Acnupant C.E. Ilerpenko
[TapameTpbl HAAEKHOCTHU IKCILTYyaTALIMK HACOCHBIX CTAHUUNA U MEPOIPUATHUS 110 UX
MOBBILLICHHUIO.

becnepeboitHocTh mogaun W oOecrieueHWE HEOOXOAUMBIX  YPOBHEM
JABJICHUS HAa BCEX Y4YacTKaX CHCTEMbl BOJIOCHAOXKECHHSI B 3HAYUTEIHHOU Mepe
OTIPEJICISIFOTCS  HAJSKHOCThIO  pabOThl  HACOCHOW  cTaHIuu. Hapymienue
HOpPMaJbHON pabOThl CTAaHUUM OOYCIABIMBACTCA PA3TUYHBIMU CIIy4alHBIMU
COOBITUSIMU, B PE3YJIbTaTe KOTOPBIX BBIXOJST U3 Pa0OThI OT/ACIIbHBIC AJIEMEHTHI €€
CXEMBbI (COOpPYXKEHUsI, HACOCHI, PUBOJIHBIC ABUTATEIN, YYACTKH TPYOOTIPOBOJIOB U
Ip.). AHaIU3 U U3YYEHUE BEPOSTHOCTHBIX XapaKTEPUCTUK TaKUX COOBITHH, a
TaKXe OLIEHKA HAJIE)KHOCTU IEUCTBUSA TEXHUYECKUX CUCTEM OTHOCUTEIBHO TEOPUU
HaZeKHOCTA. OOBIYHO TIOJ HAJAEKHOCTHIO TMOHUMAETCS CIOCOOHOCTH HW3EIHS
(371eMeHTa, COOPY>KEHHSI, CUCTEMbI) BBINOJHATH B ONPEACIICHHBIX YCIOBUAX
SKCIUTyaTalliM BCE€ 3aJaHHble (YHKIUU, COXpaHss pabodue MmapaMmeTpbl B
npejenax yCTaHOBJICHHBIX JOMYCKOB, B T€YEHUE TPeOyeMOro HHTEpBajia BPEMEHHU.
[IpuMEHHUTENBHO K TAKUM CIIOKHBIM THJIPOTEXHUYECKUM OOBEKTaM, KaK HacoCHas
CTaHIIMs, HAJCKHOCTh SBIAETCA IIOKAa3aTeJeM KadecTBa B CaMOM IIMPOKOM
CMbICiE ATOTO NOHATHA. (OHa OmpeAeNnseTcs KadyeCTBOM MPOEKTUPOBAHMS,
CTPOUTENBCTBA U IKCILTyaTaLUU.

B mporecce akcrmyatanuy BRISIBISIIOTCS OMIMOKH ¥ TIPOCUYETHI, TOMYIIEHHBIC
npu pa3paboTKe MPOEKTa CTaHIUM, a TaKKe KadeCTBO M3rOTOBJICHUS
CTPOUTENIbHBIX KOHCTPYKIIUN U MOHTaxka oOopynoBanus. [lorTomy Ha mepcoHaie
HACOCHOMW CTaHLIMHU JICKUT OO0JbIIAsi OTBETCTBEHHOCTb, 3aKJII0YAIOIIAsCS HE TOIBKO
B TPaBWIBHOW OJKCIUTyaTallUM COOPYXEHHM, MEXaHW3MOB M MAIlMH, HO U B
CBOCBPEMEHHOM  BBISIBIICHUM M YCTPAHEHUU BO3MOXKHBIX CTPOMUTEIIBHBIX,
3aBOJICKMX U MOHTaXHBIX JE(PEKTOB.

[Ipy BBOJE HACOCHOW CTAaHIMM B  OKCIUIyaTallMi0  HEOOXOIUMO
KOJINYECTBEHHO OILICHUTh €€ HAaJEKHOCTb, OINPEACINTh NPOJOJIKUTEIBHOCTD
paboThl 000pYI0OBaHMS 1O BHIBOJA B PEMOHT, MPOJIOLKUTEIBHOCTh COXPAHEHUS
ONTUMAJIbHBIX MapaMeTpoB M Jp. OcoOeHHO ocTpoit sBisieTcs Mpoliaema
oOecrieueHus HaJC)KHOCTH BCEX AJIEMEHTOB CHUCTEMBI MOCIIE€ PEMOHTHBIX padoT,
IIPOBOJIUMBIX, KaK IIPaBUJIO, B TPYIHBIX YCIOBHUSIX HA MECTE.

