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Peculiarities of Using the Low Temperature Tank
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HccnenoBana BO3MOXKHOCTh UCIOJIB30BaHMSA IAPOBOI0 KPUOTEHHOTO XPAHMIININA JUIS IOJITOCPOYHOI0 XpaHEHHsI OMOJIOIMYECKOTO
Marepuaia B ycIoBusx Huskoremmeparypaoro 6anka UTTKuK HAH Ykpautsl. Pazpaboransl METOMHYIESCKHE TOIXOIbI IIOJIHOIIECHHOTO
XpaHeHUs1 6O00OBEKTOB MTPH MPOBEACHHH TEXHOIOTMYCCKHUX ONEPAIIHii B IIapax »HUIKOT0 a30Ta.
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JociimkeHa MOXKITHBICTh BUKOPHCTAHHSI [TAPOBOTO KPiOT€HHOTO CXOBHIIIA IS IOBIOCTPOKOBOTO 30epiraHHs 01010TiHHOTO Marepiary
B ymoBax Hu3bkotemmeparypaoro 6anky IIIKiK HAH Vkpainu. Po3pobieHo MeTonu4Hi MigXxoau MOBHOLIHHOTO 30epekeHHS
OiooriyHNX 00’ €KTIB P MPOBEICHHI TEXHOJIOTIYHUX ONepalliil B mapax piKoro a3ory.
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There was studied the possibility of vapour cryogenic tank use for biological material long-term storage under low temperature
bank conditions at the Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine.
Methodical approaches for bioobject integral storage when performing technological operations in liquid nitrogen vapours have been

elaborated.
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C uenpio ONTUMH3ALNHN YCIOBUIA XpaHEHHUS KPHUO-
KOHCEPBUPOBAHHBIX OMOMaTepHaIoB U pa3paboTKu
METO/IOJIOTHYECKUX MPUHIIUIOB pa0OThl HU3KOTEM-
neparypuaoro 6anka (HTB) 6puta nccnemoBana Bo3-
MOYXHOCTh XpaHEHUs OMOJIOTHYECKHX 00pa3loB B
napax >xuzakoro aszora B ycnosusx HTb UHctutyTa
npo0sieM KpuoOuosoruu u kpuomeauimuasl HAH
Ykpansbl. 3HaUUTENbHAA YaCTh OMOJIOTHYECKOTO
Marepuasa HU3KOTeMIIEpaTypHOro OaHKa XpaHUTCS B
Kpuonpobupkax. Hekoropeie o6pa3upl mogoOHOTO
BHJa KPUOTEHHOM Taphbl BCIEACTBUE HEOCTATOYHOM
repMeTH3aliy MOABEPKEHbl HATEKAHUIO BHYTPb
XKHUIKOTO a30Ta. JJaHHOe 00CTOATENBCTBO MPUBOIUT
K KpailHe HeXenaTelabHOMY IJIs OMOJIOTHYECKHUX
00pa31oB Tmepenany AaBieHUS BHYTPU MPOOUPOK B
pe3yibTare MPOBEIEeHHS TEXHOIIOTHIECKHX OTIepalnii,
KOT7Ia 30T, HarPeBasCh, U3 KUAKOHN (Pa3bl MEPEXOAUT
B napooOpaszHoe coctosgHue. Kpome Toro, peskoe
HCTIapeHne a30Ta MOXKET BBI3BIBATH BHIOPOC MUKPO-
YaCTHUIL COIEPKUMOTO KPHOTIPOOHPOK.

Crnenyer OTMETUTB, YTO MPH HU3KOTEMIIEPATYp-
HOM XpaHEHUH OMOJIOTHYECKOro MaTepualia CyIecT-
ByeT 3HAYUTEIbHBIH PUCK KOHTAMHUHALMU 00pa3LoB
BHpYCaMU 4epe3 cpeay Kuakoro a3ota [1]. bonpmmn-
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In order to optimise storage conditions for
cryopreserved biomaterial and to design methodological
principles for low temperature bank (LTB) activity
there was studied the possibility of biological material
storage in liquid nitrogen vapours under LTB conditions
of Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine. Significant part of biological material of low
temperature bank is stored in cryovials. Some samples
of this kind of cryogenic containers due to an
insufficient sealing are subjected to a liquid nitrogen
inleakage. This circumstance results in an extremely
undesirable pressure differential inside of vials during
some technological operation performance, when
nitrogen passes from a liquid phase to a vapour state
under heating. In addition a sharp nitrogen evaporation
may cause a microparticle emission of cryovial content.

