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1. INTRODUCTION

One of the important factors of grape vine vital-
ity is the heat, which characterizes the possibility of
grape cultivation under the conditions. If heat condi-
tions are good during the vegetation, the process of
growth and development of all organs of vine will
be better, high and quality yield from planting stock
will be obtained. The problem is even more impor-
tant, especially under the climate change, as in the
territory of the country, an increase in climate arid-
ity and decrease of rainfall are predicted.

Given the above, we intend:

- to examine and evaluate the heat provision
conditions of the country's main industrial region of
viticulture (the Ararat Valley and the foothill zone)
in the paper,

- analyze and find out the patterns of temporal
distribution of heat providing, in the context of
global climate change.

2. THE STUDY AREA

The Ararat Valley is one of the subregions of the
physical-geographical area of Ararat. It has 100 km
length within the Republic, the width in the north-
western part reaches reaches 15-17 km, in the south-
eastern part — 4-5 km. The surface is generally flat.
The height of the area is 800-1000 m above a sea
level. The foothill zone includes southern slopes of
Aragats mass, up to 1600 meters, highlands of
Yeghvard and Kanaker, western slopes of the Arpa
River basin and the foothills part, up to 1600 m
height. The landscape of the Ararat Valley is a de-

sert — a semidesert, characterised by sierozem. At
some locations sandy hills, alkaline soil and salt
marshes are met. Most of the plain is cultivated and
covered with cultural-irrigated lands. The virgin part
of the area is covered with halophyte and xerophi-
lous vegetation and wormwood, and the cultural-
irrigated areas are covered with gardens of fruit-
trees and vineyards, cotton plantations and other
agricultural crops. In foothill zones chestnut soils
dominate and pass to chernozem in the upper limit.
It is typical for various grass steppe vegetations. In a
relatively low part of the area podzolic and brown
soils appear which are sometimes intermitted by
alkaline soil and salt marsh [1].

The feature of climate characteristic of study
area is a sharp continentality (that is, area has sharp
continental climate) with great fluctuations of an-
nual and daily temperature and air humidity. The
annual temperature amplitude is over than
63,0...75,0 °C (in winter —26,1...— 32,6 °C, in sum-
mer — 37,5...42,6 °C), while annual rainfall is 200-
300 — 400-450 mm. The Ararat Valley and the foot-
hill areas are considered one of the driest areas in
the Transcaucasia, especially in the lower part.

The region’s climatic conditions are favorable
for cultivation of various crops, subtropical fruits
(pomegranate, fig, olive, almond), fruits orchards
(peaches, apricots, apples, pears), technical (cotton,
etc.), cereal, tuber and other crops. The Ararat Val-
ley and the foothill areas are the main agricultural
production areas. Here agriculture develops due to
irrigation.
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3. THE MATERIAL AND METHOD

In order to solve the problems, relevant studies,
published works, reports, development programs,
projects have served as a theoretical and informa-
tional basis [1-10]. As a source material, daily data
from actual observations at meteorological stations
in the study area of the Ministry of Emergency
Situations of the Republic of Armenia “Service for
Hydrometeorology and Active Impact on Atmos-
pheric Phenomena”, as well as agroclimatic refer-
ence-books are used.

Grape is a crop of temperate warm zone, which
has the best conditions for cultivation: between 35-
45 © north latitude and the industrial cultivation is
possible between 20 ° and 47-54 © north latitude. In
subtropical conditions the vine is an evergreen plant
and gives a low yield with bad quality. The grapes
are cultivated under different soil-climatic condi-
tions in Armenia. Moreover, more than 83 % of
vineyards are in the closed vineyard areas. The
grape is used in a fresh state and for the predomi-
nant national traditional wine and brandy-exclusive
production material as well. Viticulture is the most
profitable branch of agriculture in Armenia. Here
the grape plantation area was 13,1 thousand ha in
2005, the yield was 71.4c/ha, the harvest —
81,6 thousand.

Among the five viticultural areas of the Repub-
lic, the first one is the Ararat plain, which had 66 %
of a total area of vineyard before the Soviet Union's
collapse and up to 81 % of gross output of grape and
by average data for 2010 — 71,2 and 85,6 % ac-
cordingly [2].

