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OLEHKA HAAEXHOCTU TMAPOTYPBUH
CO CPOKOM CJ1YXbbl BblILLE HOPMATUBHOTIO

I.P. Ivanchenko, G.l. Topazh, V.A. Schyr

RELIABILITY ESTIMATION FOR HYDRO-TURBINES
WITH PROLONGED LIFETIME

151 KOJIMYeCTBEHHOM OLIEHKM HaleXXHOCTU TMAPOTYPOUH TpesioxeH huzndecku 000CHOBAHHBIN
KO3 OUIIMEHT OTIepaTUBHON TOTOBHOCTH. PacdeTsl mokasaiu, 4To B 3aBUCMOCTH M3MEHEHUS BO
BpeMeHU KOd(POUIMEHTOB TOTOBHOCTU MOXHO BBIIEIUTbh TPU XapaKTEPHbIX yyacTKa: HauaJbHbIi
TIePUOJ SKCIUTyaTallK C TTOHKEHHBIMU 3HAYCHUSIMU TI0Ka3aTesell HalesKHOCTH 000pyIoBaHUS,
MepUoJ IKCIUTyaTalluy ¢ MaKCUMaJIbHBIMU 3HAYEHUSIMU 3TUX KOIDGDUIIMEHTOB U MEPUOJ, MOCTETNEeH-
HOTO CHUXEHWS TToKa3aTeliell HafiexXHOCTH obopynoBaHus. [IpemoxkeHa MeToauKa, TTO3BOJISIONIAs
OLIEHUTb 11eJ1IECO00Pa3ZHOCTb PEKOHCTPYKIIUU TMAPOTYPOUHBI TIO YCJIOBUIO HAIEKHOCTH.

TMAPOTYPBUHA; HAJEXKHOCTDb; KOO®OULMUEHT OMEPATUBHON TOTOBHOCTU; CPOK CJYKBbI;
TEHEPATOPHBIN PEXXUM; PEMOHT, PE3EPB.

The original physically-grounded formulization of the operative readiness coefficient has been proposed
as a quantitative index of hydro-turbine reliability. Computations of dynamics demonstrate that one
can detect three typical periods of turbine exploitation: initial period with low reliability indices, pe-
riod of normal exploitation with high indices and final period characterized by a gradual decrease in
reliability. The proposed index is used in the special method which allows estimating the necessity of
turbine reconstruction for reliability reasons. It is based on comparing the estimated value of the op-
erative readiness coefficient for a hydro-power station (HPS) planned for reconstruction with the
respective coefficient for the similar HPS. If such a value is less than the same one for the considered
analogue HPS, it proves to be necessary to perform the reconstruction of the checked hydro turbine
for reliability reasons.

HYDRO-TURBINE; RELIABILITY; COEFFICIENT OF OPERATIVE READINESS; LIFETIME; GENERATION
MODE; REPAIR; RESERVE.

Beenenue

BomnpocaM HagexKHOCTU SHEPreTUYECKOro 000-
PYJIOBaHUSI CErojiHsI BO BCEM MUPE YAeJIsIeTCs To-
BbIILIEHHOE€ BHUMAaHUE, YTO OODBSICHSIETCS, TIPEXIIE
BCETO, 9KOHOMHUYECKUMU coobpaxeHussmu. [lo
OITyOJIMKOBAaHHBIM JaHHbBIM [1] yiiep0 OT BBIHYX-
JIEHHOTO TPOCTOSI TypOoreHepatopa B TeueHUE

2—3 MecsIleB COU3MEPUM C €ro TepBOHAYaIbHOM
CTOMMOCTHI0. 10 o1leHKaM aMepuKaHCKUX CITe1IH -
AJTCTOB TIOBBIIIEHNE HAMEeXKHOCTH THAPOCTAHITIIA
ClA Ha | % naet YMcTyIo IPpUOBLIL 0KOJI0 125 MITH
JOJUI. B TOZ.

IloBbllIeHME HAAEKHOCTU M JOJTOBEYHOCTH
MAaIIIH BOOOIIIe M 9HEPTETUIECKHUX B YACTHOCTH —
OIlHA U3 BAXKHEHIINX 3aa4 YeJI0BEUECKOTO O0IIIe-
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CTBa. AKTYaJIbBHOCTB 3TOM ITPOOGIEMBI UTSI TUAPOTYP-
OUH TeM OoJiee OYeBUAHA, YTO MOPAIbHOE CTapEHUE
000pymOBaHUS 3aMeUISIeTCS ¢ TomaMu. [eiicTBu-
TeJIbHO, MO ypoBHIO ruapasandeckoro KIT/I u ka-
BUTAIIMOHHBIM KaueCTBaM TMAPOTYPOUHBI YKe T0-
CTUTJIM B psilie CIyvyaeB MpeaesibHbIX 3HAUCHUI,
1 TI03TOMY HEOOXOMUMOCTD WX 3aMEHBI OyIeT TUK-
TOBaThCSI B OCHOBHOM COOOPa’KEHUSIMU MOBbILLIE-
HUS HamexXHOCTH TumpomamuH. [Tocie pasBaia
CCCP B Poccuu padotaso 98 kpymHbsix ' DC o01eii
MOIITHOCTHIO 44 MutH KBT, mpraem oxono 80 % u3
HUX Y€ BbIpabOoTaIi HOPMATUBHBIN CPOK IKCILTY-
arauuu (30 jieT) ¥ TpeOyIOT CYIIECTBEHHOTO PEMOH -
Ta U peKoHCTpykKuuu. Jdns kpymHbix ['DC Gonee
3G GEeKTUBHB MOACPHU3AINSI U PEKOHCTPYKIIUS
cylecTyolero obopynosanus '9C, yto mo tex-
HUIecKoMY 3(h(HEKTY MOXKET CpaBHUTHCS C BBOIOM
HOBOM aeKTpocTaHuu. [Tpu 3TOM, MpeKe BCero,
HEOOXOMMMO OLIEHUTH 11e71eCO00Pa3HOCTh TTPOBe-
NIEeHUsI PEKOHCTPYKIIMU paccmatpuBaeMoit ['DC,
B YACTHOCTH BBISICHUTH (haKTUIECKHE TTOKA3aTEIIN
€€ OKCIUTyaTallMOHHOM HaZeKHOCTH U OCTATOYHOTO
pecypca.

