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WCCIIEAOBAHUE YNPABNEHUA TEXHONOMMYECKUMU PEXXUMAMU
COnPArALLWKUX COOPYXEHUN HACOCHBIX CTAHLUUA
C NEPEXOAHbLIMU NMPOLIECCAMU

O.A. I'nosayxkuii, 0.X. Huzamos, A.H. Az3umos, III.M. Illapunoe
(HUUUBII npu THHUM)

The Considered particularities of the connecting processes in pressure pipe line pumping station.
Examination of the row pumping station in Zarafshan and Navoyi region has allowed to elaborate main
types disadvantage mode at emergencies.

Paccmompenvl ocobennocmu nepexoOHvlx npoyeccos 6 HANOPHLIX MpPYyOONnpoe00ax HACOCHbIX
cmanyuii. Obcnedosanue psoa HACOCHbIX cmanyutl 8 3apaguanckom u Hasotiuckom paionax no3eonuno
VMOUYHUMb OCHOBHbLE 8UObl HEONAZONPUAMHBLX PEHCUMO8 NPU ABAPULUHBIX CUMYAYUSIX.

Hacoc cmanyusnapoa 6ocumau  mpybonpogoorapoacu ymuui HCApACHUHUHE Y3Ued  XOC
xycycusmaapu Kypub uwukunean. 3apaguon éa Hasoutl sunosmuapuoacu Kamop HACOC CMAHYUSLAPUHU
MeKWUpeanoa agapusi Xoramuodzu HOKYIAU PelCUMIAPHUHS ACOCUTl MYPAAPUHU AHUKLIAW2A UMKOH
bepou.

B pesynprare BHIMONHEHHUS OTIAEIBHBIX STANOB (YHIAMEHTAIBHBIX HCCIENOBAHUHA TIO TPOEKTY
KX®-5-016 B 2012 r. mpoBeaeH psaa paboOT K TEOPHUH YIPABICHHS TEXHOJOTHYECKUMH PEKUMAMU
compsralomux coopykeanii HacocHbix cranumuii (HC) ¢ mepexomnsiMu mpomeccamu. PaccMOTpeHBI
O0COOCHHOCTH TEPEXOAHBIX MPOLECCOB NPH HEYCTAHOBUBLIEMCS JABIKEHHHM >KHIKOCTH B HAIOPHBIX
TpyoomnpoBogax HC.

Oo6cnenosanne psma HC B 3apadmanckom u Haoiinckom BYWC mo3Boiuio yTOYHHTH
CIENyIoIlNe BUABI HEYCTAHOBHBIIMXCS PEXHMOB MpPH aBAPUHHBIX CHUTyalHsX: Tpex(dazHoe KOPOTKOE
3aMBIKaHWE Ha IIIMHAX, COMPOBOXKJIAMOIIeecs OTKIIOUYEHWEeM CTAaHIUH OT CETH W IIOJHOW OCTaHOBKOH
HacocHBIX arperatoB (HA); aBapus B 3HEpreTHUYECKOW cCHUCTeMe, NMpuBomsmas k otkiodeHuto HC ot
CUCTEMBI; THAPABIMYECKUN yaap, pe3koe H3MEHEHHE CKOPOCTeH TEeUeHHUs M JaBICHHH B HAIOPHBIX
TpyOOIPOBOJaX B pe3yibTaTe PEryJMPOBAHUS 3aJIBIKEK, TUCKOBBIX 3aTBOPOB, OOPATHBIX KIIAIAHOB MPHU
MMyCKax W ocTaHOBKax HA; momMmakHble peXUMBI IIEHTPOOEKHBIX HACOCOB BO BpeMS ITyCKa; Pa3rOHHEBIE
PEXMMBI HACOCOB BO BPEMs OCTAHOBKM NPH OTKPHITBHIX 3aJ[BUXKKaX Ha HAIMOPHBIX TPYyOOINPOBOAAX HIIH
3aKpBITBIX KJallaHax CpblBa BakyymMa Ha cu(OHHBIX BogocOpocax. B OoxbmmHCTBE ciiyuaes
HEYCTAHOBUBIIHECS PEXKHMBI CBA3aHBI C IMYyCKOM WM OCTaHOBKOH HA W HMEIMMMHUCS TPH 3TOM
W3MCHEHUSIMU JABJICHUS U TIOJAYH.

