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TaGnuua 2. MaxcesansHsii pesiu

Pac4yeTHan cxema
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ITonsiTue 0 CUMMCETPHUYIHBIX COCTABJIAIOIIUX

[Tpu ognodaznom wiu nByxdazHom K3, korna tpexdasHas cucreMa CTaHOBUTCSI HECUMMETPUYHOM, HEJb3s
BBITIOJTHATH PAcUeT TOJIBKO ISl OTHOUM U3 (pa3, Kak 3To Jenaercs mpu Tpexda3zHbIX CUMMETPUYHBIX
MOBpEXICHUAX. JIJIsl onpeiesieHus: TOKOB, TPOXOISIINX MPpU HecUMMeTpUuHbIX K3, moTpeboBanoch Obl
COCTaBJISITh HECKOJILKO ypaBHeHUM Kupxroda /st MHOTUX KOHTYPOB U Y3JIOB, 0Opa3yIoIIUXCs B
paccMaTpruBaeMoOil HECUMMETPUYHOM TpexdaszHoi cucteme. Perienue 3Tux ypaBHEHHUH C y4eTOM WHIYKTUBHBIX
CBs3el MeXIy azamu Jake MPU CPaBHUTEIHHO MPOCTOM CXEMeE CETH SBJISIETCS BeChMa CJIOKHOM 3a/1aueH.

C uenpo ynpouieH1s pacyeToB HECUMMETPUYHBIX PEKUMOB B TpeX(a3HOU CETH MPETI0KEH METOT
CUMMETPUYHBIX COCTABISIIOMUX. CYuyHOCMb 3M020 Memooda COCMOUm 8 mom, 4mo a0y mpexgasHyro
HeCUMMEMPUYHYIO CUCTEMY BEKMOPO8 MOKO8 UL HANPANCEHUU MONCHO 3AMEHUMb CYMMOU Mpex CUM-
MEMPUUHBIX CUCTEM.

- TPAMOM IMOCIIEIOBATEIBHOCTH, B KOTOPOUW BEKTOPHI, BPAIIAIOIIUECS TPOTHUB YACOBOU CTPEIKH, CIECIYIOT APYT
3a APYrom B uepenoBanuu A, B, C;

- oOpaTHOM mociie0BaTEILHOCTH, OTINYAIOIIEHCS] OOpaTHBIM UepeoBaHrueM BeKTOpoB A, C, B,

- HYJICBOH MOCJIE0BATEIIBHOCTH, B KOTOPOU BEKTOPHI BCeX (pa3 COBMAJIAIOT MO HAMPABJICHUIO.

Tox (Hanpspkenue) K3 paBHseTcs cyMMe TOKOB (HAIPSIXKEHH) OpsIMOM, 0OpaTHOM U HYJIEBOU IMOCIIe-

JOBAaTCJIBbHOCTH.



lio =1, +1,+1,; u.=U,+U,+U,

HpOI/IBBOI[I/ITCH pacucT 3TUX TPEX CUMMCTPHUYHBIX CUCTEM I10 PACYCTHBIM CXEMaM, COCTABJICHHBIM JIA OI[HOI>'I n3

daz, u onpeaeNstoTcs MoaHbIe (ha3HbIe TOKU U HAMIPSKCHUS.

I'A:I'AI'FI'AZ_I'I'AU; UAZUA1+UA2+UA02
Igp=1Ip)+1p, +1py; Up=Upg +Upgy; +Upy;
Ic=Icy+1cy+1cy; Uc=Uc1 +Ucy +Ucyp;

Iy 10

B HOPMAJIbHOM CUMMCTPHUYHOM PCKHUMC, 4 TAKIKC IIPU CUMMCTPHIHOM K3, ITOJIHBIC TOKHW N HAITPSAXKCHUA PaBHBI
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TOKY U HaIPsHKEHUIO TIPsIMO TocieioBaTeibHOCTH. COCTaBISAIONINE 0OpaTHOM U HYJIEBOU
MOCJIEIOBATEILHOCTEN B CHMMETPUYHOM PEXUME PaBHBI HYJIIO.

Cocrasinsroniue 00paTHON MOCIEA0BATEIHLHOCTH BO3HUKAIOT MPHU MOSBJICHUH B CETH JTI000I HECUMMETPUH:
onHodaznoro unu aByxdasznoro K3, oopriBa (ha3el, HecuMMeTpuu Harpy3ku. Haubosnbiiie 3HaYeHUS TOK U
HaIpsDKEHUE 00paTHOM MOCIeI0BaTeIbHOCTH UMEIOT B MecTe HecuMMeTpuu. COCTaBIISIONINE HYJIEBON
MoCJieI0BaTeIbHOCTH MosABIst0oTCs npu K3 Ha 3emitto (0qHO0Ga3HBIX U ABYX(ha3HBIX), a TAK¥Ke MPU 0OpbIBE OAHOM
unu 1Byx Gda3. [Ipu mexaydazasix K3 6e3 3eminu (nByxda3Hbix U Tpex(da3zHbIX) TOKA U HAIPSIKEHUS HYJIEBOU
MOCJIEI0BATEIbHOCTH PaBHbBI HYJHO. [lafieHust HanpsKeHUs PSAMOi, 0OpaTHOM U HYJIEBOM MOCIEA0BATEIBHOCTH
00pa3yroTcst OT MPOTEKAHUS TOKOB JIMIIThL COOTBETCTBYIOIIMX MOCIIeN0BaTeIbHOCTE M. Kak bl 3JIEMEHT CUCTEMBI
00J1aJa€T COOTBETCTBYIOIINM 3HAYEHUEM CONPOTUBIICHUS JIJISl KAXKIOM MOCIEA0BaTEIbHOCTH TOKOB.
ConpoTuBIeHUS MPSIMOM MTOCIEOBATEILHOCTH BCEX DJIEMEHTOB CETH MPECTABIISIIOT COO0M OOBIYHBIC
COTPOTHUBIICHUS 3TUX PJIEMEHTOB B CHMMETPUYHOM PEXHUME.

Jlist Tpancopmatopa, Tak Kak ero OOMOTKH HEMOABUKHBI IPYT OTHOCUTENBHO APYra, COMPOTUBIICHHUS
CaMOUMHIYKIIUM U B3aUMOWHIYKIIUM OOMOTOK €TI0 CONPOTUBJICHUE HE 3aBUCHUT OT MOPSIKA yepeoBaHus ¢as.
[TosTOMYy, €ro CONnpOTUBIICHUS MPAMOUN 1 0OpaTHOM MOCIE0BATEILHOCTEN PaBHbL: Zz; =z, . DTO CIIPABEIJIUBO TaK
e JIJI1 BO3YIIHBIX U KaOeIbHbIX

JUHUN. 3HaY€HUE COMPOTUBIICHUS HYJIEBOU MOCJIEIOBATEILHOCTH TpaHC(HOpPMATOpPA Z) 3aBUCUT OT €r0



KOHCTPYKIIMHM M CXEMbI COEIMHEHUSI OOMOTOK. TOKM HYJIEBOM MOCIEI0BATEILHOCTH MOTYT IPUTEKAThH B
TpaHc(hOpMaTop TOIBKO CO CTOPOHBI OOMOTKH Y (, HEUTpab KOTOPOM 3a3eMIIeHa, UJIU NPU HAJTMYUHU HYJIEBOTO
IPOBOJIA, TAK KAK TOJIBKO B 3TOM CJIy4a€ MOXKET CYLIECTBOBATh 3aMKHYTBHIM KOHTYP IJIsI TOKOB OJUHAKOBOTO
HaNpaBJICHUA.