OpueHTUpPYSICh HAa TEPMUHOJIOTUIO AKaIEMUU
HayK [2] mom «Hame:KHOCThIO TMApoarperata» mo-
HUMAETCsI ero COCOOHOCTh paboTaTh B pexkuMax,
MIPeTyCMOTPEHHBIX TEXHIUYECKUMH YCIIOBUSIMH, O6€3
CHVIKEHMS SKCIUTyaTallMOHHBIX ITOKa3aTelei.

HaxoxnmeHne KoanyecTBEHHBIX ITOKa3aTeneit
HaJIe>)KHOCTU OCHOBAHO Ha CTaTUCTUUYECKOI HH(OP-
MaInu, TTOJIy9aeMOoM ITpH SKCITTyaTalluK AeHCTBY-
foiiero oo6opynoBaHus. OMNbIT SKCILTyaTaluK Aeii -
CTBYIOIIINX THUIPOATPETaTOB SIBISETCS TPOMATHBIM
10 00bEMY SKCTIEPUMEHTOM C peaibHbIMU YCIOBU -
SIMHA paboOTBl 000PYIOBAHUS, KOTOPHIf HE MOXKET
OBITb TPOBENECH HU B OMHOI JTJabopaTopuM.

B mpormecce akcrutyaTanmum THApoarperara
onpenessieTcsl Uesblil psif mokasareseit, Xxapakre-
PU3YIOIINX HaIEXKHOCTh €T0 pabOTHI, TAKNX, KaK:

MPOOJIKUTENBHOCTb ., PAOOTHI B F€HEPaTOP-

tre H

HOM peXxuMe Win KoappuuueHt K, = , TIie

K
1, — KaJleHJapHOe Bpems, Jac.,

MPOIOJIKUTENBHOCTD I PAGOTHI B PEXUME
CUHXPOHHOTO KOMIIEHCATOpa WM KO3(DMUIIMEHT
Ic
_ ek .
KCK - s
th
TIPOIOJIKUTEIBHOCT £, HAXOXKIEHHSI B pe3ep-
Be, KoadduumeHr K., = Tpes
) i pe3 f )
K

8

CYMMAapHBIi MPOCTOM 2f, B PEMOHTE U IIAHO-
BbIiA TIPOCTOIA 7, ;; B PEMOHTE.

B coBpeMeHHbIX HOMEHKJIaTYpPHBIX TOKYMEHTaxX
JIJ1S1 KOJIMYECTBEHHOMW OLIEHKM HaJleXXHOCTU 000-
pyJI0BaHUsI B OCHOBHOM MCITOJIB3YIOTCS KO3 hu-
LIMEHT TOTOBHOCTH K| ¥ KO3(h(MULIMEHT OlepaTuB-
Holi roToBHOCTH K|, .. IX onipenienieHne 6aznpyercs
Ha BpEMEHU TOTOBHOCTH arperara K padoTe U Bpe-
MEHH ero MpocTosl.

KoadouuneHT omnepaTuBHON TOTOBHOCTU
orpezesieTcs no gopmyse

_ treH+tCK+tpe3 :tpe3_ztp (1)
t t '

K K

K

or

Ommune koaduureHrta roropHoctn K, or
koadduumeHTa K 3aKI1049aeTCs TOJIbKO B TOM, UTO
OH TToIIpa3esisieT PEMOHTHI Ha TIJIAHOBBIE U BBIHY K-
neHHble. C y4yeToM IJIaHOBOCTH PEMOHTOB K03d-
(UILIMEHT TOTOBHOCTH MOXET OBITh 3aITMCaH B Clie-
NyIo1lleM BUIIE:

t.. tloy +1
Kr: reH CK pe3

; ()

I _tpnn

r1e #, ;,; — NPOIOJIKUTENbHOCTD TJIAHOBBIX PEMOH-
TOB, Yac.

HeiicTBytolue ouiimaabHbie HOPMbI TTPOCTOS
TUAPOATPEraToB B MUIAHOBO-TIPEAYITPEAUTEIbHBIX
peMoHTax ObUTM pa3zpadboTaHbl MUH3HEPTO B CO-
BETCKHUeE romsi [3].

HecoMHeHHBIMU 1OCTOMHCTBAMU KO3 UM~
eHTa K, | ABJIAI0TCS MTPOCTOTA €r0 ONPENESIEHNS 110
OTYETHBIM MaTepuajaM 3JEKTPOCTAHLIUMKA U BO3-
MO>KHOCTb CPAaBHEHHUS HA/IEXKHOCTH pa3HOOOPa3HBIX
BUJIOB BHEPreTUYeCcKoro obopynosanus. B coser-
ckue ropl KoadduuneHT K, . Obl1 OMHUM U3 TJ1aB-
HBIX TTOKa3aTeJieil OTYETHOCTU 00 MCITOJIb30BaHUU
rugpoarperatoB aeicTBytomux I'DC cTpaHbl.

