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ABSTRACT

Modern approaches to reproductive biotechnology include the development of effective methods for long-term storage of
gametes and reproductive tissues of animals. One of the promising areas is cryopreservation of ovarian tissue, which allows
preserving fertility, especially in rare and valuable species. However, the effectiveness of this technology directly depends on
the type of cryoprotectant, freezing mode, cooling rate and storage method. Nonequilibrium cryopreservation is a method in
which biological samples are exposed to liquid nitrogen vapor without strict software control of cooling. This approach allows
for a simpler procedure but requires careful optimization of conditions to preserve tissue viability. The aim of this work is to
evaluate the effect of various cryoprotectants and the altitude of the samples (4, 5 and 6 cm above the surface of liquid nitrogen)
on the morphological preservation of follicles in the ovarian tissue of dogs after nonequilibrium cryopreservation. A study
was conducted to investigate the effect of nonequilibrium cryopreservation in liquid nitrogen vapor on the morphofunctional
state of ovarian tissue in dogs. Four cryoprotectors (dimethyl sulfoxide, ethylene glycol, propylene glycol, glycerol) and three
temperature regimes (4 cm, 5 cm and 6 cm from the liquid nitrogen level) were used. After thawing, a histological analysis was
performed to assess the degree of preservation of different types of follicles. It was found that the best viability indicators were
observed when using 1.5 M dimethyl sulfoxide (4 and 6 cm), glycerol (4 cm) and propylene glycol (5 cm). The data obtained
are important for the development of effective protocols for cryopreservation of ovarian tissue in dogs in order to preserve the

gene pool and reproductive potential.
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INTRODUCTION

Based on the provisions of the International Convention
on Biological Diversity and in accordance with the Interlaken
Declaration (ID) on Animal Genetic Resources, one of the pri-
ority tasks formulated by these documents is “the conserva-
tion, sustainable use and inventory of the genetic resources
of living organisms”. Priority objects of protection in agro-
biocenoses should be varieties of cultivated plants and local
breeds of domesticated animals [1]. In this case, local aborig-
inal breeds are considered cultural heritage. This is due to the
fact that local animal breeds, formed in specific environmen-
tal conditions, are characterized by high adaptive qualities,
they are resistant to many diseases.

In recent years, Kazakhstan has faced the threat of irre-
versible loss of some valuable animal populations of the do-
mestic gene pool. The loss of breed diversity is not only the
loss of unique and invaluable genetic diversity, but also a nar-
rowing of genetic potential, leading to a decrease in allelic
diversity. All developed countries have created national pro-
grams for the conservation, reproduction and study of do-
mestic animal breeds. In our republic, work on preserving
biodiversity is carried out only through efforts to preserve
populations of rare animal species in the wild. However, the
possibility of preserving their genetic material should not be
neglected. The creation of genetic cryobanks is extremely im-
portant for preserving the genetic material of animals with
potentially high economic value or for using the population
of endangered species. Gene banking can be actively used to
increase population sizes and minimize inbreeding, to pro-
vide breeds and alleles for any use in the longer term, such
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as re-establishing a lost breed and restoring genetic diversity
within a breed to healthy levels [2-6]. Conservation of ge-
netic resources of endangered species can be carried out in
situ (natural habitat or zoos and breeding facilities) or ex situ
in vitro by cryopreservation of reproductive organs (ovarian
tissue), gametes (sperm, mature and immature oocytes) and
embryos.

