BLAI'YK
0(iLiifHOrO OTIOHEHTA Ha UCEPTALliiHY poGOTY
3aropy.bka Anjpis BacuiboBr4a
«Haykosi ocHoBH TpHGO/IOTiYHOr0 3a0e3ne4eHHs repMeTH3anii, 3MaleH sl Ta
CTIHKICHHX XapaKTepPHCTHK POTOPIB BiIEHTPOBHX MAITHH»
MoJaHy Ha 3100yTTs HAYKOBOT'O CTYIEHS JOKTOpA TEXHIYHMX HayK 3a CIeLiaIbHIiCTIO
05.02.04 — TepT# Ta 3HOUIYBAHHS B MAIIMHAX

AKTyaJIbHiCTh TeMH Ta i 3B'AI30K 3 HAYKOBHMH NpOrpamMamH, NJIaHAMH,
TeMaMH

[TigBuIeHHs edeKTHBHOCTI, HaTiHOCTI Ta pecypcy AMHAMIYHMX arperaris —
HAaCOCIiB, KOMIPECOPiB, TypOOMamuH, SKi (YHKIIOHYIOTh B PE&KMMaX MIBHAKICHOTO
KOB3aHHS, MEpenaaiB THCKY Ta TEIUIOBHX HABAHTAXKEHb, 3AIUIIAECTHCH OJHUM 3
NMPIOPUTETHHUX HANPAMIB CYYaCHOro MamMHOGYAyBauHs. [XxHIO HajiliHy, epexTuBHY Ta
OesaBapiiiHy po0GoTy 00ymOBIO€ sAKiCHe TpHOONOriYHe 3abe3reueHHA BY3IIB
YIIUTbHEHD i OTIOP POTOPIB Yepe3 HEMONIIMBICTb YTPUMATH MACTU/IBHHIA AP B yMOBAX
3MIHHHX HABaHT@KEHb, TEMIEPATYpHUX aedopMmaliii Ta TMHAMIYHHX 36YpeHs,
NEpPEI4acHOr0 3HONIIYBAHHSI TAa BUTOKIB HeOE3NMEeYHMX CepelAOBMIN 1 HAaBITh
KaTacTpo(i4yHMX BiZIMOB arperaris.

B nucepramiitniii poGoTi peanizoBaHO KOMIUIEKCHME MiAXiA A0 AOCIIDKEHHS
MPOLECIB TEPTS Ta 3HOLIYBAHHA Y BY3JIaX FepMETH3allii Ta ONopax € BU3HAYAIHHUM HE
JMIIE /Ul 3MEHIICHHS CHEPreTUYHHMX BTPAT, aie it a1 3a6e3MeyeHHs: repMETUYHOCTI,
- TEIUIOBOrO CTaHy Ta JMHAMiuHOi criifkocti portopis. IIpu LBOMYy crocTepiraeThes
KOMIUICKCHUM BIUIMB TPUOOJIOTIMHUX MapameTpiB: KoeQiuieHTa TepTs, iHTEHCUBHOCTI
3HOLIYBAHHS, TEMIIEPATYPHO-B’A3KICHUX €(EeKTiB 1 TeKCTypyBaHHS IOBEPXOHb Ha
CHJIOBI XapaKTEPUCTHKH YIILUTBHEHB i OTIOp Ta iX POTOPOAMHAMIUHI KOe(illieHTH.

B 3B'13ky 3 MM Ge3yMOBHO aKTyalbHHM € T€, IO CTBOPEHHS HAYKOBHX OCHOB
TPUOOIOTTYHOro 3a0€3MeYeHHs repMeTH3allii, 3MAlIeHHs Ta CTIHKICHUX XapaKTePHCTHK
POTOPiB  BIJUEHTPOBMX  MAIIMH HA  OCHOBI  KOMIUIEKCHOTO  BPaxyBaHHS
TEPMOT'1IPOIHHAMIYHHX, KOHTaKTHO-MEXaHIYHUX 1 POTOPOAMHAMIYHMX
3aKOHOMIPHOCTEH B YMOBaX 3pOCTAIOMMX BHMOT /10 E€HEPreTUHHOi e(PeKTHBHOCTI,

FepMETHYHOCTI Ta €KOJIOTIYHOT O€3MeKH MalIMH Ta 00/1aJHaAHHS.

Jluceprauiitna po6oTa BMKOHAHA 3TifHO 3 TUIAHAM

XMeAbHHULKNH HAUiOHaABNH
YHiBepCHTeT
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CyMCBKOT0 JIep>)KaBHOT'O YHIBEPCHUTETY, B SKUX 3700yBau OyB CIIIBBUKOHABIIEM,
BUKOHABIEM 1 HAYKOBUM KEPIBHUKOM JE€pKOIOJKETHUX 1 TOCIHJIOIOBIPHUX TEM,
nounHaroun 3 2000 poky mo 2025 pik. Homepa nepxkpeectparmii: 0100U003222;
0103U000771; 0106U001937; 0109U001385; 0111U002151; 0113U000135;
0115U000679; 0117U002249; 0120U102004; 0123U101853; 0108U007133,;
0120U104164; 0123U103299; 0121U112684.

JucepraniifHi JOCTIJKEHHS TPOBOJWIMCS B paMKaX BHUKOHAaHHS HayKOBO-
JOCHIAHUX POOIT 3a CHUIBHUM YKPaiHChKO-(DpaHIy3bKUM THPOEKTOM: «3HUKEHHS
BUKHJIB  3a0pyJHIOIOYMX  PEYOBHH 32  JIOTIOMOTOI0  €HeproeeKTUBHUX
VIIUTBHIOBAJIBHUX PIMICHBY, YKPAiHCHKO-TIOILCHKUM TpoeKkTOoM: «[IpobiemMu nuHamiku
Ta KOHCTPYIOBaHHS VIIUIbHIOBATBHUX BY3JIB BIJIEHTPOBUX MaIluH (HACOCIB,
KOMITpecopiB) B acmekTi iHaycTpii 4.0», a Takoxk B pamkax aepxOrompxerHoro HJIP:
«BukoHaHHA 3aBJaHb MEPCIEKTUBHOTO IUIAHY PO3BUTKY HAyKOBOTO HAMpsMy
«Texniuni Hayku» Je 3100yBadeM po3poOJieHI Po3pOOJICHI METOAUKH PO3PaAXyHKY
TOPUEBUX 1 IINAPUHHUX YIIUIBHEHb BIAIEHTPOBUX HACOCIB Ta pO3B’sA3aHa

TEPMOT1IPOJMHAMIYHA 33]1aya Ia30BOr0 3alipHOr0 IMIIYJIbCHOIO YIIIJIbHEHHS.