Henoctatkom atoro koadduiimeHTa MOXHO
CUUTATh TO, UTO OH HE pa3/esieT KajleHaapHOoe Bpe-
Ms$I 9KCIUTyaTalliu rujpoarperara Ha paboTy ero
B Harpy>keHHOM T€HepaTOPHOM peXMME U Ha Bpe-
MSI HAXOXXCHUSI B pe3epBe WIM B PEXKUME CUHXPOH -
HOTO KOMIIeHcaTopa, KOTaa ruapoarperar npakTu-
yeckuM He HarpyxeH. OIBIT 3KcIulyaTalluu
neictBytommx 'DC co cpoKOM CTy>KObI BBIILIE HOP-
MaTUBHOI'O MOKa3bIBaeT, YTO 3HAYCHUST KOIDDU-
I[IMEHTOB OTNEPATUBHON TOTOBHOCTU, HAWJCHHBIC
no ¢opmyde (1), CylIecTBeHHO pa3indaloTcs AJIs
pa3HbIX TUIPOATPEeraToB M, Kak MpaBujo, Mojy-
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YEHHBIE 110 3TOI (opMyie 3HaueHus K, . 3HaUMn- . t
— reH
TEJIbHO 3aBbIIIAIOT d)aKTI/I‘IeCKYIO HaOeXHOCTb Kor - > (3)
tl‘CH + zt p

TUapoarperaTa.

CrieyeT OTMETHUTD, YTO B HACTOSIILIEE BPEMST OT-
CYTCTBYET METOIWKA pacyeTa, MO3BOJISIONIAsT T0-
CTOBEPHO OLIEHUTh (DAKTUUYECKYIO HAIEKHOCTD T -
JIPOTYpPOMHHOIO 000PYIOBAHMSI.

C y4eToM CcKa3aHHOTO 11eJIblI0 U OCHOBHOI 3a-
nmaveil JaHHOM pabOTHI OBIIO pa3BUTHE METOTUKU
pacyeTa HaIEXKHOCTU TMIPOArperatoB NeiCTBYIO-
mux 'DC co cpokoM cityKObl BbIlIe HOPMATUBHO-
ro. [Ins perieHus: 3Toil 3amauyu BHITTOJHEHBI pa-
CUYETHI TIO OIIEHKE HaAeXKHOCTH paboTHl Gojee
20 rugpoarperatoB aeiicTBytomux 'DC Ha ocHOBe
0oJiee 000CHOBaHHOTO KO3(p(puilMeHTa ux ornepa-
TUBHOU TOTOBHOCTH, KOTOPBI YUUTHIBAET TOJbKO
dakTmaeckoe BpeMs pabOTHI TUApoarperara B Te-
HEPaTOPHOM PEXUME U BpeMsl ero MpocTosi B pe-
MOHTE.

KoaddunyeHT onepaTuBHOi rOTOBHOCTH
reHepaToOpHOro pexxnuMa

CornacHo ctpyKTtype hopmyi (1) u (2) onHU U Te
Ke 3HaueHUs Koo @uumeHToB roroBHocTr K, 1 K.
MOTYT OBITb MOJYYEHBI 32 CUET Pa3HbIX COCTOSIHUIA
arperaToB. Ha onaux I'DC (Hanpumep, MpKyTckoit)
OCHOBHOE COCTOSIHME MallIMH — 3TO TeHepaTOPHbIi
pexuM (coctaBisteT 95 % KajleHIapHOIro BpeMEHH ),
MOJIHOCTBIO OTCYTCTBYIOT PE€XUM CHUHXPOHHOTO
KOMIIeHcaTopa 1 IpeObIBaHKEe B pe3epBe. 3aTo Ha
Priounckoit 'DC HaxoxXmeHune arperatoB B pe3ep-
Be npesbimacT 40 % kaneHaapHoro Bpemenu. Co-
BEPILEHHO OUYEBUIHO, UTO OJIMHAKOBBIC 3HAUEHMUSI
K03 (PUIIMEHTOB TOTOBHOCTU B 3TUX CJTydasiX 10K~
HbI OLIEHUBATHCSI [TO-PAa3HOMY.

OnpenensiommuM HaaexXHOCTb paboTbl 000pYy-
JIOBaHUSI SIBJISIETCSI T€HEPATOPHBIN PEXUM, BbI3bI-
BAIOIIMU HAKOTLJIEHUE YCTAJIOCTHBIX SIBJIEHUI B M€~
Tajule OCHOBHBIX Y3JI0B. UTOOBI MOAYEPKHYTH 3TY
pOJIb TEHEPaTOPHOTO peXkuMa, B JaHHOI paboTe
MNpeaIoXKeH JOMOJHUTEbHBIN MoKa3aTeb onepa-

o *
TUBHOU T'OTOBHOCTHU Ko r T€HEPAaTOPHOI'O peXunma,

KOTOPBIiA, TT0 HallleMy MHEHUIO, sIBisieTcs OoJiee
(buznyeckn 060CHOBAHHBIM JJIsI OLICHKU HaleX-
HOCTU TUAPOTYPOMHBI IO CPAaBHEHUIO C KO3 Pu-
uueHToM K .. OH npeacTapiger co0oil OTHOIIEHUE
OOLIETO BPEMEHM 7,,,,, 0€30TKa3HOI pabOTHI MalllN-
Hbl B TEHEPATOPHOM DPEXUME 32 MEXKPEMOHTHBII
Tepuon 7, K CyMMe .., U CYMMapHOTO BpEMEHU pe-
MOHTOB Xf,;!

TAE £, — O0L1as MPOIOJKUTENBHOCTb PaOOTHI Typ-
OMHBI B TeHEPATOPHOM peXMMe 3a paccMaTpuBae-
MBI MEXPEMOHTHBIN KaJleHIApHbIA NEPpUO/, Jac;
L1, — ob1ast IPOAOJIKUTEBHOCTD BCEX PEMOHTOB
TypOUMHBI (TEKYII1Ee, KaUTaJIbHbIC) 32 pacCMaTpU-
BaeMbIi1 MEXPEMOHTHBIN MEPUOJ, Yac.

