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Abstract

The grape (Vitis vinifera) is one of the most important fruit plant species with a wide distribution
throughout the world. Commercial grape varieties are susceptible to significant exposure to a variety of
pathogenic microorganisms that can cause disease in plants both pre-harvest and post-harvest. These
diseases significantly affect the production, processing and export of grapes, as well as their quality.
Potential threats include bacteria, fungi, oomycetes and viruses, which have different life cycles, infection
mechanisms and survival strategies. The interaction between grapes and pathogens involves cycles of
resistance and susceptibility, the study of which allows us to identify resistance traits inherent in natural
resources and use them in the breeding process to ensure sustainable agriculture. This review summarizes
the main diseases affecting Vitis vinifera, including their causative agents. A comprehensive analysis of the
infection strategies employed by different types of pathogens is also carried out, considering the plant
response to infection in both resistant and susceptible scenarios. In addition, new methods used to assess
the condition of grapes under conditions of biotic stress are discussed, as well as scientifically based
procedures that are necessary to combat plant diseases and protect the crop from them.
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Grapes are one of the most valuable fruit crops in the world [1]. These varieties are
extensively cultivated for both fresh consumption and processing purposes. The majority of grapes
produced worldwide are used to make wine, as well as other processed products such as jams,
jellies and juices [2]. Grapes belong to the Vitaceae family, which includes more than 17 genera
and more than 1000 species native to North America, Asia and Europe [3-5].

In the field of viticulture, the choice of grape variety not only influences the quality and
quantity of the harvest but also plays a crucial role in determining the feasibility and economic
viability of cultivating crops in specific regions. Issues of scientific organization of the raw
material base of viticulture and winemaking in Kazakhstan occupy a leading place in solving the
problems of further development of viticulture. The development of industrial viticulture in
Kazakhstan began in the late 50s of the last century, and by the mid-80s the area of vineyards was
26,000 hectares, and the total grape harvest reached about 200,000 tons per year [6]. As outlined
in the "Program for the Restoration and Development of Viticulture in Kazakhstan™ for the period
2001-2020, the total grape cultivation area was below 9.5 thousand hectares. According to official
information from the Almaty region statistics department, there are currently vineyard fields in
various cities of the region, including Aksu, Balkhash, Taraz, Zharkent, Kapchagay, Sarkand,
Talgar, Taldykorgan, and Tekeli [6].

Economically valuable varieties for cultivation in Kazakhstan are: Taifi; Terbash; Bayan
Shirey; Huseyn Ak; Ashgabat intermediate black grapes; Gulja; Hungarian Muscat; black raisins;
Nimrang [6]. According to the National Bureau of Statistics, there was a high intensity of grape
production between 2012 and 2022 (Figure 1).
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Figure 1 — Grape production in the Republic of Kazakhstan 2012-2022 year

During their life cycle, plants are exposed to a variety of pathogens, including bacteria,
viruses, fungi and nematodes. Depending on the characteristics of their life cycle and the strategy
of influencing the plant, pathogenic microorganisms can be classified as necrotrophs, biotrophs
and hemibiotrophs [7]. Necrotrophic pathogens extract nutrients from dead tissue, in the process
releasing lytic enzymes and phytotoxins that promote the destruction of host plant cells. Biotrophic
pathogens, on the contrary, feed on living tissues, developing structures to penetrate the cell and
obtain the products of its metabolism [8-10]. Hemibiotrophic pathogens exhibit both biotrophic
and necrotrophic pathogen traits, starting with the biotrophic infection phase and then moving to
the necrotrophic infection phase, leading to the death of grapes [11].

Diseases: mechanism and symptoms of infection

Infectious diseases are caused by specific fungi, viruses and bacteria. As a rule, they settle
on living tissues and, accumulating in the plant, lead to its death. Pathogens are transferred from
the affected plant to healthy bushes by wind, rain, or untreated tools. Gradually, the infection
accumulates in the soil and fallen leaves and if protective measures are not taken, can destroy the
entire crop. Some of the most important diseases of Vitis vinifera are gray mold, powdery mildew
and downy mildew caused by Botrytis cinerea, Erysiphe necator and Plasmopara viticola,
respectively.

Plant defense mechanisms are strictly regulated by signaling using hormones, predominantly
jasmonic acid and salicylic acid. It is generally accepted that jasmonic acid and ethylene play a
key role in activating defense mechanisms against necrotrophic pathogens, while salicylic acid is
involved in providing protection against biotrophic and hemibiotrophic pathogens. [12]. In
addition, some phospholipids released during plasma membrane degradation can directly stimulate
jasmonic acid biosynthesis [13]. An increase in the concentration of jasmonic acid leads to
activation of the expression of genes responsible for the synthesis of protective enzymes and
molecules. These genes include glucanases, chitinases, protease inhibitors, and enzymes involved
in the biosynthesis of secondary metabolites such as phytoalexins. These components play an
important role in protecting plants from necrotrophic pathogens and helping to maintain their
viability. Salicylic acid, on the other hand, plays an important role in mediating plant defense
responses to biotrophic and hemibiotrophic pathogens. This response involves an increase in
reactive oxygen species and the resulting localized programmed cell death in infected tissues. This
defense mechanism is known as the hypersensitive response and serves to limit the growth of
pathogens by limiting their access to nutrients and water. On the other hand, salicylic acid mediates
the response to biotrophic and hemibiotrophic pathogens by causing an increase in reactive oxygen
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species and consequently localized programmed cell death in the infected tissue [14]. Table 1

provides data on the mechanism and symptoms of infection with the most common grape diseases.

Table 1 — Diseases, mechanism, and symptoms of grape infection with diseases [15]

Grape disease

Mechanism of infection

Symptoms

2

3

Gray rot caused by a fungus
Botrytis cinerea

- the first mechanism involves
direct penetration of the mycelium
through pores or lesions on the
surface of the skin of grape berries;
- the second mechanism, called
early invasion, involves infection
of the berries before their stigmas
and stems ripen.

- a plaque in the form of
mouse-shaped mold covers
the ripening berries, without
affecting the green ones,
which contain many acids;

- the berries become lethargic,
then turn slightly brown and
fall off.

R

Oidium (powdery mildew)

caused by the biotrophic fungus
Erysiphe necator

- attaches to grape tissue cells,
forming the primary germ tube
(haustorium).

- with the help of haustoria, the
fungus extracts the nutrients
necessary for its life cycle from the
cells of the grape.

