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Pedepar:

1. Inceprauifina po60Ta IPUCBAYEHA 3aCTOCYBAaHHIO METO/iB 004U CIIIOBAJIBHOI TEOPIi IOTEHLiany Ta
aCUMITOTUYHUX METOZIB [10 33724 ITPO Teyii pinnHu rpy Masnux yruciax PeliHosbca Ta TEIJIOMAacOOOMIH y TaKUxX
TE€disIX, CTBOPEHHIO HAJliINHUX Ta BUCOKOTOYHUX PO3PAXYHKOBUX METOIMK i BUKOPUCTAHHIO OCTaHHIX 711 BUPILIE€HHS
iHKeHepHO-TEXHIYHUX NIPO6JIEeM, TIOB'SI3aHUX 3 TEXHOJIOTISIMUA 06pO6KY 6araTo(pa3HuX CEPEIOBUIL Ta IPOL,ECAMU B
YMOBax MiKporpasiTallii. 3alpoIOHOBaHO IBa HOBUX CIMEICTBA aJITOPUTMIB METOY TPAHUYHUX €JIEMEHTIB, IepIle 3

SIKMX 3abe3Ieyvye BUCOKY HallifHiCTh OOUMCIIIOBAJIBHOIO MiAX0Y, a Apyre 403BOJIsie PO3PaXx0BYBATH BIIMBU MaJMX



36ypeHb popmu 0671aCTi Ta KpailoBUX YMOB. [1J11 06MeskeHUX 06J1acTel, [ie He Mae Miclie napagokc Yaurxena,
noby0BaHO po3KJIanaHHs YauTxena njs piBHsHb Has‘e-Ctokca. 3aBasky oOyj0BaHUM MaTpULSM
(dyHIaMeHTaNbHUX PO3B's13KiB cucTeMu piBHsIHb CTOKca Ta ii Moaudikaliil BupileHa npobjiema Majoro
JIOKaJi30BaHOTO BIUIMBY Ha PijMHHE cepefoBulie. [171s1 po3paxyHKy IIPoLeciB y 6araTopasHux cepeloBUILIIAX
3aIPOIIOHOBaHI BIOCKOHAJIEHHS Ta y3arajbHeHHsl MeToay M. CMOJIyXOBCBKOTO, a TAaKOX KOMOiHAIis1 MeTOIiB
rpaHNYHUX €1eMeHTiB Ta M. CMOJIyXOBCBKOTO. Ha OCHOBI aCHMIITOTMYHOTrO PO3KJIAJAHHS B PA, 32 MAJIUM YK CIIOM
CredaHa Ta 3aCTOCYBaHHSI METOJy TPaHUYHUX €JIEMEHTIB 3alIPOIIOHOBAHO BUCOKOE(MEKTUBHUN aJITOPUTM
PO3paxyHKY IOBiLJILHOTO (a30BOro Nepexojly, B TOMY YMCJIi Ha IOBEPXHSIX Oy/IbOALIOK Ta KpaIeJb, sKi 36epiraloTe
cdepuny gpopmy y rporieci ¢pazoBoro rnepexony 3aBAsSKU CHUIaM [TOBEPXHEBOrO HATATY (TOMOTETUYHE 3POCTaHHS).
[TokasaHo, o Teuist Credana 171 NoBiIbHOTO (GasoBoro nepexony 3aBxau € tediero Crokca. [TobynoBaHo
ACUMITOTUYHY MaTeMAaTUYHY MOJEb Ta MAaTPULI0 GYyHIAMEHTAJIBHUX PO3B'SI3KiB [ Hei y BUNaaKy ciaabKoi
BiJIbHOI KOHBEKIIii B yMOBax MikporpasiTalii. MeTog0oM rpaHUYHUX €JIEMEHTIB y KOMOiHalii 3 meTogom M.
CMOJIyXOBCBKOTr0 IpoaHasizoBaHo bararodasHe cepefoBUllie B yMOBaxX MikporpasiTallii 3 ypaxyBaHHSIM e(deKTiB
daorauii, cequMmenTaii, repmodopesy, nidysiodopesy, edpexry MapaHrosi. MeToq, rpaHUYHUX €JIEMEHTIB CYMiCHO
3 MeTogoM M. CMOJIyXOBCHKOTO OYJIO 3aCTOCOBAHO [10 aHaJIi3y TEXHOJIOTIH OIpalloBaHHS 6aratoda3Horo
cepenoBUIa y XIMIYHMX Ta ripHu4o36arayyBajlbHUX TEXHOJOTiAXK. [106yj0BaHO MaTeMaTU4Hy MOJEJIb Ta
3aIIPOIIOHOBAHO METOIU PO3PaXyHKY IIPOLIECiB TEIOMacOOOMiHY y IaJIMBHOMY 6aKy KOCMiYHOTO anapary y
IOBrOTPUBAJIOMY iHEPLIITHOMY I0OJIbOTI. Pe3ysibTaTty focCiigKeHHs BIIPOBAIKEH] Y IIPAKTHULL MigIIPUEMCTBA
«Konctpykropcbke 610po «IliBneHHe» im. M. K. fIHressi, y HayKOBO-TeXHi4Hiil AiJIbHOCTI IHCTUTYTY re0Te€XHI4HO]
MexaHiku imeHi M. C. [TossikoBa HanioHanbHOI akageMii Hayk YKpaiHu Ta y HaB4asIbHUM Mpolec [JHIIPOBCBEKOTrO
HaLliOHAJILHOTO YHiBepcuTeTy iMeHi Osecsa ['ondapa. Kio4dosi cioBa: Tediga CToKca, mapafoke YanuTtxena,
ACUMIITOTAYHE pO3KJIafaHHs YanuTxena, napagokc CTokca, MeTOJ, TPaHUYHUX €JIEMEHTIB, OBibHI (pa3oBi
nepexopny, 6ararodasHa tevis Ctokca, revis Credana, GproTanis, cemuMmeHTaiisi, repmodopes, CucCTeMa piBHSIHb

