MapameTpbl 3NeMeHTOB ANA TOKOB obpaTHOW W HYNEBOW NOcCNeaoBaTeNLHOCTEN

HecummempuyHblie pexumbl 8 3f1eKmpuyYyecKkux cucmemax e8O03HUKarom
gcnedcmeue HeCcUMMEMPUYHLIX KOPOMKUX 3aMbikaHuu unu obpslea odHou unu
deyx ¢ha3 nunuu. B nepBomMm cny4ae HecumMMempus Hasbléaemcs nonepevyHol, BO
BTOpOM — npodonsHol. [pu HECUMMETPUKM HANPSXEHWA W TOKW B dha3ax pasnuyHel, yribl

cABura ofiHoMMeHHbIX BekTopoB oTnuyalTea ot 1207, Ecnu ana aHanuaa HecUMMETPUK
OCHOBBIBEATECA HA NoaAxode, ncnofneayemelM ONA CUMMETPWYHBIX DEXMWMMORB, TO FICFTF]EEEI-
Banock Bbl cOCTABNATE TpexdasHylo cxeMy 3amelleHus U cchopMUpPOBaTL NONHYK CUCTe-
MY YPABHEHWIA C Y4eTOM B3aMMOWHOYKUWW. TakOW noaxoq CYLIEeCTBEHHO YCNOMXHAET pe-
WweHWe 3agadqv, ocobeHHO aNsA CUHXPOHHLIX MaLUWH,

CpaBHUTENLHO NPOCTO M BMECTE C TeM AOCTATOMHO CTPOro aHanus HECUMMETPWY-
HbIX PEXUMOB OCYLLIECTBNAETCA MemodoM cUMMempPUYHbLIX cocmasnaowux. Kak Bynet
NoKasaHo HWke, BbIYMCNEHWE TOKOB W HanpsKeHWA NpU HECUMMeTpUYHbIX K3 Ha Base me-
T0Aa CUMMETPHUYHBIX COCTABINAKLWWX CBOOWMTCH K BEIMUCNEHWMK 3THUX BENWYMH NPpKU HEKOTO-
poM (DUKTMBHOM Tpexdra3HoM KOPOTKOM 3amMblkaHun. 3TO NpeacTaenseT BO3MOXHOCTb
BHOBb BOCNOMbL30BATLCA OOHONMHEMHOM CXEMOW 3aMELLEeHWsA W BECTW pacyeT Ha oaHy
thazy. B 3TOM 0fIHO M3 OCHOBHBIX IOCTOWHCTB METO/18 CUMMETPWYHBIX COCTaBNALLNX.

6.1. MeToag CMMMETPMUYHLIX COCTABNAKLWMNX

M3BECTHO, YTO NPOM3BOMBHYID HECUMMETPWUYHYID CWUCTEMY Tpex BEKTOPOB TOKA
Ia. lg. I wnn HanpsxeHUa MOXHO 0AHO3HAYHO Pa3NOXWUTL Ha TPY CUMMETPUYHBIE CUC-
Tembl (CM. puc. 6.1):

[T P P — CUCTEMY TOKOB MpsAMol nocnedoeamenbLHoOCMU;
[, Tpo.1co — cuCTeMy ToKoB o6pamHol nociedogamensHOCMU;
la0. Tpo- e — CUCTEMY TOKOB Hyneeol nocriedoeamensHOCMU.

CUMMeTpUYHaA CUCTEMa TOKOB NPAMOW nocnefopaTenkHOCTW NpeacTaenAeT Tpu

OAMHAKOBBIX NO BEMWYMHE BEKTOpa ¢ OTHOCUTEnbHBIM caBurom no case B 1207, epa-
LAKLWWXCA NPOTUE YacoBol cTpenkwn. Yepegoeanwe caz A4, B, C npuHumaeTcs no vaco-
BOW CTPenke. AHanorvyHbIe YCNoBua meem ans obpaTHOW nocneqoBaTensHOCTH C Yepe-
posaHuem tas 4,C,B. Cuctema HyneBol NocneAoBaTensHOCTH CYLLECTBEHHD OTNUYa-
eTCcA OT NPAMOW U 0BpaTHOW TeM, YTO OTCYTCTBYET CABMUI has.
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Puc. 6.1. CuMmeTpu4Han cMcTema TOKOB npaAmon (a), obpaTHow (6)
W HyNneeoW (&) nocnefoeaTenkHOCTEN



Hyneeas cucTema TOKOB, NO CYLIECTBY, NpeacTasnAeT Tpu ofHogasHbIX ToKka, Ans
KOTOpPLIX TPW NMpOBOJA TpexdpasHoW LUenw npegcTaensAlT NpAMoW NpoBog, a obpaTHbIiM

NPOBOAOM CMYKWUT 3eMNaA MNK YeTBEPTLIA (HYNEeBOoW), N0 KOTOPOMY BO3BpallaeTcs EID .
CornacHo ycnoBwWi pasnoXeHWs HecMMMETPWUYHOW CUCTEMbl TOKOB
Ia. 1g. g wa Tpu cumMeTpUYHBIE CUCTEMBI MMEEM:

Ipa=1la1+1a0+150; |
Ig=Ip1+1p2+1pos ¢ (6.1)
"‘C:’..E'I_'_"IGE -|—.-"ED. J

BeeaemM KOMNNEKCHOE YWCNO @ , HAa3biBaeMoe onepamopomM Eﬁ&&b.‘,’
J3

a=et20 -1, J—.
2 2

JTOT BEKTOP €QWHWYHOW ANWHBI UMEET apryMeHT, paBHGLIN 120", Ecrm HEKOTOPBIW

BekTOp, Hanpumep [,q, YMHOXUTL Ha @, TO aTO o3Ha4aeT nosepHyTe I,y Ha 1207 npotue
YacoBOW CTPENKW, T .€.
a"'a1 = '!::1-
Nns onepatopa a3kl cnpaseannesl OTHOLWEHWA:
2 _ oJ240° 1 .3 2

, 3 3
=———j—, a =1 a+a“+a"=0.
271

MNpuHUMan a3y A 3a OCHOBHYH, MOXHO C NOMOLLBH ONEPaTopa @ BbIPa3UTh TOKM
dasz B n C 4epes tok pasel A. 310 noasonset B hopmynax (6.1) MCNONL30BaTE TOMNLKO
cucremy eekropoe daael A

a

IA =‘fa1+f52+!{] . (EE}
lg=a’ly+alp+1y: (6.3)

l’c=a|'la1+azl'laz+."ﬂ. (64)

3neck, B cuny paseHctsa [, =1pg=1,0. WHOekc dasbl y Hynesol nocnenosa-

TENLHOCTK BOOBLWE ynyweH. YpaeHeHus (6.2) — (6.4) no3gonaAdT onpegennTe HECUMMET-
PUYHYHO CUCTEMY TOKOB NMPW M3BECTHBIX CUMMETPWYHBIX cocTaenawwmx. ObpaTtHan 3apa-
4a 3AKNYAeTCA B HAXOXOEHWW CUMMETPUYHLIX COCTABNAKLLIMY TOKOB ANA 3aJaHHOW He-
CUMMETPUYHOW CWCTEMbI. 3Ta 3aBMCMMOCTb Nony4YaeTcs pelleHwem ypasHeHun (6.2) —
(6.4) OTHOCUTENBHO CUMMETPHYHBIX COCTABNAKLLWX TOKOB!

1 2; 3.
lai=5(la+alg+a lc): (©5)
1 2 .

1
Iﬂ :E(’{A_I_!E_FIC) (6.7)



Bce npvBeaAeHHbIe COOTHOLUEHWA B paBHOW Mepe cnpaBefnuebl U ANA Hanpsaxe-
HA.

