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X.M. MyparoB
daH TOKTOpH WIMHUH AapakacuHU OepyBUN
WIMHIA KEHTaIll paucu

T.¢. 1., mpodeccop

0.0.3apunoB
daH TOKTOpH WIMHUH AapakacuHU OepyBUN
WJIMHHA KeHTall WIMAK KOTHOH, T.). 1., TOTIEHT

P.A.3axunos,
®daH TOKTOPHU WIMHHA JapakacHHU OepyBUH WIMUH

KEHTall KOIINIard WIMHH CEMUHApP PauCH,

V36exncron Pecrybmikacu A akamemur, T.¢.1., mpodeccop

KHNUPHUII (JoxTOopJuK quccepranusacu aHHOTALMSCH)

Juccepranusi MaB3yCHHUHI [10J13ap0JMru Ba 3apyparu. byryHru KyHnaa
KAXOH JIaBJIATIADUHUHT DJIEKTP DHEpPrusi OWIaH TabMUHJIAHTAHJIMK Japa)kacu
Typau4da 0ynub, caHoatda ypraya 3iekTp sHeprusira capd 37% Tamkui Kuiiau,
IIYHJAH KOH-MeTayuryprust ca”oarura 12% Ttyrpu kemanu. Kon-meramryprus
CaHOAaTWra €Hruj aXpaTujaguraH MUHEpal XOMalllejap 3aXUpacd Kamailluiiu Ba
AKCIUTyaTalusra OFMp KOH-TE€OJIOTHs HIapOUTHIArd MHUHEpal XOMAallCIapHU Kayd
ATUIASTTaHIUTH cababu AMeKTp FHeprus capdu xaM omud 6opMokaa. CTaTUCTHUK
MabJIyMOTIApUra Kypa AyHE MAaBIATIAPUHUHT KOH-METAJUIyprHsi — CaHoaTujia
WWJUTMK 3NEeKTp 3HepruAra OynraH 3xTuexku 913,2 TBT'c HM Tamkuia 3Taau Ba
TaIKUKOT HarTwkamapura kypa, 2030 iwiara kenu® dJIEKTp DHEPTUSHUHT
ucteeMonu iumnura yprada 1,8% omamn. CaHoaT KOpXOHAJTapHUHT DIIEKTP
sHEeprusra OyiaraH HXTHCK Ba TalaOlapUHU TabMUHJANIA MIUIA0 YHKWLI
TEXHOJOTUSJIADHUHT SHEPrusl TEKAMKOPJIMIM Ba CaMapaJOpriHU OLIMPHILTa,
AIIEKTP SHEPrusi MCTEbMOJMHU ONTHUMAIIAIITHPHUIN YOpa-TaAOUpIIapuHHU >KOpUH
ATUII/IA aJIOXU]Ia YBTHOOP KapaTUIMOK/IA.



V36exucTon Pecmybnukacuna KOH-METATyprus CAaHOATH HHPHK YHEpPIHs
pecypciiap UCTebMOYMIapUiaH Oupu XucoOIaHUO, FOKOPH CcaMapagopiuKKa ora
OyiraH TEXHOJOTHUSAJAPHU KOPHUM STUINra OWJ TaaOUpJapHU camapajiv TallKWil
KWJIMIITa ajoxuja 3bTUOOp Kaparwiaud. by Oopaga OOMMTHIN TEXHOIOTHK
KapaCHUJArd IOKOpU camapaiud OOIIKApWIN THU3UMJIAPUHU SIPATHUI, 3JICKTP
JHEPIUsl HCTHEMOJIMHM MEBEpJall, HHTEIUIEKTyaJl TH3UM acOCHIa TEXHOJOTHK
KApaCHHUHI OOILIKAPUII TU3UMUHU TaKOMWJUIALITHUPUII Oopacuua Cce3wiapiu
HaT>KaJIapra 3pUIIUIIH.

Kon-meramnyprus caHoaruja pyaaHud OOMMTHILI TEXHOJOTHK >KApaCHUHHUHT
y3ura Xoc XyCyCHSTHAAH KeauO YHMKKAH XOjiJa DJHEeprusi HUCTEChbMOJIMHU
KaMaWTHpUII Ba  MHMHEpPAJ XOM  aul€ pEeCypClapuHM  KalTa  MIUIaIl
TEXHOJOTUSJIAPUHUHT SHEPreTUK CcamMapaJoOpiurUHU OLIUPHUII MYXUM aXaMUAT
kacO aTMoka. by Oopana makcaanum WIMHN-TaIKUKOTIAPHU, KyMJIaJaH Kyiuaaru
HyHanmuuuiapard WiMHN W3JaHUIUIAPHU aMajira OLIMpPUII MyXUM BazudaiapaaH
Oupu xucoOlaHagu: 4YacTOTaBUM OOIIKAPUIYBYM DJIEKTP FOPUTMATAPHUHT
panuoHan OOLIKAPUII KOHYHWHU MIIA0 YMKHUILI, ACHHXPOH MOTOPHHUHI SHEPIUs
TEXAMKOp JWHAMUK Ba CTarTMK HII PEKUMIAPUHM aHMUKJIAIl Ba YJIAPHUHT
MaTeMaTHuK MOJIEJIMHU SpaTHIl, HACOC AarperaTMHUHI EMUPWINIIN MOJEIVHA
UILIA0 YMKUIL, JIEKTP SHEprus capuHU TEXHOJOTHMK Xapa¢Hra TabCUP ITYBUU
OMWIJITADHU AHUKJIa0 Mebepiall METOJWKACHHH SIPaTUII, OOMUTHUII TEXHOJIOTMK
KapacHUHT 3Heprusi cap@uHu Oamopar aaropuTMuHM unuiad uukum. FOkopuaa
KeITUPWITAH  WIMHHA-TQAKUKOTIAp  WyHanumuia  OakapwiacTraH  WIMHNA
U3JaHUILIap Ma3Kyp AUCCEPTALMsI MaB3yCUHUHT J1OJI3apOIUTMHU U30XJIal 1.

V36ekucton PecrnyOnuKacHHUHT «DHEPrUsfaH OKWIOHA (DOiijaIaHHII
Tyrpucugant Konynu (1997), V36exucron Pecrydmukacu Ipesunentununr 2015
vun 5 maitgaru 11K-2343-con «2015-2019 iminapaa MKTUCOIUET TapMOKJIApU Ba
WOKTUMOMI CcOXaJa >SHEpPrusi CUFUMUHU KHCKapTHPHWIL, 3HEPrusl TeKalIuraH
TEXHOJIOTUSJIAPHU KOPHUH 3TULI Yopa-TaaOupiapu JacTypu Tyrpucuga»ru Kapopu
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Ba V3bekucton Pecnybmukacu Basupmap Maxkamacummar 2012 imn - 28
HossOparu 333-con «CaHoarna vmiad 4MKapuil XapakaTJapuHU KHUCKApTHUPUII
Ba MAaxCyJoT TaHHapXWHU MacaWTupuil Oopacuaard Kymumya 4Yopa-Taadoupiap
TYFpUCHMIA»TU  Kapopu  Xamja  Maskyp  ¢aonusrra Teruuuim — Oapya
MEbCPUN-XYKYKUN XysoKaTiaapia OedruiaaHrad BazudanapHU amalira OLIMpPHILNTa
ymly auccepTanus TaAKUKOTH MyaisiH Japakaja Xu3MaT KUIaIu.

TanKUKOTHUHT pecny0iuKa ¢gaH Ba TEXHOJIOTHSVIAPH PUBOKIAHUIIH
HMHI YCTYBOP HyHAJIMILIAPUTa OOFIMKIMIUA. Ma3Kyp TaJKUKOT peciyOiuKa
¢an Ba TexHONOTHsUIap puBOKIAaHUIIMHUHT []. «DHEpreTrka, sHEprus Ba
PECYPCTEKAMKOPIUK» YCTYBOP MYHAIMILIYN JOUpacuia Oakapuira.

Jnccepranusi MaB3ycH 0Yiinua XOpHKHii HIMHI-TaIKHKOTIAp mapxu'.
Nitab ynkapuii kapacHIapy TEXHOJIOTMSUIADUHUHT SHEPTETHK camapa
JOPJUTUHA YaCTOTABUM POCTIAHYBYH IEKTP IOPUTMAJIAP aCOCHUIA OLUIMPHILL,
JHEPIus Ba PECYPCTEKAMKOP TEXHOJOTUATIAPHU SPATULI BA KOPUW DTHILL,
IIYHUHTACK TEXHOJOTUK KapacHIapHU ONTUMaJl OOUIKApHIL TU3UMIIAPUHU UILITA0
YUKUIITa WYHAUITUPUITaH WIMHUHM W3JIaHULILIAP )KAXOHHUHT €TaKYU MIMUI



MapKasJapu Ba OJIMI TabJIMM Myaccacanap, )kymiaaat, University of Cambridge
(Anrmus), University of Tennessee, Columbia University, Rockwell Automation,
Data Flow Systems, Inc (AKII), TU Dortmund University (I'epmanust), Musnnmii
TankokoTiap yausepcutretu "MOU" (Poccust), Tpuon kopnopanusicu (Poccust),
AGH University of Science and Technology (ITonsmia), Schneider Electric,
ALSTOM (®panmus), ABB Group (Llseiiniapus), Siemens AG (I'epmanusi),
Hyundai Heavy Industries Co. (Kopest), Toshiba (Anonus) Tomonugan onud
OOpUIIMOK1A.

Kon-MeTammypruss caHoaTuja SHEPrUs TEKaMKOP TEXHOJIOTHSIAPHH KOPHUH
ATUII Ba YCKyHaJapHUHT OOIIKAPUIN YCY/UIAPUHU TAKOMUJUIAIMITUPUINTA OWJL
XKaxoHJa oaub OopwiraH TaJAKUKOTIAp HATHXKACH[A KAaTop, KymilaJlaH, KylHaru
WIMHUI HaTWKajap OJWHTAH: ONTUMAJ OOIIKAPYB aJrOPUTMIIAPUHN MyKaMMaJl
JAIITHPHUIIT aCOCUAA HACOC KypHUIMaJapHHUHT YaCTOTaBUI POCTIAHYBYH JIICKTP
roput™Manapu unad yukwiran (University of Cambridge, AHrms); HHTEIIEKTya
TEXHOJIOTHUSJIAP ACOCHIa MypaKKad TEXHOJOTHK jKapacHIapHU aBTOMATIAIITH
puiran 6omkapys Tuzumiiapu unuiad yukwiran (Data Flow Systems, Inc., AKII);
HHEPTOTEXHOJIOTHK MEHEHPKMEHTHUHT HHTETpaUIalTad HHPOPMAITUOH TU3UMHU
unuiad ynkuiarad Schneider Electric (Opanrus).

JlyHéNia KOH-METALTypTHsi CaHOATHAA HSHEPTUS TEKAMKOpP TEXHOJOTHsIIAP
UIUIad YMKUII Ba TEXHOJOTHUK >KapacHJIApPHUHI HHEPreTUK CcamapaopiIurvuHU
omupuil Oyiimya Karop, IKymJsiaJaH, KyHuJIard yCTyBOp UHyHanumuiapaa
TaAKUKOTIAp OJIMO OOPUIIMOKAA: YacTOTalU POCTIAHYBYM DJIEKTP IOPUTMATAPHU
UNUIa0 YUKWIL, pydaHd OOWMUTUIN TEXHOJOTHK >Kapa¢HHIIa HILIANl PEXUMHUIA
PYAAHUHT cudar KypcaTKuujiapura TabCUp 3TYBUM OMUJUIAPHU AHUKJIAIL; 4acTOTa
Y3rapTUPTUIHUHT ONTUMAa OOIIKAPYB CTPYKTypa CXeMACH HIILIA0 YUKHIII,

'Muccepraums Map3ycu Gyiinua XOpHKMil MIMHIT-TaIKHKOTIAp mapxu http://search.ebscohost.com/,
http://www.cyberleninka.ru, http://www.works.doklad.ru, http://elibrary.ru/, Kazakov B., Shalimov A., Kiryakov A.
Energy-saving mine ventilation / Journal of Mining Science. May 2013, Vol. 49 Issue 3, p 475-481 Ba Oomuika
MaHOajap acocuaa UInIad YUKWITaH.
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YacTOTadM Y3TapTUPTUYHUHT CKajJsip Ba BEKTOp OOIIKApyB KOHYHJIAPUHHU
TaKOMIUIAIITUPHIIL, TEHETUK aJTOPUTM acoCHJa ONTUMajl OOMIKAPHUII TU3UMHU
SpaTHILl, BEKTOPJIM OOIIKapWJIaJuraH MOTOPJAPHUHT TE3JIUTUHU JATYUKCH3
aHUKJIall YCYJUHU UIILTA0 YUKHIIL.

MyaMMOHHMHI  YPraHWJITAaHJIMK  JAapaskacu.  OHEPIrUs  TEXKAMKOP
TEXHOJOTUSJIAPHU  WNUIA0  YUKWIN, CaHOAT  KOPXOHAJAPUHHWHT  DHEPTHUs
TEKAMKOPJIMTM Ba DJHEPrusi CaMapaJOpjIUTMHHU OIIMPHIL, DBIIEKTP JHEPTHs
HCTEbMOJIMHU ONTUMAJIJIAI, IEKTP MOTOpJIap/ia 4acToTa y3rapTUpruuu epaaMuia
alJIaHUIIl YaCTOTACMHU POCTIIAIl, ABTOMATIAIITUPHUIITAH TEXHOJIOTHUK >KapacHIapHU
OomIKapuIll TU3MMUHU MILIA0 YUKUII Macaiajapu Oup Kartop omumiap: Mark
Cannon (University of Oxford), Marc Bodson (University of Utah), Geraint Jewell
(University of Sheffield), Tetyana Morozyuk (Technical University of Berlin), Juha
Pyrhonen (Lappeenranta University of Technology), @ Hans-Georg Herzog
(Technische Universitdt Miinchen), Volker Staudt (Ruhr Universitdt Bochum), K.T.
Chau (University of Hong Kong) Ba 6omikanapHuHr unuiapuaa Kypud YHMKUITaH.



Canoar kopXoHaapuaa 4aCTOTaJIM POCTIAHYBYM AJEKTP HOpUTMAJIap acocuia
SHEPrusl TEKAMKOP TEXHOJOTHSIAp WIIIA0 YMKHIN Ba JKOPUH ITHIN Macaialapu
OwnaH OOFJIMK TaJAKUKOTIAp OUp Karop oJMMiIap TOMOHHAAH OJu0 Oopuiras,
xyminaaad, Siemon G.R., Ferreira F.J., Jahns T.M., Hanitsch R., Walters D.G.,
Ipennep P.T., bpacnasckunn M.M., Kmouer B.U., Koszsapyk A.E., @urapo b.U.,
Kamanop T.C., XommmoB O.0O. TaxyimuiM IIYHH KYpCaTaJuKH, XO3UPId BaKTIa
CaHOAaT KOpXOHaJapAarv Y3JMKCU3 PEeKUMIA HIUIAWIWTaH yCKyHajapaa JJIEKTP
IOpUTMaHU POCTIAll OpKadu »diekTp osHeprus capdunu 30% rada Texarl
uMkoHUHU Oepaau. lIlyHuHTIEK, caHOAT KOPXOHAJIAPH TOMOHUIAH DJIEKTP IHEPTHUS
UCTEbMOJ KWIHII PESKUMIAPUHU ONTHUMAJUIAIITHPHIN, cap(iaHran  3JIeKTp
SHEPTUSIHA MEbEpJall Ba SBJCKTP MOTOPJIAPHUHT CaMAPAJOPIUTMHU  OLIMPHII
oyiinua tagkuxkoriap MensHukoB M.A., HacwipoB T.X., Amnaes K.P., Kynpun
b.1., Xommmos @.A., ApunioB H.M., Anmumxomxkaes K.T., bo6oxxanoB M.K., Bose
S.K., Hussein T. Mouftah kabu onumiap TOMOHU/IaH TAJKUK KWJUHTAH Ba MablIyM
napaxajaarv WKoOWi HaTWKajlapra SPUIIUITaH.

KoH-MeTanmnypruss Ba MeETaUIyprusi caHoaTIapuaa »dSHEPTUS TEKAMKOP
TEXHOJIOTUSIJIADHU MIIIA0 YWKHUII, OJJICKTP DSHEPrus HCThEMOJM Ba HUILIA0
YUKAPUIITHUHT CcaMapaJopJIuTUHU OIIUpHINTra Oarunuianran unuiap JIsxomckwii
A.B., OmneiinukoB B.K., Hukudopor I'B., OcunoB A.B., 3rwo06posckuii JL.I,
Bacunses N.E. Ba OomikalapHUHT TaJKUKOTIApUJAa PYyJaHH TalIKWI STYBYU
KMMMAaT0ax0 KOMIOHEHTJIADHUHT KaMaWWIKM OWIaH, UIuiad YUKaAPUI XaXKMUHUHT
JOMMHUN paBHIlJla OPTUIIM, KOH-METAJUTyprus caHoaTHAa SIHTM DHEpPrus Ba
pecypTeKaMKOp yCyJUiap Ba TEXHOJIOTHSIIAD SPATHIIMINK Tajnad >Tuinaan. OauMiiap
TOMOHHUJAH YacTOTaBUN OOIIKAPUIYBUMU DJICKTP HOPUTMAJApPHU, DJICKTP IHEPTHS
HMCTEbMOJIM Ba YHTA TabCUP 3TYBYM OMUJUIAPHU YPraHUII COXAcCUJa SPHUIIUITaH
myBadGoKusTIapra Kapamai, MyXaHJIUCIHK HyKTan-Ha3apHuIaH TAbMHUHIIAII XaJH
XaMOH eTapiau gapaxkana sMac. llly Oummanm Owupra, Maskyp macanainap Oyimda
TaIKUKOTIAPHUHT  KYIUIMTUra Kapamad, pylaaHd OoMuTHIN KapacHiapuia
SHEProTEKAMKOPJIMK Bazudanapu eTapiinya unuiad ynkuiMarad. bynu, Oupunun
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HaBOaTna pyaaHu OOMMTHIN >KapacHJapura KyWWIaguraH TajgaOJapHUHT TYpJH
TYMAHJIUTH Ba KYIHHYA Kapama-KapIIWIATK OWjlaH TYIIYHTHpUII MyMKHUH. borka
TOMOH/IaH, KOH-METAJUTYpPIrUs CaHOATUAA pyJaHu OOWUTHUII kKapaCHIapu ¥Y3ura Xoc
XyCycusiiapra sra Mypakka0 JUHaMHMK THU3UMJaH Talkuia Ttonrad. FOkopuaa
KEATUPWITAHIApHA HMHOOATra onud, KOH-METAJUTyprusi CaHoaTuAa 4acTOTaBUU
OOIIKapUIIyBUM 3JIEKTP IOPUTMAajap acoCHAa MHHEpal XOMAalle pPecypclaphHH
KalTa MIUIAIl TEXHOJOTHMSJIADUHUHI DHEPreTUK CaMapaJOopJINTUHU OLUIMPHUII Ba
AIIEKTP DHEPIrUsl UCTHEMOJIUTA TAbCUP ATYBUYM OMWIJIAPHU MHOOATra OJIraH X0J/Aa
AIIEKTP HDHEPrUsSHM MEbEpIaHUIIM Ba Oamopartd OyiiMua TagKUKOTIApHHU ONHO
OopuIll Ba TAaAKUK 3TUIITa OarvlUIaHTaH WIMUN M3JIaHUIUIAD XO3UPTUd KyHJAa
eTapiii Japakajia KypuiMaras.

Juccepranusi MaB3yCHHHUHI JuccepTanusi Oakapwiral WIMHMHA
TAAKHUKOT MYACCACMHUHI WJIMHMH-TAAKMKOT HMILIAPH OMIaH OOFJIHMKJIUIH.
Juccepranus TanakukoTH «MinMui TexHMKa Mapkasw» MabCynusaTH 4YeKIJIaHTaH
KAMUITH WIMHU-TAAKUKOT unuiapu pexkacuHUHr A-12-057 «Tof-koH caHoaTh
IEKTPO- MEXaHUK THU3MMIIAPUAA DHEPrUs Ba PECYpPCIapHU TEXOBUM HOKOPH



camapalid TEXHOJIOTHS Ba TEXHMK BOCHTaJapHM uuuiad uyukum» (2006-2008),
EA3-®K-074326 «BoHUTHII MeXaHU3MIIAPUHUHT POCTIAHYBUM 3JIEKTPIOPUTMA
TU3UMIIADUHU W10 YMKUII Ba TAJKUKOT KWIMIL, MaTeMaTHK MOZeJJiall Ba
VIQPHUHT HII PEXKUMIIAPUHU onTUMasutamtupuin (2014-2015), @2-OA-0-12660
«Tor-koH caHOaTHJa Ba MalIMHAIM CYFOPUII KaHAJUIApU TU3UMIIAPUHHUHI HACOC
CTaHIUsNIapuaa TypOOMeXaHu3MIapJard y3apo ajloKaaop SJIEKTPOTHIAPOMEXaHUK
JKapacHJIapHU Ba DJHEProO- Ba PECYPCTEHKAMKOD PEKHUMIIAPDHH YacTOTaBUM
OOILIKAPUITYBUM AJEKTP IOpUTMaiap €plaMujia paoHan OOIIKapHI HAa3apUsICUHU
puBoxianTupum (2012-2016) mas3ycuaaru monxanap aoupacuaa Oakapuiras.

TagKMKOTHUHT MAaKCaAW PYJaHH OOMUTHUII TEXHOJIOTHK KapacHH]a
POCTJIaHYBYM DSJIEKTP OPUTMA Ba DJIEKTP KYPCATKUUJIAPUHU MEBEpIAIl acocujia
SHEPrusi caMapaJOpJUTrduHA TAbMUHJIOBYM TEXHUK CUMMIIAPHU MIILIA0 YUKHIIJIAH
nubopar.

TaaKMKOTHUHT Basudaiapu:

pynaHu OOMUTUIITHUHT TEXHOJOTHK jKapa¢HU 1a YHEPTETUK YCKyHaIapiaH
doitnananuii caMapagopIUTUHUA OIIUPUIL UMKOHUSTIIAPUHUHT TaXJIAI ITHIIL
pyAaHu OOMUTUITHUHT TEXHOJOTHK KapacHH1a MEXaHU3MIIAPHUHT JIEKTP
IOpUTMaJapura TajadiiapHu aHUKJIall;

(QIEKTP MOTOp — WINYM MEXaHW3M» THU3UMHHH OOIMKapyB OOBEKTH
cudaruga ypranum Ba Oepwiran Ttamabnapra MOC TEXHOJOTHK >KapacHHUHT
SHEPrUusT Ba PECYpPCTEKAMKOPJIWTMHU TabMHUHJIOBYM aABTOMATUK OONIKapyB
TU3UMUHUHT pallMOHAJ CTPYKTYPACUHU aHUKJIAIIL;

«aCHUHXPOH MOTOpP—HAcOC» TU3UMHHUHI MaTeMaruK MOIEIMHU HUu1a0
YUKUII, IYJIbIIAHK HAcOC OWIaH TOPTUILJA JHEPTUs Ba pecypc TEKaMKOP
pexumiIapra WYHaATHUpUITaH dYacToTa OOMIKApUIl THU3UMHU TY3WIMIIMHU Ba
KOHYHJIAPUHU aHUKJIAILL;

KOH-METAJTyprusi CaHOaTHAAa SHEPIrusl UCTEbMOJ KUIYBUU OOBEKTJIADHUHT
napaMeTpiaap TapKUOWMHU VpraHull, CTAaTUCTUK KaWTa WOulall YYyH TaJAKUKOT
ATUJIACTTaH MabIyMOTIIap 0a3aCUHU SPATHIIL

KOH-METAJTypTUsi  CaHOaTUja »JJeKTp OaJlaHCHW sApaTyBYd  alloXHjia
dJIEeMEHTIap/laH TalllKWI TOMNTaH HHEPrHs HCTEbMOJ KUJIYBYH OOBEKTIAPHUHT
CTPYKTYpacHHHU aHUKJIAII,

pyIaHM KalTa unuiamra capgiaHagurad 3JIeKTp dSHEPTUSHA MEbEpIIall Ba
Oarmropar KWJINI METOJUKACUHH UIIA0 YUKHIIL,

OyJIbIIaHW YUKAPYBYM HACOC KypWIMAJAPUHUHT DHEPrOTEKAMKOpP Il
peXUMIIapy, HACOC KYPHUJIMACHHHMHI CTPYKTypa cCXeMmajapd Ba YHH OOIIKApHII
AQITOPUTMHHN KOHKPET KOH-METAJLTypTys CaHOATHJIard 3aBOJJIapHra amaaueTra
TaaOUK DTHIILL.

TaaKUKOTHUHT 00beKTH cu(aTHIa KOH-METAJLTyprUsl CAaHOATH/Ia PYIaHH
OOMHTHIN TEXHOJIOTHK KapacHU OJIMHTaH.

TaagKUKOTHUHI NpPeAMeTH POCTIAHAIWTAH DJIEKTp IOpUTMa Ba pyldaHU
OoMUTHI Kapa¢HJIApUIArd TEXHOJIOTHK YCKyHAJApPWHHUHT COJUINTHPMA DJIEKTP
UCTEHMOJIN KYPCATKWYH TAIIKWI 3TAJIH.

TaagKMKOTHUHT ycyJiapu. TaakKuKOT kapacHUa 3aMOHABUM JIEKTP



IOpUTMa Ha3apusCH Ba aBTOMATHK OOIIKapyB Ha3apHsICH yCYIJIapy TaHIaHTaH.
OKcnepUMEHTaN TaAKUKOTIAp/1a MaTEMaTUK MOJAEIIIAIITUPHIL, SKCIEPUMEHT
JapHU pexanalliTUPUII, XaKUKUA OObEKTHUHT UIMUTAIIMOH MOJICJIMHU SAPaTHII
yCyJUIapy, IIYHUHIJEK O€BOCUTA TAIKUKOT OOBbEKTHAa HHCTPYMEHTAN YIdalll
yCYJUIAPH KYJUTAHWJITAH.

TagKMKOTHUHT WIMHUI SHTUJIMITH KyHuaaruiapaad uoopar:

HAcOC ACTaJUIAPHUHT EMUPWINIIUTA TABCUP ITYBYU ACOCUN OMWIJIAPHUHT
byHkuusacHu cudaruia eMAPUIMIIMHUHT MaTEMATUK MOJIETU UIIa0 YHMKUIIUO,
HAcoC JeTallapd EMUPWIHILNTA TABCUP 3TYBUM MyXHUM OMUJUIAP AaHUKJIAHTaH;
4acTOTaBUI POCTIAHAAUTaH «ACUHXPOH MOTOP - MyJbIa TOPTUO YUKAPyBUU
HACcOC» TU3UMUHUHT SHEPIUs Ba PECYPCTEKAMKOP PEKUMIIApU UIIA0 YMKUITaH;
AIIEKTP PHEPIsi ICTEbMOJUHUHT caMapaJopiIuKKa Ba MalJaJalllHUHT UKKUHYU
OOCKMYMIa TETUPMOHHH LIapJiap OWJIaH TYJIJIMPUII Japa)kacura OOFJIUKIUTH
AHUKJIAHTaH;

SHEPrUsl TEKAMKOPJIMK caMapaJopiuruHy 0axoall y4yH 3JIEKTP UCTEbMO
JIMHYU MEBEPIIAIl Ba MOJEUIAIITUPUIITHUHT KOMIUIEKC YCIyOu MIIUTa0 YMKUIITaH;
acoCui TEXHOJIOTUK KYpCaTKUYJIapH ACOCH/IA AIEKTP SHEPTUsl UCTHbMOJIUHU
Oarropar KyIHIIl MOJICTTH UIIUTa0 YHMKUJITaH.

TagKUKOTHUHT aMaJIuii HATHKACH KylnaruiapaaH noopar: pyJaHu
OOMUTHILIHUHT TEXHOJIOTHK apa¢HUa SJHEPreTUK yCKyHallapJlaH camapaiu
doiinanaHnIll UMKOHUSTIAPY Ba MEXaHU3MJIAPHUHT JIEKTP OpUTMAallapura
KyHUIaaura tanadiiap aHUKJIAHTaH;

(QJEKTP MOTOp — HINYM MEXaHU3M» TU3UMHUHHU OOIIKapyB OOBEKTU
cudaruga Oepwiaran Tanabiiapra MOC TEXHOJIOTHK >KapacHHUHT DJHEPrusi Ba
PECYpPCTEKAMKOPJIUTUHN TabMUHJIOBUM aBTOMAaTWK POCTIAHAJWTAH TU3UMUHHHT
CTPYKTypacH HIILJIa0 YUKUITaH;

KOH-METAJTyprusi CaHOaTH/AAa SHEPIHs MUCTEHbMOJ KWIYBYM OOBEKTIAPHUHT
napaMeTpiap TapKuOM aHUKJIAHTaH, »JJIEKTp OaJaHCHM SpaTyBud —aJlOXHJa
AJIEMEHTIIap/laH TAalIKWJ TOMNIaH DJHEPIrHsi HUCTEbMOJ KWIYBUM OOBEKTIAPHUHT
CTPYKTypacH aHUKJIaHTaH;
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pydaHu KaWTa unulamra capdiaHaguraH 3JeKTp IHEPTUsSHU Mebepiiall Ba

Data Mining TEXHOJOTHACH acoCUJa JJIEKTp HSHeprusi capuHU MPOTHO3JIAIIL
AJTOPUTMH UIIIA0 YUKHUIITAH.

