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Animal husbandry

PE3IOME

B crathe mpencTaBIeHBI pe3yabTAThl HCCIICAOBAHHWN BIMSHUS TEHETHYECKUX (PAKTOpOB Ha
OIJIOJIOTBOPSIFOIYI0 ~ CHOCOOHOCTh W TOKA3aTeld  KavyecTBa  CHEPMOIPOMYKIMUA  OBIKOB-
MPOU3BOJUTENEH MSCHBIX TTOPO/I.

OcHoBHasi 1eib paOOTHI: ONpeACTICHUE BIUSHHUS TOPOAbI M CTPaHbl MPOUCXOXKICHWS Ha
KOJINYECTBCHHBIC M KAYECTBEHHBIC MMOKA3ATEIH CIIEPMANPONYKIIMUA OBIKOB-IIPOU3BOIUTENCH MSCHBIX
MOPOJI ¢ Pa3IMYHBIM TEHOTHUIIOM M B3aUMOCBS3b UCCIIEAYEMBIX CEJICKIIMOHHBIX MIPH3HAKOB.

Hayuno-uccrnenoBatensckue pabOTHl NPOBOAWINCHE B AKMOJMHCKOW obOmactu. OO0beKToM
UCCIICIOBAHUS SIBIISIFOTCS OBIKM-TIPOU3BOJUTENN Ka3aXxCKoil OenoroioBoil, adepJAWH-aHTYCCKOH |
repedopackoit nopozsl. [IpakTrueckas yactb paboTh! ocymiecTBisiack Ha 6aze AO "Acwin Tymik" Ha
3J0POBOM TIOTOJIOBbE C COOJIOAGHHUEM BCEX BETCPHUHAPHO-CAHUTAPHBIX TpeOoBaHmid. s
WICCITEIOBAHMUS OTUIOZOTBOPSIONIEH CIIOCOOHOCTH CHEepMBI OBIKOB TTOMYYEHBI TOKazaTrenu 18 OBIKOB: 1O
Ka3axCKOW OeIIoroyioBoi mopose-6 ObIKOB, abepanH-aHTyc-6 OBIKOB, repedop - 6 6bikoB. OcemeneHo 5610
KOPOB H TEJIOK: 10 KazaxcKoi Oenoronosoi nopone-2190, abepaun-anryc-2160, repedopxn - 1260.

Ilo pesynbpraTram uccieqOBaHHUsS YCTaHOBIEHO, YTO OIUIOJOTBOPSIOMIAs — CHOCOOHOCTD
OBIKOB Ka3axCcKoW OesorojoBoi mopozsl komnednerca B mpenenax 47-60%; abepauH - aHTycoB — B
npenenax 30-59%; repedopackoii mopossl - B ipeaenax 45-60% u Ha moka3aTelid CIIePMOMPOTYKITHH
ObIkoB-Tipon3BoAuTeNeH BiuseT 38% reHernueckux (akropos. 13 Hux 22,0% mo renoruny, 14,0%
1o nopoze u 1,5% no crpaHe NpoUCXOXKACHUS.

TYUIH

by makamaga erti GaFpITTaFrbl TYKBIMIBIK OYKanapblH YPHIKTAHIBIPY KaOijeTiHe XKoHE YPBIK
OHIMIHIH CcaMalbIK KOPCETKIITEepiHe TeHETHKANBIK (AKTOPIAPIBIH JCEPiH 3epTTey HOTHKeNepi
KOpCETIITEH.

JKyMBICTBIH HETi3ri MakcaThl — OpPTYpJi TEHOTHITI €TTI OarbITTaFrbl TYKBIMABIK ©HIIPYIIi
OyKamapJplH MIOYeT OHIMIUITIHIH CaHIBIK JKOHE CamajblK KOpCEeTKIMTepiHe Mal TYKbIMBI MEH
IIBIKKAH CJIiHIH 9CEPiH XKOHE 3ePTTEIICTIH CENCKIMIIBIK OeNriiepAiH OaillaHbIChIH aHBIKTAY.