Today, biotechnological methods such as artificial insem-
ination and embryo transfer are well developed and used in
breeding and conservation programs. Artificial insemination
(AJ) is one of the important and frequently used procedures
in breeding. From a small number of selected males, it is pos-
sible to obtain sufficient sperm to inseminate thousands of
females per year. However, artificial insemination and em-
bryo transplantation are not sufficient to prevent inbreeding
if the supply of gametes is limited. To solve the problem of
inbreeding, it is necessary to create a gene bank of male and
female gametes and embryos, collecting them from a large
number of individuals. An alternative to storing embryos is
cryopreservation of mature oocytes, but the use of this tech-
nique has some difficulties associated with cryopreservation
of mature oocytes, which have a large volume of cell cyto-
plasm, a high level of metabolism and chromosomes in the
metaphase of meiosis II. Mature oocytes are very sensitive
to cooling. Cryopreservation of oocytes at the metaphase II
stage of meiosis gives disappointing results due to the prob-
lems encountered during fertilization and embryonic devel-
opment. Cryopreservation is accompanied by compaction of
the zona pellucida as a result of premature release of cortical
granules from the oocyte cytoplasm and damage to the cy-
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toskeleton [7, 8]. Freezing at the germinal vesicle stage has
been proposed as an alternative to freezing at the metaphase
11 stage for cryopreservation of oocytes. At the germinal ves-
icle stage, there is no sensitive spindle apparatus that can be
damaged. However, here too, strengthening of the zona pel-
lucida and damage to the cytoskeleton were observed [9]. In
addition, cryopreservation of oocytes at the germinal vesi-
cle stage is more problematic in terms of survival and mat-
uration of oocytes to the metaphase II stage. Until a reliable
method for in vitro oocyte maturation is developed, cryopres-
ervation of oocytes at the germinal vesicle stage is not advis-
able. Additionally, ovarian stimulation is required to obtain
oocytes and embryos, which usually takes some time depend-
ing on the animal species. These methods are not acceptable
in emergency cases, and the smaller quantities of oocytes ob-
tained in vivo do not guarantee maximum preservation of ge-
netic material. Limited success with the methods described
above has focused research into cryopreservation of imma-
ture oocytes in primordial follicles, which are located in the
cortex of the ovary, which would be very useful in preserv-
ing female gametes in maximum quantity. Because mamma-
lian ovaries contain thousands of eggs enclosed in follicles,
they represent 90% of the follicular population. This method
allows the storage of hundreds of immature oocytes in situ in
vitro without the need for ovulation induction. Cryopreserva-
tion of ovarian tissue has more advantages and the probable
success of this method can be explained by the following: the
oocyte is less differentiated, has a small size, is in the cellular
division stage (prophase of the 1st meiotic division), has low
metabolic activity, lacks a transparent zona, a monolayer of
granulosa cells, cortical granules do not exist and the follicle
is less sensitive to ischemia [10].

Cryopreservation of ovarian tissue can be performed us-
ing two main methods: slow freezing and vitrification. Slow
programmed freezing (or “slow freeze”) consists of a gradual
programmed decrease in temperature [11,12,13]. Prevention
of intracellular ice formation and, accordingly, preservation of
cells is achieved by slowly lowering the temperature, which
leads to a gradual release of water and its replacement with
cryoprotectants after preliminary exposure in an equilibration
solution. The second type of slow freezing, unbalanced cryo-
preservation, is a method in which biological samples are ex-
posed to liquid nitrogen vapor without software control, us-
ing a polystyrene foam block with cryotube cells.

The first attempts made in the 1950s to freeze rodent ovar-
ian tissue in the presence of glycerol at —79°C were not very
successful [14, 15], since the temperature reduction was not
controlled. Over the next 20 years, the results of work related
to the cryopreservation of ovarian tissue did not find practi-
cal application. Later, Candy et al. [16] showed that approx-
imately 20% of follicles survived in ovarian tissue frozen in
the presence of glycerol, but using a more precise cooling
rate. The development and introduction of new cryoprotective
agents (PROH, EG and DMSO) into cryobiological practice
in the 1970s marked the beginning of a new stage of research
in this area. The fundamental protocol for low-temperature
preservation in the presence of DMSO for sheep ovarian tis-
sue was developed by Gosden R.G. and his co-authors in
1994. Numerous experimental data obtained by Gook D.A.
and his co-authors [17,18] demonstrated successful freezing

of ovarian tissue fragments in the presence of PROH, where
the percentage of follicle viability was more than 50%. Later
studies conducted by Hovatta O. and his co-authors in 1996
[19] demonstrated the resistance of human ovarian tissue to
low-temperature preservation in the presence of DMSO or in
a combination of PROH and sucrose. The resistance of ovar-
ian tissue to cryodamage and the high level of preservation of
primordial stage follicles were confirmed by other research-
ers [20-22].