3arajibHa XapaKTepUCTHKA JUCEPTALIMHOI po00oTH

JlucepTallis CKJIaaeThCsl CKIAMAETHCS 13 BCTYITY, I'SITH PO3JIUIIB, BUCHOBKIB Ta
nonatkiB. [ToBHuit obcsr auceprartii ckinagae 498 cropinok. uceprtaris mictuth 232
untoctparii, 31 TaOauIO, COUCOK BUKOPUCTAaHUX xepen 13 449 HaliMeHyBaHb, 7
JOJIaTKIB.

Y eécmyni HaBeneHi OCHOBHI JaHI OO0 aKTyalbHOCTI poOOTH, 1i HAYyKOBOI
HOBU3HH 1 MPAKTUYHOI IIHHOCTI. Bu3HaueHo Mery 1 3adadi JgucepTariiHoi poOoTH,
00’€KT, IPEeIMET 1 HAMPSIMH JTOCIIIJIP)KEHb, TTOKA3aHO OCOOMCTUI BHECOK 3/100yBaya mpu
BUKOHaHHI POOOTH.

Y nepwiomy po3oini nano ananiz HayKOBUX Ipallb, IPUCBIUYECHUX TEOPETUUHUM 1
EKCIIEPUMEHTAIFHUM JTOCITIPKCHHSAM MEePCTIEKTUBHUX KOHCTPYKIIH YIIUTBHEHD Ta OIMOp
BIJIIICHTPOBUX MAIIIWH, JO3BOJIMB BHUSBUTH HU3KY HEBUPINICHUX HAYKOBO-TEXHIYHHUX
mpobiem. 30KkpeMa OOIPYHTOBYETHCS BIJICYTHICTh KOMIUIEKCHUX JOCTIDKEHb Ta

METOJIMKU BHU3HAYEHHS BUTPATHUX 1 POTOPOAMHAMIYHUX XaPaKTEPUCTHK YIIIHbHEHbB-



OIop, K1 BUKOPUCTOBYIOThCSl y 0aratocTylneHeBUX Hacocax K BOYJOBaHI OMOpPHI Ta
YIOpPHI MiAIIMITHAKY, 10 MPALOITh HA MEPEKauyBaHOMY CEPEIOBHILI. 3a3HAYAETHCA,
10 HEAOCTAaTHBO JIOCIIHPKEHO OCOOJIMBOCTI Teuii pIIUHHO-TA30BUX CyMIIIeH Ta BIUIMB
00'eMHOTO BMICTY T'a3y Ha BiOpalliiiHuii cTaH 6araroda3HuX HacOCIB.

AKIIGHTY€ThCS yBara Ha HEOOXITHICTh BHUSABJICHHS TNPUYMH BUHUKHEHHS
CTaTUYHOI Ta JMHAMIYHOI HECTIMKOCTI POTOPIB Yy OaraTomIMapUHHUX YIIUITbHEHHSX,
BU3HAYCHHSI POTOPOJAMHAMIUYHUX 1 BUTPATHUX XApaKTEPUCTHK JIEeMI(PEpPHUX JTYHKOBHX
VIIUIbHEHb Ta iX NOPIBHSAHHSA 3 XapaKTePUCTHUKAMU IHIOUMX THMIB IINapUHHHUX,
7abipUHTHHX 1 eMII(pepHUX yIILTbHIOBAJIbHUX CUCTEM.

3a3Ha4eHO TAKOXX Ha MOTPeOy AOCIIIKEHHS TIAPOAMHAMIYHUX XapaKTEPUCTHUK
HOBUX KOHCTPYKIIM TOPIEBUX YIIUIBHEHb 13 TIIPOJAMHAMIYHUM PO3BAaHTKCHHIM
TpUOOCTPSHKEHb JUIsSl BIJLIEHTPOBUX HACOCIB Ta PO3pPOOJIEHHS 1 EKCIEPUMEHTabHOI
NepeBIPKU  Ta30JMHAMIYHUX TOPLEBUX  YHIUIBHEHb 1 3alllpHUX  IMITYJIbCHHX
VIIUIbHIOBAIBHUX CHUCTEM JUIsl TepMETH3allli HACOCHOIO Ta KOMIIPECOPHOIrO
oOyagHaHHS.

OOrpyHTOBY€ThCSl aKTYaJbHICTh NPOOJEMU TIJBUIIEHHS HECY4oi 3JaTHOCTI
YOOPHUX MIAIIUIHUKIB KOB3aHHSA ILISXOM IOKPAIICHHS IX TEIIOBOTO PEXUMY,
JOCTIHKEHHS T1APOAMHAMIYHUX CHJI 1 TIMHAMIKU CEeTMapaTopiB KPIOT€HHUX IiIITUITHUKIB
KOB3aHHS, BU3HAYEHHS JMHAMIYHMX XapaKTEPUCTUK 3alipHUX 3PIBHOBAKYBAIbHUX
OPUCTPOIB OAraToCTyMiHYACTUX BIJLIEHTPOBUX HACOCIB €HEPIETUUHOIO 00JIaTHAHHS.