[Ipu coenuHeHn 0OMOTOK B TpaHC(hOpMaTOpa B TPEYTOJIbHUK TOKU HYJIEBOM MOCIIEI0BATEILHOCTH MOTYT
MPOTEKATh TOJIBKO B (pa3zax 3To OOMOTKH, €CJIU 3TH TOKH MPOTEKAIOT MO APYTroil 0OMOTKE, COeMHEHHOH B V0.
OnHako HU NMIPUTEKATh U3 CETH, HU TPOHUKATh B CETh U3 OOMOTOK TpaHCpopmaTopa, COeAMHEHHBIX B
TPEYTOJIbHUK, TOKH HYJIEBOM MOCIEI0BATEILHOCTH HE MOTYT. DTO CIAEIYET U3 TOTO MOJOKEHUS, YTO TUHECHHBIC
TOKH, paBHbIE PA3HOCTH JABYX (ha3HbIX TOKOB, HE MOTYT COJEPkKAaTh COCTABIISIONINX HYJIEBOMN MOCIE0BATEIb-
HOCTHU, KOTOpbIE COBMAAAIOT MO HAIIPABJICHUIO U PABHBI M0 BEJIMYMHE B KOXKI0U (ase.

B oOMoTKax TpaHc(opMaropa, COEIMHEHHBIX 3BE3/10M, TOKH HYJIEBOM MOCIIEI0BATEIbHOCTH BOOOIIE MPOTEKATh
HE MOTYT, HE 3aBUCUMO OT CXEMbI COSITMHEHHUS Apyroi 0OMoTKU. [IpoTekaHne TOKOB HYJIEBOM
MOCJIEIOBATEILHOCTH B OOMOTKaX TpaHcopMaTopa COMpOBOKIAETC 00pa30BaHHEM MarHUTHBIX TOTOKOB

HYHCBOP’I MOCJICAOBATCIIBHOCTHU B €T'0 MAI'HUTOIIPOBOJC.
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a) — B CeTH, NUTAIOLIEHCH 0T reHeparopa ¢ APB;

6) — B C€TH, NUTAIEeNcss 0T CHCTEeMbI HeOFpaHH‘leHHOﬁ

MOIIIHOCTH.

Paccuumame mpexgasznoe K3 — 310,

3HAYUT, ONPEACIUTh TOKA U HAIPSKE-HUAS
IIPUA 3TOM BHJIE TTOBPEXKIAECHHS KaK B TOUKE
K3, Tak 1 B OTZIEILHBIX BETBAX U y3JIaX
cxembl. Tok B mpouecce K3 He ocraercs
ITOCTOSIHHBIM, @ U3MEHSETCS, KaK
MOKAa3aHO HA PUCYHKE; TOK,
YBEJIWYUBIIUKCS B IIEPBBIA MOMEHT
BPEMEHHU, 3aTyXaeT JI0 HEKOTOPOTO
3HAYCHMUS, a 3aTE€M 10T ICCTBUEM aAB-
TOMAaTHUYECKOTO PETYJIATOPa
B030yxneHus (APB) nocturaer

YCTAaHOBUBIICTOCA 3HAYCHUA.

[TpomexyTOK BpEMEHHU, B TCUEHUE KOTOPOTO



MMPOUCXOIUT U3MEHEHNE 3HaUeHUs ToKa K3, onpenenser npoaoKUTENBHOCTD MEPEXOTHOTO

npouecca. [Tocie Toro kak U3MEHEHNE 3HAYEHHS TOKA ITPEKPAIAECTCS, 10 MOMEHTA OTKIIroueHus K3
MpoIoJKaeTcsl ycTaHoBUBIIMMCS pexkuM K3. B 3aBUCMMOCTH OT Ha3HAYEHUS BBITIOIHSAEMOT0 pacuera (BbIOOp
YCTaBOK PEJIEHHON 3alIUThI WU MTPOBEPKA AIEKTPOOOOPYIOBAHUS HA TEPMHUUYECKYIO U AIEKTPOIUHAMUYECKYIO
CTOMKOCTh) HAC MOTYT MHTEPECOBATh 3HAYEHHUSI TOKA B pa3Hble MOMEHTHI BpeMmeHu K3. 13-3a Hanuuud B ceTu
VHIYKTUBHBIX CONPOTUBIICHUH, MPETATCTBYOIINX MTHOBEHHOMY U3MEHEHUIO TOKA MPU BO3HUKHOBEHUN K3,
3HAYCHHUE TOKA HArpy3KH Iy HE U3MEHSETCS CKAYKOM, & HapacTaeT Mo OMPEJCICHHOMY 3aKOHY OT HOPMaJIbHOTO
710 aBapUMUHOT0 3HAYCHUS. /(1 ynpoleHus pacyera U aHaJIn3a TOK, MPOXOAIINI BO BPEMSI IEPEXOTHOTO
nporecca K3, paccMaTpuBarOT Kak COCTOSIIUN U3 08YX COCMABNAIOUUX: ANEPUOOULECKOU U NEPUOOUUECKOU.
Anepuoouueckoit Hazvieaemcs NOCMOAHHAA NO 3HAKY COCMABNIAIOWASA MOKA 1, KOMOpas 603HUKAEm 8 Nepeabvlil
momenm K3 u cpasnumenvro 6vicmpo 3amyxaem 00 HYJSL (DUCYHOK).

Iepuoouueckasn cocmasnarowias moxa K3 6 nauanouwviu momenm epemenu I, Hazvieaemcs HayaIbHbIM MOKOM
K3. Hauanvuwvi mok K3 nasviearom makoice ceepxnepexoonvbim i,, maK KakK 0 e20 OnpeoeieHus 8 CXemy
3ameweHust 8800sIMCsl ceepxnepexooHnvie conpomusnenus cenepamopa X""yu 3/JC E",

3HadeHne HadaIbHOTO ToKa K3 MCMoab3yroT, Kak MpaBuiio, s BIOOpA yCTaBOK U MPOBEPKH UYBCTBUTEIHLHOCTH
PEJIEMHOM 3alUTHI.

Yemanoeueuumca na3piBaercs HCpI/IOI[I/I‘ICCKI/Iﬁ Tok K3 mociie okoHuaHus IMePCXOaHOTO IMporecca,



00YCIIOBIICHHOTO 3aTyXaHUEM aNEPUOANYECKON cocTaBisionen u aerctsuem APB.