B oOuienpuHaTOl NMpakTUKe MoKa3aTean Ha-
JIEKHOCTU pacCcMaTpUBalOTCsl KakK clydaliHble Be-
JIMYMHBI, @ pacyeT UX 3HAYEHUI BBIMOJHSETCS 1O
oTaeabHbIM rogaM. Ha manoarperatHbix 'OC Takas
00paboTKa CTAaHIIMOHHBIX CBEACHMI MOXET I1aTh
HWCKaXXeHHYI0 KapTUHY O HaJle;KHOCTU 000pya0Ba-
HUS: B TO/bl MPOBENEHUS KalTUTAIbHBIX PEMOHTOB
HaJIe>)KHOCTh arperaToB 0Ka3blBaeTCsl 3HAYMUTEIbHO
HUXeE, YeM B ocTajibHoe Bpems. Hanpumep, ocpen-
HEHHBI 110 arperataM K03 (UIIMEHT ONepaTUBHOM
rotroBHocTu obopyaoBaHusi Hapsckoii I'DC (ycra-
HOBJIEHO TPU MalllMHbI) cocTaBisi B 1979 rony
K, . = 0,974 (xkanuTaJbHBIX PEMOHTOB HE OBbLIO),
a B 1980 rony o611 paseH K, .= 0,739 (mpoBoauics
KamnuTaJlbHbII PEMOHT OJHOI 13 TYpOUH).

YuuteiBasi ckazaHHOe, 00paboTKa OTYETHBIX
CTAHIMOHHBIX CBEJEHUIA BBIMTOJHSIACH HAMU TIPU
CJEIYIOLIUX YCIOBUSIX:

1. ITokaszaTean HaaeXHOCTU TUApoarperara
B pa3pese KaJeHAapHOTO BPEMEHU £, ITPEICTaBIIs-
I0TCSl AUCKPEeTHBIMU dyHKuusmMu K, . = f (¢,),
K ;F =f(t)u K.= f(t,), pacyeT KOTOPBIX BEIETCs
Mo OTAeAbHBIM mepuogaMm. [1pogoKUTeIbHOCTD
reprojia OTCUUTHIBAETCSI OT Havasia aKCIyaTaluu
MAallWHbI TIOC/e i-T0 KalnuTaJIbHOTO PEMOHTA /10
3aBepiieHus (i+1)-To KamUTaTbHOTO PEMOHTA.
Kaxaplii mepro yauThbiBaeT BCE COCTOSIHUS TUAPO-
arperarta: pOJOJKUTENBHOCTS /., PAOOTHI B TEHE-
PATOPHOM pPEXUME; MPOJOKUTEILHOCTh PaOOTHI
1. B PEXMMeE CHHXPOHHOTO KOMITEHCATOpa; BPeM
The; HAXOXKIICHUS B pe3epBe; obliee Bpemst f,, po-
CTOSI B PEMOHTE.

2. Paccuurtanubie o dopmynam (1), (2) u (3)

*
K or 4 K]‘
CUNTAIOTCA ITOCTOSAHHBIMU [JISI BCETO pacCMaTpuBa-

eMoro rnepuosa. B pesynsrare BbITOJHEHNS pacyeToB
0 BCeM Mepuoaam paboThl MOTYYAIOTCS CTyMEeHYa-

Tole Tpapuxu K, = f(2), K, . =f(t)u K. =f(2).
3. Kaxnplii arperar gaeT oqHy peaan3aluio CIy-
YalHOM IMCKPETHOM (PYHKIIMM (YMCIIO peain3aluii

IToKasaTejiM HaaC>KHOCTU arperara Ko -
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paBHO uuciy arperatoB Ha ['DC). B pesynbraTte
OCPEIHEHUS 3THX pealn3alliii 10 OTAEIbHBIM Bpe-
MEHHBIM MHTEpBaJIaM (Harpumep, depe3 Af, =20- 103
4acoB KaJICHIAPHOTO BPeMEHH ) TTOJTyJatoTcsl (hyHK-
w K =f(t), K;r =f(ton K. =f(t,), KoTOpblE
XapaKTepU3yIOT HAIEeKHOCTh HEKOETO YCIOBHOTO
ruapoarperara oocienopaHHoi I'DC.

B xauecTBe wiTIOCTpaIIK Ha pUCYHKE TToKa3a-
ubl bynkun K, =f(t)u K, =f(t,) c Hauana
SKCITTyaTalluy O MOMEHTA TIOCJIEIHETO 00Ceno-
BaHMsT TuapoarperatoB Hukeropomackoit 'DC.
IIpencraBieHbl ABe TPYIIBI MaIlMH. ATperaThl

a) _.

1—4 pabGoTaloT B MMKOBOI YacTH rpachuka 3J1eKTpo-
notpe6nenns ( K ren = 0,38—0,40) 1 00s1b1IIYIO YACTH
BpeMeHH HaxoasTcs B pesepse (K, pes = 0,51-0,56).
ArperaTbl 5—8 9KCILTyaTUPYIOTCSI, HA000POT, 00JIb-
LIIYIO YaCTh BpEMEHU B FTeHEPATOPHOM PEXUME C He-
6oy MotHocTsivu ( K, = 0,63—0,75), ozt
Iep>KUBast CAaHUTApHBIN YpOBEHb B peke. B pesepne
OHU HaXOJSTCS 3HAYMTEIHHO MEHBIIIE, YeM arpera-
ThbI TIepBOi rpymnmbl. KoadhduiiueHTbl TOTOBHOCTU
K, . 3TUX rpyII MalIMH NPaKTUYECKU OTMHAKOBBI,

=%
Torga Kak koo guureHT K CyLEeCTBEHHO BbILIE
Y MalllMH BTOPOI T'PYIIIIHI.

K

or

0,950

Arperatbl 5-8
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Puc. 1. [Tokazatenu HagexxHOoCTU TUapoarperatoB Hikeropoackoii I'DC ¢ Hauana
SKCIUTYaTaluu: @ — Ko3pduuueHT K O*F = f(t); 6 — Koo duLUEeHT K, or =S
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DTOT NpuMep yOEIUTENTBHO MTOKA3BIBAET, YTO
MPU aHaJIM3e HAIEKHOCTU THAPOMAIINH KO3 u-

—%
LIMEHT TOTOBHOCTU K | ABJsieTcs 6osee nHpopma-

%
TUBHBIM, 4eM K03 duument K .

