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KUPUILLI
(TEXHUKA ®AHJAPU BYHNYA ®AJTCAPA TOKTOPH (PHD)
JUCCEPTALIUSICU AHHOTALIUSICH)

JAuccepranuss MaB3yCMHHUHI Joj3apOjaurn Ba 3apyparu. JKaxonna
YaCTOTABUM POCTIAHYBYM IOKOPH KYUJIAHUIUIM ACHUHXPOH DJJEKTP IOpUTMAJU
HAaCOC KypWJIMAaCHHUHT SHEPrUsl TEKAMKOP HIII PEKUMIIAPUHU ONTUMAJIIAIITHPHUIL
acocujia PHEPrusi camapaJopiuKHH aHUKJAIIra ajoxuaa axamuar OepuiIMOKIA.
XO03Upru KyHAa PUBOXKJIAHTAH MamJjakatiapja « ... dJEKTp JHEPruscu OujaH
UIUTAMAUTaH  HAcoC  KypuiaMajapu caMapaJOpJIMTMHM  OWIUpHUII  OViinya
Tamad0ycnap ’Heprus capPpuHu KamMauTUpUIN Ba 11y OwiaH Oup Katopaa arpod-
MyXHUTTa TJI00an TabCUp OTUIITA KapliM KypalIUIIHUHT acOCHUM eYUMU
xucobnmananu. Hacoc Kypwimanapu, aWHUKCa, MapkKazlaH KouMa Hacocjap
OyHENAru HSHEPrusiHUHT TaxMuHaH 20%HUHU HUCTEBMOI KAJagu» . by Oopana,
KyMJIaJlaH JHEPrusi camapajop Wil PEeKUMHUHM TabMHUHJIAWIWIaH, YacTOTABUMI
POCTJIAHYBUM OJJIEKTP IOPUTMAIM IOKOPHM KYWIAHUIILUIM HACOC KYpUIMACHUHHU
TaKOMIJIJIAITHPHUIITA aTOXUIa YBTHOOP KapaTHIMOK/IA.

KaxoHma [OKOpM KyWIAHUIUIM ACUHXPOH DJJEKTP HOPUTMAIM HAcoC
KypwiIMaJapyuHU  4YacTOTaBUM  OOMIKApUIN  Xamja  YJIAPHUHT  MCCUKJIUK
xKapa€HJIapyuHU aHWK Ba Te3 XHCOOJall aJrOpUTMHHHU TY3WINTa KapaTWiraH
TaAKUKOTIAAp oaub OopuwiMokiaa. Ym0y #WyHamumga, >KymjagaH, Hacoc
CTAaHUMSJIApUJArd IOKOPH KYWIAHHILJIM AaCHUHXPOH DJJEKTP IOPUTMAIM HAacocC
KypWIMaJapuHUHT SHEPrus caMapaJopJIMTUHU OIIMPUII OYyinya TagKUKOTIAp
yctyBop xucoOmanamu. Illy Owunan Oupra, Hacoc KypwiMalapuiaru 3SJIEKTP
IODUTMACUHUHT  CTAaTOp IMyJaTH, CTaToOp YyJIFaMd Ba POTOP MCCHUKIIHK
YTKa3yBUAHJIMTUHA aHUK Ba T€3 XHUCOOJAIl alrOpUTMIAPUHU WMIUIA0 YHUKHUII Ba
TaKOMIJIJIAITHPHUII XaM J0J13ap0 Bazudanapaad XucoomaHa u.

PecniyOnukamusna UKTUCOAMETHUHT  MYyXMM  TapMOKJapuiaH Oupu
XMCOOJIAHTaH HACOC CTAHIMSUIADUHUHT OJHEPTrUs HMCTEbMOJIM HUKTHUCOIWHU
PUBOXJIAHTUPUIITHUHT TEXHOJIOTUK JapaKaCUHU SXIIWIAII, KyMJIaJIaH, aCHHXPOH
ANEKTP IOPUTMAIAPUHM YACTOTAaBUU POCTIIAII Ba ONTHUMAJ HUII PEXKUMIAPUHU
aHUKJIaIm OYyiu4a TaaKUKOTIAp Ba JKOPUH KWIHII YOopa—Taa0upiIapu amalra
ommpmwivMokaa. 2017-2021 jimmmapna V30ekucToH Pecny6iMKacMHM  sHaza
PUBOXIAHTUPUII OYyitmua XapakaTiap cTparerusicuia ‘... HMKTUCOAUETHUHT
sHeprus capdIaHyBUYaHIUTH Ba pecypc capdiaHyBUaHIUTUHU KUCKAPTUPHIII,
UKTUCOAMET TapMOKJIapuaa OHHEprus caphIaHyBYAHIUTHHU MACAUTHPUITHUHT
MaKCca/lId KypcaTKAwiapyd Oyinda amaira OIUPWIAETTaH SHEPTUS TEKAMKOP
TEXHONOTUSJIADHM MIUIA0 YMKAPUIIra KEHT JKOpUi Kmwmm™’  Basudanapu
Oenrmmanrad. Maskyp BasudamapHu amanra OIIMPHUI, JKyMJIaJaH dYacToTa
Y3rapTUpru9HUAT (QYHKIIMOHAT CXEMACHHHM Ba HACOC CTAHIIUSUHWHT ONTHUMAJ HIII
PEKUMIIAPUHU UITA0 YUKUIL OPKAJIM KYIIUMYa SHEPrusl TeKall UMKOHUSTIAPUHU

thttps://www.sciencedirect.com/science/article/pii/S0306261916311576
2V36exucTon Pecny6mukacu Ilpesunenturmnr 2017 iun 7 despangarn “2017-2021 immnapaa Y36exucTon
PecrryOnukaciHM  pUBOXJIAHTUPUIIHAHT OemTa ycTyBOp WyHanmumm Oyimda Xapakamiap CTpaTeruscu
tyrpucuaa»tu [10-4947-con Papmonw.
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aHUKJI1all MyXuM Bazudanapaan Oupu 1ed xucoOaaHaIu.

Ma3kyp AWcCepTanMs — TAAKUKOTH  MyalsH jgapaxaga Y30eKHCTOH
Pecnyonukacu Ilpesunentununr 2017 itun 26 maiinaru [1K-3012-connu “2017-
2021 Wwminmapaa UKTUCOAMET TAPMOKIAPHUIA Ba MKTUMOMM COXala THKJIAHAIWUTaH
SHEPreTUKAHU SHAJa PUBOXKIAHTUPUIL, SHEPrusi CaMapaJoOpIUTMHHU OLIMPHII
Oyiinua yopa-tanoupnap gactypu Tyrpucuga’, 2017 iiun 23 asryctaaru 11K-3238-
COHJIM ““3aMOHABHUI DHEPrUs camapazop Ba DHEPTHs TEHKAMKOP TEXHOJIOTHSIIAPHU
KeJNTyCcHJla XOpUi KWIHII Yopa-TaaOupnapu Tyrpucuaa’tu Kapopnapuaa Ba
V36ekucron Pecniy6iukacu Basupnap Maxkamacuuunr 2018 iimn 26 nexaGpuaru
1042-cornu “Y36exncTon Pecny6Giamkacu CyB XY»Kalurd BasHPIMTH TH3UMUIA
MOJJIMA Ba MabHAaBUM JCKHpPraH HAcoC CTaHUUSJIAPUHU OOCKHMUMa-00CKUY
3aMOHABUMJIAIITUPUIL Ba SHTWIALL, HACOC CTAHIMSUIAPUHU HIUIATHIIL — Ba
OOLIKAPUIITHU aBTOMATJIAIITUPUII Yopa-Tagoupnapu Tyrpucuaa’tu Kapopuna
Xamaa Maskyp (aonusTra Teruuuid OOmKa MebEPUM-XYKYKHM XyKKaTiaapaa
OeJrMiIaHraH BazuQalapHU amaira OUpHUILa Yoy JuccepTalus WU KUCMaH
XU3MaT KUJIaIH.

TagKUKOTHHUHT PecnyOsimkana pan Ba TEeXHOJOIUsJIAPDHH
PHBOKIAHTHPHUII YCTYBOP MYHAJIUIIAPUIa MYBOQUKIUIH. Ma3Kyp TaAKUKOT
Pecnybniukana ¢aH Ba TEXHOJOTHUSJIAPDHU PUBOKJIAHTUPHIL YCTYBOp HYHAIMIIUTA
MyBohUK Oaxkapwirad: [1. “OuepreTrka, sHEprust Ba pecypc TeKaMKOPIUK .

duccepranuss MaB3ycu Oyidm4a dYeT 31 WIMHA TAAKUKOTIAPUHU
ypranmiraniauru. > X03Mpru BaKTAa CAaHOAT, KMIIOK XY KaJMTH Ba KOMMYyHA
CyB TabMUHOTHM THU3MMIIAPUJIA HACOC KypWIMAJapUHUHI BSHEPrUs TEKAMKOP
aBTOMATJAlITUPWITaH  TU3UMJApHAAa  YacTOTaBHl  POCTIIAHYBUHM  DJIEKTP
IOpUTMAJIapU aCOCH]Ia HACOC KYPUJIMACUHUHT CYB Y3aTHII TEXHOJOTHUK XKapaéHUHH
amajira OIIMPHIIIA HHEPrus TEKAMKOP TEXHOJOTHSIap WIUIA0 YMKHWITAaH Ba
KOpUM KuiavHraH. JKaXOHHHUHT €Takud WIMHKM MapKasJlapd Ba OJIMH TabJIuM
MyaccacajapH, XKymijaaaH [epMaHUSHUHT MIOHXEH TEXHHKa YHUBEPCHUTETH,
MamJakatuMu3aa TONIIKEHT JaBiaT TEXHWKA YHUBEPCUTETH Ba sHa OOIIKa
yHUBepcuTeTiapaa Oy Oopaga KEHT KaMpOBIH WIMHUM-TAJIKUKOT HIILJIApU OJIHO
OOpUIMOK/1a

JlyHéHUHT eTakuu onumiapu, kymiagaHn Cmut K., @pank M., Torrep I,
bynrakoB A.A., Unbunckuit H.®., llpeitnep P.T., benos M.II., Knrouer B.U.,
®durapo b.U., bpacmasckuit N.5., Hanitsch R., Ftrreira F.J., Auingtr H., Sitmjn
G.R., Heinrich W., Ba OGomka Oup KaTop oJuMIap Ba aMaluETYWIAp, Iy
xKymianan PuuaroB B.B, ®mopunckuii M.M., Mwunaes A.B., Kapenun B.A.,
IOnpkoB M.T"., JlesnoB b.C., Walker C., Jahns T.M., Walters D.G. tankukoTiapu
CyB Ba OOINKA CYIOKJIUKJIApDHUA OWp >KOWJaH OOIIKa >Xoira onmmbd KyWWIl Y4yH
MYJDKaJUIAaHTaH HAcOC KYPWIMAJIAPUHUHT THIPOMEXaHUK Ba 3JIEKTPOMEXaHUK
YCKyHAIapy SHEPTUS CaMapaJOpiUTHHU OIIHUPHUIN Oyiinda Ha3zapuil Ba aMaiuid
Bazu(aiap Macananapura OaruIlIaHTaH.

3luccepranms MaB3ycu Oyinda YeT 51 WIMHMM TAJKMKOTIAPUHM YPraHWIraHimuru: https://www.twirpx.com,
http://cyberleninka.ru, www.researchgate.net, https://uc-ciee.org, http://www.sci-hab.la, www.dissercat.com,
http://elibrary.ru Ba 6omka Man6aanap.
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PecnyObniukamu3 onumiapu opacuiaH akajaemMukiap XamynxaHoB M.3.,
®azmio X.®., AdnymiaeB XK.A., Kamanos T.C., XamumoB A.A., AmraeB K.P.,
3axunoB P.A., HacupoB T.X., mpodeccopnap CutaukoB P.A., Apunos H.M.,
XomumoB @.A., AnumxomxkaeB K.T., bo6oxxanos M.K., Xamyaxanos M.3. Ba
OOIIKA ONMMJIAPHUHT CaHOATAa PHEPreTHK pecypciiapAaH camapainu oinanaHui
Ba 3JIEKTP SHEPrus UCTEHbMOIM PEXKUMIAPUHU ONTHUMAIIAIITUPULI Macajajgapura
OaruIIUIaHTaH UIMUN UIJIAPUHU KAl 3TUIII MyMKHH.

Cesunapimu myBaddakusTiapra Kapamai, 9bJIOH KWIMHTAH UIUIAP TaXJIWIN
IIYHU KYpcaTaJHKH, yjap/a HacoC KypuJIMaJapUHUHI YacTOTAaBUI POCTIAHYBUYU
ANIEKTP IOPUTMAJIAPU SHEPrusl CaMapaJopiUTMHU OUIMPUILI OYyiirya TaaKUKOTIap
eTapiu Japaxajaa ypraHwiMmaradH. Maskyp UIIJa akcapusT — YTKa3WiraH
TAAKUKOTIAp YMYMHH CaHOAT Makca[uylapu Y4YyH MYJDKaJJIaHTaH — KyWH
KyWIQHUIUIM AaCHUHXPOH 3JIEKTP IOPUTMAJApHU YpraHUIIra TEruiuid Oyira.
HOxopy KywIaHMIIIM ACHUHXPOH JJIEKTp IOPUTMaNap KOHCTPYKTUB TY3UJIUIIU
Oyiinya KyWM Ky4WwIaHUIUIA AaCHHXPOH OJJIEKTp IOpUTManap OwiaH Kyrmiab
YMYMHUMIIMKKA dra, OWpOK w1y OujaH Oupra yJIapHUHT TY3WIHIIHAA XaM,
TEXHOJOTUK MIUIATUII pPEeKUMIApHAAa XaM V3UHUHT SKKOJ  HQoaajaHTaH
cnenuuK XyCyCUsITIapy MaBxy/I.

Juccepraums TAAKUKOTUHUHI JUCCEPTALUA 0AKAPUITaH OJMH TabJIUM
MYacCaCACHHUHT WJIMHUH-TAAKHKOT HILIAPU pexkajapu OuaaH OOFJIMKJIUIH.
Hucceprauysa TagKUKOTH TOIIKEHT AaBilaT TEXHUKAa YHUBEPCUTETHAA amalra
OIIMPHIITaH OT-®2-62 paKamJid “Mukpornpolieccop OoIIKapyBIH
aBTOMATJALITUPWITaH d3JIEKTP IOPUTMAJIAp ACOCHAA DJHEPrus  TeXKaMKOp
TEXHOJOTHSIJIApHU HIUIA0 YUKUII Ba SPaTUIl XaMJla JJIEKTp MalldHaiap Ba
Ka0eJlIu TeXHUKAHWHT YHEPreTuK camapanopiurdau ommumpuir”’ (2017-2020 iid.)
MaB3yCHUJIary WIMHM-TAJKUKOT UILK PEXKACH IoMpacuia Oaxapuira.

TagkuKOT MakKcaaM: 4YacTOTaBUKW POCTIAHYBYM FOKOPH KYWIAHUIUIN
ACUHXPOH DJIEKTP IOPUTMAJIA HACOC KYPWIMACHHHUHI aCOCUM HII PpPEKUMIIApU
KYpPCATKUWIAPUHU TAAKUK KWIHIITa MYJDKaIJIAHTaH »SHEprus HucpodIapuHu
KaMaTUPYBYH YCYJJIAPHU HUIIIA0 YHKHII Ba aMau€Tra >KOpHil STHUIIL.

TaakukoT Bazudaiapu:

- YacTOTaBUM pPOCTIIAHYBYM IOKOPH KYWIAHUIUIM ACUHXPOH BJIEKTP
IOPUTMAJIM HACOC KYPUJIMACMHUHI SHEPrus TEKaMKOpP HII PEKUMIIAPUHHM amalra
OILLIMPUILTA JOUP KEPAKIIU Ba eTapianya MapT-IapoOUuTIapHU TaXJIUI KUIIUIIL;

- YacTOTaBUM POCTIIAHYBYM IOKOPH KYWIAHUIUIM ACHUHXPOH BJIEKTP
IOpUTMAJIM HACcOC KYPWIMACMHHMHI TYpJIM MEXaHUK IOKJIamMa MHKIOpJapuia
MEXaHUK, B3JEKTP Ba AHEPreTHK KYpCAaTKUYJIAPUHU aHUKJIAIIl YCIyOMHHM HWILIa0
YUKHIII,

- DKBHBAJICHT MCCUKJIWK CXeMallapu, WYHANTHpWITaH Tpadiap xamaa rpad
MHBEPCHUSICH aCOCHJa YaCTOTABUU POCTIIAHYBYM IOKOPU KYWIAHUIUIM aCUHXPOH
ANIEKTP IOPUTMAM HACOC KypwiMacuja KeudaJuraH HUCCUKIHMK KapacHIapuHU
XUcoOJall yCYJIUHU UIILTA0 YUKHIII,

- HacoC KYpPUJIMAaCHHHHI JHEPrus TeXaMKOp, aBTOMATIAIITUPWITaH,
YaCTOTABUU POCTIAHYBUYU 3JICKTP IOPUTMACUHUHT (DYHKIIMOHAT CXEMACUHU UIIa0

7



YUKUII BAa YHUHT HII PEKUMIAPU SKCIEPUMEHTA TAAKUKOTIAPUHHU YTKA3HUII
Xamja aMaliui KYJUTAaHWIUIIY YU4yH TETUIUIN TaBCcUsiap Oepul.

TagkKuKOT 00BbeKTH HAcoC KypWIMAJapUHUHT FOKOPU KYWIAHUIIIN
YaCTOTaBUU POCTIIAHYBYM aCHHXPOH 3JIEKTP IOpUTMaIapuaIad uoopar.

TagKUKOT mpeAMeTH YAaCTOTABHN POCTIIAHYBYUM SJIEKTP IOPUTMA, SHEPTHUs
TEKAMKOP HUII PEXKUMIIAPU, YACTOTABUM POCTIATUWIM DJIEKTP IOPUTMAIU HACOC
Kypuimacu GyHKIIMOHAJI CXeMacCH, JIEKTP IOPUTMAHUHT UCCUKJIIUK KapacHIapuHU
xpcoOman yciuyoaapu Kupau.

TagKuKOT ycyJuiapu. DIEKTp MalllMHAIapu Ba JIEKTP IOpUTMA HA3apUsICH,
AIEKTP MalIWHAJAPUHUHT KU3UII Ba JJIEKTP IOPUTMAJIADHU ONTHUMANT OOIIKAPHII
Ha3apusACH acOCUJIa HACOC KypWJIMaJapUHUHT THIPOMEXAHUK Ba AJIEKTPOMEXAHUK
Ul KYpCaTKUWIApWHU XHcOOJaml ycyimapujaH Qoigananwirad. MaTtemaTuk
anmapar  acocuja  JKaJBajylap, MaTpuila Ba  UTepauMs  yCyJUIapuaaH
dolimananmwiaran  XoJjja  OJIMHTaH  XMCOO-KMUTOONAp  amajjard  Hacoc
KypuwiManapuaa Jjgabopartopuss Ba TaOWWNA  MIAPOUTIAATH  AKCIEPUMEHTAN
TaJKUKOTIAp OWJIaH TEKIIUPUJITaH.

TagKNKOTHUHT WIMHUI SHIWINTY KyHugaruiapaan uoopar:

- JOKOPH KY4YJIAHUIIUIM YaCTOTaBUU POCTIAHYBYM ACUHXPOH JIEKTP IOPUTMAITU
HACOC KypWJIMACHHUHT Bajira Typju MEXaHUK FOKJIaMa MUKJOpJIapu OuUjlaH CTaTUK
U PEKUMHU YUYH aCOCUN KYPCATKUWIAPUHU XUCOOIAIT yCIIyOu UITad YNKUITaH;

- YaCTOTaBUM POCTIIAHYBYM ACUHXPOH BJICKTP IOPUTMAHUHI CTATOP UyJFaMH,
CTaTOp IyJaTH Ba POTOP XapopaTH OIIUIIMHKM XHUCOOJaIl adropuTMH HIIad
YMKWJITaH;

- WyHanTupwiran rtpaduap xamaa Tpad HHBEPCHICH acocuia HOKOPH
KYWIAHUIIIA YaCTOTaBUM POCTIAHYBYM ACUHXPOH AJIEKTP FOPUTMAHUHT UCCUKIIMK
)apaCHIapuHU XUCOOIaIT yCYIu Uiiad YMKUITaH;

- SHEPTUsl CaMapaJop HII PEKUMHUHUA TabMUHIAWIWTAH, YaCTOTABUM
POCTJIAaHYBYM DJICKTP KOPUTMAIX IOKOPY KYWIAHUIUIA HACOC KYPWIMACUHHUHT
(GYHKIIMOHAJI CXEMacH 4YacTOTaBMM pOCTJIarud Ba MCCUKIMK Yy3aTyBYaHIUKHHU
AHUKJIOBYM JIATYMKIIAP ACOCUa TAKOMUJLJIAIITUPUJITAH.

TagKUKOTHUHI aMaJIMil HATHKAJIAPU IOKOPU KYWIAHUIIMA YaCTOTABUU
POCTJIAaHYBYM ACHUHXPOH DJJIEKTP IOPUTMAIAPHUHI TYypJIM MEXAHHK IOKJIama
MUKJIOpJIApUAa CTallHOHAp HII PEKUMIAPH YUYYH acCOCUU KYpCAaTKUWIApUHU
XUCOOANIHUHAT MYyXaHUCITUK YCIIYOH UIIIA0 YMKWITAaHIUTUIaH HOOoparT.