Current trends in ovarian tissue cryopreservation include
optimization of both freeze/thaw protocols and culture tech-
nology to preserve the maximum pool of follicles in order
to increase the number of viable follicles after cryopreserva-
tion. In this regard, it is important to optimize the size of tis-
sue fragments, select and determine the concentration of the
cryoprotectant, the time and temperature of exposure to the
tissue, as well as develop new freezing/thawing modes and
improve existing methods of cryopreservation of ovarian tis-
sue for wide application in the field of preserving the genetic
resources of endangered animal species and in clinical prac-
tice. At the same time, the development of cryogenic technol-
ogy for preserving animal genomes promotes international ex-
change of genetic material, creation of a bank of their gene
pool, and optimal cryopreservation methods achieved in work
with mammals can be used as a model in medicine.

Therefore, the aim of this research work is to develop op-
timal cryopreservation methods for preserving ovarian tissue
of local dog breeds of Kazakhstan in order to preserve and re-
produce their gene pool.

MATERIALS AND METHODS

Research materials
Ovarian tissue samples for cryopreservation

Ovarian tissues of female dogs of various breeds, which
were ovariectomized in a veterinary clinic, were used for the
experiments.

The study was approved by the bioethics commission of
the RSE at the REM «Research Institute of Molecular Biol-
ogy and Biochemistry», named after M.A. Aitkhozhin, CS
MSHE of the Republic of Kazakhstan (Protocol No. 1 dated
August 18, 2023).

Ovarian tissue collection and transportation for the
experiment

For the entire experiment, ovaries were transported to the
laboratory at 37°C in DPBS with 5% FCS or L-15 with 5%
FCS (basic media). Ovaries were freed from ligaments and
washed for 30 sec in the basic medium with the addition of
antibiotics 100 pg/ml penicillin-streptomycin. They were then
placed in DPBS with 5% FCS, the brain portion was removed,
leaving the cortex portion containing a small fragment of the
medulla, and they were divided into small fragments measur-
ing 1.5-2.0 x 1.0-1.5 x 1.0-1.2 mm using a disposable scal-
pel. From each ovary, 1-2 fragments were sent for histology
as a control.

Slow freezing of ovarian tissue in liquid nitrogen vapor

17 ovaries were placed in L-15 with 5% FCS, the brain
part was removed, leaving the cortex containing a small frag-
ment of the medulla, they were divided into small fragments
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measuring 1.5-2.0 x 1.0-1.5 x 1.0-1.2 mm using a disposable
scalpel. The samples obtained in the amount of 132 fragments
were divided into 12 experimental groups according to the
principle of analogues:

1) Dimethyl sulfoxide/4cm (DMSO/4);

2) Ethylene glycol/4cm (EG/4);

3) Propanediol/4cm (PROH/4);

4) Glycerin/4cm (GL/4);

5) Dimethyl sulfoxide /5cm (DMSO/5);

6) Ethylene glycol /5cm (EG/S);

7) Propanediol /Scm (PROH/S);

8) Glycerin /5¢cm (GL/S);

9) Dimethyl sulfoxide /6cm (DMSO/6);

10) Ethylene glycol /6cm (EG/6);

11) Propanediol /6cm (PROH/6);

12) Glycerin /6cm (GL/6).

To equilibrate the samples, different concentrations of
cryoprotectants were prepared: 0.3 M, 0.75 M, 1.5 M CPA
with 0.12 M, 0.25 M, and 0.5 M Sucrose in DPBS. A three-
stage introduction of cryoprotectants was used in all experi-
mental groups:

CPA (1.5 M DMSO; 1.5 M PROH; 1.5 M EG; 1.5 M GL):

1) in DPBS + 0.3 M CPA + 0.12 M Sucrose were equili-
brated for 5 min.;

2) in DPBS + 0.75 M CPA + 0.25 M Sucrose were equil-
ibrated for 5 min.;

2) in DPBS + 1.5 M CPA + 0.5 M Sucrose were equili-
brated for 10 min.

