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"NMPEAUCIIOBUE
*

M3meputenbubie TpaHCHOPMATOPEL TOKA M HATIPSKEHHS — OJIHH U3
HanbosIee PacnpoOCTPaHEHHBIX aNNapaTos B IEKTPOYCTaHOBKax. MMu
OCHaUICHBI BCE NPHCOEUHEHUS Hanpskenuem 0,4 kB u BolLue.

HanexxHocTb paboTel M3MEpHTENBHBIX TPaHC(HOPMATOPOB BO MHO-
TOM OMpeIeNIAeT Ka4eCTBO Gy HKUHOHNPOBAHUS YCTPOMCTB peneiinoii 3a-
IMTDI, SJIEKTPOABTOMATHKH H TOUHOCTb U3MEPEHHIi 3IEKTPUUECKHX Be-
JIHYMH B yCJIOBHAX KOHTPOJIS PEXKMMOB paboThl /1EKTPHUECKHUX CTaHLIHI,
ceTeld M IPOMBILLIEHHBIX NIPEANPUSTHIA.

H3mepurenbHbie TpaHCHOPMATOPBI CIyKaT /1Sl NOHKWKEHHS IEPBHY-
HbIX TOKOB H HaMpsKEHUH, IOABOAMMEIX B YCTAHOBKAX [IEPEMERHOIO TOKA
K W3MEpHTEIbHBIM NPUGOpaM M penie 3alUMThI U JIEKTPOABTOMATHKH.
IIpumenenue TpaHC(HOPMATOPOB TOKA M HATIPAKEHHS I03BOJISET MCTIONb-
30BaTb /U1 M3MEPEHHA U KOHTPOJIS CTaHJAPTHBIE H3MEPHTENbHbIE NPH-
GopsI U peneliHyIo annapatypy CTaHAAPTHOTO UCIIONHEHHS.

Tpancdopmaropsl Toka M HaNpPsKEHHUS U3OMUPYIOT H3MEPHTEIbHBIE
NPUGOPbI U pesieliHyIo almnaparypy oT BLICOKOTO HANPSKEHHS, YeM 0Bec-
neuuBaeTcs 6e30MacHOCTb X TEXHHYECKOTO 06CTyKIBAHHUS.

B HacToOsALIeM W31aHUH PaCCMOTPeHB! Ha3HAYEHHE, IPUHLIMI IeHCTBHS,
Cr10co6bl H 06BLEMbI IPOBEPOK M UCTIBITAHUI H3MEPUTETBHBIX TpaHcop-
Maropos. Mcrnons30Banel AefiCTBYIOWME HOPMATHBHO-TEXHUYECKHE 10~
KymenTsl [1, 2] u metonnueckue marepuanst AO «®@upma OPIPICy.
OcHoBHbIe cBefieHHs 06 annaparax, pekoMeHIALHH 10 PacueTaM 1 npo-
BEPKE B3SATbI U3 JIMTEPATYPhI, NOCBALEHHOH, B YaCTHOCTH, TEXHHYECKO-
My 00C/TY>KMBAaHHIO U3MEPHTE/BHBIX TPaHC(HOPMATOPOB M pelleitHOi
3amuTel [3-7].

Topsnox u npueMbl TEXHUYECKOTO OGCIYKMBAHHSA COOTBETCTBYIOT
BO MHOrOM MpaBH/1aM yXO/ia 3a annaparypoii peneiiHoi 3auursi [8].

Hapeemcs, uto noco6ue Gyner cnocobCTBOBAT MOBBILIEHHIO Kaye-
CTBA TEXHHYECKOTO 00CTY)KMBaHNS YCTPOWCTB 3ALIHTH M aBTOMATHKH.

Bawu or3biBel ¥ 3aMeuaHUs IPOCUM NpHCHLIATh MO anpecy: 115201,
Mocksa, Kaumpckoe ., a. 22, kopn. 3, 3A0 «U3narenscTso HIL 5HACY».



Fnasa 1

OCHOBHbIE CBELAEHUS
O TPAHCHOOPMATOPAX TOKA

*

1.1.CXEMA 3AMELLEHUS U BEKTOPHAS BUATPAMMA
TPAHCOOPMATOPA TOKA

COOTHOIIEHHS OCHOBHBIX BETMIHH, XapaKTepU3YIOIMHX paboTy TpaHc-
¢opmaTopa ToKa, MOTYT ObiTh yCTAHOBJCHBI HA OCHOBE €ro CXeMbl 3a-

eHHs U BEKTOPHOH AHarpaMMal.
MemHa puc. 1 npnieneﬂm cxeMbl TpaHcdopmaropa Toka. Ha cxeme 32-
Merenus (cM. puc. 1, 6) He TOKa3aHO CONPOTHBJICHNC nepBU4HOM 00-
MOTKH, TIOCKOJIKY OHO HE BJHMACT Ha pa6o'Ty Tpancdopmaropa TOKa.
ITepBuuHBIid TOK [ ', TOK HAMArHHIMBAHWA I' o " [OJTHOE COTPOTHBIIC-
Hye BETBM HaMarHWuuBauus Z ', ., paBHOC E/T o OTMEHEHbI UITPH-
XOM, UTO O3HAYAET, YTO WX 3HAUEHHs TPUBE/IEHbI K BTOPHHIHOH oOMOTKE
TpanchOpMaTopoB TOka. ITO NPHBEICHHUE BBITIONHACTCA NEPECICTOM
yepe3 HOMHHATBHBIH KOIGHUMEHT tpancdopmanuu K, paBHbIH OTHO-
LICHHIO HOMHHATBHBIX TIEPBUYHOTO W BTOPHYHOTO TOKOB, yKA3aHHBIX

Ha LIUTKE TpaHcopMaropa ToKa:
KI = Il HOM/IZ HOM

CTHO
60 110 BUTKOBOMY KO3(ULIMEHTY TpaHchopMauny K, . ecnuu3se
YUCIIO BUTKOB MEPBUYHOM S| M BTOPHUHOH S, 06MOTOK:

K, = SJS,.

npl/lBCLlCHllblC BCJIMUHUBLL
I'=1/K T

1M ‘glam s 1T

IK, . 7' =/ K?

1HaM ’ III:IM

8
a 6 T o0
Puc. I. Cxembl tpancopMaTopoB TOK:
a, 6 —yCJIOBlll-I.\' ()6()’{1111“0“"171', 6 — JAMCUICHIH

T'nasa 1. OcHoBHblE cBeeHNs: O TpaHCGOPMATOPaX TOKA

AxTuBHOE R, ¥ MHIYKTHBHOE X, CONPOTHB/IEHHS BTOPUIHON OOMOTKH
TpaHc(opMaTopa TOKa Ha cXeMe puc. 1, @ MOKa3aHkl B BUE TIOJHOTO CO-
npoTHBJIeHHs Z,. Ha TOH ke caMO# cXeMe 3aMeLIEHHMS MOJIHOE CONPOTHB-
Nenue Z, NpescTaBisieT co0oi 00beIMHEHHbIE CONPOTHUBIIEHHS PeJIE, M3~
MEPHTENbHBIX MPUOOPOB U COSAMHHUTENBHBIX [TPOBOZOR BO BTOPUYHOH LIeTIH
TpaHcgopmartopa Toka; Z, 06bIMHO Ha3BIBAIOT CONMPOTUBJIEHUEM BTOPHY-
HOH Harpy3ku TpancgopMaropa Toka. AKTHBHYIO U pEaKTHBHYIO COCTaB-
JIAIOIIHE 3TOrO COMPOTHBIIEHUS 0603Ha4aIOT COOTBETCTBEHHO R U X .

ITonoxurenbHele HanmpaBJeHHs TOKOB Ha CXeME 3aMEHIEHUS COOT-
BETCTBYIOT IOJIOKHTEJIBHBIM HalpaBieHUsSM, NPUHATBIM Ha CXeMax yc-
noBHBIX 0003HauYeHwi (cM. puc. 1, a, 6), rae TOUYKaMH OTMEYEHbI OJHO-
NOJAPHbIE BHIBOABI NEPBUYHON U BTOPHUHON OOMOTOK (UX Hauasna WiH
KOHLB! [IPH HAMOTKE BUTKOB B OIHY CTOPOHY ).

I'lpu paccMorpeHuu paboTht TpaHcdopMaTopa Toka cieayer HMeTh B
BUY, UTO OObIYHO CONPOTHBIIEHHS B CXEME 3aMELLEHHs HUYTOKHO MaJslbl
M0 CPAaBHEHHIO C OOILUM COMPOTUBIICHHEM MEPBUYHON LENH, B KOTOPYIO
BKJTIOUEH TpaHChOpMAaTop TOKa, IO3TOMY OHH HE RIMSIOT Ha 3HAYEHHe Tep-
BUYHOTO Toka. Heobxoanmo Takke y4uThIBaTh, YTO HANWYHKE B TpaHcdop-
MaTope TOKa CTAIBHOrO cepAeuHHKa oOYyCJIOBIIMBAET HEMHEHHOCTL CO-
NPOTHBJIEHHS BETBH HaMmaruuunsanus Z', . . Benencrsue atoro toku I
1 [,, KaKk NpaBujio, HeCMHYCOUaNIbHBL. CyMMa 5THX TOKOB, KaK BUJIHO U3
CXEMBI 3aMeLLeH s, paBHa TOKY [',, KOTOPbIA OObIMHO CHHYCOMIATIEH.

HecuHyconaanbHble TOKH W HaNpsXKCHHUS HE MOTYT H300paxkaThCs
BEKTOPaMH, MOCKOJIBKY MX FapMOHHYECKHE COCTAB/IAIOLINE HMEIOT pas-
Hele yacTtoThl. IlosTomMy npu paccMorpenun pabotbl Tpanchopmaropa
TOKa ¢ TOMOLLBIO BEKTOPHBIX AHAarpaMM HECHHYCOMJaNIbHbIE TOKH W Ha-
NpsPKEHUS YCIOBHO 3aMEHSIOTCS 3KBHBAJIEHTHBIMH CHHYCOUAAIBHBIMH,
HMEIOLUMH TaKHUE JKe JeHCTBYIOLIME 3HAYCHHUA.

Bekropnas muarpamma TpaHcopmaropa Toka, NpUBeAeHHas
Ha puc. 2, MOCTPOEHA COMIACHO CXeMe 3aMelleHus (cM. puc. 1, 6). 3a
MCXOJIHBIH NPUHAT BEKTOP TOKa [, . BeKTOp HanpshkeHNs BTOPUIHOH 00-
motku U, paBeH CyMMe BEKTOPOB Mal€HHH HanpsykeHus OT Toka [, B
aKTUBHOM Y MH/IyKTHBHOM COIPOTHBJICHHIX Harpy3KH BTOPUMHOH OOMOTKH
Z .. Onexrpoasicyas cuna (JIC) sropuunoi o6MoTKH

E,=U,+12,.
CornacHo aTOMY Bblpakenuio v noctpoen Bekrop OC E, Ha auar-
pamme. COOTBETCTBEHHO MOJOKUTENLHBIM HaNpaBjieHUsM MEPBHYHOTO

 BTOPHYHOTO TOKOB, NIPUHSATBIM Ha PUC. | NPOTHBONOIOXKHBIMH B TIEp-
BUYHOM M BTOpruHON 06MoTKax, JJIC nepsuuHOi 06MOTKM F| HaxomuTes
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8 st
TexHuueckoe 06CiyKHUBaHKHE M3MEPHTEIBHBLIX TpaHC(l)opMdmpnu TOIGER 1 WIp#KCIH

A o+ B g nporusodase ¢ HIC E,.
r Bexrtop paboucro Mamm-
u Horo noroka & onepexa-
et Ha 90° sexrop DJC E; ,
HaBeAeHHOW DTHM MAarHMUT-
HpIM noToxoM. Bekrtop
TOKa HaMarHH4vBaHHA
I, OTEPEXAET BEKTOP
maruuTHoro noroka @ Ha
yroi y, 00yC/IOB/IEHHBIH ak-
THBHBIMH MOTEPAMH B CTa-
JM cepAevHHMKa. Yroh y
MOKET ObITb MONYy4eH H3
9KCTIEPUMEHTAIBHBIX KPH-
Boix y =f(B), rne B — mar-
HMTHAs MHAYKLMA.
BekTOop NEepBHYHOrO
TOKa II' Ha AYarpaMme pa-
BEH CyMME BEKTOpOB BTO-
pHYHOrO TOKa [, M TOKa Ha-

marHuuuBaHus [,

=1+ L,

E »

1 Tokam I I, coorser-
CTBYIOT nporruBoneuchylo-
L1j¥ie MarHWTHbIE TIOTOKH Tep-
BUYHOM M BTOPHUHOIM OBGMOTOK, NOCKONIBKY ITH TOKH B BUTKAX 06}\;:?;?:;{;-(
npaesieiibl BeTpedno. COOTBCTCTBCHO OTOMY BLIPOKEHHIO Mamm:[ o
nepBUUHONH OOMOTKH ydellOBClllVleC'l c#t PaGOUUM MarHUTHBL noToxe
CO3AIOIUMMCS TOKOM [}, » W Pa3MarinBaiouuM JEHCTBHEM 5-

Puc.2. BekropHas quarpaMma
TpatcopmaTopa ToKa

1.2. NMOrPELLHOCTH TPAHC®HOPMATOPA TOKA

[Tox morpeuHocTsMU TpaHchopmaTopa Toka nonpa3ymeBai0Tc;; 3:-
JIAUMA BEKTOpa BTOPHYHOTO TOKA I, or BekTOpA MPUBEJEHHOTO NCP e
HOro TOKa I ' 110 MOIYIIIO U YIILy. 3Tu OTNIUUMA oGycnoaneHm uanuqueq

Hblii NOTOK B CCpACY-
TOKA Hamarﬂnqusaﬂm I' .\ CO3NAIOMIETO MATHUT
HHKe TpaHcpopmaropa.

8

['masa L. OcHoBHBIE CBeAEHUS O TpaHCopmaTopax TOka

[lpu orcyrcTeuu norpewHocted (npu I', = 0) Toku L, I, Obuid 65t
paBHBI O MOTYSIO U COBIaaiu Obl 110 haze, T. €. MoriH O6b1 ObITh NOKA3aHbI
Ha AdarpaMme OfHHMM BekTopoM. OnHako Takas BEKTOpHas AHarpamma
BEpHA JIMLLB [IPH NIPHHSATBIX HA CXeMax pUc. 1, @ ¥ 6 ONOKHTENBHBIX HarpaB-
JIEHUAX TOKOB. EC/i Ha 3TUX cXeMax Juis OZIHOro M3 TOKOB (Hanpumep, 1)
[IPUHSTD 32 MOJIOKUTETbHOE MPOTHBOTIONIOMKHOE HAIpaBJIeHKE, TO TP OTCYT-
CTBHH NOrpelHOCTeH TOKU [, M 1] 107KHbI GbITh NMOKA3aHbBI IBYMs OIMHAKO-
BBIMH T10 BEJTHUMHE, HO IIPOTHBOITONOKHO HaNpaBieHHbIMHU BEKTOpamMu. 3To
B)KHO YUHUTBIBATH [IPH MPOBEPKE NPABIILHOCTH BKITIOYEHHUS BTOPHUYHO#M 06-
MOTKHM TpaHc(opmaTopa TOKa, KOraa ero NorpeliHoCTbI0 npenedperaior.

H3 cxembl 3amelenus puc. 1, ¢ BUHO, YTO 3Ha4YeHHE TOKA HAaMarHu-
yusanus I’ . a CIEJlOBATENBHO, U MOTPEINHOCThL TpaHC(opmaTopa Toka
3aBUCAT OT COOTHOLWEHHS CONPOTUBJIEHHI BETBH HAMArHUYMBaRUA Z', ¥
Liend BTOPUYHOro ToKa (Z, + Z,). Yem Goab1umit TOK OTBETBASETCS B CO-

NpoTHB/eHHe Z' . TeM Gosiblile MOrpeHoCcTh TpaHchopMaTopa ToKa.
TokoBasa norpemHocTsb, % I [,

£, =100-2—"1

Yrnoeast HOrpeliHOCTE — YTOn O MC)K,IW BEKTOPaMH MePBHYHOIO U BTO-
puusoro /, Tokos (cM. puc. 2) B rpajycax, MHHYTAaX WIK B CAHTHPa/IHaHax —
CUMTAETCSl TOJIOKUTESbHOM, KOT/Ia BEKTOp TOKA [ OMepeIKaeT BEKTOP TOKA.

VYrioBast norpeiHoCTL O MOXET ObITh onpeﬂeneﬂa yepes yron no-
TEpb 0L U Yroj Y MeXXIy BEKTOpamu E U I Ha sexropHoii auarpamme
TIPOU3BENECHO JOTMOIHUTENBHOE HOCTpoeHue M3 KOHLa BEKTOpa TOKa ||
IPOBEAEH OTPe30k AD NMEPNeHANKYNAPHO NPOJOIIXKEHHIO BEKTOPA TOKA
I,.Otpesok A =T, cos(at+y), Tak KaK yroi Mexy HUM U BEKTOPOM
roxa HaMarHW4MBaHHUs PaBEH CyMMe YIMIOB OL+Y, MOCKOJIBKY YT MEXTY
BEKTOpaMHU [ u [HaM (yrne! npu BepiurHe () pasen 90° — (aty).

Takum 06pa30M yIJI0Basi NOrpeliHOCThb

5= arcsin{(];w/[,’ )cos(a+y)]

ITonnas mOrpemIHOCTD — ACHCTBYOLEE 3HAUSHHE PA3HOCTUH MIHO-
BEHHBIX 3HaYeHud TOkoB 7, W ', cornacHo 'OCT 7746-68. Tounocrs
paboTel TpaHC(HOPMATOPOB TOKA, MPEIHA3HAYEHHBIX TS pefielHOM 3a-

IUThl, XapaKTePU3YETCsl NIOJHOM MOrpelIHOCThIO B YCJIOBUSX YCTAHO-
HUBLLIErOCS PEKUMA.

Ilonuas norpemHoCTb, %

e=1001,/1.

HaM




TexHuueckoe 06cny>1<nBaHue U3MEPUTENBHBIX TpaHC(bopMa'mp(m O N TEIpPshrenust

Ec/M osTHas NOrpemHocTs He mpeBbilaet 10 %, 1o o1ia MomKeT OBITH
BBIpaKeHa YNPOILEHHOH GopMyoi

e=100|1,-1|/1 -
1.3. HOMUHANIBHASY BTOPUYHAS HATPY3KA

Ipy yBeIHUEHHH CONPOTUBJICHUS BTOPUMHON HArpy3Ku Z, norpe-
HOCTH TpaHCOPMATOPa TOKA BO3PACTAIOT BCICACTBHE YBEIHICHHA TOKA
HaMarHU4UBaHHA.

Cormacto TOCT 774668 HomunanbHask BMOPUSHAR HAZPY3KA Ly, o\ —
T10J1HOE COMPOTHBJIEHHE BHELLHEH BTOPUIHO# LieTH TpaHcdopMaTopa ToKa,
umetoiLeit koaduuueHT MolHOCcTH 0,8, NPU KOTOPOM rApaHTHPYHOTCS KJ1ace
TOYHOCTH WJIH TpeeNbHas KpaTHOCTh TpaHchopmaropa Toka. Homunase-
Hasi BTOPHYHAs HArpy3Kka BBIPKAeTCs B OMaxX WIM B BOJILT-aMrepax Mpu
HOMHHAJIPHOM BTOPHYHOM Toke. Ee 3naueHune yCTaHaB/IMBaeTCA 3aBOAMH —
W3rOTOBUTEIAMH TPAHC(HOPMATOPOB TOKA U YKa3bIBAacTCs HA LUMTKE, KaK 1
KJIACC TOUHOCTH (BMECTO KJ1acca TOYHOCTH MOXKET CTaBHThes Oyksa «Py,
ecsu TpaHc(opMaTop TOKa NPeHA3HAYEH VTS peNleHHOM 3aLLMTBI).

Cornacto FOCT 7746-68 npedenvuan xpamuocnv K, — Hanbob-
1€ OTHOLIEHHE NEPBHYHOrO TOKA K HOMHUHAJIbHOMY NEPBUYHOMY TOKY
TpaHcdopMaTopa ToKa, MPH KOTOPOM MOjHas MOrpeLHOCTb MPH 3a/1aH-
HO# BTOPUYHOIA Harpy3ke He npesbimaet 10 %.

B uH(QOpMALHOHHBIX MaTepHaiaX 3aBOAO0B-110CTaBUIMKOB NO/K-
HbI IPUBOAMTBCS KPHBBIE NpeaenbHOl kpaTHoCTH K\ = AZ,), IpH KO-
TOpOil He MPEBbIAETCS TOK JUHAMHYCCKOH YCTORUMBOCTH, NCJICH-
HbIH Ha 1,84/2 > @ fuist BTOpUUHOM nenu — 25 % HOMMHAJILHOHW HArpy3KH
(1o He meree 10 B-A) 1 Buie.

[lpenesibHas KpaTHocth HPH HOMUIAILHOH BTOPHYHOM Harpy3Ke Ha-

3BIBAETCH HOMUHAILION HPCOCIbION KPUMTOCIHBIO (KIOHOM)'

JInst BTOPHUHBIX OOMOTOR TPaHC(OpPMaTOpoOB TOKA pesernoi 3atiu-
Tl 3aBOABI-TIOCTABLIMKH JLIOJIKIILL FAPAIITHPOBAT 3HAUCHHE KPATHOCTH
K (o 1 YKA3BIBATB €10 11 HHTKAN TpanchopMaToOpoOB TOKA.

1.4. TUNOBbIE XAPAKTEPUCTUKN HAMAMHU4YUBAHWNA

XapaKTepHCTMKZI HaMariviiaiBantMs — 3aBUCHUMOCTD MaKCHM L IOH
HHAYKUHWH Bma\: OT HANPSHKCITHOCTH MArtiMTHOTO NoJjis Hs CCPJICHIHIKS
Tpchd)opmaTopa TOKA

Bm:\\ - /(H)
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I'nasa 1. OcHOBHBIE CBENICHIS O TPAHC(HOPMATOPaX TOKA

H3BecTHO, uTO

H=0,4x ST, /I wia H=0,4x FIl,

rae S— YUCIIO BUTKOB, [0 KOTOPBIM IIPOXOMT TOK £,

| — cpenHss [VIMHA CHIIOBOM JINHUH MarHUTHOTO TOJIS;

F— marnutoasmwxkymas cuna (MIIC).

Takum 06pa3oM, HanpsyKEHHOCTb MAarHUTHOrO mons H npsaMo mnpo-
nopuxoHansHa MJIC F.

XapaKTepHCTHKH HaMarHMYMBaHUS JJIst CepACYHHKOB TpaHChOpMa-
TOPOB TOKa CTPOATCH B BUAE 3aBUCHMOCTH

Boax =S (F).

IIpu sTom nnaykuus 1 MJIC Beipaskalorcs B yeNbHBIX BETHUHHAX:
B —BTecnax Ha | cm? ceueHHs CepAeUHHKA H Ha OfMH BHTOK OOMOT-
KH, Tn/(cm*-But); F — B amniepax Ha | cM cpemHeil JAMHBI MArHUTHOTO
nytd (A/cm).

Cornacro 'OCT 774668 B nH}OpMaLOHHBIX MaTepHaiax 3aBoJ0B —
U3roTOBUTENEH TPAHCHOPMATOPOB TOKA OKHBI [IPHBOJANTHCS THIIOBbIC
KPHBbIE HAMArHHYHBAHHS (3aBUCHMOCTD MaKCUMAaIbHOW MHAYKLHMH OT
JeHCcTBYyIOLEro 3Ha9e 1 HaIPsYKeHHOCTH MarHUTHOro nosis), MJIC npu

HOMHHAJILHOM TOKE, CPEIHSA JIHA MArHUTHOTO 1Ty TH K CEYEHHE MarHu-
TOINpPOBOAA.

B__Tn
™ ] Bmax’Tn
/] B b
16 [ . i
2 1,6 2 2

1,2

1 2 2 f
0,8 H 08 b
0,4 04 L

] 1 I ] I ] !

1 I
0 1 2 3 F, Alcm 0 20 40 60 F,Alem
a 7

Puc. 3. Yepenuennsie (1, 2) u npamoyronbssie (17, 2') xapakTepucTHKH
HaMarH{4MBaHUA JIEHTOYHBIX CEPAECYHUKOB JUTA Pa3lIMYHbIX 3HAYCHHUIL F*
(a—or0no5 A/em; 6 —ot 2 o 100 A/em; 1(1") — xononxoxaranas crans 3310,
2(2") - ropsuekatanas cTain D42
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Teximucckoe 00C/y K HBAHNE U3MECPUTEINBHBIX TpaHC(])()pM;rmpt VHTOR P T /KCHMS

CepieuHUKH TPaHC(HOPMATOPOB TOKA OOBIMHO H3IOTIIIIIBAOTCS U3
XOJIONHOKATAHOM WM ropsYeKaTaHoi TpaHChopMaTOpIioil C11i MapOK
D310 n D42. Ha puc. 3, @ 1 6 B KQ4E€CTBE MPUMCPA HPHBLC/ICHEL YCPEel-
HeHHbIE XapaKTepPUCTUKN HAMATHWYMBAHHS JICHTOUHBIX CCPJICHHIKOB H3
CTanu yKasaHHblx Mapok. Kak BUAHO u3 puc. 3, O, XapaKrepHCTHKH Ha-
MarHM4MBaHHs 15 CTAIM 06eUX Mapox B 00aCTH HaChileHns cOMKa-
1o1csi. [lpy TOJHOM HACKILIEHUH CTaNH 9310 unpykaus B, cOCTaBUT
npumepHo 2 Ti, a cranu 542 — 1,9 T

[Ipu npoBepkax TpaHcdopMaTOpoB TOKa (HaNpuMep, Npy NPoOBEpke
BOJILT-AMIIEPHBIX XaPAKTEPUCTHK) TUIIOBBIE XapakTePUCTHKH HaMarHu-
uMBaHMS CIIEAyeT NepecTpouTh B kpusble £, =f (I, ). Jlis oTol uenu
OpJIMHATH! HECKOILKMX TO4EK Ha XapakTepuctuke B . = f(F) nepecuu-
ThIBAOTCSA 1O opMynam:

E, = B, SF,/450]

2 HOM?

I'HBM = (F/FHOM )lIZ HOM?

rae B, ~ — MakcumabHas MArHHTHAA HHAYKUMS, Tn;
s — CeyeHHe CTalH ceplevHHKa, CM%;
/ — Cpe/iHssl ANIMHA MaTHWTHOTO ITyTH, CM;
F,,  — HOMHHalbHad MJC, A, F-MIC, A;
I

oy — HOMMHAIbHbIA BTOPHYHBIH TOK, A. Tlpu atom E, Beipaxe-

Ha B BolbTax, /', — B ammnepax.
Ha puc. 4 ToKa3aHbl XapaKTePHCTHKE HaMarHuuuBanus £, = S
NIOCTPOEHHBIE 10 NPUBEIEHHBIM BhIlIE GOpMYy/am W XapaKTepHCTHKaM,
n300paXKeHHbIM Ha pHC. 3, IUIA TpaHC-

E,Br dopmaTopoB TOKa ¢ GIM3KHMH Mapa-
METpPaMH, HO C CepieYHUKAMHM M3 CTa-

400 1 AU pa3iikiX Mapok: 06a TpaHchopmaro-
o0t /1, pa Toka MMEIOT KO3hOUUHEHT
Tpanchopmaunu 600/5, F, = 600 A

200 ¢ u [ = 150 cM; cepnedHuk Tpanchopma-
100 Topa Toka TBJIM-110 u3 cranu 3310
umMeeT ceueHue 89 cMm?, a cepaeuHUK

0 1 2 3 7 - THM-110 u3 cranu D42 — cedenue

A
Ham 86,5 cm?.
Puc. 4. XapakTepucTHKH Ipu 6onbwnx (Gonee 10 %) mo-
namaruuunBanus E,=f(I' ) rpelHocTIX TpaHchopmMaTopbl ToKa pa-
TpaHchOPMaTOPOB TOKA TUIMOB:  GOTAKOT B 0OJ1aCTH ITyBOKOrO 1iChIe-

1-TBAM-110; uust. [Ipy 5TOM B psifie Cly et /U aHa-
2~ THJIM-110
12

I'mapa 1. OcHoBHbIE CBEACHUS O TPaHC(OPMATOPAX TOKA

7M3a MX paboThl U onpeneneHusl NorpelHocTed nenecoobpasHo 3ame-
HATB PeaibHbIC XapaKTePUCTUKH HaMAarHHYWBAHHSA NPAMOYTOIbHBIMH.

IIpamoyzonenas xapakmepucmuxa namaznuyuganus (ITXH) nauu-
HaeTcs cpasy OT OCH OpAMHAT (CM. puc. 3). 3TO O3HAYaEeT, UTO A0 AOCTHAKE-
HHS HACKILIEHHS TOK HAMArHUYKBAHS PaBeH HYJIO 1 TpaHchOopMaTop TOKa
paboTaeT Ge3 norpeiuHocTeii.

Wupyxumio B, npy KOTOPOH HAaCcTynaeT HAaChILEHHE [TPH yKa3aHHOM
MOZETHPOBAHUY XaPAKTEPUCTHKH HAMarHHYHBaHUS, MOXKHO IPUHKUMATD
pasHoit 1,7 Tn ans ctann 2310 u 1,4 Tn mos cranu D42,

s tpancdopmaropa ¢ [TXH xapakrepHsiM miapameTpom, Becbma
YAOOHBIM NpH pacyeTax, sBISETCH HOMUHANbHOE CONPOMuUGLeHue Ha-
colujenus Z,, ., PAaBHOE IOJHOMY CONPOTHBIEHHIO BTOPHUYHON LETH
(Z,*+Z,), npu KOTOPOM CeplIeYHHK TpaHC(HOPMATOpa TOKA HAXOAHTCS Ha
TpaHU HaChILUIEHHS, €CITH NEPBUYHBIN TOK /| paBeH HOMHHAJILHOMY.

HomuHanbHoe conpoTuBieHne HackiLeH!s, OM

Zyac = BysF,, 14501}

HOM

Zoae = BysS,K 1, 14501

1HOM *

Bonee Touno 3HayeHune Zﬂac MOXHO ONpeACATE SKCIIEPUMEHTANBLHO,

HTO PCKOMEHAYETCA BBIMIOJIHATE NP HOBOM BKJIIOUCHHH.




Fnasa 2
NMPOBEPKA TPAHCO®OPMATOPOB TOKA
*

[Ipy HOBOM BKJIIOYEHHH TPAHC(HOPMATOPOB TOKA M WX BTOPHYHBIX
ueneit coGIIONAOT CIACSAYIOIYIO MOCTeIOBATEIbHOCTE NIPOBEPKU:

a) n1oa6op AOKYMEHTALUH Y O3HAKOMJIEHHE C HEi;

0) BHewIHUH OCMOTP;

B) [pe/BapUTEIIbHAS TPOBEPKA CXEMbl COCAMHEHHS BTOPHUYHBIX Lie-
neii NpO3BOHKOM;

I) IPOBEPKA CONPOTUBIICHHS W3OJIALIAH M JIEKTPUUECKON TPOYHOCTH
U30JISAL{MH BTOPUYHBIX OOMOTOK;

B) ONpeZE/ICHUE OAHONONAPHBIX BBIBOJOB NEPBUUHON W BTOPUYHON
0OMOTOK;

€) CHATHE BOJIBT-aMICPHEBIX XapaKTEePHUCTHK;

) IPOBEPKA YCTAHOBICHHBIX KO3((ULIMEHTOB TpaHCHOPMALMH K OT-
BETBJICHHA 0OMOTOK;

3) onpeeNeHHe CONPOTURIIEHHS BTOPUYHOH Harpy3Ku,;

1) IPOBEPKA MOJIHON CXeMbI COEANHEHHI BTOPUUHBIX OOMOTOK;

K) NpoBepka pacyeToB MPHIOAHOCTH TpaHCHOPMATOPOB TOKA NpH
paGoTe B JaHHBIX YCIIOBHUAX;

1) oopMieHHe Pe3ynbTaTOB NPOBEPKH.

IMpu m1aHOBBIX NPOBEPKAX BBIIOAHAIOTCA NIl a, 6, T, €, JI.

Ecnu 1 peMOHTHBIX paboT pa3bHpanuch BTOPUUHBIE LIEMH, TO A0~
TIOJTHUTENBLHO NPOBEPAETCS MPABUIILHOCTE MX MOCIeAyoleH cOopku no
. H.

IMocne 3aMenbl TpaHcHOPMATOPOB TOKA NPOBEPKA NPOM3BOAUTCS B
obpeme NI O, T, A, €, XK, U, K, JI.

[py M3MEHEHMSX BTOPUYHOH HAarpy3KH NPOU3BOAMTCS MPOBEPKA 10
L. 3, K, J1.

CpOKH 1poBepOK TpaHC(HOPMATOPOB TOKA YCTaHABJIMBAIOTCA B COOT-
BeTcTBHU ¢ «O6BEMOM U HOPMaMH HCHBITAHUI NEKTPOOOOPYAOBaHHUSD)
[1].

Ilepen npoBepKoi TPaHCHOPMATOPOB TOKA U MX BTOPHYHBIX Lierer
HeoOX0IMMO ITOATOTOBMTh!

* [IPHHLMMATBHBIE U MOHT@XXHBIC CXEMBI BKJIOYEHMS BTOPHYHBIX
nenei;

* pacyeT CONPOTUBIIEHHS BTOPHUHOM Harpy3KHu;

* pacuer NPUrOAHOCTH TPaHCHOPMATOPOB TOKA;
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I'nmasa 2. [Iposepka TpaHcOpMaTopoB TOKa

* JaHHBbIE O TOKAaX KOPOTKOTO 3ambikanus (K3);

* GI1aHKM 11aCMOPTOB-TIPOTOKOJIOB;

* UHCTPYKIMH N0 NPOBEPKE YCTPOHCTR 3aLUThLI M aBTOMATHKH, NTOJ-
KJIFOYEHHBIX K NPOBEPSIEMBbIM TpaHc(OpMaTOpaM TOKa;

* UCTIBITATE EHY IO aliNaparypy, H3MepuTenbHble IPUOOPHI 1 HHCTPYMEHT.

2.1. BHELLUHUA OCMOTP TPAHC®OPMATOPOB TOKA
M NMPOBEPKA CXEMbl COEQUHEHUWA

OcmoTp BhInonHAeTCs cortacHo «O6uied MHCTPYKUHMH NO Mpo-
BEpKe YCTPOUCTB peNieifHO 3alIUThl, 37IEKTPOABTOMATHKH U BTOPHY-
HBIX TIeneky [5].

Ocoboe BHHMaHHe cieqyeT oOpaTHTh Ha HEKOTOpble 0COOEHHOCTH
KOHCTPYKIUH TpaHCHOPMATOPOB TOKA U BINOJIHEHHE MX LIENeil.

BEIBOABI BTOPHUYHBIX OOMOTOK TpaHC(hOpMaTOpOB TOKa, OCOOEHHO
BCTPOEHHBIX, XOJKHBI OBITh HAZEKHO 3aLUMILEHBI OT MOMNajaHus Ha HUX
macna u Bnard. KabenbHble pazfie Ky He JOMKHBI NTPOIYCKaTh MPOMNH-
TOYHYIO Maccy U3 kabened ¢ OymaxkHol n3onsuuei.

Kabemnu Bo BropryHBIX LieNsx TpaHCHOPMATOPOR TOKA JOJIKHBI ObITh
BIJIFOUYEHBI Tak, YToObl CyMMa TOKOB B MX »KMJaxX Bceraa Obina paBHa
HYJIO.

KouTponbsHble kabesid U NPOBO/a, MPOSIOKEHHbIE TI0 KOPIyCaM CHIIO-
BOro 00OpymMOBaHU (MACIAHBIX BbIKJIIOUATEN e, CUIOBBIX TpaHchopMa-
TOPOB), JOJDKHBI ObIThH HAJEXKHO 3alLMIIEHEI OT MEXaHHUYECKHX [TOBPEX-
nexuii npu paboTax Ha CUIIOBOM 000pYA0BaAHWH,

Berpoennsie TpaHchOpMAaTOpbl TOKA JOJIKHBI YCTaHaBJIMBATHCH
B COOTBETCTBHM C 3aBOACKHMU HAAMUCIMHU «BEpX» M «HU3». Ecin
HAANHUCH OTCYTCTBYIOT, TO HEOOXOAUMO [0 YCTAHOBKU Ha MECTO
OMpeAeNIUTL HavyallbHbI BbIBOA A BTOPUUHON OOMOTKH, MO HEMY —
ONHOMOJIAPHYIO C HUM CTOPOHY TpaHchopMaTopa TOKa «BEPX» H
BOCCTAHOBUTH HAMHCH.

PacnopHbie KJIMHBA YCTaHABIMBAIOTCS TOJBKO B T€X MeCTax, Iie
HMEKOTCS 3aBOJICKHE HAAITHCH «KJTUHY,

Ecnu orcyTeTsyoT 0003HaueHus BHIBOAOB BTOPUUHBLIX OOMOTOK, TO
11e06X01MMO N0 YCTaHOBKH TPaHC(HopMaTopa ToKa ONPeIeNIuTL ¥ HAAEKHO
»003HAUYUTH BCE BBIBOBI.

PexoMeHayeTca AN BCEX BCTPOEHHBIX TpaHc(OpMaTOpOB TOKA
liepell YCTAaHOBKOH NPOBEPUTH WX UCMPABHOCTH, CHAB BOJIBT-AMIEPHYO
-apakTepUcTHKy. [locne ycTaHOBKM Ha MeCTO, 710 3aIMBKK Macia, CiIe1yeT
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TexHuueckoe 00CyKIBaHUC HIMEPUTEABHBIX TPaHC(POPMATOPOB TOKQ M HATPIAKEHUST

[IOBTOPHO CHATB BOJIT-aMMEPHYIO XapaKTEPUCTHKY 1 NPOBEPHTE HOJIAP-
HOCTB, 4TO6bI YOEIHTHCA B OTCYTCTBHH TIOBPEs/IEHNI OGMOTOK H B rpa-
BHJIBHOCTH YCTAHOBKH.

Tpancdopmarops! Toka Tuna TB-35, BCTpauBaeMbIC B BRIKIIIOHATEITH
BM-35 1 BMJI-35 ¢ HOMHHAJIbHbIM BTOPHUHBIM TOKOM 2,5 A, TIpe/iHasHa-
YeHbI TOMBKO LIS [IAPAIIETHHONO BKIIOYEHKS IBYX TPAaHC(OPMATOpOB TOKA
Ha (azy ¢ koapHMeHTaMu TparHCHopMaLIK 50/5,75/5,100/5.

TpancdopMaTophl TOKa MHOIHX THIIOB U WCHONHeHUH (Hanmpumep,
TBT-110, TBT-220) MOryT HOCTaBIATECSA C HOMHHAJILHBIM BTOPUHHAIM
tokoM 5w 1 A. Tepes ux ycTaHOBKON HEOOXOAMMO NIPOBEPUTH COOT-
BETCTBHE HOMHHAJIBHOIO BTOPUYHOTO TOKA TIPOCKTHBIM 3HAYCHUIM.

Y tpancdopmaropos Toka B KPY ¢ BbIKaTHBIMH TEJIEXKKAMH 10~
[10JIHMTE/ILHO [IPOBEPAETCS HAEKHOCTh PabOoTh! IUTENCE/bHBIX Pa3be-
MOB M MepeKiodaresiell BO BTOPUYHBIX HEMAX. Bo Bcex ycTpolicTBax
C HCTIBITATEIbHBIMH GI10KAMH IPOBEPAETCS HAAEKHOCTb paboThI 6110~
KoB. /711 5TOro BO BTOPHYHYIO LeTb MEXK/Y PasbeMOM HilH 670KOM M
pefe BKJIOYaeTcs aMiepmeTp (Tuna BA®-85 nnu anasoruunbiii). Ha
BXOJHbIE 32KUMbl Pa3beMOB MM Gnokos mopaercs Tok 5-10 A ot
nocroponHero ucrounuka. Tenexka KPY unu BeieMHble €Tl 6110-
KOB CTaBATCA B Pa3HbIC MOJOKEHHS, U 110 OKa3aHUAM amrepMeTpa
IIPOBEPSIOTCSA IPABUIBLHOCTD M HAACKHOCTD NEPEKITIOYCHHS TOKOBBIX
uenei.

Tpancdopmaropsi Toka tuna TOH crexyeT ucnoas3osark Oe3 pas-
PSATHHKOB, UTYHTHPYIOLX IEPBUMHYIO OOMOTKY, C KOTOPBIMH OHH BbIITyC-
kanuch go 1957 r. C 1957 I. 3aBoa BblIycKaeT 3T TpaHc(opmaTopbl
ToKa 6e3 pa3pAIHHUKOB.

V Beex TpaHcdopmaropos Toka Tvnos TOH, TOHK u nogoOHbIX
UM HEeOGXOANMO BCKPBITH OTACAEHHE BHYTPHU LOKOMS, TS noMella-
{OTCS BBIBO/ABI BTOPUUYHBIX OGMOTOK H BBOJIbI B Kabe/ibHbIC KOpOOKH,
IPOBEPHTH MCMPABHOCTb Pe3b0Obl WTHIPEH MPOXONHBIX H3ONATOPOB
BBLIBOJIOB, BBOJIOB U 'ack, HaJ€KHOCTb KOHTAKTOB MEPEMbITKH MEXK-
1y BBOJAMH U BBIBOJAMH, HAJIMUHE ripucrnocobieHn oT caMOOTBHH-
YUBaHU FAeK, KAYECTBO YIUTOTHEHUH MPOXOAHBIX H3015TOPoB. KoH-
CTPYKUHH, HA KOTOPBIX YCTaHaBIHBAIOTCSA TpaHcHOpPMaTOpsl TOKA,
JOJKHBI 00ecnednBaTh BO3MOXKHOCTD OCTYT1a BO BHY TPEHHIOKO HacTh
[IOKOJIA B IPOLECCE IKCIUTyaTalMH.

JInst oy 9eHHst 3aJaHHOTO Koo rLHeHTa TpaHchopMalLmru HCOOX0-
JIMMO BCKPBITH BEPXHIOKO KPBIIIKY TPaHC(OPMATOpa TOKA U BLIMOTHHUT

TIepecoe/IMHEHHs. CeKIIMH MEPBUHON 0OMOTKH, NOMb3YSCh 3aBOCKUMHU
cXeMaMH 1 0603HAUEHHUSAMH, IOMELLEHHBIMHU MO/ KPBIILKOH. ¥ Tpancop-
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MaTOPOB TOKA HEKOTOPBIX TUIIOB BTOPHYHAs 00MOTKa CepACHHHKA Kilac-
ca 0,5 umeeT OTBETBIICHU 11 U3MEHEH U Ko3hduLeHTa TpaHchopma-
11MH, OOMOTKH CepJIeYHUKOB /] BBITIONHEHBI M3 IBYX CEKLMH — 14 Mocie-
JIOBaTeNIBHOTO M MapaJuleIbHOro BIUTIOYEHHH. DTH TPHUCTOCO0AeHUs! [0-
3BOJISIOT U3MEHATH KO3 QULIMEHT TpaHChOPMAaLMH HE3aBUCUMO OT CXEMBI
BIJIOUEHH A CEKLUH nepBUHHON OOMOTKH.