FrutbiMu-3epTTey KYMBICTaphl AKMONA OOJBICBIHAA JKYPTi3iUiai. 3epTTey HBICAHBI PETiHAEC
Ka3aKThIH aK0achl, a0EpIUH-aHTYC JXOHE Tepedop] TYKBIMIAPBIHBIH achUl TYKBIMJBI OyKaslapbl
anprHAbl. JKyMBICTHIH ToxipuOenik Oemiri «Ackur Tynik» AK 6a3aceiHna 0apiblK BeTEepUHAPHSITBIK-
CaHMTAPUSUIBIK TAJANTAP/bl CaKTall OTHIPHII, cay Maji Oackl OoifbHIIA *Kyprizinai. byka moyeriHig
YPBIKTAaHABIPY KabineTiH 3epTTey yuriH 18 6ac OyKaHBIH KOpPCETKIIITepi allbIHBI: Ka3aKThIH ak0ac
TYKBIMBI YIIiH — 6 Oyka, abepauH aHryc — 6 Oyka, repedopa — 6 Oyka. 5610 cublp MEH KYHaXbIH
YPBIKTAHABIPBUIIBL: Ka3aKThIH ak0ac TyKbIMbI OoiibiHIIa — 2190, abepaun-anryc — 2160, repedopa —
1260.

3eprrey HOTHXKENepi OOMBIHIIA Ka3aKThIH aK0ac TYKbIMBIHBIH OYKalapblHBIH YPBIKTAHIBIPY
KaOineri 47-60% apaneirbiana; AGepauH-anryc Oykamapeinaa — 30-59% apaceinpa; ['epedopn
TyKbIMbIHIA — 45—60% >xone 38% nuana3oHbl apaybIFBIHAA ATATBIKTAPABIH CIIEPMAaTO30UATAPBIHBIH
Ty3llyiHe TeHeTukanblK (akropmap ocep erkeH. OHblH 22,0%-bI reHoTHHI OoiibIHIIA, 14,0%-bI
TYKBIMJIBUTBIFBI OOWBIHINA KoHE 1,5%-bI IIBIKKAH eniHeTHeCLT OOIbI.
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THE QUALITY OF BIOLOGICAL MATERIAL IN EMBRYO TRANSPLANTATION

ANNATATION

This article presents the results of embryo transplantation in Pobeda LLP, one of the largest
farms in the Pavlodar region. New economic conditions dictate the need for identification of selection
works to the improvement of breeding and productive qualities of animals. This in turn requires
improving the efficiency of artificial insemination method and wider use of embryo transplantation.
The main objective of the embryo transplantation method is obtaining maximum number of valuable
genotypes of animals from highly productive mothers and fathers, evaluated by the quality of
offspring.

In this regard, there is an urgent need to rethink the definition of old and new, original
approaches to research in the chosen field of knowledge with the creation and use of fundamentally
new methods. However, modernization prospect and practical application of biotechnological method
of embryo transplantation for the purpose of overcoming problems in dairy cattle breeding and further
development of the industry is impossible without establishment of modern theoretical concepts,
systematization, analysis and generalization of the accumulated in the last twenty years, experimental
data and manufacturing experience.

Therefore, the embryo transplantation method has been used at the farm "Pobeda" to solve these
problems and our goal was to develop and improve the technology to produce not less than 6 embryos
per retrieval per donor, to study their qualitative characteristics and to achieve a high engraftment of
embryos during transplantation and that experience is summarized here.

Key words: Biotechnology, transplantation, donor, recipient, ovulation, synchronization,
morula, blastocyst.

Introduction. An effective way to increase productivity in dairy and beef cattle breeding is the
use of biotechnological methods of accelerated reproduction of the most valuable parental genotypes
[1,2,3].

