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KHUPHUII (JoKTOPJMK THCCEPTANMICH AHHOTAIUSICH)

Jucceprauusa MaB3yCHHHUHI J0J13apOJIMIrd Ba 3apypaTd. XO03Upru KyHaa
IyHE aManueTuaa DHEPreTUKA, CEpJAaApHUHI MEJIUOPALMACH, YIIIEBOJIOPOLI
MAaxCyJOTJIApUHHA €TKa3HMIl XaMJa YyW-)KOM KOMMYHal XYyXKaJIUTHAAa Hacoc
CTAaHIMSUIAPUHUHT aXaMusITH omub 6opMoxaa. MKTUCOMUETHUHT ymIOy coxacua
HAacoOC CTaHOMsIAD HWIIWHW WIHOHYWIWIWIH, Y3JIYKCU3JIWIH, IOKOPH DJHEprus
camapaJopJINTrd Ba MOCJAIIYBYAHIUTH XaMJa OeKapop XojaTiapuja HUITYaHIHK
KOIOWIMSATIWINTMHA TabMUHJIAII J0J3ap0 Macana xucoOsaHaau. PuBoxiaHran
XOpIKUHA Mamallakariapja Oapua [apameTpiapra SpHUILUII yYyH 3aMOHAaBUMN
HAcOC >KMXO3JIApUHU JOWMMM paBHUIA SHIWJIANl Ba TAKOMWLIALITUPHUIIHUHT
MabJIyM IOTyKJapura spuiuiarad. «by 0opaga KyByp TU3MMIIApUHUHT JKCILTyaTa-
s Myanatusu 1,5-2 6apobapra yzalTupaaural HacOC CTAHLUSJIAPUHUHT FOKOPH
TEXHOJIOTMK HMXTUCOCJIAIITaH acoCUM Ba €EpaamMuM JHEPreTUK >KUXO03JIapUHU

KY/UIall Tanad KHITHHMOKAAY .

V36exucTon Pecry6muKkacuia HACOC CTAHIMSUIAPH MII XONATIAPHHH POCTIOBUH YHEPTHS TEKAMKOD YCyII
Ba KypWJIMaJapuHH SIpaTHIIra O] TaAOHpJIApHU camapajyd TalIKWJI KWIHII F03acUJaH KEeHT KaMpOBIH 4Yopa-
TaaOupiap aMmaira OmMpWIAM. By Oopama Hacoc CTaHIMAJApUHUHI JHEPreTHUK >KUXO3Japd Ba KyBypJapura
JJIEKTPOMEXaHUK Ba TMAPOMEXAHUK YTHII jKapagH-Iapura TabCUPUHHU NaCAaHTUPUINHUHT caMapald ycyll, yciayo Ba
KypUWiIMaJapUHHU MIUIA0 YUKUINA MabIyM HaTWbKajapra dpUIIMITraH. PocTiaHaaural 3yeKTp IOpPUTMAcH acocuiaa
HacoC KypHJIMaJapHHU OOIIKAPHII CTPYKTYPa CXEMACH Ba aJIrOPUTMIIAPH, «ACHHXPOH JIBUTATeNb-HACOC) YaCTOTAN
pOCTIaHaJWraH TH3UMIAPH, TypOOMeXaHM3MIapJard AacHHXpPOH JIBUTaTeITHUHI  Mypakkad  Oolkapys
CTPYKTypajlapy UIUIA0 YHKWITaH.

Xaxonma Oexapop XoJlaTiaapia HAcOC CTAHIMSIAPU Y3IYKCH3IWTH Ba WINOHYWIMIWTHHU TabMHHIIALL,
OexocaH YTHII XKapaHIapura TyIIyBYMd HACOC CTAHIMSIAPHHUHT SHEPTETHK JKUXO03JIapH Ba KyBYPIAPHHH XUMOS
KWIMIIHUHT ~ SHTM ~ TEXHWKAa Ba  TEXHOJOTHSUIADMHM  SIpaTUIN  aJoXuAa axaMusaT KacO  3TMOKIa.
By coxanma Hacoc cTaHIMsUIapy HINMHUHT OapKapop Ba O€Kapop WII XOJATIapHHU POCTIALIHWHT YCYJUIApHHU
nIuTad YMKWIL, THAPABIUK 3apOiapAaH acoCHil SHEPTeTHK XUX0371ap Ba KyBYPJIApHH XUMOSIAII KypHIMAaIapHHU
SIpaTHII, APEHaX Ba OKOBAa CYBJIAPHM YMKApHO Tanuiam y4yH EpJaMud SHEPreTHK >XMX03Jap YIyH TEXHHUK
€YMMIIApHM TOMHMII Ba MINOHWIMIMIMHM TaKOMWUIAIITHPUIN KaOW HyHamMmuUIapaa Makcaaid —IMIMHIL-
TAAKUKOTIAPHU aMalira OIIUPHIN YCTyBOp Basuda xucobmanamu. FOKopuma KeNTHPHITaH WIMHH-TaIKUKOTIAp
WyHanummaa 6axxapunaéTrad WIMUA U3aHUILIAP Ma3Kyp AUCCEPTAIUs MaB3yCcH J03ap0-TUTHHU U30XJIalIH.

V36exucron Pecny6nukacuHuHr «JHEprus GMIaH OKWIOHA (oiinananum Tyrpucuma»rn Komyn (1997
W), V36ekucron Pecmy6inkacu [Ipe3uneHTHHUHT
2015 #imn 5 maiimaru [1K-2343-con «2015-2019 #mnmmapaa UKTHCOAUET TAPMOKIApU Ba MKTHMOHN COXaJa SHEPTHS
capdy XaKMHUHM KHCKAPTHPHII, SHEPTHSHH TEXAaWAWTaH TEXHOJOTHSJIAPHH JKOPHH OSTHII 4Yopa-Tajdupiapu
nactypu Tyrpucuma» Kapopu, Basupmap Maxkamacuaumar 1999 imn 16 HosiOpmaru 499-coH «« [ mapoTexHUKa
MHIIOOTIAPMHAHT XaB(OCH3JIMIH TYFPHCHIA»TH Y30eKkncTon Pecry6mukacn KOHyHMHM amajira ONIMPHIN dopa-
Tas0upIapu TYFPUCHIA»TH KapopH Xamjaa Ma3Kyp (aonusTra Ternuum Oapya MebEpHH-XyKyKHH XyXoKaTiapiaa
OenruiaHral BauganapHu amalra OIUpHINTra Yoy JuccepTanus TaJAKUKOTH MYyailsiH gapaxaia Xu3mar Kuiaiu.

TaankuKOTHUHT pecny0auKa (aH Ba TEXHOJIOTHSVIAPH PHUBOKJIAHUIIHN-
HUHI YCTYBOP HYHaJUNILIapura OOFJIMKJIUIrU. Maskyp TaJKUKOT pecryOinka
¢dan Ba TexHonorusiap puBoxiaHuIIMHUHT II. «DHepreTuka, sHeprus Ba pecypc
TEXAMKOPJIMK» YCTYBOp HYHAIMIIK Joupacua Oakapuiras.

JAuccepranmss mMaB3ycu OyHM4Ya XOPHKMHA WIMHH-TAAKUKOTJIAP mapxnz.
Hacoc craHuusimapyHu 3JIEKTPOMEXaHUK Ba TMAPOMEXAHUK YTHUII >KapaCHiapu-
HUHT caJOuMii OKuOaTIapuaH XUMOSUIOBYM POCTIAIl XOJAaTJIapyu aB aJlfOPUTM-

L http://www.volnotex.ru/
’Jluccepramus  MaB3ycH Oyiinua  XOpWXHH WIMHHA-TaKUKOTIIap HIapXH http://www.sipos.de/,
http://www.gavalves.co.uk/, http://www//valmatic.com/, Water Hammer in Pumped Sewer Mains. Aalborg:,
Denmark, 2012, 52p., Duepreruk xuxosznapu. —M.: BUD, 2004, 448c., http://www.mpei.ru/ Ba Gomika manb6anap
acocuia UIuIad YUKMUITaH.
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JIAPUHU APATUILITA HYHATTUPWITAH WIMHUM U3JIAHUILIAP )KaXOHHUHT €TAKYU UIMUN
Mapkasjapyd Ba OJIMA TabJuM Myaccacaiapu, >kymianad, Val-Matic Valve &
Manufacturing (CIIIA), SIPOS Aktorik (I'epmanus), GA Valves, University of
Cambridge (byrok bpuranus), Aalborg University ([lanus), Zhejiang University of
Science and Technology (Xwuroit), MockBa sHepreTrka ynusepcuretu (Poccus),
TomkeHT JaBiaT TEXHUKA YHUBEPCUTETH Ba «nMuii-rexHuka mapkazum» MUXK na
(3'7366KHCT0H) KEHT' KAaMPOBJIM MJIIMHUHN TAIKUKOT UIILTApU 0JIUO OOPHUIMOK 1A

Hacoc cranmusnmapuHM  JJIGKTPOMEXaHWK Ba THAPOMEXAHWK  YTHII
XKapa€HJIaApHUHT cajlOuil oxkuOaTiapujaH XuMosaml Oyiinda pocTiaml XoJiat
yCyJUIapHu Ba alrOpUTMIIAPUHU TaKOMUJUTAIITHPHUIITA OWJI XKaxoH/a oimmb Gopuira
TaJKUKOTIAp HaTIKacuaa KaTop, *KymiagaH, KyWuaard WIMANA HaTWOKalap OJIMHIAH:
HACOC CTaHLUAJAPUIATU TUAPABIUK 3apOiap/aH XOCUa OYiraH MmyJbCalusiiapHU
TEKUCJIAIl TPUHIUIUIAPA Ba OOCHMMIIADHM HOPMAaJIalll y4YyH SIHTH  XaBO
kiamannapuan unpiad umkwiaran (Val-Matic Valve & Manufacturing., AKILI);
HACOC CTAHIMUIApUIA YTUII XOJaTIapy X0JaTUIaru apMaTypajlapHu KYYUIIIMHUHT
TYypJu MalJIOHJIapy Y4YyH TYpJiM ENWIMIN TE3JTMTMHU TabMHHIIOBYM IOpUTMAJIAp
niuiad yukuiaran (SIPOS Aktorik, I'epmanust); HacoC CTaHIMSICH HIN XOJIaTHAATH
HOpMall Ba (aBKyJOTAa XaB(iM XoJjaTiapyd YYyH UYUKHII TE3TUTHUHHU alOXH]la-
anoxuaa co3iad amaira ONIMPYBYM aBTOMATHUK OOIIKApYBYHM KIIAMaHJAp HUIILIA0
yukuiran  (GA  Valves, Bywok bputanus); OomKapuin —aJropuTMIapUHH
TAaKOMWJUTAIITUPUIIT ~ aCOCHJa  HACOCHWHT  JJICKTPIOPUTMA  YCKyHAJIApUHU
yacToTaiu-poctiam  xojartinapu acocianran (University of Cambridge,
BenukoOpuTanus); Hacoc CTaHIMSUIApJArd ACHHXPOH JBUraTeuiap TE3JIUTUHU
CKaJIIp Ba BEKTOPJM POCTIAINIIA TUIPABIMK 3apOHU KEITHPUITAH WMHUTAITASITA
MOJICJUTAINITHPHUII aCOCHAA YacTOTaldW OOINKAPUIN KOHYHHUSTIAPH spaTHIraH
(Aalborg University, Jlanus); BakT GyHKIUACUAA KYWIAHUIIHN POCTIANl KOHYHH
Ba OOIIKAPUII YACTOTACUHU YM3UKJIN Y3TapuIll KOHYHJIApUTra MPOIHMOHATUTUT AT
HACOC CTAHIMSUIAPUHKA OOIIKApuIl anroputMu wuiniad yukwiran (Zhejiang
University of Science and Technology, XuToii); cyropuii Hacoc CTaHIUATIAPUHUHT
napamMeTpiapruHu acocyiad OSpUITHUHT HA3apUACH Ba yCYJUIApU UILIA0 YMKHITAH
(MockBa »sHepreTHika yHUBepcuTeTd, Poccus); KucKa BakT Wuuja MaHOaHU
Y3WIUIINAAH KeWHUH DJIEKTPJBUTATETHHU Y3-Y3WJaH WINTa TYIIUPHUII XOJaTHUAaru
HACOC CTAHIUSJIAPUHUHT YTUII KapaHUHU MaTeMAaTUK MOJEIUIapu UILIad
gpkuirad (TOIIKEHT JaBlIaT TEXHHUKA yYHHUBEPCHUTECTH, Y3OGEKHCTOH); 4acTOTaH-
POCTIIaHYBYH DJIEKTPIOPUTTUWIAP BOCUTAIAPH OPKAIM CYFOPHII HACOC CTaHIIMSI-
JAPUHUHT OONIKAPHUIIIArd paldoHaN CTPYKTypacu KypuiaraH («MmMuii-TexHuka
mapkasm» MUK, V36exncron).

Jynéna WUpUK OSHEPreTUK Makmyajap Ba THUAPOTEXHUK OOBEKTIAp
XOJIaTJIapUHA OOIIKAPUITHUHT WHTEJUICKTYall ONTHMAJl yCYJUIapyd Ba aJITOPUTM-
JapuHU UIIad YuKUIn OVitnda Katop, sKyMmilagaH, Kyduiard yeTyBop HyHaUIiapaa
TAAKUKOTIAp OMMO OOpWJIMOKITA: HAcOC Ba TUAPOAIEKTPUK  CTAHIMSUIAPHU
DHEPTUATSKAMKOP, ONTHMaT Ba XaBPCH3 XOlaTiapu WIUA0 YUKW, HACOC
CTaHIUSACHHUHT OEKapop XOJIATIAPHHU POCTNIAII aIrOPUTM Ba YCYIUIAPUHU SIPATHIIL,
HACOC CTAHIMSUTAPUHU AJIEKTPOMEXAHWK Ba THPOTEXHUK YTHII KapaSHIApUHU Y3apo



OOFMKJIMTMHN (DOPMAIDTAIIITHPHIIL, HACOCIH Ba TUIPOTEXHHUK CTAHIMSIIAPHIHT aCOCHIA
Ba €pIaMuM HACOCIM-KaTTa KyBBATIIN KUX03Jap UIIOHWIMIMTHI TAbMUHJIAIIL.
MyaMMOHHHI  JpraHwiraHjuk jJapaskacu. DIEKTPOMEXaHUK Ba
THIPOMEXaHUK YTHUII XapaCHIapu CaJOWil TabCUpJapuIaH HACOC CTaHIUSIIaApU
XOJATHHA XUMOSUTAITHUHT aJTOPUTMIIapU Ba TapTUOTa COJNUIIHHUHT yCITyOIapuHu
spaTHINTa KapaTWwiraH WIMHA TaAKUKOTJIAp JKaXOHHUHT €TaKud WIMHNA
MapKaszjapy Ba OJIMH TabJIUM Myaccacalapuia amalra ONMIMPHWIMOKIA, KyMiIaaaH
Val-Matic Valve & Manufacturing (AKIL), SIPOS Aktorik (I'epmanus), GA
Valves (byrok bpuranus), University of Cambridge (byrox bpurtanus), Aalborg
University ([danus), Zhejiang University of Science and Technology (Xwuroit),
MockBa »sHepretuka wuHcTuTyTd (Poccusi), TamikeHT faBmar TeXHHUKA

yHHuBepcuteTu Ba «nmuit-rexuuka mapkazn» MUK (V36ekucran)

XKaxoHIa MEKTPOMEXaHUK Ba THAPOMEXAaHHMK YTHII >KapaéHJIApUHHMHI CalOMil TabCUpJIapHOaH Hacoc
CTAaHUVSUIADHUHT  XOJATJapUHH  XUMOS  KWIMII ~ QITOPUTMIApH Ba TapTHOra CONMII  yCIyOJapHHH
TaKOMMIJDTAIITHPHUII OYiiya amanra OIMPHITaH TaAKUKOTIIap HAaTKACKHAa OUp KAaTop MIMHUI HaTHKalap OJIMHIaH,
KyMJIaJaH: HAacoC CTaHUWUIApHAA THIPABIMK 3apOJapHUHT MyJIbCALMSVIAPUHU TEKHCIAll TaMOWMIUIApH Ba
00CUMHHM MEBhEPHI JKMX03ra KENTHPHII y4yH SHTM XaBoJiM Kiamanmap uiniad umkwiran (Val-Matic Valve &
Manufacturing AKII); Hacoc craHmusIapuaa YTHIN XOoJjaTiapy Maimo OyiraH XojaTaa apMarypa WyHaIHIUIapw
Oyiinya Typiau KUCMJAp Y4YyH ENUIIHMHT TYPJH TE3JIMTMHH TabMHUHJIA0 OepyBUYM IOpUTMaiiap MIUIA0 YHKWITaH
(SIPOS Aktorik, T'epmanmsi); HacoC CTAHIMSICHHHHT MEBhEPHI Ba aBapHABUI (AOMHAT XONATH YUYH UHKHUII
TE3IMTMHUHT CO3JIAaHHWIIM ajJOXWJa XOJaTAa amaira OMIMPUIIJNIaH aBTOMATHK OOLIKapHIl KiIamaHjaapu Huuiad
yukwiran (GA Valves, bytok bpuranus); Oomkapys ajiropuTMIapUHH TaKOMHJUIAIITHPHII acoCHIa HAcoC
KypUJIMaJapUHUHT YacTOTAId TapTHOra coylyBud Xojatiapu acocinab oepmiran (University of Cambridge, Byrok
bpuTanus); ruApaBiIuK 3apOHE UIMUTAIIMOH MOJICIUIAIITHPHII aCOCHIa HACOC CTAHIMAIApAa aCHHXPOH ABUTATEILIAp
TE3JUTHHYU CKAJIP Ba BEKTOP TAapTHOra COJNHMIN XOJATHIA YacTOTAIM OOIIKApUII KOHyHIapH spartwirad (Aalborg
University, Jlanus); BakT GyHKIUscHIa OOIMIKAPyB YaCTOTACH Y3TApUIIMHUHT YH3UKJIM KOHYHHM Ba KECKUHIMKHH
TapTHOra CONUINHHMHT HPONOPIHOHAN KOHYHHAA HACOC CTAaHLMJIAPUHH OOIIKAPHIN alrOPUTMH HMIUIA0 YHKWITAH
(Zhejiang University of Science and Technology, Xwuroit); cyropuin Hacoc CTaHIWSUIAPDHHUHT YIIOBIAPUHU
acocimad Oepuil HazapHsACH Ba yciyOiapu uuuiad yukwirad (MockBa SHEpreTHKa YHUBEpPCUTETH, Poccus); Hacoc
CTaHUMSJIApHIA 3JIEKTP YJIAHUIIHMHT KUCKa MYJJIATIM Y3WIMMIMAAGH CYHT 3JIEKTPOJBHUraTelb MYCTaKWJ HIILIA0
KeTraH XOJaTHJard YTHII jkapaéHiIapyHUHT MaTeMaTHK MoJelulapy unuiad yukuirad (TOIIKEHT JaBiaT TEXHUKA
VHUBEPCUTETH, Y30EKHCTOH); uYACTOTal¥ TApTHOra CONMHYBUM DOJIEKTP IOPHTMANap OPKAIM  CyFOPHII
TU3UMJIADHHUAHT HAcOC CTaHIMATIApH OOIIKAPYBHHUHI panuoHan Tw3uMu sgpatwirad (MYX «Mnmwuii-TexHnka
MapKazu», Y30eKHCTOH).

Kaxonna O6up Katop ycTyBOp HyHamunuiap OYinya TaaKUKOTIAp aMalra
OIIUPUIIMOKA, KyMJIaJaH: HAaCOC CTAHIMsUIApUAa XOJATIapHU TapTHOTa COJIMIII
QITOPUTMIIApU Ba YCIYOJapUHU SIPATHUIN, CTAHIUSJIAPHUHT HACOC KYyWIAHTHUPHUII
KUX03JIapu  (HAONMHSATHHUHT HIMOHWIMIIMTUTA XaJl STYBYM TabCHUP YTKa3aJuraH
acocwii Ba €paaM4M DHEPreTUK IKUXO03Jap OKCIUTyaTalMsICH MYAJIaTUHUHT
JABOMUWIMTUHA XUcoOra OJraH XoJija WHPUK HAcOC CTaHIUSJIApUHUHT
ANEKTPOMEXAHUK Ba THUAPOMEXAHUK YTHUII XapaCHJIAPUHUHT Y3apo OOFIMKJIUTH

TAOAKHUK dTUIMOKIA.

MyaMMOHHHT Ypraumiraniank gapaskacu. Hacoc craHumumsuiapu XosaTiJapyuH{ POCTIANI aJirOpPUTMIIAPU
Ba yciIyOnapuHH, 3JEKTPOMEXaHUK Ba THJIPOMEXaHHK YTHII jXapa€Hyapu MaWTHAa Ky3ha TyTWIMaraH XojaT Ba
Ba3HUATIIAPHM OJIIMHH OJIUII YCIIyOJIapH Ba >KMXO3JapHHH, HACOC CTAHIMSUIApH OMHO Ba XyAyAJapuAaH CyBJIApHU
YHKAPUIIHUHT aJIbTEPHATUB YCYJUIAPUHU SIPATHITHUHT Ha3apuil Ba aMailil Macajanapura KyHnaard OJMMIIapHUHT
Ooup katop wiMui wmmapu Oarunuianran: Don J. Wood (University of Kentucky), Larsen Torben (Aalborg
University), Geraint Jewell (University of Sheffield), Hans-Georg Herzog (Technische Universitdt Miinchen), K.T.
Chau (University of Hong Kong), B.M.BuccapnonoB, M.I'.Tsryno (MockBa »HepreTHKa YHHBEPCHTETH),
Bb.C.JleznoB (BHUMBOJI'EO), A.A.XammmoB (TomkenT maBnar texauka nHctutyTn), T.C.Kamanos («/mmmuii-
TexHuka Mapkazm» MUXK), B.A.Xoxi10B («BoaonoapeMHUK» HIMHIA HITa0-YUKAPUII KOPXOHACH).

DJIeKTpOMEXaHHK Ba THIPOMEXaHHK X0JaTiap TabCUPHUHH 0axojanl yCyJJIapyHHU MU0 YUKHII Ba KOPUH
STHII, PHEPreTUK TH3MM Ba KOMIUIEKCIAp TapKUOMIa HACOC CTAaHIMSUIApW (aOJMSATHHUHT HMIIOHWIMJINTHHU
XMCOOJIalI, SHEPrusi caMapaJopiuIk Ba XOJaTHHHU TapTHOTa COJMII YCIyOJIapuHM MIUIA0 YMKWII Ba JKOPHUH STHII



OwyaH OOFIIMK WIMHA-TAIKUKOTIApHU KyWumaru onmmiap amanra ommpraH: X.D.DazwioB, M.3.XamyaxaHOB,
P.A.3axunoB, X.M.Myparos, M.M.Myxammanues, K.P.Amnaes, T.I11.I"atin60oB, I11.X.Paxumos, O.f.I moBankwmii.

Cyropuil TU3MMIIAPUHUHT HACOC CTaHIUSUIAPUHA OKUMJIM HAacocCliapu
MIUTAIl XOJATJIAPUHU ONTHMAJUIAIITHPUII Ba TapTUOra COJMII MacajalapyuHu
tagkuk oStumra E.A.CokosnoB, H.M.3unrep, JLI.Ilonun3, b.®.JIsmaeBHUHT
unuiapu Oarunuianrad. Kaiig sTuin ou3ku, amalira OIIMPWITaH TaIKUKOTIIAp
MyaMMOJIapHUHT  (akatruHa OWp  KUCMUHM  KaMpa®d  OJraH,  Hacoc
CTaHIUSJIAPUHUHT aCOCUM Ba €pllaMud SHEPTeTUK JKUXO3JAPUHUHT SKCIUTyaTalus
MYyIJaTUHA XHMCOOra OJraH XoJjja Typiau TaOuatnard YTUIl >KapaCHIApUHUHT
y3apo TabcHp ~ Macajajapud eTapid Jlapaxkaaa TaakuK dTwiMmarad. Hacoc
CTaHIusIapu OWHONApH, aTpodumard XynyaiapiaaH (QuiIbTpanuoH, APEHAXK Ba
OKOBa CYBIAapHM OWp TMaWTHU ¥3WAa UYMKApUO Tallialml MyaMMOCHTra eTapJid
Japaxaaa 9bTHOOp KapaTWiaMmaraH. ODHEprus caMapaid EHAAIlyB Ba THAPO-
SHEPreTUK >KUXO3JIAPHUHI SHTWIAHMWIIMHUA XUCOOra ojiraH XoJjja Hacoc,
ANEKTPOJBUTaTENb, OOCUMIIM KYBYp Ba 3JEKTpP TapMOKJapuAa Keda€TraH YTHII
kKapaCHJIApUHU  TAJIKUK OTUIIHUHT TEKAMKOp, MIIOHWIA Ba yHHBEpcal
NrOpUTMIIapU Ba yCIyOJIApUHU UIIA0 YUKW OWjlaH OOFIMK Oynran Baszudaiap
ToOOpa 10y13apd OYIMOKIA.

Juccepranuss MaB3yCMHMHI JUcCCepPTANMS 0a)KapUJIraH OJIMil TabJIUM
MYacCcacaCMHMHI WIMHH-TAAKUKOT UILIApH OWiIaH OOFJIMKIUTH. Juccepranys
TaIKUKOTH TOIIKEHT JaBjaT TEXHUKA YHUBEPCUTETHHUHI WIMHH-TaIKUKOT HIIUIApH
pexacuHuHr OT-@5-036 «DHepreTvkaga 3JIEKTPOMEXAaHUK Ba TUIAPOMEXAHUK
YTKUHYU  >KapaCHJIApUHUHT  ¥3apo  OOFIMKIMKIAPUHU  (OpMAJIIAIITUPHUIID)
(2007-2011), ®-2-33 «Hacoc cTaHIMSJIAPUHUHT DHEPTETHK CamapajopiIurd Ba
WOUTAIl  SKUXO3JAPUHUHTI  MAaT€MaTUK  MOJCJUIAIITUPHUIL  KOHYHUSTIAPUHU
anuKian (2012-2016) map3ynapuaari JIoHUXanapy Joupachia OakapriraH.

TagKMKOTHHHT MaKcaJW HACOC Ba TMJIPOSJIEKTPUK CTAHIUSIAPHUHT aCOCUMN
Ba €pJaM4M DHEPreTUK >KMX03 Ba KyBypJapuaaru OexociaH YTHII >kapaéHiapu
xamaa Oekapop xoJariiapura cajJiOuii TabCUPU Ba OKUOATIApUHU TMACAUTHUPYBUU
aIrOpUTM, YCYJI, yciyO Ba KypuUJIMaJIapuHH sIpaTUILIAH HOOparT.

TagkukoTHUHT Basudaapu:

HACOC CTAHIIMS DHEPIeTHK KUXO3JIApU IKCIUTyaTalusi MyJJaTHHU XHCOOTa
OJITaH XOJIJ]Ja HACOC CTAHIMSUIAPUHUHT AJIEKTPOMEXAaHUK Ba THIPOMEXAHUK YTHUII
*apaCHlapuaard y3apo OOFTUKIUTUHN YPHATHIIL,

YTHUII sxapaéHiapuiari TUIPaBINK 3ap0/jaH aCOCHIl YIHEPTETUK KUX03/1ap Ba
KyBYpJIapHU XUMOSUJIAIll YYyH HACOC CTAHIIMS U XOJIATUHU POCTIIAIl YCYJUIApPUHU
UIuTad YMKUII Ba YHU amMaJira OIMPYBYM KypUIIMaHU SPATHIIL,

CYB TOIIMIIMJAH XUMOSJIAIl Y4yH OWHOJIAH (UIBTpaIUsIM, JPEHAX Ba
OKOBa CyBJIap XamJa HAacOC CTaHUMUSACU XyAyIura TyTalllraH KUCMIAru CyBJIapHU
Oup BakTAa OJIMO TANUIAITHUHT MaTeMaTHUK MOJENM HIIA0 YMKHUII Ba WIMHM
acocJia;

UIUIad YUKWITaH JacTyplid KOMIUIEKCAAH OJMHTaH HaTwkainap OuiiaH
TaOMUIl CUHOBJIAP HATW)XKAJIAPUHU TaKKOCHall Makcaauia HWIad YMKWIraH
XucoOjamr ycymaap MYBODHKIMTMHM TEKIIMPUIT YYyH HACOC CTaHIUACH
KUX03JIApH UII XOJIATUHUA TAOUUN CHHOBJAH YTKA3HIIL;



amanaa KyJUTaHWJIQIUTaH HAacOC CTAHIMSUIApU Ba OMHOMAH (DUIBTpAITUsIIN,
JIPEHaX Ba OKOBA CyBjIap OO TalUlall YYyH TEXHUK edyumiiap Muuiad YMKUII Ba
KYPUIMACHHH KOPUNA KUJIHIII.

TaagkMKOTHHHT 00beKTH cudaTuia HACOC Ba THIPOIJIEKTP CTAHIMIIAPU
OJIMHTaH.

TagKMKOTHHHT TpeAMeTH Hacociap OWiaH MNPONOLUUOHAT OOUIKAPUII
KypwiMacH, OMHOJAH (UIbTPALUSIIM, PEHAX Ba EMFUpP CYBJIapU XamJla HAcoC
CTaHIUACHU €KH TUAPOIICKTPUK CTAHLMS XYyAyAUra TYTAlIraH KUCMAAru CyBJIapHU
Oup BakTAa 0O TalUIANl TU3MMH Ba TUAPABIUK 3apOiapjaH XUMOSIIOBYM KanTa
UIITa TYIIUPUII KypUIMacH

HAcoC CTaHIUSJIApH JKUX03 Ba KyBYpJIapyUHU THIPABIMK 3ap0aaH XUMOSsIaIl
VUyH KalTa €KHI TY3WIMACHHHU Ba HACOC €KW THUIPOIJICKTP-CTaHIUAIapu OMHOCH
Ba XyAyauaaH Oup MaNTHUHT Y3uaa GuibTpamusi, APEHaX Ba jKajla CyBJIIAPUHU
0JIMO TalUIanl Y4yH TU3UM TaIIKUI 3TajIu.

TagkukoTHuHr ycyjuiapu. [uccepraumsaa Kykockuil Ba I[lapk-I'opes-
HUHT KJIACCUK TEHIVIAMaJlapd acoCHJa XHUCOOJalll yCyJulapu, XapakaTliapHu
TaKCUMJIAll yCyJId, TUAPOMAIINHAIAp Ha3apUsACH, UIIOHYININK HA3apUiACH, OKUM
Oasjancu  KUcMuaard — QUIBTpaMs  KapIIMJIWK  yCyJulapu,  TaXpuOaHuU
pexanamTUpUI YCYJUIApH KYJUIAHUIITaH.

TaagKMKOTHUHT WIMMI SIHTWINTH KyHuaaruiapaan uoopar:

HACOC CTaHIUSJIAPUHUHT YHEPTEeTUK JKUXO03JIapuiaH (poianaHuil My11aTh-
HU XUcoOTa oJiraH XoJja JIEKTPOMEXaHUK Ba THMAPOMEXaHUK YTHUII KapacHiaapu-
HU 00CKMUMa-00CKUY €UMIIl AJITOPUTMH UIILIA0 YUKUITaH;

HACOC CTAHIUSJIAPUHUHT OEKapop XoJaTaapuaaru HEprus TU3UMIIApU-HUHT
VTuin xapa€HiIapyuHU TaAKUK KWIMII HMKOHMSITUHU OepyBUM «KYyBYp-Hacoc-
AIEKTPJBUTATENIb-3JIEKTP TAPMOKY» TU3UMHU JIEMEHTIAPUHU XUCOOIAIIHUHT YMYyM-
JAMITUPUIITAH MaTEeMaTUK MOJICNIM Ba ACTYpUN MaKMyaslapy UIILUTa0 YUKUJITaH;

HAacOC CTAaHUWSJIADUHUHT HSHEPreTHK JKUXO03Japy Ba  KyBYpJapuHU
TUAPABIMK 3ap0JaH XMUMOSJIANl y4YyH KailiTa uIra TYMIUPHUIT KypUJIMacUHU
KYJUIALTHUHT STHTU YCYyJIapu UILIA0 YUKWITaH;

HacOC CTAHIUSJIAPUHUHT SHEPreTUK JKUXO03JIapU MIIOHYIWIUTUHYU OLIMPHIILL
y4yH HACOCHHMHT JUCKJIW 3aHXUPUHHU TPOTOPIMOHAN OOIIKApUIll KypHJIMacu
UIUIA0 YMKUJITaH;

pocTyiaml THU3UMJIM OKMMIJIM HAacoc €paamMuja TypJd Xuil OallaHIJTUKAaru
JpeHaX Ba OKOBA CYBJIApHU OUp BaKT/a YUKAPUII YCIyOU UIILIa0 YMKUIITaH;

OuHOMaH (GUIbTpALMSUIM, JpEeHaX Ba EMFUP CYBJIapM Xamja Hacoc
CTaHLMSACU XyIyJura TyTalllraH KUCMJIaru CyBJIapHU OKHUMJIA Hacoc €pamMuaa oup
BaKT/Ja OJIMO TAIJIAITHUHT POCTJIAI TU3UMU SAPATUIITAH;

TagKUKOTHUHT aMaJIMii HATHXKACU KyWuaaruiapjaan uoopar:

WUPUK HACOC CTaHIUSJIAPUHUHT DOKCIUTyaTallds Ba JHeprus capdiar
XoJlaTiapyu WIUIA0 YWKWITAaH Ba HACOC CTAHIMSUIAPU CaMapajopiurd  Ba
WIIOHWIMJIUTUHYA OWIUPUII YYYH KYJUIAaHUITAH,

JUCK 3aHKUPIIN MPOMOPIIMOHANT OOIMKAPYBUHHUHT SIHTH KypPHJIMAacH HIILIA0
YUKWITaH XaMmJla HacoC CTaHUMSUIAPUHUHT >KUX03 Ba KyBYpPJIADUHHU THAPABIUK



3apOfaH XUMOSUTAINl YYyH KalTa WINTa TYIMIUPUITHUHT SHTH YCIyOU KYJUTAaHWUIHO
HACOC CTAHLMSIIApUa CUHOB/IAH YTKA3WITaH;

OuHOJMaH (GUIBTPALMSIIA, JPEHAXK Ba OKOBAa CyBJapH Xamja HAacoc EKH
TUAPOTEXHUK CTAHIMACU XYAYyJIura TyTallllaH KUCMJIAard CyBJIApHU OKUMIIA HAcOC
épramMuia OMp BakTAa OJMO TAIUIAIHUHT POCTIAII TU3UMH MILIA0 YMKUJITAH Ba
HACOC CTAHIIMS Ba TUIPOTEXHUK CTAHLIMSIIApra >KOPUM KUJIMHTaH.

