BnonnoreuKa 3neKTPOTCXHNKA ne 6. 2012

T. B. AHyapoBa

M. A. PaweBckas

SJIEKTPOCHABXXEHUE
3AAHUN
(HacTb 2)

MPAMOMSEHNE K 25YPHAMY
CHEPMETUK



BHumMmaHMIO cneuuanucToB
BhILLNY B CBET CNEAYIOLLIUNE BbINYCKN

«BHOMNOTCYUKH 3NCKTPOTCXIHNKAY:

Camopogos 0. H. Puckn noepexaeHun Typborerneparopos (Hactu 1-2)

MynuH B. M. YcTpoiicTBa 3alluThbl OT NPOBaNoE HarnpsxXeHus

Kocmiowko B. A. AHanu3 pacHeTHbIX U 3KCNEePUMEHTANbHBIX OLEHOK
noTepb MOLIHOCTU HA KOPOHY H3 BO3AYLWIHLIX IMHWAX 3NeKTponepena-
YU NEPEMEHHOro ToKa

Apuviesckuin §. 1., 3apkosea E. A., KyaHeuos 0. IN. TexnepeBoopyxe-
HUE pEenenHon 3aluTbl U aBTOMAaTUKU CUCTEM 3INEKTPOCHaBXeHun
NpeanpuaTuii HeNPEepPLIBHOro NPOU3BOACTEA

Honrononos A. I'. Peneiinas 3awura ynpaBnaembiX LUYHTUPYIOLMX
pPeaKkTopos

Bensikos 0. C. PacnpegeneHHble napaMeTpbl B pacyerax peXumMos
ANEeKTPUYECKUX CUCTEM

Kupeesa 3. A. CoBpemeHnHEle NpuBopbl u YCTPOcTBa pNa namepe-
HUA U KOHTPOJIA COCTOAHUR KOMMYTaLMOHHONO 3NeKTpoobopynoBaHusa
B CMCTEMaX 3NeKTpocHabXeHun: CnpaBouHbie marepuansl

Kupeesa 3. A. CoBpemenHble NpuBopbl U YCTPOMCTBA ANA KOHTPONs
paboTocnocobHOCTH aNeKTPooGopyQOBaHMA B CUCTEMax 3neKTpo-
cHatmenua: CnpaBouHble marepuansl (yactu 1 n 2)

Kaprvx C. B., KpacHosa A. H., BekGynatos P. P. YnpaeneHue ka4ecreom
IANEKTPOIHEPIr U B pacnpegenureribHbIX cerax CGUJ.GFO Ha3HavyeHuq

Moanucky MmoxHo odopMuTs B NoBoM NOYTOBOM OTOENEHWI CBA3U 1O
obbefuHeHHoMy katanory «MPECCA POCCUM». Tom 1. Poccuiickue
1 3apy0exHble razersl U XypHanel, a Takxe B PEJAKLNA.

NMopanucHoi nHaekc «BMGnuoTeukn anexTpoTexHuka» —
MNPWIIOXEHNS K XYPHAaNy «3HepreTuks»

88983

Appec pepgakuuu
XypHana «JHepreTuk»;
115280, Mockea, yn. ABTo3aBoackas, a. 14/23.
TenedoH (495) 675-19-06.
E-mail: energetick@mail.ru



brnonnoreuxa 31eKTPOTEXHNKA
Ipunoxcernue K xcyprany «Inepeemur»

OcHoBaHa B uioHe 1998 r.

Brenyck 6 (162)

T. B. Auvaposa,
M. A. PawesBckasn

SQJIEKTPOCHABXEHUE
30AHUA
(Hactb 2)

Mocksa
HT® «Buepronporpeccr, «IHEPreTHK»
2012



VK 621.311.4(07)
BEK 31.29-05

A.
H.

A64

H.
H
B. JIucuupiy, B. . INynsieB, A. M. Tamknbaes

A 64

InapuwIf penakTop XypHara «JHepretiks A. @. IbAKOB

PEJAKIIMOHHBI COBET

«bUGMMoTEYKH SMEeKTPOTEXHUKA»

. Bariok (3am. npedcedamens), K. M. Antvmos, I, A. be3yacTHOB,
. Xynes, B. A. 3aGeranos, O. JI. Koran, B. . Koukapes,

Amuaposa T. B., Pamesckas M. A.

DnexrpocHabxenue 3nanuit. U. 2. — M.: HT® «Bnepronpo-
rpecc», 2012. — 76 c.: un. [Bubnuoreyka 3JEKTPOTEXHUKA,
NPWIOXKEHNE K XyPHATY «DHepreTHk». Buin. 6 (162)].

B 6poumope paccMaTpHBAIOTCA BOTIPOCH 3MEKTPOCHAOKEHNA aIMHHHCT-
PATHBHEIX W OBILECTBEHHEIX 3TaHMI I HEKOTOPBIX MPOH3BOICTBEHHEIX O0b-
exrop. Ha OCHOBAaHMM aHATHM33a HOPMATHBHO-TEXHHYECKOH HOKYMEHTALIHK
(I1¥YD, CHullei, TOCTe1, CI1, CH u p.), a TaKoKe OMbiTa IPOEKTHPOBAHHS
TIPE/UTArAOTCS PEKOMEHIALIHH [0 IIPOEKTHPOBAHMIO JIEKTPOYCTAHOBOK 311a-
HM#, cnocobbl MPUHATHA PELIEHHI HA PasHBIX CTYTIEHAX CHCTEMEI NIEKTPO-
cHabxXeHMs YKa3aHHBIX 00hLeKTOoB, MpWBeJeHBl MPUMEPHI PELIEHHA 3a1a4y.
bpolinopa BLITYCKaeTCA B IBYX HacTAX.

[IpenHassHayeHa Uis CINELHATHCTOB B 06/aCTH [POEKTUPOBAHMS U IKC-
IUTYaTAlMH 2J1eKTPOCHAGXKEHHS CAMOTO IIMPOKOro CriekTpa 06BeKkToB, OT
TIPOM3BOLCTBEHHBIX ¥ aIMHHHCTPATHBHO-OBILECTBEHHEIX IO KOMMYyHAIb-
HBIX, paboTaloIMX Ha HanPkeHHN Hike 1 kB.

ISSN 0013-7278 © HTD «DHepronporpece», «JIHepreTHK», 2012



Npepucnoeue

B HacTos11Iee BpeMs B aHeprofaiancax TeppUTOPHI YBETHYHBaCT-
Cs1 [JOJISL HETTPOM3BONCTBEHHBIX MOIITHOCTEH. DTO 3MEKTPOIHEPTHS, 3a-
TpauyipacMasi Ha GyHKUIMOHMpPOBaHHE CHCTEM BOIOCHAOXEHWUsS U Ka-
HATU3alMH, OGIIECTBEHHOIO 3JEKTPUYECKOro TpaHcmopta, KKX.
B ropofax sHauMTeNIbHAs YacTh ITOTPe6IsIEMOi 3JIEKTPO3HEPT YN TTPH-
XOIWTCS] Ha pa3IMIHbIE aTMUHHUCTPaTUBHO-O0LUECTBEHHEIE 3MaHH:
TOProBO-pAa3BJIeKATEIbHEIE KOMILIEKCHI, TPEANPUATHA O0IIECTBEH-
HOTO NUTaHUs, OQHCHBIC KOMIUIEKCH, Y4eOHbIE 3aBEICHMS, 3MaHUs
pa3/iMyHbIX MyHULIMNATbHBIX CIyX0.

DNEKTPOYCTAHOBKHA aIMUHUCTPAaTHBHO-OOLIECTBEHHBIX 30aHUI
AKTUBHO Pa3BUBAIOTCS, BCE YBEJIUYMBAETCH UX ACCOPTHUMEHT, YHCIIO U
cymmapHasi MomHocTh. CaMas Gonpllas YacTh 3JIEKTPOIHEPTHH TPa-
THTCS HA KIMMAaTHYECKNE CUCTEMBI: TEMUIOBLIE 3aBECH], CHCTEMBI KOH~
IHIMOHUPOBAHWA W BEHTHNSLIMM, €OMHUYHAS MOLIHOCTb KOTOPHIX
MoseT npeBbMIark 250 kB-A, M T. 8. 3HAYWUTENLHYIO JIENTTY BHOCAT
pasnuyHbie NHTOBBIE U ICKATATOPHLIE YCTAHOBKH, CAHTEXHIYECKOE
obopynosanyve ¥ obopynosaHue cucteM roxapotywenusi. Ha ocse-
[IEHHE PACXOMYETCS TAKKE 3HaUNTeNBHAs 4acTh NOTPebIIsieMOl 31eK-
Tpo3Hepriui. KpoMe Toro, 3MeKTpOIHEPTHS 3aTPAYMBACTCs Ha 3JIeK-
TpocHabxenne obopynosanus obmenura (Kade, pacTopaHoB), a Tak-
e pa3Hoo0pa3HoOH OPITEXHUKH.

HopMarupHo-TexH4ecKoi 6a30it MpoeKTHPOBaH s 2JIEKTPOCHA0-
xenus sastorcs [pasuna ycrpolicte anektpoyciaHoox (I1V3D),
pasimdHble Hopmel M nipasuia (CHullw, TOCTwi, CI1, CH u p.), B
KOTOPBIX PENIAMEHTHPOBAHBI OTAENBbHHE pasfesibl, OTHOCALINECH K
3MEKTPOYCTAHOBKAM aIMHHMCTPATHUBHBIX M OOIECTBEHHBIX 3MaHMMI.
5710 6onbinoii 06peM MaTepHana, M B IPAKTHYECKUX YCIIOBUAX KaK NPU
0OyYeHUH CTYIEHTOR, TaK ¥ ITPYU NPOEeKTUPOBAHWH MOTK30BAHUE BCEH
HOpMaTHBHO-TEXHHUYECKOI 6a30ii 3aTpyqHEHO.



B Hacrosieit pabote aBTOpaMH Ha OCHOBaHWH aHATIH3a HOPMaTUB-
HO-TEXHUYECKOH JIOKYMEHTAll¥M, a TakXe OIlbITa NPOeKTHpOBaHWSA
TIpeTaraloTcsl pEKOMEHIAlUHM O NIPOEKTUPOBAaHHIO 3MEKTPOYCTaHO-
BOK aIMHWHUCTPAaTUBHBIX M obmecTBeHHbx 30anuil. [Npegnaraiorca
cImocoOb! NPHHATHSA peLIEHHI Ha pasHbIX CTYIIEHSIX CUCTEMEI 3JIEKTPO-
CHaDXCHHUA YKa3aHHLIX OOLEKTOR, IPUBEIECHEB! IPHMEDPH PEIIEHNS OT-
HeJILHBIX 3a1ay.

B coorserctBru ¢ [OCT 19431—84 B anekTpocHaGXeHUH IPHUHATA
clleyIonas TEPMUHOJIOTHSA,

BnexmpocHabcenue (3neprocHabxenne) — obecreyesne moTpe-
buTteneit sHeprueit (3eKTpoIHEpruei).

Cmpykmypa 3aekmpocHabycenus — NONEBOE pacnpeleNieHHe cyM-
MapHOT0 3NEKTPONOTPEOIEHU ITo THIaM MOTpebuTeNeil.

Buepeemuueckuill 6ananc — XONWMYECTBEHHAS XapaKTePUCTUKA NPO-
WM3BONCTBA, NOTPEGIEHHS U ITOTEPh YHEPIrMUA WJIH MOILUHOCTH 32 YCTa-
HOBJIEHHBIH MHTEPBAT BPEMEHM [UIS ONNPENENIEHHOH OTpaciiy Xo3saHcT-
Bad, 30HBI 3HEPTOCHAOXEHWs!, TPERNPHUATHAS, YCTAHOBKH.

Hompebumens 3aexmpuveckoli 3nepaul — NPEINPUATHE, OpraHn3a-
[W51, TEPPUTOPHATILHO 000CO0NEHHEIH LIeX, CTPOMTENbHAS TLIOIIAAKA,
KBapTHpa, ¥ KOTOPBIX IPUEMHHKHU 3/IEKTPOIHEPIHY NPUCOEOMHEHDI K
INEKTPHIECKON CETH W UCTIONB3YIOT 2NeKTpo3Hepruio. B 6onee corpe-
MEHHO TpaKTOBKE NOJ NoTpefuUTeNneM 3JeKTPOIHEPTHH MMOHUMAIOT
IOpUINYecKoe UKW GHU3MYECKOE JTULO, OCYIIECTBIAIOIEE UCITONML30-
BaHHE W OIUIATY IEKTPOIHEPTUM.

Baexmpoycmanoska — 3HEPOIOyCTaHOBKA, NMpeIHa3zHAYeHHAs IS
NPOU3BOACTBA MJIM Hpeobpa3oBaHys, Mepenadyn, pacnpeaenennsa UIu
noTpebneHus: IHEPruu.

Cucmena snepeocrabicenusn (31eKmpocHabicentsa) — COBOKYTTHOCTh
B3aHMMOCBSA3aHHBIX 3HEPIOYCTAHOBOK, OCYIUECTBISIIONIMX 3HEPro-
cHabxeHwe (3neKTpocHabXeHHE) paifoHa, Topoa, peanpHATHSI.