Memoouka pacuema moxkoe KOpOmMKo20 3amvlKanus 6 cemsax 6-35 kB

PacdeT npon3BOANTCS HA OCHOBAaHWUH CXEMbI 3aMEIICHUS, I KOTOPOU JTOJKHBI OBITh pACCUMTAHBI BCE
AJIEMEHTHI.

AKTHBHBIE U PEAKTUBHBIE CONPOTUBIICHUS JINHUU dJIEKTporiepeaaun 6-35 kB consmepumsl, mo3TOMy Ipu
pacyeTe TOKOB KOPOTKOT'O 3aMBIKAHHS YUUTHIBAIOTCS KaK aKTUBHBIC, TAK U PEAKTUBHBIE CONPOTUBIICHUS. DTH
BEJIMYMHBI MOKHO pacCUUTAaTh, 3HAs TUIL, JJIMHY U CEYCHUE JIMHUU, UCTIOJIb3Ysl CIPABOYHUKHU. B npuiioxennn
MIPUBOJISITCSI CIIPABOYHBIC TAHHBIE IO JIEKTPUUECKUM MapaMeTpam psijia Haubosiee 4acTo MPUMEHSIEMbIX THUIIOB
JMHUU. DTU JJaHHBIE yAEIbHbIC. BETMYNHBI AKTUBHOTO Y PEAKTUBHOTO COMPOTUBIICHUS YYaCTKA JINHUH
MOJTYYat0TCd YMHOXECHUEM YJICJIbHBIX MTAPAMETPOB JIMHUM HA UX JUJTUHY B KM.

AKTUBHBIE U PEAKTUBHBIE COMPOTUBJICHUSI TpaHCHOPMATOPA ONPEICTAIOTCS MO €r0 MAaCHOPTHBIM JTaHHBIM, B PSJIC
CJIy4aeB, U3-3a OTCYTCTBUS MACOPTa, MpUXoauTcs Opath 3Tu AaHHbie o ['OCTy.

JlanHbIe 11 TBYXOOMOTOYHBIX TpaHC(HOPMATOPOB OMPENEISIOTCS MO BHIPAKECHUSIM:



U, Uz

7 /4
mp Y
/4
rae: £,,, = NonHoe conpoTueneHne TpaHcopmaTopa 8 OM;

Uk_ HanpAXxXeHWe KOPOTKOro 3amMblKaHMA B OTHOCUTENbHBIX BENUYMHEGX (%),

U,y — HOMUHanNeHoe HanpsikeHne cTopoHel BH TpaHcdopmatopa B kB;
Smp — HOMMHanNsLHaA MoLWHOCTL TpaHcgopmaTopa B MBA.
2
Pk ) Ump
Rm
P8
2mp

rae: R,,,— akTMBHOe conpoTuBIeHne TpaHcdopmaTopa B Om;

P, — noTepwu KOpOTKOro 3amblkaHuUa NpyY HOMUHaNbLHOM Toke TpaHcdopmaTopa B BT;

Ump — HOMMWHarnbHoOe HanpseHne ctTopoHbl BH TpaHcdopmaTopa B KB;
5mp — HOMWHanbHas MoWHOCTb TpaHcdopmaTopa B KBA.
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PeaktuBHOE compoTHBICHHE TpaHChOpMaTOpa:

Xis =\ Z2, - RE,

B OonbIIMHCTBE Clly4aeB Jisl MPAKTUUYECKUX PACUETOB MOXKHO MPEeHEOpeYh aKTUBHBIM COMIPOTUBIICHUEM
TpaHchopMaTopa, €ro CONpOTUBIICHUE MPUHUMAETCSA PABHBIM Z U cUUTaeTca peakTuBHBIM (X). MckimoueHue:
TpaHchopMaTopsl HaNpsLKeHUEM 6-35 KB ¢ anroMuHnEeBEIMU 0OMOTKaMU.

[Ipu pacuere TokoB K3 3a Tpancpopmaropamu ¢ PITH, umeromux 60biion quana3oH NepeKIoueHUs

OTBETBJICHUH, CIIETyET yIECTh NU3MEHEHNE COMPOTUBRIICHUS MPH H3MEHEHNH KO3 uimeHTa TpanchopMaIinm.

COHpOTI/IBHeHI/Ie HNCTOYHHUKA ITUTAHHUA OIIPCACIIACTCS 11O BEINYUMHEC TOKA K3 na MIMHAaX, OT KOTOPBIX OTXOAUT

3aluIaeMast JIMHUs. DT TOKU U3BECTHBI U3 pacyeTa yCTaBOK TpaHcpopmaTopa.

11



X:U‘”

Y V3. Ik3

rae: X, — peakTMBHOe COMpOTUBMEHWE Ha WnHax B OM;
U, - HanpsxeHue Ha W1Hax (HOMUHaNbHOEe Hanps)XeHue NUTaloLero TpaHcgopmaropa);
I3 —Tok K3 Ha wuHax.

JIOJKHBI OBITH BBITIOJHEHBI Uw=UH.Tp-pa Xw Rn1, Xn1 Rnz, Xn2z » Rr2, X2 1
K K

pacuCThI AJI1 MUHUMAJIbBHOI'O U I
MAaKCUMAJIbHOT'O pCKHUMaA. I f' | :Er' f"

ITocne BhINIOTHEHNS PACUYETOB

JUISL BCEX YYaCTKOB JINHUU U Ry 1, X1y

MUTaeMbIX TPaHCHOPMATOPOB
K3

CTPOUTCA CXEMaA 3aMCIIICHUA

PacueTHas cxema 3aMelleHnA.
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I[J'ISI OIPCACIICHUA TOKA K3 B HY)KHOfI TOYKC, H€O6XOI[I/IMO CJIOXKHUTb OTACIIBHO aKTUBHBIC U PCAKTHUB-HbIC
CONMPOTHUBJICHUSA BCCX YHACTKOB 10 TOYKH K3. 3aTeM Cl10KUTH IreOMCTPHUYCCKU CYMMAPHBIC AKTUBHBIC U

PEaKTUBHBIE CONPOTUBIIEHUS. 110 TOTy4YEHHOMY TOTHOMY CONPOTUBIICHUIO ZK onpenenuTts Tok K3. Hampumep

g Touku K4:

Rys =+Rp + Ry, + Ry, Xyy = "'.’;x:-i "‘R:at
"Hd = £—w
v3-Zy,

Memoouxka pacuemos moxkoe K3 ona evibopa ycmaeok mpancgopmamopa

Jlnst pacyeTa TOKOB KOPOTKOTO 3aMBbIKaHHS HEOOX0MMO coOpaTh cieayromire fanabie: CompoTUBICHNE
MCTOYHHKA MMUTAHUS Ha MIMHAX, KyJa MOAKII0YEH TpaHc(hopMaTop, B MAKCUMAIbHOM U MUHUMAIBHOM PEXKHME.
OOBIYHO 3a71a€TCS BEIMUMHA TOKA WJIM MOIITHOCTH KOPOTKOTO 3aMbIKaHUs. CONMPOTHBIICHUE NCTOYHUKA TTUTAHUS

o BenuunHe Toka K3 Ha muHax onpeaensercs mo hopmyie:

13



U

Z, =——
V3.Ik3

rne:
Z ,— PeakTUBHOE COMPOTUBNEHWE Ha WnHax B Owm;
U, —HanpsikeHWe Ha WnHax (HOMWUHankHoe HanpskeHue nuTawoLero TpaHcdopmartopa) 8 KB;

13— Tok K3 Ha wuHax B KA.

