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AHAJIN3 DKCILUTYATAIIMOHHOM HATEXKHOCTH CUJIOBBIX
TPAHC®OPMATOPOB

J.C. Kynynekos
HannoHaneHbIN UCCIIE10BATEIbCKUI TOMCKUI NIOJIMTEXHUYECKUN YHUBEPCUTET,
SHEPreTUYECKU HHCTUTYT, Kadeapa 3JIeKTPOMEXaHNUYECKUX KOMIUIEKCOB U MaTEpUAJIOB

CunoBbie TpaHC(QOPMATOPHI SIBISIOTCS B DJIEKTPHUECKUX CETAX W CHUCTEMax OCHOBHBIMHU
JJIEMEHTAMH, OIpPENeNAIOMUMH  HAaJEKHOCTh M 3KOHOMHUYHOCTh MX (DYHKIIMOHUPOBAHMS.
ABapuiiHbIe OTKITIOYECHUS MM OTKA3bl B pa00Te MPUBOJIAT K 3HAUUTEIHHBIM YOBITKAM.

CTouMOCTh OJTHOTO CHJIOBOTO TpaHcdopmaropa B cpeaneM jaocturaet 250 teic. - 1,5 muH.
nomut. CHIA, a ¢ JeMOHTaXeM HOBPEXIEHHOTO TpaHc(opmaropa, TPaHCIOPTHBIMU pacxXo/aMu, €
paboTaMu MO BOCCTAHOBJICHUIO U MOHTa)KOM HOBOTO — JIOCTUTaeT 2,5 MJIH.

Ha panneiii moment B Kazaxcrame (kak B mpoueM u B Poccum) orpabortanu cBou
HOpMaTUBHBIN cpok cayx0sl B 25 mer (I'OCT 11677-85) Oonblnas dYacTb CHIIOBBIX
TpanchopmaTopoB. B cBsi3m ¢ 3TUM Bce Oosiblliee 3HAYEHUWE MPHUOOpETaeT MpoljemMa OIEHKH
BO3MOKHOCTH JaJibHEHIIell SKCIulyaTallui BbIpaOaThIBAIOIIMIl CBOM HOpPMAaTHUBHBIN pecypc
000pyIOBaHUS U TIPOJUICHHS CPOKa CITyKObI[1].

Obecneuenne  Han&xHOH, OecrepeOOHONW  pabOTHI  CHJIOBBIX  TpaHC(HOPMATOPOB
HEOOXOMMO, B TIEPBYIO OYepe/b, JJIS MPEIOTBpAIICHUS aBapUUHBIX ITOCIEICTBUH, TaKUX Kak,
MOXaphl H3-32 BHYTPEHHUX TIOBPEXICHUI TpaHC(HOpPMAaTOpa I BEIOPOCH Maca[2].

Bo m30exaHne TakuxX MOBPEXKICHHUH CHUIOBBIX TPaHCPOPMATOPOB HEOOXOIMMO YCHIICHUE
Npo4yHOCTH Oaka, MpeJoTBpallleHHe pacTeKaHWs Macja, AaBTOMAaTHYECKOe I0KapOTYIIeHHUE,
COOTBETCTBYIOIIIEE YCTPOWCTBO MeMOpaH, OBICTPOJEHCTBYIOIINE 3alUTHBIE CHUCTEMBI. Bompock
TPaHCIOPTA0ENBFHOCTH TPEOYIOT TIIATENBHOM MPOPAOOTKU MPU MOJATOTOBKE K TPAHCHIOPTUPOBKE U
MPOEKTUPOBAHNHN, TaK KaK CHIJIOBBIE TpaHC(HOPMATOPBl HEOOXOIMMO IEPEBO3UTH B COOpPaHHOM
BUJIe, U TPAHCHOPTHbIE TabapuThl orpaHuyYeHbl. J[aObl HE JONMYCTUTh MOSBICHUSA JE(PEKTOB,
KOTOPBIE BIIOCIIEACTBUN MOTYT IPUBECTH K aBapHH.

Ha paboty Tpancdopmaropa BIUSAIOT KaK aHOPMaJIbHbBIE PEKUMBI PaOOTHl YHEPTOCHCTEMBI,
TaK ¥ CHJIbHBIC BHEITHHE BO3ACHCTBHsI. [lepeuncinM OCHOBHBIE BO3JICHCTBHS U MX ITOCIIEACTBUSI.
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Kommymayuonnvie u eposogvie nepenanpsdicenus, TpUBOJAIINE K OBPEKICHUAM IT1aBHOU
Y BUTKOBOM M30JIIIMHU NIPH HEJOCTATOUHBIX 3aacax UX JMEKTPHUECKOW MPOUYHOCTH.