Of note is the fact that under low temperature
storage of biological material there is a significant risk
of viral contamination of sample via liquid nitrogen
medium [1]. The majority of viruses preserves its
structure and functions under low temperature
conditions. Therefore a liquid nitrogen may be a
potential source of biological material contamination.
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CTBO BUPYCOB B YCJIOBHSAX HU3KHX TEMIIEpaTyp coxpa-
HSIIOT CBOIO CTPYKTYPY U dyHKIH. [losToMy skuaxuii
A30T MOXKET SIBIISATHCS MOTEHIIMAIbHBIM UCTOUHHKOM
3apakeHus Ouonormyeckoro marepuania [1].

Bo3zMmoskHOE perieHne JaHHBIX MPo0JIeM — XpaHe-
HHUE OMOJOTMUECKUX 00pa3LoB B apax XKHUIKOTO a30Ta.
OpHako MPH HCIOIB30BAHUM MMAPOBBIX XPAHIIIHII
BO3HHKAIOT HEKOTOPBIE BOMIPOCHI, CBSI3aHHBIE C TEM,
YTO TETIOEMKOCTh M TEMJIOMPOBOIHOCTH ITapOBOTO
XpaHWINIIa HAMHOTO MEHBIIE, YeM XpaHWIHIIA,
3aIOJTHEHHOTO KUAKUM a30TOM. DTO 00yCIaBINBaET
WHEPLUHUOHHOCTh TEIUIOBBIX IMPOIECCOB B MMapOBOM
XpaHWIHILE U, KaK CIEJCTBHUE, MOXKET IPUBOJUTDH BO
BpEMsI TEXHOJIOTHYECKUX OTIepaLliii K OTaCHOMY MOBBI-
HICHUIO TeMIIepaTypbl OMOJOTHYECKHX 00pasIoB.
[ToaTomy npy UCITOTE30BaHUH [TAPOBOTO XPAHMIIHIIA
BaXHO YUMTHIBATh BpeMs Ha 3aKJIaaKy/ W3BIICUCHHUE
01000pa3LOB U3 XPAaHMIHUILA, KOJTMYECTBO 3arpysKae-
MOTO MaTepuaja | T.1.

Ha ocHoBanum yka3zaHHbIX (pakTOB ObLIa orpe-
JeJeHa HeoO0XO0IUMOCTh UCCIEIOBAHUI BIHMSIHUA
TEeIUIa, KOTOPO€ MOCTyNaeT MPU TEXHOJIOTHYECKUX
paborax B HTB, Ha TemneparypHoe moJyie BHYTpH
xpanwiuima ouonpoaykroB Xb-0,5 (Poccus) mpu
MAaJIbIX YPOBHSIX €r0 3allOJHEHUS KUAKUM a30TOM.

Lenp paboTsl — ucclieloBaHUE BO3MOXXHOCTH
WCoIp30BaHus Xpanunuiia Xb-0,5 B kauecTse mapo-
BOTO, a TaK)ke pa3paboTka METOAMYECKHUX TOAXO0A0B
0€30I1aCHOT0 1 IOJIHOLICHHOT'0 XpaHEeH!sI 0HO0OBEKTOB
TPH TPOBEACHUH TEXHOJIOTNUECKUX OTIepaLiiii (3aKiai-
Ka, U3BJICYCHHE, COPTUPOBKA U T.11.) B TIapax >KUIKOTO
asora.

Matepnaabl 1 meToAbI

B skcniepumenTe UCIob30BaIH 3aII0JIHEHHBIE Cpe-
O 7Sl 3aMOpakMBaHUS KPUOTIPOOUPKH 00HEMOM
2 ma (Corning) B xonuuecte 20 equawnil. KoHTpoib-
HYIO aMIylly CO Cpeloil 3aMOpa)kMBaHHUS U pacIo-
JIO)KEHHBIM BHYTPH HEE W3MEPUTEIbHBIM CIIaeM
TepMOmapsl MOMemaJau Ha BbicoTe 25 u 60 cMm
OTIEIBHO MW MEXIY IPYTHMMH aMIIyJlaMH CTaH-
JMAPTHBIX ATFOMUHHUEBBIX CTakaHOB/ykiIanok (h=55 u
65 cM), KOTOpBIE HAXOAATCS B HU3KOTEMIIEPATyPHOM
napoBoM xpanmiuie Xb-0,5.