B o06111eM citydae B rpagrkax 3aBUCMMOCTEH TT0-
KazaTeJieil Haie:KHOCTY THIPOMAIIIH OT KaJIeH1ap-
HOT'O BPEMEHH #, MOXKHO BBIIEJIUTb TPU XapaKTep-
HBIX y4acTKa (CM. puC.):

HavaJIbHbIN MepUOJ IKCILTyaTalluU C TOHUKEH -
HBIMU 3HAYEHHUSIMU TTOKa3aTeseil HaneKHOCTH 000-
pyroBaHud,

MEePUOJ SKCITTyaTalli C MAKCUMAJTbHBIMU 3HA-
YEeHUSAMU KO3(P(PULIMEHTOB TOTOBHOCTH;

MEePUOJ ITOCTETIEHHOTO CHIKEHUSI ITOKAa3aTeIein
HaJIe>KHOCTU 000PYIOBaHUSI.

HavanbHblil epyron 3KCIIyaTaluyd ¢ HU3KOMN
HaJeXKHOCTBIO 000PYI0BaHMSI OTMEUaJICsI Ha OOJIb-
murHCTBe aeiicTBylomux 'DC, ocodeHHO Ipu ycTa-
HOBKE HOBBIX, HEOTPaOOTaHHBIX TUITOB TYpOUH
U reHepaTopoB. B aToT mepuoa nposiBiasitoTest ae-
(beKThbI U3TOTOBJEHMSI U MOHTaXka rMIpoarperaTosn,
OLIMOOYHbIE MPOEKTHbIE PEeLIeHUs], HeJOCTaTKU
B IMOJTOTOBKE DKCIUIyaTallMOHHOTO IePCOHAA.

ITo Mepe ocBoeHMST 000PYIOBAHMS HAEKHOCTD
TUIPOArperaToB yBeJIMUMBAETCS, U Uepe3 HEKOTOPOe
BpeMsi MoKasaTesu Hanexuoctn K., K, u K,
JOCTUTAIOT MaKCUMaJIbHbIX 3HaueHuil. [To noctur-
HYTOMY MaKCUMAaJbHOMY YPOBHIO HaJIeXHOCTU
arperaTbl pa3HsITCSl He ToJibKO 1o 'DC, Ho oT/inya-
I0TCSI 3aMETHO Aaxke BHYTpU ogHO# 1 Toit ke ['DC.

HarasiaHbIM TpUMepOM MOTYT CTYKUTh TUAPO-
TypOuHsl Juenpol DC-1. ITocne BTopoii MUpOBOIi
BoiHbI Ha 3T0i ['DC ObUIM yCTaHOBJIEHBI TPU pa-
J1aIbHO-0CeBble MalIUHBI (arperaThl 1—3) dpupmbl

«Newpot-News» (CIITA) OcTanbHble BOCCTAHOB-
JIeHHBIe TypOUHBI (arperathbl 4—9) ObLIN COBETCKHE,
npousBoactsa JIM3 [4]. CoBerckuii Coio3 He UMe
B TO BPEeMsI OITbITA CO3AaHUsI CTOJIb MOIIIHBIX TUAPO-
TypOWH, a KyJbTypa MpOU3BOJCTBA YCTyIaja ame-
PUKAHCKOM (CKa3bIBAJIUCh OTCYTCTBUE KBATU(UII -
POBaHHOI paboYeii CHJIBI ITOCJIE BOMHBI, OTCTAJIOCTh
TEXHOJIOTMI MPOU3BOJCTBA U CTAHOYHOTI'O MapKa).
[IpenmyiiecTBa aMepUKAHCKIX MAIIUH B TOJTHOMN
Mepe MPOSIBUJIMCH B MOKA3aTe/IsIX HaJe>KHOCTU Ma-
LLIMH B TTOCJIEAYIOLIME TO/Ibl AKCILTyaTauu (TaoJ. 1).

ITokazarenn HaIEeXXHOCTU aMEPUKAHCKUX Ma-
mH Jaenpol" D C-1 0b11u Beerma BhIIIe COBETCKUX,
XOT$ 1 paboTaju 60JIbliIe TT0 BPeMEHU B TeHEpaTop-
HOM pexwume. K HacrosmeMy BpeMeHHM Ha
Huenpol’®C-1 coBeTckue MallMHBI 3aMEHEHHI,
a aMepUKAaHCKME TIPOHO0JIKAIOT SKCILIyaTUPOBATHCS
P BBICOKMX MMOKa3aTeNsIX HaAeKHOCTH.

B 11e710M 110 TOCTUTHYTHIM MaKCUMaJIbHBIM 3Ha-
YEHUAM IOKa3aTesIel HaZeXKHOCTU OTEYECTBEHHOE
TUAPOTYPOOCTPOCHNE COOTBETCTBYET MUPOBOMY
ypoBHIO. [ToATBEPXKIEHNEM CKa3aHHOMY CITyXaT
CJIelyIolle TaHHbIE.