CucreMHHil aHami3 J103BOJUB CHOPMYIIOBATH HAYKOBY MPOOJIEMY CTBOpPEHHS
TEOPETUYHUX OCHOB TPUOOJOTIYHOro 3a0e3MeueHHs [MpOLECciB  TepMeTu3allii,
3MalllyBaHHS Ta 3a0€3MeYeHHs TUHAMIYHOI CTIHKOCTI POTOPHUX CHUCTEM BIAIICHTPOBHUX
MallMH Ta 3alpoONOHOBAHO KOHUENTyaJdbHy CXeMy (OpMyBaHHS HayKOBOI
pOOJIEMATHKH, SIKA PEATI3YEThCS B HACTYIMHUX PO3AUIAX JUCEPTAIIMHOI pOOOTH.

Y opyzomy po3oini po3pobiieHO OpuTiHAJIbHE EKCIEpUMEHTAIbHE 00 HAHHS
JUTSL JOCITIJIKEHHS 3alIPHUX TOPIIEBUX IMITYJILCHUX YIIUTBHEHb PI3HUX KOHCTPYKIIIH, 1110
J03BOJISIE OLIIHUTH OCOOJIMBOCTI MPOILECY FepMETU3allii, BU3BHAUYNUTHU ITyJIbCallli TUCKY B
pobounx Kamepax Ta IOCIITUTH BUTPATHI XapaKTEPUCTUKHU 3AJIEKHO B PEKUMHHX
napameTpiB.

Hageneni pe3yapTatu eKCIIEpUMEHTAIBHUX JOCHIIKEHb TOPIIEBUX CaJTbHUKOBUX



VIIUIbHEHb 13 TIAPOJMHAMIYHUM PO3BAHTAXKEHHSIM MIATBEPIKYIOTh €(PEKTUBHICTH
3anpONOHOBAHUX KOHCTPYKIiH. BcTaHOBIEHO, IO 3aCTOCYBaHHSA T1APOJWHAMIYHHUX
KaHABOK y TIOE€JIHAHHI 3 KaHAaBKaMHU 3BOPOTHOTO HATHITAHHS CIHPUSE 3MEHIICHHIO
BUTOKIB, TEPTS Ta 3HOIIYBAHHS, @ TAKOX IIJIBHUINYIOTh PECYPC YIIIILHCHHS.

BusznaueHO 3aKOHOMIPHOCT1 3MIHU TEMIIEPATYPHOI0 PEKUMY 3aJI€KHO BiJl TUCKY
MacTHJIa Ta YacTOTH OOepTaHHS Bajia B MPOBEJECHUX EKCIIEPUMEHTAIBHUX JOCIIIKECHb
YIOPHOTO T1IPOJAMHAMIYHOT'O KOJIOJKOBOT'O MIAIIMITHUKA KOB3aHHS.

JIns OTHOCIIETbHUX 1 JIBOCIIENIBHUX PETyJSTOPIB Mepenaay THUCKY OTPUMAaHO
CTaTUYHI Ta JAWHAMIYHI XapaKTePUCTUKH, IO JO3BOJISIE OIIHUTH OCOOJHMBOCTI iX
(GyHKITIOHYBaHHS B PI3HUX PEKUMaxX POOOTH.

[TokazaHo, IO €KCIIEPUMEHTAIbHI JOCTIKEHHS] TPHOXIITAPUHHOTO YIIUThbHEHHS
3MIMCHIOIOTh CYTTEBUM BIUIMB T€OMETPUYHHX MapameTpiB 3’€IHYBAJIbHOI KamMepu Ta
3a30piB HA CTATHYHY 1 JUHAMIYHY CTIMKICTh pOTOpA.

Y mpemwvomy po30ini nokazano, o aHaji3 JUHAMIYHUX XapaKTEPUCTUK BUSBUB
CYTT€BI NIEPEBATH <IOBrO1» IIUIMHUA NOPIBHSIHO 3 «KOPOTKOO» MPU BUKOPUCTAHHI iX SIK
yIIUTbHEHb-010p. I «10Broi» MIUIMHA XapaKTEpHI BUILI KOE(]IIEHTH )KOPCTKOCTI Ta
naeMrQyBaHHA, 10 3a0€3MeYy€eThCs 3HAYHUM BIUIMBOM OKPY>KHOT'O TMOTOKY, TOAL fIK y
«KOPOTKIi» IIUIMHI IEpEeBaXKa€e 0ChOBa TEUIS.

3100yBaueM BCTAHOBJIEHO, MIO 31 30UIBIICHHSIM EKCIEHTPUCUTETY 3pOCTa€e
KOeQILIEHT MpsAMOI  JKOPCTKOCTI  YUIUIBHEHHS-OMOPH, TOAI SK  KOe(]ilieHTH
nemnyBaHHA Ta MEPEXPECHOT JKOPCTKOCTI € BUIIUMHU 32 MAIMX €KCLUEHTPUCUTETIB, 110
MOSICHIOETHCSA 3MIHOIO TOBIIMHHU POOOYO] IUTIBKH.

Pesynbpratu aMIuUITYAHO-4aCTOTHHX XapaKTEPUCTHUK IiATBEPIKYIOTh CYTTEBUN
BIUTUB KOE(QIIIEHTIB MKOPCTKOCTI Ta JeMI(yBaHHsS VIIUIBHEHb-OMOP HAa JIWHAMIYHY
MOBEIIHKY pOTOpa 0araTocTyrneHeBOro BiIEHTPOBOIO HacocCa.

AmHani3 1Boa3Hoi Tedii y MMapuHHUX YIIIJIbHEHHSX BUSIBUB CKJIQJHHUI XapaKkTep
PO3MOALTY Ta30BUX OyJIBOAIIOK y PI3HUX HampsiMKax MOTOKy. OOrpyHTOBaHO, IO JJIS
aJIeKBaTHOI'O MOJIENIIOBAaHHS TaKWX NPOLECIB HEOOXIIHO BPaxoOBYBAaTH JOJATKOBI
MiDK(}a3Hl CHJIM Ta BUKOPHUCTOBYBATH TOJIIUCTIEPCHI MOENI OalaHCy TOMYISIIHN, 10
3a0€3MeuyIoTh IMiIBUIICHHS TOYHOCT] BU3HAYEHHS JUHAMIYHUX XapaKTEPUCTHK.

