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DYNAMICS OF DROPLETS IN THE TRANSITION AND FILM
BOILING REGIME ON TEXTURED SUBSTRATES

Susmita Dash
Indian Institute of Science, India

Droplet dynamics on a heated surface plays an important role in applications ranging from
spray cooling to solidification and pharmaceuticals. A liquid droplet placed on a heated
substrate which is at a significantly higher temperature compared to the saturation temperature
of the liquid hovers over a thin film of vapor. This film boiling regime of the droplet is termed
as the Leidenfrost (LF) state and is detrimental to heat transfer due to the low thermal
conductivity of the vapor. The transition boiling regime is characterized by intermittent contacts
between the heated substrate and the liquid droplet and marks the transition between vigorous
nucleate boiling and film boiling. Here, we show that in the transitional boiling regime, an
unconstrained droplet exhibits trampolining where the droplet bounces to higher heights with
each consecutive contact with the substrate. I will discuss the role of substrate morphology and
permeability on the excess vapor gap established beneath the droplet during the film boiling
regime. I will also discuss the different modes of bouncing and trampolining of a Leidenfrost
droplet on a heated substrate and the influence of substrate temperature.

BIPHILIC SURFACES FOR THERMAL-FLUIDS SYSTEMS AND
ENERGY EFFICIENCY

Ali Kosar
Sabanci University, Turkey

Boiling and droplet condensation are major phase change phenomena. Performance
enhancements in these phase change phenomena can be achieved with surface modification.
One of the most promising approaches includes the use of biphilic surfaces, which have mixed
wettability on the surface. Phase change on biphilic surfaces and optimization efforts for various
biphilic surfaces in both boiling and dropwise condensation will be covered in this lecture.

TURBULENCE CONTROL — BETTER, FASTER AND EASIER WITH
MACHINE LEARNING

Bernd Noack
Harbin Institute of Technology, China

Closed-loop turbulence control has current and future engineering applications of truly
epic proportions, including cars, trains, airplanes, jet noise, air conditioning, medical
applications, wind turbines, combustors, and energy systems, i.e., well-known topics presented
in this conference. Recently, Artificial Intelligence (Al) / Machine Learning (ML) has opened
game-changing new avenues (Brunton; Noack 2015): the automated model-free discovery and
exploitation of unknown nonlinear actuation mechanisms directly in the plant - included
automated reduced-order modeling of the plant. In this talk, we review recent successes on these
avenues towards broadband frequency turbulence control with distributed actuation/sensing.



PHYSICS-INFORMED MODELLING OF COHERENT STRUCTURES
IN MULTIPHYSICS FLOWS

Kilian Oberleithner

Berlin Technical University, Germany

The vast majority of natural and technical flows are turbulent. While turbulence is
beneficial for engineering applications where effective mixing and heat transfer are important,
it also has dramatic negative effects. For example, turbulence causes the annoying whistling of
wind turbines, the dramatic rumbling of jet engines, and it can trigger resonances and pressure
fluctuations in gas and water turbines, which drastically reduces the efficiency and operability
of electric power plants.

Thanks to immense advances in large-scale numerical simulation and high-performance
computers, we are now able to simulate turbulent flows with high accuracy. However, such
simulations alone neither reveal the mechanism that drives turbulence, nor do they tell us how
to control turbulence in a beneficial way.

In this talk linearized mean field analysis of turbulent flows is introduced. This physics-
based method uncovers the driving mechanisms that lead to the formation of turbulent
structures and it offers an analytic framework for turbulent flow control. The core idea is to
build a linearized operator from a set of governing equations and analyse this operator using
stability and resolvent analysis. The method will be demonstrated for different technical
applications within the field of aeroacoustics, thermoacoustics and instability control. The talk
will conclude with an overview of future challenges and opportunities.

SPRAY COOLING FOR HIGH HEAT-FLUX ELECTRONICS
COOLING

Run Hu
Huazhong University of Science and Technology, China

Spray cooling is a promising thermal management solution for high-heat-flux electronics.
To facilitate the application of spray cooling in electronics cooling, we have improved the
experimental system by designing a high heat flux heat source and an electronic device. A
relatively high critical heat flux and better temperature uniformity have been achieved. A
quantitative evaluation of parameters has been proposed to provide guidance for the
performance enhancement of spray cooling system and to facilitate the high-heat-flux heat
dissipation in electronic devices.



HOBBII ®U3TEX: IYTh OT JIABOPATOPUU B PAMKAX
MEI'ATPAHTA 10 ®AKYJIBTETA

ITaBen benos

Vuueepcumem UTMO, Canxkm-Ilemepbype

B pamkax nekuumm Oyner pacckazaHo o mNpuHOMNax padorel Ha HoBom @wusrexe
yauBepcuteta MUTMO: nHayke B Poccuum Ha MHpPOBOM YpOBHE, SJIMTHOM (PU3HUYECKOM
00pa30BaHUM U BA)KHOCTH OPTaHU3ALMOHHBIX BOIPOCOB B 3()(EKTUBHOM (PYHKIIMOHUPOBAHUU
HAy4HO-00pa30BaTeNIbHBIX MOIPa3AeICHHI.

SIMPLE MODELS OF COMPLEX PROCESSES: HEATING AND
EVAPORATION OF DROPLETS ON A SUPERHYDROPHOBIC
SURFACE

Cepreit Caxun

University of Brighton, UK

A new model for heating and evaporation of a droplet on a superhydrophobic surface will
be described. The model uses the analytical solution to the spherically symmetric heat transfer
equation with the source term which is implemented in the numerical code and used at each
time step of the calculations. It was assumed that heat supplied by conduction and radiation
from the substrate to the droplet is instantaneously and homogeneously distributed throughout
the whole droplet volume. A new approach to the verification of the predictions of the earlier
developed model of puffing/micro-explosion in multi-component composite droplets will be
described. The results of the generalization latter model to consider the shifting of the water
sub-droplet away from the centre of the fuel droplet will be presented.

MOJIOAEXKXHBIE TABOPATOPUU: CO3JAHUE, CTAHOBJIEHHUE,
PA3BBUTHUE

ITaBen Ctpuxak

Tomckuti nonumexuuueckuu ynusepcumem, Tomck

B noknane oOGCyxaatoTcs KIIOUEBbIE 3aJ]a4M U CIIOKHOCTH, BO3HUKAIOIIKE MpH padoTte
MOJIOJICKHBIX Hay4dHbIX JJaboparopuil. IIpencraBieHbl BO3MOXKHBIE TPEKH Pa3BUTHUS WIEHOB
KOJUIEKTUBOB ~ Takux  JjalOoparopuii. Beimenena cBsi3p  paboTel  naboparopuih ¢
o0Opa3oBareIbHBIMU MpOrpaMMamMu B By3ax. Ompe/ieneHbl IepcneKTUBHBIE [Iaru JJIsl pa3BUTHS
n1abopaTtopuii ¢ y4eTOM COBOKYITHOCTH BHEIIHUX U BHYTPEHHUX (PaKTOpOB.



OT OTKPBITUA JABOPATOPUH 10 CO3JAHUA HAYYHO-
OBPA30OBATEJIBHOI'O HEHTPA: POJIb CBA3U HAYKHU U
OBPA30BAHUA

Banepus Poauonosa

bantuiickuii ¢penepanbHbIil yauBepcuteT, Kanuauarpasg

JlaGopatopusi HOBBIX MAarHUTHBIX MarepuagoB Oblia co3gaHa B banruiickom
denepanbHom yHuBepcutere uMm. M. Kanra B 2013 romy, B 2022 romy 3TO CTPYKTypHOE
MOJpa3/ICIICHIE - HAyYHO-00pa30BaTeIbHBINA IICHTP, 3aHUMAIOIINIACS HE TOJILKO HAYKOW, HO U
o0pa3oBaHHeM, IPOCBETUTENIBCKOIM U OPraHnu3alMOHHOMN IeATeIbHOCThI0. 3aueM? PaccmoTpum
MEXaHU3MBbI 3aIyCKa, pa3BUTHUS, JIOBYILIKH Ha IMYTH CTAHOBJICHUSI U UHCTPYMEHTBI MOAACPKKH
HAy4YHOT'O COOOIIECTRA.

OTUEI'O TAKOM CJIbHBIU BETEP?

I'puropnii ®anpkoBUY

Weizmann Institute of Science, Israel

Kparkuit 0630p criekTpoB arMocdepHoil TypOyIeHTHOCTU U PE3YJbTaTOB JIA0OPATOPHBIX
OKCIIEPUMEHTOB TI0 TYpOYJIEHTHOCTH B TOHKMX cllosx. HemHOro Teopum m oOCyxIeHHE
BO3MOXKHBIX CBSA3EH MEXY SIBICHUSMH.



JTIOKJIAJTBI
VYACTHUKOB



HOBBIE CIIOCOBbI ®OPMHUPOBAHMUS TOILJIMBOBO3AYIIHOM
CMECH B ABUALIMOHHBIX IBUI'ATEJISAAX 3A CHET
PEAJIM3ALIMN HEITHBIX MEXAHU3MOB ®PAI'MEHTAIIUN
KOMITIO3UIIMOHHLIX TOIIJIUB

Anronos JI.B.”

Hayuonanvnuiii uccnedosamenvckuti Tomckuii nonumexuuseckuil ynugepcumem, Tomck,
Poccus
* antonovdv132@gmail.com

[IpencraBiensl pe3yabTaThl HIKCIIEPUMEHTAIbHBIX HCCIEAOBAHUN YCIOBHUM peaan3anuu
TaK HAa3bIBAEMBIX IIEMHBIX MEXAHU3MOB, XapaKTEPHU3YIOUIUX TPYIIY MOCICAOBATEIbHBIX
dbparMeHTaIMi KOMITO3UIIMOHHBIX TOILJIMB B BHICOKOTEMIIEPATYPHOM Ta30BOM cpesie ¢ IEIbIo
dbopMHUpPOBaHMS TOIIMBOBO3YIIHOW CMECH B aBHAIMOHHBIX JBuratessx [1]. OmbITel
MPOBEJICHBI C TPYIION UCXOHBIX Karlelb, 3aKPEIJICHHBIX B BHICOKOTEMIIEPATYPHOI ra30Boit
cpelie Ha pa3HOM YAAQJIEHUU U NPU Pa3HbIX CXeMaX B3aMMHOI'O PACIIONIOKEHHMS, a TaKXKe MPU
JMBUKEHUH TPYIIBI Kameidb B ra3oBOH cpele B peXUMe CBOOOAHOro majieHus. BoimomHeHa
MaTeMaTHuecKasi 00padoTKa pe3yabTaTOB OIBITOB C IEIBIO MOTYYSHHS alPOKCUMAIIMOHHBIX
BBIPQXCHHUHM ISl YCTaHOBIEHHBIX SKCIIEPUMEHTANBHBIX 3aBUCHMOCTEH BpPEMEH 3a/IePiKKU
MEXJly IOCIeA0BaTeIbHBIMU (PparMeHTalUsIMU, KOJIMYECTBOM (OPMUPYEMBIX Kalelsb, HUX
pa3MepaMu U APYTUMHU XapaKTePUCTUKAMH.

Ha puc. 1 npencrasnensl kaipbl ¢ U300pak€HUEM TUIIUYHOTO LEMHOTO (TakXe MOKHO
HA3BaTh KaCKaJHBIM) MeXaHU3Ma (hparMeHTaluu Karesb: 00pa3oBaHue JouepHel (BTOPUIHOMN)
KaIlJli, €e pa3pylieHue, 00pa3oBaHUe JOUEPHEN KallJll MEHBIIETO pa3Mepa U €€ pa3pylieHue U
T.1. Pe3ynpTarel 00pabOTKM MPOBEACHHBIX JKCIEPUMEHTOB TMOKa3alHd, YTO HauOoJbllee
KOJIMYECTBO IIOCJIE0BATENbHBIX PACIaJOB BTOPUYHBIX Kaleilb PErucTpUpPOBANOCH IPHU
pexxumMe madPuHT 1715 POJUTENHCKHUX Karelb. 9T0 00YCIOBIEHO TEM, YTO POIUTENbCKAs KAl
npu pexume nadp@UHr HUMeeT JOKalbHble OO0JIACTH CO 3HAYUTENIbHBIM IE€PErpeBOM J10
METacTaOUIBHOTO COCTOSIHUSL BOJBI, JOCTaTOYHBIM JJIsi 3apOXKIACHHS IY3bIPHKOB M HX
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Puc. 1. Kagpsl ¢ n306pakeHHeM LIETHOTO MeXaHu3Ma (hparMeHTaluy Kanelb
BOJ1a/paricoBoe Macio (00beMHas KoHIeHTpauus Boasl 10%) mpu Ta=843 K.

Paboma ewvinonnena npu urancosoii noodepiicke paHma POCCULCKO20 HAYYHO2O
¢onoa (PHD 21-71-10008, https://rscf.ru/project/21-71-10008/).

Jlutreparypa

1. Boggavarapu P., Ramesh S.P., Avulapati M.M. Secondary breakup of water and
surrogate fuels: Breakup modes and resultant droplet sizes // — Int. J. Multiph. Flow.
(2021) 145, N2103816.
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YHCJIEHHOE MOJETMPOBAHHUE BOJIHOBBIX CTPYKTYP HA
OBJIYBAEMOW I'A30M I'OPM30OHTAJILHOM IJTEHKE
KUJKOCTHU

Amnocron 0. C.2 %" Boxkaxos U. C.12

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“y.apostol@g.nsu.ru

JIByx(a3Hble ra30’kKHJIKOCTHbIE MOTOKU IIUPOKO HCIOJIB3YIOTCS BO MHOTHUX OTPACIISIX.
CrpatnunupoBaHHbIe PEXUMbI TEUEHUS MOTYT BKJIIOYATh B ce0s KaK TEUCHHUsS C TIIAJKON
MOBEPXHOCTHIO IUICHKH XHUAKOCTH, TaK W C BOJIHUCTOM, a MpH JaJbHEWUIIEM YBEIUYECHUH
CKOpOCTH ra3a HaOJogaeTcs ABJICHHE YHOCA Karesb. [ lIeHOYHbIe TeUeHNUs 4acTO BCTPEUArOTCs
B TEIJIOOOMEHHOM OOOpYJIOBaHHH, TaK Kak SBISAIOTCA J(PQPEKTUBHBIMH B BOIPOCAX
OXJIXK/ICHUS; HAIWYHE K€ TUCIIEPTUPOBAHHOMN (ha3bl - Kallelb - 3HAYUTEIFHO YBEIUYHBACT
MeX(pa3zHyI0 MOBEPXHOCTb, UTO MOBBIIIAET CKOPOCTh XUMHUUYECKUX peakiuil. Takum oOpazom,
npeIMeTaMy UCCIIeIOBaHMs B JAHHOW paboTe SIBIISIOTCS BOJIHBI HA MEX(a3HON MOBEPXHOCTH
U KaIlJIlk, COPBaHHBIE Ta30BbIM MOTOKOM. L[ebio paboThI SIBIISETCS MOyUYEeHUE XapaKTEPUCTUK
BOJH M Kameilb NpU BBICOKMX pacxojaxX >HIKOCTH W Ta3a, a TaKKe MEXaHHW3MOB HX
o0OpasoBaHwUs.

MopenupoBaHie BOJIHOBBIX CTPYKTYP MPOU3BOAMIOCH ITYTEM YHCICHHOTO PEIICHHS
ypaBHeHuil HaBbe-CTokca C MCIONB30BaHUEM IIATQOPMBI C OTKPBITHIM HCXOAHBIM KOJIOM
OpenFOAM. Pacdersl mpoBeIeHBI B JABYMEPHOW IOCTAHOBKE ITOAXOJOM KBa3U-TPSMOTO
YHCIEHHOTO MOJEIUPOBAHUS.

B pesynprare MomenrpoBaHHUs TMOITYYEHBI MPOCTPAHCTBEHHO-BPEMEHHBIE JHArpaMMEl,
OTHCHIBAIOIIUE AMIUIUTYABl MOBEPXHOCTH MAJI PA3IUYHBIX 3HAYEHUH CKOPOCTH Ta30BOTO
noroka. [TokazaHo, 4To mpu TypOyIHU3alKy Ta30BOTO MOTOKA MPOUCXOIUT POCT aMILTATY/IBL.
Kpome Toro, oOHapyeHO, 4yTO Te€Hepalys BOJH ObICTPON psAOM MPOMCXOJUT B pe3yibTare
BO3/ICUCTBUS TYpOYJICHTHBIX MyJIbCAIMIA Ta30BOTO MMOTOKA HA TUIEHKY KUIKOCTH.
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Puc. 1. IIpocTpaHCcTBEHHO-BpEMEHHAs AMarpaMMa pa3BUTHUS BOJIHOBBIX CTPYKTYp MpHU
CKOPOCTH ra3oBoro noroka 20 m/c, mkana crpaBa yKa3blBaeT Ha aMIUIUTY/1y BOJIHBI B
3aJIaHHOM MTPOJOJILHOM KOOpJAMHATE B JaHHBI MOMEHT BPEMEHU

Jlureparypa

1. Cherdantsev A. V., Hann D. B., Azzopardi B. J. Study of gas-sheared liquid film in
horizontal rectangular duct using high-speed LIF technique: Three-dimensional wavy
structure and its relation to liquid entrainment //International Journal of Multiphase Flow.
—2014. - T. 67.—C. 52-64.

2. Fan W., Cherdantsev A. V., Anglart H. Experimental and numerical study of formation
and development of disturbance waves in annular gas-liquid flow //Energy. — 2020. — T.
207. - C. 118309.



PETUCTPALIMA AHTPOITIOT'EHHBIX I'A30BbIX BBIBPOCOB ITPU
CXKUTI'AHUU OTXOJJOB HE®@TEIIEPEPABOTKH

Axmerina M.P."., Hamuna T.C™.

HUU Tomckuti nonumexnuueckuui ynusepcumem, Tomck, Poccus
* mra3@tpu.ru; gsnl@tpu.ru

[Tpobnema nCHoOAB30BAHUS M YTHIU3AIUH OTX0/10B He(hTe100b1uu 1 HeTenepepadoTKu
ABJISIETCSI OJHOM M3 CaMbIX akTyallbHbIX B Hacrosimiee Bpems [1]. Kiaccuueckue metonsl
nepepadOTKH, TaKHe KaK CXKUraHWe WIM 3aXOpOHEHHE B IouBe, Malod()(eKTUBHBI U
OKa3bIBAIOT HETaTUBHOE BIUSHUE HA OKPYXKaoIyto cpeny [2]. OqHuM U3 crnoco00B CHUKECHUS
HEraTUBHOI'O BO3JEHUCTBUSA Ha OKPYXAIOUIYIO CpELy SBISETCS HCIIOJIb30BAHUE OTXOJ0B
no0bluM M TepepaboTku HedTeld M yrieil B KauecTBE KOMIIOHEHTOB BOJOCOAEPIKAIETO
TOIIMBA. B KauecTBe KOMIIOHEHTOB HMCIOJIB30BAIUCH HEPTEIUIAMBI, (PHIBTP—KEK KaMEHHOTO
KOKCYIOIIETOCs] yIiisl M OMWIKH. B HacTosmeil paboTe u3Mepsuiich KOHLEHTPALMU OKCHUJIOB
Cepbl U a30Ta, 00pa3yloluecs B MPOLIECCE TOPEHMS], a TAKKE YCTAaHABIMBAJIUCh MEXAHU3MBI,
MPOTEKAIOIIME B TPOLIECCE CKUTAHUS, TTO3BOJISIONINE CHU3UTh KOHIIEHTPAIIMH aHTPOIIOT€HHBIX
razoBbix BbIOpocoB [3]. Ilo pe3ynapTaTaM UCCIENOBAHMM YCTAHOBJICHBI Pa3TUYMS
XapaKTepUCTUK BBIOPOCOB MJisi TOIUIMBHBIX KOMIIO3ULIUH, B COCTaB KOTOPBIX BXOJMIHU
BbIlIICYyKa3aHHbIe KOMIOHEHTHI [4]. Tloka3aHo, YTO C)KUTaHWE TOIUIMBHBIX KOMITO3UIIHHA,
COJIepKallMX KOMIIOHEHThl B PA3JIMYHBIX MACCOBBIX MPOMOPIMSIX, MOXKET CHHU3UTh
KOHIIEHTpalu# aHTpornoreHHsIx BiopocoB SO2 1 NOx Ha 16-39% 1 4-48%, COOTBETCTBEHHO.
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Puc. 1. 3aBUCHUMOCTH KOHIIEHTpALIU OKCHUIOB Puc. 2. 3aBUCUMOCTH KOHIIEHTpAIIUNA OKCUIOB

a30Ta OT TeMITepaTyphl B Kamepe cropanus [4] CepBI OT TeMIIEPaTyphl B KaMepe Cropanus [4]

Jlureparypa

1. Al-Mulali U. Oil consumption, CO2 emission and economic growth in MENA countries
// Energy. 2011. V. 36. Ne10. P. 6165-6171.

2. Liu H., Zhao S., Xie Z., Zhu K., Xu X., Ding X., Glowacz A. Investigation of the
pyrophoric tendency of the powder of corrosion products in an oil tank // Powder
Technology. 2018. V. 339. P. 296-305

3. Hsmmna I'. C., nerens H. E., Ctpmwxkax I1. A. AHanu3 aHTPONIOTEHHBIX BBIOPOCOB TIPH
C)KUTAHUU YTOJIBHBIX TOIUIUB U OTX0J10B yrienepepaboTku // Koke u xumus. 2017. Ne 4.
C. 40-46.

4. Hsmmna I'. C., Kyprankuna M. A., Axmermua M. P., Mensenes B. B. Ananu3 cocrapa
30J1bI IIPU C)KUTAHUU EPCIEKTUBHBIX BOAOCOAEPKAIUX CYCIIEH3NOHHBIX TOIUIMB // Koke
u xumus. 2020. Ne 3. C. 48-59.
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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE BJIUAHUA
BUOINIOJMMEPHBIX MUKPOTI'EJIEBBIX YACTHIIL B KAIIVIE
TEPMOYYBCTBHUTEJIBHOI'O IIOJIMMEPA HA OCOBEHHOCTMH EE
PACTEKAHUSA ITPU COYJIAPEHUU C TUAPOPOBHON
IHHOBEPXHOCTBIO

Aummxvun A.E.”, ITuckynos M.B., Artonno Jlu Mapruno, ®enopos B.C.

Hayuonanvnuiii uccnedosamenvcxuti Tomckuti nonumexuuueckuti ynusepcumem, Tomck,
Poccus
“aeatpu@gmail.com

[Ipotiecc B3auMoecTBUS TUAPOTEIIs C TOBEPXHOCTHIO SIBIISIETCS HEOTHEMIJIEMON YaCThIO
TEXHOJIOTUM TPOU3BOACTBA OHWOJOTHYECKMX TKaHel. McciaemoBaHne o0OCOOCHHOCTEH U
JTUHAMUKU TTOBEJICHUS Karellb TAKUX KUIKOCTEH MPH OMOMeyaTH TKaHEeH SIBISIETCS aKTyaIbHbIM
BOIIPOCOM, PEIICHHE KOTOPOIrO IO3BOJUT YCOBEPILIEHCTBOBaTh TexHojoruto [1]. Ilostomy
LEJIBI0 JAaHHOW paboThI SIBJISIETCS UCCIEAOBAHUE THAPOAMHAMUKH MPOIECCa B3aUMOICHCTBUSA
MOJICJIBHOTO THAPOresisi HA OCHOBE pacTBOpA arapa ¢ pa3IMuHbIMU TOBEPXHOCTSIMH.

B pabore m3aMepeHbl PEeONOTHYECKHe W IMOBEPXHOCTHO-aKTHBHBIE CBOWMCTBAa 00pa3IloB
MOJIMMEPHBIX AMYJIbCHUM, a TaKXKE XapaKTEPUCTUKU KOHTAKTHOTO CMayMBaHMS MOBEPXHOCTEH
B3aUMOJICHCTBUSA. BBIMOIHEHO 3KCHEPUMEHTAIBHOE MCCIEAOBAaHUE B3aUMOJICUCTBUS Karleau
MOJIUIMEPHON SMYJIbCHUU C TIAAKOW M MEMOpPAaHHOW MOBEPXHOCTHIO. YCTAHOBJICHO BIIUSHUE
YaCcTHUI] MUKPOTresisl Ha MAaKCUMaJIbHBIA JUAMETP PAacTEKaHUs KAl MOJMMEPHON 3MYIbCUU
(pucynoxk 1). TIlponemoHcTprupoBaHbl MOP(POTOTUYECKUE OCOOCHHOCTH MPOIECCa PACTEKAHUS
Karejab MOJIMMEPHBIX 3MYIbCUM C 4YacTULaMu MHKporens. OLEHEHO BIUSHHUE KOJIMYECTBA
YACTHUI[ MHUKPOTEJIS B pacTeKalollelcs Karjie SMYJIbCUM Ha JeopMaiuio ee OTACIbHBIX
DJICMEHTOB.

3,64

© Glass
© Membrane

=363 N %

3,4+

3,24

ﬂmax

3,04

281 ° b g
8 °
264 @

Puc. 1. Biusinne konuyecTBa 4acTUIl MUKpOTeNa N B Karuisix MOJMMEPHBIX SMYJIbCUN HA
KO3(GUIIMEHT UX MAKCUMAJIBHOTO PACTEKAHUSA Smax

Hccneoosanue evinonneno 3a cuem epanma Poccuiickozo nayunozo ¢ponoa Ne 22-29-
20109, https://rscf.ru/project/22-29-20109/ u cpedcme Aomunucmpayuu Tomcxotl obracmu.

Jlutreparypa

1. TaoJ. et al. Nanoparticle-Stabilized Emulsion Bioink for Digital Light Processing Based
3D Bioprinting of Porous Tissue Constructs / Adv. Healthc. Mater. 2022. Vol. 11, Ne 12.
P. 2102810.



YUCJIEHHOE MOJAEJIUPOBAHHUE OTPBIBHOI'O
TYPBYJIEHTHOI'O IIOTOKA B IINTIOCKOM KAHAJIE I1PH
HAJINMYUU TIEPUOINYECKOI'O OPEBPEHU A

bapcykos* A.B., Tepexos B.B., Tepexor B.1.

Unemumym mennoghusuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccus
“andreybarsukov96@gmail.com

B nuTeparype cymiecTByeT MHOKECTBO MCCIICIOBAaHMM, KaK 3KCIIEPUMEHTAIbHBIX, TaK U
pacueTHBIX, Kacaloummxcs  (QYHIAMEHTAIbHBIX  CPEACTB  IOBBIIICHHS  BHYTpEHHEH
TEIUIonepeayl B KOH(QUTYpalUsIX C MPEUMYLIECTBEHHO TYpOYJIEHTHBIM MOTOKOM. K HuM
OTHOCATCS  TypOylu3auMs MPOXOJOB  Pa3jIMYHBIMH  MOBTOPSIIOIIMMUCA  DJIEMEHTaMU
MOBEPXHOCTH, COYHApSIOUIMECs CTPYHM W MAacCUBBI CTPYH, 3aKpy4YCHHBIC IIOTOKH,
[IEpOXOBAaTOCTH W MHoroe jApyroe. Vcmonb3oBaHue pebep sBISETCS OAHUM M3 Haubolee
pacmpoCTpaHEeHHBIX CPEJCTB MOBBIMIEHUST Kod(duumeHnroB termonepenadn OCHOBHBIC
UCCJIEJIOBAHUS, B PE3ylbTaTe KOTOPBIX ObUIM IMONYYEHBI IIUPOKO HCIOJIb3yeMble HaHHBIE U
KOppEJSAuU, OBLIM BBHIMONHEHBI B paborax [1-3]. OOmme pe3yabTarbl BCEX TaKUX
WCCJICJIOBAHUN 3aKJIIOYAIOTCS B TOM, YTO YCPEJAHEHHBIE MO MOBEPXHOCTU KOIPPHUIMEHTHI
TEIUIOTIepeIad B CTAIMOHAPHBIX TypOyITH3UPOBAHHBIX KaHAJaX MOTYT OBITh YBEITMYEHBI B 2—
2,5 pa3a, a ko3 puIMeHTH TpeHUS WK TpeOyemMasi MOITHOCTh OTKAYKH YBEJIUYUBAIOTCS B 3—5
pas.

B nanHoii pa®oTe MpoBENEHO YUCIEHHOE MOJAEIUPOBaHHE TYpOYIEHTHOTO TEUEHUS B
opebpeHHOM KaHaje. Yucno PeliHombaca paccUUTHIBAIOCH MO0 CPEIHEPACXOAHON CKOPOCTU U
BbICOTE KaHana. BapeupyempiMu mapamerpamu ObUIM unciao PeliHonbaca M yron MexIy
HaberaroImumM NOoTOKOM M pebpom kanana. Ha pucynke 1 npencrasiena pacueTHas 00J1acTsb.

i

i%‘

Puc. 1. Cxema pacueTHOM 001acTH.

B pabote nmpeacrasieHo mogpoOHOE YHMCIEHHOE UCCIIEI0BAaHUE YCHIIEHUS TelIo00MeHa
npu Hanuuuu pedep B KaHane. IlomyueHHble pe3ynbTaTbl pacuyeToB OTPHIBHOTO OOTEKaHUS
pebep Mpu BappUpOBaHUU yIiia HaOerarouiero noroka. [1onpobHo uccaeoBaHbl JIOKaJIbHbIE U
MHTETpabHbIE XapaKTEPUCTUKH TypOyIEHTHOro TeueHHs. bbuio monyueHo pacrpeneneHue
nokanpHOro uncia Hyccenbra.

Paboma evinonnena npu gunancosoii noooepcke Munucmepcmea HAyKu U Gvlcuieo
oopasoeanus Poccuiickoii @edepayuu (Coenawenue Ne 075-15-2021-575).

Jlureparypa

1. Saha K., Acharya S., Nakamata C. Heat transfer enhancement and thermal performance
of lattice structures for internal cooling of airfoil trailing edges // J. Therm. Sci. Eng.
Appl. 2013 V 5 011001.

2. OhLT.etal. Local heat-mass transfer and friction loss measurement in a rotating matrix
cooling channel// J. Heat Transfer 2012 V134 011901

3. Dua W, Luo L, Wanga S, Liu J and Sunden B Heat transfer and flow structure in a
detached latticework duct // Applied Thermal Engineering 2019 155 pp 24-39
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NCCIEAOBAHUE NPOHECCA MACCOOBMEHA
B TIPAMOM U CUHYCOUJAJIBHOM MUKPOKAHAJIAX
ITPU CHAPAJAHOM PEXXMME TEYEHUA

Baptkyc I'.B.”, Ky3nenos B.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“germanbartkus@gmail.com

VYTIIeKHCIBINA Ta3 MIUPOKO PACTIPOCTPAHEH B MPUPOTHBIX U MPOMBIIUICHHBIX MPOIECcCcax
U yIpaBieHHE PACTBOPEHUEM €ro B KHUAKOCTAX SBISETCS MPUOPUTETHOW 3amadeit uis
MOHWMAHUS TPOIIECCOB B MHOTO(A3HBIX MOTOKAX U C LEIbI0 YTHIU3ANUN ISl YMEHBIIICHUS
SMUCCUH. BakKHBIM NpPEUMYIIECTBOM HCIIOJIb30BAHUSI MHKPOKAHAJIOB SIBISICTCSl CYIECTBEHHAS
UHTCHCU(HKALUS MPOIECCOB MAacCOOOMEHA 3a CUET BBICOKOHM Y/AEIbHOW MOBEPXHOCTH KOHTAKTa
¢a3. B nannoii pabote Ob1I0 TPOBEAEHO IKCIIEPUMEHTAIIBHOE UCCIICIOBAHUE, HAITPABIICHHOE HA
U3YyYeHHEe Tpolecca MaccooOMeHa B MPSIMOYTOJIBHOM M CHHYCOMIAIbHOM MHKpPOKaHajIaX C
[ENbI0 U3MEPCHHSI OOBEMHBIX KOIPPHUIMEHTOB MaccooTAaun it cMmecu 3TaHoi-COy,
UCIIONIB3YSl BBICOKOCKOPOCTHYIO M KOHTPACTHYIO BHU3yalM3allUd TEUEHHUS TMPU BBICOKOM
pa3penieHnH.

[Tomyuensl 3HaueHHs] 00BEMHBIX KOA(D(UIIMEHTOB MAaCCOOTAAYHU ISl IPSIMOTO KaHala U
npeioxkeHa Gu3ndecKu 000CHOBaHHASI MOJIENh MeX(a3HOro MaccooOMeHa Ha OCHOBE PabOTHI
Butler u ap. [1] npu abcopOumu it CHAPSITHOTO PEKUMA TCUCHUS B KaHAJIE IPAMOYTOJIBHOTO
CCUCHUS, YYUTHIBAIOMIAS IUPKYJSIIIUOHHOE TEUCHHUE B IMEPEMBIYKU IKUAKOCTU. V3mepeH
00beMHBINH KO3(D(PUIIMEHT MaccOOTAayu B KaHalle CHHYCOMAAIBHOrO MpOouis W MOKa3aHa
3HAUUTENIbHAS WHTCHCH(DHUKAINS MacCOOT/JAAauu [0 CPAaBHEHHUIO C MPSIMBIM KaHAJIOM, 3a CUET
JOTIOTHUTETIFHOTO MePEeMEIIUBaHUs KUIKOCTH, puc. 1.

6.0
5.0 S o 0
<o
4.0
§ <o
- @)
< 3.0 e O OO0
~ o
O
2.0 e O
O O lMpamotii kKaHan
1.0 J_lig=0.11 m/c
’ O CvHycouaanbHbli
kaHan J_liq=0.14 m/c
0.0
0.0 0.2 0.4 0.6
)., m/c

gast
Puc. 1. CpaBHeHnue 3aBucuMocTeil 005eMHOTr0 Kod(UIleHTa MacCOOTIauH OT MPUBEICHHON
CKOpOCTH raza /g Tedenust cMecu 90% atanon-CO: B npsimom mukpokanaie (380x190 Mxm)
nipu Jiig=0.11 M/c 1 MUKpOKaHase ¢ cuHycouAanbHbIMU cTeHKaMu (400%130 Mkm) mipu
Jiig=0.14 m/c.

Hccnedosanue svinonrneno ¢ UT CO PAH 3a cuem epamma Poccutickoco Hayunoeco
@onoa (PH® Ne21-19-00626, https://rscf.ru/project/21-19-00626/).

Jlutreparypa

1. Butler C., Cid E., Billet A.-M. Modelling of mass transfer in Taylor flow: Investigation
with the PLIF-1 technique // Chem. Eng. Res. Des. — 2016. — Vol. 115. — P. 292-302.
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TEIIVIO®PU3NYECKHUE OCOBEHHOCTHU UMHUTAPOB PACIIVIABA
COJIEHN B YCJOBUSX, MPUBJINKEHHBIX K PEAKTOPHBIM
YCTAHOBKAM |V IOKOJIEHUA

Benasuna E. A", Bepmrorun JI.A.2, Epniynés A.A.2, Tlaraunkas H.FO .12

1) Obveounennwiii uncmumym evicokux memnepamyp PAH, Mockea, Poccus
2) Hayuonanvuulil uccnedosamenvckuti ynusepcumem "MOH", Mockea, Poccus
“belavinaca@gmail.com

PacninaBel cosell paccMaTpHUBArOTCS B KAayeCTBE IMEPCHEKTUBHBIX TEIUIOHOCUTENEH B
KOHTYypax aToMHbIX iekTpocTtanuuil (ADC), repmosepubix peaktopos (TAP) u rubpuaabix
npoekToB. VX nmpuMeHeHHe M03BOJISET MOJHOCTHIO EPEeCMOTPETh HHPPACTPYKTYPY SAEPHOI
YHEPTOYCTAHOBKU NMPUMEHUB PSiJl PEIICHUH, TOBBIMAIOIINX 0€30MaCHOCTb, 3()(HEKTUBHOCTD U
pecypcoobecriedeHHOCTh IPOMBILIUIEHHOMN dKCIUTyaTalluy SIepHbIX TexHojoruii [1]. B cmyuae
WCIIOJIb30BaHUs paciuiaBa coii B TSP TeueHue 351eKTPONPOBOAHON KHUAKOCTH (pacruiaBa
coJin) OyJeT OCIIOKHEHO TOTIOTHUTEIbHBIM (PaKTOPOM — BIIMSHUEM MarHUTHOTO ToJisi. B cBsi3u
C ATUM, KOMIUIEKCHOE HCCIEO0BAHUE, COCTOSIIEE U3 U3YYEHHS CBONCTB IMEPCIEKTHUBHBIX
pacmiaBoB (PTOPHUIIHBIX COJIEH, a TAKXKE CO3/IaHUE HKCIIEPUMEHTAIbHOW U YUCIEHHOM 0a3 Aiis
Bepu(UKaNU WHXEHEPHBIX KOJOB, MPEICTABISIOT 0coObIii nHTEpec. PaboTa B aTOl 0bmactu
BeJleTCs KoJuiekTuBoM aBTopoB HUY «MOW» - OMBT PAH [2].

OpHolf W3 3ajay JAaHHOTO UCCIIEJOBAHUS SIBISIETCS BOIPOC PACCMOTPEHUs psiaa
YHCIEHHBIX U SKCIEPUMEHTAIBHBIX UCCIIEIOBAaHUN 0COOCHHOCTEH TemI000MeHa B YCIOBUSIX
CMELIaHHOM U €CTECTBEHHOW KOHBEKIIMM 10| I€HCTBUEM MACCOBBIX CHJI Pa3JIMYHOU IPUPOJIBI,
MPUMEHUTEIBHO K Ujee «Kuakon» akTuBHOU 30He JXKCP, xoTopyro popmupyer romoreHHas
pacruiaBiieHHasi cMech U3 (pTOpUIoB coslel U PTopHUaa ypaHa, MIIYTOHUS WM TOpHs. DTa XKe
TOIUIMBHAsA KOMIIO3ULIMS CIYKUT TEIUIOHOCUTEJIEM IIEPBOrO KOHTYypa. B kauecTBe MOAenbHON
KUJKOCTH paccMaTpuBasinuch BogHble pacTBopbl KOH ¢ maccoBoiil koHnentpanueii B 3,4, 20 u
30 mnpouenTtoB. [ u3yuyeHUs TIOBEICHUS €CTECTBEHHOW KOHBEKIMM OBbLT CO34aH
AKCIIEPUMEHTAIBHBIN CTEH]I, COCTOSIIIIMI U3 TECTOBOM IYEUKN U MEJTHBIX IUTATHH, TPOMyCKaHUE
TOKa 4epe3 KOTOpble MOJENUPYIOT 00BEMHOE TeIIoBblAETIeHHe. MakcuMasbHas TersioBas
Harpyska, peaimsyemasi B skcrnepumente, cocraBmia 800 kBt/M3. Xapaktep MmoigydeHHBIX
pacrpeneneHus MoJiel dJIEKTPUUECKOro MOTEHIMAIa IPOAEMOHCTPUPOBAJI €TO PABHOMEPHOCTh
pacmpeneleHns MO BCEMY CEUEHHIO HCCleAyeMoill o005acTH, a pa3HOCTh B 3HAUYECHUAX
TEMIIEPATYpbl B BEPXHEM M HIKHEM CIOSAX sS4elku cocraBuina nopsanka 3°C yTo
CBUJIETEILCTBYET O PABHOMEPHOCTH OOBEMHOTO  TEIJIOBBIACIEHUS U  OTCYTCTBUU
HeOaaronpusaTHIX 3¢ (eKToB.

Ha 6a3e skcneprMeHTaIbHOTO MCCIIeI0BAaHUS BHIIIOJHEHO YUCIEHHOE MOJEINPOBAHUE
3anaun. [lonydeHHble KapTUHBI paclpeAeaeHUs N0JIe TeMIIepaTypsl U MOTEHIIMAJIA, KOTOPbIE
MOKa3ajh, 4YTO CYIIECTBEHHOIO IepeKoca B pAaCHpeAeNieHUH JJIEKTPONOTEHIuana He
IPOUCXOAUT B YCIOBHMSX IIONEPEYHOrO M0 OTHOLIEHWIO K TPaJUeHTy MOTEHLHaa
TEMIIEPATYpPHOTO HAINoOpa, a 3HAYUT, TEIUIOBBIIEICHHE MO BCEMY O00bEMY MOXHO CUHUTATh
pPaBHOMEPHBIM, a MPEMAJIOKEHHBIN MOAXO0J MOAXOIAIIMM A MOAEIMPOBAaHUS IPOLIECCOB
€CTECTBEHHOM KOHBEKIIMHM B YCIOBUSX OOBEMHOIO TEIUIOBBIIEICHUS, MPUMEHUTEIBHO K
AKTUBHOH 30HE XKHUAKOCOJIEBOIO PEAKTOPA.

Jlureparypa

1. bnuukun B. JI., HoBukoB B. M. JKunkoconeBbie siepHble peakTopsl // - ATOMH3IAT,
1978, 1112 c.

2. benaBuna E.A.VMccnenoBaHue TEIUIOTMIPABIMKYA HMMUTATOpa paciulaBa CoOJIM TIPU
TEUEHUH B KaHAJIC B YCIOBHSIX HEOHOpOAHOTO oborpesa // 2021, 4, ¢.82-97.
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CMAUYUBAHUE TEKCTYPUPOBAHHOHN BU®NJIBHOMN MEJHOM
IMMOBEPXHOCTH

Bacuise M.M.2?", Pomonos A.A. 12, [IyxoB IO}, TepexoB B.B. 12 CrapuHckuit C.B.'?

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“vasilevmik.arck@gmail.com

KonTtponupyemoe u3MeHEHUE CBOWCTB CMayMBAaE€MOCTH PAa3IMYHBIX IOBEPXHOCTEH
UTpaeT BaXHYIO POJb B TAKHX 33/a4aX KaK MHTCHCU(UKAIUS TEIUIOOOMEHa, YIydIIeHue
AHTUKOPPO3UMHBIX M CaMOOYHMIIAIONMINXCSA CBOUCTB U Ap [1]. B mocmemnue roasl ocoObM
MHTEPECOM IOJIb3YIOTCS TIOBEPXHOCTH ¢ OM(PHILHBIMU CBOWCTBAMH CMAuMBaHUs BBUY CBOCH
MEPCIIEKTUBHOCTU B PELICHUH MPUKIAJHBIX U (yHIaMEHTAIbHBIX 3a1a4. M3BecTHO, 4TO IS
U3MEHEHHS CBOMCTB CMa4MBaHUS TMOBEPXHOCTU TPEOYETCS KOHTPOJIb KaK XHMHUYECKOTO
coctaBa, Tak U Mopdororuu nosepxHoctu. OnHUM U3 Hanbosiee MEPCIEKTUBHBIX METOJIOB
Moau(UKAIMK TIOBEPXHOCTH SBISETCS MMIYyJbCHas JasepHas abmauus (MJIA) [2].
Ucnons3oBanue WMJIA  mo3BoisieT  IIUPOKO  BapbUpOBAaTh  KIIOYEBBIE  CBOMCTBA
MOIU(PUIMPYEMON TOBEPXHOCTH, TaKHe KaK MHKPO/HAHOCTPYKTYpa, IIEPOXOBATOCTb.
OnTumMu3upoBath Moa00p MOP(HONIOrHH MOBEPXHOCTH ISl KOHTPOJIHPYEMOTO H3MEHEHUS
CBOWCTB CMa4yMBaeMOCTH MOXXHO C IOMOIMIBIO YHCJICHHOTO MojenupoBaHus. Kpome Toro,
co3aanue Ou(UIBLHBIX TOBEPXHOCTEN C MOMOIIBIO J1a3epa caabo ocBelieHo B auTepatype [3].
B 37011 paboTe nmpeanonaraiocs IKCIEPUMEHTATBHOE H YMCIICHHOE NCCIIE0BAaHIE CMAYNBAHHS
OM(UIBHBIX MEIHBIX TOBEPXHOCTEH, MOAUGUIUMPOBAHHBIX HAHOCEKYHIHBIM JIa3€pOM.
UnciaeHHOE MOJEIMPOBAHHE MPOBEIEHO C IOMOIIBI0O METOAA PEUICTOYHBIX YpaBHEHHMA
boneimana (LBM). LBM xopomo 3apekoMeHaoBan ceOs, Kak HWHCTPYMEHT s
MOJICIIMPOBAHMS 32,124 C ()a30BBIMH ITPEBPAIICHUSIMH.

B xone paboTel mpoBeneHa MoaudUKalMs MeIHOro obOpasla Juis HCCIeIOBaHUs
JUHAMUAKA CMa4MBaHUS TOBEPXHOCTH, a TAKXKE C ILEIbI0 WHTCHCHU(UKAIMH TErI000MeHa.
N3rorosnenre 6MPpUIBLHON MOBEPXHOCTH COCTOSIIO U3 JABYX ITAlOB: CIiepBa MPOU3BOAMIOCH
TekcTypupoBanue marepuia ¢ nmomoinsio Nd:YAG naszepa (4 = 1064 M) B Bo3ayxe, 3aTeM
JIOKaJIbHOE yJaJIeHUe CYyNepruipo(uiIbHOTO ClI0sl B yCIOBUAX BakyyMa. Pe3ybTaThl mokasamm,
YTO TIOBEPXHOCTH, COUETAIONINE TUAPODUIBHBIE U CYNepruaApoQUIbHBIE 00JIaCTH, TIO3BOJISIOT
KOHTPOJMPOBATh MECTa aKkTHBAalMU KUMeHus. Kpome Toro, mpou3Be[eH YMCIIEHHBIN aHaAIU3
B3aMMOJICHCTBYS Kamenb BOJbl ¢ OuduibHOM mNOBEpXHOCThIO. YucieHHas Mojenb Oblia
BEepUPUIIMPOBAHA C MIOMOIIBI0 IKCIIEPUMEHTAIBHBIX JAHHBIX, MOJTYYEHHBIX B paMKaxX JaHHOMN
pabotsl. B urore nomyueHa BepuduimpoBaHHast YUCICHHASI MOJIEINb, IO3BOJISIONIAst 0000IINUTh
UMEIOILEIOCS IKCIIEPUMEHTAIbHBIE Pe3y/IbTaThl HA IMMPOKUN JMANa3oH PEeKUMOB, a TaKKe
NIPOaHATM3UPOBATh CBOMCTBA CMAYMBAHMS.

Hccnedosanue gvinonneno npu ¢punancosoti noodepaicke PHD Ne 18-79-1011911.

Jlureparypa

1. Ganesh V. A. etal. A review on self-cleaning coatings // Journal of Materials Chemistry.
—2011. - T.21. — Ne. 41. — C. 16304-16322.

2. Starinskiy S. V. et al. Formation of periodic superhydrophilic microstructures by infrared
nanosecond laser processing of single-crystal silicon //Applied Surface Science. — 2020.
—T.512. - C. 145753.

3. Koukoravas T. P. et al. Spatially-selective cooling by liquid jet impinging orthogonally
on a wettability-patterned surface //International Journal of Heat and Mass Transfer. —
2016. —T. 95. - C. 142-152.
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BJIUSTHUE PASMEPOB CYHHEPTUAPO®OBHbIX KABEPH HA
MEJHOHU NIOBEPXHOCTHU HA UHTEHCHUBHOCTD
TEIIVIOOBMEHA ITPU KUIIEHUU

Brnagumuposn B.JO.", Yunnos E.A., Xmens C.41.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“victor.lipps@gmail.com

[TepcrieKTHBHBIM IMOAXO0/I0M I HHTCHCU(DUKAIINH TeTIO00OMEHA TIPU KUTICHUH SIBIISICTCS
co3nanue Ou(UIBHBIX MOBEPXHOCTEH, KOTOpbhIE MOIJM OBl COYETaTh MPEUMYIIECTBA Kak
TUAPOPIILHOCTH (BBICOKHI KPUTHYECKHI TEIUIOBOM MOTOK) Tak U TuiapodobHOCTH (Ooiee
s dexTuBHBIC HEHTPHI MapooOpa3zoBanusi). OOBIKHOBEHHO TakuWe OO0pa3ilbl MPEACTABIISIOT
co0oif  noKaibHBIE  TUAPOPOOHBIC/CynepruapoPoOHbIe  TSATHA  HAa  TOBEPXHOCTH,
CMa4MBAaeMOCTh KOTOPOH BBIIIE, YEM Yy MATEH (3a4acTyl0 MOBEPXHOCTh TUAPOMUIbHAS WU
cynepruapoduinbHas). [loMuMO TpoYHMX MapaMeTpoB TAKHE TMOBEPXHOCTH XapaKTEPU3YIOTCS
creneHpto ruapodoOHocTH (MM area ratio) — OTHOIIEHHEM COBOKYITHOM IUIOIIAAN BCEX
ruipooOHBIX 00IacTeil KO BCeH MIIOMIa i MOBEPXHOCTH. JleTalnbHbBIX UCCIIEI0BAHUHN BIMSHUS
cTeneHu rupodoOHOCTH Ha MHTEHCUBHOCTD TEIJI0O0OMEHa MpH KunieHuu Maio. CylecTByIOT
Takue padOThI JIJIsi KPEMHHUEBBIX [1] U aTrOMUHUEBBIX [2] MOMJIOKEK U OHH JI€MOHCTPUPYIOT
CYLIECTBEHHOE BIMSHHE MaTepuaia MOAJIOXKKM Ha ONTHUMalbHOE 3HAYEHUE CTENEHU
rupohoOHOCTH.

B nannoil paboTe ucclieqoBaluCh MOBEPXHOCTH C MAcCCHBAMHU KaBEpPH, MOTYYEHHBIX
METO/IOM JIa3€PHOM abJAUK, MOCIe KOTOPOH MPOM3BOAMIIOCH OCAXICHHE THAPOPOOHOTO
nokpbITUs [3]. JlocTurHyta cyiiecTBeHHasi HHTeHCU(UKAIHS TEeIJI000MEeHa 0 CPAaBHEHUIO C
IATKAMHA METHBIMHA TOBEpXHOCTAMH. [loka3zaHo, 9TO JUIS HMCCIEAYEeMBIX IMOBEPXHOCTEH
CTeMeHb TUAPOPOOHOCTH HE OKa3bIBaeT CYIIECTBEHHOTO BJIHMSHUS Ha WHTEHCUBHOCTh
teriooOMeHa. [Ipeanonaraercsi, 4To NpUYMHON sABIsETCS (popma cedeHMsl ITHX oOsacTeit
(kaBepHBI, a He TUIOCKHE MATHA, Kak B [1 1 2]) 1 uX 10CTaTOYHO Malblii pa3Mep. B pesynbrare
ruApoPoOHBIE KaBEPHBI MOKPHIBAIOTCS MapoM. B TakWX YCIOBHSIX KIFOUEBBIM (DaKTOPOM,
CIOCOOCTBYIOIIEM MHTEHCU(DHKAIIMK TEMJI000MEHa JOHKHO CTaTh YBEIMUYEHUE KOIWYECTBA
KaBEpH, IPU ITOM UX pa3Mep HE UTPAET CYIIECTBEHHOTO 3HAYCHUS U MOYKET OBITh HEBEIIHK.

W3BecTHO Tak ke, YTO OJHOM W3 TPOOJeM MpH CO3JaHUU THAPOGUIBHBIX (W,
COOTBETCTBEHHO, OM(PIIILHBIX TTOBEPXHOCTEH) SBISETCS X YCTOMYMBOCTh K XUMHUYCCKOMY H
MEXaHMYECKOMY pa3pylIeHUI0, yTeps CcBOWCTB. MccnemoBanHble B JaHHOW pabote
MOBEPXHOCTH B  XOJC MHOTOJICTHUX WCIBITAHHA IPOJEMOHCTPHUPOBAIA  BBICOKYIO
CTaOUITBFHOCTD U COXPAHUIIM MHTEHCUBHOCTH TEIJIOOOMEHA JJOCTUTHYTYIO BHayaJe.

Paboma evinonnena npu ¢urancosoti nooddepoicke Poccuiickoeo nayumozo ¢onoa
[epanm  Ne  22-19-20090, https://rscf.ru/project/22-19-20090/ ] u  [Ipasumenvcmea
Hosocubupcroti oonacmu [coenawenue Ne p-13].

Jlutreparypa

1. Motezakker A. R. et al. Optimum ratio of hydrophobic to hydrophilic areas of biphilic
surfaces in thermal fluid systems involving boiling //International Journal of Heat and
Mass Transfer. — 2019. — T. 135. — C. 164-174.

2. Moze M., Zupanci¢ M., Golobi¢ 1. Pattern geometry optimization on superbiphilic
aluminum surfaces for enhanced pool boiling heat transfer //International Journal of Heat
and Mass Transfer. — 2020. — T. 161. — C. 120265.

3. Boinovich L. B. et al. Pulsed laser induced triple layer copper oxide structure for durable
polyfunctionality of superhydrophobic coatings //Advanced Materials Interfaces. — 2018.
—T.5.—Ne. 21. - C. 1801099.
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NEPCIEKTUBHBIA METO/] KOMIIJIEKCHOI'O HCCIEJOBAHUS
TEIIVIOOBMEHA ITPHU CITPEMHOM OXJVIA’KAEHUN

Bnaneixo I/I.B.l'z*, Cyprtaes A.C. 1'2, CeparokoB B.C.12

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“i.vladyko@g.nsu.ru

Jannass paboTa AEMOHCTPUPYET MPEUMYIIECTBA U TMEPCHEKTUBBI HCCIETOBAHUS
TEII000MEeHa TPU CIPEUHOM OPOIICHHH C MIOMOIIBIO0 MTPO3PAYHON KOHCTPYKITMH MMITAKTHON
oBepXHOCTU. B ocHOBe mMeTona nexut minéHounbii [TO-HarpeBarens A1 OAHOBPEMEHHOTO
U3YYCHUS THUIPOJUHAMHYECKUX W TEIUIOBBIX XapaKTEPUCTUK OXJaxacHus. Tepmorpadus
MO3BOJIIET AHANM3UPOBATh TEMIEPATypHOE TOJIe TOBEPXHOCTH, YTO B CIEJICTBUE
3HAYUTEIPHOH HEPAaBHOMEPHOCTH TEMIEPAaTypbl HEOOXOJUMO JIIsi TOYHOTO HW3MEPEHUS
terioobmena [1]. Ha ocHoBe TepmorpamMM ObUIM JCTAIbHO HM3YYEHBI XapaKTEPUCTHKH
CIIPEWHOTO OXJIAXKICHHUS MMPH PA3TUYHBIX HAYAIBHBIX TEMIIEpaTypax M Pacxojax *KHUJIKOCTH B
IIAPOKOM JIMATa30HE TEIUIOBBIX ITIOTOKOB 70 5,5 MBT/M? 11s pa3samuHbIX (OPCYHOK.
[TponeMOHCTPHPOBAHO, YTO BBICOKOCKOPOCTHAs BU3yalM3amusi C OOpaTHOW CTOPOHBI
MIPO3PAYHOT0 HArpeBaTelNs MO3BOJSET UICHTU(GUIIUPOBATE OTJENbHbBIC KAIUIM 0 UX yAapa o
IUICHKY KHJIKOCTH, YTO IMO3BOJSICT U3MEPUTh MX Pa3Mephbl U OICHUTH KOJWYECTBO Karleib.
Taxxe BBICOKOCKOPOCTHAs BUJICOCHEMKA MTO3BOJIAET U3y4aTh OCOOCHHOCTH SBOIOIHIH MJICHKU
*)uaKocTh. Tak, HampuMep, MOKa3aHO IMOAABICHUE KUIICHUS TP BBICOKUX TEIUIOBBIX MMOTOKAX
npu (HOPMUPOBAHUU CYXUX MSATEH B 00JaCTU MEHBIIIETO MOTOKA Kamnenb. KoMOuHUpOBaHHBII
aHAJIN3 BHJICO JAHHBIX BMECTE C PACIPEICIICHUEM TeMITePaTyPhl IIO3BOJIIII BBISIBUTH OCHOBHEIE
MEXaHHU3MBbI TEIUTONepeaauu MPU CIPEHHOM OXJITKICHUH B IMIMPOKOM JHAMA30HE PEKUMHBIX
napaMeTpoB, a TAK)KE MOATBEPANTH KOPPEJISIIINH, TPEICTaBICHHbBIC B TuTeparype [2].

Paboma evinonnena npu noodepaicke Poccuiickoeo nayunozo gponoa (Ne 22-19-00581).

Jlureparypa

1. Xia Y., Gao X., Li R. Management of surface cooling non-uniformity in spray cooling
/I Appl. Therm. Eng. 2020. Vol. 180. P. 115819.

2. Liang G., Mudawar I. Review of spray cooling — Part 1: Single-phase and nucleate
boiling regimes, and critical heat flux // Int. J. Heat Mass Transf. Elsevier Ltd, 2017.
Vol. 115. P. 1174-1205.
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I'NAPOIUHAMUYECKHE XAPAKTEPUCTHUKH OIIY CKHbBIX
ITY3bIPBKOBbBIX TEYHEHHNH ITPU MAJIBIX YNCJIAX PEUHOJIBACA

Bopo6seB M.A.*, Panaun B.B., Kammackuii O.H.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
* vorobyev@itp.nsc.ru

[ToBcemecTHOE MPUCYTCTBUE ABYX(A3HBIX CHCTEM B MHAYCTPHUATBHBIX YCTAHOBKAX, & TAK
ke (QyHIaMEHTalIbHAsl CIOYKHOCTh OIMCAHMS WX JIBUKCHHUS OINPENENsieT BBHICOKUN WHTEpeC
HAy4yHOTO coo0mmecTBa K AByX(a3HbIM TedeHHsIM. Ha cerogHsmHuil JeHb OCTArOTCS
CJ1a00M3YUYEHHBIMHU OIYCKHBIC My3bIPHKOBBIC TEYCHHUS TPU MAJIBIX CKOPOCTSX JKUIKOW (ha3bl,
HAIpUMep NpU JOKPUTUUCCKHUX YrciiaXx PeifHonbica, Wi BOJIM3H peXrMa 3aBUCAHHSI Ta30BOM
¢da3pl. BaxHeiimeid XapaKTepHCTUKOW JBYX(}a3HOTO TIOTOKA, ONPEACISIIOIUNA  ero
THAPOIMHAMUYECCKUE TApaMeTphl, SIBJISICTCS HWCTHHHOE OOBEMHOE Ta30COJCpKaHUE .
3Ha4YeHNE HCTUHHOTO Ta30CO/ICPKAHMS UCTIOIB3YETCS B TEOPETUUCCKUX U TTOTYIMITUPHYCCKIX
MOJIEIISX MBYX(A3HBIX TCUCHHH ISl MPEACKa3aHUs UX THAPOJIUHAMUYCCKUX XapaKTCPUCTHK.
Hacrosimass pabora TOBEHICHA AKCIEPUMEHTAIBHOMY  HCCIICAOBAaHUIO  JIOKAIbHBIX
XapaKTEPUCTUK OINYCKHOTO IMY3hIPHKOBOTO Ta30KHJIKOCTHOTO IMOTOKA MPH MaJbIX pacxoaax
KHUJIKOH (a3pl. DKCIEpUMEHTaNbHAs YCTAaHOBKA TPEACTaBIsIET COOOW 3aMKHYTBIA IO
YKUJKOCTH M PA30OMKHYTBIN 110 Ta3y KOHTYp. PoJib pabouero ygacTka BBITOIHIIA BEPTUKATbHAS
TpyOa ¢ BHYTpEHHUM auaMeTpoM 14 mm. M3MepeHus: HanpsHKeHUs TPEHHS Ha CTEHKE KaHaua
MIPOBOAMIIOCH AIEKTpo i Hy3noHHBIM MeTo1oM. [lepena JaBieHus BI0JIb KaHaJIa U3MEPSIIICS
U-00pa3HbiM MaHOMETPOM. B pe3ynbrate uccienoBaHus MOKa3aHO, YTO HANPSDKEHUE TPEHHUSI
B OITYCKHOM ITy3BIPPKOBOM T€UCHHH OOJIbIIC YeM B 0THO(Ga3HOM. OTHOCHTEIBHBIC MyJIhCAITUN
HANPSDKEHUS TPEHUS B OITYCKHOM My3BIPFKOBOM TEUEHUU BOJIM3H PEXHMMA 3aBUCAHHS Ta30BOM
¢da3el Oonbiie yem B oaHo(azHom Ha 20%, YTO HE TUMWYHO JUISI OMYCKHBIX TEUCHUM.
W3mepeHHbIe 3HaYEHUS Tepernaja NaBlIeHUS U HaNpsOKEHHUS TPEHUS Ha CTEHKE MO3BOJIMIU
MOJTYYUTh 3HAYEHUS UCTHHHOTO Ta30CoepaHus MCXoas w3 OamaHca cwi. [lokazaHo, 9To
COBpPEMEHHBIE KOPPEIAIMH, OCHOBaHHBIC Ha MOJAETH «HoToKa-aperida» [1,2], ¢ Gombmioi
MOTPEITHOCTRIO TPEJICKA3BIBAIOT WCTUHHOE Ta30COJCpKaHUE B OJIM3M pPEKMMa 3aBUCAHUS
ra3oBoii (asbl.
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Puc. 1. UctunHOE TazocoaepxaHue.