Brioopounoe obcnemoBanue 28 'SC B CIIIA
3a mepuod ¢ 1970 mo 1980 rom mokasajo, 4TO
OoCpeHeHHOe 3HaueHHe Koa(dulirmeHTa onepaTuB-
HOI TOTOBHOCTH TUIIpOarperaTtoB — I?OF = 0,95,

a'y 00paTUMBIX THIPOMAIIIMH — HUXKE U COCTaBJISI-
et K, =0,85[5]. B YexocoBaKnM aHAIM3MPOBA-
JINCh CYMMapHbIe HapabOTKH U TTPOCTOU THAPOMa-
muH 23 I'DC ¢ Havajla X Iycka IO MOMEHTa
obciienoBaHus; KOG GULMEHT UX OllepaTUBHOMI
rotoBHocTu K. yauie Bcero Obu1 paseH 0,92—
0,95 [6]. CnemyeT OTMETHUTD, YTO CUTYALIMU C BbI-
XOJIOM THUIPOArperaToB Ha MaKCMMAaJTBHBIN YPOBEHB

Tadonuua 1
Koadpumments nanexuoctn K, u K, arperaros Inenpol'DC-I
3HaueHus1 KO3 MULIMEHTOB HANEXKHOCTH
Kosdbu- B pa3Hble MePUOIbl KaJleHIapHOTo BpeMeHH 7,, 103 yac:
dupma
HACHTBI 40—60 60— 80— 100— | 120— | 140— | 160— | 180— | 200— | 220— | 240—
80 100 120 140 160 180 200 220 240 260
K 0,938 {0,927 | 0,954 | 0,974 | 0,974 | 0,971 | 0,970 | 0,962 | 0,952 | 0,947 | 0,942
JIM3 or
(CCEPY T e 10,928 [ 0,901 | 0,927 | 0,959 | 0,959 | 0,956 | 0,957 | 0,943 | 0,918 | 0,890 | 0,870
Newpot- [?OF 0,961 | 0,972 | 0,975 | 0,982 | 0,982 | 0,979 | 0,976 | 0,968 | 0,956 | 0,982 | 0,983
News
(CILLA) [?;r 0,959 | 0,969 | 0,970 | 0,975 | 0,974 | 0,970 | 0,966 | 0,956 | 0,939 | 0,970 | 0,966
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HaleXXHOCTH CYIIECTBEHHO Pa3HATCS IO BpeMEHU
JUTST pa3IMYHBIX TUAPOCTaHUMM. Tak, BHICOKOHA-
HOpHEIE TUAPOTYPOMHBI YCcTh-XaHTalickoit ['DC
JOCTUTJIM MaKCUMaJbHOW HaleXHOCTU TOJbKO
B TIOCJIeIHME MSTHAALIATB JIET, XOTS K 3TOMY Bpeme-
HU UX CPOK CITY>KOBI MPEBbICUI HOpMATUBHBIN. Ha
Wpkyrckoit 'DC HauBbICINE TTOKA3aTEIN HAJIEXK-
HocTu K, or OBLIM IOCTUTHYTBI [0 UCTEYEHUN HOP-

MaTMBHOTO CpOKa CITy>KObI. DTOT (paKT CBUACTEIIb-
CTBYET O OOJIBIIMX CKPBITBIX pe3epBax B 4acTH
MOBBILIECHUST HAIEXKHOCTU T'MAPOArperaToB U O XO-
poleiil amanTaluy CO3MaHHBIX B COBETCKUE TOHbI
MallMH K COBPEMEHHbBIM TEXHUUYECKUM JOCTUKE-
HUSIM.

Yaiie Bcero rupoarperaTbl ¢ 0OCEBBIMU TYpOU -
HaMM HAYMHAJIM BBIXOAUTH Ha MAKCHUMaJIbHbII yPO-
BeHb HaJexXHocTH nocie ¢, = 50-103 vac.; mpuuem
OCHOBHAasi Macca MalllMH BbIXOJIWJa Ha BbICOKHE
nokazatemu K, .. ¥ K, BO BPEMEHHOM HH-

O I max

tepsaie 60-103—120-103 yac. OxHako GoJee TUITNY-
Ha TEHJEHLMSI MOCTEIeHHOTO CHUXKEHUSI YPOBHSI
HaleXXHOCTU MallIMH, HO KaTacTpO(pUIECKOro ero
naneHust (Koraa rnpekpaiiaercsl SKCriyaTalus Ma-
IIMH) He Haboganoch HU Ha onHoil I'DC paxke
nociae 30—50 et skcruryatanuu. CHUXKEHUE M0-
KazareJsei HageXKHOCTH 000PYI0BaHUS TIOCIE T -
TEJILHOTO Mepro/ia AKCIUTyaTalluy B ITMIPOTYpOHAX
CBSI3aHO, KaK MPaBUJIO, C POCTOM OTKAa30B PECypco-
ONpeAe/IsIoNINX y3JI0B. XOpOoIlIel opraHu3anueii
BOCCTAHOBUTEJIbHBIX PEMOHTHBIX PabdOT MOXHO
MOJIEPKUBATh HAIEXKHOCTb 000PY/I0BaHMS HA BbI-
COKOM YpOBHE O4YeHb 10JIroe Bpemsi. PaboThl 3TOr0
HarpaBJieHUsI ObLTM OCHOBOM TEXHUUYECKOM MOIU-
TuKU Poccuu B 90-€ roabl B ruIpO3HEPreTUKE.

3apy0OexXHbIe UCCICAOBAHNS TAKKE ITOATBEPK-
JAIOT COXpaHEeHWE TUAPOMAIIMHAMM BbICOKOI Ha-
JIeXKHOCTH 3a MpejaeiaMyd HOPMaTHBHOIO CpoKa
CJTy>k0b1 000pynoBaHus. I1o maHHBIM HTHOCTPaHHBIX
CTeMaJUCTOB TUAPOTYPOUHBI MOUIHOCTBIO OT
100 1o 200 M BT co cpokom city>k0b1 30—45 et ume-
M KO3 (PUUMEHTHl OMepaTUBHOW TOTOBHOCTHU
K, . = 0,90—0,94, a Ha TypOMHaxX MOLIHOCTBIO 10
50 MBT ynaBanoch nocturHyts K, . > 0,95 naxe
nocie 60 stet skcrutyarauyu. CaeaHHbIA B TaHHOMN
paboTe BbIBOJ ITPOTUBOPEUHUT OBITYIOIIEMY B HallIei
CTpaHe MHEHMIO, YTO BO3PACT MAIIIMH UTPAET OTpe-
JIEJISIIOILIE IO POJIb B CHUXKEHUM €€ Ha/Ie)KHOCTU M UTO
cemyeT OXMIATh JaBUMHOOOPAa3HOTO HapacTaHUS
0TKa30B 000pYI0BaHUsI MTOCJIE 3aBepIIEHUsI HOpMa-
TUBHOI'O CpOKa CIyKObI [7, 8].

