ;__&: L |sin(wt+¢—o) — cos(y i)_e rBC;_? , (68)
V1+ rlw?Cs wr3Cy
rpe ¢ — —arctyg oCora pasosbiii yrox; Cy=3(Ci+Cot-C3) — cyMMapHas
. €MKOCTb CeTH OTHOCHMTEJbHO 3eMJH. = - |
ToKH B €MKOCTAX CXeMBl pHC. 35 HafigeM M3 COOTHOHIEHHﬁ
C]' .
Py == - s} (69)
“f Cy+Cy+Cs
Co
oo = iss (70)
@4 C+C
( |
= 2 o . o 53- (71)

-Tak KaK CyMMa TOKOB B €MKOCTSIX cXeMH pHC. 40 A0 3aMbIKaHHMs Ha
aeMJi0 OblJa paBHAa HYJIO, TO ¢ ydetoM (68)—(71) HakxeM HCKOMEE T€-
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SHCXO0/HBIE TOKH HYJIEBOH MOCJEA0BATEIBHOCTH

T
“1 U
X

U>(Cy +Cy) - eyt
o s+ C3) Sin(ﬁ)f-FqJ“—‘P)—-'COS(B(‘;LC (P) .
' 37

U, wC Y . ' . __t
mO— 2 Sin(ﬁ)f.{_gp__?)__-—_os_ob___i)__

3=y |-

Vl + r§m2C % wryly ’

b Tktlog = il sin (wf —]—- $— @) o (¢ 7 ¢) L L}
e Vi rZiC? oriC’y _

HepBHque HaHpH}KEHHE‘, HyJIEBOH [OCJAEJOBATEJbHOCTH HalfeMm H3

Uy=ist3—Uga. | - (72)
HOJICTaBHB B (72) 3HaueHHe TOKa 3aMBIKAHUS Ha semaro H3 (68), mo-
& fiyuaew
e Uf'” T / | ’ I . | T f? -
° - VI— n ?ﬁmﬂcg_ [sm(co -+ t!f-l- ?") — sm(&fa 4-¢’)e "s"p }, (73)
—arctgéCzrg o | - ‘

_ Ilo amanorun moxHO 3aHCATh BprH}I{eHHH AN TOKOB nepexo,uﬂom
ouecca B CETH C JMOGHIM YHCJOM YYacTKOB.

:- A

Hanpsikenus Ha BTOPHYHBIX OOMOTKaX Tpchq:oopmaTopOB Toka TAI—
;A3 HaWJeM U3 BBHIpAXKEHui:

'f'

- AT 3wy [ cos (¢ _
Tt — @ CoS{ wf — —_— T,
e G R = | ()
Upg = == - =
Rug dt
L Locos(mt ¢ osle—e) ” ’3:7
R, M T¢—¢)+ mrg C‘% e 15 (75)
g = — 3&!3—_ digg _
Ryg  df
—— 3wy 7 ® O / cos(¢—vp) .rsé -
, Rn.ia mos [ @ COS( + 4)_‘?) -+ W e L |, (75)

_._._l": Rui—Rwu3 — Maruutaee conporusaeHus TPaHCHOPMATOPOB TOKa,
I'IOJIquHHLIe YPaBHEHHSI [a10T BO3MOXHOCTD ONpPEAENHTh JJIUTEAbHOCTE

IIDOLHECCOB, HCCACHOBATL BJHIHHE AIICPHOTHYECKHX CoCraBsA-
ﬂ : a a

HX TOKOB M HANPAXKECHHH HAa YCTaBKy 3alluTH H Ap. Hanpuwmep,
._;__&BHHBaH ypaBHeuuss (73) wu (74)—(76), mMoxuO OTMeTHTb YTO Ha 1o-
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BPEKJAEHHOM ydYacTKe CeTH anepHOJHYeCKHe COCTaBJAoINUE HalpsKeHH A
4,/ W Urp; HMEIOT pasHbie 3HAKH, a Ha MOBPEXJEHHBIX ydacTKax dnepHo-
IHYECKHEe COCTABJSIONINE HANpPSKEHUH Ury H lr3 UMEOT OJAMHAKOBLIE 3HA-
KH C Uy. DTO OBCTOSATENBCTBO YCJAOKHSET JOCTHKEHHE CeJeKTHBHOH pabo-
THI 3alIMTHl BO BpeMms mnepexogHoro mponecca. OLHAKO YCTaHOBJEHHASA 3a-
KOHOMEPHOCTb M03BOJAET OOOCHOBBIBATH TEXHHUECKHE DCLIEHHA AJs 3alllk-
THL CETH IO XapaKTepHCTHKaM B NEPEeXOAHBIX DEXHMaX.

TakuM 06pas3oM, MOJy4eHHbIe YDPaBHEHHsI NO3BOJIAIOT HCCIEAOBATH pa-
60Ty 3alllUTHl C YYE€TOM IEPeXO[MHBIX MNPOIECCOB H NPOBOAHTEL HEOOXOIH-
‘Mple pacyerbl TPH NPAKTHYECKOH paspaloTKe CeJIGKTHBHBIX 3allUT OT 3a-

- MBIKaHUHW HaA 3eMJIO.

22. Pexxumbl paboThi TPaHC(POPMATOPOB TOKA HYNEBOM
NOCNeO0BaTENLHOCTH B CXeMAX 3aLiuThl

g

Tpancpopmarop TOKa HyJIeBOH MOCJeLOBATENBHOCTH ABJAAETCH OCHOB-
HbIM 3JIEMEHTOM YCTPOHCTBA 3alUHTHI - OT 0JHOMa3HBIX 3aMBIKAHHM Ha 3€M-
JI0, MOeT paforaTh B cXeMax 3allUThl B peXHMe KODOTKOTO 3aMbIKaHHi,
B peXHMe XOJOCTOTO XOJa, & TaKxKe B COIVIACOBAHHOM peEXHME, IIPH KO-
TOPOM B HArpy3Ky INepefaercsi MakCHMaJjbHas MOUIHOCTD. DTO 3HAYUT, UTO
pacueT KOHCTpyKTiBHEIX mapamerpos TTHII posxen COOTBETCTBOBAThL pe-
UMY DaGOTHL. PexHM KOPOTKOrO 3aMBIKAHHS HMMEeT MECTO IpH paboTe
rpaHcopMaropa TOKa C YCHAHTENSIMH, HMEIOIIHMH HH3KOe BXOAHOE CO-
NPOTHBJEHHE, HAaNpUMep MOJYNPOBOAHUKOBHMH. PeXuM XO0J0CTOro XOAa
uMeeT Mmecto, korja Bropuusas ob6mortka TTHII moakmiogaercs K YCHJIH-
Temo (HanpuMep, SJEKTPOHHOMY HJH IMOJYNPOBOXHMKOBOMY C OOJBIIHM
BXOZHBIM compoTusjendem). I[lpu corsacoBagHOM peXHMe BTOPHYHAR
06MOTKa TpaHchopMaTOpa TOKA BKJIOYAETCS HEHOCPEACTBEHHO Ha 3/EKTpPO-
marHHTHOe pese, [Ipu 3TOM pexuMe OO€CIeyHBaETCs nepejavya MaKCHMyMa
AKTHBHOH MOIIHOCTH OT HCTOUHHKA K IIPHEMHHKY. |

Puc. 41. Cxema TpaHchopMmaropa ToO-
Ka HYJIeBOH NOCJAEA0BATENBHOCTH

TpanchopmaTop TOKA HYJEBOH NOCHEAOBATEIbHOCTH C KEJAESHBIM CEP-
JCYHHKOM SBJISIETCS] HEJMHEHHEIM 3JEMEHTOM 33eKTPHUECKOH CeTH. [leHCTBH-
TeNBHO, 3aBHCHMOCTH MeXJY MATHHTHEIMH IOTOKaMH H TOKaMH HeJHHEHHa
M BHIpa¥KaeTcd KPHUBOH HAMAaTHHYHBAHHAL Hoa*romy NIpOLECCH, MPOUCXOJsi-
mue B TTHII, onuceBalOTCH HEJUHEHHBIMH AUbPEpeHUHaNbHBIMH ypaBHE:
ausMu, ONHAKO OCHOBHbBIE YpaBHEHUs] W CXEMbl 3aMelIeHHsT MOXKHO MOJYy-

QUTH AJiST TAK HA3BIBAEMOTO JIHHEHHOro TpaHcdopMmaTopa, T. €. IJsd TaKoro,
y KOTOPOTO MaraiTHasg IPOHHUAEMOCTL CEepACUHHKA MNOCTOSHHA (=const).
BymeMm cuMTaTh, YTO TPAaHCHOPMATOP TOKA HYJNEBOH NOCJIELOBaTEJILHOCTH,
nso6paxenusii Ha puc. 41, He obnajaer MOTEPAMH H DpacCesiHHEM. Hast
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HpHHﬁTbIX Ha pHC. 4] NOJOXUTENbHBIX HaHpaB.ﬂeHHH TOKOB H MarHHTHOIO

HOTOK& Ha OCHOBAHHU 34aKOHA MNOJIHOTO TOKa MOXKEM 3dlincaThb

O - ]

Ry
r;[e Wy — 1HCJI0 BUTKOB opanok ¢asel TTHII; w; —uncno sutkos BropHu-
-god obmMorku TTHII: RM——Z/].LS-—ME[I‘HI/ITHD& CONPOTHBJIEHHE LENH TPaHC
gpopmampa TOKA; 11 3Lg—-pacqembm MEPBHYHBIA TOK, PaBHLIH YCTPOECH-

"(11'@1_12{@2): (77)

HOMy JHAUCHHUIO TOI{a HYJIEBOH IIOCJIE‘,I[OBEITE:JIBHOCTH

Thaw @

PHC. 42. Cxema saMemenua Hjeanb- Puc. 43. BextopHas JuarpaMma

HQEO Tpaucopmaropa TOKa HyJe- TpaHcopmMaropa  TOKa  HYJeBO
¥ NQCJEJ0BATENbHOCTH OCHEe0BATEARHOCTH | |

MaruuTtinii notok @ cBg3an ¢ HanpsiKE€HHEM Ha NePBUYHOH OGMOTKE

——h

’ - U |
- | o= =1 . '
= jowy (78)
Hcnose3yst (77) u (78), noayuaem |
1 3
U
( joL, + K“Z j “3I0’ (79)

i
I‘lIe Ly==ws!/Ry — HHAYKTHBHOCTb NEPBHYHON OGMOTKH, KOTOpasi YYHUTH-~

~BaeT- OCHOBHOM MArRATHBIA TOTOK Tpchchpmampa K=un/w; — K03 Pu-
[I;HEHT TpanchOpMaLHH,

YpaBrernuw (79) COOTBETCTBYET CXeMa 3aMeIIeHHs HAEaJbHOTO TPAHCH

¢opmaropa (puc. 42). BekTopHas AmarpaMMa AJs TaKOI'O TpanchopMaTo-

: ‘P2 TOKa HyJIEBOH MOCJEAOBATENbHOCTH NOKA3aHA Ha puc. 43.

lIpeoGpasys cxemy, mokasaunyo Ha puc. 42, MOXHO NOJYYHTHL HOJ-
Hylo CXeMy 3aMelleHHsl, H300paKeHHYI0 Ha puc. 44. Unaue rOoBOpS, pe-
QJbHBIH TPaHCHOPMATODP MOXKHO NpEACTaBUTh KaK HAEaJNbHBIH, BKJIOYHEB
HOCJIE,HOBHTEJIBHO MEPBUYHOH H BTOPHYHOH 0OMOTKAM
cJsiomye  co60f HHAYKTHBHOCTH DAacCesiHHSI M aKTHBHLIE COIIPOTHBJIEHHS
BﬁMOTOK Ilorepu B crasbHOM cepaeunuke MOTYT OBITh YYTEHHl BBelEeHHEM

ZI‘KTHBﬁHOI‘O COUPOTHUBJIEHHST NapaJjiieNIbHO HHAYKTHBHOCTH L; HJAHM KOMILIeKca
1€7/°, ¥rosl 0 YYHTHBAeT MOTepH B CTAJH.

KaTymKy, NpeAcTaB-
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PaccMoTpuM pacyeTHbEe peXXHMBI pabOThL TTHH
PexuM KODOTKOTO 3aMBKaHHIL Tagk XaxK TOK II—-BIU He

3aBHCHT OT CONPOTHBJICHHSl HArpysk# Ly, TO IPH YMEHBIICHUH T CONPOTHB-
JleHusl HarpyskH OyJAeT BO3pacTaTb TOK ]g —-IQ/KHyMEHbmaTbCﬂ TOK HaMar-
HHYHBAHHUS Iaam-—U [joL;. Ilpu Zu=0, T. €. B PEKHME IJIyXOro KOpOT-

 KOTO 3aMbIKaHH, - :
- wafwy=3lo/l;.

CjeroBaTeJbHO, ‘B 3TOM. HJAEAJBHOM cJydae OTHONIeHHe MNEPBUYHOrO
TOKa KO BTODHYHOMY paBHO BeJHuHHE, 00paTHOM KO3(@UIHEHTYy TpaHC-

ié Kzr‘z KZLSZ

, Pnc. 44, CxeMa 3aMeilleHHSA
KZy pealbHOTO TpaHC(popmaTopa
l TOKa HYJEBOH  TNMOCJAeL0Ba-

TEeJBHOCTH |

cp(')plmanuﬁ B  JeHCTBHTEJBHOCTH - M3-3a BJHAHHMA KOHEYHHIX  SHAYCHAH
HHAYKTHBHOCTeHl OOMOTOK BTOPHYHBIH TOK OTJHYAETCA OT HjeaJbHOTO 3Ha-
qenms. 3HaueHHe BO3HHKAIOILEH NPH 3TOM OTHOCHTEJbHOM OTPEWHOCTH TO-

KOB ONpefes]UM KakK

Wy

I,—3I,

A=—"""3

KpoMe TOro, yroa cABHra da3 Mexay MNEPBHYHBIM H BTOPHYHBIM TO-

KaMH He paBed 0, KaK 3To ObUIO B HIEaJbHOM CJIy4ae, a HECKOJDKO MEHb-
ue. Moaysb yraa CABHTa ‘(a3 MexJy MEPBHYHBIM M BTOPDHYHBIM TOKaMH Ha-
3RBAIOT YIJIOBOH OLIMOKOH & TpaHchopMaTopa. .

[To cxeme 3aMelleHHS TpaHchopmMaTopa (pHC 44) MOJXHO OMNpEIEHUTH
NIOTPElIHOCTH HBMEpEHHH HCXOKA M3 KOHCTPYKTHBHEIX NapaMeTpOB TPaHC-

¢opMmaTopa.
O603HaUYHM |
rrl—fﬁ)ng—l—Zn —_— dejq).

Ha ocHOBAaHHH 3aKOHA DACHPEfENEHHs TOKOB MOKEM SalHCaTh

) = ___ 3 _ - — 3]
TR T el A K2Zeel? T 2 R KBls e+
| , L, |
HIH
I2=3'£GK | .
B 14 [sin(¢ +- 8) —jcos(¢p -+ 0)]
wly '
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s npuGIuKeHHOH OLEHKH OTHOCHTENBHHX [OTPEHHOCTeld, cBOACTBEH-
HX TTHII B pexnMme KOpOTKOro 3aMbIKaHHA, MOXKHO HCIOJib30BAaTh BLIPa-

sin (¢ + 9);

A =—
oL,

r

R =

cos(¢ 40 ).

wl,

OTcrona c.ne,aye'r YTO NOTrPEIHOCTH PACTYT IPOMOPLHOHAJBHO O6LIEMY

- '_:"_':iIIpOTHBJIEHHIO Zs Ha BTOPHYHOH CTODOHE. Hpaxmqecxn VIVIE @ u §

Zs
oL,

~ ITockonsky Mbl Beaem pacuer pexuma pabotel TTHII B YCJOBHAX 3a-

E =

H A=c¢(¢+9), N :

n 4 He HM3MEePCHHs NEPBHYHBIX TOKOB, TO 3TH NOrPEIIHOCTH HE OKa-

mBamT CYLIECTBEHHOrO 3HAYCHHS Ha paGoTy OTK/IOYAIOUIEro YCTPOHRCTBA.

PexuMm xono0cToro xoaa. B pexuMe X0J0CTOr0 X04a TOK BO BTOPHUHOIX

6M0TKe w, TTHII paBen nymo u MaruuTHbif notok @ onpepensiercs
o.ubKo YTPOCHHBIM TOKOM HYJ/IEBOH HOCJE€AOBaTeJbHOCTH. Hanpsixkenue Ha

06MOTKH W, GyAET PaBHO

'- U2 == wzf")@ = _3}(‘)@252)‘1 . 0>
R&{ -

‘e. GyZeT H3MEeHSTbCS 'OPONOPLUHUOHAJNBHO TOKY HYJIEBOH MOC/JEJ0BATE/b- .

(30)

. e ..

-

Puc. 45. VYnpoueddas
tXeMa  TpaHchopmaropa’
TOKa HYJEBOH IOCJaeAoBa- ==
TeJABHOCTH

OIlHaKO IS 3TOTO pexuMa HMeeTCs XapaKTepHasd 0COGEHHOCTD, Cep-
E‘-IHHK Tpchq:)OpmaTopa C YBeJHYEHHEM TOKa HYJEBOH NOCJed0BaTeNbHO-

WO ATHCS,

- CoraacoBannbiit pexum pa6orer TTHII. Haiinem yCAOBHE MaKCHMyMa
FOJHOA MOIUHOCTH peje, MOAKMOYEHHOrO KO BTOpHYHOH oOMotke TTHIT,-
_____JIH PacyeToOB TAKOTO PEKHMMAa MOKHO BOCHOJIb30BATbCS VIPOUIEHHOH CXe-

1
. Ry’
BblpaxKeHHOe depe3 mnapamerpw TTHII

’F@_ﬁ: npuBe/ieHHOR Ha puc. 45. Tak kak L = w,? .HHIYKTHBHOE CO-

IDOTHBJIEHHE -~ HAMarHHYHBAaHHS,
; AMEET CJICQYIOLWIUN BHJ:

.....

0&L:=:2ﬁﬁ@fﬁj-§—,
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roe s — momepeuHoe cedyenue cepiaeynunka TTHII; [— cpeanss AJHHA CH-

JOBOH JHHHK B CceDJeuHHKe; W — MArguTHas NpOHHILAEMOCTh.
[Tonuag MommHOCTL Sp B pede, obdaajaioleM CONPOTHUBJIECHHEM Ly,

onpeessieTcs caeAyomuM obpasoM:

éﬂaﬁ.{ 2 _ ]2 Z

P
| K2Z, + Zeax

) 3
1+Kﬂ_§ﬂe}wpﬁ¢ﬂ)
| 7

rIe @p H QPaam — YIVIB KOMILJIEKCHBIX CONPOTHBJEHHA Zp M Znawm.

D=IP22F’=[ZZP

[Tocae npeo6pa3oBaHuA HMEEM

Ly @

__. ]2
Vp = — . Zy \2
COS(Pp— Puan) T (Kz 7 )
HaM

P _ZD
14 2K®
-I—KZ

HaM

3aIUIIEM b YHKILHY

yCJAOBHE MaKCHMyMa

[IpunssB  Zunam=const,

dsS '
-- de = 0, OTKyja

p ,
Z | Zp \?

- Cos (9, — Pram) (Kz 7 ) —
mavM/

HaM
K2

ZHEM

| - 2K

Zy -
72

HaM

—2, [2 cos(9p— Puan) + 2K* :

HJ/IA

Z \2 [ Z
: ZiﬂaM ZﬂaM
CJEA0BATEJBHO,

| ZH&M=K22I!- (82)

Aunanoruynoe ycJOBHe TmToJydaercas M mpu Zp=const. Iloacranoska

(82) B (81) maer

1

2 - —
2K2Zsam [ 1 - co8{9p — @ranm)]

Tagum o6pasoM, Iepefaya "MaKCHMyMa MOIIHOCTH B HATPy3Ky IIpH
3aJlaHHOM COS Qp JOCTHraercsl T@PH pPaBeHCTBE CONPOTHBJEHHH K2Zp, W
Zaam. OUeBHIHO, NepefaBaeMasi MOIIHOCTL TeM 0oJbile, 4eM OOJbIde pas-
HOCTb YIVIOB (p CONPOTHBJIEHHH Harpy3kKH M BeTBH HaMaruH4YHMBaHH.

- OrMmeTuM, 9To ecyau ycaosHe (82) He co6JI0faeTCsl, TO ‘OTHOCHTENBLHOE
OTKJOHEHHe MnepefaBaeMOH IOJHOH MOIIHOCTH OT MAaKCHMAJbHOH COCTAaBHUT

Sn:ax —

(Zuam — K2Zp)*

B —

foaM -+ 2K2Zganl, COS($p— Pram) + (K2Zp)?

Smax — Sp

Smax
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‘fz OHHBIC ycuanTenn). OnepanuOHHBIE YCHJIHTEJH,

[ HanpuMep, npu Zsan=K2Z, nepBuussin Tok TTHII NPUMEDPHO paBeH
B vsocmony sroprusouy Toky, 1. e - :

--:‘-.".-‘1 SR . ~ .

- Tz oo
T '\._'.ﬁ:-ru}:_'rr-\. -
- Inien

a5 =t
L
17

I TRl e
£ 1 Kot 4

b - Moninocrb, oTaaBaeMas TpchcpopM&mpOM TOK2a B OITHMAJBbHbBIX
oy CIOBUAX, .

