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A method of mathematical modeling of electromagnetic transient processes at the sudden three-phase short circuits of
turbogenerators with taking into account the magnetic flux satiation is offered.. Herewith an equivalent circuit of the
synchronous machine, in which excitation winding represented multiloops circuit is used. The researches results for
industrial type turbogenerator TVV-160-2 are shown.

Brenenne. MoaenupoBaHue 3IEKTPUYECKUX MAIIMH IepeMEeHHOro Toka (OM) Ha OCHOBE TEOpUH 3JIEKTpOMar-
HUTHOTO MOJIA ABJIACTCA YHUBCPCAJIbHBIM. OZ[HaKO COBOKYITHOCTb TPEXMEPHBIX JJICKTPUUCCKUX U MAarHUTHBIX MoJiek B
cpelie, coaepiKallieil MeperuieTeHHbIe YYacTKU ¢ pa3HbIMH MarHUTHBIMHM M JAUIIEKTPUYECKUMHU CBONCTBAaMH, SIBICHUE
BBITECHEHHS TOKa, CIIO’KHOE paclpe/ielIeHne MarHUTHBIX MOJeH B OTJENBbHBIX JJIEMEHTaX 3aTPYAHSET CTPOroe MareMa-
THYECKOE OIMCAaHWE MEPEXOIHBIX MpOIeccoB. Vcmonp30BaHne Takoro Mojaxoja K MOJISITUPOBAHHUIO IPOMBIIIIIEHHBIX
MAaIllMH B YCIOBHAX IKCIUTyaTallid, OCOOEHHO KOTIa MMEET MECTO BJIMSHME DIIEMEHTOB MUTAlomei cet, HeaddexTus-
Ho. [losTOMYy [UISl OMHCaHUS NMEPEXOTHBIX U YCTAHOBUBIIMXCS PEXXUMOB DM, B OONBIIMHCTBE CIIy4aeB, HCIOIb3YIOTCS
muddepeHnnanbHple ypaBHEHUS 3JIEKTPUIECKUX IeTell MalmH BMECTO OoJiee MOJITHOTO MOJICTUPOBAHHS C MOMOIIBIO
YpaBHEHHI JIEKTPOMATHATHOTO ToJs. Takoil yIpoIIeHHBIH HaeaTn3upOBAHHBIN MOIX0A 00eCIeunBacT HEOOXOUMYIO
JOCTOBEPHOCTb PAacUeTOB TOJBKO IPH JOCTATOYHO TOUYHOM ONPEEICHNUH [TapaMETPOB IEKTPUUECKHX MAIINH C yYETOM
TaKUX SBJICHUN KaK BBITECHEHHE TOKAa B 0OMOTKaX M KOHCTPYKTUBHBIX JIEMEHTAX, & TAKXKE HACBHILICHUS ITyTeH MarHUT-
HBIX TOTOKOB.

3710 00ycnaBIuBaeT HEOOXOAUMOCTh COBEPIICHCTBOBAHUS CYIIECTBYIOIMX MoJeneid OM B HampaBieHUH 00Jb-
el ux Gpu3ndeckoil 000CHOBAHHOCTH, a TAK)KE CO3AaHMsI AITOPUTMOB MOJIEIIMPOBAHUS MIEPEXOTHBIX IPOLIECCOB, KOTO-
pble Obl 0OecneyrBany OBICTPOE U HATJISITHOE MTOJy4YEeHHE PE3yJIbTaTOB C 3aJJaHHON TOYHOCTBIO PEIICHHS TIPAKTHIECKUX
3ajad.

