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HAYVYHO-UCCJIEQOBATEJIBCKUH UHCTUTYT UPPUT ALTHH
U BOJIHBIX IIPOBJIEM IIPU TAIIIKEHTCKOM UHCTUTYTE UPPUTALTUN
U MEJIMOPALIUH (HUHUHUBII)

2. Tawxenm, Y3bexucman

B craree paccmarpuBaeTcs 4acThb BONPOCOB YIPABICHHS HaIEKHOCTH
HACOCHBIX CTAaHIMH TP BEPOATHOCTHOM IIPOIECCe IOBPEXKICHNUS OCHOBHOTO
000pyJOBaHUS U COOPYKEHHH.

Part of questions of management reliability pumping station is considered in
article at random processes of the damage of the main equipment and buildings.

B cBs3u ¢ mcuepmanmeM pecypca obopynoBaHus HacocHbIX craHmmid (HC)
Pecriyonmukn  Y36ekncran mo 50...85% mpobnema ympaBieHUS HaJEKHOCTBIO
CTaHOBUTCSI upe3BblYaiiHO akTyanbHOW. B HUMUWBII B 2011-15 rr. mpoBoastcs
paboThI IO YKa3aHHOI mpobieme [1,2].

B coorBerctBum ¢ 3akoHoM PecnyOmuku Y30ekucrtaH «O Oe30macHOCTH
THIPOTEXHUYECKUX coopyxeHuin» (cratbs 6) HUWMBII npoBoauT 3KCmepTU3y
HAJIC)KHOCTH TEXHUYECKOTr0 coCcTOstHUs 1 6e3onacHocTu padotsl ' TC u HC.

OCHOBHBIMH 33/1a4aMU ITPOBEPKU SIBIISIOTCA:

1. YcranoBneHnue GpakTopoB, onpenesiomuX piuck onacaocta HC;

2. BoisBlIeHUE OTKJIOHEHMH OT NPOEKTHBIX PpELICHUH, IOBPEXIEHUH,
Je(heKTOB KOHCTPYKIMH COOPYKEHHH, KOTOPBIE MOT'YT CTaTh IPUYNHOI aBapHid.

W3HOC »iIeMEHTOB TPOTOYHBIX TPAKTOB HAcOCHBIX arperatoB (HA) B
mpolecce AKCIUTyaTallid BCIEACTBME KaBUTAllMM M HWCTUPAHMS B3BEIIEHHBIMU
HaHOCAaMHU TPUBOAUT K YXYALIEHHIO PEKUMOB paboThl. PeMOHTHBIE paboOTHI 110
YCTPAaHEHHIO IOCIEACTBUI HM3HOCA JeTalell MPOTOYHOH dYacTH  TpeOyloT

3HAYUTEIBHBIX 3aTpaT Tpy/da U MaTtepuanos [1].
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Cucrema JMarHOCTUPOBAHUS HAacOCOB MO3BOJIAET YBEIUYUTD
SKCIUTyaTallUOHHYIO0 HAJEKHOCTb, B TOM UHUCIE IyTeM MpPeAOTBPALCHUS MOHTaXa
Je(QeKTHBIX JeTanel, YTOYHEHHs OOBEeMOB MPEICTOSIINX PEMOHTHBIX PAa0OT I
BOCCTaHOBIIEHUS pabOTOCIIOCOOHOCTH arperaTos.