ConpoTuBI€HNE UCTOYHKMKA MUTAHUS MO BeIuynHe MoIHOCTH K3 Ha mmHax onpenaensieTcs no gopmysie:

[ 2
Z o =—
Sk3

roe:
Z,,— peaKkTUBHOe ConpoTUBeHue Ha WwiHax B Om;
U,,— HanpseHve Ha WKWHax (HOMWHaNbHOE HanpsXXeHue nuTarLLero TpaHchopmMaTopa) B KB;

S j3— mowHocTb K3 Ha wuHax B MBT.
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AKTHUBHBIE U PEaKTUBHBIE CONMPOTUBIICHUS TpaHCPOpMATOpa OMIPEACIIAIOTCS M0 €TI0 MAaCIOPTHBIM JaHHBIM, B Psijie
CJIy4yaeB, U3-3a OTCYTCTBUS MACIOPTa, MPUXoauTcs OpaTth 3Tu AaHHblie o ['OCTy.

B macnopte Tpancdopmaropa npuBoaUTCS HanpsikeHue KopoTkoro 3ambikanus Ux B %, KOTOpO€ yKa3bIBaeT,
KaKoe HampsikeHue OyneT Ha BeIBoaax TpaHchopmaropa npu Toke K3 3a Tpancpopmaropom paBHOM
HOMHUHAJILHOMY.

I[J'IH I[BYXO6MOTO‘IHBIX TpaHC(I)OpMaTOpOB 9THU JAHHBIC OIIPCACIIAIOTCS 110 BBIPAKCHHUAM:

2
7 - U -Upp
mp — <
mp
rae:
Z,,,p — MonHoe conpoTuBneHue TpaHcdopmartopa B Om;
U, — HanpsxeHWe KOpOTKOro 3aMbIKaHWA B OTHOCUTENbHBIX BENUYMHAX;
U, — HOMWHanbHoe HanpskeHue cTopoHel BH TpaHccopmaTopa B kB,

A) mp — HOMUHENBHAA MOLLHOCTB TpaHcdopmaTopa B MBA.
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PeakTnBHOE CONIPOTUBIIEHNE TpaHCHOpPMATOPA: X, 4= \/ 72 _R?

mp mp
ZC—
Jl1st TpeXx0OMOTOYHBIX TpaHC(POpMaTOpOB 7.
CcXeMa 3aMeIleHUs COCTOUT U3 TPex
conpotuBieHuit oomo-tok BH, CH u HH,
COCUHEHHBIX B «3BE3/y»: 2

Cxema 3amelleHna TpexodbMoToYHOro TpaHcdopmaTopa.

HarmnpsbkeHnst KOpOTKOTO 3aMbIKaHUA TAIOTCSl CyMMapHO I Kaxa0u mapel ooOMoTok. [losTomy, mocine
onpeieNIeHUs COMTPOTUBIIECHUS KaXI0U Mapbl 0OMOTOK, UX HY>KHO MEPECUYUTaTh B COMPOTUBIICHUS OTEIbHBIX

00OMOTOK 1o (hopMynam:

7o Zpc+Zpn—ZLch
5=

3
7 = Zpc+Zcy —ZLBH
c =
3
7 ZLeg+Zcg—ZLpc
=

3

11U



Jlist TpancopmaTopoB ¢ pacuieruieHHo ooMoTkoir HH cxema 3aMerniienns Takske COCTOUT U3 TPeX
conpotusiennit oomorok BH, HH; u HH,, coenunennpix B «3Be3ay». OHAKO B MacnopTe MPUBOIUTCS TOIHKO
OJHO HaIpsiKEHUE KOPOTKOro 3ambikaHust Uk%. OHO COOTBETCTBYET PEKUMY KOPOTKOT'O 3aMBIKaHHUS 34 ABYMS,
COCIMHEHHBIMU TTapajieIbHO 0OMOTKaMU HU3KOTO HampsibkeHus, [locie ero mepecyera B CONPOTUBIICHUE,

COMPOTHUBIICHUS OTJIEIBHBIX OOMOTOK CUHUTAIOTCS TI0 hOpMyJIaMm:

ZB - O,IZSZBH
Ly =Ly =175-Zgy
Jlnst TpancopmMaTOpOB UMEIOITUX OOJIBIION TUana3oH u3MeHeHus Koddduimenta tpanchopmannu (¢ PITH)

HEOO0XO0JMMO YUUTHIBATh U3MEHEHUS BeTUUYMHbBI TOKa K3 mpu perynupoBaHuu U paccuuThiBaTh TokU K3 miis

CpeaHEero M KpaHuX moJioxeHuit nepexntouarenis. Tok K3 paccuntsiBaeTcs no gopmyiie: | U om
K3 —
V3 -ZK3
U,,y— HOMUHaNLHOE  HanpskeHWe, MNPUHUMAETCSH  HanpsikeHwe  cpedHero  NONOXEHUS

nepeknoyatens TpaHcopmatopa unu 1,05 cooTeeTcTBYOWEN cTyneHn HanpsikeHus. (230, 115, 38,5
KBwurTn.);

Z j3— CONPOTUBMNEHME KOPOTKOrO 3aMblkaHus, paBHOE CyMME COMPOTUBNEHWE CUCTEMbl Ha CTOPOHE
BH, conpotuBnenna obmoTkm BH m 0BbMOTKKM 32 KOTOPOW BLINOMHASTCA KOPOTKOE 3aMblKaHMe:

ZK3:ZC+ZB+ZH(C)
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Ocobennocmu pacuema TK3 mpancghopmamopoe 10/ 0.4xB

[Ipu pacuere yuyuThIBatOTCS peKOMEHAANU « MEeTOIMUYECKNX YKa3aHUM M0 PacyeTy TOKOB KOPOTKOTO 3aMbIKAHHS
B CETH HanpspDKeHueM A0 1 kB anekTpocTanimii v NOACTAHIMN C YYETOM BJIUSHUS SIICKTPUUECKOU TYTH»

[Ipu pacuere TOKOB KOPOTKOTO 3aMbIkaHusl Ha cTopoHe 0.4xB HE0OX0AMMO YUYUTHIBATh HEKOTOPHIE JaHHBIE, PSIT
KOTOPBIX HE YUHUTHIBAIOTCS Npu pacuere TK3 Ha Oosiee BHICOKMX HANIPSKEHUSIX:

- UHJIYKTUBHBIE CONMPOTHUBIICHUS BCEX 3JIEMEHTOB KOPOTKO3AMKHYTOM LIENH, BKIJIFOYas TPOBOTHUKH,
TpaHcpopMaToOpbl TOKA, PEAKTOPHI, TOKOBBIC KATYIITKK aBTOMAaTUYECKUX BBIKIIOUATE/ICH;

AKTUBHBIC COIIPOTUBJICHUA 3JICMCHTOB KOpOTKO3aMKHYTOﬁ JI(SI05

AKTUBHBIC COIIPOTUBJICHHUA KOHTAKTOB U KOHTAKTHBIX COCﬂHHCHHﬁ;

TOKOOI'PaHNYHMBAKOIICC BIIMAHUC BHGKTpI/I‘ICCKOﬁ AYTH;

3HAYCHUS MMAPAMETPOB ACHHXPOHHBIX AJEKTPOJABUTATENEN, €CIIM UX CYMMapPHbIA HOMUHAJIBHBIA TOK
npesbimaet 10% HOMUHAIBHOTO 3HAYEHUS IEPUOINUECKOU cocTaBisronen Toka K3 B mecre K3, paccuntannoro
0e3 yueTa BIMSIHUS AJCKTPOABUTATENCH.

Kpowme Toro, nmpu pacuerax TokoB K3 pekOMEH1yeTCSl yYUTHIBATh N3MEHEHUE AKTUBHOTO COMPOTUBIICHUS
IIPOBOJJHUKOB KOPOTKO3aMKHYTOM IIE€MH BCIIEACTBUE UX Harpesa npu K3.

IIpu pacuemax moxos K3 donyckaemcst He yuumuleams.:
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- TOK HaMarHMYUBAaHUSA TPAHC(HOPMATOPOB;

- HACBIIIEHUE MAarHUTHBIX CUCTEM DJIEKTPUUECKUX MAaIH;

- BJIMSHHME ACUHXPOHHBIX AJICKTPOJIBUTATEIICH, €CIIM UX CYMMAapHBI HOMUHAJIbHBIN TOK HE npeBbimaet 10%
Ha4vaJbHOTO 3HAYCHUS MIEPHOINICCKON COCTaBIIAtONICH Toka B MecTe K3, paccuntanHoro 0€3 yuera
BJICKTPOIBUTATETICH;

- COIIPOTHBJICHHUE BHEITHEHW YHEPTOCUCTEMBI MTPU pacyeTe TOKOB MeTaiinueckoro K3 B cuioBbIx cOopkax,
cOopkax 3aIBMKEK, a Takke K3 3a oTXoagmumu oT COOpOK U IITUH KaOeIsiMu;

- CONPOTHUBJICHHUE BHEITHEW YHEPTOCUCTEMBI P paCUYETe BCEX BUAOB yroBoro K3;

- BIIMSIHAE aCMHXPOHHBIX 3JICKTPOJIBUTATEIICH MTPU pacueTe BCEX BUAOB AyroBbix K3.

Koadduruentst Tpanchopmannu TpaHcHOpMaTOPOB TOMYCKACTCS TPUHUMATh PABHBIMU OTHOIIIEHUIO CPETHUX
HOMUHAJIBHBIX HANPSHKEHUHN TEX CTYNEeHEW HaNpshKeHUs, KOTOphIE CBI3bIBAIOT TpaHchopMatopsl. [Ipu aTom
CJeyeT UCTIOIB30BaTh CIACAYIONIYIO IIKATY CPEAHUX HOMUHAJIBHBIX HAMPSIKCHUN:

37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69; 0,525; 0.4; 0,23 xB.

Onpeoenenue napamempos 371eMeHmo8 cemu

Pacuet TokoB K3 B ceTn HanpsbkeHuem 10 1 kB 1ieiecoodpa3Ho mpoBOAUTE B UMEHOBAHHBIX €MHUIIAX.

[Ipu cocTaBaeHNM SKBUBAJICHTHBIX CXEM 3aMEIICHUS CJIEAYET B Ka4eCTBE OCHOBHOM CTYIICHH BHIOMPATh CTYIICHD

IMOHM>XCHHOI'O HAIIPsAXKCHUA, KAaK IIPaBHUIIO, 0,4 KB, d AKTUBHBIC 1 MHAYKTUBHbBIC COIIPOTUBJICHUS BCCX 3JICMCHTOB
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CXEMBI 3aMeIleHUsI BhIpakaTh B MUuIoMax (MOM). ConpOoTHUBIICHUE BHEITHENW CUCTEMBI BKJIOUAET B CEOsI
COMPOTHUBIICHUE MPUJIECTAIOIIECH YaCTU SHEPTOCUCTEMBI HA CTOPOHE BBICOKOT'O HAMPSHKEHUST paboyero wiu
pesepBHOro Tpanchopmartopa nutanus PY 6 (10) kB, conpoTusnenre coOCTBEHHO TpaHC(HOPMATOPOB paboOYEro
u pesepBHoro nutanus PY 6 (10) kB, a Takyke conpoTHUBICHNE ITMHOMPOBOJIOB MIIM KaOCIbHBIX CBS3EH, 110
KOTOPBIM OCYIIECTBIISICTCS BBOJ pad04Yero UiIu pe3epBHOIO MUTAHUs Ha MUHBI cekuuii PY 6 (10) kB.
ConpoTuBneHue (B MIWIITHOMAaX ) MPUJIETAIONIeH YaCTH SHEPTOCUCTEMBI (X C) MOXKET OBITh ONPEEICHO MPU

M3BECTHOM 3HaUY€HUU TOKa TpexdazHoro K3 Ha cTopoHE BBICOKOTO HANpPSLKEHU 1Mo (popmyrie:

Y (](‘zp.HH U(‘zp.HH ' 10_3
¢ ‘\/g -d, K3en (}T(‘p.eﬂ SK3

roe:
U op.un— CPEAHEE HOMUHAMBHOE HANPSKEHWE CETU, MOAKMIOYEHHON K OBMOTKE HUBLIETO HanpPAKEHNs
TpaHcdopmaTopa, B;

Ig3.,— AOeWcTBylouwlee 3sHavYeHWe nepuoauveckol cocTaBnAloWen Toka npu TpexdasHom K3 vy

BbIBOAOB 0BMOTKM BhICLIEro HanpskeHna TpaHcopmartopa, KA,
U.peu— CPEAHEE HOMMHanNbHOE HarnpskeHWe CeTH, K KoTopoli nogkmioveHa oBMOTKa HU3LWeEro

HanpsxKeHus TpaHcdopmaTtopa, B;
S“— MOLLHOCTbL KOPOTKOrO 3aMblKaHWs Yy BLIBOOOB 0DMOTKM BbICLLUEro HanpsikeHWs TpaHccopmartepa

MBA.
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AxtuBHOE (PT) M MHIyKTUBHOE conpoTHUBIEHUS (Xm) (B MUJLIIMOMAX ) P. U S