AHaJIN3 IUTePATYPHBIX NCTOYHHMKOB. B HacTosee BpeMsi M3BECTEH s/l PACUETHBIX M KCIIEPUMEHTAIIBHBIX
MeTonoB [1-5] ompeneneHus 31EKTPOMAarHUTHBIX MapaMeTpoB OM B (OpMe YacCTOTHBIX XapaKTEPUCTHK WM SKBUBA-
JICHTHBIX CXEM 3aMEIICHHs C YUeTOM BIMSHUSA HachleHus. 1o ycIoBUsIM COOTBETCTBHUS 3IIEKTPOMArHUTHBIX MTapaMeT-
POB OHOMY OTpENEICHHOMY YPOBHIO HACHILEHMS B [1] MpeanokeH MeTo. ONpeAereHus 3JEKTPOMArHUTHBIX Mapa-
METPOB IO JaHHBIM, IIOJ[y4aeMbIM B PabounX peKHMMaxX CHHXPOHHBIX MAIIMH IO PEaKIHsAM Ha Majble BO3MYIIEHHS,
BBOJMMBIE B IIEMH OOMOTOK BO30YXKISHHUS WIIM CTaTOpa, a TAKKe Ha BOSMYLIEHHS MOLIHOCTH Ha By MAIIMHBL JTO
MI03BOJISIET OAHOBPEMEHHO YUUTHIBATh BIMSHUE TAaKHX (PaKTOPOB KaK HACHIIIEHHE OCHOBHOI'O MarHUTHOTO ITyTH, ITOTO-
KOB paccesiHisi OOMOTKH CTaropa M POTOPHBIX KOHTYPOB, a TaK)Ke JIONOJHUTEIbHOE N3MEHEHHE HACHIIEHUS] KOpHEH
MaJbIX 3yOII0B POTOpa, UMEIOIIee MECTO M3-3a HAJIWYUs MONEPEYHON peakuuu Axops. JIs ucciaenoBaHus psija dJIeK-
TPOMAarHUTHBIX U AJIEKTPOMEXaHUYECKUX TEPEXOJHBIX MPOILECCOB, MPOTEKAIOMINX NP OOJIBIINX U3MEHEHUSIX TOKOB U
HalpsDKeHNH, B 3TOM Cllydae HEeOOXOAMMO HCIONIb30BaTh CEMEHCTBO YAaCTOTHBIX XapaKTEPHCTHK, COOTBETCTBYIOIINX
Pa3JINYHBIM YPOBHSIM HACHIIICHUS.

YTOouHEeHHOE pelIeHUe 33/1a4i PacIpeieNIeHHs] TOKOB B OTAENBHBIX KOHTYpaX CHHXPOHHBIX MallWH 00yCIIaBiu-
BaeT HEOOXOANMOCTD OIPEACIECHHS 3aBUCHMOCTEH MHIYKTHBHBIX CONPOTHUBICHUH paccesHHs B (yHKIHUH TOKOB, IIPO-
TEKAOIINX B COOTBETCTBYIOIINX KOHTYpaxX MaIlIWHEL. Takas 3ajada pemanack B [6] pu pa3paboTke METOIUKH OIpee-
JICHUS] YaCTOTHBIX XapaKTEPUCTHK M MapaMeTPOB SKBUBAJICHTHBIX CXEM 3aMENICHUS B (DYHKIIMH NPOTEKAOIINX B COOT-
BETCTBYIOIIMX KOHTYypaX TOKOB. OJTHAKO, MPAKTUYECKHH yUeT TaKUX 3aBUCHMOCTEH B MaTEMaTHUECKUX MOJEINAX 3JIEK-
TPUYIECKUX MAIIMH 3aTPyJHUTEIICH B CIEACTBHE TOTO, YTO ApaMETPhl CXEM 3aMEIEHHs 3aBUCAT OT HCKOMBIX TOKOB. B
[7] n3moxeHs! OCHOBHBIE MOJIOXKEHUSI METOAa HACHTU(HKAIIMY apaMeTpOB TypOOreHepaTopoB, OCHOBAaHHOTO Ha 3KC-
TIEPUMEHTAJBHBIX JIAHHBIX, OIPENeNIieMbIX U3 OINBITOB BHE3almHOro TpexdaszHoro koporkoro 3ambikanus (TK3). [Ipu
9TOM ISl CXEMBI 3aMEIleHHs, YYUTHIBAIOIIEH Pa3InYHyl0 B3aMMHYIO MHIYKTUBHOCTH MEXAY KOHTYPAaMH, IOJYyYEHBI
3aBUCHMOCTH MTapaMeTPOB SKBUBAJICHTHOTO JeMII(epHOT0 KOHTYpa B (DYHKIIMH HAYAJILHOTO 3HAYEHHS MEPHUOANIECKOTO
TOKa B OOMOTKE cTaTropa Ul BBICOKOMCIIOIb30BaHHBIX MPOMBIIUIEHHBIX TypOoreHeparopoB cepun TBB momrHOCTEIO
160 u 500 MBT. OHako MeTOAMKA UX UCHOIb30BaHUS AN aHanu3a pexuMoB TK3 npu pa3auuHbIX YPOBHSX HACHIIIE-
HUSI OTCYTCTBYET.

