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WNucruryra trermopusuku um. C. C. Kyrarenazase

Cubupckoro oraesnenus Poccuiickoii akanemun Hayk (UT CO PAH)

Jluccepramuss Ha COMCKaHME CTENEHH KaHauzara (U3MKO-MATEMaTHYECKHX Hayk
«IKCIIEPUMEHTAJIBHOE HCCJICJIOBAHUE TPEXMEPHOW CTPYKTYpPbl BOJIH Ha I[MOBEPXHOCTH IIJICHKH
YKUJIKOCTH, 00ayBaeMOM BBICOKOCKOPOCTHBIM IIOTOKOM Tra3a» BblojHeHa B DenepaibHOM
roCcylapcTBEHHOM Oro/uKeTHOM yupexnenun Hayku Wucrtutyre temmodusuku um. C.C.
Kyrarenanze Cubupckoro otnenenus Poccuiickoit akagemun Hayk (UT CO PAH).

B nepuos noAaroToBku jauccepranuu couckarenb KMcaenkoB Cepreid BiiaguMupoBuY
padoran B Jjaboparopuu (U3MYECKUX OCHOB IHEPreTHUECKUX TEXHOJIOTUH (B JIOJDKHOCTH
WH)KeHepa-uccieaonarens), a ¢ 2015 r. B 1abopaTopuu 1poneccoB IepeHoca MIaJiliuM HayYHbIM
corpyaaukoM. B 2012 roay okonuun wmarucrparypy HoBocuOHpCKOro rocyapcTBEHHOIO
YHHBEPCHTETA M0 HampaBieHuio «pusuka». B nepuox ¢ 2012 mo 2016 rr. npoxoaua O4HOE
obyuenne B acnupantype Mucruryra rermnopuzuku CO PAH.

CrnpaBka 0 c¢Jjlaye KaHJAUJAATCKUX 9K3ameHoB 1o crneunuaibHocTH (01.02.05 — Mexanuka
KHJKOCTH, raza M miasmbl BbiaHa B 2019 r. B @enepalibHOM rocy1apCTBEHHOM OODKETHOM
yupexjaenun Haykd HMuacturyre termnmoduszuku um. C.C. Kyrarenanze Cubupckoro oraeineHus
Poccuiickoii akanemMun HayK. HayuHblil pyKOBOJAMTE!Ib — JOKTOP (DU3UKO-MATEMATUYECKUX HAYK,
UepnanueB Aujapeid BukTtopoBudy, padoTaeT B JO/KHOCTH CTApILIEr0 HAYYHOI'O COTPY/AHHKA
abopaTopHH MpOoIECccoB nepenoca B MeepansbHOM rocy/1apCTBEHHOM OFOJKETHOM YUPEKICHUH
Hayku Mucrutyre Temnodpusuku uMm. C.C. Kyrarenagze Cubupckoro otaenenus Poccuiickon

dKa/JICMHH HAYK.



[To utoram oOCYXKAEHHS MPHUHATO CJICAYIOLIEE 3aKIFOYEHHE:

[Heapio padoThl SBJISETCS MCCIEIOBAHHE SBOJIIOIMHA TPEXMEPHBIX BOJIH B KOJBLEBOM H
JIUCIIEPCHO-KOJIBI[EBOM IMOTOKE.

AKTYAJILHOCTH TEMBI:

KoublieBoe razoxuaKOCTHOE TEUEHHE IMpeJICTaBiIseT COOOM COBMECTHOE TEYEHHE IIJIEHKH
KUIKOCTH I10 CTEHKaM KaHajla ¥ BBICOKOCKOPOCTHOIO IOTOKa rasa. TakoW BHJ TEYEHHS 4acTo
BCTpPEUAETCS HA IIPAKTHKE B IIPOMBIIIJIEHHOCTH (TEIJI000MEHHUKH, ITaporeHepaTopel, abCopOephl)
1 dHepreTHke (Mpu A00BME W TPAHCIOPTUPOBKE HE(PTU U rasa), I03TOMY IIPEACTABIIAET HHTEPEC
HE TOJBKO ¢ (PyHIaMEHTAJIbHOH, HO M C NPUKIAJHONW TOYKH 3peHHs. Jlus mpoeKTHpOBaHUS
OesomacHbIX H 3(P(GEKTHBHBIX MPOMBINUICHHBIX CHCTEM HEOOXOIMMO H3y4aTb JAHMHAMHUKY
ra30KuJIKOCTHOTO TEYEHMUS.

