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Aim. In modern conditions the priority task of preserving biological diversity is increasing the role of agricul-
ture in its maintenance. Within the system of long-term preservation of genetic resources of farm livestock,
urgent improvement is needed in the field of media for dilution, cryopreservation and storage of genetic mate-
rial of animals; technological elements of cryopreservation of genetic material of animals and biotechnologi-
cal means of obtaining embryos from cryopreserved genetic material outside of the organism. Methods. It
is known that the medium for boar sperm cryopreservation is added the following components: hydrophilic
extract of oaken silkworm pupa, aqueous extract of propolis, bovine serum albumin, water-soluble components
of yolk and lipoproteins, extract of crude sunflower oil, proline, trimethylglycine (betaine) and nanomateri-
als. Results. The results of experimental studies on the interaction between cryopreserved ejaculated sperm
cells of boars with nanoparticles of ultra fine silica (UFS) and saccharose were presented. It is noteworthy
that the studies are related both to the technology of gamete cryopreservation and its de-preservation. Nano-
material A-300 with Sspec= 285 sq.m./g (Kalush, Ukraine) was used in the studies after previous heating for
2 h at 200°C and surface modification with the carbohydrate — saccharose. UFS/saccharose was added to the
cultivation medium for defrosted sperm cells (2.9 % sodium citrate solution) as well as prior to freezing into
lactose-yolk-glycerin cryomedium in the concentrations of 0.1; 0.01 and 0.001 %. The analysis of obtained
results demonstrated different impact of nanomaterial, used by us as an additive to media. It was established
that after defrosting, boar sperm cells with UFS/saccharose in 0.001 % concentration demonstrated the acti-
vity at the level of 14.2 % and the total time of their survival was 4.0 h. UFS/saccharose concentration of
0.001 %, applied during the cryopreservation of ejaculated boar sperm, ensured 25.0 % activity after defrost-
ing with the total survival time of 5.5 h. Conclusions. The article reflects the promising nature of conducting
further biotechnological studies with the application of nanomaterials of different origin in the system of pres-
ervation and rational use of genetic resources of farm livestock.
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INTRODUCTION

In modern conditions the priority task of preserving
biological diversity is increasing the role of agricul-
ture in its maintenance. Within the system of long-term
preservation of genetic resources of farm livestock, ur-
gent improvement is needed in the field of media for di-
lution, cryopreservation and storage of genetic material
of animals; technological elements of cryopreservation
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of genetic material of animals and biotechnological
means of obtaining embryos from cryopreserved ge-
netic material outside of the organism [1].

The fertilizing capacity of cryopreserved sperm cells
depends on numerous factors, in particular, the compo-
sition of diluents and technological processes of pre-
paring ejaculates to freezing and defrosting of sperm
doses. Diluent components mitigate the negative effect
of cold shock and ensure the integrity of acrosome and
plasmatic membranes of sperm cells. It is known that
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the medium for bull sperm cryopreservation is added
the following components: glutathione, soy lecithin
instead of chicken egg yolk, complex of biologically
active substances (oestrophanum, eosin, unitiol, glu-
tathione, I-cysteine) [2]. The medium for boar sperm
cryopreservation is added the following components:
hydrophilic extract of oaken silkworm pupa [3, 4],
aqueous extract of propolis [5], bovine serum albumin,
water-soluble components of yolk and lipoproteins, ex-
tract of crude sunflower oil, proline, trimethylglycine
(betaine) and nanomaterials [6].

