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THogviuenue IKCNIYAMAYUOHHOU — HAOEHCHOCTHU
cunoswix mparncgopmamopos (CT) npuobpemaem ece
OOMBLULYIO  AKMYATNLHOCMb 6 C6513U €O CMapeHuem

napka — mpaucopmamopos  u 8bIPAOOMKOL
onpeoenenno2o cmanoapmamu  MUHUMATbHO20
(25nem) cpoka ux cnysucob.

Ilosromy  akTyadbpHOW  3aJaye  MOBBIIICHHUS
HAJIC)KHOCTH W KauecTBa pPaOOTHI 3IEKTPUUCCKUX
CHUCTEM  SIBJIAETCS  OICHKA  JKCIUTyaTallMOHHOW
HAJICXKHOCTH ISl y4eTa €€ NPU MPOCKTUPOBAHUU U
COBEPILICHCTBOBAHHUSI CUCTEMBI TEXHUYECKOTO
00CyKMBaHHs ¥ PEMOHTA TPaHC(HOPMATOPOB.

[pumenenue CHCTEMBI IUIAHOBO-

npexynpenureiapHoro pemonra (I1IIP) oGycrosneHO
YCIIOKHEHUEM JIIEKTPOOOOPYIOBaHUS. Y CIIOKHACTCS
2IeKTPO0OOpYIOBaHHE — TMOBEHIMAIOTCS TPeOOBAHU
MPOM3BOIUTENS K OKCIUTyaTallil, YTO NPHUBOIUT K
JIOTIOJTHUTEIbHOW HAarpy3Ke Ha PEMOHTHBIN IEPCOHAIL.
XapaktepHoit ~ ocoOeHHOCThIO  cuctembl  [ITIP
aBJsieTcss  (opMalibHBI  y4eT BpPEMEHH pPaboThI
3JIEKTPO0OOpYAOBaHHUs, KOTOpasi Oepercsi 3a OCHOBY
MpH (dbopMupoBaHuH PEMOHTHBIX LIMKJIOB,
IpuBOaALIas K IIOABJICHUIO 00MaHYMBOTrO
MPEICTABICHUS OTHOCUTEIFHO UCTUHHOTO COCTOSHUS
M0 H3HOCY DJJICKTPOOOOPYIOBAaHUS B  IEPHOL
JKCIUTyaTalui. AHAJIH3 TEXHHYECKOTO COCTOSHHS
9JIEKTPOOOOPYAOBaHUSI B IEPHOJ  OKCIUTyaTalu
MPOU3BOMUTHCS C AaKIEHTOM Ha OJaromnoiydue
MEXaHUYECKOM COCTAaBJIAIONICH, SBISIONIMXCS OJHOM
U3 COCTaBJAIOIINX CHJIOBBIX TpaHcdopmaropos. B
COBPEMEHHBIX peamisix IKCIUTyaTaIlul
paboTOCTIOCOOHOCTh  CHUJIOBBIX  TpaHC(HOPMATOPOB
nojzepkuBaeTcss Tonbko ¢ nomoursto [P, nannas
CUCTeMa HE YYMTHIBACT  pEaNbHBIX  YCIOBHA
9KCIUTyaTallii, HE YBS3aHbI PEMOHTHBIC IIHMKIBI C
MMOKA3aTeNsIMA  HAJICKHOCTH, WMEs CPaBHHUTEIILHO

BBICOKYIO TPYAOEMKOCTh TEXHUYECKOT 0
obcnmyxuBanus. OIHW TPYNIBl Y3JIOB, JAeTaled H
COOpOYHBIX E€AMHHIl CWJIOBOTO TpaHchopmaropa

BBIXOJST U3 CTPOS 10 HACTYIUICHUS IJIAHOBBIX CPOKOB
pPEMOHTa, JApyrue OKa3aBIIMecs B 0oJyiee BBITOIHBIX
YCIOBHAX W TOJHOCTBIO  paboToCmocoOHBIE,
HampaBJsIETCs] HAa PEMOHT MPEXICBPEMEHHO, B
coorBerctBuM ¢ [IIIIP. Yro mpuBOgUT K
JIOTIOJTHUTENBHBIM 3aTpaTaM.

Pemenne 0003HaYeHHOW TPOOJIEMBI  SBJISIETCS
aKTyaJJbHOM W IPEeACTaBsIeT  HAy4yHBId U
npakTHYecKuii naTepec [1].