YV TpaHchOpMATOPOB TOKA HEKOTOPBIX THIIOB MPOBOA JIs 3a3eMie-
HUS CEpACYHHUKOB BbIBEJEH B KabenbHyI0 KOpOOKYy Ha 3aKuM, 0603Ha-
4eHHbIM OyKBOM 3. DTOT 3aKHM Bceraa JAo/keH ObITh HAJEKHO COeIHU-
HEH C LIOKOJIEM U 3a3€MJIEH.

V tpanciopmaropa Toka TOHK-330 uzonsuus nepsudHoi 0OMOTKH
BbINOJIHEHA U3 HECKONBKHX CJIOEB, Pa3e/IeHHBIX METANIMYECKUMHU NPO-
KIIaIKaAMH, 06pa3syIolMMH eMKOCTHBIH ienuTeb ($ha3HOro HanpsHKeHHs.
ITocneaHss HapyxHast OOKJ1a/iIka BEIBOAMTCS HA 38)KUM B KabeJIbHOM KO-
poOke, 0bo3HaueHHkI OykBOH 3, 1 BCerma 1o/pkHa ObITh HANEXKHO CO-
CIMHEHA C LIOKOJIEM.

Tlpennocnenusas usMepuTenbHas o0KNaKa BLIBOAUTCA Ha Bhisoa M
(He myTaTh ¢ BoiBOAAMH #| u H) v ucronb3yercs As oTOopa HanpshKe-
uns ornaiikamu [TMH. Ecian uzmepurenbhas obkiiazika He UCNONB3YET-
csl, TO BBIBOJ /4 HEOOXOJMMO COEIHHHTD C 3KUMOM 3 U 3a3€MIIUTh.

Tpancdopmarops! Toka Tunos TOHK-400 u TOHK-500 cobupa-
IOTCS M3 JIBYX 4acTell Ha mecTe MoHTaxa. Ocoboe BHUMaHuUe criemny-
¢T 00paTHUTP Ha HaJIe)KHOE COEAMHEHHE BBIBOAOB BTOPUYHON 0OMOT-
KM BEPXHEro cepAcuHHUKa C BBOAAMH NMEPBUYHON OOMOTKHM HIKHHX
CCpPIEYHHUKOB U COeTHHEHHE CepACUYHUKOB U 3KPaHOB BEPXHEHN YacTH
¢ ee nokoneM. [ns yno6¢TBa paboThl peKOMEHIYETCS CHATh BOJIBT-
AMIEPHBIE XapaKTePUCTHKH BCEX CEPIEUYHUKOB 3THX TpaHchopMaTo-
OB TOKa J10 UX cOOpKH.

V Bcex TpaHc(OpMaTOPOB TOKA MECTO 3a3eMJICHHs BTOPHUYHBIX 00-
\IOTOK JOJKHO OBITh JOCTYNHO 0€3 CHATHSA BbICOKOrO HanpsikeHus. Bee
»IEKTPHYECKU COCIMHEHHBIE B OIHY CXeMY BTOPUUYHBIE 0OMOTKH TPaHC-
)OpMaTOpOB TOKa HE3aBUCHMO OT UX KOJHYECTBA IO/KHBI ObITh 3a3€M-
‘ICHBI TOJIBKO B OJHOW TOYKE.

PeKomeHunyeTCf{ BBITIOIHATE 3a3€M/ICHUE HAa BXOAHOH cOopke 3axu-.
VOB NaHEJIEH 3aLUTh] WK YTIPAB/ICHHs HJIH HA TPOMEXYTOUHOM cOopke
- KMMOB, OmKaliiteil k TpaHcopMaTopam Toka. BropuuHble 0OMOTKH
1 paHC(OpMaTOPOB TOKA, IMTAIOLME TOALKO CUETYUMKH, AOMYCKAETCA 3a-
“*“MJIATb HETOCPEICTBEHHO Ha BbIBOJAX.

B 3aBMCHMOCTH OT KOHCTPYKTHBHBIX OCOOEHHOCTEH pacnpeieuTeE -
11’0 yCTpoHCTBa, yo6cTBa MOHTaXKa M OKCIUTYaTAlMK H IIPOYUX TIPUYMH
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TexHuuecKoe 00CTYKHBAHNE U3MEPHTEIIBHBIX TPAHCHOPMATOPOB TOKA M HAIPSIKCHUS

nepBHuHas o0MOTKa TpaHc(OpMaTopa TOKa MOXET BIJIIOUAThCs BBIBO-
pom JI, K mmHaMm (JI, — K JTHHAN) Wi Hao6opoT. Bo Beex ciyvasx Heob-
XOJMMO OGECIedHTh TPABUIBHYIO MAPKHPOBKY BTOPUHMHBIX LeneH, co-
ronas OCHOBHOE TpeGoBaHHe (POBOJ BTOPUYHOH LIeTTH, NPUCOEIHHEH-
HBIi K BBIBOIY BTOPUYHOM OOMOTKH, OIHHAKOBOH MOJIAPHOCTH C BHIBOLOM
NepBHYHOI OOMOTKH, NPUCOEMHEHHBIM K ILMHAM, MaPKMPYETCS 110 Ha-
3BaHHMIO 3TOH (a3bl HE3aBUCHMO OT CXEMbl COCAMHEHHA BTOPH1HBIX 06-
MOTOK).

IIpoBepka cxeMbl COeIHHEHMH, CONPOTHBIICHUSA H3OMIALIMHI 1 JTCK-
TPUYECKOM MPOYHOCTH H3OJIALMH BTOPUYHBIX LierNeH NPOBOAUTCS B COOT-
BETCTBHH C HHCTPYKIIMEH N0 TIPOBEPKE YCTPOHCTB peseiiHO#H 3aIMThI.

[TpHHUMIIMAIBHAS CXEMA 17151 OTIPEICIICHHS OIHOMOIAPHBIX BBIBOJOB
0o6MOTOK TIpUBe/ieHa Ha pHC. 5.

Baixtrouaresib K MoxeT ObITh t000ro Tvna. MICTOUHMKOM MOCTOSH-
HOTO TOKa B MOXKeT CITyuTh Gatapest Cyxux snemeHToB Ha 4,5 B (na-
TIpUMep, UCTIONb3yeMast [171st KapMaHHbIX GOHApeit) MIIM aKKyMYJIATOpHAs
Garapes Ha 6 B ¢ N3BECTHOM MIOJIAPHOCTBIO BHIBOJIOB. JlobaBouHOE CO-
MpOTHBJIEHHE R OTPaHH4MBACT TOK [0 3HA4EHHS, 6e30nacHoOro i aK-
KyMYJISITOPOB.

B kauecTBe H3MepUTeIbHOro npubopa I” KOJKEH NPUMEHATHCS
MArHUTOREKTPUIECKHUI MHILTHAMIIEPMETD HITH BOJILTMETP C 0603Ha-
YEeHHOW MONAPHOCTHIO BBIBOJOB, JKEIATENBHO C HYJIEM TNOCEPENHHEe
1Kanbl. EC/IM HeW3BeCTHA MOJispHOCTb BEIBOOB PUOOpa HIIM HCTOU-
HHMKA TOKa, TO UX Heo6XoauMo cBepHTh. Ilpejien usmepeHusa MU~
ammepmeTpa 5-10 mMA, BonsTMeTpa — 1,5-3 B. Ecan oTkionenus
CTpefkH NpUGopa OKaXyTCs HEAOCTATOUHBIMHU [Ji YETKOro onpe/e-
JNIeHHs HAMPABJIEHMS, TO HEOGX0AUMO NPUMEHHUTH NIPHOOP ¢ MEHbLIM-
MH TNpefesiaMd U3MEPeHUH MM yBEJIMIUTH HANPAKEHUE UCTOUHHKA

B K MOCTOSSHHOI'O TOKa.

* o I[1pu KpaTKOBPEMEHHOM 3aMbIKaHHH NEPBUY-

Hoit ueru Beimouarenem K crperika npuGopa
KPaTKOBPEMEHHO OTKJIOHAETCA B KaKylo-u60
cropony. [TonOupaeTcs Takoe BKIIFOUSHHE TPH-
6opa, uToObI [pK 3aMbIKAHHU NEPBUYHON LIETIH
cTpesika npubopa OTKIOHMNACh Brpaso. Torna
OHOTIONAPHBIMU OyAyT BBIBOJbI NEPBUYHOH M
oTpeieneHHA BTOPUYHON OOMOTOK, IPHCOEMHECHHBIE K TIIOCY
OZHOTIOMAPHBIX Hatapeu u iocy npubopa. B aTom ciryyae npu
BBIBOZIOB TpaHcQop-  PA3MbIKaHHH NEPBUUHOM LMK CTpeika npubopa
MaropoB TOKOB 6yaer oTkioHATbCS BileBo. Ecu net npubopa ¢

Puc. 5. Cxema
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/IBYCTOPOHHEH IIKaIOH, MOXHO HCIIO/IB30BaTh MPHOOP ¢ ONHOCTOPOHHUM
OTKJIOHEeHUeM cTpenkd. [Ipy 3ToM HeoOXO0IMMO YHUTHIBAT, YTO MIPH OT-
KJIOHEHMH CTPEeJIKY Takoro npubopa Biero oHa OyAeT yaapsAThCs B yNop U
oTOpackIBaTECA BMPABO.

Ecnmn y npubopa ¢ 0IHOCTOPOHHHMM OTKJIOHEHHEM HMeeTCs IPUCIIO-
cob/ieHHe 1715 yCTaHOBKM CTPENIKH Ha HYJIb, MOYKHO STHM HpUcocobie-
HHEM CABHHYTb CTPEJIKy BIIPaBO Tak, YTOObI OBUIO YETKO BHUIHO, B Ka-
KYIO CTOPOHY OHa OyJeT OTKJIOHATBCS.

Ipu onpenenenuy OAHONONIAPHBIX BBIBOAOB TPaHC(OPMATOPOB TOKA,
BCTPOEHHBIX BO BBO[BI BBIKIFOUATENS, Oarapes JO/DKHA PUCOCIUHATECS K
UITBIPSIM BTYJIOK OAHOI K TOM ke pa3bl BKIIOUSHHOTO BBIKITFOUaress (puc. 6).

BceTpoennsie TpaHcdopMaTops! TOKa Ha BCEX BBOJAX yCTaHaB/IHBA-
10TCSL OJUHAKOBO IO 3aBOJCKUM HAAMHUCAM «BepX» U «HU3». [losTomy
MOCTOSIHHBIA Tok OT Garapeu Oyner HarmpaslieH B MEPBUYHOU OOMOTKe
rTpaHcdopmaTopa Toka, yCTaHOBJIEHHOTO Ha TOM BBOZIE, K KOTOPOMY IMOJI-
KJTFOYEH TUTIOC 6aTapeH, OT «Bepxa» K «HU3Y», a B TpaHC(hopMarope Toka,
YyCTAHOBJIEHHOM Ha JPyroM BBOZE, — HA0OOPOT, OT «HHU3a» K «BEPXY».
Crpenka npu6opa, NOAKIIOYEHHOTO K BTOPHYHbIM OGMOTKaM OIMHAKOBO
(HanpuMep, 3KMMOM «IUTIOC» K BbIBOAY A4), OydeT OTKIIOHATHCS B pas-
HBIE CTOPOHBL: Y MEpBOro TpaHchopMaTopa ToKa — BIIPaBO, Y BTOPOro —
BJI€BO. DTy OCOOEHHOCTh HEOOXOAUMO YUHTHIBATH MPH ONpPEACICHHH
O/IHOMIOJISIPHBIX BBIBOAOB BCTPOSHHBIX TPaHCHOPMATOPOB TOKA.

Jlns onpeneneHys OHONOISAPHBIX BEIBOAOB TPaHC(HOPMATOPOB TOKa,
ICTPOEHHBIX B BBICOKOBOJIETHBIE BBOIBI TpaHcopMaropa (aBTOTpaHC-
thopmartopa), Ipu coeITMHEHHH 0OMOTOK B 3Be3]1y, OaTapes NOAKIIOYACT-
cs1 K ero BBoaam (puc. 7). Eciiu obMoTku TpaHchopMaTopa coeUHEHBI B
iBE3/ly C BBIBEICHHBIM HYNEM, TO IUIIOC Oaraper CleayeT MOAKIIoYaTh

Puc. 6. Cxema onpeeneHus Puc. 7. Cxema npoBepKY OTHOTIOIAPHBIX
OJIHOITOJISIPHBIX BBIBOJIOB BBIBOJOB TPaHC(OPMATOPOB TOKA,
TpaHc(opMaTOpOB TOKA, BCTPOCHHbIX B BBICOKOBOJIETHBIE BBOJIBI

BCTPOEHHBIX B BBIK/IIOYATENb TpaHcgopmaropa, Mpu COeANHEHNH

06MOTOK B 3BE31TY
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nioouepeHo k BBojaM a3 4, B, C Tpancdopmaropa (asToTpancopma-
Topa), a MHHYC — K BBOAY HeHTpau. [lockoiibky 0OMOTKH TpaHchopma-
TOpa MMEIOT 0OJIBIIOE COMPOTHBIICHUE MO CPABHEHUIO C nepBU4HOM 06-
MOTKO TpaHC(OpMaTopa TOKa, sl 0Ty YeHHs YETKUX OTKIIOHEHUH NpH-
Gopa HEOOXOAMMO ITOBBICHTD HaNpsikenne GaTaper WM PUMEHHUTH npudop
Ha MaJlble peiesbl H3MEPEHUH.

T1pu orpeiesieH K OAHOTIONAPHBIX BHIBOLOB TPAHC(HOPMATOPOB TOKA,
BCTPOEHHbIX BO BBOJIbI CHJIOBBIX TPAHCHOPMATOPOB, HE UMCIOLIIHX BBIBC-
JICHHOM HyJIeBOH TOUKH WM MMEIOLIUX COeIUHEHHE OGMOTOK B TPEYTO/lb-
HUK BHyTpHU Gaka, OaTapes MOAKIOYaeTCs MOOHEPENHO K Ka)XOOoH nape
dazHbIX BBOOB TpaHcdopmaTopa ¢ COOMONEHIEM onpeneneHHoM noc-
11e[10BaTeNILHOCTH M TojisspHocTH (pHc. 8). Tak, ecyii pH BKIIOYEHHH Ha
¢assl 4 ¥ B IUIHOC MOAKIIOHAETCS K (ase 4, To Ha sropoii mape ¢asz Bu C
TLIIOC J0MKeH TOMKITIouaThes k dase B, Ha Tpetbeii mape a3 C u 4 — K
daze C.

ORHONOJAPHBIHA BHIBOJ BTOPUUHOH OOMOTKH B 3TOM Clly4ae ciielyeT
onpeienaTth y TpaHcopMaTopa TOKa, YCTaHOBJIECHHOrO Ha To# (aze, K
KOTOPO#i noKIroueH roc Garapeu. I1pu BITIOUEHUU npubopa Ha TpaHc-
dopmatop ToKa To# (asbl, K KOTOPO#i NOAKITIOYEH MUHYC farapeH, CTPEJIKH
npuGopa 6yAyT OTKJIOHATHCA B 0OPaTHYIO CTOPOHY — BICBO.

Tt onpeeneHus «BepXa» M «HHU3a» y BCTPOSHHBIX TpancdopMaro-
POB TOKa Tepefi MX yCTAHOBKOM Ha MECTO 10 0003HaYCHUAM BBIBOLOB
BTOPHYHOM OOMOTKH ITIOC MPUOOpa MOAKITIOYAETCA K BBIBOAY A. B oxHo
TpanchOpMaTOpa TOKa NPOJEBACTCS TPOBOA, COCAMHSAIOWMA TLTIOC H
MHHYC GaTaped 4epes BBIKIIOHATENb M Pe3UCTOp. barapes BKIIOYaeTCs

-
o —1 ..
/\lAhLB c = 4 4 +¥Y-
N i L S (AR °
] i ;
D D o
 eoe—|

Puc. 8. Cxema nposepKu Puc. 9. Cxema 1poOBEPKHU
OHOTIOJISIPHBIX BBIBOAOB [paBUIBLHOCTH MOHTAXKA
TpancdopMaTOpPOB TOKA, BCTPOCHHBIX TpaHcHOpMaTopOB TOKA,
B BLICOKOBOJIBTHBIE BBO/IbI BCTPOCHHBIX BO BBOJIbI
TpaHcopMaTopa, Npu COSTMHEHUH BBLIKIIFOUATENS
0OMOTOK B TPEYTOJ1bHUK
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1aK, 4TOOBI TIPH 3aMBIKAHUU LETTH CTpeliKa IpHOopa OTKJIOHIACh BIpa-
uo. CTopoHa TpaHcgopmaropa Toka, obpallieHHas K wiocy 6atapeu, 6yaet
«CPXOM», CTOPOHA, OOpallleHHas K MUHYCY Garapeu, — K HH30M».
Onpenenenvie OHONONSPHBIX BBIBOAOB MOAHOCTHIO CMOHTHPOBAHHOTO
rpancdopmaropa Toka 00A3aTeNbHO U1 BCEX TPAHCHOPMATOPOB TOKA,
11C UMEIOIMX COOCTBEHHOM NePBUYHOM OGMOTKM H YCTAaHABIMBAEMbIX HA
BTYJIKH BblKJIIOYaTesied ¥ TpaHcGOpMaToOpOB WJIM Ha LUMHBI HA MeCTe
MOHTaXa.
Y TpaHC(OpMATOPOB TOKA, OCTYNAIOLIHX C 3aBOAA MOTHOCTBIO CO-
VPAHHBIMH, C cOOCTBEHHBIMH EPBUYHBIMU 0O6MOTKamu (Hanpumep, TTIO,
ITIJI, TOH u T. 0.), 0OQHOTIONSPHBIE BLIBOABI ONPEAESAIOTCS JIMIIb MPH
116y BEPEHHOCTH B PaBUIIbLHOCTH 3aBOICKMX 0003HaueHHM M (OTCY TCTBYIOT
iJ1H HEACHO BBINOJIHEHDI), €CITH ObIIN MOBPEXKAEHbI H 3aMEHSTUCH BbIBO-
/bl BTOPHUHBIX OOMOTOK H T. 1. [Ipu 3TOM 06s3aTesnbHa npoBepka rnpa-
BUJIbHOCTH CXEMBI CO€IMHEHH BTOPHUUHBIX LIETIEH.
VY BCTPOEHHBIX TPaHC(POPMATOPOB TOKA, YCTAHABJIMBAEMBIX 10 MEC-
Iy Ha 3aBOJIe-H3rOTOBUTENE (HanpuMep, B Bbikuiiodaren BM-35), oaHo-
HOJISPHBIE BbIBOABI ONPEAENSIOTCS TOJIBKO MPH COMHEHHH B MPAaBUIIBHOC-
I'i 3aBOJCKHX 0603HaYE€HUH, IOCIIE CHATHS H YCTAHOBKH TpaHcdopmMaro-
POB TOKa (HanpHMep, IS CYIIKH) U B APYTHX aHAJIOMHYHBIX CITyYasX.
ITocne ycTaHOBKH BCTPOSHHBIX TPaHCHOPMATOPOB TOKA B BBIKIIHOYA-
11k (0 3aJIMBKH MAacjia) peKOMEHIYeTCsl IPOBEPUTH NPAaBUIbHOCTb UX YC-
'AHOBKH M MOHT@XKa BbIBOJOB BTOPHYHBIX 0OMOTOK. J{1s1 3TOTO 1UTR0C GarTa-
PCH TIOIKJTIOUAETCSA K WITBIPIO BBOAA BBIKITIOUATEN s, 00paliieHHOro B CTOPO-
'y LIMH, 3 MUHYC — K HETOJIBIKHOMY KOHTAKTy TOH ke BTYJIKH 4epes a3 B
vake. I1pubop noakovaeTcs K BbIBOOaM 0OMOTOK TpaHc(hopMaTopos, yc-
1 1HOBJIEHHBIX Ha 3TOM BBoZE (puc. 9). [1o nokaszanuam npubopa nposepseT-
¢St [IPaBMJILHOCTH YCTaHOBKM TpaHCGOpMaTopa TOKa [0 HAJITUCAM «BEPX» U
“11U3» U MIPABHJIBHOCTD 0003Ha4yeHniH (MapKHPOBKH) BHIBOAOB BTOPHYHON
OOMOTKH. ECny BbIK/IHOYaTENb 3a/IMT MacioM, TO MCTIONb30BaTh J1a3 B Gake
HIEBO3MOXKHO. B 9TOM clydae pekOMeHIyeTcsi fpoBoJ OT Garape npucoe-
(MHATh K METAJUTMHECKOMY CTEpXKHIO, KOTOPbIi uepe3 orBepcTHe B Oake
vid JONTMBKM Macna BBOAMTCS B Oak Juls CO30aHMs KOHTAKTa C HHKHUM
NOHLIOM BTYJIKH WJIM TPaBEPCOH BKIIIOYEHHOr0 BhiKIoUaress. HeoGxomumo
'IMETUTB, YTO TPHY 3TOM CO3JaETCsl BO3MOKHOCTD 3arps3HEeHUs Macna, 1o-
HPEKIEHHS SKPaHOB M A00ABOYHBIX CONPOTHBICHHH Bbikitodarens. Kpome
100, B COBPEMEHHBIX KOHCTPYKLIMSX HIDKHSIS YaCThb LITHIPA BTY/KH 3aKpPbl-
11 {yrOracHTe/IbHbIMU KAMEPaMH, H TIPUCOSNMHUTH CTEP)KEHD K KOHLLY LUTHIPS
“*1eHb TpyaHo. IloatoMy Takoit crocod NpUMEHHM TOJIbKO B KpalHeM CiIy-
1€, a Bce MPOBEPKH CIIeAYeT BBIIOHSITE [0 3aTMBKH Maca.
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T1pH onpe/ieNIeHUH OIHOMONSPHBIX BHIBOJIOB TPAHC(OPMATOPOB TOKA
Ha GONBIIHE HOMUHAILHBIE TOKH, 0COGEHHO C BTOPHYHBIM TOKOM 1 A, Ha
3@KMMaX H3MEPHUTENBLHOrO MpuGopa I”(CM. puC. 5), BKIIIOYEHHOTO BO BTO-
PHHYHYIO OGMOTKY, MOKET KPATKOBPEMEHHO MOABIIATBHCS BBICOKOS HAMpS-
kenue. [T05TOMY HEOGXOMUMO NPEKPATHTH BCe APYTHe paboThl BO BTO-
PHMUHBIX LEMSX IPOBEPAEMBIX TPaHC()OPMATOpOB, a paboTatoium ciie-
JyeT n3beraTh IPUKOCHOBEHHS K TOKOBETYILHM HaCTIM BTOPHYHBIX uenei
U mpudopa.

2.2. MPOBEPKA BOJ1bT-AMIMEPHbIX
XAPAKTEPUCTUK

BoabT-aMIepHas XapaKTepHCTHKA MPEACTaBIAeT 3aBUCH-
MOCTb Hamps>XeHUs BTOPUYHOH oO6MoTkH U, OT TOKa HaMarHu1inBa-
Hus I',, IPH PA3OMKHYTOH LieNH BTOPHIHOH Harpy3Ku. Ona siBnseTcs
OCHOBHO IIpY OLIEHKE UCTIPABHOCTH TpaHcopmaTopos Toka. Kpome
TOTO, BOJET-aMIIEPHBIE XaPAKTEPUCTUKH B PA/E CIIy4aes MOTYT GbITh
HCTIONb30BAHBI [IPH OTpeeIeHHH TIOrpeiHoCTeH TpaHcpopmaTopos
TOKA.

Haub6onee pacnpocTpaHeHHas He-

U,B MCTPaBHOCTD TpaHchopMaropa ToKa —

80 BUTKOBOE 3aMblKaHUE — BBIABIIAET-

1 Cs MO PC3KOMY CHHIKEHHIO BOJBT—

& aMrnepiioi XapakTEPUCTHKH U U3Me-

Henuto ce kpytusHet. Ha puc. 10 B

4 F KauecTBC NpUMepa MOKa3aHbl BOJIBT-

2 amlcplbic XapaKTEPUCTUKH TPaHC-

20 ¢opmaropa Toka TB-35 ncrpasHo-

'O M NPU BUTKOBBIX 3aMBIKaHUAX
BO BTOPUYHON OOMOTKE.

A CHWKEHHE BOJIBT-aMIEPHOMN Xapak-

TCPHUCTUKU TIPY BUTKOBOM 3aMbIKaHHH

MPOHUCXOTHT NIOTOMY, YTO TPaHCHOPMATOP

o 1 2 3 4
Ham ?

Puc. 10. BonbT-amnepsbie
XapaKTepUCTHUKH TpaHcpopMa-

Topa Toka TB-35,300/5A TOKA M3 pexuMa X010cToro xoza (XX)
VCTIPABHOTO M NPH BUTKOBbIX ~ [CPEXOMHT B PEXKHMM KOPOTKOI'O 3aMbIKa-
3ambixanusx o sropuano  HWs (K3). [Ipy 5ToM 3aMKHYBLUMECS BUT-
o0OMOTKE: K SIBJLIIOTCS BTOPHYHOM OOMOTKOHM, U ee

I — ucnpasbIit TpanchopMaTop  COMPOTHBJIEHHE LUYHTHPYET BETBb HAMar-
TOKa; 2 —3aKOPOYEH OAMH BUTOK;,  yyyupaHus (CONpPOTUBJiEHME Z' .
3~ 3aKOPOYCHBI BOCEMb BUTKOB  yg e, |, 6), 4TO IIPUBOIMT K 3HATHTEIb-
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11OMY YMEHBIIEHHUIO COTIPOTHBRIEHUS TpaHchopmaropa Toxa. OTMETHM, UTO
BUTKOBBIE 3aMBIKAHUSI TIPH APYTHX NMPOBepKax (Hanpumep, koddduunenra
rpaHcOpMAaIvH ) OOBIYHO He OOHAPYKUBAIOTCA.

Bonsr-amnepHsie XapakTepUCTHKH JOJKHBI POBEPATHCS IPH HOBOM
BKJIFOYEHHU U NOTHBIX IUTAHOBBIX ITPOBEPKaX TpaHcopMaTopoB TOKA.

Hcnpaenocts TpaHc(opmaTopa ToKa Ipy HOBOM BKJIOYEHUM CIIITY-
¢T OUEHUBATh CONOCTABIEHHEM BOJIET-aMIIEPHOM XapaKTepPUCTHKH C TU-
110BOH XapaKTepHCTHUKOH HaMarHWYWBaHUS, IOCTPOESHHOH € MOMOIIBIO
3sIpRKEHUH A1 puc. 3, Wik, UpH OTCYTCTBHHU IOCTEIHEH, C BOIBT-aM-
[IEPHBIMH XapaKTePUCTHKaMU APYTUX TpaHC(HOPMATOPOB TOKa TEX ke
TUIOB, KJ1acca ¥ koddduumeHTa TpaHcpopMalMu.

Tunosasi xapakTepHCTHKA HAMATHHYHMBAHHA CTPOUTCA U3 YC-
JIOBUSI OTUHAKOBOM MarHUTHOM HHIYKIMH Ha BCeX y4acTKaxX cepaevHHKa,
1H03TOMY 114 cozaaHus Oonee OTU3KHX YCIOBHN paboThl cepieuHUKA ITPH
1IpOBEPKE BOJIBT-aMIEPHOH XapaKTepPUCTHKH TOK HAMarHMYMBaHHs 1071-
A€H T10/1aBaThCs BO BTOPHUHYIO 0OMOTKY. [Ipn 3TOM pa3HuIa BeaU4YHH
{/, u E, HECYLUECTBEHHA M MOXKET HE YUMTHIBATHCSL.

BonsT-amnepHas XapaKTepHCTHKa [IPH OTCY TCTBHH HEUCIIPABHOCTEH
(BUTKOBBIX 3aMbIKaHH) HE JIOJKHA ObITh, KaK [PaBUII0, HUKE THIOBOM
XPAKTEPUCTHKH HAMarHUYMBaHUs C YYETOM J0NYCTUMbIX OTKJIOHEHMH,
VvKa3aHHbIX B MTHGOPMAaLKH 3aBOJOB-U3rOTOBHUTENEH.

Heob6xonumo yuuTsiBaTh 60JiblIOE BIHSHHE METOOUKH MPOBEPKH
11OJIbT-aMIIEPHOH XapaKTepPUCTHKU
na pe3yJbTaThl H3MEPEHUH, TaK
KAK B 3aBUCHMOCTH OT (GOpMBI U,B
xPHBOH HaNpsDKEHHS M TOKa Ha- 40
\IATHHYMBAHMSA,  TAKOKE THIIOB MC-
110J1B3YEMBIX M3MEPUTEITBHBIX NPH-

LOPOB MOT'YT ObITh TOTYUESHBI pas- 20
11LI€ XapaKTePUCTUKHU U1 OHOTO

' TOFO e TpaHcdopMmaTopa Toka.

'la puc.1l nokazaHbl BOJILT-aM-
1ICPHBIE XapaKTEePHUCTHKH TpaHC-
Jopmartopa Toka Tuna TB-35, 0 ] 5 T
150/5, nony4eHHple TIpH pa3HOM oA
JopMe KpPUBBIX TOKa W Hamps- Puc. 11. BonsT-aMnepHsie
LCHWS M NIPU M3MEPEHUH HX XapaKTEPUCTUKHA TpaHC(I)OpMaTOpa TOKa
1 1ICTBYIOIMX 3HAYeHUH. Bepx- TB-35, 150/5 npn nposepke pa3HbiMH
i XapaKTePUCTUKA COOTBET- CTIOCe0aMI — CXEMBL:

1 —c aBroTpanchopmMaTopoM;
< 115VCT TOKY H ’
: Yy HaMarHu4HBaHHA, 2 — C IOTEHIMOMETPOM; 3 — C PE0OCTaToM
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6NMU3KOMY K CHHYCOMJE M HECHHYCOM-
TA JIATLHOMY HaTIPSOKEHHIO, & HIDKHSAA — CH-
HYCOMIATEHOMY HAIPSDKEHHIO U HECHHY-
COMIAIBHOMY TOKY HaMarHuuuBanua. [1pu
TIPUMEHEHHH CXEMBI ¢ TIOTEHLIMOMETPOM
¢opma KpHBOH HanpsDKEHHUS UCKAKACTCS
MeHblIIe, YEM MPH PEryTMPOBaHMH TOKA pe-
OCTAaTOM, U BOJILT-AMIIEPHAs XapaKTepH-
CTHKA PaCIoNaraeTcs HECKONIbKO HHXKE.

BoneT-aMIepHyro XapakTePHCTHKY
cAeIyer CHMMaTh MPU CUHYCOMIAbHOM
HanpsbkeHrd. OHAKO, KaK MOKA3aJ OMbIT,
TOJTYYUTh CHHYCOUJATIEHOE HAMPSDKEHUE OT
06BIYHO MPUMEHAEMbIX CXEM C aBTO-
Puc. 12. CxeMbl IPOBEPKH BOJIBT- TpaHcopMaTOpaMH BO MHOTHX CITydasx

aMIIEpHBIX XapPaKTEPHCTHK: HE YaeTcs, M TIPH CHATHM BOJIBT-aMmriep-

u‘y’l ;;grgf);?;ff_“‘c; ag;ﬂ;::;gg;)_ HOM XapaKTePUCTHKH B 00JaCTH HACBILIE-
MATOPOM; 2 — C JBYMS aBToTpac- HHS CHHYCOUTIA HATIPUKEHHS U, 3ameTHO
popmaropamu JIATP-2 uckaxaercs. [Ipu 5TOM U3MEHAETCA H
hopMa KpKBOi1 TOKa HAMarHUHMBAHHS, KOTOPas HAYUHAET NPUOIKATECA K
cuHycouze. B pesyirrate 5TX usMeHeHuH GopMbl KpHBOH Hanpsokenus U,
n I, BONKT-aMrepHas XapaKTCPUCTHKA OKa3bIBACTCHA 3aBbILICHHOIH.

Brnusinue hopmbl KpHBOit Hanpsokenns U, v Toxka [ Ha pe3yJIbTarhl
TPOBEPKH BOJIBT-AMIIEPHOIT NapAKTEPHUCTHKH MOJIHOCTBIO HCKIIOHAeTes,
€CJIM IPUMEHATD JU15 M3MCPEHHS HANPSHKCHHSA BOJILTMETP, pearupy oty
Ha CpeiHee 3HAYEHHE HAlPSIKCIIHA, 4 U1 U3MCPEHMS TOKA — aMNIepMeTD,
pearupyoIyil Ha aMILTUTYHOC 3Hatciue Toka. [Tpu 3ToM A1 nocTpoe-
HHUS BOJIBT-AMIIEPHOM XapaKTCPUCTHKU CIIEAYET UCTIONB30BATh COOTBET-
CTBYIOLIHE TIOKa3aHHsAM STHX TIPHOOPOB AeHCTBYIONIHME 3HAUEHUS CHHY-
COMJANBHEIX TOKA ¥ HANPSXKEHHUA.

OpHaKo MOJyHYeHHas MpH TakoM criocobe onpenenenus U, u [,
BOJIBT-aMIIEPHAS XapaKTEPUCTHKA PAcoNaraeTcs HeCKOIBKO HHKE Xa-
PaKTePHCTHKHM, CHATOM MPH CHHYCOM/IAJIBHOM HATpsKEHUH W H3MEPEHNH
JEHCTBYIOLIMX 3HAY€HNH TOKa U HanpsbkeHus. [loaTomy ee pekomeHy-
eTCS MCTIONB30BaTh TOJIBKO AN OLEHKH MCIPABHOCTH TpaHchopMmaropa
TOKA IpH MJIAHOBBIX NPOBEPKAX.

TIN5 COMOCTABIEHHs BOJILT-aMIICPHOH XapaKTEPHCTHKU ¢ THIOBOH
XapaKTepUCTHUKON HaMarHUYMBAHUS IPH HOBOM BKJTIOUEHHH, 8 TAKKE J1st
e UCMOJB30BAHUS MTPH pacyeTe MOTPELIHOCTEH cle1oBao Obl CHUMATD
24
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HOJILT-aMIIEPHY IO XapaKTepUCTHKY, COOTBETCTBYIOLLYIO ITOJIy4aeMOH Npu
CINyCOHANLHOM HanpsikeHHH U, M H3MEpeHUH L., v U, npubopamu,
PCArHPYIOUIMMH Ha ISHCTRYIOLLME 3HAUYSHHs TOKA U RaTIPKEHHS.

Takas BOSILT-aMIIepHas XapaKTEPUCTHKA MOXKET ObITh CHATA BOJIBT-
MCTPOM, PEeardpyolM Ha cpejlHee 3HaUCHHE HaNpsHKEHHUS, U aMmIep-
MeTpoM, QUKCHPYIOIMM JeHcTByrollee 3HaueHne Toka. Ilpu atom go-
1yCKaeTCs HeKOTOpoe HekaxkeHHe (GOpMBbI KPUBOH HAINPSKEHHUS, TIOCKOJIb-
Ky OHO He BJIMAET 3aMETHO Ha pe3yJbTaTbl NpoBepkH. ONHAKO BCE ke
11COOXOAUMO TIPUMEHSTH MCIBITATENBHYIO CXeMY, 00€CIeUHBaIOLIY O
MilKCHMAJTBHO BO3MO>KHOE MpHOKeHHe GOpMbI KPHBOH HAaNIPSKEHHSA K
cHycouze.

I1py MIaHOBBIX TPOBEpPKaX CleJyeT CHAMATh BOJLT-aMIEPHYIO Xa-
PAKTEPUCTHKY CO CTOPOHBI BTOPHYHOM OOMOTKH, MONB3YACH BOJILTMET-
[pOM, peardpyroLuM Ha Ucp, Y aMIUIMTYIHBIM aMIepMeTpoM. JTa Xa-
PAKTCPUCTUKA JOJDKHA COTIOCTABIIATLCS C AHAIOTMYHOM, CHATOM TIPH HO-
BOM BKJTFOHEHHH.

1py HOBOM BKJIFOYEHHMH TIPUMEHSETCSl HCIBITATEIEHAA CXeMa C aB-
rorpancdopmaropom (puc.12, 6 wiu 2) kak obecrieunBaroLias HAaUMEHb-
Iee MCKaXKeHHe CHHY COMIIBI HarpsDkeHUsA. CXeMBl ¢ PEOCTaTOM H ITOTEH-
ioMeTpoM (puc.12, @ U 6) NIpUMEHATb HE PEKOMEHIYETCH.

[Tpu c6opke ucnbITaTENbHON CXEMBI 151 IPOBEPKHU BOJIET-aMIIEPHOM
\APUKTEPUCTHKH ClIEJlyeT BCErAa BKIIIOYATh BONBTMETP TakK, 4ToOBI €ro
10K 11€ H3MEPSJICS BMECTE € TOKOM I .- OTO OCOOEHHO Ba)KHO MPH CHS-
111t HAYAIBHOH YacTH XapaKTePUCTUKH HaMarHWYMBAaHUA 10 3HAYCHHUM
1oka 0,2-0,3 A. JIng 5Toro BOJISTMETP HYXKHO BKJIHOYATh, K&K MOKA3aHO
i cxemax puc.12, )

[lp1 HOBOM BKJIIOYEHHH BOJIBT-aMIEPHYIO XapaKTEPHCTHKY CIIEAYeT

cunmath npu pabodeM koadduLieHTe TpaHcHopMaLMH 10 3HAYEHHUS TOKa

/. > PABHOTO

I = 01K ]

10°2HOM’

1ne K ) — npenenbHas KpaTHOCTh IIpH (akTH4eCKOH BTOPHYHOW Harpys-
ke TpaHcdopmaropa Toka (MOXKeT ObITh HaliZieHa MO KPUBOH
MpeaesbHbIX KpaTHOCTeH).

I1pu 5TOM BO BCeX Cilydasx jKeJlaTeJIbHO OXBaThIBAaTh XOTA Obl Yac-
110 001acTh HACHIIUEHHS, Il XapaKTepUCTHKa Ooree nosoras  mno-
11OMY MEHBIIE CKa3bIBAIOTCS MOrPELIHOCTH B H3MEPEHUAX HATIPDHKCHHUA.

B3 psime cyqaespu ,, =1 A CHATb XapakTepHCTUKY JI0 yKa3aHHO-
towaueHus [, He TPeCTaBIIAeTCs BOSMOXKHBIM, TaK Kak Npe/e/bHas
+arHOCTb K| | 0GBIYHO COOTBETCTBYET HadaNbHOH YacTH 00OnacTH
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TexHuueckoe 05CIyKHBAHNE H3MEPUTETLHAIX TPAHC()OPMATOPOB TOKA U HAMPSHKCHMA

HACBILICHUA, I1€ HANPSXKCHUS MO-

U, kB 1 ’ET OKa3aThCsi OUEHb BBICOKHM.
16 Tak, Ha puc.l3 noKa3aHbl XapaK-

2 TEPUCTUKH HaMarHW4YyuBaHUA

14 * TpancopMaTOpOB TOKA THIIOB
TOHJL u TOHK, y xoTophIx 06-

12 71acTh HACHIIEHHWS] HAYWHAETCH
npu £,=1-1,5«B, a Ha puc.14, a

10 ¥ 6 — BCTPOEHHBIX TpaHC(opmMaTo-

038 l L 1 I poBs Toka 35-500 kB, y KOTOpbIX

0 1 2 3 4 ILyA E, 8uavane o61acTH HACBILLEHHA
Ha OTBETBIIEHUAX ¢ HAUOONBLIUM
K, cocrapiser 7-22 kB, a Ha OT-
BETBJIEHUAX C MHHHMAaJlbHBIM
K, - 1,2—-11 kB. IloaaBarb Takue
HANpsKeHWs Ha BTOPUYHBIE OOMOT-
2 — TOHK-400, k. 1; K4 TpaHc(hOpMaTOpOB TOKA HEIOITY-
3 - TOHK-500, k1. 0,5 CTHMO.
TTpu NpoBepKe BOIBT-aMIIEPHBIX XapaKTEPUCTHK HAMPSKEHUE HA BTO-
pHuHOl 0GMOTKE HE T0JDKHO MPeBbIaTh 1 kB.
JIns BCTPOEHHBIX W APYTUX TPaHC(HOPMATOPOB TOKA, HMEIOIIHX OT-
BETBJICHHSI BO BTOPHUHOI 00MOTKe, Hanbosbliee [0MyCTAMOE Hanps-
xenue U, JUs pabOoUCTO OTBETBIICHHS ONPE/ICNACTCS N0 BRIPDKEHHIO

U, <1000 K, /K

Tak, mpu MpOBepKe BCTPOCHIOrO TpanchopMaTopa Toka ¢
K= 500-1000-1500-2000/1 wa paGoucm orserenenny 500/1 Hanpsike-
HUe Henb3s MOBbIaTh 6onee

Uzpas max 1000(500/1)/(2000/1) =250 B.

Tpy npoBepke TpaHCHOPMATOPOB TOKA ¢ BHICOKMMH 3HAYCHHAMM E,
MOKET GbiTh MOJTyJeHA JIUIIb Haualibilas YaCTh BOJIBT-aMIIEPHOH XapaKTe-
pucTiku. OiHAKO 3TOFO IOCTATOMHO V1S OLEHKH HCTPABHOCTH TpaHcdop-
maropa Toka (cM. puc.10, 6). [Ipn nposepke Takux TpaHchOpMaTOpOB TOKA
Clle/ly€eT N0Jb30BATHCA MOBBIIIAIOLMM ABTOTPAHCHOPMATOPOM. [pu u3me-
petin U, BONBTMETPOM, PearnpytolidM Ha Cpe/iHee SHaNCHHE HanNpsDKEHWA,
BIIOJTHE TIPUEMIIEMbIE NPEEIbl PEryMpOBaHKs HANPLKCHUA (no 430-450 B)
oBecneurBaioTCs! Iy TIPOBEpKe M0 cxeMe puc. 12, 2. 1o 1ol cxeme Harlps-
sKeHHe UCTOYHMKA uTaHus 220 B noziaeTcs Ha 3aKMMbI aBTOTpaHchOpMa-
topos 127 B, a npu 380 B — Ha 3asxumsl 220 B.

Puc. 13. XapakTepuCTUKH
HamMarHU41BaHUs] MHOTOBHUTKOBBIX
TpaHcdopMaTOPOB TOKA € Haubosee
BBLICOKMMH 3HAUEHHAMU E:
| = T®OH-200, 300-600-1200/1;

pal max

pab max [ max”
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['nasa 2. IlpoBepka TpaHcgOpMaropoB TOKa

[Iposcpra BOABT-aMIIEPHBIX
NAPARICpRCTHK KaCKaaAHbIX TpaHC-
(popatiopon Toka, COCTOSALMX U3
sy civienci (puc.15) ¢ Homu-
MAIILIILING BTOPUYHBIM TOKOM 1 A
I BLICOKIIMH XapaKkTepUCTHKaMU
PN T HBAHKAS HIDKHEH (BTOpOiT)
CIVHCTIN, HHMCET JOTIONIHUTENIbHbIe
OCODCTTHOCTH.