Straws (CBS, CryoBioSystem, France) with a capacity of
0.5 cm?® were used for freezing the samples. Filling and seal-
ing of the marked straws was carried out for 10 minutes be-
fore freezing. During this time, the samples were equilibrated
(3rd stage of introducing the cryoprotectant) in the thawing
solution. The time interval from placing the sample in the me-
dium with the cryoprotectant until the start of cooling did not
exceed 10-20 minutes. After the introduction of cryoprotec-
tors, freezing of the experimental groups was carried out in
3 different modes: freezing in nitrogen vapor at a height of 4
cm, 5 cm and 6 cm from the surface for 20 minutes, then im-
mersed in liquid nitrogen and stored in Dewar vessels (Fig. 1).
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Figure 1 - Diagram of the temperature regime of freezing in
nitrogen vapor at a height of 4 cm, 5 cm and 6 cm.

After thawing, the samples were fixed in a 10% neutral
formalin saline solution, histological preparations were made,
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and microscopic examination was performed.
Thawing of ovarian tissue in all experiments

For thawing, frozen samples in cryostraws were kept in at-
mospheric air at room temperature for 30 seconds. They were
then immersed in a 100°C boiling water bath and kept there
for 60 sec. The exposure time in the water bath was visually
monitored by the presence of ice in the test tube; once the ice
was thinned to 1-2 mm, the test tube was removed from the
boiling water, and eventually the temperature of the environ-
ment inside the test tube was between 4 and 10 °C.

Histological analysis

Fresh and cryopreserved ovarian tissue fragments were
fixed in 10% neutral formalin saline for 24 hours, dehydrated
and embedded in paraffin. Sections of 5 um thickness were
made on a sled microtome, stained with hematoxylin and eo-
sin and histologically examined under a microscope at objec-
tive magnifications of x20 and x40. As a result, 52 paraffin
blocks and 156 histological preparations were prepared, from
which 439 microtome sections were obtained. The quality of
the ovarian tissue was assessed based on the morphological
picture of the follicles. The number of viable and damaged
cells was counted. Histological sections were analyzed, exam-
ining only follicles with a visible nucleus to exclude duplicate
counting of the same follicle in the analyzed section. The mor-
phology of the follicles was identified according to the clas-
sification of K. Oktay, modified according to Gougeon [23]:
primordial - the oocyte is surrounded by one layer of flattened
granulosa cells; primary - the oocyte is surrounded by a sin-
gle layer of cuboidal granulosa cells; secondary - the oocyte is
surrounded by more than two layers of granulosa cells located
on the basal membrane, around which there are single theca
cells; antral - the oocyte is enlarged in volume, surrounded by
several layers of granulosa cells, a cavity containing follicu-
lar fluid is formed. Microphotography was performed using
a Zeiss Axiostarplus microscope, “Videotest Morphology”.

Statistical data processing

Microsoft Excel was used for statistical processing. The
difference was considered statistically significant at p<0.05
according to the Student’s t-test.

RESULTS

Study of the effect of various cryoprotectants and dif-
ferent freezing modes on the histological structure of ca-
nine ovarian tissue

Preantral follicles were well preserved in all control sam-
ples. When using the cryoprotectant dimethyl sulfoxide
(DMSO0/4), some preantral follicles were preserved. Many
preantral follicles were in a state of destruction. In early an-
tral follicles, damage to granulosa cells was observed, but the
oocyte in it retained its structural organization (Fig. 2 a, b, ¢).

When using glycerol (GL/4), significant amounts of both
primordial and subsequent stages of follicular growth are
present. As can be seen from the figures (2 d, e, f), along with
damaged early antral follicles, small antral follicles (730.55
um and 599.82 pm in size, oocyte 100.0 um, 98.0 um in size)
are found, the normal structure of which is well preserved.
The oocyte is surrounded by a crown of cumulus cells ar-
ranged in several layers and a clearly defined zona pellucida.
The ooplasm contains numerous cortical granules and several
yolk inclusions (Fig. 2 f).
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a— DMSO/4: preserved primordial follicles; b — DMSO/4: preserved primary and secondary follicles; ¢
— DMSO/4: early antral follicle preserved; d — GL/4: primordial follicles preserved; e — GL/4: preserved
primordial and secondary follicles; f — GL/4: early antral follicle preserved. Staining according to G-E
and VG. Magnification x200, x400.