Paboma svinonnena 6 pamxkax I'ocyoapcmeennoeo 3aoanuss UT CO PAH.

Jlutreparypa

1. Goda H. et al. Drift-flux model for downward two-phase flow // Int. J. Heat Mass Transf.
Elsevier Ltd, 2003. Vol. 46, Ne 25. P. 4835-4844.

2. Dong C., Hibiki T. Drift-flux parameter modeling of vertical downward gas—liquid two-
phase flows for interfacial drag force formulation // Nucl. Eng. Des. Elsevier B.V., 2021.
Vol. 378, Ne April. P. 111185.
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NCCIEAOBAHUE BJIUAHUA HEITJECTPOI\/'IKI/I IIOTOKA HA
SHEPI'OPA3JIEJIEHUE B BUXPEBOU TPYBE: UCCJIEJOBAHUE
ITOJIEU TEMIIEPATYPbBI

T'opanenko M.P.", Kabapmun UK., TIpasauna M.X., Kakaymun C.B., Ssopcknii H.H.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“fregat120@yandex.ru

Dddext Panka-Xwumma uzBecteH yxe 6onee 90 1eT, HO TOKa HE UMEET OOIICTIPUHSATOTO
HAYYHOTO OOOCHOBaHMs. AKTyalbHO OOBSCHCHHE HarpeBa Mepu(epHUitHOTO MOTOKa BHYTPH
BuUXpeBoil TpyObl. B pabote [1] ObuIO BBIABHHYTO NPEATOJIOKEHHE, YTO HArpeB IMOTOKA
MPOMCXOTUT 33 CYET MEPECTPOHKU MOTOKA B BUJIE KACKaJa THIPABIMUYECKUX MPBDKKOB, Ha
OTIPENIEICHHBIX YYacTKaxX TPyObl B IIMPOKOM JHMANa30HE PEKHMHBIX ITapaMeTpoOB, KOTOPHIE
COITPOBOXKJIAOTCS HATPEBOM TIOTOKA.

OavH W3 JTamoB MPOBEPKH JTAaHHOH THUIOTE3bl SIBIISETCS JKCIIEPHUMEHTAIBLHOE
UCCIICIOBAaHUE POCTa MepudepuitHON TemrepaTypbl Ha CTEHKaX TPYObI MPH OTAAJICHUU OT
3aBUXPUTEIS U MPUOIIMKECHUN K «TOpSYeMy» BBIXOAY yCcTaHOBKH. Pabora Obuia pa3Outa Ha
HECKOJIbKO 3TamnoB. [lepBbIM 3TamoM paboThl ObUIa TapUpOBKa JaT4MKOB. [IpoBommimch
CpaBHEHHs TOKa3aHHUS COMPOTHBICHHS JaTYMKa M TIOKA3aHUS TEPMOMETpa, KOTOPBIA ObLI
HIOTPYKEH B TY K€ €MKOCTh C BOJIOH, YTO U TEPMHUCTOPBHI.

BropeiM 3TaroM mpoBOMMIIMCE H3MEpEHHs MpOQMICH TeMIepaTypsl B pa3iIHYHBIX
CCUCHHSIX BUXPEBOU TPyObI AUHHON 450 MM. J[aTuMku TemrepaTrypbl pacroiarajinch 4epe3
kaxapie 20 MMm. JlaT4uKM pacroyiokKeHbl 3amoaauio. [lorpenrHocTh NmoKa3aHus NaTYNKOB
cocrasisiia 0,3 rpagyca. Bpemst ycranoBiieHus pexxuma 15 munyt. M3mepen Habop npodusieit
TEMIIepaTyp Ha CTeHKe TpyObl. OmpeneneHbl 30HBI C PE3KUM TPaIHEeHTOM TEeMIIepPaTypHI,
KOTOpbIE ObUIM COMOCTaBJIEHBI C OOJACTAMHU JTOCTHM)KEHUS KPUTHUECKOW CKOPOCTH BHYTpPHU
BUXpEBOH TpyObl. OOIAaCTH COBNANIN, YTO CBUJECTENBCTBYET O BIUSHUU NEPECTPONKH TEUEHUS
Ha SHEepropasjieieHre B BUXpEeBOil Tpyoe.
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Puc. 1 HpO(I)I/I.HI/I CKOpPOCTHU HAa CTCHKC pr6LI KpYTJoro CCHCHHH.

Paboma evinonnena 3a cuem cpeocme epanma PH® 22-29-01262

Jlureparypa

1. W.K. Kabapnun, H.U. ABopckuii, B.I'. Meneaun, M.X. IIpaBauna, M. P. I'opauenko.
CpaBHHTEIBHBIN aHATN3 PEKUMOB B TpyOax PaHka ¢ KpyribIM U KBaJpaTHBIM CEYCHUEM
pabouero kanana // IIMT®. — 2020. — T. 61, Ne 1, c. 43-52.
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©®OPMUPOBAHHUE KJIACTEPOB-LIEIIOYEK IIPU IBUKEHUM
ITY3BIPEHR OT OJJMHOYHOI' O KAITUJLJISIPA
B HAKJIOHHOM TPYBE

T'opemukosa A.E.2?", Kammnuckuit O.H.%, Unnak A.B.!

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2ocyoapcmeennulit ynusepcumem, Hosocubupck, Poccus
“gorelikova.a@gmail.com

[Ty3pIppkH Ta3a, BCIUIBIBAIOLINE B HETOABM)KHOW WIIM JBUXKYIIECHCS >KUJIKOCTH, MOTYT
OKa3bIBaTh 3HAUYUTEILHOE BIMSHUE HA TEIUIOOOMEH U3-3a MePEeMEIINBAHNS IPUCTEHHBIX CJIOEB
KUIKOCTH. JIMHAMUKa IMy3bIpbKa MOJKET OBITh HEJIMHEHHOW M CIIOKHOM, Ha JIBHDKCHHE
My3BIPHKOB BIUSIOT TEOMETPHS KaHajla, BHYTPEHHUIN JUaMeTp Kalmuisapa U XapaKTePUCTHKU
KUJKOCTH.

Jannass paboTa TOCBSIIEHA OSKCIEPUMEHTAILHOMY H3YYEHUIO (HOPMHUpPOBAHUS
YCTOHYMBBIX CTPYKTYpP IMPH BCIUIBITUU MY3BIPHKOB KUAKOCTH OT OJMHOYHOTO KamWUIsIpa B
HAKJIOHHOH TpyOe B HEMOIBUKHOM KHUIKOCTHU U B ITOTOKE. VI3MepeHust MpOBOIMIIHCH ITPH YTiIax
HaksI0Ha TpyObl 30-60° ¢ ucnosib30BaHNEM METOAA TeHEBOH (oTorpaduu.

Qe=3.3 Mm/mrH, L=200-300 MM

m\m\\u\mi T I ||u|‘|nmn||

Puc. 1. [IBmxeHue my3sIpbKOB B peskumax 6e3 oopa3oBanus kiactepoB (0 =35 u c
obpa3oBanuem kiactepos (0 = 50°) mpu paBHOM pacxoze ra3a (Qg = 3,3 MiI/MHH)

I \\H\H\\\HH\HH\HH[HH

[Ipu manom yrie HakioHa TpyOsl (300+35°) nBumkeHHE My3BIPHKOB MMEET CIIO0KHBIH
xapaxktep. [Ty3pIpbKH COBEpIIAOT KOJIeOaHUs MEPIICHANKYIISIPHO HANIPABJICHUIO IBHKEeHUs. B
pabote [1] aHamornyHoe 3uUrzaroo0pasHoe ABMXKEHHE OBUIO TOKa3aHO JJs IYy3bIPHKOB
nuametpom 6onee 1 mm. C yBenMueHUEM yriia HAKJIOHA NEPIEHIUKYIISIpHAs COCTaBISIONIAs
CKOpPOCTH Iy3bIPbKOB 3HAYUTEIHHO YMEHBIIIAETCS U3-32 TPEHUS O BEPXHIOIO CTEHKY TpPYOBI.
370 Mo3BOISET CHOPMHUPOBATH YCTOWUMBYIO KIACTEPHYIO CTPYKTYPY — IIETIOYKY ITy3bIPHKOB.

OO0pa3oBaHue IETOYEK Iy3BIPHKOB M OTCYTCTBHE KOAJIECHEHLIMH B 3THUX KIJacTepax
OKa3bIBaCT BIMSHUE Ha JIBIDKCHHWE NY3bIpeH KaK B HEMOABIKHOW JKHIKOCTH, TaK U B
ra30’KUJIKOCTHOM TEYEHUH, YTO MOXET ObITh HCIOJb30BAHO B 3aJadyax HHTEHCU(UKAINH
TEII000MEHa.

HUccnedosanue svinonneno 3a cuem epauma Poccutickoeo nayunozo ¢ghonoa Ne 22-21-
20029 npu @unancosou nooodepoicke Ilpasumenvcmea Hoeocubupckou  obracmu,

https://rscf.ru/project/22-21-20029.

Jlureparypa

1. Magnaudet, J., Eames, I. The Motion of High-Reynolds-Number Bubbles in
Inhomogeneous Flows // Ann. Rev. Fluid Mech. — 2000 - V. 32, no. 1, pp. 659-708.

20


mailto:gorelikova.a@gmail.com

INPUMEHEHHUE METOJIA POD U151 3BAKPYYEHHOI'O TEYEHUSI B
PAIUAJBHOU BUXPEBOU I'OPEJIKE

T'opemukos E.FO.2%*, JTureunos U.B.1? Htopk C.1.1

1) Uncmumym mennogusuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
* gorelikoey@gmail.com

3aKkpy4eHHbIE CTPYWHBIC TEUEHHUS IIMPOKO HCIIONB3YIOTCS B PA3IUYHBIX 00JIACTIX
TEXHHUKH, B TOM YHCJIC B KaMEpax CrOpaHusl pAKeTHBIX U ra30TYpOUHHBIX JIBUTATEIIEH, TA30BBIX
ropenkax ¥ T.A. I[lpy BBICOKMX BeJIMYMHAX 3aKPYTKH MOTOKAa CTaOWMIM3anusl ILIaMEHU
oOecnieunBaeTcs NEHTPAIbHOW PELUPKYJIALUOHHON 30HOMU, i€ ropsYre IPOAYKThI CrOpaHUs
BO3BpAIIAIOTCS K YCThIO (pakesa U MOKUTAIOT CBEXKYIO TOIJIMBOBO3AYIIHYIO cMech. Takoit
MOJXO/ TIO3BOJISIET CTAOMIM3UPOBATh TOPEHUS OOCIHEHHBIX TOIUTMBHBIX CMECEH, dYTO
MO3BOJIIET CHU3UTh O0Pa30BaHUE BPEIHBIX OKCUIOB a30Ta. TypOyIeHTHbIE TEUEHUS C BEICOKOM
CTETIEHBIO 3aKPYTKH, KaK MPABWIO HE SIBIISIOTCS CTAlMOHAPHBIMHU HM3-3a pacmaga BUXPS U
reHepanuu Impereccupyoimero BuxpeBoro sapa (IIBSI), xoTopelii CIy>KUT HCTOYHHUKOM
BBICOKOYPOBHEBBIX TYpOYJICHTHBIX MyJibcaruii [1].

Jlns BbISBIEHHS BKJIa/la MPELeCCHU BUXPEBOTO siipa B OOIMIMI ypoBeHb (IyKTyaruit
MIOTOKAa HMCIOJIB30BAJICS METOJ Pa3jokKeHUs Ha oproroHaibHbie Moasl (Proper Orthogonal
Decomposition, POD), koTopblii mnpumeHsuics [UIsl aHalu3a paclpeaeNeHUuil CKOpPOCTH,
MOJIy4eHHBIX MeToa0M PIV.

Bxnan otnenbHBIX MOJ B KHHETHYECKYIO SHepruto TypoyneHTHoctd (KOT) mns uucna
KpyTKku notoka S=1,0 mpusenensl Ha Puc. la. [lepsbie nBe Monbl co Bkinaaom 14.5% u 13%
OJIM3KHU 1O CBOMM 3HAUEHHUSM U 3HAUUTEIHHO MPEBBIIIAIOT BKJIAJA OCTaldbHbIe. B nmuteparype
U3BECTHO, 4TO MMeHHO nepBbie aBe POD cootBercTByrOT 3hpexty [I1BS. Ha Puc. 16 mokazano
npoctpaHcTBeHHOe pacnpeaeneHue KOT, obe3pazmepeHHOe Ha KBaapaT CPEIHEPACXOIAHYIO

CKOpOCTH, JUI Yrcia KpyTku moroka S=1,0.
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Puc. 1. Pesynbratel POD ananmu3za: a — Bkiag otaensHbix POD mon B KOT s
S=1,0, 6 — npoctpancTBeHHOE pacnupeneneaue KOT ms S=1,0.

HUccnedosanus npogedenvl npu punarcosoti noooepaicke Poccuticko2o Hayurnoeo ¢honoa
(npoexm Ne 21-19-00769).

Jluteparypa
1. Gupta A.K., Lilley D.G., Syred N. “Swirl Flows”, Abacus Press, Tunbridge Wells, UK.
(1984).
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YUCJEHHBIA METO/J OBPATHOM 3AJAYH PACCESIHUS
YPABHEHUS K@ 1151 9O®EKTUBHOI'O AHAJIM3A
CJIYYAMHBIX BOJTHOBBIX ITOJIEN

I'ynbko A.C.2%" Temam A.A.24, MyisiikaHoB P12

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii cocyoapcmeertulil yHusepcumem, Poccust
3) Ckonxogckuii uncmumym Hayku u mexnonoz2uti, Mockea, Poccus
4) Uncmumym asmomamuxu u snexkmpomempuu CO PAH, Hosocubupck, Poccus
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B nannoii pabote paccMaTpuBalOTCS HOBbIE YMCJICHHbBIE MOJIXOAbl pealn3aluid MeToaa
obpatHoit 3amaun paccesHusi (MO3P), Takxke U3BECTHOrO KaK HEJIIMHEWHOE MpeoOpa3oBaHUe
®dypre (NFT — nonlinear Fourier transform) mis ypaBuenus Kn®d. PacmarpuBarorcs
HEJIMHCWHBIC BOJHOBBIC IOJISI, COJIEPIKaIIe B ce0e¢ KaK NUCKPETHBIA, TaK M HENPEPBHIBHBIN
cnektp. Teoperndeckuili ananu3 oOpaTHoW 3amaun paccestHust [1] mns ypaBHenuss Knd
nmokasay, d4ro uuciaeHHas peanuzanuss MO3P  crankuBaercss ¢ BBIYHMCIUTEIBHBIMU
CIIOKHOCTSIMU, TAKUMH KaK OIEPUPOBAHUE C OYEHb OONBIIMMU U OYCHb MAJIBIMH YHCIAMHU.
[ToaTomy, misi yCTOWYMBON pabOThI YHCICHHBIX aJTOPUTMOB MBI IpeIjIaraeM MPUMEHSTH
BBICOKOTOUHYIO apu(PMeTuKy. A 4YTOOBI CHPABUTHCS C SKCIOHEHIMAIBHBIM HAKOILICHUEM
OIIMOOK TPY YBEITMUCHUH YUCJIA COJIMTOHOB, MBI MPE/JIaraéM ajJrOpPUTMbI BBICOKOTO TIOPSIIKA,
OCHOBaHHbIE Ha paznoxeHun Marnyca [2]. s npumMepa, cpaBHEHHE CXEM BTOPOTO U IIIECTOTO
MOPSIIKOB OKa3ajlaCh MPUMEPHO B 2 pa3 MEIUICHHEE NMPU aHAIOTHYHOW JTUCKPETU3ALUH, TOTAA
KaK TOYHOCTh BO3pacTaet Ooiiee 4yeMm B 16 pa3, 4To NPUBOIUT K yBENIUYEHUIO 3 (HEKTUBHOCTH
MEeTOJla TMPUMEpPHO B 9 pa3. BBICOKOTOUHBIC BBIUMCICHHS MPEICTABISIIOT  COOOM
YHHUBEpPCAIbHBIA METO/I, TO3BOJISIFOIINI aHATM3UPOBATh OOJBIIINE HETMHEIHBIE BOJTHOBBIE OIS
¢ OOJBIIMM YHCIIOM COJIATOHOB JIaXK€ B MPHUCYTCTBUU IIyMa, HEJOCTHKUMOTO JIJISI METOJIOB
Hu3koro nopsaka (Puc. 1).
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Puc. 1. Ilpumep perennst 0OpaTHOM 3a1a4u paccestHUS IS CIIy4aifHOTO MOTEHITNANa,
coaepxkatero 170 comuToHOB.

Jannsiit MmeToz OblT anpoOUpPOBaH HA PA3IMYHBIX CIYYaHBIX MOJSX. DTH PE3yJIbTAThI
MO3BOJIAIOT MCCIEN0BAaTh OKCIIEPUMEHTAIBHBIE JaHHBIE PA3JIMYHOM CIOKHOCTH  JUIS
VCCJIEIOBAHMS PACTIPOCTPAHEHUS TOBEPXHOCTHBIX BOJIH.

Paboma evinonnena 6 pamxax eoczaoanus UT CO PAH.
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ITIPUMEHEHHUE CYPPOT'ATHBIX MOﬂEJIEfI HA BA3E
CBEPTOYHbBIX HEMPOHHBIX CETEU JIAA IPEJACKA3AHUA
XAPAKTEPUCTHUK TEYEHUSA ' KUJAKOCTH B KAHAJIE
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JlanHoe wuccrneaoBaHue ObUIO HAMpaBlIe€HO HA MPUMEHEHHE METOJIOB TIyOOKOro
oOyueHuss Ha 0Oa3ze CBEPTOUHBIX HEHPOHHBIX CETeW JUIS TpEACKa3aHus NPHOTKEHHBIX
peiieHuit cucremsl ypaBHeHH HaBbe-CTokca uist 3a1aun 00TeKaHUs Tejla B KaHaJle.

B craree [1] Ob1 onmcana apxutektypa DeepCFD, crocoOnas mpenckas3piBaTh MO
CKOPOCTH U J]aBJICHUS MPU 0OTEKaHUH TeJla B KaHalle, OCHOBaHHAsl Ha IPUMEHEHUH CBEPTOUHOMN
HEHPOHHOM ceTH, 00ydaeMoil Ha BBIOOPKE TOYHBIX YMCIEHHBIX PEIICHUH CUCTEMBI YpaBHEHHI
HaBbe-Ctokca. OCHOBHBIM HEIOCTAaTKOM JIAHHOTO TOJXOAa SIBJISUIOCH TMPUMEHEHUE
pPEeryJisipHOl CeTKM Ui ONMCAaHUS JAHHBIX O TEYEHWH, IOCKOJIBbKY 3TO IPHUBOJIMIO K
CYILIECTBEHHOMY YBEJIMYEHHUIO OMMOKM BOJM3M IpaHUIl 00bEeKTa CI0KHOU (opmbl. [laHHas
npobiemMa pemanach HCIOJIb30BAaHHEM METOAOB, CIIOCOOHBIX pPa0dOTaTh C HEPEryISIPHON
CETKOM, HarpuMep, rpad)OBbIMH CBEPTOYHBIMH HEHPOHHBIMU CETAMU [2].

[Ipenckasanust yrnoMsHYTBIX MOJENE€W OCHOBaHbl Ha IE€OMETPUM Teja OOTEKaHUs U
MOJIPa3yMeBalOT, YTO TPAHUYHBIE YCJIOBHS OCTAIOTCS MOCTOSHHBIMM, M3-32 UYEro TMOIBITKU
o0ydaTh MOJEIb Ha JaHHBIX C [EPEMEHHBIMU TI'PAHUYHBIMU YCIOBUSMHU TPUBOAIT K
HEYIOBJIIETBOPUTEIILHOMY pe3ynbTary. B xo1e paboThl MBI YCOBEPIIEHCTBOBAIN aPXUTEKTYDY,
7100aBHB BO3MOKHOCTb YUUTHIBaTh IEPEMEHHBIE TPAHUYHBIE YCIOBUS,  TAK)KE MPECKA3bIBATh
1oJjie TeMmreparypsl B Kanaje. llomydeHHbple MOJENM MOXKHO NPHUMEHATH ISl CHUKEHHS
BPEMEHHM BBHIYMCIEHUH B MPUKIIAIHBIX 3a/1a4aX, HalpUMep, B 3a/1a4axX ONTUMU3ALIIH.

Jlutreparypa
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YBEJUWYEHUE 3KOHOMUYECKOM Y®®EKTUBHOCTHU
ITPOEKTA ITYTEM OIITUMMU3ALIUN CUCTEMbI CBOPA
IMPOAYKIHUHU HA ITPUMEPE MECTOPOXIEHUA X
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PenHXMHUPUHT — STO KOMIUICKCHBI MOJXOA K OLEHKE OOBEKTOB HAa3eMHOM
UHQPACTPYKTYPHI, LIETbI0 KOTOPOIrO SBJSETCS ONTHMHU3ALUA TEXHOJIOTMYECKOro Mpolecca,
NOBBILIEHUE JKOHOMUYECKMX IIOKa3aTeledl IpoeKTa M CHIKEHUE KAalUTaJIbHBIX U
onepanuoHHbIX 3aTpar. Ha mectopoxkaenun X nedcTBYRoIIas HazeMHas UHGpacTpyKTypa
UMEET HeI0CTATOYHYIO IPOIYCKHYIO CITIOCOOHOCTD ISl B3SATHS TIOJTHOTO TIOTEHIIMANA JOOBIYH.
BcenencrtBue uero mpenyiokeH psii ONTUMHU3ALMOHHBIX PabOT, MO3BOJIAIONIMX IOBBICUTH
HKOHOMUYECKHUE MOKA3aTeNN IPOEKTa IyTeM PEUHKUHUPUHTA CUCTEMBI cOOpa MPOAYKIIUH.

Hazemnas wuH(pacTpykTypa MecTopoxkaeHus X MpeacTaBisieT Cco0oil  ceTh
He(drerazocbopa (HI'C), BOIOBOJOB BBICOKOTO JMABJIICHHS JUIsl CHUCTEMBI MOJACPKAHUS
IJIACTOBOTO JABJICHUS U YCTaHOBKY nmoAroToBku Hedtu u raza (YIIH). JlelicTByromas cuctema
cbopa mpoAyKIMH omnHcaHa B MHTErpupoBaHHoi Monxenu (M), moctpoennoir B 110 GAP
Petroleum Experts. Ha ocnoBe UM mnipoBejieH aHaIN3 U BBISBIEHO IPEBBIIICHHE TPAHUIHOTO
nasienust B 40 atm juia cuctemsl HI'C Ha Oonee ynanennbix ot YIIH kycrax ckBakuH U
MPEBBIIICHHE JMHEHHOrO MJaBJIEHHWsS HA KOHIIEBBIX Yy4YacTKax TPyOONMpPOBOJOB, BBISBICH
NOTEHIMAJ 10 YBEIWYCHHIO JOOBIYM 3a CYET CHW)KCHUS [aBJICHUS B CHUCTEME
TpyOOIPOBOTHOTO TPAHCTIOPTA HE(DTU CO CKBAKUH.

B nanHoilt paboTe paccMOTpEHb! ajJbTEPHATUBHbBIE BAPUAHTHI YBEIMUEHUS MPOITYCKHOMN
crocoOHocTH cucteMmbl cbopa Heptn u raza (MOHC, JHC, aynuuaru, YIIOI' u np.),
BBITNIOJIHEHO UX CpaBHEHHE U TPOBe/IeH (PaKTOpHbIN aHanu3. Takxke IpoBOAUIACH KOMIUIEKCHAs
OLICHKa COOPY’KEHMH IOATOTOBKM M BHEIIHETO TPAHCIOpPTa MPOAYKLIHMU C YY4E€TOM pOCTa
JO0OBIUN KUJIKOCTU B KaX/10M CLICHAPUH.

I[To pe3ynpTaTaM NMpOBEJEHHBIX PACUETOB BBISBICHBI MEPONIPUATUAMU 0 HMPUPALICHUIO
no0biun. IlpoBesieHa TEXHUKO-DKOHOMHUYECKAsl OLEHKA Ha OCHOBAHUU T'HAPABIMYECKUX
pacyeToB B MHTEIPUPOBAHHON MOJEIM M SKOHOMUYECKHMX IOKas3areiaed B (DPMHAHCOBO-
YKOHOMHUYECKON MOJIeNH, BbIOpaH HanboJiee ONTUMAIBHBIN BApUAHT 00yCTPOMCTBRA.

24



NCCJIEJOBAHUE TPUCTEHHbIX ABJIEHUM B CHAPSTHOM
TEYEHHUHU B ITY3bIPbKOBOU KOJIOHHE KBAJIPATHOI'O
CEYEHUA

EBnoxumenxo U.A.1%", Jlo6anos I1.J1.1, Buexns B.2, JxeHTpuk K.2, Cu-Axmen D-K. 2,
Jerpan J1. 2, Nemannons D.2

1) Uncmumym mennoghuzuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccus
2) Nantes Université, CNRS, GEPEA, UMR 6144, Saint-Nazaire, France
“evdokimenko96@ngs.ru

®oTOOHOPEaKTOPHl — 3TO YCTAHOBKHW, NPEAHA3HAYCHHBIC [UIsI TMPOMBIILICHHOTO
MIPOU3BOJICTBA MUKpOBoIopocieil. [Ipoxoxkaenue my3plpbkoB Bo3ayxa, oboramenusix CO2, B
ATUX CHUCTEMaxX MO3BOJISIET CO3JaTh OYEHb TOHKYIO JKHJKYIO TUICHKY MEXKIY IY3BIPBKOM H
CTEHKOM (hoTOOHOpEeaKTopa, 4To MO3BOJISIET HHTEHCU(DUIIUPOBATH MPOLECC KYIbTUBHUPOBAHUS
C TOYKHM 3pEHHUsT MacCONepeHoca, TUAPOIUHAMUKH W, BIOCIEICTBUU, OMOJIOIMYECKOU
KMHETUKH, C IEJIbIO TOBBIIMICHUS MPOU3BOIUTEILHOCTH KJIETOK U 3HEProdhHEeKTHBHOCTH.
Ilenpro naHHOW pabOTHI SABIACTCS M3YYCHHE MPUCTEHHOTO I'PaJMEHTa CKOPOCTH M TOJIIIUHBI
IJIEHKA SKUJKOCTH BO BpEMsl IPOXOXKACHHS TEHUIOPOBCKOIO IMy3bIpbKa C IOMOILBIO
ANEKTPOXUMUUYECKOTO M KOHIYKTOMETPUUYECKOTO METOIOB, CHHXPOHU3UPOBAHHBIX C METOJIOM
TEHEBOM CHEMKHU.

OKCTIepUMEHTAIbHAs  YCTAaHOBKA TNPEJCTABIsICT COOOM  OPrCTEKISHHBIA — KaHa
KBaJ[paTHOM IeOMETpUU CO CTOpoHOH 4 MM u BbicoTOoM 250 mMm. JXXuIkocTh mojaBajiach C
IIOCTOSIHHBIM PacXxoJIOM M3 pe3epByapa I0J1 1aBJIEHUEM B Juara3oHe yucen PeiHonbaca ot 0
0 28. BBoa rasa HaxoauwJics y OCHOBaHMS KaHaia. Pacxoa KOHTpOJMpOBAJICS ¢ MOMOLIBIO
MaccoBOTO pacxojoMmepa B nuana3oHe uncen PeitHompaca ot 170 go 270. DxcriepuMeHTHI
MPOBOJIUIIUCH ISl JIBYX Pa3MEpoOB Iy3bIpel C SKBUBAJEHTHBIM auaMerpoMm 4.2 u 6,7 MM.
Pa3mep my3bIpeii BappUpPOBAIICS ¢ TOMOIIBIO U3MEHEHHS THAMETpa Karuiuisipa, 4epe3 KOTOPbIN
BBOJAMIIACH AucriepcHas ¢aza. J{ms u3MepeHust pacupesiesieHus TPEeHHs Ha CTEHKE U TOJIIMHBI
TJICHKU YKUJKOCTH MCIOJBb30BAIHMCH YJIEKTPOXUMHUYECKUN U KOHAYKTOMETPUUYECKUM METOJIBI.
[Tapa kpyriabIX MIaTUHOBBIX AAaTYUKOB AuameTpoM (.4MM pacrnosaranach Ha pacCTOSSHUU 25
MHUKpPOMETPOB JIpyTr' OT Apyra u Ha BbeicoTe 190 MM OT ocHOBaHMs KaHana. Busyanuzanus
Te4eHHsI ObLIa OCYIIECTBIIEHA C MOMOIIBIO CheMKHU U(POBOI KaMepoi. MeTo Ikl u3MepeHHs
MPUCTEHHBIX SIBJICHUN W CheMKa KamMepoW ObUIM CHHXPOHHU3MPOBAHBI MEXKIY COOOM uepes
TPUTTEPHBIN CUTHAI.

Beitn monydeHbl pe3ynabTaThl MO PACTHpeelCHUI0 TPEHUS Ha CTEHKE M H3MEHEHHIO
TOJIILIMHBI IJIEHKH KUJKOCTH B KBaJPpaTHOM KaHaJIe. OKa3aHo, YTO JUIsl TEUJIOPOBCKUX MTy3bIpeit
¢ TuaMeTpom 6,7 MM HaOJII01aeTCs CYIIECTBOBAHKE ABYX IMMKOB HAMIPSHKEHUS TPEHUS, KOTOPBIE
COOTBETCTBYIOT «HOCHKY» M «CIIMHKE» Iy3bIpsi. MUHMMaIIbHASI TOJIIMHA IJIEHKHU gocTturaet 10
MUKpOMETPOB. [Iy3bIpy ¢ SKBUBaJIEHTHBIM pa3zMepoM 4,2 MM, TakKe€ UMEIOT 2 MHKa TPEHMS,
KOTOpPbI€ TPUXOJATCS HA TOUKU CONPUKOCHOBEHHUSI ITY3bIPS C KAHAJIOM.

Jlutreparypa
1. Thobie, C., Gadoin, E., Blel, W., Pruvost, J., Gentric, C., 2017. Global characterization
of hydrodynamics and gas-liquid mass transfer in a thin-gap bubble column intended for
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2. Tihon, J., Pénkavova, V., Vejrazka, J., 2014. Wall shear stress induced by a large bubble
rising in an inclined rectangular channel. International Journal of Multiphase Flow 67,
76-87.
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CoBpeMeHHbBIE BBICOKOOHEPIeTHUECKUE YCTAHOBKH IPEICTABISIOT CO00M cHucTtemy,
COCTOSIIIIYI0O M3 MHOXECTBA CJIOKHBIX JJIEMEHTOB, OOECHEYMBAIOMIMX IPaBUIbHOE
(YHKIMOHUPOBAHUE TEXHOJIOTUYECKOTO armmapara. BBuay MHOTooOpasus JIIEMEHTOB H
pa3’IMYHBIX MPOLECCOB, MPOTEKAIIIUX B TAaKUX YCTAaHOBKAaX, CO3JaHHE JIOCTOBEPHOMU
MaTEeMaTHYECKON MOJICIH JIJIsi OIIMCAHUS CUCTEMBI SIBJIICTCS CIOXKHOW 3ajadeii, Tpedyromieit
0O0JIBIIOr0 KOJMYECTBA IMIIUPUUECKHUX JIaHHBIX, TOJYUEHHBIX Ha 00Jiee MPOCTHIX MOJIEIbHBIX
KoHpurypanusax. Kanan ¢ kackaJioM BHE3aIHBIX PACHIMPEHHUNA U CY)KEHHH SBISIETCS OJHOU U3
TaKUX KOH(PUTYpALIUH.

[lenpro maHHOW pabOTHI SBISETCS OIEHKA BIUSHUS BBOJA Ta30BOW (a3l B BUJC
My3bIPbKOB Ha THUAPOJUHAMUYECKYIO CTPYKTYPY OTPBIBHOI'O TEYEHHS B MPSIMOYTOJIbHOM
KaHaJIe ¢ CEPUEN BHE3AMMHBIX PACILIUPEHUM.

HccnenoBanre TPOBOAMIOCH B  MPAMOYIOJbHOM  KaHalle U3 OpICTEKla C
reomerpuueckumu pasmepamu 200x1000x20 mm. [lnga co3gaHusi CHCTEMBl BHE3AIMHBIX
pacliupeHrii U Cy)KeHUU B KaHall Oblla YCTaHOBIIEHA IJIOCKas OPICTEKJIsIHHAs BCTaBKa C
pasmepamu 200x600x8 MM U moriepevHast MIaCTUHA MPSMOYTOJIBHOTO CEUeHUsI NTUHOM 20 MM
¢ BbIcoTOM 8 MM. Bricora kanana Hi o pacmmpenus cocrasiser 12 MM, nocse paciiupeHus
H2 paBna 20 mm (H=8 MM, ER=1,6). [Ins npoBeneHus: onTUYECKUX MU3MEPEHUMN JIOKATBLHOM
THJIPOAMHAMUYECKON CTPYKTYpbl TEUEHHUS MEXIy ABYMsS ycCTynmamu, ucroibszoBaics PLIF
MmeTo]. Pabota nmpoBoaunack npu paHXUPOBAHUM PACCTOSIHUSI MEXy CTyNeHsaMHu oT 2,5H 1o
7,5H mpu Rex=5000 u npu mnocrosHHOM pacxojge raza 900 wmi/muH. PacxomHoe
razocojepxkanue B KaHaie — 3%. CpemgHuil pasmep my3blpell COCTaBIsI 3 MM.
JlonoHUTENbHBIE YKCIEPUMEHTHI MPOBEIEHBI B 0JJHO(A3HOM MOTOKE MPU TOM K€ Pacxoje
KHUJIKOCTH.

[Ipy mnpoBeneHMM ONTHYECKHMX M3MEPEHMH Ja3epHbIf HOX ObUI  PacloioXeH
napajuieapHo ycryny. JlaHHas KOHQUrypauus MO3BOJIIET OINPEAETUTh 3aKOHOMEPHOCTH
pacripenesieHus poduiei CKOPOCTH Kak JUIsl pa3InYHbIX PACCTOSHUM OT CTYNEHBKH, TaK U 10
HIMPUHE KaHaJIa.

B paGote O6buH NOSTyYeHBI pe3yabTaThl 10 PACHPEACTICHUIO CKOPOCTH KHUJIKOCTH MEXTY
JIBYMsI ycTynmamMH Jjsi oJHOGA3HOTO W i JBYX(a3HOro Iy3bIpbKOBOIO IOTOKA JUIS
IPOJIOJILHOTO CEYEHHsT Ha BBICOTE PABHOW CepeMHE BBICOTHI CTyneHu. llomydeHHbIE
pe3yNbTaThl MO3BOJISIIOT ONPENENIUTh CTENEeHb BIMAHUSA IUCHEpCHOM (ha3bl Ha JIOKaIbHbBIE
THJIPOAMHAMUYECKHE XapaKTePUCTUKU MOTOKA.

Paboma svinonnena 6 pamkax ecocyoapcmeennozo saoanus UT CO PAH.
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B nannoii pabote Oblia npeasiokeHa u uccie0Bana MoJielnb GopcyHKH i pudopmepa
qu3enbHOro TorumBa [l], ucmosbp3yromeiicss A nosydeHus Bogopona. IlpemnoxeHHas
MoOJieJIb MMEET JBa MOJBOJSIIMX KaHala, MO3BOJAIOIIMX CO3/aTh JBE OOJACTH BHYTPH
(GOpCYHKHM ¢ pa3sHBIMH 3HAKaMH 3aKpyTKH. J{aHHas KOHUTypalys IPUBOAUT K TOMY, YTO Ha
pa3feNuTeNbHON KPOMKE, MEXKIY 00JacTIMU 00pa30BbhIBAECTCS 00JACTh CHIIBHOTO CABUTOBOTO
HAINpSDKCHUS, YTO BEJIET K TeHEpaluu TypOyJIEHTHOCTH U, CIIE0BATEIIbHO, HHTEHCH(HUKAIINN
nepeMenInBaHus 1 pacnajia Ju3eIbHOro TOILIUBA.

UnciaeHHOE MOJAEIMPOBAHNWE MPOM3BOIMIOCH B OTKPBITOM IPOrPAaMMHOM  KOJ€
OpenFOAM [1] metonom RANS c ucnonb3oBanuem Mozaenu TypOyneHTHocTd k--SST B
CKMMaeMOM TOCTaHOBKe. B pe3ynbTare pacdyeToB OBUIM MOJYYEHBI paCIpEICICHUs
MPOJOIBHBIX U OKPYKHBIX CKOPOCTEH, aMIUTUTY bl CIBUTA U MAaCCOBOH JI0JIM TIapa AU3EIIbHOTO
torBa. Ha rpaduxe pacmpeneneHust caBuroBbix Hampspkenuil (Puc. 1) mabmromarorcs
00JacT MHTEHCUBHOTO CIIBUra BO BHEIIHEH M BHYTPEHHEW yacTH (OPCYHKH, a TaKkKe Ha
pasaenuTenbHOi Kpomke. Ha rpaduke pacnipenenenus OKpyKHOH KOMIOHEHTHI BUIHO, YTO Ha
BBIXO/I€ U3 POPCYHKU CpeAHsS OKPYKHAsI CKOPOCTh TACUTCS 3 CUET PA3HBIX 3HAKOB HAYAJIBHOMN
3aKpyTKH, YTO TPHUBOJUT K OOJee paBHOMEPHOMY IIOTOKY Ha BbIXoje U3 comuia. [lo
pacripeniesieHu0 MaccoBoi nonu mapa (Puc. 1) MOXXHO 3aMeTHUTh, 4TO BOJM3M BBIXOAA U3
(OpCYHKHM TOCTUTAETCS] paBHOBECHAS! KOHIIEHTPAIHSI TApOBO (ha3bl TOILIMBA, YTO TOBOPHUT 00
3¢ (EeKTUBHOCTH MPeI0KEHHOW MoJIeNin (POPCYHKHU.
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Puc. 1. AMnmmTyna cABUTOBOTO HAMPsDKEHHS (CIIeBa), MaccoBast J0JIs Mapa TOIUIMBA(CIpaBa).
Paboma evinonnena 6 pamxax eocyoapcmeentnozo saoanus UT CO PAH
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Al203/FeCrAl alloy wire mesh honeycomb catalytic module in diesel autothermal
reforming //Chemical Engineering Journal. — 2019. — T. 374. — C. 511-519.

2. https://www.openfoam.com
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KPU3UC NTY3bIPBKOBOI'O KUITEHUA B I OPU3OHTAJIBHBIX
CJOAX ZKNJAKOCTHU KOHEYHOMU BbICOTbI

XKyxos B.1.Y", TTaBnenko A.H.?

1) Hosocubupckuii cocyoapcmeennulii mexnuyeckuil ynusepcumem, Hosocubupck, Poccus
2) Uncmumym mennopusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
“vizh@inbox.ru

[IpencraBieHsl pe3ynbTaThl U3MEPEHUS M pacuera M0 MOACPHU3MPOBAHHOW MOJIENH
3ybepa [ 1] kputHueckoi mIoTHOCTH TertoBoro notoka (KTII) mpu my3pIpbKOBOM KUIIEHUU B
TOHKUX TOPU3OHTAIIBHBIX CJIOSAX >KUIKOCTH Ha IUIOCKOM MoBepXHOCTH. M3BecTHO, uTto 3ydep
c(hopMyIIMPOBaJl OCHOBHBIC TEOPETHUECKHE TOJIOKEHUs cBoei Mojaenu i pacuera KTII na
0ECKOHEYHOW TOPU30HTAJIBHOM MOBEPXHOCTH, MCXOMAS M3 aHaIMW3a HaONIOJIeHUN Ha TpyOKe,
oborpeBaemoii mapom. B Gonee mo3aneit padore [2], rne yrounsiacek Teopus 3ydepa, Takxke
OCHOBHbBIE BU3YaJIbHbIE HAOIIOICHHUS TPOBOAMINCH Ha TOPU3OHTANBHBIX HWIHHApaX. B nanHoit
paboTe ucnoIb30BaIUCH CIION H-J0/ieKaHa BeicoTo 1.7; 2.5; 4; 10 mm. B cnoe BeicoTo# 1.7 MM
HAOMIOIAICsl KPU3UC OCYILEHHUS IMOBEPXHOCTH, B CIOSIX OOJNbIICH BBICOTHI HAOMIOAANCS
OOBIYHBIN THIPOAMHAMUYECKUN KPHU3UC ITy3BIPHKOBOTO KHIIEHUS. B pexumax pa3BUTOTO
My3BIPHKOBOTO KUIIEHHSI BHICOTA CIIOS YBeIMUMBaack. J[Byxdasuslii cioil mpeactapisiia coboit
IIEHY, B KOTOPOM IO YyIJIaM KBaJApPaTHOM NPSAMOYTOJIbHOW PEIIETKH IOJHUMAIINCH «I1apOBBIC
cTon6Obl» (puc. 1). B pacuerax neny paccMaTpuBalid Kak U30TPOIHYIO OHOPOIHYIO CUCTEMY C
napocojepkanueMm €. IlpemmoskeHHas MOJAETb XOpPOIIO OIMUCHIBAET JKCIIEPHUMEHTAIBHBIC
nanHbie aBTopoB o KTII nmpu my3spbKOBOM KUTIEHUH SKUKOCTH.

IpH My3bIPEKOBOM KHIeHHH: BbicoTa ciosi h = 2.5 mm (h/ls = 1.45), naBnenue B o0beme Ps =
20 kITa (Ps/ Per = 1.1-102), =108 kBt /M2, (Tw-Ts) =42.1 K.

Hccneoosanus evinonnenst npu ¢punancosoti noodepaicke mezacpanma Munucmepcemea
HAayKu u svicuie2o oopazosanus Poccuu noo pykosoocmeom eedywux yuenvix (Ne 075-15-2021-
575).

Jlureparypa
1. Zuber N., On the Stability of Boiling Heat Transfer // Trans. ASME (1958) 80, Ne 3,
p.711-720.

2. Lienbhard J.H., Dhir V.K., Hydrodynamic Prediction of Peak Pool-Boiling Heat Fluxes
from Finite Bodies // Trans. ASME J. Heat Transfer (1973) 95 p.152-158.
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KHUITEHUE B IIVTIOCKUX MUKPOKAHAJIAX C THTEHCUBHBIM
JIOKAJIMN30BAHHBIM HAI'PEBOM

3aiinen [[.B.l*, benocnyaues B.B.1

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
“zaitsev@itp.nsc.ru

B paboTte BbINOIHEHBI CUCTEMAaTUYECKUE UCCIEA0BAHNS JUHAMUKU ApPOBBIX My3bIPEM U
Ter1000MeHa NMpU KUIEHUH B MUHU- U MUKpOKaHaiax BeicoTol oT 0.2 10 3 MM Iipu pa3inyHOM
HeZ0rpeBe pabouel KUAKOCTH. DKCIIEPUMEHTHI IPOBOIMIIMCH HA HarpeBaTelsIX pasmepom 3x3
1 10x10 MM B IBYX OCHOBHBIX KOHPHUTypaIusix — ¢ OJHOPOIHBIM HATPEBOM 10 IIMPUHE KaHalla
(1MpUHA TOTOKA COBIAAET C IIUPUHOM HArpeBaTelis) U C HEOAHOPOAHBIM HArpeBOM (IIUpPUHA
MOTOKa paboyeil >KUAKOCTU OOJIbIIe IIMPUHBI HArpeBaTesi). DKCIEPUMEHTHI BHITIOTHEHBI IPU
MHTEHCUBHOM HAarpeBe CO CTOpOHBI cTeHKH (10 1 kBt/cm? ¢ marpesatens 10x10 mm). Ilpu
MOMOIIIM BBICOKOCKOPOCTHOM KaMepbl (C yacToToil chemku 10 775 000 xaapoB B CEKYHIY)
BBIIIOJIHEHA BM3yaju3alus Ipolecca KumeHud. B kadectBe pabouux KUAKOCTEH
MCIIOJIb30Baach BOJa, PACTBOPHI MOHHBIX JKUIKOCTEH, a TaKKe JUAIIEKTPUUECKas KUIKOCTh
HFE-7100.

Y CcTaHOBIIEHO, YTO, KaK B IIMPOKOM KaHaje (HEOJHOPOIHBIN HArpeB Mo HIMpUHE KaHala),
TaK U B y3KOM KaHaJie (OJHOPOIHBIN HArpeB), C yBEIMUEHUEM BBICOTHI KaHaJIa B uana3zoHe 0.2
— 3 MM UHTEHCHBHOCTh TEIIO-OOMEHa U KPUTHUYECKHI TEIJIOBOH MOTOK CYIIECTBEHHO
Bo3pactaoT, Puc. la. BbisiBIeHO CHM)KEHHE KPUTUUYECKOTO TEIJIOBOIO MOTOKA JJIs KaHaja C
OJIHOPOAHBIM HarpeBoM (y3kuil kaHan), Puc. la, uyro, mo-BMAMMOMY, BBI3BaHO Oolee
CTECHEHHBIMHU YCJIOBUSIMU TEYEHHUs B y3KOM KaHase. /[ 3a1aHHOrO pacxoja KUAKOCTU U
BBICOTHl KaHajla, KPUTUYECKUU TEIJIOBOM IOTOK Ha HarpeBaTene 3X3 MM CYIIECTBEHHO
MIPEBBINIAET TEIJIOBOM MOTOK Ha HarpesaTene 10x10 mm (Puc. 16).

—=—0.55mm

= 3mm o 1mm
a) ® 2mm 6)
A 15mm 4 1.3mm
v 1mm 1007 ¥—2mm
0,63 mm Qo GO7*%%% 3x3 mm
0,5mm
0,435 mm ——q,=9.6G"™*h%7" 10x10 mm
* 0435mmv2 v
* 0,37 mm L4
& 037 mmv2 | 3%t ]
- 0,32 mm o >3
%.'J ] 0,23 mm %
O 2 mm 10 mm width
= 104
% o1 mm width 10 mm % :
[&] £ 0,4 mm 10 mm width O
e (1 =0.6G ThOT7
—,=626°7105
1 T 1 1 T 1

0,1 1 10 0,1 1 10
Bricota kaHana, MM Beicota kaHana, mm

Puc. 1. (a) BaustHue BbICOTHI KaHala Ha IPUBEIEHHBIM KPUTHYECKHUM TEMI0BOM MOTOK JJIst
OJTHOPOJIHOTO (YepHasi IMHMSI) M HEOJTHOPOJHOT O (KpacHas JIMHUsA) HarpeBa. Boa, pasmep
Harpesatenst 10x10 mm, CHF — kputnyeckuii TerioBoid motok, G — MaccoBasi CKOPOCThb
(xr/m%c), h — BeICOTa KaHama.

(6) CpaBHEHHE KPUTHYECKOTO TEIUIOBOTO MOTOKA Ha Harpesaresne 3x3 mm u 10x10 MM
(HMXHSIS KpacHas auHUsA). Boia, HeonHOpoIHBIN Harpes o mupuHe kanana, CHF —
KPUTHYECKHil TeTLI0BO# TOTOK. G — MaccoBast CKOpocTh (Kr/m%c), h — BeIcOTa KaHana.

Paboma noooepoicana Poccutickum Hayunvim @onoom (epanm Ne 22-49-08018).
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NCCJIEJOBAHUE CTABWIBHOCTHU ATTPAKTOPOB B
HEJIMHEUHOM PEKUME /IS BHYTPEHHHUX BOJIH

3amapaesa E.B.12, IlImakosa H.JI.»?

1) Uncmumym cuopoounamuru um M.A.Jlagpenvmvesa CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
" e.ermanyuk@nsu.ru

Jannas paboTa mocBsillieHa UCCIIEJOBAaHUIO BHYTPEHHUX BOJIH, TEHEPUPYEMBIX B OKEaHe
IpY B3aUMO/ICHCTBUY MPUIUBHBIX TEUECHHUH C MOIBOJHBIMU TOPHBIMU XpeOTaMu. B 3aMkHyTOM
CUCTEMe, KOTJja UMEIOT MECTO JIBa MapalieIbHbIX TOPHBIX XpeOTa, kak Hanpumep B JIycoHckoM
NPOJIMBE, BHYTPEHHUE BOJIHBI MOTYT OTPAXKaThCs OT MOBEPXHOCTEH, U B CHITY IUCIIEPCHOHHOTO
COOTHOIIIEHUS, OKYCUPOBATH IHEPTHIO HA T.H. arTpakTope [1].

Llenpto nmaHHON pPaOOTHI SIBISETCS IKCIEPHUMEHTAIBHOE HCCIIEIOBAHNE HEIMHEHHBIX
3¢ (pexToB, BO3HUKAIOIMINX NMPU 00pa30BaHUU aTTPAKTOPA. IKCIEPUMEHTHI ObLIH BBITOIHEHBI
Ha ycrtaHoBke B WHctutyre I'mapoanHamMuku, npeiacTaBisiiolled u3 ceds pesepByap u3
OpICcTeKJIa ¢ HAaKJIOHHBIMH CTEHKaMH MO OOKaM M COBEpIIAIOUIeH KoleOaHMs MIACTHHOW -
TeHepaTOPOM BOJIH -, pa3/IeIISAIONIeH pe3epByap Ha JABE paBHbIC yacTu. [ BU3yanu3annuu BOJIH
MCIIOJIb30BAJICSI CHHTETUYECKHI NUTHPEH-METO/I.

AHanM3 JaHHBIX MPOU3BOJWICS C momomipio mpuioxenus PIVLab B cpeme Matlab.
HccnenoBaHo BOZHUKHOBEHUE TPUAJTHOTO PE30HAHCA NP PA3TUYHBIX aMIUIUTYAAX KOJIeOaHUs
reHepaTropa MOCPEICTBOM MOCTPOCHHS YaCTOTHO-BPEMEHHBIX XapaKTEPUCTHK, a TAKKE ero
BIIMSTHUE Ha pa3pylleHUE aTTpaKTopa. BeunciaeH sHepreTHUeCKuii CIIEKTp AJIsl BOJH B CUCTEME
IpY Pa3HBIX aMIUTUTyAax kojebanus. [lokazaHo, 4TO mpu OOJBIINX AMIUIUTYAAaX BO3SHHKAET
BOJIHOBAasA TYpOyJI€HTHOCTb, @ HA YMEPEHHBIX aMIUTUTY/AaX HA0II0aeTCsi OCOOBIN MepexoIHbIH
PEXUM C TIpeodIalaHueM CTOSYNX BOJH. Tarke OBUIO MPOW3BENCHO CPAaBHEHHE YaCTOTHOTO
cnekTpa s uuupeH u PIV metona. YcTaHoBieHO, YTO MU TaHHBIX JUIMHAX BOJH Hanbosee
YYBCTBUTEIHLHBIM METOJIOM SIBIISIETCS HITUPEH-METO/I.

Paboma evinonnena npu ¢punancuposanuu PH® 23-41-00090

Jlureparypa

1. Echeverri, P., Yokossi, T., Balmforth, N. J., Peacock, T. Tidally generated internal-wave
attractors between double ridges // J. Fluid. Mech. 2011. V. 669. PP. 354-374.
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JANHAMMUKA POCTA OJJMHOYHOI'O TAPOBOTI'O ITY3bIPA ITPHU
KHUIIEHUMU B YCJIOBUAX MUKPOTI'PABUTALIUU

3opbKkuHa A. N.5%" Ponpumu ®.B.22, Ka6os O.A.}

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“a.zorkina@g.nsu.ru

Kunenune — 3dexkTuBHbIN c10co0 TEMI00TBOIA, IIUPOKO UCIIOJIB3YIOLIUICS BO MHOTUX
00J1aCTSAX MPOMBIIUICHHOCTU. B CylecTBYIOMMX KOPPEIsIuUsixX s TEIUIOBOM CTaauu pocTa
My3bIpsl JUAMETpP MPONOPIMOHATIEH KBaJpaTHOMY KOpPHIO OT BpemeHu. JlaOyHioB u Sros
BBIBEJIM 3aBHCHUMOCTb, YUMTHIBAIOIIYIO HCIIAPEHHE MHUKPOCIOs, OOpa30BaBLIETOCA MEXKIY
OCHOBaHHEM Iy3bIps M TIOBEPXHOCTHIO HArpeBa, pabOTalOIlyl0 B IIHPOKOM JHara3oHe
n3MeHeHus1 uucna Slkoba. B HacTosimel paGoTe 1uisi YBEIHMYECHHS MPOCTPAHCTBEHHBIX U
BPEMEHHBIX MAacCHITa0OB 3a7aud JKCHEPUMEHT ObUI MPOBEAEH B YCIOBUAX MOHUKEHHON
rpaButanuu Ha MKC, mo3Bossis mopoOHee H3yduTh OBICTPOTEUHBIC MPOIECCHl KUTIeHUs. B
paboTe uccienyercs 3aBUCMMOCTh AMaMeTpa MapoBOroO My3bIpsl OT BPEMEHHU IPU PA3TUYHBIX
napameTpax SKCIepUMEHTA.

DKcrnepuMeHTallbHAA siueika 3anofiHeHa padoueit xkuakocteio FC-72. TlapoBoii my3bIphb
WHULUATIM3UPYETCS JIa3€pHBIM HMMITYJbCOM Ha TIOBEPXHOCTHM HArpeBaTessi, B KauecTBE
KOTOPOI'0 CIIY>KUT ciod Xpoma ToiauuHoi 800 HM, HaHec€HHbIM Ha mpo3pauyHblii B UK —
IUarna3oHe Kpuctaur  gropuma Oapus. YCTaHOBKAa CHAa0XEHA BBICOKOCKOPOCTHBIMU
uH(ppakpacHoi 1 4EpHO-0e10i KaMepaMu. DIEKTPO U HACOC, CO3/IAIOIIUI CIIBUTOBBIN MOTOK,
UCTIONB3YIOT NIl M3ydeHUs 3PQPEKTUBHBIX METOJOB YAAJICHUS ITy3bIpel C IMOBEPXHOCTH. B
XO0Jle OJKCINEPUMEHTa BapbHPYIOTCS CIEAYIOIIWe MapaMeTpbl: JaBICHHE IKUAKOCTH,
TeMIlepaTypa HEJOTPEeBa, TEIJIOBOM MOTOK OT HArpeBaTelisl, BPEMsl OXKUJAHUS - BpEMs MEXKITY
aKTHBallMeW HarpeBaTels U BKIIOUEHUEM Jlazepa.

BrisiBieHa 3aBUCHMOCTH CKOPOCTH POCTa TMY3BIpS OT IMapaMeTPOB HSKCIEPUMEHTA!
TUAMETp YBEIMYUBAETCS C YMEHbBIICHHWEM JaBJCHHS, YBEJIHMUYEHHEM BpPEMEHU OXUIAHUS U
yMeHblIeHueM Henorpea. CteneHs { yBeIMUMBAETCs ¢ YMEHBIIIEHHEM BPEMEHU OKUJIAHUS U
n3MeHsiercs B nuamnasone ot 0,49 no 0,8. DkciepruMeHTalIbHbIE JaHHBIE XOPOLIO COTIIACYIOTCS
¢ koppensauueit Arosa u JlaOyH1oBa.

p =500 mbar|
* p =600 mbar
124 Wt =28 4 p=750 mbar|

Puc. 1. BnusiHue naBieHus )KMIKOCTH HA CKOPOCTh POCTA My3bIPS.

Hccnedosanue svinonneno 3a cuém epanma Poccuiickoeo nayunozo gonoa Ne 21-79-
10357, https://rscf.ru/project/21-79-10357/

Jluteparypa
1. Jla6ynmog /I. A., firoB B. B. Mexanuka nByxda3asix cucteMm. M.: MOU, 2000. 374 c.
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MAT'HUTHBIE UBMEPEHUSA HA YCTAHOBKE «KOT»

Wsanos P.C.1%", Mypaxtun C.B.}?

1) Uncmumym soepnoui ¢husuxu um. I.1. Byokepa CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“r.ivanov4@g.nsu.ru

B uncTtutyTe sinepHoit GU3MKK B HACTOsIIEe BpeMsl BBE/ICHA B OKCILTyaTallUi0 YCTAaHOBKA
KOT [1] (koMIakTHBIH OCECUMMETPUYHBIA TOPOUA) — OTKPBITasi MarHWTHas JOBYIIKA, Ha
0a3e KOTOpOH MPOBOIATCS MOJJAEPKUBAIONINE SKCIEPUMEHTHI st yctaHoBku ['JIMJI [2].
Llensto co3manusi ycranoBku KOT sBisercs orpaGoTka NPUHUMIIOB JHAMAarHUTHOTO
yaep KaHUsl TUIa3Mbl NIPU MTOMOIIM OOpallleHus BeAyIero MarHUTHOTO MOJS a3UMYTaJIbHBIM
tokoM — FRC (Field Reversed Configuration) [3]. [lyist ero moiay4deHus B JByXKOMIIOHCHTHYIO
MUIICHHYIO TUIa3My TeMmieparypoil 503B MHXEeKTHPYIOTCS MOIIHBIE aTOMapHBIE MYyYKH, IPU
B3aMMOJICHICTBUM KOTOPBIX C MHUILIEHHOHW TUIA3MOW HAKaIUIMBACTCSI HEOOXOAMMAsl MOIYIISIUS
OBICTPBIX MOHOB. LlebI0 SKCTIEPUMEHTOB Ha YCTAaHOBKE SBIISETCS PA3BUTHE METO/I0B CO3JIaHUS
¥ CTa0MIIM3aluU KOMITAKTHOTO TIA3MEHHOTO 00pa3oBaHus. BayKHBIM 3JIEMEHTOM TMarHOCTUKH
IIa3Mbl SIBJISIIOTCS MAarHUTHBIE 30HAOBbIE W JHaMarHuTHbie u3Mepenus [5]. M3mepenue
JUaMarHeTu3Ma IUla3Mbl  [IO3BOJISIET  KOHTPOJIMPOBaTb €€  SHEProcoepiaHue Ui
ONTUMAJIFHOTO 3aXBaTa MOHOB Ha JIAPMOPOBCKYIO OPOUTY M HAKOIUICHUS a3UMYTaJIbHOTO TOKA.
MarHuTHbIE 30HAOBBIE M3MEPEHUS IMpeIHA3HAYEHBI JJIS ONPEICICHHS MOJOXKEHHS U MOJ
kosiebanuit FRC u MuieHHoi 11a3msl B akcriepuMenTe Ha ycranoBke KOT.

