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YckopeHHOE BOCHPOM3BOACTBO BBICOKOIPO-
OYKTHUBHBIX CEIbCKOXO3AMCTBEHHBIX XUBOTHBIX,
MOBBIIICHUE IUTHOCTH KPYITHOTO POraroro CKOTa
(KPC) cTano Bo3MOXKHBEIM Onaromapsi pa3paboTke u
BHEJPEHHUIO TEXHOJIOTUU TPAHCIUIAHTAUH IMOpH-
OHOB.

Ha sToM myTH npuIiocs pemmTh KOMILIEKC 3a1a4
[0 YCTAHOBJICHHIO YCJIOBUH MOJJEP)KaHUSA JKU3HU
SIMLEKIETOK U SMOPHOHOB BHE OPTaHU3Ma: CO3/1aHue
Cpesl C ONpPENEICHHBIM COCTAaBOM COJIEH, caxapos,
AMHHOKHCIIOT, PaCTBOPUMBIX TOPMOHOB; pa3paboTKa
pas3InyHOTO 00OpYHOBaHMS IS MOUCKA, UIACHTH-
(buKarwm, OLIEHKH, MHKYOAIliK M KPHOKOHCEPBUPOBAHHUS
amMbOpuoHoB [4-11].

B 1984 1. Ha 0CHOBE TEOPETHUIECKUX Pa3pabOTOK
MeTo TpaHciuiantanuu smMopuonoB KPC ¢ yuerom
3apy0eXHOTO OIbITa CTATH BHEAPSITH B MPAKTHUKY:
osuT0 co3mano 22 mentpa npu HUU u G6omee 50
CTaHINI B XKUBOTHOBOMUECKUX X03sKcTBaX. Cpas-
HUTENbHBIE HCCIEAOBaHUA 3aMoOpaxuBaTenei
sm6puonoB KPC ¢upmer KACCY ( ®panuus ),
IIJTAHEP BUOME]] (Aurnus) u CKTB c OII
UITKuK HAH (Ykpauna), npoeaeHusle B HCTUTYTE
»kuBoTHOBOACTBA (T.ITomonbck, MockoBcko# 0011.) B
1988 roxy, mokazanu, 4ro 3amopaxusarenu Thna 3EM
YKpanHCKOTO MPOM3BOJCTBA JIEIIEBIIE 3apyOeKHBIX
B 3-5 pas, CyIIECTBEHHO TPOIIE B OOCITYKUBAHUH U
HaJ/IeXKHEE B OKCIUTyaTalllH, yCTOWIHMBHI K N3MEHEHUIO
HaIPSDKEHUS B CETH. DTO MO3BOIIWIO [ocarpompomy
CCCP mpekpaTtuTh 3aKylKH 3aMOpakHBaTeei 3a
pyoesxom. B 1988-1990 rr. OnBITHEIM IIPOU3BOICTBOM
HHCTUTYTa OBLIO HM3roTOBJIEHO Gojee 90 mpor-
paMMHBIX 3amopaxkuBateneil smOpuonos KPC,
KOTOpBIE MOCTABISUIMCH HA CTAHIIMU TPaHCIUIaHTALUH
u B HUN.

3amopaxkuBarens 3EM [1-3] cocTouT U3 kamepsl
3aMOpakuBaHUsl, 0JI0Ka MPOrPAMMHOTO OXJIaXKICHHS

Anincreased breeding of highly productive farm
animals, the rise of cattle elite level have become
possible due to the elaboration and introduction into
practice of the technology of their embryos
transplantation. When passing this way we had to
solve a number of tasks on maintaining the life
conditions of the oocytes and embryos outside an
organism: creating the media with a distinct
composition of salines, sugars, amino acids, soluble
hormones; designing the equipment for the search,
identification, evaluation and embryo cryo-
preservation [4-11].

Since 1984 basing on theoretical elaborations
considering the international experience the method
of cattle embryo (CE) transplantation was intro-
duced into practice: there were created 22 centers
at R&D Institutes and more than 50 stations at cattle
farms. Comparative trials of cattle embryo freezers
of PLANER BIOMED (UK), CASSOU (France)
and Special Design Bureau with Experimental Unit
of the Institute for Problems of Cryobiology and
Cryomedicine performed at the Institute of cattle
breeding (Podolsk, Moscow region) in 1988 have
demonstrated the freezers of Ukrainian production
to be 3-5 times cheaper, easier in the use and more
reliable and resistant to the voltage change. This
fact allowed the State Agricultural Industrial
Committee to stop purchasing the freezers from
abroad. In 1988-1990 the Experimental production
unit of the Institute produced more than 90
programmable freezers for CE, delivered to the
transplantation stations and R&D Institutes.