In the Ararat Valley and the foothills white Sat-
eni, pink Kishmish, Nazeli, Ararat, Mskhali, Itsap-
tuk, White Muscat grape varieties are cultivated,
which require different amounts of heat for their
cultivation. Thus different varieties of vine, begin-
ning from the breaking of buds to full ripeness, take
about 109 to 169 days, and require the total tem-
perature above 10.0 °C of about 2200 to 3000-
3600 °C [2]. Even the same grape variety, depend-
ing on the area’s height above sea level, the relief,
the slope exposure, and consequentially, the amount
of active temperatures accumulates different
amounts of sugar and acids in fruits, which directly
effects the chemical indicators and the quality of
wine. As a methodological basis for the work a
mathematics-statistics and an extrapolation analyses

as well as the correlation methods are applied in the
work in question.

4. RESULTS AND DISCUSSION

The climate has a direct impact on a vine growth
and yield. Among with the climatic conditions the
heat is particularly important for the vitality of vine
that characterizes the probability for cultivation of
vine, the average period and duration of vine phases
during the vegetation period, the total amount of
active temperatures in this period. Grape's vegeta-
tion starts in spring with crying [2, 3], when an av-
erage daily air temperature is above 8.0 to 10.0 °C
and ends in autumn, when an average daily tempera-
ture decreases to 8,0...10,0 °C and lower. In 15-25
days upon crying, when an average daily tempera-
ture exceeds 11,0...12,0 °C, the buds open; bloom-
ing is observed 35-57 days after opening of the
buds, when the average daily air temperature is
18,0...21,0 °C:

Heat provision is the amount of heat required for
finishing an annual cycle of a crop development. It
is expressed with the sum of average daily tempera-
tures (the amount of biological temperatures), which
accumulate from the beginning of vegetation to a
crop maturity. Heat provision of agricultural crops is
characterized by the amount of temperatures above
5,0 °C and 10,0 °C. Heat provision and duration of a
vegetation period depend on the sum of tempera-
tures above 10 degrees (active temperatures), it has
some effect on the variety choice, a sugar accumula-
tion in fruit and specialization in viticulture. Ac-
cording to the actual observations in the study area,
the annual amount of temperatures above 10,0 °C is
3176 °C (Garni) to 4220 °C (Ararat) on average. As
a result, the thermal conditions of the region are
favorable for the accumulation of large amounts of
sugar in the grape fruit.

In table 1 the long-term average periods of a
grape growth and the sum of temperatures above
10,0 °C in the Ararat Valley and the foothills are
summarized.

It should be noted that the studies show [4], that
on the southern slopes of 500-2000 m in the dry
regions of the Republic a sum of temperatures of
above 10,0 °C, accumulate 400-600 °C more than
on the northern slopes. Therefore, the same crop can
be developed on the southern slopes in about 250-
350 m higher elevations than on the northern slopes.
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Table 1 - The average periods of grape development phases and the sum of necessary temperatures ( >10,0 °C)

Phases of Growth
Charactericstics crying swelling of | opening of | opening | bloomin full harvest
buds buds of III leaf g ripeness
The Ararat valley
date 03/04 14/04 20/04 30/04 05/06 01/09 29/09
3 >10°C 52 177 182 332 1057 3173 3748
Foothill zone
date 08/04 22/04 30/04 12/05 16/06 18/09 12/10
3 >10°C 4 100 130 440 950 2840 3180

Table 2 - The heat requirements (a sum of temperatures above 10 degrees) for cultivation of early-ripe and late-ripe varieties of

grape in the Ararat valley and the upper climatic zone of their spread [4]

Minimum biological tempera-
tures of growth in air

Amount of requirement of bio-
logical temperatures

A sea level (m), where biological tem-
peratures provide the yield ripeness

8-9

2100-3700

1500-1800

Comparing the demand of crops to the sum of
temperatures of above 5,0 and 10,0 °C to the respec-
tive average values typical of this area (table 2) it is
possible to find out what kind of crop is expedient to
use there.

The studies show that in the region the amount of
temperatures above 5,0 and 10,0 °C are more than
the sum of the temperatures necessary for a crop
cultivation. It means that in the region thermal con-
ditions are favorable for grape cultivation, as well as
for different crops (subtropical, technical, fruits,
cereal, vegetable and melon crops and other). How-
ever, the risk of late spring and early autumn frosts
should also be considered.

We have graphically presented the average terms
of the development of grape in the Ararat valley and
the foothills zone, where the necessary sum of tem-
peratures above 10,0 °C is also taken into account
(fig. 1). In this graph we can determine how much
cumulative temperature is needed for the develop-
ment of this phase.