Notable progress has been shown over the past 20 years in implementation of the assisted
reproductive technologies in cows in advance with the study of stages of embryo development,
qualitative characteristics of embryos with the purpose of determining suitability for transplantation.
Modern biotechnological methods of cattle reproduction include artificial insemination of cows, deep
freezing of semen, the technology of embryo transplantation. The main advantages of the latter are,
firstly, the possibility of regulation of multiple pregnancies and increasing the intensity of selection
replacements; secondly, there is a possibility of quick reproduction of highly productive animals,
including donor herd of cows, which directly have characteristics of high productivity [4].

A cow can reproduce up to 6-8 calves during its life and with the use of transplantation
technology, tens or hundreds of descendants with highly economically valuable traits. The use of this
method makes it possible to obtain 50-60 embryos suitable for transplantation from one donor cow
per year, or 25-30 newborn calves [5].

Currently the work of livestock breeders is very difficult and demanding as it needs using new
technologies in order to improve productivity. Thus, biotechnology in the process of cattle
reproduction and breeding is of particular importance, since this type of animals belongs to the
singleton species of mammals, while cow ovaries contain hundreds of thousands of immature eggs -
oocytes, representing a huge genetic reserve [6,7].
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In Kazakhstan the work on embryo transplantation based on global experience began in the last
years. Embryo transplantation is regarded not as a substitute but as a complement to the method of
artificial insemination. Using this method differently can significantly increase the genetic value of
farm animals, successfully overcome some forms of infertility, provide favorable conditions for the
implementation of special breeding programs [8,9,10].

Expansion of embryo transplantation technology has allowed to conduct some series of studies
to improve and control the processes of separation and freezing, zygote transplantation and determine
the time and place of their application. These achievements are very valuable in the study of genetic
parameters and functions of farm animals reproduction [11].

The main stages of embryo transplantation using the in vivo technique is superovulation, egg
fertilization, zygote formation, and then its fragmentation and blastomerization. Knowledge of the
oocyte morphology makes it possible to control the development of the donor cow embryos, starting
from the process of obtaining embryos by washing, and thus allows the assessment of the embryo and
determining its further development [12,13,14].

In this regard, the introduction of embryo transplantation technology for the development of
cattle breeding is justified. Practical application of this method in the dairy and beef cattle provides
intensive breeding of animals with a high genetic value, accelerates obtaining of valuable breeding
bulls, whose mothers are outstanding ancestors, enhances the effectiveness of breeding, recovery of
herds from several diseases [15,16,17].

Pavlodar region is the region with the developing cattle breeding, where administration in
cooperation with academic institutions developed and implemented a program of state support and
working on the study of adaptive and productive qualities of cattle imported breeds of foreign
selection. In these favorable conditions for the development of animal husbandry in the region
implementing embryo transplantation technology based on imported breeds of cattle with the aim of
obtaining valuable genotypes is justified and forward-looking [18,19,20].

Research material and methodology. The study was carried out from 2020 to 2021 in the
Pobeda LLP of the Pavlodar region (Republic of Kazakhstan). 10 heads of record-breaking cows of
the Simmental breed were selected as donors. The donor cows were selected according to zootechnical
data analysis. These were healthy animals with no gynecological diseases, weighing 550-650 kg,
giving 6000-8000 kg of milk perlactation, and having from 2 to 5 lactations. To induce superovulation
in cows, a folliclestimulating hormone was used (Pluset, Laboratorios Calier, S.A., Spain). Hormone
injection was performed intramuscularly twice in decreasing doses for 4 days (10 mL in total). The
order of administration of the hormone was as follows: On the first two days, 1.5 mL in the morning
and evening, and on the third and fourth day, 1 mL. In conclusion, 4 mL of prostaglandin
(Magestrophan, Mosagrogen JSC, Russia) was injected in the morning and evening for the rapid
manifestation of cow heat. The superovulation pattern of donor cows is shown below.

