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AHHOTaNMSA

IIpeamer uccaenoBanus. [IpescrapiaeHsl pe3ynbTaThl YUCIEHHOTO MOJIETUPOBAHUS MPOIECcca MEPEHOCa U3ITyYEeHHs B
Ta30)KUAKOCTHBIX MeHax. {71 uccaenoBaHms MepeHoca 30HANPYIONIETO H3TyIEHHs B Ta305KUIKOCTHBIX TIEHOTIOA00HBIX
cpelax Ha Pa3NIMYHBIX dTarax CTAPEHUS MPENIOKEH METOJ YHCIeHHOro Mozenuposanus Monre-Kapmo. [nst ydera
TIepeoTpaXkKeH!s Ha TpaHuIax pasjena AByX (a3 mpumMeHneHa MeToanka Ha ocHoBe (opmyn Openernst. Metoa. B xauectse
MOJIETTEHOM CpeJIbl PACCMOTPEHBI STYEHCThIE CTPYKTYphI KelbBHHA, IMUTHPYIOIIVE Ta30BbIe My3BIPHKU B )KUIKON MaTpHUIIe
B IIpoliecce cTapeHus (coarsening), MpeACTaBIISIONIEM MEPeXo/l MEHOMOT00HON Cpebl OT «BIAXKHOW» K «CYXOM».
Tono6HBI ITepexo UIst H30JIMPOBAHHON CHCTEMBI 00YCIIOBICH MEIICHHBIM CTEKaHUEM YKHAKOCTH MO CTEHKAM ra30BbIX
syeek U KaHaimam [lmaro—['u60ca BeaeacTBUE BIMSHUS TPABUTAIIMOHHOM CHIIBI. B mporiecce 3BOMOIHK TPOUCXOIUT
yYMeHbIIIeHne 00bEMHON J0JH KUIKOH (ha3bl M yBEIMUEHUE CPETHETO Pa3Mepa ra30BbIX AdeeK MEeHOMOJ00HOMH Cpebl.
TpexmepHas sgencTas CTpyKTypa Ha Pa3HbIX dTanax 3BOJIIONHHU MPEACTaBICHA KaK CHCTEMA MJIOTHOYITaKOBAaHHBIX
YTIOPSITOUCHHBIX Cep MITH TETPaAeKadIpOB Pa3INIHBIX TEOMETPUIECKIX Pa3MEPOB B 3aBUCUMOCTH OT JUINTEIEHOCTH
nporecca craperns. OcHOBHBbIe pe3ybTarhl. Ha ocHOBe 4mcieHHOro MoaenupoBanus MerogqoM MonTte-Kapio
n popmyn OpeHenst MoTydeHb! 3HAYCHUS KOA(PQUIIMEHTOB NPOIYCKaHHUsI H 00PaTHOTO PACCESTHUS 30HANPYIONIIETO
H3ITyYCHUS! JUTS Ta30)KUIKOCTHOH IeHbl. [TomydeHHbIe pe3ysIbTaThl XOpOIIO KOPPEIUPYIOT CO CHIEKTPOMETPHIECKUMHU
M3MEpEeHMsIMH BCIIEHeHHOM sxuakoctu npoussozacta Gillete (Gillete shaving cream). I[IpuBenen ananu3 BIHsSHUS
(dakTopa aHU3OTPOIIMH CPE/bl Ha CPEIHIOI ONTHYECKYIO JIMHY 30HAMpYIolero u3iaydeHus. IlpakTudyeckas
3HAYMMOCTb. Pa3paboTka TEOPETUUECKHX MOJIXO/I0B K IMATHOCTHKE BYX(a3HBIX IIEHONOAO0OHBIX MAaTEPUAIIOB O3BOJIUT
ONITHMH3HUPOBATH CUHTE3 BCIICHEHHBIX MaTEPHAIOB C 33JlaHHBIMH PEONIOTHYECKUMHU U CTPYKTYPHBIMU CBOHCTBAMH U
TOBBICHTH () (PEKTUBHOCTE OIICHKN (PYHKIIMOHAIBHBIX MAPaMETPOB MOTOOHBIX MAaTEPHAJIOB.
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Abstract
The results of the radiation light transfer in the gas-liquid foams are presented. To study the probing light transfer in
gas-liquid foam-like media at different stages of aging, a Monte Carlo numerical simulation method is proposed. To
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MoaenmpoBaHue NpPoLLecCoB NnepeHoca NayvyeHst B ra3oXmnaKkoCTHbIX NeHax

take into account the re-reflections at the phase interfaces, the approach based on the Fresnel formula is applied. Kelvin
cells structures are considered as a model medium, imitating gas bubbles in a liquid matrix during aging (coarsening),
which represents the transition of a foam-like medium from “wet” to “dry”. Such transition is caused by the slow liquid
flow along the gas cells walls and Plateau-Gibbs channels due to the influence of the gravitational force in an isolated
system. During the evolution process, the volume fraction of the liquid phase decreases and the average size of the
gas cells of the foam-like medium increases. The three-dimensional cellular structure at different evolution stages is
represented as a system of close-packed ordered spheres or tetradecahedrons of various geometric sizes depending on
the aging process duration. The Monte Carlo modeling of the radiation light transfer in scattering two-phase foam-like
media, taking into account the redistribution at the interfaces of two phases by use of Fresnel formulas at different
coursing stages, is presented. The transmittance and backscattering coefficients of a probing light are obtained using
the Monte Carlo numerical simulations and Fresnel formulas for the gas-liquid foams. The obtained results are well
correlated with the spectrometric measurements of the foamed liquid produced by Gillete (Gillete shaving cream). The
influence of the anisotropy factor on the optical length of the probing light was carried out. The development of the
theoretical approaches to the diagnostics of the two-phase foam-like materials makes it possible to synthesize foamed
materials with established rheological and structural properties to increase and improve the efficiency of evaluating of
the functional characteristics for such materials.
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BBenenune

JIByx(azHble IIEHONOI00HBIE CTPYKTYPBI IIPEJICTABISIOT
OOJIBIION MHTEPEC ISl HAYKH, TPOMBIIIUICHHOCTH U OHOMe-
nnuHb [ 1-3]. Ckaddona-TeXHOIOT MU aKTHBHO HCIIONB3Y-
10TCSI B OMOME/TMIIMHE JUIsl TAKUX 3371a4, KaK BbIpaliBaHNue
TPEXMEPHBIX KIICTOYHBIX KOHCTPYKIIUH, 00CCIICUCHUS K3~
HENeSITeTBHOCTH KIIETOK B TIporiecce (POPMHUPOBAHUS OTIPe-
JICIICHHBIX THIIOB JKUBBIX TKaHEH B TKaHEBOW MHKCHEPUH
[4-9]. Cxaddommsr MOTYT OBITH pa3pabOTaHBI HA OCHOBE
CHHTETHYECKUX U MPUPOJHBIX MaTepPHaOB, B YACTHO-
CTH, OMOAaKTHBHON KEpPaMHUKH, CTEKOJI, MOJIUMEPOB HIIH
HaHOKOMMO3UTOB [9—13]. OnuH U3 MEPCIEKTUBHBIX METO-
JIOB U3roTOBJICHUs CKadoII0B OCHOBAH HA BCIICHUBAHUU
TIPE/IBAPUTEINBHO TIACTU(HUIIMPOBAHHBIX OMOCOBMECTUMBIX
MOJIMMEPOB C MOMOIIBIO Ta3a UM CBEPXKPUTHUECKON KU~
xoct [14, 15]. CrpykrypHslie napamerpsl 3D-ckadomnmos
OIpEe/IeIISIOT (PYHKIMOHAJIbHBIE CBOWCTBA OMOMaTepHaIoB.
MuxpocKkonmr9IecKre mopsI (pasmepom donee 50 MKM) BITH-
SIFOT Ha opMy U pa3zmep HopMHIpyeMOr TKaHU, ME30CKO-
mu9ecKue mopsl (pasmepoM 1-50 MkM) 3amaroT GyHKIHN
KJIETOK B MIPOIIECCE MX CHHTE3a, & HAHOCKOIIIMYECKUE TTOPHI
(pa3smepom menee | MKM) omnpenensoT 3Pp¢PEeKTUBHOCTD
nudQy3nun MUTaTEeIBHBIX BemecTs [16].