L]
Tpancopmatopos 0,4 kB, mpuBeieHABIC K CTYTICHN HU3IIETO HATPSKEHHUS, = 31‘3 HOM. LA
CIEAYyEeT OMPEAeIISITh 0 (hOpMyJIaM: Upgz U JEH_Hﬂ_“
T 1008, 0
roe: Uy — HanpshkeHne KOPOTKOro 3ambikaHua TpaHccopmatopa, %,
Pjy3— noTepun KOPOTKOro 3amelkaHusa B TpaHcopmaTtope, KBT;
Ui s ™ HOMWHaNbHOE  NUHErWHOe  HanpskeHwe  OOMOTKM  HUSLWEro  HanpsXeHwus

TpaHcchopmaTopa, KB;
St Lon — HOMUHANbHaA MOLWHOCTL TpaHcdopMaTopa, KBA.
AKTHUBHBIC U UHIYKTUBHBIE CONPOTUBIICHUS HYJIEBOU MOCIIEA0BATEIHLHOCTH TPaHCHOPMATOPOB, OOMOTKHU

KOTOPBIX coeauHeHBI o cxeMe [I/Yo (TpeyroipHUK - 3B€3/1a ¢ 3a36MJICHHBIM HYJIEM), TPAKTUUECKH PABHBI
COOTBETCTBEHHO aKTUBHBIM W MHIYKTHBHBIM COMPOTHBIICHHUAM MIPSMOM TocieaoBaTebHOCTH. [Ipu coennueHnu
00MOTOK TpaHcpopmaTOpoB 1o cxeme Y/Yo (3Be3/1a - 3Be3/1a ¢ 3a3¢MJICHHBIM HYJIEM) aKTUBHBIE U UHTYKTUBHbBIC
COTIPOTHBIICHHS HYJICBOM MOCIEI0BATEILHOCTH 3HAYUTEIIHHO OOJIBIIIE COOTBETCTBYIONIUX COMPOTHUBIICHHM

MPSIMOM MOCJIETOBATEILHOCTH M UMEIOT 3HAYUTEbHBIN pa30opoc, BCIEACTBUE YETO Han0O0JIee T0CTOBEPHBIE
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pPE3yIbTAThl MOTYT OBITH MOJYYEHBI ITyTEM HEMOCPEACTBEHHOTO U3MEPEHUSI ATUX COMPOTUBIICHUMN TSI KaXKI0TO
KOHKPETHOTO TpaHchopmaTopa.

B nuTtepaType UMeroTCs pacueTHbIE PE3YIIbTaThl U 3aMEPhI COMPOTUBIICHHUH MOIOOHBIX TpaHC(HOPMATOPOB.
Jlanuble B TaONMIIaX MPUBOASTCS B 2-X BUJAX:

OtnensHo gaercs X1,R1,Xo, Ko. [To atum manneiM pacuer TK3 BexyTcs METOAOM CHMMETPUYHBIX

COCTaBJIAIOIUX: U
I, =1,=1I,= ; 2 -
JOR +R P +(2X, + X,V
=0 +1,+1,
1.,(1)
JlaeTcs BeImunHA « EZ T’
l _ [1) 1 )\/ 2 2
KOTOpasi paBHAETCS: ;ZT = 5 (2R1 + RO) + (ZX] + Xo)

U
) -~
PacueT TK3 npousBoautcs no gpopmyiie: K3 % _ ZTil )

CornpoTuBIeHUE HYJIEBOM MOCIIEI0BATEILHOCTH TpaHchopmaTopa cxemsbl [I/Y 0 paBHO CONTPOTUBIECHUIO MPSIMOiA

u Toku K3 nipu ogHOo(dazHOM 1 TpexPpa3HOM 3aMbIKAaHUU OJUHAKOBBI.

22



CornpoTHuBIEHHE HYJIEBOM MOCIIEI0BATEILHOCTH TpaHcpopmMaTopa cxembl ¥Y/Y 0 3HAUUTENIbHO, OO0JIbIIIE YeM
psIMOM TIocyienoBaTeIbHOCTH. BeneacTBue aToro, mpu oiHO(a3HBIX KOPOTKUX 3aMbIKaHUSIX TOKH K3 MeHbIie u
ATOT PEXKUM SIBJISECTCSA PACUETHBIM IPU IPOBEPKE UYBCTBUTEIBHOCTH 3aIIUTHI. [IepexonHoe akTuBHOE
COITPOTHUBJIEHHE KOHTAKTOB B KOPOTKO3aMKHYTOU LIENX IS YIPOIIEHHBIX PACUETOB PEKOMEHAYETCSI IPUHSTh
paBHBIM 15 MOM. 3TO COM3MEpPUMO C COMTPOTUBJICHUEM TPaHC(HOPMATOPOB U PACCUNTAHHBIA TAKUM 00pa30M TOK
Ha TpaHchopmaTopax 1000kBA momydaercs B 2 paza MeHblie, yeMm npu metaumndeckom K3. bosee Tounbie
pEe3yNbTaThl MOXHO MOJYYUTh Y4ETOM COMPOTHUBICHUHN BCEX AIEMEHTOB BXOAAIMUX B 1ienb K3. B ynmomsinyToi
METOJIUKE TIPUBOJISITCS JAHHBIE IO HEKOTOPBHIM BUJIaM allapaTypbl, KOHTPOJILHBIX KaOeliel 1 TOKOIIPOBOIOB.
Yuem conpomuenenus snekmpuueckoti oyeu.

Haubonee BeposiTHast BeJIMUMHA JEUCTBYIONIETO 3HAUEHUS IEPUOJANYECKON COCTABIAIONIEH TOKa Tpex(pazHoro

IOYTOBOT'O 3aMbIKaHHMs ONpeaensercs no Gopmyiie:

IOJ_,(,':I 'KC

nw

roe:
I, — nepuoguyeckas cocTaBnAwLlas Toka Metannuyeckoro K3 ¢ y4eToM aKkTUBHLIX W PeaKTUBHbIX

COCTaBNAKLLNX BCEX SNEMEHTOB;
K- roadpcpuumneHTt cHuxeHua Ttoka K3 nog genctevem anexTpudeckod ayru. BenuumHa Ke

onpefenseTca No XxapakTepUcTUKe NpUBEAEHHON Ha pUcyHke 1.25.
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Puc. 1.25 Kpueeie zasmcumocT He oT conpoTHENEHKA Lend K3,
Kpueas 1= Hadyano gyroBoro 2amMelkadiA tka < 0,05 cex,
Kpueas 2 — yoTaHDBUBLUMACS NPOLLSCE KOPOTHOMD 3aMBIKaHNA,

Comnpotusnenue nenu K3 onpenensercs nmo hpopmynam:

—TpexdasHoe K3 —

—neyxdasHoe K3 -

—ogHodhasHoe K3 -

zY)

-2 2
:\/‘Xlz +R]_E
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Yuem yeenudeHusA aKkmueHo2c0 COnpomuei1eHusl Kabesns npu eco Hacpeee

VYBenuueHne akTUBHOIO COMPOTHUBIICHUSI KaOems 1e1eco00pa3Ho yuuThIBaTh Npu pacuete Toka K3 3a kabenem

MIPYU ONPEJICIICHUN MUHUMAIBHBIX TOKOB K3: R,=C,R

C, -K03((HULMEHT YUYUTHIBAIOIINHN YBEIMYCHUE aKTUBHOTO CONTPOTUBIICHUS KaOels Mpy ero Harpene
AIEKTPUUYECKAM TOKOM. JIJIs1 yIIPOIIEHHBIX paCYETOB MOXKHO NPUHATH C, paBHBIM 1.5, ipeanonaras HarpeB
Ka0eJIst 10 MpeIesIbHO BO3MOXKHOM BEJTUYNHBIL;

R -akTUBHOE CONPOTUBJICHUE KaOeJs IpU TeMIepaType +20°.