The studies have shown that in the main indus-
trial viticulture region of the republic a tendency of
increase in the sum of temperatures of above
10,0 °C is observed (fig.2). Its persistence will
bring a change to the grape's quality, the shape, the
taste, the spread of diseases and their geographic
expansion.

It is expected that up to 2100 the impact of the
climate change will move the cultivation zone for
each crop, including the grape, 100-200 m to 400 m

up. On the other hand, the combination of an in-
crease in the temperature and evaporation and a
decrease in precipitation will bring a reduction to
grape productivity, an additional demand of irriga-
tion water, a secondary salinization of the soil, thus,
a cost increase. It is naturally enough to make seri-
ous scientific researches, work out a new strategy,
find out new zones for vineyard and develop new
varieties to meet the aforesaid conditions.

The climate change will also have a significant
effect on the agricultural crop yield So in the third
national message on the climate change, the effect
of the climate change on the main agricultural crops
was assessed. A decrease in the harvest for grape
has been predicted both for the irrigated and the
non-irrigated conditions.

Table 3 shows the average values for a sum of
temperature of above 10 degrees and the predicted
changes (%) by the average for 1966-2015 for the
years of 2030, 2050, 2070 and 2100. According to
the table 3, an increase of necessary temperatures
for grape cultivation is observed in the study area.

Thus, under the impact of the climate change, a
tendency towards an increase in both the average
annual air temperature [5-6, 8] and the amount of
active temperatures [9-10] is observed in the study
area. It turns out that in the study area, under the
conditions of an expected increase in the tempera-
ture, the vegetative period duration also increases.
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Fig. 1 - The long-term average period of a grape growth and a necessary sum of temperatures Above 10,0 °C in the Ararat valley (A)

and the foothills zone (B):1-crying, 2-swelling of buds, 3-opening of buds, 4-opening of III leaf, 5-blooming, 6-full ripeness,
7-harvest.
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Fig. 2 - Dynamics change of the sum of temperatures above 10 °C in a vegetation period (March-October) at Yerevan agro and
Ararat meteorological stations
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Table 3 - The average values and predicted changes of the sum of active temperatures by the average of 1966-2015 period (%)

Middle period Change by trend (%)
Meteor. Stations
1961-1990 1966-2015 2030 2050 2070 2100
Yerevan “Agro” 4015 4145 +5 + 8 +10 +14
Ararat — 4480 +6 +9 +12 +17
- - - - Yerevan ‘agro” — — — Armavir Artashat ~—--— Ararat — - — - Eghvard
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Fig. 3 - The process of average ten-day air temperatures in a vegetation period in the Ararat valley and the foothill zone

That is, in the issue, the vegetation begins earlier,
which on the one hand creates favorable thermal
conditions for grape cultivation and, on the other
hand, increases the degree of vulnerability of grape
to unfavorable and dangerous meteorological phe-
nomena.

As brandy wine materials, fortified sweet, des-
sert, table wine and grape juice production are spe-
cialized in the Ararat valley, the production of table
dry wines will become difficult and impossible to
implement in view of the climate change. The rea-
son is that the grape sugariness will increase sharply
and will not correspond to standard conditions. The
cultivation of these varieties should be moved to a
foothill zone. The viticulture of the Ararat Valley
will be exclusively specialized on a brandy wine
material, fortified sweet and dessert wines as well as
grape juice production. On the other hand, during
the latest 2-3 decades the grape areas are sharply
separated, the handwork has become dominant, in
the most cases vineyards are not closed, vines
freeze, the crop yield reduced, diseases and pests
become widespread. The latter is one of the priority
issues in the sector, which has not been provided a
solution for and requires lots of efforts and substan-
tial financial investment.

For the grape cultivation, it is also important to
know the average ten-day air temperatures in a
vegetation period by months. Based on the actual

values of the average ten-day air temperatures, their
distribution in a vegetation period has been made
(fig. 3). It allows to ascertain the average terms for a
grape growth in the study area and to regulate and
plan the field works by taking the weather condi-
tions of a particular year into account.

So, it is necessary to make a serious scientific re-
searches, to work out new strategies, to find new
areas for vineyards and to work out more productive
new kinds for these conditions.