Jnis OIIeHKH HaJIe)KHOCTH OOBEKTOB BBIITOJHSIOT CIICIYIOIIEE:

- NPOBOAST aHAJIU3 BO3MOXKHBIX OTKa30BbIX cuTyauui. [Ipu orcyrcrBuM
COOTBETCTBYIOIIUX MAHHBIX HCIOJNB3YIOT HH(MOPMALUIO TI0 OTKA30BBIM CHTYAIHSIM
AHAJIOTHYHBIX OOBEKTOB;

- CTPOAT MOJENTH OTKa30B IO BEPOSATHOI OLEHKE MOSBIECHUS KOHKPETHBIX
OTKa30BbIX cuTyalnuil. [[poBoadT cxemaTu3alno CUCTEMbI U BHEILIHUX BO3JCHCTBUI;

- BBIOMpAIOT HanboJee paroHaIbHBIC KOTHYECTBEHHBIC TPU3HAKN Ha OCHOBE
Mojieniell OTKa30B. BpIOMparoT mokasaTtenn KadecTBa M OO0JACTH JIOIYyCTHMBIX
COCTOSTHHI C TOYKH 3pCHHS KauyecTBa. BBIOOp OCYIIEeCTBIIsICTCS Ha OCHOBE TEXHUKO-
SKOHOMHUYECKUX COOOPaXCHUH C y4ETOM TEXHOJOTHYECKHX, IKCIUTYaTal[HOHHBIX H
JpyTux TpeOOBaHUIH;

- YCTaHaBIMBAIOT PACUETOM CpEJHHME 3HAYECHUS MO JAHHBIM aHAJIOTUYHBIX
00BEKTOB, CpPEIHHE KBAJPAaTUYECKUE OTKIOHEHHS U KOPPEISIMOHHBIE MOMEHTHI
MIPEETbHBIX U ACHCTBYIOINX 3HAUCHUH KOJMYECTBCHHBIX IPU3HAKOB,

- YCTaHABIMBAIOT KOJIMYECTBCHHBIC ITOKA3aTENM HAMEKHOCTH 3IEMCHTOB
(0OBEKTOB) MeTOJIaMH, U3JI0XKEHHBIME B [1,2]. OYHKIHS HAEKHOCTH OTPEACIACTCS
KaK pe3yNbTaT yueTa psaa (pakTOpOB: BHEIIHEH CpPEIbl, TEXHOJIOTHYSCKUX CBOWCTB
CHCTEM, IKCILTyaTallHOHHBIX TPEOOBAHUH U T.11.;

- CpaBHMBAIOT IIOJIyYCHHBIC [IOKA3aTCIU HAJCKHOCTH OOBEKTOB C

Tp36yeM])IMI/I IO TEXHUYCCKNM YCJIOBUAM MOKA3aTCIIAMU HAJCKHOCTH.

; (M

rae Py, — pacyeTHOE 3HAYCHHE HMKHCH TI'DAHULEI OLICHKHM BEPOATHOCTH

P,.2P,

pacy

6e30TKa3HOI paboThL; P,, — TpeOyemoe 3HauYeHHEe BEPOSTHOCTH.
Korna yciosue (1) He BBIIONHACTCS, TPEOOBAHHE IO HAJC)KHOCTH CUUTACTCS
HEBBINIOJIHEHHBIM M HEOOXOIMMO IPOBECTH JOPabOTKy, KOTOpas oOecHequT

BBIIIOJIHCHHUE COOTHOIICHU .
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IIpu omeHke mnapaMeTpU4YecKoil HAAEKHOCTH YCJIOBHE HAAEKHOCTU

3aMHUCHIBAETCS CIEAYIOIUM 00pa3oM:
1I12B, )

rae [l — TOTeHIHMadbHAsA CIIOCOOHOCTh KOHCTPYKIHH ITPOTHBOCTOSATH
BHCITHUM BO3JICHCTBUSAM; B — BHEIITHEE BO3JICHCTBHE.