TagKMKOT HATHKAJAPUHUHI HMINOHWIMJIMIM  MYyHTa3aMmM  TaxJIWira,
MaTEMaTUK yCyJulap Ba MOJCIUIADHUHT TYFPU KYJUIAHWIWIIATA ACOCJIAHTaH
3aMOHAaBUHN TAAKUKOT yCyJulapy KYJUITAHWJIWIIM OPKaJIu acOCJaHraH XyJiocajaap Ba
TaBcusJIap OWJiaH TacAUKIaHAIH.

TaaKNKOT HATHKAJTAPUHUHT WIMHMA Ba aMaJINil AXaMHUSITH.

TaIKUKOT HATHIKAUTAPUHUHT WIMHUK aXaMUSITH YaCTOTABUUA POCTIIAHYBYHU
ACUHXPOH JJICKTP KOPUTMAHUHI CTAaTOp 4YYyJIFaMH, CTaTOp IyJaTH Ba POTOP
XapopaTH OIIMIITUHKU XUCOOJIAITHUHT MaTeMAaTHK MOJCIMHU UILIA0 YUKWII OWJiaH
TaBcu(aHaIM; SHEPTUS caMapaaop Uil PeKUMUHN TabMUHIAUIUTaH, YaCTOTaBUM
POCTJIaHYBUM DJICKTP KOPUTMAIH IOKOPY KYWIAHUILIA HACOC KYPWUIMACUHHHT
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(GyHKIIMOHANI CXEMacH 4YacTOTaBUM pOCTIarud Ba MCCUKIUK Y3aTyBUYAHIUKHU
AQHUKJIOBYHU JIATYMKIIAP aCOCH]Ia TAKOMUJUIAIITUPUIITAHU OUJIaH M30XJIaHAIH.

OnuHraH HaTWXKAJIADHUHT aMajud aXaMHsITH YacTOTaBUU pOCTIaHAIUTraH
ACHHXPOH 3JIEKTP IOPUTMAIU IOKOPHU KYWIAHHUIILUIA HACOC KypUIIMacHaa UCCUKIIUK
YTKa3yBYaHJIMKHM aHWK Ba TE3 XUCOOJAll aJTOPUTMHHU TAJAKUK KUJIHMII XaMJia
SHEPrus caMmapajop Wil PeKUMHUHU TabMUHJIAWIWTAH, YACTOTaBUU POCTIIAHYBYHU
ANEKTP IOPUTMAIM IOKOPU KYWIAHUIIUIM HAcOC KYpWIMAacuHU (YHKIIMOHAT
CXeMacH 4YacTOTaBUM pOCTIarud Ba HCCUKIUK Yy3aTYBUAHJIUKHU aHUKJIOBYH
JaTYMKIAp acoCHa TaKOMIUIALITHPHUINTa JpUIIuil, Oy NUpoBapaAuaa CyB Ba
SHEPIreTHK pecypciapaad OKwioHa ¢oHgaIaHuIl HMMKOHUHM Oepulln OusiaH
U30XJ1aHa U,

NmauHr acocuit amanuil SKYHH HAcOC KYPUJIMACHHHUHI TEXHOJIOTHK
KYpCaTKUWIapH, IIYHUHTACK aCHHXPOH JJICKTP IOpPUTMA BaJlUra TYPJIM MEXaHUK
IOKJIaMa MUKJIOPJIApU YUYH SHEPreTUK Ba UCCUKJIMK KYpCaTKUWIapu Y3rapuiliapu
XpcoOra OJIMHTaH XO0JJ1a, TeKaMKOP YacTOTaBUM POCTIIAHYBYM DJICKTP HOpPUTMA
aMajra ONIMPWIMINM OWIaH aBTOMATJAIITUPWITAH IOKOPH  KYWIAHHIILIA
YaCTOTaBUM  POCTIAHYBYM ACHHXPOH DJJEKTp HOpUTMalapujaaH  ONTHUMA
doitnananuim 6yiinya TaBcUsIap aCOCIAHTaHIUTHUIaH HOOoparT.

TaaKNKOT HATHXKAJIAPUHUHI TAaTOMK  KWJIMHMmM. YacroraBuii
POCTJIaHYBYM aCHHXPOH DJJIGKTP IOPUTMACHUHU TAKOMWUIAIITHPUIN Oyiinda
OJIMHIaH WJIMHUM HaTHKanap acoCH/a:

YaCTOTaBUW PpOCTIAHYBYM ACHHXPOH DJIEKTP IOPUTMAHUHI XapopaTu
omumuHn Xucobnam anrroputMu MAXAM - CHIRCHIQ” AX >xopuii sTuiran
(Y36exucron Pecry6iukacu “Y3xumécanoar” AXKuuur 2019 iinn 21 oxtabpaaru
03-6520-con mabaymMoTHOMacu). Hatwkaga Hacoc KypWIMAaCHUHUHT MCCHUKJIHK
)apa€HJIapUHUHT XucoOJyam BakKTHHU 2 OapoOapra KUCKapTHUPHIN Ba aHUKIUK
Japa’kaCUHU OIIMPHUIIT UMKOHUHU OepraH;

IOKOpY KYYJIAHHUIUIM HAcOC KYPWIMACHHUHI DJHEPIHs TEXKaMKOp Ul
pexumiapy “MAXAM - CHIRCHIQ” AX xopuit stwiran  (Y36ekuctoH
Pecniy6imkacu “Yskumécanoar” AXKuuar 2019 it 21 oxts6pmaru 03-6520-con
MabilymoTHOoMacu). Hatumxka innnra 379318 kBT:coaT 31eKkTp 3HEPrusHU TeKalll
WMKOHUHU Oeprag;

IOKOpY KYWIAHMIILIA YaCTOTaBUI POCTIIAHYBYHM ACUHXPOH 3JIEKTP IOPUTMACH
“MAXAM - CHIRCHIQ” AXna xopuii stuiran  (Y36ekucToH Pecry6nukacu
“V3kumécanoar’ AYKHUHT 2019 15050} 21 OKTAOpaaru 03-6520-con
MabiIymMOTHOMAcH.). Hatwxka vrinra 125,6 MJIH. CYM  MKTHUCOJT KWW UMKOHUHU
OepraH.

TagkMKOT HaTHKAJAPDUMHMHI anpodamuscu. TaAKUKOT HaTWXalapu
WIMHUI-TEXHUK KOH(DepeHusIapaa, my xKymiiaaad, 6 Ta xaakapo KoHbepeHIusaaa
Ba 1 ta PecnybOnuka koH(depeHIMsicHIa Mabpy3a KWIMHTAH Ba MyXOKamaaaH
YTKa3WIraH.

TagkKuKOT HAaTHKATAPMHHUHI IBJOH KWUJIMHMIIU. Jluccepranus maB3ycu
Oyinua »xamu 11 Ta UAMUIA UIO YOI ATUITAH. YapaaH 4Tacu WIMHUN Makoja, Iry
KyMiIagaH VY30ekuctoH PecnyGnukacuHuar OJnmil  aTTecTanys KOMHCCHACH
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TOMOHHUJIAH AaCOCUM WIMHM HaTWXXaJapHU OJBJIOH KUWIUII TYFPUCUIA TaBCUsd
KWwinHran 3ta makosia PecryOnuka xypHamuiapuaa, 1ta Makofia 4et 311 (1rysiapjan
Ita makona Scopus pyiixatuaa OYiaran) kypHauiapuia 4ol dTHITaH, ITYHUHTIEK
UXTHPO YUyH | Ta apu3a TONMIIUPUIITaH.

JluccepTauMsAHMHT Xa:KMHM Ba Ty3WJIMIIM. J[MccepTanus UIIMHUHT TapKUOU
kupuil, Oemra 0600, Xynoca, Qoimamanuiaran agabuérinap pyixata Ba
uioBanapaan ubopart. JluccepraiussHUHT XaXMu 113 OeTHU TalIKui dTagau.

JIUCCEPTAIIUSSTHUHT ACOCHI MA3MYHH

Kupum kucMuga yTkazuiaraH TaAKMKOTHUHT J0J3apOJIMTU Ba MYXUMIIUTH
acocllaHraH, Makcaj, Ba Ba3udamapu OeNrWIaHraH, TaJKUKOT OOBEKTH Ba
npeaMeTH TaBcudiaHTaH, TAAKUKOTHUHT PecnyOnuka (aH Ba TeXHOJIOTHsJIApUHU
PUBOXJIAHTUPUII YCTYBOP MYHAIUIIITIApUTa MYBODUKIUTH KYpCaTUITaH, TAIKUKOT
HATHXKAJTAPUHUHT WIMUNA SHTWIMTH Ba aMaiuid axaMuaTtu Oa€H KWIMHTaH,
UIIOHWIWINTY, Ha3apuil Ba amajiuil axaMUSITH acOCJaHTaH, WIMHUNA TagKUKOT
HATHXKAJAPUHUHT WIUIA0 YUKAapuIlra Ba VKyB jKapa€HWUTa XKOPUM KUJITMHTAHJIHUTH
TYFPUCUA MABIYMOTIIAP KEITUPUIITAH.

Huccepranusauar “ACHHXPOH  JJIEKTP HOPUTMAJIAPUIA
SHEPTUSIHU TEXAIIHUHI YMYMUWH MACAJIAJAPHA”  1e6
HOMJIAHTaH OWpUHYM O00HJa ACHHXPOH OHJICKTP HOPUTMAJAPUHUHT DHEPreTHUK
caMapaJOpJINTUHUA OUIMPHUIIHUHT ACOCHI MYHANUIIUIapU TaXJIMJI KUJIUHTaH.

I-pacMmza npoccenan Ba 4aCTOTaBUM pOCTIIAla MapKa3AaH KOUMa HACOCHUHT
YHYMJIOPJIUK TaBcuduiapu KypcaTWiraH. |-srpu  4YHM3MK HOMMHAJ —ailJlaHUII
9YacTOTacH/1a POCTIIAHMANIUTaH JIEKTP FOPUTMACH MIUIAITNHA TaBCUGIIaliIu, 3-3rpu
YM3HUK TYCMa KOTMKOK TYJIUK OYMJITaH XOJaT/Aa MarucTpall HIUIAIIUHA TaBCU(IIanian.

CyB capdnanumy Ba 60cuMu MUKopiaapu 1-pacmaa Homusan capbaanum Q,,, Ba

nomuHan 6ocum H,, acocwmit mumxmopmapu cudarupa (oiinanaHwiranga HUCOMI
oupnuknapaa kentupwirad. Homunan capdumanuimn Ba HOMUHAN Oocumia Hacoc A
HyKTaJla WIUIaWIM, HAacoCc TOMOHWAAaH capdiaHaagurad KyBBaT 3ca 0KAL
Tyrpubypuak Maiimonura MyTtaHocu6 Oymamu. Mucon yayn 0,6 H,, mm Tamxmn

ATaguran cyB capdiaHuim KypcaTwiran. [[poccemam opkaiu pocTiail XUcoOura

MarvcTpali KapIIWIMTHHUHT Y3rapuily 103 Oepanu (4-3rpu Yn3uK).
H'Hnom

AR
N
o/ XA
W

N,
| F |L
0.5 L0 1,5 Q'Qnom
I-pacM. Jlpoccertamnt Ba 4aCTOTaBUN pOCTIIAIAAa MapKa3laH KOuMa HaCOCHUHT YHYMIOPIIUK
TaBcU(IIapH.
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Hacoc 1-srpu umsuk B Hykracuaa umnaigu, Oy OOCHM oOIIMIINATA OJUO
Kenaad, y HOMUHaimaH kynpok Oymamw, uacocuuuar ODBF  tyrpubypuak
MaiJJOHUra MPONMOPLHOHAT KyBBAaTH 3Ca HOMHHAN cap(iaHulga HCTEbMOI
KWIMHAUTaH KyBBAaTAAaH  KUAMUNA (QapK KWiIMalau, TaajulyKJId paBHILJA,
KaMaWTUpWIran cap@uiaHumiga 3HEprus UCTEBMOJM XaM Oup 03 y3rapaau €Exu
NEesIpIu y3rapManiu.

CyB capdnanummay (y3aTWIMIIMHM) JIpocceilalll  OpKaldu pocTiauiia
Tu3uMa 0ocuM omnd Oopanu Ba 3HEprusi cap(IaHUIIMHU TACAUTUPUIL UMKOHH
Oynmaiiau. Hacocnmapga  yacToTaBUid — pOCTJIAaHYBYM — ACHHXPOH  3JIEKTP
IOPUTMACUHUHT KYJUITAaHUJIUIIM HadakaT 3JIEKTp SHEPrus TeXaluluura, Oaliku
YHJIaH  TEXHOJIOTMK  aBTOMATJAlITHUpWUIraH TU3UM  OuiaH  Oupraimukia
¢doitnananumra xam €paam Oepuiid, Oy capdiaHHUIIIAH KaTbUM Hazap TU3UMAA
y3rapmac 00CUM CaKJIaHUIIMHA TAbMUHIANAM Ba KEpaKCU3 OPTUKYA OocHUMra iy
KYHAMacIMK UMKOHUHH Oepajii.

Juccepramusianar - “HACOC  KYPHIMAJIAPUHHUHIT KYUMAC
(CTAIIMOHAP) ni PEXXKUMHUIA IJIEKTP OJHEPI'UA
WYKOTHUJINIINA” ne6 HOMIAHTaH MKKHHYE 0OOMIA HACOC KypHIMAaJapHHHUHT
CTAallMOHAp pEeXKHUMJAa HIIAll BaKTHAA DJIEKTP OHEPrUSCHUHUHT WYKOTHUJIMIII
cababiapu TaxJIuJI KAJTUHTaH.

Mapxka3zgan Kouma Hacocap Ba KyByp HyJuiapu TaBCU(IApUHU COIUILTHPHIL
IIYHU TaCAMKJIAWIUKH, Y3aTUIUII KaMaWTUpWIraHjaa Tajnad KWIMHaAuradH O0ocum
XaM KaMmasiJy, HacoC TOMOHUAAH KydyalTupuiaauran O6ocuMm sca omubd Oopaau.
Ymly Gocumiap MUKAOpiIapuaard ¢apk Tajad KWIMHAIUTaH MUKIOpPJAH IOKOpH
0OCHM OIIMPHUITUIITN XUCOOIaHA N

AH=H,-H,,

oyama, H, - macoc xypuiamacu tomomupman xyuadtwpunaguran Oocum; H. -

KyByp #ymu 6ocumu. AH mukmopmapum xanua karra 6Yica, Hacoc Ba KyBYp
WynmUHUHT TaBcuIapu IIyHYa TUK OYiaau Xamja KaHda KaTTa OyJca, HAaCOCHUHT
aMaJijard y3aTHIUIIN XUCO0-KuToOra HIucOaTaH myH4ya kam Oyasu.

bocuM ommmmHUHT HacOC Ba KyBYp HUYJTWHUHT THUKIUTHHH TaBcU(Iaiiauran

cappnannm Q Ba H,,Hy, xypcarkuunapura Gormuknuru Kylingarn makra sra:
2

AH=AH, | 1-| &
Q

6YHI[a, AH@ :H¢_HCT; H@ - HOJIb Y3aTHIIJAaru coxta 00CHM; HCT - CYHOKJIMKHH
y3aTuIl Ba KaOyJn KWIMI TeoAe3uk Oenrunmapu (apku OwiaH OOFIMK CTaTHK
6ocum.

AH Gocum ounG-énysun Mexanusmiap (Kyiduiap) Ba cypuimMa KOIKOKIap/a,
Jpoccesib 00CUMITM KOMMYHHKanusuiapaa uykortunaau. Hacoc kypuiamacu { BakT
nasomuza AH  OGocum  ommpuiran  xonarga MuUiaTHiarasga,  Qoiigacus
HYKOTHIIAAMIaH DJIEKTP DHEPIUs MUKIOPHU, KBm-y, xyhiumarura TeHr Gynamm:
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QAH
w =P8
007
2 2

OyHza, 0 - CYIOK MyXUT 3UYJINIH, Ke/ M5 & - 3PKUH TYUIHUII Te3JallHIlIH, M/ c i n
- HaCOC KypHJIMACUHUHT (hoiaanu Uil KodpGUIMEHTH.

Hacoc Kypuiamacu O0OCUMHUHT CTaTUK KYpCaTKAWIApUJIAH OUIUPUIITaH X0JIaa
UIUIAIIK CYBHU YMKApuUO TaluUlaluradH TU3UMJIApHUHI HAcOC KypuJMajapu y4yH

xocnup. Hacoc kypuimacu, KyByp MyJiu Ba pe3epByapHUHI OUprajiMkia MIILIAII
KaJBaIu 2-pacMja TaKIUM ITUITAH.

t=ANt

H
2
X [—— /
[ )
([

H ""'—-/ |
P Viag ¢ | ‘3\

Hn2| | | |

= | |

Hnl i I

T ¥ | |
On Qi ©

2-pacM. Y3rapyBuaH CTaTHK 0OCHMJIIM HACOC KypUJIMacH, KyByp WYJIu Ba
pe3epByapiIapHUHT OMpraIuK/Ia UIUIal TaBCUuQu.

JlaBpuii WIUIam peXUMHUA HACOC KYPHUJIMACH HUITa TYIIUPUITaHAA CTaTUK
6ocum Hp; ra Tenr 6ymaam, MIITAIIAH TYXTaTHITAHAA 3Ca, TETHILTN PABHILJA,

H,,- ra tenr 6ynagu. Iy Tydaiinn TopTH6 YMKAPUIIHMHT NacTiaOKM JaBpHIa

KyByp Hymu taBcudu 1-xoaTHH, OXHUpHAa dca — 2-XOJIATHHM drajuiaiiau. byHna,
JOUMUN aMJIaHWII YacTOTacH OWIaH WIUIAHAUraH HACOCHUHI HWINYM HYKTacH

(1P 2]

HACOC KypWJIMAacHUHUHT OocuM TaBcudu OVinmald “a” Hykramadn “0” HyKTarada
cumxub yragu, spau Hacoc H, mam H; raua y3rapysuyan Gocum Guman wimaiiam.

BocMMHUHT NMHAMHK Ba CTaTHUK KYypcaTKWWiIapu OWp BakTla OINraH XOJaTnaa
AJIEKTP PHEPrusi WYKOTWIHMIIIAPUHU aHUKJAm Kyhugara udoma Oyitnmua amanra
OLLIMPWIAIN:

AW, = N, Tw"
Oyaga, N; - KypuIMaHmHr OSHr Kyn capQuaHaaMrad Kyseath, KBm;
. 1| H 2
W =ZH17 H_(?_l (l_l)(l‘*i) - AH Gocum ommimy Tydaiiig r3ara Kearad 3JIeKTp
I

SHEPTUSHUHT HUCOMI MYKOTHIMILIAPUHU TaBCcuIIOBYM KypcaTkud; A - HucOaTan
MHUHUMan cyB y3aTwaumm; H; - KyByp WHYmM TaBCH(UHUHT THKIUTHHU

taBcunoBun HucOMt cratmk Oocum; H, -Hacoc TaBCH(MHUHT THUKINTHHH

TaBCU(pIOBYM HACOCHUHT COXTa OOCUMHMU.
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Hcrebmonmuura  y3aTuiiaiuraH CyBHUHT OuUp KUCMHU  KyByp Hynm
apMmarypacujaaru 314 Oynamaras >koinap opkanu Qoitnacuz oku6 xeraau. Cupkuo
YUKUAOUIAp Ba HIUIA0 YMKApUILJAH TallKapu cap@iaHuiuiap yMyMUd CyB
cappununr 20-25% ra eragu. TapMoka I0KOpH OOCHM MaBXYIUIUTU CYB CUPKUO
YUKUIUIApU Ba MILIA0 YMKAPUIIJAH TAlIKapu CyB cap(iaHUIUIapUHU KyHUJaru
MUKJIOPra OMIMPUIIN aHUKJIAHTaH:

2Q=0Q, -Q =Q,(y/H,/H, -1}

oynna, Q — H, menépuii 6ocumaaru cap@aanum; Q, — H, rokopu 6ocumaaru
capdnaHuml.

Hacoc KypunMacMHMHT HOMHUHAN MUKIOpAaH (apkiu ¢Qolganu  um
kodpduurentn OunaH uuulamy capdiaaHaguraH KyBBaT OIIMPUIUIINIA OJHO
kenaau. Hacoc Kypuiamacu Ba KyByp UYJIMHUHT OMpraivkia unuiam rpagpura  3-
pacmja KypcaTuira.

Hi

74

o

3-pacM. HacocHuHr HOMHHAI MUKIOpAAaH Gapkiu Goimgany ui KodhOUIHeHTH
OWIaH MIILIan TaBCcudH.

Hacoc kypunmacu “0” HyKTajga KEpakid MUKIOPJA CYIOKIHK Y3aTHIIHIIH
y4yH Tanal KWIMHTaHJaH KynpoK 60ocum OwnaH unuiaiian. byrnmait pexum 6ocum
OIIIUIITUTA Ba CYB CUPKUO YMKHUIILUIAPU KyTIaluIura, Oy ca 3JIeKTp SHEPTUSICHHUHT
ce3uyapiid Japaxaaa opTtukda capduanumura onmubd kenmamu. byHman Tamkapw,
HACOC KypwWjMacd HOMHHAJI  MHUKAOpJApUIAH TAcTpoK  (Qoiganm  wim
kodbdurnmentn Ounan wnwangu: ; <1y,. Hacoc KypuiamacuHUHT XuCO00-

KUTOOJIaH KYTPOK y3aTHIUIIN Ba XHUCOO-KUTOOIaH MacTpoK OOCHM OWIIaH MIILIAIIN

€99

B~ MIIIYM HyKTara Moc Kejiaau. byHmal xonaTjia xaM HacoC KypuJMacH HOMHUHAJ

MHUKIOpIapaaH nacTpok doiaanu um kodhguimenTn ounan uuuiaiau: ; < Myoy .