ZEM freezer [1-3] consists of a freezing
chamber, the block of programmable cooling and
the system of the coolant supply. The absence of
moving elements in a coolant zone allowed to
increase its reliability and the term of use of the
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U CHCTEMBI CHaOXKEeHHS XJagoareHToM. OTCyTCTBUE
MTOABVKHBIX JJIEMEHTOB B 30HE XJIaJ0areHTa I03-
BOJIMJIO MOBBICUTh HaAEXHOCTh U JOJTOBEYHOCTH
obopynoBanusi. B xamepe 3amopaxuBaHUs, pa3Me-
LIEHHOH B TOPJIOBUHE cocyna [[proapa, ucronb3yercs
ra3zoBas (aza azota.

HecMoTpsa Ha TO YTO HE MCHONB3YETCS XOJION
ra3o00pa3oBaHus, 3TO HE MPUBOANT K YBEIHUUCHUIO
pacxoja xJlagoareHTa, Tak KakK ero moTepu Ha
KOMITEHCAIINIO BHEIIHUX TEIUIONPUTOKOB CBEIEHBI K
MUHUMYMY. OTCYTCTBHE HHTEHCHBHOTO TEIIO0OMEHa
OBIJIO KOMIIEHCHPOBAHO pPa3MEIIeHUEM aMITyJl HIIN
maer B yKJIaJKe, U3TOTOBIEHHON M3 MaTepuaia ¢
BBICOKOH TEIJIONMPOBOJHOCTHIO, YTO 00ECIEeUHIIO
JOCTATOYHYIO AJsI MPaKTUUECKUX Ieneil uaeH-
TUYHOCTb YCJIOBHM ISl K&XKJIOTO 3aMOPAKUBAEMOTO
SMOpHOHA.

Hudopmarus o TekyieM 3HaYSHUU TEMIIEPATy Pl
CHHUMAETCS C TEPMOMETpPa COMPOTUBJICHUS, PACIO-
JIOXKEHHOTO B KaMmepe, W MOJaeTCs Ha PeryisTop,
BBIXOTHOE UMITYJILCHOE HAIIPSDKEHNE - HA HarpeBarellb
B cocyne Jproapa. JnuTenbHOCTh UMITYJIBCOB HOC-
TOSSHHOW aMILIUTYIbl U 4acCTOThl (hOPMHUPYETCS
pPEeryasaTopoM B 3aBHCHMOCTH OT CHTHAJa Paccor-
JIACOBAHMS MEXAY TEPMOMETPOM COMPOTUBICHHS H
3aJal0IMUM NPOTPAMMHUPYIOIUM YCTPOWCTBOM
perymsTopa.

XapaKTepHOH O0COOEHHOCTBIO yCTpOHCTBA IS
3aMOpaXUBaHHUS dSMOPHOHOB SIBIISIETCS HEOOXOIH-
MOCTb UCKYCCTBEHHOT'O MHUIIMMPOBAHUS KPUCTAI-
JIU3allii KPUOTIPOTEKTOPA, YTOOBI H30€kKaTh THOEIH
0noo0bexTOB. M3BecTHBIE MeTOABl (BHECECHHUE
MEPEOXJIAXKACHHOTO KPUCTAIUINKA, IPUMEHEHUE 3Iie-
MeHTOB llenbThe, mepeoxnaxaeHHol neTanmy u T. 1I.)
OKa3aIiCh MAT03((EKTUBHBIMHU, TaK KaK TEMIIEpaTypa
WHUIINHAPOBAHUS KPUCTAJUTU3ANMU BBHIOHpAETCS U
yCTaHABJIMBAETCA Ha PETryIATOpPE OIEepaTOpOM.
Paznmuunble Tennodusnueckue cBOWcCTBa KpHO-
MIPOTEKTOPOB B CBA3M C PA3INIHON CTETIEHBIO OUYHCTKH,
HalpuMep [IULEPUHA, TPUBOIAT YaCTO K TOMY, 4TO
TeMIlepaTypa WHUIUUPOBAHUS BHIOUpAETCS Hempa-
BIUIbHO. DTO BBI3bIBaeT THOEIh SMOPUOHOB WIH
CHMXKAeT UX >KU3HECIMOCOOHOCTh IMOCIJE 3aMO-
paXKUBaHUS.