S - J 2 —
Sp = Ip*Zuan =~ Zgau,

b '_". '-En § .
TRRATEC
W 1
AR B
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A ! .
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| HOJIBSYHCB [NOJYUYCHHBIM VpaBHEHHEM, MOXKHO HAHTH pacue€THbBIe BHIpA-
;H{E‘:HHH AJA - OTKJIOYAKINEro YCTPOUCTBA, €CJH 3aMeHHTD Zaam 9€PE3 KOH-
%—rpymnﬁﬂme TapaMeTphl TpaHcpopMaropa.
. . -
3. HoBble yCcTpoMcTBa CONEeKTHBHOIN 3alUMTLl B CEeTAX

C ManbiM# TCKami 3aMbIKaHMS Ha 3eMIIC

i

Yok

‘g

(83)

S,

ZHE{M

Y-
LT AREHE

R

L AR

RERF .
) E K

ol Ha Kapeape SJCKTPOTEXHUKH MOCKOBCKOrO rOPHOTO HH-
g* Opliu paspaboranml JHOBBIE VCTPOHCTBA 3allHTLI OT

§1ONHO(DA3HBIX 3aMBIKaHHH Ha 3eMJIO KapbepHBIX ceTell 6 kB.

a

_,'a"CCMOTpHM MPUHIUI PAabOTH YCTPOHCTBA, NMpeAyCMaTPHBALO-
F 1IeT0 CYMMHDOBaHHE MTHOBEHHBEIX CHI'HAJIOB, MPONOPIIHUOHAJIb-
@ IbIX TOKaM HYJIeBOM MOCJIEN0BATENbHOCTH, C CHTHAJAMH Ha-
§ IDAXKCHUM HYJIEBOH II0CJEN0BATE/bHOCTH Ha IOBPEKICHHOM
f YT14CTKe I BBIYMTAHHC HX HA HEMOBPEX/IEHHBIX yuacTKax. Ta-
§ KON IIOJXON IO3BOJIACT OCYIIECTBHTH CEJIEKTHBHYIO 3aIlUTY
Bl 1DHCOCIMHEHHH HEe3aBHCHMO OT ()OPMBl KPHBBIX TOKA 3aMbL-
§ KaHNd Ha 3eMJII0 M HaNPsKEHHA HYJEBOH MOCJEN0BATENBLHO-
& CTH. llpu srom monpasymesaercs, uto cern o6namator npeu-
4 MYIICCTBEHHO €MKOCTHOH IIPOBOJLHMOCTBIO OTHOCHTEJILHO 3€M-
eIl 1 nostomy TTHIT paGoraer B pexume xomocroro xona.

g:;?r:_:':_'g-CTP}TKTypHaH H 3JeKTPHYECKad NPHHUUNHUAJALHAST CXeMBL
.. YCTPDOHUCTBA NMPUBCACHBI Ha puc. 46 u 47. B KauecTBe OCHOBHOIMN
o OJIEMeHTHOM 6asbl B3sita 140-uHTerpanpHast cepus (omepauu-
ﬁKOToprX BBINTOJIHEHB! UHBE KOs
5807 PTOp ¢ peryaupyeMblM Ko3(hhHUILH-

.
" -

1 fhayy ., -
' I-;- r.":

B
. X

‘ 'i*": -

B

[

%EHTOM YCUJIEHUA H CyMMaTOp C ILENAMH KODPEKUHH, co6paHkl
|, "a OTACJbHBIX NeYaTHbIX IIaTaX €O IITHIPLKOBBIMH BBLIBOLA-
2 MU 1 3anasHel B OOWIYIO nsaTy ycrpoiictBa. Ha pue. 47 B
f . TPEYroNpHHKax ycuiurtenefi 0603HAYEHBI TOJBKO HOMeDpa

Yeunurear Al, aeasiomuiics HHBE-

i - LITHIPbKOBBIX BBLIBOJOB.
i TOPOM C perynupyeMbM Ko3()(hHULUHEHTOM YCHJIEHHS, IO3BOJISI-
g 79
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o Vomnwrens | 2] Cymmarop _|—>[Bempamurerts

Y
- UO [lenurenp |
HalpaXeHus .

CxemMa

| - Koympi .~
l Myananﬁpamp Ii JI copnanexnks

OnopHoe HanpaXeHue

Puc. 46. CTpyKTypHasi CXeMa yerpoiictBa 3aumtet MITH '

er ycuamsaTh curHansl ¢ TTHII B anamasone = BOSMOXKHBIX
TOKOB 3aMblKaHuA Ha 3e¢My0. Koa(@uUUEHT yCHJICHUS DU

3TOM
k}"l _ _ R4;- Rs |
1

B o6paTHy0 CBsi3b YCUJIHTENs BKJIOYCHH B2 cTaOUJIUTPO- - -

Ha JUIS OFPAaHWYEHHS BBIXOAHOTO HampsxKeHHA. Pe3HCTOPB! K:
H R, BHIIOJHSAIOT (DYHKIHHM ONTHMHM3AUUU PA3HOCTH BXOJAHBIX
TOKOB ycujuTesel. I1oTeHUHOMETp R4, yCTAHOBJEHHBIH Ha TIe-
pefHell MaHeNH, CHYXKHT JJIf DeryJHpOBaHHsA ko3 unuenTa
ycuJenusi. Ycuaureib A2 npefiHasHaueH AJIS CJOXKEHHS CHI-
HaJIOB, HOCTYMAIOUIMX ¢ BbIX0JAa ycHauTeas Al u peryiaupye-
MOro JeJuTess, NMOJAKJIIYEeHHOTO K TpaHchoOpMaToOpy Halps-
JKEHHS HYJIeBOH II0CJEJ0BATENbHOCTH. Ero xo3gdHUIHEHT yCH-
menusi s ob6oux curHajgos paseH 1. lequTesan HanpsiKeHH:A
Ha CONPOTHBJIEHHAX Ra, Rs, Rz, Rz, Rs B Rs CHyXaT AJIA KOM-

mencauuu JC cMelleHuss o60UX YCHIHUTEJNEH.
Ha Boixofe ycuaurens A2 ycTaHOBJICH BBIIPAMHTE/b C

eMKOCTHHM (HJIBTPOM AJI4 BLIXOAHOIO CHUTHaJa. 3a BHINPAMH-
TeJieM YCTaHOBJIEH KoMIlaparop, BBHINOJHEHHBIM Ha YCHUJHTENE
1YT4016, xoTophil npeiHa3HaueH AJd CPaBHEHHS BHIXOAHOTO
cHruana ycuauteas A2 ¢ ONOPHBIM HaNpPSAXKEHHEM, BHIGHpae-
MBIM TIPHM Hasaake cxembl. Ha xoMmnapartope dopMmupyeTCs pe-

Jefinass XapaKTepHCTUKA.

CurrajJ ¢ KoMmIaparopa MNOCTylaeT OJHOBPEMEHHO Ha 6a- Fi-

3y OTKPHITOTO TPaH3UCTOpa KAYINEro MYJbTUBHOpPATOpPa, BHI-

paGaTHBAIOLIEr0 HMIYJabC 3aAEPXKKH MJIHTEJNLHOCTHIO 2 ¢,

Ha BXOJ CXeMbl COBNaJeHHSI B KOJUIEKTOPHYIO WE€Nb TPaH3H-
cTOpa, B KOTOPYIO BKJIOUEHO pejie, OCYLIECTBJAIOMEE BRJIOUE-
Hue IpoMexyTouHoro pene. IIpoMexRyTOUHOE peJie BO3JEHUCT-
gyeT Ha YIPaBJSIOUIYIO0 LeNb NPHBOAA BHIKIIOUATE/A MOBPEK-

JICHHOH JIMHHH.
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Puc. 47. IlpunnunuanbHas cxema ycrpoiictsa saupitet MI'H
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IIpn 3aMblKanunm Ha 3e€MJII0 YCTPOHCTBO, MOJKJIOYEHHOE K
JOBpeXKACHHON JHHUH, paboraer caeayoumum ob6pasom. Ha-
IpsIKeHHe, IMOCTymamllee Ha BXoA ycuaurens Al co BTopuu-
104 00OMOTKH TpaHchopmaTopa TOKa HYJECBOH IOCJELOBATEJb-
IOCTH, YCHUJHUBAETCA UM H u3MeHsfieT ¢aszy. VYcuauteapr A2
)CYLUECTBJASACT CJAOXKEHUE BLIXOAHOro cHrHaJgda ycuaurtedas Al
1 CHArHaJa, NPONOPUUOHAJBHOro 3u’y, CHHMAaeMOILo ¢ JeJIUTe-
I HANPSKEeHUs. BBIXOZHOH cuUTHaJg AZ BHIIPAMJISETCA U IIO-
TyllaeT Ha BXOJ KOMIlapartopa, KOTOPHHU nepedOpachiBaeTcs H3
ICXOHOT'O BO BTOPOE yCTOHUMBOe cocTosiiue. Ero BxojHoe Ha-
IpAXKEHHEe CTAHOBUTCH PaBHBIM -+L. ITO HanpsKeHHe yepes
Mb@epeHUUPYIOULYIO Iellb, KOTOPOH (OPMHPYETCH HOJOXKH-
'€JIbHBIH UMIYJAbC, NOoJaeTcd Ha 0asdy tpansuctopa VII u
akpoiBaeT ero. OJHOBPeMEHHO BHIXOJHOE HanpsgkeHHe KOM-
lapaTopa IOCTyIaeT Ha BXOJ CXEMBI COBNAAeHUsl. Takum 00-
)a30M, [0 TOTrO MOMeHTa, Korja tpauaucrop VTI xayliero
1yJIbTUBUOpPATOPa BHOBbL OTKDEIBaeTcsd Ha 0ase TPaH3HUCTOPA
/T3 cxeMbl COBIajieHUd, HaNpsikKeHue Oyaetr GJH3KO K HYJIO,
‘pansuctrop V715 Oyper sakpeiT. Ilocsie BO3BpalieHUSI MYJib-
uBuOparopa B MCXOAHOE COCTOsIHHE HanpsiKeHne Ha O6ase
pan3uctopa VT3 Oyaer paBHO BBHIXOJHOMY HaNpPgxKeHUIO
{oMIlapaTtopa, TPaH3UCTOP OTKpPoeTcsda. PeJse, BKIIIOYEHHOE B
IO KOJIJIEKTOPHVIO 11ellb, 3aMKHET CBOH KOHTAKTHI.

KOHCTPYKTUBHO YCTPOHCTBO IipedcTaBJasgeT co00H JBa
y10Ka. B 1mepBoM 6Ji10Ke YCTAHOBJEHBI ISATh NEeUaTHBLIX MJaT
10 OAHOU Ha KaXKAYIO JHHUIO B BEPTUKAJBHOM IIOJIOXKEHUH WU
eryJaupyeMbll JeJnTeNb Hanps:keHus. Bo BTopom 6J0Ke jge-
IUTEJb (BJAfAeTCH CTAOUJU3UPOBAHHBIM HCTOUHHKOM TIHTaHMUS.
JH CMOHTHPOBAH Ha BBIJBUTrAOLIeMcS IIacCH, uTgo obecleuu-
3aeT CBOOOAHBLIN NOCTYI K 3JeMeHTaMm. Ha nepenHioo naHedb
1epBoro 6J10Ka BBLIHECEHH OpPraHbl yIpaBJeHHd H HACTPOUKH.

Jorenupomerpom Ry peryaupyercs KO3(QODHUINEHT YCUIECHUSA
IHBEPTOPOB Npu HacTpoiike. IToreHnumomerpoM Rge peryaupy-
STCH BBIXOJHOE HaNpAXKeHHe AeJuTe/sT HaUPAKeHUs, IOAKJIIO-
JaeMOr0 K BBIXOAY TpaHcdopMaTopa HaNpsXKeHUS HYJAeBOU
10CJAEIOBATENBHOCTH. B ycTpolcTBe mNpeaycMOTpeHa KOMMY-
ralldsl BHIXOAOB (DYVHKIHUOHAJABHBEIX 3JEMEHTOB, K KOTOPHIM
10KJI0UACTCHA OCHUJAJOTpad, KOHTPOJUPYIOUIUA HX Heuc-
1paBHOCTh H pexXUMBl paboThl Npu HaJdanke. g BU3yaJbHO-
"0 HaOJII0JeHUsT UMEETCS CBEeTOBAasd CHTHaJH3alMs HaJHYUAd
3aMBbIKaHUa Ha 3emJi0. Ha nepeinHeldl mnaHeJd YCTaHOBJIEH
LUTEeKePpHBId pPas3beM, K KOTOpOMY uepe3 kKabesp MOAKAIOYAIOT
rpancopMaTopsl TOKa HYJEBOM TIocJeaoBatesqbHOCTH. Ha
3aJHel MaHeJH YCTPOHCTBA YCTAHOBJEHH ABAa IIpefOXPaHHTE-
11 [IT1-25 ma 1 A ¥ aBa IWUTEKEpPHBIX pa3zbeMa IJs MOAKJI0YEe-
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'HUS K HCTOYHHKY IIHTAHHUS uYepe3 COeAHHHTEJLHBIH KaGen.

IleuatHble NJaaTHl BHINOJHEHB IBYCTOPOHHUMHU C MeETaJiJiH-

. 3MDOBAHHLIMH OTBEPCTHUAMM; K BHEUIHHM LENsdM YCTPOHCTBA
. NMOJAKJIIOYeHB! wTencenbHoy BHAKOH MTPIIM-11142. ITeuaTtyble
(.. IIJIAaThl ONEPallHOHHBIX YCHJAUTENEH COeJHHSIOT ¢ ofliell cxe-

MOH YCTPOHCTBA LWITHIPbKOBBIMH BHIBOJAMH.
Ha ocHOBe ycTaHOBJIEHHOTO BBIBOZA O TOM, YTO TOK Ha IO-

'BPEXIEHHOM Yy4YacCTKe CE€TH Bcerjia O0oJiblle TOKa Ha JI00oM

U3 HENOBPEXKAEHHBIX YYaCTKOB, H IOJYYEHHBIX 3aBHCHMOCTEH

_ Z[/quf §—10 kB

Puc. 48. CrpykTypHas cxeMa 3alMTHl ¢ GJOKHPOBKOH HENOBDEXK-
JEHHHX Y4YacTKOB

(03)—(55) Obl10 paspaboTaHo, Ipyroe YCTPOHCTBO B3alIHTHL,

~paGorarpinee 0 NPHHUUINY GJIOKHPOBKH 3aIUUT Ha HEIOBPEK-

AEHHBIX yuacTKax. PaccMorpum ero pa6oTy aasi Tpex yuacr-
KOB CTDYKTYPHOH cXeMEl pHc. 48. |

‘Ha cxeme o6o3Hauens: I, 2, 3 — TpanchopMaTopsl TOKA
HYJICBOH IOCJIEJ0BATE/bHOCTH COOTBETCTBEHHO HEPBOrO, BTO-

. pOro M TPETbEero y4acTKOB CeTH; 4, §, 6 — yCUIuTeJ TOKOB
b:¢  HYJIEBOH MOCJEA0BaTeJIbHOCTH; 7, 8, 9 — MOCTOBEIC BLIIIPSAMH-
... TeJNIH YCHJEHHBIX TOKOB; 10, 11, 12 — 6/M0KH BHIAEPXKKH Bpe-
. Menu; I3, 14, 15 — 60Ky 3anpera (cxemn 3M—HE): 16, 17,
| .~ 18 — 610KHPOBKH
|+ Ha ajeMeHTax JOruku); 19, 20, 21— ucnoJuuTeibHbIE op-

(1oruueckue RS-TpuUrrepbl, BHINOJHEHHLIE

TaHHI.
baok 10 BemosiHeH B BHAe BXOAHOro pe3ucropa R; ¥ ma-

. PajuleIbHO BKJIIOUEHHBIX crabuiutpona Cr, KoHzeHcatopa C
| 1 BBIXOIHOTO pe3uctopa Re. baoku 11, 12 BLINOJHEHH M NOI-

KIKUYenbl aHaJOTHUHO.
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YCTPOHRCTBO AJ51 ce/ieKTHBHOH 3alUMTH OT 3aMbIKaHHH Ha

3eMJII0 paGoTaer cjaexyloLlHM 00pa3cM.
llpy BO3HHKHOBEHHH 0ﬂHO¢)aSHOFO 3aMbIKaHUST Ha JIO00M

y4acTKe, HanpuMep NepBOM, BO BTOPHUHHIX OOGMOTKaxX Bcex
TpaHcOpMaTOPOB TOKa MOABATCA TOKH {1, Iz i3, IPOMOPIHO-
HaJbHble TOKaM HYJIEBOH MOcCaedOoBaTeNbHOCTH. [IpH aToM TOK
[y Ha TOBPEXKJEHHOM Yy4yacTKe B COOTBETCTBHH C 3aKOHOM
Kupxroga paBeH cymMMe TOKOB iz H i3

[1=l9-i3
H NO3TOMY Bcerzga Oyaer OoJiblie KaxKAOro U3 HHUX.

YCUJICHHEIE H BHIIPSAMJIEHHBIE TOKH iy, g, i3 MOCTYNAKT Ha
BXOAEI OJ0KoB 10, 11, 12, B KOTOPBIX CHIHAJ, IPOUAS OrpaHu-
YUTEJLHBIH pesucrop R; crabuautpoHa (7, HAUMHAIOT 3aps-
xKaTb KoHjeHcatop C. Kongencatopsl Bcex OJIOKOB OJLHHAKO-
Bbi€, II03TOMY Halpg:xeHue ObICTpee HOCTUTHET TpebyeMoro
Ha KoHAeHcaTope OJi0Ka MNOBpexKAeHHOro yudacrtka. - CJejoBa-
TeJbHO, Ha pabouuii Bxoz 6JsioKa I3 CHTHaJ JoOruyeckoi l mo-
CTYIaeT paHblle, UeM TaKHE XKe CUTHaJbl NOCTYynAT Ha OJIOKH
14 u 15.

B 6aokax Ig, 14, 15 HMEETCsl cXeMa 3alpera, INOCTPOECH-
Hasg Ha Joruueckux sgeMmMeHrax 3W—HE. llpu nmocrynaenunu
Ha pabouHil BXOJ CXeMBI CHFHaJja JIOTHUecKoi 1 cxema 3ampe-
Ta OTKDPBLIBAeTCSI M (POPMUPYET Ha BHIXOAE CHIHAJ JIOTHUECKHH
0, KoTOpHIA nOCTynaet Ha 6J10K 16, 17, 16.

baokupoBku 16, 17, I8 BKaw4awT B ceda RS-TpuUrrepwl,
cob6paHHBle IO cxeMe JoOruku. Jlo npuxona ¢ OJIOKa 3ampera
Jjoruyeckoro (0 Tpurrep HaxOoAUTCHd B peXuMe OXUJaHuA.
Curgaa Jorugeckoro 0 nepeGpachiBaeT 3JIEKTPOHHYIO CXEMY
'pUrrepa U Ha ero BhIXoje (O6Jokax 13, 14, 15) mosBasercA
urHaga Jiorndeckoro 0, KOTOpPHIA MOCTyaeT Ha HOATOTOBH-
reJIbHble BXOJBL GJIOKOB /14 u 19 3anmpera. - BRIXOABI 3THX
3JIOKOB OKaXyTCs 3aKPBITBIMH,; H CHFHaJ Ha BXOAB GJIOKOB
[4 u 15 He NMOCTYIIHT.

OpHoBpeMeHHO ¢ BbIXoga OJo0Ka /6 OJOKHUPOBKH CHTHAN
MOCTYIaeT Ha BXOJ HCIOJHUTEJBHOIO oOpraHa 19 KOTOPHIN

OTKJIIOUAaeT MOBPeXKAEHHBIA YUaCTOK CETH. |

YerpolictBo  o6Gsajaer BHICOKOH © CEJIEKTUBHOCTLIO, MIO-
CKOJIbKY NPH MOSIBJIEHHH TOKA 3aMblKaHHS Ha OJHOM Yy4YacTke
3allliTa JAPYrHX y4yacTKoB Oynaer cpa3y 3a0JIOKHpOBaHa OT
JIOKHOTO cpaﬁaTHBaHHH

B paCCManHBaEMOH cxeMe 3alUHTBl OT OAHO(MA3HHX 3a-
MBEIKAHHH Ha 3eMJI0 OTCYTCTBYIOT TpPaHCPOPMATODPHI HAIpA-
JKeHHS. DTO SABJAAeTCS OOJIBIIHM JOCTOMHCTBOM, TaK KaK YBe-
THYHBAeTCsl HAaJeXHOCTb 3alllHTHl M CHHIKAIOTCS  3aTPAarhl,
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enpe,tle.JIHeMbIe CTOUMOCTbIO TpchcbopmaTopa HaHpH}KEHHH U
ero 3KCIlJyaTalyen. |
g KoHcTpyKTHBHO OJIOKH 3alUUThl BCEX YYAaCTKOB COGpaHbi
" B . BHJIE HEGOJIBIIOrO H3MepHTeJbHOro npubopa.

i%r NABA MATAS
M3MEPEHHH TOKOB SAMbBIKAHNVA HA 3EM.|'||'O

24 MpsiMble M KOCEEHHbIE METOAbI namepeuun

.} Hpn IKCIIJIyaTanuu certei 6—35 kB uacro BO3HHKAET He-
4 06XOXHMOCTb H3MEpeHHs] TOKa IPH 3aMbIKaHHH Ha 3eMuo. Ilo
h “9THM TOKaM ONpEAeJsIOT NapaMeTPhl H30JSUHH CETH OTHO-
£ ° cHTeJbHO 3€MJIH, OIEHHBAIOT ONAaCHOCTb IPHKOCHOBEHHS K
-f’ wKOPIchaM NOBPEXKAECHHOrO SJIeKTp0060pyILOBaHHH HaCcTpau-
"’ ' BalOT YCTABKH 3AHIMT OT 3aMBIKAHMH Ha 3eMJIO H Jp.
Tok 3aMBIKaHHsI Ha 3€MJII0 3aBHCHT OT MHOTHX ()aKTOPOB:
COHPOTHBJIEHI/IH H3MEPHUTEJAbHBIX TPaHCHPOPMATOPOB HampsaKe-
B 15, BTOpHUHBIE OOMOTKH KOTOPBIX NPHCOeHHAIOTCS K 3a3eM-
~J1m0memy yCTPOHCTBY; CONPOTHBJIEHHH H3OJIALHH Ha 3EMJIIO,
. acUMMeTpHH eMKOCTEH OTHOCHTEJBHO 3€MJIH. [Toaromy Hanbosee
E fIpaBUJIbHOE IIPeACTaBJieHHe O 3HaueHHH H ¢a3e TOKA 3aMbIKa-
' Hds Ha 3eMJII0 MOXKeT OBITh IOJyYyeHO B TOM CJllydae, eCJH H3Me-
4 ! peHHe NIPOH3BE/ICHO NIPH METa/lIHYeCKOM (rayxoM) 3aMblKaHHH
1133351 Ha 3emJi0. Merox mnpocr, TpebyeT MHHHMAJBHOIO KO-
: JINYecTBa anmapaTypsl M TpHGOpOB. l3MepeHHs NPOBOASATCA
ﬁblc'rpo H He TPeOYIOT CJOXKHBIX NEpecuyeToB AJs NOJydeHus
. OKOHUaTeJbHBIX pe3yJjbTatoB. HemxocratkoMm 3TOro Meroia fiB-
®  JisieTcsl MOBHILEHHAS] OMACHOCTh AJA H30JISLHA oﬁopy;mﬁaﬁnﬂ
. HpH HCKYCCTBEHHOM METAJNJHYECKOM 3aMbIKaAHHH OJHOH (Pasbl

rHaHpH}KEHHH JBYX [APYTHX BO3pPacTaioT 10 JHHEHHOro, T. ‘€.