TaakuKOT HATHKAJTAPUHMHI WIIOHWIWJINIHM Ha3apuil MabiymoTjiap Ba
VTKa3uiaraH SKCIEpUMEHTAl XUCOOJall HaTWXKAJIApUHUHT MOCIM  OWiaH
acocliiaHaJau, TaOuuil TaxpuOanap OuiiaH OOIIKA TaAKUKOTIAPHUHT HATHKAJTAPUHU
XHCcOOJall BapUAHTIAPUHUHT COJMINTHUPUO TaKKOCTHAraHauru OWiaH TacauK-
JaHTaH XaMmJa TaJKUKOTJIap HaTHKaJapyd HAcoC CTaHUUsJIapUJiaH aMaiauéTnaa
doiinananuiga KOpUi KAITHHTaH.

TagKukKoT HATHXKAJTAPMHUHI WIMHH Ba amManuii axamusaTu. OnuHraH
HATWOKAJIAPHUHT WIMHUH axaMusTH HAacoC CTaHIMsuIapujaH (doigananuiga
SHEPIreTUK >KUXO3JIAPUHUHT HUIIOHYWIWINTHHU TabMUHIIOBYHU, AJIEKTP SHEPrUSHU
oexocnaH YuuO KOJUII XOJaTjiapyd XamJa CyB Ba DJHEPreTUK PpyCypClapHH
panuoHas KyJulalll UMKOHUSITUHU OepyBYM TAIKUKOTIIAp HATIKAJTAPUHU KYJIIall
OWIaH xapakTepiaHaIu.

OnuHran HaTWXKaJapHUHT aMalliii axaMUsITH aBapusi Ba CyB TOLIKUHU
XOJIaTJIapuJaru acoCui Ba €pJlaMud SHEPTreTUK KUXO03TAPHU XUMOS KWIHII KypHJI-
MAaCHHHU MIUTa0 YMKUII OWIIaH W30XJIaHA/IH.

TagKuKoT HATHKAJTAPUHUHT KOPUHA KUITHUHUILIN.

Hacoc cranuusuiapu vl XoJaTIapUHUHT QITOPUTM Ba YCYJUIAPUHU SPATHUIL
Oyiinua OJIMHraH HaTHXXKaJlap acoCUa:

Hacoc cranuusnapu Ba HacocjaapHu OeKapop HII  XOJIaTJapUHU
POCTJIALTHUHT SHEPIrUATE)KAMKOP BOCHTAa Ba YyCyJUlapH, HAcOC CTaHUUsIapu
KyBypJlapura THIPaBIUK 3apOHU KaMaUTUPUIIHUHT CaMapail TUZUMIIAPU KHUIILTOK
Ba CyB XYKQJIIUTW TU3UMHUIATU KaTtop, KymiagaH, Kapum Maructpan KaHalld
doitmananum GomkapmacuauHr 1-4 KMK, «Mup3auymn» Hacoc craHUUsIIapUHU
BusosiTiapapo (origananum Oomkapmacununar JHC-1, JHC-2, JHC-3 Ba
«XoBocT-Fannakop» Hacoc craHuusuiapuaa kopuil KuinuHran (Kuiox Ba cyB
xyxkamuru Bazupiauruauar 2016 vwn 28 wurongaru 04/31-700-coH  mabiiymoT-
HOoMacu). Mnmuii HaTwKanapHu KYJUIAaHWIMIIMAAQ HACOC CTaHIMSIApHU IIaXCUl
AXTUEKIIAPUTA IIEKTP dHeprus cappuuu ypraua 4%ra kamailMIii UMKOHUATUHU
oepau;

OuHOMaH (UIbTpAUMsUIM, JAPEHAXX Ba OKOBAa CYBJIApU Xamja Hacoc
CTaHIMSACU XyJIyIMra TyTalllraH KMCMJIAary CyBJIapHU OKUMJIM Hacoc €épaamuaa oup
BaKT/Ja YMKApUO Talliall Y4yH POCTJIalll TU3UMIIAPU KHUIJIOK Ba CYB XY KaJIUTH
TU3UMUJIATU KaTop, *KymJiiagaH, HaMaHran Hacoc CTaHIMACH, SHEPTETHKA Ba aJIOKA
o6omkapmacunuar «Typkucton 1-1» Ba «Typxucron 1-2», Kamkamapé nHacoc
CTaHIMSTIApH, dHEpPTeTUKa Ba ajoka OomkapmacuHuHr «llaxtakopy, «['yBamaky,
JKuz3ax HACOC CTaHIMSUIAPW YHEPTeTHKA Ba ajoka OorrkapMacuHuHr “KopasHToK”
Ba “/IM-1”, Kapmu Knuuk HacOC CTaHIMSUTApUHU (HoMIamaHuI OOMKApMAaCUHUHT
“M-2-2” Hacoc craHmmsiapuaa xopuid KwimHran (Kummiox Ba cyB xykamuru
BazupiuruHuHT 2016 #inn 28 uronnaru 04/31-700-con MabiymoTHoMacH). Mnmuit
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HaTWXKaTapHU KyJUlaHwmmuaa 1 un myaaat wunna capdiapHu KOIUIaiaura,
HIYHUHTAEK capdiapHu KOIUIall HOpMaTUBUIaH 6,5 6apobap camapaopirKKa ara,
AHEPrUs camMapajop OKUMIIM HACOCIIApHU UIILIA0 YMKUII UMKOHUSITUHU Oepras;

HACOC CTaHIUSJIAPUHUHT DHEPreTHK >KUXO03JapuaaH ¢oiganaHui Myaaar
JABOMUMIMTUHUA XUcOOra OJraH X0Jja, IEKTPOMEXaHUK Ba THAPOMEXAHUK Y THIII
xKapaCHJIApUHUHT OOCKUYMa-00CKUY €YU aJIfOPUTMHU, OOCUM XOCHJI OYiaauraHn
HACOC CTaHIMS KyBypJapujard TUAPABIMK 3apOiapHUA aHUKIAIl Ba XHUCOOJIAIl
JacTypilapu, «KyByp - HAcOC - JJIEKTp JBUTATeNb - O3JEKTP TapMOK» THU3UM
AJIIEMEHTIAPUHUHT ¥3ap0 OOFIMKIMK YMYMIIAIITHPUITaH MAaTeMaTUK MOJENU
OT-®5-036 «DHepreTukaga dJICKTPOMEXAaHUK Ba TUAPOMEXAaHUK  YTHII
KapaEHIapHUHT y3apo OOFIMKIMKIAPUHHN (HOPMATUTAIITUPUIID) TPAHT JOoWKUXacHua
(2007-2011) yTum skapaéHIapuaard HEPTETHK MapaMeTpiIapHH aHHUKJIAII YIyH
doimananunran (PaH Ba TEXHOJOTHSIIAPHU PUBOXIAHTHPUITHUA MYBO(DUKJIAIII-
tupuin KymuracuHuHar 2016 #nn 20 okrsaopaarn @TK-03--13/700-con MabiryMoT-
HOMacH). TaaKUKOT WIMHA-TaIKUKOT HATIKAJAPUHUHT KYJJIAHWUIUIIA HACcOC
CTaHIMSJITAPUHUHT acOCUM Ba EpJlaMyu SHEPTEeTUK KUXO03JIapu Ba KyBypJapuaaru
oexocman yTumn oxkapa€HWra TYHIMII Ba Oekapop XoJjaTiapjard cajiOui
TabCUPJIADHU KaMAWTHpUI WMKOHMSITHHM OepraH. ['umapaBiuk 3ap0 40%ra
Kamaiirad, 60CUM TYHIMIIUHUHT JaBoMuinru 1,5 Maprara kamairas.

TaagkuKOT HATHKAJAPUHMHI anpodanusicu TaakukoT HaTwkamapu 11 Ta
WIMHA-TEXHUK amXyMaHIapAa, My >KymjaJaH 6 Ta XalKapo amKyMaHiIapaa
MyXoKama KWIHHTaH: « KUIIUIOK Ba CyB XY KaJauTH UIUIA0 YNKAPHINN YIyH IOKOpH
MaJIAKJIM  KaApiap Tal€piiall  MyaMMmoJapu»  XallKapo  WIMHUN-aMalui
koH(pepenuuscu (Tomkent, 2009i1.); «I ' mobamnamyB MapouTIapyuaa HHHOBALIMOH
TEXHOJOTHSUIIAPHY MIAKJUTAHTUPHUII Ba JKOPHHA OSTUII MyaMMOJIapu» XallKapo
unmuil  koHpepeHuusicuaa (Tomxkent, 2010); «DHepreTMKaHUHT 3aMOHaBUUI
XO0JIaTH Ba PHUBOXKIIAHMII HCTHUKOOJIApW» Xajdkapo HWIMHH TEXHHUK Ba aMallui
amwxymanna (Tomkent, 2011); «From Innovative Ideas to Innovative Economy»
Xankapo wuHHOBanmoH Qopymna (Tomkent, 2015); «Mwunr #HuMKIap
TYKHaITyBUAArd WIMUKA Tporpeccy Xallkapo HWIMUN-aMaiuii KoHdepeHus
(ITpara, 2016); «3amonaBuii (anmaru noi3apd MyamMMoyiap Ba yJIapHH €UUIIT
nynnapu» Xankapo wimuii amanuii koHdepenuus (MockBa, 2016) Ba 5 Ta
pecnyOnuKka MUKECUIATH aH)KyMaHiIap/ia anpoOanusian YyTKa3uiraH.

TaagkMKOT HATH)KAJAPUHUHT JBJOH KWIMHUIIM. Jluccepramus maB3ycu
oyiinuya xamu 30 Ta WIMUM WO YOI STWIraH, WIyJapAaH, 5 Ta MoHorpadus,
V36ekucron PecnyOnukacu Omnuii  arrectanuss KOMUCCHSICHHUHT JTOKTOPJIUK
JTUCCEPTANMSUIAp aCOCHM WJIMHM HATWKAJIApPWHMA YOI OSTHIN TaBCHS ATHITaH
WiIMUKA Hampiapaa 12 Ta makona, xKymiaaaH, 9 Tacu pecnybivka Ba 3 Tacu
XOPIDKUAN KypHAIIap/a HaIIp STHITaH. 2 Ta Goiany Mojenra MaTeHT OJIMHTaH, 2
Ta KOMIIBIOTED JAaCTYPH PYHWXaTJaH yTKA3UJITraH.

JuccepTanMsiHUHT TY3WJIMIIM Ba Xa:kMM. J(ucceprainus TapkuOu KUPHII,
oemra 000, Xynoca, doigamaHuiaraH anabuérinap pyWxaTd Ba WIOBAJIApAaH
noopar. JluccepranusHuHT XaxMu 196 OeTHH TaIIKWI ATTaH.
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JJACCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum kucMuia yTkazuiaral TaAKUKOTIAPHUHT J0J13apOJIMTy Ba 3apyparu
acociaHraH, TaAKUKOTHUHI Makcaau Ba Basudanapu, OOBEKTH Ba MpeAMETiapu
TaBcu(IaHraH, pecryonuka GaH Ba TEXHOJOTHSIIAD PUBOKIAHUIIMHUHT YCTYBOP
WYHAJIUIUIAPUIa MOCIHMIH KypCaTWUITaH, TAaAKUKOTHUHI WJIMHW SHTUJIMITH Ba
amaiuil HaTuxkanapy 0a€H KWJIMHIAH, OJMHIaH HATHUKAJapHUHT UMUK Ba aMajiui
axamMHuATH o4nO OepwiiraH, TaJAKUKOT HAaTWXKAJapUHU aMaJIU€Tra »OpPUM KWIIMIL,
Halllp OSTWITaH MIUIap Ba JUCCepTalus TY3WIMIIM Oyiinya MabiayMoTJap
KEJITUPWITaH.

HMuccepranusHudar  «Hacoc cTaHmusIapuHE  3KCIUIyaTalUsiJIall  Ba
3Heprusi capguiaml XoJaTJapd MYaMMOJAPHMHHMHI 3aMOHABHMI XOJIATHHHU
TH3UMJIM  TaxJuwjam» J1e0 HomiaHraH OupuHud  OoOuja V36ekucron
PecnyOnukacugarn Hacoc CTaHUUSUIAPUHUHI 3aMOHaBUM XOJIaTH acocHil Ba
€plaMud 3HEPreTHK JKUXO3JApUHHMHI SCKUPHIIMHHA XHCOOra oJraH XoJija
E€pUTHIITAH.

Hacoc crannusicn sHepreTnka Ba BHWIOATIAP ajJOKa Ba MHHTAKajlapapo
OolIKapManapy  KECHMMHJAa HAcOC  CTAaHUMSUIAPUHU  (PAKTUK  >KMXATIaH
AKCIUTyaTalusl KWIKII Ba SHEPrus cap(IaHUIIMHUHT MabIyMOTJapH acocHil Ba
€plaMuu JKUXO03JapHHU XMCOOra oJIraH X0Jia TaxJ I KWIMHIaH. by taxjui 6apya
HAacOC CTaHUWSJIApU DJIEKTPOMEXAHUK Ba THUAPOMEXAHUK YCKYHAJIAPUHHUHT
APMUAAH OPTUFH V3 KadoJaTiaHTaH PECYpPCUHM UIUTA0 OYITraHIUTUHU KYpCaTau.

Anabuérnap TaXJWIMHUHT KYpCaTUIINYa, CYFOPHILI HAcoC CTaHUUsIapu
AJIEKTP SHEPIUsHU palMoHan cap@iallliHi TabMHHJIALI, CYFOPUII THU3MMH Ba
KyBYpJ1apy HAcOC CTaHIUsIap MII XOJATUHHU TapTUOIa COJUII XaMJa WUIIHUHT 3HT
xaBcu3 Ba ONTHMaJl XOJATIApPUHMU TaHjam OujaH OOFIMK OynraH Kyriad
TaJKAKOTIIAp amMaJira OIUMPUJITaH.

CHHXpOH Ba aCHMHXPOH JJIEKTP ABUTATEIUIAPUHUHT JJIEKTPOMEXAHUK YTHIII
xapaénnapu [lapk-I'OpeBHUHT KJIACCUK TEHIJIAMAJIAPUA aCOCUAA TaXJIWJ KWJIMHIaH.
I'mapomexanuk ytum xapaé¢nnapu sca H.E.JKyKoOBCKMMHHHT KJIacCUK acapiapuia
ApaTraH KaTTUK THAPABIMK 3apOjapHUHT AuddepeHuunan TeHrinamanapu OuiaH
TaxJIWJI KUJIUHTaH.

Taxnun wWyHH KypacaaukH, HACOC, DJIEKTP ABUTATENb, KyBYp Ba JJIEKTP
TapMoOKJiapuja  Oyna€TraH  DJIGKTPOMEXAaHMK  Ba  THAPOMEXAaHUK  YTHII
KapaCHJIIApUHUHT  y3ap0  TabCUPHHM, Ba YPraHWIAETraH KOMILJIEKCHUHT
ACKUPHILIMHU XUCOOTa OJNraH XoJAa YTKa3wiraH TaAKUKOTIap Tanad Japa)kacuaa
amanra omupuimarad. Illy Ownan Oupranukna OyHpmail kapaéH, KyByp Y3yH
OynaraHuga HacoC CTAaHIMSUIADUHUHT JHEPreTUK JKUXO3Japu XaB(PCU3IUTU Ba
WIIOHYWIWJINTUTA XaJl KWJTyBYH TAbCUPUHU YTKa3au.

bynnait canbuii oxkubatiap HacoC arperatiiapuHu aBapus XoJaTiapuaa
Yunpuiauimu OuiaH OOFIMK OYnran YTl *)apa€HJIapUHU BYXKYIra KeITHPaJH,
OyHJia KyByp/ia 2HI KaTTa TUJIpaBiIuK 3ap0 BYXKy/ra Kejajau, HaTvKaaa YIYupuirad
arperaTjiapHUHT SHT KaTTa TE€3JIUTH Ky3aTHJIa IH.

Macanan, Y30eKHCTOHIA SHT HMUpHK OyiraH HAcoc CTAHIMSJIAPUHUHT
Kapmm  kackagupa oxupru S5 Hunga  dHEpPrus  TU3UMHA  TOMOHUJIAH
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OrOoXJIaHTUpWIMaran xojaa 20 ra sKuH pexanarmTHpuIMarad Yaupuimiap Oyiu,
Oy YUMpWIMIILJIAPHUHT Xap OUpHU BYXKyJra KelraH YTHUII >Kapa€HH, THIPABUK
3apOsap Ba karra 3uéHra onud kenau. 2013 ¥umHuHr 23 sHBapuaa aBapusBUN
xoJlaTAa unuiabd typran 6apua 29 ta Hacoc arperatu yumb KosraHuga zapap 597
MJIH CYMHHU TalIKWJI KWIIW, OyHAa Xap Oup arperaTHUHT KyBBatu 12,5 MBTHUH
TalKui Kuiap 3au. by epaaru sHr canOuii okuOar Bereranusi BaKTHlla CYBHHU
BaKTH/Ia €TKa3uO Oepmaciukaup, Oy 3ca KUIUIOK XYKAJIUTU KOPXOHATAPWHUHT
XOCUJIIOPIIUTH TacalTaHauru cababiau KkaTtTa OMIBOCHTA 3apapiiapra oud KelaIu.
TaBcusnapumus kuputwirasgal cyHr, Kapmm kackagmma 2015 vwmnpma smextp
sHeprus Tydaiinu 6ynran yunpunuiap 20 qaH 4 Tarada macaum.

[ysgait kb, Oapkapop Oyiamaran Xxoiar Ba KyTWIMaraH VTHII
KapaCHJIAPUHUHT CAJIOUA TabCUPUHU NACAUTUPUIIIHUHT WIMHUN TaCIUKJIaHTaH
3aMOHABUN  alIrOpUTMIIApH, yciIy0 Ba KypWIMajJapuHU spaTUIl 3apyp OYyiub
KOJIMOK/a, OyJIapHUHT O6apyacu HacoC Ba TUIPOAJIEKTP CTAHIUSUIAPUHUHT aCOCHM
Ba €plaMud DHEPTeTUK JKUX03 Ba KyBYpJIApUHU KaMpad OJUIIIH JIO3UM.

HuccepranussHuar  «Hacoc CTaHIUSUIADHUHT  3JIEKTPOMEXaHUK Ba
THAPOMEXAHUK YTHII KAPAEHIAPUHUHT TEHIJIaMAJAPUHUA 00CKHYMA-00CKUY
XaJ KMJIMII aJIrOPUTMM» /10 HOMJIAHTaH MKKUHYU 000OMJa AJIEKTPOMEXaHUK Ba
TUAPOMEXaHUK  YTUIN  JKapaéHJIApUHUHT  OOCKMUMA-OOCKMY  Xall  KWJIMII
AITOPUTMIIAPUHU Ba KOMITBIOTEP JACTYpJIapH UIILIA0 YUKHUINTa OaruIllJIaHTaH.

DNeKTp SHeprus TU3UMIApU YHCypiaapuaa OynaérraH sxapa¢Hmap ¥y3apo
axaMUATIM Japaxana (apk KWiaau, YyHKH Oy TU3UMIIap HAcOC €KW TUIPO3JIEKTP
CTaHUMsUIap KaOW THUAPOIHEPreTUK OOBEKTIApHU Y3 HYUTra KUpUTaAud Ba Oy
YAQpPHUHT TYPJIU UHEPIUOH XYCYCUSITIIApUHU Oenruiiad oepaau.

Arappaa 3JIeKTp 3HEprusi TU3UMIIAPUHUHT 3JIEKTP MAarHuT >kKapaéHu OuiaH
OOFNMK OYysraH YTUII XOJaT/Iapu, SbHU KUCKA TYXTallyB KaOu >xapaéniap Oup
nax3a nuujaa 0yica, dJEKTp Ba THAPOMEXaHUK skapaéHiap OunaH OOFIHMK XoJaaTiap
yH1a0 cekyHn €Kku OMp HeYa MUHYT OYJIHIIN MYMKHUH, Oy XOJaT yHCYpJIapHU
yJlapHu Oup Oupura MyBO(DHUKIAIITHPUII Y9yH MYTAaHOCHO TapameTpiap Oyiinua
TEHTJIAaMaJIapHU ~ TaHJAIIHU Tanad Kulagu, YyHKH ‘KyBYp—HACOC—DJIIEKTP
JIBUTATENb—OJIEKTP TapMOK~ sAroHa Tu3uM cudaruga Oy wumgarn Oapua
YHCYpJIapHHU ¥3ap0 XUcoOra oJiraH XoJaa YPraHWIUIIHN JIO3UM.

TuzuMm XoNaTiapuHU POCTIAII yYyH TH3UM YHCYpJIapu XOJATHHH
TAaCBUPJIOBYM MATEMATHK MOJEIUIAPHU COAJATAIITHPHUIL 3apypaTy naijgo Oymanu.
Arapna 6u3 ypraHaérraH TU3MMHHMHT Jud@epeHunan TeHrjiaMalapyu TH3UMUIA
BaKTHUHT JIOUMUMJIUTH TYPJIM KUHWMatra sra Oyica, yHa XxapakaTjiapHUd TE3Kop Ba
CeKHHTa OYIUIIT UMKOHUSTH OYJau.

DNeKTp MeXaHUK >kapacHiap OOCHM apMaTypacHMHHM TapTUOra COJMILHU
XucoOra oJiraH XoJjijla ypraHujrasja Oab3ujaa OKopu Obed Ba KyBypaaru CyB
CaTXMHUHT TeOpaHUIIApU XaM XucoOra OJIMHTaH, YyHKH Oy TeOpaHMILIap Hacoc
CTAaHLMSICH CHUHXPOH JBHUTAaTEIMHUHI TeOpaHHUIIMra Ba YHIA0, 10371a0 CEeKyHA
OwaH XUCOOaHAIUTaH Y30K MYIJIATIN YTHII jKapaéHIapUHUHT Maiao Oyiuimra
07110 KeJIaau.

ABapust  Oapkapopcu3  XOJaTJIapHU  XUCOOJAlml  y4yH  DHEPreTHUK
TU3UMIIAPHUHT YMYMHUIH MaTeMaTHK MOJIeTUIa CEKUH dJIEKTP MEXaHUK >KapagHiap
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XHcoOra ONUHAM, KyMiaJlaH, OObEKTIIap IEKTP CUMIIAPUHUHT Y3YHJIUTH, HACOC
CTaHIUsl KyBYpPJAPUHUHT Y3YHJIMIM KaOW TMapaMmeTpiapd Xam XucoOra OJIMHIU.
DNeKTp MEeXaHUK kapa€Hiap ainaHaéTrad MalllMHAJIADHUHT pOTOp TeOpaHUIILIapu
Xamjia arperatjapHUHT THAPOMEXAHMK KucMilapuaa OynaérraH skapaéHIapHUHT
y3apo OOFIMKJIUTH/IA YpraHUITaH.

JlacTiabku MaTeMaTUK MOJIETTHU COAJIATAIITUPUII KUUKK KYTIalTUPpYyBUMIIAP
oynran nuddepeHnran TeHriaManap Ha3apusaCHHU KYJUlall Ba OyHra acociiaHTaH
VY3rapyBUMJIApHUHT Y3TapUITUHU HUCOWW Te3nurd Oyiudya JAUHAMUK TH3UM
XapaKkaTWHU XUCoOMaIIa Ky ITaHUIIH.

Tuzum yTHI jKapaéHIapUHUHT TAJKUKOTH Tapyd y TE3KOp 3JIEKTP MarHuT
KapaéHiuapu MoJenu €pAamMu acocuaa amaira OIIMpWIca XaM, yJlap MalluHa
poTOpJapu alWIaHUIIMHUHT Oypuyak TE3JIMKIapHu y3rapMmac OYiraH XoJjjard BakT
Oynaxiapu y4yH TYFpH Kelau.

ONEeKTp TUBUMIIAPUHUHT CEKUH YTUII XapakKaTJapUHUHT MAaTeMaTHK
MOJEJUIAapU BJEKTP Ba THUIPOMEXAHUK YTHIN >Kapa€HJIApUHU TaJKUK STHUILTa
MYIDKaJUTaHTaHup, OyHIa Ou3 TapTUOTa CONlyBYM KypuUJIMajapHHU sSroHa KapacH
cudaruga xucoOra oamMu3. YHCYpJapHUHT ¥3apo TabCUPUHU XUcOOra OJiaJuraH
TEHTJIaMallap TU3UMHU TY3WIau, Oy TEHIrJamanap TaJKUK ATHIAETTaH THU3UMIA
naigo OynamuraH TypJiM XOJaTJapHU TaxXJui KWJIUII XaMJia ylapra Xojiar Ba
YHCypJlap MapaMeTpiliapyd Y3rapuIIMHUHT TAbCUPUHU aAHUKJIAIl WMKOHUSTUHH
Oepagu. By TU3MMHHUHI aCOCHHM TaJKHUK STUJIAETraH AJIEKTP Ba THIPOMEXAHUK
THU3UM YHCYPJIAPUHUHT YPraHWJIraH TeHrJaMaiapy TallKuil KHJIaau.

YMyMHi TU3UMIa KyWUAard TEHIJIaMajiap KUPaIn:

— KyBypJAaru CHKHnMaﬁz{HraH CYIOKJIMKHHMHT XapakKaT TeHIJIaMacHu:

L 1aQ, A1 QQ 1
£ *S ot tdsz 2g = (1)

OH ¢28Q

OH, c“0Q_¢ 2

6t+g86x )

OyHaa S — KyBypHUHT KYHJIaJaHT KECUMH [03acH, d — KyBYpHHHT JUaMETPH Ba A —
KYBYPHHUHT KapIIUINK KOdDPUIIEHTH.

Hacoc Ba »5ekTp MOpUTMAaHU Y3 HUMTra OJITAH AarperaTHUHI Xapakar
TEHTJIAMACH:

— CHHXpOH: T d26 =M M 3)
PpOH: cht—z = Ve VIMEX
ds
— QACHHXPOH: Tjp— ot I\/I —~Myigx 4)
Hacoc gsurareu 3JeKTp MOMEHTIAPMHHUHT TEHIIaMaIapH:
E.U 2 (X, ,—X
— CHHXPOH: Mg =—1—Csind+ U~ % q)sin 25 , (5)
ds 2 XgsXgs
2(1+sk )
— acunxpor: M =M} 5. LI (6)
S — +* +2$kp
S S

ko
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Mmex = Mr — M1p, M. = pnQH , MTp= (0,03 — 0,07)Mrsign(n). (7)
®

CI/IHXpOH ABUT'aTCIIMHU FaﬂaéHHaHTI/IPYB‘-II/I POCTIIArNWIAPpUHUHT TCHIJIaMaJIapu:

m dHi dHi

by TenrnmamanapHu eudin y4yyH MyBOQHK MareMatuk wudoganap
KYJUTaHUJIM, yJap XoJiaT MapaMeTpiiapuHu y3apo Oornaiawiap. TeHrimamanap
HACOC arperaTjapuHUHT YTUII XOJIATJIapUHU TYpJIU aBapuUsSBUIN Ba dKCILTyaTal[MOH
XoJlaTiapaa, SbHU IMIMHAIapJa OOCHM y3rapuild, CHUHXPOH JBUTATEJIHHHT
aBapusIBUI TYXTaTWIUIIM, HacoCc €KUM KyByp OunaH OOFNIMK OyiraH aBapusuiap
X0JIaTUuAa YTUII XOJIaTHHU TaJIKUK STUII UIMKOHUSITUHU O€paiu.

AJITOpUTMHUHT OJIOK cxemacu |-pacmia KeITUPUITaH.

Nuutad 4MKuiraH airoputmiiap TUAPABUK 3apOHM aHUKIA Ba Xuco0
KWIAII JacTypuil KOMIUIEKCMHHM SIpaTHII Y4YyH acoc KwinO oJuHrad. by
KOMIUIEKCTa 3JEKTPOH XHUCOOJall MallMHANApd Y4YyH JacTypHH pacMuil
pyixartnan yrkazwiranaurun xakugaru NeDGU 03124 Ba Ne DGU 03644
I'YBOXHOMAJIAPHU OJIMH]IU.

C# pactypuaml TWIMAArd JacTypuil KOMILIEKC FOKOPH JlapaXkala acocui Ba
éplaMuu JKMX03J7ap KOHCTPYKIMS Ba CyB YTKa3ull KyBYpJIApHM Ba HMHILOOTIIAPH
napaMeTpllapuHM TaHJalllra IOKOpU Japaxana HUMKOH Oepaau. JlacTypHHUHT
KYJUIAaHWIAIIN THAPABIMK 3ap0 OyiaraHuja KyBypJAard CyHOKJIUKHUHI OOCHMHU Ba
TE3JIUTH, cap(IaHUILIM Ba OKUO KETUIIMHU aHUKJIAll UMKOHUSATHHHA Oepaju Ba YHU
MYMKHUH OYyJiran pakamiap OwWjiaH TaKKOoCHIalau, 3apyp OyiaraH BakTAa THAPABIUK
3ap0 Ky4yMHHU macaTupuil OYViinda 3apypuil TEXHHK YOpajlapHU KaOysn KHIJIMIIHU

TabMHUHIIA0 Oepasu.

Jactaabkur MasayMotaap Cv, L, x, lyam, v, d, Hp, hp, t: Ba BoKea TypH KHPHTHIaIH

'

3IeKTpoMeXaHHK YTKHHTH KapaSHIapHHH MOJe UIAIITHPHI THOpoMeXaHHK YTRHHYH KapadHIapHHH MOJe/ Al THPHIT
a2s EU. _ u2@X,X.) _ dQ, _ o dH, 1

TeL2oM My Mo =—2 Ssinge— ¢ el a3 H-H_+1,L—> 41, L QIQ[=0. —isc —(Q-Q,,)=0

4 oM ® Aoz 2 XgpXg Y dt i TLy ot

Y Y

Y

Hp = Hyg e yuyH
KyBYPH OapKapOpIIHK
XOIaTHH OOPMH

t = tom yIyH
CJI cHHXpOHH3MAH
YHKHII X0TATHH
dopm

I

3ap0 MOMEHTH aHHK/TaHATH KyBYpPHHHT &prmmmm

Myas XaKH7a Xabap OepHTan

I'mapasIHE 3apba
rpadHFHHH KypcaTaqm

t=t+t;

1-pacm. Hacoc cTaHIUSIJIADUHE YTHII KAPAEHIAPUHUHT 00CKHYMA-00CKHY XA KHJIUII
AJIrOPUTMJIAPUHH OJIOK CXeMacH
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JlacTypuii ~ KOMIUIEKC ~ KaWTa  yJaHyBYM  KYpWJIMaHM  MaTEMaTHK
MOJIeJUIAIITUPUIIIA CUHOBIAH YTKa3uilau, Oy Kypuima KyBypJapHU Y30K MyJJIaT
XU3MaT KWIMIIK Ba JJIEKTP SHEpPrus capPuHM Texall Makcaauja TUIPaBIUK
3apOHUHT OJIIMHU OJUII UMKOHUATHUHM Oepanu. [lacTypHH WIMMIA TaaKUKOT
UIUTAPUHYU aMajira OLIMPUIIAA Ba YKYB Kapa¢HUAa UIUIATUII MyMKHH.

JluccepranstHuHT «I'mapodHepreTux KypuJjMaJjapaa YTHII
KapaéHIapUHU  XMCO0-IKCIEPUMEHTA] TaAKUKOTJIapw» 71e0 HOMJIaHTaH
YYMHYA O00MAa THAPOIHEPreTUK KypHIMajapAa YTHUIN >KapacHIapUHU TaJKUK
ATULI, SBPHU KyBYp Ba TMAPOMANIMHAAA THAPOMEXAHUK >Kapa€HJIApHU YPraHMIL
XaMZla THUAPOTEHEpPaTOp Ba DHEPrus TU3UMHUIA DJIIEKTPMEXAHUK JKapacHiiap
Y3rapuIly HaTHKAJIapy KEJITUPUIITaH.