According to approximate estimations, at present
there are over 800 different products, made via nano-
technologies. In 2007 the global sale of nanomateri-
als was estimated at 147 billion US dollars, and in
2015 this index increased up to 3.1 trillion US dol-
lars. Nanoproducts have already been used in ener-
getics, chemical and construction industry, cosmetics
production. The application of nanotechnologies and
nanomaterials in food industry and environment pro-
tection is also a promising approach. Positive results
have already been obtained from the application of
nanotechnological preparations in modern agricul-
ture and veterinary practice. The specialists of the
US state program “National Nanotechnology Initia-
tive”, established in 2000, determine nanotechnology
as “science, engineering and technology conducted
at the nanoscale which is about 1 to 100 nanometers
with the purpose of obtaining fundamental knowledge
about the nature of phenomena and properties of dif-
ferent materials in the nanometer scale and of creat-
ing and using structures, devices and systems, which
acquire new properties due to their nanosizes” [7].

After adopting the Law of Ukraine “On Ratification
of the Convention on Biological Diversity”, ratify-
ing the Interlaken Convention in 2007 and the Global
Plan of Action for Animal Genetic Resources, signing
the Nagoya Protocol on Access to Genetic Resources,
Ukraine started the work in optimizing and applying
nanomaterials in the technology of preservation and
rational use of genetic resources of domestic breeds of
swine to improve the intensity of applying the repro-
ductive potential of breeders using cryopreservation of
ejaculated sperm cells.

To substantiate the most efficient directions in apply-
ing nanomaterials in animal breeding, it is reasonable
to improve the methods of obtaining embryos in vitro,
cryopreserving gametes and embryos with the use of
nanomaterials. Due to this fact, the aspects of ultra fine
silica (UFS) — one of modern and promising nanoma-
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terials — is considered. It was demonstrated that the ad-
dition of UFS in some concentrations to the standard
cryomedium may stimulate the viability of bull sperm
cells. UFS is pyrogenous; its surface layer consists of
a large number of hydroxylic groups and has a high
sorption capability regarding different molecules. In
biological media, silica nanoparticles demonstrate their
ability to bind the cells via intermolecular interactions;
in this case a cell is still alive, but it may lose its ac-
tivity, and, as a result, have deceleration of metabolic
processes.

UFS is widely used as a supplementary treatment
means in medical practice. The modification of its sur-
face with some biomolecules, for instance, mono- and
oligosaccharides, which promote better motility and
survival of sperm cells of bulls, rams and humans, when
added to the cryomedium, allowed creating promising
nanomaterials on their basis [8—11].

It was demonstrated that in case of adding 0.001 %
concentration of UFS/saccharose to lactose-yolk-glyc-
erin cryomedium, the de-preserved epididymal sperm
cells of boars had 10.0 % higher activity compared to
the control (cryopreservation without the addition of
nanomaterials, the activity of sperm cells after defrost-
ing of 10.0 %) with the preservation of this level for 2
h. It should be noted that prior to freezing the activity
of these gametes was at the level of 50 % [12].

Thus, our studies were aimed at estimating the bio-
logical activity of nanomaterials (on the basis of UFS,
whose surface had previously been modified with car-
bohydrate — saccharose) under conditions of adding it
to boar sperm cells after defrosting.

MATERIALS AND METHODS

The study was conducted in the Laboratory for Re-
production Biotechnology of the Institute of Animal
Breeding and Genetics n.a. M. V. Zubets, NAAS.

The experiments studied the impact of nanomaterial
UFS/saccharose on the viability of boar sperm cells of
Myrhorod breed (Dnipro 641, Komysh 853, Kokhany
289), preserved in the bank of genetic resources of
the animals at the Institute of Animal Breeding and
Gene-tics n.a. M.V. Zubets, NAAS. Nanomaterial
UFS/saccharose is a ultra fine silica (UFS), chemical
formula SiO, of brand A-300 with Spee— 285 sq.m./g
(Kalush, Ukraine), whose surface was modified with
saccharose at the O.0. Chuiko Institute of Surface
Chemistry, NAAS of Ukraine. UFS/saccharose was
added to the cultivation medium for defrosted sperm
cells (2.9 % sodium citrate solution) as well as prior to
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freezing into lactose-yolk-glycerin cryomedium in the
concentrations of 0.1; 0.01 and 0.001 %. The impact
of UFS/saccharose on the viability of boar sperm cells
(each one separately and using the average indices)
was analyzed in terms of their activity in per cent and
the survival index in hours of cultivation in the ther-
mostate at +37 °C.

