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[Tpu n3ydyeHnn MexaHN3MOB ITOBPEXICHHUSI KPHOKOHCEP-
BUPYEMBIX OMOOOBEKTOB COBPEMEHHAs NMPAKTHYECKas
KPHOOHOJIOTHSI OCHOBHOE BHUMAHUE yAETAET TEMIIepaTyp-
HoMmy uHTepBany —10...—-60°C, B KOTOpoM peann3yercs
00bIuHBIN (ha30BbIii epexon «Bofa-ieay. OJHaKo aHATU3
IIOKa3bIBACT, YTO IIPH UCIIOJIL30BAaHUN Hanboliee BOCTpeOo-
BaHHBIX KPHONPOTEKTOpHBIX BemecTs (JIMCO, mmnepus,
3T, II90) cymecTBeHHbIE NOBPEXACHNS ONOOOBEKTOB
MOT'YT BO3HHMKATh M TpU 0Oojiee HU3KHUX TemIiepaTypax (B
uHTepBaie —60°C...T ) aTtake npu 7' < T, tne T —
TeMIeparypa CTeKI0BaHMs aMOp(HBIX PpaKLuil. HpI/I'-H/IHI)I
BO3HMKHOBEHHMSI OBPEXACHUH B 00JaCTH TeMIepaTyp
T'<T, 00yClOBICHHBIX TEPMOYIPYTHMH HAPSKCHHUSIMHU
nepBoro 1 BTOPOT'O POJIOB, XOPOIIO U3YYEHBI B QU3HMUECKOM
MaTepuaioBeieHuu. [IpoBeieHHbIE B 3TOM HalpaBICHUU
UccIeI0BaHusl NaroT Y3 PEeKTHBHbIE BAPHAHTHI HHTHOMPO-
BaHUS IOBPEIK/ICHUH 32 CUET BO3HUKAIOIINX TEPMOYIIPYTHX
nedopmanuii. B To ke BpeMsi MEXaHU3MBI TTOBPEXKICHUS
61000bexTOB B MHTEepBaie Temneparyp —60°C...T » BKOTO-
POM pa3BHBaeTCs KIIaCTEepHas KPUCTAIUTH3ALHS OCTABIINXCS
B 3aMOPa’KMBAEMbIX MOJICKYJIIPHBIX PAaCTBOPaX M KJICTOUHBIX
CYCIEH3USX KHUKUX KaHAJIOB U BKJIFOUEHHH, IPAKTUYECKU
HeE M3y4eHbl. B cBs3M ¢ 3TUM B HacTosmIel padoTe paccMOT-
PEHBI MEXaHU3MBI MOBPEXICHHUS KPHOKOHCEPBHUPYEMBIX
0100OBEKTOB 3a CUET KITACTEPHOI KPUCTAIUIN3ALNH KPHO-
HIPOTEKTOPHBIX PACTBOPOB.

B pabore mokazaHo, yTo HauboJee UHTEHCUBHO 3TO
SBJICHHE ITPOTEKAET B IIPOIIECCE OTOTPEBA PEIBAPUTEIILHO
3aMOPOXKEHHBIX PACTBOPOB C KOHIIEHTpALMEHl KPHOIPO-
TEKTOpHBIX BeriecTB C 8 50...65%. IMeHHO Takue KOHLEHTpa-
LMY XapaKTEepHBI JUIsl 00pa3yromnXCsl B MOJIUKPUCTAI-
ndyeckux oopasuax npu 7' > T )KI/IL[KO(baSHLIX BKJIFOUCHHH C
OOBIYHO HCHOJB3YEMBIMU B Kpno6nonomn UCXOJIHBIMHU
snagennsamu C, B ipenenax 10...15%.