VTHI kapaéHnapu JKHX03 YHCYpJapura AMHAMHUK IOKJIAManapHH KaTTa
napaxana kKynaiwmm OwitaH TaBcuduianamy. JKuXO3MapHUHT  BHOpAIUsCch
THJIPOArpEeTaTHUHT OKUM KYBYpPHJard JeBOpjlapura TUAPOAMHAMUK OOCUM
MyJIbCAIlMSICUHUHI WHTEHCHUBJIMIH OLUTAaHWJAH owaau, Oy sca Tanodarra onud
KEJIMIIN MyMKHH.

KyByp Tapmorujaru auHamuK >kapaéHiap TUIpaBiIMKajaH MabiyM Oyiraxn
KyBypZia OocuMHHUHT Tapkaiaumi (1) Ba (2) TeHriiamanpu OujaH TacBUpJIaHA[H,
napaMmeTpiapy OWp XWUIAIITUPWITAH OJKBUBaJEHT 4 KyTOMW THU3UMHU
TaKCHUMJIAHTaH MapaMeTpjapuHU TAPMOKHUHT ajJIMAaIlITHPUIN WYIUM OWIaH KyBYp
TapMOFU JOUMHM Y3YHJIMK JUAMETpP Ba KyByp MaTepUail XyCyCHITIApU KUCMIIapU
OWjaH TaKIUM STWIMIIM MyMKHH. YHJIa KyBYPHHHT | KHCMH Y4yH OOCHM Ba
cap(pUHUHT TEHIJIaMalapy KyHuJaru KypyUHUIITa 3ra:

KyByp KucMHU KapImianK KypCaTUIIMHUHT XUCOOU:

do.
Hi—H,  +I, Lyq%Jr ro LysQQ|=0, (10)
dH, 1 B
dt +Co Lyq (Qi_Qi_l) - O’ (11)

2
%% Co= g_g I, = %— I-krcMu KyBYpHHUHT Kapmnuk; Hi, Q;i, Hi.g,
Qi.1 — I-KMCMHU KyBYPHHMHT KMPHII Ba YMKHIIMAaru 6ocum Ba capdu; Ly, — KyByp
YYaCTKACUHUHT Y3YHJIUTH.

by Ttenrmamanap “Hacoc—KyBYp—IBHraTeIb—dJEKTp TapMOFu~  OyTYH
TU3UMHUHUHT YTUII JKapa€HIaApUHUHT TaXJIWIUAa KyJIaHUIaIH.

2-pacMaa  “KyByp—IOKOopu  Obed”  TU3UMHUAA  YTUIN  >KapaéHUHU
MOCIIAIITUPUILITHUHT HATIKAJIAPH KEATHUPUITaH. YJIapAaH KyBYp Y3yHJIWTHHU
KUCKapUIIKM TeOpaHUIIUIAp YacTOTaCH XamJla CyB XaXMUHUHT TeOpaHMII
AMIUIMTYIACH KATTAJANIMIINTA ONHO KU KYPUHHUO TypHOMM. Y THII sKapasHH
300 cexynara sskud OynuO, OyHIa KyBYp Y3YHJIMTM KUCKApUIIU capu OOCHM Ba
TE3TUKHUHT OIIUII Japakacu KyTasiu.

OyHza Iy =
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V. Z g.e. V, Z oe.

1, cer

t, cex

A b
A) L=1500 m, B) L=500 m, H; =55 M, A=0.02, F=13 M2
2-pacMm. “KyByp—1okopu 6be()” TH3BMMUHUHT
THAPOMEXAHUK YTHII KapaéHIapu

Hacoc arperatm osiIeKTp JBUTATEJIMHMHI KyTHWJIMaraHja TYXTaTUIIH
MAaIIMHAHUHT POTOP CTaTOp KOHTYpJapuja €K SHEPrus TU3UMHUAA KUCKA TYXTall
HaTWXKacuaa mago Oynanu, Oyjlap HAcOC CTAHUMSICH IIMHATApHUIA XaM OYIIUIIN
MYMKHH Ba Oy aBapusiBU xoJaT Ae0 OenruiaHaim.

3-pacMima DSHEprusi TU3UMHU TOMOHMJAH OJIGKTP TOKWHUHT €TKa3uo
OepunuIIM KyTWJIMAaraHja TYXTaraHuja BYXKYJAra KeJraH YTHUII >Kapa€HUHUHT
TaBcu(pu Oepusiaau, Oy epaa KyBypJlard CyB OKUMUHHMHT TE€3JIUTH TEOpaHUIIA AMY
byxopo MammHa kKaHAIMHUHT “Xam3a-2” HACOC CTAHLMSCU arperaTd pOTOPUHHUHT
O0ocuMU Ba ailllaHUII TE3JIMIM XUcoOiaHraH, OyHJa KyBYypHUHI y3yHiuru 1500
MeTp, auamerpu 4,2 MeTp, uirdu OocuMM 55 MeTp Ba OKMMHHHI OOIUIaHFUY

TE3JIUTU CEKyHIUTa 2 METPUp.
V,H o.e.
14

1

0.5

ot

04

a5 I I I I
o 50 100 1580 200 250

t, cek
3-pacm. Hacoc cTaHIUsSICHM CHHXPOH IBUTaTe Il KYTHJIMAarania yurasjaa
“KyByp—10KOpH Obe()” TU3UMHIATU YTUII KapaéHiapu

byHma  xapa€HinapHUHI  aCOCHM  XYCYCHSTH, YJApHUHI  arperar
alTaHUIIIMHUAT Y3rapaéTraH yacToTacuaa BYXKyAra KeTuImuaaanp, Oy aca dJIeKTp
MarHuT Ba THIPOMEXAHHK TTapaMeTpiiap TeOpaHUIIHra 00 Kelau.

CHUHXpOH JBUTATEIMHUHT 3JICKTP MarHUT MOMEHTJIapH Kyhujaaru Gpopmyia
Oyiinva aHUKJIaHTaH:
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Mc = X [iqc(i]c + ild) —idcilq](l+sk); (12)
CoananamTupuIl MaKcaaua IeKTP MarHuT Ba TUAPOMEXaHUK MOMEHTIIApU
MyBO(UK KyBBaTJIap OMJIaH aaMaluTupwiras, sbHU Mg = Pyg Ba Mpyac = Puac.
DJIEKTp Ba THUAPOMEXAHUK THU3UM TEHIVIAMAJAPUHUHT YMYMJIAIITUPUITaH
TU3UMHU KyWHAaru Tap3aa OepuiiraH:
cap( TEeHrjIaMacu:

‘i'j? (H,_— H— 1oL, QQ)/LL,., (13)
OOCHM TEHIJIaMAacCH:
& =Cor@Qu). (14)
CUHXPOH ABUI'aTCJIb TCHIJIAMACH:
zf =s, (15)
=GP Pind) (16)

CUHXPOH JIBUTQTEIHU FajaCHJAIITHUPUIN  POCTIATMYMHUHT  TYIIUPHUIIL
PEryJATOPUHUHT TEHrIaMallapu MyBO(DUK Tap3a:

yrum DHOKu:
Eq _ = (++)(Ege—Eq). (17)
T A S *
dt dO
pOTOp ailylaHManapuiara 60CuM:
d

FaﬂaéHHaHITI/IpFI/ILIHI/IHF KI/IpI/IHII/IILaFI/I KyLI.]'IaHI/IHI'

=(7= )(e— v) - (19)

(12)-(19) TeHrnamamapuHUHT 6Hp NaWTHUHT V3UJa C€UYWIHIIA “KyBYyp —
HAcoC — JJIEKTP ABUTATEb — JJEKTP TAPMOFH THU3UMIIAPUAA YTHII KAPAEHUHUHT
KOMIUIEKC TaxXJIUJIMHU aMaJlira OIIUPHUII UMKOHUSTUHU Oepaiu.

byHna sHT oFup XojaTiapujiaH Oupu CTaHIMs IIMHAcHUAa alHUKCA, TU3UM
IIMHACKUIa KYWYIAHUIN TACalMINM DKAaHJIWUTH aHUKJIAaHAW. 4-pacMlia THU3UM
mUHaANapuaa Kywianuil 2% ra nacairaHuga YTHUI >KapaéHUHUHT TaBcubIapu
KenTupuirad. Taxauia TU3UM HIMHAJapUAa Ky4JIaHUIIHA nacaiuim 8%1aH OpTUK
OynraHuIa CHHXPOH JBUTATEIh CHHXPOHJIMK/IaH YUKUO KETHIINUTA OJIN0 Keau.

Kentupunran s>xagBangaH KYpuHUO TypUOIWKH, THUIPOMEXAHUK YTHII
KapaCHJIAPUHUHT KEUUII XapaKTepu y3rapaau, SbHU OOCHM OIITaHU cap capdu
nacasay, Oy MalIMHAHWHT alJIaHUII MOMEHTH, STbHH XapakaTra KeITHPYBUYH Kyd
nacaiiuimy OusiaH acociaHaau, OOCUMHHMHTI KYHalHMIIM 3ca OKUMHUHT MHEPIUOH
XapakaTtu OujiaH OOFJIHK.
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t,ock t, ek t, ook Loek

A) Kou=0; b) Kou=5 en
4-pacm. Tuzum mmHajgapuaa 6ocuMHu 2%ra nacaiiranmaa
Ke4auraH YTHUII 3JIeKTP- Ba THAPOMEXaHUK KapaéHIapu:

CuUHXpOH J1BUraTellb KyBBATHUHUHI KyTHUJIMAaraH X0Jjja nacaiiuil xoJjaTjiapu
Yypranu6 yukuirad (5-pacm). 15% ra Oyica arperaTHUHT 6apKapOpJIMTU CaKJIaHUO
Koiagu, OyHJa »dJIEKTp MEXaHUK JkapaHiap Te3 Macasiu, THUIPOMEXaHHUK
xkapaénnap dca 140 cexynara sskua naBom stagu. 30% ra arperaTr y30K MyAJaTiId
TeOpaHuILIap XojaTura Tymaad. 50%ra Oynranuga IBUraTeTHUHT OapKapOpJIUru

Oy3uiagu Ba y CHHXPOHM3M/IaH YUKUO KETaJIu.

Q. o.e. H, o.e.

Q. o.e. H, o.
= > 0.€. 1008

a =1 10 15 o (=1 10 15 o 5 10 1a “n 5 10 15
t, celc t, celc t, cek t, cek

A — nBurarens KyBBaTH 15%ra kamasan, b — nBurarens KyBBatu 30%ra kamasan
5-pacm. Hacoc arperar Bajura iokJIaMaHu KyTHJIMAaraH XoJjija,
caKparaH XoJ/Iaru yTHII sKapaéHjiapu

OnuHran HaTWXKajgap JHEPreTUK >KUX03 Ba KyBYypJap KOHCTPYKIUSICHUHU
acocab OepuIll Xxamja TEXHUK UKTUCOIUN Xucobap/a KyUTaHUIUIITN MyMKHH.
Jucceprauusauar «Hacoe cTaHIUAJIaPHUHT ACOCHH JHEPreTUK KMX03 Ba
KYBYPJIApMHM THAPABJIMK 3ap0JaH XMMOsl KWINIIA TEXHUK BOCHTAJIAPHH
U120 YUKUI»Ie0 HOMJIAHTAH TYPTHUHYM OoOWIa THAPABIMK 3apOJaH HACOC
CTaHIMSJIAPUHUHT KUX03 Ba KyBYpJIApUHHM XUMOSJIAIIHUHT KyWHJIard caMapaiu
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€YMMIIApU: KalTa MIIra TYIIMPUII KypHJIMacyu Ba HACOCHUHT JUCKIIW 3aTBOPUHHUHT
IPONOPLUOHAJ OOIIKApyBU KypUiIMacH Takjau( KUIUHTaH.

Bocumiu KyBypiIapHUHT MKKU €KU YHJIaH 3UE] TAPMOFUHU OMpIIaIITUPYBYU
KaiiTa uIira TyIIUpUII KypUJIMaHU KYJjaml Takjaug STUnau. YHU TUAPABIUK 3ap0
OynaraHuga OOCMMHM OUIMIIMHU NAcaUTHpUIN Y4yH KYJUlall Takiaug KUIUHIM.
Kaiita éxkum Kypunmacu OWJIaH >KMXO3JIaHIaH HAacoC CTaHUUsUIapuia TUAPABIUK
3ap0 KEUUIIMHUHI TaxXJWIM LIYHH KYpcaTIWKH, TAPMOKHUHI Oupuaa Oocum
olraHuga KaWrta €Kumaa €HUJard TapMOK TU3MMHIA CYB TallUTAHAIU, AKCAPHAT
xojiga OocuM MacaiiraHuja €HUAArd KyBypJapJaH CyB OolllKa KyBypiapra
r100opuIagu.

6-pacmma xan KuiauHaraH Basuga ydyH cxema TakauM stwirad. Hacoc
CTAaHIMSICHHUHT Xap Oup 60cuM TH3UMHU OMp HEUTa HAcOC arperat, KyByp Ba CYB

TalUIAIl YCKyHAJIapUuIaH UOOpaTaup.
n ]

o 2 b 4 .? a8 1C

0,2,4,7,8,10 —nacocnap, 3,1, 9 — KyByp AMaMeTpu Y3rapul xouiapH,
5,6 — Kaiita KU KypHIMAaCHHH YpHATHIN KoK, 11 — CyB Tamuram >xoin
6 — pacm. Hacoc ctanuusicu 60cUMJIM TUSUMUHHMHT XHCO0 cxeMacH

Vrum  kapaéHnm  GOFNMKIMIMHMHT —TaXJIMIM  KaiTa GKUII  THU3UMH
uuuiaraiuga OocuM  TeOpaHUUUIApUHUHT KaTTanuru 20 wmeTpra mnacaiiranu
Ky3aTuiau, OyHaa ruapasiauk 3ap0 40% ra kamaiigu. bocum macalUIIMHUHT
naBomuinuru 1,5 6apobapra nacaiau.

Hacoc cranuusacuna ypranwiaérraH YTUIL >Kapa€HJIApUHUHT TaOuUl
CUHOBJIApU YTKA3WIIU, YAAPHUHT TaXJ MW KaiTa EKUII KypuiMacu 00CUM KyBYp
Ba HACOC arperaTjiapuHM TUAPABIUK 3apO/aH XUMOSJIAIIHUHI camapaid BOCHUTA
SKAHJIUTUHU KYPCAT/IH.

Juccepranusiga HacoC CTaHIUSIIAPUHU THIPABIIMK 3ap0AaH XUMOSJIAIl YIyH
OUCKIM 3aTBOPH OOIIKAPYBUHUHI MPOMOPLHMOHAN KypUJIMacH HIUIAHMAacu
acocnaHra. /[Mck 3aTBOPUHMHI ENWIWIINA JABPUHUHT KUCKAPHUIIW WIIAA KOJITaH
HAaCOCHU KaBHUTalUs XyAYAUAaH TE3pOK OJMO YMKHIIWTa KyMakiamanud. byHnax
Tamkapu Oy kapaéHja YuupuiraH HaCOCHUHT BHOpAIMOH TaBcU(Iapu YHH KailTa
allyIaHUII KaTTAJIMTU Ba JAaBOMUIUINIY KMCKapraHu xucoOura siximuiaanaan. bocum
KyBypHzaa 3ca OOCHM MyJbCallMsACH KHUCKapraHu Xucooura xam TaBcudiapu
axmiaHaad. by Kuckapuim Hacoc (aoiusTH KaBUTALMs XOJATH Ba PEBEPCUB
X0JlaTu1a OYIranauru cadaliu BYKy/ira KeJxaau.
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Hacoc nmuckiu 3aTBOpWHHM THAPABIWMK 3apOJaH XUMOSUIAIl Makcaauaa
MPOTNOPLIUOHAI EMUIMITAHYA AUJIAHUIIIMHU aMaJlira OIIMPHUII YIyH (oiaain MoIesb
napaxacuga Ne FAP 01119 Ilarent acocuma OomkapyB KypuiMmacu uIiabd
gukwiran (7-pacm). By OomikapyB KypuiMacuaa pakamiad THIPaBIUKAHUHT
3aMOHABUM IOTYKJIApHU KYJUTaHUJITaH.

- - - - - - - - = - - = =

PLC <

Yy
h A

ffffffff e === P{{ X1 o

W
0
/D e

h Y

1-nacoc, 2-auckiu 3aTBOpH, 3-00CUMITH KYBYp, 4-EKHUII KypHUIMacH, 5-Moil 60cuM KypHiIMacH,
6-TipomopIMOHa 30JIOTHUKIIM TAKCUMIIOBYH, 7-MOW €TKAa3UII KyBYPH, 8-3JIEKTP IOPUTMAHU
aBapysIBUI YUMPUII NaTYUTH, 9-3JIEKTP IOPUTMAHU CTATOP UyiaraMmy, 10-35ekTp ropurma,
11-npacTypriaHagurad JOrMK KOHTPOJLIep, 12-Te3NUKHUHT paKkamIld JaT4uTH.
7-pacM. HacocHn mponopuuoHasa 00mKapui KypHJIMACHHHHT CXeMaCH

CepBonpuBoj, MOl 0OOCMM KypWJIMAacH, 30JOTHHKIM TaKCUMJIOBYH,
apoceud €F KyBYpH Ba HACOCHHM aBapUSBHUM YUMpHUII JaTyurura sra Oyirax
JUCKJIM 3aTBOPJX KypuiaMa OOCHMIIM KyBypJia CYHOKJIUK OKMMHUHUHT TE3JIMTH
JATYUTH Ba JAcTypjiaHaIWTraH JOTHK KOHTPOJIIEP OWJIaH KUX03TaHaTu. 30J0THUK
TaKCUMJIOBUUCH 3Ca MPOMOPIIMOHAI Tap3/1a TApTUOTa COJTMHAMU.

JIMCKM 3aTBOPUHUHT ENWJIWII TE3JIUTHHUHT Y3TapyUIId acTa CEKUHIINK
OwiaH KyBypJlard CYHOKJIMK OKMMHM TE3JIMTHra MPOMOPIHUOHAT paBUIIIa aMmaira
omwupaaau. JlactypiaHa€Tran JIOTUK KOHTPOJUIEPHUHT TEXHUK TaBCU(DU IIyHIan
Tap3/a JacTypiaaHaIuKu, OOCHUMIIM KyBYpJa CYIOKIUK OCPUIIIHUHT TYFPU TE3JIUTH
aKCapuAT TE3JIMKKA aJIMallTUPWIAAN, SbHU paKaMiid JATYMK TOMOHMAAH Kaml
STWIAINTAH CYKOKJIMKHUHI HOJTra TEHT TE3JIUTW MaWTHUAAa JIUCKIIHM 3aTBOPU TYJIUK
EIMIaan.

HacocHunr mnpomopuuoHan  OOMIKApyB KYPWIMACHHHUHT KYJJTAHWIHIIN
TUAPABIMK 3ap0 BYXKyJra KeJIWIl HWMKOHUSTHHU XaMmja OJJCTKP SHEPTUSHUHT
aBapusIBUN XOJIIa TYXTAaTWJIMIINAIA HACOCHUHI OpTra KAaWTyBUHM TE3JIUTH
MMKOHUSATHHM HWCTHCHO JTaju, capdiaHraH »>JIeKTP DSHEPrus  TEeKaIWIIUHU
TabMHHJIA0 Oepaay, HACOC CTAHIUSICHHUHT MIMOHYWIMIMIH Ba TEKaMIIMJINTHHU
OIIUPAIH.
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HucceprauustHuHr  «[HAPO3JIEKTP  cTaHUUsuIapy  OMHOJIAapM  Ba
XyAyjaapuaad GuibTpanus, JAPeHAa)k Ba OKOBa CYBJAPHU YWKAPUIIHUHT
épaaMum  TH3MMJIApH  XoJaTjapu» 1e0 HoMIaHraH OemuH4yd  O600uja
TUAPORJIEKTP CTAaHLMSIIApU OMHOJIApU Ba XyIyajapuaad (uibTpaius, IpeHax Ba
OKOBa CYBJIApHU YUKAPUIITHUHT EpJlaMud TU3UMJIApU XOJATUHU TapTHOTa COJUII
YpraHwIraH.

OHI Machbyl, MyXUM E€pAamMyuM *Kux03 Oy JpeHaX KypUTYBUU KUXO3JIAPAUP.
ABapusBHM CyB TOLIKMHHM Ba DJIEKTP DHEPTHs TYXTATWITAHJA JPEHAXK HACOCIIApU
aciuga OupuHuM OYnuO wmgaH yukaau. Jucceprauusana SIEKTp SHEPTHSIHH
KyTHWJIMaraiaa yuupuil Tydaiiau cTaHuus OWHONIApHuaa KUAIUNA CyB TOUIKUHU
TacBUpJIaHTaH, YyHKH Oy maiTAaa Oapua EpaaMyuu KuUX03Jap YUUPHUITaH.

MHmooT xaMja Hacoc CTaHUUsJIApH OOCHMIIM KyBYPJApPHUHI 3CKUPHILH
OunaH OOFNUK OYnraH XyIyJJdaH OKOBAa CYBJIApHH OKMMHU JTOMMHN KYTIaWWIIH
Ty(ailnmu QuIbTpiaHraH CyB CTaHLUACH OMHOCH JI€BOpJApU OpPKaJlu OWHOHHHT
y3ura Tymaad, yiaap kaOelb KaHaulapu Oyinya okuO Tymaau, Oy kabeap
AJIEKTP TOK KaHayulapu Oyiinua okuO Tymagu, Oy 3ca aBapusBUN Ba3usT Ba CyB
TOLIKUHJIAPUHUHT BYXKY/ra KEJIMIIUra oJu0 KeJaiu.

«BomonogbeMHUK» WIMHN HIIIA0-4YMKapHILI KOPXOHAcuAa JuccepTarius
MYaJUIM(UHUHT UINTUPOK OMJIAaH HAcoc €KU THJIPOJIEKTP CTAHIMICH Ba OMHOCU
Xyayauaad ¢uibTpanus, APEHaX Ba OKOBAa CyBJIapHU OWp MNaWTHUHT Y3uja
YUKapuO TaluIall y4yH sSIHTH KypuiMma unuiad yukwirad. by kypunma FAP 00592
pakamiin (oiganu Mozenra oepuiran IlareHT Ounan XuMosIaHraH, y arpodaaru
XyAyoAa SKOWIAmraH ApeHaX KyIyK CTaHIus OWHOCHIA JpEeHaX KyIyFUAaH
nbopar 0ynub, Oy Kyaykaa TOpTHO OTyBYM KYBYPJIM HAcOC YpHaTuiraH Oynuo,
YVHJIa TUCKIIM 3aTBOPH MaBXKyH, Oy 3aTBOp puuar €pamMuaa K KaJIKUTMa OujiaH
Oupiaiirad, 0y 1K JIpeHaX KyIyFuaa >KouaIiaiu.

Taknud KwiMHraH TU3UM CXEMAaTHUK Tap3aa §-pacmaa kypcarwiarad. CyB
OKMMHM VpTada OVynraHwga JpeHaX KyAyFUJard [OK KaJdKuTMa IIyHjan
KOWMITAITaHKK, y OuiaH OOFIMK OYJIraH 3aTBOPHUHT JHUCKU SIpUM EMUITaH
xoJataa Oymanu, OyHIa HacoC APEHAX KyAyFura KejiraH OyTyH CYBHH UYUKApUO
TalUIAlId Ba IPEHAX KyBypUIlard, CKBXMHAAArd CYBHU XaM YMKapuO Tanuiaiau
Ba HaTwkaaa Oynapja CyB caTXd MablyM napaxkara macasau. FOk KaikuTMma
TabCUP KWJIYBUU JIMCK 3aTBOPU JPEHAX KyAyFHUJIard CyB caTxura OOFJIMK paBHUILIa
CyB OKMMHUHHU KalTa Takcumiaiiau, Oy CyB JApeHaX KyAyFUJaH NIy Tap3aa
TOPTUIIAIUKN, KEHMHUYAIMK JpeHaX KyAyKKa TymraH Oapya CyBHU YHKapHO
TalLIal MaKcaaIuaa UIUTaTUIIa/IH.

Hacoc €xu rumpossiekTp craHmusick OMHOCH Xamza atpodiard XyayaaaH
(GuiabTpiaHraH JIpeHak Ba OKOBa CyBJIApHU OWp MAUTHUHT Y3uJa OJMO Talliaml
yU4yH sApaTWIraH TU3UMHUHT KYJUIAHWJWINA CYBHM YHKapuO  Taljarl
KapaCHUHUHT THAPABIMK aBTOMATIANIMHU TAabMHHIJIAWIN, YHU WIIOHYWIWINTU Ba
TEKAMKOPIWJIMTUHU OIIHUPA/IH.
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1-nacocnu Tu3uM, 2-cTaHiusl OHOCUAATU IPEHaX KyAYyFH, 3-CTaHLUs
XYAYAUJAryu KyJlyFu CKBaKUHACH, 4-KYIIMMYa KyBYp, S-KyIIMMYa 3aTBOP
8-pacm. Hacoc éku ruIpo3JIeKTp cTaHIusA OUHOCH Ba aTpoduaaru
XYAYAdaH QUIbTPaNMs, IPeHak Ba 0KOBa CyBJIApHH Oup
NAWTHHUHT Y3U1a YMKAPUO TalLIall YYYH SIPATHJITAaH TH3UM

Yukapubd Tamuwian TU3MMHIA y9Ta OKUMHUHT apaylalllyBU Ky3aTHJIaId, sSTbHH
0ocuM KyBypJaH WINYA OKMM Ba WKKUTa TOPTHUIYBUM OKHUM, OWUTTACH IPECHAXK
KyJIyFuJaH, UKKHHYMCH CTAHIUSA XYIyJAWJard CKBa)KWHAJaH HaMOEH OYIaju.
bynnait tuzumpa OVia€TraH OKMMJIQPHUHT apajailyB KOHYHJIApH MaTEeMaTHK
Tap3/ia TaCBUpJaHTaH, OYHJIaH TaIllKapy KaJKUTMaIUK KypuiMa EpaaMuaa CyBHU
quKapuO TaIian TH3UMUHN TapTHOTa COJUIIIATH KapaéHaap XaM aHUKJIaHTaH.

Hacoc cranmnuscn 6uHOCH Ba aTpoduaard XyayadaH (GuibTpamus, IpeHax
Ba OKOBa CYBJIADUHHM UYHWKAPHUITHUHT TapTHOra COJIMHTAH TH3UM HIIUHHHT XHUCOO

cxeMacu 9 pacma KypcaTuiras.
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9-pacm. Hacoc cranuusicu OmHocH Ba aTpoduaaru Xyayian puiabTpanus, IpeHax Ba
OKOBa CYBJAPHHU YHKAPUIINHUHT Taanﬁra COJIMHI'aH TU3UM HIIIUHUHT XHCOﬁ cxemMacu
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Cranmus OumHOCHMIa JApeHax, KyBypAaH TOPTHO OJHMIIHUHT IOKOPHIUTH
Kyhuaruya O0ynanu:

H,, =VVBK-VOCH -Ah, =VJK+h_ -VOCH - Ah (20)

oyuna VVBK — ognpenax Xyayaumard CyB CATXWHUHT Oenrucu
VOCH nacocuu ypHatum yku, V/JK Kyayk TYOMHHHT OenrucH, N,,, — KyTyKaara
CYBHHMHT UyKypJuTH, Oy KypcaTKuy y3rapyBuyaH KypcaTkud Oynub, Q... IpeHaX

B 30an 30an

KyAyKKa CYBHM Kenumura OOFJIIMK Ba  KyBypJa OWHOJAH CYBHM YHUKapuoO
TanuioBun, Ah , — olyBUM TU3UMIATH KyBYPHUHT OOCUMHHHT HYKOTHIIHIIIH.

H,, =VVBC-VOCH- A, -, =VJK+H,-S, -VOCH-4h, -4h

Bmep

(21)

BocuMHMHT HYKOTHIIMITY THAPaBIUKa (opmyagapu acocuaa OenTIaHaIu.

ouck

4h

30an

2 2 2

218l3¢)a£¢(QBssaaH) !Ahmep:ﬂ&meg(QB;mep) ’Ahaum:é)ucx 8((38171317) (22)

7790 04 7°9d,,., 7°9d,,0p
JIMCKHU MaxXayuini KapIIUiauK KodpUUEHTUHUHT KaTTanurura &, = OOFIIUK,
y oL TUCKUHY EMWIHII OypJyarura OOFIIHK.

Arapga o 0 gan 50 rpanmycraya Oyica, kod(pdUIIMEHTIap OJTHUHYU
Japakajard moJuHOM OWUJIaH anmpoOKCUMAaIUs KUJIWHATU
£ =9,4.10"0°+3,56-1070-2,47-10"0"+6,81-10*0*-5,0-10a’+4,24-100+0,097,

arapna Oypuak 50 nman 90 rpamycraua Oyica, TYpTUHUM Japaxkaaaru
MOJIMHOM OMJIaH

& =0,0155a"-3,5020°+296,9650>-11181,760+157675,6 (23)

bynja annpokcumanysi MIMOHYWIMIMTHHUHT KaTTanurd R? = 0,99 Hu Tamkun
KUJIIH.

V3 HaB6aTHma, TapTHOTA CONYBYM KAJKUTMA KypHIMa JWUCK 3aTBOPHHHHT
énunuin  Oypyarn KyIyKIard CyB UYKYpJUTM Ba pPHUYArHUHT TE€OMETPUK
napameTpJiapura OOFJIuK.

OKMMIIapHU TOPTUO OJIMILA HACOCHU TUIPABIMK TapTOUTa CONMHUILIMHUHT
MaTeMaTUK MOJIENIA KyWHaarnda KypuHHIIra ora.

8Q: A1 2
Zmeﬂ + g;lzef [1_ ygp == gducx} = Zg()aH + 987?21302” [1_ isgmlwa” J (24)

mep 30an
Ba OuHO Q

30am

by xucobma nHacoc cranmusicu xyayau Q JJaH HAaCOCHHU

B mep B 30an

TOPTUO ONUIIT cap(IApUHUHT KATTATUTH aHUKJIaHA]IH.

8Q? A
Zﬂm _ Zmep + QZBJ()ZH 1 _ " "s0an " 30an
gz°d d

30amn

30aH

Qpep = (25)

gﬂzdpr d

8 1 ﬂ'mep I mep
- gz)ucx
mep

Kamkanapé Bunosatu “M-2-2” HacoC CTaHIMICH MHCOJIMJA YTKa3WJITaH
unuIad YMKWITaH MaTeMaTUK MOJed Oyinda TU3UMHU MapaMeTpJIapuHUHT XUCOO
HaTwxkanapu 10-pacmaa rpaduk Tap3jia TakIuM STUITaH.
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10-pacm. Hacoc cTanuusicu OMHOCH Ba XYAyIHJIAH OKUMJIAPHU
TOPTHO 0N capdura Hacoc GOCUMHHHUHT OOFJIMKJIUTH

10-pacMaan KYpuHUO TypraHaek, HACOC MIIYH TaBCU(U HOMHTA dra OYITaH
TOpTUO oNmHAETraH cap@HUHT 6ocuMUTra OOFIUKJIUTY MUK Oyl AyMOupa TOMOHU
TallKapura KapaTwiral makigaaup. byHpmalt KYpUHHII HACOCTApHUHT HIIYU
taBcudura xoc OynuO, gacTinabku TaJKUKOTIapJaH ojuHrad. bupok, Hacoc
CTaHIMsCKM OWHOCHUJAH OKHUMHU TOPTHO OJUINIHUHT capdura HACOCHU
OOFIMKJIUTUHUA aloxXuja YypraHuO 4yuKcak, sbHU OyHJIa OocuMu ayoxuaa Oyica
taBcuduiap Ooiikada Oenrura sraduruHu TaBcudiam xous. TaBcudmap ayMO0K
TOMOHM TacTra KapaTWIraHW Ba MHUHHMYM HYyKTajlapura sra OYJIraHjaurujaaH
nbopar. Hacoc ummHUHT XoJaTiapu Oy MUHUMyMIIapra MyBO(HK OYiaranjaa 3HT
KMYMK OOcHMMIIapra sra Ba Iy KUXaTAaH 3HEPrus camapaaopiid XucoOJaHaau.

SAarun  kypunmanap Kamkagapé sunostuHuHr “M-2-27,  “I[laxtakop”,
“I'yBanax”, Kapmm maructpan KaHaJuHUHT 2, 3, 4 pakamJId HACOC CTaHIUSJIAPH,
Kuzzax BunostunuHr “Kopasurok” Ba “JIM-17, Hamanran BuiosTUHUHT “OnTHH
Bogui”’, “Typkucron 1-17, “Typkucron 1-2” Hacoc craHuusuiapy Ba YOpBOK
TUAPORIICKTP CTAaHIUSIIAPHUIA KOPUM STUIIH.

“M-2-2” Hacoc CTaHIMACHIIA aMalira OUIMPWITaH SHTH KypUJIMaJTapHUHT
TaOMUIl CHHOBJIAPMHUHT HATIKAJApU KenTupuirad. Hacoc cuHOBIapUHUHT UIILTA0
YUKUAITaH YCIyOuaATH Xamja YIYallHWHT KEJITUPWITaH BOCHUTa Ba yCiIyOnapu
6ocuman 3% naH 3uén OynMaraH xaTo OWIAH YIYOBHHUHT amajra OIIWPUII
UMKOHUSTUHU O€p/I, HACOCHUHT Ba UIIIUM CYIOKJIUKHUHT capdununr xarocu 3,5%
JIaH OLLIMaIH.