Bo Bpemst o6cnenoBanns HC «Mexnato06oxa 3» Bozxa 10 BOAOBBITYCKa HE AOXOTUT MpH paboTte
OJIHOTO M3 JIByX MPOEKTHBIX arperatos, T.e. HC He BBINOIHAET MPOEKTHBIE PeKUMEI. 3apUKCHPOBAHBI TPU
OonpIINe ACHCTBYIONINE HECAaHKIMOHWPOBAaHHBIE BPE3KH B HANOPHBIM TpyOOMpOBOA, B TOM YHCIE C
OonpmuM  pacxomoMm B kaHan «[Iporpecc». B pemontre Haxomutcs nBa HA mpu orcyrcTBHH
anektponpurareneil. [lpuumHa - yclIOBHS OJKCIUTyaTallili OpW HEYCTAaHOBHBIIMXCS IHIpoleccax u
HEKA4YeCTBEHHBI PEMOHT JJIEKTPOABUTATENEH, MPUIEM CTATOpP OJHOTO W3 HHUX Cropei IOCIe PEeMOHTa
yepe3 1,5 ywaca mocine BriarodeHus. B 2011 r. Obul mpopBaH HAMOPHBINH TPyOONPOBOJI, YTO HPUBENO K
MOJIHOMY 3aTOIUICHHIO cTaHIuK. Ha HamopHoM TpyOompoBoje He paboTaloT MPOEKTHBIE BAaHTY3BI M
obopyioBaHWE HAXOIUTCS TOJ MOCTOSHHOW YTpo30# THApaBIWYECKOro yaapa. [IpomomxkuTrensHOCTH
oTkimoueHui B yacax Ha HC «Mexnaro6on 3» B mepuoy Beretanuu 2012 r. yBeIH4mIach 1Mo MecsIiam:
MapT - 148, anpens - 96, maii - 288, urons - 532, utons - 738, Bcero — 1802 4. Takum oOpa3om Bpems
skcmuryataruu HC npu HeyCTaHOBUBIIMXCS MPOIECCaX MOCTOSHHO BO3PAcTaeT.

Oco0eHHOCTH TMEepeXOoJHBIX MPOIECCOB TPH HEYCTAHOBHBIIEMCS JBI)KCHHH JKUAKOCTH B
HanopHbeIX TpyOomnpoBonax HC ycraHOBIEHBI Ha OCHOBE aHalM3a TEXHOJOTHH OJKCIUTyaTalHuH
BOJOBBIITYCKOB, IPEPHIBAIOIINX 0OpaTHBIN TOK BOJIBI B HanOpHbIe TpyOonposoasl HC.

B Hacrosmee Bpems HC mpoekTtupyioTcsa, B OCHOBHOM, 0e3 ydeTa THIPaBINYECKUX MPOIECCOB
COTPSTAIOIINX COOPYKEHHWH, BIMAIOMNX Ha paboTy arperara. lccrenoBarenbCckue WCIBITAaHUS
HEYCTAHOBHUBIIMXCS HEOJNAarONMPHUATHBIX PEKUMOB, HOCALINE WHAMBHIYAJIbHBIM XapakTep, IOKa
HEJIOCTAaTOYHBl JUIsl  JaibHEHIIero moBbIIeHHS JS()PEKTUBHOCTH METONOB  OJKCIUIyaTallud |
YCOBEPIICHCTBOBAHUS 3aIIUTHBIX KOHCTPYKIH# [1, 2].

CyuiecTByIOUIME 10 CUX IOp IPEANIOKEHMS IO YIYUYIIEHUIO paclpeiesieHus CKOpPOCTeW MOToKa



HMEIOT MHOTO IIOJIOKUTENBHBIX CTOPOH, HO BCE OHH COIPSDKEHBI C HEOOXO0ANMOCTHIO OCTAHOBKU CTAHIUH
Ha BpeMs PEKOHCTPYKIUH (YTO B YCIOBHAX KPYTIOTOAMYHOTO, KPYTJIOCYTOUHOTO IMKJIa HEBO3MOXKHO);
TEXHUYECKHE TNPEIJIOKEHHUS, U3JI0)KEHHBIE B JTOW paboTe, MPEANONaraloT MPOBEIECHUE MOHTAXKHBIX U
CTPOHUTENBHBIX PabOT IO YCTaHOBKE YCTPOWCTB AJs BBIPAaBHUBAHUS CKOPOCTEH IOTOKA, HE Hapyllas
Tpebyemoro putma Bogonogaun HC u ciioxHbIe TepexoHbIe MPOIECCHI.