Cnenyer Takke MMEThb B BHJY YTO OTKa3bl, BBI3bIBAIOIINE HAPYIICHUE
paboTOCTIOCOOHOCTH HACOCHOW CTAaHIIMH, MOTYT HAOMIOIaThCcs HE TOJNBKO B
pe3yJibTaTe Pa3IUYHbIX NOBPEKICHUN W aBApUU OTHEIIBHBIX 3JIEMEHTOB CaMOWU
CTaHIUU (BHYTPEHHUE OTKa3bl), HO U B PE3yJIbTaTe€ BHEUIHUX MPUYUH (BHEIIHHE
OTKa3bl), KaKk HalpuMep, NpeKpalleHre Mogauu dJIEKTPOIHEPTUU B SHEPTOCUCTEME,

110



HENPEIBUICHHOE TMOBBIIIEHUE WM CHIKEHHE YPOBHEH BOJbI M pPacxoJo0B
BOJOHUCTOYHHKA, PE3KOE YXY/IICHUE KaueCTBA BOJIbI, JIEAOBbIC TOMEXH U T.II.

Hcnonb3yss HEKOTOphIE MOJOKEHUSI MATEMATHUYE€CKOM CTaTUCTUKU U TEOPHUH
BEPOSATHOCTEH, KaXKIO€ ONpPEJIEICHUE MOXHO BBIPA3UTh KOJIWYECTBEHHBIMU
nokasaresssMi. OCHOBHBIMH IIOKA3aTEISIMU HAJIEKHOCTH U1l HACOCHBIX CTaHUUMI
CHUCTEM BOJOCHAOXKEHMsSI M KaHaJIM3alUU SIBJISIOTCSA: BEPOSTHOCTh OE€30TKa3HOM
paboThl, YacTOTa W HMHTEHCUBHOCTb OTKa30B, CpEIHsAs HapabOTKa Ha OTKa3 U
KO3(PPUIIUEHT TOTOBHOCTH.

BepostHocTs 6e¢30TKa3HON paboThl P(t,) €CTh BEPOATHOCTH TOTO, YTO NPH
HKCIUTyaTalliM HACOCHOW CTaHIMU 3a ONpENEJCHHBIM 3aJaHHBI MPOMEXKYTOK
BPEMEHH (, HE INPOU3OWIET HU OIHOIO OTKasa. IIpu mpakTmyeckmx pacuerax
BEPOSATHOCTh 0€30TKA3HOM pabOThl MOXKET OBITh OIpezesieHa o GopMyie

P{tiﬂ,} v |_ND_ n{tﬂ}JJ‘JND' (1)

rae Ny - 4ucio y3/I0B (arperaroB) HACOCHOW CTAaHIMM B Hayalle dKCIUTyaTaluu; n(t,) — 4kciIo
y3JI0B (arperatoB), OTKa3aBLIMX B TEUCHUE BPEMEHH t,.

@Oynxuus P(ty) sBigerca yosBaromen ¢pynkuueit (puc.l). Ilpu t, = 0 P(0)=1,
a mpu BpeMeHH paboThl t=co P(c0)=0. Takum oOpaszom, P(t,) usmeHsercsa B
npeznenax 0< P(t,)<I.

P
1

P(t,)

0
Lot
puc. 1

ITo 'OCT 27.002-89 HagexKHOCTh — 3TO CBOWCTBO YCTPOWCTB, COOPYKEHUH,
CUCTEM U OOBEKTOB B IIEJIOM, a TAKXKe U3/eaui (IPOTYKTOB) BHITIOJHSATh 3aJaHHbIC
GyHKIUHA, COXpaHsIs BO BPEMEHH 3HAYCHHUS HOPMHPYEMBIX (pacUeTHBIX)
OKCIUTyaTAllMOHHBIX TOKa3aTelel B 3aJaHHBIX Mpefesiax, COOTBETCTBYIOIIUX
3aJJaHHBIM PEKUMaM M YCIOBHUSIM HCIIOB30BAHUS, TEXHUIECKOTO 00CTyKUBaHUS,