Maskyp xucoOiap xamaa amajra OIUMPWIraH TaOUHi CHHOBJIAPHUHT
CTaTUCTUK HWIUIOBU UIYHM KYpCATAWUKHU, WHKUPO3JIW HyKTajapja Ha3zapuil Ba
AKCIIEPUMEHTA]l  XMCOOJIAPHUHI MaKCHUMall KeJqumMoBUMWiIMru 6% naH 3uén
oynmamu. Xuco0 Ba aMalra OLIMPWITaH TaOMUI CHHOBJIAP HATUKAJTAPUHUHT
KUECTAHUIIN amaJira OIUPUITrad TaAKUKOTIAPHUHT UINOHYIMIUTUHA KYpcaTaau.
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XVJOCA

«Hacoc cTraHuMsIapUMHUHT  XOJATJIAPUHU POCTJAll  aNropuTMIapyd Ba
yCyJulapu» MaB3yCHAArd IOKTOPJIMK AuccepTanusicu Oyiimda onaud Oopuiran
TaJKUKOTJIap HaTH>KAJIApU Kyiuaaruiaapiad noopar:

1. Hacoc craHuusnapugard aBapHsUIapHUHT acocuil cababnapujaH Oupu
THApaBiIvK 3ap0 OmiaH MypakkaOiamraH 3JIEKTPOMEXaHUK €KM THAPOMEXaHUK
yTum  okapa€Hnapuaup. DBOCHUMHMHT KECKMH TeOpaHMIUIApU  TapMOKHHUHT
Oy3WIMIlKra, KyBYp apMaTypacHUHUHT OY3WIMILIWIa, HACOCHUHI TYXTAlllura Ba
XaTTOKM HACOC CTAaHUUSJIAPUHUHT WIIJAH YUKUILIUTA OJMO KEeJNUIIM MyMKHUH. By
Oopaga acocuil DSHEPreTHMK JKMX03 Ba KyBYpJapHU THUAPABIMK 3apOliaH
XUMOSUTAIIHUHT yCly0 Ba KypWIMaJIapUHU MIUTA0 YUKHII Macallachd MyXuM OYiu0
KOJIaIu.

2. Unk 60p “KyByp — HACOC — 3JIEKTP JBUTaTEIbh — 3JCKTP TaAPMOK~ THU3UMHU
Mojenu Takiaug kunuHad. Keatupwiran TeHramanap TU3UMU TYpJIM aBapusiBUN
Ba DKCIUTyaTallMOH XoJaTjiap/ia SHEPrysi TH3UMHUHT YTUII XOJIATUHU TaJKUK STHIII
MMKOHUATUHU Oepadau, SbHU IIUHAJIapAa OOCHUMHHU Y3Tapuilld CHUHXPOH
JIBUTATCJIHUHT ~ aBapUsIBUM XOJlaT[a YUuWIlKd, HAacoC €K KyByp OuigaH OOFJIMK
aBapUsUTApHU TaxXJIWJI KUJMUIIAA KyJsaHuinaad. CHHXpOH JBUTATeNlb KyBBATUHHUHT
KyTuiMaran xonna 15% ra macalluiid arperaTHUHT TYPFYHJIUTUHHM CaKJIaHUO
KoJaau, OyHJa »>JEKTp MEXaHWK JKapa€Hiap Te3 macasiu, THIAPOMEXaHHK
xapaénnap sca 140 cekynara sskuH n1aBom 3tafgu. 30% ra nmacaiuilm arperar y30K
MyIJIaTiau TeOpanunuiap Xonarura tymaau. 50% ra macaiium Oyiranuna
JIBUTATEIHUHT OapKapopJIMry Oy3wiiaid Ba y CHHXPOHU3M/IaH YUKUO KeTaju.

3. Iuametrpun 4,2 wmerpraya OynraH KyBYpJIM HAcoC CTaHIUsJIapia
TUAPABIMK 3apOJlapHu XUCOO KWiia OJaJuraH JacTypuil KOMIUIEKC UIILIa0
YUKWIIA. By KOMIUIeKe acocuil Ba €paaMiu SHEPreTUK KUXO03JapHU KOHCTPYKIUS
Ba CyB YTKa3yBUM HMHIIOOT Ba KyBYpJIQpHHM TMapaMeTpJapUHU TaHJIOBUTA TahCUP
3Ta OJaau. DIIEKTPOH XUCOO MalllMHAJapH Y4yH AACTYpJIApHU pACMUI pyilxataaH
yTKa3u xakuaaru rypoxaomanap onusaau, Ne DGU 03124 Ba Ne DGU 03644.

4. bocuM KyBypiapjaa KaiTa €Kuill KypuiaMacuaan (poiananuill THAPABIUK
3ap0/la OOCHUMHUHI OIIUII KATTAIUTUHU MACAUTUPUII HUMKOHUSTHHHU Oepasu.
KaifTa €kuin KypuiMacu MUOUIATWITaHUAA OOCHM KyBYpJiapJard TUApPaBIUK 3ap0
IOMIIOKPOK yTaau. KyBypiapHuHr Oupuia 00CMM OIIraHuja KYIIHW KyBypiapra
CyB TallUIaHa]M, MacairaHja 3ca KYIIHU KyBypyiapjaH cyB okuO yramu. bynma
ruapaBivk 3apo Ypra xucodna 40%ra macasiau, OOCHMHUHT MMacaluIll MyAIaTh dca
1,5 6apobapra kamasiiu.

5.FAP 01119 ¢otimamu  momens  Ilatent  mapaxacuga — Hacoc
CTaHIMSJIAPUHUHT JUCKIM 3aTBOPU EHWIMIIMHUHT TPOIMOPIIMOHAN OOIIKAPYBHU
KypUJIMacHUHU TaBCUs Kuiaau. JIMCKIM 3aTBOPUHM ENWIMIL  TE3JIUTMHUHT
y3rapuilid acTa-CeKMH YTaaud Ba KyBypAa CYIOKJIMKHUHT OKHMII TE3JIUIUra
mpornopuuoHal Tapsaa 0ynaau. Jlactypiaanaérran JOTMK KOHTPOJUICPHUHT TEXHHUK
TaBCU(PU IIyHAAW Tap3fa JacTypiaHaAuKd, OOCUM CyB KyBYpUIa CYIOKIMKHU
TYFPUAAH-TYFpU €TKa3u0 Oepulll TE3JMIdM KailTa Te3Jaurura ajaMaliraHujia, SbHU
CYIOKJIMK TE3JIMTM HyJIra TEHI OYyJraHja, JUCK 3aTBOPU TYIUK Enuiaau, Oy sca
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ACOCHI SHEPIeTHK XKMXO03 Ba KyBypiap/a THAPABIUK 3apOHUHT MaiA0 OYIUITUHU
TaMOMaH TYJIUKJIUTHYA UCTHCHO ITAJIH.

6. bup maiiTHUHT Y3uaa GUIBTpaIMs, ApEHAXK Ba OKOBa CyBIapUHU Hadakar
OWHO, OalKM HACcOC CTAaHIUSUTAPUHHU aTpoduaard XyayadaH YHKApUO TaIiamd
3apypUSATUHUHT WJIMHH acoClIaHTaH yciayOustu Oapua THIIPOIHEPTETHK
OOBEKTIApHU OKCIUTyaTallus KWIUII XaBQCU3IUTH Ba HUIIOHWIMIMTHHUHT
3aMOHaBUH Tamadyiapura ’xaBo0 OepuIM Makcaauaa TaBCUs KIJTUHA/IH.

7.Hacoc cranmusacu OwHOCM Ba artpodaaru XyaymalapAad TOpTUHO
OJIMHAJIUTaH OKUMJIAp MapaMeTpiapyd XUCOOWHUHT aJTOPUTMHU HILIA0 YHWKHIITaH.
EunMuuHT HaTwkacu TOPTHO OJMWHAAWTAH (QUIIBTpaIvs, IpPEHaXX Ba OKOBa
CYBJIADHUHT OKWUMHHHM HAcOC CTaHIMsACH OWHOCHM Ba arpodumard XymyauaaH
TapTUO COJIYBYM THUAPABIUK KAITKATMAJIUK TH3WUMHUHT TapTHO COJIUIT KOHYHU
acocuma Oymaau. OnuHran OOFIMKIMK Ba TOOCTUKHUHT TaXJIWIH IIyHH
KYpcaTauKu, HAcoc CTaHIMsICH arpodujaru XyayAdaH TOPTUO YMKUIAJIUTaH
CYBHUHT Makcuman karranuru 40-45 rpamgycnuk Oypuakaa TapTuOra coyiyBYd
KaJIKUTMa KypUJIMaHUHT TUCK 3aTBOPUHU EMUII COXACHUIa SPHUIIIIIIA]TH.

8. FAP 00592 pakammu Ilatent Oyiinua Qoiimaniu Momenb aapa)kacujia
HacoCc €KH THJAPODJIEKTp CTaHIUSCK OWHOCHM Ba arpoduiaru XyayJIuJaH
buabTpanys, ApEeHaXK Ba Kajla CyBIApUHU OWUp MAaWTHUHT Y3uja OiuO Taliaml
YUyH THU3UM TaBCHUs KuUJagu, Oy TU3UM XaM CTallMOHAp XOJjaTaa, XaM aBapusiBUN
CYB TOIIKHHJIAPH/Ia UIIAIITa MY KaJJIaHTaH.

9. UmHuHT HaTWwXKamapu OWp KaTop HAcOC Ba THIAPOSIEKTP CTaHITUS
DKCIUTyaTallMsICH  aMaiuéTura OKOpHM  ATWiITaH. bakapuiaran  KOMILJIEKC
AKCIIEPUMEHTAN  TAAKUKOTJIAp HIUIA0 YUKWIraH yciIy0 Ba  MaTeMaTHK
MOJCIJIAPHUHT MYBOQUKJIUTHHU TAaCAWUKIATd. TEOpPeTHK Ba OSKCIEPHUMEHTAI
xucoOsapHuHr ypracuaaru papk 6%maan rokopu 0yiMmanu, Oy amanra omMpuIral
TaJKUKOTJIAPHUHT UIIOHWIWJINTUHU  TaCAUKIIANIH. HuccepTanus  umu
HATWOKQJIAPUHU  SKOPUM  OTUIIAAH  TYIIAJWTaH TACAUKJIAHTAH  MKTHUCOIMIM
caMapaopJivk iunura 200 MiIH CyMIaH OLIau.
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HAYYHBINA COBET IO MPUCYKIEHUIO YYEHOMN CTENNEHU
JOKTOPA HAYK 14.07.2016.T.02.01 IIPU TAIIKEHTCKOM
I'OCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE U
000 «HAYYHO-TEXHUYECKHWI HEHTP»

TAINIKEHTCKHUN T'OCYJJAPCTBEHHBIM TEXHUUYECKHNI YHUBEPCUTET

TUTOBA ’KAHHA OJIET'OBHA

AJIT'OPUTMBI U METO/IbI PEI'Y TUPOBAHUA
PEXKNMMOB PABOTbBI HACOCHBIX CTAHIIUU

05.05.01 — «JHepreTuyecKue CHCTEMBI U KOMILJIEKCHI»
(TexHHYeCKHEe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM IUCCEPTAIIUA

Tawmkent — 2016
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Tema nokTOpcKOH AuccepTamuu 3aperucTpupoBana 3a Ne 30.09.2014/B2014.3-4.T174 B Buicmieii
arrecTaunoHHoi komuccuu npu Kadunere MunuctpoB Pecny0auku ¥Y30eKkucTaH.

JlokTtopckasi JUccepTanys BBITONHEHAa B TAIIKEHTCKOM TOCYIAapPCTBEHHOM TEXHUYECKOM
YHHBEPCUTETE.

ABTtopedepar auccepTanui Ha TPeX s3bIkax (y30eKCKWi, PYCCKHN, aHTJIUHCKUI) pa3MelleH Ha
BeO-crpanuiie Hayunoro cosera (Www.tdtu.uz) u MudopmannonHo-o6pazoBaTeabHOM mopraie «Ziyo-
Net» (www.ziyonet.uz).

HayuHpblii KOHCYJIBTAHT: Aunaes Kaxpamon PaxumoBuy
JOKTOp TEXHUYECKUX HayK, mpodeccop

OdunuanbHbie ONMOHEHTHI: Tarynos Muxani I'eopruesuu
JIOKTOP TEXHUYECKUX HaYK, podeccop

XamumoB Apudikxan ATuI0BHY
JOKTOp TEXHUYIECKUX HayK, podeccop

KamauoB Touasiran Cupo:xuaiuHoBuY
JOKTOp TEXHUYECKUX HayK, mpodeccop

Benymas opranmsanus: AO «I'maponpoexT»

3amuTa nuccepramuu coctoutcs «25» HostiOps 2016 r. B 11-00 yacoB Ha 3acemaHUM HAYYIHOTO
cogera 14.07.2016.T.02.01 npu TamkeHTCKOM TOCyJapCTBEHHOM TEXHHYECKOM YHHBEPCHUTETE H
O6miecTBe ¢ OrpaHMYCHHON OTBETCTBEHHOCTHIO «Hayuno-rexnuueckuit nentp»: 100125, r. Tamxkenr, yi.
Hypmon itynu, 29. Tem: (99871) 262-05-22; daxc: (99871) 262-09-19; e-mail: info@energetika.uz.

C IOKTOpPCKOW nuccepTamyied MOXHO O3HAaKOMHUThCA B HHQpOpMaImoHHO-pecypCHOM IIEHTpe
OOmiecTBa ¢ OrpaHMYEHHON OTBETCTBEHHOCTHIO «HaydyHO-TeXHWYeCKUd LeHTp» (perucTparuoHHbIH
Homep 03). Anpec: 100125, r. Tamkent, yn. dypmon itymu, 29. Ten.: 262-05-22.

Astopedepar auccepranuu pazociaH «09»Hos6ps 2016 roxa.
(mportokomn pacceuiku Ne 1471 ot «08»H0s16ps 2016 1.)

X.M.Myparos

[pencenarens HAyYHOTO COBETA IO MPUCYKIESHHUIO
YUEHOM CTENEeHHU JIOKTOPA HAYK

II.T.H., mpodeccop,

0.0.3apunos
Y4eHsblil cekpeTapb HAyYHOT'O COBETa O MIPUCYKICHUIO YICHOH
CTETNeHH JOKTOpA HAayK, .T.H., JOIEHT

T.I.I'aiin6oB

Ipencenaresnp HayuHOrO ceMuHapa nmpu Hayunom coBere
O MPUCYXICHUIO YUCHON CTENCHU JIOKTOPA HAYK

I.T.H., mpodeccop
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BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHI)

AKTYaJIbHOCTb U BOCTPEOOBAHHOCTH TeMbl AuccepTamun. Ha cerogusii-
HUW JIEHb B MUPOBOM MPAKTUKE HEMPEPHIBHO PACTET 3HAYEHUE HACOCHBIX CTAHIIUN
B DHEPreTUKE, MEJIMOpPAIMUA 3€MEJb, IMEPEKAUYKe YIIECBOJOPOIAHBIX IMPOIYKTOB,
a TaK)K€ B )KWJIMIIHO-KOMMYHAJIBHOM XO35IUCTBE. B 3THX OTpacisix 5KOHOMHUKHU aK-
TyaJIbHBIM SIBJIIETCSI OOECIICUeHHE HAJIeKHOCTH, OecrepeOOMHOCTH, BBICOKOM
9HEPTrod((HEKTUBHOCTH M THOKOCTH pabOThl HACOCHBIX CTAHIIHMM, a Takke padboTo-
CITIOCOOHOCTH MPU HEYCTAHOBUBIIMXCS peXKUMaxX. B TOCTHKEHUU BCEX BbIIIETIEpE-
YUCJICHHBIX MTapaMETPOB OINpPEJICTICHHbBIE YCIIEXU TOCTUTHYTHI B 3apyOEKHBIX CTpa-
Hax MHpa, TJIe COBPEMEHHOE HACOCHOE 000PYyI0BaHUE TTOCTOSSHHO OOHOBIISETCS U
COBEpIIEHCTBYETCS. B CBSI3M C 3TUM SBIsieTCS BOCTPEOOBAHHBIM IMPUMEHEHUE
«BBICOKOTEXHOJIOTHYECKOTO CIEIHUATIU3UPOBAHHOIO OCHOBHOI'O M BCIIOMOTATEllb-
HOTO DHEPIeTHYECKOr0 000PYI0BaHMS HACOCHBIX CTAHIIMH, MPOJIJICBAIOIIETO CPOK

SKCILTyaTaluu pr6OHp0BO,Z[HI:IX CHUCTEM B 1,5-2 pa3a»1.

B PecnyOnuke VY30ekucTaH NpPOBOAATCS IIUPOKOMACIITAOHBIE MeponpusTus 10 3(PQPEKTUBHOI
OpraHM3ali Mep 10 CO3JaHUI0 SHEProcOEeperarolIix METOJOB M YCTPOMCTB pPEryJlUpOBaHHS PEXHMOB PaOOTHI
HACOCHBIX CTaHIWA. B 3TOM OTHOIICHWH 3aMETHBIC Pe3yNbTaThl JAOCTHTHYTHI Ipu pa3zpaborke 3¢(deKTuBHBIX
METOJIOB, CIIOCO0OOB M YCTPOWMCTB CHIDKCHHS BIFSTHHS JJICKTPOMEXaHMUECKUX U THAPOMEXAHHICCKHUX TEPEXOTHBIX
MIPOIIECCOB HAa JHEPreTHYecKoe 00OpymoBaHHE W TPyOONPOBOABI HACOCHBIX CTaHIMA. Ha Gaze perymmpyemoro
ANEKTPONPUBOA Pa3pabOTaHBI CTPYKTYpHBIE CXEMBI W aJlTOPUTMBI YIPaBICHHUS HACOCHBIMH yCTaHOBKAaMHU,
pa3paboTaHbl YacTOTHO-PEryIHPYyeMBble CHCTEMBl «aCHHXPOHHBIN [IBHTATENb-HACOCY, Pa3pabOTaHBI CTPYKTYpPHI
KOMOWHHUPOBAHHOTO YIIPABJICHUS aCHHXPOHHBIM JIBUTATEIIEM B TYpOOMEXaHM3MaXx.

B Mupe ocoboe 3HauYeHHE MPHOOPETAOT BOIPOCHI HAICIKHOCTH M OecrepeOOHHOCTH pabOThl HACOCHBIX
CTaHHI/Iﬁ IpyU HECYCTAaHOBUBIIUXCA PEKUMAX, CO3AAHUA HOBOM TEXHUKH U TEXHOJIOTMH 3alIUTBl SHCPICTUICCKOI'O
000pyI0BaHUs U TPYOONMPOBOJOB HACOCHBIX CTAHIMI OT BHE3AIIHBIX MEPEXOIHBIX MPOIECCOB. B 3Tol obmacTu
OCYIIECTBIICHHE 1ICJICHANPABICHHBIX HAYYHBIX HCCICJOBAaHMH IO pa3pabOTKe METONOB PEryJIMPOBaHUS
YCTaHOBUBIINXCA W HEYCTAHOBUBIIHNXCSA PEKHUMOB pa6OTLI HaCOCHBIX CTaHHHﬁ, CO31aHHIO ychOﬁCTB 3alllUThI
OCHOBHOT'O JHEpPreTHYeCKOro o0OpYMOBaHUS U TPYOOIPOBOJIOB OT THAPABIMYECKUX yJIApOB, CO3JaHHIO
TEXHUYECKUX PEUICHHH W COBEPIICHCTBOBAHWU HAICKHOCTH BCIOMOTATEILHOTO SHEPTeTHYECKOTO 000pYIOBaHUS
JUTSL yOAJIeHUsT PEHAKHBIX W CTOYHBIX BOJI, BCE 3TO SBISETCS MPUOPUTETHON TPOOIEMOH.

JlaHHO€ nHccepTalMOHHOE MCCIIEOBAHUE B ONPEACICHHOM CTENEHU CITYKUT
BBIMIOJIHEHHUIO 3aJlay, NpPeayCMOTpEeHHbIX B 3akoHe PecnyOnuku VY30ekucran
«O  pauvoHanbHOM  ucnoib3oBaHuu SHeprun»  (1997), IlocraHoBneHuun
[Ipesuaenta PecnyOmuku V306ekuctan Neollll-2343 or 5 wmas 2015 rona
«O mporpammMe Mep IO  COKpPAlI€HUIO  DHEPrOEMKOCTH,  BHEAPEHUIO
AHEeprocOeperaroX TEXHOJIOIHH B OTPACIAX SKOHOMUKH U COLMAIbHOM cdepe Ha
2015-2019 rome», mnocranoBieHuun Kabunera MunuctpoB Pecnybnuku
V36ekuctan Ne 499 ot 16 Hoa0ps 1999 roma «O Mepax mo peanuzanuu 3akoHa
PecniyOnuku Y30ekucrtan «O 6€30MaCHOCTH TMIPOTEXHUUECKUX COOPYXKEHUI», a
TaKXXe B JIPYTUX HOPMATUBHO-TIPABOBBIX JOKYMEHTAX, MPUHSITHIX B JaHHOU cepe.

CooTBeTCTBHE UCCJIEI0BAHMNA € NPHOPUTETHBIMU HANPABJEHUSIMH
Pa3BUTUSI HAyKM M TexXHoJIoruid pecnyOaukun. J[anHoe wuccienoBanue
BBITIOJTHEHO B COOTBETCTBHM C MPHOPHUTETHHIM HANpaBlICHUEM PAa3BUTHS HAYKU U
TexHoJoruii pecriyonuku |l. « DHEpreTrka, sHEPTo- pecypcocOepeKeHUE.

L http://www.volnotex.ru/.
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0630p MeKIYHAPOXHBIX HAYYHBIX HCCJIEIOBAHMIA 110 TeMe AHCCepPTALMH’.
Hay4nble ncciiejoBaHusi, HAMpPaBJICHHBIC HA CO3JJaHKE aJITOPUTMOB U METOJIOB pe-
T'YJIMPOBAHUS PEKUMOB HACOCHBIX CTAHIIUH, 3aIIUIIAOIINX OT HETaTUBHBIX TPO-
SIBJICHUH 3JICKTPOMEXaHMYCCKUX U THJIPOMEXaHUYECKUX TEPEXOJHBIX MPOICCCOB,
OCYIIECTBIIAIOTCA B BEAYIIMX HAYYHBIX IIEHTPaX W BBICHIMX 00pa30oBaTeIbHBIX
yupexaAeHUAX Mupa, B ToM uncie B Val-Matic Valve & Manufacturing (CILA),
SIPOS Aktorik (I'epmanus), GA Valves (BemukoOpurtanus), University of
Cambridge (BenukoOputanus), Aalborg University ([lanus), Zhejiang University
of Science and Technology (KuTait), MOCKOBCKOM 3HEPreTHYSCKOM YHUBEPCUTETE
(Poccus), TallkeHTCKOM TOCYyIapCTBEHHOM TexXHUYecKoMm yHuBepcutere u OO0

«HayuyHo-TexHnueckuii HeHTp» (Y30eKucTan).

B pesynpTaTe MccienoOBaHU, NMPOBEACHHBIX B MHPE MO YCOBEPLICHCTBOBAHUIO aJTOPUTMOB M METOIOB
PETyIHpOBaHUS PEKUMOB Ha HACOCHBIX CTAHIMAX IS 3aIUTHI OT HETaTUBHBIX MPOSIBICHHUH JIEKTPOMEXaHHIECKHUX
U THAPOMEXaHHYECKUX MEePEeXOTHBIX MPOIECCOB, MONyYeH psll HaydHBIX Pe3yJIbTAaTOB, B TOM YHCIIE: Pa3pabOTaHBI
NPUHIMIBL CITIAKHBAHUS ITyJIbCAUWI THIAPABIMYECKHX YIApOB Ha HACOCHBIX CTAHIMAX W HOBBIC BO3IYIIHBEIC
KknanaHel Juis HopMmanmsaiuu nasnenus (Val-Matic Valve & Manufacturing CIIIA); pa3pabortaHbl MPHBOIH,
o0ecrieunBaroLIe pa3InyHbIe CKOPOCTH 3aKPBITHS JUIS PAa3IMYHBIX YYACTKOB X0/1a apMaTyphl B ClIydae MepexoHbIX
pekuMOB Ha HacocHbIx craHmusx (SIPOS Aktorik, I'epmanus); pa3paboTaHbl aBTOMATHUECKHE YIPABJISIONIAE
KJIalaHbl, B KOTOPBIX HACTPOIKa BEIXOAHOW CKOPOCTH OCYIIECTBISIETCS pa3/ieibHO AJIsl HOPMAJIBHOTO U aBapHIHOTO
pexuma paboTel HacocHoi crannmn (GA Valves, BenukoOpuranus); 00OCHOBaHbI PEXHUMBI YACTOTHO-
PErYJIMPYEMBIX 3JIEKTPONPHUBOJIOB HACOCHBIX YCTAHOBOK HAa OCHOBE COBEPLICHCTBOBAHUS AITOPUTMOB YIPaBICHUS
(University of Cambridge, BenukoOputanus); Ha OCHOBE MPOBEJCHHOIO HMHUTALUOHHOTO MOJIEIUPOBAHHS
THAPABINYECKOrO yapa CO3IaHbl 3aKOHBI YaCTOTHOTO YIPABJICHUS NPH CKAJISIPHOM M BEKTOPHOM PEryJIHPOBaHHH
CKOPOCTH aCHHXPOHHBIX NIBUTaTelNell Ha HacocHBIX craHImAx (Aalborg University, [lanus); pa3paboTaH anroputm
VIIPaBJICHUS] HACOCHBIMH CTAaHIMAMH IPU HPOHOPIMOHATBEHOM 3aKOHE PEryJHpOBaHMS HANPSDKCHUS M JMHEHHOM
3aKOHE U3MEHEHHUS 4YacTOTHI yrpaslieHHs B GyHKIwuH BpeMenn (Zhejiang University of Science and Technology,
Kuraif); paspabotaHa Teopuss M MeTOObl OOOCHOBaHHUS IApaMETPOB OPOCHUTCIBHBIX HACOCHBIX CTaHLUIA
(MocKoOBCKHiT 3HEpreTHYeCKHid yHUBEpCUTEeT, Poccus); pa3paboTaHbl MaTeMAaTHYECKHE MOJETH MEPEXOMHBIX
MPOLIECCOB HAa HACOCHBIX CTAHLMUAX IIPH CaMO3allyCcKe BJICKTPOJABUIaTeNs IOCie KPaTKOBPEMEHHOTO IepephiBa
nutaHus (TamkeHTCKuit rocyTapCTBEHHBIM TEXHUYECKUH YHHUBEPCUTET, Y30€KHCTaH); MOCTPOEHBI pallOHATIbHbIC
CTPYKTYpPBI YIpPaBJIeHHsS HACOCHBIMU CTAHIMSMH OPOCHUTENBHBIX CHCTEM IIOCPEICTBOM YaCTOTHO-PETYIMPYEMBIX
anexTponpuBoioB (OO0 «Hay4HO-TeXHUYECKUI LIEHTP», Y 30€KUCTaH).

B Mupe pazpaboTke MHTEIEKTYadbHBIX aITOPUTMOB W ONTHMAJIbHBIX Me-
TOJAOB YIIPABJICHUS PEKUMAMU KPYIHBIX 3HEPTETUYECKUX KOMIUIEKCOB U THIPO-
DHEPreTUYECKUX OOBEKTOB MO PSAY MPUOPUTETHBIX HAMPABICHUN TOCBSIICHBI
MHOTHE HCCIIEZIOBaHUS, B TOM YHCIE: pa3paboTKa sHeprocOeperaromux, ONTH-
MaJbHBIX U OE30MACHBIX PEKUMOB HACOCHBIX M THAPOIICKTPUUECKUX CTaHIIU,
CO3/IaHUE AJITOPUTMOB U METOJOB PETYyJIMPOBAHUS HEYCTAHOBUBIIUXCS PEKUMOB
HACOCHBIX CTaHIMH, (opMain3aIus B3aUMOCBSI3H DJIEKTPOMEXaHUUECKUX U TH]I-
POMEXaHMYECKUX MEPEXOJHBIX IMPOLIECCOB HACOCHBIX CTAHIMK; oOecrieueHue
HaJIeKHOCTU pabOThl OCHOBHOTO M BCIIOMOTaTE€IbHOIO HACOCHO-CHIJIOBOTO 000pY-

JOBAaHUS HACOCHBIX U FPII[pOSJICKTpPI‘I@CKI/IX CTaHHHﬁ.

Crenenb H3YYECHHOCTH npoodJeMbl. Bomnpocam HUCCJICIOBaHUSI
TEOPETUYECKUX U MPAKTUYECKUX 3a/1ad M0 CO3JaHUI0 aITOPUTMOB U METOJOB PErYIMPOBAHUS PEKUMOB HACOCHBIX
CTaHIUH, pa3paboTKe CHOoCOOOB W  YCTPOWCTB IPEIOTBPAINCHHS HEIITATHBIX CHTyalldii BO  BpeMs
ANEKTPOMEXAHMUYCCKUX U THIPOMEXAHHMYCCKUX IMEPEXOJHBIX MPOIECCOB, pa3padOTKe albTEPHATHBHEIX CIIOCOOOB

2 0O0630p 3apyOEXKHBIX HAyYHBIX HCCIICIOBAHWUN IO TEME AWCCEPTAIlMH OCYIICCTBISJICS HAa OCHOBE:
http://www.sipos.de/, http://www.gavalves.co.uk/, http://www//valmatic.com/, Water Hammer in Pumped
Sewer Mains. Aalborg:, Denmark, 2012, 52p., http://www.zust.edu.cn/english/, Dueprernueckoe o6opy-
OOBAaHUE JJId UCIIOJB30BAaHUA HETPAJTUIIMOHHBIX U BO300HOBIISIEMBIX MCTOYHHKOB OHEPTHH. -M.: I/ISJIa-
tenscTBo BUD, 2004, 448c., http://www.mpei.ru/u npyriux HCTOYHHKOB.
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yaleHus BOJABI M3 3[aHUM M TEPPUTOPHI HACOCHBIX CTAHIMM IOCBSIIEHBI paboThl psaa ydensix: Don J. Wood
(University of Kentucky), Larsen Torben (Aalborg University), Geraint Jewell (University of Sheffield), Hans-
Georg Herzog (Technische Universitdt Miinchen), K.T. Chau (University of Hong Kong), B.l.Buccapnonosa,
M.I".Taryunosa (MockoBckuii suepretudeckuit yausepcurer), b.C.Jlesnosa (BHUMBOATEO), A.A.Xammumosa
(TamkeHTcKMi TOCymapcTBeHHBINM TexHuueckuii yuuBepcurer), T.C.Kamamoa (OO0 «HaywHo-TeXHHUIECKHIA
ueHTp»), B.A. Xoxmosa (HaydHO-TIpON3BOICTBEHHOE TIpEApUsITHE «BOIOIOIBEMHNK).

HayuHo-uccrnenoBarensckue paboThl, CBI3aHHbBIE ¢ pa3paboTKOM U BHEIPEHHEM METOJIOB OLICHKH BIMSHHUS
JJIEKTPOMEXaHUYECKUX M THIPOMEXaHHYECKUX PEXKUMOB, CO3JIaHHE METOJOB PAaCUETOB HAJEKHOCTH DPabOTHI,
9HEProdPEKTUBHOCTH U PETYIUPOBAHUS PEIKUMOB HACOCHBIX CTAHIIMH B COCTaBE JHEPrETUYCCKUX CHUCTEM U
KOMIUIEKCOB HalUIM oOTpakeHue B paborax yueHbix X.OD.DaszpuioBa, M.3.XamynxanoBa, P.A. 3axuposa,
X.M.MyparoBa, M.M. MyxammanueBa, K.P.Annaesa, T.I11.I"afinbosa, I11.X.Paxumona, O.5.I noBamkoro.

HccnenoBanuio BOMPOCOB ONTHUMH3AIMK W PETYIHUPOBAHHS PEKUMOB pabOTHl CTPYHHBIX HAaCcOCOB
HACOCHBIX CTaHIIMH OpPOCHUTENBHBIX cHUCTeM mocBsmeHbl pabotel E.A.Cokomoa, H.M.3unrepa, JI.I'.IlogBun3a,
b.®.JIsmaeBa. Hamo oTMmeTuTh, UYTO TIPOBEIACHHBIC WCCICIOBAHMSA OXBaTHIBAIOT TOJNBKO HYacTh MpPoOIeM,
HEIOCTaTOYHO MCCIICTOBAHBI BOTIPOCHI B3aMMHOTO BIUSHHS ITEPEXOIHBIX MIPOIECCOB Pa3IMYHON MPUPOABI C YIETOM
CpOKa OHKCIUTyaTallid OCHOBHOTO W BCIOMOTAaTEIbHOTO JHEPTreTHYECKOro 00OpYyNOBaHUS HACOCHBIX CTAHIIUI.
[Ipobreme OTHOBPEMEHHOTO yIaleHUs (IIBTPAIIHOHHBIX, TPEHAKHBIX U CTOYHBIX BOJ M3 3[JaHUU W MPIIIETAIOMINX
TEePPUTOPUI HACOCHBIX CTAHIIMK HE OBLIO yIIENEeHO TOCTATOYHOTO BHUMaHUS. IIpn sHEProaPpPpeKTHBHOM MOAXOIC U
C y4eTOM OOHOBIICHUS THIPOIHEPreTHYeCKOro 00OpYAOBaHMS 3a/aul, CBSA3aHHBIE C Pa3pabOTKOH IKOHOMUYHBIX,
HaJACKHBIX W YHHUBEPCAJbHBIX aJI'OPUTMOB U METOLOB I/ICCJ'IC)IOBaHI/Iﬁ MEPEXOAHBIX ITPOUECCOB, MPOUCXOAAIINX B
Hacocax, O3JICKTPOJABUIaTeNsAX, HAIOPHBIX TpPyOONpOBOAaX W 3JIEKTPUYECKUX CETSAX, CTAHOBATCS Bce Oolee
AKTyaJIbHbIMU.