Temnepatypy u3Mepsuid TEPMOMETPOM COIPO-
tuBieHus MeIHeiM TCM6 (rpanyupoBka M100) u
I depeHInaIbHON TepMonapoi THIa Meb-KOH-
crantan (MK), onuH cnaif KoTopoii HaxoauJICs MpU
temnepatype 0°C. s onpeneneHus: abCOMOTHOI
BEJIMYUHBI COMTPOTUBIICHNUS, a TakKKe BenuuuHbl DJ[C
paboueit Tepmonapel MK OBIT HCTIONTB30BaH BOJIBT-
MeTp yHHBepcalbHbIN B7-21A.

Pe3yAbTaThl M 00CyXXA€HHe

Ha navansHOM 3Tame paboThl sl ONpeneeHus
XapakTepa CTallMOHAPHOTO TEMIIEPATYPHOTO IOJIS B
MapoOBOM XPAaHWUJIUIIC MBI ITPOBCIIN TGHJ'IO(l)I/IBI/I‘IGCKI/Ie
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This problem may be solved if storing the biological
samples in liquid nitrogen vapours. However when
using vapour tank some questions arise, associated to
much lower heat capacity and conduction in vapour
tank if compared with liquid nitrogen one. This stipula-
tes the persistence of heat processes in a vapour tank
and may cause a dangerous temperature increase in
biological samples during technological operation
performance. Therefore when using vapour tank of
importance is to consider the time for biological sample
placing/removal from tank, the amount of placed mate-
rial etc.

Owing to the mentioned facts the necessity in
studying the heat effect, coming during technological
operations in LTB, onto a temperature field inside of
KhB-0.5 tank for biological products (Russia) under
low levels of liquid nitrogen filling was determined.

Research was aimed to investigate the possible
ways for KhB-0.5 tank usage as a vapour one, as well
as to elaborate the methodical approaches for safe
and integral bioobject storage during technological
operation performance (placing, removal, sorting etc.)
in liquid nitrogen vapours.

Materials and methods

Twenty Corning cryovials (2 ml) filled with freezing
medium have been used in the experiment. Control
ampoule with freezing medium and measuring
thermocouple junction fixed inside was placed either
separately or between other vials of the standard
aluminium containers/case-rack (h=55 and 65 cm),
being in KhB-0.5 low temperature vapour tank.

Temperature was measured with CRT6 copper
resistance thermometer (M100 grade) and dif-
ferentiated thermocouple of copper-constantan (CC)
type, which one junction was at 0°C. In order to
determine the resistance absolute value, as well as the
EMF value of CC operative thermocouple we used
B7-21A universal voltmeter.

Results and discussion

At an initial work stage we have carried-out the
thermophysical trials of temperature distribution in
KhB-0.5 tank at a 10-cm level of nitrogen filling to
determine the fixed temperature field character in a
vapour tank. The trial device scheme is shown in the
Fig. 1.

The experimental data indicate the fact, that in
stationary state the temperature in tank volume
changes from —130 down to —190°C. Ata 10 cm level
of nitrogen filling the temperature in the most “warm”
point, i.e. in the area of tank neck does not augment
higher than —120°C but at the maximum height of
biopreparation storage it is higher than —170°C. The
obtained measurement data are shown in the Fig. 2.

Proceeding from previous research we have deter-
mined a critically acceptable temperature for biological
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Puc. 1. Cxema ucnpITaTeIbHON YCTAaHOBKHU: | —ITaTHB; 2 —
W3MEpUTEINbHAs peliKa; 3 — TepPMOMETP COIIPOTHBICHHS; 4 —
3epKaJIo a30Ta; 5 — CTaKaH.

Fig. 1. Scheme of test device: 1 —support; 2 — gage rod; 3 —
resistance thermometer; 4 — nitrogen mirror; 5 — container.

WCTIBITAHUS pacTIpeieNIeHHsI TEMIIEPATyp B XpaHWIINIIIE
Xb-0,5 mpu ypoBue 3anuBku azora 10 cm. Cxema
WCIIBITATEIbHON YCTaHOBKH MIPUBEACHA Ha puC. 1.

OKcrepuMEHTATbHBIE JaHHBIE YKA3bIBAIOT HA TO,
YTO B CTAllHOHAPHOM COCTOSIHHHM TeMIleparypa B
o0Bpeme xpanunniia n3mMensercs ot —130 mo —190°C.
IIpu ypoBHe 3anuBku azota 10 cm Temmneparypa B
Haubosnee “TEoi” TOYKe, T. €. B 30HE TOPJIOBHHBI
XpaHwinila, He nogHumaetcs Beime —120°C, a Ha
MaKCHUMaJIbHOH BBICOTE XpaHEHHs OHONpenapaToB —
BhIie —170°C. IlonyueHHbIe pe3yapTaThl U3MEPEHUN
MIPUBEAEHBI Ha pUC. 2.