5. CONCLUSIONS AND RECOMMENDATIONS

In the result of the studies we came to the follow-
ing conclusions and recommendations:

e The region is known for its great potential of
thermal resources;

e In the latest 70-80 years, a stable change of
climatic elements with the temperature increase is
observed;

e [t is supposed that in 2100 in a vegetation pe-
riod (March-October) there will be observed an
increase of an active temperatures sum from 600-
700 to 1000 °C as compared to the present average,
an increase of grape sugariness, lift of the upper
limit of cultivation of up to 1600-1800 m, an expan-
sion of the vineyard areas, an increase of the pro-
duction of the exported red wines;

e Climate change will have its impact on a
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grape harvest which will lead to some downfall;

e In view of the climate change, a shift in
phenological phases of the crops and cultivation
borders is expected. It is possible that the vegetation
of the crop will begin earlier and end later, the upper
limit borders of crops may move up to 100-200 m
higher figures.

It is necessary to :

e provide and implement comprehensive, sys-
temized and uninterrupted views;

e cexpand the irrigated area;

e invest in a new and drought-resistant high-
yielding varieties

e invest in and apply new and integrated tech-
nologies of grape cultivation, which will somewhat
mitigate the adverse effects of the climate change;

e work out definite mechanisms aimed at com-
batting hazardous hydrometeorological phenomena,
causing a damage to viticulture, combined with
prevention of social detriment and economic loss.
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OIIEHKA U AHAJIU3 YA3BUMOCTHU TEIVIOOBECIHHEYEHUA B OCHOBHOM
BUHOJIEJIbYUECKOM PAMOHE APMEHUM (APAPATCKAS JIOJIMHA U
HNPEATOPHAS 30HA) B KOHTEKCTE O KUJAEMOI'O UBMEHEHUS KIIMMATA

B. I'. Maprapsin', kaus. reorp. Hayk, M. C. Mxurtapsn’

! Epesanckuii 2ocyoapemeennwlii ynusepcumenn,

Pecnyonuxa Apmenus, 2. Epesan, 0025, ya. Anexa Manyxana, 1, vmargaryan@ysu.am
2Mzml,wmepcmeo no upessvruatinvim cumyayusm Pecnybnuxu Apmenus “Cayocoa
10 2UOpPOMemeoponoUL U AKMUBHBIM 8030elICIGUAM HA amMoc@epHvle Agnenus”

Pecnybonuxa Apmenus, Epesan 0054, Jlasumawen, 4-v1ti keapmarn, ya. A. Muxosna 109/8

B pabote u3yueHbI U OLIEHEHBI YCIOBUS TEIIO00ECIEYEHHOCTH OCHOBHOTO paliOHa MPOMBIII-
JIEHHOTO BUHOTpanapcTBa PecriyOnukn Apmenus (Apaparckas paBHHHA U €€ IpeAropHas 30Ha) B
KOHTEKCTE N3MEHEHHMs KJIMMaTa. B kauecTBe MCXOHOBO MaTepHaia B paboTe HCIOIb30BaHbI eXe-
€/HeBHBIC TaHHBIE (PAKTHUECKUX HAOIIOJCHUI METEOCTAHIMH HA M3y4aeMOW TEPPUTOPHH THIPO-
Mmeteryx061 MUC ApMennn, a TakxKe arpoKIMMaTHIECKHe CIIPABOYHHKH.

TemmoobecneyeHHOCTh CeIbCKOX03SHCTBEHHBIX KYJIBTYP XapaKTEpPH3yeTCsl CYMMOH TemIlepa-
Typ Bhime 5 u 10 °C. Cymmoit Temneparyp Bbime 10 °C (akTHBHBIX TeMIlepaTyp) oOycClIOBIeHa
HPOJOKUTENFHOCTh U TEIUIO0OECTIEYEHHOCTh BEre€TAllMOHHOTO INEPUOoJa PACTEHUH, YTO MMEeT
OIIpEJIeTIEHHOE BO3/ICHCTHE Ha BEIOOP COPTOB, HAKOIICHUE caxapa B IUIOJaX U Ha CIEHAIN3AIHIO.
CornacHo (hakTHYECKUM HAOJIOJCHUSM, rofioBas cymMma Temrepartyp Boimre 10 °C B cpeaHeM co-

crasisieT 3176-4220 °C.