[P

a” HyKTa HacoC KypPWIMAaCHHUHI HOMHHAJI XHUCOO-KHTOO peXHMHIA

unulamira Moc kenaau. Hacoc KypuiaMacMHUHT HOMHMHAJI MUKIOpPAAH Moy
Gapxm  Qoigarm  um  kodpduuUEHTH My, OWIaH uHUIAm  Kapa€HUIA

WYKOTUIIAIUTaH SHEPTHSI MUKAOPHU Kyhnuaaru gopmyna Oyiirua aHUKIaHA U :
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bup BakTna mnapamiens HMNUIAETTaH HACOC KYpPWIMAaJTapUHUHT MUHHUMYM
YyMyMUW OSHeprus capdualuiapd Hacociaap Yypracuaa IOKJIamMaldapHU TYFpU

TaKCUMJIAll Me30HHM XxucoOnaHanu. Tascud rpaduxmapu N= f(Q) nactra

OyKWJIraH Srpd YHM3UKIAp IIAKIWra dSra akcapuarT Hacocjlap Y4YyH MHHUMYM

SHEprus cap(uiaHMIld Mapajuiesib HWIUIAETraH HAacoC KypuiMajapuIaH Xap

OMPUHUHT KyBBaT YCUIIIApH KyHuaarura TeHr OyiraH Xoiarjia TabMUHIAHAIN:
dN, dN, dN;, dN

n

dQ dQ dQ dQ

4-pacMJ1a HACOCHUHTI OOCHUMJIM KYyBYp Wynuaa YHUHT alIaHUII TE3TUTUHU
pocCTiall peXUMHUAA UIIJIAIIN TAKAUM KAJIWHTaH.

H Q* JI*

1
R’H
[ ——— = 0,8
E 06 13
HI 4 /
Hf— = / | ,/
Hi—— 0,6 71;’-

v

by

77 e //”

e

0302 0 0 02 04 06ggion' T4 i 06 08 gemp

=)

4-pacm. HacocHuHTr aitnanuin 5-pacm. Hacoc 6-pacM. Hacoc kapmimk
TE3JIMTUHU POCTJIAII Y3aTHWIMIIUHUHT ailTaHUIIT MaWTUHUHT aliIaHUIII
PEXKUMUIA UILIAIIH Te3Nurura Kapad y3rapuiiu Te3nurura Kapad y3rapuiiu

V3 aiiaHuil TE3NUrUHU 0,0, 1 U34ni y3rapTupagurad HaCOCHUHT 1, 2, 3-
TaBCU(IAPUHUHT KyBYp Wynu 4-taBcudu OWIaH KECHIIMAcH HIIYM HyKTajap

a,,a,,a, XoMaTHHM Oenrwnaimu. Ymoy Hykramapra HacocHuHr 6ocum H, H, H,

Ba ysatiwmm Q;,Q,, Q; kypcarkuunapu MuUKIOpIapH TYFPU Keaaau.

HacocHuHr aimaHum Te3nurura Kapad, Y3aTWIMIIHUHT HUCOWM V3rapuinu
KyWHUJIaru maKira ara;

n” —(H; /H;)
I-(Hy/Hy)

* *
oynna, Q =Q/ Q; - HucOuit y3atuaum; 0 = Il/ 0,0y - HACOC aMJIAHUIIMHUHT HUCOWM

Q' =

* *
tesmmru; Hp / H, - nucouit cratuk G6ocum; H, / H, - cylokmmk KyTapuInIIHHEHT

HUCOMI coxTa OalaHUIMIH. 5-pacMa HACOC Y3aTHJIMIIM Y3rapuinuaudr / H,

HUCOATUHHMHT TYPJIM MUKAOpJIApPU YUyH alJIaHUII Te3JTUrura rpauk OOFIHKIUTU
KEJITUPUITAH.
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6-pacMia HACOC KYpHIMACH KAPUIMIMK MOMEHTH ysrapummpmar Hy/H,

HUCOATUHUHI TYpJId MUKAOPJIAPU YUYH alJIaHUII TE€3JIUrura rpaux OOFIUKIUTH
Keatupwirad. FOpUTMaHUHT  SHEPreTUK  KypcaTKUWiapu —  IOpUTMajaru
HYyKOTHIILIAp Ba YHUHT (oifnanu um KodPUIMEeHTH MeXaHMK TaBcu(du Typura
OoFuK OVmaau.

Hacocuunr mexanuk TaBcupu HUCOMI Oupnuknapiaa KyWuparu Qopmyna
Oownan udoganaHaIu:

Q*H *k
- sk sk
nn
TaBcudaan kypuHuO TypuOIUKH, HACOCHUHT KapIIUIUK MOMEHTH KaH4a Kyl

M

6ynca, Hy/H, uucGarn myHua :oKopu 6ymam.

Hacoc  xypwimamapuaa  CUpPHIAHUIL  SHEPIUACH  MYKOTHUIMILIAPUCHU3
POCTJIaHYBYM JJICKTP HOpUTMaiap KYJUIAHWIHIIM HSHT TEXaMKoOp ycyl Oyiuo,
ynapjaaH — QoipasiaHuin  Hacoc KypwiMacu —OONIKApYBUHUHT  (DyHKIIMOHAJI
UMKOHHSTIAPUHU KEHTAUTUpaaW Ba YJIAPHUHT DSHEPIrus TEKAMKOpP  HIII
pexuMIIapuIa UIUIATIIMIINATA EpaaM Oepasu.

Juccepramusianar - “YACTOTABHM  POCTJIAHYBUM  FOKOPH
KYYJIAHUIIJIM ACHHXPOH DJJIEKTP KPUTMAJIN HACOC
KYPUWIMACHUHUHI TYPFYH WII PEXWUMHMJIATH ACOCHM
KYPCATKUUYJIAPU” 1e6 HOMIAHraH YUMHYA 000HuJa FOKOPH KYy4YJIaHUIILIU
ACUHXPOH DJIEKTP IOPUTMA YUYH YacToTa (YHKIHUACHUIATH aCOCUN KypcaTKUuJiap
y3rapumu Kypub uyukwirad. Hacoc KypWJIMacHHUHT 4YacTOTaBUU POCTIIAHYBUU
ACUHXPOH JJIEKTP IOPUTMACH CTATHK WII PEKUMH YUYH DJIEKTp IOpUTMa Bajura
KapIIMJIMK MOMEHTUHUHT TYPJIM MUKAOPJIApUIA OJUHTAH MabIyMOTJIap acoCHiaa
CTaToOp, POTOP TOKJIAPU Ba MAarHUTIOBYM TOK Y3rapuiiapu; (aoi, peakTHB, TYIUK
KyBBaTJIap Ba YMyMUH KyBBaT/Iap WYKOTWIHIILIAPH; KyBBaT KO3 UIIMEHTIaApH Ba
gacTtoTa (QyHKUmsAcuaara ¢oiganym xapakaTIapuHUHT Tpadukimapu  7-14-

pacmiiapia KypcaTuiraH.
I1,4 2,4 LA
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7-pacm. Hacoc kypunmacu 8-pacM. Hacoc kypunmacu 9-pacm. Hacoc kypuinmacu

4acTOTaBUil POCTIAHYBYN 4acTOTaBUH POCTIaHYBYH 4acTOTaBUH POCTIIAHYBYU
ACHHXPOH 3JIEKTP IOPUTMAHUHT ACHHXPOH 3JICKTP IOpUTMAaHUHT  ACHHXPOH 3JIEKTP IOPUTMAaHUHT

M.=M_.(1)Ba M.=M_,(1)Ba M.=M_,(1)Ba
M. =0,65M_, (2) qacrora M. =0,65M_, (2) gacrora M. =0,65M, (2) gacrora
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(GyHKIUSICHIATH CTATOD (yHKUMSACHIATH POTOP TOKIAPH ¢byHKIUSCHIATH MAaTHUTIOBYH

TOKJIApU y3rapunniapu y3rapunuiapu rpadukiapu TOKJIApH Y3rapulnIiapu
rpadukIapu rpadukIapu
P O, kBAp S, kBA
: 500 500 ]
KBm
/ 1
400

7 400 400 /
/ / / /

L)

300 / . 300 // 300 /
200 / / ,V / ’/

I 7 I 7 B I I 4

/ / 100
a 4] a
0 04 06 08 1 o o4 06 08 1 e 04 06 08 1
10-pacm. Hacoc kypunmacu 11-pacm. Hacoc kypunmacu 12-pacm. Hacoc kypunmacu
4acTOTaBUI POCTIAHYBYH 4acTOTaBUH POCTIAHYBYH aCHHXPOH 4acTOTaBUH POCTIAHYBYU
ACHHXPOH JJICKTP FOPUTMAHUHT 3JIEKTP IOPUTMAHUHT MC = MCI/I (]) ACHHXPOH 2JICKTP
M.=M_,(1)Ba Ba M. =0,65M, (2) vacrora ropurmasuar M. =M, (1)
MC = O, 65MCH (2) yacTrora Q)YHKHI/IHCI/IHaFH pEaxkTuB Ba MC = 0, 65MCH (2)
byHkuuscumara haon KyBBaTIapy Y3rapuIliapu yactora GyHKIUSICHIATH
KyBBaTJIApH y3rapuIIapu rpadukiapu TYJIMK KyBBaTJIapU
rpaduknapu Y3rapunuiapu rpadukiapu
AP, kBmn cos (P
S50 1.0

40 0.8 //
30 / /// -

0.6 e
I
20 / o.4

10 -
S
(/] o4 [/Ni) 08 1
13-pacm. Hacoc Kypunmacu 4actoTaBuit
POCTIIaHYBYH ACHHXPOH DJIEKTP IOPUTMAHUHT
M.=M_(1)Ba M.=0,65M, (2) gacToTa

GyHKUMACUIATY KYBBATJIAPHUHT YMYMHUMA
HYKOTHMIIMIIIApU Y3rapunuiapu rpagukiapu

by

o
o o, 4 a.6 0.8 1
14-pacm. Hacoc Kypuiamacu yacToTaBuit
POCTIIaHYBYHM ACUHXPOH 3JIEKTP
roput™MaHuHr M. =M, (1) Ba

M. =0,65M_,(2) yactoTa pyHKIUSACHOATH

KyBBaTJIapHUHT KO3 pULIneHTIapu
y3rapunuiapu rpadukiapu

Hacoc KypwJIMacMHUHI 4YacTOTaBUl POCTJIIAHYBYM ACHUHXPOH  BJIEKTP
IOPUTMACH CTaTUK MUl PEKUMUHUHT aCOCUM CTATHK KYpPCATKUWIApU TaXJIUIU
IIYHU TaCAMKJIAWIUKH, SJIEKTP IOpUTMa BaJlura CTaTUK MOMEHT Y3rapHIlujia yiap
HOYM3UKIM KOHYH Oyiinua Vy3rapagu. YacTtoTaBuil OOMIKAPUIIHUHT TEXKAMIIU
KOHYHUJIaH Qoinananuin Tyaiiam 4acToTaBUil pOCTIAIIHUHT OYTYH Hana3oHuIa

ANEKTP IOPUTMAHUHT KyBBaT KO3(hQUIUEHTH Jeapiau y3rapmaiiau, Oy 3ca
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UIUIATALI KYpCAaTKUWIapura WkoOouil TabCcup 3Taau.
15-pacMaan kKypuHUO TYypraHUACK, YaCTOTABUI POCTIIAI JPOCCEIUIAIl OPKATU
pocTiiaiira HucOaTaH aH4a TeKaAMIIUINDP.

Pl1, kBm
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15-pacm. Hacoc y3atunuimuHu Apocceruian opKaiu pocTiama (1-3rpu Yu3uK) Ba 9aCTOTaBUN
pocTnama (2-3rpu Yu3KK) capdiaHaurad akTUB KyBBaTJIap OOFIUKIATH

YacToTraBull pOCTIaHYBUM ACHHXPOH JJICKTP IOPUTMA >KOPUH KUJIMHTaHU7A
DIIEKTP DHEPrUs TEKAIMIIN TH3MM/IA cap(IaHuIInAaH KaTrbuil Hasap, H y3rapmac
00CHM CakJaHUIIMHU TabMUHIANIM, Oy apoccesuiail OpKajdd poCTiall Y4yH XOC
OynraH Kepakcu3 opTUKYa 60ocuMra mya KyHMacIuK UMKOHUHU Oepaiu.

Juccepramusianar  “YACTOTABUM POCTJIAHYBYUM ACHUHXPOH
JJEKTP IOPUTMAJ/IN HACOC KYPUWIMAJIAPUJA HNCCHUKJIUK
KAPAEHJIAPUHU XUCOBJIAIII YCYJUIAPU” 16 HOMJIAHTaH TYpPTHHYHI
0600uga acMHXpPOH IOKOPH KY4YJIaHUIUIA MAIIMHAHUHT JKBHUBAJICHT HCCUKJIMK
cxemajapy ycysu Oyinda NCCUKIUK XUCOO-KUTOOU KYpHO YMKUITaH. DKBUBAJICHT
UCCUKJIUK CXeMajlapyu YCYJIM MYKH HCCUKIUK MaHOajmapura sra XxapopaT MaloHH
KUCMJIADUHUHT WYKWA HCCHKJIMK MaHOalapucu3 XapopaT MaWJoHM KHCMIIapura
SKBUBAJICHT aJIMAIIMHYBUHU Ha3ap/a TyTaJH.

[IaknmaHraH SKBUBAJEHT HCCUKIMK CXeMacura MYBO(QUK, ydTa HCCHUKIUK
TEHTJIaMacuJiaH nbopat OapkKapopiamMaral KH3WII PEeKUMH HCCHKJIHK OanaHch
TEHIJ1IaMajiapy TU3UMHU TY3WITaH:

d®,
Cl T +Allf®lf _A12f®2f _A13f®3f = Plf

C 99, A, O . +A,, O, —A,. O, =P
2 dt N1 O + AL B — AL B =1
d®3f A A —_
C3 dt - 31f®1f _A32f®2f + 33f®3f - P3f

J

OyHna,
©,;,0,,,0;, - craTop uyaFaMu, CTATOP MYJIATH Ba POTOP XapopariapH OLIUINH,

0 o
C; P;,P,P;, - cratop uyiaramu, craTop MyjJaTH Ba pPOTOP KyBBaTIapu
WYKOTWINIIH, KBT;
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C,,C,,C; - crarop 4yiramu, CTaTOp IYJIATH Ba POTOP UCCUKIUK CHFUMIIAPH,
kloic/ ke’ C

Ay, =A,; - cTaTop YyIFaMu Ba CTATOp IYJIAaTH YPTACHAa apuK4YaJard U3OJISAIHS
OpKaJIM UCCUKJIUK YTKa3yBYaHIUTH, kBm/m-"C;

A; = A5y - cratop YynraMd Ba POTOp YpTacuaa XaBO THUPKHIIH OPKald

UCCUKJIMK YTKa3yBYaHIuru, «Bm/m"C ;

A=A o . o
231 321 _ craTOp MynaTH Ba POTOP YpTacH1a UCCUKJIMK YTKa3yBUAHIIMIH,

kBm/m' C

Al fo AZ fo A3 f 7
- CTaTOp 4YyJFaMH, CTaTOp NYJaTh Ba POTOPHUHT aTpod-myXxuTra

MCCUKIIMK y3aTuIinu, kBm/m" C

13f

A=A AL H A - CTarop  YyJFaMMHHHT  YMYMHH  HCCHKJIHK
YTKa3yBYaHIUTH, «Bm/m-" C;

Ay =My + A, +Ay - cratop  YyJIFAaMHHHHT  YMYMHH — HCCHKJIMK
yTKasyBuaHauru, xBm/mC ;

Ay =A5 + Ay + Ay, - POTOPHHMHT  YMyMHMH HMCCHMKIMK —YTKa3yBYaHIIUTH,
kBm /| m-" C

Hccukivk 6anancy TEHTJIaMalapy TU3UMUTA MyBO(UK SKBUBAJIEHT UCCUKIIUK
cxemacu 16-pacMmia KeITUPWITaH KYpUHUIITA 3ra. YOy MCCUKIMK cxemacu 17-
pacMa TacBHUpiaHraH rpadra aimaHTUpWIMIIM MYMKUH. ['pad wmHBepcusicunu
KeTMa-KeT Oa)kapHill, y3esiap Ba XajJKaJlapHU KeTMa-KeT UCTUCHO KWJIHUII OpPKaIu
18-pacMaa kypcaTuiran cTaTop MyjaaTH KU3HUII KAPAEHWHUHI MUCCUKJIMK MOJEIH
SIKYHUM KYPUHUIIMHU OJIaMU3.

Ay =Asy

16-pacM. KOKopy KywIaHUIUIM aCHHXPOH AJIEKTPIOPUTMAHUHT
SKBHMBAJIEHT UCCUKIIMK CXEMACH

18
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18-pacm. Crarop mynaTu KU3HILI KapaCHUHUHT
AKYHUM MOJIENN

Takaum KUJIMHraH MaTeMaTUK Tpadaid MOASIh UILTA0 YMKWITaH alrOpUTM
épramMua eTapiM Jgapaxkaaa OCOH JacTypiaHaad, Oy 3ca XMMOSUTAaHTaH aCHHXPOH
3JIEKTP IOPUTMAHUHT aCOCUM KMCMJIApH: CTATOP UYJIFaMH, CTaTOp MYJIaTH Ba POTOP
XapopaTiiapyuHyd TypJid YacTOTa Ba IOKJIaMa MUKIOpJIapujia OIIMIIUHUHT COH
KHMaTIapuHU aHUKJTalll IMKOHUHH Oepaiu.

19-pacmaa 30-50 I'y iuamazonnaa yactoTaBuil 6omkapysaa A4-457-YX-8Y3
TypyuJard  acCHUHXPOH  DJIGKTp  IOpUTMAIap Y4YyH  YMYMHUH  HMCCHKJIHMK
KapIIMIMKIAPUHUHT Y3rapuiuiapd TakauM KuiuHraH. KYpuHuO TypraHujiek,
4acToTa MUKIOpJapyd KaMaWTHPWUITaHW Capd aCHMHXPOH DJJIEKTP IOpUTMAIapHu
HMCCHUKJIUK KUCMIIAPUHUHT YMYMUM UCCUKJIMK KapIIUIUKIApH IOKOpHIad 0opyBYH
XyCyCHsITTa ora.
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19-pacm. HacToTa 20-pacMm. YactoTa ¢pyHKIMsICHIA 21-pacm. Yacrora
byakmmscuna A4-457-VX- A4-457-YX-8Y3 typunaru Q)yHKHHSICI/II[E.l A4-457-VX
8Y3 Typunaru yacroraBuit 4acTOTaBUN POCTIIaHYyBUU 83 TypHIIATH YACTOTABHIE
POCTIIaHyBYH aCHHXPOH ACHHXPOH JIEKTP FOPUTMACH POCTIAHYSYH ACHEXDOH
AIIEKTP FOPUTMACH UCCUKITUK WCCHKJTUK KUCMIIAPUHIHT
. o ANIEKTP FOPUTMACH UCCUKITHK
KUCMITAPUHUHT YMYMUH KyBBaTJapy HYKOTHIUILIAPH TICMIADHETET XAPOPAT
WCCHKJINK KapIIVIIAKIApH y3rapuniapu

. OIIMIIIJIAPH Y3rapuluIapu
y3rapunuiapu

20-pacmaa 30-50 I'm auanmazoHMa 4acTOTaBUM OOIIKApyB KOHYHU amalra
OLIMPWJITAHUA, YACTOTaBUU OOIIKAPYBIAa ACHUHXPOH 3JEKTP IOPUTMATapUHUHT
UCCUKJIUK >KUCMJIApU KyBBaTIapu HYKOTWIMILIAPUHUHT Y3rapuiliapu TaKIUM
KuauHTrad. Yactora KamalWraHuja Mas3Kyp AacCHHXPOH DIIEKTp IOpUTMallapu
UCCUKJIUK >KUCMJIApH KYyBBaTJIApUHUHT Oapya MYKOTUIMIIUIAPYU HOUYM3UKIN KOHYH

e 2
Oyinya 0~ Ta mPOIOPIIMOHAN PaBHUIIIA KaMasiIu.

OnuHraH MCCUKIUK Mojaenu EpaaMuja Xap OUp HMCCUKIMK >KUCMH YYYH
YaCTOTaBUW POCTIAHYBYM ACUHXPOH DAJIEKTP IOPUTMAJIAPUHUHT  aJoXyja

kuemmapuna Op, 0, O, xapopatmaprm ommum ammknadrax (21-pacwm).