OCHOBBIBasICh Ha MPEABIAYIINX SKCTIEPUMEHTAIIb-
HBIX MCCIIEOBAHUAX, MBI ONPEAETHIN KPUTHUECKU
JOMYCTHUMYIO TeMIepaTypy I OMOJIOTHYECKOTO
MaTepuana, KOTOPhIM JTUTENbHOE BpEeMs XpaHHIICS
IIpY HU3KUX TeMueparypax. Takoil oporoBoi Beau4u-
HOM sBisteTcs Temneparypa—130°C. HeogHokpaTHOe
kojebGanue Temrneparypsl Boie —130°C 3HaUUTENBHO
CHIDKAET )KU3HECIIOCOOHOCTh KPHOKOHCEPBUPOBAHHBIX
penaparoB 3MOPHOHAIBLHOTO MPOUCXOXKIACHUS, a
TaK)k€ HEKOTOPBIX ITAMMOB MUKPOOPTaHU3MOB [2].

W3 BBIIIEN3II0KEHHOTO CIIEAYET, UTO TEOPETHYEC-
KH BO3MOYKHO CO3/IJaHHE HU3KOTEMIIEPaTypHOI'0 XpaHH-
numa Ha 6aze Xb-0,5 ¢ nucrmonp30BaHneM MapoB KUA-
KOT'0O a30Ta.

B nanpHEHIINX UCCIIEI0BAHUAX C LIETBIO TapaHTH-
POBaHHOTO MTOJIHOIIEHHOTO XPaHEHHsI OMOJIOTMYECKOTO
MaTepurana Obljia IPUHATa MAKCUMAJIBHO Oy CTHMAas
temneparypa (MAT) —150°C.
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TemnepaTtypa, °C
Temperature, °C

-200 ‘ ‘

15 35 55 65 75

Bbicota, cm  Height, cm

Puc. 2. BepTukansHoe pacnpesneieHne TeMIepaTyphsl B
TapOBOM XPaHMJIMIIE ITpK ypoBHE a3oTa 10 cm. h —BrIicoTa
KpPYIJIOTO CTaKaHa; h, — BBICOTa MPSAMOYTOIEHOTO CTaKaHa.

Fig. 2. Vertical temperature distribution in vapour tank at 10
cm nitrogen level. h —round container height; h — rectan-
gular container height.

material, stored for a long-time under low tempera-
tures. This threshold value is —130°C. A repeated
temperature change higher than —130°C considerably
reduces the viability of cryopreserved preparations of
embryonic origin, as well as some microorganism
strains [2].

As it follows from the mentioned above, the design
of KhB-0.5-based low temperature tank using liquid
nitrogen vapours is theoretically possible.

In further research, aiming to guarantee an integral
storage for biological material we accepted a maximally
allowable temperature (MAT): —150°C.

Within the further work we have studied the effect
of heat, entering during technological operations on
temperature field inside of vapour storage tank.

Atthe initial stage of experiments we have modelled
the following critical situation: the standard container
with the control vial was removed from a tank for 1
min, then get back onto the storage place (container
placing/removal usually takes 10-15 sec). Sample with
a thermocouple was placed in upper container case at
60 cm height from the tank bottom.

At a single container removal for a relatively long
term the temperature in a vial was established as
approaching the critically allowable values even in upper
case rack layer.

Temperature of control vial changes by stages
(Fig. 3): thawing (temperature increase in vial),
recovery (rapid temperature decrease), stabilisation
(relatively slow temperature change). At the last stage
the temperature may be considered as a constant.
Temperature at a different storage height, in particular
at a lower layer of the standard container (at 25 cm
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Puc. 3. 3meHeHne Temneparypsl B KOHTPOJIBHOM aMITyIie
npu noaseMe crakaHa Ha 1 mMuH. | — 30Ha Harpesa; II —
BOCCTaHOBJIeHHE TeMmmepaTypsl; [II — crabunuszanus
TeMIepaTypHl.

Fig. 3. Temperature change in the control ampoule during
container lifting for 1 min. I — warming zone; II — tempera-
ture restoration; III — temperature stabilisation.

