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KHUPUIII (pancada noxkropu (PhD) auccepranmsicn aHHOTAMACH)

Juccepranms MaB3yCHHUHI [10J13ap0auru Ba 3apyparu. JKaxoHna sHeprus
TEXKaMKOp Ba HIII YHYMH IOKOpH OYJIraH MallliHAJApHU UIUIa0 YMKHII J0J13ap0 MaB3yra
ainanayd. I'mapaBinMK MallMHAJapHUHT KaTTa KyBBaT 3WUWIMIH, WIUIAII AHUKJIMIH,
¢oiianaHuIAary eHruUIMKIap YIApHUHT 6apya caHoaT Typiapu/ia KeHT KYJTaHUIIUTra
ca6ab Oymmu. Illy »xuxaTmaH, THApPABIWK MallldHA KyprIMalaph, XyCyCaH, MOOWII
TEXHUKAJApAard THUAPABIMK THU3UMHUHI SHEPrUs camMapaJopiIMTMHU OLIMPHII Ba
AKCIUTyaTallMOH MapaMeTpJapUHU sIXIIWJIAIl MyXUM Macallajiap/iad Oupu XucoOaaHaau.
['unpaBnuk MammHanapaa ojaTaa OWTTa HAacoc Ba Kym (oiganaHyBUMIIap MaBXKY/I.
Hacocmaru  kyBBaTHM  (poiiiamaHyBUMjiapra  TaKCUMJIOBUM  THJIPOTAKCUMIIArv4
KOHCTPYKIMSICM Ba HIUIAIl IPUHOWNM MAIlMHA JHEPTHUs CaMapaJopiIifd Ba HII
YHYMIOPJIUTUTA CE3WIAPIU TAbCUP KypcaTaIu.

byryn nayHéna ruapaBIMK TH3UMIIA MAIIMHAIAPHUHT WO YHYMJOPJWIH,
AKCIUTyaTallMOH MaTepuasiapy YMAAMIIAIUTH, (poriganaHuil XaB(pCU3IUTH Ba AHUKIIUTH,
TEOpaHUIl MEbEPUN KYpCATKUWIApUIa MOCIWTH CHHrapyu MyamMoJiapra KapaTWiraH
WIMUNA TAJKUKOT UIIJIApU KEHT KyJlamaa onud Oopuiamokiaa. by WyHamumiga, ymiaagaH
TUAPABIMK TU3UMIAPHUHI 3HEPTUsl PECYPCTEKAMKOPJIUTUHU OLIMPHUII Ba SKOJOTHK
Tanabsapra MyBO(DHMKIMIMHM TabMUHJIAIITA KapaTWIraH yCyJUIAPHU HIUIA0 YMKHII
MyXUM axamusT KacO 3TMOKAa. Kulmok XxyKaauru MalldHACO3JIUTYA Ba WY KYpPUIIUII
coxacuJa TUAPABIMK TH3UMJIAPHUHI KEHI KYJUIAHWIMIIMHA MHOOATra OJraH XoJjjaa
TUIPABIMK TU3UMJArM KyBBAaTHH JHEPIHUs PECYpCTEKAMKOp yciayOiapra acociaHraH
Ha30paT KJanaHjIapu OpKaJld TAKCUMIIAIIHU aMajira OIIMPUII 3apyp XUCOOIaHAIH.

PecnyOnukamMuzna wnuiad YHKapuil coXacuaa pecypeiapHU TeXalll, WIFOp
TEXHOJIOTUSJIAD acoCHJa IOKOPH YHYMIIM CaHOAT MAalllMHAJIAPUHU WIUIA0 YWKHUII
103acuaH KEHT KaMpPOBJIH qyopa-Taadupiap amanra OLIMPUIIMOKAA.
2017-2021 jimmnapna Y36ekucton PecrnyGimMKacHHE SiHaja PUBOKIAHTHPHIN Oyiinua
Xapakarinap CTpaTerusiCuaa UKTUCOAWETHU PUBOXKIAHTHUPHIL Ba JIMOEpauIalITHPUIL
Macanacy Kaiij stuiran’. VHra kypa, TapKuOMil ¥3rapTHMpUILIADHH YyKypJIallTHPHIILI,
MUJUTMA MKTUCOAUETHUHI €TaKYM TapMOKJIAPUHU MOJEpHM3AlUsl Ba JuBepcuduKanus
KWINII XUCOOUTa HMKTUCOAMETHUHI PaKoOATOapAOLUIMIMHUA OIIMpUIIAA SHEpPrus Ba
pecypcnap cappuUHM  KaMaWTUpHIL, MOUIA0 YMKApUINra DHHEPrus  TEKOBYH
TEXHOJIOTUSJIADHU KEHI' SKOPUM ATUII Ba MKTUCOAMET TapMOKJIapuaa MeXHar
YHYMJIOPJIMTUHU OLLIMPUII MyXUM aXaMHAT KacO 3Talu.

Kymnaman, 2020 ¥wun pmaBmar gacTypura caHoaT TapMOKJIApUAaru WHPHUK
KOpXOHajlap/ia >KMCMOHAH Ba MabHAH »J3CKUPraH YyCKyHaJapHU SHCUJall Xamja
MOJICpHU3AIMST KWIHIN, WIIA0 YUKApHIIIAa SHEPrus CcaMapaJOopiuTUHUA OUIUPHIIL,
TEXHOJIOTUK >KapaHJIapHU ONTHUMAIIIAIITHPHUIN OYirda Ba3UPJIMK Ba HaOpaiapra aHUK
Tagoupaap Oenrunad Kynuiras.

Ma3skyp auccepranusi TaIKAKOTH V36exucTon Pecniy6nukacu [lpesnneHTHHUHT
2017 imn 7 despangarn I1D-4947-conmu «Y36ekucton PecryGnukacHHN sHajuA
pUBOXIIAHTUpUII OVitmya XapakaTiap cTparerusick Tyrpucuaanru Ba 2015 #un
4 maptoaru [1®D-4707-conmu «2015-2019 #mnnapaa unuia®d YUMKApUIIHU TapKUOUM

1 ¥36exucron Pecniy6mukacu Ipesuaentuanar 2017 iinn 7 despangarn 11D-4947-cormmn «Y36exucton Pecrny6ankacuam
sTHaJla pUBOXKIIAHTHPHUII OVitnda XapakaTiiap cTpaTeruscu TYFpUCHIanTH hapMOHH.
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y3rapTUpuIl, MOJEPHHU3AIMS Ba AUBEpCUUKALIMS KATUIITHU TabMUHJIAII OVitnya yopa-
Tafadupnap JacTypu TyFpucuaa»tu ¢dapmonnapu, 2016 itmn 23 nexadbpaaru [1K-2694-
comm «2016-2020 #imnmap maBpuaa KUINUIOK XY)KAJIWTHHU SHAIa WCIOX KHJIWII Ba
PUBOKJIAHTHPUII 4opa-Tanoupnapu Tyrpucuna»ru, 2017 iun 7 wurongarn [1K-3117-
comin «KHIIOK XyKanuru MallMHACO3JIMIH COXacuaa WIMHKW-TEXHUKaBUl Oa3aHu
sAHa/la PUBOXKIIAHTUPUII YOpa-Tafoupiiapu Tyrpucuaa»ru Ba 2018 itun 27 anpenparu
[1K-3682-connu «/HHOBaLMOH Fosap, TEXHOJOTHSIIAD Ba JIOWUXAapHU aMmalui
KOpUW KWIMII TU3UMUHU SHAJAa TAKOMWUIAIITUPHUIIT YOpa-TaaOUpiapu TYFPUCHUIATI)
KapopJiapy Xamjia Ma3Kkyp (aosidgaTra Teruiiy OoKa MebEPUM-XyKYKUNA Xy XoKaTiaapa
OenruiaHrad BazudagapHU amalira OLIMPUILTa MabIyM Japakaaa Xu3MatT KUJIaau.

TaakuKOTHUHT pecny0auKa (aH Ba TEXHOJOTHSVIADH PHUBOKIAHUIIMHUHT
YCTYBOPp HyHAaJIuMILIapura Mocjauru. Maskyp TaaKuKoT pecnyOnuka ¢aH Ba
TEXHOJIOTHsIIAP PUBOMIIAHUIIIMHUHT IIl. «JHepreTuKa, SHEprus Ba
pPECYpCTEXAMKOPJIMK, TPAHCIOPT, MallMHa Ba acO00CO3MK» YCTYBOp WYHAIMIIA
oupacua Oaxkapuiras.

MyaMMOHHMHI YPraHWwIraHjiuk jaapakacu. MoOun ruapaBiIuK MalldHaiap
SHEPTHUsl caMapaJOpPIUTUHU TaAKUK KWW, YIAPHUHT U KYpCaTKUUIAPUHU YPTaHUII
Ba IMMapaMeTpJIapUHU acOCJIalll, SHEPrUsl caMapaJOpJIMTMHU NAcaUTUPYBUYU OMUILIAPHU
Oaprapad sTum Oyiinuya Kymiad TaakuKoTiaap oaud Oopunrad. JIyHEHUHT eTakdu
ouMIIapH, XKymiadaH, repmanusuimk onmmiap C.Latour Ba  H.Murrenhoff sxopwuit
rupoMalinHaIapAary TU3UMJIApHUA KiacCU(UKAIM KUJIUII OpKaIN dHEeprusi capuHu
KaMalTHpUINl KOHYHUATIApUHU HUOAa ITraH, SJIECKTPOH OKUM MOCIUTH, 3JIEKTPOH
OOCHMHHM Ky3aTyBUYH yCyJIIap YUyH THAPOTAKCUMIIArM4 Ba HACOCHU TaKOMUJIJIAIIITUPHIIT
yCTHa aManii HaTwxkanapra spumraniap. [serusmuk omumitap M. Axin, B. Eriksson,
P. Krus rugporakcumiaruuiapjard SHEpPrus WYKOTUIIUIAPUHUHT OJIMHU OJIUII, Oup
MOTOpra 6up HacocnaH ¢GoianaHuIl, CAaHOKIU THAPABIUKAHUHT aCOCIapUHU OenTuiiad
Oepuil Ba OOLIKapyB yCYyJUIApUHU HIUIA0 YUKHUIN ycTuja (GaoiausT ojaud Oopraniap.
Nramusmuk onmumiap N. Nervegna Ba M. Rundo mMoOun ruapaBiuk MaidHaiap,
AKyMIIaJlaH, IKCKaBaTopjap TMAPaBIMK TU3UMIIAPU Ba THAPOTAKCHUMIIArMYWIAPHU CaHOAT
JACTYpui TabMUHOTIApU OWJIaH MaTeMaTUK MOJACIUIAIITUPUII, YJapJard 3HEeprus
caMapaJIopJIMTMHU  XUcoOJall yCTHAA TaBCHsUIAp HWIUIA0 YMKKAHJIAp. AMEpHUKaINK
omumuap O.Maha, A.Vacca, M.lvantysynova Ba Gomikanap Hacoc Ba THAPOMOTOPAArH
BUOpalMsAIapHd KaMaWTUPUIN XaMJa aKyCTUK KYpPCAaTKUWIAPWHU SIXIIWJIAIl HYKTau
Ha3apyuaH SHEPrusi caMapaJopiiiK MaB3yCH yCTHU/IA TAIKUKOTIap oiub 6opraniap.

Mycrakun maBmarnap xamaycmmrugaH 3ca B.K.Csemmnukos, B.H.IIpokxodnbes,
J.H.ITonos, A.Il.KynpsiBues, T.M.bamra, B.A.XoxnoB, H.C.I'ambinun, A.U.BomuH,
N.B.®pymkuc, b.A.Jlrobumos, B.B.Benepuukos, I'.Il Kamnsbyc., .A.HemupoBckuii,
B.M.MakBapare cuHrapu oumiIap THAPOHACOCTAp UILTA0 YUKHII, THAPOTAKCHUMIIaruy-
JApHUHT YWAJAMJIWIATA Ba WIIOHWIWJIMTHHUA TAKOMWUIAINTHPHIT OYVinuYa WIMHMA
TaIKUKOT WIUIapuHU 0oJub Ooprannap. Pecnmybmukamu3 onumiapunan O.B.JIeGenes,
K.A.IllapunoB ruapoTaKCUMMIarMuJapHUHT Ha3apuil acociapHU aHUKJIA0, XucoOual
yCIyOUSITIapUHU TaKJIU(] KUIraHmap.

I'uppaBnuk  Tu3umiap OunaH  OOLIKApUIYBYM — MAlIMHAJIAPHUHT  KyBBaT
TaKCUMJIATUWIApUIArd SKapa€HJIapHU TaAKUK dSTUIl Oopacuaa Kymiuad uiaIMui
HaTWKajlapra HSpUIIWIMILKNIA KapaMaid, Xaldd €4YUMHHHM TOIMaraH MyaMMoJiap KyII.
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Kynna® TtagkukoTiapaa THAPABIMK KyBBaT TaKCUMIIAHMIIKIA (akaT TaKCUMJIArud
yCTUAA U3JIAaHUII 00 OopwiTaH, MacaiaH, pudar opKaiu ¢GoimgaraHyBIYMHN MEXaHUK
Oomkapumn  (KyTapuil,  TYOIUPHIN,  HEUTpaJ, WIIMYH  pPEXUMIAp), aMMO
TUAPOTAKCUMIIATHYHUHAT HAcOC OWjiaH OWpra WILIanv, yJIapHUHT TaIlK{d FOK XOJaTHhra
Kypa oreparop OylpyFura acocaH 3JEKTPOTHAPABINK KOMIIOHEHTIAp OWIaH OOIIKaApHUII
ycyJulapu Ba OYTYH THAPOTHU3UM DSHEPrusli camapaJopiauTrvuHu OLIUPHUII yCYJIapu
eTapiv Japa)kaaa ypraHujiMaras.

IOxopuna kentupuiaran MyamMMmoyiap €YMMHMHM TOINHII Y4YyH KyBBaT y3aTHIIAA
TUAPOTAKCUMIIATMYAATH JKApAEHIIAPHNA TAXJIWJ KWINIL, 30JJOTHUKHHU 3JIEKTPOTHUIPABINK
OolIKapuIAa MaliMHa OOMKAPYyBYAHIMIMHYA TAKOMILIAIITUPHUII, THAPOTAKCUMIIAruura
KOHCTPYKTHB Y3rapTUpPHUILIAD KUPUTUII Ba MAalllMHA SHEPrus CcaMapaJopJIUTUHU
OIIMPHUII OYHHYa UMUK U3TaHUIIUIAp OO OOpHIMaraH.

