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AHHOTaAINA

HccnenoBanus OPUCTON CTPYKTYpBI TBEPIbIX TE OCHOBAHO HA aHAJIUTHYECKUX METOZAX,
KOJIMYECTBO KOTOPBIX B HACTOSILIIEE BpeMst HACUMThIBAET cBbiie 60. B x ocHoBe nexar (usu-
4ecKHe MPUHIUIBI U3MEPEHHUS TAPAMETPOB IIOPUCTON CTPYKTYPBI.

Onpenernenne XxapakTepUCTHK MUKPODHITBTPAIIMOHHBIX MEMOpaH IPOMCXOIHUT C UCTIONB30Ba-
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JIAFOTCS XapaKTEPUCTHKH MaCCOTIEPEHOC, 8 OCTATBHBIMH TpeMs — Mopdoornieckue mapame-
TpbL. MeTOI0M oTpeaeneHus TOUKH ITy3bIphbKa MIOCKUX MeMOpaH M3MepseTcss MUHUMATbHOE
JIaBJIeHNE, TIPH KOTOPOM TPOCKAKHMBAET I'a3 4epe3 TOphl 00pasiia, 3aroHEeHHBIE JKHAKOCTHIO.
HecoBnasienne pe3ynsTaToB SKCTIEpUMEHTA IPH HCTIONB30BAHNH PA3HBIX HACHITIAIONINX KU/

Pabora BrmonHeHa npu ¢puHAHCOBOH moanepkke PODU (mpoekt 18-38-00583 momn_a).

HurupoBanue: Nmkosa 3. A. BausHue Tuna u TOMIMHBI TOPUCTHIX MAaTEPUAIIOB Ha PE3YIlb-
TaThl U3MEPCHUS MaKCHMAJIBHOTO pa3Mepa ckBo3HbIX Top / 3. A. Umkosa, B. C. Konywus //
BectHuk TroMeHCKOro rocyapcTBEHHOIO yHUBepcuTeTa. dPU3nKO-MaTeMaTHUECKOE MOJIEIH-
posanue. Hedyts, ras, snepretuka. 2019. Tom 5. Ne 1. C. 87-96.

DOI: 10.21684/2411-7978-2019-5-1-87-96

© ®IrAOY BO ToMeHCKHI roCyAapCTBeHHBIH YHUBEPCUTET



88 Hwrkosa 3. A., Konynun B. C.

KOCTEH SABJIAETCS HEeAOCTaTKOM AAHHOTO MeToza. Takoke Ha pe3yIbTaThl IKCIEPUMEHTOB MOTYT
BIIUSATB: CKOPOCTB YBEJIMUCHHS JABJICHHS, pa3Mep, ITMHa 1 Mopgoinorus nop. [1pu ysenmuenuu
JaBJICHUS MOXET NPOM30MTH paspylueHue 00pasua, T. K. METOJ OCHOBAaH HAa MEXaHUYECKOM
BO3ICHCTBUH Ha 00pasell.

Hawmu nipemioskeH MeToI Hauajia KPHCTAIUTA3AINH BOIBI, KOTOPBIH SBILSIETCS aHAJIOTOM METO/IA
OTIpe/eNeHns] TOYKH My3bIPbKa M OTHOCUTCS K KaMIUIPHBIM MeTofIaM. ATIpo0ariust 3Toro Me-
TOZIa POMCXOIMIIA Ha 00pa3Iax KepaMHUKH Pa3IMIHON MTOPHCTOCTH U MOKA3aia YCTOWIHBYIO
CBSI3b MEKTy 3HAYECHUSMU JABIIEHHS TOUKH ITy3bIPhKa M TEMIIEPaTypOii Hadaia KpUCTAILT3AIHI
BOJIBL. B CBA3M ¢ 3THM OBITO MMPUHATO PEIIeHHE TIPUMEHUTD JAHHBINA METOJ TSI OTIPEICTICHIS
pazMepa MaKCHMAaJTbHBIX CKBO3HBIX TTOP IS Pa3THYHBIX BUIOB MEMOpaH.