Tpuemnur anexmposnepeuu (31eKmponpuemMHuK) — yCcTpoHcTBO, B
KOTOpOM TPOMCXOONUT npeo0pa3oBaHue NEKTPHUYECKOH 3HEPTHM B
OPYroit BUI SJHEPTHH [U1s1 €€ MCTI0/Ib30BaHMS.

Ipynna anekmponpueMHUK08 — COBOKYITHOCTL 3JIEKTPONPHEMHH-
KOB, XapaKTepPU3YIoILasacsd ONWHAKOBLIMM TPEOOBaHUAMH K HANEXHO-
CTH 3NIEKTPOCHAGKEHMS, HAIPHMED 3NEKTPONPUEMHHKH ONepaLuoH-
HBIX, pOIMIILHBIX OTAENICHMH ¥ Ap. B oTaenbHBIX ciyyasx B KayecTse
TPYTIIE! 3NIEKTPOIIPHEMHHKOB MOFYT pacCMaTpUBATLCS HOTPeOUTENH B
LIeJIOM, HanpUMEP BOIONTPOBONIHAS HACOCHAS CTAHLIMS, 31aHUE U JIp.

4



Pexeum pabome: 3nep20ycmano6Ky — XapaKTepPUCTUKA BHEpreTHYe-
CKOT'0 IpoLecca, MPOTEKaILero B IHEPrOYCTAHOBKE U ONpene isieMo-
ro 3HAYEHWSAMHA H3MEHSIOLIHXCH RO BpEMEHH OCHOBHAIX NApaMETPOB
3TOrO Mpouecca.

Tpachur nazpysxu snep2oycmano60k — KPUBasi KSMEHEHHS BO BpEMe-
HH Harpy3Ku noTpebuTens IHEPTUM.

bpoiiopa NpeqHa3Ha4yeHa crielyannucTaM, paboTaomum B obnac-
TH EKTPOCHAOXKEH M, a TAXSKE CTYNEHTAM JIEKTPOTEXHUYECKHX CITe-
HHAJTBHOCTEN, M3YYalOLIMX BOMPOCH] JIEKTPOCHAGKEHUS.

Jameyanns W noxkeNanHsa no opounope
npock0a HANPARJIATD N0 AJpecy:
115280, Mocksa, ya. Asrozasoiackas, 14/23.
Penaxuus xypaana «DHepreTHk»
Aesmopei



FrMABA TPETHEA

PacueTr TOKOB KOPOTKOIro 3amMbiKaHWUSA
B cetax po 1 kB

3.1. OBLUME NOJIOXXEHUA

OCHOBHBIMM TOKYMEHTAMH, PETNTIAMEHTUDPYIOITHMU MOPAIOK pac-
4eTa TOKOB KOPOTKOI0 3aMBIKaHWs, ABNAIOTCS:

o T'OCT 28249—93 «KopoTKite 3aMbIKAHIS B 3JIEKTPOYCTAHOBKAX.
MeTonsl pacuera B 3EKTPOYCTAHOBKAX ITEPEMEHHOTO TOKA HAIIpsUKe-
HueM 10 1 kB»;

e PyKkoRo#sllME YKa3aHHs 110 pacyeTy TOKOB KOPOTKOI'O 3aMbIKa-
HUs1 ¥ BBIGOpY 3nekrpoobopynosanus — PJ1 153-34.0-20.527—98 PAO
ESC Poccun (2002 1.).

PacyeThl TOKOB KopoTKoro 3aMbeikanus (K3) BulmomHsoTCS:

e Ui BBIOOpa ¥ IPOBEPKU 2JEKTPOOOOPYAOBAHMSI 10 3JIEKTPOIA~
HaMHW4YECKOM ¥ TepMUYECKOH CTONKOCTH;

e JUIS OTIpefeNieHHst YCTABOK U 0DecIeueH s CEJIEKTUBHOCTH Cpa-
OaThIBAHMSA 3aIIIUTHI HA BROIAX B OOBEKT.

BTO B NEpBy10 0YEpEIh OTHOCUTCS K BHIOOPY aBTOMAaTHYECKHWX Bbi-
KJovartenei.

Ilpu pacyerax Tokos K3 B anexrpoycraHoskax 1o | xB neoGxonu-
MO YYHTHIBATh aKTHBHBIE ¥ WHIYKTUBHBIC COTTPOTHBIICHUS BCEX BJIE-
MEHTOB KOPOTKO3aMKHYTOI0 KOHTYPA, BKIKOYas CHIIOBHIE TpaHc(hop-
MaTopsl, TpaHc(OpPMATOPHl TOKA, KabelbHHE JMHUM W MPOBOIKH,
LIWHONPOBOAELI, PEAKTOPbI, TOKOBBIE KATYIIIKH ABTOMaTHYECKHX BbI-
Kiouareseil, pasbeMHbBIe H BTOPUYHBIE KOHTAKTH allliapaTos, IyTH B
MecTe K3. O6uiee akTHBHOE conpoTHBIeHHe Lienu K3 MoxeT cocras-
Jsith 6Gonee 30 % ee MHIYKTHBHOTO cOnpoTHBAcHNs. Yacto Heobxonu-
MO TAKXKe YYHTLIBATE M3MEHEHHE AKTHBHOTO CONMPOTHRIEHHSA IIPOBO-

HHKOB B KOPOTKO3aMKHYTOM LIEITH BCIENCTBUE MX HATPEBA IIPH KOPOT-
KOM 3aMBbIKAHUH.
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Ilpy cocTaBNeHUH 3KBHBAIEHTHEIX CXEM 3aMEUIEHMS NapaMeTphl
3JIEMEHTOB MCXOIHOIT pacyeTHOH CXEMBI CIIEIYET TPHUBOIWTE K CTYITE-
HM HATPSDKEHWST CETH, Ha KoTopoit HaxonuTes Touka K3.

Ilpu pacyerax TokoB K3 momyckaercsi MakCHMManhHO YNpOILATH
BCIO BHELIHIOIO CETh IO OTHOWIEHHIO K MecTy K3, npencrasus ee cuc-
TeMol GECKOHEYHOI MOUIHOCTH € HYIEBBIM comnpoTHBieHHeM. Ha-
NpsDKEHHE Ha CTOPOHE BLICOKOTO HaNMpsLKeHUs TpaHcgopMaropa cuM-
TAETCH HEUM3MEHHBIM. DTO BEIITOMHAETCS, ECIM MOIITHOCTE CHCTEMEI BO
MHOT0 pa3 GoJblIe MOLITHOCTH CHIIOBOro TpaHc(opMaTopa Ha BBOIE B
obbexT. B NMPOTHBHOM Cllydae HYXHO 3HaTh MOLIHOCTb HWTarOLIEH
CHCTEMEI FUTH TEXHHYECKUE JaHHBIE BHIKITIOYATE/s NUTalomei TMHAH.

Koadpdunuments Tpancdopmaim TpaHchopMaTopoB NOMYCKaeT-
CA IPUHKMMATE PABHBIMH OTHOLUEHUIO CPETHMX HOMMHANBHBIX HAIIPSs -
JXEHWUI Tex CTYNeHel HANPsSDKEHHs, KOTOphIe CBA3BIBAIOT TpaHchop-
MaTopbl. 3HAYEHMs CpeOHMX HOMMHAIBHBIX Hanpsokenuit: 10,5; 6,3;
0.,4; 0,23 kB.

B 3nexTpoycTaHoOBKAaX, MOMYYarlIiX MATaHWe HeNnocpeICTBEHHO
OT CETH 3HEProCHCTEMB!, MPUHSATO CYUTATh, YTO ITOHMKAIOLIHE TPaHC-
¢hopMaTOPHI NOOKIIOYEHH K UCTOYHWKY HEU3MEHHOTO 110 aMIUTHTYIE
HANPSOKEHWST Yepe3 IKBUBANICHTHOC WHIYKTHBHOE COIPOTUBIEHHE
cHcTeMBl. 3HaYeHHE CONMPOTHBIIEHUA X, MPUBEACHHOE K CTYTIEHH HU3-
11IET0 HATTPSXEHUS CETH, PACCYMTHIBAIOT o hopmyne, MOM:

U2 Uz
R = 21073, (3.1)

X =
‘J§I n'.nUcp.n.unM SK

e U,y yom — CPEOHEE HOMUHATBHOE HANPSDKEHHE CETH, TIONKITIOYEH-
HOIt X 0OMOTKE HM3LIEro HanpsxeHus Tpancopmaropa, B; Uy, g uow —
cpeiHee HOMHWHAIBHOE HATPSDKEHUWE CEeTH, NMONKIoYeHHo! K oOMOTKe
BLICILIETO HANPsiKeHHs1 Tpancopmaropa, B; I, = I, — neiictsyionice
3HaYeHHe nepHomrIeckol cocTapsoneit Toka npu tpexdasrom K3 y
BBIBOZIOB OOMOTKM BHICHIErO HampspkeHwst TpaHcopmaropa, KA; S, —
YCIOBHAS. MOUTHOCTh KOPOTKOIO 3aMBIKAHUS y BHIBOIOB OOMOTKH BBbI-
CLIero HanpsixeHus TpaHcdopmaropa, MB-A.

TpH OTCYTCTBHMM YKa3aHHBIX JIAHHBIX 3KBHBAICHTHOE HHIYKTHB-
HOE CONPOTHBRICHHE CHCTEMBI IONYCKAETCs PacCYMTHIBATE MO hopMy-

ne, MOm:

X, = e 0N (3.2)
Jg[ﬁ’l‘.}!ﬂ”. UCP.B.HOM




1€ Iy om — HOMUHABHBE TOK OTKIIOYEHMs! BBIKITIOYATEN, YCTAHOB-
JIEHHOTO HA CTOPOHE BLICIIErO HANPAXEHHST MOHWXAIOILEro TpaHchop-
Maropa, KA.

B cmyyasx, Korga MOHMXAOMMI TPaHCQPOPMATOp MOAKIIOYEH K
CEeTH SHEPTOCHCTEMEI YEPE3 PEAKTOP, BO3AYLIHYIO MK KabenbHy10 Ik~
HUIO ([LTHO Goree 1 KM), HEOOXOOMMO YUHUTHIBATb HE TOJIbKO MHIY K-
TUBHBIE, HO U aKTHBHLIE CONMPOTHEIIEHUA 3THX 3JIEMEHTOB.

CyMmapxoe conpotuiieHne nenu K3 B 60sb1U0# cTeNneHU onpene-
JISI€TCs1 CONMPOTHBIIEHHEM ITOHMXAIOIIET0 TpaHcopMaTopa, YCTaHOB-
JICHHOTO Ha BBOAE B OOBEKT, MO3TOMY MOXKHO OTMETHTD CAEAYIOIIEE:

e TmiapanienbHas paboTa AByx TpaHc(hOPMATOPOB MPHUBOIUT K YO~
BOEHHIO MOIHOCTH K3 cHcTeMbl, YTO MoBLiLaeT TpeboBaHHS K yc-
TOHYMBOCTH 3JIEKTPHYECKHX ceTel 1 KOMMYyTallHOHHON anmaparypsl
Ha ctopoHe 1o | kB x nmeiicreuio Toxkos K3;

® pOCT €OWHMYHOW MOIMHOCTH TpaHchopMaTopa TakKXKe BEIeT K
yBeargeHuo TokoB K3 B cety 1o 1 KB, mo3ToMy K CETSM MperbaBs-
1oTc Gonee KecTKkue TpeboBaH1s [0 YCTOHYMBOCTH K neitcterio K3;

e RIMSIHUE CONMPOTUBICHHS CUCTEMHBI HA PE3yNIbTaT pacyeTa TOKOB
K3 Ha cropore 1o 1 kB HEBETMKO, IO3TOMY B NIPAKTHIECKHUX pacyeTax
COIPOTHBJIEHUEM CHCTEMbE YACTO NpeHEOperawT.

Pacuetnt TokoB K3 B 2nekTpoycTaHoBkax HanpspkenneM no 1 xB
PEKOMEHIyeTCs TIPOM3BOIKTL B MMEHOBAHHBIX efMHMIaX. Pacyer s
OTAENIBHBIX 2JIEMEHTOB OCYIECTBIIACTCS M0 NMacHOPTHHIM WIH CITpa-
BOYHBIM JAHHEIM.

3.2. CONMPOTUBJIEHHUA 3JIEMEHTOB LIEMNW K3

AKTHBHOE W MHIYKTHBHOE CONPOTHUBICHUS MOHIKAIOUETO TPaHC-
¢opmaTopa R, U X, NpUBENEHHBIE K CTYNICHH HU3LIETO HATIPSIKEHHUSs!
ceTH, pacCYUTHIBAIOTCA 1O dopMynam, MOm:

(3.3)

IAE S, 100 — HOMMHAIIbHAS] MOLUHOCTD TpaHcopmMatopa, KB'A; P, — 1o-

TEPH KOPOTKOIO 3aMbiKaHus B TpaHcdopmarope, kBT U, .. — HOMM-
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HaNbHOE HanpspkeHUe 0OMOTKH HU3ILIETO HATIPSDKEHUs TpaHCchopMaTo-
pa, KB; U, — HanpsokeHMe KOPOTKOTo 3aMblkaHms TpaHcdopmaropa, %.