Juccepranus TAAKMKOTHHMHI JUCCEPTAlMSA 0aKAPUJITAaH OJHMHA TabJINM
MYyacCacCACMHMHI WIMHI-TAAKUKOT WILIAPH pexXacu OujaaH OOFJIHMKJIUIM.
Juccepranusi TaaKukoTu TomIKeHT mmaxpujaard TypuH TOJIUTEXHUKA YHUBEPCUTETH
WIMUN TaaKUKOT unuiapu pexacuHuHr Ne M-2017-2-15 «Ilaxta Tepum MammHacu
TEPUM amnmnapaTUHUHUHT KUHEMaTUKa Ba IMHAMUKACU TaJAKUKOTH YUYH CUHOB CTCHANHU
sipatuml Ba sxopuit sty (2017-2018 iiii.) MmaB3ycumaru MHHOBAIIMOH JoHuxacH, 36-18-
cormsin «MX-1,8 ITTM runpaBiauk 0OpUTMAINA TEPUII ANMAPATAHN OOIIKAPHIL YUYH SHTU
TEXHOJIOTUAHM spaTui» Ba 36-17-commu  «MX-1,8 IITM »skcrutyaramusijgara
caMapaJIOpJIMTUHA OIIMPHII MaKcaauAa TEpPUII alMapaTHHUHT KOHCTPYKIUSCUHU
MOJIEpHU3AIMSIIAIDY MaB3yJapHUIard Xy KaIUK apTHOMaIapu Joupacuia Oakapuira.

TaagKMKOTHHUHT MaKcaau MOOWIT MallTMHATAPIaTy THIPABIUK TU3UMHUHT YHEPTHUS
camMapaJIOpJIMTUHU OIIUPYBYHM YCYJIHH sIpaTUIaH HOOoparT.

TaagKuKOTHUHT Basudagapu:

MaBXyJ TUAPOTAKCUMIIATUYHUHT SHEPrusi capPuHM TaIKUK KWW Ba DHEPTUS
caMapaJIopJINTrura TabCUp KWJIyBUU IMapaMeTpiiapHy aHUKJIAI;

DHEPreTUK  TEXAMKOP THAPOTAKCUMJIATMYHUHT  TapaMeTpjapuHUA  Hazapuii
acocJall Ba MaTeMaTUK MOJICTUHHU UIIa0 YUKHIIL;

MaTeMaTUK MOJIeNb €pAamMua UIUTa0 YUKWITaH THAPOTAKCUMIIATMYHUHT Taxpuoda
HaMyHAacUHHU JabopaTopusi CHUHOBJIAPUJIAH YTKAa3WIll Ba Ha3apuil TaJKUKOTIIapra
aJICKBATJIUTMHU TEKIITUPHIII;

TaKOMUJUIAIITaH TUAPOTAKCUMIIaruy OMIaH KMX03/1aHTaH MalllMHaHU CUHOBJIApIaH
VYTKa3uII Ba MalHa (PyHKITMOHAI Tajgabiapura MOCIUTUHA 0axoa;

TakIud KWINHAETTaH TUAPOTAKCUMIIATUYHUHT TEXHUK-UKTUCOIUI
KypCaTKUWIAPUHU aHUKJIAILL.

TaakMKOTHUHT 00beKTH cudaTuaa MPOTOPIUOHAT THAPOTAKCUMIIATHY OWIiaH
KUXO03JIaHTaH MOOWJT MaIlIMHA OJIMHTaH.

TagKMKOTHUHT mNpeAMEeTHHH MOOWJ MANIMHAHUHT THAPABIUK  TH3WUMHU,
TUAPOTAKCUMIIATHYHUHT 30JI0THUTH Ba TUJPABIMK KyBBaT MYKOTWJIMIN >KapaéHaapu
TaIKUI 3TN,

TaagKUKOTHUHI ycyJuiapu. TaakukOT Jkapa€HUJa CYIOKJIUKIAD Ha3apuiu
MEXaHUKaCH, MaTeMaTHK aHalii3, SKCIEPUMEHTIIApHW MaTeMaTHK pexXaJallTHPUII
yCyJUIapy, TUIPABIMK MallMHAJIapHU MOJEJUIAIITUPHUII, TEPMOJMHAMHMKA KOHYHJIAPH,
rUAPOJAMHAMUKA  XHcoOJjalml  JacTypud  TabMUHOTIApH, IOK  KYTapHIL-TaIlMII
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KypuiaMmanapugaan xaBpcus ¢doHgamaHuIl KOWJAIApU XamjJa MaBXyJ MeEbEpUid
Xy KKaTiaapaa OeNTuiIanran ycyJuiapaan GonamanuiraH.

TagKUKOTHUHT MJIMHUI SHTUJIMITY KyHugaruiapaad noopar:

Harmop JUHUSACHUIATH CYIOKJIUKHHHT OOCHMHHHM KaMaWTHUpHINTa KapaTWiraH
TUAPOTAKCUMIIATMY 30JI0THUTH Ba HACOC WM XKMHUHHM OOIIKAPWIIHU XpcoOra oiud
AHAJIUTHUK OOFJIMKJIMK MIIIA0 YUKUJITaH;

30JI0THHK XY (QTIUTHHUHT SHEPTUSBUAN camapaiop Ul PSKUMHHN XACOOTa OJTyBYH
MaTeMaTHUK MOJEJIM Ba TEHIJIaMacH MII1a0 YUKWIraH;

y3rapyByaH XaXKMJIM HAcoC Ba THAPOTAKCUMJIAarud 30JIOTHUTHHU CHHXPOH
OoImKapuIa KyTapuil THIAPOIOPUTMACUHUHT TE3KOPJIUTMHU XHUCOOra OJIyBUM YCYJIH
UIIA0 YMKUJITaH;

Hacoc 00CHUM 3aXUpacUHU KaMaWTHUPHUII YUyH MKKH KUCMTIa OYJIMHTaH 30JI0THUKIIH
TUAPOTAKCUMIIarHYAard OKUM Ba OOCHMHMHT 30JIOTHUK CHJDKHIITHH MHOOATra OJyBYH
OOFNUKJINK U(OoIac aHUKJIAHTaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIAPH KyHuaaruiapaad noopar:

OuTTa Hacoc Ba Oup Hedura (HoHAATaHYBUM YUyH THAPABIMK KyBBaTHU TaKCHMJIAII
yCyJIMTa acoCJIaHTaH TAKOMIULIAIITAH THAPOTAKCUMIIArUY 30JIOTHUTH UIIa0 YUKHUIITaH,

TaKOMWJUTAITAH THAPOTAKCUMIIATHY MaIllMHa WII PEKUMHIArd OOCHM Ba OKHM
MUKIOPJIApH KaMaWTHPWIIUIIHA, [Ty OOMC SHEPTrHs camMapaJopiiurura Onu0 KeJUITN
aHUKJIAHTaH.

TagKuKOT HATHXKAJTAPUHUHI HWINOHWIMJMIH. TaJKUKOT HaTWKAJIApUHUHT
UITOHWIMJITH ~ M3JaHUNUIAPHUHT 3aMOHaBUM  yciyOnapaad  (QoiianaHuIraHIuTH,
caHoaTJa KEHI TapKaJiraH XucoOialml TUIpoJWHAMHUKAa JacTYpUd TabMHHOTIIAPHIAH
(CFD) dotigananran xoaa YTKa3WITaHINTH, Ha3apuid TaJKUKOT HATHIKAIapu Taxpuoa
HaTWKaapu OwjaH KUECHMU TaxjMil ycynauaa acocinad OepuiraHiurd  OuiiaH
W30XJIaHa N,

TagKMKOT HATHXKAJAPUHMHI WJIMHI Ba aMajuil axaMuMsTH. TaIKukoT
HaTWKATAPUHUHT WIMHA axaMUSATH DHEPTUsS PEeCypCTeKaMKOp YCyjra acoCIaHTaH
TUAPOTAKCUMIIATMY 30JIOTHUTHHH MIIIIA0 YMKUII Ba YHUHT YI9aMIIapy acOCJIaHTaHJINTH,
WIIra SPOKJIWIUTH MaTeMaTHK MoJeNiap, aHaJIUTUK ¢opMmyliasap Ba XucoOJaln
METOAMKaIapy UIIad YUKWITAHINTH OWIIaH W30XJIaHaIH.

TaaKuKoT HaTHKAJTAPUHUHT aMaJni axXaMusITH UInIao YUKHWJITaH
TUAPOTAKCUMIIATMY MAITMHAHUHT W JaBPUAArd dHEPTUS camMapaJopJIMTHHU OIIUPHO,
EHuiry capd-xapakaTIapuHi KaMauTUPHIIK OUJIaH U30XJIaHAIH.

TagKuKOT HATHIKAJAPUHUHT  SKOPH  KWIMHHIOM  MOOWMJI  THAPABIUK
MalllMHAJIAPHUHAT SHEPTHsl CaMapaJOpJIMTMHUA ONIUPHIN YCYJJITAPUHU HWIUTA0 YUKHUII
Oyiinua TaAKUKOTIap/laH OJIMHTAaH HATHXKalap acoCHUa:

TUAPOTAKCUMIIATHY 30JIOTHUTUHU WMIUTA0 YMKAPUIITHY Y3IATHPHII YUyH JIOHUXa-
KOHCTPYKTOPJUK XyXoKaTiapu (TeXHUKaBHM 1maptiap Ba um3Mmanap) «Kumuiok
XYKaJTUTH MalTUHACO3IUTH KOHCTPYKTOPJIMK-TEXHOJOTHK MapKa3u»ra >KOPU ATUITaH
(“O‘ZAGROTEXSANOATXOLDING” AXuunr 2019 #un 11 cenrsiopmarm CX-19-
08/1541-con mabaymoTHomacu). Hatmwkama TTZ 100HC TpakTtopu THAPOTAKCHUM-
JArMYUHUHT Y3rapTHPWITAH KOHCTPYKIMSCHAA Hamop JduHusAcuiaarun Oocumuu 15-20
%ra kKaMalTUPUILl UMKOHUHU Oepau,

TTZ 100HC Ttpaktopununr PVG32 MoaudukanusiaHrad TUIpoTaKCUMIIArT4H
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30JIOTHUKJIApU KyQTIMIMHUHT IIaKiad Ba mnapamerpiapu  «Kummox —Xxykanuru
MAIIMHACO3TUTA  KOHCTPYKTOPJHMK-TEXHOJIOTMK  MapKasu»ra  SKOpPHM  STWITaH
(“O‘ZAGROTEXSANOATXOLDING” AXuunar 2019 #iun 11 cenrsopnarn CX-19-
08/1541-con mabmymoTrHOMacu). Hatmxkama tpaktop EHwmrm cappu 17 %raua
KaMaWraH;

omepaTtop Oyiipyrura Kypa, HACOC HIIYM XAKMUHU CHUHXPOH OOILIKAPHUIN AAcCTypu
«Kunmox Xy>Kaauru MalmHacO3JIUTH KOHCTPYKTOPIUK-TEXHOJIOTHK MapKa3u»Ta KOpuit
strnrad (“O‘ZAGROTEXSANOATXOLDING” AXKuuur 2019 #wun 11 cenrsOpaaru
CX-19-08/1541-con mabiaymoTrHoMacH). HaTmkana onepartop OyHpyFH Ba IUIMHIPHK
KYTapuill MEXaHU3MUHMHI XapakaTianuinl Bakrtuaard ¢gapk 150 mc man 35 Mmc raua
KUCKapHIlIUra oju0 Keiaud, TPaKTOPHUHI KYTapHIll MEXaHU3MH peakiusaopiauru 4
MapTara opTraH,

PVG32 3070THUTMHUM WKKH KUCMra OVJIMII Ba YHH DJIEKTPOTHAPABIUK
Oomkapuumm anroput™Mu «KWIIUIOK XYKanurd MaIlliHACO3JUTH KOHCTPYKTOPIIHK-
TexHoJOTUK Mapkazu»ra skopuit stwirad  (“O‘ZAGROTEXSANOATXOLDING”
AXaunar 2019 #inn 11 cerrsopmaarn CX-19-08/1541-con mabmymoTHoMacH). HaTmkana
TTZ 100HC TtpakTopuaa Hacoc 6ocum 3axupacu 0.4-1 Mlla raua kamaiiau.

TaaKuKOT HATHKAJTAPUHUHT anpodanusicu. TaaKUKOT HATIKATAPH, KyMIIaIaH,
4 Tta xankapo Ba 1 Ta pecnyOiMKa HIMUK-aMaluil aH)XyMaHJIapujaa MyXOKamaJlaH
yTrazunran. Unutanma 2018 iinnga PecnmyGmuka WHHOBAIMOH FOSUIAp, TEXHOJIOTHSIAP
Ba JioMKXajgap spMapKacuia HAMOMUII STUJITaH.

TagkMKOT HATHKAJIAPUHUHT JIBJOH KHUJIMHIAHJIUIH. Jluccepranus MaB3ycu
6yitnua skamu 12 Ta MIMHIl MII YOI STHITAH, MIyJIapaaH, Y30eKkucToH PecryGmukacy
Onwuit arrecranust komuccusicuHuHr (ancada gokropu (PhD) nuccepranmsiiapu acocuit
WIMHI HaTWKaJapUHU YOI ATHUII TaBCHs STWITaH WIMHUHN Hamipiapiaa 6 Ta Makoia,
KymilajiaH, 5 Tacu pecrnyOiMka Ba 1 Tacu XOpWXKUN WIMHHI KypHa/uiapia Harip
sTiraH, Y36ekucton PecryGmukacu MHTemnekTyan Mysik areHTimrumad 1 ta DXM
nactypura myaumudauk ryBoxaomacu oiuaran (Ne DGU 05971, 2019 iinn 16 ssHBapsb).

JuccepTauMsIHUHT TY3WJIMINUA Ba Xakmu. J[uccepramus kupuii, Typtra 000,
yMyMuil Xynocanap, ¢oiifaraHunrad agabuétiap pyixaru Ba wioBaiapAaH HOOpar.
JuccepranustHUHT XaXMU wioBanap ounan 102 6eTHH TanTkuil Tau.



JIMCCEPTALIMSITHUHT ACOCUI MA3MYHH

Kupum kucMuga TaaKMKOTHHHI JT0J13apOJUIH Ba 3apypaTH, YHHHI Makcaaud Ba
Basu(asapy acociaHraH, TAIKUKOT OOBEKTH Ba MpeAMETH, pecryOiukana ¢daH Ba
TEXHOJIOTHSUIApDHU PHUBOKJIAHTUPHUIN YCTyBOp HYHaNHIIIapuUra MOCIUTH TaBcu(iad
O6epwirad. TaAKUKOTHUHT UJIMHI SHTHJIMTH Ba HaTHXKAJIapy Xam/ia yJIapHUHT WIMHAN Ba
aManuil axaMHusITH €pUTWIrad. HatmxanapHUHT aMaauéTra dKOpuid STUIMILN, TaAKUKOT
MaB3ycH Oyiin4a 4on 3THJIraH WIUIAP Ba AMCCEPTAlUs TY3WIHIIM OYilndya MablyMOTap
KEJITUPUJITAH.

