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Ceemuou namamu Anexcanopa [Imumpuesuya /[po3oosa
- 8610AI0UE20CS YUEeHO20-IHEPLeMUKA NOCBAUAeM sl

BBEJI[EHUE

B HacTosimiee BpeMs 3JEKTpUUECKHE CTAHIIMU U MOTPEOUTENIH 3JIeKTpUYe-
CKOW PHEpruM 00beAMHEHBI B dHEprocucTeMbl. [IoBpeXIeHUs] B dHEPrOoCUCTEMAX
MPUBOSAT K Pa3pylICHHUIO OCHOBHOTO OOOPYIOBaHMs, K HEJOOTIIYCKY dSJIEKTPO-
SHEPruM morpedutTensiM u T.. Hambosiee THXKETBIMU TMOBPEKIACHUSMU SBIISIOTCS
kopotkue 3ambikanud (K3). K3 - HenpenycmMoTpeHHOE HOpMaIbHBIMU YCIOBHUSIMU
paboTHI 3aMbIKaHHE MEXY (ha3aMu WU B CETAX C 3a3€MJICHHON HEUTpasblo, B TOM
qucie, Mexay $aszoit u 3emiei.

[Tepexon 37€KTPUUECKON CUCTEMBI U3 OJHOTO PEXKKUMaA B JPYTrOi COMPOBOX-
JaeTcs IMepexoJHbIM IpoueccoM. [lepexoaHslil mpouecc 3TO €AMHOE MO CBOEHU
PUPOJIE ABJIECHUE, KOTOPOE, OJTHAKO, MOXKHO ISl YIIPOIIEHHS aHaIu3a paccMaTpHu-
BaTh COCTOSIIIUM M3 psifia OTAEIBHBIX MPOILECCOB, KAKABIM U3 KOTOPHIX OTPAKACT
U3MEHEHUE OIPEJICICHHON TpyNIbl apaMeTpoB pexkuma. PaccMaTpuBath 3TH U3-
MEHEHHSI HEOOXOJIMMO OJIHOBPEMEHHO BO BPEMEHHM W MPOCTPAHCTBE, B MHIKEHEP-
HBIX 3aJlayax OOBIYHO YUWTHIBAIOTCS TOJIbKO HambOoJiee CYIIeCTBEHHBIC B JIAHHOM
KOHKpETHOM 3asaue paktopsl. Micxons U3 3TOro, NepeXxoIHbIN MPOIECC B JICKTPHU-
YEeCKOM cHCTeMe 10 4YacToTaM KoJIeOaHWW W BPEMEHU NPOTEKAaHHSI €ro MOXKHO
YCIOBHO pa3leliuTh HAa TPU COCTABISIONIMX: BOJHOBOM, 3JIEKTPOMATHUTHBIA WU
AIEKTPOMEXAHUYECKHIA.

BonHoBbIE TIEpEXOIHBIE MPOLIECCHl CBSI3aHBI C MOSBIEHUEM BHYTPEHHUX
(KOMMYTaIIMOHHBIX ), TPO30BBIX MepeHanpskeHuil. CucreMa Mmpu 3TOM XapaKTepu-
3yeTcsl 3JIEMEHTAMM C paclipe/ieIeHHbBIMU napaMeTpamu. [uanazon yacrot 50 'y —
10 x[', Bpems mpoTtekanus nportecca 10 1 Mc. Bo3aMokeH anekTpuyeckuii mpoooi
U30JISILHH.

3a BOJITHOBBIM CJIEAYET 3JIEKTPOMArHUTHBIN MEPEXOAHBIN MPOIECC, KOTOPHIN
00yCIIOBICH HAJTMYHMEM 3aMAaCEHHON YHEPTUY MarHUTHOTO TOJISE B MHAYKTHBHOCTSIX
snemeHToB. Jlmanazon yactor 50 — 600 I'n, Bpems mpoTekaHus Mpouecca He-
CKOJIBKO TIEpHUOJI0B MPOMBIIIJICHHON 4acTOThl. POTOPBI reHepaTOpOB HE YCIIEBAKOT
M3MEHUTH CBOU CKOPOCTH U OTHOCHUTEIIbHBIE TIOJIOKEHUS. BhIKrouaTenu noa aeu-
CTBHEM PEIICMHOMN 3allUThI OCYIIECTBIIAIOT OTKIIFOYEHHUE ITOBPEKICHHBIX AJIEMEH-
TOB. BO3MOHBIE MOCIIEICTBYS aBapUU - MEXaHUYECKOE U TEPMHUUECKOE pa3pylie-
HUSL 000PYIOBaHUS.

3aTeM HAUYMHAETCS JJIEKTPOMEXAHUYECKHM mnepexoaHslii mporecc. OH xa-
PAKTEPU3YETCS TEM, UTO Ha JIEKTPOMATHUTHBIN MPOLIECC HAKIIAABIBACTCS MEXaHU-
YECKHM, BOBHUKAIOIIN BCJIEICTBUE U3MEHEHHSI CKOPOCTEN BpaIllCHUS POTOPOB Te-
HEPATOPOB, UX OTHOCUTEIILHBIX MOJIOKEHUH. J{nama3zon yactot 1- 50 ', noutens-
HOCTh JIECSATKH nepuogoB. Hambosiee onacHble MOCIENCTBUS: HApPYyIIEHUE YCTOM-
YUBOCTH U BBINIAICHUE CUCTEMBI N3 CHHXPOHU3MA.

Bugael K3 3aBUCAT OT ypOBHSI HANPSIKEHUS JICKTPUUECKOM CETH: B CETAX C
riyxo3a3emMieHHON HelTpanbio (Hanpsbkenuem 110-1150 kB) u yeTsipex npoBoj-



Heix ceTax (0,4 kB) moryr ObITh Tpexdaszusie K3 (K(3)), nByx(da3HbIe (K(Z)),

onHodaszubie ( K(l)) U AByx(a3Hbie Ha 3eMITIO ( K (31) ); B CETAX C U30JIMPOBAHHOM
HelTpanbo (HanpsbkeHueM 3-35 kB) Takue jxe BUAbI 3aMbIKaHUM 32 HCKIIOYEHUEM
3ambIkaHuii Ha 3emutio. Hecummerpuunsie K3 npencraBisioT cob6oil monepeunyro
HECUMMETPHUIO. B cemsax ¢ u30aupo8aHHOU HeUumpaivbio 3amMblKaHue HaA 3eMII0
HA3b18aemcs NPOCMbIM 3aMbIKAHUEM.
OcHOBHBIE TPUYMHBI BOBHUKHOBeHU K3:
® HENPABUWIBHBIE MPOCKTUPOBAHNE, MOHTAX M DKCILTyaTallHs dJIEKTPOYCTaHO-
BOK,
® MEXaHMYECKHE MOBPEKICHHS U NEPEKPHITUE TOKOBEAYIIINX YACTEH,
® yJapbl MOJHUHU.
ITocnencrBusa K3:
e HapylleHHUe NnapaieIbHON paboThl JHEPrOCUCTEM,
® JMHAMUYECKOE M TEPMUUYECKOE pa3pylieHrue o00pya0BaHuUs,
® CHWKEHUE YPOBHS HAIPSKEHUS y MOTpeOUuTene.
Pacuets TokoB K3 siBnsitoTcsi, B 0011eM city4ae, JOBOJIBHO CIIOKHOW 3aja-
Yyel U MPU UX BBIMOJHEHUU TPUHUMAIOTCS CJICAYIOIIUE JOMYIIECHHUS:
® HE YYUTHIBAIOTCS Ka4aHUSl POTOPOB F'€HEPATOPOB,
® [peHeOpeKeHnEe HACHIIIEHHEM MAarHUTHBIX CHCTEM T€HEepaTOpOB U TpaHC-
dbopmaTopoB,
® [MpeHeOpekeHne HaMarHMYMBAIOIUMHU TOKaMU TPaHC(HOPMATOPOB,
® [peHeOpeKeHne aKTUBHBIMU CONMPOTHUBICHUSIMU M PACIpPEICIEHHON €MKO-
CThIO OOMOTOK Y JTMHHIA.
B mecte K3, kak npaBuio, BOZHHKAET 3jeKTpuueckas ayra. OqHako pacye-
TBI IPOU3BOJIATCS JIsi HAUOOJIee TSHKETOTo ciydas 0e3 ydera MepexoHOro COmpo-
TUBJICHHS B MECTE MOBPEKICHHUS, TAK Ha3bIBAEMOro MeTtauinueckoro K3.
Hasznauenue pacueToB TOKOB KOpoTKoro 3ambikanus (TK3):
e BBIOOp HaMOOJEE PAIIMOHATIBHBIX CXEM JIEKTPUUYECKUX COCTMHEHNUH,
e BBIOOp 00OpyHOBaHUS ycToiunBoro k TK3,
e BBIOOP YCTaBOK CpabaThIBAaHUS YCTPOMCTB PENCHHOM 3aITUTHI,
® [POCKTUPOBAHUE 3AIIUTHBIX 3a3€MJICHUM.
TpeGoBanust k morpemHocTu pacueroB TK3 ompenensroTcs menpio pacde-
TtoB. Tak, pacuersl TK3 mis neneil peneilHON 3alMTBI JOJKHBI BBITOIHATHCS C
MEHBIIIEH MOTPENTHOCTHIO MO0 CPABHEHHUIO C pacyeTamu JUIsi BBIOOpA JJIEKTpUYe-
CKHX aIlaparos.
OcHOBHas 1eNb Kypca — OBJIaJICHHE MHKEHEPHBIMU METOJIaMH pacdeTa To-
kKoB K3 U 3JIeKTpOMarHUTHBIX MEPEXOAHBIX MPOIECCOB B AJIEKTPUUYECKUX CHUCTE-
Max.



1. CHMMETPUYHBIE KOPOTKHE 3AMBIKAHHUA
B CBEPXIIEPEXO/THOM PEKUME

1.1. CucTreMa OTHOCHTEJIBLHBIX €IHHUIY

Bce usmueckre BeTMUMHBI BRIpXKAIOTCS B MMEHOBaHHBIX eamHunax. On-
HAKO IMpEICTaBICHUE UX B OTHOCUTENBHBIX (0e3pa3MepHBIX) €AMHHUIIAX TTO3BOJISIET
YIIPOCTUTH TEOPETUUYECKUE BBHIKIAJAKU M MPAKTHUECKHUE PACUYETHI, TIOITOMY B Jalb-
HeWeM Hapsay ¢ MMEHOBaHHBIMH €IMHUIIAMU Oy/IeM HCIIOIh30BaTh TaAKKE OTHO-
cutenbHble. CHCTEMa OTHOCHTEIBHBIX €IMHUI] UCTIONB3YETCS U B Kypce dIEKTpH-
YEeCKMX MAIIMH, TO3TOMY B JJAHHOM pa3Jielie HAIOMHUM TOJIBKO €€ OCHOBHBIE T10-
JIOKEHUS ¥ TIOKaXEM BO3MOXXHOCTH IPUMEHEHUS 111 MAarHUTOCBSI3aHHBIX TETICH.

[Ton oTHOCHTETBHBIM 3HAYEHHEM HEKOTOPOW BEIMYMHBI TIOHUMAIKOT €€ OT-
HOIIICHHE K IPYroi OTHOMMEHHON (MU3HUECKON BEIMUYMHE, BRIOPAHHOW 32 €TUHUILY
U3MepeHus, Harpumep, Oa3ucHyro BenauuuHy (6a3y). Takum oOpa3om, OTHOCH-
TEJIbHBIC STUHUIIBI TTOYYAIOT C TIOMOIIBIO BHIPAKEHUS

Gaxmuueckaa pusuueckasn senuduna

OMHOCUMEILHASA 6CTUYUH B =
(6aszucnas eenuuuna)basza

U OTMEUAIOT 3BE3JI0UKOM «*.

B xauecTBe 0a3uCHBIX €IMHUII WK 0a3bl B pacueTax MPUHUMAIOT Oa3uCHBIE
MOIIHOCTH ( S; ), Hanpsokenust (U, ), Toku (| 45;) u conporusnenune (Z;) u ap. ba-
3MCHBIE BETMYMHBI 0003HAYAIOT HMXKHUM HMHJIEKCOM ''0". B 3TOM ciiyyae oTHOCH-
TEJbHBIC SIMHUIIBI HA3bIBAIOT OTHOCHTEIBHBIMU Oa3ucHbIMH, Haripumep, DJ1C Ex;

, TOK lx; 1 T.m1. TakuM 00pa3oM, OTHOCHTENbHBIC Oa3MCHBIC BEIMYHHBI OTPE/ICIs-
IOTCS CJICTYFOIIMUMU BBIPAKCHHSIMHU:

Z*6:£’ E*6:£’ X*6=A, |*6:L' S*5=iI/IT.H.
Zs Es X5 l5 Sg

N3 3TuX BRIpOXXEHUU MOKHO MOJYYUTh, YTO YHUCICHHO PABHBI: OTHOCUTE b-
Hble (pa3HBIC W JTMHEHHBIC BEIIMYMHBI, MOIIHOCTH OJIHOW (ha3bl M MOITHOCTH TPEX
¢a3; Tok Bo3OyxkaeHus, motok 1 D/]C reneparopa. Heo6XoaumMo OTMETUTH, YTO
JUTSE TI00OTO AJIEMEHTA AJIEKTPUIECKON CEeTH OTHOCHTEIIBHOE COMPOTUBIICHUE PaB-
HO OTHOCHUTEJIBHOMY MAaJICHUIO0 HANPSKEHUS MPU MPOTEKAHUHM 4Yepe3 HEro HOMH-
HaJIbHOTO TOKA (MJIX MOILIHOCTH).

ba3ucHble MOITHOCTh M HAMPSKEHUE MPUHUMAIOTCS HE3aBHCHUMBIMHU, YEpe3
KOTOpPbIE MOXHO BBIPAa3UTh OA3UCHbBIE COMPOTUBIICHUE U TOK. VI3 ypaBHEHHS MOIII-
HOCTH Tpex(a3HOU 1enu

_ S
P TR (1.1)

a Ha OCHOBaHUHU 3akoHa Oma it Tpexda3zHou 1enu



7. = U6 _ U52
"Bl S5
[TockonbKy BbIOOp 0a3MCHBIX YCIOBHI MPOU3BOJIEH, TO OAHA U Ta e (HU3U-
YyecKasl BeTUYMHA MOXKET UMETh pa3Hble YMCIICHHBIC 3HAUYCHUS MIPH BBIPAKEHUU €€
B OTHOCHUTENBHBIX enuHuIax. OOBIYHO OTHOCUTENBHBIC COMPOTHUBIICHUS dJIEMEH-
TOB DHEPTOCUCTEM (F€HEePAaTOPOB, TPaHCPOPMATOPOB, PEAKTOPOB, JABUTATENCH) 3a-
Jal0TCs B OTHOCUTENBHBIX CAMHHIAX [PU HOMHHAIBHBIX mapamerpax: S, u U,

(1.2)

(HOMHUHaIBHBIE BEIMYMHBI 0003HAYa0T UHAEKCOM "'H'). [Ipy 3TOM OTHOCUTEIBHBIE
HOMUHAJILHbBIE BEJIMYNHBI 3aMTUCHIBAIOTCS B BUJIC

Z*H:A, E*H:£, X*Hzi, I*H:L’ S* =i.

Z E X

H H H

Homunanenbie Tok |, u compoTuBieHne Z, MOXHO HAaWTH C MOMOIIBIO
BbIpakeHU M, aHanoruuubix (1.1) u (1.2

S

| =—2n 1.3

" 3U, (13)
U2

7 ——n, 1.4

T (1.4)

H
YcTraHOBUM CBSI3b MCKAY UMCHOBAHHBIMU W OTHOCUTCIIBbHBIMU CAWHUIIAMU.
Ilo OIIpCACICHUTIO OTHOCHTCIBHOMN 0a3MCHON BEJIUUNHEI

Z*6 = i .
Zs
[ToncTaBuB B nocieaHee BeipakeHue Gopmyny (1.2), momyunm
S
Ze=2-C (1.5)
Us

C nomoristo BeipaxeHus (1.5) ocyiecTBisIOT EpEeBOl UMEHOBAHHBIX €IUHUI] B
OTHOCHTEIIbHBIC Oa3HCHBIC.

AHQJIOTUYHO [JIS OTHOCHUTENIBHBIX HOMUHAJIBHBIX €IUHHIl ¢ ydeToMm (1.4),
MOJTY4YUM

Z* =Z

H

S
5 (1.6)
U 2
H
Boipaxenue (1.6) Hanbonee 4acTo MCHONB3YETCS JJIsl BBIYUCIEHUS COMPO-
TUBJICHU B MMEHOBAHHBIX €IMHUIAX, NMPU H3BECTHBIX OTHOCUTEIBHBIX HOMH-
HaJIbHBIX, B CJIEAYIOIIEM BU/JIE
U 2
Z = Z*H —£ . (17)
S
H
[Toncrasus B (1.5) 3Hauenne Z w3 BoipakeHus (1.7), MOTyIUM BhIpaKCHHE,
KOTOPOE€ YCTAHABJIMBAET CBSI3b MEXKJY OTHOCUTEIbHBIMU HOMUHAJIbHBIMU U OTHO-
CUTEIbHBIMU 0a3UCHBIMU €IMHULIAMU



S; (U
Zog=Zu, 0| 1| (1.8)
S, \U;
Boipaxkenue (1.8) ucnonpzyercss sl MepeBOa OTHOCUTENIbHBIX HOMHHAIBHBIX
€ANHUI] B OTHOCUTCIbHBIC Oa3HuCHEIE.
Jlnsa orpannuenuss TK3 B sHEprocucremax HUCIOIB3YKOTCS TOKOOIPAHUYH-
Baromuye pCaKTopsbl, MPCACTABIAIONINC JIMHEHUHBIC HHAYKTHUBHOCTH. I[J'ISI TaKuX pe-
aKTOPOB 3aJ]al0TCSI HOMUHAJIBHBIE TOK W HaMpsKeHHE (2 HE MOIIHOCTH). YUUThI-

H

Bast, uto S =+/3UI BeIpakeHus (1.6) u (1.8) mpeoOpas3yroTcsi COOTBETCTBEHHO

U
Z =Z., 1 (1.9)
"3,
51
Zo =2, 36 9u (1.10)
IH U6

OTHOCHUTEIIbHBIC BEJIMUYMHBI BBIPAXKAIOT TakKXKe B IMPOILIEHTaX, HAMPUMEP, COIPO-
tuBienue Zo, =100- Z«

1.2. MaTtemaTu4ecKkue MO 3J1eMEHTOB IHEProCUCTEM

MaTteMaTu4eckoil MOJIENbI0 JI000T0 TEXHUYECKOTO OOBEKTa SBIISAETCS CH-
CTEMa ypaBHEHMI, OMMCHIBAIOIIAS ITPOLIECCHI B HEM, WM (AJIsS 3JIEKTPOIHEPTETHYE-
CKOrO OOBEKTa) - AJEKTpUYEcKass cxema 3amenieHus. Maremaruuyeckas: MOJENb
ANEKTPUUECKOU CETH, MPEJICTABIISAET CO0O0 COBOKYITHOCTh MaTEMAaTUYECKUX MOJIe-
7€l OTAENIBHBIX AIIEMEHTOB, COEJUHEHHBIX B OMPEAECICHHON MOCIEI0BATENIbHOCTH.

YHUBepCaAIIbHBIX MAaTEMAaTUYECKUX MOJIENIEN HE CyliecTByeT. Maremarnue-
CKasi MOJIEJIb 3aBUCHUT OT HA3HAUYEHUS pacueToB. B MoJenu BBIIEISAIOT T€ CBOICTBA
00BeKTa, KOTOPbIE JOMUHUPYIOT B pacCMaTpUBAEMOM TMPOIECCE U MPEeHEOperarT
CBOMCTBaMH, MajoO BIUAIONIMMU Ha pe3yJbTaThl pacyeToB. B »ToMm paszpene pac-
CMaTpUBAIOTCA MATEMATUUYECKUE MOJIENU SJIEMEHTOB CUCTEMBI, UCTIOJIb3yEMBbIE JJIS
pacueta TokoB K3.

[Ipn mocTpoeHnn Mojesel BBOAUTCS PsAl JONYLIEHUW, OCHOBHBIMU U3 KO-
TOPBIX SIBJIAIOTCA: JIMHEHHOCTh MapaMETPOB 3JIEMEHTOB, YTO IMO3BOJISIET IIMPOKO
WCIIOJIb30BaTh yI0OHBIE JTUHEHHBIC TPpe0oOpa3oBaHus, U MPEHEOPEIKEHNE aKTUBHBIM
CONPOTHUBIICHUEM 3JIEMEHTOB (AKTUBHOE CONPOTHUBIIEHUE BCEX 3JEMEHTOB SHEPIO-
CUCTEM 3HAYUTEILHO MEHbIIIE UHAYKTUBHOTO CONPOTUBIICHUS HA MPOMBIILICHHOM
4acToTe, M, KpOME TOro, MEXAY MHAYKTUBHBIM U AKTUBHBIM CONPOTHUBICHUSMH
yros 90° B TpeyrojbHUKE CONPOTUBIECHUH, TIO3TOMY, KaK IPABUIIO, €CIH 3TO CIie-
[IMaJIbHO HE OTOBApPUBAETCS, TO AKTUBHBIM CONPOTUBIICHUEM AJIEMEHTOB SHEPTOCH-
CTeM IpeHeOperaroT), BCISACTBUE Yero 3HaueHue Toka K3 moiydarT HECKOJbKO
3aBBIIICHHBIM, T.€. C 3aM1aCOM.

Cunxponnuvlti eenepamop. Y CIO0BHOE HM300pakeHHE Tpex(a3HOTO CHHXPOH-

Xa HOI'0 T€HEepaTopa M CXeMa 3amenle-

G Ec
HUS €ro NpeACTaBiIeHbl Ha puc.1.1.
O— O
I
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B teuenue nepexognoro pexuma EJIC reneparopa u ero BHyTpeHHEE Puc.
1.1 CONPOTHBIICHUE U3MEHSAIOTCS.

B HauvanbHBIE MOMEHT BPEMEHM TI'€HEPATOP XapaKTEPU3YETCA CBEpXIIEpe-
xoaHbIMH: DJ[C 1o monepeyHor OCU CONMPOTUBIICHHUS Ea U COIPOTUBJICHUEM I10

npoxonbHOl ocu Xj. Tepmun "cBepxmepexoaHbIii" O3HAYAECT, YTO YYTEHBI BCE

CBOOOJIHBIC TOKH cTaTOpa U poTopa (B 00MoTKe Bo30yxkaenus (OB) u nemndepHoii
oomotke (J1O)), u o6o3HaeTcs BEpXHUM HHIEKCOM - jaBa mTpuxa " (puc.l.2).
HanomHuuM, 4TO mepexoHblil MPOIEcC UMEET MECTO JIMOO MOocie 3aTyXaHHUsl CBO-
601HbIX TOKOB B J1O, nubo npu orcyrctBun JJO B ruaporenepaTope; B TypOoreHe-
patope poiab JJO urpaer MacCUBHBIA POTOP.
B cnopaBouHOM JuTeparype A
d pacueror ToxoB K3 B cBEpXIepexoaHOM
peXKUME JJI1 TEHEPATOPOB 3aJal0TCs: aK-
THBHAas MOIIHOCTh P, (WHOrma mosHas

S,), HOMHHAIBHOE HANPSIKEHHE HA BbI-
BoJax reHeparopa U, , cBepxmepexon-

HbI€ OTHOCHUTENIbHbIE HOMUHANbHBIE DJ[C
Eg 1 conpotusnenue Xj, koohduiment

Puc.1.2 MOIIIHOCTH COS @, .

Tunossle TypOoreHepaTophl, BBIITYCKaeMble B Halllel CTpaHe, UMEIOT Cie-
AyroIue HoMuHabHbIe MomHOCTH (P,)):
2,5;4,0; 6,0; 12, 32, 50, 63, 100, 160, 200, 300, 500, 800, 1000, 1200 MBT;
Y HOMHHAJIbHbIC HANPS)KEHUS (JIMHEUHBIE):
3,15;6,3;10,5; 13,8; 15,75; 18; 20; 24 xB.

B pe3ynbrare MoaepHU3aluu B HEKOTOPBIX F€HEPATOPAX MOIIHOCTh YBEJIU-
YEeHAa 10 CPABHEHHUIO C BBIIIE IPUBEICHHOM.

IIpu orcyrcTBUM B cipaBouHoi Juteparype J/1C renepaTopa B cBepxmnepe-
XOJTHOM (TIEPEXOJTHOM) PEKUME €€ MOKHO ONPEAEIUTh U3 PEALIECTBYIOUIErO pe-
xuMa padotel. DJC mpeBbillIaeT HAIPSKEHUE HA 3a)KUMax IreHepaTopa Ha BEIH-
YUHY MNaJ€HUsl HaNpsHKEHUST Ha €ro BHYTPEHHEM COINPOTUBIECHHHU. B yacTHOCTH,
oTHOCcHTENbHAs HoMHUHaNbHas DJIC s pacyera cepxmepexoanoro toka (i)

MOKET OBITh OIpe/ieNieHa U3 BHIPAKCHUS

Egx, = \/(J*H cosg, &+ Us, sing, + bx, X5 2, (1.11)
rac U*H, |*H - OTHOCUTCJIbHBIC HOMHWHAJIBbHBIC HAIIPSAKCHHUEC HA BbIBOJAX U TOK I'C-

Hepatopa B pexume, npeamectByromnieM K3. 3/[C reHeparopa B MMEHOBaHHBIX
€MHULIAX
EG. =Ee+Y, (1.12)
(uHOT A 1Sl YIIPOIIEHUS 3aMMCH IITPUXU y cBepxnepexoaHoit 3/IC omyckator).
OTHOCUTENFHOE HOMHUHAJILHOE CONPOTHUBJIEHHUE MpPHU pacueTe CBepXIepe-
XOJTHOTO TOKa MPEJCTaBIsAECT COOOM CBEPXIIEPEXOAHOE CONMPOTHUBJIEHUE MO MPO-
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JIOJIBHOM OCH X U JUIsl TeHEpaTopoB JiexkuT B auanasone 0,11-0,25. Koapdurment

MomHoctH cocrasisier 0,8-0,9. C yBennmueHrneM HOMUHAJIBHON MOIIIHOCTH F€HEpa-
TopoB U, , XS u COS@, yBennuuBarorcsd. IlapaMeTpbl CUHXPOHHBIX I'€HEPAaTOPOB

MIPUBEJICHBI B MIPUIIOKEHUH 1.

Cunoeoti mpaucghopmamop. YcnoBHOE HU300paxeHHUE IBYXOOMOTOYHOTO
TpaHcpopMaTopa U €ro cxema 3amelieHus: npuseaeHsl Ha puc.l.3. Ilpu Beruucie-
Huu TokoB K3 HamarHmumBarmmuMu TOKamMu TpaHchopmaTopoB (aBTOTpaHchOp-
MatopoB) npeHeOperatotr. [lpu pacuere TokoB npu Tpexdaszusix K3 u B cummerT-
PUYHBIX PEKHUMax COEJMHEHHE OOMOTOK TpaHC(HOPMAaTOpOB JOIMYCKAeTCs HE yKa-

3bIBaTh.
X111 B cnpaBouHoil nuteparype ais IByX00-

I IT
MOTOYHBIX TPaHC(HOPMATOPOB 3aJAOTCS:
T :l TMOJIHAsE MOILIHOCTh S,,, HAMPSDKCHUS 00-

U /U Motok Bbicokoro (U z) u Huskoro (Ugy )
B/ ~H HanpspkeHud (wu nepsuyuHoi (U )
Puc.1.3 u BropuyHoi (U || ) 0OMOTOK, Hampske-

HHE KOPOTKOTO 3aMblKaHusi B mpoueHTax Uyo,, WM OTHOCUTEIBHBIX eIWHHIAX
_ 0

Uy, =Uyo, /100%.
Hampsikenue KOpOTKOTO 3aMbIKaHUsi TpaHchopMaropa Ompeaensercs U3

onbiTa K3 Mpy NOHMKEHHOM HAIpPsSKEHUU U HOMUHAIBHOM TOKe. OHO CBSI3aHO C
OTHOCHTEITFHBIM HOMHUHAJIBHBIM COTIPOTHBIICHHEM TpaHcpopmaTopa (T ) BeIpake-

HHUECM:
U, 31,Zr Z7
U U Z

NHayKTUBHOE COMPOTUBIICHHE TpaHchopMaTopa ONpEeneNseTcss MOTOKaMHU
paccessaust. C yBeTMYeHHEM HOMHHAJIHHOTO HANPSDKEHUS, YBEIMUUBAIOTCS pac-
CTOSIHUE MEXIY OOMOTKaMH, TIOTOKH PACCESTHUS, M, CJICIOBATEILHO, HHIYKTHBHOE
COIIPOTHUBJICHHE.

Tpexdaszusie TpaHchopMaTophl, BHIITYCKaeMble B Halleld CTpaHe, MOIIHO-
¢TI0 6osiee 10 MBA uMmeroT cliieyromine HOMUHAIbHBIC MOITHOCTH (S,)):

16, 25, 32, 40, 63, 100, 125, 200, 250, 320, 400, 500, 630, 800, 1000 MBA.

YcioBHOE M300paKeHHE TPEXOOMOTOYHOTO TpaHCc(hOopMaTopa U aBTOTPaHC-
dopmaTopa, a TakKe UX CXeMa 3aMeIICHUs, TIPEICTABISIONIAs TPEXIyUEBYIO 3BE3-
1y, IpUBEJICHBI Ha puc.1.4.

B H B H

Ups, =

=Z1x,. (1.13)

H H H

XB XH

Xc

Puc.1.4
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Jist TpexoOMOTOYHBIX TpaHC(HOPMATOPOB U aBTOTpaHC(HOPMATOPOB 3aja-

I0TCSl CIICYIOIINE TTapaMeTpbl: HOMUHAIbHAs MOLIHOCTh S, , HANpsDKEHHs 0OMO-

ToK Bbicokoro Uz (U ), cpeanero U (U ) u muskoro Uy (U ) nanpsxenuit,
TPU HANpsDKEHUS KOPOTKOTO 3aMbIKaHWS JUIS KaxIod mapel oOMoTok: Uy gy,
Uixgc, Ukrcy - s aBToTpancdopMaTopoB B KaTajaorax MpUBOASTCS HarpspKe-

Hust K3, npuBEIEHHBIE K MPOXOIHON MOIIHOCTH S,y = \/§UBIB. [Ipu 3ambIka-
HUAX HA 3€MIII0 B CETAX C M30JMPOBAHHOW HEWUTPAJbI0 HANPSHKEHUE HEMOBpE-

JKICHHBIX (a3 OTHOCHTEIBHO 3¢MJIH YBEIMYMBACTCS B /3 pasa. DTO HasbIBACTCS
nepekocoM HanpspbkeHuil. Uepes aBroTpaHchopMaTop nepekoc a3z MOXKET Mepei-
TH ¢ OOMOTKHU BBICOKOT'O HANPSKEHHS] HA OOMOTKY HU3KOTO HAIPSKEHUS €CIU €ro
HelTpanb He 3a3eMieHa. [loaToMy aBTOTpaHCPOpPMATOPBI MPUMEHSIOTCS TOJIBKO B
CeTsX ¢ Iryxo3a3zeMiieHHO# HeilTpanbto (110 kB u Bbiie).

JIisi HaXOXACHUST HAMpPsHKEHUH KOPOTKOTO 3aMbIKaHUsS (MM COMPOTHUBIIE-
HUI) OTJEIBHBIX OOMOTOK, UCIIOJB3YIOTCSI BBIPAJKEHHUS, U3BECTHBIE U3 Kypca AJIeK-
TpUuecKuX MamuH. Hanpumep, 151st 0OOMOTKH BBICOKOTO HAIPSIKEHHUS:

Uyeg = Ui pe +Uper i —Uercnr 12.

AHaNOrUYHBIC BBIPAKECHUS HUCIIOJIB3YIOTCS M [T OCTalbHbIX 00MOTOK (C 1 H).

Ecnu HampspkeHne KOpOTKOTO 3aMbIKaHUs (MJIM CONPOTHUBIIEHME) OIHOM U3
OOMOTOK YK€ OIpe/leJIeHO, HallpUMep, Il OOMOTKH BBICOKOTO HAINpPSIKEHUS, TO
OCTaJlbHbIE MOTYT OBITh OIIpENEICHbl, UCHOJB3Ysl 00Jee MPOCThIE BbIPAXKEHUS,
HaIIpUMED. Uyxp =Uks gy —Ukxp Uirc =Ukxpc —Uk= .,

Uirr =Uxprr —Uip.

OOMOTKa CpeHEero HaIpPsHKEHUS! pacIoiaraeTcsi, Kak MpaBUiio, MEXIy 00-
MOTKaMH BBICOKOT'O M HU3KOI'O HANpPSsHDKEHUW. DTO MPUBOAMUT K CHUKEHUIO €€ IO-
TOKOB paccesiHusl W, CIEJOBATEIbHO, MHIYKTHBHOIO CONpPOTHUBJIEHUs. B HekoTo-
pPBIX CIydasX OHO MOKET NPUHUMATh N1a)K€ OTPHUIATEIbHbIE 3HAYEHHUS, B 3TOM
clIy4ae UM MOYKHO IIpeHeOpeUb.

TpancdopmaTtopsr u aBToTpanchopmaTopsl (yCTaHABIHMBAEMBIE B AJIEKTPH-
YECKHX CETAX) UMEIOT cnenuainbuble ycTporctBa (tumna [I6B u PIIH) ans perynu-
POBKHM HamNpsKEHUS yTeM H3MEHEHHUs Kod(puimeHToB Tpanchopmauu ¢ moMo-
IIBI0 CHEIUATbHBIX PETYJIUPOBOUYHBIX OTBETBIICHHI; MPU ATOM HU3MEHSETCS U
HaIpsKeHHE KOPOTKOTO 3aMbIKaHUs. [[1s1 MOBBIIEHUS TOYHOCTU PAaCUETOB TOKOB
K3 (B wactHOCTH, 7151 LIeNIel pesieiiHOM 3aIlUThl) HEOOXOANUMO YUYUTHIBATh pealib-
HBI K03 dutmenT Tpanchopmanuu u HanpsikeHue K3.

Kpatkue cBenenusi o TtpaHcopmaTopax ¢ pacmieryieHHBIMA OOMOTKaMH
npuBeACHBI B MpwiokeHnn 2. [lapaMeTpsl CHIIOBBIX TpaHC(HOPMATOPOB M aBTO-
TpaHCcPOPMaTOPOB MPUBEICHBI B TIPUIOKCHHAHN 3.

Jlunuu snexkmponepedayu. Boznymnsie nunuu (BJI) obnanaror npaktuue-
CKHM paBHOMEPHBIMHU 10 JIJIMHE YAEIbHBIMU MapaMeTpamMu. B mpakTuueckux pacue-
Ttax TokoB K3 s cpaBHUTENbHO HeOonbpmux AauH BJI 1o 150-300 kM u kabenb-
HbIX JIMHUU 10 30-50 KM paBHOMEpPHO paclpeelICHHbIE TapaMeTPbl MOKHO 3aMe-
HUTb COCPEeNOTOYEHHBIMU. J[aHHBIE 0 mpomyckHOM crnocooHoct BJI u nmpenenb-
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HBIX pPacCTOSHUSAX INepeaadyn npuBeaeHsl B npuioxkenun Ne 4. Heobxoaumo obpa-
TUTh BHHUMaHHWE, 4TO OOJIbLIEH MOIIHOCTH COOTBETCTBYET MEHBLIEE PACCTOSHHE
nepenayd U HaoOopoT. [lpenenvHble NIWHBI JTUHUNA HampsbkeHHeMm Huke 35 kB
OPUEHTUPOBOYHO MOTYT OBITh ONpENETEHbl MO MpaBUIy: 'KUJIOBOJBT Ha KHIIO-
metp", T.e. 1 Hanpspkerust 10 kB — 10 km, 6 kB — 6 kM u T.11.

[loronHsle MHAYKTHBHBIE conpoTuBieHus (a3 BJI 3aBucaT oT B3aMMHOIO
PACIIOJIOKEHHS TOKOBEIYIMX IIPOBOJHUKOB U UX F€OMETPUYECKUX pa3mepos. [Ipu
pacuerax TOkOB K3 monp3yroTcs CpeIHMMH NOTOHHBIMH 3HAYEHUSIMH WHIIYKTHB-
HOT'O COIPOTUBIIEHUS X,,,,. ECIIM U3BECTHBI PACCTOSAHUS MEXIY IIPOBOJAMHU U THUII

POBOJOB, TO MApaMETPbl yJICIbHBIX UHIYKTUBHBIX CONTPOTUBIICHUN MOXKHO HANTH
B IIPUJIOXKECHUH 3.
Oonoyennas aunus. Y CIIOBHOE n300pakeHue oaHouenHo BJI u cxema 3a-
MEILICHUs IPUBEJICHBI HA pUC. 1.5.
@—E J{nsi OAMHOYHOTO TMPOBOJIA, PACIIOJI0KEHHOrO MapajliesIbHO

noBepxHocTH 3emin o P. Kapcon monyunn dopmyny s

| | As BBIYMCIIEHUS MOTOHHOTO COMPOTUBIICHUS HA YaCTOTE
Xn =7 f=50 I'll Ha OCHOBE YKBUBAJICHTHOTO PACCTOSHHS BO3BpaTa
—
TOKa B 3eMJIE:
Caa D
Xp0- =01451g —,
9
Puc. 1.5 rne D, - okBuBaneHTHas TiyOMHA BO3BpaTa TOKa B 3eMJle, 3a-

BUCAIIAA OT COIIPOTHUBJIICHUA 3EMJIM, KOTOpPAd IPU OTCYTCTBHU JAHHBIX O I'DPYHTC

-0,25

npuHUMaeTcs paBHod npumepHo 1000 m; r, =re =0,/79 r - >KBUBaJICHTHBIN

pagnyc mpoBoga (r=D/2 - 3mece D wu3MmepeHHbIii auamMeTp MPOBOJIHHKA).
YMeHbIIICHHE SKBUBAJICHTHOTO PaJnyca MPOBOJHHUKA OOYCIIOBIICHO MOBEPXHOCT-
HbIM 3¢ dexrom. [IpoBoma JTUHUI BBITIONHSIIOTCS MHOTOXUJIBHBIMH, CBUTHIMHU W3
OTJICJIbHBIX KPYTJIBIX IPOBOJIOK, MTOTOMY JIi MHOTOKUJIBHBIX ITPOBOJIOB SKBHBA-
JIEHTHBIH paguyc eme menbme I, ~(0,726—-0,776)r .

