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OO6nacte TEeMIIEepaTyp T +AT (Tg — Temmeparypa pac-
CTEKJIOBaHUSA aMOpPQHBIX (I)paKLU/IH B 3aMOPOXXEHHBIX
BOJIHBIX PacTBOPax KPHOMPOTEKTOPHBEIX BemecTs, AT—
HHTEpBal Temrepatyp B mpexaenax 1...50°C) sBmsercs
CJIO)KHOHM JUTSl SKCHEPUMEHTAIIBHOTO M3yUYCHUsI ONMCHIBAIO-
IIMX €€ IUarpaMM COCTOSIHUSL.

TpaMIIOHHbIE JUIS TAKNX HMCCIIEIOBAHUI METOIBI H-
(hepeHIIAITBHOTO TEPMUUYECKOTO aHan3a 1 TudhepeHImaib-
HOW CKaHUPYIOUIEH KaJIOPUMETPHUU HE MO3BOJIIOT YETKO
Pa3/IeluTh NpoNeccr! OOBIYHON KPHUCTAJUIN3AIMN U KJIAc-
TepHOI/I npoTexatoreil Bonmsn T, 6e3 paspbiBa BOXOPOIHEIX
CBsI3eH MEXIY MOJICKYJIaMU BOBI KPHOTPOTEKTOPHOTO
BemecTsa. [Ipy 3HaUCHMAX MEHbIIE HEKOTOPOH KOHICHT-
pauuu C (C ~45-65%) Taxoe pazaeneHue GUKCHpyeT 00beM-
Hast CKaHI/Ipy}ou_{a;I tensoaunaromerpust [A.M. Ocenxuii
u ap., 2016]. DTOT QakT cBsA3aH ¢ TeM, YTO MPU KOHIICHT-
PALHSX KPHONPOTEKTOPHOTro Bemectsa C, YIOBICTBOPAIO
X YCIIOBHIO C < C , 00pa3oBaHHe KJIaCTepOB TIPOUCXOIUT
Ha OCHOBE MI/IKpOI(pI/ICTaHJIOB JBJIA dg ¥ COMPOBOXKIAETCS
SIPKO BBIPaKEHHBIMH OOBEMHBIMHU 3(1)(1)eKTaMI/I Omnako
pu C > C 3 PEKTUBHOCTH 3TOTO0 METONA WCCICIOBAHHN
chmkaercs. Takim 06pa30M C TOYKH 3pEHUsI TECOPUH
(ha3oBBIX HpeBpaLueHMM HMHTEPBaJbl TEMIEPATYP T + AT
1 KOHIICHTpAIHi C AC , TIe AC HaXOISATCS B Hpenenax
10-20 macc.%, OCTaIOTc;I HeIIOCTaTO‘IHO H3yYEHHBIMU.

B cBsi3u ¢ 5TEM OblIa paspaboTaHa HOBas SKCHEPHU-
MEHTaJIbHAsI METOINKA M3YyYEHHs AWArpaMM COCTOSHUS
Ha OCHOBE TEPMOIUIACTHUYECKOTO aHAIM3a 3aMOPOKCHHBIX
KPUOTIPOTEKTOPHBIX pacTBOpoB. IlokazaHo, 4TO 3KCIIE-
PUMEHTAJIBLHO TOMyYCHHBIC TEPMOIIIIACTHUECKIE KPHUBBIC
&(T) BomubIX pactBopoB JIMCO, rmunepuna, [190-1500
TIO3BOJIAIOT YCTAHOBHUTH MPUPOAY KJIACTEPHOW KPUCTAIIIH-
3allMM B YKa3aHHBIX TEMIIEPATYPHBIX M KOHIIEHTPAIOHHBIX
MHTEpBallaX M ONPEICIUTh €€ TEPMOANHAMUUECKHE Tapa-
METpBl. DTH MapaMeTphl MO3BOJSIOT MOCTPOUTH MOJIHBIE
JIMarpaMMBbl COCTOSTHUM MCCIIEyeMBIX KPHOIPOTEKTOPHBIX
pactBOpoB. [Ipn 3TOM BHEpBBIC MOATBEPXKICHO, YTO MPH
C > C B BonmHBIX pactBopax JIMCO u IT20-1500 xmac-
Tepr MoryT 00pa30BBIBATECS HA OCHOBE MHUKPOKPHCTAJIIOB
KPHOIPOTEKTOPHOT'O BEIIECTBRA.