- first in the form of a dirty-
gray coating of varying
consistency on the upper side
of the leaves, necrosis of the
leaf veins, later oily to the
touch spots appear with a
pronounced smell of rotten
herring;

- the plant gradually becomes
covered with a soft coating of
a characteristic gray-ash
color.

Mildew (downy mildew) csed
by the biotrophic oomycete
Plasmopar

- in the presence of water, mature
sporangia release zoospores that
infect plant tissues;

- zoospores grows through the
intercellular spaces, is surrounded
by leaf veins and penetrates the
grapes.

- yellow, oily, round spots
form on the leaves on the
upper side;

- in humid weather, a white
powdery coating forms on the
underside of the leaf;

- Over time, the
become reddish-brown.

leaves

R 2

X

Bacterial cancer
caused by the biotrophic fungus
Agrobacterium vitis

- penetrates the DNA of cells and
provokes the production of huge
amounts of auxins and cytokinin’s,
which leads to rapid growth of the
tumor;

- over time, the part of the bush
located above the tumor dies
because of tissue conduction
disturbances.

- a growth in the form of a
swelling on perennial wood,
annual vines or roots.
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2 3
- vector plants such as | -sudden drying out of a large
Homalodisca coagulate, | part of the leaf blade;

Cicadellidae and Cercopoidea
infect grapes, creating a biofilm
while feeding on xylem sap,
mainly water-conducting tissue.

- biofilm in xylem vessels disrupts
the flow of water and nutrients

- more severe yellowing,
drying, and falling of leaves
are observed,;

- dwarfism of shoots and
stunted growth of stems, as
well as dehydration of grape

through it. bunches are observed.

Pierce's disease
gram-negative bacterium
Xylella fastidiosa

The fungus Botrytis cinerea has the ability to exist as a parasite in living green plant tissues,
and as a saprophyte in dead or decaying tissues. This dual ability allows it to be widely distributed
in nature and determines its indiscriminate nature towards various plant species, including grapes
[14]. The problem requires careful monitoring and measures to protect grape crops from this
fungus in order to ensure the quality and safety of the harvest and wine industry products [15, 16].
Powdery mildew of grapes leads to significant losses in production, as it reduces both the yield
and the quality of the fruit. The main negative effect is manifested in a decrease in the sugar content
and acidity in grapes, which affects its characteristics and taste [17].

The Erysiphe necator fungus extracts hexoses, amino acids, vitamins and other nutrients
from grapes while secreting proteins that suppress the plant's defense mechanisms. This interaction
allows the fungus to successfully provide itself with nutrients and complete its life cycle [18, 19].
Resveratrol and its derivatives, such as viniferines, are bioactive compounds that may be involved
in plant defense responses to pathogens. They may have antioxidant and antifungal properties,
making them important components in grape defense mechanisms against powdery mildew.
Increasing the level of resveratrol and viniferins can help increase the resistance of grapevine
varieties to this disease and reduce its negative impact on yield and fruit quality [20].

Infection of grapes with the specific pathogen Agrobacterium vitis usually begins through
plant damage, especially as a result of freezing and/or mechanical wounds, which promotes the
release of phenolic compounds that act as chemoattractants on attached bacteria [21]. These
compounds activate the transcription of genes, the products of which induce the transfer of fungal
DNA into the grape genome [22].

Pierce's disease, caused by the bacterium Xylella fastidiosa, is an economically significant
disease affecting the production of wine, table grapes and raisins [23-25]. Grapes infected with the
bacterium Xylella fastidiosa use physical or chemical barriers after infection, such as tylose.
Tylosis is the proliferation of parenchyma cells through pairs of vascular pits into the lumen of the
tracheal elements. The initiation of tylose formation happens at a pace that is insufficient to control
the proliferation of mobile pathogens like Xylella fastidiosa.

Plant protection from diseases

Detecting grape diseases poses a challenging and resource-demanding endeavor, particularly
when it comes to the third aspect of pinpointing the pathogen and devising dependable strategies
to mitigate or minimize economic losses. However, when it comes to treating grape diseases, some
available approaches are too expensive and/or unsuitable [26]. Since most varieties of Vitis
vinifera are affected by these pathogens, wine and fresh grape production are dependent to varying
degrees on the application of control methods [27]. Various methods are used to protect grapes
from pathogens, including cultural controls such as thinning and culturing, cold treatment (holding
plants at low temperatures to prevent or eradicate pathogens), chemical control using contact and
systemic agents, and biological control. using biopesticides to reduce the use of chemical
pesticides [28].
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Currently, integrated disease management, which includes combined methods to mitigate
the threat from these pathogens and minimize negative environmental and health impacts,
represents a partially effective, cost-effective and sustainable way to address the problems [29].
One of the most commonly used approaches is chemical control, which includes various classes
of chemicals such as copper compounds, sulfur compounds, dithiocarbamates, benzimidazoles,
antibiotics and others [30-32]. Although these chemicals are effective against fungal and bacterial
pathogens, they have little effect on viral diseases. In addition, some of them can be dangerous to
organisms, including viruses that transmit viral diseases. However, this method is not always
effective and may not prevent future infections [33].

Modern methods of controlling grape diseases typically combine various approaches,
including genetic resistance, the use of biological controls and modern monitoring technologies,
to provide optimal protection to the grapevines and reduce the use of chemical fungicides.
Nanomaterials and nanoparticles can be used to develop new formulations of fungicides, which
increases effectiveness and reduces the need for their use [34-36]. Developing grape varieties that
have built-in resistance to certain diseases is one effective method. This reduces the need for
chemical treatment. Scientific research in the field of genetic engineering may lead to the creation
of grape varieties with improved disease resistance [37-39]. Grape growers are increasingly
adopting sustainable cultivation practices that help reduce the risk of disease, such as managing
weeds, attracting beneficial insects, and improving soil structure [40, 41]. Another promising
approach is to use biotechnology, such as creating biologics from plant extracts that contain
pathogen resistance elements. This method could be an effective strategy applicable to agriculture
in the future. Application of biologicals and microorganisms such as microbes, bacteria and fungi
that compete with disease pathogens in soil or plants helps reduce the spread of diseases [42-44].