Table 1 — Donor Superovulation Pattern

Pluset hormone (KDAG)
The time of the sexual cycle It's morning 06:00 | o'clock in the evening 18:00
0 day Avrrival of donors
11 day 1,5mL 1,5mL
12 day 1,5mL 1,5mL
13 day 1,0 mL 1,0 mL
1,0 mL +2,0 mL 1,0 mL +2,0 mL
14 day prostaglandin (Magestrophan) prostaglandin (Magestrophan)
Day 16 or cycle day 0 (due Acrtificial insemination Artificial insemination
date) (with 2 amounts of semen) (with 2 amounts of semen))
7 days of the cycle embryo abortion

At the end of hormonal treatment, the manifestation of heat was detected in each cow under

study, according to external signs and behavioral changes. Artificial insemination was carried out
twice (in the morning and the evening, two doses each) with the sperm of a bull assigned to each
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donor cow. On the 7 th day after artificial insemination, the embryos were washed out of the uterine
horns with Dulbecco solution, which was collected into a container after treatment, controlling the
volume of fluid.

After the embryos were deposited on the bottom of the bottle, the upper part of the solution was
drained using the siphoning effect. The remaining solution at the bottom of the bottle with a volume of
up to 5 cm3 was gently shaken and poured into Petri dishes. Embryo detection was performed using a
Nikon SMZ-745 microscope, with a magnification of x50-100 or more. The quality of the embryos
was assessed according to morphological parameters by stereomicroscopic examination.

Using of embryo transplantation method we have tried to solve another problem — obtaining
valuable adaptive genotypes of donor animals of imported breeds, transplants from highly productive
mothers and fathers. The local cows that carry embryos are recipients. Many imported breeds poorly
adapt and do not realize their genetic potential when being brought into new conditions.

Research results discussions. Morphological assessment of embryos is one of the main
methods of integrated assessment. Its aim is embryo selection suitable for conservation and
transplantation, culling degenerated embryos and identification of anomalies in their development.
Decisive importance in assessing the quality of transplanted frozen - thawed embryos is their viability,
checked by culturing in vitro or transplantation to recipients.

Table 2 — Quantity and quality of embryos received from Simmental breed

uantity of .
Nickname, cow’s recc?ived er¥1bryos Embryo quality
number Total Suitable Unsuitable
n % n % n %
23123 4 100 4 100 - -
70775 23 100 16 69,5 7 30,5
16533 15 100 10 66,6 5 33,4
91773 10 100 6 75,0 4 25,0
97621 8 100 6 75,0 2 25,0
06935 7 100 4 57,1 3 42,8
84162 4 100 3 75,0 1 25,0
85085 4 100 3 75,0 1 25,0
80223 0 0 - - - -
02136 0 0 - - - -
Total 75 100 52 69,3 23 30,7

According to our research out of 10 donors only 8 cows reacted. The results of embryos quality
evaluation showed that 75 embryos were flushed from those donor cows out of 10 donor cows, the
embryos from 2 cows were not received, 52 embryos turned out to be suitable for transplanting which
is 69.3 %. The number of flushed embryos varies from 0 to 23, the results obtained indicate that the
total number of produced embryos also depends on the individual characteristics of the donor.
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The efficiency of transplantation is largely determined by the method of extraction of the
embryos. Fertilized eggs from superovulated donor cows can be extracted in three ways: after the
slaughter of donor cows; surgical; non-surgical. The easiest and most reliable method of extraction of
the embryos is slaughter of donor cows. This method was practiced only in the early stages of
development of the method of transplantation. At the present time it is not used because of the loss of
genetically valuable donor cow.

The important point, ensuring the efficiency of extraction of embryos, is the definition of the
stage of their development and location in the genital tract of the donor cow.

At the farm "Pobeda" we extracted the embryos using a non-surgical way as the part of our
research work. The main advantage of non-surgical method of extraction of the embryos is the ease of
manipulations.

It does not require special operating room. Washing-out was repeated 5-8 times. The main part
of the embryos was extracted in the first three or four wash-outs. It took approximately 50 minutes to
wash-out both horns of the uterus, including the establishment of catheters. During this time, more
than 50 % of the embryos were extracted at the stage of morula or blastocyst.

After extracting and assessing the viability we transferred embryos in a nutrient medium with
the temperature of 37 degrees. Most of the nutrient mediums where the embryos were cultivated and
stored, included solutions of salts, amino acids with bicarbonate ion as a buffering agent providing a
pH in the range of 7.2 and 7.6. Our studies showed that the duration of cultivation without loss of
biological qualities of embryos is possible up to 95 hours.