B Tabn. 3.1 maHBl aKTMBHBIE W WHIOYKTMBHBIE CONPOTHBIEHMS
TpaHcopmaTopoB, TpMBeOcHHEIE K Hanpsokenwio 0,4kB, a B
Tabil. 3.2 — CONMpOTHBIACHUA MPAMOH K HYNIeBO# IIOCHEN0BATEBHO-
cTei, a Takxe ToKy ofHodasHoro K3 memin «dhasa—Hynb» TpaHchop-
MAaTOPOB.

AKTHBHOE M HHAYKTHBHOE CONMPOTHEJIEHUS LIMHONPOBOIOB OIpe-
gensiores 1o copmyIiam

Ry = Roylhys
Xy = Xl

rfie Ry, 1 Xy, — YAEIBHOE AKTHBHOE M PEaKTHBHOE COTIPOTURICHHSI LK~
Homposoaa, OM/M; [ — IUIMHA IIMHONMPOBOA, M.

ConpoTHBIeHH KOMIUIEKTHBIX LIMHOMPOBOAOB 3aBONCKON0 H3ro~
ToBneHMs cepuii LIIPA u IIIMA npuBenens! B Tabi. 3.3, a B Tabu. 3.4
JaHbl OCHOBHbIE TEXHHYECKUE XapaKTepHCTHKY LIMHONPOBONOB TH-
nos [IIMA4.

IMHonmpoBoas! AOMYCKAETCH MPHMEHSTE B MOXAPOONACHBIX 30HAX
knaccoB I1-1 (mpu npuMeHeHUM IWMHOTIPOBOA B MOXAPOOTIACHEIX 30-
Hax Kiacca [1-1 MakcHManbHO DOIMyCTUMbLH TOK cocTaBngeT 65 % Ho-
muHanbHoro) v I-1la; oHM He NpefHasHaYeHbI IJIS1 IKCILTYaTAllUK B
XHMUYEeCKH aKTMBHBIX CPeaxX 1 B3phIBOOMACHBIX 30HaX. KimmMaruye-
ckoe ucnoimHerne — Y3 1 T3 mo F'OCT 15150.

B Tabia. 3.5 mpuBeneHB!l XapakTepMCTHUKH LIMHOIPOBONOB CepHii
LLIPM-75 u LLIPA-73

INpu oTCyTCTBMM AAHHEBIX CONMPOTHBIICHHME IUIMHONPOBOJA OT TPAHC-
(hopMaTopa K aBTOMAaTH4eCKOMY BBIK/TIOYATE/IIO MOXHO NPHHSATH OpH-
€HTHPOBOYHO:

R, = 0,5 MOm, X, = 0,25 MOMm.
AKTHBHOE M MHAYKTMBHOE CONPOTHBIEHUS BO3YLIHBIX JIMHMI

(BJ):
e aKTHBHOE CONPOTHBIEHME, OM

Rey =p§, (.4



Tabnuua 3.1. TexAwdecKne XapakTepHCTHKR Tpakcdopmaropos cepwii TM w TMT

Homu- | HomuHansHoe

Cxema Torepn,
HAILHAA | HANPAKEHHE, | Fiiii Br Hanps- Tox
Tun MOL~ xB A KEHHUE XX, %
HOCTS, e K3,%
kBr | BH | HH [ OOPMOTOK | xy | K3
TMI-16/10-¥Y1(XJ11) 16 6,10 04 V/V,,-0 120 | 500 4,0 3.2
TMI-25/10-Y1(XJ11) 25 6,10 | 04 V/V,-0 130 | 600 4,0 32
690
TMI-40/10-Y1(XJ11) 40 6;10 | 0,4 V/V,0 200 | 850 4,0 3
Y/Z,-11 990
TMI-63/10-Y1(XJ11) 63 6;10 | 0,23 V/¥y0 260 {1270 4,0 2,8
I/Y,-11
0,4 V/¥,-0 1270] 4,0
V/Z,-11 14701 4,5
TMI-100/10-Y1(XJ11){ 100 | 6;10 | 0,23 V/¥Y,-0 400 (18001 4.5 2,6
0.4 V/¥,-0 1800 4.5
V/Z,-11 2000f 5,0
TMI-160/10-VI(XJ1)| 160 | 6;10 | 0,23 Y/V,-0 600 (2550 4,5 24
0,4 V/V,-0 2500| 4,5
V/Z,-11 2800( 4,7
A/Y,-11 2800| 4,5
TMI-250/10-V1(XJ11); 250 | 6;10 | 0,23 I/V,-11 | 800 |3650| 4.5 23
0,4 V/Yy-0 3650
I/Y-11 4150
TMI-400/10-¥1(XJil)| 400 | 6;10 (| 04 Y/¥,-0 |1000|5400( 4,0 21
A/Y,-11 5600
TMI-630/10-VI(XJ11)| 630 |6;10 | 04 V/¥y-0 |(1700[8500| 4.5 2
AV, 11
TMI-1000/10-¥1 1000 | 6;10 | 0,4 V/Vy 2200 |108B00| 5,5
AfY-11
TMI-1250/10-¥1 1250 (6;10 ( 04 V/¥,-0 [1650 {12400 6
A/Y-11
TMI-1600/10-¥1 1600 | 6,10 [ 0,4 V/Yu-0 [ 1950 [15800 6
A/Y-11
TM-2500/10 2500 | €10 0.4 I/Y,-11 | 2800 6 0.8
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Tabnuua 3.2, Conporusnenns NPAMOH, HYNEBOH TOCAEIOBATENLHOCTH H TOKY 0~
Hoasnoro K3 (netnu «gaza—Hyib») TparcihopMaTopos

ConpotuneHHs, MOM

ki | noctommttominenn | smaremacony | O mobsnaro X

COCAMHEHHS
25Y/Y, 154 244 288 | 1650 | 1930 — - 3110
25V/Z, 177 243 | 3006 | 73 35,4 — — 906
40VY/Y, 88 157 180 952 | 1269 - - 1944
40 V/Z, 100 159 | 187,8 | 44 13,4 — — 562
63VY/V, 52 102 | 114,5 | 504 873 = - 1237
63V/Z, 59 105 | 120,4 | 28 12 - — 360
100 V/V, 31,5 65 72,2 | 254 582 — — 779
100Y/Z, 36,3 | 657 | 751 | 15,6 | 10,6 - — 226
160 ¥V, 16,6 | 41,7 45 151 367 184 450 486
160 /Y, 16,6 | 41,7 45 16,6 | 41,7 | 49,8 125 135
250 Y/Y, 9.4 27,2 | 28,7 | 96,5 | 235 115 289 311
250 0/, 9,4 272 || 287 9,4 27,2 | 28,2 | 81,6 | 86,3
400 Y/Vy, 5.5 17,1 18 55,6 149 | 66,6 183 195
400 0/Yy 5,9 17 18 59 17 17,7 51 54
630 V/V,, 3,1 13,6 14 30,2 | 95,8 | 36,4 123 128
630 /Y, 3.4 13,5 14 34 13,5 | 10,2 | 40,5 42
1000 Y/Y,, 1,7 8,6 8,8 19,6 | 60,6 2,3 77,8 81
1000 0/Y, 1,9 8,6 8,8 L9 8,6 5.7 25,8 | 26,4
1600 V/VY,, 1 5.4 5,5 16,3 | 50,0 | 18,3 | 60,8 | 63,5
1600 11/Y, 1,1 5.4 5,5 1,1 5.4 33 16,2 | 16,5
2500 0/V,, 0,64 | 3,46 | 3,52 | 0,64 | 346 | 1,92 | 10,38 | 10,56
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re p — YIeJbHOE CONpPOTHBIICHHE MATepHalia IMpOoBONA, Ui MEIU
p=0,0178 OM-MM%/M, s aniomunms p=0,0294 Om-Mm2/M; [ — [KHA
JMHuH, M; F— ceyeHue nposona, MM2;

e MHOYKTMBHOE CONMpoTHBIEHHE Ha dasy, MOM/M, onpeaenseTcs
no opmyie

X, =0,145lg dﬁ, 3.5)

np

Ille & — PAcCTOAHHE MEXIY IMPOBOMHUKAMM, MM; afnp — BMaMeTp Mnpo-
BOJHMEKA, MM,

AKTHBHOE M MHAYKTHBHOE CONPOTURIEHUS Kabeei ¢ anoMuHye-
BBIMM M MENHBIMM XHJIAMW NMPHBEAEHBI B Tabm. 3.6 — 3.12.

WHayKTBHOE conpoTURIEHHE NeTH «basa—Hynb», MOM/M, MpH
(asHoM M HyJIEBOM NPOBOIHMKAX, BBHITOJHEHHBIX U3 KPYIJILIX IPOBO-
JIOB OJIMHaKOBOTO CEYEHUS K TIPOJIOKEHHBIX MAPaJUIENIbHO, ONpeie/is-
etcs nmo hopMyJie

24
X4 =0291g 2. (3.6)
np

[lonHble conpoTUBIieHH NETAM «(ba3a—HY/by BO3MYUIHBIX JIMHMIM
M KabeJeil mpuBeieHsl B Tabm. 3.13, a conpoTHBieRys NneTiM «hasza—
HylIb» 6€3 yyera 3a3eMJISIOMX yeTpoiicTB — B Tabun. 3.14.

Tabnuua 3.3. 3uauenna CONPOTHBICHHH KOMILIEKTHBIX WIHHONPOROJOB

Conporusnenwe ¢assl, ConpoTHBIEHHE HYIEBOTO

Tom Homuhans- MOM/M NPOBOAHHKA, MOM/M
HEI TOK, A

aKTHBHOE |HMHAYKTHBHOE| AaKTUBHOE |WHAYKTHBHOE
1LIMA4-1250 1250 0,034 0,016 0,054 0,053
LIMA4-1600 1600 0,03 0,014 0,037 0,042
LOMA4-3200 3200 0,01 0,005 0,064 0,035
IIMAGEH 4000 0,013 0,015 0,007 0,045
LUPA73 250 0,21 0,21 0,21 0,21
LLPA73 400 0,15 0,17 0,162 0,164
LLIPA73 630 0,1 0,13 0,162 0,164
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TabGnuiua 3.5. OcrHoBHbIE TEXHWYIECKHE XAPAKTEPHCTHKH PacnpeNeHTeNbAb H-
ronposonos cepuii IITPM-75 w IIIPA-73

HlInHonposog
MapameTp
HIPM-75 IIPA-73

HomunansHoe HanpsokeHKe, B 380/220 | 380/220 | 380/220 | 380/220
HomsHansHbI TOK, A 100 250 400 630
BNeKTPONHHAMKYECKAs CTOMKOCTD
K ynapsoMy ToKy K3, kA 10 15 25 35
PasmMeps! LIHH, MM 3,55x11,2| 35x5 50x5 80x5
ConpotunieHue Ha dasy, OM/KM:

AKTUBHOE ~- 0,2 0,13 0,085

HH/YKTHBHOE — 0,1 0,1 0,075

ronHoe — 0,24 0,16 0,11
Jlvneitnas noteps HanpspkeHud, B, — 9.5 11,5 12,5
Ha pnuHe 100 M, ripu cosp = 0,8
CrerieHs 3aLIUTH 1P32 IP32 IP32 1P32

ITlpumenarue. 3aBonmbi  M3OTOBIAIOT  Paclpele/MTeNbHbIE  IIHHOTPOBOIL!
1IPA-Y-2-1, HIPA-Y-4-1, IIIPA-V-6-1 Ha HOMHHATBHBIE TOKH COOTBETCTBEHHO
250, 400, 630 A, Hanpsokense 500 B co creneHslo 3ammTsl [P20.