JucceprauustHuHT «MoOWJI MalIMHAJIAPAArd THAPABIMK TH3UMJIAP X0JIAaTH Ba
TAAKUKOTHUHI Basudanapuw» 1e0 HomiaHraH OupuHYM O0OWIa caHoaTaa MOOWI
MalllMHAJIapaaru TUAPABIUK TU3UMIIApAaH doitnananuin IAPOUTIIAPH,
TUAPOTAKCUMIIATUWIAPHUHT MIUIAl TPUHUUIINA, KyBBaT TAKCHMIIAIIHUHT MAaB¥KYy.l
ycyiuiapu, OMTTa Hacoc Ba OMp Heda (oilmanaHyBUMIM THAPOTU3UMIIAPHUHT SHEPIHs
caMapaJopJINTUra TabCUP KYpCaTyBUM OMUJLIIAP YPTaHUIIIN.

XOopwKuil NaBiatiapiard THAPABIUK THU3UMJIAPHUHI SHEPTHs camapaJopiIuruHu
aHUKJIAIl YYyH TYpJIM TUAPOTAKCHUMIIANI YCYJUIApU TaxJIMJI KWJIMHIUA. DHEPreTHK Ba
AKOJIOTMK Tajabiap WWwUiap CcalluH Ky4ailub KeTranmuru Ty(aiau, TUIpaBIUK
KypuiManap sipaTyBuuiapra tanadnap optud Oopmokaa. ['mapaBiuk MailvHaiaparu
SHEprusi camapajopiauk Map3zycu 1970 wmnapaa kys3atwiraH HeTh MaxcCyJloTiapu
HAapXUHUHI KE€CKUH KYTApWIMIIM Ty(paliau naigo OyJiraH >KaxOH SHEPrus MHKUPO3H
naBpura kenu® Ypranuna Oonutanau. JlekuH 1y pgaBpra kenw® xam, Oy MaB3y
TYyJanuruya TaAKWK KWIMHMAAW, YyHKH TUAPABIMK MallMHajJapra acocui Taiadiap
(MIIOHWIMJIMK, TabMUPra SIPOKJIMIUK, YUAaMIIMIIAK) acOCHA OMHJI cudaTHIa KOJIIU Ba
SHEPTrUS-PECypPCTEIKAMKOPINK MaB3yCH UKKUHYM JapakaIujuruia Koiauo KeTau.

Amepuka Kymma I[lratmapununr [laBmat Onepretuka JlemapTtaMeHTH
MabiaymMoTHra Kypa, Xxo3upru kyHna AKIlparn ruapaBivik MalllMHajdap >SHEPrus
camapagopyiuru 21 %Hu Tamkwi Kwiaad. byrok bputanus ['mapasinuka Accoumsuuscu
(BFPA) sca Oy xypcatkuu 23-30 % opanufuaa dSKaHIUTH MabiyM Kuiaan. Kumiiok
XY’Kaquru Ba KYpPWIMII MAalllMHATApUHU uWOuiad yukapyBud pAasiariaapaa (OEM)
TUAPABIMKAHUHT MallMHanapja KyulaHwini gapaxacu 90 %rava skaHiuru xucoora
OJIMHCA, HPHEPTUA-PECYPCTEKAMKOP MAIIMHA Ba KypHIMAJApHU HILIA0 YUKW MYXUM
Bazu(da xucoOaaHaIu.

['uppaBnuk MamMHaTapAard >SHEPrUs caMapaJOpJMIMHUA OLIMPHUIL  YCYJJIapH
Ha3zapuu TUIpaBJIMKara acocJaHagu. YimapHuHT aMaJInu KYJUTAHUIIN
MATLAB/Simulink/SolidWorks/LMS Amesim Ba O0olika KOMIBIOTED dacTypuil
TabMUHOTJIApU EpAaMujia aMmaira omupuwiagd. MaTteMaTuk MOJENIapHUHT (PapKIUIUTH
TaJAKUKOTJIapa OenrujaHrad Makcaja Ba Basudanapu OWiaH, YIapHUHT HILIOHUIMIATH
sca 3TUOOPra OJIMHTaH OMUJUIAPHUHT COHHM OMJIaH aCOCJIaHa/IH.

I'mppoTakcuMIarudjJapHUHT KOHCTPYKUMSCH Ba TU3MMIIAPU HII >KapaEHJIapHHU
OOILIKApYBYM 3JIEKTPOH BOCUTanap OWiaH >xuxosnaHMokna. CaHoaT THIIpaBIUKAacHUra
KUpUO KenaérraH axO0poT Ba KOMMYHHUKAIUSl TEXHOJIOTHSUIAPH, AJIEKTPOH OOIIKAPYB
TU3UMJIAPU HII Kapa€HJIapU Ba PEKUMIIAPUHUHI ITapaMeTpiapuHU Yyidall Ba Kaij
ATUII, yJIapHU Maco(daaH y3aTHIl Ba TYpJId XUCOOOTJIApHU IIAKIIJIAHTUPUILI UMKOHUHU
O0epanu. ['mapoTakcumiarud KOHCTPYKLUMSCHAA 3JIEKTPOTHAPABIMKA 3JIEMEHIIAPUHU
KYyJUlalll MIIOHWIMIIMK, PEeCypCTEeKaMKOPJIUK, HKOJOTMK Xa(dBCHU3JIMK Ba THU3UM
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camapaaopiuruin  omupau. IllyHra kapamail, xo3upru KyHaa OyHIail 3JIEKTPOH
TU3UMJIApJIaH (OoWJalaHuII JapaXkach CyCTIMTIHYa KOJIMOKIa. by aca camapamopiaukHu
OLIMPHUIIAA UCTUKOOIIIH 3aXypasiap MaBXyIJIMTHHHA KypcaTau.

Taxymumap kypcaTAukd, OYTyHTM KyHJa MOOWJI MallMHalapia KYJUIaHWIaéTraH
SHEPIreTUK caMapaJopIUKHU OaxOJallHU TapTUOra COJIyBUM MEBEPHUIM Xy KKaTiap
MaBxXyZ sMac. MaMJlakaTUMU3HUHT aMajlard MEbEpU XyXOoKaTIapuia «IHEPreTUK
caMapaJopJIMK» TYUIyHYacH Xam KeJITUPHUIMaraH.

PecnyOnukaMu3ia KUIIUIOK XY KAJIUTYA MAIIMHACO3JIUTH Ba MYJ KypHJIHIL COXacHuaa
TUAPABIMK  TU3MMIIAPra  acOCIaHraH MallhHa Ba  KypWJIMAJApPHUHT  KEHT
KYJUIAaHUJIMIIMHU  XUCOOTa OJITaH XOJ/1a, UIYHMHTJEK, MaMJakaTJard SHEPreTHK
Ba3USATHUHT TaxJIUIUAAH KeluOd YWMKUO, TUIPABIMK TU3UMJArM KyBBAaTHU DHEPrus
pecypcTexaMKop ycayJiiapra acocliaHraH Ha30par KIalaHjiapu OpKajiu OOIIKapuIl
MyaMMOCH J10J13ap0 XucoOIaHa u.

HucceprauussHuHT «IIpomopuuoOHaJ TrHAPOTAKCHMJIATHY NapaMeTPJIAPUHUHT
Ha3apuii acocjaapw» 71e0 HOMIJIAaHTaH WMKKUHYM O00HMAAa THAPABIUK THU3UM JHEpPrus
caMapaJiopJIiTUra TabCUp OTYBYM OMWILIAP, TUAPABIUK THU3UM HII PEKUMUHUHT
TaCHU(PH, TaKCUMIIAIl APXUTEKTyPAIAPUHUHT Ha3apuil TaxJIWIW, [PONOPLUOHA
rUAPOTAKCUMIIATMWIApAard 30J0THUK CHWJDKUIIMIA Mailo OYJIyBUM OKMM Kywilapu Ba
SHEPrusg MYKOTHUILIApU NapaMeTpiapuHH acociam Oyinya Hazapuid TaIKUKOTIAp
HaTWXalapy, 30J0THUK XY (QTIUTHHUHT SHEPTUSIA caMapajop HIl PEKUMHHH XHUCOOra
OJIyBYUM MAaTEMATHUK MOJIEIIM Ba TEHIJIAMACU KEJITHUPUIITAH.

Canoar Ba unM-(aHgard MaBxkyJa xap OUp THAPOTAKCUMIIAII YCYIH, KyMJaJaH,
OJIIUN yCyJI, IOK OOCUMHUHH Ky3aTyBUH, JJIEKTPOH OKHUM MYBO(MUKIUTY, MYCTAKIJI OKUM
Ba OoIKanap YypraHuiras, yJapHUHT YCTYHIUMK Ba KAMYWIMKIIAPU KYpcaTuO YTUITaH Ba
00 OopumiraH TaAKMKOTIAp Taxaui KuumHrad (1-pacm).

1-pacm. 'maporakcumiiam ycyJuiapu:
(a)-omnuii, (6)- 60CUMHM Ky3aTyB4YH, (B)-3JIEKTPOH OKUM MYBOGUKIUTH, (T)-
MYCTaKUI OKUM.

TankukoTnap TaxJIMIM THAPABIMK MOOWI MallMHAJapAard TUAPABIUK THU3UMIIAp
HHEPreTUK  CAMApaJAOPJIMTHHM  OIIMPHUII  yCyJUlapu  Myauiuduap TOMOHUIAH
OenruiaHraH Makcaj Ba Bazudanapra kypa ¢apknanummau kypcatau. LllyHra kapamai,
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THJIPaBJIMK KyBBAaTHH SHEPTHUS PECypCTEKAMKOP YCyJI OMJIaH TAKCUMIIAII YIYH MaBXKY/I
UKKHA YCyJI — DJIEKTPOH OKMM MYBOGHUKIWTH Ba MYCTaKWJI OKUM TH3UMJIAPUHUHT
KaMYIJIMKJIApUHU OapTapad STUIYBUM YIUHUN yCYJI MABXKYJIUTH TaIKUK KIJTMHMAraH.

MarmmmHa TUAPABIMK TU3UMUHUHT DSHEPTETUK CaMapajopivuK MOXHSITHTa Kypa
MyaMMOHUHT €UUMJIAPUHUA W3JIAll TEXHUK, WKTUCOIWHN, TAIIKWINNA, VKTHMOWHA Ba
9KOJIOTUK >KMXATJIAPHUHT OWPAAMIIMTUHU TabMUHJIANI YUyH TH3UMIIA TAJAKUKOT OJIHO
OOpUII KEPAKITMIINTUHN aHTJIATa Iu.

Iy acocna, rUAPABIUMK TH3UM OWJIAH IOPUTHIYBYH MANIMHAHUHT YHEPreTHK
caMapagoPIUru — 9KCNIYAMmayus wapoumuoazu mawku KyuiapHu eHeuwl YuyH 3apyp
Qotioanu sHepeusiHuUHe 3apyp 2UOPaABIUK dHepausea Hucoamu TYITYHUTIATH:

n=-12 (1)

E
oyuna: E,, — skcrutyararys mapoOWTHIa TAIIKK KydIapHA €HTHII Y4yH 3apyp (doiiganu

sueprus, Jk; E — rugpasiuk sHeprus, JIx.

Pdt
g 1pdat 2)
nr
Oyuna: P — rugpaBnuk KyBBaT, Ny — IMAPABIMK TU3UMHUHI YMYMHH caMapagopivK

kodhpureHTH.

Onu6 OopwiraH TaAKUKOTIAp TYpJIM WYHaIuIUIapAa Ba KYI COHJIM OYiIuIIMra
Kapamai, TMIpaBIWMK KyBBATHUHI SHEPIUsl camMapaJopiurd macajajapura erapiauda
9bTUOOP KapaTWJIMaraHjiurd KypcaTwirad, IOy acocia TaAKUKOT Basudanapu
mak/utlanTupuiarad. WMouram  moOaliHuMaa ro3ara  KellyBUM SHEpPrusl MyKOTHILIApU
TaXJIMJIM YTKA3WIKO, yJIapHUHI Keaud 4YMKuin cababmapu Ba okuOarimapu EpUTHO
Oepunrad. ['mapaBiavK TU3UMIIAp KUCMJIApH aloXyJa Ba yMyMHUH IHAKIga TaxJIAJ
KWIMHUILM HaTWKacuja THAPABIMK TU3UMJArd SHEprus capdura xucca KYIIyBUd
OMUJUIAp aHUKJIAHTaH.

bocuMHM Ky3aTyBUM THAPOTAKCHMIIArMY CaHOATIA KYJJIAHWITAH XO3UpAa HHT
TeKaMKOp ycyn Oynub (2-pacm), yHuHr t; Ba t; BakT opanuFuaard Oaxkapuiira
THIpaBIUK 3Heprus capdu E Kyiiumarnua anukiaHagu:

E =[5y p:0sdt = [ (0 +5) - (Qu + Q.)dt, 3)
_ | pcv a,

P P, -
s N ' U
< |
S
\
\

2-pacM. 'HApOTaKCHUMJIAIIHUHT Ky3aTyBYM 00CUM YCYJIN:
VY3rapyBuaH M1 XaXMJIM HACOC MHEKCH 0. OKUMHHU OOLIKapyBUYM MPONOPIIUOHAT
KJIamaHHUHT 60cuM (GapKu S Ta TeHT OYIUIINHN TabMUHIIANIH.
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Ba OyHma P, Hacoc Oocumu, P, doiimamaHyBunra TabCHp 3TYBYH IOK Tydailin maimo
OynraH Ky3aTHJIyBYM OOCHM Ba § - OKMMHH OOIIKAapPyBUYHU IMPOIMOPIIMOHAN KJIATAHHUHT
KUPUII Ba YMKHII KaHauiapuaaru 6ocum dapku; @, @, Ba ¢ Moc paBumiza Hacoc Ba
doiiamaHyBYl OKHMJIAPH Ba OKHUM WYKOTHUILIAPUIUDP. DHEPTHs camapagopJIUTHHH
OIIMPHUII HHTETPas ocTuaaru udoaa PsQsH1 KaMalTUPHII TeMaKIHp.

Kypunub typubanku, sHeprusi camapaJopIMTUHU OMIMPHII YIyH cUCcTeMa OOCUMU
Ba/€KM OKMM KaMaWTupuinuiu kepak. Hacoc Ba ¢oiimamanyBum opacuparu 0Oocum
dapku § HUHT KUHMaTH THU3UMHUHT 3HT HOMAakOyJl WII PEKUMHIAH KEeIud YHKUO
TaHJIaHagu (DAcT WINYM MOM XapopaTd Ba IOKOPH MOW KYIOIIKOKJIWTH, YJarud
HUTaHTJIApJard ce3uapiii 00CuM MYKOTUILIAp). JIGKUH HOpMal HIll PeKUMU HOMaKOy I
um pexumugad (apk Kwraau, Oy 3ca 0ocuM apku S KeparujgaH OpPTUK KHMaTaa
JOWMXATAHUIIINTA OJTUO Kellasu.