Hean padoTsl. PazpaboTka METOIMKN MaTeMaTHUECKOTO MOAEIMPOBAHUS PEXUMOB TPEX(Pa3HBIX KOPOTKUX 3a-
MBIKaHUH B TypOOT€HEpaTopax ¢ y4eTOM BIHSHUS HACBHIIEHWS IIPHU HCIIOJIB30BAHWM CXEM 3aMEIICHHS Pa3INIHBIX
CTPYKTYp, B TOM YHUCIIE U AT CXEMBI, B KOTOPOil 00MOTKa BO30Y KI€HHs IIPE/ICTaBIEHA MHOIOKOHTYPHOH LIEMbIO.
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MaTtepuanabl U pe3yabTaThl ucciaegoBanuii. [Ipunsaras B [7] cxema 3amemenuss CM 1o mpogoJIbHONW OCH Po-

TOpa, OTPAXKAIONIAsl BIUSHUE HE TOJBKO SIBJICHHS BBITECHEHUSI TOKOB B 0OMOTKaX U MAaCCHBE POTOpA, HO TaKXKe M HAChI-
LIEHUS] MATHUTHBIX IIeTIel, TpuBeieHa Ha puc. 1.

[Ipu ompeneneHuy MmapaMeTPOB YKa3aHHOM CXEMBbI

Ao YofD 3aMelleHus], COOTBETCTBYIOMINX Pa3TUYHBIM HUCXOJHBIM YC-

' ' JIOBUSIM TPOBEICHHS ONBITOB, NIPUHUMAJIOCH AOIMYILEHUE O

TOM, YTO OT TOKa B OOMOTKE CTaTopa 3aBHUCAT TOJBKO WH-

QYKTABHOE COIMPOTHBIICHHE PACCESHUS OOMOTKH CTaTopa W

Xof oD mapaMeTpsl SKBHBAJCHTHOTO IemidepHoro KoHtypa. Ilo
) X,y MaHHBIM [7] 3HAaYeHWs aKTHBHOTO W WHAYKTHBHOTO COTIPO-
x;(Jjs) THBJICHUS PACCESTHUS TeMII(PEPHOro KOHTYpa B 3aBUCUMOCTH
Z ' OT HayaJbHOTO Tepuoandeckoro Toka TK3 mpuBeneHsl B
Jjs Js tabn.1. BennurHa MHAYKTHBHOTO CONPOTHBJICHHUS B3aUMO-
uaaykimn Mexay OBIT ¥ 3KBUBaJICHTHBIM JIeMI(EPHBIM
KOHTYpOM, a TaKKXE MapaMeTpbl OOMOTKH BO30YXKICHHUS

MIPUHUMAITUCH TOCTOSTHHBIMH.
% ¢ ’ ’ [TockonbKy 3HAa4YeHHS TApaAMETPOB IPHUBEICHHON
Pucynox I - Cxema samewenus TI' muna TBB-160 ¢ CXEMBl 3aMeIIEHHs MOJyYeHBI ITyTeM OOpaOOTKH IaHHBIX
YHEMOM PASIUIHOU B3AUMOUHOYKYUU MENCOY KOHMYPA- OMBITOB KOPOTKHX 3aMBIKAHWH MpPH HU3MEHEHUU TOKOB OT
Mu MaKCHUMAaJIbHBIX 3HAUE€HUH 1O HYJIEBOrO, a 3aBUCUMOCTH
Tabmuua 1 - TlapamMeTpsl POTOPHBIX KOHTYPOB CTPOMIIMCh TOIBKO OT HAYaJbHOTIO, TO IPUOIUKEHHBIA HH-
TI" Tuma TBB-160-2 ny1s1 cxembl, TerpajbHbIiA y4eT HACHILEHUS B 3TOM CIydae IIPOM3BOAUTCS
TPE/ICTABICHHON HA PHC. BBIOOPOM COOTBETCTBYIOLIMX IapaMeTpoB 0e3 MOCIeayro-
IETO HMX TepecyeTa Ha KaXJAOM INare WHTETPUPOBAHUS
U In(O) Xop p muddepenumansipix ypaBueHuid. J{ist atoro B [7] nomyue-
HBl aHAJUTHYECKHE 3aBUCHMOCTH MapaMeTpoB jaeMIipepHo-