Six ejaculates were used to conduct the studies and
transported at 7 °C to the laboratory, where the main
qualitative indices of sperm were determined. The du-
ration of transporting ejaculates to the laboratory did
not exceed six hours.

The estimation of the study results for quantitative
and qualitative indices was conducted via the analy-
sis of tables and charts. The obtained results of stud-
ies were processed using descriptive statistics method
based on the estimated arithmetic mean (M), deviation
from the indices of arithmetic mean error (m) (software
package x7, version 2.0.0.9).

RESULTS AND DISCUSSION

It was established that after defrosting sperm cells
demonstrated the average activity at the level of 16.7 =
* 3.33 %. This index in the control decreased only
by 1.7 % within 30 min (15.0 £ 2.89 %). After sperm
cells stayed in the medium, containing UFS/saccha-
rose in the concentrations of 0.1; 0.01 and 0.001 %, for
30 min, there was a decrease in the activity of gametes
by 7.5; 5.0 and 2.5 % compared to the initial activity
(Fig. 1). It is noteworthy that after 1.5 h since the start
of the study the activity of sperm cells in the control
was 9.2 %, and similar activity was noted in the experi-
mental groups within this time period, namely, 10.0 %
for 0.001 % concentration of UFS/saccharose; 9.1 and
6.7 % for 0.01 and 0.1 % concentration of UFS/sac-
charose. The total survival time of sperm cells in the
control was five hours, and in the experimental group
with 0.001 % concentration of UFS/saccharose this in-
dex was 30 min higher.

It was demonstrated that the addition of UFS/sac-
charose in the concentration of 0.001 % to the medium
(2.9 % sodium citrate solution) had positive impact on
the viability of defrosted sperm cells, which is mani-
fested with slow decrease in the activity and prolonged
total survival period of gametes. Taking this fact into
consideration, we estimated the biological activity of
UFS/saccharose during cryopreservation of boar sperm
cells. UFS/saccharose was added to lactose-yolk-glyc-
erine cryomedium in three concentrations directly prior
to freezing sperm cells.
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It was established that sperm cells, frozen with UFS/
saccharose in the concentration of 0.001 %, demon-
strated the highest activity on average after defrosting,
which was 25.0 + 1.44 % (Dnipro 641 — 25.0 %; Ko-
mysh 853 — 27.5 %; Kokhany 289 — 22.5 %, respec-
tively) which was 5.0 % higher compared to 0.01 %
concentration and 7.5 % higher compared to 0.1 % con-
centration of UFS/saccharose (Fig. 2).

After 30 min since the start of the experiment, there
was a decrease in the activity of gametes in all the
groups, for instance, this index (without adding UFS/
saccharose) decreased only by 1.7 % in the control
(15.0 = 2.89 %; Dnipro 641 — 20.0 %; Komysh 853 —
15.0 %; Kokhany 289 — 10.0 %, respectively) in
0.001 % concentration — by 2.5 % and by 5.8 and 5.0 %
in the concentrations of 0.01 and 0.1 %. Within the
following 30 min (one hour since the start of the ex-
periment), the activity in some groups was almost at
the same level, as this index in the control was 10.8 +
+ 3.82 % (Dnipro 641 — 15.0 %; Komysh 853 —
10.0 %; Kokhany 289 — 7.5 %, respectively), in the
concentration 0.01 % 10.8 £ 2.21 % (Dnipro 641 —
12.5 %; Komysh 853 — 10.0 %; Kokhany 289 —
10.0 %, respectively), in 0.1 % concentration 10.0 %
(Dnipro 641 — 12.5 %; Komysh 853 — 10.0 %; Ko-
khany 289 — 7.5 %, respectively). In case of freezing
sperm cells with UFS/saccharose in 0.001 % concen-
tration, the activity within this time period was 19.2 %
(Dnipro 641 — 17.5 %; Komysh 853 —22.5 %; Kokha-
ny 289 — 17.5 %, respectively).