Ha ocHoBe nosryueHHBIX ¢ ToMonipio 1uddepeHuans-
HOM 00bEMHOH CKaHUPYIOLIEH TeH30JUIaTOMETPHH TaHHBIX
IIpoBe/ieHa KJIacCH(UKAIMS ITPUMEHIEMBIX KPHOTIPOTEK-
TOPHBIX BELIECTB [0 0OCOOCHHOCTAM UX KIaCTEPHOI Kpuc-
TaJUTM3alKH. YCTaHOBIIEHO, YTO COIPOBOKAAIOIINE TO SBIIE-
HHE 00beMHbIE 3(P(EKThI CYIIECTBEHHO OTIUYAIOTCS 110
BEJIMYMHE ¥ 3HAKY TSI PA3JIMUHBIX KPUOTIPOTEKTOPOB. IMeH-
HO 3TOT (haKT MOXET OIPEIEIIATh KPUO3ALIUTHYIO (P PEKTHB-
HOCTh HCIIOJIb3YEMBIX KPHUOIPOTEKTOPHBIX BEIIECTB.
O1ieHEeHbI CKAaYKU JaBJICHUSI B 3aMKHYTBIX KUAKO(A3HBIX
BKJTFOUCHUSIX, BO3HUKAIOIINX MPH KJIACTEPHOI KpHCTaJUIN3a-
MM, yroBieTBopsiomei ycnosuto AV /V, >0, tne AV, =
V,— V, — cyMMapHOEe MakCUMaJIbHOE H3MEHEHHE 00beMa
CHCTEMBI B THaIIa30He TEMIIEPATYP KIIaCTEPHOI KpPHCTAIIIH-
3anuy. BriepBble ITpoBenieHa OIEHKA JIOKAJIBHBIX CKauKOB
JIaBJICHUS] B CBEPXBSI3KUX JKUAKO(DA3HBIX KaHaIax BOIM3H
00pa30BaHMs KJIACTEPHBIX YACTHIl U UX BIMAHUSA Ha CO-
XPaHHOCTh HAXOMAIMINXCA B 3TUX KaHAIaX KJIETOK U MOJICKYJI.
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The studies of mechanisms of damages in cryopreserved
bioobjects conducted by modern applied cryobiology are
focused on the temperature range of —10...—60°C, where the
usual ‘water-ice’ phase transition is realized. However, the
simple analysis shows that when using the most popular
cryoprotective substances such as: DMSO, glycerol, EG,
PEO, the substantial injuries in bioobjects could occur even
at lower temperatures, namely within the range of —-60°C...T
and at 7 < T, where T is vitrification temperature o
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amorphous fractions. The reasons for occurrence of the
damages within the temperature range 7 < T, stipulated by
thermoelastic stress of types I and I, have been thoroughly
studied in the physical material science. The studies
conducted in this direction provide the efficient options to
inhibit damages provoked by thermoelastic tensions. At
the same time there is virtually no studies on the mecha-
nisms of damages in biological samples occurring within
the temperature range of —60°C...T , where liquid channels
and inclusions, remaining in the frozen molecular solutions
and cell suspensions, are involved to the cluster crystalliza-
tion processes. In this regard, this investigation was perfor-
med to elucidate the damage mechanisms of cryopreserved
bioobjects due to cluster crystallization of cryoprotective
solutions.

The study showed that the highest intensity of this
phenomenon was found during thawing of pre-frozen
solutions with a concentration of cryoprotective substances
C, 0f 50...65%. Exactly such concentrations were characte-
ristic for the inclusions formed in polycrystalline samples
at7T > T in the liquid phase if the initial concentrations C,
Weretyplcal for cryobiology, i. e. 10...15%.

Based on the data obtained with differential volumetric
scanning tenzodilatometry the used cryoprotective agents
were classified by the features of their cluster crystallization.
It was found that the volumetric effects, accompanying this
phenomenon were substantially different in magnitude and
direction for different cryoprotectants. This fact can be used
to determine the efficiency of the used cryoprotective sub-
stances. We assessed also the pressure surges in the closed
liquid-phase inclusions, occurring during cluster crystalli-
zation, that satisfied the condition AV, /V, > 0, where AV =
V, =V, was the maximum change in the total volume of the
system within temperature range of cluster crystallization.
For the first time we evaluated the local pressure surges in
the ultra-viscous liquid-phase channels near the place of
cluster particles formation as well as their impact on the
integrity of cells and molecules being in these channels.
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