0,26 1,00 0,100 0,0218 ro KOHTYypa OT TOKa cTaropa.
0,47 2,15 0,360 0,0179 ITockonbKy TpU BHE3aMHOM KOPOTKOM 3aMBIKaHWUHU
0,70 3,54 0,017 0,0123 NepruoOaNYECKHE TOKHA B YCIIOKOHUTEIBHBIX KOHTYpax BO3HH-

KalOT B OTHOCHTENBEHO HETrITyOOKOM CIJIO€, TO BIHMSHUE BEJIH-
YUHBI TOKA HA JIEKTPOMAarHUTHBIE MapaMeTphbl 3HAYUTENb-
HO. B oTim4me 0T 3TOro B aCHHXPOHHBIX PEKUMAaX C MAJIBIM CKOJIBKEHUEM MEPUOJMYECKHUE TOKH HEOOBIION YacTOTHI
PpacIpocTpaHsoTCs TTyOOKO B MOKOBKY POTOPA H, CJIEI0BATEIBHO, BIUSHUE BETMUNHBI TOKA HECYIIECTBEHHO. [ToaToMy
UCIIONIb30BAaHNE YKA3aHHBIX 3aBUCHMOCTEH Ul ydeTa HachlleHHus 3(h(HEeKTUBHO MPH UCCIEIOBAHUAX TOJIBKO PEXKUMOB
BHE3AIHBIX TPeX(}a3HbIX KOPOTKUX 3aMBbIKaHHH.

Taxkum 00pa3oM, METOIMKa ydeTa BIUSHHS HACBHILICHUS MIPU aHAJIM3€ BHE3AIHBIX TPEX(Pa3HbIX KOPOTKUX 3aMBI-
KaHW{ Ha BbIBOAax TypOoreHeparopa tuna TBB-160-2 3akintouaercsi B MpeaBapUTEIIbHOM OIPE/eICHUH 3HAYCHUH Na-
paMeTpoB cXeMbI 3aMelieHus (puc.l) mo cooTHomeHUsAM, onydeHHbIM B [7]. Ha puc.2 u puc.3 nmpuBeneHsl 3aBUCUMO-
CTH U3MEHEHHsI TOKOB B OOMOTKax craropa M Bo30YXIIEHHSI COOTBETCTBEHHO IPH MOJEIHPOBAHUN BHE3AITHOTO TPEX-
(ha3sHOTO KOPOTKOTO 3aMBIKaHWS Ha BBIBOJAX TypOOreHepaTopa M3 peKHMMa XOJOCTOTO XOAa IPH HalpsDKeHUH

Pucynox 2 - Hzmenenue moxos 6 gpasznvix oomomrax cmamopa npu K3 na evi6odax mypboeenepamo-
pa muna TBB-160-2

Jn1st aHaNMTHYECKOTO ONMCAHUS 3JIEKTPOMArHUTHBIX TIEPEXOIHBIX MTPOIIECCOB PH KOPOTKHUX 3aMBIKAHUSIX YI00-
Ha HKBUBAJICHTHAsI CXeMa 3aMeIleHNs] C BHIHECEHHOW Ha 3a)KUMbI UCTOYHHMKA BETBbIO HamarHnumBauus (I' — oOpasHas
cxema 3amereHus). Takas cxema Haubomnee 3¢ (eKTHBHA U TIPH MOJEIMPOBAHUH C MCIIOIb30BaHNuEM AU PepeHIHaTb-
HBIX YPaBHEHHH.
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Pucynox 3 - Hamenenue moka ¢ OBI" npu K3 na evieooax mypbozenepamopa muna TBB-160-2