Hpi 11oBOM BIJIIOHEHHUH BOJILT-
AMIICPHLIC XaPaKTePUCTHKH TaKUX
i pitichopMaTopoB ToKa (Harpumep,
I DHIK-400, TOHK-500) nomxHbl
HPORCPSTBCSH OTACIBHO IS Kax-
HON CTYTIEHH, 1S YEr0 BTOPHUYHYIO
OLMOTKY BEPXHEH M MEPBHYHYIO
OUMOTKY HHXKHEH cTyneHeit Heob-
\0HIMO pazbeauHUTh. [Ipu nnaHo-
1IN [TPOBEPKAX BOJIBT-AMIIEPHbIC
NAPAKTEPHCTHKH MOXKHO TIPOBe-
pst'b TOJIBKO JJIsL TpaHchopMaro-
['0l TOKA HYKHEH cTyneHu 6e3 oT-
coc/IMHeHus Bepxuei. [1pu stom,
KO1J1a TPOBEPAETCS BOJIBT-aMnep-
1123 XapakTepHcTHKa J11000ro us3
1paicopMaTOpoOB TOKA HHUXKHEH
¢ I'YIIEHH, BTOPUYHbIE 0OMOTKH OC-
I UIBHBIX TpeX TpaHchOopMaTopoR
10Ka TOH 7K€ HIKHEH CTyNeHH 10J1-
A1ibl OBITh 3aMKHYTBHI Ha CBOIO Ha-
I'PY3KY.

[1pu ucnpasHoM Tpancdopma-
rope TOKa BEpXHEH CTYIEHH ero
I'OK HAMarHMYMBaHHs He NIpeBbILIa-
¢T 2-3 % Toka HaMarHUYMBaHHUA
moboro tpaHcdopmaropa Toka
HIDKHEH CTYNEHH, O3TOMY OH IT04-
M He BIIUSIET Ha BONLT-aMMepHble
XapaKTepUCTHKH TpaHchopMaTo-

U, «B
2%
20

16

1 1 | ! I

01 2 3 4 LA

HaM >
Puc. 14. XapakrepucTukn
HaMarHMYMBaHUs BCTPOEHHBIX
Tpancpopmaropos Toka TBJI-500,
2000/1(1)u 1000/1(1"); TAY-5002000/1(2)
n1000/1(2"), TBT-35,3000/1(3)
1 1000/1(3"), TAY-110,2000/1(4)

n 1000/1(4"); THY-220,2000/1(5)u500/1(5")
¢ HaubosIeE BBICOKMMU 3HAYEHHAMHY E,
TIPY MaKCHMAJIbHBIX X MUHHMAIIBHBIX 71

a-500135kB;6—110u220kB

n

A 0,5
ﬂl H H ‘Hz
Hl HZ 1 H214] HZ HI HZ

Puc. 15. Cxema aBYXCTYNIEHYATOrO
Tpancdopmaropa Toka TOHK]I-500
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TexXHHUECKOE 0GCIYKMBAHKE M3MEPHUTENBHBIX TPAHC(HOPMATOPOB TOKA U HANPSKEHHA

POB TOKa HIDKHEH cTyneHH. B To xe BpeMst BOSHUKHOBEHHE HEUCTIPABHO-
CTH y TpaHc(hOpMaTopa TOKa BEPXHEH CTYyNEHH MOXKET ObITH 3aME4EHO
TIpH IJIaHOBO# TIPOBEPKE MO H3MEHEHHUIO BOJIBT-aMIEPHBIX XapaKTephe-
THK cpa3y Y BeeX TpaHc(OPMaTOpOB TOKA HIXKHEH CTYTEHH.

Ha puc.16, a noka3aHo H3MEHEHHE BOJIGT-@MIIePHOH XapaKTepUCTH-
KM TPaHc(OPMATOPOB TOKA HIDKHEH CTYNEHH MPH 3aKOPOHEHHOM OHOM
BUTKe TpaHchopMaTopa TOKa BepXHeH cTyneHH. Takoe nsMeHeHHe Oy-
JIeT OBHAPYIKEHO JIILIb TP AOCTATOUHOM TOYHOCTH M3MEPEHHH. ToaTo-
MY MpH TUIAHOBBIX IIPOBEPKAX BONBLT-AMIIEPHBIX XapAaKTEPHCTHK KaCKall-
HbIX TPaHCHOPMATOPOB TOKA PEKOMEH/YEeTCA W3MEPATH TOK HaMarHu-
uMBaHUS AMIIEPMETPOM, PearnpyioLiiM Ha aMILTHTYAHOE 3Ha4€HHE TOKa,
npy 0653aTeNbHOM U3MEPEHHH HANPSHKEHHA BONBTMETPOM, pearupyro-
IL{UM Ha CpeJHee 3HaueHHe Harpsxenus. Eciu npu nposepke Oyzner 3a-
MedeHO XOTS Obl HE3HAYUTEIbHOE CHUKEHHE XapaKTEPHCTHKH MPOTHB
CHSITOH NPH HOBOM BKJIFOUEHHH, TO CJIEYeT OTAETILHO MPOBEPHUTH BOJIBT—
aMIIepHYI0 XapaKTepUCTHKY TpaHchopMaTopa Toka BEpXHeH CTyNeHH.
Ha pwuc.16, 6 BUOHO, UTO 3aKOpaYHBAHKE OIHOTO BUTKA TpaHcopMaTo-
pa Toka BepXHeii CTyIeHH JIerko 0OHapyKUBACTCs MPU HEMOCPE/ICTBEH-
HO# NpOBEpKe ero BO/IBT-AMIIEPHON XapPaKTEPUCTUKH.

Heo6X0AMMO OTMETHTb, YTO A/ MOAABIAIOWETO GOJBUIMHCTBA
TpaHCHOPMATOPOB TOKA 0OECTIEYHBAETCA BO3MOKHOCTb TPOBEPKH BOJIHT-
aMInepHON XapaKTePHCTHKH JaXe B 06/1aCTH ITyOOKOTO HACKILIEHHS, TaK
KaK [Py 3TOM He TpeOyIOTCs HallpsHKEHHE BhILIS 250-400 B 1 Tox Gonee
10-20 A. Takue HampsXeHHs W TOKM MOTYT ObITh MOJTyUCHbI MpH HC-
[10JIb30BAHNHU CXeM PUC. 12, 6 WIH 2 C IPUMEHEHHEM aBTOTpaHChOpMa-
topos JIATP-2.

TTpoBepATH BONBT-aMIIEPHBIE XapAaKTEPUCTHKH NOIYCKAeTCs ¢ Ma-
HeJleil 3alLITHI, €CJTH NafieHHe HATIPSHKEHHs B COMPOTHBIIEHHUH JkHJ1 KaGe-
Jeii He BHeceT 3ameTHoH morpeurHoctH (bonee 1 %) B M3MepeHHE Ha-
npsoxenns U,. Kak npaBuio, Takue NpoBEpKM BO3MOXKHbI IPH HOMHMHAIB-
HoM BropuuHom Toke 1 A. Ilpu mpoBepke BOJIBT-aMMEPHBIX
XapaKTEPUCTHK TPaHC(HOPMATOPBI TOKA IOJDKHBL OBbITH MOJTHOCTBIO OT-
CoeMHEHbl OT YCTPOUCTB 3alMThl U ABTOMATHKH U 323EMJICHBI.

OnpeaesieHne HOMHHAJBHOTO CONPOTHBJIEHHs HACKLIIMEHUS
Z,,c AOJDKHO TPOBOIAMTBCS NPU HOBOM BKJIIOUEHUH JU1A TeX TpaHcop-
MAaTOPOB TOKa, IIPH pacyeTe KOTOPbIX HEOOXOAHM 3TOT Napamerp. Tpn
HaJIMYMH HECKONTbKHMX TPAHC(POPMATOPOB TOKA OJHOIO M TOTO XKe UCHOi-
HEHHs, HIMEIOLIMX MaJopa3iM4atoUMecs BOILT-aMIIEPHBIC XapaKkTepHC-
THMKH, JOCTATOYHO ONPEAENUTh Z  JUI TAKOro XKe TpaHcdopmaropa
TOKA ¢ aHAJIOTHYHOI BOJIbT-aMIIEPHOH XapakTEPUCTHKOH.
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I'naBa 2. [Ipoeepka TpancdopmaropoB TOKa

U,B

S(X)'— .

4(x')..

0 02 04 A 0 2 4. LawA

Puc. 16. VIaMeHeHMe BONbT-aMIIEPHBIX XapakKTEPHUCTHK
Tpancdopmaropa Toka TOHK-400:
a—HwkHe# cTynenu kinacca [l; 6 —BepxHei cryneHy;
1 —TpancdopMmarop ¢ 3aMBIKaHUEM OJHOTO BUTKA BTOPHYHOH 0OMOTKH
TIepBOii CTyneHy; 2 — UcnpasHslit TpaHcopMaTop

CHsATas XapakTepHCcTHKa COMOCTAaBISAETCS ¢ XapaKTePHCTHKAMH HC-
[IpaBHBIX TPaHC(HOPMATOPOB TOKA, ONHOTUINHBAIX € TpoBepsieMbiM. OTIIH-
4us He AOJDKHbI npeebiiats 10 %.

2.3. NPOBEPKA KO3®PULMEHTA TPAHCOOPMALIUMA

TIpoBepka xkoaddumeHTa TpanchopMaLiii YCTaHABIHBAET €TO CO-
OTBETCTBHE HOMMHAJIbHOMY 3HaueHHUIO. JTa IpoBepKa obs3aTesnbHa Uis
Bcex TpaHchopmaropos Toka. Oco6eHHO OHa BaXkHA i1 TpaHchopMma-
TOPOB TOKA, UMEIOLIMX NPHUCIIOCOONEHHS U1 N3MEHEeHHs kodbbHLIMeHTa
TpancdopMaLMu — OTBETBJICHHS OT BTOPUYHOM OOMOTKH, CEKLIMOHNPOBa-
HHe NePBUYHON 0OMOTKH | T. 11

B 3aBHCHMMOCTH OT Ha3Ha4eHHs TPaHC(HOPMATOPOB TOKa KOIDPHULIH-
eHT TpaHcdopMalKu MOKET MPOBEPSTHCA NEPBUYHBIM TOKOM OT Harpy-
304HOTO YCTPOMCTBA WM MEPBUYHBIM TOKOM Harpy3ku. Jis 5KOHOMHUH
BPEMEHH 3TY MPOBEPKY PEKOMEHAYETCS COBMELIATH C MIPOBEPKAMH CX€-
Mbl BTOPHYHBIX COCAMHEHHH, AEHCTBUS 3alLUTHl Ha BBIKJIIOYATE]b
NEePBUYHBIM TOKOM OT Harpy304HOIO YCTPOHCTBA WIH C IIPOBEPKOH 3aLLHTH
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TexHuueckoe 0GCTYKUBAHIE M3MEPHTENLHbIX TPAHC(HOPMATOPOB TOKA U HANPAKEHHA

TepBUYHBIM TOKOM Harpy3ku. OCHOBHas IPUHLMNMATLHAS CXeMa TTPOBEPKH
TepBHUHBIM TOKOM OT Harpy304HOTO yCTpOficTBa NpUBE/ICHA Ha PHC. 17.

Harpy3ouHoe ycTPOHCTBO MOXKET OBbITb JIIOOOro THNA W KOHCT-
pyxuun. Kiacc TOYHOCTH H3MEPHTEIBHBIX npuGopoB MOXeT ObITh
mob6siMm — ot 0,5 mo 2,5. [lnaBHas peryjMpoBKa NEPsUYHOroO TOKa
He obs3aTenbHa.

3HaueHHe MEePBUYHOrO TOKA yCTAHABIMBAETCA JOCTATOYHBIM ANl
y106HOTO ¥ TOUHOTO OTCUETA MOKa3aHHH H3MEPHUTENIBHBIX nipubopos. s
OGBIYHBIX H3MEPHUTENBHBIX MPUOOPOB ¢ paboyueit YacThIO INKabl B Mpe-
nenax 20—100 % Bceld 1UKabl 3HAY€HHE BTOPHYHOTO TOKA TOMZKHO OBITH
He MeHee 25 % HOMHHAIBHONO TOKa MPOBEPSEMOro TpaHchopmaTopa
TOKA.

CoOTHOLIEHHE H3MEPEHHBIX 3HaYeH i1 MepBU4HOro /, 1 BTOPH4HOIO
I, TOKOB f1aeT BENUHHHY koo(pbuuueHT Tpanchopmaurdu

K, =1/1,

TTo 2Toil cXeMe peKOMeHIyeTCs IPOBEPATH TpaHcpopmMaropel Toka
C NPHUCNIOCOBIICHUAMY [UTS H3MeHeH s koahduumenTa TpanchopMaLnH,
HANPHMEp BCTPOEHHbIE B BBIKJIIOUATENH, M TPAHC(OPMATOPh TOKA TOH.

Ko duiwmenT TpaHchopMaLidi TpancGopMaropoB TOKA, BETPOCHHBIX
B CHJIOBBIE TPaHCHOPMATOPHI, HEBO3MOXKHO NPOBEPUTHL 1ICPBHHBIM TO-
KOM OT Harpy304HOrO ycTpoHcTBa. B Takux ciyuasx pekoMeHIyeTcs
TIpOBepKa METOZOM KOPOTKOTO 3ambikaHus. lla BuiBogax onHoM u3 00-
MOTOK CHJIOBOTO TpaHcopmaropa ycraiapinpaeTcs TpexdasHas 3axo-
poTKa, B TpH (a3nl Apyroil 0OMOTKH UCPE3 aMIIEpMETPBI MOAACTCA O/l-
HOBPEMEHHO HJIM MO ouepeu Hanpsokettue 220 v 380 B ot Tpancop-
MaTtopa cobcTBeHHBIX Hy* . Takum 0dpasom co3aaeTes NepBUYHBIN TOK
TpaHCc(OPMATOPOB TOKA, APYTHM NMPHOOPOM H3MEPAETCS 3HAYCHHC BTO-
pUYHOTO TOKA. IO M3MEPEHHBIM BEMYHHAM ONPENENAeTCs k03 hHLM-
eHT TpaHchopMaLKi.

[IpenBapuTeabHO 1O MACOPTHBIM JaHHBIM ONpPENCISIOTCs CONpo-
THBJIEHHS OOMOTOK CHJIOBOTO TpaHcopmaropa. Beibuparores 3akopa-
yusaemasi 0OMOTKa M 0OMOTKa, B KOTOPYIO NO/aeTCs HaNpsXKCHUE Tak,
yTOGBI MOTYYUTh MAKCHMAJIbHBIH NEePBUYHBIA TOK. [l1sl yBETMUEHHA TOKA

| B mOn

Puc. 17. Cxema nposepxu koahduIenTa TpanchopMaLim
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I'masa 2. [Iposepka TparcopMaTopoB ToKa

CJICAYET YCTAHOBUTH MEPEKITIOYATENIH PETYIMPOBKH HANPSDKSHHS TPaHC-
{)opmMaTopa B NOJIOKEHUS, COOTBETCTBYIOLE MUHHMAITBHOMY HarpsKe-
11110, BO3MOXKHO U OTHOBpEMEHHOE 3aMbIKaHHe HAKOPOTKO JBYX 0OMoO-
10K TpexoOMOTOuHOro TpaHchopMaropa.

B 3aBUCHMOCTH OT cXeMbl coeJuHeHUH TpaHchopMaTopa U MecT
VCTaHOBKH BCTPOEHHBIX TpaHc(OpMaTOPOB TOKA HAMpsiKEHHE OT coO-
CTBEHHBIX HYK/] OJlaeTCs OJTHO- UM Tpex(dazHoe, Ha HyNeByio ¢asy Hiu
11a Tpu ¢aswl Tparchopmartopa.

OnHoBpeMeHHO ¢ IpoBepkol koadduLenTa TpatchopMaLiu TpaHchop-
\ITOPOB TOKA MOXKHO CHSITH M BEKTOPHBIE JUArpaMMbl U POBEPUTH 3aLld-
1l TPaHC(OpMATOPa, Hanpumep, AuddepeHIHATLHYIO, UK NPABUIEHOCTS
¢OOPKH BTOPHYHBIX Lienel. [Tpyu TakuX UCTIBITAHUAX HeOoOXONUMO MPHUHATD
CUCLMATILHbIE MEPBI 10 obecneveHnIo 6e3011aCHOCTH paboT, MOCKOJIbKY MIPH
¢;ly4aliHOM pa3MbIKaHHM 3aKOPOUSHHOM OOMOTKH Ha ee BBIBOJAX, a TAKKe
112 BBIBOAAX TPETbeH 0OMOTKH TpexoOMOTOUHOTrO TpaHchopMaropa MOXeT
HOSBHTBCS BBICOKOE HATPsKEHUE, OTIACHOE IS )KU3HH.

Ecnuy 310T cnoco6 npuMeHuTh Henb3sl, TO JIYLIMM CrIoco0OM MpoBep-
w1t ko3uurerTa TpancopMaLru SBJISETCH MPOBEPKA NIEPBUUHBIM TO-
~OM Harpy3K#, IIp4 KOTOPOH MepBUUHbBIH TOK ClIEAYEeT ONPEAENATh 110 110-
13aHHSAM TIPHOOPOB, BKJIFOUEHHBIX Ha Jpyrue TpaHcdopmaropbl Toka,
HallpUMep, MUTAIOLLEH JIMHUH, CO CTOPOHBI HU3LLEro HAIMPSXKEHUs DTOrO
At CUIIOBOTO TpaHc@opmaropa ¢ y4eToM ero JIeHCTBUTENbHOro Koaddu-
((MCHTA TPaHChOPMAaLIMY U CXEMBbI COSIMHEHHI.

B kpaiinem cnyuae nonyckaercs cpaBHMBATb IOKa3aHMst MPUOOPOB,
#IJIIOYaEMbIX Ha BCE BCTPOCHHBIE B CHJIOBOW TpaHchopMmaTop TpaHc-
JopmaTopel ToKa (0OBIYHO OHH YCTaHABJIMBAIOTCS MO JIBa HAa KaXIYIO
sy TpancdopmaTopa). Ecan npubopsl BKIIIOMAIOTCS HA pa3Hble TPaHC-
{hopMaTOpBl TOKA MOOUEPENHO, TO HEOOX0UMO O0eCIIeYUTh MOCTOSH-
11Y10 HArpy3Ky.

licu nposepsieMble TPaHC(HOPMATOPBI TOKA MTUTAIOT 3ALIUTY, KOTO-
piul HOAJIEHKUT NPOBEPKE MEPBHUYHBIM TOKOM Harpy3k (mubdepeHuab-
11y 10, HaNPaBJIeHHY0, IUCTaHLMOHHY0, GUIBTPOBYIO M T. T1.) CO CHATHEM
HCKTOPHBIX THarpaMM, TO OJHOBPEMEHHO ¢ MPOBEPKOH 3allUThI MPOBE-
(meres B KosQduureHT TpaHchopmanu TpaHcdopmatopor Toka. Tak
ac npopepsiercs koadduurenT Tpanchopmaliii TpaHchopMaTopoB TOKa,
1T AIOUIMX 3aLIMTY, POBEPSEMYIO Ha OTKIIOUEHHE BBIKITIOYaTeNIs Moja-
‘1cii 1ICPBUYHOTO TOKA (3ALIUTHI C pesie, BCTPOSHHBIMH B ITPHUBOJ, BBIKIIIO-
“aredis, MaKCUMasTbHble TOKOBBIE 3aIUHTHI U T. I.).

I1poBepka koapduLrenTa TpaHCcHOopMaLIMU OT HAIPY304UHOTO YCT-
poiicTea obg3aTenbHa A8 TPaHCHOPMATOPOB TOKA MPH OTCYTCTBUH
HINOJICKUX 11ACTIOPTOB, 0e3 0003HauYeHHs OTBETBICHUI WM CeKUMH
OOMOTOK W T. TI.
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TexHMUECKOE 05CTy KMBAHHE M3MEPHTEbHBIX TPAHCQOPMATOPOB TOKA M HANPKCHHA

JInsi DKOHOMUM BPEMEHH M YMEHBLIEHHs BO3MOXKHOCTH omnbok NpH
M3MEPEHHM BTOPHIHOIO U MEPBUYHOTO TOKOB PEKOMEH/YETCA npUMeHe-
Hue npubopos BAD-85 1 MOXOGHEIX €My ¢ M3MEPHTE/ILHBIMA KJICIL[AMH.
O6s3aTeNBHO TPUMEHEHHE TAKMX NPUOOPOB U1 U3MEPCHHA BTOPUHHOTO
TOKa Mp¥ MpPOBEPKE AEHCTBUSA 3AUUTHI HA OTKIIIOMEHHME BBIKIIOUATCNA
nepsuaHbM TokoM. [ob30BaThCA IMTOBLIMH mmepmenbﬂmmlhr)iglﬁ
GopamH, yCTAaHOBJIEHHBIMH Ha TIAHENSX yNpasjCHAUS, B KPY u
M T. 1., MOYKHO TOJILKO ITPH MOJIHOM YBEPEHHOCTH B IIPABHIIHOCTH T0Ka3a-

B BeeX IpUOOpPOB.

FnaBsa 3

OCHOBHbIE TPEBOBAHUSA
K TPAHCOOPMATOPAM TOKA, UCNOJIb3YEMbIM
B CXEMAX PEJIENHON 3ALUUTDI

*

3.1. NOrPEWWHOCTb TPAHC®OPMATOPOB TOKA
U BJIMSTHUE HAMPY3KU

[TorpemnocTe TpanchopmMaTopoB TOKA, NUTAIOUIUX PEACHHYIO
HIILHTY, He JOJDKHA npeBocxoauTh 10 % no koapduuueHty Tpanc-
Jopmaumu ¥ 7° no yrny B npenenax pacueTHbIX 3HadeHuil TokoB K3
sl KAKIOM 3allUTHhI.

Brinosninenne 3THX TpeGOBaHUiT HMeeT BaXKHOE 3HaUEHHE A BCeX
HULMT, HO B0Jlee CyIeCTBEHHBIM OHO SBISETCS ANs OBICTPOAEHCTRY-
1o1nx quddepeHanbHbIX, AMCTAHUHOHHBIX W HaNpaBJEHHbIX 3aLIHT,
KOTOPBIE MOTYT J€HCTBOBATh HENPABHIbHO, OCOOEHHO B MEPBLIE MO-
venThl K3, U3-3a 6011b110#H MOTPEHOCTH Kak 110 TOKY, TakK H 110 yriy.

Tounocte paboTel TpaHcopmaTopa TOKa 3aBUCUT OT TOroO, Ka-
1131 10181 IEPBUYHOIO TOKA 3aTpauyMBaeTcs Ha HAMarHMYHUBAHUE CTa-
i, T.€. IPOTEKAET B BETBM HAMArHUYHBaHMNs.

IlosicHuM BIMAHHME HArpys3kH TpaHcdopmaTopa TOKa Ha ero mno-
I PCHIHOCTD.

10K HAMarHMYMBaHUS yBEIMYHBACTCA C YBEIUUEHHEM E,, 3HayeHue
LOTOPOM, B CBOKO OYEPE/b, 3aBUCHT OT Harpy3Kd BTOPHYHOMN OGMOTKH
I'aK KaK

E,=I1(Z+Z).

lamicumocts E, ot [, OnpenenseTcs XapakTepUCTHKON HAMarHH-
‘nanug (puc. 18), 3 KOTOpoit BUAHO, 4TO B IPAMOJIMHEHHOMN ee yac-
1 ucbonpimomy ysenunuenuto OJIC Ha AE’', COOTBETCTBYET TaKKe
HeLOIBLIOE YBEIMYCHHE TOKA HAMAarHHYMBaHus Ha Al .

I3 obnacty ke HaChIMIEHUs CTAIH ceple4HuKa TpaHcdopmaropa
rona Takomy ke ysenuuenuto JJIC Ha AE", = AE', COOTBETCTBYeT
I'* $KOC BO3pACTAHWE TOKA HAMAarHMYMBaHUs Ha BenuunHy Al . Tlpu

M1OM YBEJIMYMHUBAKOTCA W MOTPEHIHOCTH TpaHchopmaTopa TOKa.
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Texuuueckoe 06Cﬂy)l(I/IBaHl/IC W3MEPHUTENBHBIX TpaHC(l)OpMaTOpOB TOKa ¥ HalpsKECHNA

E, Takum o6pa3zoM, no-
rpewHocT! TpaHchopma-
i} /’—_—_ TOpa Toka BO3PAcTaloT ¢
- yBEJIMUCHUEM HArpy3ku
- A €ro BTOPUUHOH OOMOTKH.
;I CrnenoBarenbHO, 3a-
Java MpOBEPKH MPUrof-
HOCTH TpaHC(HOPMATOPOB
- TOKa CBOAMUTCS K OLIEHKE
R U I L T N O N O I AOTYCTHMOCTH € TOYKH
! I 3peHus MOrpemHocTe
Al Al MM Harpyskd MX BTOpPMYHOM
HaM

0OMOTKH NMpH N3BECTHOM
Puc. 18 XapakTepucTHka HaMarHu4MBaHus

3HAaYeHHH MEPBUUHOTO
TpancdopMaTopa ToKa (INTPUXK 0603Ha4ar0T 0 enene
y4aCTKM KpUBOH) Ka WM XKe K oImpee

HUIO CeYeHHUs COeINUHHU-
TenbHbIX Kabenell BTOPUYHBIX LieNel, MPH KOTOPOM MOTrpelHOCTD
TpaHc(hOpPMATOPOB TOKA HE MPEBBILIACT JOMYCTUMOTO 3HAIEHHS TP
3a/laHHOM MEPBHYHOM TOKE.

Onpegenenne HArPY3KH Ha TpaHCHOPMATOp TOKA ABJIA-
eTcs COCTABHOM YacThIO PAacHETHOW NMPOBEPKH TpaHCchopMaTopa.
Harpyska TpaHc$opMaTopa TOKa CKIa/bIBAETCH M3 CIEAYIOUIHMX
371€MEHTOB: COMPOTHBIEHUs MPOBOAOB U Kabenei, CBA3BIBAIOIINX
pesie M IpuGOPBI ¢ TpaHC(HOPMATOPaMK TOKA; COMPOTHBIICHHUA pele
¥ npuGopoB, BKIIOYEHHBIX B UEMNb Tpancopmaropa TOKa; mepe-
XOJIHOTO COTPOTHBJIEHHS B KOHTAKTHBIX COE/AMHEHUAX; BHYTPEHHC-
IO CONPOTHBJIEHUS — COTPOTHBIIEHUS BTOPHUHOH 0OMOTKH TPaHC-
¢dbopmaTopa TOKa.

BuewHss Harpy3ka Ha TpaHC(OpPMATOp TOKA MOKET ObITH ON-
pelesieHa WM HEMOCPENCTBEHHBIM M3MEPEHHEM C MEPECHETOM,
YUUTBIBAIOUIHM CXEMY COCAMHEHHS TpaHchOpMaTOPOB TOKA, HITH
pacueToM C MCIOJNB30BAHMEM JaHHBIX KAaTAIOroB Ha peneiiHyio U
M3MEPUTENbHYIO allNapaTypy M AaHHBIX KabeJIbHbBIX XKYpHAIIOB.

IIpu pacueTe BHeWIHell HAarpy3ku TpaHcpopmaropa ToKa A
YTpOLleH!s PUHAMAETCS, YTO BCE NOJHbIE CONPOTHBICHNA UME-
JOT OMHAKOBbIE YIWIbI, T. €. MOTYT CKIIafbiBaThCs apudmerniec-
kH. YKazaHHOE JOMylIeHHe NPHEMIIEMO, MOCKOJIPKY BHOCHMAsA 3THM
omubka O6BIYHO HEBEIHKA U HAET B CTOPOHY AOMOJHUTEIBLHOTO
3amaca.
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Iipu 3HAUMTENLHOM pacyeTHOW HArpyske, Korjaa HeoOXoaMMo
npimMelieHne Tpaicdopmaropa Apyroro THna uin kabens 6onbuie-
10 CCUYeHHd, Leaeco00pa3Ho YUecTh pa3inyHe YINOB MOJIHBIX CO-
nporusaenuii. (IlosHple cONpOTUBIEHUS CKNAABIBAIOTCH FeOMeT-
[MHUCCKU.)

Ilpu pacyeTHOM ompele/IeHHH BHEUIHEH Harpy3KH COMPOTHUB-
nCHUY OTAENBHBIX €€ 3JIEMEHTOB pacCcMaTPHBAEMBIX Y4aCTKOB MPO-
nooB und kabeneit, OM Ha dasy, onpeaensior no popmyne

Rnp = [/ys,

11e /- nnuHa npoBonaa wiu kabend, m;

Y~ yaenbHas MpoBoauMocTs, M/(OM-MM?);

s — ceueHue NMPOBOJA UM XUIbl Kabems, MM~

Conpotuenenue peae u npubopos, OM, onpeaensercs U3 Kkarta-
10Ta HA COOTBETCTBYIONULYIO annaparypy HeNnocpeACTBEHHO UJH Ie-
PCCUETOM MO MMEIUIMMCS B KAaTajlore JaHHbIM O NoTpebnsieMom
MOLIHOCTH U TOKe 1o dopmyie

Z,= S/,

iie S — MOIHOCTL, B-A, norpebasemas pene unu npubopom
npu Toke I, A.

[lepexonHoe CONpOTHBIEHUE B KOHTaKTax R_, MNpHHUMaeTCs
paBHbIM 0,05-0,1 Om. e

Harpy3ska TpaHcopMaTopoB TOKa B CX€M€ 3aBHCHT HE TOJIBKO
OF COMPOTHUB/EHHUH OTAENbHBIX Y4aCTKOB UX BTOPUUYHOM LIENH, HO U
OT CXEMbl coefuHenus TpaHchopmaTopor Toka M Buaa K3. Ha-
Ipy3Ka TpaHchopMaTopoB TOKA NOACUUTBIBaeTCs i (asbl, HaH-
voliee 3arpy>KEeHHOI B pacueTHBIX YCIIOBHAX, N0 GopMmyie

Z,=U.J/I

T.T ~2°

vie U — Hanps)keHHEe Ha BHIBOJAX BTOPHYHOH OOMOTKH TpaHC-
¢dopmaropa Toka NpH TOKE B €ro BTOPUUHON 0OMOTKE I,
BripakeHus 1/ onpejecHNs BHEIIHelH Harpy3ku Tpancop-
MaTOPOB TOKA, BbIBEICHHbIE B COOTBETCTBHH ¢ 3TOK POpMYJIOH st
pasHpIX Haubojiee YacTO BCTPEUAIOIIUXCS B DKCILTyaTallMH CXEM

coeMHeHHUs. TpaHCchOpPMaTOPOB TOKa W pa3HbIX BuAOB K3, npen-
craBieHsl B Tabn. 1.

35



Texnuueckoe 00CyKHBaHHE M3MEPUTENLHBIX TPAHCHOPMATOPOB TOKA M HATIPAKEHHS

Tab6nwuna |

PacueTnnie gopmyJibl A1 OTpeAe/ieHHUsi BTOPHYHOI HArpy3Ku
TpancgopMaTopoB ToKa

CxeMa coeiMHEH U
TpaHchopMaTOpoB TOKa
W Harpy3ku

Bun K3

BHenss Harpy3ka Ha BBIBOAX
BTOPHYIHON 0OMOTKH
TpaHc(OPMaTOPOB TOKA

1. 3Be3na

Tpex- u aByxtazHoe

Zy=Rup + Zp g + Ruep

Onnodasnoe

Zo72Rup + 2y + Zyo + Zyep

2. TpeyronsHuK

Tpex- u AByxaznoe

Z.=3Rup + 3Zy + Rugp

OnHodaszHoe

Zy=2Rip + 2Z, 4 + Ryep

3. HenoJsxas 3Be3na

Tpexdasznoe

ZH= \/anp + Zpd) + Rnep

JByx- (AB nmu BC)
1 ojiHo(asHoe

ZH:2Rl'lp + Zp.q) + Rnep

JIByxdazHoe* 3a
{/paﬂc opMaTopoM | Za=3Ry, + Zy g + Ruep
A
4. Ha pa3noctb TokoB | TpexdaszHoe Z= \/5 QR+ Zyp) + Ruep
JByxodasnoe AC Zy=4Ryy + 22,4 + Ryep
Onno- 1 ABYX- _
bazuoe AB u BC Zy=2Rup + Zp g + Ruep
IByxdaszHoe** 3a 4=3Rop + 1.5Z, 0 + Ruep,
1)})auc<bopMaTop0M 74=6 Rnp +3 Zp ; pe ep
5. NMocnenosatenbHag |Jlro6oit Z,=0,5Z,,
6. [TapannenpHas Jioboi Zy=2Z 1
7. Eglq) CPEHUAATL- | Ty haspoeh** %:Z _gl":; Rnepp’
Cxema 8
8,9. Vuer R'.
npomemyr&))qumx Z,=R +Z +— 2 — R,
aBToTpaHchopma- ar
TOPOB TOKa NMpH Tpexdaznoe*** Cxema 9

TIOACYETE HATPY3KU
B uddepeHiiyab-
HO# cxeMe

R',
Z,=3| R, +Z +—3
n

ar

+ Rnep

Torm B (pazax A u C paBHpI U COBNAAAIOT 1O da3se.

*%

B yCIOBHSAX ckBo3HOTrO K3.
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I'masa 3. OcHoBHbIC TpeGOBaHMS K TPAHCHOPMATOPAM TOKA

anue. B Tabauue NpHHATH ciexyrouue 0603HaYeHUS:
— BHEINHAA Harpy3ka, MpUBeJEHHas K BBIBOJAaM BTOPHYHOM
06MOTKH TpaHChOpMaTOpa TOKa,
- COTIPOTHBJIEHHE aBTOTpaHCHoOpMaTopa; .

n;
— COMpPOTHUBJIEHHUA NPOBOAOB U Kabesiei erlp =7 = s
art
— CONPOTHBIICHHE DEJie ¥ NPUOOPOB, BKIIOYEHHBIX B (hasHbIif
NIPOBOJI TOKOBBIX LIETIEH;
— CONpPOTUBJIEHHE pefle U MPUOOPOB, BIIIOUCHHBIX B HYJIEBOH
APOBO/, TOKOBBIX LieTei;
— IEPEXONHOE CONPOTUBNIEHUE KOHTAKTOB;
Harpy3ka, orpezie/IeHHas 110 COOTBETCTBYIOIIMM
BBIPAXKEHUSAM;
Harpy3ka TpancgopmMaropos Toka pas 4 u C,
Harpy3ka Ha TpaHcopMaTophl Toka nuddepeHIHANLHON cXe-
MBI CO CTOPOHBI 3B€3/1bl M CO CTOPOHbI TPEYTOIbHHMKA TPaHC-
($OopMaTopOB TOKa;
— Ko3hduLreHT TpaHchopManHy aBTOTpaHcHopMaropa.

Basd HCOMNPEAECJICHHOEC 3HAYCHUE INEPEXOAHbIX c'onpomsne-

nep? NpH BBIBOAC BblpaJKeHI/Iﬁ Harpy3kKH, IpUBEACHHBIX

B tator 1, ce npubaBISIOT K OKOHYATENIbHOMY BBIPaXKEHHIO.

O)npe/ie/ieHue CONPOTHBIIEHHUS Harpy3KH MOXET ObITh PACCMOTPEHO
i Hpuvepe TpaHC(OPMATOPOB TOKA, COEIMHEHHBIX B TPEYTOJIbHUK,
ipn tpeadhaznom K3 (M. Tabn.l, cxema 2).

o poe.

19, a n 6 BUAHO, YTO HANpPSHKEHUE HA BBIBOJAX BTOPHUHON

(jA2 _jBZ)(Rnp +Zp,¢))

l/%( / 12——22) Rup Zpg

| +—_ }—

| //"(//.;—:2)Rnp Z‘?
I /N}'( /‘ ' )Rnp ZP-Q)

(jCZ _jAZ)(Rnp +Zp,cp) 6 (sz _jC2)(Rnp +Zp.q))

I'ue 19 Oupejiciicnne Harpy3Ku Ha BTOPHYHYIO 0OMOTKY TpancdopMaTopos

TOKa, COCAUHEHHBIX B TPCYT'OJIbHUK:

0 UNCMA COC/IMHEHHNS; 6 — BEKTOPHAA JUarpaMma HanpsnkeHui
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TexHuueckoe 06CTyKUBAHNE H3MEPUTEILHBIX TPAHC(HOPMATOPOB TOKA H HANPSDKECHUA

06MOTKH TpaHchopmaTopa Toka (assl A CKIIa/bIBACTCS U3 N3ACHHS, Ha-
TIpsiKEHHUs B COIPOTUBIEHUAX HAarpy3kn ¢asbl 4 oT Toka zl I

FaeHHs, HANPSKEHHUs. B COMPOTHMBIEHUAX Harpysku daspl C OT ToKa
?] C2 1) . . .

Toxu ({45 ~1p, ) m (IC;,_ -1 AZ) PaBHBI M CAIBUHYTbI Py OTHOCHUTEITb-
HO apyra Ha 120°, B Takux xe (asHbIX COOTHOIIEHUSX Oy/Iy T HAXOIMTECA H
NaJIcHHUs HAMPSDKEHUs OT 3THX TOKOB B (ha3HbIX CONPOTUBJICHHMAX, KaK 3TO
nokasaHo Ha puc. 19, 6.

VuurbiBaTh (Ga30Bblil CABAN NAJEHWH HAMPKEHHA LENeco0bpasHo
BO BCEX CIIy4asX, TaK KaK 3TO JaeT 3HaYHTENbHO GoMbIni 3hheKT, 4em
YUHMTBIBATH Pa3JIYHs B YITIAX TIONIHBIX COMIPOTHBIICHUH.

B COOTBETCTBUHM ¢ TPUHATHIM TTOJIOXKUTEJIBHBIM HAMIPABIEHUEM TO-
KOB HANPSDKEHHE Ha BBIBO/IaX BTOPHHYHOI 0GMOTKH TpaHc(hopMaropa Toka
Oyner BbIpakaTbcsa BekTOpoM OK, KOTOpBIH B /3 pa3 fosbllie BEKTOpa
MaJeHHs HAMPsKEeHHS B Ga3HBIX COMPOTUBIICHHIX (Rrlp + Zp (1))' Hcmone-
3ys IpeAbLAyLLyto hopmyity, UMeeM ma Gassl 4 '

Zo=Urral I :l] LI Rnp +Zp,¢, |=11cy =1L |(Rﬂp +Zp,q)):|/]/12-
I[Mepexons K KOJIMYECTBEHHBIM COOTHOMICHHAM H YUHTBIBAs yKa3aH-
Helit Bolne BekTop OK, a TakKe TO, YTO 1O aGCONIOTHOMY 3HAYEHHIO

‘I.Az"jm‘:ljcz_j/u |=\/§IA2,

NOJTy MM

_ V3 |y =y | (Rup+ Z, ) } NENEY MY +Zy4)
1A2 IAZ

Z

a

IMpousBens cokpatleHus 1 ripubasus R, OKOHYATENBHO MOJIY1rM

niep’

Z,= 3R, + 32,4+ Reep

Harpyska TpancdopmaTopos Toka Apyrux a3 onpejensercs 3ToH
e (opMyJ10ii. BeIBOa BbIpaXKeHHi U1 ONpe/ieNieHHs: Har py3Ky Ha TpaHc-
¢opMaTophl TOKA B APYTHX ClyuasX aHaJIOTHYCH.

3.2. NOCJIEQOBATENIbHOCTb MPOBEPKU
TPAHCOOPMATOPOB TOKA

[IpurogHoCTh TPAHCHOPMATOPOB TOKA [ PENCHHON 3aIMTRI PO~
BepseTcs 0 KpuBbIM 10%-Ho#t morpemHocT. B yclioBUaX dkCTtyaTa-
LMK PEKOMEH/LYeTCsl TIPOBOIUTHL NPOBEPKY M3/1araceMbIM HYKE METO/IOM,
HONB3YACH IeHCTBUTENBHBIMU XapaKTePUCTHKaMHU HAaMarHU4HBaHHs.
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f{ & Ezl

I & \

&
.\
. ]i\
Loan \
‘EZ @ \'Y \ ! IHaM C?

a rY 6

Puc. 20. BektopHsle quarpaMMsl TpaHcopMaTopa ToKa
g cayqaeB oty =90"(a), a =y (6)

/17151 yTpOLLEHHS pacyeTa NPUHATO, YTO NEPBHYHbIH TOK I | » BTOpHUYHbIH
rox [, ¥ TOK HAMarauuuBaHus [y, COBMAJAIOT N0 daze (puc. 20, a). B
V11X YCJIOBHAX NOPELIHOCTD B KOO(QGHLIEHTE TPaHC(HOPMALIMHU N0y HaeT-
¢4 MAKCHMAJIBHOM, a yrmosas norpewwsocts orcyrersyet (8 = 0). Ecu a6-
¢ IIIOTHOE 3HAYEHHE CONPOTHBIEHUA (Z,+Z,) OCTAHETCS HEM3MEHHBIM, a
\ 1 110BBIE COOTHOITIEHMS] M3MEHATCA TaK, KaK 3T0 MoKa3aHo Ha puc. 20, 6, To
NI HEM3MEHHBIX 3HaueHusX [, u [ MorpeHocTb KOs drLIMeHTa TpaHc-
{hOPMALIMK CHITBHO CHU3UTCS, OJIHAKO YITI0Basl IOTPEIIHOCTS NP 3TOM TOJTy-
‘U111 ¢St MAKCHMAJTBHOM, IOCTUras 3Ha4EHUs, HeCkoNbko bonbiero 6°. M3 storo
¢ IIC/LY€ET, 9TO, IPOBOMA [POBEPKY MPH oty = 90°, MOXKHO OBITH yBEPEHHbBIM B
1on, 4TO TpaHchopMarops! Toka OyayT paboTars ¢ IOMyCTUMbIMH NOrpeLl-
1100 TIMH TIPH JIFOOOM YIJi€ IOJTHOTO COTNPOTHRIIEHHS HATrPY3KH.
I'paHCchOpMATOPbl TOKA UMEIOT MOTPELIHOCTE MeHbile 10 %, ecau
Z,<Z

H.pon’

1i1¢ Z, on — BHELIHSS Harpy3sKa TpaHc(popmaropa ToKa, NpH KOTOpOH
NOrpeliHOCTh ero Ko3ddguureHTa TpaHcHOpMaLKui paBHa
10 % (Te. gomycTuma);
7, —DheliCTBUTE/IbHAs BHEIUHAA HArPY3Ka TpaHCOpMaTOpa TOKa,
ornpesaenenHas no tabim. 1.
I1poBepka TpaHc(hopmaTopoB Toka Ha 10%-HyIO MOrpeiuHoCTh Be-
e B CleayIoled MocaeoBaTenbHOCTH:
|) onpenensieTcss nelcTBUTEbHAS HArpy3ka Ha TpaHc(opMaTopbl

[KR2 IS

2) CTpOUTCA XapakTepucTHKa HamarHuuuBanua U, = f(l, . ), cHsTas

vt TOH (pasel TpaHC(HOPMATOPOB TOKA, B KOTOPOH 3Ta XapaKTepHCTHKA

HPOXOAUT HAaUOOITee HU3KO;
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Texnuaeckoe 06y KHBAHUE M3MEPHTENBHBIX TPAHC(HOPMATOPOB TOKA M HANPAIKEHHU A

3) onpe/ieSETCs PACYETHBII TOK /., OBPEXKACHUS 1A TOTO THIA
3alIUThI, KOTOPBIH BIJIIOUEH HA HpOBepHeMble TpaHc(hOpMaTOpbI TOKA;
4) BEIMHCSETCA PacYeTHBINA TOK NMOBPEXKAECHHS, NPHBEIEHHBIH KO
BTOpPUYHOM 0OMOTKe TpaHC(opMaTopa ToKa:
I =1 JK,

2pacy Ipacq
e K, — HoMUHAIbHBIH K03 GUUMEHT TpaHCGopMaLKH
TpaHcopMmaropa ToKa.