[IpoBesieHB! SKCIIEPUMEHTHI TI0 OTIPEIETICHHIO KPUTHIECKOH TeMIIepaTyph! (METO/ Havaja Kpu-
CTAJUTM3AIINN ) 1 JIABNIEHHS TIPOCKOKA TIEPBOTO My3bIPhKa (METO TOUKH ITy3bIPhKa) IS KePAMHUKH
1 i MeMOpan Gpupmel «Braaumopy. [locTpoeHs! TMHEHHbIE KOPPETAIIOHHbIE 3aBICUMOCTH
¥ TIPOBEJICHO CPAaBHEHHME PE3yNBTaTOB. 3ydeHo BISHIE TOMIMHBI (DIITBTPOB HA PE3YIBTAThI
SKCIIEpUMEHTOB. [I0BTOpHBIE SKCIIEPUMEHTHI MOKa3aJM BOCTIPOU3BOIUMOCTD SKCIIEPHMEHTAb-
HBIX TAHHBIX ¥ BIMSHAE OBTOPHOTO IIPOMOPAKUBAHNS Ha YCTONYMBOCTD CBOMCTB MEMOpPAHBDL.

KunioueBble cjioBa

dazoBeIii epexo, Boga — Jef, METO Hauajla KpUCTAIUIN3aliH1, CKBO3HBIE IIOPbI, KEpaMHUKa,
MeMOpaHbL.

DOI: 10.21684/2411-7978-2019-5-1-87-96

BBenenue

Lenb paboThl — BBISICHATH 3HAYMMOCTh MaT€pPHUaIbHON OCHOBBI IIOPUCTON CpPENbl 1
TOJIIMHBI NCCTIEyeMbIX 00pa3I0B MPH H3MEPEHUN MAKCHMAILHOTO pa3Mepa CKBO3HBIX
T10p, HOJIYYEHHOI'O PA3JIMYHBIMU METOJAMH.

OnHOM U3 BaXKHBIX TPOOTIEM HAYTHON U TMIPAKTUICCKON JIEATETHHOCTH SIBIISICTCSI
YCTaHOBJIEHNE 3aKOHOMEPHOCTEH TETIOMAacCOOOMEHHBIX MPOIECCOB B IPOMEP3ato-
X TPYHTaX.

TeopeTnueckue NpeACTaBICHHUS O MUTPALIMOHHBIX IPOIECCaX B MIPOMEP3AFOIINX
JIICTIEPCHBIX MTOPOAAX MPEACTABICHB! B OOJBIIOM KOJIMYECTBE pabOT POCCUHCKUX U
3apyOeKHBIX aBTOPOB. Pa3BuTHE MpeIcTaBIeHNI O MUTPAITUH BJIATH ITPH TPOMEP3aHNH
HACTOPUYECKH TECHO CBSI3aHO € U3YYEHHEM MOPO3HOIo Iy4eHus rpyHToB. K cepennne
XIX B. B CBSI3U €O CTpOHUTENBCTBOM Jopor B Cubupu u Ha [lanmsHem BocToke BO3HUK-
Ja oCTpasi HeOOXOAMMOCTh BBISICHUTh TIPUYMHBI MOPO3HOTO My4YeHHS. DTO yNaiIoch
cnenarb C. I'. BoiicnaBy B 1880 ., KOTOpBIM ObUTH 000CHOBAHBI IBA BAYKHBIX BBIBOJIA!
IIPOMEP3aHKUE BbI3BIBAET MUTPALIMIO BJIard B HAIPaBICHUU IPAHULBI IPOMEP3aHUs U
BEJIMYMHA MOPO3HOIO ITyYEHUs TPYHTA ONpPENEISIETCS B OCHOBHOM KOJIMYECTBOM MHU-
TpUpOBaBIIei Biary [6].

Kanmmsapras reopust [9] u Teoprst TOPOBOTO BaKyyMa SIBISFOTCS] OMHUMH W3 TIep-
BBIX MOJIEJIEN MUTPALIMN BOJIbI IIPU ITpoMep3aHuH. 110 3TiM Teopusim, MUTpaLys BiIaru
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K ()pOHTY TIPOMEP3aHUS TPOUCXOUT B KAITHIUIAPAX, TPEIIUHAX U [TOPax Mo ACHCTBH-
€M TIOHMXEHHOTO aTMOC(EpHOTO JaBIICHUS, KOTOPOE BO3HUKACT MPH yBEITUICHUHU
00beMa BOIBI TIPH €€ 3aMEP3aHNH | TTOJT TEHCTBUEM KalTMIUIIPHBIX CHIT [3].