JIns BeIpaBHUBAHUS DJICKTPUUYCCKOTO TOJIS MPOBOJOB M OCIAOJICHUS SIBIIC-
HUSI MOHM3AIIUM BO3yXa B ceTsx HamnpspbkeHrueM 330 kB u Boiie BJI BoimosiHSIOTCS
C PACIICTUICHHBIMH IPOBOJIAMH, TP 3TOM 3KBHBAJCHTHBINA PAJNyC CHUCTEMBI MPO-

BOJIOB OJTHOU (pa3bl
"_n, n,—1
r, = r3de '

rjae dcp - CpeaHee TCOMETPHICCKOE PACCTOSTHUE MEXKIy MPOBOJAMH OTHOM (asbl,

N, - 4KCJI0 MPOBOJOB B (ase.

B IIYD ycraHoBieHbl HAMMEHBIINE 3HAYCHUS AOMYCTUMBIX JUAMETPOB
npoBoI0B U3 ycioBuid kopoHsl: 110 kB — AC-70; 220 kB — AC-240; 330 kB —
ACO-600 mmm 2 x ACO-240 (aBa mpoBoja B ¢aze); S00 kB — 2x ACO-700 umu 3 x
ACO-400 (mBa u Tpu mpoBoaa B ¢asze coorBercTBeHHO); 750 kB — 4x ACO-500
(duetbIpe poBoOIa B (aze).
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B Ttpexdasupix BJI MHIYKTHBHOE CONPOTHBIEHHE CKJIAJbIBAETCS M3 COO-

CTBEHHOT'O CONPOTHUBICHHA (asbl X, . M ABYX B3aUMHBIX CONPOTUBIECHUH ((a3)

Xnoz.631 1 Xpo2 632

Xoo1 = Xnoo. ¢ + X 1+X

noe.jn noce. noe. 63 noz. 632

Cuurasi, 4TO BBINOJHEH MOJHBIA UK TPAHCIO3UIIUU MPOBOJOB, U YUUTHI-
Basi, YTO BEKTOPHI TOKOB (M ITOTOKOB) (pa3 pacmosioKeHsl moj yriaom 120°

r

9 cp
rae Dg, = 3\/d AR acdpBc - cpenHee reoMeTpuUecKoe pacCTOsIHUE MEXIy (a3HbI-

Xnoe.1 = Xnoz.c ~ Xnoz.e3

MU [POBOAAaMH, 31ech dj; - paccTosHue Mexay nposoaHukamu ¢as AB u C.

Paccrosaue mexay npoBogamu ¢az coctapiuser: 10 1 kB — 0,5 m; 6-10 kB — 1 m;
35kB —-2,5m; 110 kB — 4 Mm; 220 kB — 7 m; 330 kB — 8,5 m; 500 kB — 12 m; 750
kB —15M; 1150 kB — 22 m.

Hnsa JIDII ¢ HomuHanpHbIM HanpspkeHuem 10 220 kB BkItOUHMTENBHO
~ 0,7 OM/kM, X ~ 0,3 OM/KkM, MOATOMY TIPU OTCYTCTBHHM JAHHBIX O

napaMmeTpax JIMHUM MOXHO NpPHUOIMKEHHO CUYUTATh, 4YTO X ~0,/-03=04

X

noe. C noe. 63

noc.Jj

OM/KM.

C yBenuMueHHEM HOMHMHAJIBHOTO HAIPSIKEHUS JIMHUM, JAUAMETP MPOBOJOB
YBEJIMUMBAETCS U, HECMOTpsI, HA TO, YTO PACCTOSTHUE MEXKIY MPOBOAHUKaMH (a3
TaK)Ke YBEJIUYMBAECTCS, EMKOCTH MPOBOAOB (Mexayda3Hble U OTHOCUTEIBHO 3€M-
JIM) BCE K€ BO3PACTAIOT, 3 HHAYKTUBHOE CONPOTUBIICHUE JINHUU YMEHBIIAETCS, TaK
Kak &-p =const. [Ipu orcyrcTBuM naHHBIX 0 BJI MOXXHO MPUHSATE: IJIs JTUHUKA C

~ 0,32
~ 0,29

HOMMHAJIBbHBIM HanpsbkenueM 330 kB u nByms npoBonamu B dase X, ,

Owm/km, a ¢ HomuHanbHbIM 500 kB u Tpemsa npoBogamu B daze —X,,,. ,

Om/KM.

Maenummuvie nomoxu, cozoasaemvie MOKAMU, NPOMEKAOUWUMU 8 NPOBOOAX
@as, 6 epo303aUWUMHOM MPOCe B3AUMHO KOMNEHCUPYIOMCS, NOIMOM)Y MPOChl He
0Ka3b18AIOM GIUAHUE HA MASHUMHOE COCMOAHUE JUHUU, (0adce 8 Cmapvlx KOH-
cmpykyusax BJI, koeoa mpocwl 3azemnsanucey Ha Kaxcoou onope) u, ciedo8ameibHo,
Ha ee UHOYKMuUBHoe conpomusieHue npu mpexgasnvix K3 enuanus ne oxazviea-
rom.

[Tpu HEOOXOMMMOCTH y4eTa aKTUBHOTO conpotuBiienus BJI, nanpumep, mpu
pacdere MepexoHOTO PeKHUMa, TOTOHHOE aKTHBHOE COMPOTHUBICHUE MOXKET OBITh
HaWJICHO 13 TprIoxkeHrss Ne6 niu o popmysiam:

188

° JUTSI METHBIX TIPOBOJIOB R, . = ? OMm/kM,

315

e ISl AIFOMHHUEBBIX IPOBOIOB R, . = ?’ OM/KM,
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rne F - ceuenue nmpoBona, MM° (aKTHBHOE COIIPOTUBJICHUE IIPOBOJOB U3 L[BETHBIX
METaJNIOB OOBIYHO IPUMEHSAEMBIX ceueHuil npu yactore 50 'l mpakTUYecKu paB-
HO AKTUBHOMY COIPOTUBIICHUIO HA IOCTOSIHHOM TOKE, T.€. SIBJICHUE IIOBEPXHOCT-
HOTO () peKTa MOKHO HE YUUTHIBATH).

Jleyxyennasa nunus. MaraHuTHbIE ITIOTOKM BTOPOW LENM IBYXLEIHOW JIMHUU
B3aMMHO KOMIIEHCHUPYIOTCSl B KaX/10M (paze mepBoOil LENu, MOATOMY HE OKa3bIBAIOT
Ha HEE MArHUTHOTO BIIMSIHUA. DJIEKTPUUYECKOE BIMSHUAE BTOPOW LIEMH XapaKTEpH-
3yeTcsi TOJbKO €€ MapajieJbHbIM NojakitodeHueM. Eciu compotuBnenus o0enx
LIETIEN OJIMHAKOBBI, PE3YJIbTUPYIOLIEE CONPOTUBIICHUE ABYXLIEITHON JIMHUN

1

Xnoz.oy = E X

noe.ju*

Kabenu. Tak kak pacCcTOSTHUSI MEKy TIPOBOJHUKAMHU (a3 B kabesie MEeHbIIIE,
yeMm B BJI, TO MHIYKTUBHBIE COMTPOTUBIICHUS TPEXKUIBHBIX KaOene 3HaUUTEeIbHO
MeHbIIe, yeM s ipoBoAoB BJI, B cpennem oHu paBHBI: Ui Kabeyel Hampshke-
nueM 35 kB — 0,12 Om/km; 3-10 xB — 0,07-0,08 Om/xkm; mo 1 kB — 0, 06-0,07
OM/kM.

AKTHUBHOE COMPOTHBIICHUS KaOeneil OOBIYHO MPUMEHSEMBIX CEUCHHH MpHU
gactote 50 'l mpakTHYecKku paBHO aKTUBHOMY CONPOTHUBIICHUIO JIJISl IOCTOSTHHOTO
TOKa U MOXXET OBITh OTPENICICHO MO0 paHee NMpuBeaeHHbIM Gopmynam aius BJI. B
OTJIMYHME OT JIPYTUX 3JIEMEHTOB SHEPrOCHCTEM aKTUBHOE COMPOTHBIIECHUE KaOes
COM3MEPHUMO C €r0 MHAYKTHUBHBIM COINpPOTHBIIEHHEM Ha yactore 50 I'm m yacTo
y4HuTBIBaeTCs TIpu pacdyetax TokoB K3. [[muubl kabeneit HanpsokeHueMm 6-10 kB B
CpeIHEM paBHBI 5-7 KM, B CEIIbCKOI MeCTHOCTH focTuratot 10 10 kM. bonee Touno

3HAUYCHUA HHIAYKTHUBHOTO X N aKTHUBHOI'O rnoe.,{ Co-

noe.K
NPOTUBJICHUN KaOenss OOBIYHO HAXOJMATCS IO 3aBOJCKUM

/-\ JNAHHBIM, TPUBOAMMBIM B CIIPaBOYHOH lHTeparype (mpu-

J0xeHue 7).

Peaxmopuvi. YcinoBHOe wu300pakeHHE peakTopa Hu
CXEMa €ro 3aMelleHus NpuBeAcHbI Ha puc. 1.6. J{ng Toko-
OTPAaHUYUBAIOUIMX PEAKTOPOB 3aJal0TCd HOMUHAJbHBIE
Hanpsokenune U, , Tok |, u comporuBieHHe B MpoleHTaX

Xp Xpop- CONPOTHBICHHE PEaKTOpa OMPEICIIACTCS, [IaBHBIM

S [ 00pa3oM, COOCTBEHHON HWHIYKTUBHOCTHIO KaTYIIKH KaX-
70 a3kl ¥ B3aUMHON WHAYKTHBHOCTHIO MEKIY

Puc.1.6 oOMoTkamu (pa3 mpeHeOperaror.

Onexmpuyeckue dsueamenu. dinekTpuueckue npurarenu (J/]) u cUHXpOH-
ueie komneHcatopsl (CK), pacnonoxennsie BOmm3u mecta K3 SBISIOTCS JOMOTHA-
TETHHBIMHA UCTOUYHHKAMU TOKa K3, mosToMy uX HE0OXOIUMO YYUTHIBAThH MPHU pac-
yeTe cBepxiepexoanbix TokoB K3. YcinoBHoe u3o0paxkeHue u cxema 3aMelleHHUs
OJ] Takue xe, Kak U cuHXpoHHOTO rereparopa. IC D1 Boruucnsiercs mno Gopmy-
ne

E”ZUO T |0X”Sin§00, (1.14)
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rne Uy, lp, ¢g - HampspkeHne, TOK M (a30BBId yroi ABUTATENs B HArpy304YHOM

pexume, npeamecTsyomeM K3; 3Hak MI0C COOTBETCTBYET CUHXPOHHOMY JBUTa-
temo (CI) u CK, 3Hak MUHYC - acuHXpoHHOMY aBurarento (AJl) u HeqoBo30YX-
nenHomy C/I.

[Ipu OTCYTCTBMM NMACHOPTHBIX JaHHBIX MOXKHO MOJIb30BATHCS UX CPEAHUMU
HOMUHAJIbHBIMU 3HAYECHUSAMM:

o s CJlu CK Ei’cﬂ =11wu X,L'Cﬂ =0,2;
o st AL Ex ;=09 u %7 =1/k

nycK !

TAac k - KPaTHOCTH ITYCKOBOT'O TOKaA.

nycK
TexHUYeCKHEe XapaKTePUCTUKH DJICKTPHUSCKUX JBUTATEICH U CHHXPOHHBIX
KOMIIEHCATOPOB MPUBECHBI B MpuiiokeHun 10.

Obobwennas (npomviunentas) uaepyska. Ilom o0000IIEHHON HaArpy3Kou
NPHUHSITO MOHUMATh COBOKYMHOCTh AJl, Ka)ablli M3 KOTOPBIX UMEET HEOOJBIIYIO
MOIIHOCTh. Takum oOpa3zom, 0000IIeHHas Harpy3Ka 3TO 3KBUBaJIEHTHBIH A/l, mo-
sTomy U BeaeT cebs mogooHo AJ[. Cxema 3amernieHuss 000OIIEHHON Harpys3Kw,
noJIKJIroueHHON B Mecte K3, Takas ke, Kak 1 CHHXPOHHOT'O TeHeparopa. PeakTus-
HOCTHh O00OOIICHHOW HArpy3KH 3aBHCHUT OT XapaKTepa NMPUEMHUKOB 3JICKTPOIHEP-
MM ¥ OTHOCUTEIBLHOTO y4YacTHs Ka)KJIOTO M3 HUX B pacCMaTpUBACMOM IpOIlECCe.
JUiss  cpemHed CTaTUCTHUYECKOW HArpy3Kd TPUHATO CcyUTaTh EX =0,85,

Hazp
=0,35.

Cucmema (an1ekmpuueckas). COBOKYITHOCTb 3JIEKTPUUYECKUX CTaHLIMUM, dIICK-
TPOMOACTAHIINH, TpaHchopmaTopoB cBsizH, JIDII MOKHO 3aMEHUTH OJHUM SKBUBA-
JICHTHBIM T€HEPATOPOM, KOTOPBIN MPUHATO HA3bIBaTh (JIEKTPUUYECKON) CUCTEMOM.
JIJIsl CHCTEMBI 3a[af0TCsI €€ TOJIHAsE MOIIHOCTh S, (MOIIHOCTh BCEX BXOISIIUX B

14
X azp

CHCTEMY T€HepaTopoB) M HoMHHanbHOe Hampsokenune U.. Ha cxeme 3amerienus

cucTema n3o0pakaercs Tak ke, Kak u renepartop. [Ipu s3Tom HE0OX0IMMO UMETH B
BUJy, YTO HOMUHAJILHOE HAIpsIKEHUE TeHepaTopa, Kak MPaBUIIO, HE MPEBBIIIACT
24 kB (ouenp penko 150 kB), moaTromy moakiIro4aeMbie K HEMY OOMOTKH TpaHC-
(dbopMaToOpoB COEMHEHBI B TPEYTOJIbHUK. HanpsikeHus cucteMbl, B TPUHITUIIE, MO-
T'YT UMETh Pa3IMYHbIC 3HAUCHUS U3 CTAHIAPTHOTO psA/la HAPSDKCHUH, KaK TpaBU-
70, 60JIee BHICOKHE, YeM HAIPsHKEHUS] TeHEePaTOPOB, MOATOMY TOJIKIIF0YaeMble 00-
MOTKH TpaHCPOpPMATOpOB, OOBIYHO COSAMHEHBI B 3Be3y. Hamomamm, 4T0 0OMOT-
KU BBICOKOTO HampsixkeHus (Boiiie 35 kB) coenunsitorcs B 38€34y, OOMOTKH HU3KO-
ro HanpsbkeHust (Menee 35 kB) — B TpeyroyibHUK.

y 5(3) K3

ACTO IJ1d CUCTEMBI 3a1aK0TCA ITOJIHAA MOIIIHOCTD k HpI/I TpeX(l)a?)HOM

U HanpsbkeHue Toi ctymenu U, rae u3BecTHa MOIIHOCTh, B 9TOM CiIydae COIpO-

TUBJICHHUEC CUCTCMbI. B UMCHOBAHHBIX CANMHHUIIAX
2

_ UC

(1.15)

B OTHOCHUTCIJIBHBIX €CAMHHUIIaX
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XC*5 = (116)

o
2
s{3)

1.3. PacyeT HaYaJIBHBIX CBEPXIIEPEXOAHbIX TOKOB
Tpex¢)a3HOro KOPOTKOIro 3aMbIKAHUSI B HMMEHOBAHHBIX eIMHHUIAX

[Ton HayambHBIM CBEPXMEPEXOAHBIM TOKOM MOHUMAIOT JCHCTBYIOIIEE 3HA-
YeHHe NepUoANYECKON COCTaBIAIoIEH Toka B HayanbHbld MoMeHT K3 pu t=0. B
pacderax MPUMEHSIOT YKPYITHEHHbIC MMCHOBaHHBIC BeTWYHHBI: KB, KA, MBA n
T.1I.

Pacyer TK3 HauymHaeTcs ¢ COCTaBICHHS CXEMBbl 3aMEIICHUS, UCIIOIB3YS
CXEMBI 3aMeIICHHS OTACIbHBIX AIEMEHTOB, MpuBeIeHHBIC B 11.1.2. CxeMy 3amerie-
HUS U300paaroT OJHONMHEWHOM, n300paxast onHy u3 ¢a3. B omimumne ot npuHsi-
TOTO U300paKEHUS YJICKTPUICCKUX CXEM B HUX HE IMOKa3aH 3aMKHYTHIN MTyTh TOKA.
Ha cxeme 3amenieHust H300pa)karoTCsl TOIBKO T€ SJIEMEHTHI, IO KOTOPBIM MPOTEKa-
et Tok K3, ucnons3yst cummetputo cxembl. Tok K3 mporekaer oT reHepaTopoB K
MECTY MOBPEKICHHSI. DJIEMEHTHI CXEMbI 3aMEIICHNs 0003HAYal0T B BUJE OOBIKHO-
BEHHOU JpOOH, B YUCIUTEIEC KOTOPOW HAXOIUTCS MOPSIKOBBI HOMEpP, a B 3HAMeE-
HaTele — BeJIMYMHA COMTPOTHUBIICHHUS.

Bri6upaercs 0oCHOBHAsI CTYIIEHb HAMPSKEHUSI, K KOTOPOM 3aTeM MPUBOIATCS
conpoTuBiIeHus Bcex 3eMeHToB U DJ]C reneparopoB. B kauecTBe OCHOBHOI CTy-
NIEHU HANPSHKEHUS] pEKOMEHTYeTCsl IPUHSITh CTYIEHb, re npousornuio K3.

JIJist UCKITIOUEeHMSI BIMSIHUSI COETMHEHUs 0OMOTOK TpaHC(HOpMAaTOpoB (aBTO-
TpaHchopMaTopoB) Ko PUIMEHT TpaHCHOPMAITUN ONIPEALIIAETCS KaK OTHOIICHHUE
JUHEWHBIX HANPSHKECHUN TIPH XOJIOCTOM XOJIe, IIPU 3TOM KoddduinueHT tpancdop-
MAaIMU OIpPEAeNIeTCs KaKk OTHOIIEHUE: HAMIPSHKEHUsT 0OMOTKH, OOpalieHHoN K oc-
HOBHOM CTYIEHU K HANPsHKEHHIO 0OMOTKH, OOpaIIeHHON K IPUBOJIUMOMY DJIEMEH-
Ty. llpy Hamuyuu MeXay OCHOBHOM CTYNEHBIO W MPUBOJAUMBIM DJIEMEHTOM He-
CKOJIBKUX TpaHchopMaTopoB (aBTOTpaHCHOPMATOPOB) PE3YIbTUPYIONUN (PKBHU-
BaJICHTHBIN) KOd(DPUITMEHT TpaHcPopMalliu paBeH MPOU3BEACHUIO BceX Kodhdu-
[IMEHTOB TpaHchopMaIuu TpaHCHOPMATOPOB, PACIIOIOKEHHBIX MEXIY MPUBOIIU-
MBIM 3JIEMEHTOM U OCHOBHOU CTYIICHBIO:

kK, =kiko -+ Kk, = 17K;.
°

[TpuBeneHHbie TapaMeTpsl 00O3HadYaroT, Hampumep, Z. Jlns mpuBeacHHS
HCIOJIB3YIOT ClieAyronue GopMyIIb:

E-E. k., (1.17)

— O
Il

~~
~

U=Uk,,

21

Z=7-k2. (1.18)
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Ilocne Beruncnenns Bcex IJC u cONpOTUBIEHUN U NPUBENEHUS K OCHOB-
HOU CTYINEHM, UCIOJb3Yys NpaBUiIa MPeoOpa3oBaHus JIEKTPUUECKUX CXEM, CXema
3aMEILECHHs CBOPAYUBACTCS.

Hailinennsie u3 npeoOpa3oBaHHOM cxembl 3kBuBajeHTHbie DJ{C E, u co-

[e]

MIPOTUBJIEHUE X, UCHOJIB3YIOTCA JU1s BeuncieHus Toka K3. YuuteiBas, uro 3/1C
nuHelHas, a Tok K3 onpeznensercs B ¢aze, To cBepxinepexoaubiii Tok K3 Beiumc-
nsietcst mo popmyrie

9
—. (1.19)
A
1.3.1. Pacuem TK3 ¢ mounvim npusedenHuem Kodghguyuenmos mpaucghop-
mayuu. COTPOTUBJICHUS BCEX DJIEMEHTOB CXEMBl BBIPAXKAIOTCS B MMCEHOBAHHBIX

eANHMIIAX C Ucnoiib3oBaHueM BhipaxxeHuit (1.7, 1.13). ConpoTuBieHus: renepaTo-
pa Xg, TpaHcdopmaropa Xy, IMHAU X, M PEaKTOpa X, ONMPEICIIIOTCS C IOMO-

Ip =

IMBIO BI:Ipa)KeHHﬁ:

2 2
" UH — X" COS@'UH

Xo = Xf —H =xh — 2 —H
G dSH d P

Upo, U2
Xp = k%_H’

100% S, g (1.20)
X, =X, |

) noe!

Xp =X Yy
- *y T .
p PTH \/§ IH )
rae | - qmHa nuaMu. ConpoTHBICHHE KaOels BRIYMCISICTCS TAKKE Kak M JIMHUH.
B dopmyny nns BbrumMcieHHUs CONMPOTUBICHUSA TpaHChOpMAaTopa MOXKHO TMOJCTa-
BUTDH HAIpPSDKEHUE 000 OOMOTKH — MPHU 3TOM TOJIYYHM COMPOTHBICHHE TPAHC-
dbopmaTopa, MpUBEACHHOE K HANPSHKCHHUIO JJAHHOW OOMOTKH.

C menp0 KOMIIEHCAIIUM TIOTEPh HAMPSDKEHUS B AJIEMEHTaX YHEPrOCHCTEM
(muHuuM, kabenu, TpaHcPOpPMATOPHI, PEaKTOPhl) HOMUHATIBHBIE HAMIPSIKEHUS 00OMO-
TOK TIOBBIMIAIOIIUX TPAHCPOPMATOPOB BHINIE CTAHAAPTHBIX HOMUHAJIBHBIX HAIPSI-

)KeHuit cootBeTcTBYMOIIEero kiacca: ecnu U, <220«B, to Ha 10%, ecmu U, >330
kB — Ha 5 %. Hampsixenune 220 kB siBnsieTcss TpaHUYHBIM, TOATOMY Yy HEKOTOPBIX
MOBBIMIAIOIIAX TPaHC(HOPMATOPOB ATO HAMPSHKEHUE TOJIBKO HA 5% BBIIIIE HOMH-
HajgpHOTO. [lKana HanpsoKeHUH MUTAIIMKUX TpaHC(HOPMAaTOPOB:

U,.,xB 6 10 35 110 220 330 500
U 6,6 11 38,5 121 242 347 525

nosbviul. mp—pa

B (230)
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1.3.2. Pacuem TK3 c npubnudscennvim npugeoenuem kodpouyuenmos
mpancgopmayuu. Ha npakTUKe 4acTO UCIOIb3YETCS NPUOIMKEHHOE PUBEACHHUE
ko3 punreHToB Tpanchopmanuu, ynpoiaroiiee pacuetsl TokoB K3. [{ns kaxgoit
CTYIIEHU MPUHUMAIOT, YTO BCE HOMUHAJIbHBIE HAMPSDKEHUS 0OMOTOK TpaHcdopma-
TOPOB U T€HEPATOPOB OJMHAKOBBI M PAaBHBI CpEeJHEMY HOMHMHAJIHLHOMY HaIpsikKe-
HHIO TpaHcpopmaropa Uy, HIM pacYEeTHOMY HampspkeHHIO. B cooTBercTBHE C

"[IpaBunamu ycTpoHCTBa 3JIEKTPOTEXHUYECKUX YCTAaHOBOK CpeIHEE HOMHHAIb-
HO€ 3HAUCHUS HANpPSOKEHUS NPUHUMACTCS BBIIIE CTaHJAPTHBIX HOMHHAJIBHBIX
HanpspKeHUH cooTBeTcTBytomero kiacca: ecnmu U, <220kB, to Ha 5%, ecnu
U, >330kB — na 2,5 %.

[Ikana cpeTHIX HOMUHAIBHBIX HAMIPSDKCHUN

U,.xB 6 10 35 110 220 330 500
Ucp.n» KB 6,3 10,5 37 115 230 340 515

CpenHue HOMUHAJIBHBIC HAIpPSXKEHUS TEHEPATOPOB M HEMOCPEICTBEHHO
MPUCOCAMHEHHBIX K HUM TpaHchopMaTopoB (OJIOKOB) paBHBl HOMUHAIBHBIM: 6,3;
10,5; 13,8; 18; 20; 24 xB. B npubiamkeHHOM NPUBEACHUN HECKOJIBKUX MOCTIEI0BA-
TEJIBHO COEIUHEHHBIX TpaHC(HOPMATOPOB HAMPSHKEHUS MPOMEKYTOUHBIX CTYICHEH
COKpAIIaloTCs M IKBUBAJCHTHBIA KOY(PGUITMEHT TpaHChOpMALMHU OIMpeaeseTcCs
KaK OTHOIICHUE CPEIHUX HOMMHAIBHBIX HANPSHKEHUN KpaWHUX CTYyNEHEW, T.e.
HaIpsHKEHUS OCHOBHOMW CTYNEHU U HANIPSKEHUS CTYIIEHU ITPUBOAMMOIO AJIEMEHTA.

Jlns maHHOTO pacuera MPUMEHUMBI Bce (opMyIibl, puBeAeHHbIe B m.1.3.1.
[TorpemHocTh pacuera TokoB K3 npu npubanKeHHOM MPUBEIEHUN 10 CPAaBHEHUIO
C TOYHBIM TpUBeIeHUEM He TnpeBbimaet 10-15%.

1.4. PacyeT HaYaJIbHBIX CBEpPXIePEX0AHbIX TOKOB TPeX(pa3HOro KOpPOTKOro
3aMbIKAHHUA B OTHOCUTEJIbHBIX €IMHULIAX

CocTaBisieTcsi cXxema 3aMelleHus, KOTopasi He OTIIMYaeTCsl OT CXEMBI 3aMe-
mieHus s pacuyera TokoB K3 B iMeHOBaHHBIX enuHUIIax. CxeMa JIeTUTCs Ha CTY-
MEeHW HamNpsoKeHUs. [ paHullaMH CTyTNEeHEH SIBISIOTCS TpaHCPOPMATOPhl M aBTO-
tparncpopmaropsl. Homepa ctymneneit mpuHsATO 0003HAYaTh PUMCKUMH I pamMu.
B kauecTBe mepBoii CTYNEHH PEKOMEHAYETCS BhIOpATh CTYIEHb, TJ€ MPOU3O0IILIO
K3.

Pacuer TK3 nHaumHaeTcsi ¢ BpIOOpa 0a3WCHBIX yCIIOBUI: 0a3MCHOW MOIIIHO-
ctu S; u 6asucuHoro Hanpspkeruss U, ofHOi U3 cTymenHei (rae mpousonuio K3).

Ha npyrux cTyneHsix HanpsbKeHHUs HaXOASTCA MEPEcYeTOM C MOMOUIbI0 Kodhdu-
1MeHToB TpaHchopmarmu. 3areM 1o dpopmyrnam (1.3), (1.5) u (1.7) onpenensitorcs
BCE COMPOTHUBIICHUS] B OTHOCUTEIBHBIX €AMHUIIAX U K 0a3UCHBIM YCIOBUSM MPUBO-
narcsa I/]C Bcex reHepaTopoB.

1.4.1. Pacuem TK3 ¢ mounvim npusederuem xodghuyuenmos mpancgop-
mayuu. ba3zucHoe HanpsbkeHue nepBoi crynenu (B mecte K3) mpunumaercs pas-
HBIM JICHCTBUTEIIBHOMY HampspkeHuto Ha 3Toit crynenn Ug =U, . basuchbie
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HApsKCHUA OCTaJIbHBIX CTYHCHCfI HaxogATCsa C IIOMOIIBRO KO3(1)(1)I/IHI/IGHTOB

TpaHchopMaiuu.
OtHocutenbHble 6a3ucHbie DJ{C reHepaTopoB HAXOAATCA U3 BhIPAKEHUS
E
Eges = —2-, (1.21)
6G

rae Ug; - 6a3ucHOe HanpshKeHUE CTYICHHU, K KOTOPOW TOJAKITIOYEHBI BHIBOJIBI I'e-
Hepartopa.

ConpoTuBiieHHE reHepaTopa Xgx;, TpaHCPopMaTopa Xy, JUHUU X x5 U
PeaKTopa X ,x; BBIYHCISIOTCS € IIOMOIIBIO Beipaxkenwii (1.5, 1.8, 1.10):

2
oy S5 UH] ., S5C08¢ UHj
G =X4d =—| == | =Xg—| |,
SH U6 PH U6
2
Xrng = k% S| Uy
100% S, \U; ) (1.22)
S6
X*6 = X9 I—,
Jl y U6
I, U S;
X*6:X*——H, Xgxg = Xpg—5 .
p pTH |H U6 p p U62
. (U,
H€O6XO,III/IMO CJIICOUTH, LIT06I>I OTHOHICHUC HAIIPSIKCHUU —_— COOTBCT-
9]

CTBOBAJIO OJHOW CTymeHW HanpspkeHus. s Tpanc@opMaTopoB OTHOIICHUS

~HI
Usi
Hcnonws3ys mpaBmiia mpeoOpa3oBaHUs IICKTPUUECKUX CXEM, CXEMY 3aMe-
IEHHUs CBOPAYMBAIOT M MIPU 3TOM MONy4aroT skBuBaneHTHYI0 DJIC Elxs 1 oKxBH-

PaBHBI JIS BCEX 0OMOTOK.

BaJICHTHOE CONIPOTUBIIEHUE X5 . Haxomar oTHocuTenbHbIN Oa3ucHblil Tok K3

n
n _ o*6
Ik*6 _ .
%0

st naxoxkaenust Toka K3 B ”MEHOBaHHBIX €AMHUIIAX UCTIONB3YIOT PopMy-

iy
" ”
Ik = lixslsi,

Sg . .
rne lg = \/§—U - 0a3UCHBIN TOK TOM CTYIICHH, TJIe HaxoauTcs ToK K3.
oi

3HaueHus TokoB K3 OIpCACICHHBIC B OTHOCHUTCIIbHBIX CAMHHIAX OOJI’KHBI
coBIIagaThb CO 3HAYCHUAMM TOKOB BbBIYHMCIICHHBIX B MMCHOBAHHBIX CIMHHIIAX.
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1.4.2. Pacuem TK3 c npubnudsiceHHviM npusedeHuem KodIp@uyuenmos
mpancgopmayuu. Tlpn npuOIMHKESHHOM TPUBEICHUN 0a3WCHBIC HATIPSDKCHHSI TTPH-

HUMAIOTCS PAaBHEIM CPEJIHMM HOMHHAIIBHBIM HanpskeHuaMm, 1.e. Ug =U, .

Tak kax D/IC renepatopa npu npuOIMKEHHOM MPUBEJICHUU 3a/1a€TCS paB-
HOM HanpspDKeHMIO Ha BBIBOJAX TeHeparTopa, To, ucnonb3ys (1.21), momyuum
Eg*s =1. Ilpu npubnmkeHHOM TpPUBENEHUH YHPOIIAOTCs (GopMysbl ompenerne-
HUSL COMPOTUBJICHUI 3JIEMEHTOB, 1JI1 KOTOPBIX COMPOTUBIIEHUS 3aJ]aHbl B OTHOCH-
TEJNbHBIX €IMHUIIAX:

S S cos
Xgrg = X =0 = x4y 2027 ¢

SH PH
Yrur = Jk% 56
T*6 = ’

100% S,
I

Xp*5 =Xp*H—6,

IH
BCE OCTaJIbHBIE BBIPAKEHHS, HEOOXOAUMbIE JJIs pacdyeTa TokoB K3 ocrarorcst 6e3
W3MEHEHUS.

IIpumep 1.1. TIpousBectn pacyer cBepxmepexoaHoro toka K3 mpu Tpex-
(Ga3HOM TMOBPEkKJACHUU B TOYKE K [UIs 3aJaHHOTO YydYacTKa SHEPrOCHUCTEMBI
(puc.1.7) B IMCHOBaHHBIX W OTHOCHTEIIBHBIX Oa3MCHBIX €IUHHUIIAX C TOYHBIM H
npUOIMKEHHBIM TIpUBeieHHeM Kod(ddunrentoB tpancopmamnuu. Ob6a reneparo-

Ppa 410 BOBHUKHOBCHUS IMMOBPCIKIACHUA pa60TaJ'II/I B HOMUHAJIBHOM PCIKHUMC.
G T1 AT

@

Puc.1.7

[TapamMeTpsI 2IEMEHTOB CXEMBbI:

e Teneparop TB®-100-2: P, =100 MBrt; U, =10,5 kB; cos¢ =0,85; Xg
=0,183;

e Tpanchopmarop T1: TII-12500/220: S, =125 MBA; U 5 =10,5 xB; U gy
=242 kB; U}o, =11%;

e Astotpancdopmarop ATJIITH-200000/220/110 S,, =200 MBA; U zy
=220 xB; U gy = 121 kB; U g7 = 38,5 kB; Uy gy =34 %; Upx o= 11%;
U k*CH = 21%;

e Tpanchopmarop T2 TPJIITH-125000/110: S, =125 MBA; U gy =110 B;
Uy =11 kB; Uy, = 10,5 %:
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e JIyxuenHas juHudA: quuHa JI1 = 60 kM, IOrOHHOE CONPOTUBIEHUE X, =
0,4 Om/kMm;
e OpnnouenHas MuHMA: JyinHa JI2 = 25 KM, IOTOHHOE CONPOTUBJIEHUE X)), =

0,4 OMm/xMm.

< Hcnonb3ysa pexomenaanuu 1.1.3, coctaBuM cxeMy 3amenienus (puc.1.8).
['enepatopsl, TpaHc(hOPMATOPHI, ABYXIIETHAS JIMHUS, aBTOTpaHCPOPMATOPHI, HC-
MOJIB3YS PUHITUI CUMMETPHH, U300pakaroTCsl OTHUM DJIEMEHTOM, a HAIWYHUE Ta-
paJJIENIEHOTO AJIEMEHTAa YYUTHIBACTCS TIPU BBIYUCIIEHUN conpoTtuBieHus. [lo peak-
TOPY U OOMOTKaM HH3IIEr0 HampsDKeHUs aBToTpaHchopmaropoB Tok K3 He mpo-
TEKaeT, MO3TOMY Ha CXeMe 3aMEIEHUSI OHU OTCYTCTBYIOT.

Ec=1472 _1_ _2_ 3 4 5 6
0,137 0,0776 0,0363 0,0402 0,1 0,101 <
(: — — —{ {1+
Puc.1.8

B kayecTBe OCHOBHOW CTYINEHM MPUHHUMAETCS Ta CTYINEHb, rae npowusomuio K3.
Hanpsixenne Ha 3Toit crynienu 11 kB.

Pacuem mokos K3 6 umeHo8aHHbIX eOUHUYAX C MOYHBIM NPUBEOEHUEM KO-
aghuyuenmos mpancgopmayuu.

Conporusnenus Bcex eMeHToB U JJ1C reHepaTopoB BbIpa3UM B UMEHO-
BaHHBIX €IUHULIAX.
ConpoTuBiieHnEe reHepaTopa, MPUBEIECHHOE K €r0 HOMUHAIBHBIM [TapaMeTpam

2 2
X U, cose 0183 10,5°-0,85

Xg = =0,1710wm.

H
ConpoTuBneHne IByX T€HEPATOPOB, MpuBeaeHHoe K OC

o 2 2 2 2 2 2
X1:X—G 242) (121) [ 11) :O,171 242) [121) [ 11) 0137 Om.
2 \105, \220,) \110 2 \105) \220,) \110

Comnporunenue Tpancpopmaropa T1, mpuBeeHHOE K OOMOTKE HHM3KOTO Hampsi-
KEHUS

Uy, U2 11 1052

- 100% S, 100 125

Comporusnenue a8yx Tpanchopmaropo T1, mpuBeaerHoe k OC

X1 ( 242 ﬂmﬂ 11 jz _ 0097 ( 242 j2[121j2( 11 jz 007760
2 \10,5) \ 220, \ 110 2 \105) \220) \ 110

CornpoTuBieHrue OJHOM Lenu ABYXUENHON TuHun JI1

Xy1 = X001 =04-60=24 Om.
Conpotunenue apyxuenno nunuu JI1, npusegennoe k OC

o 2 2 2 2
X3 = il 121) 11) _ Ej ﬁ) —00363 Owm.
2 1220) \110) ~ 2 \220) \110

XTl :0,097 Owm.
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ComnpoTuBneHue aBTOTpaHcpopMaTopa, MPUBEICHHOE K OOMOTKE BBICOKOIO

HaTPSKCHUS

Uppeoy U2 11 2202
100% S 100 200

H
ComnpoTuBneHue IByX aBToTpancopmaropos, nmpuseaennoe k OC,

o 2 2 2 2
X4 = XAT 121) 11 j _ 26 62 121) 11 j 00402 Om.
2 \ 220 110 2 220 110
ConpoTuBiIEHUE OJHOLENTHON JTUHUU JI2
X2 = X0, 1=04-25=100wm.