HepaBeHcTBO (2) MOKET BBIp@XaThb YCIOBHE HAJEKHOCTH OOBEKTa IIO
TI000My  TIPEENIbHOMY —COCTOSHHIO — (YCTOMYMBOCTB, HeECyIlas CHOCOOHOCTS,
neopMaTUBHOCTE M T.A.). B MOXET BBIpAXaTh Kak BHEIIHWE BO3JCHCTBHUS, TaK U
BO3HHKAWOIIMEe OT HUX aAedopmaruu. B obmem ciaydae Bce pacdeTsl 0OBEKTa,
o0ecTieunBaloIUe ero HaeKHYI0 paboTy, MOTYT OBITh CBEJICHBI K PABEHCTBY

Y-%,20

rme Y, - cyMMa BHYTPEHHHX (DaKTOPOB, XapaKTepH3yIomas Ipeaesn
Jomyctumoi nedopmarnun; Y, - cymMmMa BHEMIHMX (DaKTOPOB, XapaKTEpU3YIOIIas
JEHUCTBYIOIIME HArpy3KH IpM HMX HauOoiee HEBBITOJHOM codeTaHud. Torza
HaJIeKHOCTh 00BEKTA OIPEJIEITUTCS BEPOSTHOCTHIO 3HAYESHHI OOJIbIIIe HYJIS

P=P(v=0)

ITorox oTka3oB compsratomux coopyxenuit HC B oOmem Buae MOXKHO

OTIPEJICTUTh MHOTOMIapaMeTPHUIecKOll (PyHKIMEH, KoTopast UMeeT TaKOH BUA:

wm#Mm%m%m%m%m@mmw

@,(7) ®,,(7)_

e 00OOIIEHHBI TapaMeTp THAPABINYECKUX YCIOBHIA;

YCJIOBMM pa3MbIBa WM 3aUJICHUS; @,,(7) _ KOHCTPYKTUBHOM HaJIeXKHOCTH; @..(7)_
TeOJIOTMUECKUX M TEeOTEeXHUYECKHUX YCIOBHM KaHala; (D) mmarnaeckux

YCIIOBHH; 0,() YCIOBHH 3KCIUTyaTalWu; ®,(7)_ HEYYTEHHBIX TIPUBEICHHBIM
nepevyHeM (paKTopoB.

Kaxnplii 0000mIEHHBIH MapaMeTp MOXKET OBITh PAacwIEHEH Ha OT/eNbHbIC
napameTpsl. Tak, 06001IeHHBII MapamMeTp KOHCTPYKTUBHOHN HajaexHocTd HC MoxeT
OBITH IPEICTaBIICH KaK (DYHKIUS OTJCIbHBIX ITAPAaMETPOB.

0, (1) = flo,. ()0, @),0,. )]

s
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By (7)

rie - mapaMeTp COBEpILICHCTBA MPUEMOB Pacyera; @, (7) napamerp

coBepeHcTa cxemsl HC; @) _ rapaMeTp COBEPIICHCTBA TEXHOJIOTHH.
ITpn onenke Hagexnoctn padorel HC, xorjga oHa paboTaer ¢ mepephiBaMH,
MO’KHO MCHOJIB30BaTh (POPMYITy JUISl pacuyeTa TOTOBHOCTH 00OBbEKTa

T

= G.0.
‘ Tﬁ.o. + TB
>

rae Lo - cpemHee BpeMsi 0€30TKa3HOH paboThl; T - BpeMs BOCCTAHOBIICHUS
HC (wm apyroro smemeHTa).

B obmem Bune padortocrnocodHocts HC MOXHO OXapakTepu3oBaTh OJHUM
o0mmM  ompenensomuM  napametrpoMm  (Hampumep /). OOmacte 0€30TKa3HBIX
COCTOsIHMM 0ObekTa ompejensercs ycnosuem I, < I, obnactb 0TKa3oB - I, > Iy,
YcioBue BEpOsITHOCTH O0€30TKa3HOCTH TIPH 3TOM MOYKHO MPEJICTABUTh KaK:

Bep{l

w1y =u>0}
)

rae Iy, - Opelie]bHOE 3HAU€HUE ONpPEAEIISAIONIEro IapaMerpa, Ipu KOTOPOM
HacTymaeT oTka3; [, - jeiicTBylomiee nHpu OOBIYHOM OKCIUIyaTallMd 3HAuYCHHE
rapameTpa, pu KOTOPOM 00BEKT (pyHKIMOHUPYET OE30TKa3HO.