Yacrtora V3rapumu OONUIAHMIIKAA ACHUHXPOH DJEKTp [OpUTManapu Oapua
UCCUKJIUK XucMiapu xapopatiapuaunr ommiu 40 [' yactorana kamasau Ba Oy
ANEKTp OpUTMAa BaJlUJard MEXaHHK OKJaMa KyBBATMHUHI  HCCHUKJIHUK
HyKOTHIMIIUTApY Kamanuimm Ownan O6ormukaup. Hacoc Kypunmacura ypHaTuiIrad
A4-457-YX-8Y3 Typugaru 4YacTOTaBUM pPOCTIIAHYBYM ACHHXPOH  BJIEKTP

FOPUTMACHHHHT HCCHKINK SKACMIApH, IIy J>KyMJIajgaH cratop uyiramu O

xapopatiapu omupu0 ro0opunumuHUHT  Taxygwium - 30-50  I'm  gacToTaHu
POCTJIAIIHUHT ONTHUMAJI IUANa30HU SKAHJIUTUHU KypcaTaiu.

Juccepramusauar  “YACTOTABUM  POCTJIAHYBUM  IOKOPU
KYYJIAHUIIJIN ABTOMATJAIITUPUIITAH JJEKTP IOPUTMAJIN
HACOC KYPUWIMACHUHHU 3SKIEPUMEHTAJI TAAKUK DTHUII BA
SHEPI'USA TEXAMKOP U1 PEXUMJIAPUHU ULJIAB YUKHUIIT” ne6
HOMJIAHTaH OemMrHYM 000ua ANEKTP IOPUTMAHUHT TapKUOUM cXeMacu Ty3WIUIIN
KYpuO 4YMKWIraH Ba YHHMHI MIIMHUHT (U3UKaBUN MOJEJUIAHUIIN amaira
omupuirad. Hacoc KypuaMacMHUHT 4acTOTaBUN POCTIAHYBUM ACUHXPOH 3JIEKTP

IOpUTMAcUTa Kyluiaauran tanadliap acocuja TETUIIM TecKapu OOflaHuILIapra
20



Ara JJIEKTp IOPUTMA TaKIU( KWIMHraH OYynuO, YHUHI TapKuOuWil cxemacu 22-
pacMia KypcaTuiraH.

i U = var, f = var 25 M HK
£ / —‘\ 8
= BT MKH (@AD) }7_521
|
UDOBT MUBT [ KO |[CTA | XO ] TA | [CBA]
, cval
KEB k————| UBB [+* OB -
> Ve
S
Uj

22-pacm. Hacoc KypuIMaCMHUHT aBTOMATJIAIITHPWITaH YaCTOTABUN POCTIIAHYBYHM ACHHXPOH
ANIEKTP IOPUTMACUHUHT (PYHKIIMOHAJT CXeMacH

22-pacmpa Kydupgaru maptid - Oenrwnap kKaOyn kuinuHran: BT —
oomkapwryBun Tyrpuiarud; MKW — mMycrakwn kywianum unHBepTopu; Al —
acuaxpon motop; HK — Hacoc kypunmacu; UDBT — ummynbsc-dazanu Gomkapys
tusumu; MUBT — myctakuin nuHBepTOpHUHT Oomkapuin Tu3umu; K1 — kydnmanumn
natuuru; TJ — tesnuk naruuru; CTJ — crarop Ttokm narumru; X — xapopat
natuurn; CBJ —cyB O6ocumu nmaruuru; CY]Jl — cyB y3atum gatuuru; Kbb —
KywianuimHu Oomikapuin 6noku; Ybb — wacroranm OGomkapum Onoku; Ob —

ontuMu3anusiam 6aoku; UT — uaTeHcHBIMK Tommmpruyn; U — KydIaHHIIHH

OOIIKApHIIl CUTHAJIH; U, - wvacroranu OOIIKAPHII CUTHAJIH; U, - Bazuda

curaam; AU ( —qactorara Ty3aTHII KHPUTYBYM MEKIOP.

Te3nnK 4acToTaBUi POCTIIAHYBYM ACHHXPOH JJIEKTP IOPUTMA CTATHK I
pexuMIIapuaa 3JEKTp SHEPTUSHUHT KaTTa TeKAJIHWIIK OuilaH OUp KaTtopaa paBoOH
WIITa TYIIUPWIKII Ba TYXTAaTHWJIHMIIHA amaira OUIUPHII UMKOHWUHHU Oepamm. 23-
pacmaa acunxpon snektp toputmacuan M. =0,5M,,,, Ba T;, =0,6 ¢
XOJaTHJAa YacTOTaBUU OXHCTA WINTa TYIIMPUII PEKUMH TaBcU(IapU TaKIUM

KWIMHTaH OYnIn0, y MUHUMAJ HEPrusi WYKOTHILIAD MHUKIOpUTAa MYBO(QUKIUD.
TaBcubgan KYypuHUO TypraHWACK, OJJICKTPMATHAT MOMEHTHHHHT MaKCHMall

MUKIOPH 3JICKTP OPUTMACHMHUHI HOMHWHAJI MOMCHTHUI'A TCHI': MMAKC =1 .
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23-pacM. ACUHXPOH 3JIEKTP IOPUTMAHH OXMCTA UIITa TYILIUPHII
pexxumMu TaBcudIapu

Ymby pexumaa sHeprus WYKOTHIMIIapu Ba peakTuB KyBBaT T,, =0,12 c.

X0JaTUAa YacTOTABHM WINTa TYHMIUPHUINTa HUCOATaH KaMpoK OYiIud, 37IeKTp
nykoTwmnuiap makcuman wmukaopu 10 Oapobap kamasau, peakTUB KyBBaT
capuannmu 3ca 30 GapoOap macasau. MuTerpan TaBcudIapHU CONMHIITUPHUII
OXMCTAa  WINra TYIHUPHUII  PEeKAMUIAH  (OoNJaNaHWNTaHAAa  DPHUIIMITAH
caMapaJOpJuKHH  TaCOUKJIaiIu: T,, =0,6c.  xypcarkmuma  dHeprus
uykormwmnuiap T, =0,12 ¢. kypcaTkny OWIaH YacTOTaBUN WINTa TYIIMPHUIIIATA
SHEPTHs HYKOTHUIUILIApaH 2,8 6apobdap KaMpOKJIHP.

Myanaii Kuaub, acHHXPOH JJICKTP IOPUTMAHHMHT JHT OJJIMH OOIIKAPHII
TH3UMIIapu T3y KYpCAaTKMYMHM  TaHJANl OpPKald  JJIEKTPp  FOPUTMAHUHT
ANIEKTPMEXaHUK Ba DJJIEKTP KOOpPAWHATANAPW VTUII KapaCHiapu cudar
KYpCaTKUWIapura, IIYHUHTIEK DJHEPreTHK KypcaTKUWwiapura TabCHp OTHII
WMKOHUHH Oepaju.
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XYJIOCA

Texnuka ¢annapu OVyiuua dancadha npoxtopu (PhD) nuccepranus
MaB3ycu “YHacToTaBUi POCTIAHYBYM aCHHXPOH JJIEKTP IOPUTMA acoCUJa IOKOpH
KYWIaHUIIJIM HAcOC KYPUJIMACHHUHI DHEPTUS CaMapaJOpJUTMHU OLIHMPHIIL’
WIMUM WY HATWXKAJIapu Oyiinya Kyidujaaru xyjiocajiap TakJIuM dTUITaH

I. ACHMHXpPOH DJIEKTp IOpUTMAIHd  IOKOPM  KYWIAHHILUIM  HAcoC
KYPWIMAaCUHUHT  DJHEPrUs  CaMapaJopJIMTMHUA  OIIMPUIIHUHI  ACOCHM
WYHAJIULUIApUHU TaxjuMi KWIMII acoCHJa, Mapkas3JgaH KouMma Hacocjapiaa
OocuMiii KyByp HYynu TapMmoruaa cap@iaHUIl MUKIOPUAAH KaTbUil Hazap
J0UMUM OOCHM TabMUHJIAIIHUHT 3HT KyJlail yCyJIM 4acTOTaBUH POCTIaHYyBYHU
ACHMHXPOH DJIEKTP IOPUTMA KYJJTAHUIUIIN dKAHJIUTH aHUKJIAHTaH.

2. Hacoc kypwiMmanapu HOMHHAI KypcaTKudiapaaH (GapKiu pexxumiapaa
UIiarafHja yjapaa dJEKTp DJHEprus MWYKOTWIWNUIApu omumura cabad
Oyangurad pexuM KypcaTKW4jlapu aHWKJIAHTaH, ITyHUHTACK YJIapHU TEKaMKOP
OOIIKapHWIl acocuja KaMaWTHpHWIN WYyapu OeNruiaHraH, HaTHIKajaa Hacoc
KypHUIMaCUHUHT SHEPreTHUK KypcaTKu4iapu TYpJIH gacToTajgapia
AJICKTPMEXaHUK TH3UMHUHT DHEPrus caMapaJOpiUTUHU aHUKJIAIl WMKOHWHH
Oepanu

3. YacTtoTaBuil pPOCTIAHYBYM IOKOPU KYUWJIAHUIUIM ACHUHXPOH OJJEKTP
IOPUTMAHUHT BaJIUJIaTH KAPIIWIMK MOMEHTHHUHT TypJid MUKIOpJIapuaa acocui
AIEKTP Ba DHEPreTUK KYypcaTKUWwiapu AaHUKJIAaHTaH Ba TaxXJWJ KWJIMHTaH.
Hatmxa Kapmuiuk MOMEHTHHHUHT TYpJIH MUKAOpPJapd Y4YyH OJIMHTaH
TaxXJIMJUIAp OPKAIU CaMapaJopiIuKHU KYpUIll UMKOHUHU Oepanu

4. DKBHBAJICHT MWCCHKJHUK CXEMaJapuHr rpadanu MOAeId acocHaa
JacTOTaBUH POCTIAHYBYM ACHHXPOH JJICKTP IOPUTMAaHUHT OapKapopJaiiraH
KU3HUII PEKUMUHM TaJIKUK KWJIWII XaMJa HCCHKIHK KYpCAaTKUWIAPUHU Ba
HCCUKJIMK KHCMJApU Xapopariapu OmupuO IOOOPUIHIIK MHUKIOPIAPUHHU
XUCOOJAIIHUHT KOMITBIOTEpPra MYJDKaJUIAaHTaH COoJJa Ba Kyjlal ycyau HILIad
YUKWITaH, HAaTHXa KapIIMJIMK MOMEHTH Ba YAaCTOTAHUHT TYypJIM MHUKIOpJIapH
Y4yH T€3 Ba FOKOPH aHHKJHKIATH XyJiocajap OJUIIl UMKOHUHH Oepaau

5. ABTOMAaTIAITUPWITaH YaCTOTABUU POCTIAHYBYU IOKOPU KYWIAHHUIILIH
ACUHXPOH  DJJIEKTP  IOpPUTMa TU3UMMHHUHI  CTaTHK HII  PEXHUMIIAPU
ONTUMAJIAIITUPWITAH X042 (PYyHKIMOHAN CXEMacH, IIYHUHTAEK CYB TOPTHIL
HACOC  CTaHIMsJIapW  HACOC  KypuiaMajlapu Y4YyH YHUHI  caMapaiu
KYJUIAaHUJIMIINTA JOUP aMaluid TaBcUsJlap HMIUIA0 YUKUJITaH, HAaTHXKa AJIEKTP
MEXaHUK TU3UMHHU YHEPTHUS T€KAMKOP OOIIKapHUIll UMKOHUHU Oepaau.

6. “MAXAM - CHIRCHIQ” AXna Hacoc KypwiMallapUHUHT JHEPrus
TEXKAaMKOpP IOKOPH KYWIAHHIUIM YacTOTa pPOCTIAarud OpKajld pPOCTIAHYBYHU

ACUHXPOH DJJIEKTp IpuUTMacu xopui KuiauHrad. Hatmwxkana “MAXAM -
23



CHIRCHIQ” AX 3aBoau cyB aiiaHUII TU3UMUHUHT HAcCOC Kypuimacu Oyitnya
vunura 379318 kBt*coar 25ekTp 2HEPrus MKTUCOJ KUJIWHTAH, MOJUSIBUM
camapagopiauk 125,6 MaH. CYMHU TalIKWJI 3TTaH.
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HAYUYHBIN COBET IO NPUCY KAEHUIO YUEHBIX CTEIIEHEN
DSc.03/10.12.2019.T.03.03 ITIPU TAIIKEHTCKOM
T'OCYJIAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE UMEHHA
NCJIAMA KAPUMOBA

TAINIKEHTCKUHN 'OCYJJAPCTBEHHbBIN TEXHUYECKUI
YHUBEPCUTET

JAYCMATOB PABIITAH KAMNJI’)KAHOBHUY

MOBBIIIEHUE SHEPT O ®®EKTUBHOCTH BBICOKOBOJILTHOM
HACOCHOHM YCTAHOBKH HA OCHOBE YACTOTHO-
PETYJIUPYEMOI'O ACHHXPOHHOI'O SJIEKTPOIIPUBO/JIA

05.05.02 — «DneKkTpoTEXHUKA. DIECKTPOIHEPIETUICCKUE CTAHITUU, CUCTEMBI.
DNEKTPOTEXHUYECKUE KOMIUIEKCHI U YCTAHOBKNY

ABTOPE®EPAT JJUCCEPTALIMU TOKTOPA ®UJIOCODPUH (PhD)
MO TEXHUYECKUM HAYKAM

Tamxent — 2021
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Tema muccepranun xoxtopa ¢puinocopun (PhD) no TexHnyeckuM Haykam 3aperucTpupoBaHa
B Beicmeii arrectanmonnoi komuccnu npu Kadunere MunncrpoB Pecnyosinkm Y30exucran 3a Ne
B2020.4.PhD/T1325

Huccepranus BbinoHeHa B TalIKEHTCKOM TOCYIapCTBEHHOM TEXHWYECKOM YHHUBEPCUTETE MMEHH
Hcnama Kapumora.

ABTOpedepaT auccepTalM Ha TpeX s3bIKax (y30EKCKHH, PYCCKUH, aHTIMUCKUI (pe3ome))
pa3mMerieH Ha BeO-ctpanuile Haywynoro cosera (www.tdtu.uz) u MH)opMannoHHO-00pa3oBaTEIbHOM
noptaine «ZiyoNet» (wWww.ziyonet.uz).

HayuHblii pyKOBOIMTE/Ib: L
JIOKTOP TEXHUYECKHX HayK, Ipodeccop

OduunanbHbie ONMMOHEHTHI: Toupos Onumikon 3yBypoBHY
JIOKTOP TEXHUYECKHX HayK, Ipodeccop

Apunos Hazup:xon MykappamoBu4
JIOKTOP TEXHUYECKUX HayK, Ipodeccop

Benyuias opranusanus: Hagowuiickuii rocy1apcTBeHHbINH IOPHbI
HHCTUTYT
3amuTa AUCCEPTAIIUH COCTOUTCS « » 2021 . 4yacoB Ha 3acenanuu HayaHoro

coera DSc.03/10.12.2019.7.03.03 npu TamkeHTCKOM TOCyIapCTBEHHOM TEXHHYEC-KOM YHHBEPCHTETE.
(Anmpec: 100095, r.TamxkeHnT, yia. YHuBepcuterckas, 2. Tem: (99871) 246-46-00; daxc: (99871) 227-10-
32; e-mail: tstu_info@tdtu.uz)

C nwMccepraiiueii MOXKHO O3HAaKOMHUThCS B HH(pOpMalMOHHO-pECYpCHOM IeHTpe TaIlKeHTCKOro
TOCYIapCTBEHHOT'O TEXHUYECKOTO YHUBEPCUTETA (PETUCTPAIIMOHHEIN HOMED ). (Ampec: 100095, T.
TamkenT, yn. YauBepcurerckas, 2. Ten.: 246-03-41)

ABTOpedepar quccepTaimy pa3ociiaH « » 2021 .
(mpoTokox pacchUIKH Ne « _ » OT « » 2021 r.).

K.P. Ajitae

IIpencenatens Hayunoro cosera mo
IPUCYXKICHHUIO YUEHBIX CTEIeHEH,
I.T.H., mpodeccop, akaaeMHIK

0.X. Nmnazapos
VYuenslii cekperaps Haydnoro coBera
[0 IPUCYKJICHUIO YUEHBIX CTENeHeH, 11.T.H., mpodeccop

M.HU. Ubanynnaes

[pencenarens Hay4HOTO CEMUHAPA
IPY HAY9HOM COBETE 110 NPHCYKICHUIO
YUYEHBIX CTEIEHEMH, I.T.H., Mpodeccop.
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BBEJIEHUE (AHHOTALUS TUCCEPTALIUU IOKTOPA
®UJI0OCOD®UHU (PHD))

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbl JuccepTanuu. B Mupe ocoboe
BHUMaHUE  YJIEJSeTCS  ONpeleNieHuI0  AHeprodPpGeKTUBHOCTH HA  OCHOBE
ONTUMM3AIMU  DHEProcOEperamImmux  pekKUMOB  YaCTOTHO-PETYIUPYEMOTO
BBICOKOBOJIBTHOI'O ~ ACMHXPOHHOT'O  AJIEKTPOIPUBOJA HACOCHOIO  yCTpPOMCTBA.
CeronHst B pa3BUTHIX CTPAHAX «... MHULMATUBBI M0 MOBBIILIEHUIO 3P(HEKTUBHOCTH
AIIEKTPOHACOCHOTO  OOOpYAOBAaHUS  SABIISIIOTCS  KIIOYEBBIM  pPELICHUEM IS
CHI)KEHMSI TIOTPEOJICHHs SHEPrMM M B TO K€ BpeMs OOpbObl C Triao0aJbHBIM
BO3/JICHCTBUEM Ha OKpYXKawinyio cpeny. HacocHoe obopymoBaHue, 0COOEHHO
IIEHTPOOEKHBIE HACOCHI, OTPeOIsAeT 0Koto 20% MUPOBOii dHeprun.»' B cBs3m ¢
3TUM 0cO000€ BHHUMAHHME YJENISETCS COBEPIICHCTBOBAHUIO BBICOKOBOJIBTHOIO
HAaCOCHOTO  00OpYJIOBaHHSA C YacCTOTHO-PETYJIMPYEMBIM  3JIEKTPONPUBOIOM,
oOecreynBaroiero 3HeprodhPeKTUBHbINA PEXKUM pabOTHI.

[lo Bcemy MHpy BemyTcsi HCCIEIOBaHUS 1O pa3paboTKe alropuTMa
YaCTOTHOTO  PETYJIMpPOBAaHUS  HACOCHBIX  YCTPOMCTB  BBICOKOBOJBTHOTO
ACUHXPOHHOTO JJIEKTPONPHUBOAA, a TaKXKe TOYHOro M OBICTPOro pacuera HX
TEIUIOBBIX TporeccoB. MccnenoBanus B 3TOW 00JacTH, B TOM YHCJIE MOBBIIICHUE
SHEProd(P(HEeKTUBHOCTH  BBICOKOBOJBTHBIX ACHHXPOHHBIX  3JIEKTPOMPHUBOIHBIX
HACOCHBIX arperaToB Ha HACOCHBIX CTAHUUSIX, SBJISIIOTCS IPUOPUTETHBIMU. B TO ke
BpeMsi pa3paboTka M COBEpIICHCTBOBAHUE AJTOPUTMOB TOYHOTO M OBICTPOTO
pacyera TEIUIONPOBOAHOCTH CTalld CTAaTopa, OOMOTKM CTatopa H poTopa
AJIIEKTPONPUBO/IA B HACOCHOM OOOpPYAOBaHUHU TaKXKe SBISIOTCA aKTyaJbHBIMU
3a/1a4aMH.

B Crparerun peiictBuii 1o JanpHeiemMy pas3BuTuio PecrnyOiuku
V36ekucran Ha 2017-2021 Toabl ompeaeneHbl 3aladyd  «... COKpaIleHUs
SHEPrOEMKOCTH U PECYPCOEMKOCTM HSKOHOMHMKH, IIHPOKOE BHEJIPEHHUE B
MIPOU3BOJICTBO IHEPTrOCOEPETAIONINX TEXHOJOTUH, pEATU3yeMbIX IO IIEJIEBbIM
mapaMeTpaM CHIDKEHHS DHEPrOEMKOCTH B OTPACIAX DKOHOMMKH»Z. Peammsanms
TUX 3a/ay, BKIIOYas [OBBILICHHE HAJEKHOCTH pabOThl IepeKavyrBaIOIINX
HACOCHBIX YCTaHOBOK, yJIy4IlIEHHE TEXHUKO-3KCILTyaTal[MOHHBIX u
sHeprocOeperaromx noxkazaresei, odecrnedyeHrne TeXHUUYECKOro U S3KOHOMHUYECKU
O00OCHOBAaHHOTO IUIAHMPOBaHMsI UX paboOThl, BO MHOIOM  OIpPEAEIAETCS
pa3pabdOTKON HOBBIX TEXHUYECKUX PEIICHHH aBTOMATHU3UPOBAHHBIX YAaCTOTHO-
PETYIMPYEMBIX 3JIEKTPOIPUBOAOB HACOCHBIX YCTAHOBOK, YTO HECOMHEHHO
ABJIAETCS OJHOM U3 BOCTPEOOBAHHBIX aKTyaIbHEHIINX 3a1a4.