Cuctemsl npaAMon U oBpaTHOW nocnefoBaTensHOCTEN ABNAKTCA CUMMETPUYHBIMMK
i1 ypaBHﬂEEUJEHHbIMH; cCucTema H},FJ'IE'B{]I:I HﬂCHE,ﬂGEETEﬂbHGETM HEBIMNASTCH CMMME‘TDH'—IHGH,
HO HeypaeHoBeweHHoW. W3 cooTHoweHuA (6.7) cnegyeT, 4To cyMma Tpex HecUMMeTpuy-
HbIX BEKTOPOB TOKA paBHa YTPOEHHOMY TOKY HYNEBOW NocnefoBaTeNsHOCTM:

BFDZJA+IE+.IC (6.8)

KOTOPbLIA NpoTeKaeT (BO3BpaLLaeTCA) B 3emNe UMK No HyNeeoMy NpoBoay.
SNemMeHTbl aNeKTpUYeckon cucTemMbl 0BNafaioT KOHCTPYKTUBHOW CUMMETPUENR, YTo
oTpaxaeTcA B paBeHCTBe WX (Da3HbIX CONPOTUBNEHWIA:

Zp=Zg=Zc. (6.9)

MNpW BLINONHEHWWM 3TWUX YCNOBWIA CNpaBegnve NpWHUWMN HezaeucumMmocmu dedcm-
BUA CUMMEMPUYHLIX cocmaenarowux. [Ans BO3OYWHLIX NUHWA cobngeHne ycnoBms
(6.9) pocTuraeTcA TpaHcnoavuWen NpoBoaos.

Cymb 3moeo ApuHyuna cocmoum & moM, Yymo & mpexdghasHol cucmeme ¢
CUMMEMPUYHLIMU 3NeMeHmamMu HanpsxeHue kakou-nubo nocnedoeamensHocmu
geL/3bieaem fMpomekaHue moka mMonbko o0HoUMeHHoU mnocnedogamensHocmu.
To4yHO makxe mok odHOU U3 nocnedosamensHocmMel 8klI3Llgaem nadeHue Hanps-
XeHUA monkKo ceoel nocnedogamenbHocmu, m. e.

AUy=lZy, AU>=15Z5, AUp=1yZ;. (6.10)

MoXHO CcKa3saTb, 4TO ANeKTpUYecKkne KOHTYpbl Kak 6bl 0BnagalT oToenbHBIMK Ka-
Hanami WabupaTtensHOCcTH NpAMoKW, oBpaTHOW W HyNeBoW NnocnefoBaTenskHoOCTEW, NoO Ko-
TOPBIM MOMYT NPOTEKaTe TOKWU NMALWE COOTBETCTBYHILWKWMX I'IGCI'IE,D,DEETEJ‘II::HGCTEﬁ. Beinon-
HeHue npuHUyuna He3asucumocmu delcmeusi CUMMEMPUYHLIX COCMAasAOWUX
npakmuYyecku oYeHb 8aXHO, NOCKONLKY no3eonsem kKawxdyiw nocnedosamenb-
HOCMbL paccMampueame He3aeucumo (aemoHOMHO) om dpyaux nocnedoeamerb-
Hocmed.

W3 ycnoeua (6.10) cnegyeT, 4TO OOWH WM TOT Xe 3anemeHT B obLlem cnyyae oKasbl-
BaeT pa3sHble CONPOTMBNEHWA NPW NPOTEKaHWKW NO HEMY TOKa NPAMOW, oBbpaTHOW MNK Hy-
NeBoOW NocnenoBaTensHOCTU. ITO XapakTepHo ANs TpexdaszHoW ceTh, B KOTOpOW nposie-
neHwe B3aUMHOW WHOYKTUBHOCTM Mexay dpazami 3aBWUCUT OT NpoTekalolwen nocnegoea-
TENLHOCTW TOKOR.

Mo cBoen NpUpoAe CUMHXPOHHbIE MAaLUWMHbI FEHEPUPYHOT CUMMMETPUYHYIO CUCTEMY
pekTopoe 30C TonkKo npAaMol nocnepoearteneHocTd, a 34C obpaTHOW W HyNeBoW no-
cnefoBaTenbHOCTEW paBHbl HYNW. [NpU HecMMMeTpUYHOM K3 no MecTy nNoBpexaeHWA
BO3HWKaKT HECUMMETPUYHLIE HaNPAXEHWA, KOTOPbIE MOXHO NPeacTaBUTL Kak reoMeTpu-

YEeCKylD CYyMMY CUMMETPWMYHBIX COCTABMANLLMX HANpAMEHWNA UH1- UHE- UHG- B coot-
BETCTBMW C 3TUM ANA SKBMBANEHTHbIX OOHONMWHEWHBIX CXEM NPAMOW, 0BpaTHOW WU HYNEBOK

nocnepoeartensHocTen (pwuc. 6. 2.) ypaBHeHWsA BTOporo 3akoHa Kupxroda moxHO 3anw-
caTbk B crneaywlem euae:

Uky=Es —Ik1ix1s: (6.11)
Uk2=0-TkaiXoy (6.12)
Uko =0-IkoSXox - (6.13)




rae U1, Ukz. Uko. Tkt Ik2: Tko
— CUMMempuYyHbie cocmaensarljue HanpsxeHUsa U moka e Mmecme K3;

EE — pesynsmupyrowan 3[C cxemul npamMold nocnedogamensHoOCcmMuU OMHO-
cumensHo moyku K3;

Xqz., Xov, Xpz — pesynemupyrouwue peakmueHOCmMuU cxeM coomeemcm-
gyrowux nocnedosamensHocmeu OMHOCUMENLHO MOYKU KOPOMKO20 3aMbIKaHUA.
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: CXeMBl MpAMOH (@),
Uko obpartnoii (@), nyneBoi (6)
nocae 0BaTeIbHOCTEH
‘ = H,

W3 ypaBrexun (6.12), (6.13) cnegyeT, 4to Tokw oBpaTHOW K HyneBow nocrnefoBa-
TenkHoCcTen onpefenAlTcA COOTBETCTREHHO TONLKO HANPAXEHWAMKW 0BpaTHOW U HYNeROW
HDGﬂEﬂﬂEETEHbHGCTEﬁ B TOYKe KOPOTKONo 3aMbIKaHWA.

Cuctema ypaeHeHWH (6.11) — (6.13) copgepi¥uT LWecTk HEWIBECTHBIX: TPM CUMMeT-
PUYHBLIX COCTABNAKLWWY HANPSMEHWA U TDM CUMMETPUYHLIX COCTABNAKLIMX ToKa. Hepnoc-
TawwMe OonA pacyeta 3TWX Benu4WH ypaBHeHWA (TpW) Nony4awT W3 rpaHWYHbBIX YCNoBWKA
ANA KOHKpPeTHOro BuAa HapyleHWua CUMMEeTPpUK,

6.2. ConpoTuBneHua obpaTHoW W HyneBOW
nocnenoBaTensHOCTER ANA 3NEMEHTOB
EHEHTPHHEEHGIFI CHCTEMbBI

Kaxoeil anemeHm anekmpuyeckol cucmemsl MApu pacyemax HecuMMempuyHbIX
pPEXUMOE Xapakmepusyemcs conpomueneHUaMu npsamMoll, obpamyoll u Hynesol no-
cnedosamensHocmed. Bce conpoTMBNEHWA 3NeMeHTOB CUCTEeMbl, KOTOPBIMW OHW Npeja-
CTABNANWCE B pacdeTax cuMmmeTpudHoro TpexdasHoro K3, senanucse conpoTUBNEHWSAMMK
NEAMOWU NoCcNefoBaTensHOCTH.

MpW OTCYTCTEMKA B3aWMOWHAYKUMK Mexay dpazamu 3NemMeHTa ero peakTUBHbIE CO-
NPOTUBNEHWA NPAMON, 0BpaTHOW M HyNeBoW NocnefoBaTensLHOCTEN OWHAKOBbI, T. K. OHW
obycnoeneHsl Tonbko cobCTBEHHOW WHAYKTMBHOCTLI (haskl. 3TO YCNoBWe cnpaeennueo
TONbKO ONA peakmopa, T. .

