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Abstract. The article presents an overview of the biogenic agro-ecological risks in crop production,
to reduce which it is possible to use biotechnological approaches. Ways to reduce the negative impact
of the two most common harmful objects, the colorado potato beetle (Leptinotarsa decemlineata Say)
and phytophthoras (Phytophthora infestans (Mont.) De Bary), which lead to significant losses of potato
yield, are considered. It is shown that the currently used methods of plant cell engineering (somatic hybridiza-
tion and microclonal reproduction) are environmentally sound biotechnological methods of controlling
black eye rot potato. The need to develop genetically engineered methods is associated with an exacer-
bation of biogenic agroecological risks, the reduction of which is an important approach is a proactive
introgressive breeding strategy based on cell engineering and molecular methods.
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PacrpoCTpaHEHHBIX BPEJOHOCHBIX OOBEKTOB: KOJIOpaACKOro xyka (Leptinotarsa decemlineata Say)
u purodropsl (Phytophthora infestans (Mont.) de Bary), npuBosiux K 3HaYUTEIbHBIM ITOTEPSIM ypOXKast
kaproderns. [IpoBeseH aHaIM3 BO3MOXHBIX TOTCHIIMATBHBIX PUCKOB, CBSI3aHHBIX C HCIIOIb30BAHMEM TPaHC-
TeHHBIX OpraHn3MoB. [1oka3aHo, 4TO IpIMEHsEMBIE B HACTOSIIIEE BPEMsI METObI KJIETOYHOH HWH)KEHEPUH
pacTeHnit (coMaTH4ecKash THOpPUAN3ALHS U MUKPOKIOHAJIBHOE PAa3MHOKEHHUE) SIBIISIOTCSI SKOJIOTHYECKH
OIpaBJAHHBIMH OMOTEXHOJIOTHYECKUMHU criocobamu O0opsObl ¢ urodropo3oM. TTorpedHOCTL pazpaboTKu
TEHHO-HHKEHEPHBIX METOJIOB CBsI3aHa ¢ 000CTPEHHEM OMOTEHHBIX arpOIKOJIOTHYECKHIX PUCKOB, TS CHIDKEHHS
KOTOpPBIX 3()(heKTUBHA CTpaTErusl YIPEeXKIAMOIIEH HHTPOIPECCUBHON CENIEKIMH, OCHOBAaHHOM Ha KIICTOYHO-
WHXCHEPHBIX U MOJICKYJISIPHBIX METOJIaX.

KiioueBble cj10Ba: OHOTCHHBIE arpOIKOIOTHYECKHIE PUCKH, MUKPOKIIOHATIEHOE Pa3MHOKEHHUE, TPAHC-
reHHele pacteHust, Solanum tuberosum L., Leptinotarsa decemlineata Say, Phytophthora infestans
(Mont.) de Bary

Hcrtopus craTbu:
[Moctynuna B penakimto: 7 aBrycra 2019 r. [lpunsara k nmyoaukaun: 28 Hosops 2019 .

Jluist uuTHpOBaHUS:

Jlenusxo C.M., Botixo B.M. BuoTexHOIOrmYIecKie OIX0/Ibl, CHIDKAIOIIE OMOTEHHBIC PHCKH B pacTe-
HUCBOJICTBE, Ha mpuMepe kaprodeis // Bectauk Poccuiickoro yHHBepcuTeTa APYIKOBI HAPOIOB.
Cepust: ArporoMus U )KUBOTHOBOACTBO. 2019. T. 14. Ne 4. C. 403—422. doi: 10.22363/2312-797X-
2019-14-4-403-422

Potato productivity in the Republic of Belarus and Russia

Against the background of increasing potential risks due to adverse changes
occurring in the biosphere, one of the most important tasks is to obtain high crop yields.
Efficiency of all agricultural production directly depends on productivity of crop produc-
tion. A plant organism that can transform the energy of the sun into the energy of organic
compounds is a fundamental link in production of food, feed, raw materials, fuel, and
medicines. Intensification of crop production in modern conditions should be based
on a reasonable combination of traditional approaches with new technologies.

Potato (Solanum tuberosum L.) is the second most important agricultural crop
in the Republic of Belarus, only in the last five years slightly inferior to rapeseed.
The Brest region steadily ranks second in lands under potato in farms of all categories.
However, according to Belstat (Fig. 1), potato yields in the Brest region are reduced
in comparison with this indicator for the Republic of Belarus and a number of regions.

Problem of productivity in potato industry of the Republic of Belarus and Russia
is aggravated against the background of observed tendency to reduce sown areas. Bet-
ween 1995 and 2015, lands under potatoes in the Republic of Belarus decreased 2.3 fold,
in Russia — 1.6 fold and they continue to decline annually (Table 1). Performance
of potato production level, defined by the national doctrines of food security of the two
countries, is impossible without yield increase. Despite the growth of this indicator
in 2015 compared to 1995 (in the Republic of Belarus — by 48%, in Russia — by 34%),
the average potato yield in two countries is several times lower than the average value
for Western Europe (Table 2). According to statistics of the United Nations Food and
Agriculture Organization (FAO), in Germany and the Netherlands — the largest potato
producers among European countries — reduction of croplands over 20 years was not so
high, and since 2015 there is an inverse trend. The high average potato yield in these coun-
tries makes it possible to achieve significant productivity in relatively small lands.
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Fig. 1. Potato productivity in the Republic of Belarus
and the Brest region in 1995—2017, t/ha [1]
Table 1
Potato land dynamics in 1995—2017, thousand ha [2]

Country 1995 2000 2005 2010 2015 2016 2017
Russia 3390 2817 2273 2109 2112 2031 1889
Republic of Belarus 725 661 461 367 310 292 276
Germany 315 304 277 254 237 243 251
Netherlands 179 180 156 157 156 156 161

Tabnvua 2
Potato yield dynamics in 1995—2017, t/ha [2]

A country 1995 2000 2005 2010 2015 2016 2017
Russia 11.8 10.5 12.4 10.0 15.9 15.3 15.7
Republic of Belarus 13.1 138.2 17.7 21.4 19.4 20.5 23.2
Germany 31.4 43.3 42.0 39.9 43.8 44.4 46.8
Netherlands 41.0 45.7 43.4 43.6 42.7 42.0 46.0
Western Europe 35.1 42.7 421 41.2 42.9 41.3 44.9

The problem of low potato yields in the Republic of Belarus and Russia, apart from
technological, organizational and economic factors, is directly related to the biogenic
risks of cultivating this crop. The shortage of potato harvest is due to the increasing
harmfulness of diseases caused by fungal, bacterial and viral pathogens, as well as
insect pests. We consider the methods proposed by modern biotechnology to reduce
the negative impact of the two most common harmful objects: the Colorado potato
beetle (Leptinotarsa decemlineata Say) and phytophthora (Phytophthora infestans
(Mont.) De Bary), which lead to significant losses in potato harvest.
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Biotechnological approaches
in the control of late blight

Late blight is one of the most harmful potato diseases. Blight affects aerial part
of plants and thereby reduces assimilating surface during tuberization, and also causes
rotting of tubers during storage. In the Republic of Belarus, strong outbreaks of the dis-
ease with 30...50% yield losses are observed every 2—3 years.

The main late blight control methods, actively used for several decades of XX cen-
tury and in the new century include cultivation of resistant potato varieties and fungicide
application. The latter method, despite its effectiveness, is unsafe for human health and
poses the problem of increasing chemical load on agrocenoses, and, as a consequence,
deterioration of ecological state of the environment. Therefore, for sustainable de-
velopment of potato growing in modern conditions, along with the use of effective
agrotechnical measures, the creation of new potato varieties highly resistant to P. Infes-
tans is required, which will significantly reduce chemical treatments during plant
vegetation.

Resistance to P. infestans of previously developed varieties was determined
by the presence of R genes transferred by the method of distant hybridization from wild
potato variety Solanum demissum [3]. However, high variability of P. infestans mani-
fested itself in formation of new pathogen forms capable of overcoming protective reac-
tions of resistant varieties based on S. demissum R genes. According to Yu.T. Dyakova,
frequency of spontaneous mutations in P. infestans at one locus per 1 ha reaches 1,000.
It is a high pathogen mutation rate that can provide the level of variability necessary
for all kinds of adaptations [4]. The process of variability has sharply intensified since
1984, when new phytophthora populations with two types of sexual process Al and A2
migrated from Mexico to the area of intensive potato cultivation [3]. The appearance
of the A2 type in the Republic of Belarus significantly aggravated harmfulness of late
blight, because racial composition became more complicated, spectrum of virulence
expanded, pathogen's aggressivity and its resistance to existing pesticides increased [5].

A promising strategy that opposes the rapid loss of potato resistance to late blight
is creation of new varieties that retain high resistance to many races of late blight
for a long time. Combination of several resistance genes from wild potato variety
in one plant (gene pyramidation) makes resistance long-term, since the totality of trans-
ferred genes provides recognition of various pathogen races. A change in the racial com-
position of the pathogen in agrocenosis will not lead to a significant decrease in the
productivity of plants with long-term resistance. Such selection is called proactive [6].
The effectiveness of potato introgressive selection can be improved by developing
a new source material with complex resistance to late blight both of the aerial parts
of the plant and tubers. A decisive role in increasing potato resistance to late blight
is played by a targeted search for sources of valuable genes using marker-associated
selection methods. Molecular markers make help to distinguish plant forms resistant
to different pathotypes of the same pathogen, which significantly accelerates selection
of resistant genotypes and their inclusion in the breeding process.
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Interspecific hybridization has been used in practical potato selection for several
decades. Moreover, the transfer of resistance genes from wild species of the genus
Solanum, growing in the Americas, to S. tuberosum during sexual hybridization is limited
due to physiological and genetic incompatibility. Overcoming incompatibilities with
the distant hybridization of cultured tetraploid potatoes with wild-growing species
became possible thanks to the development of a number of biotechnological methods.