B pesynprare B3aMMOJEHCTBUS BBICOKOCKOPOCTHOI'O IMOTOKA ra3a W IUICHKH YXHIKOCTH Ha
[IOBEPXHOCTH IIJIGHKH O0Opa3yloTCs CIIOKHBIE BOJIHOBBIE CTPYKTYPBI, KOTOPBIC BIIMSIOT Ha
MHTErpaJIbHBIE XapaKTepUCTHKHA TOTOKa (repenaj JaBleHus, TermaoMaccooOMeH). B koybleBoM
ra30KHIKOCTHOM TEYEHHH pa3JIeNIsiioT PEeXUMbl ¢ YHOCOM M 0e3 yHoca Kamejb JKHJIKOCTH C
MOBEPXHOCTH IUIEHKH. [IpH BBICOKMX CKOPOCTSX rasa IepexoJ]i K YHOCY HPOMCXOIUT IIpH
JIOCTHIKEHUH KPUTHYECKOTO pacxoja XXUIAKOCTH. BonHoBas kapTuHa B pexxuMax Oe3 yHoca Obuia
MaJI0 M3ydeHa J0 HeJaBHero BpeMeHHM. Ha ocHOBe aHaiM3a BPEMEHHBIX 3alHMCEeH TOJIIHHBI
JIEHKH, [T0JYyYEHHBIX B OJHOM TOuke pabouei oOjacTH (T.H. OJHOMEPHBIN IMOJX0J1), CYMTAIIOCH,
YTO IOBEPXHOCTh IJIEHKH TOKPBITA CTOXAaCTHYECKMMH BoJIHAMH. C MOMOIIBIO JBYMEPHOTIO
noaxoja (MCcClieJOBAHHE BPEMEHHOM HBOJIIOLMH MIHOBEHHOIO MPO(QHIIS TOJIUHBL IUICHKH
KHKOCTH BJOJIB MTPOJOJIBHOM KOOPAMHATEI) OBUIO MMOKA3aHO, YTO MOBEPXHOCTH IIJICHKH IMOKPHITA
OBICTPBIMHU JJOJITOKUBYIITUMH "TIEPBUYHBIMH" BOJIHAMU U ME/UICHHBIMH "BTOPUYHBIMH ' BOJIHAMH C
HeOOJIBIIUM BpPEMEHEM JKH3HH, I'eHepaldss BTOPHYHBIX BOJIH MPOUCXOJUT Ha 3aJHUX CKJIOHAX
MepBHYHBIX, B pexkuMax ¢ yHOCOM Kareib B pamMKax OJHOMEPHOIrO I10JIX0Jla Ha IOBEPXHOCTH
[UIEHKH  ObUIM  MAEHTH(OHIMPOBAHBI  KpynmHoMacmTabHble  "BOJHBI  BO3MYLIEHHS" H
mesrkoMaciuTabueie "BoyHBI psaOu". C NpUMEHEHUEM JIBYMEPHOI0 IOJX0ja ObUIO YCTaHOBJIEHO,
YTO BCE BOJIHBEI PAOM POKJIAIOTCS HA 3aJHUX CKJIOHAX BOJIH BO3MYILLEHUS; 4acTh BOJIH JBHIKETCS
M€ IJIEHHEE BOJIH BO3MYIINEHHMS, a JIpyras 4acTh JIBUKETCS ¢ OOJIBIION CKOPOCTHIO 110 OBEPXHOCTH
BOJIHBI BO3MYIIIEHHS M pa3pyliaeTcs Ha Kari BOIU3H ee GpoHTa.

CJI0KHOCTh TPOLECCOB TI'€HEpPALMH, DBOJIIOLMMA U B3aUMOLEHUCTBHUS BOJIH YCHIIMBAETCs
BCJICJICTBHE TPEXMEPHOCTH IOBEPXHOCTH IUJIEHKH. BOJIHBI BCEX THIOB HMEIOT KOHEYHBIH
MOIIEPEYHBIN pa3Mep; UX GPOHTHI MOTYT OBITh HCKPHUBJICHB! MJIM CKOILIEHBI, 4 aMILIUTY/1a OOBIYHO
HepaBHOMEpHA 110 mnomnepeuyHod koopauHare. McciaenoBanue 3BOJIOUMM IJIEHKH JKMIAKOCTH B