BaxHoii 0cCO6EHHOCTHIO MEP3IIOr0 TPYHTA SABJIAETCS €r0 MPOHUIIAEMOCTh ISl BIIaru
B 00JIaCTH TEMIIEparyp, TP KOTOPBIX MPOUCXOIAT (pa3oBble TIEPEXOIbl, YTO HAOIFOIACT-
Csl TIpH OTCTaBaHUM (PPOHTA JIIOBBIACICHHUS OT (PPOHTA ITPOMEP3AHHSI.

B pa6ore [11] mpezcTaBieHbl pe3ynbraTbl 3KCIIEPUMEHTOB I10 OIPE/ISIICHUIO COIep-
JKaHWS BOABI B MEP3JBIX BOJOHACKHIIIEHHBIX W TAIBIX HEBOIOHACHIIIEHHBIX TPYHTAX
Pa3IMIHON TUCTIEPCHOCTH B nuarazone Temmeparyp ot 0 mo —0,2 °C. [Tocne o6paboTku
IKCHEPUMEHTANTBHBIX IAHHBIX TIOJTy4EHO OTHOIIIEHUE KOA(D(HIIMEHTOB TOBEPXHOCTHOTO
HATSHKEHUSI «BOJIa — BO3MYX» M «BOJA — JIE/», KOTOPOE OKA3hIBACTCS paBHBIM 2,20.

B coBpemMeHHBIX MOEIAX KPHOTEHHOTO TEKCTYPOOOpa30BaHusl B IPOMEP3aI0IIEM
TPYHTE BBIIEISIOTCS TPU OOJACTH: MEP3IbId TPYHT, IpOMep3arolasi 30Ha ¥ TaJbli
rpyHT. [ [pomep3aromiast 30Ha COIEPKUT CYIIECTBEHHOE KOIMYECTBO HE3aMep3IIeld BOJIBL.
Jlen B 3TOii 00MACTH MBMKETCS OTHOCHTENHHO TPYHTOBBIX YACTHII, TAKUM 00pa3oM
yqacTBys B Teruiomacconeperoce [ 1]. [loaToMy m3ydeHne KammIIIPHBIX CBOMCTB JIbAa
U €ro pachpoCTPaHEHHsI B MOPUCTHIX CPEAAX C KECTKUM KapKacoM CJeayeT paccMa-
TPUBATh KaK OJIMH U3 ATATIOB IOCTPOEHHS TEOPUH KPHOTEHHOTO TEKCTYPOOOPa30BaHUS
IIPOMEP3A0INUX TPYHTOB. VCI01b30BaHIe TOPUCTHIX MATEPUAIIOB C )KECTKUM KapKacoM
ITO3BOJIAET OMPEENUTh OOIINE 3aKOHOMEPHOCTH OTHOCHTENNBHOTO JIBIKEHHS JIbIa B
ITPOMEP3AOIIHX crcTeMax. Pa3paboTka JaHHOTO METO/Ia IMO3BOJIUT MTOBBICUTH TOYHOCTh
C03/1aBa€MOU MOJIEJIM MOPO3HOI'O ITy4EHHUSI.

MeTtonuka n3mMepeHust pa3Mepa MaKCHMAJIBHBIX CKBO3HBIX MOP

[Nepen HauamoOM KCIIEPUMEHTA U3TOTOBJISLIUCH 0OPa3Ibl KEPAMHKH C 3aJaHHBIMU Tapa-
MeTpaMu TIOPUCTOCTH B HalleH Jlaboparopun. 3ateM 00pasiibl IPOXOIMIIN TTOATOTOBKY K
9KCIIEPUMEHTY: COOPKY MCTIBITATETIbHON STMEHKH, IIPOBEPKY TePMETHIHOCTH KOHCTPYKIIUH,
€e BaKyyMHPOBAaHHUE 1 BOJIOHACHIIIICHUE JeTa3uPOBaHHON TUCTUILTMPOBAHHON BOJIOH.

OOBeKTaMI MCCIICOBAHUI CITY KHITA 0OPa3Ibl KEPaMHUKH IFTHHAPHICCKON (DOPMBI
JrameTpoM ~30 MM 1 TOIHUHON ~4-6 MM B IIEPBOI CEPUH SKCTIEPIMEHTOB U MEMOPaHbI
(upmb! «Briagumop» Bo BTopoi [4, 5]. XapakreprcTiHky MeMOpaH MpHBEICHBI B TA0NHIIE 1.

