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OnucaHo THIIOBOE 000pYIOBaHNE M IPHOOPBI, KOTOPbIE UCIIONB3YIOTCS AJIsl HU3KOTEMIIEpaTyPHOTO XPaHEHUsI pa3iIMYHbIX 0OBEKTOB
B )KU3HECTIOCOOHOM COCTOSIHUH.

Knioueswie cnosa: xpnobank, cocyns! JIproapa, 3aMOpaxuBaTeIIu.

OmnucaHo THIIOBE OONAJHAHHS 1 MPUIAIH, SKi BHKOPUCTOBYIOTBCS JUIS HU3BKOTEMIIEPAaTypPHOI'O KOHCEPBYBAHHS i TPUBAJIOTO
30epiraHHs pi3HUX 01000’ €KTIB y JKUTTE3NATHOMY CTaHi.

Knrouoei cnosa: xpiobask, nocyanan J{proapa, 3aMOpoKyBadi.

The paper describes typical equipment and devices used for low temperature preservation of various biological objects in viable

state.
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B mocinenHue necstuneTus BO3HUKIA HOBas
OTpaciib KPUOTCHHON TEXHUKH — KPUOTEHHOE TPHU00-
POCTpOCHHUE NIl HU3KOTEMIIEPATypPHOTO KOHCEPBH-
pPOBaHUS U JOJITOBPEMEHHOT'O XPAHECHUS Pa3INYHBIX
OMOJIOTUYECKUX O0OBEKTOB B JKM3HECIOCOOHOM
COCTOSIHUM: KJETOYHBIX CYCIEH3UH, B TOM YHUCIE
SIIPOCOIEPIKAIIMX KIETOK KPOBU M KOCTHOTO MO3Ta,
SMOPHUOHAIBHBIX U KJIETOYHBIX KYJIBTYP, CIIEPMbI
LIEHHBIX MMOPOJ PbIO, HEKOTOPBIX MJICKOMUTAIOIIUX,
BHPYCOB, OIYXOJIEBBIX IITAMMOB, Pa3JINYHBIX BUI0B
Oaktepuii u T.a. [Iporiecchl KPHOKOHCEPBUPOBAHUS
OCYIIECTBISIOTCS B KpUOOaHKaX, MOJ KOTOPBIMHU
TOHUMAIOTCS KOMIUIEKCHI 000PYIOBAHHS IJIsT 0OecIIe-
YEeHUS KPUOKOHCEPBUPOBAHMUSL, JITUTEIIEHOTO XPaHCHUS
Y pean3aiuy OMOIOrHIeCKIX 00BEKTOB, a TAKKE IS
[IPOBEICHHST KPHOOMOIOTMYECKUX UCCIIEIOBATELCKIX
pabor.

Obopyoosanue kpuobanxa (puc. 1, 2) BKIO4aeT
anrmaparypy st IIOr0TOBKH U KPHOKOHCEPBUPOBAHUS
MaTepuaia; KpHOr€HHbIC XPaHUIHUIIA.

Annapamypa 0151 no02omosKU U KpUOKOHCEPBU-
POBAHUsL Mamepuaia COCTOUT W3 001meradbopaTop-
HOT0 000PYIOBaHUS M CIICIIMATIBHOTO (OPHEHTHPOBAHO
Ha 00BEKT pabOThI), B KOTOPOM OCHOBHYIO POJIb
WUIpaeT MPOrpaMMHBIN 3aMOpakMBaTeNb, OCYIIECT-
BIISIIOIIAH MPOTPAMMHUPYEMOE, KOHTPOJIUPYEeMOe,
MIPOTOKOJIUPYEMOE U BOCIPOHU3BOJUMOE CEPUUHO
OXJIKJCHHE 00BEKTa JI0 3aJJaHHOW TeMIIepaTyphl.

Jiist paboT, MPOBOJAMMBIX B MOJICBBIX YCIOBUAX U
MPH YacThIX Tepee3iaX, CBA3AHHbBIX, K MPUMEPY, CO
cbopoM marepuaia OT Pa3jJUYHBIX UCTOYHHKOB

Recent decades have brought us the novel field of
cryogenic industry, the cryogenic equipment for low
temperature long-term storage of various viable
biological objects: cell suspensions, nucleated blood and
bone marrow cells, embryonic and cell cultures, sperm
and endangered fish species, some mammals, viruses,
tumor strains, different bacteria etc. Cryopreservation
is performed at cryobanks for biological objects’ long-
term storage.

Cryobank equipment (Fig. 1, 2) constitutes the
devices intended for the material preparing to
cryopreservation and cryopreservation itself, also
cryogenic storehouses.

Equipment for the material preparation and
cryopreservation is meant to be general laboratory
devices and the specialized one (depending on the
object), the main role is played here by programmable
freezer, which performs programmable, controlled,
recordable and multiple object’s cooling down to the
set temperature.

Under field conditions and during travelling for
material collecting from different sources (sperm,
oocytes of farm animals, fish) portable freezers are
thought to be appropriate, which are easy in setting
and functioning, energy supply from accumulator,
efficient in liquid nitrogen consumption, handy and
transporting-resistant. Such freezers enable us a
simultaneous freezing of relatively small quantity of
samples, somewhat limited in precise settlings and
character of the objects being preserved, are mostly
convenient for collecting the materials of sperm,
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(cmepMBbl, SIHIEKIETOK CEJIbCKOXO03AHCTBEHHBIX
KUBOTHBIX, pbI0), HanOoJiee MOAXOAAT NOPTATHBHbIC
3aMOpakMBaTelu, IPOCThIE B HACTPOHKax U padore,
MUTAIOIIMECS OT AKKYMYJIATOPOB, SKOHOMUYHBIE B
pacxojie JKUAKOTO a30Ta, yAOOHBIe U YCTOWYMBBHIE K
TPAHCIOPTHPOBKE. DTH 3aMOPAKUBATEIN TTO3BOJISIOT
OHOBPEMEHHO 3aMOpa’)XKMBaTh CPAaBHUTEIHHO
HeOOoJbIIMe MApTUH 00Pa3IOB, HECKOIBKO OPaHUYEHEI
B BO3MOJKHOCTSIX TOYHBIX HACTPOEK M XapakTepe
KPHOKOHCEPBUPYEMBIX OOBEKTOB, YIOOHBI Mpexe
Bcero s cbopa KOJJIEKIMOHHBIX MaTepUaloB
CIIEPMBI, STHIIEKIIETOK, HEOOIBIIIX KyCOYKOB TKaHEH,
pacTeHui 1 MUKpoopranu3MoB. OHU aBTOHOMHBI 1 HE
TpeOyIOT 1151 pabOThI COMYTCTBYIOILEH anmnaparypsl,
KpoMme Hebombioro cocyna Jproapa ans 3aIUMBKH
YKUJIKOTO a30Ta HEMOCPEICTBEHHO B 3aMOPaKUBaTeIb
nepes HauajaoM padoThl.

st BBICOKOTOUYHBIX J1a00paTopHBIX padoT mo
KPHOKOHCEPBUPOBAHUIO TPUMEHSIOT 3aMOPAKUBATENN
0osiee BHICOKOTO YPOBHSI, pacCUMTaHHBIE Ha paboTy
HCKJIIOYUTENHHO B CTAI[MOHAPHBIX YCIOBHIX - C
AJIEKTPONIUTAHUEM OT CETH M MOJa4ueil )KUIKOTO a30Ta
II0J1 TaBJICHHEM Yepe3 MOMITY M3 OTKPBITOTO COCyJia
Jproapa nnu 3 6aJIOHOB C )KUJIKUM a30TOM. Takue
3aMOpaXMBaTeIM MOTYT MPOTrPpaMMHUPOBATHCS
HEMOCPEACTBEHHO KOMIUIEKTHBIM KOHTPOJIEPOM HIIN
¢ nomouipto PC coBMeCcTUMOTo mporpaMMHOIO
obecrieyeHus: yepe3 MOPTHl CTAaHAAPTHBIX MHTEP-
(eiicoB. OT0 onTHUMaNIbHOE PELICHUE AJISI MEAULIUH-
CKHX KIMHUYECKHX LIEHTPOB 3KCTPAKOPIOPAIBHOIO
omtogotBoperust (OKO), 6aHKOB KPOBH, CTBOJIOBBIX
KJIE€TOK, KOCTHOTO Mo3ra. CymecTBYIOT TaKxke
3aMOpaXUBATEIH JIsI 3aMOPAXKUBAHUA OOIBIINX
00beMOB MaTepuala, ClenHaJln3upOBaHHbIE Ha
orpeseneHHbIe 00bEKThI (KJIETOUHBIE KYJIbTYpHI).
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=4 Puc. 1. Cxema TMIIOBOIO KpHOOaHKa:
1 — BHemHUH pe3epByap (TaHK) C
KHUJIKUM a30TOM; 2 — BaKyyM-H30JIH-
POBaHHBIN TPyOONPOBOI; 3 — KPHO-
XpaHWIHIIA Onomarepuana OOJIbIIOTO
o6bema (500-1000 11); 4 — KproXpaHH-
nua GroMarepuaa CpeJHero oobemMa
(150-450 1), 060pymOBaHHBIC BHEIITHUM
KoXxyxoM (“kabuHerom”); 5 — mpor-
pPaMMHBIH 3aMOpakMBaTelb, 6 —
KOMITBIOTEPHBIN LIEHTP YIPABICHUS 1
MOHHUTOPHHTA; 7 — OAJUIOH C JKUAKUM
a30TOM BBICOKOIO IaBJIEHHMSI, CHA0XKar0-
LU TIPOTPaMMHBIN 3aMOpPaKNBATEINb;
8 — cocynpl [lproapa cpenHero oobema
JUISL TPAHCTIOPTUPOBKH KPHOKOHCEPBH-
POBaHHOT'O MaTepHana; 9 — MHANKATOP
COCTOSTHUSI XpaHWnILa (YpOBEHb a30Ta,
TeMIeparypa, CHTHAJIH3aI1s).

"Flg 1. Scheme of typical cryobank. 1 —external reservoir

(tank) with liquid nitrogen; 2 — vacuum-insulated mainline;
3 — cryostorehouse of biomaterial of large volume (500—
1,000 liters); 4 — cryostorehouse of biomaterial of medium
volume (150-450 liters), equipped with outer jacket
(“chamber”); 5 — programmable freezer; 6 — computer control
and monitoring center; 7 — vessel with liquid nitrogen under
high pressure, supplying programmable freezing; 8 — Dewar
vessels of medium volume for transportation of cryopreser-
ved material; 9 — indicator of storehouse status (nitrogen
level, temperature, alarm)

oocytes, small tissue pieces, plants and microorganisms.
The freezers are autonomous and do not require the
accompanying equipment, only a small Dewar vessel
for liquid nitrogen pouring directly into freezer prior to
the start.

For frequent laboratory cryopreservation one often
uses a higher level freezers in order to work at
stationary conditions exclusively with power supply and
liquid nitrogen supply under pressure through pump out
of either open Dewar vessel or liquid nitrogen

Puc. 2. HuzkoremneparypHblii 6aHK HHCTUTYTa MpooieM
Kkprobnosnorun n kpuomenuuuasl HAH Ykpauns! (xpaHu-
mia Xb-0,5 mpon3BojcTBa 3aB0/ja KUCIOPOIHOTO MallIMHO-
crpoenus, .EkarepunOypr, Poccusi).

Fig.2. Low Temperature Bank of the Institute for Problems
of Cryobiology and Cryomedicine (KhB-0,5 storehouse
designed by the Plant of Oxygen Mashinery, Ekaterinburg,
Russia).
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[ToMuMoO TpoOrpaMMHOTO 3aMOpaXUBATEIST IS
paboT Mo KPHMOKOHCEPBUPOBAHUIO HEOOXOINMBI
cocynpl Jproapa st ero CHaOKEeHUs KUIKAM a30TOM
U TPAHCIOPTUPOBKH KPUOKOHCEPBUPOBAHHOTO MaTe-
puana (mpu BeIE3AHBIX paboTax) U/uiy nomia/0anioHn
BBICOKOTO JaBJICHHUS C KUAKHM a30TOM AJisl cHaOxe-
HUs CTAallMOHAPHBIX 3aMOpakUBaTeei.

[locne nmpuBeneHUss KPUOKOHCEPBUPYEMOTO
MaTtepuaga K TeMIlepaType XpaHeHHs (Temmeparypa
KuAKoTo azota —196°C) 00BbeKT moMemniaeTcs B
KPHOXPaHUITHILIE.