The method of somatic hybridization is based on the fusion of protoplasts isolated
from somatic cells of various plant species under in vitro conditions. Somatic hybridi-
zation bypassing sexual process allows developing new source material (complex inter-
specific hybrids of three or more parent cells) with valuable traits from wild species
to expand the genetic potential of potato breeding. The advantages of somatic hybridi-
zation include combining in one genome not only cultivated potato genes and phylo-
genetically distant wild relatives, which have more than 230 potatoes, but also cyto-
plasmic organelle genes (mitochondria, plastids), which ensures developing of qualita-
tively new interspecific hybrids [7]. Interspecific somatic potato hybrids are obtained
in many countries, among which the Republic of Belarus. Somatic hybrids with 10 wild
potato species inaccessible for sexual hybridization have been developed at Scientific
and Practical Center for Potato, Vegetable and Fruit Growing (National Academy of
Sciences of Belarus) by somatic hybridization. Despite the attractiveness of somatic
hybridization, development of plant varieties, including potatoes, obtained on the basis
of somatic hybrids, remains a rare phenomenon, since there is a problem with fertility
of somatic hybrids and their ability to generate viable offspring when crossed with
cultivated potatoes [8].

Another environmentally effective biotechnological method of controlling tuber
blight, which reduces quality of planting material during storage, is the method of micro-
clonal propagation of test-tube plants, which allows to obtain in sufficient quantities
material free from fungal, and viral pathogens.

Microclonal propagation makes it possible to obtain genetically identical clone
plants under in vitro conditions. It includes three stages: introduction of a cloned plant
into explant culture; plant regeneration and its propagation in the required number
of copies; stimulation of root formation in microplants and their adaptation to in vivo
conditions. Obtaining healthy potato microplants starts in the first year according
to a four-year seed-growing scheme of virus-free potato planting material. Breeding
institutions organize this work. At the first stage, tubers are taken from obviously healthy
plants and germinated. An apical meristem is isolated from sprouts under aseptic condi-
tions and cultivated on nutrient media in phytotrons with controlled light and tempera-
ture conditions. Plants regenerated from the meristem are propagated by multiple cuttings
according to the number of internodes to the required number of copies. Diagnosis
of pathogen presence is mandatory. Healthy potato test plants are transferred to seed
farms for mini-tubers, super-super elites and super-elites. The considered biotechno-
logical approach, based on apical meristem method, is, in fact, a supportive selection
and, being widely introduced into practice, makes it possible to annually provide farms
with pathogen-free, high-quality potato planting material.
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Decoding of S. tuberosum and P. infestans genomes increased possibilities of genetic
engineering to create genetically modified potato varieties with increased resistance
to late blight. To transform potatoes with genes of closely related wild-tuberous forms
of Solanum (section Petota Dumort.) a new term “cisgenesis” was proposed, which
is designed to distinguish such forms of potato from genetically modified organisms
obtained using foreign genes [9].

Biotechnological approaches
in controlling Colorado potato beetle

Besides phytophthora, Colorado potato beetle, which can damage up to 40% yield
in favorable years, is a serious biogenic risk for potatoes. Despite the rapid development
of science, Colorado potato beetle still remains a harmful potato pest, and considerable
funds are spent on combating it. Colorado potato beetle belongs to the objects of external
and internal quarantine in the Republic of Belarus. It is very difficult to control it due
to high fecundity, ability to go without food for a long time, fall into diapause for a long
time, and travel considerable distances. In addition, Colorado potato beetle has few natural
enemies, since eating Solanaceae plants containing poisonous solanine, Colorado beetles
become poisonous to them. Complicating the fight against potato pests is the fact that
with the beginning of spring, beetles wintering in soil come to soil surface not at the same
time, but at intervals. In addition, some females overwinter already fertilized and imme-
diately after reaching soil surface begin to lay eggs. Due to the climatic conditions
of Belarusian Polesie, number of generations of Colorado potato beetle can be increased
to three, which can further determine the duration of its harmfulness.

The traditional approach to reducing potato crop losses from the pest is chemical
control methods. However, the use of chemicals against Colorado potato beetle causes
the insect to quickly get used to the poison and also contributes to the preservation
of more stable individuals that give more viable offspring. Over the past decades
in the Republic of Belarus there has been an increase in number of Colorado potato
beetle, a change in some bioecological features of pest development due to varying
weather conditions of growing season, and formation of resistance to chemical agents.
In this situation, microbiological agents and plant extracts for controlling Colorado
potato beetle are considered to be the most suitable [10]. Most existing and newly
developed microbial agents are based on strains of Bacillus thuringiensis soil bacterium,
which is capable of producing Bt-toxin. This toxic protein differs depending on B. thu-
ringiensis subspecies, therefore it has a high selectivity and allows to adjust the number
of only certain insect types. When bacteria are consumed by susceptible insects, secreted
Bt-toxin becomes active under the action of enzymes in alkaline conditions of digestive
tract. In the active form, the toxin specifically binds to the receptors of epithelial cells
and causes their destruction. Insects stop feeding and soon die, and Bt-toxin is destroyed
in the sunlight. Bt-toxin does not have a negative effect on warm-blooded animals.

The development of genetic engineering methodology became it possible to detect
and isolate genes encoding Bt-toxins, their modification and transfer to the plant genome.
The first publications on practical developments in transferring potato varieties into
transgenic status appeared in the early 90s of XX century. In particular, one such publi-
cation showed that genetically improved plants of the Russet Burbank potato variety
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contained a modified bacterial gene, B. thuringiensis var. tenebrionis encoding the con-
trol protein L. decemlineata Say, and were not damaged by Colorado potato beetle
in the laboratory [11]. In transgenic varieties, the Bt-toxin gene is found in all cells, which
means that it is able to express constantly, which allows the plant to protect itself from
Colorado potato beetle and its larvae throughout the growing season. In all other
respects, the transgenic variety does not differ from the original unmodified variety.
In a review of biotechnological achievements of the first decade in crop production, it
was noted that among other crops for which field trials and commercialization of trans-
genic plants were carried out from 1986 to 1995, potatoes accounted for 11% [12].

The profitability of growing genetically modified plants on an industrial scale was
immediately evaluated by companies in the USA, Argentina, Brazil, Canada, and India,
which since 1996 have remained the undisputed leaders in expanding cultivated areas
and a specific assortment of genetically engineered crops. According to the International
Service for the Acquisition of Agribiotech Applications (ISAAA), in 2016 the cultivated
area under genetically engineered crops in the world reached 185.1 million hectares,
an increase of more than 100 times over ten years (for comparison, 1.7 million ha
in 1996) [13]. The commercial benefits from genetically modified plants, due to increased
yields while reducing chemical means of protection, as well as issues related to develop-
ment of effective measures to maintain sustainable development, economic stability,
encourage scientists from different countries, including the Republic of Belarus, to con-
duct research on genetic improvement of crop varieties of domestic selection. Such
varieties form the basis of varietal resources of the country and compares favorably
with their foreign counterparts, especially in terms of their adaptability to growing con-
ditions, diseases resistance, and other characteristics.

The directions of research on genetic engineering of potatoes, carried out in scien-
tific institutions of the Republic of Belarus, include the developing of transgenic lines
based on Skarb Belarusian variety having resistance to Colorado potato beetle, as well
as to late blight. In 2014—2015, the genetically engineered potato line resistant to Colo-
rado potato beetle and developed at the Institute of Genetics and Cytology of the Na-
tional Academy of Sciences of Belarus, was tested in an experimental field that met
safety requirements. The transgenic line was obtained by introducing the Cry3aM gene,
whose donor was bacterium B. thuringiensis var. tenebrionis, into the potato plant
genome, under the control of the CaMV 35S promoter from cauliflower mosaic virus.
The foreign gene expresses the Bt-endotoxin protein, which exhibits insecticidal proper-
ties-against Colorado potato beetle and does not affect other insects.

Assessment of potential risks associated with the use
of transgenic organisms in the Republic of Belarus

Considering the short global practice of using genetically modified plants, as well
as the fact that potatoes are a significant food crop for consumers, safety of its geneti-
cally modified varieties should not only be ensured by scientists, but also guaranteed
at the state level. In the Republic of Belarus for the period following the accession
in May 2002 to the Cartagena Protocol on Biosafety to the Convention on Biological
Diversity, a National Security System was created that included legislative and regulatory
components to regulate safety of genetic engineering activities and aimed at protecting
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human health and the environment. The legislative acts are aimed at creating the legal
and organizational foundations of safety carried out in research institutions, as well as
at an objective assessment of potential risks of genetically engineered organisms that
are only released for environmental tests in the field and to the market.