PEMOHTOB, XpaHCHHA HW  TPAHCIIOPTUPOBAHMA. Z[J'I?I OLCHKHN HaACKHOCTH
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TEXHUYECKUX CHCTEM MPUMEHSIOT TaKK€ KOMILIEKCHBIE MTOKa3aTelId HaJEHKHOCTH,
B YMCJIO KOTOPBIX BXOIAT: KOA(GUIIMEHT rOTOBHOCTH, KO (PUIIMEHT orepaTUBHOMN
TOTOBHOCTH, KO3(P(UUHUEHT TEXHUYECKOTO HCIOIb30BaHUA, KOI(PPUUIUEHT
TUTAHUPYEMOTO TTpUMEHEHUS, KO OUIIMEHT coXpaHeHus () PEKTUBHOCTH.

Cucrema BOJOOTBEACHUS M €€ KaXAbld HEpapXUUE€CKW MOJAYUHEHHBIN
AJIEMEHT, B T.4. U OYUCTHBIE COOPYKEHUS CTOYHBIX BOJI, TAKKE XAPAKTEPU3YIOTCS
pAAOM IOKa3aTesled HaaeKHOCTH. IIpu 3TOM HaIEeKHOCTh €€ JOCTAaTOYHO ITOJHO
MOXXET OBITb OXapaKTepU30BaHA KAaKWM-TO OJHUM IOKa3aTejeM, Hampumep,
MOJAU(PUIMPOBAHHBIM KO3()PHUIIMEHTOM TOTOBHOCTH.

OnmHoll M3 BaXHEHIIMX 3aJa4 Ha JTale NPOCKTUPOBAHUS  SIBISETCS
NpaBUIbHBIA BBHIOOP HOMEHKJIATYpPhl HOPMHPYEMBIX MOKa3aTened HaAeKHOCTH.
HeobocHoBaHHBII BBIOOP 3THUX TOKa3aTeleld MOXKET MPUBECTH K HEMPABUIbHBIM
pEelIeHUsIM TIPU MPOEKTUPOBaHUM cUcTeMbl. [loaToMy mpu BbIOOpe mMoKaszaTenen
HaJEKHOCTU HEOOXOJUMO YUWUTHIBATh Ha3HAUEHHE CUCTEMBI, YCIOBUS U PEKUMBI
ee paboThl, a TaKKEe €€ PEeMOHTONPUTOAHOCTh. KoanmuecTBeHHbIE 3HAYEHUS 3TUX
nokKaszareyied SBIAIOTCS MCXOJHBIMM JaHHBIMU JUIsl pacyeTa HaJeKHOCTH
JJIEMEHTOB, Y3JIOB M BCEl CUCTEMBbl B LEIOM. Bce mMmokasaTenu HaAeKHOCTH
OPOEKTUPYEMOMl  CHUCTeMBbl  JOJDKHBI ~ oOecrieduMBaThb  HOpMalbHOE €€
(GYyHKUIMOHUPOBAaHUE B TEYEHHE 3aJaHHOrO CpoKa JKciutyatanuu. HanexHocTb
BCEH CHUCTEMBl paBHAa NPOU3BEACHUIO HAJACKHOCTEH 3JIEMEHTOB M Y3JIOB, W3
KOTOPBIX OHA COCTOUT.

JIJ1s OYMCTHBIX YCTAHOBOK CHUCTEM BOJOOTBEICHHUS B JIFOOOH MOMEHT BPEMEHU
IpU JJUTENBHOM SKCIUTyaTauuu TpeOyeTcsl OllEHKa COCTOSHUS, B KOTOPOM OHa
OyJIeT HaXOIUThCS MO UCTEYECHUH BPEMEHHU t C yUETOM €€ PEMOHTONPUTOAHOCTU U
BOCCTaHABJIMBAEMOCTH, a TAaK)XE€ BbIBOJA HA padOUYMil pEXUM, YTO MOKET OBITh

OIMMCaHO KOMITJIEKCHBIMH TTOKa3aTeIsIMH HaI)KHOCTH (Tabuma 1).