The total period of survival for sperm cells in the
control and in case of freezing sperm cells with 0.1 %
concentration of UFS/saccharose was 3.2 h (Dnipro
641 — 4.0; Komysh 853 — 3.0; Kokhany 289 — 2.5 h,
respectively,), and in experimental groups where sperm
cells were frozen with 0.001 % concentration, this in-
dex did not exceed 4.8 h (Dnipro 641 — 5.5; Komysh
853 — 4.5; Kokhany 289 — 4.5 h, respectively), with
0.01 % concentration the survival was 3.7 h (Dnipro
641 — 4.5; Komysh 853 — 3.5; Kokhany 289 — 3.0 h,
respectively).

It should be noted that the cryocollection of ejacu-
lated sperm cells of Myrhorod breed boars was first
created in Ukraine (750 doses). The efficient applica-
tion of the mentioned and new cryocollections will
ensure the implementation of a complex of measures
at the state level regarding the functioning of “virtual
gene fund cryo-animal stocks” which is economically
more profitable compared to keeping stocks of farm
animals.
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Fig. 1. The impact of UFS/saccharose on the viability of defrosted ejaculated sperm cells of boars
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Fig. 2. The viability of cryopreserved ejaculated sperm cells of boars at the addition of UFS/saccharose

On condition of using cryopreserved ejaculated
sperm cells for fertilization of porcine oocytes, which
have matured in vitro, the level of embryo development
will ensure the additional use of genetic potential of
animals and improvement of complex biotechnological
methods for implementation of tasks of preserving the
gene fund of farm animals in Ukraine.

CONCLUSIONS

It was established that after defrosting, boar sperm
cells with UFS/saccharose in 0.001 % concentration
demonstrated the activity at the level of 14.2 % and the
total time of their survival was 4.0 h.

It was demonstrated that lactose-glycerin-yolk-me-
dium may be effectively used in case of cryopreserva-
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tion of ejaculated sperm cells of boars. The applica-
tion of such sperm cells may ensure a sufficient level
of the effective formation of embryos both in vitro
and in vivo.

UFS/saccharose concentration of 0.001 %, applied
during the cryopreservation of ejaculated boar sperm,
ensured 25.0 % activity after defrosting with the total
survival time of 5.5 h.

Therefore, during the cryopreservation of biological
objects the threshold concentrations of nanomaterials
in cryomedia should be noted in its final definition with
the consideration of the activity of specific types of
cells. It will allow enhancing the efficiency of biomate-
rial cryopreservation.
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The technology of cryopreserving genetic resources
of farm animals, including “virtual gene fund cryo-
animal stocks”, will be implemented in close coopera-
tion with the breeding farm, keeping domestic breeds
of swine (State enterprise “Experimental farm named
after Decemberists at the Institute of Swine Production
and Agroindustrial Production, NAAS of Ukraine”).
This will ensure efficient implementation of tasks in
terms of preserving biodiversity and estimating agro-
ecosystem balance, obtaining scientific research.