Ta6nwua 3.6. Ilapamerpsl kKabens ¢ AMOMHHHEBBIMH JKWIAMH B HEMPOBOIAIEH
obonouke

ConpOTHRIEHHE YeTHIPeXIUTEHOTO Kabelis B Henporonselt obonouke,
Cegenne MOM/M
Kabens, Mm?
Ri=R =% Ry X
3x4 + 1x2,5 9,61 0,098 11,71 2,11
3x6 + 1x4 6,41 0,094 8,71 1,968
3x10 + 1x6 3,84 0,088 59 1,811
3x16 + 1x10 2,4 0,084 4,39 1,558
3x25 + 1x16 1,54 0,072 3,42 1,258
3x35 + Ix16 1,1 0,068 257 1,241
3x50 + 125 0,769 0,066 2,449 0,949
3x70 + 1x35 0,549 0,065 2,039 0,741
3x95 + 1x50 0,405 0,064 1,665 0,559
3x120 + 1x50 0,32 0,064 1,54 0,545
3x150 + 1x70 0,256 0,063 1,276 0,43
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Ta6nwuua 3.7. IlapameTpsl TPeXKANLHOr0 Kabens ¢ MEIHBIMHE MRAAMH B CTANLHON

oGonouke*
Ceuetive Toko- | COTNPOTHRIIEHHE TPEXKIUITLHOTO Kabens, MOM/M, [PU TEMNIEPATYPE XMk
nposoAied 65°C

witite, st Ri=R =% R X
3«6 3,54 0,094 4,07 1,69
3x10 2,13 0,088 2,66 1,65
Ix16 1,33 0,082 1,86 1,61
3x25 0,85 0,082 1,38 1,57
3x35 0,61 0,079 1,14 1,54
3x50 0,43 0,078 0,96 1,51
3<70 0,3 0,065 0,83 1,48
3x95 0,22 —_ ~ —

Ta6Gnuua 3.8. [TapamMeTpsl 4eTHPEIKWILHOrD Ka0e1% ¢ MeIHBIMH BILUIAMH B CTATb-

noii obonouxe

Cout it ioKo- ConpoTHRIEHHE YeTHIPEXKUIBbHOrO Kabens, mOm/M, nps TemnepaType

npoBomImE 2702

il X =% R %

3x6 + 1x4 3,54 0,1 4,19 1,55
3x10 + 1x6 2,13 0,095 2,82 1,46
3x16 + 1x10 1,33 0,09 2,07 1,31
3x25 + Ix16 0,85 0,089 1,63 1,11
3x35 + 1x16 0,61 0,086 1,37 1,09
3x50 + 1x25 0,43 0,086 1,18 0,88
3x70 + 1x25 0,3 0,073 1,05 0,851
3x70 + 1x35 0,3 0,074 1,01 0,654
3x95 + 1x35 0,22 0,072 0,92 0,69
3%95 + 1x50 0,22 0,072 0,84 0,54
3x120 + 1x35 — — 0,88 0,68
3x120 + 1x70 0,18 0,07 0,7 0,47
3x150 + 1x50 — - 0,74 0,54
3x150 + 1x70 0,14 0,07 0,66 0,42
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Oxonvariue ma6a. 3.8

CeyeHue TOKO-

COonpoTHRNEHHE YeThIPeXKHWIbHOro kabens, MOM/M, NpH TeMIepaType

TpOBOAAILIER ®uawt 65 °C
MR W Ri=R N=%x Ry Xo
3x185 + 1x50 - — 0,7 0,54
3x185 + 1x95 0,115 0,069 0,54 0,34
4x6 3,54 0,1 4,24 1,49
4x10 2,13 0,095 2,88 1,34
4x16 1,33 0,09 2,12 1,14
4x25 0,85 0,089 1,63 0,91
4x35 0,61 0,086 1,33 0,74
4x50 0,43 0,086 1,05 0,58
4x70 0,3 0,073 0,85 0,42
4x95 0,22 0,072 0,66 0,35
4x120 0,18 0,07 0,54 0,31
4x150 0,14 0,07 0,45 0,28
4x185 0,115 0,069 0,37 0,27

Tabnuua 3.9. [Napamerpw Kabensa ¢ AMOMHHHEBBIMH MHNAMH B HelpOBOAsLuei

obosouxe
ConpotusiienHe TpeXKIWIbHOIO Kabens B Herpoboasawe# obonouxe,
Ceuenue MOM/M
Kabenst, MM2
R=R X=X Ry X
3x4 9,61 0,092 11,7 2,31
3x6 6,41 0,087 8,51 2,274
3x10 3,84 0,082 5,94 2,24
3x16 2,4 0,078 4,5 2,2
3x25 1,54 0,062 3,64 2,17
3x35 id 0,061 3.3 2,14
3x50 0,769 0,06 2,869 2,08
3x70 0,549 0,059 2,649 2,07
3x95 0,405 0,057 2,505 2,05
3x120 0,32 0,057 2,42 2,03
3x150 0,256 0,056 2,36 2,0
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Tabnuua 3.10

. [Napamerpsl xabeIR ¢ ANOMMHHEBbIMH FKWIAMH B LIOMHHHEBOH

obonouke
ConpoTHBIIEHNE YeTHPEXKHABHOro Kabens B anloMrHneBoi obonouke,
Ceuenne MOM/M
Kabess, Mm2
Ri=FR =X R X

3 + 1x2,5 9,61 0,098 10,87 0,57
3x6 + 1x4 6,41 0,094 7,6 0,463
3x10 + 1x6 3,84 0,088 4,94 0,401
3x16 + 1x10 2,4 0,084 3,39 0,336
3x25 + 1x16 1,54 0,072 2,41 0,256
3x35 + Ix16 1,1 0,068 1,94 0,232
350 + 1x25 0,769 0,066 1,44 0,179
3x70 + 1x35 0,549 0,065 L,11 0,145
3x95 + 1x50 0,405 0,064 0,887 0,124

Tabnuua 3.11. TTapamerpsi kalens ¢ ATIOMHHHEBHLIMH MWIAMH B ATOMMHMEBOH

obonouke
Coserue ConpoTHBICHN S mcxmbﬂor:(l)c:?i:‘m B &1I0MHHHEBOH 06onouke,
Kabenst, MM2
Ri=R X=X, Ry X
3x4 9,61 0,092 10,95 0,579
3x6 6,41 0,087 7,69 0,523
3x10 3,84 0,082 5,04 0,461
3x16 2,4 0,078 3,52 0,406
3x25 1,54 0,062 2,63 0,359
335 1,1 0,061 2,07 0,298
3x50 0,769 0,06 1,64 0,257
Ix70 0,549 0,059 1,31 0,211
3x95 0,405 0,057 1,06 0,174
3x120 0,32 0,057 0,92 0,157
3x150 0,256 0,056 0,78 0,135
3x185 0,208 0,056 0,66 0,122
3x240 0,16 0,055 0,553 0,107
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Tab6nuua 3.12. Iapamerphl Kabenn ¢ AMOMHHHEBLIMH MHIAMH B CBHHLIOBOI 0fon0uKe

ConpoTHRIEHHE YETHIpEXKibHOro Kabensa B ceMHUOBOM ofonouke,
Ceuenpe MOM/M
xabess, MM2

R=FR X=X Ry X
3x4 + 12,5 9,61 0,098 11,52 1,13
3x6 + 1x4 6,41 0,094 8,28 1,05
310 + 1x6 3,84 0,088 5,63 0,966
3x16 + 1x10 2,4 0,084 4,09 0,831
3x25 + 1x16 1,54 0,072 3,08 0,668
3x35 + 1x16 1,1 0,068 2,63 0,647
3x50 + 1x25 0,769 0,066 21 0,5
3x70 + 1x35 0,549 0,065 1,71 0,393
395 + 1x50 0,405 0,064 1,39 0,317
3x120 + 1x50 0,32 0,064 1,27 0,301
3x150 + 1x70 0,256 0,063 1,05 0,248
3x185 + 1x70 0,208 0,063 0,989 0,244

Tagéiﬂnua 3.13. Iombie CONPOTHRIEHHS NETIH «ha3a—HY.Ib» BOIIYIHLIX NPOBOJIOR W
Kabenei

CeyeHue npoBona, Marepuan kabens | ITposona Ha ponukax | [TpoBoxa BO3AYUIHEX
MM WITH NpOBORa W H30ATOPAx JIHHHA
NpSAMOTO OEP?;HO' MEfHbIE :J::g:;:; MefHbIe ::L'::l::; ME[HBIE a;:g:::;
1 1,5 37,8 — s = . _
1,5 1 31.5 - - = - -
L5 1,5 25,2 — 25,2 — — —
2.5 L3 20,2 - 20,2 — — —
2.5 2,5 15,1 25,2 15,1 25,2 - —
4 1.5 17,3 e 17,3 — - -
4 2,5 12,2 20,5 12,2 20,5 s —
6 25 10,6 17,9 10,6 17,9 = =
6 7,71 13,2 | 13,2 — —
6 6,12 10,5 6,14 10,5 6,16 —_
10 4 6,50 11,1 6,52 11,1 - -
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Okoruanue mabn. 3.13

CeueHue npoeosa, Marepuan kabens | INposoxa va pomukax | TMposona BO3AYIIHBIX
MM HITH MpoBoaa H H30NATOpax JIHHMA

NpAMOTO 051):;“0- MeJIHbIE ilﬂ"'::‘:; MeHble a}g::::; MelKbie 1’22:;;
10 6 4,90 8,42 4,92 8,42 4,96 —

10 10 3,68 6,32 3,71 6,32 3,75 —

16 6 4,26 7,24 4,28 7,24 4,32 -

16 10 3,04 5,14 3,08 5,15 3,13 —

16 16 2,40 3,96 2,45 3,99 2,52 4,03
25 10 2,58 4,44 2,62 4,46 2,69 4,50
25 16 1,94 3,26 1,98 3,30 2,08 3,34
25 25 1,49 2,56 1,55 2,60 1,68 2,66
35 10 2,38 4,08 2,42 4,11 2,48 4,15
35 16 1,74 2,90 1,79 2,96 1,87 3,0

35 35 1,09 1,84 1,16 1,90 1,29 1,96
50 16 1,60 2,62 1,65 2,66 1,74 2,70
50 25 1,14 1,92 1,21 1,97 1,32 2,03
50 50 0,793 1,29 0,89 1,36 1,05 1,44
70 25 1,03 1,74 1,11 1,80 1,24 1,88
70 35 0,833 1,39 0,927 1,45 1,08 193
70 70 0,58 0,932 0,706 1,03 0,896 1,13
95 35 0,755 1,27 0,856 1,34 1,02 1,42
95 50 0,608 0,99 0,712 1,08 0,915 1,18
95 95 0,428 0,797 0,566 0,815 0,772 0,907
120 50 0,568 0,922 —_ — 0,858 1,09
120 70 0,461 0,745 = - 0,797 0,945
120 120 0,35 0,561 — = 0,732 0,808
150 50 0,535 0,862 — - - 1,04
150 70 0,43 0,687 - — — 0,808
150 150 0,285 0,446 — o= == 0,732
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Tabnuua 3.14. Conporupienne netn «pala—Hyab» 6e3 yuera 3a3eMIsOIIEX yCT-
poiicTs

Ceyelnie AxTUBHOE (B YHCIHTENE) ¥ HHIYKTHBHOE (B 3HAMEHATEJIE) CON BJIEHHUA
Qaamoro netnu, MOM, TTPH CEYSHHH HYJIEBOTO NIPOBOAA, MM
nposona, MM 16 25 35 50 70
3,68
t6 0.68 - - - =
25 2,98 2,28 _ _ _
0,67 0,66
1,99 1,70
5 = 0.65 0,64 = 5
50 . 1,73 1,44 1,18 _
0,64 0,63 0,62
- E _ 1,27 101 0,84
0,62 61 0,60

3HauyeHHUSs MEPEXOAHBIX COTIPOTUBIICHH M KOHTAKTHEIX COSIUHEH HEf
kabeneil, pazpeMHBIX KOHTAKTOB KOMMYTAITMOHHBIX AIlNAPaTOB M K-
HOIIPOBONORB INPUBENEHH COOTBETCTBEHHO B Tabn. 3.15 — 3.17. Vka-
3aHHBIC B TaOn. 3.17 3HaYEHMA COMPOTHBJICHUI aBTOMATHYECKMX BBI-
Kiloyaresieil BKIIOYAKOT B ce0sl CONPOTUBJICHUSA TOKOBBIX KaTy-
1K pacUenuTeNel M MEPEXONHBIE COMPOTHBICHUS ITOIBMIKHBIX
KOHTaKTOB.

CrnenyeT yYMTBIBATb, YTO KAaXAEIH aBTOMATHYECKUH BEIKJIKOYATEND
BKJIIOYAETCS B LICTb MOCHEN0BATEIbHO Yepes 1B pa3beMHBIX KOHTAK-
Ta. i npubAMKeHHOro yyeTa MNepeXoHOro COMpPOTHRICHUS 3NCK-
TPUYECKHX KOHTakTOB npunumaor: R, = 0,1 MOM — st xoHTakT-
HBIX coenvHeHuit kabeneit; R, = 0,01 MOM — JuIsl 1IMHONPOBOIOB;
R, — 1,0 MOM — 15t KOMMYTalUlMOHHBIX aIlIlaparToB.

COornpoTHBIEHHST BKIIOYEHUS TOKOBBIX KaTYIIEK pacleuTeNeil ap-
TOMATHYECKHX BEIKJII0UaTeneii npuseneHsl B Tadn. 3.18.

IIpu pacyerax Tokos K3 yuMTHIBAXOTCS aKTHBHOE W MHIYKTHBHOE
COMPOTHBIEHUS NMEPBUYHBEIX 0OMOTOK BCEX MHOTOBMTKOBBIX H3MEpH-~
TeJIbHBIX TpaHcgopmaTopoB ToKa (Rp,, X7,), KOTOpble KMEKOTCH B
uernu K3. INapaMeTpsl HEKOTOPHX MHOTOBHUTKOBBIX TpaHc(opMaTo-
POB TOKa TpHBEIEHBI B TA0M. 3.19.