ﬁ} ‘YBeIMYHBAOTCS B Y3 pas, 4T0 MOXKeT OLITb OIACHBIM  JUJISI
B H30JAMHH 3JEKTPUYECKHX MAIlHH, KaK NPAaBHJIO HMEIOIIHX
_}' 5 -HeGoJbiIne 3anachl NPOYHOCTH. Takue PEIKHMBI ONMaCHbl H JJI5
.. TlepconaJjia, paGoTalollero Ha JIHHHSIX H HENOCPEACTBEHHO Be-
J.lymero naMepenns. JleficTBUTeNbHO, YBeIHUEHNE HANPSKeHus
Ha 3a3eMJIEHHBIX Kopmycax 3JeKTPOOOOPYAOBAHUSA  MOXKET
HpHBecm K MOBHIIIEHHOHN ONacHOCTH AJs1 paboramoiux. Kpo-
- A7 Me TOro, HCKYCCTBEHHOE 3aMBIKaHHe Ha 3eMJIO BhI3bIBAET
g cpaﬁa'rbIBaHHe yCTPOICTB CHIHAJM3alMH M 3alluTH. FHOrAa
. 3TO 3acTaBJseT OTKJIYaTh HMX HJIH YBEJHYHBATh BHIJEPKKY
| '*i__"'BpemeHH qTO 3aTPYAHSET 3KCHJIYaTADHIO H yxynmaeT ycio-
{ . BMs 6e30MacHOCTH.
" Qco6eHHO ONAacHEIM #BJSETCS NPOGOH HJIH TiepeKphTae
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ocJa0/iIcHHON H30J/AIKMY HE3aMKHYTOH (pa3bl, 4TO NMPHUBOAHUT K
AByx($a3HOMY KOPOTKOMY 3aMBIKAHHIO ¥ aBApHHHOMY OTKJIIO-
YeHHIO ¢ HepepbiBOM 3JeKTpPOocHabxKeHusi morpebuteneu. llo-
3TOMY MeTOJ MEeTaJJIMYeCKOIro 3aMblKaHLA AJdsd OlpeleeHUs
TOKa OJHO(A3HOro 3aMbIKaHUS MPHMEHHM TOJBKO IIPH YCJO-
BUH o0eclieueHHs1 OBICTPOro OTKJAKUEHHS 3aMBIKAHUH, €CJiH OHH
BO3BHHKAIOT B Ipolecce uHaMepeHui. [ljis coxpaigeHus BpeMe-
HH 3aMBLIKAHHS Ha 3eMJII0 H3MepeHUSs] XKeJaTEeJbHO BECTH C UC-
[[0Jb30BAHHEM LIJIEHQOBHIX OCHWJIOrPadoB, a 3aMLIKaHHue
OCYILECTBJISITh CHEUHAJbHO TIPEIHA3HAUCHHBIM BBHIKJIOYATe-
JeM, VIpaBJAsgeMbIM aBTOMATHYECKH C 3aJaHHOH BbIIEPIKKOU
BpEMEHH.

Jas1 ycTpaHeHHS YKa3aHHBIX HEAOCTATKOB  IIPELJI0KEHH
KOCBEHHblE METOAbl OIpelescHHS TOKOB 3aMBIKAHHUSA Ha 3eM-
JII0, OCHOBaHHble Ha H3MEPEHHH HX uepe3 A00aBOYHOE CO-
IPOTHBJIEHHE 73 C NOCJAEAYIOIIUM TIePeCcyeToM IO (bopmyJIaM
[9]. | x

HeoO6xonumo, ofHAKO, OTMETHUTh, UTO 3TH METOJBbl HEeCOo-
BepIIeHHBE U He YUUTHIBAIOT BCEX (PaKTOPOB, OT KOTOPBIX 3a-
BHCHT TOK 3aMBIKaHUs Ha 3eMJIIO.

25. Cnoco6 AONONHMTENLHOTO MCTOUHMKA, BBOAMMOTO
B OTKNIOUEHHYIO OT pabouero HanpsHKEHUs ceThb

Crnioco6 TpefyeT H3MepeHHH B JABYX peXHMax: IIpH HOP-
MaJbHOM DpafoueM HamNpSAKEeHHH CETH H NPH OTKJIIOYEHHOH OT
HCTOYHHKA IHTAHHS CETH H NPHCOEAMHEHHOM K Hed J[OIOJ-
HUTEJABHOM HCTOYHHKE HANPAKEHHUS. -

HpHHHHHHaJIbHaH 3JIeKTpHUecKasi CxeMma, pea.rm?,y}om;aﬂ

JlaHHDBIH croco0, MoKaszaHa Ha puc. 49.

-ll!-—-U(p(_;'

vt —_-l
MI _,--—--i

Puc. 49, Cxema onpejejseHus ToOKa

3AMBIKAHUS Ha 3eMJI0 ¢ I0-
MOLIbIO- HOCTOPOHHEr0 HCTOYHHKZ | | |
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- s mepBoro pexuMma (BHKAOYATeab QS2 oTkiaouen)
KOMIIJIE‘,KCbI TOKOB OJHO(A3HOro 3aMBIKAHHI Ha 3eMJI0 OT-
A ,ueﬂbﬂblx a3 MOXKHO PeACTaBUTb YpaBHEHHSIMH:

jaA — UA YE: _{.?.B —_UBZE:: {aC ——gCZE-

(84)

©  llpm BropoM pexume (BHK/IIOYaTe b QSI OTKIIOYEH) wu3-
':~f~:f_.;_~.;_jMepmeﬂbﬁmﬁ TOK IPONOpLHOHAJIEH HANPAXKEHHUIO [JOIOJHHU-
. TEJIbHOTO MCTOYHHKA. [losTomy J-

[y=U,Ys. (85)

s (84) u (85) moayuaem Bpra}KEHHH IJis1 onpejeseHus
HCKOMBIX TOKOB 3aMbIKaHUS Ha 3eMJI0 OTIAeJbHBIX (a3:

E Uy

Up

I.p=1, Uj; } L (86)
U

136"’_[ UC | -

B (86) U., Us, Uc cOOTBETCTBYIOT NOKa3aHUAM BOJbBTMET-
pOB KOHTPOJIA H30J4UuH ceTH 6—30 KB B pexume, Koraa
“BoiKJoyarean QS2 orkiawuen. Beauunun U u Iy coorserct-
”Bym’r mokaszaHussM BoJabTMeTpa PVI u amnepmerpa PA mnpu
. OTKJIIOYEHHOM BbIK/il0UaTe/e QS/. B gauecTsBe HOMOJHUTEJIL-
- HOrO HCTOYHHKA MoO¥XKeT OBITb, HAaIpPHMep, OJHA (as3a CeTH
380/220 B. Tak Kak akTHBHbBIE CONPOTHBJICHUS H €MKOCTH OT-
HOCHTeJIbHo 3eMJIH paclpejenedbl BLOJAL CETH, TO MOAK/II0YE-
"HHe JOIOJHHTEJbHOrO HMCTOUHHMKA K KOHTDPOJHPYEMOH CETH B
HpHHHHIIe MOXKeT OBITh OcVyillecTBAeHO B Jwob6om Mecte. llpn
3TOM pe3yJbTaT H3MepeHHS U pacyeTOB He H3MEHHTCS.
Henocratku paccMOTPEHHOro crnocoba ompelelieHHss TOKOB
3aMbIKaHHH ‘Ha 3eMJI0 3aKJIYaloTcsd B TOM, UTO H3MepPeHHUd
HpOHBBO}lHTCH IPH DPAa3HBIX HaNpPAKEHUSX (:—)To OTPHILATE/Ib"
- HO CKasblBaeTcs Ha TOYHOCTH pe3yJbTaTOB pacuera), a Tak-
e B TOM, YTO NIPH 3TOM cIlocobe He YUHTHIBAIOTCH MapaMer-
i pr U30JAAIHH OTHOCHTEJIbPHO 3€MJH OTKJ/IOYEHHOI'Os Ha BpeMs
. usMepenus 9ﬂeK'1p0060py,zLOBaHHﬂ

I 26. Onpepenciue TOKOB 3aMbIKaHHA Ha 3EMHIO
i+ Ha OCHOBaHMM M3MEpPEeHMM BONLTMETPamM

§  AstopoMm pa3paboTaH cnocof KOCBEHHOTO ONpe/leseHHs TO-
f*  KOB 3aMbIKaHHsd Ha 3e€MJIO, OCHOBAHHBIM Ha H3MEDEHHH Ha-
$ npsixkeHu# (a3 CeTH OTHOCHTEJBHO 3eMJH  BOJLTMETPaMH

-.,f. .- '.
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'KOHTPOJIA H30JSLHHA C MOCJACAYIOIUUM PAacyeToM HCKOMBIX TO-
KOB. CII0cO0 NPHMEHUM [JIsI PA3JHYHBIX COOTHOLIEHHH aKTHB-
HBIX H €MKOCTHBIX [apaMeTPOB H3OJALMH OTHEJABHBIX (a3
CETH OTHOCHTEJbHO 3emau |11].: .

Ilpunnunnanehas snexTpHuecKass cxema crmoco6a pacuera
moka3aHa Ha puc. d0. Ilpmuarel caexyioliue 0603HAYEHHUS:
I'l —nuraomust cetb Tpanchopmatop; TVI — uameputesn-
HBHIH TpaHC(pOpMaTOp HaNpsKEeHHS, BO BTOPHUHBIE OOMOTKH
KOTOPOro BKJIOUEHB BOJIbTMETPH KOHTPOJAS H3oasuuu PV:

‘Puc. 50. Cxema omnpejejefHnsi TOKa 3aMBIKaHUSI Ha 3eMJI0 C RO-
MOILbI0 BOJIbTMETPOB KOHTPOJSA H30JAINMK |

I'V2 — u3aMeputedbHBIll TpaHcHOPMATOp MAJAH9 JHHEHHOrO Ha-
NPAXKEHUA; ry— N00aBOUHOE COMPOTHUBJAEHUE, KOTOpOEe IOA-
kKiaouaeTcss K (aze A pasvenunurteseM (S U MacasSHBIM BbI-
kaouateaeM QF; L;, Ly — HHAYKTHBHOCTH HE€PBHYHBIX H BTO-
pHYHBIX 0O6MOTOK TpaHcopmaTopa TV 1. . o

3andiieM KOMILJIEKCHBIH TOK 3aMBIKaHHS Ha 3eMJal B ¢a-
se A B mepBoM pexuMe (BbIKJAOYATe b QS OTKJIIOUEH)

_{3A = QA XE_’ | | | (87)

rie Us — nanpsxenne $a3el A OTHOCHTEJBHO 3€MJH, KOTO-

poe HMeJIO MeCTO 40 3aMbIKaHHS Ha 3eMJIIO;
3 . -3 : | |
Ye=g; + 7o+ | (ng-— — ) — TIOJIHAsT TTPOBOJUMOCTD CETH
R 4 riy | |
OTHOCHTEJNbHO 3eMiH; gz=l/ra+-1/rs+1/r¢ — cymmapHnas
aKTHBHASl COCTaBJAAIOIIAsa NoJHOH npoBoauMocTH; Cx=Cs-

88

B ¢aszax Bu C

L

P - Cs+Cc — cymMMapHasi- eMKOCTh CEeTH OTHOCHTEJBHO 3eMJIH; -
n,-—— COIPOTHBJIEHHE BOJBTMETPA KOHTPOJS H30JMALMH, K=
B — Wi /Ws — KO3pPHIHEHT TpaHCHOPMALKH H3MEPUTEILHOTO
B gpancpopmaropa; @L;— HHAYKTHBHOE CONPOTHBJEHHE TPaHC-
bae (popMaTopa.

g llpu BrOpOM pexume (BbIKJIIOuAaTeNp QS BKJIIOUEH), T. e.
[s8mipy HaMudM B (ase A pomoJHMTespHOH mpososuMmocTH Y,

e laa=U,(Yzs+Y,), (88)

R rne Us” — KomniexkcHoe HampsikeHHe ¢assl A OTHOCHTEIBHO

3eMJH  TIPH  TOJAKJIYEHHOH JONOJHHMTEJLHOH IPOBOJLHMO-

B M3 (87) u (88) mosyuyuM KOMHIJIEKCHBIH TOK 3aMBIKAHHUS
3 " 1a 3eMJI0 B (paze A L - |

.1.!__,-
" .:::?’f
L,

’
UpUa

e | - gﬁl T g;‘l - o &)

AHaJIOTHYHO TNOJNYYHM YpPaBHEHHS [JIsi TOKOB 3aMBIKAHHS

.. A E '

i -51 . ! _ _— — —— . )
E LI 0
Y - . & |

el v, o | ,
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[o=—=C2Ay o1y
= Uy .
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Rt :

B . Komnuekcuple Hanpsikenus Uy u U’y MOXKHO 3amucaTh B BHAE

e * = — -
. Ua=agrjdy Uy=a,+jd,

B rie B coorBercriun ¢ (14)

-

- - 0 2 2 12 P2
. QUA T (UB —,—UC) ' 2UA ."‘(UBE“I‘UC )
. | 9 2 ) 2 y 2 -
d UC"_UB . dr ' UC _—"UB | 93
ot A— B — y A4 —= — — '
23Uy 2Vivy (99)
llpungs B kKauecTBe no6GaBouHOro compoTuBaenus [/Yg,
e HanpuMep, aKTHBHOE CONPOTHBJIEHHE 7, PE3HCTOpPAa H C yde-
. ToM (92) u (93), u3 (89) B mrore MosyuHM |

U . (92)

UL, . |
Jog— - — ,A - — . (94)
I V(aAT‘aA)2+ (dg— dy)? -
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qaCTO 'HEOGXOLMMO 3HATH He TOJIBKO TOK 3aMBIKaHHUSI Ha 3€MJII0, HO H €ro
3KTHBHYIO U €MKOCTHYIO COCTAaBJASIONIHE.
: AKTHBHEIE W €MKOCTHHIE COCTABJAIOIIHE TOKOB 3aMBIKaHHUS HA 3€MJIO

AHAJOTHYHO TOJYUHM -YPABHEHHS /S TOKOB 3aMBIKAHHS
B cbasax BucC

] .p=— c{BUA. -y (95) . fm,ue.nbﬂblx ¢pas moryr ObITh ompepenensl u3 (89), (90), (91) BHAeneHHEM
eV (ay— )+ (dy—dy) -  peleCTBEHHBIX I MHUMEIX YacTell COOTBETCTBEHHO. S
, B>  Tax, Hanpumep, AJs dasel A MoXeM SaHHCEin AKTHBHYIO COCTABJAIO-
[ — UcUy | (96 IIyl0 TOKA 3aMBIKaHHS Ha 3eMJI0
3 o ) |
2V (ay—ap)i+(dy—dy)? U U, Y,
Takum o6pasoM, npensaraemslii crmoco6 [11] mpemycmar- . fra=Re U —U'y (%9)
PHBaeT onpeeaeHue TOKOB OJHOGA3HOrO IMIyXOro 3aMblKaHusi E%- . T
Ha 3eMJI0 B JI000H (pase ¢ TNOMOIIBIO' UeThIpex 3aMepop [ B AMT CMROCTHOH
BoJabTMeTpaMH PV kouTpossa wusonsiump (puc. 50) wHamps- UUL v
xeuul Ua, Usp, Uc. 3nauenus Ux’, Up’, Uc’ paccuntwiBator [, =1m —=A-ALA . (100)'
mo (94)—(96). C yuerom coBpeMeHHBIX BO3MOXKHQCTEH pac- C Uy—Uy |

yeT lLiesecoobpasHo BecTH Npu nomown DdbBM.

Cienyer 3aMeTHTb, YTO MPH OTCYTCTBHH B  YCJOBHAX H3-
MEpPEeHHUSA aKTHBHOIO COHNPOTHBJIEHHUS F; MOXKHO  BOCIOJb30-
BATbCS PEaKTUBHBIMH CONPOTHBJEHHSIMH. DB 3ToM cayuae B
(92) —(94) caenyer BMecTO ry noactaBuTh 1/wC; mpu em-
KOCTHOM A00aBOYHOM CONPOTHBJACHHUH H wlp — NPH HHAYKTHB-
HoM. Tak, nas ¢asnt A npu 1abo0YHOM eMKOCTHOM COMPOTHB-
JeHUH

C yuerom (92) u (93) mocse npeoGpasosannit (99) u (100) mia Y=
E —joc, natizen - =
- oCgldy(a +dA ) —dj(a + &) -
Iog=— --—-——--—-, — . ’(101)

(*‘51./-’1"""'ﬂg-q)2 + (dg—dy)?

oCy [aA(ai ) —ay(ay + dy)]

| , Ingy = (102)
o wCrU JU ca
n AY A _
[.4— 7 = _ (97) (@g— ay)? + (dy — dy)?
An—a)2 1 (d, —dr)2 A . |
(24 A+ (dy A) = llosmHpt TOK samblKaHusa na 3emaio dasn A
B uwactHOM cayuyae mJs CHMMeTPHUHOH IemH, Korga Uj— _
= {Up=U¢, TOKH 3aMBIKaHHA Ha 3eMJII0 Kaxkioi (aswl Tax- 13A=VIEA+1§A-- ' | (103)

XKe OYyAyT paBHB MexXAy coboél H OMPENeNATBCA  BHIpAXKe-

HUEM AHaJOTHIHO COCTABJSIOTCH ypaBHEHMsl JJsi pacueTa aKTHBHOH H

= EMKDCTHOH COCTABJSIONUX TOKA 3aMBbIKAHUS Ha 3emJio B ¢asax B u C,
© . C y4eTOM H3/MOKEHHOTO PeKOMeHAYeMBIl MOPAAOK H3MepeHHil H pacue-
- ; 'ra COCTOMT H3 CJEAYIOINHX 3TalOoB:
| 1. B noaoxenuu 0 paspenunuTeas (S (puc. 50) cHHUMAKTCA IOKa-
| a‘aHHﬁ BOJIbTMETPOB KOHTpOas H3ogsauuu U, Usp, Ug.
| . 2. B nonoxenuu I pasbeAnHHTeNss QS CHHMAIOTCA MOKA3AHHS BOJIBT-
Me'rpoa koutpodaa usoasuuu U,/, Us’, Uc'. _
2 3. Mcnoansysl mokasaHHsi BOJBTMETPOB H U3BECTHOE 3HAUYeHHe 106a-
‘ BOIIHOH €MKOCTH (g, DacCYHTHIBAIOT HCKOMble 3HAYEHHA AKTUBHBIX H
--- eMKOCTHbe COCTABJIAIOUINX TOKOB OAHO(A3HOrO 3aMbiKaHud., B JaCTHOCTH,
=t RIS ¢asbr A pacyer Bezerca no (101) u (102).

Ilpn neo6XomMMOCTH OLEHKH MOJHHX TOKOB 3aAMHKAHHS Ha 3eMJI0 UX
MO}KHO onpeneauts no (103).

Ul
. b A .
[33 —— i 3C — ,2"'—"2. (98)
- g ]/aA +d4

s TOYHOCTH BEIUHCJEHHSI BKJAYaeMoe 100aBOYHOE CO-
IPOTHUBJEHHE NOJXKHO H3MEHUTh NOKa3arnue BOJbTMETpPAa KOHT-
pOJISl H30JAUHH He MeHee ueM Ha 10% mc OTHOWICHHIO Knep-
BOHAYaAbHOMY 3HAYEHHIO. | |

[3A

27. AKTMBHAS M €MKOCTHAs COCTaBASIOWME TOKA
3aMbIKaHMsl Ha 3eMno

Jlas uccaefoBaHUS YCJOBHA BO3HHKHOBEHHS] DPE30HAHCHHIX SIBJICHHH,

acTpOfKH penelHof SAMINTE, MOAYYeHHs Gofee OGHLEMHON HHpOpMAUAH %Me st MOBBIIEHUST TOYHOCTH DACYETOB CJAEIYET MPOBECTH HECKOJBKO 3a-
| ~ a OB

O COCTOSIHHHM CETH BBICOKOIO HANPSXKEHHS C TOYKH 3PEeHHs] HaJeXHOCTH g POB M BLIIONHATH NPH 3TOM 7 Pa3 BLYHCJEHHS, ONPEXENHB CpeLHee
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3HaY€HHE COOTBETCTBYIOUIEr0 TOKa MO BHIPaKEHHIO

L/

k—1{

Hucmepcuio akTHBHON M eMKOCTHOH COCTaBJSIOUIHX TOKa 3aMbIKaHUs
OLIEHUM U3

| n
N 1 ‘
2
2= —— E(Iﬁk_lﬂ)ﬁ,  (105)
R—1
rxe j=r, C; i=A4, B, C. ,.
3areM, HCHOJb3ys KpHTepHii CTbIOJAEHTa, pacCUuMTaeM JOBEPHTENbHbif

HHTEPBAJN AKTHBHOH H €MKOCTHOH COCTaBJAIOIIHX TOKa 3aMBKaHHA Ha
3EMJIIO

) _ O S 7 '
Aff = lijj—1,—> Ii; -+t | (106)_

ity

[Ipumep. B BHGpaHHBi MOMEHT BpEMEHH BOJBTMETPHI KOHTPOJ .