The indicators of morphological assessment are very important, because the visible diversity is
an indicator of internal physiological and biological inferiority of embryos.

Special attention is paid to the fluctuation of the volume of embryos, their shape, integrity, state
of the transparent membrane and protoplasm.

The biologically usable are considered to be the embryo which has a spherical shape,
homogeneous cytoplasm, undamaged transparent membrane, equally sized blastomeres with tight
intercellular contact and must comply with the level of crushing, the age from the moment of
fertilization until its extraction.

The normal morula has the shape of a sphere. Doubling the number of blastomeres in morula
occurs every 24 hours. The degree of fragmentation of embryos in the early period may be due to the
lengthiness of ovulation. Some morula have individual cells that can bulge, they may have small
bubbles on their surface.

Along with the assessment of the quality of embryos, the stage of embryo development was
studied, as embryo’s settling down depends on its development.

Table data on stages of development show that 52 embryos were transplanted, 5.8 % of which
was at the early stage of morula, 57.7 % at the stage of compact morula, 28.8 % at the early stage of
blastocyst and 7.7 % at the stage of blastocyst.

Table 3 — Stage of embryo development of cows of Simmental breed

Number | Total number Stages of embryo development
é)f the of embryos Early Compact Early Expanded
onor- Blastocyst
COW morula morula blastocyst blastocyst
n % n % n % n % n % n %
23123 4 100 - - 2 50 2 50 - - -
70775 16 100 - - 10 | 625 3 18,7 3 | 18,7 - -
16533 10 100 2| 20 5 50 3 30 - - - -
91773 6 100 - - 4 67 2 33 - - - -
97621 6 100 1| 20 3 50 2 30 - - - -
06935 4 100 - - 2 50 2 50 - - - -
84162 3 100 - - 1 33,3 1 33,3 1 | 333
85085 3 100 - - 3 100 - - - - - -
Total 52 100 3] 58 | 30 | 57,7 15 28,8 4 7,6 - -
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The data on the assessment and development of embryos corresponds to the requirements of
transplantation which will provide a high percentage of embryo survival and receiving of transplant
calves.

Figure 1 — Viable embryos for transfer

As it has been noted above, the embryos were transplanted to healthy heifers of local black -
motley breed with a live weight of 380 to 420 kg above the average fatness in order to obtain the
adaptive animal. The main indicator of recipient selection was the absence of gynecological disorders,
and productive, breeding and breed qualities was not so important. However, recipients with poor
body condition, low fertility after the first insemination, may have problems with settling down the
embryos.

On average, 5-6 recipients were collected for each donor. Most experts believe that
physiologically developed heifers with good breeding conditions are more suitable as recipients.

The basic condition of good implantation of embryos is synchronous manifestation of sexual
hunting of donors and recipients. The time difference in the manifestation of sexual hunting should not
exceed 24 hours, the optimal results are obtained when the difference is not more than 12 hours.The
modern level of techniques of transplantation recommend to transplant embryos immediately after
their extraction from the horns of the uterus of the donor and evaluation.

Animal genetic resources are valuable and strategically important capital of any country, since
they are connected with the problem of providing the population with food, industry with raw
materials.

According to Boettcher P., Gandini G. to preserve the gene pool of farm animals is necessary to
carry out activities at two levels: the population and cell biotechnology.

At the population level relic farms should be established in different regions for the
conservation of endangered species and populations of animals in genetic pool preserving farms;
obtaining from them a sufficient number of gametes and embryos and their further cryopreservation;
accelerated reproduction of valuable species by transplanting embryos; genetic expertise of existing in
the country and imported into the country breeding animals to protect genetic resources of
Kazakhstani livestock from drift of undesirable genes. The need for these activities is due to the
possibility of harmful genes importation, fraught with the most unpredictable and undesirable
consequences.