Llenpro maHHO#M pabOTHI SABJISETCS MOCTPOCHUE TEOPETUUYECKON MOJEIN HEOO0XOIUMOI
JUISL TIPOLEAYPbl BOCCTAHOBIICHUS SHEPrOCOJEP)KAHUS MHUIICHHOW IJIa3Mbl W3 TOKa3aHUU
JMaMarHUTHBIX MEeTeNb, a TaKKe pa3paboTKa MaTeMaTUYEeCKOro ammapaTa s 00paboTKH U
pacunpoBKH CUTHAIOB C HA0Opa a3MMYTaIbHBIX MATHUTHBIX 30H0B (KaTyliek MupHoBa). B
pe3ynbTarax paboThl MPECTABIEHBI JaHHbIE 00 HEPTrOCOAEPKAHUU I1JIa3Mbl, TIOJyYEHHBIE C
MCIIONIb30BaHNWEM JIMAMarHUTHBIX TETeNb, a TakKe M3MEPEeHUs M paciudpoBKa MOJOBOTO
COCTaBa a3MMYTAJIbHBIX KOJEOAHWH IJIa3Mbl, MPHU TMOMOIIM KpPOCC-CIEKTPAIBHOIO METOo]a
00paboOTKK CUTHAJIOB ¢ KaTymiek MupHoBa.

Paboma eévinonnena 6 pamkax 2ocsadanus « Ocecummempuunvie OMKpbImMule JOEYUKU C
yayumeHHvIM npoooabHuim yoepocanuem (FWGM-2022-0017)»

Jlureparypa

1. AA. lvanov et al., SUSTAINMENT OF HIGH-BETA MIROR PLASMA BY
NEUTRAL BEAMS // Plasma Physics and Technology 5(3):125-127, 2018.

2. A.Beklemishev, et al., The BINP Road Map for Development of Fusion Reactor Based
on linear Machine // Open Magnetic Systems for Plasma Confinement (0S2016) AIP
Conf. Proc. 1771, 080001-1-080001-9; doi: 10.1063/1.4964240.

3. Tuszewski. M. Field reversed configurations // Nuclear Fusion, November 1988. 28. 11.
2033. 10.1088/0029-5515/28/11/008.

4. P.P Deichuli et al., Low energy, high power hydrogen neutral beam for plasma heating //
Rev Sci. Instrum. 86, 113509 (2015).

5. ILA. Barpsuckuii, B.H. bouapos, II.I1. [deituynu u ap. JAnarHocTuyeckuii KOMILIEKC
YCTAaHOBKHU FI[.H IJId U3YUCHUS HAarpeBa IIa3Mbl IIPU MHKCKIIHWKU MOIIHBIX AaTOMAPHBIX
ny4koB. // [penpunt UAD 93-70 (1993).
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BUXPEPA3SPEITAIOINEE MOAEJINPOBAHUE
KABUTAITHOHHOI'O PEZKUMA OBTEKAHUSI _
I'naPONMPO®UJIA C TAHT'EHIHIUAJIBHOU UHKEKIIUEN

Wsamenko E.M.1?", 3apunos J[.1.}, Mymnsmxanos P.J1.12

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“edauengauer@mail.ru

Bo3HuKHOBEHHE pa3HOro pojia HEYCTOMYMBOCTEM, B TOM UKCII€ BEI3BAHHBIX KaBUTAIUEH,
B TPOTOYHBIX TpaKTaxX TUAPABIMYECKHX CHCTEM HEraTUBHBIM OOpPa30M CKa3bIBaeTCs Ha
MPOU3BOJUTEIIBHOCTH,  HAJEKHOCTH U 0O€30MacHOCTH  TUAPOTEXHUYECKOTO U
TUApO3HEpreTndeckoro obopynoBanus. [lo3romy Ha ceroaHsIIHUN 1€Hb aKTyalIbHOM 3a1auei,
KaK C TOYKM 3peHHsl (yHIaMEHTAlIbHOW HAyKHd, TaK U JJIs pPa3BUTHS HOBOro, OoJjee
3 PEKTUBHOTO THAPABINYECKOTO 00OPYIOBaHHS, SIBISCTCS Pa3BUTHE METOJOB YIPABICHUS
KaBUTHPYIOIIMMU TeYeHUsIMH. Ha cerogHsmHuil eHb MIMPOKO MU3BECTHHI aKTUBHBIE [1] U
naccuBHble [2] cmocoObl ympaBieHus. Tak B HemaBHedl pabote [3] Obu1  omnmcan
9KCIIEPUMEHTANLHBINA METOJ] [T0IaBJICHUS KaBUTAIMH HA TUANPOQUIIE PU MAJIBIX yTiaxX aTaku.
Bb110 mokazaHo, YTO MPH MANIBIX YIilaX aTakd 3TOT METOJ] OKa3bIBaeTCs KpaitHe () (heKTUBHBIM
MIPH PA3IMYHBIX CKOPOCTSIX WHKEKITUHU Uin; .

B nmamnoii  pabore  paccmarpwBaeTcs ~— KaBHUTAlMOHHOE  TEYCHHE  OKOJIO
MOJIU(UIIMPOBAHHOTO TUAPONPOGUIS NP yrie aTaku 9° u pa3nuyHbIX yncinax PeitHombaca
(Rec = 1.19-1.3x10°), paccuntanromy mo xopae kpbina C = 0.1m. Moaudukanus Kpbiia
npejcTaBisieT co0oi Haaruue HeOOobIIOro BeicTya (BhicoTol 0.8 MM) Ha paccTosHuu X/C =
0.6 oT mepenHel KPOMKHU KpbUIa, Yepe3 KOTOPBIM OCYIIECTBIsUIach TaHTCHIIMANbHAS Mo1a4ya
XKHUJIKOCTH. Bce pacueTs mpoBOASTCS B paMKax METOAA KPYIHBIX BUXPEH C MCIOIH30BAHUEM
BBIUKCIUTENHHOTO Koga OpenFoam, mist 3ambikanus ypaBHeHU HaBbe-CTokca HCTONb3yeTcs
JUHAMAYECKas MOJEb C JOMOJHUTEIBHBIM TPAHCIIOPTHBIM YpaBHEHHEM Ha KUHETHYECKYIO
SHEPIUI0 MOJCETOYHBIX MAcCIITa0oB. BhraMcIMTeNbHAS ceTka comepkut okono 20.1x10°
BBIYUCITUTENFHBIX y3JI0B. JJIsi MOIENMPOBaHUST KaBUTALMU HCHOJB3yeTcss monenb IHeppa-
Cayspa. B pamkax naHHOW paboOThl OydeT HM3Yy4eHO BIHSHHUE CTAIMOHAPHBIX BHEIIHUX
BO3MYIICHUH Ha 3apOXKJICHHUE M Pa3BUTHE KaBUTALMHU U TYPOYJICHTHYIO CTPYKTYPY ITOTOKA PU
Pa3IMYHBIX CKOPOCTSAX MHXKEKIHMU. Ha OCHOBE MOJIy4eHHBIX YUCICHHBIX Pe3ylbTaToB OyayT
C/IeTaHbl BHIBOABI 00 A(PQPEKTUBHOCTH JaHHOTO METOJIA YIPABJICHUS KaBUTAMOHHBIMU
TEUCHUSIMH U ONpEJENICH [Uara3oH PEeKUMOB TEUYEHHS, IJII KOTOPOrO JaHHBIA METOJ
1€J1€CO000Pa3HO IPUMEHSITD.

Paboma evinonnena 6 pamkax cocyoapcmeennoco 3adanmus UT CO PAH. Asmopwl
bnazooaphul guluucIumenbHoMy kiacmepy «Kackaoy 3a npeoocmasnennvie 8bluuciumenbHole

pecypcul.
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HHPAMOE YUCJIEHHOI'O MOJAEJINPOBAHUE JIAMUHAPU3ALINHN
PA3BUTOI'O TYPBYJIEHTHOI'O TEYUEHUSA B TPYBAX

HBanienko B.A.l'z*, MynisipKaHoB P.1.12 , 3apuUIioB I[.I/I.l

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“ivashchenko@itp.nsc.ru

TpyOonpoBoAHbBIN BUJ TPAaHCHOPTUPOBKHU NMPUPOAHBIX PECYpCOB B HACTOSIIEE BpeMs
SBIISIETCS OCHOBHBIM. ['a3 1moja gaBieHHEM ABIDKETCS MO TPyOaM, Tepsisl UMITYJIbC U YHEPTHUIO
pu npeofoaeHuu cuibl TpeHus. [loatomy ans obecnieuenus: Oecriepe0oiHON MOCTaBKU Ta3a
HEOOXO/IMMO COOpYXaTh CIEUUAIbHbIE KOMIIPECCOPHBIE CTAaHIMHM HA TMPOTSHKEHUHU BCETO
TpybomnpoBoaa. [Ipu 3ToM cCHMXEHHE CUIIBI TPEHHUS B TPYOONpoBOJE XOTS Obl HA HECKOIBKO
MPOIIEHTOB 00ECIIEYHT CYIIECTBEHHYIO SKOHOMHYECKYIO BHITOAY. OOBIYHO ISl peIICHHUS STOU
3aJ]a4M UCTOJB3YIOTCS METO/Ibl, OCHOBAHHbIE HA YACTUYHON JTaMUHApU3alUK TypOYJIEHTHOTO
MOTOKA ITyTeM pa3pyIICHHUs WK ITPEI0TBPAICHIs 00pa30BaHMs BUXPEBBIX CTPYKTYp. HenaBHo
aBTopaM padoT [1, 2] ¢ uCnoap30BaHNEM PA3TMYHBIX METOJIOB YIIPABICHUS MIOTOKOM YAAIOCh
JNOOUTHCS TIOJHOM JIAMUHAPU3alUN Pa3BUTOTO TypOYJIEHTHOTO TEYCHHS B KaHaje KPYIJIOro
MOTIEPEYHOT0 CEUEHUSI U TEM CaMbIM CHHU3UTH T'MAPABIMYECKOE COMPOTHBICHHUE J0O YPOBHS
JAMUHAPHOTO TEYCHUSI.

B nanHoil pa®oTe 3TO sBIEHHE HCCIENYEeTCS C MOMOUIBIO MPSMOTO YHCIECHHOTO
MOJICTTMPOBAHUS B OTKPBITOM BbrauciauTensHOM makeTe Nek5000, koTopslii paHee yxe ObLI
anpoOHpoBaH Mpu pelieHu psanga 3agad  [3,4]. PaccmarpuBaercss pa3BuToe TypOYJIEHTHOE
TEUYEeHUE B IUJIMHIPUYECKOM KaHaie ¢ Oe3pazmepHbiM paguycoM R = 1 u mmunoit 18R mpwu
yucne Pelinonbaca Re = UpR/v =2500. Ha BbIXOZe M3 KaHaja 3a4aBajiuch CBOOOIHBIE
TpaHUYHBIC YCIIOBHS, a Ha BXOAE — YCIOBUS PAa3BUTOTO TypOYJIEHTHOTO TEYEHUS,
MpeBapUTENbHO HalIeHHbIE BO BCIIOMOTATEIBLHOM pacueTe aHAJIOTUYHOTO TEYSHHS B KaHaJe
uHON 3R ¢ meproanYecKMMHU TPaHWYHBIMH YCIOBUSIMH. B KauecTBe MeTona ympaBieHUs
paccMaTpuBaeTcs MacCCUBHBIN MeTo]l B BUje cucteMsl coT (honeycombs) [2], pacnionoxeHHON
Ha paccTosHUU OT 4R 110 6R OT BXOHOM I'paHUIlbl KaHaja.

PaccmaTtpuBanoch Tpu KOH(PHUIypallid CHUCTEMBI COT U aHAIW3MPOBallaCh UX
appexTuBHOCTD. [lomydensr pacnpeneneHus mpoieil CKOPOCTH, KacaTeIbHOTO HAPSKESHHS
Ha CT€HKE, aBJICHUS U YWICHOB YpaBHEHHs OarmaHca KWHETUYECKOW SHEPTUU TYpOyIeHTHOCTH.

Paboma evinonnena 6 pamxax eocyoapcmeennoco 3aoanus UT CO PAH. Asemopwi
onazooapnvr Uncmumymy mennogusuku CO PAH u Hosocubupckomy 2ocyoapcmeeHHoMmy

YVHUBepcumemy 3a NPeoOCMABICeHHbIe  GbIYUUCIUMENbHbIE PECYPCbl  CYNEPKOMNbIOMEPQ
(13 »
Kackao”.
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INPOLHECCHI IEPEHOCA TEILIA B HAHOHJIEHKAX"B
ABYMEPHOM U TPEXMEPHOM ITPUBJINKEHUU C YYETOM
INEPOXOBATOCTHU I'PAHUI (MOAEJIb MI'TY)

Nup ®. ", Yoxon 11

MI'TY um H.D. baymana, Mockea, Poccus
“yinfeincepu@gmail.com

AHanu3 Ha OCHOBE TPAHCIIOPTHON TeopuH boiibliMaHa MOKa3bIBAET, YTO BOZHUKHOBEHUE
pa3MepHoro 3 dexra y TemIonpoOBOIHOCTH TOHKHX IJICHOK CBSI3aHO C YMEHBIIIEHHEM BPEMEHHU
penaKcaluyu WIM JJIHH CBOOOJHOrO mpobera ¢poHOHOB (kojeOaHMi pemieTkn) B MiéHke. B
JaHHOW paboTe BIEpPBbIE HCIOJIB30BAaHA CTATUCTUYECKass MOJENb IIEPOXOBATOCTU
MOBEPXHOCTH ISl aNMpOKCUMAIMH JUIMH CBOOOJHOTrO mpodera ()OHOHOB BHYTPH TOHKHX
IJICHOK B JIBYX U TPEX U3MEPEHUSX.

Uro0bl OJHO3HAYHO YCTAHOBHTH BJIHMSHUE IIEPOXOBATOCTH HA JJIMHBI CBOOOJHOTO
npobera ¢OHOHOB, B JaHHOW pabOTe OTMENbHO PACCMATPUBAIOTCS OAIITUCTHUECKHUE PEKUMBI
nepeHoca TerJa, Kak B IONEPEeYHOM, TaK U B IPOJOJIBLHOM HAIPaBICHUSX. JTO 3HAUUT, UTO
M3y4aeMblil THana3oH TOJIIMH h IUIEHOK COOTBETCTBYET 3HAuYeHUsM mapamerpa Knyxacena
Kn,=I/h>1, a mmue ménok L - nHe wmemee Kn =l /L>1. B pamkax

c(OpMYyIIMPOBAHHBIX TMPHUOIMKEHUN YUYUTHIBAIOTCS B3aUMOACHCTBHS (DOHOHOB TOJIBKO C
[IEPOXOBAThIMH  TMOBEPXHOCTSIMU  IEHOK. CylecTByIOlME B  HACTOAIIEE  BpeMs
9KCIepUMEHTaIbHbIE JaHHble [1], TONydeHHblE [UIs HAHOHHWTEH, IOKA3bIBAIOT, YTO
TEILUIONPOBOAHOCTh CUJIBHO 3aBUCUT OT BBICOTBI O M JUIMHBI | miepoxoBarocteil. Taxum

00pa3oM, B HCIONB3YeMOH HAMU MOJENM HEPOBHOCTH INEPOXOBATOCTH XapaKTEPU3YIOTCS
Oe3pasmepHoii BenmunmHOM o /l,. Tak Kak TOYHOE BOCHPOU3BEICHUE ILEPOXOBATON

MIOBEPXHOCTU HEBO3MOXKHO, HCIIOJIB3YETCS CYLIECTBYIOIIAs CTATUCTHUYECKas MOJEb
IIEPOXOBATOCTH, PA3BUTAs JIJIs aHAJIM3a PACCESHUSI YIIPYTUX U AJIEKTPOMArHUTHBIX BOJH [2,3].
JuHbl cBOOOAHOrO mnpobera (OHOHOB B TPEXMEPHOM HAHOIUIEHKE TakKKe IOJIyYEHBI C
MOMOIUIbIO ABYMEPHBIX MPOEKIUI TPAeKTOPUI ABHKEHUS (POHOHOB B PA3JIMYHBIX IJIOCKOCTSIX.

CornacHo pacueram, JAJIUHBI CBOOOAHOrO Mpobera (pOHOHOB B HAHOIIEHKAX HEMHOTO
Oonbiie TOMMMHBI MJeHKU. [lo mMepe yBenuueHHs TOJIIMHBI U JJIMHBI IUIEHKHU, JUIMHBI
cBoOoHOrO mpobera (oHOHOB yBennuuBaroTcsi. CpaBHHBas JABYMEpPHbIE HAHOIUIEHKU
OJINHAKOBOH TOJIIIMHBI C TPEXMEPHBIMHU, MOKHO YCTAHOBUTD, YTO JJIMHBI CBOOOAHOTO IIpodera
(OHOHOB B TPEXMEPHBIX HAHOIJIEHKAX HEMHOT'O OOJIbIIIE, UEM B IBYMEPHBIX.
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BJIUSTHUE XAPAKTEPUCTUK HIEPOXOBATOCTH HA PEXUMbI
COYIAPEHUSA KAIIEJDb ’)KUJIKOCTEU C TBEPABIMUA
ITOBEPXHOCTAMMU

Ucnamona A.T'., KponiotoBa C.C., lllnerens H.E., Ctpuxaxk I1.A.

Tomckuti norumexnuueckuti ynusepcumem, Tomck, Poccus
“agi2@tpu.ru

B3anmopencTeue Kameinb KHUAKOCTEHM € TBEPABIMH 4YacTUL[AMHU JIOCTATOYHO YaCTO
peam3yeTcsi BO MHOTMX IPAaKTUYECKUX MNPUIOKEHUsAX [l-3]: cmemmBaromue CUCTEMBI,
ra3ornapokaneibHble TEXHOJIOTHH, TOKAPOTYIIEHHE, TOIJIMBHBIE CUCTEMBbI, TEIUIOOOMEHHBIE U
OUYHCTHBIE arperatsl 1 ap. K HacTosieMy BpeMeHu He pa3paboTaHa TeopHs B3auMoJeHCTBUS
KarleJb JKUJKOCTEeH W TBEP/BIX YaCTHII, TAK KaK IMTOKa JOCTATOYHO MHOTO (paKTOPOB OCTAIOTCS
HEU3YYEHHBIMHM DKCIIEPUMEHTAIbHO, HAIIPUMED, BIUSHUE HA XapaKTEPUCTUKHU COYIAapEHUU
CBOWCTB TBEP/BIX MOBEPXHOCTEH, (OPM Kamelb W YacTUL, YIJIOB aTakd U aAp. Ilpu stom
M3y4aeMble IIapaMeTphbl BApbUPYIOTCS B OTPAaHMYEHHBIX JUAMla30HAX C y4ETOM BO3MOKHOCTEHN
OKCIEPUMEHTAJIbHBIX  YCTAHOBOK, KOTOpbIE HE BCErJa IOKPBIBAIOT  JUAla3OHBbI,
COOTBETCTBYIOINE TEXHOJIOTUYECKUM yCI0BUsIM. Kak ciieicTBUE, U3BECTHBIE MATEMAaTUYECKUE
MOJIENIN HE MOTYT HOJHOCTBIO ONHKCATh BCE MOTCHUIUAIBHO 3HAUYUMBIC yCIOBHUSA, dPPEKTH U
(bakTOpBl, BIUAIOLINE HA PEXKUMBI U ITOCIEICTBUS COyIapEHUI Kamelb )KUIKOCTEH U TBEPIbIX
yactull. Llens paboThl — yCTaHOBJIEHUE OCHOBHBIX XapaKTEPUCTHUK MTPOIECCOB B3aUMOICHCTBHS
Kanejab JUCTWUIMPOBAHHOW BOJBI C METANIMYECKMMM YacTULAMU IIPU BapbUPOBAaHUU
[IEPOXOBATOCTU TOBEPXHOCTH.

[Tapamerpsl  cpenHeapu(METHYECKOIO  OTKJIOHEHUS  HpoQWiIs  MOBEPXHOCTU
BapbUPOBATHNCH B THIIMYHOM JUIS TPAKTHUECKUX mpuiokeHuit amanazone 0.05-39 mxwm.
YCTaHOBIIEHBI pEXHUMBI COYNApEHMsI Kallelb M 4YacTHL, XapaKTEpPUCTHUKUH BTOPUYHBIX
KUJKOCTHBIX ()parMEHTOB, a UMEHHO: arjJioMepalus U paszeneHue pactsxenueM. [loctpoensl
KapThl PEKXUMOB B3aUMOJEHCTBUSA Kamnesb U 4dacTull. OIpelneneHo BIHUSHHUE XapaKTEPUCTUK
[IEpOXOBAaTOCTU Ha CMEIICHHWE TPAHUIl PEKUMOB B3aUMOJICHCTBUS Ha PEKUMHBIX Kaprax. B
YaCTHOCTH, YCTAHOBJIEHO, YTO YBEIMUYEHHUE CPEIHET0 apU(PMETHIECKOr0 OTKIIOHEHUS TPOpMIIs
noepxHocTu ¢ 0.05 MKM 710 39 MKM NpPUBOAMT K CMEILIEHUIO TPaHUIIbI MEXKAY peXUMaMU
aroMepanusi ¥ pasleieHHe pacTsDKeHHeM mpakTtudeckn Ha 50% B CTOPOHY MEHBIIHMX
KpuTHueckux yucen Bebepa. [lonyueHsl MaTreMaTHyecKre BbIPAKEHUS AJI1 OUCAHUS TPaHUL]
PEKMMOB B3aUMOJACUCTBHSI Kallellb U YacTHLL.

Hccenedosanus evinonnenvl 3a cuem cpedcme epawma Poccuiickoeo nayunoeo gonoa
(npoexm 18-71-10002-11, https.//rscf.ru/en/project/21-71-03001/).
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OHEHKA YMEHBIIEHHWS AAT'E3UH JIbJA ITYTEM U3SMEHEHWA
IHOBEPXHOCTHU MUKPOCTPYKTYPAMMU PASHOU TEOMETPUN

Kaxaymu C.B.”, Ka6apaun UK., Topauenko M.P., Myxun /. T'., 3yes B.O.

HUnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“kakaulin_sergei@mail.ru

Anresust Jbia SBISETCS OJHUM M3 OCHOBHBIX KpPUTEPUEB OLIEHKHM MPOTHBO-
00JieICHUTENbHBIX CBOWCTB pa3pabarbiBaeMblx MaTepuanoB. CylmiecTByeT MHOXECTBO
METOJIOB OINpEAENEHUS aAre3uu JibJa, KpOME TOro, TPYIHO OINPEAEIUTh TOYHYIO MPOYHOCTD
CLEIUICHUS MaTepHaia co JibaoM. B pe3ysnbTare npoBenenus 0630pa yCTaHOBJIEHO, YTO OoJiee
HU3KHE 3HAYCHHUS CUJIbl YKA3bIBAIOT Ha JIyYlIMe IPOTUBOOOJICACHUTEIbHBIE CBOMCTBA
marepuana. O630p METOA0B MOKa3all, YTO UCHBITAHUS 110 OIPEIENICHUIO ar€3UHU JIbJIa MOXKHO
pa3enuTh Ha JB€ OCHOBHBIE KaTETOpUU: MPSIMOE MEXAHMYECKOE HCIBITAaHHE (C MOMOIIbIO
METOJla TOPU3OHTAIBHOTO M BEPTHKAIBHOTO CJIBUra, a TaKXKe METOJa PACTSHKCHUS) U
UCIIBITaHUE LIEHTPOOEKHOM cuitoil. B mepBoM citydae cuia mpuKIIagbIBacTCsl HEOCPEACTBEHHO
KO JIbJTy, BO BTOPOM — LIEHTPOOEKHAsI CUJIa OTPHIBAET Jie[ OT MaTepHaia.

Llens paboOTHI MPOBECTH M3MEPEHHs aAre3uu JibJa K BHIOPAaHHBIM MOBEPXHOCTSM H K
IJIACTUKY, U3 KOTOPOT'O M3TOTABIMBAIUCH JIOMATKHU C UCIOJIb30BAHUEM LIEHTPOOEIKHOM CHUJIBI.

Jnist co3manusi HEHTPOOESKHOM CHIiIbl ObUTa BBIOpaHa yrioBas HutMoBajbHAs MallnHa
(YIIIM), penykTop M JBUTaTelb KOTOPOH HPUBOIAT B ABMXKEHHE AUCK C TECTUPYEMbBIMH
neransivu. Juck nuamerpom 400 MM ¢ OTBEPCTHSIMU IS KpETUICHUs MOToxkeK. [1o1moxky,
npelHa3HaYeHHbIe JUIS 3aKPEIUICHHUS IUIEHOK C  Pa3IMYHBIMU  MHUKPOCTPYKTYpaMHu.
JlaGopatopHsiii aBroTpancdopmarop perymupyemsiii (JIATP), mis perynmmpoBKH CKOpOCTH
BpaleHus aucka YIIM.

Hanecenne npaa mnpoucxonuiao B KIMMAaTHUECKOHM TpyOe CE30HHOrO THMA MpHU
temneparypax oT 0 no munyc 30 °C. O6sieieHeHue TECTOBOTO MaTepHaia Mporu3BOAUIOCH B
tedeHuu 20 muH. TonmuHa abaa BapbupoBanachk ot 3 10 10 MM. Bec sb1a BappupoBaics oT 8
10 40 rpaMMOB.

DKCHepUMEHTAIbHO NOKa3aHO, YTO a/Ire3us OT UCCIEAYEMBIX MOKPBITUI U OT MaTepuaia
KpbUIa MMeeT OJM3KMEe 3HAueHUs, OJHAKO aaAre3ust A HOKPHITUH B BUAE CTOJIOHUKOB C
HAHOTPABOM JAIOT 3HAUCHUS aare3un MeHbie Ha 25-30 %, yeM 11 MaTepuana, U3 KOTOPOro
M3TOTOBJIEHBI 3JIEMEHTHI JIONAcTel BETPOr€HEPATOPOB, YTO JIENAET X MEePCHEKTUBHBIMH IS
AQHTHOOJIEIEHUTENIbHBIX CUCTEM.
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DEAD-RISE ANGLE AND SPEED EFFECT ON THE AIR
ENTRAPMENT DURING CONUS IMPACT ONTO A LIQUID

Carrat J.-B.1", Gavrilov N.V.1, Cherdantsev A.V.2, Shmakova N.D.! and Ermanyuk E.V.1

1) Lavrentyev Institute of Hydrodynamics, Novosibirsk, Russia
2) Kutateladze Institute of Thermophysics, Novosibirsk, Russia
“ib.carrat@gmail.com
When a solid body impacts a liquid, an air cushioning (air trapped between the liquid and
a solid surface) may occur. This leads to inconsistencies in coating or uneven cooling. In this
experimental work a stainless steel conus (diameter of 179.4 mm) with different dead-rise angle
B (2°,3°,4° and 5°) impacts a deep liquid (2.5% butanol or water) pool at a speed varying from
13.0 to 190.3 mm/s. A total internal reflection (TIR) set-up is used to observe the flow at the
interface between the air and the liquid. This method gives a big contrast between the part of
the interface in contact with the conus (black in fig. 1.a) and the air cushion trapped by the
liquid ring (in grey in the center of frame 2 to 4 in fig. 1.a). By using an image treatment, the
diameter of the liquid ring and the air cushion is estimated for every frame, see figure 1.b. An
exponential fitting for the air cushion diameter proposed in [1] and a linear fitting for the liquid
outer ring diameter are used. The intersection between these two fittings corresponds to the
initial diameter D,, similar to the one defined in [2]. All initial diameters are plotted as a
function of the parameter A = pg;-/(pVtan(B)?) in fig. 1.c and are collapsing on the same
curve for both liquids and all angles. Thus the initial diameter of the air cushion does not depend
of surface tension and the conus dead-rise angle but only of the vertical impact speed V.
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Fig. 1 a) Image of the free surface interface during the impact. b) Fitting of the air
cushion and liquid outer ring diameter and estimation of the initial diameter D,. ) Initial
diameter for all experiments as a function of the parameter A = p,;-/(pVtan(B)?).
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NCCJIEJOBAHUE BJIMSIHUS PA3JIMYHBIX TAPAMETPOB HA
INPOHECC HEPEJIETA MUKPOKAIIEJ/Ib HAZI INHUEN
KOHTAKTA B IIVIEHKE KH/IKOCTH, HATPEBAEMOU CHU3Y

Kupuuenxo E.O.", Kupuuenxo JI.I1., 3aiiues JI.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
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B Takux npunoxeHusIX Kak CHpeHHOE OXJIaKIEHHE TpaHMLbl pas3jesia *KHUIKOCTb-ra3
KOHTaKTUPYIOT C TBEpAbIMH HArpeTbIMU IMOBEpPXHOCTsMH. KOHTakTHas JauHHUS - 00JIacTh
KOHTaKTa Tpex (a3: TBEPIOH, KUAKOU U ra3000pa3Hoi. OHa SBISETCS KIFOYEBBIM 00BEKTOM
BO BCEX Ipolleccax, CONPOBOXKIAEMBIX HCIAapeHUEeM, JIUHAMHKOW Kaliil U ee
B3aUMOJICCTBUEM C TBEPAOW IOBEPXHOCTHIO. K HacrosmemMy BpPEMEHM IIPUHATO, YTO
MaKCHMaJbHble CKOPOCTH HCIAPEHMs] JOCTUTAIOTCS B MUKPOPETHOHE BOJIM3M KOHTAKTHOM
nuHuK. B pabore [1] wuccnemoBaiMch MUKPOKAIUTM BOABI BOJIM3M JIMHAHM KOHTAKTA,
SBIISAIONICHCS TPAHUIICH pa3zesia MeXIy CYXUM ISTHOM U CIIOEM KUAKOCTU Ha HarpeBaeMoil
FOPU30HTAIBHON MNOJI0kKKe. C IMOMOIIBIO JIaHHBIX O TPACKTOPUAX Kalleldb BBIYHUCISAETCS
JIOKallbHasi CKOPOCTh TEYEeHHsI BOJHM3U JIMHUU KOHTakTa. B nmaHHO#l paboTe mpoBOASTCS
9KCIIEPUMEHTAJIbHbIE UCCIEAOBAHUS IO IEPENeTy JIEBUTHPYIOIIUX MHUKPOKAIEIb JKUJIKOCTH
yepe3 KOHTAaKTHYIO JMHHUIO CO CMOYEHHOW TIIOBEPXHOCTH B OOJACTh CYyXOro IsITHA, C
M3MEHEHUEM TaKUX apaMeTpOB KaK TeMIIepaTypa MOBEPXHOCTU U KPaeBOM yroji CMauylMBaHUS.

Pabounit yuactok mpezactaBiseT co0Oil TEKCTOIUTOBOE OCHOBAaHHE, C HarpeBareiemM
nuaMeTpoM 3 MM B 1ieHTpe. Ha moBepxXHOCTH HarpeBartens CO3/1aeTCsl TOHKHUM CIION HKUIKOCTH
U BpyuHyl0 Qopmupyercs cyxoe natHo. [Iporecc mepenera MuKpokareidb (UKCUPYETCS C
MIOMOIIIBIO BBICOKOCKOpOCTHOW Kamepbl Fastcam SA 1.1 Photron ¢ paspemenuem 1024x1024
HUKceNel U ckopocTbio cheMkH A0 5400 kx/c. bbuin nmpoBeaeHb! SKCIIEPUMEHTHI B IMANa30He
temneparyp 52°C — 77°C, a Takxke ¢ U3MEHEHHEM KpaeBOro yrijla CMaulBaHMUSL.

bbI10 ModyyeHo, uYTO TpPU YBEIWYEHUM TEMIIEpaTypbl MOJJIOKKH YBEIMYHUBAECTCS
JUMaMeTp MHUKpOKalelnb M BbICOTa mepenera. Takye BbICOTa IEpesieTa YBEIUYMBAETCS INPHU
YBEJIMYEHUH KPAEBOTO yria CMaulBaHUsI.
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-150,0 -100,0 -50,0 0,0 50,0 100,0 -300,0 -200,0 -100,0 0,0 100,0 200,0
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Puc. 1. Ilepener Mukpokanenb yepe3 KOHTaKTHYIO JJUHUI0. T=60°C.
CA = 15° (cnea) CA = 30° (cnipaBa).

Hccneoosanue svinonneno 3a cuem epanma PH® (npoexm Ne 19-19-00695).

Jlureparypa

1. O. A Kabov, D. V. Zaitsev, D. P. Kirichenko and V. S. Ajaev. Investigation of moist air
flow near contact line using micro-droplets as tracers // Interfacial Phenomena and Heat
Transfer, 4 (2-3): 207-216, 2016.
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AHAJIN3 TPAEKTOPUM TPACCEPHBIX YACTHII B
3ATOILJIEHHBIX TYPBYJEHTHBIX CTPYSX C 3AKPYTKOMH
ITIOTOKA

Kupuanosa E.E.1?", Tokape M.10.12, Jlymua B.M.12,

1) Uncmumym mennoguzuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii yHusepcumem, Hosocubupck, Poccus
“e.kirchanova @g.nsu.ru

Uzmepenne oobemuoro (3D) pacrmpeneneHuss MoOjisi CKOPOCTH SBIISETCS aKTyalbHOM
3aJaueil mpu HCcIeloBaHUM (DYHJAMEHTAIBHBIX CBOWCTB AaHU30TPOMHBIX TYpOYIEHTHBIX
TEUEHMH, TAKUX KaK CTPYH C 3aKpyTKoi oToka [ 1]. B HacTosiee BpeMsi akTHBHO Pa3BUBAOTCSA
metoael 3D BusyasM3anmMu @ Ha  OCHOBE  H300paX€HMM  TpacCepHBIX  4YacTull,
3apETUCTPUPOBAHHBIX C Pa3NUYHBIX pakypcoB. s oO6paboTKu H300paKEHUIH HCHOIB3YIOT
pa3nuyHble MaTeMaTudecKue moaxoasl. Hanboee yacto mpumMeHsieMble METOIbI:

. TpexmepHas anemomeTpus 1o Tpekam yactull (3D-PTV) [2], mo3BossroIiast OTCIeIUTh
MECTOIOJIOKEHHE U CKOPOCTh KaKIOW OTIEIbHOW YaCTHUIBI IS WX Majoi KOHIEHTpAaIUu.
MeTto1 0OCHOBaH Ha BEPOATHOCTHOM OIPEJEICHUN OJHON U TOM € YacTULIbI B IPOCTPAHCTBE
Ha Mape KaJpoB U BOCCTAHOBJICHUU €€ TPEXMEPHBIX KOOPAMHAT ITyTEM TPUAHTYJISINH;

J Tomorpadudeckuit Mmeron anemomeTpuu 1o u3odpaxenusm yactuil PV (Tomographic
PIV) [3], BoccranaBnuBaromuii o0bemMHble 3D M300pakeHHS MHTCHCUBHOCTH YaCTHII, IO
KOTOPBIM OIpeIeNsieTCs TPYINOBasi CKOPOCTh YaCTHUIL B IEPEMEIaeMOM I10 TPOCTPAHCTBY OKHE
orpoca;

. JlarpanxeBbIil METO/I aHAJIM3a TPACKTOPHUIl yacTull [4] — COBOKYITHOCTb MEPBBIX IBYX
METOJIOB B YCIIOBUSIX PETUCTpallMM H300pa)K€HHH € BBICOKUM BPEMEHHBIM pa3pelleHUEM.
Meton mO3BOJIIET OTCIEXKHMBATh OTAEIAbHBIE YACTHIBI JaXe €cld UX TPaeKTOpHUU
NEPECEKAI0TCs] Ha MPOEKIMSIX, TO €CTh ITPU BBICOKUX KOHLIEHTPALIUSX.

[lenbto JaHHOM pabOTHI sABIsIETCS pa3BuTHE JlarpaH)keBoro MeTo/1a 3a CYeT MOBBIIICHUS
TOYHOCTH KaJIUOpPOBKM Kamep [0 CcyOmMKcenbHOro pasmepa. Jlig ampoOanuu paboThI
anroput™Ma ObUT 00pabOTaH SKCIEPUMEHT CO CIUPAIBHBIMH PEXUMAMH TEUEHUS B CTPYAX
pa3HoOM CTeTNeHH 3aKPYTKH [5,6], ObLIN HAWIEHBI TPAEKTOPUHU TPACCEPHBIX YACTHIL. Takke OblIO
IPOM3BEACHO CPABHEHUE C pe3ylbTaTaMu 00paboTKH anropurMom 1Tomo-PIV.

Hccnedosanue svinonneno 3a cuem epanma Poccuiickozo nayunozo ¢ponoa Ne 22-19-
00803, https://rscf.ru/project/22-19-00803/.

Jlutreparypa

1. Xu H. et al. High order Lagrangian velocity statistics in turbulence //Physical review
letters. — 2006. — T. 96. — Ne. 2. — C. 024503.

2. Virant M., Dracos T. 3D PTV and its application on Lagrangian motion //Measurement
science and technology. — 1997. — T. 8. — Ne. 12. — C. 15309.

3. Atkinson C.. An efficient simultaneous reconstruction technique for tomographic particle
image velocimetry //Experiments in Fluids. — 2009. — T. 47. — Ne. 4. — C. 553-568.
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tomographic PIV //Journal of Turbulence. — 2016. — T. 17. — Ne. 7. — C. 678-698.

6. Alekseenko S. V. et al. Coherent structures in the near-field of swirling turbulent jets: A
tomographic PIV study //International Journal of Heat and Fluid Flow. — 2018. — T. 70.
—C. 363-379.

40



®OPMHUPOBAHUE I'A30BbIX ITY3BIPEA U UX
XAPAKTEPUCTUKHU B MUKPOKAHAJIBHBIX ITOTOKAX
I'A3 - BABKOYIIPYI'AA KNIKOCTb

Kosanes A.B.l*z*, SrogHuIpIHA A.A.l*z, Bbusckmii A.B. 1

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“therfmig@gmail.com

[ToTokM BS3KOYNPYTUX KUAKOCTEH B MHKPOKAHAJIBHBIX YCTPOMCTBAX SIBJISIOTCS
HEOThEMJIEMOH YacThio nporecca 3D-neuatn. Bszkoynpyrue dyepHuia, coiepikaiiue ra3oBbie
BKJIIOUEHUS, MOTYT OBbITh MCIOJIb30BaHbl B OMO-TIEUaTH, II€YaTu MPOTE30B ISl MEAULIUHBI U
JIPYTHX MPWIOKCHUsIX. JlJIs yIpaBJICHUsST CBOWCTBAMH HAICYaTAHHBIX OOBEKTOB W CO3JAHUS
MEH C KOHTPOJIUPYEMOUM IMOPHUCTOCTHIO HEOOXOAMMBI AETadbHbIE 3HAHUSA O MEXaHU3Max
(hOpMUPOBAHUS TA30BBIX MTY3BIPEH, a TAKKE 3aBUCIMOCTH X Pa3MEPOB U CKOPOCTH JIBUKCHHSI
OT YNPAaBISIOLIUX [TaPAMETPOB CUCTEMBI, YTO O0YCIIaBIUBAET MPEAMET JaHHOU PaboTHI.

B pabote ucciieoBan MOTOK Ta3 — BSI3KOYNpyras KUIKOCTh B MHUKpPOKaHanmax ¢ T- u
X-Bxogamu. Yumbl  OBUIM  BBINOJHEHBI M3 MOJMMETUIMETaKpuiaTa  METOJIOM
MUKpodpe3epoBaHusi. MHUKpOKaHAIBI UMEIH MPSMOYTOIHHOE CEYCHHUE C OTHOIIICHHEM CTOPOH
1:2 v runpaBiIruecKUMH JuameTpamu 267 MkM 1 279 mxwm 1151 T- n X-KaHaiia COOTBETCTBEHHO.
B kauectBe mucnepcHOM (a3bl HCIIOIB30BAJICS BO3MIYX, B KAUYECTBE HECYIEH — CHIIMKOHOBBIC
Maclia pa3MYHON BSI3KOCTH U BSI3KOYNPYTHE BOJHBIE pacTBopbl monuakpuiamunga (PAA) B
koHuentpanusax 0,096%, 0,22% u 0,347% no macce.

YcTaHoBIIEHO, YTO B Cllydae BA3KOYIPYTUX HECYIIUX (a3 ATuHA CHAPSAI0B 3HAUYUTEIBHO
NpEBBIIIACT Mpe/IcKa3aHHble 3aBUCUMOCThI0 Xu et al. [1] 3HaueHwus, KoTopas paboTaeT s
HBIOTOHOBCKUX BSI3KUX KUAKocTed. [Ipu 3TOM uacToTra OTphIBa CHApsIOB 3HAYUTENHHO
MOHUKAETCS B ClIydae BS3KOYNPyrux Hecymux ¢as. OOHapYyKEHO CYIIECTBEHHOE BIIMSIHUE
koHIeHTpanuu PAA Ha MexaHU3M (OPMHUPOBAHUS Ta30BBIX My3bIped Kak B X- Tak u B T-
kaHanax. [loka3zaHo, 4TO ¢ yBelW4YeHHEM 4ucia BalicenHOepra TOJIUHA TIEHKU SKHJIKOCTH
YBEJIMYUBACTCS, TaK KaK HOPMallbHbIE HAMPSHKEHUS B HeCcyIer (aze MpUBOASIT K YMEHBIIICHHIO
MOTIEPEUHOT0 CEYSHUS Ta30BOTO cHapsiaa (cM. Puc. 1).

X-kaHan T-kaHan

PAA 0.096% : PAA 0.096%

PAA0.347%

HanpasrieHne noToka

Puc. 1. [Ipumep popmupoBanus razoBsix my3sipeid B T- u X-kaHanax npu pasHbIx
KoHIleHTpanusx PAA.

Paboma evinonnena npu noodepoicke PH® (epanm Ne 21-19-00732).
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YNCJIEHHOE MOJAEJIUPOBAHUE 3ABECHOI'O OXJIAKIAEHUSI
IIJIOCKOU IIVTIACTHUHBI 1P CTPYUHOMU INTOJAYE OXJIAAUTEJIA

Kostommu H. H.Y, Xpe6Tos M. 10.12
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B manHoO#i paboTe METOJOM YHUCIIEHHOTO MOJICIIMPOBAHHSI C HCIIOJIb30BAHHEM OTKPBITOTO
BBIUMCIUTENHHOTO makera OpenFoam [1] ObUTO W3ydeHO 3aBECHOE OXJIAXKIACHHE IUIOCKON
wiacTiHbl. KoHpurypamus coruia mojgadn oxyaauress Oblla YCTPOCHA TaKUM 00pa3oM, 4To
IIPH BBIXOJIC OXJIAJUTEIISl B OCHOBHOM KaHAI, 32 CUET HAJTMYHS YCTYIa, BOSHUKAIOT TPEXMEPHBIE
BUXPEBbIC KOTEPEHTHBIC CTPYKTYPhI, aHAJIOTMYHO Jopoxkke Kapmana B creme 3a
MJI0X000TEeKaeMbIM TeJIOM [2].

D deKkTUBHOCTh TEIUIOBOWM 3aBEChl 3aBHUCHT OT CTENEHU IUGQY3UH OXJIAIUTEIsT B
HanpapiieHuu oT cTeHkH (1). [Ipu 3KkcruTyatanuu cucTeM 3aBECHOTO OXJIAXKIACHHS B ITHPOKOM
JMara3oHe TapamMeTpoB IPH BBICOKMX 4YHCIAaX pPacxoja OXJAJHUTENss TPEXMEpPHBIC
TypOyJICHTHBIE CTPYKTYPHI CYIIECTBEHHO BIHSIOT Ha 3()(PEKTHBHOCTH TEIIOBOM 3amuThl. B
pabore Obu1 m3ydeH pexum M =U_/U_=2. [lna storo pexuma umcio Peifnomsica,

IOCTPOEHHOE M0 JAWAMETPY MOJBOJSIICH TPYOKM W CKOPOCTH OXJIAJHUTENs PaBHIOCH
npumepro Re=5000, uTto cooTBeTcTByeT TypOyJIeHTHOMY pexumy B mepBoii wactu
UCCIEOBaHU Ha KOH(Urypanmu, HcciexyeMold B mpedpaymmx paborax [3] Obutn
UCCJIC/IOBAaHbI BAPHAHTHI C Pa3HBIM KOJMUYSCTBOM IOJIBO/ISIINX KaHAJIOB OXJIQJUTENS 2 CTPYH,
3 crpyn, 4 crpyu. ['mppoamHamMu4ecKkoe CONPOTHBIEHHE BO3PACTalO C YBEIHMYCHUEM
KOJMYecTBa cTpyd. bBBIIO mModydeHo, 9TO B Cioydae C Tpems CTpYSIMH HaOJII0anach
HauMeHbIIas cTeneHb MudQy3un oxmagurTens OT CTEHKH, W KaK CIEACTBHE, HAWITydllas
TerioBas 3 (HEeKTUBHOCTb.

n= Th _Twall (1)
Th _Tc
l 4 De+00
B :;c: I 01
05 o
tJCc-OO ‘ l
Puc. 1. I30n0BepXHOCTH TeMIepaTyphl (ClieBa), BEpTHKaJIbHAs KOMIOHEHTa CKOPOCTH
(cipaBa).

Paboma svinonnena 6 pamkax ecocyoapcmeennozo 3aoanuss UT CO PAH
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TEPMHUYECKOE CONNPOTUBJIEHUE KOHTAKTHOM ITAPHI HA
OCHOBE 2JIEMEHTA C MAI'HUTOKAJIOPUYECKHUM 3PPEKTOM

Konecos K.A.l*, Mammpos A.B.l, Ky3uenon A.C.L Mycabupon I/I.I/I.z, Konenos B.B.%,
Ilapos B.I'.:

1) Uncmumym paouomexnuxu u snekmponuxu um B.A. Komenvnuxosa PAH, Mockea, Poccus
2) Uncmumym npobaem ceepxniacmuynocmu memannos PAH, Y¢a, Poccus
“kolesovkka@mail.ru

OcCHOBHOM  TENbIO  JaHHOW  paboOThl  SBJISIETCS  OMPEACICHUE TEPMHUYECKOTO
COIPOTUBIICHUS Pa3bEMHON KOHTAKTHOM Maphl. B kauecTBe HCTOUHMKA TETJI1a BHICTYIIAET CIUIAB
Ha OCHOBE PEIKO3EMEIbHOr0 MeTaiia, 00Jalaromuid MarHUTOKaIOpuYecKuM 3¢ (deKkToM, B
KauyeCcTBE TEIJIONPUEMHHUKA — MeJHBIN O0510K. TepMudeckoe COnpoTUBIIEHNE KOHTAKTHON Taphbl
U3MEPSIIOCH B YCIOBUSX HECTAIIMOHAPHOIO TEIUIOBOTO MOTOKA B JMana3zoHe temmeparyp 60-
100K ¢ mukom 75K Bo BHemHeM MarHutHOoM mosne a0 10 Tiu, 49Tro COOTBETCTBYET
HauOOJIbIIEMYy aMa0aTHIECKOMYy H3MEHEHHIO TEMIEpaTyphl MPH HAMArHUYMBAHWH CILJIaBa
GdNiy. UccrenoBanne mMpoBOIUIOCH BHYTPH KPUOCTATa CO CBEPXIPOBOISAIIAM HCTOYHUKOM
MarHuTHOTO TONs. OXJIaXJICHHE OCYIIECTBISUIOCh C IOMOIIBI0  Kpuopedprokeparopa
paboTtaroniero Mo 3aMKHyToMy Iukiay. C MOMOIIBIO Kpuopeppukeparopa MPOUCXOAUT
OXJIXACHHUE, Kak 00pa3iioB KOHTAKTHOM Maphl, TaK U KICTOYHUKA MarHUTHOTO 1oJIs. JaBieHue
OKpYKarollel cpeibl, IpU KOTOPOM OMPEAEIsIoCh KOHTAKTHOE TEPMUYECKOE COTIPOTUBIICHUE,
nexur B amanasone 102 - 102 TIla. Temmeparypa KOHTPOJIMPOBANAch C IIOMOIIBIO
TEMIEpaTypHbIX JaaT4ukoB «CEernoX» u Menb-KOHCTAaHTAaHOBBIX U depeHIanIbHbIX
TepMorap, pacnoJIOKEHHBIX Ha UCCIEyeMbIX 00pa3iiax KOHTaKTHOHM napsl. Harpes oOpasios
110 TpeOyeMoii TemmepaTypbl 00ECIeUnBalCs 3a CUET HarpeBaTens U3 HUXPOMOBOM TPOBOJIOKH,
TaK)Ke PaCIoJIOKEHHOTO Ha KaXKJIOM M3 00pa3IioB KOHTAKTHOMW TapBhl.

Puc. 1. M300paxeHre KOHTAaKTHOH Maphl B JepKaTelsax o0pasios, rae 1 —
MIPOCTABOYHOE KOJIBIIO, 2 - epKaTesb 00pa3IoB, 3 - 00pa3iibl KOHTAKTHOW TapHhl.

Paboma ewinonnena npu ¢unamcosoti noooepowcxke Poccuiickoeo nayunoeo ¢honoa,
npoexm Ne 20-79-10197, https://rscf.ru/project/20-79-10197/.
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AAHAMMUKA PUBYJETHOI'O TEYEHHS JKUAKOCTH HA
HAI'PEBAEMOMU ITOJIO’KKE
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[Ineno4yHOE TeUEHHUE KUJKOCTH LIUPOKO UCTIONB3YIOTCS B PA3IMUHBIX TEXHOJIOTUYECKUX
chUcTeMax, TaK Kak o00ecrneuMBaeT BBICOKYIO MHTEHCHBHOCTb TEIUIOMACCOIIEPEHOCa U
3HAYUTENIbHYIO TMOBEPXHOCTh KOHTaKTa (a3 MpU MajblX YIENbHBIX PACX0JaX >KHUIKOCTH.
OnHUM W3 BUAOB IUICHOYHOTO TEUEHHs SBJSIETCS PHUBYJIETHOE (PpY4EHKOBOE) TEUYeHHE,
MPEJICTaBISIIOIIee CO00M OTHOCUTENBLHO Y3KYIO CTPYHKY JKUIKOCTH, CTEKAIOUIYIO [0 TBEPAOH
MOBEPXHOCTH U OTPAHMYCHHYIO KOHTAKTHBIMU JIMHUSIMH (TPaHUIIAMU pa3zesia Ta3-KuAKOCTh-
TBEP/IOE TEJO) C IBYX CTOPOH.

PabGora  mocBsimeHa ~— 9KCIEPUMEHTAIFHOMY  HCCICAOBAHUIO  THUIPOJWHAMHKH
PY4YEHKOBOrO TEYCHHS >KUIKOCTH, CTEKAIOIIEH MO/ IeHCTBUEM TPAaBUTAIMH 110 BEPTUKAIHHO
OPUEHTHPOBAHHON OTHOCHUTEIIFHO TOPH30HTA carn(upoBOi IIACTHHE, HA OAHY CTOPOHY
KOTOpPOWM HAHECEHO IOKPBITHUE W3 OKCHAA HHAWUS-ojoBa (aHria. Indium tin oxide wam
cokpaménno [TO), seisromeecst omuaeckuM HarpeBaresneM. CandupoBasi IUIACTHHA B OTIINYHE
ot ITO mokpeiTHs mpo3payHa B HH(paKpacHOM AMana3oHEe, YTO MO3BOJIAET MPOBOJIUTH
u3Mepenus nois temneparyp MK ckanepoM HEmocpeacTBEHHO HA HarpeBaTele.

[Ipu BKJIIOUEHWH HarpeBa IIMpUHA py4yeilka CYIIECTBEHHO YMeHbInaercsa (puc. 1).
Hannbnii 3pdexr o0ycioBieH neiicTBHEM TEPMOKANMUIIPHBIX KacaTeNbHBIX HANpsHKCHUH,
NEHCTBYIOIIMX HAa TpaHUIE pa3fiena >KUAKOCTh-ra3. COBMECTHO C YMEHBIIICHHEM IIHPUHBI
pydeiika TpW YBEIMYECHHW TEMIIEPATyphl HarpeBaTels TakKe HaOII0IaeTcss W3MEHEHHE
peKHUMa TEYEHUS, BRIPAKEHHOE MOSBICHUEM KONeOATeNbHBIX IBUKEHHHM PUBYJETa MOMEPEK
OCHOBHOT'O HAIIPABIICHUS €r0 TCUCHHUS.

i L | A ot

L 'Ee /, o ol o s |

S t=20.3°C | NBT t=411°C| B t=47.0C!

Puc. 1. IIpumep apo6ieHus puByseTa *KUIKOCTH Ha KAk IPU YBEIHUECHUN
temniepatypsl ITO Harpesarens.

Takxke mnpu yBEIMUYEHMHM TEMIEpaTypbl HarpeBareisi pUBYJIET IpUOOpeTaeT
NEPUOANYECKHE JIOKAJIBHBIE CY)KEHUS U B KOHEYHOM UTOI€ pacnagaeTcs Ha Kariau. MexaHusm
npoOJieHusl pUByJieTa Ha KalllM aHAJOTWYeH MEXaHU3MY paclaja LHUIMHIPUYECKOH CTpYyH
KHUJIKOCTH BCIIEACTBUE HeycTounBocTH Panes — [lnaro, onHako siBisiercst 0ojiee CI0KHBIM
13-332 HAJIM4UA B CUCTEME TBEPAON CTCHKH.
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OBOCHOBAHHUE BO3MOXXHOCTHU PAHHEN WJIEHTUO®UKAIIUUN
BO3I'OPAHUA B IOMEINEHHUHA 110 I'A30BOMY COCTABY
IMPOAYKTOB ITUPOJIN3A MATEPUAJIOB

Kpomorosa C.C.", Crpmxak I1.A., Ky3nenos I'.B.

Hayuonanenuiii uccneoosamenvckuii Tomcexkuii nonumexnuyeckuil ynusepcumem, Tomck,
Poccusa
“ssk22@tpu.ru

KosndecTBo moxkapoB B 3[aHUSAX JKWIJIOTO CEKTOpa C KaXIbIM I'OJIOM YBEIMYUBACTCA
[1,2]. nst oOmieit olleHKH TOKapHOH OMACHOCTH TOMEIICHUH HEOOXOMM JIeTalbHBINA aHaTHN3
XapaKTEepUCTHK Ta30B, BBIAEISAEMbBIX NPH MHUPOIM3€ M FOPEHUM Pa3IMYHbIX MaTepUalIOB, a
TaKXKe OKCIEPUMEHTAJbHBIE HCCIICOBAHUS HMHTETPAIBHBIX  XapaKTEPUCTUK  (U3UKO-
XMMHUYECKHX IPOIECCOB B OYare rOpeHUs Ha pa3HbIX CTAOUsAX Pa3BUTHUS U IOJIABJICHUSA
TOpEeHHUs.

Llenp wuccienoBaHuss — OOOCHOBaHME IO pe3yibTaTaM 3KCIEPUMEHTOB BbIOOpa
3P PEKTUBHBIX KOMOMHAINI TEXHHUECKUX CPENICTB, HEOOXOIUMBIX M IOCTATOYHBIX JUIS pAaHHEH
UJCHTU(GUKAIIMA BO3TOpaHHUM, CBOCBPEMEHHOI'O HHUIMMPOBAHUS TYLICHMsS, MPEKPALICHUs
TOpPEHUS U TICHUS BO3TOPaHUI B IOMEIIECHUX.

HccnenoBanust BHIIOIHEHBI Ha IPUMEPE MOJICJIBHBIX OYaroB rOpeHHst Kareropuu “A”,
COCTOSIIIMX W3 TUIHWYHBIX Ul MOMEIIEHUH pa3HOTO Ha3HA4YeHMs] MaTepuasioB (IpEeBECHHA,
KapToH, Oymara, JjuHoieyMm). M3ydeHbl TemmepaTypbl, COCTaB HPOAYKTOB CrOpaHHUs,
WHTCHCUBHOCTH CBEYCHHs IulaMeHn odara. OOoCHOBaHa HEOOXOTUMOCTh HW3MEPEHUs
KOHIIGHTpalUil ra3oB ¢ HCIOJB30BAaHUEM pA3JIMYHBIX METOJOB M IOAXOJOB (TazoBas U
ra3oKUIKOCTHas Xpomarorpadusi, Macc-3pdys3uo-cnexkrpomerpus, WK-cnextpomerpus,
ra3oaHaJInTHYECKOe 000pyoBaHME (J1aOOpaTOpPHBIE M MPOMBIIUIEHHBIE Ta30aHAIN3ATOPHI)),
TaK KaK Ka)/bli U3 HUX MO3BOJISET MPOaHAIN3UPOBATh ONPEIEICHHYIO TPYIIY COSIUHEHUH.

Onpenenens! 3¢ (heKTUBHbIE KOMOMHALIMU TEXHUYECKUX CPEJCTB (TETJIOBBIX U ABIMOBBIX
JATYMKOB, TaTYMKOB U3JTy4YEHUS IJIAMEHH, KOHTAKTHBIX U OECKOHTAKTHBIX CPEICTB U3MEPEHUS
TEMIIepaTypbl, CUCTEMBbl I'a30aHAJIN3a, BUJCOPETUCTPUPYIOLIEH TEXHUKH), HEOOXOAMMBIX U
JIOCTATOYHBIX JUIsl PaHHEH MJEHTHU(QUKALUU BO3rOPAaHUN B IOMEIIECHUSAX. Y CTaHOBJIEHbI
MUHHMMAaJIbHbIE HEOOXOAUMBIE M JJOCTATOUYHbIE 00BEMbI OTHETYIIANIEH KHUJIKOCTH (BOJBI) JUIs
nosasjeHuss ropeHus. OOOCHOBaHBI MPEUMYIECTBA HCIIOJIB30BAHMSI CUCTEM C OOpaTHOM
CBA3BIO IIPU TYLIEHUH 10’KapPOB, KOTOPBIE COCTOAT B ONTUMHU3ALMU PAacX0a BOAbI HA TYLLIEHUE
Y BPEMEHU IMOJaBJICHUs TOPEHMs 3a CYET MOHHUTOPHUHIA XapaKTEPUCTHK MOXapa B pexKHUME
peanbHOro BpeMeHu. CHopMyInpoBaHbl pEKOMEHAALNH [0 CO3/IaHHI0 ABTOMaTH3UPOBaHHbIX
CUCTEM TYUICHHS IMOXKapoB B IOMEILEHUSAX, MO3BOJSIONIUX ONTUMHU3UPOBATH YCIOBHS
MI0/IaBJIEHUS TOPEHNSI 1 MUHMMHM3UPOBATh YIPO3Y KU3HU U 3I0POBBIO JTIOACH.