Under Belarusian law, the procedure for assessing environmental risks and risks
to human health is carried out twice. For the first time, the standard risk assessment
procedure [14] is carried out before the genetically modified organism is released into
the environment for testing on specially equipped experimental fields that meet world
biosafety requirements. For this, the applicant scientific organization submits to the ex-
pert council of the Ministry of Natural Resources and Environmental Protection a full
study on the risk assessment of the possible harmful effects of the developed genetic
engineering organism, which is further evaluated by experts from among scientific
institutions competent in this field. After it is considered at a meeting of the expert
council of the Ministry of Natural Resources, at which it is decided whether or not
the release of such an organism is permissible. Risks are reassessed before releasing
genetically modified organisms into agricultural production. Genetically engineered
organisms that have undergone a full cycle of research and are admitted to the market
should not have negative effects on human health. All information on risk assessment
is freely available on the website of the National Biosafety Coordination Center of the
Republic of Belarus (http://www.biosafety.by). The National Biosafety Coordination
Center was established in 1998 with the aim of ensuring the effective participation
of the Republic of Belarus in solving the global problem of preserving biological diver-
sity and coordinating activities related to the safety of using the achievements of modern
biotechnology.

Conclusions

The current global trend in the development of plant protection methods is asso-
ciated with increasing developing and implementation of transgenic organisms, the ge-
nome of which contains foreign genes to ensure their resistance to insect pests and
pathogens. The use of genetic engineering methods aimed at reducing biogenic agroeco-
logical risks, in turn, raises concerns related to the ability of genetically modified
organisms to have an adverse effect on conservation and sustainable use of biological
diversity, and human health risks. It should be noted that the gene itself does not carry
risks, since it consists of a sequence of nucleotides that are the same in all living
organisms. Potential risks may arise due to the non-specific insertion of a new gene
into the plant genome, i.e. insertion can occur anywhere in the DNA. The result of
the insertion can be both favorable and undesirable consequences. If a foreign gene is
inserted into a region of DNA that already encodes a gene, this can lead to its silencing,
and, as a result, to termination of synthesis of a certain substance, which should not be
observed when a new gene is inserted into a silent part of the genome. If the initial
unmodified organism, into which the new gene is transformed, initially has undesirable
traits, then with the integration of the gene such properties can be enhanced. That is why
it is imperative that when assessing risks to human health, allergological and toxico-
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logical specialized tests are carried out, including animal studies. At the same time,
the duration of the research will be increased if the parent organism, in which the new
gene is inserted, is initially allergenic, has an increased level of anti-nutritional substances
(e.g. soy), since after gene inserting, they can increase. It is also imperative to develop
a molecular method that can effectively identify and track in the future the distribution
on the market of a genetically modified organism and products derived from it. Cur-
rently, there are 18 specialized laboratories for detection of genetically modified
organisms accredited by state or international standards in the republic. Another group
of potential risks is associated with the safety of using genetically engineered organisms.
Since transgenic plants begin to multiply in the environment, the risks associated with
the consequences of transgene transfer during pollination for closely related cultural
and wild species should be evaluated. Therefore, the transgenic organisms being
developed undergo mandatory expert assessment, which involves consideration of all
potential environmental and human health risks that may appear after insertion of a spe-
cific new gene and the new sign that will appear. When transgenic plants are released
into the environment, there must be full scientific certainty about absence of threat
of serious or irreversible damage. Summing up the issue of potential risks associated
with the use of organisms and products of genetic technologies, we would like to note
that all transgenic potato lines obtained in the Republic of Belarus are tested in laboratory
conditions and on experimental fields that meet safety requirements. Since potato is
an introduced species for Belarus, there is no possibility of uncontrolled transfer of its
genetic material, including and transgenic, wild plant species growing in natural bioce-
noses. The need to use genetic engineering methods is associated with an exacerbation
of biogenic agroecological risks, which can be reduced through the strategy of proactive
introgressive selection based on cell-engineering and molecular methods.

Mpo6nema ypoxxaitHocTu B kapTodeneBoacTee
Pecnyonuku Benapycb u Poccun

Ha ¢one Bo3pacTaromux MoTeHIUAIBHBIX PUCKOB, 00YCIIOBICHHBIX HEOIaromnpu-
ATHBIMH U3MEHCHHSIMH, IPOUCXOSIIMMU B Orochepe, OAHON U3 BaXKHEHUIINX 3a/1a4
SBJIICTCS TTOMYYEHHE BHICOKHMX YpoXkaeB pacTeHU. OT MPOIYKTUBHOCTH PacTeHHEBO-
CTBa HAIPAMYIO 3aBUCHUT 3(D(PEKTUBHOCTH BCETO CEIbCKOXO35MCTBEHHOIO POU3BO/ICTBA.
PacturenbHBIN OpraHnu3M, CrIOCOOHBIN TPaHC(OPMHUPOBATH SHEPTUIO COJHIA B YHEPTUIO
OpPraHUYECKUX COCTUHEHUI, — OCHOBOIOJIAraollee 3BEHO B MOJYYEHUU MPOIYKTOB
MUTaHUS, KOPMOB, CHIPBS, TOIUINBA, JIGKAPCTBEHHBIX cpeAcTB. HTeHCHHKanus pac-
TEHHUEBOJICTBA B COBPEMEHHBIX YCIOBHSX JIOJDKHA 0Aa3MPOBATHCS HA Pa3yMHOM COYETa-
HUU TPAAUIHUOHHBIX IMOAXO0J0B C HOBBIMH TCXHOJIOTUSAMMU.

Kaprodens (Solanum tuberosum L..) — BTOpast 1Mo Ba)KHOCTH CEITLCKOXO3SIHCTBCHHAS
KyneTypa B PecrryOnuke benapych, My B MOCIeqHNE MATH JIET HE3HAUUTEIBHO YCTY-
naromias parncy. bpecrckast 00nacTe cTaOMIBHO 3aHUMAET BTOPOE MECTO IO ILIOLIAIH,
3aHSTOM TIOJ] BBIpAIIMBaHKE KapToders, B X03sMCTBaX BeexX Kateropuid. OmHaKo, 1Mo J1aH-
HbIM bencrara (puc. 1), ypoxaitHocTh Kaproderns B ycioBusx bpectckoit o61actu cHuke-
Ha B CPaBHEHMH C JIaHHBIM IOKa3areseMm 1o Pecnybnuke benapych u psiay obnacreit.
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Puc. 1. YpoxaiiHocTb kapTodens, T/ra, B Pecnybnuke benapycb

n bpecTtckoii obnactn ¢ 1995 no 2017 rr.
(cocTaBneHo aBTOPOM Mo JaHHbIM [1])

Tabnmua 1
JAvHaMuKa noceBHbIX nnowiaaei kaprodens, Tbic. ra, B Bbiloopke ctpaH ¢ 1995 no 2017 rr.

CtpaHa 1995 2000 2005 2010 2015 2016 2017
Poccus 3390 2817 2273 2109 2112 2031 1889
PecnyGnmka 725 661 461 367 310 292 276
Benapycb
F'epmaHus 315 304 277 254 237 243 251
Hupepnangbl 179 180 156 157 156 156 161

CocTaBneHo aBTOPOM MO AaHHbIM [2].

Tabnmuya 2
AuHaMuka ypoXxalHocTu kaptodens, T/ra, B Bbioopke ctpaH ¢ 1995 no 2017 rr.

CrtpaHa 1995 2000 2005 2010 2015 2016 2017
Poccus 11,8 10,5 12,4 10,0 15,9 15,3 15,7
Pecnybnuka 131 13,2 17,7 21,4 19,4 20,5 23,2
Benapycb
FepmaHus 31,4 43,3 42,0 39,9 43,8 44,4 46,8
HwaoepnaHgp! 41,0 45,7 43,4 43,6 42,7 42,0 46,0
3anagHas EBpona 35,1 42,7 421 41,2 42,9 41,3 44,9

CocTaBneHo aBTOPOM MO AaHHbIM [2].

[TpobGnema yposkaiiHocTH B KapTodeneBoaueckoi orpociu Pecriyonuku benapych
u Poccun ob6octpsercst Ha poHe HaOIII01aeMO TEHACHIIMY K COKPAIICHUIO TIOCEBHBIX
iomaneid. B mepuox ¢ 1995 mo 2015 rr. 3aHnMaembie kapTodeneM miomaan B Pec-
nyonuke benapyck ymenbmmwmck B 2,3 pasa, B Poccun — B 1,6 pasza u npo1onkaroT
©XKeroHo cokpamarbes (Tabdmn. 1). BeimonHenne o6beMOB COOCTBEHHOT'O MPOU3BO/I-
CTBa KapTodes, ONpeaesIeHHBIX HAIMOHATBHBIMU TOKTPUHAMH TPOJJOBOJILCTBEHHOM
0e30MacHOCTH JBYX CTpaH, HEBO3MOXKHO 0€3 MOBBIIIEHUS YposkaiHOCTH. HecMoTps
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Ha pocT JaHHOro nokasarens B 2015 r. nmo orHomenuto k 1995 r. (B Pecny6nuke bena-
pycs — Ha 48%, B Poccrn — Ha 34%), cpenssisi yposkaiiHOCTh KapToders B IByX CTpa-
Hax B pa3bl MEHbIIIE, YeM Cpe/iHee 3HaueHHe 1o cTpaHaM 3amnaaHoi Espomnsl (Tad:. 2).
Kpome Toro, Kak moka3pIBaroT MPUBEACHHBIC B TAOIHIAX CTAaTUCTHYECKUE AaHHbIe [1po-
JIOBOJILCTBEHHOM U cenbckoxossiictBenHoi oprannzanuu OOH (FAO — Food and
Agriculture Organization), B 'epmanuu n Huneprnannax — KpyHHBIX IPOU3BOIUTENAX
KapTodens cpeau EBponelckux cTpaH — CHIKEHHE MOCEBHBIX Tuiomaaei 3a 20 net
OBbLIO HE CTOJIb BBICOKMM, a HauuHast ¢ 2015 r. mpocnexuBaeTrcst oOpaTHasi TEHAEHLUS.
Beicokue cpeHue nokasaresn ypoxKaitHOCTH KapTo(ess B JaHHBIX CTPaHax IMO3BOJITIOT
JOCTUTATh 3HAYUTEIHHOW MPOU3BOAUTEIHHOCTH Ha CPABHUTEIHHO HEOOJBIINX TOCEB-
HBIX IIOIIAISX.

