YK 621.311

OBECIIEYEHHUE BECHIEPEBOMHOCTH DJIEKTPOCHABKEHUS
BETPODRJIEKTPOCTAHIINI ITYTEM COBEPUIEHCTBOBAHUS
CIIOCOBOB KOHTPOJIA HCITPABHOCTU
MACJISSHBIX TPAHC®OPMATOPOB

JoKT. uHK. HayK, jon. POJIUK TO. A., kaHJ. TeXH. HayK TOPHOCTAM A. B.

Huemumym mpancnopma u ceasu (Jlamsus),
Benopyccxuil HayuonaneHbiili mexuuueckui yHusepcumen

BecniepeOoliHOCTE 3MEKTpOCHAOKEHHUS TPH PabOTE BETPOINECKTPOCTAHLINN
(B2C) B 00wicH 3HEProCHCTEME MOXKET OBITH OOCCICUCHA TONBKO BBICOKOH
HAACKHOCTBIO TOACHUCTEMEBI PACIIPSACICHHS BICKTpUUecKor sHepruu. Hanex-
HOCTb HOJCHUCTEMBI PACHPEACICHUs deKkTpuieckon 3ueprun BOC xapakrepu-
3VeTcs PAIOM MOKazaTened W B oOlieM BUAe ompeaensercs koddduuuenTomM
TOTOBHOCTH [l], ABIAFOIMMCS KOMIIIEKCHBIM KPHUTEPHEM, CBHICTEIBCTBYIO-
M O PaboTOCHOCOOHOCTH U PEMOHTONPHIOJHOCTH €€ OCHOBHBIX MOJCHCTEM.
OCHOBHBIC 3JEMCHTBI TMOACHCTCMBI PACIPEIACICHUS JICKTPHUCCKOW SHEPTHU
B3C - BRICOKOBONBTHBIC MACISHBIC TPAaHC(HOPMATOPHL.

B crpykrype BOC (puc. 1) kaxaas oraenbHas BETPOIHEPTETHUCCKAS yCTA-
HoBKa (BOY) ¢ 1e1p10 MUHUMHU3AIUH HOTSPh MOIHOCTH HYKIACTCS B MOBBILIC-
HUU ICHEPUPYEMOTO HAPSKCHUSL.

TpaHcdhopmaTopHas noa-
| BbicokoBonbTHas ceTb 110 kB cTaHuna
BbicokoBonbTHEIR
TpaHcdopmaTop
110/20 kB
]
|
BbicokoBonbTHas ceTb 20 kB BOC mowHocTblo
10 MBT

| 20 kB pacnpepenurens-

\ Hoe YCTPORCTBO

20/0,69 kB 20/0,69 kB
TpaHchopmarop Ne 1 TpaHcdopmaTop Ne 2

BOY Ne 1 | BOY Ne 2
2000 kBT \ 2000 kBT
BOY Ne 5
2000 kBT
BOY Ne 3
2000 kBT
BOY Ne 4
20/0,69 kB 20/0,69 kB 2000 kBT 20/0,69 kB

TpaHccopmatop  TpaHcdopmaTop TpaHcdhopmaTop Ne 5
Ne 3 Ne 4

Puc. 1. Tlogcucrema paclipeieneHus dlIeKTpuueckoii sHeprur BOC
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Hus storo B crpykrype BOC mpeaycMOTpEHO HATWUYHME TMOBBIIIAOIINAX
Tpanchopmaropos no uuciay BIY B cocrase snekrpocranimu. [lostomy B Ka-
YECTBE OJHOTO M3 BAKHBIX OOBEKTOB KOHTPOJIS, BIMSIOUIMX HA OecrnepeOoii-
HOCTB 3JICKTPOCHAOKCHHSI, HEOOXOIUMO HPOBEPITh HAMOO0IEE MHOTOUUCICHHOS
obopyaosanue BOC — macngneie TpancdopmMaTopsr.