Hcrnonb3oBaHKe TOH CXEMbI IIO3BOJIUT CO3JAaTh YHUBEPCAIbHYIO IPOrpaMMy pacdeTa NepexXOAHbIX MPOLECCOB.
Merto npeoOpa3oBaHus CXEM 3aMEIIEHHs Pa3IMYHbIX CTPYKTYP K BUIY, YIOOHOMY JUISl MOJISTUPOBAHHSI, OCHOBAHHBIN
Ha a/IeKBaTHOCTH YaCTOTHBIX XapaKTEPHCTHK MPOBOANMOCTEI CO CTOPOHBI OOMOTKH CTAaTOpa W YaCTOTHOM XapaKTepH-
CTHKH KOMIUIEKCHOTO KO3 HIIMEHTa pacipeaeIeH s TOKa cTaTopa B BETBU 0OMOTKH BO30Y>KAEHHS, pe/iokeH B [8].
[Tpn 3ToM 00MOTKa BO30YK/I€HHS ¥ SKBUBAJICHTHAsI IeMII(pepHasi CHCTeMa IPEICTABIAIOTCSI COOCTBEHHBIMH MHOTOKOH-
TYpHBIMH TIeTISIME (pric.4).

PaccMoTpuM BO3MOXKHOCTE MMPUMEHEHHS T1OJTY-

I OBI’ : I Hemndepnas : YEeHHBIX B [7] 3aBHCUMOCTE MapaMeTpoB OT TOKa CTa-
' || cucrema I TOpA, TS CXEMBI 3aMelIeHHs, TIOKa3aHHOH Ha pHc. 1, K
o : * * ’ : * * : cxeme 3amerenust I' — obpasHoro Tuma (puc.4). s
I : : I : I 9TOTO B COOTBETCTBHHU C [8] BBITOJHUM IpeoOpazoBa-
Xa : Xty QX | : Xip | Xap : HHE YKa3aHHOH CXEMBI K BHIY, YJI0OHOMY Uil MOJIE-
x,(Jjs) | : : | : | Jwmposanus. IlapameTpsl mocienHeil B 3aBHCHMOCTH
: il Tl : L : OT HAYaJbHOTO TOKA KOPOTKOTO 3aMBIKAHHUS MpPHUBEE-
| O — R | HBI B Tabn.2. 13 Tabmn.2 BugHo, uro OBI" u nemndep-
o I /S ! JS : T /5 ! JS | Has CHCTeMa MPEJCTABIAIOTCS KaXIas IBYMs SKBHBa-
L 4 (B L4 A L4

__________ | JICHTHBIMU KOHTypaMmH. IIpy 3TOM HEKOTOpbIE U3 HHUX
Pucynok 2 — I'— obpasnas cxema 3amewerus npu npeo- HMMEIOT OTpUIATEIbHBIC BETUYNHBL.
cmagnenuu OBI” mHozokonmyphou yenvio

Tabmuma 2 - 3naueHust mapamerpoB cxeMbl 3amerneHus TIT tuma TBB-160-2 npu npencranennn OBIT

MHOTOKOHTYPHOU LENbIO

OBI' Jemndepnas cucrema
In(O) Xr1 Tl Xf2 T'ro Xp1 Ip1 Xp2 D2
1,00 0,360 0,001569 -0,811 -0,09986 -7,393 -0,03219 0,487 0,05996
2,15 0,350 0,001557 -0,510 -0,08116 -9,271 -0,04121 0,298 0,04739
3,54 0,343 0,001538 -0,418 -0,05601 -21,88 -0,09819 0,241 0,03235