Paspabotka 3(h)(h)eKTHBHBIX METOZOB ONTUYCCKOH aua-
THOCTHKH ISl OLICHKH CTPYKTYPHBIX [TapaMeTPOB CHHTE3H-
POBaHHBIX BBICOKOIIOPHCTBIX MaTpHII, HAIIpUMEp pacrpe-
JIeTICHUS TI0p TI0 pa3MepaM U (opme, a TakKe CTEIICHH HX
B3aNMOCBSI3H, aKTyaJbHAs U BaXKHAs 3a/a4a.

[Tensr mogpasaensorcs Ha cyxue (0ObeMHas O
xkunkoro kommoneHta MeHee 0,1-0,15) u BraxHbIe (00B-
eMHas J0JIsA KHUJIKOTOo KoMmImoHeHTa 6omee 0,1-0,15).
DOKcnepuMeHTalbHBIE UCCISAOBAHUS MPOIECCOB Mepe-
HOCA JIEKTPOMATHUTHOTO M3IYYCHUS BO BCIIEHEHHBIX
KUJIKOCTSAX U BIMSHUE TAKUX CTPYKTYPHBIX ITapaMeTpoB,
KaK CpEeIHUH pa3Mep ra3oBBIX My3bIpel U 00BeMHAs JOIIS
KHJIKOH (as3bl B MeHEe, MPOBOIMINCH MHOTHMH TPYIIIaMH
uccienosaresneil. B vactHocTH, rpynmna y4eHbIX BO IUia-

Be ¢ JI. /lypnanom unccienoBaia CTpyKTypHbIe U (DyHK-
[UOHAJIBHBIE 0COOCHHOCTH BCIICHEHHBIX XUAKOCTEH B
npoIecce UX CTapeHUs] METOJIAMH CIIEKTPOCKOIINHU T (]-
(hy3uoHHOTO TIpomycKaHus U AU (Qy3MOHHO-BOTHOBOM
cnekTpockoruu [17]. InHaMuUKa TpEeHUPOBAHUS KUIKOM
(ha3pl BO BCTIEHEHHBIX XKHUIKOCTAX ONHCAHA PAIOM ypaB-
HeHH#, popmupyromux equayio monens [18-21]. dms
Pa3BUTHS IKCIEPUMEHTAIBHBIX METOANK HCCIICAOBAHMS
BJIMSIHUSI CTPYKTYPHBIX OCOOCHHOCTEH ra30KH/IKOCTHBIX
TMIeH Ha VX ONTHYECKUE CBOMCTBA HEOOXOAMMa a/IeKBaTHas
MareMaTH4ecKasi MOJIeIb PACCESIHUS AIIEKTPOMAarHUTHOTO
M3JIyYeHHUs B TOAOOHBIX Cpeniax.

Onucanne MeTo1a U OCHOBHBIE pe3yabTaThl
MOJICINPOBAHUA

['a305KUIKOCTHBIE TIEHBI MOXXHO PacCMOTPETh, Kak
SYEUCTYIO CTPYKTYPY, COCTOSIIYIO U3 Ta30BBIX SUYEEK C
MEeperopoJKaMy M3 IUIEHOK XHJIKOCTH, IpU 3ToM (opma
MIePEropo/IoK M XapakTep WX IepecedeHHsl OMUCHIBAIOTCS
3axoHamu Ilnaro.

[Ipouecc crapenns neHs! (coarsening) U, COOTBETCTBEH-
HO, TIEPEX0]] OT «BIAKHOI» K «cyXoi» mnene (wet to dry
transition) compoBoXaaeTcs TpaHnchopMarueir hopmsl
s9eeK OT c(hepruIecKoil K MHOTOTPaHHOH, yBEIHUYECHHEM
CpeIHEero pa3Mepa ra30BOH SYCHKH U yObIBaHHEM 00beM-
HOW JTOJH KUAKOW MaTpuIs! (puc. 1). 3ToT mpomecc oly-
CJIOBJIEH YaCTUYHBIM HCTIAPEHHEM KHJIKOH (ha3bl B Ciryuae
HEU30JMPOBAHHOM, OTKPBITOW CUCTEMBI U €€ APEHAKOM Ha
JTHO KIOBETBI, BbI3BAHHBIM IPaBUTAIIMOHHBIMU d(PEeKTaMu.
CXJIOTIBIBAaHUE U KOAJIECLICHIINS Ta30BbIX My3bIpel IPHBO-
JIUT K TIEPECTPONKAM BHYTPH SIUCHCTOM CTPYKTYPBI.

B npomecce BoOnMY CUCTEMBI H3MEHSIETCST MEXaHU3M
paccesiHus cBeTa. Ha HauaJlbHBIX 3Tarax cTapeHusl MeHbI
paccesiHie M3ITyYeHUS TPOUCXOANT Ha Ta30BBIX ITy3BIPSIX
B JKHIKOW MaTpHIle, a Ha MOCIEeTHUX dTarax — Ha CTPYyK-
TYPHBIX JIEMEHTAX CyXOH IEHBI, TaK Ha3bIBAEMBIX KaHaJIaxX
[Tmaro—Iu606ca [22]. B mporiecce 9McIeHHOTO MOJCTIHPOBA-
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Puc. 1. Dotorpadun BCIIECHEHHO! JKUAKOCTH JUTS pazHoro BpemeHu craperus nensl: 500 ¢ (a) u 60 000 ¢ (b)
Fig. 1. Photographs of the foamed liquid at the different foam aging time: 500 s (a); 60000 s (b)

HUS B KaUeCTBE MEHOMNOI00HOM Cpe/ibl pACCMOTPHM MOHO-
JICHIEPCHYI0 COTOO00Pa3HYI0 MOJIEIb IJIOTHOYaKOBAHHBIX
9JIEMEHTApPHBIX sTYEEK, UMEIOMNX (pOpMy yCEeUEHHBIX OKTa-
91pOB paBHOTrO 0OBbeMa. Takas s;tuercrast CTpyKTypa BIiep-
BbIe OblIa yrnomsinyTa B 1887 1. kak crpykrypa KenbBuHa.