MetonamMu 00UYMCITIOBAIBHOI TiIPOUMHAMIKUA JOCTIIKEHO BIUITUB T'€OMETPUYHUX



napaMmeTpiB 3'€IHYBaJIbHUX Kamep, 3a30piB, pedep 1 nudy3opiB Ha CTaTU4HI Ta
JTUHAMIYH1 XapaKTepUCTUKH JIBO- 1 TPbOXIIIAPUHHUX YIIIIbHEHb.

Bcranosneno, mo aedopmaiiist yUuiibHEHHS Ta 3MEHIIEHHS TOBIIMHU OYpTiB
NpU3BOASATh JO 3pPOCTaHHS AaOCONIOTHHX 3HA4YeHb KOE(DIIIEHTIB JKOPCTKOCTI M
nemnyBaHHS Ta MOSIBU BIA'€MHOI MPAMOi KOPCTKOCTI. 3a3HauyeHUuN ePeKT HeoOXiTHO
BpPaxoOBYBAaTHU MPU BU3HAUCHHI KPUTUYHUX YaCTOT OOEpTaHHS.

Pesynbratu Hecramionaproro CFD-ananizy migTBepAWIM BHCOKI JUHAMIYHI Ta
nemrdyBanbHl BJIACTHUBOCTI JYHKOBHUX VIIUIbHEHb 13 CEpPHONOAIOHMMHU KaHaBKaMHU.
Busnaueno BB reomeTpii YIIUIBHEHHSI HA BTPATH TEPTS, PO3MOILUT THCKY, BUTOKHU Ta
JTUHAMIYHI XapaKTEPUCTUKH, IO MiITBEPHKYE MEPCHEKTUBHICTh iX 3aCTOCYBaHHS Yy
BHCOKOHABAHTAKEHUX POTOPHUX MAaITMHAX.

Y uemeepmomy po30ini po3poOIECHO METOAMKY YHCEIHLHOTO MOJICTIOBAHHS
OPYXHO-TIAPOAMHAMIYHOTO  3MAalleHHS TOPIEBUX CaJbHUKOBUX  VIIUJIbHEHb 13
TIPOAMHAMIYHUM pO3BaHTaXeHHsAIM. OTpuMaHi pe3yibTatu J00pe y3roJKYyHThCS 3
eKCMIEPUMEHTATbHIMH JaHUMU Ta JO3BOJISIOTH BH3HAYATH PO3MOJLT KOHTaKTHUX
TUCKIB y mapi TepTs. [lo0yqoBaHO YKMCIOBY MOJENb 3HOIIYBAHHS HA OCHOBI PIBHSIHHS
Apuapna, sSka BpaxOByE€ BIUIMB pPOOOYOTO THUCKY Ta dYacTOTH OOEpTaHHS Ha
IHTEHCUBHICTh 3HOIIIYBAHHS 3aXHCHHUX BTYJIOK.

Ha ocHOBI aHamizy HecTallloHapHOI Ta30BOi TeYii B 3alipHUX IMITYJILCHHUX
YIIITHHEHHSIX, BCTAHOBIICHO BIUIMB T€OMETPUYHUX MMapaMeTpiB Ta PEKHUMIB poOOTH Ha
nyJabcalii TUCKY 1 Mepenaj TUCKIB MK YUIUIbHIOBAJIbBHUM Ta 3allipHUM CEpEeOBUIIIAMM,
3aKOHOMIPHOCT1 3MIHM OPCTKOCTI Ta BHUTOKIB 3aJIe)KHO B1JI BEJIMYHUHH POOOYOTro
3a3opy. JlociiIKeHo TerioBl Jedopmaliii Kijiellb 3aMipHOr0 IMIYJICHOTO YIIUIbHEHHS
MOKa3aJid iX 3HAYHWM BIUIMB Ha (opMmy Ta po3mip poOOYOro 3a3opy, a TaKoK
BCTAHOBJICHO BIJICYTHICTh KPUTHYHUX JedopMaliiii 1 pu3Ky BUHUKHEHHS XBUJISICTOCTI
MOBEPXOHb, II0 MOXE HEraTMBHO BIUIMBATH Ha IMpalE3/IaTHICTh By3ida. AHaII30M
JUHAMIYHUX XapaKTePUCTUK TMOKa3aHO, IO 31 30UIbIIEHHSM 4YacTOTH OOepTaHHS
3MEHILYIOTbCS KOE(PILIEHTH KOPCTKOCTI Ta AeMI(YBaHHS, TOAl SIK IM1JABUILIECHHS THCKY
NPU3BOAUTH 10 1X 3POCTAaHHS.

Jlnst  TopreBMX Tap 31 CHipaJbHUMH KaHaBKAMU BHUKOHAHO YHCJIOBI Ta

EKCIIEpUMEHTAIbHI JOCHI/HKEHHS, K1 MIATBEPKYIOTh aJeKBATHICTh PO3PAXYHKOBUX



mojziened. Bu3HaueHO BIUIMB TeoMeTpii KaHaBOK 1 BEJIMYMHU 3a30py Ha CHITY
TAPOJMHAMIYHOTO PO3BAHTAXKEHHS Ta KOS(PIIIEHT TEPTHI.

Y n'amomy po3oini noxazano, mo MeToJ Maiux 30ypeHb J103BOJISIE BU3HAYATH
JTUHAMIYHI XapaKTEePUCTUKU MIMAPUHHUX YIIIIBHEHD K JUIS MOJIeNIel «KOPOTKOI», TakK 1
«IOBroi» IIIJIMHU, a TaKoX OIlIHIOBaTH MEXI 3aCTOCOBHOCTI  CHPOIICHUX
po3paxyHKoBUX MiaxoxaiB. [loOymoBaHO MaTeMaTHYHy MOENb O€3KOHTAKTHUX Ta30BUX
TOPLEBUX VIIUIbHEHb 13 MOJAU(PIKOBAHUMH MOBEPXHSAMU, siIKa 0a3yeThbCAd HA YUCIOBOMY
po3B’si3aHHI piBHSAHHA PeliHonblca Ta piBHSAHB PyXy cTaTopa. BcTaHOBIEHO BIUIUB
reoMeTpli MOBEPXOHb 1 PEKUMHUX MapaMeTpIB Ha KyTOB1 KOJIMBAHHS CTaTOpa, IO JIa€
MOXJIMBICTh 3MEHIIWTH 1X TUISXOM paIllOHAIBHOTO BHUOOPY KOHCTPYKTUBHHUX
napameTpiB.