H30JAUHH 1nokasaad Uz=7,878 kB: Uc-—-8 733 kB: Ug’'=7,707 xkB: U =
=8,232 kB.

HaiieM akTHBHYI0 H eMKOCTHYIO COCTABJAIOLIHE TOKa oﬂﬂocpaaﬁom ,

3aMBIKaHUS Ha 3eMJII0 Ha npumepe ¢aspl C:
I:c=6,29 A; Icc=13,02 A.

[Tocne BbIuHCAGHHH HJs1 HEeCSITH BBIGOPOK UB, Ue, Ug’, U noayuny
ABa psila 3HAUYEHHH an Cr=0,5 MKO:

[re={l;c;}= 6,29; 7,24; 6,82; 6,05; 6,94; 7,12: 7,37; 792 7,85; 8,76;

Ice={lccp}=13,02; 14,19; 14,86; 1508; 1525; 14,07; 1586: 14,18:
15,41; 16,37. | , - -

IlopcraBnsaa ux 3sHavenusa B (104), mosydaem ycpeIHEHHYIO OLEHKY

AKTHBHO# M €MKOCTHOH COCTABJSIIOUIHX TOKa OAHOMA3HOTO 3aMbIKAHHS HA
3eMI0 A pasb C: |

Ic=7,286; Icc=14,829. Ouenku nucnepcuu @KTHBHbﬁ H EeMKOCTHOH
COCTABJSAIOIINX TOKa, BRIUUCAEHHON 110 (10D), paBHBI COOTBETCTBEHHO 0%c=
==(),033 H 0%c=0,966, a CpeHEKBaIDATHYHbIE OTKJOHEHHS — O,c=0,730 u.
Occ=0,982.

Kak u3BecTHO, npH JOBEPHTENbHOA BeposATHOCTH B=0,95 u n=10

KBaHTHJb pacnpefenenust Ctoiofenta #3=2,23. [loicTaBass B BHIpaKeHHE

(106) uucaennwvle 3Havenusa I,c, Ice, n, Orc, Gcc W fg, IOJy4aeM JOBEpH-
TE€JIbHbIE HHTCPBAJB HJs1 OUEHKH aKTHBHOH H eMKOCTHOH COCTaBJSIOLINX
TOKa OAHO(A3HOrO 3aMBIKAHHA HAa 3eMJII0, paBHOIE A,-c——(ﬁ 771;. 7,801) A
Acc=(14,137; 15,522) A.

- Kak BuOHO H3 pPacCMOTPEHHOro npHMepa, ¢ BepPOSITHOCTBIO, paBHOH
0,90, MOXKHO yTBepXKAaTb, UTO HCTUHHEIE 3HAYEHHS! AKTHBHOH H €MKOCTHOM

92

¥

I = n"zlﬂk- (1t4) |

- :r._. '“ " -__- H
r','..n

COCTABJIAIOIIUX TOKa Oﬂﬂoqaasﬁom 3aMbIKaHHA Ha 3eMao (ase C 3aKJIO-
menbl COOTBETCTBEHHO B HHTepBatax (6,771;7,801) A u (14,137; 15,522) A.
KuK M3BECTHO, YyBeJHYWBAS YHCJO H3MepeHHH, MOXKHO CAeNaTb JOBepH-
b Te.JIbeIE‘ HHTEPBaJBl CKOJIb YTOZHO MAJIBIMH, 4 OLEHKY aKTHBHON H eMKOCT-
COCTHBJIHIOIHHX H Cpt‘-’:ﬂ;HEFD TOKA o.uHocpaaHOI‘o 3dMbIKaHHSl Ha 3eMJIO

m r.l'IABA WECTAS

’g“i [(OHTPO.HI: HBOHﬂLI,HH 4| 3AMbIHAHHH HA SEMNIO

. !.ll_'_t

28 Haonaqua BbICOKOIO Hanpameuua npm I'IOCTOﬁHHOM
. M nepemeHHOM Hanp sHXeHMm

hr
ey -
" P' .

SJIEKTpH'-IeCKaH H30JIAHS pa3nensieT pasJ/IMYHble TOKOBeE-
,nynme 4aCTH 3JEKTPHYECKOH YCTAaHOBKH, HaxoAsliuecd IOJ,
gpaSHbIMH noreHuHanamu. Iloatomy mwbast usonsiuus smecre
5.C TOKOBEIYIIHMH 4YacTsIMH o0pasyer KoHzencartop. ITpouecch
B HIEaJbHBIX KOHAEHCATOPAX XOPOLIO M3BECTHBI H3 3JeKTDO-
B rexunkd. OHaKo B peasibHBIX M30JATOPAX BCe OGCTOHT 3HA-
i ﬂIHTEJIbHO cnoxHee. [leso B TOM, UTO TEXHHYECKAS H3OJISIIIHS
' He SIBJAETCH OJHODOAHOH H B TOH HJIM HHOH CTENEeHH BCErla
CO,I[ep}KHT pasJuYHble BKJIOUEHHA, oOOJajaiollHe pasJaHYHOH
nposozmmocmo 5 ﬂnaﬂempnqec;{on NPOHHIlaeMOCThI0. DoJlee
rTOI‘O B NIPAKTHKE HAXOAHT LIMPOKOe NMPHMEHEHHe MHOIOC/OM-
H&H H30JISILASA H3 HECKOJbKHUX AHIJIEKTPHKOB.

" Ilockoabky DKW YKa3aHHOM ‘BHI€ KOHTPOJIS H3OJSLHS noJ-
Beprae'rc;i BO3JEUCTBUIO IIOCTOSHHBIM. W nepemeHHbIM TOKaM,
paCCMOTpHM KaKHe NPOIeCCH nponcxonm B HEHA IIPH TAKHUX
5 p eXXHMax. |

| - PesyabTaTel OmbITOB NMOKA3BIBAIOT, YTO B npoueccax 3apA-
f-._u__a H paspfaja KOHIEHCATOPOB NPH HCHOJNb30OBAHHUH pPeaJbHBIX
- AMDJIEKTDHKOB HamNps)KeHHe H TOK NPUOJIHIKAIOTCS K CBOUM
L+ KOHEUNBIM 3HAUEHHSM MelJeHHee, YeM NOJIIKHO NMPOMCXONHTb
{{;-?}?OI‘JIaCHo pacyetaM. 3TO SIBI€HHe TPH -3apAAe HA3BIBAIOT H0-
P pHILKOH a npH paspsae — obpa30BaHKEM OCTATOYHOrO 3a-
L pana. Ilpuuunoit sToro, riaBHBIM 06pasoM, sIBJASeTCS HeO-
._;,iﬂ:HOPO,I[HOCTh H30JASLHOHHOTO MaTepHaja H O0COOEHHO MEeCTHHIe
=zg§aaSJmth y,zIeJIbHOH HpOBO,H,HMOCTH



Hpouecch, npoucxoasimye B H30MSIHUH, polle BCEro pac-
CMOTPETh Ha NPUMEpPe H30JSAIHUH C ABYXCJAOHHBIM JHIIEKTPH-
KOM. KoJuyecTBeHHBIE COOTHOIIEHHUS [IOJIy4aloT, KaK MPaBH-
JIO, IIyTeM H3MepeHHH. -

[Ipeanonoxum, 4T0 AMAIEKTPUK IJIOCKOTO KOHAEHCATODA
COCTOUT H3 IBYX CJIOEB, U3 KOTOPHIX OAHH obJamaer -ucuesa-
JOIlle MaJoH MPOBOAMMOCTbIO (HANpHMep, TOHKHH CJIOH BO3-
ayxa), a Apyrou HMEeT KOHEUHYIO HpOBOJ_LI/I‘VIOCTb (Hampumep,
Oymara). -

[TockoabKYy MOBEpPXHOCTh pasjiena SIBJASIETCS IIOBEPXHOCTLIO
PaBHOTO NOTEeHLKaJda, TO MOMXKHO B HEH MBICJAEHHO PAacloJio-

rz JKUTh TOHYAUIIMH MeETaJJHue-

& Tirez | |
. TOJAy4YydM JBa IHOCJAeJ0BATENbHO
| « | COeIMHCHHBIX KOHJIEHCcaTtopa, H3
Y |-———a-l - —El-[
o_ } 7 '

KOTOPBIX NEepPBBIA HMeeT OeCKo-
Heudo 60JbllIOe, a BTOPOU —
KOHEYHOE COINPOTHBJECHHE H30JI-
muu. IlpuHATOMY HaMu 1npej-

Pnc. - 51. CxeMa 3aMelienud
JBYXCJOUHOH H30NAIUU

3apsiiKe KOHJeHcaTopa  COOT-

BETCTBYET cXeMa 3amelleHus puc. 5l. 3xecy o6osnaueHo: C,
u Cy — eMKoCTH OOOHX YCJAOBHBIX KOHZEHCATOPOB; i« — Ha-

NpszKenne MexXAy 3daXHUMAMH KOHIAEHCATOPd, Ui H Liz,—'lla* -

CTUUHBIe HANpPsKeHHsd Ha o6ouX cjodx AuajekTpura. Compo-
THBJIEHHE H30JISIIUH BTOPOrO CJIOS MOXKHO 3aMEHHTh BHEIIHHM
CONPOTHUBJEHHEM [2, NOAKJIOUYEHHLIM IapaJijej]bHO KOHAEHCA-
Topy, o6pasyeMoMy 3THM cJjoeM. 1loaToMy TOK uepes KoHAEH-
CaTop MOXHO NPEJCTABHTH Pa3BETBJAAMUIMMCA Ha JABA TOKA:
{r 1 i.. Ilog TOKOM i. clefyeT NOHUMATh TOK cmemeHHH a TOJL
TOKOM [, — TOK NPOBOJUMOCTH.

Inga maxoxkpaenust Toka i(f) B KOHAEHCATOPe BOCHOJb3Y-
eMcs OnepaTopHBIM METOJOM pacueTa IepexOJHbIX NPOLEC-
coB. Ha ocuosanun 3akona Oma B omepaTtopHOH (popme MoO-

KEeM 3amucaTh

[{p)=EC, (107)

Tlockoabky B (107) cTenmedb MOJHHOMA YHCAUTENS paBHA
CTeleHH IOJHHOMAa 3HaMeHaTess, TO HaxoXKJeHHe TokKa i(f)
MPUMEHHTEJNbHO K cXeMe pHC. 51 OTHOCHTCH K HEKOPPEKTHHIM
ganauaM. Jlnsg ee pellleHHus] pas3iesiiM YHUCJIAUTC]Ib YpaBHEHHSA
(107) na sHaMmeHaTteqab. Torna

I(p)= cfi% [1 + &

]
Cz I 4 pra(Cy +Ch) ]
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CKUI JUCT. B TakoMm c<iayuae Mu

CTaBJIEHUIO MNPUMEHUTEJIBHO K

U3BecTHO, uTO OPHTHHAJIOM eIMHHLB SIBJSIETCS TaK Ha- .
3bIBaemaH AeJabTa-QyHKuus, T. €.

L ==5(f).

.. eabra-dynkuus 6(¢{) nasbiBaercs Takxe (ynkumesi J{u-
.ﬂ._j._._iiipaKa HJIM UMIYJbCHOU (PYHKIHEH, H ONpelessieTcss CJleAylo-
1 e ]J_[H M 00pasoM:

o [ —
‘. o (t) { > TpH 0
ﬂ:f"‘ L O mnpu {=£0.

~ OpuruHasoM BTOporo uyucaa (108) sasasgercs aKCHOHeHTa
C YUETOM CKa3aHHOIO

- 5!' '.'..
b - Tl R

._ EC,C; Ef ¢, ¢ -+
i (t) = =108 5 {-—_L_) g = 109
C,-}+C, )T — rs {Cy+C s ( 0)
me 1=r2(C1-}-C2) — mocTosiHHAs BpeMeHH.
;  Taxam o6pasoM, B MoMeHT Bkawuenus (/=0) Takoro

E ~ AH3JEKTPHKA MO JeACTBHEM HCTOYHHMKAZ NOCTOSHHOM OGC

Teopemqecm BO3HHKAaeT O€CKOHeYHO GOJABUION HMIYJbC TO-
K&, SHAUCHHC KOTOPOro ONpENe/seTcss BUYTPEHHUM CONPOTHB-
. JIeHHUeM peaJibHOr0 HCTOUHHKA U COIPOTHBJIEHHEM IOABOJ -
_ LIHX TPOBOJIOB.

3 Hanpsxenne na KOH,ILEHcaTope C: B omepartopHo#i (opwme
., HaH,zLeM A3 YPaBHEHHUS

I- ....

o EC, !

"-'E:'-"' . U (p ) — [ r 14 pr - _]
N Ci+ Cz + 4 pro(Cy +Cy) |
[Tepexon kK opurunany paer - |
' EC, -4
_, ot —e
. | (1) = Cl-|-C [ <l ’ )]

B
L {0, korga ¢ <0
)= 1, xorna £t >0

| HaHpH}KEHHE Ha KoHgeHcatope C. OIpeesieTCs U3 ypaB-
;_ _-;:# HeHHH

} — E/IUHAYHASA DYHKIHSI.

e, (f) ———E-—-—LJI (t)

- Takuwm 00pa3oM, HaNpskKeHHS Ha KOHIEHCATOPAX CXeMBI
PHC 51 ,11.}151 Bcex >0 U3MEHSIOTCS IO 3aKOHAM

ﬁ' ; C —l— C, ( )
&0 C _
A Uy, —=F—"2 ¢ = 111
e i C,+C, ( )
| 95



[Ipu {=0 3T HanpAKEHHS ONPeAENSIOTCH TOJbKO Ua-
CTHYHBIMU eMKocTaAMH C1 u C,, T. €.
' C, | C,
u,(04+)= —2_E, u,(04+)= - L2,
C1+Co O)= C1+4Cs
IpyyeM Ha oOKJajxKax KOH,H,eHCEiTOp()B OyayT HaXOZUTbCH
OJHHAKOBLIE 3apsAbl ' ~
C,C.
Q(O+)ZQ1(O+):Q2(O+): = E
| - Gy Gy

B KoHIle mepexoaHOro mpoiiecca, T.e€. IpH f=00, Uy (00)
=0, u;(o0)=L u 3apsg Ha eMKoctH C, paBeH ¢(oo)
——C}:(OO)-*—'ECI. MoxxHo mnokasatb, uTo ¢(00)>g(0--).

Takum o6pasoM, AH3JeKTPUKY OBLT COOOINEH JOMOJIHH-
TEJbHBIY 3apfAd, TaK Ha3biBaeMbIH 3aps; abcopOLUH

CC | (.2
—Fc,—E-S% _p_&
Tase C. 1 C, C,+Cs

Gmarojaps yeMy BO BpeMs HepeXOJZHOro Ipoluecca uyepes Ju-
3JIEKTPUK IMPOXOAHT TOK abcopbuuu, onpenensieMuln (109)

(!

E

- ) - C}:
lElch:——-(
| I's

2 L
—— e L ]

Cy 4+ C )

CJaenoBaTe/bHO, B HEOAHODPOAHOM J[AH3JEKTPHKe IIPOIec-
bl, IPOHUCXOAAIIHE HPHU BKJIUEHHH HA NOCTOAHHOE HaIllpsiXKe-
HHe, BEIPaXKaloTcs B IPOSBJACHUH TOKa abcopOLHH, KOTOPBIH MO-
XKeT OBITb 3a()UKCHPOBAH, HAIpUMep, NPH IIOMOLILH ocummo-
rpaga.

- M3 nocnennero ypaBHEHHH CJAEeJYyeT, uTo npn YBGJHYCHHH
MPOBOAUMOCTH CJIOSI OyMard yBeJIMYUBAeTCs TOK abcopOUHU H
ONHOBPEMEHHO yMeHbIIaeTcsl ero AJUTEJEHOCTh (YMeHbLIaer-
csl MOCTOsiHHasi BpeMeHd 7v). l1loaTtomy, H3yuus OCLLHJIOTPaM-
My TOKa abcopOuHH, MOXKHO COCTaBHUTH HpeILCTaBJIEHHe 0. CO-
CTOSIHHH H30JISIIHH.

Ha puc. 52 nmokasaHEl H3MeHEHHS BO BpPeMeHH HampsxKe-
HHH H 3apSAJAHOr0 TOKA, ompejessieMble BHBEJeHHBIMH (POpPMY-
JamMu Aas cayuas, Korga Ci=C, H3 s1ux
YTO HENOCPEACTBEHHO IOCJe BKJOUEHUS 3apAAbl HAXOAATCA
MpeuMyIleCTBEHHO Ha OO6KJaJgKax KOHAeHcaTtopa C ABYXCJOU-
HbIM JH3JEKTPHKOM, TOK MPOBOAHUMOCTH, H3MEHSASACh BO Bpe-
MEeHH aHaJOrMYHO H3MEHEHHIO U, MEIJIEHHO pas3psiKaer ua-
cTHYHBIA KoHleHcaTop C». B 370 XKe Bpemst KOHAeHCATOP Ci
3apsikKaeTcs A0 MOJHOIO HANMPSXKEHHUS. -

ConpoTUBJeHHEe TOKY INPOBOAHMOCTH COBMECTHO C COIPO-
THBJEHHSIMH DAasJIMYHBIX IOBpeXIeHHH 00pa3yloT COMPOTHB-
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KPHBbBIX BHJHO,

--'r 3 -
[
e
. L

+ i

- Y
....

f.. JieHHIO HM3OMAIHH NPH TOCTOSIHHOM TOKe.

L
::::
M-

JIEHHE’: CETH H OT,[LEJII::HOH SJIGKTpOYCTEiHOBKH OTHOCHTEJIIJHO.

- 3eMJIH.
[TpuBenennas ma puc. 51 cxeMa 3aMelleHHs HBOJIHI.[HH na-

. eT BO3MOXKHOCTb IPENCTABUTL XapaKTeP NPOXOXKIAEHHA TOKa

. .yepe3 HM30JAIHUIO TNOA AelCTBHEM IepeMEeHHOro HanpsXeHHS.
I/Ia CXE€MBl 3aMelleHHs CJAeAYeT, UTO NPOBOAHMOCTL JHIJIEKT-
pmca onpenefsmollass TOK NPOBOAHMOCTH NPH IEpPeMeHHOM
. TOKE, NO/DKHA OTJHYATBCS OT BEJHYUHE, OOpaTHOH CONMPOTHB-

HusnekrpuueckKue

or = -

t/T

Puc. 52. 3apanka KoHeHca-
TOP2 C ABYXCAOHHEIM JIHIJEK-
TPHKOM

J) w.

Puc. 53. AxTHBHas NPOBOJHMOCTb M €MKOCTb KOHAEHCATOPA C JBYX-
. CJIOHHBIM JA3JIEKTPHKOM; YIoJl [AHIJICKTPHYECKHX MOTEPb KOHMEHCa-
‘TOpa C JABYXCJOHUHHM AUIJCKTPUKOM

HOTepH [IPDH IICPCMCHHOM H NOCTOAHHOM TOKe TaK}Ke JAOJJ2KHbI

. HMeTb pasHBble 3HaueHUs. B mepeMeHHOM moJjie 3JeKTpHYECKHe

3apsmbl JIOMIXKXHBI OEeCHpephlBHO TO MNOABOAHTHCA K TOBEPXHO-
- CTH pasjiejia, TO OTBOJUTBHCS OT Hee. HEPEMEU_[EHHE 3apsI0B

CHOCOﬁCTBY@T BO3HHKHOBECHHIO ,[LHBJIGKTthIeCKPIX [IOTEPD.

Ecan K cxeMe 3aMelleHHs] JBYXCJOHHOH H30JALHH, H306-

pa}KEHHOH Ha puc. bl, moaBecTH CHHYCOM/(a/TbHOe HamNpsixkKe-

HHE TO B HeH BO3HHKAaeT HepE‘,MEHHbIH TOK, KOMIIJIEKCHOE BbI-
pa}KEHHe KOTOpOI‘O MOZHO HpEI[CTﬂBHTb B BHAC

I-——U(Qo joCo),

kil

me go——SKBHBaJIEHTHHH dKTHBHAA HNDPOBOIHMOCTD peaﬂbHOH

HSOJIHL[HH
; ©?C.2r,

_T+ 03 (Cy 4 Co)?ry? ’

i

8o

. Cy — >KBHBAJIEHTHAA EeMKOCTb peajibHOH H3OMSLHH:

|+ @Cy(Cy + Colrs?
Tl 4- @0?(Cy + Co)%rs? .

C,=C
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[Ipu mocrtosinHoM ToKe (w==0) akKTUBHas NPOBOAUMOCTEL
moayyaercss MaJoH H COOTBETCTBEHHO COIIPOTHBJIEHHE H30JIs-
IHH IIPH IOCTOSTHHOM TOKe OeCKOHEUHO BeJHKO. OJHAKO IpH
MepeMeHHOM TOKe CONPOTHBJEHHEe H30JSIUH MOAYIaeTcs KO-
HedyHbIM. lIpH yBeaHdyeHHH 4YacCFOTHl MNMEPEeMEHHOTO TOKa gy
npubJyuxKaercs K npeiejJbHOMY 3HAYEHHIC

1 ( Cy __:‘2
o gﬂmﬂxﬂ_'.‘ ¥o C1+Cz) |

[Ipu MaabIX 4acToTax 3KBUBAJCHTHAA €MKOCTb HMEEeT Ha-
yagbHoe 3Hauenue Co==C;. Ilpu 3TOM uepe3 CONPOTHBJICHHUE
ro TIOLABOASATCS 3apsiiibl K NMOBEPXHOCTH pasgesa OO0OHX CJ0eRn
AUIeKTpHKa KoupeHcaropa. llpm Ooablminx 4acrorax, Ha-
o6opoT, mpeobaafalT TOKH CMellleHHs; 3KBUBAJEHTHAS €M-

KOCTh NpHOJIHKAETCA K IIpe/leJIbHOMY 3HAYEHHIO
' GG
= .
Ci+4Co

Ha puc. 53, u3oOGpaXeHbl 3aBUCHMOCTH AKTUBHOH IIPO-
BOJUMOCTH M 3KBHBaJEeHTHOH €MKOCTH OT 4YacCTOTbl INEPCMEH-

HOro TOKa.
YroJ JH3JEKTPHUECKHX IOTEPb O onpeﬂeﬂﬂeTCH U3 BLIpa-

}KEHHH

wCy '- | 4 0?Cy(Cy 4-Co)ra?

