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ComracHO TPEACTaBICHUSIM O MPHUPOJE KIACTCPHOM
KPHUCTAITM3allnH KPHOTIPOTEKTOPHBIX pacTBopoB [Ocer-
kuit A.W.,2011,2014] Hanboee HHTEHCHBHOE 00pa30BaHUC
YacTHIl KJIacTepHOH (a3l MPOTEKaeT B MHTEPBAJIE TEMIIe-
paryp (T T+ AT), e T, —Temmepatypa pacCTeKIOBAHH
aMop(bHOI/I (l)paKuI/H/I a ‘Bennunna AT 3aBHCUT OT BHJA
KPHOIIPOTEKTOPHOTO BEIIECTBA N HAXOIUTCS B IIpeieax S—
30 rpagycoB. IMeHHO B 3TOM HHTEpBaje TeMmIeparyp
KMHETUKY KJIaCTePHOWH KPHUCTAJUIM3AIUU HMCCIEI0BAThH
KIIACCHYECKUMHU METO1aMH — TN PepeHInaTIbHBIM TEPMH-
YECKUM aHaJIN30M, I depeHInanbHON CKaHUpYIOmen
KaJIOpUMETpHUCH, CKaHUPYIOIIeH 00bEeMHON TUIATOMET-
pueii — Hanbomnee cioxHo. [1o3ToMy NoydeHHbIE Pe3yiib-
TaThl UMEIOT HEOTHO3HAYHYIO TPAKTOBKY.

B cBs31 ¢ 5THM B HacTosIIel paboTe IpH UCCIIeI0BaHUN
JTAaHHOTO MHTEpBaJla TeMIepaTyp ObUI HCIIOIB30BAaH METOT
TEepMOMEXaHUYECKOTo aHann3a. OCHOBHBIE MPENMYILECTBA
METO/Ia OCHOBAHBI Ha TOM (DaKTe, YTO PN KOHIEHTPALIUIX
KPHONIPOTEKTOPHOro BewecTsa C, OOonbIIe HEKOTOPOIro
snagenus C,, CKOPOCTb IIACTUIECKOTO TEUEHHs € Hcclle-
JyeMbIX 00pa3iioB IPH MOCTOSHHON BHEIIHEH Harpyske »
npu I'> T’ MOXYMHACTCS 3aKOHY TCUCHHS HBIOTOHOBCKOI
HKUJIKOCTH:
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e N — AMHaAMHAYecKas BA3KOCTh aMopHOit dpakium; O —
SHEPTHst aKTUBALMH BSI3KOCTH; k —ocTosiHHast bonmbiiMana;
r, A — k03 HUIKEHTBI, 3aBUCAIINE OT (PU3NKO-XUMHUECKUX
CBOHCTB 00pa3IoB U YCIIOBHH TPOBEICHNS SKCIIEPUMEHTA.

CornacHo dopmyre, fake He3HaYNTEIbHBIC M3MEHEHUS
TEMIIEpaTyPhl PaCCTEKIOBaHUS aMOp(HON (paKIiy, BO3-
HUKAIOMINE TpH 00pa30BaHUH WIIH TIJTABIICHUHN YaCTHIL KJlac-
TepHOM (ha3bl, BIUSIIOT Ha CKOPOCTH INTACTHYECKOTO TEUCHHUS
U, KaK CJIC/ICTBUE, HA BUJI TEPMOIUIACTUYECKUX KPUBBIX.

JlanHbIi GakT ObUT UCTIONB30BAH IPH MU3YUYECHUH Kilac-
TEPHOH KPHUCTAIUTU3AINY BOJHBIX PACTBOPOB ITOJINAITHIICH-
mukodst ¢ M. M. 1500. BniepBbie mokazaHo, 4TO YacTHIIbI
KJ1acTepHOM (pas3pl 00pasyroTest cpazy HOCIIE PacCTEeKIIO-
BaHUs aMmopdHO# (pakmum. [Ipu 3TOM OHE MOTYT 00pazo-
BBIBATHCS KaK Ha OCHOBE MHKPOKPHCTAJLIOB JibJa (1pu C, <
C ), Tak 1 MUKPOKPHUCTAJIIOB KPHOIIPOTEKTOPHOT'O BEIIIECTBA
(npu C,> C ). [lomy4eHHbIE SKCTIEPUMEHTAIBHBIC TaHHBIC
MO3BOISIOT MOCTPOUTH TOJHYIO JUarpaMMy COCTOSIHUH
BOJIHBIX PACTBOPOB MOJUATWIEHIIUKOMS ¢ M. M. 1500 u ycTa-
HOBHUTH KOHIICHTPAIL[OHHBIC U TEMIIEPATyPHBIC HHTEPBAJIbI
IIpoTeKaHus (pa3oBBIX MPEBPAIICHHUH ITPU UX OXJIAXKICHUH-
Harpese. Onpeenenue JaHHbIX HHTEPBaIOB HEO0X0ANMO
JUIsSl yCTAHOBJICHUSI TPEOYEMBIX CKOPOCTEH OXJIaXKICHUsI-
HarpeBa OMOOOBEKTOB B MPOIECCE ONTHMU3AIMHE MHOTO-
STANHBIX PSKUMOB UX KPHOKOHCEPBUPOBAHNSI.
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According to the notions about the nature of cluster
crystallization of cryoprotective solutions [Osetsky A.lL.,
2011, 2014] the most intensive formation of the cluster phase
partlcles occurs within the temperature range (7 ; oIt AT),
where T, - devitrification temperature of the amorphous
fraction, “and the value AT depends on the type of cryopro-
tective agent and is within the range of 5-30 degrees.
Nevertheless, this temperature range is very challenging to
explore the kinetics of cluster crystallization using only
traditional methods: DTA, DSC, volumetric scanning
dilatometry. As a result the interpretation of the results meets
certain ambiguity.

In this regard, the present work applied the thermo-
mechanical analysis when studying the above-mentioned
temperature range. The main advantages of the method are
based on the fact that at concentrations of cryoprotective
agents C, exceeding a certain value C,, the plastic flow
velocity € of the samples follows the law of Newtonian
fluid flow under a constant external loadrat 7> T JE
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where N — dynamic viscosity of the amorphous fraction;
Q —viscosity activation energy; k — Boltzmann constant; 7,
A — coefficients depending on the physico-chemical
properties of the samples and experimental conditions.
According to the formula, even slight changes of
devitrification temperature of the amorphous fraction,
appearing during the formation or melting of cluster phase
particles, influence the plastic flow velocity and, as a
consequence, the appearance of thermoplastic curves.
This fact was used when investigating the cluster
crystallization of PEO-1500 aqueous solutions. For the first
time it has been shown that the cluster phase particles start
to form immediately after the devitrification of the amor-
phous fraction. Herewith they may be formed both on the
basis of the ice microcrystals (at C,< C ) as well as on the
basis of cryoprotective agents microcrystals (at C, > C ).
The obtained experimental data allow to build a complete
state diagram of aqueous solutions of PEO-1500 and to
establish the concentration and temperature intervals of
phase transformations during their cooling/heating. The
determination of these intervals is necessary to establish
the required rate of cooling/heating of biological objects
and optimize the process of multi-step cryopreservation.
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