JlaHHO€ IHCCEepTallMOHHOE MCCIIEIOBAHUE B ONPEAEICHHOW CTENEHHU CIIYKUT
BBIIIOJIHEHUIO ~ 3aJlay, MPEeAyCMOTPEHHbIX B MocTaHoBieHMsIX IIpesuaenta
PecnyOnuku Y30ekucran Ne I1I1-3012 ot 26 masa 2017 roga «O nporpamme mMep
Mo JajdbHEWIIEMY pa3BUTHUIO BO30OHOBISEMOM OSHEPreTHKH, MOBBIIICHUIO
SHEprod(PPHEeKTUBHOCTH B OTPACISAX KOHOMHUKH M coluainbHOM cdepbl Ha 2017-

thttps://www.sciencedirect.com/science/article/pii/S0306261916311576
2Vkas3 Ipesunenta Peciy6nukn V36exucran Ne TIIT - 4947 or 7 ¢espans 2017 rona «O Crparernn neicTemii mo
JanpHeimeMy pa3Butuio Pecrryonuky Y30ekucTan»
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2021 roms», Ne TIIT-3238 ot 23 asrycra 2017 roma «O mepax aaidbHEWIIEMY
BHEJIPEHUIO  COBPEMEHHBIX  OSHEProdP(eKTUBHBIX U  DHEProcOEperaronux
texHonoruit»y u  IloctanoBnenuss Kabunera MunuctpoB Pecnybnuku
V3b6ekucran Ne 1042 ot 26 nekabps 2018 roma «O Mepax MO MOITAITHOM
MOJIEPHHU3AIMN M 3aMeHE (PU3MYCCKH W MOPAJIBbHO YCTAPEBIINX HACOCHBIX
CTAaHIMM, AaBTOMATU3AIMM SKCIUTyaTallMd W YIPABICHUS HACOCHBIX CTaHIUN
Opra"u3aluii B CHUCTeME MHHHUCTEPCTBA BOJHOrO Xo3siicTBa PecnyOinku
VY306ekucTan», a TAKXKe B IPYTHX HOPMATHBHO-IIPABOBBIX JTOKYMEHTAX, MPUHATHIX
B 3TOM cepe.

CooTBeTcTBHE HUCCIEA0BAHUS MPHOPUTETHLIM HAINPABJIEHUSIM Pa3BUTHUA
HAYKM W TeXHOJOruii pecnmy0JuKH. J[aHHOE WCCIEIOBAHUE BBITIOJTHEHO B
COOTBETCTBUM C TMPHUOPUTETHHIM HAINPaBICHUEM Pa3BUTHS HAYKH W TEXHOJOTUM
pecnyonuku: II. «DHepreTuka, sHEPro- U pecypcocoepekeHue.

00630p 3apy0e:KHBIX HAYUYHBIX HCCJIEIOBAHMI 10 TeMe TUCCEePTALUM.

Hayunbie wuccnemnoBaHusi, HalpaBJICHHbIC Ha TOBBIIICHHE YHEPreTUYECKOMN
3 PEKTUBHOCTH TEXHOJIOTUN MPOU3BOJICTBEHHBIX MTPOIIECCOB HA OCHOBE YaCTOTHO-
PETYIMPYEMOTO  BJEKTPONPUBOJA M Ha pa3pabOTKy CHUCTEM YIpaBJiICHHS
TEXHOJIOTUYECKMUMHU  TPOIeCCaMH, a TakKe Ha BHEJIPEHHUE DHEPro- W
pecypcocOeperaronux TeXHOJOTHM, TTPOBOAATCS BO MHOTHUX HAay4YHBIX I[EHTpax H
BBICIITUX 00pa30BaTeNIbHBIX YUPEKICHUSIX MHpa, B ToMm uucie, B California
Institute of Technology (CILIA), University of Texasat Austin (CIIIA), Imperial
College London (Anrmus), University of Cambridge (Bemuxobpuranus), TU
Dortmund University (I'epmanusi), Dresden University of Technology (I'epmanusi),
McGill University (Kanana), Schneider Electric (®pannusi), Hyundai Heavy
Industries Co (Kopes), Kyushu University (Snonust), Kopmnopamus Tpuon
(Poccust), MockoBckuii  sHepretuueckuii  MHCTUTYT  (Poccust), Tomckuit
nosurexuu-uyeckuit yausepcuret (Poccust), OOO «HaydHO-TEXHHMUECKUN LIEHTPY,
TamkeHT-CKU WHCTUTYT WHXKEHEPOB HppUTallMd W MEXaHU3alUU CEJIbCKOTO
XO3SIMCTBA,  TaIIKEHTCKUM  TOCYJApPCTBEHHBIM  TEXHUYECKUW  YHUBEPCHUTET

3

(Y306ekucran).
B pesynbraTe MHUpPOBBIX HCCIEJOBAaHWUN IO COBEPIICHCTBOBAHUIO W
BHEJIPCHUIO  DHEProcOeperammmux  TEXHOJOTHH,  METOJOB  YIPABIICHUS

TUAPOMEXAHUUYECKUMH U 3JIEKTPOMEXAHUYECKUMH OOOpPYAOBAaHUSMHM HACOCHBIX
YCTAHOBOK IMOJY4YEH pPsJ HAy4YHBIX pE3YyJbTAaTOB, B TOM YHCIE pa3pabOTaHBbI
YaCTOTHO-PEryJIUPYEMBIE 3JEKTPONPUBOALI HACOCHBIX YCTAaHOBOK Ha OCHOBE
coBeplieHCTBOBaHUsl anroputMa ympasieHust (University of Cambridge,
BenukoOputanwusi); pa3pabOTaHO ONTHMAIILHOE YIIPABICHUE TEXHOJIOTHYECKUM
MPOLIECCOM CPEACTBAMHU pEryiaupy-emoro sinekrtpornpuBoja (Aalborg University,
Jlanus); : HEUYETKHMH  JIOTMUCCKMH  TOAXOA  JUIS  DHeprocOeperarorimx
ANEKTPONPUBOAOB  00IIEeNpOMbIIUIEHHBIX MexaHu3MoB (McGill  University,
Kanana); mnTerpupoBanHasi uHQOpMAIIMOHHAS CUCTEMA SHEPTOTEXHOJIOTMYECKOTO

30630p 3apy0eKHBIX HAyYHBIX HCCIENOBAHMH MO TEME JUCCEPTANMM  BBINONHEH HA  OCHOBE
https://www.twirpx.com, http://cyberleninka.ru, www.researchgate.net, https://uc-ciee.org, http://www.sci-hab.la,
www.dissercat.com, http://elibrary.ru u Apyrux HCTOUHHKAX.
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menexmenTa (Schneider Electric, ®panuus); aBTOMaTU3UPOBAHHBIE CHUCTEMBI
yOpaBi€HUS  CJIOKHBIMM  TEXHOJIOTUYECKMMH  TpolleccaMd  Ha  OCHOBE
WHTeUIeKTyanbHbIX TexHomoruil (Data Flow Systems, Inc., CIIIA).

B MupoBBIX HCCaeA0BaHUAX MO pa3pabOTKe IHEPro- U pecypcocOeperarmmnx
peXKUMOB (DYHKIITMOHUPOBAHUS THUIPOMEXAHUYECKOIO OOOpPYAOBaHUS U DJIEKTPO-
MPUBOJOB HACOCHBIX YCTAHOBOK, TII0 TOBBIIICHUIO HHEPTrod)PEeKTUBHOCTH
TEXHOJIOTMYECKOT0 Tpollecca UX BOJOMOJAYM, a TAKXKE MO Py MPUOPUTETHBIX
HalpaBJICHU TMPOBOASTCA HaydHble palOOThl MO pa3paboOTKe YacCTOTHO —
pPEryJIupyEMBIX  DJIEKTPONPUBOJIOB;,  pa3pabOTKEe ONTUMAaJIbHON  CTPYKTYpHI
yOpPaBICHUS YaCTOTHO — PETYJIHUPYEMbIM DJIEKTPOIPHUBOJOM; YCOBEPIICHCT-
BOBAHHMIO 3aKOHOB YAaCTOTHOTO YOPAaBICHUS TPU CKAUISIPHOM UM BEKTOPHOM
yIPaBICHUN ACUHXPOHHBIX 3JIEKTPOIBUTATEIICH.

CreneHb HU3y4YeHHOCTH TNpoOJieMbl. B HacTosimee Bpemss B cUCTEMax
MPOMBIIIJIEHHOTO, CEJIbCKOXO03SUCTBEHHOTO M KOMMYHAJIBHOTO BOJOCHAOXEHUS
pa3paboTaHbl ¥ BHEJIPEHBI YHEProcOEperaroIue TEXHOJOTHMH TpH peau3aluu
TEXHOJOTHMYECKOTO TMpoliecca BOAOMOJAAYM HACOCHOM YCTAaHOBKM Ha OCHOBE
YaCTOTHO —  PETYJIUPYEeMBIX  OJEKTPONPHUBOJOB B  dHeprocOeperarmmx
ABTOMATU3U-POBAHHBIX  CHCTEMax  HACOCHBIX  YCTaHOBOK. OO6mupHbBIC
UCCJICJIOBAHUS TIPOBOJIATCS B BEAYIIMX MHUPOBBIX UCCIEAOBATEIBLCKUX IEHTPAX W
BBICIITUX YYCOHBIX 3aBEJACHUSAX, B TOM 4YHCJI€ B MIOHXCHCKOM TEXHUYECKOM
yHuBepcutrere B ['epmanHnu, TamkeHTCKOM TOCYJApCTBEHHOM TEXHUYECKOM
YHUBEPCUTETE U IPYTHX YHUBEPCHUTETAX HAIIECH CTPAHBI.

Benymue yuensie mupa, B ToM uucie Cmur K., ®panx M., T'orrep I,
bynrakoB A.A., Uneunckuit H.®., llpeitnep P.T., benos M.IL., Kmwouer B.I.,
®urapo b. WU., bpacnasckuii N.4., Xanuu P., @tppeiipa O.J[x., Ayunrtp X.,
Cutmun I'.P., I'enpux B. u psin npyrux y4deHbIX M MPAKTHUKOB, B TOM YHCIIE
Puuaros B.B., ®nopunckuit M.M., MunaeB A. .B., Kapenun B.4l., FOupkoB M.T".,
JleznoB b.C., Yonkep K., SAucTM, Banbrepc JI.I'. mocBATHIN CBOU UCCIIEIOBaHUSA
TEOPETUYECKUM M NPaKTUYECKUM  3aJadaM  TUAPOMEXaHUYECKOro  u
AIEKTPOMEXaHUYECKOTO O00OpYAOBAaHHS HACOCHBIX YCTPOWCTB, MpeAHA3HAYCHHBIX
ISl TPAHCIIOPTUPOBKHU BOJBI U IPYTHX KUJKOCTEN U3 OJHOTO MECTa B IPYTOE.

MoOXHO OTMETUTh Hay4Hble pa0OThl  YYEHBIX Halleld pecnyOJuKu 10
BomnpocaM 3P(HEeKTUBHOTO UCTIOIB30BAHUS SHEPTOPECYPCOB B MIPOMBIIINICHHOCTH |
ONTUMU3AIMHU PEKUMOB d3HEepronorpedaeHus. Cpeau HUX akaJeMUKH XaMyaXaHOB
M.3., ®azuno X.d., AoaymraeB XK.A., Kamanos T.C., 'amumor A.A., AitaeB
K.P., 3axunos P.A., Hacupor T.X. ., mpodeccopa Cutraukos P.A., ApunoB H.M.,
XommumoB @.A., AnumxomkaeB K.T., booomxkanos M K., Xamynxanos M.3.

Hapsiny ¢ »95TuM, HecMOTps Ha  HUMEIOUIMECS  JOCTUXKEHUSA IO
paccMaTpuBaEMOMY BOTIPOCY, aHAIIN3 OIMYOJIMKOBAaHHBIX pa0OT MOKa3ail, 9TO B HUX
B HEJOCTAaTOYHON Mepe TMPOBEIEHbl  KCCIENOBAHUS IO  IOBBIIICHUIO
SHEpProd(PPEeKTUBHOCTU YACTOTHO-PETYIUPYEMBIX 3JIEKTPOINPUBOJOB HACOCHBIX
ycTaHoBOK. [Ipy 3TOM OOJBIIMHCTBO MPOBOJAMMBIX UCCIEAOBAHUNA OTHOCWIHCH K
W3YUYEHUIO HU3KOBOJBTHBIX ACUHXPOHHBIX AIEKTPONPUBOAOB
0O011IETTPOMBIILIEHHOTO Ha3HAYCHUSI. BricokoBOJIbTHBIE ACUHXPOHHBIE
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ANEKTPONPUBO/IA MMEIOT MHOTO OOILIEro MO KOHCTPYKTUBHOMY BBIIIOJIHEHUIO C
HHU3KOBOJIbTHBIMH ACHHXPOHHBIMHU 3JEKTPONPUBOAAMH, HO HaApAAY C 3TUM OHHU
Takke 00J1aJ]al0T CBOMMH SIBHO BBIPAXKEHHBIMH CIIEHUPUISCKUMU OCOOCHHOCTSIMH,
KaKk B KOHCTPYKTMBHOM HCHOJIHEHWH, TaK U B HX TEXHOJOTMYECKUX PEKHUMAX
AKCIUTYaTalHH.

CBs3b 1HUCCEPTALMOHHOIO HCCJIEAOBAHUSA C IVIAHAMM HAY4YHO — MCCJIe10-
BaTEJbCKHUX PadoT BpICHIEr0 Y4YeOHOro 3aBeJeHHsl, Ie¢ BbINOJHEHA
auccepranus. /[rcceprallmOHHOE MCCIEN0BAaHUE BBINOJIHEHO B paMKax IiaHa Ne
OT-®2-62 HayuyHO-UCCIEA0BATEILCKON paboThl 0 TeMe «Pa3paboTka U co3gaHue
AHEProcoeperaroumx TEXHOJIOTUI Ha 0aze aBTOMAaTU3UPOBAHHBIX
ANEKTPONPUBOJOB €  MHUKPOIPOLIECCOPHBIM  YIPABICHUEM W  IOBBIIICHUE
HHEProdP(HEeKTUBHOCTH DJIEKTPUUYECKUX MAIIUH U KaOeabHOro oO0OpYyAOBAHUS»
(2017-2020 rr.), npoBoauMOi B TalIKEHTCKOM TOCYAapCTBEHHOM TEXHUYECKOM
YHUBEPCUTETE.

Hear wuccaenoBanmusi: Pa3zpaborka u  mpakTUYECKas — pean3alius
palMOHAIBHBIX IO SHEPTONOTEPSIM METOJIOB UCCJIEAOBAHUS OCHOBHBIX PEKUMHBIX
napaMeTpoB YaCTOTHO-PETYIHPYEMBIX BBICOKOBOJIBTHBIX ACHHXPOHHBIX
AIEKTPONPUBOIOB HACOCHBIX YCTAHOBOK.

3apaum ucciae0BaHUSA:

- a”Haiu3 HEOOXOIMMBIX M JIOCTATOYHBIX YCJIOBUM peaau3alid 3HEpPro-
coeperaroux peXKUMOB pabOThl YAaCTOTHO - PErYJIMPYEMOTO BBICOKOBOJIBTHOTO
ACHHXPOHHOTO 3JIEKTPONPHUBO/IAa HACOCHOW YCTAaHOBKH;

- pa3paboTka METOAMKH OIpPEACICHUS MEXaHMYECKUX, DIICKTPUUECKHX U
DHEPreTUYECKUX  [apaMETPOB  YAaCTOTHO-PETYJIUPYEMOTO  BBICOKOBOJIBTHOTO
ACHHXPOHHOTO 3JIEKTPOIPUBOJIa HACOCHOM YCTAHOBKH MPU PA3JIMYHBIX 3HAYEHUAX
€ro MEXaHU4YECKON Harpy3Ku;

- pa3paboTka MeToJa pacdeTra TEIUIOBBIX IIPOILIECCOB, NPOTEKAIOIINX B
YaCTOTHO-PETYJIMPYEMOM  BBICOKOBOJIBTHOM ~ aCHHXPOHHOM  3JIEKTPOIPUBOJE
HAaCOCHOM YCTaHOBKHM, HA OCHOBE NPUMEHEHHUS SKBUBAJICHTHBIX TEIJIOBBIX CXEM U
CUTHAJILHO-TIONIIOCHBIX TpadoB;

- pa3paboTka b yHKIIMOHATBHON CXEMBI ’HEprocOeperaromiero
ABTOMATHU3UPOBAHHOTO YaCTOTHO-PETYJIMPYEMOTO AJIEKTPONPUBOAA HACOCHOU
YCTaHOBKM U IPOBEICHUE OSKCIEPUMEHTAIBHBIX MCCIEAOBAHUN €r0 PEXUMOB
paboThl C BbIJAYEH COOTBETCTBYIOIIMX PEKOMEHIAUUA ISl MPAKTHYECKOTO
MIPUMEHEHMUS.

O0bekTOM  HCCJIeIOBAHMSA  SIBIIFOTCS.  BBICOKOBOJIBTHBIE ~ YACTOTHO-
pEryJIMPYEMbIE ACHHXPOHHBIE JIEKTPOIPUBOABI HACOCHBIX YCTAHOBOK.

Hpeameramu HUCCJIeI0BAHUSA ABJISIOTCS YaCTOTHO-PETYIUPYEMBIN
AIIEKTPOINPUBOJI, SHEProcOeperaronme padoure peKuMbl, (PYHKITMOHAIbHAS CXeMa
ABTOMATHU3UPOBAHHOTO  BBICOKOBOJBTHOTO  ACHHXPOHHOTO  BJIEKTPONPUBOAA
HAaCOCHOM YCTAaHOBKH, METObI pACUETA TEILIOBBIX MPOLIECCOB AJIEKTPONPUBOA.

MeTtoasbl HCCJIeIOBAHUS. Hcnonb3oBanuce METO/IbI pacuera
AIEKTPOMEXAaHUYECKUX W TUJPOMEXaHUYECKUX TMOKa3aTeneld paboThl HACOCHBIX
YCTaHOBOK HAa OCHOBE TE€OPUH ANEKTPUYECKUX MAIIWH U SJIEKTPONPHUBOJIA, TEOPUU
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HarpeBa AIIEKTPUYCCKHUX MaITuH u ONTUMAJIEHOTO yTIpaBIICHUS
ANEKTPONPUBOIaMH. PacueThl, TOJyYCHHBIE HA OCHOBE MaTeMaTHYECKOTO
ammapara ¢ HMCIOJb30BaHHEM TpadoB, MATPUUYHBIX W HMTEPAIMOHHBIX METOJIOB,
MIPOBEPEHBI 1a00paTOPHBIMHU u HATyPHBIMH AKCIIEPUMEHTATLHBIMHU
MCCJICTIOBAaHUSIMH HA ICUCTBYIONINX HACOCHBIX YCTAaHOBKAX.

Hayuynasi HOBHM3HA  pe3yJbTaTOB, TIOJYYCHHBIX B  JUCCEPTaIUH,
3aKIJII0YAETCS B CIICIYIOMIEM:

- pa3paboTaHa METOAMKA pacueTa OCHOBHBIX MapamMeTPOB BBICOKOBOJIBTHOTO
YaCTOTHO-PETYIUPYEMOTO aCHHXPOHHOTO AJIEKTPONPUBOJIa HACOCHOW yCTaHOBKHU
JUTSL CTAITAOHAPHOTO PEeKMMa PabOThI ¢ PAa3TMYHBIMU 3HAUYCHHUSIMH MEXaHHYCCKOM
Harpy3kd Ha Bally, KOTOpas TIO3BOJIAET ONPeACHHTh  3PHEKTUBHOCTH
DHEPreTUYCCKUX  IMOKa3aTeJIe  DIICKTPOMEXaHWYECKOM CHCTEMBI  HAaCOCHOM
YCTAaHOBKH TIPH Pa3IMIHBIX YaCTOTAX;

- pa3paboTaH aJropuT™M pacyeTa NPEBBIIICHUS TEMIIEpaTyphl OOMOTKH
cTaTtopa, CTajlW CTaTopa M POTOpa YaCTOTHO-PETYIMPYEMOr0 aCHHXPOHHOTO
AJICKTPOIPUBO/Ia, KOTOPBIH JaeT BO3MOXKHOCTD IMOJIYYUTh C BBICOKOW TOYHOCTHIO U
OBICTpOJICHCTBHEM 3HAYCHHE MOMEHTA CONTPOTUBIICHUS TP PA3JIMUHBIX 3HAUCHHUSX
4acTOTHI;

- pa3paboTaHa METOAHMKA pacyera TEIIOBBIX IMPOIECCOB BBHICOKOBOIBTHOTO
YaCTOTHO-PETyIUPYEMOT0 aCHHXPOHHOTO 3JIEKTPOIIPUBOJIa HA OCHOBE CHUTHAIBLHO-
MOJIOCHBIX TpadoB W WX HMHBEPCHHU, KOTOpash IIO3BOJIAET  OMPEICIHTh
DHEPreTHUYECKUE TOTEPU B TEIUIOBBIX PEXHMaX C Y4ETOM PEKHMOB pPaOOTHI
PEeTyIMPYEeMOT0 aCHHXPOHHOTO 3JIEKTPOIPUBO/IA;

- YCOBEpIIEHCTBOBaHA (DYHKIIMOHAIBHAS CXeMa BEICOKOBOJIBTHOTO HACOCHOTO
arperara ¢ YaCTOTHO-PETYJHPYEMBIM 3JICKTPOIPUBOAOM, OOecIedrBaroniasi
sHeprodpdekTuBHy0 paboTy, Ha 0a3e YaCTOTHOIO peryiasaTopa U JaTYUKOB,
PETUCTPUPYIOIINX TEIUIONepeIauy.