The work has been conducted at the financial support
of the Ministry of Education and Science of Ukraine
in the framework of the project “Developing optimized
technology of cryopreservation of genetic material of
domestic breeds of swine” (agreement No. DZ/47-2015
dated October 30, 2015).
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JUIS1 KPiOKOHCcepBalii Ta po3MOpPOKYBaHHS
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Hinb. B cyyacHux ymoBax MpiOpUTETHUM 3aBIaHHSM 30e-
pekeHHsI O10JIOTIYHOTO PI3HOMAHITTA € IiIBUIICHHS POIi
CUIBCHKOTO TOCIO/APCTBA B MIATPUMII Oiopi3HOMaHITTS. B
CHCTEMI JIOBFOTPHBAJIOr0 30€peKEHHs TeHETHYHHX Pecyp-
CiB CLIBCHKOTOCHOAAPCHKUX TBapWH Hapasi MoTpeOyroTh
YIOCKOHAJICHHSI CEPeIOBHINA UL PO3PLIKEHHS, KPiOKOH-
cepBauii Ta 30epiraHHs I'€HETHYHOIO Marepially TBapHH;
TEXHOJIOTIUHI eIeMEeHTH KpiOKOHCEpBallii FTeHeTHYHOrO Ma-
Tepially TBapuH Ta OIOTEXHOJIOTIYHI MPUHOMHU OTPUMAHHS
11032 OpraHi3MOM eMOpIOHIB i3 KPiOKOHCEPBOBAaHOIO I'eHe-
THYHOTO Matepiany. Meroau. Bigomo, 1o 10 cepemoBuina
JUTA KpIOKOHCEpBalii criepMu KHYPIB MOHAIOTh: TiApodiiah-
HUM EKCTPAKT JISUIEYOK JTyOOBOTO HIOBKOIPSIJIA, BOAHUIA
€KCTPAKT MpOIOJicy, aabOyMiH CHPOBAaTKH KpPOBI BEIHKOL
poraroi XyaoOu, BOJOPO3YMHHI KOMITOHEHTH >KOBTKA Ta
JITONPOTEI M, EKCTPAKT HepadiHOBAHOI COHSIITHIKOBOT OJii,
MIPOJIIH, TPUMETHIINIIIMH (OeTaiH), a TaKo)K HaHOMaTepialn.
[pencraBneHo pe3ynbTaTh eKCHEPUMEHTATBHUX JIOCIIHKEHb
10710 B3a€MOJii KPIOKOHCEPBOBAHUX ESIKYJILOBAHMX CIIEpMa-
TO30iqiB KHYPIB 3 HAHOYACTHMHKAMH BHCOKOIUCIICPCHOTO
kpemaesemy (B/IK) ta caxaposu. Cmin 3a3Ha4UTH, IO J10-
CIIIJDKCHHS CTOCYIOThCS HE TIBKH TEXHOJOTI KpiOKOHCEep-
Ballii ramer, aje ¥ JcKoHcepmaiii. B IOCIIHKEHHIX BH-
KOpHCTaHO HaHoMmarepian mapkum A-300 i3 S = 285 m’/r
(M. Kamym, Vkpaina), skuii monepegHbo MpPOXKaprOBAIH
2 rox 3a temmeparypu 200 °C, MOBEpPXHIO SIKOTO MOJH-
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(dikyBamm ByrieBomoM — caxaposa. BJ/IK/caxaposy moma-
Bl B CEPEIOBUIIE KyIBTUBYBaHHS PO3MOPOXKEHHX CIIEp-
Maro30iaiB (2,9%-Buil PO3UMH LUTPATy HATPiI0), a TAKOK
nepes 3aMOPOKYBAHHSM Y JIAKTO30-KOBTKOBO-IJIIIIEPUHOBE
Kkpiocepenosume y konmnentpaniax 0,1; 0,01 ta 0,001%.
Pe3yabTaTu. AHaNi3 OTPUMAHUX PE3yNBTATIB MOKA3aB Pi3-
HHUH BIUIMB BUKOPHCTAHOTO HAMU HaHOMATepialy B SKOCTI
J00aBKH 10 cepenoBuIll. BCcTaHOBIICHO, IO CIIepMaTo30iau
kHypiB 3 BJIK/caxaposa y 0,001%-it xoHUeHTpawil mics
PO3MOPOXKYBaHHS MPOSBIIIM aKTHBHICTh Ha piBHI 14,2 %,
a 3araJpbHUi Yac iX BMKUBaHOCTI ctaHoBuB 4,0 roja. 3acTo-
cosana 0,001%-oBa xonueHrpariiisi BJIK/caxapo3u mig vac
KpIOKOHCEpBalil esKyIbOBaHUX CIIEPMATO30iiB KHYPIB 3a-
oesneuniia 25,0%-0By aKTUBHICTb HICIsI PO3MOPOXKYBaHHS
i3 3araJbHUM YacOM BIDKHMBAHOCTI 5,5 romuH. BHCHOBKH.
B crarTi BinmoOpakeHa MEpCIEKTHBHICTh MPOBEICHHS T0-
JIANTBIIUX O10TEXHOJIOTIYHUX JIOCHTIPKEHb 3 BUKOPHUCTAHHIM
HaHOMarepiaiB Pi3HOTO MOXO/PKEHHS y CUCTEMI 30epeeH-
HS Ta PalliOHaJbHOTO BUKOPHCTAHHSI TeHETHYHUX PECypCiB
CUIBCHKOTOCIOIAPCHKUX TBAPHUH.