X1=X2=Xp, M=ra=1Ip

I'Ipm HanM4Yun MarHUTHOM CBA3W Mexay CbEISEJ.MH peaKTuBHoOE conpoTUBneHWwe cKUno-
BOro anemeHTa onpefendeTcA ¢ Yy4eTOM 3TOMNo BIAWAHWA, KOTOpOe 3aBWUCHT OT nocnefoea-



TENBHOCTW NPOTEKaLIKMX TokoB. [1NA aneMeHTa, MarHWTHO-CBA3aHHbLIE LIENKM KOTOPOro He-
NOOBW#HBLI OTHOCWMTENEHO OpYr apyra (mpaHcghopmamopsl, 8030ylHble U kabensbHbie nu-
Huu), conpomueneHus npamou u o6pamHol nocnedoeamensHocmel pasHbl, T. K.
OT NnepemMeHel YepedoBaHWA cbaa BNUAHWE B3aUMHOW MHOYELUWKW HEe W3MeHAETCH

(X1= X2, 1 =12).

PeakTWBHOE CONpPOTUBNEHWE HYNEBOW NOCNEA0BATENLHOCTH 3NEMEHTOB PE3KD OT-
NAYaeTca OT peakraHca NpAMOW NocneaoBaTensHOCTW B CHMNY WHOrO NPOABMNEeHWA B3au-
MOWMHAOYKUWKA NpW NpoTeKaHWM TOKOE HyNeeoW nocnefoBaTenbHOCTW. 3To oTnM4YMe oby-
CNoBNEeHD TemM, YTO TOKK H},FJ'IE.'EGIH nocnefoeartelneHOCT COBMNadakdT Nno thEE_M.

6.2.1. CHHXpPOHHbLIE MaLUWHLI

Toku obpaTHOW NocneaoBaTensHOCTU CO3AaKT MarHUTHLIA NOTOK, KOTOPLIA NepeMellaeT-
CA B NPOCTPAaHCTBE BCTPEYHO BpalleHWo poTopa, T. €. UX B3auMmHoe nNepemelleHne npo-
MCXOOWT C ABOWHOM yrnoeoil ckopocTeo (2m ). CnegoeatensHo, noTok o6paTtHol nocne-
AoBaTensHOCTH NpU CEOEeM nepeMelleH K BCTpeYaeTr pasnu4yHoe MarHUTHOEe COnpoTUE-
neHwe, kotopoe konebnetcAa B npegenax CONpPOTUBNEHWA B NPOAONLHOWM M NONepeyvyHon
0CAX MALWKWHB. 3TUM YCNOBUAM COOTBETCTEYHOT pacHeTHbIE BbipaXeHWA COOTBETCTEEHHO
ANA MallinH ¢ gemndepHeIMM 0BMOTKaMK U DE3 HUX.

2Xy Xy,

Efd}fq
Xﬂd +an

X2 =
Xq + Xgq (6.14)

. XD

3Ha4yeHuns X9 NPUBOOATCH B KaTanorax v crnpaBo4HUKax Kak ﬂEGﬂDpTHbIﬁ napameTp

MallWHEBI. HF]I.-"I OTCYTCTBMW 3TWUX OaHHBIX B KaYeCcTBe I'IPHE'J'IMH{EHHI:IK 3HAYEHWA MOM¥HO
NMPUHUMAaTE ONA MallkH C yCnokonTeneHeIMK obmoTkamm

.-"‘I'E =1, 22#:_]:
W ANs ABHOMOMKOCHBIX MaLLMH Be3 ycnokouTenbHbIx 06MoTok Xo =1.45x 4.

B npubnuxeHHLIX nNpakmu4Yeckux pacyemax oO0bkIYHO Udym Ha OGononHu-
mensHoe ynpouwjeHue, nonazaa dna mypbozeHepamopoe U MawuH ¢ NPodosbHO-
nonepeyYyHsLIMU ycnokoumensHbIMU obMomkamMu X = X o -

Tokn HYNEeBOW NocnenoBaTtensHOCTH B haszax CTATOPHOW UEenW co30awT OAWHAaKo-

BblE N0 BENUYUHE MarHUTHbIe NoTokk. B cuny dwmandeckoro cosura obmoTtok chas Ha 120"
MarHMTHLIE NOTOKK H'_*,I’J'IEEDH nocnefgoeaTensHOCTH B NPOCTRaAHCTEBE TakKHe COBWHYTEI HAa

120" n ux peaynbTUpyioLlee 3Ha4yeHWe B pacTouke MallWHbLl PaBHO HYMo U peakuun po-
TOpa He Bbi3biBaeT. PeakTWMBHOE CONPOTUBNEHWE HYNEBOW NOcCneAoBaTenbLHOCTU CUH-

XPOHHBIX MallWH onpefenaeTcd ToneKo CONpoTUBNeHWeM pacCeAHWA {Iﬁ), npu4emMm nNo

AHa4YeHW OHO MeHbLLEe, HeMm B I'IF'.IFIMCI-ﬁ nocnenoBaTeltHOCTIA. ITO YMEHBLIEHWE 3aBUCUT
OT TWNa 0BMOTKW, M3-3a Yero peakTaHc HYNeBOoW nocnefoBaTeneHOCTH KonebneTcA B WK-
POKOM OWana3aoHe.

X0 =(0,15+0,6) Xy .




6.2.2. ACUHXpPOHHbLIE ABWraTenu v obobleHHans Harpysika

Mo OTHOWEHWMD K MarHMTHOMY noToky obpaTtHoiW nocnefoBaTensHOCTHU poTOp
ACWHXPOHHOTO OBUraTtena UMeeT CKonbxeHue 3{2} = 2 — S. 3aBUCUMOCTL OTHOCUTENBHOM

peakTUBHOCTU aCWHXPOHHOro ABUraTensa OT CKONbXeHWA nokKazaHa Ha puc. 6.3.
C poCcTOM CKONBXEHWA peakTWBHOE CONPOTUBINEHWEe X, BHayane peako najaert. B wHrep-

Bane CKONbXeHWs oT s=1 go §= Z_SH{)M M3MEeHeHWe CONpoTUBNEeHWA Xg Mano, no-
ATOMY MOMHO CHUTATE, 4YTO

xzﬁ}l's:-1=xr

T. €. pEakTUBHOCTL 0BpaTHOW nocne-
OOBaTeNneEHOCTK IE PaBHa ero Tak Ha-

ablBaemMon peaktueHocTU K3  (ceepx-

h
\ nepexogHoW peakTMBHOCTMH).

ConpoTueneHne Hyneeow no-

0.5

|

|

|

I

: cnegoeaTenbHOCTH aCHHXPOHHOro
| -
i OBAraTensa NpakTW4Yeckn paBHO peak
|

|

|

|

I

TMBHOCTWM pacceAHWA cTaTOpHOW 06-
2 i MOTKWM. OHO 33BUCKUT OT TUNA M KOHCT-
| '-L DYKUMM OBUraTens u Oo/KHO onpege-
1 (2 —5)’# 5 NATLCS ONbLITHLIM NYTEM WNK NO AaH-

HeIM 3aB0Od-U3rOTOBUTENA.

STT{'I"&-'I
Puc. 6.3 K onpenenenuto x,

dCHHXPOHHOTI'O JBHIATCIIA

Adna obobuweHHoU Hazpy3ku, COCTOAWEN NPEeUMYLLECTBEHHO M3 ACWMHXPOHHBLIX
apuratenen, conpoTuenedHue obpaTHOW nocnenoBaTensHOCTH PABHO CONPOTUENEHWID

NPAMOIA NocnefoBarencHocTH, T. e. Xo = 0,35. Oxa oTHeceHa k nonHol pabo4eit MoLL-
HOCTW Harpysku [Sﬂar) N cpeaHemMy HOMUHaNbBHOMY HaNPAXEHWIO [Ucp} TOW CTYMNEHM, K

KOTOPOW OHa npucoeauHeHa. ConpoTUBNEHWEe HyNeeoW nocnegoeartensHocTH 0bBobuweH-
HOW Harpyskw onpefensaeTcA napameTpamui CeT W TpaHcOopMaTopoBR, BXOOALMX B ee
cocTage, U MOXeT BbiTe NONYYEHO TONBKO HA OCHOBE NPAMOro 3KBMBANEHTUPOBAHWA.