B 2011-14 rr. corpyauuku nabopatopun HCuD mpoBenn KOMIUIEKCHOE
obcnenoanne HC: ronoBueix kpynaeitmmx B CHI' HC Kapmuackoro KMK u Amy-
Byxapckoro ABMK 1o orieHKe TEXHHUECKOTO COCTOSHUS M onpeieicHus (HakTopoB
HaJeKHOCTH W Oe3omacHocTH 3kcruryararun HC. Tlpu 3ToM o0coboe 3HaveHue
MIPUOOPETAIOT yCTaHOBJICHHE OE30MACHBIX PEKMMOB IIEPEXOJHBIX MPOLECCOB B
KaHamax U TpyOompoBojax HC, omneHka BIMSHHS HAHOCOB M  IIIABHHKA,
COZIEPXKAIIMXCSl B IEpeKayrMBacMoOl BOjE Ha pPabOTOCHOCOOHOCTH 000pYHOBAHMSA
CTaHIMi, pa3paboTka 3P HEeKTHBHBIX CPEJCTB OOPHOBI C MIABAIOIINM MYCOPOM.

HonyquHHe KOJIHMYCCTBCHHBIC 3aBUCHUMOCTH IIO3BOJIAKOT OILICHHUBATH
B3aNMMHOC BIIUSIHUEC KOHCprKHI/Iﬁ TUAPOTEXHUYCCKUX DJICMCHTOB y3ja
MaIIMHHOT'O0 BOJOmoOxbeMa M paboTsl HacocoB. Ecmm mpencraBute HC kak
COBOKYIHOCTb IOCJIEIOBATEIbHO COCAMHEHHBIX JJIEMEHTOB, OTKa3 OJHOTO W3

KOTOPBIX NPUBOAUT K OTKA3y BCCI0 KOMILICKCA, TO HA 3JICMEHTHI HNOABOAANINX
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YCTPOWCTB TNPUXOAUTCS 3HAYUTENbHAs CTAaTHCTUYECKas 4YacTh paclpeaeieHHs
BEPOSITHOCTH OTKA30B.

K 3akoHOMEpHBIM OTKa3aM MOXHO OTHECTH BBIXOJ M3 CTPOs paboumx
KOJIEC HacOCOB M3-3a a0pa3WBHOTO M KaBUTAI[MOHHOTO M3HOCOB JOMACTEH, a TaKkKe
UX TpeHMs (3aJeBaHMs) O BHYTPEHHIOIO MOBEPXHOCTb KaMEphl, YTO HHOTAA
NPUBOJUT K OOPBIBY JIONIACTEH M aBapHH C MOJOMKOM KOPITyCHBIX 4acTeil Hacoca.
OkcrulyataliioHHass — HaJgekHOCTh  HA  3aBuCHUT  Takke OT  COCTOSHHSA
BBINIPABIIONIETO  amliapaTra, H3HOCAa [OCAJOYHOTO MeCTa ¥ BKJIAJBIIICH
MOJIIMITHUKOB HACOCOB | T..

[TosToMy Hapsay ¢ BOIpOCaMHU CIEHATFHOTO KOHCTPYKTHBHOTO PEILICHUS 110
YCHUJICHHIO Y3JIOB, MOJBEPKEHHBIX Ham0OOJee WHTCHCHBHOMY H3HOCY, HEOOXOIMMO
METO/IaMH JHarHOCTHPOBAHUS YTOYHATH CTEIICHb BIMSHHUA KaKIOTO DIIEMEHTa Ha
JIOJTOBEYHOCTH paboTHI arperara [2].

3HauuTeNIbHOE BHUMAaHWE ISl CO3JaHUsl CHCTEMBbl AMarHoctupoBaHms HA
JMKTYETCsl XapaKTepoM JKCIUIyaTalluk M TpeOoBaHHWEM Oe30CTaHOBOYHOW pabOThI
Bcex HA B mepuo MONUBHOTO CE30HA.