IMpakTHyeckue pe3yabTaThl HCCAETOBAHHMS 3aKIIOYAOTCS B pa3paboTKe
WH)KCHEPHOH METOJMKH pacueTa OCHOBHBIX I1apaMETPOB BBICOKOBOJBTHBIX
JaCTOTHO-PETyJTUPYEMBIX ACHHXPOHHBIX 3JICKTPOIPUBOJOB JUISI CTAIIMOHAPHBIX
PEXKUMOB WX (YHKIMOHUPOBAHUS TMPHU PA3TUYHBIX 3HAUYCHUSX MEXaHHMYECKHUX
Harpy3oK.

JloCcTOBEPHOCTDH Pe3yJIbTATOB MCCAEA0BAHNI MTOATBEPKIACTCS BHIBOJAMU H
peKOMEHJausIMU, OOOCHOBAaHHBIX TPUMEHEHHEM COBPEMEHHBIX METOJIOB
MCCJIeIOBaHUSI, OCHOBAaHHBIM HAa CHUCTEMHOM aHaJH3€, KOPPEKTHBIM MPUMEHEHUEM
MaTeMaTUYeCKUX METOJOB M Mojenel. JIOCTOBEPHOCTh TaKkKe MOJITBEpPKIACHA
MyTeM CpPaBHEHHUS PACUYECTHBIX M DKCIIEPUMEHTAJbHBIX JAHHBIX, MOJTYYEHHBIX B
MpoIlecCe HWCCIEAOBAHMA Ha HACOCHBIX YCTAaHOBKAaX, C HCIOJb30BaHHEM
cepTuGUIMPOBAHHBIX H3MEPUTEIBHBIX MPHUOOPOB.

Hayuynasi u npakTHYecKasi 3HAYUMOCTH Pe3yJIbTATOB HCCIeI0BAHMUM
3aKJTFOYAETCS B CIEAYIONIEM:

- ONpeaeNieHbl PEKUMHBIC TapaMeTPhl, TOBBIIIAIONINE JHEPTETHICCKUE
MOTepH B HACOCHBIX yCTAaHOBKAaX MPH MX pabOTe B PEKUMAaX OTIUYAIONINXCS OT
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HOMUHAJILHOTO, a TaK)K€ MOKa3aHbl MyTH YMEHBIICHUS SHEPTEeTUYECKUX TOTEPH 3a
CYET NPUMEHEHHUS SKOHOMUYHOTO Crioco0a yrpaBieHuUs;

- ONpelelieHbl U TMPOAHAJIU3UPOBAHBI OCHOBHBIE DJIEKTPUYECKHUE U
SHEPreTUYECKUE napamMeTpsl YaCTOTHO-PETyJIHUPYEMOTO ACHHXPOHHOTO
AJIEKTPONPUBOIA U PA3IMUHBIX 3HAYEHU MOMEHTa CONpPOUBJICHUS HA Baly
JIBUTATEJIS;

- Ha OCHOBE Tpa)oBOM MOJEIM IKBUBAJICHTHBIX TEIUIOBBIX CXEM pa3paboTaH
KOMITBIOTEPHO-OPUEHTUPOBAHHBI METOJI pacyeTa YCTAaHOBUBIIETOCA pPeXUMa
Harpesa YaCTOTHO-PETyJIUPYEMOTO ACHHXPOHHOTO AIEKTPONPUBO/IA,
oOecrnieynBalOIMUi  MPOCTOTY Y HAIVBIAHOCTH TMPOBEJCHUS KCCIECIOBAaHUN U
BBIYMCJIICHUN KaK TEIUIOBBIX IMapaMeTpOB, TaK M BEJIUYUH MPEBBIIICHUS
TEMIIEPATyp TETJIOBBIX TEI.

- pazpaboraHa ¢GyHKIMOHAJIbHAS CXE€Ma aBTOMATHU3UPOBAHHOTO YacCTOTHO-
pPEryJIupyeMOro  BBICOKOBOJBTHOTO  ACHMHXPOHHOTO  DJJIGKTPONPHUBOJA  C
ONTUMU3AIMEH €€ JUHAMUYECKUX W CTAaTUYECKHX PEXKUMOB PAOOTHI, a TaKkxKe
BbIPaOOTaHbl MPAKTUYECKUE peKoMeHAau d(H(PEKTUBHOTO €ro MPUMEHEHUS ISl
HACOCHBIX YCTAaHOBOK TE€PEKauYMUBAIOIINX HACOCHBIX CTAHITUH.

OCHOBHBIM  TPAKTUYECKUM HUTOTOM pabOThl  SABISIETCS OOOCHOBaHHE
peKOMeHJaIMi MO0  ONTHUMaJbHOM  JKCIUTyaTalldd  aBTOMATHU3MPOBAHHBIX
BBICOKOBOJIBTHBIX YaCTOTHO-PETYJIMPYEMBIX ACHHXPOHHBIX DJIEKTPOINPHUBOJIOB C
peanuzanuell 3KOHOMUYHOTO YacCTOTHOTO VYHIPABJIEHUS 3JIEKTPONPUBOAOM, C
Y4E€TOM HU3MEHEHHMS TEXHOJOTHMYECKUX MapaMeTpOB HACOCHOW YCTAHOBKH, a TAKKE
DHEPreTUYECKUX W  TEIUIOBBIX MAapaMeTpoB JUIA  pa3IMYHbIX 3HAYECHUH
MEXaHUYECKOW Harpy3Ku Ha BaJly JBUTATES.

BHenpenue pe3yabTaToB HcciaegoBaHusa. Ha oCHOBaHMM Hay4HBIX
pEe3yJAbTaTOB  COBEPIICHCTBOBAHUS  YACTOTHO-PETYIUPYEMOTO  ACHHXPOHHOTO
ANEKTPONPUBOA:

aNrOpUTM pacuera NPEBBILICHUS TEMIEpPaTypbl YacTOTHO-PETYIUPYEMOro
acuHXpOHHOro 3nekTponpuBoja BHeapeH AO «MAKCAM - UYNPYUUK» (cripaBka
AO «Y3kumnocanoat» Pecnyonuku Y30ekuctan ot 21 oktsiops 2019 r. Ne 03-
6520). B pesynbrare ynamoch B 2 pa3a COKPAaTUTb BpEMsl pacyeTa TEeIJIOBBIX
MIPOLIECCOB HACOCHOTO YCTPOMCTBA U MOBBICUTh YPOBEHb TOYHOCTH;

sHeprocOeperarmmue peKUMbl  pabOTBI  BBICOKOBOJIBTHBIX ~ HAaCOCHBIX
yctpoiictB  BHenpeHol B AO «MAKCAM - UHNPUUK» (cmpaBka AO
«Y3kumuocanoat» Pecniyonuku Y30ekucrtan ot 21 okta0ps 2019 r. Ne03-6520). B
pe3yiabpTaTe MoTpeOJICHHE SJISKTPHUCSCKON dHEPruud B TOJl CHU3MIOCh Ha 379 318
KBT-4;

BBICOKOYACTOTHBI YaCTOTHO-PETYJIUPYEMBIM ACUHXPOHHBINA 3JIEKTPONPHUBOI
BHenpeH B AO «MAKCAM - UUPYUYHMK» (cnpaBka AO «Y3KHUMHOCAHOATY
Pecriyomuku Y30ekuctan ot 21 oktsa6ps 2019 roma Ne 03-6520). B wutore
COKOHOMJIEHO 125,6 MITH. CyM.

AnpoGauust pe3yJibTATOB HCCJeI0BaHMA. Pe3ynbTaThl HCCleI0BaHUS
JOKJIAJBIBATUCH U OOCYXKIATUCh HA HAYYHO — TEXHUUYECKUX KOHPEPEHIUIX, B TOM
yucie Ha 6 MexXAyHapoAHBIX U 1 pecnyOIuKaHCKOM KOH(GEPEHLIHSIX.
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IMyoukanuss pe3yabraToB wucciaegosanusa. I[lo Teme auccepranuu
onmyOnukoBaHo Bcero 11 HayuyHsix paboT. M3 HUX 4 Hay4HBIX CTaTeil, B TOM 4YHUCIe
3 B pecnyOnukaHckux U 1 B 3apy0exHBIX >KypHalax (M3 HUX 1 crTarhd
OIMyOJIMKOBaHAa B KypHaJle MHAEKCUPYEMOM B 0a3e Scopus), peKOMEHJIOBAHHBIX
Briciieil arrecrannonHoil komuccuel PecriyOnuku Y30ekuctan o myOJuMKanusx
OCHOBHBIX Hay4YHBIX PE3yJIbTaTOB, a TAKXKe MO/JaHa 1 3asiBka Ha U300peTeHHE.

CtpykTypa u o0bem auccepranmu. J(ucceprainronHas paboTra COCTOUT U3
BBEJCHUS, ISATH TJIaB, 3aKJIOYEHMs, CIIMCKA HCIOJIb30BAaHHON JINTEPATYPBHI,
npuioxkennit. O6bem auccepranuu cocrapiseT 113 cTpanuil.

OCHOBHOE COIEPKAHUE JUCCEPTALIUN

Bo BBegeHmm 00OCHOBaHa akTyaldbHOCTh PabOTHI, OCBEHIEHO COCTOSHUE
BOIpoca, chopMyTUpOBaHBI LIETb U 3a7a4l HCCIICI0BaHUS, JaHbl XapaKTePUCTUKU
O0OBEKTY W TIPEIMETY UCCIEeIOBaHUs, IO0Ka3aHO COOTBETCTBUE HCCIEIOBAHUS
MPUOPUTETHBIM HAIPaBJICHUSM DPa3BUTHS HAYKH W TeXHOJOruil B PecmyOiuke,
U3JIOKEHbl Hay4yHasi HOBU3HA M TMPAKTUYECKHE Pe3yJbTaThl HCCIEOBaHMUS,
000CHOBaHa JIOCTOBEPHOCTh, TEOpETUYECKas U TPaKTUYECKash 3HAYUMOCTD,
IPUBEJICHBI CBEJCHUS 00 BHEAPEHUSX PE3yJbTATOB HAYYHBIX MCCIICIOBAHHUI B
IIPOU3BOJICTBO U YUCOHBIN MpoIiecc.

B mepBoit rmase «OBLHIUE BOIIPOCHI SHEPI'OCBEPEXEHHUS B
ACHUHXPOHHBIX DJIEKTPOIIPUBOJAX» mnpoaHaIM3UupOBaHbl OCHOBHBIC
HAIPABJICHUS] TIOBBIIICHUS JHEPreTU4eckoil APGEeKTUBHOCTH ACHHXPOHHBIX
AIEKTPONPUBOJIOB.

Ha puc. 1 mokazansl XapakKTepUCTUKH MPOU3BOJUTEIHHOCTH HIEHTPOOEHKHOTO
Hacoca IpH JAPOCCEIBHOM M 4acTOTHOM perynupoBanHuu. Kpusas 1 xapakrepusyer
paboTy HEperyIupyeMoro 3JIeKTPONPUBOia HA HOMUHAIBHONW YacTOTE BPAICHUSA,
KpuBas 3 ompenensieT padoTy MarucTpaid MPU TMOJHOCTHIO OTKPBHITOW 3aCIIOHKE.
3HaueHUsl pacxoda M Hamopa BOJbI MPUBEAEHbI HAa pPUC. | B OTHOCHUTEIBHBIX
EAMHUIAX TPU HUCIMOJB30BAHUU B KAdyeCTBE 0a30BbIX BEIMYMH HOMUHAIBHBIN

pacxon Q,, u HomunanbHbll Haop H,,, . IIpy HOMUHAIBHOM pacxoje U Hamope

Hacoc paboraeT B TOYKe A, a MONIIHOCTh, TNOTpedisieMass HacocoM,
MponopuroHanbHa 1iomanu npsamoyroiabHuka 0 KAL Jlnsg npumepa mokaszaH

pacxon Boasl, cocrassrommii 0,6 H, . 3a cuer gpoccembroro perymuposanus
MIPOUCXOJUT U3MEHEHHUE CONPOTUBRIICHUSI MarucTpaiu (Kkpusas 4).

H'Hnomn
/4
/
_ B
L5 7
10K L A
AN
N. ~

| F |L
0,5 0 L5 Q/Quom

Puc. 1. XapakTepucTHKH MPOU3BOAUTEIBHOCTH IIEHTPOOEKHOT0 Hacoca
IIPH IPOCCENBHOM U YaCTOTHOM PEryJIMPOBAaHUU

0
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Hacoc paboraer B Touke B kpuBoii 1,470 NpUBOIUT K BO3PACTAHUIO HANOpa,
KOTOpPbI ~ CTAaHOBHUTCS  OOJIbIIE HOMHMHAJIBHOIO, a MOIIHOCTh  Hacoca,
npornopuuonanbHas — rromaan  npsmoyroashuka  QDBF | mecymectsenno
OTIMYAETCs OT MOIIHOCTH, MNOTpPeOasieMOd TP HOMHUHAIBHOM pacxofe,
CJIeI0BaTEIbHO, U HPHEPronoTPEOICHUE MPU YMEHBIIEHHOM PAacXoAe H3MEHSETCS
HE3HAYUTEIBHO UM IPAKTUYECKU HE U3MEHSIETCS.

[Ipu npoccenbHOM peryaupoBaHUM pacxoja (MoJayd) BOABI BO3pPACTaeT
Hamop (maBieHWE) B CHUCTEME UM NPAKTUYECKH HE YJAeTCs CHU3UTH
sHepronorpedsienue. IlokazaHo, 4YTO MNPUMEHEHHE YaCTOTHO-PETYIUPYEMOIO
ACUHXPOHHOTO 3JIEKTPONPUBOJA B HACOCAX CIOCOOCTBYIOT HE TOJBKO 3KOHOMMH
ANEKTPO’HEPTUHM, HO U  HUCIOJB30BAHUIO €ro COBMECTHO C  CHUCTEMOM
TEXHOJOTUYECKON aBTOMATU3AIMH, YTO 0OEeCrieunBaeT NOoep:KaHue OCTOSTHHOTO
JaBJICHUS B CHUCTEME HE3aBUCUMO OT pacxojia W MO3BOJIAET M30eraTh HEHYX HBIX
U30BITKOB JaBJICHHUS.

Bo BTOPOW rJ1aBe «[IOTEPHA QJIEKTPOOHEPI'NH B
CTAIIUOHAPHOM PEXUME PABOTbHI HACOCHBIX YCTAHOBOK»
POaHAIU3UPOBAHbl MPUYUHBI TOTEPh JJIEKTPOIHEPrUU NpH padboTe HACOCHBIX
YCTAaHOBOK B CTAlIMOHAPHBIM PEXKUME.

. CpaBHEHUE XapaKTEPUCTUKH IIEHTPOOEKHBIX HACOCOB U TPYOONPOBOIOB
[OKa3bplBAE€T, YTO IMpPU YMEHBLICHUM T[OJAaYu TpeOyeMblii Hamop TakKxke
YMEHBIIAETCs, a pa3BUBaeMbli HAcOCOM HAlop YyBeIuuMBaeTcs. Pa3HocThb
3HaYeHHUH 3TUX HAIIOPOB U €CTh IPEBBIIICHUE HAIlOpa CBEPX TpedyeMoro:

AH=H,-H,,
rne H, - manop, passuBaemsblii nacocusim arperarom; H. - mamop tpy6onposona.

3uauenns AH Tem Gosble, yeM Bbllle XapaKTepUCTUKU HAcoca M TPyOONpoBo.a,

U TeM OoJbllle, 4eM MeHbIe ¢GaKTUYecKas Mojada Hacoca MO CPaBHEHHUIO C
pPaCUYETHOM.

3aBHCHMOCTbH TIpeBbIIeHHs Hamopa or pacxoxa Q wm mapamerpos H, H;,
XapaKTEPU3YIOIMX KPYTH3HY XapaKTEPUCTUK HAcoca M TPyOOIpPOBOAA, HUMEET

CIEIYIOIINMN BU:
2

A =0, 1-] 2
Q

rne AH,=H,-H.,; H, - ¢uxruBHbli Hamop npm HymeBoi momaue;, H -
CTaTUYECKHUI1 HArop, 00YCIOBIEHHBIH Pa3HOCTHIO TE€0AE3HYECKUX OTMETOK MO1auu
¥ IpreMa KUJIKOCTH.

Hanop AH Tepsiercs B 3aTBOpax M 3aJBHXKKaX, JPOCCEIUPYIOIMX HAOPHBIE
KOMMYyHUKanuu. Ilpy paboTe HAcCOCHOTO arperata B TEYeHHE BpeMeHH t ¢
npesbliiedneM Harnopa AH konmdecTBo Gecrone3sHO TepseMO IJIEKTPOIHEPTHUH,
kBm-y , paBHO
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w o PeQAH
007

o 2
rjae P - IUIOTHOCTh KUJKOUW Cpelibl, Ke/ M ; g - yCKOpeHHe CBOOOJHOIO MajieHus,

t=ANt

M/ - KO3()PUIIMEHT MOJIE3HOr0 ACHUCTBUSI HACOCHOTO arperara.

PabGoTta HacocHOro arperarta ¢ NpEBBIIIEHHMEM CTATUYECKOM COCTaBIIAIONIECH
Haropa XapakTepHa JJIi HACOCHBIX YCTaHOBOK CHUCTEM BOJ0OTBeiecHUsA. [ 'paduk
COBMECTHOM paboThl Hacoca, TPyOONpoBoAa U pe3epByapa MOKa3aH Ha puc. 2.

H
2
I e )
[ 7
([

H ""'—-/ |
P Viag G | }

Hn2| | | |

— | |

Hnl i I

L3R IR | |
on 0 ¢

Puc. 2. I'padux coBmMecTHOM pabOTHI Hacoca, TPyOOIIpoBoIa U
pe3epByapoOB ¢ MEPEMEHHBIM CTATHYECKIM HAIlOPOM

B nuxnmdeckoM pekuMme TpH BKIOUCHHH B paOOTy Hacoca CTaTHUYECKUi
Harop paBeH Hp;, a Ipu OTKIIIOUEHNH COOTBETCTBEHHO CTAHOBUTCSA paBHBIM ;.

[ToaToMy XxapakTepucTrka TpyOOIpOBO/Ia B HAYAIBHBIN EPUOJ] OTKAYKW 3aHUMAET
nojioxkenne 1, a B koHue - mosoxkeHue 2. [lpu srom pabGoyas Touka Hacoca,
paboTaroIero ¢ MOCTOSHHOW YacTOTOM BpallleHHUs, MepeMelIacTcsl 1Mo HaIOpHOU
XapaKTepUCTUKE Hacoca OT TOYKH a 0 TOYKM O, TO ecThb Hacoc padoTaer ¢

nepeMeHHbIM HamopoMm oT H, no H;. Onpenenenue motepb 37meKTpodHEpruu B

clIy4dac OJHOBPCMCHHOI'O IMIPCBBIIICHU A CTaTHYCCKUX " JAUMHAMHYCCKHNX
COCTAaBJIOIINX HAIlOpa OCYHICCTBIIACTCA I10 BBIPAXKCHUIO

AW; = N.Tw |
rae N; -nanGonbmias nmorpedisemMas MOIIHOCTh YCTAHOBKH, KB ;
| H, 2
* . 1) .
w _ZHH F_l (1_/1)(1"'/1) - MapaMeTp, XapaKTCPU3UPYIOIIMH OTHOCHUTECIIbHBIC
11

HOTEPH  DJIEKTPOOHEPTUM, BBI3BAHHBIC IIPEBbIICHMEM Hamopa AH; /-

OTHOCHUTCIbHAas1I MHHHMAJIbHAasA BOJOIIOAAa4da, H n - OTHOCHUTEIILHBIA CTaTUUYCCKUM
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HAMoOp,  XapaKTepH3YIOIIHI KPYyTM3HY XapakTepuUCTHKH TpyOomposoma; Hj-

(UKTUBHBIA HAmop HAcoca,  XApaKTEPU3YIOMIMA KPYTU3HY XapaKTepUCTUKU
Hacoca.

Yactb BOABI, MOJABaEMOM MOTpeOUTENIO, OECIONE3HO BHITEKAET Yepe3 He
IUIOTHOCTH B TPyOONpOBOAHON apMaType. YTEUKM U HETPOU3BOAMUTEIHHBIC
pacxonbl nocturaloT 20 - 25% o6miero pacxoga BOIBI. Y CTaHOBJIEHO, 4YTO,
HaJIW4YUEe  TOBBIMIEHHOTO  HAmopa B  CETH  yBEIWYMBACT  YTEUYKH |
HENPOM3BOAUTEIBHBIC PACXO/IbI HA 3HAUCHUE

AQ=Q,-0,=Q,({/H,/H, 1)

TAc Q1 — pacxon 1npu HOPMAJIBHOM HAIIOpPEC Hl; Q2 - TO K€ IIPpU MOBBINICHHOM

nanope H,.

Pa6ora nHacoca ¢ KIIJ[, oTimuarommuMcs OT HOMHUHAJIBHOTO, BJICUET 3a
coboli yBenuyeHUe moTpedIsieMod MOUTHOCTH. ['paduk coBmecTHON pPabOTHI
HACOCHOM YCTaHOBKH M TPyOOMPOBO/Ia IMOKAa3aH Ha puc. 3.