6.2.3. Tpancdhopmatopbl M aBToTpaHcdhopMaTopbl

PeakmueHoe conpomueneHue Hyneeol nocnedosamenkHocmu mpaHcghopMmamo-
poeg 3asUcum om deyx hakmopos:

1) KOHCMPYKMUBHOZ20 UCNONHEHUS;

2) cxemMbsl coeduHeHUs 06MOMOK.

Mo KOHCTPYKTMBHOMY WMCNONHeHWo TpexdasHeie TpaHctopmaTopel nogpasfens-
IOTCA HA mpex-, Yemkipex-, NAMuUcMepXHeekble U 2pynny us mpex odHoghaszHbIX.

Mo Tuny coeguHeHWs 0OMOTOK pasnuyaloT coeguHeHWe 6 mpeyaosibHUK (A) , 38e3dy

€ U3onupoeaHHoU Helmpansio (Y) , 38e3dy ¢ 3azemMneHHol Helimpansio (Y“ ) LY
TpaHcthopmaTopoe HebONbWOW MOLWHOCTM BTOPWYHbLIE OBMOTKM HanpswxeHwem 0.4 kB

WHOTOa COBAWHAIOT B 3U23a2 (Z ) . OcobeHHoCcTW Takux TpaHchopMaToOpoB WMANoKeHsl B
pabote [8].

d®oTo 17. AetoTpanccgopmaTop 500/121/11 kB

doTo 18. IeyxobMoTo4YHLIW TpaHcdhopmaTop 500/121 kB




®oTo 19,

$oTo 20.

KomnnekTtHana TpaHcdopmaTopHaa nlct 6/0,4 kB




PoTo 21. TpaHcdopmaTop 6/0,4 KB B AYeHKe KOMNNeKTHOro pac-
npeaycTporcTBa

Mpexae Bcero BLISICHUM, B Kakoi Mepe BNUAeT Kawabli U3 Ha3BaHHLIX (hakTopos
Ha BENWMHWUHY pedKTaHCa H'}FI"IEEUIH nocneaoBatTenbHOCTA.
1. KoHcmpykuus mpaHcgopmamopoe enusem Ha genuyuHy conpomueneHus

6emeu HamazHu4ueaHus X, CXeMbl 3aMmelwjeHus Hynesol nocnedogamenbHo-
cmu (pwc. 6.4, a), koTopoe onpefensieTcA TOKOM HamarHwdueavus | 40 PeayneTupyo-

KWW NOTOK HAMAarHM4YWMBaHWA HYNeBoW NocnefoBaTensHOCTH CDIHD' B OTIW41e OT ¢F1’

TpebyeT HanW4MA 3aMKHYTOro KoHTypa. B rpynne M3 Tpex ogHodiasHblx TpaHcdopmMmaTto-
pOB, YeTbipeX - U NATUCTEPHKHEBLIX TpaHCOpPMaTOpPOB 3TO YyCNnoBWe obecnedYnMBaeTcA 3a
cyeT ceobogHoro otr obMoTOK CTepxHA MarHiTonpoeoda, Nos3Tomy AnA yEa3aHHbIX KOHCT-

py’I{LI,If'IIﬁ TOK HEMarHUW4MeaHwa HFI'IEEDI:I nocnegoeaTensHOCTK ..!r'_l{] CTONe Xe mMman, 4To M

TOK HaMarHM4YMBaHWs "#1 {fyﬂ = fm =0,5+2%). CnepgoeartensHo, peakTUBHOCTL BETBU
HaMarHn4mMBaHus cocTaBuT X, g+ =1/0,01=100. Bennuuna X0 Ha 3, 4 nopsaka npe-

BOCXOAMT COMPOTUBMEHUA pacceaHWn oBMoTok TpaHcdopmartopa (X = X ==0.06).
3TO NO3IBOMNAET CHMTaTE X 140 =%

WHble ycnoBuA MMeT MecTo B TpexdasHblX TpexcTepHeBblx TpaHcdopmaTopax,
roe MarHiTHbeIe NOTOKKW H}’ﬂEEﬂﬁ nocneoeatensHOCTW BbIHYAOEHE! 3aMBIKATECH Yepe3s

BO3AYLUHYIO CPeay W KOXyX TpaHcdopmaTopa. 3To NPUBOAWT K yBenuieHuo [,y W cooT-
BETCTBEHHO K CHWXKEHWK X, 0 (X, 0+ = 0,3 +10). Ho yuuTeIBaA, YTO COMPOTMEMEHWE
paccesHusi 0GMOTOK 3HAUUTENBHO MeHbLe X0, ANS MOLHbIX TPaHCHopMaTopos Ha-

npaxeHnem 10 kKB v Bbllue NpakTUYECKW CYMTAKT X 10 =% W nuis Ansa ManomMoLUHbIX



mpaHcgopmamopoe makol KoHcmpykuyuu HanpsaxeHuem 6 0.4, 10/0.4 kB 3HaveHue
X ;0 YHUMbIBEIOM KaK KOHEYHYIO 8enUYUHY (rabn. . 3).

2. PaccMompum enusHue cxemsl coeduHeHuss o6Momok mpaHcgopmamopa
Ha peakmueHocmb X(). [py¥ KOPOTKOM 3aMbIKaHWW CO CTOPOHLEI 0BMOTKKW, CoeqMHEHHON
B «TPEYroNbHUK» (ﬂ] UNK «3ee3ny» Ge3 sazeMnNeHHoNn HelTpanu {Y} CONpOTUBNEHWE

HYNeBOM MocnefoBaTensHoCTU TpaHcopmatopa BeckoHeuHo Benvko (Xg =oo0). Mpu
3TUX YCNoBUsX BoobLUE WCKNIOYEHA BO3MOKHOCTL LIMPKYNSLMK TOKa HYNEeBol nocnenoea-
TENBEHOCT B OAdHHOM T[ZIh'EiHlf,"‘.-[:l}l:l'lzl-ll.."lEITi:Zl[ZI-E1 HE3ZBMCUMO OT CXeMbl COEOWMHEHWA €ro OpYTruX
obmoTok. KoHeunas eenuyuHa X() eo3MoXHa mMonkko 8 mom cnydae, kozda K3
npoucxodum co cmopoHbl obMomku mpaHcghopmamopa, coeduHeHHoU 8 «3ge3dy»
C 3azeM/IeHHoOU Helmpansio (Y.ﬂ ) :

DﬁpETHMCH K KONMWMYECTBEHHOW OUEeHKe peakTaHca H'_‘,I’J'IEEDF‘I nocnegoeaTensHOCTIA
TpaHCchOpMaTOPOE M UX CXEM 3amelleHns. Cuntaem, 4To HecummeTpudHoe K3 npowcxo-

AWT CO CTOPOHBLI OBMOTKKW, COEAMHEHHOKW NO CXeme (Yﬂ ]

Ha puc. 6.4 — 6.6 cneea naobpaxeHs NpUHUMNWAanNbBHBIE TpexdasHele cXemsl co-
equHeHna obmoToK TpaHcdopmaTopos (asToTpaHcdopMaTopoB), cnpaBa — OOHONWHER-
Hele CXeMbl 3aMeLleHns HyNeeol nocnefoeartensHocT. B atux cxemax kaxgas obmoTka

npeacTaBneHa cBOWM CONPOTUBNEHWeM pacceaHna ( X|, X, X[ ) W peakTUBHOCTbI
BETBM HAMArHWMBaHWA HYNeBoW NocneaoBaTensHoCTH (X ,q ). Mpu onpedeneHuu nymed

npomeKkaHua moka I[]. cnedyem umMems 8 sudy, Ymo sce ¢hasbl Haxodamcs & 00uUHaKo-

8bIX YCIIOBUAX (CUMMEMPUYHBLIL pexum) u co cmopoHs! K3 (Y.I]} K kaxdol u3 Hux npu-