HawnGonee mansmum s 3MOPHOHOB PEXKUMOM
ABIAETCA TaKOoe MHUIHMHUPOBAHHUE, IIPU KOTOPOM
KPUCTAJUTM3AIHS IPOUCXOIUT 0€3 MePEOXTaKACHNS U
MOCJIEAYIOIIETO OTOIpeBa KPUOMPOTEKTOpa. Takoi
peXHUM ObUI JOCTUTHYT B KOHCTPYKIUH KaMephl, Y
KOTOpPOM BEPXHSA YaCTh aMITyJl WJIH MaileT HaXOUTCs
B MOCTOSIHHO MEPEOXJIaXJACHHOW MO CPaBHEHHIO C
YKJIQJKOM 30HE; KPUCTAIJIBI B BEPXHEH YacTu aMITys
WJIU MafeT 3apoxkKAAI0TCS YKE IPU MONOKUTEIbHBIX
TeMIepaTrypax U PoOCT UX B OCHOBHYIO 4HacTh
KPUOIIPOTEKTOPa HAYMHAETCS MPU JTOCTHXKEHUHU UX
BEPXHET0 3HAYEHUSI TEMIEPaTypHOro TUCTEpe3nuca
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equipment. In a freezing chamber located in a Dewar
neck, a nitrogen gas phase is used.

Despite the fact that gas-formation cold is not
used, it does not result in the rise of coolant
expenditure, as its expenditures for compensation
of an outer heat influx are minimized. The absence
of an intensive heat-exchange was compensated by
storage of the ampoules or straws in a cassette made
of the material with a high heat conductivity, that
provided the sufficient for practical aim identical
conditions for each of the embryos being frozen.

The data on current temperature is recorded using
the resistance thermometer located in the chamber
and is supplied to the regulator, the output impulse
voltage, a heater in Dewar vessel. The impulse
duration of constant amplitude and frequency is
formed by a regulator depending upon the error
signal between the resistance thermometer and the
main programmable device of the regulator.

The necessity of artificial initiating of the
cryoprotectant crystallization to avoid the death of
bioobjects is known to be the characteristic feature
of the embryo freezing device. The existing
methods (introduction of over-cooled crystal, use
of Peltier elements, an overcooled detail etc.)
occurred to be slightly efficient as the temperature
of initiation crystallization is selected and set in the
regulator by an operator. Different thermophysical
properties of cryoprotectants due to various
purification degree, for example, of glycerol, have
often resulted in the fact that the initiation
temperature is wrongly selected. It causes the
embryos death or decreases their viability following
freezing.

A kind of initiation at which crystallization occurs
with no overcooling and further thawing of
cryoprotectant is the mildest regimen for embryos.
Such aregimen was achieved in the chamber design
in which the top of the ampoules or straws was
always in a constantly overcooled zone comparing
to the one of cassette; crystals at the top of the
ampoules or straws appeared even at positive
temperatures and their growth into the main part of
a cryoprotectant starts when the highest degree of
their temperature hysteresis independently on the
cryoprotectant’s thermophysical properties reaches
their upper value.

In such a way the errors in the regulator when
setting the program are excluded, and the freezing
process is getting absolutely automatic. The process
of crystal formation is recorded in thermograms and
visually.

Main technical characteristics of ZEM freezers:

Coolant - liquid nitrogen; Interval for the
temperature regulation: 40.....-160°C; Range of
cooling rates: -0.1...30°C/min; Cooling rate —
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HE3aBUCHMO OT TEIIO(HU3NIECKUX CBOWCTB KPHO-
npotekTopa. Takum 006pa3oM, UCKITFOUAIOTCS OIMTHOKA
pu Habope MpOorpaMMBbI B PETYIATOpPE, a MPOIEece
3aMOpaXMBaHUsl CTAHOBUTCS MOJHOCTHIO aBTO-
MatuiueckuM. lIpomecc kpucranmooOpa3zoBaHUs
(ukcupyercs Mo TepMorpaMMaM B BU3yallbHO.