Hacocaan unkaérran pean okuM @, Kyiinaarnra TeHT

Q=0 —Q—0Qr=Vw—0Q;—Qp—Q, 4)
Oynma Q,— HACOCHUHT Ha3apHii OKMMH, HACOC MII XaKMHU V Ba Ball aliJIaHUII TE3IIUTH W,

Q;,QE Ba Qf Jap - OKUM CH3UM0 YUKW WYKOTWIMILIH, CYIOKJIUK CHUKWITYBUYAHIIUTH

Ty(haiiid OKUM HYKOTHIMIIK (XaXM MOAyid f ra OOFJIMK) Ba €Tapiid TYJIMACIHK
Tydaiinmu  okuM  UYKOTWIMIKMAAP. CyYIOKJIMK CHUKWIYBYAHIUTH Ty(paliun OKHUM
AYKOTUINIH (g KyHHIard KypUHHILTa KeIa iu:

QH.'—] = fQH.I{’ (5)

Oynna: @, ., Q.. Ba Py, Py MOC paBHIIJA HACOCAAH YUKYBUM-KHMPYBUM OKHM Ba

SUWIMKIApAnp. Y XOJaa:

B

Oynma: w,p BaV macoc aiimaHuin Te3aMrd, HAcOC OOCHMM Ba HACOC HII XAKMUIWP.

Py = FLKE Qﬁ :QK_QHZM_W’ (6)
B

Hacoc cu3u® ywmkuin HYKOTHILIIAPH JIAMUHAP OKUM pEXUMHU TabuaTura sra Ba y
Kynaarnda udoganananm:

Q =6p, G=2E

©1zpTl (7)
Oynma: P — cu3nub umkuin 6ocuMm ¢apku, G — yTKa3yBYaHIUK, D — CH3UO YHKHII
I03aCHHMHT DHM, N — CH3M0 YHMKHII FO3aCHHUHI OViiM, | — y3yHIHIH, [ — CYIOKIHK
KOBYILIKOKJIUTH, T — UIIYU CYIOKJIHUK XapopaTH.

Etapnu Tynmacnuk Tydaiiii OKUM HYKOTHIIMIIH Qf HM HACOC Bajid aWJIAHUII

TE3JIUTUTA MPOTIOPITUOHAN J1e0 OJTUIT MyMKHH. Y XO0JIJIa.
Q_f = (l _arf)Qm arap QH<VA1 (8)
OyHnma, @ - €Tapay TYIMaCIuK KO3 GUIHEHTH.

Xynoca Kuiaub, HacOC peait OKUMH . KyHumarn KypuHUIITa 3ra

13



Q= Vo—=Z— Gp=Vw(1-2)—Gp~ Ve —Gp, 9)

B B
YyHKH, XakM Moayiu S omatma 1400-1700 MIla kuitmatiaapaa 6y, HAop JTHHUSCH
p =200 Mllagan ommaiianm, % ~ 0.01. Iy Oowmuc, ytkazyBuaninmk G xapoparra

OOFJIMKJINTH YYyH KOBYIIKOKJIMKHUHT CYHOKJIMK XapopaTura OOFIMKIUTHHU XHUCcoOTa
OJIUIII MYyXHUM.
30JI0THUKIIM HAa30paT KiIamanuaard Kyssart iykotunuiapu AP, xyiinmgarura tenr:

'2315' g 3

ﬂPw = chrot ) 'ﬂp = Cd‘quﬂp = 2 thhrot ) (10)
p‘ Ei.“d A;:l

6sz[a: chrot — THPKHIIIAH ‘—II/IKaéTFaH OKUM, Av — THPKHII IO34aCH. 3Hepm;{

iykoTuiapuan Kamaitupuin A,HU ONIMPHIIHKA TaK030 3Taau. by 3ca 30JI0THUKHHHT

JUaMETPU Ba YHUHT XapakaTUHU owmupuinHu anriataau. Ly Goucnan karra okumra
MYIDKaJUITaHTaH —KJamaHjiapAa 30J0THHUK —Yyiyamjapu KaTrra Ba KHYUK —OKHMTa
MYIDKaJUTaHTaH KJanaHjiap/a 30J0THUK Yiadamiiapud KU4YuK ATHO TannmaHaau. OxuMm Y3
HaBOATH/A, 30JIOTHUKHUHT CUJDKUIIKM Ba TAIKU FOK XOCHJI KUJTaH 00cuMTIa OOFITUK;

Q = Qu(x,, ) (11)

OxkuM n(pOJACUHUHT YM3UKJIU TaxJuiau yuyH Taiinop dopmynacu 6unan L1 nykra
aTpoduaa Elnnranga:

2e,

Q, = Q,, +22| Ax, + Ap,+... (12)
daply dpLly
, a d
QL — Qs o AQ, = ;L Ax, + BQL Ap; (13)
Xy Prly4

1

Knaman OGapkapopiauruid u(OAaNIoBYM OKUMHUHT 30JIOTHUK CHJDKUIIMHUHT
y3rapummra tascupyanmruan K, vy Kyiinaarnda ndoganam MyMKHUH:

dQy
K,=—. 14
T = o, (14)
OKuUMHHHT 60CHM Y3rapuimura Tabcupyanauruau K, ounan ndomaiam MyMKAH:
aQ
K.=——=. (15)
dpy
Bocumua tabcupuanmk Kykyiinnarnua 6enruinanca:
A
doy, Bxp Kg
K = —_—— - L = —_—— 1
P T omy 2L x (16)
oy,

IOIYHUHT Y4YyH Ha30paT KJIalaHd YyYyH UWKKH KACMra OYJIuHTaH 30JI0THUKIIU
TUAPOTAKCUMIIATMYIaTd OKUM Ba OOCMMHUHT 30JIOTHUK CHJDKUIIMHU XHcCOOra OJyBYd
OOFIMKIUK ndoaacu KyHugarura TeHr:

AQ, = K, Ax, — K, Ap;. (17)

30JIOTHUKHMHT MapKasuii xonatu X, = 0 1e6 Genruaanaam Ba y KpUTHK OapKapop
HyKTa Xxucobuanaau, yyHku K, karra Ba K, kuunk kuiimatiapau kypcaragu. OKuM Ba
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OOCUMHUHT 30JI0THUK CHUJDKHIIMHU XHCOOra OJlyBUM OOFIMKJIUK M(OAACHHU TOMHIIIA
KyWUuJara OKUM TEHIJIAMACHHU €3aMU3:

Qu = Cady S5, arap x, > 0 (18)

oyuma: P, — wmacoc Gocumu, P, — tok smHmsacumarm OocuMm, (g — pasprpyska
k03 durrenTr. MKKUHYU 30JI0THUK KUCMH YUYH 3Ca
2 P+P
Q, = —C,A, |- *2 L) arap X, < 0. (19)
o

Wkkana TeHriaamMaHu yMyMJIAIITHPUO, CAMMETPHUK 30JI0THUK YUyH OKUM Ba OOCHM
ATPU YM3UFUHU U(POJATOBYN TEHIIaMa KyWHaru KYpUHUIITA dra OYnaau:

Q= Caldul 2 2B~ R, (20)

|X;||
L

By Tenrnama peas KJIanmaHHUHT WII YU3UKJIapUHUA Udopanail onMaiinu, ury oouc
[IaKJI HapaMeTpyu W KUPUTHITaH X0J1a Kyinjaard udoaa Kenud YuKaIu:

Q. = Cawx, [5 (B ~%R). @)

|-r;:l|

[lakn mnapameTpu W nabopaTopusi CHHOBJIApUAa SMIUPUK YCYyJAa TOMMIHUO,
30JIOTHUK XOJMHHUHT TYPJIA KUCMJIApH Y4yH IpaduK KYpUHUIIUAA OEpHUIL 3apyp.
DHeprus TEHINIAMACUHUHT YMYMUN KYPUHHUIIN €3UJICA!

: - a e v e
H-W=2] p(u+Z+gz)da+§pu+=+gzVas, (22)

oyuma: H — Hazopar XakMaard UCCHKIMK anMaiinHyBu (Hoara tedr), W — mexanmk
2

v V)
KyBBaT, U+—+gz sca macca Oupnurura TYFpU KeIyBUM »HHeprus. MexaHuk

SHEPTUSHUHT

3 TalmKWwiI 3TyBYMCH MaBxXyJn OYnuO, yjiap MOC paBuIlia aillaHMa YKKa Oepuiagura
um W, ypunama crpecc Tydaitnu xocun 6yaran wm W, Ba Cyrokauk 60CHMH OpKad
naiigo OynyBun mm Wp, W =W, + W, + W,. Cyroxkmuk Oocumu opkaau maino
OYNMyBYM WITHUHT WKKWA TaIIKWJI KWIyBUMCH OYnIuO, ynap Wpﬂow Ba Wpp — moc

PaBHILIA CYIOKIIUK XapaKaTH Ba TH3UMIATU XaXM y3rapuiny Tydaiinu coaup 6yaaauran

UILTAPIUD: Wpﬂow = gﬁPI«_} ds, W,p = gﬁPI-_;d d§. Iy 6ouc, cUMyISIUsS MOJEIH YIIOy
udoma acocuna daxkapuaam:

W, = ¢ PV, ds. (19)

30/10THUK KY()TAUTUHUHT SHEPTUABUI caMapasop Ml PEKMMHHM XMCOOTa OJyBYH

MaTeMaTUK MOJEIM MOMEHT TEHrJaMacHUHUHT auddepeHnuan KYpUHUIIHIA OpKaIH
TONWIJIN:

- — - - a — —_ = =
— [gPdS = [ PdS— [ PdS+ [ TdS =—[ pVidV + g pV, V, dS (20)

[y Ownan Oupra, Ha3opaT KJaNaHJapUAard 30JO0THUK CWDKHIIHA JIaBOMHUJA
CYIOKJIMKHUHT XapakaTu Ty(halinm BYXKyAra KeIyBUM peakiys KyYHMHH XaM XHCOOJarl
MyXuM. 30JIOTHMK THPKMIIUTA U; Te3MUK OWIaH KenadTrad Ba U, Te3NUK OWIaH unmKuO
KeTa€TraH CyIOKJIMKHHUHT 30JJI0THUKKA OepaiuraH peakiuus Ky4u KyHujaarura TeHr:
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E = pQ(¥y — ¥s,). (21)
Cyrokiuk yuKu0 keTaétran xomaa vy << V5 6Yiuo,

¢ 7 . 0Q?
Vo= h==pQv, K=, (22)
oyuna C, — THPKUMIITHUHT KMYpArUIT KO3GPHUITHSHTH
2A 2C3 Ap
Q=C A, T" F, = %ﬂap . (23)

Magxy ruapaBiIvK TU3UM CUMYJISILNSA JaCTypPUHH CAHOATAA KEHT KYJUIAaHWIAETIaH
LMS Amesim gactypuii TabMUHOTHIA SIpATUII MyMKUH (3-pacMm).

® .

Steering

(P Unit

PVB1 PVB2 PVB3
3 ? 9 ? 2 92 9
[pET BT [PAT Bl
“Ehey, By, @y,
>

Joystick_signal ||

|
L4@*

3-pacM. MaB:xya ruipaBJIuK TU3BMMHHUHT CAHOAT JACTYPUil TABMUHOTHIATH
cumyasinus d3xkpanu. Hacoc VPA 40, yeryBopiuk kinananu OLS 40,
TakcumJaruujap PVB y3apo yiaHran xoJ11a sroHa TUAPAaBJAMK THU3UM HIAKJIUTA
KeJITUPUJITAH.

Tuzum Hamop nAWHMACHMAArY OOCHMHHM KaMaTHpPUIL YYyH DBJEKTPOH OKUM
MYBOQUKIUTH YCYIH MaBxXyJ OYiau0, y ouuK OOLIKApyBra acoCiaHraH, ’bHU ONepaTop
Oylpyfd Ba HAcoC HWII XaXMHU 3JIEKTPOH CUTHAJIap Epaamuja OOIIKapyB OJIOKHra
y3aTwiaau Ba Moc paBuijga Oomkapwianu. [y Ounan Hacoc Ba ¢oiiganaHyBYH
opacuaaru 0ocuM (papKu TU3UM HUIIl PEKUMUTA OOFJIMK IMACTUTH TAbMUHIIAHAIH.

[yHnunTAeK, HACOC OOCUMUHU KaMaUTUPHUII [IJIMHIPTA KHPYBUM OKUM OOIIKAPHIIT
KJIAMIaHWHU TYJIUK OYHWIN OWJIaH amara ONIMpUIICa, NUIUHAPIAH YMKAETraH KIIanaHHU
Aca Kepakiv TE3JMKKa MOCJIad OOITKAPHUIIT MyMKHH.

MycTtakun okuM ycynu €paamuna (porganaHyBUd KUPHII-YUKHII KaHAJIApH
myctakmi Oomkapuianu. Ilynunr yuyn, Oy ycynaa pekymnepauus/perenepanus
PEXKUMHU MaBXKYy/I Ba y Ty(ailin HaCOC OKUMUHUA KaMauTHUPHIII MyMKHH.

Taxmu¢ strmaérran ycynn KyWuaaruda aMmanira omupuiand (4-pacMm): y3rapyByaH
X@KMIIM HACOCHAaH YMKAETraH OKMM MKKHUTA 4 KaHAIM 3 MO3ULUSIM MPOMOPLIMOHAI
CepBOKJIaNaH OpKajlu MIIYM [WIMHIApTa yianrad. CepBoKIanaHiap TUHY Xo0Jataa EnuK
Mapkasiu 0ynu0, oneparop OyipyFu acocuaa VHT €KW yamnra nponopLUyOHai paBHILIA
CHIDKMIAM. V3rapyBuaH MII XaXKMIIM HACOC MHIEKCH XaM orepaTop OyiipyFura Mociab
y3rapaiu.
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4-pacm. Takaud d3TWIAETraH rHAPABIMK KyBBAaT TAKCHMJIAII yCYJIU
4 Ta 6ocuM HaTduKIapH (Pa, Po, Ps B Pr) TAIUHAP KUPUII YHKUAII KaHAJIJIAPH,
HAcoC Ba pe3epByap OOCUMIIAPUHU VI4aiau Ba JIEKTPOH OOIIKApPYB KypHiIMacura
y3aTUJIA]IH.

JlccepTalMsIHUHT «JKCIePUMEHTA] TAAKUKOTJIap AacTypu Ba yciayom» 1ed
HOMJIAaHTaH Y4YMHYM O00MAa TUApPABIUK TU3UM MAaTEMaTUK MOJENIU Ba 30J0THUKHUHL
MaTemaTukK Mojaenu LMS Amesim caHoat JacTypuil TAabMUHOTH €plaMu/ia acOCIaHTaH.
CyIOKJIMK XapaKaTUHUHT TaxXJWIM CYIOKJIUKIap JAMHAMUKACUHU XHMCOOJIall JacTypH
SolidWorks Flow Simulationma Yyprammirad. Y3apo SKHH dYerapaBhii CYHOKIHK
yJyacTKajzapujaa kamujaa 15 TagaH kaTak OYIWIIM TabMUHJAHTaH XOJIJa, y3rapyBYaH
KaTakJiap yciiyOu KyJulaHuirad (5-pacm).