CBs3b TeMbl AUCCEPTALMH C HAYYHO-MCCJIEI0BATEIbCKMMH padoTamMu
BbICIIEr0 00pPa30BATEJbHOIO YYpe:KAeHHS, IJe BBINOJHEHA JAucCepTalus.
JluccepTallMOHHOE HUCCIIEJOBAaHME BBIMOJIHEHO B paMKaxX IUJlJaHAa HayyHo-
UCCIIEIOBATENIbCKUX PAOOT (yHIAMEHTAIBHBIX U TNPUKIAAHBIX NpPoeKToB Tari-
KEHTCKOI'O T'OCYJapCTBEHHOTO TeXHUYecKoro yHusepcutera: ®-2-33 «BrisiBieHune
3aKOHOMEPHOCTEN MEXaHU3MOB SHEPro3(pPeKTUBHOCTH U MATEMATHUYECKOE MOjie-
JMPOBAHKE PSIKUMOB HACOCHBIX cTaHiui» (2012-2016), A-3-24 «Pa3paboTka cro-
COOOB M YCTPOWCTB 3allUThl OT TMAPABINYECKOTO yJapa OCHOBHOI'O SHepreTuye-

CKOTO 000pYyIOBaHHUS M TPYOOIPOBOIOB HACOCHBIX cTaHIui» (2015-2017).

He.ﬂbm HCCJICIOBAHUA SBJICTCA CO3JaHUE aJIrOPUTMOB, METOHOB, croco0oB u yCTpOfICTB CHUKCHUA
HEraTUBHOI'O0 BJIMAAHHUSA HCEYCTAHOBUBIIHXCSA PEKHMMOB MW BHE3AIHBIX IIEPEXOJAHBIX IMPOHECCOB HAa OCHOBHOC U
BCIIOMOTaTCJIbHOC DHEPIe€TUICCKOC O60pyZ[OBaHI/Ie u pr6OHpOBO,I[LI HACOCHBIX U TUAPOIJICKTPUICCKUX CTaHL[PIﬁ.

3ama4u ucCIe0BAHNSA:

YCTaHOBUTH B3aMMOCBA3b JJICKTPOMEXAHUYCCKUX U THUAPOMEXAHUYCCKUX MEPEXOJHBIX IMPOIECCCOB
HaCOCHBIX CTaHI_lI/II‘/'I C YUC€TOM CpOKa SKCITyaTallu SHCPTETUYECKOI'O o6opy;[03aH1/151 HAaCOCHBIX CTaHHHﬁ;

pa3paboTaTh METO/bl PETYIUPOBAHUS PEKUMOB PAOOTHI HACOCHBIX CTAHIIHIMA
JUTSL 3aIIUTBl OCHOBHOTO JHEPreTHYECKOTr0 00O0pYy/IOBaHUS U TPYOOIPOBOIOB OT
TUJPABIMYECKOTO yaapa MpU NEPEXOAHBIX MPOLECCAX U CO34aTh YCTPOUCTBA IS

€ro OCYyIIECTBIICHUS;

Hay9YHO OOOCHOBaTh M  pa3padoTaTb MaTeMaTHYeCKYH0 MOJENb OJHOBPEMECHHOTO  yIAJCHUS
(GWIBTPALMOHHBIX, TPEHAKHBIX U CTOYHBIX BOJ M3 3MaHHH W MPHUICTAIONIMX TEPPUTOPHHA HACOCHBIX CTAHIMU IS
3aIMUTHI OT 3aTOIICHUIM;

IIPOBECTU HATypHBIE HCHBITAHUS PEKUMOB pabOThl 00OPYIOBaHHUS HACOC-
HBIX CTaHIUU JIsl IPOBEPKHU aJIEKBATHOCTH pa3pabOTaHHBIX METOJOB pacyeTa, Co-
IIOCTaBUTh PE3YJIbTAThl HATYPHBIX UCIBITAHUNA C pe3yJIbTaTaMM, MTOJYYEHHBIMU Ha
pa3paboTaHHOM IPOIPAMMHOM KOMILJIEKCE;

pa3paboTaTh TEXHUYECKUE PEIICHUS U BHEIPUTH YCTPOUCTBA JIJISl YATICHUS
(UIBTPALIMOHHBIX, TPEHAXKHBIX U CTOYHBIX BOJ U3 3JaHUN W MPUJIETAIOIIUX Tep-
PUTOPHUN Ha ACUCTBYIOLIMX HACOCHBIX CTAHLIUSAX.

O0beKTOM HCCIeA0BAHMSA SIBIIAIOTCS HACOCHBIE U THUAPOIJIEKTPUYECKHUE
CTaHIUU.
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IIpenMeroM mHcc/ef0BaHUsA SBISIOTCS YCTPOWCTBO MPOIOPLHHMOHANBHOTO YIIPABICHUS HACOCOM,
MIEPEyCKHOEe YCTPOWCTBO [UIA 3allUTHl OT THIPAaBIMYECKOTO yJapa M CHCTEMa OJHOBPEMEHHOTO YIalCHHS
(WIBTPAllMOHHBIX, IPEHAXHBIX W JIMBHEBBIX BOA W3 3JaHUH W MPUJICTAIOIINX TEPPUTOPHHA HACOCHBIX WIIN
THIPORICKTPUIECKUX CTAHITHHA.

MeTtoab! ucciienoBanus. B quccepraiyy ucnoab30BaCh METOJIBI pacueTa
Ha OCHOBE KJIaccuueckux ypaBHeHni JKykoBckoro u Ilapka-I'opeBa, meron pasae-
JICHUSI IBU>KEHUM, TEOPUS TUJIPOMAIIINH, TEOPUS HAJCKHOCTH, METOJT (PUIIbTpaIIU-
OHHBIX COMPOTHUBJICHUIN B 4acTW OajlaHCa MOTOKA, METOJIbl IUIAHUPOBAHUS JKCIIE-
pUMEHTA.

Haquaﬂ HOBHU3HA UCCJCI0BAHUSA 3aKIIIOYAIOTCA B CIICAYIOIICM:

pa3paboTaH alroOpuUTM IMIOITAITHOTO PEIICHUS SJIEKTPOMEXaHUUECKHX M TMJIPOMEXaHHMUYECKHX MEPeXO0HBIX
MIPOLIECCOB HACOCHBIX CTAHIMH C YY4ETOM MPOJOKUTEIFHOCTH 3KCILTyaTallii SHEPTeTHIECKOTO 000PyJOBAaHHS;

pa3paborana 000OIIEHHas MaTeMaTH4YeCKas MOJENIb W IPOTPAMMHBI KOMIIIEKC pacuera 3JEMEHTOB
CHCTEMBI «TPYOONpOBOX - HACOC - 3JIEKTPOABUTATENb - JJIEKTPUUYECKAs CETb», IO3BOJIIIOIINE HCCIEAOBATH
MIEPEXOJHBIE TPOLIECCH SHEPTOCHCTEMBI IPH HEYCTAHOBUBILNXCS PEKMMaX HACOCHBIX CTAHIINH;

pa3paboTaH HOBBIM CIIOCOO HMCMOJIB30BAHMS MEPEIMYCKHOTO YCTPOMCTBA IS
3aIlIUThl YHEPTETHUECKOTO 000pYAOBaHUS U TPYOOIPOBOAOB HACOCHBIX CTaHIUI

OT TUAPABIMYECKOTO yAapa;
pa3pa60TaH0 YCTpOﬁCTBO IPpONOPUHUOHAJIBHOI'O YIPaBJICHUA JUCKOBBIM 3aTBOPOM HACOCA AJIA MOBBIIICHU
HaaC>XHOCTHU pa6OTI>I OHEProyCTaHOBOK HACOCHBIX CTaHHHﬁ;

pa3paboTaH cnocod OJTHOBPEMEHHON OTKAYKH JAPEHAXKHBIX U CTOYHBIX BOJ C
Pa3IMYHON BBICOTOM BCACBIBAHMS C MOMOILIBID CTPYMHOTO HAcCOCa C CHCTEMOWU
PETYJIUPOBAHMS,

CO3laHa  peryiaupyemas cucrema OJTHOBPEMEHHOTO yaaneHus
(UIBTPAIIMOHHBIX, JPEHAXHBIX W JMBHEBBIX BOJ M3 3AaHUA M NPUIIETAIOLIUX
TEPPUTOPUIl HACOCHBIX WJIM TUAPODJIEKTPUUECKUX CTAHIUH C TOMOIIBIO
CTPYHHOI0 Hacoca Ui 3allUThl OT 3aTOIICHUH.

IIpakTHYeckue pe3yJIbTAaThl MCCIEI0BAHUS 3aKIIOUAIOTCS B CICAYIOLIEM:

pa3paboTaHbl PEXHUMBI SKCIUTyaTalldd U SHEPromnoTpeOseHUsl KPYIHBIX
HACOCHBIX CTaHLIMWA U BHEAPEHBI AJIs MOBBIIIEHHS HAJEKHOCTH U 3(P(HEKTUBHOCTH

Ha HAaCOCHBIX CTAHIIUAX,

pa3paboTaHbl HOBOE YCTPOMCTBO NMPOMOPLUHOHAIBHOTO YIPABICHUS IUCKOBBIM 3aTBOPOM M HOBBIH CIIOCO0
UCTIONIB30BAHMS MEPEIyCKHOTO YCTPOWCTBA [UIS 3aIUTHl SHEPTETHYECKOro OOOpYNOBAaHHS M TPyOONpPOBOIOB
HACOCHBIX CTaHIIMH OT THAPABINYECKOTO yAapa, KOTOpbIe apoOUpOBaHbl HA HACOCHBIX CTaHIUAX;

PEryJupyeMbI€ CUCTEMBI CO CTPYWMHBIMM HAcOCaMH I OJHOBPEMEHHOTO
yIaJIeHUusT (PUIBTPAIIMOHHBIX, JIPEHAXHBIX M CTOYHBIX BOJ M3 3JaHUN U
MPWIECTAOIUX TEPPUTOPUM HACOCHBIX WM THAPOIICKTPUUYECCKUX CTAHUMHN ISt
3aI0MTBl  OT 3aTOIUICHUWM BHEIPEHbl HA HACOCHBIX CTAaHUMSAX W Ha
TUAPOIJIEKTPUYECKON CTAHLIUH.

JlocTOBEPHOCTH Pe3yJIbTATOB MCCJIEI0BAHNI 000CHOBAaHA MTPOBEACHHBIMU
COIOCTABJICHUSIMU PE3YJIbTATOB YKCIIEPUMEHTOB C PACUETHBIMU U TEOPETUUECKUMHU
JAHHBIMH, TTOATBEPKICHA COMOCTABUTEIBHBIMU PAaCY€TaMu BAPUAHTOB C pe3yJib-
TaTaMy HaTYpPHBIX UCTIBITAHUM, CPABHEHUEM C pE3ylbTaTaMu APYTUX HCCIIEIOBa-
TEJICH, a TAKKE BHEJIPECHUEM PE3yJIbTAaTOB MCCIENOBAHUM B MPAKTUKY JKCILTyaTa-
[IMY HACOCHBIX CTAHIIUH.

Hayuynast m npakTuyeckasi 3HAYUMOCTb Pe3yJbTATOB MCCJICAOBAHUS.
Hayunast 3Ha4MMOCTP MOJIyYEHHBIX PE3YJIbTATOB MCCIEIOBAHUN XAPAKTEPU3YETCA
TEM, YTO UCIIOJIH30BaHUE PE3YIHTATOB MCCIIECIOBAHNN 00ECIICUUT HAJICKHYIO pabo-
Ty DHEPreTHYECKOTO O00OPY/OBAaHMS HACOCHBIX CTAHIMN TPH IKCIUTyaTallud, B
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CJIy4yae BHE3AMHBIX OTKJIIOYEHUN 3JIEKTPOSHEPIUU U MPU aBapPUIHBIX 3aTOTUICHUSX,
a TaK)Ke MO3BOJIUT PALIMOHAIBHO MCIIOJIb30BaTh BOAHBIE U IHEPTETUUYECKHUE PECYP-
CBI.

[IpakTryeckast 3HAYUMOCTh MOJIYYEHHBIX PE3YJIHTATOB pa0OTHI 3aKII0YACTCSA
B pa3paboTKe yYCTPOWCTB IO 3alUTE€ OCHOBHOTO U BCIOMOTaTeIbHOTO
HHEPreTUYECKOro 000PYI0BaHUS OT aBapHil U 3aTOILICHUH.

Bueapenne pe3yabTaToB HccaeaoBanus. Ha 0oCHOBE MOJIy4eHHBIX HAYYHBIX
pE3yNbTaTOB IO CO3JAHHMIO0 AJITOPUTMOB M METOJOB PETYJIUPOBAHUS PEKUMOB
paboThl HACOCHBIX CTaHIMI pa3paboTaHbI:

AHEprocoeperaromme crnocoObl U CPeICTBA PEryJUPOBAHUS HEYCTAHOBHB-
IINXCS PEKUMOB PabOTHI HACOCOB U HACOCHBIX CTaHIMH, 3()()EKTUBHBIE CUCTEMBI
CHW)KEHUS THAPABINYECKOrO yaapa B TpyOONpOBOJaX HACOCHBIX CTAHIMI BHEI-
pPEHBI Ha PAAE HACOCHBIX CTAHLIMI CHUCTEMBI CEIBCKOIO M BOAHOTO XO3SICTBA, B
TOM 4HcCi€e Ha HacocHbIX cTaHiusax Ne 1+4 KMK VYmopaBneHust sKcrutyaranuu
Kapmmuckoro maructpaibHOro KaHajla W Ha HacocHbix cranmusx JIHC-1,
JHC-2, JHC-3, «XaBact ['amnakop» Mexo01acTHOTO yIpaBiIeHHUs dKCIUTyaTa-
IIMM HACOCHBIX cTaHmui «Mup3auynp» (CrnpaBka ot 28 wuions 2016 roxa
Ne04/31-700 MuHHCTEpCTBA CEIBCKOIO M BOJHOTO XO3sHCTBa). Mcmonb3oBaHue
HAyYHBIX PE3YyJbTAaTOB MO3BOJMIJIO CHU3UTH 3aTPAThl AJEKTPOIHEPTHH Ha COO-
CTBEHHBIEC HYXK/Ibl HACOCHBIX CTAaHIINI B cpeaHeM Ha 4%

pEryIUpyeMbIE CUCTEMBI JJIsl OJHOBPEMEHHOM OTKAYKH (PUIBTPALMOHHBIX,
JOPEHAXKHBIX U CTOYHBIX BOJ M3 3JaHUUA M TEPPUTOPUNA HACOCHBIX CTAaHUHWMU, C IIO-
MOIIBIO CTPYWHBIX HACOCOB, BHEJPEHBI HAa PsJ€ HACOCHBIX CTAHUUN CHCTEMBI
CEJIBCKOTO M BOJHOTO XO35MCTBA, B TOM YMCJIE HA HACOCHBIX CTAaHIUAX «Typku-
ctoH-1-2» u «Typkucron-1-1» HamaHranckoro ympaBieHUSI HACOCHBIX CTaHIMI
SHEPreTUKH U CBSA3U, HA HACOCHBIX cTaHuax «llaxtakop», «I'yBamak», Kamkana-
PBUHCKOTO YIPABJICHUS HACOCHBIX CTAHIIMM SHEPre€TUKU U CBA3U, HA HACOCHBIX
cranuusx «Kapasarar» u «/IM-1» J[H3akCKOro ynpaBi€HUs] HACOCHBIX CTaHIUN
DHEPTeTUKHU U CBSI3U, HA HACOCHOM cTaHimu «M-2-2y» KapmmHCKOTo yrpaBieHus
9KCIUTyaTallid MajbiX HacocHbIX craHiuii (CrpaBka ot 28 wuions 2016 roxa
Ne(4/31-700 MunmuCcTEpCcTBa CEIBCKOTO M BOAHOTO XO3siicTBa). Mcmonbp3oBaHue
HAyYHBIX PE3YJIbTATOB IMO3BOJUIIO pa3paboTaTh 3HEProdPeKTUBHBIC CTPYHHBIC
HACOChl, CPOK OKYIIaeMOCTH KOTOPBIX cocTaBiisieT 1 roa, uro B 6,5 pa3 appexTun-
HEE HOPMATUBHOT'O CPOKA OKYIIAa€MOCTH;

QITOPUTM MOATAMHOTO PEIICHUS JIEKTPOMEXAHUYECKUX U THIPOMEXAHUYE-
CKHX MEPEXOHBIX MPOIECCOB HACOCHBIX CTAHIUU C YYETOM MPOJOJIKUTEIHHOCTH
AKCIUTyaTallui YHEPTreTUYECKOT0 000PYI0BaHNs, MPOTPaMMa BBISBICHUS U pacue-
Ta THAPABIMYECKOTO yJiapa B HAIMOPHBIX TPYyOOIPOBOJAX HACOCHBIX CTaHIIMMA,
000011IeHHas] MaTeMaThuyecKasi MOJIEib B3aUMOCBSI3U JIEMEHTOB CUCTEMBI «TPY-
OOIpPOBOJ - HACOC - DJIEKTPOABUTATEIb - DJIEKTPUUYECKAs] CEThY» MCIOJIb30BAIHCH
JUTSL OTNIPEENICHHs] PHEPreTUUYECKUX MapaMeTpoB MPH MEPEXOJHbIX Mpoleccax B
npoekte OT-®5-036 «Dopmanuzaius B3aUMOCBSI3M JIEKTPOMEXAHUYECKUX U
TUAPOMEXAHUYECKUX  TEPEeXOAHBIX MPOIECCOB B  OOJACTH  SHEPIETHKN»
(2007-2011). (CmpaBka KomuTeTa 1O KOOpAWHAIIMM pA3BUTHS HAYKH U
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texHosoruii Pecyonmuku Y36ekucran Ne @TK-03-13/700 ot 20.10.2016 rona).
Hcnonp30oBaHne pe3ynbTaTOB HAYYHOT'O UCCIEAOBAHUS MTO3BOJIMIIO CHU3UTh HETa-
TUBHOE BIIUSIHUE HEYCTAHOBUBIIHUXCS PEKUMOB M BHE3AHBIX NEPEXOIHBIX IMPO-
[IECCOB Ha OCHOBHOE M BCIIOMOTaTEJIbHOE YHEPreTUYecKoe 000pyA0BaHUE U TPY-
OOIpPOBOIbI HACOCHBIX CTaHIMH. ['napaBiuueckuit ynap causuics Ha 40%, niu-
TEJIbHOCTh MIOHWXEHHUS JABIICHUS COKpaTuiach B 1,5 pasa.

Anpolauus pe3yJIbTATOB HCCIAeA0BaHMA. Pe3ynbTaThl UCCIEIOBAHUS J10-
JokeHbl Ha 11 HaydyHO-TEXHMUYECKMX KOH(EpEeHIMSX, B TOM 4YHucie 6 MexIy-
HApOJHBIX: HA MEXIYHAPOJIHOM Hay4dHO-TeXHUYecKOoN KoHpepeHuu «IIpobrembl
MOJITOTOBKU BBICOKOKBATM(DUIIUPOBAHHBIX KAJPOB JJIsi CEJIBCKOTO U BOJAHOTO XO-
3saiictBa (Tamkent, 2009), MexayHApOIHON HAYyYHO-TEXHHUYECKONH KOH(pEpPEHIIUU
«IIpobnembl popMUpPOBaHUS U BHEIPEHUS WHHOBAIIMOHHBIX TEXHOJOTUH B yCIIO-
BUsX rnobanuzarun» (Tamkent, 2010), MexayHaApOIHONW HAYYHO-TEXHUUECKON U
npakTuiyeckor koHpepeHun « COBpEMEHHOE COCTOSIHUE U TIEPCIIEKTUBBI Pa3BUTHS
sHepretukm» (Tamkent, 2011), Ha MEXIyHAPOAHOM HHHOBAIIMOHHOM (opyme
«From Innovative Ideas to Innovative Economy» (TamkenT, 2015), MmexayHapoa-
HOIl HayyHO-mpakTHueckol koHpepenunn «Védecky pokrok na prelomu
tysyachalety» (Ilpara, 2016), MexxayHapOAHOW HayYHO-IPAKTHYECKOW KOH(EpPEH-
IUU «AKTyaldbHble MPOOJIEMBI B COBPEMEHHOM HAyKe M IyTH HX PELICHUSD
(Mockga, 2016) u Ha 5 pecnyOJIMKaHCKUX KOH(PEPEHITUSX.

Ony0/IMKOBAHHOCTH Pe3yJIbTATOB HCCICI0BAHMS.

[To Teme muccepramnmu omnyoiukoBaHbl Bcero 30 HaydyHbIX paboT, U3 HUX 5
MoHorpadui, 12 HaydyHBIX cTaTel, peKOMEHOBAaHHBIX Briciiel aTTecTalluoHHOM
komuccuen PecnyOnmuku VY30ekuctan g TyOJUMKAllMM OCHOBHBIX HAyYHBIX
PE3yIbTaTOB JOKTOPCKUX JUCCEPTAIH, B TOM Yucie 9 B pecryOJUKaHCKUX U 3 B
3apyOeKHBIX JKypHaJIax, 2 MaTeHTa Ha IOJIE3HbIE MOJENH, 2 CBUACTENIbCTBA O
perucrpanuu nporpamm ais OBM.

Crpykrypa n o0bem aucceprauuu. CTpyKTypa JUCCEPTALUN COCTOUT U3
BBEJICHUSI, TSATU TJIaB, 3aKIIOUEHHMs, CIIMCKA HCIOJIb30BAHHOM JIUTEpPATyphl U
npunoxenuit. O0beM muccepTarnuu coctabisetr 196 crpanuil.
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OCHOBHOE COAEPXAHUME IMCCEPTALIMHN

Bo BBefeHMM 00OCHOBaHa aKTyaJbHOCTh M BOCTPEOOBAHHOCTH TEMBI IAHCCEPTALUH, C(HOPMYIHPOBAHBI
Lenb W 3a/a4d  UCCJIEJOBaHMS, BBISIBIECHBI OOBEKT M IIPEIMET HCCIEJOBAaHMS, OIPEAEICHO COOTBETCTBHUE
UCCJIEJOBAaHMSI TIPHOPUTETHBIM HAlPaBICHUSM Pa3BUTHA HAYKH W TEXHOJIOTMH PeCITyOJIMKH, W3JI0KEHBI HaydHas
HOBU3HA M IPAKTUYECKHE PE3YJIbTAaThl HCCIECIOBAaHMS, 0OOCHOBaHA JOCTOBEPHOCTb PE3yJbTAaTOB HCCIEAOBAHUM,
PAacCKpBITHI TeOpeTHUeCcKas ¥ MpaKkTUYecKasi 3HAUUMOCTh MOITY4YEeHHBIX Pe3yJIbTaTOB, IPHBEIEH NepeueHb BHEAPEHUN
Pe3yJIbTaTOB MCCIICAOBAHUS, IPENCTABICHBI PE3yNbTaThl anpodanuu paboThl, CBEJCHUS MO OIYyOJIMKOBaHHBIM
TPYAaM U CTPYKType JUCCEepTaLUu.

B nepBon rJaBe JUccepTaluu «CucreMHBbIH aHaIu3 COBPEMEHHOI0
COCTOSIHMSI PEKHMOB IKCILIyaTallMM M JHepromorped/ieHHs] HACOCHBIX CTAHIMID) OCBEIICHO COBPEMEHHOE
COCTOSTHAE PEXHMMOB 3KCIUTyaTallMH M SHEPTronoTpeOJIeHHs HACOCHBIX CTAHIMH C yYeTOM CpOKa SKCIUTyaTalluu
OCHOBHOT'O M BCTIOMOTATEIBHOTO 3HEPTETHIECKOTO 000PYIOBAHUS.

[Ipoananu3upoBaHbl TaHHBIE (PAKTUUECKON IKCILIyaTallud U YHEPromoTpeo-
JICHUSI HACOCHBIX CTaHIMU B pa3pe3e 00JACTHBIX U MEKPETHMOHAIIBHBIX YIIpaBIie-
HHUM HACOCHBIX CTaHLHM, JHEPTETUKU U CBA3U C YUYETOM CpOKa IKCIUTyaTalluu OC-
HOBHOT'O W BCIIOMOTaTEJIbHOTO YHEPreTUYecKoro obopyaoBanus. O030p mokazal,
4TO 00JI€E MOJOBUHBI BCETO IEKTPOMEXAHUYECKOTO U THAPOMEXAHUYECKOTO 000-
PYAOBaHUS HACOCHBIX CTAHIIUM OTPabOTaIM CBOM rapaHTUPOBAHHBIN pecypc.

Kak nokazan nurepaTypHbIii 0030p, IPOBOJATCS 3HAYUTEILHBIE HCCIIEI0BA-
HUS, CBSI3aHHBIC C BBHIOOPOM OE€30IACHBIX U ONTHUMAJBHBIX PEKUMOB PAOOTHI U
obecrieueHneM palMOHATBHOTO HMCIOJB30BaHUSI AJICKTPUUYECKON HPHEPTUU OPOCH-
TEJIbHBIX HACOCHBIX CTAHIIMM, PETYIUPOBAHUS PEKUMOB PabOTHl HACOCHBIX CTaH-
IIUN OPOCUTENBHBIX CUCTEM U TPYOOIIPOBOIOB.

DIIEKTPOMEXAHUYECKHUE MEPEXOAHBIE MPOLECCHl CUHXPOHHBIX U ACHUHXPOH-
HBIX 3JICKTPOJBUTATENICH OMNKMCAHbl KJIACCHYECKUMHU ypaBHeHUsMu Ilapka-I'opesa,
a TUJAPOMEXaHUUYECKUE MEePeXOAHbIe mpolecchl — AudPepeHmanbHbIMU ypaBHe-
HUSIMU JKE€CTKOTO U YIPYroro TUIpaBInYeCKUX y/1apoB, OCHOBY KOTOPBIX MOJIO0XKH-

mu knaccuueckue padbotel H.E. XKXykoBckoro.

Hamn BEBISIBJICHO, 4qTo J0CTaTOYHBIX I/ICCHCZ[OB&HI/IIZ B3aMMOCBSI3CH DJICKTPOMEXaHUYCCKUX n
TUAPOMECXaHUYCCKUX [ICPEXOJHBIX IMPOLCCCOB, MPOUCXOMAIINX B HACOCAX, OJJCKTPOABHUIATCIIAX, HAINOPHbIX
pr601'[p0BOZ[aX N DJICKTPUYCCKUX CCTAX, C YUCTOM CpPOKa IKCIUTyaTalluhd BCEro KOMIIJICKCA O60pyl[0BaHI/I$[ HEC
IIPOBOANJIOCH. A OHH, IIpH TOBBIIICHHOM JJIMHE HarmopHOro pr60Hp0BOI[a, MOT'YT OKa3bIBaTh PCIIAONICC BJIUSIHUC
Ha 0e30I1aCHOCTh U HaJCXKXHOCTD pa6OTBI OHEPIreTUYICCKOTO O60py,I[OBaHI/IH CTaHI.lPIﬁ.

Haubonee HeOnaronpusTHbIE MOCIEACTBUS BO3HHMKAIOT IMPHU MEPEXOJHBIX
IIpOLIECCax, CBA3aHHBIX C BHE3AlHBIM AaBAPUMHBIM OTKJIIOYEHHEM OCHOBHBIX
HACOCHBIX arperaroB. [Ipu 3TOM BO3HHUKAaeT HaWOOJBIINK TUIPABIMYECKUN yaap B
HaIoOpHOM TPyOONpPOBOJE U HAMOOJbIIAs YTOHHAS CKOPOCTh OTKJIIOYEHHBIX arpe-

raToB.

Hanpumep, Ha KpynHeHIIeM Kackaje HaCOCHBIX CTAHIMH 3a MpebIAyIIue 5 JIeT €XXEroJHO MPONUCXOHIO0
OKOJIO ABAJUATH He3alJIJaHUPOBAHHBIX IMOrallleHUH anekTposHepruu. Kaxmoe M3 3TUX MorameHuil NpuUBOAMIO K
3HAYUTENBHBIM MOTEPSAM OT IMPOHM3OLIEAIINX NEPEXOAHBIX MPOLECCOB U IMAPAaBINYECKUX yaapoB. Ilpu BHe3anmHOM
noranieHun 3ekTposneprun 23 susaps 2013 rona, xorna OTKIIOYMIKCH Bee 29 pabOTalomMX HACOCHBIX arperara
MOIIHOCTRIO TO 12,5 MeraBarT Kaablif, moTepu cocTaBuiau 597 MuH. cyM. CaMbIM HENPHUATHBIM SIBIISETCS
HEIOToAa4ya BOABI BO BPEMS BEreTalll, YTO NPHBOJHUT K CYIIECTBEHHBIM IOTEPSM OT CHIDKEHUS YpOXKalHOCTH
CeNbCKOXO3SHCTBEHHBIX KyibTyp. Ilocie OOHOBIEHMS OOOPYHOBaHUS DSJIEKTPOIHEPIeTUYECKON CHCTEMBI H
BHEAPEHHUS PEKOMEHAAIMI 10 HaAeXHOH paboTe 3HeprooOOpyIOBaHUS KOJIMYECTBO OTKIIOYCHHWH Ha Kackaae B
2015 romy CHU3HMIIOCH C ABAANATU J0 YETHIPEX B TOJI.

Takum 00pa3oM, CTaHOBHUTCS HEOOXOAWMBIM CO3JaHHE HAaydYHO-OOOCHOBAHHBIX AJITOPHTMOB, METOOB,
CHOCOOOB M YCTPOWCTB CHW)KEHHS HETaTUBHOT'O BIIMSIHUSI HEYCTAHOBUBILIHMXCSI PEXKUMOB M BHE3AITHBIX HEPEXOIAHBIX
NIPOLIECCOB Ha OCHOBHOE, BCIIOMOTAaTEJIbHOE JHEPreTHUecKoe O0OpyHOBaHHE M TPYOONPOBOJIBI HACOCHBIX M
THJPOAIEKTPUYECKUX CTAHIIUH.
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Bo Bropol rmaBe nauccepranuu «AJITOPUTMbI MO3TANHOI0 pPelIeHUs
YPABHEHHUI 3JIEKTPOMEXAHHYECKUX U I'MIAPOMEXaHUYECKHX NepPexXoAHbIX Mpo-
1eCCOB HACOCHBIX CTaHIMII» pa3paboTaHbl aITOPUTMBI PEIICHUs YpPaBHEHUN pe-
KUMOB, IIPOUCXOMSAIINX B 3JIEMEHTAX JJIEKTPOIHEPTETUUECKUX CHCTEM, COAEpKa-
IIMX HACOCHBIE WJIM TMAPOICKTPUUECKUE CTAHIMHU. DTH IPOLECCHI CYIECTBEHHO
OTIIMYAIOTCS. MEX]y CO00i1, UTO CBA3aHO C X PA3IUYHBIMU MHEPLUOHHBIMU CBOMi-
CTBaMH.

[lepexonHbIe PEKUMBI IIEKTPOIHEPTETUUECKUX CUCTEM, CBSI3aHHBIE C DJIEK-
TPOMAarHMTHBIMU ITPOLIECCAMH, TAKHME KAK KOPOTKHE 3aMBIKAHHs, MPOTEKAIOT 3a
JOJIA CEKYH[bI. PeXHMBI, CBA3aHHBIE C DJIEKTPOMEXAHUYECKUMH U THAPOMEXAHU-
YECKUMU MPOLECCAMH, MOTYT JUIMTBCS NECATKH CEKYHJI WIM HECKOJIBKO MHHYT.
[ToaTomMy HEOOXOAMMO MOMOMPATh YpaBHEHHUS 3JIEMEHTOB MO COOTBETCTBYIOIIUM
napaMmeTpam Ui UX CTBIKOBKH, TaK KaK CHCTeMa «TpyOOmpoOBOJ — HACOC — JIBUTA-
TEJIb — DJIEKTPUYECKAs CETh» JIOJDKHA PACCMATPUBATHCA KaK €IMHasl, C y4€TOM B3a-
VUMOBIIASIHUSA BCEX OTUX DJIEMEHTOB.

Jlis peryiaupoBaHusi peXHMOB CHCTEMbl HEOOXOJUMO YIpoILaTh MaTe-
MaTHYECKUE MOJIEIIU, ONUCHIBAIOIINE IIOBEACHHUE JIEMEHTOB CUCTEMBI. B paccmar-
puBaeMoil cucteme AuQPepeHnaIbHbIX YPaBHEHUN TTOCTOSIHHBIE BPEMEHU MOTYT
UMETh Pa3JIMYHBIN NMOPSAAOK. Toraa nmosBIAETCS BO3MOXHOCTD Pa3JeiIUTh JBHKE-
HUS Ha OBICTPBIEC U MENJICHHBIE.