B 3aBUCHMOCTH OT YCJIOBHI, B KOTOPBIX paboTaloOT T€ WK HHBIE
3alMThl, ¥ TpeGOBaHMIA K pa3HBIM THIIaM 3alUUTHl PACYETHOrO TOKA
NOBPEXACHUS YCTAHABIHUBAIOTCA pa3Tn4HbIMU. I[0CKONBKY C yBEaH-
4YeHUEM MEPBUYHOrO TOKA MOrPEeHIHOCTL TpaHcdopMaTopa TOKa yBe-
JIMYMBAETCA, 32 PacYEeTHBIN TOK MOBPEXKIEHHA NMPHHUMAETCS MaKCH-
MaJlbHOE 3Hauenue Toka K3 rnpu moBpexxIeHUH B 3TUX TOYKAX CETH,
rfie yBeJMYeHHask NOrPeIHOCTb MOXKET NMPUBECTH K HEMPABHIIBHOMY
JIeHCTBUIO 3alUTHIL.

Hcxoas M3 3Toro, NpUHUMAKOTCS CIIEAYIOHE 3HaUEHUA PaCueTHOro
TOKA MOBPEKICHHS IJIA Pa3HBIX BUAOB 3a1UTHI:

a) 018 MAKCUMANbHOU MOKOBOU —

I, = 1K, Tk

pacu

rae [, —Tok cpabarbiBaHHs (/15 TOKOBBIX pesie MTHOBEHHOTO NEHCTBH),
TOK B Hayajie HE3aBUCUMOM YacTy XapaKTepUCTHKHU (11s
TOKOBBIX peJie ¢ 3aBUCHMOM XapaKTepPHUCTHKOM);

k ,— k02 hHLMENT, y4HTHIBAIOLINI CXEMY COSIHHEHHUS TpaHcgopma-
TOPOB TOKa (TIPH COEAMHEHHH B 3B€3MTY k , = 1, [IPH COCIMHEHNH B
TPEYrOMBHUK WK Ha Pa3HOCTb TOKOB mayx dask, = \/—3- );

0) 011 HANPABNEHHBIX MOKOBBLIX U OUCMAHYUOHHBIX — MAKCHUMAJlb-
HOE 3Hau€HKe TOKA B MECTE YCTAHOBKHM 3aLLUTHI, TAK KaK HYXHO MpoBe-
PUTh YIJIOBYIO MOTPEIHOCTb MPH MAKCHMaJIbHOM 3HAYEHWH TOKa 4Yepes
TpaHcopMaTopsl TOKA;

B) 015 Oupghepenyuanbiivlx — MAaKCUMaJIBHOE 3Ha4EHHUE TOKA CKBO3-
noro K3. Bospiuas norpewHocts npu K3 B 30HE 3aIIUTEL Yke HE MOXKET
HUMETh CYUIECTBEHHOI0 3HAYEHH;

T) 018 OUCManyuoHHbLX — MaKcuManbHbli Tok K3 nubo B koHue
nepBOM 30HBI 3AIMTHL, €CIIH 3all[HTa HE 6I0KUpyeTCd MPH 3aMbIKaHUAX
Ha 3eMJII0, IM6O B MECTE YCTAHOBKM 3aIUMTHI, €C/IH OHA GJIOKHpYeTCs
[P 3aMBIKaHHX Ha 3eMJIIO;

5) onpepensercs TOK HaMarHUYMBAaHHWSA, COOTBETCTBYIOLIMH
10 %-HO# IOrPeLHOCTH:
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u = 0,1&L

2pacq'
vie k — ko3¢ ULMEHT, yUHTHIBAIOIINI HETOUHOCTH pacyera TokoB K3,
HETOYHOCTH B CHATHH XapaKTEPUCTHK HaMarHHYMBaHMs, BJIUS-
HHe anepuoaMYecKoi cocraBnsiomei TokoB K3 u T.im.
ITpuHHMalOTCS pa3Hble 3Ha4eHUs ko3 duumenTa k: TeM 6ObIIHe,
“itM MEHBILIE BpeMs NeHCTBHA 3alUThl — B 3aBUCHMMOCTH OT BHA2
EUUMTBI
a) OnA HeHanpaenNeHHOU MAKCUMANbHOU MOKOGON:
k=1,2+1,3;

0) Ona HenanpaeneHHOH OUCMAHYUOHHOU:
k=12+13nmput>0,5c,
k=14+1,5nput<0,5c;

B) 05 Ougpepenyuanvrvix

0Ge3 GpIcTpOHachIArOLIMX Cs TpaHchopmaTopos: k= 1,8+2 mpu 1< 0,5 c;

¢ OpICTpOHACHIIaIOMUMKCS TpaHcopMaTopamu: k = 1,4+1,5;

I') npU HANPABNEHHBIX 3AUWUMAX 6CEX MUNOB:
k=12+13npur>0,5c,
k=1,8:20mput<0,5c;

0) ycraHaBiuBaeTcs Hanpsokenue U, Mo ompesieieHHOMY TOKY Ha-

marnnunBanus I, v xapakrepuctuke U, = fil_, ); .
7) ¢ y4eTOM nafieH!s HANPsDKEHUS B CONPOTHBJICHUH Z, OT ToKa [,
0,1k, q OTIPENENACTCS JNOIYCTAMAs BHELUHAA HArpy3ka TpaHcopMa-
Topa |oxa npH KOTOPO#l NOrpemHocTs ero He Oyner npeBbimars 10 %
1o oKy 1 7° noymy.

= (Uy K0 Z,)/(0,9KI

'I‘pchq)opmaTopu TOKAa HMEIOT JOMYCTHMYIO NMOrpelIHOCTb, €CIH
manonnsercs yenosue Z, < Z, o

Jlist onpeieieHNst COIIPOTHBACHUA COEAUHUTENBHBIX IPOBOAOB, IIPU
KOTOPOM YIROBIIETBOPSAIOTCS TpeboBaHus 10%-HON morpemHocTy TpaHe-
(hopMITOPOB TOKA, pacyeT NPOU3BOAMTCA B YKA3aHHOM BBILIE TOCIEN0-
R CnbLITOCTH.

o HaHJeHHOMY 3HA4YEHHIO Z, non ¥ COOTBETCTBYIOLUEMY BbIpaX<e-
wino 1abit. ] onpenenseTcs CONnpoTHBIEHHE COEANHUTENBHBIX NPOBOOB,
K, 1 110 HEMY HAXOIMTCS UX CEUEHHE. .

Ilposepka TpaHcopmaTopoB Toka no 10%-Hoi# MorpemHocTH
HOK I TPOBOAMTECA U1s Toro Buaa K3, npu koTopoM NorpemHocTb
nounyracred 6onpmei. IIpu aTtom cnenyer umers B BUAY, YTO AaXke
Hpi MelbLIEM 3HAYEHHH TOKa ofHo¢aszHoro K3 norpemHocTs MoxeT
Honyurrbes 6onblie, yeM npu aApyrux sugax K3, us-3za Gonsiero
41
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CONPOTHUBNEHHUS HAarpy3ku (cM. Tabu. 1). Eciu npu mpoBepke okaxeT-
cd, UTO TpaHC(HOPMAaTOpsl TOKa UMEIOT norpeinHocTs donbue 10 %,
TO JODKHBI OBITH MPUHATHI Mephl, objeryaronue ycnoBus paboThl
TpaHcopMaTopa TOKaA.

Haunbonee pacripoctpaneHHble cnocoOkl 06erdeHus ycloBui pa-
60TBl TpaHCHOPMATOPOB TOKA: YBETHUYSHUE CEYEHHUS COCIHHUTEIb-
HBIX kabeneil; HCMONb30BaHUE cepeYHMKa TpaHchopMaTopa ToKa ¢
6osee BBICOKOH XapaKTepUCTHKOM HaMarHHYMBaHUsL; NOC/E10BaTeNb-
HOe coequHEeHHe 0OMOTOK IBYX TpaHC(HOpPMATOPOB TOKA C OXMHAKO-
BBIMH K03bh G ULlHeHTaMH TpaHCchOpMaLIKK; IEPEX0] Ha JPyTHe TPaHC-
¢dbopmatopbl ToKa (¢ 66MBIINM KO3bGHLHEHTOM TpaHCHOPMALIHH HITH
6osiee BLICOKOH XapaKTepPUCTHKONW HaMarHUUMWBaHMA ); U3MEHEHHe CXe-
MBI COEJMHEHMS TPaHC(OPMATOPOB TOKA, €CJIH 3TO BO3MOXKHO MO yC-
70BUAM paboThl 3alIMTHI (ITEpPeXOo OT CXEeMBbl COeIMHEHHs Ha pas-
HOCTB TOKOB K CX€Me, UCTIONB3YIoweH (a3Hble TOKH); epepacnpene-
JIEHHE Harpy3ku MeXIy ceplieyHHKaMH TpaHCHOpPMaTOpPOB TOKA.

Hns kackanubix Tpancdopmaropos Toka THna TOHK-400 pac-
YyeTHasd NPOBEepKa MPOU3BOAUTCS TOJBLKO AJ CEpACUYHHKOB HHXKHEH
crynenu. [TorpemHocTy BepxHeid CTyneHH MOryT He YYHTHIBAThCS,
Tak Kak, eclii BCe 4eThipe TpaHchopMaTopa TOKa HHXKHEH CTyNeHu
OynyT paborars ¢ 10%-Hoi NOrpelHOCTHIO, NOrPEIIHOCTD TPaHcdOp-
MaTOpOB TOKAa BEPXHEH CcTyneHu no kpatuoctu I, /1, = 40 He mipe-
seruaet 1 %. Jaxe B coyyae, eciau BTOpUYHass oOMOTKa OQHOTO U3
TpaHcOpMATOPOB TOKa HIDKHEH CTYTIEHH pa3OMKHYTa, & TPH OCTallb-
HBIX TpaHc(OpMarTopa TOKa HECYT HOMHHAJBHYIO Harpy3Ky, TpaHcC-
(opmarop Toka BepxHeH CTyleHH paboTaeT ¢ MOrpelIHOCTHIO HE BhILIE
1 % no xparhHocTH

LI o = 25

1HOM

B pane cimyuaes, korna TpaHc(opMaTOphl TOKa UMEIOT MOTpeLl-
HOCTE bonee 10 %, oHu Bce ke MOTYT OBITh HCTIOJB30BaHBI B CXeMax
penefiHON 3aluTH (HanpuMmep, N8 MUTaHUSI TOKOBBIX OTCEUEK) MpH
HaJulexKaleM y4yeTe Moyyaromencs norpenHocTH.

B03MOXHOCTB HCTONB30BAHUS TAKUX TPAHCHOPMATOPOB TOKA OM-
penensercs Ipexiae BCEro TeM, MOXKHO Jil MPHU U3BECTHOM MEpBHY-
HOM TOKE MOJIYYHTb OT HUX BTOPHYHBIA TOK, JOCTATOUYHBIA 1St Ha-
JEKHOTO OEeHCTBUSA 3aLUTHI.

[IpoBepka MpOBOAKUTCA TIPH YCHOBUM, YTO YINBL o+y = 90°, T. e.
NpH COBNaAESHHU IO (a3e NepBUUHOIO TOKa, BTOPUUHOTO TOKA ¥ TOKa
HaMarHUYMBaHHUA.
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Ilpu mpoBepke BO3- g E,=f(l,,) E =I(Z,+Z)
MO)KHOCTH MCHONB30Ba- E =f1)
s rpaHcopMaTopos ==
10Ka B YKa3aHHOM Cly-  (— !

HaC B CIEAYIOLIeH noce- :
JIOBATEJILHOCTH OIpejie- !
HANOTCA: !
|
|
I

|') BHELIH:S Harpy3ka
na rpaHcdopMaTop Toka
Il CONPOTHRJICHHE €r0 s T S I W .
11 0pUYHONK OOMOTKH; 0 4 P pacu, Ty van
2) Ha OCHOBaHHH pac-
weros Tok K3, npusenen-
11111 KO BTOPHYHOH CTOpO-

Puc. 2]. Tpaduueckoe onpeaeneHue
BTOPHYHOTI'O TOKA [0 N3BECTHOMY
TIEPBUYHOMY TOKY MPH MOTPEILIHOCTH

Ne, JUls YCIIOBUM, IPH KO- TpaHctopMaTopa TOKa, npesblmaroiei 10 %
1OpPBIX NPOBOAMTCSH
HpoBCpKa:
7 = -
I pacu 1 1pacq/K ’

}) rpaduyYEeCKUM MOCTPOEHHEM BTOPHYHBINH TOK TpaHchopmaTopa
1o/, COOTBETCTBYIOLIMH NMEPBUYHOMY TOKY (pHc. 21).

JLis aTOTO CTpOATCA:

\APAKTEePUCTHKA

E f( HaM

npsmMasi (Ha TOM XKe YEepTexe)
=(Z, + Z)I,

KPHBAS 3aBHCHMOCTH SIIC Tpanchopmaropa Toka E, oT Toka B nep-
nirmoit ©OMOTKe, TPUBEJEHHOrO KO BIOPHUYHOM CTOpOHe E, =AT), xax
CyMna aocuHee KpuBbix B, = (1, Y E, =(Z, + Z)1, npn OJHHX U TeX
e opininarTax.

o xapakrepuctuke E, = f(I')) v HaliiecHHOMY 3Ha4eHMIO ToKa [
oHpeaCIeTes COOTBCTCTBleHlPII/I 3TOMY PEKUMY BTOPHUYHBIH TOK 1p

HaM

acy

1) ko yprLHEHT HAEKHOCTH NEHCTBHS 3aLMTHI NPH l'lOHy‘{eHHOM
BTOPHYIION TOKE!
— r
k,=1 Z/Icp,
tie J o wropitninii TOk cpabaThiBaHUS 3aIIATEI.
Lo sppimrerer k,, nonxeH ObITh He MeHee 1,5.
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3.3. PACYHET TOKOB HEBAJIAHCA B CXEMAX COEAWHEHUSA
TPAHCOOPMATOPOB TOKA

Auddepennnanbuan cxema. B nneansHoii cxeme auddeperun-
JIBHOM 3aIIUTHI TOKU HebaJlaHca OTCYTCTBYIOT. [ 3TOro HeoOXoAUMO;
4y106bI TPaHCGHOPMATOpPhI TOKA, HCTOJIB3yEMBIe B cxeMax nuddepeHim-
AJIbHBIX 3ALHT, HE TOJILKO YAOBJIETBOPSUIN OBl OCHOBHBIM TPeOOBaHUAM,
NpeIbABIIIEMBIM K TpaHC(opMaTOpaM TOKa JUIf peneiHol 3aIUThI, HO
U peXXUM HX pabOoThl COOTBETCTBOBAI Obl MPAMOIMHEHHOMY YYacTKy
XapaKTePUCTHKH HAMarHHYMBaHHA, a3 CAMH XapaKTEPHCTHKHA HaMarHH-
4YHBaHHA TPaHC(HOPMATOPOB TOKA U CONPOTHBIIEHHS B IUTeuax AuddepeH-
LHaJIbHOM CXeMbl B K0 U3 (a3 6bu1H Obl OHAKOBBHIMH.

OnHako XapaKTepUCTHKH HaMarHHYHBaHWA TPaHC(OpMaToOpoB ToKa of1-
" HOH (ha3bi ¥ COMPOTHBIIEHHA B IUTeYax ¢ dHepeHIHATEHOM CXeMBbI, 0COOCHHO
y Iu¢depeHIMATEHBIX 3aLUT TPAHC(HOPMATOPOB, OMHAKOBHIMH He ObIBAIOT.
310 onpezesnseT HAMMKE TOKOB HebanaHca B [u¢ipepeHIMaIBHBIX CXEMaX.

O6b1uHO TOK HebanaHca rpu BeIGope ycTaBok guddepeHHansHoil
3aIUMTHI onpeAenaeTcs, ucxons u3 10%-xoii norpemHocTH. OQHAKO YyB-
CTBHTENBHOCTD AH(hepeHUHATEHOM 3aLHTE MOXET HPH 3TOM OKa3aTh-
ca HepocTaTtouHOR. Hiwke npuBoauTtes cnocob Gonee TOUHOro onpeze-
JIeHWs TOKa HebGajlaHca [JI1 YCTaHOBUBILErocs pexxuma. [Ipu sTom 4ys-
CTBHTENBHOCTD AHGepeHIMaNBHOMN 3aIHTHI MOXKET OBITh MOBHIIIEHA.

[MocnenoBaTenBHOCTD pacyera ClemyoLas.

VYcraHaenuBaeTcs Harpy3Ka Ha TpaHC(OPMAaTOPbI TOKa KaXKIOro Iule-
4a i depeHLHANbLHOIM CXeMbl Z, H CONPOTUBJIEHAS BTOPUYHBIX 0GMO-
TOK TPaHCOpMaTopoB ToKa Z,.

OnpepensAtoTcs NepBHYHBIE TOKH, POTEKAIOLHE IO BCEM CTOPOHaM
aJIeMeHTa, CHabkeHHOTro M dbepeHHanbHOI 3aBIMTOH, MpH cKkBO3HBIX K3
€ Ka)KAOH CTOpOHEI.

Jnsa TpaHcopMaTOpoB Toka Kax 10 U3 CTOpPOR Au(depeHLHaNBHOM
CXEMBI CTPOATCS XapaKTEPHUCTHKH

E, = f (Fas)

C xaxpoif cTopoHs! Au¢PepeHLMATBHOM CXEeMBI XapaKTePHCTHKA
crposarcs mid (a3sl, uMeroieii Hanbosee HU3KYIO XapaKTEpUCTHKY.

Jlna xaxxpoit u3 cTopoH auddepeHIHanbHOM CXEMBI, 3a1aBasiCh pa-
IOM 3Ha4eHH# BTopu4HBIX TOKOB ,, onpenensor JIIC Tpancdopmaropa
TOKa JJ1s KOKIOr0 3Ha4eHUs TOKa I,

E, = L(Z, +Z).
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[lo xapakrepucruxam E, = f (I, ) ana kaxoro 3nauenus SJIC yc-
1111AB/IHBAETCS TOK HAMAarHAYuBanus I .

Jlenas nomyienye o COBNaJEHNH MO (ha3e BTOPHIHOTO TOKA M TOKA Ha-
MilHHYHBAHHS, 1A Kaykaoro sHaueHHs OJ1C onpenensior nepBUYHBIH TOK:

]1 = (I2+IHaM)K1 :

[lo nomy4eHHBIM pe3ynsTaram Uil TpaHCGOPMATOPOB TOKA KaxI0-
10 1ieya aAuddepeHIHANbHON CXeMBI CTPOATCS 3aBUCHMOCTH

L =f).

31as nepBHYHBIE TOKH, NPOTEKAIOLIHE 0 TpaHchopMaTopaM ToKa co-
OIBCTCTBYIOLUMX TUied JdepeHHanbHON CXEMEL, B KAXKIOM H3 paccu-
TIBICMBIX PEXKHMOB 110 COOTBETCTBYIOLIMM XapakrepucTukam I, = f (1)
O1C/ICTAIOT TOKM BO BTOPHYHBIX 06MOTKax TpancdopMaropa ToKa.

(' y4eTOM CXEMBI.COeIMHEHHS TPaHCHOPMATOPOB TOKA  HANIWYHUA B
COOIBCTCTBYIONIEM [UI€Y€ aBTOTPaHCHOPMATOPOB OIPENENAIOT TOKH
A 1nciax guddepeHIHanbHOH CXEMBI:

I ’p =I'k_k

2 "cx Tar’

e I' - 1ok B mede quddepeHIHATBHON CXEMBI;
/', — TOK BO BTOpHYHOH 06MOTKE TpaHCHOPMATOPOB TOKA
COOTBETCTBYIOIIErO IJieya AHddepeHIHaNbHOMH CXeMBbl;
k. . - k03 HIMEHT, onpenenseMblii cCXeMoi COEAHHEHHS
TpaHc(OpMaTOpOB TOKA COOTBETCTBYIOLIErO ILIeva;
[IpH COEIMHEHHH TPaHC(HOPMATOPOB TOKA B TPEYTOJIBHUK
k., = /3 ; IpH COEMHEHNH TPAHCPOPMATOPOB TOKA
B 3BE31Iy kcx =1;
k,, ~«o3dduureHT TpaHchopMaLH aBToTpaHCHOpMaTOpa B IIede
M depeHIHaEHON CXEMBI; IPH OTCYTCTBHH
aBTOTpaHcdopMaTopa B ruiede auddepeHIHaNbHOM
cxeMbl &k, = 1.
Onpenensercs Tok HebGanmaHca B pene auddepeHUHATBHON cXeMbl
f KAJIOM K3 paccMaTpUBaeMbIX pexxuMos. Hanpumep, korna mudde-
pemuLuILHasg CXeMa HMEET YeThIpe Tuleva, BhIpakeHHe IS Toka HeGa-
HANCIE MOXKET UMETD CIICAYIOLIMI BUA;

Y | o Il IV
IHs—iI ini'Ip in ,

1 I .
pne | l', Ay, 1 po I ;,V— TOKH B IU1e4ax AuddepeHIHanbHOM CXeMbl
nepen pene.
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Co 3HAaKOM IUTIOC 6epyTcs TOKM B TUiedax auddepeHuranbHoOM cxe-
MBI, KOTOPBIM COOTBETCTBYIOT NEPBHYHBIE TOKH, HAIIPABJICHHDBIC B 30HY
3QIIATHL, @ CO 3HAKOM MHHYC — TOKH B IUtedax auddepeHnnanbHo#i cxe-
MBI, KOTOPBIM COOTBETCTBYIOT NIEPBHYHBIE TOKH, HAIIPABICHHBIC U3 30HBI
3aLINUTHL.

CpaBHHBas MOJTyYeHHbIE TOKH HebaaHca ¢ yCTaBKOH pene, MOXHO
cHeNarh BHIBOJ 00 OTCTPOMKE 3alMTHl OT TOKOB HebanaHca MpH CKBO3-
ueix K3.

B GoMBLIMHCTBE CIyYaes Ayis OLEHKH Toka HeGananca B muddepe-
[MAJTBHOM CXeMe MOXeET OBITh TaKkKe PEKOMEHIOBAH YIPOLIEHHBIH CTIO-
c06. CyIIHOCTb €ro B TOM, YTO 33 TOK HebanaHca NpUHUMAETCA TOK Ha-
MarHHYMBaHHA TPaHCHOPMATOpPa TOKA OJHOTO [ieya AU bepeHLHabHOK
CXeMbl, B KOTOPOM TOK HaMarHW4MBaHWs MAKCHMAaJIeH, a B TpaHchopMa-
TOpax TOKA JPYTHX NMPHCOEANHEHHH TOK HAMAarHUYHBAHHA TIPHHUMAETCH
paBHBIM HyJTIO. Yka3aHHbli cioco6 BecbMa LesiecoobpaseH B nuddepeH-
IMATBHBIX CXEMaX C JBYMS TL1e4aMH, ¢ OAHOTHIIHBIMH TpaHC(opMaropa-
MH TOKa, KOTZia Bech Tok ckBosHoro K3 mpoxoaur uepes Tpanchopmaro-
pbI TOKa OfHOrO Tieda. Tok HAMArHWYMBAHMS, COOTBETCTBYIOLIMH TOKY
HeGasanca, onpeenseTcs no xapakrepuctuke E, = f (1, ).

Onpenensiercs E, 1o BHIPaXKECHUIO

E, = WJKNZ,*2),

rie I, — nepBUYHBIA MaKCHMaJIbHBIHA TOK ckBo3Horo K3.

Ilo HaiileHHOMY 3Ha4eHHMIO E, Ompe/ienseTcs TOK HaMarHU4MBaHHA |

I, @ IO HeMy — H TOK HebanaHca:
Ls =k, kyl

CX 'aT "HaM’

Ecny oKakeTcs, 4T0 NPHMHHAMaeMas YCTaBKa 3alliMThl JOCTaTOYHO Ha-
JEXKHO OTCTPOEHA OT MOJYYEHHOro TOKa HebasaHca, TO Ha 3THX pacveTax
MOKHO OCTAHOBHTBCSH, TaK KaK MOJydeHHbIH TOK Hebananca sBisercs 3a-
BHIEHHBIM. ECITH ke OTCTpoiiKa 10y4aeTcss HeloCTaTOYHOM, TO HYXKHO
BBHITIONTHUTE PACUeT [0 YKa3aHHOH Bbllle 60Jiee TOUHOH METOIUKE.

VhpomeHHbIH MEeTO CJIEAYeT NPHUMEHATh ¢ OCTOPOXKHOCTBIO TIpU

Pa3HOTHITHEIX TpaHcdOpPMatopax Toka u Hucie wied AuddepeHimab- |

HO# cxeMbl Hoiiee IBYX.
Toxn Hebananca B HYJIeBOM NpPOBode BTopu4HbIX ueneil. Ilepu-

OHYEeCcKas COCTaRIArOIAaA TOKa pHebanaHca B HyJIEBOM IPOBOAE ONPEALCTIA- |

eTcs pa3IMuHeM TapaMeTpos paboumx TOUEK Ha XapaKTePUCTHKAX Hamar-

HUYMBAHKS TPaHC)OPMATOPOB TOKA OTAE/BHBIX (a3 U HATIMUEM B TOKE

HaMarH4uBaHUg 3HAYATEJIBHOTO IMPOLICHTA BBICIIVX M APMOHHUK.
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Paznyure napamMeTpoB pabovHX TOYEK Ha XapaKTEPHCTHKAX Hamar-
HINIMBAHMA OTAENBHBIX (a3 00yCIOBINBAETCS HEUACHTHYHOCTBIO 3THX
\APAKTEPUCTHK M Pa3HBIMH COTIPOTHBIICHUAMH Harpy3Kd B OTHEJIBHBIX
Jirsax. BeaencTsue 3TOro TOKM HAMarHHYMBaHUA 1o azaM yCTaHaBJIH-
NHOTCSA PasHBIMH.

Tok HebanaHca B HyJ€BOM NPOBOJE, NMPEACTABMIAIONIEM BBIXOIHYIO
1ennb cxeMbl GUIBTPa TOKOB HYJIEBOH IOC/IE0BATEIBHOCTH, PaBEH reo-
MCIPUYECKOM CyMMe TOKOB HAMarHHYMBaHHA OTHAENbHBIX (a3, cocTos-
111X U3 OCHOBHO#M M BBICIIMX HEUETHBIX TADMOHHK.

| lpu cr1o’keHMH TOKOB HAMarHHYMBaHHS U1 KOKIOH rapMOHHKH B OT-
A1¢1ILHOCTH TOKH OCHOBHOM TapMOHHMKH M JIFOO0H M3 HEYETHBIX FapPMOHHK
1OMCPOB, HE KPaTHBIX TPEM, CYMMHUPYIOTCS MOJl COOTBETCTBYIOILMMH (a-
1OBLIME YIJIAMH, YTO CYILECTBEHHO CHIDKAET Pe3y/IBTHPYIOILEE 3HAYCHHE.
[n1 TPEThEH FApMOHUMKH U IPYTHX HEUETHBIX FAPMOHHK HOMEPOB, KPaTHbIX
1]CM, CKJIaAbIBAIOTCS apu(MeTHYeCKH, Tak KaK OHM BO BCEX Tpex asax
¢ ONIAJAKOT, YTO YBEJMYHBaeT TOK Hebananca. OnHako COCTaB/IAIOLIME C
15110ii FADMOHKKH U BBIIIE B TOKE HAMarHUYMBAHHsL HEBEJIUKH U NI03TOMY B
N FMYECKHX pacuerax MOTYT He YUHTBIBaThcS. TakuM 06pazom, MOXHO
C'ILIT, YTO TOK HeBaslaHca COCTOMT U3 NIepBOi (OCHOBHOI) M TpEThel rap-
sk, Tok Hebamanca

IH6 = 112H6 + 1321-16 ’
e /| < n I — neppas ¥ TPEThs TapMOHHMKH B TOKe HebasaHca.

|1 naraeMas HHXKE METOMKA OIPeeTIeHHs TOKOB NIEPBOH M TPETbeH
tapnondK py Tpexdasnom K3 sensercs npubmkeHHOMH.

MakcuMalbHOE CoepXKaHHe TpeTbeii TapMOHHKH B TOKE HaMarHu-
snnvanng cocrasnger 34 %. OctanbHblie 66 % NpUXOAATCS Ha AOMIO Tiep-
ol TAPMOHHKH.

[ |pUHMMas yroJ MeXXIy TOKaMH HaMarHHYMBaHHs pa3HbIX (a3 paBHbIM
| 207" 10Ty YMM cieflyroliee 3HaueHHe Toka HebanaHca nepBoi rapMOHHKM:

I = 0.66(1, + al, + @l
tac 1,1, [, ~ TOKM HAMArHMYMBAHHUA Pa3HBIX has;
a=0,5(1+j+/3 ) — dasHblil MHOKHUTED.

Chicroaa

1= 0.33(2L - L~ LY +3(1,~L)".

lak HoOKa3aaM pacyeTsl, HAaUOOBLIMI TOK MOMYHaeTCs, KOraa aABa
o0 HAMAFTMYABAHHS HMEIOT OJMHAKOBOE 3HAYEHHE, a TPETUH OT HUX
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omnyaercs. [ToaToMy B Le/IsX yNpomeH s JOITyCKaeTCs pacueT Mo ABYM

3HauUeHHAM TOKA HAMarHMYMBAHMA. MAKCHMAJIbHOMY ¥ MHHUMAJIBHOMY.
I[Mpu onpenenenny Toka HebanaHca NepBoii rapMOHMKH 10 ABYM Kpaii-

HHM 3HAY€HHSM TOK2 HaMAarHHYMBaHHUS 3TO BBIPAXKCHHE YNPOILAETCH.

Cuvras , =L, =1, . ul =1, .  ‘o’dydaem:
111-16 = 0’66(IHaM.max - IHaM.min)'

Tok HeGanaHca TpeTbeH rapMOHUKH
Ls=0341 + 1 + L)

3

Ipu Hcnoib30BaHMH THIOBBIX XapaKTEPHCTHK OHHM [TOHKKAIOTCA HA
20 % ans TpaHcgopMaropoB TOKa B ABYX ¢a3ax U nossiatorcs Ha 20 %
1)1 TpaHchopMaTopoB TOKa OfiHOH ¢a3bl. B pesynbrare nocnenHee Bbl-
paxkeHHe mpHoOpeTaeT cleayroIHH BU:

Ls=034(,, . +2I

aM.min HaM.max)'
IMpuBeneHHbIe cOCO6bBI ONPEAEICHUS COCTABIIAIOLIMX MEPBOH U Tpe-
"Tbell rapMOHHUK B TOKe HebanaHca peKOMEeHIyeTcs NMPHMEHATH B CIIy-
uae, ecii pabouas TOYKa HaXOMMTCS BBILIE Hayana mepernba xapak-
TEPUCTHKH HAMarHUYMBAHHS, YTO COOTBETCTBYeT HHAYKUHAM 0,4-0,5 Tn
# Boiwue. IIpH 3TOM ec;ii MaKCUMABHbBIH 1 MUHUMAIbHbIH TOKM HaMar-
HUYMBAHHS PA3/IMYAIOTCS MEHEE YeM B 2 pa3a, TO MOXKHO HE YYUTHIBAThH
COCTABJIAIONLYIO MEPBOM rapMOHUKH, TaK KaK ee BIHUAHHE Ha TOK Heba-
JIAaHCa B 3TOM CJIy4yae HeCYIIECTBEHHO.
Torna Tok HeGanaHca
IH6 = 131»16‘
Ecnu paGouas Touka HaXOAMTCSA HuKe repernba XapakTepHCTHKH Ha-
MarHM4YMBaHHs, TO PEKOMEHIYETCS He YYHTBIBATh COCTABJIAIOLIYIO Tpe-
Theil FapMOHHMKH, KOTOpas B 3ToM ciyuae Oymer He 6onee 16-17 %
HOJIHOTO TOKA HaMarHUYMBaHUA. B 3ToM cimydae npHOIIKEHHO MOXHO
CYHTaTBh, YTO TOK HeGajsaHca paBeH TOKY HaMarHW4MBaHUA MIEpBOM rap-
Monuku. Torga Tok HebanaHca MOXKHO MOACYUTHIBATh, MONb3YACh BhIpa-
JKEHHEM IS mé, HO ¢ ko3 puumentom 0,5, a e 0,33; cnegosarenbHO,
pacueTHoe BbIpaXKEHHe MPUMET BHL:

Is=0,5(2,~L,-L) +3(I,- L),

WY A1 YNPOUICHHBIX ITOACYETOB Jbo s NpeaBapUTEIIEHBIX Paci€TOB
IO THIIOBBIM XapaKTC€pUCTHKaM HAMarHu41uBaHsA ’

L1 I

Ham.max _ *Ham.min’
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I'masa 3. OcnosHbie TpeboBaHus k TpancopmaTopam Toka

PekoMenayeTcs creytonii mopsaoK pacdera Toka HebanaHca.

Onpenensiercs nelcTBUTENbHAS Harpy3ka Ha TpaHcdopMaTop Toka
1.1/10H a3kl ¢ yHETOM COTIPOTHBIIEHHUS] BTOPUYHON OOMOTKH.

Jlns kaxaoi dasel cTpoutes xapaktepuctuka E, = f (I ).

Crpoutces 3aBucuMocTh £, = f (1) 1S KOKIoH (asbl WM Ui Hau-
hotiee BBICOKOM M Hanbonee Huskol xapakrepuctuk E, = f (7. ). Tlo
spusbiM E, = f(1) v pacueTHOMY 3HaueHuIo Toka Tpexdasnoro K3 on-
peieasior IJIC E, ans kaxaoi ¢aswl uin KpailHue (MUHHMATbHOE ¥ MaK-
« INQJIBHOE) €€ 3HaueHnd. JInd ynpoulenus pacueta fonyckaerca E, on-
peaensTh 63 mocTpoeHns 3aBUcuMocTH E, = f (/) no BblpaXkeHHIO

E (s K)Z,42,)

1o HPH 3TOM TOKH HefaslaHca MOTYT MOJIYHYHTLCSl HECKONBKO 3aBbillEH-
ninin. Tlo nmonyveHHbiM 3Hadenusm E, u3 xapakrepuctuk E, = f(I,
NANOIST TOKM HAMAarHHYHBAHMS.

l:cny HalipeHHble pabouude ToUKH (MK XOTs Obl OIHA W3 HUX) Ha Xa-
[*1h IGPUCTHKAX HAMArHUYMBAHUS HAXOMSTCs 3a riepernbom (B obnacTu
1L LILEHHA), TO ONPEdesiOT COCTAaBIAIOIIME TOKOB NMEPBOH U TpeTbeil
APMOHHMK 10 BblpakeHusam s [ < u I o, a noanelid Tok Hebananca
11¢M MTOJCHUTBIBAIOT, NONB3YACH BhipakeHueM s I . Tlpu aTOM npes-
1ApUTENBHO NPOBEPAIOT OTHOWEHWe [ /I = . . €C]Ih 3TO OTHOUIE-
tie MEHBLIE ABYX, TO MOXKHO COCTARAIONLYTO EPBOM rapMOHHKH HE Y4H-
1ITh M OTIPENeNsTh [ o paBHbIM I, .

l'ciu Bce pabouue TOYKH Ha XapakTepuUCcTHKAX HaMarHUYMBaHUA Ha-
- plTes 10 Havana neperuda (B 004acTy MajibiX HHAYKIHH), TO TOK He-
Paialica ONpeaesisioT M0 BhIPAKEHHIO Ul [ o ¢ koadduumenTom 0,5.

laM)




FTnasa 4
UCMBITAHNUA TPAHCHOPMATOPOB TOKA
*

Hcnbitanus TpaHC(bOpMaTOpOB TOKa NpOBOAATCA B COOTBCTCTBHUH |

¢ «O6BEMOM M HOPMaMHU MCTILITaHHH snektpoobopynosaHus»[1].

4.1. UBMEPEHUE NAPAMETPOB U30J11LIUN

ConpoTURNEHHS OCHOBHOM H30/IAIIMU TPAHC(OPMATOPOB TOKE, H30NALIMHU
M3MEPUTEITLHOMO KOHZICHCATOPA W BHIBOJIA NOCHEAHEH 00KIa K1 OyMaKHO-

MAC/ISTHOM M30MALMK KOHAEHCATOPHOTO TUMA H3MEPSOT MEraOMMETPOM Ha
2,5 kB. CoNnpoTHBIIEHNS U30MIALIHH BTOPHUYHbIX OOMOTOK H IPOMEKY TOUHBIX |

0BMOTOK KacKaJHbIX TPAHC(HOPMATOPOB TOKA OTHOCHTENBHO LIOKOA H3ME-
patoT Meraommerpom Ha 1 kB.
B npotiecce 3KCIUTyaTalyH COTNPOTHBIICHHSA H30JIALIMH H3MEPAIOT:

« Ha TpaHcdopmaropax Toka 3-35 KB — npu pEMOHTHbBIX paboTtax |

B sueiikax (NpUCOeINHEHHUAX), T1€ OHW YCTaHOBJIEHSL,

« Ha Tpatcopmaropax Toka 110 kB ¢ 6yMaOKHO-Mac/AHOM n30ALMeH
(6e3 ypaBHUTENBLHBIX 00KI1a10K) — IPY HEYIOBJIETBOPUTEbHBIX PE3YIIbTa-
TaxX UCIbITAHHUH Macya,

« na tpancdopmaropax Toka 220 kB u Bbliue C Oy MaXXHO-MaCAHOM {

yzonsiuveit (6e3 ypaBHUTE IbHBIX 00K1A10K) — 1pH OTCYTCTBHH KOHTPO/IA
M3OISILIAM IO/, PaBOYMM HANPSIKEHHEM W HEYI0BJICTBOPUTEIILHBIX PE3YJIbTa-
TAaxX WUCTILITAHUI Macna;

» Ha TpaHchOpMATOpaX ToKa ¢ Gy MKHO-MACIIAHON u30NIALMel KOHICH-
caroproro Tuna 330 kB 1 BblLie — 1Py OTCY TCTBHM KOHTPOJIA H30/1ALIMH NOA
pabounm Hanpsoikernem — 1 pas B rofl.

M3MepenHble 3HaUeHHS CONPOTHBICHHNS H30MIALMH IOTIZKHbI ObITb HE ME-
Hee crieAyloLuX:

Knace HanpsmKeHus, KB ... 3-35 110-220 330-750
Jlonyctimoe CONMPOTUBIICHHE
U30IALIN *:
0CHOBHOM, TOM...ccoivcecricins 1/0,5 3/1 5/3
BTOPUYHBIX OOMOTOK **,
MOM...eeeerererirriiienrsrss s 50(1y50(1)  50(tys0(1)  50(1)Y50(1)

* B ypcanTese — COMPOTURIICHUS H30SLKN TPANC(OPMATOPOB TOKA 1P BBOAE
B 9KCHAYATALIMIO, B 3HAMCHATENE — B NPOLECCE IKCTLY ATAIIHH.
*% B cxo6Kax — € MOAK/IIOYCHHbIMM BTOPHUHBIMH LCTIAMK,
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I"naBa 4. Hcnpiranus rpaHcpopMaTopoB TOKA

V kackaaHbIX TpaHcHopMaTOPOB TOKA COMPOTHBIICHHUE H3OJISLIMH H3ME-
prnor uis TpaHcdopMaTopa Toka B LeaoM. Hpr HeyaoBIeTBOPHTE/IbHBIX
| 1y1KTaTaX TAKMX U3MEPEHHI COMPOTUBIIEHUE W30JISAUMH JAOTIONHHUTENIBHO
HMCPSIOT 10 CTYTICHAM.

JraueHue tgd TpaHc(hopMaTOpOB TOKA C OCHOBHOM Oy MaXKHO-MacIsiHOM
wonsuueit namepsot npu 10 kB.

13 npolecce SKCILTyaTalum H3MEPEHHs IIPOBOIST Ha TPaHC(HOPMATOpax
[ERITN

« 710 35 KB BK/IIOUHTENBHO — IPH PEMOHTHBIX paboTax B syeHKax (npu-
{ OC/IMHEHHUSX), [1€ OHH YCTAHOBNIEHDI,

- 110 kB ¢ GymMakno-MacnsHOH uzonsuueii (6e3 ypaBHUTENbHBIX 00-
K 111'10K) — TIPH HEYAOBIETBOPUTENBHBIX PE3y/IbTaTaX HCIbITAHUI Maca;

- 220 kB u Bbile ¢ 6yMaxHO-MaCHSHOM H3onsumel (6e3 ypaBHUTEb-
1y 0BKAAA0K) — NP OTCYTCTBHK KOHTPOJIS NMOA pabo4HM HanpsKEHHEM U
110\ " LOBJIETBOPHUTENBHBIX Pe3y/IbTaTax HCITbITaHHs Macia;

« 330 kB 1 BbluIe ¢ GyMa)KHO-MAC/IHON W30JIALIMEH KOHIEHCAaTOPHO-
I\ 11Ma — MPY OTCYTCTBUM KOHTPONS Noj pabouyuM HanpsiKeHHEM —
I pas B rOA.

| 13MepeHHbIE 3HAYEHHS t28 OCHOBHOI M30MsILWH *, NpuBeaeHHbIe k 20° C,
t¢ 10JDKHBI IPEBbILLIATD YKAa3aHHBIX HIDKE!

I e vanpskeRua, KB 3-15 20-35 110 20 330
o o, M3OJTALMKL
LY MaKHO-OakenuToBoi..... 3/12 2580 2050 - - - -
1Y MAKHO-MACISHO. ....... — 2545 2080 1015 08™np*™ - -

500 750

V KacKaAHBIX TpaHCHOPMATOPOB TOKA 128 OCHOBHOM W30JISLIMH 13-
A pa10T 1718 TpaHcdopmartopa Toka B uenom. I1py HeyloBIeTBOPUTENTb-
i pe3ynbTaTax TaKMX M3MEpEeHMH tgd OCHOBHOW HM30/ISLUU
N NOJHATETBHO H3MEPSIOT 110 CTYNEHAM.

4.2. NCNbITAHUS NOBBLIWEHHLIM HANMPSAXXEHUEM
lcnbiTaHME OCHOBHOIN HM30JfILMA H3MEPHTEJILHBIX TpaHchoOp-

MiLLOPOB TOKA H HANIPSOKCHHA. HcnbiTaTeibHbie Hanpsa>Xenvss OCHOB-
Hon 130U, KB, UMEIOT CJICAYIOUHME 3HAUCHNA !