Conportusnenue onHouenHon auanu JI2, npusenennoe k OC,

2 2
: 11 11
X5 =X1—| =10-| — | =01 Owm.
> ”{110) (110] "

Comnpotusnenue Tpancpopmaropa T2, npuBeneHHOE K OOMOTKE HU3KOTO Hamps-
)enus, T.€. K OC

=26620Mm.

XAT

Uy U2 105112
100% S,, 100 125
CymMmmapHO€e CONpOTUBIIEHHUE 1Ienu, npuBegeHHoe k OC

X5 = X1+ X2+ X3+ X4+ X5+ Xg =0,492 Om.
QI[C réHeparopa B OTHOCUTCIIbHBIX HOMHWHAJIbHBIX CAWMHUIIAX

X6 =0,101 Owm.

2 - 3
EG«, = \/(J*H cosg, -+ U, sing, + X 5 =

—/1-0852 + €-0527 +1-0,183 % =1107.
OJ1C renepatopa B MMEHOBAHHBIX €IMHUIIAX

E;, =Eg~, U, =1107-105=1162 «B.
O/1C reneparopa, npuBeneHHas k OC,

E"Gy = EL. 242 121 11 j:11’62 242 121 11 _1472 B.
10,5 220 110 10,5 220 110
Ceepxnepexoansliit Tok K3 OC
Iy = EGy 14,72 =17,29 KA.

Jixs J3.0492

Pacuem mokose K3 6 omuocumenvHvix 6A3UCHbIX €OUHUYAX C MOYHbIM NPU-
gedenuem Kodppuyuenmos mparcpopmayuu.

Bribupaem 6asucHyio MoIHOCTh S;= 1000 MBA u Ga3ucHbie HATPSHKCHHS
CTyneHeil. B kauecTBe mepBOM CTYNEHHU NMPUHUMAETCS CTYIIEHb, TJ€ MPOU3OIILIO
K3. ba3ucHoe HanpsikeHHe NEPBOM CTYNEHU MTPUHUMAETCS PAaBHBIM JI€MCTBUTEN b-
HOMY HampspkeHuio Ha 3Toit crymenun Ug = 11 kB. OTtHOcHTeNnbHBIE 0a3uCHbBIC

HaIIPAKCHUA OCTAJIbHBIX CTyneHeﬁ.
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110 110
oIl 6l 11 11 K
220 220
U =U,;,—=110— =200 kB;
220 105
U =U ——=110—"—=8,67 «B.
14 oIl 121 247 K

ComnpoTuBieHne IByX F€HEPATOPOB
2 2
Xpxg = Xg 55C08¢| U, =O,1831000'0’85 10’5) =114.
2P, \Ugyp 2-100 \ 867
Conporusnenue AByx Tpanchopmaropos T1

2
Uk S5 (U, ) 11 1000 (10,5)2_065
100% 2S,\ Uy ) 1002-125\ 8,67 T

ComnpoTuBneHne IByXUENHOW JuHuH JI1
Xpolt S 0/4-60 1000
2 U, 2 200°

Conporunenue oomotok B-C HanpspkeHus AByX aBTOTpaHc(hopmMaTopoB

2 2
_Uksew S ( U, j _ 11 1000 (220) ~0,333.

Xo* 5

X3* 5 0,3.

Xaxp = =
¥077100% 25, \Ugy; ) 1002-2001 200
ConpoTuBIE€HUE OJHOLIETHON JTUHUU JI2
Xewg =X | 8—25 =0,4-25% =0,826.
Uéy 110

Comnpotusnenue Tpanchopmaropa T2
Uy S5 105 1000(10,5)2 _osa
- 100% S, 100 125 \867)
CyMMapHO€ CONTPOTUBJIEHUE LIETIH
Xgeg = Xprg + Xoxg + Xgrg + Xgrg + Xgx g + Xgx5 =4086.
O/IC rereparopa B OTHOCUTEIBHBIX 0a3UCHBIX €IMHUIIAX

Xg* 6

H

Bl = Eg _ 1162 _134.
Usyr 867
OtHOCUTENBHBIN Oa3ucHbIN TOK K3
g = =60 = 13% _0 308,
Xps 4086
Caepxnepexoanslii Tok K3
S 1000
10 = lywsl i = lpw s —0— =0,328———— =17 23 KA.
k k*6'6l k6\/§u5l \/§-11

Pacuem mokos K3 6 umerno8anubix eOUHUYAX C NPUOTUNCEHHBIM NPUBEOEHU-
eM Koaguyuenmos mparcghopmayuu.
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JIeliCTBUTENIbHBIE HANPSIAKEHUS JIEMEHTOB CXEMbl 3AMEHHM CpPEJIHUMU 3Ha-
YEHUAMU.
ConpoTuBIEHUS 3IEMEHTOB CXEMBI, MpuBeIeHHbIE K OC

o 2 2 2
X1 = xj 2 COS(”(lO’S) _018319°°985 _ 40657 O,
2P, (105 -
2 2 2
Ui U; (10,5) 11 105% (e o
100% 2S, \ 105/ 1002125
o 2
xe,zxLZ'l(lo—’S) =0025 Ow,
2 | 230
2 2 2 2
" Yksc Vs (10,5) _ 11 230 (10,5) 00485 Om.
100% 25, \ 230 ) 100 2-125\ 230

o 2
X5 = X,,00 IZ(%) =0,084 Owm,

e = Yok U2 1051052
100% S,, 100 125
CymMmmapHoO€e CONpOoTUBIIEHHUE 1enH, npuBegeHHoe k OC

o o (o} (o} o o o

=0,0926 Owm.

X5 = X1+ X2+ X3+ X4+ X5+ Xg =0,384 Om.
OJ1C reneparopa, npuseaeHHas k OC

E'G, =U, 18_2 =105 kB.

Ceepxnepexoansliii Tok K3 OC

E/ 105
1] =_——G _ ~ _ —1581 KA.
K - V30384
]

Pacuem moxoe K3 6 omnocumenvhvlx OA3UCHbIX eOUHUYAX C NPUOTUNCEH-
HbIM npusedeHuem kodpouyuenmos mpancghopmayuu.

Bribupaem 6azucHyto MomuHocTh S; = 1000 MBA u 6a3ucHbIC HAPSHKCHUS
CTyneHeil. ba3ucHple HaNpsoKeHUsI CTYNEHENM NPUHHUMAKOTCA PaBHBIM CpPEIHUM
HanpspKeHUsIM Ha cooTBeTcTByrommx crynensx: Ug =105 kB, Uy =115 «B;
Ugr =230 xB; Ugp =105 xB. OmnpenernseM OTHOCHTEIbHBIE CONPOTHBICHHUS
AIIEMEHTOB CXEMBI, IPUBEICHHBIE K 0a3HUCHBIM yCIOBHUSM:

X = X S; cosg _0183 1000-0,85 _0777:

H
Uy S; 11 1000

- - —044;
100% 2S, 100 2-125

Xo* g
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Xu00l1 S5 _ 04-60 1000

Xgeg = =0,226;
"2 u?Z, 2 2302
e = Uch;,% Sg _ 11 1000 _ o0,
100% 2S, 100 2-200
Xgr 5 = X100 I28—25=0,4-25%:0,756;
Uy, 115
Ko = Uiy S5 _1051000 o,

©100% S, 100 125

CYMMapHOC COIIPOTHUBJICHUC LICTIN
X3*6 = X1*6 + X2*6 + X3*6 + X4*6 + X5*6 + X6*5 = 3,314
Cepxnepexoanslii Tok K3

" "
B l5 = Bs S _ 1 1000 .56 A b
Xy Xp5 V3Us 3314 +/3-105
IMpumep 1.2. [IpousBectu pacueT cBepxmepexoaHoro Toka K3 mis 3aman-
CJ] HOro ydacTKa SHEPrOCHCTEMBI

(puc.1.9) mpu tpexdaznom K3 B
All Touke Kk B MMEHOBaHHBIX U OT-
HOCHUTEJNIbHBIX 0a3MCHBIX €JIMHU-
1[aX C MPUOJMKEHHBIM MpUBEJIE-
HUEeM KO3 (HUIIMEHTOB TpaHC-
dbopmanu. DNEKTpUYECKUE JTBU-

Puc.1.9 raTejad 10 BO3HHUKHOBEHUS IIO-
BPEXJIEHUS pad0Taau B HOMUHAIBHOM PEKUME.
[TapameTpbl 2IIEMEHTOB CUCTEMBI:

e cucrema: S.=150 MBA;
o mHus JI: nmunaa | = 30 kM, moroHHoe conpotusieHue X,,,= 0,4 OM/km;
e tpanchopmarop T: TPAITH-60000/110: S, = 60 MBA; U z5=110 «B;
U gy =11xB; Uy, =11 %;
e cunxpoHHbIH dnekrpogsurarens (CH): Poy= 6,3 MBT; U, =6kB;
cospcy =0,9; Xg =0,144;

Iy =

C

O+—

* acHHXPOHHBIN dnekTpoasurarens (AN): Py,= 1,25 MBrT; U, =6kB;

cos@ 47 = 0,905; K,y = 6,6;
 0000wennas Harpyska (Hr): S, .., =2 MBA; U, =63 kB; E, .« = 0,85;
xHaep* = 0,35

< Cxema 3amemnienus npuBenena Ha puc.1.10.

Pacuem mokos K3 6 umerno8anubix eOUHUYAX C NPUOTUNCEHHBIM NPUBLOCHU-
em Koappuyuenmos mpancopmayuu. JIeicTBUTEIbHBIC HAIPSOKCHUS YJIEMEHTOB
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CXEMBI 3aMEHUM CpPEJIHUMU. B KauecTBE OCHOBHOM CTYIIEHU TPUHUMAETCS CTYIICHb
HanpspkeHus 6,3 kB — mecto noBpexaeHus.

Bripasum conpoTHUBIEHUS 3JIEMEHTOB CXEMbl B UMEHOBAaHHBIX €IWHUIAX U
MPUBEAEM X K OCHOBHOU CTYTICHU:

cucreMa

o 2 2 2 2

X1:UC (6,3] :115 6,3 0265 Om,

S. \115 150 1152

JTUHYS

; 63)

X2 =X, I(Ej =0036 Om,
TpaHchopMarTop

o 2 2

xg =k Uy 11037405 6

~100% S

100 60

H

CPIHXpOHHBIﬁ QJICKTPOABUTATCIIb

[e)

U3008¢Cﬂ 201446,320,9

X4 = Xep =0,816 O,
PC,H y
ACMHXPOHHBIN AJIEKTPOIBUTATEIb
;(5 _y U,fcosquﬂ _ 1 U,fcosq)/w _ 1 6,320,905 _ 4353 O
APy Ky~ Pag 66 125 ! ’
000011IeHHas Harpy3Ka
° 2 2
X6 = Xygap* Y = 0,35% =6,94 Owm.
Hazp

[Tpu npubnmxeHHoM mnpuBeneHuu koddduimentoB Tpanchopmanuu IJC

L —2_ 3
0,265 0,073
1
|

4 E"CI[

Me:
-

I""ken
E"A[[

0,036
1
I

C 1

O

—

5
4,353 :
P —

6 I "KAH n
- E"nare.

D

Puc.1.10
Toku B BETBAX CXEMBI:

6,9 :

I 1]
K.HAI'P

(o} (o} [} o

BCEX UCTOYHUKOB ToKa K3 paBHBI
CpeaHEMY HOMUHAJTLHOMY
HanpspkeHuto OC, - 6,3 kB, cie-

nosareibHo, E, =6,3 kB. 3anan-

Hasi cXeMma SBISIETCS pPaaualib-
HOM, IMO3TOMY IIPU pPACYETE TO-
koB Tpexdaznoro K3, (B cxeme
HET DJJIEMEHTOB, 10 KOTOPHIM
MPOTEKAIOT TOKH OT CMEXKHBIX
BJ1C), Toku OT/IEIbHBIX BETBEH
BBIYHCIISIOTCS HE3aBUCHUMO.

cuctema (JyIs1 BETBU CUCTEMBI Xye = X1+ X2+ X3 =0,374 Om)
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ke = E = 6.3 =9,736 KA,
3. 30374
ac
CUHXPOHHBIH 3JICKTPOBUTATEb
E’ 6,3
licp=—2>—= : =446 KA,
el ., 30816
ACMHXPOHHBIN 3JIEKTPOIBUTaTEIb
E] 6,3
i ygg=—2—= : =0,836 kA,
el o 3-4353
000011IeHHas Harpy3Ka
# E 0.3 =0524 KA.

K.nazp = . .
Jaxs J3-6.94

[Tonuelii Tok B MecTe K3 paBeH cymMe TOKOB BCEX MPUCOCIMHEHUM

I = 9,736 + 4,46 + 0,836 + 0,524 = 15,556 KA.

Pacuem morxos K3 6 omHnocumenvHblx 6A3UCHbIX eOUHUYAX C NPUOTUNHCEH-
HbIM npugederuem Kodppuyuenmos mparcgopmayuu.
Bri6upaem 6aszucHyto MouiHocth S; = 1000 MBA u Ga3ucHbIe HAPSDKCHUS

cryneHedl. ba3ucHble HampsOKEHHs CTYMCHEH NPUHUMAIOTCS PABHBIM CPEIHUM
HAIPSDKCHUSIM Ha CcooTBeTcTBYIOmUX crynensx: Ug =63 kB, Ugz;=115 kB.

OmnpenensieM OTHOCUTEIbHBIE COMPOTUBIICHHUS AJIIEMEHTOB CXEMbl, IPUBEACHHBIC K
0a3MCHBIM YCIIOBHUSM:

Ué S; S; 1000

Xpeg = —C—0 =20 22 _§ 67
Sc U2, S, 150
S 1000
Xowr =X 120 -04-30———- =0907;
2*0 noe U52U 1152
v _ Uiy S5 _ 111000 _, oo,
¥0 7 100% S, 100 60
S~ cos .
fpur = Xy 20000 _ 5 1241000:09 _ 54501,
#oT2p 63
ca ;
Xers = X S5C03(0Ag_ 1 S5C05(ﬂAg_ 1 1000-0,905_1097_
*H — N4 - - - [
APy ke Pag 66 125

S 1000

Xoxg = Xy —2— = 035=== =175,

Hagp*



29

[Tpu npubnamxeHHoM npuBeaeHnn ko3 puuuenToB Tpanchopmanuu IJ1C
BCEX MCTOYHUKOB TOKa K3 paBHsI 1.

TOKH B BETBAX CXEMBI:
cucTeMa (JIUIs BETBU CUCTEMBI X5 = Xgx5 + Xox 5 + Xgxs = 941)

|ﬁczﬁ|6,=E*5 Sg__ 1 1000 _gon6 a
X x g Xx5 N3Ugs 9414/3.63

CI/IHXpOHHBIfl QJICKTPOABUTATCIIb

E El; S, 1 1000

|y = l5 = = =446 KA,
YA w1 Xgep Uy 205714363
aCI/IHXpOHHBIﬁ QJICKTPOABUTATCIIb
iz = 6 =0 26 1 1000 _gg55 a
Xex 5 Xgeg /Uy 1097 +/3.63
000011IeHHas Harpy3Ka
, EX; Els S, 1 1000 o,

_— I —_ —_
k4P = yers O Xerg V3Ug 1754363
ITonnsiii Tok B Mecte K3 paBen 15,556 kA. >

Ipumep 1.3. [ns cxemsl u3 npumepa 1.2 mpou3BECTH pacdeT CBEpXIepe-
X0IHbIX TOKOB K3, mporekarmux OT CHHXPOHHOTO ABUTATENsS, ACHHXPOHHOTO
nBUTaTeNs U 0000IIEeHHONW HAarpy3KH B UMEHOBAHHBIX €JMHHIIAX C TOYHBIM MPUBE-
neHueM ko3 puimeHToB TpaHchopMalK Mpu TpexPazHOM MOBPEKIACHUN B TOU-
ke K. DnekTpuueckue ABUraTeIH 0 BO3HUKHOBEHUS MOBPEK/ICHHUS M HArpy3Ka J0
MOBPEXKIAEHUS pabOoTa B HOMUHAIIBHOM PEKUME.

< OmnpenenuM CONPOTUBIICHUS AIEKTPUUECKUX ABUTATEIENW U HArpy3KH,
IPUBEJCHHBIE K OCHOBHOM CTYIECHMU:

o U2 cos 2.
Xa = Xty 1 S80C_572457 08 4949 oy
A Py 63
X5 = X" USCOS(ﬂAﬂ: 1 USCOS(DA/I: 1 62-0,905:394 Om
APy Ky Pag 66 125 ! ’
° 2 2
X6 = X, 0 Y o35 6';3 =6,95 Om.

Haep

Ompenenum DJ]C dIEKTPUUISCKUX JIBUTATEIICH W HArPY3KH B MMEHOBAHHBIX
eauHuIax, npuseacHHbe k OC:
B OTHOCHUTEIBHBIX €IUHHUIIAX

El e, = U, + 1, X SiN oy =1+1-0144 0,436 = 1,063

B UMCHOBAHHBIX -
E'cq =El,.U, =1063-6 = 6,378 kB;

B OTHOCHUTCIJIBHBIX €CAMHHUIIaX

H
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E:ZI,ZZ*H :U*H - I*HX::LH Sin(ﬂAﬂ :1—1‘%0,42520,935,

B IMCHOBAHHBbIX -

E"az =Eljm,U, =0935-6 =561 «B;

B IMCHOBAHHBIX —

o

E"wup=E!, U, =085-63=5355 KkB.

TOKI/I B BCTBAX CXCMBEI.
El, 6378
Sx. V30741

aCI/IHXpOHHBIﬁ QJICKTPOABUTATCIIb

= 4,975 KA,

I " _
kcaq —

E”
\yg=—2 = ¢33’2194 =0,823 KA,
J3xs e
000011IeHHas Harpy3Ka
E
: or 9D _ou5 kA, >

K.naep =

faxe V3695

1.5. MomHOCTH KOPOTKOT0 3aMbIKAHUS

[Ipu BBIOOpE BBIKIIOYATENICH €r0 HOMUHAJIBHBIM TOK OTKJIIOUCHHS COTIO-
CTaBJISIIOT ¢ BeIMUYMHOU Toka K3, KoTopas mMeeT MecTo B pacueTHBIA MOMEHT OT-
KITFOUeHUST TTOBpexaeHNsA. COOTBETCTBEHHO, €CIIM ATOT BHIOOp MPOU3BOJMTCS IO
HOMUHAJbHOM MOIIIHOCTH OTKJIIOYEHHS, TO OHA JOJKHA OBITh COIIOCTaBJIE€HA C TaK
Ha3bIBacMOM MOIIHOCTEIO K3

Skt = \/§Ucp.H Ikt

rae g - Tok K3 B pacuerHsiit MomeHT Bpemenu, U - CpeHEee HOMUHAJIBHOE

Ccp.H
HaANPsDKEHUE TON CTYIIEHH, II€ YCTAHOBJIEH BBIKJIIOYATEb.
B ortnocurenpubix emunutax npu Uz =Ug,, MOIIHOCTE paBHA TOKY

Six = lyx = , OTKyza Sy = SixS; =S5 [ X g .
Xy*6
[ToaToMy pacueTbl MOKHO BECTH HEMOCPEACTBEHHO i MouiHocTed K3.
MomtnocTs oTkioueHus Beikiatouarens no 'OCTy 687-70 maetcs npu HamOOIb-

meM pabodeM HanpsiKEHUU.

KonTposibHbIE BONIPOCH! K riase |
1. Kopotkue 3ambikanusi. [[puurnbl, BUIbI, TOCIEICTBHS.

2. Haznauenwue pacuetoB TokoB K3. OcHOBHBIE TpeOOBaHUS U JIOMYIICHUS.
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3. CucreMa OTHOCHUTEIbHEBIX €IUHUIL.

4. ®opMynbl ONIPEAEIEHUS COTPOTUBIEHNN OCHOBHBIX 3JIEMEHTOB YHEPTO-
CUCTEM B MMEHOBAaHHBIX €IUHUIIAX.

5. @®opMyibl AJid ONpeeNieHus: CONPOTUBIECHUN OCHOBHBIX 3JIEMEHTOB YHEP-
TOCUCTEM B OTHOCHUTEJIbHBIX €IMHULIAX.

6. MaremaTrueckre MOJCIIM CHHXPOHHBIX T'€HEPAaTOPOB, CHIIOBBIX TPAaHC-
dbopmaTopoB (aBTOTpaHCHOPMATOPOB), JTUHUM BJIEKTpoIepeadu, Kkadbeneu, pe-
aKTOPOB, JJICKTPUYCCKUX JBUTATEICH, 0OOOMIEHHOW HArpy3KH, CHUCTEMBI JIJIs
pacuera TokoB K3.

7. DKBUBaJIEHTHbIE TPEOOPA30BAHUS ANEKTPUUECKUX CXeM (MpeoOpa3oBaHue
IBYX TNapajuIeIbHO BKIKOYEHHBIX MCTOYHUKOB JJIC ¢ pazmuunsiMu DJC wu
BHYTPEHHUMH CONPOTUBIEHUSMH, NPeoOpa3oBaHUE 3BE3/bl B TPEYrOJbHUK U
oOpaTtHoe Tpeodpa3oBaHue).

8. Ilopsanok pacuera Toka K3 B UMEHOBaHHBIX €IMHUIIAX.
9. Iopsinok pacuera Toka K3 B OTHOCUTENBHBIX €TUHUIIAX.

10. Tounoe u npubIMIKEHHOE NpUBeAcHUE KOID(PUIMEHTOB TpaHCchopma-
IIUU TIPU BBITIOJIHEHUH pacdyeToB TOKOB K3.

11. Momnocts K3.

3amauu K ri1ase 1

1. IIpousBectu pacuer cBepxiepexoqHoro Toka K3 mpu tpexdasznom mo-
BPOKICHHH B Touke K IS CXeM yd4acTKOB SHEPrOCHCTEMBI, NIPUBEICHHBIX Ha
puc.1.12,a,B UIMEHOBAaHHBIX U OTHOCHUTEIBHBIX OA3UCHBIX €IWHUIIAX C TOYHBIM U
IPUOJIMKEHHBIM TIpUBeIeHHEM K03 duinenToB Tpanchopmaiun. ['enepaTopsl 10
BO3HUKHOBEHUS TOBPEKICHUS pabOTaIN B HOMHUHAIBHOM PEXHUME.

[TapameTpbl OCHOBHBIX 2JIEMEHTOB CXeM NpuBeaeHbl Tabnuie. Hemoctaro-
[IMe MapamMeTphl AIEMEHTOB CXEMbI BBHIOPATh B COOTBETCTBHE C MPHUBEIACHHBIMU
BBIIIIE PEKOMEHAAMSAMU. Bce mapanienbHO padoTarouiue 3JE€MEHThl CETH PEKO-
MEHJIyeTCs BBIOMpATh OJHOTUIHBIMH. KonnuecTBO mNapajuiebHO BKIIOYEHHBIX
AJIIEMEHTOB JOHKHO ObITh HE MeHee AByX. CyMMapHasi MOIIIHOCTh BCeX TpaHCcdop-
MaTopoB aekTpudyeckon craniuu (DC) moiKHa ObITh HE MEHEE MOJHOW MOIIHO-
ctu Bcex reHeparopoB (TI'-typboreneparopsi, I'T-ruaporenepatopsr). inna nu-
Huu JI2 BBIOMpaeTcss MO HAMpsSHKEHUI0O OOMOTKH CPEIHET0 HampspKeHUs (aBTO)
Tparcpopmaropa nojctaniuu (m/ct). [loroHHoe compoTUBIEHUE TUHUU BHIOWpA-
€TCsl M0 HAIPSKEHHUIO.

PesynbTaThl pacueToB TokoB K3 npenctaBuTh B BU€ TaOIUIIBI.
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3C n/cr
O—E) e — Jo—
() — ' A /KO
O—y- - ( y’
/
C
~ | n2
| a)
| 12
N
]
C
AT
|
m A
P
Puc.1.11
No IMocnen- | Cxema Tun re- PZeH’ MBT Jlnuna nu- | MomsocTs (aB- | CompoTuB-
oo | B und- | ga HepaTo- HUW JI1. | T0) Tpancdop- | neHue  cu-
pa mHd- | pyc.1.11 | pos KM " | matopoB  m/ct, | cremsr, OM
pa MBA
1 0 a) I'T 170-220 240-260 120-150 18
2 1 a) T 380-410 140-170 120-150 16
3 2 a) T 580-620 280-300 200-260 25
4 3 a) I'T 750-810 190-210 200-260 22
5 4 a) I'T 1150-1400 1100-1200 | 800-1000 26
6 5 a) T 1600-1800 700-900 900-1000 23
7 6 0) T 50-60 130-160 120-140 9
8 7 0) T 90-100 40-60 120-140 11
9 8 0) T 180-210 230-250 150-260 12
10 |9 0) T 390-420 140-150 190-260 14
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2. IlpousBecTu pacyet cBepxiepexogHoro Toka K3 myg 3aganHoro ydactka
sHeprocuctemsl (puc.1.12) npu tpexdaznom K3 B Touke K B MIMEHOBaHHBIX U OT-
HOCHUTEJIbHBIX 0a3MCHBIX €IMHUILAX C MPUOIMKEHHBIM IMpPUBEAECHUEM KO3(PULIH-
€HTOB TpaHC(hOpMAaIMK U B UMEHOBAaHHBIX €UHUIAX C TOYHBIM MPUBEJIECHUEM KO-
s puineHToB TpaHchopMmaluu. DJIEKTPUUYECKUE ABUTATEIN 10 BO3HUKHOBEHUS
MOBPEXKJIEHUsT paboTaiy B HOMUHAJIBLHOM pexxuMme. [lapameTpbl 3JIEeMEHTOB CXeM
npuBeAeHbl Tadnuie. JnuHa kabens BeiOMpaercs no HanpsikeHuto. CTyIeHThI, MMo-
cnennsas uudpa mudpa CTyIeHUYECKOro OuiIeTa, KOTOPbIX HeYeTHasi — pacueT mpo-

HU3BOJAT AJISA TOYKH K:ES) , UCTHAaA — AJIA TOYKHU R.§3) .

] ~) cK
| Hr Eﬂ
a) 6)
Puc.1.12
No | Hoenex- | Cxema | S¢, | Sp, Scx+ | Sur. | Peg» | Pagr | MK
T e | D, | MBA | MBA MBAp |MBA |MBr |MBr | e
mmdpa TOpAa,
KA

1 1 a) 500 | 50-150 15 10 0,63
2 2 0) 2000 | 90-140 5x0,4 |6x0,4
3 3 a) 600 | 60-150 15 11 0,63
4 4 0) 2200 | 100-210 4x1,25 | 5x0,63
5 5} a) 700 | 140-210 |15 12 0,63
6 6 0) 2400 | 160-210 3x6,3 |4x0,8
7 7 a) 900 |150-220 |30 13 2,5
8 8 0) 2600 | 210-300 2x10,0 | 5x1,0
9 9 a) 1400 | 190-260 |60 15 2,5
10 |0 0) 2800 | 260-410 3x10,0 | 5x1,25
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2. HECUMMETPUYHBIE KOPOTKHUE 3AMBIKAHUA
B CBEPXIIEPEXO/THOM PEKHUME
(ILIOIIEPEYHAA HECUMMETPHA)

Pacuer ToxoB K3 nmpu HECUMMETPUUYHBIX MOBPEKICHUSIX MOXKET ObITH BbI-
MOJIHEH, PEUIMB CUCTEMY YPaBHEHHUW, COCTABJIEHHBIX JJIsI BCEX KOHTYPOB CETH.
OnHako TEXHUYECKHU ATO CJIOXKHO CeaTh U3-3a OOJIBIIOr0 KOJUYECTBA YPAaBHECHUN
1 HEOOXOJIMMOCTH 3HATh B3aUMHBIE HHIYKTUBHOCTH Y JIEMEHTOB SHEPTrOCUCTEMBI.
Bonee nmpeanodrutenbHbIM SBIsIETCS MpeoOpa3oBaHuE UCXOAHOU Tpexda3Hou Iie-
Iy B TPU OJHO(A3HBIC, JJISI KOTOPBIX OTAEIBLHO MPOU3BOJATCS PACUEThl TOKOB, a
MOJIHBIA TOK TMOJYyYarOT MyTEM F€OMETPUYECKOI0 CYMMHPOBAHUSI TOKOB OfHO(A3-
HeIX 1eneid. Hanbonee vacto nns pacuera HecummeTpudHbiX K3 wucmonb3yeTcs
MeTo cuMMeTpUuHbIX coctapisitonux (MCC).

B naHHOM paszgene paccMOTpeHbl MeTOnbl pacuera TokoB K3 mpu oaHo-
KpaTHOM HecuMMeTpudHOM K3, T.e. mpu 0JHOKpPATHOW MONEPEYHON HECUMMETPUH.
IIpu sTOM TIpeanonaraercs, YTo AMEKTPUUYECKasA CETh SIBISECTCS CUMMETPUUYHOM, a
HECUMMETPHS BOSHUKAET TOJbKO Beienctrue K3.

2.1. MeToa CHMMETPHYHBIX COCTABJISIIOIINX
2.1.1 OcnosHvle nouamusi Memooa CUMMEMPUUHBIX COCMABIAIOUIUX

OcHosHas uzuueckas cyuHocms Memooa CUMMEMPUYHBIX COCMABIAIOUUX
3aKnoyaemcs 8 mom, Ymo, COCMAGIAIOWUE PA3HBIX NOCIe008aMelbHOCEl MeiC-
0y coboli He 83auUMO0eliCMEYIOM, Ymo N0380.Jem U300paxcams cxemvl 3aMeujeHUs

omoenbHo 0714 Kaxicootl nocredosamenvrocmu. Memounuku I/C (E,) asnaomes

ucmounukamu I3/]C npsamoti nocredosamenvrocmu. I]C ucmounuxkos oopamHotl
U HYe8oU NOC1e008amelbHOCmel PAGHblL HYTIO.

HecummeTprunyio Tpex(hasHylo CHCTEMY NPOM3BONBHBIX BEKTOPOB Fj (
J=A,B,C) MOXHO pa3lio)XUTh Ha TPU CUMMETPHYHBIX CHCTEMBI BEKTOPOB IPsi-
Mmoii (1), oopartnoit (2) u Hynesoit (0) mocnenoBaTenbHOCTER (prc.2.1):

Fa=FiatFa+FRa: Fg=Fp+Fpg+Fpg: Fc=Fc+Fc+kc. (21)
Fis Fic F28
— o
+ — e
——»Foc
F1A FZC F2A
Puc. 2.1

CuMMempuquze cocmasjiiaouue 6 3Jl€Kmpull€CKOZZ cemu NOoAGJAIOMCA 6 pe3)ib-
mame pa3s3noaNcerHus Hecujwwempuwoﬁ cucmembvl 6eKmopoe.
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Jlist ymo6cTBa TEOPETUYECKUX BBHIBOJAOB BBOJUTCS CIICITHAIBHBINA OMEpaTop
¢azbl (pa3HbIE MHOXKUTEID)
3
5
Taxum oOpa3om, omeparop ¢a3bl ABISIETCS BEKTOPOM, MOJIYIb KOTOPOTO pa-

a=el120" = 05120 %+ jsin120°= —% +j

BeH 1, a apryment 120°. ITpy yMHOKEHHH IPOM3BOILHOTO BEKTOPA HA ONEPATOP

$asbl, IPOMCXOJUT TOBOPOT MCXORHOTro Bektopa Ha 120° B IONOKHTETEHOM
HanpaBJIeHUH 0€3 U3MEHEHHUS €T0 JITTUHBI.
OcHoBHBIE CBOMCTBa orepaTopa ¢asbl:
2 j240° —-j120°
—pl240° _o—J120°

H 0
a ad=el30 —1

a’+a+1=0,a’-a=-j3.
Beeznenue oneparopa (asbl MO3BOJAET BIPA3UTh JBa BEKTOPA KaXI0H CUM-
MeTpUYHOU crcTeMbl (2.1) Yepe3 TpeTuil BEKTOP TOM JKe CUCTEMBI, HAPUMED, Ye-
pe3s Bektop Fip (1=120):

Fa=Fa+Foa+F
Fg =a’Fya +aFog + Fy b, (2.2)
Fc =aFa+a°Fyg + Fy

npu stoM Fy = Fyp = Fyg = Fpc -

Pemenne cucremsl ypaBHeHu# (2.2) naet GoOpMyJIsl sl ONpeeIeHUs CUM-
METPUYHBIX COCTABIISIONIUX

F]_A :%¢A+3FB +a2|ic
FZA =%¢A +a2FB +aFC . (23)

Fo :%GA"'FB"'FCj

Cuctemsbl ypaBHeHuit (2.2) u (2.3) 0IHO3HAYHO YCTaHABIIUBAIOT CBSI3b MEX-
ny (Ga3HbIMH BEIMYMHAMU U X CHUMMETPUYHBIMH COCTABJISIONIUMU U SIBISIOTCS
ocHOBHbIMHU ypaBHeHUssMU MCC. IlpuBeneHHbIE BBIpaXKEHUSI CIpPaBEIJIMBBI JJIS
BCEX ANEKTPUUECKUX BEKTOPOB, HAIIPUMED, TOKOB, Hanpsbkenuit, 3/1C u 1.1.

CrereHb HECUMMETPUHU CHCTEMBI BEKTOPOB XapaKTepusyeTcs: KoddhuireH-
tom HecummeTpun Do = F, [ Fy, a cTenens HeypaBHOBeImeHHOCTH - KO3 dHUIMEH-
TOoM HeypaBHoBemeHHoctH Dy =Fy/ F. B HOpMaJlbHOM CHMMETPHYHOM PEKUME
v nipu Tpexdaznom K3 b, =0 u by =0.

Ilpu 3amvikanuy Ha 3eM10 8 MOKAX U HANPANCEHUSIX COOEPHCAMCIL COCMAB-

JIAOWUe NPAMOL, 00OpamHoU U HY1eBoU NOCae008aAmMeNbHOCMeEl, NPU MencoyPas3-
HbIX 3AMbIKAHUAX MOJIbKO NPAMOL U 0OPAMHOLL.
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2.1.2 Cxembl 3amewienuss OmoeibHbiX NOCAe008amMeIbHOCMell

Tax xax pasHoumeHHvle NOCNE008AMENLHOCU He 63aAUMOOeUCmMBYIOm
MmedHcoy coOou 2mo no3eoJAem coCmasiiamy OMOelbHO CXemMbl 3aMeueHus NPSMOoL,
obpammuoil u Hyneeou nociedosamenvrocmeti. Huxe npuBeneHbl peKOMEHIALNH
10 COCTaBJICHUIO CXEM 3aMEILEHUs OTAEIbHBIX MMOCIEI0BATEIbHOCTEM.

Cxema 3amenienus npsimor nocieaopatenbHocTH (C3IIII). Ota cxema ume-
€T TaKyl0 € CTPYKTYpPy U MapaMeTphbl JIEMEHTOB, KaK U CXeMa 3aMEIICHUS MpHU
tpexdaznom K3, oTnuuaercss OT HEE TOJBKO T€M, YTO B MECTO IMOBPEKICHUS
BKJTFOYEH UCTOYHMK HANPSKEHUs NpAMOi nocienosarenbHoctd Uy .

Cxema 3amemenusi ooparHoit nocienosarenbHoct (C30IT). Cxema umeer
TaKyl >K€ CTPYKTYpy M TapaMeTphbl DJIEMEHTOB, KaK M CXeMa 3aMelIeHUs MpHu
tpexdaznom K3, 3a UCKIIIOUEHUEM DJIEMEHTOB € TTOJABUKHBIMUA MarHUTOCBSI3aHHBI-
MU TensIMH (T€HepPaTOPbl, DJICKTPUIECKHUE JIBUTATENIM, CHHXPOHHBIE KOMIIEHCATO-
pol); uctounnku DJIC reHepaTopoB 3aKOPOYEHBI (MX CONMPOTUBICHUS C TCUCHUEM
BPEMEHHM HEW3MEHHBI), B MECTO TOBPEKIACHHUS BKIIOYCH MCTOYHUK HATPSKCHUS
obpatHoii nocnenosatenbHocTH Uy . Jl1st Beell cxeMbl 3aMelieHns 06paTHOM 1o-
CJIEJOBATEIBbHOCTH, KaK MPAaBUIO, X{, = Xp, , IO3TOMY IIPHU BBINOJIHEHUU MPOU3-
BOJICTBEHHBIX PacyeTOB CXEMbI 3aMEIIEHUsI OOPAaTHOM IMOCIIeI0BaTEIbHOCTH UHO-

r71a He U300paXkaroT.
Cxema 3amenienusi HyneBoil nocnenoBarenbHoctu (C3HII) ompenensercs

IyTSAMH NPOTEKAaHUsI TOKA HYJIEBOW IOciIen0BaTenbHOCTH |y . CocraBieHue cxe-
Mbl PEKOMEHIYETCS HauuHaTh ¢ TOYKM K3, B KOTOpYI BKJIIOYAETCS HCTOYHHK
HaNPsDKEHU HYJIEBOM MOCIe10BaTENLHOCTH Ug) .Y caoBUeM 1 IPOTEKAHUA TOKA

HYJIEBOM TMOCJIEIOBATEIIbHOCTH SIBISIETCS HAJIMYHME 3JIEMEHTOB C 3a3€MJICHHBIMHU
HEUTpAJISIMU DJICKTPUUYECKHU CBSI3aHHBIX ¢ Toukon K3.