3HaueHHs EKTPOMArHUTHBIX TIaPaMeTPOB, MOJTYUYEHHbIE Ul JUCKPETHBIX BEJIMYMH TOKA CTATOpPa, MOTYT OBITH
aNMpOKCUMUPOBAHb! AHATMTHYECKUMH 3aBucHMocTaME Buna f (1) =a+bl +cl’ . Kak cienyer u3 ananusa tabm.2, 3Ha-
YEeHHUs MEPBOTO KOHTYpa, oTpakaroiero iausare OBI', He3HAUUTEILHO 3aBUCSIT OT HAYAJILHOTO TOKa craropa. Tak Be-
JIMYMHA MHYKTHBHOTO CONPOTUBIICHUS X ¢ NP H3MECHEHHH TOKA OT 1,0 mo 3,54 o.e. usmensiercs Ha 4,7%, a akTHBHOE

- Bcero Ha 1,9%. [1o3ToMy MOKHO C TOCTATOYHOM TOYHOCTBIO CUHATATh, UYTO OT TOKA CTATOPA 3aBUCAT IMapaMEeTPhI TOJb-
KO OJTHOTO KOHTYpa, xapakrepusytomniero OBI'. [TapameTpsl, oTpaxaromue BIUsSHIE IeMII(pEepHON CHCTEMBI, B OOJbIICH
CTEIICHHU 3aBHCAT OT TOKa craTtopa. OMHAKO, MOCKOJIbKY 3HAUCHHS WHIYKTHBHBIX CONPOTUBIICHUI MEPBOTO KOHTYpa Ha
MTOPSAAOK OOJBIIIE BTOPOTO, TO MX BIMAHHE OYAET HECYIIECTBEHHO. DTO ITO3BOJIUT COKPATUTH BPEMs Ha pacueTHEIE TIPO-
mexypbl. OHAKO, TIOCKOIBKY MPEATIOKECHHAS METOMKA He TpeOyeT mepecueTa 3HAUeHUI mapaMeTpoB CXEMBI 3aMelie-
HUS Ha KaXJIOM IIIare MHTETPUPOBAHUS U PEepeHINANEHBIX YPAaBHEHUH, TO TaKOH MOJX0 MOXKHO CUHTATh HEIEIIECO-
00pa3HbIM.
PaccMoTpuM Temeps METOAMKY aHaJIM3a C YYETOM HACBIIECHUS KOPOTKUX 3aMBIKaHUH 32 BHEIIHUM COIPOTHBIIE-
HUEM, BKIIIOYCHHBIM B LIENb CTATOpa TeHepaTropa, HalpuMep, TpaHchopmaTop OJOKa «reHepaTop-TpaHChOopMaTop).
[TOoCKONBKY OT BEJTMYMHBI BHEIIIHETO COMPOTURIICHUS 3aBUCUT HadalbHOE 3HAaUeHHe Toka K3, To i onpesaencHus ma-
pPaMeTpoOB CXEMBI 3aMEIEHHUs TeHepaTopa, COOTBETCTBYIOIIUX 3aJaHHOMY YPOBHIO HACHIIICHUS, HEOOXOIUMO Tpe/IBa-
U
PHUTENBHO OIIEHUTh HavyallbHOE 3HaueHue Toka K3 cienyromum obpazom [ n(0) =
X d +x P

. B coorBerctBuu ¢ [7] Ha-

XOAATCS JUIA MOTYYEHHOTO 3HAYEHHs TOKa CTaTropa IapaMeTphl CXeMbl 3aMeIleHHs, TOKa3aHHOW Ha puc.l. Bremnee
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COIIPOTHUBIICHHUE IIPH 3TOM YUYHTHIBACTCS IyTEM YBEIWYECHHS MHIYKTHBHOTO CONPOTHBIICHHUS paccesHus ctaropa. [Ipu
MOJIETUPOBAHHUH C ITOMOIIBIO CXEMBI 3aMEIIEHHS C BRIHECEHHON Ha 3a)KMMBI HCTOYHHUKA BETBHIO HAMAarHUYHUBAHUS JOJ-
’K€H OBITh BBITIOJHEH MPEIBAPUTEILHBIA €€ CUHTE3 B COOTBETCTBUU C [§]. CnemyeT 3aMeTUTh, YTO MapaMeTpbl pOTOp-
HBIX KOHTYPOB B CXEME 3aMCIICHHS, TOKa3aHHOU Ha puc.4, OYIyT 3aBUCETh HE TOJBKO OT TOKA CTATOpPa, HO U OT BHEII-
HEro CONpPOTHBICHUA. B paboTe mo pe3yiapTaraM CHHTE3a CXEMbI 3aMeleHus [ — 00pa3HOro THMA JUis pa3InIHbIX 3HA-
YEHUH TOKA CTaTOpa W BHEIIHETO CONMPOTUBIICHUS OBLIH TONTYYEHBI aHATUTHYCCKIE 3aBHCUMOCTH, allIIPOKCHMHUPYIOIINE
napaMeTpbl CXeMbl 3aMEUICHHs YpaBHEHHEM BHJIA