HUccneoosanue svinonneno 3a cuem cpeocms Poccutickoeo nayunozo gponoa (npoexm No
21-19-00009, https://rscf.ru/en/project/21-19-00009/)
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IHAPAMETPUYECKOE UCCJIEJOBAHUE AKTUBHOI'O
YIIPABJIEHHS TIOTOKOM B KAMEPE CI'OPAHUSI
JAOINOJIHUTEJIBHOU HH)KEKLHUEUN I'A3A

Kynnamxkus A.J1.2%", Xpe6To M.JO.22, ITankun E.B.Y, Mymismkanos P.1.12

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“alexkundashkin@gmail.com

B Ommkaiimem 0003puMoOM OyayIieM 4esloBeYecTBO OyJIEeT 3aBUCHMO OT MCKOMAaeMbIX
TOPIOYUX BEIIECTB, COKUTAHUE KOTOPBIX OCTAETCS OCHOBHBIM CIOCOOOM IMOJYYSHHS SHEPTHU
yenoBedecTBOM. COOTBETCTBEHHO, BOMPOCHI ONTUMHU3ALUU TUAPOJAUHAMUYECKUX MOTOKOB B
KaMepax CropaHusi SBJISIOTCS OJHUMH U3 CaMbIX AaKTYaJbHBIX BOIPOCOB 3HEPIeTUKH Ha
CETOAHSIIHUN AeHb. JlJig cTabunu3anuu 3TUX TEYEHHUI HMCIONb3YIOTCS Pa3IMYHbIE METOJbI
BO3JICUCTBUS — MOAU(DUKAIIMN TEOMETPUU KaMephl [ 1], 3akpyTka moToka [2] ¥ JOOTHUTEIbHAs
uHxkekus torumBa [3]. Bo Bcex paborax mpojeMOHCTpHpOBaHa CTaOWIM3alMsg TOTOKOB,
yIy4miaromas dHeprodPeKTHBHOCTh KaMep U IMOJIOKUTEIBFHO BIMAIONIAs HA UX PECypc, B
CBSI3M C [TOJIaBJIEHUEM KOTE€PEHTHBIX CTPYKTYP.

B nmamHoit  paboTe  paccmarpuBaeTcss — TpeTHd  cmoco®  cTabuiam3anuu
TUAPOIMHAMUYECKOTO0 TOTOKAa HAa MpPUMEpPE W3YYCHHs] M30TEPMHUUYECKON THIPOJUHAMUKU B
LIWIMHJPUYECKON KaMepe ¢ IByMsI BXOJHBIMU ITIOTOKaMH, HalIPaBJIEHHBIMH 110 OCH LIMJIMHAPA.
B npenpiaymeii padote [4, 5] 6bu1a poBeieHa Baluaalks PacueTOB C SKCIIEPUMEHTAIbHBIMU
JAHHBIMHU, a TAK)KE JIMHEHHBIM aHalW3 yCTOMYMBOCTH M BOCHPUMMYUBOCTH, B PE3yJIbTaTe
KOTOPOTO OMpPE/IEICHbI MECTa HAMITYYIleH HHKEKIIMH TOTLINBA.

Opnako, mpyu BbIOpaHHBIX pPEXHMMax pabOThl KaMephl, MOTOK B HEW TypOYJIEHTHBIH,
MO3TOMY HeJIMHEiHbIe 3((eKThl 0Ka3bIBAIOT CUJILHOE BIMSHUE HA €ro AUHAMHUKY. B cBs3u ¢
YeM MpeACTaBIIsET HHTEPEC MapaMeTpUUECKOe UCCIIE0BaHNs MECTOIOIOKEHHS UHKeKUnu. B
JaHHOM paboTe ObLI BBINOJHEH pacyeT TEYEHUH C Pa3IMYHBIMU MO3ULHUSAMH HHXKEKIUH.
[TokxazaHo, 4TO PU U3MEHEHUH MECTa MHKEKIUN Ha HEOOJBIIYI0 BEJIMUYMHY HUKE WM BBIIIE
MECTa MHKEKIIUH, TIOJyYEHHOTO ¢ TOMOLIBIO JINHEHHOTO aHAJIN3a yCTOMUNBOCTH, ITO/IaBIICHUE
KOTE€PEHTHOW CTPYKTYpPBI IO aMIUIMTYJE COIIOCTABUMO C M3HAYaJIbHOW NMO3MIMEN. bonbiime
OTKJIOHEHHS OT NEPBOHAYAIBHOTO MECTa MHKEKLUU YXYALIAIT Ka4yeCTBO MOJABJICHUS, YTO
IIO3BOJISIET TOBOPUTH O NMPABWIBHOCTHU pe3ysbTatoB JIAYuB.

Paboma evinonnena 6 pamxax cocyoapcmeennozo zaoanus 1T CO PAH.
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YUCJIEHHOE MOJAEJIUMPOBAHMUE IMNPOLHECCA TEIIJIOOTIAYA
MPU TEYEHUU I'EJIMA-KCEHOHOBOM CMECH C MAJIBIM
YUCJIOM ITPAHATJIA B KBASUTPEYI'OJIBHOM KAHAJIE

MakaposB M.C.12 Haymkun B.C.1?2 , Jlebena K.C.1?%*
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“kslebeda@outlook.com
B pabote ¢ npuMeHEeHEM YUCIEHHBIX METO/I0B UCCIIEAYETCSl TEIIO00OMEH IPU TeYSHUH
renuii-kceHoHoBoi cmecu ¢ uucioMm Ilpanarns 0,23 B oOorpeBaeMoM KBa3UTPEYrOJIbHOM
kaHane. [lomepeduHoe cedyeHwe KaHamda COOTBETCTBYET ¢opMmMe KaHalla, 0Opa30BaHHOTO
TPEYrOJIbHON YIAKOBKOHM IMIHMHIPUICCKUX TEIUIOBBIICIISIONINX 3JIEMEHTOB. JlJI YUCIIEHHOTO
MOJICJIMPOBAHUSI TIOCTPOGHA TE€OMETpUsT M pacueTHas CeTKa C HCIOJIb30BaHUEM
napamerpuueckoro reneparopa GGN. UYucneHHOe MOAEIMPOBAHWE TMPOBEIACHO C
ucnons3oBanueM CFD makera ANSYS Fluent 2020 R2. Jlns mony4deHHs: CTallMOHAPHOTO
pemeHusi ¢ HeoOXOAMMOW TOYHOCTBIO MpoBoAMiIachk rudpuanas nHunmammsamus 1 URANS
MOJIeJIMPOBAaHUE MIPH 33JJAHHOM PacXojie ra30BOi cMecH Ha BbIxoje u3 TpyOsl. Bepudukarms
pE3yabTATOB MOJEIMPOBAHUS TPOBEJCHA C WCIOJIH30BAHUEM JAHHBIX OJKCIIEPHUMEHTa O
pacrpezieieHuu TeMIepaTypbl CTEHKHU 10 JUTMHE KBa3UTPEyroJibHOTO KaHana [1].
MogenupoBanie MNOPOBEACHO B IMIMPOKOM JHana3oHe uywucen PeillHonbaca npu
CPEeIHEPACXOIHOM CKOPOCTH Ha BBIXOJE M3 KBA3UTPEYroJIbHOTO y4acTKa KaHaia BIUIOTH JI0
3ByKOBOH. [losryueHsl JaHHBIE 110 TEIIOOTAAu€ HA HArpeBa€MOM y4acTKe KBa3UTPEYroJIbHOTO
kaHana. [IpoBeneHo o0oOieHNEe MaHHBIX B BHJE 3aBUCMMOCTU uucia HyccenmbTa OT umcia
PeitHonb/ICa C HICTIONIB30BAaHUEM METOJIUKH TIPEIIOKEHHOU B padote [2].
Nu

(£/8)Re Pr

Nu= - i
K, ()+K,(Pr)V(E/8)(Pr*"~1)
K,(g)=1,34E, K,(Pr)=11,7+1,8Pr "
g,=(1,82log(Re)—1,64)
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0 1x]104 2x;0“ 3x;0“ Re 4x;0“
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Puc. 1. (a) 'eomeTpust ucciaemyeMoro KBa3uTpeyrojabHOTO KaHana, (0) pacipeneneHne qucia
Hyccenbra B 3aBucumocTu OoT uncia PeliHonbaca.

Paboma evinonnena 3a cuem I'ockonmpaxma UT CO PAH Ne 121031800217.
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BJIUAHUE KABUTAIIMU HA OBTEKAHUE KPYTI'JIOT'O
HUJINHAPA, IIOKPBITOI'O I'MIPO®OBHBIM MATEPHUAJIOM

Jle6ener A.C., Jloopocensckuit K.I'., dynun B.M.

HUnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust

Kpyrnbiit nununap sBiasercs GpyHIaMEeHTAIbHBIM TPUMEPOM IIOXO0O0TEKaeMOro Tena.
HccnenoBanue nporeccoB 00TEKaHUsI TPYAHOOOTEKAEMBIX TeJl UMEET OOJbIIOE 3HAUEHUE BO
MHOTUX WH)KEHEPHBIX MNPUIIOKEHUSX. XapaKTEPUCTHUKU TOTOKA, B TOM YHUCIE BbI3BaHHBIC
MIOTOKOM CHJIBI, JEHCTBYIOIIME HA TEJIO, HEYCTOWYMBOCTh MOTOKA, XapaKTep TEUYEHUS U
MOBE/IeHHE BUXpeoOpa3oBaHUS B cClele 3a IWIMHIPOM MOTYT BBI3BIBATh CEpPbE3HbIE
CTPYKTYpHBIE BHOpAaIly, aKyCTUYECKUW IIyM, PE30HAHC, YCHJIICHHOE MEepeMEIInBaHUE W
3HAYUTENIbHOE YBEIMUEHUE CPEIHEr0 COMPOTUBIICHHS U KOJeOaHU MOIbEMHON CHITBI.

[Ipu OGonpmMX CKOPOCTSAX HaOErawImero MoTOKa, B CleAe 3a TeJIOM OOTeKaHHS
npoucxoauT (a3oBbIil mepexoa - kaBuTanus. KaBurauus mpenctaBisieT coOoil mpolecc
UCTIAPEHHS JKUAKOCTH, OOpa3oBaHMs IIy3bIPHKOB HIIM TApPOBBIX CIIOEB M JlalbHEHIIee
paspylleHusi TapoBBIX CTPYKTyp. B  Mopckom TpaHcmopre, THAPAaBIMYECKHX U
MacIIOTH/IPABIIMYECKUX MAaIIMHAX KaBUTAIMS BO3HUKACT BOJHM3M TOBEPXHOCTH T'PEOHOTO
BUHTA, JIoMacTeld Hacoca, padoyux JIOMATOK B TUAPOTYpOMHE W NPUBOIAUT K PA3TUUYHBIM
HEXKENaTeNbHBIM Y eKTaM, TaKUM KaK BHOpanus, aKyCTHUECKHH ILIyM, 5pO3us PabOdmx
noBepxHoctel [1]. B cuimy 3TOro, mepcrneKTUBHBIM HAIPaBICHUEM HCCIIEIOBAaHUI SBISETCS
pa3paboTka METOJOB YIPABICHHS OTPHIBHBIMH TeueHHSIMUA. COBpPEMEHHBIE METOAUKH
MHTEJJICKTYaJIbHOTO YIPaBJICHUS Ui yBenrueHus: 3((HEeKTUBHOCTH MOTYT OBITH JOMOJHEHbI
NPOCTBIMH, HO 5JKOHOMHUYHBIMH U 3(()EeKTHBHBIMH METOIaMH IAaCCHBHOTO YIPABICHUS
OTpBIBOM [2].

B pamkax maHHOW pabOTHI OBLI MPOBEICH PsI AKCIEPUMEHTOB, HANpPaBICHHBIX Ha
uccieioBaHue TUAPO(GOOHOrO TMOKPBITUS B KayecTBE METOAAa MAacCUBHOTO YIpaBJICHUS
OTPBIBHBIMU TeueHussMH [3], Ha mpumepe oOTekaHus Kpyrjioro nuiuHapa. MccnemnoBanmue
OBLIO TIPOBEEHO JUI CBEPXKpMTHYECKHX umcen PeifHonbaca Re=2.2*10°, B juamasoHe
naBieHusT Haberaromero motoka P=1.2 — 1.5 atm. Jlnsg mpoBeneHUs MOIPOOHOTO aHATU3a
peaan3yeMbIX PeXHMOB TEUYEHUH OBLIM MPUMEHEHBl COBPEMEHHBIE ONTHYECKHE METO[IbI
JMarHOCTUKY MTOTOKOB. [IpoBeieH CpaBHUTENBHBIN aHATH3 BIUSHUAS THAPOPOOHOTO MOKPHITHS
Ha UHTEHCHBHOCTb 00pa30BaHMs ra30MmapoBoii (hazbl.

Paboma svinonnena 6 pamkax eoczaoanuss UT CO PAH.

Jlutreparypa

1. Sreedhar B. K., Albert S. K., Pandit A. B. Cavitation damage: Theory and measurements—
A review //Wear. — 2017. — T. 372. — C. 177-196.

2. Gad-el-Hak M., Bushnell D. M. Separation control. — 1991.

3. Kim J., Lee J. S. Surface-wettability-induced sliding bubble dynamics and its effects on
convective heat transfer //Applied Thermal Engineering. —2017. — T. 113. — C. 639-652.
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OCOBEHHOCTH ®OPMHUPOBAHUA PAKEJA TP
CTOJIKHOBEHUHU [IBYX IAMHUHAPHBIX I'A30OBBIX CTPYHU
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W3BecTHBI paboTHI 1O U3YYCHHUIO B3aMMOJEHCTBHS Ta30BBIX MuKpoctpyil [1 — 3]. B
paboTe TpEACTaBIEHBl pe3yJdbTaThl OKCIEPUMEHTAIBHBIX  HCCIEAOBAHUN  Mpoliecca
mu(h(Yy3MOHHOTO TOPEHHUsT TMPU COYAAPEHUH JBYX OCECCUMMETPUYHBIX JIAMHHAPHBIX
MUKpOCTpYH mponanHa. VcreueHue rasa uepes3 Kpyrible COIUIA OCYIIECTBISETCS C PAaBHBIMH
cKopocTsMH. B mporecce SKCIepUMeHTa BapbUPYETCS IMONEPEYHOE IOJOKEHHUE COMel
OTHOCHUTEIIBHO APYT Apyra. BapuaHT MOMHOTO MepeKphITHs COOTBETCTBYET IMO3UIINHU, KOT1a OCH
CUMMETPHUHU 000HX CTPYH HAXOAATCs B OJJHOM TI0ckocTH. [Ipu pa3Benenuu cTpyii coxpansercs
yros Mexxay HuMu. B pesysnbTare mokaszaH cieHapuii opmupoBanus dakena Ipu pa3ITudHON
MIO3HIIAY COTIEN. Y CTAHOBJIEHO, YTO MIPHU ITOJTHOM MEPEKPHITUU UCTEKAIOIINX CTPYH MPOUCXOIUT
nedopmanus pakena ¢ GopMUPOBAHUEM OPTOTOHAIBHOIO (akena. JJaHHBINA Mporiecc HOCUT
o0mme 4YepThl C aHAIOTUYHBIM HMCTEYCHHEM BO3AYIIHBIX CTpyH. Takke IpencTaBiIeHbI
OCOOCHHOCTH pa3BUTUs (akena Npu MPOMEKYTOUHBIX MOJNOKEeHHsx comen. [lo mepe
COMIKEHUST CTPYH OT TOJIHOCTBIO HECOOCHOTO TIOJIOKEHUS M OTCYTCTBHUSI B3aUMOJICHCTBUI
MEXY CTPYSMH JO COOCHOTO MOJOXEHHS U TOJHOTO MEPEeKpHITHS CTpyl Habmogaercs
U3MEHEHHE CTPYKTYPBI pe3ylbTUpPYIOmEeH cTpyn. YacTUYHOE TePEKPHITHE CTAKHBAIOIINXCS
CTpy#t GOpMUPYET CTPYIO, OTKIOHSIOUIYIOCS OT HAYaJIbHOM MIIOCKOCTU PAa3BUTHS, TPOUCKXOTUT
NOBOPOT pe3ynbTupyromeid crpyu. ®@ororpapun 5, 10 puc. 1 1eMOHCTPUPYIOT COOCHOE
UCTEUEHHE CTpyW C TOJHBIM TIepeKpbITHeM. B pesynbraTe peanusyercs pa3BOpOT
PE3YIABTHPYIONIEH CTPYH W Pa3BUTHE CTPYH B OPTOTOHAIBHOH IUIOCKOCTH IO OTHOIICHHIO K
HAYaJIbHOM MJIOCKOCTH Pa3BUTHSI CTPYH.
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SKCIIEPUMEHTAJIBHOE HCCJIIEJOBAHUE UYCJIOBI/H71 3AITIYCKA
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TemoBeie TPyOBI SBJISIOTCS MACCUBHBIMH TEIUIOOTBOASIIMMU 3JE€MEHTaMHU, KOTOpHIE
paboTaroT B UPOKOM JIMAIIAa30HE TEMIIEPATYP U TEIIOBBIX TOTOKOB, TPOCTHIC B TPOU3BOJICTBE
U MPAKTUYECKH HE COAEPHKAT DJIEMEHTOB, KOTOPbIE MOTYT BBIMTH U3 CTPOS BO BpeMsl paOOTHI.
Kpome toro, IITT uCnonb3yroT INIEHOYHBIA PEKUM HcCIapeHus B TeHIOPOBCKUX Iy3BIPSX, a
MMEHHO TP TaKOM peXHMe HaOJI0IaeTCs MAaKCUMaIbHBINH TemnooTBoA. I[loatomy
MyJLCAIMOHHBIC TETUIOBBIC TPYOBI SBISIOTCS OJHUM U3 CaMbIX 3(PQPEKTUBHBIX CIIOCOOOB
orBoja Tera. JlanHas pa®oTa MOCBSIIEHA AKCIEPUMEHTATHLHOMY HCCIIEIOBAHUIO PEKUMOB
pabotsl IITT. Dxcnepumenrtanbhblii creHn mnpeactaiaser coboir IITT ¢ 10 xonenamu
(rabaputHbie pasmepsl 260 MM x 385 mMm) u3 MenHOUM TpyOku D2 x 1 MM cO BCTaBKOU U3
KBapIueBoro crekia mpmHord 100 MM 11si BU3yanu3aiuy NpoieccoB BHYTpH TpyObl. PaGouas
KUJKOCTD — JIeTa3MPOBaHHAs BOJIA.

B nmanHoli paboTe IKCIEPUMEHTAIBHO HCCIICOBAIOCH BIMSHUAE pa0OUYUX MapaMeTpoB
[ITT na mporecchl TerioooMeHa. bpina npoBeneHa cepusi SKCIEPUMEHTOB O UCCIIEIOBaHUS
Teryioo0MeHa B TerioBor Tpyoe (puc. 1). Onpenenensl napamMeTpsl 3armycka TEIIOBON TPYObI
(AT, P). IlpoBeneHa Bu3yamu3alus NapoO-)KUJIKOCTHOTO TeueHUs pabodeid >KUIKOCTH U
W3MEpEHBI MyJIbCAIlUN TeMIIepaTypsl B0k TpyObl. Onpeneneno Bnusaue opueHTamwu [1TT
Ha IpoLecChl Ter1oo0MeHa U 3(h(PeKTHBHOCTE PabOThI TPYOHI.
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Puc. 1. 3aBucUMOCTb IOJBOIMMOI MOLTHOCTH OT IIEpEMNaja TEMIIEPATyp MEXKAY
HarpeBaresieM U HUCIapUTeIEM.

PH®  20-79-10096  «Teopemuueckoe u  IKCHEPUMEHMAIbHOE  UCCLEO08AHUE
nYIbCAYyUOHHBIX Menniosulx mpyoy, https://www.rscf.ru/project/20-79-10096/

Jlureparypa

1. Faghri A. Review and Advances in Heat Pipe Science and Tech-nology // Journal of Heat
Transfer, 2012, 134 (12).

2. Zhang Y.W., Faghri A. Advances and unsolved issues in pulsating heat pipes // Heat
Transfer Eng., 2008, 29 (1), pp. 20-44.

3. Xiao L, Cao Y. Recent advances in pulsating heat pipes and its derivatives // Journal of
Enhance Heat Transfer, 2012, 19(3), pp. 213-231.
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BJIUAHUE AJAUTUBHBIX MUKPOCTPYKTYP HA KPU3UC
TEIIVIOOBMEHA B IIMPOKOM MUKPOKAHAJIE

JInTBHUHIIEBA A.A.*, UYesepna B.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“nastja__@mail.ru

B pabGore wuccrmenoBanoch BIMSHHUE AIJUTUBHBIX MHUKPOCTPYKTYp Ha IPOIECCHI
TEII000OMEHA B MUHHMKaHaje. bbuiM MPOBEAICHBI SKCIIEPUMEHTHI C TJIaJIKUM HarpeBareieM U
HarpeBaTesieM ¢ MUKPOCTpyKTypamu. [lokazano, 4To 3(eKTUBHOCTH TEIJIOOTBO/IA BBIIIE IPU
UCTIOJIb30BaHUU HArpeBareist ¢ MUKPOCTpykTypamu (puc. 1). Cyxue msTHa CMBIBAIOTCS C
MOBEPXHOCTH aJJINTUBHOTO HarpeBatesns BOOK. Ha rmamkom HarpeBarene HaOmogaeTcs
o0pa3oBaHUE MaJCHBbKHX MY3bIpeH, a 3aTeM MpH JaJbHEHIIEM pPOCTE TEIUIOBOIO MOTOKA
clIUsiHME ¢ OOpa3oBaHMEM OJHOIO OOJBIIOIO M Kak CJEJICTBUE HAOJIOJAETCsl KPHU3UC
TerioooMeHa. Kpome Toro, skcrnepuMeHTHI TMoKa3alid, uTo 3((HEKTUBHOCTH TEILIOOTBOIA
BBIIIIC B CJIy4ae 0JHO(A3HOTO MOTOKA JJIs aJINTUBHOTO Harpesarens (puc. 1).

DKCIepUMEHTAITBHBIN CTCH/] IPEICTABISACT COO0I MUHHUKAHAI IPSMOYTOJILHOTO CEYCHUS
(0.9 mm x 30 MM x 59 MM), pacronOKEHHbIN TOPU30HTAILHO. B HMXKHEHN YacT yCTaHOBJIEH
narpesarens (10 x 10 m?). Pabouas XMAKOCTh — JMCTHIUIMPOBAHHAS BOJA. BepXHss dacTh
KaHaJla — ONTHYECKOe CTEKJIO JUIs HaONIoIeHUs 3a mpoueccamu B KaHane. CTeHJ OCHAIeH
CHUCTEMOW W3MEpEeHHsI TEeMIIEpaTypbl: cHUCTeMOM Tepmomap K-tuma mns u3MepeHus
TeMIIepaTypbl moBepxHoctu padouero ydactka u MK kamepoit «Titanium HD 570M» s
OIIPENICIICHUS] TEMITEPATYPHOTO TIOJISI IOBEPXHOCTH.

5 130
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Puc. 1. 3aBUCMMOCTH MOIIIHOCTH, MOJIBOJIMUMOM K HarpeBaTelt0 OT MPUBEICHHOM
CKOPOCTH JKUAKOCTH Vsi: 1, 2 —HarpeBarenb INaAKuil/ ¢ MUKPOCTPYKTypaMu, 0€3 OTOKa rasa,
3 —5[1] — narpeBaTenb ¢ MUKPOCTPYKTYpaMH, IBYX(a3Hblil MOTOK ( MPHUBEACHHAS CKOPOCTh

ras3a vsg =2, 5 1 § M/c COOTBETCTBEHHO).

PH® 22-29-01655 «Hcnonvzoeanue MUKpoCcmpyKmypuposaHHvlX no8epXHocmell O
unmeHcugukayuu  MmeniooOMeHa  Npu  OBUICEHUU  JHCUOKOCMU 8  MUHUKAHATE»,
https://www.rscf.ru/project/22-29-01655/

Jlureparypa

1. Eloyan K.S., Ronshin F.V., Cheverda V.V. The influence of additive microstructures on
the heat transfer crisis in a two-phase system with a local heating source // AIP
Conference Proceedings 2135, 020022 (2019), https://doi.org/10.1063/1.5120659
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SKCIIEPUMEHTAJIBHOE HCCIEJOBAHUE BIMAHNA
CIIEDUAJIBHBIX YCTPOUCTB HA ITPOIECC TAMMUHAPU3AIINU
PA3BUTOI'O TYPBYJIEHTHOI'O TEYUEHUSA B TPYBAX

JIykbsiHOB A. A Huunk M.JO.1?, TTantenees C.A.12, 3apunon Nt

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“a.lukyanov@g.nsu.ru

CHukeHue BIUSHUS CUJIbI TPEHUS IIPU TPAHCIIOPTUPOBKE TEKYUUX CpeJl, TAKUX KaK BOJIa,
ra3 wim He(Tb, ABISETCSA CTapeHieil, HO 1O CUX IMOp aKTyalbHOH, 3a/1aueil, Ha pelIecHHE
KOTOPOM HaIpaBJICHO YCUJIME MHOTHX HCCIIeIoBaTeNeH mo Bcemy Mupa. HemaBHo B padore [1]
OBUIO TIPEUIOKEHO HCIIOB30BAaHHUE CIIEIUATFHOTO YCTPOWCTBA, HATIOMHHAIOUIETO CHCTEMY
MYETUHBIX COT, C TOMOIIBI0 KOTOPOTO YAAJOCh MOJHOCTHIO JIAMHHAPU30BATh HMCXOJHO
MOJTHOCTBIO PA3BUTOE TYpOYJEHTHOE TEYCHHWE W TEM CaMbIM CHH3UTHh THUAPABIMYECKOE
COMPOTHUBIIEHWE JO YPOBHA JiaMuHapHoro tedeHus. CorjmacHo paborte [2], MexaHU3M
pelaMUHApU3aAIMH 3aKII0YAeTCS B CO3JaHUM YJapHOTO, T.€. IUIOCKOTO, MPOQHIIS CpeaHe
CKOPOCTH Ha BBIXOJIE M3 3TOro yCcTpoicTBa. OAHAKO BOMPOC O TOM, SIBISETCS JIU 3TO YCIOBHE
JOCTAaTOYHBIM JI0 CHX TIOP OCTAETCSI OTKPBITHIM.

B nanHoil pabore OBLIO pPacCMOTPEHO pa3BUTOE TYpOYJICHTHOE TEYEHHE BOJIbI B
ONITUYECKH IPO3PAYHOM MPSMOIHHEWHHOM KaHajIe KPYTIIOTro MOEPEYHOT0 CEYCHUS TUAMETPOM
0,016 M u qutuHOIM 5 M pH B Anana3one urcen Peinonbaca 2000 < Re < 5000, rae Re = UpD/y,
Up — cpeanepacxoHasi ckopocts, D — quamerp kanana, v — k03 (HUIUEHT KHHEMAaTHIECKOM
BA3KOCTH. Pe3ynbTaThl MpeiBapuTEIbHBIX U3MEPEHUI Mpoduiieii CKOPOCTU U TYpOYIEHTHBIX
NyJIbCallii BJIOJIb KaHaja MOKa3alld, YTO TE€YEHHWE B paboyeM ydyacTKe OBUIO IOJHOCTBHIO
pa3BUTHIM B pacCMaTpUBaeMOM Juana3zoHe uucen PeliHonbca.

[lpr wuccrenoBaHWM MEXaHHM3Ma pelaMHHAPH3AIMHA PAaCcCMaTPUBAIOCh HECKOJIBKO
KOH(UTYpalMii COEIUAILHOTO YCTPOICTBa-pelaMHHAPU3ATOPa, MPEACTABISIONIETO CUCTEMY
COT W  XapaKTepH3YIOUIETOCS pa3IMYHOW CTETMEHBI0 MECTHOTO  THAPABINYECKOTO
COTPOTHUBIIEHUS. DTHU YCTPONUCTBA YCTaHABIMBAIKNCH Ha paccTossHuu 80D oT BXOgHOTO ceueHust
KaHayia, TJe TeYeHHWEe OBUIO TIOJIHOCTBIO pa3BUTHIM. V3MepeHusi ObUIM BBHINOJHEHBI Ha
paccrosiHusx 6D u 120D 3a 3TUMH yCcTpolicTBaMU C MCHOJIB30BAHUEM BBICOKOCKOPOCTHOTO
MHororpoxogHoro Meroaa Particle Image Velocimetry [3] ¢ BBICOKMM MNpOCTpaHCTBEHHO-
BPEMEHHBIM paspelieHneM. AHanu3 mnpoduieil CKOpocTH W TypOYJIEHTHBIX MyJIbCaluil
MOKa3aJl BO3MOXKHOCTh TIPUMEHEHHUSI pacCMaTpUBAEMOr0 ITACCHBHOTO METONA YIPAaBJICHUS,
NPUBOJAIIETO K TOJHOW pelaMUHApU3ald HUCXOAHO TYpOYJIEHTHOTO TedeHus. bpimu
MOJTy4eHbI Tlapadonndeckue mpopuian CKOpocTH Ha paccTtosHuAx 120D BHHM3 MO MOTOKY OT
paccMaTpuBaeMbIX yCTpoicTB BIUIOTh 10 Re = 3800.

Hccnedosanue svinonneno 3a cuem epanma Poccuiickoeo nayunozo ¢ponoa Ne 22- 29-
01274, https://rscf.ru/project/22-29-01274/.
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NCCIEJOBAHUE CHAPAAHOI'O PEXXUMA TEYUEHUA B
KBAJIPATHOM MMUHUKAHAUJIE

JIykbsiHOB An.A.?", Boxakos W.C.12, Poupins @.B.12

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
“a.lukyanovl@g.nsu.ru

Pa3BuTHe 37€KTPOHHBIX YCTPONCTB UM TEHIACHIUS K UX MUHHATIOPU3ALMU MPUBOIAT K
HeoOxomumocT d(PPEKTUBHOTO pacceuBaHUsl 0o0Jiee BBICOKHX TEIUIOBBIX MOTOKOB. JTO
CTUMYJIHpPYET pa3pabOTKy HOBBIX MOAXOAOB K oxJaxaeHuto. OIHUM M3 MOIXOIOB K
NOBBIIEHUIO 3()()EKTUBHOCTH OXJIAKICHUS SBIAETCS CO3JaHWE MHUHU- U MUKpOKaHAJIOB. B
TaKUX YCTPOMCTBAX MOXHO JOOUTHCS YIY4IIEHHONW Macco- M Teronepenadu Omaromaps
OOJBIIOMY OTHOILIEHHIO MOBEPXHOCTH K o00vemMy. Kpome Toro, mpeobnamanue cui
MOBEPXHOCTHOTO HATSKEHHUS B TAKMX KaHallaX MPUBOAMT K PAa3IMYHBIM PEKUMaM TEUECHHUS 110
CpaBHEHHIO C OOJIBIIMMU KaHaIaMH. B mmpokom auama3zoHe CKOPOCTEH MOTOKa rasa
00pa3yroTcs My3bIpbKH, KOTOPBIE 3aMOIHSIOT MOYTH BCE MONEPEYHOe ceueHre Kanana. Bokpyr
y3BIPEKOB 00pa3yeTcsl TOHKas KHJIKas TUIEHKA. JTOT PeKUM Ha3bIBaeTCs OTOKOM Teiiopa.
Bo mMHoOrux paborax usyuaercs moBefeHHe MOToKa Teinopa, cocTosImero He U3 My3bIPbKOB
napa, a u3 my3slpbKoB rasza [1-3]. Ily3sipbku Teisiopa Bo3MyILatoT ojie CKOPOCTEN BHYTpH
KUAKUX TPOOOK, BBI3BIBAS PEHUPKYISAIUIO, KOTOpas YBEIUYMBAET JIOKATBHYIO Mepeaavy
Macchl, UMITYJIbCa U SHEPTUH 110 CPABHEHHUIO C OAHO(PA3HBIM TTOTOKOM.

[IpoBeneHO YUCIEHHOE M IKCIEPUMEHTAIbHOE HCCIIEOBaHME Iy3bIpbkoB Teiinopa B
KBaJpaTHOM MHHHKaHaJe CO CTOpOHOM 1 MM. TpexmMepHOe YUCICHHOE MOJICTUPOBAHUE OBLIO
BBINOJIHEHO ¢ ucnosb3oBaHueM Merona VOF B makere OpenFOAM. DxkcnepuMeHTalbHOE
UCCIIeIOBaHKNE ObUIO MPOBEIEHO C UCIIOJIb30BAHUEM BBICOKOCKOPOCTHOI'O TEHEBOI'O METO/A U
aBTOMaTHuYecKo o00paboTku. MccaenyroTcs XapakTepHble PEXHUMBI TEUEHHUs, HPU 3TOM
OCHOBHOE BHHMMaHHUE yjensercsa pexumy Teitnopa. B xome paboTel ObUIO NpPOBEAECHO
CpaBHEHHME PpACUETHBIX M HKCHEPUMEHTAJbHBIX NaHHBIX, W OBLJIO IOKa3aHO MX XOpollee
cooTBeTcTBUE. M3ydeHO pacmpeneieHre CKOpPOCTeH B KUAKOCTH M rase, a TaKxke
pacripeie/ieHie TOIIMHBI INICHKH XKHUJIKOCTH B ITy3bIpbKe. TONIMHA MIIEHKU )KUAKOCTH B YTy
U LIEHTpE KaHaja CPaBHUBAETCS C COOTBETCTBYIOIIMMHU XOPOIIO W3BECTHBIMU KOPPEISAILUSIMHU.
[TpenyioskeHa 3aBUCHMOCTb, ONMCHIBAIOIAs TOJIIMHY IJIEHKH JKUIAKOCTH B KBaJpPaTHOM
kaHane. [lokazaHo, 4TO B KBaJpaTHOM KaHajle Iepe] MYy3bIpbKOM HMEIOTCS 4YeThIpe
YCTOMUMBBIX BHUXpsS B HANpaBICHUU YIJIOB KaHala. BHyTpH 1y3bIps CyLIeCTBYeET
cnenupuUecKrii IOTOK OT XBOCTA K HOCY Iy3bIpsi. B my3bIpbke NPOMCXOANT 3aKpyUHBaHHUE Ta3a
B TIONIEPEYHOM HAIPABJICHUU.

Hccnedosanue svinonneno 3a cuem epaunma Poccuiickoeo nayunozo gonoa Ne 21-79-
10357, https://rscf.ru/project/21-79-10357/
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YUCJIEHHOE HCCIENJOBAHUE YIIPABJIEHWSI TEHEHUEM B
OTCACBIBAIOIIEA TPYBE MOJAEJIBHOU TNAPOTYPBUHBI
OPEHCHUCA C ITIOMOIbIO PAJUAJIBHOI'O HIEJIEBOT'O BIYBA
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Banupanus matemarnyeckodl MOJENM M COOTBETCTBYIOIIMX €l pacueroB SIBIISETCS
aKTyaJbHOH 3a/1auei U ONMCaHus TeUSHHUI B THAPOTYpOUHAX, TIOCKOIBKY B MX KOHCTPYKIIUU
3a4acTyI0 MOT'YT BO3HUKATh HECTALlMOHAPHBIE KOTEPEHTHBIE BUXPEBBIE CTPYKTYPbI, TAKHUE KaK
IpeLeccupyrouil BUXpeBoi KryT [1]. OTo siBIeHHE NPUBOAUT K OTPAHUYEHUIO JMana3oHa
YCTOMYMBBIX pexUMOB paboTsl [2]. HeobxoauMo cTporo moaxoAuTh K OMHMCAHUIO TaKUX
HEYCTOMYMBOCTEN A JAJbHEMIIEro pa3BUTHUS METOJOB YIPABICHUS W PACUIMPEHUIO
JUarna3oHa YCTOMYHUBBIX PEeKUMOB pabOThl THIPOTYPOUHBL.

B noknane paccMOTpeHO MPUMEHEHHME YHUCIEHHBIX METOJIOB B HCCIIEIOBAaHUU
yrpaBieHUs] TYpOYJIEHTHBIM IMOTOKOM B OTCAachIBaIOIIEH TpyOe MOAENbHON TUApOTYpOUHBI
O®pencuca-99 ¢ BxomubiM jguamerpoM D =100 MM ¢ TOMOIIBIO paJHATBLHO KOJBIEBON
WHXEKIUU. YUCIeHHbIE pacueThl HECTAIIMOHAPHOTO MOTOKA BBIMOJHEHBI C UCHOIb30BAHUEM
OoTKphITOrO nporpamMmmuoro mnakera OpenFOAM [3]. B nensix CHUXEHHUS BBIYMCIUTEIbHBIX
3aTpaT U aKKypaTHOTO PAacCMOTPEHHUS BHUXPEBBIX CTPYKTYP HCIOIB30BAICS METOJ KPYIMHBIX
Buxpeil (LES). 3aMbIkaHne HecTalMOHAPHBIX OT(HHIFTPOBAHHBIX B IIPOCTPAHCTBE ypaBHEHUN
HaBbe—CTOKCa IPOBOAUIIOCH C UCIIOJIB30BAHUEM IMHAMUYECKONM MOJICIH BUXPEBOH BSI3KOCTH
[4], npeanoxxeHHo CmaropuHckuM U MoauduuupoBaHHo I'epmano u Jlumim, He
UCTIONB3YIONIAst SMIMPUYECKUX KOHCTAHT.

B noxnane Oyner npeacrasieH BHIOOP ONTUMAIBHOTO MECTA MHXKEKIIHH, PacIipe/IeTIeHUs
KOMITOHEHT HOJIsl CKOPOCTH BHU3 10 IMOTOKY 32 pab0YUM KOJIECOM MOJIEIbHOM rHAPOTYpOUHBI.
OOHapyX€HO TOJIOKUTEIBHOE BIMSHME HA YMEHbBIIEHHWE XapaKTepHBIX pa3MepoB
PELUPKYIISILIMOHHON 30HBI BCIEICTBHE MHKEKIINU.

Paboma evinonnena npu noodepoicke cmunenouu Ilpeszuoenma Poccutickou @edepayuu
Ol  MONOObIX YYEHbIX U ACNUPAHMOS, OCYUWEeCMBIAIOWUX NePCneKmuUgHble HayUHble
uccnedosanus u pazpadomky no NPUOPUMeEmHbIM HANPABIEHUIM MOOEPHUSAYUU POCCULICKOU
akonomuku, epanm Ne CII-829.2021.1. Paspabomka 6biduciumenbHo2o KoOd 6bINOIHEHAd 8
pamkax 2ocyoapcmeennoeo 3adanusi UT CO PAH.
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Tsoxensle sxkunkomerasmyeckue (PKM) TteruioHocuTenu (CBUHELI M €0 CIUIABbI)
paccMaTpUBaIOTCS AJI OXJIAKICHHUS aKTHUBHOW 30HBI PEaKTOPOB Ha OBICTPHIX HEHTpOHAX,
OKCIIEPUMEHTAIBHBIX Monyseli Omankera WTOP, OnaHkeToB THOPHIHOTO peakTopa
(TepMOsIIEpHOT0 UCTOYHUKA HEHTPOHOB).

['eomeTpus OnaHkeTa NpeAnosaraeT CIOKHbIE KOpoOuaTble KOHCTPYKLUU CHCTEMBI
TEII0O0OMEHHBIX KaHaJOB, KOTOpPbIE B OTJIMYME OT TPYO IUIOXO BBIIEPKUBAIOT HATPY3KH
JaBlieHUsA, TeMmrepaTypbl U aedopmaruu. [lo3ToOMy MEpCEKTUBHBI CUCTEMBI JBOMHBIX
KaHaJIOB, KOTJIa KOHCTPYKIIUIO OJJaHKETa MPOHU3BIBAIOT TPYOBI C TEKYIIIMM TEIUIOHOCUTENIEM, a
MEXTPYOHOE IIPOCTPAHCTBO 3aNOJTHEHO Cpeaoi HenmoABIKHOTO KM ¢ HEBBICOKMM JaBIICHHEM.

CymectBytomuii KM koMmiuieke, coctosiiuuii U3 Tpex prytHeix MI'J[-cTennos,
pacnionoxennbix B HUY MOU u OUBT PAH no3Bossier uzyuats MI'/] 1 TemiooOMeH B He
WCCJIEIOBAaHHBIX paHee KOH(UTYypalusaX HEM30TEPMHUECKOTO TEYEHHS. B MPOJOIHHOM HIIH
MONEPEYHBIX MarHUTHBIX TNOJsAX. [IprMeHeHHre 30HI0BBIX METOJUK HM3MEPEHHUH IO3BOJIAET
nonyyaTh Oojiee HaJEKHBIE JaHHbIE M MEPEHOCHUTh UX METOJaMU MOJ00Ws Ha peasibHbIe
TETJIOHOCUTEITH, a TAKXKe BEPU(UIIMPOBATH PACUETHBIC KOIBI.

B pabote paccmaTpuBaeTcs KOMOMHUPOBAHHBIN KaHAT C TBOMHBIMU CTEHKAMH «KaHAJ —
TpyOa» (puc. 1): B TpyOe -BbIHYX/IEHHOE TE€UEHHUE, B MEXTPYOHOM IPOCTPAHCTBE — CBOOOHO-
KOHBEKTMBHOE WJIM MarHUTO-KOHBEKTHBHOE. M3MepeHus NpOBOAMINCH MPU OJHOPOIHOM
oborpeBe CTEHOK KaHala, B quana3oHe uncen Peitronbaca Re=(5-90)+10* I'pacroda Gr o 108,
B nonepedHoM MII ¢ uncnamu ["aptmana Ha=0-500.

Vo

Puc. 1 Cxema HCCICAYCMOI'0 KaHalla B CCUCHUMU.

HccnenoBanus mpOBOAMIUCH 30HOBBIMU METO/IaMU: MAPHUPHBIM B CEYCHUH KaHAa U
MPOJIOJIBHBIM 30HIOM THIIA «TPEOCHKA» IO JUTMHE. BBITIOIHEHBI CepHH KCIIEPUMEHTOB 10
WU3MEPEHUIO TOJIe OCPeTHEHHOW TeMIepaTypbl U CKOPOCTH, PACIpeleleHH TeMIepaTyphl
CTEHKH MO TMEPUMETPY KaHala U MO JIUHE, CTATUCTUYECKUX XapaKTePUCTHK MYIbhCAIlHid
TeMIepaTypbl. Pe3yinbTaThl H3MEpEeHUN TPEJCTABIICHBI KaK JUIS KPYTJIOW TpyObI, Tak W IS
MEXTPYOHOTO MPOCTPAHCTBA.

Paboma evinonnena npu ¢punancosoti noooepaicke PH® (npoexm Ne 22-29-00878).
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BJIUSIHUE MOP®OJIOI'HHA NOBEPXHOCTHU HA D@PEKTHUBHYIO
TEIIJIOITPOBOJHOCTb HAHOHUTEU

JIro 111, BapuroB A.A."

MI'TY um H.D. baymana, Mockea, Poccus
“parinov@bmstu.ru
HanoHuTH SIBIAIOTCS MEPCIEKTUBHBIM CTPYKTYPHBIM 3JIEMEHTOM B HaHORJIEKTPOHHKE,
ONTO3JIEKTPOHUKE U HaHo(oToHuke. IIpm >TOM BO3HMKaeT mnpobiemMa obecrnedeHus
CTaOMIIBHOCTHU TETIO(U3NYECKHX CBOMCTB. Tak B paboOTe MOKa3aHO, YTO MPH PACCMOTPEHHUU
TEIUIONPOBOAHOCTH  HAHOHUTEH  HEOOXOAMMO  YYMTBHIBaTh  BIUSHHE  CIEIYHOLIUX

omnpeAensomux  (GakTopoB: IUamMeTpa d (pasmepHoro sddekra), IMEPOXOBATOCTH
(rpanu4HOTO P eKTa), TeMIeparypsl | M AUCIEPCUOHHBIX CBOWCTB (DOHOHOB.

3a OCHOBY pacueTa B3siTa KUHETHYecKas Mojeib TermionpoBogHocTn dykca-
3onaxaiimepa s Huted [1]. Ilpu sTOM, BO-TIEpBBIX, paccCMOTpeHa aucrepcus (GOHOHOB —
MO/JIeJIb TOHKOTO CTepXHs. BO-BTOpBIX, yUeT BIMsSHUE paccesHUs Ha I'paHMIaX [MOCTPOEH Ha
nonxone Kasummupa-3aiimana-Coddepa [1]. To ectb s ommcaHus CBOHCTB MOBEPXHOCTH
BBOJMTCSI KOMIUIEKCHBIM IapamMeTrp P, XapaKTepU3yoIui 10110 (OHOHOB OTPAKEHHBIX
3epKaJIbHO/IM(B(PY3HO OT IMOBEPXHOCTH CO CpEeJHEe KBaJpaTHUYHOM MIEPOXOBAaTOCThIO O
p(k,0,c0) =exp(—4k’c®cos0%), rue K — BomHOBOE 4mCIO (HOHOHOB, O — Yrojm Mexmy
UMITYJIBCOM (DOHOHA M HOPMAJIBIO K UACATM3UPOBAHHON TIQJIKON TIOBEPXHOCTH.

Pazpaboran  KOMIUIEKC  OporpaMM, HO3BOJSIOIIMNA  HPOBOIUTH  OLEHKY U
IIPOrHO3UPOBAHUE TEIUIONPOBOJHOCTY HAHOHUTEH B 3aBUCHUMOCTH OT MOP(OIOrUu
MIOBEPXHOCTH, OKAa3bIBAIOIIECH ONpeleNsollee BausHUE Ha TemuonepeHoc. IIposenena
BAIMJAINS ITyTEM CPAaBHEHHSI C SKCIEPUMEHTAIBHBIMHA JAaHHBIMH [2] TIO TETUIONPOBOAHOCTH
KPEMHHUEBBIX HAaHOHUTEH ¢ nuamerpamu 37 HM, 56 HM u 115 HM B 1nana3oHe Temmeparyp OT
100 no 350K (puc. 1). Ilpu 3TOM HcHONB30BaHHBIE B pacyeTe 3HA4YE€HUS O XOpOIIO
COIJIACYIOTCS C TEXHOJOTUYECKUMU XapaKTEPUCTUKAMHU PEATIbHBIX IOBEPXHOCTEN HUTEH.
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Puc. 1. DddexTrBHAS TEMITONPOBOIHOCTh KPEMHUEBBIX HAHOHUTEH.

Jlutreparypa

1. Chantrenne P. et al. An analytical model for the thermal conductivity of silicon
nanostructures // J. Appl. Phys. (2005) 97, no. 10, p. 104318.

2. Soffer S.B. Statistical Model for the Size Effect in Electrical Conduction // J. Appl. Phys.
(1967) 38, no. 4., p. 1710-1715.

3. Li D. et al. Thermal conductivity of individual silicon nanowires // Appl. Phys. Lett.
(2003) 83, no. 14, p. 2934-2936.
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NHTEHCUHOUKAIUA TEIINIOOBMEHA ITPU KUIIEHUUA C
W CIOJb30BAHUE BU®UJIBbHOM NOBEPXHOCTHU HA
KPEMHHUEBOM OCHOBAHUU

Maiaxos U. I1.*%, CeparokoB B. C.12 Cadonon AN, Ponuonos A. A. 2
Crapunckuit C.B.2, Cypraes A. C. 12

1) Uncmumym mennoghuzuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccus
2) Hogocubupckuii eocyoapcmeennulil ynusepcumem, Hosocubupck, Poccus
“ivan.pavlovich.malakhov@gmail.com

Jns uaTeHCH(UKAMU TeTI000MEHa U MOBBIIMICHUS! KPUTHYECKHX TEIUIOBBIX IOTOKOB
(KTII) mpu KumeHUM Kak MPaBWIO NPUMEHSIOTCS pa3IUYHbIe METOAbl MoJU(UKAIIH
TEI1I000MeHHON moBepxHOocTU. OAHMM U3 Haubosee NEPCHEeKTUBHBIX U OOCYKIaeMbIX
MOJIXO/IOB SIBJISIETCS UCTIOJIH30BAHKE T.H. OU(PUIBLHBIX TOBEPXHOCTEH, MPECTABIAIOMUX CO00i
ruipooOHBIe yYaCTKH Ha THAPOQPIIEHOM OCHOBAaHHWHU, KOTOPHIE IMO3BOJISIIOT OJTHOBPEMEHHO
MOOUTHCS CHIDKEHUS TEMIEpaTypHOTO Hamopa 3aKuMaHus, a TakKe MOBBIIICHUS
K03 PHIIMEHTA TETIOOTAaYH U KPUTHIECKOTO TEIUIOBOTO MOTOKA. TeM He MeHee aKTyallbHbIM
BOIIPOCOM OCTaeTCs MOHMCK Hauboyiee TEXHOJOTUYHBIX METOAOB CO3JaHMsl OUDUIBHBIX
MIOBEPXHOCTEH, a TaK)Ke UX ONTHUMAIbHBIX KOHpurypauuid. Llenpro Hactosmeir paboTsl ObLIO0
HCCJIEIOBAaHKE TETNIOOOMEHA M Pa3BUTHS KpU3KCa KUTICHHsI BOJIbI HAa OM(IIbHON TOBEPXHOCTH,
CO3JaHHOM Ha KPEMHMEBOM IOJJIOXKKE C IOMOLIbI0 METOJOB XMMHMUYECKOIO OCAXKIACHMUS
(HWCVD) u nazepHoii aOmusiiuu.

C ncnoap30BaHNEM JTaHHBIX BHICOKOCKOPOCTHOW BU3yallU3aliuy ObLIO MOKa3aHOo, YTO Ha
OM(UIBHON MOBEPXHOCTH PEXKUM Pa3BUTOIO KHUIIEHUS HaYMHAETCs MPH CYIIECTBEHHO Oolee
HU3KUX TETUIOBEIX MOTOKAX MO CPABHEHHUIO ¢ 6a30B0if MoBepXHOCTHIO (0 = 21 KB1/M? 11 > 90
kBT1/M? cooTBeTCTBEHHO). [IpH 3TOM CYIIECTBEHHO TIOBBIIAETCSA KaK YaCTOTa OTPHIBA My3bIpeii,
TaK W IUIOTHOCTh AaKTUBHBIX IIGHTPOB B HIMPOKOM JHMANa30HE TEIUIOBBIX ITOTOKOB. Ha
ocHoBaHuH JaHHbIX MK Tepmorpaduu 66110 MoKa3zaHo, YTO TEMIEPATYPHBIH HANOp 3aKUMaHUs
camwkaercs 10 ATy = 3 K, mpu 3ToM HabIm01aeTcst NOBBIIIEHHE KO (UIIMEHTa TeTIO0TIaun
Ha 60% B IHMPOKOM JUamna3oHe TEIUIOBBIX MOTOKOB. [losyueHHbIE TaHHBIE TAKXKe MMOKa3aiH,
YTO MpM KUMEHUH Ha 6u(puIbHOIH moBepxHocTr BemmanHa KTII cocrasnser 1365 kBt/M2, uTo
Ha 58% Gonble, yeM 11 6a30Boi MoBepxHOCTH (858 KBT/M?).

MmapodunbHAA NOBEPXHOCTD
(naseproe mexcmypuposaHue) 2000
4 MmapogobHan nosepxHOCTL

—C— Ba30B8an NOBEpXHOCTh |
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9:1300 1600 1365 lLW(m‘ n
‘}_MM IR 1400 .
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=
1000
@
36mm Awm L rmapogobHble NATHa ) = ol 358 K |
[ (meghnoH) o ddﬁ
| I 600 g
: s & 8 & | TMapodguabHan NoOBepXHOCTb 0ol :! DDDECF ]
21 mm 200 ] g
N i 00 5 10 1I5 20 25 slu 35
46 Mm AT [K]
(a) (8) {n

Puc. 1. (a) Kondurypauust 6upuisHONH TOBEPXHOCTH, CO3/1aHHON HAa MOBEPXHOCTH
KpEMHUEBOro Harpepareds; (0) cMauynBaHue Jia3epo-MOAUPUIIMPOBAHHON TOBEPXHOCTH
KpeMHUs; (B) CMauuBaHHE MOBEPXHOCTH, MMOKPBITON GToprnonumepoM. () KpuBbie kuneHus
BOJIBI JI71s1 6a30BOM ¥ OU(HIIBHON TTOBEPXHOCTEN.

Hccneoosanue svinonneno 3a cuém epanma Poccutickoeo Hayunoco @onoa (npoexm No
18-79-10119n).
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MOJAEJIUPOBAHUE IMPOLHECCA T'NIPATOOBPA30OBAHUA ITPU
KHIIEHUU CKNKEHHOI'O I'A3A

Mapacanos H.B.", Menemkun A.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“nikmarasanov@gmail.com

["a30BbIe rUAPATHI MPEACTABIISIOT COOOM COSTUHEHUS BOABI U Ta3a, B KOTOPHIX MOJICKYJIBI
raza yJep)XuBarTcs cuiamu Ban-gep-Baansca B chopMupoBaHHONW MOJIEKYJaMU BOJBI
KpUCTATMYECKON pernerke. OQHONW U3 0COOCHHOCTEH T'a30BBIX THAPATOB SBISIETCS TO, YTO B
MpoIecC UX 0O0pa30BaHUSI BOBJICKAIOTCS TOJIHBKO MOJIEKYJIBI YMCTOH BOJBI, YTO IMO3BOJISICTCS
UCIIOJIb30BaTh FA30BbIC TUPATHI JIJIsl ONPECHEHUS U OYUCTKHU BOABL. [Ipr 3TOM BaKHO OTMETUTH
YHHUKAJIBHOCTh TEPMOOAPUYECKHX YCIOBUI OOpa3oBaHMsI Ta30BOTO THIpaTa U3 KakIOTrO
OTJICIPHOTO Ta3a, YTO IMO3BOJIICT MOAOMpATh TAKOW ra3, KOTOPBIH YIEHICBUT W YIPOCTHUT
TEXHOJIOTHIO B KaXXIOM OTEJILHOM CITy4ae.

B pabote mpepcraBieHBI pe3yNbTaThl MOJCIHPOBAHHUS B MPOTPAMMHOM KOMILICKCE
COMSOL Multiphysics mporecca ruapaTooOpa3oBaHusi METOJAOM KUIEHHSI-KOHACHCAIIUU
rUApaTooOpasyronero raza B 00beME BOJAbBI B TE€OMETPUU PEAJbHOW YCTAHOBKHM 110
MPOU3BOJICTBY THUAPATOB, pabodas 30Ha KOTOPOW MPEACTaBIsET COOOW MapaeNenumne]] ¢
ocHoBaHueM 150x150 Mmm u BbicoToit 740 MM (Puc. 1). OTBox Temna OT YCTaHOBKHU
OCYIIECTBIISIETCS 4epe3 OOKOBbIE CTEHKH, Ha KOTOPBIX MPOUCXOAWT KOHJIEHCAIUS
TUAPATOOOpA3YIONIeT0 Ta3a, OJHOBPEMEHHO C 3THM IPOWCXOJUT IMOJABOJ TeIUia K JHY
YCTaHOBKH, MHTEHCUBHOCTh KOTOPOTO XapaKTepPU3yeT CKOPOCTh 00Pa30BaHMs My3bIPHKOB ra3a
W 3apOJBINIeH Ta30BOTO THIpaTa M3 CJIOS CXKWKECHHOTO Tra3a. BaXHO OTMETHTh, YTO Ha
YCTaHOBKY U €€ COJIEP)KUMOE He OKa3bIBAETCsl MEXaHUYECKOe BO3/ICHCTBHE, a BCS IIUPKYIISIIHS
BOJIbI M Ta3a B pabodeM oObeMe 00ecreynBaeTcs MOJIBOJOM U OTBOJOM TEIUIOTHI B Pa3HBIX
y4acTKax.

L |

COOLING j COOLING

¢ ¢ ¢

HEAT
Puc. 1. Cxema 3kCiepuMEHTaJIbHON YCTaHOBKH.

Bbut  cMOJETHPOBAaHBl THAPOIMHAMHYECKUAE TPOIECCHl MPU PA3IMYHBIX YCIOBUAX
MHTEHCHBHOCTH HarpeBa W OXJIAXICHHS CTEHOK OKCIEPHMEHTAIBHOM YCTaHOBKM M TIPH
pa3IUYHBIX TeMIepatypax Bosl. [Tomydennsie mpu moaeaupoanin B COMSOL Multiphysics
pe3yIIbTaThl OBUIN COTIOCTABJIEHBI C PE3YIILTATAMH YKCIIEPHMEHTOB.

Paboma noooepscana PH® (epamwm Ne 22-79-10330, https://rscf.ru/project/22-79-
10330).
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IKCIIEPUMEHTAJIBHOE OITPEAEJIEHUE PABOYUX
ITAPAMETPOB MEXAHUYECKOI'O TEIIVIOBOI'O KJIFOYA JIJIAA
KPUOI'EHHOI'O MAT'HUTHOI'O PEOPUXKXEPATOPA HA OCHOBE
KPUOMATHUTHOM CUCTEMBI 10 T.JI

Mammpos A.B.Y", Konecos K.A.%, Ky3nenos A.C.1, Myca6upos N.11.2, Konenos B.B.%,
IllaBpos B.I'.