B OosplmHcTBE cilydaeB MosBieHHE Je(EKTOB Ha padoTarolleM arperare
COITPOBOX/IACTCS YBEIWYEHHEM OOIIEro YpOBHS BHOpAIMM, YTO MOXET CITy>KUTb
JUAarHOCTUYECKNUM TPH3HAKOM TIEPBOI OYepeay CHUCTEMBI THarHOCTHKW. Hampumep,
IIPH OTPBIBE HWKHErO o0TeKaressl pabodyero Koyieca oOMMA YpOBEHb BHOpAIMHU IO
BCEM HANpPABICHUSIM (BEPTHKAIBHOMY, paJHaIbHOMY | TAaHTCHIHAIBHOMY)
Bo3pactaer. OfHAKO NPH TOSIBICHHH Ae(PEKTOB MEXAaHWYECKOro xapakrepa B HA
o0IMi YypOBEeHb MOXET HE YBEIMUYHMBATHCS, HO NPOU3OHAET IepepacnpeliesieHue
MHTEHCUBHOCTH BUOPAIMU 110 OTJEIBHBIM COCTABISIONINM criekTpa. ClieoBaTeNnbHo,
JUATHOCTUYECKUM IPHU3HAKOM BTOPOHM oOuepenn JIUarHOCTUKHM OyJIeT OlLeHKa
WHTEHCUBHOCTH COCTABILIIONMX criekTpa BuOpanuu. [Tossrenue nedexra B HA He
NPUBOIUT Cpady K AaBapUHHOW CHTyallid, HO JOCTIDKCHHE OTACIBHBIMH
COCTaBJISIIOIIMMH CITEKTPa BUOPAITHH HHTEHCHBHOCTHIO 0,1 M/c” sBIIsIeTCS PH3HAKOM

npeaaBapuiHON CUTYaLUH.
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CyliecTBeHHOE 3HA4YE€HHE B OKCIUIyaTalluu yJelsieTcs Takke padore
cH(OHHBIX BOIOBBIITYCKOB M 0COOCHHO KI1amaHoB cpbiBa Bakyyma (KCB) ot koTopsIx
B 3HAUUTEIBHON cTeneHn 3aBUCcHT d(dekTuBHOCTS AericTeusa HA. Pa3psaka cudonos
B ciydae HerepMmernmyHocTH KCB mpHBOIUT K YBETHMUCHHIO HANOPA, CHIDKCHHIO
nonaun u KIT/I macocoB. HecBoeBpemenHoe cpabarsiBanne KCB Ha oTKpbITHE ITpH
OCTAHOBKE YCIIOXKHSET yCIOBHS pabOTBI HACOCA, CIYXKUT NPUIUHON IOBBIIICHHON
BHUOpPAIMH KOHCTPYKTUBHBIX y3JI0B 000pynoBanus u 3aanus HC.

Takum o6pasom, Hajge:xxHocTsb HC, B OCHOBHOM, 3aBHCUT HE TOJBKO OT
TEXHOJOTMYEeCKOM CXEeMbl M MPOEKTHBIX PEIICHUH, HO U OT CHUCTEMBI KOHTPOJSI
6e30macHOCTH, NPaBIIBHO HAJTAXKCHHOW AMArHOCTHKH M AKCIITyaTaluu. B xauecTse
KPUTEPHEB TIPH YIIPABICHAN HAJAEKHOCTH HCIOIH30BAHBI CICTYIONINE TIOHITHS:

-KouTponmpyemsle TOKazaTenN - W3MEpsIeMBIE C ITOMONIBI0 TEXHHYCCKUX
CPEACTB, KOJIMYECTBEHHBIE U KAUECTBEHHBIE XapaKTepucTUKHU cocToanus HC;

-JlnarnocTryeckne TIoKazaTeaM - HauOojee 3HAUYMMBIE JUIA  OLCHKH
coctrosauss HC KoHTponupyeMmble IOKa3aTeldd, M[O3BOJSIONME JAaThb OLEHKY
0€30MacCHOCTH CHCTEMBI B I1€JIOM WJIH OT/ICJIbHBIX JJIEMEHTOB.