YpaBHEHNE, OIUCHIBAIOIIEE TPAHCHOPMALHIO STIEUCTOM
CTPYKTYPBI IIEHBI OT «BIAKHON» K «CYXO#» M, COOTBET-
CTBEHHO, ITEPEX0]] OT cheprudeckoil popMbI K MHOTOTpaH-
HOM, UMEET BHJ

1 1 lp
hocta(x7 »2)+ ;hdodeca(x’ ¥, 2) =

hcube(xs Y, Z) + _p
a
=7, (1)

r7ie @ 1 b — OMHCHIBAIOT T€OMETPUYECKHE CBOICTBA MHO-
TOrPaHHUKOB, BIIMCAHHBIX B cepy (HapuMep, YnUcCIIo CTO-
POH); r — pazuyc chepbl, U3 KOTOPoit hopMuUpyercs: MHO-
TOTPAaHHHK; p — OIPEACISIET ITOIU3IPAIBHOCTD (CTENEeHb
OJIM30CTH MHOTOTPAHHHUKOB K cepe).

Ecnmu p — 2, To dopma stueliku chepuyueckas, eciu

p — ©, TO s4elika nmeeT GpopMy MHOTOTpaHHHKA [23].
VYpaBHenue Tpanchopmary chepsl B MHOTOIPaHHUK:

hcube(xa Y, Z) = ‘x|‘p + M‘U + |Z|P (2)

it p =2 ypaBHenue (2) 3agaet cdepy paauyca r, st
P — 0 9TO ypaBHEHHE OIUCHIBAET KyO ¢ JUIMHOM pedpa 2r.

VYpaBHeHUe TpaHchopManuu cPepbl B IPaBUIbHBII
OKTa’Ip:

hacta(xay9 Z) = |x +y+z|p + |7X+y+zlp + |)C*y +Z|p +
+x+y—zp.
YpaBHeHue pomobonoaeKadnpuIecKoil GopMer chepsr:
hdodeca(x>y5 Z) = |x +y}‘” + |x7y|P + b}+ZV’+ b;,z}p +
+|x +z]P + |x — z[P.

Slueiika KenbBrHa B popMe yCEUEHHOTO OKTadApa OIH-
ceiBaeTcs ypaBHeHueM (1), tne a = b = 1,5355 (puc. 2).

BrinonHuMm mMonenupoBaHue pacnpoCTpaHEHUS pac-
CESIHHOTO CPEJOH 30HAMPYIOLIETO U3JTyUeHUs] Ha dTare
«BIIAKHON» TA30)KUIKOCTHOM MEHBI B CPEJie C OMOIIBIO
meroza MonTe-Kapiio, 1 Ha dTare «cyxoi» NeHbl B paMm-
KaX r€OMETPUUCCKOH ONTHKHU C MCHOIB30BaHUEM (hOPMYIT
Openens. B kauecTBe KPUTHYECKOTO ITapaMeTpa, Xapak-
TEPU3YIOLIETO TEPEX0]] «BIaKHAsI—CyXash» IEHa, BEIOpaH
CpEHHIT pajiiyC Ta30BBIX My3bIPeid 7, = 10 MKM.

Ha nepBbIx 3Tanax 5BOMIONUH MOIENb «BIaXKHOW ra3o-
KHUIKOCTHOH HEHBI IPEACTABISIET COO0H CHCTEMY ra30BBIX
my3bIpeii B xkuakocti. Cpesa uMeeT Clleyolye napame-
TphL: OeckOHEeUHYIO mMpuHy, TonmuHy 3000 MkM, K03hdu-
[UeHT paccesHus [, = 0,177 Mxm !, Mastbiit ko puumeHt
nornomenust p, = 10-1 mxm1.

W3 majarommero oHOHAINPaBIEHHOTO MakeTa (pOTOHOB
BbIOpaHa M OTMEUECHA OJ[HA TTapIUabHasl KOMIIOHEHTA HITH
omuH GoToH. DOTOH, pacIPOCTPAHSSICh B CPE/IE, UCITBITHI-
BACT aKThl PACCESTHUS, TIPH HTOM TPACKTOPHS JIBIKCHHS
(hoToHa 3a/1aHa HANPABISAIOMIMMHI KOCHHYCAMH U ONTHYE-
CKOW NIIMHOH IyTH (OTOHA (PACCTOSTHUEM, ITPOXOIIMBIM
(hOTOHOM 10 TIOCTIEAYIOIIETO aKTa PACCESHU).

Ha nepBoM 1mare reHepupyeM HapaBisONINe KOCH-
HYCBI, KOTOpPBIE OIPEJIEIISIOTCS Ha OCHOBE yIJIa PACCEsHUS

¥ B BUIE:
1 1- 2
cos9=—(1+g2— i ,
2g 1—g+2gy

e y, — Clly4aifHasi BeJIMYMHA, PABHOMEPHO PACIIPE/IeIICH-
Has Ha uHTepBaie [0, 1]; g — mapaMeTp aHU30TPOIIHH.

Ha cnenyromem mare ciay4aifHpIM 00pa3oM 3a1aguM
ONTHYECKYIO JUIMHY MyTH (OTOHA, C MOMOIIBI0 Habopa
PaBHOMEPHO pacrpeeIeHHBIX CIyYailHbIX YUCEI.

Wudopmanus o juHe nytH (GOTOHA U HANpaBIIsio-
X KOCHHYCaX COXPAaHUM B MaTpPUILy U 3aIiIIeM B (aii.
[larnee cremepupyeM HOBOE 3HaUCHHUE YIJIa U JUTHHBI ITpo0e-
ra oroHa. [ToBropsiem npoueypy 10 Tex mop, noka GoToH
HE JOCTHI'HET 33JJaHHOW ITyOWHBI BHYTPH CPEIbl MIIH HE
BBUICTUT W3 CPe/Ibl B HANIPABICHUH, 0OPATHOM IaJIAI0IIeMy
n3mydeHunto. Beibepem cnemyronmii GpoTon u3 Habopa u
HIOBTOPHM BCIO IPOLIETYPY.
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100 Mxm

—

Puc. 2. Chepuueckast u MHOrorpanHast Gopmbl sueex KelbBrHa, IMUTHUPYIOIIUX ra30BbIe SUSHKN IEHOMOA00HO# Cpe/Ibl Ha pa3HbIX
aTama ee crapeHust: p =5 (a); p =50 (b)

Fig. 2. The spherical and the polyhedral shapes of Kelvin cells imitating the gas cells of a foam-like medium at the different aging
stages: p =5 (a); p =50 (b)

Ha mocrienyromux 3Tamax 3BOJIONAH ITEHBI MOJCITh
«CYXOi1» Ta30’KUIKOCTHOH MEHBI MPEICTABIACT CHCTEMY
TUIOTHOYTIAaKOBAaHHBIX sYeek KenmbBHHA OMMHAKOBOTO pas-
Mepa.