Ha puc. 53,6 mokasana 3aBHCHMOCTb yrJa JHIJEKTPHUYE-
CKHX IIOTepb OT yacToThl. [lpu omnpegenenHoil yactore OH J0-
CTHraeT MaKCHUMaJIbHOTO 3Ha4yeHHusd, ONpeneasieMOro H3 BhIpa-

MCHHUA

C
8 T v 1___

K, TaKHM. o6pa3oM, He 3aBHCHT OT COHpOTHBJIEEHHH 23
[IpuMeHseMble H30ASAINHNOHHBIE MAaTePUaJibl B OOJBIIOM AHA-

mazoHe 4acToT UMEIOT YyroJ HoTepb NPHOJIH3HTEAbHO MOCTOAH-

HbI, TAK YTO JEHCTBUTEJbHAST KPUBAA SBJASETCS 3HAYUTEJNLHO
Goslee TOJOroid, yeM 3TO MOKasaHo Ha pHC. 93,6. D10 00
SICHSIETCSI TEM, UTO M30JSUHOHHLIE MaTepHasabl He CBOAATCH K
IBYM CJIOSIM JH3JCKTPUKOB. B Hux umewTcs pas/iMuHble He-
OAHOPOLHOCTH, NeHCTBHSI KOTOPHIX HaK/iaAblBaloTCs, BCACACT
BHe Yero 30HA4 MaKCHMyMa yrja JHJIeKTPUUECKHX NOTEpP:
CTAHOBHTCS IUIHUPE. - - _
- CompoTHBJieHHe H30JAUHH 3aBHUCHUT OT MOABHKHOCTH ¥
paciipeliesieHHs 3aps0B, HaXOAAMMXCS B matepuane, Ha xa-
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i péKTep HX JBUIKCHHN MOryT BO3JI€HCTBOBATL MHOT'HE cbaKTopbi
M NpPEXIe BCEro TeMmieparypa u HAIIPSXKEHHOCTh 3J1eKTPHYE-
> CKOTO' TIOJS. [loatomy npu crporom omnpemenevun COIIPOTHUB-
fr:, JICHHS] H30JISIUHH HeOOXOAHUMO VUHTHIBATE TeMIIepaTypy H Ha-
5 .___ﬂ[[pH}KEHI/Ie lIPH KOTOPBIX NPOH3BOAH/NCH H3MeDEeHHUS.
= C MOBBbILIEHHEM TeMIepaTyphl CONPOTUBJEHHE H3OJSLHM,
____;;KaK IPaBHJIO, H3MEHSIETCHA M0 IKCIIOHEHUHAJIbHOMY 3aKOHY.
C YBE€JAHUYCHHCM MNPHUJIOKEHHOTO K HI0JSILHH HAMpsAXKEeHHs CO-
% IIPOTHBJICHHE H30JSLHH YMeHbIUdeTCs. -
B npouecce paGOTbI H30JA1HS 3JEKTPUYECKHX Lieneld mmoj-
e BepraeTCH BO3JECUCTBUIO pALa (aKTOPOB, MPHBOASIIUX C Te-
g UCHHEM BDEMEHH K ee CTApeHHIO, YTO OTPaxkKaeTcsi Ha CTelle-
7 HPI SJIEKTPHYECKOHM U MeXaHHYecKoH mnpouHocTH. OCHOBHBLIMH
| lePIT—IHHaMH BbISBIBAIOUIHMH CTaApECHHE, SIBASIOTCS:
I 2) nocrosmmoe yBJAAXKHEHHE H30JSUHH B Pe3yJ/bTaTe Mpo-

HHKHOBeHHH B Hee BJAru yepes MHKpOTpeLLLHbe JJQKOBBIX I10-
KPBITHI, 3aJHBOUHBIX KOMIIAVH/OB U T. II.:

i 0) HarpeBaHHe TOKOM HAarpysku H ocoﬁeHHO CBEPXTOKa-

3 MH—HyCKOBbIMH TOKaMH JBHraTe/]led, TOKAMH KOPOTKOLO 3a-
: MBIKAHHS H T. IL;

B) ciaydalHble [IepeHanpsKeHus;

- T') HDOCTOSHHOE BO3JeHCTBHE 2JEKTPHYECKHX nmen IpH

- KOTOpOM [IPDOHCXOAHUT HOHHU3aLUA pasmqwmramamx BKJIOUe-
HHH HEeH30€eXKHLIX B H30JILUH;

. _._ﬁ_ ’

: ___u_
. R, -

r‘ 1) pasJHYHble MeXaHHyecCKHe BOBI_LEHCTBHH Tak, nHanpu-

Mep, AHMHAMHUYCCKHEe YCHJHSA, BO3HUKAIONIUEe BCJAECICTBHE pes-
¢’ KHX H3MEHEHHI TOKAa, BBI3BIBAIOT TpEIL[HH‘bI CMELIEHHSA U H3-
HOC U30JISIIUH.

i BHIsiBJeHHS [e(eKTOB, BO3HHK4KUIMX B HI0JAIUAY,

paspaﬁoTaHH i PHMEHSIOTCs METO,H;I:I IPOPUIAKTHYECKUX HC-
@ anTaHHH H H3MEPEHHUN.

| _:.EE _J.
- .
i 5

| -%;%2-29.7Komponb M3ONSIUMM BONBTMETPAMMU

B HEHpeprBHbIH KOHTPOJb CONPOTHBJEGHUS M3OJSILUHH B CO-
‘HanpsixenueM 6—35 kB ¢ uzosupoBaHHOH HeHTpaJbIo
*j@BﬂHeTCH 3((PeKTHBHEIM CPEACTBOM, MOBHIUAIIIHM yPOBEHb
3JeKTPOYCTAHOBOK H  HAaAeXHOCThL

1§ 9VIEKTPOOE30IMacHOCTH
.'-EIHaﬁ}KEHHH moTpebuTenen 9HEKTPO9Heereﬁ ,E[eﬁCTBHTeJII—_.Ho

BOJIbTMEEprI KOHTPOJII H30JIALHMH, BKJIOUeHHLIE BO BTO-

Hqule OOMOTKH TpaHC(POPMATOPOB HaHpH}KeHHH Tuna HTMH
HOM (cwm. puc. 49).
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Hanpsixenust Upa, Uvs, Uyc HA BOsIBTMETPAX MOTYT OBITH

pejAcTaBJeHbl B BHIE
Yg(l—a?) +Ye(l—a) +3gy

YatYp Yo+ 3go 7
U Y(a® — 1) +Yeo(a® —a) 4 3a%gy
o = Vo= Va+ Y+ Yo+ 3 ’
Y (a—1) + Yg(a—a?) + 3agy

Yo+ Yg+Yc-+ 38 '

L_}UA — Ufb

gUC-: Uq;.

M3 sTux ypaBHEHHH cJeAyeT, YTO IIPU paBHBIX IIPOBOAH-
MOCTSIX H3OJSILHH (a3 CeTH OTHOCHTENBHO 3eMJH Y4=Yp=

— Y. HanmpsiKeHHus, H3MepsieMble BOJBTMETPaMH, OyAYT pas-

HE (Da3HOMY, T. €. Uoa=Upp=Upc#%Usp He3aBHCHMO OT 3Ha-
gyenusi 3THX InposBojguMocted. C(JenoBaTeJbHO, PAaBHOMEPHOE
CHHIKEHHE COINPOTHBJIEHHH H30JAIHH HE MOXET OBITb oOHapy-
xeHo. B Gosee obuieM ciayuae, Koraa Ys# Y7 Yc, TOKasa-

HHSI BOJIBTMeTpPOB OYAYyT Pas3/MUHBIMH H CYAUTb O 3HAUCHHH
CONPOTHBJIECHUS H30JSAIHA HEBO3ZMOXKHO. [Io sTHM NOpHYHHAM
KOHTPOJb BOJHTMETPAMH Ies1ecoo0pasHo TPUMEHATH TOJBKO
[UIST perucTpalnH OJHO(PA3HBIX 3aMBIKaHWH Ha 3eMJIO. [1pa

3aMbIKAHHE Ha 3eMjmo opHoit (assl, Hampumep A (Ya—-
—00), OyieM HMETh '

Upa =0, UvBr: Uyc = V-g Ud)’

T. €. HanpsikeHHe BOJBTMETPA noapemzieﬂnﬁ (haspl paBHO
HYJ0, a BA APYTHX HAXOASTCS MOA JHHEHHBIM HaNpsKEHHCEY
cetn. C 3TOH TOYUKH 3PEHHs IMPEANOUTHTENbHBIM  ABJIACTCA
npuMeHeHHe (UIBTPOB HYJIEBOH  INOCJEeJ0BaTENbHOCTH —

aCHMMeTPOB. ACHMMETpP COCTOMT H3 TP€X PABHBIX MO 3HAUCHIIO

CONMPOTHBJEHHH (AKTHUBHBIX HJH peaKTHBHBHIX), COEIHHEHHDIX
B 3Be31y. HymeBas TouKa 3Be3/JBl Y€PE3 TBchq)opmaTop TOKA
NpHCOeAHHSETCS K 3a3eMAAI0MEMy yCTPOUCTBY. Hpyrue KOHI;
bl COMPOTHBJIEHHH 3Be3Jbl ACHMMETpPa IPUCOEAHHSIOTCA
baszam cetn 4, B, C (puc. 94). _ .
[lepBuuUHHI TOK B Lenu TpaHcpopMarTopa TOKa onpene

JseTcsl ypaBHEHHEM

Y4 a?Yp+af )
] — 3Ucb A'l" _B _Ci_/__ Y{}! (113)
' LI SE——— ACHMMETPOM B CeTh 3KBHBATEHT-
rae Yo ==y oy, - .
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Hag [pOBOAMMOCTL HYyJeBof
(pashl. | |
Was (113) cneayer, uto mpH paBHBIX COMPOTUBJECHHSX ce-

TH OTHOCHTEJbHO 3eMJH, T: €. Koraa Y =Yp=Y,, ToK B uenu
Harpysknh acHMMmerpa paBeH HyJ10. TakuMm o6pa3om, Kak H

[ocJjieioBaTeibHOCTH  OJHON

6-70 kB C

Puc. 54. Cxema mHempepriBHOrO
MOWIBI0 aCHMMeETpa

KOHTPOJIA H3OJSIHH ¢ I0-

jj%fB CiEMe€ C BOJIbTMETPAMH, paBHOMepPHOE CHHMKEHHe COIIPO-
b THBJICHHST H30JISILHH B

- : H
-

| pYy¥*eHo. -

3TOM cJydae He MOKeT ObITb OGHa-

HenocratkoM cxembl siBasieTcst Takke 3aBHCHMOCTE TOKA ]

i OT €MKOCTeH (Pa3 CeTH OTHOCHTE/BHO 3eMJIH, OITOMY IO 3Ha-
g TCHHIO TOKa HeJb3fl OAHO3HAYHO CYIHTL O 3HAYEHHH AKTHB-
HOrO COINIPOTHBJIEHHSI H30JSILLUM CETH OTHOCHTEJNbHO 3eMJu. Ilo
jOTHM TIpHYHHAM YCTPOHCTBA, paboTaiolllHe Ha TOKAX HY.JIe-
R BOH IIOCJ€A0BATEJBLHOCTH, LeJecoo0pasHo HCIOJAb30BaATh TOJb-
‘B KO B KayecTBe YCTPOHCTB KOHTDPOJSI OAHO(A3HBIX 3aMBIKAHUI

Ha 3eMJII0.
g COIIDOTHBJIEHHH (a3 OTHOCHTEJNBHO 3€MJIH.

B Takux pexuMax Bcerga mMeercs HEepPAaBEHCTBO

I[Ipu 3ambIkaunnu oxHOfi (asel Ha 3emJio, HanmpuMep a-

| SbI A (Y4—o0), (113) npumer BHI

YYy 3U
[ = 3U¢"3I+3'H'? .{.:"52;"4?2‘

J st YCTPAHEHHA YKa3aHHBIX HEJOCTATKOB KOHTPOJSI IpPH
[ [IOMOIIM BOJIBTMETPOB. H aCHMMETPOB B IOCJHENHHE TOIbI Ha-

IPHMEHATbCA OoJiee COBepIUEHHbIE METOAB, OCHOBAH-

"
S TR

Y
i -1. Rl
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Hble HA HAJIOXKEHHH IOCTOAHHBIX TOKOB HA KOHTPOJHDPYEMYVIO
CeTh, a TaK¥XKe CXeMbl Ha BBLIIPSIMJAEHHBIX TOKaX KOHTPOJIH-

pyeMoH ceTH (BEHTHJBbHBIE CXeMBbl).
30. KOHTpPONb COMPOTUBNCHUA M3ONALMM TOKAMM
NOCTOPOHHEro MCTOYHMKA

*

Ilpu 3TtoM cnoco6Ge HenmpepbIBHOTO KGHTPOJSI CONPOTHBJC-
HUA H30JSUHN HMCHOJB3YIOT TOKH, CO3J2aBaeMble HCTOYHHKOM
sgepruu. OOBLIYHO B KauecTBe TAKOr0 HMCTOYHHKA NPUMEHSIOT
TpaHchopMaTop ¢ BHIIPAMUTEASIMHU. B menu Harpys3kd TakKux
cXeM, KpoMe BLIIPAMJEHHOIO TOKAa HCTOUHHKA 3HEPTHH, IPO-
XOAUT HepeMeHHbId TOK, BBI3BAHHBIM H4alPs:KEHHEM KOHTPO-
aupyeMol cetd. g ero ocnabieHud NPUMEHSIOT pas3JyuyHble
GuabTpyloUlde conpotuBiaeHus. CJjenyer yKas3arb, UTO CXEME
C HCIOJIb30BAaHHEM IIOCTOPOHHEr0 HMCTOYHHKA HAIIJH HIHPOKOE
IpHMeHeHHe B ceTsix HanpsaxeHueM 10 1 kB.

[IpuMeHeHHe Takux cxem B cersix 6—10 kB orpanuueno
TPYAHOCTBIO pa3ieseHUsd Leleid BHICOKONO H HH3KOTO Hamlpd-
KeHHS, 4TO HeOoOXOAHMMO [Jisl obecledyeHHs Oe30I1aCHOH 3KC-
MJAyaTallid CaMOro YCTpodcTBa KOHTPOZS H30JagUuH. € 3T0f]
TOYKH 3DEHHH OPUTHHAJBHBIM  ABJSETCS MNpeJIOKEeHHe O
BKJIOUEHHH - KOHTPOJHDPYEMOrO COMPOTUBJICHUS  U30JAAIHH B
emb HArPY3KH pasjleauTeabHoro tpancgpopmaropa [12]. Ha
puc. 55 mpuBeJeHa NPHHLIHMNIHAJBHAS CX€Ma KOHTPOJSA, B KO-
TOPOH H3MepHUTeNbHAs llelb OTAeJeHAa OT BBICOKOro Halpil-
KEHUST Pas3/eNATeIbHbIM . rpancdopmaropom T2. lloxasanue

6B I

————

Puc. 55. CxemMa HenpepLIBHOTO KOHTPOJS H30ASLUU, HCIOJAL3YIOUAsd NpHH-
OHII HaJOXKEeHHd TOKAa NOCTOPOHHEro HCTOUYHHKA Ha KOHTDOJHDPYEMY!O CETh
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HsmepHTeJleoro npubopa MAarHHTOJIEKTPHUECKOH  CHCTEMEL
; ];[pOI'IoleHOHaJIhHO 3HauYeHUo rx. TpH oxHOpa3HBIX Apoccess
. CayXaTr IJg IPHCOEIMHCHHS CXeMbl M3MEDEHHS K KOHTPOJH-
L pyeMOH ceTH. EMKocTh C¢ yMeHBIIAeT BRHSHHE TepeMeHHOro
TOKa Ha paboty cxeMbl usMepenus. CoInpOTHBJIEHHe f; orpa-

'_ . HHUHBAET TOK M3MeDEeHHS Ha CTOPOHE BLICOKOTO HaNpAXKeHHS,

© CONPOTHBJEHHE I's — TOK M3MEpPEeHHMT Ha CTOPOHE HH3KOIO Ha-

1 ‘-'r
R

o . npsKEHAS TpaHchopMaTopa T1.

Ha Tox B umenm mameputreabHOro mpHGopa M CHrHAJIBLHOTO
peJIe K, BBI3BAHHOrO ONEPATHBHLIM MCTOYHHKOM BBIIPSAMJIEH-
- HOrO HAaIlpAXKEeHHS, CYHIeCTBeHHOEe BJHSIHHE OKa3hIBAeT TOK OT
I[EHCTBHH HApSIXKEHHS KOHTPOJHPYEMOH CEeTH, YTO NPHBOAMT
K 3HAYUTEJbHOH DOIPEIIHOCTH MOKA3aHHI H3MEpPHUTEJLHOIO
npnﬁopa JTO H fBJAETCA CePbe3HbIM HEeLOCTAaTKOM 3THX

b ycrpoiicTs.

31 BeHTHNbHbIE CXeMbl M3IMEepPeHUs " Hou'rponﬂ
CONPOTUBNEHNSA H3ONALMM

BeHTH/IbHEIE CXeMEI HENPEPHIBHOrO KOHTPOJIS COIIPOTHUB.IE-
HHS M30JSIUHM HAULTH IMHPOKOE IPHMEHEHHE B CEeTSX HaMps-
__ - xkeHHeM 10 1 kB ¢ H30/JTUPOBAHHON HeHTpasbio. X ocHOBHEIE
| lOCTOHHCTBA: NPOCTOTA CXEMBbl, OTCYTCTBHE OTIEJLHOrO HCTOU-
-f HHKa ITHTAHHdA, HE3dBHCHMOCTH H3MEDPHUTEJLHOTO TOKa OT HH-
i AYKTHBHBIX M EMKOCTHHIX 3JIEMEHTOB IeMH KOHTpoJss. B
. HacrodIuee BpeMs B CBSI3H C OCBOEHHEM OTeUeCTBEHHOH IIPOMBIIII-
' JICHHOCTBIO IOJIYIPOBOJHUKOBLIX BEHTHJEH BHICOKOrO HATPS-
- KeHHs] U yJydileHHeM HX XapaKTePHCTHK BO3MOXKHO IpUMe-
' HeHHe BEHTHJIBHBIX CXeM H B CETSIX BBICOKOLO HaHpH}KEHHH
(6————10 KB). _ - -
 TlpuHuunuasibHAS BEHTHIBHAS CXeMa MOKA3aHA Ha puc. 56.
TpH TOJTyNPOBOJHHKOBBIX BEHTHNA V noikmwouaoTcs K (asam
A B, C KOHTPOJTHPYEMOH CeTH uepes npegoxpannrean F. OG-
m;aﬂ TOYKA BECHTHUJICH COCNHHSETCHA C 3eMJieH uepe3 OrpaHuyuu-
- TeJIBHBI pe3ucTop Ry, kuaooMmerp PR u curmagbHoe peje K.
KHJIOOMMeTp u3Mepsier ofllee aKTUBHOE COIPOTHBJEHHE H30- -
© JIALMH CeTH OTHOCHTE/JbHO 3EMJH, a CHTHAJbHOE peJjie NMPHBO-
lufr B JICHCTBHE CBETOBYIO HJIH 3BYKOBYIO CHUTHAJHM3AIHUIO MDPH
E CHHXXEHHH COIPOTHBJICHUS M30JANHN HHUXKE YCTaHOBJEHHOTO

iﬁﬁHPEEEHa

B paccmarpuBaeMoii cxeme OJHOBPEMEHHO MOXKET pabo-

- TaTh, TOYHEE TOBOpPA, NPOBOAUTL TOK TOJLKO OXHH BEeHTHJIb,
# AHOI KOTOpOro HMeeT HanGojee BHICOKMH MOTEHIMAJ] B IaH-
Hyro HacTh mepuoja. JIBa Apyrux BeHTHJS B 3Ty 4acTb NEPHO-

- ,u,a He MPONMYCKAaIOT TOK M aHOJbl HMEHT OTPHUATE/bHBIH IIO-
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Puc. 56. Bentusbnasg cxemMa HenpepHIBHOIO KOHTDPOJS H30JALHH

TEHIHAaJ N0 OTHOUIEHUIO K KaToaaM. I1oCKOJBKY KaToAbl 3J€eK-
TPUYECKH CBSI3aHH, TO HMX OOLIHH NOTEHUHAJ OTJUYAETCH OT
MOoTeHIHaJsa aHoaa paboTalolmero BeHTHJAs JHlUIb Ha HebOJb-
o€ 3HaYygHUe MaJieHus HalpsxeHuss B HeM. Ilepexonx Toka ot
OJHOro AuoZa K JAPYroMy IPOHUCXOJAHT B MOMEHT IlepeceueHHUs
MOJIOXKUTEJNBHBIX MOJAYBOJH -CHHYCOHUA (Pa3HBIX HaANpsAXKEHUH
ceTH. byaem cuutaTth, 4TO BEHTHJH 00J1afalOoT HAEAJbHOH Xa-
PAKTEPHCTHKOH, T. €. HX CONPOTHBJIEHHE PABHQ HYJAIO B IPO-
BOJSIEM HampaBJeHUH H OeCKOHEeYHO OO0JbLIOE — B OOpAaTHOM.
ByneM Takxke cuuTaTh, UTO INepexo] TOKA C OAHOI'0 BEHTHUJIA
HA APYrod NPOUCXOJUT MTHOBEHHO. .

