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[Ipn KpHOKOHCEPBUPOBAHWN OMOJIOTHIECKUX OOBEKTOB,
KakK MpaBHJIO, PUMEHSIOT ABYX- WIN TPEX3TAITHOE 3aMO-
pakuBaHHE OOBEKTOB: CHadajia OMOJIOTHYECKUI OOBEKT
OXJIXKIAIOT BO3TYXOM C MOMOINBIO XOJOAMIBHOW yCTa-
HOBKH, 3aTeM €ro ImorpyxaroT B kunkuii azor [E.}O. WBa-
menko, 2017].

B cBsi3u ¢ Mepamu, IpEeANPUHIMAEMBIMH MHUPOBBIM
COOOIIIECTBOM TSI COKpAIICHHS MPOU3BOICTBA W TOTpeOe-
HUSI 030HOPA3PYIIAIONINX BEIIECTB M MAPHUKOBBIX T'A30B,
Bce OOJNBIIYIO MOMYISIPHOCTH MPHOOPETAIOT MPHUPOITHBIE
XJIAJareHThL: YITIEBOOPO/IBL, IByOKHCH YIIIEPOa U aMMHAK.

OnHuM U3 Hanbosee MEePCHEKTUBHBIX XJIaareHTOB SIB-
nsietest iByokuch yrepona (CO,). On uMeeT HU3KUH MOTeH-
nuan nrodansHoro norteruienus (ITITI = 1), He oGmamaer
030HOpa3pyLIAOIIEH CTOCOOHOCTBIO, XMMHUUECKH HEAKTH-
BEH, HE BOCIUIAMEHSETCS, PH 3TOM OTPaHWYEHHS Ha €ro
YTHIIM3AIHUIO ¥ BTOPHIHOE HUCIIONb30BaHNE OTCYTCTBYIOT.

B Vkpaune u 3a pyOe:koM IpH XOJIOAMIEHON 00paboTKe
OMOJIOTUYECKNX MaTepHaNIOB TPUMEHSIOTCSI YCTAHOBKH, pa-
OoTarommye Ha JABYOKHCH YIIIEPOIa B Pa3UIHBIX (ha30BBIX
cocrosHmsAX [E.H. Hesepos, 2016]. Bee npemmaraemeie ycra-
HOBKM TaKOTO THIA MOXXHO PAa3/elIUTh Ha JBE OCHOBHBIC
rpymmbl. TpaHckpuTHueckne OycTepHbIE CHCTEMBI — MHOTO-
CTyIEHYAThIEC XOIOAMIBHBIE CHCTEMBI JUISl CPEIHE- U HU3KO-
TEMIIEpaTypHBIX PHIMEHEHUH ¢ MaKCHMaJIbHBIM pabodnm
nasieHreM 120-140 Gap, paboTaromye HCKITIOYUTEFHO Ha
JIBYOKHCH YIIIEPO/A; CYOKPUTHUECKE KACKAIHBIE CHCTEMBI —
MHOTOCTYTIEHYATBIE XOIOIMIBHBIE CHCTEMBI KOMOMHHUPO-
BAaHHOTO THIA JJISI HU3KOTEMIIEPaTypHbIX MPUMEHEHUH C
MaKCUMaJbHBIM pabounMm nasieruem 40-50 Gap B ama-
ma3one Temmeparyp —70...10°C, ucnonp3yromme 1Ba WiIn
HECKOJIBKO XJIaZIar€HTOB C Pa3HBIMH TETIO(MU3NICCKIMA
cBoiicTBaMH (THAPOPTOPYTIEPOABI, aMMHAK, YIIEBOIO-
POIIBI).

Hamnbonee mmpoxoe pacrpocTpaHeHHE B KPHOTEHHOMH
TEXHUKE MOIYUYHIN HU3KOTEMIIEPAaTypHbIE KacKaJHbIE CHC-
TEMBI, pa3pabOTaHHBIE VIS TPOMEKYTOUHBIX CTAANH OXJIAX-
JCHUS W 3aMOPAKUBAHHUSA OMOJIOTHYECKUX 00BEKTOB. Mc-
TIOJTb30BaHME TAKMX YCTAHOBOK ITO3BOJISIET MPH HEOONBIINX
9HEPTEeTHUYECKUX 3aTpaTax JOCTUTaTh TEMIIEpaTyp HIKeE
—50°C. OHM KOMIIaKTHBI, O€30TaCHBI, SKOHOMHUYHBI H YHEPIo-
3¢ PeKTUBHEIL.

Takum 00pa3oM, HU3KOTEMITEpaTypHBIE CHCTEMBI, pado-
TafoIINe HAa OCHOBE MPUPOIHBIX XJIAJAT€HTOB, MOTYT HCIIONb-
30BaThCs AJISI MCCIECJOBAHUH B YCIOBHSX HMOCTETIEHHOTO
Tiepexozia MUPOBOH MHAYCTPHUN HA MPUPOAHBIC XJIaIareHTHL.
braropapst cBoMM BBICOKHM IOKA3aTENsIM XOJIOIOIIPON3BO-
JUTEITBHOCTH, KACKAaJHBIE CHCTEMbl KOMOMHNPOBAHHOTO
THIA C SKOJIOTHYECKN YHCTBIMH XJIAJareHTaMH TEpCIeK-
THUBHBI TIPH Pa3pabOTKE HOBBIX HU3KOTEMIIEPATYPHBIX TEX-
HOJIOTHI.
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As arule, during cryopreservation of biological objects,
two- or three-stage freezing of objects is applied: first,
biological sample is cooled by air by means of a refrigera-
tion unit, and then it is immersed into liquid nitrogen
[E.Yu. Ivashchenko, 2017].

In connection with the measures undertaken by the
world community for reduction of the manufacture and
usage of ozone-unfriendly substances and greenhouse gases,
natural coolants such as hydrocarbons, carbon dioxide and
ammonia are becoming increasingly popular.

Carbon dioxide is one of the most promising cooling
agents. It has low global warming potential (GWP = 1),
does not possess ozone-depleting potential, is chemically
inactive, does not ignite, has no restrictions for utilization
and recycling.

In Ukraine and abroad, various devices based on carbon
dioxide in different phase states are being developed and
implemented for the refrigeration of biological samples
[E.N. Neverov, 2016]. All proposed devices of such a type
can be divided into two main groups: transcritical boost
systems — multi-stage refrigeration systems for medium-
and low-temperature applications with a high maximum
pressure up to 120—140 bar, operating exclusively with car-
bon dioxide; subcritical cascade systems — multi-stage refri-
geration systems of combined type for low-temperature
applications with a maximum operating pressure of 40—
50 bar within the temperature range of 70...10°C, using
two or more cooling agents with different thermophysical
properties (hydrofluorocarbons, ammonia, hydrocarbons).

In cryogenic technologies the most widespread are
low-temperature cascade systems developed for interme-
diate stages of cooling and freezing of biological objects.
Application of these systems allows to reach temperatures
below —50°C with low energy expenditure. They are com-
pact, safe, economical and energy efficient.

Thus, low-temperature systems based of natural cooling
agents offer a good opportunity for using in the research
especially due to the interest of the world industry for
natural refrigerants. Due to high cooling capacity the cas-
cade systems of combined type with ecologically safe
cooling agents are promising for the development of new
low-temperature technologies.
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