1) Uncmumym paouomexnuxu u snekmponuxu um B.A. Komenvnuxosa PAH, Mockea, Poccus
2) Uncmumym npobaem ceepxniacmuynocmu memannos PAH, Y¢a, Poccus
“a.v.mashirov@mail.ru

3anaua onpeneneHus pabOYHNX MapaMeTPOB TEIUIOBBIX KIIOYEH B 00JaCTH KPUOTECHHBIX
TeMIlepaTyp oOyclioBJIeHa WHTEPECOM uccieaoBarenen PUMEHEHUEM
MarHUTOKaJopu4eckoro 3¢@deKkra B KPHOTCHHBIX MarHUTHBIX pedpmkeparopax [1, 2].
Llenpto paboOTHI SBISUIOCH MPOBECTH MPSIMOE HKCIEPUMEHTAIbHOE HaOINI0JIEeHHE Mpolecca
KOHTAaKTHOM TEIUIONIPOBOJHOCTH PA3HOPOJHON pa3beMHOM KOHTAKTHOM ITapbl MEXaHUYECKOTO
TEIJIOBOTO KJIKOYa IPU KPUOTEHHHBIX TEMIIEpaTypax, I[pUYEM, OJHUM U3 3JIEMEHTOB
KOHTaKTHOH Mapbl SBISUICS MarHuTokanopuueckuii matepuan GdNi.. B nmanHOM crutaBe
HaOI0/1aeTCsl MaKCUMAaJIbHBIM MarHUTOKanopuueckuid 3pdext obnactu (a3oBoro mepexojaa
dbeppomarnetuk-napamaraetuk npu 75 K. KonrakTHas nmapa noMemnianach B IaxXTy JUAMETPOM
29 MM KPUOMAarHUTHOW CHCTEMBI, TJi€¢ BO3MOXHO OBUIO KOHTPOJIUPOBATH TEMIIEPATYpPHBII
muana3zoH 7-325 K u co3pmaBate marHuTHoe mnosie 1o 10 Tu. Ilpum momouu nuHeWHOro
9IEKTPOABHUTATENs] KOHTAKTHAs Mapa MOrja JMOO MPMKUMAThCA C 3aJaHHBIM YCUIIUEM B
LEHTPEe MarHUTHOIO Mo, Ju0o co3naBajics 3a30p 250 MM, Korja MarHMTOKaJOpUYECKUMN
MaTepuan IOMEIIANCS 3a Mpelenbl MarHUTHOIO IOJsl Ha JaHHOe paccrosHue. Toraa
MarHUTOKaJOPUYECKUM 3JIEMEHT KOHTaKTHOW Mapel B BHUJE JUCKAa JUaMETpoM 15 MM H
TOJIIIMHOM 5 MM JIMHEWHBIM 3JIEKTpOJBUTATENEeM uepe3 MToK 150 MM B HaYaJIbHBIE MOMEHT
BpPEMEHM HaXOAMJICS 3a MpeieslaMu MarHUTHOT O 11oJis. 3aTeM umest temnepatypy 70 K 3a Bpemst
2 cekynael amemeHT GdNi2 mepememiancs B IEHTP MAarHUTHOTO TMOJS IPETEpIieBal
MarHuTokajgopudeckuii apdext (mpu aanabaTHuecKOM HamMarHW4uBaHUM B moje 5 Tia ero
TeMIepaTypa yBeiaruurnBanach 10 =73 K) 1 B IeHTpe MarHuTHOTO MOJIs IPH>KUMAJICS] B METHOMY
JIMCKY paBHBIX Ia0apuTOB M C TakoW ke HadampbHOW TemnepaTypoil 70 K. B pesynbrare
KOHTaKTHOHM TEIJIONPOBOIHOCTH TEMIEepaTypbl 3JeMeHTOB KOHTakTHOW mapbl GdANi-mens
BBIPABHUBANUCH. JlaHHBII 3KCIIEPUMEHTAJIbHBI TPOTOKON MOBTOPSJICS ISl Pa3Iu4HbIX
TEMIEpaTyp M MAarHUTHBIX Tmosed. Pe3ynabTaThl SKCIEPUMEHTAIBHOTO  HAOJIOJIEHUS
KOHTaKTHOW TEIJIONPOBOJHOCTH B HECTALIMOHAPHBIX YCIOBUSAX IMO3BOJIAIOT OLIEHUT BpeMH,
KOHEYHbIE U HayaJIbHbIE TEMIIEPATYPHI ITpoliecca Mepeiady TeIula U Kak Ce/ICTBUE MapaMeTphbl
IPOTOTHIIOB KPHOT€HHBIX MarHUTHBIX peQpuKepaTopoB Ha OCHOBE MEXAHWYECKHUX TETJIOBBIX
KIIFOUYEH ¥ CPaBHUTH UX C Ta30BBIMH.

Hccnedosanue svinonneno sa cuém epawma Poccuiickoco nayunoeo ¢ghonoa (npoexm
Ne 20-79-10197, https://rscf.ru/project/20-79-10197/).

Jlutreparypa

1. Park, I., Jeong, S. Development of the active magnetic regenerative refrigerator operating
between 77 K and 20 K with the conduction cooled high temperature superconducting
magnet // Cryogenics (2017) 88, ¢.106-115.

2. Kamiya K. et al. Active magnetic regenerative refrigeration using superconducting
solenoid for hydrogen liquefaction // Applied Physics Express (2022)
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TA3OTI'UJIPATHBIN METOJ OHPECHEHHMS H OYUCTKH BO/Ibl,
OCHOBAHHBIN HA KHITEHUU COKMKEHHOI'O
I'MAPATOOBPA3YIOIIEI'O I'A3A B OBBEME BO/IbI.

Menemkun A.B.*, Mapacanos H.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“mav@itp.nsc.ru

3a mociieJHUE HECKOJIbKO NIECATWIETUH MOpCKas BOJa cTaja Ba)KHBIM HCTOYHHKOM
IIPECHOI BOJIbI, MOCKOJIBKY OHA SIBJSIETCSI OJJHUM M3 CaMbIX OOraThIX pecypcoB Ha 3emiie.
OnpecHeHne - 3TO MpOLECC yNaJleHMsI COJEM M3 MOPCKOH BOABI CUYMTAETCS OCHOBHOMN
TEXHOJIOTHEH JuIs pelieHus: 3Toi mpobiieMbl. XOoTs 0oOpaTHBIA OcMOC sIBIsieTcsl Haunbolee
HIMPOKO HCTIOJIb3YEMOI TEXHOJIOTHEH ONPEeCHEHHS BOJIBI B MUPE, OH TpeOyeT OOJIbIINX 3aTpar
suepruu (30% ot o01ieit crouMocTH onpecHeHus Bojbl). ClieJoBaTeIbHO, B MUPE CYIIECTBYET
HEOOXOMMOCTh B pa3pabOTKe HMHHOBAIMOHHBIX AHEProd(P(PEKTUBHBIX TEXHOJIOTHHA IS
OTpPECHEHUS] W OYUCTKU BOJbL. OIpecHeHHEe Ha OCHOBE Ta30BbIX TUAPATOB SIBISETCS
MHOTr000€IIAoIIeN TEXHOJIOTUEN /ISl 3TUX LieJel, TaKk Kak B Mpoliecce THIpaTtooOpa3oBaHus
y4acTBYeT TOJBKO 4YHCTas BOJAA, YTO HIPUBOJUT K OOPAa30BaHMIO TBEPIOTO THApaTa U
KOHLEHTPUPOBAHHOT'O COJIIHOTO paccosia. [locie oTaeneHus ot paccoja CUHTE3UPOBAHHOIO
o0paslia ra30BOro TujIpara u ero pasiokeHuu oopa3yercs 4ucTas Boja.

[lenbto Hacrosimieil pabOThl ABISETCS CO3/JAHHUE T'MJAPATHOIO METOJA ONPECHEHUS U
OUMCTKHU BOJIBI OT TSDKEBIX METAIIOB. B OCHOBE KOTOPOTO JISHKET pa3paboTaHHBINM aBTOpaMH
METO/Jl, OCHOBBIBAIOIIMNCA HAa CAMOOPraHMU3YIOIIEMCS LUKINYECKOM IpPOLIecCe KUIEHUS U
KOHJCHCALIUU THAPATOOOpa3yIOIIero raza B o0beme BoJbl. Bricokasi cKopocTh 00pa3oBaHUs
ra3orujpara B JaHHOM METOJI€ CBsi3aHAa C HAOOpPOM KpUTEPUEB, KOTOpPbIE NPUBOAIT K
UHTEHCU(UKAIMKM Tpolecca oOpa3oBaHUS Ta30BOro rujapara: CHKUKEHHOE COCTOSIHHUE
TUPaTOO0Opa3yIONIEro Tra3a MO3BOJISIET BBECTH B PEAKIMOHHYIO CPEIy Cpa3y 3HAuMTENIbHbBIN
o0beM Taza; B pe3yibTaTe KHUIEHUS CXKIKEHHOrO rasa Co3/aeTcsl pa3BUTas OOHOBIseMas
IpaHuLa 30HbI KOHTAKTa T'a3a U BOJAbI, KOTOpasi CTUMYJIUpPYET oOpa3zoBaHHe Ta30BOr0 rujapaTa
(ra3oBBIi THIpPAT pacTeT Ha TpaHUIle pa3zelia ra3-Boja; TeMIepaTypa raza BHyTPHU My3bIpbKa
BCEr/la MAKCUMAaJIbHO OXJIa)KJI€Ha OTHOCUTENIbHO JIMHUN HACBIILIEHUS, IPU 3TOM IIPH KUIIEHUU
CKIJKEHHOTO ra3a TaKXKe MPOMCXOAUT CYHIECTBEHHOE OXJIAXKIEHHE BOJBI, YTO II03BOJISET
3¢ (PEKTUBHO  OTBOAUTH  BBIAEICHHOE B  MpoOIEcce TUAPaTooOpa3oBaHUs  TEILIO;
NEPEOXJIAXKIECHUE PEaKIUOHHOW Cpelbl OTHOCHUTEIIBHO TEPMOOApUUECKUX  YCIOBUH
o0pa3oBaHMs TUIpaTa MMO3BOJISIET YMEHBIIUTD BpeMsl HHAYKIMH. OJHOBPEMEHHOE HaJIOKEHUE
3TUX (aKTOPOB 3HAYMTEIBHO COKpallaeT BpeMsl O0pa3oBaHMs TUApaTa MO CPaBHEHUIO C
IpYyrMMH METOJaMM cHHTe3a. [Ipu 3TOM MeToJ HMEeT BBICOKYIO IHEprodd(eKTUBHOCTS,
IIOCKOJIPKY HMKAKHMX JIOIOJHUTEIBHBIX BO3JACHCTBUM Ha Ta30KUAKOCTHYIO CHCTEMY HE
TpeOyeTcs, TOIbKO OJJHOBPEMEHHBIN HarpeB U OXJIaXkAeHHe paboyell CeKlnu, Mpu 3TOM HarpeB
MOJKET OCYILECTBIATHCS PagUaTOPOM XOJOIMIBHOM MAIIMHBI, YTO MOJXKET CYIIECTBEHHO
MOBBICUTH IPPEKTUBHOCTH METOAA.

OCOOEHHOCTBIO METO/1a, MPUMEHUTENILHO K ONPECHEHHIO M OYMCTKE BOJIBI, SIBISETCS
BO3MOXXHOCTh OBICTpO 00pa3oBbIBaTh TUApAT ©0€3 MCHOJIb30BaHUS XUMHUYECKUX WIIU
KMHETUYECKUX IPOMOYTEPOB (YacTO HCIIOJIB3YEMBIX IpPHU CUHTe3e ruapara). [lomydyeHHble
pe3ysbTaThl MOTYT OBITh HCIOJB30BAaHBI JUIsl CO3/IaHUS HKOHOMUYHBIX M 3KOJOTHYECKH
0€30MacHbIX CHCTEM BOJOCHAO0XEHHS aTOMHBIX M TEIUIOBBIX 3JIEKTPOCTAHLMN, TOPOICKUX
CUCTEM OYMCTKH MUTHEBBIX U CTOYHBIX BO/I.

Paboma noooepocana PH® (epawm Ne 22-79-10330, https://rscf.ru/project/22-79-
10330).
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NCCIEAOBAHUA PABBUTHUSA HECTAIIMOHAPHBIX
CBOBO/JHOKOHBEKTHUBHBIX ITPOI'PAHUYHBIX CJIOEB HA
BEPTUKAJIBHBIX CTEHKAX

Muxaitnos A.B.Y", Kucmumpir C.AL T PHILKOB B.A.! FOpoBckux E.A2, bepnnukos B.C.!

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
*senya_mik@ngs.ru

HccnenoBaHo pa3BUTHE HECTAIIMOHAPHOM TEIJIOBOM TIpaBUTALIMOHHO-KAMWIISIPHON
KOHBEKI[MM B CJIO€ STHJIOBOTO CHUPTa CO CBOOOJHONW MOBEPXHOCTHIO TOCIE BHE3AITHOTO
pa3orpena AJEKTPUYECKUM TOKOM OJIHOM M3 BEPTUKAIBHBIX CTEHOK MPSMOYTOJIbHON MOJIOCTH
B JTMAITa30HE BBICOT CJIOS )KUAKOCTH OT 50 10 170 MM M IpH TIOTHOCTSX TETUIOBBIX MIOTOKOB
Ha pa3orpeBaeMoll creHke monocth oT 274 no 1710 Br/m?. Beimomnena 1mdposas
BUICOCHEMKA Pa3BUTHS MPOCTPAHCTBEHHOW (POPMBI TEUEHHUS BO BCEM O0OBEME MOJIOCTH U B
MOTPAHUYHBIX CJIOAX Ha pa3orpeBacMoil M HM3HAYAIBHO XOJOAHOW cTeHkax. MccriemoBan
pa3BUTHE TUAPOIUHAMUYECKHX MOTPAHUYHBIX Ci10eB. C MOMOIIBIO TEIUIOBH30pa HMCCIICIOBAaH
npouecc (QOPMHUPOBAaHUS TEUEHHUS BIOJIb CBOOOIHON IMOBEPXHOCTH CJIOS IKHJIKOCTH.
OmnpeneneHsl BpeMeHAa MNPOABIKEHHS TEIUIOBOrO (POHTA OT pa3orpeBaeMoOi CTEHKH [0
MIPOTUBOIMOJIOKHOW BepTHKAIbHON CTeHKH. [lociie HaTekaHusi OTOKa Topsiueil )KUIKOCTH Ha
MPOTHBOIOJIOXKHYIO TOHKYIO METAJUIMYECKYI0 CTCHKY HAOIIOJIaeTCs TOSBICHHUE M Pa3BUTHE
Harpetoro (Qparmenta. IIpoBeneHa TEIUIOBU3MOHHAS CBhEMKAa HECTAIMOHAPHBIX TMOJNEH
TEMIIepaTypbl Ha TOHKOH cTeHke. [IpoBeneHa xommbloTepHas 00pa0dOTKa TETIOBU3MOHHBIX
(buIBMOB, TIOCTPOEHBI paclpeieseHUs] TeMIIepaTyphl MO BBICOTE CTEHKU. [10 HUM OIICHEHbI
TPaIUCHTBl TEMIIEPaTypbl B 3aBHCHUMOCTH OT BpPEMEHH BO BCEX OSKCICPUMEHTAIBHO
UCCIIEIOBAaHHBIX pexxumax. [lapanienbHo BBIMOTHEHBI YHCIEHHBIE MCCIEIOBAHUS METOJIOM
KOHEUYHBIX AJIEMEHTOB B YCIOBHSX OJHM3KUX K DKCIIEPHUMEHTAIBHBIM. [loydeHHbIE YHCICHHO
HECTAIlMOHAPHBIE MO TEMIEpaTypbl B 00BEME CJOs JKUIAKOCTM M HAa TOHKOM CTEHKE
CYIIIECTBEHHO JOTIOJIHSIOT AaHHBIE SKCIEPUMEHTOB. [loimydeHHbIe pe3ybTaThl HHTEPECHBI C
TOYKH 3pEHHUS ONTHUMM3AIMH COOTHOIIEHUI BECOBBIX U IMPOYHOCTHBIX MapaMeTpoOB B
ABUAIIMOHHON TEXHHWKE, TJe HEOOXOMUMBI WCCIECIOBAHUS HECTAIIMOHAPHBIX  TIOJEH
TEMIEPATYphl, TPATUEHTOB TEMIEPATyphl U TEeMIEPATypHBIX HAMPSIKEHUH B KOHCTPYKIIUIX
nerarenbHbIX anmnaparoB (JIA) u npyroit TepmonanpskeHHOM TexHUKH [1- 3]. Jlns ouneHok
pecypca 31eMeHTOB JIA ¥ TOHKOCTEHHBIX KOHCTPYKIIMH, TPEOYIOTCS JOCTOBEPHBIE 3HAHUS O
TETIO0OMEHE B KOHCTPYKIIMH, O PACTIpeICTICHUASX TPAJNEHTOB TEMIIEPATYPhl U TEPMUUYECKIX
HanpspkeHud. TepMuueckue HampspKeHHs, OOYCIOBIEHHBIE OONBIIMMHU  JTOKAIbHBIMU
TpaJIieHTaMH TEMIIEPATypPbl, MOTYT BOSHHKATh B 30HaX KOHTAKTa «CTEHKAa—KHUIKOCTb—Ta3y.

Jlutreparypa

1. benos B. K., benos B. B. IlpoyHocTs M yCTOMYHMBOCTH pakeTHBIX M aBUALMOHHBIX
KOHCTPYKIUU TpU TEPMOCHIOBOM HarpykeHuu. Monorpadus / HoBocubupck: U3n-Bo
HI'TY, 2011. 491 c.

2. B. C. bepanukos, B. A. I'anonos, B. A. I'pumkos, I1. M. JIuxauckuii, B. A. Mapkos
BnusiHue HecTanMOHApHOW TEMJIOBOM T'PaBUTALMOHHO-KAMWUISIPHOW KOHBEKIIMH Ha
pacmpesienieHne TeMmIepaTypsl B TOHKON BepTUKanbHOU cTeHke // Ternnodusuka u
a’pomexanuka, 2010, T.17, Ne 2, ¢.197- 208.

3. AV Mikhaylov, V A Grishkov and V S Berdnikov. Dependence of the temperature fields
of a thin vertical wall on the intensity of the oncoming flow of a heated liquid. // Journal
of Physics: Conference Series 1867 (2021) 012040 IOP Publishing doi:10.1088/1742-
6596/1867/1/012040
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SKCHEPUMEHTAJIbHBIE HCCIEJOBAHUS ITPOLECCA
OBPA30BAHUA JIBJA HA CTEHKAX PA3/IMYHOU OPUEHTALIMHN

Muxaitnos A.B.", Kuciuupin C.A., I'pumixoB B.A., bepanuxos B.C.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
*senya_mik@ngs.ru

DKCIEPUMEHTAIBHO U YUCJICHHO MPOBEJICHBI UCCIIEIOBAHUS MIPOLIECCa KPUCTAILTA3AIUN
BOJIbI IIPY OXJIAKJCHUU BEPTUKAIBHOM M FOPU30HTAIBHON CTEHOK MPSAMOYIOJIBHOW MOJOCTH
HIKE TEeMIIepaTyphl KpucTtaum3aiun. M3ydena sBomronust GopMbl TCUCHUS U €€ BIHSIHHE HA
¢dbopMbl (POHTOB KpPUCTAIIM3ALMU, B 3aBUCUMOCTH OT BBICOTHI CJOS BOJBI M 3HAYCHUI
MePeragoB TEMIIEPATyphl MEXKIy cTeHKaMu. Pabouuii y4acToK SKCIIEPUMEHTAIBLHOTO CTEHIA
COCTOMT M3 T0J0CTH pazMepoM 105x105%30 MM, JBe TOpIIEBbIE CTEHKHM KOTOPOii SBISIOTCS
TEIJI000MEHHUKAMHU. JKCIEPUMEHTBI IIPOBEICHBI CO CIOAMH TONIUHON oT 12 mo 105 mm.
[lepenansl TemmepaTypbsl MKy OOKOBBIMU CTEHKaMH MOJOCTH MEHSIUCh oT 5 mo 15°C.
®opma TedyeHMs] B SKCIEpPUMEHTE CHUMaiach LU(POBON BHeOKaMepol. TeueHue BOJIbI
BU3YAJIM3UPOBAJIOCH TMOJIMAMUAHBIMA YacTUIAMU-TPAcCCEpaMU B TOHKOM I10JICBEUYMBAEMOM
cioe. YncneHHbIe pacueThl BBIMOJHEHBI C MCIOJIb30BAHHEM METOJIa KOHEYHBIX 3JIEMEHTOB.
Pemmanuce HecTalimoHapHbIe ypaBHEHUS CBOOOJIHON KOHBEKIIUHU JJIS )KUIKOCTU U YpaBHEHHE
TEIJIONPOBOJHOCTH JIJIE JIbJJa B JIBYMEPHOH COMNPSDKEHHOW TIIOCTAHOBKE B TEPMHUHAX
Temreparypa, (QyHKIHMs TOKa U BUXPb CKOpOCTH. Mcmoib3oBanuch TpPEyroyibHbIE CETKH,
aJlanTUPYIOIIUECS TOJI H3MEHSoIIeecss ToJoKeHne ¢poHTta Kpuctamuzanun. CeTka
CI'YLIAeTCsl KO BCEM I'paHMIlaM, BKJIIOYasl FPAHMILY pa3jiesa KpucTamia U paciuiaBa. Temiora
KPUCTAJUTH3ALMN YYUTHIBAIACH YEPE3 BHYTPEHHUN UCTOYHUK SHEPTUU. | paHUIIbI 30HBI yUeTa
TEIJIOTHl KPUCTAJUIM3ALMU ONPEIEISUINCh B UTEPALIMOHHOM IPOLIECCE PELICHUS YPaBHEHHI
BHYTPH BPEMEHHOTO I1ara. PacyeTsl BBHIIOTHEHBI B TTOJIOCTH CO BCEMHU JKECTKUMHU CTEHKAMU U
co cBOOOJHON BepxHEW rpaHUIlEeii ¢ yueToM TepMmokammuisipHoro sddexra. Ilokazano, uro
KPUCTAJUTH3AIIMS HAUWHACTCA MOCIIEe IEPEOXITKICHUS CII0ST BOABI BOJM3H TpaHullbl. B Havane
mpolecca KPUCTAIIM3AllMU HaONI0aeTcsl PEe3KHil POCT TeMIepaTypbl W3-3a BbLACICHUS
TEIJIOTH KpUcTaUTu3amuu. [lokazaHo, 94To U3MEHEHUE BBICOTHI CJIOS KUJIKOCTH U U3MEHEHHUE
TEeMIepaTypbl Ha OoJjiee ropsdyeil TpaHuIle MOTYT MPUBOIUTH K KAYECTBEHHOMY M3MEHEHHIO
dopmbl pponTa Kpuctawmzanuu. C momompio Meroga PIV mosmydeHsl mosist CKOpOCTH U
npOo(UIN KOMIIOHEHT CKOPOCTH B JKUIKOCTH MPH (PU3NUIECKOM MOJEIUPOBAHHUH. YHCICHHbBIE
pacyeTsl JOMOJHSIOT SKCIEPUMEHTAIBbHBIC PE3yAbTaThl JAaHHBIMH OO0 SBOJIONUM TOJICH
TEMIEPATYPHI B )KUJKOCTH U B kpucTtasie. [lonydeHHbIe pe3yabTaThl MOTYT OBITh MOJIE3HBI IPU
BBIpAIIMBAaHUU KPUCTAJIJIOB U3 PACIIABOB 00J1aIA0IIUX HHBEPCHOM 3aBUCUMOCTBIO TNIOTHOCTH
OT TeMIeparypbl, HaNpUMeEp, KaJAMUU-PTYTh-TEJUIYp, KPUCTAJUIBI KOTOPOTO IIUPOKO
MIPUMEHSIOTCS B ONITHYECKOM TexHuKe, padoTaromeid B UK auanazone.

Jlutreparypa

1. Temso- W MaccomepeHOC TMpU BBIPAIIMBAHUA MOHOKPHCTAJUIOB HAaINpaBIEHHOMN
kpuctaiuzanueii / barnacapos X.C., ['opsiunos JI.A., M.: ®usmaraur, 2007. 224 ¢

2. Mercury Cadmium Telluride: Growth, Properties and Applications / P. Capper, J.
Garland, John Wiley & Sons Ltd, 2011. 556 p.

3. Kucmunpe C.A., Muxaiino A.B., 3onoryxuaa O.C. BiousHue BBICOTBI €0 BOABI Ha
(opMbI PpOHTA KPUCTATUTU3ALNH JIbJ]a TIPU OXJIAKIACHUN BEPTUKAILHON CTEHKH MOJIOCTH
/ Beepoccuiickas KoHQepeHIus ¢ JIeMEHTaMH HayYHOW IIKOJIBI JIJIsl MOJIOABIX YYEHBIX
KXXXVII Cubupckuit  termnopuzndeckuil ceMHHAp, MOCBSIIEHHBIA  65-1eTHio
HNucturyra Temodusuku um. C.C. Kyrarenagze CO PAH»: Tpyasr kondepenuu (29-
31 aBrycra 2022 r., HoBocubupck) —HoBocubupck: CO PAH, 2022, c.
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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE TEIIJNIOOBMEHA TTPU
KOHBEKTUBHOM MCITAPEHUM HE ABEOTPOIIHOM CMECH
R32/R134A B MUKPOKAHAJIBHOM TEINIJIOOBMEHHUKE

Mopnogckoii A.C., Illamup3aes A.C.~

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
* alisham@itp.nsc.ru

PabGora mHampaBieHa Ha OIKCHEPUMEHTAJIbHOE HCCIEJOBAHUE TEIJIOOOMeHa H
orpeziesieHue KPUTHUECKOTO MapoOCOJEp>KaHUs B CHUCTEME MIEJIEBBIX MHKPOKAHAJIOB IPHU
TEYEHUH JBYX(Pa3HOTO MOTOKA HE a3€0TPOMHON CMECH MPU BBICOKUX MACCOBBIX CKOPOCTSAX B
YCIOBUSIX JOMHUHHUPYIOIIETO BIMSHUA HcHapeHus. B  Takux yclnoBUsX TemiooOMeH
ONpEAENseTCs TEPMUYECKUM CONPOTUBICHUEM IUIEHKH, KoTopas (OopMUpYETCs MOJ
BO3/ICHICTBIEM MEX(Pa3HOTO TpeHUs. DKCIEPUMEHTHI MPOBEACHBI HA y4acTKe, CoJepKaiieM 2
IPSIMOYTOJIBHBIX MHKpOKaHana cedeHueMm 2x0.2 MM jumHOM 16 MM, cxema yyacTka M
SKCHEpUMEHTAJIbHAS YCTaHOBKA aHaJlornyHa [ 1].
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Puc.1. Ilepenan naBnenus (a) Koagpunnenra rermmooraaun (0) OT mapocoaepskaHusl.

[TpoBeneHO 3KCHepUMEHTANIbHOE W3MEpPEHUE Iepernaja JaBleHUus U TeIIooOMeHa MpH
TEYEHUH MapOKUJIKOCTHOTO MOTOKa OMHapHO# cmecu xnagareHToB R32/R134a (65%/35%).
Venosus skenepumenta G~ 1900 kr/m’c, g= 130 kBt/m?. B Xoje ONBITOB BapbUPOBAIOCH
BXOJIHOE Tapocojepkanue. Ha puc la nanHsle no nepenaay AaBIeHHs: TOUYKH 1- annabaTHOe
Teuenne, Touku 2 0= 130 kBr/M%, muHMs 3 pacuér mo [2]. DKCIepHMeHTaIbHBIE JAHHbIE
XOpOUIO COOTBETCTBYIOT pacuéry. Ha puc 106 mannsle mo teruooraade. Toukun 1 —
HKCIEPUMEHT, JIUHUHU 2 —pacd€r A oAHO(A3HOW KUAKOCTH Mo ['HenmHcku; 3 — pacuér
UCTIapeHUs PAaBHOMEPHOMU IIaIKON TUIEHKHU TP KOJIBIIEBOM peXHMe TeueHUs (TpeHue 1o [2]),
4 —pacuér ucrapeHusi paBHOMEPHON BOJHOBOM IJIEHKU MpPH KOJIBLIEBOM DPEKHUME TEUEHHS
(Tpenue no [2]). KoadduumeHTs! TEIIO0TAaYN YBETUUYUBAIOTCS ¢ POCTOM MapOCOAEPKAHUS,
HaOJI0/IaeTCsl OTCYTCTBHE KPU3UCHBIX SBJIEHUI MpPU BBICOKMX MapocojepkaHusix. [lokazana
BO3MOXHOCTh ~ ITOJIHOTO  OECKPU3MCHOTO  MCHApeHUs HE  a3€0TPONHOr0  IMOTOKA.
OKcrepuMEeHTaIbHbIE KO3(DPUIIMEHTH! TEIUIOOTAaud MpH HCIApEHUH JieXkKaT CYIIECTBEHHO
BBIILIE, YEM IIPH pacd€re Uil paBHOMEPHOW IJIEHKH, YTO YKa3blBa€T HAa HEPABHOMEPHOCTH
pacnpezeneHus )KUIKOCTH 110 IEPUMETPY KaHasla MPH BICOKUX MAaCCOBBIX CKOPOCTSIX.

Paboma  evinonnena  npu  nooddepyxcxe  epauma  PH®  22-29-00168,
https://rscf.ru/project/22-29-00168/.

Jlureparypa

1. Kuznetsov V. V., Shamirzaev A. S. Technical Physics Letters. 2018. 44(10), 938-941
2. Shamirzaev A. International Journal of Multiphase Flow. 2022.C.104314.
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MOJYYEHUE CTABUJIBHBIX HAHOXUJKOCTEM HA OCHOBE
YIVIEPOAHBIX HAHOYACTHUL, CUHTE3UPOBAHHbIX
AJEKTPOAYI'OBBIM METOAOM

* v v v
Mopo3oBa M.A.Y", Makcumosckuii E.A. 2, 3aiikoBckuii A.B.!

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Uncmumym neopeanuyeckoul xumuu um. A.B.Huxonaesa CO PAH, Hosocubupck, Poccus
“morozova.itp@gmail.com

Hcnonp30BaHre HAHOKHUIKOCTEH B KauecTBe paboyeil cpe/ibl B COTHEUHBIX KOJIEKTOpax
MOYKET 3HAYUTEIBHO IMOBBICUTh MX APPEKTUBHOCTH. lIpum 3TOM mepBOCTENEHHON 3anaveit
ABIIIETCS CO3/laHHE CTaOWIIBHBIX HaHOXHAKOcTell. B Hacrosimelr paboTe wuccienyroTcs
MIPUHIIAITBI CO3/IaHUs CTAOMIILHBIX HAHOXKHUIKOCTEH Ha OCHOBE YIJIEPOTHBIX HAHOMATEPHAJIOB,
MOJIYYEHHBIX 3JIEKTPOAYTOBBIM MeTO10M. J1Jis 3TOi 1enu ObUT UCTOIB30BaH ANEKTPOAYTOBOI
peaKkTop IUIa3MOXMMHUYECKOTO CHHTE3a HAHOMATEepPUAIOB, MOAPOOHO omucaHHbld B [1]. B
MpolLecce 3JIEKTPOAYTOBOIO CHHTE3a KamMepa peakTopa Obliia 3alojHEHa TelIueM, JaBlICHUE
KOTOPOT'O SIBJISIETCSI OJTHUM W3 KJIIOUEBBIX MMApaMETPOB, YIPABISAIOMIUX MPOILIECCOM CHUHTE3a
HaHOMAaTepHasioB U popMHUpyeMO CTPYKTypoil. B nanHoil paboTe naBneHus refus COCTaBIIsIN
3,12, 25,50, 100, 200 Topp. CunTe3upOBaHHBIC MaTepUaIbl OBUIN UCCIIEAOBAHBI PA3THYHBIMH
METOJIJaMH CTPYKTYPHOTO aHanu3a. J{anee ObLIN MOIy4eHbl HAHOKUAKOCTH Ha OCHOBE BOJIBI C
M00aBICHUEM PA3IMYHBIX KOHIICHTPAIMA CUHTE3UPOBAHHBIX YIJICPOIAHBIX YacTHIl U
noBepXHOCTHO-aKTUBHBIX BemiecTB (I[IAB). CTtaOuibHOCT HAHOKUIKOCTEH OMpeesiach
myTéM aHaJu3a CIIEKTPOB MorIonieHust 00pa3nos. O0pa3is! ¢ nodasnenuem [TAB coxpansiu
CTaOUIILHOCTD B TEUEHUE 3 MECSIIEB.

B pesynbTare npoBeAEHHBIX HCCIENOBAaHUN OBLJIO YCTaHOBJIEHO, YTO B IpOLECCe
TIa3MOXUMHUYECKOT0 CHHTE3a (POPMUPYETCS YIIIepoIHas CTPYKTYpa, MpeCTaBIsomas co0oit
arJioMepaThl YIJepOJHbIX INI00YN. YBeIMUeHUE JaBIEHUS TeIusl B KaMepe AJIEKTPOIyroBOro
peakTopa IpUBOIUT K (POPMUPOBAHUIO OONBILIEr0 pa3Mepa yriaepoAHbix riao0yn. Ha ocHoBe
CHHTE3MPOBAHHBIX MATEPUAIIOB MOJIYIEHbI CTAOUIIBLHBIE HAHOKUIKOCTH.

1 ‘v “‘

[ 2D

HTEHCMBHOCTbL, OTH. ef.

1000 2000 3000
YacToTa, cm’’

Puc. 1. YraepoaHble HAHOYACTHUIIBI: a) CHUMOK, MTOJy4E€HHBIH METOI0M
CKaHHMPYIOIIEH MIEKTPOHHONW MUKPOCKOIHHU, 0) METOJIOM MPOCBEUNBAIOIICH
AIEKTPOHHONW MUKPOCKOIIUH, B) CIIEKTP KOMOMHAIIMOHHOTO PACCEsSHUS CBETA.

SEl 150KV b

Paboma evinonnena c ucnonvzosanuem obopyoosanuss YVHY BI'K UT CO PAH. Asmopwi
pabomuvr onazo0apsm L[KII BTAH HI'Y 3a nposedenue uccredosanuti memooom IIOM.
Paboma BbINOIHEHA npu Gunancosotl noooepxcke  PH® 22-79-00139,
https://rscf.ru/project/22-79-00139/.
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YUCJIEHHOE MOJAEJIUMPOBAHME /IBYX®A3HOI'O TEYEHUA B
INIJIOCKOM MUHHMKAHAJIE
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[IprMeHeHre uCTIapUTeNbHBIX CUCTEM, OCHOBAaHHBIX HA MJICHOYHOM T€YEHUHU JKUKOCTH
B MUHUKaHaJe MOJ JCHCTBHEM IMOTOKA Ta3a, SBISeTCS d3PPEKTUBHBIM METOAOM OXJIKICHUS
TEIUIOHATPY>KEHHBIX 3JIEMEHTOB [1]. B maHHBIX cucTemMax yBeJIWYECHHE 3HAYEHUM OTBOJMMBIX
TEIUIOBBIX TTOTOKOB MOKET OBITh JOCTUTHYTO TPHU MTOMOIIHU IMOBBIIMICHUS PACXO0B YKHIKOCTH
u raza. OJIHaKO NP OMPEIEIICHHBIX PacX0aX MPOUCXOAUT MEPEeXo]] OT PACCIOCHHOTO peKIMa
TEUYEHUS K KOJIBIIEBOMY, IIPH 3TOM YacTh KHJIKOCTH, JIBIKYIIAsCS 1O BEPXHEHW CTEHKE KaHaa,
HE BCTYNAeT B KOHTAKT C OXJIAXKIAEMbIM 3JIEMEHTOM M COOTBETCTBEHHO HE Y4aCTBYET B OTBOJIE
TeIIa ¢ €ro moBepxHOCTH. Llenmbio maHHOW paboOTH SBISAETCS YHCICHHOE HCCIIEeIOBAHUE
nepexo/ia OT PAacCIOCHHOTO peXUMa TeUSHHS B INIOCKOM MUHUKaHAlE K KOJIbIIEBOMY.

3ajaya pemianach METOJOM KOHEYHBIX o0bemMoB mpu momomru [10 Ansys Fluent B
JIBYMEpPHOI MocTaHOBKe. B 3amadye BappupoBagach reOMETpHUsl BXOAHOIO y4acTKa, a TaKkKe
CKOpPOCTH JKMAKOCTH W ra3a. Mex¢asHas rpaHuIia MOJEIMPOBANIACH C MOMOIIBIO METOJA
o0Bvema xunkoctu. Kpome Toro, ocymiecTBisics MOMCK T€OMETPUU BXOJHOTO Y4acTKa, MPU
KOTOPOM pACCIIOEHHBIH DPEKUM TEUEHHUsl coxpaHsiercsa uisi OoJjiee IMIMPOKOro JuanazoHa
CKOPOCTEi1 raza u )KMJIKOCTH.

Ha puc. 1 mnpeacraBineH pe3yiabTaT pacdyeTa pacClIOEHHOIO pexuma TEUEHUs B
MHHHKaHajae JTUHOK 70 MM, BBICOTOM |1 MM U yrjioMm moaBoja xuakoct 15°. Jlist qaHHOTO
ciydast BOJIM3U cMecuTens HalOaoJaeTcss 0Opa3oBaHUE BO3MYLICHHMM, aMITUTYAbl KOTOPBIX
YBEJIUYMBAIOTCS CO BPEMEHEM, UTO IMPUBOJUT K OTPBIBY Karelb, KOTOPbIE BIOCIEICTBUU
B3aMMOJICHCTBYIOT C BepxHel cTeHkoM KkaHaima. CTOUT OTMETUTh, YTO O0Opa3oBaHUE
HEYCTOMYMBOCTH MOJAOOHOTO THIA, XapaKTEPU3YIOIIEHCs OTPHIBOM Karelb, MPOUCXOIUT IO
BCEH JJIMHE KaHaJa, a HE TOJIbKO B 00JaCTH CMECUTEIIS.
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Puc. 1. Pe3ynbTatsl pacdera JJst BXOJHOTO y4acTKa ¢ HakioHoM 15°. CkopocTs rasa
cocTaBisiia 25 M/C, CKOpOCThb KHUIKOCTH cocTaBisiia 0,05 m/C.

Paboma noooepocana PHD (epanm Ne 19-19-00695 11, https://rscf.ru/project/19-19-
00695/).

Jlutreparypa

1. Kabov O.A., Zaitsev D.V., Cheverda V.V., Bar-Cohen A. Evaporation and flow
dynamics of thin, shear-driven liquid films in microgap channels // Exp.
Therm. Fluid Sci. — 2011. — V. 35

65


mailto:example@mail.ru

IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE BJIMAHUA
IIEPET'PETOI'O BOJASAHOI'O ITAPA HA COKUT'AHUE
I'A3OOBPA3HOI'O TOIIJINBA

MyxuHa M.A.Y*, Cagxur U.C.12, Konbes E.IT.L [Tappun E.JO.1
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Pe3koe yBenuueHHME TEMIIOB 3arpsi3HEHUS OKpPYXKAIOIIEH Cpelbl MPUBOAUT K
HEOOXOJUMOCTH TIOMCKAa HOBBIX TEXHOJOTUH U COBEPIICHCTBOBAHUS CTAPBIX METOJIOB
CHU)KEHHUSI BBIOPOCOB IMPH CKUTAHUM TOIUIUB. OJHUM M3 METOAOB KOHTPOJs BeIOpocoB NOx
SBIIICTCS. CHW)KCHHE ITMKOBOW TEMIIEpAaTypbl TPHU TOPEHUM IIyTeM JOOABJICHHS Ta30B-
pa3baBuTeneil. B kauecTBe pazdaBuTens 00IbIION HHTEPEC MPEACTABISAET COOON BOASIHON Hap
B CBSI3U C €T0 JICHIEBU3HOM H JIETKOJOCTYITHOCTBIO.

Panee aBTOpamu ObLIO MCCIIEIOBAHO BIMSHUE BIPHICKA BOJSHOTO Mapa MpH CKUTAHUU
KUJKUX YTIIEBOAOPOTHBIX TOTUIMB M TIOKa3aHBI MPEUMYIIECTBA METO/1a, TAKUE KaK CHIDKECHUE
BbIOpocoB CO u NOy, BbICOKash MONHOTA CrOpaHUsl TOIUIMBA, BO3MOXKHOCTH COKMTaHUS
HEKOHIMIIMOHHBIX JKUJKUX TOPIOYHMX TPU MX pachbUIeHUH cTpyei mapa [1, 2]. Hacrosmas
paboTa mocBAIIeHa U3yYEHHUIO BIMSHUS MIEPErpeToro napa U HarpeToro Bo3ayXa Ha COKUTaHue
ra3000pa3Horo yriaeBoAOPOAHOTO TOILIMBA. Takoe TOIUIMBO NPEACTABISIET HHTEPEC, TAK KaK He
TpeOyeT pacrblia, B CBS3M C YeM OTCYTCTBYIOT 3aTpaThl JHEPIHH Ha Pa3pyIICHUE KAIUIU U €€
ucrnapenue. B kauecTBe TomMBa Obla B3sTa MPOMAaH-0OyTaHOBAs! CMECh.

Jns  uccnenoBaHHWs TEIJIOBBIX M DKOJIOTMYECKUX — XAPAaKTEPUCTHK  COKUTAHUS
ra3000pa3HOro TOIUIMBA B MPUCYTCTBUH IEPETPETOTO BOASHOTO IMapa ObLI MOJAECPHU3HPOBAH
OTHEBOH CTEH], MpeJHa3HAYCHHBINH I HCCIEeOBAaHUS CaXKEMapoBOTO pPEKHUMa TOPEHUS
XKHUJIKHX YTIIEBOJOPOJIOB, @ MMEHHO ObIJJa CMOHTHpPOBAaHa CHUCTEMa MOJA4d Tra3000pa3zHOro
TOTIMBA. DKCIEPUMEHTHI MPOBOIUINCH Ha Ta00pATOPHOM 00pa3iie TOPeIOYHOr0 YCTPOHCTBA
C €CTECTBEHHBIM MPUTOKOM Bo3ayXxa U3 atMmocdepsl [ 1]. [Iponan-6yranoBas cMech 1oj1aBanach
yepe3 TPYOKYy ¢ BHYTPEHHHM IUAMETPOM 4 MM BOJM3U OCHOBAHHUS CTPYU PACHBUIMTENS —
MEPErpeToro BOJSHOTO Iapa WJIM, BMECTO HEro, HArperoro Bo3ayxa. ['a3oBblii cocTaB
MPOJYKTOB CTOPAHUS PETUCTPUPOBAIICSA HA BBIXOJE U3 MPOTOYHOTO KAJIOPUMETpa, I/ie mpoda
UMEeT TeMIlepaTypy, OJIM3Kyr0 K KoMHaTHOW. OmpeneneHue CpelaHEe 10 BpPEeMEHHU
TEMITEpaTyphl B (hakesie MPOBOIMIOCH ¢ UcTob30BanreM Pt-Rh/Pt-Rh Tepmomnapsr.

B xone skcrepruMeHTOB BapbHPOBAIKCH PAcXo]l TOIUIMBA W Tapa WIIM, BMECTO HETO,
Bo3ayxa. [lomyueHsl xapakTtepHble ¢GoTorpaduu IMIaMEHH, MOCTPOCHBI KapThl COACPKAHHS
KHCJIOPO/1a, MOHOOKCH/IA YTIIepOa M OKCHIOB a30Ta B MPOAYKTaX CTOPAHHMS, a TAK)KE MPOGUIH
TEMIEPaTypbl IUIAMEHH BAOJb BEPTUKAIBHOM OCH COIUIA TOPENKH B 3aBUCHMOCTH OT
PEKUMHBIX TTApaMeTPOB. BIPBICK Mmeperperoro BOISHOTO TMapa BMECTO BO3AyXa ITO3BOJISET
CHU3UTh MaKCHUMaJbHYIO TemmepaTypa B cpeaHeM Ha ~ 100 °C. Haiinensl peXxuMHbIE
napaMeTpsl, TP KOTOPBIX KoHIeHTparu CO B MpoTyKTax cCropaHvs MUHUMATBHBI. J[J1s Takux
peKUMOB HaOmonmaeTcss CcHIkeHue oOpazoBanuss NOx Bpu  BOpBICKE Tapa, 4TO
MPEITOIO0KHUTEIBHO CBSI3aHO CO CHUKCHHUEM ITMKOBOH TEMITEpaTypHhI.

Jlutreparypa

1. Anufriev I.S., Kopyev E.P., Sadkin I.S., Mukhina M.A. NOXx reduction by steam injection
method during liquid fuel and waste burning // Process Saf. Environ. Prot. — 2021. — V.
152. — P. 240-248.

2. Anufriev I.S., Kopyev E.P., Sadkin I.S., Mukhina M.A. Diesel and waste oil combustion
in a new steam burner with low NOx emission // Fuel. — 2021
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HEYCTOMYUBOCTH KEJbBUHA-TEJbMI'OJIBIIA B
HAHOMETPOBOM JIHUAITA3OHE JJIMH BOJIH

Capblues B.JI.", Hesckuii C.A., I'panosckuit A.1O., Caperues /1.B., Konosanos C.B.

Cubupckuii 2ocyoapcmeenHulil UHOycmpuaivhslil yuugepcumem, Hoeokysueyx, Poccus
“sarychev_vd@mail.ru

Llenpio paboTHI ABISETCS TEOPETHUECKOE 00OCHOBaHME 00pa30BaHUE HAHOPA3MEPHBIX
CTPYKTYp TNpPHU CIBUTOBBIX TEUEHHUSX B MarepHalaXx B IIUPOKOM Juarna3oHe ckopocteil. B
pabote [1] ommcano ¢opmupoBaHHME HAHOPA3MEPHBIX SUYEEK METaUIax MpH BO3ACHCTBUU
TeTePOreHHBIX IIa3MEHHBIX MOTOKOB, CO3/IaHHBIX JJIEKTPUYECKUM B3PHIBOM IPOBOJHUKOB.
[Tpu BO3nEHCTBUM 3TUX MOTOKOB Ha METAJLIBI MMPOMCXOAUT pacIljiaBlieHHE MOBEPXHOCTHOTO
CJIOSl U peall3yeTcsl CABUTOBOE TeUEHHUE TUIa3Mbl U PaCIUIaBIIEHHOro MeTalia. B atoit pabote
UCTIONB30BaTach UAES O TOM, YTO HAHOCTPYKTYPHI B MeTajie oOpa3yeTcs B pe3yibTare
HeycroiiunBoct KenbBuna-I'enpMronpia. Cnoil  1iasmbl  MOJENUPYETCS  UICAIBHON
JKUJKOCTBIO, & PACIUIABJICHHBINA CIIOM BA3KOM >KMAKOCTBIO. JIMHEWHBIM aHAIW3 ypaBHEHMU
ruaponuHamMuku HaBpe-CTOKCa OTHOCHUTENBHO MajblX BO3MYIICHHUN MO3BOJWI MOIYyYUTh
JUCTIEPCUOHHOE ~ YpaBHEHHE, YHUCIECHHOE pelIeHHEe KOTOPOTO IO3BOJWIO  MOJYYHTH
3aBHCHUMOCTH CKOPOCTHU POCTa OT JUTMHBI BOJHBI. MaKCUMyM B 3TOI 3aBUCUMOCTH JTOCTHTAETCs
IIPH ONIPEJICTICHHOM 3HAYCHHUH JTHHBI BOJIHBI Am. [10JTy4eHO, 4TO MPU KOHKPETHBIX 3HAYCHUSIX
napaMeTpoB (MJIOTHOCTH CJIOEB, TOJIIIUHBI CIOEB, BI3KOCTH, KOA(M(UIMEHTOB HATSKEHUS U
CKOPOCTH OTHOCHTEIPHOTO [BM)KCHHUS) JUIMHA BOJIHBI Am HaxXOIUTCS B HAaHOMETPOBOM
quarna3oHe. JTO O3HAuYaeT, YTO BOJHBI pPa3MEpoOM MOpsSAKa UMEHHO STOW JUIMHBI BOJHBI,
MOJTy4aT Pa3sBUTHE U IOCJE 3aCTHIBAHUS PACIIABICHHOTO CJIOS MX MOXKHO HaOmonats. [Ipu
TOM CKOPOCTb CKOJIb)KEHUSI COCTABIIAET Mopsiika | KM/c M pojb BS3KOCTH HE3HAYUTENbHA.
OTOT pe3ynbTaT ObUT HOBBIM, OJHAKO SBISJICS OXHIAEMBIM: TPH YBEIHMUYEHHH CKOPOCTH
CKOJIbKEHUSI JTUHA Am YMEHbIIaeTcs. B 3TuUX ke skcrmepuMeHTax Obul OOHApYKeH BTOPOit
HAHOCJION, PACIMOJIOKEHHBIN Ha TPAaHUIE PACIIABIEHHOTO M HEPACIUIABICHHOTO MeETallla.
Monens ero hopMupoBaHUS Tak k€ OCHOBaHA HA BOSHUKHOBEHUH HEyCcTOHUNBOCTH KenbBrHa-
['enbmronbiia, rae TPUHIUIHAIBHYIO pPOJb UrpaeT BsI3KOCTh [2]. Ilpu omnpeneneHHBIX
napaMmeTpax Oblia 0OHapyKeHa 3aBUCUMOCTh CKOPOCTH POCTa OT ATUHBI BOJHBI, HMEIOIIas 1Ba
MaKCUMyMa, OJWH W3 KOTOPBIX MOXET JIe)KaTh B HAHOMETPOBOM JHMAIa3oHE (BS3KOCTHO
oOycnoBneHHbIi MakcumyM). MccnenoBanus [3] mo3Boinuiau HailTu ycnoBus (popMHpOBaHUS
JIBYX MAKCUMYMOB U JIaTh MPUOJIMKECHHBIC BRIPAKEHUS IS IBYX 3HAYCHUH Am. DTO IMO3BOJISICT
MPOBOAMTH MapaMeTPU3AIUIO C IENIbI0 BHIBICHUS YCIOBUI (hOPMHUPOBAHUS HAHOCTPYKTYD B
CABHUTOBBIX CJIOSIX B ITUPOKOM JIMAIIa30HE CKOPOCTEH, UTO SIBJISICTCS IPUHIIUITAATBHO HOBBIM U
TpeOyeT OSKCHepUMEHTAIbHONH TPOBEPKU. B  3aKIOYEHUM pPacCMaTPHUBAIOTCS  CXEMBI
HKCIIEPUMEHTOB, B KOTOPBIX MOTYT OBITh ITOJIYYCHBI TIOATBEPIKIACHHS IIPETIOKEHHOW MOJICITH.

Paboma evinonrnena npu ¢gpunancosou noooepoicke Poccutickoeo nayunozo ¢honoa (Ne
npoexma 22-79-10229, https://rscf.ru/project/22-79-10229)
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MO/JIEJIUPOBAHUE JIBYX®A3HOI'O TEUEHMS B MOPUCTOM
CPEJIE C IOMOIIBIO PEIIETOYHOT'O YPABHEHM S
BOJILIIMAHA
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Hosocubupcruii 2ocyoapcmeennsiii ynusepcumem, Hogocubupck, Poccus
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HccnenoBanue TeueHMs, KOTOPOE BOSHUKACT MPH TOa4e B MOPOTY KUIAKOCTH WJIH ra3a,
BaXHO Ui TOBBINICHUs TpoueccoB Hedreornaun. OaMH M3 CHOCOOOB HM3YUCHHS TaKHX
TEYEHUI — TPOBENICHUE JIAOOPATOPHBIX IKCIIEPUMEHTOB HaJl 00pa3loM KepHA, OJJHAKO 3TOT
Croco0 UMeeT Psii HEIOCTATKOB:

1. loporo u monro (0OBIYHO UCCIIEOBAaHKE KEPHA B JIAOOPATOPUH 3aHUMAET B pailOHE
TPEX MECSIIEB).

2. Hu3kast JOCTOBEPHOCTb PE3YJIbTATOB UCCIICIOBAHUIA.

3. He Bcerna momyyaercs AOCTaTh MBI KEPH, 4aCTO BO BPEMsI TPAHCIIOPTUPOBKUA OH
paszpymaercs.

4. Ham kepHOM MOKHO OyJ€T MTPOBECTH TOJIBKO OJUH IKCIIEPHMEHT.

[TosToOMy HYXHO caenath HUGPOBOW aHAIOT, 3TO YKOHOMHYHO W HAJ HUM MOYHO
IPOBECTU OOJIBIIOE KOJMUYECTBO IKCIIEPUMEHTOB. Tak Kak MHOTO(a3HbIE TEYEHHUSI C OOMEHOM
KOMITOHCHTaMH HCCIIEIOBaHbl JOCTAaTOYHO cJ1abo, pa3pabaThiBacMasl YHCICHHAs MOJICNb
MO3BOJIHT JIy4Ile MOHATh UX CBOWCTBA M 3aKOHOMEPHOCTH.

PaGoTa nocsiieHa ucciejoBaHuio IByx(a3HOro TCUSHHsI B MOPUCTOM cpene. TeueHue
MOJIEITMPOBAIIOCH C TOMOIIIBIO METO/1a PEIIeTOYHOT0 ypaBHeHUs bonbiimana. Vcrons3oBanuchk
nBymepHas mozenb D2Q9 u tpexmepnas mogens D3Q19 [1]. 1 onucanus pasaenenus dasz
MHOTOKOMIIOHEHTHOTO ()TFOH]Ia TPUMEHSIICS METO/T TICEBIOTIOTEHIINANA C OOIINM YpaBHEHHEM
cocrosHus Ilenra-Pobuncona [2]. PaccmarpuBaemas cuctema mpeacTasisuia coOoil cMmech
yrieBoaopoaoB. [Ipu MoienpoBaHUH YUUTHIBAIOCH B3aNMOACHCTBHE (DITFOHIa C MAaTepHaIOM
HOPHUCTOTO CKEJIeTa.

B TecToBBIX pacderax TIPOBEPEHO BBINOJHEHHE 3akoHa Jlaruaca, BBIYMCIIEHO
MOBEPXHOCTHOE HATSDKEHUE TPU DPA3HBIX HAyaJbHBIX IapaMeTpax, IOJyuyeHbl 3HAYEeHUs
K02 PHUIIMEHTOB, HEOOXOAMMBIX JUTS 3aJJaHHUS PA3IIUYHBIX KPAeBBIX YIJIOB. BBIIM MOCYHTAHBI
pPaBHOBECHbIE KOHIIEHTPALMU KOMIIOHEHT B )KMJIKOM M Ia30BOM (ha3e mpu pa3IMyHbIX JaBICHUN
u Temrieparype. [IpoBeneHsl npeaBapuTeNbHbIE pacdeThl NBYX(a3HOTO TEYECHUS B MOJIEIH
HOPHUCTOM CpeIbl.

Jlutreparypa
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BU3YAJM3BALIUSI JMHAMUKA UCTTIAPEHUSI TOHKOHM KAILIU
AKNIKOCTHU IVIMPEH METOAOM

[Memenrok F0.A.1?", Taranosa E.5.1?
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HcnapeHnve OJUHOYHBIX Karelb UTPaeT BaXKHYIO POJIb BO MHOTHX MPUIOKEHHUIX TaKUX
KaK, OXJIQKICHHE MUKPOIJIEKTPOHUKH, OMOJIOTHYECKHE M MEIULIMHCKIE UCCIeIoBaHus u ap. B
CBSA3M C JTUM CO3JIJaHUE METOoJa AJii KOJUYECTBEHHOI'O W3MEpPEHHUS TOJIIMHBI IUICHKH M
neopmanuii e€ MoBEpXHOCTH SBISIETCS OCOOCHHO aKTyaIbHBIM. J{JIs MOJTydeH st ABYXMEPHBIX
U TPEXMEPHBIX XapaKTEPUCTHUK OBICTPO HCHAPSIOMIUXCS TOHKUX IUICHOK KHJIKOCTH
MPUMCHSIFOTCSI HECKOJIBKO ONTHYECKUX METOJO0B. Takmx Kak KOH(MOKaIbHAS MHKPOCKOIHS,
uHTepdepoMeTpus U nutkpeH mero [1,2].

B nannoii paboTe ucmonb30Baics MOAU(PUINPOBAHHBIN MUTUPEH METOJ] CO CTYIIEHYaThIM
rpagueHTHBIM pUIBTPOM. B KauecTBe MO I0KKH UCIIOJIb30BAJICs YepHbIi kpemHuit (b-Si). s
00pabOoTKM MOJYYCHHBIX JaHHBIX Obla pa3paboTana mporpamma B cpeae Matlab. 3nadenus
U3MEpSEMBIX YIJIOB JieKaT B quana3zone £5°. [IpousBeneH pacyeT TOMIIMHBI TOHKOH IMJICHKH,
IUTOINAAN MOBEPXHOCTH M 00BeMa JKUAKOCTH METOJOM DJIEMEHTAPHBIX MapajlielIeIHUIIeI0B.
W3mepens! mpoduiu TOMIMIMUHBI AJIsl Kareb BOJbI MPU Pa3IMYHBIX 3HAYCHHSIX TEMIEPaTyphl
MIOJUTO’KKH, KOTOPBIE Tal0T KAaYECTBEHHOE U KOJMUYECTBEHHOE MPECTABICHUE O IBYXMEPHBIX U
TpeXMepHbIX JedopManusix MOBEPXHOCTH. MHUHHMMaNbHAS H3MEPEHHAs TOJIIMHA TUJICHKU
xuakoctu 2 MKM. IIpoBeneH pacdyer CKOpOCTH KOHTAaKTHOM JIMHUU U YJIENbHOH CKOPOCTH
UCIIapeHUs C €IUHUIBI ToBepxHOcTU. [loka3aHO, YTO MOJIydYeHHBIE JaHHBIE MO CKOPOCTH
UCTIAPEHUS XOPOIIIO COTIACYIOTCS C JAHHBIMH, TIOTy4YEeHHBIMUA UHTEP()EPEHIIMOHHBIM METOIOM
Y aCUMITOTUYECKUM ToaxoioM [2], Puc.1.
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Puc. 1. YnenbHast CKOpOCTh MCTIAPEHUS BOJIBI C €AUHULIBI [IOBEPXHOCTH.

Xapaxkmepuzayus ceolicme cmadusanusi nogepxuocmu uepno2o kpemuus na KRUSS

DSA-100E ewvinonneno 3a cuem eocyoapcmeennozo kowmpakma ¢ HUT CO PAH
(121031800213-0).
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PA3PABOTKA ITPOTPAMMHOI'O KOJA JIAA YUCJIEHHOI'O
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YucneHHoe MoJeIpoOBaHUE (PU3NUECKUX MPOLECCOB UIPAET BAXKHYIO POJIb BO MHOTUX
00J1acTAX TMPOU3BOJCTBA, IMOCKOJBKY IO3BOJIIET SKOHOMHUTH (H3MUYECKHE U BpPEMEHHBIC
pecypcbl. 3amaya MOJAEIUMPOBAHUA TUAPOJAWHAMUKM M Ta30BOM JTMHAMHUKU SBIISETCS
BOCTPEOOBAHHOW B 00JIACTH KOHCTPYHWPOBAHHS CHCTEM CIOXXHOW T€OMETPHH C TEIUIO- H
MacCOIEPEHOCOM.

CraHmapTHBIM METOJIOM MOCITHPOBAHMS 33/1a4 TUAPOIUHAMUKH SIBIISIETCSI YHCICHHOE
pemienue ypaBHeHus: Hapbe-CTokca mpu MOMOIIH pa3HOCTHBIX cxeM. OJIHaKO TaHHBIN MOAX0
o0ajaeT CyIIECTBEHHBIM HEJIOCTATKOM B IIJJAHE BPEMEHHBIX 3aTPaT, MOCKOJBKY BpeMs
BBIUMCJICHUM JUHEHHO BO3pacTaeT C YBEIMYEHHWEM YHCIa MPOCTPAHCTBEHHBIX sueek. B
IPOTHBOBEC €MY B HACTOSIIEE BPEMs Pa3BUBACTCS AIbTEPHATUBHBIN MOX0Jl, OCHOBAHHBIN Ha
pelieHrur KuHeTHu4Ieckoro ypaBuenus bonbimana (Lattice Boltzmann Method, LBM).