[ToBeimeHns: paboyero HampsHKCHHs BBI3BIBAIOIINE MEPEeBO30YkIeHUE TpaHCHOpPMATOPOB.
IlepeBo30yX/ieHE MArHUTHOW CHUCTEMbl IPHBOAUT K IIOBBILIEHHOMY HAarpeBy HeE TOJIBKO
CeplcYHMKAa, TaK M KOHCTPYKIMOHHBIX CTaJbHBIX JETajedl, YTO ONacHO Ul H30JSALUUU
COIIpHUKacaroLasics ¢ HUMH.

Toku  Koporkoro  3aMbIkaHusi  BO3JACHCTBYIOIIME  yIApHBIMH  MEXaHUUYECKUMU
BO3JCHCTBUSAMM Ha OOMOTKM. OmacHoe BIMSHME CO CTOPOHBI CETH fBJSAETCS BO3JEICTBHE Ha
TpaHc(hOpMaTOpbl TOKOB KOPOTKHX 3aMbIKAHWi, BBI3BIBAIOIIMX TOBPEXACHUS H JIePOpPMALUIO
O0OMOTOK MpH UX TUHAMUYECKOH HECTOMKOCTH.

[Ipy BKJIIOYEHMH TOKM HAMAarHWYMBAHUS, MPHUBOAAT K TIOBPEXKICHUIO OOMOTOK H3-3a
MEXaHUYECKUX M  JJEKTPUUYECKMX IEepexOoAHbIX mpoueccoB. IlpuumnHoil Opocka Toka
HaMarHMYMBaHUS CEpJICYHMKA MOXKET OBbITh BKIIOYEHHE CHIIOBOrO TpaHcopmaropa ¢ cerb. Tak,
st Tpancopmaropa MomiHocThio 1000 MB-A 61oka ADC Ha MTHOBEHHE IO IPHYMHE Opocka
TOKa IpH BKIOYEHMHM Ha cTopoHbl BH nns renepaTopoB co3maercs pexuM (OpPCUPOBKU
B030yxJeHuss. OueHb MHOIO 3aBUCHT OT KOHCTPYKLIMH CEpJIeYHHKA, H3-3a OCTAaTOYHOH B
cepAcYHHKEe TpaHchopMaTopa BBHI3BIBAET OpPOCOK TOKAa NpH BKIIOYEHHWH. PaszpabaThiBaroTcs
CIOCOOBI CHUKEHMSI U JIMKBUJAIIMK OPOCKOB TOKA.

[Teperpy3ka TpanchopmaTopa mo Toky. Tak ke Ha MPOAOIDKUTEIHLHOCTD CIIY>KOBI CHIIOBOTO
TpaHchopMaToOpa BAMSIET IO IPUUMHE CTAPEHUS PEXKUM HArpy3KH.

B ’xapkoe BpeMs roja ornacHO€ BIIMSHHUE OKa3bIBaeT TEIJIOBOE BO3ECHCTBHE NEPETPY30K,
KOTOpbIE CTAHOBATCSI IPUUMHOM BBIXOZA U3 CTPOsi repMeTHuHbIX BBoJoB BH. Hanbosee Harpetsie
BEpXHHME CJIOM Macjla HarpeBaloT JlaHHblE BBOJbI B HIDKHEH yacTu. B pesynbTare Takux
HOBPEXICHHUI 00pa3yeTcs )KEeNThIil HaJIeT BHYTPHU MOKPHIIKY. [3].

[Ipoananu3upyeM NOBpPEXIAEMOCTh CHIIOBBIX TpaHchopmatopoB 110 kB TOJIL[-3 AO
«ITaBnogapsnepro» u TAI-1 OAO «AJIIOMMHMI KA3AXCTAHAy, r. IlaBnoxapa 3a 2009-
2011 roxpl. B pe3ynbrare HaOMIOAEHUN 3a ABYXJIETHUN MEPHOJ] MOJYyYEHO COPOK ISATh 3HAUEHUI
HapabOTOK 10 0TKa3a TpaHC(HOPMATOPOB.

Pacripenenennie moBpexaeHUH B 3aBHCHUMOCTH OT MeCTa IMOBPEXJEHUsS (y351a/CHCTEMBI)
TpaHchopMmaTopa, IPUBEAEHO B TabIHIIE.