[loaneMeHTHBIH aHaMM3 METONOB YIpPaBICHUS TEXHOJOTMUECKUMH pPEXHMaMHU COMPSTAIOMINX
COOPYXEHHUH € IEPEXOIHBIMU IPOLECCAMH BKJIIOYAET:

- aHaJIU3 BO3MOXKHBIX PEKUMHBIX CUTYaIuil, CBSI3aHHBIX C NTepexoaAHbIMH npoueccamu Ha HC;

- Mozenu BHemHUX Bo3aeicTBUA Ha HC c yd4eToM TEXHOJIOTHYECKHX, JKCIUTyaTallMOHHBIX M
OpYTrux TpeOOBaHU;

- cpeoHHe KBaJApaTHYHbIE OTKJIOHEHHUS U KOPPEJIALHMOHHBIE MOMEHTHl IIpEeNeibHBIX H
JNEHCTBYIONMX 3HAYCHUN KOIMYECTBEHHBIX IPU3HAKOB;

VYnpapieHue pexrMaMu CONPATAIONINX coopykeHud kpymHod HC B oOmeM Buae MOXHO
ONpeAeauTh MHOTONIapaMeTPHIeCcKOl (yHKIMEH, KOTOpas UMEET TaKOH BU:
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IIpu omenke paborst HC mpu HEycTaHOBUBIIMXCS HEOJArONPHUATHBIX PEKUMaxX MOXKHO
UCTONB30BaTh (HOpPMYIy AJis pacueTa TOTOBHOCTH OOBEKTa, KOTOPas YYUTHIBAET OTHOIIECHUE BPEMCHH
pabotsl anemernToB HC mpu HOpMaIbHBIX pekuMax KO BpeMeHH Bceit pabotsr HC.
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Vkazauablii kodp¢uuumeHT K, yuuTBIBaeT 3amepkKKy IMycKa HACOCHBIX arperatoB IOCie
OTKJIIOUCHUS DJICKTPOIHEPTUU M3-3a MeperpeBa B xkapkuii nmepuona roga. Takas 3amepxka Ha HC «Ilaity,
«CyBun» B aBrycte 2012 1. cocTaBisia B cpeiHEM 2-3 yaca MMocie KaXxJa0ro OTKIIOUEHHUS.

OGnacTh cocTosgHUM 00bEKTa onpenenseTcsa Takxke ycaosueM I, < I, obmacte oTkaszoB - I, > I,.
VYcnoBue BepoATHOCTH O€30TKAa3HOCTH IIPH 3TOM MOXHO IIPEICTaBUTh KaK:

Bep\l,, ~1, =u >0 (4)
rie I, - TmpenenbHOe 3HAueHHE ~ ONPEACHAIONIEr0  IapamMeTpa  HEyCTaHOBMBIIMXCS
HEOJIaronpusATHBIX PEXUMOB, PU KOTOPOM HAaCTyHaeT OTKas3;



I, - meficTBytomee Mpu OOBIYHON HKCILTyaTaI[i 3HaYEHUE TTapamMeTpa.

IIpu aToM ocoboe 3HayeHHWE TMPUOOpETaeT YCTAHOBIEHHE PEKUMOB MEPEXOJHBIX IMPOILECCOB B
KaHamax, cupoHax W TpyOompoBomax Ha kackagax HC, omeHka ux BIHsHUS Ha padOTOCIOCOOHOCTH
000pyIOBaHUS CTAHIIHH.

[TomyyeHHblE KOJMYECTBEHHBIE 3aBUCHMOCTH IIO3BOJISIIOT OLIEHWBATh B3aWMHOE BIIHSHUE
KOHCTPYKIWH THAPOTEXHUIECKUX AIEMEHTOB y3Jia MAaIIMHHOTO BOJOTOABEMA U pabOTHl HACOCOB.