Conclusion

Modern methods of protecting grapes from diseases integrate various approaches such as
genetic resistance, biological controls and modern technologies to provide optimal protection and
reduce dependence on traditional fungicides. This includes developing genetically resistant grape
varieties that reduce the need for chemical treatments. Biologicals and microorganisms that
compete with soil and plant pathogens reduce the spread of disease. Application of nanotechnology
to create more effective fungicides. Using modern monitoring technologies with sensors and the
Internet of Things network for real-time monitoring of the condition of the vines and the
environment. Environmentally sustainable cropping practices, such as weed control and the
attraction of beneficial organisms, help reduce the risk of disease. Thus, modern methods of
combating grape diseases include advanced technologies and scientific developments.
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AKY3IMHIH TATOI'EHAI MUKPOOPI'AHU3AEPIL: UHOEKIIUA MEXAHU3MI
KI9HE KOPTAY 9IICTEPI

Tyiiin

Kyszim (Vitis vinifera) Oykin onemue KeHIHSH TapalfaH €H MaHbI3Ibl JKeMiC eCiMAIKTepiHiH Oipi
OombIn TaOBIaAbl. JKY3iMHIH KOMMEPITUSIIBIK COPTTaphl €TiH JKHMHAYFa KOHE XHHAyIaH KediH ne aypy
TYABIPYBl MYMKIH OpPTYpJl MaTOT€HIIK MHKPOOPTaHU3MIEPTe alTapibIKTail ocep eremi. bynm aypymap
KY3IMI1 eHAIpyre, OHAeYyTe KOHE SKCIOPTTayFa, COHIaii-aK oJap/AbIH calachblHa alTapibIKTai ocep eTei.
blkTrMan el MEKpoOpranusmepre 6akrepusiap, CaHbIpayKyJiakTap, OMHIETTED )KOHE BUPYCTap JKaTabl,
oJapIbIH OMIpIiK UKIIEP], HHOEKIINS MeXaHU3M/IEPi KOHE OMip CYpy CTpaTerusuiapsl apTypii. XKy3iMHIH
NaTOTeH/AI MUKPOOPTaHU3AEpl e3apa OpEeKeTTeCyl TO3IMIUNK MEeH Ce3IMTalAbIK LUKJIJApbIH KaMTHIBL,
onappl 3epTTey TaOUFU pecypcTapra ToH KapChUIBIK OeNTiiepiH aHbIKTayFa )KOHE OJapbl TYPaKThl aybll
HIapyallbUIBIFBIH KAMTaMachl3 €Ty YIIIH ecipy Mpollecinie naifananyra MyMKiHaik Oepemi. by momyna
JKY3IMI'e 9cep eTeTiH Heri3ri aypyJap, COHbBIH ilIiHIE OJapMeH Kypecy *ojaapbl KenrtipiareH. CoHbIMEH
Karap, OMOTHKAIIBIK CTpecC Ke3iHfe JKY3iMHIH JKarlaiblH Oaranay YIIiH KOJJIaHBUIATHIH KaHA QIICTeEp,
COHJIali-aK OCIMJIK aypyJapbIMeH Kypecy >KoHe KOpFay YIIH KaKETTi FEUIBIMMEH HETI3ZIeNTeH CypaKTap
TaJIKBUIAHA B

Kiarri ce3mep: >ky3iM, HaTroreHai MHUKPOOpPTaHU3MIEP, HHQPEKIUS MEXaHW3Mi, TO3IMILIIK,
OCIMJIIKTEp/Ii KOpFay.
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ITATOT'EHHBIE MUKPOOPI'AHU3MbI BUHOI'PAIA: MEXAHUN3M 3APA’KEHUA U
METO/JbI 3ALIIUTHI

doi:10.53729/MV-AS.2023.04.02

AHHOTALUSA

Bunorpaz (Vitis vinifera) seistercst ogaum 3 Hambojiee BaKHBIX BHIOB ()PYKTOBBIX PACTEHHIA,
MMEIOIIUX IIMPOKOE paclpocTpaHeHue Mo BceMy mupy. KoMmmepueckue copra BUHOTpaaa MOABEPKEHBI
CEpbE3HOMY BO3JEHCTBUIO Pa3HOOOPA3HBIX MATOr€HHBIX MHKPOOPIaHU3MOB, KOTOPBIE CIIOCOOHBI
BBI3BIBATH 3a00JICBAHNS B PACTEHUSIX KaK B IIEPUOJ 0 cOOpa yporKas, TaK ¥ IOCIe HEero. ITH 3a00JIeBaHUS
CYLIECTBEHHO BIMAIOT Ha MPOM3BOACTBO, 00pabOTKY M 3KCIOPT BUHOTPA/a, a TaKKe HA €ro KauecTBo.
Cpenu MOTEHUMATIBHBIX YIpO3 MOKHO BBIIENUTH OaKTEpHH, PUOBI, OOMHLETHl M BHUPYCHI, KOTOpPBIE
XapaKTCPpU3YOTCAd pa3IMYHbBIMU KU3HCHHBIMU HHUKJIaMHU, MEXaHHU3MaMH 3apaXCHUA W CTPATCTrUAMU
BbBDDKUBAHUA. B3aPIMOZIeI7[CTBPIe MCXKAY BHHOIpaaoM M MAaTOTCHaAMH NOAPa3yMEBACT HAJIUMYHUC HHUKIIOB
YCTOMYMBOCTH © BOCIPHUMMYHMBOCTH, HCCIECIOBaHHE KOTOPBIX IIO3BOJISICT BBUIBUTH IPHU3HAKU
YCTOWYMBOCTH, MPUCYIIHE MPUPOTHBIM pecypcaM, W HCIOJb30BaTh WX B MPOIECCE CENIEKIUH C IENbI0
o0ecrieyeHnsl YCTOMYMBOTO CENbCKOTO XO3siicTBa. B maHHOM 0030pe 0000mIat0TCs OCHOBHBIE
3aboneBaHusi, Bo3jeiicTByromme Ha Vitis vinifera, Bxmouas ux Bo3Oyautesneil. Takke MpoBelcH
BCECTOPOHHUH aHAIM3 CTpaTerwii MHPEKIUH, TPUMEHIEMbIX Pa3IMYHBIMU THUTIAMH MTATOTEHOB, C YYETOM
peaKIuy pacTeHHs HA MHPEKINIO B CLIEHAPHSIX KaK YCTOMYMBOCTH, TaK M BOCIpUAMYNBOCTH. Kpome Toro,
paccMaTpUBaIOTCS HOBBIE METOJbI, NMPHMEHSEMbIE JUIS OICHKH COCTOSHUS BHUHOTPalla B YCIOBHSX
OMOTHUYECKHX CTPECCOB, a TAK)KE HAYYHO 0OOCHOBAHHBIE MPOIIEAYPHI, KOTOPHIE HEOOXOIUMBI JUIsI OOPHOBI
¢ OOJNE3HIMH PACTCHUH U 3aIUTHI YPOXKasi OT HUX.