CxeMam 3aMeleHus MPsSMOM, 0OpaTHOM W HYJIEBOM IOCJIEAOBATEILHOCTEH
COOTBETCTBYIOT MIEPBOE, BTOPOE U TPETHE YPABHEHNUE CUCTEMBI:

Uy =E,-11Zy,
Uy, =-1,Z,, ¢, (2.4)
Ug =-1pZo,

rae U U, Ug,lq,15,1 - HanpsokeHust ¥ TOKH, NPSAMOM, 0OpaTHOM M HYJIEBOH 1O-
CIICIOBATEIILHOCTH COOTBETCTBEHHO, Z1,, Z9,, £, - CYMMapHbIC COMPOTHBIICHHS

npsiMoi, 0OpaTHOIN M HyJEBOW MoclieloBaTelbHOCTEN, E, - cyMMapHas (3KBUBa-

e
nentHas) DJIC (3a moJI0KUTENbHOE HAMPABICHUE TOKA MPUHUMAETCS HAPABJICHUE
K MecTy noBpexzaeHus). Cucrema ypaBHeHui (2.4) 3anucana J1jsl yCTaHOBHUBIIET O-
Csl CHHYCOMJIAJIBHOTO PEXUMa, OJIHAKO B OMEpaTOpHOIl opMe cripaBensivuBa U AJis
MEPEXOTHOTO PEKUMA.
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2.2. ConpoTuB/eHUs MAIIMH U ANIIAPATOB TOKAM O0PATHOM U HYJIEBOH
MoCJIeA0BaTe1bHOCTEH

Bce conpomuenenus, xomopvimu Xapaxmepu3oeanucs 971eMeHmbl CXembl
3amewenus npu mpexgasuvix K3 (a maxoice 8 HOpMAIbHOM pedxcume), A6IAI0MC
CONPOMUBNEHUAMU OJI1 MOKO8 NPAMOU NOCAe008AMENbHOCMY, MAK KAK MOK
mpexgasznozo K3 aensemcs monabko mokom npsamou nocieo08amerbHOCHU.

JI71s1 57IeMEHTOB ¢ HEMOABUKHBIMU MarHUTOCBS3aHHBIMU EMSAMU (CUCTEMBI,
(aBTO) TpaHc(oOpMaTOPHI, PEAKTOPHI, BO3AYIIHBIC JIMHUH, KAOETN) CONPOTUBIICHUS
OpsIMOM M OOpaTHOM MOCIEeI0BAaTEILHOCTEN paBHBI MEXKIY CO0Oi, TaK Kak HE 3a-
BUCSAT OT MOPsAKA cienoBaHus Qas.

J17151 57IEMEHTOB C MOJBHKHBIMHU JPYT OTHOCUTENIBHO JIpyra MarHUTOCBSI3aH-
HBIMU LETISIMU (CHHXPOHHBIC M ACHHXPOHHBIE MAITUHBI) COMPOTUBIICHUS MIPSIMON U
oOpaTHOM MOCJeI0BaTEeIbHOCTEH, B 00IIEM cllydae, pa3iIudHbl.

Y CHHXPOHHBIX MalllMH MAarHUTHBIA MOTOK, CO3JaHHBIM TOKaMU OOpaTHOMU
MOCJIEIOBATENIbHOCTH, BPAIIaeTCsi B OOPATHYIO 1O OTHOIIEHHUIO K POTOPY CTOPOHY,
T.€. BpPAIllA€TCs OTHOCUTEIBHO POTOpa C JABOMHOW CHHXPOHHOHM ckopocThio. Ilo-
ATOMY B OOMOTKE BO30YKJICHHS U JeMII(PEPHBIX KOHTYpaX HABOJATCS TOKHU JBOM-
HOM 4acToThl. [IO0TOK cTaTOopa BBITECHAETCS M3 POTOPA, MOITOMY CONMPOTHUBIICHUE
0OMOTKHU CTaTOpa OMpeesieTcsl, B OCHOBHOM, MOTOKaMU PAaCCEsTHUS CTaTopa.

ConpoTuBiieHHe CUHXPOHHON MaIlIMHBI C AeMII(EepHBIMH KOHTYpaMu TypOo-
reHepaTropa TOKaM OOpaTHOM IMOCJIeOBATEILHOCTH, 0€3 y4yeTa BBICIIUX TapMOHHU-
YECKHUX, C IOCTATOYHOM ISl MPAKTUKU TOYHOCTHIO OMpPENeIIsieTCs] KaK CPeIHss Be-
JUYMHA MEXAY CONPOTUBIEHUSMHU 1O TNPOAOIBLHOM U TMOMEPEeYyHOH OocsIM

X, = € +Xq /7 2, 6e3 neMndepHbIX OOMOTOK - Xp =,/XgXq . IIpubmmkeHHO
MOXKHO CYHTATh: ISl MAIIMH C AeMI(EPHBIME KOHTypamMu Xp = 1,22X{§, mst ma-
muH 6e3 qeMidepPHbIX KOHTYPOB Xo = 145X[ . B npakTtudeckux pacyerax 0ObIYHO

NPUOJIMKEHHO CUYUTAIOT X9 & Xj. DTO HE MPUBOIUT K OOJBIIMM MOTPEIIHOCTSM,

TaK KaKk B KOMIUIEKCHYIO CXEMY 3aMELIECHHUs, KPOME CONPOTUBIEHHI 0OPaTHOI m0-
CIIEZI0BATENBHOCTH BXOIAT CONMPOTHUBIIEHUS MPAMOM IOCIEN0BATENLHOCTH, a €CIIU
HOBPEXKICHUE TIPOMCXOJUT HE Ha BBHIBOJAX FEHEPATOPOB, TO ¥ BHEIIHME IO OTHO-
IIEHUIO K TEHEPATOPY CONMPOTUBIICHUS.

B aCUHXPOHHBIX JIBHUIATENAX MPOTEKAIOT IIPOLIECCH MOAOOHbIE POLIECCAM B
CHHXPOHHBIX MallMHaX ¢ fAeMmidepHpiMu 00MoTkamMu. CONpOTUBIEHUE 0OPATHOMI
OCIIE0BATENBHOCTH (POTOP cUMMETpUUHbIH) Xo =X"~0,2. Jlna 0600meHHOM

Harpy3Kd CONPOTUBJIECHUE OOpPATHOM IMOCIENOBATENILHOCTH TAaKXKe PaBHO COIPO-
THBICHHIO MPSMOW TOCICAOBATCIBHOCTH X240 =0,35. Heobxooumo

ommemumy, 4mo CONPOMUBIEHU 0OPAMHOU NOCIe008AMENbHOCMU JJIeKmpuye-
CKUX MawiuH u 0000WEeHHOU HA2PY3KU 6 medeHUue nepexooH020 npoyecca nocmo-
SAHHBL U PABHBL HAYATIbHOMY 3HAYEHUIO.

['enepaTophbl U 3JIEKTPUUYECKUE ABUTATEIN OOBIUHO pabOTAIOT C HE3a3eMJICH-
HBIMU HEUTpaIsIMU U MIO3TOMY HE BXOJST B CXEMY 3aMEIlECHUs HYJIEBOW MOCIEa0-
BaTEJIbHOCTHU.

= Xluazp
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B omauuue om cenepamopa, cucmema umeem 3a3emMaéHnvle HeUMpau, no-
IMOMY 6ce20a 6xXo0um 6 cxemy sameujenus Hyaeeou nociedosamenvrHocmu. Co-
MPOTUBJICHUE CHCTEMBbI TOKaM HYJEBOW MOCIEIOBATEIILHOCTH BCETa MPEBBIIIACT
COMPOTHUBIIEHHE CUCTEMbI TOKaM MpAMOMN mocnenoBaTenbHocTh (Tpéxdasznoro K3)
1 3a7a€TCS B UCXOHBIX JIaHHBIX.

CxeMa 3aMeIIeHUS U CONPOTHUBICHHE HYJIEBOW IOCIENOBATEIBLHOCTH X

(aBTO) TpaHcopMaTopa 3aBUCSAT OT CXEMbI COSTUHEHUS] OOMOTOK U KOHCTPYKIIUH
ero MarmurornpoBoja. IIpexae Bcero, HEOOXO0JUMO OTMETHUTB, Xy —> © CO CTOPO-

HbI OOMOTKH (aBTO) TpaHC(hOpMATOpa, COSAUHEHHOW B TPEYTOJBHUK WIIA 3BE31Y
0e3 3a3eMIIEHHOW HEHTpaiv, TaK KaK MPUI0KCHHOE HANPsHKCHHUE HYJICBOH IMmoce-
JIOBATEIIbHOCTH HE MOXKET BBI3BATh TOK B OOMOTKE TpaHC(hopMaTopa HE3aBUCHUMO
OT CXEMbI COCIMHEHUS OCTalIbHBIX 00MOTOK. ClieioBaTesibHO, (aBTO) TpaHchopma-
TOpP MOXET BKJIFOYAThCS B CXEMY 3aMCIICHHS HYJEBOW IMOCIIECI0BATCILHOCTH TPH
HAJTUYUH DJICKTPUUYECKONU CBSA3UM OOMOTKH, COCIMHEHHON B 3BE3/y C 3a3eMJIEHHOM
HelTpanblo. CXeMbl COCTMHEHHMS 0OMOTOK TpaHC(OpPMATOPOB M UX CXEMBI 3aMe-
IICHKS HYJIEBOW ITOCJICIOBATEIBHOCTH ABYXOOMOTOYHBIX TPAHC(HOPMATOPOB IPH-
BEJICHBI Ha puc.2.2.

I 1T X1 X
Tos
foaY X u a)
foc
X1 X1
Xu 6)
I X1 X
o—0
Xu B)

Puc.2.2

Tpn coenuHeHNN 0OMOTOK TpaHcdopMaTopa mo cxeme < / D puc.2.2,a Tok
HYJIEBOW TOCJIEIOBATEILHOCTH TPOTEKAET MO OOMOTKE, COCTUHEHHYIO B 3BE31Y,
TpaHcPOpMUPYETCsI B OOMOTKY, COEITMHEHHYIO B TPEYTOJIBHHUK, U TaM IUPKYIUPY-
€T, He Tomnajas B JAIBHEHUITYIO0 9acTh CXeMbl. Ha cxeme 3aMemieHus 3To oTpaxa-
€TCsl 3aKOpauyMBaHWEM OOMOTKH, COCIMHEHHOW B TPEYTOJIBHHWK, HA 3eMIt0. Bes
CEeTh, BKIIIOYCHHAS 32 TPEYTOJIBHUKOM, HE BXOJUT B CXEMY 3aMEIICHMS, HE3aBUCH-
MO OT TOTO UMEIOTCS JIM TaM OOMOTKH C 3a36MJIEHHBIMU HEUTPAIISIMH.
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Ipu coenunennn o6MoToK & / & cxema 3amemmenus obecreunBaeT Mpo-
BEJICHHE TOKA HYJIEBOW MOCIEI0BATEILHOCTH, €CIIM B CXEME HMEIOTCS DJIEMEHTHI C
3a3eMJIEHHON HeUTpabio (puc. 2.2,0). Eciu nocienHee yciioBre HE BBIMOJIHSIETCS,
TO €ro CXeMa 3aMEINEHUS TaKas )K€, Kak ¥ IPU COeAMHEHMH oOMOTOK k& [k
(puc. 2.2,B).

Ha ocHOBe mprBeIeHHBIX CXEM 3aMEIIeHUs TBYX0OMOTOUYHBIX TpaHchop-
MaTOPOB COCTABIISIFOTCS] CXEMBI 3aMEIIEHUST TPEXOOMOTOYHBIX TPAHC(HOPMATOPOB H
aBroTpanchopmaTopoB. Heo6xoaumMo npu 3TOM OTMETUTh, YTO Y aBTOTpaHchop-
MaTOPOB HEUTpaJlb BCETJa 3a3eMJICHa, a Y YaCTH TPaHC(HOPMATOPOB HAIPSHKEHUEM
110 xB oHa mMoeT He3a3eMISIThCA (17151 CHUYKEHUsI TOKOB oHOo(azHoro K3).

Ecnu B HeliTpans TpancopmaTtopa BKIIOUEHO COMPOTUBICHHE (PEaKTop)
ISl OrpaHWYeHue TokoB ogHogaszHoro K3, To yepe3 Hero mportekaer Tok 3 lp. B

CXEMe€ 3aMEIleHUs HYJIEBOW MOCJIEI0BATEILHOCTH 3TO YUUTHIBAETCS YBEIUUYECHUEM
BTPOE COMPOTHUBIICHUS B HEUTpaau TpaHchopMaropa.
Benmuuuna conpoTuBiieHHs] BETBH HaMarHUYUBaHHS ( X ﬂ) 3aBUCUT OT KOH-

CTPYKLIMM MarHUTONPOBOIOB TpaHcopmatopoB. [ns TpancpopmaTopHOil TpyIi-
IIbl, COCTABJICHHON M3 OJHO(A3HBIX TPaHCPOPMATOPOB, a TAKXKE JUISI YETHIPEX-
CTEP>KHEBBIX U OPOHEBBIX TPAHCPOPMATOPOB MUMEETCS MYTh UIsI MArHUTHOTO TO-
TOKa C MaJIbIM MarHUTHBIM COIPOTHBIIEHHUEM, a TaK Kak JJis JI0OOro yCTpoicTBa U

dbuzudeckoi cpeapl &4 = CONSt, MOITOMY AIEKTPUUECKOE COMPOTUBIICHUE X u > ®

. Y TpEXCTep:KHEBOTO TpaHCPopMaTopa MyTh JAJIA 3aMbIKAHHUSI MArHUTHOTO MOTOKA
IPOXOJUT Yepe3 Macio TpaHchopmaTopa, KOxXyx Tpanchopmartopa, uzonsiuio. B
ATOM CJlyda€ MAarHUTHOE COMPOTHUBJIEHHUE JI MOTOKA OKa3bIBaeTCs OOJBIINM, a
AIIEKTPUUECKOE COMPOTUBICHUE BETBHM HaMarHMYMBAHHE COCTABIISICT MOPSIKA

X,y & 0,3 +1,0.
JIJisi IpUBEICHHBIX BBINIE CXEM TpaHCHOPMATOPOB COMPOTUBICHUS UMEIOT
CJIEIYIOIINE 3HAYCHUS
- JUIsl BCEX TUIIOB M KOHCTPYKIM IIPH COEAMHEHNH 0OMOTOK 1o cxeme.k / D
Xo = X1 =X + X1,
- g Tpéxda3HbIX TPy U3 0AHO(A3HBIX TPaHCPOPMATOPOB, OPOHEBBIX U YETHI-
PEXCTEPKHEBBIX:

e  Ipu coexMHEHHH 0O6MOTOK & /. k Xg —> 0,

e  mpu coeauHeHNH 06MOTOK & /A Xg =X1 =X| +X|1;
- 17151 Tpex(a3HbIX TPEXCTEPHKHEBBIX TPAHC(HOPMATOPOB

* TIpH COEMHEHNH 06MOTOK & [k Xo =X| + Xy,

o [IPU COCIMHEHNN 0OMOTOK A</ &  ClIeyeT HCIIONB30BaTh MOIHYI0 CXEMY
3aMEIECHUS C YUETOM X I
ComnpoTuBieHUE peakTopa TJIaBHBIM 00pa3oM OIpEeaeNsieTCs COOCTBEHHOM
WHIYKTUBHOCTBIO K01 (ha3bl (B3aMMOUHIYKIIAS MEXAY (a3zaMu OTHOCUTEIHHO

MaJa), I0ITOMYy Xg = X9 = Xj.
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2.3. ConporuBjieHHE JHHHUI YJIEKTPONEPeIaYd TOKAM HYJIEBOH
M0CJIe10BATe1bHOCTH

Oonoyennas aunus. CONPOTUBICHUE HYJIEBOM MOCIEIOBATEIBHOCTH TPEX-
¢dba3HOM BO3MYIIHON JTUHUM CKJIQJIBIBACTCS U3 COOCTBEHHOT'O COMPOTUBIICHUS (ha3bl

X,0-.c 1 ABYX B3aUMHBIX CONPOTUBICHUN (OCTAIBHBIX (Pa3) X 1M X

noce. noc.63 noe.632

XI’ZOZ.JZ = XI’ZOZ. c + Xl’lOZ. 631 + Xl’lOZ. 632"
BekTopsl TOKOB (HampspKEHUH M MOTOKOB) HYJIEBOM MOCIEI0BATEIBHOCTH
Bcex (a3 COBMaAAIOT MO HampasiieHHto. [IpubanxeHHo cuuTas, 4TO MPOBOJHUKH
Tpex(}a3zHoi JTUHUHU PaACIONIOKEHBI B BEPIIMHAX PABHOCTOPOHHEIO TPEYroJbHUKA
WJIM BBITIOJIHEH TOJIHBIN IIUKJI TPAHCTIO3UIIMH MPOBOOB, 3aMUIIIEM
X =X,00 ¢ T 2X =

noe. 63
01451922 1 2.01451g 22 ~0 435Dz
I

9 DCp S‘V ra D02p

g Iy = 3, Dczp - CpEIHUM F'€OMETPUUECKUMN PAZNYC CUCTEMBI TPEX IPOBOJIOB.

noe.jn noce.

C @usuueckotl mouku 3peHus mexncoy conpomusLeHUIMU NPAMol X, U Hyle-
6ol Xy nocnedosamenvbHocmel JUHUU umeemcs 21ybokoe pasznuuue. /[is mokog
HYIe8OU NOCAe008aMeNbHOCIU NOMOKU 83AUMOUHOYKYUU YEEIUUUBAION NOMOK
JIUHUU U NPONOPYUOHANbHOE eMy CONpomugienue;, 0Ji MmoKo8 NpAMot (00pamuou)
noc1e008amenbHOCMU HOMOKU 83AUMOUHOYKYUU OKA3bI8AIOM PA3MASHUYUBAIOUee
oeticmeue, 4mo npueooum K ymenvuienuio conpomusienus. Takum oOpa3om, Xg

JIMHUU BCETJa OKa3bIBaeTCs OONbIIHM Xq (X)).
Leyxyennasa aunua. JUis AByXUETHOW BO3MYLIHOM JUHUU X KaXIOM LeENU

JOTIOJIHUTENIBHO YBEJIIMYUBAETCA BCJIEACTBHE B3aUMOMHIYKIIMH OT MPOBOJOB BTO-
poil nmapannensHoil muHuKM (K3 mpeanonaraercs 3a npeaesiaMu JIMHUM WIK Ha OJI-
HOM U3 €€ KOHIIOB).

Tak Kak BEKTOPHI TOKOB (M MOTOKOB) HYJIEBOW MOCIEIOBATEIIBHOCTH 000MX
LeNed COBMAAAOT 10 HAIPABJIEHUIO, TO CONPOTUBIICHUE JINHUU OIPEIEIAETCS 110

dbopmye

— 4
Xl’lOZ.ﬂ - Xl’lOZ. c + 2Xn02. 63 + 3X7’l02. 63
II€ X}, g; - CONPOTHBIECHUE, OOYCIOBIEHHOE TOTOKAMH OT IPOBOJOB COCETHEN
JIMHHH.
OueBuIHO, YTO
D
! — 3
Xnoz.63 _0’145|g r
cp

rae Dgp = Si/d andag'dacrdpardpgdgcrdeadep dec - cpemnee reomerpudeckoe

PaCcCTOAHNUC MCEKAY IIapalICIIbHBIMU LCIISAMM. Tor,ua, mnmpeaioiarasa, 41o JUHHUHA
UACHTUYHEI, IIOJIYYHUM
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Xnoou :0,145Ig&+2-0,145lg D, +3-0,1451g Df’ =0872lg = :
; Dy D o/r,0% €3, 3

Takum 00pazoM, HaldMuWe BTOPOW LEMU MPUBOAUT K YBEIUUYEHHUIO COMPO-
TUBJICHUS JMHUM TOKAM HYJIEBOM MOCIEAOBATENbHOCTU. Eciu NMHUM HaxoasaTcs
Ipyr ot apyra Ha pacctosHuu oonee 400-500 M, TO UX B3aUMHBIM BIUSHUEM MOX-
HO MpeHeOpeyb.

Ecau K3 Ha 3emitto nmpoucxoaut Ha oHOM U3 nuHui (puc.2.3,a, rae o - 1o-
71 ITMHBL TUHUK 10 Mecta K3), To ciienyeT BOCIOab30BaThCs CXEMOM 3aM eIeHuUs],
NpuBEIeHHON Ha puc.2.3,0. 31ech X|_jjo - CONPOTUBIEHUE B3aUMOUHAYKLINU, X

- CONPOTUBJIEHHE HYJIEBOH MOCIENI0BATENBHOCTH 1JIsl OJHOH TpeX(a3HOW JIUHUU
0e3 yueTa BTOpoH, X, =Xy — X|_j10-

o Y o —
I 10+ I o X 10 I (1- ) X i — a X 1o
— >
o— 1 X[ X s I b——o0 (1- )Xo aXo
J 7
I on g !
b Uo

a) 6)
Puc.2.3

PaCCMOTpI/IM BJIMAAHHUC I'PO303alIUTHBIX TPOCOB, IMPCAHA3HAYCHHBIX JIA 34d-
IIUTBI OT HOI‘IaI[aHI/Iﬁ MOJIHUH, Ha COIIPOTHUBJICHUC HyHeBOﬁ IIOCJIICA0OBATCIIbHOCTHU
JIMHUUA. TpOCI)I IMOABCHINBAIOTCA HaA OIIOPAX JIMHUKU HA U30JEITOpAaX U Pa3pC3ar0TCA
Ha piad Y4aCTKOB. C OIHOI'0 KOHHA y4YacCcTKa TPOCHI 3a3€MJIAKOT, a4 C APYIroro —
OCTABJIAIOT UCKPOBOH MPOMEKYTOK, KOTOPbI MPOOUBAETCS NPH HepeHaNpskKeH -
ax. IIpu 5TOM TPOCHI HE OKA3bIBAIOT BJIMSHMS Ha CONPOTHUBIIEHHE HYJEBOH IOCIeE-
J0BATCIIBHOCTU JIMHHUH.

O()HaKO 6 JJIEKmpU4eCKux cemsax HaXO()}lnflC}l 6 IKcnjlyamayuu u JuHuu cma-
POIl KOHCMPYKYUU, 6 KOMOPbIX MPOChL 3A3eMIANUCL HA KAXHCOOU ONOpe éMecme C
Madmoul. Hpu 9MOM moK HyJZeGOIJ nocieooeamelbHocmu eo3epawaenicsa K mecnity
noepecoOeHs no 3emae u 2pozosauumuomy mpocy. Ilomox e3aumounoykyuu oxa-
3bleaent pasmacHudusdaroujee Oeﬁcmeue, ymo npu6odum K YMEHbUWIEHUIO COnpo-
mueJjleHuA JTUHUU. CmeneHb pasmacHuduearusl sasucum om npO@OauMocmu mpoca.
Cmaﬂbele mpocsl 0Kasbledont MeHvuiee 6iauiAHue no Cpa6HEHUN C AMIOMUHUEBbL-
MU.

[TpuOIMIKEHHO ONPEAENUTH COMPOTUBIECHUE JMHUU TOKAM HYJIEBOU I10CIe-
A0BATCJIbHOCTH MOKHO, HCII0JIB3Ys CICAYIOINUC JaHHBIC

Ne .. Koncrpykuus nuaun Xo / Xq

1 OpnHonenHas TMHUS 03 BIMSHUS TPOCOB 3,5

2 OpHo1enHas IMHUS CO CTAIBHBIMU TPOCAMHU, 3a3eMJICH- 3,0
HBIMM Ha KQKJIOW OTIOpE

3 JIByxuenHas TuHUs 0e3 BIUSIHUS TPOCOB 5,5

4 JIByxX1ienHas TUHHS CO CTAJIbHBIMU TPOCAMHU, 3a3eMJICH- 4,7
HBIMM Ha KKJIOW OTIOPE
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Kabenvnasa nunusa. Tax xak kaOeau MpOKJIAAbIBAlOTCS Ha HEOONBIION Tiy-
OuHe (00BIYHO 0KO0JIO 1 M) MOJA3EMHYIO LIETh MPOBOA-3EMJISI MOKHO pacCcMaTpUBaTh
KaK BO3AYILIHYIO OJHOINPOBOJHYIO JUHUIO. ClleI0BaTENbHO, €CIH Obl TPEX>KUIIb-
HBII Ka0enb He 001a1a1 MPOBOASIIEH 000JI0UKOM, TO €r0 CONPOTURIICHUE HYJIEBOM
MOCJIEIOBATEILHOCTA MOXHO OBbUIO OBl ONpENEeNHTh TaK ke, KaKk U TpexdazHoii
BO3IYIIIHOM JIMHUU, NTOACTaBUB B MPUBEJICHHBIE BbIIIE (DOPMYJIbI CPEIHUI TEOMET-
PUYECKUN PaIUYC €TO KUJL.

Oo6omnouka kabens 3a3emMisieTcsl 0 ero KoHIaMm M Ha MydTax, oopasys s
TOKOB HYJIEBOHM IMOCJIEI0BATEIbHOCTH MYTh NapajjieibHbIA 3emiie. B 3ToM oTHO-
IMIEHUH 3a3eMJIEHHas 000Jiouka KaOess aHaJOrM4Ha 3a3eMJIEHHOMY TpPOCY BO3-
aymHoW nuHUM. [Ipy 3aMbIKaHUM TOKOBEAYILIEH >KUIIbI HAa 00O0JIOUKY YacTh TOKa
HYJIEBOM MOCJEA0BATEIbHOCTH BO3BpaIlaeTcsl 1Mo 000JI0UKe, Apyras — 1o 3eMJe.
Pacripenenenne TOKOB MEX]y O00OJOUYKOM M 3eMiield 3aBUCUT OT CONPOTHBIICHUS
000JIOUKM U CONPOTUBIICHHUS ee 3a3emiieHHs. Tak kak 000j0uka Kabessi 0XBaThbiBa-
€T BCE €r0 JKUJIbI, TO MAarHUTHBIA MOTOK OT TOKA O0OJIOUKH MOJHOCTHIO CLEIJIEH C
KWIaMH, T.e. He oOnagaeT moTtokamu paccesiHus. CrenoBareiabHO, €Cld MpeHe-
Opeyb aKTUBHBIM COMPOTUBIIEHUEM OOOJOUYKH, TO HE3aBUCUMO OT CONPOTHBIICHUMN
ee 3a3eMJICHHUS] TOKM HYJIEBOW IMOCJIEeI0BATEIbHOCTH OYIyT BO3BPAIIATHCS TOJBKO
no ob6osouke. [ToaTOMy peakTUBHAs COCTABJISIONIAsl COMPOTUBICHUS HYJIEBOU IO-
CJIEIOBATEIBHOCTU Xg = 6,5—4,5:)(1 (Mpu OTCYTCTBUM JAHHBIX MOHO MPHUOJIH-
xeHHO TpUHATE X1=0,07 OM/km). UcTuHHBIE 3HaYeHUsI TapaMeTPOB HYJIEBOH MO-
CJIeIOBATEIbHOCTA KaleJeil MOMHO MOJYYUTh TOJBKO C IMOMOIIBIO 3KCIEPUMEH-
TaJbHBIX UCTIBITAHUM.

Hpumep 2.1. [l cxeMbl, IpUBECHHON Ha puC.2.4. TOCTPOUTH CXEMBI 3a-
MEIIEeHUs TPSIMOH, 0OpaTHOM U HYJIEBOM MOCJIEI0BATEIIBHOCTEH.

A

G 13,8/347

N

A

K

Puc.2.4

< CxeMbl 3aMeleHusT MPSMOM, 0OpaTHON W HYJIEBOM MOCIEI0BATEIIHHO-

CTeil mpuBeACHBI Ha puc.2.5 (a — mpsMoit , 6 — oOpaTHOM, B — HYJIEBOH MOCIIEIOBA-

TEJIBHOCTU COOTBETCTBEHHO). (CONPOTUBICHUSI AJIEMEHTOB CXEMbl 3aMEILICHHS

NpsIMOM TIOCJIEIOBATEILHOCTH TaKUE ke, KaK U B CXeMe 3aMelleHus sl Tpexdas-

Horo K3. B cxeme 3amernieHusi oOpaTHOM MOCIEI0BATEIbHOCTH BEJIMUYMHA COIPO-

TUBJICHUSI T€HEpaTopa B OOIIEM cilyyae OTJIMYAETCS OT COMPOTHUBIICHUS MPSIMOU
MOCJIeA0BATENLHOCTH (II0O3TOMY MCIIOIB30BaH APYro MOPsIKOBBIN HOMED).
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Eac L 2. 2 2 7 : E
0 578 022 0 756 . e 355 0248 1206
— T U n=m —
Ec = LI - = =
: 0,533 0195 3) Uk 1[?
C30nn
= 11
62 _E #A3
0 578 0,22 0756 C3HN
— T {3 Y=
= L S e)
0833 0,195
— {11
=00
Pucis

B cxemy 3amemnieHusi HyJeBOW MOCIIEIOBATENILHOCTA T€HEPATOP HE BXOMMT,
TaK KaK MPUCOCIWHEH K 0OMOTKaM TpaHc(opMaTopa, COCTUHEHHBIC B TPEYTOJb-
HUK, & COIPOTUBJICHHUS JIMHUU U CUCTEMBI OTJIUYAIOTCS OT COMPOTUBICHUIN TIPSIMOM
(oOpaTHoOi1) mociienoBaTeIbHOCTEH. D>

2.4. OnpenesneHue TOKOB MPH HECUMMETPUYHBIX KOPOTKHX
3aMBIKAHUSAX

B nanpHeliem 0yeM cuuTaTh, 4TO MOBPEXKICHUE MPOUCXOAUT HA OTIMAKe,
YTO MO3BOJISET UCKIIOYUThH U3 PACCMOTPEHUS TOKU HATPY3KH.

dazy 4 Oyaem cuurtath “o0coOoit pa3oii”, T.e. MpoOIECChl B HEW OYIyT OTIH-
4aThCsl OT MpoIeccoB B ABYX Apyrux ¢dazax (B u C). Tak ognodaznoe K3 Oyner
paccmatpuBaThes B paze 4, a neyxdaznoe K3 u nyxdaznoe K3 na zemiio — B pa-
3ax B u C. IlepexonHoe compotuBieHue B mecte K3, eciau 3To crenuaibHO HE
OoroBapuBaeTcsi OyJeM CUHTATh PaBHBIM HYIIO, T.€. OyJIeM paccMaTpuBaTh MeTall-
nudyeckoe K3. Ha ocHoBanuu 3akoHoB Kupxroda nmeem 3 ypaBHeHus (2.4), B Ko-
TOpbIX 6 HeusBecTHBIX. Hemocraromue 3 ypaBHeHuUs: OyJaemM OpaTh UCXOJs U3 Tpa-
HUYHBIX YCITOBUH (COOTHOIICHUM /IS (ha3HBIX TOKOB U HAIIPSIKEHUH).

2.4.1. Jleyxghasnoe ropomroe 3amwvikanue. PaccmoTpum nByxdazHoe K3
Mexnay dhazamu B u C (puc.2.6).

A . ['pannynbie ycnoBus npu aByxdasnom K3:
I.A:O, I.B Z—I.C, UB :Uc.
B [loacTaBUB rpaHUYHBIE YCIIOBUSA JJIs1 TOKOB B CHU-
cTeMy ypaBHeHUH (2.4), monyuyum
C | al.B —a2 I-B | a2 I.B —al‘B
KAL= " 5 kM2 =7 5
i [ ¢ 1 l | 3 3
. . : :
I |.kAo=IB_IB=0
¢ 3

UK { oo .
‘ Us Us 13 nepBbIX ABYX cOOTHOWIEHUN |y p =—lgpo. U3

ITIOCJICIHECT O BBIPAXCHUA CJIC cT qTo U
Puc.2.6. A p ’ AYeT,
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Uap =0, T.e. npu K (2) yynesas nocredosamensnocms omeymemeayem.

[ToncTaBUB rpaHUYHBIC YCJIOBHSI JJIsl HANPSDKEHUH B cucTeMy ypaBHeHHH (2.3),
MOJy4UM

a2U kAL T aUkA2 _ aUkA]_ + aZUkAZ
3 3 ’
cresoBatensio, Uy =Uy o -
Takum o6pazom, B Mecte aByx(daznoro K3 cBsizb MeXy CUMMETPUYHBIMU
COCTaBJIAIOIIMMH YCTAHABIUBAETCS CIEAYIOINIMMHU COOTHOLIEHUSAMHU
Ik =—Tkaz2» Uka =Ukaz, Ukap =0, lgap =0 (2.5)
[ToacraBnsst cooTHomeHus (2.5), B mepBoe ypaBHeHUE cuCTeMbI (2.4), 1o-
JTy49UM
E,q = MlkaXe, == JlkaoX2, = Jlkar X2,
OTkyzaa TOK NpsIMOM MOCTEA0BATEIbHOCTH
- E
T — (2.6)
J ((13 T X25

Tok K3 noBpexaenHnoii ¢aszbl, Hanpumep, Gpasbl B
N

. . . 2- . 2 B
lyg = lkg1 + kg2 =@ IkAl"‘aIkAZZ‘ —a bt
Tak kak a2 —a=—j~/3, 1o Ig = Jv3lkar-
Monynb TOKa

o =
@ X1o T X2,

) _ KommiiekcHass cxema 3aMellcHUs

t I 1 I npu nByxdaznom K3, moctpoenHas B co-

% < {K OTBETCTBUE C COOTHOILICHUsIMH (2.6),

¢ ©) : Q L © n3o0paxeHa Ha puc.2.7, 3nech "H"- Haya-

. @ ” 0. 10, "k" — koHer cxemsl, 1, 2, 0 — cooTBeT-

h TH H [H | CTBCHHO CXEMBI 3aMCIICHHS NPIMOMi, 00-

| PaTHOW W HYJIEBOW MOCIJIENOBATEIBHOCTEN.

[Tpu nByxdaznom K3 Toku u HampspKeHUs
Puc.2.7. HYJIEBOW  IIOCJIEIOBATEIBHOCTU  OTCYT-
CTBYIOT, IO3TOMY CXE€Ma 3aMEUICHUsI HYJIEBOW MOCJIEA0BATEIIbBHOCTH B KOMILJIEKC-
HYIO CXEMY 3aMEILIEHUsI HE BXOJUT.
BekTopHble nrarpamMMbl HanpsiKEHUH U TOKOB B MECTE MOBPEKICHUS NMPUBEICHBI
Ha puc.2.8,a u 6 COOTBETCTBEHHO. J(MarpaMmbl MOCTPOEHBI [l UHAYKTUBHOM I1€-
A, TTO3TOMY TOKH MPAMOM MOCHEAOBATEIBHOCTU OTCTAOT OT COOTBETCTBYIOIIMX
Hanpsbkenuii Ha 90 °,



Kak BumgHo u3 mno-
CIEHETO PHUCYHKa
37IECh BBIITOJHSIOTCS
rpaHUYHBIE  YCIIO-
BUSL.

UAI

2.4.2. Oounogas-

HOo€ KopomKoe 3aMblKa-
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. SLATIN .
Hue Uct 20
Cl =" 1 N, UBl
PaccMoTpyM  3aMbIKa- & i <>
S ~o i -
nne dasel A Ha semmo  Usz .y~ U
(puc.2.9). Uc Us
['paHUYHbIE CIIOBUS : :
P Y Uc=Us
A
a)
B Puc.2.8.
. npy 0gHO(A3HOM 3aMBIKAHHUU
l _ L U A= 0 ) I‘B
lc s l .IA

|kA0——(A+|B+|Cf

lag =

Uypz +Uypo =0

Ic

0)

=0, I =0.
[TogcTaBuB TpaHUYHbBIC YCIOBUS JJISI TOKOB B CUCTEMY
ypaBHeHuU# (2.3), Moaydum

| A

lno =lkao == 1

ooll—\W|"

N3 rpaHnyHOrO YycCIo-
BHS JUIS1 HAIPSIKEHUS

UA UkA1+

(2.8)

IloncraBnsga B mocien-

UC UB K UA
. 1 . 2. N 1.
IkA]_Zé(A'FalB-I-a IC/:§IA’
Puc.2.9
. 1 2. . N 1.
|kA2=§(A+a I +aic 5 Ta,
.iAl > |A2 _»IAO
T.C.
: K ’ K ) oK
U Uas Ua
o allie  ||j|@ @7
y H .H 'H
Puc.2.10.

HCC

BBIPAKECHHE

3Ha4YCHUA

CUMMETPHUYHBIX COCTABISIOMINX HAMTPSHKCHUH U3 CUCTEMEI (2.3), TOITyIrM

Otkyna

Uyas +Uaz +Ugao = E 4, —

= EAa_

X,k —

. ~
J <(13 + X2, X5 /IkAl =0.

