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KpuroxoHcepBupoBaHHe — HaAEXKHBII CIOCOO 10ITO-
CpOUYHOTrO coxpaHeHHs 6uomarepuana. [Ipu paspaboTke
IIPOTOKOJIOB 3aMOPa’KMBAHUA-OTTAUBAHMS, KaK MIPaBUIIO,
OCHOBHO€ BHHMAaHUE YAEISAETCS PEXKUMY OXJIAXKIEHHUS B TO
BpeMsI, KaKk CKOPOCTH OXJIAXKICHH-HAarpeBa HaXOATCS B TEC-
HOM B3aUMOCBSI3U U B3aUMO3aBUCUMOCTU. B npakTudeckoi
KPHOOHOJIOTHH B IOCJIETHEE BPEMS BCE HaIlle UCIIOIb3YIOTCS
KOHTPOJINPYEMBIE CKOPOCTH Ha ATAIE OXJIAKICHHS, OHAKO
OTTaMBaHUE IPOUCXOIUT TPAJUINOHHBIM CIIOCOOOM — Ha
BOIIHOM OaHe.

Iens naHHO#M PabOTHI — pa3paboTaTh OPUTHHATBHYIO Me-
TOJMKY OIPEAETICHHUS TEeMIIEPAaTyPHBIX HHTEPBAJIOB UCTIOJb-
30BaHMA KOHTPOJIUPYEMBIX CKOPOCTEH Kak Ha 3Tare OXJIax-
JICHHs, TaK U Ha JTalle HarpeBa JUIsl CO3AaHuUs €AUHOTO IIPOo-
TOKOJIa 3aMOPaKNBaHUA-OTTaNBaHUs, 00ECIIEUNBAIOIIETO
MaKCUMAaJIbHYIO COXPAaHHOCTh OMO00OBEKTA ITOCIIE KPUOKOH-
cepBupoBanus. [Ipu pa3paboTke eqMHOTo MPOTOKOJIA 3aMO-
PpaXUBaHUSA-OTTAMBAHUS IEPCTIEKTUBHBIM SIBIISICTCS ITOAXO,
IIPY KOTOPOM H3MEHEHHE CKOPOCTEH OXIaKACHUA-HArpeBa
MIPOMCXOAWT B TEMIIEpaTyPHbIX HHTEPBaJIaX, CBI3aHHbIX C (a-
30BBIMH U CTPYKTYPHBIMH ITpe0Opa3oBaHUAMHU B KpHO3a-
LIUTHBIX CPENAX CIOKHOrO cocTasa. [IpeenbHble 3HaYUeHUs
STHX TEMIIEPATypPHBIX HHTEPBAJIOB ONPENEIUIN METOIOM
TEPMOILJIACTUYECKON nedopMalii, KOTOPbIil sSBIsSETCS
Pa3HOBUJHOCTBIO TEPMOMEXaHUYECKOI0 aHAIN3a.