Kpunorennoe xpanunuiine OObIMHO MPEACTABIISET
coboii cocyn Jlproapa 6ompimoro odsema (ot 100 mo
1000 11) ¢ IMPOKOI TOPIIOBHUHOM 711 yIOOHOTO JTOCTYTIA
BHYTPb W pa3MelleHus Marepuana. BHyTpeHHee
MPOCTPAHCTBO XPaHUJIMILA CHAOXKAETCS CUCTEMOM
CTOEK, BBIJBUIKHBIX OOKCOB M siueek, olecme-
YUBAIOIUX YAOOHYIO CHCTEMAaTH3alMI0 U OBICTPBIH
JOCTYII K HY’)KHOMY 00pa3ny. Takue OOKCHI, siueiiky,
KaHUCTPBI CO3JAI0TCS CHELUUANBHO MO OOBEKTHI
OTIpeIeNIeHHON KOH(pUTrypaunu (mpooupku 2-5 mi,
MaKeThl KPOBH, COJIOMUHBI) FJIK MOTYT OBITH YHUBEP-
canpHbIMH. J[71sg gacTo¥l paboThl ¢ OOJABIIUM
KOJINYECTBOM OOBEKTOB (KIMHUYECKHE KPHOOaHKU
KpOBH) TUTAHUPYIOT XPaHUITUINA OOJIBIITNX 00HEMOB C
LIMPOKOM IOPJIOBUHOM M IOBOPOTHOM CUCTEMOM BHYTPH.
Ho yem Gosnblie muamerp ropJoBHHBL, TeM OOJbLIe
©KEHEBHBIE IIOTEPH a30Ta HAa HCIIAPEHUE U IOITOMY
JUIsT HeOONIBIINX KOJUIEKLIUH CIIePMBI, SIHIIEKIETOK
JUINTENILHOTO XpPAaHEHHUS M HEYaCTOT0 UCTIOJIb30BaHUS
yao0Hee NPUMEHSATh XPaHWINIIA C YMEHbIICHHBIMH
MOKa3aTesIMI  UCTIaPSIeMOCTH.

Jns Hage)KHOro XpaHEHUsI MaTepualia Kpuo-
XpaHWJIUIIa 000pYIYIOT CUCTEMOW CHUTHAJM3alnuu
YPOBHSI JKMJIKOTO a30Ta W TEMIIEpaTypHBIX IMapa-
METpPOB, BIA)XKHOCTH U OKCHUTEHAIUH C BO3MOXK-
HOCTBIO BEJIEHUSA NMPOTOKOJA yCIOBHH XpaHEHUS
LIEHHBIX IperaparoB Ha KommbioTepe. s Oombrrei
HaJIe)KHOCTHA M yJI00CTBA 3KCIUTyaTallMk KPHOXpa-
HHUJIMIIA MOTYT OBITh 00OpPYIOBAaHBI CUCTEMOM
aBTOMAaTHYECKOTO JOJHBa XHUAKOTO a3oTa H3
pe3epByapa, KOTOPBIH MOKHO Pa3MEeCTUTh BHE CTEH
KpuoOaHKa M 3alpaBisTh HIPUBO3HBIM a30TOM WM
MIPOU3BOIUTH COOCTBEHHBIH KUIKUI a30T U3 aTMOC-
(epHOrO BO31YyXa, UCHOJB3YS A30THBIC YCTAHOBKH
paznu4Hoi MoHOCTH. [TuTaHue BCell 3neKTpuIeCcKon
anmaparypsl MOXKET OBITh TPOAYOIMPOBAHO CHCTE-
MaMu Oecrnepe0OHHOTO MUTAHUS U aBTOHOMHBIX
3JIEKTPOCTAHIUH.

PekomeHAQUMKM AASI MAQHUPOBKU MOMeLIEeHUs]
NOA KpHOOaHK

I[J'IH YCTaHOBKH KPHUOXPaHUIUILL OHOJIOTUYECKOrO
Matepuajga OTBOAUTCA OTACIBHOC IMOMCHICHHC B
3AaHUU KAallUTAJIbHOI'O THUIIAd, KOTOPOC OTBCYACT
CJICAYIOIIUM Tp66OBaHI/IHM3
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reservoirs. These freezers may be directly program-
med by a complex controller either by PC of compatible
software via standard interface ports. This is an ideal
variant for medical clinical IVF centers, banks for
blood, stem cells, bone marrow storage. There are also
the freezers for freezing a large amount of material
(specifically cell cultures).

Along with the programmable freezer for cryo-
preservation we also need Dewar vessels for its supply
with liquid nitrogen and cryopreserved material
transporting and/or high pressure pump/tank with liquid
nitrogen to be supplied to stationary freezers.

After having reached the storage temperature for
cryopreserved material (—196°C, liquid nitrogen
temperature) the objects are placed into storehouse.

Cryogenic storehouse is commonly a large Dewar
vessel (100 to 1000 1) with a wide neck for a convenient
access inside and material storage. Inner surface of a
storehouse is supplied with a system of holders,
movable boxes and wells thus providing systematization
and quick access to the sample needed. Such boxes,
wells, canisters are especially designed for objects of
certain configuration (2-5ml vials, blood bags, straws),
either are universal. For frequent use of large quantities
of objects (clinical blood cryobanks) there is planned
the large storehouse with a wide neck and turning
system inside. Although the higher a neck diameter is,
the higher daily nitrogen expenditures are for nitrogen
evaporation and therefore for seldom use it would be
reasonable to use the ones with low evaporation rate.

For safe material storage the cryostorehouses are
equipped with an alarm system for liquid nitrogen level
and temperature parameters, humidity and oxygenation
with the possibility of storage conditions protocoling
of the most valuable preparations. For exploitation
reliability and convenience the cryostorehouses may
be equipped with the system of automatic re-filling of
liquid nitrogen from reservoir, which may be placed
out of cryobank and supplied with nitrogen either to
produce liquid nitrogen using atmosphere air by means
of nitrogen devices of various power. Power supply of
all the electric equipment may be doubled by systems
of continuous supply and autonomous electric
stations.

Recommendations for planning the room
to be used as cryobank

For cryostorehouse of biological material there
should be used a separate room in a permanent build-
ing, corresponding to the following requirements:

1. Room space provides a free location of
storehouses for their constant service and moving;

2. Space between storehouses should be left not
less than 1.5 meters for placing/displacing of the
materials stored and transporting Dewar vessels. Door
space must be sufficient for a free storehouse
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1. Ilnomans moMeniennst obecredynBaeT cBOOOI-
HOE€ PACIIONIOKEHNE KPUOXPAHMIIHII TSI UX Oecrpe-
MSITCTBEHHOTO OOCIY>KMBaHUS U NEpeMeIleHUs
Ka)KI0T0 U3 XPAHMIHIL.

2. Mexny XpaHHJIHIIAMH CIEAyeT OCTaBIAThH
npoxoabl He MeHee 1,5 M, ynoOHble ans 3arpy3Ku/
BBITPY3KH XPaHUMBIX MaTEpHajoB U IPOBO3a TPaHC-
MOPTHBIX cocynoB Jlproapa. JIBepHOIi mpoem T0KeH
oOecrneunBaTh CBOOOIHOE MTEpEeMEIeHIE XPAaHUITHILL.

3. [lepexprITHS TOJIOB JOJKHBI BBIAEPKUBATH
Maccy Bcero oOOpyIOBaHUS C YYETOM 3aIOJHEHUS
KUJKUM a30TOM U MaTepUallaMi, a TaKXKe JTOTIOTHH-
TEJbHYIO aKTUBHYIO Harpy3Ky.

4. IlokpsiTHE TOJIA BBIMOJHSIOT U3 TBEPJBIX
HEMOPHUCTHIX, HEMbIICOOPa3yIOIINX, TEPMOCTONKUX
MaTepHaJIoB, BBIACPKUBAIOIINX PE3KHE Mepernabl
Temrneparyp 0e3 HapyIIeHHUs LeJIOCTHOCTH, KPHOT€H-
Hele Temmepatypsl (1o —200°C), a Takxke JaBieHHE
OTIOp XPaHWJIHLI, 00ECTIEYNBAIOIIUX CBOOOJHOE HX
nepeMeleHue.

5. IIokpeITHE CTEH, NOTOJKOB BBIMOJHAIOT U3
TBEPIBIX HEMOPHUCTHIX, HEMBLICOOPa3yIONINX MaTe-
puaixoB, 00ecrednBaOIMNX IPOYHOE KpeIJIeHue
KOHTPOJBHO-U3MEPUTENHHOTO U TPYOOTIPOBOTHOTO
0bopymoBaHUsI.

6. B momemenun He cieayeT MJIAHUPOBATH
MIOCTOSIHHBIX Pa0OYMX MECT COTPYIHHMKOB M pazMe-
maTh HarpeBaTelIbHOE, 3JEKTPUUECKOEe U APYroe
o0opya0BaHHE.

7. Ilomerenne He0OXOAMMO 0OOPYHOBATh BBITSIK-
HOW BEHTHJISIUEH MPUHYAUTEIBHOTO THUMA C ABYMS
pekuMamMu pabOThl — CTAIMOHAPHBIM U YCUJICHHBIM.
3abopHble OTBEPCTHUS BBITSKHON BEHTHISALUH
pacmojaraioT BO3Jie KaXJI0TO XpaHWIWIIA HE BHIIIE
20-30 cM oT ypoBHS moJyia. BRIXOAAIIYIO JTUHHUIO
BEHTWISIIINH BBIBOJSAT HETIOCPEICTBEHHO HA YIIHUILY, B
yAaJICHUH OT OKOH M BO3AYX03a00PHHUKOB, HE COCTIHSS
¢ 001IeH BEHTUIISIIMOHHOM CUCTEMOM 3JaHU.

8. I[lomemenue AOIKHO OBITH 00OPYAOBAHO
BO3yX03a00pHBIM KaHaJIOM, 00€CIeYNBAIOIIUM
JOCTaTOYHBIA MPUTOK CBEKETO BO3JyXa B COOTBET-
CTBHM C 00bEMaMHU BBITSKHOM BeHTHIsIuH. JKena-
TEJBHO BO3AYX03a00pHBIA KaHall 000pPyNOBaTh
NBUICBBIMU (DUIIBTPAMHU U CHCTEMaMHU PEryJsanuu
BJIaYKHOCTHU.

9. B nomernienny He JOHKHO OBITH PaCIOIOKEHO
BOJIOTIPOBOJIHBIX TPYO, KPaHOB M JPYroro BOJOCO-
JIepIKaIIero CAHTEXHUYECKOTO 000PYI0BaHMs HEMOC-
PEACTBEHHO BO3JIE XPAHUIIHILL.

10. Cur"anpHblE JATYUKH CHCTEM CIEKECHUS
HEOOXOUMO BBIHOCHUTH 3a MpPEJENIbl TOMEIeHUS
KpuoOaHKa, B MecTa MOCTOSIHHOTO MPUCYTCTBUS
nepcoHarna.

11. OcBerurenbHble TPUOOPHI JOKHBI 0OecIie-
YUBaTh YIOOHYIO pabOTy C MaTepuaiaMH, )KelaTelb-
HO OPHUEHTHPOBATh HANPABICHHOCTh OCBEIICHUS B
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transporting avoiding the contact of outer surface and
a doorway.

3. Floor should be able to endure the mass of all
the equipment taking into account filling-in with liquid
nitrogen and materials and extra-loading.

4. Floor should be made of solid non-porous, non-
dusty, thermoresistant materials capable of surviving
sharp temperature gradients without any damage,
cryogenic temperatures (down to —200°C), as well as
pressure in storehouse supports to provide their free
transporting.

5. Walls, ceiling should me made of solid non-pore,
non-dusty materials, which would provide proper
fixation of controlling-measuring and tubing
equipment.

6. It is prohibited to plan constant operating sites
and use heating, electric and other devices.

7. The room should be equipped with two regimens
of ventilation: stationary one and extra-ventilation. Air
ventilation intake holes are located close to each
storehouse not higher than 20-30 cm of the floor level.
Output ventilation should be brought out directly outside,
to be far from the windows and air intake not binding
with the overall ventilation system of the building.

8. Room should be equipped with air-intake channel
to provide sufficient air input according to output air
ventilation volume. It is preferable for air-intake
channel to be supplied with dust filters and humidity
regulation systems.

9. The room should not contain tubes, taps and any
other water containing tubing equipment close to
storehouses.

10. Watching alarm sensor systems must be brought
out of the cryobank building, where the personnel is
constantly present.