OTarume SKCIePUMEHTOB ¢ MEMOPaHOM OT AKCIIEPUMEHTOB C KEPaMHUKOW 3aKITIO-
4aercsl B TOM, YTO MeMOpaHa MoMeIiaiach Ha KepaMU4ecKuidi oopaser] ¢ 3aBeI0MO
0OJBIIUM pa3MepOM MOp. DTO OBIIIO HEOOXOIUMO IS CO3aHUsI yCTOHYNBOTO OCHO-
BaHUs, YTOOBI HCKITIOYUTE pa3pblB MeMOpaHbl. Jlanmee kepaMudeckuii oOpaserr u 00-
pazerr MeMOpaHbI OYyT UMEHOBATHCS KaK «IKCIICPUMEHTAIIBHEIN 00pa3ern.

Ilposedenue IKkcnepumenma no Memooy Ha4aIa KpUCMAAIUIAUUU 800bl

HcmeiTaTenbHas saeiika ¢ 00pasoM MoMeIaeTcs B CTEKITHHYIO €eMKOCTh, K KOTOPOM
KPETIATCS N3MEpUTEIbHBIE TePMOAphI s CHATHS 3HAYEHUH TeMIIepaTypbl Ha 00pas-
e u B eMkoct. K BepxHel moaBofsiiell TpyOKe HCTIBITaTebHON STYCHKH KPEHUTCS
KOHTPOJIbHBIN KalMJUIAp JUIsl U3MEPEHUS KOIMYECTBA BEITECHEHHOW B XOJI€ IKCIEpH-
MEHTA JKUJKOCTH.
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Tabnuya 1

OcHOBHBIE TapaMeTpbI MeMOpaH,
npeacTaBJeHHbIe TPOU3BOANTEIEM

Table 1

Membrane parameters presented
by the manufacturer

IIpou3BoauTEILHOCTD Mumn. 1aBienue
. 10 JUCTWIIMPOBAH- | MPOCKOKA My3bIPbKa
Cpennmuii pazmep .

Mapxka memOpaHbI 0D, MKM HO¥i BOJIe MPH J1aBJie- Yyepe3 CMOYEHHYI0

P, Huu 0 05 MIIa, BO/10ii MeMOpaHy,
M1/(CM*MHEH) MIla
MO®AC-II-3 0,85-1,50 85,00-180,00 0,05
M®AC-0OC-3 0,80 80,00-120,00 0,11
M®AC-0C-2 0,45 22,00-34,00 0,23
M®AC-b-4 0,20 6,00-9,99 0,40
MO®AC-b-1 0,05 0,63-0,67 > 0,40
M®AC-b-2 0,10 1,00-2,99 4,00
M®AC-0C-4 0,60 40,00-70,00 1,50
M®AC-MA Ne 6 0,30 14,00-20,00 3,00
MO®OAC-II-1 0,05-0,15 0,50-6,00 4,00

O0pa3zern JenuT SKCIePUMEHTABHYIO STYCHKY Ha JIBE YaCTH, 3aII0JTHEHHBIC BOJIOH
[8]. OxcniepumenTanpHas sueiika oxynaxaaercs 10 Temneparypsl okoiso 0 °C, uyto no
BpPEMEHHU 3aHMMAET OKOJIO TIOTyTOpa-BYX 4acoB. B BepXHIOIO UacTh STU€HKH BHOCUT-
sl 3aTpaBKa JIbJa, AJIsl TOTO YTOOBI BBI3BaTh KPUCTAJUIM3ALMUIO BOJABI B 3TOW YacCTH
syeiiku. CTabuimM3anus mpolecca MpoUCcXOIUT B CPEIHEM OKOJIO IBYX cyToK. [Tocie
yero ¢ marom 0,02 °C moHmxkaeTcst TeMneparypa TepMmocTara 10 TeX mop, oka He
JIOCTUTaeTcs MCKOMas TeMIleparypa Hadalda KpUCTaJTM3alluH, YTO OTpakaeTcsl Ha
rpaduke nporecca pe3KuM yBeJIHueHHEM TeMIIepaTypbl Ha 0Opasiie. DTOT napamerp
3aBUCHUT OT MaKCHUMAaJIbHOTO pajyca CKBO3HBIX MOp B mopuctoM marepuaie. Ilo
¢dopmyne [10], cBsa3bIBaroLIel TeMIepaTypy 3aMep3aHusl BObBI C PAIHyCOM KaruJis-
pa, ONpEeACIIIIOT MAKCUMAJIBHBIN PaiiyC CKBO3HOM MOPBL:

ZGiWTO 1
ok (T —To) M

e R — paauyc Kanwuispa, M; p, — IUIOTHOCTb JIbJIa, KI/M’; k — yjie/bHas TemioTa
(aszosoro mepexoza, JLK/KT; 6, — KO3(POUUMEHT MOBEPXHOCTHOIO HATKCHMS Ha
rpanuue pasaena das «iex— sonay, /M T, — temneparypa (pa3oBoro paBHOBECHs!
00beMHbIX (ha3 BOJIbI U Jibja, paBHas 273,15 K.

[ocne hukcupoBaHus TeMIIEPaTypbl HaYAJIa KPUCTAIIIA3AIMN 00pa3el] M3BICKACTCs
U3 TEPMOCTAaTa, BU3yaJIbHO MIPOBEPSCTCSl HAJTMUKUE JIbJIA BO BTOPOM 4acTh sTYCHKH (J10-
Ka3aTeNbCTBO TOTO, YTO JIe/I IPOHUK Yepe3 oOpasel). [Tocie 3Toro on pasmMopasKkiuBaeTcst
JUISL TIPOBEJICHHSI CIICYIOIIETO 3Tara YKCIIEPUMEHTa [0 METOJy TOUKH Iy3bIpbKa. Pa3-
MOpaXKMBaHUE MPOUCXOUT Mpu Temmneparype 21 + 3 °C.

R =
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Ilposedenue s3kcnepumenma no memoody onpeodeneHus mouKu ny3vipoKa

[ onpenienieHyst aBIEeHUs TOUKHU ITy3bIpbKa SKCIIEpUMEHTAIbHAA siUeiKa MoMelia-
€TCsl B YCTAHOBKY JUISl MCIIBITAHUsI TOPUCTBIX MAaTepHajoB MO METOAY ONpENEICHUs
TOYKH ITy3bIpbKa [2]. B BepxHIOI0 €€ 4acTh HaaMBaeTCs JUCTWIIIIMPOBAaHHAS BOJA, a K
HW)KHEH 4acTy MOAAeTCsl JaBJIeHNUE, M KOTJia EPBbIi My3bIpeK ra3a MpoCKaKNuBaeT, TO
OH OTCJICKUBAETCSI C IIOMOLIBIO BOBL. J[aHHBIE 1O 1aBIeHHIO (PUKCHPYIOTCS C TOMOLLBIO
MaHOMETPOB.

CooTHOIIEHHE MEXIY Pa3sHOCTBIO IaBICHUH B (a3ax «GKUAKOCTh — Ia3» U pa-
JMYyCOM Kalwisipa 3ajaeTcs ypaBHeHueM Jlamnaca [7]:

20,,,C0S0O
AP = %, ()

rae AP — 3HaueHue niepenasa JaBieHns (ToYKa my3bipbKa), [1a; R — paamyc kamm-
nApa, M; 6, — KO3(PUIMEHT MOBEPXHOCTHOTO HATSHKEHUS HA TPaHMIE pasaena das
«BOIA — BO3AYX», [IK/M?; O — KpaeBoif yroja CMauMBaHUsI B MOMEHT ITPOCKOKa ra3a
(KOHTaKTHBIN yroi), 3Ha4YeHUE KOTOPOIo IPUHUMAETCS PaBHBIM HYIIIO.

C yBenuueHueM JaBJICHUS I'a3 HAUMHACT MPOHMKATh CHavaja B caMmble OOnbIIne
TIOPBI, T. €. IY3bIPEK NOSBISIETCS HA KOHTAKTE ¢ caMOil KpyIiHoM opoi. [loatomy nan-
HBIH METO/I MOJXOIUT IS U3MEPEHHS PNy Ca TOIBKO CAMBIX OOJIBIINX CKBO3HBIX I1OP.

AHaIM3 pe3yJIbTATOB IKCIePAMEHTA

st uccrneaoBaHusi MaKCUMAJIBHOTO Pa3Mepa CKBO3HBIX MOP B CUCTEMAaX C YKECTKUM
KapKacoM M MUKPOTIOPUCTBIX MaTepuaiiax ObLIO TpoBeaeHo 42 skcrepuMeHTa: 19 ¢
KepaMHYEeCKUMU 00pa3iamu, 23 ¢ MeMOpaHaMu (B T. 4. 12 SKCIIEPUMEHTOB C TIOBTOPOM).