S-pacM. 30JI0THUKHMHTI CHJKUIIN Ty(daiian Xxocuia 0YJrad THpKMIIAAH YTaéTran
CYIOKJIMK JuHaMuKkacuHUHT SolidWorks Flow Simulation gactypuii TabMMHOTAArH
KYPUHMIIH.

30JJOTHUKHUHT TUPKMILIApHU MAKIUAaH KenauOd 4yukuO, xap oup yitma yuyn LMS
Amesim nmacTypwii TabMHHOTHIA MaBXYJ CHMYJISIIIMOH MoJe/Ulap TaHJaHAId Ba
reomeTpuk mapamerpiapu SolidWorks uwmsmanapunan omunanu (6-pacm). Jlactyp
KyTyOXOoHacuaa MamXKyJ OYaMaraH MaKjiap 3ca TMapaMeTpUK paBuUIlIa Oepuiiajy,
MacaJiaH, 30JI0THUK CHJDKULIN Ty(daiiau naiijjo 6yaran THPKUII F03aCH Ba 30JI0THUKHUHT
CUJDKHIIN XMCOO MacCHBH cudaThaa 1acTypra KUPUTUIIAIH.

Tankukor ycinyou Kyimmarugan wnoopatr(7-pacm). bupuHun HaBOaTma MaBXy.
KJIallaH J1abopaTopuisi CHHOBJIApUIA YPTaHWIAW Ba MabJayMoTnap omuHau. CyHTpa
KJamaH 2 ra axparuigun Ba yHuHr um3manapu SolidWorks mactypuii TabmuHOTHIA
AuFUIId. AHHMK YIYOB TapamMeTpiiapy OJIMHTaH KJIAMaHHUHT CUMYJISIHS MOICIH
SolidWorks Flow Simulation Ba LMS Amesim gacTypuii TabMHHOTHIA SPATHIIIH.
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HacTtyp Ba jmabopaTopus CHHOBJIAPU HATHKAIAPUHUHT Y3apO MOCIUTH TEKIIUPUIITay,
MoOZeNra Yy3rapTUpUIl KHpUTWIAAH. MoJennaH OJMHTaH [apaMeTpiap acocHiaa
KJIAIIAHHUHT TECT HYCXacH SpaTHIIaIu.

@

1 2 3 4 5 6 7 8 9 10

6-pacMm. 3o10THUK Xap oup Yayamiapuauar LMS Amesim gacrypuii
TABMUHOTAATH KYPUHUIIIHU.

TaakuKort ycnybu

Maeyya knananHm bjnakna TNafopatopust cuHoBRapH

SolidWorks épaamuaa 31
H

Amesim épaamuaa 0[

[actyp sa naboparopusi
HamxanapuHi TakKocnats

Mogenra yarapTupui KMpuTHLL

TecT knanaHHu apaTuw

Knanaxxu cuHauw

7-pacM. O GopuiIradH TAAKMKOTJIAPHUHT KeTMA-KeTJIHK CXEMACH.

Jlaboparopus cunoBiapuaa MOBIL DTE25 ruapaiauk moitugan doigananuiimn
Ba YHMHT Xapopatu 38°C Ba pesepByapaaru 6ocum 0,5 Oapia dKaHIWUTH Ky3aTUIIIU.
Tectnap yTkasumigan oiauH Oapya YirdoB acOoOjapu KaauOpoBKkagaH yTkaswiau (8-
pacMm). ComeHoupa 4 30JOTHUKHUHT CHJDKHMIIMHA TabMUHJIAca, IMO3HMIHS ceHcopu 1
30JIOTHUKHUHT CHJDKUIITMHYU aHAJIOT CEHCOp OWIIaH Kaij 3THO 6opaau. 30JI0THUK KilanaH
KOpITyCH MYMJIa CUJDKHUINM HaTwkacuaa P nan A ra Ba B man T kaHanra okuMm yTHIITH
TabMUHJAHAAW. P KaHanga YpHATUITaH MaHOMETP Ba MHE30AIEKTPUK OOCHM
cerHcopiapu A Ba B kanammapmaru 6ocummapuu ymuaiiou. HM11 typOuna Tununaru

18



OKUM VYiYarudd 2 OKMMHUHI A KaHajajgarn KuUWMaTIapuHU MabiyMOTJIApHU &E3U0
OOpyBYM TH3UMTA y3aTaIH.

8-pacm. JlaGopaTopusi CHHOBJIAPU KYPUJIMACHHUHT KYPUHMIIIHN.

JlabGopaTopus HaTWXalapu KypcaTaiuKd, MaBXKyJd THAPOTaAKCUMIIAru4 OwWiaH
KUxo3naHraH Tusumaa P ngan A ra Ba B nman T kaHanra okuMm yTuilnga Kepakcus
sHeprus wykotunuiapu Mapxyn (9-pacm). apuang B kanam pesepByapra ynanrad
Oyinca-na, PsHUHT KuitmMatinapu 7 Oap arpodwuna. by sca HazopaTr kianaHu Tydailim
TU3UMHUHT 3HEPTHS caMapaJopIMTHHU KaMaUTHPYyBYU OMIUITIApIaH OUPHIND.

Bocum 20 — T T 7 T
& -pP
(bap) 8-~ pB .
25F |9 pA -
20 F y- < 1
15 1
eV i
10F v 1
B X E E X- Z A o < H-o
==
5| e 4
o
5 . )
0 5 10 15 20 25 30 35 40 45 50
Oxum (//muH)

9-pacm. MaB:xya ruipoTaKCUMJIATHYHUHT U 3TPH YU3UKJIApH

HuccepramustHUHT «TaaKUKOTIAp TAXJIWIM Ba TABCHAJIAPHHM MILIA0 YHKUIID)
ne0 HOMIJIAHTaH TYPTUHYM 000MIa KypWJIMAHHHT TaKKOCJIOB CHHOBH HaTWXKajaapu
kentupwirad. JKymianaH, Hamop JUHHICHAArd OOCUMHHMHT TIACAHUINM Ky3aTUJITaH.
JlabGopaTopusi CHHOBIApU Ba Ha3apuil TAAKUKOTIAp alCKBATINTU KEATHUPHUO YTUITaH,
MacajaH, OKHM Ba 30JIOTHUK CWDKHIIMHUHT JabopaTopus Ba CHMYJSITOpAArd
KUWMAaTIIApU TAKKOCJIAHTaH.

TagKUKOT SKYHH/IA SPUILIUJITAH HATHXKaJIap KeITUPUO YTHIIraH, ®KyMmiaJaaH:
- TPAKTOp THIAPOTAKCUMIIATMUUHUHT y3rapTUPWITaH KOHCTPYKUMSICH PEKYIIepalys
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PEXKUMHU  MaBXKYyMJIUTHM Hanop JuHuscuaaru OocumHu 15-20 %ra xaMalTupuIld
umkonuHu O6epau (10-pacm);

- TpakTopHUHT PVG32 Moauduuupianrad THAPOTAKCUMIIATHYM 30JIOTHUKIAPU
KY(DTIUTUHUHT MIAKIU Ba apaMeTpiiapd TPaKTOp IHEPrusi camapaaopauruau 17 %raua
KaMauTUupau;

- omepaTop OyHpyfura Kypa HacoC MIIYM XQKMHUHHHT CHHXPOH OOIIKAPMIIMIIN
onepaTtop OyHpyFH Ba IMUWIMHAPUK KYTapUIll MEXaHU3MUHHUHT XapaKaTJIaHUIIl BaKTHUAATH
dapk 150 Mc man 35 Mc rada KUCKapumidra oiubd KenuO, HaTHKajla TPaKTOPHHUHT
KYTapuIll MEXaHU3MU peaKIusl BaKTH 4 MapTara opT/u;

- 30JIOTHUK Ba YHUHT 3JIEKTPOTHIPABIUK OOIIKAPUIUIIIMHA UKKU KUCMTa a)XpaTHIL
opkasiu TTZ 100HC Tpakropuna Hacoc 6ocum 3axupacu 0.4-1 Mlla raua kamaiiau.

12 T T T T T 10

T e

pressure (MPa)
S
T T
S
pressure (MPa)
o

0 * - * . * 0 1 2 3 4 5 6
0 1 2 3 4 5 6 time (s)
time (s)

10-pacm. Takaud KnauHAETraH Ba MaB:Ky/l YCY/UIADHUHT HANOP JUHUSICHAATH
0ocumu papku.

XVYJO0CA

«MoOun  ruApaBIMK  MAalllMHAJAPU SHEPIrUs  CaMapajopiuTrMHU  OIIMPHUII
yCyJUIapUHM MIILIA0 YUKW MaB3yCuJaru Texuuka annapu Oyinya ¢ancada qokTopu
(PhD) nmccepramuscu OVyiinua onu® OopuiraH TaAKUKOTIAp acocHaa Kyuuaaru
XyJiocayiap TaKIuM STHIIJIN:

1. byryHru kyHaa MOOWJI MalllMHajapAa KyJIJIaHWIa€TraH THAPABIWK TU3UMHUHT
DHEPTUs CaMapaJopJUTUHU OaxXOJaIllHK TapTHOTa COJNyBYM MEbEPUN XYKKATiIap
MaB>Ky/I OMACIIUTU aHUKJIAaHIUu. MaMIakaTUMU3HUHT aMalllardl MebEPUN Xy XoKaTiaapuia
«QHEPTeTHK camMapaJopiiik» TylmryH4Yacw xam kentupwimarad. [Illyaum nHoGaTra onuo,
TUAPABIMK TU3UM OWIaH IOPUTWIYBUM MAIIMHAHWHT DHEPTETHK CamMapagopiiurd -
AKCIUTyaTaIisl MAPOUTHJIATH TAITKH KYWIAPHU CHTHUIN YIYH 3apyp Goimaanu SHeprUusiHU
TaBcU(pIOBUM HHCOMI Kkypcatkuy ne0 Oenrwinanau. CaHoarna KyJulaHUIa€TraH
OOCHUMHM Ky3aTyBYM THIPOTAKCUMIIAII YCYJIMJArd SHEPIusi camapajopiiurura TabCup
KWIyBUM TMapameTiapuaaH Oupu - Hacoc Ba QoigalanyBuM opacuaaru Oocum
(GapKUHUHT KUHWMaTh HOMAKOyJl HII PEKUMHIAH KenuOd YUKUO KeparuaaH OpPTHUK
KUMMAaTaa JJOMUXaJaHUIIU aHUKIaHIy.

2. DHEPreTUK TEeXaMKOp TUAPOTAKCUMIIATMYHUHT  MapameTpiliapy  Hazapui
acocyianu0, 30JI0THUK KY(PTIUTHUHUHT YHEPTUSBHA camMapasiop Wil PEKUMUHU XHUCOOTa
OJlyBUM MaTeMaTHK Mojenu uuuiad uukwigu. Hazapuit Taxmuimap €pnamuaa ymly
TaKCUMOT yCyJIM OOCMMHHM Ky3aTyBUM THU3UMJIAru 3Heprus HykorunuiapHu 31% rada
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KUCKAPTUPUII MYMKHHIIUTH XUCOOIaHIH.

3. Marematuk Mozens €pAaMuja HWIUIA0 YUKWITAaH TUIPOTAKCUMIIATMYHUHT
30JIOTHUTH Ba HACOC HII XAKMHHHU OOIIKAPHUII AHATUTUK OOFIMKJIHNIU JIabopaTOpus
CUHOBJIAPUJAH YTKAa3WJIAM Ba Ha3apuil TaJKUKOTJIApra aJEKBATJIIMIU TEKIIUPUIIH.
MareMaTuK MOJEIHUHI UIIOHWIMJINTH +3 %HM TallKWI 3TUIINA aHUKJIaHau. HaTtmxkana
KOHCTPYKLHUSICUTa y3rapTUpHUII KUPUTHIITaH IIPOIIOPLIMOHAI PVG 32
TUAPOTAKCUMIIArMY  HAMoOp JIMHUACHIArM MY CYIOKIMK Oocumunu 15-20 %ra
KaMalTUPUILIY aHUKJIAH/IH.

4, TakoMusnamrad TuapoTakcumiaarud OwiaH kuxosznanran TTZ 100HC
TPaKTOPU CHHOBJIAPAAH YTKA3WJIIU Ba MalllMHA (PYHKIIMOHAN Tajlabliapura MOCIHTUHU
6axonaHmy. Y3rapyBuaH XaXMIH HACOC Ba THAPOTAKCHMIIATHY 30JI0THUTHHH CHHXPOH
OomKapuill yCyJlu omneparop OyHpyFHM Ba IIWIMHAPUK KYTapull MEXaHU3MUHUHT
xapakaTiaHnuim BakTHHM 150 mc gaH 35 Mc rada KHCKapTHUpHO, THUIPOIOPUTMA
TE3KOPJIUTUHU 4 Oapobapra OpTTUPHUILM aHUKJIaH/H.

5. MycTakuil OKUM Ba 3JIEKTPOH OKUM MYBOQUKJIWTH TaKCUMJIAIl YCYJJIAPUHUHT
KoMOMHauusAcuaaH (oiganannd, 30J0THUKHM HMKKM KUCMIa QXpaTull Ba YJapHU
cojeHouuIap OwinaH Oomkapuml OOFMMKIMK udonacu aHukianau. Hatwxkana
HacocHUHT 0ocuMm 3axupacu 0,4-1 Mlla ra kamaliummra UMKOH SIpaTUIIAN.

6. DkcriepuMeHTaNl TaIKUKOTIAp HIYHU KypcaTaJWKH, TakIu( KUIUMHAETTaH yCyJl
acocula WIUIAMJWraH THUAPABIMK TH3UMIAa MKKWMHYA KOHTYPHM YJall JSHEPIrus
nyxkotwmnuiapau 22% rada, yYMHYM KOHTYpHHM yJjaml 3ca 7% rada KaMaWTHpUIIN
MyMKUH. Tusumparu sHeprus MYKOTWIMIUIapW QolinanaHyBuniapaaray OOCUMHUHT
MUKJIOpaH y3apo (apkura Ky kuxatiaaH 00ornuk. Xap oup doinananyBunra OUTTagaH
HAaCOCHM WIUIATUII 3Ca MaBXyd OOCMMHHM Ky3aTyBuM ycCyJira HUCOATaH 3HEprus
nykornmnapusu 40% raya kKaMauTUPUILIY MYMKHH.