M3 pacueTHbIX COYETAHMH  HArpy30K U  BO3JECHCTBUM, KOTOPBIC
pEeTIaMEHTUPYIOTCA ACHCTBYIOIIMMH HOPMaMH, (HOPMHPOBANUCH JIBE TIOJIHBIC
TPYNITBl COOBITHH: COYETAaHWsS TEpHoJa IOCTOSIHHOW SKCIUTyaTallMd M COYCTAHUS
TeproIa BPEMEHHOM dKCIuTyaTanuu (tadimma 1).

PesynpTaTel pacdyeToB JOMYCKaEMOrO HOPMAMH PHCKA IO TIPEAENBHBIM
COCTOSTHHSIM TIepBO# rpymibl aeMenToB HC cBeneHsl B Tadmuie 2.

XapaKkTepHbIMHU SIBISIIOTCS 00Jiee BBICOKME 3HAUCHUSI HOPMATHBHOI'O PHCKA,
JIOMyCKaeMOr0 B TEpPHUOJ BpeMEHHOH »skcruryaTanuu. OJHAKO 3TO  BIIOJHE
00BACHIMO, TaK KaK IPH BCEX MPOUYMX PABHBIX YCIOBHUAX B JAHHOM CIydae MMeEeET
MECTO U OMaCHOCTh CTPOUTENHHOTO TIEPHO/Ia U PEMOHTA.

Tabmuma 1. JlomyckaeMble HOpMaMH 3HaU€HHS PUCKA MTPEBINICHNAS HOPMaTHBHBIX

3HAYEHHH CHJIOBBIX BO3JCUCTBHI 10 paCUSTHBIM COYCTaHUAM, 1/Tox

‘ Kiace | Coueranus nepuoja BpeMEHHON U MOCTOSIHHOM AKCIUTyaTaliuu
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coopy | OcuoBaoe | Ocoboe mo | Knumaruuec | Ceicmudeck | [Tpu B mepuon
JKCHUA Makc. KUMH MU HapyueHusax PEKOHCTPY
pacxonam BO3/ICHCTBYA | BO3JCHCTBUS | HOPMAJIBHOM KIHH
MU MU OKCITyaTalluu
I 107 5%107 2%107 107 2%10° 2¢10™
(0,9999)
i 107 5%107 2%107 107 2%107 2%107
(0,999)
I 6¥107 2%107 1.5%107 5%107 2¢10™ 1.2%107
(0,994)
v 107 4*107 4*107 107 107 2%107
(0,99)
IIpumeuanne: B ckoOkax yka3aHa BEpPOSTHOCTh peaH3alldd PACUCTHBIX
COYETaHUM.
Tabmuma 2. Pruck peanusanuu mpeaeTbHbIX COCTOSHUAN TIEPBOH TPYTIITHI JICMEHTOB
Knace [Tepuo1 BpeMeHHOI dKCIUTyaTaluu [Tepuos NOCTOSIHHON DKCILUTyaTalluu
. | Bepxnsa rpanuna | Huwknaa rpanuna | Bepxusas rpanuna | Hmknssa  rpanuna
COOPY>KEHHUH
pHUCKa pHUCKa pHUCKa pHUCKa
I 10 7*10° 5%10° 3*10°
il 10° 8*10” 5%107 4*10”
il 7*1073 5%107 4*10° 3%107
v 1.2%107 910~ 6*10” 5%10”
IlosyueHHble 3HAUY€HUST HOPMATUBHOIO pPHCKa B LEJIOM COIJIACYIOTCSl C
JAHHBIMH ~ CTATHCTHKM aBapuii Ha ruapocoopyxkennsx (10°-107 1/ron B

3aBUCHMOCTH OT THIIA COOPYKEHUH U IPYTUX (HakTOpOB).
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