Omnzarepa, najuBHUIM 6aK KOCMIYHOTO anapary, JOBIOTPUBaINil iHepLiiHMI IOJIIT

2. The dissertation work is devoted to application of computational potential theory methods and asymptotic
methods to problems of fluid flows under small Reynolds numbers and heat and mass transfer in such flows,
creation of reliable and high accurate computational schemes and using them for the solution of engineering and
technical problems connected with handling of multiphase media and processes in microgravity conditions. Two
new families of boundary element algorithms are proposed. The first one provides a high reliability and accuracy of
computational approach; the second one gives an opportunity to calculates influences of small disturbances of the
domain shape and the boundary conditions. Whitehead’s expansion for Navier-Stokes equation is constructed in
restricted domains, where Whitehead’s paradox does not take place. A problem of small localized action on a liquid
media is solved because of the constructed matrices of fundamental solutions Stokes equation system and its
modifications. Improvements and generalizations of M. Smoluchowski’s method are proposed for calculations of
processes in multiphase media, combination of boundary element method and M. Smoluchowski’s method is
proposed too. A high effective algorithm of slow phase transition calculation is proposed on the base of series
expansion with respect to small Stefan number and boundary element method application, including a case of
bubbles and drops, which save spherical shape during phase transition process due to surface tension forces
(homothetic growth). It is shown, that the Stefan flow of slow phase transition is always Stokes flow. Matrices of
fundamental solutions of Onsager’s equation system are constructed, integral analogs of this system are obtained
and asymptotic approach is developed to analyze this system. The obtained numerical solutions of Onsager’s
equation system show the behavior, which is not specific for usual solutions of parabolic equations. An asymptotic
mathematical model and matrix of its fundamental solutions is constructed for weak free convection in
microgravity conditions. Multiphase media in microgravity conditions is investigated by boundary element method
together with M. Smoluchowski’'s method taking into account flotation, sedimentation, thermophoresis,
diffusiophoresis phenomena and Marangoni’s effects. Boundary element method together with M. Smoluchowski’s
method are applied to investigation of multiphase media working in chemical and re-dressing technologies. A
mathematical model is constructed and numerical methods are proposed for heat and mass transfer processes in



fuel tank of space vehicle during long-time inertial flight. The results of the research were embedded in practice of
the enterprise “Design Office “Yuzhnoye” named after M. K. Yangel”, in the scientific and technical activity of
Institute of Geotechnical Mechanics named after N. Poljakov of National Academy of Science of Ukraine and in
educational process of Oles Honchar Dnipro National University. Key words: Stokes flow, Whitehead paradox,
Whitehead asymptotic expansion, Stokes paradox, boundary element method, slow phase transitions, multiphase
Stokes flow, Stefan flow, flotation, sedimentation, thermophoresis, Onsager’s equation system, fuel tank of space
vehicle, long-time inertial flight.
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