TagKMKOT HATIKAJIAPUHUHT HINOHYWIMJIMIU. DOWWTHIN TEXHOJIOTHK
’Kapa¢HU acocHuja HILIad YHUKWITaH YCKYHAJapHUHT JHEPTHATEHKAMKOP HII
peXUMIIApU, WIMHM XoJariap, XyJiocajdap Ba TaBCHUSUIAPHUHT HWIIOHYIWJINTH,
ANIEKTp IOpUTMA Ba MaTeMaTHK (HU3WKa Ha3apWSICHHUHT MOC OVIMMIIapuHU
AKCIIEPUMEHTA]I MabJIyMOTJIApHU KalTa WIUIANl YYyH METOMJIAPHHM ampoOarius
Kb, Kyam OujlaH aJIeKBaT MaTeMaTWK MOJCJUIap acocHja 3aMOHaBUU
TaJIKUKOT METOJIApUHM KYJiIaml OujiaH acociaHaau. HarvkamapHUHT HUITOHWIH
JUTH XHUCOOJIAaHTaH Ba THUAPOMETAJUTYPTHs 3aBOIJAPHIA OJIMHTAH IKCIIEPUMEHTAT
MabJIyMOTJIIAPHUHT  COJIMIITHPMA  TaXJIWJIW, MOJCJUIAPUHUHI  AJICKBATJIWIH,
TECTJIAHMIIIN, XUCOOJIaI TaKpUOanapy TaxJIUIu Ba MOJACIUIAIITUPHUII HATHKa
JApUHUHT 00BEKTIap OYinva HMFUITAH peall MabJIyMOTIap OulaH TaKKOCIaIra



acOCIIaHaIU.

TagKUKOT HATHKAJAPUMHUHI WIMMHA Ba aMajMi axaMuATH.TaakKukoT
HATWKAJAPUHUHT WIMUWA axaMHSATH SpaTWITaH “aCMHXpPOH MOTOp — MyJNaH!
TOPTYBYM HACcOC’ TU3UMHM HACOC arperaTMHUHT €MUPWIMIINHU XHucoOra oJjraH
XO0JI]a YacCTOTaBUM POCTIAHAIUTAH DIICKTP IOPUTMAHUHT MOJACIIAIITHPHUIIT
Ha3apUsICHHU PUBOXIIAHTUPHUII MYMKHHIIUTY Ba IMHAMUK KapacH KypCaTKUWIapH,
YacTOTaBUl OOMIKApUI KOHYHJApPHUHT TabCUPH, TEXHOJOTUK >KapaCHHUHT
SHEPrusi  TEXKAMKOp  ycyiuaa  OOLIKapuIl — ajdropuTMiapu,  XucooOuarll
TaXpuOaJapuHd pEXANANITUPUIIL Ba amajira ONIMPUINTra WUMKOHHUST SpaTUIIN
OWIaH U30XJIaHAIH.

TagKUKOTHUHT amajii axaMmusATH SPaTWIraH YacTOTaBHM POCTIAHYBYU
NEKTP HOPUTMA, JTUHAMHUK KapacHJIapuiard MOTOPHHMHT KaJJaJUIUTH, pardoHas
OOIIKApUIIl KOHYHUHU AQHUKJIAIIHKU SJEKTP SHEPrUSHUHT CONUIITHpMa capdu
MEBEPUHM XHUCOOJANl Ba Oamopar KWIMII YCYId, Xamja MHUHEpajdl XoMarle
pecypciapuHu KailTa niuiai TEXHOJIOTUSUIAPUHUHT SHEPTeTUK CaMapaiop
JUTUHUHT OIIUPUIITHU TAbMUHIIANIN.

TaagKMKOT HATWKAJAPUHMHI KOPUIl KUIMHMIIK. Pynanu Oodurtuin
TEXHOJIOTUK  JKapacHUJa pOCTIAHYBUYM DJJIEKTP IOpUTMAIap Ba  JJIEKTP
KYpPCaTKUWIAPUHU MEbEpiall acoCHAa SHEPrusl caMapaJopiuruHUA TabMUHIOBYU
TEXHUK €4MMJIApHU UIILTA0 YMKHUII acCOCUa:

MyJbIIAHU TOPTYBYHM HACOC KYPUIMACHHUHT YaCTOTaBUH POCTJIAHYBYU
AJEKTP IOPUTMACUHUHT MaTEMATUK MOJIENIU, HACOC KypHIMaTapUHUHT YHEPTUS
TEKaMKOpP UII PeXXUMIIApHU, HACOC KYPUIMACHHUHT CTPYKTypa cxemaiapH Ba yHU
Oommkapuin anroputMu HaBouii KOH-MeTauTyprusi KOMOMHATHHUHT KOPXOHA
napuja, )Kymiajas, 2- Ba 3- ['uapoMetautyprusi 3aBojjiapuaa TEXHOJIOTUK
»KapaCHHU OOIIKAPHUIII Ba HA30paT KWJIUII YUyH HACOC KypuiMaiapura
kymnanwirad (HaBouit koH-meTammyprust KomOuHaTuHUHT 2016 iinn 4 maiinaru
02-07-07/5028—con mabiymoTHOMacH). UnMuii HaTuKaJapHUHT KYJUTAaHUIIA HACOC
KypuiaMajapu Oyinda 37eKTp sHeprus capuHUHT 5%ra kamaluImra Xu3mar
KWITaH;
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YaCTOTaBUM POCTIAHAAUTAH “‘aCMHXPOH MOTOp — Hacoc’ THU3UMHM Ba
TEXHOJOTHK >KapacHJapAa 3JEKTPO’HEPrus HMCTHMOJMHUHI OamopaTd macajia
napuHuHr euuminapuy DGA-D5-D050 «TypOomexanuszminapaa comup OymaauraH
y3apo aJoKagop AJIEKTPUK, TMAPABIMK Ba MEXAHUK JKAPACHJIAPHU TaAKUK KHJIUII
Ba MOJCIUIAIITUPHUIL, XamJa DdJEKTP OPUTMAIAPUHUA pALMOHAT OOIIKapHUII
TU3UMIIADUHU MIUIA0 4YMKUOD rpaHT Jonuxacuaa (2007-2011) typObomexaHusm
KypWIMAQJIApUHU YaCTOTAaBHIl pOCTIAraH/ia SHEPreTHK NapaMeTpiIapuHu Ba 3JEKTP
SHEPrusi UCTEbMOJUHUHI TApKUOUN Ty3WIMACHHM, KOMOMHALMAJIAHTaH YacToTa
OpKaJii OOIIKAPUIIAIMTaH aCUHXPOH JIEKTP IOPUTMAaHHU Y3apo aHUKJIAII1a
KymnaHwirad (dPaH Ba TEXHOJOTUSJIAPHU PUBOXJIAHTUPUILHU MYBO(DHUKIAIITUPULT
kymutacuHuHT 2016 iinn 20 centsabpaaru OTK-03-13/596-con mabiaymor
HOoMacH). My HATUKaHUHT KYJUTAHWIMIIN HACOC YCKYHAJIApUHU XU3MaT
KypCaTHIll MyJJaTHHU OLIUPHUIL, TEXHOJIOTHK JKapacHIapaa 3JIEKTP SHEPTHUs



cap@UHM NMacallkIIN Ba YHUHT PECYPCTEKAMKOP PEXKUMIIAPUHH TabMUJIAIT XaMa
TEXHOJIOTUK JKapacHJIAPHUHT SHEPTHs TEKAMKOP UIII PEKUMIIAPUHU aHUK Oaxosail
UMKOHUHM Oepra.

TagKUKOT HATHKAJTAPUHMHI anpodamusicu TagkukoT Hartwxkanapu 29 ta
WIMUH-TEXHUK aHXyMaHJapjaa, Wy >XKymjagaH |3 Ta xankapo amxymaiapaa
MyXOKama KuiuHrad: «KoH-meraiuryprusi caHoarMja 3aMOHAaBUN TEXHUKA Ba
TEXHOJIOTUSAJIAD Ba YJIAPHU PUBOKIAHTUPHUIN WYIIapu» XaJKapo WIMHUH-amMaIuid
koHpepentuss (Hasomit, 2010, 2012, 2015); «DHepreruka: camapagopiuk,
WIIOHWIWIINK, XaB)CH3NMUK» YMyMpoccusi UIMUH-aManuil  KoH(EpeHLIUscH
(Tomck, 2013); VIII International scientific - technical conference «Machine
drivers on transportation» (Ustron, 2011), Interregional Engineering Conference in
Technology and Education - Global Benchmarking and Monitoring (Krakow,
2011); Xankapo euvtap xoHbpepenuuscu (Tomck, 2012 ); «Mudpopmaruka:
MyaMMOJIap, METOHOJIOrus, TexHonorusuap»y XV  Xankapo WIMHU-TEXHUK
xoH(pepennus (Boponex 2015); «Arpap caHoaT KOMIUIEKCHAA AJIEKTP SHEPrUsiIaH
doitnananuil camapagopIUruHy OUIUPUIIT MyaMMoJapu» Xaiakapo HIMUN-TEXHUK
koHepennuss  (Tomkent, 2015) Ba 15 Ta pecnyOnuka MHUKECHAAru
aHKyMaHJIapyaa anpoOanusaad YTKa3uiaraH.

TagKUKOT HATWKAJAPUHUHT IBJOH KWIMHHIIM. J(Mccepranus MaB3ycH
Oyiinya >xamu 50 Ta WMIAMHNA HWIOM YON OTWITAH, UIyJapJaH, V36exucTon
Pecnybnukacu Onuid aTrTecTanys KOMUCCUSICMHUHT JTOKTOPIUK JUCCEpTalUsIapy
acocuil WJIMHMA HaTH>KAJIAPUHU YOI ATHUIL TaBCHUs 3TWJITaH WIMHUI Hampiapaa 17 ta
MakoJa, )Kymianad, 14 tacu pecnyOnuka Ba 3 Tacu XOPMXKUN >KypHaJlIapa Hamip
ATUIITaH.

JluccepTalusiHUHT Xa’KMHU Ba Ty3WIMIIM. /{uccepranus TapkuOU KUpPHIL,
oemra 000, xynoca, ¢doHgamaHwiIraH amabueTiap pyWxatd Ba WIOBaIapAaH
noopar. luccepranussHUHT XaXMu 197 O€THH TaIIKWUJI ATraH.
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JINCCEPTALIUSIHUHT ACOCHUI MABMYHHU

Kupum xucMmuia YTka3wirad TaJKUKOTIAPHUHT 103apOIuru Ba 3apyparu
aCOCJIaHTaH, TAJAKUKOTHUHT Makcaau Ba Bazudanapu, oOBEKT Ba MpeAMETIapU
TaBcuiaHrad, pecnyonuka (GaH Ba TEXHOJOTUSIIAPU PUBOKIAHUITMHUHT YCTYBOP
NYyHaIUMuuIapura MOCJHUIM KYpCATWITaH, TAJAKUKOTHUHT WJIMHM SIHTWIWTH Ba
aManiii HaTvbKanapu OacH KWJIWHTaH, OJJMHTaH HaTHKAJapHUHT WIMHUHN Ba aMaliuil
axamMusATH o4uO OepwiraH, TaJIKUKOT HATMOKAIAPUHUA aMaJIMETTa YKOPUW KHJIHII,
Hallp OTWITaH WIUIap Ba JUCCEpTAMs TY3WIHIIM Oyiinya MabIyMOTIap
KEJITUPUITAH. .

HMucceprauussHUHT «KOH-MeTaLIyprusi KOpXoOHaJapuaa pylaHu 0OMMTHII
TEXHOJIOTHK KAPACHUHUHT JHEPreTHUK CaMAapaAOPJMIMHU XO3UPru X0J1aTH Ba



PHMBOXKJAHMII MCTHKOOIMW» 10 HOMJIAHTaH OMpUHYM 6o0uaa pyraHu OOHUTHII
TEXHOJOTHMK JKapaCHUHUHI 3aMOHABHUW XOJaTW TaxJIWI KWIWHIAH, pyJaHu
OOMUTHIIl >KapacHUJA YCKyHAJapHUHI SHEPreTHK CcaMapaJopJIUTUHU OLIKUPUII
OyiiMya TaJAKUKOTIIADHUHI KYpuO UMKWIraH, pydaHd OOHUTHUII TEXHOJIOTHK
KapacHUJAa DJHEPreTUK Ba TEXHUK-UKTHUCOAMN KypcaTruujaap COJHMILITHPHUITaH.
Pynanu OOMMTHII TEXHOJOTHK >KapacHWJa HIUTUPOK ATAJAWraH yCKyHaJAPHUHT
Tabpuduapn  KypuO uumkwirad. IlynprmaHu — TpaHCIOPTUPOBKA — KWJIMINJA
CaMapaJIOpJIMKHU ~ OIIMPUIN  Oyiimya TaAKUKOTIAAp TaxXJIWJIW  YTKA3WJITaH,
TEXHOJIOTHUK >Kapac¢Hjaa OeBOCHTA aHMKJIaHAJIUTaH 3ymidaa mynapna catxu Oyinya
OyIbIIAHW TOPTYBYM HACOC KYPWJIMACHHUHI MII PEXUMIAPUHU OOLIKApHIL
3apypyiuru acocyiadb Gepuiras.

ONeKTp 3HEeprusi UCTEbMOJUHUHI MHCTPYMEHTA] TaAKUKOTIApHU YTKA3WITaH,
yllap pydaHu Maiijanai OOCKUYHIa, pylaHd KalTa uiuialijia yMyMud TaH HapXJa
SHT KaTTa KUCMUTa SHEPrus cappu TYFpU KEIUILNHU KYpCaTUIraH.

Kon-MeTamtyprus KOpXOHaJapUHUHT HEPreTUK CaMapaJOpIurMHU OLIAPHULI
MyaMMOCHHHU YpraHull IIyHU KYpCATIMKH, ylap KyH Xojulapaa JSHEpPreTHUK
pecypcnapnan camapaiu (GONJaTaHUIIHUHT TEXHUK OMWJUIApU OwWiIaH OOFIUK
Kuxatrnapra Oarunuianrad. bupok Oy coxagaru TaAKUKOTIAp AJIEKTP MCTEbMOIHU
MOJICJIJIADUHU  SIpaTULl, pyJaHW OOWWTHIN >KapacHUAA SHEPTUs HMCTEbMOJIUTa
TabCUP ATAJIUraH MYXMM OMMJIJIAPHM aHMKJAIl Macajlajlapura IKOpU YbTUOOPHU
Tanal Taau.

baxxkapuiaran wWiIMHMI TaxJIMJI  acoCHAa pPyAaHH OOMMTHIN TEXHOJOTHK
KAPACHUHUHI  TU3UMJApHJa SHEpPrus TeXall CcOoXacUuJaru TaJKUKOTIIap
KYJIaMUHUHT KEHralMill TEeHJIECHUUSUIApUHU XucoOra onaud JauccepTalusHUHT
MakcaJM Ba Bazudasiapu MaKUIAHTUPUIIAHN.

HuccepranvssHUHT  «KOH-MeTAa/LUIyprus KOPXOHAJAPUHHMHI  OOMMTHII
AKAPACHIAPUHUHI JHEPruUsi TeKAMKOP MII PeXUMJIAPU aHMKJIAIDy e
HOMJIAaHT@H UWKKMHYM O00MAa KOH-METAIYprusi KOPXOHAJAPUHMHT  JJIEKTP
UCTEBMONIM PEKUMIAPUHA TATKUKOT KUJIUIIHUHT METOJIMK TaMOMWIuIapu OacH
ATWIraH, OOWWUTHUIN KapacHIApUJA OJJIEKTP HCTEbMOJU  KapACHIAPUHUHT
CTPYKTypacH acociiad 6epuiras.

[Ilapnu TErMPMOHJIAPHUHT caMapa op WIUIAIIHA HYKTau Ha3apuaaH
HKCHEPUMEHT TAAKUKOTIAPUHUHT YUKHII XapaKTepUCcTUKaIapyu cudaruia Kady:
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KWIMHTaH Oynau0, pylajlapHU MaiJaJallHUHT Oapya JUHUSUTApUAA  DIICKTP
sHeprusick capdu Ba YHYMIOPJIUTHHUHT V3rapuiid aiHUKCa MIapIapHUHT
IOKJIAaHT@HJIMK ~Ha30paTtura MyXuM OOFIHMK. TEerMpMOHHHHT YHYMJAOPJIMTUHU
AHUKJIAII YYyH OFUPIIMK YITYOB TaXJIWIM KYJTaHUIIH.

Pynanapau wmaiinanamHuHr Oapya JUHUAJIAPUAA OFUPIUK YHYMJIOPJIWTH
Oyiluya D3JIEKTp DSHEpPrusi HCTEbMOJM, TOK Kydd, KyWIAaHHII, KyBBar
K03 PUIMEHTHHH YIyail uiuiapu oiud OOpHUIIIH.

Pynanapau wmaiiganam OOCKMYMHUHT SHEPTreTUKABUN XapaKTepUCTHKaJIapH
MHCTPYMEHTAJl YIyanuiap acocujaa OJUHTaH Oynub, Taximwiuil Hartwkanap |-
KEJITUPUIITaH.
pacMa pyaajgapHu Maiaanan 60 CKHIMHUHT SHEPTeTUKABUN TaBCU(PH 562



580 578 576 574 572 570 568 566 25,0

564 562 560 558 556 554 552 28,5 28,0 27,5 27,0 26,5 26,0 25,57V KWh(L) Outliers(L)
19,520,0 20,5 21,0 21,5 22,0 22,5 N, kWh/ton
Q, ton(R) Outliers(R)

1-pacm. Pynasapun maiiganam 00CKUYMHMHT JHEePreTHKaBUil TaBcu P

HcresMon KuIMHAAUTAH KyBBAaT Ba YHYMJOPJIHMK OYiinya TErMPMOHJIAPHUHT
mapiap OwiaH TYIAUPWINIT Japakacura OOFIMKIUTH OJUHTAH JKCHEPUMEHT
HaTHXKajJapu acocuja OJIMHTaH. 2-pacMjia IIapjapHu TYJAUPHUIN Japa)kacu Ba
yHymaopiauru Oyitmua 2500 kBT 1M TErHpMOHHUHT MCTEBbMOJ KWJIAJWTAaH aKTUB
KyBBaTura OOFJIUKJIMUTHA KENTUPWITaH. 2-pacMJaH KYpPUHAAUKUA [IapiapHU
roknanumuaa k,=0,22 (22% roxknaMana) UCTEbMOJ KWJIWHAJIWTAH aKTUB KyBBaT
HOMMHAJI KaTTaJUKJIaH UKKK MapTa kamasijau. Jlekun OyHaa TETUHPMOHHUHT PyJIaHH
Maianam BaKTH OIIag{, YyHKH pyJaHU Maijajiail ydyH TyIIa¢TraH Iiapiap
eTapiu erapiau Oynmaran Kyd OunaH Tabcup 3Taau. [llapnapHuHr rokmaHuin
JapOKACUHUHT OINWIIKA OWIaH WCTehMOJI KWIMHAJAWTaH aKTUB KyBBaT Ba
pydanapHu Maianan BaKTH XaM OIIaIH.

OKCIEpUMEHT  MabIyMOTIApUHU  TaxXJWJIW  HaTWXKacula  TErUPMOH
[IapJIapUHUHT FOKJIAHUII Japakacu YHYMJIOPJIUKKA Ba MCTEHMOJI KUJIMHAWUTAH
AaKTUB KYBBaTHUHI Yy3rapuiuura OOFIUKJIWrd aHukiaanau. [lapnapau Tynaupwuii
napaxacu 50% ra erraHga TETMPMOHHUHI YHYMJIOPJIUTH Ba D3JEKTP SHEPrus
UCTEeHMONIM MaljanaHumga omud Oopaan Ba MakCUMyMra jspuiagu. by
MabJIyMOTIap TETMPMOHHUHT HIapiap OWiaH TYIAUPWIMIN 1apa’kKaCUHUHT
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GYHKIMSACH UCTEHMOJT KWIMHAUTaH TETUPMOHHUHT aKTUB KyBBaTUTa
OOFJIMKJTUTUHY aHUKJIAITa UMKOH Oepaiu.
OnuHraH SKCHEPUMEHT MabJIyMOTIAPHH YMYMJIAIITUPUILI acOCUAA TETUPMOH
miapjaapuHu TYJIaupuil gapaxkacuHuHr ¢ynkuuscuna (1250 kBt Ba 2500 kBt
TETUPMOH Y4YyH) aKTHUB KyBBaT HUCTCHMOJUHHUHT PErPECCUOH MOJCIIU OJUHIH, IHHU

3-pacmaa KeITUPUITaH,
2

Oy epna k,, - TECTUPMOHHUHT 1IapJiap OWJIaH TYJIIUPUIIHII JapakacH.
P=-k~ k(1)
8713,0682 6089,015 504,6667,

2200
2400

2000
1800
1600
1400
1200 P (0,4), kW Outliers

1000 ]
800 P (0,44), kW Outliers

40 60 80 100 120 140 160 180 200 220 Q, ton

P (0,22), kW Outliers

YHYMJIOPJIMKKA Ba IApJap OWJIaH TYJIHPHUII JapaKacura 0OFJIUKJINTH
2-pacMm. TerHpMOHHHUHT HCTEbMOJ KHJIMHAAUTaH aKTUB KyBBaTu (PH=2500 kBT),

2400



2200
2000
1800
1600

P, KW
1400
1200
1000
800
0,20 0,22 0,24 0,26 0,28 0,30 0,32 0,34 0,36 0,38 0,40 0,42 0,44 0,46 kuw

3-pacM. TerupMoH ApPJIAPHHY TYJIAMPUII JapakacHHUHT QyHkuuscuga (1250 kBr
Ba 2500 kBT TernpMoH y4yH) aKTUB KyBBaT HCTebMOJIH
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TankukoTiap KypcaTauku, KOH-METAJUTypIrHsi KOpXOHajJapu TEXHOJIOTHK
JUHUSJIAPWHE  caMapajiop HWIUIAKA TPYHT HACOCIAPUHU WII PEKUMIAPUHUHT
OapKapOpJIUTK OPKaJIM Ce3ujapiiv Japakajla aHUKJIaHa IH.

[pyaT Hacocnapuman (QoimanaHUITaHAa e€Tapiaud OyaMaraH y30KKa
YUAAMIIMJIATH, FOKOpU  TUJpoaOpasuBId  EMUPWIHIIMHUA  yHAANIA  OWIaH
Oenrwinananud. AMHMKca Oy KaMUMJIMK Ky4id aOpa3uBiid TPYHTIApHU KailTa
uIIalia HaMoeH Oy au.

['pyHT HacoCHapMHHMHT caMmapaiyd WIUIAIMAHA Oaxojamigaru Kepakin
KYpPCAaTKW4M, arperaTHUHT TEXHUK XOJIATH Ba YHUHT UMKOHHSTIAPU TEXHOJOTHK
TanabJapuHu KOHUKTUPHUIIH, IYHUHTACK HA30paTid peXuUMIa YHIAH UKTHUCOIUN
kynMmakcaamu  doigananum  XxucobnaHagu. by  Kypcarkuuiap — Hacoc
KUCMJIADUHUHT EMUPHUIIHII KaTTATUTH OO XU3MaT KW MyMKHH.

Hacoc arperaTWHMHT WHTEHCHB CMHPUJIUIINTA KaTop (akTopiiap TabCup
ATaAM, SHHU KATTAJIWTH, KATTUKIUTH Ba TPYHT 3apPACHHUHT KUCCUW TE3JIUTH;
EMUPWIYBYM JeTal OuiaH TPYHT KUCMHMHHMHI YyupallyB Oypyaru; KyHKajiap
OKMMWHHHT TE3JIUTH; ACTal MaTePUATUHUHT EMUPHWIIUIITA YUJAMIIIATH, SHHU

E =/(v, p.6.Au,B,0), (2)
TE3JIUTU M./ C; kel m;

Oy epna 5
P - KYUKAHUHT 3UWINTH, °

V - KyMKa OKUMHHUHT
O - eMUPUITYBYU KUCMHHUHT A - emupmIIyun
MYCTaxKMIJIMK 4erapacu, //a;

JKUCMHUHT KaTTUKJIUTHU, [la; KaTTUKJIUTH, [la;

M - KyWKajaru 3appa B - KylKa

OWJIaH aJIOKaIop HACOC JETANIAPUHUHT  Oypyak TE3JIUTH.
KOHCTPYKIIUSICH; TE3JIMTUHUHT eNUIITradH O - KyWKa OKUM

IOxopuna (2) 6apua canad yTwiran ruipoabpu3iT eMUPUITUIITA TAbCUP
ATaUTaH OMUJUIAp HacocaapaaH (GoH aTaHuINIa PAITHOHAN PSKUMHU TaH Al
i1 OMIaH eMUPWINLI sKapacHura SHr  (ke/v’) Ba GYnu6 XucobmaHam.
axamuATIN TabCHUP STaAUTaHN V - KyWKaHUHT OKUMH TE€3JIUTH (M/C)
p -

KYWWJIAAUTaH KYUKAHUHT 3U9INTU



Kyiikanap OKMMU 3HYINTH TEXHOIOIHMK XKapaSHIapHUHT Tanadnapuaan
aHMKJIaHAIU Ba °

p =1400 ke muuM Tamkwia 3Tagu. Kyilka TOpTyBUM HacoclapHU
UIUIAI TaXpUOacu UIyHH KypcaTaJuKd CypuO ONMHAAMIaH KyHWKa 3UWIMTHHUHT
y3rapuiii  MMKOH Oopuya KyHKa TOpPTYBUM TH3UMJApJaH aMaJIHETIa
¢oiinananunaau. Hatmkana Oy cucrema YTHII peXKUMUJIA Y3rapran napameTpiap
OuyaH wuHUIAIIHK Oomuiaiiau. 4-pacMaa KeNTUpWITraH XxXucoOnanuiap HIyHH
KypcaTaJuKy, MyJblla 3WYJIMTHHUAHT OLIMIIMAA WCTEBbMOJ KWIMHAIUTaH KyBBaT
pyxcar STWIraH HOpMarada OIIWIIA MYMKHWH, KyWKa 3WYJIMTHHUHI KaMaWWIIWaa
sca y3aTyBud KyBYpJIAPHUHT TUKWJIMO KONWII XaB(u OminaH y3aTyBud KyBypiapaa
KyHKajgap Te3JIMIu Inacauumy MyMKUH. lllyHuHrnex, mysnena 3WUYJIATHAHAHT
IOKOPUJIUTH EMUPWIMII OKOPWINIA OWIaH Ky3aTwiaau, JIEKMH Maijananran
pyAaJlapHU Ka3uO OJMHIaH YIylId BakT (QyHKUMSICH OyiiMuYa KUYUK 3UYIIUK]Iard
mynblia OMIIaH TaKKOCJaraHaa OIUIIN Ky3aTUiIaIu.

I'pyHT HaCOCIapUHUHT UMKOHUATHIATH HIII PEXUMIIAPUHA UKTUCOAUIN

OKJIAIIMHY aHUKJIaiiMu3. benrunnad Kyiuiranujaek, HacOCIapHUHT EMUPUITUIIH

15
Hacoc OUKHuHT kamaiumura oiaud Kejnaaud, KyHKaJIapHU TOPTUO ONMIIIAru
ANIEKTP PHEPrus caphu Ba UCTEHMOJ KWJIMHAIUTAH KyBBaTH omraau. byHmgan kennb
YUKQJAUKA KAYOHKH YHUHT PEMOHT YYyH XapakaTHH OIMMO KETHIIM HAcoC
KYPHUJIMACUHUHT UIUTAIIMIA JIEKTP SHEPTUSICUHU OPTUKYA CapPUHUHT KUMMaTUTa
osu0 KeJica, IyH/a, HACOCIAPHUHT EMUPUIITAH KUXO03JIAPUHU aJIMAIIITUPHUIIL 3aPYP

Oynaau. p=1d

N, kBt
140
120
100

p=1,6
0 p=13p=12p=11
050 100 150 200 250 300 350 400 450 Q

4-pacm. HacoCHMHT UCTEbMOJI KyBBATHTA MYJIbIA 3HYJTHTHHUHT TAHCHPH.
N - Hacoc arperaTHHUHT IUYWINTH T/M°
HCTEHbMOJI KyBBaTH; O - p-
YHYMIOPJINK; KYWKAHHHT



Emupunran Hacocaa 35eKTp dHEprus UuCpodrHU YPHATHUII OPKAIIH Oy
MacajaH! €YUl MyMKUH:

102“”]

P n
H HOM
OH "t
A=- 3)
1,
n DUK. DUK;
Oy epaa p — Kyikanuar [
3UYINTH, KI/M; L P

N o - HACOCHUHT HOMMHAJI
E€MUPWJITaH HACOCHUHT

dbynkusacuna E — Hacoc arperaTuHUHT

VTKasmIraH perpeccuoH TaxInin CMUPHJIUIIIH,
HaTHKACHJ1a M - KyiKa 3appacHHUHT
V — KyHKa OKUMH TE3JIUTH

KaTTUKJINTH, P - KyHKa 3UWINTH, Ba

O - mycraxkamauru 0 - Oypuak XyXyMH
HaBOaTAaryd TCHIJIaMajia OJIMHIH.