B Hacrosiee BpeMst mpouecc KOHTPOIs pasiaudHoro obopyaosanus BOC
BKJIFOYACT B CCOsl BPEMsI MOMCKA MECTAa M MPHYUH OTKA30B, KOTOPOS COCTOHT
B OCHOBHOM H3 BPEMCHH BOCCTaHOBJICHHS U MOKA CILIC OCTACTCS OAHUM U3 (dak-
TOPOB, BIMSIOIIUX HA OCCICPEOONHOCTh 3ACKTPOCHAOKEHHUS, KOTOPOS TpeOyeT
ero ymensineHus. llociaeanee >ddexTHBHES BCErO JOCTHYD MYTEM CHUKCHHS
BPEMCHH TOMCKA MECT M MPUYHH OTKA30B, T. €. COBCPIICHCTBYSI CYINCCTBYIOIINC
CIocoOBI M CPEACTBA KOHTPOJISL.

[Mpu paspaboTke Takux CrocOOO0B U CPEACTB KOHTPOIS YKA3aHHOS 3aTPYAHC-
HUC TPCOAOJICBAIOT MYTCM YMCHBIICHUA BPCMCHHU ITOUCKA OTKA30B. HpI/I 3TOM
Au00 OrPaHHYHUBAIOT YHCIO KOHTPOIUPYEMBIX MapameTpos [2], mubo HCmomb-
3VIOT Al KOHTPOIISL IPOrHO3UPYIOIIE-AUATHOCTHICCKUE METOAB IO 0000IICH-
HOMY HH(pOpMaIOHHOMY napamerpy [3]. B JaHHBIX YCIOBHAX BaKHBIM CTaHO-
BHUTCSL ONITUMAJIBHOC OMPEACICHHE 00O00IIECHHOrO mapaMeTpa 1t 00bEKTa KOH-
Tpoast. st 3TOro mepBOHAYATIBHO HEOOXOAMMO MPOAHATH3UPOBATH MPOLIECC
KOHTPOJII OCHOBHBIX 3JICMCHTOB BbI6paHHOl"O O6’bCKTa KOHTPOJIA — MAaC/IIHOI O
tpanchopmaropa BAC.

Kontpoas macasubix Tpancdopmaropor BIC. Cymectsyromue ciocoOst
KOHTPOJIsL MacisHbiX Tpanchopmatopos BOC ocHOBaHBI HA HEMPEPHIBHOM HITH
MEPUOINIECKOM KOHTPOJIE 3HAUEHHM OCHOBHBIX IApaMETPOB, XapaKTEpPHU3YIO-
IHX UX PabOTOCIIOCOOHOCTD, — HAIMPSKCHHM, TOKOB, MOLITHOCTCH, TEMIICPATYPhI
BCPXHUX CJIOCB Macia, CPABHCHUU UX € STAJTOHHBIMHU 3HAYUCHUAMH U OTKIHOYC-
HUHU TpaHCc(OpMaTOpOB MPH JOCTHKCHUH KPHUTHYCCKUX 3HAUCHUH MapaMeTpoOB
AJId BBIABJICHUA HACTYIIUBLICTO OTKasa.

HC,Z[OCTaTKOM TaKHX CHOCO6OB ABIIACTCA TO, YTO OHHU NOCTPOCHBI TOJBKO IIO
NPUHLHUIY KOHTPOJISI pabOTOCIIOCOOHOCTH U HE MO3BOJISIFOT OCYIIECTBIISTh KOH-
TPOJIb MCIPABHOCTH, OOCCIICUMBAIOLINN MPOrHO3UPOBAHUE OTKA30B. 3ACChH IMOJ
KOHTPOJIEM HCIIPABHOCTH MMOHUMACTCS OIMPEACICHHE TAKOrO COCTOSIHHUSI TPaHC-
dopmaropa, mpu KOTOPOM OH HE COOTBETCTBYET OCHOBHBIM TPSOOBAHHSM, YCTa-
HOBJICHHBIM I HETO HOPMATHUBHO-TEXHHUYECKOH JOKyMeEHTarued. Jlpyrumm
CITOBaMH, OOBEKT €mie CIOCOOCH BBINONHATE 3aJaHHBIC (YHKLHH, COXPaHSISI
B HOPMC 3HAYCHHS BBIXOJHBIX MAPAMETPOB, XapaKTCPU3YIOLIHUX €ro paboToco-
COOHOCTB, HO COCTOSIHHE BXO/IIIUX B HErO OJIOKOB MJIH 3JICMEHTOB MOJKET OKa-
3aThCA MPU 3TOM HPCACIBHBIM.