11. Lighting must be able to provide convenient work
with materials, it is preferable that the light should be
directed in respect of a storehouse neck and the angle
of access to it.

Equipment for a cryobank

IC Series Refrigerators Wessington Cryogenics
(Fig. 3) are designed for effective long-term storage
of samples under liquid nitrogen, characterized by a
large size and is handy for placing/removal of samples
and other manipulations.

Advantages of such vessels are as follows: solid
aluminum extra-strength body, highly isothermal neck.
(Technical characteristics are shown in the Table 1).

GT series Air Liquide vessels with extra holding
time (Fig. 4). The series is designed for small biological
objects, the vessels evaporate small amount of nitrogen
and have a “know-how” in vacuum super-isolation.
Despite the working conditions these vessels guarantee
the years of perfect functioning. (Technical charac-
teristics are shown in the Table 2).

PROBLEMS
OF CRYOBIOLOGY
Vol. 15, 2005, Ne1



COOTBETCTBHUU C TOPJIOBMHAMU XPAHUIIUIL U CTOPO-
HaMM 1oaxo/Jia COTPYAHUKOB.

Texnunuyeckoe obOecneyeHmne KpuobaHka

Cocyout /Hdvwapa cepuu IC Refrigerators
Wessington Cryogenics (puc. 3) npeIHa3Ha4CHBbI s
3¢ (hEeKTUBHOTO XpaHEHUs 00Pa3IoB B XKHUIKOM a30Te
B TEYEHHUE JUTUTEILHOTO BPEMEHH, UMEIOT OOJIBIION
00beM U ymoOHBI JUJIsl HOTPY3KH M H3BJICYCHUS
00pas3IIoB U APYTHX MAHUIYIISIINH.

JocTonHCTBa COCYAOB: JKECTKUIN aJIFOMUHUEBBIN
KOpITyC MOBBIIIEHHONW MPOYHOCTH, TOPJIOBHHA C
BBICOKMMH N30TEPMUYECKUMH [TOKA3aTENAMH (TEXHH-
YECKHE XapaKTePUCTUKH MTPUBEICHBI B Ta0md. 1).

Cocyount /Ivroapa cepuu GT pupmur Air Liquide
C ygeiuyeHHvlM epemenem xpaverus (puc. 4).
Cepus pa3paboTaHa A XpaHESHUS HEOOJIBIIUX
OMOIOrHYECKIX 00BEKTOB, COCYbl UCTIAPSIOT MAJIOE
KOJIMYECTBO a30Ta. DTU COCYbl 001a1a10T “HOYy-Xay”’
B 00J1acTH BaKyyMHO# cynepusossnun. HezaBucumo
OT paboYMX YCIOBHUI COCY/bI rapaHTHPYIOT JOJITHE
T'OJIbl HaJIS)KHOU PabOThI (TEXHUYECKUE XapaKTepUC-
THUKH MPUBECHBI B Ta0JI. 2).

Cocyout /[vioapa cepuu SC pupmot Chart-MVE.
Cepus paspaboTaHa ajis HeOOJbIIOTro o0beMa
KOHCEPBUPYEMOTO MaTepHraa, JNINTeTHOTO XpaHeHUs
[IPU HU3KOM YPOBHE HCIAPEHHS KUJKOTO a30Ta B
yIO0OHOM JIETKOUM alfOMUHUEBOW Tape (TEXHHYECKHE
XapaKTePUCTHKHU PUBEIIEHBI B Ta01. 3).

Puc. 3. Cocynst [Iptoapa cepunm IC.
Fig. 3. IC Dewar vessels.

SC series Chart-MVE Dewar vessels designed
for a small volume of frozen material, long term-storage
at low nitrogen evaporation level in light handy
aluminum vessel. (Technical characteristics are shown
in the Table 3).

Transporting Chart-MVE vessels (Fig. 5) are
designed to provide safe transporting of biological
samples at cryogenic temperatures (—150°C), which are
made of light resistant aluminum and contain hydro-

Taoauna 1. Texanueckue xapakrepuctuku cocynos Jproapa cepun IC Refrigerators Wessington Cryogenics
Table 1. Technical characteristics of IC Refrigerators Wessington Cryogenics Dewar vessels

Bpema "
criapeHue, Macca
Apnamerp . CTaTUYECKOTO
Mopenb BmecTuMocCTh, A Buemrnuit ponamerp,mMm | Bricora,mm A/AeHb HeTTO,KT'
TOPAOBUHBI,MM . . XpaHeH!s AeHb - .
Type Volume,] . Outer diameter,mm Height, mm . Evaporation,liter Netto
Neck diameter,mm Static storage .
. per day weight kg
duration,days
6R 6 57 220 432 30 0,2 3
9R 9 57 380 391 81 0,11 8,4
10R 10 57 286 584 100 0,1 9
12RX/6 12 95 380 442 54 0,22 8,8
12RX/9 12 95 380 442 54 0,22 8,8
20R 20 57 380 630 205 0,1 10
20RX 20 95 380 630 105 0,19 10
21RX/6 21 95 470 442 70 0,3 12,7
21RX/9 21 95 470 442 70 0,3 12,7
35R 35 57 483 630 291 0,12 13
35RX 35 95 483 630 180 0,19 13
38RX/6 38 127 483 691 135 0,28 14,5
38RX/10 38 127 483 691 135 0,28 14,5
50RX 50 95 483 775 125 0,4 17
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Puc. 4. Cocynst Iproapa cepun GT Range.

Fig. 4. GT range series Dewar vessels.

Tpancnopmmuuwie cocyowt vroapa gpupmvr Chart-
MVE (puc.5). Cocyasl co3nanbl s 0e30MacHoi
TPAaHCIOPTUPOBKU OHMOJOTHMYECKUX O0Pa3IoB MpH
KpHOreHHBIX Temreparypax (—150°C). BeimoaneHs! u3
MIPOYHOTO JIETKOTO aJTIOMHUHUS, COJASPIKAT THAPO-
(hoOHBII a0COPOCHT, MOTIOMIAOIIMHA KUIKUN a30T U
obecreynBaOMUil MaKCUMaIbHOE BpeMsl MOJIEP-
YKaHUS TEMIIePaTyphl (TEXHUYECKUE XapaKTePUCTHKU
npuBeJeHbI B Ta0m. 4).

Cocyout /Ivioapa npouzeodocmea XapbKoeckozo
3a600a MPAHCROPMHO20 000pyoosanus(cepusn X)
u 3agooa “Kopocmenvxummaw” (cepuu C/[C u
CK) npeaHa3HaueHbl NI JJIMTEIHHOTO XPaHEHHS
00pa3loB B JKUAKOM a30T€, UMEIOT Pa3HBId 00BEM.
yIoOHBI B padoTe (TEXHUYECKHE XapaKTePUCTHKU
MPUBEACHBI B Ta0JI. 5).

Kpuozennwvie xpanunuwa cepuu CB (puc. 6).
[Tpw nx rCcnoNBE30BaHUY C KPHOTEHHBIMU pe3epByapaMu
BO3MOYKHO OCHAI[EHWE CUCTEMOW TOYHOTO aBTO-
HarosHeHus. CucTeMa XpaHeHHsI BKIIIOYAET BbIBIK-
HbIE SIIIUKK C WK 0e3 pa3fenuTesel sl TpoOHpOK
WJIM KaHUCTPHI JIJISl COJIOMUH, WU TIAKETOB JIJISt KPO-

Puc. 5. Tpaucniopthbie cocyst [proapa Gpupmsr Chart-MVE:
A — anmrOMHHHUEBBIH KOpITyC cocy/ia; B —mMecTo uist ioMOonpoB-
KU cocyzia mpu oTrpyske; C —mpouynas TpyOka, obecreunBato-
11151 MUHUMAJTBHBIE TTOTEpH a30Ta; D — ycoBepIIeHCTBOBaHHAS
CHCTeMa CoXpaHeHHs Bakyyma; E — runpodoOHsIii agcopOeHT,
00ecreunBaloIINi BIQKHOCTh TIPH TEMIIEpPaType B COCyle
—150°C; F — ycoBepIiIeHCTBOBaHHAsI CHCTEMA M30JSILIUH.

Fig. 5. Chart-MVE transportation Dewar vessels: A —
aluminum case of the vessel; B — site of sealing for trans-
portation; C — durable tube providing minimal losses of
nitrogen; D — improved system of vacuum preservation;
E — hydrophobic adsorbent, providing humidity control at
the temperature of —150°C inside the vessel; F — improved
insulation system.

phopic adsorbent to adsorb liquid nitrogen and provide
the maximum temperature maintenance. (Technical
characteristics are shown in the Table 4).

Dewar vessels produced by Kharkov plant for
transport equipment (X series) and “Korosten-
khimmash” plant (SDS, SK series) are intended for
low temperature storage of samples in liquid nitrogen,
and have various volume, are easy for operating.
(Technical characteristics are shown in the Table 5).

CB series cryogenic storehouses (Fig. 6) During
their use with cryogenic tanks it is possible to equip
them with the system of precise self-filling. Storage
system includes movable boxes with/without separator

Taonuua 2. Texuuueckue xapakrepucTuku cocynoB Jlproapa cepun GT dupmbr Air Liquide
Table 2. Technical characteristics of Air Liquide GT Dewar vessels

Bpema
Auamverp CTaTUUeCKOro Vcnapere, Macca
Mopaenb BmecTuMocTs, A FODAOBIHBL MM BruemHuii pAnamerp, MM | BricoTa,MM XDAHEHIS ACHE A/ AeHB HeTTO,KI'
Type Volume,] PAO ! Outer diameter,mm Height, mm par A Evaporation,liter Netto
Neck diameter,mm Static storage d iaht k
duration,days perday welghtkg
GT—-2 2 30 174 392 25 0,08 1,9
GT-3 3,7 50 248 405 33 0,11 4,5
GT—17 77 50 308 480 65 0,11 7.2
GT—9 93 50 358 450 84 0,11 8,2
GT—11 12,2 50 308 630 130 0,09 9,2
GT—21 21,5 50 388 660 225 0,09 13
GT—-35 33,6 50 468 660 350 0,09 15
NPOBJIEMbI OBLEMS
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Ta6auna 3. Texuuueckue xapakrepucTuku cocynoB Jproapa cepunt SC pupmbl Chart-MVE
Table 3. Technical characteristics of Chart-MVE SC Dewar vessels

Bpemst Vicnapenue Macca
Auamerp . CTaTUYECKOTO '
Mopaenb BmecTuMocTs, A FODAGBIHBL MM BremHuit pAnamerp, MM | BricoTa,MM XDAHOHIS ACHE A/AeHBb HEeTTO,KT
Type Volume,] Necllz diametér mm Outer diameter,mm Height, mm gtatic sto'rAage Evaporation, liter Netto
' duration,days per day weight kg
3/3 3,6 51 222 406 19 0,12 3,6
8/5 8,4 51 260 470 35 0,15 53
11/17 11,0 51 260 549 46 0,15 7.2
16/11 16,4 51 438 444 74 0,14 6,4
20/20 20,5 51 368 652 142 0,09 11,8
36/32 36,5 51 464 690 224 0,10 15,4
Taéauua 4. Texanueckue xapakrepucTuku cocynoB Jproapa pupmer Chart-MVE
Table 4. Technical characteristics of Chart-MVE transportation Dewar vessels
Bpema
Aunamerp M CTATUYECKOTO Vicnapene, Macca
Mopaenanb BmecTuMocTs, A FODAOBIHBI MM Buemnuit pouamerp,MMm | BricoTa,Mm XDAHEHIS ACHE A/AeHb HETTO,KI'
Type Volume,] Necllz diametér mm Outer diameter,mm Height,mm gtatic sto'rgge Evaporation,liter Netto
f duration,days per day weight kg
SC—2/1V 1,5 35 184 343 8 0,19 2,7
SC4/2V 3,6 70 222 468 14 0,26 5,0
SC4/3V 4,3 51 222 492 21 0,20 59
SC20/12V 12,3 51 368 652 85 0,09 13.6
XC14/2V 8,7 97 366 559 25 0,35 10,9
CryoShi pper 8,5 216 369 546 20 0,85 12,1

BH. XpaHUJIUIIA UMEIOT IIMPOKYI TOPIOBUHY IS
MOJIHOTO JIOCTYIIa BO BHYTPEHHEE MPOCTPAHCTBO U
BHYTPECHHIOIO ITOBOPOTHYIO CTOWKY, MO3BOJISIOIIYIO
JIETKO HaXOAHUTh HYKHBIM 00pazell yepe3 CMEIIeHHYIO
OT LIEHTpPA ropJIOBUHY. Takue XpaHWIUIIA U/IcaTbHbI
JUIS XpaHEHHS CIEPMBbI, KPOBH U APYTHX OHOJIO-
IMYECKUX ITPEraparos.