OCHOBHBIE XapaKTEPUCTUKU 3aMOpaKuBaTeleu
3EM:

XOJIOJOHOCHUTENb — XUAKUUA a30T; MHTEpPBaI
perynupoBanus temmneparypsl — 40...-160°C;
JMarna3oH ckopocteit oxnaxkaenus —0,1 ... 30°C/mun;
PEXUM OXJIAKICHUS — aBTOMATHYECCKUN 110 MHOTO-
ATAITHBIM MPOTPaMMaM.

3amopaxuBarenu 30M o00eceunBalioT:

1) aBTOMaTnyeckoe WHUIHMHUPOBAHUE KPHUCTAI-
JU3alliy B IAASIIEM Ui SMOPUOHOB pexume: 0e3
NepeoxJaxkJeHUsI U OTOrpeBa HE3aBUCHMO OT
TEIUIO(U3NIECKUX CBOMCTB KPUOMIPOTEKTOPA; KaMepa
3aMOpaKMBaHUs — OJHOBPEMEHHOE 3aMOpaKUBaHUE
AMOpPHOHOB, KOTOPBIE Pa3MeEIIeHbI B 7 TUIACTUKOBBIX
aMIynax wid 21 cojloMHHKE AHMAMETPOM 2 MM, C
o0ecrneyeHneM TOCTaTOYHOM IS IPAKTUIECKOH IeNn
HUJICHTUIHOCTHIO YCIIOBUH JJIS1 KaXKI0T0 YMOPHOHA;

2) TEXHOJIOTUIHOCTb, JIOJITOBEUYHOCTH M BBICOKYIO
Ha/Ie)KHOCTH 3aMOPaXKMBATENS M3-32 OTCYTCTBUSA
MTOJBIDKHBIX YacTed (ABUTATENCH, KIIalmaHoB, pele
JABJICHUSA U T.1I.);

3) Ge3zomacHOCTh OOCIIY>KMBAIOILErO IMEpCOHaa
0e3 IpUMEHEeHHUS CIIEIMAIIBHBIX MEP U3-3a OTCYTCTBUS
B OTKPBITOM cocyne Jproapa H30BITOYHOTO JTABICHUS
B Tpoliecce padoTHI,

4) BBICOKYIO CTEIIEHb aBTOMATH3aIINH yIIPABICHUS
paboToii 3aMOpaKuBaTeINsl, CHUKCHHE TPeOOBaHUM K
KBATH(HUKAITAN 00CITy>KUBAIOIIETO TIEPCOHAIIA;

5) BO3MOXHOCTbH BBIMOJHATH pabOTHl Kak B
CTAIlMOHAPHBIX, TaK U MOOMJIILHBIX YCIOBUAX, B TOM
YHUCJIe Ha )KUBOTHOBOTUECKHX (hepMax;

6) pacxon xujkoro azora He Oosiee 400 r Ha
MIPOrpaMMy, YTO TO3BOJISET O€3 J03ampaBKH COCyAa
Jproapa tuna X-34 npoBecTu B TeueHUe Mecsna 15-
20 IMKIIOB 3aMOpaKUBaHUSI YMOPHOHOB.

[Torpebnsiemass MmomHOCTE He Oosee 50 BT npu
MUTaHUH OT OTHO(a3Hoi cetr 220 B.

I"abaputsi O10ka ynpasiaenus — 300x150%250 mm.

C 1991 roma B cBSI3U C SKOHOMUYECKUMH TPYI-
HOCTSIMH BBIIIYCK MPOTPAMMHBIX 3aMOpaKuBaTeen
sm6puono KPC Obin mpekpamieHn. B nacrosiee
BpeMsi 3amopaxuparenu tuna 3EM Ha craHmmsax
TpaHCIUIAHTAITUU HCUEPIIaIN pecypc paboThI.

B mocnennue ronst CKTBh ¢ OIl mHCTHUTYyTa
YCOBEPIICHCTBOBAJIO TEXHOJIOTHIO U allllapaTypy AJis
KPUOKOHCEPBUPOBAHMSI HA OCHOBE TPHUMEHEHUS COB-
PEMEHHOI AIIeMEHTHOM 0a3bl 1 Au3aiiHa. M3roroBneHa
ONBITHASA MapTHs MOOHIIBHBIX 3aMOpa)kuBaTejeH,
MIPEUMYIIECTBAMH KOTOPBIX SBISIOTCS PEXHUM 3aMO-
paXHBaHUSA 110 CTAHJIAPTHBIM IpOTrpaMMaM (He MeHee
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automatic on multi-step programs.