[pexenpHOE cocToOsiHUE dIIEMEHTa TpaHChOpMATOpPa — 3TO TAKOE €ro COCTO-
SIHUC, TIPH KOTOPOM JaibHEHIIAs SKCILTyaTalus TpaHchopMaTopa 10/KHA OBITh
MpPEKpaIIeHa BO W30CKAHUE HACTYILICHUS OTKA30B U aBapwii, TPEOYIOIINX 3HA-
YUTEIBPHOIO BPEMCHH BOCCTAHOBJCHHS. ak, Ui MACTSIHBIX TPaHC(HOPMATOPOB
KaK O6’I>CKTOB KOHTPOJII OCHOBHBIMU 3JJICMCHTAMU ABJIAIOTCA. KCPH, O6MOTKa,
M30MsLKs (BUTKOBAs, JUHCWHAS, MAC/SHAS, BO3AYLIHAS), KOKYX, HU30JSATOPHI,
CHCTEMA OXJIKICHUS, CPCIACTBA 3AIUUTHI, KOHTPOIST U ynpasicHus. [lepedmc-
JICHHBIC 3JICMCHTHI B CTPYKTYPHOW CXEME HAIC)KHOCTH COCAMHCHBI MOCICIO-
BarenbpHO. OTKa3 1F00Or0 M3 STHUX 3JICMEHTOB BEACT K MOTEPE paboTOCIOCOOHO-
ctu Beero Tpanchopmaropa. B cBoro ouepenp kaxaeiid 0710k TpaHchopmaTopa
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COCTOHT U3 OTACIBHBIX 3JICMCHTOB, OTKAa3 KOTOPBIX HE BCETAa MPUBOIMT K MOTE-
pe paborocnocoOHocTH TpaHChOPMATOPA, HO, KAK IMPABHIO, K HACTYILICHUIO
MPEACTBHOTO COCTOSHUS TOT'O UM HHOTO 3JIEMEHTA.

Hampumep, ecnmu Ha H307mATOpax MOSBISIOTCS TPCIMUHBI, 3arpsS3HCHUS C
BHCLIHCH WM BHYTPCHHCH CTOPOHBI, VXVALIACTCS KOHTAKT MEXKAY BBIBOAOM
OT OOMOTKH U MPOXOAHOH IIMUIBKONH WK MEKTY MUTAOIICH ITUHOH U IIMTHTb-
KOH, TO BCE 31U AeeKTH HE BEAYT K HNOTePe padoTocmocodHoCcTH TpaHchopMma-
TOpa, HO MPUBOJAT K HACTYILICHUIO NIPEACTBHOTO COCTOSHHS H30ITOPOB (M3-3a
0TKa3a €ro SICMEHTOB, HAIIPUMEP MIHIBKA U T. A.). [Ipu 3ToM TpancdopmaTop
MpoxokaeT (GYHKUHOHUPOBATh, HO € NMPEACIBHBIM COCTOSHHEM CBOETO 3Ic-
menTa. [locmenHee MOXKET IPUBECTH K MEKAY(PA3ZHBIM KOPOTKUM 3aMBIKAHHSIM
Ha BBIBOJAX WM MPOOOSIM Ha KOPIYC, T. €. K HACTYILICHHIO IPEICIBHOIO COCTOS-
HUs BCETO TpaHchopmaropa, u T. 1.

Takum 06pazoM, paccMOTPEHHbIC CIOCOOBI KOHTPOJIS ONPEACIIOMINX Mapa-
METPOB HE MO3BOJSIOT CBOCBPCMCHHO BBISBIIITh MPUOIIKCHHC W MOMCHT
HACTYIUICHUS TIPESACTBHOTO COCTOSIHUS BXOJSILIMX B TPAHC(HOPMATOPHI 3ICMCH-
TOB. YKa3aHHBIC CIOCOOBI B 3TUX YCIOBUAX BBISBISIOT TONBKO MPEACIBHOE CO-
CTOSIHUC BCEro TpaHcopmaropa B LEAOM W BBHIMOJHSIOT JIHIIb 3aIMUTHBIC
(GVHKIHY, T. €. OTKIIOYAOT O0BEKT /IS MPCAOTBPALICHHUS ABAPUIHON CUTYALIHH,
HO VK€ MPH HACTYIHBIIEM OTKAa3€ HIIM aBAPHU KaKOro-THOO 3IEMEHTA TPaHC-
dopmaropa. [Ipu 3Tom TpeOyercs NpoBEICHUE AOMOTHUTEIBHOTO JUATHOCTHPO-
BaHMs TpaHchopmaTopa A BRUIBICHHS HACTYIHBINHX OTKa30B. Bce 310 yBe-
avuuBacT BpeMs npedeianng BOC B HEpabOTOCOCOGHOM COCTOSIHUH U BpEMs
BOCCTAHOBJICHHS, MOBBIIIACT TPYIOCMKOCTh OOCITYKUBAHHUS H HE 00CCIICUUBACT
GecnepeOOHHOCTD 3MEKTPOCHAOKCHUS.