Kpuozennwvie xpanunuwia cepuu Director co
CHUDICEHHBIM pacxodom azoma (puc. 7) ynoOHBI s

Puc. 6. Kpuorennsie xpanunuina cepuu CB.
Fig. 6. CB cryogenic tanks.
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for vials either canisters for straws and bags for blood.
Storehouses have a wide neck for a full access inside
and an inner turning pillar allowing an easy access to
the sample needed, via the neck shifted from the center.
Such storehouse should be an ideal choice for sperm,
blood and other biopreparations storage.
DIRECTOR cryogenic storehouse with efficient
nitrogen consumption (Fig. 7) are convenient for
laboratory use and equipped with the system of

Puc. 7. Kpuorennsie xpanuiuiia cepuu Director.
Fig. 7. Director cryogenic tanks.
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Ta6auua S. TexHnueckue XapakTepUCTUKH COCYI0B [lproapa Mpou3BoAcTBa XapbKOBCKOTO 3aBOJa TPAHCIIOPTHOTO
obopynosanus (cepust X) n 3aBoza “Kopocrensxummanr” (cepun CIIC u CK)

Table 5. Technical characteristics of Dewar vessels produced by Kharkov plant for transport equipment (X series) and
“Korostenkhimmash” plant (SDS, SK series)

AuaMer Bpems cratuyeckoro Hcnapenue,
Mopenb BmecTtumocTs, A p Buerrnuit Apamerp,Mmm BreicoTa, MM XpaHeHUs AeHb A/AeHb
T Volume,l TODAOBHHBI,MM Outer diamet Height, Static st durati E ti
'ype olume, N uter diameter,mm eight,mm atic storage duration, vaporation,
eck diameter,mm -
days liter per day
X-5 52 60 260 420 20 0,2
X—10 10 60 382 520 50 0,16
X—16 16 60 382 635 75 0,18
X —346M 35 60 500 700 180 0,15
CAC—5—2 6,2 58 260 600 40 0,13
CAC—20—2 22,0 58 460 700 136 0,13
CAC—30—2 33 58 460 800 200 0,14
CK—-6 6,0 22 260 480 25 0,21
CK—16 17,5 32 380 615 55 0,31
CK—25 26,5 56 460 600 65 0,39
CK—40 40,0 71 460 780 75 0,54
Tadauna 6. TexHnueckne XapakKTepHUCTHKN KPUOT€HHBIX XpaHuIHI cepun Director
Table 6. Technical characteristics of Director cryogenic tanks
Apaner Bpewmst craruyeckoro Hcnapenue,
Mopaenb BmecTtumocCTb, A p Buemrnuit pApaMerp,MM BricoTa,MMm XpaHeHus AeHb A/ AeHB
T Volume,l TOPAOBIHEI MM Outer diameter,mm Height,mm Static storage duration Evaporation,
ype olume, ute eter, eight, storage du . P ,
Neck diameter,mm -
days liter per day
D — 4000 120 216 559 991 150 08
D —2000C 60 216 559 711 83 0,72
D — 2000 120 152 559 991 218 0,55

@
G T T

L

Puc. 8. Huskoremmeparypusie xpaHminma Gupmer Air
Liquide.
Fig. 8. Air Liquide low temperature tanks.

HCIIOJIb30BaHMS B TA0OPATOPHBIX YCIOBHSX, CHA0KEHBI
CHUCTEMOH KOHTEWHEPOB M Pa3AeNUTEIbHBIX OOKCOB
(TexHHYEeCKHE XapaKTEepUCTUKU MPHUBEICHBI B TaOIl.
6).

Kpuozennwvie xpanunuwa pupmvr Air Liquide
(puc. 8, TeXHMYECKHE XapaKTEPUCTUKH IIPUBEICHEI B
1abn. 7) u pupmer MVE (puc. 9).
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Tadnamnua 7. TexHuueckne XapaKTepUCTUKN KPUOTEHHBIX
xpanwmmng Air Liquide

Table 7. Technical characteristics of Air Liquide
cryogenic tanks

O0BeM JKUAKOTO a30Ta,A _
Liquid nitrogen volume,l 170—-660
O0111ast BBICOTa,MM _
Total height, mm 11751310
Buemrnuit pAopamerp, MM _
Outer diameter,mm 650~ 1150
Macca nmycToro XxpaHuAUINa,Kr 140— 250
Mass of emptystorehouse kg
VcnapsieMOCTb JKHAKOTO a30Ta,
A peHb 6—11
Evaporation rate of liquid
nitrogen,1/day
Bpems cTaTmueckoro
XpaHeHus AHel 28—57
Stati ¢ storage time,days
KOHTPOAB YPOBHS JKUAKOTO a30Ta,
TeMIIepaTypPhbl BXPAaHUAUIILE,
Cenprc BO3MOYKHOCTb aBTOMAaTHIeCKON
Sefvi ce AO3aIpPaBKU
Control of liquid nitrogen level
and temperature in a storehouse,
possibility of automatic refilling

PROBLEMS
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Ilpozpammnuie 3amopasricugamenu

Ilpozpammmuviit 3amoparncusamens DB1 Embryo
Freeze (puc. 10) npeaHa3HadeH i KPHOKOHCEPBUPO-
BaHMSA CIIEPMBI, STMIIEKIETOK 1 SMOPHUOHOB YeI0BeKa U
KUBOTHBIX. [Ipruroien nist paGoThI B MOJIEBBIX yCIIO-
BHSIX, ICTOYHHUKOM ITUTAHUS MOXKET OBITh aKKyMYJIs-
top. IIpon3BoanurensbHOCTH 10 60 CONIOMUH 3a LUK
MTO3BOJIAET TPUMEHSTH €0 715l COOpa KOJIIEKIINI TeHe-
TUYECKOTO MaTepraja 1 IPOBEACHUS CENEeKITMOHHBIX
pabor Ha mpou3BoAcTBe. Macca co cTaHAapTHBIM
HCTOYHUKOM 3JIEKTpUYeCcKoro Toka — 5,5 xr. [llTatus
C COJIOMMHaMHU TOYHO KOHTPOJHMpPYETCSl Ha OajaHce
TEMIIEpPATyp € OXJa)XJamoleld XHIKOa30THOU
KaMepoi.

OTcyTCTBHE MOIBUKHBIX YacTell B KOHCTPYKIIMU
DB1 omnpenensier ero HaZie)KHOCTh. 3aMOpPaXUBATEINb
SBJISIETCS TIOTYIPOBOIHUKOBBIM ITPHOOPOM, B KOTOPOM
HCIONB3yeTcs Tpadudeckuii nuciuieit 240%128 Touexk,
16 cTpoxk 1o 30 3HAKOB TEKCTa C MPOCTHIM U OBICTPHIM
nHTepdeiicom, MpeaCTaBIAIONINM, KPOME OIlepaTHB-
HOT'O MEHIO, THPOPMAIHIO O BpeMEHH, yPOBHE 3apsijia
HCTOYHMKA DIIEKTPUUECKOTO TOKA U (PYHKIIHOHAILHOM
COCTOSIHMM. B mamsiTi coxpausiercs 10 8§ mporpamm
3aMOpPaKUBAHMs1, KOHTPOJIUPYIOLINX CKOPOCTb U3MEHE-
HUS TEMIIEPATYPhl U AJTUTEIBHOCTD H30TEPMUYECKUX
touek. C mpubopom mocrasisiercs 4 cTaHAApPTHbIE
NpOrpaMMbl, OCTaJIbHBIE MOTYT OBITH BBEJCHBI
JTOTIOJTHUTEIBHO. Bes mporpamma oTpakaeTcs Ha
JICTIIee, BBOI HE TPEOyeT HUKAKHUX JOTIOTHUTEIbHBIX
BHEIIHUX yCTpOMCTB. IIpeycMOTpEHBl CUCTEMBI
CUTHAJIM3AINH TPU TEeMIEPaTyPHBIX OTKIOHEHHUSX,
BBOZIE HEKOPPEKTHON MPOTrpamMMbl M HPOTPAMMHBIX
ray3ax, a Tak)Ke BeIeHne BHYTPEHHET 0 TPOTOKOJIa 0
BCEM LHUKJIAaM H COCTOSHHAM HHTepdeiica c
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Puc. 9. IIpurnnnmanbHas cxeMa BHyTPEHHETO YCTPOHCTBA
xpanwiuia MVE: A — cMmelieHHas ropJioBUHa Uil OAAEP-
aHus TemrepaTypbl —150°C B XpaHuHIe 1 obecredeHns
HU3KOTO MODIOMICHUS >KHAKOTO a30Ta; B — Kpblmika u3
MIPOYHOTO ATFOMUHUS ISl JUTUTENLHOT O UCTIoNb30BanHus; C —
BpAINAIONINICS BHYTPEHHUH MOJTHOC, 00eCTICUNBAIOIIIHIA
JIETKUH TOCTyN K KproOuojornueckuMm obpaszmam; D —
KOHCTPYKIIMSA U3 HEprKaBetollel cranu; E — okpynible TMHuN
HATIOJTHCHHUS, CHIDKAIOIINE HaMOPaKUBAaHUE U (OPMUPO-
BaHME JIbJ]a BOKPYT KpBIIKU; F — cBepXmpodHbIe JTUTHIE

KoHcTpyKiwmH; G —mratus; H — rumardopma co cryrnieHbkamMu

(XLC 1520HE/1830HE/1830 2T).

Fig. 9. Schematic diagramme of interior arrangement of MVE
storage tank: A — offset neck to maintain the temperature
of—150°C in the vessel and providing the low absorption of
liquid nitrogen; B — cover of durable aluminum for lasting
use; C — rotating interior tray providing simple access to
cryobiological samples; D — stainless steel construction;
E — annular filling lines reducing frost and ice formation
near lid; F — extradurable cast construction; G — stand; H —
step-up platform (XLC 1520HE/1830HE/1830 2T).

containers and separating boxes. (Technical characte-
ristics are shown in the Table 6).

Air Liquide (Fig. 9, technical characteristics are
shown in the Table 7) and MVE cryogenic store-
houses (Fig. 9).

Programmable freezers

DB1 EmbryoFreeze (Fig. 10) is meant for
cryopreservation of human and animals’ oocytes and
embryos. Its is indispensable for working in field
conditions with the use of accumulator as an energy
source. Efficiency of up to 60 straws per hour enables
to use this freezer for gene material collection and
industrial selection. Total weight with the standard
electricity source is 5.5 kg. Support with straws is
strictly controlled for the temperature balance with a
cooling liquid-nitrogen chamber.

Absence of movable parts in DB1 design
predetermines its high quality. This freezer is known
to be a semi-conductor device with 240x128 point
graphical display (16 lines, 30 text symbols per line)

Puc. 10. ITporpammusrii 3amopakuBaters DB1 EmbryoFreeze.
Fig. 10. DB1 EmbryoFreeze programmable freezer.
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BO3MOXKHOCTBIO IIPSIMOIT pacrieyaTky Ha MPUHTEPE HITH
BBOJIa B KOMIIBIOTED.

BuyTpennee nuranue npubopa OCyIIECTBIISETCS
OT cTaHAapTHHIX 7 A/4 Oatapeil, uTo obecnieuuBaeT
Takke OecriepeOoiHOCTh B paboTe U yCTOWYHMBOCTh
K IepernaaaM HanpspKeHUs B CETH.