[To [7] cpennee 3HaueHHe HU3MEPHUTEJHLHOIO TOKA He 3aBH-
CHT OT €MKOCTH CETH OTHOCHUTEJNBbHO 3eMJIH H Olpelessercs
ypaBHEHHEM | | -

J,—=-12  Uma

- x Rutrg?

rne Umn— aMIVIUTYAA JHHEHAHOTO HANPSXKEHHS KOHTPOJHUPY-

eMOll ceTH, Ry — 5KBHBAJEHTHOE COIPOTHUBJIEHHE U3MEPHUTEJIb-

HOH llenH (BKJWOYaeT B cebd OrpaHMUHMTENbHBIX PE3UCTOpP, CO-
NMPOTHBJEHUA H3MEepHUTeJbHOro npubopa, pejie ¥ Ap.);

. fA rB r(? i -
BT frargtrgretrery
— oflee aKTHBHOE CONPOTHBJIEHHE H3OJAUHH CETH OTHOCH-
TeJbHO 3eMJIH, *
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UyBcTBHTEILHOCTD BEHTHABHON CXEMBI MOMKHO HAfiTH KAK

'OTHOLIEHHE H3MEHEHHUSI TOKa Al. K H3MEHEeHHIO IOJIHOTO CO-

MPOTUBJIEHHA H30JISILLHU ceTH Arg, T. e.

Al
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Arz

B  llpu mannix usmenenuax ry mo ( 114) wyBCcTBUTENBLHOCTH

'
e
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Hoy -
-i |'I N

red A
W

MOKHO DaCCYHTaTb CJIELVIOU[HM 00pa3oM:

dl, . 1,5 Um,.n
(Ry +rz)2 '

O —

(115)

M3 storo BbIpaxeHus BHAHO, YTO HAHMGOJBIIYVIO YYBCTBH-

TEJIbHOCTL CX€Ma HMEET IPH MaJbLlX CONPOTHBJCHHSX H30JI5-
IHH, T. €. KOTJAa ry OJH3KO K HYJIIO,

F
5  au . 19ma
maxf“u "'"'.
TR 2

(116)

[lIo ycaoBusM 6GesonacHocTy Ry HOMKHA GHITH NOCTATOYHO

GosbIIOH (mecATKH M Haxke cOoTHH KmiooM). Hampumep, s
Ry=100 kO™, Uz=6000 B, 0,n4,=0,4 MA /KOM. PP,

Takum o6Gpasom, naxe MakcUMaJbHAS YYBCTBHTEIbHOCTD
BEHTHJIbHBIX CXE€M HMEeT MaJoe 3HaueHHe, YTO SBJASETCS HX
OCHOBHBIM HEAOCTaTKOM.
~ JIpyruM HEROCTaTKOM BEHTHJbHBIX CXeM KOHTPOJISI H30JIf-
HuK sIBJIAETCSA 3aBHCHMOCTB UX H3MEPHTENBHOIO TOKa OT KoJe-
OaHMH HaNpsIXKEHHS KOHTPOJHDPYEMOH CETH, TaKHe KOJieGaHHu$

NpPH 3KCNJyaTallHH MOTYT AOCTHrate 25—309% HOMHHAJIBHOTO

3HaueHHs. HacToabko ke OyAeT M3MEHATHCS H H3MEpPUTEJb-

'HBIH TOK, NOCKOJBbKY €ro 3HaueHHe IpSIMO MPONOPUHOHAJBHO

TUHEHHOMY HampsikeHuo Uy, OmHAKO 5TOT HENOCTATOK He

'HMEET CYIIECTBEHHOTO 3HaueHHdA. IIpu HeoOXOAUMOCTH MOIKHO

BBECTH YTOUHEHHs Dpe€3yJibTaTa H3MEPEHUS, NOJYYEHHOTO MpPH
SHAYHTECJILHBIX OTKJAOHEHHAX HANDPAMXKEHHS CETH OT HOMHHAJb-

HOTO 3HaueHHs. [[JIg 3TOro JOCTATOUHO PACCYHUTATh 06ilee CO-
NPOTHBJIEHHE H3OJAUHH 10 GopMy.Jie

pye———
e ——

r
X, (I

E- _1 y 5U.H V§-

—R,. (117)

B usmeputenbHoM npubope, KpoMe MIKAJIEL CONPOTHUBJICHHUH,

¥ IpeaycMOTpeHa IIKaja TOKa, MO KOTOPOH OTCUHTHIBAETCS H3-
B MepuTesbHBIH TOK /. (puc. 57). [Ins H3MepeHHS JHHEHHOrO
B HaNpSXKEHHA-B YCTPOMCTBE KOHTDPOJSI NPEAYCMOTPEH TaKiKe
& BosbTmerp. ComportusiieHHe Ry I/ JAHHONO NPHGOpa ABIIS-
i CTCS NOCTOAHHBIM H H3BECTHHIM,
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Puc. 57. Illlkana H3MepHTEJbLH-
- 1o npubopa BEHTHJABHON CXeMmpr |
HENPEPLIBHOTO KOHTPOJISA H3015-
19707

[lonyueHnrpie ypaBHeHHUS HOSBOJIH]EOT c J_IOCTaTOLIHOH IS
NPAKTUKH TOYHOCTBIO PACCYUTATL H BHIOpPATh OCHOBHHE 3JIE-

*'"4'5‘MEHTbI YCTPOHCTBA KOHTPOJIS U3OJMALNH, paéoTa}omero Ha BEH-
* THJIPHOIH CXeMe. I Y

' L] ]
] "o a
J L . -.Im-.l

o

S
et T

ConpoTuBJ/eHHE YCTPO-
CTBAa KOHTPOJS H30JAALIUK
JOJIZKHO OBITh 3HAYUTEJBHQ
OOJIBIIIUM, YE€M COIPOTHBJIE-

pyeMoﬁ CeTH. 3HAUYUT, TOK
[c monxeH OHTb MadbM. F3 yCJIOBHHA HalekHOM paGOTbI
YCTPOUCTBA KOHTPOJIA H30JMSALAH MOJIy4eHuss HEOOXOIHUMOH
YYBCTBHTENBHOCTH MOXKHO MPUHATH, YTO TOK HE TOJKEH Ipe-
BeilIaTh 0,00—0,08 A. 310 3HAuUUTEeJbHO MeHbIe TOKOB 3aMbl-
KaHHs Ha 3eMJ10, HMEIOUIHX MeCTO B peanbpHpix cetax 6—10 kB,

M3 storo ycaoBus npu rgs=0 MOXKeT OBITH OINPEAEJEHO
3HAYEHHUE CONPOTUBJICHHUS HATPY3KH Ry: - |

1.5 U
R L5 _ Una 118
. r 0,05=0,08" | ( )
Wi
o F'yl'n
R, —r,+ e
oy

OO6BIUHO 7, > ————— U NO3TOMYy MOXHO IOJaraTb, uTO

H3MEPHUTEJIbHLIH TOK CXEMBl KOHTPOJS ONpPeNessieTcs TOJbKO
OI'DAHHUHTEJAbLHBIM CONMPOTHBJICHHEM 7. -
_ConpoTuB/CHHE ry, BK/IYCHHOE MaPajlae/bHO peJe, JErkKo

HAaWTH, €CJAH U3BECTeH TOK cpabaThiBaHHUA peJe [p:
t

dul | 119
ry.;]c_]p - | ( )

Tunn BeHTHJIEH BHIGHPAIOT IO 3HAYEHHIO O0GPATHOrO HAMNpsl-
KEHHS, KOTOpOe DABHO aMILIHTYAe JIHHeHHOFO HaIpsKeHHU
KOHTpo.JmpyeMOH CeTH

— VU, ' ' (120)

[Ipyroii XapakTepPHCTHKOH ABJIACTCS HaH6OJIbLHHH TOK, TIPOXO-
IAUIKE Yepes BeHTHJIN -

0613

f————é—-(OOS +0,08)A.
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"HHE H30JSIHH KOHTPOJHU-

32 Onpepenehue obliero akTHBHOrO CONpPOTUBNEHMUS
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FJ'IABA CEAbMAS | G

rOI‘lPEﬂEnEHHE NAPAMETPOB U3ONSLLIMM
,@;_omocmenbuo 3EMJIM CETEM B PABOYEM PEXXMME

U CYMMHPHQH EMKOCTH CE€THM OTHOCHTENbHO 3eMNNH

!

B sJieKTpHUecKuX ceTsix C H30JIHPOBaHHOH HeHTpaJIb}O Ha-

i npsizkeHueM 6—35 xB B paGouem pexuMme M C BKJIOYEHHBIMH
f TOKOTIpHEMHHKaMH Heo0XoAuMO 3HATh o0llee AKTHBHOE CO-
- IPOTHUBJICHHE H30JSILHM M CYMMAapHYIO €MKOCTb CETH OTHOCH-
| TEJbHO 3eMJIH, UYTO IO03BOJACT CBOEBPEMEHHO IIJIaHUPOBATH
i [IpOBeJieHHe NPO(MHIAKTHUCCKHX PEeMOHTHBEIX pabor. CBoeBpe-
k- MEHHAasl NPOQHUIAKTHKA MO3BOJAET NMOJYYUTh SKOHOMHUECKHH M
f conuajbHHH 3Q¢eKT 3a cueT npeaoTBpalleHus aBapuil U yCT-
j DaHeHHs CB3aHHBIX C HUMH HECUaCTHBIX cJy4aeB H BBIHYXK-
. IeHHBIX NPOCTOEB 00O0PYIOBAHHUS.

Hapsany ¢ aTuMm, onpenejaus obliee akTHBHOE COTIPOTHBIIE-

i HYe H30JIALUU U CYMMapHYi0 eMKOCTb (a3 3JIeKTPUIECKOH ce-
¥ TH C H30JIUPOBAHHOM HEHTPAJNbIO OTHOCHTENLHO 3€MJIH, MOXKHO
f. KOCBEHHO OLIEHHTb TOKH OJHO(DA3HBIX 3aMBIKAHUHA HaA 3eMJIIO B
§ paboyeM pEXHME CeTH C BKJIOUEHHBIMH TOKONPHEMHHKAMH.
& OZHOBpPEMEHHO MOKHO ONpPEJeJHTh YCJOBUS KOMIIEHCALHH €M~
k. KOCTHBIX COCTAaBJISIIOHIHX 3THX TOKOB.

Onpenenenyge akKTHBHOTO. CONPOTUBJCHUS H3OJSIHU U cyM-

MAapHOH €MKOCTH CEeTH COIPSKEHO ¢ HeOOXOLHMOCTBHIO BBINOJI-
B HEeHHS IIyXHX 3aMBIKAHMH Ha 3eMJI0 U CO31aeT MOBHIIIEHHYVIO.

ONAaCHOCThL Aad OOCAyKHUBAWILEro mepcoHasa. B oTanyde oOT
HHUX npejJjaraeMbli METOJ IMO3BOJISIET ONPelessiTh VKa3aHHLIe

TnapaMeTphl NPH IOMOIIH KOCBCHHBIX H3MepeHHH. 3/eCh HC-
B TI0/IL3YIOTCS II0KAa3aHUSI BOJBTMETPOB KOHTPOJS H30JILUHH C
® NOoCJeNYIOUIUM pacueToM Io ¢opMysaM Ha MHKPo-DBM Ge3
| 2 fIEpHBJIetIeHHﬂ NOMONHUTEJAbHEIX U3MCPHUTEIBHHIX NPHOOPOB
- |13].

CyTp Meroja cocTout B cJeayiomeMm. [las cxeMsl puc. b8

W py 3aMKHYTOM pasbepuuutene QSI m pa3oMKHyTOM QS2
..g:.j:no.HHaﬁ IPOBOJAHMOCTb CETH OTHOCHTEJbHO 3eMJH PaBHa Yz=

-,;'E"- ST
SO A2 - .
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Puc. 58. IlpuununuanpHas cxema Aad ONpefesieHHS CONPOTHBJACHUS H30J5-
IIUH U €MKOCTH CETH OTHOCHTEJbHO 3eMJIH B paloueM peKHMe

lTox saMmblKanus Ha 3eMa0 passl A MOXKeT GHITh Ompe/e-
JIeH Kak |

[3,4 :U Ys. " - (121)

C Ipyro#t CTOpOHEI, IPU HAJHUYUU N0OABOUYHOH IPOBOILHUMO-
cTH B ¢haze A

Tsa = U, Yg+gn). (129
Us (121) u (122) Hosy4aeM '
' U’ Y
Y}:ﬂ .._._:.i:i_;.. ] (123)
T Us—Uy ' '

AKTHBHAsl COCTaBJsIOUIAS TOJHOH TPOBOJAHMOCTH CETH
OnpeaesAeTCd KaK BellecTBeHHas yacTh kKoMmaekca (123)

:Re[ =434} ] (124

Un—Ua

d PCAKTHBHd4A COCTaBJAIOLIaA — KaK MHHMAsag 4acTh KOMIIJEK-

ca (123) N
U,Y
oCy == Inl[—:‘i—‘-ﬁ-;—] .. (125)
Va—VUa
108

I—Iaan}KeHHe (paspl A OTHOCHTEJIPHO 3eMJIH BEIPAXKEHO 4e- .
ea MOJLY/TH COOTBETCTBYIOLIHX HAaNpsuKeHHi APYrux ¢pas

= .1'3:_.%j§.f3 | QU?{! — (U 2 ULy U2 c—U 2 |
- ¥ r . ) U T e— — U [ ._-_.""—"""B . A 1
[Io.nomﬁm UA_-a—-]—]d Uy=a +jd,
‘f’i—f‘%’-.;- | ) 2 2 ,2
- — (U} +U2) L, Wy — (Ug UG
230y 213U
B  Torna, nomaran Y =joC, u3 (124), (126), noayuaew-
A | 1 owCg(da’ —d'a) c
G T S T e (127)
8> (@ —a')*+ (d—d’)
ng&_[_ﬂ’(ﬂ—ﬂ’)—l—d’(d—“d’)] (128)
" (e—a' )2+ (d—d')?
H an AKTUBHOM ,[LOGaBOLIHOM COTIDOTHBJICHUH 1,
o 1 a(a—a’)+d(d—a’)
=k = e ddlod) g

'y rpl(@—a’ 24 (d—d’)?] -
Cp— - d@+a+ad+d (130)

wrg  (a—a')d+ (d—d')?

‘Takum 06pa3oM, mpeijaraeMblii crnoco6 npelycMaTPUBAET

¥ onpenesgHue apaMeTpOB CeTH OTHOCHTEJBHO SEMIH C MO-
;- 'MOIIBIO MOKAa3aHUH BOJBTMETPOB KOHTPOJIS H30MALHH Ua, Us',

UB, Us’, Uc, Uy mo sasucumoctsam (127)—(130).

ﬂTﬂfiJIHna 1. PesyjibraThl H3MepeHHA BmmmeTpamu H pacdeTa
llapameTpon H30IANKH

| |
.10 | 5,85 | 5,69 | 5,82 | 527 | 5,65 | 6,45 | 21,8 | 0,99
10 | 577 | 5,52 | 5,77 | 5,02 | 5,77 | 7 _ 14°4 | 2.53
10 | 5,74 | 5,61 | 5,63 | 5,12 | 6,06 I 6.72 | 26.2 | 0,87
%10 | 64 | 5,83 | 6,36 | 5,17 | 4,7 6,38 | 10,7 1,49
& 10 | 577 | 559 | 5,77 | 5,18 | 5,77 | 6,66 | 19,5 1,37
£ 10 | 534 | 5931 623 | 6,77 | 5,78 | 6,38 | 25,4 | 1,13
10 | 655 | 6,19 | 7 573 | 4.1 | 5,43 | 13,5 | 1,46
<10-}1 577 | 5,5 | 5,77 | 5,04 | 5,77 | 7 | 14,1 | 2,1
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B ta6.r. 1 B kauecTse [IpUMepa MPHBEACHB pe3YJbTATH
~ PacyeToB ykasaHmHbIXx mapaMerpos mo 9KCIepHMEHTAIbHbI M

cetn 10 kB ¢ usonupoBamnoii mef.
TpaJabio. B KayecTge J00aBOYHOro com

SHCTOD ¢ conporusiernem 1 kQu.

Hpez{ﬂaraeMMﬁ METOJ OblT NPOBEPeH B IPOU3BOJACTBEHHBIX
YCJIOBHAIX M MOMKET 6LITE PEKOMEHIOBaH JJisl HaXOXACHUS I3-

PAMETDOB H30/AUNU OTHOCHTEBHO 3eMId B ceTsax 6—10 kB
.t H30/IHPOBAHHOH HEeHTpaJibio. '

33. Onpepenenne aKkTEHBIX CONPOTMBIIEHMM M eMKOCTENM
OTRENbHBIX (ha3 CETH OTHOCHMTENBHO 3eMnM

s pacdera Tokop 3aMBIKAHUAST HA 3eMJI0
IPENCNCHUST TOKOB yTeyku 1o pasam, pacye
NEPCHANDPAMKEHUA B 3J€KTPHYECKHX CeTsix 6
POBAHHOH HEHTDPAJIbIO HEOOXOIHMO 3HATH
HHH OTACJBHBIX (pa3 3THX ceTell OTHOCHTET

Onnaxko mMeTonos mis ONpeJeseHusI aK
HUH H3OJIALHH H eMKOCTEH OTHeNBHBIX i

HO 3€MJIM 10 NOCJIeHETO BPeMEHH He Gpf
TO3BOJIAIOLIHNA pellaTh

B MockoBckom ropho
Ku [14]. | '

MeTox ocHOBaW Ha HCHOMIBL30BAHUY CUCTEMBI
OAHO H3 KOTOPBEIX MOJIY4eHO AJ CeTH ¢ HaMeHe
AOoBanueM chas.

Bocnoabayemes cxemoi puc. 98. B ucxomnom coc
CHCTE€MA OIIUCBLIBAETCS ONHUM
H3BECTHBIX NPOBOAHMOCTEH Vg4,

KOHy Kupxroga

, OLIEHKH pac-
Ta PE30HAHCHBIX
—10 xB ¢ usougu-

MapaMeTpel H30J5-
bHO 3€eMJIH.

d3 CCTH OTHOCHTEJb-

0. Briepsrle Mertop,
YRA34HHYIO 3apauy, Obla paspa6oTan

HHCTHTYTE Ha Kadeape snekTpoTexHu-

YDPaBHEHH,
HHBIM 4epe-

TOSTHHM
YPABHEHUEM OTHOCHUTEJIBHO He-
Yz, Y¢ cormacuo IIEPBOMY 34-

gA__}_/A-l—(_]B_YB—I-:LgC__YC:O, | (131)

e Ua, Ug, Uec— KOMIOjIeKCh HalPSKEH U] OTHENbHBIX (a3 oT~
1OCHTENIbHO  3eMIM B HCXOHOM COCTOAHMH: Y4 — | /1, joCa;
'p==1/r_—+ joCp; Ye=1[r. 4 joCc — xommnexchl mommpx 1po-

J0AUMOCTEeH KaXKA0H (Pasbl OTHOCHTENLHO 3eMJIH.
Pasbvenuuuresem QS3 BBEAEM B J00yio (asy,
1, 106aBOYHYI0 NPOBOAHMOCTE Yx. HoBoe cocrosium

IIHCBIBACTCA ypaBHEHHEM, NOA0GHBIM
TJIUUYHOH OT HYJIS:

| _(_f,é _}:4 +(_/_13ZB—[—Q£_Y_C —

HallpuMep
€ CHCTeMBI

(131), c IPABOH 4acThlo,

ULy, (132)
10

| M3BECTHRBIX Y4,

HS*ME‘HPIM yepefoBantie $as B cerd. s aTOrO pang{Kléeh;
pazbeluHuTeasr QSI W 3aMKHEM pas3beAHHUTEIbL QS22 1np

. Pa30MKHYTOM pasbeiuHHTese QS3. B sTOM cayuae Hampske-

HHE (Pa3bl A OTHOCUTEJBHO 3eMJU OyaeT NPUJOKEHO K ;TPII:)O}BIO-
aumoctd Yp, a HanpsikeHue (pasel B —K NPOBOJHUMOCTH Ya4.

[TosToMy TpeTbe ypaBHeHHe GyAeT HMETh B/l 33
QEZA+I£;_Y_B+UC.YC:0' (139)

HeTpyAHO TOKa3aTh, YTO ONPENEJHTENb CHCTEMEL EPEB:{I::-
iuin (131)—(133), cocraBieHHbIH #13 KOI(DPULUEHTOB Mp
Y, Yc, oTsINUEH OT HYJA

._ |Us Us Yo
A=|U, Uy Ug|=£0.
Us Uy Uc

*

Mo [OJVYAM CHCTEMY HE3aBHCHMBIX YPaBHEHHH, U3 KOTO-

| poil MOTYT OBITb ONpeAeseHbl NPOBOAMMOCTH Y4, Y, Y¢, a I

| Bl ra, 8, rc, Ca, Cs, Cec.
HHM H HCKOMBIE IapaMerp , I, N
CBs3p KoMmIliiekcoB Ua, Up, Uc ¢ uX MoOLyJassMu NpeAacTa

e

nena ypasHerusmu (14)—(16). llosromy onpeﬂeﬂe}éHIeTbni%;:
METPOB HM30JISIIHH CETH OTHOCUTEJBHO 3e€MJH MOXKeT Ob

1IECTBJEHO HA OCHOBAHHH- H3MEDPEHHH BOJbTMETPAaMH, H&I&pﬁ-
MEp BOJIbTMETPAaMH KOHTDOJISI H30JSUHH, SABJAAIWHMHCH IPH:

5 6—35 KB.
HaJeKHOCTBIO JiI000H CeTH
ﬂPaCCMOTpeHHﬂﬁ MeTOJ 11e1eCO00pa3HO MPUMEHUTb B CeTAX

¢ MaAJBbIMUA TOKAMH 3aMBbIKaHHS HA 3eMJI0. B Takux CeTH}é JI;;:
KO TPEAycMOTpeTh Mephl 0e30MaCHOCTH NPH H3MEHEHHUH II P

yepeaoBaHua das. o N
e qua(:THOM cJydyae, KOrjga ce€Tb OTHOCHUTEJbLHO 3eMJIH CUM |

merpuuHa (U=Up==Uc), AOCTAaTOYHO pELIUTH CHCTEMY IIPH
aKTHUBHOM A00aBOYHOM COTIPOTHBJICHHH rg

| I

_ ’ l / I f_ o —— .