LIpeonoorcenust no pacuemy TK3 0ns 8b100pa ycmagox 3auunsl mpancgopmamopos

[Tpu pacuere Bcex BunoB K3 st orcTpoiiku 3amut ot K3 3a TpanchopmMaTopoM UCHOIB3YETCS TOK
METALTUYECKOT0 KOPOTKOT'O 3aMbIKaHUSI 32 TPaHC(HOPMATOPOM.

[Ipu pacuere TokoB K3 a1 mpoBepku 4yBCTBUTEILHOCTH 3amuT npu K3 3a TpanchopmaTopoM MOITHOCTHIO
400kBA 1 MeHee UCTIONIb3YETC TOK KOPOTKOTO 3aMbIKaHUs 32 TpaHC(HOPMATOPOM C J100ABIICHHEM B IIEIIh
MepPeXoTHOTO conpoTuBiIeHUs 1 5MOM U HOpMUPOBAHHBIM KOA(PPHUIIUEHTOM YyBCTBUTEIHHOCTH. [Ipu
WCIIOJIb30BAHUH TOKA METAJUTMYECKOT0 KOPOTKOT'O 3aMbIKaHUs 3a TpaHcPopMaTopoM, KodhGuimeHT
YyBCTBUTEILHOCTHU 3aIUTHI JJOJDKEH OBITH HE MEHEe 2.

[Tpu pacuere TokoB K3 i1 nmpoBepku 4yBCTBUTEIBHOCTH 3aUT ipu K3 3a TpancpopmaTopom MomiHOCTEIO 630
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kBA u 60siee HEOOX0AMMO MPOU3ZBOAUTH MOIPOOHBINA PACUET C YUETOM COMPOTUBIICHUS JIEMEHTOB EMU U
CONIPOTUBJICHHUS TYTH.

Yyer pocTta CONpOTUBIICHUS KaOeJsl TPU HarpeBe TOKaMH KOPOTKOT'O 3aMbIKAHUSI TPOU3BOAUTCS MPHU PACUETE
TokoB K3 B koHIe ka0enei 0.4xB 115 mpoBepKy 4yBCTBUTEIBHOCTH 3AILUTHI.

Ilepecuem mokoe K3 na cmopony BH

Pexomennanuu no pacuery TK3, ykazaHHbIE BbIIIE, OTHOCUIIMCH K CTOPOHE HU3KOTO HamnpsbkeHus. s BeiOopa
yCTaBOK 3alUThI HAa cTopoHe BH, 3T ToKU M0KHBI OBITH IEpecuuTanbl Ha ctopony BH. Ipu aToMm cnemyer
y4ecTb OCOOEHHOCTH, CBSI3aHHBIE C TPYIIION coeAMHEHN 00MOTOK TpaHchopmaTopa. Hanbonee
pacopoCTpaHCHHBIMU I'PYIIIAMHU SIBJISIFOTCA TPEYTOJBHUK - 3B€3/a C 3a3eMJICHHBIM HyJieM (/Yo -11), 3Be31a -

tpeyroibauk (Y/-11), u 3Be31a - 3Be3/11a ¢ 3a3emieHHbIM HyJieM (Y/Yo -12). Toku tpexdaznoro K3

MepEeCYUTHIBAIOTCS uepe3 KoddPuIMeHT Tpanchopmanuu TpaHchopmarTopa. 13
HH

k;

(3) _
,EIH' _

J1J1st IpOCTOTHI YCIOBHO TpUHUMaeM K03GGUITMEHT TpaHChopMaIuu
Tpanchopmaropa k7= 1. IIpu 3TOM OTHOIIEHUE TUHEHHBIX TOKOB OOMOTOK ¢ coequHenueM Y u J[ paBHo 1, a

TOKOB B (pa3zax paBHO: ,
iy p fv :.,.rfﬂ = wﬂ_:,e“wy =/ 3 nnu W, =+ 3Wr
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[Tpu aByxdaznom K3 mexny dpazamu B u C ok K3 B (haze A co CTOpOHBI 3B€3/1bI OTCYTCTBYET.

F 9 I
2 A
=il =
< AN
B o
s v /%

l,, =0, nostomy, I, =—Ig,
1 2 1
(2) (2) . (2) {4 (2) (2)
,.em S ) *‘Br- IBﬂHﬂ o e "BY: fca o fcv
x'l ._1 1'“II .j _'_‘“Il 3

Takum o6pazom, npu 08yxgasrnom K3 3a mpancgpopmamopom co cxemoti A/Y meaxncoy gpazamu B u C 36e30v1 Ha
cmopone mpeyeonviuka moxu K3 npoxooam eo écex mpex ¢hazax. Ilpuyuem, B oqHOM (asze TeUeT TOK B JiBa pas3a

0oJIbIlle, UeM TOK JBYX ApYrux (aszax, u B 23 pa3 6okl ToKa I,y ¥ coBIagaeT ¢ HUM 1o (dase.
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AHanoOTUYHBIN pe3yabTaT NoxyyuTcs u npu asyxdazHom K3 3a tpancopmaropom co cxemoit Y/A-11. Tlpu

2 (2) (2)
IB._\} ‘T,n' IB]'

T \y/

q i
o (D (2} 2)
- e Iey Iey
N3

nByxdaznom K3 3a tpanchopmaropom co cxemoit Y/A mexny dhazamu B u C TpeyroiapHuka B 3TUX (azax

npotekaeT Tok K3 , B paze A tok K3 orcyrcrByer. Ha cropone Y To-ku K3 nmpoxoast Bo Bcex Tpex ¢azax
3BE3IBI, IIPHYEM, B OJHOIT ()a3e TedeT TOK B ABa pa3a GObIIe, YeM TOK ABYX Apyrux dasax u B 2/\3 pas
OONBIINH ;0.