Pacuer 10JIrOBEe4YHOCTH
HCCHGI{OB&HI/IH CTaTUYCCKUX JAaHHBIX
AKCILTyaTaIluH CHJIOBBIX TpaHc(hopMaTOpOB
BEIBIBIIOT 3HAYUTENBHBI WM3HOC W yMCHBIICHUC
OCTaTOYHOTO pecypca. s aHamM3a BOCIIONB3YEeMCS

CTAaTHCTUYECKUMU JIaHHbIe, COOpaHHbIe OoJiee ueM 3a
40-neTHUI CPOK OKCIUTyaTalMyd [0 TPEITPHSTHS

TOU-3 AO «llaBnomapanepron» u TOII-1 OAO
«ATOMUHAT Kazaxcranay, T. ITaBnonapa.
[Ipoananusupyem OJTHOPOJTHOCTh HCXOJIHOTO

CTaTUCTHYECKOTO MaTepuaia i 00beINHCHHS BCETO
00beMa JaHHBIX B OJIHY TC€HEPAIBHYIO COBOKYITHOCTh
JUIsL  TPOBEACHUSA  JAJbHEMIIUX  HCCIEeIOBaHUM,
3HaYeHUIN nokasareseit HaJEKHOCTH c
JIOBEpUTENbHON BeposiTHOCThIO 0,95. Il omucaHus
CTAaTHUCTUYECKUX HaHHBIX BOCIHOJb3YyeMCSl 3aKOHAMM:

DAaBHOMEDHBIM  3aKOH  paclpeneieHus u
pacnpezeneans Beiibymna[2].
Ha puc. 1 npencraBieHa TUCTOTpaMma,

aNnmpOKCHMHUPYIONas ITUIOTHOCTh BeposTHOoCTH (1)
pacmpeneneHnss Ha oOTka3 mHodtd 90  CHIIOBBIX
TparchopMaTopoB MomHOCTRIO 10 125000 kBA ueit
CpOK  ciuyxObl  mpeBbimiaer 40  mer, 1o
CTaTUCTUYCCKUM JTaHHBIM TOI1 AO
«IlaBnomapauepro» u TOLl OAO «AJIIOMUHMIA
KA3AXCTAHA».

[ocrostHHBIE TapaMeTpbl oL U [ HOCST Ha3BaHUS:
o - mapamerp GopMmel u 3 - mapamerp Macmrada. B
9KCIIOHEHIIMAIILHOM  paclpeAeiIeH!H  IOCTOSIHHAs
OIlHa - A, B pacipeneneHnn BeliOymia ux nse, T.€. 3TO
pacnpeneneHue 0ojee CI0XKHOE.

f(t) = 0.069 - 0002 . e—0.1598-t0'998’
0<t<12, ner
fi;(t) = 0.0099, 12<t <23, mer (1)
£,,(t) = 0.165 - 1072 - £ 55485 . e‘°'°25'1°_9't6'5485,
0<t<12, ner

[Momy4eHo, uTo I Tpex UHTepBaioB pecypcos (|
— npupabotounsii, || — HOpManBEHON 3KCIITyaTanuy,
Il — nerpaganmoHHBIM) HapaOOTKM Ha  OTKa3
TpaHC(HOPMATOPOB  OINMCHIBACTCS  PpaCIpEIeICHUEM
Beiidymia ¢ mapamerpamu aq = 0,1598 u §; =
0,998 na wunrtepBane ot 0...12 mer, Ha HWHTEpBaye
23...40 ner — Takxke pacnpexneneHueM BeiiOymia, c
mapametpamu a3 = 0,025-107° §; = 6,5485, a na
MPOMEKYTOUHOM HHTepBaie 12...23 — paBHOMEPHBIM
3aKOHOM pacrpezeienuss ¢ koadduiueHrom a, =
0,0099.

IIpoBepka TrHMOTE3Bl 00 AaMIPOKCUMHUPYIOIINX
3aKOHaX pacrpeseleHus no kpurepuio y?2 - Iupcona
MOKa3aja, YTO SMIHPHYECKHE M TEOPETHYECKUE
YacTOTHl ~ OTJAMYAIOTCS ~ HE3HAUWTENFHO U C
JIOBEPUTEIHPHONH BepOATHOCThIO He Hmwke 0,95 mo
kputepuio cornacus y? — Ilupcona, HapaboTka Ha
OTKa3 aHATU3UPYEeMOT0 MacChBa TpaHCc(hOpMaTOpoB
OTIMCBHIBAETCS IBYMsI 3aKOHAMH paCIpeieleHus o
BBIPAKEHUSIM C IUIOTHOCTBIO BepositHocTed (1),
NpEeACTaBIsIsE  COOOM  MHOTOCTaIUiHYI0  MOJENb
HaKOIICHUS TTOBPEKACHHUH.
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Puc. 1 - 'ucrorpaMmma ¥ INIOTHOCTh BEPOSTHOCTH
pacrpe/ielIeHus] Ha 0TKa3 CIJIOBBIX TpaHC(HOPMATOPOB
1o 125000 xkBA.

Cpemnee Bpems Oe3oTkasHoit  paboter  CT
OMPEICIICHO KaK MAaTeMaTUIECKOE 0JKUIAHHUE!

T3=12

f £-0.0692 - 0002 e—(0.01598-t°'998)dt

T=0

T =
T,=23

+ f t-0.0099dt +
Ty=12
+fTi;12 £-0.0165-1078 - 65485 .