12

CremyeT OTMETUTD, UTO IMMOBBITIIEHHAST HATEeXK-
HocTb obopynoBaHusi 'DC cBsizaHa ¢ 0COOEH-
HOCTAMH TIpuMeHsaeMoil [MaporpoeKToM MeTo-
JHUKU 9KOHOMUYECKOTO 000CHOBAaHUSI MOLIIHOCTHU
I'SC, koropas npenponpenesier Haauuue Ha ['DC
pe3epBa, 00ecrneynBaollero noaaepXxaHue ee ra-
paHTUPOBAaHHEIX IapamMeTpoB [9]. baaromaps
CYIIECTBYIOIIUM pe3epBaM MOIIHOCTH, arperaThl
AKCIUTyaTUpyloTcsl Ha OosbiimHeTBe ['DC B reHe-
patopHOM pexxume 5S0—70 % KaneHmapHOTo BpeMe-
Hu. Haubosbliee ynciao yacoB pabOThl B reHepa-
TOPHOM pexuMe Ha obcnenoBaHHbIX [ DC numeroT
Typ6unbl Upkyrckoit IDC (K, > 0,92), a Hau-
MeHblee — Typ6unbl Yranuckoit TDC (K, =
=(0,2—0,3). OrpannyeHHOe BpeMs pabOTHI arpera-
TOB B TEHEPATOPHOM peKMMe TTO3BOJISIET JeHCTBY-
IOIIUM MalllMHAM COXPaHSITh BBICOKUI YpOBEHb
HaleXHOCTH (BbICOKME 3HaueHue K, ) Jaxe Ha

MOMECHT UX PCKOHCTPYKIINH.

MeToauKa OlIEHKH HAIEKHOCTH padoThI
THAPOArperaToB

B Haimeii pabote ¢ 1ebio pa3BUTHUSI METOTUKNA
OLIEHKM HAJEeXHOCTU THMAPOArPeraToB NeHCTBYIO-
X 'DC ObLIM BBITTOJIHEHBI pacyeThl Koadduiim-

o = ==
€HTOB OIlepaTUBHOI rotoBHocT! K, u K . U

aBaguat 'DC co cpoKoM Ci1yKObI 00JIbIIIE HOpMa-
TUBHOTO. Pe3yIbTaThl 3TUX pacyeTOB ITPeACTaBICHbI
B TaOI. 2.

ITpencraBiaeHHble B TabJ. 2 KO3(pPULIMEHTHI
OTepaTUBHOM FOTOBHOCTH K : + Ha MOMEHT 3aMEHBI

000OpynOBaHUS MOTYT OBITH MPUHSTHI 3a 0OA30BbIC
3HAYEHUsI, MPU JTOCTUXKEHUU KOTOPBIX Ha IPYTUX
I'SC co cpokoM cI1yKObI BbIIlIE HOPMATUBHOI'O TaK-
Ke 11eJ1eC000pa3HO CTaBUTh BOIIPOC O PEKOHCTPYK-
LMK MaIUH I10 YCJIOBUIO HamexXHocTu. [1o cymie-
CTBY, TUAPOCTAHIIMU, PACCMOTPEHHBIE B TaOJI. 2,
aBisoTcsa 'DC-ananoramMu ISt TeX TUAPOCTAH-
LIMIA, HA KOTOPBIX CTABUTCS BOIIPOC O 3aMeHe 000-
pyIOBaHUS MO KpUTEepUIO HajgexHocTu. [Tombop
I'DC-ananora mjst paccmatpuBaemoii 'DC noinkeH
OCYILECTBJIATBCA € yueToM Hanopa (H,,,,) ¥ Ipo-
JOJKUTEJIbHOCTU PabOThI arperaToB B TeHEpaTop-
HoM pexume (K. ). Ecng*c y4EeTOM yKa3aHHBIX

T€H
ycsoBuil koadduuuent K, paccMarpuBaeMoit

'DC menblue koaddunmenta K, ; . I'DC-anairora,

TO 11eJIeCO00Pa3HO CTABUTh BOIPOC O PEKOHCTPYK-
LUY TUAPOTYPOMHBI paccMaTpuBaemoit I'DC 1o
YCJIOBUIO HAJEKHOCTH.
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Taonuma 2

o = =%
3uavenne K03 GuIUeHTOB OnepaTHBHOK roTOBHOCTH K ¥ K, THIPOArperaros.

IIpoekTHBIE TapamMe- MakcuMaabHbIe 3HayeHus mmocie
TPbI TYPOUHBI 3HAYCHUST 1.>200-103 ¢
Tun
HaumenoBanue 'DC S
Hmax’ Dl’ NT’ t}(a K — I? K %
M M MBr | 1034 ren | Ko, or ren | Ko,

Yrnuuckas (arperatbl 1—2) K-91 16 9 55 320 | 0,264 | 0,903 | 0.945 | 0,331 | 0,902
PribuHckas (arperatsl 1—6) 18 9 65 140 | 0,489 | 0,928 | 0.936 | 0,522 | 0,888
Kerymckas (arperatsl 1—3) KMW | 159 | 4,87 | 18,85 | 60 | 0,829 0,946 | 0.939 | 0,480 | 0,904