KnwueBble cjoBa: BHHOTpajJ, TMAaTOTCHHbIE MHUKPOOPTraHM3MBI, MEXaHWU3M 3apa)KeHWs,
YCTOMYUBOCTb, 3aLIUTa PACTCHUN.

BuHorpan — omHa W3 caMbIX IEHHBIX IUIOAOBBIX KynbTyp B Mupe [1]. Ero mmpoko
BBIPALIMBAIOT JUIS TOTPEOJICHHS B CBEXKEM M IepepaboTaHHOM BHJie. boibiias yacTs BUHOTpana,
IPOM3BOIMMOIO BO BCEM MHpE, UCIOJIb3YeTCs Ui M3TOTOBJICHMS BHHA, a TAKXKE - B COCTaBE
IpYruxX TepepadaThiBaeMbIX IMPOIYKTOB, TAKMX KaK JDKEMBI, kelde W coku [2]. BuHorpan
NpUHAUISKUT K ceMeicTBy Vitaceae, koropoe BrimovaeT 6osee 17 poxos u 6onee 1000 BumoB
npowuspacraromux B CeBepHoit Amepuke, Asuu u Espore [3-5].

CopT B BUHOTpaIapCcTBE OIpeeNsieT He TOIbKO KaueCTBO M KOJIMUYECTBO ypOxkKasi, HO TaKxkKe
BO3MOXKHOCTh W HKOHOMHYECKYIO A(P(PEKTUBHOCTh BBIPAIIMBAHUSI CEIbCKOXO3SHCTBEHHBIX
KyJIbTYyp B ONpEICNCHHBIX peruoHax. Bompocbl Hay4yHOIl OpraHuzaluu ChIPHEBON 0a3bl
BUHOTpagapcTBa M BHHOnenus KazaxcTaHa 3aHMMArOT BeIyllee MECTO B pEIICHHH 3a7ad
JaNbHEHIIero pa3BUTHS BHUHOTpajgapcTBa. Pa3BUTHE NPOMBIIUIEHHOTO BHHOTPAZapcTBa B
Kazaxcrane Hagasioch B koHIEe S0-X TOJI0OB MPOILIOro BeKa, U K cepeauHe 80-X roJI0B MIomaab
BUHOTPaHUKOB cocTaBisia 26 000 ra, a o0muii ypoxail BuHOrpaga npocturan okoino 200 000
TtoHH B roj [6]. ITo manHbM «[IporpaMMbl BOCCTAHOBJICHHS W Pa3BUTHs BUHOTPAJapCTBa B
Kazaxcrane» na 2001-2020 roas! miomiags BUHOTPAJAHBIX HACAXICHWN cocTaBisuia MeHee 9,5
TeiC. Ta. [lo oduIMaTbHBIM JaHHBIM YIPABICHUS CTATUCTUKM AJIMAaTHHCKOW o0yacTd, B
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HACTOSAIIEE BPEMSI B TOPOAAX PETHOHE UMEETCS 10JI1 BUHOIPAaJHUKOB B ropoaax Akcy, banxau,
Tapas, Kapkenrt, Kanuaraii, Capkana, Tanrap, Tanasikopran, Tekenu [6].

X035MCTBEHHO LIEHHBIMU COpPTaMu il BblpamuBaHus B Kaszaxcrana sBistrorcs: Taiidu
po3oBbiii, TepbOam, basa Illupeir, ['yceitn Ak, BuHOTpan uYepHBIA AmxadaacKuit
npoMexyTounblii, Kynpmka, Myckar BeHrepckuii, ustom 4depHblid, Humpanr [6]. CormacHo
nanHbiM  HarmmonanpHoro Oropo craructuku, B 2012-2022 romax Habmromanack BBICOKas
MHTEHCHBHOCTH ITPOM3BOJICTBA BUHOTPaaa (pHCYHOK 1).
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Pucynok 1 — IIpousBonctso BuHorpana B Pecyonuku Kazaxcran B 2012-2022 rogst

B TeyeHme cBOEro IKM3HEHHOTO LMKJIA PACTEHHUS IIOJBEPTralOTCS  BO3IACHCTBHIO
pa3HooOpa3HbIX MATOICHOB, BKIII0Yas OAKTEPHH, BUPYCHI, TPHObI 1 HEMaToIbl. B 3aBucuMoOCTH OT
0COOCHHOCTEH WX JKU3HEHHOTO NHUKJIA M CTPAaTerMu BO3ICHUCTBHSA HAa pPAcTEHHE, NMAaTOrCHHbBIC
MHUKPOOPTaHU3MBl MOTYT OBITh KJIacCU(UIMPOBAHBI KaK HEKPOTpoQsl, OHOTpPOodB U
reMuduotpodsl [7]. HekpoTpodHbie maToreHsl U3BICKAIOT MUTATEIbHBIE BEIIECTBA U3 MEPTBBIX
TKaHEH, BBIJEISSA B IpoIecce JINTHYECKHE PepMEHTH! U (PUTOTOKCHHBI, KOTOPBIE CIIOCOOCTBYIOT
pa3pylIeHUIO KJIETOK PacTEeHHUs-X03gMHA. buoTpodHble maroreHsl, HAIPOTHUB, MUTAIOTCS 3a CUET
KMBBIX TKaHEH, pa3BUBas CTPYKTYPHI U1l HIPOHUKHOBEHUSI B KJICTKY M IOJy4SHHUS IPOTYKTOB €€
merabonusma [8-10]. I'emuOHoTpOdHBIC MATOrEHBI NPOSIBISIOT KaK YepThl OMOTPO(HBIX, TaK H
HEKpOTPO(HBIX MATOTEHOB, HaUKWHAs C (a3bl OMOTPODHON MHPEKIIMH U 3aTeM MEePexoasT K (asze
HEKPOTpOopHOH MHDEKIUU, MPUBOIAIICH K THOeTH BuHOTpaaa [11].

bone3nn, MexaHu3M B CUMITTOMBI 3apa>KEHHS

WNndexnnonnsie 00JIe3HNM BBI3BIBAIOTCA CHEUU(UUECKUMU TpUOKaMH, BUPYCAMU H
Oakrepusimu. Kak mpaBuiio, OHM TOCENSIOTCSA Ha XKUBBIX TKAHSX M, HAKAIUIMBAsCh B PAaCTCHHH,
npuBoaAT K ero rubenu. C MOpakeHHOTO PACTeHUS BETPOM, NIOXKIEM, HeoOpaboTaHHBIMU
MHCTPYMEHTAMH [IaTOTEHBI MEPEHOCSATCS Ha 310poBble KycThl. IloctemeHHo wH eKIus
HAaKaIUIMBAeTCS B MOYBE M OMABIICH JIMCTBE W, €CIIM HE NMPOBOAWUTH 3AIMUTHBIC MEPBI, MOXKET
YHUYTOXKHTH BeCh yposkail. HekoTopslie 3 Hanbosee BaxHbIX 3aboseBanuii Vitis vinifera - aro
cepas THWIb, MyYHHUCTasi poca M JIOKHash My4YHHCTas poca, BbI3bIBaeMble, Botrytis cinerea,
Erysiphe necator u Plasmopara viticola, coorBeTcTBeHHO.