TpyaHocTH U3MEpeHHs MapaMeTpPOB B  YCIOBHSAX  JKCIUIyaTalMd  HEYCTAHOBHUBIIUXCS
HEOJarompusATHBIX PEXHMOB HE SBIAIOTCS OCHOBaHMEM K TOMY, 4YTOOBI HE YCTaHABIHBATh
9KCITyaTallMOHHBIE JOMYCKH, TaK KaK MOTpeOuTeNh 0e3 yKa3aHus 3TUX AOMYCKOB HE CMOXKET MPaBUIBHO
OIICHUTH 3P (HEKTUBHOCTH pabOTHI HACOCA B CUCTEME.

ABTOpBl ~ NpeAJararoT MOCPEACTBOM  IIOAJIEMEHTHOTO  aHajuW3a METOJO0B  YIIPABICHUS
TEXHOJIOTHYECKUMH PEKHMaMH COMNPSTAIOMINX COOPYXXEHHH C IEepeXOJHBIMH IIPOIeccaMU yKa3aTh
«topor» 3¢ dekTuBHOM 3KcIuTyaTanun HA.

B pganpHeHmmX UWCClIeNOBaHHMAX HEOOXOAMMO YyAENUTh 0co0Oe BHHMaHHE BOIPOCAM
ONTHMAaJIbHOTO BPEMEHHN HEYCTaHOBHUBIIHUXCS HEOIArOMPHUATHBIX PEKUMOB.

[Ipuemsl, onucanHble B AaHHOU paboTe, OAHM W3 MEPBBIX B 3ToH oOsactu. OFHAKO yXKE OHU
OTKPBIBAIOT HOBBIE MEPCHEKTHBHI B 0O0JACTH METOAOB YIPABICHHS TEXHOJOTHUYECKHUMH PEXKHUMaMHU
CONPSATAOIINX COOPYKEHHUI ¢ MEPEXOAHBIMHU IPOLIECCAMH.

[Ipu paccmMoTpeHMHM BIUSHUSA BPEAHBIX IPOLIECCOB Ha BBIXOJAHBIE mHapameTpsl HA cruenmyer
YYUTBIBaTh, YTO HA CKOPOCTH TPOIECCa MOXKET BIUATh W «0OpaTHas CBA3bY», CYIIECTBYIOIIAS MEXIY
cocrossHneM HA u Temu mporieccamu, KOTOpbIe B HEH MPOTEKAIOT.

Bzanmopeiicteue HA ¢ mporekaromumMu B Hell TNporieccaMd MOKHO TPEJCTaBUTh B BHUIE
3aMKHYTO# cucTeMbI (puc. 1).
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Brelnne Bo3mecTBUS

Puc. 1 - IIpoyeccwi, oeticmeyrowue na HA npu ux sxcnwyamayuu

OCHOBHBIMH 3aJja4aM¥i KOMIUIEKCHOTO aHajN3a PETHOHAJBHBIX YCIOBHHA paOOTHI COMPATAIONINX
coopyxennit HC ¢ mepexoIHpIMH MpOLiecCaMU SBISIOTCS:

-BBISIBJICHUE OTKJIOHCHHH OT THPOEKTHBIX pEIICHUMN, MOBPEKICHUHN, NePEKTOB KOHCTPYKIUH
COOPYKEHMI, KOTOPhIE MOTYT CTaTh NPUYMHON aBapuil, OMACHBIX M3MEHEHUM MPOLIECCOB NPHU 3aIUTE
komruiekcoB HC ¢ mepexogHsIMu poIieccamu;

-ycTaHoBiieHHE (akTOpOB, ompenenstomux puck omacHocthn HC mnpu HeycTaHOBUBIIEMCS
IBIDKEHWH BOJBI B aBaHKaMepax, BOJONPHUEMHHUKAX, CH(OHHBIX BOJOBBIYCKAaX, MPOTOYHON YaCTH
THAPOATPETaTOB, HATOPHEIX TPYOOIPOBOIAX;

- IpPOBEpKa SKCIECPUMEHTAIBHBIM IIyTEM COOTBETCTBUSA MAaTEMAaTUUECKON MOJEIH JJis MPOTHO3a
3HAYEHUM XapaKTEePUCTUK TUIPABIMUYECKUX MEPEXOJHBIX IMPOIECCOB B HAIOPHBIX CUCTEMAaX BOJONOJAYU
HC, dusndueckoii kapTuHe SBICHUH, XapaKTEPU3YIOIIEH CII0KHBIE TIEPEXOTHBIC IMPOIIECCHI IIPH OCTAHOBKE
HA 3akpeITHEM 3aMIOpHBIX YCTPOWCTB.