E = 0,89+ 0,0375v + 0,02u + 0,025p + 0,01750 + 0,01250. (4)

bocumim y3aTyBuM KyByp Ba HAcOC XapaKTEpUCTHKaJIapuHU Oupra Kypuo
YUKHILIJA HACOC arperaTMHUHI peajl XapaKTEPUCTHKAJIapUHHU OJUII MyMKHH. By
OunaH OOFJIMK Xosja Ou3fa “acMHXpPOH JBUrarel — HacoC — OOCHMIIM y3aTyBYM
KyByp” (YHKUMOHAJAIITUPWUITAH TU3UMHUHT MaTeMaTUK MOJEIU  MILIa0
YUKUIIIH.
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Capduu-60ocumim  XapakTEpUCTUKA HACOCHUHT aCOCHUH XapaKTepUCTHKACH,
sbHU capduman 6ocumra OOFTUKIUTH OYIMO xucobmanaau. dopmynara MyBO(hUK
HACOCHUHT capPUHU aHUKJIAWMU3.
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() A=H-H,Q,, H—nacocuunr tyna 6ocumu (M), Q — yHyMAOPJIUK, H,
0

— 0=0 Ba W=W, garu 60cuMH, W - UIITYH FUITUPAKHUHT OypUaKiIn ailaHUII
te3nuru, H,, Q,, W, — yIapHUHT HOMUHAJ KarTaiaury, H,,— ctatuk 6ocum, R —
y3aTyB4YM KyBYpHUHT TUaMETPHIaH y3yHJIUTUTa4ya, IEBOPIAPUHUHT FAIUP
OyqypiuTH Ba MaxaJuTHi KapIIWINK COHU (TUPCaK, CypuiMa KOMKOK Ba OOIIKa.)
OornuK Oynran 60CUMIIM y3aTyBUM KyBYPHUHT KapIIWIUK KodduumeHta. Motop
BaJIMra WIK UCTE€bMOJI KUJIMHAAUTaH KyBBaT Ba JEKTPOMATrHUTIN KyBBaT
Kyhnaaruyda 0ymnaau
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xXXx ++x X m,pBam—

Oy epna
5 a=mp/19,62 f

F
PB

Ky(dT KyTOIap cCOHM Ba cTaTOpHHUHT (azanap conu, U U, kywianum, |,
F = f/ f - xuécwii yacrora, |,

Y =/ — kuécwuii

xxx=l+p9rHH

xxx—+p

29
== [VE) 1A
X - CTaTOp YYIFAMUHUHT aKTUB Ba lx/xx
WHAYKTUB KapIIWJINUTH,

HSTF

2’” 158 '2
X - POTOP YyIFAMUHMHT KEJITUPUITAH AKTUB Ba UHAYKTHB KAPIUWINIH, [3 =

Fs- abcomoT cupnaHuIl mapaMmeTpu, s — IBUTaTes CUPIIAHMUIIIY, ,

JBHUI'aTCIIHU MaFHI/ITJ'IaHYB‘II/I SaH)KI/IpI/IHI/IHF I/IHILYKTI/IB KapHII/IJ'II/IFI/I.
MOT OpHI/IHF SHGKTpOMaFHI/IT MOMCHTHU
2(1)
Mq
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MOTOpHHHT FOPUTMACHHUHT CUPIAHUTI (PYHKITUSACHIA HACOCHUHT
YHYMJOPJIUTH
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OyH/a S, — IBUTaTETHUHT HOMUHAJI CUPTIaHUIIIH.
Cupnanumn GyHKIUACHIa HACOCHUHT (oiian KyBBaTH

Kyhngaruya 1 2
H - S - H
01 2 cm
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Cupnianuin GyHKIUSICHIA HACOC arperaTy Baduaard KapiuminK MOMEHTH
BaMEXaHUK KyBBaTH OUp X1 OYaan
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18
lynnaii Kuaub, Bajagard IokjiaMa Ba TabMUHJIAHTaH TAPMOK KyUYJIaHUIIAHUHT

dbyHKIMACHIa Hacoc arperaTuHUHT cosppa UK anukianm.

HuccepranusHuar  «Ilyabnma  TOpTYBYM  HAacoC  KYPMJIMACHHHHI
IHEPrOTEKAMKOP POCTIAHYBYH IJIEKTP OPUTMACHMHH HILIA0 YUKUIDY 10
HOMJIAHTaH YYUMHYM 000MJa HAcOC KYpPWIMAJIAPUHUHT MII PEKUMIIAPH TaAKUK
KWIWH]IA, YHEProTeKaMKOp pEeXUMIa HACOC KYPWJIMACHMHUHI MIUIALI IIApTIapH
AHUKJIAHJY, YaCTOTABUU-POCTIAHYBYM ACUHXPOH 3JIEKTP FOPUTMAIM HACOCHUHT
MaTeMaTUK Ba MMMUTALMOH MOJENIM HUIUIA0 YMKWIIW. |-%kaaBaijga acocuil ¥3apo
MyHocabariapu, aBTOHOM TOK wuHBepTopu (ATH) Ba aBTOHOM Ky4JIaHHUII



unBepropu (AKWM) 1maH TabpMUHJIAHraH YacTOTaBUU-POCTIAHYBUM  KHCKa
TYTAITUPUIITaH ACUHXPOH JIBUTaTeJIMHUHI Ba OOIIKAapWIIyBUM MapaMeTpiap Ba
aIMalITUPUII CXEMacuJaru mnapaMmerpiap (QyHKIUSCH - 3JEKTP IOPUTYBUM KyH,
XaBOJIM OYIUIMKAA MarHUTJIap OKUMH, CTaTOP TOKH, POTOP TOKH, MATHUTIIAII TOKH

Ba 3JICKTPOMArHUT MOMEHTH KEJITUPUJITAH.
1 xxaaBaJa

AKMU Ba ATHU n1aH TAPMHHJIAHTaH YaCTOTABHH-POCTIAHYBYH KHCKA
TYTAIUTHPHUJITaH ACHHXPOH ABUIATEJTUHMHI aCOCHH y3apo
MYHOcal0aTapu
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S-pacMia 4acTOTaBUI POCTIAHYBYM JBUTATEIHUHT XapAKTEPUCTUKACH
KEJITUPUITAH: - MUHAMAJ TOK PEKUMU; -----

o0 Kenaau.

OKUMJIAp TouMuinuru Oyiunya. Tok
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KaMalUIIMHUHT acoCUii cababuiaH OKUMIIapuIalMacH (Ky4JIaHUII) OIIUIINTA 16

1,4
0.06
1,2
1,0

[

<

™ S ™

0,002040608101,21,41,6
u



5 - pacm. YUacToTaBuii pocTIaHYBYM JIBUTATEJTHUHI XapPaKTEePUCTUKACH:
- MUHUMAJI TOK pPeXKUMUAA; ----- OKUMJIAP TOMMUMHJIUTH.

by Oornmanumuap TaxJIWwiMd LIYHU  KypcaTaaukv, Karra OyiMaraH
yacTtoTtajgap/ia TOKHM MUHHUMYM Oyinda OoIIKapuill Makcajara MyBOOUKIUP.
IOkopu wacroranapna, KywIaHUIIIHU OIIMIIUIA Ba PEAKTHUB KyBBATHU OIIUIIUTA
onu0 KeNmaguraH TOKHU MHMHHUMYM OViinya pocmiam Makcaara MyBOGUKIUD
smacaup. HcpodbHr MUHMUMYM pexumaa OomKapuil KyBBaT Kod(hUIMEeHTH
OIIMIINIa, UCTEHMOJ KWIMHAJAWTAaH TOKHUHT KamMaWuIId XucoOura ucpodHHUHT
KaMaluIu (i;,=min pexXuM Oyin4ya TaKKOCIaHTaHAa IOKOpU OYiaMaraH TOKHUHT
ommO ketwmm OwiaH (Gapk Kwiaand) Ky3arwiagud. by pexumaa TYIUK KyBBar S
OllIai Ba CTAaTOpJArd KydJaHWII Omubd keragu. MwunHuman capd peKUMHHUHT
acocui KaMuuiurd Oy pPEeKMMHHM aMalra OIIMPUIIHUHT MYypakkadmuru Oynud
XUCcOoOIaHaIn.

TankuKoTnap IWIyHW KypCarTaaWKy, KyWKa TOPTYBYM HACOC arperaruHu
parmoHan KOHYH acocujia OOIIKapuIl, Oepuiiral KaTTaluK/aa ailIaHuIl TE3JIUTH Ba
JBUTAaTETHUHI MOMEHTHM MHUHUMAJI KU3UIIHU TabMUHJIAWIATAH TOK CTAaTOPUHUHT
MUHUMYMHU Oyiinua Oomikapuil xucobOnanaau. Iy Ounan Gupra TOKHU MUHUMYM
Oyiinya OONIKApUIIHUA amajra OUIMPUII JaTYUMK KUCMUJAruAeK (QYHKIIMOHAT
KypUIMaJa XxaM COIJIapOKINDP.

YacroraBuii HIIra TyIIMIIIATA MABJIYM KYPUHHUIIIATUAECK IOPUTMAHUHT
Xapakar TeHIJIaMaCuHU KYpaMus3.

Fums,,, ?
B

=+ Ww,— Wy, (16)

J dt
dt

Myxokama y4yH KUECUM KaTTaJIuKIApHA KUPUTAMU3

20
M=/, T=t/T,,, M.M,u=/,
V=W w=F-pB,MM,
OyHmaM,- HOMUHAJ MOMEHT; , - OJlaTiard Ba HOMMHAJI alJIaHUIII
w w, TE3JIUTH;

T = JWw s - srexTp 10pUTMa MACCACUHHHT JIICKTPOMEXAHHUK BAKT

Mumn M H
JTOUMUNJINTH.
(16) TeHrmaMaHu KUECUI KaTTaIUKIAp KYPUHUIITUTA KEATHPaAMU3
\/
M Hgd

RN eY)



T
Typnu koHywmap Oyiimya wmra Tymupuiga Oypyak — TE3JIUTHHUHT
Y3rapTupuil UMKOHUATH MaBXKyJ Ba KYNTMHA MapaMeTpiIapHUHT (TOK Ky4H, BaKT,
TE3JIUK Ba OoIIKanap) QyHKIUSACH OYITUIITN MYMKHUH.
vr
d_
—. (18)
T (A%
d yeet)

Kanvanuk Te3naHum 3apbura yHra OOFIMKIMK o3ara kejca, Ou3 IIyHAal
TE3JIaHUII PEKMMHUHHM aMajra olIMpaMu3, Ou3a Typiu Te3JaHUIl peXUMIApH
kypuiran. (18) Tenramanan ¢ Te3MaHUIITHA aHUKIAHMU3.

MH

Z_

719

M
(1B)
yawnarnek, CH, mouMuil Ba {71 YU3WKIIA WINTA TYIIUTT T€3JIAHUTTHTHIHT
Y3rapuil XapakTepUHU TAXJIWI 3TaMU3, SbHU

U U

| , (20)
"T—s
(1)

M KpH

¢.=C.F, (@21

OyHna J,, — HOMMHAI KUECUI KPUTHK MOMEHT F=1 na U, ra TeHr, s,,, — HOMUHAI
KPUTUK CHPITAHHIII.

OnuHran HaTWXajgapra acocaH HaBOaTjaaru xysjaocara keiaui MyMkuH: (19) Ba
(21) tenmamanap Oyiinya OOLIKApWII SHT SXIIM pexUmMiap xucoOmaHaau. (21)
TEHIVIaMaJa aHUKJIAHAJWTaH YTUII >KapacHHUJArd BakTAa Ba MUHUMan ucpodaa
UIITa TYHNIUPUITHAHT UHTEHCUBIUTH OUp MyHYa palloHal UIra TYIIUpHII 0YIuo
XUCOOIaHaIN.

(20) Ttenmmama OViinua OomKapraHja CTaTOPHUHT HOMHHAJ TOKMHHM Ba
MabKyJl OYJIraH pocTjall BaKTUHU TabMUHJIANAN, OUPOK XapaKTEPUCTHKATAPHUHT
KECKUHJIUTHUIaH OOIIKAPUI JAMANMa30HUHUHT OONUIAHUIIKAA Ba OXHUPHUAA TE3IHK,
TOK Ba UCPO(PHU KECKUH Y3TapuIIU BYKyAra KeJlau.



Huccepranusaunr « KoH-MeTa/LIyprusi CaHoaTHIAa COJTUIITHPMA IHEPTUs
capu KYpCaTKUYUHU MILIA0 YMKHUII BA UILJIA0 YUKAPUIIIHUHT SHEPTrusl
camMapaJopJuruHm 0axoJann 1e0 HOMJIaHTaH TYPTUHYM 000112 KOH
METaJUTYPIHsi CAHOATU/IA AIIEKTP SHEPTHsl capPu MEBEPUHH XUCOOIAIT METOAJIApU
Ba KJIaCCH(PHUKAIUSIIALL, 3JICKTP SHEPTUs capPu MEbEPUHUHT TaXJIUIH
KeJITUPUIITaH.

21
VcTepMOn KUIWHAAWTAH DSJEKTP DHEPTUSACH MHKIOPUHH Ba YHHUHT capd
MEBEPUHHU XHUCOONAIl MEBEP CTPYyKTypacura MyBO(HMK HOPMAHM TAIUIKHWJI 3TYBYU
AIIEMEHTIIap/ia aloXuaa Xoi1a oaud Oopuiaau.
6- pacMaa OOMUTHIL KapaCHUHUHT YMYMJIAIITUPUITAH TEXHOJIOTHK CXEMacu
KEJITUPUIITaH.

fanaénnn
Boamywatowme
TabCcuUp ITULL
BO34enucTBusA
wmne
BowkapyBnu napametpnap¥
Bo3gencTeu bIXOAHbLI®
rabcup Tl . biN XXapaeHu napametp®!
Bouutnw npouecc
Ynpasns'© O6oratutenbH
Yuknw

6 -pacMm. BboiinTnm ?KapaéHI/IHI/IHl" TEXHOJJIOTHK CXeMacu

6 pacmaa MOC paBulla FajdacHIM Tabcupiammim () — OOMUTHIN jKapa¢HUA
pynanuHr caphu, ® — OoWuTHII Kapa¢HHMJIa CyBHUHT capdu Ba P — OGouTHIl
Kapa¢HUJa WCTEHhMOJN KUIMHAJAWTAH KyBBaT xucoOmanamu. byHma cyB, pymaHu
OOMWTHUIIHUHT TEXHOJIOTHK JKapacHHUAAru Xap OWp IUKITa KaHda pyaa TYIIUIINra
OOFNIMK XOJAa y3aTuiaau, OyHIa CYBHMHT cappu — OOMIKapuIacTraH mapamerp
O0ynu0, pynanuHr capdu — etakuu 0Y1ubd xucobaaHa M.

Fanacunm tavcup: Cy, - pyJJaHUHT TPaHYJOMETPUK TapKUOU Ba O — pyJAaHUHT
bu3NKaBUiA MEXaHWK XyCyCHSATIApW; W - HAMJIMK Ba |/ - PYIaHWHT JacTIaOKu
Xapoparu.

Yukysun mapamerpiap: Cy, - Maii1ajlaHTaH pyJaHUHT TPaHyJIOMETPUK
TapKUOH; cuHuap Oyitnua yHyMIOPJIUK
P - KyUKaHUHT 3UYJIUTH; g - Talep
IIUKJIH; 3 — KOHIIEHTpATJaH KUMMAaT0ax0 KOMIIOHCHTIIAPHU a)KpaTUO OJIUIIL.
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KoH1ieHTpaTHUHT YMKUIIY AaCTIa0KU pyaa, SbHU <1
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Oyiinya yHYMJIOPIUK MyHOCa0aTH OPKaJIM aHUKJIAHA]IH.

bepunaguran makcamm Qyukius — Oymap, Cy,, P , ¢ , P Pyakmusmapnaru P,
0, O sHeprus pecypciap capHuHr MUHUMAJUIAITHPUII XUcOoOIaHa N Ba

KyWujgaruua e3usiajiu
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byngaru J ynuoBM FajmacHIM TabCUP OTHUILIAH OONIKAPUIYBYH TabCUP
STHUINTa OFUIIMHU ¥3 WYUra onanau, OyHJaa OOIIKApMIIYyBUM Ba FaslaCHJIaHYBYH
TabCUP ATUILHUHT Y3rapuill AUara30Hu OUJIBOCUTA XUCOOra OJIMIL OPKATIU
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TabMUHIaHa U, OnTuMan OOIIKapyB BEKTOP XOJIAaTUHUHT JacTiIa0Ku Oaxocura
O0FIHMK X0m11a (popma HOUM3HUKTH OVIaIu.

(22) dopmynanan kypuHaauku, P — uctebMon KWIMHAIUTaH KyBBaT BEKTOPU
IIAKJIJIAHTaH MOJEJIHUHI acOCUM (DYHKUMSACH, S’bHM f — uuuIam Bakrujparu W,; —
OOMUTHII KapaCHUIAru JIEKTp SHEprust capPu, WyHUHrnek ¢ — aactinadku pyaa
Oyiinya yHYMJIOPJUKHHM TAIIKWI KuJagu. MabiyMoTiaap KYpcaTKW4u JacTiIaOKu
pyaa Oyiinya OOMMTHIN KApaCHUHUHT YHYMJOPJIWTUAA DJIEKTP SHEPIrUsCcU
comuimitipmMa capduHu xapaktepnaiiau. byHra moc paBumiga, gactiaabku pyna
Oyiinya OOWUTHIN >KAPAaCHUHUHI YHYMJODPJIUTHJA DJICKTP OSHEPrUsCUHUHT
coumTUpMa capdu onTuMain OOLIKAPYBIH KPUTEPUNJIaH OJIMHAIH.

KYPUHUIIIA TAKAUM 3THILI MyMKHH.
BoituTui xapacHu 37eKTp SHEPTUSCUHUHT COIUILTUPMA CapPUHU KyHuaru
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nnn
onepH
OyHna k — wMalijanaHaJguraH Marepuall MYCTaxXKaMJIMTMHM XucoOra oJiy4u

k03 duImeHT (MycraxkaM marepuaiiap yuyH k=24); D, — KOHyCHUHT aCOCUHUHT
JTUaMETPH, M; 7 — IACTKUA aCOC TEKUCIUTUAa KOHYC TEOPaHUIIIMHUHT Y3YHIIUTH, M;
n — KOHYCHHHT YMHUKTHPHUII YacToTacH, l/c; ¢, — MalgajJarMdHUHT WIN BAKTH,
coar; QO — nactialbKku pyJaHu OOMUTHII KapaCHUIAru YHyMJIOPJIUK, TOHHA, O, - i
-HYU KOHBeHepra (TabMUHJIAru4ra) TyulyBud pyaajiap MUKIOpU, mH.;1 -
KOHBEHepap (TabMUHJIATUWIAP) COHU, K — KYHKAHUHT Y3rapyBYaHJINK
ko3 puuentn, K=1,05; V - ¢ — yroMsanran
TETUPMOHHUHT (OMTAIN XAKMU;

¢ = 2,2 m m;P,- TYIaMpHII qapaxkacu Oyiinua
PYJaHMHT Maccacu;’

COJII/IHITI/IpMa KYBBaT; LIJ - AWJIaHUIITHWHT KHGCHH r]nep' yga’I‘quHI/IHI‘
qacToTacu,

l. TErMPMOHHUHT 1-4i GOCKUYUIATY MII BaKTH, coam, 't~ TCTUPMOH
DOUK;

> ml
OapabaHura IOKJIaHTaH yMyMUH Macca: MailadyBIl METall )KucMiap yayH =1,;
M~ MaWJaITyBYM )KUCMIIAPHUHT Maccacu; C — TETMpMOH
m,lm;
OapaGaHUHUHT TYJIIUPHUII Japakacura OOFIUK XO0J1/1a aHUKJIaHaIUTaH
k03 pULIMeHT, THHU ( )
S3C=28,810+5,2-10; DdUK;
N - SJICKTP IOPUTMAHUHT
t,,— TETUPMOHHUHT 2-HYM OOCKMYIATH  3UYIIUTH, -

UIII BaKTH, coart, Oy epaa 3, g — OPKMH TYIIHII Te3IaHULIH,
P — KyMKaHUHT

Ke M; Q,- HaCOCHHU y3aTUllu, M C
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g = 9,8 m c; H - nacocaunr 6ocumu, M; ), - Hacocanar ®UK; ta —

2

HACOCJIApHUHI HIIANl BakKTiapu, coar, k;,, — KypwiMaJaH BakT Oyiinua
(oiiananuil, P- HCTEbMOTUYMIIAP TYPYXUHHUHI YPHATUITAH KyBBaT WHFUHANCH; k.
— KYpWIMaHUHI KyBBaT OyiWYa IOKJIAHTAHIWTH, KBT; f,. - KypuJIMaJapHUHT U
COaTIapy COHH, COAT.

OnuHran wmojen OOMMTHMII  apaCHiIapuaa dJIEKTP  HSHEPTUSICUHUHT
coMmTUpMa capPuHU amaimiap OyilMda »HEPreTUK XapakaTapHUu TaJKUuK
KAJIUIITa MMKOH Oepagu Ba JJIEKTP DSHEPIUsICH COJMINTUPMA capdiapuHu
ONTHUMAJUTAIITUPULI YUYH MaKCcaJ I PyHKUUAHU Uporasaiiiu.

Pynanapaun OGOHMWTHII TEXHOJIOTHMK >KapacHjapuaa OOIIKapyB CTpaTETUsICUHU
xycoOra oJIraH XOJIJa AJEKTP DHEPrUsCH COJUIITHUPMA CapPUHUHT KamMaluura
UYHANTUPWITAH, DJIEKTP DJHEPrUsACU MCTEBMOJMHUHI KaMaMIIWAa pydajapHU
KaliTa MIUIall oulaau, 6ab3ad 3ca OOMUTHUII KapacHIApUIark Ul PeXUMIAPUHUHT
aHUKJIaHaJWraH cU(aTiv XapakTepucTUKajgapura, napaMeTpiaapHu xucoOra oiraH
XO0J[a BJIEKTP SHEPrUsICMHUHI COJUIITHpMA cap(@UHU aHMKJIAIl Hynura sHajaa
IOKOpH TajabllapHu KypcaTaiu.

boiiutnin  xapa¢Huga  SNEKTP  JHEPTUACH  CONUIITHpMA  capPuHH
ONTHMAJUIAIITUPUII OUp HEua ME30HJIapHU ONTUMAJUIAIUTUPUILTA ACOCIaHraH,
XyCyCaH MUHUMHU3ALUSATIAIITHPUII ME30HM OYiWYa, YHMHI YHYMJOPJIUTH Ba
TEXHOJIOTHK LIMKJIIAru Xap Oup KypUJIMaHUHT 3JIEKTP SHEPTUs UCTEbMOJIH XUCoOra
OJIMHAIH. T
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oyunal, ;- OoiuTHII KapacHUIaru
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AIIEKTP dHEPrusicu cappu; J-HEH

OomkapuiauraH napaMerpiiap yayH IOKOpH Ba MACTKH YerapajgaHraH KaTTaJurHd.
Onunras Mozaen OOUUTHUII KapaeHU A SIEKTP SHEPTUACH COMUIITUPMA capduHU



ornepanusuiap 6yiuda sHepreTuk cappaapHu XxapaxariapHy TaAKUK KUIIUIIra
¢paam Oepaziy Ba 3JIEKTP SHEPTUACH COMUIITHPMA CONUIITUPMA capdaapuHu
ONTUMAJUIAIITUPHIL YUyH Makcaaid pyHkuusiHu udonananau. JucceprauussHuHT
«KoH-MeTaTyprusi KOpXOHAJAPUHUHT 0OMUTHII KAPAEHIAPUHUHT IEKTP
JHEPrus HCTEbMOJIHUHHU 0AIIOPAT KMJIUII MOJAeTUHU HILIA0 YMKHID) 10
HOMJIaHTaH OeIMHYM 000ua OOMUTHUIN >KapaCHIapHUaa SIEKTP SHEPTUsiCH
UCTEBMOJIMHUA MAaTEMATUK MOJIENIM aCOCUAa MCTEbMOJ KUIMHAJAUTaH JJIEKTP
SHEPTUSHUHT OalIopar MOJECIUHU SPATUIIl Macaladapy Kapaiau.

TexHONOruK >KapacHJIapHUHI MAaTEMaTUK MOJEIMHUA KypHIl KyHWJITraH
Bazu(dara OOFIMK Xoyga KyWHMJIaru MakcaJJlapHH amalira OIIMpaJH: 3HEPIus
pecypciapyd MCTEbMOJIIMHM MUHUMAJUIAIITUPHUIN, UIIOHWIMIIMK KYpCAaTKUWIAPUHU
SXIIAJIAII Ba OOIIKaNap; MIMOHWIMIIMKHY OIIMPHUII Ba TE3 XapaKaTinu OOIIKapyB,
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cudar HA30pPATUHUHT CaMapaJOpiUTHHU OUIUPHUII, OOIMIKApHII KapacHIApUHU
ABTOMATJIAIITHPHUIT YIYH MIAPOUT SPATHII Ba OOIIK., JEKTP IHEPTUsicH capdu
MEBEPUHHN TaXJIWJI KWJIHII, KOH-METAJUTYypPTHsl KOpXOHAJapuaa 3JIEKTP SHEPrHsiCU
capbu MebEPUHU XHUCOOIAI yCyJIapyu Ba TACHU(H.

VTKasuiaran perpecCHMoH TAXJIWIHMHI —HATWKAapura Kypa  acocwii
napameTpiaap  QYHKIOUACHIA  OOWMTHIN  JKapacHIapuaa dJIGKTP  JHEPrus
UCTEHMOJIMHUHT ~ MAaTeMaTUK  MOJENM  OJMHTaH Ba Oy  MOJCTHHUHT
K03 dUIIMEeHTIapU aXaMUATra 3Ta Ba UITOHWIH.

Wpmk
= 4 -+ -+
(25)

0,14 0,35 0,56 0,21 &
+-+-4+---0,150,050,03 0,06,

EVAkz

Oynmaru daxkrtopuap: k;,— KypuiMmaaas (oiiaaaHuin BaKTH; k, —KyBBaT Oyiinda
KypWIMaHUHT IOKJIAaHTAHJINTH; A — KaliTa HIIUTAaHAAUTaH pyaaiap MUKIOpH, T; E —
IEKTP TapMOKJIap V - KyiiKa OKUMAHUHT p-

napameTpiapH; TE3JUTU M/ C;

~ 3 .
KYWUKAHUHT 3UYINTH, ° K2/ M; U - PyJaHUHT KaTTHKIUIH

OJnekTp IOKJIaMallapuHu Oamiopariam Mimad YuKapuil KOPXOHAJTApUHU
AIIEKTP 3HEprusick OwuyiaH OOIMIKapyBHM MyXHMM YpUH 3rajmuiald, UIuad 4uKapyBYd
YUyH 3apyp XUCOOJIaHTaHHUJIEK, AIEKTP IHEPTUsl HICTEbMOIYUCHUTA XaM 3apypaup.

DNeKTp SHEprus HCTEehbMOJMHH Oalnopariaml erapinda Mypakkad macaia
oynu6, Oy KTop OJIEKTp MOKJIamajiapuia XaM MypakkaOaup Ba Oup Heua
Japakalard MaBCYMIIMK, IIYHUHIZIEK, OMp KaH4Ya MYXUM DK30T€H Y3rapuiiap
MaBXy/I.

7-pacmna Data Mining TexHomorusicu 0yiinya Oamropatiail MHULHATU3ALN
UHTETpaJJIalliraH MOJENIN KypcaTwiran. Maskyp HMKKH OOCKMWIM Oalropatiiamn



TU3UMHU BJIEKTP DHEPTHs UCTEHbMOJM Ba OMMIUIAPU OpACUAArH y3apO TabCUPHHUHT
YyKypJAIITUPUITAH Tax/IMJIMHU ~TabMHHJIANAM, OallopaTIallIHUHT  aHUKPOK
HaTHUKACUHM YUKApUIITa epjaM OepajuraH 3JIEKTP SHEPrus UCTEChbMOJIUTa TabCUP
KypcaTajau.

bupunun  Oockuymaru  JacTmiadKu  MabiymorTiap  (RJIEKTp  SHEprus
HUCTEHbMOJIMTAa TabCUP DTAJWraH dJEKTP HSHEPrusicd MCTEbMOJHM Ba OMMILIAPH)
ajJjoxXyuJa KUPUTWIAAM Ba KaWTta wunuiaHaau, N-1 KyH Oyiinda MablyMOTIap
okaaHaad. WkkuHur OOoCKuY, OWpHHYM OOoCKMYjga xXucoOnaHran N — KyH
OONUTaHFUY HATWKAJIAPDUHU XHCOOra ONWIN Wyau OWIaH DJIEKTP DSHEPTHs
UCTEbMOJIMTAa TabCUP OATAJUraH OMWIJUIAp Ba DJJIEKTP DHEPrusicu ¥y3apo
OOFJUKJINTUHU XUCOOTa OJM0, SKUHJAIIUII JKapacHUHU Y3WJa HAMOCH ATaJu.
ABbHU, DIEKTp DHEPrusiCk  HUCTEbMONWAA  OallopaTaliTUPUIL  HUKKUHYH
O00CKMYMHUHT Kupuil mMomxynmu N -1man Oomwad mabiaymoriap 6asacuHu Ba N
KyHHUHT Oomnutanfud OamopatnapuHu Y3 wuura onaau. lysmait kim0, N-if
KyHTa 3JIEKTp SHEPIUsl UCTEHMOJIM SKUHJIAIIUII Kapa¢HU OuUJlaH TaAabMHUHJIAHAAW Ba
TOKU UKKH JJABOMUHN MPOTHO3Iap/Ia KUK (papK Ky3aTHuiiMaryHda JaBOM STaJlu.
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N-1 kyHura WUCTBEMONUHUHT AacTnatku

33 ncTbEMONUHUHT MabnymoTnap 6asacu Gawopatu

N-1 kyHura 33 ncrbemonura Tabeup Baktnap katopnapwu Ba
3TYBYM | - (hakTOpnapuHr HelpoHnap Tapmoknapu
Mabnymotnap 6asacu

N KyHuparm j -
dhakTopnapHuHr gactnabku
Gallopatu

BalwopuTHUHT 1-4n Gocknun

Baktnap katopnapv Ba
HenpoHnap TapmMoknapu

N kyHuparn 33

N-1 kyHugarm 33 UCTLEMONM Ba YHra TabCup 3TYBYM | - hbakTopnapuHr
Mabnymot 6aszacu. OnguHru ntepaumsgad N kyrnaarn 93 nctbemonu
Ba YHra TabCcup 3TyBYM j - hakTopun

BalopuUTHUHF 2-4m Bockuum
Tapmoknapu Tapmoknapu

N KyHuMAarn mabnymoT 6a3acMHUHT N kyHnaarn 33 MCTLEMONUHUHT MKKMHYM 6op N KyHuaaru j - hakTopnapHUHT UKKMHYK Bop
AHMMNAHNLIN GawopaTun Gawopatu
Baktnap katopnapu Ba HelpoHnap Baktnap katopnapu Ba HelpoHnap

K

CDaKTOpJ'IVI Taxnun,Baktnap

KaToprapu Xa
Ba HelpOHNap TapMoKnapm

N kyHugarn 33 UCTbEMONUHUHT

AKYHUI KypcaTKnin
BaluopaTHuHr yxwawnuri 6opmmn?