NOXKEHO U -

1. B deyxo6momouyrHom mpaHcghopmamope co cxemol ob6momok Y, /A

(puc. 6.4, a) HanpskeHne HyNeeown nocnefoBaTensHOCTW BTOPUYHEIX 0BMoTOK ByaeT Bbi-
3blBaTh TOKW, KOTOPbIE NOAOBHO TOKam TpeTbel rapMOHUKK NPOTeKaT ToNkKo B 3TUX 06-
MOTKax, He BblX04f 3a WX Npefentl. 3ageplueHne NyTW TOKa HYNeBOW NocnenoBaTenbHo-

CT Ha BETBK I” Ha cXxeme jamMelleHWd OoTpaswaeTCHd ee 3aKopadYveaHWeM Ha DEDETHI}IIFI
npoeo/ (3emnio). MockomnbKy OTHOCKTENBHO BonbLIOE CONPOTUBNEHHE X, LIYHTUPYETCS
MarnbiM CONPOTUBIIEHWEM X[, HE3aBUCUMO OT KOHCTPYKUMW TpaHcdopmartopa ¢ co-

envHeHnem obmotok Yy, / A conpoTueneHue X NpUHUMAETCA paBHLIM CONPOTUBNEHUIO
NPsIMOiA NocrnefoBaTenbHOCTH 1), T. €.
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Puc. 6.4. [OeyxobMoToYHbIE TpaHchopmMmaTopel. CxeMbl 3aMeLlLeHWA HYNeBOW
nocnegoBartenesHoOCTH ANA Da3NuYHelX BapWaHTOoB COEOWHEHWA obmoToK

2. Mpu coedurneHuu obmomok no cxeme vy [y, —_Y, (pwc. 6.4, 6) npegno-
naraeTtcs, 9To Ha CTopoHe obmoTrn || NYyTe UWPEYNALKMKW TOKOB oDecnededH Hanu4uem no
KpanHen mepe ewe OAHOW 3azemMneHHon HenTpanu (WwTpuxoeas nuHKWA). MNpuHKMMmas ans

MoBoN KOHCTPYKUMK xpﬂ =00  ymeem:

3. Mpu coeduxeHuu o6momok no cxeme Y,/ Yy——Y 6es gononHuTtensHo

3azeMneHHoW HeWTpanW co CTOPOHBI ODMOTHM I1 cxema atoro TpaHcthopmaTopa Gyper
TaKoW e, KaK U Npu coeauHeHun obmoTok no cxeme Y 1Y (pwc. 6.4, 8), 4TO cooTRET-
CTBYET pexuMy XonocToro xoga TpaHcdopmartopa. MNpu aTUX yCNoOBUAX



(Yo!Yg ==Y wrm Yo/Y) Xp = X|+ X0 =©.

Cxembl 3amMelleHUA  TpexobMoTouqHeIX TpadcdopmaTopoe (puc. 6.5) cTpoATcA
No TOMY e NPUHUMNY, 4TO W ANA ARYXODMOTOYHLIX. B TpexobmoToYHblX TpaHcdopmaTo-
pax ogHa w3 oBMOTOK, Kak Npaewno, coeguHeHa B «TpeyroneHWk». ConpoTUBneHwe pac-

CeAHMA 3TOW oBMOTKWM C mManown PeakKTUBHOCTRH WYHTURYEeT BEeTBb Iﬁﬂ’ HTO NO3BONAET

He3aBUCHMMO OT KOHCTRYEUWK NPUHUMAaTE Hﬁﬂ = o0, Mo 3TOW NPpUYMHE B CXEeMaX 3aMmellle-

HWA 3Ta BETBb HE NpUBEeHa.

4. Mpu coeduHeHus obmomok mpexobMomoyYyHo20 mpaHcghopmamopa no
cxeme Y A/ Y=Yy (puc. 6.5,a) Ha cTtopoHe oBMOTKK I11 npeanonaraeTcA Hanwu-

4YWe elle 0HOW 3a3eMNeHHOW HelTpanu, 4To obecneqYvBaeT KOHTYP ONS TOKOB HyNEeBOoW
nocnefoBaTenbHOCTH. TakKum ﬂﬁpaaam, BCe TpK 0BMOTKM OBTEKAKITCHA TOKOM W mpaHc-
¢popmamop npedcmasnaemcs nonHol cxeMol 3amMeLyeHus.

5. Mpu coeduHeHuu o6momok no cxeme Y [A]Y (puc. 6.5, 6) Tok B KOHTYpE

II1 orcyrerayer, a cxema samewenus npeacraensercs Tonsko o6motkamm 1w 11

{Yﬂfﬂf\l’] Xo = X1+ X1 = X111

6. fna cxemsl Y [TAlA (pwc. 6.5, 8) BNONHE O4eBUAHO, YTO

Yﬂfﬂfﬂ} XGZJK"I‘R'“I"I{H”L

7. Cxema 3amewjeHus aemompaHcgopmamopa (pwuc. 6.6, a) NOBTOPAET CXeMmy
aaMelleHun TpexobmoTodHoro TpaHcdopmaTopa (pue. 6.5, a) ¢ aHanorM4HeIM coeguHe-
Huem o0BmoToK. Hy#HO MMeTe B BUAY, YTO HENOCPELCTBEHHO M3 CXeMbl 3aMeLLeHuA Hyne-
BOW NocnefoRaTenkHOCTW aBToTpadHcdopMmaTopa Henk3s NonyYuTe TOK, NPOTEKAKLWWK B
ero Hentpanu. NpK yKkasaHHblXx HA puc. 6.6 HanpaBneHWAxX TOKOB WCKOMBIA MOK 8 Hel-
mpanu paeeH ympoeHHol pazHocmu mokoe Hyneeoll nocnedosamensHocmu nep-

euyHoll u emopuyroli yened, m. e. Iy =3(1y,-1g|), npuvem kaxdbii us Hux don-

X¥eH bbimb nNpueedeH K ceoell cmyneHU HanpsaXeHUs, a He K kKakoU-nubo odHol, 9nsa
Humupoﬁ‘ cocmaesieHa cxeMa zaMellleHUA.
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Puc. 6.5. TpexobmoTo4Hble TpaHcdopmaTopbl. CxeMbl 3aMeLLeHMa Hyneeow nocne-
NOBaTeNbLHOCTH ANA PasNiyHbliX BAPWaHTOB coeuHeHnn obmoTok

OcobeId cny4an npeacTaBndaer cxema 3aMelleHWa aeToTpadcdopmartopa ¢ 3azem-
NeHHOW HeWTpanbko Yepes peakTUBHOCTE Xpy (pwc. 6.6, 6).
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Puc. 6.6. AeToTpaHcdopmatopbl. CxemMbl 3aMeLLeHnA HYNeBoK
nocnefoeaTeneHOCTWU ONA Pa3HblX BAPWAHTOB COedWHEHWA obmoTOoK

PeakTMBHOCTH CXeMbl 3aMelleHna onpedensanTea No Belpaxeduam [1]:

x’|=x|+3xN{ —g—l'l]; 1

(U -Up)U, },
V.

X1 = Xj+3Xpy

U
X1 =X+ 3XN -

Il J

(6.16)

rae peakTUBHOCTE Xy B OTHOCUTENBHLIX UMW MMEHOBaHHLIX eauHULax npveeaeHa k Ba-

3UCHOMY HanpseHW CTyneHw I. v aeToTpaHcdopmaTopa 6ea TpeTeen 0BMOTKM pas-
3eMneHve HewTpanu NPUMBOOWMT K TOMY, YTO B CXEMe HYNeBoW nocrnegoBaTensHOCTU OH

OKa3kbIBAeTCA B pexume xonoctoro xoda. Ero peakTMBHOCTE X Ju'ﬂ =00 .



6.2.4. BozaywHble u KabenbHbIe NUHWMK

PeakmueHoe conpomueneHue Hynesol nocnedogamensHocmu Xy 8030VWIHbLIX

nuHud (BIl) cywecmeeHHo omnu4yaemcsa om conpomuenedusa npaMod nocnedoeamens-
HOCMU 3a cYyem UHO20 MNpossneHuUn ezauMouHOyKUULU. TOKKM HYNEeBOW NocneloBaTenkbHo-
CTW, NnpoTekasa no BIl, saMmeikaloTca Ha 3emMnio Yepes 3azeMNeHHsle HeWTpanu TpaHcdop-
maTopos. B kavecTee obpaTtHOro NpoBoAa CNYKWUT 3EMNA W rPo303alUMTHEIE Tpock! (puc.