3anponoHOBAaHO  YWUCIOBY  JWHAMIYHY  MOJEIb  IMIYJBCHOTO  Ta30BOTrO
YIIUTbHEHHS, SKa J03BOJISIE OLIIHIOBATH BIUIMB POOOUYUX PEKHUMIB 1 TEOMETPIi Kamep Ha
XapaKTepUCTUKU Ta30BOi TUIIBKM. BCTaHOBIEHO 3aKOHOMIPHOCTI 3MIHM 1i TOBIIUHU
3JIEKHO B1J] IBUJIKOCT1 00EpTaHHS, ITMOMHU KaMepH Ta TUCKY pOO0YOTO CepeIOBHUIIIA.
Po3po6ieHo MEeTONMKY pO3paxyHKY IUHAMIKM BPIBHOBA)XXYBAJIBHOIO JMCKa 3amipHOI
rizpomn’siTu 3a0e3nedye BU3HAUYCHHS BJIACHUX YaCTOT OCbOBUX KOJIMBAaHb POTOpa, MEX
JUHAMIYHOI CTIMKOCT1 Ta YACTOTHUX XapPaKTEPUCTHK CUCTEMHU.

Po3pobneHo aHamiTUUHUN METOJ PO3PAXyHKY pEryjsropa Mepenany THUCKY
npsiMoi  Jii i CHCTEM CYXMX Ta30BHUX VIIUIbHEHb, IO JO03BOJISIE 3a0€3MEeYUTH
CTaOUIbHICTH POOOTH Ta MIATPUMAHHS HEOOXIAHOrO Mepemnaay THUCKY B IIHPOKOMY
Jiana3oHi peXXUMIB eKCIUTyaTalii koMmrmpecopa. Po3pobieHo MeTOANKy Ta MporpaMHe
3a0e3MeueHHs Il aBTOMATU30BAHOI'O aHAJI3y JWMHAMIKM pOTOPIB BIALIEHTPOBUX
HACOCIB 3 YpaxyBaHHSM BIUIMBY J>KOPCTKICHUX 1 JeMI(yBabHUX XapaKTEPUCTUK

YIIUTEHEHb-0TIO0P.

OOrpyHTOBaHICTh HAYKOBHX I10JI0K€Hb, BHCHOBKIB 1 PpeKoOMeHIALil,
chopMyIbOBAHMX y AUCEPTAILil, IX JOCTOBIPHICTH | HOBU3HA

JIOCTOBIpHICTh HAYKOBHX PE3YNbTATIB IUCEPTAIlifHOI poOOTH 3a0e3MedyeThes
BUKOPUCTAaHHSM (YHIAMEHTAIBHUX PIBHAHb MEXaHIKM PIAMHA 1 Ta3y, OCHOB

TPUOOJIOTIYHOI Teopii CHPsIKEHb JeTalei B pI3HUX pexuMmax (GyHKIIOHYBaHHS,



YCTAJICHUX MATEMAaTHYHUX METOJIB MOJICJIOBAaHHSA Ta CYYaCHHX TPOTPAMHHUX
koMmiiekciB — 30kpema ANSYS CFX ta Fluent. Teoperuune oOrpyHTyBaHHS
pe3yNbTaTIB MIATBEPKCHO TMOPIBHSHHAM 3 JaHUMU (I3UYHUX EKCIIEPUMEHTIB,
NPOBENICHUX Ha crerianizoBaHux creHaax y CyMCbKOMY Jep>KaBHOMY YHIBEPCUTETI, a
TaKOX 3 pe3yJibTaTaMU HE3aJCKHUX 3apyOKHUX JOCTIAHUKIB. Takui Miaxij CBIIYUTH
PO KOPEKTHICTh 3aCTOCOBAaHUX 1 PO3BUHYTHUX MOJIEJIEW HECTallOHApHOI MPOCTOPOBOL
TIAPOJMHAMIYHOL CKJIAAHOI Tedil B KUIBLEBUX KaHaJlaXx KOPOTKOrO 1 JIOBTOIo
HINapUHHUX YIIUIbHEHb-0NOp MPH LWIIHIPUYHIN npeuecii Basia; Mozeni 0aratoda3Hol
TAPOAMHAMIKH, MOJEIIIIO IHTErPAIbHUX XAPAaKTEPUCTHUK MOTOKY Ta 1H.

Jlo HalOLIBII BaroMMx HOBUX HAYKOBUX peE3YyJbTaTiB, OTPUMAHHUX Y
JTUCepTaIliiHIi POOOTI MOXKIMBO BITHECTH HACTYIIHI.

Po3BuHYTO HecTalioHApHYy TPUBUMIPHY MOJENb TIIPOJUHAMIYHOI Tedil B
KUTBLIEBUX  KaHaJIaX IIMNapUHHUX  YHIUIbHEHb-OMOpP, sSIKa  OXOIUTIOE  PEXKUMU
WIIHAPUYHOI Tpelecii Baja IpH MepeBakaroviil OCbOBIM Ta OKPYXKHIM Teuisx, 1 Ha ii
OCHOBI1 BCTAHOBJIEHO YMOBH MEPEXOY A0 CHIPAIENOAIOHOI CTPYKTYPH MOTOKY, 34aTHOI
HILIIOBATH AUHAMIYHY HECTIUKICTh pOTOpA.

Bupimieno 3amauy nBodasHoi Oyap0anikoBoi Tedii B MIMAPUHHOMY YIIUTPHEHH] 3
BUKOPHUCTAHHSM TOJIUCIIEPCHOI eiiep-eiIepoBoi MOJIe 3 YpaxXyBaHHAM MiTHOMHOL
CWIM Ta TypOYJEHTHOIO PO3CIIOBAaHHS, IO JIO3BOJMJIO BCTAHOBHUTH KUIBKICHI
3IEKHOCTI MK Ta30BMICTOM Ta TiAPOAWHAMIYHMMHU CUJIaMH, KoedillieHTaMu
KOPCTKOCTI ¥ AeMI(pyBaHHS.