Ilpozpammniiii 3amoparcusamensv Cryo 560-16
(puc. 11) — monHO(YHKINOHANBHBIN 3aMOPaKUBATENb
0aHKa TKaHEeH Uil KPUOKOHCEPBHUPOBAHUSI KOCTHOTO
MO3Ta, CTBOJIOBBIX KJIETOK, KOKH U JPYruX OoJbliie-

Tab6amnua 8. TexHuueckue XapakTepUCTUKH
IIporpamMMHOT0 3amopakuBatens Kryo 560-16

Table 8. Technical characteristics of Cryo 560-16

programmable freezers
Ananazon temmneparyp,’C _
Temperature range,”C 30...—180
Ckopoctb oxrakaennst,C/MuH
Cooling rate,”C/min; 001 50
CKOpPOCTh HarpeBaHus (pasmMopakuBauwus),”C/MUH 001 — 10
‘Warming (thawing) rate, °C/min '
Tounocts,"C 03
Preciseness,”C -
CHCTeMHEIN KOHTPOAAED
System controller MRV
CucreMHast omna
System pump LNP4
CucremHsI# cocyp Aptoapa
System Dewar vessel LAB30
Temneparypa cpeab! xpanenusi,”C —10..50
Temperature of a storage medium,”C
BAaKHOCTB XpaHeHus, % 5 .05
Humidity during storage,%
Pabouas TemmepaTypa cpeprl,’C 5..40
Operating temperature of the medium, °C
Pabouast BA@KHOCTB CPeAR, % 5.00
Operating humidity of the medium,%
Pasmepr! KoTpOAAepa,MM (B/A/I)
Controller dimensions,mm (H/L/W) 80/350/220
Macca KOHTpOAAEDPa, KT 26
Controller weight kg '
A];g’l‘;;’ 240 x 64 LCD
TTporpammuoe obecneuenue
Software Delta T
TlporpammupoBaHue 10 mpoTokonoBIO 32 mIara
programmes 10 protocols,32 steps;
Pasmeps! Kameps, MM (B/A/IL)
Chamber dimensions,mm (H/L/W) 35072307230
Macca KaMepBI, KT 23
Chamber weight kg
OOBbeM KaMephl,A 16
Chamber volume,l
608 coaomun 0,25 MA,608
coromuH 0,5 MA, 726 amrya 2
MA, 22 HIaKeTa A KPOBU IO
EMKoCTD Kasepht 50 MA, 11 makeToB 1o 250 uAu
. 500 MA
Chamber capacity 608 0.25ml straws,608 0.5ml
straws,726 2ml ampoules,22
blood bags of 50ml ,11 blood
bags 250 or 500ml
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with simple and rapid interface, which also provides
the information on time, charge level of electricity
source and functional state along with the operation
menu. The memory keeps up to 8 freezing programs
to control the temperature variation rate and isothermic
points duration. Device already has 4 standard
programs, the other ones may be additionally set. The
overall program is reflected on a display, the input does
not require any additional outer equipment. Alarm
system is foreseen at temperature variations, incorrect
program input and program pauses. Also, input of inner
protocol at all the cycles and interface state using direct
printing or input in computer.

Kryo 560-16 Programmable freezer (Fig. 11) is
a completely functional tissue bank freezer for bone
marrow, stem cells, skin and other large-size samples.
(Technical characteristics are shown in Table 8).

Kryo 360-1.7 programmable freezer (Fig. 12).
Superior quality biological freezing for human embryos,
oocytes and sperm cryopreservation, i.e. small-size
samples. Technical characteristics are the same as for
the previous freezer.

FREEZE CONTROL CL8000 programmable
freezer (Fig. 13) is module system, consists of
temperature controller, cryochamber and cryobath.
Chamber is set directly inside a cryobath with liquid
nitrogen and is bound to thermocontroller to regulate
the temperature of samples. The system is easy for
assembling and disassembling.

Temperature controller provides an exact and
precise temperature regulation in the samples, it
encapsulates a dense paired servo-loop where
temperature of samples is reduced to the one set or
given by computer at retained constant in either point
of the control row. Along with the fact that the control
row is handy in use, the temperature lower than the
control one may be reached by a “free falling” and the
controller may show this temperature. Also, such a
controller enables us to accomplish the controlled

Puc. 11. ITporpammuslii 3amopaxuBarens Kryo 560-16.
Fig. 11. Kryo 560-16 programmable freezer.
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00BEMHBIX 00pa31I0B (TEXHUUECKHE XapAKTEPUCTUKU
MPUBEACHBI B Ta0JI. 8).

Ilpozpammnsuii 3amopasicusamens Kryo 360-1.7
(puc. 12). TexHuueckue XapakTEpUCTUKH OHOJIO-
TUYECKOr0 3aMOpa)kKUBaTeNsl BBICOKOTO Kilacca s
KPHOKOHCEPBUPOBAaHHS SMOPHOHOB, OOLIUTOB U CIIEPMBI
YesoBeKa, T.e. 00pa3LoB Majloro oobemMa, COOTBET-
CTBYIOT XapaKTEPHUCTUKAM MPEebIAYyLIEro 3aMopa-
JKUBATEINS.

Ilpozpammustit 3amopancusamens FREEZE
CONTROL® CL8000 (puc. 13) — moxynpHas
CHUCTEeMa, COCTOAIIAs U3 TeMIIepaTypHOTO KOHTPOII-
nepa, KprokaMepsl 1 KpuoBaHHBI. Kamepa ycTanas-
JIUBAETCS HETIOCPEJICTBEHHO B KPUOBAHHY C KHJIKUM
a30TOM MU COEIMHSAETCA C TEPMOKOHTPOIIEPOM,
KOTOPBIM peryiupyeTr Temmeparypy oOpas3uos.
CucteMa MOXXeT OBICTPO COOMpaThCs U Pa3OUpaThCs.

TemriepaTypHbIii KOHTPOJIIEP, 00SCIICUNBAIOIITHI
HaJeKHOE M TOYHOE PErylMpOBaHUE TeMIIEpaTypbl
00pa31oB, HCIOJB3YeT MJIOTHYIO MapHYIO CEpBO-
METITI0, B KOTOPOH TeMIieparypa 00pasiioB MPUBOANUTCS
K YCTaHOBJICHHOM WJIN 33/1aBa€MOU KOMIIbIOTEPOM MPU
yIEePKUBAEMOU MOCTOSHHON B JIOOOH TOYKE KOHT-
ponsHOTO psifa. Hapsimy ¢ Tem, 4To KOHTPOJIBHBIN Psift
yno0eH AJs MpUMEHEHHs, TeMIepaTrypa, HUXKe
KOHTPOJILHOU, MOXKET OBITh JOCTUTHYTA “CBOOOHBIM
najzieHueM”’, KOHTPOJUIEP MOKA3bIBAET ITy TEMIIEe-
paTypy M HO3BOJISIET NPOBOAUTH KOHTPOIUPYEMOE
pasmopakuBanue oOpasnoB. Kannbposka Temmnepa-
TYPHBIX U3MEPEHUI MPOBOANTCS ¢ TOUHOCTHIO +0,1°C.
3amMopa)xuBaTeNlb MOAAEPKUBAET JAHANAa30H TEMIIE-
patyp ot —126 no 40°C, umeer 16 ycTaHOBIEHHBIX
MPOrpaMM, a TaKKe MOXKET MPOrPaMMHUPOBATHCS C
xommbiotepa. Pazmepsr 90x125x225 mm, macca 2,2 KT.
3aMopa)kMBaTEIb MOXKET MOCTABIATHCS C Pa3IHy-
HBIMH KpuokaMmepamu. CTaHIapTHas Kpuokamepa
CC23S umeer nepkarenb Ha 23 comomuHbl 0,5 M
nim 46 conomud 0,25 mi1. [Ipr HE0OXOAUMOCTH MOXKET
OBITH M3TOTOBJIEHA KamMepa JI00BIX MapamMeTpos,
MO/IEPKUBAEMBIX KOHTPOJUIEpOM. MakcumaibHas
CKOPOCTb OXJIAXKAECHHS IIPU KOMHATHOH TeMIeparype
coctasisier 10°C/mun, npu —40°C — 4°C/muH.

Kpunokamepa nns cnepmsl CCXS cxongHa co
CTaHJAPTHOH, MaKCUMaJIbHAsl CKOPOCTb OXJIAXKICHHS
[IpU KOMHATHOH Temriiepatype coctasiusieT 15°C/MuH,
nipu —40°C — 10°C/MuH.

Kpuoxkamepa CCBS nmeet mepxartens Ha 38
conomuH 0,5 Mt wau 57 conomun 0,25 mi. Makcu-
MaJIbHasi CKOPOCTh OXJIAXKACHHS MPU KOMHATHOU
temneparype cocrasisier 10°C/muH, npu —40°C —
4°C/muH.

Kpuokamepa st ammyn CCSA (5 cinoToB) umeet
LITaTUB ISl 15 MIacTUKOBBIX aMITyi 1 Mi pazMepom
40,5%13 MM, Takxke MOXET BMecTUTh 10 mpodupok
2 MJ1 Wi 5 mpoOUpoK 5 M1, MaKCUMallbHasi CKOPOCTb
OXJIXKJCHUS IPH KOMHATHOH Temneparype 8°C/MUH.
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Puc. 12. IIporpammusIif 3amopaskuBaTens Kryo 360-1.7.
Fig. 12. Kryo 360-1.7 programmable freezer.

freezing of samples. Calibration of temperature
variations is performed with the accuracy of =0.1°C.

Freezer supports the temperature range of —126 to
40°C, has 16 fixed programs and may be additionally
programmed via computer. Dimensions: 90%125%225mm,
weight 2.2kg.

Such a freezer may be equipped with different
cryochambers.

CC23S standard cryochamber has a holder for 23
0.5 ml straws or 46 0.25 ml straws. The chamber with
any parameters, maintained by controller, can be
manufactured if it is necessary. The maximum cooling
rate at room temperature is 10°C/min and 4°C/min at
—40°C.

CCXS cryochamber for sperm is similar to the
standard one, the maximum cooling rate at room
temperature is 15°C/min and 10°C/min at —40°C.
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Puc. 13. TIporpammuslit 3amopaxusatens FREEZE CON-
TROL® CL8000.

Fig. 13. FREEZE CONTROL® CL8000 programmable
freezer.
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Kpuoxamepa CC60A mmeer aepxkartens Ha 60
amryn 1 mo (12x42 mMM), MakcuMajIbHasi CKOPOCTh
oxnaxnaeHust — 3°C/MUH MOKeT ObITh U3MEHEHa MPU
HEOOXOIUMOCTH.

[Iporpammuoe obecneuenne CryoGenesis™ V4
st Windows 3.1, 95, 98, ME no3Bonsier ogHOBpe-
MEHHO BBIBOJUTH U (PUKCUPOBATH JaHHBIC B UHCIICH-
HOM U rpauaeckoM BUIE, TEMIIEpaTypHYIO IpOrpaM-
MYy, TEKyIIee COCTOsTHHE dKcIiepuMenTa. [lomydeHHbIe
JAaHHBIE MOTYT CPaBHHBATBHCS C JAPYTUMH TPOTOKO-
JIaMH ¥ PacriedaThiBaThCsl HA MPHUHTEpE.

[Iporpammbl KOHTpoJIepa (TPUMEPBI TPOrpamMm
MIpUBEACHBI B Taba. 9) BKIIIOYAIOT CTAPTOBYIO TEM-
neparypy (°C), punansHyt0 a3y nmporpammsl (cTaTu-
YecKoe yaepKaHue Ui cBoOoiHOe nageHue). Temre-
parypa OTCIeKUBAETCS U ITOCIIEe OKOHYaHHUS TPOrpaM-
Mbl. KaXIpIii 3Tan nmporpamMMbl JOJDKEH COAEPKaTh
CKOpOCTh HM3MeHeHHs1 Temnepatypbl (°C/muHn),
LIEJIEBYIO TEMIIEpaTypy dTana U MEePHOX yACP:KaHHs
CTaTU4YeCKOoU (ha3pl Mepea HavyaJloM CIIeIYIOLIero
JTarna.

3amopancusamenv 3EM npous-
soocmea CKTH c¢ OIl UIIKuK
(puc. 14) cocrout U3 KaMepbl 3aMO-
paxkuBaHMs, OJIOKa MPOTPaMMHOTO

CCBS cryochamber has a holder for 38 0.5 ml
straws or 57 0.25 ml ones. The maximum cooling rate
at room temperature is 10°C/min and 4°C/min at 40°C.

CC5A cryochamber for ampoules (5 slots) has a
support for 15 1 ml plastic ampoules of 40.5x13 mm
size, as well as it can contain 10 2 ml vials or 5 ml 5
ones, the maximum cooling rate at room temperature
is 8°C/min.

CC60A cryochamber has a holder for 60 1 ml
ampoules (12x42 mm), the maximum cooling rate of
3°C/min can be changed, if necessary.

CryoGenesis™ V4 Software for Windows 3.1, 95,
98, ME enables the simultaneous data display and their
record in a numeric and graphic ways, temperature
program and current status of experiment. The
obtained data comparing with other protocols and their
printing are also possible.

Controller programmes (examples are shown in the
Table 9) includes start temperature, final phase of
programme (static maintenance or free fall).