O6o3nauenHas mpobiaeMa HU3KOU ypoxkaiiHocTu KapTodens B Pecrybiuke bema-
pych 1 Poccun mOMHMO TEXHOJIOTMUECKUX M OPraHU3allMOHHO-3KOHOMHUYECKHX (haKTo-
POB HaMPSMYIO CBs3aHAa C OMOTCHHBIMH PUCKAMH BO3/ICJIBIBAHUS TAHHOW KYJIBTYPHI.
Henobop yposxas xapToderns o0ycloBIeH HapacTaHHEM BPEIIOHOCHOCTH psija 3a00-
JIEBaHUM, BBI3BIBAEMBIX TPUOHBIMH, OAKTEpUATHHBIMA W BUPYCHBIMU NATOICHAMH,
a TaKKe PacrpoCTPaHEHHOCTHIO HACEKOMBIX-BpeauTeneil. PaccmoTpum mpeyiaraemole
COBPEMEHHON OMOTEXHOJIOTHEH My TH CHIDKCHHSI HETAaTUBHOTO BIMSIHUS JIByX HanoOolee
pacmpoCTpaHEHHBIX BPEIOHOCHBIX OOBEKTOB: KOJIOPAJICKOTO XyKa (Leptinotarsa decem-
lineata Say) u ¢urodropsl (Phytophthora infestans (Mont.) de Bary), nmpuBoasmux
K 3HAYUTEIbHBIM MTOTEPSIM ypOxKast KapTohes.

BuoTexHonoruyeckue nogxoabl B 6opbode ¢ putodpToposom

®durohTOpo3 OTHOCUTCS K OJHUM M3 BPEAOHOCHEHIINX 3a00s1eBaHuil KapToders.
®duTodTOpO3 MOpakaeT Ha3EMHYIO YaCTh PACTCHUI U TEM CAMBIM YMEHBINAET aCCUMHU-
JIMPYIOLIYIO OBEPXHOCTh B TIEPUOJI KITyOHE0Opa30BaHMsl, @ TAK)KE BbI3bIBAET THUCHUE
KiyOHel Bo BpeMms xpaHeHHsA. B PecnyOnuke benapycu cuibHble BCHBIIKY 00JI€3HU
¢ notepssmu 30...50% ypoxast HabI0aI0TCs Yepe3 Kaxable 2—3 roja.

K ocHoBHBIM cmocobam 60prOBI ¢ GUTOGTOPO30M, AKTUBHO HCIIONIH3YyEMBIM
Ha MPOTSHKEHUHM HECKOJBKHX AeCATWICTHH XX B. U UMEIOLIMM MIPOJIOJDKEHHE B HOBOM
CTOJICTHH, OTHOCSITCSI BO3/I€JIBIBAHNE YCTOWYMBBIX COPTOB KapTO(EIs U UCTIOIE30BAHUE
¢yuarununos. [locneanuii ciocod, HecMOTpst Ha 3PPEKTUBHOCTD, HEOE30MaceH s
310pOBbsl YEJIOBEKA U MOPOXKAAET IPOOJIEMy YBEIUYEHHS XMMHYECKOM Harpys3Ku
Ha arpoIeHO3bI, U, KaK CIIEJICTBHE, YXYALICHUS HKOJOTUYECKOTO COCTOSHHS OKpYyKa-
fouieit cpenpl. [ToaToMy 17151 yCTOHYMBOTO pa3BUTHS KapTO(EIEBOACTBA B COBPEMEHHBIX
YCIIOBHSAX HapaBHE C MpUMEHEHHEM () (HEKTUBHBIX arpOTeXHUYECKHX MEPONPHUITHI
TpedyeTcsi co31aHe HOBBIX BHICOKOYCTOWYUBBIX K P. Infestans copToB KapTogesis, 4To
MO3BOJIUT CYIIECTBEHHO COKPATUTh MPUMEHEHNE XUMUIECKUX 00paboTOK Ha MpOTshHKe-
HUU BEreTaluy pacTeHUN.

YcroitunBocTh K P. infestans paHee CO3aHHBIX COPTOB ONpeEJeIsIach NPUCYTCT-
BUEM R-reHOB, mepeHeceHHBIX METOJIOM OTIANCHHOW THOpPHIN3AINH U3 JTUKOPACTY-
miero copoamya kaprodens Solanum demissum [3]. OmHaKO BbICOKass N3MEHYHBOCTh
P. infestans nposiBunacs B 00pa30BaHUU HOBBIX (DOPM MATOreHa, CIIOCOOHBIX MPEOAOIIE-
BaTh 3AIUTHBIC PEAKIMN YCTOMYMBBIX COPTOB, CO3/IaHHBIX Ha OCHOBE R-reHoB S. demis-
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sum. Tlo manaem FO.T. [IpsikoBa, yacToTa CIIOHTAaHHBIX MyTauui y P. infestans 1o on-
HOMY JIOKyCY Ha 1 ra nocturaer 1 000. iMeHHO BBICOKasi CKOPOCTb MyTHPOBAHUS 1ATO-
reHa croco0Ha 00ecneYnTs HeOOXOIUMBIN JIJIsl BCEBO3MOKHBIX aJalTaluil ypOBEHb
n3menunBocty [4]. TIponecc M3MEHYMBOCTH Pe3KO ycuimics, HauuHas ¢ 1984 r., korma
13 MekcHKkH B 00J1aCTH MHTEHCHUBHOTO BO3/IENIBIBAHUS KapTOQessi MUTPUPOBAIA HOBBIE
nonyJsui GuTodTOpHI ¢ AByMs THIIaMu nosioBoro nporecca Al u A2 [3]. TosBnenue
B PecrryOnmke benmapyck A2 THra 3HAYUTETHHO YCYTyOHIIO BPETOHOCHOCTh (hUTO(TO-
pO3a, MOCKOJIbKY YCIO0XKHUIICS PACOBBIN COCTAB, PACIIUPUIICS CIIEKTP BUPYJIEHTHOCTH,
MOBBICHJIACh arPeCCHBHOCTH MATOTEHA, a TAKXKE €T0 PE3UCTEHTHOCTH K CYIIECTBYIOMINM
rnmecturaaMm [5].

IlepcniekTUBHOM cTparerueii, MpOTUBOCTOSIEH OBICTPON MoTepe YCTOMYMBOCTH
pactenuit kaptodens Kk purodhToposy, ABISETCS CO3AaHUE HOBBIX COPTOB, HAJ0JITO
COXPAHSIOIINX BBHICOKYIO YCTOWYMBOCTb K MHOTHM pacaM ¢puTopTopsl. O6beuHeHNEe
HECKOJIbKMX F€HOB YCTOWYMBOCTHU U3 JUKOPACTYIIMX COpOAUYEH KapTodesst B 0THOM
pacTeHuu (MMpaMUIMPOBAHKE T€HOB) JIENIA€T YCTOWYMBOCTD JAOJTOBPEMEHHOM, TOCKOJIBKY
COBOKYITHOCTb IEPEHECEHHBIX T€HOB 00ECTIeUnBaeT paclo3HaBaHUE PA3IMYHBIX pac
naroreHa. MI3MeHeHne pacoBOro cocTaBa MaToreHa B arpomeHo03e He Oy/eT MPUBOANTD
K CYIIECTBEHHOMY CHMXCHUIO MPOAYKTUBHOCTH PACTEHHUI € JOJITOBPEMEHHOM YCTOM-
YUBOCTHIO. TaKyr0 CEIEKIMIO Ha3hIBAIOT yhpexaromien [6]. Pe3ynpTaTtnBHOCTS HHTPO-
TPECCUBHOM CeNEeKINU KapTo(desst MOKeT ObITh MOBBIIIEHA 332 CUET CO3/IaHUs HOBOTO
MCXOJIHOTO MaTepuiia ¢ KOMIUIEKCHON YCTOMYHUBOCTBIO K (pUTOPTOPO3Yy Kak HAA3EMHBIX
gacTel pacTeHUs, TaK U KIIyOHeH. Takke OnpeaessioNyo pojib B Pa3BUTHU CTPATETHH
MOBBIMICHUS YCTOMIMBOCTH KapToders K GUTOPTOpO3y UrpacT IeIeHapaBICHHBII
MOUCK UCTOYHUKOB LIEHHBIX TE€HOB C MOMOIIbIO METOJ0B MapKEP-COMYTCTBYIOIICH
cenekImu. MoJeKysipHble MapKepbl MO3BOJSIIOT HA/ISKHO pa3inyaTh (POPMbI PACTEHUIH,
YCTOMUYMBBIE K PA3IMYHBIM NATOTHIIAM OJIHOTO U TOTO K€ BO30yAuTelNst 0OJIe3HH, YTO
CYIIECTBEHHO YCKOPSIET 0TOOP YCTOWYMBBIX T€HOTUIIOB U BKJIIOYEHHE UX B CENEKIIU-
OHHBIH TIpoIIeCC.