* B uyucnuTene 3uayeHns tgd uzomsuu TpaHchopMaTopoB TOKA IPH BBOAE B
Ny ATALMIO, B 3HAMEHATENE — B [IPOLIECCE IKCIUTy aTaliu.
** e Gonee 150 % 3HaueHUS, H3MEPEHHOTO Ha 3aBOJIE.
*+* i{e Gonee 150 % 3HadeHus, U3MEPEHHOI'O NIPH BBOJIE B AKCILTY aTALMIO.
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Texnnyeckoe 06CHyKUBAHHE HIMEPUTEILHBIX TPAHCHOPMATOPOB TOKA U HANPIKEHUA

Kitacc HarpskeHIS, KB.............. 100,69 30 60 10 15 20 35
HcenpiTareibHoe
HAaTpsDKEHNE
MBOJIALMH, KB:
¢apdoposoit
(IUTATENIBHOCTD
UCTILITAHUSA — | MUHH).......... 10 24 2 9 55 65 9
JpPYTYIX BUIIOB
(I IMTENBHOCTD
HCTILITAHUS — 5 MUH).......... 10 216 288 378 495 585 855

JlonyckaeTcs NpoBEefeHHE HCTBITAHKH TpaHCcpOpMATOPOB TOKa
COBMECTHO ¢ OWKHHOBKOH. TpaHchopMaTops! Toka HanpskeHuem Gonee
35 kB He noaBeprarTCa UCTBITAHUAM TOBBILICHHBIM HATPXKEHHEM.

HcupiTanne H30JSIHKH BTOPUYHBIX 00MOTOK. 3HaueHHE HCMbI-
TATENbHOTO HAMPSKEHUSA JUIS M30MISALMHA BTOPUYHBIX OGMOTOK BMECTE C
NPUCOEAMHEHHBIMH K HUM LETIIMU NPUHUMAETCA PaBHbIM 1 xB. Ilpoaon-
KMTEBHOCTb NPUIOKEHHS HCTIBITATENLHOrO Hanpskenns — 1 muH. Jlo-
MyCKAETCS MCTILITHIBATD BTOPHUHbIE OGMOTKHM TPaHC(OPMATOPOB TOKA
BMECTE C LIEMSIMH, PUCOEAUHEHHBIMU K HUM.

4.3. WBMEPEHUE COMNPOTUBJIEHUA OBMOTOK
NOCTOAHHOMY TOKY

OTK/IOHEHHE H3MEPEHHOTO CONPOTHBIIEHHSI OOMOTKH MOCTOAHHO-
MY TOKY OT TaCMOPTHOFO 3HAYEHHs WIH OT U3MEPEHHOIO Ha ApYTruX
dazax He JOIDKHO MpeBblaTh 2 %. [Tpy cpaBHEHHH C ACMIOPTHBIMK
[aHHBIMH H3MEPEHHOE 3HaYEHHE COTIPOTHBIIEHHS JOJIKHO IPUBOAUTLCA
K 3aBojCKO#M Temneparype. Ilpu cpaBHeHUW ¢ ApyTHMH ¢dazamu u3-
MepeHus Ha Bcex (asax cieflyeT npoBOJMTE MPH OAHOH U TOH XKe
TEMIEPATYPE.

4.4. APYTUE BUbl UCMbITAHUNA

Hcnbiranus Tpancdopmaroproro macaa. [lpn ssoae B skcmiy-
aTaluio TpaHchOPMATOPOB TOKA CBEXKEE CyXOe TpaHcopMaTopHoe Mac-
JIO [0 M Tociie 3aNMBKH (JONMBKH) B TpaHcdopMaTopbl TOMKHO GbITh
MCTIBITAHO B COOTBETCTBUM ¢ TpeboBaHuamu «O6beMa U HOPM HCTIbITa-
Hui»[1].

B npouecce sxcIuyaTauH TpaHCGOPMATOpPHOE MaCIo M3 Tpancdopma-
TOPOB TOKa HanpsvkeHHeM 35 kB 1 Hixke IOyCKaeTCs He HCBITBIBATD.
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I'nmasa 4. Ucneitanus TpanchopMaTopos TOKa

Macno 13 Tpanc$opmMaTopoB TOKa, OCHALEHHBIX CHCTEMOMN KOHTPO-
w110 pabovnM HanpsyKeHUEM, UCTIBITHIBAETCS CONIACHO TPEOOBAHUAM

| 1] 110 BOCTHIKEHNH KOHTPOIMPYEMBIMH NTapaMeTpaMH IIPUBEICHHBIX HHKE
HpC/ETbHBIX 3HAYSHMIA:

I niicc HanpAXKEHAA, U, KB.......ovovvevnncecinecnene 220 330-500 750
[ IpenenbHbie 3Ha4eHns Atgd u A Y/Y, %
11pY [IEPHOUYECKOM KOHTPOJIE............ 20 - 1,5 1,0
1IpH HENEPUOAUUECKOM KOHTPOJE......... 30 20 1,5

Y Mac/ioHamoJHEeHHbIX KacKaJHbIX TPaHC(HOPMATOPOB TOKA OLEHKA
¢ OCTOSIHHA TPaHCHOPMATOPHOrO Macya B KAKAOH CTYNEHH [POBOJHTCA
110 HOPMaM, COOTBETCTBYIOLMM paboueMy HaMpsyKEHHIO CTYTIEHH.

HcnbiTanus BcrpoeHHbIX TpancpopmaropoB Toka. ConpoTHs-
"HCHWe W3OJISALMH BCTPOSHHBIX TpaHCHOPMATOPOB TOKA M3MEPSAIOT MeTa-
OMMETPOM Ha HampskeHne 1 xB.

M3mepeHHOe CONPOTUBIEHKE H30NISLMH €3 BTOPUUHBIX LeneH N0JK-
no ObiTh Oonbinte unu pasuo 10 MOwM.

Jlonyckaercst U3MepeHHe COMPOTHBIIEHUS! W30JISLIUK BCTPOEHHBIX
1aticopMaTopoB TOKa BMECTE CO BTOPUYHBIMH Liensamu. M3MepenHoe
« OLIPOTHBJIEHHE W30JIALHH JOKHO ObITh He Hke 1 MOMm.

Kontpoas uzonsiumu nog pabouHM HaANPSKEHHEM DEKOMEHIY-
v 1051 IPOM3BOAMTD Y TpaHchopMaropos Toka 220-750 kB. Konrponupy-
“AILIC TIAPAMETPBI: M3MEHEHHE TAaHI'CHCA YITla AUNIEKTPUUIECKHUX TIOTEPD
Mo M eMKOCTH AC/C 0CHOBHOM W3OALUH WITH (M) U3MEHEHHE €€ MOAYA
noiHo mposoauMocTu AY/Y. Jlonmyckaercs KOHTPOIb 110 OHOMY U3 Na-
pameTpoB (Atgd wiu AY/Y).

W3meHeHHe 3HaueHHH KOHTPOIUPYEMBIX NapaMETPOB OIMpPEAENAETCSA
*.IK PA3HOCTb Pe3y/ibTaTOB JBYX W3MEPEHHH: OYEPEHEIX U NPH BBOZE B
pa0OTY CUCTEMbI KOHTPOSIS TIoA HanpsbkeHueM. [penenbHbie 3Ha4eHns
\ RCJTMYEHHA EMKOCTH U3OJISILIMHE COCTaBsioT 5 Yo 3HaYEHMS, H3MEPEHHO-
1¢ (IpH BBOZE B paboTy CHCTeMbl KOHTPOJIS MO HAMPXKEHHEM.




fnaBa 5

OCHOBHBbBIE CBEOEHUA
O TPAHCHOPMATOPAX HAMPHAXEHUSA

*

5.1. OBUIUE YKA3AHUA MO NPUMEHEHKIO
TPAHC®OPMATOPOB HAMNPHXEHWUSA

TpaHcdopMaTopbl HanpsKeHUs MPUMEHSIOTCS [l IUTAHMUS DNEKTPO-
M3MEPUTESIbHBIX NPHUOOPOB, Lienel pereiiHON 3alUUThl, ABTOMAaTHKU U CUTHA-
JIM3aUMH B JNIEKTPOYCTAHOBKaX ¢ pabo4uM HanpsbkeHuem Bbiuie 220 B.
TpaHchopMaTopbl HanpsKEHHs BbIYCKAOTCS B COOTBETCTBUH C Tpebo-
BanuamMu [OCT 1983-77 «Tpanchopmaropsi HanpsokeHus. OOLiHe Tex-
HHUUECKHE TpeOOBaHUsMY.

TouHocTh paboTel TpaHcHOPMATOPOB HaNPsHKEHUST OLIEHHBACTCS IO
UX norpewrHocTsIM. [TorpeurHocTH o HaPSHKEHHIO | 10 YTy XapaKkTepu-
3YHOTCS OTJIMMHMEM BEKTOpa BTOPUUMHOTO HAMpPsXKEHWs OT BeKTopa nep-
BHYHOI'0, BO3HHMKAIOUUM M3-32 NaJeHUH HANPSOKEHUS B AKTUBHOM U HH-
JQYKTHBHOM COIPOTHBIIEHUAX 0OMOTOK TpaHchopMaTopa HanpsHKeHUS U
HECOBIIaAEHUS 3TUX NAeHUH HaNpsXKeHHs 10 aze ¢ HANPSKEHHIMH 06-
MOTOK.

IorpemHocTs no HanpsokeHuto, cormiacHo TOCT 1983-77, onpene-
nsercs no dopmyne, %,

f — nT.HOMU2 _Ul 100
U >
U,

1

€ My o0 — HOMUHANBHBIA K03 (P duumenT Tpancdopmaunu (papeH
OTHOLIEHHIO HOMHHAIBHOTO NEPBUYHOIO HATIPAXKEHMS K HO-
MHHAJIBHOMY BTOPUUYHOMY HallpsKEHHIO).
B 3aBucHMOCTH OT XapakTepa NMOAKIIOYEHHOH HATPy3KH KaXKIbIi
TpaHc(hOpMaTop HanpsHKEHUs JOJDKeH paboTarh B Kiacce TOYHOCTH:
0,5 — anas nuTaHUS pacyeTHBIX CYETYHKOB Kiacca TouHocTd 1,0, a
TAKKE U3MEPHUTEIBHBIX MPpHOOpOB Ki1acco TouHocTH 1,0 M 1,5;
1,0 u Tonbko Kak uckrodenue 3,0 — aast Haubosiee pacnpocTpaHeH-
HBIX YKa3bIBAIOLIMX H3MEPUTEIBHBIX NTPHOOPOB Ki1acca TOUHOCTH 2,5;
3,0 — s nuraHus Heneil pesieHHON 3a1UUThI.
IIpy nMTaHUK BTOPUYHBIX HArPY30K Pa3HOro xapakrepa (Hanpumep,
penefiHoil 3aIMTBl U PacYeTHBIX CYETYMKOB) OT OJHOIO M TOI'O XKe
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sz pa 5. OcHoBHblE CBEACHHUS O TpaHC(OPMATOPAX HATIPAKEHHS

Tpancopmaropa HanpspKeHUS JoJbKeH obecrieunBaThest Haubosiee Bbl-
COKMI1 KJIacC TOUHOCTH, HeoOXOAMMBIH U1 paboThl NOAKITIOUEHHON K HeMy
annapatypbl. Harpy3ka TpancdopmaTopa HanpspKeHHs! He J0JKHa npe-
BBILLIATH HOMHHAJBHOH A5 TpeOyeMOoro kyacca TOYHOCTH.

[ToTeps HanpsKEeHUs! BO BTOPHYHBIX LIENHX TpaHchopMaTopoB Hanps-
JKeHHs, CHWKAIOLIAsA TOUHOCTh pabOoThl NOJAK/IIOUEHHOH K HEMY annapa-
TYpbl, COTIaCHO TPeOOBAaHMAM, YCTAHOBIEHHBIM JUPEKTHBHbIMU MaTe-
puarnaMu, He NOKHa TIPeBbIIATh B LeNH TpaHchopMaTopa HarpsKeHUs
JI0 pacHeTHbIX CHETYHKOB MEXKCHCTEMHBIX TIHHKMH anekTponepeaaqu 0,25 %
(npu nutaHuu OT TpaHcopmaTopa HarpsbkeHHa kiacca TouHoctH 0,5),
JI0 Ipyrux pacyeTHeix cueTurioB 0,5 %, nq wmroselix npubopos 1,5 %,
10 GUKCHpYOKX H3MepuTensHbIX npubopos (PUI) 2 %, no pene 3a-
WUTHI U aBTOMaTUKK 3 Y.

5.2. OCHOBHbIE TPEBOBAHUA K CXEMAM
TPAHCOOPMATOPOB HAMPSXEHUN
M NX BTOPUYHLIM LIEMNSAM

Cxembl TpaHchOpMaTOpPOB JOSKHBI COOTBETCTBOBATh YC/IIOBUAM HX
paboThl U Ha3HAYEHHIO W BBIMOJMHATLCA HAa OCHOBE YKA3aHHIl JUPEKTUB-
HblX MaTepuanos Munsnepro PO.

CxeMmbl BKIIIOUEHUS TPAaHCHOPMATOPOB HAMPSKEHHUS U CXEMbI HX BTO-
PUMHBIX LieTiel JOoKHbI 00ecneynBaTh HaleXkKHOE NMUTAaHUE NMOAKITIOHEH-
HOW K HUM annapaTypbl yueTa 2JIEKTPOIHepruu, U3MepeHni, peneitHom
3alMThl M aBTOMATHKH.

3azemsieHue TpaHchopMaToOpoB HanpsbkeHus. BropuuHble 06MOTKH:
TpaHc(opMaTopoB HanpsKeHHs: HEOOXOAUMO 3a3eMIIsATh A obecreue-
Hus 6e30MacHOCTH nepcorana. 3a3seMieHue I0/KHO ObITh HAAEKHBIM H
HamsAHBIM. B mpoBoaax, CoeIMHAIOLMX TOUKY 3a3eMIIeHHUs ¢ 0OMOTKa-
MU TpaHchOPMaTOPOB HAIPSHKEH U], HE JOJIKHO ObITh KOMMYTaLMOHHBIX
Y 3aUMTHBIX arnaparos (pyOWIbHUKOB, Nepekiouaresiel, aBToMaTH4eC-
KUX BbIKJIIOUarene, npejgoxpanurened u ap.). CeueHre 3a3eMAIOLIEro
NpoBojia ACKHO ObiTh He MeHee 4 MM? ([0 Mefil).

3azemIieHue JIOMYCKaeTCs BbITIONHATL Yepe3 npoOUBHON npenoxpa-
HUTENb, 4TO Haubonee 1enecoobpazHo u pekomenayercsa Ipasunamu
yCTpONCTBA ANEKTPOYCTaHOBOK [2] 714 TpaHC(HOPMATOPOB HANPSHKEHHUS,
[HUTAIOILMX OEPATHBHBIC LIeTIH PeieiiHOM 3a1MThl U ABTOMATHKH.

Hynesyto TOUKY WJIK OfHH U3 (pa3HbIX BbIBOJOB BTOPHUHBIX OOMOTOK
HeoOX0oanMMo 3a3emiisThb. [1pu coelMHeHHn OCHOBHBIX BTOPUYHBIX 0OMO-
TOK B 3Be3ly Gojiee pacnpocTpaHeHo 3a3eMieHue OAHOH M3 a3
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(06b1yHO (assl 6), a He Hys. DTo coznaeT IPEUMYUIECTBA NPH NPOBEPKE
Moz pabo4uM HaNpsKEHHEM NPABUILHOCTH CGOPKH 1 MapKHPOBKH LieTIEH
HArpsKEeHHS.

3asemieHre HEOOXOAMMO YCTaHABITHBATE 110 BOSMOKHOCTH GiIIDKe K
TpaHCHOPMATOPy HANPSKEHUS, KAK NPABHIIO, Ha Givkaiiiied K Hemy cbop-
ke BBIBOJOB. OZIHAKO NPH 3TOM HEAOMYCTUMO Jaxe KPaTKOBPEMEHHOE
00beAMHEHHE 3a3EMIIEHHBIX WITH HE3a36MIEHHBIX IPOBOJIOB BTOPHYHBIX
Lieriel pa3HbIX TPaHC(hOPMATOPOB HANPSKEHHS BO M36EkKaHHe HENpaBHIIb-
HbIX ISHCTBHH PeeifHOM 3aILUThI MM YCTPOICTB CHHXPOHHM3AL1H B CJTy-
1ac TMOABICHNS TOKA B 3a3€MJIAIOLIEM KOHTYpe (Harpumep, nipu K3 win
TpH CBApOUHbIX pabotax B PY). VkasaHHble HenpapuibHblE feficTBHs
BO3MOXHBI [IOTOMY, YTO YaCTh TOKA M3 3a3EMJISIOILErO KOHTYpa OTBET-
BHTCSl BO BTOPHUHBIE LIEMU Ye€pe3 NBa 3a3eMJIEHHS, YCTAHOBJICHHBIE B
PasHbIX MecTax (y TpaHChOPMaTOPOB HANPAKEHHUS, LIENH KOTOpbIX 00be-
AMHEHBI), M CO31ACT 3HAYUTENIbHOE NaleHHe HANPSKEHHS, CYLLECTBEHHO
HCKKAOUICE BEKTOPHYIO IHArpaMMy BTOPHUHBIX HATIPSKEHHIA.

ITpu ycranoBke 3a3emnenus BGu3u TPaHCHOPMATOPOB HANPKEHUS
MEPEKITIOYCHUE HArPY3KH C OHOIO TpaHc(hopMaropa Ha APyToi JOIKHO
TPOM3BOAMTBCS TOJIBKO C Pa3pbIBOM LieMH, a MPH BKIKOYEHHH aBTOMATH-
HECKHX YCTPOHCTB CHHXPOHHM3ALMM Cpa3y Ha ABa TpaHcHOPMATOpa KOk~
HO 06eCreunBaTLCS INEKTPUUECKOE PA3IEIEHHE HX BTOPHUHBIX Ilerel ¢
TIOMOLUBIO PA3ACIIUTENIbHBIX WM (ha30MOBOPOTHBIX TPaHCHOPMATOPOB.
Ilpu oTcyTCTBUM aBTOMaTHUECKHX CUHXPOHH3AaTOPOB pa3/ieNieHHe 3a3eM-
JICHHO# (a3bl B CXeMe PYYHOH CHHXPOHH3ALMH MOYXKET GBITh BHIIOTHEHO
0e3 pasnenuTenbHLIX TpaHCHOPMATOPOB.

YcTaHoBKa 3a3eMIieHHs BOIM3M TpaHCchopMaTOpoB HanpskeHus 06s-
3aTe/IbHa BO BCEX AaBTOHOMHBIX BTOPHYHBIX LIEMSX 1P OTCY TCTBHH epe-
KJTIOMCHUA [MTAaHUA LIENeH HanpshKeHUs Ha Apyroii Tpanchopmarop: B
LeTsAX, MPUCOENUHEHHBIX K FeHEpaTopaMm, K TPETHYHBIM 06MOTKAM aBTO-
TPaHC(HOPMATOPOB, K OAMHAPHON CHCTEME LLUHH M T,

Ipy HannuKHK NepeKIIOUeHNA NHTAHWA HArpPY3KH TpaHc(opMaTopoB
HANpPsDKCHUS 1151 ASHCTBYIOLIMX SEKTPOCTAHUMH U MOACTAHLMIT 10y C-
KaloTCs TAKWE OTCTYIJICHUS OT TPeOOBaHHS YCTAHOBKH 3a3EMJICHUS BOJIU-
34 TPAaHC(HOPMATOpa, KK YCTAHOBKA 3a3€MIICHUS:

Ha oOLLel [T BeeX TpaHcdopMaTOpoOB HAMPSKEHHA 3a3CMIAIOLIEH
IIMHKE Ha PENICHHOM I Te, eCii kaGesin OT BeeX TpaHcdopMaTopoB pas-
HBIX paclpeieNUTEABHBIX yCTPOCTB (PY) BhiBEemeHBI Ha DTOT peneii-
HBI IMT. 3a3eMIIEHHbBIE HENOCPEICTBEHHO Y TpaHchOPMATOPOB BLIBO-
Jbl W3 BTOPUUHBIX OOMOTOK, THTAIOILMX ABTOHOMHBIE LIENH HANPSIKEHMS,
NPHCOEAMHSATDH K 3TOM LIMHKE HE I0IYCKAETCH;
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11 TpaHC(OpMATOPOB HaIpshKeHHst Kakaoro PY Ha peneiiHoM wure,
€CJIM Ha JIEKTPOCTAaHLMM WM MOACTAaHIMK HMeercs Ba PY u Gonee ¢
JBOHHOH CHCTEMON ILMH U OTAEIBbHBIMHU peneitHpiMU mwuTamu. Ob1as
3a3eMJISFONAsl IIMHKA TIPY 3TOM MOXET MPOKIAAbIBaThCs TONBKO B TIpe-
Jienax OTAeNbHbIX pesieHBIX [IUTOB.

Jing obecrnieueHns Ge3ornacHOCTH mpH paborax Ha TpaHcdopmarope
HaNpPSXEHUS U ero BTOPUYHBIX LieNAX HeOOXOAHMO yCTaHABNMBAThL PY-
OMIBHHMKU WJIM MCIIONB30BaTh CheMHbIe TPyOUaThie NpenoXpaHuTesH,
pa3beMHbBIC COEIMHEHUs BBIKATHBIX TenexekK B suekikax KPY u T. m.

Bxarouenune Tpanchopmaropa nanpsixenus co cropount BH.
B uenv nepBuyHoOit 06MOTKH TpaHchopMaTOpOB HanpsxeHus a0 35 kB,
KaK MPaBHIIO, CTeAYeT YCTaHABAMBATH NPeIOXPaHUTENH s ou6ecneqe-
HHUA COXpaHeHHs B paboTe LIHH WM APYTHX MEPBUYHBIX Uenei, K KoTo-
pbIM MOAKITIOYEH TpaHchopmarop, pu K3 Ha ero onMHOBKe WIW BBOAX
BH. .

Tox K3 npu nospexxaeHusIx B ienu BTOPHYHOH 0OMOTKM W JlaXke Ha
ee BbIBOJAX BO MHOTHX Cllyyasix HEIOCTATOYEH Ul MeperopaHus 3THX
NpefoXpPaHUTENEH, BCIEACTBHE Yero caM TpaHcGopMaTop HanpaxKeHUs
UMH HeE 3aLHULIaeTCs.

B Tex cnty4asix, koraa so3nvknoBeHue K3 B uenu nepBHYHOI 06MOT-
KM MaJIOBepOsTHO WM nocneacTus takoro K3 He npencrapnsior oco-
O0H omacHOCTH /SIS 3IEKTPOCHa0KeHus noTpebuTeneii, mpenoxpanure-
1y Ha cropoHe BH tpanchopmaTopoB Hanpsi>xeHUs MOXKHO He YCTaHaB-
nuBarh. Tak, B KOMIMIEKTHBIX TOKOMPOBOAAX MOILHBIX I'E€HEPATOPOB
TpaHcHOPMATOPBI HAIPSIKEHUS BKJIHOYArOTCs 6e3 nmpeoxpaHuTeei, no-
CKOJIbKY IPH 3TOM pasjefieHre OTAeIbHBIX (a3 NpakTHYeCKH UCKITIoHa-
et BosHukHoBeHue K3 Ha omnHoBke. IIpu ycraHoBke TpaHcdopmaropa
HanpsAXKEHHA Ha KaKOM-JINOO OHOM NPUCOEAVHEHHH, UMEIOLIEM HAaeX-
HbIH pe3eps (HanpumMep, Ha TpaHchopmaTope, paboTaroleM napaiensb-
HO C JIPYTMMH), @ HE Ha LIMHAX, eT0 TaKke MOXKHO BKJIIoUarth 6e3 npeno-
XpaHMTENEH, TaK KaKk MOBPEXK/CHHE B LIeNH 3TOro TpaHcdopmMaTopa Ha-
NPsLKEHUS TIPUBENIET K OTKIHOYEHHIO TOJIBKO OIHOTO NpHUcoeauHeHHs 6e3
TIpeKpaileHNs TIMTaHUs €r0 HarPy3KH.

JlonyckaeTcs Taxke BKIIIOUEHHE Oe3 IpefoXpaHuTeNeil Ha UIHHBI
KPYVY 6-10 kB oanoda3nbix TpaHchopMaTopoB HAMPSKEHHS C IMTOM H30-
nauueit (thna 3HOJT), nockonbky NMpu Mx NOBPEXIEHUH MAJIOBEPOATHO
Bo3HUKHOBeHHe K3 Ha muHax.

Ha nanpsioxenne 35 kB u Boitiie TpanchHOPMATOPBI HANPSHKEHMS MOXK-
HO BKJItouaTth 6e3 npegoxpanuteneil. Kak nokasa orneIT SKCITyaTauuu,
9TO He MPUBOJNT K CYIIECTBEHHOMY CHH)KEHHIO HaJIeKHOCTH BIIEKTPO-
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CTaHLMH M MOJCTAHLMUMK, TaK KaK MOBPEXACHUS TPaHCHOPMAaTOPOB Ha-
IPSHKEHUA NPOUCXOAT OTHOCHTENTEHO PEAKO.

3amuTa NpH NMOBpeXIEHHIX BO BTOPUYHBIX uensix. J[is 3amu-
ThI TPaHC(POPMATOPOB HANPSXKEHUS OT NOBpeskaAeHus npu K3 8o BTOpHY-
HBIX LEMAX HEOOXOAUMO MPUMEHSTH IPEIOXPAHHTENH U/ ABTOMATHYEC-
Kue BblKniouatesm. IlpenoxpaHuTeny MOXHO YCTaHaBIMBATb TOJBKO Ha
TpaHC(hOpMaTOpax HaNpPHKeHHs, HE NMHUTAIOIMX ObICTPOAEHCTBYOLIHE
YCTPONCTBA pesIeHHOMN 3alUThI, KOTOPbIE MOTYT HEeNpaBHIbHO paboTarh
[Py HAPYIIEHHK MCTIPABHOCTH Lienell HanpsxeHus. [Ipy HamMYmK Takux
YCTPOMCTB [T 3aLMTHl TpaHC(HOPMATOPOB HANPSKEHHS HEOOXOAUMO
MPUMEHATh aBTOMAaTHYECKUE BBIKITIOYATEITH.

ABTOMATHYECKHUE BBIKITIOYATENH WM NPSAOXPAHUTENH CIIEAYET BKIIO-
YaTh BO BCE HE3a3€MJIEHHBIE TIPOBOJA BTOPUYHBIX Lenel TpaHcdopmaro-
poB HanpsbkeHus. Mckitouenue cocTasnser nuib uenk 3U,, B KOTOpyIO
3allMTHbIE armnapaTsl BITFOYAIOTCSt TOJILKO Ha TpaHcdopmaropax, pabota-
IOLMX B CETAX ¢ U30JMPOBAHHON HEHTPAJIbIO, FIe 3aluTa HeobXonuma as
TIPeOTBPAILEHHS [IOBPEXIEHUS TpaHcpopMaropa, y KoToporo wuernb 3 U
OKa3asach 3aKOPOHEHHON NPH YCTOHUYHBOM OAHO(DA3HOM 3aMbIKaHWU Ha 3eM-
mo Ha cropoHe BH. Vkazannaa 3awwta B uenu 3 U, NpUMEHAETCS TONBKO
TMpU Pa3sBOJIKE STOM LIEMNH [10 NAHENSM OTAENbHBIX IPUCOSIUHEHU T UITH TTPH
HATMYHHK B HeH kabers [utiHoi 6onee 10 m.

JIByx0OMOTOUHBIE TPaHCHOPMATOPDE HATIPSHKEHUS U COEAMHEHHDIE B
3BE3]y OCHOBHBIE OOMOTKH TPEXOOMOTOUHBIX TPaHC(OPMATOPOB Clie-
AyeT 3alliMIlaTh TPEXNONIOCHBIMU ABTOMATHUYECKUMH BHIKJIIOUATENSIMH
C 3JIEKTPOMAarHWTHBIMH U TEM10BbIMHU pacuenuTesiiMi. OCHOBHbIE U 110~
[1OJIHUTEIbHBIE OOMOTKH TPEXOOMOTOUHBIX TPAHC(HOPMATOPOB HATIPSIKE-
HHS HEOOXOIMMO 3allMLIATE OTAENLHBIMH aBTOMATHYECKUMH BBIKJIHO4a-
TensMH. Ha paHee ycTaHOBIEHHbIX aBTOMAaTHYECKMX BBIKITFOYATENSIX TPAHC-
(hOpMaTOpPOB HANPSKEHUA JOMYCKAETCS OCTABIATH TOJBLKO JJIEKTPO-
MAarHuTHBIE PACLETUTEIIH, €CJIM OHH 00eCneunBaloT TpeOyeMyIo 1y BCTBHU-
TEJIbHOCTb.

Ipu HepoCcTarouHON YyBCTBUTENBHOCTH TETUTOBOIO PacUENUTENS K yaa-
JieHHbIM K3 B POTSDKEHHBIX LensixX, MUTAOLMXCS OT IUMHOK Ha LIMTE, WK
MY HEJOMYCTUMOCTH OTKJIFoUeHUs K3 ¢ BbIAEP KON BpeMEHH TeruioBoro
pacuenuTeis (MpoBepaeTCs pacieToM) HEOOXOIMMO YCTAHABIIMBATD B ITHX
UEMIX HECEIEKTUBHBIE aBTOMATHUYECKME BBIKIIOUATENH C 3NEKTPOMArHHT-
HBIMH U TETUIOBBIMH PacuenUTEIAMU (¢ aBTOMATUYECKUMH BbIKITHOHATE 15~
MH B LIETSX BTOPHYHBIX 0OMOTOK TpaHC(HOPMATOPOB HANPSHKEHHUS ).

B uenu 3U, TpanchopmatopoB HanpsiiaeH|s B CeTAX C H30JIMPOBaH-
HOMH HEHTPaJIbIO AOJIKEH YCTaHABJIUBATHCSH aBTOMATUYECKHUH BBIK/OUA-
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Tenb TONBKO C TEILIOBBIM pACIleNMTeNieM WM npefoxpanurens. [pu
HAJIMYMH UCTIBITATENLHOTO MPOBOJA, BHIBEICHHOIO OT 3aMKHYTOM Bep-
LWIMHBI Pa30MKHYTOTO TPEYTrOJIbHMKA, B HEM YCTAaHaBJIWBAeTCs aBTOMa-
THYECKUI BBIKJTFOYATENL TOJBKO C 3JIEKTPOMATHUTHBIM pacUenuTesieM.
B stoM cnyuae obecneunBaercs coxpanenue uenu 3U, , ecnm Tok K3
MPOXOAMT Yepe3 00a 3allUTHBIX anmnapara.

Bo BCIIOMOraTeNnsHBIX MPOBOAAX, NPUCOSAUHEHHBIX K 3aMKHYTHIM
BEpIIMHAM Pa30OMKHYTOTO TPEYIObHHKA TPAHC(OPMATOPa HATIPSIKEHUS
110 kB u BhILIE, JO/DKEH YCTAHABIUBATHCA ABTOMAaTHYECKUHM BBIKIIIOYA-
TE€JIb C 3JIEKTPOMATHUTHBIM M TETJIOBBIM PACLETIMTENSIMHU.

ABTOMATHUYECKHE BBIKITIOYATESH U [IPEAOXPAHUTENIH, YCTaHABIIHBAC-
MBbI€ BO BTOPHUHBIX LEMSIX, HeOOXOAHMO pa3sMellars Mo BO3MOKHOCTH
6mke K TpaHchOpMaTOpy HanpsyKeHHs, 4TOOBI MPOTSHKEHHOCTh Hesa-
LIMLIEHHBIX Kabeneit OT TpaHcopMaTopoB 10 3alUTHBIX anmnapaTos Oblia
BO3MOXHO MeHbieit. Llkadsl TpanchopMaTOPOB HAMpPsKEHUS, pacrio-
NIOKERHBIE HA OTKPHITHIX PY, JOMKHBI HMETh MOJOrPEB, YTO HEOOXOIH-
MO [1Jis HaIeXKHOH paboThl pacloNOXKEHHBIX B HUX aBTOMATHYECKUX Bbl-
KJTro4aTene.

Jlns 6onee GHICTPOro BOCCTAHOBIEHUS MTUTAHKA LIENEN HaMpsHKeHUS
3alUThl DIEMEHTOB -OTKPbITHIX PY aBTOMAaTHUECKHE BBIKIIIOYATENH, 3a-
UIMIIAOIIMe TpaHCOpMaTOpbl HANPSHKEHUSA, pa3peuIaeTcs NepeHOCUTh
13 ufkada Ha LIMT B CIIEAYIOLMX CITydasnX:

ecnu He Tpefyercs GBICTPBI aBTOMaTHYECKUH BbIBOA U3 NEHCTBHS
3aLMThI JIMHUM /1S [PEJOTBPALICHHs ee NOXHBIX cpabaTbiBaHUi NpU
MOBPEXKICHHUH LIENel HanpsKeHus (HanpyuMep, NpH MyCKe BeeX CTyneHel
JIMCTAHLHOHHOM 3alLUTHI 110 TOKY 0OpaTHOH MOC/Ie10BaTENbHOCTH);

eCJIH IOXKHOE IeiiCTBUE 3aIlUThI TIPH HAPY LUEHHH HCTIPABHOCTH BTO-
pUYHBIX Lereil Mexay TpaHchopMaTOPOM HaNPSKEHU U aBTOMaTH-
YEeCKHMM BBIKJIIOUYATENIeM HE MOXKET MPUBECTH K OMACHbIM HapyllICHU-
IM HOPMAaJIbHOTO peXnuMa paGoThl FHEPrOCHCTEMBI UITH KaKkoro-yiu6o
ee yyacTka.

[Tpu nepectaHOBKE aBTOMATHYECKUX BBIKIIIOUATEIIEH HA LIUT B LKA~
by TpaHcGOpMaTOPOB HANPSHKEHMS AOKHBI ObITh YCTAHOBJIEHbI MO0
aBTOMAaTMUECKHM BHIKJIIOMATEb, UMEIOIMH TONBKO TETUIOBOM pacie-
NMTENb, TM60 NPeaoXPaHUTENH, Ha[IeXKHO 3aLIUILAoLIMe Kabeb 1 OT-
CTPOEHHBIE [10 BpEMEHHM OT JJIEKTPOMAarHUTHBIX PacLENuTe e BBIKITIO-
yareneil, epeHeCeHHbIX Ha IUT. [1py ycTaHOBKE NpeIoXpaHuTeNei py-
6unpHUKK B IKady TpaHCHOPMATOPOB HANPMKEHUS MOTYT OBITH

AEMOHTUPOBAHBI.
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IlpenoTBpamenne AeiicTBUs pesieiiHOMN 3aMHTBHI N3-32 He-
HCIIpAaBHOCTEN Lenedl HANPSIKEHHsE OCYLIECTBISETCS CleIyIOLIH-
MU npueMamu. B cersx HanpsxeHueM ot 35 no 330 kB ycrpoiicrsa,
Gi0KkMpyOLIKe 3a1UNTY NP HApyLIEHUAX UeNeil HAPSKeHHs, H0TkK-
HBI TOJ1y4aTh NUTAHHE OT [BYX MCTOYHUKOB — OT OCHOBHBIX BTOPHY-
HBIX OGMOTOK TpaHCHOPMATOPa HANPAXKEHHS, COCAHHEHHBIX B 3BE3-
Ay, H OT IOTIOJTHATE/IBHBIX OOMOTOK, COEANHEHHBIX MO CXEME PA3OMK-
HYTOrO TPEYroJbHHKA.

Hnst obecrieuerus BOIMOKHOCTH BKIIKOYEHHS YCTPOHCTB GIOKUPOB-
KH B CXeMax TPaHC(HOPMATOPOB HANpPHKEHUA HEOOGXOMUMO MPeayCMOT-
PeTb BBIBOABI M3 BCEX TOHYEK, K KOTOPbIM NOAKILIOYAIOTCS 3TH YCTpPOii-
CTBA, M BHINIOJIHUTE Pa3BOJKY IO MAHEJSIM NPOBOAOB OT 9THX ToyeK. Oc-
HOBHBIC M JIOMOJHHUTEbHbIE OOMOTKM TPaHCHOPMATOPOB HANPAKEHUS
C€AYET 3aUlMILATh OTACIbLHBIMH aBTOMATHUUYECKUMH BhIKITIOUATEISIMU,

Hpu nuranum ot TpaucopMaTOpOB HANpSKEHMS YCTPOHCTB 3aLLMTHI
¥ aBTOMATHKH BO H30CKaHHE MX HEMNPABHIILHOTO AEHCTBUSA H3-3 06pbi-
BOB Lierel HanpsKeHHs, KpOMe 6I0KMPOBAHMA 3THX YCTPOMHCTB Ha die-
MEHTaX HanpsbkeHueM 35 KB u Bblle, HeOOX0AMMa CUrHANM3aLMs Hapy-
LICHHS UEIOCTH LieNeld HanpsKeHus,

Y tpancopmaropos Hanpsukenns 110 kB u Bbline, KpoMe BTOpHY-
HBIX Lienleid OCHOBHBIX OOMOTOK, CJIe[lyeT KOHTPOIMPOBATHL HCIIPABHOCTD
LeMH pasOMKHYTOFO TPEYTOIbHUKA AOMOJIHHTENIbHBIX 0OMOTOK. 10 He-
0GXOIMMO BBH]ly OTBETCTBEHHOCTH 3TOM LIEIH, MUTAIOLIEH 3AILUTY JIMHUH
OT Hauboee 4acTo BO3HHUKAIOIMX 0aHO(a3HBIX K3, 1 HEBO3MOKHOCTH
BBISBJIEHUS €€ HEMCHPABHOCTH NO MOCTOSHHO pa60TawmuM U3MEpUTEND-
HBIM nipuGOpam.

Kowtposs nenpasroctu uenu 3 U, ocyiuecTsaseTcs NepHOAHYECKH-
MU H3MEPEHHUSIMH HaMpske HUs He6ancha COCTaBJIAIOLLErO B HOPMaJTb-
HOM pekume 1-3 B.

Camonpon3Bo/bHOe cMeleHHe HeiiTpanu B ceTsx HaNpsIKe-
nuem 3-35 kB, npusozsiiee k NOBpexAEHHIO TPaHCHOPMATOPOR Ha-
NPKEHUS, NPSIOTBPAILAETCS B COOTBETCTBUM C AUPEKTHBHLIMHM MaTe-
puanamu Munsnepro P@ B anextpoycraHoBkax HanpskenueM 3—35 kB
TIPH OTCYTCTBHH KOMITCHCUPYFOUIMX YCTPOKCTB (lyroracsiumx KaTyInek),
a TakKKe FeHePaTopoB H CHHXPOHHBIX KOMITEHCATOPOB C HEMOCPECTBEH-
HBIM BOJSHBIM OXJIAXKIEHHEM OOMOTOK CTaTopa NMpH MOMOIIHX YCTaHOBKH
PE3UCTOPOB B LENH PASOMKHYTOr0 TPEYro/bHIKA KaXA0r0 TPaHCPOpMa-
TOpa HanpsbkeHust 3—35 kB ¢ 3a3emieHHOH HeHTpansio Ha cTopone BH.

[1py HaMMYMK Tyroracsmux KaTyuiex uin IeHepaTopoB (CMHXPOHHBIX
KOMIEHCATOPOB) C HEMOCPEACTBEHHBIM BOASHBIM OXJKIACHHEM 0OMO-
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TOK CTaTOpa 3alllMTa OT CaMONPOW3BOJIbHBIX CMELICHUH HeHTpaiu He
TpeOyeTcs BBUAY HEBO3MOKHOCTH MX BO3SHUKHOBEHUS.

PasBoaka nenei HanpsisKeHHs BBIIOIHAETCS ¢ COOMONECHUEM Clie-
Qyrouux npasui. [Ipoxnagky BTOpU4HBIX lienel TpancdopMaTopoB Ha-
IpSHKEeHHUA HeOOXOAMMO BBITIONHATH KOHTPOJIBHBIM MM CHJIOBBIM Kabe-
nem Ge3 pasfiesieHus OHOM LenH 1o pa3HbiM kabeasm. Hanpumep, Tpex-
WK YeThIPeXIIPOBOAHbIC TpeXx(dasHble Lienu OT OCHOBHBIX BTOPUYHBIX
06MOTOK TpaHC(OPMATOPOB HaNpAKEHHU S JOJKHbI I0AABATHCA Ha LIIMT B
onHom Kabere. JIByXnpoBoznas Lenb OT KOHUOB OJHOH 0OMOTKH OAHO-
(a3Horo TpaHcGopMaTopa HiIH OT JOTIOJHHUTENbHBIX 0OMOTOK, COeANHEH-
HBIX [0 CXEMe Pa3OMKHYTOTrO TpeyrosibHuka (uens 3U,), Takxke He KO-
MHa pa3AesAThCs MO pa3HbIM KabemsM.

Jlng npenoTBpailieHrs HEeMpaBUIbHBIX ACHCTBHH 3alLMThI M3-3a Ha-
BoAok npononbhbix OJIC BO BTOpUYHBLIX Uelsx TpaHcdopMaTopoB Ha-
NpsDKEHUS ClIeyeT:

HpYMEHATD NEPEKTIOIEHHE Lenei HanpsHKeHHUd npucoeanHenuii PY ¢
TpaHcOpMaTOpPOB OAHOH CHCTEMbI IUHMH HA TpaHC(HOPMATOpPh! APYroi
BCIIOMOraTe/IbHbIMH KOHTAKTaMH pa3beAUHUTEsIEH TOIIBKO B pacrnpese-
JurenbHbIX yerpoiictBax 6-35 kB. B PY 110 kB u Beilue J0/mKHbE Npu-
MEHATBCS CXEMBI C pelle-HOBTOPUTENAMH MOJO0KEHUS pa3beldHUTENEH;

rcnonp3oBath B PY 110 kB u Beillie BO BTOPUYHBIX Liensx TpaHcdop-
MAaTOpOB HaNpPKEHHS TOJNBKO Kabenu B MeTauIMueckoi obonouke u 3a-
3emJisaTh 0005104Ky ¢ 000HX KOHLOB KaXaoro kabens. IIpu Hanuuuu co-
eAMHUTENIbHBIX MY)T 00004KH Kabeneit no obe CTOpOHBbI KAXIOH M3
HUX JOJDKHBI OBITH 2JICKTPUUECKH COSAMHEHBI Mexay coboil. Ilpu aTom
NpHMeHEeHUe U30JIHPOBAHHOH MeTalTHYeCckoi 060/1049KH (HarprMep, Ka-
Oens AALIIB) B kayecTBE OQHOrO U3 NMPOBOAOB BTOPUUHOM LiENH HaMps-
’KEeHUS M0 COOOpaKeHUSM HaJJeXKHOCTH He JI0MyCcKaeTcs;

MIPOKJIA/BIBATL PAAOM Kalenu B LENSAX OCHOBHbIX H JONOJHHUTEIb-
HbIX 0OMOTOK TpaHCc(OpPMATOPOB HANpsKEHUA OT Likada TpaHchopma-
TOPOB A0 LIMTA M0 Beeit uinHe. Panee nponoxeHHsle B 3THX PV kabesny,
He UMEIOLIME MeTaNIn4eCKoH 000JIOUKH, MOTYT OBITh OCTaBleHb! BO
BTOPHUHBIX LIeMX TPaHCHOPMaTOPOB HANPSKEHMS, €CITH ONBIT DKCIIya-
TalKy NOKa3al HEBO3MOXKHOCTh HEMPaBHUIIBHOTO AEHCTBUS 3aLUUTbI O],
BIMsiHAEM npoaonbHbix DJIC.