6.7, 6).

®oTo 23. Onopa bygywero (daHTazua)




CDLES FHOLDW

doTo 24, OPY CasHo-LUyweHckon MN3C

doTo 25. namn 1150 kB ¢ geymA rpo303allUTHLIMKA TPOCaMH

OcHoBHaA TPYAHOCTE BBIYUCNEHWA PEaKTMBHOCTUH X, CBA3aHa C y4eToM pacnpe-

AeneHHoro xapakTepa NpoTeKaHua Toka B 3emne. Bnvkanwuwin K NoBepXHOCTH crnol Bkl-
BaeT MeHee npoBoaAlWMM, 4em Bonee rnybokKWW BOAOHOCHBLIA cnoW. B aTuxX ycnoBuAx



bonblas YacTe ToKa Hj.FHE'EDLT'I nocnefoeaTeneHOCTW BO3BpaWAEeTCH No Fﬂ}l’ﬁll‘lHHl::IM cno-
AM; No Mepe NpUBNUAEHWA K NOBEPXHOCTW MNOTHOCTE TOKa yBenuvdueaeTcAa. [encTBw-
TeneHYW) KapTWUHY pacnpefenedHnda TOKa B 3emMne aMeHAKT EHBHEEIHEHTHGF'I, B HI:}TD[J-DLT'I
CYMTAIOT, YTO BEChb TOK BO3BpalLaeTcA No eAuHWYHOW TpybKe, pacnonoXeHHoW oT NoBepx-

HOCTW semnu Ha rnybwHe D,. [ns mogenupoBaHMa 3TWX ycnoBuid TpexdasHas NUHUSA
npedctaenAeTCA TpeMAa ABYXNpoBOAHBIMW NMUHWAMK «NPpOoBOA-3eMNAR.
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Puc. 6.7. Konpepgenenno x,, BIl: a — ogHonpoeoaHas NuHWUA «npoBoa-3emna»; 6 —
NyTW NPOTEKAHWA TOKA .I’,t:I ogHouenHow BIl ¢ Tpocom

Yunteiean, yto D, cywecteeHHo Gonblue BLICOTEI NOABECca NPOBOAOE [h] pac-

CTOAHWE MeXdy NPAMBIM M 0BpaTHBIM NPOBOAOM TakUX NMMHUA NpUHUMaETCH pasHbiM D,
W onpefdenAeTcA popMynoin KapcoHa (puc. 6.7, a)

D, =2.085-107/Jf110° (m), (6.17)

rne f —uacrora Toka, Mu: A — ynensHas npoeoaumocTs 3emnu (OM-cm ).

Mpu f =50 My w cpeaqem aHadverumm A =10" (Om-cm)' skeusanenTHas rny-
BuHa Bo3epata Toka yepea semnio D, =935 m. B npaktuyeckux pacyetax senwuuHy D,

NpUHKUMaT pasHol 1000 m.
Bo3eMEM y4acTOK BO3AYLIHOW NMWHWK 3NEKTponepeaadun u 3asemMnumM ofjuH 13 ee
KoHUoB. [NoTeHuman 3asemneHHoro KoHua 6yaert paseH Hynw. NponycTtum Yepes 3ToT y4a-

CTOK CMMMETPUYHYH CUCTEMY TOKOB Hynesol nocneposatensHoctv [, =1, =1,=1;,
TOrAa NOTEHUMan He3a3eMNeHHOro KOHLA yqacTka 3anuweTcs Tak:

Uy = (lox, + Xy, + loxyy ) = 1, (X, + 2x,,).
OTHOLWeHWe 3TOro HanpAXeHWA HYNeeon NocnegoBaTensHOCTM K hasHoMy TOKy I’D naert

BelpaxeHwe ana X, npu ;=0

(6.18)

Xo=U, 1l =(x,+2x,), (6.18)

roe X,, X,, — peakTuBHOe ConpoTUBNEHWE COBCTBEHHOW U B3AaWMHOW MHOYKLUMW,



Mpu Tex e ycnoBWsAX, Nponyckas cUMMETPUYHYH CUCTEMY TOKOB NpPAMOI nocne-
NOBATENbHOCTH,

MMeem

a

U, = (fme + 52"511:” + a"mxm) = 'fa“l(x.L - xu)'

OTHoweHWe dasHoro HanpAXeHWsa NPAMOK NocnefoBaTensHOCTU He3aaeMnNeHHOro KOH-
ua BJl '["-"'51} K TOKY I’m OAET BhipaxeHwe ANA peakTaHca

X, =U_ Il ,=(x_-x,). (6.19) (6.19)

CpaBHeHWe CTPYKTYPHbIX BbipaxeHui (6.18) u (6.19) nokasbiBaeT, 4To X, Ha 3X,,

Bonebwe X,. 3170 obycnoeneHo paznuydMeM xapakTepa TOKOB. TOKW HyNeBoW nocnefoea-
TeNeHOCTHW COBNagawT No CPE-?IEIM: TOKK I'Ipﬂl'nﬂﬂ-l;'l nocnegogateneHOCTH WMMEKT COBWI B
120",

Ana aHanuTu4eckoro pacyeTta X, ogHouenHoW BIl Bes Tpoca MOXHO NoNb30BaTL-
CH Bblpa¥eHWeM

(6.20)

X, = 0,435 Ig ;’ﬂ (6.20)

ep

rne F»:'c b= IR 3"‘-}(:, — cpedHuUl zeoMempuvyeckul paduyc cucmemsl mpex npoego-
doe;

D, = {ld 50,0z — cpedHee zeomempuyeckoe paccmosHue Mexdy basHbi-
Mu nposodamu;
F»:‘ﬂ —3KeueasnieHMHbIU paduyc npoegoda.

Hpu Hanu4yuu Ha NUHUU 2nyxo3a3eMI/TeHHbIX 2pPo303allyumHALIX mpocoe co-
npomuenenue x, YMeHbWAaETCA 3a CHEeT B3aMOWHOYKUWW neTtnun Tpoc-npoBOA. C yde-
TOM TOIo, 47O TOKW B TpOCE WU NUHKMKW UMEKT BCTPEYHOE HalpaBneHwe — CABUHYTEl OTHOCH-

TenbHo Apyr apyra Ha 180" (puc. 6.7, 6), nonyyaem

XE
§ = x, -0 (5.21) (6.21)
Xor

T .
roe XD — conpomussfieHue Hyneeou nocnedosamensHocmu Bll ¢ mpocomM,
Xo
mpoca & Hyneeoul nocnedogamensHocmu.

CTeneHs BNWMAHWA TpOCa 3aBWMCHT OT erc NpPoBoaUMOCTK (CTankHOW, anoMuHWe-
BbIA).

e X7 — COMpPoMuUesneHus e3auMouHdyKyuu npoeod-mpoc u cobcmeeHHo



O6patumcs k aeyxuenHon Bl (puc. 6.8). MNpu KopoTKOM 3aMbIKAHWMK

f r L
X=X —X
? - r " [l | 1

ey

- 1[ = J o ale
AN ;74‘(2 T2 E‘Iﬂl_";uu ﬁ: "‘;_“;’?—féﬁfuui
; do'
< L -

a 4

Pwuc. 6.8. eyxuenHas Bll: a — npuHUMNWansHaa cxema; 6 — cxema 3aMeLleHMa Hy-
neeoW nocnegoeaTensHoOCTH NpK K3 B To4ke K2

B Touyke K1 TOKM HyneeBoW nocnefoBaTtensHocTW B obenx uenax TekyT cornacHo. B atux
YCNOBWAX CONpOTUBNEHWE H},l"J'IEEﬂl:'I nocnegoeateneHOCTH HEH(,ELDI:"I Uen gononHuTenbeHO
yEenM4Y1MeaeTCH Enarcr,qapﬂ BaaMMOWMHOYEUWMK C NpoBodaMK I'IE]’JEJ'IHEI'IbHﬂI:‘I uenu, 1. e.