7-pacm. Data Mining TexHoJiorusicu 0yiin4ya 0amopaTJialiHuHT



HMHTErpaJIaliral MoJieJIMHN KypUII aJITOPUTMH

Myngait xkunub, coHnau Taxkpubanmap ImIyHH Kypcatauku, Data Mining
TEXHOJIOTHSICH acOCHJla CUHTE3 Wyiau OWJlaH OJIMHraH Oallopatiaml Mojenu Oup
CyTKa OJJMHTM OWp KaJgamid pEeKUMAa eTapinya aHuK OalopaTHU
TabMUHJIA0TUHA KOJIMaid, Oanku mry Owian Oupra 20-30 KyH opalufujaru TE3KOP
Oamopatnam y4yH XaMm MyBaakusTIW KYJUIaHWIaad. ByHMHT y4YyH OJMHTaH
NEKTP HUCTEbMONM  Oamoparu  OamiopaTjallHUHT  HaBOaraard  KajgamMujia
MOJIEITHUHT cU(aTIv KUPUII TapaMeTpuaand QoiiiaaaHuaaam.
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XVJIOCA

«MuHepan XxoMamll€ pecypcilapyuHM KalTa HIUIANIa SHEPTUs TEXKAMKOP
TEXHOJIOTUSJIApHU MIUIa0 YUMKUII  (KOH-METAJUTyprusi CaHOaTH MUCOJIUAA)»
MaB3yCHUIaru JOKTOPJIMK AWCCepTanusicu Oyiinua oauld OopwiiraH TaaKUKOTIap
HaTWXaJlapu Kyhuaarwiapaad uoopar:

I. Kon-Meramrypruss caHoaTuja DJJIEKTPOMEXAHMK  TU3UMJApU  Ba
YCKYHaJJapUHUHT MII PEKUMIIAPUHU paldoHaN OOLIKApUIl acoCHAa pylaHu
OOMUTHUII TEXHOJOTUK >KAPACHUHUHI HHEPreTHK CaMapajOpJIUTUHU  OLIMPULI
MMKOHUHH Oepajiy.

2. Pynanu OOMMTHII TEXHOJOTMK YapacHUHUHI  XapaKTEPUCTUKACH
OomkapyB oObeKkTH cudaruga OeNTMIaHATaHIUTHd YHUHT MEXaHHU3MIIApH JJIEKTP
IOpUTMaJIapura HucOaran acocHil TanabJapHU aHUKJIAIl UMKOHUHH Oepajiu.

3. Hacoc arperaru feTajulapUHUHT EMUAPWIIHILHN MTyJIbI1a OKUMUHUHT TE3JIUTH,
NyJAbINAHUHT 3UWINIH, KATTUKJIWIM, MycTaxkaMJMrad Ba 3apOanmap  Oypuaru
GyHkumsicu 0yinya eMUPUIUIITHUHT MOACTHU UILIa0 YUKUIIaIH.

4. YacToraBuil pOCTIaHYBYM ACUHXPOH MOTOPJM IYJBIIAHU TOPTYBUYHM HACOC
YCKYHACHHUHT KYpPWJIMACHUHUHI TYpJIM 4acToTa OOLIKApYBH KOHYHJApHU acocuja
AQHUKJIAHAUIaH JHEPreTHK Ba JUHAMUK XapaKTEPUCTUKAJIApPU TaxXJWil STHIIAIU.
ACHHXpPOH MOTOPJIAPHUHT pallMOHaN 4acToTa OOUIKapyB KOHYHHU cu(aThaa CTaTop
TOKMHUHI MHHMMYM DSKaHJIUTUHU KypcaTwiagu, OyHaa OepuiraH alIaHuIln
TE3JIATM Ba MOTOPHMHI MOMEHTH Y4YyH MHUHUMAaJl KH3UII KUHAMAaTJapu
TabMUHJIAHAN.

5. «ACHUHXpOH MOTOp — MyJbIAaHU TOPTYBYHM HACOC» TU3MMHHHUHI HAcOC
arperaTMHUHI €MUPWIHIIMHA XHWCOOra OJraH XoJiJa MareéMaThK MOJEIH,
KypUJIMaHUHT SHEPreTMK MapaMeTpiapuHU YacToTaBUM OolIKapuiiia Ba
YCKYHaHUHI caMapaJOopJIMIMHU aHUKJIAlIra UMKOH Oepajiu.

6. Maiinanam xapa¢HUHI 2-00CKMYMJArd TETMPMOHHU Iapiap OwiiaH



TYIAUPUIT JapaKaCUHUHT aHAIUTUK U(OAACH TETUPMOH KypUIMACHHHUHT 3JIEKTP
SHEPrusi UICTEbMOJIMHU aHUKJIAIll UMKOHUHU Oepaju.

7. Pymanu OOMMTHIN TEXHOJOTHK >XapacHUHUHT TETrUPMOH OapabaHWUHU
mapiap OWiiaH TYJIJIUPWITAHIUK Japa)kacu, YCKyHAIAPHUHT IOKJIaHTaHIUTH, pyaa
Oyiinua yHYMJOPJIWUTH, OJIEKTP TAapMOKHHUHT KyBBaTH, IIYHUHTACK pPyJaHHHT
KaTTUKJIUTMHUA MHOOATra OJIraH XOoJiJa MCTEbMOJI KUJIMHACTTaH 3JIEKTP SHEprus
MUKJIOPUHU 0axoJalira MMKOH Oepaurad MareMaTik ugojia oJIuHa/Iu.

8. bomikapyBnu, FajgacHIM Ba YMKHUII TEXHOJIOTHMK IMapaMeTpiapHU Xucoora
ONiraH XOJdJa pyJaHu OOWWTHIN >KapaCHUHUHI CTPYKTypacu Ty3wiaau. Pymanu
OoMuTHII KapacHMJAa acocuil OomkapyB GYHKIUMSICH cudaThaa >HEPreTUK
pecypcnap cap@aapuHi MUHUMAJUIAIITUPUIT SKAHIUTH aHUKJIAHAIH.

9. Pynanu OOMUTHIN XapacHUAA dHEPrUsl UCTEbMOJIMHUHT YMyMJIAIUTaH KYIl
dakropau MoIenu SpaTWiagyd Ba PYJAHUHT KATTUKJIWTKM Ba YCKYHAJIAPHUHT
IOKJIAHTaHJIUTUra OOFNMK OViraH fneKkTp sHeprus capduHu Oaxojamira UMKOH
oepasu.

10. Pynanu G0WUTHUIT TEXHOIOTHK KapaCHUHUHT Xap OUp UUKIU YUyH
SHEPreTUK MOJEIIJIapY Ba YHUHT ONTUMAaJ OOIIKapUIl ME30HH aHUKJIAHAIU XaMa
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CONUIUTHPMA cap(UHU ONTUMAJ JapakacuJaru LapTHU TabMUHJIAII KIMKOHUHU
oepaju.

11. Pymanu OoWMTHIN >KapacHHAA 3JIEKTP HSHEPTUsl CaApPUHHUHT TY3HIHII
CTPYKTypacH aHUKIaHaau. KoH-MeTamnyprus caHOaTuIa SHEPTETUK TEKAMKOPIUK
XaKMJIapUHU 0Oaxoylall YYyH OKCHJUIAHTaH pyJaHd KalTa HIUIAll TEXHOJIOTHK
KApaCHHUHI JJIEKTP MWCTEbMOJIMHU MEBEpNIAll Ba Oamopar KWIMII YyCyJau
APATUIIA]IH.
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HAYYHBIN COBET IO NPUCYXKJEHUIO YYEHOM CTENIEHU
JOKTOPA HAYK 14.07.2016.7.02.01 IPU TAIIKEHTCKOM
I'OCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE u
OBIIECTBE C OTPAHUYEHHOM OTBETCTBEHHOCTBIO
«HAYYHO-TEXHUYECKHAM IEHTP»

OBIIECTBO C OTPAHUYEHHOM OTBETCTBEHHOCTBIO
«HAYYHO-TEXHUYECKHW IIEHTP»



UIIHA3ZAPOB OMBEK XAUPUIAEBUY

PABPABOTKA DHEPI'OCBEPETAIOIIUMX TEXHOJIOT'UHA MTPU
HEPEPABOTKE MUHEPAJIBHO-CBIPBEBBIX PECYPCOB (HA
MPUMEPE T'OPHO-METAJLTYPTUUECKOM
ITPOMBIIIIVIEHHOCTHN)

05.05.01 — DHepreTuYecKHue CUCTEMbI M KOMILIEKCHI
(TexHMYeCKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOI TUCCEPTALIMM

Tamxkenr — 2016
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TeMa TOKTOPCKOM qHCCEePTAIMH 3aperucTpupoBana 3a Ne28.04.2016/B2016.2.T675 B Buicureii
arTecTanMoHHOIl komuccun npu Kadunere Mununcrpos Pecry6imkn Y30exkncraH.

JlokxTopckas muccepraiius BoimodHeHa B O0IIecTBe ¢ OTpaHUYeHHOI OTBETCTBEHHOCThIO «HayduHo
TEXHUYECKUN TICHTPY.

Astopedepar auccepranuy Ha Tpex s3bIkax (y30eKCKHiA, pyCCKU, aHTIMICKHIA) pa3MelIeH Ha
BeO-cTpanwmIie 1Mo aapecy www.tdtu.uz u Madopmanmonno-oopazosarensHOM nopTane «ZIYONET».

Hayunblii koncynbTanT: Kamasios Tossiran CupaskuIinHOBHY



JIOKTOP TEXHUYECKUX HayK, mpogeccop

OdunuanbHbie onmoHeHThHI: ApunoB Hasup:xon MykapamoBud
JIOKTOP TEXHUYECKUX HaAyK

Tetyana Morozyuk (I'epmanusi)
JIOKTOP HayK, mpodeccop

Ammamxomkaes Kamoanaaun TuiiaxomkaeBna
JIOKTOP TEXHUYECKUX HAYK
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X.M. MyparosB
[Ipencenarens HayYHOTO COBETA IO MPUCYKACHUATO
YYEHOI1 cTeneH! TOKTOpa HayK, JA.T.H., Tpodeccop

0. O. 3apunos

YueHblil cekpeTapb HAy4HOT'O COBETA 110 IPUCYKICHUIO
YYEHOM CTEeNeHN TOKTOPa HayK,

J.T.H., JOLIEHT

P.A. 3axunoB

IIpencenarens HaydHOTO CEMUHApPa MPH

Hay4HOM COBETE IO IPUCYKICHUIO

yuCHOH CTENEeHH AOKTOpa HaykK, A.T.H., mpodeccop, akagemuk AH PY3

30
BBEJIEHUE (AHHOTAIMs JOKTOPCKOM TUCCEPTAIUHI)

AKTYyaJIbHOCT M BOCTPe0OOBAHHOCTHL TeMbl auccepranum. Ha
CErOJIHALIHUI JIeHb B CTpaHax MHpa C pPa3IU4YHBIMU YpPOBHEM O00€CIEYEHHOCTU
AIIEKTPUYECKON DHEPrUeH, B CPEIHEM, IHEPronoTpeOICHUE B MPOMBIIIJIEHHOCTH
cocraBisgeT 37%, B TOM 4YHUCIIE HA TOPHO-METALTYPrHUYECKYIO MPOMBIIIIEHHOCTD
npuxogutca 12%. B CBA3M ¢ MCTOLIEHHWEM JIETKO W3BJIEKAEMbIX 3alacoB



MUHEPAIBHOIO ChIPbsSI U BOBJIEYEHUEM B IKCILTyaTALMIO 3al1aCcOB, JIOKAJIU30BaHHBIX
B 0Oojee  CIOXKHBIX  TOPHO-TEOJOTMYECKUX  YCIOBHSX,  MOTpebiieHne
ANEKTPOIHEPTUU TOPHO-METAILTYPTUYECKUMHU TPOU3BOACTBAMH MTOCTOSIHHO PAaCTET.
CornacHO CTaTHCTHYECKMM JIaHHBIM, TOJOBOE MOTPEOJEHUE DIEKTPUUYECKON
SHEPIUH B TOPHO-METAJLUTYPruyeckoil orpaciau B mupe cocrasisier 913,2 TBTu.
ITo pesynbraram uccinenoBanuii k 2030 rogy poct moTpeOICHUs NMEKTPUUYECKON
sHeprueir coctaBuT B cpeaHeM 1,8% B roa. Ocoboe BHUMaHHUE YACISIETCS
BHEJIPEHUIO MEPOINPUITHI MO o0ecrneueHu0 MoTpedHoCcTe u TpeboBaHMiA
NPOMBIIIJIEHHBIX  OPEANpPUSITHH, SHEProcOepeKeHUI0 U TOBBILICHUIO
3¢ (EeKTUBHOCTH  TEXHOJIOIMYECKOTO Ipoliecca, ONTHUMM3ALUU  TMOTpeOsieHus
AJIEKTPUYECKON DHEPTUM.

B PecnyOnuke VY30ekucTaH TOpHO-METAUTypruyeckas MPOMBIIUIEHHOCTD
SBIIICTCSI OMHUM W3 KPYIHBIX MMOTpPEOHTENel IHEPropecypcoB, B KOTOPOH 0coboe
BHUMAHHE HAIpaBJICHO Ha opraHu3anuio IGHEKTUBHBIX MEPONPUITHI TI0
BHEJPEHUIO BBICOKOA(P(PEKTUBHBIX TEXHOJIOTUHA. B 3TOM OTHOIIEHHWH 3aMETHbIE
pe3yJbTaThl JOCTUTHYTHI IPU CO3AAHUU BBICOKOA((EKTUBHBIX CUCTEM YIPABICHUS
TEXHOJOTUYECKUM IPOLIECCOM, HOPMHUPOBAHUM MOTPEONECHUS  3IEKTPUUECKOM
SHEPIUH, YCOBEPIICHCTBOBAHUM CHUCTEM  YIIPaBICHUS TEXHOJIOTUYECKUM
IIPOLIECCOM HAa OCHOBE MHTEJIEKTYAJIbHBIX CUCTEM.

Oco0oe 3HaueHHWE MPUOOPETAIOT BOMPOCHI CHUKEHHUS HIHEPTrOEMKOCTH
TEXHOJOTMYECKOT0 Mpolecca o0orameHuss pyAabl U MOBBIILICHHUS YHEPreTUYECKOM
3¢ (EeKTUBHOCTU TEXHOJIOTUU MEepepadOTKH MHHEPATbHO-CHIPHEBBIX PECYPCOB C
y4eTOM CBOWCTBEHHOW el ocobeHHocTH. B 3Toil obmactu ocyiiecTBiICHHE
[eJIeHANPaBJICHHBIX HAYYHBIX UCCIIEIOBAHUM SBIISIETCS IPUOPUTETHON MPOoOIEMOid,
IpU 3TOM BEChbMa AaKTyallbHbl HCCJIEIOBAHHUS B CIEAYIOIIMX  HAIpPaBICHUSIX:
pa3paboTKa palliOHAIBHOTO 3aKOHA YaCTOTHO-PETYIUPYEMOTO
ANIEKTPOINIPUBO/IA,  BBIABICHHE  DHEpProcOeperaronmx  pekKUMOB  padOThI
ACHMHXPOHHOTO [IBUTATENId IPU CTaTHYECKUX U JIMHAMUYECKUX Ipoleccax u
CO3/IaHME €ro MaTeMaTU4YEeCKON MoJenH, pa3paboTka MOAEIH M3HOCA HAaCOCHOTO
arperara,  pa3paboTka  MaTeMaTWYeCKOW  MOJAENH  AJIEKTPONOTpeOIeHUS
TEXHOJOTMYECKOT0 IpoLecca 1 HOPMUPOBAHUS PACXOJa IEKTPUUECKON IHEPIUH C
y4E€TOM OIpE/eNIeHUs] 3HAaYUMBIX (DAKTOPOB, BIMSIONIMX Ha TEXHOJIOTHYECKUIM
npolecc, pa3padoTKa aaropuTMa MpPOrHO3UPOBAHUS MOTPEOICHUS NEKTPUUECKON
SHEpruu. BreIMonHseMble HayyHbIe WU3BICKAHHUS MO MPUBEJICHHBIM BBIIIE HAYYHO
UCCIIEOBATENIbCKUM  HAIIPABJICHHUSIM  YKa3blBAlOT HA  aKTyaJbHOCTh  ITOM
JTUCCEPTALIMOHHOMN TEMBI.

JlaHHO€ HccepTallOHHOE UCCIIEIOBAHUE B ONPEICTICHHON CTEIEHU CITYKHUT
BBINIOJIHEHHUIO 33/1a4, IPElyCMOTPEHHBIX B 3akoHe PecnyOnuku Y30ekucran
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«O  pauMoHa’mbHOM  HUcHosib3oBaHuM  SHepruw»  (1997), IlocranoBieHuun
[Ipesunenra PecnyOnuku VY30ekucran NelllI-2343 or 5 mas 2015 roma «O
nporpamme Mep 1o COKpAILICHHUIO YHEPrOEMKOCTH, BHEJIPEHUIO
sHeprocOeperarIux TEXHOIOTUN B OTPACIsIX S3KOHOMUKH U COLIMAIbHOM cepe Ha
2015-2019 rome» wu IlocranoBnenun Kabunera MunuctpoB PecmyOnuku
V30ekuctan Ne333 or 28 HosiOps 2012 roga «O MONMOJHUTENBHBIX MEpax IO



COKpAILEHUIO  MPOU3BOJACTBEHHBIX 3aTpaT U  CHIDKEHUIO Ce0eCTOMMOCTU
OPOAYKIIMU B MPOMBIIUIEHHOCTW», a TAaKKe€ B JPYTUX HOPMAaTHBHO-IIPABOBBIX
JOKYMEHTaX, IPUHSTHIX B TaHHOU cepe.

CooTBeTCTBME WCCJIEIOBAHUSI C NPHOPUTETHBIMM HaNpPaBJIEeHUSIMU
Pa3BUTUSI HAYKH W TEXHOJOTuWil pecnyOuauku. JlaHHoe wuccienoBaHue
BBIIIOJITHEHO B COOTBETCTBUM C MPHOPUTETHBIM HAINPABICHUEM PA3BUTHUS HAYKU U
TexHonorui pecnyonuku Il. « OHepreTuka, 3Hepro- pecypcocoepexeHme.

0030p 3apy6esKHBIX HAYYHBIX HCCJICI0BAHMIA TI0 TeMe JuccepTaIu .
HayuHble ucciienoBanusl, HalPABJICHHBIC HA NTOBBIIICHUE SHEPIeTHUECKON
3 (HEKTUBHOCTH TEXHOJIOTUN MPOU3BOJICTBEHHBIX IPOLIECCOB HA OCHOBE YaCTOTHO
PEryIHPYEMOr0 IEKTPONPUBOIA, CO3AAHUIO U BHEIPEHUIO SHEPTO- U PECYPCO
cOeperamux TEXHOJIOTUH, a TaK)Ke Ha pa3pabdO0TKy ONTUMATbHBIX CUCTEM
YIPABJICHHS TEXHOJIOTMYECKUMH MTPOLIECCAMH, OCYIIECTBIIFOTCS B BEYIINX
HAy4YHBIX [IEHTPaX U BHICHIUX 00Pa30BaTEIbHBIX YUPEKICHUAX MUPA, B TOM YHCIIE,
B University of Cambridge (Anrmus), University of Tennessee, Columbia
University, Rockwell Automation, Data Flow Systems, Inc (CIIA), TU Dortmund
University (I'epmanust), HarimonanbHbIN HCCIeA0BATEILCKUM YHUBEPCUTET
"MBHN", Kopniopauust Tpuon (Poccus), AGH University of Science and
Technology (ITonbmia), Schneider Electric, ALSTOM (®pantus), ABB Group
(IlIsetiapus), Siemens AG (I'epmanus), Hyundai Heavy Industries Co (Kopes),
Toshiba (SInonus).

B pesynprare MUPOBBIX MCCIEJOBAaHUN IO COBEPIICHCTBOBAHUIO U
BHEJPEHUIO  DHEProcOEperaromx  TEXHOJIOTMH,  METOIOB  YIpaBICHUS
000pyIOBaHUSAMH B TOPHO-METALTYPTrUYECKON MPOMBINUIEHHOCTH MOJIYYEH P
HAy4HbIX pe3yJbTaToB, B TOM YHCJE, pa3paboTaHbl: 4YaCTOTHO-pPEryIHUpyeMbIe
ANIEKTPOIIPUBO/IBI  HACOCHBIX YCTAHOBOK HA OCHOBE COBEPIICHCTBOBAHUS
aJTOPUTMOB YIIPaBJICHUS (University of Cambridge, AHIIIHN);
ABTOMATU3HPOBAHHBIE CHUCTEMBl YIPABICHHS CIOKHBIMA TEXHOJIOTHYECKHUMU
npolieccaMy Ha OCHOBE MHTEIIEKTyallbHBIX TexHomoruii (Data Flow Systems, Inc.,
CIIA); unTerpupoBaHHass MH(POPMALMOHHAS CHCTEMa HHEPro-TEXHOJIOTHUECKOTO
menemkmenTa (Schneider Electric, ®pannus).

B mupe no pa3paboTke 3Heprocoeperaromx TEXHOJIOTHI U MOBBIIIIEHUIO
SHepreTUYecKkoi 3(h(PeKTUBHOCTU TEXHOIOTUYECKOTO MPOoLiecca FTOPHO
METaJUTypru4eCcKOro MpOU3BOICTBA 110 PSIAY IPUOPUTETHBIX HAIIPABICHUI

- O630p 3apy6e)KHLIX Hay4YHBIX HCCIEJOBAaHUM TI0 TeMme AUCCepTallui  OCYHICCTBJISJICA Ha OCHOBE:

http://search.ebscohost.com/, http://www.cyberleninka.ru, http://www.works.doklad.ru, http:/elibrary.ru/, Kazakov
B., Shalimov A., Kiryakov A. Energy-saving mine ventilation / Journal of Mining Science. May 2013, Vol. 49 Issue
3, p 475-481 u npyrux UCTOUYHUKAX.
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MPOBOAATCS HCCIENOBaHUS, B TOM YHCIE: pa3paboTKa 4acTOTHO-PETYIUPYEMbIX
ANIEKTPONPUBO/IOB;  OMpe/esieHHe (DAKTOPOB, BIUAIONIUX HAa KA4ECTBEHHBIC
NOKAa3aTeau pyAbl TEXHOJIOIMYECKOro Ipolecca oOorameHus pyasl; pa3padoTka
ONTHUMAIbHOU CTPYKTYPBI YIPaBJICHUS YaCTOTHO-PETYIUPYEMbBIM
ANIEKTPOIIPUBOJIOM; YCOBEPILICHCTBOBAHHWE 3aKOHOB YAaCTOTHOTO YIPABIEHUS MPHU
CKAISIPHOM M BEKTOPHOM yIPaBJICHUU AaCHHXPOHHBIM JIBUTATEJIEM; CO3/IaHHE



ONTHUMAJIbHBIX CUCTEM YMPABICHUS Ha OCHOBE TCHETHUECKUX AJITOPUTMOB;
pa3paboTka METOA0B 0€3/1aTYMKOBOIO BEKTOPHOTO YIIPaBICHUS! CKOPOCTHIO
ACUHXPOHHBIX JIBUTATENEH.

Crenensb U3y4YEeHHOCTH npoodjeMbl. Bormpocam pa3paboTKH
AHEPTOCOEPETAIOIMNX TEXHOJIOTHH, MOBBIMICHUS 3(PPEKTUBHOCTH HCIOIb30BAHUS
ASHEPTEeTUYECKUX PECYPCOB U SHEProcOEPEeKCHHs] MPOMBIIIUICHHBIX MPEANPUSITHH,
ONTHUMU3ALUKA TOTPEOIICHUS] ANEKTPUUECKOU SHEPTUM, PETYIUPOBAHUS CKOPOCTU
BpallleHUs] ACMHXPOHHBIX JBUTaTelied Ha OCHOBE YaCTOTHOIO PErylIHpOBaHUS,
ABTOMATHU3MPOBAHHOTO YIPABJICHHS TEXHOJIOTHYECKUMH TPOIECCAMH TTOCBSIICHBI
pabotel psga yuenbix: Mark Cannon (University of Oxford), Marc Bodson
(University of Utah), Geraint Jewell (University of Sheffield), Tetyana Morozyuk
(Technical University of Berlin), Juha Pyrhonen (Lappeenranta University of
Technology), Hans-Georg Herzog (Technische Universitit Miinchen), Volker
Staudt (Ruhr-Universitdt Bochum), K.T. Chau (University of Hong Kong) u np.

HayuHno-uccrnenoBarenbckue  paboThl, CBA3aHHBIE C  pa3pabOTKOM |
BHEJPEHUEM SHEProcOeperammnx TeXHOIOTH Ha 0a3e 4aCTOTHO-PEryIupyeMBbIX
AJIEKTPONPUBOIOB, MPOBOIUINCH cieayronmMu ydeHbiMu: Siemon G.R., Ferreira
F.J., Jahns T.M., Hanitsch R., Walters D.G., llpeitaep P.T., bpacnasckuii 1.4.,
KinroueB B.U., Kozspyk A.E., @urapo b.U., Kamanos T.C., Xomumor O.O u np.,
pe3yabTaThl 3THX HCCIEIOBAHUM J1al0T OCHOBAaHMS IOJarath, 4TO B HACTOSIIEE
BpeMs B YCIOBHSX IIPOM3BOJICTBEHHOTO IIpOIleCCa BHEAPECHHE YaCTOTHOTO
PEryIupyeMOoro 3JIEKTPONPUBOIA ISl MEXaHU3MOB C MPOAOIKUTEIHOW HArpy3Koi
MO3BOJISIET COKOHOMMTD JJICKTPUUECKYIO 3Hepruio B mnpenenax 30%. Kpome toro,
UCCJICIOBAaHUAMM 1O ONTUMHU3AIMKU PEKUMOB TMOTPEOICHUS  ANEKTPUUECKOU
SHEPTUH, HOPMHUPOBAHUIO MOTPEOICHUS 3JECKTPUUCCKON SHEPTHMH W TIOBBINICHUIO
DHEPTeTUYECKON D(PPEKTUBHOCTH DJJIEKTPUUYECKUX JIBUTATEICH  BBIMOIHSIIHNCH
MenbaukoBeiM M.A., HacweipoBeiM T.X., AmmaeBbim K.P., Kympunsim b.I.,
XomumoBeiM ®D.A., ApunoBeiMm H.M., AnumxomxaeBsiM K.T., bBoOoxaHOBBIM
M.K., Bose S.K., Hussein T. Mouftah u npyrumm yyeHeiMu Takxke OblUIU
MTOJTYYCHBI TTOJIOKUTEIIBHBIC PE3YIbTATHI.

Bompocer  pazpaboTkm 3HEprocOeperaronux TEXHOJIOTHH, TOTPeOICHUS
AIIEKTPUYECKOW SHEPTUM U TOBBIIMICHUS 3HEProdPQGeKTUBHOCTH MPOU3BOJCTBA B
TOPHO-METAJTYPrU4ecKO M METaJUTypruuyeckoid MPOMBIIUIEHHOCTH B paboTax
yuenbix Jlsxomckoro A.B., OneitnukoBa B.K., Hukudoposa I'.B., Ocunosa A.B.,
3106poBckoro JLI., BacunmseBa M.E. u apyrux mnokasbpIBarOT, YTO IHOCTOSHHOE
yBEIMYECHHE OObEMOB TPOU3BOJCTBA IPU CHUIKEHUU CONIEPNKAHUS LIEHHBIX
KOMIIOHEHTOB B pyjie TpeOyeT pa3paOOTKH HOBBIX AHEPIo-U pecypcocOeperarnmx
croco6oB u TexHOMOrui. OOIMIEN3BECTHHI YCIIEXH, TOCTUTHYTHIE YUYEHBIMU B
001aCTH U3y4eHUS YaCTOTHO-PETYIUPYEMBIX AIEKTPONPUBOIOB, TOTPEOICHUS
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AIIEKTPUYECKON SHEPTUH U BO3JIEUCTBHS (PAKTOPOB, BIUSIOIIMX HA €€ OTpeOJICHHE,
HO HWHXEHEpHOEe o0ecreyeHue OSTUX YCIOBUM HAXOJUTCS Bce €IIE Ha
HEI0CTaTOYHOM ypoBHE. BmecTe ¢ Tem, HeCMOTps Ha JOCTarO4yHO OOJbLIOE
KOJIMYECTBO HCCIEAOBAHMM IO JAaHHOMY BOIIPOCY, 3a/laya SHEProcOepekeHUs
TEXHOJIOTUHU PETYINPOBAHUS U YIIPABIECHUS CUCTEMOM 00OTaTUTENbHBIX MPOLIECCOB



pa3zpaborana HEJI0CTaTOYHO. 910 oOBsICHSICTCA, pexIe BCETO,
Pa3HOOOPA3HOCTHIO, YACTO MPOTUBOPEUYMBOCTHIO TPEOOBAaHUM, MPEAbSBIAEMbIX K
o0OoratutenpHOMY TIpoueccy. Bwmecre ¢ Tem, 00OraTuTeNnbHbI Ipolecce
MPEACTABISIET COOOM CIIOKHYIO JIMHAMHYECKYI) CHUCTEMY C MPUCYIIUMHU €i
cBoiictBamu. bojee Toro, B Hay4HbIX MyONMKalMsIX B HEJOCTaTOUYHOM Mepe
pPaccMOTPEHBl HMCCIEJOBAHMS MO TOBBIIIEHHUIO YHEPro-3PPEeKTUBHOCTH Ha 0Oaze
YaCTOTHO-PETyIUPYEMBIX IIEKTPOIIPUBOZIOB TOPHO-METAJIITypru4eCcKOu
MIPOMBIIIUIEHHOCTH, @ TaK)K€ HOPMHUPOBAHUIO M MPOTHO3ZUPOBAHUIO MOTPEOICHUS
AIIEKTPUYECKON IHEPTHHM C y4eTOM ompezesieHus: (aKTOpOB, BIHAIOIMIMX HA €ro
notrpeOiIeHue.