[Turanue ueneii HaNpsXKeHUs PaCHETHBIX CYETYMKOB B TEX Cly4asXx,
KOrja A0NYCTHMA NoTeps HanpskeHus 40 0,5 % (Ha MEKCHCTEMHbIX
JIMHUSX 3MEKTpoliepeiadd HPH MOAKHOYSHHH CUETYHKOB K TpaHcGopMa-
TOpaM HallpsbKEHHA KJiacca To4HOcTd 1,0 ¥ Ha JIMHUAX, NUTAIOLIKX 110-
Tpeburenell 3MEKTPOIHEPrHH), PEKOMEHAYETCA NPeNyCMaTpHBaTh. OT
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OOLIMX IMHOK HANPSDKEHHS Ha LUMTE, M He TpebyeTcs yBeIHYeHHs
CEeYeHHS XUJI OCHOBHOrO Kabend oT TpaHchopMaTopa HaNpsKeHUs 10
wura He 6onee yem 120 Mm% IIpu HeOGXOAMMOCTH TIPOKJIAAKM KabesIs ¢
XKUNaMu cevenreM Gonee 120 MM? 119 IUTaHKS PACUETHBIX CYETUHKOB
ClelyeT NpoKJIaJbIBaTh OTAENBHBIN Kabensb. [Ipn nonwitoueHnn ykasas-
HBIX PaCYETHBIX CUETYMKOB K TPaHC(HOPMATOpaM HAMpPIXKEHHs, HAXOMs-
HIMMCS B OKCIUTYaTaUH, JOIyCKaeTCA MPOKIaNKa OTAEABHOro Kabens
AN CYETYMKOB TIPH MEHBLIEM CEYEHUM XXHI OCHOBHOIO kalessi, eciin
[0TEps HanNpsHkeHUs B HeM nperbiinaer 0,5 %.

Ilpy MOAKNIOUEHHUM PACYETHBIX CYETYUKOB MEXCHCTEMHBIX JIMHHI
SNeKTponepesayu K TpaHcopMaropamM HanpsXKEHHs KJIacCa TOYHOCTU
0,5 (Hanpumep, k TpaHcdopmaropam Hanpsikenus 110-220 kB) Ha Hux
JOJDKHO MOMABaThCs MUTAHKE MO OTAC/IBHOMY Kalelto, Tak Kak B yKa-
3aHHBIX ClTy4asX MOTeps HANPAXKEHHUA B LM CHETUMKOB He J0JDKHA pe-
BbilIath 0,25 %.

PacyerHble cueT4HKM JIMHUI, NOTyYalOLIMe TUTAHHE N0 OTAENBHOMY
KabeJTio OT MaIOHAr Py KEeHHBIX TPAHC(OPMATOPOB, IPUCOETUHEHHBIX K LLIH-
HaM, IOJDKHBI TIPH NEPEBOJIE IMHUHM C OIHOM CHCTEMBI LIIMH Ha APYTYIO Tiepe-
KJIIO4aThCsl Ha ApYro# TpaHCopMaTop ¢ MOMOLIBIO pesie-TIOBTOPUTENEH HITH
OTHEJIBHBIX TIepeKUTIouaresieii.

Eciu Harpy3ka Tpanc(hopMaropoB HanpskeHHs, NOAKTIOYEHHBIX K HIH-
HaM 6220 kB, npeBbiaer HX MOUHOCTD B BBICIIEM KJTACCE TOYHOCTH, TO
AOJDKHBI YCTaHABJIMBATLCA OT/IEbHBIE TPAHC(OPMATOPBI HATIPSDKEHHS [T
TIMTaHUA PACYETHBIX CUETYHKOB. KpOMe pacyeTHBIX CYETYMKOB, C 3THM
TPAHC(HOPMATOPOM MOTYT MOAKIIOYATHCS APYTHE HATPY3KH (H3MEPUTEb-
HbIe IPUGOPB, YCTPOHCTBA ABTOMATHKH, PENEHHOM 3aLIUTEI H NIp.), €CTIH CyM-
MapHasi Harpyska Tpaucgopmaropa HanpskeHus Gyaet He Gonee AomyCTH-
MO TpH ero paboTe B BBICLIEM KIIACCE TOYHOCTH.

PesepsupoBanne Tpancdopmaropos Hanpskenns. B PY ¢ npoii-
HOH CUCTeMOM ILIMH J151 B3aMMHOTO Pe3epBHPOBAaHHS TPAHC(OPMATOPOB Ha-
NPSDKCHHUS CUCTEM LIMH HEOOXOIMMO TIPEyCMOTPETH INEPEKIIOUEHHE Ha-
TPY3KH C OTHOro TpaHchopMaTopa Ha Apyroi 6e3 BHINOHEHHS KAKUX-TH60
orepauyii B IEPBUYHOM CXEME.

B PV uanpsxenmem 330 kB u Bblile clieqyeT NpemxycMOTPETh Mepe-
KIIIOYEHHE HArPy3KH ¢ OZIHOTO TpaHC(hOpMaropa HanpsiKeHUs Ha IPyToi —
pe3epBHbid. ITo HEOGXOMMO NpPH BHIXOZE TPaHC(OPMATOpa HaMPLKEHHS
13 CTPOS WM NPH BBIBOIE €10 B PEMOHT.

Jns pesepBupoBanus TpaHcHOPMATOPOB HaTIPSHKEHHS, IPHCOETHHEH-
HBIX K BJI, nomkeH mcnonb3oBatbest TpaHcHOPMATOp HANpSKEHHH,
YCTaHOBJIEHHbI:
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Ha wiunax PY 1ipy MOy TOPHOM CxeMe COeAMHEHHMs M CXeMe LIMHbI —
aBTOTpaHchopmarop;

Ha aBmMoOmMpaHcHopmMamopax Anu 6nouHbIX mpaHc@opmamopax Npv
OTCYTCTBHMH aBTOTPaHC(HOPMATOPOB — MPH CXeME MHOIOYTOJTbHHKA.

IIpx OTCYTCTBHM TaKOTO Pe3epBHOrO TpaHc(hOpMaTopa AOMYyCKaeTCsa
BMECTO HEro MCroib30BaTh TpaHC(OpMAaTOp HaNpsHKEHUs! APYroH JIMHWUM
areKTponepenaim.

IMpu TakoM B3aMIMHOM PE3E€PBUPOBAHHH B LIEJISX COXpaHEHHUs B pabote
ocrasiueiics 6e3 TpaHcdopMaropa Hanps>keHHs HEMOBPEXAEHHON JIMHUM
nocJsie OTKITFOUEHHS COCETHEH JIMHUH ¢ pe3ePBHBIM TPAaHC(HOPMATOPOM Ha-
TNPsDKEHHS B OOBEIMHEHHBIX SHEProcHcTeMax IPHHUMALOT IONOJHUTENBHbIE
Mepbl, NoBbiLaoye 3GpGeKTHBHOCTD aeiicTaus 3aituTbl 1 AITB (06b14HO
OCTaRJIAIOT B paboTe TOJILKO YCTPOHCTBA, MeHee NOABEP KEHHbIE JIOKHBIM
JEUCTBUSAM M OTKA3aM MpW OTCYTCTBHUH HanpsbkeHus). OfHAKO MpH 3TOM
BCE-TAaKH CYLUECTBYeT BO3MOXKHOCTB OTKITIOUeHHs obenx auHui npu K3 Ha
TOM M3 HUX, Ha KOTOpOH TpaHcdopMaTop HanpskeHUs ocTaeTcs B pabore.
IMockoNBKY 3TOT HEAOCTATOK MOXKET MPOARIATHLCS JIULLB B PEAKUX CITyHasXx,
paspelaeTcs NPUMEHSTh B3aUMHOE pe3epBUPOBAaHHE U HE YCTaHABJIUBATh
OT/EeNbHBII pe3epBHbIH TpaHc(HOPMAaTOp HANPSKEHHUS.

Jlns Tpancdopmaropos HanpspkeHus Ha muHuAX 750 kB nomkHa npe-
IyCMaTpPUBaThCs YCTAaHOBKA BTOPOTO (pe3epBHOr0) TPaHC(HOPMATOPHOIO
YCTpOICTBa CO CBOUMH pYOHIBHHKAMH, aBTOMaTHUYECKUMH BBIKJIIOYATE A~
mu u kabessmu 10 peneiinoro wura. [epexon Ha BTopoe TpaHcdopmarop-
HOE YCTPOMCTBO A0JDKEH POU3BOIMTHCSA C MOMOLIBIO Pa3beIMHUTENEH, Oz
KIIHOYAIOLLMX 3TO YCTPOHCTBO K KOH/IEHCATOPaM CBS3H, U KOMMYTALlHOHHBIX
anmnaparoB BO BTOPUYHBIX LIETISX.

[1pu UCrONB30BAHUH A7 BBICOKOYACTOTHBIX KAHAJIOB JIBYX KOMILIEKTOB
KOHJIEHCATOpOB CBs3M (110 1Ba Ha ¢asy) Bropoe TpaHc(oOpMaTOpPHOE YCT-
POMCTBO AOIDKHO ObITh MOCTOSIHHO MOAKITFOUEHO KO BTOPOMY KOMIUTEKTY KOH-
JIeHCAaTOPOB CBSI3H.

[Tpu ycTaHOBKE ITYXOr0 3a3eMJIEHHS B LICTISIX HaNpPsHKEHHS BONM3H TPaHC-
(opmaropa HanpskeHds MEepeKTioueHre Ha pe3epBHbIH TpaHcdopmarop
JOJKHO BBITOJIHATBCS C IEPEPbIBOM MUTAHKsA HArpy3ku. [ist 57oi uenu aommxk-
Hbl MTPHIMEHSTHCS MEPEKITIOUaTENH, UCKITFOYAIOLIME BOBMOXKHOCTE 00beIH-
HEHUS 3a3eMJICHHBIX NPOBOIOB Pa3HBIX TPAHCGHOPMATOPOB HAMPIKEHHS.

T1pu ycTaHOBKE IIyXOro 3a3eMJICHHS Ha LuTe A1 ABYX W Honee TpaHc-
(hopMaTOpOB HampsKeHUs: NIPH IBOWHOM CHCTEME ILHH NEPEKIIOUEHHE Ha-
rpy3K# 0JiHOro TpaHcdopMaTopa HarpsHKeHHUs Ha IPYroil JOITycKaeTcs Bbl-
TIOJTHSATD C TIOMOLLBLIO PYOUITBHHKOB.




NNhaBa 6
NMPOBEPKA TPAHC®OPMATOPOB HAMPS)XKEHUS
.

6.1. YKASAHUA MO PACHETHOM NMPOBEPKE
TPAHC®OPMATOPOB
HANPSDKEHUA U UX BTOPUYHbLIX LENEN

[Ip1 HOBOM BKJIFOUEHUH TPaHC(OPMATOPOB HANPsKEHHS U NpHU H3Me-
HEHUAX UX CXEMbl H BTOPUYHOI HArPY3KH JI0/KHA IPOU3BOMTLCA pac-
HETHas NpOBEpKa COOTBETCTBUSL HAIPY3KH TpeByeMOMy K/1acCy TOYHOC-
TH, IIOTEPH HATIPSOKEHUA 110 Haubollee yNaNeHHbIX HArPy30K, a TAKKe fpe-

AOXpaHUTENeH H ABTOMAaTHUECKHMX BBIKJIIOYATENEH BO BTOPHYHbIX LIEMAX
HaNpsUKeHUS.

Pacuer marpyskm rpancdopmaropos HanpsokeHust. {ns
OTpeNe/IeHNA HArPY3KH TPAHCHOPMATOPOB HAMPSKEHHS PAcUeT CIIETYET Bbl-
TIOTHATS [0 IAHHBIM O NOTPEGIEHHH OTAENBHBIX pesie ¥ NpUOOPOB, OMKITIO-
HCHHBIX K LM HanpsokeHus. Hepocratome sHaueHds norpebneHus or-
ACNBHBIX peie, IPHOOPOB MiTH YCTPOMCTB AODKHBI GbITh H3MEPEHSI.

IloTpeGrnenue peneciiHoii M u3MepUTENBHOIM anmapatypsl S Bbipa-
Kaercs B BOnbT-amniepax (B-A). Jins usmepurensubix npu6opos oHo
o6bIYHO 3ajaeTcs npu Ujow = 100 B, a mna pene — u npu apyrux
3HAaYCHHAX Hanpsokenus. [lotpebienne Beel anmaparypel, BKIIOUeH-
HOM Ha JINHEHHO® HaNIPsKEHUE, IPHBOIMTCS IPH PacyeTe K HaTpsKe-
nuio 100 B, a noTpebneHne annapatypsl, BKIIOUYEHHO# B ¢a3noe Ha-

npsokeHue, — k HanpsbxeHuo 100/,/3 B. ITepecyer npoussoauTes 1o
BBIPAXXEHUIO

U

_ pacu
AY pacu — U U,

rae Spacq — NOTpebIIeHHE MpH pacueTHOM (uHeRHOM Ml hazHOM)
Hanpsokenun U

S, - notpebreHne, 3axaHHoOe NpH HanpskeHAK U

OT0 BbIpakKeHHUE HOTYYEHO C YUETOM YCIOBHS MOCTOSHCTBA CO-
NpoTHBJIeHU pelte (npubopa) npu HanpskeHusx U u U acy ECTH
H3BECTHO TOJILKO CONPOTHBJEHUE Z pesie Ui npubopa, 10 norpeb-
JIEHUE ONpeeNseTcs MO BBIPAKEHUIO
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2
S _ Upacq
pacy — 7 :

Jlns pacueTa MakCUMaJIbHOH Harpy3KH BTOPHYHBIX OOMOTOK TpaHC-
(opMaTopoB HaNpPsDKEHHS, COSIUHEHHBIX B 3B€311Y, NO/KHBI ObITh Orpe-
NEeNeHbl CyMMApHbIE HArPY3KH, BKJIFOYEHHBIE Ha MEXIY hasHble (S, Sy,
S.,) u dasueie (S,, S;, ) Hanpskenud. B pacuer BBOIATCA 1BE Hau-
Oonpuve U3 MeXIyda3HbIX Harpy3o0Kk ¥ HanOoneluas (azHas Harpyska
(o603Ha4aIOTCA COOTBETCTBEHHO S|, S, Sq)).

Harpyska nanbosnee 3arpyceHHol ¢a3sl TpaHcGopMaTopa Hanpsxe-
HUA Sy o OMIPENENAETCS 1O BBIPAXKEHHIO

S JK+ K41
Sp max =T§ K*+K+1+8,
rae K = §/S,.

Tpu OTCYTCTBUH HArpy30K, BKITIOYEHHBIX Ha (hasHble HaNpsKeHH, Sq) =(.

IMpu coennHeHny BTOpHUHBIX 0OMOTOK oHOda3HBIX TpaHchop-
MaTOPOB HAIPSDKEHHUS B 3B€3/ly Harpyska, noAcYMTaHHas Ans Haubo-
Jiee 3arpy»KeHHOH (a3bl [0 3TOMY BBIPAXKEHMIO, OJDKHA CONOCTaB-
NATBCA ¢ MOLIHOCTBHIO OJHOH (a3bl TpaHchopmaTopoB B TpebyeMoM
KJlacce TOYHOCTH.

Ipu nuranuy BTOpUYHON HArpy3kH oT Tpexda3Horo Tpancdopmaro-
pa HamnpspKEHHUsl €ro MOLIHOCThL B TpeOyeMOM KJIacce TOUHOCTH COMoC-
TaBJIAETCSA C YTPOSHHOH MOLIHOCTBIO HArpy3Kky Hanbosiee 3arpyKeHHOMH
¢asbl, MOACYUTAHHOM MO TOMY K€ BBIPAKEHHIO.

Ilpu coearHeHUH ABYX TpaHCOPMATOPOB HANPSDKEHHUA B OTKPBITHIH
TpEyrojibHHK Harpy3ka Hanbosee 3arpyxeHHoro TpaHcopMaropa onpe-
AensieTcs TAKXKe MO0 3TOMY BbipaxeHuto. [lpu atom S, npunHumaeTcs
paBHO# S|, a HanGoNbLIas U3 HArPY30K S, U S, .~ PaBHbIM S,

Harpy3ska gonosHuTenbHbIX 0OMOTOK TpaHChHOPMaTOPOB HaNps-
s)keHus 35 kB u Bollie, cocTosmas u3 peite OJIOKHPOBKH U YCTPOHCTB
CHHXPOHH3aLUH (Ha TpaHcdopMmaropax Hanpsixkenus 110 kB u Boiue)
MOXET TaK)Ke OMpeAesAThCS 10 MPUBEACHHOMY BBILIE BHIPAXXEHHUIO.
OpHako pacyeT MOIIHOCTH 3TOM HArPy3KH OOBLIYHO He ITPOU3BOIUTCS,
TaK KaK OHa BCerja HaMHOTO MEHbLIE MOLIHOCTHU JOMOJHHUTENbHBIX
0OMOTOK.

Harpysxka S, uenu 3 U, ipusoaures K Hanpsokenuto 100 B. Jins Tpex-
¢a3HpIx TpaHCHOPMATOPOB HANPSHKEHHS OHA COMOCTABIAETCS C MOLIHO-
CTBIO TpaHcdopMaTopa B kilacce TOUHOCTH 3,0, COMoCTaBseTCs CyM-
MapHast MOIHOCTb Harpy3ku uenu 3 U, u OCHOBHOH 0OOMOTKH.
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Jlns cereil ¢ UBOMMPOBAHHON HEHTPAIBIO PACUETHBIM SIBJISIETCSA OJHO-
GbazoBoe 3aMbIKaHKE Ha 3eMITI0, MPH KOTOPOM ofiHa 13 (a3 TpaHchopma-
TOpa HaNpsHKEHHS 3allyHTHpOoBaHa Ha cropode BH u Bes Harpyska noay-
yaeT nUTaHue OT ABYX Apyrux ¢as. [1pu 3Tom HanpsbkeHHe Ha HUX Utb =

=3U/ /3 u narpysxa S, = S, 3.

Harpysxa ocHoBHO# 00MOTKM ocTaercs Oe3 uzmeHeHuil. Cymmap-
Has Harpy3ka TpaHcgopMaTopa HanpsbkeHus OyneT
S,
ST.H = TO-+ S .max*
3
B ceTax ¢ 3a3eMiieHHOH HEHTpasblo CyMMapHas Harpyska TpaHc-
dbopmaropa HanpsokeHus Hanbonbiuas npu AByxdaszHom K3 Ha 3emmo,
IIPH KOTOPOM 3aLyHTHPOBaHbI 1B€ (a3bl TpaHCOPMATOpa HAMPSKEHHS,
M BCA Harpyska S,  NUTaeTcs OT TpeTbed ¢asbl. Harpyska ocHoBHOM
OGMOTKH MpH 3TOM CHHIKAETCS, TaK Kak JBe MeXIy(asHble Harpysku,
NpHCoeIMHEHHbIe K ocTaBllelcs B paboTe dase, 0ka3blBAIOTCS BKIIIO-
YeHHbIMH Ha (pasHOe HampsHKEHHWE, BCIIEACTBHE 4Yero Kakaas MX HHX
yMeHbLiaeTcs B 3 paza. O603HauMB My pa3Hble Harpy3KkH Sy ¥ S vy
MOJKHO 3aITHCaTh BBIPOKEHUE s ONpene/ieHUs CyMMapHOH Harpysku
TpaHchopMaTropa HaNpsDKEHHUs B CIIEAYIOLIEM BUJE:
Sty +S,
S . =8,+ Zmd Tup

Pacuer noteph Hanpsukenus. [1s onpegeneHus norepb Hamps-
KEHUs! [IOJDKHBI ObITh M3BECTHBI COTPOTHBIEHUA KN Kabeseil U TokH
HArpy3KH B LIETISX HATIPSKCHHUSL.

ConpoTuBiieHHe Xl kabeneil uaMepsercs WIK ONpeAenseTcs o

dopmyne

Rﬂp =_l’

rae / — gnuHa kabend, M;
¥ — yAenbHasa MpOBOAUMOCTb, IPUHUMaEMas /1 MEAU paBHOM 57
W s amioMuHus — 34,5 MA(Om-Mm?);

s — ceueHue KaGens, MM,

TOKH Harpy3KH OMPeeNsoTCs 10 HanOONbLIMM 3HAUSHHAM NOTped-
JIIEMOM MOIHOCTH afnmaparypsl, MUTAIOIIEHCs 10 JaHHOMY Kabeno,
¥ MOTYT ObITh MOACYUTAHBI I TOO0r0 Kabess 10 BBIpaHKEHHAM s
S uS .

.max
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Jins BBIYMC/ICHHA TOKAa Harpy3kd ciaedyeT pasiaeuTh MOJIy4eHHOE
3HaYeHHe MoTpednseMoii MOLIHOCTH Ha HaTpsi>KeHHe, KOTOPOMY COOTBET-
CTBYET 3Ta MOLIHOCTb.

Ipu coennHenny TpancopMaTopa HaPHKEHNS B OTKPBITHIA Tpey-
ronbHUK Haubonbluuii Tok Oyaer B dase 8, 103TOMy MOLIHOCTh JOJDKHA
OMpeIeNsThCS MO Harpy3Kam, NPHCOeIMHEHHBIM K 3T0H dase (S, U S, ).

IMotepu HanpshkeHUs OTPEACTIAIOTCS KaK NaJeHHe HaIpsKEHHWS B
MOC/IEA0BATE/ILHO COCAUHEHHBIX KabensaxX B LEMIX OCHOBHbIX OOMOTOK
TpaHchOpMaTOpa HAMPSPKEHHS N0 BEIPAXKEHUIO

AU=k I R +k LR +..+k IR,

e [, I, .., In— TOKH B NIOCJIEOBATENLHO COEAUHEHHBIX 1 Kabensax;
k, k,, k, — xosdduumenTsl A1s nepecyera GazHOro majeHus Ha-
HpsKeHHUs Ha JIMHEeHHOE; NPY ITUTaHUH HArpy3KH 110 TPEM
(hazam koaddunKMeHT paBeH 1, a pyu MMTaHUH MO ABYM
XKunam Kkabens Harpy3KH, BKJIIOUEHHON Ha JIMHEHHOE Ha-
psDKEHKE, paBeH 2.

Onpepnenenue noTeps JUHEHHOT0, 2 He (a3HOro HaNpPsSXKEHUS IPOH3-
BOJHTCSA TIOTOMY, YTO MOTEPH JIMHEHHOrO HAMpPSXKEHUs B BOJILTaX PaBHbI
TOTEPSM HATNPSIKEHHUS B MPOLIEHTAX.

B uenu 3U, o6bruHO MOC/IEOBATENBHO COENMHEHDI He Gollee ABYX

kabeneii:

1?

AU = 2(I R +LR)),

rae koadduureHToM 2 yuuThiBaeTcs 00paTHelid NpoBo.

[pu HeoOXOMMMOCTH NMPOKIIaAKH HOBOTrO Kabess B LensaX Hanpsike-
HUs (HarpuMep, UTs TUTaHHs HOBBIX HArpY30K) CEYEHHE €0 KM 10K~
HO BBIOMpAThCs MO JOMYyCTUMBIM MOTepsM HanpsbkeHus. Ecim kabernsb
DpUCOeIMHIETCS HENOCPEACTBEHHO K TPaHC(HOPMATOPY HaNPAXKEHHS, TO
IJ1S1 1IN OCHOBHBIX 0GMOTOK

AU
R — JIOTI
Tip.max \/?:IH s

rae U, — AonmycTaMas Ui MHO Harpy3ky NnoTeps HANPSKEHHUS;
I~ —TOK HOBOIi HArPY3KH.

AU,

np.max
) 21,

Ecnu HOBBIH Kabenb npucoeaunHsieTcs K TpaHcHOpMaTOpy Hampsxke-
HHUA Yepe3 Apyrue nuraomue kabenu, To BMecTo AU, | B 9THX BbIpaxe-
HUAX ciaepyeT mopctasnars AU, — SAU ., tae AU, — moTepy Ha-
NpsKeHUs B MUTAIONIMX KaOessax.

Jinsuenu 3U, R
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ITo nosmyyeHHOMY 3HaueHHIO R
kabens s.

Pacuernas mpoBepka npegoxpaHuTeNeidl H ABTOMATHYECKHX
BbIKJIK0YaTe e, HoMUHANBHEIH TOK pacuennTeNs aBTOMaTHYECKOro
BBIKJIFOMATENS WITH IJIABKOH BCTABKH NIPEAOXPaHUTENS JA0JLKEH OBITh HE
MeHee HaubObILErO BO3MOXKHOTO TOKA [UTHTENBHOM HArPy3KH B €10 LIENH.
[Mocnenuuit nOMKEH ONMPERENATHCSA C YYETOM BO3MOXKHOIO YBETHUESHHS
Harpy3KH Npu pe3epBUPOBAHHH JPYToro TpaHcopMaTopa HarpsKeHus .
Kpome Toro, Tok, cooTseTcTByIOLIMIt OTKIIOYAIOLIEH CIIOCOBHOCTH Npe-
AOXPaHHUTEN, MM MAaKCUMaJIbHBIN oIy cTUMBIH pu K3 Tok pacuenure-
JIs1 aBTOMATHYECKOTO BBIKJIIOYATENS A0JIKEH ObITh He MEHEE MAKCHMAJIb-
Horo Toxka K3 B MecTe yCTaHOBKH 3TOro 3allUTHOrO anmnapara.

T1py Maibix 3HAYEHMSX TOKA HArPy3KH, KaK, HAPUMEP, Y TpaHchop-
MaropoB HamnpskeHus 6-20 kB, paboraromux B kiacce TouHoctu 0,5 U
0,2 B LIENH MUTAHHSA CYETYHKOB WIH B LIENH JOMONHHUTENBHBIX 0GMOTOK,
COEITMHEHHBIX B PA30MKHYTBIH TPEYTONbHUK, HOMHHAIILHBIN TOK Npeaox-
paHUTESIf WM aBTOMaTHYECKOI'O BBIKITIOUATENsl COMOCTABAAETCS TONBKO
€ ero OTKIMo4aren criocobHocTbto. [ obecnedeHns HaleKHOTO Aeil-
CTBUS NPEAOXPAHUTENIEH HOMHUHANBHBIN TOK IUIABKHX BCTABOK HOJKEH
OBITb MEHBLIIE MAaKCHMAJIBHOTO 3HaueHHs Toka K3 He MeHee ueMm B 4—5
pa3. KosdduuneHT uyBCTBUTENBHOCTH 2/I€KTPOMArHUTHOTO PacLienuTe-
15 (OTCEUKH) aBTOMATHUECKOTO BBIKJIIOUATENS (OTHOILIEHHE MAKCHMATb-
HOro 3HaueHHs ToKa K3 k HaubosbuieMy Toxy cpabarblBaHUs 3TOTO pac-
LenuTeNs) A0JDKeH OuITh He MeHee 1,5.

Haubonee mupokoe pacrpocrpaneHue uis 3alHThl TpaHcHOpMaTo-
POB HalpsKEHUS MOJTY YHIIM aBTOMarH4eckue Beikitouaresii AI150 ¢ anex-
TPOMArHUTHBIM U TEIUIOBBIM pacuenurensiMu. OcoGeHHOCTH MpUMEHe-
HUsSE aBTOMaTUYECKHX BBIKJIIOYATENEH B e OCHOBHBIX 0OMOTOK
ClIe/yIoLLHeE.

I1pn BKJIIOYEHNM HA NMHMIO IEKTPOMArHHUTHBIX TPaHCPOPMATOPOB
Hanpskeuns Tvna HK® neobxonumMo yuuTsiBaTh HEOOXOAMMOCTb OT-
CTPOMKHM OTCEYKH aBTOMATUYECKOrO BBHIKITIOHATE/S OT GPOCKOB EMKOCT-
HOT'0 TOKA, BO3HMKAIOILHX [P CHATHH HANPSHKEHHS C TMHHHU. DTH OpOCKH
TOKa KPaTKOBPEMEHHO MPOXONAT BO BTOPHYHBIX LEMAX MO aBTOTpaHc-
¢opmaropam, npeHa3HAYCHHBIM [/ PETYTMPOBAHUS YCTABOK JUCTAH-
IIMOHHBIX 3a1LUT, U MOTYT OBITh HpUMepHO 50-60 A.

Jlns npenoTspallieHHs OTKIIIOYMEHH aBTOMATHUECKUX BBIKITIOUATE-
Ne# TIpH yKa3aHHeIX 6pOCKaX eMKOCTHOIO TOKa TOK CpabaThiBaHuUS dJleK-
TPOMArHUTHOIO PacUENHTENS CJIeXYeT IPUHUMATH PABHBIM

Icp = kx—xIZeMK’

np.max BPIYHCIIETCS CeYEHHE KU
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rae ., — MakCHMasbHOe 3HayeHHe OHPOCKa eMKOCTHOTO TOKa
BO BTOPUYHBIX LIETISX;
k, — xo3bdUUMEHT HANEKHOCTH, PaBHbIH 1,3.

Ipu kpaTHOCTH cpabaThIBaHUA 3,5 HOMHHAIIBHBIN TOK PacLEITUTENs
IOJDKEH OBITH
— kHIZCMK

HOM.pacl 3, 5

OddexTHBHOCTD TaKOH OTCTPOHKHM OT OPOCKOB €MKOCTHOTO TOKa
JIOTDKHA TIPOBEPATHCSA NMPH HAJIAJIKE CIEMYIOIUM 00pa3oM.

HomyHanbHbIH TOK HECENEKTUBHOrO aBTOMAaTH4€CKOTO BBIKITIOYAaTE-
7151, yCTAaHABJIMBAEMOTO Ha IIUTE B LIENH yNaJIeHHBIX HArPY30K, PEKOMEH-
IyeTcsl Bcerna mpuHuMarb paeHeiM 2,5 A. Ilpu stom obecneunBaercs
HaziexHaa padora anekTpoMardHuTHoro pacuenurens npu K3 3a comnpo-
TUBJIEHHEM TIpOBOMIOB (B onHO#M da3e) a0 3 Om. [lockoneky npu K3 3a
TaKUM COINPOTHBIIEHUEM HATIpSDKEHHE B MECTE YCTAHOBKH aBTOMaTHYEC-
KOro BbikJrouaresis Oyner soire (0,9 U, o\ » BTIOJIHE IOMYCTHMA JIMKBHA-
uus Oonee yaaneHHbix K3 ¢ moMouislo TEIUIOBOro pacLenurens, KOoTo-
pbiii HageXXHO cpabaThiBaeT MPH MOBPEXKIEHNH, 32 KabeneM ¢ JKuilaMH
ceuenueM 1,5 Mm% THOM 10 650 M.

B 10 e BpeMs MakcuManbHOe 3HaueHue Toka K3 3a stum aBroma-
TAYECKUM BBIKJTIOYaTeeM Bcerja Oyzier MeHBIIe NOITyCTUMOIO Mo ero
oTkmouaromie cniocobnoctu (1, . =400 A), Tak kak, cornacHp «Me-
TOAWYECKUM YKa3aHHSIM I10 IKCILTYaTal[Md aBTOMATHYECKHX BO3/TY LLIHbIX
BhIxsrouareneit cepuu AIISO» (CHHTHU OPT'POC, 1975), nonHoe conpo-
THBJIEHHUE OJIHOTO MONKCa aBTOMariyeckoro Buikirouarens AII50 ¢ anexr-
POMarHWTHLIM U TETUIOBBIM pacLIeNUTENIMH Ha HOMMHATBHBIH TOk 2,5 A
cocrasisgeT 0,32 Oma.

[lpumeHeHre U pacueTHast MPOBEPKA ABTOMAaTHYECKUX BBIK/IIOYaTe-
nieii B Lieny IOMOJTHUTENBHBIX OOMOTOK UMEET CBOM 0COOEHHOCTH:

TOK Harpy3kHu B TWHEHHBIX U (a3HbIX MPOBOJAX OOBIUHO HE Tpe-
BhIIIAET 1 A, B 3THX LieNsX, KaK NPaBUiIo, yCTAHABIAMBAIOTCH aBTOMa-
THYeckue Bbikmovarend ¢ I, = 2,5 A. IIpoBepka NpUMEHUMOCTH
9THX BBIKJIIOYATENEH 1O OTKIIoYalouled criocobHOoCTH He TpebyeTcs.
Takas mpoBepka J0JKHA TIPOU3BOAHUTHCS TOJNBKO IS aBTOMAaTHYecC-
KUX BeiKIIOUaTenei Oe3 ternosoro pacuenurens. [1pu atom ans
TpaHchOPMATOPOB HATIPSXKEHHS ¢ HOMHHAJIbHBIM HaTIpsSKEHHEM J0-
NoJHUTENLHBIX 00MoTOK 100/3 B B CBA3M ¢ ManbiM 3HaYEHHEM CO-
NPOTHBJIEHUS Z, HEOOXOAMMO Npu onpenenennu Toka K3 yunreisars
COTIPOTHBJIEHHE IIPOBOJOB OT BBIBOJIOB TpaHchopMaTopa 10 aBTOMA-
THYECKOro BbIKJIIOYATEJ;
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B 1ien 3 U, (B HyJIEBOM NIPOBO/IE) TPaHC(HOPMATOPOB HATPSKEHUS 10
35 xB nomKkeH ycTaHaBNUBAThCSA ABTOMATHYECKHH BBIKIKOYATEND TO/b-
KO C TEMIOBBIM PacUenuTeNeM, YToOb! He paspeiBath Lenb 3 U, npu no-
BPEXKIACHUM MEXKY IMHEHHBIMH M HYJIEBbIM IIpoBoAamMH. [Ipy oTCy TCTBHU
HYJIEBOTO NpPOBOJa ABTOMATHYECKHH BBIKJIIOYarTesb B uenu 3 U, MOXET
HUMETh TOJBKO 2JIEKTPOMArHUTHBIN paclernuTels.

s olleHKM YYBCTBUTEBHOCTH aBTOMaTHYECKMX BBIKIIKOUATENEH H
NpeIoXpaHUTeNIel OIpeaenseTcs MUHUMalbHOe 3HaueHue Toka K3 B
Haubornee ylaJeHHbIX TOUKaX Leleil HalpsKeHH.

Koadduupment 4yBCTBUTENLHOCTH BHIMHCIISETCS M0 BHIPAXKEHHIO

I

K min
kq = ————1
ycr.max
WNH 1)1 aBTOMATHUYeCKHUX BBIKrouareneil AITS0

IK min

k, =

41H0M.pacu

B Tex cnyuwasx, korga 37€KTpOMarHUTHBIN paclenuTeNlb aBTOMA-
THYECKOTO BuIK/IIoUarens npu K3 3a xabeneM ynaneHHo# Harpysku
(¥3mepuTeNibHbIE MPUOOPHI, USTIH CHHXPOHU3ALINK) OKAXKETCS HEYYB-
CTBUTE/IbHBIM, JOIYCTHUMO JIMKBUAMPOBATH MOBPEXACHUE 33 3THM
KabesieM ¢ ITOMOLILIO TEMIOBOTO PACUENIUTENS, €C/M IPH MUHUMAJTb-
HOM TOKE TIPH 3TOM MOBDPEXACHHH HalpsHKeHHe Ha LIHTe (B Hadalle
Kabesst ynaneHHoH narpysku) Oynet ne Hmwxe 0,9U, . Ilpu Gonee
ry60KOM CHHXKEHUH HalPsKEHHS WK TIPU HEJOCTATOUHOM Yy BCTBH-
TEeJIBLHOCTH TerioBoro pacuenurens (k, < 1,5) Heobxonuma ycTaHOB-

Ka HCCCJICKTHBHOIO aBTOMATHYCCKOI'0O BBIKJIHOUATENS B LENH 3TOIO

kabens.
HanexnocTs neificTBIs TEIUIOBOTO pacLenuTess 00ecneunBaeTcs npu
kq = IK min /IHOM, pacig >3.

Jlnkeupauus K3 naxe Ha Hanbonee ynajeHHbIX MaHessX pene 3a-
LIMTBI ¥ aBTOMATUKHY ¢ MIOMOLIBIO TEIUIOBOTO PaclieNUTeNs HeJOMyCTH-
ma. [IoaTOMy npy HeOCTATOUHON YYBCTBUTENIBHOCTH 3JIEKTPOMArHUT-
HOTO pacuenuTens CJeAyeT U1 MOBbIICHNS KOd(PQHIIHEHTA Uy BCTBU-
TENBHOCTH 110 k21,5 yBenMUHTh paHee BeIOpaHHOE ceveHure sk Kabers
JI0 OTOM MaHeNM MO0 YCTaHOBUT B LiENsX KabGelel, NUTaloluX naHeav
3alIMTEI, HECETEKTUBHBIC aBTOMATHUECKHE BBIK/IIOUATEIH.
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6.2. BUAbl, NEPMOAUHHOCTb U OBbEMbI NMPOBEPOK

[IpoBepKy BTOpPUHHBIX Leneil TpaHchOpMaTOpOB HANPSXKEHUA NpU
HOBOM BKJTIOUEHHH HEOOXOIMMO BBINOJIHATE B ClIeIytolleM obbeme:

a) noatop HeOOXOAMMBIX CXEM, PACUETOB U Apyroi MPOeKTHOH JOKY-
MEHTALMH, O3HAKOMJTEHHE C HEH, IPOBEpKa BbinonHeHUs Tpebopanui [TYD,
ITT3 ¥ npovuX JUPEKTHBHLIX MAaTEPHAIIOB,

6) cocTaBienre U 0QOpMIIeHHE HEOOXOMHUMBIX 3ajBOK U MPOrpamm,
OATOTOBKA UCTIOJHUTEIBHBIX CXEM M MHOM JOKYMEHTallH, HeoOX0aH-
MO} U1l IPOBEICHUS TIPOBEPOK;

B) IIOArOTOBKA MCIIBITATEILHOM annaparyphbl, HHCTPYMEHTa, BCIIOMO-
rarejabHbIX MOHTXKHBIX MaT€PHAJIOB;

r) npoBepKa (BHELIHKM OCMOTPOM) HCIPaBHOCTH BTOPHUHbIX Lienei
TpaHchOpPMATOPOB HANPSKEHUS M annaparypbl M COOTBETCTBHA UX TPE-
GOBaHMAM AUPEKTUBHBIX MAaTEPHATIOB,;

J1) OTIpe/IeJIEHIE OAHOMONAPHBIX BLIBOJOB TPAHC(OPMATOPOB HANPSDKEHHS,

€) onpeneneHue conporusnenus K3 TpanchopmaropoB HanpsHKeHHs,

) MPOBEPKA MAPKUPOBKH M MPaBUILHOCTH COOPKH CXEeMbl BTOPHY-
HbIX Lierieli TpaHCcOPMATOPOB HANPSIKEHHS,

3) NpoBEpKa CXEMbI U annaparypbl IEPEKIIONEHHs Lerel ¢ OIHOro
TpaHchopMaTopa HanpsKEHUS Ha IPYTOH; '

) UCTIBITAHHE 3EKTPUUECKON MPOYHOCTH M30JISALIMK BTOPHYHBIX Li€-
nei TpaHcpOpMaTOPOB HANIPSIKEHHS,

K) U3MEpPEHHE CONPOTUBIEHHS H30/IALIMH BTOPUYHBIX LETICH TPaHC-
(hopMaTOpOB HaNpPsHKEHUS,

J1) onpezieneHHe CONPOTUBIIEHMs BTOPUUHBIX Lienel TpaHcopmaro-
POB HanpsHKEeHUS;

M) npoBepouHble pacyeThl TokoB K3, yTouHeHue napameTpos aBTo-
MaTHYeCKUX BBIKIIKOUaTeNell W HOMHMHAJIbHBIX TOKOB IJIABKUX BCTABOK

npenoXpaHUTeNeH;

H) NpOBEPKA ABTOMATHYECKMX BBIKIIOUaTENEeH, MPefoXpaHuTe e U
anmnapary pbl KOHTPOJIS,

0) BOCCTAHOBJIEHHE TTOJTHOM CXeMbl BTOPHYHbIX Lenei nepej; BKIo-
YeHHeM TpaHC(HOPMATOPOB HANIPIKEH U,

1) NpoBepKa NPABHILHOCTH CGOPKHM CXEMBI BTOPMUHBIX LICTICH TPaHC-
(dopMaTopoB HATIPSPKEHHS MO Pabo4UM HaNpsKEHUEM;

p) onpenesicHue MOTEPH HATIPSKEHUS BO BTOPUUHBIX LIEMAX TPaHC-
(hopMATOPOB HANPKEHUS,

C) IPOBEpPKA YyBCTBUTEIBHOCTH 3aLIMThl BTOPHYHBIX LIETIeH aBTOMa-
THYECKUMH BBIK/IIOUATENAMM U TIpeoxpaHuTensMu oneitom K3,
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T) NIPOBEPKA OTCTPOMKH aBTOMATHUECKUX BBIKIIOYATENEH OT Ty CKO-
BBIX TOKOB Harpy3KHM H 3apsiAHOTO TOKA JIHHHH,

y) obopMIIeHHE Pe3YIIBTATOB IIPOBEPKH.

Ilpu nepBoM npouIaKTHYECKOM KOHTPOJIE JOJDKHBI BBIMOJHATHCS
paGotei o . a, 6, B, T, 3, 4, K, H, 0, 1, Y.

Ilpu nocnenyromux npodunakTuyecKMX KOHTPONSIX H BOCCTAHOBJIE-
HUH IOJDKHBI BBITOJIHATBCS paboTel 10 M. 6, B, T, 3, U, K, H, 0, I1, Y.

JUtst anmapaty pei 1 Leneit, HaXOAAWKMXCS B 0CO60 THKENBIX YCIIOBH-
AX (BBICOKAs TEMIEPATYpa, BIAXHOCTh, BUOPALHS, 3aNbUIEHHOCTh
T. I.), B IPOrPaMMbI IPOBEPOK MOI'YT ROGABIATECSA IPOBEPKH HIAH YBEIIH-
“YUMBATBCS OOBEMBI BOCCTAHOBIIEHHS, O3BONIAIOILME OLIEHUTD BIHAHME 3THX
TSDKEJIBIX yCTIOBMH Ha annapaTypy  LIeMNH, IPEAOTBPATHTE MX MOBPEK/Ie-
HHE, MOBLICHTbL HAIE)KHOCTh paboTel. O6BEM 3THX MPOBEPOK M BOCCTA-
HOBJICHHH YCTaHABIUBACTCS 10 MECTHBIM YCIIOBHSIM.

Perynuposky BcriomorarenbHBIX KOHTAaKTOB M TIPOBEPKY Liereil OT
BCMOMOTaTe/IbHbIX KOHTAKTOB JI0 BLIBOIOB NAHENeH yCTPONCTB WITH pelie-
TIOBTOPHTEJICH, LieTeii OT peie-IOBTOPUTE/EH i LUIMHOK LILMTA YIIpaBJie-
HUd 10 NaHeNel YCTPOHCTB B 3aBUCHMOCTH OT MECTHBIX YCIOBHIH MOKHO
BBITNOJIHATH OJIHOBPEMEHHO C NPOBEPKOH TpaHC(HOPMATOpOB HaNpsKERUS

HIN C HpOBCpKOﬁ MATAKOMUXCS 110 3TUM LENAM yCTpOi/'ICTB 3allMThI H aB-
TOMAaTHUKH.