ITokazaTenu mpeToOMIICHHUS Ta30BBIX SYECK U IMepe-
TOPOJIOK M3 XKMJKOM NJIEHKH paBHBI 1y = 1 1 ny, = 1,34
COOTBETCTBEHHO. TeopeTuueckue 3HaUYCHUS CPEIHETO
pa3Mepa ra3oBbIX My3bIpeH U 00BEMHOU JOJU KHUIKOU
(a3, KCIIOIB3yeMbIC ITPU MOJICITMPOBAHKH TIPOIIECca CTa-
pPEHUS TICHOMOIO0HON Cpe/ibl, BEIOpaHBI UCXOIS U3 IKC-
MIePUMCHTAIBHBIX UCCIICIOBAaHUH MPOIECCOB IBOIIOIUN
mrensl pomsBocTBa Gillette (Gillete shaving cream) [24].
O0BeMHasT TOIIS KUIKOCTH PACCUYUTAHA IO TONIIIHE CIIOS
JIPCHUPOBAHHON JKHIKOCTH Ha JHE KIOBETHI B IPOIIECCE
SBOJIIOLIMY TIEHBI OT «BIAKHOW» K «Cyxoil». Ha HauambHBIX
JTarax 3BOJIOLUU NeHbl 10Js xuakoctd — 0,1 = 0,01.
OOwvemMHast 10I1s1 KUIKOM (hasbl U CPETHUN pa3Mep Ta30BbIX
A4YeeK paccMaTpUBaeMOM EHOOI00HOH CpeIbl IPEeCTaB-
JIeH B Tabmuie. MakCUMaibHOE BPEMsl CTAPCHUS STUCH-
CTOW CTPYKTYpHI B TIPOIIECCE MOJCIUPOBAHUS COCTABUIIO
180 000 c.

CoObITHE OTPaKCHHS WIIH TIPEIIOMJICHHS HA TPAHHUIIC
paszaena «OKUAKOCTHAS TUICHKA—Ta30Bast siuCHKay Orpee-

JICHO CITy4aiHBIM 00pa3oM NpH CpaBHEHHHU Kod(duimenrta
OTpaKeHMS, paCCUMTAHHOTO 10 (hopmynam PpeHens, co
CIIy4yailHOW BEJIMYMHOM PABHOMEPHO pacIpeleIeHHON Ha
uaTepsaine [0, 1]. Paccuntaem ko3¢ dunment obpaTaoro
paccesiHus AT Caydasi OTIMYHOTO OT HOPMAJIBHOTO Ta-
JCHUSA:

1 sin*(a, — @) N tg(o, — o)
2 \sinX(o, + o) tg¥a;+ o))

A€ O ¥ 0, — YIJIBI HaJeHHS 1 IPETOMIICHHS.

B xone monenupoBaHus naket (OTOHOB pacrnpocTpa-
HsJICS B ssuencTol cpene. [lapiuanbHble cocTaBistomue,
HCITBITABIIIIE MHOTOKPATHOE B3aMMOJICHCTBHE C KAHAIAMH
[Tnaro—I'n60ca (rpannuaMu paszesna «KUJAKOCTHAs IICH-
Ka-Ta30Bas siueiika») u ¢ y3namu kaHanos [lnaro—['n66ca
(ToukHM mepeceueHHs KUIKOCTHBIX TICHOK), U JIOCTHT-
IIKe 33IaHHOMN TTyOHHBI, BHOCHITH BKJIaJ B KO3(D(GHUIHECHT
NPOMYCKaHHMsI, @ COCTABILIFOLINE, PACCESHHBIC HAa3al — B
K03 PUITHEeHT 00paTHOTO paccestHuUSI.

B 4nCIEHHOM KCIIEPHMEHTE BBITIOTHUM MOJISITHPOBA-
HHE PACCesHHs 30HIMPYIOLIET0 H3TyYeHHUs Ha CTPYKTYp-
HBIX DJIEMEHTAX Ta30’KUIKOCTHOU MEHBI ¢ Pa3THYHBIMH

Tabnuya. O6beMHast OIS )KUAKOH (a3bl M CPEAHUI PaIyC ra30BbIX TYCEK EHOIOMO00HOM Cpeabl

Table. The volume fraction of the liquid phase and the mean radius of the foam-like medium gas bubbles

Cpennuii paanyc ra3oBbIX My3bIpeil, MKM

O6beMHast 10151 KUIKOH (hasbl

MopnenupoBanue Teopernueckue 3HaUCHHS MopnenunpoBanue Teopetnueckue 3HaUCHHS
8,7 8,0 0,10 0,10
13,5 14,0 0,10 0,09
26,2 25,0 0,09 0,09
74,8 75,0 0,08 0,08
140,0 140,0 0,06 0,06

1200

Hay4HO-TeXHN4eCKnin BECTHUK MHPOPMALNOHHbBIX TEXHONOMMIA, MEXaHUKKN 1 onTukn, 2022, Tom 22, N2 6
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 6



A.A. VicaeBa, E.A. VicaeBa, A.B. lNaHTiOKOB

3HAUEHUSIMH [TapaMeTpa p U paauycoB siueek 7. CBeToBoe
T10J1e, PacCestHHOE MCCIIelyeMOit cpetol M hopMupylolee
CHTHAJI, IPEJICTABISIET CYIEPIO3UIHIO MAPIHATBHBIX CO-
CTaBJIAIOUINX, KOTOPbIE PacpOCTPAHEHbI B CpeJie Ha pas-
JMYHYIO TIyOWHY M, COOTBETCTBEHHO, UMCIOT PAa3IMYHBIC
3HAYEHHs ONTUYCCKHX JUTHH TyTeil. [Ipu aToM mapuuas-
HBIE COCTABJISIOIINE COACPIKAT HHPOPMALIUIO O 3HAYCHHSIX
XapaKTePUCTUK MOABIKHOCTH PACCEUBAIOIIUX CTPYKTYP.
MHTEHCUBHOCTH MPOILEIETO U PACCESIHHOTO U3TYUYEHUI
cofepraT MHPOPMALUIO O PEOPTraHU3aLMHU I'A30BbIX T4EeK,
HPOUCXOJIAIEH B IPOLIECCE CTAPEHHs IIEHONOI00HO# cpe-
Ibl. B X071c MofepoBaHus MPOBEACHA OIICHKA KO3 du-
IMUEHTOB POIYCKaHUA U 06paTHOFO paccesHus N3J1y4YCHUA
B 3aBHCUMOCTH OT XapaKTEPUCTHUK, 33/IaI0IIUX T€OMETPHIO
STMEUCTOM CTPYKTYPbI T'a305KHIKOCTHOW TIEHBI.

Koaddunuentst o6parHoro paccessus R, 1 Ipomycka-
HUA T, 30HIUPYIONIETO NEHONONO0HYIO CpeLy U3JTydeHHS,
HUMEIOT BHJ

Ibs
Iy

Rb:

A

,T=—, 3)

rJe UHTEHCUBHOCTHU M3lyueHus: [, — oOpaTHOpacce-
SIHHOTO TIEHOIIOJ00HON cpenoi; [, — mpolleIero Ha
3a7laHHYI0 NIyOUHY B II€HONON00HOM cpene; I — 30HIU-
PYIOILETO.

3aBucuMOCTH KO3(PPHUIIMEHTOB, TOIyIEHHBIE TT0 (Hop-
myiie (3) ¢ TOMOIIBI0 MOIEITUPOBAHMS METOIOM MOHTe-
Kapiio u yderoMm mepeoTpakeHHs Ha IpaHUIax pasjiela
IByXx (a3 ¢ nomoisio hopmya Openens Ui pa3IuIHbIX
XapaKTEPUCTUK SYEUCTOU CTPYKTYPbl CUCTEMBI, IIPEACTAB-
JICHBI Ha pUc. 3.