[TosToMy HeoOX0oANMO BHIOpPATh TAKOH OOOOINAIOIIMN MAapaMeTp, KOHTPOIb
KOTOPOT0 MO3BOIHI OBl YCTPAHUTh YKA3aHHBIC BBIIIC HEAOCTATKH. BriOOp Tako-
ro mapametpa OyAeM NPOBOAUTbh HCXOAS U3 aHamu3a (akTopoB, BIMSIOLIMX HA
Ka4ecTBO (PYHKLIMOHUPOBAHHS MACTISIHOTO TpaHCchopMaTopa.

Bui6op o0o0marmiero mapamerpa JJisi MACJAsIHOro TpaHcpopmaropa.
HzBecTHO, uTO MpH 3KCITYaTAlMU TPaHCHOPMATOPA MPOUCXOAUT CTAPCHUE €TO
3JEMEHTOB, OCOOCHHO 3TO CKA3BIBACTCS HA CONMPOTHBICHUH H3omiuuu. Pakro-
POB, BIMSIOIINX HA CONMPOTHUBIICHUC U30JLILIUH, OYCHb MHOro. B obmem crmyqae
COMPOTHBIICHUE U3OJISALIUH MTPEACTABISICTCS (HYHKLIUCH

U

R, =I—Hp, (D

y
rae Uy, — IPUIOKEHHOE HANIPSDKEHHE; [, — TOK YTEUKH.
B cBoro oucpens U p 3ABHCHT OT TOKA Harpy3KH 1, w Bpemenu paboTH /,,
a Tok yreuku [ — ot kospduuuenta oxnaxaenus K, ¥ yriaa AuaneKkTpuye-

CKHX IOTEPh B M3OJLALHUH tg (6) [IpunoxeHHOE HaNPsHKEHUE, TOK yTeuku (1)
1 KO3 DHUIUCHT OXJIAXKACHUS MOKHO CUHUTATh BETUIUHAMH CJ1a00 H3MCHSIOIH-
mucst. Tlpu 3TOM mpoTekaromuii TOK HArpy3kd [ —OHNPEACISICT TEMIICPATyPy

HarpeBa oOMOTOK TpaHchopmaTopa. BeIaeneHHOEC KOMUYSCTBO TCIIOTHL B 3TOM

23



CIydae CBSI3aHO C MOTEPSMH MOIIHOCTH TpaHCc(opMaropa HA HATPEB CICAYIO-
IcH 3aBUCHUMOCTBIO:

0, =0,24AP =0,72(1r; + I3r, ). Q)

rae I, I, — dasHbie TOKKM B 0OMOTKAX BBICOKOTO M HU3KOT'O HAMPSLKCHUS, F1, ¥y —
(a3HBIC COMPOTHBIICHUS MOCTOSHHOMY TOKY OOMOTKH BBICOKOTO M HH3KOTO
HAIPSHKCHUSL.

ConportusneHue 00MOTOK Tpanchopmaropa (2) ¢ U3MECHCHHEM TEMIICPATYPhI
OTIPEeIENACTCS MO 3aKOHY

r:r’[l+a(v—v’)}, (3)

IIE ¥ — COMPOTHBICHHEC OOMOTKH HPH TEMIIEPATYPE V; ' — TO KE MPH TeMIepa-
Type V'; & — TeMIepaTypHbeld ko3¢ duumeHt.

TemmepaTypa OOMOTKH OHPEACTSACTCS MO CYIIECTBYIOIIUM HOMOTPaMMaM
B QyHKUMH /.

Temmepatypa oOMOTKH TpaHchopMaTopa CBA3aHA C CONPOTHUBICHHEM CIIC-
JAVIOLIEH 3aBUCUMOCTBIO!