X2, ka2 —

X0, ka0 =

iBZIC
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I.kA]. - EA3 =.
J ((19 + X2, + Xo5 _

3E,,
J ((13 + X2, ¥ X05 _
B cooTtBetctBHE ¢ cooTHOMmIEHUSIMU (2.7) 1 (2.8) KOMILUIEKCHAsI CXeMa 3aMe-

uieHus npu ogHodaznom K3 npusenena na puc.2.10.
Haiinem 3HaueHus CHMMETPUYHBIX COCTABIISIIOIINX HAMIPSIKEHUS

Toxk nospesxaennoit dassl 4 s = lag + Teao + Tkpo = 3k =

Upag = lka €25 + %05 1Ukaz == ilka2X2,: Ukao =—ilkaoXos -
Uai

Ia

Puc. 2.11

BekTopHble auarpaMMbl HApsDKEHUA U TOKOB B MECTE TOBPEXKIEHUS MPHU-
BeJIeHbI Ha puc.2.11,a 1 6 COOTBETCTBEHHO.

2.4.3. [lsyxghasnoe kopomxoe 3amblkaHue Ha 3eMi0

Paccmotpum aByxdaznoe K3 Ha 3emimo mexnay daszamu B u C (puc.2.12).
['paHuyHBIC YCIOBUS MPU ITOM:

Io=0,Ug=0,Uc=0.

ConoctaBiisisi rpaHu4HbIE ycloBus mpu ogHodaznoM K3 u aByxdaznom K3
Ha 3€MJII0 MOKHO YCTAHOBUTH, YTO YCJIOBUS JJI HAMPSKEHUH U TOKOB MEHSIOTCS
M€eCTaMH, IO3TOMY CJIEAYET OKUJATh TAKUM K€ 00pa30M U3MEHSATCS] COOTHOIIEHHUS
MEK]ly CAMMETPUYHBIMU COCTABIISIOLIUMHU.

A [lomcraBuB  TpaHUYHBIE  YCIOBUS IS
HANPSDKCHU B CHCTeMy ypaBHeHU# (2.3), moiy-
B 9UM
. 1 ¢ . o N 1.
U =-Vat+talg+aUc ==U,,
c KAL 3(JA B Cr3 A
_ : 1g o N1
ool b UkA2=§¢A+a Ug +alc >3Un,
. 1 . . . 1 . .o~ 1.
U =K Us Us UkA0:§0A+UB+UC/:§UA1
T.€.
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1

UkA1=UkA2=UkAo=§UA (2.9)
W3 rpannyHOro ycioBus s TOKa
Iag + Va2 + Tiap = 0. (2.10)

[ToacraBnsst B mocieaHee BhIpAXKEHUE 3HAUCHUS CUMMETPUUYHBIX COCTABIIS-
IOIIUX TOKOB U3 CUCTEMBI (2.2), TOoJIyduM

Ex, U Yo Uiao _ 0
lea lea jXZa jXOa

E . 1 1 1
_—A3 -Uy Al( — 4+ — j =0.
Jxla Jxla JX23 JX03

N3 nocnegHero BeipaxeHus

NI

U _ EAa _ EA3 ((23 U X03:
AL 1 1 1) € +X,+X,
jxq| - 4 4 ) 3 9 _

Jxla JX29 JXOa

OTKy/a

lew == S
== -,
((13 X2 I X0o _
rze // - 03HayaeT napajuiesibHOe COeIMHEHNE (BKIIIOUEHUE) DIIEMEHTOB.
B cootBercTBHE ¢ cooTHomeHusMH (2.9) u (2.10) KOMIUIEKCHasT cXxeMa 3a-
MmenieHus npu apyxdasznom K3 Ha 3emitto npusegeHa Ha puc.2.13.

M3 xoMIuiekcHOM cXEMBI 3aMENIeHUS

lno = —Fiea —22—, Tag = —lipg — 22—
kA2 — kAL 1 TkAO — ~ kAL '
X25 1 X05 X25 1 X05
Toxk onHOM U3 OBpEXKACHHBIX (pa3, Hanpumep, B
IkB:aZIkA1+a|kA2+IkA0:IkAl(az_—ZS 03J=
X25 1 X05
. Xo, X
= [y pv3 1-——22 "0
a3 €, + X, -
25 05
t Lt T 1o T |, Haiinem 3nauenns cum-
METPUYHBIX  COCTaBIISAIO-
N @ K Un @ K Uso K X HaHp}I)KeHI/I;I( )
: . 9y X0 .
@ X25 1 X05
tH ' H " H Ugaz == JlkazX2,

Ukao == lkaoXos -

Puc .2.13
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BekTopHble nuarpamMMsbl JJisl HANPSIAKEHU U TOKOB B MECTE MOBPEKICHUS MPUBE-
neHbl Ha puc.2.14,a u 6 COOTBETCTBEHHO.

iCO

Ua

Ial

Puc. 2.14
2.4.4. Ilpasuno sxeusaneHmuocmu npsamou nocied08amenbHoCmu
YcranoBneHssie 1.1. 2.4.1-2.4.3 BeIpakeHUs 11 TOKOB MPU HECUMMETPUY-
HBbIX MOBPEXKICHUSAX IMOKA3bIBAIOT, YTO HMX BEJIWYUHBI MPONOPLUOHAIBHBI TOKY
IPSIMOi TIOCIIETOBATEIHLHOCTH, CJIEI0BATENLHO, a0COMOTHYIO BennuuHy Toka K3
MO>KHO HaWTH U3 00IIEro BHIPAKECHUS
||(<n) _ m(n)|1(kn)’

n .
rae m(M) . KO2(PUIIMEHT TTPOTNOPIIMOHATILHOCTH, 3aBUCAIMN oT Buaa K3, Benu-

YiHA KOTOPOTO mpuBeneHa B tabmwmie 2.1, | 1(kn) - TOK IIPSIMOM NOCJEN0BATEIBHO-

CTH JJ1s1 paccmarpuBaemoro Buaa K3.

Tabn.2.1
Bun K3 k(2) k(1) Kk(11) Kk(3)
m(m) J3 3 J3 1
1- X25 * X0s
€, + XOaE
x(M) X2 X25 + X05 X2 * X0 0
X25 1 X05

s pacuera tpexdazubix K3 MCC He ucnosib3yeTcs, OJIHAKO 3HAYCHUSs

m( n) u XE‘n) NPUBEICHBI 151 NOJTHOTHI moHuManus MCC.
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CTpyKTypa MOJYYEHHBIX BBIPAKEHHUN I TOKA MPSIMOM MOCIIEI0BATEIbHO-
CTHU B O6H_ICM CJIyqae HUMCECT BU.
B
X, + xg“)

n
rac Xg ) AOIMOJIHUTCIIBHOC COIIPOTHBJICHUEC, BBOAMMOC B CXCMY 3aMCIICHHA IIPs-

MOM MOCJIEI0BATENbHOCTH, BEJIUYMHA KOTOPOTO 3aBUCUT OT Buaa K3 u onpenens-
€TCs COOTHOLIEHHUAMM M3 Ta0m.2. 1.

= Ha ocHoBaHum 001I€TO BBIpAXKEHUS ISl TOKA

K npsamoii nocnenosatensHoctu H.H. Hleapunbim ObL10

chopMyJIMPOBAHO CIEAYIOIIEE MPABUIO IKBUBAJICHTHO-

w CTH TPSAMOM MOCIEIOBATEIbHOCTU: MOK HPAMOU NO-

c1eo0osamenbHocmu npu  11000M HeCUMMEMPUUHOM

K3 morcem 6vimb onpedenen Kak mok mpexghaznozo

K3 ¢ mouke, yoanennoit om oeiicmeumenbHoil moyKu

n
K3 3a dononnumenwvnoe conpomuenenue XE‘ ), komo-

Puc. 2.15

poe He 3a8ucum om naApamempos cxemvl 3amMeuieHus
npamoiu nociedosamenvnocmu (puc.2.15).
Takast TpakTOBKa TOKa MPSIMOM MOCJIEA0BATEILHOCTH MMPHU HECUMMETPHUUIHBIX
K3 npenmnonaraer y4eT ToJIbKO OCHOBHOW rapMOHUKH Toka K3.
Taxkum 00pa3oM, BBIUHUCICHHE TOKOB IMPpU HeCHUMMeETpuuHbIX K3 mpousBoaurcs B
CJIEAYIOIIEH MOCIeI0BATEIbHOCTH
®  COCMABNAIOMCS CXeMbl 3aMeWeHUs. NPU MeHcOYDaA3HbIX 3AMbIKAHUAX NPsi-
MOU U 0OPAMHOU NOCIe008amenbHOCmel, NPU 3AMbIKAHUAX HA 3eMII0 —
npAMOU, 00pamuoOU U HY1e80U NOC1e008amelbHOCmel;
® CXeMbl 3aMeueHUsl CBOPAUUBAIOMCI U HAXOOAMCS IKBUBAIEHMHbIE CONPO-
MUGIEeHU,
® U3 cxembl 3aMeujeHuss NpAMOU NOCIe008AMEIbHOCMU MAKICe HAXOOUMCS
axsusanrenmuas I/C,

(n)

° onpedeﬂﬂfomc;z XA u mokK I’lpﬂMOlj I’lOCJZBdOGClI’I’l@JZbHOCmu;

o gwviyucsemcsa moxk K3.
Ipumep 2.2. 115 cxeMbl, IPUBEICHHON Ha puc.2.4. IPOU3BECTH PacyeT TO-
KOB B OTHOCHUTEIBHBIX 0a3MCHBIX €AMHUIAX C MPHUOIMKECHHBIM NPUBEACHUEM KO-
s unrerToB TpaHchopMaIiK PU BCeX BUAAX HECUMMETPUIHBIX K3.
[TapameTpbl 2IIEMEHTOB CXEMBI:
e Teneparop CB1160/180-72: S, =103,5 MBA; U, =13,8 xB; xg =0,24;
e Tpanchopmarop T: THII-250000/330: S, =250 MBA; U gy =13,8 kB; U zy
=347 xB; Uy, =11%;
e Astotpancdopmarop ATJIITH-240000/330/220 S,, =240 MBA; Uzy
=330 xB; Uy =220 kB; U gy =11,0 kB; Uy« gc= 9,5 %; U gy =74%);
U k*CH = 60%;
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o Jlunusa JI1: nouna |= 250 kM, moronHoe compotusierne X,,,= 0,32 OM/km,
JIMHMSI UMEET CTAJIbHBIE IPO303aIUTHBIE TPOCHI, 3a3€MJICHHBIE Ha KaXKIOU OI0-
pe;
e Cucrema: S;=1200 MBA, xg =4 *x;
< Cxembl 3aMellleHUsl NPSAMOW, OOpaTHOM M HYJIEBOM IOCIENI0BAaTEIbHOCTEM
IIPUBEJIEHBl COOTBETCTBEHHO Ha puc.2.5,a, 0 u B. BeiOupaeM Oa3ucHbIE YCIOBHS:
0asucHyo MomHOCcTh S;= 1000 MBA u GasucHble HampsHKEHUs CTyMEHEeH, KOTOo-

pble MpUHUMaeM paBHBIMHU cpenHuM HampspkeHusm: U ;=340 kB, U ;=230 B,
Us=13.8 kB, Ug,=10,5 kB. ConpoTuBieHus >I€MEHTOB CXEMbI 3aMEIICHUS

HpHMOﬁ MOCJICAOBATCIIBHOCTU BbIPpAXKACM B OTHOCHTCIIBHBIX CAWHHIAX W IIPUBO-
AWM K IPUHATBIM 0a3UCHBIM YCIIOBUAM:

1., S5 _1,.,,1000

Xpeg == Xj 0 ==024=—— =0579,
R R T
v~ Uke Sp _ 111000_ .
20 7100% S, 100 250
Xt 5 :anZIUS—5—%032 250%—0346
ol

X g ZE_UkBC%Sizlﬁl_ooozolgs
¥072°100% S, 2100 240

2
X5*6_U_CS_6:S_5:@:0,833.

Sc U2, Sc 1200

CBopaumnBas cXeMy 3aMEIlCHU MPsIMOM MOCJIEA0BATEIBHOCTH HAWIEM SKBHBA-
JICHTHOE COMPOTHUBJIEHHUE MPSIMOU MOCIIEI0BATEIBHOCTH

“ — (X +Xo +X%X3)(Xq +X5) _ (0579+0,22+0,346)(0,198 + 0833)
B M+ X+ Xa+ X4 + X5 0579+0,22+ 0,346+ 0198+ 0833
[Tpu mpubmmxeaHom npuseaeHnn IJ1C renepaTopa ¥ CUCTEMBI B OTHOC H-
TEeIbHBIX CUHUIIAX PaBHBI 1, mo3ToMy U 3kBuBaneHTHas DJIC E «; =1.

=0,42.

B cxeme 3amenienns oOpaTHON MOCIIENOBATEILHOCTH BEIMYMHA COMPOTHB-
JICHUE TeHepaTtopa B OOIIeM ciiydae OTJIMYAETCS OT CONMPOTHUBIICHHS MPSMOU IO-
CJI€I0BATENBHOCTH (IIO3TOMY HCIOJIB30BaH JIPYrod MOPSAKOBBIM HOMEp). OmHAKO
K3 snextpuuecku yganeHo OT reHepaTopa, Mo3TomMy OyJeM CYUTaTh COMPOTHUBIIE-
HHUE TeHepaTtopa OOpaTHOM MOCJEI0BATEILHOCTH pPaBHBIM MpsmMoi. Tak kak Bce
OCTJIbHBIE 3JIEMEHTBI CXEM 3aMEIICHUs] MPsIMOM M OOpaTHOW MOCIEA0BATEIbHO-
CTel OAMHAKOBBI, TO WX DKBHUBAJICHTHBIC COMPOTHUBIICHHUS PAaBHBI MEXIY COOOM
X9, = X1, =0,542.

B cxeMme 3amenieHust HyJ€BOM MOCIEN0BATENBHOCTH COMPOTUBICHUS JTUHUU
U CUCTEMBI OTJIMYAKOTCS OT conpOTI/IBJIeHI/Iﬁ npsiMoit (0OpaTHOI) Moce0BaTeN b-

3:

HocTtel. [yt ykazaHHOU TUHUU — = 4,7, IO3TOMY
X1



o1

X7*6 = 4’7X3*6 = 4,7 . 0,346 :1,626 .
B cxeme 3amenieHust HyJI€BOM MOCIEI0BATEIBHOCTH YYAaCTBYIOT BCE OOMOT-
KU aBTOTpaHC(bopMaTopa

Uksy = _(JkBC%'*‘UkBH%_UkCH%/ 05+74 60 =11,75%,

Urcw =Ukecw —Ykpn —9,5 11,75=-2,25%,
UkH% :UkBH% _UkB% = 74 —11,75 = 62,25%,

COOTBCTCTBYIOIIUC UM COITPOTHUBJICHUA

voos = Vim0 S5 111751000,
2100% S, 2 100 240
_ 1Uy96 S5 _ 162,251000

X5 = 229 2 1,296
2100% S, 2 100 240

Xopy = 4% X, = 4*0,833 =333
Tak kak U co, npencTaBisieT co6oii HeGOBIIYI0 OTPHUIIATENBHYIO BEIHYH-
Hy, TO COHpOTI/IBJIeHI/Ie X10*6 MOKHO HpI/IHHTB paBHBIM HyHIO.
CBopaunBas CXeMy 3aMeLICHHs] HYJIEBOH I0CIIE0BATENLHOCTH, HAXOIUM
OKBHUBAJICHTHOC COHpOTI/IBJIeHHe HyﬂeBOﬁ IIOCJIICA0OBATCIbHOCTHU
X0, = €or5 + X725 U €grg + X5 I €o05 + X105 _F
= 0,22 +1,626 ]/ Q,248+1,298// 333 >=0,719.
HMcnone3yst NpUBEAECHHBIE BBIIIE (POPMYIIBI, BBIYUCIIAEM TOKH JBYX(Da3HOTO,
onnogasnoro u asyx¢asnoro K3 Ha 3emno:

() gl =Y B Sa N8 1000 a0,
X1, + X, \[3Uys 054240542 /3 340
IO = lyegly = ore o > 9% _ 1 63xa,
X1, + Xo, +Xg, A[3Uy  0542+0542+0,719 /3 340
E.» S
I(ll)zlk*6|6=\/§\/l_ X25%05 *6 6 _
K X25 T X0y X15 T X2, I X05 ﬁu6l
_f \/1_ 0542-0,719 1 1000 _ 1777
0542+0,719 0542 +0542// 0,719 ,/3 340
Tok tpexdaznoro K3
19 Epg Sg _ 1 1000 o0 4

= lygly = -
K0Ty, J3U, 05423340

2.4.5. Yuem akmusnwvix conpomusnenuti 8 mecme K3

PaccmoTpum MeTonbl yueTa MEepeXOAHBIX CONPOTHUBJICHUN B MECTE MOBpeE-
KJCHUS HA IBYX IpUMEpax.

JIByxdaznoe K3 mpu 3ambplkaHMM Yepe3 TMEpPeXOJHOE COMPOTUBICHUE

(puc.2.16,a). I'panuunsie yenosus: |4 =0, Ig =—Ic, Ug —Uc =1gR,.
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A Rn
1
| I
B ‘

ilc Rn l]B i'lA

| 1 H
| I— | . « . |

UC UB UA
a) 0)
Puc. 2.16
Haiinem cuMMeTpUYHBIE COCTaBISIONINE I 0C000H (ha3bl A, UCTIONB3YsI CUCTEMY
ypaBHeHHU (2.5)

. 1 . 2. M1 2 )
IkA]_:é(A'i‘alB-i‘a chg‘—a /IB7
. 1 2. - N 149 ~N
|kA2=§(A+a |B+alcj§‘ —aJB,
. 1 . .~
IkAozé(A'HB"'IC/:O'

UB _UC = aZUkA]_ +aUkA2 — aUkA1 —aZUkAZ =
~ ~ ~
2 [ 2 07 2 ’
=‘ —a Upn + ‘—a Y. =‘ +a LaRn,
cienoBarenbHo, Iy =—lar 1 Upp =Uppo + 1k Ry
KomrutekcHas cxema 3aMenieHus puBeieHa Ha puc.2.16,0.
Bripaxenue nis BerunciaeHus Toka K3 mpu aByxdazHoM MOBPEKICHUH

R,
kB = . ~
Rn + J((13+X29,

Onnodaznoe K3 mnpu 3aMblkaHuu dYepe3 TMEPEeXOHOE COMPOTHUBICHHE

(puc.2.17, a).
A . .

dn Rn M Reo LL e
B —1__h —L_} |—|:|—

IK K |. K

C—y O . |ull|l® il ©) U

a) 0)
Puc. 2.17
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I'pannyHbIE yCIOBHUSL:

Ig =0, Ic =0, Up=1,Ry.
Haiinem cuMMeTpUUHbBIE COCTABIISAIONMIME A1 0C000M (ha3bl A, UCTIONB3YSl CUCTEMY
ypaBHeHuUi (2.5)

. 1 \ se N 1.

g ==-\at+alg+alc ==1,,
kAL 3(A B CI3'A
. 1 9. N1

oo ==Qa+a’lg+alc =14,
kA2 3(A B CI3'A
. 1 ..~ 1.
hao==Qa+lg+lc ==1a,
kAO 3(A BTIC 73 A

: . : 1.

T.C. IkA'l.: IkAZ = IkAO :§IA’

cnesoBatenbio, U a =Uy g +Upasr +Uppag =3laRp -

KommiekcHast cxema 3aMeriieHus mpuBeieHa Ha puc.2.17, 6.

Bripaskenue s Berancienust Toka K3 npu ogqHodgpazHoM MOBpEKIEHUN
3E,,

la = . ~
3Rn + J((la + X2, + X0, _

2.5. Pacnpenesienne u TpaHcGopManus TOKOB M HANPSXKEHUH OTHe]Ib-
HBIX N0CJIeI0BATEIbHOCTEH

UToOsI ornpeAenuTh TOK B JIFOOOH BETBU CXEMBI MpU HecumMMeTpudHoMm K3
HE0OXOAMMO CHaJaa HaluTH ISl 3TOW BETBU TOKH MPSIMOU, OOpaTHON M HYJIEBOM
(npu 3aMBIKaHUAX HA 3€MJII0) TOCJIENOBATENBHOCTEN. 3aTEM, MOIB3YSACHh BbIpaxKe-
HUSAMH (2.2), MOXKHO ONPENEIUTh NeHCTBUTEIbHBIC TOKK B (a3ax. J[isa mpakTude-
CKHUX Pacu€TOB YacCTO OTPAHUYMUBAIOTCS rpadUYECKUM CYMMUPOBAHUEM BEKTOPOB
OTJIEJIbHBIX T10CJIEI0BATEILHOCTE.

g onpeneneHuss TOKOB OTAECIBHBIX MOCIEAOBATEIBHOCTEW B 3aJaHHOU
BETBH IEPBOHAYAIBHO MPOU3BOJIUTCA BHIYHCICHHE TOKOB MPSMOW, OOpaTHOW U
HYJIEBOU mocyenoBaTesbHOCTER B MecTe K3 cOOTBETCTBYIOLIUX MOCIEA0BATEIBHO-
CTEH.

Tok mpsAMON MOCIEA0BATEIBHOCTH PACIIPEAEIISIETCS TAKKE, KaK U TOK TPEX-
¢daznoro K3. Ilpu 3TOM MODKHO OBITH JIUIIB YYTEHO, YTO B MECTE TOBPEKICHHUS
TIPUIIOKEHO HANpPSHKEHHe MpsiMoii mocienosatenbHoct Uy, , KOTOpoe BIUAET Ha

BEJIMYMHY TOKOB M HAIPSXKEHUN MPSIMOM MMOCIIEI0BATEIBHOCTEM.

Pacnipenenenne HanpsyKeHUM OTHAENBHBIX MOCJIENOBATEIBHOCTEN PACCMOT-
PUM Ha CXEME€ Y4acTKa CUCTEMBI, PUBEACHHYIO Ha puc.2.18. 13 pucyHka BugHO,
4TO 1m0 Mepe npubmkenus k ucrounuky Uq, pacret, a Uy u Ugy ymenbinaror-

Ci.
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aC T1 T2 C
| Ji
N
I 5’ @ @
Ul K(n)
K @3)
K @
; T
o=
—_——— K (1) _
T ]
U
T T U, |
Us
K (1.1)
U,
| |
ENENEEEREER U;
e enna R

Puc. 2.18.

CuMMeTpUYHbIE COCTABIISIIOLIME TOKOB M HAIPSKEHUM MpU Mepexojie uepes
TpaHcopMaTtop HU3MEHSIOTCS MO BeluuMHe U 1o (aze. M3MeHeHHe TOKOB U
HaIpsHKEHUM 10 BEIMYMHE 3aBUCUT OT ko3 duiuenta Tpanchopmanuu, a moBo-
POT BEKTOPOB OT I'PYMIIbI COeUHEHUST 0OMOTOK. Jljist TpaHcopMaTOpoOB ¢ UETHOM
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IPYIIOil coexrHEeHMs 0OMOTOKA /A& (mmm D /D ) 06BIYHO MPHHEMAETCS TPYyIIIa
12, mpu 3TOM YTJIOBOE CMEIIEHUE TOKOB U HAMPSIKEHUH OTCYTCTBYET.

iAl, a2 R 10 'Ial,'Iaz OHpCI[CJ'II/IM yr-
A= — , JIOBOE CMeIIeHHe BeK-
B’ TOPOB TOKOB U HaIpsi-
R b JKEHHH JUIS HaI/I6oneie
4acTO BCTpEUaroIIecs
1 C’ cxempl A&/ D-11
c ) ¢ (puc.2.19).

[Iycts k03 uLHeHT
TpaHcOpMalIMU pPaBEH

B .
K. Boipazum |, B
Puc. 2.19 dynxumn ot [y
ki - -k
|A1—|A1\/— IBl"Bl\/— a IAl\/—
CIIeJIOBATEIIBHO,

] j30
a1 =T a1~ g1 = (-2 /M\/——IMke

AHaANOrUYHO st OOpaTHOM MOCIIeI0BATEIHLHOCTH
la2 =Ta2 — g2 =€~ ajAZkTI = I ke 1%
3

[TonoGHbIEe BhIpaKEHHSI MOKHO TIOJYYUTh M JIJIs1 HAMIPSIKEHUI.

Takum obpazom, npu nepexooe co CmopoHbl 36e30bl HA CMOPOHY MPEY20ib-
HUKA 8eKMOpbl HANPANCEHUL U MOKO8 NPAMOU NOCAe008AMENIbHOCIU NOBOPAYU-
satomes na 30° npomue uacosoti cmpenxu, a obpammnoi — na 30° no uacosoi
cmpenke. IIpu nepexode co cmopoHsvl MpeyeoIbHUKA HA CMOPOHY 38€30bl Y2l080€
cMeujeHue CUMMEMPUUHBIX COCMABIAIOWUX MEHSAIM C80U 3HAK HA NPOMUBONO-
JIOJHCHBII.

2.6. CpaBHeHHe TOKOB NpH pa3an4HbIX Buaax K3

Ananusupysi moiydeHHble B 1m.2.4. dopmynsl st pacu€ta Toka K3 mpwu
HECUMMETPUYHBIX MOBPEXKACHUSAX MOXKHO JJISI MPOCTEUIIEro ciaydyas OJHOTO IreHe-
paTopa MOJYy4YUTh COOTHOUIEHUS MEXAY TOKAMHU.

[Tpu paznuunbix Buaax K3:
x&l) > xi‘z) > xg‘ll) > xg‘s) =0.

CHGI{OB&TCJ’IBHO, MCXKAY TOKaMH HpHMOﬁ IMOCJICAOBATCIIBHOCTH B MCCTC IIOBPC-

KACHUA UMECT MECTO cnez[ylomee COOTHOIICHHC
(3) (11) (2) (1)
I1 > | 1 > | 17> I1 )

OrnpenennM COOTHOLIECHUSI MEXAY MOTHBIMU TOKaMH.
OtHomenue Toka npyxdaznoro K3 k tpéxdaznomy
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V3E,

(2)

I _ X1y X2,

13k
Mo

Ecin x5,01u3K0 10 BEIUYHUHE K X1,, YTO COOTBETCTBYET ynanéHHoMY K3
WU HaYaJlbHOMY 3HaueHuto Toka K3 B ceTu nmuraemoii Typooreneparopom, To

112) /3

(3) 2
I
JUis ycTaHOBHBIIMXCS 3HaueHUi TokoB K3 BOIM3M reHepatopoB Xp, OOBIYHO 3HA-

2 3
YUTEJIBHO OOJBIIE X,, MOATOMY OTHOLICHHE IIE )| II(< ) Moxer mocrurarts 1,6.

Takum oOpazom, TerioBoM uMIynbc npu AByxdaznom K3 moxker ObiTh OombIIE,
4yeMm Mpu TpEx@azHoM, U, ClIeIOBATENbHO, anmnaparypa U TOKOBEIYIIHE YacTh Ha
3aKMMax TeHepaTopa JOJDKHBI MPOBEPSATHCS Ha TEIJIOBYIO YCTOMUYMBOCTH MpPH
Tpéxdaznom u nByxdazunom K3.

JUig ruiporeHepaTopa B HaualabHbII MOMEHT BPEMEHHU Xy, > X1, , IOITOMY

1(2)

K
——<087.
1(3)
k
OtHorrenne Toka ogHodasHoro K3 k tpéxdaznomy
3E,
(1)
Ik — X1, + X5 + X, — 3x13 .
||(<3) 5 X15 + X2, + X,
o

B cetrsax 110 kB gacth HeliTpaneit TpancopMaTopoB Jisl yMEHBIIEHHS TOKA
onHodasznoro K3 Moryr ObITh He3azemuieHbl. [Ipu 3TOM B 11000 TOYKE CETH

X
JIOJDKHO  BBLIEPKUBATHCA COOTHOILIEHUE 200 4, IpU 3TOM, IIojlaras, 4rTo
X5

X2y R X1,
()
k

Ez0,5.
k

[Tpu K3 Ha mmHaxX MOIIHBIX 3JIEKTPUYECKUX CTAHUUM U MOJCTAHIUN UMEET

|

MECTO COOTHOILLIEHUE Xg, << Xq,, TO IPU X, = X1, % >15.
I
k

OtHomenue Toka nByxdaznoro K3 Ha 3emitto kK TpexdpazHoMy

(11) 2 4 2 )
Ik __ ‘ _1}13)623 + ‘ - a}laan .

3
II(< ) X15X25 + X15X05 + X2,X0,
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Ecmn xg, >> Xp,, TO NaHHBIA BHJ 3aMBIKaHUS COOTBETCTBYET AByX(azHoMmy K3,

1 (11) 1 (11)

T.C. % =087 . IIpu paBeHCTBE X1, = X9, = X, UMEEM % ~1.
I I
k k

2.7. 3aMBbIKaHHMS HA 3eMJIK0 B JJIEKTPUYECKHUX CEeTHAX C He3a3eMJIEHHOM
HEeNTPAJIbIO

[Ipu onHO(Ma3HBIX 3aMBIKAHUAX Ha 3€MJIIO0 B AJIEKTPUUYECKUX CETAX C He3a-
36MJIEHHOM HEUTPAJIbIO B MECTE 3aMBIKAHUS BO3HMKAIOT TOJBKO €MKOCTHBIE TOKH,
00yCIJIOBIIEHHBIE eMKOCTBIO (a3 oTHOocUTeNbHO 3eMiu (puc. 2.20,a). IIpu 3ToM TOK,
Kak mpasuio, He npesbimiaeT 50 A, a caMo moBpexJaeHue Ha3biBaeTcs He K3, a

IIPOCTHIM 3aMbIKAHHEM HA 3EMIIIO.
A — Y YN Ua

B YY)

L 7YY

—_—
Ica=- (IcB + Icc)

C

b b ]

——

a)

6)
Puc. 2.20

[Ipy 3aMBIKaHMH NPOMCXOAUT CMEIICHUE HEUTpaIu UCTOYHMKa. Ha Helrpa-
JU TosIBIIsieTcs (Da3HOE HAMpPsDKEHUE, a HaINPSHKEHUE HETTOBPEXKICHHBIX (a3 yBelu-

YUBAETCS 10 TUHEUHOr O HANPSIKEHUS, T.€. B J3 pasa. ITo Ha3bIBAETCS IEPEKOCOM
HaIpsDKeHU (a3 OTHOCHUTENBbHO 3eMiid. JIMHeHHble HampshKEHUsS OcCTaroTcs 0e3
U3MEHEHUS.

[lepexoc HampspKeHHMI HE pacmpocTpaHsieTcss dyepe3 TpaHchopmaTopel Ha
JIPYTYIO DJIEKTPUUYECKYIO CTyNeHb. Yepe3 aBToTpaHChHOPMATOPHI, UMEIOIINE B OT-
IU4Hre OT TpaHC(HOPMATOPOB MOMUMO MArHUTHOU U SJIEKTPUUYECKYIO CBSA3b MEXKIY
oOMOTKaMH, TIepeKoc (a3 MOKET MEPEUTH ¢ OOMOTKH BBICIIETO HANPSIKEHUS Ha
0OMOTKY HH3IIIETO, €ClIi HelTpanb He 3a3emiieHa. [loaTomy HelTpaiu aBTOTpaHC-
dbopMaTopoB Bceraa 3a3eMIISIOTCA, U, CIEA0BAaTEIbHO, OHU HE MPUMEHSIOTCS B Ce-
TSX C U30JIMPOBaHHBIMU HeWTpansimu (Hroke 110 kB).

B nmnpenmectByromeM 3aMBIKAHHIO PEXKHUME EMKOCTHBIC TOKH PaBHBI
(puc.2.20,0)

lea=1leg =lec =Up0 C,
rae U ;- GasHoe HanpsKeHHe.

[Tpu 3ambikanuu (puc.2.21)
ICB’ = \/§Ud)a) C , ICC' :\/§Ud)a) C, ICA' = \/§Uqba) C .
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1 Ua Takum oOpa3zoM, TOK B MeCTe
/N 3aMbIKaHUs Ha 3€MJII0, PaBEH apupme-
/ \ TUYECKOH CYMME EMKOCTHBIX TOKOB
‘ IcB’ (a3 npeamecTByomero pexuma. Cu-
\ ~ CTéMa EeMKOCTHBIX TOKOB sIBJIA€TCA
: - HEYPABHOBEILIEHHOW U MO3TOMY BEJET
cebsl Tak ke, KaK M CHUCTEMa HYJIEBOH
nocinenosaresnbHocT.  Ilpu  3Hauywm-
TEJIBHON BEJIMYMHE TOKA 3aMbIKAHUSA
BO3HUKAIOT YCJIOBHS JJIsl IEepeMexa-
IOLIEHCs IYTH, YTO MOXKET IPUBECTU K
Puc. 2.21 NIEPEHANPSKEHUSAM B CETH, OIIaCHBIMU
JUI U30J1sMHU. BennunHa Toka 3aMbIKaHUs MOXET ObITh yMEHbIIEHA (CKOMIIEHCH-
pPOBaHa) C MOMOIIBIO PEAKTOPa, BKIOYEHHOI'O B HEHTpaib TpaHCpopMaTopa.

KoHTponbHBIE BONIPOCHI K I1aBe 2
1. HazHaueHue U CynHOCTh METOJa CUMMETPUYHBIX COCTABISAFOIIMX.
2. OCHOBHBIE ypaBHEHUS METOJIa CHMMETPUYHBIX COCTABIIIOLIUX.

3. COHpOTI/IBHCHI/Ie QJICKTPUYICCKUX MAIIUH TOKaAM 06paTHOﬁ ImocJjic1oBa-
TCJIIbHOCTH.

4. Cxembl 3aMeleHus: TpaHC(HOPMATOPOB MPHU MPOTEKAaHUU TOKOB HYJIEBOM
MOCJIEIOBATEIbHOCTH.

5. ConpoTHUBIICHHE JIMHUM d3JIEKTpOIepeaud TOKaM HYJIEBOW IMOcCen0Ba-
TEJIbHOCTH.

6. CxeMBI 3aMelIeHUs OTAEIbHBIX ITOCIIEI0BATEILHOCTEM.

7. JIByxda3Hoe KOpPOTKOE 3aMbIKaHue. PacueT TokoB m HampsikeHui. Ilo-
CTPOCHHE BEKTOPHBIX THArPaMM.

8. OnHoa3zHoe KOpoTKOe 3aMblkaHue. PacdeT TokoB m HampspkeHuu. [lo-
CTPOCHHUE BEKTOPHBIX JUATPAMM.

9. IByx(ha3zHoe KOPOTKOE 3aMbIKaHUE Ha 3eMIIi0. Pacuer TOKOB U Hampsike-
Huii. [locTpoeHre BEKTOPHBIX JUArpaMM.

10. IIpaBuito SKBUBAJIEHTHOCTH NPSIMOU MOCIEA0BATEIBHOCTH.
11. Yuer akTuBHBIX conpoTuBiieHui B Mmecte K3.

12. Pacnipenenenue u TpancGpopMaius TOKOB U HAMIPSIKEHUH OTIEITBHBIX
MOCJIEIOBATENLHOCTEM.

13. CpaBHEHHE TOKOB NpH pa3nnyHbIX Buaax K3.

14. 3ampIkaHUs HA 3€MIIIO B DJIEKTPUUYECKUX CETIX C HE3a3EMIICHHOM
HEUTPAJIBIO.
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3anada K riase 2

IIpousBectu pacuer cepxmnepexogHoro toka K3 mpu Tpexdasznom, nByx-
dazHom, ogHodazHoMm u nByxdazHom K3 Ha 3eMii0 Ha MIMHAX BBICOKOTO HaMpsi-
KeHUs dekTprudeckoit ctanuu (3C) Ay cXeM y4acTKOB SHEPTOCUCTEMBI, TPUBE-
JEHHBIX Ha puc.2.4 B OTHOCHUTENbHBIX Oa3UCHBIX €IMHHULAX C TPUOIUKEHHBIM
npuBeAeHueM Ko3pGUIUeHTOB TpaHchopmalu. I'enepatopsl 10 BO3SHUKHOBEHUS
MOBPEXKIEHUS pad0TaIl B HOMUHAJIBHOM PEXHUME.

[lapameTpbl OCHOBHBIX 3JIEMEHTOB CXeM NpHBeaeHbl Tabiuie. Hemgoctaro-
M€ MapaMeTpbl 3JIEMEHTOB CXEMbl BbIOpAaTh B COOTBETCTBHE C MPHUBEACHHBIMU
BbIIlIE peKOMeHJanusMu. Bce mapainenbHo paboTaroline 3JIeMEHThl CEeTH PEeKo-
MEHJyeTCs BBIOUPATh OJHOTHMHBIMHU. KoJMMYecTBO mMapasuieNbHO BKIIOUEHHBIX
AJIEMEHTOB JOJHKHO ObITh HE MeHee AByX. CyMMapHasi MOIIHOCTh BceX TpaHchop-
maTopoB (DC) gomkHa ObITh HE MEHEe MOTHONW MOILIHOCTH Bcex reHeparopos (TT'-
typ6orenepatopsl, ['T-runporenepatopsl). [IpuHsATh, 4TO BCe TpaHchHOpMaATOpHI
UMEIOT YEThIPEXCTEePKHEBOM MarHUTOnpoBoj. [nmuHa nunum JI2 BeIOMpaeTrcs mo
HANPSDKEHUIO OOMOTKH CPEIHEro HampsbkeHHs (aBTo) TpaHchopmaTopa MOACTaH-
uu (n/ct). [loroHHOE COMPOTHUBIIEHHE MPSIMOU MOCIIEOBATEIBHOCTA JTUHUHU BbI-
Oupaercs M0 HOMUHAIBHOMY HampspKeHUo JUHUU. OT yIapoB MOJIHUU JIMHUM 3a-
IIMIIEHbI CTAJIbHBIMUA TPO303AIIUTHBIMUA TPOCAMH, 3a3€MJICHHBIMH Ha KaXKIOU
orope.
Pe3ynbrathl pacueToB CBECTH B TAOJIUILY.