- CO3/JlaHUE METOJMKU pacuera MEepPeXOJHBIX IPOIECCOB, BO3HUKAIOIMIMNX MPH aBapUUHBIX
OTKJII0UeHUAX HA, yuuThiBaronieii BIusHUE HOBBIX TOTOKO(QOPMHUPYIOIINX CUCTEM;

- OTIpefieNIEHrEe BO3MOKHOCTH MPAaKTHYECKOTO peIlIeHns KOHKPETHBIX 3a/1ad pacueTa MepexoaHbIX



TIPOIIECCOB IIPH MCIOIL30BAaHNUU B KadecTBe cpeacTs 3amuThl HC.

HpOBeIIeHHBIe aBTOpaMM HUCCICOOBAaHUA TIIOKa3ain, 4YTO [JId IIPaBUJIBHOTO MNPEACTABICHHA
SIBJICHUSI yJapa, BBI3BAHHOTO OCTAaHOBKOW BBICOKOHAIMOPHBIX IIEHTPOOEKHBIX HACOCOB, HEOOXOAMMO
YYUTBHIBAaTh BO3MOXKHOCTb 00pa30BaHMs Pa3pbIBOB CTPYH BOJBI B HAIIOPHOM TPYOOIPOBOJIE 1 HEKOTOPHIE
CBOIMCTBa Hacoca, TakWe, KaK HHEPUHIO Bpamalonmxcs Macc (Hacoca W JIBUTATens BMECTE), U
CIIOCOOHOCTH MPOITYCKATh Yepe3 ce0sl BOY IOCIEe OCTAHOBKH.

HccnenoBanus nokasanu, 4To Onarogaps 3TUM 00CTOATENbCTBAM, EHCTBUTEIBHO JABJICHHUE MPU
yllape HE TpeBBIIIaeT JBOMHOTO CTaTUYeCKOro, BeauduHbl, ucuucieHHo mo H.E. KykoBckomy, 3a
BBIYETOM MOTEph Hamopa. OMHaKo 3TO He sABIgeTcs oOmmM s Bcex HA. B psage ciydaes yaap, kak u
pu OBICTPOM 3aKPBITUU 33JBUKKH, JOCTHTAaeT CBOCH MaKCHMAaJIbHON BEIWYUHBI, ONPEACIIEMOU I10
dhopmyne H.E. XKykorckoro [3].

OCHOBHBIMH IIpUYrMHaMH1, BBI3BIBAIOIIMMU THAPABIUYCCKUC YyJaapbl B HAIIOPHBIX pr6onp0130):[ax,
SIBIISIIOTCS: aBapuifHeie OTKIOUeHUss HA U u3MeHEeHHe CTeNeHH OTKPBITUS 3alopHONM apMaTyphl.
ABapuitHoe oTkiroueHue HA mnpoucxoauT NpU HEUCHPABHOCTH HAcOCa WM JBUTATeNlsl - NPU 3TOM
OTKJIIOYAETCS OJIMH arperat M3 HECKOJIbKHWX pabdoTalomux; TpH OTKIIOUYeHUH siekrporuTtanus HC
oTKI04aroTest Bce HA.