_R(1)-R.(1)
0o = R (r) (235 +vx) +v,. 4)

rae Ro(f) — conporusiacHue 0OMOTKH TpaHChOPMATOPA B MOMEHT MICPBOHAYAIIb-
HOTO M3MEPEHUS (Cpasy MOCe BKIIFOUCHHS), R,.(f) — TO S B MOMCHT U3MCPCHUS
MPH TEMIICPATYPE V..

U3 (4) crenyer, uto Temmeparypa Harpesa 0OMOTOK TpaHcdopmaropa omnpe-
JICIICHHBIM 00Pa30M 3aBHCHUT OT COMPOTHBICHHUS 3THX OOMOTOK.

N3 ananmza (1)-(4) cnexyer, 4To B KA4€CTBE HEMPEPHIBHO KOHTPOIUPYEMBIX
MapaMeTpoB [T BBICOKOBOIBTHOTO Tpanchopmaropa BOC moaxoasT crenyro-
mue: Ry, — conporusiaeHue usominnu; Uy, — OPUNOKEHHOE HANpPsKeHue, [ —
TOK HAarpy3ku; 0 — TemnepaTypa HarpeBa OOMOTKH.

Cas13aB MEXKIy COOOM 3TH BEIHYMHBI MATCMATHUYCCKON 3aBHCUMOCTBIO, TMO-
JAYYIUM 3aKOH U3MCHCHHS 0000IIEHHOTO MTPOrHO3UPYIOIICTO MapaMerpa.

Ilo anamoruu ¢ BeipazkeHUEM (4) 32 BBIUCTOM TEMIICPATYPhI OKPYKAKOIICTO
BO3AyXa A0 HACTYILUICHUS TCIUIOBOM YCYIIKH U TPOOO0si TEMICpaTypa meperpesa
TpaHchOpMaTopa B 3aBUCHMOCTH OT COMPOTHUBJICHUS H30/SILIUH MOKET OBITh
MPEACTABICHA B CICAYIOIIUM 00pa3zoM:

_ RI/I30 (I) — Rnsx (I) _
Oy == 0 (235+6,)+6, -6, )

Cornacho (1) conporusicHue U30aIUKU Ry, TPIMO NPOMOPLHOHATIBHO IPH-
TOXKCHHOMY HampspkeHUIo Uy, ¥ OOpaTHO MPOMOPLIHOHATBHO TOKY YTEUKH Iy .
B cBoro ouepensy Uy, Kak OBIIIO OTMEUECHO BBIIIE, B OCHOBHOM 3aBHCHUT OT TOKA
HArpy3ku [y, OMPEaCIMIOUIEro TEMIIEPaTyPy HArpeBa 0OMOTOK TpaHchopMaTopa
0, [osromy momyueHHast 3aBUCUMOCTD (35), CBA3BIBAIOMIAS MEXKAY COOOH IIe-

PEUYUCIIEHHBIE BHILIE NapaMeTPhl, AACT MPaBO CUUTATh TEMIEPATypy MEpPErpeBa
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0__ 0600WarmuM napamMeTpoM KOHTPOIIS TEXHUUECKOTO COCTOSHUS MACIISHO-

nep
ro tpancdopmaropa BAC.

IpakTHyeckas peanuszaunusi cnocoda KoHTpoJsisi. BEIOpaHHBIH Ansa KOH-
TpoJst MacisHbIX TpanchopmaTopo BOC obolbmaroimuii napaMerp npeaycmar-
puBact HCO6XO,Z[I/IMOCTL HUCIIOJIB30BAHUS A4 3TUX Heﬂeﬁ HCTPAAUITUOHHBIX IIPC-
oOpasoBarenei (PU3MICCKUX BETHYHH, VIACTBYIOIINX B (DOPMHUPOBAHUU PE3YIb-
Tara KOHTPOJIL. JTO OOYCIOBJICHO, MPEHKAC BCErO, TEM, 4YTO B YCIOBHAX
BBICOKHUX TCMIICPATYP, CHIBHBIX JJICKTPUYCCKUX U JJICKTPOMArHUTHBIX HOHCI\/'I,
B3PBIBOOIIACHOCTH, DJICKTPOMArHUTHBIX IMOMCX U T. II. HCO6XO,Z[I/IMO O6€CHC‘{I/ITL
B MpOLECCe KOHTPOJIS HE TONBKO OE30MacHOCTh OOCTYKHBAIOIIETO TIEPCOHANA,
HO U OeciepeOOWHOCTh PabOTH OOBEKTOB KOHTpons. B Takumx ycmoBuax Bax-
HBIM TaKXKE CTAHOBUTCS TO, YTOOBI B MPOLIECCE KOHTPOMIS ObLIO OBl 00GECICueHO
OTCYTCTBUC raJbBAHHUYCCKON CBSI3H MCKAY O6’I>GKTOM U CPCACTBOM KOHTPOJIA.
IMostomy st 3TUX 1EACH HEOOXOAMMO Moao0paTh TAKHE JATYUKU U mpeodpa-
3oBareny (U3HUCCKUX BCIMYHH, KOTOPEIC HCIOIB30BaIHM Obl B CBOCH pabote
CUTHAJIBI TOH 7K€ OpUPOABI, UTO U CaMU JIMHUU CBA3HU.