ITo- Tun re- P9 c» MBT JlunHa Mo1- Compo- | Compo-
ClICen- | geparo- JIMHUH HOCTbh THBJIE- THUBJIE-
H31A poB 11:1 1/cT, HUE CH- | HU€ CH-
u:d)— T MBA CTEMBI, | CTEMBI,
qu)_ KM X1,O0m | Xp,Om
pa

1 I'T 170-220 240-260 | 120-150 |18 26

2 T 380-410 140-170 | 120-150 |16 24

3 T 580-620 280-300 | 200-260 |25 32

4 I'T 750-810 190-210 | 200-260 |22 31

5 I'T 1150-1400 | 900-990 | 800-900 |26 33

6 T 1600-1800 | 700-900 |900-980 |23 30

7 T 50-60 130-160 | 120-140 |9 12

8 T 90-100 40-60 120-140 |11 16

9 T 180-210 230-250 | 150-260 |12 18

0 TIr 390-420 140-150 |190-260 |14 17
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3. IIPO/IOJIBHAA HECUMMETPHA

3.1. O0mme cBeaeHus

B tpexda3zHbIx ceTsx B HEKOTOPBIX CIly4yasix UMEET MECTO HEPaBEHCTBO CO-
MpoTUBIIEHUN (ha3, KOTOPOE Ha3bIBaeTCA MPOJOJIbHONW HecumMmerpued. Haubonee
CWJIbHO BBIPa)KE€HHAsh HECUMMETPHS MPOSBIISIETCS MPU OOPBIBE MPOBOJIOB, a TAKXKE
npu nopa3zHoM OTKIIOYeHUH (a3 ogHOo(a3HBIMU BRIKIIOYATENAMU. B nanHOM pas-
Jieie pacCMOTPEHbl METOJbl pacueTra TOKOB M HANpSHKEHUW TpH MPOJ0TBHOU
HECUMMETPHH.

B o6meM ciayuae HECUMMETpUHM BO Bcex (pazax BKIIIOUEHBI pa3HbIE COIPO-
TuBieHus (puc.3.1,a), KOTOpble MOTYT OBITh CBA3aHBI MEXIY COOON B3aMMOMHIYK-

nusaMy. [lageHus HanpshKeHHs Ha CONPOTHUBICHUAX B (pasax obo3Hauum AU 4,

AUg, AUe. BMecTo conpoTHUBIEHUH B CXEMY MOTYT OBITH BKIIIOYEHBI COOTBET-

crytore uMm DJIC (puc.3.1,6). Ungekcer L u L' mpunHsTo mcmons3oBaTh IS
0003HaYCHHUS IPOJIOIBHON HECUMMETPUH, aHAJIOTUYHO KakK MHACKC K 1yist 0003Ha-
YEHUS MOTEPEYHON HECUMMETPHH, T.€. KOPOTKHX 3aMbIKaHUH.

AUA IA AUA |A
.- G—==
iJB» iB AUB iB
B 11— @ —_—>
iJC— e AUC ic
c o—=

a) 0)

Puc.3.1
Ucnonbzys MCC Hanpskenns AU ,, AUg, AUC MOYKHO DPa3JIOkKUTh Ha

CUMMETPUYHBIC COCTABIISIONINE U JIJIsi 0cO00i a3pl A COCTaBHTH CXEMBI 3aMellle-
HUS NPSAMOW, 0OPAaTHOW M HYJIEBOM MOCIEN0BATEIBHOCTEN [l y4acTKa YHEProCHU-
CTeMBblI, cocTosmero u3 asyx cucrteM M u N (puc. 3.2).

Eam Z 8Up, L' Zin las

v L :
0 C) () () 0
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DTHUM cXeMaM COOTBETCTBYIOT yPaBHCHUS
E =AU+ 1 jZs,
0=4U pp +1a2Zo, ¢, (3.1)
0=A4U g + 1 a0Z0s

rne Ep, =Eam —Eans 215 =Z1m +Zins 225 = Zom +Zon s Zos =Zam + 2N -

Takum obpazom, Hanpsadcenus NPAMOU, 0OPAMHOU U HYAE80U NOCIe008a-
meabHOCmel 6 mecme HPOOOTbHOU HeCUMMempuu NOAGNAIOMCA & pe3yabmame
DPA3N0JCEHUS CUCTEMb] HECUMMEMPUUHBIX 8EKINOPOE (DaA3HBIX HANPANCEHUU.

Pacuer TOKOB M HampspKEHUN B Cllydae MPOJOJIBHOW HECUMMETPUU MOKET
OBITh MPOU3BENICH MyTEeM pelleHust cucteMbl ypaBHeHu# (3.1). Cuctema u3 Tpex
ypaBHEHUW COIEpKUT 6 HEM3BECTHBIX. 1l0aTOMY M €e pemeHns UCIONb3YTCS
TPH JIONOJHUTEIBHBIX YPABHEHUS UCXO/ISl U3 TPAHUYHBIX YCIOBHH, 3aBUCSIIIUX OT
BUJa HecUMMeETpuH. Jlajmee paccmaTpuBarOTCS Ba BUAA MPOAOJBHOW HECHUMMET-
pUU: pa3pbIB OAHOU U ABYX (as.

3.2. Pa3pbIB 01HOI1 (pa3bl

PaccmoTpuM paspbis 0coboii pasel A (puc.3.3).

L AU, L I\
— —
A .
L L' I
~ - —
B
L L' I
C . .
Puc.3.3
OToMYy cllydaro MpoA0JIbHON HECUMMETPHUHU COOTBETCTBYIOT I'PAaHUYHbBIC YCIIOBUS:
I.LA:O’ AULB :0, AULC :0. (32)

OTH yCJIOBUS aHAJOTWYHBI TPAHUYHBIM YCIOBUSM mipu aByxdazHom K3 Ha
3eMJII0, YTO 00YCIaBIMBACT U AHAJIOTUYHBIC PACUETHHIE BBIPAKEHUSI.

N3 cuctembl ypaBHeHuil (2.5) ¢ y4eTOM TI'paHMYHBIX yciioBui (3.2) momy-
YUM:

. 1. . 1. . 1.
AULA1:§ULAa AU a2 :§ULA' AU a0 :§ULA-

N3 cuctemsl ypaBHenuid (3.1)

. AU AU
[Lap = =82 [ pg=—"1A0, (3.3)
X125 XLos
Tak kak I 5 =0, To
I.LA]. + I.LA2 + I'LAO == O (34)

[ToacrtaBus B (3.4) Beipaxenus (3.3), moaydum
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: (11
[ —AU + =0
- LAl( jXLZJ jXLOD j

1781031

. R 1 .

(Laee iXG) = A0, (3.5)
rae Xill) = X2, Il X g, (uHACKC 1 03HAaYaET pa3pbIB OHOM (a3bi)

W3 nepBoro ypaBuenus (3.1) ¢ yuerom (3.5) nonyuum Gopmyiny A BbIYUC-
JIEHUS TOKA NPSIMOMN MOCJIEI0BATENBbHOCTH MPU POJOJIbHON HECUMMETPHUU

EAa

J (Lle + Xill) P

®opmyna (3.6) ananoruyHa Qopmyse s BBIYMCICHHUS TOKA MPSMOM IMO-
cienoBatenbHocTy Mpu K3 Ha oCHOBE mMpaBuMiia SKBUBAJIEHTHOCTH MPSMOM MoOCIie-
JI0BATEIbHOCTH.

Hcnonb3yst COOTHOIICHHUSI MEXAY CUMMETPUYHBIMU COCTABIISIOLUIUMU, I10-
Jly4eHa KOMILUIEKCHAs CXEMa 3aMEIIEHNs TIPU pa3phiBe 0JHOM (asbl (puc. 3.4).

IAl

E. Lo ‘ -
AU
Z, L'o Al
s,
Lo - N\
Z, ‘ AU,
L'
. (1)
IAO >ZA
—
Lo -
Z, * AU g
L' /
Puc.3.4

N3 KOMILIEKCHOM CXEMBbI 3aMEIICHHs] HaXOAUM TOKH OOpaTHOM M HYJIEBOM mocie-
JIOBATEJIbHOCTEN

a2 =— 200 I LAt
XL25 T XL0s

I po = % LAL-
XL25 T XL0s

[TosmHbIE TOKM ¥ HANPSIKEHUS MOJYYAIOT MyTEM CYMMHUPOBAHUS BEKTOPOB MPSIMOM
0o0paTHOM W HYJIEBOH MOCIIEIOBATEIIBHOCTEH.
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3.3. Pa3peIB aByx ¢a3
Paccmotpum paspeis pas B u C (puc.3.5).

L AU, L' N
A * * .
L AU L' Iy
g — 5 -« —>
. . .I
Puc.3.5
9TOMy CJIy4aro HpOI[OJ'IBHOﬁ HCCUMMCTPUU COOTBCTCTBYIOT I'PAHUYHBIC YCIIOBHA:
lg =0, [c =0, AU 5 =0. (3.7)

[Ipu 5TOM rpaHUyHbIE YCIOBUS aHAJOTHYHBI TPAHUYHBIM YCIIOBUSM IPU OTHO(DA3-
"HoMm K3.

N3 cucremsl ypaBHeHwHi (2.3) ¢ yueTOM IpaHUYHBIX yCI0BuUH (3.7) nonyyum:

. . . 1.
ILA1:|LA2:|LA0:§ILA’ (3.8)
AU LA1+AU LA2 +AU LAO :O. (39)

Cnoxum ypaBHeHus cucteMsl (3.1) ¢ yuerom (3.8) u (3.9) u mocne HECIOKHBIX
npeoOpa3oBaHuil HalIeM

|' Eas
LAL =~ K

J(Lla +X£12),
(2) _

rae Xy ' =Xy, + X_ g, (MHIEKC 2 03HAYaET Pa3phbIB ABYX (a3).

Hnst toka B paze A I o =3l a . PasHOCTS (pa3HBIX HampspkeHU HpsMoOi

MIOCIIEJIOBATEIBHOCTH B MECTE pa3phiBa OMPEEISAETCS MyTeM CIOKEHHS JBYX IO-
ciaeaHux ypaBHeHu cucteMsl (3.1) ¢ yuetom (3.8) u (3.9)

. . . ~ . (2)s
AU x =—€U pp+ AU po = X g

E LG
.‘ﬁl. +
all
z: L 140
L ~
7 ;
a AlT
LI 5 # A3
>
L o .
Z all
i
LG 14 /

Pnc.3.6
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Hcnons3ys COOTHOIICHHS] MEXAY CUMMETPUUHBIMU cocTaBisiromumu (3.8) u (3.9)
MIOCTPOCHA KOMIUJIEKCHAsl CXeMa IpH pa3pbiBe IBYX ¢a3 (puc. 3.6).

Ipumep 3.1. Ins cxembl, IPUBEIECHHONW Ha pUC.3.7 MOCTPOUTH KOMILJIEKC-
HYIO CXeMY 3aMEeIIeHMs PU pa3pbiBe OJHOU (a3bl U ABYX (a3 B Hayaje JIMHUU.

| ITzc
1
O |

Puc.3.7
< Tpebyemble cxeMbl 3aMmelieHus MpuBeaeHbl Ha puc.3.8 u 3.9 cOOTBETCTBEHHO.
KOMIIIEKCHBIC CXEMBI 3aMEILCHHS COOTBETCTBYIOT 0CO00M (ba3e A.

Ew Xl , ﬁU.u B B
BN N NN
L— L- Kl EI
# S # # £ ——— C
—— L 1 |
)
L = # % 4
| 1 o—] — )—I %,
Puc.3.8
Eoc X, X, AU 5 X3 X, Xg Ec
—@—I:I—l:l—\_’ e —— —=)—. A
1 -— B
Xg X, X3 X4 X5 —C
e s B 2 L — 1 ] |
X2

(1,1)
X / \ X A
{1 | |—| |—| I—l
Puc.3.9
[TomoOHBIE cXEeMBI UCTIONB3YIOTCS, KaK MPABUIIO, IJIsi pacdyeTa MepeXOaHBIX
QJICKTPOMCXAHNYCCKUX ITPOLCCCOB, KOTOPLIC IIPOTCKAIOT CPABHUTCIIBHO MCAJICHHO

(1-3 ¢). IosToMy s reHepaToOpa 3aJaloTcs IEPEXOIHOE CONPOTHBIEHHE X'
x; €5 (6e3 yuera BusHuS neMnepHBIX KOHTYPOB) H nepexonnas DJC. >

KoHTpOsIbHBIE BOIIPOCHI K IIaBe 3
1. Ha3zHaueHue U CylIHOCTh METOAA CHUMMETPUYHBIX COCTABISIOLINX.
2. OCHOBHbIE YpPABHEHUSI METOJIa CHMMETPUYHBIX COCTABIISIONINX.
3. Pa3peiB onHoM (pa3bl. Pacuer TOKOB M HANIPSIKEHU.

4. Pa3peIB 1BYX (ha3. PacueT TOKOB U HaNpsKEHUI.

5. IlpaBuiio SKBUBAJEHTHOCTH NMPSAMOW MOCHENOBATEIBHOCTU MPU MPOJI0Ib-
HOW HECUMMETPHH.
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4 ITIEPEXO/IHBIH ITPOIIECC B TPEX®A3HOMH I[EITH
C HJIEAJTbHBIMH HCTOYHHUKAMH 3/]C

B paHHOM pasnpene paccMaTpuBaeTcs JJIEKTPOMAarHUTHBIN IEPEXOIHBIN
IIPOLIECC B CUMMETPUYHON LIEH C COCPENOTOUYEHHBIMA WHIYKTUBHOCTSMHM H aK-
TUBHBIMHU CONPOTHUBICHUAMU. [IUTaHKue Lenu ocyiecTBIsieTcsl OT UCTOYHUKA Oec-
KOHEYHOM MOIIIHOCTH, COOCTBEHHOE CONPOTUBIEHHUE KOTOPOTO PaBHO HYJIIO, & €ro
HaIpsKEHHUE, U3MEHSACH C MOCTOSIHHOM 4acTOTOM, MMEET HEM3MEHHYI aMIUIATY-
oy. OTO COOTBETCTBYET TeopeTuueckoMy mnpeneny K3, B Touke ynajieHHOW OT
MOIIIHBIX 3JIEKTPUUYECKUX cTaHIi. [lepexoaHble mpoiecchl B MOA0OHBIX YCIOBUSIX
nzyyanuce B kKypce TOD, mosToMy B JaHHOM pas3Jielie JINIIb KPATKO HAIIOM MHAOT-
Cs1 OCHOBHBIE BBIBOJIbI MCCJIEOBAHUS TAKMX MEPEXOAHBIX TPOLECCOB.

4.1. Tpexda3Hoe KOPOTKOE 3aMbIKAHUE B HEPA3BETBJIECHHOM LeNH

PaccMmoTpumM mepexonHbIi mpoliece, BbI3BaHHBIN TpexdasueiMm K3, xoTopoe
PaBHOCWIBHO BKJIIOUEHHIO TpeX(dazHoro Beikiatoyatens Q (puc.4.1).

e Zy Hr

A

B
€ Zy Zy;

H oo
€ ZK zHr

\antl

Puc.4.1
[IpenmecTByOIMN PEKUM XapaKTEPU3YETC BEKTOPaMU TOKOB I'H A I'H B

I,c (puc.4.2). 3mecy Z,.=R,.+ jX,., Z, =R, + jX,. Ipexnonaraercs, uto

B3aUMOMHAYKIHSA Mexay dazamu orcyrcTByeT (M =0).
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B JaHHOM PCKHUME TOK B K&)I(I[Of/'l H3 (1)&3 SABJIAACTCA CHHYCOUJAJIbHBIM U OITU-
ChIBACTCA BbBIPAKCHHUEM

i, =1,,sin@t+a-gp,

rie « — HadaiupHas (a3a UCTOYHMKA, |, =% 47 ~ ° AMIIUTYna TOKa B
He K _

IIPEALIECTBYIOLIEM PEXUME, (0, - YTOJI LIENH B HOPMAJIbHOM PEXUME.

[Tocne Bo3nukHoBeHUs K3 (BKiItoueHue BbikItouartens) quddepeHunanbHoe
ypaBHEHHE ISl yYacCTKa LIETH MEXIYy UCTOYHUKOM M BBIKJIIOYATENIEM 10 2-My 3a-
kony Kupxroda nns kaxaoit u3 ¢pa3 umeet B

di .
L —X4+R.i_ =e. 4.1
K dt KK ( )

[Ipu pemenun ypaBHeHus (4.1) KiaccuueckKuM METOJIOM, UCKOMBIN Tok K3
ornpejensieTcs: Kak cyMMa MPUHYKJIEHHON U CBOOOAHON COCTABIISIIOIIUX

ik = ik.np + ik.ce = Imk Siﬂ‘)t +a— @, ;—i— ia(o) exp(—t/T :, (42)
rae |y, = % — ammuryna Toka K3, ¢, - yron uenu B pexxume K3, T, - mocto-
K

STHHasl BPEMEHU 1T KOPOTKOTO 3aMbIKaHus. HarmioMHUM, 9TO TIOCTOSIHHASI BpeMe-
HU OTpeJEeNsieT CKOPOCTh 3aTyXaHHsl CBOOOJHOTO TOKa; CBOOOJHBIN TOK 3aTyXaet
npaktuyecku 3a (3-5) T, . Kak npaBuio ¢, > @, (puc.4.2), Tak Kak B HOpMaJIbHOM

pexume COS@, —>1.

3aryxaroniuii Mo SKCIOHEHTE CBOOOIHBIN TOK Ha3bIBAETCS allepUOANIECKOM
cnaratomeit Toka K3. HauanbHOoe 3HaueHHME STOM cClararoiieil onpenessieTcs u3
NEPBOTO 3aKOHA KOMMYTAIUH, T.€. TOK B MHAYKTUBHOCTH HE MOYET U3MEHUTHCS
CKa4KoM i (g_y =i (0) =L (0+)> B 9TOM cllydae

la0) = Ly SIN(r =9, ) — e SIN(x — 9, ).

IIpy 3amaHHOM 3HAYEHHH ¢/ MAKCHUMAJIBHOE 3HAYEHUE ia(O) UMEET MECTO
npu |, =0, T.c. B ciyyae pasoMkHyTO# 1enu (B MPEANMIECTBYIOMEM PEXUME);
IIpU 3TOM

la(0) =—Imk sin(a — o, ).

B sTom cnydae Beipakenue aiis Toka K3 B kaxkmoit (aze TpexdaszHoit menu

UMEET BUJ

i = I fin@t+a -9, >-sin€-p, Bp€t/T, . (4.3)
Bennuunsl ia(O) B 00I1IeM cirydae, BO BcexX (pazax pasiauddbl (UX cymMMa B

tpex ¢aszax i, +i,5 +i,0=0). lloomomy onpedenenue mpexpasnozo K3, xax

CUMMEMPUHUHO20, CMPOCO 2060pPA, NPUMEHUMEIBHO MOJIbLKO K nepuoduqecmm cia-
carnomum gbClS’Hle MmoKos8.
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4.2. Y1apHbIil TOK KOPOTKOI'0 3aMbIKAHHUS
Bb160p 371€KTpHUUECKUX annapaToB U TOKOBEAYIIUX YaCTEeH MO YCIOBUIO Me-

XaHUYECKOU MPOYHOCTH MPOU3BOIAUTCS MO0 MAKCUMAJIBHO BO3MOKHOMY 3HAYEHUIO
toka K3. Makcumanvnoe menosennoe 3nauenue moka K3 Hazvieaemcs yoaphuim
moxom K3 u oboznauaemcs | vo- Yoapnwiti mox K3 obycnosnen nanodxcenuem ceo-

000HOU anepuoduueckoll ciazarweli Ha NPUHYHCOEHHYIO NePUOOUUEeCKYI0 Cld2da-
rowyro moxa K3. BennunHa nepruoInudecKoi cocTapistonieil Toka K3 3aBucur ot
napameTpoB nenu K3, a anepuoandeckoid, kpomMe Toro, 1 ot momenra K3. Maxkcu-

MECTO  TIpHU

MajbHOE€ 3HAUYEHHE  alepuoJAMYECKOl  craratouiell  umeeT
a— @, =1rl2 (u3 ypaBuenus 4.3). B atom ciyyae ypaBHenue (4.3) mpuHUMaeT
BU]I

. ~ -

i =l o€t/ T, > cos@t . (4.4)

KpuBass Toka K3 ¢ Hambombliei amepuoguyecKoi cliararoiiei, coOTBET-

cTByIolIasa ypaBHeHuto (4.4), npusenena Ha puc.4.3. Kak BUHO U3 pUCYHKa yaap-
HbIl TOk K3 HactymaeT yepe3 Bpemsi, paBHOE MPUMEPHO MOTYNEPUOAY MPOMBIIII-

smeHHoi yactotel 1 it f =50 t~0,01 c.

I.r
2
\\
l§
i |
| f]
."
f _ t
;I
Imx .:: I;J
i ! )
L K ; \J
Puc.4.3
[ToactaBus B BeipaxeHue (4.4) s3nauenue t = 0,01 c, nomyuum
(4.5)

o =k I+ exp €001/ Ty "=k ol =2k 1,

riae K yo - YAAPHBI KOYQbuIHeHT.
Yoapnuouii kosghuyuenm noxazvieaem npesviuienue yO0apHo20 MoOKd HAO

amnaumyOHviM 3Hadenuem. llpu pacdeTax ymapHOTO TOKa B 3HEProcucTreMax
MPEIOIaraeTcs, YTo aMIUIATY/1a IIEPUOIUYECKON Clararolieil He 3aTyXaer.
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VY aapHbiii KO3()QUIMEHT 3aBUCUT OT MOCTOSHHON BPEMEHU MEPBUYHOM 1ie-
IA; €r0 BEJIMYMHA HAXOAUTCS B mpenenax 1< kya <2, 4TO COOTBETCTBYET Mpe-

nenbHbIM 3HaueHusM 1, 1.6 T, =0 (mpu L,=0) 7T, > (mpu R,=0 ). Uem
MeHbllle 3HaueHue 1',, TeM ObICTpee 3aTyXaeT allepUOANUYECKas cllararomas U TeM

COOTBETCTBEHHO MEHBIIIE YAapHBIN KO3 (GHUIMEHT. PealbHO B 3JIEKTPUYECKUX Ce-
ix T, = 0,01-0,3 ¢ npu 3Tom ky() = 1,3-1,95. C pocToM HOMHHAJILHOTO HaIpsi-

KeHus cetu 1', W, COOTBETCTBEHHO, ky() BO3pacTaroT.
VY napusiii k03hPUIUEHT MOXKET OBITH OTpeieNieH Ju0o o Gopmye
Ko =1+exp€001/T, (4.6)
100 € TOMOLIBIO KPHBBIX Ha PHC. 4.4, BBIPXKAIOIINX 3aBUCHMOCTH K,y = f (‘a:
nm ko, = f /R

2,07k,

18 v

1,6 /

1,4

/
12 /

1
’00 10 20 30 40 50 60 70 x/r

[ N TR (N NN NN [N SR NN N N SN N NN N N N T
0 0,05 0,10 015 0,20 025
Puc.4.4

[Ipr OTCYTCTBUH HEOOXOAMMBIX JAaHHBIX BEIHYHUHY X / R s ornmenbHBIX

3JIEMEHTOB MOXHO HAaWTH U3 Tao. 4.1.

Tabnuna 4.1.
Ne HaunmeHnoBaHue s5emenTa
L OTtHomieHue R
1 Typ6oreneparopsl MmomtHocThiO 10 100 MBT 15 -85
2 Typ6oreneparops MmomHocthio 100 - 500 MBT 100 - 140
3 I'unporenepaTopsl ¢ neMndepHbIMH 0OMOTKAMH 40 - 60
4 ['unporenepaTopsl 6e3 neMrn@epHbBIX 0OMOTOK 60 - 90
3) Tpancdopmartopsr momHOCTEIO 5 - 30 MBA 7-17
6 Tpancdopmartopsr momuocTEi0O 60 - 500 MBA 20 - 50
7 Peaktopsl 6 - 10 kB 15-80
8 Bozayineie nuHun 2-8
9 DNeKTpUUecKas cucTemMa 10 - 20
10 | O6o6meHHast Harpy3Ka 2,5
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JIns pa3BETBICHHBIX CXEM CYMMY al€pUOAUYECKUX CJIararoluX TOKOB IIpU-
OJINKEHHO 3aMEHSIOT OJHOM SKCIOHEHTOM C SKBUBAJICHTHOM MOCTOSHHON BpEMEHU
T,, = X,
as — !
oR,

rne X, — cyMMapHO€ MHIYKTHBHOE COTNPOTHUBIICHUE Ha IMPOMBIIUIEHHON 4acTOTe

IpU paBHBIX HYNIO akTUBHBIX conpotuBieHusx ( Rj=0), R, — cymmapHoe akTuB-
HOE COIPOTHBIICHUE MTPH PABHBIX HYJIIO MHIYKTHBHBIX conpoTuBieHusx ( X =0).

JInst CHMDKEHUST TIOTPEITHOCTH pacueTa yJAapHOro TOKAa Ha IIWHAX CTaHIUU
11eJ1ecCO00pa3HO yAapHbBIN TOK OMPENENsTh OTACNBHO JJIs TeHEPaTOPOB (&) CTaHIUU
U IPYTUX UCTOYHUKOB CHCTEMBI (C)

iy().a = \/Ekya.ell,éz + \/Ekyd.cllZC' (4.6)

4.3. leiicTByIOLIIee 3HAYEHNE TOKA KOPOTKOI0 3aMbIKAHUA

ITon pelicTByromuM 3HadyeHreM Toka K3 ju1si 3a7aHHOr0O MOMEHTa BpEMEHU
YCJIIOBHO TIOHUMAIOT CPEAHEKBAAPATUYHOE 3HAUYCHHME TOKa 3a oauH nepuon (7), B
IIEHTPE KOTOPOT0 HAXOJMTCS paccMaTpuBaeMblii MOMEHT. TakuMm oOpas3om, aei-
CTBYIOLIEE 3HAYCHUE TOKA

(4.7)

rac ik - MTHOBEHHOE 3HaueHHe Toka K3. HaHOMHI/IM, qTo ,IIGﬁCTBYIOHIGC 3HA4YCHUC

NEPEMEHHOIO0 TOKa YHMCJIEHHO PaBHO MOCTOSIHHOMY TOKY, KOTOPBIN BBIIEIISET B
IIPOBOJIHUKE TAKOE K€ KOJIMUECTBO TEIUIA, YTO U IEPEMEHHBIN.

OO6miee BwIpakeHue i Toka K3 J0CTaTOYHO CIOXKHOE, TMO3ITOMY IS
YIOPOILIEHUS BBIYUCIICHHS IEMCTBYIOIIETO 3HAYECHHS] IPUHUMAIOT, YTO 32 PACCMOT-
PEHHBII MEPUOJI €ro 00e cliararolue He U3MEHSIOTCS. AMIUTUTY/a IEPHOUIECKOM
clararouieil OCTaeTcsl MOCTOSHHOM, alepuoAuvecKasl cliararomiasi OCTaeTCsl HEU3-
MEHHOU ¥ paBHOW MTHOBEHHOMY 3HAYEHHIO CBOOOTHOTO TOKA B paCCMaTPUBAEMbIN
MoMeHT BpeMeHHu. [Ipu 3Tom Bbipaxenue (4.4) ynpomaercsa U OpH MOJACTAHOBKE
ero B (4.6) nmocnenHee MPpUHUMAET BUJT

It:\“r%t"'lgt’ (4.8)

rae ln, 13t - AelicTByromue 3Ha4YeHHs NEPUOJUYECKON M alepUOJNYECKON CO-

CTaBJISIFOLIUX COOTBETCTBEHHO.

Haubonbmee neiictByromee 3HadeHne Toka K3 mmeeT MecTo B mepBhIil 1e-
pUOJ TIEPEXOJHOTO MPOIECCa U BbI3BIBACT y/apHOE JEHUCTBHE HA amnmapaTbl U TO-
KoBeayiue yactu. Ero mMoxkHO ompenenuTh noactaHoBkoit (4.5) B (4.8). Ilpu
HEM3MEHHOM |4 B IEpBOM mepuoze

o = 1741+ 2€,, -12. (4.9)

B cooTBeTcTBHE C YKa3aHHBIMH BBIIIC ITPCACIIAMU IJIA k

R HNMCEM
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1<|ya/|y0 <\/§.
Bemnunna |, u3 (4.9) ucnonb3yeTcs sl TPOBEPKHU AIEKTPUUYECKUX arlra-
paToOB HA TUHAMHUYECKYIO YCTOMYMBOCTH npu K3.

IIpumep 4.1. [na cxembl, IPpUBEICHHOW Ha puc.4.5. MpOU3BECTH pACUET
CBEPXIIEPEXOHOT0 M yAapHOro TokoB K3 B OTHOCHTENBHBIX OA3UCHBIX €AMHUIAX
C IpUOIKEHHBIM MpUBEeHHEM KOA(DPUIIMEHTOB TpaHchopMaluu npu tpexdas-
HoMm K3.

G 20/347 330/165/38,5
<
> Swe N AT \
TBM-300 i _ g |
TOLI-400000/330 \ _gi
\ ] /
AT[LTH-250000/330/150 éy % K®
Puc.4.5

[TapaMeTphl 2IIEMEHTOB CXEMBI:

e Teneparop TBM-300: P, =300 MBr; U, =20 kB; Xg =0,2; cos¢ =0.85;

e Tpanchopmarop T: THAII-400000/330: S, =400 MBA; U =20 xB; U gy
=347 xB; Uy, =11%;

o Jlunms JI: muna | = 200 kM, moronHoe conporusieHue X,,,,= 0,393 Om/km,
npoBos ACO-600;

e Astotpancdopmarop ATJLITH-250000/330/150 S, =250 MBA; Uzy
=330 xB; Uy =165 xB; U gy = 38,5 kB; Uy« g-= 9,5 %; U gy =74%);
U xcH = 60%.

< CxeMa 3aMellIeHus JUIsl pacyeTa CBEPXIIEPEXOAHOr0 TOKa MpuBeaeHa Ha puc.4.6.
3nech yKazaHbl TOJBKO 3JIEMEHTHI, 110 KOTOphIM npoTtekaeT Tok K3. Comportusie-

Hue Xyg— st oomoroxk BH u CH aBToTpancdopmatopa.
2 3 4

E. 1
0,283 0,183 3,39 0,19
@—l e T B .

(011 UHOYKMUBHBIX CONPOMUBTEHULL)
Puc.4.6
Bribupaem GasucHbIC yCIOBUs: 6a3uCHYIO MOITHOCTE S;= 1000 MBA u 6a-

3UCHBIC HAIPSDKEHUSI CTYNEHEHW, KOTOpble IPUHUMAEM PaBHBIMU CPEIHUM HaIpsi-
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xeruam: Ug =154 kB, Uy, =340 kB, U;;;;=20 xB. IIpn npubnmwkeHnHoM mpuse-
nennn DJIC reHeparopa B OTHOCUTENBHBIX €IMHHLAX paBHA 1. MHAyKTHBHBIE CO-
IIPOTUBIICHUS 3JIEMEHTOB CXEMBI 3aMEIICHNS BBIPA’KAEM B OTHOCUTEIIBHBIX €IUHHU-
1[aX ¥ IPUBOAUM K IPUHATHIM 0a3UCHBIM YCIIOBUSM:

vop = Ly 56050 _1,,1000-085 00
2 P, 2 300

1 Uy S5 1 111000

X =0137,
207 2100%S, 2100 400 !
Xt 5 =1xn02|5—25—10 393. 200%_0339
Ug, 2 340
e = 1Ujpcos Sg 1951000 . o

2 100% S,, 2100 250
CymMapHO€ HHIYKTUBHOE CONPOTUBIICHUE LENU
Xgxg = Xpreg + Xowg + Xgeg + X5 = 0,949,
Ceepxnepexoanslii Tok K3

- B |- E'; S; _ 1 1000
X5 Xp5 3Ug 0949 /3154

Cxema 3aMelleHus i pacuyeTa aKTUBHBIX CONPOTUBIIEHUN CXEMBbI 3aMellle-
HUS IIPUBEJICHA Ha pPIC 4.7.

=395 KA.

3 4
0, 00236 0, 00407 0,0475  0,00475

O I W

K
(0151 aKMUBHBIX CONPOMUBTIEHUIL)
Puc.4.7
OmnpenensieM aKTHBHBIC COITPOTUBIICHHS SJICMEHTOB CXEMbI 3aMEIICHUS,

X
IIpUBEICHHBIE K BEIOpAaHHBIM 0a3MCHBIM YCJIOBHUSAM (OTHOIIEHUS — u3 Tadx. 4.1):

R1*6 = X1*6/(Xj = @ = 0,00236,
son 120

R
R2*6 =X2*6/(xj :w:0,00S,
Ry 45
Rges =R, | 8—26 ~Lo055. 200% =0,00475,
ug, 2 340

R4*6 = X4*6/(X) :% = 0,00475
R)um 40

Tak xkak akTUBHOE COIMPOTHUBJIICHUC JIMHUHW 3HAYUTCIIBbHO ITPCBBIINACT aKTHB-

HBIC COIIPOTUBJICHUA APYIUX 3JICMCHTOB CXCMBI, TO €0 paCdYCT BBIIIOJHCH Oonee
TOYHO C HCIIOJIB30BAHNCM PCAJIbHOIO 3HAYCHUA U3 IIPUTOKCHUA.
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HaXOI[I/IM CYMMAapHOC aKTUBHOC COIIPOTHUBJIICHUC 3aJaHHOI'0 y4aCTKa LCIIN
R3*6 = R1*5 + R2*5 + R3*6 + R4*5 20,153
M SKBUBAJICHTHYIO ITIOCTOAHHYIO BPCMCHHU

3 X *
T - Xpg _ 0949 =0,198£ 29%6
wR3*6 3140,153 C
OmnpenensieM yaapHblil K03QhuuueHT
ko =1+exp€001/T, =1+exp€0,01/0198 >-1951

j =62,03
R3*6

Y yapHBIN TOK

o =2k, 1k =+/2-1951-395=10866 KA. >

KoHTponbsHbIE BOIIPOCHI K TJ1aBe 4

1. Beipaxkenune nna nepexoaHoro toka K3 ¢ makcumanbHON anepuoanye-
CKOM cliararolmiei.

2. Korja BO3HUKAIOT allepHOAUYECKHUE CIIArarolne TOKOB.
3. Uro oTpaxxaeT OCTOSIHHAS BPEMEHU IEKTPUUYECKON LEIH.

4. Uto Takoe yJapHbli TOK U yIapHbIF KO3 (ULIUEHT.

5. IIpenensl uamenenus K o

6. JleiicTByromiee 3HaueHue yaapHoro Toka K3.
7. Uens pacdera Kyy 1 1,

3anaya k riase 4

Ncnonw3ysa nannbie 3agaun Nel (rinaBa 1) mpou3BeCTH pacueT yaapHOIO TO-
ka K3 npu tpexdaznom K3 (B 3aganHoii Ha cxeme puc.1.12 touke K3) B oTHOCH-
TEIbHBIX 0A3MCHBIX €IUHHUIIAX C MPUOIMKCHHBIM NMpUBEACHUEM KOd()PHUIIMEHTOB
TpancpopManuu. JnuHy U cedeHre TUHUN BhIOpATh MO UX HOMUHAJIBHBIM HaIpsi-
KEHUSIM.

AKTHUBHBIE COTPOTUBIICHUSI TEHEPATOPOB U TPaHCHOPMATOPOB OMPECITHUTH
UCIIOJIb3YS TaHHBIE Ta01.4.1, BO3AYIIHBIX JIUHUN — UCTIONB3YsI PEKOMEHIAIUY TJ1a-
BHI 1.
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5. 2JIEKTPOMATHHUTHBIH IIEPEXOJHBIH ITPOI[ECC
B JJIEKTPHYECKHUX MAIIIHHAX

AHaIUTUYECKOE HCCIEN0BAHUE IEKTPOMArHUTHOIO IIEPEXOAHOrO Iporecca
B DJIEKTPUYECKUX MAIIMHAX IPEACTABIAET JOCTAaTOYHO CIOXKHYIO 3axady. g ee
YIPOILECHUS BBOIAUTCS PsAJ JOIYLIECHUM:

® YYUTBIBAETCA TOIBKO IIEPUOAUYECKAS ClIararouias ToKa cTaTopa;
® CKOpPOCTb pOTOpA CYUTAETCS] HEU3MEHHOM U PaBHOU O ;
® paccMaTpHMBaeTCs CHHXpOHHas MalllMHa, padoTaronias OTAEIbHO OT JIPYTUX

VCTOYHUKOB ITUTAHUS;

e TpaHchopmaropHsie IJIC npuHUMAIOTCS PaBHBIMU HYIIIO, BCIEACTBUE TOTO,
9YTO 0000IIEHHBIE BEKTOPBI IOTOKOB U3MEHSIOTCS MEJIJIEHHO.

Takum oOpazom, B JanbHEHIIEM paccMaTpUBAETCs B U3BECTHON Mepe Hjea-
JU3UPOBAHHAS MAIlIMHA. JTO BHOCUT MOTPEIIHOCTH B OLIEHKY OTAEJbHBIX BEJIMYHH.
OpnHako, KaKk MOKa3bIBalOT COIMOCTABJICHUS MOJYYEHHBIX BEIUYUH C HKCIIEPUMEH-
TaJbHBIMU JJAHHBIMH, OOBIYHO MOTPEIIHOCTH HAXOASTCS B AOMYCTUMBIX IMpeieiax.