B xone nocnenyromeit paboTsl U3ydaau BIUsSHUE
TeIJIa, MOCTYMAOLIEr0 IPY TEXHOJIOTMYECKHX Ollepa-
LUAX, Ha TEMIEPaTypHOE MOJi€ BHYTPH MapOBOTrO
XpaHWIHLIA.

Ha navanbHOM 3Tame SKCIIEPUMEHTOB MOJEIH-
poBany KPUTHYECKYIO CUTYAIMIO: CTAHIAPTHBIN
CTaKaH ¢ KOHTPOJHHOW aMITyJOM H3BIEKAIU U3
XpaHWIHIIA Ha 1 MUH, a 3aTeM BO3BpaIlajid Ha MECTO
XpaHeHus (KaK MPaBUJIO, JUIS 3aKJIaJIKA/W3BIICUCHHSI
crakana HeoOxomumo 10-15 c). Obpazen ¢ Tepmo-
Mapoi MmoMeniagn B BEPXHIOIO KacceTy CTakaHa Ha
BbIcOTE 60 CM OT JHUIIA XPAHUIHILA.

YcTaHOBIIEHO, UTO IPU OHOPA30BOM H3BJICUCHUH
CTaKaHa Ha OTHOCHUTEJIEHO MPOJOJKUTEIBHOE BpeMs
TeMIepaTypa B aMIlyje He JOCTHUTaeT KPUTHYECKH
JOITyCTUMOH, J1aKe B BEPXHEM sIpyce YKIAAKH.

Temneparypa KOHTPOJIIEHON aMITyJIbl U3MEHAIAChH
mo3TanHo (puc.3): oTorpes (MOBBIICHUE TEMIIEPATYPhI
B aMIIyJie); BOCCTaHOBIIeHHE (ObICTpOE CHIKEHHE TEM-
repaTypsl); crabuinn3aius (CpaBHUTENFHO MEITICHHOE
n3MeHeHue TeMrnepaTypsl). Ha mocnexnem starme
TEMIIEPATYPY MOXHO CUUTATh IOCTOSHHOW. Taxxke
OTIpeIeTISITN TeMIIEPATypy Ha pa3HOU BBICOTE XpaHe-
HUS, B YACTHOCTH Ha HWXKHEM SIpPyCE€ CTaHAApPTHOTO
cTakaHa (Ha BBICOTE 25 CM OT JHHMIIA XPAHUIUILA).

U3 puc. 4 BUAHO, YTO OT BBICOTHI XPAaHEHUS B
CTaKaHe 3aBUCST TEMIIepaTypa Mocie OTOrpeBa U CKO-
POCTH BOCCTAHOBJICHUSI TEMIIEpPaTyphbl B aMIIyJe.
YcTaHOBIIEHO, UTO Ha HIDKHEM sipyce crakaHa (h=25)
TeMIlepaTypa IMOBHIIIAeTCS B MEHBIIEH CTENeHH, a
CKOPOCTb €€ BOCCTAaHOBJICHHS BBIIIIE, YEM TP TEILI0-
BBIX Ipolieccax Ha BepxHeM sipyce (h=60).
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height from tank bottom) was determined as well.

The Fig. 4 shows that temperature after thawing
and temperature recovery rate in a vial depend on
storage height. At a lower container layer (h=25) the
temperature was established to be less increased but
the rate of its recovery was higher than during heat
processes at upper layer (h=60).

When placing/removing biological material the same
container was to be removed in short time periods.
This situation occurs if using some cases of one
container. Therefore at the following stage we have
modelled a technological procedure of material placing/
removal, as well as an admissible number of its repeats.
At the same time the temperature of biological objects
should not approach the critical one. Within the
experiment the same container was lifted for 15 sec.
Each following container lifting from a tank was
realised when the control vial temperature reached the
initial values after previous lifting, i.e. at the moment
of temperature curve bend (Fig. 5).

As aresult of research the temperature at the level
of upper layer after nine cylinder lifts was established
as —152°C (the standard case rack for biological
material generally comprises 9 layers-cases).

Thus, when performing technological operations
with all container cases the temperature does not reach
the critical value.

The KhB-0.5 low temperature tank may comprise
from 18 to 40 standard cases racks of different
configurations. At previous research stages we esti-
mated the temperature change in the case rack, lifted
for 15 sec and 1 min and then re-immersed into liquid
nitrogen vapours. It is regular that due to an additional
heat, entering from outside the temperature redistri-
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Puc. 4. VI3mMeHeHNe TeMIiepaTypbl B KOHTPOJIBHOI aMITyIie B
3aBUCHMOCTH OT BBICOTHI XPaHEHUS IIOCIIE TOAbEMA CTaKaHA
Ha | MuH.