KurouoBi ciioBa: esKyinboBaHi CliepMaTo301nu, KHyp, HAaHO-
Marepial, BHCOKOJHMCIICPCHUII KpeMHe3eM, KpiOKOHCepBa-
1is1, 30epeXeHHs TeHO(DOH]TY.

7Kn3HecnocoOHOCTH CIEPMATO30H/10B XPSIKOB
NpH 106aBJEHHH BHICOKOIMCIIEPCHOTO KpeMHe3eMa
K COCTaBY Cpe/ VISl KPHOKOHCEPBAIIMH
U pa3sMopaKuBaHUs

0. B. lep6ak, C. 1. KoBTyH

WHCTUTYT pa3BeAeHUs 1 TCHETHKH KUBOTHBIX
uM. M. B. 3ybna HannonanpsHO# akageMnun arpapHbIX
Hayk Ykpaussl, ka0. 208, yi. [Torpebnska, 1, c. Uyounckoe
Bopucnonbckwnii p-H, Kuesckas 061., 08321, Ykpauna

e-mail: ov19792006@gmail.ua

Henb. B coBpeMEHHBIX YCIOBMSIX MPUOPUTETHOW 3ajayeit
COXpaHEeHHsI OMOJIOTHYECKOr0 pa3HooOpa3us SBISETCS IO-
BBILIIEHUE POJH CEJIBbCKOI0 XO3SHCTBA B IOJJEPKKE OHO-
pa3HooOpa3us. B cucreme IIMTENBEHOTO COXpaHEHHS TEHE-
THYECKUX PECYPCOB CEIbCKOXO3IHCTBEHHBIX )KUBOTHBIX HE-
00XOJMIMO YCOBEPIIEHCTBOBATh Cpe/bl Ui pa30aBieHUs,
KPHOKOHCEPBAIlMM M XpaHEHHs T'€HETHYECKOTo Marepuajia
JKMBOTHBIX; TEXHOJOTHYECKHE 3JIEMEHThl KPHOKOHCEpBa-
IIMM TEHETUYECKOTO MaTepHasa KMBOTHBIX M OHMOTEXHOJIO-
TMYCCKUEC MPUEMbI MOJTYUYCHH BHEC OpraHU3Ma 3M6pI/IOHOB
13 KPHOKOHCEPBHUPOBAHHOTO T'€HETHYECKOTO MarepHara.
Mertonsbl. M3BecTHO, UTO K cpeAe Al KPHUOKOHCEpPBALUU
CTIEpPMbI XPSIKOB J00ABISIOT: THAPO(GUIBHBINA 3KCTPAKT Ky-
KOJIOK JTyOOBOTO IIEJIKOIPsIia, BOJHBIM IKCTPAKT IPOIO-
nuca, anbOyMHH CHIBOPOTKH KPOBH KPYHMHOTO pOTaTtoro
CKOTa, BOAOPACTBOPHMBIC KOMIIOHEHTHI JKEJITKa M JIUIO-
MPOTEHIbI, IKCTPAKT Hepa(UHUPOBAHHOTO MOCOIHEYHOTO
Macna, HIpOJUH, TPUMETUIMIHIMH (OeTanH), a Takxke Ha-
HOMarepHajbl. B uccienoBaHusIX HCIOMB30BaH HaHOMAare-
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puan mapku A-300 ¢ Symen = 285 m*r (r. Kamym,
VYkpanHa), KOTOPBIH TPEABAPUTEIHHO TPOXKAPUBAIH JIBa