HA

‘ Opacu
o1, 02
1

QY

i

T

Ha) Mg/ Ypacn

Qy

Puc. 3. Pab6ora Hacoca npu KII/I, oTaugarornemMcst OT HOMUHAJIBLHOTO

B Touke 6 HacocHas ycTaHOBKa paboOTaeT ¢ HAMOpOM, OOJBIIMM, YEM 3TO
TpeOyeTcs i MoIaun HY>KHOTO KOJIMYECTBA KUAKOCTH. Takol PekUM BIICUET 3a
co0Oll TOBBIINICHHE HAIOpa U yBEIMYEHUE YTEYEK, YTO onpeaenser
CYIIECTBEHHBIN Tepepacxo]l 3jeKkTpodHepruu. Kpome Toro, Hacoc pabortaer ¢
KIIZI, 6onee HU3KUM, YeEM €r0 HOMMHAJIbHBIE 3HaUYEHUs 717, <17, . PaboTe Hacoca
C mojaveil OoJibllIe PACUETHON W HAMOPOM HHUXKE PACUYETHOTO COOTBETCTBYET
pabouas Touka 6. B 3TOM cnmydae Hacoc Takxke paboraer ¢ KIIJ nHmxke
HOMHUHAJIBHOTO 77, <7],,,, -104Ka @ COOTBETCTBYET paboTe HaCOCa B HOMUHAJIBHOM

pacuetHoM pexume. KonmuecTBo sHeprum, TepseMoll B mpouecce padoTh
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HacocHoro arperara ¢ KIIJI £, , OTINYAIOIUMCA OT HOMHHAJIBHOIO 3HAYEHUS
Hyoy ompenensercs no popmyiie

__7 QH t M rom 1
102’77H0M nd)axm

Kpureprem mnpaBUIBHOrO pacnpeAcsieHuss Harpy3oK MEXIy HacoCaMu
ABJIAETCS. MHUHHUMYM CYMMAapHBIX OJHEprosarpaT OJHOBPEMEHHO paboTaromux
napajijieIbHO HACOCHBIX arperatoB. BOJBIIMHCTBO HAacOCOB, y KOTOPBIX IrpaduKu

XAPAKTCPUCTHUK N= f(Q) HUMCIHOT BU BOTHYTBIX BHH3 KPHUBBLIX, 00eCcIIeunBarOT

MUHHUMYM OHEPro3arpar, B IPOHCCCC YBCIWYCHHUA MOIOMHOCTHU KaXIOro u3
mapamiciIibHO pa6OTaIOH_II/IX HAaCOCHBIX arperaroB, 4TO MOXKCT OBITH BBIPA’KCHO KaK
dN, dN, dN, dN,

dQ dQ dQ T dQ
Ha puc. 4 npencraBieHbl XapakKTepUCTHKUA pPabOThl Hacoca B HANOPHBIN

TPyOOIPOBOJI B PEXKUME PETYITUPOBAHUS €TI0 CKOPOCTH BpaIlCHUS.
H o M

1
R’H
[ —— & 0,8
E 06 £
Hi L /
m— / _ /
H3—— 0.6 74'5

Y ez /)

6 I

0 02 04 O6ggipn’ 0 02 04 06 08 gump

v

)

Puc. 4. TIpadux paGorel Puc. 5. 3MeHeHue mogaun Puc. 6. U3meHnenue momeHTa

Hacoca, IpU PEryJupoOBaHMM HACOCA B 3aBUCUMOCTH OT COIIPOTHUBIICHHUSI HAcOCa B

€ro CKOPOCTH BpaLEHHUS CKOPOCTH BpPAILICHUS 3aBUCUMOCTHU OT CKOPOCTH
BpalleHus

Touku mepecedyeHus: xapakrepuctuk 1, 2, 3 Hacoca ¢ XapaKTepUCTHUKOU 4

TpyOONpoBOa MNpPH M3MEHEHHHM CKOPOCTH BpalieHus 0,0, 0, ompeaeisioT
MOJIOKEHHE PadOUYMX PENKUMHBIX TOYEK 4&;,d,,3;. DTUM TOYKaM COOTBETCTBYIOT

3HaueHusi pabounx mapameTpos Hacoca: Hanopa H, H, H; u nmomaum Q,,Q,,Q;.

OTHOCHUTEIPHOE H3MEHEHHE TMOJa4Yd B 3aBUCHMOCTH OT CKOPOCTH BpallCHUS
HAacoca UMEET CICIYIOIIUN BUI:
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n”—(H; /H})
1-(H/Hy) °

Q' =

* *
roe Q" =Q/Q,- orHocmTensHas momada; N =0/N,,, - OTHOCHTEIBHAS CKOPOCTD

* o o *
Bpamenus Hacoca; H, /H6 - OTHOCHUTENBHBIA craTudueckuii Hamop; H, /Hé-

OTHOCUTEJIbHAs (DUKTHMBHAsI BBICOTA MOABbEMa >XKUIKOCTH. Ha puc. 5 mnpuBeaeHa
rpaduyecK 3aBUCUMOCTh U3MEHEHUS MOJa4YH Hacoca OT €ro CKOPOCTH BpallleHUs

AJI pa3JINIHBIX 3HAYCHUN OTHOIICHUS HH /H(D .

Ha puc. 6 IMPUBCACHLI I“pa(l)I/I‘{eCKI/IC 3aBUCMMOCTH HN3MCHCHHA MOMCHTA
COMMPOTHUBJICHHUA HACOCAa OT €r0 CKOPOCTU BpAIICHUSA IS PA3JIUMYHBIX 3HAUCHU M

OTHOIIICHMUA HH/H(D . Or BHUaAa MEXaHUYECKOM XAPAKTCPUCTUKHU 3aBHUCAT

PHEPreTHYECKUE TIOKa3aTeNd MPUBO/IA - MOTepHu B ipuBoe u ero KI1/I.
MexaHndeckasi XapakTepHUCTUKa HAcoca B OTHOCHTEIBHBIX CIUHUIAX
BhIpaxkaeTcsi hopmyoit

77*1’1*

U3 XAPaKTCPUCTHUKH BUIHO, YTO MOMCHT COIIPOTUBJICHUA HACOCAa TCM 6OJIBH_I€,

M

YCM BBIIIC COOTHOIICHUC HH/Hq) .

[IpumeHeHue peryiaupyeMbIX dSJIEKTPONPHUBOIOB 0e€3 TOTepu SHEPruu
CKOJIBKEHHSI B HACOCHBIX YCTAHOBKAX SBIISIETCS CAMBIM SKOHOMUYHBIM CITIOCOOOM,
4TO0 pacmupsier (YHKIMOHAJIbHBIE BO3MOXXHOCTH YIPABICHHUS HACOCHBIMU
arperaTamMu M CrocoOCTBYIOT MX JKCIUTyaTalldd B 3HEprocOeperaronmx pexumax
paboTHL.

B tpetbeit rnaBe <«ITAPAMETPBI CTATHYUECKOI'O PEXHNMA
PABOTbBlI YACTOTHO-PEI'YJIMPYEMOI'O BbICOKOBOJIBTHOI'O
ACHHXPOHHOI'O JIBUTATEJII HACOCHOM YCTAHOBKHN»
pacCMOTpUM H3MEHEHHWE OCHOBHBIX TMapaMeTpoB B (YHKIMH YacTOTHI IS
BBICOKOBOJIBTHOIO  ACMHXPOHHOro JAsurarens. Ha OCHOBaHMHM ITOJIYyYE€HHBIX
JAHHBIX MPU PA3JIMYHbIX 3HAYCHHUSIX MOMEHTA COITPOTUBIICHUS HA Bajly JBUTaTENs,
JUISL CTaTUYECKOro peXrMMa paboThl YaCTOTHO-PETYIUPYEMOr0 ACHHXPOHHOTO
JIBUTATENs HACOCHOM YCTAHOBKHM MOCTPOEHBI TI'paMKU U3MEHEHHS] TOKOB CTAaTOpa,
pOTOpa W HaMarHW4YMBAaHUWs; AKTHUBHBIX, PEAKTUBHBIX, IOJHBIX MOLIHOCTEW H
CyMMapHBIX TOTEPh MOIIHOCTEH; KOIPHUIMEHTOB MOIIHOCTH U TIOJIE3HOTO
nercTBrs B QYHKIIMU YaCTOTHI, IOKa3aHHbIE HA puc. 7-14.
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Puc. 7. I'paduku nuzmMmeHeHus
TOKOB CTaTOpa YaCTOTHO-
perynmupyemoro AJl
HACOCHOM YCTAaHOBKH B
(YHKIIUY YaCTOTHI IPH
M. =My, (1) n
M.=0,65M_,(2)
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Puc.10. I'paduku n3ameHeHus
AKTUBHBIX MOIIHOCTEH
YaCTOTHO-PETyIUPYEMOTO
AJl HacoCHOM yCTaHOBKH B
(GYHKIIMH YaCTOTHI IpU
M.=M_()n

M. =0,65M, (2)
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50 // _10
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30 / 20
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Puc. 8. I'paduku nzmeHeHus
TOKOB POTOpa YaCTOTHO-PETY-
nupyemoro AJl HacocHOM
YCTAaHOBKH B (DYHKIIHH YacTO-
Tl Ip M. =M, (1) n

M. =0,65M,(2)

Puc.9. I'paduku nusmenenus
TOKOB HAMarHUYMBaHUS
4acTOTHO-peryiaupyemoro AJl
HAaCOCHOM YCTaHOBKH B
(YHKIIUY YaCTOTHI IPH
Me=My, (1) n
M. =0,65M_,(2)

0, xBAp S, kBA
500 500 ]
1
400 400 / /r
300 / 300 /
7 / /
/ 2~ 2/
200 //r 200 /
100 7 100
74 a
0 04 06 08 1. 4 0.4 0.6 0,8 1

Puc. 11. I'paduku u3meHeHus
PEaKTUBHBIX MOIIIHOCTEH
4acTOTHO-peryaupyemoro A/l
HAaCOCHOM YCTaHOBKH B
(GyHKIIMM YaCTOTHI IPU
M.=M_ () n

M. =0,65M, (2)

Puc. 12. I'paduku n3meneHus
MOJIHBIX MOIIIHOCTEN 4acTo-
THO-perynupyemoro AJl Haco-
CHOM ycTaHOBKH B (DYHKIIUU
4acToThl ipu M. =M, (1) n

M, =0,65M, (2)
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Puc. 13. I'paduxu n3MeHEHUs] CyMMapHbIX

NOTEPb MOIHOCTEHN YaCTOTHO-PETYIUPYEMOTO
AJl HacoCHOM yCTaHOBKHU B (DYHKIIMU YaCTOTHI

Puc. 14. I'paduxu u3zmenenus kosdpounueH-

TOB MOUIHOCTEH 4aCTOTHO-perynupyemoro AJl

HAaCOCHOM YCTaHOBKH B (DYHKIIMM YacTOTHI IIPU
npu MC ZMCI/I(I) n MC :O’6SMCI/I(2) MC ZMCI/I(I) u MC 20,65MCH (2)

AHajn3 OCHOBHBIX CTAaTUYECKUX mapaMCTpoOB pPCKHUMaA pa6OTI)I HYaCTOTHO-
PETYIIMPYCMOTO ACMHXPOHHOI'O ABUTATCIIA HAacCOCHOM YCTAHOBKHU ITIOKa3bIBACT, YTO
IIpu U3MCHCHUU CTATUYCCKOI'O MOMCHTA Hd BaJy ABUTATCIISI OHU HeﬁCTBYIOT 10
HCJ'II/IHGI\/iHOMy 3dKOHY. Bﬂaronapﬂ HUCITIOJB30BAHUIKO JOKOHOMHWYHOI'O 3aKOHa
YaCTOTHOI'O  YIIPpABJICHHUA, BO BCCM  OHUAIIA30HC PCTryJIUMPOBAHHA  YaCTOTHI
KOC—)(i)(l)I/IHI/ICHT MOIIIHOCTH ABHUTATCIIA ITOUYTHU HE HU3MCHACTCA, UTO ITOJIOKUTCIIBHO
BJIMACT HA OKCILNTYaTallMOHHBIC ITOKA3aTCJIN.

N3 puc. 15 BUIHO, YTO YaCTOTHOE PETYJIMPOBAHHE HAMHOI'O SKOHOMHUYHEE
APOCCCIBbHOTIO.

PI, kBm

1
/

- /
125 /y
//

0 625 1250 1875

3
O, M'wac
Puc. 15 . 3aBucumocty noTpebIisieMbIX aKTUBHBIX MOIIIHOCTEN MPU  JPOCCETHHOM
(xpuBas 1) 1 yacToTHOM (KpHBas 2) PeryJMpoOBaHUAX [10/1a4l Hacoca

OKOHOMMSI AJNEKTPOIHEPTUM TPU BHEAPEHUU YACTOTHO-PETYIUPYEMOIO
ACMHXPOHHOT'O JJIEKTPONPHUBOJA OOECMEeUUBaET MOJJAEpKaHUE MOCTOSHHOTO
naBinennss H B cucrteme He3aBHCHMMO OT pacxoja, 4TO ITO3BOJIIET H30eraTh
HEHYXHBIX U30BITKOB JIaBJICHUS, CBOMCTBEHHBIX JIPOCCEIBLHOMY PEryJIMPOBAHHUIO.
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B uerBéproit r1maBe «PACYUET TEIIVIOBbBIX IITPOIECCOB B
YACTOTHO-PET'YJIMPYEMBIX ACHHXPOHHbLIX JABUI'ATEJIAX»
pacCMOTpPEH TEIUIOBOM pPacyeT AaCHUHXPOHHOW BBICOKOBOJIBTHOM MAIIMHBI 10
METONy SKBUBaJIEHTHBIX TemoBbIX cxeM (DTC). Merox OTC npenycmatpuBaet
DKBUBAJICHTHYI0 3aMEHY DJJIEMEHTOB TEMIIEPATYPHOIO IO C BHYTPEHHUMH
MCTOYHHUKAMU TeIlIa Ha 3JIEMEHThI 0€3 HUX.

B cootBeTcTBUM € CPOPMUPOBAHHOM HKBUBAJIECHTHOM TEIJIOBOM CXeMOM
MOJIy4eHa CHUCTEMa YpaBHEHUW TEIUIOBOrO OallaHca HEYCTaHOBHUBILETOCS pPeXUMa
Harpesa, COCTOSAIIAs U3 TPEX TEIUIOBBIX YPaBHEHUM:

d®
ClTlf"'Anf@lf _A12f®2f _A13f®3f =P

do,,
Cz dt _A21f®1f +A22f®2f _A23f®3f = sz "
do,,
C3 dt _A31f®1f _A32f®2f +A33f®3f = P3f
®1 £ ®2 £ G)’%f
rae T~ mpeBsblllIeHHE TeMIrepaTyp OOMOTKU CTaTopa, CTaId CTaropa U
0
potopa, C.
Pl £ Pz £ P3 f
- IIOTCpU MOIIHOCTH B O6MOTKaX CcTaTopa, CTaJIn CTaToOpa U POTOpAa,
KBT;
C,.C,.C

3 TEeIJIOBBIE EMKOCTHU O6MOTOK c¢raropa, CTalii CTaTopa U
poropa, e/ ke’ G

A, =A .
121 2T~ TemoBass MPOBOAMMOCTh MEXKAY OOMOTKOH CTaTopa M CTallbio

cTaTtopa uepes MasoByko U30JALuI0, kBm/m-",C

A=A .
131 31T - TemumoBast MPOBOAMMOCTE MEKIY OOMOTKOM CTaTOpa M POTOpa 4yepes

BO3YIIHBIN 3330p, «xBm/m’{
xkBm

A23f :A32f
Alf’AZf’A3f

0
- TEIIoBask IPOBOAMMOCTh MEXKIY CTANBIO CTATOPA U POTOpoM,  C ;

TEIJIOOT/Iaud OOMOTOK CTaTopa, CTalbl0 CTatopa M pOTOpa B
OKpYXKalomyto cpeny, «Bm/m-’ ¢

Allf = Alf +A12f +A13f
- CyMMapHas TeIUIoBasi MPOBOJUMOCTh OOMOTOK

craropa, kBm/m- G

A22f = A2f + A21f +A23f
-CYMMapHaH TCIIJIOBAsd HpOBOI[I/IMOCTB O6MOTKI/I

craropa xBm/m- C,

A=A A5 +A 0
BTN NI T | cyMMapHast TEIIoBas IPOBOJMMOCTb poTopa kBm/m-C

OKBHUBaJICHTHAsl TEIUIOBAasl CXEMa, COOTBETCTBYIOIIAs CHCTEME YpPaBHEHUU
TEIJIOBOro OajaHca, MMEET CIEeNYIOIMA BHJ, NMPUBEICHHbIA Ha puc. 16. Drta
TEIJIOBas CXeMa MOXKET OBITh NpeoOpa3zoBaHa B rpad, n300pakeHHbI Ha puc. 17.
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[TyTeM mocienoBaTeIbHOTO BBIMOJHEHUSI MHBEpCUH rpada U MOCIEeI0BATEILHOTO
UCKJIIOYEHUS Y3JIOB M TETENb, MOJTYYUM OKOHYATEIbHBIA BHUJ TEIUIOBOM MOJEIH
rpolecca HarpeBa CTaau CTaTopa, MoKa3aHHOW Ha puc. 18.

Ai;y‘:A‘;‘;f
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Puc. 18. OxoHYaTenLHBIN BHU] TEIJIOBOI MOJCJIH IIpoHecCa HarpeBa CTajikd craropa

[IpencraBnennas maTemaTudeckass rpadoBas MOACIb C  MOMOIIBIO
pa3pabOTaHHOTO AJTOPUTMA JIOCTATOYHO JIETKO MPOTPaMMUPYETCS, YTO MO3BOJSET
ONPEAECIUTh YUCICHHBIE 3HAYCHUS NPEBBILICHUS TEMIEPATyp OCHOBHBIX 4YacTeH
3aIUIIEHHOTO ACHMHXPOHHOTO JBHUTATelsi: OOMOTOK CTaTopa, CTalld cTatopa u
pOTOpA, IPHU PA3JINYHBIX 3HAYCHHUSIX YaCTOTHI U HATPY3KHU.

Ha puc. 19 mnpexncraBiieHbl U3MEHEHUS CYMMApPHBIX TETUIOBBIX COIPOTHUBIIE-
Hud gt A/l tuna A4-457-YX-8Y3 npu yacToTHOM yrnpaBiieHuu B Auanazone 30-
50 I'u. Kak BMOHO, CyMMapHbI€ TEIJIOBBIE COMPOTUBIICHUS TEIIOBBIX Tel AJl ¢
YMEHBIICHHEM 3HAYEHHS YaCTOThI UMEIOT XapaKTep BO3paCTaAHUA.
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Puc. 19. U3menenus cym- Puc. 20. I3menenus norepb Puc. 21 T
. uc. 21. UsmeHeHus npesbl-
MapHbIX TEIJIOBBIX COMPO- MOIIHOCTEH TEIUIOBBIX Tell ¢ 3MEHE pe
. HIEHUsI TEMIIEpaTyphl TEIJIO-
THUBJIEHUH TETJIOBBIX TEJ YaCTOTHO-PEryIUPYEMOTO
BBIX T€JI YaCTOTHO-PEryIupy-
4aCTOTHO-PETyIUPYEMOTO ACUHXPOHHOTO JIBUTaTENs ¢ 1aCTOTHO-pCryIIMPY
MOT'0 aCUHXPOHHOTO JIBUTa-
ACUHXPOHHOTO JIBUTATENs tuna A4-457-YX-8Y3 B eMoro ac A f (4)157037())(H8y;
TeJs TUII -457-YX- B
tuna A4-457-YX-8Y3 B (GYHKIIMH YaCTOTHI el a

(YHKIIMH 9aCTOTHI (GYHKITUH 9aCTOTHI

Ha puc. 20 npeacTtaBiieHbl U3MEHEHUSI TOTEPU MOIIHOCTEN TETIOBBIX Tel A/l
IIPM YaCTOTHOM YIPaBJICHUH, KOTJa peaqu3yeTcsl 3aKOH yHpaBJICHUS 4aCTOTON B
nuanazone 30-50 I'm. Bce moTepu MOIIHOCTH TEIUIOBBIX Ten JaHHOro AJl ¢

2 o
YMCEHBIICHUEM 4YacTOTbhl HOPONOPLUHOHAIIBHO (O [0 HCJIIMHCUHOMY 3aKOHY
YMCHBIIAKOTCH.
C ITOMOIIBIO HOHY"ICHHOI;'I TEILIOBOM MOJCIN IJIA KaXA0I'0 TCIIJIOBOI'O TCJiIa

OIpPCACIACHBI IIPCBBIIICHUA TCMIICPATYPHBI ®]f, ®2f, ®3f B OTACJIBHBIX YaCTiIaX

yactoTHO-peryiupyemoro AJl  (puc. 210). IlpeBbimieHuss TemmnepaTypbl BCEX
TeIioBbIX Ted AJl B Hauvame uW3MEHEHUs 4YacToThl, npu uactore 40 I'n
YMEHBIIAIOTCSA, U OTO CBSA3aHO C YMCHBIICHHUEM TEIIOBBIX IMOTEPh MOIIHOCTH
MEXaHUYECKOM Harpy3kKd Ha Bajy JABHUTATelNsd. AHAJIW3 TPEBBIIMICHUS TEMIIEPATyp

TEIUIOBBIX TeJ, B 4ACTHOCTH, 0OMoTkH cratopa ©); wactorHO-perymmpyemoro AJl

tuna A4-457-YX-8Y3, ycTaHOBIEHHOW B HACOCHOM YCTAaHOBKE, MOKAa3bIBAET, UYTO
ONTUMAaJIbHBIM JUANAa30HOM PETYIHPOBAHUS YaCTOThI ABIsitoTCs 30-50 I,

B naroit rnaBe «PA3ZPABOTKA W JKCIIEPUMEHTAJIBHOE
NCCIEJOBAHUE DHEPI'OCBEPETAIOHNINX PEKMMOB PABOTDI
ABTOMATU3UPOBAHHOI'O YACTOTHO-PET'YJIMPYEMOI'O
BBICOKOBOJIBTHOI'O ACHHXPOHHOI'O IJEKTPOIIPUBOJA
HACOCHOM YCTAHOBKMW» paccMOTpeHO CO37aHHE CTPYKTYPHOH CXEMBI
ANEKTPONPUBO/IA U PEATU30BAHO (HU3UYECKOE MOJECIHPOBAHUE €ro padoTel. B
COOTBETCTBHH C TPEOOBAHUSIMH, MPEABABISIEMBIMU K YaCTOTHO-PETYIUPYEMOMY
ACMHXPOHHOMY 3JIEKTPOIPUBOJY HACOCHOM YCTAHOBKH, MPEMJIOKEH DIEKTPO-
MPUBOJ] C HEOOXOAUMBIMU OOpPATHBIMHU CBSI3SIMHU, CTPYKTYpHasi cXeMa KOTOPOTO
MOKa3aHa Ha puc. 22.
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Puc. 22. ®yHKIMoHanbHAs cXeMa aBTOMAaTU3HUPOBAHHOTO YaCTOTHO-PETYIUPYEMOTO
ACHHXPOHHOTO 3JIEKTPONPHUBOAA HACOCHON YCTAaHOBKHU

Ha puc. 22. npuHsTH cleayronue yciloBHbIe 0003HadueHus: YB - ynpaBisieMblid
BeinpsaMuteib; AMH - aBTOHOMHBIN MHBepTOp HampsikeHus; AJl - aCHHXpOHHBIN
neuratens; HY - HacocHas ycranoBka, CUDY - cuctema uMIyinbCHO-(Ha30BOTO
ynpasienusi; CYAUN - cucrtema ymnpaBiieHUs aBTOHOMHBIM uHBepTtopoM; [IH -
natuuk HanpspbkeHus; JC - natuuk ckopoctu; T - matumk Toka cratopa; JATem -
JaT4YUK TeMIlepaTypbl 0OMOTKHM ctatopa; JIHam - mnatuuk Hamopa BOJABI HAa BBIXOE
HacoCHOU ycTaHOBKM; 1T - maTyuk mojaum Ha BBIXOJI€ HACOCHOM ycTaHOBKH; bYH
- Onok ynpaBneHus: HanpspbkeHueM; bYU - 6ok ynpasnenus gactoroit; bO - 6mok
ontumm3anuu; 3W - 3agaryuk wHTeHCMBHOCcTH; U - cHWrHanm ympaBieHHUs

HAIIpAXKCHHUCM, U f - CUTHaJI aBJICHUSA YaCTOTOM; U - CUTHAJI 3aaHUA, AU f-
’ s 3 5

KOPPEKTHPYIOILIEE 3HAYEHUE YACTOTHI.