DIIEKTPOMEXAHUYECKHE MTPOLIECCHl PACCMATPUBAINCH HAMU C YYETOM PETy-
JUPOBAHMS 3alIOPHOIM apMaTyphl, @ UHOTJA U KOJIeOaHUl yPOBHS BOJbI B BEPXHEM
obede. OHU B CBOIO 0Yepelb MOTYT MPUBECTH K KOJIEOAHUSIM CHHXPOHHOTO JIBUTa-
TEJIS1 HACOCHOM CTAHIIMU U BOSHUKHOBEHUIO JUIMTEIBHBIX MMEPEXOAHBIX MPOLIECCOB,
JUISIIIUXCS AECATKU U COTHU CEKYH]I.

OOwas MareMaTudeckasi MOZAEIIb SHEPIETUYECKUX CUCTEM Ul pacueTa aBa-
PUHHBIX HEYCTAHOBUBILUXCS PEKMMOB OXBAThIBAJIA MEIJICHHBIE DJIEKTPOMEXAHU-
YEeCKHUE MPOIIECChI, B TOM YHUCIIE C YYETOM MapaMeTpOB TaKUX MPOTHKEHHBIX 00b-
€KTOB, KaK JIMHUHU 3JIEKTpoIepead, TpyOOnpoBOAbl HACOCHBIX CTaHLUUN. DIEKTPO-
MEXaHUYECKUE MPOLECChl pacCMaTPUBAIUCh BO B3aWMOCBS3H C KOJECOAHUSIMU PO-
TOPOB BPAILAIOLIUXCS MAlIUH U C IIPOLIECCAMHU, IPOUCXOIAIIMMHU B TUAPOMEXAHU-
YECKHUX YaCTsX BPALLAIOLIUXCS arperaTos.

CocraBneHa cucremMa ypaBHEHMI, KOTOpasi MMO3BOJIAT MPOAHAIM3UPOBATh pas3-
JINYHBIE PEKUMBI, BOSHUKAIOIIUE B UCCIEAYEMOM CUCTEME, U ONPEIEIIUTD BIUSHUAE
Ha HUX U3MEHEHHUs NapaMeTpoB PEKKUMa U 3JeMEHTOB. B 001iyto cucremy BXOISAT
CJIEyIOIUE YPABHECHMUS:

- YpaBHEHUS JBUKEHUSI HECKUMAEMOM )KUIKOCTH B TPYyOOIIPOBO/IE:

oH 16Q A1 QQ
1 ALNN o 1
6x+gsat+d52 29 0 (1)
oH ¢?0Q
€ oQ_ 2
ot Tgsax )

rae S — MmIomaab MonepevHoro ceueHust Tpyoomnposoaa, d — quamerp Tpyoo-
MpoBOJIa, A — KO3 PUITUEHT COMPOTUBIICHUS TPYOOIIPOBOA;
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- YPAaBHCHM: JIBUIKCHUS arperara, BKIIOYaromiero HaCoC U 3JICKTPOIIPHUBOA:

2
CUHXPOHHOTO ABUrateins: T;c dt_g = MHB— Myigx: (3)
ds
ACHUHXPOHHOI'O JBUraTeis: I Ag MHB —~Mygx 4)
- YpaBHEHUSI SJIEKTPUIECKAX MOMEHTOB JIBUTATENIS HACOCA:
E,U 2 (Xg—X
CUHXPOHHOTO: Mg = 4L sin o+ UZ (Xg=X,) sin 29 , (5)
dx 2 XXz
2(1+ S, )
ACHHXPOHHOTO: Mg = ME[/[B s P , (6)
o+ TR 428,
Sep S
THJIPABINYECKUI MOMEHT HACOCa:
Myex=Mr-M1p, M- :M, Mrp = (0,03 - 0,07)Mrsign(n); (7)
®
- yPaBHEHUE PETYIISATOPOB BO30YKIACHUS CHHXPOHHOT'O IBUTATEIIS
dE
ge _ dv
m dHi dHi
e= %(KonHiJ“KlnT“L K,n T)’ 9)
Jlost pelieHus HPUBEICHHBIX ypaBHEHUI HCIIOJIb30BAJIHCh

COOTBETCTBYIOIIME MATEMAaTUYECKHUE BBIPAKEHHUSA, CBS3BIBAIOIIME MEXKIY COOOM
napameTpbl peKuMa.

[IpuBeneHHble ypaBHEHUS MO3BOJIMIN HCCIEAOBATh MEPEXOTHBIE PEKUMBbI
HACOCHBIX arperaToB IPH Pa3JINYHbIX aBAPUUHBIX U IKCITYyaTallHOHHBIX PEXKUMAaX:
IpY U3MEHEHUM HAIPSDKEHUS Ha IIMHAX, aBApUHHOM OTKIIFOYEHHH CUHXPOHHOTO
JBUTATENIs], aBapUsX, CBSI3aHHBIX C HACOCOM WJIM B TPYOOINPOBOJE U T.A.

Pa3zpaboTanbl alropuTMbl MOSTAHOIO PEHICHHS AJIEKTPOMEXAHUYECKUX U
IMAPOMEXAHUYECKUX MEPEXOIHBIX IPOLIECCOB, BBIBICHHS U pacdyeTa ruapaBiInye-
CKOTO y/apa B TpyOOIpOBOAaxX HACOCHBIX CTaHIMM. bjok cxema anroputma npen-
cTaBjeHa Ha puc. 1.

Pa3paboTaHHble anropuTMbl JIETJIM B OCHOBY CO3/IaHHSI TPOTPAMMHOTO KOM-
MJIEKCa BBISBJICHMS M pacueTa TUAPABIMYECKOro yJapa, Ha KOTOPBI MOJyYeHbI
CBuzerenbctBa 00 OQUIMATIBHON pErucTpaluu MPOrpaMMbl ISl 3JIEKTPOHHO-
BhluncIUTENBHBIX MauH Ne DGU 03124 u Ne DGU 03644. [IporpaMMHBIi1 KOM-
IUIEKC Ha sI3bIKe MporpammupoBaHusi C# MOXKET B 3HAUUTENIbHOM CTENEHU BIUSTh
Ha BBIOOP OCHOBHOT'O M BCIIOMOTaTeJIbHOTO 000pyAOBaHUs, KOHCTPYKIHUIO U Mapa-
METpPBbI BOJOMPOBOIALINX coopyxeHuil. [IpumeHenune nporpaMmbl oOecrieurnBaeT
ONpENEIeHUE BEIUYMHBI HAIlOpa U CKOPOCTH, PacX0oJa U CTOKA JKUJIKOCTU B TPY-
00MpoBOE MPHU TUAPABIUUYECKOM ylape, CpaBHEHUE UX C JOMYCTUMBbIMU BEIUYH-
HaMU, IPUHATHE B Cllydae HEOOXOAMMOCTH TEXHUYECKUX MEp MO0 CHUKEHHIO Be-
JUYUHBI TUIPABIMYECKOTO y1apa.
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[TporpaMMHBII KOMITIEKC ObLT anmpoOMpOBaH MPHU MAaTEMaTHYECKOM MOJIe-
JMPOBAHUU TIEPEIYCKHOTO YCTPOWCTBA, MO3BOJSIONIETO MPEJOTBpallaTh THApaB-
JMYECKUH yAap C LUENbl0 YBEINYCHHUS JOITOBEYHOCTH TPYOOIIPOBOIOB U S KOHOMHHU
noTpebyIeHus IeKTpodHepruu. [IporpaMMbl MOKHO MPUMEHSTH MPHU MPOBEICHUN
HAY4YHO-HMCCIIE0BATENbCKUX paboOT U B y4eOHOM IpoIiecce.

Broparcs Hexogmsle ganseie Cv, L, x, lyam, v, d, Hp, hp, t: & i1 aBapan

MO,Z[EIEIP}’IMCS[ SIEKTPOMEXAHHTECKHE NepeX0qHbIS IIPOIIeCChI MO,Z[GJ'IHPYIO’NH THAPOMEXAHHYIeCKHEe [TepeXoTHbIe IIPONeCChl
a2 EU. . Ul (XX H-H +1.1.99% 1 ooeo Ei. 1o o
Tm?a{m—nmw Mg = PR N e THt L 1 LnQA=0. T Q- Q)=0

»

g t < torx
BRIIOTHASTCA TH
yCIoBHe BEXoga CJI
H3 CHHXDOHH3MA

Ompejensercs MOMEHT yAapa | | | BrrmaeTcs coobmmenne

Myva s 0 paspelEe TPYOOIpOBOda

Puc. 1. Biok-cxema ajaropurMa no3TanHoro pemeHust 3J1eKTPOMeXaHu4YeCKNX U THIPoMe-
XaHUYECKHMX MePeX0IHbIX MPOLECCOB HACOCHBIX CTAHIUI

Jna Hp = Hvg e
BBITIOTHAETCA JTH
YCIOBHE
VCTOHYHBOCTH

Beisoguarcs rpadux
THAPABIHYECKOTO Yaapa

t=t+t

B tpetpeit rmaBe guccepraimn «PacdyeTHO-IKCIEPUMEHTAIbHbIE MCCJIEA0-
BaHMS MEPEXOAHBIX MPOUECCOB B I'MJAPOIHEPreTHYCCKUX YCTAHOBKAX» IpUBE-
JI€HBI PE3YJIbTAThl UCCIIECIOBAHUN MEPEXOIHBIX MPOLECCOB B TUAPOIHEPTETUY ECKUX
YCTaHOBKAaX, & UMEHHO: U3yY€HHE TUIPOMEXaHUYECKHUX TPOIECCOB B TPYyOOIIPOBO-
JaxX W TUIPOMAIIMHE U U3YUYEHHUE BJIEKTPOMEXAHUYECKUX MPOLECCOB B THIPOTEHE-
paTope U B SHEPTrOCUCTEME.

[lepexoaHbie TPOIECCH XapPaKTEPU3YIOTCSI 3HAYUTEIBHBIM YBEIMUYCHUEM
JTMHAMHYECKUX Harpy30K Ha 3JIeMEHTHhI 00opyaoBanus. Bubpauus obopynoBaHus
3HAYUTEIHLHO BO3PACTaeT MPU yYBEIWYEHWU WHTEHCHUBHOCTU MYJbCAIIUU THUIPOIU-
HaMHYECKOI'0 JIaBJICHUS HA CTEHKax MPOTOYHOrO TpakTa TWjpoarperara, 4ro Mo-
KET MPUBECTH K KAaTaCTPOPUUECKUM TTOCICACTBUSM.

JlnHaMu4yeckue Tporecchl B TPyOONPOBOHON CETH OMHCHIBAIOTCS H3BECT-
HBIMU W3 THUJIPABIIMKU ypaBHEHUsIMU pacnpoctpaneHusa (1) u (2) myrem 3aMeHbI
JUHUH C paCTpe/IeICHHBIMU MMapaMeTpaMu Ha CHUCTEMY SKBUBAJIECHTHBIX YEThIPEX-
MOJTIOCHUKOB C COCPEIOTOYCHHBIMU MapaMeTpaMu. TpyOOnpoBObl MOTYT OBITh
MPEJCTABICHbl YYAaCTKAMHU C TMOCTOSIHHBIMHU JJIMHOW, AMAMETPOM U CBOWCTBAMU
maTepuaina. Torma, a1 i-r0 yyacTka TpyOOIpoBOa YpaBHEHHUs HAmopa U pacxoja
UMEIOT BU/I:

dQ,

H—H; ;+1, Lqu+r0 L,.QQ=0, (10)
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dH, 1
dt +Cy I—yq (Q| _Qi_]_) =0, (11)

Al c?

S2d2g’ Co = sy’ l, = Sy yAETbHBIE COMPOTUBJICHUS ydacTKa TpyOo-
nposona; Hi, Qj, Hi.1, Qi1 — HamopsI 1 pacxo/bl HA BBIXOJIE B BXOJIE I-T0 TPYyOOIIpo-
BOJIa COOTBETCTBEHHO; Ly — IIMHA y4acTKka TpyOonpoBoa.

OTHU ypaBHEHUS HCIONB3YIOTCA NPU aHAJIU3€ MEPEXOHBIX MPOLIECCOB BCEH
CHUCTEMBI «HACOC — TPyOOIPOBO/I — IBUTATEIb — SJICKTPUUECKAsL CEThY.

Ha puc. 2 npuBeneHs! pe3yinbTaThl MOJEIUPOBAHUS IIEPEXOTHBIX MPOLIECCOB B
CHCTEME «TPYOOIPOBOJ - BEpXHHUM Obed», U3 KOTOPHIX BUIHO, YTO YMEHBILICHHUE
JUTMHBI TPYOONPOBOIa MPUBOJIUT K YBEJIWYCHUIO YaCTOTHI KOJIEOAHUN M aMIUIUTY-
Ibl Kosiebanuit BoHON Macchl. [lepexonusiii mporiece mpoposmkaercs okoio 300 c,
IPUYEM C YMEHBILIEHUEM JUTMHBI TPYOOIPOBO/ia KPAaTHOCTh YBEIMUEHUS HAopa U

CKOpPOCTH BO3pPaCTacCT.
V, Z o.e. V,Z oe.

rae I’O =

t, cex i, cer

A b
A) L=1500 m, B) L=500 m, H; =55 m, A=0.02, F= 13 M*
Puc. 2. Ilepexoanble rugpoMexaHu4ecKme Mpouecchbl

cucTeMbl «TPYOONPOBO/ - BepXHUii Obed».
BHe3amnHple OTKIIIOUCHUS QJICKTPOABUTATEISI HACOCHOT'O arperara BO3HUKAIOT B PE3YJIbTATE KOPOTKHUX
3aMBIKAaHOH B POTOPHBIX, CTATOPHBIX KOHTYpAaX MAIIWHBI UJIX B 3GHCPrOCUCTEME, BOJIM3M LIMH HACOCHOMU CTaHIIUN U
SIBJISAKOTCSA aBapPIﬁHBIMH nponeccamu.

Ha puc. 3 npuBoasTcs XapakTepUCTUKHN MEPEXOIHOTO MpoLEcca NPy BHE3AII-
HOM OTKJIFOYEHHH MHUTAHUS CO CTOPOHBI 3HEprocucTeMbl. PaccunTanbl KosieOaHus
CKOPOCTH TOTOKA BOJBI B TPYyOONpPOBOJE, HANlOpa U CKOPOCTH BpaUIEHUsI poTOpa
arperata HAacOCHOM cTaHIMH «Xam3a-2» AMy-Byxapckoro MammHHOTO KaHala,
npu guHe TpyObompoBoga 1500 M, muamerpe 4,2 M, pabodyem Hamope 55 M u
HaYaJIbHOM CKOPOCTH MOTOKA 2 M/C.
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50 100 150 200 250
t, cek

Puc. 3. Ilepexoanbie npoueccsbl B cUcTeMe «TPy0onpoBoja — BepxHuUii Obed»
NP BHE3aIIHOM OTKJIIOYEHUHM CHHXPOHHOIO IBUIaTeJIs HACOCHOH CTaHIUHU

OcoOeHHOCTh mpoHeccoB COCTOUT B TOM, YTO OHHU IMPOTCKANOT IPH H3M€HHIOH.[€I>1C$I HaCTOTC BpallCHUA
HACOCHOTO arperara, HpI/IBO,Z[HH.Ieﬁ K KOJIeOaHUAM QJICKTPOMAIrHUTHBIX U THAPOMCXAHUYICCKUX TAPAMETPOB.

DJIEKTPOMArHUTHBIE MOMEHTBl CHHXPOHHOTO JIBUTATENs OMNPEACIIEHBI IO
bopmyiie:
M- :Xad[iqc(if+ild)—idci1q](l+sk); (12)
[Ipu pacuerax B HENSAX YNPOIICHUS 3JEKTPOMATHUTHBIM U THIPOMEXAHUYE-
CKUI MOMEHTBI 3aMEHEHBI COOTBETCTBYIOIIMMU MOIIHOCTAMMU, T.€., Mg = Pyg 1
Mhuac = Puac.
OO6o01IeHHass cUCTeMa ypaBHEHHM 3JIEKTPO- M THAPOMEXaHUYECKONH CHCTEMBI
MIPEJICTABJIEHA B BUJIE:
- YPABHEHHE PACX0/Ia:

d
d_(t? = (H;_y— Hi = 1oLy oQQ) /Ly, (13)
- YpaBHEHHE HAIopa:
dH 1
ot = _COL—yq(Qi_Qi_l)’ (14)
- YPAaBHEHUI CUHXPOHHOT'O JBUTATEJS:
dod
do _ o 15
=5 (15)
ds _ 31
at = (_I_—A)(PI[BC o PHAC) ' (16)
JC

- YpaBHEHHs PEryJaTopa BO30YKJICHUS CHHXPOHHOTO JIBUTATEIIsI, COOTBET-
CTBEHHO:
- nepexoanoit IJIC:

dE
—a_ 1 _
i~ e E) a7)
- HaHpH)KeHI/IH Ha KOoJbLax pOTOpaZ
dE
e _ 1 _

- HAIIPSPKCHUS Ha BXOAC B036y,Z[I/IT€J'IHI
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W (e (19)
. "Tp

CoBMmectHOe perrenue ypaBHeHHi (12) - (19) mo3BOJMIO MPOBECTH KOM-
TUICKCHBIN aHAJN3 MEPEXOAHBIX PEKUMOB CHCTEMBI «TPYOOIIPOBOJI - HACOC - AJICK-
TPOJIBUTATEIb - DJICKTPHUYCCKAS CEThY.

OmpenencHo, YTO OJHUM M3 TSDKEIBIX PEKHUMOB SBISICTCS CHIDKCHHE
HaNpsDKCHUS Ha IIWHAX CTAHIIMU, B OCOOCHHOCTH Ha IMHAaX cucteMsl. Ha puc. 4
IPUBECHBI XapaKTEPUCTUKHU TIEPEXOTHBIX MPOIIECCOB MPH CHUKCHUN HANPSHKSHUS
Ha [IUHAX CHCTEMBbI Ha 2%. AHaU3 MOKa3bIBACT, YTO CHIDKCHHE HANPSHKCHHS Ha
IIMHAX CHUCTEeMBbI 0oJjiee ueM Ha 8% MPHUBOIUT K BBIXOJY CHHXPOHHOTO JBHraTels
13 CHHXPOHH3MA.

Q) me. H. 0. 2, e H. ot
1 T - T 106 r - T 1 T T T 105
L[| S SR L R - I I : ; ' i
0.8 H
a 1 2 3 4
P ok
Iq_,
2
s

»
»

B 4 o calpe -
<
(

A) APB C]] otxmrouen Kou=0; B) APB Bxitouen, Koy =5 en
Puc. 4. Ilepexoanbie 3/1eKTPO- M HIPOMeXaHHYECKHe MPOLeCcChI
NP MOHUKEeHNH HANPS’KeHHUs Ha IIMHAX cucTeMbl HA 2%

W3 npuBeAEHHBIX KPHUBBIX BUJHO, YTO XAPAKTEP MPOTEKAHHS TMIPOMEXAHU-
YECKUX MEPEXOIHBIX MPOLIECCOB HECKOIBKO MEHSETCS, 4 UMEHHO — PAaCcXO0J CHYKA-
€TCsl, B TO BpeMsl KaK Halop MOBBIIIAETCS. ITO OOBSICHIETCA TEM, YTO ABMKYILAs
CUJIa — Bpalaroluii MOMEHT MAIIVHbI CHHXKAETCS, & YBEJIMUEHUE HAIOpa CBI3aHO
C MHEPLIMOHHOCTBIO IBUKEHUS MTOTOKA.

PaccmoTpensl ciiydan ckaukoOoOpa3HOTO YMEHBIIIEHHUS MOITHOCTH CHHXPOH-
Horo asuratens (puc. 5): Ha 15% — yCTOWYHMBOCTH arperatra COXpaHseTCs, MpH
ATOM 3JIEKTPOMEXAHUYECKUE TPOLECCHI 3aTyXal0T ObICTPO, a TMIAPOMEXAHUYECKUE
npouecchl npoomxaroTca okoyno 140 c¢; nHa 30% — arperat nonajgaet B pexuMm 1J1u-
TeIbHBIX KoJeOanuii; Ha 50% — NPUBOAUT K HAPYIICHUIO YCTOMYMBOCTH JABUTATEIIS
U BBIXOAY €ro U3 CHHXPOHHU3MA.
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A b
A) MOLTHOCTH ABUTAaTeNs yMeHbIIaercs Ha 15%,
b) momHoCTh nBUTaTens ymenniiaercs Ha 30%
Puc. 5. [lepexoaHbie nmpouecchbl NPpH CKAYK000pPa3HOM
H3MEHeHHH HArpy3KH Ha BaJly HACOCHOI'0 arperara

[TosryueHHble pe3ynbTaThl MOTYT OBITh HMCHOJB30BaHbI JJIsi 0OOOCHOBAaHUS
KOHCTPYKIUH 3HEPreTUYeCKoro o00pyA0BaHus U TpyOOIpPOBOJOB, & TAKXKE B TEX-
HUKO-DKOHOMHYECKHUX pacyeTax.

B uyerBepron rmiaBe nuccepranuu  «TeXHHMYeckHe CpPeACTBA 3alMThI
OCHOBHOI'0 JHEPreTHYecKoro 000pyI0BaHMA M TPYOOIPOBOJOB HACOCHBIX
CTAHIUI OT TMAPABINYECKOr0 yAapa» MpeasIoKeHbl cienytonme 3pPeKTuBHbIC
YCTPOMCTBA 3alIUThl OT TUAPABIMYECKOrO yJapa B OCHOBHOM OOOPYJOBaHUHU U
TpyOONpPOBOAAX HACOCHBIX CTAaHUUW: MEPENyCKHOE YCTPOMCTBO M YCTPOKCTBO
MIPONOPLMOHAIIBHOTO YIIPABJIEHUS JUCKOBBIM 3aTBOPOM HACOCA.

[IpenyioKeHO UCIOJIB30BAaHUE H3BECTHOIO IEPEIyCKHOTO YCTPOMCTBA, CO-
€IMHSIOIIETO JIBE WM 00Jiee HUTKU HAIlOPHBIX TPYyOONpPOBOJIOB 110 HOBOMY Ha3Ha-
YEHUIO I YMEHBIICHUS BEIVYMHBI ITOBBIILICHNS JABJICHUS IPU TUAPABINYECKOM
ynape. IIpoBeaeHHbIN aHAIN3 IPOTEKAHUS THAPABIMYECKOIO yIapa Ha HACOCHBIX
CTaHLMSIX, 00OPYAOBAHHBIX MEPENYCKHBIM YCTPOICTBOM, IMOKa3all, YTO IMpH IO-
BBIIICHUU JABJICHHUSI B OJHOW M3 HUTOK IMPH OTKPHITOM IEpenycke OyIeT ocy-
IIECTBIATHCSA COPOC BOJBI B COCEAHME, a MPU MOHWKEHUH JABJICHUS - MPOUCXO-

JUTH OOpaTHBIN MPOIIECC — MEPETOK KUJIKOCTU U3 COCETHUX TPYyOOITPOBOIOB.
Ha puc. 6 npeacTraBjicHa cxeMa IJId pCH.IaeMOfI 3aJa4u. Kaxcz[asl HanopHasg CUCTEMa HaCcOCHOM CTaHIIMH
BKJTIFOYaeT HECKOJIBKO HACOCHBIX arperaTos, TpyOOIPOBOABI U BOJIOBBIITYCKH.
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Y J

b 4 .7 a 10

0,2,4,7,8,10 — macocsr; 1,3,9 — MecTa n3MeHeHHsI JuaMeTpa TpyOOIpoBoaa;
5,6 MecTa yCTaHOBKH IEPEMYCKHOT0 YCTpOicTBa; 11 — BOAOBBIMTYCK.
Puc. 6. PacueTHasi cxeMa HANMOPHO# CHCTEMbl HACOCHOH CTAHIIUH

Hamu mpumsita (opMa YeTHIPEXKBAAPAHTHBIX XapaKTEPHCTHK Hacoca H/ 5
= f, (Q/f) u M/ = f, (Q/f9), monydeHHBIC HAa OCHOBE TEOPHH MOIOOHS HACOCOB

(rme [ — oTHOCHUTEINbHAS YaCTOTa BPAILIEHUS POTOPA).

AHanM3 MONYyYCHHBIX 3aBUCHMOCTEH MEPEXOJHOr0 MpOIEcca MO3BONMI CHENATh BBIBOJ O TOM, YTO MPH
paboTe mepenycka BeIMYMHA KOJIcOaHUil Haropa YMEHbIIIIAch Ha 20 M, IPU 3TOM THAPABIUYCCKUN yaap CHUBMICS
Ha 40 %. JInuTensHOCTh MOHIKEHUS AaBJICHUsI YMEHbIIUIACH OoJiee ueM B 1,5 pasa.

Ha nacocHo#i cTaHIMU OBUIM NPOBE/ICHBI HATYPHBIE UCTBITAHUS U3y4aeMbIX MEPEXOAHBIX MpoleccoB. Mx
aHaM3 MO3BOJIET CHENATh BBIBOJ O TOM, YTO HEPEIyCKHOE YCTPOMCTBO SIBISIETCSI JOCTATOYHO 3(PEKTUBHBIM
CPEACTBOM 3allUThl HAIOPHBIX TPYOOIIPOBOAOB U HACOCHBIX arperaToB OT T'MPaBINYECKOTO yaapa.

B nuccepranuu o0ocHOBaHa pa3paboOTKa IPOIOPIHOHAIBHOIO YCTPOHCTBA YHPaBJIEHHS JMCKOBBIM
3aTBOPOM ISl 3aIMThl HACOCHBIX CTAHIMH OT TrUApaBiIndeckoro yaapa. CokpalieHHe BpPEMEHHU 3aKpbITHS
JIMCKOBOTO 3aTBOpa CHOCOOCTBYEeT Gosiee OBICTPOMY BBIBOJY OCTABIIErOCs B pabOTe HAcOCa W3 KaBHTAIIMOHHOMN
30HbI. KpoMme TOro, mpu 3TOM YIy4IIAIOTCS BHOPAIMOHHBIE XapaKTEPHCTHKH OTKIIOYEHHOTO HAcoca 3a CYUeT
COKpAIICHUS BEIMYHUHBI M TPOJODKUTEIILHOCTH €ro 0OpaTHOrO BpAIlleHHsI, & TAKXKE HAIOPHOTO TPYOOMpPOBO/Ia, 3a
CYET YMEHBILCHHUS IyJIbCAMU JaBICHMUS, BbI3bIBAEMOW pabOTOH HACOCOB B PEIKMME KaBHTAIMH M B PEBEPCHBHOM
peKUME.

JInst ocymecTBIEHUsI MPONOPLUMOHAIBHOIO 3aKPBITHUS JUCKOBOIO 3aTBOpPA
Hacoca JJisl 3alUThl OT TUJPABIMYECKOr0 yJapa Ha YpOBHE MOJIE3HOH MOJENH 1O
[MaTtenty Ne FAP 01119 pa3paboTaHo ycTpOWCTBO yIpaBjieHHsS HAcocoM (puc. 7) ¢
HCIIOJIb30BAHUEM COBPEMEHHBIX JOCTUKEHUN MPOMOPIUOHAIIBHON U LHU(PPOBOI
TU/IPABIIMKH.
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1 — nacoc, 2 — TuCKOBBIH 3aTBOP, 3 — HAIOPHBIN TPYOOIIPOBOJL, 4 — CEPBONPUBOJL, 5 — MacIOHa-
IIOpHasl yCTaHOBKA, 6 — MPONOPLIMOHAIbHBIN 30JIOTHUKOBBIN paCIpeleNuTellb, 7 — MacIonpoBO/,
8 — JaTuuK aBapuItHOTO OTKJIKOYEHUS 3JIEKTPONPUBOIA, 9 — cTaTOpHast 0OMOTKA JIEKTPOIPUBO-
na, 10 —snextponpuson, 11 — nmporpamMmmupyeMslii ToruuecKuii KOHTposutep, 12 — mudposoii
JaTYUK CKOPOCTH.
Puc. 7. Cxema ycTpoiicTBa NpoNopuHOHAJIBHOI0 YIIPABJIEHUSI HACOCOM

Y CTpOUCTBO, COAEpkKallee NUCKOBBIM 3aTBOP C CEPBOIPUBOAOM, MACIOHA-
IIOPHYIO YCTaHOBKY, 30JIOTHUKOBBIN PacIpeeInTeNb, MAaCIONPOBOJ C APOCCEIEM
U JIaTYUK aBAPUHWHOTO OTKIIIOYEHHS Hacoca, CHaOkaeTrcs HU(PPOBBIM IaTYUKOM
CKOPOCTH TIOTOKA >KHIKOCTH B HAMlOPHOM TPYOONPOBOJE M MPOrPAMMUPYEMBIM
JIOTUYECKUM KOHTPOJIJIEPOM, A 30JJOTHUKOBBIM PACHpEICIUTENb BBINOJIHIETCS pe-
TYJIMPYEMBIM B IPOMOPLIMOHATIEHOM UCITOJTHEHHH.

N3MeHeHne CKOpOCTH 3aKPBITUSL JUCKOBOIO 3aTBOPA MPOUCXOAMUT IIJIABHO U
MPONOPIIMOHAIBHO CKOPOCTH TEUYEHUS KUJKOCTU B TpyOorpoBojae. TexHuueckas
XapaKTEPUCTHUKA MPOrPaMMHPYEMOTO JIOTHYECKOTO KOHTpOJIEpa
nporpaMMHUpyeTcsi TaKuM o00pa3oM, YTO B MOMEHT CMEHBbI B HAllOPHOM
TpyOOTIPOBOIE MPSMON CKOPOCTH TIOJIaYH JKHJIKOCTU HA OOpaTHYIO, T.€. B MOMEHT
HYJICBOW CKOPOCTH KHUAKOCTH, (pUKCHpyeMor IUGPOBBIM JATYHKOM, JTHCKOBBIN
3aTBOP 3aKpPbIBACTCS.

[IpumeHeHne yCTpOMCTBA IMPOIMOPUAOHAIBHOTO YIIPABJIEHUS HACOCOM HC-
KJIF0YaeT BO3MOXKHOCTh BO3HHUKHOBEHHUSI THUIIPABIMYECKOTO ynapa U OOpaTHOM
YTOHHON CKOpPOCTH HAacoca MPH aBapUMHBIX MOTANICHUSX SJIEKTPOIHEPTUH, obec-
MEYNBACT HDKOHOMHIO 3aTPAYEHHOW JJIEKTPOSHEPTHUM, IOBBIIIAET HAJICKHOCTh U
SKOHOMUYHOCTh HACOCHOM CTaHIIMH.
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B ATON rJ1aBe qUccepTaluu «PeryiupoBanue PeKUMOB
BCIIOMOTIaTeJIbHBIX CHCTEM OTKAYKH (PUJIBTPALMOHHBIX, JAPEHAKHBIX U
CTOYHBIX BOJ TEPPUTOPMHA H 3AaHUN HACOCHBIX M THAPOIJIEKTPHUYECKHX
CTAHIMI» pa3paboTaHbl pEryJupyeMble CHUCTEMbI OJHOBPEMEHHON OTKaYKu
(GUIBTPALIMOHHBIX, JAPEHAXHBIX M CTOYHBIX BOJ M3 3JaHUM W TEeppUTOpUM
HACOCHBIX WJIM THUAPOSJIEKTPUUECKUX CTAHIMN C MOMOIIBIO CTPYHHBIX HACOCOB U
ONPENIEIICHBI UX PEKUMBI IJIs1 IOTOKOB C Pa3JIMYHON BBICOTOM BCACHIBAHUA.

Haubornee OTBETCTBEHHBIM BCIOMOTAaTEIbHBIM JHEPTETHUYECKUM O000PYIO-
BAHHMEM SBJISIETCS JIPEHAXKHO-OCYIIUTENbHOE 00OpyaoBaHue. B pesynbrare aBa-
PUMHBIX 3aTOIJIEHUN W MPHU OTKIKOYCHUSX JJIEKTPOIHEPTUU JPEHAKHBIE HACOCHI,
II0 CYTH, IIEPBbIC NOABEPKEHBI BBIXOAY M3 CTpos. B nuccepranum onucan psj ce-
PBE3HBIX 3ATOIUICHUW 3aHWUK CTAHUWW, BBI3BAHHBIX IOTAIICHUEM 3JIEKTPOIHEP-
T'HH, T.K. BCE BCIIOMOTaTeIbHOE 000PYI0BaHUE B 3TO BPEMsI OTKIIOUYEHO.

N3-3a yBenMYeHHUs NMPUTOKA CTOYHBIX BOJ C TEPPUTOPHUH, CBSI3AHHOIO CO
CPOKOM OJKCIUTyaTallid COOPYXEHUW M HAMOPHBIX TPYyOONPOBOJIOB HACOCHBIX
CTaHIuH, QUIbTpAllMOHHAS BOJA YEPE3 CTCHBI 3[]aHUsl CTAHIMH, MTONAJdacT BHYTPh
CaMoTO 3JlaHUf, CTeKas MO KaOeIbHBIM KaHaldaM, HaXOASIIMMCS MO/ HANPsKEHU-
€M, UTO IPEIOIPEAEIIIeT BOSHUKHOBEHUE aBAPUMHBIX CUTYallMl U 3aTOILICHUM.