[Mocrennee TpeOOBAIOCH JIJIs OTIPEJICIICHHUS BOCITPOM3BOAUMOCTH Pe3yJibTaroB. Kax-
JTBIH SKCTICPUMEHT BKIJTFOYANT B Ce0s1 METOM Hauasta KPUCTAIDIH3AITIH U METOIT OTIPEICIICHHS
TOYKH ITy3bIpbKa. COBMEIIEHIE METOIO0B TPEOYETCs IS yCTAaHOBIICHHS KOPPEIISIITMOHHON
3aBUCHMOCTH U JHAITa30Ha, B KOTOPOM HAXOJATCS MOTyYSHHBIE BETMIHHEI.

J1i1s1 00pasiioB KepaMUKH KCIIEPUMEHTAITLHBIC 3HAYCHUSI TEMIICPATYPhbI, TOTy4CHHBIC
10 METOY KPUCTAJUTU3AINH BOJIBL, JiexkKaT B auanazone ot —0,06 no —0,94 °C, BenmuuuHbI
JIABJICHUS, TTOYYSHHBIC 10 METOy TOUKHU Iy3bIpbKa, M3MeHstoTcs oT 0,7 mo 22,0 atM.

J1st pa3MUIHBIX TUTIOB MEMOpaH YKCIIEPUMEHTAIIBHBIC 3HAYCHUS TEMITePaTyPhl,
TTOJTYICHHBIC TT0 TIEPBOMY METO.Y, JieskaT B quana3oHe ot —0,14 no —0,87 °C, Benmn-
YUHBI JABJIECHUA 110 BTOpoMy MeToay usmensitores ot 0,75 go 6,00 atm. Ces3pb naB-
JICHUSI C TEMIIEPATypOl OMUCHIBACTCS KOPPEISIUOHHON 3aBUCUMOCTBIO, MIPEICTaB-
JICHHOM Ha puc. 1.

Y1kl HAKJIOHA JIMHUIA allPOKCUMAIINH, TOJTYYSHHBIX JJIs1 MeMOpPaHHbBIX (DUIIBETPOB
(TpeyroNbHUKH) 1 KepaMUYeCKHUX 00pa3ioB (KBaApaThl), IMEIOT OIMHAKOBbIE 3HaUe-
Hus (puc. 1). ODTO CBUACTENBCTBYET O TOM, UTO TPOIECC PaCIPOCTPAHCHHUS JIhIa B
MOPUCTOH CTPYKTYpE MOMYNHSIETCS OMHAKOBOMY MEXaHU3MY. 3HAYEHHs TOUKH ITy-
3bIPbKa, ITOJTyYSHHBIE 111 MeMOpaH, UMEIOT MEHBIIIHIA TUAITa30H 3HAUYCHUH TaBICHU T
U TEMIIEPaTyp 10 CPABHEHUIO C KEPAMHUYCCKHMH 00pa3liamMu. JTO, BEPOSTHO, 00Y-
CJIOBJICHO PA3JIMYMSIMU B CTPYKTYPE MEXK1y MEMOpaHHBIMU (DUIIBTPAMU U KepaMHue-
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MeMOpaH U KepaMUKH of membranes and ceramics

ckuMu oOpasiamu. Tak, IpHu JBMKEHHH Jbj1a 0oJiee MPOYHbIe KepaMUiecKue oopas-
bl COXPAHSIOT CBOIO CTPYKTYpY, B TO BpeMsi Kak 00pa3iibl MeMOpaH MOTYT OBITh
nepopmupoBansl. Takue qeopMalii MOTYT MPUBOJIHUTE K CYIIECTBEHHOMY pa3opo-
CYy JaHHBIX (TPEYTOJIbHUKU Ha puc. 1).

CymiecTByerT elie 0OIHO OTIIMYME MEXy KepaMHYeCKHUMHU 00pa3iaMu 1 MeMOpa-
Hamu. T. K. KepaMuaecKue o0pasIibl BRIMEKAINCH U3 Pa3HBIX MTPOMOPIIUN KAOTHHOBOMN
¥ OEHTOHMTOBOM IVIMH, TO CPEIN HUX €CTh 00paslibl Kak ¢ MaJbIM, TaK U OOJNBIITUM
pasmepom mop. [Toaromy 1uist ocineqHUX (PUKCHPYIOTCS BECbMa BHICOKHE 3HAYCHUS
MIPOPBIBA My3bIpbKa M COOTBETCTBYIOIME UM HU3KME 3HAUEHUS TEMIIepaTyp Hadajia
KPUCTAJUTU3AIHH.