[Tony4yeHHble yncieHHbIe 3HaYCHUST K0dPPHUIIMEeHTOB
MIPOITYCKaHUs Ul MOJEIILHOM STYEUCTOM CpeJibl COOTBET-
CTBYIOT 3HaYCHHUAM KOA(PPHUIMCHTA TPOITYCKAHUS TTEHBI
mpousBoactea Gillette (Gillete shaving cream), momydeH-
HBIM SKCIIEPUMEHTAJIBHO C UCIIOJIB30BAHUEM CIIEKTPOMETpa
Ocean Optics QE65000 [24]. Cpenuuii paanyc ra3oBBIX
A4YEEK, UCIIOJIb3yEMBbIH TIPH MOIECIUPOBAHNH, U3MECHSIICS
oT 9 1o 140 MKM, IpU ATOM MOJTYUYEHHOE MPOIyCKaHUE
AYCHCTON CTPYKTYPHI U3MEHANOCH B mpexaenax ot 0,04
1o 0,21, a ko3 pUIUEHT NMPONYyCKaHHs TIEHbI TIPOU3BO/I-
ctBa Gillette m3mensuics B npenernax ot 0,07 mo 0,23. Tlpu

aHaJIN3€e PACCESHHBIX KOMIOHEHT 30HIUPYIOLIET0 U3Iyde-
HUSI HAOJIIOAIMCh YBEIMYCHHUE JOJIM PACCESIHHOTO BIIEPE
W3JIyYCHHSI U YMEHbBIICHUE JOJIM 00paTHO paccessHHOTO
nznydenus. llepexon OT «BIaXHON» K «CyXoil» TeHe
mpuBel K TpaHchopmanun Gopmbl siuelikn KenbBuHA OT
c(heprueckoif K MHOTOTPaHHOH M, COOTBETCTBEHHO, yBe-
JTUYEHUIO 3HAUYCHUSA p. [IpH 5TOM IIPOMCXOIUT yBEITHUCHHE
ko3¢ ¢umrenta npomyckanus cpenst ot 0,04 mo 0,19.

I"a30BbIE y3bIpU B AYEUCTON CTPYKTYpE IUIOTHO yIla-
KOBaHBI U 00J1a7aI0T BBICOKON Koppensmnueit. Paccesnue
B TOMOOHBIX CTPYKTypax HOCHUT HETHIIMYHBIH Xapakrep,
B YaCTHOCTU MPHU YBCIUYCHHUU BPECMEHU CTAPCHUA TICHBI
MIPOUCXO/UT MEPEXO OT PACCESHUS Ha ra30BBIX sUeHKax
(Ha paHHMX JTanax CTapeHHs) K PacCEessHHIO Ha CTPYK-
TYPHBIX JIEMEHTAX IEHbI (Ha IMO3HHUX JTarax CTapeHws).
Takue n3MEHEHUsI BIMSIOT Ha ONTHYECKUE TTapaMeTphI:
TPaHCIIOPTHYIO JIUHY /,. (paCCTOSHUE, HA KOTOPOM IIPOMC-
XOIUT U3MEHCHHE PEKUMA PACCESHUS OT HANPaBICHHOTO
k qudy3HOMY); IITHHY paccesHus / (cpeaHee pacCTOSHNE
B cpelie, IPOXOAMMOE AIEKTPOMAarHUTHON BOJHOW OT Iep-
BOTO aKTa PAacCesHUs 10 MOCIEIYIOIIEro); aHH30TPOIHIO
paccesHus cBeTa g (CpeIHUN KOCHHYC yIJla paccesHus
ANIEKTPOMATHUTHOTO M3JTy4eHHS).

Beinosnnen ananu3 BiusHUASA (GaKTOpa aHU30TPOIIHH
paccesiHUsI Ha CpeiHee 3Haue€HHe ONTHYECKOM JTHHBI TyTH
30HIUPYIOLIETo U3nyueHus (puc. 4).

B mporiecce 3BoTrOIMY IEHONOTO00HOH CTPYKTYPHI yBe-
JIMYMBaeTCsl 00beMHast OIS Ta30BBIX ITy3bIpel U U3MEHSICT-
Csl ITIOTHOCTH PACCEUBAIOIINX IICHTPOB, U, KaK CIEICTBUE,
KpPaTHOCTPH paccesHus. B pe3ynbrare MpoOUCXOAUT YBEIHU-
YeHHUE ONTHYCCKOHN JTUHBI ITyTH PACCETHHOTO M3ITYICHUS
(puc. 4).

PazpaboranHas MonIenb Cpeabl MO3BOJMIA ONMUCATH
WU3MEHSIOLIUICS MEXaHNU3M PacCesHUs, 3aKIIIOHAIOIIUNCS B
Mepexofie OT PAcCesHHsI CBETa Ha CHCTEME ra30BBIX Ty3bI-
peil B )KUJIKOCTH K PAaCCESHHIO Ha CTPYKTYPHBIX AJIEMEHTaxX
«cyxoi» nensl — kananax [Inaro—I'uooca [22].

MonenupoBaHue nNepeHoca U3IyYeHUs B Ta30XKUIKOCT-
HOHM neHe MetogoM MonTe-Kapno Ha manbix BpeMeHax
SBOJIIOIMH CUCTEMBI M IEPEXO]] K TEOMETPUUECKON ONTHUKE
Ha OOJNBIINX BPEMEHAX JBONIOIHH JEMOHCTPHUPYET CIIO-
COOHOCTB BRIOPAHHOTO TIOIX0/Ia K OMMCAHUIO (hU3NIECKIX
MIPOIIECCOB, MPOTEKAIONINX B Ta30’KUAKOCTHBIX TICHAX.

- “ 02 b A 1,0 ¢ ¢
iy * e/
052 [ //////7”7/, :\\‘ a2
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Puc. 3. Koaddumuents: npomyckanus (7) (a, b) n o6parHoro paccestuust (Ry,) (¢) W3mydeHust A pa3InYHBIX XapaKTEPHCTHUK
SYEHCTOM CTPYKTYpPBI CHCTEMBI P 3HaueHHUsIX napamerpa: p = 24 (kpuBast /); p = 50 (xpuBast 2)

Fig. 3. The transmission (7) (@, b) and backscattering coefficients (R,) (c) of the radiation for various characteristics of the parameter
value: p = 24 (curve 1); p = 50 (curve 2)
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Puc. 4. BocCTaHOBICHHbBIE 3aBHCUMOCTH T10 9KCIIEPUMEHTAIBHBIM JIAHHBIM: [IApaMeTPa aHU30TPOIIHH PACCESHHS OT 00BEMHOI 10K
JKUIKOU (pasbl B IIPOIIECCE IBONIOIMHU MTEHOMOM00HO# cpebl [24] (a); cpeHero 3Ha4eHus ONTHYECKOM [THHBI Ty TH 30HIUPYOIIET0
W3JTYYCHUs OT aHU3O0TPOIHH PACCEsTHUS cpebl (D).

Crperka — IBOJIFOIHSI CHCTEMBI TI0 MEPE €€ CTapeHHs

Fig. 4. The experimentally reconstructed dependence: of the scattering anisotropy parameter on the liquid phase volume fraction
[24] (@); of the average optical path length of the probing radiation on the medium anisotropy parameter (b).

The arrow shows the evolution of aging system

3akaouenne

B pabore paccMOTpeH MOIX0/1 ¢ HCIOJIb30BaHuEM (op-
Myn dpenens u uucineHHoro Meroga Monre-Kapno nns
HCCIIEZIOBAHUS IEPEHOCA M3ITYyYCHUS B TYCUCTHIX CTPYKTY-
pax, IMUTHPYIOIIHX [EHOMIO00HBIE CPEe/Ibl HAa Pa3IMUHBIX
JTarnax CTapeHwus.