5.1. YpaBHeHUs1 CHHXPOHHOM MAIIMHBI B (Da3HBIX KOOPAMHATAX

[TpuHIMnuanbHas cxemMa CUHXPOHHOM MaIIMHBI, POTOP KOTOPOH HMeeT
SBHOBBIPa)XEHHBIE TOJIIOCHI, TpejacTaBieHa Ha puc.S.1. IlepBonavyanbHO Tpenro-
JIO’KMM, YTO CUHXPOHHAs MalllMHA HE UMEET AeMI(pEPHBIX OOMOTOK.

Puc.5.1
Hudbdepenuumanbuple ypaBHEHUS 75 KaXA0W M3 OOMOTOK CHUHXPOHHOU
MaITUHBI
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%—RiAZUA
%—RiB =Up
qw : (5.1)
—C—Ric =Uc
dt
4,
+Rsis =u
dt fif f/

rie R,R¢ - akTMBHBIE CONPOTHUBIEHHUS KOHTYPOB Ka)KI0H (pa3bl e BO30OYkKAeE-
HUSI COOTBETCTBEHHO, ¥p,¥R.¥c.,¥s- pe3ylbTUpPYIOIIUE MOTOKOCLEIICHUs 00-
MOTOK CTaTopa M OOMOTKH BO30YyXKJEHHS COOTBETCTBEHHO, Up,Upg,Uc,Uf -

HaHpH)KeHI/ISI Ha 3aKuMax COOTBCTCTBy}OHII/IX 06MOTOK.
HpI/I HpI/IHHTI)IX }IOHYHIGHHSIX BBIpa}KeHI/ISI JJIs1 HOTOKOCH@HHCHI/Iﬁ HpelICTaB-
JISAKOT HHHeﬁHLIe 3aBUCHUMOCTMU. TaK JJI1 TIOTOKOCIICIIJIICHU A (1)3351 A
Pa=Lala+Mpgig +Mpcic + Masi,

rae La - nagyktuBHOCTE Gazel A; M ag,M pc,M pf - B3aUMOMHIYKTHBHOCTH (ha-

361 A ¢ pazamu Bu C'u 00MOTKOM BO3OYkeHUS (MHIEKC f ) COOTBETCTBEHHO.
AHaIOTrM4HO
¥t =Miaip +Mygig + Mycic + Lt
rae Ls - MHAYKTHBHOCTH 0OMOTKH BO30YykaeHus. Heo0XxoauMo OTMETUTB, YTO IO
npuHIHITYy B3aUMHOCTH M pog =Mpa, M ps =M ¢p U T.1L

[Tapamerpsl L 1 M 3aBUCAT OT MOJOKEHUSI POTOPA OTHOCHUTEIHHO OOMOTOK
cTaTopa W, CIeI0BaTeIbHO, SABISIOTCS (QYHKIUSIMU BPEMEHH (TOJIBKO HHIYKTHB-
HOCTb OOMOTKM BO30YyKI€HUs L MOXHO CUMTAaTh HEU3MEHHOMN).

[Tonoxenue portopa OyaeM XapakTe-
pusoBath yrimom y = f(t) mexmy mMaraur-

HOW OChIO (a3l A U MPOJOJIBHON ochio d
(puc.5.2).

CHHYCOUJATbHOCTh HABOAUMBIX B
cratope DJIC yka3pIBaeT Ha 3aKOH U3MEHE-
HUS B3aUMHBIX HWHAYKTUBHOCTEH MEXIY
00MOTKOHM BO30YKIIEHUS U KaxXI0i u3 (as-
HBIX 00MoTOK. Tak, Harpumep, 1t ha3sr A

Masr =M =Mgcosy,

rac Md - MAaKCHUMaJbHOC 3HA4YCHHC B3adH-

MOUHIYKIIMKM TPH COBMAJACHUN MAarHUTHBIX
oceit 0OMOTOK.

Puc.5.2
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H3meHeHne MHIYKTUBHOCTEH (ha3HBIX OOMOTOK M B3aWMHBIX WHAYKTHBHO-
CTel MeXIy HUMU OOYCIIOBIICHBI BPAIIEHUEM SIBHOIIOIOCHOTO POTOPA, TIOCKOIBKY
IIPY 3TOM MEHSETCS COMPOTUBIICHUE MATHUTHBIM MOTOKAM, KOTOPBIE ONPEACISIOT
JIaHHBIC BEIMYMHBI. I3MEHEHHE MarHUTHBIX MTOTOKOB MPOUCXOAUT TapMOHHYECKU
c nepuogom T1=T/2, Tak kak npum moBopoTe poropa Ha 180° moBTOpsETCS

HpeIIBII[YI_HI/Iﬁ MUK UIBMCHCHHA MArHUTHOI'O COIIPOTHUBIICHUA.
Tak, Hanpumep, UHAYKTUBHOCTH (Pa3pl A ompeensieTcs BEIpaKeHUEM,
La=1y+1,cos2y,
B3aMMHasl MHAYKTHUBHOCTh MEXKIy oOMoTKamu ¢a3 A u B
Mag=Mg+Mycos2¢—x/3,
riue |O, Mg - IIOCTOSIHHBIC COCTABJISAIONIUC COOTBETCTBYIOIIMX VHIYKTUBHOCTEM; |2
. m2 - AMIUIUTYABI BTOPBIX TAPMOHHUK COOTBCTCTBYOIIIUX I/IHIIYKTI/IBHOCTCﬁ.

AHaJIOTHYHO MOTYT OBITH 3amucaHbl BeIpakeHus st L u M ansa octans-
HBIX OOMOTOK.

Takum o06pazom, k03(pPuUIMEHTH B ypaBHEHUSX cucTeMbl (5.1) sBIsSIOTCS
NEPEMEHHBIMU, UYTO 3HAYUTEIBHO yclloxkHseT ee pemieHue. (Juddepenunanbabie
YpaBHEHHsI C MEPEMEHHBIMU KO3(PPUIIMEHTAMU HA3BIBAIOTCA MapaMeTPUUYECKUMU;
AHAIMTUYECKOE PEIICHHE UMEIOT TOJIbKO HEMHOTHE U3 HUX).

5.2. O00061mieHHBIIT BeKTOP Tpex(a3Hoii CUCTEeMbI M 3aMeHA MePeMEeHHbIX
CMHXPOHHOM MaIIMHbI

MrHoBeHHbIC 3HaYCHHUSI TOKOB (HANpsDKEHUH, TOTOKOB U T.I.) TpexdaszHoii
CHCTEMBI MOXHO TMOJIYYUTh, IPOCKTUPYS OJMH BEKTOpP HA TPU OCHU BPEMEHH, pac-
nosoxeHnsie nox yriom 120° (puc.5.3,a). Takoit BeKTOp Ha3bIBaeTCss 00OOIIEH-
HBIM (MJIH U300paXkaroluM) BEKTOpoM Tpexdas3Hoit cuctemsl. [Ipu ero BpameHuun
B Ty JK€ CTOPOHY, YTO U CUCTEMBI TPEX BEKTOPOB, YePEIOBAHUE OCei BpeMeHH (a3
HY>KHO 3aMEHHUTH Ha MPOTUBOIIOJIOKHOE.

+jq

t, +j

Puc.5.3
3amMeHa (ha3HBIX IEPEMEHHBIX BEIMYMH 00OOIIIEHHBIM BEKTOPOM MO3BOJISIET
Pa3IoKUTh €ro Ha mpoaosibHyo (d) u monepeunyro (Q) cocrasisromiue. Ocu d,q,0
00pa3yloT JIEKapTOBY CHCTEMY KOOPJHWHAT, BPAIIAIOIIYIOCI BMECTE C POTOPOM.
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[lepexon ot HeMOABWKHOM (ha3HOU cucTemMbl koopauHaT A, B, C k Bpamaromieii-
Csl, JKECTKO CBsI3aHHOW ¢ poropom cuctembl O ,(q,0 Obul BHEpBBIC MPEIIOKEH
brnonnenem mnsa ycranosusmierocst pexxuma. [Tapkom P.X. u 'opeBbiM A.A. Takoit
MOAX0J1 OBLI PacpOCTPAHEH Ha MEPEXOJHBIN pexUM. ITO MO3BOJSAET MapaMeTpHU-
YyecKyro cucreMmy ypaBHeHui (5.1) cBectu k cucreme AuddepeHunaibHbIX ypaB-
HEHUM C MOCTOSHHBIMU KO3 PUIIMEHTaMU, UTO YIPOIIAET €€ PEelICHuE.
Bennuuna o6o0meHHOro BekTopa | MoXeT OBITh ompesneneHa MCXOMas W3

CJIEIyIOIINX PABEHCTB

ir=1sin@jt+a

ig=1sin@t-z/3+a , (5.2)

ic =1sin@jt+7/3+«a
I7le @j - YIIoBas CKOPOCTh 00001IeHHOro BekTopa |, koTopas B mepexogHOM pe-
KUME MOXKET OTJIUYAThCA OT YIJIOBOM CKOPOCTH BpallleHUs poTopa @, & -
HaYaJIbHBIN yToa 0000IIEHHOTO BEKTOpa OTHOCUTEIBHO OCH, MEPIECHIUKYISPHOU
ocu 0OMOTKH A.

Ecnu Bo3BecTH paBeHcTBa (5.2) B KBaApaT U MPOCYMMHUPOBATH UX, TO MOJY-
YUM BEJIMUMHY 0000IIEHHOTO BEKTOpa

I:\/g(i+ié+ié/.

dazHbie TokU Ha ocHOBe puc.5.3,0 (mpu 1¢=0) :

ip=lg COSy +igsiny
ig =iqcos€—27/3 igsin€-27/3% . (5.3)
ic =iqcos€+27/3 +igsin€ +27/3

5.3. YpaBuenus Ilapka-I'opeBa 1jisi CHHXPOHHOI MAIIMHbI

B ypaBHenue miis ga3el A oOMoTku craTtopa (U3 cucteMsl (5.1))
d ¥a
dt

MOJICTAaBUM BBIpaKeHUs Ui (pa3Hbix BenwuuH (#,1,U), BBIpOKEHHBIC Yepe3

—RiAZUA

00001IIeHHbIE BEKTOPHI B MPOJOJIBHON M TMOMEPEYHON OCSIX POTOpa (M3 CHCTEMBI
5.3)) ip=lgCOSy +igSiny, Up =Uq COSy +UqgSiny, ¥ =¥y cosy + ¥ siny.

C momoIpio 3TOH MOJACTAHOBKH 3aMeHUM (Da3HbIE IMepeMEeHHbIE 0000IIeH-
aeiMu. [locie nuddepennpoBanus u npeoOpa3oBaHUS MOTYIUM

d ¥ dy . d#y dy . .
Uy +—+%, -~ +Riy [cOSy +| Uy + —— —-¥; ——+RI, [SIny =0. 5.4
[ TR dj Fr e g g e G4

PaBenctBo (5.4) MOXeT OBITh YAOBIETBOPEHO MpU JOOOM 3HAYEHUU ¥,
TOJIKO IIPU YCJIOBHUM, YTO KaXKJO€ BBIPAXKEHHE B CKOOKAaX TOXJIECTBEHHO PaBHO
Hynto. [IpupaBHHBas BbIpaXke€HUsI B CKOOKaxX K HYJIIO, MOJYYUM JBa YpPaBHEHHS.
Jlo6aBuUM K MOJIyYEHHBIM YPaBHEHHSIM YpaBHEHHE Ji1 OOMOTKHU BO30YKICHHUS U3
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cuctemsl (5.1), moTy4YnM CUCTEMY YpaBHEHHM MPU OTCYTCTBHM AeMI(EPHBIX KOH-
TypOB

—+Y¥,—+Rig=-u

dt | 4gt ¢4 d
d¥, d

q Y .
— ¥ —— +Rl,=-U 55
gt dqgt 4 9 (55)
d ¥y _

+R¢i; =u
ot flf =Ujg

J

HOJ’Iy‘IeHHBIG ypaBHeHI/ISI HA3bIBAKOTCA ypaBHeHI/ISIMI/I HapKa—FopeBa. OHI/I
BBIpa)KaIOT TeOpI/IIO I[ByX peaKquI 06MOTOK CTaTOpa CHHXpOHHOfI MallluHBI U Xa-
paKkTepu3yIoT MEPEXOHbINA Tpoliecc B Hel. Bxomsmue B cuctemy nuddepeHiu-
AJIBHBIC ypaBHeHI/ISI HNMCIOT IIOCTOAHHBIC KOB(I)(I)I/IL[I/IeHTBI.

d ¥y d lPq

©dt
HABOJATCA B O6MOTKaX CTaTopa U pOTOpa 6J1ar011ap51 HU3MCHCHUIO IMOTOKOCIICIIIIC-
Huil. Tpancpopmaropusie IJ[C HaBOAATCA B NEPEXOJAHOM PEKMME, B CTAllMOHAP-
HOM pe)KI/IMe OHH OTCYTCTBYIOT.

Cnaraemble npencrapisitor DJ[C TpaHcopmaluu, Tak Kak

d

Cnaraemele, coaepsxaiiue d—]t/, npeacTaBisaoT codoit DJIC BpameHus (pe-

3aHMs), KOTOpbIE HABOASATCS B OOMOTKax cTaTopa Oiiarojaps BpalaroleMycs mo-
mo. B o6moTkax poropa B ctarimoHapHoM pexkume 31u IJ]C oTCyTCTBYIOT, TaK KaK
HE CO3/IalI0T B HUX MU3MEHSIOUIETocs MOToKa. B mepexoqHoM pexuMe mpOoUCXoIuT
nepemMenieHne 0000IEHHOTO BEKTOpa IMOTOKAa OTHOCHTEIBHO POTOpa U B €ro 00-
moTkax HaBomsatcs DJIC ckombxenus. [Torokocueruienus ¥y wu Y/q BKJIFOYAIOT

MOTOKU paccesiHus OOMOTOK ctaropa. llosiHble CHHXPOHHBIE HHIYKTUBHOCTH
Ly =Lag +Lo, Ly=Lyq+Lo. Ilpn NpuHATOM IONOXKATEIBHOM HAINPABICHHH

IIOTOKA M3 POTOpa B CTATOP PE3YJILTUPYIOIIEE TOTOKOCIEIIEHUE MOKHO BLIPA3UTh
gyepe3 0000IIeHHBIE BEKTOPBI TOKOB POTOPA M CTaTopa
5Ud = I—ad'f — Ldld , ﬁuq =—Lq|q.

5.4. Tpex¢a3Hoe KOPOTKOe 3aMbIKAHUE CHHXPOHHOI MallIUHbI

5.4.1. Ilepexoousiii npoyecc 6 CUHXPOHHOU MawuHe 6e3 demngepHvix 00-
MOMOK Npu OMKIIOYEHHOM pe2ynamope 8030yacoenus. 1lpu yKa3aHHBIX BBIIIE J10-
MYIICHUAX W Y4UTBIBasL, 9T0 B MecTe K3 Uy =Uq =0 u3 meporo u BTOporo ypas-

HEHUHN CUCTEMHBI (5.5) TyTeM HECIIOXKHBIX MPEe0OPa30BaHUI MOKHO TIOJTYYUTh

el 56

\/xg +R? |
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rae Eq =Rig + Xgig - curxponnas 3/IC B ycraHoBHBIIEMCs pexxume. Bepakenue

(5.6) MoxeT OBITh UCHOJB30BAHO JJIsl pacyeTa MEPEXOJAHOI0 peXuMa MpHU 3aJaH-
HBIX 3Hauennsx Eq u Xg .

N3menenne BO BpeMEHHU ACHCTBYIOIIETO 3HAYEHUS MEPUOJUYECKOM ciara-
IOLIEN TOKA MOJYyYUM U3 TPEThETO YpaBHEHUS cUCTEeMBI (5.5)

d ¥; R.i
——+Ryif =ug.
dt fif f
Pa3nenum 310 ypaBHeHue Ha Ry, ¥ yuutsiBas, uto ¥ = L¢ 1, HOIyunM
L¢ di u
i =2t (5.7)
R; dt Ry

. Ut
r7e lfo = —— - BBIHY)KJEHHBII TOK BO30YXKIEHUS.
Rs
HOCTOHHHaH BpeMeHI/I O6MOTKI/I B036y}K)1€HI/I$I HpI/I pa?)OMI(HyTOﬁ O6MOTK€
CTaTOpa

Impu SaMKHYTOﬁ 00MOTKE c¢TaTopa IOCTOAHHAaA BpEMCHU CBO6OI[HOFO MePexXoaHOTO
TOKa CTaTopa

!

Xd
Tg=Tsg—-
d fo Xq
C yueToM mocyieAHEr0 BhIpaXEHUs NepenuiieM ypaBHeHue (5.7) B Buae
dis
Tg—+is =lige. 5.8
d g H'f =l (5.8)

Tak Kak OTHOCUTENBHBIX €MHUIIAX TOK BO30yxeHus paBeH DC I« = Eq*

, To (5.8) mpeacTaBuM B BUJIE

% e g (5.9)
d gy 9 T '

rae qu - BeiHYXKIeHHas DJ[C, co3maBaemas BO30yaHMTENIeM, paBHAs MPU OTKITIO-

4eHHOM peryisitope Bo30yxaenust IJ[C mpeamecTByonero pexxuma.
Pewennie nuddepennmansHoro ypasHenus (5.9)
Eq = €q0 — Eqe £XP(—t/T§ )+ Ege, (5.10)
rae Egg - HavansbHas nomuas DJIC B nepsbiii MoMeHT K3 ¢ yueTom BospacTaHus

3a c4eT cBOOOHBIX TOKOB OTBETHOM peaklMKU poTOpA.

B coorBerctBue ¢ (5.6) pazmenum Bce wieHbl ypaBHeHus (5.10) Ha
(Xq +Xg, ) (x,, — BHEIIHEE CONPOTUBIECHUE MO OTHOUIEHUIO K CHHXPOHHON Ma-
IMHE), MpeHeOperass akKTUBHBIMU COIMPOTUBICHUSIMU; MOJYYUM JACHCTBYIOIIEE
3Ha4YE€HHUE TOKA B 1000 MOMEHT BPEMEHU
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’ \ 4 ’ !/
li=lg =G -1, xp€t/Ty 31, =1/, 0exp€t/T F1,,  ,  (5.11)
rae I, 0=1¢— |, - HauanbHBI CBOOOIHBII EPEXOAHBIH TOK.
Havanbnbiii nepexoansiii Tok K3 onpenensiercs uz popmyisl

!
r_ Eq
lo=— ,
Xq + Xgy
YCTaHOBMBILCHCS TOK, COOTBETCTBYIOIMH npuHyxaeHHON S/1C Eqe
Ee
ly=——"—.
Xq + Xy

Bripaxenue (5.11) onpenenser 00001eHHBIN TOK TpeX(a3HOH CUCTEMBI TO-
KoB craropa. KpuBas aelcTBYyroliero 3HaueHUs TOKa, cOOTBEeTCTBYromas (5.11)
npuBesieHa Ha puc.5.4. C TeueHreM BPEMEHHU B CIEJCTBUM PEAKIMU CTATOpa IMpo-
HUCXOJUT pa3MarHMYMBaHUE MATHUTHOW CHUCTEMbl MAIIMHBI, YTO MTPUBOJAUT K
YMEHBIIIEHUIO TOKAa B 0OMOTKE BO30yKAeHHUA L M MpONOpLHUOHANBHBIX EMY E(’q u

Iy
L) Crnenyer  JIONOJIHH-
TEJILHO OTMETUTbH TOsBJIC-
HUE HEOOJIBIIUX TOKOB BTO-
= pOil TapMOHUKH B CTaTOpe
SBHOIIOJIFOCHOM ~ MAaIlIMHBI
ce 0 (rupporeHeparopa) BCIE-
CTBHUE HECUMMETPHUH pOTOpa
Iy M0 TPOJOJILHON U ToIepey-
; HOHU OCSIM. biaronaps
0 1 5 3 7 S o JemngpepHO 0OMOTKE BTO-
pasi TapMOHUKA MPaKTU4e
Puc.5.4 CKH YHUYTOKAETCS.

5.4.2. Buusinue Oemnghepnvix 0OMOMOK HA MOK KOPOMKO20 3AMbIKAHUSL.
YTpoIIeHHO MOKHO CYHTaTh, 4TO JemMiipepHas 0OMOTKAa MPUBOJUT K BO3HHKHO-
BEHHUIO JIOMOJIHUTEILHOTO CBOOOHOTO CBEPXIIEPEXOTHOTO TOKA

Ige ~ Ic’;’ce =("- I,Exp(_t/Td”)
rae T4 - mocrosHHas BpeMeHH AeMI(pepHOA OOMOTKU NPH 3aMKHYTOH OOMOTKE
cratopa, lg=Eg / &G + %y, : - HaYaJIbHBIA CBEPXIIEPEXOTHBIN TOK.

Tox K3 B 1100011 MOMEHT BpeMeHHU
le == 17, 0exp€t/ T 1, oexp€t/T§ > 1. (5.12)
Boipaxenue (5.12) ¢ AByMsI MOCTOSSHHBIMM BPEMEHHU C JIOIMYCTUMOM MJIst
npakTuku norpemHoctbio (10-15%) no3BonsieT onpenenuth NEPUOJIUUECKUN TOK.
B neiicTBUTENBbHOCTH MPOLECC MPOTEKAET ciokHee. JemmndepHbie 0OMOTKHU U TEJO
pOTOpa MMEIT MHOTO KOHTYpPOB, CBOOOJHBIE TOKM BHA4aje MPOTEKAIOT MO IO-
BEPXHOCTH, ITOCTEIIEHHO MPOHKUKAsi BHYTph. MarHuTHasi CBsI3b MEK/y MPOJAOJIbHON
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nemipepHoil 0OMOTKOM U OOMOTKON BO30YXJAEHHS HUCKIIIOYA€T HE3aBUCHUMOE M3-
MEHEHHUE TOKa B JH000M U3 HUX.

Lk B HavannHBIE MOMEHT OT-

1) I BE€THas peaklus poTopa
nposBisAeTca  Ojaromaps

I X nemidepHoit 06MOTKCV.
\\ 3aTeM  anepuoOAMYCCKUI

[c’30 ‘\\ TOK IIPOHUMKACT B JAEMII-
dbepHyo o6MOTKy. Jlemn-

;1 dbepnas  obmoTka  He-
o0 CKOJIBKO YBEJIMUMBACT
{ CBOOOIHBIM IEPEXOIHBIN

— TOK (BeIpaxkeHue 5.12), HO

YMEHBILIAET €ro IMOCTOSH-
HYIO BPEMEHH. Puc.5.5 Kpusas toka B co-
OTBETCTBHHM C BhIpakeHueM (5.12) npuBegeHa Ha puc.5.5.

0 1 2 3 4 5

5.4.3. Yuem u enusnue asmomamuueckozo pezynamopa 6030yicoenus. Ilon
YCTPOWCTBOM aBTOMAaTHYECKOTO peryiupoBaHusi Bo30yxiaenus (APB) B manHOM
paznesne OyneM MOHUMATh MPOCTEHIIee YCTPOUCTBO peleiHOi (OpCUpPOBKU BO3-
OyX/IeHHs, KOTOPO€ MPUXOAUT B JEHCTBUE TIPHU ONPENIETCHHOM CHIKEHUW Hampsi-
*KeHusi reHeparopa (Hampumep, npu K3). Peneiinas ¢opcupoBka siBisieTcs mpo-
cTOM, HO 3G ()EKTUBHON MEPOil MOBBIIIIEHUSI YCTOMUUBOCTH PaOOTHI TEHEPATOPOB, a
TakKe norpedureneit anekrTposnepruu. [lociaeanss xapakrepusyercs npeaeabHbIM
(TTOTOJIOYHBIM) TOKOM BO30Y>KIEHUS, CKOPOCTbIO HApACTaHUSl HANPSKEHUS U BbI-
HYKJIEHHOTO TOKa BO30YKIEHUS.

Cy1iecTBeHHOM OCOOCHHOCTBIO JAHHOTO PEKUMa paOOTHl SBISETCS HEIU-
HEHHOCTh XapaKTEPUCTUKU BO30YIWTENS M MAIIWHBI (BCIEICTBUE HACHIIICHUSA
3yOIIOB pOTOpa U APYTHUX DJIEMEHTOB ITyTH MAarHUTHOTO MOTOKA).

JIns ynpolueHus pemeHus 3agauu pacueta Toka K3 xapakrepucTiky Mamniu-
Hbl OyJeM CYUTaTh JUHEHHBIMH, COOTBETCTBYIOIIUMHU HEKOTOPOMY CpEIHEMY
HacheleHuto. [Ipu 3ToM MOXXHO cuMTaTh, uTO AeiicTBue APB 3akitouaercs B yBe-
muaennn Toka K3 (He3aBucuMo oT Hammuus neMidepHbix 0OMOTOK). Bripaxkenue
1u1st Toka K3 MOKHO npeicTaBUTh B BUJIE

It = 1t 6es upp + Alnp F(1) (5.13)
rae Alnp - mpejaenbHOe MpupaileHue ycraHoBupinerocs toka K3 3a cuetr APB,

F(t)— ¢yHkus, ompeaessionias 3aKOH MPUPAIICHUS BO BPEMCHU CHHXPOHHOM

OJIC BcnenctBue GOPCUPOBKHA BO3OYKICHHS MAIIMHBI (3aBUCHUT OT IMTOCTOSHHBIX
BPEMEHH CBEPXIIEPEXOAHOIO TOKA U OOMOTKH BO30YXIEeHUR); |t 5., 4pp - NEPHUO-

nudeckas crararomasi Toka K3 mpu otkimouenHoM APB (Bbluucisiercst mo ¢popmy-
naM (5.11) umm (5.12) B 3aBUCUMOCTH OT Hanuuus geMidepHsix oomMoTok). Kpu-
Bas Toka K3 npu Hammuuu APB npuBenena Ha puc.5.6. JleiictBue APB Haunnaer
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MPOSBIIATHCS CITYCTs HEKoTopoe Bpems nociie K3 (okoino 0,5 ¢) BcaeacTBUE UHED-
IIUY MarHUTHBIX TIOTOKOB, CLIETUICHHBIX C OOMOTKaMH.

Bripaxenue (5.13) mpeamnona-
t raetT yBEIWYCHHE TOKa BO3-
OyXJeHHs /0 MPeAebHOro
I 3HAYCHHsI, YTO COOTBETCTBYET
omuskuM K3. Ilpu ynaneHHbIX
K3 HampsbxkeHwe reHeparopa
gepe3 1-5 ¢ MOXKET TOCTUTHYTh

~
~
_—
e —————

I, HoMHHanbHOTO U, , Iocie yero
+ APB mnoanepxuBaeT TOK BO3-
0 0,5 1 ¢ OyKIeHHS HAa JOCTUTHYTOM
ypoBHe. IIpu stom Toxk K3 B
Puc.5.6 rEHEepaTopeE, TAK¥KE
HEU3MEHHBIN
A
X

[Tpu Brirouennom APB 3aryxanue cBOOOAHBIX OKOB, BO3HHMKIIMX mnpu K3,
KOMIIEHCUPYETCsl YBEIIMUEHUEM TOKOB OT feictBus APB.

5.4.4. Pacuem nepuoouueckoti cocmagisioujell moka KOpomko2o 3ambviKa-
HUsL MemoooM MUnogvlx KpUblx

Haubomnee BaXKHBIM U XapaKTEpHBIM SIBISIETCA HayalbHOE 3HAYEHHE MEePUO-
nudeckoit crararomieit Toka K3. B psane cnyuaeB Tpedyercs yYuThIBaTh U3MEHEHHE
MepuoANYECcKol ciararomiei Toka K3: 1 npoBepku TepMUUYECKON yCTONYMBOCTH
armnaparoB, OTKJIIFOYAEMOT0 TOKa, aHAJI13a JICUCTBUS PEIECHHON 3aAIUTHI.

JIns pacuera nepuoauyeckon ciaratouiei Toka K3 B pa3Hble MOMEHTHI Bpe-
MEHH MEPEXOTHOT0 PEKMMA UCIOJIb3YETCS] UHKEHEPHBII METOJI TUIIOBBIX KPUBBIX
(puc. 5.7., a, B. I3BecTHO, 4TO mapaMeTpsl TypOO- M THIPOTCHEPATOPOB PA3IMYHBI,
[IO3TOMY XapaKTep U3MEHEHUS TOKAa BO BPEMEHHU PA3JIMUCH AK€ IIPU OJMHAKOBOU
yaanenHocTd K3. ABTopaMu MeTOJla TUIOBBIX KPUBBIX HA OCHOBAHMH MHOTOYHC-
JEHHBIX pacyeToB mo ypaBHeHusM [lapka-I'opeBa ¢ ucnons3oBanuem 9BM yna-
JIOCh TMOJIYYUTh CPEAHUE KPUBbICE U3MEHEHUS TOKAa BO BPEMEHHU B OTHOCUTEJIBHBIX
EAMHUIAX MEXY KPUBBIMH sl TypOO- U THIpOreHepaTopoB. MakcumabHas mo-
IPEIIHOCTh yCpeaHeHus He mpeBbimaeT 10%, 4To SABISETCS MPUEMIIEMBIM s
MPAKTUYECKUX PacyeToB. VCNONb30BaHUE TUIOBBIX KPUBBIX PEKOMEHAYETCS IS
TypOorenepaTopoB MomtHocThio 12,5 — 800 MBT, ruaporenepatopos no 500 MBT
Y BCEX KPYITHBIX CHHXPOHHBIX KOMIIEHCATOPOB.

TumnoBble KpUBBIE MPEACTABISIIOT COOOW OTHOCUTEIBHBIC 3HAYEHUS TOKOB
(OTHECEHBI K CBEPXIEPEXOJHBIM TOKaM reHepaTopa) sl pa3iM4YHbIX MOMEHTOB
BpemeHu t. Jlng yuerta yaanennoctu K3 BBeA€HO OTHOIIEHHE HAYaabHOro Toka K3

[e]

reneparopa |, k ero HoMuHAIBHOMY TOKY | you, T.€. |, x =17, / |00 » Xapakre-
pHU3yIOIIHE KPaTHOCTh TOKa K3 K HOMHMHAIBbHOMY TOKY.
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Takum 00pa3oM, TUIIOBbIE KPUBBIE MPEICTABISAIOT COOOM CEMENCTBO KPUBBIX

f(t)=1,/17 npu pasnuuusix sHavenusx |, / l,,,, = CONSt, KOTOpBIC XapakxTe-

PU3YIOT U3MEHEHUE BO BPEMEHH OTHOCUTENIBHOT'O TOKA.
Bo MHOrHX ciyyasix CUCTEMY HEJb3sl IPEICTaBUTh OJJHUM I'€HEPATOPOM, TaK
KaK MHOTHE 3JEKTPUUYECKUE CTAHIMM MMEIOT Pa3jiuyHyl0 YAAJIEHHOCTh OT MECcCTa
K3 u, cnepoBarenbHO, pa3iMuHyI0 CKOPOCTh 3aTyXaHUs MMEPUOJIUYECKON crararo-
nieil. B aTom ciaydae cxeMmy 3aMelleHus IPEACTABIISAIOT B BUJIE ABYX UCTOYHUKOB:
HKBHMBAJIEHTHOI'O F€HEPATOPA CTAHLIMU U CUCTEMBI O€CKOHEYHOW MOIIHOCTH, y KO-
TOpOil mepuoandeckas ciararomas Toka K3 nocrostana (puc.5.8).
" Jlst yueTa BIAUSIHUSL CUCTEMBI Y JIbSTHOB
— C.A. mpeaoxun BBECTU €lIe OJHY 3a-

U = const BHCHMOCT I, ~=17/17 (puc. 5.7,6,r),

" yIOOHYIO JJi1  HEMOCPECTBEHHOTO
l onpenenenus Toka B mecte K3. Kpu-
Bble Ha pucC. 5,7,a, O MOCTPOCHBI IS
nuana3zona BpemeH 0-0,5 c; kpuBble Ha
puc.5.7, B, T — Il AAANIa30HOB BPEMEH
0,5-3 c.
Puc.5.8

PacueTr ToxoB K3 ¢ mOMOIIbIO TUMOBBIX KPUBBIX MPU OTCYTCTBUU CHUCTEMBI
OECKOHEUHON MOIITHOCTH MPOU3BOJIUTCS B CJICAYIONICH MOCIeI0BATEIBHOCTH.

1. CocraBnsercsi cxema 3aMEIICHUS JJIsi HA4aJIbHOT'O CBEPXIIEPEXOHOTO
pexxuma. Bce reHepaTophl M HAarpy3kKd BBOJSTCS CBOMMHU CBEPXIEPEXOAHBIMHU
OJIC.

2. Cxema 3amenieHusi peobOpasyercs (YIMpOIaeTcsi) OTHOCUTEIBLHO TOYKH
K3 u onpenenstores sxpuBaneuTHbie DJ{C E)) U CONPOTHBICHHUE X .

3. C nomo1bto HaaeHHbIX 3HaYeHu 3/]C u conpoTuBIeHUs ONpeaAeIsieTCs
HavaabHbIi Tok K3 or 0606mmennoro reneparopa |, (npu pacuere Ge3 yuera

Harpy3ok OH paBeH TOKy B mecTe K3).
4. OnpenensieTcss HOMHHAIBHBIN TOK T€HEPATOPOB, TPUBEJACHHBIN K CTYIICHH

K3
; P3 HOM
| rom = \/— ) ;
3U,,,., COSp,
rane P,,,, - HOMHHaJIbHas MOIIHOCTh BCEX I'€HEPATOPOB CTaHIINH, U wow ~ HaIps-

KCHHE TeHepaTopa, npuBeeHHOe K cryneHu K3 (cpemaHee HOMHUHAIBHOE HAIPSI-
xenue crynenu K3), COS@,, - k03(pPUIHEHT MOLTHOCTH.

o

5. Ilo HalineHHbIM B 1.10. 3 U 4 3HayeHusm | ;’ u |0, onpenensieTcsa Kpar-
HOCTh HayanbHOTO TOKa K3 reneparopa

(o]
o
IZ.H* - IK/IHOM'
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JIns1 3aaHHBIX MOMEHTOB BPEMEHU ONPENEISAIOTCS NEUCTBYIOIIME 3HAYEHUS NIEPHU-
OIMYECKOM cocTaBirAronied Toka K3, ucnons3ys HailZieHHbIE 110 KPUBBIM 3HAYEHUS
N
o
Iet =Nt

Ipumep S.1. [Ins cxembl, IpUBEAECHHON Ha puc. 5.9, MPOU3BECTH pacyeT
M3MEHEHHsI BO BPEMEHM MEPUOAUYECKON cocTaBiistomen Toka K3 B mecte Tpex-
(ha3HOTO MOBPEXK/ICHHUS, UCIIONb3YsI TUTIOBbIE KPUBBIE.

S T

AT

- 3
{o e /
>~ ©

/ v

G

oC

Puc.5.9
[TapaMeTpbl 2JIEMEHTOB CXEMBI:

e Teneparop G: S, =264,7 MBA; U, =15,75 kB; Xg =0,2;

e Agtotpancdopmarop T: S, =250 MBA; Uz =220 kB; Uy =121 kB;
UHH :15,75 kB U k%BC:]-l%; U k%BH :32%; Uk%CH :11%;

o Jlunus JI: muna | = 15 xm, noronsoe conpotusieHue X,,,.= 0,4 OM/KM.

< Cxema 3amemieHusi JJis pacueTa CBEPXIEPEXOJHOTO TOKa IMPHUBEICHA Ha
puc.5.10. 3nech ykazaHbl TOJBKO JIEMEHTBI, IO KOTOPHIM IpoTekaeT Tok K3. x,—

conpotuBienne obmorok HH u CH aBro-

"

E. 1 2 3 TpaHcopMarTopa.
3.0 3.7 3.0 Pacuer ¢ wucCnonp3oBaHMEM THUNOBBIX
1
K KpPHUBBIX MPOBOAUTCS C MPUOIMKEHHBIM TPUBE-
neHueM KodhGUIreHToB TpaHchopMaIIi.
Puc.5.10

OnpenenuM CONpOTUBICHUS HIEMEHTOB CXEMbl B UMEHOBAHHBIX €IMHUIIAX,
MIPUBEJICHHBIC K CTYNEHU HAIPSKEHUsI, Ha KOTopoi npousonuio K3:

o U 2 2
xlzlxg wr 1,157 546 0u,
2°° S, 2 2647

H
1Uycho Yopa 14 1157
2 100% SH 100 250

X2 =3,7 Om,
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x;;:XLZ'l:%oA-ls:s,o Owm,

CyMMapHOe conpoTUBIEHNE ey, npuBeaeHHoe K OC

o o o o

X, = X1+ X2+ X3 =117 Owm.
i kAN Caepxriepexoanblii Tok K3

1 |”= B _ 115 —5,74KA

6 _:\ / \/5;(3 \/3—11,7

HomMuHanpHblli TOK 00BEIH-
HEHHOI'0 TE€HEpaTopa JJIEKTPO-

CTAHIINU
21 . S
It | 2om = ——Hoi :1,35 KA.
} } } } f } > \/éucp.HOM
0 0,5 1,0 15 2,0 25 30 tc
Puc 5.11 OTHOCHUTEJIbHBIE 3HAUCHUS TO-

ka reneparopa |, /17 =n, onpenensiem no kpusbIM puc.5.7,a, B. JlelicTByroniue
3HAYEHHUs IEPUOANUECKON cocTastonieit Toka |, = 1., . Kpusas toka |, no-
Ka3aHa Ha puc. 5.11. >

5.5. IlepexoaHble NPOLECCHI B AJIEKTPUUYECKUX IBUTATEISAX

N3noskeHHOe BhIIIE, OTHOCUTCS HE TOJIBKO K CHHXPOHHBIM IFeHEpaTopam, HO
¥ CUHXPOHHBIM JBUTATENISIM M KOMIIEHCATOpaM, TaK KakK MOCJIEIHHE BCIIEICTBUE
MHEpUUHU B nepBbie nepuoasl K3 3aMeTHO HE CHMXKAKOT CKOPOCTh BPAILIEHUS! POTO-
pa.