7. Taknud KUJIMHAETTaH TUAPOTAKCUMIIATHYHUHT TEXHUK-UKTUCOIUN
KypcaTKA4WwiIapu IIYHU KYpCcaTaJuKH, Y MallWHA HHEPrus PEeCypCTEeKaMKOPIUTHHU
OILLIUPAAM, IKOJIOTHUK Tanadaapra MyBOQUKIUTMHA TAbMUHIAHIM Ba EHWIFU capPuuu 17
%raya kamaWTuUpHIIra UMKOH sipataau. Juzens énmnrucuHunr Hapxu 5500 cym/a Ba
TpakTOpHUHT EHWIFM capdunu 21,8 n/coar skannuruau uHobarra onuod, 1 itmnma 20,4
MJIH. CYM UKTHCOJUI camapa OJMHUIIN MyMKHHJIMTY aHUKJIAH]IH.
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INTRODUCTION (abstract of PhD thesis)

Relevance of the topic of dissertation. A topic of energy efficient and productive
machinery has become important in recent years. High accuracy, rugged operation, high
power to mass ratio of fluid power systems are highly appreciated in machine industry.
In general, it is necessary to distinguish two types of fluid systems, transport and power.
In this work, ways of fluid power distribution between actuators are analyzed on top of
the widespread technologies. In fluid power, power generated by a single pump is
distributed between several actuators. In this regard, a layout of power generation (a
kind of pump used) and distribution (a kind of control valve used) are essential in
determining machine energy efficiency and working performance.

Many scientific researches are being conducted in the world on the topics of
performance of hydraulic machines, durability of materials, safety and accuracy of
operation, compliance with the vibration and noise standards. In this regard, it is
important to develop methods aimed at improving energy efficiency of hydraulic
systems and ensuring their compliance with environmental requirements. Given the
widespread use of hydraulic systems in agricultural machinery and road construction
industries, it is necessary to transmit hydraulic power to users through control valves
effectively based on high efficiency methods.

Extensive measures are being taken to save resources in the manufacturing sector
of the Republic of Uzbekistan, to develop high-performance industrial machines based
on advanced technologies. Development strategy of the Republic of Uzbekistan for
2017-2021 years outlines further development and liberalization of national economy?.
According to the Strategy, reduction of energy and resource costs, widespread
introduction of energy-saving technologies and increased labor productivity in the
economy are key factors in improving the competitiveness of the economy through
deepening structural reforms, modernization and diversification of the leading sectors of
the national economy.

In particular, the state program for 2017 year includes specific actions for
ministries and agencies to update and modernize obsolete and physically outdated
equipment at large industrial sectors, increase energy efficiency in production and
optimize technological processes.

The research of this dissertation, in partly and a whole, is carried out as a
contribution to the implementation of the Decree of the President of the Republic of
Uzbekistan dated February 7, 2017 PF-4947 “On the strategy of further development of
the Republic of Uzbekistan”, Resolution of the President of Republic of Uzbekistan PQ-
2694 dated 2016 December 23 “On measures for further reform and development of
agricultural sector for 2016-2020” and PQ-3117 dated 2017 July 7 “On measures for
further development of scientific and technical base in the field of agricultural machine-
building” and other normative-legal acts set forth related to this activity.

Compliance of the research with the priority directions of science and
technology of the Republic. This dissertation is performed in accordance with the

! Decree of the President of the Republic of Uzbekistan dated February 7, 2017 Ne PF-4947 "On the Strategy of the
Development of the Republic of Uzbekistan".
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priority directions of development of Science and Technology of the Republic III.
«Energy and energy-resource-saving.

Degree of study of the problem. Much research has been done on the study of
energy efficiency of mobile hydraulic machines, their performance and justification of
their parameters, and the elimination of energy-reducing factors. Leading world fluid
power researchers, including German scientists C. Latour and H. Murrenhoff, have
expressed the principles of reducing energy consumption by classifying current
hydraulic systems, and have achieved practical results in improving electronic flow
matching control valves and pumps. Scientists from Sweden M. Axin, B. Eriksson, and
P. Krus worked on the prevention of energy loss in control valves, the use of one pump
per user, the determination of the basics of electrohydraulics, and the development of
other control methods. Italian scientists N. Nervegna and M. Rundo have developed
recommendations for mathematical modeling of hydraulic circuits in hydraulic systems
of mobile hydraulic machines, including excavators, by calculating energy efficiency.
American scientists O. Maha, A. Vacca, and M. Ivantysynova have conducted research
in energy efficiency in terms of reducing vibrations and improved acoustic performance
of pumps and motors.

In the Commonwealth of Independent States, Sveshnikov V.K., Prokofev V.N.,
Popov D.N., Kudryavtsev A.P., Bashta T.M., Khokhlov V.A., Gamynin N.S., Voshchin
A.l. Scientists: Frumkis 1.V., Lyubimov B.A., conducted research on the ruggedness and
reliability of hydraulic control valves. Experts from Uzbekistan Lebedev O.V. and
Sharipov K.A. conducted series of research in discrete direction control valves, fluid
cleanness and motor oil recycling.

Despite the numerous scientific studies that have been made on the study of
processes in the control valves of hydraulic systems, there are still many unresolved
problems. Numerous studies have focused on hydraulic power distribution only on the
valves, such as the mechanical control of the user by lifting (lifting, lowering, neutral,
operating modes), but also with the hydraulic pump and control methods with the
hydraulic components depending on a operator’s signal. Hence, the methods for
improving energy efficiency of the whole fluid power circuit system are insufficiently
studied. In order to solve the above mentioned problems, it is necessary to analyze the
processes involved in the transmission of hydraulic conductors, to improve the
machine's hydraulic control over the hydraulic drive, to make constructive changes to
the hydraulic drive and to increase the energy efficiency of the hydraulic system.

Connection of dissertation research with the plan of research activities of the
higher educational institution where the dissertation has been completed. The
dissertation research was carried out within the framework of the innovation project
under research plan of the Polytechnic University of Turin in Tashkent Nel1-2017-2-15
“Development and implementation of a test bench for the study of the kinematics and
dynamics of a picker apparatus of a cotton-picking machine” (2017-2018), under
agreements Ne36-18 «Development of new technology for better control of a hydraulic
picker machine MX-1,8 PTM» and Ne 36-17 «Modernization of design of a picking
apparatus to increase efficiency of tractor MX-1,8 PTMy.

The aim of the research work is improvement methods of energy efficiency in
mobile hydraulic machines.
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The tasks of research:

study energy losses of existing valve and identify parameters influencing energy
efficiency of the hydraulic system;

development of a mathematical model and theoretical justification of the
parameters of energy-efficient valve;

laboratory tests of the valve and verification of adequacy of theoretical research
with laboratory test results;

testing of the distribution valve in a forklift truck in real operation and evaluation
of compliance of machine performance with machine functional requirements;

conducting feasibility study of the proposed valve.

The object of the research work is a mobile machine with spool type proportional
direction control valve.

Subject of research hydraulic system of the machine, direction control valve spool,
processes with energy losses.

Methods of research. The methods used in the present study are based on
theoretical fluids mechanics, mathematical analysis, methods of mathematical planning
of experiments, modeling of hydraulic components, laws of thermodynamics,
computational fluid dynamics, safety rules of transportation machines and existing
regulatory documents.

Scientific novelty of the research work is the following:

analytical relationship has been developed for control of the valve spool and
variable displacement pump with the purpose of reducing oil pressure in the pressure
line;

a mathematical model and equation have been developed to enable energy efficient
spool working position;

calculation method of reaction time has been developed for a hydraulic actuator in
the case of synchronous control of variable displacement pump;

for the spool separated into two parts the expression of flow and pressure
dependence has been developed to reduce pump pressure margin.

Practical results of the research are the following:

an improved spool control of fluid power distribution method has been developed
for circuits with a single pump and several users;

it has been demonstrated that a proposed fluid power distribution valve leads to
reduction the pressure margin and reduction of flow in the operating mode of the forklift
truck, therefore, energy efficiency of the truck has been improved.

Reliability of research results. The reliability of the research results is due to the
use of modern methods of research, such as industry-wide computational fluid dynamics
software tools (CFD), the adequacy of theoretical and experimental research, the
positive results of forklift truck machine operation with intended commands and the fact
of practical implementation of the distribution valve.

Scientific and practical significance of the research results. The scientific
significance of the results of the research is explained with the development of hydraulic
distribution valve spool to be operable with energy-saving method and the usability of
its dimensions, the development of mathematical models, analytical formulas and
computational techniques.
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The practical significance of the research results is due to the fact that the
developed proportional valve has improved energy efficiency of work cycle and reduced
fuel consumption of a forklift truck.

Implementation of the research results. Based on the results of the research on
Improvement methods of energy efficiency in mobile hydraulic machines, the following
implementations have been achieved:

design and construction documentation (technical specifications and drawings) of
the proportional valve proposed by dissertation has been adopted by “Construction-
technologic center of agricultural machinery” of “Uzagrotechsanoatholding” JSC
(Reference letter No. CX-19-08/1541 dated 11 September 2019). As a result, the
machine performance has increased by 15-20%;

construction parameters of the main spool of the PVG32 valve of TTZ 100HC
tractor has been adopted by “Construction-technologic center of agricultural machinery”
of “Uzagrotechsanoatholding” JSC (Reference letter No. CX-19-08/1541 dated 11
September 2019). Consequently, the machine fuel consumption decreased up to 17%;

a program of synchronous operation of variable displacement pump and spool pair
has been adopted by “Construction-technologic center of agricultural machinery” of
“Uzagrotechsanoatholding” JSC (Reference letter No. CX-19-08/1541 dated
11 September 2019). Resultantly, the machine lift mechanism’s reaction time decreased
4 times from 150 ms to 35 ms;

an algorithm of electronic control of the spool pair of PVG32 valve has been
adopted by “Construction-technologic center of agricultural machinery” of
“Uzagrotechsanoatholding” JSC (Reference letter No. CX-19-08/1541 dated
11 September 2019). Thus, TTZ 100 HC tractor pressure margin reduced up to 0.4-1
MPa.

Approbation of research results. The results of the research were discussed in 5
international and 1 republican scientific-practical conferences. Proposed valve was
presented at the Republican fair of innovative ideas, technologies and projects in 2018.

Publication of research results. Under dissertation topic 12 scientific papers were
published, from which 6 articles were in scientific journals recommended for publication
of the main scientific results of doctoral dissertations (PhD) of the Higher Attestation
Commission of the Republic of Uzbekistan, including 5 in national and 1 in foreign
journal. Moreover, 1 certificate of registration of electronic computing machine code has
been received.

Structure and volume of dissertation. The dissertation consists of introduction,
four chapters, general conclusions, list of references and appendices. The volume of the
dissertation is 102 pages.
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BRIEF CONTENT OF DISSERTATION

In the introduction part, the relevance and importance of research, its goals and
objectives are defined, the object of the research is identified, and a study has been
carried out to compare research objectives with the priorities for the development of
science and technology in the country. Moreover, the scientific novelty of the work and
the practical implications of the research are outlined. Information about the scientific
and practical significance of the results, results of approbation of the work, published
scientific works, the composition of the dissertation and implementation of research
results in production are described in introduction part.

In the first chapter of the dissertation entitled “State of the art of mobile
equipment hydraulics and researach objectives” are done to explore hydraulic
systems in mobile machines present in industry, the principles of hydraulic actuators,
power distribution methods, factors affecting the energy efficiency of single-pump
multi-user hydraulic systems.

The structure of the proportional direction control valves, their structural features,
application areas, the working parameters are analyzed.

Each of the existing hydraulic power distribution methods in industry and science
has been studied, including conventional methods, load sensing, electronic flow
matching, independent metering (Figure 1), and their advantages and disadvantages are
listed and examined.
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Figure 1. Hydraulic power distribution methods:
(a) —conventional open center, (b) — load sensing, (c) — electronic flow matching, (d) -
independent metering.

An analysis of the energy losses incurred during the operation has been
undertaken, and their causes and effects are revealed. Hydraulic system components are
examined individually and in combination to reveal the factors affecting energy losses of
the hydraulic system.
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Even though many studies have been conducted in different areas, it is reasonable
to note that hydraulic systems are seldom focused on energy efficiency, based on which
the research tasks of current study are formulated.

The second chapter of the dissertation entitled “Theoretical study of the
proportional direction control valve” includes the theoretical research on factors
affecting energy efficiency of the hydraulic system, classification of hydraulic system
operation modes, theoretical analysis of hydraulic power distribution techniques, the
appearance of flow forces and energy losses.

Based on the research, energy efficiency of hydraulic system can be defined as the
ratio of useful energy spent to overcome external forces (moments) during machine use
to the hydraulic energy needed to be generated:

=", (1)
whereas: E,,, — useful energy, J; E — hydraulic energy, J.
_ [pdt
= (2)

where P — hydraulic power, 17 — energy efficiency coefficient.

The pressure-controlled load sensing system is now the most energy efficient and
widespread method used in the industry (Figure 2) and its energy consumption for time
interval t; and t; is determined as follows:
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Figure 2. Load sensing system:
The variable displacement pump provides a pressure difference s across the proportional
direction control valve. The user pressure p, is monitored by the pump via pilot signal.

whereas the pump pressure p,, monitored pressure at the load p,, caused by the external
load, and s is the pressure drop across the input and output ports of the proportional
directional control valve; Q.,Q,Ba Q. are pump, user flow rates and flow losses
respectively. Increasing energy efficiency means reducing the interand expression p.Q;.
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Clearly, in order to increase energy efficiency, system pressure and or flow must be
reduced. The value of the pressure drop s between the pump and the user is selected
based on the system's worst operating mode (low operating temperature and high
viscosity of the oil, significant pressure losses in connecting hoses). However, the
normal operating mode differs from the undesirable operation mode, which results in the
overdesigning of the pressure difference s compared to required value.

The real flow from the pump is @, is equal to

where @, is the theoretical flow of the pump (product of the pump displacement V and
speed of rotation), which differs from the actual flow. @;, @z Ba Qf are leakage flow,
flow loss due to fluid compression (dependent on bulk modulus ), and flow losses due
to insufficient filling. Flow loss due to fluid compression @ is equal to

Qs =2 Qs ©)

where @, ., @, . and p., p. are the flow rates and densities upstream and downstream of
the pump, respectively. In that case

Py = l'ixgy Qﬁ = QK - Qf—: = MTPV (6)
B

where w, p BaV are pumping rotational speed, pump pressure and pump displacement.

Pump leakage losses are of laminar nature (Hagen Poiseuille equation) and is equal to
bh?
Q=0Gp, G=1 (7
where p — is the pressure difference of the leakage orifice, G - is the leakage coefficient,
b — is the width of the leakage surface, h - is the length of the leakage surface, I- is the

length, it — is the viscosity and T- is the temperature of the working fluid.
Flow loss due to insufficient filling @¢ can be taken as a fraction of pump speed.
Then,

Qf = (1 —as)Vw, when Vew <vA (8)
where a; - is the coefficient of insufficiency.
In summary, the actual flow of the pump @, is found as follows
— _wev — N A —
Q= V-2 Gp =V (1 ,9) G ~ Vo — Gp 9)
because the bulk modulus £ is typically 1400-1700 MPa and the highest pressure in the
system is limited at p = 200 MPa, % ~ 0.01. Therefore, leakage coefficient G is sensitive

to temperature, and it is important to consider the viscosity variation over the
temperature.
Let us consider power losses in the spool valve directional valve AF,,

24
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where Q,;,... represents throttled flow rate, 4,- is orifice flow area. To reduce power
losses, A,must be increased. It means increasing the stroke and spool diameter.