HaunbGonee wacto moBpexxaaercsa BUTKOBasg u3omsanuss — 10 cioyudaeB (22%), nmpuunHOR
BO3HUKHOBEHHUSI HEUCIPABHOCTH MOTYT OBITh CTapeHHE H30JISILMU, MOCTOSHHBIE Meperpy3kH,
JUHAMHYECKHUE YCUITUS TIPU KOPOTKHUX 3aMbIKAaHUSX.

Bropoe MecTo cpenu NpUYMH TMOBpEXAEHUH 3aHMMaOT BBOAbl — 8§ ciydaeB (17%),
OCHOBHBIE HEHCIPABHOCTH CBSI3aHBl C YBJIAXKHEHUEM U 3arpsA3HEHHEM HU30JIALIMHA HErepMETHUYHBIX
BBOJIOB, YTO MPUBOJUT K Pa3BUTHIO TEIJIOBOTO U 3JIEKTPUUYECKOTr0 MPoOos U30suK BBoJA. Takxke
HEHCIIPABHOCTH CBS3aHbI C OTJIOXKEHHEM OCaJKa Ha BHYTPEHHEW MOBEepXHOCTH (apdopa u Ha
MOBEPXHOCTU ocToBa. OHM aJICOPOUPYIOT BIIATY M 3arpsi3HEHUS, B TOM YHCIIE METAJUIOCOEPIKALIIHE.
W npuBoANUT K BOZHUKHOBEHUIO MPOBOJSAIINX JI0POKEK, PA3BUTHIO pa3psA0B U MPOOOI0 MaClIHOTO
KaHaja BBoja. Taxke cilydan Tedd Macia U3 BBOJAOB 4e€pe3 PE3MHOBBIE NMPOKJIAAKU. Bo3MokHO
BbI3BaHHbIE Je()eKTaMH MOHTa)Ka, PEMOHTa M OJKCIUTyaTanuu. UTO NpPUBOJUT K CHHXKEHUIO
JIaBJIEHUS Macla, HapyLIEHUIO T€pPMETUYHOCTH, TIONAJaHHIO BJIarkd M BO3/lyXa BO BBOJI.
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Tabnunal - Pacripenenenue noBpexaeHui

IHoBpexneHHbI y3e KoanuecTBo %
Mexnydaznas u30smus 2 4,45
OOMOTKH 1 U30JIIUA (U3-3a 7 15,55
JUHAMHUYCCKHUX YCHJIHI)

ButkoBas uzomnsims 10 22,23
[Tepexirouarenyt OTBETBICHHIA 6 13,33
AKTHBHas CTalb 1 2,23
BBonl 8 17,77
OTBOIBI 1 2,23
TokoBenyiye 9actTu 3 6,66
bax 3 6,66
Panuaropsl 1 2,23
[Tpoumne 3 6,66
Htoro 45 100

Tperbe MeCTO 3aHMMAIOT TIO TIOBpEXIaeMOCcTH OOMOTKH — 7 ciydaeB (15%). Haumboiee
4acTO 0OMOTKH BBIXOJAT U3 CTPOs IO MPUYMHE MJIOXUX KOHTAKTHBIX COeIMHEHUI 1 BUTKOBBIX K3.

Crnenyrolee MECTO Cpey IMPUYUH MOBPEXKIECHUS 3aHUMAIOT HEAOCTATKU MEPEKIII0YAOIINX
YCTPOMCTB, KOTOpBIE HauMHAIOTCA ¢ 14 jer skcruryatauuu. MakcuManbHOE KOJIMYECTBO
MOBPEXJICHUIA MEPEKITIOYAIONINX YCTPOUCTB mpH 15-23 Tof0B dKCIUTyaTauu TpaHC(HOPMAaTOPOB.
HeuncnpaBHOCTH CBsI3aHBI C OTCYTCTBUEM KOHTAKTa U OILJIaBJICHUEM KOHTAaKTHOM ITOBEPXHOCTH.

Jedextsl mpoxoaHON m30isMK, 0aka, GpUIBTPOB, PAaUATOPOB, HEUCIPABHOCTU CHCTEMBI
OXJIAKJCHHUS MAJIOUNCIICHHBI, HO HE MEHEE OIIaCHBI.