[Ipu onnodaznom K3 3a TpanchopmaTopom co cxemoit coenunerns oomotok Y/Y no ctopone HH tok

MPOXOUT TOJBKO B IOBPEXKACHHOM aze A, U UMEET 3HaUCHUE:

1) =g+ 1y +1o55 B Loy =15 =1y,
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Toku I He He MoryT poTekaTh B 00MoTke BH, coeanHeHHO B 3Be311y, TO3TOMY, B OJHOMMEHHOH (haze Oyer

MPOTEKaTh TOK PaBHBIA < [(1) , a B ABYX JApYrux paszax — fLJ :
S la 2
J

2

2
Ign I,(;“ EI‘?J
—, A 4
B
Vi
C
& 0 .
ij’(lj

4

Ll

ITpu onHodaznom K3 3a TpancdopmaTopom co cxeMoit 00MoTok A/Y TOK | L‘# Ha cropoHe HH teuer

Tonbko B pase A, [ — ) —( . Co croponsi Tpeyronsauka BH Toku npoxoasr B 1Byx ¢asax - A u C,
OHM COCTaBJISIOT: 1 1
(1) . (1) : (1) _ (1)
lan = = Ly ; Iga = 0: Iea =——=1lay

-

v 3 A3
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Hcxonst M3 pacCMOTPEHHBIX BBIIIC MPHUMEPOB, IS TPAKTUUYECKUX PACUYETOB TOKHM MPOXOMAsIue B Qazax
TpanchopmMaTopoB ¢ yderoM BuAOB K3, cxem coemuHEHHS OOMOTOK U peadbHBIX KO3()(PHUIIMEHTOB
TpaHnchopmaluu TpaHchopmaTopa yA0OHO pacCUMTHIBATH OTHOCHUTENBHO Toka Tpexdasznoro K3. Hmxke manb
dbopmynbl mepecuera, B3sAThie W3 auTepaTypbl. Toku TpexdazHoro K3 mepecunThiBatoTcss yepe3 K0dPHUIIMEHT
TpaHnchopMmanuu Tpancpopmaropa.

Li!

k;

(3) _
’EIH -
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Toxu nByxdaznoro K3 3a tpancdopmaropom co cxemoit (A/Yo) Ha ctopone BH npoxoast Bo Bcex Tpex dazax,

IpUYEM B OJIHOU (paze Te€UeT TOK paBHBIN TOKY TpexdazHoro K3, a B IByX Apyrux T€KyT MOJOBUHKHU 3TOTO TOKA.

I:(fi)/kr -1/2- I;(f:::)/kr
< |_._"

1 =1k =19 s (G =—21Q ey 15 =~ y20D s b=l =1/

HH

roe Iy nl, Tokn npamont n obpaTHOW NnocnegoBaTeNbHOCTH.

Toxu nByxdaznoro K3 3a tpancdopmaropom co cxemoit (Y/Yo0) na cropone BH npoxoast B 1Byx (azax,

OJHOMMCHHBIX C ITOBPCKIACHHBIMHU, U I10 BEINYNHEC PAaBHBI 9TOMY TOKY.

I:(fi}/kr —I:(fi}/kr
< >

2 2) / . J(2 (2] . Z -,
fiii—fﬂ:fiff!kr"’;lfﬁ:_’HH/RT’ I'f:'r?:"g:/\/'j’
roae [; wnl, Toknm npaMoi u obpaTHOM nocnegoBaTeNbHOCTH.
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[Tpu ognodazuom K3 3a tpanchopmaropom co cxemoii (A/Y0) na cropore BH Toku npoxoast no aAByM (azam,

OHH paBHBI 110 BCJIIMYHUHC U ITPOTUBOIIOJIOKHO HAITPABJICHBI.

L[k -1 1}/kr
< |
(1) _ I M I
loa =T ls=—T: L=, —F”/\/:a' /315 ks ;

rae Iy wl, Tokn npamoi n oBpaTHO NocnegoBaTenbHOCTH.

Toxu ogHodaznoro K3 3a tpancdopmaropom co cxemoit (Y/¥Yo0) Ha cropore BH nipoxoast Bo Bcex Tpex (azax,
IpuYeM B OJIHOU (paze TedeT TOK paBHbIi 2/3 Toka ogHo(azHoro K3, a B IByX Apyrux T€KyT MOJOBUHKHU 3TOTO

TOKa.

238, [y =Y3-05) ks
-+ —
—p
10 =2/3-10 ks s 10y =—10/k [3; I =19 [k [3;  y =13 =lea/2;

roe [; vl TokKM npaMoi n obpaTHoW nocnegoBaTenbHOCTH.
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MCIIOJb30BAHUME II3BM JJI51 PACYUETA KOPOTKHX 3AMBIKAHUN

Kaxk BuHO, pacdeTsl Bpy4HYIO TPEOYIOT 3HaUUTENbHBIX Tpyao3arpart. [1o aTum npuunHam nmociie nosBiIeHUs
OBM, a ganee [IBM Hauanuch NONBITKK MPUMEHNUTD UX JUJI PACUETA YCTABOK PEIEUHON 3aIUTHI. DTH
MPOTPAMMBI JJIsl pacipeiceTei ObLITM OTHOCUTENIBHO MPOCTHIMU M pa3padaThlBAIMCh HEMOCPEACTBEHHO TEMU, KTO
3aHUMAJICSl pacueTaMu Ha JIIOOMTEIHCKOM YpoBHE. B nanbHeiiiem k pa3paboTke MporpaMm MOIKIFOUYHINCH
npo¢eCCUOHaNbI, U MPOCTHIE MPOTPAMMBI MPEBPATHIIUCH B CIIOKHBIE KOMIUIEKCHI MPOrpamMM, TTO3BOJISIOIIHE
ABTOMATU3UPOBATH BBINIOJHEHUE BCEX ATANOB pacyera: MOArOTOBKY JaHHBIX, pacyeT NapameTpoB, COCTABICHUE

CXEMBI 3aMENICHHUS], pACUET aBAPUIHBIX BEIUYUH, BHIOOP YCTAaBOK 3aIUTHI U COXPAHEHUE PE3YIIbTATOB.
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Ta6n.1.1. PACHET NAPAMETPOB N TK3 3A TPAHC®OPMATOPOM
1. Pac4yeT napameTpoB TpaHchopMaTopa

COBPEMEHHBLIE CPELCTBA PENENHOW SALLNTHI
N ABTOMATUKN SNEKTPOCETEN

3 aneKkTpoHHas Bepcus

Monox. PMH Hanp. BH Tok BH [Tok HH ‘Hanp. K3 Xk3BHn. [Xk3. HHn Xk3BHp [Xk3. HHp
1(U makc) [133,4 108,33 |688,14 |0,1172 83,43 1,03 156,42 1,938
10 (UcpepH.) [115 125,66 688,14 0,105 99,95 0,93 104,15 1,736
19 (UMuH) 96,6 149,59 1|688,14 10,0984 36,73 0,87 68,87 1,627
B KOPOTKOro 3aMblKaHWUs
@ M 2. MMHUManbHbIA DEXUM
Kownarms  SHEPMOMALIBUH Hp IkaHHp (Xk3BHp ([ksBHp [Xk3. HHp |lksHHp
T —— 5,044 178,42 0,373 1,11 4,733
6,323 126,15 0,527 1,05 0,771
7,657 90,87 0,732 1,07 6,730
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