B pesynbrare copMyanpoBaH NPUHLIUI TOCTPOCHUS
MOJTHBIX JAWArpaMM COCTOSTHHS KPHOIPOTEKTOPHBIX pacT-
BOpOB B nnanasone konuentpauni C...C, n nnamazone
Temmnieparyp ot T  (Temmeparypbl TUIABIEHHS YUCTBIX KOM-
noneHTo) 10 T, Tatoke YCTaHOBIICHO, IIPH HCIIONB3YEMbBIX
B KpI/I06I/IOJIOI‘I/H/I peKUMaxX 3aMOpaXMBAHMS HEOOXOIMMO
pa3fensaTh AnarpaMMbl, ONHCHIBAIOIINE 3TAIlbl OXJIAKICHUS
1 TIOCIIEYIONIETO OTOTPEBa, BBUAY WX Pa3iInuust. DTH 0CO-
OEHHOCTH HEOOXOIMMO YUYHTHIBATh TPH ONTUMHU3ALUH TEX-
HOJIOTH KPHOKOHCEPBUPOBAHNS OMOJIOTMUECKIX CHCTEM.
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The temperature range T +AT (Tg is the devitrifi-
cation temperature of amorpghous fractions in frozen
aqueous solutions of cryoprotective substances, and
AT is the temperature range within 1...50°C) is difficult
for experimental study of the state diagrams, which des-
cribe it.

The methods of differential thermal analysis (DTA)
and differential scanning calorimetry (DSC), which are
traditional for such studies, do not clearly distinguish
between ordinary crystallization and cluster crystal-
lization occurring near T, without breaking the hydrogen
bonds between water molecules and those of cryopro-
tective substance. At the values less than a certain con-
centration of Cg (ng45—65%), such a separation is fixed
by the volume scanning tensodilatometry [A.I. Osetsky
et al., 2016]. This is due to the fact that at the concent-
rations of cryoprotective substance C,, meeting the
condition C, > C , the cluster formation occurs on the
basis of ag ice microcrystals and is accompanied by pro-
nounced volumetric effects. However, when C >Cg, the
efficiency of this technique decreases. Thus, in terms of
the theory of phase transformations, the temperature ranges
T + AT and the concentrations C + AC,, where AC, lies
within the range of 10-20% by Welght have remained
poorly studied.

In this regard, a new experimental technique for stu-
dying the state diagrams based on thermoplastic analysis
of frozen cryoprotective solutions has been developed.
It was shown that the experimentally obtained thermo-
plastic curves &(T) of aqueous solutions of DMSO, gly-
cerin, PEO-1500 allowed to establish the nature of clus-
ter crystallization within the mentioned temperature and
concentration ranges and to determine its thermodynamic
parameters. These parameters enable building the com-
plete state diagrams of the studied cryoprotective solutions.
Moreover, it has been first confirmed that when C, > C
in DMSO and PEO-1500 water solutions, the clusters
may be formed on the basis of mlcrocrystals of cryopro-
tectant substance.

As a result, the principle of plotting the complete state
diagrams of cryoprotective solutions within the range
of concentrations C,...C, and the range of temperatures
from T _ (melting point of components) up to T, has
been formulated. There has been also established the
fact, that with the freezing regimens used in cryobiology,
it is necessary to separate the diagrams describing the
stages of cooling and subsequent heating because of their
difference. These features should be considered when
optimizing the cryopreservation technologies for bio-
logical systems.
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