CBsI3b TeMBI JUCCEPTALMM C HAYYHO-MCCIEA0BATEIbCKUMH padoTaMu
HAYYHO-MCCJIeA0BATEIbCKOI0 YUpe:kaeHus. /ucceprainoHHOe HCcClieJOBaHUE
BBIIIOJIHEHO B PAMKaX HAy4YHO-UCCIEI0BaTENbCKUX pA0OT NPUKIAIHBIX U
(dyHIaMeHTaIbHBIX TPOEKTOB O0I1IeCTBa ¢ OTPAaHUUYEHHOM OTBETCTBEHHOCTHIO
«HayuHo-TexHuueckuit ieHTp» mo teme A-12-057 «Pa3paboTka BICOKO
3 (HEKTUBHBIX TEXHOJOTUA U TEXHUYECKHUX CPENICTB SHEPTO- U PECYPCO
cOepeKEHUS AMEKTPOMEXaHNUECKUX CUCTEM TOPHO-PYIHOMN MPOMBIITIEHHOCTH)
(2006-2008), EA3-®K-074326 «Pa3paboTka SHEprocOeperaroimx CuCTEM
PETYIUPYEMOTO AIEKTPONPUBOJIA AJIs1 000TaTUTENIBHBIX MEXaHU3MOB,
MaTeMaTH4eCcKOe MOJIEIMPOBAHUE U ONITUMU3ALUS PEXKUMOB UX padoTh» (2014-
2015), ©2-DA-0-12660 «Pa3BuTHEe TEOpUH PalMOHATBHOTO YIIPABICHUS
B3aMMOCBS3aHHBIMU 3JIEKTPOTUIPOMEXaHUUECKUMHU IPOLECCAMU U PEXUMAMU
HHEPro-U pecypcocOepexeHus B TypOoMexaHu3MaxX FOPHOPYIHOM
IPOMBIIUIEHHOCTU U CUCTEM OPOCHUTENbHBIX HACOCHBIX CTAHIIUN MAIIMHHBIX
KaHAJIOB C YaCTOTHO-YIIPaBIsIEMbIMU 3JIeKTponpuBogaMm» (2012-2016).

Heabro ncciieqoBanus sBISIETCS pa3pabOTKa TEXHUYECKUX PEIICHUM,
00eCIeunBaOIIMX MOBIIIEHUE YHEPreTUUECKON 3(h(PEeKTUBHOCTH 0OOraTUTENBHBIX
IIPOLIECCOB HA OCHOBE PETYIIMPYEMOTO NIEKTPOIPUBOIA U HOPMUPOBAHUS
apameTpOB JIEKTPONOTPEOIEHUS.

3agauu uccie0BaHNs:

aHaJIM3 BO3MOXKHOCTEN MOBBIIEHUS 3()(PEKTUBHOCTH UCIIOIBb30BaHUS
SHEPreTUUECKOT0 000PYI0BaHUS TEXHOJIOTUYECKOTO IpoLecca 00oraieHus pyabl;
BBISIBJIEHUE TPEOOBAHUI TEXHOJIOTMYECKOT0O Ipoliecca 000TaleHus pyabl K
AJIEKTPOIPUBOLY MEXAHU3MOB;

U3YyYEHUE CUCTEMBI «AIEKTPUUECKHUI JBUTATEIh — PA0OUMI MEXaHU3M» KaK
00bEKTa YIPaBIICHUS U ONPENEICHUE PAIMOHAIBHON CTPYKTYPHOM CUCTEMBI
aBTOMAaTUYECKOIO yIPaBIEHUs, 00ECIIEUNBAIOLIEN SHEPTO- U PecypcocOepekeHne
TEXHOJOTUYECKOTO MpoLecca MpHU 3aIaHHbIX TPEOOBAHUSAX;
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pa3paboTkKa MaTeMaTUYECKUX MOJIeNIEH CUCTEMbI «ACUHHXPOHHBIN JIBUTATEIb
HACOC», BBIOOP CTPYKTYPBI CUCTEMBI U 3aKOHOB YaCTOTHOTO YIIpaBJICHMUS,
HAIPABJICHHBIX HAa 3HEPIO- U PECYPCOCOEPEKEHNE OTKAYKH ITYJIBIIBI.

U3y4YEHHUE COCTaBa NapaMeTPOB IEKTPONOTPEOIEHUS 0OBEKTOB FOPHO



METaJUTypruuecKoi MpOMBIIUIEHHOCTH, (popMHUpoBaHUe 0a3bl UCCIIEAYEMbIX
JaHHBIX JUJIsl CTATUCTUYECKON 00paboTKH;

OTIpe/IeTICHUE CTPYKTYPBI JIEKTPONOTpeOsieHns: 00BEKTOB TOPHO
METAJUTyprUUeCKON MPOMBIIINIEHHOCTH, COCTOAIIEH U3 OTACTBHBIX JJIEMEHTOB,
(OpMUPYIOLINX ANIEKTPUIECKUN OalaHC;

pa3paboTka METOIMKH HOPMHUPOBAHMS PACXO/la ANIEKTPUUYECKOW SHEPTrUU Ha
TOHHY  mepepadaTbiBaéMOil  pyabl U IPOTHO3MPOBAHUS  HOTPEOICHUS
AJIEKTPUYECKON SHEPTUH;

MPaKTUYECKOE MPUMEHEHUE MAaTeMaTUuECKON MOJIETTN YaCTOTHO
PETYIUPYEMOTO AIIEKTPONPUBO/Ia HACOCHON YCTaHOBKH, YHEProcOeperaroiiero
pexxrMa paboThl HACOCHBIX YCTAHOBOK Ha KOHKPETHBIX MPEIPUITHIX.

O0BbeKTOM HCCIIeI0BAHMS SIBJISICTCS TEXHOJOTHYECKUM TTPoIIecC
oOoraiieHus pyabsl FOPHO-METAILTypruyeckoil npomeinieHHocTy. Ilpeamer
HCCJIeJOBAHMSA - PETYIUPYEMBIH dJIEKTPOIIPUBO/ M YAECIbHBIE MOKa3aTeIH
AIIEKTPONIOTPEOICHUS TEXHOIOTHUECKIX 000pyIOBaHUNA 00OTaTUTENbHBIX
IPOLIECCOB.

Metonbl mucciaenoBanuii. TeopeTWdyeckrne WCCICAOBAHUS BBIMOJIHEHBI C
NPUBJICYCHUEM COBPEMEHHBIX METOOB TEOPUU JJIEKTPONPHUBOAA U TEOPUHU
aBTOMAaTUYECKOTO YIPaBICHUA. DKCIEPUMEHTAIbHBIE HCCIIECAOBAHUS MPOBEICHBI
METOJAMH MaTeMaTHYeCKOTO MOJEIMPOBAHUS, IJIAHUPOBAHUS SKCIIEPUMEHTOB,
CO3JaHUsl  UMHTAIIMOHHBIX  MOJENed  pealbHOro  00bEeKTa, a  TakKke
MHCTPYMEHTAJIbHBIX 3aMEPOB HETIOCPEICTBEHHO Ha 0OBEKTE UCCIICOBAHN.

Hayuynasi HOBU3HA HcC/IeI0BAHUS 3aKITIOYAIOTCS B CIETYIOIIEM:
oTpesieNieHbl Hauboee CyleCTBEHHbIE (PAaKTOPHhI, BIMSIONINE HA U3HOC JeTajeil
Hacoca, pazpaboTaHa MaTeMaTuyeckas MOJIeb U3HAIIMBAHUA B (PyHKIUU
OCHOBHBIX (DAKTOPOB, BIMSIIOUIMX HA HEE B MPOLECCE IKCILTyaTallK; pa3padoTaH
SHEPro- U pecypcocOeperarnuii pexxuM padoThl YACTOTHO PETYIUPYEMOTO
AIIEKTPOTPUBOJIa CUCTEMBI «ACUHXPOHHBIN JIBUTATEIh — HACOC OTKAYKU ITYJIbIIBI»;

YCTaHOBJICHBI 3aBUCUMOCTH 3P(HEKTUBHOCTH OTPEOJICHHSI DJIEKTPUUECKOM
SHEPTUU OT CTETICHU 3arpy3KH IIapaMy MEJbHUIIBI BTOPOI CTauK U3METBYCHUS
pyZnbI;

pa3paboTaHa KOMIUIEKCHAs METOJMKa HOPMHUPOBAHHUS M MOJAEIUPOBAHUS
napameTpoB AIIEKTPOTIOTPEOIICHUS JUIS OLICHOK 3 dEeKTUBHOCTU
AHEProcOepeKeHNUS;

pa3paboTaHa MO/IETb IPOTHO3UPOBAHUS MOTPEOICHUS MTEKTPUICCKON
SHEPTUM B PYHKIIMH OCHOBHBIX TEXHOJOTHYECKUX MapameTpoB. [IpakTuueckue
pe3yJIbTaThl HCCJIeJOBAHMS 3aKITIOYAIOTCS B CJICAYIOIIEM: BBISIBICHbI
BO3MOYXHOCTH MOBBIIIEHUS 3(PPEKTUBHOCTH UCIOIb30BAHUS IHEPTETHUECKOTO
000pyioBaHUA U TPEOOBAHUS TEXHOJIOTMYECKOTO Mpoliecca o0oraieHus pyabl K
AIIEKTPOTIPUBOLY MEXaHH3MOB;
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M3y4yeHa cucTeMa "3JIeKTPUYECKUI ABUTaTelh — pabounii MexaHu3M" Kak
0OBEKT YIPABICHUS U ONPE/ICNICHa pallMOHaIbHAs CTPYKTYpHAs CUCTEMA
aBTOMAaTUYECKOTO yIpaBJIeHUs, 0OeceynBalioias 3HEpro- U pecypcocoepexeHue
TEXHOJOTUYECKOTO Mpolecca MpH 3a/IaHHbIX TPEOOBAHUSX;



OIpEJIENIEHa CTPYKTYpa AIEKTPONOTPEOIeHHUS] OOBEKTOB TOPHO
METaJUTypru4eCKOi MPOMBIIUIEHHOCTH, COCTOSINAsI U3 OTAEJIbHBIX JIEMEHTOB,
bopMUPYIOITNX IEKTPUUECKU OaIaHc;

pa3paboTaHa METOJUMKAa HOPMUPOBAHUS pacXoa 3JIEKTPUUYECKON SHEPIHH Ha
TOHHY TNepepadaThiBA€MON pyAbl W aNrOPUTM HPOTHO3UPOBAHUS MOTPEOICHUS
ANIEKTPUUECKON YHEPTUU Ha OCHOBE TexHooruu Data Mining.

JIOCTOBEpPHOCTh Pe3yJbTaTOB HMCCJAeA0BAHUSA. J[OCTOBEpPHOCTh HAy4YHBIX
MOJIO’KEHUM, BBIBOJIOB M peKOMEHAAIMii 000CHOBaHAa MIPUMEHEHUEM COBPEMEHHBIX
METOJIOB MCCIIEOBaHUI, OCHOBAaHHBIX Ha aJICKBATHBIX MATEMAaTUYECKHX MOJEISX C
IPUBJIEYEHUEM COOTBETCTBYIOLIUX PA3/AEJIOB TEOPUHU 3JIEKTPUUYECKOrO MPUBOAA U
MaTeMaTU4YeCKOn busuky, anpoOUPOBAHHBIX METOJIOB 00paboTKH
AKCIIEPUMEHTAJIbHBIX JAaHHBIX. JlOCTOBEPHOCTh pPE3yJAbTAaTOB MOATBEPKICHA Ha
OCHOBE CpPaBHUTEIBHOTO aHalin3a pPACUYECTHBIX M SKCIIEPUMEHTAIBHBIX JAHHBIX,
NOJIyYEHHBIX HA THIPOMETAILTYPruYeCKUX 3aBOJAX.

Hayynass M mnpakTHyeckasi 3HAYMMOCTH Pe3yJbTAaTOB HCCJEI0BAHMSA.
HayuyHasi 3HauMMOCTb NOJyYEHHBIX PE3YJbTaTOB MCCIENOBAHUNA XapaKTepU3yeTCs
HAy4YHOM CYIIHOCTBIO PpE3ylbTaTOB HCCJIENOBAHUW IO PA3BUTHIO TEOPUU
MOJIETMPOBAHUSI CUCTEMBl «ACUHXPOHHBIM JBUTaTelb — HACOC» C YYETOM
W3HAIIMBAaHUS HACOCHOIO arperara NpH YacTOTHOM  PEryJIMPOBAaHHUH; C
ONPENEICHUEM TIOKa3aTelel TUHAMUYECKUX IPOLECCOB, C y4ETOM BO3ACHCTBUSA
3aKOHOB YAaCTOTHOTO YMPAaBICHHUS;, C pa3pabOTKOW alaropuTMOB YHPABICHUS
TEXHOJOTMYECKUM  IPOLECCOM, O0OECHEUMBAIOIINX CHH)KEHHUE SHEpro3arpar,
IUJAHUPOBAHMEM  BBIYMCIIMTENBHBIX JKCIEPUMEHTOB W  CO3JaHUEM YCIOBUU
IPAKTUYECKOTO IIPUMEHEHHS.

[IpakTHueckast 3HAYMMOCTD MOJYUYEHHBIX PE3YJIBTATOB PabOThI 3aKIII0YAETCS B
pa3paboTke YaCTOHO-PETYIUPYEMOTO AIIEKTPOIIPUBO/A, MHTEHCUBHOCTH
YCKOPEHHs JIMHAMHYECKUX IPOLECCOB JABUIarels, paludOHAIbHOIO 3aKOHA
YIPABJICHUSI, METOJUKH pacueTa yAeIbHbIX HOPM PacxoJa 3JIEKTPUYECKON 3HEPruu
U TIPOTHO3UPOBAHUS TOTPEOJICHUS SJIEKTPUUECKOM SHEPTUU Ha TOPHO
METaJUTypru4ecKre Mpou3BOICTBA, a TAKXKE B 00ECIIEUEHUH MOBBIIIEHUS
3¢ ()EKTUBHOCTH TEXHOJIOTUI MTPHU NEepepadOTKe MUHEPATbHO-ChIPhEBBIX PECYPCOB.
BHeapenue pe3yabTaToB HccIe10BaHuA. Ha OCHOBE TEXHUYECKUX PEUICHUM Ha
0a3e pery1upyeMoro 3J1eKTpONpHUBOIa U HOPMUPOBAHUS TapaMETPOB
AIIEKTPONOTPeOIeHUS, 00ECIEYMBAIOIINX MOBBIILIEHUE SHEPTETUYECKON
3¢ (HEeKTUBHOCTH 00OTaTUTENBHBIX MPOLECCOB Pa3pabOTaHbI:

MaTeMaTH4ecKass  MOJENIb  YacTOTHO-PETYJIUPYEMOIO  AJIEKTPOIPUBOJA
HAaCOCHOM YCTAaHOBKHM, JHEprocOeperammue pexuMbl paboThl  HACOCHBIX
YCTAHOBOK, CTPYKTYpPHBIE CXEMbI U AJTOPUTM YIIPABJICHHUS HACOCHON yCTaHOBKOW
BHEJpEHHbIE Ha mnpeanpustusx HaBouiickoro ropHoO-mMeTayIypruuecKoro
koMOMHaTa, B ToM uuciae Ha [wuapomerammypruueckux 3aBomax No2, No3,
UCIIOJIb30BAHBI JIJIs1 yIIPABJIEHUS 1 MOHUTOPUHIA HACOCHBIX YCTAHOBOK
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TEXHOJIOTUYECKOTO Tpolecca odoramieHus pyasl (CrnpaBka HaBouiickoro ropHo
MeTaJLTyprudeckoro komOunara o BHeaApeHuu 3a Ne02-07-07/5028 ot 04.05.2016
r.). Ucnonp30BaHue HaydHBIX PE3yJbTATOB MO3BOJIUIIO CHU3UTH PACXO/T



AJIEKTPUYECKON SHEPTUH HA HACOCHBIE YCTAaHOBKHU Ha 5%;

YaCTOTHO-PETyJIUpyeMasi CUCTEMA «ACHUHXPOHHBINM JBUTATEIb — HACOC» H
pelieHre 3aJa4d  MPOTHO3UPOBAHUSA TMOTPEOICHUS DIEKTPUUYECKON DHEPruu
UCIOJIb30BAIUCH VISl ONPEACNICHUS] SHEPTeTUYECKUX MapaMeTpPoOB MPU YaCTOTHOM
PEryIupOBaHUU TYypOOMEXaHU3MOB, CTPYKTYpPhl TOTPEOTICHHUS DIEKTPUUECKON
SHEPTUU, KOMOMHUPOBAHHOTO YMPABICHUS ACHUHXPOHHBIM JBUTATENIEM B IPOEKTE
DA-D5-D050 «MccnenqoBaHue U MOJCIUPOBAHUE B3AMMOCBSA3aHHBIX AJICKTPUUEC
KHX, TUJIPABIMYECKUX U MEXaHUUECKUX MPOIECCOB, MPOTEKAIOIIUX B TYpPOO
MEXaHU3Max U pa3paboTKa CUCTEM PALMOHAIBHOIO YIPABIECHUS SIEKTPO
npuBonamMmw» (2007-2011) (CnpaBka Komurera 1o KoopIMHALMK Pa3BUTUS HAYKH
u TexHonoruit NedTK-03-13/596 ot 20 cents0pst 2016 roga). Mcnonb3oBanue
PE3yJBTAaTOB HAYYHOT'O MUCCIIEIOBAHUS MTO3BOIMIO OBBICUTH CPOK IKCILTyaTalluH
HACOCHBIX YCTAHOBOK, CHU3UTh NOTPEOICHUE AIEKTPUUECKON SHEPTUH
TEXHOJIOTUYECKHUM IPOLIECCOM M 00E€CIEUUTh pecypcocOeperaronifii pexxum
AKCILTyaTallly, a TAKXKe OIIEHUTh YHEProcOeperaroui pexkum padoThl
TEXHOJIOTUYECKOTO Mpolecca.

Anpobdauus pe3yJbTaToOB HccJaeq0BaHus. Pe3ynbrarsl ucciieqoBaHus
JIOJIO’KEHBI Ha 29 HayYHO-TEXHUYECKUX KOH(PEpEeHIHIX, B TOM uncie 13 Mexmay
HapOAHBIX: HA MeXTyHapOIHOM HAyYHO - TEXHUYECKON KOH(epeHIInH
«CoBpeMeHHbIE TEXHUKA U TEXHOJIOTUU TOPHO — METAJUTYPrHU€CKOU OTpaciu U
nyTu ux pazsutus» (Hasowuii, 2010, 2012, 2015); na Beepoccutickoit Hayuno
TEXHUYECKOW KOH(PepeHInn « DHepreTuka: 3pPeKTUBHOCTD, HAJC)KHOCTD,
6e3onacHocTh» (Tomck, 2013); VIII International scientific - technical conference
«Machine drivers on transportation» (Ustron, 2011), Interregional Engineering
Conference in Technology and Education - Global Benchmarking and Monitoring
(Krakow, 2011); na MexmyHnapoaHoit Mmonoaexkaon koHpepeniuu (Tomck, 2012);
Ha XV MexayHapoaHoil HaydHO-TeXHHYecKor koHpepeHiuu «Mudopmaruka:
poOsieMbl, MEeTo0JI0THsI, TexHOoJoTUuW» (Boponex, 2015); Ha MexayHaponHoi
Hay4YHO-TpakThuueckoi koHpepeHuun «[Ipodbaempl nossieHus 3¢ PeKTUBHOCTH
WCIIOJIB30BAHUS IIEKTPUUECKON SHEPTUU B OTPACIIAX arpOIMPOMBIIUIEHHOTO
xomruiekcay (Tamkent, 2015) u Ha 15 pecnyOnuKaHCKUX KOH(PEPEHITHSIX.

Ony0/IMKOBaHHOCTHL Pe3yJabTATOB HccenoBaHus. [lo TeMe aucceprauuu
onyOnukoBaHO Bcero 50 HayuyHbIX paOoT. I3 HUuX 17 HayyHBIX CcTaTel, B TOM YHCIIC
14 - B pecnyOnuMKaHCKUX, 3 - B 3apyOeXHBIX XypHajlax, PEKOMEHIOBaHHBIX
Bricmieit arrecranmonHoil komuccueit PecryOnuku Y30ekuctan 1yis myOnuKanu
OCHOBHBIX Hay4YHBIX P€3yJbTaTOB JOKTOPCKUX JAUCCEPTALIUAM.

Crpykrypa U o0bem auccepranmu. CTpyKTypa IHCCEpPTALMM COCTOUT U3
BBEJICHUS, IISITH TIJIaB, 3aKJIIOYEHUS, CIUCKA HCIOJIb30BAaHHON JIMTEPATYPHI,
npwiokeHnii. O0beM auccepTanuu cocTaBiser 197 crpanuir.
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OCHOBHOE COAEP/KAHME JUCCEPTALIUU

Bo BBCJICHHNU 000CHOBBIBAIOTCS AKTYAJIbBHOCTH U BOCTpe6OBaHHOCTB



MIPOBEJICHHOTO UCCIIEOBAHUS, LIENb U 33]1a4l UCCIICJOBAHUS, XapaKTEPU3YIOTCS
OOBEKT U MpeIMET, IOKa3aHO COOTBETCTBUE UCCIIEOBAHUS TPUOPUTETHBIM
HalpaBJICHUSIM Pa3BUTHs HAYKU U TEXHOJIOTHM peciryOnuKy, U3J1aratoTcsl Hay4Has
HOBU3HA U MPAKTUUYECKUE PE3YIbTAThI UCCIIEIOBAHUS, PACKPBIBAIOTCS HAyYHAs U
paKTUYeCKast 3HAUMMOCTD MOJYYEHHBIX PE3YJIbTaTOB, BHEIPEHUE B IPAKTUKY
pE3yJbTaTOB UCCIEAOBAHMS, CBEACHUS IO OMyOIMKOBAHHBIM pad0TaM U CTPYKTYpe
JUCCepTaluu.

B nepBoii maBe auccepranuu «CoBpeMeHHOe COCTOSIHME U MePCNeKTHBBI
Pa3BUTHA 3HEProd(PPeKTHBHOCTH TEXHOJOTHYECKOro mpoimecca o0orameHus
PYAbl  TOPHO-META/LUIYyPrHYEeCKHX  NPeANpPHATHI»  TPOBEACH  aHAIIU3
COBPEMEHHOIO0 COCTOSIHUS TEXHOJIOIMYECKOTo Mpoliecca oOOoramieHus pyasl,
npuBefeH 0030p HCCJIEAOBAaHMM MO  TMOBBIIIEHUIO AHEProdpGHEeKTUBHOCTU
000pyIOBaHUN OOOTAaTUTENbHBIX MPOLIECCOB, COMOCTABIIEHBl YHEPIeTHUUECKUE U
TEXHUKO-?)KOHOMUYECKHUE IOKa3aTesid TEXHOJIOTMYECKOro IMpolecca 00OorameHus
pyabl. JlaH 0030p xapakTepuCTHKaM OOOPYIOBaHUN TEXHOJOTMYECKOrO Ipolecca
oOoratenust pynbl. IIpoBeneHsl aHanu3 U 0030p KUCCIAEAOBAHMI O MOBBILIEHUIO
3G (HEKTUBHOCTU TPAHCIIOPTUPOBKU MYNbIbl, OOOCHOBBIBAETCA HEOOXOIUMOCTH
yIpaBICHUS PEKUMOM pabOThl HACOCHBIX YCTAHOBOK OTKAUKH ITYJIbIIbI IO YPOBHIO
Oynblbl B 3yMide, HENPEPHIBHO OINpPEAEIsIEMOMY HEMOCPEICTBEHHO B XOJ€
TEXHOJIOTUYECKOTO Mpoliecca.

[IpoBeneHsl HHCTpYMEHTAIbHBIE 00CIEI0OBaHUS MOTPEOICHUS IIEKTPUUECKOM
DHEPTUM, KOTOpbIE TMIOKa3ald, 4YTO Ha CTAAUI0 W3MEIBUCHUS MPUXOAUTCS
HanOobIIas A0S SHEPro3arpar B 001Iel ce0eCTOMMOCTH MepepadbOTKH PYyAbI.

IIpencrasiena KJaccuukanus METO/I0B oOoraieHus pyAbL,
OpOaHAIU3UPOBAH MEXAaHUYECKUH MeTon oOorameHus pyabl Kak CaMblid
SHEPrOEMKHUM W TPYIOEMKHN OO0OraTUTENbHBIN mpolecc. MexaHM4ecKrue MEeTOJIbI
oOoramieHusi, COCTOSIIIME W3 MEJIbHUYHBIX OJIOKOB, MPEJCTABISIOT COOOM NBYX
CTaJUMHbIE PYAO0 pPa3MaJbIBAIOIINE YCTAHOBKU C IMPOMEXKYTOUHBIM BBIICICHHEM
HEOOJBIIOTO  KOJMYECTBA  TIPABUTALMOHHOTO  KOHIeHTpara. Kaxawsli  u3
MEJIbHUYHBIX OJIOKOB OTJIMYAeTCs OT JAPYrUX HEKOTOPHIMU MapamMeTpamu:
pacroyio)keHUEM  O0OpYIOBaHUs, KOJMYECTBOM BHOpONUTATENEH, MEIbHUL,
KJIacCU(UKATOPOB, TUAPOLMKIOHOB U T.II.

HccnenoBanue pexuMoB pabOThl HACOCHBIX YCTAaHOBOK TIOKa3auo, YTO
HACOCHBIE YCTAHOBKM OTKAuKH MYJIbIIbI B OOJBUIMHCTBE CIIy4aeB palOTaroT ¢
n30bITKOM JaBiieHUuss. OCHOBHOM MpoOJSeMON H30BITOUHOTO JABJICHUS SIBISIETCS
MOBBIIICHHOE MOTPEOICHNE YHEPTOPECYPCOB, UTO BICUET 32 COOO0M OBICTPHIN U3HOC
HAaCOCHOTO 00OpyIOBaHMs, YacTble 3aMEHbl YIUIOTHEHUH, pas3pbiBbl TPyO U
coenuHeHui! u T.J. [lokazaHo, 4TO IJIaBHBIM HampaBiieHHEM 1O 3(P(HEKTUBHOMY
SHEPro- U PECypcOCOEPEKEHNI0 HACOCHBIX YCTAHOBOK OTKAUKHU IMYJIbIIbI SIBISETCS
UCIIOJIb30BAHUE PETYIUPYEMOTO IEKTPOIPHUBOJA.
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AHnanus BBITIOJTHEHHBIX HCCIIEIOBAHUM o MOBBIIIECHUIO
3HEProdpHeKTUBHOCTU IpeanpusTUn TOPHO-METAJLTYPrudecKoi
MPOBIMBIIIJIEHHOCTH TOKa3aJl, 4YTO OOJIBIIMHCTBO HAYYHBIX PaOOT MOCBAIICHO



MCCJICIOBAHUIO YHEProcOEperammx PekKMMOB Ha OCHOBE TEXHUYECKHX CPEICTB.
Cnegyer OTMETHTb, YTO B BBINOJHEHHBIX HCCIECIOBAHUSAX HEJOCTATOYHO
W3yYEHHBIMH SIBJISIIOTCSI BOIIPOCHI MOBBIIMIEHUS YHEPTOI(PHEKTUBHOCTH TEXHOJIOTUI
nepepadboTKH MUHEPATLHO-CHIPHEBBIX PECYPCOB HAa OCHOBE MOJICIICH MOTpeOIeHUS
ANEKTPUYECKOW DSHEPrMM C yYeTOM BIUSHHUS 3HAYUMBIX (DaKTOPOB Ha
ANEKTPOTPEOICHHE.

Ha ocHoBaHuM mNpoBENEHHOTO HAYYHOIO aHalW3a, C y4€TOM TEHACHIIMH K
PaCIIMPEHUIO YPOBHS HCCIACAOBAaHMM B OO0JIACTH YHEProcOCPEKEHHUS TEXHOJOTHUH
nepepaboTKU MUHEPATbHO-CHIPHEBBIX PECYPCOB CHOPMYIHUPOBAHBI 1IETb U 3ada4U
JTUCCEPTAITMOHHON PaOOTHI.

Bo Bropoit mmaBe nuccepranuu «OmnpenesieHue 3IHeprocodeperaromux
PeKUMOB PadoThl 000raTUTENbHBIX MPOLECCOB TOPHO-METAJIYPru4ecKux
NpeInpUATHA» HW3JI0KECHBI METOIWYECKUE TPUHIIUAIIBI HUCCISAOBAHUS PEKUMOB
ANEKTPONIOTPEOICHUSI  TOPHO-METAJUTYPTHUECKUX — MPEANpHUsTHi, 000CHOBaHa
CTPYKTYpa 3JEKTPONOTPEOICHN Ha 000TaTUTENIbHBIX MPOIeccax.

C Touku 3penus 3¢HeKTUBHOCTH PabOTHI MIAPOBOM MENBHHIIBI, HanOoJee
BaXCH  KOHTPOJb  3arpy)KCHHOCTH  IIapaMH,  KOTOPBIM  BIUSET  HA
MIPOU3BOUTEIILHOCTh M PACXO/d 3JCKTPOIHEPTUU Ha BCIO JIMHUU HU3MEITBICHUS
pyabl, dYTO OBLIO TMPUHATO B  KAYECTBE BBIXOJHOM  XapaKTEPUCTUKHU
AKCIICPUMEHTANFHBIX HCCIeAOBaHUN. Jl7s ompeneneHus MPOW3BOIUTEIBHOCTH
MEJTBHUIL TPUMEHSJICS BECOBOW aHAJIH3.