B pe3yabTaTe HCCJIEIOBaHUM BBIACHUJIIOCH, YTO B OCHOBHOM paﬁOHe IIPOMBIINIJICHHOTO BUHO-
I'paaapcTBa pCCHyGJ’II/IKI/I Ha6J'IIOZ[aeTC$I pocT TEIUI000ECIICUEHHOCTH. A IPpOAOJIKCHUE pOCTa MpU-
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BE/IET K M3MEHEHHUIO KauecTBa, (popMbl, BKyca BUHOTPaJa, paCHpOCTPAHEHHUIO OOJE3HEH, paciiu-
penuto reorpaduu; moa BO3ACHCTBHEM H3MeHEHHUs Kinmara 10 2100 roma oxugaeTcsi CMEIIeHne
COOTBETCBYIOILIECH 30HBI [UISl BO3/AEIBIBAHUS JTI000H KyJIbTyphl, B TOM YHCIE BUHOTPAJa, BBEPX OT
100-200 mo 400 m. Ha m3y4aeMoii TEppUTOPUH B YCIOBHUSAX 0KHIAEMOTO POCTa TEMIEpaTyphl pac-
TET TaK)Xe U MPOJIOJDKUTEIBHOCTh BEr€TallMOHHOT0 Tepruoja. To ecTh, B pe3ysbTare 3TOro Berera-
1Sl HAYMHAETCS PaHbllIe, YTO, C OJHOW CTOPOHBI, CO3AAIOTCS OJIArONPHSATHBIE TEPMHUYECKHE YCIIO-
BUA U BO3ACIIbIBAHUA BHUHOI'paja, a € [lpyFOﬁ CTOPOHBI, YBCIIMYMUBACTCA CTCIICHL YA3BUMOCTH
BHUHOTpaJia K HEOJAronpusATHEIM M ONacHBIM METEOPOJIOTHYECKUM siBiIeHUsIM. Kpome Toro, KoM-
OMHHpOBaHME POCTa TEMIEpaTyphl U MCHApeHNs] U YMEHBIICHHE OCaJKOB NPHUBEIET K COKpalle-
HUIO MPOJYKTUBHOCTH BUHOTPAZA, K JOMOJHUTEIBHOW NOTPEOHOCTH B OPOCHTENBHOM BOJIE, BTO-
PUYHOMY 3aCOJICHHIO TI0YB, H, KaK CIEJICTBHE, K POCTy pacxonoB. Takum oOpa3oM, HEOOXOIUMO
MIPOBECTH CEPHE3HBIC HAYYHBIE HCCIIENOBAHUS, pa3paboTaTh HOBYIO CTPATETHIO, HAWTH HOBBIC 30-
HBl BUHOTPAJHUKOB M KyJIbTHBHPOBATh HanOoJce MPOAYKTHBHBIE HOBBIE COPTa JUIS yKa3aHHBIX
YCIIOBHUI.

KnaroueBble ci10Ba: BUHOTpaJ, TEMIOOOECHCUCHNE, YI3BUMOCTh, N3MEHEHHE KIMMAaTa, IJIaB-
HBII BUHOZAETBUECKUI pailoH, ApapaTckas A0NHMHA U IPEeAropHas 30Ha.

OIIIHKA I AHAJII3 BPA3JIMBOCTI TEIIVIO3ABE3IIEYEHHS B OCHOBHOMY
BUHOPOBHOMY PAMOHI BIPMEHII (APAPATCHKA JIOJIUHA I HEPEATTPHA 30HA)
B KOHTEKCTI OUIKYBAHOI 3MIHU KJIIMATY

B. I'. Maprapsin', kauz. reorp. vayk, M. C. Mxitapsiu®

! €pesanckiii depacasnuii ynisepcumem, vmargaryan@ysu.am
Pecnybnixa Bipmenis, m. €pesan, 0025, yn. A. Manyxaua, 1, vmargaryan@ysu.am
? Minicmepemeo 3 nadseuuaiinux cumyayiii Pecny6rixu Bipmenis "Cryarcoa
no 2iopomemeoponoii ma akmueHux Oill Ha ammocgepHi seuwa”
Pecnybnixa Bipmenis, Epesan 0054, Jasimawen, 4-uii keapman, gyn. A. Mikosna 109/8

Y poOoTi BUBYEHI 1 OLIHEHI YMOBH TeIu103a0e3edeHHs] OCHOBHOTO PailOHY HPOMHCIIOBOTO BHU-
HorpanapcTsa PecrryOmikn Bipmenist (ApapaTcbka piBHUHA 1 ii mepenripHa 30Ha) B KOHTEKCTI 3Mi-
HU KJTiMaTy. B SKOCTi BHXiZHOTO MaTepiany B poOOTI BUKOPHCTaHI MOJICHHI JaHi (PaKTUIHHUX CIIO-
CTepe)KeHb METEOCTAaHIII Ha TepUTOPii, MO BUBYAETHCS, Timpomercayxou MHC Bipmenii, a Ta-
KO arpoKIJIIMaTHYHI TOBiTHUKH.