3amMTHBIE MEXaHU3MBbl PACTEHHUN CTPOTO PETyIUPYIOTCS IMyTEeM Iepeladd CHUTHAJIOB C
UCTIOJIb30BaHNUEM F'OPMOHOB, TPEUMYIIECTBEHHO KaCMOHOBOM KHCIOTHI ¥ CAJTMIIMIIOBOI KHUCIIOTHI.
OOEenpuHATO, YTO JKACMOHOBAs KUCIOTa M STWIEH HIPAIOT KIIOUEBYIO POJb B aKTHBAIMU
3aIIUTHBIX MEXAaHW3MOB IIPOTHB HEKPOTPO(HBIX MATOTCHOB, B TO BPEMs KaK CaJHIMIOBAs
KHCJIOTa y4acTBYeT B 00ECHEUEHUH 3alUThl OT OMOTPO(HBIX U reMHUOHMOTPO(PHBIX MATOI€HOB.
[12]. Kpome Toro, Hekoropsie (OochOIUNHIbI, BLICBOOOKIACMBIC MPH JIeTpaJalliu
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IUIa3MaTHYeCKOM MeMOpaHbl, MOTYT HAaIlpsMYIO CTUMYJIUPOBaThb OMOCHHTE3 KaCMOHOBOMU
kucnotel [13]. VYBenuueHWe KOHIEHTPALUU >KACMOHOBOW KHCJIOTHI TMPHBOAUT K aKTHBALUH
9KCIPECCHH I'€HOB, OTBETCTBEHHBIX 32 CHHTE3 3alIUTHBIX (PepMEHTOB U MoJekyl. K Takum reHam
OTHOCSATCSl TJIOKAaHA3bl, XUTWHA3bl, MHTUOUTOPHI TpPOTea3 W (HEPMEHTHI, y4YaCTBYIOIIHUE B
OMOCHHTE3e¢ BTOPUYHBIX META0OJHTOB, TAKHX KaK (PUTOATEKCHHBI. DTH KOMIOHEHTHI UTPAIOT
BR)XHYIO POJIb B 3aIlUTE PACTCHUN OT HEKPOTPODHBIX MATOTEHOB M CIIOCOOCTBYIOT COXPAHEHHUIO
UX JKu3HecTocoOHOCTH. CanuiuioBas KHCIOTa, C JAPYrOodM CTOPOHBI, UTPAeT BAXKHYIO POJb B
MeUaIliy 3alIMTHOTO OTBETa PACTCHHH Ha OMOTpOodHBIE U TeMUONOTPO(dHBIE MAaTOTeHBI. DTOT
OTBET BKJIIOYAET YBEIMUYEHHE AaKTUBHBIX (POPM KHUCIOpOJA M, B Pe3yjbTaTe JIOKATU30BAHHYIO
3aMpoOrpaMMHPOBAHHYIO THOEIh KIETOK B MH()DUIIMPOBAHHBIX TKAHSAX. DTOT MEXaHW3M 3aIlIUTHI
U3BECTCH KaK THIIEPUYBCTBUTENbHAS PEAKIMS M CIYXHUT JUIsI OFpaHHMYEHHUS POCTa MaTOTCHOB
yTeM OTPaHMYCHHS WX JOCTyNa K THTATeNIbHBIM BemecTBaM W Boje. C Ipyroi CTOPOHBI,
CAJIMIIMIIOBAsl KHUCJIOTa OIOCPEAYeT OTBET Ha OHOTpO(HBIE W TeMHUOMOTPO(HBIE NATOTEHBI,
BBI3BIBAS  YBEIMYCHUE KOJNWYECTBA AaKTHBHBIX (OpM KHCIOpOAa U, CIIEAOBATEIbHO,
JIOKAJIM30BaHHYIO 3allpOrpaMMHUPOBAHHYI0 THOENb KJIETOK B MH(pUIMpoBaHHOH Tkanu [14]: B
tabmuie 1 mpemocTaBieHbl JaHHBIE O MEXaHW3ME M CHMIITOMAax 3apaKeHHs HauOolee
pacnpocTpaHEHHBIME 3a00JI€BaHUSI BUHOTPAJIA.

Tabnuia 1 — Bone3nu, MeXaHu3M ¥ CHMIITOMBI 3apayKeHUsl BUHOTpaja 3aboneBanusamu [15]
boiie3nb BUHOTpajia MexaHu3m 3apaxxeHus CHUMIITOMEBI
1 2 3
- IEPBBIA MEXaHU3M BKJIIOYAET B
ce0s mpsMOe MPOHUKHOBCHHE
MUIENAA dYepe3 TOphl WA
MOBPEXACHNS HA TIOBEPXHOCTH
KO>KU BUHOTPAIHBIX STO;
- BTOpPOU MEXaHU3M,
Ha3bIBaeMblii paHHEW WHBa3UEH,
NpeAnoaaraeT 3apakeHue Aroj
JI0 UX CO3pEBaHUs pbUIbLA U
cTebei.

- HajeT B BHUAC IUICCCHHU
MBIIIEBUIHOTO 1[BETa
TTOKPBIBACT 3PCIOIIUE SITOJIBI,
HE  3aTparuBas  3€JICHEIC,
coJIepKaIme Oounbimoe
KOJIMYECTBO KHCIIOT;

- ATOJIBI CTAHOBSATCS BSUTBIMH,
3aTeM cierka OypeT u
OIaJIaloT.