LBM wmogenupyeT 5BOMIONMI0 (DYHKIUHM pacrlpeneieHuss 4YacTUI[ BEIIeCTBA IO
HAIpPaBIEHUSM CKOPOCTHU B KaXKA0OH siueiike mpoctpaHcTBa. [Ipu 3Tom sBosonus onpeaensercs
TOJIbKO B3aUMOJICHCTBUEM C COCETHUMH SIYCHKAMH IMPOCTPAHCTBA, B CBSI3U C YE€M AJITOPHTM
JAHHOTO METoJa MOXKeT ObITh pacmapaimieneH. Peanuzanus anroputMa Ha rpauuecKux
nporieccopax Mo3BOJISIET CTENEHHBIM 00pa3oM YMEHBIIUTH BPEMsI BEIUMCIICHUH, UTO SBISETCS
OCHOBHBIM NPEUMYILECTBOM JIaHHOTO METOA.

B 1aHHBII MOMEHT CyIIECTBYIOT ycneuiHsle peanmsauun LBM, ogHako oHM He
CHOCOOHBI pelaTh 331a4l B3aUMOJICHCTBUSL HECKOJIBKUX KOMITIOHEHT Wi (a3 Bemiectsa. Jlis
pemieHust 3ama4 Takoro xapaktepa B jabopatopuu 7.2 UT CO PAH Benercs paspaboTka
IPOTrpaMMHOTr0 o0ecriedeHns Ha ocHOBe OTKpbIToro koaa FluidX3D. B nannoit pabore 6b110
NPOBE/ICHO TEPBHYHOE HCCIICAOBAaHUE AHHOTO KOJa Ha TPEAMET HMILIEMEHTHPOBAHHBIX
QITOPUTMOB M pacyeT THUIOBBIX 3343y s TPOBEPKHM MPOU3BOAMMBIX pAcyeTOB Ha
KOPPEKTHOCTb.

AHanu3 KoJa TMOKa3al HalIWYue HMIUIEMEHTaluu 0a30BbIX ainroputMoB LBM u
KayecTBEHHOro rpaduueckoro uHrepdeiica. MonaenupoBaHue THUIOBBIX 3a1ad (TeueHue
[Tyazeiinsa, Kystra, TeueHrne B KaBEpHE) HAXOJIUTCS B COTJIACOBAHUU C Pe3yJIbTaTaMH HAyYHO
BepU(DUIIMPOBAHHBIX MPOTPAMMHBIX TAaKeTOB. JIaHHBIN (akT SBISIETCS OKA3aTeIbCTBOM
KOPPEKTHOCTM HuMIUIEMeHTanuu LBM u npeanochuikodl Uil JajdbHEWIEro pa3BUTHUS
oTkpbITOro koaa FluidX3D.

Paboma evinonnena 6 pamkax cocyoapcmeennoeo 3aoanus UT CO PAH. Aemopul
onacooapuvt Uncmumymy mennogpusuxu CO PAH u Hosocubupckomy eocyoapcmeenHomy
YHUBepcumemy 3a NpeooCMAGIeHHble GbIYUCIUMENbHbIE PecypCbl  CYNEPKOMNbIOmepa
“Kackao”.

Jlutreparypa
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SKCHEPUMEHTAJILHOE UCCJIEJTOBAHUE ATTPAKTOPOB
BHYTPEHHUX BOJIH, TEHEPUPYEMBIX YT JIOBBIMHA
KOJEBAHUSIMM IIJIACTUHBI B IMHEWHO
CTPATU®UILIMPOBAHHOM JKUJKOCTHU
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2) Uncmumym cucmemnozo npoepammuposanusi um. B.11. Ueannuxoea PAH, Hncmumym
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HccnenoBanne BHYTPEHHUX BOJH HUMEET MHOXKECTBO MPWIOKEHHH B TeoOpU3UKE U
kiaumaTosoruu [1]. BHyTpeHHUE BOJIHBI B OK€aHE BO3HUKAIOT B CTPAaTU(ULUHUPOBAHHOMN
YKUJKOCTHU TPU B3aUMOJICHCTBUM MPUIMBHBIX TEUCHHH ¢ penbedom okeanndeckoro axa. [Ipu
OINpPEEIEHHOM COYETaHUU F€OMETPUHM O0JACTH M YIJla pacIpOCTPaHEHUs BOJHOBBIX Jydyeil
(boKycHpOBKa BOJHOBOI 3HEPIHH MOXET MPUBECTU K €€ KOHIIEHTPAIMH BOJIU3U 3aMKHYTHIX
reOMETPUYECKUX KOH(PUTYpAIHiA, HA3bIBAEMBIX BOJTHOBBIMHU aTTPAKTOPaMu [2].

Lenpto paboThl SBIAETCS SKCIEPUMEHTAIBHOE HCCIEAOBAHNE KBa3H-IBYMEPHBIX
aTTPAaKTOPOB BHYTPEHHUX BOJH, MUMEIOIIUX 10 OJHOMY OTPaKEHHUIO OT BEPTUKAIBHBIX U
TOPU30HTAIBHBIX CTEHOK. DKCIIEpUMEHTAIbHAS YCTAaHOBKA MPEACTaBIsET cO00M pe3epByap U3
oprcrexiia JyiMHOM 110 cm, mupuHoi 23 cM u rinyouHoi 50 cM, ¢ HaKJIIOHEHHBIMU [IOJT YTIIOM
32° OOKOBBIMHM CTEHKaMH M TMOMEIICHHON B IIEHTPE IJIACTHHOM, COBEpIIaroIel KoaeOaHus ¢
OTIpEIETICHHBIMH aMIUTATY10M A 1 94acToTOM . Ha niacTuHe 3akperyieHbl JaTYMKW JIMHEHHBIX
nepemenieHni 1 MoMeHTa cuibl. KonebaHnus niacTuHbl B OHOPOIHO-CTPATU(UIIMPOBAHHON
KUJKOCTH TEHEPUPYIOT JBa CHUMMETPUYHBIX BOJHOBBIX arTpakTopa. [lns Bu3yanu3anuu
TE€YEHMs] HCIOJIb3YETCS CHHTETUYECKHMH HumMpeH-meron. [losns rpagueHToB IUIOTHOCTH
BBIUMCJIEHBl C MOMOUIBIO KpPOCC-KOppensiuuu u3zoOpaxeHuil. [[ns ¢uibTpanuu BOJH Ha
OTIpeIeIeHHBIX YacTOTax MCII0JIb30BaHO npeodpazoBanue [ unpdepra.

PaccMoTpeno BaMsiHME aMIUIUTYbI KOJeOaHUN Ha CTPYKTYPY BOJHOBOIO aTTpakTopa.
[Tpu ManpIX aMIUIMTYyAax aTTpakTop ycToWuyuB. [Ipw yBenMueHUM aMITUTYIbl KOJIeOaHHS
BOJIHOIIPOAYKTOPA BOSHUKAET TPUAIHBIN PE30HAHC U BOJIHOBAsA TypOYyJIeHTHOCTh. V3 NaHHBIX,
MOJyYEHHBIX C JaT4hKa MOMEHTa CHWJIbI, U U3 JABYMEPHBIX YHUCICHHBIX DPAacyeTOB ObLia
BBIYHCIICHA MOIIIHOCTh B cucTeme [3]. B nuHeliHOM pexume pacueT B TOYHOCTH COBIIAJAET C
OKCMIEPUMEHTAIbHBIMA JaHHBIMU. [Ipu yBeNMWYEHHHM AaMIUIUTYIbl KoJIeOaHWH pacyeT u
SKCIIEPUMEHTAJbHbIE JaHHBIE pacXoAdTcsd H3-3a pocTa JUCCUMALIMKM DSHEPruu Ha
TOPU30HTAIBHBIX CTEHKaX, OTCYTCTBYIOLIEH B JBYMEpHBIX pacuerax. I[Ipum mocrarouno
00JbIION aMITUTyAe KoJeOaHul, OOHapyKeHbl BTOPUYHBIE KOPOTKHE BOJHBI HA OCHOBHOM
4acTOTE BO3MYILEHUS C IPYNIIOBOM CKOPOCTBIO, IPOTHUBONOJIOXKHO HAIIPABIEHHOHN I'PYIIIOBOM
CKOPOCTH OCHOBHOM BOJIHBI B TOH k€ 00JIaCTH.

Jlutreparypa
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XAPAKTEPUCTHKH OBPA3OBAHUA KAIICY.I IIPU PACITIAZIE
KOAKCHAJIBHOMU /IBYX®A3ZHOU CTPYU

Psi6oe M.H.", To6s1308 O.A., Brsbckuii A.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“mihahmach@mail.ru

Pabota HanpaBieHa Ha pa3BUTHE OCHOB BBICOKOIIpOU3BOAUTENbHON 3/[-niedaru. Lenbto
SKCIIEPUMEHTAIILHOTO HCCJIeIOBAaHUSl SIBIISIETCS aHAlU3 IPOLIECCOB CTaOMIIBHOIO pacraja
KOakcHalbHOHU cTpyu. TeueHue nByxdazHoii cTpyu B pabore GopMHPOBATIOCh KOAKCHAIBHBIM
MUKPOCOIUIOM: BHEIIHUIN KOJbIIEBOW KaHall (KoiblieBas (haza) oOpa3oBaH 3a30pOM MEXKIY
BHEIITHEW CTEHKOHU TpyOKH BHYTpEHHETro KaHana (oceBas ¢aza, mpoxoaHoii quamerp 200 MrMm)
Y CTEHKOM BHEIIHEro KaHana, mupuHa 3azopa 100 mxwm (puc. 1). Takum ob6pazom, pabora numeer
HETIOCPEACTBEHHYIO aKTyalIbHOCTh JIJISl Pa3BUTHS aINTUBHBIX TEXHOJIOTUN B 00JIaCTH TeYaTu
00BEKTOB M3 KOMIIO3UTHBIX MarepuanoB [l], a Takxke oOnamaer ¢yHIaMEHTAIBHBIM
XapakTepOM C TOYKH 3PEHHS HM3YYCHHUS MPOIECCOB B3aMMOICWCTBUS HECMEIIMBAIOIIUXCS
KUAKOCTEH B CHyTHOM MOTOKe [2]. OCHOBHOW AKCIEPUMEHTaIbHOW METOAMKOHN Oblia
BBICOKOCKOPDOCTHAsI TEHEBas BH3yalH3alMs C OOJBIIMM ONTHYECKUM YBEIHYCHHEM. B
KayecTBe OcCeBOM (pa3pl BBICTyNalla UCTUUIMPOBAHHAs BOJA, B KadyeCTBE KOJbLEBOMI
NPUMEHSIIaCh CMECh IMOJIMMETHIICHIIOKCAHOB DPAa3IMYHOW MOJIEKYJISIPHOM MacChl MTOTOBOM
Ba3KOoCThIO 100 cCt /U1 MOIETUPOBAHUS MAIIOBSA3KUX MOJIMMEPHBIX CMOJ.

Puc. 1. ®ororpadus BEIXOHOTO y4acTKa KOAKCHAILHOTO MUKPOCOILIA U COTIA B
pabore.

JlaBneHus: BRITECHEHHS pab0YUX KHUAKOCTEH Jiekanu B auanazone ot 0 g0 5 armocdep.
B takom nnamazoHe ObUTH pealn30BaHbl XapaKTePHBIE PEKUMBI ICTCUEHHS, BCTPEYAIOIINECS B
JuTepaType: KamenbHbIi pexum (dripping), pexumM ¢ o0pa3oBaHHEM KOMITO3UTHBIX Karlellb
(karcyi), pekuM TypOyJIEHTHOTO pacmaja KOMIIO3UTHOW cTpyu. HamOonbliee BHUMaHUE
yICNEHO Mpolleccy o0pa30oBaHMsl KalCyJl: 4acTOTaM OTpPbIBAa, pa3MepaM U IMPOIEHTHOMY
COZIepPKaHMIO (a3 B 3aBHCUMOCTU OT PEKHMHBIX MapaMeTpoB. OTAENBHO paccMaTpUBACTCS
3¢ dexT popmMupoBaHUS MHOTOKaAMEPHBIX KaIlCyJl.

Paboma  evinonnena  npu  nododepoicke  epawma  PH®  Ne2[-19-00732,
https://rscf.ru/project/21-19-00732/.
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I'mMAIPOANHAMHUKA MHOI'O®A3HbBIX
MATHUTHOXNIKOCTHbBIX CUCTEM B HEOJHOPOJIHOM
MAT'HUTHOM ITIOJIE

Psnonos I1.A.", Coxonos E.A., Kamoxuas JI.A.

FOz0-3anaonwiii 2ocyoapcmeenusiii ynusepcumem, Kypck, Poccus
“r-piter@yandex.ru

B nanHo# pabore mpeiaractcs HOBask METOJAMKA CO3JaHUSI AKTUBHBIX ITY3BIPHKOB M
KareJib ¢ HEMarHUTHBIM SIIPOM M TIOKPBITHEM, 00pa30BaHHBIM MarHUTHOM JKUAKOCTHIO [ 1,2].
'mapoauHamMKMKa aHHBIX CHCTEM PAacCMOTpEHa B Pa3iM4YHBIX KaHalax IMpH BO3ACHCTBHUU
HEOJHOPOIHOTO MAarHUTHOTO TOJIs. MarHUTHBIE )KUAKOCTH SIBJISTFOTCS KOJUIOUTHBIM PACTBOPOM
HAHOYACTHII MarHeTuka, MOKPBITHIX MMOBEPXHOCTHO-aKTHBHBIM BEIIICCTBOM,
JUCTIEPTUPOBAHHBIX B )KUKOCTh-HOCUTEITb.

[Ipouecc 0Opa3oBaHUsi AKTHUBHBIX Iy3bIPHKOB W Kalellb COCTOMT BO BBEICHUH
HEMarHUTHOM ()a3bl B MArHUTHYIO, KOTOpasl yICPKUBACTCSI HEOTHOPOTHOM MarHUTHBIM TTOJIEM
KOMOMHHPOBAHHOTO MCTOYHUKA, OOBEIUHSIONICTO KOJILIICBOH MarHUT U DJICKTPOMArHuT. Mbl
UCCIICIOBAIIM PA3JIMYHBIC PEKUMBI, TPUBOMASALIMNE K Pa3jIMYHBIM aKTUBHBIM MY3bIPbKaM W
KaIuisiM, TaKXke ObUIO MCCIICJOBAHO BIIMSHHE MAarHUTHOIO TIOJNS Ha pa3Mep, CKOpPOCTh U
YCKOpPEHHE 00pa3yIOIUXCsl aKTUBHBIX Kanelb. [loka3aHo, YTO aKTUBHBIC My3bIPHKH MEHSIOT
CBOIO TPACKTOPHIO TTO/T ICHCTBUEM ITOCTOSIHHOT'O MArHUTHOTO TOJIs1, @ TAKIKE PACIIaar0TCsl MO
JCHCTBUEM HMMITYJILCHOTO. DTO OOECIeYMBACT HOBBIH MEXaHH3M YIPABICHUS KAIULSIMH U
ny3bIpbKaMHd C TIOMOIIBI0 MarHuTHoro mojs. B ormumume ot meroma flow focusing,
SBIISIIOIIMMCSL  OJHMM M3 OCHOBHBIX METOJOB B KaIlCJIbHOM MUKPOQIIIOUINKE, OTPHIB
HEMAarHUTHBIX Karelb U My3bIPbKOB MPOUCXOIUT HE OT KAMWUIAPA, a OT JICBUTHPYIOIIETO
HEMarHUTHOTO 00beMa. B aToM citydae neBUTHpYIOIIas ra3oBas MOJOCTh BBHICTYIIACT B POJIU
pecuBepa, MO3BOJISISI CTAOMIM3UPOBATh pa3Mep OTPBIBAIOIIMXCS MY3bIPHKOB M YBEIHYHMTH
JIMaNa3oH PEryJIMpOBKH B OTJIMYKE OT JaHHBIX paboThl [3], B KOTOPOIl OTPHIB MY3bIPHKOB B
MarHUTHOM JKUIKOCTH TIPOUCXO/IAI B OJTHOPOJHOM MAarHUTHOM IIOJIE.

DTO cOo3IaeT NPEANOCBUIKK Ui pa3pabOTKH KMJIKAX MHOTOCIONHBIX —KamCyil,
YIPaBISIEMbIX MArHUTHBIM TI0JIEM, KOTOpPbIE MOTYT KOHIICHTPHUPOBATHCS B OMPEICICHHOM
MECTE U pa3pyliaThCs MO UMITYJIbCHBIM BO3/ieiicTBUEM. [lomydeHHbIe pe3yIbTaThl MOTYT ObITh
NPUMEHEHBI JUIS CO3[aHUsl CHCTEM MHKPO(DIIOMINKKH HA OCHOBE Karellb, B KOTOPBIX
HEOJHOPOJHOE MAarHWTHOE II0JIE MOXKET HCIIONB30BAThCS TSI (POKYCHPOBKH KamleIbHBIX U
My3bIPbKOBBIX TCUCHUH B MATHUTHOM YKHIKOCTH.

Paboma  evinonmena npu  noooepocke epawma PH®  Ne  22-22-003113
https://rscf.ru/project/22-22-00311/
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3. Yamasaki H. et al. Dynamic behavior of gas bubble detached from single orifice in
magnetic fluid //Journal of Magnetism and Magnetic Materials. — 2020. — T. 501. — C.
166446.

73



W3MEPEHUE ITOJIS1 TEMIIEPATYPBI TYPBYJIEHTHOI'O
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OaHUM U3 MOAXO0I0B AJI OpraHU3alluy TOPEHHsI C HU3KOIM AMHUCCHEN BpEIHBIX BEIIECTB
B KaMepax CropaHus Ta30TypOMHHBIX YCTaHOBOK SBISIETCS CKUraHue OenHoW (co
3HAYUTENIbHBIM M30BITKOM BO3[yXa) XOPOUIO MEepPEeMEIIaHHON CMECH TOIUIMBA U OKUCIUTENS
[1]. OgHako M3BECTHO, YTO B TAaKMX YCIOBHSX IUIaMsi CTAHOBUTCS MEHEE YCTOWYHMBBIMHU K
BHEIIHUM BO3JICHCTBUSAM. DTO MOXET MNPUBOAUTH K TEPMOAKYCTHUUYECKUM MYJIbCAIIHIM,
KOTOpBIC, B CBOIO 0Y€pEe/Ib, CTAHOBSATCS MPUYMHON pa3pyIlICHHUs Y3JIOB KaMepbl cropanus [2].
JletanpHoe HSKCHEPUMEHTAIILHOE HCCIIEOBAHUE B3aUMOJICHCTBUSL TMOTOKAa C IJIAMEHEM B
TPEXMEpPHBIX TEUCHHSX, YacTO HECTAlMOHAPHBIX, OMHPACTCS Ha aHAINU3 JIOKAJILHOTO
TerioMacconepeHoca u cnenupuky xumuueckux peakiuil. [lomoOHbIN aHanmu3 TpedyeT
OJTHOBPEMEHHBIX H3MEPEHHI CKOPOCTH, TEMIIEPATYPhl U KOHIICHTPALIUU MOJICKYIL.

TakuMm 00pa3oM, BaKHBIM MapaMeTpOM, MOAJIEKAIIUM U3MEPEHUIO TIPU UCCIIETOBAHUH
IPOIECCOB, MPOTEKAIINX B KaMmepax CropaHds Ta30TYpOMHHBIX YCTAaHOBOK, SIBJISICTCS
TeMIeparypa iaMeHu. BeiOop MeTo1a u3MepeHus SBISETCS akTyaabHOU 3agaueii. OCHOBHbBIE
TpeOOBaHUS K TEXHUKE H3MEPEHUS TEMIIEPATYpPhl — BBICOKOE IIPOCTPAHCTBEHHOE i BPEMEHHOE
paspelieHue, BBICOKAas TOYHOCTh. Kpome Toro, Meroi KenaTelbHO JOJIKEH ObITh
OCCKOHTAaKTHBIM ¥  OKa3blBaTh MHHUMAIIFHOE BIMSHUE Ha HCCIEAyeMoe IIIaMs.
PacnipocTpaHeHHBIMH METOJIaMH H3MEPEHUs TeMIlepaTypbl B TYpOyJIE€HTHOM IJIaMEHU
SBIISTIOTCS paccessHue PamaHa, KOrepeHTHOE aHTH-CTOKCOBOE KOMOMHAIIMOHHOE PacCesiHHe, a
TaKKe Ja3epHO-HHAyLMpoBaHHas ¢uryopecterius [3]. OQHAKO CTOUT OTMETHTh, YTO B
HACTOSIIEe BPEMsI B JINTEPAType MPEICTABICHO TOBOJIBHO MajO SKCIIEPHUMEHTAIBHBIX padoT,
coJiepKalx MHPOPMALHMIO O JBYMEPHOM pacIpe/leIeHUH TeMIepaTypsl B TypOyJIe€HTHBIX
3aKpy4YeHHBIX IIaMeHaX. Takue JaHHBIE MOTYT OBITH MOJIYYEHBI C UCIIOIb30BAHUEM TPETHETO
U3 NIEPEYHCIICHHBIX BBIIIE METO/IOB.

[lenp nmaHHON pabOTHI — WCCIENOBAaHWE MPOCTPAHCTBEHHOW CTPYKTYPBI OIS
TEMIepaTypbl Ui MOJIEIBHOTO JIBYX30HHOIO (DPOHTOBOTO YCTPOMCTBA KaMepbl CrOpaHMs
ra3oTypOMHHOTO THIA, PEAJH3yIOUIero OeJHOEe TOPEHHE MPEIBAPUTENFHO IMepeMelaHnHON
CMecH, CTaOMJIM3MPOBAHHOE IEXKYPHBIM (akenoM MeTaHa mpu Re = 2.5 x 10% ¢ = 0.7.
W3mepeHusi TPOBOAATCS C  KCIOJB30BAaHHEM METO/a TEPMHUYECKU-aKTHBHPOBAHHOW
¢dayopecuenmu. [IpoBeaenne moJoOHBIX SKCIIEPUMEHTOB HEOOXOAUMO JUIsl (POPMHUPOBAHUS
0a3bl JaHHBIX, KOTOPasi MOXET OBITh UCTIOJIB30BaHA JIJISl BAIUIAINN PE3YJIHTaTOB YUCIEHHOTO
MOJICJINPOBaHUs TOPEHUs B KaMepax cropanus ['TY.

Paboma evinonnena npu ¢urancosoii noodepoicke Poccutickoco nayumozo ¢onoa
(epanm Ne 22-19-00803, https://rscf.ru/project/22-19-00803/).
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UCCJEJOBAHUE APOMACJISIHOI'O TOPEJIOYHOT'O
YCTPOMCTBA JUISAA CKAT AHUS KUJIKAX YTJIEBOJOPOIHBIX
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B pabote Ha mpumepe cMecH OTpaOOTaHHBIX MOTOPHBIX Maceld MPOBOAMTCS U3ydCHHE
XapaKTePUCTUK TOPEHHUs KUJKUX YIIIEBOJAOPOJOB B CTpye Meperperoro BoAsHoro napa [1] B
YCIIOBHSAX 3aKPBITOrO TOINOYHOT'O MPOCTPAHCTBA MPHUMEHUTEIBFHO K CO3/aHUIO 0€3011acHOTro
crocoba yTUiIM3alui HEeKOHAULIUOHHBIX KUKUX TOPIOYMX OTXOJOB C MOJIyY€HUEM TEIUIOBOM
SHEPIHH.

[IpencraBiena MOAECPHUZMPOBAHHAS KOHCTPYKIHS OPUTHHAIBHOIO MapOMACISIHOTO
TOPEJIOYHOT0 YCTPONUCTBA MAJIOW MOITHOCTH [2], OCHOBaHHAs HA MIPUHIUIIE Paclbliia TOTUIMBA
BBICOKOCKOPOCTHOM CTpyel mapa, ¢ BO3MOXXHOCTBIO PEryJIMpPOBKU MOJAYHM MEPBUYHOTO U
BTOPUYHOTO Bo3ayXa. B xoze uccnenoBanuii onpe/ieeHbl HoKa3aTell BPEJHbIX BHIOPOCOB ITPU
u3MeHeHnn Kod¢duureHTa M30bITKA BO3AyXa BHYTpH TOnku. HaydHas HOBHU3HaA pabOThI
3aKJII0YAETCs B TMOJYYEHUM HOBBIX SKCIEPHMEHTAIbHBIX IaHHBIX O IMPOIeccax TOpeHus
HEKOHJMIIMOHHBIX JKUIKUX YIJIEBOJOPOJIOB B YCIOBUAX 3aKPBITOM KaMmephl CTOpPaHHS U C
ympaBieHueM Kod(p(GUIIMEHTOM W30BITKa BO31yXa, KOTOpPBIC [OIMOJHSIOT CBEICHUS O
MeXaHHM3MaX TOPEHHsI B IPUCYTCTBUU Mapa.

B pabote uccnenyercs paboTta ropeoyHOr0 yCTpOHCTBA B Mana3one MourHocT 15-35
KBT B yCIIOBUSIX TUIIOBOT'O BOAOTPEHHOr0 KOTJa MPH Pa3INYHbIX PEKUMHBIX COOTHOIICHUSIX
nap/Bo3ayx/TomuBo. [Ipu BappupOBaHHMU MOJAYu BTOPUYHOTO BO3AyXa (HaaayBa) ObLia
NOJydeHa KaJMOpOBOYHAs 3aBUCHUMOCTb MAacCOBOTO COJEpKAHUS TOKCHYHBIX BELIECTB B
IPOAYKTaxX CropaHus OT 001iero n30bITKa BO3/1yXa B Kamepe cropanus ycraHoBku. [lokasaHo,
4TO /100aBJI€HHE MEPErpeToro BOJSHOIO Mapa 00eCHeuyrBaeT BBICOKYIO MOJHOTY CrOpaHus
TOIIMBA C OJJTHOBPEMEHHBIM CHUkeHHEeM BbIOpocoB CO u NOX B poayKTax cropaHusl.

B xoze skcriepuMeHTOB 000CHOBBIBAETCSI MMEPCIIEKTUBHOCTD MPEIOKEHHOTO MTPUHLIUIIA
CKMTaHUs )KMJIKMX YTJIEBOJOPOJIOB MPU UX PACHBIIIEHUH [IEPETPETHIM BOJISHBIM I1APOM B BULY
HaIM4YUSA pAJa MPAKTUYECKUX MPEUMYIIECTB IMEpell CYUIECTBYIOIIMMHU M IIMPOKO
MPUMEHSIOIIMMHUCS Ha MPAKTUKE perieHusIMU. [IoMHMMO HU3KHUX MMOKa3aTenen Mo coaepKaHUio
BPEJHBIX BEIECTB B YXOJAALIMX ra3aX, KOHCTPYKLUS FOPEIOYHOI0 YCTPOHCTBA 0OecreurBaeT
OECKOHTaKTHBIN pachbli, OTCYTCTBHE TOIJIMBHOM CHCTEMBI BBICOKOTO JaBJICHHUS, MPOOIEM
3aCOpPEHMsI M1 KOKCOBAaHUS KaHAJIOB IOJayd ToluMBa. [IpudeM ele ogHMM IPEUMYIIECTBOM
pa3paboTaHHOMN TOPEJIKU SIBJISIETCS OTHOCUTENBHO Maible rabaputhbl 1 MoutHocTh (0T 10 kBT).
Torna kak OCHOBHBIE aHAJIOTHU JUIS CKUTAHUSI OTXOJ/I0B UCHOJB3YIOT 00Jiee MOIITHBIE TOPETKU
MomHOCThIO OT 200 kBT, M3-3a TOro, 4To OTXOIBI rOpa3io XYK€ ropsT, YeM CTaHIApPTHOE
TOIIJIMBO, TpeOys ropasao 0oJbIlle BpeMEHU CrOPaHHs U, COOTBETCTBEHHO, OOJIBIINE Pa3Meph
KaMephbl Cropanusi. Y Ka3aHHbIE HEIOCTATKH PEIIAOTCs 3@ CUET MCIIOIb30BaHUsI Mapa.

Paboma evinonnena npu noooepocxe PH® (npoexm Ne 18-79-10134-11).

Jlureparypa

1. Anufriev, I.S., Kopyev, E.P., Alekseenko, S.V., Sharypov, O.V., Vigriyanov, M.S. New
ecology safe waste-to-energy technology of liquid fuel combustion with superheated
steam // Energy. — 2022. - V. 250. — Art. No. Ne 123849. DOI
10.1016/j.energy.2022.123849

2. IMarent P® Ne2740722 (UT CO PAH) IlapomacisHoe ropenodHoe ycTpoictBo /
Burpusunos M.C.; Anydpues U.C.; Konbe E.I1.; Cagxun U.C.; Hlapsimos O.B.
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NCCIEAOBAHUE BJIUAHUA PACITPEAEJEHHOI'O OTCOCA HA
COBCTBEHHBIE U YCUJIEHHBIE AKYCTUYECKHUM I1OJIEM
BO3MYUEHUA IIOTPAHUYHOI'O CJ10A

Canosckuii 1. A., Kataconop M.M.

HUncmumym meopemuueckoti u npuknaonou mexanuxu um. C.A. Xpucmuanosuua CO PAH,
Hoeocubupck, Poccus
“sadovski.ivan@yandex.ru

B coBpeMEHHON a’3pOruIpoOMEXaHUKE 10 CHX IOp OCTPO CTOUT 3aJayda YIpPaBICHHS
oOTekaHneM OOBEKTOB B paszIMUYHBIX cperax. B paMkax TpaauIMOHHOTO TOJX0Ja
MACCAKUPCKUE CaMOJIEThl Ha CErOJHSIIHMN J€Hb NPaKTUYECKU JOCTUIIIM Ipefena
ONTUMM3ALMHU  AIPOJAMHAMUYECKOM KOMIIOHOBKH. M3BECTHO, YTO OTpPBIBHOE TEUEHUE
MHOTOKPAaTHO yCHUJIMBAET a3pOJIMHAMUYeCcKoe ConpoTHUBieHue. [Ipu 3ToM, OTphIB MOXKET OBITh
CMEIIEH WM YCTPaHEH TypOynu3anreii morpanuvHoro cios. TypOyneHTHOe 00TeKaHUe TaK ke
HE SBJISETCS ONTUMAIbHBIM, TOCKOJbKY CONPOTUBJICHHE TPEHHS TYpOYJIEHTHOTO
MOTPaHUYHOTO CIJIOSI BHOCUT, COTJIACHO OIICHKAaM, MPUMEPHO IIOJIOBHHY OT OOIIero
conpoTtuBiieHus. B uaeane HeoOxoauMo 100UThCS TaMUHApU3alMA OOTEKaHHsI TaM, T/I€ 3TO B
NPUHIUIIE BO3MOXKHO. TakuM 00pa3oM, pelieHne 3aJaui akTUBHOW ONTUMHU3AIUN O0TEKaHUs
B IEPCHEKTHUBE I103BOJISICT MOJYUYHUTh CHUJIBHOE CHUYKEHUE COINPOTUBJICHUS TPEHUS, a,
cienoBatenbHo, ymeHbinieHnne Cy, myma um pacxonma TorumBa. Hauwbonmbime ycnexu
JOCTUTHYTBI B METOJaX, COYETAloIMX B ce0e aKTUBHOE U MACCHBHOE YIpaBleHUE
norpanuuHbiM  cioeM, T.H. KVYJIO (KoMmMOMHUMPOBAaHHBIM YIpaBlI€HUEM JIAMUHAPHbBIM
oOTekanueM). PacipeniesieHHbI 0TCOC — OMH U3 CaMbIX MEPCIIEKTUBHBIX aKTUBHBIX METOJIOB
BO3/ICIICTBUSl HAa MOTPaHUYHBIA CJIOM yxke ucnoisdyercss B pamkax KVYJIO xBocroBoro
onepeHus Ha camouere bounr 787-9.

B nanHoit pabote nccneayeTcs BO3AeCTBHE pacipeIeIeHHOI0 0Tcoca Ha COOCTBEHHbIE
BO3MYILEHUS IOTPAaHUYHOIO CJIOSI, Pa3BUBAIOLLMECS B ECTECTBEHHBIX YCIOBHIX M YCUICHHBIX
C IOMOUIbIO aKYCTHKHU. DKCIIEPUMEHTHI TPOBOJAMIIMCH Ha 0a3e a’dpoAMHAMUYECKUX YCTAaHOBOK
MT-324 u T-324 UTIIM CO PAH. OtnenbHO BBINOJHSJIOCH YCHUJIEHUE E€CTECTBEHHBIX
BO3MYIIECHUN C TOMOIIBI0 aKyCTHYECKOTO BO3JECUCTBUS HA WX TapMOHMYECKOW YacCTOTE.
['enepanuss ¥ ycuJIeHHE BO3MYILIEHMH C MOMOIIBIO aKyCTUKU SIBJISETCS anpoOMpPOBAHHBIM
METO/IOM, TIPUMEHSBIIEMCS, Hampumep, B pabore [1]. OcoOEHHOCTHIO OpraHU3alUU
pacrpeIelIeHHOr0 0Tcoca B IOTPAaHUYHOM CJI0€ CKOJIB3AIIEeT0 Kpbula Obliia THAPOIMHAMUYECKH
IJ1ajgKkas [pOHMIIaeMasi IOBEPXHOCTh, 4Yepe3 KOTOpPYI Mpou3BoAuics orcoc. B a3roit
MOBEPXHOCTU HEPOBHOCTH HACTOJIBKO MAJIbl, YTO HE BIIMAIOT HA IOTOK U Pa3BUTHE BO3MYILEHUI
B HeM. Pe3ynbTaToM HCCIIEJOBAHUN CTajJO0 yMEHbIIEHHE TOJIIMHBI MOTPAHUYHOTO CJIOSI U
yCTpaHEHHE OTphIBa. be3 HCmoibp30BaHMS OTCOCAa €CTECTBEHHBIE BO3MYILEHHS B JaHHBIX
YCIOBUSIX AKTHBHO HAapacTalT, BIUIOTh 1O OOpa3oBaHUsA TYpOYJIEHTHBIX ISTEH B KOHIE
o0nacTi u3MepeHuil. AKYCTHUYECKOE BO3JIEHCTBHE YCHIMBAeT CKOPOCTh HapacTaHMA
aMILIUTYIbl BO3MYILIEHHUs. PacnpeneneHHbIl OTCOC TakK K€ BO3JCHCTBYET HA YCUJICHHBIE
aKyCTUKOH COOCTBEHHBIE BO3MYILEHUS, YCTpaHSs UX POCT Ha MPOTSKEHUHM Bced obiacTu
WU3MEPEHUM.

Hccnedosanue svinonneno 3a cuem epauma Poccutickoz2o nayunozo gonoa (npoexm Ne
23-29-00670, https://rscf.ru/project/23-29-00670/)

Jlutreparypa

1. Josramp A. B., KoznoB B. B., CumonoB O. A. Bo30yxnaeHue 3ByKOM KoOJI€OaHUMA
MOTPAHUYHOTO CJI0s Ha CKOJIb3siieM Kpblie // Yuensie 3anucku LIATM. 1989. Ne6
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JIABEPHASA 30JIOTONHAYHNUPOBAHHASA KPUCTAJVIN3ALIUA
TOHKUX IIEHOK CYBOKCUJIA KPEMHUA

CamoxsanoB ®.A.%%", Pomonos A.A.2, bapanos E.A.l, 3amunii A.O., Crapunckuit C.B.1?

1) Uncmumym mennoghuzuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2ocyoapcmeennulil ynusepcumem, Hosocubupcxk, Poccus
“faddeysamokhvalov@gmail.com

CeroaHst MONyNPOBOAHUKOBAS AJIEKTPOHHMKA HMCIIONB3YETCsS BO MHOTHX obOnacTsx. Tak,
TOHKOIUIEHOYHBIE MOJUKPUCTAIUIMUECKHUE MOJIYIPOBOJHUKOBBIE MaTepuajbl MEPCHEKTUBHbI
JUISI MUKPO-, HAaHO-, OTITORJICKTPOHHUKH U (poToBONIBTanKH. OIHOM U3 KIIIOYEBBIX TOTpeOHOCTEH
JUISL TIPOMBIIINIEHHOTO TPOM3BOJCTBA SBIIAETCS yJEHICBICHUE MOJO0OHBIX MAaTepHalioB, B
YaCTHOCTH, UCIIOJIb30BaHUE B KAYECTBE MOJIOKEK CTeKIa U MmacTuka. OCHOBHBIM METOJIOM
MOJTyYEHUS! TOHKUX IIEHOK MOJIMKPUCTAIIIMYECKOTO KPEMHHUSI SBIISETCS TEPMUYECKHUIM OTKUT
WIEHOK amop¢Horo kpemHus. OmHAKO, TEPMHUYECKHI OTKHUT TpeOOBATEICH K BHEUIHUM
yCIIOBUSIM: BBICOKasl Temreparypa mpoiecca (6oxee 600°C), HEOOXOAUMOCTh MOIEPKUBATH
BBICOKH BaKyyM, MPOJOKUTENIBHOCTD (Oosiee 10-Tu yacoB). CyllecTBYIOT ajJbTepHATUBHEIE
METOJIbl KPUCTAJUTM3AIMK, HampuMep: Ja3zep-uHayuupoBaHHas kpuctamumzamus (JIMK) u
MeTaJI-uHIynupoBanHas kpuctammmsanus (MUK). Beura mocrasiena 3ajgada oObeIUHUTH
MUK u JIUK ans nomy4yeHus: ObICTPOro U HETPEOOBATENBHOTO K BHEIIIHUM YCIOBHSIM CIIOCO0a
KpUCTAJIIIU3AL1H.

B npanHoli pabore mpencTaBieHbl Pe3ydbTaThl AKCIEPUMEHTAIBHOTO HUCCIIECJOBAHUS
KPUCTAJIIM3AaUU aMOP(PHOr0 KpPEMHHUS C UCIOJIb30BAaHUEM HAHOCEKYHJHOTO HMIIYJIbCHOI'O
Ja3€pHOr0 OT)KHra B COYETAaHUU C METOJOM METAUl MHIYLIMPOBAaHHOW KpPUCTAJUIM3aLUU.
OGpa3zerr mpencTaBiseT cOO0N CIOUCTYIO CTPYKTYPY M3 IUIEHKH 30J10Ta, ToMmuHONU 30 HM, U
TIEHKNW aMOp(HOro KpeMHusi, Tonmuuoi 130 uM. [[ns maszepHOro oTkura Mcnosiab30BaIHCh
nBe niauHbl BoHBL 532 u 1064 um. UK wusnydenune momudummpyer marepuan ¥ uUMeEET
6onboi pabounii auanasoH sHepruid. [lopor mogudukammu s UK usnyuenus coctaBui
0,12 JIx/cm?. Tlonm BO3AeHCTBHEM BHAMMOTO M3IydeHHs HAOIONANCS PasphlB U OTCIOCHHE
TUIEHKA KOMITO3UTa. AHAJOTMYHbIE 3KCIIEPUMEHTHI ObLTH NpoBeeHbl B Bakyyme. RAMAN
CIIEKTPOCKOIIMs MaTepuajga I0Kas3ajla, YTO KPeMHUN Kpucraumsyercs nox aercrsuem MK
U3ITy4EHHUS.

BrniepBble 10HOPHBIM METAJIIOM Il TAKOTO MPOIIEcca BHIOPAaHO 30JI0TO, TaK Kak 00pazyeT
C KPEMHHEM TOUYKY IBTEKTUKHM C CAMOM HU3KOW TeMIlepaTypoil M He okucisercs. [lokasana
BO3MOXXHOCTh KpPUCTAJLIM30BaTh aMOP(HBIA KPEMHUN NPEUIOKEHHBIM METOJIOM, KaK B
BO3/yX€, TaK MU B Bakyyme. B Oynymiem OyayT NMpOBOAMTHCS MOUCKH JIPYTHX BO3MOXKHBIX
pPeXUMOB pabOThl U HCCIEIOBAaHUE 3aBHCHMOCTH TpoIecca OT UIUTEIbHOCTH JIa3€pHOTO
UMITyJIbCA.

Hccnedosanue evinonneno npu gunancosoii noooepiicke PODPU u BPODU No 2(-58-
04021.

Jlureparypa
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2. Starinskiy S. V. et al. Formation of periodic superhydrophilic microstructures by infrared
nanosecond laser processing of single-crystal silicon // Appl. Surf. Sci.-2020.- Vol. 512-
Article. 145753.
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HEN30TEPMHNYECKOE UCITAPEHUE KAIIEJIb BOJHbIX
PACTBOPOB ITAB
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B nmocnennue gecATuneTHs SIEKTPOHHBIE YCTPOIICTBA HMMEIOT TEHIEHIUIO K
MUHUATIOPU3AIMH, 4YTO TpeOyeT pa3pabOTKM HOBBIX CHCTEM OXJaxjaeHus. KamembHoe
OXJIaXKJIeHUE Ha o0orpeBaeMoit cTeHKe 3(h(PEeKTUBHO HCIIONB3YETCSl B CUIIOBBIX YCTPOUCTBAX C
BBICOKMMH TUIOTHOCTSIMU TEIUIOBOTO ToTOKA. Vcnonb3oBanue [TAB npuBOANT K yBETUYCHHIO
JUaMeTpa MITHa CMauMBaHUs U CKOPOCTH UCTIapeHUs Kamnenb. HecMoTpst Ha upoKuii HHTepec
U MHOTOYHCIICHHBIC Pa0OTHI B 3TOH OOJIACTH, JO CHX IOP OCTAIOTCS HEHMCCIIEIOBAHHBIMU
Bonpockl BrusiHus [IAB u temmepaTypbl MOAJOKKH Ha KOHBEKIMIO B Karule, a TakKe Ha
HEOJTHOPOJHOCTh HArpeBa KaIlUIW W YMCHBIICHUS NapIHUaIbHOTO JABJICHHS Iapa ¢
yBeIu4YeHreM KoHueHTpauu [TAB.

B nanHO# paboTe SKCIEePUMEHTAIBLHO HCCIEAYSTCS BIMSHUE HA CKOPOCTh MCITAPCHUS
Kaneyib Temneparypbl creHku B auanazoHe 20-90 °C u konuentpauuu IIAB B BogHOM
pactBope naypuwicynbdara Hatpus (SLS) or 0 no 10000 ppm. BriepBrie mokazaHo, 4To mnpu
MOBBIIICHUH TEMIEPATypbl CTEHKH IPOUCXOJUT HMHBEPCUS CKOPOCTH HCHAPEHUS IO
OTHONICHHIO K TUAMETPy Karuti. BimsHue KITF0oueBbIX (PaKTOPOB Ha MCIIAPEHUE KATLIH BOJIBI C
SLS mensercs ¢ TemnepaTypoii. Takum oOpa3om, rpH cabo HArpeTon CTEHKE POCT TuameTpa
KaIlTi CTaHOBHTCS mpeobianaromuM. [Tpu GONBIINX TETUIOBBIX MOTOKAX MPEOOIaacT poJib
HEU30TepMUYHOCTU. J[71s1 ompeneneHus MHAMBHAyanbHOro BiusHus [TAB Ha maprmanbHoe
JABJICHUE BOJSHOTO Iapa OBUIM TIPOBEJCHBI ONBITHI IO HWCHAPEHUIO CJIOS IKUIKOCTH.
[TomyueHHbIe pe3yabTaThl M YIPOIIEHHBIE OLIEHKH MOTYT OBITh MCTIOJIB30BAHBI AJI PA3BUTHS
CYIIECTBYIOIIUX PACYCTHBIX MOJIENICH, a TaKXKe JIJI ONTHMH3AINH TEXHOJOTHH OXJTaKICHUSI
CUJIBHO HarpeThIX MOBEPXHOCTEH.

Hccneoosanue gvinonneno sa cuem epanma Poccutickoeo nayunoeo gponoa (npoexm Ne
20-79-10096, https://rscf.ru/project/20-79-10096/).
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JIOKAJIBHBIE XAPAKTEPUCTHUKU TEIIVIOOBMEHA U
IBOJIIOIHUA MUKPOCJ0A ITPU KUIIEHUU )KUJIKOCTHU B
BAKYYME

Cepmokos B.C.", Manaxos W.II., Cypraes A.C.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust

vsserd@gmail.com

Kumenve JXKHIKOCTH SsBISETCS OOHUM U3 HambOojee HP(HEKTHBHBIX CIOCOOOB
TEIUIOOTBOJIAa M IIUPOKO MCIOJIB3YeTCs B pa3IM4YHBIX O0JACTSAX IPOMBIIIJICHHOCTH, B
YaCTHOCTH, B TEIJIOOHEPIETUKE, IS OXJIAXAECHHUS AaTOMHBIX PEAKTOPOB, B XMMHUYECKOW U
NUILEBOM NPOMBIIIIEHHOCTH M T.A. Kpome Toro, BakHOW 3amayeil sBJISETCS MOBBILICHUE
(YHKIIMOHAJIBHOCTU M HAJEKHOCTH padOThl Pa3IN4HbIX YCTPOUCTB MUKPOAJIEKTPOHUKH, JUIS
4ero HeoOXOIUMO MOAJEPKHMBATh TEMIIEPAaTypy HMX 3JEMEHTOB IOCTOSHHOW Ha 3aJaHHOM
ypoBHe. Kunenue siBisieTcsi NepCreKTUBHBIM CIIOCOOOM ISl OXJIaXKICHHS TAKUX YCTPONCTB, B
YaCTHOCTH, JABYX(a3HOe MOTpyXHOE OXJaXKIACHUE YK€ aKTHMBHO INpUMEHseTcss B pabore
CBEPXIIPOU3BOJIUTENBHBIX cepBepoB. OTIEILHOIO BHUMAHUS 3aCIyKUBAIOT MPOLECCHI TEIIO-
U MaccooOMeHa, MMEIIUEe MECTO NpPH KHUIIEHHM XHUJIKOCTU B 00jacTu cybaTMoc(hepHbIX
naBieHui. [loHmKeHue 1aBiIeHUs MO3BOJISIET CYIIECTBEHHO CHU3UTH TEMIIEPATypy KUIICHUS
paboueil JKUAKOCTM U, KaK CJIEJICTBHE, YMEHBIIUTh 3HEPro3arparbl B KOHKPETHOM
IPOMBIIIICHHOM IHKIIe. [lo3TOMY KHMeHne nmpu cy0aTMOC(hEepHBIX AaBICHHUIX PEaTH3yeTcs B
psizie sHepreTuyeckoro obopyznoBanus. Kpome Toro, KkuneHue npu MOHUKEHHOM JABICHUU
MOJKET OBITh UCHOJIB30BAHO ISl CO3/IaHUSI HOBBIX IMEPCIEKTHUBHBIX TEXHOJOTWN Ha OCHOBE
BO300HOBJISIEMBIX HCTOYHMKOB JHEPIUHU, HANpPUMEp, A HPOEKTUPOBAHUSA M CO3JAHUA
BbICOKOA()(DEKTUBHBIX CUCTEM XPAaHEHUS COJTHEUHOM SHEPruu M T.1.

B Hactosimeli pabote mpecTaBieHbl pe3ysbTaThl UCCIESIOBaHMS BIUSHUS J1aBJICHUS B
muana3zone 8 - 101 k[la Ha joKanbHBINA TEMI00OMEH, JUHAMHKY MHUKPOCIOS M TPOWHOMN
KOHTAKTHOM JIMHUU NMPU KUIEHUU BOJBI U 3TUJIOBOTO CHHUPTA. DKCIEPUMEHTAIbHbIE JaHHBIE
OBLIM TMOJIYy4EHbl C IIOMOUIbIO BBICOKOCKOPOCTHOM HH(pakpacHOH TepMorpaduu, 4To
MO3BOJIMJIO IIPOAHAU3UPOBATh HECTAllMOHAPHOE TIOJIe TEeMIEepaTypbl MOBEPXHOCTH MOJ
OTJIENbHBIMU TY3bIPSIMU M 3BOJIIOLMIO MHUKPOCIOS C BBICOKMM THPOCTPAHCTBEHHBIM H
BpPEMEHHBIM pa3pelieHneM. B ucciesnoBaHNM MCMONb30Bajlachk Mpo3padyHas HarpeBaTelbHas
MIOBEPXHOCTh Ha OCHOBE car(upoBOi MOIOKKNA B TOHKOIIIeHO9HOTO | TO HarpeBaresns, 4To
TaK)K€ MO3BOJIMJIO TIPOBECTH BBICOKOCKOPOCTHYIO BHAEO BHU3YaIM3aLUI0 C HUKHEH CTOPOHBI
HarpeBatend. [l oOpaOOTKM MOJyYEeHHOTO MAacCHBa JAHHBIX 110 MYJIbTHUMACHITaA0OHBIM
XapaKTepUCTHKaM KHIIEHUs, BKJIIOYash CKOPOCTH POCTa U OTPBIBHBIE JHAMETPbHI MAapOBBIX
My3bIpell, MIOTHOCTh IIEHTPOB NapooOpa3oBaHMsI, YACTOThl OTpPbIBA MYy3bIpEH M TOJIIIHUHY
MHUKpPOCJIOSl OBUIO HCIOJIb30BAaHO MAIIMHHOE 3pEHHE Ha OCHOBE HEMPOHHBIX CETEH.
[TonmyueHHnble B paboTe pe3yibTaThl TMO3BOJSAIOT pa3padoTaTh HOBBIE, OO0J€€ TOUYHBIE
TEOPETUYECKHE IOAXOJbl K OINUCAHUIO JIOKAIBHOIO M HMHTErPaIbHOTO TEIUIOOOMEHa IpH
KHATICHUH KHUJIKOCTH B IIMPOKOM JTHAITa30HE PEKUMHBIX ITapaMeTPOB.

Hccnedosanue gvinonneno 3a cuém epanma Poccutickoeo Hayunozo @ownoa (npoexm Ne
22-79-00174, https://rscf.ru/project/22-79-00174/).
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W3MEPEHUE TEIIJIOBOI'O HOTOKA, OTBOAUMOI'O KAILJIEN
AKNUIAKOCTH, ITPU TAJEHUUN HA TBEPAYIO ITIOBEPXHOCTD B
CIIYTHOM IIOTOKE I'A3A
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OaHuM U3 METOAOB OTBEJACHHUS OOJBIIMX TEIJIOBBIX IMOTOKOB SBIISETCS ra3ocHpenHoe
OXJIXK/ICHUE, KOTOpOE 3a CU€T CHYTHOTO TOTOKA Ta3a W JKUIAKOCTH IO3BOJSET MOJIYYHTH
MEJIKOJIMCIIEPCHBII CI0U Kamenb ¢ O0JIbIION CKOPOCThIO. [[1sl 1eTanbHOro MOHUMAaHUS STOTO
nporiecca 1 MOCTPOSHUSI HHTErPAIbHBIX MOZEIIeH He0OX0AMMO HCCIIeI0BATh B3aUMO/ICHCTBHE
OTJICIbHBIX Karellb ¢ HarpeToi MOIOKKOM.

BonpmmHCTBO paboT 1O B3aMMOJACHCTBHIO OJMHOYHBIX Kareidb C MOBEPXHOCTHIO
W3Y4YalOT KallUlk, NaJalollde Ha TMOJJIOKKY C HEKOTOPOW BBICOTHI MU Pa3rOHsAEMBbIE
anekTpudeckuM mnosieM [ 1]. OnHako Takue 3KCIEPUMEHTHI HE JA0T B IIOJTHOW Mepe TOHUMaHUs
mpolecca B3auMOICUCTBUS Karellb MPU Ta30CIPEHHOM OXJIaXKIeHUH, TOCKOJIbKY OTCYTCTBYET
CIIYTHBIH TMOTOK ra3a, KOTOPBI pa3roHseT KAk U YBETHYMBACT CKOPOCTh UCTIAPCHHUS.

Mgl uccnenyemM B3auMOACHCTBHE TaKMX Karellb C MOA0KKON MPH MOMOIIY YCTaHOBKH,
cxeMa KOTOpOM IIpecTaBiI€HHAa Ha puc. l. BBICOKOCKOpOCTHas Kamepa CHUMAET IIPOLecC
pacTekaHus, a METOJ TOHKOU (DOJbIu, KOTOPBINA MO3BOJISIET U3MEPUTH TEMIEpaTrypy (oJIbru
HETIOCPEACTBEHHO 10| KarIel. 3aTeM, ¢ TIOMOIIBIO pelIeHus] 0OpaTHOM 3a7ayuu, ONpPEeIUTh
TEIIOBOM MOTOK Ha rPaHUIIe TBEPIOTO TeJa U Karlu.

Kommpeccop
lInpuiieBoi
Hacoc
BbLieT MenKOH KallJu
BO/JIbI B IOTOKe BO3/1yXa
Qoabra
BricokoCcKopoCTHast

OcBeTuTeNb D KkaMepa

) — Harsxurenu

TTHTAHHA \ f

Tennosusop

Puc. 1. IIpumep noanucu pucyHka.

Paboma 8bINOJIHEHA npu noooepoxcke  epauma  PH®  21-79-10373,
https://rscf.ru/project/21-79-10373/.

Jlureparypa
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PACYET TIPOBOAMMOCTHU KAIINIIbI HA I'PAHUIIE PA3JIEJIA
ITAPBI TBEPABIX TEJI U3 KPEMHUA U AJIFOMUHUA

*
Cwmonosa E.Y", Xsecrok B.1.22

1,2) Mockosckuti cocyoapcmeentblil mexHudeckuti ynusepcumem um. H.D.baymana, Mockaa,
Poccus
“silionova.ei@gmail.com

[TpoBogumocTs MHTEp(elica, WiaM Tak Ha3zblBaeMass MPoBOAMMOCTb Kamuiel, koTopas
ONHUCHIBACT 3P (PEKTUBHOCTH EPEHOCA TEMIOBOTO MOTOKA HA TPAHHIIE MEXK/Ty ABYMS TBEPIBIMU
TeJIaMHU, BJISIETCSA KOHLIENIIUEH, KoTopas TpeOyeT AajabHEeHIIero pa3BUTHsl, 4TOObl 00ECTIEUUTh
HaJIe)KHBIE TPE/ICKA3aHUs TEIUIOBBIX PEXKUMOB Pa3IMUHBIX HAHOYCTPOUCTB. IMEHHO O3TOMY
pa3paboTKa KOPPEKTHON MOZETH pacyéTa NpeCTaBiIsIeT B HACTOsIIee BpeMs 0COObII HHTepec.

B nannoii pabote ObIT pacCMOTPEH TPUBHAIBHBIN CiTy4ail 0JJHOTO HHTEp(delica — TO ecTh
JIBYX COINpPSDKEHHBIX IOJYIIPOCTPAHCTB. B OCHOBE pacyeToB HCHOIb30BaIaCh MOJIEINb
AKyCTUYECKOTO HECOOTBETCTBHSI, NPH 3TOM JIOTIOJIHUTEIBHO OBUTM YYTECHBI CIIEAYIOIINE
(akTOpBl: TEIUIOBBIE IOTOKH C 00€HUX CTOPOH MHTep(eiica, MONIHOE BHYTPEHHEE OTpakKeHUE
na/laloulel BOJHBI, IUCHEPCHs aKyCTUYECKUX BOJIH, a TaK)K€ OIPAaHMYEHHOCTh YaCTOT BOJIH
MaKCUMaJIbHBIMU 3Ha4eHUsAMU. JIaHHBIN 10AX0[ 00Jiee MOJHO YYUTHIBACT CBOWCTBA YIIPYIHX
BOJIH. B KauecTBe HCXOIHBIX TaHHBIX JIJIsl PACYETOB B3ATa CYHIECTBYIOIIAs peabHas (POHOHHAS
nucnepcus [1], [2].

Ha pucynke 1 mpencraBieHO cpaBHEHHE IIOJIyY€HHBIX B pE3YJIbTaTe pPacdyeToB
pe3yabTaTOB C 3KCIEPUMEHTAIbHBIMU JaHHbIMU [3]. BuaHo, 4To Hamitydliee coriacoBaHHe
npoucxoauT B uHTepBasie temmneparyp 0-60 K. Dto oObsicHseTcss Tem, 4TO AJi pacueToB
UCIIOJIb30BATIOCHh MPEMONI0KEHUE O TOM, UTO pa3HUIlA TEMIIEPATyp Ha TPAHULIE KOHTAKTa Maja.
Opnaxo, ObII0 OOHAPYKEHO, UTO YEM BBIIIE CPEAHSS TeMmIeparypa uHrepdeiica, TeM BbIIIE
BEJIMYMHA JIaHHOW pa3HUIIbI, YTO HEOOXOMMO YUUTHIBATh MPH pacdyeTax, U 4To JaeT B UTOTe
0osee KOPPEKTHBIE PE3YIbTATHI.
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Puc. 1. [IpoBoaumocts Al-Si nuntepdeiica.

Jlureparypa
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JTUHAMUKA TTAJAIOINX KAMEJD )KUJIKOCTH B
3ABUCHUMOCTH OT YN CJA BEBEPA U TEILUIOBBIX
XAPAKTEPUCTHK MOJJIOKKHA

CutaukoB B.0.%2, T'atanosa E.5.12

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus

Pabora mocsdieHa M3y4eHHIO TUHAMHUKU KaIUld >KUJIKOCTH, MaJalollell Ha HarpeTyro
NOBEpPXHOCTh. B KkadecTBe paboueil XKHUIKOCTH HCIIOJIB30BAINCH BOAA M IMAJICKTPUYECKas
)uakocte HFE 7100. B OCHOBHBIX 3KCIIEpUMEHTaxX TeMIlepaTypa MOMJIOXKKa Oblia BBIIIE
TEMIEPATYPhl KUTICHUS >KHJKOCTH: JUIS OYMIICHHOW JCTa3MpPOBAHHOW JIEHOHU3WPOBAHHOMN
Boael Milli-Q 100 — 170°C, ans HFE-7100 temneparypa BapsrpoBaiack ot 50 mo 130°C.
[Momnoxkoi ciry>xuina carndupoBas INIACTHHA C PO3PAYHBIM HAarpeBaTeIeM U3 OKCH/Ia MH U -
0JIOBA, YTO MO3BOJISIIO BU3YAIM3UPOBATH CBEPXY OOpa3yIOLIUECs My3bIpU B Karljie )KUIKOCTH.
Kammu xuakoctd  (GOpMUPOBATUCH C TIOMOINBIO IINIIPUIICBOTO HAcOCa M HAKOHCYHHKA
nuamerpom 0.35 mm. Uucna Bebepa mis Boasl BapsupoBauch We = 38 — 97, a s HFE-7100
We = 164 — 493. Buzyanuszanusi mpoBOJIMIACE C TIOMOIIBIO BBHICOKOCKOPOCTHOW Kamephl
Phantom VEO 410L u crepeomukpockona Ansramu (Puc. 1). ITogpobGHoe ommcanue
YCTaHOBKH MOKHO HalTH B peAbIAyIuX padorax [1, 2].

./—\\

@q@ 50 " %0

[ 4 moomn' wnaum' |ooopm' mooum' 1000 pm

Puc. 1. Pexxum atomusaruu (atomization) Tw=80°C, We=118, HFE 7100.