XapaKTePUCTHUKA CTAINH U3METBICHUS PY/IbI, IpEACTaBICHHAs Ha puc. 1.
Ha ocHOBe MHCTpYMEHTAJIbHBIX 3aMEPOB MOJyUYE€HA SHEPTETUUECKAS 582
580 578 576 574 572 570 568 552 25,525,0

566 564 562 560 558 556 554 ZW, kWh(L) Outliers(L)

28,5 28,0 27,5 27,0 26,5 26,0
19,5 20,0 20,5 21,0 21,5 22,0 22,5 N, kWh/ton

Q, ton(R) Outliers(R)

Puc. 1. DHeprernyeckasi XapakTepuMCTHKA CTAAUU U3MeJbYeHUs PYIbl
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Ha ocHOBe MONY4YEHHBIX S3KCHEPUMEHTAIBHBIX JAaHHBIX OIpeaeseHa
3aBUCUMOCTb CTEIICHH 3AIOJIHEHUS [IapaMy MEJIbHUIIBI OT MPOU3BOJUTEIBHOCTH U
norpedisiemoir MomHocTH. Ha puc. 2 mpencraBieHa 3aBUCUMOCTb HOTpeOIsieMon
AKTUBHOM MOIIMHOCTH MenbHUIBI 2500 KBT OT mpOW3BOIUTENBLHOCTH U CTENICHU
3amonHeHus: mapamu. Kak BUIHO M3 pUCYHKa 2 mpu 3arpyske mapamu k,=0,22
(22% 3arpy3ku) notpeOnsiemasi akTHUBHAasi MOIIHOCTb CHHMJKA€TCS B JIBa pa3a OT
HOMMHAJIBHOTO 3Ha4eHUs. Ho mpu 3TOM, yBeIMUMBAETCS BpEMS U3MENIBUEHUS PY/IbL
B MEJIBHHIE, T.K. NaJAIOUIME HAa W3MEIBYAaEMYyI0 pPydy ILIapbl BO3ACHCTBYIOT C
HENOCTAaTOYHOM cuioil. C yBEIMYEHUEM CTENEHU 3arpy3KH IIapamu MOBBIIIAETCS
norpedsiemMasl akTUBHAsI MOILIHOCTb MEJIbHULIBI M BPEMSI U3MEJIBYECHHUSI PYb.

B pesynprare aHanuza 3KCHEPUMEHTAJBHBIX JAHHBIX ONPEIEJIEHO, YTO Ha
IPOU3BOAUTEIBHOCTh U TOTPEONIAEMYI0 AKTUBHYIO MOIIHOCTH BIIMSIET CTENEHb
3arpy3kd MeEJbHHI [mapamMu. [IpoM3BOAMTENBHOCTH MEJIBHUIBI W PaCXOn
ANEKTPOIHEPTUM HA M3MEIBYCHUE PAaCTyT M JTOCTUraroT Makcumyma mpu 50%



CTCIICHU 3aIlOJIHCHUS IIapaMu. OTH JaHHBIC ITO3BOJIAT OIPCACINTL 3aBUCUMOCTD
HOTpe6JISI€MOI>JI MCHBHHHGﬁ AKTUBHOM MOIIHOCTH B (bYHK]_II/II/I CTCIICHHU 3alIIOJIHCHUA
MCJIbHUIBI IIapaMu.

Ha ocHoBe 00001IeHHs  3KCIEPUMEHTANIbHBIX  JAaHHBIX  IOJy4YeHa
pPErpecCHOHHAasl MOJIETh MOTPEOICHUST aKTUBHOM MOITHOCTH B (DYHKIIUU CTETICHU

3aMmoMHeHUsT MENBHUILI mapamu (st menbaui] 1250 kBt u 2500 kBT), koTopas
IpeJ/iCTaBlieHa Ha pUC. 2:

rac km - CTCIICHDb 3aITOJIHCHUS MCJIIbHUIIBI HIapaMU.

P=-k,—k,~(1)8713,0682 6089,015 504,6667,

2200
2400

2000
1800
1600
1400
1200

P (0,22), kW
1000
Outliers
P (0,4), kW
Outliers
800

40 60 80 100 120 140 160 180 200 220 Q, ton
P (0,44), kW Outliers

Puc. 2. 3aBucumocTb norpedisieMoii aKTUBHOM MOIIHOCTH MejibHUIBI (P,=2500 kBT)
OT MPOU3BOAUTEJbHOCTH U CTENEHH 3ANOJTHEHUS IIapaMu

UccnenoBanust mokazanu, 4To A(PPEKTUBHOCTH PabOTHI TEXHOJOTHMYECKHUX
JUHAA  TOPHO-METAJUIyPrUYeCKUX  MNPEANpUSATAA B  3HAUUTEIIBHOM  Mepe
OMPENENSIETCS CTAOMIBLHOCTBIO PA00OYNX PEKUMOB T'PYHTOBBIX HACOCOB.
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OpHako ©pM OKCIUlyaTallud OTMEYAaeTCs HENOCTaTO4HAasl JIOJITOBEYHOCTH
ITPYHTOBBIX HACOCOB, YTO BBI3BIBAETCS MOBBIIICHHBIM THIPOA0OPA3UBHBIM W3HOCOM.
IPYHTOB.

Oc00€eHHO ATOT HEAOCTATOK MPOSIBISIETCS IPU MepepadOTKe CUITbHO aOpa3uBHBIX

2400
2200
2000
1800
1600

P, KW
1400
1200

1000
800

0,20 0,22 0,24 0,26 0,28 0,30 0,32 0,34 0,36 0,38 0,40 0,42 0,44 0,46 kw
Puc. 3. [lorpediieHne aKTUBHONW MOIHOCTH B (D)YHKIIUM CTENEHH 3aM0JTHEHUS

MeJIbHMIBI mapamu (151 MejabHul 1250 kBt u 2500 kBT)

Hns  oneHku dSPdekTuBHOW pabOThl TPYHTOBOTO Hacoca HEOOXOAUM
MOKa3aTeNb, YYUTHIBAIOIINN TEXHUYECKOE COCTOSIHUE arperara u €ro BO3MOXKHOCTH
YIOBIIETBOPSTh TEXHOJOTUYECKUM TpeOOBaHUAM, a TaKkKe  SKOHOMHUYECKYIO
1e1eco00pa3HOCTh HJKCIUTyaTalldd €ro B KOHTPOJIUPYEMOM  pexume. Takum
MOKa3areaeM MOXKET CIIYKUTh BEJIMUYMHA U3HOCA JeTajeil Hacoca.



Ha WHTEHCMBHOCTH HM3HOCA HACOCHOTO arperara BiuseT psan (pakTtopos, a
MMEHHO: KPYIHOCTb, TBEPAOCTh U OTHOCUTEIIbHASI CKOPOCTh YaCTHI] TPYHTA; yIoJ
BCTPEUM YaCTHUI[ TPYHTA C U3HAIIMBAEMOW JETajbIO; MJIOTHOCTh MOTOKA IMYJBIIbI;
U3HOCOYCTOMYMBOCTh MaTepuana AeTaiu, T.e.

E=7(v, p,0,A1,8,0), (2)
ITYJIBIIBI M./ C; IIYJIBIIbL, ° K2/ M;

e
P - TUIOTHOCTH
V - CKOPOCTb MOTOKa

npeaeabHas MPOYHOCTh H3HAIIMBACMOTO A - TBEpIOCTH

Tena, lla;

W3HAIINBAEMOTO Tela, [la; Iynble, /la;

M - TBEPAOCTH YaCTHI] B B -

KOHCTPYKIMS JETAJEN HACOCA, CKOPOCTH IIOTOKA ITYJIBIIBL.
COIPUKACAIOIIMECS C MYJIbIIOM; BEKTOpa O - YroJs aTaku

N3 Bcex mepeunciieHHbIX PakTopoB (2), BAUAIONIUX Ha THAPOaOpa3uBHBIN
U3HOC, CYIIECTBEHHBIM, C TOUKH 3PEHUS BO3JCHCTBUS HA MPOIIECC U3HOCA ITyTEM

BBIOOpA PALIMOHAIILHOTO PEKUMA (ke/m’) m
SKCILTyaTalui HaCOCOB, ABJIAIOTCA, V - CKOPOCTb MOTOKA MYJbIIBI M/C.
p -

IIJIOTHOCTB HepeKaqHBaeMoﬁ ITYJIBIIbI
[InoTHOCTH MOTOKA ITYJIBIIBI OIIPCACIIACTCA Tp€6OBaHHeM TCXHOJIOI'MYCCKOI'O

mporecca u COCTaBIIsIeT

p =1400 xz m. OnbIT pabOTHI HACOCOB OTKAUKH MYJIBITBI
MOKAa3bIBAET, YTO B MPAKTUKE SKCIUTYaTALMU CUCTEMbI OTKAYKH ITYJIbIIbI BO3MOXKHBI
W3MEHEHHUS INIOTHOCTH MEPEKaYnBAEMON MyJbIbl. B pe3ynprare 3Toro cucrema
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HauMHAET padoTaTh B MEPEXOTHOM PEKUME C UBMEHEHHBIMH ITAPAMETPAMH.
PacueTsl nokaseiBatoT (puc. 4), 4TO IPU NOBBIILIEHNUHN IIJIOTHOCTH ITYJIBITBI
norpedisieMasl MOLUTHOCTh BEChbMa JUTUTEIbHO MOXKET IIPEBBILIATH JOMYCTUMYIO, a
IIPU YMEHBILIEHNH TUIOTHOCTHU MYJIbIIBICKOPOCTH IYJIBIIBI B TPYOOIIPOBOJE MOXKET
CHU3HTHCS C OMACHOCTHIO 3aKYNOPKU TpyOonpoBoaa. Takke MOBBIIICHHAS
IUIOTHOCTB ITYJIBITBI COMPOBOKAAETCS YBEIUYEHHBIM H3HOCOM, HO JIOJIS

OTKa4YeHHOU U3MEJILFUEHHON pyAabl BO3pacTacCT I10 CPABHCHHUIO C OTKA4YKOU ITYJIBIIBI
N, kBt

C HU3KOM ITUIOTHOCTBIO B (DYHKI[UU BPEMEHHU.

140
120
100

0 p=16p=14p=13p=12p =11
050 100 150 200 250 300 350 400 450 Q

Puc. 4. Biusinue NJIOTHOCTH MYJIBIIBI HA MOTPe0/IseMYI0 HACOCOM MOIIHOCTh: P -
N - norpedisieMasi MOITHOCTH HACOCHOTO arperara; O - NPOU3BOAUTEIbHOCTD;
ILUIOTHOCTH MYJIBLIIBI T/M°

OHpeIIeJII/IM OKOHOMHYCCKU OIIpaBAAHHBIC IIPCACIBHBIC PCIKHUMBI pa6OTBI



TPYHTOBBIX HacocoB. Kak ObLIO OTMEUEHO, MPU M3HOCE HACOCOB yBEIMYMBACTCS
noTpebiseMas MOITHOCTh M 3aTpaThl AJEKTPOIHEPTUU HA OTKAYKy ITYJbIIBI, YTO
npuBoaut kK cHwxkeHuto KIIJI nacoca. M3 »sTOoro cnmemyer, 4ro 3ameHa
W3HOIIIEHHOTO O0OpYyJAOBaHUs HACOCOB HEOOXOoAMMa TOrJa, KOrja CTOMMOCTH
nepepacxoia AICKTPUUECKOW JHEPruu pabOThl HACOCHOW YCTAHOBKH IPEBBICUT
CTOMMOCTh Ha €¢ PEMOHT. JTy 3aJadyy MOKHO PEIIUTb, YCTAHOBUB IIOTEPIO
AJIEKTPOIHEPTUU MPU U3HOIICHHOM HACOCE:

102" || N
e
P n
OH W t
A=- 3)
1,
N wsn
N
r€e p - IIOTHOCTH MyJibIbl, HACOCA. Hacoca,
KI/M>; W3HOIICHHOTO N o - HOMHHANBHBIA KT  Nusm KITT

B pesynbrare mpoBeIcHHOTO PErPeCCHOHHOIO aHAN3a MOIYYEeHO CIEayIolIee
ypaBHEHHE N3HOCA HacOCHOTO arperaraEB gyHKkIum ckopoctu
MOTOKA ITYJIbIIbI V, TBEPIOCTH M, IUIOTHOCTH P,
YACTHUII B TTyJIbIIE  IYJBIIBI
npodHocT Ou ymiom O
u aTaKu

E = 0,89+ 0,0375v + 0,02y + 0,025p + 0,01750 + 0,01250. (4)
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PeanbHble XapaKTEpUCTUKKW HACOCHOIO arperara MOTYT OBITh IOJyYEHBI
TOJIKO MPH COBMECTHOM PACCMOTPEHUM XapaKTEPUCTHUK HACOCAa U HAMOPHOTO
TpyOonpoBona. B cBs3m ¢ »TUM HaMu paszpaboTaHa Maremaruyeckass MOJIEIb
(YHKIIMOHUPOBAHMSI CHUCTEMbl "AaCHHXPOHHBIM JIBUTaTelb — HACOC — HAIOPHBIM
TpyOompoBoxa".

OCHOBHON XapakTEpPUCTUKOW HAcoca SBISIETCA €ro pacxoJHO-HAIopHas
XapaKTEepUCTHKA, T.€. 3aBUCUMOCTh Haropa ot pacxozaa. Pacxox Hacoca omnpenenum
COTIaCHO

AR+

nQ ©
)=
(@]
8]

cm

)



() A=H-H,Q,, H— nonubiit Hariop Hacoca (M), Q — IPOU3BOAUTEILHOCTb,
0

H,— nanop npu O0=0 u W=W,, W - yIJIoBas CKOPOCTh BpaIlleHNs padodero Kojeca,
H, O, W, — uXx HOMUHalbHbIC 3HaueHus, M., — crarudyeckuii Hamop, R —
KO3(DQHUIIMEHT COMPOTUBJICHHUS HAMOPHOTO TPyOOMpOBOJA, 3aBHUCSIIANA  OT
TuaMeTpa U JUIMHBI TPyOOIPOBO/IA, IIEPOXOBATOCTH €r0 CTEHOK U YMCJIa MECTHBIX
COMPOTHUBJICHUH (KOJICH, 3aIBUXKEK U T.I1.).

[TorpebinsieMble TIepBUYHAS, ITEKTPOMArHUTHAS MOIITHOCTH U MOIIIHOCTh Ha
BaJly JABUTATEINS OyIyT:
2 : |
2

2 }]
| [
|

{1

++ 5
Illl[
o
| m | lf r
Y, 6)
IJ]
P, =xF 2 2
}7 D 21|l BB |
r X J
llf Yulﬂ
jﬂ'lzfer
PHHZ
=a(7)3
F D
B 2
22szrx
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XX ++x X T,pum-—

e
8 a=mp/19,62 f

F
BB

YHCIIO ITap MOIIOCOB M yucio ¢as cratopa, U U,
HarpspkeHue, , F' = f/ f - oTHocuTenbHas 4acToTa

Y =/ — oTHOCHTENBHOE

7SHHxxx=l+p9rHH

29

'

xxx=+“
X - aKTUBHO€ U UHAYKTUBHOE COIIPOTUBJICHUS 0OMOTKH
0 == o II”I/I 1

1 x/xx
2
HSTP

CTaTopa, /' 2
X - IPUBEJICHHBIC AKTUBHOE U WHIYKTUBHOE COTIPOTUBIICHUS
b
B = Fs- mapamerp abCONIOTHOTO

Xy~ HHAYKTHBHOC COIIPOTHUBJICHUC HaMaI‘HI/I‘H/IBaIOHleﬁ OCIIn
ABUTATCIIA, |,
ABUI'aTCIIA.
9JI€KTpOMaFHPITHbII>'I MOMCHT ABHUI'aTCIIsA
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[Tpou3BoaUTENBHOCTh HacOca B (DYHKIIMU CKOJIBKEHHS TTPUBOHOTO
JIBUTATEIIS

12
H "2 s _ H
— S H
00
2
"H H RQ
0 nH

€ S, — HOMUHAJIbHOE CKOJIBXEHHE JIBUTATEIsI.
[Tone3nass MOITHOCTH Hacoca B (DYHKLIUH CKOJIbKEHUSI BBIPA3UTCS
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H - S - H

01 2 cm
P.(11)
HQN— ;s*
- 0
-+,
2
102 H HRQO

AHaIOrM4HO MEXaHuYecKast MOHIIHOCTE U MOMCHT COIIPOTUBJICHUS Ha Bally
HAaCOCHOTI'O arpcrara B Q)YHKHI/II/I CKOJIBXKCHU A 6y,ZIYTI

12
13- . 12—+ H
S 12- 5 - ¢ " om
H
NN + BQ
" (12)
s s
13- 12—2
Mex_+0HHRQ
" 12 H
0 cm
12
H —
0 s B
12— & 1 - s - s
MM
(). +-
MM Q
°°HHRQ
" (13)
—_ — 2
12 s 1 g

Otnomenue (11) x (12) maet KIIJ] Hacoca B pyHKIIUN CKOTBKEHUS
IIPUBOTHOTO JIBUTATEIIS
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Ho ~ cm
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13- =5 HH
12— s
MexX H 2 RQ
" 0 -+,

Koa¢dunrenT MOIHOCTH MPUBOAHOTO aCUHHXPOHHOIO JBUTATENS MpHU F =1
UMeEeT BUJT

COS .

rr r xrx 2 (15)
12 ||L{_ xx 0 ||U O
.
S 1 2 Srsrr
s s

Taxum obpazom, onpenenens! KIIJ[ u cos¢ HacocHOro arperara, B pyHKIMH



IMUTAOIICTO HAMMPSKCHUA CCTU U HAI'PY3KH HA BaJly.

B Tperpeli mmaBe guccepranuu «Pa3paGorka 3IHeprocOeperamomero
peryjiMpyeMoro 3J1eKTPONPUBOAA HACOCHBIX YCTAHOBOK OTKAYKH IYJbIbI»)
UCCJIEIOBAaHbl PEXUMBI padOThl HACOCHBIX YCTAHOBOK, OIpPENENECHbl YCIOBUS
paboThl HACOCHBIX YCTAaHOBOK B 3HeprocOeperaronieM pexume, paszpadoTaHa
MareMaTudeccKkasa nu HMHUTAllUOHHAA MOZACJIb YaCTOTHO-PLIYIINPYCMOTO
ACUHXPOHHOTO JJIEKTPOINpHBOAA Hacoca. B Tabn. 1 mnpuBeneHbl OCHOBHBIC
COOTHOILIEHHUS D3JEKTPOABMKYIIEN CWIbl E;, MarHUTHOTO IOTOKAa B BO3IYLIHOM

Y .
3a30pe , TOKa craropa ,/, TOKa poTopa
I, TOKa m u
HaMarHu4uBaHU

M

QJICKTPOMAIrHUTHOI'O MOMCHTA ~""B (1)YHKI_[I/II/I napaMecTpoOB CXEMbI 3aMCIICHUA U
YIIpaBIsIEMBIX IIAPAMETPOB FU ACHUHXPOHHOI'O

BYAaCTOTHO-PETYIUPYEMOTO
KOPOTKO3aMKHYTOT'O JBUTaTENs MIPU MATAHUU OT ABTOHOMHOTO HHBEPTOpa
Hanpsokenust (AMH) u aBronomHoro nuasepropa toka (AUT)

Tabmuua 1

OcHOBHbBIE COOTHOIIEHUSI YACTOTHO - PeryJIMpyeMoro aCHHXpOHHOI0
KOPOTKO03aMKHYTOro apurarejis npu nuranuu or AMUH u AUT

Bemn Ot AUH Ot AUT
YHHBI

E, cfi ¥ 1
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rxxxx
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45



'\ I 2 |
+
) Wl
r X
5 1 |||-|-+.+..+-
X
U ” )
.+.
HYB Irx
cfF
D 12 5
cf, 2
112
FXXXX
2 B
v 2
|
Ilf|
+
2 |J]
r
X
y B
U,
F
D
'1 X
> Y. 11
U, !
2
D Y ']
|+B+B+P

22




HH X

r
X
22
2
22
X
X
X
2
| 2
| UI 2
2+ 2
rln 2 H|[+++
. gy
X
. rx
+
y B
U Bx
F 2 )
D IF
2!
222
2!
2
FXXXX
B
By
B
2
2
2
€ 2
) z
" ()
B BBo
B KxxrlIKxxrl
k 121
€ - —
++ Srsr
2 1

12




Ha puc. 5 mpuBeneHB XapaKTEPUCTHKH JBUTATENIS TIPH YaCTOTHOM
PETYIIMPOBAHUU: - B PEKUME MHUHHUMAJIHHOTO TOKA; ----- B MOCTOSTHCTBE TOTOKA.
MOTOKOCIETUICHUS (HAMPSKEHUS).

YMEHBIIICHHE TOKA MPOUCXOAUT B OCHOBHOM BCJICJICTBUE YBEITUUCHHS 16

i

onN P
o
~
k=4

o~rre™

0.03 0.0 ®; B
0,6

0,00,20,40,6081,01,2141,6
u

Puc. 5. XapaKTepnchm ABUTATEJISA IIPU YAaCTOTHOM PEryjIMpoBaHUM:
pe€XKUME€ MUHUMAJIIBHOI'0 TOKA; ----- B NIOCTOAHCTBA MMOTOKA.
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AHali3 3TUX 3aBUCUMOCTEH NOKAa3bIBAET, YTO YIPABICHUE MO MHUHUMYMY
TOKa LEJIecOo00pa3HO TOJIBKO NpH HeOodbmMX yactorax. llpu Bo3pacTranum
YacTOThl PETYIUPOBAHNE IO MUHUMYMY TOKa HEIIeJIECO00pa3HO M3-3a YBEIUYCHUS
PEaKTUBHOW MOIIHOCTU W YBEJIMYECHUS HAIPSDKCHUS. YIPABICHUE B PEXKUME
MUHUMYMa MOTEPh MO3BOJISET CYIIECTBEHHO MOBBICUTH KOA()(PUIIMEHT MOIIHOCTH,
CHU3UTh MOTEPH 32 CUET CHUKEHUS MOTPeOIIeMOro Toka (OTIMYaeTCsl HEBBICOKUM
NPEBBIIICHUEM TOKA MO CPABHEHHIO C PEXUMOM I;=min). OIHAKO B 3TOM PEXKUME
YBEJIMYMBAKOTCA TIOJIHASI MOLIHOCTh S W HampspkeHue Ha crarope. OCHOBHBIM
HEJOCTATKOM pEKMMa MUHUMAJIBHBIX MOTEPH SBIIAETCS OTHOCUTEIBHAS CII0KHOCTD
pean3alny dTOro PeXKUMa.

WccnenoBanust  mokaszajau, 4YTo HauOojee  palMOHAIbHBIM  3aKOHOM
YIPABJICHUs] HAaCOCHBIM arperaroM OTKAayKW ITyJIbIIbl SIBJISETCS YIPABICHHE IIO
MUHMMYMY TOKa CTaropa, B KOTOPOM MpH 3aJaHHBIX 3HAYEHUSIX CKOPOCTH
BpallleHUs 1 MOMEHTA JIBUTATeNsl 00eCIeYnBaeTCsl MUHUMAJIbHBIN HarpeB. Bmecte
C TEM, yIpPaBJICHUE II0 MUHUMYMY TOKa HECKOJIBKO MPOILIE B peaau3alid, KaKk B
YacTH JaTyMKa, TaK U B 4acTU (YHKIIMOHAJIBHOTO yCTPOICTBA.

PaccMoTpuM ypaBHEHME IBH>KEHHE IPUBOAA, KOTOPOE JUJIS YACTOTHOIO ITyCKa,
KaK U3BECTHO, UMEET, BUJL
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d MMJ,,, d

=+ U)l_ (A)l . (16)

J dt
dt

BBeneM B pacCMOTPEHHE OTHOCHTEIIBHBIE
BemmuuHEl V =W W,= F — 3 ,M M,

M=/, T=¢t/T,,, M.M,u=/,

Irac MH— HOMUHAJILHBINA MOMCHT, , - TCKyIlIasd 1 HOMHWHAaJIbHas1 CKOPOCTb
w w,
W S
TJ
BpaliCHUA,;

BpEMCHHU pa3rona "”

- - SJICKTPOMECXaHUICCKaAs ITOCTOAHHAA

M M H
MAacCChI 3JIEKTPOIPUBO/IA.
VYpasuenue (16) mpeoOpa3zyeM B OTHOCUTEIBHBIC BEITMYUHBI
Vv

M Hgd

=t . amn
.
N3MeneHne yrimoBoW CKOPOCTH MPHU IIyCKE BO3MOKHO IO Pa3JIMYHBIM 3aKOHAM
U MOXET OBbITh (PyHKIIMEW MHOTHX MapamMeTpoB (TOKa, BPEMEHH, CKOPOCTH U
JIPYTHX)

vr
d_
~. (18)
T LT,V
d yer)

ITockosbKy pa3ber OyaeT MPOMCXOAUThH B 3aBHCUMOCTH OT TOTO, KAKOH PEIKUM
YCKOPEHUST MBI peaju3yeM, HaMH PAaCCMOTPEHBI Pa3IMUYHBIC PEKUMBI YCKOPEHHUSI.
U3 ypasuenwus (18) onpenenum yckopenue

MH

(19



(1B)

Taxxe npoaHaIU3UPyEeM MYCK C MMOCTOSIHHBIM (,, ¥ IMHEHHBIM (, XapaKTepoM
U3MEHEHHUsI YCKOPEHHs, T.€.
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MM
¢, (20
"T—s
(1)
¢.=C.F, (21

rae M,, — HOMMHAJIbHBIM OTHOCUTEIbHBIA KPUTHUECKUI MOMEHT paBeH W, npu F=1,
Sypn — HOMUHAJILHOE KPUTUYECKOE CKOJIbKEHHUE.

Hcxonst U3 MONMYYEHHBIX PE3yJbTaToB, MOXKHO CI€aTh CIECIYHOUIUE BBIBOJBI:
HAWTYUYIIMMU peXuMaMu sBJsitoTes yrpasieHue no (19) u (21). Onnako Haunbonee
palMOHaNIbHBIM IYCKOM SIBIISIETCSI MYCK C MHTEHCHUBHOCTBIO, OIPEAEISIEMBIM 10
(21), B KOTOpOM BpeMs NEPEXOAHOIO IMpOoIecca M NOTEPU  MUHUMAJbHBI.
VYopasnenue no (20) obecrieunBaeT HOMHUHAJIBHBIM TOK CTaropa U HpPHUEMIIEMOE
BpEMsl pEryJIupOBaHMs, TEM HE MEHee B Hauyaje M KOHILE Juana3oHa
pPEryIIMpOBaHUsl H3-32 PE3KOCTH XapaKTEPUCTHUK BO3HUKAIOT OpPOCKH CKOPOCTH,
TOKa Y MOTEPb.

YerBepras miaBa aucceprauun «Pa3paldoTka yaelbHBIX NOKa3aTejed H
OLleHKa JHeprod(pPeKTuBHOCTH MPOM3BOACTBA TOPHO-METAJIYPrUYeCKOM
NPOMBILJIEHHOCTH» TMPEACTAaBICHA aHaJM30M HOPM pacxojia 3JEKTPOIHEPTHUH,
KJIacCU(pUKaIMed 1 METOJJaMU pacdeTa HOPM Pacxoja AEKTPOIHEPTHUH Ha TOPHO
METAJUTYPrU4eCKUX IpeapUsTUsX.

Pacuer konmuecTBa mNOTpEeOIIEMONM HIEKTPOIHEPTMM U HOPM €€ pacxoja
IPOBOAMUTCS MO OTAEIBbHBIM HOPM OOpa3yloLIUM 3J€MEHTaM B COOTBETCTBUHU CO
CTPYKTYpOH HOPM.

VYKpYIHEHHO TEXHOJIOTHYECKasi cXxemMa 000raTuTeIbHOTO IMpoIecca
npejcTaBieHa Ha puc. 6.

Boamyuwarowme
BO3OeNcTBusA
wmn®
Bo3gencTen? _ napametpb!
y o O6oraTuTenbHbIN
npasns
P npouecc

bIXOAHbLI®



Puc. 6. TexnoJsiornueckasi cxeMa 000raTuTeJIbHOro npoiecca

CommacHO puc.6 yIpaBIAIOUIMMHA BO3JCUCTBUSIMU SIBIIAIOTCA: PACXOI PYyAbl B
o0orarutenbHOM mpouecce (J, pacxoll BOAbl B 000OraTMTENbHOM mpouecce ® u
notpedisieMast MOIIIHOCTh 00oraTUTENbHOTO Tiporiecca P. [Ipu sTom Boga momaetcs
B 3aBUCUMOCTM OT TOIO, CKOJBKO pyIAbl IIOCTYNAaeT HAa KaXKIBIA IUKII
TEXHOJOTUYECKOTO Ipoliecca 0OorameHusi pyabl, B KOTOPOM PacXoj] BOJbI — 3TO
BEJIOMBIN MapaMeTp, BEAYIIUN — PACXOJ PYAbL.
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Bo3mymaromme BO3ACUCTBUA: TPaHYJIOMETPUYECKUM coCTaB pyabl Cyu
(U3HKO-MEXaHUYECKHUE CBOWCTBA PYyAbl O; BIAXXHOCTh W U TeMIEpaTypa UCXOJHOM
pynsl;f .
BrIxonHbIe TapaMeTphl: TPaHyJIOMETPUUYECKUN COCTAB U3MEIBYEHHON PY/AbI
Cy,; TUIOTHOCTb ITYJIBIIBI FOTOBOMY KJ1aCcCy
P; TPOU3BOAUTEIBLHOCTD IIUKJIA 110

rq,; U3BJICHCHNC ICHHBIX KOMIIOHCHTOB B KOHIICHTPAT B BBIXOI[ KOHICHTpATa

K
OMpeIeNACTCS. OTHOIIEHUEM MPOU3BOJUTEIBHOCTH MO KOHIIeHTpaTy O, K O .
ucxoaHoi pyne Q, T.e. <l

0

3amaBaemas 1ieneBast GyHKIUS — 3TH MUHUMU3AIUS pacxoja dHEPropeCcypcoB

P, O, © B dynkuuu Cy,, P, rq , B, 4TO ONUCHIBACTCS KaK
T

(.O.) [0 ). (). ()] min.