JtuM TpeOOBaHHWSAM B MOIHOH MEPE YIOBICTBOPSIOT BOIOKOHHO-OMNTH-
YCCKHUC JATYUKH. Venexu B O6J'Ia,CTI/I BOJJOKOHHO-ONTHYCCKUX JTHHHU CBI3H npu-
BC/IM K MHTCHCUBHOMY PAa3BUTHUIO AJATUUKOB, HUCHOJIB3YIOIMUX B CBOCH pa60Te
KaK caMH JIMHHHU CBA3H, TaK M onrtwieckoe manydenne [4]. Ilpexmaraemsrii crio-
€00 KOHTPOSI OCYHICCTBISICTCS C MOMOIIBIO TAKHUX JATYUKOB, MPUBCACHHBIX
B TCIIOBOH KOHTAKT ¢ COOTBETCTBYIOLIMMH 3JICMCHTAMH MACIISTHOTO TpaHchop-
Maropa [5]. B kauecTBe Takux 37EMEHTOB Y MACISIHOrO TpaHcopMaTopa BeIOpaHb
OOMOTKH BEICOKOT'O HAMPSDKCHUSL, OOMOTKH HU3KOTO HAIPSLKEHHUS U MACIIO.

VYerporicTBo koHTpONs (puc. 2) MacmsaHoro Tpancdopmaropa 5] cogep:kut
pearupyroumi 31eMEHT, CUTHAIbHBIM 3JIEMEHT, OTKITIOYAIOIIUI 3JIEMEHT U OIle-
PaTHBHYIO LICTIb.

Pearnpyromuii 31€MEHT BEITOTHEH B BUAC BOTOKOHHO-ONMTHYCCKHUX KaOeneH
MO YUCITY KOHTPOIHPYEMBIX 3JIEMEHTOB TpaHchopMaTopa, Onoka CBETOIUOIOB
CH (CA1-CAN), 6aoka doronpuemunkos (PIT) (DIT1-DIIN) u G10ka 3tamoH-
HbIX HampsockeHuit U,. Bce BOMOKOHHO-ONMTHUYECKHME KaOenu CBOMMH KOHIIAMH
MOK/IIOUCHBI K BX0oAaM Oioka ceeroauoaos CJl u uepes 010k HOTOMPUEMHUKOB
OIT x M3MEPHUTETHHBIM BXOJaM CUTHAIBHOTO M OTKIIIOYAIOINETO JIEMEHTOB. [lo-
DYyCKOBBIC BXOJAbl CUTHAJIBHOIO U OTKIHOYAKOIICTO 3JICMCHTOB TOAKITHOUCHBI
COOTBETCTBCHHO K BbIXOJaM OIOKa 3TaJOHHBIX Hanpstkenui U, Kaxkasiii Bojio-
KOHHO-ONTHYCCKUH Ka6e.]'[b OpPpUBCIACH B TCHJI0BOM KOHTAKT C COOTBCTCTBYHOIUM
KOHTPOJIMPYEMBIM 3JICMEHTOM MACIISTHOro TpanchopMaTopa, a OAUH aHAJIOTHY-
HBIF Ka0eab TaKOW KE AJUHBI PACIONAracTCs B MAcCiC B MPOCTPAHCTBE MEKIY
KOXYXOM U KOHTPOIHUPYCMBIMHA 3JICMCHTAMU.