CHUHXpOHHBIE ABUTATEIb U KOMIIEHCATOP SIBIISIIOTCS JOMOJTHUTEIbHBIMU HC-
TouHnkamu Toka K3, Tak kak ux cBepxnepexoanas (unu nepexonnas) 3C 60mb-
nre nmoaseaeHHoro Hanpsbkenus (U ), koTopoe npu Bo3HUKHOBeHHH K3 B 1m0060it

TOYKE CETU yMmeHblaercs. CxeMa 3aMelIeHHs] CUHXPOHHOIO JBUTaTelis Takas xke,
Kak M CHHXPOHHOro reHeparopa. IlapameTpsl cXembl 3aMEIIECHUs CUHXPOHHOTO
JNBUTATENs] HaXOMATCS, UCIIOJB3Yys MapaMeTpbl NpEeAecTBYIOmeEro pexuma. [lpu
OTCYTCTBUU CIIPABOYHBIX JAHHBIX JJII CHHXPOHHOTO JBUTATENs MOXKHO MPUOIHU-
JKEHHO mpuHATh Exop =11 u Xer =0.2.

Jlyist onipeieniennsi yIapHOTO TOKa OT CHHXPOHHOTO JABUTATEIIS, HEOOXOIUMO
MPEIBAPUTEIBHO OINPEACIUTh MOCTOSHHYIO BPEMEHU, I HAXO0XAECHUS KOTOPOU
HAaXOJUTCS €r0 aKTUBHOE CONPOTUBIIEHUE

Reyg- =0.25€—1, 41,05,
rae 7, - KIIJI aurarens.
HenoBo30y»keHHbI CUHXPOHHBIA JBUTATENb TakKe padoTaeT B pexuUME

reHepaTopa MpH 3HAYMTEIBHBIX CHUKCHUSX HANPSKECHUS, BO3HHKaromux npu K3
(npu Mmanoit ynanennoctu K3). Ilpu Manbix CHHKEHHMSIX HANpSHKEHUS, KOTIAa CO-
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xpansiercst HepaBercTBo E” <U ., on mo-mpexxaemy OyzeT moTpebisTh TOK U3 ce-

TH.

ACHHXPOHHBIE JBUTATENHU, COCTABISIONIME OCHOBHYIO YacTh MPOMBIIIEH-
HOM Harpy3ku, paboTaroT ¢ MaJlbIM CKoJbxkeHueMm S =2-5%. Kak nokazano Illen-
punbiM H.H., nns nmpakTHdecKux pacyeToB MOXHO CUHTaTh, YTO OHU PabOTAIOT C
CHUHXPOHHBIM 4HCJIOM 000poTOB. CiienoBaTebHO, B HAYaIbHBIM MOMEHT K3 acuH-
XpOHHBIN JIBUTATE]Ib MOXHO PAacCMaTpUBaTh KaK HETOBO30YXKIEHHBI CHUHXPOH-
HBIM.

CymectBeHHbll TOK K3 TeHepupyroT TOJBKO ACUHXPOHHBIE IBUTATENH,
HEMOCPEJICTBEHHO CBsSI3aHHbIE ¢ ToukoM K3 mim Haxonsmuecs B 30HE Majlou yja-
JIGHHOCTH OT HeEe, T.€. T€, Yy KOTOpbIX cBepxmepexoaubie J/JC npeBblllatoT Hapsi-
KEHUS CETU B TOUKE MPUCOCIUHECHHS JIBUTATENICH. DTOT TOK 00YCIIOBIEH JIEKTPO-
MarHuTHOM dHEpTHei, 3amaceHHo B oomoTkax AJl 10 BosHukHOBeHUs K3.

Porop acuHXpoHHOTO ABUraressi B Ha4aibHbIH MOMEHT K3 mpojomkaer mno
WHEpLMH Bpalatbes. B nienu poropa npoTeKkaeT OCTaTOYHbIA TOK, & COOTBETCTBY-
IOIUNA €My TTOTOK MPOHMU3BIBAET OOMOTKY CTaTOpa, U, BCIEJACTBUE €r0 U3MEHEHUSI
B Helt HaBoauTcst DJIC. Tak kak 1iernb 0OMOTKU CTaTOpa 3aMKHYTa, TPOTEKAET TOK
k Touke K3. Ilocne 3aTyxaHusi cBOOOTHOTO TOKa poTopa (BCIEACTBUE aKTHBHOTO
COTNPOTHUBJICHUS €M POTOpa) TEHEPUPOBAHUE TOKA ACHHXPOHHBIM JIBUTATEIIEM
IPEKPAIIAeTCS.

Hcxons U3 HEU3MEHHOCTH TTOTOKOCHEIIJIEHUsI ¢ 0OMOTKOM pOTOpa B HaYallb-
HbIi1 MOMEHT K3, 1711 aCHHXpOHHOI'O JBUTATEIs MOKHO YCTAaHOBHUTH €r0 CBEpXIIE-
pexonnbie DJIC u conpoTtuBieHue. CxeMa 3aMeNIeHNs aCHHXPOHHOTO JBUTATEIs
IUIsl OTPENIENIEHNs] CBEPXIIEPEXOAHBIX MapaMETPOB MICHTUYHA CXEME 3aMEILICHUS
CUHXPOHHOI0 TeHepaTopa. CBepXIepeX0JHOE COMPOTUBIEHUE AaCUHXPOHHOTO JABU-
raTess 1o CymecTBy siBisgercs conpoTuBienuem K3 (T.e. korga A/l 3aTopmMoxkeH),
OTHOCHUTEJIbHYI0 BEJIMYUHY KOTOPOIO MOXHO OIpPEIEIUTh U3 BbIPAKEHUS
% 47 =11k (k - KpPaTHOCTh IyCKOBOro Toka). Cepxmepexomanas DJC

OTpeJieNsieTCs] U3 YCJIOBHM MPEIIIeCTBYIONIEro pexkuma. [Ipu oTcyTcTBHHM cripa-
BOYHBIX JIaHHBIX OHA MPHOIMKEHHO MOXKET ObITh MPUHATA paBHOH EX 4 7 =09.

nycK ! nycK

OTHOCHUTENBEHO OOJIBIIINE aKTUBHBIE COMPOTUBIICHUSI OOMOTOK CTaTOpa M PO-
Ttopa AJl 00ycrnaBnuBarOT BeCbMa OBICTPOE 3aTyXaHWE MEPHOJUIESCKON U amepuo-
JTUYECKON cocTaBisitolux renepupyemoro A/l toka. Ha puc.5.12 noka3ana xapak-
TE€pHasi KpuBasi TOKa, reHepupyeMoro A/l B HadajgbHBII MOMEHT BPEMEHH IIOCIIE
BO3HUKHOBeHUs K3.
JlonoMHUTENbHBIN yIapHBIN TOK OT A/l
E”
Vo4 = #\/Ekya./uz,
X4
rae kya. AJ] - YAApHBIA K09 (QUIMECHT aCHHXPOHHOTO ABUraTessi. Kpusble nsmene-

HUS yAapHOro Ko3(duireHTa B 3aBUCUMOCTH OT MOIITHOCTH Al moka3aHbl Ha puc.
5.13 B BUAE 3alITPUXOBAHHOM 30HBI. KpHBBIE MOCTPOEHBI C YYETOM 3aTyXaHUs Ie-
PUOIMYECKON cocTaBiisitonen Toka K3.
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mnp 0

Puc.5.12

COBOKYITHOCTh MEJIKUX ACHHXPOHHBIX JBUTATENIed MOXKET ObITh 3aMEHEHa
OJIHAM SKBHUBAJICHTHBIM JIBUTATEJIEM U Ha3bIBaeTCsl 0000IIEHHON Harpy3kon. AHa-
JIOTUYHO ACMHXPOHHOMY JIBUTaTeito 000O0IeHHas Harpy3ka B HaudajJbHOE BpeMs
K3 renepupyet Tok K3. Cxema 3amenienrss 0000IEHHON HArpy3Ku B Haydaje Ie-
pexoaHoro pexxuma K3 naeHTudHa cxeme 3aMelieHnss CHHXPOHHOTO TeHepaTopa.

1,9
ky

1,8 » 7%_§
Vi
Y S

/]
/@ N
220N

b
/ >
1,6 >>
V y
]’5 /1 P
100 500 1000 kBm 5000

Puc.5.13
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Jliist 00001IeHHON HAarpy3ku PeKOMEHAYIOTCS CIEAYIOIIHE NapameTpbl, OT-
HECEHHBIC K TMOJHOW pabodeil MOIIHOCTU U CPeIHEMY HOMHUHAJIBHOMY HaIpsiKe-
nuro: E"=0,85; x"=0,35; X/R=2,5; ky() =1

JIOTIOMHUTENbHBIN yIapHBIA TOK, TeHEPUPYEMBI 0000LIEHHON HArpy3KOM

. 085 Spu6
i 5 aom = Koo nammN 2 gy =12 —= P2 _
Yo.nazp Yo.Hazp Haep 0,35 \/§Ucp

KoHTponbHbIe BOMPOCHI K rIaBe 5

1. Iuddepennmanbable ypaBHEHUS] CHHXPOHHOW MAIIMHBI B (Pa3HBIX KOOP-
JUHaTax.

2. OT4ero 3aBUCSIT COOCTBEHHBIE U B3aMMHBIC HWHAYKTUBHOCTHU CPIHXpOHHOﬁ
MalluHBbI.

3. O00011IeHHBIN BEKTOP TpeX(Pa3HON CUCTEMBI.
4. YpaBuenus [lapka-I'opeBa 1151 CHHXpOHHOUM MalllMHBI.

5. OOBSICHUTH BUJT KPUBOM 3aBUCUMOCTHU MEPUOUIYCCKON CIararoiiei Toka
npu K3 Ha 3a)kuMax CHHXpOHHOT'O reHeparopa 6e3 reMrgepHbiXx 00MOTOK U OT-
kroueHHOM APB.

6. OOBSICHUTH BUJI KPUBOM 3aBUCUMOCTHU MEPUOIUICCKON CIararoiei Toka
npu K3 Ha 3a)kuMax CHHXpOHHOT'O TeHepaTopa ¢ AeMIIpepHbIMU OOMOTKaMU 1
otkirroueHaoM APB.

7. Bnusaue APB Ha Bua kpuBOi nepuoauyeckoi ciararomieit Toka npu K3
Ha 32KMMaxX CHHXPOHHOT'O FeHepaTopa.

8. IlocnenoBaTeIbHOCTH pacyeTa MepuoandecKon ciararoiieit Toka K3 ¢
MTOMOIIbIO TUITOBBIX KPUBBIX.

9. IloBeneHue CHHXPOHHOTO JABUTATENS B IIEPBBI MOMEHT BPEMEHH ITOCTIE
K3 Ha ero 3axxunmax.

10. TToBeeHre aCUHXPOHHOTO JBUTATEIIsl B IEPBBI MOMEHT BPEMEHHU MOCIIE
K3 Ha ero 3axxunmax.

11. [ToBenenre 000OIIEHHON HATPY3KU B MEPBBI MOMEHT BPEMEHHU MOCIIE
K3 Ha ee 3axxumax.

3angaya k riase NeS
C nomoIb0 TUMOBBIX KPUBBIX MPOU3BECTU pacyeT MEPUOJUUYECKON ciara-
romieit Toka K3, ucnonwszya ucxonnele nanueie 3amaun Nel (rnaBa 1). BausiHuem
cucteMbl rpeHedpeusb. [locTpouTh KpUBYIO U3MEHEHUSI TOKA BO BPEMEHHU.
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[MTPUJIOXEHUA

111. CripaBoYHBIE JAHHBIE IT0 CHHXPOHHBLIM T€HEPATOPAM.

I12. KpaTkue cBeACHUS O TDaHC(bODMaTODaX C paCcIiCIIJICHHBIMHA 0OMOTKaMH.

I13. CopaBoYHBIE JJAHHBIE 110 CUJIOBBIM TPaHChopMaTopam.

I14. ITponnyckHas CIIOCOOHOCTD OJIHOM LIS JIDI U NIPEJACIbHOC PACCTOSHHUE TIEPE-
adu.

I15. MaayKTUBHBIC CONPOTUBICHUS BO3AYIIHBIX JIMHUM C aJIOMUHMBLIMU U CTaJIC-
AJIIOMHWHCBBIMMU ITPOBOAAMMU.

I16. XapakTepUCTUKU AJIIOMUHUEBBIX U CTaJICaJIOMMHUEBLIX ITIPOBOJIOB

I17. AKTUBHBIC U HMHAVKTHUBHBIC COMMPOTUBJIICHUA TPCXKUIJIBHBIX KaOeen.

I18. KpaTtkue cBeieHUs O CIBOCHHBIX PEAKTOPaX.

I19. CipaBOYHBIC JIAHHBIC 110 PEAKTOPAM.

I110. CripaBouHbIe HaHHBIE 10 CUHXPOHHBLIM aBurarenam cepuit CJ1 u CJIH.

I111. IIpeoOpa3oBanue ABYX HNapauIeIbHO BKJIFOUYEHHBIX BETBEH.




90

[Ipunoxenue 1
CITPABOYHLIE TAHHBIE 110 CUHXPOHHBIM 'EHEPATOPAM

TYPEOT'EHEPATOPEI
Tun P,,MBr | COS¢ | U, «B Xd Xg Xq
TBC-30 30 0,8 6,3;10,5 0,152 0,257 2,53
TB-50-2 50 0,8 10,5 0,135 0,2 1,84
TB-100-2 100 0,85 13,8 0,14 0,2 1,8
TB2-150-2 150 0,9 18,0 0,122 0,18 1,49
TB®-60-2 60 0,8 6,3 0,195 0,28 1,61
TB®-100-2 100 0,85 10,5 0,183 0,26 1,79
TB®-200-2 200 0,85 11,0 0,165 0,25 1,88
TBB-160-2 160 0,85 18,0 0,22 0,329 2,3
TBB-200-2 200 0,85 15,75 0,191 0,275 1,88
TBB-320-2 320 0,85 20,0 0,173 0,26 1,7
TBB-500-2A 500 0,85 20,0 0,24 0,326 2,57
TBB-800-2 800 0,9 24,0 0,219 0,307 2,33
TBB-1200-2 1200 0,9 24,0 0,247 0,357 2,42
TI'B-200 200 0,85 15,75 0,19 0,295 1,85
TI'B-300 300 0,85 20,0 0,195 0,3 2,2
TI'B-500 500 0,85 20,0 0,243 0,373 2,413
TBM-300 300 0,85 20,0 0,2 0,33 2,11
TUJIPOTEHEPATOPEI
Ne Tun S,,MBA | U, «B X4
II.11.
1 CB375/195-12 65,5 10,5 0,16
2 CB640/170-24 78,8 13,8 0,2
3 CB795/230-32 134 11,0 0,18
4 CB1160/180-72 103,5 13,8 0,24
5 CB1190/250-48 264,7 15,75 0,24
6 CB1690/175-64 590 15,75 0,3
7 BI'C375/89-28 9,4 6,3 0,2
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[Ipunoxenue 2
KPATKHUE CBEAEHNWA O TPAHCOOPMATOPAX C PACIHIEIUIEHHBIMUA
OBMOTKAMU

JIByXO0OMOTOYHBIA TpaHC(HOPMATOP C JBYMs paCUICIVICHHBIMH OOMOTKamMu

Ha HU3LIEM HAOPSDKEHHMM MOXHO paccMaTpUBaTh KaK TPEXOOMOTOUHBIM TpaHC-
(GopmaTop, MO3TOMY €ro CXeéMa 3aMEIICHMs] TakXKe IPEACTABIAETCS B BUJIE
TpexiayuyeBoi 3Be3nbl. OpHoda3Hblil 1 Tpexda3Hblid 1BYyXOOMOTOUHBIN TpaHc@op-
MaTop, y KOTOpOro oOMOTKa HU3IIEr0 HANPSKEHUs pacllenieHa Ha JBe OJUHAKO-
Bble 11enU (0OMOTKH), XapaKTepU3yeTcs CKBO3HBIM PEAKTHUBHBIM COMPOTHUBICHUEM
X.xg PABHBIM Xp_p7, TNI€ Xp_ 7 - PEAKTUBHOE COIIPOTUBIIEHUE ITOrO TpaHCHopMa-

TOpa MpH Napajule]IbHON padoTe pacUIeINIEHHBIX O0OMOTOK, T.€. 0€3 pacIlenIeHHMs.
VYcioBHOE M300pakeHne TpaHC(PopMaTopa ¢ PaCUICIUVIEHHBIMU OOMOTKaMHU U CXe-
Ma €ro 3aMelleHus npuBeaeHbl Ha puc.Il.2.1.

Xe

Xcke=Xg-H
XH1 XH2

Puc.I1.2.1.
[Ipu pasnenbHON paboTe paCHICTUICHHBIX OOMOTOK Takol TpaHchopmaTop

XapaKTCPpU3YyCTCA PCAKTUBHBIM COIIPOTUBJIICHHUCM PACIICIIIICHUA XpacuV orpcac-

JICHHBIM IIO HAIIPSKCHUIO K3 MCXKOY ABYMA OJWHAKOBBIMU PACIICIIIICHHBIMUA 00-

MOTKaMH. M3 CXeMBI 3aMEIICHHS CICAYET Xpye, = XH1 +XH2. Tak kak oOMOTKH

HI v H2 oguHAaKOBEI, TO

XH1 =XH2 =0,9X 50y - (IL.2.1)
N3 cxembl 3amemienus (puc.I1.2.1) ¢ yuerom (I1.2.1) umeem
X.e = XB_H = Xg +% = Xg +0,25X 01+
OTKyJa
Xg =Xg_H —0,25X 401y
(I1.2.2)

TokoorpannuuBaromuii 3GpHEKT IBYXOOMOTOUYHBIX TpaHC(HOpPMATOPOB C
pacHIeTNIeHHON 0OMOTKOM XapakTepusyeTcs Kod()PUIueHTOM paciieTuIeHHS

kpacu; = Xpacw / Xexe = Xpacwy /' Xg_H -

(11.2.3)

Ecnu B kaTtaymore mpHBOAMUTCS TOJIBKO 3HAUYEHUE Xpg_p, TO 3Has K pacy 11O

(I1.2.3) onpenenstor X a o (I1.2.1) u (I1.2.2) onpeaensitor CONPOTUBIICHUS

pacuy >
cxembl 3amenieHus. g onHoda3zHbIX JBYXOOMOTOYHBIX TpaHC(HOpMATOpoB (U aB-
TOTpaHC(POPMATOPOB) TPU PACIICTUICHUH OOMOTKH HHU3KOTO HAIMPsDKEHUS Ha JBE
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nenu (oomotku) K =4 . JInsa Tpex(da3HbIX IBYXOOMOTOUHBIX TpaHC(opmaTo-

paciy
poB kiaccoB Hanpspkenuit 35, 110 u 220 kB ¢ pacuienieHHbIME 0OMOTKaMU HU3-
KOT'O HaIpsDKEHUS Ha JABE IIEMTU MOKHO PUHATH K pacy =30

[Ipunoxenue 3
CITPABOYHBIE JAHHBIE 11O CUJIOBBIM TPAHCOOPMATOPAM

JABYXOBMOTOYHBIE TPAHCO®OPMATOPBI

o oovgra | Hanprene | Hamprrern
. Tum MOIIHOCTS, COKOTO 00MOTKHY HU3- KOPOTKOI'O
MBA — KOT0 Hampsi- 3aMbIKaHuA,
<B )xeHus, KB U k%
1 TMH-200/110-73V1 2,5 110 6,6; 11,0 10,5
2 T/1H-10000/110-70V1 10 115 6,6; 11,0 10,5
3 | TPALIH-63000/110-75V1 63 115 6,3; 10,5 10,5
4 | TPAIIH-125000/110-74V1 125 115 10,5 10,5
5 T/11-200000/110-72VY1 200 121 13,8; 15,75; 18 10,5
6 T/A11-250000/110-70VY1 250 121 15,75 10,5
7 T/A11-400000/110-71VY1 400 121 20,0 10,5
8 | TPALIH-160000/110-74V¥1 160 230 11,0; 38,5 12,0
9 TA11-80000/220-78Y1 80 242 10,5; 6,3; 13,8 11,0
10 TAL-125000/220-71VY1 125 242 10,5; 13,8 11,0
11 TA11-250000/220-71VY1 250 242 13,8; 15,75 11,0
12 T/11-400000/220-73VY1 400 242 13,8; 15,75 11,0
13 TA11-630000/220-74VY 1 630 242 15,75; 20,0 12,5
14 TPI11-63000/330-74V1 63 330 6,3; 10,5 12,0
15 TA11-250000/330-76VY 1 250 347 13,8; 15,75 11,0
16 T11-400000/330-78VY1 400 347 15,75; 20,0 11,0
17 TA11-630000/330-74VY 1 630 347 15,75; 20,0 11,0
18 | T/11-1000000/330-69V1 1000 347 24,0 11,5
19 OPII-53300/500-74V1 533 525//3  |15,75; 18,0; 24,0 13,0
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20 TJ111-250000/500-74VY 1 250 525 13,8 -36,75 13,0

21 TJ111-400000/500-79V 1 400 525 13,8 -36,75 12,6

22 TJ111-630000/330-78VY 1 630 525 13,8 - 36,75 14,0

TPEXOBMOTOYHBIE TPAHCO®OPMATOPHEI
Tun Sus Ug,xB | Ug,xB | Uy, kB | Ukpecw | YkeHw | YkcHu
MBA

TJATH-6300/110-76y1 6,3 115 38,5 6,6; 11,0 10,5 17,0 6,0
TJATH-10000/110-76y1 10 115 38,5 6,6; 11,0 10,5 17,0 6,0
TJATH-25000/110-76y1 25 115 38,5 6,6; 11,0 10,5 17,0 6,0
TJATH-63000/110-76y1 63 115 11;:038,5 | 6,6;11,0 10,5 17,0 6,5
TJATH-80000/110-69y1 80 115 11;:038,5 | 6,6;11,0 10,5 17,0 6,5
TJITH-25000/110-76y1 25 230 38,5 6,6; 11,0 12,5 20,0 6,5
TJITH-40000/110-76y1 40 230 38,5 6,6; 11,0 12,5 22,0 9,5
TJITH-400000/110-76y1 | 400 230 38,5 6,6; 11,0 12,5 22,0 9,5

TPEXOBMOTOYHBIE TPAHCO®OPMATOPLI C PACHIEIVIEHHBIMUY OBMOTKAMH

Tun S, MBA | Ug,xB Uy .xB Uk | Kpacuy
TPJIH-25000/110-76y1 25 115 6,3-6,3; 10,5-10,5 10,5 3,5
TPJIH-63000/110-76y1 63 115 6,3-6,3; 10,5-10,5 10,5 3,5
TPJIH-125000/110-76y1 125 115 6,3-6,3; 10,5-10,5 10,5 3,5

O6motku HH mmetot mortaOCTH, paBHYO 50%
ABTOTPAHC®OPMATOPBI
Tun Sw.| Us | Uc Uy, xB Ukgcw | Ykpsrow | YkcHoe
MBA kB kB
ATJUTH- 63 115 11,0 6,6; 11,0 10,5 17,0 6,5
125000/110 38,5
ATJUTH- 63 230 121 6,3; 10,5;13,8 11,0 34,0 21,0
63000/220/110
ATJUTH- 125 230 121 6,3; 10,5;13,8 11,0 31,0 19,0
125000/220/110
ATJUTH- 200 230 121 10,5;13,8;38,5 11,0 32,0 20,0
200000/220/110
ATJUTH- 250 230 121 | 11,0;13,8;15,75;38,5 11,0 32,0 20,0
250000/220/110
ATJITH- 125 330 115 6,6;11,0;15,75;38,5 10,0 35,0 22,0
125000/330/110
AT TH- 200 330 115 6,6 10,0 33,0 22,0
200000/330/110




94

AT TH- 250 | 330,347 | 165 10,5; 38,5 9,5 74,0 60,0
250000/330/150
AT TH- 240 | 330,347 | 242 38,5 9,5 74,0 60,0
240000/330/150
AT TH- 250 500 121 11,0;38,5 9,5 74,0 60,0
250000/500/150

[Ipunoxenue 4

[TPOITYCKHA S CTIOCOBHOCTH OJTHOM LIETIM JIIT Y ITPEJIEJIBHOE

PACCTOSAHUE IIEPEJIAUA

No .. U ,xB P, MBr JUTHHA, KM
1 mo 1 o 0,1 mno 3
2 1-10 1-3 15-3
3 35 5-10 50-60
4 110 25-50 50-150
5 220 100-200 150-250
6 330 300-400 200-300
7 500 700-900 800-1200
8 750 1800-2200 1200-2000

[Tpunoxenwue 5

MHAYKTUBHBIE COITPOTUBJIEHUS BO3IYIIIHBIX JIMHUN C AJTFOMU-
HUBbIMU U CTAJIEAJIIOMUWHEBBIMU ITPOBOJJIAMHA

CpenHee reoOMEeTpUYECKOe PACCTOSHUE MEXIY MPOBOAAMU — | M

Mapka | A-16 A-25 A-35 A-50 A-70 A-95 A-120 | A-150 | A-185
MIPOBOJIa
X)0 0,391 |0,377 |0366 |035 |0341 |0332 |0324 |0,319 |0,313
CpenHee reoMeTpHUECcKOe pacCTOSIHUE MEX 1y IPOBOIaMu — 4 M
Mapka | AC-50 AC-70 AC-95 AC-120 AC-185 ACO-240
IPOBOJIA
X)0 0,435 0,425 0,414 0,408 0,394 0,376
CpenHee reoMeTpHUeCcKOe pacCTOSIHUE MEXTY MPOBOJIAMU — 7 M
Mapka | ACO-240 | ACO-300 | ACO-400 | ACO-500 | ACO-600 ACO-700
IPOBOJIA
X)0 0,41 0,405 0,396 0,39 0,384 0,378
CpenHee reoOMeTpUYECKOEe PACCTOSHUE MEKY MPOBOJAMHU — 8 M
Mapka | ACO-300 | ACO-400 | ACO-500 | ACO-600 ACO-700
MIpOBOJIa
X)0 0,414 0,405 0,399 0,393 0,385

CpenHee reoOMEeTpUYECKOEe PACCTOSIHUE MEKY MPOBOJAAMU — 9 M

‘ Mapka

| ACO-300 [ ACO-400 | ACO-500

| ACO-600

| ACO-700
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IpoOBOJIA

Xya

0,422

0,414

0,405

0,4

0,393

[Ipunoxenue 6

XAPAKTEPUCTUKHN AJIIOMUHUEBBIX U CTAJIEAJIIOMHUHHUEBBIX

[TIPOBO/IOB
Ne .. | Mapka npoBoja AKTHBHOE COIIpO- HapyxHsblii nua-

TUBJICHUE [IPU TEM- | METP IPOBOJA, MM

neparype +20°C,

Om/km
1 A-70 0,46 10,7
2 A-95 0,34 12,4
3 A-120 0,27 14,0
4 A-150 0,21 15,8
S) A-185 0,17 17,5
6 AC-70 0,46 11,4
7 AC-95 0,33 13,5
8 AC-120 0,27 15,2
9 AC-150 0,21 17,0
10 AC-185 0,17 19,0
11 ACO-240 0,13 21,6
12 ACO-300 0,108 23,5
13 ACO-400 0,08 27,2
14 ACO-500 0,065 30,2
15 ACO-600 0,055 33,1
16 ACO-700 0,044 37,1

[Tpunoxenue 7

AKTHUBHBIE 1 MTHAYKTUBHBIE COITPOTUBJIEHNA TPEXOKNIJIbHBIX

KABEJIEM
Ne .. Ceuenne AxTuBHOE conpoTuBiieHue | MHAykTuBHOE compoTuBieHne OM/KM,
JKHII, MM OM/KkM P HOMHHAJIHBHOM HAIPSHKCHUN
AmroMuHUR Menb 6 kB 10 xB 35 kB
1 70 0,443 0,26 0,08 0,086 0,137
2 95 0,326 0,194 0,078 0,083 0,126
3 120 0,258 0,153 0,076 0,081 0,12
4 150 0,206 0,122 0,074 0,079 0,116
5 185 0,167 0,099 0,073 0,077 0,113
6 240 0,129 0,077 0,071 0,075 -

[Tpunoxenue 8

KPATKHWE CBEJEHMA O CABOEHHBIX PEAKTOPAX

Jnsa orpanmyeHuss TokoB K3 mpUMEHSIOTCA Takke CIBOCHHBIE PEAKTOPHI
(CHP). YcnoBuoe uzodpaxxkenue CJIP u ero cxema 3amenieHus: MpuBEICHBI Ha PHUC.
I1.8.1. CaBoeHHBIN peakTop COCTOMT M3 JIBYX OJMHAKOBBIX KaTyllIeK (BETBEil) C
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HHAYKTUBHOCTAMUA LO 5 KaxxJasd. Ot KaTyIIKWM MariuTHO CBA3AaHBI IIPpU B3aMMHOU

uHAYKTUBHOCTH M .

Jnst orpannyeHust TokoB K3 NpHMEHSIOTCS TakKe CABOCHHBIE PEAKTOPBI
(CAP). Ycnouoe nzobpaxkenue CIIP u ero cxema 3aMmellieHus NpUBEIEHbI Ha PUC.
[1.8.1. CaBoeHHBIN peakTOp COCTOUT M3 JIBYX OJMHAKOBBIX KaTyIIeK (BETBEHl) C
MHIYKTUBHOCTAMH L5 Kaxkpas. OTH KaTyHIKd MarHUTHO CBSA3aHbI IPY B3aMMHOM

UHIYKTUBHOCTH M .

A A [lpy  mpoTeKaHWH  TOKa
TOJBKO 1O OJHOW BETBU (pHC.
KcaXos cOop  11.8.2,a) compoTuBiIeHHE 3TOH BET-

BU Xo5=0Llgps. B HOpManbHBIX

Xo,5(1+Kcs) 0,5(1+Kca) ycinosusx (puc. 11.8.2,6) yepe3 obe
KaTYIIKH MPOTCKAIOT OJIMHAKOBBIC
TOKH B TIPOTHUBOITOJIOKHBIX
A1 A2 A1l A2
HAIPABJIICHUSX, IIO3TOMY COIPO-
THUBJIEHUE KAKIOM KATYIIKH B DTUX
Puc. I1.8.1 ! Y

YCIIOBHUAX COCTABIIACT

X0,5 :a)(LO,5 -M )
(T1.8.1)
CTeneHb MHIYKTHBHOM CBA3M JBYX KaTyIIeK XapaKTepusyercs Kod(pQuiu-

earoM cBs3u K., =M/, LL,, rme Ly, L, - uanykTHBHOCTH KaTyliek. Y cABO-

enHoro peakropa Ly =Ly =Lj 5, mostomy

M =K, L0,5 .
(11.8.2)
i
¥os lI
K
Al =— A2
I
a)

Puc. I11.8.2

Hoxncrasnss (I1.8.2) B (I1.8.1) u yunThiBas, 4to Xg5 =@ Ly 5, momydaem

Mps=allos —keeLosl=xg sl -k ) -

(IL.8.3)

Kak Bunno u3 (I1.8.3), compoTuBieHue KaxA0l BETBU B HOPMAJIbHOM pe-
)KUMe yMeHbliaercs, Tak kak, K., =04 +05. B atom 3akimouaercst 10CTOUHCTBO
caBoeHHOro peaktopa. I[lpm mporekaHuum TOka B 00EUX KATyIIKax B OJIHOM
Hanpasyienuu (puc. [1.8.3,B) conpoTuBiieHNE KaXKI0M KaTyIIKH
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x5 =05 +M =0€y5+Klos X5 €t ke, _
M JUIsSL BCETO PEaKTopa MLl 9TOro ciydast X, =2Xg5(1+K., ).
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[Ipunoxenue 9

CITPABOYHBIE JAHHBIE 110 PEAKTOPAM
OANHAPHBIE TOKOOT'PAHUYNBAIOIIWUE PEAKTOPHI (HomMuHanbHOE HanpsiKeHue

10 xB)
Ne .. Tun |H , KA X o1, %
1 Pb — 10-400-0,35 0,4 2,5
2 PBY — 10-630-0,45 0,63 3,0
3 PBI" — 10-1600-0,14 1,6 3,9
4 PBI" — 10-1000-0,14 1,0 4,9
5 PBI" — 10-1600-0,20 1,6 5,5
6 PBI" — 10-1000-0,35 1,0 6,0
7 PBI" — 10-1600-0,25 1,6 7,0
8 PBI" — 10-1000-0,45 1,0 8,0
9 PBI" — 10-1600-0,35 1,6 10,0
10 PBJI" — 10-2500-0,35 2,5 15,0
CJAIBOEHHBIE PEAKTOPBI (nHomunansHoe HanpsbkeHue 10 kB)
Tun |H , WNunykrusHoe | WuaykrusHoe | Koadduuuent
<A CONPOTHBIIEHUE | COTIPOTUBIICHUE CBS3U
BeTBH, % IIPU BCTPEYHOM
TOoKe, %
PBCI" 10-2x630-0,25 0,63 2,7 0,135 0,46
PBCI" 10-2x 630-0,40 0,63 4,4 0,2 0,5
PBCT" 10-2x 2500-0,14 2,5 6,1 0,056 0,6

[Tocnennss mudpa B 0603HaUCHUH peaKkTopa — conpoTuBieHne B Omax

Hpunoxenue 10
CITPABOYHBIE JJAHHBIE 1O CUHXPOHHbBIM JIBUT'ATEJISAIM CEPUU CJ]
N CJIH (momunansHOe HampsbkeHue 6 kB; cos¢ =0,9; n=99%

Ne P,, MBr Xd
II.I1.

1 0,4 0,172
2 1,25 0,158
3 6,3 0,144
4 10,0 0,167

CIIPABOYHBIE JAHHBIE 110 CMUHXPOHHBIM KOMIIEHCATOPAM

Nemm. | Tun S,,MBAp | U, xB Xq

1 KC-5000-6 5 6,3 0,16
2 KC-7500-6 7,5 6,6 0,15
3 KC-10000-6 10 6,6 0,22
4 KC-15000-11 15 11 0,165
5 KC-30000-11 30 10,5 0,21
6 KCB-50000-11 50 11 (10,5) 0,28
7 KCB-100000-11 100 11(10,5) 0,2

8 KCB-160000-15 160 15,75 0,205




TEXHUYECKHWE JJAHHBIE ACUHXPOHHBIX JIBUT ATEJIEN
(c HOMMHAJIBHBIM HarpsikeHueMm 6 kB)
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No .. Tun kBT CoOS¢o | k
nyck

1 A2-560M-8 800 0,85 6,0
2 A2-560S-4 1000 0,9 6,0
3 A2-560M-4 1250 0,905 6,6
4 A4-400XK-4VY3 400 0,87 5,7
5 A4-400X-4VY3 500 0,88 5,7
6 A4-400Y-4VY3 630 0,88 5,7
7 A4-450X-4VY3 800 0,88 5,7
8 A4-450Y-4VY3 1000 0,89 5,7
9 AB-8000/6000 8000 0,91 5,4
10 AJ10-1250/600Y3 1250 0,75 6,0
11 AJ10-1600/750¥1 1600 0,83 55
12 AJZ10-2500/1000V1 2500 0,88 5,7
13 AJ10-3150/1000V1 3150 0,89 6,5
14 AH-14-49-6 1000 0,88 6,0
15 AH-14-59-6 1250 0,88 6,0
16 AH-15-41-6 1600 0,88 6,0
17 AH-15-51-6 2000 0,88 6,5
18 AO113-4M 200 0,88 6,6
19 AO114-4M 250 0,88 7,0
20 AO113-6M 160 0,865 7,0
21 AO114-6M 200 0,86 7,3
22 AP-500/6000 500 0,89 6,0
23 APII-500/6000 630 0,895 6,2
24 AP-630/6000 800 0,905 6,4
25 APII-1000/6000 1000 0,905 5,7

cxema npuBejeHa Ha puc. [1.11.1, 6, mpu a3TomM

E, =

EiX> + E5X
172 Zlﬂx—
X1+X2

X1X2

X1+ Xo

Puc.I1.11.1

E3

+)C3.

")

B)

[Tpunoxenue 11

ITIPEOBPA30BAHME JIBYX ITAPAJUIEJIbHO BKJIFOUEHHBIX BETBEN
[Tpu BBIMOTHEHWU TpeoOpa3oBaHUN HaWboJiee 4acTo TpeOyeTcs HaXOXKIe-
Hue 3kBHuBanieHTHON DJIC nByX mapasuiesbHO BKIIOUeHHBIX BeTBel (puc.Il.11.1, a)
¢ paznuunbiMu DJ{C u conporusneHussmMu (npu pacuerax TokoB K3 3nauenus 3/1C
Y COTIPOTUBIICHUH OTJIMYAIOTCS HE3HAYUTEIBHO IpyT OT aApyra). [IpeoOpazoBanHas
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