gaca npu Temmeparype 200 °C, mMOBEpXHOCTH KOTOPOTO
MoauduIupoBad yriieBogoM — caxapo3a. BJIK/caxaposy
JO0ABISUIM B Cpeny KyIGTHBHPOBAHUS Pa3MOPOKEHHBIX
criepMaro3ousioB (2,9%-Hbli pacTBOp NMTpaTra HaTpus),
a TaKkKe Mepea 3aMOpPaXMBAHHEM B JIAKTO30-KEITKOBO-
JIMIEPUHOBYIO Kprocepeny B koHneHTpamusx 0,1; 0,01 u
0,001%. Pesyabrarsl. IlpeacraBieHsl pe3ynbTaThl KCIIC-
PUMEHTAIBHBIX MCCIEIOBAHMIN MO B3aHMMOICHCTBUIO KPHO-
KOHCEPBUPOBAHHBIX JAKYJIMPOBAHHBIX CIIEPMATO30MA0B XPsi-
KOB C HAaHOYACTHIAMU BBICOKOIHMCIIEPCHOTO KpeMHe3eMa
(BAK) u caxapospl. CriemyeT OTMETHTh, YTO HCCIEIO-
BaHME KacaroTCsi HE TOJBKO TEXHOJOIMH KPHOKOHCEpBa-
oyuu raMeT, HO M JACKOHCCPBAILIMU. Ananus TIOJTYYCHHBIX
pe3yJabTaToB IOKa3ajd pPazIMYHOE BIUSHUE HCIIOJIb30BaH-
HOTO HaMH HaHOMaTepuayia B KayecTBe NOOAaBKH K cpe-
JlaM. YCTaHOBIIEHO, YTO CIepMaro3ouibl XpsikoB ¢ BJIK/
caxapo3a B 0,001%-HOW KOHIIEHTpalMK TOC]Ee pa3Mopa-
JKMBaHUSl TPOSBUIM aKTUBHOCTH Ha ypoBHe 14,2 %, a
obmee Bpemsi UX BbDKHBaeMocTu coctaBuwio 4,0 4. Ilpu-
meneHHast 0,001%-nas xoHuentpauusi BJIK/caxaposbr npu
KPHOKOHCEPBAIMU JSKYIHPOBAHHBIX CIEPMATO30HMJIOB XPsi-
koB oOecneunna 25,0%-Hyt0 aKTMBHOCTb IOCJE pa3Mopa-
J)KMBaHUsl C BBDKHMBaeMOCThIO 5,5 4. BeiBoabl. B crarbe
oToOpa’keHa MEepCIIeKTHBHOCTh IPOBEIACHUS JaIbHEHIINX
OMOTEXHOJIOTHYECKUX HCCIIEOBAHUI C HCIIOJIb30BaHUEM
HAaHOMATEpUAJIOB PA3JIMYHOTO TPOUCXOXKIICHHS B CHUCTEME
COXpaHECHHMsI ¥ PAllMOHAIBLHOTO HCIIOJIB30BAHHS T'eHETHYEC-
KHX PECYPCOB CEIILCKOXO3SIMCTBEH-HBIX XUBOTHBIX.

KuroueBble c10Ba: 3sKy/IMPOBaHHBIE CIIEPMATO30HIbI, XPSIK,
HaHOMAarepuall, BBICOKOIUCIIEPCHBII KPEMHE3eM, KPUOKOH-
cepBanus, COXpaHeHUs rTeHO(poH1a
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