BonokonHO-onTHYECKHE Ka6CJ'II/I ABJIAIOTCA TYBCTBUTCIBHBIMHA 3JICMCHTAMU
yerpoiictBa. OHU pearHpyroT Ha U3MCHCHHE TEMIIEPATypEl 0OMOTOK TpaHchop-
Maropa U Macia (I/ISMCHHCTCH HUHTCHCUBHOCTb MPOXOAAIICTO UYCPC3 HUX CBCTO-
BOT'0 MOTOKA OT COOTBeTCTBYIOMINX cBeToaunonos CJl1). KoauuecTBo Takux kabe-
JCH OMPEACTICTCS YHUCIOM KOHTPOIHPYEMBIX 3JICMECHTOB TpaHchopmaropa
(xaxxaas OOMOTKA BBICOKOT'O HANPSDKCHHS, KaXKIas OOMOTKA HH3KOTO HAIPSDKE-
HUsI, CePACUHHUK u T. 1.). KabGenb, CBOOOIHO MIaBAIOIIKI B MACIIC, MPESIHASHAUCH
JUTSL HEIPEPBIBHOTO HAOIIOACHUS 32 COCTOSHHEM TPAHC(HOPMATOPHOIO MacCna,
KOTOPOE CTAPEET, MEHSET CBOIO TEIIONPOBOAHOCTD H T. II.
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Puc. 2. CtpykrypHas cxeMma ycrpoiicTBa KOHTpoIst BOC coBMeCTHO ¢ 00BEKTOM KOHTPOIIS

CBETOBBIC TIOTOKM B BOJIOKOHHO-OTITHUCCKUX KaOCIsIX MPeoOpasOBBIBAIOTCS
B DJICKTPUUCCKIC CUTHAIBI ¢ TOMOIIBIO (horonpuemunkos DI u mocTymaror Ha
HU3MEPUTETBHBIC BXObI CHTHAIBHOTO M OTKJIIOUAIOIICTO dneMeHTOB. Ha apyrue
BXOJBI 9THX 3JICMCHTOB MOJAIOTCS CUTHANBL ¢ Ooka U,, COOTBETCTBYIOLIHE 10~
MYyCTHUMBIM W aBapHUAHBIM yCTaBKAM HA KOHTPOIHPYCMBIC TIAPAMETPhI DJICMCH-
TOB TpaHchopmaTopa.

Ipu uCTIpaBHOM COCTOSIHHH BJICMEHTOB TpaHC(opMaTopa CHTHAJBI, MOCTY-
MAKOIINC HA U3MCPUTEIBHBIC BXOIbI CHTHAIBHOTO M OTKITIOYAOIICTO DIEMCHTOB,
PaBHBI CHTHAJAM, MOCTYMAKOIAM HA JOMYCKOBBIC BXOJBI OTHUX JKE DJICMCHTOB
¢ Beixoga Omoka U,. B sTom ciayuac cpabaTeiBaHHE CHTHATU3HPYIOIIETO U OT-
KJIFOYAOLICTO 3JICMCHTOB HE MPOUCXO/IMT, YTO CBUACTCIBCTBYET O HOPMATBHOM
(OYHKIIHOHHUPOBAHUH 3JICMCHTOB MACSTHOTO TpaHchopMaTopa.

IMpy BOBHUKHOBCHHM HE3HAYUTCIBHBIX TMOBPEKICHUH KOHTPOIHPYCMBIX
3JCMEHTOB MACISHOTO TpaHchopMaTopa TeMIeparypa uX HarpeBa MOBIIIACTCS,
COOTBETCTBCHHO MPOUCXOUT HATPEB BONOKOHHO-ONTHUCCKUX KaOENeH, mpuBe-
JCHHBIX B TCILIOBOM KOHTAKT ¢ KOHTPOJIUPYCMBIMH 3JICMECHTAMHU. ITO TIPUBOIUAT
K YMCHBIIICHHUIO MPOTCKAIOINIMX B HUX CBETOBBIX TIOTOKOB IO CPABHCHHIO ¢ HOP-
MaJbHBIMH PEKAMAMH, & TAKKC K M3MCHCHUIO BBIXOJHBIX CHTHAJIOB ¢ OIOKa
doronpuemunkos DI,