IMpousBoauack mokaapoBas 00pabOTKa 3aMMCAHHBIX JaHHBIX. BBUTH MOJTyYeHBI KapThl
PEXHMMOB COyIapeHHsl B 3aBUCHMOCTH OT 4nciia BeGepa n HCX0IHOM TeMIiepaTyphl MOUTOKKH
quist Bonel U it HFE-7100, rucrorpammsl my3bipeii mapa, BOSHUKAIOIINE B TOHKOW IJICHKE
YKUJIKOCTH JUTSI pa3IHuHBIX uncesl BeGepa, 3aBUCUMOCTH KOHTAKTHBIX JIUAMETPOB PACTCKaHUS
Karesnb oT uyncen BebGepa, ObLIM MCCIEIOBaHBI BPEMEHA Pa3pbiBa TOHKOW TUICHKH JKHIKOCTH B
3aBUCHMOCTH OT TEMIIEPaTyphl MOJUIOKKU. BBIIENEHBI HOBbIE PEKUMBI ISl JIETKOKHITSIICH
xuakoctn HFE 7100.

HUccnedosanue gvinonneno npu ¢hunarncogotl noodepaicke Poccutickozo nayynoeo gponoa
(npoexm 22-19-00581, https://rscf.ru/project/22-19-00581)
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YUCJIEHHOE MOJAEJIUMPOBAHUE UMITAKTHOI'O IIVTAMEHHU C
NCITOJb30BAHMEM JETAJIBHBIX KHHETHYECKHUX
MEXAHU3MOB

CnacTtHas IL.A.l'Z*, XpebToB M.IO.12 Hynua B.M. 12

1) Unemumym mennogusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2ocyoapemeennutit ynusepcumem, Hosocubupck, Poccus
“da.slastnaya@gmail.com

HmnakTHble (HaTeKalolue Ha Iperpaay) CTpyu ¢ TOPEHUEM PEeallu3yIOTCs B pa3IUYHbBIX
MIPOMBINIJICHHBIX YCTPOHMCTBAX B MPOIECCaX HArpeBa, MIIAaBICHUS, 00pabOTKU MOBEPXHOCTH U
CHUHTE3a MaTepHasioB. BaKHbIMH acrieKTaMu MMIIAKTHBIX IJIAMEH SBIISIOTCS HEPaBHOMEPHBII
TETIO0OMEH M OCOOEHHOCTH XUMHUYECKOTO PearnpoBaHus B MPUCTEHHOW oOnactu. B manHoU
paboTe BBIMIOJIHEHO MpsAMOE 4HCIeHHOoe MojaenupoBaHue (DNS) umMmmakTHOTrO IIaMeHU
MPeBAPUTEIILHO TIEPEMENIaHHON CMecH B (popMe KOHYyCa, HAPABICHHOT'O MEPIICHANKYISIPHO
HAa TUIOCKYIO Mperpaay ¢ UCHOIb30BAaHUEM JIETATbHBIX KHHETUUECKUX.

[TpenBapuTenbHO MEpEMENIaHHAs METAHOBO3IYIITHAS CMECh ¢ KOAPPHUITUEHTOM U30BITKA
toruBa ¢ = 0,918 BbITekaeT u3 comia Burommuckoro (yaapHbiii npoduip) quamerpom d =
15 MM npu umcne Peiinonsaca Re = 1000, Temmeparypa raza Tges = 293 K. Ilperpanoit
ABIISETCS TUIOCKAsl MOBEPXHOCTh MOCTOSHHOM TeMmmepatypbl Twan = 371 K, paccrosnue no
KoTopoii oT kpoMku corwta h / d = 1. BeruucnurenbHas 00J1acTh MPEACTABISAET CO00I CEKTOP
MUWIMH]IpA BBICOTON 65 MM, paauycom 100 MM 1 yriioMm pactBopa 5° (mpeamnonaraercsi oceBast
cuMMeTpus TeueHus ). Pacuetnas ceTka coctosiaa u3 2 X 10° yeTsIpexyronpHbIx sueek. Ilomxor
OCYIIECTBIISUICSI TIOCJE€ YCTAaHOBIIEHUSI PABHOBECHUS PE3KUM YBEIMYEHHEM TeMIEpaTyphl
TOPU30HTAIBHOM MOBEPXHOCTHU coria Tspark = 2500 K.

Brruncnenue npoBOIMIINCh HA OCHOBE OTKPBITOTO BRIYUCIUTENBHOTO Kojia OpenFOAM,
JUTSE MOJISITHPOBAHUS THIPOJIUHAMUKA B KOTOPOM TPHUMEHSETCS METOJ KOHEYHBIX 00BEMOB.
XuMmudeckass KHHETHKa OMPeesiach ¢ MOMOIIbI0 pacueTHoro makera laminarSMOKE [1],
MO3BOJISIONIECTO YYUTHIBATH JICTATBHBIE MEXaHW3MbI PEAKIIMH, IyTeM BBEJCHHS OIepaTopa
pa3nenenus Ctpenra. JlanHble 00 3IeMEHTAPHBIX PEaKIUAX 3a/1aBajiCh OTAEIBHBIM (ailiiom
B ¢opmare CHEMKIN: wucnons3yemsrii kunetuueckuii mexanmsm - GRI-Mech 3.0,
BKIItOUaron il 53 xommnoneHTa u 324 peakiuu. [Ijis mocTpoeHUs Ha4aIbHOTO MOJS CKOPOCTH
ObUT HWCTONB30BaH permiatens SimpleFoam, nanmbHeiiine BBIYKUCICHUS MPOBOIMIHCH
laminarBuoyantPimpleSMOKE.

[TosrydeHbl OIS CKOPOCTH, TEMIIEPATyPhl U MACCOBBIX JIOJICH KOMIIOHCHTOB PEaKITUH.
[IpoBeneHO CcpaBHEHHE TONsI TEMIIEPATypbl C pe3yldbTaTaMH paHee MPOBEIACHHOTO
skcriepumenta MetogoM Two Color PLIF [2]. MccrienoBanbl mpoduiin 0CEBON U paJnaibHON
KOMIIOHEHT CKOPOCTH, a TaKXe MPOQIIM MOJBHBIX JOJEH OCHOBHBIX KOMIIOHEHTOB CMECH
norepek (poHTa TUIAMEHHW. VI3ydeH TeII0OOMEH HWMITAaKTHOTO IUIaMEHU C Mperpajioi.
BrlenepeunicneHHbIe pe3yabTaThl OYAYT MPEICTaBICHBI B TOKIIA/IC.

Paboma  ewinonmena ¢ ucnonvzogaHuem  GLIYUCIUMENbHOU — MOUWHOCIU
cynepromnviomepa “Kacxao” UT CO PAH / HI'Y. Paboma noodepaicana epanmom PHD Ne
22-19-00803, https://rscf.ru/project/22-19-00803.
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83



N3MEHEHUE '’EOMETPUUA KAILJIX ITPU NCITAPEHUU C
BU®UJIBHOM MOBEPXHOCTHU B IOCTOSAHHOM
IJIEKTPUYECKOM ITIOJIE

CmupHOB HU.1?, Cadonon AN, Poguonos A.A.2, Mucekus H.B.1?, Crapunckas EM.1?,
Crapunckuii C.B.12

1) Uncmumym mennoghuzuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccus
2) Hogocubupckuii eocyoapcmeennulil ynusepcumem, Hosocubupck, Poccus
“n.smirnov3@g.nsu.ru

Ucnapenue xkamenb ¢ pa3iMUHBIX CTPYKTYPUPOBAHHBIX IMOBEPXHOCTEH SIBISIETCS
aKTyaJIbHOHM 3a/adeif, KOTopas IIMPOKO HCCIEAYeTCS M UMEET MHOXKECTBO TEXHHUYECKUX
npwioxenuid [1]. Takke He ocTaroTcs 0€3 BHMMAaHMS MCCIEIOBAaHUS B OOJACTH BIUSHHS
AIIEKTPUYECKOTO TOJI Ha TEOMETPHUIO KaIlIM M CKOPOCTh ee ucnapenus [2]. OcoOrlif mHTEpec
MPEJICTABISIIOT OM(WIBHBIE TOBEPXHOCTH — CJIOKHO CTPYKTYPHPOBAHHBIC ITOBEPXHOCTH,
UMEIOIINE PEe3KUil TMPOCTPAHCTBEHHBIM NEPEeXOo]] MEXIy YYacTKaMH C KOHTPACTHBIMU
cBoiictBamu cmaunBaeMocTH [3]. TlogoOHBIE MOBEPXHOCTH HMEIOT OOJBINON MOTEHIIHAT B
Pa3IMYHBIX MPOU3BOJCTBEHHBIX MPHIOKEHUAX, TaK KaK MOTYT OBbITh HCHOJIB30BaHBI IS
KOHTPOJIMPOBAHHOTO JIBMIKCHUS KHUJIKOCTEH, YIPABISIEMOTO OCAKICHHUS U WHTCHCH(PUKAIIUU
teruiooOMeHa. B HacTosimelt paboTe NMPOBOAWIOCH HCCIENOBAHUE TUHAMUKUA HCIApEHUs
CUISIYMX Karellb Pa3IMYHbIX KHUJAKOCTEH ¢ OHQWILHON TOBEPXHOCTH B IOCTOSHHOM
anekTpudeckoMm mone (puc. 1). [lonydyeHHble JaHHBIC TO3BOJIAT PACIIUPUTD MPEACTABICHUS O
KHHETHKE MCTIapEHUs Karelb MPU BO3IEHCTBUU ICKTPUUYECKOTO OIS,

Puc. 1. I3MeHeHre reoMeTpHUH KaIljli B TIOCTOSIHHOM DJIEKTPHUYECKOM TI0JIE: a)
rmepuH; 0) Boja.

Paboma ewinonnena npu urancogoi nodoepicke epawma Poccuiicko2o HayuHo2o
gonoa (npoexm Ne 18-79-10119-17, https://rscf.ru/project/21-79-03019/)
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B3AMMOJIEACTBUE KAILIU KHIKOCTH C
CYNEPTUJPO®OBHOI MOBEPXHOCTHIO

ComBanu [1L.M.1, Uesepaa B.B.1?", Ka6os O.A.1*

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus

2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
3) Hosocubupckuii 2ocyoapcmeennvlit mexnHuueckuil ynusepcumem, Hosocubupck, Poccus
“praveen.somwanshi@gmail.com, slava.cheverda@gmail.com
B3anmopencTeue Kammm ¢ TBEPAOM NMOBEPXHOCTHIO IIUPOKO M3y4aeTCs HKCIIEPUMEHTAIIBHO,
YHUCIIEHHO U TEOPETUYECKU M3-3a BAXKHOCTH JAHHBIX IMPOLIECCOB B MpHpojae M TexHuke [1].
TpexdaszHas KOHTAKTHAsS JIMHUAS IEMOHCTPUPYET 3HAUUTEIBHYIO BEJIMUYUHY TEIIOBOTO MOTOKA
[2, 3].

Teruroniepenaromue XapakTepUCTHKH BOJBI M TIIMIICPUHA CPABHUBAIOTCS B JIAHHOM
pabote. VMI3MeHeHNe HANPSXKEHUS CIBUTA HA CTEHKE B 3aBUCHMOCTH OT BPEMEHH MMOKa3aHO Ha
pucynke 1(a). Hampsbkenue ciaBura Ha CTEHE YBEIMYMBACTCS /10 MAaKCUMyMa, a 3aTeM
yMeHblaercs. HampsbkeHue clBUra Ha CTEHKE MPSMO MPOMOPIUOHATIBHO JUHAMHYECKON
BSI3KOCTH, CKOPOCTH PacIpOCTpaHEHHs] U OOpaTHO MPONOPIMOHAIBFHO CMENICHHI0 00beMa
KUJKOCTU B HAMpPaBICHUH, HOPMaJIbHOM JJIsi CKOPOCTH pacnpocTpaHenus. [lukoBoe 3HaueHue
HANPSDKEHUS CABUTA HA CTEHE B BOJIC IPUMEPHO Ha 8,5% OoJblie, 4eM y IIIHIepUHAa.

H3MmeHeHne cpenHero TEIIOBOr0 MOTOKAa Ha CTEHKE B 3aBUCHMOCTH OT BPEMEHHU
nokaszaHo Ha pucyHke 1(0). YcpenHeHne TermioBoro moToka OCyIIeCTBISIETCS IO BCEMY MSTHY
KOHTaKTa Kanenu. MakcuManbHbIN TeIJI0OBOM MOTOK Ha CTEHKE ISl BOJIbI TpuMepHO Ha 91,2%
OoJibliie, 4YeM y PIIMUEpHHA.

.

)

c

HanpaxeHue cABnra Ha CTeHKe H m
Tennosoii NOTOK Ha CcTeHKe KBT M

Bpems, MC Bpems, Mc

Puc. 1. (a) Hanpsoxenue casura Ha cTeHke U (0) cpeHHiA TEeMI0BOM MOTOK Ha CTEHKE B
3aBUCHMOCTH OT BPEMEHH, HAOII0JaeMOT0 IPH MTAJICHUH KAILTH XOJI0THOU KUIKOCTH C YUCIIOM
bouna u Bebepa ~ 0,23 u ~ 1,6 Ha cynepruapooOHyI0 MOBEPXHOCTh C KPAEBBIM YIIIOM
cMmauuBanus 150°. 1 - Boza, 2 - rnuiepuH.

Paboma evinonnena npu ¢unancosoti noooepocke epawnma PH®D No 21-79-10373,
https://www.rscf.ru/project/21-79-10373. Hzmeperue kpaesoeo yena cMasusanus npo8oOULOCH
8 pamkax eocyoapcmeennoco saoanus HUucmumyma mennoguszuxku um. Kymamenaoze CO
PAH.
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INPUMEHEHME BPEMSAIIPOJIETHOI'O METOJA JJIA
OHPENEJIEHUS XAPAKTEPUCTHUK 'A3OKAIIEJIbHOT'O IIOTOKA
3A HEHTPOBE’KHOU ®OPCYHKOU

Copokun M.U.12, Toncroryzos P.B.%, Jarunos I1.A.Y? JTynmua B.M.12,

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
m.sorokin@g.nsu.ru

3HaHME XapaKTePUCTUK YACTHI[ B JUCHEPCHBIX MHOrO(a3HbIX MOTOKaX BaXXHO IS
aHaJIM3a TIPOIIECCOB IEPEHOCa B CIHpPEsX, ITY3bIPHKOBBIX WM KABUTAIMOHHBIX ITOTOKAX.
Bricokyto 3¢ (heKTUBHOCTh B ONpPENEICHUN XapaKTePUCTUK JUCHEPCHOM (ha3bl MOKA3bIBAIOT
ONTHYECKUE METOJIbI H3MEPEHUH, TJIABHOE MPEUMYIIECTBO KOTOPHIX — OECKOHTAaKTHOCTh. OHU
MO3BOJIAIOT MPOBOAWTH HW3MEPEHHS HE TOJBKO Ha CIEHUaIbHO O0OpYIOBAaHHBIX
IKCIIEPUMEHTAIBHBIX CTCHJAX, HO M Ha MPOMBIILIICHHBIX MPEANPHUATHAK, TaK KaK MPOIECC
U3MEpEHHS He OKa3bIBaeT (PU3NYECKOTO BIUSHUSA HA OOBEKT HCCIEAOBAHUS.

CylIecTBYIOT pa3IMYHbIe METOJbI ONITHYECKON TMAarHOCTUKU T'a30KalelbHBIX TTOTOKOB.
Haubonee yacto ucnosib3yemble JiazepHble METOMBbI: (ha30BbIi TOMIUIEPOBCKHUI aHAIH3ATOP
gacturl (TSI, Dantec), iazepHbiii 1udpakiMOHHBIH aHamu3aTtop pasmepa udactui (Malvern,
Sympatec). HemaBHo Obl1 mpenjioXeH aidbTEpHATHUBHBIM TMOAXOA C HCIOJIb30BAHUEM
HEKOTePEHTHOT'O M3ITy4eHUs, OCHOBAaHHBIN Ha JIBYXPAaKyPCHON BPEMSITIPOJICTHON pEerucTpaniu
paccesiHHs Jiyda KaruisiMd. JIaHHBIA METO[ MO3BOJIET U3MEPSATh OJHOBPEMEHHO CKOPOCTh U
pasMmep YacTul AucrepcHOW (haspl, MOCieAOBaTENFHO MEPECEKAONINX ABa Jydya JIa3ePHBIX
TUONIOB. 3a BpeMs IMpojeTa IO Mape AETEKTOPOB Ha JIyd PETUCTPUPYIOT BCIBIIIKH OT
MPEJIOMIIEHHOTO ¥ OTPaKEHHOTO B IETEKTOP M3NydeHus. 110 3a1epikke MeXIy TUKaMH MOYKHO
OTIPEACNIUTh CKOPOCTh KAKIOW OTAENBHOM YacTHUIlbl, €€ pa3Mep U 3HaueHue KodduimeHTa
npeaomiieHus (B MpUOIMKEHUN CPEPUIHOCTH).

B macrosmieit pabote OynyT mpencTaBieHbl MPUHLMUI JEUCTBUS U ONHCAHHE
JIBYXPaKypCHOTO BPEMSIIIPOJIETHOTO METO/1a U PE3YJIbTATHI €70 TPUMEHEHHSI ISl HCCIIETOBAHUS
dakena pacmblia Ui MOJAEIBHON IeHTpoOexHoW ¢dopcyHku. M3mepeHuss mpoBOIUIINCH B
MIOTIEPEYHOM CEeUeHHH (pakesa pachbiia >KUJKOCTH C ENbI0 ONpPEACNCHHUs paclpeIeiIeHus

Karesb [0 CKOPOCTH U pa3Mepy B JAHHOM CEYCHHUH.
Paboma noooepoicana PH® No22-79-10246, https://rscf.ru/project/22-79-10246/.
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TPAHCHEHAEHTHOCTb KPAEBOI'O YI'VIA CMAYNUBAHWSI ITPA
ABUKEHUH KAIIVIM ZKUAKOCTH 11O CYHHEPTUAPO®OBHOU
ITOBEPXHOCTHA

Crapunckuii C.B. 12* Pomuonos A.A.M2, [IyxoB 0T, Cadonon AL, Mucekus H.B.>2,
Crapunckas E.M.12

1) Uncmumym mennoghuzuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccus
2) Hogocubupckuii eocyoapcmeennulil ynusepcumem, Hosocubupck, Poccus
“starikhbz@mail.ru

VYnpaBieHus XapakKTepuUCTUKaMU CMAa4lBaEMOCTH MMOBEPXHOCTH BEChbMa MEPCIEKTHUBHO C
TOYKU 3PEHUS] TAaCCHUBHOT'O YINpPaBJIEHUS B3aUMOJEHCTBMSI )KUJIKOCTU C TBEpAOH cTeHkol. B
HenaBHel padore DU ObU10 METOI0M YHCIEHHOTO MOJICITUPOBAHHS IETAIEHO PACCMOTPEHO KaK
SHEprus MOBEPXHOCTH U €€ TONOJOTMYECKUE XapaKTePUCTUKU (II€pOXOBATOCTh) BIUSIOT Ha
pacTeKaHue Kaluld XKUAKOCTH. HamMu mnpemiokeH 3KCIepUMEHTAIBHBIN IOAXO0J, KOTOPBIN
NO3BOJISIET BEepU(PULUPOBATH IOJyYCHHbIE YHUCIEHHBIE pe3yibTaTbl. BajkHas 0COOEHHOCTh
JTAHHOW paOOThI 3aKJIFOYACTCS B TOM, YTO C TIOMOIIbIO paHee pa3paboTaHHOrO MeToauku [1]
HaM YJaJIoCh BapbHUpOBaTh MOBEPXHOCTHYIO 3HEPIUI0 MaTepuaina, COXpaHss IpU 3TOM ee
MOP(OJIOTHYECKUE XAPAKTEPUCTUKU. bBBIJIO JOCTHTHYTO XOpOIIee COTJIacue MEXAY
IKCIIEPUMEHTANBHBIMU pe3yibrataMu U pacderoM Du [2]. C moMomuipto BEICOKOCKOPOCTHOM
BUJCOCHEMKHA Ha MOBEPXHOCTAX C APPEKTOM JMCTa JIOTOca OblIa SKCIEPUMEHTAIBHO
3aperucTpUpoBaH Y3PPEKT TPaHCIEHAEHTHOCTH KPAaeBOro yrjla CMauMBaHUs MPEACKa3aHHOTO B
pabote Du, korzia orTekaromuii KpaeBoi yroji cMaduBaHUs MpeBbllacT HaTeKaromui (Puc. 1).
Jlis cpaBHEHUs Takxke ObUTM MIPOBEAEHBI 3KCIIEPUMEHTBI Ha IMJIpo(OoOHON MOBEPXHOCTHOCTH
cMauMBaeMol B cOCTOSHUU BeHsens, xapakTepusyeMbIx 3Qp¢deKkToMm jernecTtka po3sl. B qanHom
cilyyae HabOJ0AaeTcsl KIIaCCUYeCKoe MOBEIeHNe KaIull, KOr/la U3-3a MMHUHTA K TOBEPXHOCTH
OTTEKAIOIINNA KPA€BOU yIroJl CYyIIECTBEHHO MEHBIIIE YEM HATCKAOIIHM.

“ROSE PETAL” SUBSTRATE

“LOTUS LEAF” SUBSTRATE
0.01 ‘ 0.05s 0.08s 0.11s
A

Puc. 1. I[BI/I)KCHI/IG Karuim BOI{HO-FHI/IL[epI/IHOBOﬁ cmecu 1:10 mmo MOBCPXHOCTAM C
Pa3INYHBIM CMAaYHUBaAHUCM.

Paboma evinonnena npu @unancosoii noooepxcke epanma Poccutickoeo Hayunozo
@onoa (npoexm Ne 18-79-10119-17, https://rscf.ru/project/21-79-03019/)
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OIITUMAJIBHBIE AICOPBEHTBI JIUIAA OTKPBITBIX CUCTEM
BEHTHWJISIIUU BO3AYXA (BEHTHUPET)

Crpenosa C.B.1'?", Yepkacosa A.B.%, Me3enuen C.1.2

1) Uncmumym xamanuza um I'. K. bopeckosa CO PAH, Hoeocubupck, Poccus
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B ycnoBusx XoJogHOro KIMMaTra, KOrJa pasHHUIAa TEeMIEpaTtyp MEXIy Hapy>KHbIM
BO3JIyXOM U BO31yXOM B nomeieHuu coctanisier 30-60 °C, ucnonb3oBaHuE CTaHIAPTHBIX
CUCTEM BEHTHJIALIUU COMPSHKEHO C psAIoM mpobiem: 3To Gonbiue temnonotepu (10 50 %);
00JIeICHEHNE CHCTEM Ha BBIXOJIC; CHIDKEHHE OTHOCHTEIBHOW BIAKHOCTH B TIOMEIIEHUH (10
10%). Jns pemenust 3Tux npobieM ObUT MPEAokeH aAcopOLUOHHBIA CIOCOO pereHepaiuu
TEIUIOTHI U Biaru B cuctemax BeHTWsiuuu BentuPer [1] (puc. 1). KittoueBbIM KOMIIOHEHTOM
BentuPer sBisiercst ancopOeHT, CBOHCTBA KOTOPOTO OMpPenestoT 3P(EeKTUBHOCTh CUCTEMBI.
Llenpto nmaHHOM pab®OTHI CTanm TOMCK H  pa3paboTKa ONTHUMAJIBHOTO  ajcopOeHTa,
cnenuanusupoBanHHoro s BentuPer.

OnTuMaNIbHBIN aIcOPOSHT JTOJDKEH 001aaTh: 1) BHICOKON CTEIEHBIO OCYIIKH BO3/IyXa
(cunmpHOE CPOJCTBO K MapaM BOJbI); 2) BHICOKOH COPOIIMOHHOM €MKOCThIO; 3) BO3MOXKHOCTD
pereHepanu HU3KOTEMIIEpaTypHOH TEIUIOTOH (ci1aboe CpoJICTBO K mapam Bojbl). TpeboBaHus
1 u 3 mpoTuBOpeUaT APYT APYTY, HOITOMY HEOOXOAUM KOMIPOMHUCC MEXAY CTEIIEHBIO OCYILIKH
U TEMIepaTypoil pereHepalfiy, Y4YUThIBas KOHKPETHBIC YCIOBHS LUKJIA. TpaauilMOHHBIC
MHUKPO- ¥ ME30MOPHUCThIE aICOPOCHTHI MOKa3ald HU3KYI0 3()PEeKTUBHOCTD, TaK KaK MEpPBbIC
00JTaJaf0T CIIMIITKOM BBICOKAM CPOJICTBOM K TIapaM BOZBI 1 HE MOTYT OBITh pEr€HEPUPOBAHEI B
YCIIOBUSX IMKJIA, @ ME30MOPUCTHIE aJCOPOCHTHI MOTIIOMIA0T Majio Biard. [lepcrnekTuBHBIMU
MaTepuaiamMH SIBISIOTCA KOMIO3UTHbIE copOeHThl «Coib B mopucto Mmatpuue». OHH
007a/1al0T  BBICOKOM €MKOCTBhIO M BO3MOJKHOCTHIO HAIMPABICHHO pPETyIUPOBaTh UX
a7ICOpOITMOHHBIE CBOWCTBA.

B xauecTBe pabounx ycinoBHii ObUIHM BEIOpaHbl TEMIIEpATypa HapyKHOTO Bo3ayxa -30 °C
¢ abcomoTHOH BmaxHocThi0 0.3 T/M°, Temmeparypa BHyTpm mnomemienus 20 °C ¢
OTHOCHUTENbHOM BiakHOCTBIO 50%. IlpoBeneH aHanu3 aacopOIMOHHOIO PaBHOBECHS IMApoOB
BOJIBI HA CEMENCTBE KOMITO3UTHBIX COPOEHTOB COJIb/CHIIMKArelb U MOKa3aHO, YTO IS IIHKJIA
BentuPer B BBHIICONUCAHHBIX YCIOBUAX ONTHUMAIBHBIMU aACOPOCHTAMH  SIBISIFOTCS
komno3utsl Ha ocHoBe LiCl, LiBr, LINO3 u CaCly, cioco6ubie oomenuBats 0.4-0.55 r H2O/r
KOMITO3UTA.
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Puc. 1. Cxema npouecca BentuPer.

Paboma evinonnena npu noooepoicke PH® (epanm N 22-29-01412).
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MOJIOJAEKHBIE JIABOPATOPUU: CO3JAHUE, CTAHOBJIEHUE,
PA3BBUTHUE

Crpuxax I1.A.

Hayuonanvroui uccnedosamenvcruti Tomckuil nonumexnudeckuil yuugepcumem, Tomck,
Poccus
pavelspa@tpu.ru

AnHoTtanus: «B mokiaze o0CyKIeHbI KITFOUYEBbIC 337a4d M CIOKHOCTH, BOSHUKAIOIIUE
npu paboTe MOJIOICKHBIX HayYHBIX JJabopaTopuid. [IpencTaBieHbl BO3SMOKHBIE TPEKH PA3BUTHUS
YJICHOB KOJUIGKTUBOB TakuX Jaboparopuil. Beimenena cBs3b paboOThl J1aboparopwii ¢
oOpa3oBareIbHBIMU IIPOrpaMMaMu B By3ax. Ompe/ieneHbl IepCIeKTUBHBIE IIaru JJIs pa3BUTHS
n1aboparopuii ¢ y4eTOM COBOKYITHOCTH BHEIIHUX U BHYTPEHHUX (DaKTOPOBY.

MoronexxHble JIabOpaTOpuKM B HACTOAIICE BpPEMS BO BCEM MHPE PacCMaTpUBAIOTCS
3P PEKTUBHBIM MHCTPYMEHTOM B O0JACTH pa3BUTHS HAayKW, TEXHUKH W TeXHOJIOrWil. Takue
7a00paTopuu CO3IAKTCS MPU TOIJEPIKKE TOCYIAPCTBEHHBIX CTPYKTYp, YaCTHOTO OM3HEca, a
TAKXKE HAYYHO-MCCIIEIOBATEIbCKUX MHCTUTYTOB M By30B. Kak mpaBmiio, KOJJICKTHBaM TaKOTO
pona nabopaTopuid CTaBATCS 3aJa4d pean3aldd «HAyKH TOJHOTO IMKJIa» — OT UACH JI0
KOHEYHOTO TPOJYKTa B BUJEC YCTPOMCTBA, MPOrPAMMHOTO MPOJYKTA, CIOCO0a, TEXHOJIOTUU U
np. B cBA3M ¢ aKTHUBHBIM TPUBJICYCHUEM HHIYCTPHUAJIBHBIX MAPTHEPOB 3a/1a4d CTaBSTCS C
Y4ETOM MHTEpeca M3 PeajbHOr0 CEKTOpa SKOHOMUKH. B paMKkax HACTOSIIEro NPUIIIAICHHOTO
JIOKJIaJIa PacCCMOTPEHBI HanboJiee MEePCIeKTUBHBIC MOJICNU. boiblas 4acTh U3 HUX MPOILIA
anpoOanuio B POCCHHCKMX By3ax, HHcTHTyTax PAH w mpousBoactBax. Ha ocHose
HAKOINICHHOI'0 OIbITa BBIIOJHCHBI OLCHKH MNPEHMMYIICCTB W HCAOCTATKOB MOHCHCﬁ.
OmnpenenieHHbIC BBIBOBI M PEKOMEHIAINY 110 JAHHOMY OJIOKY COPMYIUPOBAHBI B JIOKJIAJIC.
PaCCMOTpCHBI TPCHABI Pa3BUTHA MOJIOACIKHBIX na60paT0pI/H71 J0 OIBITHBIX HAYYHBIX KOMaH]]
yepe3 TPOCKThI ¢  OW3HEec-akceleparopaMd W WHAYCTPUAIBHBIMH  TapTHEPaMH.
[MponeMoHCTpUpPOBaHBl OCHOBHBIC Iaru pas3Butus Jlabopatopuu TeruiomaccorepeHoca
ToMcKOro moJINTEXHUIECKOTO YHUBEPCUTETA C YHETOM KITHOUYECBBIX HaHpaBHeHI/Iﬁ I/ICCJ'ICJIOBaHI/Iﬁ

(puc. 1).

BHefpeHune Ha obbeKkTax napTHEPOB
MUNoTHblE CTEHAbI U UCMbITaHNA

JlaBopaTopHble uccnegoBaHng

1-2 roga
1-2 ropa < >

¢ g

CJ[A.’I nroM POCHE®Tb

\4

WHTEP PAO

Mpeanoxexnne no npoaaxe (% ¢ 4OX0A0B):
peuenTypbl TONMUBHbIX COCTaBOB
TEXHOMNOrm1M NpUroToBreHNsA Tonnuse
TEXHONOTMN CXUraHusi Tonnmea
MOAYNM, YCTAHOBKM, GIIOKM 3HEpreTUHecknx u
TPaAHCNOPTHbIX CUCTEM
KOMMEKCHBbIE PeLeHNs «noA KIou»

OBPA30BAHME: TEOPUS >3 NPAKTUKA §>}>§> CTAXUPOBKA Y NPOU3BOACTBO

Puc. 1. Dramnsl peanu3aiiu HaydHbIX IPOCKTOB B 00JIACTH KOMITO3UIIMOHHBIX TOIUIUB Ha
npumepe Jlaboparopuu TeroMacconepeHoca TOMCKOTO MOMTEXHHYECKOTO
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YUCJIEHHOE MOJEJIMPOBAHMUE IMTPOLUECCA IMTPOU3BOACTBA
TEXHUYECKOI'O YIVIEPOJA

Tappad /1.

Hoesocubupckuii cocyoapcmeennwiii ynusepcumem, 2. Hosocubupck, Poccus

Texuuueckuit yriepox (caxka) — TPOAYKT, MOIYyY4aeMbIi TEPMUYECKUM Pa3JI0KCHUEM
(MUpONM30M) YIIIEBOAOPOAOB (Kak TpaBWwiIo He(YTH) B TMOTOKE ra3a-TEIJIOHOCHUTEIS.
TexHUYeCKUi yriaepoll IUPOKO MPHUMEHSETCS B Ka4eCTBE YCHJIMBAIOUIETO KOMIIOHEHTA B
IPOM3BOJICTBE PE3MH M IUTACTUYECKHX Macc. B mpousBoacTBe muH ucnonbdyercs 70% Bcero
BBIITyCKaeMoro yriiepoaa. [Ipu me4HoM THpoHM3BOJCTBE YIJepojia KHIKOE YIIIECBOJIOPOIHOE
CBIpbE BIPBICKMBAETCS (GOPCYHKAMH B TIOTOK MPOAYKTOB CrOpaHUs TMPHPOIHOTO Ta3a.
[TporcxXoIUT pactbll U UCHIAPEHHUE CHIPhS C AATBHEHITUM MHPOJIU30M. BaskHO, 4TOOBI ChIphe
MOJHOCTRIO HMCIAPUJIOCH /IO Hayaja IHPOJN3a, HWHAdye OyaeT OoOpa3oBBIBATHCS KOKC,
3arps3HAIOMUN MPOayKT. Jisi COBEpIICHCTBOBAHUSI TEXHOJIOTUH TPOM3BOJCTBA YIepoja, B
YaCTHOCTH, OOeCIeueHHs IMOJIHOTO WCIApeHHs CHIPhbsl MO Hadaja MUPOJIN3a, HEBO3MOXKHO
oboiiTrch 0e3 MaTeMaTHYecKOro MOJEIHpOBaHUS camoro mpouecca. OHO sBIsieTCS
BOXHEHIIUM CITOCOOOM TMONy4YeHHsI Hawboyiee IOJIHOM W jAeranbHOW wuHpopMamuu 00
0COOEHHOCTSX pabOThI peakTopa.

B pabore paspabarbiBaeTcsi TpexMepHasi MaTreMaThdeckas MOJENb M METOJA pacdera
pacmblia ¥ UCHApeHUsi ChIpbi B MOTOKE raza-TEIUIOHOCHUTENS. 3a OCHOBY B3sATa DilepoBa
MoJIeNb Tpex(a3zHoro (ra3, ChIpbe, MPOAYKTHI MCIIAPEHUS CHIPhS) TEUCHHUS, peajn3yeMasi Ha
ocaoBe VOF merona [1]. UuciienHast peanu3ariysi MOJIe) M MHOTO(a3HbBIX TCYCHUH BBIIIOJTHEHA
Ha ocHOBe makeroB mporpamm OpenFoam [2] m ANSYS FLUENT [3]. [loctoBepHOCTH
MOJIy4aeMbIX PEe3yJIbTaTOB YHMCIEHHOTO MOJEIMpPOBaHMS OOOCHOBaHAa Ha M3BECTHOM 3ajaue
pacrbuia CTPYH JKUAKOCTH TIOJ BO3JICHCTBHEM IMOTOKa rasza [4]. IIpencraBieHbl pe3yabTaThl
pacueTa pacmbliia U UCIIAPEHUS ChIPhS B pEAIbHOM PEaKTope IJIs MPOU3BOJICTBA TEXHHYECKOTO
yriepoja. PazpaboTaH u YMCIEHHO peaan30BaH METO T OPMUPOBAaHUS KaIlellb PACIIbLIa ChIPhS
10 pacrpeieieHUIo B 00JacT TedeHUs] 00bEMHON oK ChIpbsi. OH TO3BOJIET OINPENEeNATh
BaXXHYIO XapaKTEPUCTUKY pacibliia — CPEAHHUHA CayTepOBCKUHN AUAMETD.
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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE TEYEHUSA
AKNIKOCTHU B MOIEJIM BUXPEBOI'O BUOPEAKTOPA
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OgHuM U3 BaXHEHIIMX JTAalOB CTAHOBJICHUS COBPEMEHHON OHOTEXHOJIOTHH
MHTCHCUBHOTO KYJIbTHBHPOBAHUS KIETOK W MHKPOOPTaHM3MOB SIBISETCS pa3paboTKa
OouopeakTopoB. HecmoTps Ha [JOCTHTHYTBIE YyCHeXH B pa3pabOTKe TIa30BHXPEBBIX
OouopeaxkTopos [1, 2], uccnenoBaHus B JAaHHOM HalpaBICHUM MPOJoJDKatoTcs. B HacTosmen
paboTe B mouckax MpocToil M 3PPEeKTUBHON KOHCTPYKIIMH OMOpeaKTopa JAJs BhIpAllMBaHUS
¢$oTOTPOHBIX MHUKPOOPTaHU3MOB OBLT PACCMOTPEH HMWIMHIPUYECKUN KOHTEHHEp ¢ HIKHUM
BpalllaloIUMCsl TOpPIOM (IUCKOM) W BepxHed cBoOoaHol rTpanuneil. Llenp paboTer —
OKCIEPUMEHTAIBHOE  HWCCIEJOBAHHE CTPYKTYPHl BHXPEBOTO TEYEHHUS IKUAKOCTH B
HUWIMHIpUYECKOM KoHTeWHepe () mpu ManoM acmekTHOM OTHOIIEHHH U CpaBHEHHUE CO
CTPYKTYpO# TEUCHHUS B Ta30BUXPEBOM OHOpeakTope co cB00OIHO uiaBatomieit maiiboit (11).

DKCHepUMEHTAIbHBIE HCCIEIOBAaHMS MPOBOJIINCH B LUJIMHIPUYECKOM KOHTEWHEpe
(pamuyc R = 144 MM) ¢ HWKHMM BpalLlQIOLIUMCSl TUCKOM U B Tra30BUXPEBOM OMOpeakTope
(pamnyc R = 95 mM) ¢ muiaBaromiel manooi Ha MOBEPXHOCTH KHUJIKOCTH. DKCIIEPUMEHTAIBHO
MCCIIEIOBaHbI P&KUMBI (POPMUPOBAHUS HUPKYISIIIMOHHOTO JBHKECHUS KUIKOCTU TPU MaJOM
otHouieHuu BoicoThI (h) k paauycy peaktopa (R) B nuanazone 0.05-0.2. B xauectBe paboueit
KHUIKOCTH MCIIONB30Bancs 65% BOMHBEIA pacTBOp rimuepuHa (IIOTHOCTH p = 1150 xr/m3,
KMHEMaTHJecKas BA3KOCTh v = 15Mm%/c). MccnenoBanus MpoBOAMIMCH HPH HOMOIIM METOAa
Particle Image Velocimetry B ropu3onTambHOM ceueHud (1 MM) BOJU3U TMOBEPXHOCTH
KHUJIKOCTH B LWJIMHJpPE, a TaKXKe BOJIM3HU 1aiiobl 1 THa B OnopeakTope. JKUIKOCTh 3acenBaiach
TIOTMAMHUIHBIMA YaCTHIIAMH TLIOTHOCTBIO 1030 kr/M3 pazmepom 10 Mxwm.

B xome paboTbl ompeneneHsl 3aBUCUMOCTH  (OPMHUPOBAHUS IHUPKYJISALHOHHOTO
JBYDKEHUS TIPU YBEITMYCHUH 3aKPYTKHU MOTOKA. [ToydeHo, 9To mpu Maioi BBICOTE KHIKOCTH
B OTKpbITOM 1 Ape (1) popmupyetcst o61acTh Ha OCH, B KOTOPOH OTCYTCTBYET pajinaibHas
cocraBistronas ckopoctu. CienoBarenbHO, MEPHIMOHANBHAS MUPKYIAIUs GopMupyercs He
BO BCeM o0ObeMe IWIMHApAa INpPU PAa3HBIX BHICOTaX 3aloyiHeHus, a 3((HEKTUBHOCTH
MaccorepeHoca yMeHbInaeTcs. B To jxe BpeMst ipu 3aKpyTke pabouei )KUIKOCTH TUIaBaIoIeH
maifboit B razoBuxpeBoM Ouopeaktope (lI) dopmupyercss MepuIMOHAIBHOE JBHXKEHHE
TedeHHe padodell KHUIKOCTH BO BCeM oOBeMe peakTopa. TakuMm o0pa3oMm, HECMOTpPS Ha
OPOCTOTY KOHCTPYKIUH, IWIMHAP C HIDKHUM JIMCKOM HEe o0ecredyrBaeT HeoOXOIUMYIO
[UPKYISIAIO BCETO 00beMa KyJIbTypallbHOW CPEJIbl, YTO OCOOCHHO Ba)KHO MPH BBIPALTMBAHUN
TSOKETBIX (POTOPOHBIX MUKPOBOJIOPOCIEH.

Paboma  ewinonnena  npu  nooddepocxe  epawma PH®  Ne  19-19-00083,
https://rscf.ru/project/22-19-35009/.

Jlureparypa

1. MeptBeuoB H., Pamazanos 1O., PenkoB A., lynapeB A.H., Kucneix B. 'a30BuxpeBbie
ouopeaktopsl  "buok": Hcnonb3oBaHue B cOoBpeMeHHOW OuoTexHosorun //
Hosocubupck: HoBocubupckoe otnenenue nznarenscrsa "Hayka" (2002), 118 c.

2. Naumov, I. V., Gevorgiz, R. G., Skripkin, S. G., & Sharifullin, B. R. Experimental
investigation of vortex structure formation in a gas-vortex bioreactor // Thermophysics
and Aeromechanics (2022), 29(5), ¢.719-724.
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W3MEPEHUE MOJISA TEMIEPATYPBI B INIAMEHAX PA3JIMYHOM
KOH®OUT'YPALIMU C ITIOMOIIBIO METOJA JIN®

Toncrory3on P.B.1' %", CaBunkwmii A.I'.1?

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupcxuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
*enot.roman@gmail.com

Llenbto maHHOM paboOTHI SBIAETCS KOMIUIEKCHOE AIKCIEPUMEHTaIbHOE HCCIIEJOBAHHE
BIIUSTHUSL UMIIAKTHOW TIOBEPXHOCTH, 3aKPYTKH IMOTOKA, JTOOABIICHUS KUAKOW a3kl B MOTOK HA
pacrpeziefieHue TeMIEepaTypbl B IJIAMEHH C HUCIOJIb30BAHUEM COBPEMEHHBIX ONTHYECKUX
METOJIOB ~ M3MEpEHHsl TMOJii TeMIeparypbl Ha OCHOBE JIa3epHO-MHAYIIHMPOBAHHOU
duyopecuenmmu (JIM®D, anrn. laser-induced fluorescence, LIF) pamukana OH. ITonydyenubie
JAHHBIE TIO3BOJIAT COCTaBUTh IIMPOKYIO OJKCIEpUMEHTaNIbHYIO 0azy wuH(opMauy,
HE00X0IUMYIO [Tl OoJiee AeTaIbHOTO MOHMMAHHUS POLIECCOB M HIOAHCOB, BO3HUKAIOIIUX MPU
TOPEHUU CMECH TOIUTMBA Ha MPOCTOM oObekTe. [lomyueHHbIe TaHHBIE TakkKe OYAYT MOJIC3HBI
JUTs BepU(PHUKAIIHN JAHHBIX, [TOJIyY€HHBIX METO/IaMU YUCIIEHHOTO MOJICTTUPOBAHHUS, a TAKXKE JIJIS
MOJICpPHU3AIUH CYIIECTBYIOIINX ONTHYECKIX METO/I0B H3MEPEHHI U MOACTHPOBAHNS.

OKCHEepUMEHTAIbHBIN CTEH/ COCTOSUI M3: OCECMMMETPUYHOTO CY>KAIOILIErocs coruia
(BHYTpeHHHMIi iuameTp coruia d = 15 MM), JIONacTHOTO 3aBUXPUTEJISI, YCTAHOBJICHHOTO B COILIO
(cremeHb 3akpyTKH S = 1), UMIaKTHOW MOBEPXHOCTH (LMIMHAPUYECKAst EMKOCTh C TUaMETPOM
noBepxHoctd 300 Mmm). BHYTpH eMKOCTH MOJIEpKUBAIACH TOCTOSTHHAS IIUPKYJISIIUS BOJBI C
MOCTOSIHHOM TemmepaTypod B 96°C rpaaycoB ¢ TOMOIIbIO TepMocTata. B ciydae
MCCIICIOBAaHMS JIAMUHAPHOTO TIAMEHH byH3eHa IpenBapuTeNbHO-TIEPEMENIaHHOW TPOTIaHo-
BO3IYIIHOW cMecH yucio PeitHonbaca cocraBmsuio Re = 1000 u koadduimeHT n30bITKA
torutnBa 0w paBeH @ = (.92, a B cinyuae 3akpytku miamenu Re = 5000 u @ = 0.7. B ciyuae
HATEKaHUs TJIAaMEHU Ha UMIIAKTHYIO MOBEPXHOCTh PACCTOSIHHE MEXKAY COIUIOM M MMIAKTHOM
NOBEPXHOCThIO ObuT0 paBHO H/d = 1, 2 m 3. B cinyyae uccienoBaHusl ra3oKarelbHOTO
JAMHUHAPHOTO TOPEHUSI CMECH BO3/yXa, IAPOB U KaleJb CIIUPTa MapaMeTphl ObLITH paBHBI Re =
1000, @ = 0.95 u 1.2. 3mepurenbHas cUCTEMa COCTOsIa U3 IBYX MEPECTPanBAEMBbIX Ja3€pOB
Ha KpacHUTeNsAX, IBYX UMIYIbCHBIX J1azepoB Hakauku Nd:YAG u IByX 4yBCTBUTEIbHBIX B Y D
nuana3zone nHTeHcupuuuposanubix [13C-kamep. [logpobHee 0 cucteme U3MepeHus: OMUCAHO
B pabore [1].

B pesynbraTe paboThl OBUIM TONYYEHBI TOJIS TEMIIEPATYphl TUIAMEHH B Pa3IMYHBIX
KOHQUTYpallUsIX W TPU Pa3IHYHBIX TapaMeTpax C TOMOIIbID ONTHYECKHX METOJIOB,
OCHOBaHHBIX Ha  Jla3epHO-UHAYIUpOBaHHOW  dayopecuennuun paaukaisa OH. C
ucnonb3oBanueM wmeronoB Thermally-assisted LIF u Two-line LIF 06buto mpoBeneHO
U3MEpEHHUE TIOJIeH TEeMIIepaTyphl sl UMITAKTHOTO KOHUYECKOTO TUIAMEHH U TypOYIIEHTHOTO
3aKpPYYEHHOTO MMIAKTHOTO IMJaMeHH. Takxke B paboTe MpeICTaBJICHBI PE3yNbTaThl OIEHKU
TEMIIepaTypbl B JIAMHHAPHOM KOHHYECKOM IUIAMEHH CMECH BO3AYX-ITaHOJI C KaIUISIMH
YKHJIKOTO TOITMBA MpH romotiu metoaa Two-line LIF.

Paboma svinonnena npu noooepicke PH® Ne 22-19-00803, https://rscf.ru/project/22-
19-00803/.

Jlureparypa

1. Dulin V.M. et al, Assessment of single-shot temperature measurements by thermally-
assisted OH PLIF using excitation in the A2y *-X?I1 (1-0) band // Proc Combust Inst. —
2021. V.38 (1). — P. 1877 -1883

92



TEPMOI'PABUMETPUYECKHIA AHAJIU3
YIVIEPOACOIEPXKAIIINX MATEPAJIOB

Vaxos K.JO. ¥, Boromosnos A.P.%, [Tetpos N.51.2
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“ushakovkju@kuzstu.ru

[Iponiecchl IPsAMOTo OKMKEHHUS yTIIed MOJYYHIA HIMPOKOE PACIPOCTPAHEHUE B MUPE
JUISL TIPOU3BOJICTBA KUJKUX YIIIeBOJopoAoB u3 yrieil. B Ky3bacce nMeroTcsi 3HaUMTENIbHbIE
3arnachl HU3KOMETaMOp(HU30BaHHBIX YIJIeH, MEPCHEKTUBHBIM HaIpaBICHUEM IMepepadoTKu
KOTOPBIX SIBJISIETCSI UX TEPMUUECKOE IIPEBPAILIECHHUE C TIOJYUYEHUEM Ira30-KUJIKOCTHOTO ChIPbs U
copbentra. K HemoctaTkaM mporecca OXIKEHHUs YIJed OTHOCAT BBICOKYIO CTOHMMOCTD
pacTBopuTelNed U Ta3000pa3HOTO BOJOPOJAA, KOTOPbIE HCHOJB3YIOTCS B IPOLECCE.
B03MOXHOCTH CHUKEHHSI CTOUMOCTH MPOIIecca aBTOPAMU BUIUTCS B COBMECTHOM nepepadoTke
yIJISL U IIUPOKOJOCTYITHOTO, HO OOOTaIIeHHOTO BOJOPOJIOM CHIPbS — OTXOJOB PE3UHBI H
KUJKUX TPOAYKTOB €€ MUPOJIM3a, YTUIU3AlUs KOTOPBIX OJHOBPEMEHHO pEIIaeT U Psf
9KOJIOTMYECKUX MpobaeM. Jljig mpenBapUTENIbHONM OLEHKH BO3MOXXHOCTH HCIIOJIb30BaHUS
yraepoAcoAepkKalluX MaTEepUajIoB B Mpolieccax TUAPOreHU3AIMOHHON epepaboTKU aKTUBHO
IPUMEHSIIOTCS  METOJbl TEPMHYECKOIO aHaliu3a, KOTOpbIE IIO3BOJISIIOT  ONpPEAEIUTh
TEMIIEpAaTypHbIE HHTEPBAJIBI W MOCIEAOBATEIIBHOCTh CTaJAMM TEPMHUYECKOTO pPa3IOKEHUS
MaTepUasoB, a TAK)KE OLIEHUTh IPOYHOCTh B HUX XMMHUYECKHUX CBs3ei. B HacTosuieil padote
aBTOpamMu MIPOBEACHO nccae0BaHue TEPMUYECKUX MIpEeBpaIlCHUI psana
HU3KOMETaMOpP(HU30BaHHBIX Ky30aCCKHUX YTJIeH, PE3MHOBOM KPOIIKM M HMX CMECH NpHU
TEMIIEpaTypPHO-IIPOrPAMMHUPOBAHHOM PA3JI0KEHUH B pa3IMUHbIX cpenax. [IpumMep 3anucaHHbIx
JIepUBaTOrpaMM MPEJCTABIEH Ha puc. 1.
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Puc. 1. JlepuBarorpamMmbl B UHEPTHOM cpefie (renui): (a) — BBIBETPEHHBIN MITNTYATHIN
Oap3acCKuil CAamPOMUKCHT («POTOXKKa), (0) — pe3mHOBas KPOIIIKa Ki1.2-4 MM.

Ha nepuBatorpamMmax, 3amucaHHBIX B MHEPTHOW Cpelie, BBIACISIOTCS TPU OCHOBHBIE
00J1aCTH TEPMHUYECKOTO paslioKeHHs: 1) ynajneHue ajacopOMpoBaHHOW BOMBI, 2) CTaaus
MEPBUYHOTO WK OBICTPOrO MUPOJH3a U 3) CTaausi BTOPUYHOTO WM MEIJICHHOTO MUPOJIH3a.
[Tpu 3TOM TeMIlepaTypHbIE AHAa30HbI CTAANA U XapaKTePUCTHKH (TeMIiepaTypa MakCuMyma
pEaKIuu, SHePTUS AKTUBAIMH U T.J.) TEPMUUECKUX PA3I0KEHUN UCCIIETyeMbIX MaTepHaIOB U
uxX cMmeced pasnuuHbel. B paboTe paccMOTpeHbl OCHOBHBIE pazIuyMsi M TNPUUYUHBI ITHUX
PacXOKIACHUMN.

Paboma evinonnena npu gounancosoti noodepaicke 8 coomeemcmeauu ¢ OONOJHUMENbHbIM
coenawenuem Ne 075-03-2021-138/3 o npedocmasnenuu cybcuouu u3 pedepaibHo2o
O00x0cema Ha uHancosoe obecneuenue BbINOIHEHUS 20CYO0APCMEEHHO20 3A0AHUS Ha
oKazamue 20cy0apcmeennvlx ycye (euympennuti vomep 075-13/X4141/68713).
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NCCJIEJOBAHUE KOMIIOHEHTHOI'O COCTABA BTOPUYHbIX
OPAI'MEHTOB ITP MUKPO-B3PBIBHOU ®PAI'MEHTAILIUN
KAIIEJIb MHOI'OKOMIIOHEHTHBIX TOIIJIUB

®enopenko P.M.”, Auronos JI.B., Ctpmxaxk ITA.

Hayuonanvnuiii uccnedosamenvckuti Tomckuii nonumexuuyeckuil ynugepcumem, Tomck,
Poccusa
“vfedrm@gmail.com

Mukpo-B3pbIBHOE U3MEIbUCHUE JIBYX)KUJKOCTHBIX Kallelb IPU HarpeBe peaanu3yercs B
pexxume napuHra U MHUKpO-B3pbiBa [1]. DTH pEeXUMBI MO3BOJSAIOT IMOJIy4aTh Pa3MeEphl
BTOPUYHBIX >KUJKOCTHBIX ()parMEHTOB B JIECATKU U JaKe COTHH pa3 MEHBIIE, YeM pa3Mepbl
pomutensckoil kKarum [2]. s mpakTuueckoro npuMeHeHus 3(@eKToB MUKPO-B3PHIBHOTO
IpoOieHnsT HEOOXOAUMO HCCIEeNOBaTh KOMIIOHEHTHBIM COCTaB OOpPa3yIOIIMXCS BTOPUYHBIX
(¢parMeHToB, B 0COOEHHOCTH 3TO BaXKHO JIJIsl TEXHOJIOTUN TOPEHUS KUAKHX M CYyCIIE€H3MOHHBIX
toruuB. C yBeTHYEHHEM UHTEpeca K MPUMEHEHHIO MePCIEKTUBHBIX BUOB TOILJIUB BO3PACTAET
¥ HEOOXOIMMOCTH B JIOCTOBEPHOM aHAIIM3€ KOMIIOHEHTHOTO COCTaBa MCXOIHBIX M BTOPUYHBIX
karnenb. Jlo HacTosmero MoMeHTa 3ajada HMACHTU(UKAIMU TUHA U KOHIEHTPAluU
KOMIIOHEHTOB BO BTOPHYHBIX ()parMeHTax He Oblja pelieHa, B 3TOM COCTOMT MOTHBAIIUS
HACTOSAIIETO UCCIEI0BaHNUS.

B mnacrosmeit pabore MpHBEOEHBI PE3YyIbTAThl SKCIIEPHUMEHTAIBHBIX HCCIIEIOBAaHHUNA
KOMIIOHEHTHOTO COCTaBa BTOPUYHBIX (PPAarMEHTOB, OOPa3yIOIIUXCS MPU MHUKPO-B3PHIBHON
¢parMeHTalMM JBYX>KHIKOCTHBIX Karmejdb. B KauecTBe KOMIIOHEHTOB HCCIIEIOBAHHBIX
JBYXKHJIKOCTHBIX KalleJb HCIIOJIb30BaHbI BOJIa M paricoBoe macio. VccnenoBaHus mpoBeAeHbI
IIpY BapbHPOBAHUN KOHIICHTPAIMK KOMIIOHEHTOB B KaIlIsIX, TEMIEPATYphl BHEIIHEH Cpebl U
CXeMBbl HAarpeBa, HAayaJbHBIX pa3MEpOB JIBYX’KMIKOCTHBIX Kamelb. OKCIEPUMEHTHI
MIPOBOJIVIINCH JUTS Pa3HBIX YCIOBUI HarpeBa NCXOIHBIX Kalelb: B IUIaMEHH, My(eTbHOH 1medH,
Ha pasorperoil mnojuioxke. s uIeHTH(PUKALMKM KOMIIOHEHTHOIO COCTaBa BTOPUYHBIX
¢dparmenToB ObuT ucnionb3oBaH mMeTon Laser Induced Fluorescence. Pa3nenenne BTropuuHbBIX
(parMeHTOB MO0 KOMIOHEHTHOMY COCTaBy IPOBOAMUIIOCH HA OCHOBAHUHU PAa3HMIIBI CBETUMOCTH
KOMITOHEHTOB Karelb IMO/1 JCHCTBUEM JIA3€PHOTO U3ITyICHHUS.

YcTaHOBJIEHBI TUIMYHBIE paclpe/ielieHnss BTOPUUHBIX (parMeHTOB MO pa3Mepam JUis
BOJIBI M PAIICOBOTO Macya MpH (pparMeHTauu ABYXKUAKOCTHBIX Karesb B YCIOBHSIX BIIHSHUS
COBOKYITHOCTHU (pakTopoB. OnpeiesieHbl CpeiHNue pa3Mepbl BTOPUYHBIX (PparMeHTOB /1S BOJIbI
U paricoBoro Macina. [lokazaHo, 9TO STUMH XapaKTEPUCTUKAMU MOXHO YIPAaBJISATH 33 CUET
BapbUPOBAaHUS 3HAYEHUN TPYIIBI UCXOAHBIX MapamMeTpoB. OOOCHOBAHO NMPUMEHEHHE METo/1a
Laser Induced Fluorescence misi maeHTH(UKAIIMH KOMIIOHEHTHOTO COCTaBa BTOPUYHBIX
(parMeHTOB IMpPH MHUKPO-B3pPBIBHOM (hparMeHTaluu JBYXKMIKOCTHBIX Kamenb. OIucaHbl
TpaHUIIB TPUMEHUMOCTH TAHHOTO TTOAX0/1a.

Paboma sevinonnena 3a cuem cpedcme epanma Poccutickoeo HayuHo2o ¢onoa (npoexm
Ne 21-71-10008, https://rscf.ru/project/21-71-10008/).

Jlutreparypa

1. Antonov D.V., Piskunov M.V., Strizhak P.A. Breakup and explosion of droplets of two
immiscible fluids and emulsions // Int. J. Therm. Sci. — 2019. — V. 142.

2. Antonov D.V., Fedorenko R.M., Strizhak P.A. Child droplets produced by micro-
explosion and puffing of two-component droplets // Appl. Therm. Eng. — 2020. — V. 164.
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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE BJIUAHUA
FEOMETPHYECKHUX U PACXOJAHbIX XAPAKTEPUCTHUK HA
TEIIJIOOBMEH B KOJIBIHEBOU UMITAKTHOU CTPYE

Ounmunmor M.B., Hoxap U.A., Tepexos B.B., Tepexos B.U., SIu JIyn H., Capcembenos E.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
mfilippov181096@gmail.com
CeromHsi, B CBS3M C OYCBHJHBIM PA3BUTHEM MPOMBIIIJICHHOCTH, YBEIHMYHUBAIOTCS
JIOKAJIbHBIC MOITHOCTH TETUIOBBIJICIICHUS B 3JICKTPOHUKE, TTOBBIIIAIOTCS Pad0OYre TEMITEPATyphI

ra3oTypOMHHBIX YCTAaHOBOK U JIBUTaTelEH. OaHuM U3 TEpCHEeKTUBHBIX METOJ0B
HAarpeBa/OXJaXJIEHUs IOBEPXHOCTH SABISAIOTCS MMIIAKTHBIE CTPYH, KOTOPbIE HMEIOT
CYyILLIECTBEHHBIE IIpEUMYyILEeCTBA IIPUMEHEHHS: (1) BBICOKAs MHTEHCHBHOCTD

TeruI0/MaccornepeHoca, (2) Xxopolas aIanTuPyeMOoCTb K pa3Iu4HoOli (hopMe MOBEPXHOCTH, U (3)
MPOCTOTA TMPOWM3BOJACTBA M HEBBICOKas CTOMMOCTH [1]. OmHako mTpoOIeMO MMITAKTHOTO
OXJIXK/IEHUS SIBJICTCSI MPUYMHON CHIIBHOM HEOJHOPOAHOCTH Temoornauu. [lowck myreit
CO3/IaHUSI CUCTEM OXJIaXKJIeHUs ¢ 00JIee paBHOMEPHBIM TEINIOOOMEHOM IPEACTABISET OJHY U3
KJIIOYEBBIX 33/a4 COBPEMEHHOH a’poMexaHMku U Temnopusuku. OgHUM U3 Haubosee
NEPCIEKTUBHBIX BAapHAHTOB C TOYKM 3PEHUS HWHTCHCHU(HUKAIMHM TeruioMaccooOMeHa -
UCIOJIb30BaHUE KOJIBLIEBBIX CTPYH.