ZEM freezers provide:

1) Automatic initiation of the crystallization in a
mild regimen for the embryos: with no overcooling
and thawing independently on thermophysical
properties of cryoprotectant; freezing chamber -
simultaneous freezing of the embryos placed into 7
plastic ampoules or in 21 straws with 2 mm diameter
providing with the practical aim the sufficient identity
of the conditions for every embryo;

2) high technological characteristics, long-term
usage and extra reliability of the freezer due to the
absence of movable parts (engines, valves, the
pressure relays etc.);

3) the personnel safety providing with no the
special measures applied due to the absence of an
excessive pressure in an open Dewar vessel;

4) high automatization level of the freezing
control that provides the decrease of the re-
quirements to the personnel qualification;

5) possibility to perform the work both under
stationary and mobile conditions, as well as at cattle
farms;

6) liquid nitrogen expenditure of not more than
400g per programme that allows to perform up to
15-20 cycles of embryo freezing within a month with
no refilling the X-34 type Dewar vessel.

Power consumption of not more than 50Vt at
power supply of 220V.

Parameters of the control block: 300%X150x250mm

Since 1991 the production of programmable
embryo freezers was stopped because of the
economic difficulties. Such freezers nowadays have
exhausted themselves.

Within the recent years at a SDTB with EU at
the Institute there has been improved the equipment
for cryopreservation basing on the application of
modern elements’ and design base. There was
produced an experimental series of mobile freezers
with a freezing regimen according to the standard
programs (not less than 10 programs with 16 stages
in each of them), crystallization with a mild regimen
for an embryo, the absence of movable details,
valves, pressure relays, that provides the tech-
nological characteristics and high reliability.
Microprocessor control system of the cryobank
allows to provide the reliability of cattle embryos
long term storage.

Cryopreservation technology for cattle embryos,
the equipment for cryopreservation, embryos’ long-
term storage and transportation can be introduced
into practice of R&D Institutes of the National
Academy of Agricultural Sciences of Ukraine,
Ukrainian Agricultural University, stock-breeding
stations with the aim of embryo transplantation. Mo-
bile programmable freezers may be recommended
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10 mporpamm 110 16 3TaoB B KaXK0M ), TPOXOKICHHE
KPUCTAJUTM3ALIMY B IIAASIIEM JIJIs SMOPHOHA PEXKUME,
OTCYTCTBUE NHOABWKHBIX YacTell (nBuUTaTens,
KJalmaHoB, pejie NaBJICHHs), YTO OO0ecreYnuBaeT
TEXHOJIOTUYHOCTh, BBICOKYIO HaA&KHOCTh. MUKpO-
MpoIleccCOopHas CUCTeMa yIpaBlIeHUsS KPHOOAHKOM
ITO3BOJIIET 00CCIICUMBATEL HAJEHKHOCTD JIINTEILHOTO
xpa”enus smoproHoB KPC.

TexHOMOTHSI KPUOKOHCEPBUPOBAHUS IMOPHOHOB
KPC, anmapatypa nist KpUOKOHCEPBUPOBAHUS,
JUTUTEITEHOTO XPaHCHHUS M TPAHCTIOPTHPOBKH HMO-
PHOHOB MOTYT OBITh BHEIPEHBI B HAyYHO-HCCIIC-
JIOBATEIIbCKIX HHCTUTYTax HalmoHamsHOM akaqeMun
arpapHbpIX HayK YKpauHbl, YKPauHCKOM arpapHoMm
YHUBEPCUTETE, HA MIEMEHHBIX CTAHUUIX IJs
TpaHCIIAHTAUK YMOPHUOHOB. MOOMIIBHEIE IPOTpaM-
MHBIE 3aMOPaXKUBATEIH MOT'YT OBITh PEKOMEH/I0BaHbBI
nns HUM u nnemennwix crannuii Poccun, Ka-
3axcrana, boiarapun, Beurpuu, CnoBakuu, JITBbL, Kyaa
B 1988-1990 rr. mocraBAAIUCh MPEABIAYIINE MO-
T(QUKALTIH.
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for R&D Institutes and stock-breeding stations in
Ukraine, Russia, Kazakhstan, Bulgaria, Slovakia,
Lithuania, where within 1988-1990 the previous
modifications of the device were supplied.
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