Tadauua 9. [Ipumepsl mporpaMmM MPOrpaMMHOTO 3aMOPaKUBATEIS

FREEZE CONTROL® CL8000

Table 9. Example of programs of FREEZE CONTROL® CL8000

programmable freezers

OXJTAXKXKICHUA U CUCTEMbI CHA0XKEeHUS
XJIagarCHTOM. B 3aMOpPaXUBATCIIC

Ckopocts,”C/MUH
Cooling rate,’C/min

LleneBast Temneparypa,’C
Final temperature,”C

Ilepuoa yAepsKaHUS,MUH
Holding period,min

HCIIONIE30BaHa CHCTeMa Oe3 IIOABVIK-
HBIX 3JICMCHTOB B 30H€ XJaJarcHra,

TTporpamma 0

CraproBas Temneparypa: 24°C

YenroBeueckul 3MOPUOH Koneunas dasza: yaepkaHue

. Program 0 Human embryo Start temperature: 24°C
4TO ompeacisieT HAACKHOCTb U Final phase: static maintainance
JIOJITOBEYHOCTh OOOpYIOBaHHUSA. 0 s "

Kamepa 3amopaxxuBanust pazmerrie- ' : :
Ha B TOpioBUHE cocyna Jlpioapa, 0,00 —70 9.0
IIOATOMY IIEJIECO00pa3HO HCITONH30- 0,30 ~60,0 00
BaTh T'a30BYyI0 (ha3y a3ora.
XoJ10/1 ra3000pa30BaHKsT HE UCTIONb- Tporpamma 1 SmuAMAMMAALHAS CllepMa Kogti\???gmq;frztﬁeepzfa e
Program 1 Epidimal sperm Final phase: static maintainance
3yeTcs, HO 3TO HE MPUBOIUT K YBEIIH- p
YEHUIO pacxoja XJaJareHTa, Tak Kak 5,00 18,0 1,0
€ro NoTepy Ha KOMIIEHCALIMIO BHELTHUX 0,50 60 50
TETUIONPUTOKOB CBEJIEHBl K MUHHU-
MyMmy. OTCYTCTBHE WHTCHCHBHOTO 10,00 —80 30
TErI000MeHa ObIJI0 KOMIIEHCUPOBAHO 5,00 —400 0,0

pasMEILIEHUEM aMIly)l WM NaieT B
yKIIaJKe, U3TOTOBJIICHHON M3 Mare-

IMporpamma 2

Koposuii sMGpuon

CrapToBag Temneparypa: 24°C
Koneunas ¢asa: yaep>kanue

ar _ Program 2 Start temperature: 24°C
praia ¢ BEICOKOH TCIIONPOBOHOC Final phase: static maintainance
TbIO, YTO 00ecIeunsIo HACHTHYHOCTh o . ”
YCIIOBHM 3aMOpaXUBaHUS JUIs Kax- ' - '
JIOTO dMOpHOHA. 0,50 -350 00

Wndopmanust o TekyiieM 3Haye-
HHUM TEMIIEpaTypbl CHUMAETCS C

[Mporpamma 3

IThanjentapHast KpOBb

CrapToBas Temneparypa: 24°C
Koneunas (aza: cBobopHOE
napeHue

TEPMOMETpPA COIIPOTUBIICHUS, PACIIO- Program 3 Placental blood Start temperature: 24°C
JIO)KEHHOTO B KaMepe, M IOJAeTCs Final phase: free fall
Ha PETYJIATOpP, BBIXOAHOE HMITYJIb- 4,00 4,0 50
CHOE HaIlpsKEHHE C KOTOPOTO
2,00 -8,0 40
MO/IaeTCsl Ha HarpeBaresib B COCYe
Iproapa. J[MUTENbHOCTD UMITYIBCOB 0,65 —1200 0.0
NMPOBJIEMbI 96 PROBLEMS
KPMOBMOJIOIrUMU OF CRYOBIOLOGY

T. 15, 2005, Ne21

Vol. 15, 2005, N21



Puc. 14. 3amopaxuBatens 30M.
Fig. 14. ZEM freezer.

MTOCTOSSHHOW aMIUTUTYAbl M 4YacTOTHl (popmupyercs
PETYJISITOPOM B 3aBUCUMOCTU OT CUI'HAja paccoma-
COBaHMS MEXAY TEPMOMETPOM COIPOTHUBIEHUS U
33Jal0IIMUM IPOTrPaMMUPYIOIIUM YCTPOMCTBOM pery-
JATOpA.

XapaKTepHOH 0COOEHHOCTBIO yCTpOHCTBa st
3aMOpaXMBaHUS 3MOPHOHOB TakKXe SBIACTCA
BO3MOXHOCTh UCKYCCTBEHHOTO MHUIIMMPOBAHUSA
KPUCTAJUIM3ALUH KPUOTIPOTEKTOPA Il HCKITIOUCHHS
rubenn 61noo0bEeKTOB. [pyrue M3BeCTHBIE METOJBI
(BHECeHHE NepeoXIaKIeHHOTO KPUCTAJUINKA, TPHMe-
HeHHe daeMeHTOB llenbThe, mepeoxnakAeHHOU
JIETalM | T. 11.) OKazajanch MaodpdekTHBHBIMU, TaK
KaK TeMIepaTypa HHUIUHUPOBAHUS KPUCTAIUIN3ANN
BBIOMpAETCS W YCTAHABIHMBAETCS Ha PEryiIsiTope
oneparopoM. Paznnunble Temodusnueckne cBolCTBa
KpUOIPOTEKTOPOB B CBA3H C PAa3INYHON CTEHEHBIO
OYMCTKH, HAIpUMeEp IIHMLEPHHA, IPUBOIAT YaCTO K
TOMY, YTO TeMIIepaTypa UHULIMAPOBAaHHS BEIOUPaETCsI
HETPaBUILHO. DTO BBI3BIBAET I'MOEIh IMOPHOHOB HIIH
CHIDKAET MX >KHU3HECHIOCOOHOCTH IOCIIE 3aMOpPaXH-
BaHMA.

Hanbonee mansumM i SMOPHOHOB PEKUMOM
SIBIISIETCS TaKO€ MHULHHUPOBAHUE, IPU KOTOPOM
KpHUCTATH3AIIUS IPOUCXOAUT O3 NepeoXIIaKACHUS 1
MOCJIEAYIOIIETO OTOIpeBa KPUOIPOTEKTOpa. Takoi
peXuM OBUI TOCTUTHYT B KaMepe, Y KOTOPOH BEPXHSAA
4acTh aMITyJl WJIM TMaileT HaXOIWTCS B MOCTOSHHO
MIEepEeOXIIaXKIEHHON 110 CPaBHEHUIO € YKJIAJKOWU 30HE;
KPUCTAJJIBI B BEPXHEH 4YacTH amMmyll WU maier
3apOKAAIOTCA YXKe IPU MOJOKUTEIBHBIX TeMIIepa-
Typax 1 pOCT UX B OCHOBHYIO YacTb KPUOIIPOTEKTOPa
HAUMHAETCS MPHU JOCTHKEHHH BEPXHETr0 3HAYCHUS
TEMIIEPaTypHOT 0 THCTEPE3UCa HE3aBUCHMO OT TETJI0-
(pm3nuecKux CBOWCTB KpromnpoTekTopa. Takum obpa-
30M, HCKITIOUAIOTCS OMIMOKH Ipy Habope mporpaMMel
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Temperature is also traced after program termination.
Each program step should contain the rate of
temperature change (°C/min), target temperature of
step and the period of static phase maintaining before
next stage beginning.

ZEM freezer, manufactured by Special Design &
Construction Bureau with Experimental Unit of the
Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine (Fig. 14) consists of freezing chamber, block
of programmable cooling and coolant supply system.
The system without any mobile elements in coolant
area is used in freezer, that determines the device’s
safety and long life. Freezing chamber is placed in
Dewar vessel neck, therefore the use of nitrogen gas
phase is expedient.

The device does not use a cold of gas formation,
but this does not result in an increase of coolant
consumption, because its losses for compensating the
“external” heat flows are reduced to a minimum. The
absence of intensive heat exchange was compensated
by placing the ampoules or straws in a rack, produced
from high heat-conducting material, that provided the
freezing condition identity for each embryo.

The information about current temperature value
is registered from resistance thermometer, placed in a
chamber, then it is supplied to a regulator, which output
pulse voltage is applied to a heater in Dewar vessel.
The pulse duration of constant amplitude and frequency
is formed by regulator depending on the error signal
between resistance thermometer and a setting
programmable unit of regulator.

The characteristic feature of device for embryo
freezing is the possibility of artificial initiation of
cryoprotectant crystallisation in order to avoid the death
of bioobjects. Other known methods (introduction of
overcooled small crystal, use of Peltier elements,
overcooled item etc) occurred to be slightly efficient
because the temperature of crystallisation initiation is
selected and set up in regulator by operator. Different
thermophysical properties of cryoprotectants in
connection with various degrees of purification,
glycerol, for example, often result in an incorrect
selection of initiation temperature. This leads to the
embryos death or reduces their viability after freezing.

The mildest regimen for embryos is such an initiation
when the crystallisation occurs without overcooling and
following thawing of cryoprotectant. Such regimen was
achieved in the chamber, where the upper part of
ampoules or straws is in a constant overcooled zone in
comparison with a rack; the crystals in upper part of
ampoules or straws originate even under positive
temperatures and their growth into the main part of
cryoprotectant begins when achieving the upper value
of temperature hysteresis irrespective of thermo-
physical properties of cryoprotectant. By such a way
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B PETYIATOPE, a IPOLECC 3aMOPaKUBAaHHSI CTAHOBUTCS
MOJTHOCTBIO aBTOMaTtHueckuM. [Ipomecc kpucran-
noo0pa3oBaHusi QUKCHUPYETCs 1O TepMOrpaMMaM U
BH3YaJIBHO.

OCHOBHBIE XapaKTEPUCTHKU 3aMOpa)kKHBaTelel
3EM:

XJIAJOHOCUTEIIh — KUAKUHA a30T;

WHTEPBAJ pEryJIupOBaHUSI TEeMIlepaTypsl —
40...-160 °C;

JmarasoH ckopocreit oxnaxaeHns—0,1. .. 30°C/muH;

PeXUM OXJaXACHUS — aBTOMAaTHYECKUH IO
MHOTO3TaITHBIM TIpOTpamMMam;

aBTOMAaTUYECKOE MHUIIMMPOBAHNUE KPUCTAIUIN3ALIIH
B IajgsmeM [Js 3MOPHOHOB pexume — Oe3
MepeoxJaXAEHUsI W OTOTpPeBa HE3aBUCHMO OT
TEMIO(QHU3HIECKIX CBOHCTB KPUOIPOTEKTOPA;

OJIHOBPEMEHHOE 3aMOpa)kMBaHWE 3MOPHOHOB,
KOTOpBbIE pa3MEUIeHbl B 7 IUIACTUKOBBIX aMITylax
nin 21 COJIOMUHKE TUAMETPOM 2 MM;

KOHCTPYKIIHSI KaMephl 3aMOpaXMBaHHs obecrie-
YMBAET UIEHTUYHOCTh YCIOBHUH IJIsSI Ka)XAO0TO
aMOpHOHa;

OTCYTCTBHE MOJBUXHBIX YaCTE€ — JBUTATENEH,
KJIalIaHOB, pejie JaBJIeHUS U T. 1., 9YTO MPHUBOAUT K
TEXHOJIOTUYHOCTH, JOJITOBEYHOCTH M BBICOKOU
HAJEKHOCTH 3aMOpa)KUBaTEJs;

OTCYTCTBHE B OTKpBITOM cocyne Jlproapa
M30BITOYHOTO JaBJIEHUS B Ipolecce paboThl, YTO
rapaHTupyeT 0e30MacHOCTh 00CTYKUBAIOLIETo Iep-
coHana Oe3 NMPUMEHEHHs CHEUHATBbHBIX MeEp;

pacxon xunakoro a3ora He 6onee 400 T Ha mpor-
paMMy, 4TO IMO3BOJIsIET 0Oe3 Jo3ampaBKH  CcOCyna
Hproapa tuna X-34 mpoBecTH B TEUEHHUE Mecsla
15-20 nuxiI0B 3aMOpakuBaHUsI SMOPHOHOB;

BBICOKAsl CTENEHb aBTOMATH3AIlMH YIPaBICHUS
paboroii 3amopakuBaTens. Hammamne cepBUCHBIX
(GYHKUMH M CHUCTEM JAMAarHOCTUKHA oOOecreyuBaeT
CHIDKEHHE TpeOOBaHUN K KBaJU(pUKAIUU 00CTy-
JKUBAIOIIETO TIePCOHANa;

nuTanue ot ogHodaszHoi cetn 220 B;

notpebnseMass MoliHocTh He Ooznee 50 Br;

BO3MOJKHOCTh BBINOJHATH PalbOTH Kak B
CTaIlMOHAPHBIX, TAK U B MOOWJIBHBIX YCIIOBHUSX, B
TOM 4HCJEe Ha JXKUBOTHOBOJYECKHX (epMax.