BukoHaHO crcTeMaTHYHE pO3paXxyHKOBO-EKCIIEPUMEHTAIBHE TOCITIIPKSHHS TBOX-
Ta TPbOXIUMAPUHHUX YUIUIbHEHb, BU3HAYEHO MEXAHI3M TAaHIE€HLIAJbHOIO CHIJIOBOIO
BIUIMBY Ha POTOpP Ta JOBEICHO €(EeKTHBHICTh KOHCTPYKTHBHHX 3aXOiB (pamiaiibHi
pebpa, 30uTbIIeHa Kamepa, Audy30pHa KOHYCHICTH) JJIsl MIJBUINEHHS CTAOUTI3YIOUNUX
BJIACTUBOCTEH YIIIIbHEHb.

[Tomanpmioro po3BUTKY HAOYIW METOIM PO3PAXYHKY TEPMOTIIPOJIUHAMIYHOT
3a7a4l ISl yIOPHOIO IMiJIIIMITHUKA KOB3aHHS 31 CKpeOKaMU Ta OXOJO/KEHHSIM
TEPMOHABAHTAXKECHOI 30HM, & TaKOX 3a/adi T1APOAUHAMIYHOTO 3MaIEHHS KPiOT€HHOTO
KYJIbKOBOTO  MiJIIMMHUKA, 1[0  JO3BOJWJIO  BHU3HAYUTH  PO3MOMIT  THUCKIB,

TIIPOAMHAMIYHMX CHJI 1 MOMEHT TepTd 3 BepudiKaliero 3a HaIBHUMHU



EKCIIEPUMEHTAIbHUMHU JaHUMHU.

Po3pobneHo aHamMITHYHMIA METON PO3paxyHKY XapaKTePUCTHK Ta30BOTO
perymnsTopa mepenaay TUCKY MpsAMOI i i CUCTEM CYXHX Ta30BUX YIIUIbHEHbB, IO
JI03BOJIIE 3a0€3MEeUYUTU CTIHKUM PEXUM POOOTH B yChOMY Jlama3oHi HaBaHTAXEHb

KOMITpecopa Ta BiI0yI0BYBaTUCH BiJl MOKJIUBUX PEKUMIB TUHAMIYHOI HECTIHKOCTI.

IIpakTHYHe 3HAYEHHS OJePKAHUX Pe3yJIbTaTIB

HNucepTaniiina poboTa Mae BUpa)XeHy MPUKIAJHY CIPSIMOBAHICTh: PO3pOOJICHI
MEPCIEKTUBHI KOHCTPYKLII 1 CTBOPEHI METOAMKMA YHUCIOBOTO Ta aHAJITUYHOIO
PO3paxXyHKIB TPUOOJOTIYHUX, BUTPATHUX 1 CTIHKICHUX XapaKTEPUCTUK YIIUILHEHBH Ta
OTIOpP BIILIEHTPOBUX MamiuH. Jleski 3 HUX peasii3oBaHl y BUTIIAI MPOTPAMHUX JTOJATKIB
no mporpamHoro komiuiekcy ANSYS. Pesynbraté poOoTH BIpOBa/PKEHI HaA PsIl
IMPOBIAHUX MIANPUEMCTBAX MamuHOOYAIBHOI ramy3i Ykpainu: AT «CMHBO-
[mwxunipunr»y, AT «BHIAIAEH», TIAT «Azor», «TPI3» JITJ TOB. Po3pobiueni
METOJIMKM CTaTUYHOrO Ta JIMHAMIYHOIO PO3PaxyHKIB 3alllpHUX TOPLUEBHUX IMIYJIbCHHUX
VIIUIbHEHb, METOAMKA PO3PAXYHKY 3aIlipHUX MPUCTPOIB OCHOBOIO BPIBHOBAXEHHS 1
OaraTommapuHHUX YIIUTBHEHb MTPU MPOEKTYBaHHI BIAIICHTPOBUX HACOCIB, METOJUKH Ta
POrpaMHi MOYJI1 JJIS YUCJIOBOT'O PO3PAXYHKY XapaKTEPUCTUK YIIUIBHEHb 1 JTUHAMIKU
potopa.

[IpuknagHe 3HadYeHHS POOOTH MIATBEPHKEHO 1 pe3yjbTaTaMU MIKHApOAHOTO
HAyKOBOT'O CIIBPOOITHUIITBA — PO3POOJIEHI METOJMKH BHKOPUCTOBYBAJIUCH MiJl 4ac
HayKOBOT'O CTa)KyBaHHsA 3/100yBaua y KopelicbkoMy 1HCTUTYT1 HayKU 1 TEXHOJIOT1H Ta y
CHUIBHUX JOCTKEHHSAX 3 (paHIly3bKUMH HAyKOBHUMH YycTaHOBaMu (YHIBEPCHUTET
[Tyatse — I1IE, PPrime Institut). Otpumano npemito KabGinery MinicTtpiB Ykpaiau 2021
POKY 3a pO3pOOJICHHS 1 BIPOBAKCHHS 1HHOBAIIMHUX TEXHOJIOTIH BIJIIMOBITAIBHUX
BY3JIiB POTOPHUX MAIIUH.

YacTtuHy pe3ynbTaTiB peasli3oBaHO y BUIJISI MporpaMHux noaatkis 1o ANSY'S,
a TaKOX 3aXMILEHO MATEeHTaMH Ta aBTOPCHKUMU CBiAoLUTBaMHU. Martepianu Agucepraiii
BUKOPHUCTOBYIOThCSl Y HaBYabHOMY Ipoueci CyMCBKOTO JAEpKaBHOT'O YHIBEPCHUTETY

IIPY BUKJIQaHH1 JUCIHILIIH 3 00YHCIIIOBAIBLHOI TiApoaepoMexaHiKi Ta TPHOOMEX aHIKH.