YBenumuenue ko3 UIIIEHTA POITYyCKaHUS 30HANPYIO-
IIET0 M3IIy4EHHs, HaOI0IaeMoe TIPH NEPeXoie OT «BIIakK-
HOI» K «CyXO0i» TIeHe, 00yCIOBICHO HE TOJIBKO YBEIHICHHU-
€M Ir¢cOMETPUUICCKUX PasMEPOB I'a30BbIX AUYCCK KenpBuna B
xuaKoi dase, Ho U TpaHchopMmalmeil siueek ot chepuye-
CKOM K MHOTOTPaHHOU (opme.

Koa¢pdunmenTs! nponyckaHust U3Iy4eHUs, TOTydeH-
HBIE B pe3yJbTaTe MOJICIUPOBAHUS U M3MEHSIONIUECS B
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npenenax 0,04-0,21, IeMOHCTPHPYIOT XOPOIIYIO CXOIU-
MOCTb C 9KCHEPUMEHTAIBHBIMU CIIEKTPOMETPUIECKIUMHU
M3MEPEHUAMH KO3((HUITEHTA MIPOMYyCKAHUSA BCIICHEHHOM
sxkuarocta 0,07-0,23. Takum 00pa3om, it HHTEPIPETALNH
9KCIIEPUMEHTAIIBHBIX UCCIIEI0BAHN I'a30)KUIKOCTHBIX TIEH
Ha paHHMX dTarax CTapeHUs] MOXKET ObITh MCIIOIb30BaHA
TpexMepHas siuercrasi crpykrypa KenbBuna co cdepuue-
CKOI1 (hOpMOI, Ha MO3JHMX ATaNax CTApeHUs] — CUCTEMa
s4yeek KenpBrHAa MHOTOTpaHHOW ()OPMBI.

[Tomy4eHHbIE pe3ysbTaThl MOTYT OBITH HCIIOIB30BAHbI
JUIsl pa3BUTHSI KOTEPEHTHO-ONTHYECKUX METOZ0B MOpP(o-
(DYHKIIMOHATIBHON TNarHOCTHKH TOTOOHBIX CHCTEM B pe-
JKMME PEabHOTO BPEMEHHU.

References

1. LiN, FuY., LuQ., Xiao C. Microstructure and performance of a
porous polymer membrane with a copper nano-layer using vapor-
induced phase separation combined with magnetron sputtering.
Polymers, 2017, vol. 9, no. 10, pp. 524-527. https://doi.org/10.3390/
polym9100524

2. Poh P.S.P., Chhaya M.P., Wunner F.M., De-Juan-Pardo E.M.,
Schilling A.F., Schantz J.-T., van Griensven M., Hutmacher D.W.
Polylactides in additive biomanufacturing. Advanced Drug Delivery
Reviews, 2016, vol. 107, pp. 228-246. https://doi.org/10.1016/j.
addr.2016.07.006

3. Zimnyakov D.A., Yuvchenko S.A., Isaeva A.A., Isaeva E.A.,
Tsypin D.V. Growth/collapse kinetics of the surface bubbles in fresh
constrained foams: transition to self-similar evolution. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2019,
vol. 579, pp. 123693. https://doi.org/10.1016/j.colsurfa.2019.123693

4. Hollister S.J. Porous scaffold design for tissue engineering. Nature
Materials, 2005, vol. 4, no. 7, pp. 518-524. https://doi.org/10.1038/
nmat1421

5. Sadovoy M.A., Larionov P.M., Samokhin A.G., Rozhnova O.M.
Cellular matrices (scaffolds) for bone regeneration: state of the art.
Journal of Spine Surgery, 2014, no. 2, pp. 79-86. (in Russian). https://
doi.org/10.14531/ss2014.2.79-86

1202

Hay4yHO-TexHn4eckuii BECTHUK MHDOPMALMOHHBLIX TEXHONOMMIA, MEXaHUKKN 1 onTukn, 2022, Tom 22, N2 6
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 6


https://doi.org/10.3390/polym9100524
https://doi.org/10.3390/polym9100524
https://doi.org/10.1016/j.addr.2016.07.006
https://doi.org/10.1016/j.addr.2016.07.006
https://doi.org/10.1016/j.colsurfa.2019.123693
https://doi.org/10.1038/nmat1421
https://doi.org/10.1038/nmat1421
https://doi.org/10.14531/ss2014.2.79-86
https://doi.org/10.3390/polym9100524
https://doi.org/10.3390/polym9100524
https://doi.org/10.1016/j.addr.2016.07.006
https://doi.org/10.1016/j.addr.2016.07.006
https://doi.org/10.1016/j.colsurfa.2019.123693
https://doi.org/10.1038/nmat1421
https://doi.org/10.1038/nmat1421
https://doi.org/10.14531/ss2014.2.79-86
https://doi.org/10.14531/ss2014.2.79-86

A.A. VicaeBa, E.A. VicaeBa, A.B. lNaHTiOKOB

11.

16.

21.

22.

23.

24.

Ngadiman N.H.A., Yusof N.M., Idris A., Fallahiarezoudar E.,
Kurniawan D. Novel processing technique to produce three
dimensional polyvinyl alcohol/maghemite nanofiber scaffold suitable
for hard tissues // Polymers. 2018. V. 10. N 4. P. 353. https://doi.
org/10.3390/polym 10040353

Seo S.J., Mahapatra C., Singh R.K., Knowles J.C., Kim H.-W.
Strategies for osteochondral repair: Focus on scaffolds // Journal of
Tissue Engineering. 2014. V. 5. P. 1-5. https://doi.
org/10.1177/2041731414541850

Hokmabad V.R., Davaran S., Ramazani A., Salehi R. Design and
fabrication of porous biodegradable scaffolds: a strategy for tissue
engineering // Journal of Biomaterials Science, Polymer Edition.
2017. V. 28. N 16. P. 1797-1825. https://doi.org/10.1080/09205063.
2017.1354674

Langer R., Vacanti J.P. Tissue engineering // Science. 1993. V. 260.
N 5110. P. 920-926. https://doi.org/10.1126/science.8493529

. Celikkin N., Rinoldi C., Costantini M., Trombetta M., Rainer A.,

Swigszkowski W. Naturally derived proteins and glycosaminoglycan
scaffolds for tissue engineering applications // Materials Science and
Engineering: C. 2017. V. 78. P. 1277-1299. https://doi.org/10.1016/].
msec.2017.04.016

Laube T., Weisser J., Berger S., Borner S., Bischoff S., Schubert H.,
Gajda M., Bréuer R., Schnabelrauch M. In situ foamable, degradable
polyurethane as biomaterial for soft tissue repair / Materials Science
and Engineering: C. 2017. V. 78. P. 163—174. https://doi.org/10.1016/j.
msec.2017.04.061

. O’Brien F.J. Biomaterials & scaffolds for tissue engineering //

Materials Today. 2011. V. 14. N 3. P. 88-95. https://doi.org/10.1016/
S1369-7021(11)70058-X

. Maitz M. Applications of synthetic polymers in clinical medicine //

Biosurface and Biotribology. 2015. V. 1. N 3. P. 161-176. https://doi.
org/10.1016/j.bsbt.2015.08.002

. Dehghani F., Annabi N. Engineering porous scaffolds using gas-based

techniques // Current Opinion in Biotechnology. 2011. V. 22. N 5.
P. 661-666. https://doi.org/10.1016/j.copbio.2011.04.005

. Quirk R.A., France R.M., Shakesheff K.M., Howdle S.M.