AKTUBHBIM H WHIYKTMBHBIM COTIPDOTHBJICHHEM OIHOBUTKOBBIX
TpaHcgopMaTopoB (Ha TokH Gonee 500 A) npu pacuyerax Toxkos K3
MOXHO rpeHebpeyn.
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Tabnuua 3.15. Conpornsienus KOHTAKTHLIX COEIMHEHHH Kabenei

CeyeHune amoMH-

HUeBoro Kabens,
Mm2 16 25 35 50 70 95 120 | 150 | 240

ConpotHBIeHHe
KOHTAKTHBIX CO-
eanHeHui, MOm | 0,085 | 0,064 | 0,056 | 0,043 | 0,029 | 0,027 | 0,024 | 0,021 | 0,012

Tabxnua 3.16. Conporusienus KONTRKTHRIX COeIHHEHHH WIHHONPOBOIOB

HomuHanbHelt
10K, A 250 400 630 1600 2500 4000

Cepust WIMHO-~ ILHPA-73|ILPA-73 | IIPA-73 | ILIMA-73 | ILIMA-68H | ILIMA-68H
NPOBOJIOB

Conporusacuue | 0,009 | 0,006 | 0,004 0,003 0,002 0,001
KOHTaKTHOTO CO-
empHeHHs, MOM

Tabnuua 3.17. IpubmuxeHHble 3HAYCHHS CONPOTHBJIEHMI PAIBEMHBIX KOHTAKTOB
KOMMYTAUHOHHLIX ANNapaTos HanpsokenHem 1o 1 kB

AKTHBHOE COTIPOTHRIIEHNE, MOM, Pa3beMHBIX COSTHHEHMIH

HomurnamsHblit Tok
anmapara, A ABTOMATHYECKOrO BEIKMIOuaTENA | pyGunBHMKa PaTbeaMHHTENS
50 1,30 - —
70 1,00 — -
100 0,75 0,50 —
150 0,65 . —
200 0,60 0,40 —
400 0,40 0,20 0,20
600 0,25 0,15 0,15
1000 0,12 0,08 0,08
3000 -~ — —

CormnporusneHue nyru B MecTe K3 onpenensieTcs 110 BEIpakKeHHIO!

Eﬂlﬂ
ep2 = T ’

R, 3.7)

rae E, — HanpsoKeHHOCTD MEKTPOMATHHTHOIO T0JIA B MECTE TOPCHHUS

JIYTH, MOXHO NPHHATE 1,5 B/MmZ; [, — mMHa IyTH, paBHasH YIBOCHHOMY

PaccTosTHIIO MeXIy (azamu cetn B Mecte K3; I, — Tok 1pexchaztoro K3.
AKTHBHO€ COTIPOTHBJICHME IyTH MpUBeneHo B Tabur. 3.20.
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Ta6avua 3.18. ConpoTvmiieRHs EATYINEK ¥ KONTAKTOB ABTOMATHUECKMX BRIKI0RATENeH

HOMMHATBHBIH TOK ConpoTtuBieHHe KaTylUK1 M KOHTaKTa, MOM
BEIK/TIOHATENA, A R, X,
50 7 4.5
70 3,5 2
100 2,15 1,2
140 1,3 0,7
200 1,1 0,5
400 0,65 0,17
600 0,41 0,13
1000 0,25 0,1
1600 0,14 0,08
2500 0,13 0,07
4000 0,1 0,05

Tlpumenanue. B Tabn. 3.18 yxasaHe! cyMMapHbie CONPOTHBIEHHS KaTyllleK 1 KOH-
TAKTOB aBTOMAaTHYECKMX BRIKIIOyatencit (cepuit A 3700 «Dnextpon» 1 BA), nna
KOTOPBIX 3TH CONPOTHBAEHUA 3aBHCAT OT HX HOMHHAILHOTO TOKA H HE 3aBHCAT OT
THIIA BBIKJTIOUATENIS.

Tabnuua 3.19. ConpoTnBeHHs NePBUTHLIX 06MOTOK MHOTOBHTKOBBIX TpaHC(hopMaTO-
POB TOKa

ConpoTHBIEHHE NEPBHYHOH OGMOTKH MHOTOBHTKOBOTO
Koadduument Tpatcdopmaropa, MOM, KIACca TOYHOCTH
TpanchopmaLmHn
Tpancdopmaropa 1 3
TOKa
Xa Ra Xy R
20/5 67 42 17 19
30/5 30 20 8 8,2
40/5 17 1 4.2 48
50/5 1 7 2.8 3
75/5 48 ) 1,2 1,3
100/5 2,7 1,7 07 0,75
150/5 1,2 0,75 0,3 0,33
200/5 0,67 0,42 0,17 0,19
300/5 0,3 0,2 0,08 0,088
400/5 0,17 0,11 0,04 0,05
500/5 0,07 0,05 0,02 0,02
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TabGnauua 3.20. 3nauenns AKTHBHOTO CONPOTHBNeHMS TyTH R, MOMm

K3 3a TpancdopMaTOpamMi MOLIHOCTHIO, KB-A
250 400 630 1000 | 1600 | 2500

Pacyernele ycnosua K3

K3 8671134 BBIBOIOB HH3IIETO
HanpsxeHus TpaHchopmaTopa:

® g pasnenke Kabenei
HaNpsDKeHKeM, KB:

0,4 15 10 7 5 4 3
0,525 14 8 4,5 3.5 2,5
0,69 12 7 5 4 3 2

® B [HHonposoae THma IITMA
HarpseKeHKeM, KB:

=,

04 sl o= | = ) 4 3
0,525 = | = | = 5 |38 |45
0,69 — | =] = 4 3 2

K3 B KoHIEe IIHHOMPOBONA THITA
IIMA nnusoi 100 — 150 M
HamnpsXeHHeM, KB:

0,4 = — — 16—8|5—7|4—6
0,525 - — — |5-7|4-6|3-~5
0,69 — — — |4=6|3=5]2-4

B npakTHyecKnX pacyeTax MOXHO TMOJL30BATLCS TAKKE 3HAYCHHS-
MH CYMMapHOro MEPEXOMHOIC COTIPOTHBIIEHMS, MPUBENEHHBIMH B
tabn. 3.21, wis xapakTepHoit cxeMBI ceTd 1o 1 kB (puc. 3.1).

Tlpu annpokcHManyy yKa3aHHEIX B TaOJMIIE pe3y/ILTATOB ToJTyye-
Ha (opMyna IS onpeneseHns CyMMapHOro MEepeXoaHOro COMpOTHB-
neans mpu K3 B Toukax K2 — K4

K2
R < 23S s - K?+320a oy

nep

S‘I.IIOM

0i€ S, o — HOMHHATbHASA MOLIHOCTB TpaHC(hOPMAaTOpa; g — paccTosi-
Hue Mexny ¢asaMu cetn B Mecte K3, MM; K — K02 OHMIMEAT CTyTIeHH
CETH.

JAns nepsruHbIX 1eX0BEIX TI1 (TpaHcdopmaropoB Ha BBOJAX),
a TAKKE Ha 3aXUMax anmnapartoB, MHTAEMBIX IO PaIUaIbHEIM JTHHHUAM
OT IUWTOB TONCTAHIIMII MM INABHBIX MarWcrpaneii, K= 2; msa
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Tabnuma 3.21. Iepexonusie conporTynierua cem no 1 xB

MouwocTs 3HavyeHHA CyMMAPHEIX NEPEXOAHBIX CONPOTUBIEHUH Riyepr MOM,
parcdopMaTopa, B Todkax K3
kBA K1 K2 K3 K4
1000 6,41 4,07/5,92 18,38/22,37 7,09/7,79
1600 8,81 2,72/3,81 12,01/15,95 4,57/5,27
2500 15,42 1,81/3,01 6,92/9,26 3,62/4,59

ITpumenanue. B uncnuTene NpHBeNeHb! 3HAYSHUS CONPOTHURICHMUI I MarucTpa-
JILHOH CXEMBI, B 3HaMeHaTeNe — AN pagHaibHOH.

T
K1
[IIuronposoa IIIPA

IMironporos HIMA /g2 K2

g

K4

Puyc. 3.1. Xapakrepunie Touku K3 B cetn go 1 kB

BTOpPHUYHBIX 1ieXOBEIX PIT ¥ mikadoB Ha 3aXXMMax anmnaparos, THTac-
MBIX OT NepBuydHBIX PI1, K= 3; mns anmapatypsl, yCTAHABIKBAEMOIH
HenocpeacTeHHo y D11, nurasonxcst ot BropudHeiX PIT, XK= 4. MNpu
MarucCTpaibHOM CXEME CeTH MEPEXOMHBIC COMPOTHRIEH!S OIpees-
wtcA no opmyne (3.8), a npy pasHansHOM

R“cp_p ~ I,SR,W. (3.9

PaccMoTpuM NpHHIMITE! pacyeTa TOKOB TpexdasHoro u ogHodas-
HOro KopoTKOro sambeikanms. [log tpexdaszneiv K3 nompasyMmeBaercs
KOpPOTKO€ 3aMbIKaHKMe MEXIy TpeMs dasaMu B 3JIEKTpHUYECKOIT cCHCTe-
me. Ilon ogHogasneiM K3 nonpasymeBaercs KOpOoTKoe 3aMBIKaHNE Ha
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3EMJTIO CHIOBBIX 3JIEMEHTOB B TpeX(a3HOH 3/eKTpUYECKOit CHCTEME ¢
DIyX03a3eMJICHHOM HelTpalnblo, TIPH KOTOPOM C 3eMJIel CoelMHAETCS
ToNEKO onHa ¢aza. Hanbosnee TSLKETBIM PEXXMMOM CYUTAETCS TpeX-
dazuoe K3.

3.3. PACHET TOKOB TPEX®A3HOIO K3

Ilpu pacuerax TokoB K3 cocTtapiisieTcsi cxema 3aMeLleHUs CETH CO
BCEMH €€ 3JICMEHTaMH, W Npeobpa3oBaHWE CXeM 3aMeEllleHus Yallle
BCEro CBOIMTCS K OINPEESICHUIO CYMMapHOIO CONPOTHBIEHMS LIETTH
K3 nyreM cloXxeHUs MOCACIOBATENBHO COSAMHEHHBIX aKTHBHBIX M
WHAYKTHBHBIX CONPOTHBIIEHMI, MOCKONBKY ceTh 10 1 KB uMeloT of1-
HOCTOPOHHEE ITHTAHUE,

Pacyer 3aKmi04aeTcsl B OTIPECACTICHMM:

e HaYalbHOIO JACHCTBYIOIIETO 3HAYCHUS MEPHOAHIECKOM COCTaB-
nsomeit toka K3;

e anepuoaudeckoii coctasnsoLieii Toka K3 B HaYalbHBLH U Mpo-
W3BOJIBHEI MOMCHT BPEMCHH;

e ynapHoro Toka K3.

IMpy THTAHUK NOTPEOUTENS OT IHEProCUCTEMBI YEPE3 TIOHKXKAIO~
Mt TpaHcOpMATOp HAYANBHOE ACHCTBYIONIEE 3HAYEHUE MTEpHOIH-
yecKkoH coctapisiionieii Toka K3 Ge3 yueTa NOONMUTKHY OT 3JIEKTPOIBU-
rarefeit paccyuThiBaeTCs no opmyne, KA

- Uonson (3.10)

do= 5
’ ‘\E\}Rlzz“"XIzz

e Uy, o — CPEIHEES HOMHHATLHOS HATPSDKEHHE CETH, B KOTOPOii
NPOU30LUIO KOPOTKOE 3aMbIKaHue, B; Ry, Xj; — COOTBETCTBEHHO CYM-
MapHOE aKTHBHOE H CYMMAapHOe MHIYKTHBHOE COTIPOTUBJIEHKS NPAMOIi
nocnerosarenbHocTH Lenu K3, MOM. OTH cOnpoTHRICHNA Onpencii-
FOTCSI TaK:

Rl):=RT+Rp+RTA+RK.B+Rm+RK+Rlx6+RBII+Rn (3.11)
“Xu::Xc+)Cr+1Yp+XTA+Xx.n+Xm+)‘i.<ﬁ+XBﬂ’ H

roe R ¥ X, — akTHBHOE W MHIYKTHBHOE COIPOTHRIICHMS NPSIMOIi nocie-
JOBAaTENILHOCTY MOHIDKAIOWEro TpaHchopMmaropa, MOM; Ry, u Xpy —
AKTUBHOE U MHIYKTUBHOE CONPOTHRICHUS NMEPBUYHLIX OOMOTOK TpaHC-
thopmMaropos ToKa, MOM; X, — 3KBUBAICHTHOE MHIYKTHBHOE COMNpPOTHB-
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JIEHWE CHCTEMBI [10 TMOHIDKaLuero TpaHcdopMartopa, MOM, nprseneH-
HOE K CTYNEHH HU3ILEIO HalPSDKeHHs; R, — aKTMBHOE ¥ MHIYKTHBHOE
CONpOTHBJIEHMs peakTopos, MOM; R, . ¥ X, | — aKTHBHOE ¥ MHIYKTHB-
HOE COIPOTUBICHUS TOKOBBIX KaTyLIEK aBTOMaTHUYCCKHX BBRIKITIOYaTE-
neif, MOM; R, u X — aKTWBHOE M WHAYKTHBHOE COTIPOTHBIEHHS 1M~
Horposonos, MOM; R, — CyMMapHOE¢ aKTMBHOE COMPOTUBIICHME pas-
JTWYHBEIX KOHTakToB, MOM; Ry, ¢, Rpy ¥ X, 5, Ap;; — @KTHBHBIE H MHIYK-
THBHBIE CONMPOTHRIEHUS NPAMOM IOCTEHOBATEILHOCTH KabeNbHLIX H
BO3IYIIHLIX TMHMIA, MOM; R, — aKTMBHOE COTIPOTHBIIEHNE JYTH B MeCTe
K3, MOM, npuHuMaeMoe 1o naHHBM Tabi. 3.20 v pacCyuTHIBaEMOE B
3aBHCHMOCTH OT yenopui K3.