IloBHOTa BHUKJIAJCHHS OCHOBHHX pe3y/bTATIB AucepTalii y onyo0/1iKoBaHUX
HAYKOBHX po0oTax

OCHOBHI pe3yJIbTaTH JUCEPTAIiitHOT poOOTH OomyOIiKOBaHI y 87 HayKOBHX Ipailb,
3 HUX 2 myOmikamii y posaini moHorpadii; 17 crareit y gaxoBux creriamxizoBaHUX
BUJAHHAX; 15 crarelt y (axoBUX BHJAHHSX, 110 BHECEHI 10 HAYKOMETPUYHUX 0a3
nannx SCOPUS Tta/a6o WoS (3 Hux 6 crareil y BUJaHHSX, 10 BXOJATH 10 KBApTUJIIB
Q1 xypnany Tribology International Ta Mechanical Systems and Signal Processing);
cTaTTl y (paxoBUX YKpaiHChKMX Ta 1HO3EMHHUX CHELIadi30BaHUX BUAAHHIX; MaTeplaiu
JOTIOBIIC Ha aBTOPUTETHUX MIDKHApOIHUX KoH(epeHuissx y Bemwukiit bpwuranii,
Himeuunni, ®panmii, I[Tonemi, Pecrryomimn Kopes.

3a3HadyeHa KUIbKICTH 1 SKICTh IMyOJTiKaIllid TOBHICTIO 33J0BOJILHSAIOTH BUMOTH, 110
BucyBatotbcsi MOH Vkpainu 10 IOKTOpChbKUX nucepTaiiid. 3micT aBTopedepaTy
BIJINOB1/1a€ OCHOBHUM IOJOXKEHHAM JucepTaiii. [IpeacraBineni myOmikaliii 103BOJISIOTh
BBa)XKaTH, 110 HAYKOB1 IOJOXXKEHHS Ta BHUCHOBKMU JHUCEPTAIliiHOI pOOOTH JIOCTATHHO

MTOBHO BHUCBITJIEH] Y BIAKPUTUX HAYKOBUX BUJAHHSX.

JIucKyCiifHI MOJIOJKEeHHS TAa 3ayBaKEHHS LI0/10 JUCEePTALIMHOI po00oTH

[To3UTHBHO OIIHIOIYHM AUCEPTAIifHY pOoOOTYy B LUJIOMY, BBa)Kal0 3a JOILIbHE
BUCJIOBUTH DS 3ayBaK€Hb 1 3amuTaHb, SKI MOXYTh OYyTH NpEeIMETOM HAyKOBOI
JTUCKYCIi.

1. V nucepramiifHiii poOOTI 3HAYHA 4YacTHUHA TEOPETUYHUX 1 YHCIOBHUX
pe3ynbTaTiB BepU(DIKYETHCS 3 BUKOPUCTAHHSIM JTaHWX, OTPUMAHHUX Ha CTEHIAX CaMOTO
aBTopa abo #oro koser. JlominpHO Oynmo O OUTBII JOKJIATHO TOPIBHATH KITFOUOBI
pe3ynbTaT 3 HE3AIKHMMU JaHUMH 1HIIMX HAyKOBHX IIKUI, 30KpeMa i3
3araJbHOBU3HAHMMH  OC€HUMapkamMu  poTopoauHamiku  yuiuibHeHb  (Texacbkuit
yHiBepcuter A&M, NASA, nani kondepenuii Turbomachinery Symposium).

2. 1nst «10BrUX» MIMapUHHUX YIIIIbHEHb-0MOP B poOOTI MoKa3aHo (hopMyBaHHS
criipanenoaioHol CTPYKTYypH MOTOKY NP NEepeBakaHH1 OKPY>KHOT CKJIaI0BOI IIBUAKOCTI
HaJl OChOBOIO. B TOH Wac HeEmOCTaTHRO BU3HAYEHO KPUTHYHE CITIBBITHOIICHHS ITMX
HIBUAKOCTEH, TIPU SIKOMY BHHHKAa€ JaHa HECTIWKICThb. [Ipu 1mpoMy Ui mpakTUYHOTO

3acTocyBaHHs OaxaHo Oysi0 6 BBECTH BIJMIOBITHUN O€3pO3MIPHUIN KPUTEPIi.



3. Ilpu pocmimxenHi aBoda3zHoi OynbpOAmKOBOT Tedil MNpHUIHATAa OJHOpPIIHA
eiep-eiiepoBa  mojaenb. OmHak y poOoTi cmig Oyjao TpoaHai3oBaTH  MEXKi
3aCTOCOBHOCTI I[I€I0 MOJEN1 y MOpiBHSHHI 3 Moaensimu tuny Euler—Lagrange 3a ymoB
BEJIMKOTo ra3oBmicTy (moHan 15%), mo € akTyanbHUM Yy KaBiTaIllHHUX yMOBax poOOTH
YIILJIbHEHb.

4. Tlpu pocmipKeHHI TOPIEBUX CAIBHUKOBUX YIIUTbHEHb 3 T1IPOJAMHAMIYHUM
PO3BaHTAXEHHSAM TPHUOOCIIPSKEHb JeTalied HEIOCTaTHbO PO3KPHUTE NMUTAHHS BILIUBY
3HOITYBaHHS HAOMBKH B Yacl Ha 3MIHY PEKUMY 3MallleHHs. € HeOOXITHICTh BpaxyBaHHS
BIUIMBY 3HOIIIYBAHHS HAOMBKH B Yaci Ha 3MIHY PEKUMY 3MaIlleHHs. 3a3HAUYUMO, 1110 TaKl
JIOBTOCTPOKOB1 €()eKTH MAIOTh IPUHITUIIOBE 3HAYEHHS TSI OIIHKU PECYPCY YUTIIbHEHHS
B peaJIbHUX YyMOBAaX eKCIUTyaTallli.