Superecritical fluid technologies and tissue engineering scaffolds //
Current Opinion in Solid State and Materials Science. 2004. V. 8.
N 3-4. P. 313-321. https://doi.org/10.1016/j.cossms.2003.12.004
Loh Q.L., Choong C. Three-dimensional scaffolds for tissue
engineering applications: Role of porosity and pore size // Tissue
Engineering Part B: Reviews. 2013. V. 19. N 6. P. 485-502. https://
doi.org/10.1089/ten.teb.2012.0437

. Durian D.J., Weitz D.A., Pine D.J. Multiple light-scattering probes of

foam structure and dynamics // Science. 1991. V. 252. N 5006. P. 686—
688. http://doi.org/10.1126/science.252.5006.686

. Koehler S.A., Stone H.A., Brenner M.P., Eggers J. Dynamics of foam

drainage // Physical Review E. 1998. V. 58. N 2. P. 2097-2106.
https://doi.org/10.1103/PhysRevE.58.2097

. Kraynik A.M. Foam drainage: Internal Report. 1983. 83-0844.
. Schmiedeberg M., Miri M.F., Stark H. Photon channelling in foams

/I European Physical Journal E. 2005. V. 18. N 1. P. 123—131. http:/
doi.org/10.1140/epje/i2005-10034-6

Koehler S.A., Hilgenfeldt S., Stone H.A. A Generalized view of foam
drainage: experiment and theory / Langmuir. 2000. V. 16. N 15.
P. 6327-6341. https://doi.org/10.1021/1a9913147

Cantat 1., Cohen-Addad S., Elias F., Graner F., Hohler R., Pitois O.,
Rouyer F., Saint-Jalmes A. Foams: Structure and Dynamics. Oxford:
Oxford University Press, 2013. 278 p.

Onaka S. Superspheres: Intermediate shapes between spheres and
polyhedra // Symmetry. 2012. V. 4. N 3. P. 336-343. https://doi.
org/10.3390/sym4030336

BumusikoB [I.A., FOBuenko C.A., Ucaecsa A.A., Ucaesa E.A., Vina-
xoBa O.B. AHH30TpOIHS paccesHis CBETa BCIICHEHHBIMH XKHIKOCTSI-
mu // Ontuka u cnekrpockonus. 2018. T. 125. Ne 5. C. 699-707.
https://doi.org/10.21883/0S.2018.11.46846.99-18

ABTOpPBI

HcaeBa AHHA AHIpeeBHA — KaHANIAT HU3UKO-MATEMATHUCCKUX HAYK,
JIOLCHT, NOIeHT, CapaTOBCKUIA TOCYIapCTBEHHBIH TEXHHYESCKUN YHUBEP-
cuter umenu [arapuna FO.A., Caparos, 410054, Poccuiickas deneparnusi,
57198204761, https://orcid.org/0000-0002-2925-2733, isanna.1987@
mail.ru

10.

12.

13.

14.

15.

17.

18.

19.
. Schmiedeberg M., Miri M.F., Stark H. Photon channelling in foams.

21.

22.

23.

24.

Ngadiman N.H.A., Yusof N.M., Idris A., Fallahiarezoudar E.,
Kurniawan D. Novel processing technique to produce three
dimensional polyvinyl alcohol/maghemite nanofiber scatfold suitable
for hard tissues. Polymers, 2018, vol. 10, no. 4, pp. 353. https://doi.
org/10.3390/polym10040353

Seo S.J., Mahapatra C., Singh R.K., Knowles J.C., Kim H.-W.
Strategies for osteochondral repair: Focus on scaffolds. Journal of
Tissue Engineering, 2014, vol. 5, pp. 1-5. https://doi.
org/10.1177/2041731414541850

Hokmabad V.R., Davaran S., Ramazani A., Salehi R. Design and
fabrication of porous biodegradable scaffolds: a strategy for tissue
engineering. Journal of Biomaterials Science, Polymer Edition, 2017,
vol. 28, no. 16, pp. 1797-1825. https://doi.org/10.1080/09205063.20
17.1354674

Langer R., Vacanti J.P. Tissue engineering. Science, 1993, vol. 260,
no. 5110, pp. 920-926. https://doi.org/10.1126/science.8493529
Celikkin N., Rinoldi C., Costantini M., Trombetta M., Rainer A.,
Swigszkowski W. Naturally derived proteins and glycosaminoglycan
scaffolds for tissue engineering applications. Materials Science and
Engineering: C, 2017, vol. 78, pp. 1277-1299. https://doi.
org/10.1016/j.msec.2017.04.016

. Laube T., Weisser J., Berger S., Bérner S., Bischoff S., Schubert H.,

Gajda M., Brduer R., Schnabelrauch M. In situ foamable, degradable
polyurethane as biomaterial for soft tissue repair. Materials Science
and Engineering: C, 2017, vol. 78, pp. 163—174. https://doi.
org/10.1016/j.msec.2017.04.061

O’Brien F.J. Biomaterials & scaffolds for tissue engineering.
Materials Today, 2011, vol. 14, no. 3, pp. 88-95. https://doi.
org/10.1016/S1369-7021(11)70058-X

Maitz M. Applications of synthetic polymers in clinical medicine.
Biosurface and Biotribology, 2015, vol. 1, no. 3, pp. 161-176. https:/
doi.org/10.1016/j.bsbt.2015.08.002

Dehghani F., Annabi N. Engineering porous scaffolds using gas-based
techniques. Current Opinion in Biotechnology, 2011, vol. 22, no. 5,
pp. 661-666. https://doi.org/10.1016/j.copbio.2011.04.005

Quirk R.A., France R.M., Shakesheff K.M., Howdle S.M.
Supercritical fluid technologies and tissue engineering scaffolds.
Current Opinion in Solid State and Materials Science, 2004, vol. 8,
no. 3-4, pp. 313-321. https://doi.org/10.1016/j.cossms.2003.12.004

. Loh Q.L., Choong C. Three-dimensional scaffolds for tissue

engineering applications: Role of porosity and pore size. Tissue
Engineering Part B: Reviews, 2013, vol. 19, no. 6, pp. 485-502.
https://doi.org/10.1089/ten.teb.2012.0437

Durian D.J., Weitz D.A., Pine D.J. Multiple light-scattering probes of
foam structure and dynamics. Science, 1991, vol. 252, no. 5006,
pp. 686-688. http://doi.org/10.1126/science.252.5006.686

Koehler S.A., Stone H.A., Brenner M.P., Eggers J. Dynamics of foam
drainage. Physical Review E, 1998, vol. 58, no. 2, pp. 2097-2106.
https://doi.org/10.1103/PhysRevE.58.2097

Kraynik A.M. Foam drainage. Internal Report, 1983, 83-0844.