B Hay4HO-IpOU3BOACTBEHHOM Impeanpustun  «BogomoabeMHHK» €
y4yacTHEM aBTOpa JUCCEpTalUU pa3padOTaHO HOBOE YCTPOMCTBO Ui OJHOBpe-
MEHHOM OTKa4yKd (PUIBTPAIIMOHHBIX, APEHAKHBIX U CTOYHBIX BOJ| TEPPUTOPUN U
3MaHUM HACOCHBIX WA THUAPOSJIEKTPUYECKUX CTAaHLHM, KOTOPOE 3aIIHIIECHO
[Tatentom Ha moisiesnyro Monenb Ne FAP 00592. Ono comepXuT ApEeHaX)HYIO
CKBLKMHY Ha TEPPUTOPHM, JPCHAXKHBIM KOJOACU B IOMEIICHWW CTAHIUU, B
KOTOPOM YCTAHOBJIEH CTPYWHBIM HAcOC C BCAaChIBAIOIIMM TPyOOIPOBOJIOM,
JMCKOBBIM 3aTBOp, COEAWMHEHHBIA IOCPEIACTBOM phbldyara € IpPy30M-IIOIUIaBKOM,
PACHOJIOKEHHBIM B IPEHAXKHOM KOJIOJLIE.

[Ipennaraemasi cuctema CXeMaTH4HO Toka3zaHa Ha puc. 8. Ilpu cpemnem
3HAYEHMH MPUTOKA BOJBI B APEHAXKHBIA KOJOAEL I'Py3-TIOIIJIABOK PACIOJIOKEH TaK,
YTO KMHEMATUYECKU CBA3aHHBIN C HUM JUCK JMCKOBOI'O 3aTBOPA HAXOJUTCS B IO-
JIYIIPUKPBITOM COCTOSIHUM. [Ipr 3TOM CTpyHHBIM HACOC OTKAYMBAET BCKO BOAY, KO-
TOpas MOCTYIIAET B APEHAXKHBIN KOJIOJEL U OTKAYMBAET BOAY U3 JPEHAKHOU CKBa-
YKAHBIL, [IOHWKasl B HEW YPOBEHB BOJIbI HA OIPEICIICHHYIO BEJIUYNHY.

JIMCKOBBIN 3aTBOP, HA KOTOPBIN BO3JIEUCTBYET IPy3-IIOIJIABOK, B 3aBUCHMO-
CTH OT TOPU30HTA BOJABI B APEHAXKHOM KOJOJILE MPOU3BOAUT IEpEPACTIPENACICHUE
IIPUTOKA BOJbI, BCACBIBAEMOM M3 IPEHAXKHOIO KOJOJALA Y JPEHAKHOW CKBAKUHBI
TaKUM 00pa3oM, 4TOObI B 00513aT€IbHOM NOPSAJIKE 00ECIEYUTh OTKAUYKy BCEil BOJIBI,
NOCTYMAOIIEH B JPEHAXKHBIA KOJIOJEI U3 YCIOBHS HAJEKHOCTU pabOThl OTKAYH-
BAIOLIEH CUCTEMBI U HE3aTOTUICHUS 31AHUS CTAHLINH.
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1 — cuctema co CTpyHHBIM HACOCOM; 2 — IPEHAXKHBIN KOJOEI] B
3IaHUH CTAHIINH; 3 — IPEHAXHasi CKBAXKMHA HA TEPPUTOPUU CTAHIIUU;
4 — NONOTHUTENBHBIN TPYOOTIPOBOI; 5 — NTONMOTHUTENbHAS 33/IBUKKA.

Puc. 8. Cucrema 1Jis1 0THOBPEMEHHOTO0 yAaJIeHUsl PUIbTPAIHOHHBIX,

JAPEHAKHBIX M CTOYHBIX BOJ U3 NMPHJIeramineil TeppUTOPUHA U

U3 MOMeIleHUs] HACOCHOM WU T'MIPO03JIeKTPUYECKOH CTAHIIUN

[TpumeHneHne cucTteMsl Al OAHOBPEMEHHOIO YIaJleHUsl (PUIbTPAIMOHHBIX,
JOPEHAXHBIX W CTOYHBIX BOJ W3 IPUICTAIOLIEH TEPPUTOPUM U U3 IOMEIICHUSA
HACOCHOM WJIM TUAPORJIEKTPUUECKON CTaHIIUU 00ecreYnBaeT THAPABINYECKYIO aB-
TOMAaTH3ALMIO ITPOLECCAa OTKAYKU BOJBI, IMOBBIIIAECT €€ HAIECKHOCTh U DKOHOMM Y-
HOCTb.

B cucreme oTkayku MPOUCXOIUT CMEIIEHHE TPEX MOTOKOB: paboYero moTo-
Ka — U3 HallOpHOTo TPyOOIPOBO/Ia U IBYX BCACHIBAEMBIX TOTOKOB: U3 JIPEHAXKHOTO
KOJIOAIA — C MEPBOHAYAIBHOM OTPULATEILHONW BBICOTOM BCACHIBAHMS U U3 CKBa-
KUHBI Ha TEPPUTOPHM CTAHLUHUH — C MEPBOHAYAIBHOM ITOJIOKUTEIIBHOW BBICOTOM
BCACBIBAHUs. 3aKOHOMEPHOCTH CMEIIMBAHUSA ITOTOKOB, MPOUCXOMSIIMX B TaKOU
CUCTEME, MaTEMATUYECKU HE ObLIIU OMKCAHBI.

beutn hopmanu3zoBaHbl MPOLIECCHI, TPOUCXOISIINE B CTPYHHBIX HACOCaX MPH
CMEILIEHUH TPEX MOTOKOB, a TAKKE IIPU PETYJIUPOBAHUMU CHUCTEMBI OTKAYKH C I10-
MOIIIBIO TIOTUIABKOBOTO yCTpoicTBa. PacueTHast cxema paboThl peryupyeMou cH-
CTEMBbI OTKaYKH (DUIBTPAIIMOHHBIX, JPEHAKHBIX U CTOYHBIX BOJ U3 3[IaHUS U MPH-
JIETaroIIe TepPUTOPUU HACOCHOM CTAHIIMU MpEJCTaBIeHa Ha puc 9.
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Puc. 9. PacyeTHasi cxema paGoThl peryjinpyeMoii cucTeMbl 0TKAYKH

(l)I/IJIBTpaIlI/IOHHbIX, APCHAKHBIX U CTOYHBLIX BOJA U3
l'lpl/l.]'lel"alOlIIeﬁ TCPPUTOPUH U 3TaHUA HACOCHOI CTaHIIMH

BricoTa BcackIBaHHSI U3 IPSHAKHOTO KOJIOJIIA B 37ITaHUH CTAIlUU COCTABJISICT:

H,, =VVBK-VOCH -4h, =V/JK+h_-VOCH -4h,k |, (20)

rie VVBK — otmeTka ypoBHS BOABI B ApeHaxxkHOM konomie; VOCH —
OTMETKa OCH YCTaHOBKH CTpyHHOro Hacoca; V/JK — oTMeTKa AHa Koyoana; h,,, —
riyOWHA BOJIBI B KOJIOJIE — BEJIMYMHA IIEPEMEHHAS, 3aBUCSIIAs OT MPUTOKA BOJIBI B
ApeHaxHblid  komomen Q,,..; 4h, — morepu Hamopa B TpyOompoBoxe
BCACBIBAIOIICH JTUHUM OTKAYKH U3 3JIaHUSI.

BricoTta BcackIBaHUS U3 CKBa)KHMHBI Ha TCPPUTOPHH CTALIUN COCTABJIISICT!
=VVYBC-VOCH - M, - A, =VIK+H,-S, -VOCH -, -4h,. (21)

rie VVBC — oTMeTKa ypoBHS BOJIBI B CKBaXuHE; Ah —— MOTEpU HANopa B

H

Bmep ouck !

TpyOONPOBOJIE BCACBHIBAIOIICH JMHUU OTKA4ku ¢ Tepputopuu; Ah, = — moTepu

Juck

Haropa B PEryJIMpyroLeM TUCKOBOM 3aTBOPE.
[Torepu Hamopa onpenenstoTcs no GopMysiaM THIPABIUKH:

4h

81,0 Q) 81, Qe f 8(Qunc,f
=1 30au\"XB3oan, ,Ah =2 mep\<Bmep ,Ah — Bmep 29
72_29d350aH mep ﬂzgdiep ouck gbuac 7[29 2ep ( )

BennunHa koapunmeHTa MECTHOTO COIPOTUBIIEHUS TUcKa &, TIEPEMEH-

30aH

Hasi, OHAa 3aBUCHUT OT yIJia 3aKPBITHUS AUCKA 0.
0
[Tpu yrmax o ot 0 mo 50° BenwuuHbl KOAPOUIIMEHTA ANMPOKCUMHUPOBAHBI
MOJIMHOMOM IIIECTOU CTEIICHU:

£ =94.10"0°+3,56-1070°-2,47-10°0"+6,81-10"¢*-5,0-100*+4,24-10%0+0,097,
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npu yraax o ot 50° 10 90° — moIMHOMOM YeTBepTOl CTeIeHN:
£ =0,01550"-3,5020°+296,9650°-11181,760-+157675,6 (23)

[Tpu 3TOM Benm4MHa TOCTOBEPHOCTHU anmpokcumanuu coctasuia R* = 0,99.

B cBow ouepenp yroa 3akpbITHS JHCKOBOIO 3aTBOpA IOIJIAaBKOBOIO
PETYIHPYIONIETO YCTPOMCTBA 3aBUCUT OT TIOyOMHBI BOJABI B KOJOIUE U
r€OMETPUYECKHUX TapAMETPOB phlyara.

Marematrnyeckass MOJEIb THAPABINYECKOIO PErYJIUPOBAHMS CTPYHHOTO
Hacoca IpU OTKAYKE OTOKOB € Pa3JIMYHOM BBICOTOM BCACBIBAHMS MMEET BUJL!

8Q? A 80’ A1
Zmep + 2Bmef 1 ___ mep mep éaw,( =7 . + (?2330:11” l __ " 7s0an__30an (2 4)
g T d mep d mep g T d 30aH d 30aH

OTcrona onpenessroTcss COOTHOIIEHUSI BCACBIBAEMBIX PACXO0B CTPYHHOTO

Hacoca ¢ teppuropun Q,, ¥ 3manus Q,,,,, HACOCHOW CTAHIUH!

2
8Q3300H l _ lwan IsdaH

Zxr)aH - Zmep + 2 14
g” d3z)aH d3z)aH
QBmep = 8 l I (25)
— 1_ mep mep §OMCK
grz°d,,, d
me mep

Pe3ynpTaThl  pacdyeToB  MapaMeTpPOB CHUCTEMBI MO  pa3paboTaHHOU
MaTeMaTH4eCKOW MOJIETH, IPOBEICHHBIC HAa MPUMEPE HACOCHOUW CTaHIUU «M-2-2»
KamkanappuHckoil 00JacTH, MpeACTaBICHbl Ha rpauyeckodl 3aBUCMMOCTH Ha
puc. 10. Kax Bugno w3 puc. 10, 3aBUCHMOCTH Hamopa OT CYMMapHOTO
BCAChIBAEMOI'0 pacxo/ia, UMEIoIIasi Ha3BaHUE paboyell XapaKTepUCTUKU CTPYHHOTO
Hacoca, MMEET IMOJION0 HUCXOASIIee OuYepTaHue, OOpPAIEHHOE BBIMYKIOCTHIO
BBEepX. Takoe ouepTaHHE XapaKTepHO A pabouyMX XapaKTEPUCTHK CTPYHHBIX
HAcOCOB M OBbLIO MOJYYEHO B IPEIBIIYIINX UCCIET0BAHUSAX.

12,0

=
o 10,0 = .~

8.0 \‘\1-:?\:%\

6.0

>

4.0

>

2.0

>

0.0

>

0.0 5.0 10,0 15,0 20.0
——Qs8 cym —#—(QB Tep Qs 311 QB wc

Puc. 10. 3aBucuMOCTh HANOPA CTPYIHHOT0 HACOCA OT PACXO0I0B
BCACHIBAEMbIX MIOTOKOB U3 31aHHUS U C TEPPUTOPUU HACOCHOM CTAHIIUM
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OpHako Mpu PacCMOTPEHHH IO OTIAEIbHOCTH 3aBUCUMOCTH Hamopa
CTPYHMHOIO Hacoca OT BCAachlBAEMOI0 pacxoja MOTOKAa M3 3JaHHs HAaCOCHOU
CTaHIMU W 3aBHCHMOCTH HAmopa CTPYWHOIO Hacoca OT BCAchIBAEMOIO pacxoia
IIOTOKA C TEPPUTOPUU HACOCHOM CTaHIMHU, MOKHO OTMETUTh, YTO XapAKTEPUCTUKHU
UMEIOT JIpyrue odepTaHus. XapaKTEpUCTUKU OOpallleHbl BBIIYKJIOCTbIO BHHU3 U
UMEIOT TOYKM  MHUHHUMYMOB. Pexumbl  paboTel  CTpyHHOro  Hacoca,
COOTBETCTBYIOIIME 3THUM MHHMMYyMaM, UMEIOT HAaWMEHBIINE HAINOpPbl U MTO3TOMY
ABIISIIOTCS HanOosee 3HeprodpeKTHBHBIMHU.

bBII0 OCYIIECTBIIEHO BHEAPEHUE HOBBIX YCTPOMCTB HAa HACOCHBIX CTAHLMUAX
«M-2-2», «Ilaxtakopy, «I'yBanak» Kamkamapeuackoit odmactu, HC Ne2, No3, Ne4
Kapmmnckoro maructpansHoro kanana, «Kapasarar» u «IM-1» Jlxuzakckoii 06-
nacty, «Typkucron-1-2» u «Typkucton-1-1» Hamanranckoi obmactu u Ha Yap-
BAKCKOU T'HJIPOIJIEKTPUYECKON CTAHIINH.

[IpuBeneHsl pe3ynbTaTbl HATypHBIX MCIBITAHWA HOBBIX  YCTPOWCTB,
IpPOBEJCHHbBIE HA HACOCHOM cTaHuuu «M-2-2». Pa3paboTaHHass MeETOIMKA
UCIIBITAHUM CTPYWHOI'O0 Hacoca W NMPUMEHSEMBIE CPEJICTBA U METOJBI U3MEPEHUs
HO3BOJIMJIM OCYUIECTBUTH 3aMEpbl HaIllopa C MOrPEIIHOCTHIO, HE MPEBBIIIAONIEH 3
%, mogauy CTpyHHOro Hacoca U pacxoj padouel >KMJIKOCTH C IMOTPELIHOCThIO, HE
npesbimatomed 3,5 %. Cratuctuueckas o00pabOTKa JaHHBIX pacyeToB U
IPOBEICHHBIX HATYPHBIX HCIIBITAHUM MOKa3ajla, YTO MaKCUMAJIBHOE PACXOKICHUE
3HAYEHUN TEOPETHUUECKUX M IKCIIEPUMEHTAIBHBIX UCCIECIOBAHUN HE MPEBBICHIO 6
% B kpuTH4yecKuX To4Ykax. COMOCTaBIEHUE PE3YIBTATOB PACUYETA U MPOBEICHHBIX
HAaTypHBIX  WCHOBITAHWWA  yKa3blBa€T HA  JIOCTOBEPHOCTh  IMPOBEAEHHBIX
HCCIIETOBAHMM.
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3AK/IIOYEHHE

Ha ocHOBe mpoBeieHHBIX HCCIIEJ0BAHUM MO JOKTOPCKOW JUCCEPTAllMU Ha TEMY: «AJTOPUTMBI U METOJIBI
pEryJIMpoBaHuUs PEKUMOB PabOThI HACOCHBIX CTaHLMIY MPECTaBJICHbI CIIEAYIONINE BBIBOJIBI:

1. IIpoBesieHHBIN aHANIN3 PEKHMMOB IKCIUIyaTallMd HACOCHBIX CTAHIMI IOKa3al, YTO OJHOW M3 OCHOBHBIX
NPUYMH  aBapuii Ha  HACOCHBIX CTAHIMAX  SIBISIIOTCS ~ OJHOBPEMEHHBIE  DJICKTPOMEXaHWYECKHUE WU
THJPOMEXaHUYECKUE TIePEXO/IHbIE TPOLECCH], OCIOKHEHHBIE I'MIPABINYECKUM YAapoM. B CBS3M ¢ 3THM BakKHBIM
CTaHOBHUTCSA INpoOieMa pa3pabOTKH CIIOCOOOB M YCTPOMCTB 3aIIUTHI OT THAPABIMYECKOr0 yaapa OCHOBHOTO
SHEPTeTHYECKOTO 000PYAOBaHMSA U TPYOONPOBOIOB HACOCHBIX CTAHIIUH.

2. Pa3paboTana Mo/ens CUCTEMBI «TPYOONPOBOA — HACOC — 3JEKTPOIBUTA-
TEJIb — DJIEKTPUYECKAs CETh», IMO3BOJILIIONIAS HCCIEI0BATH IEPEXOAHBIN PEKUM
SHEPrOCUCTEMBI IPHU PA3TUYHBIX aBAPUIHBIX U IKCILTYaTALIMOHHBIX PEKUMax: NpU
U3MECHEHUM HANpPsDKCHMS Ha IIMHAX, aBAPUHMHOM OTKJIFOYEHUH CUHXPOHHOTO JBH-
ratessi, aBapusix, CBA3aHHBIX ¢ HACOCOM WM B TpyOorposoze u T.1. Ilpu ckauko-
00pa3sHOM YMEHBIICHHH MOIIHOCTH CHHXpoHHOTrO asurartens Ha 15% (0.85P )
YCTOWYMBOCTB arperara COXpaHseTcsl, IPU 3TOM 3JIEKTPOMATrHUTHBIE IPOLIECCHI 3a-
TYXalOT OTHOCUTEIBHO OBICTPO, a TUAPOMEXAHUUYECKUE MPOLIECCHI MPOIOJIKAIOTCS
okoio 140 c. IIpu ymensmenun MomHoct Ha 30% (0.7Pyp) arperar momamaer B
PEXUM JUIMTEIbHBIX KosieOaHUil. YMeHblIeHHe MouIHOCcTH Ha 50% npuBOIUT K
HapyILIEHUIO YCTOMYUBOCTH JIBUTaTENs M BBIXOAY U3 CHHXPOHHU3MA.

3. PexomeHmOBaH MPOTPaMMHBIA KOMILUIEKC, CHOCOOHBIN PacCUUTHIBATH
TUIPABIMYECKUN yAap HA HACOCHBIX CTAHIUAX C TPYOOIIPOBOJAMHU AUAMETPAMH 10
4,2 MeTpa, KOTOPBI MOKET B 3HAUUTEIbHON CTENEHU BIUATH HA BEIOOP OCHOBHOIO
Y BCIIOMOTaTEIbHOIO SHEPreTHUECKOTr0 000PY10BaHNs, KOHCTPYKIIMIO U IMapaMeT-
pBI BOAOMPOBOASIINX coopykeHul. [lomyyensl cBuaerenscTBa 00 opUIMaIbHON
pEerucTpalvyd OpOrpaMMm Uil 3JEKTPOHHO-BBIYMCIMUTENBHBIX MamuH Ne DGU
03124 u Ne DGU 03644.

4. PexOMEHIOBaHO WCIIOJNB30BAaHHE IEPEIyCKHOTO YCTPOHCTBA HAa HANOPHBIX TPyOONpoBOAax IUis
YMEHBIIICHUS BEIWYMHBI MOBBIIEHUS MAaBICHUA MPH THUApaBIHYecKoM yaape. I[Ipm paboTe mnepemycKHOro
YCTPOMCTBA THAPABIMYECKUNA yIap B HAIOPHBIX TPYOONPOBOJAX MPOTEKAET 3HAUUTEIHHO Msrde. [Ipu moBbIIIeHUN
JIaBJICHUSI B OJIHOW M3 HHUTOK OCYIIECTBIISIETCSI COPOC BOJBI B COCEIHME, a NPU NMOHMXECHUH — TEPETOK BOIBI U3
cocequux. Ilpu 3ToM runpaBnuueckuil yaap cHuxkaercs B cpeiieM Ha 40%, JUIMTENbHOCTh NMOHWKEHHS IABICHUS
yMeHbIIaercs 6onee gyem B 1,5 pasa.

5. PexkomeHnnoBaHo pa3paboTaHHOE Ha YpOBHE IIOJE3HOW MOJAETH IO
[Tatenty Ne FAP 01119 ycTpoicTBO MpOMOPIIMOHATIBHOTO YIIPABICHUS HACOCOM.
V3meHeHne CKOpOCTH 3aKpbhITHSl JWCKOBOTO 3aTBOpa TPOHMCXOMUT IUIABHO H
MPOTMOPIIMOHAIBHO CKOPOCTH TEYEHHs JKUAKOCTH B TpyOompoBome. TexHudeckas
XapaKTePHCTHKA JIOTUIECKOTO KOHTPOJUIEpa MpOrpaMMHUpPyeTCsi TAKUM 00pa3oM, 4To B
MOMEHT CMEHbI B HAallOPHOM TPYOONpPOBOJIE MPSIMOW CKOPOCTU MOJAYH >KUJIKOCTH
Ha 0OpaTHYIO, T.e. B MOMEHT HYJIEBOM CKOPOCTH >KHMJIKOCTH, AMCKOBBIA 3aTBOP
MOJIHOCTBIO 3aKpPBIBAETCS, YTO HCKIIOYAET BO3HHWKHOBEHHE THAPABINYECKOTO
yZapa B OCHOBHOM JHEPreTHUYECKOM OOOPYIOBaHMU M TPYOOIIPOBOAAX HACOCHOM
WJIM TUAPODIIEKTPUUECKON CTaHIIHH.

6. PekoMeH0BaH METO/ OAHOBPEMEHHOM OTKAuKH (PHIIbTPALIMOHHBIX, JIpe-
Ha)KHBIX U CTOYHBIX BOJ U3 3/IaHUN W M3 MPUIIETAIONINX TEPPUTOPHI HACOCHBIX U
THIPOIJICKTPUUECKUX CTAHIIMM, OTBEYAIOMIMA TPEeOOBAaHMAM HAIEKHOCTH U 0e3-
OTTAaCHOCTH JKCIUTyaTallluy MPHU yBEINYCHUH MPUTOKA CTOYHBIX BOJI, CBSI3aHHOTO CO
CPOKOM JKCIUTyaTallid COOPY)KCHHMI M HAMOPHBIX TPyOONPOBOMIOB, a TaKkKe BO3-
MO>KHBIMH aBapUsIMU M 3aTOTJICHUSIMH THAPOIHEPTETUIECKUX OO BEKTOB.
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7. Pe3ynbTaToM pacuera mapamMeTpOB BCACHIBAEMBIX MOTOKOB U3 3JaHUS U
MpUJICTAIOIIENH TEPPUTOPUM HACOCHOW CTAHIMU CTaJl QJITOPUTM PETYJIUpPOBaHUA
TUJIPABJIMYECKON TOIJIABKOBOM CHUCTEMBI. AHaIW3 IOJYYECHHBIX 3aBUCHUMOCTEU
MOKa3aJl, YTO MaKCMMaJIbHasl BEJIWYMHA BCACBIBAEMOTO PAcXo/ia U3 MPUIIETAIOIIEH
TEPPUTOPUM HACOCHOW CTAHIIMM JOCTUTACTCS B 00JIACTH TEPEKPBITHS JTUCKOBOIO
3aTBOpA PETYJIMPYIOILIETO MOIJIABKOBOTO YCTPONCTBA HA YTOJI OKOJIO 40°-45°,

8. PexoMenjmoBaHa pa3paboTaHHass Ha YpPOBHE IIOJIC3HOM MOJIETU TIO
[Tarenty Ne FAP 00592 cucrema g OJHOBPEMEHHOIO  yJIaJ€HUs
(GUIBTPAIIMOHHBIX, IPCHAKHBIX W JIMBHEBBIX BOJ U3 MPUJIETAIOIICH TEPPUTOPUHU H
13 MOMEIICHUS HACOCHON WJIM THUIPOAJICKTPUUYECKON CTaHIUU, NpeAHA3HAUCHHAs
JU1s1 pabOThI, KaK B CTAlIMOHAPHBIX PEXKUMAX, TaK U MPU aBAPUNHBIX 3aTOIICHUSIX.

9. PesynbTaThl pabOTHI BHEIPEHBI B MPAKTUKY JIKCIUIyaTallMH psAaa HacocC-
HBIX W  TUAPODJEKTPUUECKUX  CTaHIMM.  BBIOJHEHHbIE  KOMIUIEKCHBIC
AKCIIEPUMEHTAJIbHBIC MCCISIOBAHUS MOJATBEPIUIN aJeKBAaTHOCTh pa3pabOTaHHBIX
METOJIOB M MAaTeMaTHYECKMX Mojeield. MakcuMalbHOE pacXoKJIEHUE Teope-
TUYECKUX U DKCIEPUMEHTAIbHBIX 3HAUCHUN HE MPEBBICHIIO 6%, UTO yKa3bIBACT HA
JIOCTOBEPHOCTh MPOBEJCHHBIX HcclenoBaHui. [oaTBepkaeHHasT SKOHOMUYECKas
3O (PEKTUBHOCTh OT BHEJAPEHUS PE3YJAbTATOB JHUCCEPTALIMOHHOM  PadOTHI
coctapisieT 0koyio 200 MJIH. CyM B TO/I.
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INTRODUCTION (summary of the doctoral dissertation)

The relevance and demanding of the dissertation the theme. Today in the
world the significance of pumping stations in the energy sector, land reclamation,
pumping of petroleum products, as well as housing and communal services is con-
tinuously increasing. In these industries to ensure reliability, continuity, high ener-
gy efficiency and flexibility of pumping stations work, as well as performance un-
der transient conditions is actual. In order to achieve all of the above mentioned
parameters the certain progress has been made in other countries of the world
where modern pumping equipment is constantly updated and improved. "In this
regard, the use of a popular high-tech specialized basic and auxiliary power
equipment of pumping stations, prolonging the life of the pipeline system by 1.5-2
times is necessary"".

In the Republic of Uzbekistan, the large-scale activities on the effective or-
ganization of measures for the creation of energy-saving techniques and the control
system of pumping stations operating modes are carried out. In this regard, the no-
table progress has been made in developing effective methods, techniques and de-
vices to reduce the influence of electromechanical and hydro-mechanical transients
on power equipment and pipelines of pumping stations. On the basis of controlled
electric drive, the block diagrams and pumping units’ control algorithms are devel-
oped, frequency variable systems "asynchronous motor - pump" are designed, a
combined management structure of asynchronous motor in turbo-machines are de-
veloped.

In the world, the questions of reliability and uninterrupted operation of
pumping stations during transient conditions, the creation of new techniques and
technologies of protection of the power equipment and pipelines of pumping sta-
tions against sudden transients are becoming particularly important. In this area,
the implementation of targeted research in developing the control methods of the
steady and transient modes of pumping stations operation, creation of the main
power equipment and pipelines protection devices against water hammer, creating
technical solutions and improving the reliability of the auxiliary power equipment
for the removal of drainage and wastewater are the priority problems.

This dissertation research to a certain degree performs the tasks provided in
the Law of the Republic of Uzbekistan "On the Rational Use of Energy" (1997),
the Decree of the President of the Republic of Uzbekistan Ne PD-2343 on May 5,
2015 " On the program to reduce energy consumption measures, the introduction
of energy saving technologies in the fields of economy and social sphere for 2015-
2019", decree of the Cabinet of Ministers Ne 499 dated November 16, 1999 "On
Measures for the Implementation of the Law of the Republic of Uzbekistan "On
the safety of hydraulic structures” as well as in other regulatory documents adopted
in this area.

! http://www.volnotex.ru/.
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Compliance research priority areas of science and technology of the
Republic. Dissertation was performed in accordance with the priority direction for
development of the science and technology of Republic II. "Energy engineering, en-
ergy and resource saving"

Overview of the international research on the dissertation theme?®. Re-
searches aimed at the creation of algorithms and methods of regulation of pumping
stations modes protecting from negative effects of electromechanical and hydro-
mechanical transients are conducted in the leading research centers and higher ed-
ucational institutions of the world, including Val-Matic Valve & Manufacturing
(US), SIPOS Aktorik (Germany), GA Valves (UK), University of Cambridge
(UK), Aalborg University (Denmark), Zhejiang University of Science and Tech-
nology (China), Moscow Power Engineering Institute (Russia), Tashkent State
Technical University and LLC "Scientific and Technical Centre" (Uzbekistan).

As a result of researches carried out in the world to improve the algorithms
and methods of control of pumping stations modes for protection against negative
effects of electromechanical and hydro-mechanical transients a number of research
results is received. They include following: principles of smoothing of water
hammer pulsation at pumping stations and new air valves for pressure normaliza-
tion are developed (Val-Matic Valve & Manufacturing USA); drives to ensure dif-
ferent closing speed for different parts of the valve stroke in the case of transients
at pumping stations are designed (SIPOS Aktorik, Germany); automatic control
valves, in which the output speed adjustment is performed separately for normal
and emergency operation modes of the pumping stations are developed (GA
Valves, United Kingdom); the modes of variable-frequency electric drives of pump
sets through improved control algorithms are justified (University of Cambridge,
UK); on the basis of the simulation of water hammer frequency control laws with
scalar and vector control of speed of asynchronous motors at the pumping stations
are created (Aalborg University, Denmark); pumping stations control algorithm
with a proportional law of voltage regulation and a linear law of control frequency
change in function of time is designed (Zhejiang University of Science and Tech-
nology, China); the theory and methods of study of irrigation pumping stations pa-
rameters are developed (Moscow Power Engineering University, Russia); mathe-
matical models of the pumping stations transients at the electric motor after a short
break, self-catering are developed (Tashkent State Technical University, Uzbeki-
stan); rational structures of irrigation systems pumping stations control through
variable frequency drives were built (LLC "Scientific and Technical Centre", Uz-
bekistan).

In the world on the development of intelligent algorithms and optimal con-
trol modes of large energy complexes and hydroelectric objects in a number of pri-
ority areas of research are carried out, including: the development of energy-

2 Review of foreign scientific research on the topic of the dissertation is based on: http://www.sipos.de/,
http://www.gavalves.co.uk/, http://www//valmatic.com/, Water Hammer in Pumped Sewer Mains. Aalborg:, Den-
mark, 2012, 52p., Energy equipment for using untraditional and renewable energy sources. -M.: RES publishing
house, 2004, 448p., http://www.mpei.ru/ and other sources.
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efficient, optimal and safe modes of pumping and hydroelectric plants operating;
creation of algorithms and methods of regulation of pumping stations transients;
formalization of the relationship of electromechanical and hydro-mechanical tran-
sients at pumping stations; ensuring of the reliability of the main and auxiliary
pumping equipment of pumping and hydroelectric stations.

The degree of knowledge of the problem. Research questions of theoreti-
cal and practical tasks on creation of algorithms and methods of regulation of
pumping stations modes, development of methods and devices to prevent abnormal
situations during electromechanical and hydro-mechanical transients, the develop-
ment of alternative methods for the removal of water from buildings and territories
of pumping stations are studied in the works of many scientists: Don J. Wood
(University of Kentucky), Larsen Torben (Aalborg University), Geraint Jewell
(University of Sheffield), Hans-Georg Herzog (Technische Universitdt Miinchen),
KT Chau (University of Hong Kong), V.l.Vissarionov, M.G.Tyagunov (Moscow
Power Engineering University), B.S.Leznov (VNIIVODGEO), A.A.Khashimov
(Tashkent State Technical University), T.S.Kamalov (LLC "Scientific-Technical
Center"), V.A.Khokhlov (Research-and-production enterprise "Water Lifting").

Research works related to the development and implementation of impact
assessment methods of electromechanical and hydro-mechanical modes, creation
of calculation methods of work reliability, energy efficiency and regulation of
modes of pumping stations as part of the energy systems and complexes are re-
flected in the works of scientists H.F.Fazilov, M.Z.Khamudkhanov, R.A.Zahidov,
H.M.Muratov, M.M.Mukhammadiev, K.R.Allaev, T.Sh.Gayibov,
Sh.Kh.Rakhimov, O.J.Glovatsky.

Research questions of optimization and control of operating modes of jet
pumps of irrigation systems pumping stations are studied by E.A.Sokolov,
N.M.Zinger, L.G.Podvidz, B.F.Lyamaev. It should be noted that the studies cover
only part of the problems and insufficiently investigate issues of mutual influence
of transient processes of different nature, taking into account the life of the main
and auxiliary power equipment of pumping stations. To the problem of simultane-
ous removal of filtration, drainage and waste water from buildings and surrounding
territories of pumping stations, was not given sufficient attention. Taking into ac-
count energy-efficient approach and the renovation of hydropower equipment,
problems associated with the development of efficient, reliable and flexible algo-
rithms and methods of research of transients occurring in pumps, motors, pressure
pipelines and power grids are becoming more actual.

Connection of dissertation theme with research works, performed in the
organization where the dissertation is done. The dissertation research is carried
out within the framework of the plan of research works of fundamental and applied
projects of the Tashkent State Technical University: F-2-33 "Identifying of patterns
of energy efficiency mechanisms and mathematical modeling of pumping stations
modes" (2012-2016), A-3-24 "Development of ways and protection devices from
water hammer of main power equipment and pipelines of the pumping stations™
(2015-2017).
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The aim of the research is the creation of algorithms, methods, techniques
and devices to reduce the negative influence of unsteady modes and sudden transi-
ents on the main and auxiliary power equipment and pipelines of pumping and hy-
droelectric stations.