Jlns1 BBIIBIIEHUS BKJIaAa (Da30BBIX MIPEBPALIEHUH, COOT-
BETCTBYIOILUX Ka)KJJOMY KOMIOHEHTY KPHO3ALIUTHOMN Cpenbl
CIIOJKHOTO COCTaBa, UCCIEN0BAIN dKCIEPUMEHTAIbHBIE
TEpMOIUIACTHYECKHE KPUBBIE TS JUCTHLIMPOBAHHON BOIBI,
(bM3HOJIOrMYECKOTO PAaCcTBOPA, KyJIBTYpPaIIbHBIX CPEJI U COOT-
BETCTBYIOIINX PAaCTBOPOB KpUOIPOTEKTOPoB. Chopmyiu-
pOBaHBI O0OIIME MPUHIUITEI BEIOOPA BHELIHETO Je(opMu-
PYIOLIETO HANPSIKEHUS IS ONPEAEICHUS MPEaeIbHbIX
3HAYEHUI pacCMaTPUBAEMBIX TEMIIEPATyPHBIX HHTEPBAJIOB
JUTS Pa3JINYHBIX KPHUO3ALIUTHBIX CPEl, a TAKKE HMPUHIUI
BBIOOpA KOHKPETHOTO 3HAYEHHS CKOPOCTH OXJIXKACHHS U Ha-
rpeBa B TEMIIEPATypHBIX HHTEPBAIaX, COOTBETCTBYIOIINX
cIe Iy oM (ha30BBIM ITPE0OPa30BAHMAM: KPHCTATLTH3AINS
(TUTaBIIEHYST) OCHOBHOM MAcChl JIbJia, KPHCTAIUTM3ALHS (TUIaB-
JICHUS) CMECH 3BTEKTHYECKOW KOHIIEHTPAalHWH pacTBOpa
KPHOTIPOTEKTOPA, KpUCTAIITH3AaNNS (TIIIaBJICHUS ) SBTEKTUKU
pacTBOPUTEIS Ha OCHOBE KYyJbTYPAJIbHON CPENbl, a TAKXKE
PpeKpUCTaIUIA3aLMS TIEPEN COOTBETCTBYIOLIMMU IIPOLIECCaMU
IJIABIICHUS Ha TAIE HArPeBa.

Meroanka pa3padOTKH eMHOTO IPOTOKOJIA 3aMOPAXKH-
BaHUS-OTTaUBAHUS C KOHTPOIMPYEMBIMU CKOPOCTSIMHU OX-
JaKACHU-HarpeBa NMeeT YHHUBEPCATBHBII XapakTep U MpH-
MEHHMMa TP KPHOKOHCEPBUPOBAHUH OMOOOBEKTOB C KPHO-
3aLUTHBIMU CPEaMU CII0KHOTO COCTaBa. EIMHBIN IPOTOKOI
MOJKET CIIyXKHTh OCHOBOH 7151 pa3pab0TKH IIPOrpaMMHOTO
obecrieueHust Ul 3aMOpaKuBaTeNel ¢ IeIbl0 BHEAPESHNUS
METOAMKHU 3aMOpPaXKUBAHUSI-OTTAUBAHUSA C KOHTPOJIUpYE-
MBIMHU CKOPOCTSIMH B IIPOIPaMMHBIX 3aMOpa’KUBaTEIIAX.
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Cryopreservation is a reliable way for long time preserva-
tion of biological material. When designing freeze-thawing
protocols as a rule the great attention is paid only to cooling
regimen while cooling and warming rates are closely inter-
related and dependent. Nowadays in cryobiological practice
the controlled cooling rates is mostly used, however thawing
is still done with traditional water bath.

The research aim was to develop an original method of
temperature ranges determination using controlled rates
both at cooling and warming stages to create an unified
freeze-thawing protocol providing a maximum preservation
of biological object after cryopreservation. During deve-
lopment of unified freeze-thawing protocol the approach,
in which a change of cooling-warming rates occurs within
temperature ranges associated with phase and structural
changes in composite cryoprotective media is perspective.
Limit values of these temperature ranges were determined
by thermoplastic deformation method, a type of thermome-
chanical analysis.

To identify the contribution of phase transitions corres-
ponding to each component of composite cryoprotective
medium, experimental thermoplastic curves for distilled
water, physiological solution, cultural media, and appropriate
cryoprotective solutions were studied. The general princip-
les of external deforming stress selection to determine the
limits of observed temperature ranges for different cryopro-
tective media, as well as the principle of choosing the specific
value of cooling and warming rates within the temperature
ranges appropriate to phase transitions such as: crystalliza-
tion (melting) of the bulk of ice, crystallization (melting) of
eutectic concentration mixture of cryoprotective solution,
crystallization (melting) of culture medium solvent eutectics,
as well as recrystallization prior to corresponding processes
of melting during warming.

Method for development of unified freeze-thawing
protocol with controlled cooling-warming rates is universal
and applicable for cryopreservation of biological objects in
composite cryoprotective media. Common protocol can
serve as the basis for development of a software for freezers
to implement the methods of freeze-thawing with controlled
rates using programmable freezers.
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