P =
JOPn® chtczttqttdt_,
0

x Pr B (22)

Kputepuit J COmepKUT OTKJIOHEHHUS] YNPABISIONIMX BO3ACHCTBUMA OT
BO3MYIIAEMBIX, @pPH ATOM OOECHeunBaeTcs KOCBEHHBIH YyuyeT Juamna3zoHa
U3MEHEHUW yOpaBIAOMMX W BO3MYLIAIIMX BO3aeWcTBUiA. OnrtumanbHOE
yopaBieHHE #MeeT (OpMy HETWHEHHOW 3aBUCHMOCTA OT TEKYIIEH OIICHKU
BEKTOpA COCTOSTHHUSI.

Kak BugHO 3 (22), ocHOBHas (pyHKIHsS cHOPMUPOBAHHONW MOJAEIN 00pasyer
BEKTOp MOTpednsieMoil MouiHocTH P, T.e. pacxoj >JIEKTPUYECKON JHEPruM Ha
oOoratuTenbHble Tponecchl W, ;3a BpeMs paloThI £, a TaKkKe MPOU3BOTUTEIILHOCTh
o HMCXomHOM pyne (. JlaHHBIE MOKa3aTenu XapaKTEPU3YIOT YIAEIbHBIA Pacxon
AIIEKTPUYECKON PHEPIHHM HA MPOU3BOAMTEIHLHOCTh OOOTAaTHUTEIHHOTO IMpoliecca Mo
UCXOIHOU pyne. B cooTBETCTBUY € 3TUM 3a KPUTEPUN ONTUMAJIBLHOTO YIIPABICHUS
IIPUMEM YIEIBHBIM pacxof DJIEKTPUYECKOM DHEPrUM Ha IPOU3BOAUTEIIBHOCTH
000raTuTenbHOrO Mpolecca No UCXOAHOU pyie.

IIPEACTABUTH B BUJIE



VIenbHbIH pacxo/] 2IEKTPOIHEPTHH 000raTUTEILHOTO mporiecca MokHo ¢ KV

DPkDrn
1000 |
2 I
++7F
cynn
20
s+ kP kD rn
1000 nnn
gOHtk ++pnn
06 DI"n
- 1 HHHHNEp
I k D rnQ nnn , tCkai_{_
2 - Drn
1000 i0zZy6CHNEp H
Hnep H 1
1000 nn. ANQKDr
2
1000 2 nn
KKHNep H
60000 ¢ Q Iz (23)
nnn
onepn

rae k — k03QpGUIKUEHT, yYUTHIBAIOIIMI MPOYHOCTh U3MENIBYAEMOro MaTepuana (s
MPOYHBIX MarepuanoB k=24); D, — auaMeTp OCHOBaHHUSI KOHYycCa, M; 7 — pa3Max
Ka4aHWd KOHyca B IUIOCKOCTH HUKHETO OCHOBAHMS, M; # — 4YacToTa OOKaTOK
KOHYyca, 1/c; t,— yachl pabOThI IpoOUTKH, Yac; O — MPOU3BOAUTEIBHOCTD
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00oraTUTEILHOTO TIpoIiecca MO UCXOTHOH pyae, TOHH, O, - KOTUYECTBO PY/IbI,
MOCTYyMAaroIIee Ha i -ThIi KOHBeWep (MUTaresb), mH.;/ - YUCI0 KOHBEHEpOB
(murareneit), K — kodhdunueHT HecTadmwIbHOCTH mynbibl, K=1,05; V' - mone3HbIi
€ = 2,2 m m; Py ynenbHas
00bEM MEJIbHHUIIBL,
¢ — HachITIHAsA Macca PyJsl;
MOIOIHOCTB, 3aBUCAIIIAsA OT CTCIICHU BpallcHus,
sanonHenus; N~ KIIA nepenayw; t - BpeMs paboOThI MeIbHHUIL 1-1 cTaanH,

- OTHOCHUTCIIbHAA YacCTOTa

wac,Ms— oOrmras Macca 3arpy3ku 0apabana MEbHHIIBL: M1, 1 m

=1, - nnsa

METAJIIMYECKUX MEJICIOIINX Te; M~ Macca Mesetrouux Tei; C — koapduueHt



OHp@I[GJIfIGMBIfI B 3aBUCHUMOCTH OT CTCIICHH 3aIIOJIHCHUA 6apa6aHa MCJIBHUIIBI, T.C.

()
P3C=28,810+5,2:10;
N - KI1 /I anekrponpuBona; ¢,,, - BpeMs padoThI
0 — IJIOTHOCTb MYJIBIIBL,
MEJIBHHIL 2-i CTaJIuH, Yac, Ie

ke m; Q,-nofada ¢ =98 mc; H -
3

; g — YCKOpEeHHe CBOOOIHOrO MajleHus, > Hacoca, M C

HaIop Hacoca, M; HAacOCOB, Yac. P, -

n.- KIIJI Hacoca; ¢, - yacel paboThI

CyMMapHas YCTaHOBJICHHAsI MOIIIHOCTh TPYIIIBI TOTpeOUTENeH ¢ k;,—
WCITIOJIb30BaHMS 000PYIOBAHUS BO BPEMEHU; k. — 3arPy>KEHHOCTh 00OPY/IOBaHUSI TI0
MOIITHOCTH, KBT; ¢, - 4MCJI0O 4acOB pabOTHI YCTAHOBOK, Y.

[TomyyeHHass MoOjeNb YASIBHOTO pacxoia dJJIEKTPUYECKOH OJHEpPruM Ha
000TaTUTENHLHBIN TPOIECC TMO3BOJSET HCCISAOBATh SHEPTETHUCCKUE 3aTPaThl IO
omepanusiM 1 cHopMyIUpOBaThH 1ENEBYI0 (DYHKIIMIO TSI ONTUMAJIBHBIX YACIbHBIX
PacxoI0B AIEKTPOIHEPTUH.

YuuThIBas, YTO CTpaTeTus VYIPABICHUS TEXHOJOTHYCCKUM IPOIECCOM
oOorameHusi  pyasl  HampaBlIeHa HAa  CHIDKEHHWE  YACIBHOTO  pacxoja
AIIEKTPOIHEPTHH, YBEIUUYCHUE TEPEpaOOTKU PYIbl MPU CHIDKEHUU TMOTPEOICHUS
ANMEKTPUUYSCKOW JHEPTHHM, TO Oo0Jiee BBICOKHE TPEOOBAHUS TPEABSIBISIOTCI K
MOJIXOY  OMPEACIICHHMS  YICABHOTO pacxoja DJIICKTPOIHEPTHH C  yYeTOM
mapamMeTpoB, XapaKTEpe3yIONUX KAYeCTBCHHBIC XapaKTePUCTUKH PEKHMOB
paboThI 00OTAaTUTETHLHOTO MPOTIECCa.

Hamm mpemmaraeTcs TOaXom K ONTUMHU3ANMHM  YAEGJIBHOTO — pacxofa
ANIEKTPOAHEPTUU Ha OOOTaTHTENBHBIM MPOIECC, OCHOBBIBAIONIUNCSI Ha YyueTe
HECKOJIBKUX KPUTEPHUEB ONTHMHU3AIMH, B YACTHOCTH, YUUTHIBACTCS MOTpEOIsseMast
ANEKTPUUECKAsT YHEPTUS KaKIOTO OO0OPYIOBaHMS TEXHOJOTHUECKOTO ITMKJIA U €ro
POU3BOIUTEITHLHOCTD IO KPUTEPUIO MUHUMHU3AIUH:

] llf

min, min, max,



{ J

+
9]‘,299 x ]

b

e W,;- pacxofl ANEKTPHYESCKON SHEPTUU Ha 000TaTUTENbHBIN Ipolecc; ;X

- HUKHCC U BCPXHCC IMMPCACIIBHBIC 3HAYCHUA JISA j-FO YIIPaBIIACMOTIO ITIapaMeTpa.
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[lonyyenHnass Mopenb YAEIBHOTO pacxoda OJJIEKTPUYECKOHM »HHEpPruu Ha
000raTuTeNbHbI MPOLECC IMO3BOJSET HCCIEA0BATH SHEPreTHUECKUE 3aTPaThl IO
orepanusiM 1 cHopMyIUpOBaThH LENEBYIO (DYHKIIMIO ISl ONTUMAJIBHBIX YACIbHBIX
PacXoJI0B AIIEKTPOIHEPTUH.

[Iaras raBa nuccepranuu «Pa3padoTka Moae I NPOrHO3UPOBAHUS
noTpedjieHUs JTeKTPOIHEPTUU 000TraTUTEJIbHBIX MPOLECCOB FTOPHO
MeTAJLUTyPrudecKuX npeanpusiTuiiy npeacTapiseT Ha 6a3e Teopuun
TUTAHUPOBAHUS SKCTIEPUMEHTA MaTeMaTUYECKasi MOJIENb MMOTPEOICHUs
ANEKTPUUYECKON SHEPTUU 000TaTUTEIBHBIM MPOIECCOM.

[TocTpoeHne wmareMaTuyeckoll MOJENM TEXHOJOIMYECKOro TMpolecca B
3aBUCUMOCTH OT IOCTaBJIEHHOM 3aJa4d MOXET IMPECIEA0BATh CIEIYIOLIUE LIEJIH:
MUHUMHU3UPOBATh  TOTPEOJICHHE  DHEPrOpecypcoB,  YIYUIIUTh  TOKa3aTeIH
HAJEKHOCTH M T.OI.; YBEJIMYUTH HAJIEKHOCTh U OBICTPOACHCTBUE YIpaBICHUS,
ycuiauTh  A3(PGEeKTUBHOCTH  KOHTPOJIS  KauyecTBa, CO3/AaTh  YCJIOBHUS  JIst
aBTOMATU3allMU TpoIecca yNpaBiI€HUs U T.II.;, aHAJIW3UPOBATh YJEIbHBIE HOPMBI
pacxoza 3JIEKTPOIHEPTUH Ha TOPHO-METAJUTYPru4eCKUX NpeanpUusITHIX.

B  pesymbrare NpOBEIEHHOTO  PETPECCUOHHOTO  aHajlu3a  IOJIy4YeHa
MaTeMaThyecKass MoOJIeJb IOTPEOJICHUST DJIEKTPOIHEPIUU  00O0raTUTEIbHBIMU
nporeccaMd B (QYHKIIMA OCHOBHBIX IapaMETPOB, B KOTOPOH KOIDPHUITUEHTHI
MOJI€JIA 3HAYUMBI U JI0OCTOBEPHBI

Wpmk
=+ -+ -+
(25)
0,14 0,35 0,56 0,21 &

+-+-+---0,150,050,03 0,06,
EvAk:

rae GhakTopsl: k;, — UCIOIb30BaHUSI 000PYIOBaHUS BO BPEMEHH; k, — 3arpy>KEHHOCTb
000pyI0BaHUs 110 MOIIHOCTH; A — KOJIMYECTBO nepepadaTbiBaeMoi

pyzbl, T; E — mapaMeTphl 3IeKTPUYECKOH - CKOPOCTD MOTOKA ITY/IbIIbI
CeTH;

- TBEPIOCTh bl
M/ c. P IJIOTHOCTD ;JY P PYARL,
’ a .

NYJIBIIB, ° K2/ M;

CYIHGCTBGHHOGD MCCTO B YIIPpaBJICHHUU BHGKTPOSHGPFQTHKOﬁ IMPOMBINIJICHHBIX



OPENNPUATANA 3aHUMAET IMPOTHO3UPOBAHUE JIIEKTPUUECKUX HArpy30K, KOTOPOE
ABJIICTCA BaXKHBIM Kak JUIsl [POU3BOAUTENS, TaK M Uil HOTpeOUTENs
AIEKTPUYECKOU SHEPTUU.

[TporHo3upoBanue NOTPEOIEHUS] DIEKTPUUECKONM HHEPrUM JOCTATOYHO
CIIOXKHAs 3a7a4a, TaK KakK Ps/bl JIEKTPUUECKUX HATPY30K CIOKHBI M MPOSBIIIOTCS
B HECKOJIBKHX YPOBHAX CE30HHOCTH, a TaKK€ CYLIECTBYET MHOIO BayKHBIX
DK30T€HHBIX [IEPEMEHHBIX.

Ha puc. 7 mnpencraBineHa WHUIUAIU3ALUAS MOCTPOCHUS HHTETPUPOBAHHOU
MOJICIM  TPOTHO3UpOBaHUS MO  TexHosorun  Data  Mining.  JlanHas
JBYXCTyIE€HUYaTasi CUCTEMa NPOTHO3UPOBAHUS 00ECIIEUNBAET YIIIyOJICHHBIN aHAIU3
Ha B3aUMOJEHCTBUS MEXAy NMOTPEOICHUEM 3JIEKTPUUECKON IHEPTUH U (PaKTOpamH,
KOTOpBIE OKA3bIBAIOT BIMSIHUE Ha €€ MOTpeOIeHNe, UTO MO3BOJISIET BHIBOAUTL Oosiee
TOYHBIN pe3ysbTaT IPOrHO3UPOBAHMS.

B niepBoii cTynenu ucxoaHbie JaHHbIE (MOTPEOICHNE AIEKTPUIECKON 3HEPTUU
U (aKTOPbI, BIUSIONINE HA TOTPEOICHUE SJEKTPUUECKON SHEPTUN)
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BBOJISTCS U 00pa0aThIBAIOTCS B OTNEILHOCTH, 3arPy’KarOTCs aHHbIE M0 N-1 1eHb.

Bropoii stan npencrasiger coO0il MTEpaTHBHBIN MPOLIECC, KOTOPHIA YYUTHIBAET
B3aMMO3aBUCHUMOCTh 3JIEKTPUYECKOM DJHEpruM U (PakTopoB, BIUSAIOMIMX Ha
NOTpeOIEHNE IEKTPUUECKON SHEPIMM ITyTEM BKJIFOUEHUS HauyaJbHBIX JAHHBIX HA
neHb N, pacCUMTaHHBIX Ha NMEpBOM cTyneHu. TakuM 000pa3oM, BXOAHBIE MOIYIIH
BTOPOW CTYNEHM MPOTHO3UPOBAHUSA MOTPEOICHUS HIEKTPUUYECKOM BSHEpPTruu
BKJIFOUAIOT B ce0s 6a3bl JaHHbIX co AHS N -1 1 HadanbHbIE TPOTHO3bI HA N-ii JIeHb.
Wtak, morpeOieHue sneKkTpudyeckod sHeprud Ha N-iH JeHb oOecrednBaeTcs
UTEPALMOHHBIM MPOIIECCOM U MPOJODKAETCS 0 TeX MOp, MOKa He Habmomaercs
CYILLIECTBEHHOM Pa3HULIBI MEK1y ABYMS NOCIEA0BATEIbHBIMU ITPOTHO3AMU.

33 Ha N-1 geHb

Basa gaHHbIx no

notpebnexmnio 33 Ha N-1 geHb 1-1 cTagWs NPOrHO3MpoBaHWs
Basa gaHHbIX j - hakTopoB

BNUSIOLMX Ha NoTpebneHnio

BpemeHHble psiabl U HEMPOHHbIE ceTV BpeMeHHble psifibl ¥ HEMPOHHBIE CETU
norpebnenust 33 Ha N-ii AeHb
[MNepBoHa4arnbHbIN NPOrHO3 3HA4YEHWN j

- dbakTopoB Ha N-i AeHb
[MNepBOHa4anbHbI NPOrHO3

Basa gaHHbIx no notpebnexunio 33 u j - hakTopo Ha N-1 AeHb.
MoTpebnexne 33 u j - hakTop BNUsOWMIA Ha noTpebrnenne N-i AeHb oT
npeablayLLeit ntepaumm

2-7 cTagns NPOrHO3MpPoBaHUs

BpemeHHble psifibl ¥ HEMPOHHbIE CETU BpeMeHHbIe psifibl U HEMPOHHbIE CETH

O6HoBneHve 6a3sbl
[aHHbIX Ha N-Ii geHb
BTopuyHbIi NporHo3 noTpednexHns 33
Ha N-1 geHb
BTOpWYHBIN NPOrHO3 3HaYeHWi j -
dakTopoB Ha N-1 geHb



Het
DaKTOpHBbIV aHanu3, BpeMeHHbIe
pAfbl, HEAPOHHbBIE CETH Na

OkoHuaTernbHoe noTpebrneHne anekTpuyeckon
EcTb v cxoaMMOCTb NporHosa? 3Hepruu Ha N-i oeHb

Puc. 7. Unnnuaau3anus nNoCTPOCHUsS MHTErPUPOBAHHON MOIeIH
NMPOrHO3MpoBaHus Mo TexHojaoruu Data Mining

Takum 00pa3zom, Kak MOKa3aldl YUCICHHbIE SKCIIEPUMEHThI, CHHTE3UPOBAHHAS
OPOrHOCTUYECKass MOJENb Ha OCHOBE TexHonoruu Data Mining He TOIBKO
o0ecreuynBaeT AOCTAaTOYHO TOYHBIM MPOTHO3 B OJAHOLIATOBOM PEXHMME HAa CYTKU
BIIEpENl, HO MOXET TAKXE YCIEIIHO IPUMEHATHCA WU I KPaTKOCPOYHOTO
nporuo3upoBanus Ha nepuog 10 20-30 muen. U1 3TOrO MOJYyYEHHBIM MPOTHO3
AIIEKTPONOTPEOICHNS UCIOIb3yETCS B KaueCTBE BXOJHOTO IMapameTpa MOJENU Ha
CJIEAYIOLIEM 11are MpOrHO3UpPOBaHMS.
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3AK/IIOYEHHUE

Ha ocHoBe nmpoBeACHHBIX HCCIEI0BAHUN IO JOKTOPCKOM JUCCEpPTALKU Ha
TeMy: «Pa3paboTka sHeprocOeperarmmmux TEXHOIOTUI IPH epepadoTKe
MUHEPaIbHO-CHIPHEBBIX PECYPCOB (HA TPUMEPE TOPHO-METATLTY PrUdECKOM
TIPOMBIIIICHHOCTH )» TPEJCTABICHBI CICAYIOIINE BBIBOIBI:

1. PamumonanbHOE yIpaBieHUE pPEKUMaMU PaOOThI AIIEKTPOMEXAHHUUECKUX
CUCTEM M YCTAaHOBOK TOPHO-METALTyPTUYECKON MPOMBINIJICHHOCTH TIO3BOJISET
MOBBICUTH YHEPreTUUECKYI0 A3 (DEKTUBHOCTD TEXHOJIOTUU 0OOTAIICHUS PY/IbI.

2. XapaKTepucTHKa TEXHOJOTUYECKOIro Ipollecca OOOramieHusi pyabl Kak
yOPaBIIEMOTO  OOBEKTa  IO3BOJISIET  BBISBUTH  OCHOBHBIE  TpeOOBaHUS
TEXHOJIOTUYECKOTO Tpolecca 00OTalleH s PyAbl K AJIEKTPUUECKOMY MPUBOAY €T
MEXaHU3MOB.

3. Pazpaborana wmaremaruyeckas MoOJelb U3HOCA JeTajeil HacOCHOIO
arperara B (PyHKIIMM CKOPOCTH ITOTOKA ITYJIBITBI, TUIOTHOCTH ITYJIBITBI, TBEPIOCTH,
IPOYHOCTH | yIJIa aTaKH.

4. AHaTM3WpOBaHBI DHEPreTHUECKHE H JUHAMUYECKHE XapaKTePUCTUKH
YaCTOTHO-PETYIUPYEMOTO0 ACHHXPOHHOTO 3JIEKTPONPUBOAA HACOCHOM YCTaHOBKHU
OTKaYKM MYJBIBI MPU PA3IMYHBIX 3aKOHAX YAaCTOTHOTO YMPaBJICHHUS, MOKA3aBIIUX,
9TO HamOoJiee paluoOHAIBLHBIM 3aKOHOM YacTOTHOTO YIIPABICHUS SBJISETCS
VIpaBJICHUE M0 MUHUMYMY TOKa CTaTopa, B KOTOPOM TMPH 3aJaHHBIX 3HAYCHUSIX
CKOpOCTH BpalleHUss W MOMEHTa JBUTarels o0ecrneuynBaeTcsi MUHUMAJbHBIN
Harpes.

5. Pa3paborana maTemarnueckasi MOJIEJIb CUCTEMbl «ACUHXPOHHBIN JIBUTATEIh
— HacoOC OTKauKH MyJbIbD» C y4eTOM M3HOCAa HACOCHOTO arperara, Mmo3BOJISIOIAs
OTIPENENINTh  DHEPIeTHUYECKHWE  IMapaMeTphl  YCTAHOBKM MPH  YAaCTOTHOM
PEryJIMpPOBaHUU U 0€3 PEryJIupoBaHUs TPOU3BOIUTEIHLHOCTH.

6. [lonydeHbl aHATUTUYECKUE BBIPAXKEHUS JUIsl ONpEACNICHUs] MOTpeOsIeHUs



AIIEKTPUYECKONW HHEPrUM MEJIbHUYHOM YCTAHOBKM MpPH PA3NIUYHBIX CTEHEHSX
3arpy3KH apamu sl MEJIbHUL 2-i CTaJAuN U3METBICHMUSL.

7. llomyuyeHO MaTeMaTH4YeCKOE€ OINUCAHUE, IO3BOJISIONIEE IMPOU3BOIUTH
KOJINYECTBEHHY IO OLICHKY notpednsieMoit AIEKTPUYECKON JHEpPruu
00OraTUTENbHBIM TPOILIECCOM, BKJIIOYas CTENEHb 3arpy3ku OapabaHa MEIbHHIIBI
IapaMy, YYUTHIBAIOLEH  HCIIOJNb30BaHUWE  OOOpYIOBaHMM BO  BpPEMEHH,
3arpy’>K€HHOCTb ~ OOOpYJOBaHMH,  KOJIMYECTBO  IepepadaTblBa€MOl  py.bl,
napaMeTphl AEKTPUIECKON CETH, a TAKIKE TBEPIOCTH PY/IbI.

8. IlpuBomuTcs CTpyKTypa OOOraTUTEIBHOTO Mpolecca C  Yy4EeTOM
YHOPAaBJISIONINX, BO3MYIIAIOIIUX W BBIXOAHBIX TEXHOJIOTMYECKUX IMapaMeTpOB.
Onpeneneno, 4to 1eneBod (pyHKUMEH ymnpaBiaeHUs 000TaTUTENIbHBIM IMPOLECCOM
ABJISIETCSI MUHUMU3AIUS PACXOJ0B DHEPTOPECYPCOB.

9. YcraHoBneHa 00001IeHHAs MHOTO(AKTOpHAs MOJIEb DJICKTPONOTPeOIeHUs
000raTuTEeNbHOIO MpoLEcCa, NO3BOJISIIOLIAS OLEHUBATh  YIAEIBHBIM pacxon
AIIEKTPOPHEPTMM B 3aBUCUMOCTH OT TBEPAOCTH pPyAbl M 3arpy>KEHHOCTH
000pyn0OBaHUM.
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10. ITpuBoAsTCSA SHEPreTUUECKUE MOJIETN KaXKIOTO IUKJIa TEXHOJIOTHUYECKOTO
nporecca oOoramieHuss pyabl, ONPENENIeTCs KpUTEepUid OIITUMAJIEHOTO

ynpaBieHUs] 000raTuTeNNbHbIM npolieccoM. [Ipennaraercs moaxoa K ONTUMHU3ALNU
YAEIBHOTO pPacxo/a 3JEKTPOIHEPruu Ha OOOraTUTENbHBIM mpouecc. Pemiaercs
3a/ladya HaXOXKJACHHUS ONTHMAJIBHOIO YAEIbHOIO pacxoia  AJIEKTPOIHEPruu Ha
00oraTuTeILHbIN MPOIIECC.

11. Onpenenena CTpykTypa COCTaBa pacxolia dJIEKTPUUYECKON dHEPruu MpHU
oOoratutenbHOM Iporecce. Pazpaborana KoMIUIEKCHAsE METOANKAa HOPMUPOBAHUS,
MOJICJIUPOBAHMSI W  TMPOTHO3HPOBAHUSA TapamMeTpOB AIIEKTPOIOTPEOICHUS
TEXHOJOTUYECKOTO Tpolecca NepepadOTKM OKHUCICHHOW  pyabl AJiS OLIEHOK
00BEMOB IHEProcOEpeKeHUsI TOPHO-METAILTYPIrHUECKOM MPOMBIIITIEHHOCTH.
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INTRODUCTION (summary of the doctoral dissertation)

The relevance and demanding of the dissertation the theme. Today, the
world's countries with different level of provision of electric power, the average
power consumption is 37% in the industry, including mining and metals industry
accounted for 12 In connection with the depletion of easily recoverable reserves of



mineral resources and the involvement in the exploitation reserves localized in
more difficult geological conditions, energy consumption for mining industry is
constantly growing. According to statistics, the annual consumption of electrical
energy in the mining industry in the world is 913.2 TW-h. By results of researches
by 2030 the growth of electrical energy consumption will be average 1.8% per
year. Particular attention is paid to the implementation of measures to ensure the
needs and requirements of industry, energy saving and efficiency of the process,
optimization of electric energy consumption.

Mining and metallurgical industry is one of the largest energy consumers in
the Republic of Uzbekistan, in which special attention is focused on the
organization of effective measures for the implementation of high-performance
technologies. In this regard, notable progress has been made in creating high
performance process control systems, standardization of electric energy
consumption, improvement of management systems of technological process on
the based of intelligent systems.

Acquired issues of particular importance to reduce energy intensity of process
ore beneficiation process and energy efficiency technologies for processing
mineral resources in view of its inherent characteristics. In this area, the
implementation of targeted research is a priority, while highly relevant research in
the following areas: the development of a rational law of variable frequency drive,
identifying energy-saving modes of operation of the induction motor with static
and dynamic processes and the creation of its mathematical model, the
development of the wear pattern of the pump unit, the development of a
mathematical model of the process and electricity rationing electricity
consumption, taking into account the definition of the significant factors
influencing the process, to develop an algorithm of forecasting of electric energy
consumption. Ongoing scientific research on research areas above indicated is the
actuality of the dissertation topic.

This dissertation research is to a certain degree perform tasks provided for in
the law of the Republic of Uzbekistan "On the rational use of energy" (1997),
Decree of the of the President of the Republic of Uzbekistan PD No. 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 " and the Decree of the Cabinet of Ministers of the Republic of Uzbekistan
No. 333 on November 28, 2012 "On additional measures to reduce manufacturing
costs and reduce production costs in the industry"”, as well as in other regulatory
documents adopted in this area.

Relevant research priority areas of science and developing technology of
the republic. Dissertation was performed in accordance with the priority direction
for
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development of the science and technology of Republic II. "Energy and resource
saving"

Overview of the international research on the dissertation theme'.
Scientific research on energy efficiency technologies of production processes



based on the variable frequency drive, creation and implementation of energy
saving technologies, as well as the development of optimal process control systems
conducted by leading research centers and universities of foreign countries, such as
the University of Cambridge (England), University of Tennessee, Columbia
University, Rockwell Automation, Data Flow Systems, Inc (USA), TU Dortmund
University (Germany), National Research University "MEI", Triol Corporation
(Russia), AGH University of Science and Technology (Poland ), Schneider
Electric, ALSTOM (France), ABB Group (Switzerland), Siemens AG (Germany),
Hyundai Heavy Industries Co (Korea), Toshiba (Japan).

As a result, the world's research on the improvement and implementation of
energy-saving technologies, management methods of equipments in the mining
and metallurgical industry, recieved a number of research results, including
developed: variable frequency drive pump installations through improved control
algorithms (University of Cambridge, England); developed complex automated
process control systems based on intelligent technologies (Data Flow Systems,
Inc., USA); developed an integrated information system in Energy Management by
Schneider Electric (France).

The world's research on the development of energy-saving technologies and
energy efficiency of technological processes of mining and metallurgical industry
on a number of priority areas of research are carried out, including: the
development of variable frequency drives; identification of factors affecting the
quality indicators of process ore and ore enrichment process; development of
optimal management structure variable frequency drives; improvement of
frequency control laws with scalar and vector of control induction motor; creation
of optimal control system based on genetic algorithms; development of sensorless
vector control methods for speed of the induction motors.

Level of the study the problem. Issues of development of energy-saving
technologies, more efficient use of energy resources and energy-saving industries,
optimizing the consumption of electric energy, regulation of asynchronous motors
speed based on frequency control, automatic control of technological processes are
studied by a number of scientists: Mark Cannon (University of Oxford), Marc
Bodson (University of Utah) , Geraint Jewell (University of Sheffield), Tetyana
Morozyuk (Technical University of Berlin), Juha Pyrhonen (Lappeenranta
University of Technology), Hans-Georg Herzog (Technische Universitit
Miinchen), Volker Staudt (Ruhr-Universitdit Bochum), K.T. Chau (University of
Hong Kong) and others.

1
— Review of foreign scientific research on the topic of the thesis is based on: http://search.ebscohost.com/,
http://www.cyberleninka.ru, http://www.works.doklad.ru, http://elibrary.ru/, Kazakov B., Shalimov A., Kiryakov A.