5. 3acTOCOBYIOUH METO]I TUIAHYBAHHS €KCIIEPUMEHTY I TTOOYIOBH PEeTpeCciiHuX
MOJIeNIe, HEOOX1JHO BKa3aTH pPIBEHb 3HAYYIIOCTI Ta JOBIpYl IHTEPBAIM, MpHU
BHU3HAYEHHI1 HEOOXITHUX KOe(Dilli€HTIB perpecii.

6. AHaI3 KOPOTKMX IIUIMH peajli30oBaHO METOJO0M Malux 30ypeHb,
BUKOPUCTOBYIOYM cHpouieHe piBHsAHHA Teuli. [Ipy npomy OakaHo Oyno © HaBecTH
OIIIHKY TMOXHOKH TaKWUX CIPOIIECHbh Y TMIOPIBHAHHI 3 TIOBHUMH TPUBUMIPHUMU
po3paxynkamu CFD 1151 KOHKpETHUX TreOMETPIid, U0 PO3IJIAIaI0ThCS.

7. TlopiBHANBHHMM aHaji3 JTUHAMIYHUX XapaKTEPUCTUK OE3KOHTAKTHUX Ta30BHUX
TOPLIEBUX YIIUIBHEHb 3@ PI3HUMH THUNAMH MOAM(IKAIld MNOBEPXOHb, TaKUX SK
KOHYCHICTb, CITIpaJibHI KaHABKH, XBUJISCTICTh, pajliajibHI KaHABKH, 0a)KaHO MPOBOJIUTH,
BUKOPUCTOBYIOUH y3araJlbHeHHI KpUTepiil BUOOPY ONTUMAIBHOrO TUIY MOAMQIKAILl, a
TAaKOX 3aJCKHICTh Bl poOOYMX TMapaMeTpiB THUCKY, TEMIEpaTypH, IIBUIKOCTI
oOepTaHHs.

8. PoboTa € OpUTiHAJIBHOIO 1 3HAYHOIO 32 00CSITOM Ta OXOIUICHHSIM IIUPOKOTO
CIEKTPY 3a/ad. Y 3B'A3KYy 3 ILHUM HEOOXIHO OUIbII YITKO BHOKPEMUTHU BHECOK
3100yBaya B pO3BUTOK HAyKOBOi 1IKoyu B.A. MaplimHKOBCHKOTO.

9. Ilpu gocaiaKeHHi TOPLEBUX IMIYJIbCHUX YIIIJIbHEHb Ta MIAIIMITHUKIB KOYEHHS
JoLUTbHO Oyno © BpaxyBaTH BIUIMB MPYXHHX jAedopmaiiiii poOoYnx MOBEPXOHb Ha
XapaKTePUCTUKN  MACTHJIBHOTO  Imapy Ta  pPO3TJISHYTH  PO3B’sI3aHHS  3a7ad
eIACTOTIIPOAMHAMIYHOIO  MAIICHHS, aHAJOTiYHO IO MIiAXOJIB, 3aCTOCOBAaHUX
3mo0yBadueM Il Ae(POPMOBAHMX IJIAaBAIOYMX 1 TOPIIEBHX CATHHUKOBUX YIIUTBHEHB 3

IoaaTJIMBUM JHOM.



3aranbHuil BHCHOBOK 1O po6oTi

Juceprauiiina poGora 3aropynska AHOpis BacuiboBmua «HaykoBi 0CHOBU
TpUOOIOTIYHOTO 3a0€3MeUeHHS TepMEeTH3allii, 3MAIEHHS Ta CTIAKICHUX XapaKTEPUCTHK
POTOpIB BIJALEHTPOBUX MANIMH» € 3aBEPIICHOI0 HAYKOBOKW TMPAICIO, SKa BUPINIYE
BXKJIMBY HAyKOBO-TEXHIYHY IPOOIEMY — CTBOPEHHS HAYKOBO OOIPYHTOBAHHMX METO/IIB
PO3paxyHKy 1 NMPOEKTYBAHHS YIIUILHEHb Ta OTOP POTOPIB BiIIEHTPOBUX MAIIMH, IO
3a0e3MedyroTh CTIMKI PeXXHMH TiApO-Ta30JHHAMIYHOIO 3MAINEHHA NPH MiHIMaIbHHX
BUTOKAX, 3HWKEHUX BUTPATAX HA TEPTA T4 OOMEKEHOMY 3HOLIYBAHHI,

Juceprauifina poGora 3aropyibka A.B. BiAnoBifae Nacrmopry cCremialbHOCTI
05.02.04 — Tepra Ta 3HOUIYBAHHS B MAUIMHAX, HE MICTHTh AKAJAEMIYHOrO IUIAriaTry Ta
3a[I0BOJIbHAE€ BHUMOIaM, IO BHUCYBAIOTBCA OO0 MOKTOPCHKMX AMCEpTalliii 3rigHO 3
nyskramMu 7, 8, 9 «llopsaky mpuCy/KeHHS Ta TO030aBJICHHS HAYKOBOTO CTYIEHS
JIOKTOpA HAyK», 3aTBEPIDKCHOTO MOCTAHOBOIO Ka6inery MinictpiB Ykpainu Big 17
mucronaga 2021 poky 3a Ne 1197: a ii aBTOp, 3aropyibKo AH,upiI‘zi BacuiboBuy,
3aCJIyroBy€ NPUCY/DKEHHS HOMY HAyKOBOrO CTYIIEHS [JOKTOpa TEXHIYHMX HayK 3a

cnerianbHicTio 05.02.04 — TepTs Ta 3HOUIYBAHHA B MAIIHHAX.

Odittiiiamii OOHEHT:

npodecop kadenpu

eKCILTyaranii Ta pEeMOHTY MAaIIuH
LleHTpaIbHOYKPATHCHKOT0 HALIIOHAIBHOTO
TEXHIYHOT'0 YHIBEPCHUTETY,

JOKTOp TEXHIYHUX HayK, podecop Bikrop AYJIIH

ITigmme npod. Aynina B.B. 3acsiguyio,

IIPOPEKTOP 3 HAYKOBOi poOOT

MDKHApO/IHUX 3B'S3KiB
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