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CrnocoOHOCTH KPHOTIPOTEKTOPHBIX BEIIECTB CBA3BIBATH
MOJICKYJIBI BOJBI C TIOMOIIBIO BOAOPOINHBIX cBsizer (H-
CBSI3€i1) JISKUT B OCHOBE NX KPUO3ALIUTHBIX cBOMCTB. [Ipn
9TOM JJIs1 OOJIBIIMHCTBA UCIONB3YEMBIX B MPAKTHYECKOM
KPHOOHOIOTHH KPHUOIIPOTEKTOPHBIX PACTBOPOB 3HAYCHHUS
sHepruu H-cBsizeii nexar B npepenax 3—7 KKaji/MOJIb.
ITockonbKy cpeliHee 3HaU€HUE SHEPTUH CBSI3bIBAHUS <E i B
JAHHOM CJTy4ae OTHOCHUTEIbHO HeGobImoe (2,5%10° K), To
BusHNE H-CcBs3el Ha CTPYKTYypy pacTBOpa IpH KOMHATHBIX
TEMIIepaTypax HE3HaYUTENbHO. DTO CIEIyeT U3 OLEHKU
4acTOTBI W Pa3phiBa OTHX CBA3EH B A B, -KOMILIEKCax, TIE 71
1 1M — KOJIMYIECTBO MOJIEKYJ BOIBI A ¥ KPUOTIPOTEKTOPHOTO
BEIIIECTBA B COOTBETCTBEHHO.

ComnacHo ypaBHEHHIO AppeHuyca

<g, >
w=V 9 @XP(—ﬁ) ,
rae V — 9acToTa TEIUIOBBIX KoieOaHWH Moiekydl B AB-
KoMIUTeKCe; § — crepudeckuit hpakrop; mocrosiuHast bosbir-
mana (k= 1,38%x10"'¢ spr/rpan); T— TemMneparypa.

W3 mpexncTtaBieHHOro ypaBHEHUS CIEAYET, YTO MPHU
KOMHATHBIX TemIeparypax w~ 10° ¢, T. e. GobIIyIo 4acTh
BPEMEHH MOJIEKYJIbI BOZIBI B paCTBOPE HAXOAATCS B CBOOOI-
HOM cOCTOSsHUH. OJHAKO C MOHI)KEHHEM TEMIEPATYphI
CUTYalus KapAUHAIBHO U3MeHsercs. Tak, yxe npu 7 <200
K BenuumHa w yMeHbIIIaeTCs 10 3HaueHu i mopsiika 10 ¢ ' u
HIDKE, T. €. CTA0MIFHOCTH A B-KOMIUIEKCOB PE3KO MOBBIIIACT-
cs1. DTO MPaKTUYECKH UCKITI0YaeT 00pa30BaHue OTACTHHBIX
KPHCTAJUIOB JIB/IA U, KaK CJICZICTBHE, 3BTEKTHYECKYIO KPUCTATI-
JIU3AIMIO OXJIaX1aeMbIX KPHOIIPOTEKTOPHBIX PACTBOPOB.

B cBs13u ¢ 3THM B paboTe paccMaTpHUBAIOTCS IPUHLIUIIBI
MOCTPOCHUS THarpaMM COCTOSIHUSL, OITUCHIBAIOIINX KIIacTep-
HYIO0 KpHUCTAJLITH3AIHNIO, KOTOpasi SIBISETCS alIbTePHATUBON
3BTEKTHYECKON. COIIacHO 3TUM JuarpaMMaM MUKpPOKpHUC-
TaJUTBI JIbJIa 00pa3yIoTCs B COCTaBE KIacTepoB Oe3 pa3phiBa
H-cBsi3eit. lanHbIi npoliecc NpOTEKAET B IIUPOKOM TEMIIE-
paTypHOM JAuana3oHE W 3aBepllaeTcs MPH AOCTHKCHUH
TEMIIEpaTyp CTEKIOBAHUS XUAKUX MUKpoda3. IToT (akT
WCKIJTIOYACT LENbIH PS TPOTUBOPEUNH MEK/TY SKCIIEPUMEH-
TaJbHBIMU JAHHBIMH U 3aKOHOMEPHOCTSIMH 3BTEKTHYIECKOM
KPUCTAIUTH3ALIIH.

B paborte Taxke aHaMH3UPyeTCs COOTBETCTBUE KIIACTEP-
HBIX IHarpaMM COCTOSTHUS ITPABHITY PaBHOBECHs (ha3 U BbITe-
KaloIeMy U3 HETO YCIOBHUIO Pa3MEPHOCTH TPAHULL MEKIY
00J1acTsSMU cylecTBOBaHus (a3.
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Cryoprotective substance’s ability to bind water mole-
cules via hydrogen bonding (HB) underlies their cryopro-
tective properties. For the majority of cryoprotective solu-
tions used in practical cryobiology the value of HB energy
lies in the range of 3—7 kcal/mol. Since the average value of
the binding energy <€, > in this case is relatively small
(2.5%10°K), the effect of HB influence on the solution
structure at room temperature is negligible. It follows from
the estimation of w, the frequency of rupture of these bonds
in complexes 4 B, , where n and m are the number of water
molecules 4 and cryoprotective agent B, respectively.

According to Arrhenius equation,

Ww=v [ Bxp(——)
kT
where V is the frequency of the thermal vibrations of mole-
cules in complex AB, ¢ is the steric factor, & is Boltzmann
constant (1.38x107 erg/deg), T is temperature.

From the equation it implies that at room temperature
w~ 10° sec™, i.e. most of the time the water molecules in a
solution are in a free state. However, with decreasing
temperature, the situation is substantially changed. For
example, already at 7 <200 K the value of w decreases to
values of the order 10 sec™! or less, i.e. the stability of AB-
complexes increases. This almost eliminates the formation
of individual ice crystals and, as a result, eutectic crystal-
lization of cooled cryoprotective solutions.

In this regard, the paper deals with the principles of
plotting of state diagrams describing the cluster crystalliza-
tion, which is an alternative to the eutectic one. According
to these diagrams, the ice microcrystals are formed within
clusters without breaking HB. This process occurs in a wide
temperature range, and terminates when achieving the glass
transition temperature of liquid microphases. This fact elimi-
nates a range of discrepancies between the experimental
data and the laws of eutectic crystallization.

The study also involves the analysis of conforming the
cluster phase diagrams to the rule of phase equilibrium and
stemming therefrom condition of dimensions of the boun-
daries between regions of phase existence.
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