European Physical Journal E, 2005, vol. 18, no. 1, pp. 123-131.
http://doi.org/10.1140/epje/i2005-10034-6

Koehler S.A., Hilgenfeldt S., Stone H.A. A Generalized view of foam
drainage: experiment and theory. Langmuir, 2000, vol. 16, no. 15,
pp. 6327-6341. https://doi.org/10.1021/1a9913147

Cantat 1., Cohen-Addad S., Elias F., Graner F., Hohler R., Pitois O.,
Rouyer F., Saint-Jalmes A. Foams: Structure and Dynamics. Oxford,
Oxford University Press, 2013, 278 p.

Onaka S. Superspheres: Intermediate shapes between spheres and
polyhedra. Symmetry, 2012, vol. 4, no. 3, pp. 336-343. https://doi.
org/10.3390/sym4030336

Zimnyakov D.A., Yuvchenko S.A., Isaeva A.A., Isaeva E.A.,
Ushakova O.V. Anisotropy of light scattering by foamed liquids.
Optics and Spectroscopy, 2018, vol. 125, no. 5, pp. 795-802. https://
doi.org/10.1134/S0030400X 18110371

Authors

Anna A. Isaeva — PhD (Physics & Mathematics), Associate Professor,
Associate Professor,Yuri Gagarin State Technical University of Saratov,
Saratov, 410054, Russian Federation, §§ 57198204761, https://orcid.
org/0000-0002-2925-2733, isanna.1987@mail.ru

Hay4HO-TexXHU4eCcKuit BECTHUK MHDOPMALIMOHHbLIX TEXHONOM A, MEXaHUKK 1 onTukun, 2022, Tom 22, N2 6
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 6

1203


https://doi.org/10.3390/polym10040353
https://doi.org/10.3390/polym10040353
https://doi.org/10.1177/2041731414541850
https://doi.org/10.1177/2041731414541850
https://doi.org/10.1080/09205063.2017.1354674
https://doi.org/10.1080/09205063.2017.1354674
https://doi.org/10.1126/science.8493529
https://doi.org/10.1016/j.msec.2017.04.016
https://doi.org/10.1016/j.msec.2017.04.016
https://doi.org/10.1016/j.msec.2017.04.061
https://doi.org/10.1016/j.msec.2017.04.061
https://doi.org/10.1016/S1369-7021(11)70058-X
https://doi.org/10.1016/S1369-7021(11)70058-X
https://doi.or﻿g/10.1016/j.bsbt.2015.08.002
https://doi.or﻿g/10.1016/j.bsbt.2015.08.002
https://doi.org/10.1016/j.copbio.2011.04.005
https://doi.org/10.1016/j.cossms.2003.12.004
https://doi.org/10.1089/ten.teb.2012.0437
https://doi.org/10.1089/ten.teb.2012.0437
http://doi.org/10.1126/science.252.5006.686
https://doi.org/10.1103/PhysRevE.58.2097
http://doi.org/10.1140/epje/i2005-10034-6
http://doi.org/10.1140/epje/i2005-10034-6
https://doi.org/10.1021/la9913147
https://doi.org/10.3390/sym4030336
https://doi.org/10.3390/sym4030336
https://doi.org/10.21883/OS.2018.11.46846.99-18
https://orcid.org/0000-0002-2925-2733
mailto:isanna.1987@mail.ru
mailto:isanna.1987@mail.ru
https://doi.org/10.3390/polym10040353
https://doi.org/10.3390/polym10040353
https://doi.org/10.1177/2041731414541850
https://doi.org/10.1177/2041731414541850
https://doi.org/10.1080/09205063.2017.1354674
https://doi.org/10.1080/09205063.2017.1354674
https://doi.org/10.1126/science.8493529
https://doi.org/10.1016/j.msec.2017.04.016
https://doi.org/10.1016/j.msec.2017.04.016
https://doi.org/10.1016/j.msec.2017.04.061
https://doi.org/10.1016/j.msec.2017.04.061
https://doi.org/10.1016/S1369-7021(11)70058-X
https://doi.org/10.1016/S1369-7021(11)70058-X
https://doi.org/10.1016/j.bsbt.2015.08.002
https://doi.org/10.1016/j.bsbt.2015.08.002
https://doi.org/10.1016/j.copbio.2011.04.005
https://doi.org/10.1016/j.cossms.2003.12.004
https://doi.org/10.1089/ten.teb.2012.0437
http://doi.org/10.1126/science.252.5006.686
https://doi.org/10.1103/PhysRevE.58.2097
http://doi.org/10.1140/epje/i2005-10034-6
https://doi.org/10.1021/la9913147
https://doi.org/10.3390/sym4030336
https://doi.org/10.3390/sym4030336
https://doi.org/10.1134/S0030400X18110371
https://doi.org/10.1134/S0030400X18110371
https://orcid.org/0000-0002-2925-2733
https://orcid.org/0000-0002-2925-2733
mailto:isanna.1987@mail.ru

MoaenmpoBaHue NpPoLLecCoB NnepeHoca NayvyeHst B ra3oXmnaKkoCTHbIX NeHax

Hcaepa Enena AnapeeBHa — KaHAWAAT (U3MKO-MaTeMaTHYECKUX
HayK, JIOLEHT, A0o1eHT, CapaTOBCKHUIl rOCY1apCTBEHHbIH TEXHUYECKUI
yuusepcuter umenu [arapuna FO.A., Caparos, 410054, Poccuiickas
Denepanns, { 54884743700, https://orcid.org/0000-0003-0407-312X,
27isaevaea@mail.ru

IanTiokoB Anekceii BukropoBuu — acrmpant, CapaTtoBckuii rocyaap-
CTBCHHBIH TeXHUUeCKUil yHuBepcuTeT umenn [arapuna 10.A., Caparos,
410054, Poccuiickas ®enepans, https://orcid.org/0000-0002-6422-501X,
alex.pantukoff@yandex.ru

Cmambs nocmynuna 6 pedakyuio 15.04.2022
Ooobpena nocie peyensuposanus 03.10.2022
Ipunama x newamu 16.11.2022

QOB

Elena A. Isaeva — PhD (Physics & Mathematics), Associate Professor,
Associate Professor, Yuri Gagarin State Technical University of Saratov,
Saratov, 410054, Russian Federation, B 54884743700, https://orcid.
0rg/0000-0003-0407-312X, 27isaevaca@mail.ru

Aleksey V. Pantyukov — PhD Student, Yuri Gagarin State Technical
University of Saratov, Saratov, 410054, Russian Federation, https://orcid.
org/0000-0002-6422-501X, alex.pantukoff@yandex.ru

Received 15.04.2022
Approved after reviewing 03.10.2022
Accepted 16.11.2022

Pa6oTta gocTynHa no nmueH3um
Creative Commons
«Attribution-NonCommercial»

1204

Hay4yHO-TexHn4eckuii BECTHUK MHDOPMALMOHHBLIX TEXHONOMMIA, MEXaHUKKN 1 onTukn, 2022, Tom 22, N2 6
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 6


https://orcid.org/0000-0003-0407-312X
mailto:27isaevaea@mail.ru
https://orcid.org/0000-0002-6422-501X
mailto:alex.pantukoff@yandex.ru
https://orcid.org/0000-0003-0407-312X
https://orcid.org/0000-0003-0407-312X
mailto:27isaevaea@mail.ru
https://orcid.org/0000-0002-6422-501X
https://orcid.org/0000-0002-6422-501X
mailto:alex.pantukoff@yandex.ru