The tasks of research work:

to establish a relationship of electromechanical and hydro-mechanical transi-
ents of pumping stations, taking into account the life of the pumping stations pow-
er equipment;

to develop methods of pumping stations operating modes regulation to protect
the main power equipment and pipelines from water hammer at transients and to
design devices for its implementation;

to substantiate scientifically and to develop mathematical model of simulta-
neous removal of filtration, drainage and sewage water from buildings and adja-
cent territories of pumping stations for flood protection;

to conduct field tests of operating modes of the pumping station equipment to
verify the adequacy of the developed methods of calculation, to compare the field
tests results with the results obtained in the developed software package;

to develop technical solutions and to implement devices for removing filtra-
tion, drainage and sewage water from buildings and adjacent territories at the exist-
Ing pumping stations.

Objectives of the research are pumping and hydroelectric stations.

Subject of the research is a device of pump proportional control, a bypass
device for protection against water hammer and a system of simultaneous removal
of filtration, drainage and sewage water from buildings and adjacent territories of
pumping or hydroelectric stations.

Methods of the research. In dissertation the methods of calculation based on
the classical equations of Zhukovsky and Park-Gorev, the method of movements
separation, the hydraulic machines theory, the reliability theory, the method of fil-
tration resistance of flow balance, the methods of experiment planning are used.

Scientific novelty of the research consists in the following:

the algorithm of phased solving of electromechanical and hydro-mechanical
transients at pumping stations, taking into account the duration of power equip-
ment operation is developed;

the generalized mathematical model and software complex for calculation of
"pipeline - pump - electric motor - electric grid" system elements, which allows to
explore the power system transient processes during pumping stations transient
modes are developed;

the new method of protecting of pumping stations pipelines against water
hammer using the bypass device is substantiated;

the device of proportional control of the pump butterfly valve to improve the
reliability of the pumping stations power equipment work is designed:;

the method of simultaneous pumping of drainage and sewage water with dif-
ferent suction height by means of jet pump with the system of regulation is devel-
oped;
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the regulated system of simultaneous removal of filtration, drainage and sew-
age water from buildings and adjacent territories of pumping and hydroelectric sta-
tions by means of jet pump to protect against flooding is developed.

Practical results of the research consist in the following:

the modes of operation and power consumption of large pumping stations are
developed and implemented to improve the reliability and efficiency of pumping
stations;

the new device of proportional control the butterfly valve is designed, new
method of the bypass device using to protect the power equipment and pipelines of
pumping stations against water hammer is developed and tested;

adjustable systems with jet pumps for simultaneous removal filtration, drain-
age and sewage water from buildings and adjacent territories of pumping and hy-
droelectric stations to protect against flooding are implemented at the pumping sta-
tions and at hydroelectric power station.

Reliability of the research results is substantiated by the comparison of the
experimental results with calculations and theoretical data, is confirmed by com-
parative calculations of variants and the results of field tests, comparison with the
results of other researchers, as well as the implementation of the results of research
into the practice of pumping stations operation.

Scientific and practical value of results of the research. The scientific sig-
nificance of the research is characterized by the fact that the usage of the research
results will ensure reliable operation of the power equipment of pumping stations
In operation in the event of sudden power outages and emergency flooding, and al-
low efficient use of water and energy resources.

The practical significance of the results of the work is to develop devices for
the protection of the main and auxiliary power equipment from accidents and
flood.

Implementation of the research results. On the basis of scientific results in
the creation of algorithms and methods of regulation of pumping stations operating
modes the following is done:

energy efficient methods and means of regulation of transient modes of opera-
tion of pumps and pumping stations, effective systems of reduction of water ham-
mer in the pumping stations pipelines are implemented in a number of pumping
stations of agricultural and water systems, including pumping stations number 1+4
KMC of Direction of Exploitation of Karshi Main Canal and pumping stations
DPS-1, DPS-2, DPS-3, "Khavast Gallakor" of Inter-provincial Direction of Exploi-
tation of Pumping Stations "Mirzachul" (Certificate given by the Ministry of Agri-
culture and Water Resources of the Republic of Uzbekistan Ne 04/31-700 on June
28, 2016). Using research results allowed to reduce the electricity consumption for
auxiliary needs of the pumping stations by an average of 4%;

adjustable system for simultaneous pumping of filtration, drainage and sew-
age water from buildings and territories of pumping stations with the help of jet
pumps, are implemented in a number of pumping stations of agricultural and water
systems, including the pumping stations "Turkistan 1-1", "Turkistan 1-2" of Na-
mangan Direction of Pumping Stations Energy and Communications, at the pump-
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Ing stations " Pakhtakor", "Guvalak" of Kashkadarya Direction of Pumping Sta-
tions Energy and Communications, at the pumping stations "Karayantag", "DM-1"
of Jizzakh Direction of Pumping Stations Energy and Communications, at the
pumping station "M-2-2" of Karshi Direction of Exploitation of Small Pumping
Stations (Certificate given by the Ministry of Agriculture and Water Resources of
the Republic of Uzbekistan Ne 04/31-700 on June 28, 2016). Using of scientific re-
sults allowed implementing energy-efficient jet pumps, payback of which is 1 year,
that is 6.5 times more effective than normative payback period;

algorithm of phased solutions of electromechanical and hydro-mechanical
transients of pumping stations, taking into account the duration of the power
equipment operation, the program of identification and calculation of water ham-
mer in pumping stations pressure pipelines, a generalized mathematical model of
the relationship of "pipeline - pump - electric motor - electric grid" system ele-
ments were used to determine the energy parameters at transients performing pro-
ject OT-F5-036 "Formalization of the relationship of electromechanical and hydro-
mechanical transients in the energy brunch” (2007-2011). (Certificate given by the
Committee for Coordination of Science and Technology of the Republic of Uzbek-
istan Ne FTK-03-13/700 on October 20, 2016). Using the results of scientific re-
searches allowed reduction of the negative influence of unstable modes and sudden
transients on the main and auxiliary power equipment and pipelines of pumping
stations. Water hammer intensity decreased by 40%, the duration of the pressure
reduction decreased 1.5 times.

Approbation of the research results. The main results of the dissertation
were presented at 11 scientific conferences, including 6 international: the interna-
tional scientific-technical conference "Problems of highly skilled employees edu-
cation for agricultural and water system™ (Tashkent, 2009); the international scien-
tific-technical conference "Problems of formation and implementation of innova-
tive technologies in the context of globalization™ (Tashkent, 2010), international
scientific and practical conference "Current state and prospects of development of
energy" (Tashkent, 2011), the international Innovation forum «From Innovative
Ideas to Innovative Economy» (Tashkent, 2015), the international scientific-
practical conference "Science progress at the Millennium™ (Prague, 2016), the in-
ternational scientific and practical conference "Actual problems of modern science
and the ways of their solution" (Moscow, 2016) and 5 national conferences.

Publication of the results. Main results and position of the dissertation are
presented in 30 published works, including 5 monographs, 1 manual, 2 utility
models, 2 certificate of registration of the software product, as well as 12 articles
published in scientific and technical journals recommended by the Supreme Attes-
tation Commission of the Republic of Uzbekistan for the publication of basic sci-
entific results of doctoral dissertations, including 2 articles published in Germany
and 1 article in the Russian Federation.

Structure and volume of dissertation. The dissertation consists of an intro-
duction, five chapters, conclusion, list of references, and applications. The volume
of dissertation is 196 pages.
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THE MAIN CONTENTS OF DISSERTATION

In the introduction the actuality and demand of the theme of the disserta-
tion are based, the purpose and problems are formulated, the object and subject of
study are identified, the appropriate research priority areas of science and technol-
ogy of the Republic are determined, scientific novelty and practical results of the
study are presented, the validity of the results is justified, theoretical and practical
importance of the obtained results are disclosed, the list of implementation of the
research results in practice is shown, the results of testing work, information on
published papers and the dissertation structure are presented.

In the first chapter of the dissertation *'System analysis of the current state
of the problem of operation modes and energy consumption of pumping sta-
tions" the current state of operation modes and energy consumption of pumping
stations based on the life of the main and auxiliary power equipment is disclosed.

The data of actual operation and power consumption and pumping stations
in the context of regional and inter-regional directorates of pumping stations, ener-
gy and communication, taking into account the duration of exploitation of the main
and auxiliary power equipment are analyzed. The survey showed that more than
half of all electromechanical and hydro-mechanical equipment of pumping stations
had exhausted their guaranteed resource.

As the literature review showed, considerable research related to the selec-
tion of safe and optimal operating conditions and to ensuring the rational use of
electrical energy of irrigation pumping stations, control of operating modes of the
pumping stations of irrigation systems and pipelines are carried out.

Electromechanical transients of synchronous and asynchronous motors are
described by classical equations of the Park-Gorev and hydro-mechanical transi-
ents — by differential equations of elastic and rigid water hammer, which is based
on classical works of N.E.Zhukovsky.

We have found that sufficient studies of mutual influence of electromechan-
ical and hydro-mechanical transients occurring in pumps, motors, pressure pipe-
lines and electrical grids in view of duration of exploitation of all equipment com-
plex had not been carried out. But they at an increased pressure pipe length can
have a decisive influence on the safety and reliability of power station equipment.

The most adverse effects occur during transients associated with a sudden
emergency stop of the main pumping units. This gives the largest water hammer in
the pressure pipe and the highest speed of the pump units reverse rotation.

For example, on the biggest Karshi stage of pumping stations for the previ-
ous 5 years annually about twenty unscheduled electricity outages happened. Each
of these outages led to significant losses from occurring transient and water ham-
mer.

When electricity outage on January 23, 2013 happened and all 29 working
pump units with capacity of 12.5 MW each had were turned off the damage
amounted to 597 million sums. The worst effect of such events is the lack of irriga-
tion water during the growing season, leading to significant losses from reduced
agricultural yields. After upgrading the power system equipment and the imple-
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mentation of the recommendations for its safe operation the number of outages at
Karshi stage in 2015 reduced from twenty to four per year.

Thus, it becomes necessary to establish evidence-based algorithms, methods,
techniques and devices for reduction of the negative influence of unsteady regimes
and sudden transients on the main and auxiliary power equipment and pipelines of
pumping and hydroelectric plants.

In the second chapter of the dissertation "Algorithms of the phased solution
of the equations of electromechanical and hydro-mechanical transients at the
pumping stations" algorithms of solutions of equations of processes occurring in
the elements of electric power systems containing pumping or hydroelectric sta-
tions are developed. These processes differ greatly among themselves, due to their
different inertial properties.

Electric power systems transients associated with electromagnetic processes,
such as short circuits, occur during a split second. The modes associated with elec-
tromechanical and hydro-mechanical processes can take tens of seconds or several
minutes. This circumstance requires choosing equation components for the corre-
sponding parameters being interfaced as the system "pipe - pump - engine - electric
network" should be considered as a whole, taking into account the mutual influ-
ence of all these elements.

To control the system modes, it is necessary to simplify the mathematical
models that describe the behavior of the system elements. System of differential
equations may have time constants of a different order. Then a possibility of sepa-
ration movements in the fast and slow will appear.

We consider electromechanical processes, taking into account regulation
valves, and sometimes taking into account fluctuations in the water level upstream
and in pipeline. Accordingly, they may lead to fluctuations in the synchronous mo-
tor of the pumping station and the emergency of long-term transients, that last tens
and hundreds seconds.

The general mathematical model of the energy systems of emergency transi-
ent modes accounted slow and took for calculating electromechanical processes
into account the distribution of the parameters of extended objects such as power
lines, pipelines of pumping stations. Electromechanical processes considered in
conjunction with vibrations of rotors of revolving machines and the processes oc-
curring in the hydro-mechanical parts of the rotating units.

A system of equations, which will analyze the different modes that occur in
the system, and determine the impact of these changes on the regime parameters
and elements. The overall system consists of the following equation:

The overall system consists of the following equation:

- Motion equation of an incompressible fluid in the pipeline,

10Q leIQI

pes gS ot "dsz 29 O (1)
oH c 0Q _ 2
at gsax =0, )
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where: S — the cross sectional area of the pipeline; d — diameter of the pipe-
line; A — pipeline resistance coefficient.
- Equations of motion of the machine, including the pump and electric drive:

2
synchronous motor: TJCd—S =M__ —Mygx (3)
dt B
asynchronous motor: T % =M_-M 4)
- The equations of electric moments of the pump motor:
E,U 2 (X4—X
synchronous motor: Mz =—1—sind+ UZ (Xg=X,) sin 25 , (5)
Xz 2 XdZXqZ
2(1+ S, )
asynchronous motor: M, =M}, 5 P, (6)
S ey 28,
Skp S
pump hydraulic moment:
Myex=Mr-M1p, M. = piQH , Mp= (0,03 - 0,07)Mrsign(n); (7)
()

- The equation of synchronous motor excitation regulators.

T, %e £ g dv

e gt a0~ qe+VlTpE:e_V1 (8)
m dHi dHi
e =X (Kon T+ Ky~ + Ko ) (9)

To solve these equations, the appropriate mathematical expressions relating
the mode parameters were used.

These equations have allowed to investigate transients of the pumps for var-
ious emergency and operating conditions: when changing the voltage on the buses,
emergency shutdown of the synchronous motor, accidents associated with the
pump or in the pipeline, etc.

Algorithms of phased solution of electromechanical and hydro-mechanical
transients, identifying and calculating the water hammer in the pipelines of pump-
ing stations. The block diagram of algorithm is shown in Fig. 1.

63



Introduced the initial data Cv, L, x, Iyam, v, d, Hp, hp, t; and type of accident

!

Modeled electromechanical transients Modeled hydro-mechanical transients

- 2@ -X dQ,
e USEg=Xg) o —H. i Qial=0, % . 1 -
TJC_IE_=MJB—)-1)EX; Mg = 2 Csings— 3 sin28 H-H Ll dt +1, L-QQ[=0. at _COL}_‘{(Qi_Qi—l)_U

Xz 2 XpXg

ForHp=Hvare
does the condition of
the pipeline stability

Fort € toy does the
SD output condition of
synchronism

yes | |
Determine the momentof | | | Issued a message on the Tt displays a graph of t=t+t
impact My s break of the pipeline water hammer

Fig. 1. Block diagram of the algorithm of phased solution of electromechanical
and hydro-mechanical transients at pumping stations

The software package was tested in the mathematical modeling of the over-
flow device, that helps to prevent water hammer in order to increase the durability
of pipelines and save electricity consumption. Program can be used in carrying out
research works and in the educational process.

In the third chapter of the dissertation ""Numerical and experimental inves-
tigation of transients in hydropower plants' the results of studies of transients
in hydropower plants are presented. Namely it is the study of hydro-mechanical
processes in pipes and hydraulic machines and the study of electromechanical pro-
cesses in the hydro-generators and in the power system.

Transients are characterized by a significant increase in dynamic loads on
equipment items. Equipment vibration greatly increases with the intensity of the
hydrodynamic pressure fluctuations on the walls of the flow path of hydraulic unit,
which can lead to catastrophic consequences.

Dynamic processes in the pipeline network are described by known from
hydraulics propagation equations (1) and (2) where the line with distributed pa-
rameters is replaced by system of equivalent four poles with concentrated parame-
ters. Pipeline network can be represented by areas with constant length, diameter
and material properties of the pipe. Then for the i-th section of the pipeline pres-
sure and flow equations are of the form:

do.
H,—H. +], Lyq% +1, LyQQ[ =0, (10)
dH.
& oo (QQu) =0, (1)
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2
where: T, :%i, Co :C_, I, _ L the specific resistance of the pipeline sec-
S?d 29 Sg Sg
tion;

Hi, Qi, Hi-1, Qi-1 — head and flow at the outlet and inlet i-th pipeline respec-
tively; Ly, — the length of the pipeline section.

These equations are used for transient analysis of the entire system "pump -
pipeline - electric motor - the electric grid."”

Fig. 2 shows the results of modeling the transients in the system “pipeline -
upstream™ from which it is seen that reduction in the length of pipeline results in an
increase of the oscillation frequency and the oscillations amplitude of the water
mass. The transition process lasts about 300 s, and decreasing of the pipeline
length leads to multiple increases of the pressure and velocity.

V,Z o.e. V,Z g.e,

t, cex

t, cex

The calculations were performed under the following parameters:
A) L=1500 m, B) L=500 m, H; =55 m, 4=0.02, F= 13 m?
Fig. 2. Transitional hydro-mechanical processes

of the system ""Pipeline - upstream"*

Sudden shut-downs of the pump unit motor are the result of short circuit in
the rotor, stator circuits of the machine or in the power system, pumping station
near the bus-bar and are emergency processes.

Fig. 3 shows characteristics of the transition process in case of sudden power
shut-down from the grid. The fluctuations of water flow rate in the pipeline, pres-
sure and rotation speed of the unit rotor at the pumping station "Hamza-2" of Amu-
Bukhara mechanized irrigation canal are calculated. Length of pipeline is 1,500 m,
diameter 4.2 m, working head — 55 m and an initial flow velocity — 2 m/s.
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Fig. 3. Transients in the system "'pipeline - upstream' at the sudden
shut-down of synchronous motor of pumping station

The main feature of these processes consists in the fact that they occur at
varying unit rotation speed, resulting in fluctuations of electromagnetic and hydro-
mechanical parameters.

Electromagnetic moments of synchronous motor are determined by the for-
mula:

M :xad[iqc(if+i1d)—idci1q](1+sk); (12)
In order to simplify the calculations, the electromagnetic and hydro-
mechanical moments are replaced by the corresponding power data, i.e. Myg = Py
and Myac = Puac.
Generalized system of equations of electricity and hydro-mechanical system
Is presented in the form of:
- Flow equation:

d
d_? — (H,_,—H.—r,L,.QQ)/LL., (13)
- Pressure equation:
dH 1
= =—¢o—(Q—-Q.y), (14)
dt 0 |_yq i i-1
- Synchronous motor equations:
3—? =s, (15)
ds 31
d_f = (T_A)(PI[BC —Pyac) (16)
JC

- Equations of excitation regulator of synchronous motor, respectively:
- Electromotive forcetransition:
dEy 1
— = (== )(Ege—Eq) (17)
t T do
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- Voltage on the rotor rings:

d_? - (_I__e)(E eq0~ Eget V). (18)
- Voltage at the input of the exciter:
& (). (19)

P

The joint solution of equations (12) - (19) made it possible to conduct a com-
prehensive analysis of the transients of the system "pipeline - pump - electric mo-
tor - the electric network."

It was determined that one of the difficult modes is the reduction of voltage
on the station busses, especially on the system busses. Fig. 4 shows the characteris-
tics of transients at voltage drop on the system busses by 2%. Analysis shows that
the voltage drops on the system buses for more than 8% may breaks synchronism
of the synchronous motor.

It is seen from the curves that the character of hydro-mechanical transients a
few changes — namely, flow rate is reduced, while the pressure increases. This is
explained by the fact that the driving force - the torque of the machine is reduced,
and the pressure increase is connected with the flow inertia.
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A) ART disabled KOU = 0; B) ART on, KOU =5 units.
Fig. 4. Transition electric and hydro-mechanical
processes at low voltage on the system busses by 2%

The cases of intermittent reduction of the power of synchronous motor (Fig-
ure 5) are examined: reduction by 15% — aggregate stability is preserved, while the
electro-mechanical processes decay quickly and hydro-mechanical processes con-
tinue about 140 s; 30% — the unit enters the mode of long-term fluctuations; 50% —
resulting in a violation of the stability of the electric motor and the break of its
synchronism.
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A — engine power is reduced by 15%,
B — engine power is reduced by 30%
Fig. 5. Transients at the intermittent change of load on the pump unit shaft

The results can be used to justify the construction of the power equipment
and pipelines, as well as in technical and economic calculations.

In the fourth chapter of the dissertation, ""Technical means of protection of
the main power equipment and pipelines pumping stations from the water
hammer™ the effective devices for the protection of pumping stations main
equipment and pipelines are offered. They are: bypass device and the device of the
pump butterfly valve proportional control.

The use of the known bypass device that connects two or more pressure
pipelines for a new purpose is proposed. It is used to reduce the amount of pressure
increase at water hammer. The analysis of water hammer proceeding at the pump-
ing stations equipped bypass device, showed that pressure increase in one of the
pipelines, with open bypass, will lead to the water escape to the adjacent pipelines,
and the reverse process occurs at low pressure — the flow of fluid from adjacent
pipelines.

Figure 6 shows a diagram for the problem. Each pressure system of the
pumping station includes several pumps, pipelines and outfalls.

We have adopted a form of four-quadrant variables of pump performance
H/F = f, (Q/f) and M/ = f, (Q/f), obtained on the basis of the theory of pumps
similarity (where [ - relative rotor speed).
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0,2,4,7,8,10 - pumps; 1,3,9 - places of change of the pipe diameter;
5,6 - the places of bypass device; 11 - outfall.
Figure 6. Diagram of the pressure system of the pumping station

Analysis of the transition process dependent variables led to the conclusion
that the value of pressure fluctuations at the bypass decreased by 20 m, and the
value of water hammer decreased by 40%. The duration of the pressure reduction
decreased by more than 1.5 times.

Field tests under study transients were carried out at the pumping station.
Their analysis suggests that the bypass device is quite effective means of protect-
ing pressure pipelines and pumps against water hammer.

In the dissertation the development of a proportional device of butterfly
valve control for the protection of the pumping stations against water hammer is
substantiated. The reduction of the butterfly valve closing time contributes to a
more rapid taking of the working pump out of cavitation zone. Also vibration char-
acteristics of a disabled pump will be improved by reducing the magnitude and du-
ration of its reverse rotation, as the vibration characteristics of the pressure pipeline
will be improved, by reducing the pressure pulsations caused by the pump opera-
tion in the cavitation mode and in the reverse mode.

To proportional closing of pump butterfly valve for the purpose of protection
against water hammer the device of pump control using the modern advances of
digital proportional hydraulics is developed (Fig. 7). The utility model Patent
number FAP 01119 is taken out.
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1 - pump 2 - butterfly valve, 3 - pressure pipe, 4 - servo-cylinder, 5 - oil pressure
unit, 6 - the proportional directional spool valve, 7 - oil line, 8 - the sensor of
emergency stops of the electric drive, 9 - stator winding of the electric drive,

10 - electric drive, 11 - programmable logic controller, 12 - digital velocity sensor

Fig. 7. Scheme of the proportional pump control device

A device comprises a butterfly valve actuator, oil pressure unit, directional
spool valve, the oil line with a throttle sensor and an emergency shutdown of the
pump is provided with a digital velocity sensor in the pressure pipe as well as pro-
grammable logic controller, and the directional spool valve is designed in con-
trolled proportional form.

Change of butterfly valve closing speed is occurring smooth and proportion-
al to flow velocity in the pipeline. Technical characteristics of the programmable
logic controller is programmed in such a way that when the liquid direct velocity
changes in the pressure pipe to the reverse, i.e. at the moment of zero liquid veloci-
ty, fixed by a digital velocity sensor, butterfly valve is fully closed.

Application of the device of the pump proportional control eliminates the
possibility of water hammer and reverse pump speed during emergency electricity
shut down, saves the consumed electricity, increases the reliability and efficiency
of the pumping station.

In the fifth chapter of the dissertation ""Regulation of modes of auxiliary
pumping systems of filtration, drainage and sewage water pumping from the
buildings and territories of pumping and hydroelectric stations' designed ad-
justable simultaneously pumping system of filtration, drainage and sewage water
from buildings and territories of pumping and hydroelectric plants with the help of
jet pumps are designed and its modes for flows with different suction heights are
determined.

70



Very important auxiliary power equipment is the drainage equipment. As a
result of flooding and emergency electricity shut down the drainage pumps, in fact,
are the first to be subjected to failure. The dissertation describes a number of seri-
ous flooding of the pumping stations buildings and territories due to the electricity
shut downs since all the auxiliary equipment at this moment is off.

Due to the constant increase of sewage water from the territory associated
with duration of stations and pressure pipelines exploitation the leakage water
through the walls of the station building drains inside the building via channels
with electrical cables, which may cause accidents and floods.

At the research-and-production enterprise "Water Lifting" with the assis-
tance of the authoress of dissertation the new device for the simultaneous pumping
of filtration, drainage and sewage waters from buildings and territories of pumping
and hydroelectric stations is developed. The utility model Patent number FAP
00592 is taken out. The device comprises a drainage hole in the territory, drainage
well in the station building where the jet pump with a suction pipe, butterfly valve,
connected via a lever with a load-float are located.

The proposed system is shown schematically in Fig. 8. At the average value
of the water flowing into the drainage well the load-float is positioned so that cin-
ematically associated with it butterfly valve is in the half-closed state. In this case
the jet pump removes all of the water flowing into the drainage well and pumps
water out of the drainage hole, lowering the water level to a certain value.

1 - system with a jet pump; 2 - drainage well in the building station;

3 - drainage hole at the station; 4 - additional pipeline; 5 - additional valve.
Fig. 8. A system for the simultaneous removal of filtration,
drainage and sewage water from adjacent territory and
the building of pumping or hydroelectric station

The butterfly valve, which is exerted by the load-float, depending on the wa-

ter level in the drainage well produces a redistribution of the water flow sucked
from out of drainage well and drainage hole. The mandatory condition is pumping
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all of the water flowing into the drainage well that provides safety work of drain-
age system and impossibility of station building flooding.

Application of the system for the simultaneous removal of the filtration,
drainage and sewage water from the building and adjacent territory of the pumping
or hydroelectric station provides hydraulic automation of the water pumping pro-
cess, increases its reliability and efficiency.

In the system of pumping there is a mixture of three flows: the workflow —
out of the pressure pipeline, and two suction flows: out of drainage well — with the
initial negative suction height and out of the drainage hole - with initial positive
suction height. Laws of flows mixing occurring in such a system have not been de-
scribed mathematically.

The processes occurring in the jet pump at mixing of three flows as well as
the processes of regulating of the pumping system by means of a load-float are
formalized. Calculation scheme of regulated pumping system is shown in Fig. 9.
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Fig. 9. Calculation scheme of regulated pumping system of filtration, drainage and
sewerage water from the building and adjacent territory of pumping station

Suction from drainage well in the station building is:

H,, =VVBK-VOCH -4h, =VJK+h_-VOCH -4h, (20)

where: VVBK — watermark in the drainage well; VOCH — mark of the axis
of the jet pump; VK — mark of the bottom of the drainage well; h,,, — depth of
water in the well, a variable that depends on the flow of water into the drainage
well Q,....; 4h. . —head loss in the suction pipeline located in the building.

Suction height from the drainage hole in the territory is:
H,  =VVBC-VOCH-4, -An, =VIK+H,-S -VOCH-4h, -An,, (21)
where: VVBC— watermark in the drainage hole; 4h - head loss in the
suction pipeline located in the territory; 4h,__— head loss in the butterfly valve.
Head losses are determined by the formulas of hydraulics:

ouck
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4h

— ﬂ, 3aaH(QBsaaH) ,Ah = mep(QBmep)2 é (QBmep)2 (22)
7°gds,,, e T gdmep M = Soncs zgdpr
The value of the minor loss coefficient&, —is variable and depends on the
angle a of the closing disk of butterfly valve.
At angles o from 0 to 50° value of the minor loss coefficient is approximated
by a polynomial of the sixth degree:
£ =9,4.10"0°+3,56-1070-2,47-100"+6,81-10*0*-5,0-10a’+4,24-100+0,097,
at angles o from 50° to 90° — by a polynomial of fourth degree:
£ =0,01550"-3,5020°+296,9650>-11181,760+157675,6 (23)
The value of the reliability of the approximation was R? = 0,99.
In turn, the angle of the closing disk of butterfly valve float control device
depends on the water depth in the well and the geometric parameters of the lever.
A mathematical model of the hydraulic regulation of jet pump during pump-
ing of flows with different suction heights has the form:

8Q: A | 2
Zme + QZBme:J 1 mep " mep gdlcx — ﬂ)aH + 8Q2330<;n 1_ ﬂ'saauladan (2 4)
' g7z- dmep dmep g d3¢)an d
It determines the amount of jet pump suction flow rates from the building
and territory of pumping station.

8Q, A
Bsoan 30an ~ 30an
Z3t)an - Zmep + d 1_ d

g T 30an

QBmep = 8 ﬂme Ime
2. 14 1 — 5014( K
gr°d d

30an

30an

30an

(25)

mep mep

The results of calculation of the system parameters made according to the

developed mathematical model, conducted by the example of the pumping station
"M-2-2" of the Kashkadarya region are shown in a graphic based on Fig. 10.
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Fig. 10. The pressure dependence of the jet pump on suction flow rate
from the building and from the territory of the pumping station
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As can be seen from Fig. 10 pressure dependence of the total suction rate,
which has the name of the operating characteristics of the jet pump, has a slightly
downward shape facing convexity upwards. This shape is typical of the perfor-
mance of jet pumps and was obtained in previous studies.

However, when considering separately dependences of the jet pump head on
suction flow rate from the pumping station building and dependences of the jet
pump head on suction flow rate from the pumping station territory, it can be noted
that the characteristics have different contours. Characteristics face convexity
downwards and have minimum points. Modes of operation of the jet pump, corre-
sponding to these minima, have the lowest heads and therefore are the most energy
efficient.

The new devices were implemented at the pumping stations "M-2-2", "Pakh-
takor", "Guvalak" of the Kashkadarya region, PS-2, PS-3, PS-4 of the Karshi Main
Canal, "Karayantag" and "DM-1" of the Jizzakh region, "Turkistan 1-1" and "Tur-
kistan 1-2" of the Namangan region as well as at the Charvak hydroelectric station.

The results of field tests of the new devices carried out at the pumping sta-
tion "M-2-2" are presented in the dissertation. The developed jet pump test proce-
dure and the employed means and methods of measurement allowed caring out the
measurements of the head with an error not exceeding 3%, the jet pump delivery
and the working liquid flow rate with an error not exceeding 3.5%. Statistical anal-
ysis of the calculation data and carried out field tests showed that the maximum
difference of values of theoretical and experimental studies did not exceed 6% at
the critical points. Comparison of the calculation results and field test results indi-
cates the accuracy of the research.
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CONCLUSION

On the basis of research on the doctoral dissertation on the theme: "Algorithms and methods of regulation of
the pumping stations operating modes" the following conclusions are presented:

1. Conducted systematic analysis of operation modes of pump stations
showed that one of the main causes of accidents at the pumping stations is simulta-
neous electromechanical and hydro-mechanical transients, complicated by water
hammer. In connection with this phenomenon the problem of development of
methods and devices of the protection of the pumping stations main power equip-
ment and pipelines against water hammer is becoming important.

2. A model of the system "pipeline - pump - electric motor - electric net-
work", which allows investigating the power system transient modes at various
emergency and operating conditions is developed: at changing the voltage on the
buses, emergency shutdown of the synchronous motors, accidents associated with
the pumps or pipelines, and so on. When an intermittent decrease in power of syn-
chronous motor by 15% (0.85P,,y) unit stability is preserved, and the electromag-
netic processes decay quickly and hydro-mechanical processes continue about
140s. By reducing power by 30% (0.7P,) unit enters the long-tern fluctuations.
Power reduction by 50% leads to the violation of the motor stability and to the
break of its synchronism.

3. Software system capable to calculate water hammer on pumping stations
with piping diameters up to 4.2 meters is recommended. It may greatly influence
the selection of the main and auxiliary power equipment, the design and parame-
ters of water conveyance structures. Certificates of official registration of programs
for electronic computers number DGU 03124 and number DGU 03644 are taken
out.

4. The use of bypass device at the pressure pipelines for reduction the
amount of pressure increase at water hammer is recommended. When using the
bypass device water hammer in pressure pipelines is considerably softer. When the
pressure in one of the pipelines increases water escapes into the adjacent pipelines
or when pressure decrease it causes water flow from adjacent pipelines. This re-
duces water hammer by an average of 40%, the pressure reduction duration reduc-
es by more than 1.5 times.

5. The proportional device of butterfly valve control for the protection of the
pumping stations against water hammer is recommended. The utility model Patent
number FAP 01119 is taken out. Change of butterfly valve closing speed is occur-
ring smoothly and proportionally to flow velocity in the pipeline. Technical char-
acteristics of the programmable logic controller is programmed in such a way that
when the liquid direct velocity changes in the pressure pipe to the reverse, i.e. at
the moment of zero liquid velocity, fixed by a digital velocity sensor, butterfly
valve is fully closed which eliminates the possibility of water hammer in the main
equipment and pipelines during emergency electricity shut down at the pumping or
hydroelectric station.

6. The method of simultaneous pumping of filtration, drainage and sewage
water from buildings and adjacent territories of pumping and hydroelectric stations
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Is recommended. It meets the requirements of reliability and safety of operation at
the increase of water flow associated with duration of stations and pressure pipe-
lines exploitation.

7. The result of calculating of parameters of the suction flows from the
building and the adjacent territory of the pumping station became the algorithm of
regulation of hydraulic float system. Analysis of the dependences showed that the
maximum suction flow rate out of the pumping station territory is attained in the
areoa of overlap of butterfly valve regulating float device at an angle of about 40°-
457,

8. The system of the simultaneous removal of the filtration, drainage and
sewage water from buildings and adjacent territories of pumping and hydroelectric
stations is designed and recommended. The utility model Patent number FAP
00592 is taken out. The device is designed to work in steady-state conditions and
during emergency flooding.

9. The results of the dissertation are implemented into practice at a number
of pumping and hydroelectric stations. Performed complex experimental studies
confirmed the adequacy of the developed methods and mathematical models. Max-
iImum discrepancy between the theoretical and experimental values does not ex-
ceed 6%, which indicates the accuracy of the studies. Proven cost-effectiveness of
the implementation of the results of the research is about 200 min. sums per year.
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