Therefore for small flows spool size can be downsized, whereas for high flows it is
necessary to have big dimensions. It is possible to express flow rate as a function of
spool displacement and load pressure:

Q = Qu(x,, ) (11)

Linearized analysis of valve coefficients can be done by Taylor expanding flow-
pressure relationship around operating point L1:

Q. =0Qp + % Ax, + %% Ap;+... (12)
L 1 doy, 1
Q. —Qu EAQ, = 7% Ax, + s Ap;y (13)
xply dpy, 1

Then flow gain is defined as the ratio of change of flow rate per change of spool
displacement K:

a9
Ko =50 (14)
Flow-pressure coefficient is defined as K._:
K, =—2% (15)
dpy
Pressure sensitivity is defined as K,,:
QL
d Bxp K
Kp:ﬁ:_gﬁz_?i (16)
e
Infinitesimal flow rate is equal to AQ:
AQ, = K, Ax, — K. Ap, (17)

Operating point around x,, = 0 is extremely important, since K, is large and K. is
small. It is a critical stability point. K, characterizes system stability and frequency
response, K. is important to define valve-actuator damping coefficient, K, has large
value (MPa per mm), and it accounts for breakaway large friction loads with little error.
If the central position of the spool is when x,, = 0, it is called critical point of the valve.
Because at this point K, and K. very high and very low values respectively. To find a

pressure flow characteristic curve, it is possible to write the following:
Q, = CaAy |7(55),ifx, > 0 (18)
o

whereas F. is the pump pressure, P, load pressure, C;-discharge coefficient. For the
second part of the spool

2 P+Pp
o 2

Q, = —C 4, ), if x, <0 (19)
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By combining the two equations:
Q. = CaldiI 4[5 —5R) (20)

This equation cannot plot the real valve characteristics, therefore it is possible to
introduce a new dimensionless parameter w

Q. = Cawn, |2 (2.~ 4 B) @)

|-r;:l|

The parameter w is found empirically from laboratory results and it has different curves

for different positions of the spool.
Energy analysis can be started from generic equation of 1% law of thermodynamics:

: : d v2 2 =
H—W=§fcp(u—l—?—|—gz)dﬂ+gﬁp(u—|—?+gzjlfds (22)
where H — heat exchanged in the control volume (zero), W — mechanical power,

2

u.+”? + gz represent energy per unit of mass. Mechanical energy has 3 constituents,
namely axial work W._,., work due to shear stress W, and fluid work Wp,
W =W, + W, +W,. Work due to fluid pressure has two terms, they are due to flow
forces and due to control volume change Wpﬂow and Wep. The first term is
Wosiow = $ PV d8, while the second term is equal to W,, = § PV, d3. Therefore, it is
possible to combine the two constituents:

W, = ¢ PV, A ds (19)

To find the most energy efficient spool position, it is possible to relate the pressure

and flow with spool displacement by elaborating momentum equation:

- — — — bl — — — =
—JgPdS — [ PdS— [ PdS+ [ TdS =—f pVid¥ + . pV, V;dS (20)

Moreover, it is important to consider flow forces. Let ¥, be the velocity of the inlet
U, velocity of the outlet. Then the flow force .E; Is equal to

E = pQ(¥, — 1) (21)
If the flow is ingoing, i.e. v; < v,
Q - = QZ
V2 = C.:'A::-’ F"r - pQI?E' F'r - gﬂ‘ﬂ!: (22)
whereas C, is coefficient of contraction
= 28p _ 2634
Q=CaA, |7 F="1%0p (23)

The existing hydraulic system’s mathematical model can be created in LMS
Amesim software, which is widely used in industry (Figure 3).
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Steering

(X" Unit

Fig 3. Simulation model of an existing hydraulic system in a computer
software. The pump, priority valve, and hydraulic system are connected with each other
to make up a system.

The proposed method is implemented as follows (Figure 4): the flow from the
variable displacement pump is connected to the working cylinder through two 4-port 3-
position proportional servo-valves. At rest, the valves are closed and can be shifted to
the right or left by the command of the operator. The pump displacement changes
according to the operator's command as well. 4 pressure sensors (pa, P, Ps Ba Pr) measure
cylinder inlet ports, pump and reservoir pressures and are transmitted to the electronic
control unit.

The system has an electronic flow matching method, which is based on open
control, that reduces the pump pressure, because of the operator's command and pump
displacement are controlled by electronic signals via the control unit. This will ensure
that the pressure difference between the pump and the user is not set to excessive value,
which will eventually reduce the pump line pressure.

The pump pressure reduction can also be achieved by fully opening the meter in
control valve, while the meter out valve can be controlled for the required speed. The
cylinder meter in and meter out channels are independently controlled by the
independent metering method. Therefore, this method can employ recuperation mode,
which can reduce pump flow.

Energy saving method is based on the combination of electronic flow matching
and independent metering methods for the distribution of hydraulic power.

F v

Figure 4. Proposed hydraulic power distribution method.
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The third chapter of the dissertation, entitled “Program and Methods of
Experimental Research” is based on the simulation model of hydraulic system with
industrial software tool - LMS Amesim. Fluid dynamics analysis is performed in
SolidWorks Flow Simulation software. The variable mesh is considered when necessary
with at least 15 cells in adjacent boundary fluid sections (Figure 5).
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Figure 5. Software analysis of fluid dynamics of the flow through the orifice
made by spool displacement.

Based on the shape of the spool slots, the simulation models available in the LMS
Amesim software are selected for each engraving, and the geometric parameters are
taken from the SolidWorks 3D drawing. Forms that do not exist in the program library
are given parameterically, where the flow area versus spool displacement are entered as
an array of data (Figure 6).

The research method is as follows. First, the existing valve was studied in
laboratory tests and data were obtained. The valve was then split into 2 parts and its
drawings were assembled in SolidWorks software. A simulation model of the valve with
precise measurement parameters was created in SolidWorks Flow Simulation and LMS
Amesim software. Once the compatibility of the program and laboratory test results is
checked, a modification is made to the model. Based on the parameters obtained from
the model, a test copy of the valve is created (Figure 7).
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Figure 6. Screenshot of valve main spool elements in LMS Amesim.
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Research on the valve

Valve dismantling Laboratory experiment

Three-dimensional mathematical
model development in SolidWorks

$

FlowSim CFD and Amesim

Model results =

laboratory results T

Model adjustment

Development of a test valve

Laboratory experiment with a test
valve

Figure 7. Flow chart of research methodology.

Working fluid is chosen MOBIL DTE25 at a temperature 38°C, while tank gauge
pressure is set to 0.5 bar. Before conducting laboratory test, pressure transducers are
calibrated by using rotary dead weight tester. Solenoid 4 controls the position of the
main spool, while the analog position sensor 1 measures position of the spool lever
(Figure 8). By moving the spool with the solenoid 4 flow travels from port P to port A
and from port B to port T. Pressure at port P is measured with a transducer 3 and two
other pressure transducers measure pressures at port A and B.

Figure 8. Laboratory test layout.

Laboratory results show that there are unnecessary energy losses in a system equipped
with an existing direction control valve. For example, in the fluid flow from port P to A
and from B to T (Figure 9) it is seen that although port B is connected to the reservoir,
the values of port B pressure are not close to zero.
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Figure 9. Operating curves of existing proportional direction control valve.

The fourth chapter of the thesis, “Postprocessing of experimental studies and
development of recommendations” presents the results of comparative tests of the
valve. In particular, there was a decrease of the pump pressure and increase of system
reaction. Adequacy of laboratory tests and theoretical studies have been documented,
such as the flow rate versus spool displacement measured in laboratory and simulator.

At the end of the study, the following results are obtained:

- Thanks to the presence the modified design of the tractor hydraulic valve has a
recuperation mode that has reduced the pump line pressure by 15-20% (Figure 6);

- The shape and parameters of the pair of PVG32 modified hydraulic cylinder
rollers reduced the energy efficiency of the tractor by 17%;

- Simultaneous control of the pump operating volume according to the operator's
command led to a reduction of the movement time of the operator's command and the
cylinder lifting mechanism from 150 ms to 35 ms;

- Pump pressure reduction in the TTZ 100HC tractor was reduced to 0.4-1 MPa
by splitting the crane and its hydraulic control in two parts.
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Figure 10. Pressures at main line of proposed method versus existing method.
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CONCLUSION

Based on the research of the dissertation of the Doctor of Philosophy (PhD) on the
topic “Improvement methods of energy efficiency in mobile hydraulic machines” the
following conclusions are presented:

1. It was found that there are no normative documents regulating the energy
efficiency assessment of hydraulic systems used in mobile machines today. The current
legal documents of the Republic do not include the concept of "energy efficiency"”. The
energy efficiency of a machine driven by a hydraulic system is defined as a relative
indicator that characterizes the useful energy required to overcome external forces to
hydraulic energy generated to perform a certain task. It is found that one of the
parameters affecting the energy efficiency of the hydraulic power distribution method
widely used in industry nowadays is the high value of pressure margin in load sensing
systems. This pressure surplus between the pump and the user port is designed at higher
values than necessary with machine undesirable operating conditions in mind.

2. Based on the theoretical parameters of the energy efficient proportional
direction control valve, a mathematical model has been developed that considers the
energy efficient operation mode of the spool pair. Using theoretical analysis, it has been
calculated that this hydraulic power distribution method can reduce energy losses of a
load sensing system by up to 31%.

3. The analytical dependence of the direction control valve spool and pump
displacement using a mathematical model has been tested in the laboratory and validated
with theoretical research results. The reliability of the mathematical model has been
found to be £ 3%. As a result, it is found that the modified design of proportional
direction control valve PVG 32 reduces the fluid pressure in the pressure line by up to
15-20%.

4. TTZ 100HC tractor equipped with suggested direction control valve has been
tested and its compliance with the functional requirements of the machine has been
evaluated. It has been revealed that the method of synchronous control of the variable
displacement pump and valve spool reduces the movement time between operator
command and a cylindrical lifting mechanism from 150 ms to 35 ms and increases the
lifting speed by more than 4 times.

5. Using a combination of independent metering and electronic flow matching
methods, the expression of the dependence of split spool control with solenoids has been
determined. As a result, the pressure surplus of the pump has been reduced by 0.4-1
MPa.

6. Experimental studies show that connecting the second and the third circuits to a
hydraulic system operating on the basis of the proposed method can reduce energy
losses by up to 22% and 7 % respectively. The energy losses in the system depend in
many ways on the difference in pressures between the users. Using one dedicated pump
per user can reduce energy losses by up to 40% compared to the existing load pressure
sensing system.

7. The technical and economic feasibility study of the proposed valve show that
proposed valve increases the energy efficiency of the machine, ensures compliance with
emission requirements and reduces fuel consumption by up to 17%. Considering the
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price of diesel fuel at 5500 soums/litre and the fuel consumption of the tractor at 21,8
litres/hour, it is possible to obtain economic gain of 20,4 million soums per year from
the operation of the machine.
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HAYYHBIA COBET IO NPUCYKIAEHUIO YYEHBIX CTEIEHEH
DSc.18/30.12.2019.7.09.01 IPU TALIKEHTCKOM UHCTUTYTE 11O
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Conaep:kanue quccepranuu 10kTopa ¢punocopuu (PhD)
BBEJIEHUE (annoTauus auccepramuu qokropa ¢puiocodpuu (PhD))

Henabio wucciaenoBaHusi sBIsieTCs pa3paboka METOIOB COBEPIICHCTBOBAHUSA
HHEeprod(pPexKTHBHOCTH MOOUIIBHBIX TUAPABIMYECKUX MAIIIHH.

3agaum uccjie10BaHUA:

aHaJIU3 SHEPronoTpeOIeHUs CYILIECTBYIOLIETO THIPABINYECKOTO PACIIPEACTUTENS
U OIIpe/IeTICHUE TapaMeTPOB, BIUAIOIIUX HA Y3HEProd(h(HEKTUBHOCTH MAIIMHBI,

pa3paboTka MaTEMaTUYECKON MOJENIN YCOBEPIIEHCTBOBAHHOI O
TUIPOPACIIPENCIIUTENS U TPOBEACHUE TEOPETUUECKUX HUCCIET0BAaHUN MO 0O0OCHOBAHUIO
€ro IapameTpos;

POBEJCHHUE J1a0OPATOPHBIX UCIBITAHUN yCOBEPIIEHCTBOBAHHOTO TUIpOpACIIpEse-
JUTENS U POBEPKA aJIEKBAaTHOCTU PE3YJIHTATOB TEOPETHUECKUX UCCIEA0BaHUIA,

MpOBEpPKa paboThI YCOBEPILIEHCTBEHHOTO TUIPOPACTIPEAETUTENS o
(yHKUIHOHATBHBIM TPEOOBAHUSM MallIUHBI;

pa3paboTka pEeKOMEHJAIMA T[0 COBEPIICHCTBOBAHUIO 3SHEProdhPEeKTUBHOCTH
TUIPABIMYECKON CHUCTEMBl MOOWJIBHOW MAIIMHBI W TPOBEJEHUE pacyeTra TEXHUKO-
DKOHOMMYECKHUX MOKA3aTENEH.

O0beKTOM HCCIeNOBAHUS  SBISAIOTCA  30JIOTHHKOBBIM  MPONOPLMOHAIBHBIN
THJIPOPACIPENCIIUTENb U €€ PadoUne 3JIEMEHTHI.

Hayunast HOBU3HA MCCICAOBAHMS 3aKII0YAETCS B CIEAYIOLIEM:

pa3paboTaHa aHaAJIUTHYECKas 3aBUCHUMOCTb YNPABICHHS 30JI0THUKOM U pabodyuMm
00bEMOM Hacoca, oOecreuuBaronasi CHW)KEHHE JIaBJICHUS XUIAKOCTH B HAMOPHOMN
JIMHUY,

pazpaboTaHa MareMaTuyeckass MOJEIb M 3aBHUCUMOCTb XapaKTEepPU3YHOIIUN
3HEPro’(HEKTUBHBIN peKuM pabOThl 30JJOTHUKOBOM Maphl;

pa3zpaboTaH CcHnoco0 CHHXPOHHOTO YIPaBJIECHHUS 30JIOTHUKOM M HAcocoM,
XapaKTEPU3YIOUINI MOBBIIIEHHYIO TOABEMHYIO PEAKIIUIO THIPOANapaTyphl;

000CHOBaHa 3aBUCHUMOCTb pacxoja M JaBJIEHHUS B TUApOpacHpe/esuTene Ot
NepeMeIeHns] 30JOTHUKOBOM Maphl, OOECHeuMBarOIlas CHU)KCHHME 3araca J1aBJICHUS
Hacoca.