Figure 2 - Histological sections of normal follicles after freezing in liquid nitrogen vapor at a distance of
4 cm.

The use of ethylene glycol and propylene glycol (EG/4
and PRON/4) as cryoprotectants did not give good results.
Damage to follicles was noted.

Microscopic analysis of the DMSO/5, GL/5, EG/5 and
PROH/5 groups showed that the preantral follicles were well
preserved in the PROH/5 group (Fig. 3b). Here, the number
of preantral follicles that retained the usual structural orga-
nization, as well as early and small antral follicles, was rela-
tively significant. In the EG/5 group, the primordial and antral
follicles were in a state of destruction. When glycerol (GL/5)
was used as a cryoprotectant, damage to the preantral folli-
cles was observed (Fig. 3c¢).

The study showed that when using dimethyl sulfoxide
(DMSO0Y/5), only individual antral and primordial follicles re-
tained their normal structural organization. In the preserved
antral follicles, the oocyte was spherical in shape, had fine-
grained cytoplasm, a clearly defined zona pellucida, almost
completely surrounded by a crown of cumulosa cells (Fig. 3a).

Microscopic examination revealed that when using
DMSO/6, along with damaged primordial and early antral
follicles, both early antral and primordial follicles retained
their normal structural organization (Fig. 3e). In the remain-
ing groups GL/6, EG/6 and PROH/6, partial preservation of
preantral follicles was observed, but the follicles were mainly
destroyed (Fig. 3d, f).

a— DMSO/5: preserved antral follicle with healthy oocyte; b — PRON/S: early antral follicle is preserved; ¢ — GL/5: primordial
follicles are damaged; d — EG/6: primordial follicles are preserved; e — DMSQO/6: partial damage to early antral follicle; f — PRON/6:
damaged primordial follicles. Staining according to GE and van Gieson. Magnification x200, x400.

Figure 3 - Histological sections of normal follicles after freezing in liquid nitrogen vapor at a distance of 5 and 6 cm.
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Table 1 - Relative number (%) of morphologically normal follicles in frozen dog ovary tissue using various cryoprotectants

and various freezing modes.

Freezing modes DMSO EG PROH GL
4 cm 61,2+4,1° - - 67,2+2,5%
5cm 48,5+4,9° - 70,245,6° -
6 cm 55,243,9¢ - - 38,1£5,1°
Control 97,3+1,2¢ 97,3+1,2¢ 97,3+1,2¢ 97,3+1,2¢
Note: ad, bd, cd P>0.05

The data presented in Table 1 show that the use of 1.5 M
GL, 1.5 M DMSO (4 cm) and 1.5 M PROH (5 cm), as well
as 1.5 M DMSO (6 cm) as a cryoprotectant, has a positive
effect on the viability of ovarian follicles in the tissue. Stu-
dent-Fisher statistical analysis revealed significant differences
in the results obtained in all groups compared to the results
of the control group (P ad,bd,cd> 0.05). However, statistical
analysis did not reveal any significant differences between the
groups (P<0.05).

CONCLUSION

The results of the study showed that the morphofunctional
state of ovarian tissue in dogs after nonequilibrium freezing
varies significantly depending on the cryoprotectant used
and the cooling regime. The highest degree of preservation
of morphologically normal follicles was observed with the use
of 1.5 M dimethyl sulfoxide (at heights of 4 and 6 cm), glyc-
erol (4 cm) and propylene glycol (5 cm). At the same time,
cryoprotectors ethylene glycol and propylene glycol demon-
strated low efficiency at other heights.

These results highlight the importance of choosing both
the optimal cryoprotectant and the height of sample placement
in liquid nitrogen vapors during nonequilibrium cryopreserva-
tion. The proposed conditions can be used in developing stan-
dard protocols for freezing canine ovarian tissue for biobank-
ing, transplantology, and gene pool preservation.
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AHHOTAIUA