B npakTrueckoii cenexnym KapToderns Ha NPOTSHKEHUH HECKOJIBKUX JIECSITKOB JIET
UCTIONB3YyeTCs MEeXBUAOBas ruOpuau3anus. [Ipu 3ToM nepeHoc reHOB yCTOHYHMBOCTH
U3 AUKOpacTyIMX BUAOB poaa Solanum, npouspactarouux B CeBepHoit u FOxHoit
Awmepuke, B S. tuberosum Tipu IOJIOBOM THOPUIM3ALIUN, KaK TIPABHUJIO0, OTPAaHIUYCH U3-3a
(HU3HOTOrMYECKOM U TeHETHYECKOM HEeCOBMECTUMOCTH. [Ipeoonenne HecoBMECTUMO-
CTH NPU OTAAJIEHHON MMOpUIN3aAIMK KYJIBTYPHOTO TETPAIUIOMIHOTO KapTodens ¢ TuKo-
PaCTYIIMMHU BHJAMU CTaJ0 BO3MOXKHBIM Oyarofapsi pa3paboTke psia OMOTEXHOJIOTH-
YECKHX METOJIOB.

Mertoa coMaTH4ecKoi THOpUAN3aAIMK OCHOBAH Ha CIHMSHHU MPOTOILIACTOB, H30JIH-
POBaHHBIX M3 COMAaTUYECKHUX KJIETOK PACTCHUN PAa3IUYHBIX BUIOB B YCIOBHSX in Vitro.
Comarunueckasi THOpUIU3aLHs B 00X0/1 TIOJIOBOTO MPOLIEcca MO3BOJISIET CO31aBaTh HOBBII
UCXOIHBIM MaTepuai (CI0XKHbIE MEXKBUIOBbIE THOPU/IBI U3 TpeX U 00Jee POAUTENTBCKUX
KJIETOK) C LIEHHBIMU MpPHU3HAKaMHU OT JAMKUX BUAOB JUISl PAaCUIMPEHUS] T€HETUYECKUX
BO3MOXHOCTEH cenekimu kaprodens. K mpeumyrectBaM coMaTHUECKOW rHOpHIn3a-
MM OTHOCHUTCSI OOBbEAMHEHNUE B OJJHOM I'€HOME HE TOJIBKO T€HOB KYJIBTYPHOTO KapTo-
dens u GUIOTEHETUYESCKU OTJANCHHBIX JUKUX COPOJMYEH, KOTOPBIX Y KapTodes

414 I'EHETUKA 1 CEJIEKIINA



Lenivko S.M., Boiko V.I. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):403—422

6onee 230, HO ¥ TEHOB OpraHesUl LIUTOILIA3MbI (MHUTOXOHIPUH, TUTACTHT), YTO oOecrie-
YHBAET CO3JJaHME KAUE€CTBEHHO HOBBIX MEKBHIOBBIX THOPHIOB [7]. MeXBUIOBBIE COMa-
THYECKHE THOPHUABI KapTogess MoJydeHbl BO MHOTHUX CTpaHax, B T.4. U PecmyOmuke
bemapyces. B HIIIl HAH benapycu o kaptodesieBoACTBY U TI0I00BOIICBOICTBY
METOJIOM COMaTHYECKON TMOpUAN3aluy CO3/1aHbl coMaThdeckue rudpuapl ¢ 10 tukumm
BUJIAaMU KapTOoQest, MaJTOIOCTYITHBIME JUIS TIOJIOBOW rrOpuam3aimu. HecMoTpst Ha mipu-
BJICKATEITFHOCTh COMATHYECKOH THOPUAN3ALINHI, CO3JaHIE COPTOB PACTEHHUIl, B TOM UHCIIE
U KapToges, MoJly4eHHbIX Ha OCHOBE COMAaTUYECKUX I'MOPHUIOB, OCTAETCs PEAKUM
SIBJICHUEM, IOCKOJIbKY CYILECTBYET IpoOiieMa ¢ (epTUIbHOCTBIO COMATHUCCKHX I'M-
OpHUIOB M X CITOCOOHOCTBIO K TEHEPAITUH JKU3HECTIOCOOHOTO TTOTOMCTBA TIPH CKPEIIH-
BaHMU C KyJIbTYypHBIM KapTodeiem [8].

JpyrumM 3KOJOTUYECKH OMpaBIaHHBIM OMOTEXHOJOTHYECKUM CIIOCO00M O0pHObBI
¢ ¢puTo(TOPO30M KIYyOHEH, CHIDKAIOIIMM KauyeCTBO MOCAJ0YHOT0 MaTeépuaia BO BpeMsi
XpaHEHHUs, SBIISETCS METOJI MUKPOKIOHAJIBHOTO Pa3MHOXKEHHS TIPOOMPOYHBIX PACTCHUH,
MO3BOJISIOUINI MOJYy4YUTh B JOCTATOYHOM KOJIMYECTBE O3[0POBIEHHBIH MaTepuan
HE TOJIBKO OT I'PUOHBIX, HO U BUPYCHBIX IIATOT€HOB.

MUKpOKIOHAIBHOE Pa3MHOKEHHE IO3BOJISIET HOJYYHUTh B YCIOBUSX in Vitro
TEHETHUYECKU UJICHTUYHbIE MAaTEPUHCKOMY pacTeHUs-KJIOHBL. BxitouaeT Tpu 3tamna: BBe-
JIEHUE B KyJbTYPY 3KCILJIaHTA KJIOHUPYEMOTO pacTeHHs; pereHepainus Mukpornoodera
U €ro Pa3sMHOXKEHUE B HEOOXOJIMMOM KOJIMYECTBE KOIHI; CTUMYJISAIMSA KOPHEOOpa30-
BaHUs y MPOOUPOUHBIX PACTCHUM M aJanTalnus UX K yclIoBUsM in vivo. Ilomyuenue
0370POBJICHHBIX IIPOOMPOYHBIX PACTEHUM KapTodess MPOUCXOAUT B MEPBbIN Ioj
COIJIACHO YETBHIPEXJIETHEH CXeMe CEMEHOBOACTBA OE3BHPYCHOIO MOCAJOUHOrO MaTrepuaa
kaptodeins. Opranusyror 3Ty paboTy celeKIMoHHbIe yupexaeHus. Ha nepsom sramne
0TOUPaIOT KIyOHHM OT 3aBEJOMO 3/70POBBIX PaCTeHUM U MpopaimuBaoT. 13 pocTkos
B aCENTUYECKUX YCJIOBHIX BBIACISIOT alUKAJIbHYI0 MEPUCTEMY U KYJIbTUBUPYIOT
Ha TIUTATETBHBIX Cpeax B (PUTOTPOHAX C KOHTPOJIUPYEMBIMH CBETOBBIM U TEMIIEPATYP-
HBIM peXHUMaMu. PereHepupoBaHHbIE U3 MEPUCTEM PACTEHUs PA3MHOKAFOT MHOTOKpart-
HBIM YEPEHKOBAHMEM MO YUCIY MEXA0Y3IHHA 10 HEOOXOIUMOr0 KOJN4YEeCTBa KOMUM.
OOs3aTenbHBIM SIBIAETCSA TUArHOCTHKA HA HAJMYHME MAaTOTCHOB. 310pOBbIE MPOOHPOU-
HbIE pacTeHHs KapTodes MepesatoTcss CEeMEHOBOTUECKHM XO3IHCTBAM ISl TOTY4YeHUS
MUHH-KIIyOHEH, Cynep-CylnepaauThl U CYNEpaIuThl. PaccMOTpeHHBIN OMOTEXHOJIOTH-
YECKHI ITO/AX0/]], OCHOBAHHBI HAa METOJIE AlIMKAJIBHBIX MEPUCTEM, 110 CYTH, SBISAETCS
HO/ICPKUBAIOILEH ceneKnuen 1, Oyaydd IUPOKO BHEAPEHHBIM B MPAKTHUKY, O3BOJISIET
€XXeroiH0 obecreunBaTh XO034HCTBa O3J0POBICHHBIM, KaYECTBEHHBIM COPTOBBIM
MOCaJI0YHBIM MaTepHaIoM KapToders.

C pacmudpoBkoii TeHOMOB S. fuberosum n P. infestans pacpuiInch BO3MOXK-
HOCTHU T€HHOM MH)KEHEPUH 110 CO3/IaHUI0 T€HETHYECKH MOAU(PHUIINPOBAHHBIX COPTOB
KapTodes ¢ MOBBIIIEHHONW YCTOWYNUBOCTBIO K putodTopo3y. s Tpanchopmarun
Kaprodens reHamu OJIM3KOPOJICTBEHHBIX JUKOPACTYINX KIyOHEHOCHBIX (opM Solanum
(cexuum Petota Dumort.) npenoskeH HOBBIM TEPMUH «IMCTEHE3», MPU3BAHHBIM OTJIU-
4aTh Takue GopMbl KapTo(dess OT FeHeTHYeCKH MOIU(PHUIIMPOBAHHBIX OPTraHU3MOB,
MIOJIyYEHHBIX C UCIIOJIb30BaHUEM UYyKEPOIAHBIX FE€HOB [9].
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BuotexHonornyeckue noaxonabl
B 60pb0e C KOJIOPaACKNM XYKOM