Ecnu anexrpocHabxeHWe 3JEKTPOYCTAHOBKM OCYILECTBIACTCA OT
SHEPTOCHCTEMBI YEPE3 TTOHMXaI0Mit TpaHchopMaTop M BOMH3HN Mec-
Ta K3 MMeroTcsi CHHXPOHHBIE M aCHHXPOHHEIE 3JIEKTPOIBHTATEIH KK
KOMIUIEKCHas Harpyska, TO HayalbHOE NEHCTBYIONIEe 3HAYCHHE ITe-
puonrueckoii coctapnsonieit Toka K3 ¢ yueToM NOONUTKH OT 3MeK-
TPOJIBHTaTeNeH WK KOMILTEKCHOM HATPY3KH CIEAYET ONMPeNeisiTh Kak
CYMMY TOKOB OT 3HEPrOCHCTEMH M OT 3JICKTPOABUTATEIICH HIIH KOM-
TUIEKCHOM Harpysku.

HavanpHoe neficTByloniee 3HaYeHUE MEPUONMYECKOH COCTABIISIO-
et Toka K3 ot cHHXpoHHbIX anekTponsuratenei I oon, KA, paccun-
ThIBaeTcs Mo hopMyne

- 4c (3.12)

JO& + X15) + (Reg + R

TIe E;Cﬂ — cBepxniepexofgHas B[C CHHXPOHHOIG 3MeKTPOIBHTATENA
(¢asHoe 3HayeHue), B; x; U Roy — COOTBETCTBEHHO CBEPXTIEPEXOMHOE

WHIYKTUBHOE U AKTHBHOE COIIPOTHRICHMS 3NMeKTpomBWTarena, MOM;
X,z ¥ Ry — cyMMapHOe HHAYKTHBHOE U CYMMapHOe aKTHBHOE COTpPO-
THBIIEHUS] NMpAMOM MOCIENOBATENEHOCTH TIETH, BKITIOYEHHOM MEXTy
aneKTpoaBUrareneM U Toukoi K3, MmOm.

Jna cHHXpOHHBIX 3neKTpoaBUTarencii, koropsie 1o K3 pabortanu ¢
nepeso3byxaeHueM, ceepxnepexonnas S C E, ., B, paccyuTHBacT-

$cn’
cs 1o opmyne

Ejon=| Uy + g sin o)? + (Jos cose)?,  (3.13)
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e Uﬂq — ¢ha3HOe HANPSDKEHHE Ha BHIBOHAX BNEKTPOABHTATENS B MO-
MeEHT, Npenwectsyowuit K3, B; Ii — TOK CTaTtopa B MOMEHT, TIpeniie-
creyiolmit K3, A; q)p| — yrosi caBura a3 HanpsoKeHUS K TOKa B MOMEHT,
npemmecTsyionmit K3, rpan.; X — ceepxTiepexoIHoe COTIPOTHRIEHHE
IO TIPONOJILHOM OCH CHHXDOHHOTO 37IeKTpoasuraTens, MOM.

JL71st CHHXpOHHBIX 3MICKTpoaBUTAaTENCi, pabGoTasunmx no K3 ¢ Heno-
BO30YXIeHHEM, cBepXnepexonHasa 3C E;cn’ B, paccuuTthIBaeTCA 1o

¢dopmyrie

By =Wy~ R sin of0])? + (g coseo)?. (3.14)

HagansHoe neilcTyioliee 3HAYCHKME MEPHONMYECKOI COCTaBIIsIIO-
wieit Toka K3 oT aCHHXPOHHBIX 3JI€KTpoaBUrarTeneit InONI’ KA, pac-
cUMTEIBaeTc no hopmyne

Ligpn = Fon ; (3.15)
Jg + Xis )2+ (Rey + R )?

THe X, ; ¥ Ryp — COOTBETCTBEHHO CBEPXIIEPEXOIHOE MHIYKTHBHOE H aK-
THBHOE COMPOTHEIIEHUS 3NEKTPOIBATATENS, MOM; E; A — CBEpXIiepe-

xomHas BIC acHHXPOHHOIO 3NEKTPONBHUTATENS, KOTOPYIO MOXHO pac-
CUYUTATE N0 (OpMyTie

E;Af\ﬁUd’lﬂf 008 @f0| — fjgyRap ) + Wyyqy sin o0 - figpa )%, (3.16)

Ilpy npuGMKEHHBIX pacyeTax ISl ONpeaeleHs JeicTBYIONEro
3HaYeHMs TIepUoINYecKoid coctapnsionieil Toka K3 oT acMHXpOHHEIX
9NEKTPOLBHIaTeNeil B IPOM3BOILHEII MOMEHT BpEMEHH MPH PATHAlb-
HOH cXeMe 3MeKTPOCHaOXeHus1 HCTIONb3YIOT KPUBBIE, [IPHBEICHHEIE
Ha puc. 3.2. 3HayeHUs NEepHOONYecKoil cocTartomeil Toxka K3 B
TIPOU3BOJBHBII MOMEHT BPEMEHH OTHECEHDI K HaYaIbHOMY 3HAYEHHIO
3TOI COCTaBASIOLICH, T. €.

Ini
Vg =t (3.17)
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Puc. 3.2. Vsmenenue NepHoaHyeckoii cocTasnsioniedi Toka K3 o1 acHEXpOHHbIX JBH-
raTesieil npyu paiHIHbIX 3HAYEHHAX ! Ostom

VnanenHocts Touki K3 0T aCHHXPOHHOIO 3/1eKTPOABHIATENS Xa-
PaKTepU3yeTcsT OTHOLICHHEM NEHCTBYIONIEr0 3HAYEHNS MEpUOIUYC-
CKOM COCTaBJISIIOILEH TOKa 3TOIO JIEKTPOJBUIATENS B HAYATbHBIH MO-
MeHT K3 k ero HOMHHaNbHOMY TOKY

I
T e =200 (3.18)
= I_A‘JIHOM

HeficTByionree 3HaYeHKe NepHoIMYecKoitl cocrapisiiowei Toka K3
B NPOU3BOJBHBI MOMEHT BPEMEHH OT ACHHXPOHHOTO 3/1EKTPOIBHT -
Tesist 10 (MM HECKOJBKUX ACHHXPOHHBIX 3MIEKTPOIBUIaTes e, Ha-
XOISALMXCA B ONWHAKOBBIX YCI0BHSAX 10 OTHOLIEHHIO K TO4uKe K3) pac-
CUMTBIBAaETCs MO opMyJie

Inh\)l = 'Ym,u .InBHDM IA)JHOM . (3. ].9)
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Brnusiine AJl, NOOKMOYEHHBIX HENOCPENCTBEHHO K MecTy K3,
MOXHO TakKX€ OPHEHTHPOBOYHO YIECTh YBEJIMYEHHEM 3HAYEHHMA TOKA
1 Ha 4’SIA£[ (IALI — CYMMapHbIii HOMUHANBHBLI TOK nBuraresein). [pu
9TOM 3Ha4eHue [, yBenuuuBaercs He Gonee yem Ha 15 %.

JelicTBylolliee 3HAYeHHE MEPUOOMYECKOMN COCTABJIAIOLEH TOKa
Tpexgastoro K3 ot A/l 3a nepBblit neproz olpenensaeTcs no gopmysie

039 I A JTHOM

IKAH =
XAl

rae 0,9 — pacuernast orHocuTenbHan DIC AJl, T. e. HAYATBHOE 3HAYe~-
Hue cepxuepexonHoit DIC npuraress; Xy — OTHOCHTENILHOE CBEpX-
MIEPEXOAHOE CONPOTURIEHHE JBHUIATEIA.

B cpenreM MOXHO MPHHSTD:

AJl =0,2, Torna Jan = 4,51 0

iy =2y Ly + 4,5 o) =Ny Iy 46,5 g 320)

IIpeanonaraior, YTO CONPOTHBICHUS COSTMHUTENBHBIX MPOBOLOB
wu xabeneit B uenu K3 ve npesbnuaioT 10 % conporusneHus gpura-
TEJEH.

HeobxonumocTs yyeTa BIMAHUS 31EKTPOIBUTATENeH H KOMILIEKC-
HO¥t Harpy3KH1 Ha TOK Npu MeTauinyeckoM K3 B Touke K (Ha uimHax),
OIpeNENsIeTCA CIEeoyIolMM 00pa3soM: eciii CyMMapHbIii HOMUHANE-
Hbli TOK iBurateneil 6omblue, yeM 1 % nepHonuyecKoit COCTARIAIO-
et Toka K3 Ge3 yuera iBurareneil, To aCHHXPOHHBIE IBUTATENH HYX-
HO YUMTHIBaTh

Ean 20017,

BT0 BEPHO H B OTHOIICHHH KOMILUIEKCHOM HATPY3KH.

B 3/1€eKTpOYCTaHOBKAaX ¢ RBTOHOMHBLIMH HCTOYHMKAaMl EKTPO-
SHEPTHH HAYAIbHOE HEHCTBYIOLLEE 3HAYECHIME IEPUOANYECKOM COCTaB-
JunoLiei Toka K3 Ges yyera noanuTKu o1 afieKTpogsuraTeneii 10s KA,
paccyuThiBaeTcs no Gopmyne

Eﬂ'
Io= (3.21)
Rlz 3 XZ
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o€ Ry ¥ Xz — COOTBETCTBEHHO CyMMapHOE aKTMBHOE M CYMMapHOE HH-
IyKTHBHOE conpotunieHus nerm K3, MOM. DTH conpoTHBieHNs onpe-
MENSIoTCA Tak:

Rl}: . ‘RTA +RK.B s Rp s Ru.l + Rx H Rhcﬁ + ‘RBJ'I; (322)
Xig=x + Xpy+ X, + X+ X, + Xy + X,

rne Ey — axeuBaneHTHas ceepxniepexonHast SIC (pastoe sHayenwe), B;

3HauyeH#ue 37101t DJIC ciienyeT pacCYMTHIBATE TAK XK€, KAK M ST CHHXDO-
HHBIX 3JIeKTpofBUraTeniei (cm. §3.3).

IpH HEOOXONMMOCTH y4YeTa CMHXPOHHBIX M aCHHXPOHHBIX 3JIEK-
TpOOBHTaTENEH HITH KOMIUIEKCHOM Harpy3kv B aBTOHOMHOM 2NIEKTpU-
YECKOIi CHCTEME HAYaAJIBHOE NEHCTBYIOLIEE 3HAYCHHE NEPHOINYECKOL
cocTapIsAoei Toka K3 cnenyeT onpeaensTb Kak CyMMY TOKOB OT aB-
TOHOMHBIX MCTOYHHKOB M OT 3NEKTPOABUTaTENNeil MIIH KOMIUIEKCHOM
Harpy3KH.

HawubGosnsiee 3Hayerte aneproandeckoi cocrasmolieii Toka K3
PaBHO aMILTHTYIE IEPUOIUYECKOH COCTaBIISIIOLIEH TOKA B HAYATbHBIH
momenT K3, 1. €.

Lo=Br . (3.23)

B pamyaneHBIX CETAX anepuonnveckasl coctapisoman toka K3 B
TIPOM3BOJIBHBII MOMEHT BPEMEHH i, PACCYMTHIBAETCSH 1O (popMyIe

ial = iaoe"'/T’ ’ (324)

rae ¢ — Bpems, ¢; T, — nocTosHHas BPEMEHM 3aTyXaHHs anepHoie-
cKoii cocrarimoleit Toka K3 ¢, paBHas
X
T =%,
@Ry

(3.25)

roe X; 1 R; — pe3yTsTHPYIOLIME WHAYKTHBHOE U aKTHBHOE COMNpPOTHBIE-
Hust pemu K3, MOM; o, — CHHXpOHHAs! yIioBas YacToTa HATIPSDKEHUS
CeTH, pan/c.

Ecnw Touka K3 genmT pacyeTHyIO CxeMy Ha pafiMaiibHEIEe, HE3aBY-
CHMBIE [PYT OT OpyTa BETBH, TO arlepHOAMYECKYIO COCTABJIAIONIYIO
ToKa K3 B NpoM3BONbHbLII MOMEHT BPEMEHH CJISIYET ONPENe/ISTh Kak
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Puc. I}?;._?. Kpuebie 3aBHCHMOCTR yaapHoro xosddmmenta ky, ot ornomenwii R/X
u X/
X— uHnyxTueHoe conporHrier#e tenu K3; R— akTieHoe conpoTvereHne e K3

CYMMY afepHoJINYecKHX COCTaBIAIOIIMX TOKOB OTIENbEHEIX BETBEH TIo
¢opMyIe
m
i = 2 iacie /Tl (3.26)

TAE /M — YUCJIO HE3ABHCUMBIX BETBEH CXEMBI, [,o; — HAYATTEHOE 3HAYECHUE
aneproardYeCcKoii cocTarnsonieil Toka K3 B i-if BeTBH, KA.