CoBpeMeHHbBIE OIXO/IBI K PETIPOAYKTHBHOI OMOTEXHOJIOTUH BKIIIOYAIOT pa3paboTKy 3 PEKTUBHBIX METOJIOB JUINTEIEHOTO
XpaHEHHs I'aMeT U PeTPOyKTUBHBIX TKaHeH )KUBOTHBIX. OJHUM U3 EPCIIEKTUBHBIX HAIIPABICHUH SIBIISIETCSl KPHOKOHCEPBa-
LUsl OBAapUAJIbHOM TKAHM, YTO MO3BOJISIET COXPAHUTH (PEPTHIILHOCTD, OCOOCHHO Y PEAKHUX M LIEHHBIX BHIOB. OnHaKo 3¢ dek-
THUBHOCTB 3TOH TEXHOJIOTUH HANpPSIMYIO 3aBUCHT OT THIIA KPUOIPOTEKTOPa, PeXXUMa 3aMOPAXKUBAHHUSI, CKOPOCTH OXJIaXKICHUS
u crioco0a XpaHeHUs..

HeypaBHOBCH.IeHHaiI KpHOKOHCEpBalusi — MCETOA, IIPU KOTOPOM OHOJIOrHYCCKHUE 06p33HH MMOABEPraroTCAa BO3,Z[€I>1CTBPIIO
apoB KUAKOIo a3oTa 0e3 CTPOTOro NporpaMMHOIrO KOHTPOJIA OXJIAXKIACHUS. OT10T MOAXOA MO3BOJICT YIIPOCTUTH NPOLCAYDPY,
HO Tpe6yeT TH.[aTCJ'IBHOﬁ OIITUMH3AIINH yc.]'[OBPIﬁ, YTOOBI COXpPAaHUTb ’KA3HECIIOCOOHOCTD TKAHH.

Lenbro HacTosmel pabOTHI SBISAETCS OLIEHKA BIMSHUS Pa3IMYHbIX KPHOIPOTEKTOPOB U BBICOTHOTO IOJIOXKEHHS 00pas3-
0B (4, 5 1 6 cM HaJ[ MOBEPXHOCTHIO KUAKOTO a30Ta) Ha MOP(OIOTHIECKYIO COXPAaHHOCTH (DOJUTMKYIIOB B OBaPHAIHHOM TKAaHH
cobak mocie HeypaBHOBEIICHHONW KPHOKOHCepBaluy. [IpoBeieHo ncciieioBaHNe 10 M3YUCHUIO BIMSHUS HEYypaBHOBCIICH-
HOHM KPHOKOHCEPBAaLUK B ITapax >KHIKOro a30Ta Ha MOP(GOGYHKINOHAIEHOE COCTOSHHE OBApHAIbHON TKaHU cobak. Mcmomnb-
30BaHbl YETHIPE KPHONPOTEKTOPA (IMMETHIICYTb(OKCHA, STHICHIIIMKONb, TPONMICHIINKONb, ITIHLEPHH) U TPH TEMIIepaTyp-
HBIX pexuma (4 cM, 5 cM 1 6 CM OT ypOBHS JKHUAKOTO a30ta). [locine pa3sMopaXiBaHUS BHITTOTHEH TUCTOJIOTHYECKUN aHATIH3,
HaIpaBJICHHBII Ha OLIEHKY CTETICHN COXPAaHHOCTH PA3IMYHBIX THIIOB (hOJUTHKYIIOB. YCTaHOBIICHO, YTO HAWITYYIINE TIOKA3aTeIIH
KI3HECTIOCOOHOCTH HAOIOMAIOTCS TpH TpruMeHeHuH 1,5 M muMeruncynshoxcuaa (4 u 6 cm), rmuteprna (4 ¢M) ¥ IponHiIeH-
ko (5 cm). [lomydyeHHbBIe JaHHBIE UMEIOT 3HaYEHUE T pa3paboTKH 3((EKTHBHBIX MPOTOKOJIOB KPHOKOHCEPBAIIUN OBa-
PHANBHOM TKaHH Y cO0aK C LeTIbI0 COXPaHEeHHUs TeHO(POH A U PEIPOSYKTHBHOIO MTOTCHIIAAIA.