OKCTIepUMEHTHI MTOKA3aJIH, YTO 3HAYSHHSI TEMIIePaTyphl Hauasia KPUCTAIUTH3AIIIH IS
MeMOpaHHBIX (PUITETPOB UMEFOT O0JIee HU3KKE 3HaUYCHHS — B cpetHeM Hike Ha 0,15 °C.

Jiis SKCTIEpUMEHTOB, MPOBEIEHHBIX MO0 METOAY OINpPEAETICHUSI TOUKU IMy3bIPbKa,
3HaUEHHS C MaJIBIMU AaBieHusAMH (0-2 aTM) MOTy4eHbI TPH IPOBEACHUH KCIIEPUMEH-
TOB C OJIHOW MEMOpaHOM, a TIPH YBEIMUYCHUH YUcIa MEMOpaH JI0 TPEX BO3PACTaNO U
JTaBJICHUE TIPOPBIBA My3bIpbKa (5-6 at™). [l JaHHBIX, TOITyYEHHBIX METOAOM Havyasa
KPHCTAJTM3AlNH, TIPH YBEINYEHUH KOJMUYECTBA MEMOpaH MOHWKalach TeMIeparypa
KPHCTAJUTH3AIIUH BOJIBI B 00pasiie, 4TO CO3/1aeT aHAJIOTHIO C METOJIOM TOUKH ITy3bIPhKA.

YBenuyeHue yuciia SKCIepuMeHTOB, KOJTHUeCTBa 00pas3IoB ¢ pa3TUYHBIMH CBOM-
CTBaMH, TUamna3oHa JaBICHUA M TeMIeparyp MoKa3alH, YTO OTMEUEHHBIE paHee
TEHJICHITUH TToATBepKIatoTcs [4]. [IpoBeieHre MOBTOPHBIX SIKCIIEPUMEHTOB MTOKA3bI-
BaeT XOPOIIYI0 BOCTIPOU3BOAUMOCTH JAHHBIX CO CPEIHEH OTHOCUTEIHHON MOTrper-
HOCTBIO 13%.

3akaoueHne

s ompernenieHust MAaKCUMAaJIbHOTO pa3Mepa paJnyca CKBO3HBIX TIOp 00pas3IioB Kepa-
MUKH{ U (QUIIBTPAIIMOHHBIX MEMOpaH ObLUTH MCITOIB30BaHBI: METOJ] TOUKH Iy3bIphKa U
METOJT KPUCTAJUTA3AINH BOIBI.

BectHuk TromeHCKOro roCcyjapCTBEHHOI0 YHUBEPCUTETA
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VBennueHne KojmdecTBa SKCIICPUMCHTAJIIbHBIX JAHHBIX C UCIIOJIb30BAHHUCM MATC-

PHAJIOB C pa3HON TOPOBOW CTPYKTYPOH MOATBEPKIACT BBISIBIICHHBIC pPaHee 3aKOHOMEP-
HOCTH: YBEJIMUCHUE TONLIMHBI (PUIBTPA BEACT K MOHMKCHHUIO TeMIIepaTypbl KpUCTal-
JIM3alMH1 1 yBEINYEHHUIO IABIICHUS B TOUKE ITy3bIPbKa, CBUIICTEIIBCTBYSI 00 YCIIOKHEHUH
CTPYKTYPBI IIOPOBOTO ITPOCTPAHCTBA.

ﬂaHHLIG HUMCHOT XOPOLIYHO BOCIIPONU3BOAUMOCTE CO Cpez[Heﬁ OTHOCHUTEIIBHOM IT10-

rpemHocThIo 13%, 00yCIOBICHHON TOBTOPHBIM IIPOMOPa’KUBAHUEM.

HOBTOpHOG MMPpOMOpAa’KUBAHUC 06pa3ua MMPUBOAMT K IMOSABJICHUIO HOBBIX CKBO3HBIX

HOp 1 U3MEHEHHIO BHYTPEHHEH CTPYKTYpBI HOPOBOTO MMPOCTPAHCTBA.
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Abstract

Studies of the porous structure of solids are based on analytical methods, the number of
which is currently over 60. Those methods are built on the physical principles of the porous
structure parameters measure.