Fig. 4. Temperature change in the control ampoule depend-
ing on storage height after container lifting for 1 min.
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[Ipu 3aknaake/u3BIeyeHU OHMOMaTepHaa 4acTo
MIPUXOMUTCS M3BJICKATh OAMH M TOT )K€ CTaKaH Yepe3
HeOOJIbIIINE MPOMEXKYTKH BPEMEHU. DTa CUTyaIus
BO3HHUKAET MPHU UCHOJIb30BAHUM HECKOJIBKUX KacCeT
onHoro crakana. [loaTomy Ha creayromiem 3Tamne Mbl
MOJEJIIUPOBATIN TEXHOJOTHUYECKYIO MPOUEAYPY
3aKJIa/IKU/U3BIICUCHUS MaTeprala, a Takke JIOIyc-
THUMOE KOJHYECTBO €€ MOBTOpOB. [Ipu 3TOM Tem-
nepatrypa OMOJOTHYECKHUX 00pas3moB HE JOJDKHA
JIOCTUraTh KPUTUYECKOU. B Xo71e 3KCTIepuMeEHTa OJIUH U
TOT K€ CcTakaH nmomanMaiy Ha 15 ¢. Kaxnelid mocie-
JYIOMIMN MOJBEM CTaKaHa U3 XPaHUWIIMILA OCYIIECT-
BIISUTH, KOTJIa TeMIepaTypa KOHTPOJIBbHON aMITyIIbl
JIOCTHUTAJIa NCXOMHBIX 3HAYCHUH ITOCIIE TPENBIAYIIETO
moxbeMa, T.€. B MOMEHT Ieperuda TeMIeparypHon
KpHBOH (puc. 5).

B pesynbrare uccnegoBaHUN yCTAHOBJIEHO, YTO
mocje JEBSITH MOIBEMOB CTakaHa TeMmIepaTrypa Ha
YpOBHE BepXHero spyca cocrasiser —152°C (cran-
JapTHas YKIaJKa JUisi OMOJIOTMYECKOTO Marepuaa,
KaK MPaBUII0, COCTOUT U3 9 SpycoB-Kaccer).

Taxum 0Opa3oM, TP IPOBEICHUH TEXHOJIOTHIEC-
KHUX OIlepaliiii Co BCEMHU KacceTaMH CTaKaHa TeMIIe-
paTtypa He TOCTUTAeT KPUTUIECKOTO 3HAYCHUSI.

B Huzkoremmneparypraom xpaannuiie Xb-0,5 moryT
OBITH pa3merieHsl oT 18 10 40 cTaHIapPTHBIX YKIAI0K
pa3Ho# kKoH(uUryparuu. Ha mpeaslaymux sramax
HCCIeOBaHUHN OLIEHUBAIN U3MEHEHUE TEMIIEPATyPhl
B YKJIaJIKaX, KOTOpble NogHuMaIu Ha 15 c u 1 muH, a
3aTeéM CHOBa OMYCKalM B Mapbl XUAKOTO a30Ta.
3aKOHOMEPHO, YTO 3a CUET MOCTYIMAaroUIero W3BHE
JOTIOHUTENBHOTO TEIIa MPOUCXOAUT IMepepacipe-
JIEJICHUE TeMIIepaTyphl BO BCEM 00beMe XpaHHITUIIIA.
[ToaToMy HEOOXOANMO OBIIIO yCTAHOBUTH H3MEHEHHE
TEMIIEpaTyphl B CTaKaHaX, KOTOPHIC HE IMOIHUMAIH
13 TIAPOBOTO XPaHWININA. SHAYCHHIE TEMIICPaTyphl B
HEIO/IBUKHOM CTaKaHe OIPE/ICIISIN TOCIIE 3aKIaIKu/
M3BJICUCHHS CTAHIAPTHOIO 000pPYIOBaHHS, KOTOPOE
BBIHUMAJIM U3 XpaHwinia Ha 1 MuH (puc. 6).

W3 puc. 6 BuIHO, 4TO NpH 3aKJIaIKe/U3BICYCHUN
ITO/IBYDKHOTO CTakaHa (KpuBas 1) mocTymaer Terio, B
pe3yibTare 4ero MOBBIMIAETCS TeMIlepaTypa B
COCEIHMX cTakaHax Ha 4-6°C — BepXHeM sipyce XpaHEHHS
(xpuBas 2) u Ha 1-2°C — HIKHEM (KpuBas 3).