luppaBnuyeckue yaapbl, BHI3BIBAEMBIE aBAPUHHBIMH OTKIIOYCHHSMH OJHOTO W3 IapajuieIbHO
paboTarommx HAcOoCOB, B OCHOBHOM, JIOKaJM3YIOTCS B HAMOPHBIX KOMMYHHKAIIMSX HACOCOB U
OTHOCUTEIHFHO Majo PacCIpOCTPAHSIOTCS Ha HAIOpPHBIC TPYyOOMPOBOIBI. B CBA3M C TeM, UTO OCTAIHHBIC
HacOCHl TPOJOJDKAIOT TOJNaBaTh BOXY, YacTh €€ IOCTYNMaeT K OTKIIYEHHOMY, YTO OOYCIIaBIMBAaET
OBICTpOE M3MEHEHHE HaIpaBJICHUS NBIKCHHS B HANOPHOM JMHUHM OTKIIOYAEMOTO Hacoca. Y CTaHOBKa
O6paTHOFO KJIaltlaHa Ha HaHOpHOﬁ JIMHUU BBI3BIBACT 3aKPBITHEC €TI0 Tape€jIu C PE3KUM, HO OTHOCUTCIBHO
HENPOJOJDKUTEIBHBIM TIOBBIIIICHUEM JABICHUS W MEXaHWYeCKUM yaapoMm Tapenu o cemno. [lpu
OTCYTCTBHHM OOpPaTHOTO KIlallaHa MOTOK BOJBI B OOpPaTHOM HaIpaBJICHWU B HANOPHOHM JIMHWM Hacoca
BBI30BET peBepcHuBHOE BpamieHue portopa HA. Ilpu HemomycTUMOM pEeBEPCHBHOM BpAIEHUU CIETYET
MpeIyCMOTPETh aBTOMAaTHUECKOE OTKII0UeHUE Bcex HA.

lMuppaBnuyeckne ynapsl, BHI3bIBAEMbIC aBAPHIHBIM OTKIFOUCHHEM DJIEKTPONUTAHUS JIBUTATENeH,
Ha4yMHAIOTCS C MOHWKeHus nasnenusd. [locne orkirouennss HA yMeHbIIaroTCs 4acToTa BpalleHus, moaada
Bonbl M Hamop HacocoB. OT HC B cTOpoHY BOTOBEIITYCKHOTO COOPYXKCHHS PaCHpOCTPAHSIOTCS BOJIHBI
MMOHWKEHUST naBiieHus.-II[py 3TOM TPOUCXOIUT YaCTHYHOE OTPAKEHHWE BOJH B MECTaX HW3MEHEHUS
auaMerpa, OTOOpOB BOJBI, YCTaHOBKHM 3allOpPHOH ¥ MPOTHBOYIAPHOW apMaTypbl W MO JJIHHE
TpyOOIIPOBOJIa BCJIEACTBHE THUIAPABINYECKOTO CONPOTHBIEHUS (MOTeph Hamopa Ha TpeHue). [lpu
JOCTHXKCHHUN BOJIHOM TOHMKCHUS JAaBJICHUA BOJOBBIITYCKHOTO COOPYIXKCHHA IMPOUCXOAUT €€ OTPAKCHUC
BOJTHOW TIOBBINICHHSI, KOTOpas paclpocTpaHseTcss B HampaBleHnun K 3maHuto HC. DTo BBEI3BIBaeT
JanbHElIIee yMEHbIIEHHE CKOPOCTH BOABI B TPYOONpPOBOJE, MPUBOJAIIEE K U3MEHEHHIO HANpPaBICHUS
JBU>KCHUS BOJIBI.

[Ipu HanMYMKM HA HAMOPHBIX JUHHUSIX HACOCOB OOPATHHIX KJIANaHOB JABHXKEHHE BOJABI B OOPATHOM
HaIlpaBJIEHWW BBI3BIBACT WX 3aKpHITHE. Pe3koe TOpMOkeHHWe MOTOKAa BOABI MPHUBOJIUT K 3HAYUTEIHHOMY
MOBBIIICHHUIO JaBJICHUS B TPYOOIIPOBO/IE.

[Ipu orTcyTrcTBHUM 00paTHBIX KJamaHOB Boja OyneT cOpachiBaThCsS 4Yepe3 HACOCHI, YTO BBHI3OBET
BpalieHne paboynx KoJeCc HAacOCOB B OOpaTHOM HampaBlIeHHH (PEBEPCHUBHOE BpalleHHE). YUET ITHUX
(aKTOpOB CIIyXKHT OCHOBOH COBPEMEHHOW TEOpUU YNPABICHHUS TEXHOJOTHYECKUMH PpEXHUMaMHU
compsratomux coopyxenunit HC.
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