Pasmeprr Omoka ympasnernst — 300x150%250 mm.

Ilpozpammupyemutii 3amopasxcusamens CryoCell
1200 (puc.15) UCcTONB3YET MPUHITUI OXJIAKICHUS
MeTaJUINYeCKOl KaMephl ¢ OuomaTepuaaoM MpHu
YaCTUYHOM MOTPY>KEHUU B XHUIAKUH a30T. CKOPOCTb
OXJIAXXJICHUSA OTCJIEXHUBACTCS U pPErylupyercs
MHKPOITPOLIECCOPHOM CUCTEMOU YIIpaBIEHUS, K KOTO-
poH MoJCOeIMHEH HarpeBaTeab. Bo3MOXKHO HUCTIOJb-
30BaHHUE JOTOIHUTEILHOTO YCTPOHCTBA ATl MHULIHALIH
mpolecca KpUCTaJUIM3aluU MIPU 3alaHHOM TemIe-
patype.

[IporpaMma oxmaxAeHHUSI MOKET OBITH HEMPEPHIB-
HOHM WJIM coAepKaTh HecKoybKo dTanoB (10 20) co
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the errors are excluded when selecting the program in
a regulator, and the freezing process becomes
completely automatic. The crystal formation process
is registered visually and upon thermograms.

Specifications for ZEM freezers:

coolant: liquid nitrogen;

interval of temperature regulation: 40..—160°C;

cooling rates range: 0.1...30°C/min;

regimen of cooling: automatic one by multistage
programs;

automatic initiation of crystallisation in a mild
regimen for embryos (without overcooling and thawing)
irrespective of thermophysical properties of cryo-
protectant;

simultaneous freezing of embryos, placed in 7 plastic
ampoules or 21 2 mm straws;

freezing chamber design provides with the condition
identity for each embryo;

no mobile parts such as: engine, valve, pressure
relay etc., that results in manufacturability, long life
and high reliability of freezer;

no surplus pressure in open Dewar vessel during
work, that guarantees the safety for operating staff
without applying special measures;

consumption of liquid nitrogen not more than 400 g
per program, that enables carrying-out 15-20 cycles
of embryo freezing during a month without filling-up
Dewar vessel of X-34 type;

high optimisation degree for freezer exploitation
control. The presence of service functions and
diagnostic systems enable a decrease in skill
requirements for operating staff;

monophase network 220 V power supply;

electricity consumption not more than 50 W;

possibility of operating both under stationary and
mobile conditions, including cattle farms;

dimensions of control block are 300x150%250 mm.

Programmable freezer CryoCell 1200 (Fig. 15)
applies the principle for cooling the metal chamber with
biomaterial under a partial immersion into liquid
nitrogen. Cooling rate is traced and regulated by micro-
processor control system with connected heater. The
usage of additional device for initiating crystallisation
process at a fixed temperature is possible.

Cooling program can be continuous or comprise
several stages (up to 20) with cooling rate from 0.01
to maximum 5°C per min depending on temperature in
chamber with samples. The device can maintain the
constant temperature in any point of operative range
during preliminarily programmed time, that enables an
osmotic balance performance. The use of device for
freeze-thawing is also possible. The device has no
electromagnetic valves and pumps, supplying with liquid
nitrogen. Rapid heat transfer is realised through a metal
block, built into a support with samples. Menu-
controlled Software ensures a simple programming and
a control. Frozen samples can be stored in 3 litres’
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ckopocThrio oxnaxaenus ot 0,01 mo makcumym
5°C/muH, B 3aBUCUIMOCTH OT TEMIIEPATyphl B KaMepe
c obpasuamu. [lpubop mMoxeT moanepkKuBaTh
MIOCTOSIHHYIO TEMIIEpaTypy B 000 Touke pabouero
JMana3oHa B TEYEHUE NMPEABAPUTENBHO 3alporpam-
MHUPOBAaHHOTO BPEMEHH, YTO IO3BOJISAET MPOBOIUTH
OCMOTHYECKOE ypaBHOBELIMBaHHE. Bo3MOXkHO Hc-
M0JIb30BaHKe IprOopa st pasMmopaxkuBanus. [Ipudop
HE COJIEPKHUT JJIEKTPOMArHUTHBIX KIJIANIAHOB U Ha-
COCOB, MTOJIAIOIIUX KUJKUHK a30T. beicTpas Temomne-
penada OCyHIECTBISETCS Yepe3 MeTaIMYeCKUun
OJIOK, BCTPOCHHBIH B IITATHB ¢ 0Opa3inamu. [Iporpam-
MHO€ oOecTiedeHne, ypaBisieMoe C TOMOIIBIO MEHIO,
rapaHTUPYET MPOCTOTY MPOTPAMMHPOBAHUS H
yhnpaBjieHus. 3aMOPOKEHHBIE 00pa3lbl MOTYT Xpa-
HUTBCA B 3-TUTPOBOM cocyae Jproapa, BXonsmieM B
COCTaB YCTaHOBKH. 3aMOpPa)KMBATEIb HUCIOJB3YIOT
U IPOTPaMMHUPOBAHHOT'O 3aMOPAKMBAHUS TaKUX
OMOJIOTMYECKUX MaTEPUANIOB, KaK SHIEKICTKH, SMO-
PHUOHBI, H30JIMPOBAaHHBIE OJlacCTOMEpHI, CIepMa,
COMATHYECKHE KIIETKU ¥ KIIETKH KPOBH.

YCTaHOBKU AASl MPOU3BOACTBA XKMAKOIO a3oTa

LNP-10 (puc. 16) — KoMnakTHas MaJOTUTPAKHASL
yCTaHOBKa IS MPOM3BOJCTBA KUIKOTO a30Ta
npou3BoauTeNbHOCTRIO 10 j1/cyT (0,45 11/9) Henocpe-
CTBEHHO M3 aTMOC(EpHOTO BO3ayXa. YcTaHaB-
JIUBAETCA U JOCTUTAET IPOU3BOJICTBEHHON MOIIIHOCTH
B TeueHHE 2-X yacoB. MoxkeT paboTaTh HENPEPHIBHO
24 4 B cyTtku. [IpegycMoTpeHa BO3MOXHOCTH
CJIE’KEHHS 332 YPOBHEM a30Ta U aBTOOCTAaHOBKH NpHU
HaIOJIHEHUH HAaKONUTENbHOro cocyna /proapa (B
KOMILIIEKTE).

Texumueckne xapakrepucTuku ycranoBku LNP-10:

qUCTOTA MPoayKTa 98%);

BO3MOXXHO BO3yIIHOE (IIPHU TEMIIEPAType OKPY-
xatomed cpensl He Bhime 38°C) miaum BOoJgHOE
OXJIQXKJICHHE;

B KOMIIJIEKTE H3HOCOYCTOMYUBBII CTAJIbHOM COCYL
Jproapa st XxpaHeHus 3-1HEBHOM NPOAYKIIUHY;

noTpediiieMas MOIHoOCTh 2 KBT;

nutanue 220 B, 50 T';

pabouas Temmepartypa cpenst 4,5-38°C;

BXonHOe aaBieHue Bo3ayxa 0,9 mlla (mportou-
HoCTh 30 11/MUH);

lNapanTis nponssBogutens Ha 3 roga wim 8000 4
paboTHI.

LNP-4(0 — xoMITaKTHas1 MaJIOJINTPaKHAsl YCTaHOB-
Ka JUIs IPOM3BO/ICTBA JKUKOTO a30Ta POU3BOAUTEb-
HocThio 40 si/cyt (1,67 1/4) HEMOCPEJACTBEHHO W3
arMoc(epHOro BO3/lyXa, yCTaHABIMBACTCS U BHIXOIUT
Ha TPOM3BOJICTBEHHYIO MOIIHOCTh B TE€YEHUE 2-X
4acoB, MOXET paboTaTh HENPEPHIBHO B TEUYECHHUE
cytok. [IpemycMoTpeHa BO3MOKHOCTh CIICKECHHS 3a
YPOBHEM a30Ta U aBTOOCTAHOBKH IPH HAIOJIHEHHUU
HaKOMUTENhHOTO J[proapa (B KOMILICKTE).
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Puc. 15. ITporpammusiii 3amopaxusarens CryoCell 1200.
Fig. 15. CryoCell 1200 programmable freezer.

Dewar vessel. Freezer is used for programmable
freezing of such biological objects as oocytes, embryos,
isolated blastomeres, sperm, somatic and blood cells.

Devices for producing liquid nitrogen

LNP-10 (Fig. 16) is a compact small capacity
device for producing liquid nitrogen with capacity of
10 I/day (0.45 I/hr) directly from atmosphere. It could
be assembled and achieve output capacity within 2
hours. It can run continuously 24 hrs per day. The
possibility for nitrogen level control and automatic stop-
ping when filling accumulative Dewar vessel (in set)
is foreseen.

Specification of LNP-10:

product purity is 98%;

air (environmental temperature is up to 38°C) or
water cooling is possible;

wear resistant steel Dewar vessel for storage of 3
day’s production is in set;

2 kW power consumption;

220V, 50 Hz power supply;

4.5-38°C operating temperature of medium;

0.9 mPa input air pressure (30 I/min flow);

LNP-40 is a compact device of small capacity for
producing liquid nitrogen with 40 l/day (1.67 l/hr)
capacity directly from atmosphere air. It is established
and achieves output capacity within 2 hours. Device
can run continuously for 24 hrs per day, the control for
nitrogen level and automatic stop when filling
accumulative Dewar vessel are possible (in set).

StirLIN-1 Compact (Fig. 17) is the simplest device,
takes a small space but efficient in producing liquid
nitrogen. This is the single assembly unit, all parts of
which are placed on a solid steel frame and adjusted.
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Puc. 16. [TpunnunuansHas cxema ycraHoBku LNP-10. 1— Bo3yiiHblid komrpeccop; 2 — GUTTHHT KOMIIPECCHHU; 3 — MeIHast
TpyOKa; 4 — perysTop C:KaToro Bo3ayxa; 5 — GuiibTp ¢:katoro Bo3myxa; 6 — aBTOMaTHUCCKHIA CIIMBHOM KIIamaH; 7 — yrOJIbHbIN
BO3LyIIHBIN QUIBTP; 8 — a30THBIN reHepaTop; 9 — a30THBIN perynsTop; 10 — cTpaBIMBaONIMi KJIaraH AaBJICHUS B COCY/IE
Heroapa; 11 — manometp cocyna [[proapa; 12 — pa3peiBHON auck; 13 — mHAMKAaTOp ypoBHA kuuakoctu; 14 — AL
kpuopedprkeparop; 15 — cocyn dproapa (46%X90 cm, 40 xr); 16 — BBIYCKHOM KjamaH; 17 — BaKyyM-H30JIMPOBAHHBIN
poBoI; 18 — renueBsIii Kommpeccop (66%43x56 cm, 56,7 kr).

Fig. 16. LNP-10 device schematic diagramme. 1 — air compressor; 2 — compression fitting; 3 — copper pipe; 4 — compressed
air regulator; 5 — compressed air filter; 6 —automatic overflow valve; 7 — copper air filter; 8 —nitrogen generator; 9—nitrogen
regulator; 10 — pressure release valve in Dewar vessel; 11 — pressure-gauge of Dewar vessel; 12 — bursting disc; 13 —liquid
level indicator; 14 — AL cryorefrigerator; 15 — Dewar vessel (46x90 cm; 40 kg); 16 — exhaust valve; 17 — vacuum-insulated

wire; 18 —helium compressor (66%43x56 cm, 56,7 kg ).