6.3. METOZIbl MPOBEPOK

Buemmnuii ocmotp. [Ipu BHemHEM 0cMOTpe JOMKHBI GBITH MPOBE-
PEHBI: HCIIPaBHOCTH 060PYA0BAHHMS, MPABHIBHOCTE K KAYECTBO MOHTAXA,
COOTBETCTBHE BBINIOIHEHHOTO MOHTAXa ITPOEKTY.

I1pn ocmotpe Tpanchopmaropa HanpskeHHsT HeOGXOAUMO 3aIHCaTh,
C NOCNEAYIOIHM 3aHECEHHEM B GJIaHK MACIOpTa-NpOTOKONA, BCE 3aBOJ-
CKHE TEXHU4ECKUE IaHHbIe TpanchopmaTopa. O6s3aTebHO POBEpseT-
CA HaJIMYHE 3aBOACKMX 0003HAUEHHH BBIBOJIOB, UCIIPABHOCTH BHIBOJOB
BTOPHYHBIX OOMOTOK, HA/IeKHOCTh YIUIOTHEHHS KJIEMMHBIX KOPOGOK H
CaJIBHUKOB.

Heo6xox1MO poBepHTh NPaBMILHOCTL MOAKITIOUEHHS TPaHCdhop-
MaTopa HaNpsA>XKEeHUs CO CTOPOHBI NUTaHus. BbIBoABI NepBUYHOI 06-
MOTKH OAHO(}a3HBIX TPaHCHOPMATOPOB HANPAKEHH S, COCAHHEHHBIE B
3BC3/Y, ¢ KOHTYPOM 3a3€MJIEHHUS AOJDKHBI COEAUHITLCS OTAEbHbIM
NpOoBOJHUKOM. bak TpaHchopmaTopa HanpsKeHHs, CEpAeYHHK, MO-
CTaBKa ¥ Npo4YMe 3a3eMJIsiEeMbie AETalIH, U30JHPOBAHHEIE OT 0OMO-
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TOK, TAK)KE CJIeIYET COeIMHATH C KOHTYPOM 3a3€MJICHUS OTAE/IbHBIM
npoBoguukoM. Ocoboe BHUMaHHKe cienyeT oOpalaTe Ha BbINOJIHE-
Hue 3Toro TpedoBanus y TpaHc$hopMaTopoB HanpskeHHs Tnos HK®,
3HOM u ogoGHBIX, Y KOTOPBIX BEIBOA X MoMellieH B 00L1y10 Kopob-
Ky C BBIBOJI@MU BTOPHYHBIX OOMOTOK.

VY TpexdazHbix TpaHc GopMaTOpOB HaNpsHKEHUS (HaripuMep, y TpaHc-
dopmaropos tvna HTMHW) BbIBOI Hyss nepBUYHON OOMOTKH M Hak
JIOJBKHBI COEAMHATBCS C KOHTYPOM 3a3eMJIEHUS OTAEbHBIMH IPOBOAHH-
kamH. Y TpexdazHbix Tpanchopmaropor Tuna HTMK u npyrux, ne ume-
JOLLMX BBIBOJA HYJIS IEPBUYHON OOMOTKH, HYJIb BTOPHYHOH OOMOTKH, XOTS
W BbIBEJIeH, OOBIYHO He ucrosb3yercs. Bo n3bexxanue ciydaiineix K3
PEKOMEHAYETCS' 3aKPhITh 3TOT BbIBOJ KOJIIAYKOM H/IM KPBILIKOH U3 U30-
JISLMOHHOrO MaTepHaa.

VY tpaHciopmaropa Tuna HTMH cnenyer nposepuTs NpaBUiIbLHOCTD
NoABOAKH (a3 ¢ epBUYHOMN CTOPOHBI — uepenoBaHue a3 A0HKHO ObITh
cnenyroumMm: 4, B, C — cornacHo 3aBoackuM 0003HaUYEHUSM BBIBOIOB
TpaHcdopMaTopa HanpsKEHHS.

Y TtpaHcdopmaropa HanpsixkeHus tTuna HJIE no 3asoackoi noky-
MeHTALMKU HEOOXOUMO TIPOBEPHUThL KOMIIJIEKTOBAHHE KOHAEHCATOPOB,
NpaBWILHOCTh NOAKIIOYEHHS BHIBOJOB NMEPBHYHON 06MOTKH X, X,
X, 4 NOJIOKEHUE NepeKIIIoYaTesied OTBETBIEHUH 0OMOTOK peakTopa
TpancdopmarTopa.

Ecnu B kaGenbHoii cetu 35 KB ¢ 3a3eMieHHON HEUTpasiblO YCTaHOB-
neHbl o0BIYHbIE TpaHchopmMaTopsl HanpspkeHus Tna 3HOM-35, y koro-
PbIX BTOPHYHOE HaNpsKeHHE NONOMHUTEILHOW 0OMOTKH OTJIMYAETCA OT
100 B, To B npoekTe JODKHBI ObITh MPeyCMOTPEHBI MEPONPUATHS, MTpe-
JIOTBPALLAIOLIHE HENPAaBWIbHYO paboTy peneHON 3alliuThl OT 3aMbiKa-
HUH Ha 3eMJIIO U 3JIEKTPOABTOMAaTHKH M3-3a HECOOTBETCTBHS HOMUHANb-
HOTO 3HauYeHus HanpskeHus 3 U, HOMUHAIBHOMY HanpsSKEHUIO CTaHapT-
HbiX pene. [Tpu BHELIHEM OCMOTpE HEOOXOIMMO POBEPHTH BHITNOJTHEHHE
ITUX MEPOTIPUATHH.

Crnenyet TUIATELHO MPOBEPATH NPHUIOHOCTD A/ paboThl B MECT-
HBIX YCTIOBHSIX TPaHC(OPMATOPOB HAIPsKEHUS CTaphIX TUIIOB, MHOCTpaH-
HbIX GUPM U NIPOYMX, KOHCTPYKTHBHO OTIIMYAIOLIUXCS OT BbIITyCKAEMbIX
OTEHECTBEHHOW NMPOMBIIIEHHOCTBIO. B yacTHOCTH, HeobxoauMo obpa-
u1aTh BHUMaHue Ha 0003Ha4YeHHMS BBIBOJIOB OOMOTOK M CXEMbl UX IMOJ-

KJIFOUEHUSL.

Hano npoBepsTh COOTBETCTBUE CeHeHUs MPOTIOKEHHbIX Kabemnel npo-
EKTHBIM M BHIBEPATb KalebHbIH XKypHall. YBEIHUYCHHE CONPOTUBIECHUS
nernei 3a cYeT YMEHbBILECHUS CEYEHHS HEIOMYCTHMO.
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HeobxoaumMo TmaTenbHo NpoBEPATh NPaBHJIBHOCTh U Ka4€CTBO MOH-
Taxka KabeNbHBIX pa3leNioK, COCTOsIHUE kabenel B JIOTKaX M KaHanax,
HaJIe>)KHOCTB 3aIlIUTHI Kabeliel 0T MeXaHUYeCKHX NOBPeXAeHUH, COCTOsI-
HUeE IKa(OB U ALHMKOB.

Onpenenenne oAHONMOJSAPHBIX BLIBOAOB TpaHcopMaTopa Ha-
NPSDKEHUS JODKHO O0S3aTeNbHO TIPOM3BOIUTHCA Y TpaHC()OPMAaTOpOB
HanpsLKEHHS ¢ HApyIEHHBIMHU 3aBOACKUMH 0003HAa4eHHAMHU BbIBOJOB, Y
TpaHcOpMaTOPOB HANPSHKEHHS, NOABEPraBUIMXCS PEMOHTY C OTCOEIH-
HeHueM 0OMOTOK, U B IpYTUX MOXOOHBIX cliy4aix. CxeMbl ONpeeeHHs
OJIHOMOJIIPHBIX BBIBOAOB NPHBEIEHB! Ha pUC. 22.

TanpBaHoMeTpoM I” MOXKET CIIY>KWTBH JIIOOOH H3MEpHUTEIbHBIA MpHU-
60p MOCTOAHHOTO TOKA ¢ 0003HaUSHHEM MONPHOCTH 3aXKMMOB U Tpedye-
MO 4yBCTBUTEJIBHOCTLIO (HalpUMEp, MIJTHaMIepMeTp, MIJIJTHBONBT-
metp). Jnst ynoGerea paboThl skenarenbHO UMETh HyNb Y pubopa no-
CpeauHe LIKAJIBL.

Hcrounnkamu Toka MoryT ObiTh 1-2 GaTapen oT kapMaHHOTO OHa-
pA, aBTOMOOWIIBLHBIN akkyMynsaTop Ha 6-12 B u ap. AkkymynsaTopst
JOJDKHBI BKJIIOYATLCSH Yepe3 CONMPOTHBIICHHE, OrPaHHUMBAIOLIEE TOK JI0
3Ha4YEHUsl, AOMYCTUMOrO I8 aKKyMYJIsSTopa.

Y onHotazHbix TpaHchopMmaTopoB HanpskeHus (Hanpumep, HOM,
HK®, 3HOM) onpeneneHus OOHOMONSPHBIX BBIBOJOB PEKOMEHIYETCH
[POU3BOAMTE IO cXeMe puc. 22, a. BeiBon «mumocy» datapeu noacoenu-
HseTcs K BbIBOLy A TpaHchopmaropa, mpudop MoAxItoyaeTcs K BTOpHY-
HOIt oOMoTKe rpoussosbHO. [Togbupaetcs Brirouenue npubopa, Npu xo-
TOPOM CTpeJIKa OTKJIOHSETCS BOPABO NPH 3aMblKAHUU Lieny Oatapeu u
BJICBO NpH pa3MbikaHuu. BeiBox sropudHoil 06MOTKH TpaHcdopmaropa,
K KOTOPOMY MOIKJIIOUEH «IUTIOCY Npubopa, OyaeT UMETh OJMHAKOBYIO
MOSPHOCTH ¢ BBHIBOIOM IMEPBHYHOH OOMOTKH, K KOTOPOMY [OJKITIOHEH
«ImOC» Oarapeu.

TpoBepky TpexdazHbix TpaHCHOPMATOPOB HATIPSHKEHHS C COelMHE-
Huem obmotok Y /Y, nanpumep, HTMHU, pekomenayeTcs BbINONHATD
no cxeMe puc. 22, 6. BoBonsl «MuHyc» Gatapen v npubopa noaKIOya-
I0TCS K HYJsIM OOMOTOK, «IUTKOC» FaibBaHOMETpa W «Iunocy Oarapeu
noouepeHo K ¢a3HbIM BbIBOJaM 00MOTOK. [Tpy 3amMblkaHKM Henu OaTa-
peu cTpenka npubopa OTKIOHAETCS BIPABO MPH MOAKIIOYEHHH €10 K Bbl-
BOJY BTOPHYHOM 0GMOTKH, OJHOIOJISIPHOMY C BBIBOAIOM MEPBUYHON 00-
MOTKH, K KOTOPOMY NOAKJIIOHEH «TUitoc» Oarapex. Ilpu noaxinrodennH
«mmoca» npudopa K APYCHM BBIBOAAM BTOPUYHOH OOMOTKH M 3aMBIKa-
HUM 1ieny 0ataped CTpesKa OTKJIOHSETCS BJIEBO.
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Puc. 22. CxeMbl 4151 onpeAesieHUA OJHONONAPHLIX BEIBOLOB
- TpaHcOpMaTOpPOB HANPAKEHU:
a— oHO(a3HBIX; 6 —Tpex(hasHbIX, COeAMHCHHBIX 110 cxeMe Y /Y ; 6 - TpexdazbiX,
COC/IMHEHHBIX 110 cxeMe Y /Y; 2—TpexasHbiX, COSAMHEHHBIX 110 CXCME Y/A

ITposepky Tpexda3HbIX TPaHCHOPMATOPOB HANPSDKEHHS C COCAMHE-
Huem o6MoToK Y/Y | pekoMeHLyeTcs TIPOM3BOAIHTH 110 CXeMe pHC. 22, 6.
['asbBaHOMETP MOAKIIONAETCS TaK: KMHHYC» — K HyJIIO BTOPHYHO#H 00-
MOTKH, «IUIOCY — MOOYSPEeIHO K APYrUM BbiBOJaM. barapes noouepen-
HO BKJTIOUaeTCs Ha BbIBoAbl AB, BC, CA, «1tuntocy» darapeu J0KeH BKIIO-
yaTbcs Ha BhIBOALI A, B, C COOTBETCTBEHHO.

ITpu npaBUALHOM MOJISPHOCTH M BKIIOMEHUH MPHOOpa Ha BBIBOJ @ €r0
cTpesika OTKJIOHMTCS BIIPABO, NPU BKJIIOYEHHHK Ha BBIBOJ C — BJIEBO, NpH
BIJTIOUEHUH HA BHIBOJ 6 — HE3HAUHTEIbHO B JIFOOY10 CTOpOoHY. Mi3Mepenust
MOBTOPAIOTCA 3 pa3a, JUIs KaXK10i [apsl BbIBOIOB [IEPBUYHON OOMOTKH.

OnpenienieHre BbIBOIOB 0OMOTOK, COEIMHEHHDBIX B Pa30MKHYTbIH Tpe-
YTOJIbHUK, PEKOMEH/IYETCSl TIPOU3BOIMTE 1O CXEME PUC. 22, 21 «ILIHOCY
farapeu NoouepeHO NojKiouaeTcs K BbibofaM 4, B, C; npy npasuib-
HOI MONAPHOCTH CTpeJiKa IPUBOopa OTKIIOHAETCS BIIPABO; «ILTOCH NprGo-
pa COOTBETCTBYET BBIBOAY 4.

[Mocne okOHUYaHUs U3MEPEHMIT TT0 UX PE3YNbTATaM J0JKHBI ObITh Ha-
HeceHbl 0603HaYeHHs BbIBOIOB MACI0CTONKON M BOAOYOPHOH KPAackoOH.
Pe3ynbTaThl HCTILITAHMI 3aIIMCBIBAIOTCS B TMACIIOPT-MPOTOKOI.

Onpeaenenne conporusienus K3 tpancpopmaropos Hanps-
skenns. Conporupnenure K3 TpaHcdopmaropos HanpsKenHs HeoOXonu-
MO 3HATb /s pacuera TokoB K3 M 3alUThI OT HUX BO BTOPUYHbBIX LIEMAX
TpaHcOpPMaTOpPOB.

310 UcTIbITaHKe 00A3aTENBLHO AMs BeeX TpaHchopmaropos Tvna HJE,
a TaKkKe U1 TPAHC(POPMATOPOB, BIOPHUHBIE OOMOTKH KOTOPBIX COSAMHEHBI
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R d
A
La—d
Puc. 23. CxeMmBl 1715 onpe/ieNieHUA CONPOTHBIIEHUS TPaKcPOPMATOPOB
HaTNpKEHHA:
a--0AH0}a3HbIX; 6 — TpeX(a3HEIX, COCIMHEHHEIX HO CXEME Y /Y, 6 —Tpexda3Hpix,
COCMHEHHBIX 110 cxeMe Y /Y; 2~ TpexdasHbIX, COeMHEHHRIX 110 cxeme Y /A
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B Pa30MKHYTHIH TPeyTrONbHUK WIH I KOTOPBIX HET 3aBOICKHX JaHHBIX.

Jing TpanchopMaropoB, OOMOTKH KOTOPBIX COEIIMHEHBI B 3BE31ly WIIH OT-
KPBITBIH TPEYTOMIbHUK 3TO UCIMBITAHHE 1IeTeco00pa3Ho Uil YTOYHEHHS
3aBO/ACKHX JJAHHBIX. .

PexoMeHayeTcs n3MepsaTh CONMPOTHBIIEHHE TpaHcdopMaTopa Hanps-
JKEeHHs, OTHECEHHOE K BTOPMYHOM 0OMOTKE, O cXeMaM pUC. 23 MpH nHTa-
HHM CO CTOPOHBI BTOPUYHBIX OOMOTOK.

[lepBuuHble 06MOTKH TpaHCgopMaTOpa HaNPSKEHUS HAIEKHO 3aKO0-
PauMBaIOTCS, TOK BO BTOPHYHOH OOMOTKE AOBOIUTCA O MAKCHMAJILHO
BO3MOKHOF0, HO He 60Jiee HOMHHATBPHOTO TOKA, COOTBETCTBYIOMIEN0 MakK-
CHMaJIbHOM MOLIHOCTH TpaHcdopMaTopa HarpsbkeHHs. PerynupoBanue
TOKA NMPOU3BOAUTCS peocTatoM. Mckaxenns Gopmel Kpueoi TOKa M Ha-
npskeHUs He OyIeT, Tak KaK COTNPOTHBIIEHHE 3aMKHYTOIO HaKOPOTKO
TpaHchopMaropa iuHeiHO. [loaToMy M3MepeHHs MOYKHO BbINOMHATE IPH-
6opamu moboro tina. ConpoTHBieHHe 0AHOGa3HbIX TPAHCHOPMATOPOB
(nanpumep, HK®, 3HOM) onipeaenseTcs no puc. 23, a Kak HanpsikeHHe,
JeNleHHOe Ha TOK. J[jis CoCTaB/ieHUs MOAHOMN CXeMBI 3aMelleHHs Tpexob-
MOTOYHOrO TpaHchopMaTopa HeoOXOMUMO H3MEPATEL CONPOTHBIIEHHS BCEX
Tpex map oOMOTOK; OOBIYHO OCTaTOHHO M3MEpHTh conpoTtusiaeHus K3
TOJIBKO AJI1 OCHOBHOM M IOTOJHUTENbHOH 0OMOTOK NPH 3aKOPOYEHHOM
MEePBHUYHOM.

s Tpexdasubix TpaHcdopmaropos, Hanpumep, HTMH, umerommx
HyJieBbI€ BBIBOABI OOMOTOK, COEMIHEHHEBIE B 3BE3Y, H3MEPEHHUA PEKO-
MEHJIy€TCA BBINOJIHATE M0 CXEME pHC. 23, 6, MOOYEPENHO /I KOKIOH
da3bl. B nacnopr-npoTokon 3anuchIBalOTCS pe3ysbTaTbl BCEX TPEX U3-
MEpEHHUH, s pacyera Toka K3 mpuHHMaeTcsd cpenHee 3HaYEHHE.

Tpexdazubie TpaHcdopMaTopbl HanpsHKEHUs ¢ 0OMOTKaMH, COeHU-
HEeHHBIMH 110 cxeMe Y/Y ,, pEKOMEH/TyETCs IIPOBEPATH M0 CXeMe pHUcC. 23, 6.
ConpoTtuBiieHre oHOH ¢a3bl NOTy4aeTcs NpH JeleHHH pe3ynbTara us-
MEpeHHs Ha Jipa.

JLns Tpexdrazubix TpaHcGopMaTopoB HANPSDKEHHUA, HMEIOLIMX BTOPHU-
Hy10 0OMOTKY, COEIMHEHHYIO B Pa30MKHYThIH TPEyrojbHHK (HanpuMep,
HTMMH), uzmepenns pekOMEHAYeTCs BBINONHATE 1O PHC. 23, 2; uToObl
MOJTyYUTb CONPOTHUBIICHHE OQHOH (pasbl, pe3ysIbTaT ACTIHTCS Ha TPH.

IMpu ucnbiTaHuy HeoOxoaMMo crporo cobmonars TpeboBaHHs Npa-
BWI TEXHHUKH OezonacHocTh. Ocobo crenyer crefuThb 3a Haie)KHOCThIO
3aKOPOTOK NEPBHYHBIX 0OMOTOK; IIPH CITy4YaiiHOM pa3MbIKaHWH MX Ha TIep-
BUYHOI 0OMOTKE MOryT NOSBUTHCS HaNPSHXKEHHU, OMacHbIe 1S IEPCOHa-
na. IIpn ucneITaHuax TpexoOMOTOYHBIX TPaHC(HOPMATOPOB HAMPAKEHHS
TpeTbs 0OMOTKa JO/IKHA OBITH Pa30MKHYTa. 3HaYeHHE TOKa CJEAyeT
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AOBOJAMTE IO HOMHHAJIBHOIO TOKA TPaHCHOPMATOpa BO BTOPHUUHOMN 06-
MOTKE, ONPEACIAEMOTO I MaKCHMATLHON MOIIIHOCTH, 0e3 y4eTa Kiiacca
TOYHOCTH. U3mepuTenbHble npubopbl NOKHBI KMETH KNAace TOUHOCTH
0,2-0,5.

IIpoBepka MapKHPOBKH H. NPAaBHJILHOCTH CGOPKH cXeMbl BTO-
PHYHBIX Uenei. J[nd yMeHbIIEHHS YHCa OTKIIOYEHUI K Kabeneil
pexoMeHayercs cieayromuit nopsaaok pador. Ilocrne BHewHero ocMoTpa
OTKJTIOYAIOTCA Kabesin OT BBIBOJIOB BTOPHUYHBIX 0OMOTOK TpaHchopma-
TOPOB HalpsXKEHHs H NPOBOAATCH HCIBITAHUS — OTIPEACNeHHE OQHOMNO-
JSAPHBIX BbIBOAOB (NMpPH HEOOXOAUMOCTH) M conporueienus K3. 3arem
CHHUMAIOT 3a3eMJICHHS U, He [TO/IKIIoYas Kabesiu K TpaHcgopMaropy, npo-
BEPAIOT CXEMY M MapKUPOBKY BTOPUUHBIX LieNEl, U3MEpsIIOT CONPOTHB-
JIEHHS U30JILIMH, UCTIBITBIBAIOT 3JIEKTPUUECKYHO MPOYHOCTh H30JSLHH,
OMpEAENSIOT CONPOTHB/IEHUS BTOPHYHbIX LEICH, IPOBEPSIOT ABTOMATH-
YECKHe BBIKJIIONATENIM M BCIIOMOTaTeNbHY0 annaparypy. [Tocne 3roro k
TPaHC(OPMATOpy MOAKIIOYAOT Kabesi U NOJTHOCTBIO BOCCTAHABIMBAIOT
pasobpaHnHyio cxeMy BTOPHUHBIX LieNeii Mo 3apaHee NpoBepeHHON Map-
KHPOBKE. : ‘

Bbinontennas MapkupoBKa JIOMKHA MOMHOCTBIO COBNANATh C Map-
KHPOBKO HA MOHT@XKHBIX ¥ NPUHLMIHAIbHbIX cxeMax. [Tpu HeoGxoaumo-
CTH (B 3aBUCHMOCTH OT MECTHBIX YCJIOBHM) B CXEMbI MJIH B BbIMOJIHEH-
HYIO MapKHPOBKY BHOCSITCS UCITPABIICHH.

Ocoboe BHHMaHKE CliesyeT 06paTUTh Ha MapKUPOBKY Kabenei ¢
XKMIaMH 00JIBLIOrO CEUEHHs U Pa3MUHbIX ILMH, /S KOTOPBIX OGBIMHO
NpUMEHSIEMbl€e 11 BTOPHYHBIX Lenel OMPKH HenpuroaHel. B 3aBucumMo-
CTH OT MECTHBIX YCJIOBHI MapKUPOBKY HAHOCST YCTOHYMBOM KpacKow
HEMOCPEACTBEHHO Ha U3O/ISLMIO KUJIbi, WIIH HA LLKHY, WK K€ Ha IIaCTHH-
KH U3 TOKOHETIPOBOASILHX BOJOCTOMKUX MaTepUasioB (TEKCTONIMTA, MeTH-
Hakca, OpreTekiia M T. 11.), IPUBSA3LIBAEMbIE K JKUIIAM M LUMHaM.

OnHOBPEMEHHO ¢ MPOBEPKOH MapKUPOBKHU KM/l HEOOXOAUMO MPOBe-
PUTb U CBEPUTBL C KabesIbHBIM )KYPHAJIOM MapKMPOBKY Kabeneit.

[TpoBepky MapKUPOBKHU MPOU3BOIAT 110 BCEM LIEISAM OT BLIBOAOR BTO-
PUYHBIX 0OMOTOK TPaHC(HOPMATOPOB HATIPAKEHHS 10 3aKHMOB BLIBOIOB
naHenei pejieHHON 3aUIUThl, aBTOMATHUKH, H3MEPUTENIbHbIX NPUOOPOB,
peNe-NOBTOpUTENEN WU HHOK Ha II(HTE.

IlpoBepka NpaBUJIBLHOCTH MOHTAXKA CXeMbI HeEPEKJTI0YCHMUS
nened ¢ oaAHOro TpanchopmMaTropa HanpsKEHMs HA apyroii. Ha-
AEKHOCTL paboThbl BCMIOMOTaTeNbHBIX KOHTAKTOB HEOOXOAUMO IPOBEPATH
MHOTOKPaTHBIM BKJIIOYEHHWEM M OTKJIIOUEHHEM paszbenuHurens. Tsaru
MEXY BajIOM BCIIOMOIATeAbHBIX KOHTAKTOB M BAJIOM Pa3beaHHHUTENS

78

I'nasa 6. IIpoBepka TpaHC(HOPMATOPOB HATIPSKEHHUS

JIOJDKHBI PEryJIMPOBATLCS TaK, YTOOBI MPU OTKIKOYEHUH pasbesiMHuTEd
BCIIOMOTATENIbHbIE KOHTAKTBl Pa3MbIKAJIUCh, KaK TOJILKO €0 HOXH BbIH-
IyT u3 ryook. [Ipu BKIIOYEHUH pa3beaHUTENS BCIIOMOraTe/IbHbIE KOH-
TaKThl JOJKHBI 3aMBIKAThCS, KOTAa HOXK MOOXOAUT K Ir'ybKkam, HO ewle He
xacaeTcs uX. JIOTIONHUTENLHO IPOBEPSETCS, UTO X0/ HOXKA B ryOkax obec-
reynBaeT JOCTATOYHBIH 3amac 1o yrly NOBOpOTa Bajla BCIIOMOraTesb-
HBIX KOHTaKTOB HA 3aMbIKAHUE C YYETOM BO3MOXKHBIX OTKJIOHEHHMH OT
OTpPEryJIMPOBAaHHOIO MOTOKEHUA.

[Tpu Hanajike neneil HanpsokeHus TpaHcdopmaTopa MOZIAOT Onepa-
THBHBIN TOK Ha BCIIOMOTrAaTeNbHbIE KOHTAKTHl Pa3beIMHUTENEH H MpoBe-
PAIOT NPaBUILHOCTh PabOThI pesie-NoBTOPUTESIEH MPH BCEX MONOKEHUAX
pa3beIUHHUTENCH. 3

H3mepenue cCONPOTUBJIEHHS H30JSANMH BTOPHYHBIX Lenei
TpaHcGOpMATOPOB HANPSKEHHS HEOOXOIHUMO NPOM3BOJMTH MEraoM-
meTpom Ha 1000 B. B cootsercTBun ¢ «OO6BEMOM W HOpMaMH HCIIBITA-
HU# 2r1eKTPoOGOPYIOBaHUsY [ 1] COTPOTHBIEHHE H3ONIALIMK OTHOCHTENIBHO
3eMJIH HOKHO ObITh He MeHee 1| MOM 75t noSiHON CXEMbl BTOPH4HBIX
uenei kaxaoro Tpancdopmaropa. O6MOTKH TpaHc(opmaTopa Mnpu 3TOM
TNOAKJIFOYAOT K BTOPUYHBIM LIETISM.

ConpoTuBiieHHe W30JISIUHY OTHOCUTEBHO 3€MJIK CIIE/LyeT ONpeAesiTh
718 IOTHOCTBIO COOPAHHOM CXEMBI € MOAKTIOYEHHBIMH OOMOTKaMU TPaHC-
dopmaropa HanpsKeHUs, CO BCEMH BKJIIOYCHHBIMH peJie W npubopamH,
TIpY BCeX MOJIOKSHHAX arfaparoB, NEPEK/IFOUarOLUMX LCTH HANpsHKeHUs C
04HOro TpaHchopMaropa Ha 1pyro.

HcubiTanue 3JeKTPAYEcKOl MPOYHOCTH H30JSIHH BTOPHYHBIX
ueneil TpaHcGOPMATOPOB HANPSIKEHHS TAKKE CIEAYeT NPOBOAMTh
comacHo «O6beMy M HOPMaM HCIIbITaHus dieKTpoodopyaoBaHHs» [1].

TIpu MCHBITAHUAX W30JALMM BTOPUUHBIX Leneil TpancgopmaTopos
HaNPSHKEHUS y peiie U U3MEPUTENbHBIX IPHOOPOB, Y KOTOPBIX OOMOTKH
TOKA M HAIpsKEHWs PacroNOKEHbI HA OIHOM KapKace, TOKOBble 0OMOT-

KM OTKJIFO4AIOT OT CBOMX LEMell u COeJMHSAIOT BPEMEHHO ¢ 0OMOTKaMH
HaMpSKEHUA.

Ha BpeMs yKka3aHHBIX HCTIbITAHNH KaGeslH OTKIIOYAloT OT LIMH LIUTA
WITK TlaHeliei YCTpOMCTB 3alnThl M aBToMaTUKH. ITocie ucneiTanus cxe-
Ma MIOJTHOCTBIO BOCCTAHABIMBAETCS, U AOJDKHO ObITH NOBTOPHO MpoBepe-
HO CONPOTHBJIEHHE H30JIALIMU [TOTHOCTBIO COOPAHHOM CXEMBI OTHOCHTENBHO
3EMJIH.

H3mepenue conpoTHBJIEHHS] BTOPHUHBIX meneid. [lepen uzme-
peHUsMH HEOOXOOMMO OTKJIIOUUTL 3a3€MIIAIOIKME NPOBOJA OT BTOpH Y-
HBIX LIeneil ¥ BOCCTaHOBUTD 3a3€MIIEHHS MTOC/E OKOHYAHHUS U3MEPEHHH.
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Hsmepenns cnenyer npomus-

~j BOJIHTb METOJOM aMIepMeT-
- jﬁ pa ¥ BONETMETpPA Ha IEpPEMEH-
L@j HOM ToKe (puc. 24). BrisBano
3TO T€M, YTO MHAYKTHBHOE
conpoTtuBieHue kabenei
60JbIIKX CEYEH U, 0COOEHHO
MEJHBIX, COU3MEPUMO C aK-
THBHBIM. Hanpumep, akTHBHO® cONpOTHBJIEHHE MEJHOTO Kabens cede-
H1eM 95 Mm? ipumepHoO pasHo 0,2 Om/kM, a nHayKTHBHOE — 0,08 OM/KM,
unu okono 40 % axrusHOro. Kpome Toro, BeMKO HHAYKTHBHOE COMPO-
THBJICHUE pacLENHTe/ el aBTOMaTHYECKUX BbIKIoyarenell. Mecto yc-
TaHOBKH 3aKOPOTKH BBIOMPAETCA 10 MECTHbIM YC/I0BHAM. Bee BTOpHu-
HbIE LIETIH 1e1ecO000pasto pasbUTh Ha HECKOLKO YYAaCTKOB H U3MEPSATH
CONpPOTHBIICHHUA MO y4acTKaM, HalpuMep, oT TpaHCopMaTopa Hamnps-
HEHHA 10 LIMHOK LIUTA YMPaBICHHUS, OT LIMHOK A0 HaHeaed U T 1.

OcHoBHoe TpeGosatie cregyiowee. B uamepsaeMyo uemb RomkHbl
BXOZIUTEL BCE COCTABHbIC JIEMEHTBI CXEMbI: IEPEXOHbIE CONPOTHBACHHUA
KOHTAKTOB, KabeJ1, pacLeNTHTeNH BbIKIoYaTeNeH, peJoXPAHHTENH, LUHH-
KH, pyOMJIbHUKH, BCIIOMOraTesbHbIE KOHTAKTBI. JTO BBI3BAHO TEM, YTO
N0 CPaBHEHHIO C CONPOTHUBIIEHUEM KU Kabeliel ConpoTHBIeHHE ITHX
3JIEMEHTOB BEJIMKO, & PacueTHas YyBCTBUTENbHOCTH 3awuThl oT K3 B
3TUX LIEMAX YacTO OBIBAET HEJOCTATOUHOIN.

Hnst neneit 0GMOTOK, COEIMHEHHBIX B 3BE3MLY, CIIEAYET H3MEPSTH CO-
TIPOTHUBJICHHS KaxKIIOM mapel pa3 ¥ kaxaoi ¢asel U HyJeBOro MpoBoja.
[0 3THM NaHHBIM BEIMHC/ISETCS Cpe/Hee 3HAUEHHE CONPOTUBIICHNS Kax-
no# passl v HyleBoro nposoaa. Jls uereit pasoMKHyTOrO TpeyroJbH1Ka
CIIEMyET U3MEPSTH MONApHO CONPOTHBIICHUS Mexy skunamu HU, OK,
HK, U® (cm. puc. Tab1. 2) ¥ BLIYHCISTE CpeiHEE COMPOTHBIICHUE Kax-
no xuibl. CleyeT yqHTBIBATb, YTO YACTO MPUMEHSIOTCH YeThIPEX-
KHJIbHBIE Kabeny ¢ pa3HbIM CEUEHHEM KUIL.

Kiacc TouHoCTH IpHGOpOB m0osKeH ObITh He Hibke 0,5.

IIpoBepka TpancdopMaTopoB HanpshkeHHst PaGOYMM HATIPSIKe-
HHeM. [IpoBepKy COBMajieHNs: MAPKUPOBKH BTOPHUHBIX Lierel ¢ 0603Haue-
HUAMHM (a3 NepPBHUHOH CTOPOHBI PEKOMEHIYETCS IPOM3BOINTL MOdasHol
Tola4e i HalpsKeHNs Ha Kaokyto dasy. Eciu Ha nepeutHoii cTopoHe ume-
FOTCS1 O{HOTIONIIOCHBIE Pa3heIMHUTE NN WK NPeJOXPaHHUTENH, (HAIpUMeEp, B
KPY 1 KPYH 6-10 kB), To nodasnas nofada HanpsukeHUs BBITONHAETCS C
X MOMOILIO. LIpH TPeXmositocHBIX pasbesHUTENSX M OTCYTCTBHM MPEIo-
Xpanureneii (PY nanpsoxenvem 35 kB u Bbite) npoBepKa cOBNAAEHHUS Map-
KMPOBKH BBIMOJIHACTCS ¢ TIOMOLIBIO BEKTOPHBIX AHArPaAMM.
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Puc. 24. Cxema M3MepeHus CONPOTUBIIEHHUS
BTOPHYHbLIX Lieneii TpaHchopmaropa
HanpsKeHUs

I'masa 6. ITpoBepka TpaHcopMaTopoB HanpskeHus

B HekoTOpBIX clly4asx BMECTO HOPMAILHOrO paboyero Hampsxe-
HUA 3Ty NPOBEPKY YNOOHEE BHIMOIHUTH NMOJAYel Ha epBHUYHbIE 00-
MOTKH HAIMPAKEHHS OT MOCTOPOHHEr0 HCTOUHUKA, HAPUMEP OT CETH
380 B. [lna tpancdopmaTopos Tuna HIE aTo Hanpsxenue cneayer
noaaeathk Ha TpaHcpopmaropHoe ycTpoicTso. IIpu Takoit momaue
HanpsbKeHWs HaJl0 3apaHee MOJACYUTaTh 3HAYSHHE BTOPUYHOIO Harps-
XEHHs ¥ TIOA00paTh BOJLTMETP HAa Mafble TPeesibl H3MEPEHHS.

Jins TpanchopMaTOpPOB HaNpsXKEHUs TeHEPaTOPOB BCE MPOBEPKH
pabo4yuM HampsKeHHEM HEOGXOLMMO MPOM3BOAMTL NpPU TMOAbEME
HATPSAYKEHHUS C HYJIA.

BonbrmMeTpom n0xkHBI GBITH M3MEpPEHbI HANpsXKEHUs: Ha BCeEX
Kabengx, NpUXosLIMX OT TpaHC(HOopMAaTOpOB Ha COOPKY BBIBOJOB, MO
ero nokasaHuaM onpezesena gpasa, HaxOJAILAAC MO HAMPSKEHHEM,
H CBEpEeHBI MEXy cOOOM ee 0003HAYEHUS HA MEPBHUUHON U BTOPHU-
HO# cTopoHax. ITpu HEOOXOAMMOCTH MapKHPOBKA HCTIpaBISETCS.

IMocne nposepky MapKHPOBKH BOJILTMETPOM JOJIXKHbI ObITh U3Me-
peHbl HaNpsi>KeHUs BCEX BTOPHUHBIX 06MOTOK TpaHC(HOpMATOpOB, BblBe-
AeHHbIX Ha cOOpKy WK B AIMK. [Tpu nNpaBHIIbHOM BKJIIOYEHHH BTOPHU-
HbIX OOMOTOK B 3B€3/1y C HYJIEM BCE JIMHENHbIE HANPAXKEHHS PABHbI MEXILY
coboit, Bce hasHble HAMPSDKEHUS PaBHbI Mexay Co6Ol 1 B ﬁ pa3 MeHb-
Le TMHeAHBIX. [1py NpaBuIbHOM BKIIOYEHUH BTOPUYHBIX OGMOTOK B pa-
30MKHY ThIH TPEYroJIbHUK paBHbl MEXKIY CO00H BCe (asHble (OHH ke JU-
HelHbIe) Hanpsbkenus. Hanpsokenue Ha BLIBOAAX pazoMKHYTOTO Tpey-
rOJIbHUKA JOJDKHO ObIThb PaBHO HYJIIO, NPAKTHUECKH e OHO OOBIYHO
COCTABJISIET HECKOJILKO BOJILT (HanpspkeHue HebGanaHca).

dasoykasaresiem, Harpumep, OY-2, 1015KHO OBITH NIPOBEPEHO Ye-
penoBanue da3. 3azemneHHas daza ¢ MOAKIOYAETCA K BbiBOAY B
unu IT ¢asoykasarens; k BbiBogaM 4 u C NMOAKIIOYAIOTCS COOTBET-
CTBEHHO (a3bl a U ¢; €ClIU AUCK (Ba3oyKaszaresis BpALIaeTcs NpaBHilb-
HO (N0 cTpenke Ha AUCKe), TO YepenoBanue ¢gas — 4, B, C B cooTser-
CTBMH C 0003HaUeHUAMH BbIBOAOB (hazoykazaTens.

Hanbonee yacTo BecTpeuarouuecs omwnbKku B cXeMax COeauHe-
HHH 1 cO0CO6bI onpenesieHts X N0 NOKa3aHUAM BOJILTMETPa MOKa3a-
Hbl B Tabn. 2. K knaccy TOuHOCTH BONbTMETpA 0COObIE TpeGoBaHUA
HEe NMpPeabABIAIOTCS, YAOOHEE MONb3ICBATbCS YHUBEPCAIbLHBIMH TIPH-
Oopamu.
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IIpoBepka NpaBMJIBHOCTH cOOPKH

Tadonwnoa 2

cxeM TpaHcdoOpMaTOpoB HANPSIKEHHS

Cxema BekropHas nuarpamma

PesynbTarst
coem u3MepenHii Brison
HeHuit p

EPBUYHBIX | BTOPHUHBIX

Coedunenue 8mopuinbix 0OMOMOK 6 PA3OMKHYMbIL MPEY2ONbHUK

Ugp =Upe =U,q = 100 B

Ugp = Up.~100B
Uy =~3U,, ~173B

Cxema cobpaHa
NpaBHILHO

Henpasunsho
BK/IIOYEHA
BTOpHYHas

obmoTka Up,

Coedunenue smopu

YHblx 0OMOMOK 6 36€30y

Ua0 = Upo = Ucp=~ 58 B

Cxema coBpaHa

Ugp=Ups= U,y = 100 B TPaBUIILHO
_ o HenpaBuiabho

Uss =3U,y 100 B BIJTIOYEHA

Upe=Uq =58 B BTOpHUUHas

06MoTKa (ha3bl ¢

Coedunenue amopuinslx 06Mo

MoK 6‘pa30MKHyI'nblii mpeyeonbHuK

Heiirpans cetu 3a3eMnena
Uy = Uno™ Uno =
UI/IK = U(DK ~ 100 B

Ung = 0

Hefitpans cetn
W30J1pOBaHa
Ui = Uno = Upo =
=Upk = Ugxx 33 B
Unk=0

Cxema
cobpana
MPaBUILHO

Hei#iTpans cetu 3azemnena
Uny = Upo = Uyx =
=Uy1¢. ~100B
UHQ) ~173 B
UHK ~200 B

Heittpans cetn
M30JIMPOBaHa
Ui = Uno = Upk =
=U¢.n ~33B
UH¢ ~58 B
UHK ~66 B

BropuuHas
obMoTKa
dazbl A
BKJIIOUEHA
HeNpaBwIbLHO
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['nasa 6. [lposepka TpaHchopMaTopoB HArpPsKEHUS

CrielyeTr y4HuTBIBATD, YTO [IPH HEMPABUIILHOM COOPKE CXEMBI, HANPH-
Mep, PasOMKHYTOTO TPEYroJbHMKa, BOJLTMETP MOXKET OKa3arTbCs IMOA
HanpsbkeHueM npumepHo 200 B. Iloatomy Bce usmepeHust Haa0 HadH-
HaTh Ha Npejene usMepeHns 300 B 1 JIHLIB NpH NPaBUIbHO COOPaHHOM
CXeMe MepexoinTb Ha MEHBIUME NPEe/ibl U3MEPEHHH.

3HauUTENbHOE HAMpPsKEHHE Ha BbIBOAAX Pa30OMKHYTOIO TPEYrO/IbHH-
Ka TPy OPaBUIbHON COOPKE CXEMbl MOKET ObITh BBI3BAHO CIIEAYHOLUIMMU
NPUYHUHAMH:

HECHMMeTpHe epBUYIHbIX (a3HBIX Hanpskenui. Onpeaensercs.no
BTOPHYHBLIM (ha3HbIM HANpPSHKEHUAM OOMOTOK, BKJIIOUEHHBIX MO CXeMe
3Be3ibl. HeoOX0AMMO yUUTHIBATh, YTO B CETAX € M30JIMPOBAHHOM HEHT-
palbl0 HECUMN, €TPUs NEPBUUHBIX (Ga3HbIX HAMPAKEHUM 32 CYET HEOH-
HAKOBOH EMKOCTH OTHOCHTEJILHO 3eMJIH Pa3HbIX (ha3 U OTCYTCTBHSA TPaHC-
NO3HUMH MOKET ObITh OUEHb BEIHKA;

HACBIIIEHUEM CTaJIM CepIeYHUKOB TPAHC(HOPMATOPOB HANPSIKEHUS,
KOTOPOE ONpeaeNseTcs OCLHUIOCKONOM 10 hopMe KPUBOM HanpsKeHus
HeGananca. OObIYHO MPOSBISETCS NPH NEPBUUHOM HANPSXKEHHH, MPEBbI-
WAKoLEM HOMUHAILHOE HarpshkeHue Tpancdopmaropa. [Ipu Hacbhiwe-
HUH CTAJIM B HaNpsUKeHUH HebanaHca npeob1aJaloT TpeTby rapMOHUYec-
KHE COCTaBJISIIOLIME;

pa3IMYHLIMH HABOAKAMH OT [IOCTOPOHHMX MArHUTHBIX NOJIEH.