(0025107t gy — 91 34 2604 Tona

Pacuer moka3zartesieid HaIe;KHOCTH
Tpancpopmaropos Tuna TATH-80000/110

OnpenenyM BepOSTHOCTh 0e30TKa3HOW pabOTHI U
Cpe/HIOI HapabOTKy Ha OTKa3 TpaHCHOpMaTopoB
THIA TATH-80000/110 BpeMeHHI
t; = 4000,10000,18000y, eciu WHTECHCHUBHOCTH
otkazoB A = 2,4-107* 4™l 3akon pacnpeneneHns
OTKAa30B KCIIOHEHIIUAIbHBIH.

[Ipy SKCMOHEHIMAILHOM 3aKOHE pacrpeieieHus
CIpaBEeJTUBBI COOTHOIICHUSI:

P(t) = e™; f(t) = e ™M

1
T, = z; A = const
Otcrona
1 10*
Tcp =Z=Z=4166q;

P(4000) = exp | 10001 _ g-06 = 0,625
%P | " 4166 T © '

P(10000) = [ 100007 _ 24 _ 0.427
B T A

P(18000) = [ 18000] =e %32 =0.284

=exp|- | =e =0.

B pesysnprare MOJIYYEHHBIX PACUCTHBIX TaHHBIX
crpouM  rpadEK  3aBUCHMOCTH  BEPOSTHOCTH
6e30TKa3HOi paGothl OT Bpemenu P(t) = e
TpaHcdopmMaTopoB THIA TJITH-80000/110,

U300paKCHHBII Ha pUC. 2.
OrmpezensieM BEPOSTHOCT OTKA3a:

Q1000 = 1 — Pyogo = 0.375;

Q10000 = 1 — Pyggoo = 0.573;

Q18000 = 1 — P1gooo = 0.716
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Puc. 2 — BeposaTHOCTh 0€30TKa3HOW pPabOTHI
TpaHchopmMaTtopos
Takum 00pa3oM, MOXHO CJIEIaTh BBIBOJ O TOM,
YTO C yBEJIMYEHHEM BPEMEHH OKCIUTyaTaluu
TpaHc(hOpMaTOPOB (naxomsiuecs Ha 11
JIeTpalalliOHHOM HHTEpPBAeE), BEPOSITHOCTh

0e30TKa3HOW pabOThl OyAET CHIIKACTCSA COTJIACHO
KpHUBOH puc.2.

3akiioueHue:

IIpn anamm3e CWIOBBIX TpaHC(OPMATOPOB M0
125000 kBA Ha BEpOSTHOCTHYIO XapaKTEpUCTHKY
HMHTEHCHBHOCTH OTKA30B MOXXHO JIaTh PEKOMEHAAIHIO
MO OTPaHMYECHHUIO HKCILTyaTalli TpaHC(HOpMaTopoB
CpPOKOM, KOTJa Ha  HHTEpBaje  Jerpajaniu
HUHTCHCUBHOCTbL OTKAa30B HC 6yI[CT MpEBLIIATH
MHTEHCUBHOCTHU OTKa30B IepHroa npupadoTku. Toraa
MaKcUMalbHbIN CpoK IKCILTyaTallu
tpancdopmaropos Oyzaer orpanuder 30,97 romamu, ¢
LENbI0  TOBBILICHUS  HAIAEKHOCTH  pabOTBI |
OOHOBIICHUS 9KCIUTYyaTHPYEMOTO rapka
tpaHcdopmaropoB. CpenHee ke BpeMsi 0e30TKa3HOM
paboTs! TparchopMaTopoB paBHO 21,34 rona.

B pesymbrare MONYyYEHHBIX pacyETHBIX IAHHBIX
MOCTPOMIIN  TpaduK 3aBHCHMOCTH  BEPOSTHOCTH
6e3oTkasHoil paboTel OT Bpemenn P(t) =e M
tpancdopmaropos  tuma  TJTH-80000/110 3a
IBYXJICTHUH TIEpHOJ, Haxoisdmuecss B pabote Oomee
25 ner. CaenaH BBIBOJ O TOM, YTO C yBEIHMYCHHEM
BPEMEHU 9KCIUTyaTaLlUH TpaHcopmaTopoB
BEPOSATHOCTH O€30TKa3HOH paboThl OyAeT CHIKaeTcs
COTJIaCHO KpUBOH pHcC.2

[onmydeHHble pe3yabTaThl OyAyT HCIOJIB30BaHEI
npu NIPOEKTUPOBAHUH, U3TOTOBJIEHUU u
JKCIUTyaTalliM TpaHCGOpMAToOpoB, a TaKkKe s
NPUHATHUS pellieHHs] Npu paboTe ¢ 00OpyJOBaHMEM,
HCUEpPIaBIINM CBOM HOPMaTHBHBIN pecypc.
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