Xo = Xg + Xy (6.22)

W pesynsTUpYKLLee conpoTueneHne AsyxuenHoW BIl npu waeHTUHHOCTM napannenbHbIX
Lienew

x, =0,5x;, (6.23)
rae X, — conpomueneHue Hyneeol nocnedoeamesnisHocmu odHouyenHou BJT;

Xy — €onpomuesnieHue e3aumouHOyKyuu o0HOU (hasbl yenu 1 u mpems

¢hazaMu yenu u.

[MpW KOpPOTKOM 2amblikaHun B Todke K2 neyxuenHoin BI1 Tokw HyneeoW nocnenoea-
TENBHOCTW Uenerm 1 M n B OOHOM Nneye MMewT cornacHoe
HanpaeneHWwe, a B pyrom — BCTPEYHOE, HTO HE NO3BONAET HENOCPEOACTBEHHO BOCNONE30-
BaTLCA BbIpaXeHWAMW, nofobueiMm (6.22). B atux ycnoBuax HeobxoaMmo BOCNONb3O-
BATbLCHA M3BECTHOW CXEMOW 3aMelleHWAa OBYX MAarHWTHO CBA3aHHbIX uenew ( pwuc. 6.8, 6),
Ha KOTOPOW NPUHATEI cneayowne obo3HavyeHna:

X\ = Xo = Xy X = Xor = Xy (6.24)

roe Xp,, Xp — conpomueneHus Hyneeol nocnedosamensHocmu odHouen+ol BT Ha
yyacmkax L1 u L2;
X] X]

iy Xy — COMpomueneHus é3aumMouHdykyuu yeneu Ha yvyacmkax L1 u

L2.
AHanuTu4eckme BblpaXeHna ANA pacqeTa X, BO3OYLWHbIX NMAHWIA € YHETOM KOHCT-

PYKTUBHBIX ocobeHHocTel npueedeHs! B [1].
B ynpolleHHbIX NpakTUYeckux pacyeTax conpoTUBNEHWe HYNeBoOW nocnefoeaTens-
HOCTW X, BO3AYLHbLIX NMHUA 3nekTponepegay gonyckaeTcsa onpeensars Yepes koadhu-

uneHt k = x, / X,, 3Ha4eHWe KOTOPOro 3aBWCUT OT MX KOHCTPYKTMBHOTO WCMONHEHWS.
MpuBnuxeHHble 3HaYeHWA KO3 DUUWEHTOB NpUBeaeHsl B Tabn. 6.1.



Tabnuua 6.1

McnonHeHMe BO3OYWHOW NMHWKA 3NeKTponepenaYyum k = X, / X,
OpHouenHas nuHKUA Bes Tpoca 3.5
OgHouenHasa NWHWA CO CTanbHBIM TPOCOM 3.0
OpgHouenHaa NWHWA C XOpoLUO NPOBOOALIMM TPOCOM 2.0
NBeyxuenHaa nuHua 6es Tpoca 5.5
[ByxuenHas NMHWA CO CTankHBIM TPOCOM 4.7
[ByXLEenHaa NMHWA ¢ XOpoLWo NPOBOAALLIMM TPOCOM 3.0

AKTWBHOE CONPOTUBNEHWE HyNeBoW NocnefoBaTensHOCTU NWHKWKA CKNafbIBaeTcsa 13
aKTUBHOTO CONPOTUBNEHWA NpoBOAA I W AONONHUTENLHOrO CONPOTUBNEHUA [, Y4UTbI-
BAKLLErD NOTEPHU aKTMBHOW MOLLHOCTH B 3@MINe OT NpOoTeKaHWA B HeW TOKa, T. e.

fh="r,+r,, (6.25)

rae r, = 0,15 Omikm.
Ycnoeua onpefeneHus peakTUBHOrO ConpoTUBNEHWA HYNEBOW nocnefoeaTensHo-
CTWM ANA kabenbHbIX NWMHWIA aHanoruyHel BJ1. YacTe TOKOB HyneBoW nocnegoBaTensHoCTH
BO3BpalWaeTca no obonodke kabena, a 4acTte — no 3emne. Obonoyka Kabena okasblBaeT
TAKOE He BNnUAHWE, Kak U TPOC B BO3AYLUHBIX NUHWAX, T. €. YMEHELWAET PEAKTAHC H}FJ'IE.‘BGH
nocnegoBartensHocTU. B 3aBUCMMOCTH OT KOHCTPYKUWW, MaTepwana obono4ku, cnocoba

NpoKnagku X, kabenbHbLIX NWHWIA HAXOOUTCH B npeenax

X, =(3,5+4,6)x, u r,~10r,. (6.26)

Ha 3T 3HayeHWA MOMHO OpPWEHTWPOBaTLCA B NpubnuieHHblx pacyeTax; Gonee
TOMHBIE AAHHLIE MOMXHO NONY4YUTE TONLKD Ha OCHOBE HATYPHBLIX W3MEPEHWH, KOTopble
MOMHO HaWTW B cneuwanu3npoBaHHon NuTepaType.

6.3. CxeMbl 3amelwieHUA NpAMOM, oOpaTHOW W HYNEeBOW NocnefoBaTenbLHOCTEW

HeoTbemnemelMm 3Tanom pac4yeTa noboro HeCUMMETPWUYHOIO pexumMa ABNAeTCA
COCTaBNEHWe CXem 3aMelleHWA npAMoWn, obpaTHOW W HYNeBoW nocnefoBaTensHOCTEMW.
[Mpecbpa3oBaHMeM 3THUX CXEM HaXOAAT pesynbTUPYIOLWWe CONPOTUENEHWA BCEX nocneno-

BATENbHOCTEN ( Xy, X,y , X,y ); M3 CXEMbI MPSIMOI NOCMeaoBaTenbHOCTU AOMNOSNHUTENBHO

onpegensioT akeueaneuTHyl 3C (E,, ). 3t npeobpazosaHns oCyLECTENAT OTHOCH-
TENBEHD KNeMM HecumMMempuu, m. e. Havasna U KOHUad cXemM. npl.f'l I'IDI'IE.‘pE"—IHﬂIﬁ HECKM-
METPUWA Ha4Yanom cxembl NPAMor, obpaTHOW W HynesoW nocnegoBaTenbLHOCTEN ABNAKTCA
touku (H, ,H, H,), B koTopbix o6beauHeHbl BETBW C HyneBbiM noTeHuuanom. KoHuom

cxembl noboi nocnefosatensHocT sensiotes Toukn (K, K, K, ) BosHukHoBEHUA He-

cummeTpui. Mpu NPOAONEHON HECUMMETPUM HaYano U KOHeL CXeMbl Kaxaon nocnefoea-
TENLHOCTW — 3TO ABE TOYKM CXEMbl, MEXOY KOTOPbIMW PACNOMNOKEH WCTOMHUK HECMMMET-
PUMA.

Ons npumMepa Ha puc. 6.9 npeacTasneHsl Cxemsl 3aMellleHls BCex Tpex nocneno-
BaTeNbHOCTEN NPWU HECMMMETPUYHOM 3aMbIKaHWK B ToHKe K.

1. Cxema npsamol nocnedogamensHOCMU COBEPLUEHHD aHANOrM4YHa cxeme npu
TpexthasHOM 3aMbIKaHWK C TeM OTANYKEM, YTO B Touke K npunoxeHo HanpsikeHvwe U, .
ObmoTtka 3 TpaHcdopmartopa T2 B cxeMmy He BXOQMWT, NOCKONLKY OHA HAXOAWTCA HA XOno-

cTOM xoay. B cuny cMMMeETpUKW pexmuma TOK B HeWTpanu TpaHcdopmaTtopa T1 He npoTe-
kaeT W, cnegoeaTensHo, peakTop P B cxeme 3amelleHns oTCyTCTByeT.