JlocTrkeHne ypOBHS CHTHANA, TOCTYIAOIICTO HA H3MCPHUTCIBHBEIC BXOMIbI
CHTHAJIHOTO W OTKITFOYAONICTO JJICMCHTOB OT KOHTPOIHUPYEMBIX D3JIEMCHTOB,
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YPOBHA CHUTHAJIOB MPCAOTKA3ZHOTO COCTOSHUA TCMIICPATYPBI HA OOIMYCKOBBIX
BXO4ax CHa4alIa (I)I/IKCI/IpyeTCH CUTHAJIBHBIM 3JICMCHTOM, YTO YKa3bIBACT HA MPHU-
OMMKEHHE COOTBETCTBYIOIIETO KOHTPOIHPYEMOTO 3JIEMEHTA TpaHcdopMaTopa
K IPeroTKa3HOMY cocTosHuI. [Ipu 3ToM OTKIrOHAromui 31EMEHT He cpadaThl-
BACT, TaK KaK Ha €TI0 U3MCPUTCIIbHBIC BXOAbI MOCTYMNAIOT TC KC CUTHAJIBI C BbI-
X0A0B O1oKka (POTOMPUEMHHKOB, HO OHH €IIEC HEAOCTATOUHBI Il cpabaThIBaHUS
OTKJIFOYAIOIIEIO 3JIEMEHTa (HA €ro JOMYCKOBBIC BXOIBI B 3TO BPEMs MOIAHEI
CUT'HaJIbl, COOTBCTCTBYIOIIUC aBapI/II\/'IHbIM COCTOAHUAM TCMIICPATYPBI KOHTPOJIN-
PYEMBIX 3JIEMEHTOB TpaHchopMaTOpa).

HpI/I BO3HUKHOBCHHH 3HAYUTCIBHBIX HOBpC)K,Z[CHI/II\/'I DJIECMCHTOB MAaCJIAHOTO
TpanchopMaTopa TEMIEPAaTypa WX HATPEBA M COOTBETCTBYIOLIMX BOJIOKOHHO-
ONITHYCCKUX Ka6enei/'1 NOBBIMACTCA, CHIHAJIBI Ha HU3MCPUTCIIBHBIX BXOAaX OT-
KIIIOUAIOIICTO BIEMEHTA OT 010Ka (POTONMPHEMHHKOB JOCTUTAIOT YPOBHS CHTHA-
JIOB Ha AOMYCKOBBIX BXOAAX, YTO YKa3bIBACT Ha aBapI/II\/'IHOC COCTOAHUC KOHTPO-
aupyemoro 3aemenra. [lpu stom cpabaTeiBacT MCMOMHUTEIBHBIA 3meMeHT K
OTKITFOYAOIICTO 3JICMCHTA, KOTOPBIM CBOWM 3aMBIKAOIIMM KOHTakToM Kl
BKIIHOYIACT KOHTAKTOP S OHepaTI/IBHOI\/'I ey, a OH B CBOKO OUCPCAb CBOMMU KOH-
taktamu S1-S3  OTKIFOUACT MaCHSHBIA TpaHCHOPMATOP OT HATPY3KH ISt
NPEAOTBPALICHAS ABAPUU.

BbIB O I bl

1. IpennoxkeH crmocod KOHTpOm MachsaHbIX TpaHcdopmaTtopos BIC, mpu
KOTOPOM B KaueCTBE OOOOINAOIICTO KOHTPOJIMPYEMOro MapamMerpa BbiOpaHa
TEMIIEpaTypa MepPerpesa ero ICMEHTOB.

2. Pa3paboTaHO yCTPOWCTBO KOHTPOJIS MO BBHIOPAHHOMY MApaMeTpy, MO3BO-
asrornee 3a0IaroBPEMEHHO, OIMCPATHBHO M C BBICOKOH TOYHOCTBIO BBISBIISATH
MPEACIBHBIC COCTOSHHUS 3JCMCHTOB MACSHBIX TPAHC(HOPMATOPOB, PA3BUTHE
B HHUX CKPBITBIX MOBPEKICHUN U ONPEACIATh UX MECTA.

3. IpeanoxenHbie crocod U YCTPOHCTBO KOHTPONIS YMEHBIIAOT BPEMS BOC-
CTaHOBJICHHS U O0CCIeUUBarOT OecnepedoiiHoCTh AnekTpocHab enust BOC.
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