@ty ) @by dec == a )
ST o (134)

| | ’ 1 , , ' SN

(d:a_!l"dﬁ—l—dC) T—l_(QA_I—aB—{—aC) oC o Ay

. npu éMKOCTHOM no6apounom conpotusienun 1/wC;

I . . ' ’ ’ l ’ , ’ . C dr .
(a;-l—aﬂ—l—ac)—;-u(dﬂ—{—dB—[—dc)mC ® n.A.‘, '

(135)

’ 1 ’ ! _" P S !
(dyt-dp-tde) — + (@31 a5+ ac) “}Ch""“ 0Cyay,
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Takum oGpasom, B CHMMETPHUHOH CeTH HCKOMEIE NHapamer-
Dbl H30JIAUHH CETH OTHOCHTEJbHO 3€MJIH 'MOMKHO HAHTH 13

(134) uan (135), He usMeHsig B CETH 4YepenoBaHHs ¢as.

| Jloa KOHTpPOJIS JIMHEHHBIX H (a3HBIX HANPSKEHHH HCHOJIb-
| 30BaJlach siuernka HanpsxeHua PY ¢ Tpanchopmatopom
‘HTMH 6-66 ¢ Toif pasHuuei, 4To UINTOBOH KHJIOBOJBTMETP

[Ipu peanusanuy PaCCMOTPEHHOTO METOAA OIpeJeseHH s
(OIPOTUBJICHHY H30JALHMH H €MKOCTell OTHeJdbHLIX $ha3 B cersx

Y€30IIaCHOCTH, BHIOOD annapaTrypel, 3J€MEHTOB CXEeME] H3Mepe-
IHA ¥ AD. DTH BONPOCHI PaCCMOTDEHE! Ha NpPUMepe NPOBeieH-
IBIX H3MepeHuH B cerax 6 kB Mopesckoro Kapbepa MoCKOB-
KOH obJiactu [15]. L

- Ha Gopry kapnepa CMOHTHpOBaHO PY 6 KB c Tpancdop-
1atopom TM-6300-10/6 u 1o uyerbipeM OTXOAAMEM JHHHsM
AlIPSKEHHE II01a€TCA HENOCPECTBEHHO K HPHBOLAM TOPHOro
0Opy/aoBaHus. JIHHUH N0 CBOel CTPYKType CMeliaHHbIe, T. e,
T PY ortxoasar Bosayuwnbe gunuy, x KOTOPBIM NOAKJIIOYAKTCS
YHKTBI THna J1KHO. u nepeaBusuble KOMIIeKTHELe TpaHcQop-
'aTophble noAcranuun KTIIH. C JKHO u KTIIH ru6xuy
abenem Mmapku KIIBI sanuraHbr 9KCKaBaTopul IKI'-4,6,
EMCHapPsAbl, HACOCH H 3eMJIEeCOCHL.

s uaMepenuin B PY 1Be suefiKH MOJHOCTBIO nepeobopy-
OBAHDLI AJsl JaHHOrO 3KClepuMeHTa. B ojHy IUYEHKY yCTaHaB-
HB4Jach TeJ/€XKKa MacC/ASHOTO BHIKMO4aTeas QF Tuma K-37,
B-APDYIyi0 iYeHKy OblJIQ BBEACHO J06aBOYHOE COIIPOTUBJIEHHE,
4 KOTOpO€ I0JaBaJOCh HalnpsixKeHHe yepes MB  u3 IepBOH
yeMKH. IIIHHHBIA MocT ¢ TpaHcopmaTopa 10 sAYEeHKH BBOIA
KB MOHTHpOBaJ/ICs uepes pasbeHHATENE QS (puc. 59).

—
_ @ BN f
' A K

TM—6300-10/6

L Ne Hame- U, | U.,B
i pPCHHA LU

| D-378 3aMeHsJH Ja0opaTOPHBIM acCTAaTHYECKHM BOJBTMETPOM
 Tuna ACTB, npesen usmepeHuss KOTOPOro H3MEHSETCA C IO-
| MOLLbIO YHHUBepcaJibHOro KJjioua SA. B kauectBe 706aBOYHOIO

| CONPOTHBJIEHHST X; HCOOJIb30BAJICT KOHAEHCATOP €MKOCTHIO
2,20 MKD (l/wCp=1415 Own).

B nonoxenun 0 paspepunutess QS H NIPHU OTKIUYEHHOM

t QF (puc. 59) CHHMAIOTCS NMOKAa3aHHMs BOJBTMETPOB KOHTDOJS
e nsoaauun Uy, Ug, Uec. B nonoxenun 0 pasbeauuutenas QS u
l 1pH BKJIOUeHHOM QF u3sMmepsrorca Ux’, Up’, Ue” 1o BOJBT-
i MeTpaM KOHTPOJIsi u3oasiiu. CleayloImuM 3TaloM 3KCIepH-
L MEHTa SIBJISIETCS OTKJKYEHHe TpaHc(hOopMaTopd OT CeTH U Iie-
[ peKJiloyenue pasbenuHutens QS B noJoxkenHe 1. 3ateMm Ha
| TPanchopmMaTop nojaeTcs HalpsiKeHHe, BHIKJOUaercs QF wu

- CHHMAIOTCA NMOKAa3aHUs BOJBLTMETDOB KOHTPOJS u3ogaanuu Un”, -
UBH, UC”- . -

TaG6auua 2. Pe3yabTaTsl USMePEHHN BOJLTMETPAMH

i
7 '?

! ’
UB, B UC’B UB,B Urc, B

~ - — N s . —— il -

6600 I 3160 | 3780 | 4560 I 4920 | 4119 | 3870
6660 | 3940 | 2960 | 4810 | 4480 4442 | 92980
6540 | 3810 3780 | 4980 | 4939 3810 3800
6620 | 3740 | 3930 | 4840 | 4940 | 3281 | 3960
6600 3300 |™®3720 | 4400 | 4560 3993 | 3680
6580 3580 3460 | 4580 | 4590 3749 3480
6640 | 3880 2800 | 4450 l 4000 4782 92790

=) 00 Tt i QO BO e

tTa6auna 3. Pesyibratei pacyeToB napameTpoB H30ASLHN
f OTHeNbHBIX (a3 CeTH OTHOCHTEIbHO 3eMIH

" No H;:-II;PE‘ F e KOM | r B’ KOM T ROM C a’ MK(D C 5’ MK D C .., MkD
| F — - Ve

l . l l C, I 163 90 | 132 0,7 0,95 0,6

- 2 156 - 80 81 0,56 | 0,6 0,95
S enam 3 450 145 | o4 0.6 | 07 | 075

5A V) 4 110 170 240 1,0 0, 85 0,8

| 5 - 135 130 105 0,8 1,2 0,9

| , = 6 310 300 40 1,0 1,1 [,0

c. 89. CxeMH H3MepeHHuit 1Js ONpEAC/IEHHA CONPOTHBJIECHHE H3OJSLHU H 7 110 15 | 120 0,5 0,9 1,4

KOCTeHd OTAEJbHHX (a3 CeTH OTHOCHTEJBHO 3eMJIM
9

 8—5188 - : ' 13
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Usmeperus npoBoauiics B Takom mopsinke. Ilocse ycta- R noayunm | |
HOBKH OAHOrI'0 A00aBOUYHOrO CONMPOTHMBJIEHHS B OJHY SIU€HKY, B § V3 _ - U,
IPYI'yio BKaThiBaJach Teqexka QF ¢ maciasHbBIM BbIKJOUaATE- § Up= d; '(d— > ):
nem.. OfuMH 4ejiOBEK onepupoBaJs mnpuBogoM QF, Bkjawuas u §-
OTKJI0Yasl €ro, BTOPOH CHHMAaJ NOKa3aHus NpHOOPOB.

* PesyabpTaThi M3MepeHHHl npuBejeHBHl B TalbJ. 2, a pe3yJib-
TaThl pacyeToB — B TalJI. J. '

. Un
E c=0a 1] > -
HanpsxeHnst OTHeJbHEX (a3 OTHOCHTeNbHO 3eMJH U'p=a’a|jd 4,

34, ANrOpHTMbI pacyeTa NapaMeTpoB M3ONALUMM M ero | U” a=a"+jd” s uMeIOT aHANOTHIHBIA BHA.

peanu3aums Ha MHUKPO-IBM _+ ~ Hanpsxenus Ug, Ug, U's, U'c, U”s, U”¢ u3mepsioTcs BOJIbTME‘.TpaMH
i PV2 u PV3 (puc. 58) npH pas/IHUHEIX NOJIOKEHHAX pasbelHHuTe ell (Tala. 4).

—

[Ipn pacueTe napameTpoB H30JALMH CETEH OTHOCHTEJIBHO 3EMJIH 110
NpefJOKEHHBM METOAAM LEeJeco06pa3HO HCIOJb30BaTh 9J1eKTp0HHme KJ1a-

BUIIHBI awnabl (SKBM). Paspa6oTay NpoCTO airoputM pacuera cu- [ ) | ]
| ¢ . (IRBM). | i P OP P . L Ta6auna 4. Ionoxwenusd pa3beiunuTtelieil npd H3IMepeHHAX
cTeMbl YPaBHEHHH H IOKa3aHa ero peaJjusallid Ha MHKDOKAJIbKyJaATOpax § | |
«Jyiekrponnka MK-54», «dnekrponnka B3-34» uan «Jiekrponuka MK-56> g IMonoxenus pasbeAHHATENEH - ITokasaHust 0puGoOpPOB
[l 6] gt e I "“'i:L il ll o ' o _
- R R BN oo Lo R S - S1 | S2 QS3 | | PV2 PV3
3anuueM ypaBHEHHS (131)—-—(133) B BHAE CHCTEMH ¢ ? _ - _
UpY g+ Upl g+ _[_}_c}_:c = 0; 3 I 0 0 Ug
. A | ; ’
' ' ] ' I 0 i IJB L}C
UaYa+UpYp+Ucte= —U ol o (138) R .y

UpYa+UaYp+Uclc=0.

[Ipn 3TOM HampsAXKeHUS OTIEJbHHIX (a3 OTHOCHTEJBHO 3eMJH PaBHHI -
Hanpsxenne Un usMepsiercd BOJbTMETPOM PV4, Tlpu 3ajaHHHX ®

U, — (I - U —— 1 = ' "3 -
Y A= 4, ‘I‘_IdA, Ugp=uag+jdg, Uc=uacTjdc, } u Cy cucTeMa .ypaBHEHHH (136) MOXKET GOBIThb pellleHd OTHOCHTEJbHO He-
|  M3BECTHBIX Y 4, YB W Y(; | | |

‘rie B coorBeTcTBHH C (14) — (16)
| AnropHTM pacqe*ra BBIYHC/ISAETCA 110 cpopmynam

Wa—Wh+UE)  _ut—U
Qp=————"— 1 Ugy CA="Ty = | - |
| 6U g, A_V3.U¢, A+]'D="'f'"__—l"-""'"—; A’ + D' = —— ? s | (139)
________.2U2_(U +70) 2. ] ]/23 Untatid |/2 ata’ +jd’
. 5 3 | - e | | , v |
U, | - Y= ﬂ]m.f.:ﬂ : - (140)
P ' - (A=A + (DD

Lo {1+(A+;D)[ ”—l—f(d”-—- = )]} (141)

™

2 ) ' ::' | YD ) V——]
a ). ) p—— | Y. Y.,= (A D ...__Y —Y 142)
) ; (137) ¢ B=V313 V3i;-O 14 ( + jD)¥, Yoo (

Takas mOOCJHeLOBaTeJbLHOCTE TpebyeT HaWMEHBIIErc YHcaia MaTeMaTH-
gecKMX Omepaluil ¥ pacuera JHIUb TpPeX NPOMEXKYTOUHBIX BEJHYHH.

g* ” e _115

114

_l_._.-l‘_




3ajaua pellaercd B JABa 3Tala. HAa HEPBOM PaCCUHTHIBAIOTCH K02 PH- 4 4o

nuents (137), (138) no mampsamenunm Us, Uc, U's, U'c, U”s, U%c 1 U,

Ha BTOPOM — peliaeTcsa cucrema ypasHenui (139)—(142). B cooTBETCTBUH

¢ 5THM HCHOJB3YIOTCS JBE mpPOrpaMMal: nporpaMma 1 W mporpamma 2. Tex-

cTHl NpOrPaMMH INpHBeJeHb Huxe, B Kaxpo#n crpoke 10 onepaTopos.

Anpec mepexoga mn K J0OOMY ONEpPaTOpPy JIErKO ONPEAECJHTDH 10 HOMEpY .

m=0, 1, ..., 9 crpoku u nomepy n=0, I, ..., 9 crosbua, Ha nepeceuenns § % R By =
 KOTOPHIX HAaXOAHTCA 3TOT omepartop [16]. | - . - -~ ERRERO

[IporpaMMami NOJbB3YIOTCA TaK: | |

B IPOrpaMMHYIO MaMATb BBOAHTCH TEKCT OporpaMMHu 1;

B DErHCTPH MaMsITH 3aHOCHTCS McXofHas uHpopmauud. Ilpu stom pe- §
[HCTPhL 3anOJHAKTCA caeayomum obpasom: Us=P3, Us=P4, U’z=P5. .|.|:‘-
U’c=P6, U”5=P7, U”c=P8, Us/2=P9, oC;=P]l, )/ 3=PB, 3ateM npo-
rpamMma nyckaercss B aBroMartuueckuil cuer (B/O C/II); o -

[OCJie aBTOMATHYECKOIo cuera (npuMepHO uepes 45—55 ¢) Ha uBau- § T

KaTope BLICBEUHBAETCS YHCIO 2; = i — S Ei =
B IIPOrpaMMHYIK MaMsaTh BBOAHTcH nporpamma 2, CaeayeT 0oOpaTHTb E © 4 =K
puuManue, uto DKBM Hean3si OTKJHOYaTL OT CETH, TaK Kak B INpOrpam- -
Me 2 HCIOJb3YIOTCS JAHHBIE pacyera MO NPeABIAYIIEH IPOrpaMMe; |
3aTeM nporpamMma nyckaercsi B aBroMmatHyeckuii cuer (B/O C/II); - O 5_
. | . < o0 © X
mocJe aBTOMaTHyecKoro cuera (mpumepHo uepes o0—60 ¢) nHa HHAU- ~ = EQ ‘E g
kKaTope BricBeuuBaercs 00000001. ‘ - S ~ Lr,
Paccuytanuble 3HayeHHs] NPOBOAHUMOCTEH HSOJALUM XPaHATCA B peru- |
cTpax NaMmsTH: --

. - | N E W ) < ﬂ‘;
P3=:Re_1:'_A=-;1;; P&:Im_}_’AszA; P5:REKB=JIB; - ‘:‘ I .':dl:': [:: F"
P6=Im£3=mCB; P?-—-—-REZG_ "C-; PS—_—-Im_}_’C:mCC_ = e o E HE 9

[TporpaMmbl 3anucabl B 00O3HAueHHAX M CHMBOJHKE KJ/aBUII 2KBM B %
ruma MK-54 uau B3-34. 3ameTnM, 9TO npH Hcioab3oBaHHd MK-06 myxHO @ = |
samenutp KoMauay I1 ma X—II, a komanay MIT ma I1—X. | —
- B kauyecTBe npHMepa OBIIM DAaCCYUTAHBl NapaMeTphl H30JAIMH CETH -g- o | LE » E Xm E
npu: Ux=6300 B, Us=3743 B, Uc=3928 B, U’s=4836 B, U'c=4939 B, ¥ g LEESTE
U”B:3281 'B, U”:=3946 B, (OCE=0,7065 MCM (CI[=2:25 MK(I)). s |
[locjie aBTOMATHYECKOTO cyeTa 1no mporpaMme 1 B periacrpax naMAaTH B .
XpaHUJIIACH crenyloliasg uupopmanus (nepBHe TPH 3HavYalllke HUPPH ) : &
P1=—00487, P2=0814, P3=0962, P4=—0,0330, P5=—L115 P6= f o B wgfCc X%
_ — 0 — _ — [ | B = B =
——0,0690, P7=-—0,558, P8=—0,873, P9=0,750, P0=00000001, PA= =~ O~ =
=0,962, PB=—0,030, PC=—0,558, PJ1=—0,878. S
~ 3arteMm 6blla BBeJeHa mporpamMma 2 M NOCJHe aBTOMAaTHYECKOro CUeTa =
[MOJIYUYEHO! | "EL
. P1=P2=00000003, P0=00000001, P3=1/ra=9,99-10—3 Cum; o E
- | == . —/rp= . 103 . | a
P4=0,314 (MCm)=0Ca4; P5=1/rp=6,01-10—3% Cum; B én o 0g | @ -é: -
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P6=0,251 (MCm)=wCs, P7=1/rc=3,99-10-% Cu:
P8=0,219 (MCm)=wCec.

Ofulee BpeMss BBOZA nporpamMM, HCXOJHBIX NAHHBIX H aBTOMAaTHUECKO-
ro cyera OKoJO 15 MHuH,

Jlaa paciera oGHIEr0 CONMPOTHBJCHUS H30JAUMH ry U CYMMapHOH eMKO-

[1—x6
[T—x3

- TI—x7
[1—-x6

cTH ceTH Cy; OTHOCHTEJNbHO 3eMJIH TaK¥Ke 1eJecoo6pasHo HOJb30BaThesa [

IpOrpaMMHDYEMBIMH MHKDOKAJIbKYJIITOPaMH.

[Ipy akTHBHOM JMOGABOYHOM CONPOTHBJEHHH 7y HCKOMbHE IapaMeTphI
onpejensiores ypasHeHuamu (129) u (130).

[IpencraBuM kosdpounuentsl, Bxoasmue B (129), (130), a, o’ u d, d’

B BHIC |
2 )
~—U ——‘/Uc — dr._-__), } (143)
J

, __U2 Uy — U,
d = ————} = —
2U 2U

i |

N ﬁ - 7.\ 2
PasnesuB uucsuTesb u sHamesaTesb B (129) u (130) Ha ( 3‘" ) , 4TO
paBHOCHﬂbHO JIeJIEHHIO JIeBOH u mpaBoi uacteli (143) ma U, 2, nosyunM

/3 ]/Uc—(d—l—l)2, a’ -V3—]/ — (d’ + 1) !

,-..,;2 . Hfa ,--...-1'2

~2
Uc—Up . g7 Uec —UpB .

"' . 5CZUC/((;H); UB_—-_UB/( U.u); I
. U .

Tenepp (129) u (130) MoxHO HpeﬂcraBHTh B BHIE

(@—a' )P+ (d—d')? A A+
rg=="rg " ,.-..-(i ﬂ) +__£____)_____= rn?-—- 'B; (145)
a’(a-—a)—l—a(d——-d’.) |
c,-L gd—ad 1D D (146)

CootHomenusa (144)—(146) MpeJACTaBJAOT CO0OH aJropuTM pacyeTa,
KOTODHIH MOXKHO peajH30BaTh Ha «duekTpoHHKe MK-56» WM ee aHaJjorax
«DaexTpoHuke B3-34» u <<9J1eKTp0HHKe MK-54»,

TexcTt HpOI‘paMMH 3 uMeeT BHA,
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Wucrpykiust X nporpaMme 3:
1) TlepeiiTu B mporpaMMHBI pexum B/O F IIPT.
9) 3aHecTH TEKCT HMPOTPaMMbl B NaMATE. |
3) IlepeiiTH B pexHM aBTOMATHIECKOTO CH€ld F ABT.
4) 3aHecTH HCXOMHble AAHHBIE: Us—T12: Uc—>T13; U's—>T14; U115,
U ,—116; o—I17; rg—113. | |
5) Ilyctuth mporpammy u asromatuueckuit cuer B/O C/IL
Tocae cueTa Ha HHAHKaTOpe H B 11l — 3HAUYEHHE Iy. Naa noaydeHus
Cy HaXaTh < WJIH IT—xO.
BpeMsi aBTOMAaTHYECKOTO cuera 40 cC. |
Koutpoabuni mpumep. Ua=10 kB, Us=577 kB, Uc=
_577 kB, U’5=5,02 kB, U’c=7 kB, rz=1 xOm. |
Pacuer KOHTDPOJBLHOI'C NpUMEpa IO I BeeHHO}]
_ pHBELECHHOH NIporpamMmme ¥
—=2.301 kOu, C5=13,97-107% @. P SRARE
[Ipr emKOCTHOM J1004BOYHOM COMPOTHBJICHHH 1 /oCy HCKOMBIE IHApa-
merphl onpefensiorcest (127) n (128). | o
[IponenaB Te Xe nelicTBHA, YTO M B INpeJbIAYLIEM cJaydae, NOJay4HM

pacueTHbe COOTHOLIEHHS B BUAE ‘
re = a_.
_ B

rie A, B u D onpefensioTcss TeMH e COOTHOLICHHAMHM, 4TO H B (145) u
i .,(146)' dopmyanl (147) u (148) noay4anTcd H3 (145) u (146) same-
woit B na (—D) B (147) n B'ma D B (148). Ecan BMeCTO 106aBOYHOTO
COIIPOTHUBJIEHHS rx HCIOJAB3YETCH 1/ wCy, TO mNpOrpaMma, peannsyloﬁlaﬂ
(147) u (148), 6yaer OTJAMYATHCA TOJBKO 3aMeHOH nepeMeHHBIX.

Texct mporpaMmsl 4 npuBesien Ha ¢. 119.

UHCTpYKUMS K nporpamme 4:

1) TlepefiTh B NPOrpPaMMHEIH PEXHM B/O F IIPI.

2) 3amecTd TEKCT NPOrpaMMbl B NPOrpaMMHYIO TaMiAlb

3) TlepefiTu B peXXUM aBTOMaTHYECKOTO F ABT. |

4) 3anecTH HCXOAHHBE AaHHBEIE JJIA pacqemB

U 2 UesT13; Ugolld; U'esTl5, Un—T16; 0—T17; 1/0Ca>TI8.

5) IlycTuTbh nporpammy B ABTOMATHYECKUH CUET B/d C/I1 n

6) Ilocne ovara Ha MHAHKATOpE H B I1l — 3Hayenue ry. .

