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B HacrosIee BpeMst yCTaHOBIICHO, YTO ITPH OXJTAXKIACHIH
BOJHBIX PACTBOPOB ¢ KOHLEHTpauuen muuepuna, IMCO,
srunenrukoisd, [I190-1500 B nnana3one 5—15% BecoBBIX
00pa3syioTcs 1Be KpucTauueckue pasbl (1éa u pasa B),
OKpY>KCHHBIE ITPOCIONKAMHU U3 3aCTEKIIOBABIICHCS KUIKON
(bpakiun. ITOT GaKT XOPOIIO MOATBEPKIACTCS TEPMOTPaM-
MaM{ ¥ TEPMOILIACTHYECKHUMHU KPHUBBIMH, MOJy4aeMbIMU
IIPU TIOCTEIYIOIIEM OTOTPEBE 3aMOPO’KEHHBIX PACTBOPOB.
Ha #ux 4€TKo (UKCHPYIOTCS MPOIECCHl PACCTEKIOBAHHMS
amMopHBIX GpaKIuii U pa3aeabHble MUK TUIaBJICHHUS 00enX
KpucTauyeckux das. Oxuako npupona pasel B, BO3HHU-
KaroIIeH B OXJIaXKTaeMBIX BOAHBIX PaCTBOpPaX KPUOIIPOTEK-
TOPHBIX BEIIECTB, 10 CUX IIOp He onpeerncHa. B To ke Bpemst
0e3 yCTaHOBJICHUS TPUPOIBI BTOPOU TBEPIOH (pas3bl HEMb3s
chopmMynHpoBaTh MPHUHIUIBI MTOCTPOCHUS AUArPaMM
COCTOSIHHS KPHOIIPOTEKTOPHBIX PACTBOPOB, UTO HE MO3BO-
JISeT ONPEAETUTh BO3MOXKHBIE MEXaHU3MBI TOBPEKICHUS
KPHUOKOHCEPBHUPYEMBIX OMO0OBEKTOB, CBSI3aHHBIX C BO3HUK-
HOBEHHUEM 3TOH (asbl.

O4eBHIHO, YTO AT PEIICHUS JaHHOM POoOIeMbl HE00-
XOJMMO TIPUBJIEKATH TOTIOJHUTEIBHBIE METO/IBI UCCIIEI0-
BaHUs, MO3BOJISIONINE PErUCTPUPOBATH TEMIIEpaTypHBIE
3aBHCHMOCTH HamOoliee BaXXHBIX TCPMOIUHAMHYCCKUX
apaMeTPOB, OMHUM U3 KOTOPBIX SIBISICTCS 00BEM CHCTEMEI V.
O6BémuBbIe 3P PeKTh — 00BEKTHBHBIE TTOKA3ATEIH ITPOHC-
XOJSIIKX B cucTeMe (ha30BBIX peBpaineHuii. Kpome Toro,
o0pa3oBaHye (TUIABJICHUE ) KPUCTAIDIOB JIbJIa COTIPOBOXKIACT-
Cs yBenmYeHHEM (yMEHBIICHHEM) 00BEMa CHCTEMEI, a
oOpa3oBaHue (IUIaBICHNE) KPUCTAIIINYECKON I aMopd-
HOW MaTpPHUIIBI H3 MOJICKYJ KPHOIIPOTEKTOPHOTO BEIIIECTBA,
HAaIlPOTUB, — €T'0 YMEHbIlIeHHEM (YBEITMUEHUEM). DTOT akT
Ja€T JOTIOJIHUTENBHBIE BO3MOKHOCTH ISl U3yUEHUS TIpH-
posbl 06pasyromeiics aspl B .

B cBs131 ¢ 3THM OBLTa HCCTIeIOBaHA KHHETHKA KPUCTAUTH-
3aIUH-TUIABICHAS BOJIHBIX PACTBOPOB TIHIEpUHA U
I[190-1500 ¢ momompro 00BEMHON CKAHUPYIOIICH AUIATO-
MeTpud. Ha OCHOBaHHHU KCIIEPUMEHTAIBHO MTOTyYCHHBIX
JUIs1 3TUX pacTBOpoB B Auanazone 20...—150°C 3aBucumocteit
V'=V(T) cnenaHbl CIICTyFOIINC BRIBOIBL:

— oOpa3oBaHue BTOPO TBEPIOH (ha3kl B OXITaKIACMBIX
KPHOIIPOTEKTOPHBIX PACTBOPAX UMEET JIBYCTaIMMHBIN XapaK-
Tep, 4TO MHrUOUpyeT e€ 0Opa3oBaHKeE B IIPOIIECCE OXIaxIe-
HHUSI Y IPUBOIMT K BEIpOXKEHHOMY 3G (HEKTy JOKpUCTAILTN3a-
IIUH TP TTOCJIEAYIOLIEM OTOTPERE;

— Y KPHUOIIPOTEKTOPHBIX BEIIECTB, CKIIOHHBIX K CTEKJIOBa-
HUIO (TTTUIEPHH), JOKPUCTAJUTU3AIHS B )KUIKUX HPaKIIUIX
COIIPOBOXKIACTCS SHAYUTEITHHBIM YBEIIMICHUEM CyMMapPHO-
ro 00BEMa, YTO MOXKET MPUBOTUTH K MEXaHUICCKOMY IT0-
BPEXICHHUI0O KPHOKOHCEPBHPYEMEIX OHO0OBEKTOB
[A.L Osetsky et al.,2007].
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Nowadays It is established that cooling of aqueous
solutions of glycerol, DMSO, ethylene glycol, PEO-1500 in
the range of 5-15% (w/w) is accompanied by formation of
two crystal phases (ice and B, phase) surrounded by layers
of vitrified liquid fraction. This fact is properly supported
by thermograms and thermoplastic curves obtained by
subsequent heating of frozen solutions. They clearly reflect
devitrification processes in amorphous fractions and
individual melting peaks of both crystal phases. However,
it should be stated that the nature of the B, phase appeared
in the cooled aqueous solutions of cryoprotective substan-
ces has not been identified. At the same time, the principles
of obtaining phase diagrams for cryoprotective solutions
are not complete without determining the nature of the se-
cond solid phase. In addition, this does not allow to determine
the possible mechanisms of freeze-thawing caused injury
in biological objects, associated with the apearance of this
phase.

It is obvious that to solve this problem there is a need
of additional research methods allowing to register the
temperature dependences of the most important thermody-
namic parameters, one of which is the volume of system V.
Volumetric effects are an objective indicator of phase trans-
formations occurring in the system. Moreover, formation
(melting) of ice crystals is accompanied by increase (de-
crease) of the system volume, and formation (melting) of
crystal or amorphous matrix consisting of cryoprotectant
molecules, on the contrary, by its decrease (increase). This
fact provides additional possibilities in the study of the
nature of B_phase.

In this regard, we studied crystallization-melting kinetics
of water solutions of glycerol and PEO-1500 using volu-
metric scanning dilatometry. On the basis of dependences
V=V (T) experimentally obtained for these solutions within
the range of 20...—150°C the following conclusions were
made:

— formation of the second solid phase in cooled cryopro-
tective solutions has two-stage character, which inhibits
its formation during cooling and leads to a significant
additional crystallization effect during subsequent heating;

— if the cryoprotective agents are able to vitrification
(e.g. glycerol), in the liquid fractions, additional crystalliza-
tion is accompanied by a significant increase in their total
volume which may result in mechanical damage of cryopre-
served bioobjects [A.I. Osetsky et al., 2007].

171