Tennozabe3neyeHHs ClIbCHKOTOCTIOAAPCHKUX KYJIBTYP XapaKTEPU3Y€EThCS CyMOIO TEMIIEPaTyp
Bumie 5 1 10 °C. Cymoro temnepatyp Bume 10 °C (akTHBHHX TeMIlepaTyp) oOyMOBIeHa TpUBa-
JCTH 1 Teruto3abe3neyeHHs BereTaiifHoOro mepioy pOCiyH, 110 Ma€e MeBHUN BIUIMB Ha BUOIp cop-
TiB, HAKOIIMYCHHS [yKPY B TUIOJAX 1 HA Crierianizaiifo. 3riHo 3 (GaKTUIHUMH CIIOCTEPSIKCHHSIMU,
piuHa cyma temrnepatyp Buiie 10 °C B cepenHboMy cTaHOBHUTB 3176-4220 °C.

B pe3ynbTati 10CTIIKEHD 3'ICYyBaIOCs, 10 B OCHOBHOMY pPaiOHI MPOMHUCIIOBOIO BUHOTPAIapC-
TBa pecIyOJIiKM CHOCTEpIraeTbcs 3pOCTAHHS TeIuio3abe3ledyeHHs. A MPOJOBXKEHHsS 3POCTaHHS
Npu3Be/e 10 3MIHM SKOCTi, (POPMH, CMaKy BHHOTPaIy, MOLUIMPEHHIO XBOPOO, PO3MIMPEHHIO I'eo-
rpadii, mix BrumBoM 3MiHE KiIiMaTy 10 2100 poKy O4iKyeTbCs 3CYB BiAIIOBIAHOI 30HU 151 00p00i-
TKY OyAb-KO1 KyIbTYpH, B TOMY YHCII BHHOTpany, Bropy Big 100-200 no 400 M. Ha mocmimxyBa-
Hilf TEePUTOPIi B yMOBaX OYiKyBaHOTO 3POCTAHHS TEMIEPATYPH 3POCTA€ TAaKOX 1 TPUBAIICTH BeTe-
Tariifaoro nepiony. To6To, B pe3yapTaTi [HOTO BEreTaIlisl HIOYMHAETHCS PaHiIIe, 10, 3 0OJHOTO 00-
KY, CTBOPIOE CIIPUATINBI TEPMiUHI YMOBH JJIs1 00pOOITKY BHHOTPaLy, a 3 iHIIOTO OOKY, 301IbIIye
CTYIiHb YPa3TUBOCTI BHHOTPANy 0 HECHPHUATIMBUX 1 HEOE3NEUHUX METEOPOJIOTIYHUX SBHII.
Kpim Toro, KoMOiHyBaHHSI 3pOCTaHHSI TEMIIEpaTypH 1 BUIIAPOBYBAHHS i 3MEHIICHHS OIaiiB MpHU-
3BeJIC JI0 CKOPOYCHHS MPOJAYKTHBHOCTI BUHOTPALY, 0 A0AaTKOBOI MOTPEOU B 3pOIIyBaNIbHIHN BO/II,
BTOPUHHOTO 3aCOJICHHSI IPYHTIB, 1, K HACNIJIOK, JI0 3pOCTaHHs BUTpaT. TakuM YMHOM, HEOOXIIHO
MPOBECTH CEpHO3HI HAYKOBI JOCIIUKEHHS, PO3pOOUTH HOBY CTpATerito, 3HANTH HOBi 30HW BHHOT-
PalHUKIB 1 KyJIbTUBYBaTH HalOUIBII MPOAYKTHBHI HOBI COPTH JUIs 3a3HAYCHUX YMOB.

Kaiouosi ciioBa: BuHOTpan, Temio3abe3neueHHs, Bpa3iiBiCTh. 3MiHa KIIiMaTy, TOJIOBHUH BU-
HOpOOHWMIA palioH, ApapaTchKa ITOTUHA 1 IepeATripHa 30Ha.
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