Hasoaxu 00bIYHO MOSBJISKOTCS JULIb MPH 3HAYUTEILHON HArpys-
K€ COCEHUX MpHrcoeauHeHUH. OHHM ONPENeNnaIoTC 10 OCUHKIIAOCKOIY
¥ u3MepeHuem HebajlaHca IBYMS BOJIBTMETPAaMH: ¢ GONBLUIMM CONPO-
tusnenuem (ne menee 1000 Om na 1 B wkans) u maneim. M3-3a
MaJloil MOLIHOCTH HABOJIOK HampshkeHHe HebaflaHca OT HUX MPH H3Me-
peHHUU BONBTMETPOM C OONBIIHM COMPOTHBIEHHUEM 3HAUYUTEIBbHO
BbILIE, YEM MPH U3MEPEHHHM HU3KOOMHBIM BonbTMETpoMm. [losTomy
U3MepeHue HarnpsixeHUs HeOanaHCa PEKOMEHIYETCS MPOU3BOAMTD
HU3KOOMHBIM BOJIETMETPOM.

OGbIYHO IMpH MOAKIOYECHHH HOPMaJIbHOW HArpy3KH HeDanaHc oT Ha-
BOJIOK PE3KO YMEHbLIAETCs. YCTpaHEeHHE NPHYWH NosABIeHHs Hebananca,
KaK MpaBsuiIo, HEBO3MOXKHO; ONPEAEACHHE €ro NPOU3BOAMTCS T yUeTa
3HAYEHUS W TIPUYMHBI €10 MOSIBICHHS IPH HACTPOHKE YCTAaBOK PENleHHOM
3aLIMTbI, HAIIPUMEP 3AULMThI OT 3aMbIKAHHWH HA 3eMJIIO B CETAX C U30JIHU-
POBAHHON HEHTPAJIBIO.

[Tocse npoBEPKH cxeMbl coeAnHeHH I 0OMOTOK TpaHchopMaTopa Ha-
TpsKeHHsl HEOOXOIMMO MOCTPOUTH NOTEHLUMAIbHYIO JHarpaMMy CXeMbl
Pa3OMKHYTOro TpeyrofbHuka. s aToro y ofHodasHeIX TpexoOMOTOY-
HBIX TpaHCcHOPMATOPOB HANPSKEHUS IOJKHBI ObITH BOJILTMETPOM
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Texuuueckoe 06CilyKHBAHHUE H3MEPHTENBHBIX TPAHCHOPMATOPOB TOKA H HanpsHKeHus

a M3MEPEHBI HAMPAKECHHUS MEXIY BCEMHU
dbazamu 1 HysIeM 0GMOTKH, COETUHEHHOM
B 3BE3/y, H KaXJbIM BbIBOIOM Pa3OMK-
HYTOro TpeyroyibHuka. s 3Toro Heob-
XOAUMO OOBEUHHUTH B OMHOH TOUKe
OOMOTKH, COeJHHEHHbIE B 3BE3Y U pa-
30MKHYTBIH TpeyronbHuk. OGbIYHO 3TO
obecneynBaeTcs 3a3eMJIEHUSIMU BTOPHY-
HbIX OOMOTOK.

B npowsponbHoM Mmaciurabe (ynobew
Macwtab 1 B = | mm) crpoures auarpam-
Ma HanpskeHUi 0OMOTOK, COEMHEHHBIX B
3ge3y. Ha nuarpamme cosmewarorcs

Puc. 25. Tloctpoenne 3a3eMJIEHHBIE TOYKH 00euX 0OMOTOK.
TMOTCHUHANBHOM AHArpaMMbl M3 KOHUOB BEKTOPOB 3BE3/1bI pajHy-
OGMOTOK TpaHCHOPMATOPOB o MPUHATOM MacLuTabe, paBHLIM H3-
HAMPAKCHUA, COCMMHEHHIX — \ononpoMy HanpsKeHHIO MEXIY TUM
B PASOMKHY TLII TPeyTOIbHHK BbIBOJOM M BbIBOJAMH Pa3OMKHYTOrO

TpeYyroJibHUKa, NpoBoAsTcs nAyru. Touka UX nepecedyenus spiseTCs Ha-
HanoM BEKTOPOB HarpskeHHH 0OMOTOK, COeIMHEHHBIX B PA30OMKHYThIH
TpeyronbHUK. IIpuMep nocTpoeH s 3TON AMarpammbl NpUBEIEH Ha pUC. 25.
JU1s OCTaNbHBIX BBIBOZOB NOCTPOEHHE BBITIONHAETCS aHATOMHYHO.

JI1s NOCTPOEHNA IOCTATOYHO JIBYX H3MEPEHH, TPEThe ~ KOHTPONIbHOE.
BosmoxkHbl cityyan, koraa n3-3a oluuGok B M3MEpeHHH NEPBUYHOrO Ha-
Tp’KCHUA W IPOUMX MPHYHH TPH AYTH HE MePeceKaroTcs B 0JHOH TOUKe,
a 00pasyIoT TpeyronsHUK. B 310M cnyuae 3a Hauano BEKTOpa NpHHUMa-
ercs LEeHTp TpeyronbHuka. [1o norenuuanbroli qnarpamme nposepsiercs
TIpaBUILHOCTb COOPKH CXEMBI PA30MKHYTOTO TPEYrOJIbHIKA.

Jist TpexdazHbIX TpaHCHOPMATOPOB HANPSKEHHS NOCTPOCHNE TAKOM
AnarpaMMbl HEBO3MOXKHO, MOJI0XKeHHe BekTopa 30U/, s HuX onpenens-
€TCs UMHTAaLMeH 0OHO(DA3HOIO 3aMbIKAHHS Ha 3EMJIIO.

ITocrnie nocrpoenvs noTeHuManbHOM AHArpaMMBI 00s13aTeNbHO OrIpe-
AensieTes NeHCTBYIOLIeE 3HAUEHHE U NoJIokeHue BekTopa 3U, uMuTaum-
eit onHodasHoro 3aMpikaHus Ha 3eMm0. Heo6X0auMo y6eanTbes B ToMm,
YTO CyMMa BEKTOPOB Hampskenust U u [  oaHOda3HbIX TpaHc-
popmaTopoB HanpsKeHUs B Hopmanbﬂ%'?w peKUMe U, COBMAzaeT C Bex-
Topom 3U; mpu 3aMbikaHuK Ha 3eMITIO (asbl A.

[lockonbky npu ApoBepke HaNMPaBNEHHBIX 3ALUMT OT 3aMbIKAHHE Ha
3EMJIIO HEBO3MOXKHO CO3JaTh PEalbHOE 3aMbIKAHUE HA 3EMITI0 BMECTO
ACHCTBUTEILHOTO Hanpskenns 3 U, K pesie HanpaseHHs MOLIHOCTH, ITH-
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I'masa 6. IlpoBepka TpancdopMaropoB HampsHKEHUS

TaOIMXCS OT 0AHOGA3HbIX TPaHCHOPMATOPOB HANPSIKEHHS, BPEMEHHO
nofaercst Hanpsokenue U, . Jlns o10r0 OT pene oTkirouaeTcst BuiBoa H,
a BMECTO Hero noakiouaercs BbiBoA H.

s 3a1uT, nuraromwuxcs ot Tpexda3HbiX TpaHcHOpMATOPOR Hatps-
JKEHUA, TAKOH crnocod NpoBepKU HEBO3MOXKEH, U1 HX NPOBEPKH HaTIps-
keHue 3 U, coznaercs umuTauMed oqHO(a3HOTO 3aMbIKaHHS Ha 3€MITIO.

Hmuranys onsoda3Horo 3aMbelkaHUs Ha 3eMJTI0 00s13aTe bHA 115 BCeX
TpaHC(HOPMATOPOB HAMNPSIKEHHS, OT KOTOPBIX MUTAIOTCA HATPaB/IEHHbIE
3aUIMTBI OT 3aMblkaHMi Ha 3emito. Ins TpexdazHbix TpaHcopmarTopos
3TO eAMHCTBEHHbIH CrI0CO6 NPOBEPKH NpaBHiibHOCTH cGopky Leneit 3U,.
Hna onnodasnbix TpaHcopMaTOpoB He BCe OIMOKH B cOOPKE CXEMBI
Pa3OMKHYTOIO TPEeyrojbHUKa OOHAPYKHBAKOTCS CHATHEM W MOCTPOCHH-
€M TMOTEHLHATBHOH JHarpaMmbi.

Jns onHodasHbIX TPeXoOMOTOUHBIX TPaHCHOPMATOPOB HATIPSHKEHHUS
MMHTALHUIO OHO(A3HOTO 3aMbIKaHHs CIAECAYET BbIMOIHATL OTKIIOUEHHU-
€M OT BBIBOJA X, U COEIMHEHHEM C BbIBOJOM @ KOHLA Kabens oT dasbl
A x cbopke 3axumoB (puc. 26, ). 3arem Ha Bce (asbl TpaHchopmaTo-
pOB MOAAETCS HOPMAILHOE HAMPSHXKEHHUE, CHUMAETCS U CTPOUTCS MOTEH-
UHalibHas guarpamma (puc. 27, a).

Jna TpexdasHbIxX TpaHCHOPMATOPOB ITOT CIOCOG HENPUMEHHM, M0~
3TOMY IS HUX MMHTALMIO OJHO(A3HOTO 3aMbIKAHHS CJIELYEeT BbIMOJ-

4 B c
| .
ATEEE TS ST TS B
ano"oxn aﬂQ pxn aﬂq QXR
a
A B C 4 B C

| [
| —t——
Oa O Oc o 04 O Ocdo

6 8

Puc. 26. Cniocobul coznanns 3U, B HOPMATbHOM PEKUME
17151 TpaHCOPMATOPOB HATIPSIKEHUS:
a—oaHo(a3HLIX; 6~ TPEXPAHLIX € 01HOQAHLIMU CEPACUHUKAMH;
6 — Tpex(hasHbIX C MATUCTEPAKHEBbIM CCPACHHUKOM
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a a 0

a

Puc. 27. BextopHble AMarpammsbl TpanchopmMaTopos
HAIPSKEHUS:
a—onnodasubiX; 6~ Tpex(asHbIx ¢ OAHOPAIHLIME CEPACHHTUKAMMY;

6 —TPeXPasHbIX C NATHCTEPIKHEBLIM CEPACHHHUKOM
HATb OTK/TIOYEHNEM H 3aMbIKAHHEM Ha 3eMJTIO OJIHOM (a3bl ¢ NEPBUYHOI
CTOPOHBI.

Hnst TpexdasHbix TpaHCHOPMATOPOB ¢ OAHODAZHBIMH CEpLEYHUKAMM
BBIBOJ A OTKJIIOMAETCA OT LIMH K 3aMbIKAETCS Ha 3eMJIIO (CM. puc. 26, 6),
rocne 4ero Ha TpaHcdopmatop nogaercs TpexdazHoe HarpsKeHHe, CHIUMa-
€TCA M CTPOUTCS MOTEHLMANbHAs quarpamma (cMm. puc. 27, 6).

Hist TpexdpasHbIX TPaHCHOPMATOPOB HANPAKEHUS C NATHCTEPIKHE-
BbIM CEPICHHHUKOM OTKIIIOHACTCS M 3aMbIKAETCS Ha 3eMJIIO PACTIONOXKEH-
Has Ha cpeaxem crepxne dasza B (cM. puc. 26, 6). DT0 HEOOXOAMMO s
CUMMETPHYHOIO pacrpe/ie/IeHHs M0 CTEPHKHAM CepAEUHUKA MATHUTHBIX
OTOKOB OCTaBLUMXCSA (a3. 3aTeM nojaeTcs TpexdasHoe HaNpsKEHHE Ha
TpaHcdopMaTop, CHUMACTCS M CTPOUTCS Avarpamma (cum. puc. 27, 8).
Bo Beex ciyuasx noreHumanbHas auarpamma 3 U, cHumaeTcs ¥ cTpouT-
Cs1 OTHOCHMTE/ILHO BCEX OCTABLUMXCSA MO/ HanpsbkeHneM das u Hyns o6-
MOTOK, CO€IMHEHHbIX B 3BE311Y.

TpexdasHsie TpaHcdopmaTopbt HarnpsiKeHHs OGBIYHO IPUMEHSIOTCS
B CETAX C H30/IMPOBAHHOH HENTPAJILIO, TOITOMY NPY HMUTALMH 3aMbIKa-
HUs Ha 3eMIII0 HanpsxeHne 3 U, OyneT 3HaUUTEIbHO MEHbIIIE HAMPSKe-
Hus, papuoro 100 B, BosHukarowero NpH NEUCTBUTEABHOM 3aMblKaHUHU
Ha semmmo. Takoe sxe 3nadenue 3U, Gynet 'y ognodasHbix Tpauchop-
MaTOpOB HANPKEHU 7151 CETH C H30JIMPOBAHHON HEUTPAIILIO NP UMH-
TalMK OAHO(}A3ZHOTO 3aMbIKAHUS HA 3EMJTIO.
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I'nasa 6. [IpoBepka TpaHc(opMaTOPOB HANPHKCHUS

[Mpu nocienyioieM NpopUIAKTHIECKOM KOHTPONi€ H BOCCTaHOBIIE-
HUM 107 pabouuM HanpskeHHEM HeOOXOAMMO H3MEpATh BCe (asHble U
nuHelHBIe HanpshkeHus u Hanpsbkenue 3 U, (Hanpskenue HeGanaHca) u
npoBepsTh YepenoBanue Gas. Eciu samensanuce kabenn uin nepepaszie-
JIBIBAJIMCE KaGesibHble BOPOHKH M KOHLEBBIE Pa3feNIKH, TO TPOBEPKY
CIIEYET TIPOU3BOAUTH B 00bEME HOBOTO BKJIKOUEHUS.

®azupoBKy TpaHcHOPMATOPOB HANPSHKEHHS NPOBOAAT JUIs TOrO,
yTOObl YOEANTHLCA, UTO Ha pesie NOAAITCS OAHOMMEHHSbIE (a3bl OT pas-
HbIX TpaHchopmaTopos. PazMpoBKa A0JKHA IPOU3BOAMTLCS NPH 3aMe-
He TpaHC(hOpMaTopOB.

Jlns dasuposku oba TpaHchopmaTopa BKIIIOHAKOTCS HA OHO Hamps-
JKEHHE C MEPBUYHOI CTOPOHBI, PasupyeMble BTOPHUHbIE OOMOTKH J0IIK-
Hbl ObITE OGBEAMHEHBI B OJTHOM TOUKE CXE€Mbl, OIWHAKOBOU ANf TpaHc-
dopmatopos. Kak npasusio, 31o o6ecneunBaeTcs 3a3eMaeHHEM BTOPHY-
HBIX 0OMOTOK. BOIETMETPOM M3MEPSIOTCS HANPSYKEHNUA MEXKIY KKIABIM
BLIBOJIOM BTOPHYHBIX OOMOTOK OJHOI0O TpaHCHOpMATOpa U KaX/IbiM
BBIBOZIOM Jipyroro. [Ipu onMHaKOBBIX TpaHCHOpMaTopax nokasaHHs BOJb-
METpa NpHu BKJIIOYEHMH MEX /Ty OIHOMMEHHBIMHU (asam (B npeenax Tou-
HOCTH TpaHcpopMaTopa U U3MePEHHIT) 10JKHBI ObITh PaBHbLI HYITIO, MIPH
BKJIIOUEHHH HA Pa3HOMMEHHbIE BBIBOJbI —THHEHHOMY WITH (ha3HOMY Ha-
npskeHuto. CieyeT YUHTbIBaTh, YTO IPU BO3MOXHBIX OLIMOKaxX B CXe-
Max HanpsbkeHue MexIy pa3HOUMEHHBIMH (azaMH MOXET NOXOAUTD 10
JIBOMHOTO JTMHEMHOrO, MOTOMY BOJILTMETP JI0JI2KEH UMETh BEPXHHIA rpe-
nen usMepenus He medee 200 B, u, ammp yOeaMBUINCH B NPaBHJIBHOCTH
c6OpKH CXEMBI, MOXXHO NEPEXOUTL HA MEHbIUNE NPEAe/bl H3MEPEHHH.

HN3mepenne HArPY3KH H HOTePh HANPSAKEHHS BO BTOPHYHBIX
HensiX TPaHcGOPMATOPOB HANPSUKEHHsS UMEET CYIIECTBEHHbIE 0CODEH-
HoctH. M3MepeHue norepb HanpskeHUs BO BTOPHUHbIX LIENISX 3aTPyAHEHO
MO CIIEYIOIIMM [IPHIHHAM:

manoe abcomoTHoe 3Hauenue noteps — or 0,2 no 3 B (0,2-3 %), uto
Tpedyer u3MepHTENbHBIX NPHOOPOB Ha MaJlbie NPEENbl M3MEPEHHS U Bbi-
COKOTO KJIAcCa TOUHOCTU — He Hibie 0,2 [y1s Leneit cueTyukos U He Hke 0,5
IJ18 Lerei 3aimThbl;

GobLLoe (HECKOILKO COTEH METPOB) PAacCTOSHUE MEXK]LY TpaHchop-
MaTOPOM HanpsUKEHUs M MECTOM YCTaHOBKH N3MEPHUTENBLHBIX pUbopos
u pere;

BO3MOKHOCTb PE3KOTO M3MEHEHMs Harpy3KH Ha TpaHcgopmarope
HanpsHKeHus npu cpabaThIBaHUH Pa3IHUHbIX yCTPOUCTB PeJIEHHOM 3aLH-
Tbl M ABTOMATHKM WM TPYIHOCTb CO3[AAHMs peKHMa MaKCHMMAaJIbHOM Ha-
rpy3KH Ha TpaHcgopmarope.
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Ecnu paccrosuue ot Tpanchopmatopa 10 pesie Uy M3MepHTebHbIX
MPUOOPOB HEBEJTUKO, TO NMOTEPU HATIPSIKEHHS PEKOMEH/TYeTCsl M3MEPSTh
10 cxeMe puc. 28, riae BOJILTMETP MOKa3bIBAET HEMOCPEACTBEHHO 3HAUe-
HHE NoTephb HanpshkeHus. O6bIYHO AKHa Kabeneit oT TpaHcdopMaTopos
A0 MepBOH cGOpKU BLIBOMOB B TakkX PV Hepenvka, U noTepsAMH Harpsi-
JKEHHS B HUX MOXKHO npeHebpeyb.

Bropoii BbIBOA BOABTMETpa HOAKIIONAETCH K COOPKE U3MEPHTEb-
HBIX BBIBOJIOB HA BXO/I€ MIAHENIH HJIH HEMOCPEACTBEHHO K BbIBOJAM pejie
WJIH TPUOOPOB B 3aBMCHMOCTH OT 3HA4EHHS CONPOTHBIEHHS TPOBOJOB
MEXy pelle U 3aKUMaMH.

pu 6onbLuMX paccTOAHMAX OT TPAHCHOPMATOPOB HAMPSHKEHHA 10 Tia-
HeJiei 3aLMThI U U3MEPUTENBHBIX NPUGOpPOB (Haripumep, B PY 110-500 kB)
HENOCPEeCTBEHHOE M3MEPEHHE MOTEPh HATPKEHHS BbIOJHHTL TPYAHO.
Tpebyerca mpoksanka NPoOBOKOB AJisi BONLTMETPA, KPOME TOTO, HENb3s
npeHeGperaTh NOTepsAMH HATIPSDKEHKs B Kabensx Mexy TpaHcdopmaro-
poM M ero kahoM; BONLTMETP MPUXOIUTCS BKIIHOUATH HA BbIBOBI TPAHC-
opmaropa. [ToaToMy B TaKKX CiTy4asX HENOCPEACTBEHHOE H3MEPEHHE M0-
TEPb HAMpSKEHUS PEKOMEHAYETCS 3aMEHATb PacyeToM M0 pe3yssTaTaM
H3MEPEHUST HATPY3KH W ONPEZIETIEHHOMY paHee CONpPOTHBIEHHIO Lieneid. H3-
MEPEHHE Harpy3K1 NPOM3BOAMTCS il KKIOrO y4acTKa LETH, CONPOTHB/IE-
HHE KOTOPOro H3MePSIIOCh paHee.

HauGoree narpy:xeHHas asa onpenensercs U3MEpEHHEM TOKA BO BCEX
¢pazax. Jlro6piM crioccboM U3MEpsieTcs Yron Mexy BEKTOPOM TOKA Hau-
Gonee Harpy:xeHHO# a3kl 1 ee hasHbIM HapsHKEHHEM MM ero cos ¢. Tak
Kak abCOJIOTHOE 3HAYEHHE NIOTEPh HANIPSHKEHUS MAJIO 1O CPABHEHHUIO C HO-
MHUHAJIbHBIM HamNPsDKEHUEM, TO YIOJl MEXJly BEKTOPAMM HATPSXKEHHS Ha
BbIBOZIAX TpaHcQopmatopa [, ¥ HANpPAKEHHS B KOHLUE Y4acTKa CETH
U, (puc. 29) ouenn man (okosio 2-3°). TIo3ToMy ¢ AOCTATOMHO#M A1t NpaK-
THUYECKHX 1Le/IeH TOYHOCTHIO MOMKHO TPUHSATH [IOTEPH HATPIXKEHHUS

T1H CB
(o7 O—O~>> O
° 0 é O
N () o 0
o/ !

Puc. 28. CxeMa H3MEPEHUA IOTEPD HATIPAKEHUS

I'nmasa 6. [lpoBepka TpaHC(OPMATOPOB HANPSHKCHHS

AU=1U,,-1U.1 paBbeMu\/gIRcos ® ir U

M BHIYMC/IUTE HX TIO Pe3y/ieTaraM usMepe- @

HuA I, R, cos ¢. [Ipu OTCYyTCTBHM HYNEBOrO v o
NpOBO/a M3MEPAETCA YTOINl METy BEKTO- Ny
PaMH TOKa U OIEPEAIOLIHM €ro IMHEHHbBIM
HaInpsbKeHHEM — HalIPHMEp, YT MEK/Ly BEK-
Topamu ToKa I, 1 Hanpskerus U, . B atom .
Cllyuae MoTepH HanpsokeHHs OyayT paBHBI !
3 IRcos 1g‘(p + 30°) :

Ecnu narpyska nuraercs Tonbko Mo
AByM ¢azaM 6e3 HyJIeBOro mpoBoja, TO
yroj U3MepsIOT MEeKAY BEKTOpaMH Toka
Y IMHelHoro HanpsbkeHus. [lorepy Hanpsi-
XKEHHUS B 3TOM clydae paBHbI 2 IR cos ¢.
[Monuele noTepu HanpsKeHKs oT TpaHcgopMaropa 10 Haubonee ynaneH-
HOH MaHe/Id MOXKHO CHHUTATh PaBHbIMH CyMMe MOTEPb HaNpsXKEeHHH Ha
OTAENBHBIX y4YacTKax.

Ipu aBO#HOI cucTeMe LIHMH /1S Cllydas NepeBojia BCel Harpy3Kku Ha
OJHH TpaHc(opMaTop NoTepy HanpsKeHHs B OCHOBHOM kabene (0T TpaHc-
¢dopmaropa Ao UTA) MOTYT OBITH BEIUKCIIEHDI 10 PE3Y/ILTaTaM H3Mepe-
HHH 11 TPaHCHOPMATOPOB HAIMPSKEHHA KAKIOH CHCTEMBI IUHH ITyTeM
reoMETPHYECKOro CyMMHUPOBAHHUS BEKTOPOB TOKA H ONpPENEIeHHs HOBO-
ro yria ¢ Juis CyMMapHOTO TOKa.

JI1st cXeMBI pa30MKHYTOrO TPeyToJIbHHKA IPH HOBOM BKJIIOYeHHH PY
MCKYCCTBEHHO CO3/al0TCsl HanpsbkeHue 3 U ¥ 1o/1Has Harpy3Ka 3Toi uenu
M M3MEPSETCS YIoJl MeX/y BEKTOpaMu Hanpsokedus 3U, v TOKa B Lenu
3U, tpancopmaropa nanpsxenus. Heo6xoaumo npu 5ToM y4uThIBaTh
pa3Hble 3HaY€HUs HanpskeHus 3 U, npu 1eHCTBUTENbHOM 3aMbIKaHHUM Ha
3eMIII0 U €r0 HMHUTALMH H COOTBETCTBEHHO YBEJIMYMBAThL NPH pacyerax
ToK. IloTepu HanpsokeHus passel 2 IR cos ¢. Eciu 3T0 BBINOIHUTD He-
BO3MOJKHO, TO [OTEPH HAIPSOHKEHHUS OMPEEAIOTCS PaCUETHBIM ITyTEM.
Jns aTOro ciemyer U3MEpUTh TOK H Yol MEKAY BEKTOPaMH TOKA W
HanpsKeHUs Haubonee XapakTepHbIX Harpy3ok (06pIYHO penle Hanpas-
JIEHHS. MOLLIHOCTH Pa3HbIX THITOB) U 10 3THM AaHHBIM BBIYHCIIHTE OTEPU
HanpsDKEHHS U1 CyMMapHOTo TOKa U obuiero yria.

OJHOBPEMEHHO C U3MEPEHHEM MOTEPb HAIPSDKEHUS U3MEpAeTCs U
Harpy3ska Ha TpaHcdopmarope Bo Bcex (aszax U Ha BeIBo#ax. Bioue-
HHE aMIiepMeTpa Ha cxeme puc. 28 mokaszaHo ycnosHo. Ero cnenyert
BKJIOYATh B KaXK/bli kabellb, NOQKIIOUEHHBIH K pesieiHOMY LIHTY, WK B
nepsoM OT TpaHchopMaropa wkady Tak, 4ToObl OH YUHTHIBAT BCIO
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Texnunueckoe o6¢itynBaHHE M3MCPHTEIBHBIX TPaHC(OPMATOPOR TOKA M HANPSIKCHUS

Harpy3ky Tpancgopmaropos HanpsbkeHus. Eciu or mkada orxonmr ne
onuH Kabenb, a IBa UM TPU (HANpUMep, OTENbHBIE Kabenu peneitHoi
3aUIMTBI M CYETYUKOB MIIM M3MEPHTENBHBIX MPUGOPOB), TO MOTEPH Ha-
APsKEHUS ¥ Harpy3Ka B KaxkaoM kaberne namepsitotcs noovepenHo. XKe-
JIaTeJIbHO UMETh HECKOJIBKO OIMHAKOBBIX aMNEPMETPOB M BKJIOYATh HX
cpasy Bo Bce a3kl UM BbIBOALI. [Ipenen namepenus noabupaercs mno
NPOEKTHOH Harpyske TpaHcopMaTopa Hanmpsi>KEHUst WM 10 €T0 HOMH-
HaJIbHOMY TOKY, OCTaTO4Y€H KJlacc TouHocTH 0,5.

Harpyska Tpancopmaropa HanpsukeH s 0GbIUHO HEPABHOMEPHA K MO-
JKET U3MEHSATLCA B PasHbIX (pasax ro-pasHoMY rpu cpabaThiBAHUH pa3iiny-
HbIX YCTPOMCTB 3allMTbI ¥ aBTOMAaTHKH. B Liensx usmMepurensHbIx nputo-
POB Harpy3ka oObIYHO MocTosHHas. [{ns ueneit peneiHoii 3a1MTEI 1 aBTo-
MaTHKH HEOOXOAMMO W3MEpATDb TMOTEPH HAIPSHKEHHUs TPH MAaKCMMAJIbHOM
Harpyske. J[j1s1 3TOro TIaTeIbHO aHATU3UPYETCs MOBEIEHHE PeJIeRHOI 3a-
LIMTBI ¥ aBTOMATHKY NIPH Pa3fIMuHbIX pexumax paborel cetd, npu K3 u
OMNpeIeNSeTes PEXKHM, CO3AAIOILHI MAKCUMANTLHYIO Harpy3Ky Ha TpaHcop-
Marope Hanpsbkens. HeoOxoMMo yuuThiBaTh M Harpy3ky Apyrux TpaHc-
¢opMaTopoB, 1 KOTOPbIX MpOBepsEMBbIi TpaHCOpMATop SBJISeTCs pe-
3€PBHbIM, H IEPEBECTH 3Ty Harpy3ky Ha Hero. [Ipu u3mepeHusx Heobxoau-
MO YYHTBIBATL TEPMHUECKYIO CTOMKOCTh KPaTKOBPEMEHHO BKJIHOYAEMbIX
0OMOTOK peJie 1 NPOM3BOUTE U3MepeHH s GbICTpO.

Jlis cXembl Pa3OMKHYTOTO TpeyrojibHHKAa HeOOXOAHMO CO3/aTh Ha-
npsokenne 3U,. [Tpoie Bcero 310 JOCTUraeTCst UCKITIOYEHHEM M3 CXEMBI
BTOPHYHON 00MOTKM a3bl 4, Kak yKka3zaHo Ha puc. 26, a. Jlns Tpexdas-
HbIX TpaHc(popMaTopoB HanpsbkeHns 3 U, co3[aeTcs OTKIIOYEHHEM H
3a3eMJICHHEM C MEPBUUHON CTOPOHB! 0XHOH (a3bl 1o puc. 26, 6 U 6.

Crnenyer yunTbiBath, uto Hanpsbkenue 3U, B 3TOM peXHMe JU1st Tpex-
dbasHbIX TpaHchopmaTopoB HanpsukeHus coctasnset 33 B BMecto 100 B.

IlpoBenenne onbita K3 Bo Bropuunbix nensix Tpancdopma-
TOPOB HanpsikeHHsi 0043aTeNIbHO U1 BceX TpaHC(OPMATOPOB, 0CO-
6enno Tuna HJIE.

OTH UCMIBITAHUS PEKOMEHAYETCA MPOBOAMTS ¢ OcUMIIOorpadHpoBa-
HueM Toka K3 nns tpanchopmaTopoB HanpspKeHHs KPYNHBIX DIEKTPO-
cTaHuui u noacranuuii 110-330 kB, rae 3auura BTopHuHbIX Lienei ot
K3 yacro paGoraer Ha npenmene 4yBCTBUTENBLHOCTH.

IpoBepka paGoThl aBTOMATHUYECKUX BHIK/IIOYATENEH U [PEAOXPAHH-
Tesiert onbitom K3 6e3 ocuunnorpadupoBaHus, HO C UBMEPEHHEM TOKa
K3 obs3arensHa nns Becex TpaHCHOPMATOPOB BCEX HAIPSIHKEHHIA.

Onpit K3 posmkeH npoM3BOAUTLCS 110 CELHMATLHOM NPOrpaMMe, co-
CTaBJIAEMOM NS KaXKAOTO Cllyyast C YYeTOM KOHKPETHOMN CXEMBI KasK10-
ro TpaHchopMaTopa U MECTHBIX YCIIOBHIA,

T'nasa 6. [Iposepka TpaHchopMaTOpOB HANPSHKCHUS

Bri6op cxeMbi BKITIO4eHHS ocuumorpada, CoracoBaHue CXeMbl Myc-
ka ocumsinorpada ¢ MomeHroM K3, moabop pe3ucTopoB 1 LIYHTOB MpPO-
M3BOIATCS 1O 3aBOACKOM JOKYMEHTALMH HA OCUMIUTOrpadel U MECTHBIM
YCIOBHSIM M YKa3bIBalOTCS B MPOrpamme.

Mecto K3 nomxHo ObiTh B KOHLE YHaCTKa CETH, 3allHIaeMOro JaH-
HBIM BbIKJIIOYATENIEM MJIM TipefoxpanuTtesieM. Bribnupaercs Takoit Bua
K3, npu KOTOPOM TOK HAUMEHBLIHH.

Brmouenue Ha K3 nponsBoaures JOTONHUTEIBHBIM aBTOMATHYEC-
KHMM BBIKJIOUaTeIeM, JKeIaTeabHO ¢ JUCTAHUUOHHBIM YIMPABJIEHHEM,
JoMkHO ObITh 0Gecnedeno orknoyeHue K3 na ciyyai oTkasa nposeps-
€MOTO BBIKJIHOYATENS] MM NPEOXPAHUTES.

IlpoBepka OTCTPOIKHM ABTOMATHYECKHX BBIKJIIOYaTesed OT
3apS/IHOTO TOKA JIMHHM H MYCKOBBIX TOKOB HArpy3km ofssaresibHa
1715t TpaHC(HOPMATOPOB HaNPSHKEHMA, OAKIIOUYEHHBIX K IMHUAM JIEKTPO-
nepejauu, KpoMe MPOBEPKH YYBCTBUTEJIbHOCTH aBTOMAaTHUECKHX
BbIKUTIOUaTenei. Jis 3Toi npoBepky TpeOyeTcs HECKOJIbKO pa3 BKIIIO-
4aTh M OTKJIKOYATE JIMHHIO, MO3TOMY OHA JOJIKHA POU3BOIUTHCS 1O Crie-
UMaILHOM MporpamMMe, COCTaBIsAEMOI M yTBEPKAAEMOH B YCTaHOBJICH-
HoM nopszike. [Ipy 9THX omnbiTax 00s3aTeNbHO OCLUILIOrpadupoBaHHe eM-
KOCTHOrO TOKa JWUHUHK. [To ocuwiiorpamMe oleHHBaeTcs 3amac B
OTCTpO#iKe paclenuTenel BRIKIIoUaTeNs OT eMKOCTHOro Toka. Criocobbt
ocumnnorpahMpoBaHUs, COINacoOBaHHE MyCKa K OCTAHOBKU OCLMIOrpa-
¢a ¢ BIJIIOUEHHEM W OTKIIFOYEHHEM JIKHHH ONPEIeNSIOTCA MECTHBIMU
YCJIOBMSMH M YKa3blBalOTCS B NPOrpamMMe.

YV BceX aBTOMaTHHYECKMX BbIKJIIOuaTeNiel HEOOXONUMO MpPOBEPSThH
OTCTPOMKY MaKCUMaIbHOM Harpy3ki TpaHc(popMaTopa HanpsKeHHs OT
ITyCKOBBIX TOKOB. J7ist 3TOFO nociie ofayy HanpskeHUs Ha Tpanchopma-
TOP [€PEBOIMTCS BCS BO3MOXKHAs HArpy3Ka, B TOM YHMCIIe U T4, IS KOTO-
poit naHubIi TpaHcdopmarop siBasercs pesepsHbIM. Heckonbko pas py-
OWJILHUKOM HIIH TIPOBEPSeMbIM BbIKJIIOYATENIEM BKIIOYACTCs [OHAd Ha-
rpy3ka TpaHcdopmaropa. Beikiioyarenb He JOMKeH oTKIodarbes. s
OTBETCTBEHHBIX OOBEKTOB XKeJIaTeNbHO ocLUIorpadgupoBarh MyCKoBbIe
TOKH Harpy3kH, i OCTajIbHBIX 00A3aTeNbHO XOTs OBl MPUOIU3UTENBEHO
H3MEPATH MyCKOBOH TOK aMIIEpMETPOM, Hanp1Mep ¢ MOMOLLBIO H3MEPH-
TeNbHBIX KJeleH Bo Beex dazax. DTO BbI3BAHO TEM, YTO MHOTHE Mpubo-
pBl ¥ pene, NUTaOLMECs OT TPaHCHOPMATOPOB HAMPSIKEHUA, UMEIOT
MaJloe CONPOTHBIICHUE TIPH OTIYLICHHOM SKOpe (CEpAeYHHKe) H, COOT-

BETCTBEHHO, — 31{a4MTENIbHbBI MycKOBOH TOK. Ilociie ycTaHOBKH SKODA
(cepneunuka) B pabouee MONOKEHUE COMPOTUBICHHE 3HAYHUTEIBHO
YBEJNMUHBACTCS, a TOK yMeHbIIaeTcsa. PeKoMeHAyeMOe HCIBITAHHE
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UMHTHpYeT OiH3Koe K3 B nepBuyHOM CeTH M epeBO/l HATPY3KH C OAHOTO
TpaHc(opmatopa Ha ApYroii B aBapUItHBIX YCIOBHSX.

Odopmaenne pesyasraros nposepxu. [To pesynstaram IPOBEPKH
obopmiiseTcs NacnopT-NpoTOKON Ha KaXKbIi Tpex(asHbIi TpaHchopma-
TOp WJIM Ipynity ofiHo$asHbIX TpaHCHOPMaTOpoB. JIOMKHBI GBITH BbIBE-
PEHBl MOHTaXXHbIE H NPUHUMIHAIBHBIE CXEMBI, YKOMJIEKTOBAH ajibboOM
CXeM B COOTBETCTBUH C TpeboBanueM IITD [2], a Takke TATeNbHO
BBIBEPCH TEKCT MHCTPYKLHMHU N0 OGCIYKUBAHHIO TPaHC(HOPMATOPOB Ha-
TPSOKEHHS U MX BTOPUYHBIX LCTIeH [ ONepaTHBHOrO MepcoHana, npu
HEOOXOAMMOCTH BHOCATCS [IONIOJIHERHS C YYETOM MECTHBIX YCJIOBHHA.

OnepatuBHbIH nepcoHan AomkeH GbiTh 0OyueH Beem onepauusM ¢
TPaHC(OPMATOPaMU HATPSLKEHHS H aNNAPaTypoil €ro BTOPUIHBIX Lened
HEMOCPENCTBEHHO HAa MECTE YCTAHOBKH alNaparoB, MOJIb30BaHHUIO HHCT-
PyKuuei.

Heobxopumo caenath 3anuch B sypHaie peieiiHOil 3amuTsi

O FOTOBHOCTH BBOJA TPaHC(HOPMATOPA HANPSIKEHUS B HOPMAJBHYIO
SKCMITyaTauHIo.

naBa 7
UCNLITAHUA TPAHCHOOPMATOPOB
HANPHAXXKEHUSA
.
Henuitannn nponosistes B coorBercTBuU ¢ «O6beMOM W HOpMaMH

ucHbITANWR 3ext poohopynoBarus» [1].

Himepenne conporunienns nsoasunu odomorkn BH Tpanc-
GOpPMATOPOR HAUPSIKCHAS NIPOM3BOJMTCS MEFAOMMETPOM Ha Harmps-
xenno 2500 BB

HimMepenne conporuBiIeHHs H30JIAIHH BTOPUYHBIX OOMOTOK, a
TAKKE CBABYIONIIN 0OMOTOK KacKaHbIX TPaHC(OPMATOPOB HaMpsxe-

HUSE HPORIBONTCH MeraooMeTpoM Ha HanpsbxeHue 1000 B.
B nporecee wennyarauuy ycraHaB/IMBaeTCs ceqyoLas NepUoRH-
HOCTH HIPOBGJLE NI 11MCPEHHI;
* Juis Tpancpopaatopop HanpsbkeHus 3-35 kB — npu nposeaeHun
peMolrtix pubor u siteikax, rae OHM YCTaHOBJICHBI;
* juis rpaiiec popmaropo Hanpsoxkenus 110-500 kB — 1 pas B 4 rona.
HMamepeninie viaieHus ConpoTUBIICHHUS H30/ISLHH IIPU BBOJE B 9KCII-
JYATAio 1 b OKCIIyaTaliy JOMDKHEL ObITh HE MEHEE ClIeYIOUIHX:
Krace smipae s, KB e 3-35 110-500
MunuMansnoe nonycrumMoe
conpornunenne inonsiiiug, MOwm:
OUHORBOI et 100 300
WIOPHHLIN OOMOTOK ¥ enienierennseeeeeneesseseesseseesesrenne 50(1) 50(1)
CHRBY RN OUMOTOK Lot ieseveseaeseeseneresseneses 1 1
B3 nponecece HkCilyaTauMy JOMycKaeTcs MpoBeNEeHHe U3MepeHuit
COHPOTHINCIINE 10T BTOPHYHBIX OOMOTOK COBMECTHO CO BTOPHY-

HBIMH 1ICTIHIMI

Hennrraunn wionsinnn oo6morkn BH noBbimeHHbIM Hanps-
SKEHHCeM snerorns 50 'n uposoasares Ui TpaHchOpMaTOpOB Harps-

HKEHUA ¢ Wieil nees nninooe 06Motku BH atux Tpancdopmaropos
Ha HOMHHOTLIHOE HIEPSURCHIC,

SHAUCHHN HCNB N ECIILIOTO TAPSAYKEHHS. OCHOBHOM M30JIALMH COOT-
BETCTBYICT HPHRGAS Az w1 1.2

* Bet choBOR  CORPOEIIIE e B0 IPY OTKIIOYEHHBIX BTOPAYHBIX LEMSX; B
CKOOKAX -~ CONMEC THEN & THUR O HILIN | HIOPH HILIMY LCNAMHA,
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3HayeHHe UCTIBITATENbHOTO HANPKEHUS AN M3ONALNHN BTOPHUHBIX
0OMOTOK BMECTE ¢ MPUCOSIMHEHHBIMU K HUM LIENSIMH PUHUMACTCS PaB-
HbIM 1 KB.

[Tpoa0mKUTENBHOCTD HPHUIIOKEHUA MCTIBITATEILHOTO HANPSOKSHUS —
1 MuH.

H3mvepenue CONPOTHBJEHHS 00MOTOK MOCTOSIHHOMY TOKY
TMIPOM3BOJMTCA y CBA3YIOLMX OOMOTOK KacKaiHbIX TpaHchopmaTopos
HAarpsHKeHHU.

OTK/IOHEHHE M3MEPEHHOTO COMPOTUBIIEHHST OOMOTKH MOCTOSIHHOMY
TOKY OT acMOPTHOTO 3HAYEHHS UITH OT U3MEPEHHOro Ha ApYTUX (a3ax He
JOJKHO npeBblars 2 %. [1py cpaBHeHWH ¢ NACOPTHHIMU JAHHBIMH H3-
MEpPEHHOE 3HAYEHHE COMPOTHBIIEHHS JOJDKHO MPUBOAMTLCS K TeMrepa-
Type 3aBOACKUX MchbiTanuii. ITpu cpaBHeHMH ¢ apyruMu dazamu usme-
peHus Ha Beex ¢azax JOIDKHbI IPOBOANTLCA [PH OJTHOM U TOH e Temne-
parype.

HcenbiTande TpancgopMaTOPHOro mMacJjia MNpy BBOAE B IKCIUTya-
TALMIO TPAHC(HOPMATOPOB HATIPAXKEHHS IOJDKHO NIPOU3BOAMUTLCS B COOT-
BeTCTBUH C TpeboBaHusmu «OGbeMa U HOPM UCTIBITAHHMH 3)1EKTPOOGOpY-
nosanus» [1].

B npotuecce skcnayarauuy TpaHchopMaTopHOE Macyio U3 TpaHehop-
MaTOpOB HanpsbHKeHUs 10 35 KB BKJIIOYUTENIbHO NOMYCKAeTCs HE UCTIbI-
THIBATb.

V tpatichopmaropos Hanpsoxenus 110 kB v Boile ycTaHaBiuBaeTcs
ClIeAYIOLIAs EPHOANYHOCTD UCTILITAHUH TPaHC(OPMATOPHOTrO Maca:

» ans TpaHcopmaropos Hanpsokenns 110-220 kB — 1 pas B 4 roaa;

* 118 Tpancgopmaropos HanpskeHns 330-500 kB — 1 pa3 8 2 roaa.

V MacnoHanoAHEHHbIX KaCKaAHbIX TpaHC(HOPMATOPOB HaNpPsKEHHs
COCTOSIHME MACJ1a B OTAE/IbHBIX CTYNEHIX OLIEHUBAETCA 10 HOpMaM, CO-
OTBETCTBYIOILMM paboueMy HaMpPIKEHHIO CTYNEHH.
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