F(InO ’xeu) = A(InO) + B(InO )xsu + C(an )x2 (1)

6H *°
B cBoto ouepens koadunmenTs monuHoMa (1), 3aBUCSIINE OT TOKAa CTATOpa OIMCHIBAIOTCS aHAIOTUYHBIM BBI-
paKeHUEM:

fU0)=a+bl,+cl?. )

3HaueHHsI COOTBETCTBYIOMINX KOI(PHUIIMEHTOB IPUBECHBI B Ta01.3

Tabmuna 3 - 3HaueHUs KOA(PPHUINESHTOB TOIMHOMOB, aMMIPOKCUMHUPYIONINX MapaMeTphl cXeMbl 3ameneHus 1T
trnia TBB-160-2 B 3aBHCHMOCTH OT HA4YaJIBHOTO TOKA W YJAIIEHHOCTH KOPOTKOTO 3aMBIKaHU

a b c a b c
4 |y, 3,720%10" | -1,30%10” | 1,441*10” Iy 1,577%10° | -6,420%10° -1,27*10°
B : 1,135%10° | -1,20%107% | 4,414*10° : 7,404%10% | -1,205*%107 2,914*10°°
C -1,80%102 | 1,70*102 | 1,300%10° -2,194%¥10° | 9.284*10° -1,632*10°
A4 1 x, 1,236*10" | -5,02*10" | 7,700*10~ Fra 1,150%10" | -1,50*10° | -5,763*10
B : 2,398%10° | -7,31*107 | 1,170*10 : 1,790%10" -3,40%107 1,892%107
C 8,680%10" | -4,88*10" | 7,800%107 8,600%107 5,10%107 -3,552*107
A |y, [SL139%107 ] 6,676*10° | -2.616%10° | . -4,7%10” 2,7%10”° -1,1*10”
B 6,181%10" | -6,513*10" | 2,401*10' 3,66*%10" -3,06%10" 1,18%10"
C -1,295%10% | 1,514*10> | -5,464*10" -8,14*10" 7,61%10" -2,87%10"
A |y, [L7.56*10° | 3.17%10° | 4.9*10” - 7,2%10” -1,2%10” 2.02*10
B 2,991%10° | -1,086*10° | 1,73*107" 2,61%10 -4,6%107 1,869*107
C 7,1%107 0 0 9,708*10° | -7,696*107 -1,07*10*

PeByHBTaTBI pacye€ra KOPpOTKHUX 3aMBIKAaHUM BBIMIOJIHEHHBIX JIJISI Ppa3INIHBIX y,HaHeHHOCTeﬁ n HaHp}DKeHI/Iﬁ B UC-
XOOHOM PEXKUME IIPU NCTIOJIB30BAHNHU PA3JIMYHBIX CXEM 3aMECIICHUS COBIIAIN MEXKIAY c00010.

BoiBoa. Hpez[noxceHa METOAMKA MaTEMaTUICCKOro MOJACIIUPOBAHUA IJICKTPOMArHUTHBIX MEPEXOAHBIX MPOIEC-
COB IIpU TpeX(I)a3HBIX KOPOTKHX 3aMbIKaHUAX B Typ6oreHepaToan C YUYCTOM BJIMAHHA HACBIMICHUA nyTeﬁ MAarHuTHBIX
TIOTOKOB ITPU UCIIOJIb30BAHNU 3KBHUBAJCHTHBIX CXEM 3aMCIICHUA PA3JINYHBIX CTPYKTYDP.
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