HIBemus
Kaiipak-Kymckast (arperatbl I1J1-495 | 24,5 5 20,9 80 | 0,611 0,890 | 0.902 | 0,568 | 0,870
1-6)
HapBsckas (arperatsbl 1—3) 25 6,6 48 140 | 0,502 | 0,907 | 0.903 | 0,678 | 0,828
HumnasiHckast (arperatsl 1—4) 23,5 | 6,6 | 41,6 40 | 0,851 10,942 | 0.928 | 0,540 | 0,831
Kamckas (arp. 1—6) [JI1-510 | 21 5 21,8 | 100 | 0,650 | 0,926 | 0.916 | 0,500 | 0,864
(arperatbr 19—23) 100 | 0,361 | 0,903 | 0.928 | 0,558 | 0,897
Hukeroposmckast (arperatbl 5—8) 18 9 59 160 | 0,642 (0,928 | 0.916 | 0,608 | 0,859
Hpkyrckas (arperatbl 1—S8) II1-577 | 32 7,2 90 260 | 0,967 | 0,971 | 0.937 | 0,908 | 0,912
Bonrorpanckas (arperater 1-22) | T1JI-587 | 30 9,3 |108,5| 80 |[0,711]0,926 | 0.897 | 0,673 | 0.877
Kurynesckas (arperatst 1—20) 27 9,3 [108,5| 80 |0,741]0,917 | 0.918 | 0,754 | 0,912
Hdy6occapckast (arperatbl 1—4) | Tampella| 11,5 3,9 10,5 | 200 | 0,900 | 0,945 | 0.920 | 0,797 | 0,872

Ddun-

JIHINA
Yup-kOprckas (arperater 1—2) I1J1-642 | 45,3 3,7 36 260 | 0,850 | 0,937 | 0.888 | 0,750 | 0,874
Yerb-XanTalickast (arperathbl IJI1-5a | 55,5 | 4,1 65 200 | 0,787 | 0,916 | 0.865 | 0,787 | 0,829
1-7)
HMuenpol'DC I (arperator 1—3) NN 394 | 5,426 | 73,6 | 120 | 0,704 | 0,975 0.968 | 0,413 | 0,954
(arperatsl 4—9) Amepu-

Ka

PO-123 | 39,4 | 5,45 75 120 | 0,601 | 0,959 | 0.949 | 0,387 | 0,923
Husa-II (arperatsr 1—4) 37,5 | 2,5 15,3 | 300 |0,931]0,954 | 0.933| 0,928 | 0,928
Verb-KameHoropcekas (arpera- 41,8 | 5,45 85 60 [0,735]0,910 | 0.894 | 0,601 | 0,863
Tbi1—4)
Husa-III (arperarsr 1—4) PO-82 79 2,95 39 60 |0,85210,922|0.909 | 0,797 | 0,896
Puonu (arperatel 1—4) PO-100 | 62 1,75 | 12,6 | 320 | 0,950 | 0,976 | 0.941 | 0,965 | 0,928
Kpacnosipckas (arperatel 1-6) | PO-697 | 100,5 | 7,5 508 140 | 0,690 | 0,915 | 0.884 | 0,563 | 0,841
3emoaBuaibcKkas (arperatel 1—4) | ®-140 | 24,12 | 1,95 3,2 440 | 0,887 {0,970 | 0.954 | 0,835 | 0,949
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BrImoTHe HHBINM aHATA3 HAIESKHOCTH THIIPOTYP-
OWH CO CPOKOM CIIYKOBI BBIIIE HOPMATUBHOIO
ITO3BOJISIET CAEIATh CIICAYIOIINE BBIBOIBI:

J11s1 OLIeHKU HaIeXKHOCTHY TUAPOTYPOVH CIeIy-
€T WCIIOJIb30BaTh (PU3MICCKN 0O00CHOBAHHBIN KO-

o et
5(pGULNEHT onepaTUBHOM roTOBHOCTUA K. TeHe-

pPaTOPHOIO pexuma.

B oGuiem cityyae njist 3aBUCUMOCTEM U3MEHE-
HUs BO BPEMEHH KO3 PULNCHTOB HAEKHOCTH
K. =f(t), K, =f(t)n K . =f(t) xapaKTepHbI
TPU ydyacTKa: HavyaJbHbBII MEepUOa SKCIUIyaTaluu
C MOHUXEHHBIMU 3HAYEHUSIMU TIOKa3aTejei Ha-
JIEXKHOCTU 000pYyI0BaHMsI, TIEPUOJ KCILTyaTalluu
C MaKCUMaJbHBIMU 3HAYEHUSIMU 3TUX KO PUIIN -
€HTOB U NTePUOJ] TOCTENEHHOTO CHUXXEHUS TToKa3a-
TeJiell Hale>XKHOCTU 000pyI0BaHUSI.

CHUXXeHME CO BpeMeHEeM HaIeKHOCTU THIPO-
9HEpPreTUYecKoro odopynoBaHus (BIpoyeM, Kak
U BCeX 00BEKTOB MAaTEPUAILHOTO MUPA) TTOAUNHS -
eTcsl IKCITIOHEeHLMaIbHOMY 3akoHy [10]. Bo3pacrt
TUAPOTYPOUH HE WUIpaeT OIpelesioleil poiau
B CHIDKEHUHU HAJIEXKHOCTU 000pYyI0BaHMsI, U TTOCTIe
3aBepIICHUS ero HOPMATUBHOI'O CPOKa CIYKObI HE
MPOUCXOAUT JJABUHOOOPA3HOTO HApaCTaHUST OTKa-
30B 000PYHOBaHUSI.

3. [IpenyioxkeHa METOAMKA, TTO3BOJISIOLLAS OL1Ie-
HUTH 1e1eCO00Pa3HOCTh PEKOHCTPYKLIMUA TUIPO-
TypOUHBI IO YCJIOBUIO HafexHocTU. OHAa OCHOBaHa
Ha COTMOCTABJICHUM PaCUETHHIX 3HAUeHUI KO3 du-

o =%
LMEHTA ONEePaTUBHOI roTOBHOCTU K. HaMeyeH-
Holi K peKoHCTpyKuuu I'DC ¢ cOOTBETCTBYIOILIUM
=%
kosdpdunuentoMm K I'DC-anaora.
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