- BHayaJIC€ B BHIAC TIPA3HO-

- MPUKPCIUIACTCA K KICTKaM o
ceporo HAJICTa pa3Hou

TKaHU BHHOTPAZA c .
.. | KOHCUCTEHIINM Ha BepxXHeU
oOpa3oBaHHEM MEePBUYHOM
o CTOpPOHE JIUCThEB, HEKpO3a
3apOABIIIHON TpyOKH
KHUITOK JHCTa, MO3XKe
(raycropun).

IOABJIAOTCA MACJIIHUCTBIE Ha

- C IIOMOIILI TayCTOPHUH T'puO
= yerop P OIIYTIb TISITHA,

HU3BJICKACT H606XO,Z[I/IMI:IG JJIs

0O ' 2 CBOCTO  KW3HeHHOTO mkra | PACTOHNE  TIOCTCICHIO
UIHyM (MYI%HHCTa’I poca) IHTATCNBHBC  BemecTsa s | MOKPBIBACTCA MATKIM HATeTOM
BBI3BIBACTCS OHOTPO(YHBIM XapaKTEPHOTO cepo-

i KJIETOK BUHOTI'paaa.
rpudxom Erysiphe necator pan [eTIeBHOTO HBETa.

¢

- Ha JIMCTBIX C BEpXHEH
CTOPOHBI 00pa3yroTCs KENTHIS
MAaCJISTHACTBIE OKPYTJIbIE
TSITHA;

- BO BIAXHYI [OToAy Ha
HUKHEHN CTOpPOHE JICTA
oOpasyercs Oejblii MyYHHUCTBIN
HaNIET;

- ¢ TEUCHHEM BPEMEHU JIUCThS
CTaHOBATCS KPacCHO-OypBIMH.

- B IIPUCYTCTBUHU BOIBI 3pEIbIE

CIIOpaHruu BBIACIAIOT

300CIOPLI, KOTOPLBIC 3apakaroT

TKaHU PaCTCHU;

- 300CIIOpBl IPOPACTAET Yepe3

MCKKJIICTOYHBIC MPOCTPAHCTBA,
= OKPYXE€H JKWIKaMMU JIMCTa U

Munasio (J‘IO)KHaH My4YHHUCTast MPOHUKAET B BUHOTPA/I.

poca) BBI3BIBACTCS HOTPOPHBIM

oomuiietoM Plasmopara viticola
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IIpogomkenne Tabnuuesl 1
1 2 3
- BHenpsaercs B JIHK knerok u
MIPOBOIIUPYET BBIPabOTKY
OTPOMHOTO KOJIMYECTBA
ayKCMHOB M IIUTOKWHUHOB, YTO
MIPUBOIUT K OBICTPOMY | - HApOCT B BHJIC OIYXOJH Ha
pa3pacTaHuIO OITyXOJIH; MHOTOJICTHEH JIPeBECUHE,
- CO BpEMEHEM 4YacTh KYyCTa, | OJTHOJICTHEH J103€ WIH KOPHSX.
HAXOJSIIASACS BBIIIE OITYXOJH,

i)

~ e el OTMHpAET B pesynbTaTe
baxTepuanbHbii pak HapyLICHUS] HPOBOIMMOCTH
BBI3bIBACTCS OMOTPOGHBIM TKaHEHA.

- paCTCHUA-ICPECHOCYUKH, TAKHUEC

. - BHE3aITHOC YCbIXaHUC
kak Homalodisca coagulate, . N
. . . OOIBIION YacTH  JIMCTOBOM
Cicadellidae u Cercopoidea
IJTACTUHKU;

3apaKAOT BUHOTPA, CO3/aBas
OMOIUIEHKY BO BpEMs IHTaHHUS
COKOM KCHJIEMBI, B OCHOBHOM,
BOJIOTIPOBO/IALIEH TKAHH.

; - OMOIIJIeHKA B COCY/IaX KCHIIEMBI
Bonesnp [Mupca Hapylmaer [OTOK BOIBI U

o . TaKxke 00€3BOKUBAaHUE
BBI3BIBACTCS IPAMOTPULATENBHON | [1yirareibHBIX BEECTB IO HEI.

OakTepueit I'pO31bE€B BUHOIPaIa.
Xylella fastidiosa

- CWIBHOE  TOXEITCHHE,
BBICBIXaHME W OMaJieHHe
JIUCTHEB;

- KapJMKOBOCTh MOOEroB u
3agepkKa pocra creOined, a

I'pu6 Botrytis cinerea o6mamaeT CHOCOOHOCTBIO CYIIECTBOBATH KaK IAapasuT B KHBBIX
3eJIEHBIX TKaHIX PACTEHUI, a TAK)Ke KaK canpo(uT - B MEPTBBIX WX Pa3NIaraloIIuXxcs TKaHIX. JTa
JBOMCTBEHHAs] CHOCOOHOCTh IMO3BOJIIET €MY LIMPOKO paclpOCTPaHAThCS B TNpUpPOJE U
00yCIIOBIMBAECT €ro Hepa30OpUYMBBHIM XapakTep K pa3MYHBIM BUJAM PACTCHH, BKIIOUas
BuHorpaz [14]. IIpobiema TpeOyeT BHUMATEIBHOTO KOHTPOJIS U MEP IO 3all[MTe€ BUHOTPAIHBIX
KYJBTYp OT 3TOTO Ipuba, 4ToOBl 00ECIEUUTh KAaueCTBO M COXPAHHOCTh ypOXKas W NMPOIYKIIHU
BUHO/EIbYECKOI oTpaciu [15, 16]. Myunucras poca BHHOTpaaa MPUBOAUT K 3HAYUTEILHBIM
MOTEPSIM B MPOU3BOCTBE, TAK KaK CHI)KAET KaK ypOKaHOCTb, TaK U Ka4€CTBO MJ1010B. OCHOBHOM
HEraTUBHBIN A((DEKT NMPOSBISETCS B CHIDKEHUU COACPIKAHMS caxapa W KUCIOTHOCTH B STOJax
BUHOTI'PA/a, 4TO BIIMSCT HA €r0 XapaKTePUCTHUKHU U BKYCOBbIe CBOMCTBa [17].