StirLIN-1 Compact (puc. 17) — Haubonee
MpocTasi yCTaHOBKA, 3aHUMAET MaJIO MPOCTPAHCTBA,
HO 3(pekTuBHA IO MPOTYKTUBHOCTH YKUJIKOTO a30Ta.
[IpencraBnsger coboii eAMHBIN MONYNb, BCE YaCTH
pa3MelIeHbl Ha IPOYHOM CTAJIbHOM pame. YCTaHOBKa
BKJIIOYAET KOMIIPECCOpP, BO3YXOpa3AeIUTEIbHbBIN
6mox, kpuorenepatop SPC-1 u 300-mutpoBbIi
HAaKONMTEJbHBIN pe3epByap. YCTaHOBKA IPOAYLUPYET
Kak MUHUMYM 10 11 5KuAKOT0 a30Ta B 4yaC HOMUHAJIBHON
yrcTOTON 99% UK BBILLIE IPU HOPMAJIBHBIX YCIOBHUSX.
Kunxuit a30T mogaeTcst yepe3 ruOKU KpUOTEHHBIN
LIJTAHT TIPU OTKPBITHU BEHTUJIS. YCTAHOBJIEHHAs
norpedisiemasl MOIHOCTE cocTaBisieT 16 kBT mpu
HCIIOJI30BAaHNN BOJONPOBOAHON BOJABI. Omneparopy
HEOOXOIMMO TOJIBKO MEHSTH (UIBTPHI H KOMIIPEC-
COpPHOE MAacJI0 ¥ MPOBOJAUTH NPOPUIAKTUIECKOE
oOciryxuBanue kaxapie 6000 pabounx 4acos.

StirLIN-1 upencrasisier coboii Oosiee MOLIHYIO
MOJIU(PUKAIHNIO TPEabIAyIIell YCTAaHOBKH: MOXKET
MIPOU3BOJUTS J10 16,5 11/9 )KHUIKOTO a30Ta H KOMILIEK-
TyeTcss 500-TUTPOBBIM HAKOMMUTEIBHBIM pE3epBya-
pom.

StirLIN-2 npoayuupyeT kKak MUHUMYM 21 Ji/4
JKUIKOrO a30Ta HOMHHAJIBHON 4HUCTOTOM 99% wuian
BBIILIC [IPY HOPMaJbHBIX YCIOBUSX, OazupyeTcs Ha
BBICOKOA((EKTUBHOM CUCTEME aMIUIUTYAHOH abcop-
OuMy moJ JaBJICHUEM JUIS OTAENIeHHUA a30Ta u
WCIIOJIB3YET JIBa OTHOIMIIMHIPOBBIX KPHOTEHEPAaTOpa
SPC-1 B KauecTBe OKMKHUTENSA. YCTAaHOBKA KOMILIEK-
tyerca 1000-TUTpOBBIM HaKONUTENIBHBIM pE3epBya-
pom.
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Device comprises a compressor, air separating
block, SPC-1 cryogenerator and 300 1 accumulative
reservoir. The device produces as minimum 10 I of
liquid nitrogen of 99% nominal purity or higher under
normal conditions. Liquid nitrogen is supplied through
a transfer hose after opening valve. The set up power
consumption is 16 kW when using tap water. The

L < =8 Lk 8
Puc. 17. Ycranoka StirLIN-1 Compact muist mpou3BoncTBa
JKHJIKOTO a30Ta .

Fig. 17. StirLIN-1 Compact Device to produce liquid nitro-
gen.
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StirLIN-4 nponyuupyet 44 n/4 ’KUIKOro a3ora
HOMUHAJIBHOU yncTOTON 99% MK BBILIE U KOMILIEK-
tyercst 2000-TUTPOBBIM HAKOIUTEIbHBIM PE3epBya-
poM.

StirLIN-8 moxet nmpou3BoauTh oT 89 mo 151 m/g
KUAKOTo a3oTa u KoMriekryetcs 2000-1uTpoBbsIM
HaKOTUTEIHHBIM PE3EPBYapOM.

HakonuteAbHble pe3epByapbl

Pezepeyapul cepuu LT nipuroaasr ajis 1abopartop-
HOTO Y IPOMBIIIIICHHOTO uctionb3oBanus. Oobvem 300-
2000 1.

Kpuozennwie yucmepuut cepuu PHV ynoOHbI 1y1s
XpaHEHUs! U TPAHCIOPTUPOBKHU KUJKOTO a30Ta WU
aproHa B OOJIBIIMX KOJIMYECTBax. Bce mucTepHBI
BKJIIOYAIOT IBOMHBIC CIIMBHBIE KJIaNaHbl, OIHOCTHIO
ABTOMAaTHUYECKYI0 cucTeMy HupKymIsinuu. O0bem
1000-6000 .

Kpuozennvie xpanunuwia 6epmuKanibHOll
ycmanoexku cepuu PVT ynoOHBI IUIST XpaHCHUS
JKUJIKOTO a30Ta WJIM aprOoHa B OOJIBIINX KOJIWYECTBAX
[IpH 3HAYNUTENTEHON S KOHOMHUH MPOCTPAHCTBA U JIETKOM
o6cnyxuBaHuu. CIUBHBIC KJAMaHbI, TOJHOCTHIO
aBTOMAaTUYECKas CUCTEeMa LUPKYIALUUU U BCE
KOHTPOJILHOE U YIIPABIISIIOILEe 000pYIOBaHUE yCTaHOB-
JeHsl kak cragaaptHoe. O0sem 1000-6000 1.

MHAMKATOPbLI COCTOSIHUSA XPaHHUAUILA

Ykazamenv memnepamyput. 1lepBblii 1aTHHO-
BBIM JJaTUMK, pa3MEIIEHHBIN MO KPBIIIKON cocyaa,
U3MepseT TeMIepaTrypy HaJd 3aMOPOXKCHHBIMHU
obpasmnamu. JlaHHBIE TIOCTOSSHHO TIPEICTABJICHBI Ha
sKpaHe. B Monyine npeaycMoTpeH 3BYKOBOI aBapuii-
HEIM curHan. TeMmmneparypHBIH MOPOT MOXET OBITh
JIETKO mepenporpamMmmupoBad. Bropoit Temmnepa-
TYPHBINA JaTYUK JAeT BO3MOKHOCTh KOHTPOJIUPOBAThH
TEeMIIepaTypy Ha YPOBHE KOHCEPBUPOBAHHBIX 00pa3-
LIOB.

[IpenycmoTpeHa BO3MOKHOCTD 3alIUCH U JJEMOH-
CTpaITiH MpoIiecca M3MEHEHIS TEMITePaTyphl BHYTPH
cocyna. Cucrema Coep>KUT MOIYIh TSI COXPaHCHUS
MaHHBIX W MPOTpPaMMHOE OOecClieueHne IS UX
HCIOJIb30BaHUSL.

Ykazamenv ypoeua smcuoxkocmu. YpoBeHb
JKUJIKOCTH B COCYAE HU3MEPSETCS C MOMOIIBIO
WHAUKATOpPa €MKOCTH C MOCTOSHHBIM MpEICTaB-
JICHUEM MHQpOpMaIMK Ha 3KpaHe. MOXHO yCTaHaB-
JIMBaTh MPOrpaMMy 3BYKOBOTO U CBETOBOTO aBapHii-
Horo curHaia. IlpenycMoTpeHa BO3MOXKHOCTH
JICTAHIIMOHHOTO IOy YCHHs aBAPUHHON MHOPMALIUH.

Aemomamuueckas cucmema nanonnenus. B
CHUCTEMY BCTPOEH COJICHOMJHBIN KJaIlaH, MpHUCOe-
JUHEHHBIM K cucteme monpauu asorta. Kmaman
0€30MacHOCTH, YCTAaHOBJIEHHBIN BHIIIIE COJIEHOUTHOTO
KJallaHa, CHUIKAET PHUCK IOBBIIICHUS JaBJICHUS B
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operator only needs to change filters and compressor
oil and to perform the maintenance service every 6000
operating hours.

StirLIN-1 is more powerful modification of
previous device. It can produce up to 16.5 I/hr of liquid
nitrogen and is supplied with 500 1 accumulative
reservoir.

StirLIN-2 produces as minimum 21 I/hr of liquid
nitrogen with nominal purity of 99% or higher under
normal conditions. It is based on high-efficient system
of amplitude absorption under pressure for nitrogen
separation and uses two one-cylinder cryogenerators
SPC-1 as diluter. The device is supplied with 1000 1
accumulative reservoir.

StirLIN-4 produces 44 1/hr of liquid nitrogen with
anominal purity of 99% or higher and is supplied with
2000 litre accumulative reservoir.

StirLIN-8 can produce from 89 to 151 I/hr of liquid
nitrogen and is supplied with 20-litres accumulative
reservoir.

Accumulative reservoirs

Reservoirs of LT series are suitable for laboratory
and industrial usage. The volume is 300-2000 1.

Cryogenic cisterns of PHV series are convenient
for a large amount of liquid nitrogen or argon storage
and transport. All cisterns comprise double emptying
valves, entirely automatic circulation system. The
volume is 1000-6000 1.

Cryogenic tanks of vertical device of PVT series
are convenient for storage of liquid nitrogen or argon
in a big amount with a considerable space economy
and easiness of use. The emptying valves, being
completely automatic system of circulation and all
controlling equipment are set up as the standard one.
The volume is 1000-6000 1.

Storehouse state indicators

Temperature indicator. First platinum detector,
placed under vessel cover, measures temperature over
frozen samples. Data are constantly displayed. Sound
alarm signal is foreseen in a module. Temperature
threshold can be easily reprogrammed. Second
temperature detector enables the temperature control
at the level of preserved samples.

The possibility to obtain and demonstrate the
temperature evolution inside vessel is foreseen. System
contains the module for data saving and Software for
their usage.

Indicator for fluid level. Fluid level in a vessel is
measured by means of capacity indicator, with a
constant data displaying. The program for audio- and
video alarm signal can be set up as well. The possibility
for distant obtaining the alarm information is also
foreseen.
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LUIaHTe. YPOBEHb KUAKOCTH MOJAEPKUBAETCSA aBTO-
MaTHYECKH MEXIY IBYMsI PETYIHPYEMbIMH IIOpOTa-
M.

3BYKOBOM 1 CBETOBOM MTOPOTH aBapUIHOTO CHTHAIIA
OTIpEeNeNAoTC TOYKaMHU HamnojHeHus. Pasnanvaror
TPU aBapUiHbIE CUTYalH 0€30IaCHOCTH (3aKpPBITHE
COJICHOMJHOTO KJIAllaHa): YPOBEHb CIMIIKOM HH30K,
YPOBEHB CIIMIIKOM BBICOK ¥ OOPBIB CBS3U C AATYUKOM.

Aeapuiinvle cuznanvi. MoryT nepenaBaThbCs
CIIETyIOIINE aBApUITHBIE CUTHAJIBI:

CJIMIIIKOM HU3KHH YPOBEHB KHUIKOCTH;

YPOBEHB KUAKOCTH CIIUIIKOM BBICOK;

MOTEPSI CBSA3H C JAATYMKOM YPOBHS;

TEMIIEpaTypa CIUIIKOM BBICOKAs;

[OTEPs CBAZH C TEMIIEPATYPHBIM JaTIYUKOM

Aemomamuueckana cucmema eHMUNAYUU,
CBsI3aHHAas C aBTOMATHYECKOM CHCTEMON HAlOIHEHUH,
paspaboTaHa [ NpeJOTBpAILECHHUS MOMAJaHH
TEIUIOTO Tra3a B COCYA BO BPEMS HAMOJIHEHUS.
OneKTpOHHBIHA PUOOp onpenesnsieT TeMIeparypy rasa,
BBIXOJAIIETO M3 Mofaromiero mmiaHra. Hamonnenue
raza Ha4yMHAeTCAd TOJBKO MOCIE TOr0 Kak a3orT,
WCTIAPSFOIINNCS W3 [IUTAHTA, HAIIPABICHHOTO BBEPX,
Oynet BeHTHIHpOBaThCs. Ilopor Temmeparypsl MOXKeT
peryaupoBarhCsl.

Ilocmynuna 02.03.2004
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Automatic filling up system. System has a
solenoid valve, connected with nitrogen supply system.
The security valve, set over solenoid valve reduces
the risk of pressure increase in a transfer hose. Fluid
level is maintained automatically between two
controlled programmes.

Audio- and video thresholds of alarm signal are
determined by filling up points. One differs three
security alarm situations (solenoid valve closing) such
as: too low level, too high level and rupture of
connection with an indictor.

Alarm signals. Following alarm signals can be
transmitted:

too low fluid level;

fluid level is too high;

no connection with level detector;

too high temperature;

no connection with temperature detector.

Automatic ventilation system, connected with
automatic filling system, is developed for preventing
the warm gas entering into a vessel from transfer hose.
Gas filling starts only after nitrogen, evaporating from
upward hose, will be ventilated. Temperature threshold
can be regulated.

Accepted in 02.03.2004

PROBLEMS
OF CRYOBIOLOGY
Vol. 15, 2005, N21