OcHoBHoe conep:kanue aucceprauuu. Bo BBeeHNN 000CHOBaHbI aKTyaJbHOCTb
U BOCTpPeOOBaHHOCTh MPOBEICHHBIX HCCIECIOBAHUM, XapaKTepU3YIOTCI OOBEKT H
OpeIMeT WCCIEN0BaHUs, T[OKa3aHO COOTBETCTBUE HCCIEAOBAHUS MPUOPUTETHHIM
HAIPaBJICHUSM Pa3BUTHUS HAyKH M TexHoioruil PecnmyOnmku Y30ekucraH, M3JI05KEHbI
Hay4yHas HOBHM3HA U NPAKTUYECKUE PE3YJIbTATHl MCCIEAOBAHUS, PACKPBITHl HAy4HAS U
MIPAKTUYECKAs] 3HAYMMOCTBH IIOJYYEHHBIX pE3yJbTaTOB, IPUBEAEHBI CBEAEHUS I10
BHEPEHUIO B IPOU3BOJICTBO MOJIYUYEHHBIX PE3yIbTaTOB, CBEACHHUS 10 OITyOJINKOBAHHBIM
paboTaM U CTPYKType IUCCEPTALUH.

B nepBoii rnaBe «CocTosiHMe THAPABIMYECKUX CHCTEM MOOWJIBHBIX MAIIUH H
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3a/1a4M MCCJIeI0BAHUS» MPOBEJECH aHAIHN3 CYIIECTBYIONIMX CIIOCOOOB pacmpeesieHus
TUAPABIMYCKON MOITHOCTH B MallMHAX W CPEIHEH IHEpreTU4eckoil 3(HPeKTHBHOCTH
THIPaBIMYECKUX CHUCTEM, METOJbl THAPOPACHPENCICHUS B TMPOMBIIUIEHHOCTH U
TEHJCHIIMA HCCIEAOBAaHUS IO CHUKCHHIO HSHEPreTHUECKUX MOTEPh THAPABIMUCKUX
CHCTEM B HayKe, a Takke c(hOpMyJIMPOBAHBI 1IeJIb U 337a4l UCCIICIOBAHMUS.

Bo BTOpoii rnaBe «Teopernyueckne npeanocblIKu K 000CHOBAHUIO NAPAMETPOB
NPONOPUMOHAJIILHOIO  THApopacHpeaeuTe/]s»  MPUBEIACHHl  TEOPETUUYECKHE
MCCIICJIOBAHUS TIO TIOTEPH DHEPTHH THIPABIMYCCKON IETIH, BO3MOKHOCTH TOBBIIICHHSI
sHEeprodGPpeKTHBHOCTH THJIPaBIMYECKOM CHUCTEMBI " napaMeTpoB
THIPOPACTIPEICITUTEIS, & TAKKE KOHCTPYKTHBHAS CXeMa 30JIOTHHKOBBIX TIap.

TeopeTnuecknii aHaM3 TMOKAa3bIBAE€T, 4YTO TIOBBIIICHHE HHEProd)PeKTUBHOCTH
THJIPaBIMYECKON CHUCTEMBl O3HA4YaeT YMCHBIIICHUE NABJICHUSI HAMIOPHOW JMHUM W/WIIN
pacxona Hacoca. B cneasimux cucreMax, 3Ha4UEHUE Pa3HOCTU JaBICHUNA MEXAYy HacOCOM
U TIOJIb30BATENIeM KOHCTPYHUPYETCS MCXOJs M3 HaWXYJIIETO PEeXUMa pabOThl CHCTEMBI
(am3kass pabouasi TemIepaTtypa W BBICOKas BS3KOCTb Macliia, 3HaYUTENbHbIE MOTEPH
JaBICHUS B COCAMHHUTENBHBIX IaHrax). OgHaKO HOPMAIBHBIM PEXUM PadOTHI
OTJIMYAETCS OT pexuMa padoThl MpU AU3aiiHE, YTO MPUBOAUT K Tepedopy BbIOOpa
3HaueHMs 3amaca Hacoca. Kpome 3TOro, 3JIeMeHThl CHCTEMBbI HE3aBUCHMBIX ITOTOKOB
MO3BOJIAIOT PETEHEPUPOBATh MOTOK, YTO B CBOIO OUYEPEb CIIOCOOCTBYET YMEHBIIICHHUIO
pacxoma TpeOyemMoi OoT Hacoca.

B tpertbeii rnaBe «Ilporpamma M MeTOIMKA NMPOBeJeHUs IKCIIEPUMEHTAIbHBIX
HccJIeJOBAHUI» IPUBEICHBI METOJUKa u nporpamma IPOBEJCHHBIX
AKCIIEPUMEHTAJIbHBIX UCCIEA0BAHNUN IO 0OOCHOBAHMIO MTAPAMETPOB 30JI0THHUKA.

ITocne pa3bopa mponopuHoHaIbHOTO ruapopacnpenenurenas PVG32 ot koMmanuu
Danfoss, mnoctpoeHa TpexMmepHas MareMaTH4yecKkas MOJEIb KOHCTPYKIMH Ha
SolidWorks. Mopenb TUApaBIMYECKOW CHCTEMBI TOCTPOCHA C HCIOJIb30BaHUEM
MPOMBIIINIEHHOTO TporpaMMHOTO obOecriedenus LMS Amesim ot konmepna Siemens.
JIns aHanm3a IMOTOKOB HCMHodb3oBaHa mporpamma Flow Simulation ot xommanuu
SolidWorks mpu pacuere AMHAMUKH KUAKOCTH C MPUMEHEHUEM METOJa MEPEeMEHHBIX
SYEeK B APOCCENUPYIINX yUaCTKaX TUAPOPACIIPEICTUTEIIS.

B derBeproii rmaBe «O0padoTKa pe3yJibTATOB IKCIEPHMMEHTOB U pa3padoTKa
peKOMMeHIauii» NpUBENEHBl  PE3yJbTaThl CpaBHUTEJIHHBIX UCTIBITAHUI
MPOIMOPIIMOHATIFHOTO KJIallaHa C HACOCOM MIEPEMEHHOTO pabouero oobeéma.

OKClepUMEHTANIbHbIE  HCCIEAOBAaHUS  IOKa3ajld, YTO  MOJAECPHU3MPOBAHHAS
KOHCTPYKUHMSI ~ THIPOpPACHpENeNUTeNs]  CHIKAeT JaBJIEHWE  HANOPHOM  JIMHUH,
YBEJIMYUBAET 3HEProd(p(GEeKTHBHOCTh MAaIIUHBI, CHIKAET 3amac JaBjeHHs Hacoca U
YBEJIMUYMBAET PEAKIIHMIO MOAbEMHOIO MEXaHU3MA.
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3AK/IIOYEHUE

Ha ocHOBaHuM TpPOBENECHHBIX HCCICIOBAHUN 10 JHUCCEPTAIMU Ha TEMY:
«Pa3paboTka METONOB COBEPIICHCTBOBAHUSA SHEProdOPEKTUBHOCTH MOOMIBHBIX
TUAPABINYECKUX MAIIUHY MPECTABICHBI CIETYIONINE BBIBOIBIL:

1. BoisiBJIEHO, YTO HA CETOJHSIIHUI JI€Hb OTCYTCTBYET HOPMATHUBHBIN JOKYMEHT,
PErYJIUPYIOIIUA  OUEHKY  JHEProdPPeKTUBHOCTH  TUAPABIUYECKHX  CHUCTEM,
HCIIOJIB3yEMBIX B MOOWJIBHBIX MAIlIMHAX. B NEWCTBYIOMMWX HOPMATHUBHBIX JOKYMEHTaX
pecryOMKM ~ HE  YCTAHOBIIGHO  OMNpEJEieHHWE  TepMHUHA  «IHEpPreTUYecKas
¢ pexTuBHOCTE». C y4ETOM 3TOTO YCTAaHOBIIEHO, YTO SHEProd((PEeKTUBHOCTH MAIIUHbI,
IIPUBOJMMOW B  JABWIKCHHE THAPABIMYECKOM CUCTEMOW, ONpENENsAeTcsl  Kak
OTHOCUTEJIbHBIM  TMOKa3aTesib, KOTOPBIM  XapaKTepus3yeT IIOJIE3HYIO  DHEPrHuio,
HEOOXOJIUMYIO ISl TIPEOJIOJICHUSI BHEIIHUX CHJI O OTHOLICHUIO K THUPABINYECKOU
SHEPIruM, TCHEPUPYEMOU JJis BBIMOJHEHUS ONPEACIICHHOW 3a7ayu. Y CTaHOBJICHO, YTO
OJIHUM U3  TapaMeTpoB, BIMSIONMX HAa  SHEProdOPEeKTUBHOCTH  IIUPOKO
pacrpoCTPaHEHHOTO B TPOMBIILICHHOCTH B HACTOSIIEE BpeMsl CIEISAIIUX CHUCTEM,
SBJISIETCSI BBICOKOE 3HAUEHHE 3araca JaBlieHHsA. IJTO HM30BITOYHOE JABJICHHUE MEXKIY
HACOCOM M IMOJIb30BaTEIEM MPOEKTUPYETCs Ha Oojee BBHICOKME 3HAYEHUS, YE€M 3TO
HEO0XO0JIUMO, C YYETOM HAUXY/IIIUX YCIOBUM MPU IKCILTyaTallid MAIIIUHBI.

2. Ha OCHOBE TEOPETUYECKUX apaMeTpoB HHEProdh(HEKTUBHOTO
MPOMOPIMOHAIBHOTO  TUApopachpenenuTens Obula pa3paboTaHa MaTeMaTHYeCKas
MOJIeNIb U 3aBUCHUMOCTb, KOTOpasi XapakTepu3yeT 3HeprodPQGeKTUBHBIA PEeKUM pabOThI
30JIOTHUKOBOM mapel. Mcmonbp3yss TeopeTWyecKuil aHaimu3, ObLUIO PacCYUTaHO, YTO
npejyiaraéMblii METOJ pacrpeieiieHus THUAPABINYECKOM MOIITHOCTH MOXKET CHHU3UTH
NOTEepH PHEPTUU caeasimen cuctemsl 10 31 %.

3. AHaTMTHYECKas 3aBUCUMOCTD 30JI0THHKA KJIallaHa YIIPaBJICHUS HAIIPaBICHUEM U
pabouero oobemMa Hacoca ¢ UCMOJIbL30BaHUEM MaTEeMaTUUECKO Moiesin Oblla IPOBE/IeHA
B J1a0OpaTOpPHBIX HCIBITAHUSX W TIPOBEpEHA Ha aJEKBAaTHOCTb pPE3yJbTaTOB. bbLIO
YCTAaHOBJIEHO, YTO JOCTOBEPHOCTh MaT€MaTUYE€CKOW Mopaenu coctasisier £ 3 %. B
pe3yibTaTe YCTaHOBJIEHO, YTO MOJAU(PHUIIMPOBAHHAS KOHCTPYKIIHMS MPOMOPIIMOHATEHOTO
rugpopactpenenurenss PVG 32 cHuxkaetr naBiaeHHUE XKUAKOCTH B HAIOPHOW JIMHUU HA
15-20 %.

4. Tpaktop TTZ 100HC, ocHamieHHBIN NOpeasiaraéMbiM KJIalmaHOM yIIPaBJICHUS
HaIpaBJICHUEM, TMPOXOJIWUJI HCHBITAHUS U OBUIO OIEHEHO €ro COOTBETCTBHUE
(GyHKIMOHATBHBIM TPEOOBAaHUSM MAIUHBI. BBISIBIEHO, YTO METOJ CHHXPOHHOTO
VIOpaBJICHUS Hacoca C TEpPeMEHHBIM paboynM OOBEMOM U 30JIOTHMKA KiamaHa
COKpaliaeT BpeMs MEXy KOMaH0M orepaTopa U JBMKEHUEM MOIbEMHOT0 MEXaHU3Ma
c 150 Mc 10 35 MC U yBeIMUYMBAET CKOPOCTh PEAKIMK MOJIBEMHOTO MEXaHu3Ma OoJjiee
yeM B 4 paza.

5. Mcnonb3ysi KOMOMHAIIMIO METOJIOB HE3aBUCHUMBIX IMOTOKOB W 3JIEKTPOHHOIO
COTIOCTABIICHUS  pacxoda,  OBLJIO  OMPEACICHO  BBIPAXKEHUE  3aBUCHMOCTHU
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ANEKTPOTUAPABIMYECKOIO YIIPABIEHUS 30JIOTHUKA C IIOMOILIBIO COJICHOMIOB. B
pe3yJibTaTe 3arac JaBJieHusl Hacoca yMeHbluiock Ha 0,4-1 MITa.

6. DKCIIEpUMEHTAIbHBIE UCCIICOBAHMUS [TOKA3BIBAIOT, YTO IMOAKIOYEHNE BTOPOTO U
TPEThEr0 KOHTYPOB K THAPABIMYECKOH cucrteMe, paboTaromieii Ha OCHOBE
OPEUIOKEHHOIO METO/la MOXKET CHU3MTh MoTepu dHepruu a0 22 % u 7 %
COOTBETCTBEHHO. [loTepu 3HEprum B CHCTEME BO MHOIOM 3aBUCAT OT PA3ZHULBI
JABJIEHUH B MOJOCTAX, COEIMHEHHBIX K MMOJIb30BaTesaM. Vcronb3oBaHne 04HOrO Hacoca
Ha OJHOTO ITOJI30BATENsl MOXKET CHU3UTH NoTepu 3Hepruu a0 40 % 1o cpaBHEHHIO C
CYLIECTBYIOILIEH CHEIAIIECH CUCTEMOM.

7. TeXHUKO-3KOHOMHUYECKOEe OOOCHOBAaHME MPENJaraéMoro KiamaHa IOKa3bIBaerT,
YTO MpeIIaracMblii  MPONOPLUHOHAIBHBIA  THIPOPACIIPENEINUTEID ITOBBIIIAET
SHeprodPGeKTUBHOCTh  MAIlMHBI, OOECIEUYMBAET  COOJIIOJICHUE  HKOJOTUUYECKUX
TpeOoBaHUIl 1O BBIOpOCAM U CHMKaeT pacxo] TomiauBa Ha 17 %. YuuThiBas LieHY
nu3enbHOro Tormaa B 5500 cymoB 3a | MTp M 4acoBOM pacxoj TOIUIMBA TPAKTOpa B
21,8 auTp MOXHO TIOMYYUTh DJKOHOMHUYECKYIO0 Beiromy 20,4 MIH. CYMOB OT
JKCIUTyaTalliy MallWHbI B TOI.
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