JIoTMYHO MPEANONIOKUTH, YTO TEMIIepaTypa B
HauboJiee OTHANEHHBIX 30HAX XpaHWiIuma OymeT
MEHBIIIC WU PaBHA TEMIIEPATYPE B TOUKE U3MEPEHUSL.

[Ipu mpoBeaeHUN TEKYIIUX TEXHOJOTHYECKUX
paboT B HU3KOTEMITEpaTypHOM OaHKe HECKOJIBKO pa3
[IPOBOIAT 3aKJIa/IKy/U3BJICUECHUE PAa3HBIX CTAKAHOB B
OJHO U TO € KpHUOTeHHOe XpaHuiumie. IloaTomy
Ba)XHO YCTaHOBHUTH, KaK BIUIET TENJIO MOCIe
IO CJIEZIOBATEILHOTO BHECEHUS HECKOJIBKUX CTAKAHOB
Ha TeMIepaTypy KOHTPOJIBHOW aMITyJibl, KOTOpas
pacroJio)KeHa Ha BEpPXHEM spyce HEIMOJBHXHOTO
ctakana. CIie[yIOIIyI0 ONepaIHio 3aKIIa K/ H3BIIeYe-
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Puc. 5. I3MeHeHue TeMIieparypbl B KOHTPOJIbHOM aMIlyJie
IIPU MHOIOPa30BOM MOABEME CTAKaHA.

Fig. 5. Temperature change in the control ampoule during
manifold container lifting.

bution in the whole tank volume occurs. Therefore of
necessary was to establish the temperature change in
containers not lifted out of vapour tank. Temperature
value in an immobile container was determined after
placing/removal of the standard equipment, that was
removed from a tank for 1 min (Fig. 6).

The Fig. 6 demonstrates that during mobile container
placing/removal (curve 1) the heat enters, resulting in
temperature increase by 4-6°C in adjacent containers
at upper storage layer (curve 2) and by 1-2°C at a
lower one (curve 3). The temperature in the most
distant tank areas is assumed as being either lower or
equal to that in measurement point.

When carrying-out the current technological works
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Puc. 6. Biusinue Tenna, nOCTYyNUBIIETO U3BHE HA TEMIIE-
paTypy B HEIIOJIBUKHOM CTaKaHe.

Fig. 6. Effect of heat entering from outside on temperature
in immobile container.
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Puc. 7. I3MeHeHue TeMnepaTypsl B KOHTPOIBHOHN aMITysie
(h=60 cm) mociie IBYKpaTHOTO MOJbeMa COCETHET0 CTaKaHa.

Fig. 7. Temperature change in the control ampoule (h=60)
after two-fold lifting of adjacent container.

HUS CTaKaHa MPOBOAMIIY, KOTIa aMITyJla 3aKaHYHBAaJIa
OTOTPEBATHCS MOCJIE BHECCHHS MPEABAYNIETO
crakana. O0Opa3iel BeiHUMaNK Ha 1 muH (puc. 7).

[MonyueHHble JaHHBIE CBUIAETEIbCTBYIOT, UTO
MocJie MOCIIeI0BATEIbHOTO BHECEHUS! B XPAHUJIHIIE
JIBYX CTaKaHOB, KOTOPbIE BHIHUMAajau Ha 1 MuH,
TEMIIEpaTypa TMOBHIIIACTCS B OJIM3IexaieM oobeMe
apoBoro xpauuiuima Ha 7-8°C.

Usmepenne TemrepaTypsl Ha YPOBHE BEPXHETO
spyca CTaHJAapTHOW YKIAJKU MMO3BOJIHIO OIEHUTH
rpaHUYHBIC TEMIIEPaTYPHO-BPEMEHHBIE YCIOBHUS
0e30macHOTO XpaHEHHUs 00pa3ioB BO BCEM pabodeM
obbeme xpanunuima. O4eBHIHO, NIPH pa3MElICHHH
OHMOJIOTMYECKOro MaTepralia Ha HIDKHUX sIpycax Xpa-
HWJIMIIA CO3/1al0TCs OoJiee OIaronpusITHHIE YCIOBHS
JUISL €T0 COXPaHHOCTH.

BbiBOADI

1. HuszkoreMmepaTypHOe XpaHWIHINE OHOJIOTH-
geckuX 00bekToB Xb-0,5 MOXKeT HCTIOJIb30BaThCs KaK
mapoBoe (YpoBEHb KUIKOTO a3ota He MeHee 10 cm).