I'pu6 Erysiphe necator wusBiekaer reKCO3y, aMHHOKHCIIOTHI, BUTAMHUHBI U JIPYrHe
NUTaTeNbHbIE BEIIECTBAa U3 BUHOTPaa, OJHOBPEMEHHO CEKPETUPYs OENKH, KOTOpbIe MOIABISIOT
3aIIMTHBIE MEXaHU3MBl PACTEHUSA. OTO B3aUMOJICHCTBUE TMO3BOJISIET TpHOY yCIEUTHO
obecrieunBarh ceOs MUTATSILHBIMU BEIICCTBAMHU M 3aBEpIIaTh CBOW JKM3HEHHBIN nuki [18, 19].
PecBepaTpout 1 ero mpon3BOAHbBIE, TAKUE KaK BUHU(EPUHBI, SIBISIOTCS OUOIIOTHUECKU aKTUBHBIMU
COCIMHEHUSIMU, KOTOpbIE MOTYT YYacTBOBaTb B OOOPOHMTEIHHOM peaklWd pacTeHHUs Ha
natoreHsl. OHM MOTYT 00JIajaTh AHTUOKCHUIAHTHBIMU M AHTUTPUOKOBBIMU CBOMCTBAMH, YTO
JeJIaeT UX BXKHBIMM KOMIIOHEHTAaMHU B MEXaHM3Max 3alllUThl BUHOTPaJa OT MYYHHUCTOH POCHL.
YBenuueHrne ypOBHS pecBeparpoiia M BUHU(DEPUHOB MOXKET CHOCOOCTBOBATH IMOBBIMICHUIO
YCTOMYMBOCTH COPTOB BHHOTIPAJHOW JIO3bI K JaHHOMY 3a00JIEBAaHMIO W CHIIKEHHUIO €ro
HETaTUBHOTO BO3JICHCTBHS Ha YpoXkai M KauecTBo 10108 [20].

3apakeHre BUHOrpaga creruduueckum Bo3Oyautenem Agrobacterium vitis o06braHO
HAYMHACTCS 4Yepe3 MOBPEKICHHS PACTCHHI, OCOOCHHO B pe3yibTaTe 3aMOpPAXHBAHUS H/WIIN
MEXaHUYECKUX paH, YTO CIOCOOCTBYET BHICBOOOXKIEHHIO (DEHOJIBHBIX COETUHEHHH, KOTOphIE
JCHCTBYIOT KaK XEMOATTPAKTAaHThl Ha NpPUKPEIUICHHbIC Oaktepuu [21]. Dtu coenuHeHwMs
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AKTUBHUPYIOT TPAHCKPHIIINIO T€HOB, MPOAYKTHI KOTOPhIX HHAYHUPYIOT nepeHoc JIHK rpubka B
reHOM BHHOTpaa [22].

bonesnp Ilupca, Be3biBacMmast Oaktepueit Xylella fastidiosa, sBnsiercs skoHOMHYECKH
3HAYMMBIM 3a00JIeBaHHEM, HAHOCSAIIMM YIIEpO MPOW3BOJICTBY BHHA, CTOJOBOTO BHUHOTpAAa U
ustoma [23-25]. Bunorpan, 3apaxennsiii 0akrepueii Xylella fastidiosa, ucnonb3yer dpusnyeckue
WIA XUMHYECKHe Oapbephl Mocie 3apa)KCHUs, TaKUe Kak TWUI03a. Twiio3a mpencTaBisieT coOon
pa3pacTaHue KJIETOK NapeHXUMBbI 4epe3 Mapbl COCYAMCTHIX SIMOK B IMPOCBET AJIEMEHTOB TPaxeu.
WMHummanust THI03bl TPOUCXOJUT CIHMIITKOM MEJIEHHO, YTOOBI OTPaHUYHUTh PACIpPOCTPaHEHHE
MOOWIIbHBIX MaToreHoB, Takux kak Xylella fastidiosa.

3amura pacTeHUl OT 3a00JIEBaHHI

Juarnoctuka 3a0oyieBaHMN BHHOTpaga - 3TO CIOXKHAs W pecypco3aTpaTHas 3ajaua,
0COOEHHO B TPETHEM PACCMOTPEHHH ONPEACICHHUS BO30OYAMTENS W ONPEIEICHUS Halle)KHBIX
CTpaTeruil Ui NpeJoTBPALICHUS WIN COKPAILICHHS SKOHOMHUYECKUX norepb. O1HaKo, Koraa peub
3aXOJMT O JICUCHUH OOJIe3HEH BHHOTPaJa, HEKOTOPBIE JOCTYITHBIC IMOAXObI CIUIIKOM JOPOTH
w/um HenpuronHsl [26]. [ockonbky GonpmHCTBO pasHoBHaHOCTEH Vitis vinifera 3aBucut ot
BO3/ICHCTBUS YIIOMSHYTHIX ITATOT€HOB, MIPOU3BOACTBO BHHA M CBEXKETO BUHOTPAa B Pa3IUIHON
CTENICHM 3aBHCUT OT MPUMEHEHHsI MeToJ0B OophObl [27]. B pamkax 3ammrhl BHHOTpaga OT
NaTOreHHBIX MHUKPOOPTAaHH3MOB HCIIONB3YIOTCS pa3jIMYHbIe METONbI, BKIOYAs KYJIbTYPHBIN
KOHTPOJIb, TAaKOW KaK NPOPEKMBAHWE W BBIPANIUBAHUE KYIBTYPBI, «XOJOJHOE JICUCHHE)
(BBIICP)KKA PACTCHUH TPH HHU3KUX TEMIIEpaTypax Ui TPEAOTBPAIICHUS WM HCKOPCHEHUS
MATOTEHOB), XUMHYECKHA KOHTPOJb C MPHUMEHCHHEM KOHTAKTHBIX M CHCTEMHBIX CPEJNICTB,
OHMOJIOTMYECKHIA KOHTPOJIb C NMPHUMEHEHHEM OWOTECTUIMIOB Ul COKPAICHHS MPUMEHEHHS
XUMHYECKHMX TeCTHIMI0B [28].