Tast noayyenus Cy BYXHO HaxXaTb <> HIH I[1 — xO,;z

KoOHTPOJAbBHBH INPpHMED. Uz=3.81 kB, Uc=3,78 KB, Uz’ =

—4 98 kB, U’¢=4,952 kB, Ux=6,6 kB, I [0Cr=1415 Om.

Pacuer AaeT: ry=45,384 KOM, C,=2,49-10-% O.

Hpemafaemme aJrODHTMBEl TO3BOJAIOT PACCYHTHBATh NAPaMETPH CO-
IPOTHBJEHHHA H30JAUHA H HA OOBIYHBIX SKBM, nanpumep MK-36, MK-39
MK-51 u 1. m., Ges mporpamMupoBanus. IIpu sTOM, ECT&CTBEHH; B eME;
pacuera GyJer 3HAYUTEJbHO OOJblIE H COCTABJACT B 3aBHCHMOCTH :)T pme-
aus noas3oBateass ¥ tHna DKBM 25—40 mud, Kpome TOro, npH pachTax
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 OTHOCHTENBHO 3eMJH MOKHO nonarath Ca=Cs

" U’s, U’s, U'c npH HaNuIAn

gopalHsa CepH

Ha HENporpaMMHPYEMHX SKBM umeercs - GoNbIIIaS BEPOATHOCTh TNOABJE- .

qus OMHGOK H c6oeB, 0COGEHHO TPH BBOAC yuced.
OcofeHHOoCTd PacueToB Ha nporpaMMHpyeMbIX SKBM noapobHO U3N0-

wenun B [17].

~ Ha mpakTHKe TpH OIpENeNeHHH COCTOAHHS ceTefi ¢ TOUKH 3peHUs 3JieK-
Tpo6esonacHoOCTH H Ha/IeHOCTH UaCTO MOIArait, qTO eMKOCTH OTHeJbHBIX
a3 ceTH OTHOCHTEJIbHO 3eMJH paBHbl MEeXK LY coboH. Takoe JAONYUIEHHUE
proJiHe ONpaBAaHHO, TaK Kak IpOTSKEHHOCTD pOBONOB “OTJENbHEIX (a3
Tpex(asHod CHCTEMEL NIpEMEPHO OAMHAKOBA. OnHAaKO 3TOTO Hejb3s CKasaTh
06 aKTHBHBIX COTPOTHBJCHUIAX a3 ceTH OTHOCHUTEJBHO 3eMJIM, TAaK KaK HX
aHAUeHHs] 3aBUCAT OT COCTOAHHS M30MSLMH K Pa3AHIHOTO BHJA ee TIOBPEXK-

neunsi. [ToaToMy IpH IIpHﬁJIH}KeHHHX pacyeTax apaMerpoB H30JAUNH CETH
—Co=C, ra=rsrc. B 3TOM

skegusg $as3 CeTH OTHOCHTEALHO 3EMJIN

cayuyae JOCTAaTOYHO H3MEpUTh HaNps
u3 §as n3pecTHOR N06aBOYHOM MPOBO-

10 M Iocae TOAKJIOHEHHA K ONHON:
numoctd. Y3 (131) ¥ (132) nas Y ,=joCy uUMeeM:

oC (d d d) — — & e y— T O ==
(dg+dptde) — 7 %" g BT e
| ] 1 | B
, 1, 1 1
(!)C(dA +dB +dc)—_“_aA-—';_';aB“-—Gﬂc

d g, d - — K02 PuuHeHTH, paCCtIHTbIBHEMBIe o

H3MepEeHHBIM HanpAKeHuAM ha3 ceTH OTHOCHTENBHO 3eMJIH Us, Us, Uc
- u . r ! 7
ApH OTCYTCTBHH no6aBOYHOM [ipOBOJAUMOCTH oCy;, 0’2, @8, OC d’a, ds,

d’ - — K03 HHUIEHTHL, paccunTEIBaEMBIE IO y3MepeHHBIM HanpsKEHAAM
s dase A n06aBOTHON TIPOBOAMMOCTH oCr.

paBHEHUH (149) moryt OBHITH onpenee-
rc 1 eMKOCTH C ornenpHbx $as

3jech da,.as, ac, da

Taxum 06pasoM, U3 CHCTEME y
HEl HCKOMBIC napaMeTpH N3ONAUUH T4, T3,

coTH OTHOCHTENBHO 3eMJH.
CPECTB S LTHC/IATENbHON TeXHHKH. Tlpn oTOM An
HO BHIIYCKaeMbIX mugpo-OBM, H
MK54 (mmu B334)», peKoMeHyeTCs npepBapHTel
napaMerpH. Kak GyHKIUIO €€ k0 drmnuenTos, T. €.
OTHOCHTENBHO T4, T8, TC q C, a 3areM yxe JUU 3THX

cTaBUTh AJNTOPUTM H nporpaMmy pacudera.

anpuMep «DJeKTpOHUKA
L0 3aMHCATh HCKOMBIC

pellluTb CHCTEMY (149)
aqpucHMOCTER CO-
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33. MNMprMeHEeHHe MMKPONPOLLECCOPHOM TEXHMKM
. AN KOHTPONA NAPAMETPOB M3ONAUMM CETEM

B cooTBeTCTBUH C H3JI0XKEHHBIMH METOJAMH OIpeeaeHHe
MapaMeTpPoOB H3OQJAUHH CeTed NMPOU3BOAUTCA MyTeM IIpOoBeje-
HUSI M3MEPEeHHH Hallps:KeHHH (a3 CeTH OTHOCHTEJbHO 3EMJIH C
MOAKAIOUCHHBIMH HOOAaBOYHBIMH CONPOTUBJAECHHUSIMH H 0€3 HHX

H pacyeToB IO HOJYYEeHHHM, QopMyJaM H aJrOPUTMaM ¢ yge-

TOM H3MepPeHHBIX BEJHUHH.

C 3TOH TOUKHM 3peHHs GOJIblIHEe BO3MOMKHOCTH OTKPBIBAIOT-
csa OJarojaps nporpeccy B 06/1aCTH NMPOH3BOACTBA MHKPOIIPO-
LIECCOPHOU TEXHUKH, obJiagarmoliedl OGOJBUIMMH BbIUHCJAHUTENb-
HbIMH BO3MOKHOCTSIMH IPH MaJbiX pasMepax U OTHOCHTEJBHO
HH3KOH CTOHUMOCTH. K Takum cpeacTBaAaM OTHOCHUTCSH, HAIpPH-
- Mep, MUKpPO-IBM «Iiaekrponuka 60». Ee cyuiecTBeHHBIM I0-
CTOHHCTBOM S$IBJISIETCH BO3MOXKHOCTH HCIIOJBL30BAHHUS IIPOrPaM-
MHOro obecrneuyeHus CyliecTByoiux MHHH-OBM. B 1o X)e
‘BpeMsA NpHMEHEeHHe MUKPO-DBM BBRICOKOH TPOH3BOAHTENLHOCTH
(okos0 250 ThIC. omepamMii B CEKYHAY) OTKPbIBAeT NPHHIIU-
NHaJbHO HOBBIE BO3MOXKHOCTH. Tak, HanpuMep, HCIOJb30OBA-
HHe MHKPOIIPOIIECCOPOB IO3BOJISET PEUINTh 3ajauy IO COo3Ja-
HHIO YCTPOHUCTBA HEMPEPHLIBHOTQO KOHTPOJAS CONPOTUBAECHUN
- M30JIIIIHM H €MKOCTeH OTJAeJbHBIX (pa3 CeTH OTHOCHTEJbHO
3eMJin. Kak H3BeCTHO, CYIIECTBYIOIIHE B HACTOsLIEe -BpeMsd
YCTPONCTBA HEIPEPBIBHOTO KOHTPOJS H3QJSAINHH H3MEPSIOT
TOJIBKO OO0llee aKTHUBHOE CONPOTHUBJICHHE H3OJAIUH,

Ilockonpky mapamerpsl U30JSLHH OTASJBHBIX (a3 ompene-
JAIOTCA Ha OCHOBAHHH pPAaCUeTOB [0 NOJYYEHHBIM (QOpMyJaM,
TO B COCTaB TAaKOro YyCTPOHCTBA HOJZKHO BXOJAHUTbL BLIYHCJIH-
TeJbHOE YCTPOHCTBO, CIOCOOHOE TPOH3BOAUTL HEOOXOAUMBIE
pacuetsl. [Ipu sTom Tpebyercs XxpaHHTHL BO BpeMsl BBIUUCJIEHHUS

IPOMEXKYTOUHBIE BEJHUYHUHBL H OKOHUATEJbHBIE PEe3YJbTaThl

pacuyeToB. Takum o06pa3oM, B COCTAB YCTPOHUCTB AQJXKHA BXO-
nuth DBM. | |

HMupopmMmailus -0 pesysabraTax U3MEpPeHHS MOXKET IIOCTYNaTh
B OBM Tosbpko B uudpoOBOM KOjJe, NMPHYEM B BHUIAEC CUIHAJOB
Onpe/ieJieHHBIX AUCKPETHBIX YPOBHEH HAaMpsKeHud. IJTo Tpe-
6oBaHHe CBHIETEJbCTBYET O HEOOXOAUMOCTH HaJIMYUA B CO-
craBe pa3pabaTbiBA€MOro YCTPOHCTBA aHAJOTO-LU(PPOBOLO
npeobpasoBate)ist U 0JI0OKA COrJIacOBAaHHA YPOBHEH.

Tak kKakK BCAKHH aHAJOro-UU(PPOBOH mpeobOpasoBaTesp UMe-
eT OrpaHHUEHHHH JHaNa30H BXOJHOIO CHrHaJjla, H3MepsieMblH
CHTHAJ cjaeayeT npeobpas3oBaTb B HOCTOSIHHOE HalpsXkeHHe
3aJJAHHOrO 3HAYEHHS, YTO OCYILIEeCTBJAETCa B OJOKe HOpPMAaJH-
3al{id. B CBSI3K ¢ MOC/IeA0BATEJIbHLIM XapaKTepOM H3MEPEHHM

122

Tpebyercss MOOUEpeNHOe MOAKJIIOUEHHE Ha BXOA H3MEPHUTCHAD-
' HOro TpakTa OTAeJbHBIX a3 ¥ J00aBOUYHOr0 CONPOTHBJCHHA,
T. e. Heo6XoAuMa KOMMYyTaiusi, yIpapJeHHe KOTOPOH OCYIILe-

CTBJSIETCSI 0 KOMaHaaMm u3 DBM uepe3 COOTBETCTBYIOLIHH

. 6ok, Kpome TOro, B yCTpPOHCTBE HeoOXoZUMO HaJjuuyue OJIOKa
. WHIMKALMH TeKYLUMX 3HaueHHil M CHTHAJH3AIMH O Mpe/aBa-

DUAHBIX CHTyallHsiX, a TaKxKe 6J10Ka pEerucTpalyy rnapamMeTrpos,

HYXHBIX B cJydae JaJbHEHIIero anaJnsa.

Ha kadenpe 3JeKTPOTEXHHKH MOCKOBCKOTO TOPHOTO HH-

~ cTuTyTa OBLIO pa3paboTaHo yCTPOHCTBO HEMPEPLIBHOTO KOHT-
pOJIsi NMapaMeTpoB H3OJAUHA OTACJIbHBIX has ¢ HCHo/b30BA-
aneM MHEKPO-DBM «DsexkTponuka 60». YcTpo#CcTBO BKJIOUAET
B ceOs KOMMYTATOD JJis TOAKJIIOUCHHA; BXOL H3MEPHTENbHOTO
TpaKra HalpsXKEeHUH OTAEJbHBIX (a3 ceTH OTHOCHMTEJBHO eéeM-
nu; GJOK COTJacOBAaHUSI YpOBHEH, OCYIICCTBJIAIOULEH npeobpa-
30BAHME HM3MEPHeMOro HaNpsKEeHHs B HOPMAJH30BAHHOE 1I0-
CTOSIHHOEe HalpAXKEHUE, aHaJIOTrO-1IH(POBOK npeoﬁpgsosaTeﬂb
15KA-60/8-10; 610K CBsI3H, COCTOALLHM H3 I;IHTep(IJeHCOB TUIA
MUHUBAC nas cesan IOBM c nepudepunHBIMU 0%
60K MHGOPMAIHOHHOrO Ta0J0, TPEACTABJISAIOULI cofont Hﬂas;
6Op AECSITHUHBIX LH(POBBIX HHAMKATOPOB U CBETOLHOLOB 1103
BLIBOJA TEKYIIMX 3HageHHH KOHTPOJIHPYEMBIX Tapamerp s
M30JISIIMH OTHENbHEIX $az, a Takxe A aBapHHHOH CHIEEM
JH3aIHY TPH HECOOTBETCTBHH 3THX 3HAUCHIH Bﬁmgqeec; ¢ ,
rpadOoIOCTPOUTENL PYJOHHOrO THIIA H MHUKPO- «DJIEKTP

guka 00». . —

ONOKAMU;

[leHTpaJIbHBI IIPOLECCOP Mukpo-OBM «DJieKTPOHHKA 60»

.
COCTOHT M3 MHKpPOMpPOLECCOpOB, MaAMATH o6bemMa 4K CI0B,

| . ;
npueMonepelaTYukKoOB KaHaJd, EOHOJIHHTQJIBHOH JIOI‘PII;I%OX
pa3melaercd Ha odHOH Me4yaTHOH mJjaTe PpasMeEpoM

;-:' X240 MM. 1lecTHanaTupaspsiaias AJHHA Mo3BoJsieT odpa-

o B UT
HIaThCs K NaMsATH 00BbeMOM A0 64 KoOait, U3 HHX fB,KGEIée
npefHasHayeHsl A/ PErHcTpoB BHEILHUX YCTPOUCTB. |

I - bYHKUMOHAJbHBIE OJOKH MuKpo-OBM «DJeKTpOHHKA 60» BbHI-

QOJIHEHbI B BHAE KOHCTPYKTHBHO 3aKOHUEHHDIX ycgp;;&;;‘i.
Cpsi3b MEMKIY HHMH OCYIIECTBJSETCH Yepes ELHHbIK xanar
KOTOPHIN SBJISAETCS 6LICTPOAEHCTBYIOILIEH CHCTEMON CBeﬁHT o

B gacrosiiee BpeMs H3BeCTHbI /B4 BapHaGHJa ;TO gm{o_
e etanoan i Mmg)gﬁ . gSQEKSE%{SK;HKQBHpoueccopa
KpucTaJbHasgs MHKDO- . Ha 0a |
HpueHTpaﬂmeﬁ Mnpoueccop muxpo-OBM Ha 0ase ng?llrnleacpc;)fﬂa(;
coctoamiero u3 nara bHUC. B nHeM }_IOUIIOJIHHTE’:JII::HO ! onepé-‘
peaju30BaHbl KOMaH/bI pacllHpeHHOU apu(pMeTUKH A
nuii ¢ TJIaBalolleit 3ansTOM. B{IarOﬂapH'STOMYHY’H;J:IO}KEHHH
AUYHTL HA MOPSAOK OBICTPOLCHCTBHE onepaluu y ,



HeOOXOMMO HCIOJNb30BATh NPH pacuerax, CBASAHHBIX C KOHT-
poJieM H30JMLHH OTAEJbHLIX (a3 ceTed ¢ M30JHPOBAHHON
HEHTPaJbIo. Lo

Mukpo-9BM «3dunektponuka  60» peanusyetr paspaboran-
HLI QJITOPUTM [yTeM VIpaBJ/jeHHSI uepe3 OJIOK CBA3H BCEMHU
6JI0KAMH YCTPOHCTBA M IPOBeAeHHs HEOOXOAHUMBIX PaCUETOB.

M3smepenHsie 3HaueHusi $ha3 oTHOCHTeNbHO 3eMau Uja, Usp,
Uc nu Uy, Ug’, U 3anucuiBaloTcsi B BHAE ABOWYHBIX KOJAOB B
OllepaTUBHOE 3alOMHUHAloIlee YCTPOHCTBO MHKPO-IOBM «Diek-
TpoHUuKa 600». YnpasJdoulag nporpaMma, peasH3ymouiasgs B3a-
uMoJleficTBHe MHKPO-OBM ¢ nepudepHidHBIMH  OJIOKAMH [Jis
OCYIlleCTBJeHHA nojabopa W NMPOBEIEHHS H3MEPEHHH, HAlHUCAHa
Ha si3bike AccemOaep. /Lns BBIUMCJCHHS Ha OCHOBAHUH IIOJY-
JeHHBIX JAHHBIX IapaMeTpPOB H30J4LUHU OTAEJBHBIX (a3
9JIEKTPHUECKOH CeTH HeoOXOAMMO PELIHTb CHCTEMY JIMHEHHBIX
ypaBHEHHH ueTBepTOro ropsjaka supa (149). Ilporpamma Ha-
NucaHa Ha si3blke DEHCHK. ' ‘

- BolyhciienHble 3HAUe€HHS CPABHUBAKOTCA C NMPAKTHYECKHMH,
B CJydyae aBapUHHBIX CHUTYallUil 3axKUTraloTcs COOTBETCTBYIO-
mue tabso. Kpome Toro, Tekyuue 3sHaueHud napaMeTpoB H30-
JIAIHH OTAeJbHBIX (a3 B IHEPPOBOM BHJAE PErHCTPHPYIOTCS Ha
6/10Ke HH(MOPMaAIHOHHOrO TabJio, 4 TakxkKe BBHIBOJASATCS Ha Tpa-
gonmocrpouTesib. LIUKJI KOHTPOJS cocTaBiisgeT He Oosee 1 MuH.

AnasoruuyHo MokKeT OBITHL pelieHa 3ajada MO CO3AAaHHIO
yCTPOHCTBA HENPEPHIBHOIO KOHTPOJIA OOLIETO AKTHBHOIO CO-
NPOTHUBJICHUS H3OJIIHH ry W CyMMapHO# eMKocTH Cx ceTH
OTHOCHTEJILHO 3eMJu. B 3ToM cJsaydae npH TOMOILK MHUKDO-
9BM 06yner peann3oBaHa 6ojee NpocTas CHCTeMa ypaBHEHHH
(127), (128) nmpu eMKocTHOM J00aBOYHOM CONPOTHBJEHUH
wC, uan (129), (130) n0pu aKTUBHOM 7.

B pmaJsbHeiilieM npu paspaboTKe YCTPOHCTB 3JIEKTPOOE3-
ONMacHOCTY Ha 6Ga3e MHKPOIPOLECCOPHOH TEXHHUKH Or'paHHYeH-
HOro (PYHKLIMOHAJLHOTO Ha3HAUeHHS NeJieCo00Pa3HO HCIOJb-
30BaTh CIEHHAJH3HPOBAHHLIE MHKPOIIPOLECCOPHI. '

B saxusioueHHe HeoOXOOHUMO OTMETHTH, YTO HECMOTDPS HA
HCKJIOYUTEJbHBIE BO3MOXKHOCTH MHKPONPOIECCOPHOH TEXHHKH,
3a/a4a CO3JaHHs YCTPOHMCTBA HENPEepPLIBHOIO KOHTPOJA mapa-
METPOB H30JALHH JJs o0llero ciaydasl, T. €. IpH ra7=rp7rc,
C,5%4Cp%~C., B HacCTOfAIlIlEE BPEMS OCTAETCs HepPEUIeHHOH. ITO
0ObSICHSIETCS OTCYTCTBHEM METOLOB OIpele/eHHs YKa3aHHBIX
mapaMeTpoB, KOTOpble Obl He TpeOOBaJiM H3MEHEHHST DPeXKHUMA
paGoTH CaMOH KOHTPOJNUPYeMOH ceTH. Kak yKasbpajoch B
§ 33, Asg MOJydyeHHs IIECTH He3aBHCHMBIX YDaBHEHHH HeOO-
XOJMMO IIPOH3BOAWTL H3MeHeHHe 4YepeloBaHHs (a3 Tpex¢as-
HOM cucTeMbl. Takoil MeTod HENpHEMJeM AJA HCIOJb30BaHHUA
B YCTPOHCTBE HEMPEPLIBHOTO KOHTPOJS MapaMeTPOB H3OJSIHH
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¢ HCMOJNb30BaHNeM MHKPOIpOLecCOpOB. B cesiau ¢ atiHM Heob-
xoauMa paspaboTka 6oJiee COBEPUICHHBIX METOAOB ONPEAC/C-

 HHSI mMapaMeTPOB M30JISIHH OTAENbHBIX (Pas. DTO T[O3BOJIHUT

c031aBaTh yCTPOHCTBA, KOTOPble CMOryT HENPEPLIBHO KOHTPO-
JUPOBaTh BCce Apyrue (akTOpHl 9J1IeKTP0o0Oe3011aCHOCTH; TaKHe
KaKk TOKH YTEUKH, TOKH 3aMBIKaHHsl Ha 3EMJIO (6e3 HaJHUHA
B ceTaX 3aMBIKaHHs), BO3MOKHBIE DE30OHAHCHBIE MEpeHaAnpA-
sKeHHSI OTHOCHTEJBHO 3€MJIH, TOKH depe3 TCJI0 YEJjJOBEKA, KO-
TOpHIE MOTYT BO3HHKATh MPH OAHONOJIOCHBIX NPHKOCHOBEHHAX
M JD. ) |

Takum 006pas3oMm; JAaJjbHEHIIAN paspaboTKa CpeACTB Hempe-
DEIBHOTO KOHTPOJIS H30JALHH OTACJBHLIX a3 ¢ HCHOJb30BA-
ypeM HOBOH TEXHHKH SIBJSICTCA B HaCTOsdmice BPEeMsA BaKHOM
sajfaueii OpraHM3alMil ¥ HHCTUTYTOB OTPAC/H, 3aHHUMAIOLIAXCA
BONPOCAMH SKCILUIyaTaluH, Pa3pabOTKH M HM3TOTOBJACHHS yCT-
POMCTB KOHTPOJSI M 3alIUTHI, o6ecleunBalOIUX HAACKHOCTD

SKCIIYaTalul. H 6e30macHOCTb pacTpee/IUTENbHEIX ceTeil Ha-
npsikeHneM 6—-35 KB. .
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