Tabmuua 1
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KommuiekcHble Moka3aTeny HaJle)KHOCTU OYUCTHOM ycTaHOBKH (OY)

Ha3zBanue Pacuetnas dopmyna XapakTepucTuka
noKa3aress
Beposaraocte TOro, uro OVY oxaxercs
Koapdurment paboTOCIOCOOHOM B NIPOU3BOJIBHBIN
texHosoruueckoit | Ky =T, /(T, + T, | MoMeHT BpemeHu, BKitoyas nepuon Ty, B
TOTOBHOCTH TeYeHue KoToporo Beaercs nyck OV npu
MOCTYTUICHUU CTOYHBIX BOJI.
OTtHomeHue MaTEeMaTUYECKOTO
OKUJIaHUS BpEMEHU oOecrieyeHust
Koapdunuent Ky =T,/ (To+ Ty + HOPMAaTUBHOM OYHUCTKU CTOYHBIX BOJ OY
TEXHUYECKOTO e T )0 " 32 HEKOTOPBIN Neproa 3KcIuryatamuu T,
HCIIOJIb30BaHUS P K CYMM€ MaTeMaTH4eCKuX Oxuaanuu T,
BpeMeHM nycka T, U BpeMEHU PEMOHTOB
T, 3a TOT e MepuoJ FKCITyaTaluu.
Xapakrepusyer CTEIEHb BIIASIHUS
OTKa30B DIIEMEHTOB oy Ha
Kos(uuuert 3 (HEKTUBHOCT OYUCTKH CTOYHBIX BOJI.
COXPAHCHUA K,=0,/0, Omnpenensercs OTHOIIGHHEM O0beMa
P pexTHBHOCTH HOPMATHUBHO OYHIIIEHHBIX CTOYHBIX BOJI
OHCTKH 0, K ob1emy o0beMy (Q)_.[ )
00pabOTaHHBIX CTOYHBIX BOJI.
OTHollIEHHE Pa3HOCTU BPEMEHH DPAOOTHI
Koaddumment T,s m BeBoma Ha pexum T, OY xo

M0JIE3HOU paboThI

Kmp = (Tp6 - TB)/ Tp6

BPCMCHU OYUCTKU CTOYHBIX BOI Tp 3a
OJIMH U TOT KC IICPUO.

Koaddumment
DKOJIOTMYECKOH
s peKTUBHOCTH
oy

Koj =/ (ITy + )

OTtHomeHue TJIAThI 3a copoc
HOPMAaTHUBHO OYHILEHHOW CTOYHOW BOJIbI

Iy (1 Tapud) kK cymme Iy wu
JOTIOJTHATEIBHON TTaThI 3a
CBEPXHOPMATUBHBIN copoc

HEJOCTATOYHO OYMIIEHHBIX CTOUYHBIX BOJ
1 (5 Tapudosn).

HaI/IMCHBHIy}O IMPOAOJIKUTCIIBHOCTL  ITYCKO-HaJIaA0YHbIX pa60T HUMCIOT

(bU3HKO-XMMHUYECKHE TEXHOJOTUU W JUIsl YCIIOBUU TEpUOJAMYEcKoro copoca

CTOYHBIX BOA OHH CTAHOBATCS IMPCANIOYTUTCIbHBIMU. Tor):[a, YUYUTBIBaA Cﬂyan\/’IHBII\/'I

XapakTep 00pa3oBaHMs CTOYHBIX BOJl M HEPABHOMEPHOCTH BOJOOTBEICHUS, BHIOOD

TEXHOJIOTUM OYHMCTKH CJEAyeT BECTU MO MOAUDPHUIMPOBAHHOMY KOIPOUIIMEHTY
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TOTOBHOCTH, YYHTBLIBAIOMICMY BCPOATHOCTHBIC TCXHHUYCCKHC, 3KOHOMHYCCKHC U

OKOJIOTHYCCKHUC COCTABIAIOIINC:

Kyr :S\/KTF'KTH Ky -Kpp - K, (2)

3HaueHus COCTABIJISIOIINX MOTU(DUIIUPOBAHHOTO KO3 huUIueHTa
TOTOBHOCTH MOTYT OBITh TOJYYEHBI OKCIEPUMEHTAIHLHO-TCOPETUICCKUMU
WCCJICIOBAHUSIMH.

[IpennmaraeTcs 11t YTOYHEHHUS BEPOSITHOCTH 0€30TKa3HOM pabOThl HACOCHBIX
cTaHiuii B hpopmymny 1 BBecTH MOAU(DUKAITMOHHBINA KOA(D(DHUIIMEHT TOTOBHOCTH.

Torma dopmyna 1 mpumeT BU:
[Nﬂ — n(t’p)]

X Kyr
N

o

Plty) ~
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