B Hacrosimee BpemMsi KOMIUIEKCHOE yIIpaBlieHHE 3a00JICBAaHUSIMU, KOTOPOE BKITIOYAET B ceOS
KOMOMHHPOBAaHHBIC METOJBI CMSTUCHHUS YIPO3bI CO CTOPOHBI TUX MAaTOT€HOB U MUHHUMHU3AIUN
HETaTMBHOTO BO3JICHCTBHUS HA OKPYKAIOIIYIO CPEIY U 3I0POBHE, MPEICTABISET COOOW YaCTUIHO
3¢ (eKTUBHBIN, IKOHOMUYECKH BBITOJIHBIN M YCTOWYUBKIN crioco0 pemreHus mpodiem [29]. Onun
13 HanOoJIee YacTO MCIOJIb3YEMbIX TIOJXO/IOB - 3TO XUMUYECKUH KOHTPOJIb, KOTOPBIH BKIIIOYAET B
ce0st pa3TMyUHbIe KIacChl XUMUYECKHX BEILIECTB, TAKHE KaK COCTUHEHUS ME/IU, COCTMHEHUS CePBl,
TUTHOKapOamMaThl, OCH3UMHIa30Jibl, aHTHONOTHKH W Apyrue [30-32]. XoTs 3T XUMHUYECKHE
BemecTBa 3(pdekTuBHEl B O0opbOe ¢ TpUOKOBBIMH M OaKTEpHATIBHBIMH IATOTCHAMH, OHHU
OKa3bIBAIOT HE3HAUUTEIHLHOE BO3/ICHCTBHE HAa BUPYCHBIC 3a00neBanus [33].

CoBpeMeHHbIE METOABI OOpHOBI € OOJE3HAMHM BHUHOTPaJa OOBIYHO KOMOWHHUPYIOT
pa3iuyHble TOIXO/bI, BKJIOYAs T€HETHYECKYI0 YCTOWYHBOCTH, NMPUMEHEHUE OMOIIOTUYCCKUX
CPEZCTB 3alllUTHl U COBPEMEHHbBIE TEXHOJIOTHH MOHUTOPUHTA, YTOOBI 00ECIIEYUTh ONTHMAIBHYIO
3alIUTy BHUHOTPAIHBIX JI03 W YMEHBIIUTH HCIIOJB30BAaHHE XWMHYECKUX (DYHTHIHIIOB.
Hanomarepuasibl 1 HaHOYACTHUIIBI MOTYT OBITh WCIIOJI30BAaHBI IS Pa3paOOTKH HOBBIX (HopM
byurunugos [34-36]. PaspaboTka cOpTOB BHHOIpaga, KOTOPbIC O0JIAAal0OT BCTPOCHHOMN
YCTOMYUBOCTBIO K OTPENETIEHHBIM OO0JIE3HAM, SIBISCTCS OAHUM M3 3()(PEKTUBHBIX METOJIOB. ITO
MO3BOJISIET CHU3HUTh HEOOXOAMMOCTh B XHMHYECKOH o0Opaborke. HayuHble wncciieoBaHus B
00J1aCTH TeHHON MH)KEHEPUHU MOTYT MPUBECTU K CO3aHUI0 BUHOTPATHBIX COPTOB C YIyUIICHHON
yCTOMYUBOCTRIO K Oosesusm [37-39]. Bunorpamapu Bce wyaiie MpuOEraroT K 3KOJIOTMYCCKH
YCTOMYUBBIM ~ METOAAM  BO3JCTBIBAHUS, KOTOpPBIE CIIOCOOCTBYIOT  CHHKCHHMIO  pHCKa
BO3HUKHOBEHHUSI 0OJI€3HEW, HANpuMep, MPHUBICUYCHUE TIOJC3HBIX HACEKOMBIX M YITYYIICHHE
cTpykTypbl mouBkl [40, 41]. JIpyroii mepcrneKTUBHBINA MOAXO] 3aKIFOYACTCS B MCIIOJIb30BaHUU
OMOTEXHOJIOTHH, HAIPHUMEP, CO3/IaHUU OMOIIPEIapaToB M3 PAaCTUTEIBHBIX 3KCTPAKTOB, KOTOPHIC
coJepKaT 3JEMEHThl YCTOWYMBOCTH MAaTOTEHOB. ODTOT METOA MOXeT cTaTh 3((eKTUBHOU
CTpaTeruel, MpUMEHNUMON B CEIbCKOM XO03siiicTBe B OyaymeM. [IpuMeHenne OuomnpenapaToB u
MHUKPOOPTaHU3MOB, TaKUX KaK MHKpPOObI, OakTepuu M TpuObI, KOTOpbIe KOHKYPHUPYIOT C
natoreHamMu OoJIe3HEH B IMMOYBE WJIM HAa PACTCHUSX, IMOMOTAeT YMEHBIIUTH PACIPOCTPaHCHHE
Oonesueii [42-44].
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3akiaro4eHue

CoBpeMeHHbIE METOJbl 3alllUThl BUHOTpaga OT OOJIE3HEW WHTErpUpYIOT pa3iHyHbIe
NOJIXO/bl, TaKue KaK T'€HEeTHYeCKas YCTOWYMBOCTh, OWOJIOTMUECKHE CpEACTBA 3aIUTHl U
COBPEMEHHBbIE TEXHOJOIMH, C LEeJIbl0 OOEeCHeueHus ONTUMAIbHOM 3aIllUThl U CHIKEHUS
3aBHCUMOCTH OT TPAJAUIMOHHBIX (PYHTUIIUAOB. DTO BKJIIOYAET B ce0sl pa3pabOTKy reHEeTUYECKH
YCTOMYMBBIX COPTOB BUHOTPAJla, YTO YMEHbIIAET HEOOXOAMMOCTh B XMMHUYECKOW 00paboTKe.
buonoruueckue npenaparsl U MUKPOOPraHU3MbI, KOHKYPUPYIOIIME C NATOT€HAMM Ha MOYBE U
pacTeHHUsX, YMEHBIIAIOT pacIpoCTpaHeHue Oosie3Hel. [IlpuMeHeHHe HAHOTEXHOJIOTHH IS
co3nanus Oonee HPPEKTUBHBIX (GYHTUUIUAOB. lcrmonb30BaHUE COBPEMEHHBIX TEXHOJIOTHNA
MOHMTOPHHTA C JaTYMKaMH U ceTbhio VIHTepHeTa Belleil g pealbHOro BpEMEHH KOHTPOJIS 3a
COCTOSTHUEM BUHOTPAIHBIX JIO3 U OKPYXKAIOIIEH Cperoil. DKOJIOTMYECKH YCTOMYMBBIE METOIbI
BO3/IC/IbIBAHUS, Takue Kak Oopbba C COpHAKaMH M MpPHUBJICYEHHE IOJIE3HBIX OPTraHU3MOB,
IIOMOTAIOT CHHU3UTh PUCK BO3HUKHOBEHHUS Oosie3Hell. Takum oOpa3oM, COBpPEMEHHBIE METOJIbI
00pBbOBI ¢ 00JIE3HSIMH BUHOTPA/Ia BKIIOYAIOT MEPEOBBIC TEXHOJIOTHUH M HAYIHBIE Pa3pabOTKHU.
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