ITomumo purodrops! cepbe3HbIM OMOT€HHBIM PHUCKOM Ul KapTodens BO MHOTUX
CTpaHax SIBJISETCS KOJOPAJICKHMA )KYK, KOTOPBIH B OJaronpusiTHbIC TOIbI CIIOCOOCH
yHUUTOXKUTH 110 40% ypoxkas. HecMOTpst Ha CTpeMUTENFHOE Pa3BUTHE HAYKH, KOJIOpa/l-
CKHH JKYK JI0 CHX TIOp OCTAeTCs ONTACHBIM BpEIUTEIeM KapTodels, Ha 00ph0y ¢ KOTOPBIM
TpaTATCs HeManble cpeacTBa. Komopaackuil )KyK Kak OMacHBI BpeIuTeh KapTodemns
OTHOCHUTCSI K 00BEKTaM BHEIIHEro M BHYTpeHHero kapanTuHa B PecriyOnuke benapycs.
BopoTecst ¢ HUM B CBSI3U € €0 BBICOKOM TIOJOBUTOCTHIO, CIOCOOHOCTBIO JIIUTEIBHO
00x0uThest Oe3 THINY, BIIAIATh B TUAIay3y Ha MPOJIOJDKUTEIIBLHBINA CPOK M IEPEMEIIATHCS
Ha 3HAYMTENIbHBIC PACCTOSHUS OYCHB 3aTPYAHUTENBHO. K TOMy ke y KOJIOpaCKOro xkyKa
MaJl0 €CTECTBEHHBIX BparoB. [IuTasch macieHOBBIMH, COACPIKAIIUMHE SIOBUTHINH COJa-
HHH, KOJIOPAJCKHUE KYKH CTAHOBSITCS JJIsl HUX SAOBUTHIMU. 3aTpyAHsET O0prOy C Bpe-
nuTeneM Kaptodens u TOT (akT, 4To ¢ HaYaJloM BECHBI )KYKH, 3UMYIOIUE B TIOYBE,
BBIXOJIAT HA MMOBEPXHOCTh 3eMJIM HE OJJHOBPEMEHHO, a ¢ HHTepBasiaMu. Kpome Toro,
HEKOTOPBIC CAMKHU 3UMYIOT YK€ OILIOJIOTBOPEHHBIMH U Cpa3y TOCIE BHIXO/Ia Ha TIOBEPX-
HOCTh HAUMHAIOT OTKJIAJIBIBATh fiIa. B cBI3M ¢ KIIMMAaTHUECKUMH OCOOCHHOCTIMHU
benmopycckoro Ilonecrs Komu4ecTBO TeHepanuii y KOIOPAJACKOTO KyKa MOXKET OBITh
YBEJIMYEHO JI0 TPEX, 4TO eIe OoJbIIe MOKET 00YCIOBUTH MTPOAOKUTEIHHOCTh €ro
BPEIOHOCHOCTH.

TpaUIMOHHBIM TOIX0/IOM, HAIIPABJICHHBIM Ha COKPAIICHUE TIOTEPh YpoXKast Kap-
To(eNst OT BpeIUTEIs, SIBISIOTCS XUMUUECKIE METOABI 3amuThl. OJTHAKO UCTIONIB30Ba-
HUE XUMHUYECKHUX MPEnapaToB MPOTHUB KOIOPAICKOTO JKyKa BBI3BIBAET Y HACEKOMOTO
OBICTpOE MPHUBBIKAHUE K STy U CITIOCOOCTBYET K TOMY e COXpaHEHHUIO 0ojiee yCTONuIu-
BBIX 0CO0€li, Jaromnmx 0oJjee KU3HECITOCOOHOE ITOTOMCTBO. 3a IMOCIEHNE TECATHIETHS
B PecrryOnuke benapych mpou30muIo yBeIn4eHHe pacipoCTPAaHEHHOCTH KOJIOPAICKOTO
KyKa, U3MEHEHHE HEKOTOPBIX OMOIKOJIOTUIECKUX OCOOCHHOCTEH Pa3BUTHS BPEAUTEIS
BCIIEJICTBHE BapbUPOBAHHS TIOTOIHBIX YCIOBHI BET€TALIMOHHOTO Ce30Ha, (popMUpoBaHHe
PE3UCTEHTHOCTH K XMMHYECKUM CPE/ICTBaM 3alIHUThl. B CIIOXKUBINIEHCS CHTYyalluy Hanbo-
Jiee MOIXOISIINM CUATAETCS MCIIOIh30BaHHE MUKPOOUOJIOTMYECKUX TPETapaToB U pac-
TUTEITBHBIX YKCTPAKTOB C BKIIFOUEHUEM HX B DKOJIOTU3MPOBAHHYIO CHCTEMY 3aIl[UThI
kaproderns oT Kosopajckoro yka [10]. BoinbmMHCTBO CyIIeCTBYIOMIMX U BHOBD pa3-
pabaTbIBaéMBIX MEKPOOHBIX MPETapaToB CO3/IAIOTCS Ha OCHOBE IMITAMMOB ITOYBEHHOMH
Oakrepum Bacillus thuringiensis, KOTOpbIE CIIOCOOHBI BHIPAOATHIBATh OCIIOK, Ha3BaHHBII
Bt-ToxcuHOM. DTOT TOKCHYECKHUI O€I0K OTIMYAETCS B 3aBUCUMOCTH OT IOIBHUIA
B. thuringiensis, TIpOU3BOASIIETO €r0, TOATOMY 00JIa/IaeT BHICOKON M30UPATEIbHOCTHIO
JNEUCTBUS U TO3BOJISIET PEryJIUPOBATh YUCICHHOCTh TOJBKO OINPEICIICHHBIX BUJIOB
HacekoMbIX. Kornma Gakrepun motpebnasioTcss BOCIIPUMMYUBBIME HACEKOMBIMH, BBIJIE-
JsieMblii Bt-TOKCHH CTaHOBHUTCS aKTHBHBIM O] A€HCTBHEM (DEPMEHTOB B HIETOYHBIX
YCIOBHAX MHIIEBAPUTEIHHOTO TpakTa. B akTuBHON popme TOKCHH crienupuaecKu
CBSI3BIBAETCS C PELENTOPaMH SIMUTEITUAIBHBIX KIETOK M BBI3BIBACT UX Pa3pyIlICHUE.
Hacexomble nmepecTaioT muTaThCcsi U BCKOpe morudarot, a Bt-Tokcun paspyiaercs
N0/J] ICWCTBUEM COJIHEYHOTO cBeTa. Ha TerioKpoBHBIX JKUBOTHBIX Bt-TOKCHH HE OKa-
3bIBACT HETATUBHOTO JICHCTBHSI.
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C pa3paboTKOil METOJOJOTUM T'€HEeTUYECKON MHKEHEPUU CTaJO0 BO3MOXKHBIM
oOHapy>KeHUE U BbIICJICHUE T€HOB, KOJUPYIOIUX Bt-TOKCHHBI, X MoAH(HUKALIUS
U TIEPEHOC B TeHOM pacTeHui. [lepBbie myOIuKauy 0 MPaKTUYECKUX HapaboTKax
0 TIEPEBO/Iy COPTOB KapTOodeisi B CTaTyC TPAHCTEHHBIX MOSBUIINCH B Havyase 90-X IT.
XX B. B yacTHOCTH, B OJJHOI M3 TaKUX MyOJHMKAIM MOKA3aHO, YTO TEHETUYECKH YITyd-
HIeHHBIE pacTeHus copta kaprodens Russet Burbank coxepskanu MmonudunmnpoBaHHbIi
OakTepuaNbHbIA TeH B. thuringiensis var. tenebrionis, KOQUPYIOIINN OEIOK-KOHTPOJIEP
L. decemlineata Say, n He IOBPEKIATUCH KOJIOPAJCKAM KYKOM B JJaOOPaTOPHBIX yCIIO-
Busix [11]. ¥V TpaHcreHHbIX copTOB reH Bt-TOKCHHA HaXOIUTCS BO BCEX KIIETKAX, a 3Ha-
YUT, CIIOCOOEH SKCIEPECCUPOBATHCS MIOCTOSHHO, YTO MO3BOJISICT PACTEHUIO 3alIUTUTD
ce0s1 0T KOJIOPAZCKOT0 )KyKa M €ro JMYMHOK Ha MPOTSHKEHUH Beel Bereramn. [1o Bcem
OCTaJIHBIM IIPU3HAKAM TPAHCTEHHBIN COPT HE OTIMYAETCSA OT UCXOAHOTO HEMOIUH-
MPOBAHHOTO copTa. B 0030pe MOCTHKEHUI MEPBOro NeCATUIETHS OMOTEXHOJIOTHI
B PaCTEHHUEBOJICTBE OTMEYEHO, YTO B MUPOBOM MacIITabe Cpein IpYyrux KyJabTyp, A
KOTOpPBIX MPOBEJIEHBI MOJIEBbIE UCIIBITAHUSA U KOMMEPIHAIN3alusi TPAHCTEHHBIX pac-
tenuii ¢ 1986 mo 1995 r., kaprodens coctapmsut 11% [12].