According to M. Ayatkhanuly, T. Bekseitov one of the key points for rapid multiplication of
valuable genotypes of animals is the development of fundamental and applied bases of
biotechnological techniques such as embryo transplantation, aimed primarily at maximizing the use of
reproductive abilities of donor cows. For a more complete use of this huge genetic potential as an
indispensable tool serves a biotechnological method - embryo transplantation in combination with
hormonal induction of superovulation.

Zh. Almantay notes that embryo transplantation plays an important role in dairy and beef cattle
of the country, and its importance will continue to grow, as it allows a better use of biological reserve
of females to improve livestock production.

T. K. Bekseitov, R. B. Abeldinov note that Kazakhstan has taken timely measures to solve
fundamental problems of conservation and accelerated reproduction of valuable and rare genotypes.
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Conclusions. The results of studies on the stages of embryo development, assessing the embryo
quality meet the physiological parameters, the results will increase the percentage of embryos
engraftment and obtain a large amount of valuable transplant-calves.
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TYWUIH

byn makanaga [laBmomap oOnbIchIHAAFHI ipi mapyamsmbikTapasH Oipi «Ilobena» XILC-na
SMOPHOH TpaHCIUIAHTAMSIAY >KYMBICTAPBIHBIH HOTHXKeJepl KepceTireH. JKaHa 3IKOHOMHUKAIBIK
JKarmainap kaHyapiap[blH achbUl TYKBIMJBIK JKOHE OHIMILIIK KAaCHETTEPiH JKaKcapTy YIIiH
CCJICKIMSUTBIK  KYMBICTAPJbl aHBIKTAY KAKCTTUIIH TybIHIATaAbl. byJl €3 Ke3eriHae KoJaaH
YPBHIKTaHABIPY SAICIHIH THIMALIITIH apTTHIPY/bI )KoHE SMOPHOHIAP/BI TPAHCIUIAHTALUSIIAYIbl KEHIHEH
KOJJIAaHYJbl TaJlall eTeli. OMOPHOHAAPAbl TPaHCIUIAHTAIMSIAY OJICIHIH HEri3ri MakcaTbl —
YpIIaKTapbIHBIH CanachbiMeH OarajlaHaThIH, OHIMJLUIITT KOFaphl aHAJBIKTAP MEH aTalIbIK MalaapiblH
KYHJIBI TCHOTHUIITEPiHIH MaKCUMAJIbI CAaHbIH alTy.

OcpiFad OaiimaHBICTBI TaHJAFAH OLTIM callaCBIHAAFBI 3€PTTEYNIEpPre eCKi )KOHE JKaHa, O31HIIK
KOe3KapacTapAblH aHBIKTAaMAachIH TyOereilyli jkaHa ONmICTEpAl KYpy XoHE KOJNJaHy apKbUIbl KaiTa
KapayJaplH IIVFBIT  KWKETTUTrN  TybIHAAWABL. — Ajaifma, CYTTi Mal [IapyamlbUTBIFBIHIAFbI
npoOiiemManapapl  €HCepy JKOHE CalaHbl OJaH opi  JaMBITy MaKCaThlHAAa 3MOPHOHIAPIIBI
TPaHCIUIAHTALMSIIAYABIH OMOTEXHOJOTHSIIBIK 9MICIH COHFBI KHBIPMa JKbUIAA, TOKIPHOETIK JepeKTep
MEH OHIPICTIK TaKipuOenaepai MOAepHHU3AIMIIAY MEPCIEKTUBACH MEH MPAKTHUKAIBIK KOJJAaHBLTYBI
Ka3ipri TEOPHSUTBIK TYKbIpbIMAaMalapbl, )KyHeIeyai, Talaayabl )KoHe JKUHAKTaTFaH Ikl JKaIblIaMait
MYMKiH eMec.