He penko, TpancdopMaTopsl OTKITIOYAIOTCS B pe3yJabTaTe HEIOCTATKOB PEJICHHON 3aIIUTHI.
B mnocnennee Bpems HaOdromaeTcst BO3pacTaHUSl TaKMX OTKa30B, YTO CKOpee BCEro CBA3aHa C
HEXBATKOW KBAIU(DHUITIPOBAHHBIX PEICHIIMKOB W OONBIION TEKYyYKOW KaapoB B rpymmax P3uA.
XoTs Takasi TEHACHLUS XapaKTepHa s Bcero o0ciyskuBatoniero nepconaia TOL(-1 u TOLI-3.

[Ipoananu3upoBaB CcOOpaHHBIC JAHHBIC OINPEIEIHM BEPOSITHOCTh O€30TKa3HOW padoThHI
tpanchopmaropos 110 kB TDII-3 AO «IlaBnogapanepro» u TAI-1 OAO «AJIFOMHMHUU
KA3AXCTAHA», r. IlaBnogapa 3a aByxnetHuil nepuon. Bpemenn t; = 4000,10000, 18000 y,
€CIM  HMHTEHCHUBHOCTh  OTKazoB A =2,4-10"*4"l. 3akom pacmpeneneHus  OTKa3oOB
9KCITOHEHIIMATIbHBIM.

[Tpu SKCTIOHEHIMAILHOM 3aKOHE paclpe/iesieHusl CIIPAaBEIMBbI COOTHOILIECHHUS:

P(t) =e™™; f(t) = 2e™™

Ty = 7 A = const
Orcrona
4
Tep =5 = 50 = 4166 1;
4000
P(4000) = exp [—m = e70% = 0.625
10000
P(10000) = exp [— 1166 ] = e %% =0.427
18000

P(18000) = exp [— 4166] = e 432 = (0.284

B PE3YyIbTAaTC NMOJYUYCHHBIX PACUCTHBIX JAaHHBIX CTPOUM rpa(pm( 3aBUCHUMOCTH BCPOATHOCTU

6e30TKa3HOI paboTl oT BpeMern P(t) = et tpancdopmaropos 110 kB, H306paXkeHHBIH Ha pHC.
1.
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Puc. 1. BepostHOCTh 0€30TKa3HOH pabOTHI TpaHCHOPMATOPOB
3AKJIFOYEHUE.

Takum 00pa3zom, MOXKHO CZ€JIaTh BBIBOJ O TOM, YTO C YBEJITMUYEHUEM BPEMEHU 3KCIUTyaTalluu
TpanchopmaTopoB (Haxojsuecs B padbore Oosee 25 J€T), BEPOATHOCTh OE30TKAa3HOW pabOTHI
Oyner cHWXkaercs corjacHo KpuBoil puc.l. CremoBaTenbHO, TpeOyer OoJiee TIIATEIHHOTO
00CITyKMBaHUs, IPOBEICHUS KAaTUTAIBHBIX PEMOHTOB WJIM 3aMEHBI yCTapeBIIero 000pya0BaHus, B
Cllydasi HepeHTa0eIbHOCTH aJbHEHNILIEN IKCIUTyaTalluH1.
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HEPEJAYA JIEKTPOOHEPI'MN HA JTAJIBHUE PACCTOSAHUA 11O
PASOMKHYTbBIM CAMOKOMIIEHCUPYEMBbIM JINHUAM

E.M. Illumikos, B.I'. I"'onsamreiin
Camapckuil TOCy1apCTBEHHBIM TEXHUYECKUA YHUBEPCUTET

Boznymneie nmuaun snextponepenaun (BJI) ceepxBoicokux (CBH) u  ynbpTpaBbICOKHX
HanpsbkeHuit (YBH) B HacTosiiee Bpemsi yCIIEIIHO MPUMEHSIOTCS Uil PeleHUs ABYX OCHOBHBIX
3anay. [lepBasg U3 HUX — OpraHU3alMs MEKCHUCTEMHBIX CBSI3€H KPYMHBIX 3JIEKTPOIHEPreTHYECKUX
cucreM. BTopas — opraHuzanusi mepefayd OOJIBIIMX AJIEKTPUYECKHX MOIIHOCTEH M3 pailOHOB
reHepaluy, B KOTOPBIX COCPEIOTOYEHBI HHEPropecypchl, B paloOHBl HX MOTPEOSECHUS —
I'YCTOHACEIEHHBIE TOPOJCKHE arjioMepalud W NpPOMBILIUIEHHbIE LEHTpel. B wacTHOCTH, A1s
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