ACHHXPOHHBII 3JEKTPOINPUBOJL C YACTOTHOM PETryJIUPOBAHUEM CKOPOCTH
Hapsily C CYLIECTBEHHON AKOHOMHEHN 3JIEKTPOIHEPTHMU B CTATUUYECKUX PEKUMAX
paboThl TO3BOJIAET OCYIIECTBIATH IUIABHBIM MycK W TopMoxeHue. Ha puc. 23
MPEACTABICHbl XapaKTEPUCTUKU PEXKHMMa MSITKOro 4acToTHoro mycka A/l mpu

M cx — O, SM HoM M T3H = 0,6 C, COOTBCTCTBYIOIINC MHUHHMAJIbBHOMY 3HA4YCHUIO

IIOTCPb OHCPIUMU. N3 XAPaKTCPUCTUKHU BHJHO, YTO MAKCHUMAJIbHOC 3HAYCHHUC
QJICKTPOMArouTHOro MOMCHTa pPaBHO HOMHUHAJIBHOMY MOMCHTY ABHUIAaTCIIA

M =1,

MAKC
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Puc. 23. XapakTepucTiku pexuMa MSITKOT0 YaCTOTHOTO ITycKa 3JIeKTPOIIPUBOIA

HOTepI/I OHCPIrUurM MW PCAKTHBHAA MOIIHOCTHL B 3TOM PCKUMC MCHBIOIC IIO

cpaBHeHHIO ¢ gactotHbIM myckoM mpu Ly = 0,12 ¢ makcumanshoe 3Hauenue
ANEKTPUUECKUX TMOTEPh yMeHbImaercss B 10 pa3, a morpebieHune peakTUBHON
MourHOCTH cHMkKaetcst B 30 pa3. ComocTaBiI€HUE HWHTErPAIbHBIX XapaKTePUCTHUK
TTOKA3bIBAET BBHINIPHIII B PEXKHME MATKOro mycka: mpu mapamerpe Ly = 0,6 ¢
MOTEPU SHEPTHUH B 2,8 pa3a MEHbIIIE MOTEPh YHEPTUH, YEM MPU YACTOTHOM ITYCKE C
napaMmeTpoM T3H = 0,12 C.

Takum oOpaszom, mpocTeimme cuctemsbl yrpasieHus AJl MO3BOJISIOT MyTeM
noxbopa mapamerpa Ty BO3ACHCTBOBATH HA MOKA3aTEIM KAYECTBA MEPEXOHBIX

MPOILIECCOB AJEKTPOMEXAHUUYECKUX U DJIEKTPUUECKUX KOOpAMHAT, a TaKXkKe Ha
SHEPreTUYECKUE MapaMeTphbl FJIEKTPONPUBO/IA.
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SAKIIOYEHUE

[lo pe3ynbraraM NpPOBEIECHHBIX MCCIENOBAaHUA B paMKax HacTosLIEH
IUCCepTallMOHHOM paboTel Ha TeMmy: «lloBbimenue 3Hepro’dHEeKTUBHOCTH
BBICOKOBOJIFTHOII HACOCHOW YCTaHOBKM 3@ CYET YacCTOTHO-PETYIHPYEMOIO
ACUHXPOHHOT'O  JIEKTPONPUBOAA» CHOPMYIUPOBAHBI CIEAYIOIIME OCHOBHBIE
PE3yNIbTATHI U BBIBOJIBI:

1. Ha ocHOBe aHayii3a OCHOBHBIX HANpAaBJIECHUU MOBBIIIEHUS dHEPreTHUUECKOU
3G (PEKTUBHOCTH ACHHXPOHHOTO AJIEKTPONPHUBOAA BBICOKOBOJBTHON HACOCHOMU
YCTAHOBKM  YCTAHOBJIEHO, YTO Haubojee NpHeMIIeMbId pexuM  padoThl
LEHTPOOEKHBIX HACOCOB, OOECIIEUNBAIONINX MOAAEP/KAHUE TOCTOSTHCTBA JaBJICHUS
B HallOpPHON TpyOOIpOBOAHOW CETH HE3ABUCUMO OT pacxoja, Haubosee
3¢p(}PEeKTUBHO  peamu30BbIBACTCA  NMPUMEHEHUM  YaCTOTHO-PETYIHPYEMOTO
ACMHXPOHHOTO 3JIEKTPOIPHUBO/A.

2. BoiBlIeHBI pEXUMHBIE TapaMeTpbl, MPUBOASIINE K YBEITUYCHHUIO IMOTEPh
ANIEKTPO’HEPTUA B  HACOCHBIX YCTAHOBKAX B PpPEXKHMMax, OTIMYHBIX OT
HOMHMHAQJIBHBIX ~ YCJIOBUM WX (YHKIMOHUPOBAHMS, ONpENEIeHbl MyTH UX
COKpAIIeHMs] 32 CYET SKOHOMHYHOTO PETYIHpPOBAHMs, YTO B pe3ylbTaTe IaeT
BO3MOKHOCTh IOBBICUTH 3HEPro3(pPEeKTUBHOCTD AIEKTPOMEXAHUUECKONW CHCTEMBI
IpY PA3IUYHBIX YACTOTAX SHEPreTUYECKUX MTapaMETPOB HACOCHON YCTAaHOBKHU.

3. OnpeneneHbl M OPOAHAIM3UPOBAHbl  OCHOBHBIE  DJIEKTPUYECKUE U
HHEPreTUYECKUE MapaMeTpbl YacTOTHO - PErYJIMPYEMOr0 BbICOKOBOJIBTHOTO
AJIEKTPOIIPUBOJIAa MPH PA3IMYHBIX 3HAYEHHUSIX MOMEHTAa CONPOTHBJICHUS HA Bally
€ro aCUHXPOHHOTO JIBUTATEJIs, TIO3BOJISIOLIME TOBBICUTH 3()(PEKTUBHOCTb.

4. Pa3paboTtaHsl MAaIIMHHO-OPUEHTHPOBAHHBIC METO/IbI pacueta
YCTaHOBUBIIIETOCSI pEXHMMa HarpeBa 4YacTOTHO-PEryJIMPYEMOro ACHHXPOHHOTO
naBurarenst Ha Oaze rpadoBOM MOJENM DSKBUBAJICHTHBIX TEIUIOBBIX CXEM,
o0ecneunBaoNue MPOCTOTY M HArJSJHOCTh IPOBEACHUS UCCIEIOBAHUN U
BBIUMCIICHUH KaK TEIUIOBBIX NapaMeTpOB, TaK M BEJIWYMH IPEBBIILICHUS
TEMIIEpPaTyp TEIUIOBBIX TEJI.

5. Pa3paborana (QyHKIMOHAJIbHAasg CX€Ma aBTOMATU3HPOBAHHOIO YaCTOTHO-
pPEryIMPYEMOTO  BBICOKOBOJIBTHOTO  ACHHXPOHHOIO  JJIEKTPOIpUBOAA  C
ONTUMU3ALMEH CTAaTUYECKUX PEXHUMOB pabOThl, a TaKkKe BbIPAOOTAHBI
MPaKTHUECKUE peKoMeHAalnu 3>(PQPEKTUBHOTO €ro MPUMEHEHHs Uil HACOCHBIX
YCTaHOBOK MEPEKaYNBaOUINX HACOCHBIX CTaHLINM.
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INTRODUCTION (abstract of the thesis of the Doctor of Philosophy (PhD))

Object of research are the high-voltage asynchronous engines of pump
installations working in a long mode with variable mechanical loading on a shaft.

Object of research is working out of a design procedure and the analysis of
key parameters of the high-voltage asynchronous engine, including and thermal
parameters.

Scientific novelty of research consists in the following:

The design procedure of key parameters of the high-voltage frequency-
regulated asynchronous engine is developed for its stationary operating mode with
various values of mechanical loading on a shaft.

The design procedure of thermal processes of the high-voltage frequency-
regulated asynchronous engine on the basis of signaling-polar counts is developed;
It is realized in the form of a function chart sneproc6eperatomero the automated
high-voltage frequency-regulated synchronous electric drive working in a mode of
economic frequency management.

Practical results of research consist in working out of an engineering design
procedure of key parameters of high-voltage frequency-regulated asynchronous
engines for their stationary mode for various values of mechanical loading

Reliability of the received results of research. Proves to be true
coincidence of the received theoretical and experimental results to use of modern
means and techniques of carrying out of researches.

The scientific and practical importance of results of research consists in
reception of law of change of electric, power and thermal parameters of high-
voltage frequency-regulated asynchronous engines as mechanical power on their
shaft;

In the proof of expediency of application energy safety the technical devices
providing optimization of power parameters of high-voltage asynchronous engines
at various values of their mechanical power on a shaft;

In working out of a design procedure of a thermal condition of the basic
active parts of high-voltage frequency-regulated asynchronous engines on the basis
of signaling-polar counts.

Structure and dissertation volume. The dissertation work consists of an
introduction, five chapters, a conclusion, a bibliography, annexes. The volume of
the thesis is 113 pages.

49



50

3bJIOH KWJIMHTAH UIIIJIAP PYUXATH
CIIUCOK ONNYBJIMKOBAHHBIX PABOT
LIST OF PUBLISHED WORKS

I 6yaum (I yacte: I part)

. XammmoB O.0.. Ivemaros P.K. HUccnenoBaHue MyCKOBBIX DHEPTETUYECKUX

[IapaMeTPOB  YAaCTOTHO- PETYIUPYEMOI0 ACHHXPOHHOIO 3JIEKTPOIPHBOJIA
HacocHbIX arperatoB // IlpoOnembl HH(DOPMATUKA M SHEPreTUKH. —
Tamkent, 2018. Ne 4. C. 34-38. (05.00.00; Ne5).

Xammumon O.0., [lycmaroB P.K. MeTtonuka coctaBnenus rpadoBoit Mojenu
TEIUIOBOIO  COCTOSIHUS ~ ACMHXPOHHOI'O  JIBUTaTesisi Ha OCHOBE  €ro
OKBUBAJICHTHOW TEIJIOBOM cxeMbl // BecTHuk TypHHCKOTO MOJMTEXHH-
4yeckoro yHuBepcutera B ropoxae Tamxenre. Bemyck 1/2019. C. 24-27.

(05.00.00; Ne 25).

. XamynxanoB M.M., AonymnabexkoB M.A., ycmaroB P.K. Paspabotka

CHUCTEMbl aBTOMATHUYECKOTO YIPABJICHUS HACOCHOW YCTAaHOBKM Ha OCHOBE
YaCTOTHO —  PETYJIUPYEeMOro »JeKTponpuBoaa // Y30eKCcKkuil >KypHal
«Bectruk Taml TV ».— TamkeHt, 2019. — Ne 2. C. 68-75. (05.00.00; Ne 16).

. Hashimov A.A., Dusmatov R.K.. Calculation and analysis of the thermal

state of the frequency-controlled induction motor pump unit. International
Journal of Advanced Research in Science Engineering and Technology,
Ne 2019y, 5.456-501.(05.00.00; Ne 08).

II 6yaum (II wacte; II part)

. M.M. Khamudkhanov, I.A. Abdullabekov, R.K.Dusmatov, N.B.

Khamudkhanov, B.KH. Fayzullayev. Controls of the modes of operation
of the pumping station with application of frequency- controlled
electric drive. Web  of  Conferences , II  International scientific
conference. MIP: Engineering-2020: modernization, innovations,
progress: advanced technologies in material science, mecha-nical and
automation engineering

. Ymapos IlI.b., @aizymraes b.X.., [dycmatoB P.K. Maremarnueckue

MOJCIH CTAOMIM3UPOBAHHBIX HMCTOYHUKOB NUTAaHWUS Ha 0a3e HWHBEPTOPOB
Toka. COBpeMEHHBIE TEXHOJIOTHH: AKTyaJIbHBIC BOIPOCHI, JOCTIKCHHS H
nuHoBanuu. [lensa 2017. C. 42-46

. XammmoB  0.0. JlycmatroB P.K  DaeprocOeperaromeii  4acTOTHO-

PETYNHPYEMBI  aCHHXPOHHBIA  AJIEKTPONPUBOA HACOCHBIX  arperatos.
“IIpo6nembr  moBBIIEHUST  dPGEKTHBHOCTH  PabOTBI  COBPEMEHHOTO
NPOM3BOJICTBA W DJHEPro - pecypcocoepexenus”. 3-4oktsops. 2018r
AHnIKaH.

. XamumoB A.A., lycmaroB P.K. PacueT n aHann3 TEILUIOBOrO COCTOSHHS

YaCTOTHO-PETYJIMPYEMOTO  aCMHXPOHHOI'O  JIBUTATENIsl  HACOCHOM
YCTAHOBKU.  MeXIyHapoJHOTO  HAyYHO-TEXHHYECKas  KOH(pEepeHIHs



“OHeprod(pPeKTUBHOCTH-OCHOBA Pa3BUTHUSl SHEPreTUKH Y30ekucrtaHa”
21.12.2018. C 45-48.

9. XammmoB A.A., lycmatoB P.K. HekoTopsie acClieKThl TEILIOBOTO COCTOSHUS
YaCTOTHO-PEryJIUPYEMOIO0 BBICOKOBOJIBTHOTO ACHHXPOHHOTO 3JIEKTPOABU-
ratend. XXIV MexayHaponHas Hay4yHO-TIpaKTH4YecKas KOH(pepeHIusl.
“NHHHOBALIUA-2019”.

10. XamumoB A.A., JycmaroB P.K. PacueT u aHaiu3 TEMI0BOrO COCTOSHUS
YaCTOTHO-PEryJIMPYEMOr0 aCHHXPOHHOTO JABUTATENsi HACOCHOW YCTAHOBKH.
MexayHapoJJTHOTO Hay4yHO-TeXHHYECKass KoHpepeHuus “OHeprodp@pexTrn-
HOCTb - OCHOBA Pa3BUTHS dHEPreTuku Y30ekucrana-2019”.

11. XamynxanoB M.M., [ycmatoB P.K. PeryaupoBoYHbIE CBOMCTBa
CHUCTEMBbI  MpeoOpazoBaTelb  YacCTOThI-ACUHXPOHHBIM  JIBUTATEIb.
MexayHapoHas Hay4HO-IIPAKTUYeCKas KOH(pepeHIus «Hayka,
uccienoBanus, papadorka» Coopuuk crateit. [Tosnans 2020. C. 84-88.

51



ABTopedepat « » KYpHAIU TaXpUPUATU]IA
TaxpupAaH yTka3zuiano, y30eK, pyc Ba MHIIU3 TWIApUAAru MaTHiIap y3apo
MYBO(QUKIAI TUPUIIIN.

Buunmu: 84x60 '/16. «Times New Roman» rapautypacu.
Pakamuu 6ocma ycynaa 6ocuiau.
laptnu 6ocma Taboru: 3. Axanu 100. byroptma Ne 6/21.

I'yBoxnoma Ne 10-3719

“TomKeHT KUME TEXHOJIOTUS HHCTUTYTH OOCMaxOHACHa YOIl STHITAH.
bocmaxona manszunu: 100011, TomkenT ., HaBouit kyuacu, 32-yii.

52



	ДЎСМАТОВ РАВШАН КОМИЛЖОНОВИЧ
	«ЧАСТОТАВИЙ РОСТЛАНУВЧИ АСИНХРОН ЭЛЕКТР ЮРИТМА АСОСИДА ЮҚОРИ КУЧЛАНИШЛИ НАСОС ҚУРИЛМАСИНИНГ ЭНЕРГИЯ САМАРАДОРЛИГИНИ ОШИРИШ»
	ТЕХНИКА ФАНЛАРИ БЎЙИЧА ФАЛСАФА ДОКТОРИ (PhD)
	ДИССЕРТАЦИЯСИ АВТОРЕФЕРАТИ
	Тошкент – 2021
	ДЎСМАТОВ РАВШАН КОМИЛЖОНОВИЧ (1)
	«ЧАСТОТАВИЙ РОСТЛАНУВЧИ АСИНХРОН ЭЛЕКТР ЮРИТМА АСОСИДА ЮҚОРИ КУЧЛАНИШЛИ НАСОС ҚУРИЛМАСИНИНГ ЭНЕРГИЯ САМАРАДОРЛИГИНИ ОШИРИШ» (1)
	ТЕХНИКА ФАНЛАРИ БЎЙИЧА ФАЛСАФА ДОКТОРИ (PhD) (1)
	ДИССЕРТАЦИЯСИ АВТОРЕФЕРАТИ (1)
	Етакчи ташкилот:     Навоий давлат кончилик институти
	Ведущая организация:                                     Навоийский государственный горный
	институт
	К.Р. Аллаев
	K.R. Allaev
	М.I. Ibadullaev
	Бичими: 84х60 1/16. «Times New Roman» гарнитураси.  Рақамли босма усулда босилди.  Шартли босма табоғи: 3. Адади 100. Буюртма № 6/21.
	1.pdf
	Автореферат Дусматов Р.К..pdf
	ДЎСМАТОВ РАВШАН КОМИЛЖОНОВИЧ
	«ЧАСТОТАВИЙ РОСТЛАНУВЧИ АСИНХРОН ЭЛЕКТР ЮРИТМА АСОСИДА ЮҚОРИ КУЧЛАНИШЛИ НАСОС ҚУРИЛМАСИНИНГ ЭНЕРГИЯ САМАРАДОРЛИГИНИ ОШИРИШ»
	ТЕХНИКА ФАНЛАРИ БЎЙИЧА ФАЛСАФА ДОКТОРИ (PhD)
	ДИССЕРТАЦИЯСИ АВТОРЕФЕРАТИ
	Тошкент – 2021
	ДЎСМАТОВ РАВШАН КОМИЛЖОНОВИЧ (1)
	«ЧАСТОТАВИЙ РОСТЛАНУВЧИ АСИНХРОН ЭЛЕКТР ЮРИТМА АСОСИДА ЮҚОРИ КУЧЛАНИШЛИ НАСОС ҚУРИЛМАСИНИНГ ЭНЕРГИЯ САМАРАДОРЛИГИНИ ОШИРИШ» (1)
	ТЕХНИКА ФАНЛАРИ БЎЙИЧА ФАЛСАФА ДОКТОРИ (PhD) (1)
	ДИССЕРТАЦИЯСИ АВТОРЕФЕРАТИ (1)
	Етакчи ташкилот:     Навоий давлат кончилик институти
	Ведущая организация:                                     Навоийский государственный горный
	институт
	К.Р. Аллаев
	K.R. Allaev
	М.I. Ibadullaev
	Бичими: 84х60 1/16. «Times New Roman» гарнитураси.  Рақамли босма усулда босилди.  Шартли босма табоғи: 3. Адади 100. Буюртма № 6/21.