2. Cxema obpamHol nocnedogamensHocmu No KoHdUrypauum NoBTOPAET Cxe-
My NpAMOI nocnegoeaTensHocTh. Ee ocobeHHOCTE cocToOMT B TOM, 4TO oTcyTeTeyoT 30C
reHepupyroLWKX MCTOYMHUKOR; B TodKe K3 npunoxeHo HanpsxeHwe obpaTHOW nocnegoea-

rensHocT (UL, ), U CONPOTUBNEHWA CUHXPOHHBLIX MALUMH OTAWYHBI OT CONPOTUBIEHWIA
NPSMOR NocneaoBaTensHoCTK.

3. Cxema Hyneeol nocnedogamenbHocmu cylLECTBEHHO OTNWYAETCA OT CXeMbl
NpAMOW NocnefoBaTensHOCTA B CUMY pPaanuyHbIX NyTer LWpKynauun Tokoe. KoHdurypa-
LMA cXeMbl HyNeBol NnocneqoBaTenbHOCTH onpedenseTcs B OCHOBHOM CXeMOW coefuHe-
HWA oBMmoTok TpaHcdopmaTopoB M MX  MecToM pacnonoxeHwn. CocTaBneHWe cxembl
cnefyeT HAa4YWMHaTk OT MECTa KOPOTKOro 3aMblKaHWA, cHMTanA, 4YTo B 3TOW TOYKe Bce dhasbl
3aMKHYTbI Mexay cobol W K HEW NPUNOXKEHO HanpaXeHWe HyNeBoW NocneaoBaTeNbLHOCTK

(U,,). Danee cnenyeT BbIABUTL BO3MOXHBLIE NYTH NPOTEKAHWA TOKOB HYNeBOW nocnego-

BATENBHOCTH. 3TO BO3MOMHO, €CNK B LUENU, 3NeKTPUYeckn ceR3aHHon ¢ Todkon K3, nme-
eTCHA NoO MeHbLUEeW Mepe ofHa 3azeMneHHas HeWwTpans. Ecnu TakMx HeWTpanen Heckonb-
KO, TO 0Dpa3yeTcA HECKONLKO 3aMKHYTLIX KOHTYPOR.

ConpomueneHue, Yepes KOMopoe 3azeMneHa Heumpans mpaHcghopmamopa,
ggodumcsa 8 cXxeMy ympoeHHOU eenuyuHolU U pacnonazaemcs nocnedogamensHo ¢
conpomuseneHueM mol obMomku, € Helmpanu Komopol oHo Haxodumca. ITo oby-
CNoenNeHD TemM, 4TO B HEIFITDEHH NnpoTekaceT }-'Tp[}EHHbIIﬁ TOK W NajeHue HalpAaXeHWA Hyne-

BOW rnocnegoeaTensHOCTH Ha CONPOTUBNEHWW peakTopa CocTaenAeT 31’;- :-r:p. OHOo pomx-
HO BbITL obecneYyeHo U B OAHONMHENHOW CXEME 3aMelleHWs, No KOTOPOW npoTekaeT das-
HeIM TOK. 3TO OOCTUraeTcs YTPOeHWeM CONPOTUBNEHWA HEWTpanw, Tak 4To nageHwe Ha-
NpAXEHWA NPW 3TOM OCTAETCH HEMIMEHHBIM, T. €. FD BIﬂ, ConpoTHENEHWE HyNeBoW no-

cnefjoeateneHOCTH NUHWK CYLWeCTBEHHD OTNKWYaeTCA OT CONpoOTUBNEHWA I'I[JHMGFI, noaTo-
MYy OHO BBeOeHO 3Ha4YeHnem X.I'_D :

Ons paccMmaTpuBaeMol cxeMbl, M3obpaxeHHon Ha puc. 6.9,2, oBbMOTKKW TpaHcdop-
matopoe T1 u T2, coeguHEHHbIE B TpeyronsHWK ( A ), BXOOAT B CXeMy Hynesol nocneno-

patensHocTH. MNMoTeHywan 3a atuMn obmoTkamu paseH Hynw. Mo 3ToW NpuyKMHe reHepa-
Top [ B cxeme oTcyTeTBYEeT. Bee ocTanbHbIie 3NeMeHThl BXOAAT B CXEMY, BKNKYAA W peak-
TOp B HeWTpanu T1.

Kak otme4anock paHee, M3 CXeM 3aMelleHWs OTAenNbHLIX NnocnenoBaTensHoCTeN
onpedenaAlTCA UX 3KBMBAaNEHTHLIE NapaMeTphbl OTHOCUTENBHO KNeMM HECUMMMETPUI.
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Puc. 6.9. CxemMbl 3amMelleHUs pasnuyHbIX NocnenoBaTensHoCTeN:
a — NpuHUWnuansHaa cxema; 6, @ — cxemel NpAMON U oBpaTHON
nocnefoeartensHOCTEN, 2, d — TpexnuHeWHas u oHONMHeWHaA

CXemMbl H:-,-’J'IE'Eﬂﬁ nocnegoeatTeneHOCT



MNpUMeHUTENLHO K cxemam 3amellieHns, 3obpaxeHHbiM Ha puc. 6.9, uMeem 3KBK-
BaneHTHele cxembl 1, 2, 0 nocnepoeatensHocTen (puc. 6.10). MapameTpsl 3TUX cxem on-

peaenAlTCH Tak:
« dnAa cxeMsl! npaMol nocnedosamenkHoOCMU.

Kar = Ap T X T XL Xe1 = Koy T Xrapy T X
E x_.+E.x
_ _ Erfgs CVAl .
Xig = Xpq | 1 Xg4., E; = *
Xay T Xg;

e OnA cxeMbl o6pamHol nocnedosamensHocmu:

Xpo = Xpp T Xy + Xy Xy = Xyggy + Xyggy T X X = X [ 1Xg,;

s OnsA cxembl HfﬂEEﬂﬁ nocrnedosamesisHoCMU:
Xpo = 3X, + Xpy + Xpg, Xgp = [HTM (X + Xco )]+ Xpas)

Xor = Xpo X,
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Puc. 6.10. 3kBMBaneHTHbIe cxembl nNpamon (a), obpatHoi (6)
W HyneeoW (&) nocnegoBaTensHOCTEW

Ha puc. 6.11, a npueegeHa cxema, B KOTOPO 3neMeHTel 0B03HavYeHel NOpAOKOBLI-
MW HOMepamK, Ha pMc. 6.11, 6 — COOTBETCTBYHILLAA el cXeMa 3amelleHWa HyneeoW no-
cnenoBatensHOCTH. OBMOTKM TpaHcOpMaTOpOB CO CTOPOHEI MEHEPATOPOB COEAMHEHLI
B «TPEYroneHWK» . ITO NPenATCTBYET NPOXOXOeHWD TOKOB HYNeBoW nocnegoearensHo-

CTW B reHepaTopax Np¥ BHELWHWX KOPOTKMX 3amblkaHnax. ObmoTka 5 (Y) TpaHcdopma-

Topa T2 co cTOpOHbI y3Na BO3HWKHOBEHWSA KOpPOTKOrO 3aMblkaHWsi He nponyckaeT TOKOB
HyNeBoW NocneqoBaTensHOCTA, NO3ITOMY OHa M NOcNeoBaTenkHaa el BETEb BO3AYLUHOW



nuHun L2 B cxeme oTCyTCTBYHOT. 3TO B paBHOW CTENEHM OTHOCKMTCH W K TpaHcdopmaTtopy
T3. Peaktop (7) B HeWTpanu oBmoTkw 6 TpaHcgopmaTtopa T2 BXOAMT B CXEMY YTPOEHHBIM
peakTaHcoM W pacnonaraeTtcs nocnefoeaTtensHo ¢ CONpoTHUBNEHWEM 3TOW obmoTrM (6).
TpaHcthopmaTop T4 BXOQWT B CXeMY BCEMW TPEMA 0BMOTKaMM.

Puc. 6.11. NMpumep cxemel HyNeBoW NocnefoBaTensHOCTU: a8 — NPUMHUMNKMaNEHaA cxema,
6 — cxema 3aMelleHnA HyNeron NocnenoBaTensHOCTH