Kniouegvie cnosa: oBapuanpHas TKaHb, COOAKH, KPHOKOHCEPBAIHs, KPUOIPOTEKTOPHI, aphl AKUAKOTO a30Ta, (HOJITUKYIIBI
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AHJATIIA

PenponykTuBTi OMOTEXHOJIOTHAHBIH 3aMaHAy! TOCUIAEP] KaHyapIapIblH TaMeTalapbIH KOHE PETPOAYKTHBTI YIIIalapblH
Y3aK yaKbIT CaKTayIbIH THIMIII 9MiCTEPiH xKacayasl KaMTHIBL. [lepcrekTiBaib! OaFpITTapabIH 0ipi aHAIBIK Oe3 TiHiH KPHOKOH-
cepBanusIiay O0bIn TaObUTAIBI, OYII acipece CHpeK XKoHe Oaraiibl TYpiepAiH (GepTUiIbAUITiH caKTayFa MyMKIHIIK Oeperi.
JereameH, OyJ1 TEXHOIOTUSHBIH THIMIUTITI KPHOTIPOTEKTOP TYpiHE, My3/1aTy peXKUMiHe, CaJKbIHAATY KBUIIaMIBIFBIHA JKOHE
cakray oJiciHe Tikeneil GaiaHBICTHI.

TeHecTipiiiMereH KpHOKOHCEpBAIHs - OYJ1 OHONOTHSIIBIK VISPl CalKbIHAATY/AbI KaTaH OaraapiaMaiblK OaKbLIayChl3
CYHBIK a30T OybIHBIH 9CepiHe YIIbIpaTy dici. By Tocin mpouemnypaHsl )KeHIIeTyre MyMKiHIiK Oeperi, Oipak TiHIepAiH eMip-
HICHJIITIH CaKTay YILIIiH XKaFIaiaapisl MYKUSIT OHTalIaHABIPY/IbI Tauam eTei.

Byt >KYMBICTBIH MaKcarhl SpTYPJIi KPUOIIPOTEKTOPJIAP/BIH JKOHE YAriIepaiH OMIKTIriHiH (CYHBIK a30TThIH OeTiHeH 4, 5
JKOHE 6 CM) TCHIepIIMETeH KPHOKOHCEePBAIHsIaH KeHiH UTTEPIiH aHAIBIK OC3iHIH YIMAckIHAa (OLTUKYIIaTapabiH MOpPQOIo-
THSJIBIK CaKTallyblHa ocepiH Oaranay Ooubin TaObitansl. CYHBIK a30T OybIHIAFEI TEHIepiMCi3 KPUOKOHCEPBAIMSHBIH UTTEP-
JIeT1 aHaIbIK 0e3 TiHiHIH MOp(hO(QYHKIIMOHAIIB KYHIHE 9CEpiH 3epTTey YLIIH 3epTTey XKYpridiani. TepT KpuonporekTop (Iu-
METHWICYIIB(GOKCH/I, STHICHIINKOIIb, TPOMMIICHIIIMKOIb, INIMIEPHH) JKOHE YIII TeMIIepaTypa pexumi (CYHBIK a30T JeHreliHeH
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4 cM, 5 cM xoHE 6 cM) KosgaHbUIIbl. JKiOITKeHHEH KeHiH (QouMKyanapapH SpTYPIll TYplIEpiHiH caKkTaly Jopexecin Oara-
Jay YUIH THCTOJIOTHSJIBIK Tajiay sKypriziani. EH skakcsl emipiuenaik kepcerkimrepi 1,5 M aumernn cynbgokeuni (4 sxoHe
6 cM), mmeprH (4 ¢M) XKoHE HPOITMICHIIUKONB (5 ¢M) KoJIaHFaH/1a OaliKanaTblHbl aHBIKTAJIIBI. AJIBIHFaH JIEPEKTEp I'eHO-
(hOHIITHI JKOHE PEMPOAYKTHBTI QJICYETTI CaKTay MaKCAThIH/IA UTTEPAIH aHAJBIK 0e31 TIHIH KPHOKOHCEPBALUSIAYIBIH THIMII
XaTTamalapblH JKacay YIIiH MaHbI3/IbI.

Hezizei co30ep: aHanpIK Oe3 yImackl, UTTep, KPHOKOHCEPBAIXsl, KPHOIIPOTEKTOPIIap, CYHBIK a30T Oybl, (OIIHMKyIaIap
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