2. Omeparius 3aKJ1aJIKU/M3BJICUCHHS B TeUeHHE | MUH
CTaHJAPTHOW YKIAJIKH U3 MapOBOTO XPaHWIHINA B
cpeny ¢ temmeparypoir 18-23°C mpuBOAHT K MTOBHI-
IEHUIO0 TeMIepaTyphsl B ctakane Ha 15-20°C nHa
BepxHeM sApyce xpaneHus (h =60 cm).

3. Onepanus 3aKiia/[Ku/U3BICUeHUS B TeueHue 15 ¢
CTaHAAPTHOW YKJIQJKH W3 MApOBOT0 XPAaHWIWINA TPU
AQHAJIOTUYHBIX YCJIOBHSIX TOBBIIIAET TEMIIEPATYpPY B
JaHHOM cTakaHe Ha 5-7°C Ha BepXHEM spyce XpaHe-
uus (h =60 cm).

4. IlpomoKUTENBHOCTh BOCCTAHOBJICHHUS TEMIIE-
paTypsl B KOHTPOJIBHOW aMIlyiie Mocie yKa3aHHOW
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in a low temperature bank one performs several
placing/removals of different containers in the same
cryogenic tank. Therefore of importance is to establish
how the heat affects after gradual placements of some
containers the temperature of control vial, placing at
upper layer of immobile container. The following
operation of container placement/removal was carried-
out when the vial finished its thawing after the placing
of previous container. Samples were removed for 1 min
(Fig. 7).

The data obtained testify to the fact, that after
gradual placing into the tank of two containers,
removed for 1 min the temperature increases in
adjacent volume of vapour tank by 7-8°C.

Temperature measurement at the level of upper
layer of the standard case rack enabled to estimate
the boundary temperature-time conditions of sample
safe storage in the whole work volume of tank. When
placing biological material at the lower layers of tank
the more favourable conditions for its preservation are
evidently created.

Conclusions

1. KhB-0.5 low temperature tank for biological
objects may be used as a vapour one (liquid nitrogen
level not lower than 10 cm).

2. Operations of placement/removal for 1 min of
the standard case rack from vapour tank into the
medium with 18-23°C results in temperature increase
in container by 15-20°C at an upper layer of tank (h=60 cm).

3. Operation of placement/removal for 15 sec of
the standard case rack from vapour tank under similar
conditions augments the temperature in this container
by 5-7°C at an upper tank layer (h=60 cm).

4. Duration of temperature recovery in a control
vial after the mentioned technological operation is 45
min for samples, placed at an upper layer of storage
(h=60 cm) and 25-30 min at lower ones (h=25 cm).

5. Each technological operation of placement/
removal of the standard equipment augments
temperature in the volume of vapour tank by 3-5°C
after lifting for 1 min and by 1.5-2°C after 15 sec lifting.

The results obtained enable to elaborate the detailed
methodical recommendations about KhB-0.5 operation
and maintenance as a vapour tank, to specify the
current technological operations, related to a long-term
storage of biological material in liquid nitrogen vapours.
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TEXHOJIOTHUECKOH OTepaIiu COCTaBISIeT 45 MUH IS
00pa3IoB, KOTOPhIE HAXOMATCS HAa BEPXHEM spyce
xpaneHust (h=60 cm) u 25-30 muH Ha HIKHEM (h=25¢cMm).

5. Kaxnmas TexHonmormueckas onepariys 3aKkiaaKe/
W3BIICYEHUS CTAaHAAPTHOTO 000PYAOBAHUS OBHIIIAET
TEMIIEpaTypy B 00beMe MapoBOr0 XpaHWIHIIA Ha
3-5°C mocne mogbrema Ha 1 muH u Ha 1,5-2°C mocne
nogbeMa Ha 15 c.

[Tomy4ueHHBIE PE3YyABTATH MO3BOJSIOT pa3pa-
0oTaTh KOHKPETHBIE METOIUYECKUE PEKOMEHIAIINH
OTHOCHUTENbHO dKciuryaranuu Xb-0,5 B kagecTse
ITapOBOTO XPaHWIHINA, PETITAMEHTHPOBATh TEKYIITHE
TEXHOJOTHYECKHUE OIEpaIliy, CBSI3aHHBIE C JIOJITO-
CPOYHBIM XPaHCHHEM OMOJIOTHYECKOTO Marepuasa B
napax >KMJKOTO a30Ta.
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