Energy-saving mine ventilation / Journal of Mining Science. May 2013, Vol. 49 Issue 3, p 475-481 and other sources.
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Research work related to the development of energy-saving modes of
operation of asynchronous and synchronous motors and the introduction of
industrial facilities variable frequency drives were conducted by the following
researchers Siemon G.R., Ferreira F.J., Jahns T.M., Hanitsch R., Walters D.G.,



Schreiner R.T., Braslavsky V.., Kozyaruk A.E., Figaro B.I., Kamalov T.S.,
Hoshimov O.0O. et al., suggest that the current conditions in the manufacturing
process of the introduction of frequency -Adjustable actuator mechanisms for
continuous load can save electricity around 30%. As well as research on the
optimization of modes of consumption of electric energy rationing electricity
consumption and improving the energy efficiency of electric motors carried
Melnikov M.A., Nasyrov T.H., Allaev K.R., Kudrin B.I., Hoshimov F.A., Aripov
N.M., Alimhodjaev K.T., Bobozhanov M.K, Bose S.K., Hussein T. Mouftah and
other scientists the positive results were obtained.

In studying issuess of electric energy consumption and energy efficiency of
metallurgical industry, number of scientists Lyahomskiy A.V., Oleynikov VK.,
Nikiforov G.V., Osipov A.B., Zyubrovskiy L.G., Vasiliev L.E. and others suggests
that the constant increase in production while reducing the content of components
in the ore requires the development of new energy-and resource-saving techniques
and technologies. It is well-known achievements made by scientists in the field of
variable frequency drives, electric energy consumption and the impact of factors
affecting its consumption, but the engineering support of these conditions is still at
an insufficient level. However, despite the large number of studies on this issue,
the problem of energy conservation management and technology management
system enrichment processes developed enough. This is due, above all, various,
often-contradictory requirements for enrichment processes. On the other hand, the
enrichment process is a complex dynamic system with its inherent properties.
However, in scientific publications insufficiently addressed research on energy
efficiency based on variable frequency drives of mining and metallurgical industry,
as well as the valuation and forecasting of electric energy consumption, taking into
account the definition of the factors influencing consumption.

Connection of dissertational research with the plans of scientific-research
works of wuniversities. The dissertation research is carried out within the
framework of research projects of basic and applied projects of the Limited
Liability Company "Scientific-Technical Center" on the topic A-12-057
"Development of high-performance technologies and means of energy- and
resource-saving electromechanical mining industry systems" (2006 -2008), YA3-
FC-074 326 "Development of energy-efficient systems for regulated electric
concentrating mechanisms, mathematical modeling and optimization of their
operating modes" (2014-2015), F2-FA-0-12660 "The development of rational
management theory interrelated electrical-hydro-mechanical processes and modes
of energy-and resource saving in turbo mechanizms of mining industry and
irrigation systems of pumping stations, machine channels with frequency controlled
electric drives"(2012-2016).
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The aim of the research is to develop technical solutions based on the
variable speed drive with electricity rationing parameters that provide energy
efficiency enrichment processes.
The tasks of research work:



analysis of possibilities to improve efficiency of use of power equipment
technological ore enrichment process;

identification of requirements process ore beneficiation process to the drive
mechanisms;

study system of "electric motor - operating mechanism" as an object of
control and determination of a rational structure of automatic control system that
provides energy and resource efficiency of the process for the given requirements;

development of mathematical models of the system, "asynchronous motor
pump", the choice of system design and frequency control laws aimed at energy
and resource saving pumping pulp.

study of the composition of electricity facilities the parameters of mining and
metallurgical industry, the formation of the base of the test data for statistical
processing;

determination of the structure of electricity facilities of mining and
metallurgical industry, consisting of individual elements forming the electrical
balance;

development of methods of rationing of electricity consumption per ton of
processed ore and forecasting electricity consumption;

the practical application of a mathematical model of variable frequency drive
pumping unit, energy-efficient mode of operation of pumping units at specific
enterprises.

Objectives of the research is technological process of ore enrichment in
mining and metallurgical industry.

Subject of the research - are regulated electric power consumption and
parameters of technological equipment of enrichment processes. Methods of the
research. Theoretical studies were conducted with the assistance of modern
methods of the theory of electrical and control theory. Experimental studies carried
out by methods of mathematical modeling, experiment designs, the creation of
simulation models of real objects, as well as instrumental measurements directly in
research object.

Scientific novelty of dissertational research consists in the following:
identified the most important factors affecting the wear of pump components,
developed a mathematical model of wear as a function of the main factors
influencing it in the course of operation;

developed energy- and resource-saving operation of variable frequency drive
system, "asynchronous motor - pump pumping pulp";

depending on the efficiency of installed electric power consumption of the
degree of loading of the balls of the mill second-stage grinding the ore; developed a
comprehensive method of valuation and modeling of energy consumption
parameters for the evaluation of energy saving efficiency;
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developed a model for predicting the electrical energy consumption of the
basic technological parameters of the function.

Practical results of the research are consist in the following:



identified opportunities to improve the efficiency of the use of power
equipment technological ore enrichment process;

technological requirements revealed ore beneficiation process to the drive
mechanisms;

studied system "electric motor - operating mechanism" as the object of
control and defined a rational structure of automatic control system, which
provides energy and resource efficiency of the process for the given requirements;

determined the structure of electricity facilities of mining and metallurgical
industry, consisting of individual elements forming the electrical balance;
developed a technique of rationing of electricity consumption per ton of ore
pererabotyvaemoy algorithm and prediction of electric energy consumption based
on Data Mining technology.

Reliability of obtained results. The reliability of scientific statements,
conclusions and recommendations grounded using modern research methods based
on adequate mathematical models with the involvement of the relevant sections of
the electric drive theory and mathematical physics, proven methods of
experimental data processing. The reliability of the results was confirmed based on
a comparative analysis of the calculated and experimental data obtained in
hydrometallurgical plants and concentrators.

Science and practical value of results of the research. Based on the
development of science-based technical solutions based on the variable speed drive
with electricity rationing parameters that provide energy efficiency enrichment
processes:

The scientific significance of the research is characterized by the scientific
essence of the results of research on the development of system simulation theory
"asynchronous motor - pump" with regard to the wear of the pump unit for
frequency regulation, with measurement of dynamic processes, taking into account
the impact of frequency control laws, the development of process control
algorithms that provide reduction of energy consumption, planning of
computational experiments and the creation of conditions for the practical
application.

The practical significance of the results of the work is to develop frequency
controlled electric drive, the intensity of acceleration of dynamic engine processes,
good governance law, methods of calculating specific consumption rates of
electricity and forecasting of electric energy consumption in the mining and
metallurgical production as well as to ensure improved technologies for processing
mineral resources.

Realization of the research results. On the basis of the development of
science-based technical solutions based on the variable speed drive with electricity
rationing parameters that provide energy efficiency enrichment processes:

mathematical model of variable frequency drive pumping unit, energy-saving
modes of pumping systems, block diagrams of control of the pump unit in place in
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the enterprises of the Navoi Mining and Metallurgical Combine, including
hydrometallurgical plant No2, No3 used to control and monitor the process of



pumping units ore dressing process (Certificate given by the Navoi mining and
metallurgical combine the introduction of Ne02-07-07 / 5028 from 05.04.2016,
the). It 1s possible to reduce the consumption of electricity to pumping stations up
to 5%;

frequency-regulated system, "asynchronous motor - pump" and the solution of
forecasting electricity consumption used for determining the energy parameters for
frequency regulation of turbo mechanizms, the structure of consumption of electric
energy, the combined management of the asynchronous motor in the draft FA-F5-
FO050 "Research and modeling of related electrical, hydraulic and mechanical
processes occurring in turbo mehanizms and development of sustainable
management systems, electric "(2007-2011) (Certificate given by the Committee
for coordination of science and technology NeFTK-03-13 / 596 of 20 September
2016). Using the results of scientific research has allowed to increase the life of the
pump units, to reduce electric energy consumption process and to ensure resource
saving mode of operation, as well as to evaluate the energy saving mode of
operation of the process.

Approbation of the work. Results of the study were presented at 29 scientific
conferences, including 13 international: the International scientific - technical
conference "Modern equipment and technology of mining - metallurgical industry
and their development" ( Navoi, 2010, 2011, 2015); at the All-Russian Scientific
and Technical Conference "Energy: efficiency, reliability, security" (Russia,
Tomsk, 2013); Interregional Engineering Conference in Technology and Education
- Global Benchmarking and Monitoring (Krakow, 2011); at the VIII International
scientific - technical conference «Machine drivers on transportation» (Ustron,
2011), at the International Youth Conference (Tomsk, 2012); at the XV
International scientific-technical conference "Computer science: problems,
methodology, technology" (Voronezh, 2015); at the International scientific and
practical conference "Problems of increasing the efficiency of the use of electric
energy in the fields of agro-industrial complex" (Tashkent, 2015) and 15 national
conferences.

Publication of the results. According to the thesis topic published only 50
papers. Of these, 17 scientific papers, including 14 national, 3 in the international
journals recommended by the Supreme Attestation Commission of the Republic of
Uzbekistan for the publication of basic scientific results of doctoral theses.

Structure and volume of dissertation. The dissertation consists of an
introduction: five chapters, a conclusion, references and appendices. The size of
the research is 197 pages.
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THE MAIN CONTENTS OF DISSERTATION



Introduction presents of the actuality and demand of the theme of the
dissertation, formulated the purpose and problems, identified the object and subject
of study, to determine the appropriate research priority areas of science and
technology of the Republic of Uzbekistan, presented scientific novelty and
practical results of the study justified the wvalidity of the results disclosed
theoretical and practical importance the results obtained are shown a list of
implementation in practice of the research results, the results of testing work,
information on published works and the thesis structure.

In the first chapter dissertation “Current state and prospects of
development of energy efficiency of technological process of enrichment of ore
mining and metallurgical enterprises” was given the analysis of the current state
of technology of ore enrichment process, given an overview of research on energy
efficiency equipments enrichment processes, compared the energy and technical
and economic indicators of technological ore beneficiation process.

Given a review of the characteristics of the technological equipment of ore
beneficiation process. Carried out analysis and review of research on improving
the efficiency of pulp transportation, substantiated the necessity of pumping and
control mode of operation for pumping the pulp slurry level in the sump is
continuously determined directly during the manufacturing process.

Conducted instrumental survey of power consumption, which showed that in
the milling stage accounted for the largest share of energy costs in the total cost of
processing the ore.

Operating modes of pumping systems showed that the slurry pumping
installation in most cases operate with excess pressure. The main problems of
excess pressure are high power consumption, which leads to rapid wear of pump
equipment, frequent replacement of seals, pipe breaks and connections, etc. It is
shown that the main directions for effective energy and resource saving of slurry
pumping units is the use of controlled electric drive.

The study of increasing energy efficiency problems of mining and
metallurgical enterprises shows that in most cases, they are devoted to aspects
related to technical factors of efficient use of energy recourses. However, research
in this area requires special attention to the creation of power consumption
regulates, identify the most important factors in the enrichment process.

As aresult, based on defined goals and objectives identified requirements of
the technological process to the drive of enrichment processing equipment. In the
second chapter dissertation, “The definition of energy-efficient modes of
enrichment processes of mining and metallurgical enterprises” presented
methodological principles of research mode power consumption of mining and
metallurgical enterprises, substantiated structure of the process of power
consuming on enrichment processes.

From the standpoint of the efficiency of the ball mill is the most important
control of load balls, which affects the performance and power consumption for the
entire line of ore grinding, which was taken as the output characteristics of the
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experimental research. To determine the performance of mills used gravimetric
analysis.
Measurements were carried out consumption of electricity, current, voltage,
power factor, efficiency at entire line weights ore grinding.
characteristic of ore grinding stage shown in Figure 1.
On the basis of instrumental measurements were obtained the energy s
580 578 576 574 572 570 568 566 25,0
564 562 560 556 556 554 552 28,5 28,0 27,5 27,0 26,5 26,0 25,57« KWhi(L) Outliers(L)

19,5 20,0 20,5 21,0 21,5 22,0 22,5 N, kWh/ton
Q, ton(R) Outliers(R)

Fig. 1. Energy characteristics of ore grinding stage

Based on experimental data identified the dependence of the degree of filling
of the mill balls to the performance and power consumption. Fig. 5 shows the
dependence of the consumed active power 2500 kW mill on the performance and
the degree of filling balls. As shown in Figure 3 when booting balls k,= 0.22 (22%
load) consumed active power is reduced by 2 times of the nominal value. But this
increases the time of ore grinding in the mill, since falling on the balls are exposed
with insufficient force. With increasing degree of loading balls increases active
power consumption of the mill and the ore grinding.

As a result of experimental data analysis determined that the performance and
active power consumption affects the degree of load balls in mills. Performance
and power consumption of the mill for grinding grow and reach a maximum at
50% the degree of filling of the mill balls. These data allow to determine the
dependence of active power consumption of the mill as a function of the degree of
filling of the mill balls.

On the basis of generalization of the experimental data obtained by the
regression model of the active power consumption as a function of the degree of
filling of the mill balls (for mills 1250 kW and 2500 kW), which is represented in
Figure 2:

2
P =ky=ky= (1)
8713,0682 6089,015 504,6667,

where k, - the degree of filling of the mill balls.
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Fig. 2. The active power consumption as a function of the degree of filling the mill
balls (for mills 1250 kW and 2500 kW)

Studies have shown that the efficiency of the production lines of mining and



metallurgical enterprises is largely determined by the stability of operating modes
of groundwater pumps.

However, the operation is marked lack of durability of groundwater pump,
which causes an increase in hydroabrasive wear. Especially the lack of processing
manifested in highly aggressive soils.

To assess the performance of soil pump needs index, which takes into account
the technical condition of the machine and its ability to meet the technological
requirements, as well as the economic feasibility of operating it in a controlled
manner. This indicator may be the value of the wear pump parts wear

The intensity of wear of the pump unit is affected by several factors, namely
fineness, hardness and relative velocity of soil particles; the angle of the soil
particles meeting with a consumable part; slurry flux density; the wear resistance
of the material, 1.e.

E=7(v, p.0.A1.B,0) (2)
where: slurry, m/s; kg/m;
v - the flow rate of P - pulp density, ’ .
O - limit the

strength of the wear body, A - The hardness of the MW - hardness

Pa; wear body;

particles in the slurry, Pa; contact with

B - construction of pump components in

the slurry; velocity vector of the slurry.

a - angle of attack flow
Of all these factors, (2) influencing hydroabrasive wear significant impact in terms
of wear on the process by selecting operation mode management pumps is - density
of the slurry pumped (kg/m’), and v - the flow velocity of the slurry; m/s.
Slurry flux density is determined by the requirement of the technological
process and amounts to’
p =1400 kg m. Experience slurry pumps shows that in
practice the operation of slurry pumping system to change the slurry pumped

density. As a result, the system starts operation in transient mode with the changed
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parameters. Calculations show as given in Fig. 3 that an increase in pulp density,
power consumption is very long may exceed permissible, and with a decrease in
the density of the slurry, the slurry velocity in the pipeline may decrease the risk of
blockage of the pipeline. Also, the increased density of the pulp is accompanied by
the increased wear, but the proportion of the ore gridding increased, compared to
slurry pumping with low density as a time function.

N, kW

140

_\_;
o

0 p=13p=12p=1,1
0 50 100 150 200 250 300 350 400 450 Q



Fig. 3. Influence density of slurry on the power consumption of the pump.

N- power consumption of the pump; O - p - slurry density, t/m’
Productivity;

We will define economically justified limiting modes of groundwater pumps.
As noted, when wear of pump increases power consumption and power
consumption for pumping slurry, which reduces pump efficiency. It follows that
the replacement of worn-out equipment pumps required when the cost overruns of
power for pumping installation will exceed the cost of its repair. This can be
achieved by setting the power at the worn pump:

102" ||)]
i
P n
O, N
A=
n t n 1 3)
worn pump. pump; ’

where: p - density of slurry,n - rated efficiency of the N w-

kg / m’; efficiency of the

As a result of regression analysis obtained by the following equation in the
wear of the pump unit as a functions of v, hardness particles
flow rate of the slurry
in the slurry density 0 and angle .
M, slurry p, strength  of attack

E = 0,89+ 0,0375v + 0,024 + 0,025p + 0,01750 + 0,01250. (4) The
real characteristics of the pump unit can only be obtained by simultaneous
examination of the characteristics of the pump and the pressure
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pipeline. In this regard, we have developed a mathematical model of the
functioning of the system, "induction motor - pump - pressure pipeline." The main
characteristic of the pump is its consumable-pressure characteristics, ie, pressure
depending on consumption. We will define consumption of the pump
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() A=H- HyQy, H— full pressure of the pump (m), Q -

0
performance, H, - the pressure at 0 = 0 and W=Ww,, W - the angular velocity of
rotation of the impeller, H,, O,, Wy - their nominal values, H,, - static pressure, R -
resistance coefficient of the pressure pipeline, which depends on the diameter and
length of the pipeline, the roughness of its walls and number of the local
resistances (elbows, valves, etc.).

Consumed primary, electromagnetic power and power at the motor shaft will
be
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x - given the active and inductive rotor B=Fs
x,- inductive reactance of the
absolute slipping parameter, s — motor slip,
magnetizing circuit of the motor.
The electromagnetic torque of the motor
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Pump capacity as a function of slipping of the drive motor
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Useful power of the pump as a function slip expressed
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Similarly, mechanical power and torque resistance at the shaft of the pump
unit as a slip function will be
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The ratio of (11) to (12) gives a pump efficiency in the motor slip drive
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The power factor of an induction motor when F=1
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Thus, the determined efficiency and cosppump unit in the function of power
supply voltage and a load on the shaft.

In the third chapter dissertation, “The development of energy-saving
regulated electric pumping units pumping pulp” investigated regimes of
pumping installations, determine the conditions of pumping installations as power
saving mode, and developed a mathematical simulation model of frequency
controlled induction electric pump. Table 1 shows the fundamental relationships of
the electromotive force E,, the magnetic flux in the air gap , the stator current I,
rotor current I, magnetizing current and the electromagnetic torque M as a function
of parameters of the equivalent circuit and the control parameters F and
frequency-controlled induction squirrel-cage motor, powered by an autonomous
voltage inverter (AVI) and autonomous current inverter (ACI).The algorithms of
formation of information model GWI and its processing are offered, effective ways
of presenting technological components - canals, rivers, infiltration basins and

wells GWI are developed.
Table 1



Main ratios of frequency - controlled induction squirrel-cage motor,
powered by the AVI and ACI
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Figure 5 shows the characteristics of the motor as the frequency regulation: -
to increase in flux (voltage).

in minimum current mode; ----- constancy of flow. Current reduction is mainly due
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Fig. 5. Motor performance for frequency regulation: - as a minimum current mode; --
--- constancy of flow.

Analysis of these relationships shows that control of the current minimum is
only suitable for small frequencies. With increasing frequency, the current
regulation on the minimum current impractical due to an increasing of reactive
power and voltage. Control in the mode of minimum loss provided significantly
improve the power factor, reduce losses due to lower current consumption
(different low excess current in comparison with the regime i, = min). However, in
this mode, increases the total power s and stator voltage increases. The main
disadvantage of the mode of minimum loss is the relative complexity of the
implementation of this regime.

Studies have shown that the most efficient laws of the control pump motor
with slurry pumping is to control the minimum stator current, which for given
values of the motor rotation speed and torque which ensures minimal heat.
However, control in the minimum current for some easier to implement as a part of
the sensor, and a functional device.

Consider the equation of motion of the electrical drive, which for frequency
start, as it i1s known, has the form
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Consider the relative values
M=/, 1T=t/T,,, M.Myu=/,
V=W W, =F-B,MM,
r=Jws
, - current and rated speed; ,; y v My
whereM,, - w Wy

nominal torque;
- electromechanical time constant of acceleration of the mass of electric
drive. Equation (24) to convert the relative values
Vv

M Mg d
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The change of angular velocity during starting is possible by various laws, and



may be a function of many parameters (current, time, speed, etc.) 7
d_
~. (18)
T LT,V
d yer)

Since the run will occur depending on whether the acceleration mode, we
implement, we considered various acceleration modes. From equation (18) define
the acceleration
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(1B)

Also, we analyze the constant start {, and linear character {;acceleration
change, ie,

v

G, (19)
— KH C
NT -5
(1)
M kpn
¢.=C.F.(20)
where ,, - nominal relative critical moment is equals to J, at F=1, s,,, - rated
critical slip.

Proceeding from the results obtained can be made, the following conclusions:
are the best modes for control (19) and (21). However, the most efficient start is
the start with an intensity determined by (21), wherein time of transient and low
loss are minimum. Control in (20) provides a nominal stator current and control
time is acceptable, however, at the beginning and end of the range of adjustment of
the sharpening characteristics occur speed throws and current losses.

In the fourth chapter dissertation, “Development and evaluation of specific
indicators of energy production mining and metallurgical industry”
represented power consumption rates analysis, classification and methods of
calculating the power consumption standards in the mining and metallurgical
enterprises.

The calculation of the amount of electricity consumed and the norm of its
consumption provided under a separate standard-setting items in accordance with



the structure of the norm.
Enlargement, technological scheme of enrichment process is shown in Figure

6.
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According to Figure 6, control actions are: consumption of the ore in the
enrichment process Q, the water consumption in the ore processing ® and power
consumption of the ore processing P. In this process, water is supplied, depending
on how much ore is supplied to each technological cycle of ore enrichment process
in which the consumption of water - a slave parameter leading - ore consumption.

Disturbances: granulometric composition of the ore Cy,and the physical and
mechanical properties of the ore d; humidity w and temperature of the initial ore,? .
Output parameters: granulometric composition of gridding ore slurry

density g; extraction of valuable

pperformance cycle for finished classes;
components in the concentrate . Output of concentrate is determined by the ratio
K

0.
production rate Q, concentrate to the original ore Q<1
0
Definable objective function — this is the minimization of energy consumption P,
0, O as a functionCy,, p, ¢, B, that is described as r

OO0 (). ()] min.

JQPn@:Iq)tczttqttdt -
0

K o B (22)

Criterion J contains deviations of control actions from disturbance, while
providing indirect account the range of changes of control and disturbances.



Optimal control takes the form of a non-linear, depending on the current
assessment of the state vector.

As can be seen from (22), the main function of the generated model forms a
power consumption vector P, that is power consumption by enrichment processes
for W, at time of working t, and also performance of the original ore Q. These
figures characterize the specific power consumption for performance of ore
processing on the original ore. Accordingly, for optimum control criterion take
specific power consumption to performance of enrichment process on original ore.

Specific power consumption enrichment process can be represented as
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where k£ — coefficient taking into account the strength of the grinding material (for
solid materials k=24); D, — cone base diameter, m; » — swing oscillation cone in
the lower ground plane, m; n — site tests frequency of the cone, 1/c; t,— operation
of the gridding in hours; Q — performance enrichment process on original ore,
tonnes, Q, - the amount of ore supplied to the 1 conveyor (feeder), mnu.;11 - number
of conveyors (feeder), K — slurry instability coefficient, K=1,05; V-the £ =22 m
m; P,- specific



useful volume of the mill;
¢ — loose gravity of ore; *

power depends on the degree of filling; Neran
Y - relative rotating speed;

! _ 1st stage of the operating time mills, hours,":~
transmission efficiency; ,,
=1, - for metal grinding bodies; m - the
total weight of the mill drum load: m,1m;,
mass of the grinding bodies; C — coefficient determined depending on the degree of

filling of the mill drum, ( )
B33(C=8,810+5,2:10;
N - electric drive efficiency;

tyo- 2nd stage of operating time of mill, P — slurry density,
hours, where

3 g — acceleration of gravity,
kg m; Q,- delivery of pump, m s
3

g2=9,8 ms; H - pump head, m;
2

n »- pump efficiency; #p — operation time of
pump, hour. P,- the total installed capacity of group of consumers; k;, — use of the
equipment in time; k., — load of equipment for power, kW; ¢,. - the number of hours
of work 1nstallations, hours.

The obtained model of the specific power consumption for ore process
allows to investigate power costs for operations and formulate the objective
function for optimal unit electricity costs.

Considering that control strategy of the technological process of ore
enrichment aimed at reducing specific energy consumption, increase in ore
processing while reducing the power consumption, presenting the more demanding
approach to the determination of the specific power consumption within the
parameters that determine the quality characteristics of modes of enrichment
process.

We propose an approach to optimize the specific energy consumption in the
enrichment processing, based on the accounting number of optimization criteria, in
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particular, take into account the energy consumption of each electrical equipment

technological cycle and its performance, on the criterion of minimization
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wherelV, ;- power consumption in the

: - .. X
enrichment process; ~j upper limits for a j lower and

controlled parameter.

The obtained model of the specific power consumption for enrichment
process allows to investigate energy costs for operations and formulate the
objective function for optimal unit electricity costs.

In the fifth chapter dissertation “Development of electricity consumption
forecasting models enrichment processes of mining and metallurgical
enterprises” are presented on the basis of experimental design theory, the
mathematical model of consumption of power enrichment process.

Construction of mathematical model of technological process, depending on
the task can pursue the following objectives: to minimize energy consumption,
improve reliability indices, etc.; increase the reliability and control performance,
increase the efficiency of quality control, to create conditions controlling the
process, analize norms of electricity, classification and methods of calculation of
electricity consumption for the mining and metallurgical enterprises.

As a result of regression analysis obtained mathematical model of the power
consumption of enrichment processes in the basic parameters of the function which
the model coefficients are significant and reliable

Wpmk
= —  F - F -+
(25)

0,14 0,35 0,56 0,21 &
+-+-+---0,150,050,03 0,06,

l;‘ﬂA kz

where factors: k;,— use of the equipment in time; &, — load of equipment for power;
A — the number of processed ore, m; E — parameters of the electrical network; v -

slurry flow speed m/s; p - slurry density, * kg/m; M - ore hardness, Pa .



Significant place in management of electric power industry takes forecasting
of electric loads, which is important both for the producer and for power
consumers.

Forecasting electricity consumption of a rather difficult task, as the ranks of
the electrical loads is complex and multiple levels of seasonality, as well as there
are many important exogenous variables.

Figure 7 shows the initialization of the construction of an integrated model for
forecasting Data Mining technology. This two-level forecasting system provides
in-depth analysis on the interaction between the power consumption and the factors
that have an impact on the power consumption, which allows displaying a more
accurate prediction of the result.

74

In the first stage, the initial data (the electric energy consumption and factors
affecting consumption of electric energy) is input and processed separately loaded
data in N-1 day. The second stage is an iterative process, which takes into account
the interdependence of electricity, and factors affecting consumption of electricity
by inserting initial data on day N, and initial forecast on N day. That is, the input
modules of the second stage electric power consumption prediction include
database with day N-1 and initial predictions for N-th day. Thus, electric power
consumption per day of N-th iteration process is provided and extends up until
there 1s no significant difference between two sequential projections.

influencing the electricity
consumption of the N-1 day

Database electric power consumption per
day of N-1 1st stage of forecasting
Database j - factors

Time Series and Neural Networks Time Series and Neural Networks
consumption for N-th day
The initial forecast electrical energy

consumption for N-th day
The initial forecast of electrical energy

The base for the consumption of electrical energy data and j - factor in the N-1 day.
Consumption of electric energy and j - factor influencing consumption N-th day from
the previous iteration

2nd stage of forecasting

Time Series and Neural Networks Time Series and Neural Networks

Update database to N-th

day
The secondary forecast of electrical energy Secondary forecast of values j - factor in the
consumption to N-th day N-th day

Are there forecasting convergence?

No
Factor analysis, time series, neural

network

Yes



consumption at N-th day

The final electrical energy

Fig. 7. Initialization of constructing an integrated model prediction by the technology
Data Mining

Thus, as shown by numerical experiments, synthesized predictive model
based on Data Mining technology not only provides an accurate forecast in one step
mode for the day ahead, but can also be successfully used for the short-term
forecast for the period up to 20-30 days. To do this, resulting power consumption
forecast is used as the input parameters of the model to predict next step.
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CONCLUSION

Based on conducted research for his doctoral dissertation on the topic "The
development of energy-saving technologies in the processing of mineral resources
(for example of the mining and metallurgical industry)", presented the following
conclusions:

1. Good governance modes of electromechanical systems and installations of
mining and metallurgical industry can improve the energy efficiency of ore
processing technology.

2. Characteristics of the process of ore enrichment process as a managed
object identifies the basic requirements of process ore beneficiation process for the
electric drive of its mechanisms.

3. The mathematical model of wear parts in the pump unit functions slurry
flow rate, slurry density, hardness, strength and angle of attack. 4. Analyze the
energy and dynamic performance of variable frequency induction motor pump unit
pumping the pulp at various frequency control laws, show that the most rational
law of frequency management is the management of the minimum stator current,
which for given values of the engine rotation speed and torque ensures minimal
heat .

5. The mathematical model of the system, "asynchronous motor - pump
pumping pulp", taking into account the wear of the pump unit, which allows to
determine the energy installation settings for frequency regulation and without
capacity control.

6. The analytical expressions for determining the consumption of electric
energy mill installation at various degrees of load balls for mills second grinding
step. 7. The mathematical description, allowing making a quantitative assessment
of the consumption of electric energy enrichment process, including the extent of
drum mill balls download, taking into account the use of the equipment in time,
equipment utilization, the amount of processed ore, the parameters of the electrical
network, as well as the hardness of the ore.

8. We present the structure of the process of processing, taking into account
control, disturbing and output of process parameters. It was determined that the



target function of the control process of enrichment is to minimize energy costs.

9. Installed generalized multifactor model of electricity concentrating process,
which assessed the specific energy consumption depending on the hardness of ore
and load equipment.

10. We give energy patterns of each cycle process ore beneficiation process,
determined the optimal control criterion enrichment process. An approach to the
optimization of specific energy consumption in the processing process. The
problem of finding the optimal proportion of electricity consumption in the
processing process.

11. The structure of electrical energy consumption structure enrichment
process. A comprehensive valuation methodology, modeling and power
consumption parameters forecasting process oxide ore processing volumes for
energy saving assessments of mining and metallurgical industry.
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