paMKax JABYMCPHOI'o mnoaxojJa MOZKCT IIPUBCCTH K OIUOOYHOH HHTCPIIPCTAllHH TPCXMCPHBIX



BOJIHOBBIX siBJIeHHH. [109TOMY HEOOXOIMMO H3y4YaTh JAHHBIM IPOLECC B TPEXMEPHOH MOCTaHOBKE,
MO3BOJISIOIIEH IIPOBOJMTH IIOJIEBbIE M3MEPEHHS JIOKAJIbHOHW TOJIIUHBI IUICHKH JKHIKOCTH
OJIHOBPEMEHHO BJI0JIb MPOJOJIbHOW M IONEPEUYHON KOOPJAMHAT C BBICOKHM MPOCTPAHCTBEHHBIM H
BpeMEHHBIM paspemieHueM. OJHMM H3 HEMHOIMX METOAOB, IIO3BOJIAIONIMX  BBINOJHHUTH
[OCTaBJICHHYIO 3a/1auy, SBJSETCS METOJI JIa3epHO-HHIyUpOoBaHHOM (Quryopecueniuu (JIND).
ITocTaBiieHbl M pemeHbl CJIeAYIONHe 3a/Ia4u:
1. HUccnenoBarh TPEXMEPHYIO CTPYKTYPY BOJIH B peKUMax 0e3 yHOCa KUJIKOCTH.
2. W3yuuts npouecc GopMUPOBaHUS BOJIH BO3MYIICHUS B TPEXMEPHOM IIPOCTPAHCTBE.

3. HccnenoBars pa3BUTHE HAaYaIbHBIX BOJIH B JMCIIEPCHO-KOJILIEBOM TEUCHHUH.

JIN4yHBIH BKJIA aBTOpA:

[IpoBeJieHHE HKCIEPUMEHTOB, IMPOCKTUPOBAHHE M H3rOTOBJIEHHE paboO4Yero ydyacTka
OCYLIECTBISIIOCH MPH HEMOCPEJICTBEHHOM ydacTd asropa. OOocHOBaHME O0CTOBEPHOCTH
METOIUYECKUX H3MepeHui, oOpaboTka M aHaiu3 SKCIEPUMEHTAIbHBIX JIaHHBIX, CPaBHCHHC C

pe3yJbTaTaMyi MOACITINPOBAHUA ITPOBOAHJIMCH AUCCEPTAHTOM CaAMOCTOATCIIBHO.

JloCTOBEPHOCTh HAYYHBLIX Pe3y/JbTATOB O0OecreunBaercs: a) MPUMEHEHHEM MEeTOJI0B
U3MEpEHHs JIOKAJbHOW TOJIIUHBI IUICHKH JKMIKOCTH C BBICOKMM IIPOCTPAHCTBCHHBIM H
BPEMEHHBIM ~paspelleHdeM; 0) aHaIn30M MOTPelHOCTeH HM3MEpeHHH; B) IIPOBEACHHEM

KaIMOPOBOYHBIX M TECTOBBIX U3MEPEHHH; T') BOCIIPOU3BOAUMOCTBIO PE3YJILTATOB.

Hayuynasi HOBH3HA:

1. BnepBple OblTa HCCIIEIOBAaHA TPEXMEPHas CTPYKTypa BOJIH HA IOBEPXHOCTH ILICHOK
JKUIKOCTH B peXXHUMax TeyeHust Oe3 yHoca Karejb. V3ydeHo BIMSHME CKOPOCTH MOTOKA rasa
HA TIONEpPeYHbI pasMep TEepPBUYHBIX M BTOPMYHLIX BOJH. Iloka3aHo, 4TO BapHallus
AMIUIMUTYABI  TIEPBUYHBIX BOJH 110 IIONEPEYHOM KOOpAMHATE SABIACTCA PE3yIbTATOM
B3aUMOJICHCTBHST  TIEPBHYHOM  BOJNHBI €O  BTOpUYHBIMH.  HMccienoBanbl ~ OOKOBBIE
B3aUMOJICHCTBUS MEPBUYHBIX U BTOPUYHBIX BOJIH.