The following methods are used to determine the properties of microfiltration membranes:
scanner electron microscopy, the “bubble-point” method, mercury porometry, and perme-
ability measurements. The first three methods are used for the structural parameters, the
last one — for the mass transfer characteristics. The method of determining the “bubble
point” of flat membranes measures the minimum pressure at which the gas slips through
the pores of the sample filled with liquid. The discrepancy between the results of the exper-
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iment when using different saturated liquids is a disadvantage of this method. In addition,
the results of experiments can be affected by the rate of increase in pressure, size, length,
and pore morphology. With an increase in pressure, a sample may fail, since the method
is based on the mechanical action on the sample.

The authors have proposed a method for the “crystallization-onset” of water, which is an
analogue of the method for determining the “bubble point” and refers to capillary meth-
ods. Testing of this method took place on samples of ceramics of various porosities and
showed a stable relationship between the values of the pressure of the “bubble point” and
the temperature of the beginning of crystallization of water. In this regard, it was decided
to apply this method to determine the size of maximum through pores for various types
of membranes.

The authors carried out a series of experiments to determine the critical temperature —
the “crystallization-onset” method — and the pressure of the first bubble overshoot — the
“bubble-point” method for ceramics and for Vladipor membranes. They have developed
linear correlation dependences and compared the results studying the effect of filters height
on the experiments results. Repeated experiments showed reproducibility of experimental
data and the effect of re-freezing on the stability of membrane properties.
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Phase change, water — ice, crystallization-onset, through porous, ceramics, membranes.

DOI: 10.21684/2411-7978-2019-5-1-87-96

REFERENCES

1. Gorelik Ya. B. 2002. Physics and Modeling of Cryogenic Processes in the Lithosphere.
Novosibirsk. [In Russian]

2. GOST R 50516-93. 1993. Polymer membranes. Method for determining the bubble point
of flat membranes. Moscow: Gosstandart Rossii. [In Russian]

3. Ershov E. D. 1979. Moisture Transfer and Cryogenic Textures in Dispersed Rocks.
Moscow: Moscow State University. [In Russian]

4. Ishkova Z. A., Kolunin V. S. 2017. “Evaluation of the maximum size of through pores
in MFAS-type membranes found by different methods”. Instruments and Experimental
Techniques, vol. 60, no 3, pp. 434-438. DOI: 10.1134/50020441217030071

5. Kolunin V. S., Ishkova Z. A. 2015. “Method for determining the maximum pore size
through the ceramic in accordance with the temperature of the onset of crystallization
water”. Instruments and Experimental Techniques, vol. 58, no 6, pp. 825-827.
DOI: 10.1134/S0020441215050085

6. Kolunin V. S. 2011. “Modeling of heat and mass transfer processes in frozen rocks
with a mobile ice component”. Dr. Sci. (Geol.-Mineral.) diss. abstract. Tyumen: Earth
Cryosphere Institute, Siberian Branch of the Russian Academy of Sciences. [In Russian]

7. Plachenov T. G., Kolosentsev S. D. 1988. Porometrics. Leningrad: Chemistry. [In Russian]

Physical and Mathematical Modeling. Oil, Gas, Energy, vol. 5, no 1



96

Ishkova Z. A., Kolunin V. S.

10.

11.

Kolunin V. S., Gubarkova Z. A., Kolunin A. V. 2014. RF Patent 2558378.

IPC GOIN 15/08. A method for determining the maximum pore size of a membrane.
No. 2014108632/28. Published 10 August 2015. Bulletin no 22. [In Russian]
Shtukenberg V. I. 1894. “On the fight against deeps on the railways”. Zhurnal
Ministerstva putey soobshcheniya, vol. 2. [In Russian]

Christenson H. K. 2001. “Confinement effects on freezing and melting”. Journal
of Physics: Condensed Matter, vol. 13, no 11, pp. 95-133.

DOI: 10.1088/0953-8984/13/11/201

Koopmans R. W. R., Miller R. D. 1966. “Soil freezing and soil water characteristic
curves”. Soil Science Society of America, vol. 30, no 6, pp. 680-685.

DOI: 10.2136/sss2j1966.03615995003000060011x

Tyumen State University Herald