Ynapusiit Tox TpexdasHoro K3 iy B MEKTPOYCTAHOBKAX C ONHUM
HMCTOYHHKOM 3HEPTHH (SHEProcKCcTeMa WM aBTOHOMHBII HCTOMHHK)
paccyMTeIBaeTCsH 1o Gopmyne

Ly =Nl gL+ singe /™) =B ok, , (3.27)

roek,, =(1+sin (p,e" /T ) — ynapHsiit KoadduumeHT, KOTopbIi Mo-
eT OBITb ONpeneNeH 1o KpRBLIM (puc. 3.3); 7, — NMocTosiHHast BpeMeHH
3aTyxaHusl anlepHOMIYECKOH cocTamsioleit Toka K3; ¢, — yron casura
o dase HanpsokeHns i B1C UCTOYHHKA U NEPHOIUYECKOI COCTaB-
msuoelt Toka K3, kotoprrit paccyuThIBaeTcs o hopmyne

o, =arctg Xz / Ry} (3.28)

1, — BpeMsl OT Hayana K3 Jio mostanenust yiapHoro Toka, ¢, paBHoe

] L (3.29)

T
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Ipu pacuete ynapHoro Toka K3 Ha BbIBo#ax aBTOHOMHbBIX HCTOY-
HMKOB, 2 TAKXKE CHHXPOHHBIX H ACHHXPOHHBIX SNIEKTPOABHIaTeNeil 10-
MyCKaeTcq CYMTATh, YTO:

e yzapHbIii TOK HactymaeT yepes 0,01 ¢ nocne Havana K3;

e aMIUIMTYNA TIEpHOOMYECKOH cocTaBisioleit Toka K3 B MOMEHT
BpemeHH 1 = 0,01 ¢ paBHa aMIUTUTY/Ie 2TOI COCTABMAIOLIEH B HaYallb-
HBI MOMeHT K3.

YnapHbIH TOK OT aCHHXPOHHOTO JIEKTPOABUIaTEN "ym’ KA, pac-
CYMTLIBAETCS C YYETOM 3aTyXaHHWA aMIUIMTYIbl NEpHOOMYECKOH CO-
crapisiolei toka K3 1o popmyne

(3.30)

? _eot o0
'ynM=ﬁInDM(e Ty ye Ts ),

rie 7;, — pacyeTHas MOCTOsIHHAs. BPEMEHH 3aTyXaHHs NePHOIHYECKOM
cocTaB/IsIIoIel TOKa CTaTopa, ¢; T, — NMOCTOsHHAS BpEMEHM 3aTyXaHHs
aneproONYECKO COCTABNSIONIEH TOKA CTAaTOpa, C.

Ipu atom T o B T, momyckaeTcsl pacCYMThIBaTh MO (hopmysiam

Tp=x"A'ﬂ+;X’IKG; - x:)l'l'Xluﬁ ] (331)
o, R, o (R + Ry )

rIe o, — CHHXPOHHAA YIJIOBas YacToTa, pai/c; R u R, — cooTBeTcTBEH-
HO aKTUBHOE COMNPOTHBIIEHHE CTATOPa U aKTUBHOE CONPOTHBIEHHE PO-
TOpa, NIPUBEICHHOE K CTATOpY.

Ecmu Touka K3 nenuT pacyeTHyI0 CXeMY Ha pagualibHbIC, HE 3aBU-
CHMBI€ IPYT OT IIpyTa BETBM, TO ynapHbiid Tok K3 I, OTIPENIEIISIETCS KaK
CyMMa yHlapHbIX TOKOB OTAENbHBIX BETBEH o chopMynie

iy =3 VB (4 T, (3.32)
i=l

[HE M — YC/I0 HE3aBUCHMBIX BETBEI CXeMbI; T o; — HaYyanbHoe neHCTBY-
olliee 3HauYeHue NMepuoaMYecKoi cocTaBstonieit Toka K3 B i-it BeTBH,
KA; 1, — Bpemsl [I0sIB/IeHHMs! YIAPHOT'0 TOKa B i~i BeTBH, C; 1;; — MocTo-
AIHHAs BPEMEHU 3aTyxXaHHA IEPHOIUYECKONR cocTamionleit Toka K3 B
i-i1 BeTBUY, C.
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3.4. PACHET NAPAMETPOB .
ACUHXPOHHbIX SNEKTPOABWUIATENEN

Tpu pacyere nepuoauYecKoil cocrasmsioneil Toka K3, obycnos-
JNIEHHOTO ACHHXPOHHBIMH DJIEKTPOABHTATEISIMU HANPSDKEHHEM MO
1 kB, Heo6XoOMMO YYUTHIBATE HE TONLKO MX HHIYKTHBHEIE, HO H aK-
TUBHBIE CONIPOTHBICHHS.

CyMMapHOe aKTHBHOE CONPOTHRIECHME, XapaKTePH3YIOLee acCHH-
XPOHHBIN 3JEKTPOABMIATENb B HavaibHbli MOMeHT K3 RAH, MOM,
onpenensiercs no dhopmyne

Rup =R +096 Ry, (3.33)
ie R; — akTHBHOE CONPOTHBIEHHE cTaropa, MOM; 132 — aKTUBHOE CO-
[IPOTUBJEHME POTOPA, MPUBEJIEHHOE K CTATOPY, MPH 3TOM R, mOm, pac-
CUMTHIBAETCA Mo hopMyne

Frkes 0!36M[|(PHDM + PMK) .106
CTTERR (-s.)
e HOM

HOM

(3.34)

rie M, — KpaTHOCTh IYCKOBOrO MOMEHTA 3JIEKTPO/IBUTATENA 10 OTHO-
IUCHIIO K €10 HOMHHAJILHOMY MOMEHTY; P, — HOMMHAIbHAs MOl
HOCTb 3/IEKTpoJBUraTes, KBt; P, — MexaHH1eCKHe MOTEPH B 3IEKTPO-
meuraresie (BKinouas nofapoyHble notepH), KBT; /,, — KpaTHOCTE TyC-
KOBOT'O TOKA 3JIEKTPOIBHTATENS IO OTHOLIEHHIO K €r0 HOMUHAIBHOMY
TOKY; I, — HOMUHAJIBHBIH TOK 3IEKTPOABUIATENA, A; S,,.,, — HOMHHA-
JIBHOE CKOMTBLXEHUE, OTH. €11

AKTHBHOE COIIDOTHBIIEHHE CTaTopa 3JeKTpoasuratens R;, MOwMm,

€C/TM OHO He 331aHO U3NOTOBUTENEM, pacCUMThIBaeTCs o dhopmyne
2
H= S'uom 1 Uanu COS @ yom
?
100 P

HOM

(3.35)

L€ S, — HOMWHAILHOE CKOMLKEHHE ACHHXPOHHOIO 3JIEKTPOIBMIa-
Tens, %.

CeepxriepexoqHOe HHIYKTHBHOE COINPOTHBIEHWE ACHHXPOHHOIO
EKTPOABUIATES x"m, MOM, paccuHTEIBaeTCH Mo dopmye

2

U
Xop = 7210 | -RY,, (3.36)

{l’l IHOM

1z Uy 0 — HOMHHIBHOE (pa3HOE HaNpsDKEHUE 3EKTPOBHTaTENs, B.
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3.5. PACHET NAPAMETPOB KOMIMJIEKCHbBIX HATPY30K

Ilpu pacyere TokoB K3 0T KOMITIEKCHBIX HArPY30K CHENYET YIUTEI~
BaTh WX NTApaMeTphl NPAMOIL, 06paTHOMH K HYJIEBOI NOCAEIOBATENBHO-
creid. PekoMEeHIyeMble 3HAYEHMs] COTIDOTUBNEHHI TPAMOI Z; 11 06-
paTHoO#l Z, ToC/IeNoBaTeNILHOCTEH OTOENbHEIX 3NEMEHTOB KOMIUIEKC-
HOM Harpy3Ku NpUBEIEHBI B Tab. 3.22.

B nipubmimkeHHBIX pacyeTax U Y3108, conepxauux 1o 70 % acuH-
XPOHHBIX [BWrarenei, 3HaYeHHs MONYNEi TIONHBIX COTPOTHBIE-
HHI KOMIUIEKCHOW Harpy3KW NONYCKAa€TCs MpPHWHVWMATh paBHBIMM
?IHI‘ = ?21{:‘ = 0’4; ZUHI‘ n 3’0’

3HayeHHs MOy et MOMHBIX COMPOTUBICHMH MPsiMOit Z, ., obpar-
HOW Z, ¥ HyNeBO# Z;, TOCAeI0BaTeILHOCTEH HEKOTOPBIX Y3JIOB Ha-
TPY3KH B 3aBHCHMOCTH OT MX COCTaBa NOITYCKAETCH ONPENesiTh, KaK
yKa3aHOo HIKE.

1. B cocTaB KOMIUIEKCHOM HATPy3KH1 MOTYT BXOAUTh ACHHXPOHHbIE
M CHMHXDOHHEIE 3IEKTPOABMIaresii, mpeodpa3oBaTeNld, MeKTPoTEp-
MHWYECKME YCTAHOBKH, KOHICHCATOPHBIE OaTapen, NTaMITHl HaKalHBa-
HHSA U ra3opaspsIHEEe UCTOYHHKH CBETA.

2. Ylpu ompeneneHVH HaYaIbHOTO 3HAYEHHA TIEPHONINIECKOI co-
crapfsiolieit Toka K3 KoMITIEKCHY10 HarpysKy B CXeMy TpsIMOif TTo-
CJIEIOBATE/IBHOCTH CJIENYET BBOIMTH SKBUBAIEHTHOMN CBEpPXIIEPEXOH-
Holt BJIC 7, 1 cONpOTURIEHNEM NPAMO¥ MOCIENOBATENILHOCTH Z,

a B cxeMy o0paTHOI ¥ HyJIEBOH MOC/IeOBATEIBHOCTER — COTIPOTHRIE-
HHSIMU 06paTHOH Z,, . M HYJIEBO#t Z,  TOCNENOBATEILHOCTEA.

Tabnwna 3.22. TTapameTps! 31eMEHTOB KOMILIEKCHOM HATDY3KY

OBo3Ha- 3HHHCHMOGT(:{HI:O‘I‘HBJ'IEHHﬁ,
TMToTpebuTeny KOMIUIEKCHOM HATDY3KH | YEHUS Ha | COSPyon - A
CXeMax 2 Z;

ACHHXPOHHBIE 3NIEKTPOABHIATEN All 0.8 |0,07+,0,18{0,07 + /0,18

CHHXPOHHBIC 3MEKTPONBHTATENN CI 0,9 |0,03+,0,16/0,03 40,16

JlaMnbl HaKanuBaHKUA JIH 1,0 1,0 1,33

l'asopa3spsanHble UCTOYHWKHM CBETA Jr 0,85 10,86 +,;0,53|0,38 + ;0,24
IlpeobpaszoBatenu IT 0,9 |0,9+,044 |1,66+ 0,81

DNeKTPOTEPMUMECKHE YCTAHOBKH 3y 0,9 1+j0,49 | 0,4+0,2
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ACHHXDOHHBIE IBUTATENH, ACHHXPOHHBIE IBUTATEIH,

TIAMITH HAKATHBAHHA npeo6pa3oBaTenbHEIE YCTpoHCTBA
ZLyur
|
Zou [Cisr Zowr (- 2
9,0 [~Zour, ! 9,0 Fi;:a !I
8,0 (Eir | 80 14 ]
70FH1,2 \ l 7.0F L2 \ [
6,0 r'l,ﬂ \w 'zl 6,0 [~ ],0 \\(_ z]m 4/_
{

5,0 0,8 1 50 OB\t
4’0 '0,6 %< ML 4_0 L 0,6 \ \/ Ex-n'

Zur /ZM )%ZZHT Zonr
3,004 / ,><. 3,0 04 / \54 V4
20102 f—— 20 0.2 -
i Py/P; L L] P,/P,
W& 007040608 10P, 0 002040608 0P,
1,0 0,8 0,6 04 0,2 0 P 1,0 0,8 0,6 04 0,2 0 Pn
a) 6)
ACHHXDOHHBIE [IBUTATEIH, ACHHXDOHHEIE [IBMTATENH,
BMEKTPOTEPMHUIECKHNE YCTAHOBKH Ta30pa3pPAIHBIE JTAMITEI
L [~51 ] Lwr [ sar
9,0 -:sz-\\ J/ 9,0 Fur =~
8,04 B 8,0 E;, -
T N Ve
70112 /(E” 7,0 1,2
ol A | A B Tl [
6,0 ]: \ 7 ’ 6,0 1,0 S/ /
50108 50108 s
[ ol A\ NN
4,0}0, 3 4,0 |-0,6 .
30-0,4\[\ \‘\m L2 3,0 o4 H-INEN fob
20 02— 2,0 }-0,2 » _—
o PENNELE g LA Py/Py
L2 ] 02 0,'4 036 0,8 10 PAI.I 3 (] ,:1 I'J,Iﬁ 0,18 I‘O PNJ
l,O 0.8 0,6 04 0,2 0 p l,ﬂ 0,8 06 0,4 0,2 0 P
6) 2

Puc, 3.4. 3aBHCHMOCTD APAMETPOB KOMILIEKCHOH Harpy3ku Zy,r, Zyory Zou EL 0T €€
CoCTaBa
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Lour
9,0
2,0
7,0
6,0
5,0
4,0
3,0
2,0

Lour
9,0
8,0
7.0
6,0
5.0
4,0
3,0
2,0

Lo~

ACHHXPOHHDbIE IBUTATENH,

JiaMITbl HAKATIMBAHHUA,

BHINPAMMTEIH
e
B
_E;I'T !
-1,2
Lo, //

CONT el [/

0,8 ~ ¥
L 0.6 \ZOHP\ / /
s 4
- 0,4 - lati
0,2 =
P/ Py

002 04 0608 10 P,
0,80,640,480320,160 P,
020,160,120,080,040 p

9)