2. Brepsble yCTAHOBJICHO, YTO (OPMHUPOBAHUE BOJIH BO3MYILCHHS IIPOMCXOMUT B TPH dTara:
hopMUpOBaHHEe KBa3H-PEryJISIPHBIX JBYMEPHBIX "HauaJlbHBIX BOJIH", paciajl Ha HEPEeTyJspHbIC
TPEXMEPHBIE BOJIHBI, CIUSHHE TPEXMEPHBIX BOJIH B KBa3U-IBYMEPHBIC KpyIHOMAacIITaOHbIe
BOJHBI BO3MYyILIEHHsA. VI3MepeHa MNpOCTpPaHCTBEHHas [UIMHA KaXJ0ro M3 OSTaloB IIpH
pasIMuHBIX apamMeTpax MOTOKAa M reomMerpud KaHana. OOHapy»XeHO, 4TO JUIHHA obJiacTH

CYILIECTBOBAHHS HAYAILHBIX JBYMEPHBIX BOJIH MPAKTHYECKU HE 3aBUCHUT OT (YOPMBI KaHaA.



3. BnepBble 3KCIEPUMEHTAIBHO HCCJIE0BaHA BOJIHOBAsT KapTHHA JMCIIEPCHO-KOJIBIEBOIO
TEUCHUsS] Ha MaJOM PACCTOSIHMH OT BXOJa. BBISBIEHO, YTO HayajJbHBIE JBYMEPHBIE BOJIHEI
BO3HHUKAIOT J0 CTAOMIM3alM¥ TOJIIMHBI IUIEHKH; IOKa3aHa peryJjspHOCTh 3THX BOJIH.
BriepBele B  YCJIOBHSX JAUCIIEPCHO-KOJIBLEBOIO TEUYEHHS H3MEPEHBl XapaKTePUCTHKH
HAYaJIbHBIX BOJIH M IIPOBEJICHO COIOCTABIIEHHE C pe3yJibTaTaMH TEOPEeTHYECKOro aHaju3a
JIMHEMHOU YCTOMYUBOCTH.

Hay4nasi m npakTHYeCKas 3HAYHMMOCTD:

['a30KUIKOCTHBIEC IMOTOKH BCTPEYAKOTCA B PANAE OTpacield INPOMBIIUICHHOCTH, HauyuHasg C
KOMIAKTHBIX TEJIOOOMEHHUKOB M 3aKaH4YMBasi rJIyOOKOBOJAHBIMH TpyOamMu OOJIBIIOr0 JHaMeTpa
no Jo0bue yraeBoAopojioB. biaromapsi B3aMMOJEHCTBHMIO IMOTOKAa Ta3a C JKHIAKOCTBIO, Ha
MOBEPXHOCTH TUICHKH OOpa3yrOTCs BOJIHOBBIE CTPYKTYPBI, BIHSIOIIUE HA XapaKTEPUCTUKHA BCETO
noroka. [loydeHHBIE SKCIIEpUMEHTAIbHBIC JaHHBIE 0 (OPMHUPOBaHUH, PA3BUTHU ITOBEPXHOCTHBIX
BOJIH M MX B3aUMOJICHCTBHHM MEXy cOO0# IMO3BOJIAT CO3AaTh HOBBIC, (PU3UUYECKH OOOCHOBAHHBIE
MOJZEIH, YTO MpUBeJEeT K pa3padOTKe MPOMBIIUIEHHBIX  YCTAHOBOK C  BBICOKOIA
IIPOU3BOIMTEIBHOCTBIO U YPOBHEM O€30I1aCHOCTH.

OcHoBHBbIE MY0JIHKAIIMA 110 MATEPHAJIAM JHCCEPTALINH:
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Anpobauus padoThI:

Marepuanbsl aUccepTaliMd ObUIM TIPEJICTABIICHBI HA CHEAYIOIMMX MEXJIYHAPOJAHBIX H
BCEpPOCCHUUCKUX KOoH(pepeHuusx: Monoaéxnas koHpepeHuus "YCToOHYMBOCTE U TYPOYJIEHTHOCTE
TEUEHUU TIOMOTEHHBIX H rereporeHHbIX xkuakoctei" (Hosocubupck, 2010); International
Symposium on Applications of Laser Techniques to Fluid Mechanics (Lisbon, 2010, 2014, 2016,
2018); Bcepoccuiickass xoH@pepeHuss MOIOAbIX y4deHbX “[IpobiemMbl MEXaHUKH: TeOopus,
SKCTIepuMeHT W HoBble TexHosoruu  (HosocuOupck, 2012); VI International Conference
“SOLITONS, COLLAPSES AND TURBULENCE: Achievements, Developments and Perspectives”
(Novosibirsk, 2012); Bcepoccuiickas koundpepenuus «Pynmamentanbasle ocHOBBI MOMC- u
Ha"HoTexHoJsiorui» (HoBocubupck, 2012, 2015); ITT Workshop Two-Phase Systems for Ground
and Space Applications (2012, 2014, 2017); 10th Euromech Fluid Mechanics Conference
(Copenhagen, 2014); Bcepoccuiickast mko1a-KOH(GEPEHIIUS MOJIOABIX YYEHBIX ¢ MEXKIYHAPOHBIM
ydacTHEM ~AKTyaJlbHbIE BOIPOCHl TEIUVIOGU3UKH M (DU3UYECKOH TI'UIpOra3oquHaMHUKH
(HoBocuOupck, 2014, 2016, 2018); Tpunaamaras MexayHapoaHas Hay4dyHO-TEXHUUYECKas
KoH(pepeHus «OnTuyeckue MeTosl uccieaoBanus 1morokosy (Mocksa, 2015); Beepoccuiickas
koHpepeHuus "XXXII Cubupckuii rerodpuznueckuii cemunap”, nocpsinénnas 80-j1eTuio co JHA
poxxaenus akagemuka B.E. Hakopskosa (HoBocubupck, 2015); 9th International Conference on
Multiphase Flow (Florence, 2016); International Symposium and School for Young Scientists
INTERFACIAL PHENOMENA AND HEAT TRANSFER (Novosibirsk, 2016); 9th World
Conference on Experimental Heat Transfer, Fluid Mechanics and Thermodynamics (Brazil, 2017);
VI Bcepoccutickass koHpepeHIHs: ¢ yd4aCcTHEM 3apyOeKHBIX YYeHBIX "3agauv co CBOOOJHBIMH
rpaHUIlaMUA: Teopus, OJKcrnepuMeHT U npuwioxeHus' (bapnayn, 2017); Bcepoccuiickas
KOH(pEpeHUHsT ¢ MEKIyHapoaHbIM yuyacTueM "CoBpeMeHHBIC NpoOJIeMbl MEXAHHKH CILIONIHBIX
cpex u (¢usuku B3pbBa" (Hoocubupck, 2017); II Bcepoccuiickas HayuHas KoH(pepeHIHUs
"Termousuka u pusznyeckas ruipoguHaMHUKa" ¢ JIEMEHTAMHU IIKOJIBI MOJOABIX ydeHBIX (SnTa,

2017); 5th International Conference on Experimental Fluid Mechanics (Munich, 2018).



Pemenue o PEKOMCHIAAIIHH pﬂﬁOTLI K 3alure:

Jluccepraumus «OKCIIEPUMEHTAIBHOE HCCIEIOBAHUE TPEXMEPHOW CTPYKTYphl BOJIH Ha
[IOBEPXHOCTH IUIEHKH JXHIKOCTH, 00/1yBaeMOl BBICOKOCKOPOCTHBIM IMOTOKOM razay» Kcaenkona
Cepres BraguMupoBHYa pEeKOMEHIAYETCS K 3allUTE HA COMCKAHUE YYEeHOW CTENeHH KaHJujaTa
busuko-maremaTuyeckux Hayk 1o cnemuanbHocTH 01.02.05 — MexaHuka >KUJIKOCTH, rasa H
[UIa3Mbl. 3aK/IIOYEHWE MPUHATO Ha 3acelaHuu ceMuHapa DenepanbHOro rocyaapcTBEHHOIO
OrojukeTHOrO yupexaeHuu Hayku Muacruryra renmopuszuku uMm. C.C. Kyrarenanze Cubupcxoro
otzesieHuss POCCHUICKON akaJleMuu HayK 0 pyKoBOACTBOM Wi.-kopp. PAH Mapkosuua JImutpus
Mapkosuua. llpucyrcrBoBaniu Ha 3aceaHum 37 4elloBEK, U3 HUX | 4dneH-koppecnoHaeHT PAH,
O IOKTOpPOB HayK, 16 KaHAUIATOB HAYK.

Pe3ynbTarsl OTKPBITOrO IOJIOCOBAHUS 110 BOIPOCY O IPUHATHH 3aKIIFOYECHHS 110 JUCCEpPTALlAU
HUcaenkoBa C.B. : 3a — 37 uenosek, npotuB — 0, Bozaepxkanuck — 0. [Iporoxon Ne58/3-2019 ot

«19» anpens 2019 r.

IIpencenarens ceMuHapa

y1.-kopp. PAH M/ asi. Al onmmmay Mapkosuy JI.M.

Cekperapb ceMUHapa )
n.¢d.-m.H., c.H.c. UT CO PAH MH Myiuisipkasos P U.