[TpuOBLIEHOCTE BBIpAIMBAHUS TEHETHYECKH MOAU(HUIIMPOBAHHBIX PACTEHUI B TIPO-
M3BOJCTBEHHBIX MacmTabax cpa3y Obuia orneHeHa kommanusmu CIIA, ApreHTuHSI,
Bpaswmu, Kananer, Maaun, kotopsie ¢ 1996 r. octatoresi 6e3yCiIoBHBIMU JIHIEPAMHU
[0 PACIIMPEHNIO OCEBHBIX IUIOIAJEH U BUJIOBOTO COPTUMEHTA N€HHO-UHKEHEPHBIX
KynbTyp. [lo nanHeIM MesxayHapoaHOH CiTy>KObl TIO BHEPEHUIO arpoOHMOTEXHOIOTHYE-
ckux paspaborok (ISAAA — International Service for the Acquisition of Agribiotech
Applications), B 2016 1. moceBHBIE TUIOIMIAAU 1O TEHHO-WHXEHEPHBIMU KYJIbTypaMHu
B Mupe pocturiu 185,1 MiIH ra, yBeNIMYUBINHUCH 3a AeciaTh JeT 6omnee yem B 100 pa3
(st cpaBaenust 1,7 mua ra B 1996 1.) [13]. Kommepueckast BEIrozia OT HUCHIOIb30BAHUS
TeHETHYECKH MOAM(HUINPOBAHHBIX PACTEHUI, 00yCIIOBICHHAS TOBBIIIEHUEM YypOrKaii-
HOCTH IIPU COKPAILECHUH 3aTpaT Ha IPUMEHEHUE XUMHUYECKHX CPEJICTB 3aILUTHI, & TAKKE
BOIIPOCHI, CBSI3aHHBIE C BBIPAOOTKOM AP (PEKTUBHBIX Mep IO MOAICPIKAHUIO YCTOWIUBOTO
Pa3BUTHA, SKOHOMHUYECKOW CTAOMIBHOCTH, TOOYX/IAIOT YUEHBIX pa3HBIX CTPaH, B T.4.
u PecryOnuxu benapych, K MPOBEEHHIO HCCIIEI0BAaHUH 10 TEHETUYECKOMY YITyUIIIEHUIO
COpPTOB CENbCKOXO3SIMCTBECHHBIX KYJIbTYpP OT€UECTBEHHOH cenekuuu. Takue copra
COCTABJISIFOT OCHOBY COPTOBBIX PECYPCOB CTPAHbI U BBITOJJHO OTIMYAIOTCS OT 3apyOesK-
HBIX aHAJIOTOB, OCOOEHHO 10 YPOBHIO UX AJAaNTUBHOCTH K YCIOBUSM BBIPALMBAHUS,
YCTOMUYMBOCTH K 00JIE3HAM U Py APYTUX HPU3HAKOB.

K HampaBiieHusIM UCCIeI0BaHNH 110 TeHETHUECKOW HHXXEHEpUHU KapToders, mpo-
BOJIMMBIX B HAYYHBIX YUpekaeHUsIX PecryOmmku bemapych, OTHOCATCS co31aHue TpaHC-
TeHHBIX JINHUI Ha OCHOBE copTa Oemopycckoil cenekiuu Ckap0 ¢ yCTONIMBOCTHIO
K KOJIOPAJICKOMY KYKY, a Takxke K ¢putodroposy. B 2014—2015 rr. mpoBeeHbI HCITBI-
TaHus co3faHHoW B MHcTuTyTe renetuku u nurosnorun HAH benapycu reHHo-unxe-
HEpPHOH JIMHUU KapTodelisi, yCTOWYMBOW K KOJIOPAJACKOMY XYKY, Ha OIBITHOM IIOJIE,
COOTBETCTBYIOILIEM TpeOOBaHUSM Oe30macHOCTH. TpaHCTeHHas JIMHUS MOTyYeHa ITyTeM
BBE/ICHUSI B TeHOM pacTeHuil kaprodens copra Ckap0 rena Cry3aM, 10OHOPOM KOTOPOTo
ObL1a Oakrepust B. thuringiensis var. tenebrionis, nox koutposiem CaMV 35S npomotopa
OT BUpYyCa MO3auKHU LBETHOM KamycThbl. UyXepoHbli TeH sKkcnpeccupyeT 0enok Bt-aH-
JOTOKCHH, KOTOPBIM MPOSIBIISCT WHCEKTUIM/IHBIE CBOWCTBA MO OTHOIIEHUIO K KOJOpPaj-
CKOMY KYKY U HE IEHCTBYET Ha IPYTHX HACEKOMBIX.
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OueHKa NnoTeHuUuabHbIX PUCKOB,
CBSsi3aHHbIX C UCNOJ1Ib30BaHNEM TPaAHCIreHHbIX OpraHM3moB,
B Pecny6nuke Benapycb

[TpuHrMas BO BHUMaHHE KOPOTKYIO MHUPOBYIO TPAKTHUKY UCIIOJIb30BAHMS TCHETH-
YeCKH MOAU(DUIIMPOBAHHBIX PACTEHUH, a TAKXKE TO, YTO KapTO(eb SBISIETCS 3HAUNMON
JUIsl TIOTpeOuTeNel MPOJOBOJILCTBEHHON KYJIBTYPOH, O€30MacCHOCTh €ro TeHeTHUECKU
MOI(UITMPOBAHHBIX COPTOB JOJKHA OBITH HE TOJIBKO OOECIieYeHa CO CTOPOHBI YUEHBIX,
HO W rapaHTHUpOBaHa Ha ypoBHE rocynapcta. B Pecnybnuke benapyce 3a nepuon,
npomeamui nocie npucoenudenust B mae 2002 r. k Kapraxenckomy MpoOTOKOIY
no 6uode3zonacHocty k KonBeHuuu o 6uonorudeckoM pazHooOpasuu, Obliia co3/1aHa
HanmonansHas cuctema 0e30MacHOCTH, BKITIOYAIONIAs 3aKOHOAATENIbHYIO M HOPMATHB-
HO-PEIJIAMEHTHYIO COCTaBJIIOIINE PEryIMPOBaHUS O€30MacHOCTH T'€HHO-WHXKEHEPHOM
JeATeIbHOCTH M HAIIPaBJICHHAS! Ha OXPaHy 37I0pPOBbs YEJIOBEKA M OKPY KAIOIICH CPE/IbI.
JlelicTBHe 3aKOHOATENIFHBIX aKTOB HAIIEIEHO Ha CO3/1aHHE MTPAaBOBBIX M OpraHM3aly-
OHHBIX OCHOB 0€30IaCHOCTH, ITPOBOJIUMON B HAYUHBIX YUPEKACHUSAX JEATEIHHOCTH,
a TaKkKe Ha 00BbEKTHBHYIO OLICHKY MOTEHIMAJIbHBIX PUCKOB T€HHO-MH)KEHEPHBIX Opra-
HHM3MOB, TOJIBKO BBIITYCKAaE€MBIX JUISl SKOJIOTUYECKUX UCITBITAHHM B TIOJICBBIX YCIOBHSX
¥ BBICBOOOYK/Ta€MBIX HA PHIHOK.

ITo GenopycckoMy 3aKOHOIATEIBCTBY MPOLIEAYpa OLEHKH SKOJIOTHYECKUX PHCKOB
U PUCKOB ISl 3I0POBBS U€JIOBEKa MPOBOAMUTCA ABaXKAbl. IIepBblil pa3 craHmapTHas
npoleaypa OLEHKH pUCKOB [14] mpoBoauTcs mepea BhICBOOOXKICHUEM T'€HETHYECKU
MOTUGPHUIIMPOBAHHOTO OPraHN3Ma B OKPYIKAIOIIYIO CPEAy ISl TIPOBEICHUS UCTIBITAHUI
Ha CIelMaIbHO 000PYI0BAHHBIX OIBITHBIX MOJSIX, COOTBETCTBYIOIINX MUPOBBIM TpeOo-
BaHUSIM OroOe3omacHoCTH. JIJIst 5TOro Hay4Hasi OpraHU3aIMA-3asBUTEIb TIPEICTABISET
B DKCIIEPTHBIA coBeT MHUHUCTEPCTBA MPUPOAHBIX PECYPCOB U OXPaHBI OKPYKAFOIIEH
cpezbl NOJTHOE Ucciae0BaHne 00 OIIEHKE PHCKa BOSMOKHBIX BPEIHBIX BO3JCHCTBUIL
CO3/IaHHOTO T€HHO-HHXCHEPHOT'0 OpPTaHNW3Ma, KOTOPOE Jajiee OICHUBAETCS OTHHUM
U3 DKCIIEPTOB MO0 HKCIEePTaMU M3 YHCIa HAYYHBIX YUPEKIECHUH, KOMIIETEHTHBIX
B JAaHHOHM 00JIaCTH, TTOCTIE YeTO pacCMaTPHBAETCs Ha 3aCEJaHUH SKCIICPTHOTO COBETa
MUHIPHUPOIBI, HA KOTOPOM PEMIAETCS, JOMYCTUMO JIMO0 HET BHICBOOOKACHUE TAKOTO
opranusma. [IOBTOPHO PHCKH OIIEHWBAIOTCS TEpe] BBITYCKOM I€HETHYECKH MOIH-
(HULIMPOBaHHBIX OPraHU3MOB B CEIbCKOXO03SHCTBEHHOE MMPOM3BOACTBO. Y T€HHO-WHKE-
HEPHBIX OPTaHMU3MOB, MPOILIEAIINX MOJIHBIA HUUKI MCCIEIOBAaHUM M JIOMYyLIEHHBIX
Ha PHIHOK, HE JOJLKHO OBITh BBISABICHO OTPULIATENBHBIX 3()()EKTOB Ha 3/I0POBBE UEIO-
Beka. Best nH(OpMaIs 1o OLleHKe PUCKOB pa3MeIaeTcsi B CBOOOIHOM JIOCTYTIE Ha BeO-
caiite HanmoHanbHOro KOOpAMHAIIMOHHOTO LIeHTpa Onobe3onacHocTy PecmyOnuku
benapycs (http://www.biosafety.by). HarmonamsHbIii KOOpAMHAIIMOHHBIN [IEHTP OWO-
6e3omacHocTH ObLI co3faH B 1998 r. ¢ nenbto odbecneueHust 3¢p(HEeKTUBHOIO yHacTust
Pecry6mmiku benapych B penieHn# 1i1o0aIbHOM Tpo0IeMbl COXpaHSHHUsT OMOTIOTUIECKOTO
pazHo0Opa3us M KOOPAUHALIUY JEATEIbHOCTH, CBI3aHHON ¢ 0€30MaCHOCTHIO UCTIONB30-
BaHUS JTIOCTIKEHUH COBPEMEHHON OMOTEXHOJIOTHH.