BNeKTpoTepMHYECKHE YCTAaHOBKH,

JIaMIIbl HAaKaJIHBaHMWsA,
ACHHXPOHHEIE nBATaTe/ A

= Thuar }
- T

=i

B
PeR\PZA N
PV B | o
_B'S\I\Kz\lm /
"IINNY

- 0,4 - Brr
~0,3 ~~3

1,0

PPy

002 04 06 0,8 L0 Py

0,80,640,480,320,160 p

et 1 1 1 1 3y

0,20,160,120,080,040 P,
%)

- 0,2

BNeKTPOTEPMHYECKUE YCTAHOBKH,
JIAMIThl HAKATHBAHHS,
BEIIPSMHUTENI

Zur

- Eml—o J
ME,"',. cos Q= 0,9 — 1,0/

1,4
12 zlur-"/

10—z /
A
0,8 i
0,6 / ZOHII‘

0.4
L P
0.2 P/ Py
70 0.2 0,4 06 08 1.0 P,
0,80,640,480,320,160 P,
0.20,160,120,080,040 p

€)

Puc. 3.4. (oxonuanue)
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3. 3HayeHus MOMYJEH MOMHLIX CONPOTHBNEHHUIt Z,,, , Z, ., Z, , &
TakKe 9KBMBaNeHTHOU cpepxmepexonHoit BJIC xoMIUuleKcHOM Ha-
rpy3kH E; B OTHOCMTENBHBIX EOWHULIAX ITPH OTCYTCTBHM ApYTHX, 60-

Jiee MOJIHBIX JaHHBIX, MOTYT OBITh ONPENCNCHB] [0 KPHBBIM, IIpHBE-
JeHHBIM Ha puc. 3.4, a, 6 — e B 3aBUCHMOCTH OT OTHOCHTEILHOIO CO-
cTaBa ToTpedburtencit yana wHarpysku P/Py, roe P, — cymmapHas
HOMMHAJIPHAA aKTHBHAS MOLIIHOCTh Harpy3kH, KBT; P;,— ycTaHOBJIEH-
Hasi MOMIHOCTS i-TO TMoTpeOuTeNns Harpy3ku, KBt (P A, — MOIIHOCTB
ACMHXPOHHLIX JIBUTATe/ el PC 5 — MOILLIHOCTD CHHXpOHHle IBHrarTe-
Teii; P — MOIIHOCTE JIaMIT HaKaIHBaHHSI; {’ 5.y — MOILIHOCTb 3JIEK-
TpoTepMqucxnx YCTaHOBOK; P, — MOILIHOCTb ra30HANONHEHHDBIX
JIaMiII; {' A — MOLIHOCTHL Npeobpa3sopareneit).

ConporubiieHue npsamoit (oGpaTHOiA, HyJIEBOIt) MOCNEI0BATENBHO-
CTH Z 1r.iom (Z 25.10m> Z Onir-vow ) B OTHOCHTEIIBHBIX EAMHMIIAX TIPH HO-
MHHAJIBHBIX YCIIOBHAX NOIYCKAETCs paCCYUTHIBATE IO opMyne

1
%lur.uou =S8y = (3.37)

S; ’

R

rae Ry; v X|; — aKTMBHas ¥ HHIYKTHBHAS COCTAaB/ISIOLIHE CONPOTURNE~
HHS NpAMoit (0OpaTHOH, HyJEBOI) IMOCTeJOBATENBHOCTH I-TO MOTPeOH-
TEJA, BKITIOYaA COCTAR/IAIONINE CONPOTHRIIEHMS 3/TEMEHTOB, CBA3BIBAIO-
LMX TOTpeOuTeIs ¢ MIMHaMK Yana (1o 1 KB); Mx 3HaYeHus B OTHOCHTE-
JIbHBIX €AMHULIAX TIPH CYMMaPHO# HOMWHANBHOM MOLIHOCTH Sy, KB'A, 1
CPEIHEM HOMHHAJIBHOM HATPSDKEHUM TOU CTYIIEHH HaNPSDKEHUSA CeTH,
I¢ OHa NMPHUCOCIHHEHA, TIPUBEEHB! B Tab1. 3.22; S; — NoyHas ycTaHoB-
JIEHHAS MOLLHOCTS j~T'0 NOTpeOHTe I HArpy3KH, KB-A.

I'pumep pacyera Tpexdasnoro K3
Jns KoMIpeccopHoit noacTaHIMK paccuuTath Toku K3 B Toukax
K1u K3 (puc. 3.5).
Hexodnvie dannvie.

Crnoroit Tparicgopmarop: = 1000 kB-A; u, = 5,5 %; AP, = 15kBr.

ACHHXDOHHBII JBurarens: £, =200 xBr; KIT=94%; U, =380B;
cos ¢ = 0,91.

Bce nBuraTenu paGoTaloT ONHOBPEMEHHO.

Kabene k ocBeTHTensHOMY 1mtKy: CBIN 3x25, 1= 200 m.
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I}KI
_LPZ LA LAHBLA

et
123 8 8

Puc. 3.5. Cxema y9acTKa UenH

AgToMaTiecKuit BeIKiouarens A3134, I, = 600 A.

Tpancdopmarops! Toka Tuna TK®-3 600/5 A ycTaHOBIEHE! B IBYX
¢azax.

PyGunbamk PJ paccumtan Ha Tok 600 A; P2 — Ha 400 A.

Iluamn L1 IIIMA 1250 8x140, wmina cexaau 1500 v, umina 7,5 M.

luns I72: IITPA 73(630 A) (yyacTku cOOpHBIX LIMH MeXIy OT-
BeTBIeHUAMH), cevenve 10x80 Mm2, 1=0,77M, Ha BCEX ydJacTKax
IIMHEI PACTIONIOXEHH B OHOM TLIOCKOCTH.

Pewenue:

1} Kopomwxoe 3ameixarue e movre K1.
AKTHBHOE ¥ MHIYKTHBHOE COTIPOTHBIIEHHS TpaHcgopMaTopa Orl-
pencasiotes o dopmynam, MOM

2
RT = HHDM 106

Sz
100 P, U2
X. = L HLHOM 104
! uﬁ (S T.HOM ) STHIJM
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L

Ry R R

Puc. 3.6. Cxema 3aMEmMENHA

15.0,42 .
R, = 10007 108 =2,4MO0m;
2
100-15Y)" 0,42
X, =55 ——=| =2 =8,47MOm.
. .5 (1 ) I ,47MOM

Conporvenenusa wvH 111

R,= lr[, 7,5-0,034 = 0,255 MOwm;
X, = Iy =7,50,016 = 0,12 MOm.

IlepexonHoe COMPOTMRIEHHME KOHTAKTOB pyOmMnbHMKa Pl (cm.
Tabn. 3.17)

Ry, = 0,15 MOM.

Cxema 3aMenieHus st Touky K1 (puc. 3.6) COCTOMT M3 Psifia Toce-
JOBaTENBEHO BKIIOYEHHHX CONMPOTHBIEHUHN
R,=R + R, +R,;=24+025+0,15=2,_8 MOm;
X=X, +X,, =847+ 0,12 = 8,59 MOwm;
Zy =[R2+ X2 =/2,82+859% =9,035 MOM.

INepnonwueckas cocrarnsiomas Toka K3 B Touxe K7

om0 os gaen

«fz,_ V3.9035

Ecmv He yYHTHIBATE COTIPOTHMBIIEHHE IIIMH M KOHTAKTOB Ha CTOPOHE
HU3LIETO HAIMpsDKEHMs], T.€. YYWTHIBATD CONPOTHBIIEHUE TONEKO
TpaHchopmaropa, To ToK K3 nonyuutcs Sonbire Ha 3 %:

I = ——400 = 26,2KA-

" 324218472
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Ornpenenym yaapHbiit Tok K3 or cucremsl. I1o KpuseiM Ha puc. 3,3, 6
HaitneM ypapHbiii K03(QQHLKEHT B 33aBUCHMMOCTH OT COOTHOLLEHUS
X/R:

Xy _ 8,59 ~3,06,
R 28
TOLIA kyn = 1,36.
Crnepnoraresibho, yoapHblii Tok K3 6e3 yyera aJieKTponBHIraTeeii

i)ul = ky.u 'JEI“ =136 ‘Ji -25,44 =48 93xA.
HeiicTBylouiee 3Hayenue nosaxoro Toka K3 3a 1-ii nepuon

Iy, = 1,1/1+ 2k, —1)? = 25,4441+ 21,36 ~1)? = 25,44 -1,122 = 28,54 xA.

OmnpenemyM ynapubiit Tox K3 ¢ yuerom anekTpongsurareneii. Co-
TIPOTHBICHMS 3MEMEHTOB Lien¥ oT aBurareieii no Touku K3 K1 ne

YYHTHIBAIOTCS.
HomMuHanbHBIH TOK IBUraTeNnei
3P X
IMHDM Gooe = Sk = ],06 KA.

" JBU,cospn 3-380-0.94-091

ITockonbKy cyMMapHbIii HOMMHaNBHBIH TOK 3NEKTPOIBUraTeNeii
Gonbiue, yem 0,017, (nepuonmyeckoit cocTansioweii Toka K3), anek-
TPOMBUIATEJIM HAI0 YYMTHIBaTh. TOrIa 3Ha4YeHHE YI[aPHOTO TOK4 C yue-
TOM [IBMrateneit iy, = ﬁkm I, +6,51,;,,, =4893+6,5-106 =5582xA,
T. €. TIpY yJeTe ABUratTeseit ynapueiii Tox 6oneiue Ha 12 %.

2) Kopomioe 3amoicarue ¢ movre K3,

Conporupnenve xabens no Tabu. 3.8 R, = 0,85:200 = 170 MOwm,
X, = 0,089-200 = 17,8 MOm.

IMepexonrHoe COMPOTHBIEHUE KOHTAKTOB pyOmneHMka P2 10
Ta61L. 3.17 R, = 0,2 MOMm.

Buraucasem:

Re=R+R, tR,+R,+R,+R =
=2,4+ 0,255+ 0,15 + 0,077 + 0,2 + 170 = 173,08 MOm;

X£=Xr+Xml +Xm2+XK=
=8,47+ 0,12+ 0,1 + 17,8 = 26,49 mOwm;
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b 400
/34/173,082 + 26,492

=1,334xA

a Xz 26,49

ry 17308

Torna iy, =k, 21, =10-2-1,334 = 2,74xA.
HetictByiomee 3HaueHne Toxka K3

I, =1, 1+ 2k, -1)? =2,74xA.

Tok K3 or neurateseii He yuuTsIBacM, BCIIEACTBHE GoNblLIOl yia-
JIEHHOCTH MX oT MecTa K3. TlockoneKy B ITaHHOM Clydae CONpoTHBIIE-
HHe TpaHcdhopMaTopa M Kabesasi MHOTO GONbllle, YeM OCTalbHEIE CO-
npotHBieHusA Uenmd K3, TO cOnpoTHRIEHWE OCTANBHLIX 3MEMEHTOB
LIeIY MOXKHO He YYHMThIBATE.

=015k, = 1,0.

ITpumep pacyera Toka K3 ¢ yueToM KOMILIEKCHOH HATPY3KH

JLiisl cxeMBl, IPUBEOEHHOM HA PHC. 3.7, OTIPele)INTE MaKCUMANBHELE
Y MMHHMaNBHBIE 3HaY€HUs TOKOB ITpH Tpexdastom K3 B toukax K1
u K2,

Hexoonvie dannbie.

Cucrema C: Uy, , = 10,5 kB; I, o0 = 11 KA

Tpancdopmarop Tt TC—IGOO/]O, exom — 1600 KB-A; U, = 10,5 xB;
U,=0,4xB; P, =16 kBT, u, = 5,5 %.

K.HOM

Lvsornposoast 1T LL[MA4—3200; Lo = 3200 A; R, = 0,01 MOm/m;
Xiyn = 0,005 MOM/M; [; = 10 M.

W3mepurenpHbie TpaHChOpMaTOphi Toka TAL 1, = 500 A; Ry, =
= 0,05 MOwm; Xy, = 0,07 MOM.

bornroseie koHTakTHBIE coenvuenus: R, = 0,03 MOwM; uucro co-
eOUHEeHWH n = 4.

Apromarnueckue Buikmouaten QFI, QF4 'mna «ONEeKTPOH»:
Loy =1000A, R, ;= R, s =025M0M; X, ,, = X, ., = 0,1 MOm.

KomrutekcHas Harpyska KH: cymmapHas akTHBHAS MOLIHOCTb
P; = 350 xBT; cosp = 0,8. B coctaB Harpysku BXOESIT ACHHXPOHHBIE
OBMIATENH, JIAMITEL HAKATHBAHMA, TIPeobpa30BaTeNH CO CIIENYIOIYMU
nanHeiMu: Py =175 kBr, P, = 35 xBr, P, = 140 xBr.

Pacuem napamempos cxembi samewenus (puc. 3.7, 6). Conporusie-
HUE CHCTEMbI X, paccuMTanHoE 110 hopmyne (3.2)
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