Jlannas pabora ObLIa BBIIIOJIHEHA C TOMOIIBIO MeToIa HH(ppakpacHoii TepMorpadun. B
SKCHEPUMEHTAX HCIOJb30BAJICS MPEIBAPUTENILHO OCYIIEHHBI U OYMILIEHHBIM OT mpumecen
aTMocdepHbIii Bo3ayX. [loTok HarHerancs u3 Kommpeccopa yepe3 pacxogomepsl Bronkhorst ¢
toyHOCThIO 0.01 T/Cc B KOJIBLIEBOE COILIO, OTKYJA B BUJIE€ CTPYH BBIXOAWI MEPIEHAUKYISPHO
NoBepXHOCTU. VIMIIakTHas NOBEPXHOCTh Oblla H3rOTOBJIEHAa W3 THUTAHOBOM (OJIBIH C
pa3zmepamu B tutaHe 382x520 MM u TonmuHoM 0. 1MM. [ToBepXHOCTE paBHOMEPHO HarpeBaiach
perynupyeMbiM UCTOYHUKOM. BHemHuit auamerp xosblieBoro comina D cocrapnsin 22 mm, a
mupuHa Konbla b BapeupoBanack ot 0.6 10 4.4 MM. PaccrosHUE OT CTPYH /O MOJUIOKKH
PEryIMpoBaJIOCh C MOMOUIBIO PYYHOTO OJHOKOMIIOHEHTHOT'O KOOPJAMHATHOTO YCTPOMCTBA C
marom nepemenienuss 0.2 mm (h — paccrosHue ot crpyid g0 moBepxHoctd) u h/D
BappupoBaiock oT 0 gm0 2. M3mepeHue Temmeparypbl MOBEPXHOCTH MPOU3BOJMIOCH C
MOMOIIBIO TeTI0BU30pa Testo ¢ pazpemenreM Matpuilsl 1280X960 mukcerneit.

Bbbutun mosyyeHsl HOBBIE JIaHHBIE IO TEIJIOOOMEHY B KOJBLIEBOH CTpye HpU BapHalHu

pPaxoJIHBIX M T€OMETPUYECKUX XapakTepucTuK. Ocoboe BHHUMaHHE ObUIO YAENCHO aHalu3y
OTIIMYMH Teronepeaaun JUisi COMKHYTOTO U pa3oMKHyToro pexuoB. Ilokazano, uTo
NEPEKIIIOUEHNE PEXUMOB  OKa3blBa€T CYIIECTBEHHOE BIMSHHME Ha  KO3(p(UIUEHT
terionepenaud. bonee Toro, pacnpeneneHue kodh@uUIUAHTA TeEMJoNepenayn mocie
MEePEKITIOYCHUS] PKUMOB OJIM3KO K ogHOpoaHoMYy mipu X/D < 1. [lpu yBenuueHUH IMUPUHBI
HIeNTM ¥ COXPaHEHUH pacxoa, najgaer KohPUIMEeHT TerI00JauH.

Paboma noooepoicana PODU (cpanm Ne 20-58-26003).
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OIPEJEJIEHME D®®EKTUBHOM TEIJIOMPOBOJTHOCTHU
TUJIPATOCOJIEPKAIIINX NECYAHBIX OBPA3IOB IO JAHHBIM
CHUHXPOTPOHHOI PEHTTEHOBCKOIl MUKPOTOMOT PA®UU

®oxun M. 1., Mapxkos C. W.

Huemumym negpmezazosoii eeonoeuu u ceopuzuxu um A.A. Tpoghumyxa CO PAH,
Hoeocubupck, Poccus
“fokinmi@ipgg.sbras.ru

B nanHoit paboTe METOJOM YHCICHHOIO MOJCIUPOBAHMS OmpeneséH 3(pPeKTUBHBIM
KO3(QHUIMEHT TerIONPOBOIHOCTH IECYaHBIX TI'PAaHYJIMPOBAHHBIX OOPA3IOB C pPa3IMYHBIM
KOJIMYECTBOM Ta30BOro rujapaTa MeTaHa B IOPOBOM IMpocTpaHCTBe. B kauecTBe pacuy€THOM
00JTaCTH HCIIOJIB30BAIACH TEOMETPHUS BHYTPEHHEH CTPYKTYpbl 00pasla, MOJydeHHas II0
JTaHHBIM CHHXPOTPOHHOW PpEHTTeHOBCKON Mukporomorpadguu. PesynbraTel pacdéroB
COIIOCTaBJICHBI C TEOPETHYECKUMHU dS()(PEKTUBHBIMU MOIENSMH, YYUTHIBAIOIIMMHU THII
3aI0JIHEHHUS Ta30TUAPATOM ITOPOBOTO MPOCTPAHCTBA OOPA3IIOB.

Jns  omnpenenenuss 3PQGEKTUBHOTO KOAPPHUIMEHTa TEIUIONPOBOJHOCTH B padoTe
MCIOJIb30BAIMCh TOMOTpaduueckre n300paxkeHus 1a6opaTopHo cHOpPMUPOBAHHBIX HACHIITHBIX
00pa3IoB KBapIEBOTO TIECKa C PA3IMIHBIM 0OBEMHBIM COZEPKAHUEM Ta30TUApPATa B IIOPOBOM
npoctpanctBe (9% - 33%). Tomorpaduyeckue n3o0pakeHUs OBLIM TMOJYYEHBI B paMKax
OKCIEPUMEHTAa 0  CHHXPOTPOHHOMY  MHKPOTOMOTpa)MYecKOMYy  CKaHHPOBAHUIO
ruapaTocoaepxkamux oopasuoB [1]. Tomorpaduueckue naHHbIe ObLIM CETMEHTHPOBAHBI Ha
001acTH, COOTBETCTBYIOUIME TPEM (ha3zam: TpaHysbl KBaplEBOTO IECKa, Ta3oBBIA THIPAT
MeTaHa, Tra3000pa3Hbli MeTaH. bbula BBIONHEHA MPOCTPAHCTBEHHAS] TUCKPETH3AIUS
MOJTy4eHHOW TpEX(a3HO# CHCTEMBI NMPH UCIIONB30BAaHUH aIaITHPOBAHHBIX TETPadIpabHBIX
cerok. Ha 06aze 3akoHa @ypbe M pe3yiabTaTOB MPSIMOr0 MaTEMaTUYECKOr0 MOJAEIMPOBAHUS
mporecca TEIUIONepeadd B YCIOBHUSX CTa0MIIBHOTO COCTOSIHUSI Ta30BBIX THIAPATOB OBLI
pou3BeieH pacu€T 3PpPeKTUBHOIO KO PHUIMEHTA TEMIONPOBOIHOCTH. s AUCKpeTU3anun
MaTeMaTHYECKOW MOJIENI MCIIOJIb30BAIACh BBIYMCIUTEIbHAS CXeMa HEKOH(OPMHOTO METOJIa
KOHEYHBIX  3JIeMEHTOB.  Pe3ynbTrarel  pacu€toB  spdexTuBHOro ko3 duuueHra
TETUTOTIPOBOAHOCTA OB  COIMOCTaBJICHBI C TEOPETUYECKOH HPPEKTHBHONH MOMIEIBIO
(mapayuienbHass MOJIENb), YYMTBHIBAIOIIEH THII 3allOJHEHHS MOPOBOIO TMPOCTPAHCTBA
razorugparoM [2]. CpaBHEHHE pe3yJlbTaTOB  BBIYMCIUTEIBHOIO OJKCIIEpUMEHTa C
TEOPETUYECKOH MOJIENIBbIO TOKA3aJ0 XOpOolIee COBHAJEHHUE /IS Cllydass «1IeMEHTHPYIOLIETro»
THUTIA 3aIIOJIHEHHS TTOP THAPATOM.

Paboma svinonnena 6 pamxax 2ocyoapcmeennoeo 3aoanus MHI'T CO PAH FWZZ-2022-
0030.
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1. Nikitin V. V. et al. Dynamic in-situ imaging of methane hydrate formation and self-
preservation in porous media // Marine and Petroleum Geology. — 2020. — V. 115

2. Sun S. et al. A new effective thermal conductivity model of methane hydrate-bearing
sediments considering hydrate distribution patterns // International Journal of Heat and
Mass Transfer. — 2022. — V. 183
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IHTAJIBIINA U TEIIVIOEMKOCTD KUIAKUX MAT'HUSA, KAJIBLUA
N UX UTHTEPMETAJIVIMYECKOI'O CIIVIABA

Xaitpymun A.P.", Cranxyc C.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“rainjke95@yandex.ru

0O0630p UMEIOLIEICS TUTEPATYPhI TOKA3aJI, YTO JAHHBIE IO MHOTUM TEIUIO()HU3HUECKUM
CBOICTBaM MarHus, KaJlbLIMs U UX CIIABOB JINOO MOJIHOCTHIO OTCYTCTBYIOT, TUOO €IMHUYHBI U
UMEIOT OOJIBINOH pa3zdpoc, 0OCOOEHHO IS )KUIKOTO COCTOSIHUA. JTO 3aTPYAHAET KaK pa3BUTHE
TEOpUHU METAJUIOB, TaK U MPAKTUYECKOE HCIOIb30BaHMe CIUIaBoB Ha ocHoBe Mg u Ca, KoTopbie
UMEIOT OOIIMPHYIO O0JIACTh MPUMEHEHHUSI — OT a9POKOCMUYECKON MPOMBIIIIEHHOCTH [1] 10
MEJIUIIMHCKUX TEXHOJIOTHH [2].

B nmokmage mpencraBiieHbl  pe3yJdbTaThl  OKCHEPUMEHTAIBHOTO — HUCCIEAOBAHUS
WHKPEMEHTAa DSHTAJbIMH M TEIUIOEMKOCTH YHCTBIX MarHus, Kaiablus u cruiaBa Mg.Ca.
W3mepeHus: ObUIM TPOBEACHBI HA MAaCCHBHOM KAJIOPHMETPE CMEIICHUS C HM30TEPMHYCCKOMN
obonoukoii B uHTepBaie Ttemmeparyp ot 400 mo 1300 K. IlomydyeHsl TemmeparypHbie
3aBUCHMOCTH MHKPEMEHTA YHTAIBITNH U TETJIOEMKOCTH MCCIIETyEMBbIX BEIIECTB U ONPEICIICHBI
TeMIepaTypbl Pa3zoBbIX MEPEXO/IOB.

YcTaHOBIEHO, YTO TEIUIOEMKOCTh MCCIEAOBAHHBIX BEHICCTB B JKUJIKOM COCTOSIHUM HE
3aBHUCUT OT Temmeparypbl (puc. 1), yToyHeHO 3HaueHUEe ee¢ aOCONIOTHOW BEITUYHHBIL.
TemmoemkocTh xuakoro cruraa Mg2Ca Obuta monydena BHepBbie, IO pe3ysIbTaTaM pacueToB
e€ BennunHa Ha 5% MPEBBIIIAET PACYEThI M0 MPABUILY aITUTHBHOCTH.
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Puc. 1. TemnepatypHble 3aBUCUMOCTH yI€JIbHON TEMIOEMKOCTH KHIKUX MarHus,
kanblus 1 ciiaBa MgoCa. IltpuxoBast TMHUS — pe3yIbTaThl pacyeTa TeIIOEMKOCTH
pacmiaBa Mg2Ca 1o 3aKoHy U1 UJ€alIbHBIX PACTBOPOB.

Paboma evinonnena npu ¢urancosoti nooddepoicke Poccuiickoeo nayumnozo @onoa
(npoexm Ne 20-79-10025, https://rscf.ru/project/20-79-10025/)

Jlureparypa

1. Haferkamp H., Niemeyer M., Boehm R., Holzkamp U., Jaschik C., Kaese V.
Development, processing and applications range of magnesium lithium alloys // Materials
Science Forum. — 2000. — Vol. 350. — P. 31-42.

2. Xia D., LiuY., Wang S., Zeng R.C., Liu Y., Zheng Y., Zhou Y. In vitro and in vivo
investigation on biodegradable Mg-Li-Ca alloys for bone implant application // Science
China Materials. — 2019. — Vol. 62, No. 2. — P. 256-272.
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B3AHMOI[EP1§TBH$[ YACTHI MUKPOT'EJIS1 C THAPOPOBHBIMH
I'TAAKOU 1 MUKPOBOJIOKHUCTOMU IMTOBEPXHOCTAMUAU

[MuckynoB M.B., Xomyros H.A.", ITuckynosa A.E., Xau E.A., Autonno Jlu MapTuHo

Hayuonanvnuiii uccnedosamenvckuti Tomckuii nonumexuudeckuil ynugepcumem, Tomck,
Poccus
“nah7@tpu.ru

B nocnennee Bpemsi onqHUM K3 Hanbolsiee aKTUBHBIX HAlpaBJICHHI, pa3BUBAIOIINXCS B
00J1aCTH TIOJMMEPOB, ABISAIOTCS MUKporenu. Coctas, pa3Mepsl U MOP(OIOTHIO MUKPOUYACTHIL
BO3MOXKHO BapbUpPOBaTh B HIMPOKUX MpeJesiax B 3aBUCUMOCTH OT 00J1acTH IMpuMeHeHus. B To
K€ BpEMs JOBOJIBHO MaJ0 H3BECTHO O MEXAaHHU3MaX, XapaKTEPUCTUKAX M PEKUMAX
TUAPOJMHAMUKA W TEIJIOMAaccooOMeHa Il MHKPOYACTHUIl Tels, B3aUMOJCHCTBYIOUINX C
TBEP/IOM HArpeToil U He HarpeToil moBepXHOCThIO0. B HacTosIel paboTe pazpaboTaHa cuctema
TEHEPUPOBAHMS CABOCHHOTO MOTOKA MUKPOYACTHI] T'€Jisi HA OCHOBE IOJMMEPHOTO pacTBoOpa
QIbIMHATA HATPUS M CIIMBAIOMIETO PAaCTBOPA XJIOPHIA KIS C T00ABICHHUEM 3THIOBOTO
cnupta. M3MmepeHbl peoJorHYeckre U IMOBEPXHOCTHO-aKTUBHBIE CBOICTBa 00pa3ioB
MHUKpOTeNsl, a TakXe XapaKTePUCTHMKHM KOHTAaKTHOTO CMAauMBAaHUS  IIOBEPXHOCTH
B3aUMOJICMCTBUSL MHMKPOYACTULAMHU refsl. BBINOIHEHO 3KCIEPUMEHTAIbHOE HMCCIEI0BAHUE
B3aUMOJICHCTBHUS MUKPOYACTHII T'eJIs C TTIAJIKUMUA M MEMOPaHHBIMH CyXHMH TOBEPXHOCTSIMHU, a
TakKe C IIOBEPXHOCTSAMH, CMOYEHHBIMH TeM ke wmukporeneMm (Puc. 1). BeiBeaensl
SMIIUPUYECKUE COOTHOIIEHUS C Y4YEeTOM XapakTepHbIx uucen BeOepa, PeliHonbaca,
KalWUIIPHOCTA U KPUTEPHEB MOM0OUS B PEOJOTHHU JIA ONpPENCICHHS AMHAMUYECKUX U
KHHEMATUYECKHUX TapaMeTPOB OCAXKIEHHs pacTeKaromeics/neopMupyeMoil MUKPOYaCTULIBI
reyisi ¢ BBbIAEICHMEM cTaiuil npouecca. llomydeHHBIe pe3ynbTaThl MO XapaKTEPUCTHKAM
pacTeKaHus NpU OCAXKACHUU U 1ehopMaliiy CPAaBHUBAIOTCS C U3BECTHBIMHU TEOPETUUECKUMHU U
SMIIMPUYECKUMH MOJEIIIMU pAcTeKaHHWs Kallelb W YacTHUIl OJHOPOJIHBIX M HEOJAHOPOIHBIX
KUAKOCTEH. Y CTaHOBJICHBI OTJIMYUS U CXOJICTBA B PEXKHMMAX, MEXaHU3MaxX U ONPEIEISIOMNX
culax B3auMonelcTBusa. MccnepoBaHne MOTHBMPOBAaHO BO3MOXKHOCTBKO IPUMEHEHMS
MHOTOKOMIIOHEHTHBIX HEOJHOPOJHBIX JKMIKOCTEW CO CII0)KHOW BHYTPEHHEHW CTPYKTYpOH B
psizie MPOMBIIUIEHHBIX M OMOMEUIIMHCKUX TEXHOJIOTUH JUIs YBEJIMUEHUS UX (PYHKLIMOHAIBHBIX
BO3MOJKHOCTEH B MPOLECCE OCAXKICHMS Ha dTalle B3aUMOJCHCTBHS C LEIEBOM TOBEPXHOCTHIO.
B gacTHOCTH, TOJTYy4E€HHBIE PE3YIbTAThl BaXKHBI U1 Pa3BUTHUS TEXHOJIOTUI TPEXMEPHOH NIeYaTn
u Ouomnedatd OTBEpKIAEMbIMHM IOJMMEpPaMH, MHUKPOIPOU3BOJACTBA OHMOMATEpHAJIOB,
IPOM3BOJICTBA TUApOreNiell 1 MUKporesneil, B ToM 4ucie MpeJlHa3HaueHHbIX JUIsl 0e30MmacHon
JIOCTaBKM OMOJIOTMYECKUX KJIETOK U JIEKapCTB.
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Puc. 1. Buzyanusamnus npoiecca B3auMOJEHCTBUS TeIe00pa3HbIX MUKPOYACTHUI C
MeMOpaHHBIM (MUKPOBOJIOKHUCTBIM) MIOKPHITHEM

HUccnedosanue svinonneno 3a cuem epauma Poccutickoeo nayunozo ¢gponoa Ne 22-29-
20109, https://rscf.ru/project/22-29-20109/ u cpedcme Aomunucmpayuu Tomckoti obracmu.
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IKCIIEPUMEHTAJIBHBIE NCCJIEJOBAHUSA PEBEPCHUBHBIX
ITPOIECCOB IEPEHOCA B TEIIJIO- U MACCOOBMEHHBIX
AIIITAPATAX PETEHEPATUBHOI'O TUIIA ITPU HAJIMYNHN
®A30BbIX IIEPEXO/10B

Yepkacosa A.B.%, Mesennes C.11.2", Ctpenosa C.B.2

1) Uncmumym mennoguzuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus,
2) Canxkm-Ilemepbypeckuii nonumexnuueckuii ynueepcumem Ilempa Benukoeo,
Canxkm-Ilemepbype, Poccus,

3) Uncmumym kamanuza um I K. bopecxosa CO PAH, Hosocubupck, Poccus
*mezn@ngs.ru

CucreMbl IPUTOYHO-BHITSHKHON BEHTUIISILIMU JUISI BCEX THUIIOB MOMEIIEHUNH HEOOXOAUMBI
KaK C CaHUTAPHO-TUTHCHHYECKON TOYKH 3PCHHS, TaK C DKOHOMHUYECKOW. ABTOMAaTHYECKAas
YTUIIU3ALUA TEIUIOTHI IPUBOAUT K CYIIECTBEHHOMY CHIKEHUIO 3aTpaT Ha OTorieHue. B Takux
nporieccax TEIIoTa yaalsieMoro Bo3/ayXa CIOJIb3yeTCs AJIsl HarpeBa NpUTOYHOTO BO3/IyXa.

Llenpto maHHON paboTHI ObUIO ompeaeneHUE KOIPPHUIMEHTA TEIUIOYTUIU3ALUU TPU
PEBEPCHUBHBIX PEXKHMaX TEUSHUS BO3AyXa C (a30oBBIM TIEPEXOJOM JUIS OMPEICIICHUS
3 PEKTUBHOCTH TEINIOOOMEHHHUKA.

Hccnenoanus ObUTH TIPOBEICHBI HA SKCIIEPUMEHTAIBHOM ycTaHOBKe. CXeMa YCTaHOBKH
n3o0paxeHa Ha puc. 1. YcraHoBka mpeacTasisiia co0oil TpyOy 2 B KOTOpOW pacmojiaraics
TEII000MEHHBIH MOayh 3. B kauecTBe Moy 3 ObUIH HCITOJIB30BAHBI TPYOOUKH C BOJIOM,
KOTOpBIE pAacCHoJiarajiuCh TOPU3OHTAIBHO, T.€. BAOJb Te4eHus Bo3ayxa. llocrymneHue
MPUTOYHOTO W BBITSDKHOTO BO3AyXa obOecrieuuBan peBepcuBHBIA BeHTWIITOp 4. CHcrema
aBToMatukd B coctaBe TPMI148 (5) m AC4 (2) obecrneunBaia 3amuch pe3yTbTaTOB
IKCIIEPUMEHTA Ha KOMITBIOTED 7 ¢ TepMoriap 1 B aBTOMAaTHIECKOM PEKHUME.

[TomyueHHble pe3yibTaThl MMOKa3bIBAIOT YBEIHUYEHHE BPEMEHU MEPEKIIOYCHUS
MOJTYIIMKJIOB IPUTOYKH M BBITSKKH.
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Puc. 1. Cxema 3KkCriepuMEHTaIbHON YCTAHOBKH.

Paboma svinonnena npu noodepocke PH® (epanm Ne 22-29-01412)
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JJIMHA CBOBOJHOI'O TIPOBET'A ®OHOHOB B HAHOIVIEHKAX
C PEAJIBHOM IEPOXOBATOU I'PAHUIIEN

* o
WxoH L3105, Map Dol

MI'TY um. H.D. bBaymana, 2. Mockea, Poccus
* zhengjiayue959@gmail.com
B nocneanue roasl TeOpeTUYECKHUE UCCAEAOBAHUS TEIUIONPOBOIHOCTH TOHKUX IJICHOK B
OCHOBHOM OBLIM COCPENOTOYEHBbl Ha MHKpO-MaciITabHbIX 3 dexTax, BCTpeHaromuxcs B
skcniepuMeHTax. (OCHOBOM ONMCaHMsI TEIUIONEPEHOCAa SBISIETCS YpPaBHEHHME IEepeHoca

Bonbimana ( Boltzmann Transport Equation, BTE ), nmomonHeHHOE COOTBETCTBYIOIIMMHU

MUKpPO-MacCHITA0HBIMH OTPAHUUYEHUSMU. DTH HCCIIEOBAHMS MOKA3bIBAIOT, YTO Pa3MEPHBIN
3¢ (deKT TeIIONMPOBOIHOCTH TUICHKA B OCHOBHOM CBsI3aH C paccessHueM (JOHOHOB HA TPaHUIIS
oOpaslia, yTo MepBoHavyalbHO ObLTO MpeanokeHo Kasumupowm [1]. g u3ydeHus BIAUSHUS
MOP(}OJIOTHH TPaHUIIBI 00pa3Iia Ha [UTMHY CBOOOTHOTO MTpo0era MISHKH UCIIOIh30BaHa MOJICTTh
MI'TY [2]: npuBedeHa CTAaTHCTHYECKash MOJIENb IIEPOXOBATOCTA MOBEpXHOCTH [3,4],
PaccCMOTPEHBI pa3IMIHBIC BAPUAHTHI TPAHMUI] TUICHKH, IS KOTOPBIX BBITTOJIHEH pacdeT CpeaHeH
JUTMHBI CBOOOHOTO Mpodera ()OHOHOB.

B paGote paccMoTpeHo BIHSIHHE yTiia TIaJICHUS U yTila HAKJIOHA MTOBEPXHOCTH HA JIIUHY
cBoboaHoro mpobera. Pe3ynmpTaThl pacueToB cpenHed UIMHBI CBOOOAHOrO mpobera B
3aBHCHUMOCTH OT COOTHOULICHHsI CpeJHEH KBaJpaTHUYHON IIEepOXOBATOCTH O K JIMHE
xoppensuuu | npencrasnens! Ha puc.l. BuaHo, 4to ¢ yBenuueHneM HeopHopoaHoctu, o /|,

TMOBEPXHOCTH TUIEHKM CYIIECTBEHHO TajaeT JuiuHa mpobera |, . Ycranosneno, uto mammna
CBOOOJIHOTO TMpobera MpOAOTbHBIX (POHOHOB IUICHKH OOJBINE TOJIIMWHBI TIJICHKH, YTO

otnuyaercs oT BeiBoAa Kasummupa [1] o Tom, 4To ISl IEpOXOBATHIX MOBEPXHOCTEH ITHMHA
cB0OOOTHOTO TIpoOera (OHOHOB MOYTH paBHA TUAMETPY 0Opaslia.

24

I= I '~L~1000m gcncrlal model
h=10 nm —L=150nm general model |
L=200nm general model

—~L=100nm sin model
20 —-L=150nm sin model
L=200nm sin model

12 I 1 1 I I 1 1
0 0.05 01 0.15 0.2 0.25 0.3 0.35 0.4

o/l [nm/nm]
Puc. 1. Cpennarie nauHbI CBOOOHOTO Mpobdera (GOHOHOB /I Pa3HBIX MOJIEICH MTOBEPXHOCTH.
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NCCIEAOBAHUE NTIPUCTEHHOI'O OBPATHOI'O TEYHEHMS B
KAHAJIE KBAJIPATHOI'O IIONEPEYHOI'O CEYHEHMUS ITPU
HATI'PEBE CTEHOK

Yynpos 1.B.}2, Upamenko B.A.12, Mymnsmxanos P.J.12, 3apunos J.1.23

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeernnuiii ynusepcumem, Hosocubupck, Poccus
3) Uncmumym snepeemuxu u nepcnekmusHulx mexnonoeuti KazHIL| PAH, Kazans, Poccus
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Ha mpoTsbkeHu#n J0iroro BpeMEHH BO3HMKHOBEHHE MPHCTCHHBIX OOpPATHBIX TCUCHUI
CUMTAJIOCh HEBO3MOXKHBIM, O 4Ye€M CBHUCTCIBCTBYET padora OkenbMana [1]. Ilozxe wux
CYIIIECTBOBaHKME OBLIO IMMOKAa3aHO KAaK JIKCIEPUMEHTAIBHO, TAK M B YHCICHHBIX pacyerax.
HenasHo B pabotax [2, 3] ObLT mpeUioKeH MeXaHU3M 00pa30BaHMs MPUCTEHHBIX 0OpPATHBIX
TEYCHWII HA OCHOBE JAaHHBIX, IMOJYYECHHBIX B XOJIe¢ O3KCICPUMEHTa C WCIOIh30BAHUEM
ontudyeckux MertonoB m3mepenus (PIV, or amrn. particle image velocimetry) u mpsimoro
yrcaerHoro moxaenuposanusi (DNS, ot anrn direct numerical simulation). B nanHo#i pabote
IUTAHUPYETCS UCCIEeIOBaTh BIUSHUE HArpeBa CTEHOK KaHajla Ha IMpolecc oOpa3oBaHHE
MPUCTEHHBIX OOPATHBIX TEYCHUN U UX CTATHCTUYCCKUE XaPAKTEPUCTUKH.

B pabote paccmaTpuBaeTcs TEUEHHE TpeX pAa3IMUYHBIX TEIIOHOCUTENe (BO3ayXa,
JKUJKOTO HATPUsS W CBUHIIOBO-BUCMYTOBOTO CIUJIaBa) B KaHAJE KBAJAPATHOTO IOIEPEUYHOTO
cedeHus mupuHoi 2H. 3aiaya pemraercs NpsSMbIM YUCICHHBIM MoZieTupoBanue. /s pemeHus
ypaBHeHuss HaBpe-CTOkca BIDIOTH JO KOJMOTPOBCKOTO MaciiTaba BOJM3M CTEHOK
UCIIONB3YETCSl CrylIeHHe CeTKu. JIJis CKOpPOCTH HalOXKEeHbl MEePUOJUYECKHE T'PaHUYHbIC
YCIIOBHS B MPOJIOJIGHOM HAIIPABJIICHUH W YCIIOBUE MPUIIMITAHUS Ha OOKOBBIX CTEHKAX KaHala,
JUTSL TeMITepaTypbl popMysIupyeTes 3aaada Jupuxiie Ha BepXHel u HIKHeH crerkax (Y/H=+-
1), OOKOBBIE CTEHKH TEIUIOM30JIMPOBAHBI. PaccMaTrpuBaeTcsi MEpPeHOC TEeMIIEpPaTyphl Kak
[IACCUBHOM IIPUMECH, TaK U B IOCTAaHOBKE Mayioro yucna Maxa. Hucno PeirtHonbaca paBHO
Re = 3150, mocTpoeHHOE 110 CpeTHEPACXOTHOM CKOPOCTH U TTOJTYBBICOTE KaHAIA. 3aBUCUMOCTH
TUIOTHOCTU U BSI3KOCTH OT TeMIIepaTyphl BEIOPAHBI B COOTBETCTBUU C IKCIIEPUMEHTAIBHBIMU
JTAaHHBIMHU.

Pacyer TypOyneHTHOro Te4YeHHS TPOBOAUTCS METOJOM MPSMOTO YHCIEHHOTO
MonenupoBanus (DNS) ¢ momouipio oTKpbITOro BeiuuciaurenbHoro nakera Nek5000, panee
YK€ HCTIOIh3YyEeMOT0 JIJIs pelieHus mogo0HbIX 3a1a4 [2,3]. brarogaps cnekTpaibHOM TOYHOCTH
KoJa yhaeTrcs JOOWUTHCS XOpOIIEH TOYHOCTH PEIICHUS Ha OTHOCUTEIILHO HEOOIBIIOM
KOJIMUECTBE BBIYMCIUTENBHBIX Y3]I0B, KOTOpOE Ui JAaHHOM 3a/a4u He mpeBbicuio 10 miH.
TOYeK. BbUM ToMydeHsl MPOGHITH paclpeIesieHUs] CKOPOCTH H €€ IYJIbCAIUA, TeMITepaTyphl,
MPOaHATU3UPOBAHA BEPOSTHOCTH MOSBICHUS MPUCTEHOYHBIX OOpATHBIX TEUEHWH Kak Ha
MOBEPXHOCTH TUIOCKHX CTCHOK, TaK M B yIjlaX KaHaja.

Paboma evinonnena 6 pamkax cocyoapcmeennoeo 3aoanus UT CO PAH. Aemopul
onacooapuvr UT CO PAH u Hosocubupckomy eocyoapcmeenHomy YHusepcumemy 3d
npeodoCcmagienHble 8blYUCIUMENbHbLE pecypchbl cynepkomnviomepa “Kackao”.
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YKCNEPUMEHTAJILHOE UCCJIEJOBAHUE
UAPKYJISIIAOHHOTO JABUKEHUS )KUIKOCTH B OTKPBITOM
AJMHIPE C HUYKHAM BPAIIAIOIIIUMCSI TOPLIOM

[apudynmn B.P.", Tuarynosa M.B., Haymos 1.B.

Hnemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccust
“sharifullinbulat@mail.ru

HccnenoBanne (HOpMUPOBAHHUS LUPKYISALUOHHBIX BUXPEBBIX SUCCK IS YIYUIICHHS
TEII0-MacCOOOMEHHBIX MPOIIECCOB B OMOJOTMYECKMX U DHEPreTUYECKUX TEXHOJIOTUAX
SBIISICTCA BOXHEUIIMM NPUIIOKEHHEM B pa3pabOTKe BUXPEBBIX alllapaToB W ONTUMH3AIHNU
pabounx pexumoB [1]. B manHO# paboTe BBIMOJHEHO AKCIIEPUMEHTAIBLHOE HCCIICIOBAHHUE
pacmpeneneHusi CKOPOCTH TIpU  OpraHW3allid  BUXPEBOTO  JBIDKEHHS JKUAKOCTH B
HWIMHIPUYECKOM KOHTEHHEpEe ¢ HUKHHMM BpAIIAIOMIMMCS TOPIOM (AMCKOM) B JBYX
koHurypanusax: (I) mpu cBoboaHO# BepxHel rpanune paznena [2], (1) npu nanuyauu Bropoi
Oonee nerkoil HecMemmBaeMmoi skuakoctu [3]. Lleap paGoTel — uccienoBaTh pPeXUMBI U
napamMeTpsl, MPH KOTOPBIX TNPOUCXOAWUT LUPKYJSIHS SKAIKOCTH BO BCEM OOBEMe st
3¢ (peKTUBHOTO MepeMeNIuBaHus U CPABHUTH C 3aMKHYTHIM BUXPEBBIM PEAKTOPOM.

HccnenoBanus MpoOBOAWINCH B BEPTUKAIBLHOM IIMJIMHAPUYECKOM KOHTeIHepe (panuyc R
= 144 MM) ¢ HUKHHUM JHUCKOM, BpaIllalOIUMCS C YTI0BOM CKOPOCThIO ®. B kauectBe paboueit
JKHUIKOCTH HCIONB30BaIcad 65% BOIHBINA pacTBOp MIHIepuHa (MIOTHOCTH pg= 1150 kr/m°,
KMHEMATHYECKas BA3KOCTb Vg = 15 MM%/c). B kauecTBe BTOPOi KHMAKOCTH HCIIOIH30BaTIOCH
nojiconHedHoe Macio (po = 916 kr/m3, vo = 41.9 mm?/c). BeicoTa cros paboueii xunkocTu hg
mensiack ot 0.2R 10 1R ¢ mrarom 0.2R. a BeIcOTa BepXHE#H *uaIKoCTH OblIa prukcupoBana ho =
1R. Ymcno Peiinomsaca Re = wR?/vg BapsupoBamack ot 200 o 1000. Mccmemosanus
IPOBOJIWINCH MpU nomouu Metona PV B BepTHKaIbHOM CEYEHMH, MPOXOJIAIIEM Yepe3 OCh
LIUJIUHAPA U B TOPU30HTAIIBHOM CEYEHHH I10J] TPaHUIIEH pa3jena Ha pacctosHun 1 mM. [loTok
KMIKOCTH 3aceMBajics TONMAMHIHBIMU YacTHLAMH IIOTHOCTHI0 1030 kr/mM® u cpemHuM
pazmepom 10 MkMm.

B xonme paboTel ompeneneHbl 3aBUCHUMOCTH LUPKYISIMOHHOTO JBMKEHUS NpU
YBEIMYCHUH 3aKPYTKHU TIOTOKA U M3MEHEHHUH BBICOTHI pabodeid xuakocth. [lokazaHo, 4To mpu
CBOOOJTHOW MMOBEPXHOCTU (BO3/1yX) BO3MOXHO TBEPJOTEIBHOE BpAIIEHUE >KUIKOCTU B
IIPUOCEBOI 30HE PEaKTOpa, B KOTOPOH OTCYTCTBYET pajauajibHasi COCTAaBJISIOIIAsl CKOPOCTH.
[TonydeHo, 4To /Ui MEPUINOHAIBHON UPKYIALUHU KUIKOCTH BO BCEM 00beMe HEOOXO0 MO
YTOOBI BBICOTA CJIOS KUAKOCTU OblIa He MeHee 1R. YcraHoBieHO, YTO NpU HAJIIMYUH CBEPXY
BTOPOU KHUIKOCTH, Aaxe npu hy = 0.2R, B paboueil XUAKOCTH (OPMHPYETCSI TaKOE Ke
MEpUIMOHAIBHOE TEYEHHE KaK B KOH(PUIypalluh C TBEpAOH KpbIMKoW. TBepaas Kpbllika
TBEPJIOTEIBHOTO BPALICHUS HE JIOMYCKAET U BO3HUKACT MEPUIMOHATIbHAS UPKYIISLINS, TOT/AA
KaK JKHJKasl KPBIIIKa - IPOMEKYTOUHBIN CITy4aii, a pe3yibTaT 3aBUCHUT OT €€ BA3KOCTH.

Paboma evinonnena npu noooepawcke epanma PH® Ne 19-19-00083.

Jlureparypa

1. Shtern V. Cellular Flows. Topological Metamorphoses in Fluid Mechanics // New York:
Cambridge University Press. — 2018.

2. Chaplina T.O. Experimental study of substance transfer in vortex and wave flows in
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3. Skripkin S.G., Sharifullin B.R., Naumov L.V., Shtern V.N. Dual vortex breakdown in a
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MOJAEJINPOBAHUE USMEHEHWUSI TEMOJAUHAMUKH B
HEPEBPAJIBHOU COCYAUCTOU NATOJIOI'NH U EE
OKPECTHOCTH BO BPEMS HEMPOXUPYTI'MYECKOU OIIEPALINHN

[apudynmnaa T.C.", YepeBko A.A., Ocranenko B.B.

Huemumym euopoounamuru um M.A. Jlaspenmvesa CO PAH, Hosocubupck, Poccus
“tatiana_06.08@mail.ru

LlepeOpanbHast aprepuoBeHO3Has MaibhopMmarnuss (ABM) sBisercs BpOXKICHHOM
MATOJIOTUEH Pa3BUTHSA COCYIOB TOJIOBHOTO MO3ra, MPU KOTOPOM apTepuaibHOE M BEHO3HOE
KPOBEHOCHBIE PYyClla COCAMHEHBI KIYOKOM OECHOpSAOYHO IMEPErIeTEHHBIX BBIPOKICHHBIX
cocynoB. OJIHUM M3 METOJOB XHUPYPrHUECKOIrO JIEUCHMs SBJSETCS AMOONM3aIus — 3TO
MaJIOMHBAa3MBHOE BMEIIATENLCTBO, MPECTABIAIONIEEe COO0N BHYTPUCOCYIUCTOE 3aIlOJIHEHHE
KIyOKa MaTOJIOTMYECKUX COCYAOB CIEHUAIbHBIM JKUIAKAM TBEPJACIOIIMM BEIIECTBOM
(SMOOIMYECKHM areHTOM) C IeNbl0 OJOKMpPOBAaHUS KPOBOTOKa 4depe3 HuUX. He cMorps Ha
HIMPOKOE MPUMEHEHHUE JAHHOTO XUPYPrUUeCKOro METO/1a, OCTAIOTCS PUCKH HEOJIaronpusTHOTO
MCXO0/ia ONEpaIiy, BbI3BAaHHBIC MEPUONIEPAIIMOHHBIMA KPOBOM3IUSHUSAMHU. MaremMaTHieckoe
MOJIeJIMPOBaHUE Mpoliecca HIMO0IHU3AINHI PACCMATPUBAETCSI COBMECTHO € TIOCTAaHOBKOM 3a/1a4un
ONITUMAIIHOTO YIIPABIICHHS STUM MTPOIECCOM.

Jns ommcaHus TE€YEHHUS BHYTPU TATOJOTHHM HCIOJIb3YETCS MaTeMaThdecKash MOJEINb
IByX(a3zHOW (QHUIBTpAlliM HECMEIINBAIOLINXCS XKHUIKOCTEH uepe3 mopucrtyto cpexy (ABM),
/i€ BeITECHsIeMOH (ha3oii ABIAETCS KPOBB, a BBITECHSIOMIEH IMOomnueckuil arent. [lockonbky
ABM sBaseTcst 4acTbio COCYJUCTOM CHCTEMBI T'OJIOBHOIO MO3ra, TO IO MEpe MOCTYIJICHUS
SMOOJMYECKOT0 areHTa YBEIWYHBACTCS TUIPABIUYECKOE COMPOTUBICHUE NATOJOTUH U
KPOBOTOK B OKpYXKAlOIIMX IMATOJOTHIO COCyAax IepecTpauBaerca. Jlias ydera 3TOrO
nepepacupesieieHust MOTOKa KpOBHM, K MoJenu (GWIbTpauuu J100aBiseTcss MOJeb
OKPY’KaIOIIEeH COCYIUCTON CETH, MOCTPOEHHAss HAa OCHOBE THIPABIUYECKOTO MPHUOIUKEHUSI.
[TomyueHnHasi cucreMa HHTETpO-AU(PPEPEHINATBHBIX YPAaBHEHUN B YACTHBIX MPOU3BOTHBIX
pemaeTcst YMCJICHHO ¢ TOMOIIbI0 MOHOTOHHOM Moaudukaruu cxembl CABARET [1].

OpHoil u3 meneil paGoThl SBJISETCS OTBHICKAHUE ONTHMAIBHOTO C TOYKHU 3pEHUs
6e3omacHOCTH U A(DPEKTUBHOCTU CleHapusi dMOonu3anuu. JJis BO3HHUKAIOIIUX HAdadbHO-
KpaeBbIX 3aJa4 CTaBUTCS 3a7aya ONTHMAIBHOTO YNPaBJICHHs, T/ 1eIeBod (DYHKIIMOHAT U
OTPaHUYEHUS] BBIOMPAIOTCS B COOTBETCTBUM C MEIAWIMHCKAMH TIOKa3aHUSMH. 3agada
ONTUMU3AIMM pELIAeTCs YHUCIEHHO B CHENMaJbHOM Kiacce ympaBieHuil. Hccnemyercs
NepecTpoiika KPOBOTOKA MIPU PA3ITMYHBIX CLIEHAPHUSIX dYMOOIIN3AINH.

Jl71st ycTaHOBIIEHUS TECHOM CBSI3U MaTeMaTHYECKON MOCTAHOBKH 3314 C KIMHUYECKUMU
NPUIOKCHUSMH TIPA  ONPEACTCHUHA TIapaMeTpoB W (DYHKIMHA, BXOIIMIMX B MOJEINH,
UCTIOJIB3YIOTCS peabHble KIIMHUYECKUe JaHHble manueHTos [1,2]. Pe3ynbpTarhl HccaenoBanuit
MOTYT HCIOJIB30BAThCS ISl YCOBEPIICHCTBOBAHUS METOIWKH, BBHIPAOOTKH PEKOMEHIANNN U
MOBBIIIEHUS 0€30MaCHOCTH MPOBEICHUS HEHPOXUPYPIUUECKUX ONEepaLnii.

Paboma evinonnena npu noodepoicke Poccutickoeo nayunozo gponoa (npoexm Ne 22-11-

00264, https://rscf.ru/project/22-11-00264/).
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BJIUSAHUE JABJIEHUS HA KPUTUYECKHUM TEILJIOBOM IMMOTOK
ITPU KMTIEHUHA B CJIOAX KUJIKOCTHU HA PA3JIMYHBIX
KAIMWIJIAPHO-IOPUCTBIX ITIOKPBITHUAX

IIsenos J.A.Y", TTaBnenko A.H.%, KykoB B.1.1?

1) Unemumym mennogpusuxu um C.C. Kymamenaose CO PAH, Hosocubupck, Poccus
2) Hosocubupckuii 2cocyoapcmeenHulli mexHudeckuil yrusepcumem, Hoseocubupck, Poccus
“shvetsov.kh301@ya.ru

B nannoit pabore mpeacTaBieHbl pPe3yJbTaThl UCCIEAOBAHUS KPUTHUECKUX TEIJIOBBIX
notokoB (KTII) npu nucnapeHuu u KUMEHUU B TOHKUX TOPU3OHTATIBHBIX CIIOSX JKUIKOCTH Ha 2-
D MOIynupOBaHHBIX KaMUUISIPHO-TIOPUCTHIX MOKPHITHSAX B HIMPOKOM JHara30oHe U3MEHEHUS
OTHOCUTEINBHBIX AaBieHui. C momoipio agauTuBHOM SLS TexHomoruu [ 1] 6p11H H3roTOBIEHBI
JIBa TIOKPBITUS U3 HEprKaBerolieit ctanmu (oopaser 1) u u3 Opon3bl (00paselr 2) ¢ pacCTOSHUEM
MeXIy pedpaMu 3.5 MM H OJTHO MOKPBITHE U3 OPOH3HI C PACCTOSHUEM MeX 1y pedpamu 1.7 MM
(o6pazen 3). [lomyueHHbIe SKCIEpUMEHTANIBHBIE JaHHbIE CpaBHUBAIUCH co 3HaueHussMu KTII
Ha TJIaIKOM MTOBEPXHOCTH, a TAKXKE C PACUCTHHIMU 3HAYCHHUSIMH 10 U3BECTHBIM MOJAETISM (CM.
puc. 1). Yeemuuenue KTII nmo cpaBHEHUIO ¢ I1akoi MOBEPXHOCTHIO JOCTUTANIOCH B CIOSAX
xunkoctu BeicoToit 4.0 m 10.0 mm. Ha oOpasne 3 Obuin monydeHbl Hambosiee BBICOKHE
snaueHust KTII no cpaBHenuto ¢ apyrumu odpasuamu. @opmyna SArosa gocTaToOyHO OIM3KO
omuceBaeT KTII Ha o6pasuax 1 u 2 B o6mactu nasnenuii Ps/Per = 1.84-10°-6.62-10. Tlpu
naBneHusx Huxke Ps/Per = 7.35:10° KTII Ha Bcex o0pa3slax OrpaHHMYUBAIUCH CBEPXY
HEyCTOWYMBOCTBIO JIaHaay.

q, Br/m?

10° 4
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Puc. 1. KTII B cnoe H-moaekana 4.0 MM B 3aBUCUMOCTH OT OTHOCHUTEJILHOI'O JaBJICHUS .

1 — obpaszen 1; 2 — obpazern 2; 3 — obOpazer 3; 4 — raaakasi MIOBEPXHOCTh; 5 — pacueT 1mo
dbopmyne Jlannay; 6 — pacuer o popmyne Kyrarenanze; 7, 8 — pacuer o ¢opmyse Jlutepa u
KaBuanu npu mapametpax s 00pasnoB 2 u 3, COOTBETCTBEHHO; 9 — pacuer no popmyre
Srosa

Uccneoosanus evinonnenvl 6 pamxax eocyoapcmeennozo 3aoanusi UT CO PAH
(Ne 121031800216-1).

Jlureparypa

1. beccmensner B.I1., [TaBnenko A.H., XKyxoB B.M. Pa3paGoTka TeXHOJIOTHH CO3JaHUS
CTPYKTYPUPOBAHHBIX KaNWJUIIPHO-TIOPUCTHIX MOKPBITUH MeToaoM 3D-mevatu miist

MHTEHCU(UKAINK TeriooOMeHa npu kuneHnu // Apromerpus. — 2019. — T. 55. — Ne. 6. —
C. 25-35.
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OPAT'MEHTAIUA KAIIEJIb BOJJOMA3YTHOI'O TOIIVIMBA

Inerens H.E.

Hayuonanvnuiii uccnedosamenvckuti Tomckuii nonumexuuseckuil ynugepcumem, Tomck,
Poccus
“nik.shlegel.ask@gmail.com

B mHacrosmme Bpemsi Ui TEIUIOCHAOXKEHMS KHJIBIX 3JaHUA M MPOMBIIUICHHBIX
OPEANPUATHA HCIONB3YIOTCA KaK TPAJAWLIMOHHBIE BHIBl TOIUIMBAa (yrojib, Ta3) Tak H
HeTEMPOAYKTHI (Ma3yT, AM3TOILINBO, Chipas HedTh) [1,2]. Masyr mpeacraBiasieT cMech
(paKIMOHHOTO CHIPbS W OCTAaTKOB IPOLIECCOB OUYMUCTKH M KPEKUHTa HE()TH M COACPKUT
BBICOKHI NMpOLEHT Au3enbHoro tomiuBa (okoio 40%). B Poccun 84.7 % mpousBoaumoro
Ma3yTHOI'O TOILIMBA UCIOJIb3YETCS Ha TEIJI0PHEPTreTHYECKUX 00bEKTaxX, KOTOphIE paboTatoT Ha
Hedrenpoaykrax [3]. KomuuecTBo 00bEKTOB B TEINIOIHEPTETHKE, UCIIONB3YIOIUX Ma3yT Kak
OCHOBHOUW BHJ TOIUIHBA, cocTaBisier 2357 — xorenbHbiX 1 7 — TOL] [3]. Ilpu pacnbuieHnn
Ma3yTHOT'O TOIUIMBA CYIIECTBYET PsAJ TEXHOJOTHYECKHX CIOKHOCTEH, KOTOPhIE MPHUBOIAT K
HECTaOMIILHOCTHU TOpeHus (hakena.

Llenbto paboTHI SIBISIOCH OMpeAeNieHUE MpeneiabHbIX (HEOOXOAUMBIX U JOCTATOYHBIX)
YCIIOBHI M XapaKTEPUCTUK BTOPUIHOTO U3MEIIbUYCHHUS Kareb BOJIOMa3yTHON KOMIIO3HUIIUH TTPU
UX COYJIapeHHH C TBEPAOW HArpeToil MOBEPXHOCTHIO, COOTBETCTBYIOUICH CTEHKaM Kamep
CrOpaHHs.

BbImonmHeHbl  3KCHEPUMEHTANbHBIX ~ UCCIEJOBAHHM  XapaKTepUCTHK  BTOPHUYHOTO
U3MENbYCHHS Kareldb BOJAOMAa3yTHOTO TOIUIMBA MPHU COYJAPEHUHM C TBEPIOH IMOMJIOKKOW U
MEXay Cco0o0il. VYCTaHOBJIEHBI YyCIOBHS CTAaOWUIBHOW peanu3alid JIBYX PEXHUMOB
B3aUMOJICUCTBUS POJIUTEIBCKON KAl W TOIOKKHU. JJI MpUOIMKEeHHs YCIIOBUH OTBITOB K
ra3onapoKamnelbHbIM  TEXHOJOTHSM  HCIOJB30BAINCH  BapbUpyeMble  MapaMeTphI:
OTHOCHUTEJIbHbIE KOHIIEHTPALUK BOJbI U Ma3yTa, pa3mepsl kaneinb (0.1-2.5 mm), ckopocTu ux
neumxenus (0-8 m/s), temmeparypa TtormBa (20-90 °C) u mommoxku (20-300 °C).
Perucrpupyembie XapaKTEpUCTHKH: PEKUMBI COYIaPEHHIA, KOJTMYECTBO U Pa3Mepbl BTOPUUHBIX
(GparMeHTOB, IUIOLIa[b IMOBEPXHOCTH KHMIAKOCTH. [locTpoeHbl  KapThl  pEXHUMOB
B3auMoieiicTBus. [lomydeHbl MaTeMaTHuyecKie BBIPAKECHUS Il OTMCAHUS TPAHUI] PEKHMOB
B3aUMOJICHCTBHA. BhIYMCIeHbI MO MOBEPXHOCTH Kalleslb BOJOMAa3yTHOM KOMITO3HMIMU
nociie u 10 pparmentanuu. ChopMyIupoOBaHbl PEKOMEHIAIUU 110 TPUMEHEHUIO PE3YJIbTaTOB
UCCIIEIOBAaHUM I Pa3BUTHUS TEXHOJOTHH BTOPUYHOIO M3MEIbUEHUS Kareilb BOJOMA3yTHBIX
TOTIJIB B MPHJIOKEHHSIX.

Hccneoosanue svinonneno 3a cuem cpedcme Poccutickoeo Hayunozo ¢honoa (npoexm Ne

22-79-00197, https://rscf.ru/project/22-79-00197/).
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2. Alekseenko S V, Maltsev LI, Bogomolov AR, Chernetskiy MY, Kravchenko I V,
Kravchenko Al, et al. Results of pilot-operating combustion of coal-water fuel in a low-
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BJUSAHUE KUJKOU ®PAKIIMU TEHBI HA OB TEKAHUE
JIOKAJIBHOT'O IPOHUIAEMOTI'O ITPEIIATCTBUA
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“shmakova@hydro.nsc.ru

Kungkue meHbl HCIONIB3YeTCS BO MHOTMX HPOMBIIUICHHBIX HPUIIOKEHUSX, TJIe
Ype3BbIYAfHO BaXKHBIM TPEACTABIACTCS TOHUMAaHHE 3aKOHOMEPHOCTEH, ITO3BOJISIONINX
OCYIIECTBIISITh KOHTPOJIb TEUEHUS MEH B TeTeporeHHbIX cpenax [1]. Panee ObL10 mokazaHo
BIIMSTHUE T€OMETPHUH IMPOHHUIIAEMOTO TPEIISITCTBUS Ha KBa3HJIBYMEPHOE TCUCHHE MEHBI [2].

Lenbto qaHHON pabOTHI SIBISIETCA aHATU3 SKCIIEPUMEHTANIBHBIX TAHHBIX TEUYECHHsS TICHBI
C pa3JIM4YHBIM BOJAOCOAEpkaHUEeM B sdeiike Xene-llloy, cocrosmenn U3 ABYyX CTEKISHHBIX
IUTACTUH, PA3/IeICHHBIX MWUIUMETPOBBIM  3a30pOM, TpU HAJIWYUH  [POHUILIAEMOTO
[WIAHIPAYECKOTO MPENITCTBHS. B paboTre mpeacraBieH HOBBIH aJITOPUTM pacyeTa >KUIKON
dbpakiuy 1ByMEpHOI MeHbI HA OCHOBE CTAaTUCTHUYECKOTO aHanu3a. [lokazano, 4To MOBBILICHHE
BOJIOCOIEPKaHUS PUBOJUT K YMEHBIICHUIO 3 (PeKTa OTPUIATETHHOTO ClIeIa P O0TEKaHUN
OpensTcTBUS B IUIOCKOM 1mienu (puc. 1). Jlng Oosiee CyXux NEH YBEIUYEHHE BBICOTHI
NPEISATCTBUS NPUBOAUT K YyCHICHHIO 3(¢eKxra oTpuiareiabHoro ciena. [Iporurmaemocts
JIOKQJIbHOTO TPEMATCTBUSL 3HAYUTEIbHO YMEHBIIAETCS C YBETUYCHHUEM KHUAKOW (pakuuu B
HCCIIEIyeMOM JIMaria30He MapaMeTpoB U MaAaeT 10 3HAYEHUs, OJTM3KOTO K HYIIO IIPH IIEpexo/ie
K IIy3bIpbKOBOMY T€UEHHIO [3].

0.5 t— Upean [mm/s 0.5

58 x 1074

P

-4 -2 0 2 - -2 0

5 x/a x/a

Puc. 1. Ucxoaubie n300paxeHus TIEHBI (CeBa) U IPOI0JIbHASI KOMITOHEHTa CKOPOCTH
(cmipaBa) 11st HU3KOTO (2, b) 1 BeICOKOTO (C, d) BoIOCOAEpKAHUS.

no

1
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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE KOMIIOHEHTOB
TEIIJIOBOT'O IOTOKA HA ITIOBEPXHOCTHU TEJIA YEJIOBEKA

Ilep6akos I'.E.}? T'epacumos A.C.}2, Yoxap U.A.%, Tepexor B.1.12

1) Uncmumym mennoghusuxu um C.C. Kymamenaoze CO PAH, Hosocubupck, Poccust
2) Hosocubupckuti cocyoapcmeeHubill mexnuyeckutl yrueepcumem, Hosocubupck, Poccus
*gleb.shherbakov.99@mail.ru

3HaHME 3aKOHOMEpPHOCTeH TeriooOMeHa uejoBeka TpedyeTcss B MEAMIMHE JUIs
000CHOBaHMS METOIUK TUIO-U THIIEPTEPMUH, Pa3pabOTKH CHeNHaIbHON OEK/bl B aBUAIHH,
MUC, mopckom (iote. B nmeromuxcsi SKCIepUMEHTANbHBIX U PAaCUYe€THBIX HCCIIECIOBAHUIX
pelLlIeH JUIIb PsII YaCTHBIX BOIPOCOB U 3Ta mpobiema TpeOyeT NalbHEHIIEero JETalTbHOTO
U3YUYCHUS.

B nanHoit paboTe npencTaBieHbl PE3YJbTaTbl HW3MEPEHUI TEIUIOBBIX IOTEPh INpPU
BapHallly yCIIOBUI BHelIHeH cpesl. [IpoBeeH aHanmu3 Bcex KOMIOHEHTOB TEIJIOBOTO IOTOKA
U MX BKJIaJ] B CYMMAapHBIH IIOTOK TEIJIOTHI Ha OT/IEIbHBIX Y4aCTKaxX KOKH YEJIOBEKA.

BrimonHeHo uccienoBanue, NpeacTapisioniee co00i KOMIUIEKC U3 6 SKCepuMeHTOB. B
KaueCTBE MCIIBITYEMbIX, YJaCTBOBAJIHU JBa 4YEJOBEKa MYMKCKOIrO Iojla BozpacToMm 22 yer. B
00Ha)XCHHOM BHJI€ YEIIOBEK HAXOIWJICS B HEIMOJBMKHOM JIe)KaueM MOJOXKEeHUH B TedeHue 30
MUHYT B KJIMMaTU4YeCKOM KaMepe CO CTa0MIN3HUpPOBAaHHOW TeMIleparypoil W BiIaXKHOCTbiO. B
Tpex OO0JacTsIX Tela IMPOBOAUIIOCH H3MEPEHHE JIOKAJIbHBIX TEIUIOBBIX IMOTOKOB. JlaT4vku
TEIIOBOTO IOTOKA, TEMIIEPATYPhI U BIAXKHOCTU PACIIOIarajIuCh Ha TPYIH, )KUBOTE U IJIEYE.

ny\-{ UCTBIA TENNOBOK NOTOK PasHbIX YacTel Tena KoHBeKTHBHbBIA TENNOBOI NOTOK pa3Hbix YacTed Tena
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Temnepatypa T,,.,°C Temneparypa T,,,,°C
Puc.1. Pa,[[I/IaI_II/IOHHaSI KOMIIOHCHTA Puc.2. KouBekTHBHAs KOMIIOHEHTA
TEIUIOBOTO MOTOKA, Toxp=20°C TEIIOBOT'0 NMOTOKA, Toxp=20°C

B xadectBe mpuMepa Ha puc.| Moka3aHO U3MEHEHHE JTyYUCTOTO TEIJIOBOTO MOTOKA MPH
BapHallMK TeMIepaTyphbl oKpyxaromiei cpensl. Koaddumrent nznydenust koxxu ObLT MPUHST
Omm3kuM K abcomoTHO udepHomy Tenmy [1]. JlamHas cocraBistomas Obla TOJMydeHa Kak
TEOPETUYECKUM, TaK U IKCIIEPUMEHTAILHBIM MeToAaMu. Tak:ke Ha OCHOBE Pa3HOCTH 3HAUEHUI
MOJTHOTO M JTYYUCTOTO TEIJIOBOTO ITOTOKA, OIpE/Ie]IcHa U KOHBEKTUBHAS KOMIIOHEHTa (puc.2).
Kak BuHO, H31TydeHue, BEICTIIEMOE U MTOTIIONIAEMOE TEJIOM, IPEBAMPYET HaJl KOHBEKTHUBHBIM
TEIII000MEHOM Ha MTOBEPXHOCTH KOXKH [2].

Paboma sevinonnena 3a cuem Mezacpanma Ne075-15-2021-575
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