ConnpikTan ocbl  Mocenenepai memy yurH «[lobema»  kayamkepumijiri —mekTeysi
CepiKTecTiriHae SMOPHOHIAP/IbI TPAHCIUTAHTALIMSIIAY O/IiCiH KOJIJIaHy apKbUIbl Oip JOHOpJAH opTaiia
6 SMOpHOH anyFa OONATHIHBIFBIH, ANBIHFAH YMOPHOHIAP/IBIH CAHBIK KOHE CaraiblK KOpCeTKIIITEePiH
Oaranar, Tajjiay KYMBICTapbl )KYPri3iJii.

PE3IOME

B nmaHHOW cTaThe TMpelncTaBICHBl pPE3YNbTAaThl Pa0OTHI IO TPAHCIUTAHTAIUM 3MOPHOHOB
B TOO «llobena», omHOM M3 KpynHe#mux xo3siicts [laBnomapckoii odmactu. HoBble skoHOMHUYECKHE
YCIIOBUS TUKTYIOT HEOOXOAUMOCTD BBISIBJICHHS CEJIEKIIMOHHBIX pa0OT MO yIYYIICHUIO IJIEMEHHBIX U
MPOAYKTUBHBIX KA4eCTB JKUBOTHBIX. JTO, B CBOIO OYepeiab, TpeOyeT MOBHIIEeHUs 3()PEeKTHBHOCTH
METOJ]la HMCKYCCTBEHHOTO OCEMEHEHHS ¢ Ooliee IMUPOKOTO WCIIONBb30BaHUS TPAHCIUIAHTAINH
sMOpuoHOB. OCHOBHOW 3a7adell MeToJa TpPaHCIUIAHTAIlMK SMOPHUOHOB SIBISIETCS TONydYEHUE
MaKCUMAJIBPHOTO KOJIMYECTBA IIEHHBIX T'C€HOTUIIOB >KMBOTHBIX OT BBICOKOIPOIYKTHUBHBIX MaTepe
OTIIOB, OIICHUBAEMBIX 10 KAYECTBY ITOTOMCTBA.

B cBsI3M ¢ 3TUM BO3HHUKAET OCTpas HEOOXOAUMOCTH MEPEOCMBICIICHHUS OIPEICIICHUs CTapOro U
HOBOTO, OPUTHHAIBHBIX TOIXO0JI0B K MCCIEAOBAHMSAM B BHIOPAaHHOW 00JIACTH 3HAHWM C CO3JAHHEM H
WCITOJIb30BAaHUEM TIPHHIMIIAATLHO HOBBIX MeTOA0B. OHAKO TEpCIEeKTHBAa MOJCPHHU3AINN U
MPAKTHYECKOE MPUMEHEHHE OHMOTEXHOJIOIMYECKOr0 METOJa TPAaHCIUIAHTAI[MKM SMOPHOHOB C IIEJIBIO
MIPEOJIOJICHNS TPOOIIEM B MOJIOYHOM CKOTOBOJICTBE M JTAJTBHEHIIETO Pa3BUTHS OTPACTH HEBO3MOXKHEI
0e3 co3maHus COBPEMEHHBIX TEOPETUUYECKUX KOHIISIITUH, CUCTEMAaTU3allid, aHaldn3a U 000OIICHIS
HAKOIUJICHHBIX 3a MOCJIEIHUE MABAALATH JIET 3KCIECPUMEHTANBHBIX JaHHBIX U MPOU3BOJCTBEHHOTO
OITBITA.

IMoatomy s pemieHuss 3THx 3agad B xo3siictBe «lloOema» OBUT KCIONB30BaH METOJ
TPaHCIJIAHTALMKH 3MOPHOHOB, IEJIBIO KOTOPOro ObUIO pa3padoTaTh W YCOBEPIICHCTBOBAThH
TEXHOJIOTHIO TIOJIYYCHHs He MeHee 6 IMOPHOHOB 3a OJIHO M3BJICUECHUE Ha OJHOIO JIOHOPA, U3YUYUTh UX
KAYECTBCHHBIC XapaKTEPUCTUKH U JOOWUTHCS BBICOKOH MPIDKUBISEMOCTH AMOPHOHOB TIpH
TPaHCIIAHTAIIMH, W 3TOT OMBIT 0000IIeH B JaHHOI paboTe.
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