BbiBOAbI

COBpCMeHHaH MHUPpOBas TCHACHIHA 10 pa3p360TKe CII0C000B 3allIMThI paCTeHI/II‘/‘I
CBsA3aHa C HapalllMBAaHUCM TEMIIOB CO3JaHUA U BHCAPCHUA B IMPAKTUKY TPAHCICHHBIX
OpraHu3sMoOB, B 'CHOM KOTOPBIX HHTCIPHUPOBAHBI UYKEPOAHBIC I'CHEI, O6€CH€‘-II/IBaIOH_II/Ie
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UX YCTOMYMBOCTh K HACEKOMBIM-BPEIUTENSIM U NaToreHaMm. Vcmnoiab30BaHne T€HHO-
WH)KCHEPHBIX METOJIOB, HAIIPABIICHHBIX HA CHIKCHUE OMOTEHHBIX arpo3KOJIOTHUECKHX
PHCKOB, TMOPOKJIAE€T B CBOIO OYEPE/Ib OMACEHUSs, CBI3aHHBIE KaK CO CTOCOOHOCTHIO
TeHETHYECKH MOTU(PUIIMPOBAHHBIX OPraHM3MOB OKa3aTh HEOIATrONPUSTHOE BO3/ICHCTBIE
Ha COXpaHEHHE U YCTOWYMBOE HCIOJIb30BAaHUE OMOJIOTHYECKOTO pa3HOOOpas3us, Tak
Y BO3HUKHOBEHUEM PHUCKOB IS 310pOBbs yenoBeka. Cleayer OTMETUTh, YTO cam
1o ce0e BCTPOCHHBIN I'€H HE HECET PUCKOB, MOCKOJIBKY COCTOUT M3 MOCIE0BATEIHHOCTH
HYKJIEOTHIOB, KOTOPbIE OIMHAKOBBI y BCEX KMBBIX OPraHn3MoB. [ loTeHIIMaIbHBIE PUCKI
MOTYT BO3HHKATh M3-32 HECTICIIU(UUECKOTO BCTpauBaHMs HOBOTO T'eéHa B TEHOME pac-
TEHU, T.C. BCTaBKa MOKET npou3oiitu B moooMm ydactke JIHK. PesynpTarom BcTaBku
MOryT OBITh KaK ONaronpusTHbIE, TaK U HeXKeaTeJbHbIe MociecTBus. Ecau qysxepoa-
HBII TeH BeTpauBaercs B obnacts JIHK, koTopas yke KomupyeT Kakoh=To TeH, TO 3TO
MOYKET IIPUBECTH K €0 3aMOJIKAHHIO, U, KaK CJIEJCTBUE, K IIPEKPALLEHNIO CUHTE3a OIIpe-
JICJICHHOTO BEIIECTBA, YEro He JIOJKHO HAOII0AaThCs MpU BCTPauBaHUKM HOBOTO IreHa
B MOJTYAILUH y4yacTOK reHoMa. Ecim ncxonubiit HeMou(UIIMPOBaHHBIA OpPTraHU3M,
B KOTOPBIN TpaHC(HOPMHUPYETCS] HOBBIH T'eH, H3HAYAILHO 00JIa1aeT HEXKENaTeIbHBIMU
IIpU3HAaKaMu, TO PYU UHTETPALMU T'€HAa TaKHe CBOMCTBA MOI'YT yCWIHTHCS. VIMEHHO
MOATOMY 00sI3aTENILHO TP OIIEHKE PUCKOB JIJIsI 3I0POBbS YEIOBEKA MPOBOISATCS ajiep-
TOJIOTUYECKHE U TOKCUJIOTHUECKHE CIIEIMATN3UPOBAHHbBIE TECTHI, B TOM YHCIIE UCCIEI0-
BaHMS Ha KUBOTHBIX. [IpH 3TOM JUTMTENEHOCTE UCCIIEAOBAHMIA OyIET YBEIMYCHA B TOM
cilydae, €Ciau POAUTENbCKUNA OpraHu3M, B KOTOPBI BCTPOEH HOBBIN I'€H, H3HAYAJILHO
o0JazaeT alyIepreHHOCThIO, IMEET TOBHIIIEHHBIN YPOBEHb AaHTUITUTATEIILHBIX BEIISCTB
(Hanpumep, cosl), Tak KaK MpH BCTPOIKE 'eHa OHU MOTYT YCUIUThCA. Takxke o0s3a-
TENBHOU SABJsIETCS pa3paboTKa MOJIEKYJIIPHOTO METO/1a, TTO3BOJIAIONMIETr0 3 (HEKTUBHO
BBISIBIISATH U NPOCIIEKUBATH B JAJILHEHUIIEM PACHPOCTPAHEHUE HA PHIHKE CO3JaHHOTO
TeHETUYECKH MOAM(DHUIIMPOBAHHOTO OpraHU3Ma U MPOIYKThI, OJydyaeMble Ha €Tr0 OC-
HOoBe. B HacTosimiee BpeMs B peciryOirke GyHKIHOHUPYIOT 18 crienuamn3upoBaHHBIX
71a00paTOpUii TI0 NETETKIIMUA TeHETUYECKH MOTU(PHIIMPOBAHHBIX OPTaHU3MOB, aKKPEIH-
TOBAHHBIX 10 TOCYJAPCTBEHHBIM WM MEXIYHAPOIHBIM CcTaHaapTam. Jpyras rpymmna
MOTEHIMATIBHBIX PHCKOB CBS3aHA C OE30MACHOCTHIO UCTIONB30BAHMS T€HHO-UHKEHEPHBIX
opranu3MoB. [10CKOIbKy TPY BBICBOOOXICHUN B OKPY’KAIOUIYIO CPEIy TPAHCTEHHBIE
pacTeHHs Ha4YMHAIOT PA3MHOXKATHCS, TO JOJDKHBI OBITH OLEHEHBI PUCKH, CBSI3aHHBIE
C MOCJIEICTBUEM TIEpEeHOCa TPAHCTEHA MPU ONBUICHUH 7151 OJTM3KOPOICTBEHHBIX KYJIb-
TYpPHBIX M TUKHX BHIIOB. [ToaTOMYy pazpabarbiBaemMble TPAaHCTEHHbBIE OPraHU3MBI B 00sI-
3aTeJIbHOM IOPAJIKE TMPOXOJISAT IKCIIEPTHYIO OLICHKY, MPEAINOJararoilyo pacCMOTPEHUE
BCEX MOTEHIUAIBHBIX IKOJIOTUYECKUX PUCKOB U PUCKOB JIJIS 3710POBBS YEIOBEKA, KOTO-
pble MOTYT MOSIBUTHCS B CBSI3U CO BCTPOMKON KOHKPETHOTO HOBOI'O I'€Ha M TEM HOBBIM
MPU3HAKOM, KOTOPBIN OyeT mposiBAsAThCS. [Ipy BBICBOOOXKICHUN B OKPY’KAIOIIYIO CPETY
TPAHCTEHHBIX PACTEHUH JOHKHA OBITH MOJHAS HAy4YHAs YBEPEHHOCTH B OTCYTCTBUHU
yTPO3bl CEPHE3HOTO UM HeoOpaTumoro yiepoa. IloaBoas utor Bonpocy BO3MOKHBIX
MOTEHIUAIBHBIX PUCKOB, CBSI3aHHBIX C MUCIOJIb30BAHUEM OPraHU3MOB U IPOLYKTOB
TE€HHBIX TEXHOJOTUH, XOTEI0Ch Obl OTMETHUTh, YTO BCE MoOJyyaemble B PecmyOunke
benapych TpaHcreHHbIe TMHUU KapTo(]esst MPOXOAST UCCIEAOBAaHHS B 1a00PaTOPHBIX
YCIIOBHSIX U Ha OTBITHBIX TOJISIX, COOTBETCTBYIOMIMX TPEOOBaHUSIM 0€30MMaCHOCTH.
[MockonbKy KapTodenb SBISeTCs HHTPOAYIIMPOBaHHBIM BUioM 1t benapycu, To oTcyT-
CTBYET BO3MOXHOCTb HEKOHTPOJIMPYEMOIO IIEPEHOCA €r0 NEHETHYECKOT0 MaTepHala,
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B T.4. U TPAHCT'€HHOI'0, TUKUM BUJAaM PaCTCHH, MPOU3PACTAIOLIUM B €CTECTBEHHBIX
o6uorneno3ax. [lorpeOGHOCTh UCIIOIB30BaHUS T€HHO-UH)KEHEPHBIX METOJ/IOB CBs3aHa
¢ o0ocTpeHneM OMOTEHHBIX arpo3KOJIOTHUECKUX PUCKOB, B CHIPKEHUH KOTOPBIX BayKHBIM
MIOJIXOJIOM SIBJIIETCS CTPATErHsl YIPEXkKIAIoLUIe HHTPOTPECCUBHON CENEKIINU, OCHOBAH-
HOU Ha KJIETOYHO-UHXEHEPHBIX U MOJIEKYJISPHBIX METO/aX.
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