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Abstract. The Siberian moth, Dendrolimus sibiricus Tschetverikov, 1908 (Family Lasiocampidae), is recognized
as the most destructive defoliator of Mongolia’s conifer forests. Our study was conducted at 14 locations within the
Khentii mountain range, a known hotspot for moth outbreaks. Here, we measured various body sections of the cater-
pillars and calculated their population density. To model the habitat and potential outbreak tendency of this species,
we utilized local weather data, global climate variables (Bio19), and other environmental layers. Our findings reveal a
significant correlation between the distribution and outbreak of this species in Mongolia and several climatic factors:
total precipitation, average temperature (p<0.001), winter precipitation (p<0.016), and spring precipitation (p<0.0002).
Future projections suggest that outbreaks may occur biennially or triennially, with 7-8-year intervals, specifically in
the periods 2024-2026 and 2032-2034. Additionally, we estimate the potential changes in the distribution range of the
Siberian moth in under scenarios of temperature increases by 2.5°C and 4.50°C.
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Introduction

When the primary photosynthetic components of
trees, such as leaves and needles, are disrupted by
phyllophagous insects, the trees suffer not only from
direct nutrient depletion, but also from the resultant
favorable conditions for wood-borers. The economy and
ecosystem suffer greatly as a result of the technical harm
inflicted on deteriorating trees [1]. Recent increases in
forest areas affected by pests have been linked to global
climate change, amplifying the the scope and detrimental
impacts of certain insect outbreaks [2]. Climate data
between 1940 and 2005 show temperature changes
during winter [3], with a notable warming and drying
trend of 2.140C from 1960 to the present [4].The Siberian
moth prevalent in Siberia is a major pest of conifers in
Russia, Northern Kazakhstan, Mongolia, and China
[5]. The rapid surge in its population is attributed to a
combination of various factors [6]. Landscape damage,
particularly in the early stages of an outbreak, has been

observed to coincide with the destruction of plantings [7].
Although native to Russia and not present in Norway or
other European countries, except Russia. The Norwegian
Scientific Committee for A Pest Risk Assessment of D.
sibiricus was released by Food and Environment in 2018
[8]. In the last 30 years, Norway has not imported any
live trees from Russia, and currently does not import any
coniferous wood products containing bark from regions
where D. sibiricus is prevalent [9].

Compared to other phyllophagous species, Siberian
moth outbreaks put a lot of strain on forest wood, often
persisting in one location for three to four years, leading
to irreversible forest desiccation. The caterpillars, due
to a warm and extended fall, were mostly able to begin
winter at the fifth instar, extending their feeding time.
After a protracted period of heat, the return of extreme
cold and subsequent snowstorms led to significant
population losses, as caterpillars that failed to descend
to the litter perished in the crowns or on trunks [10].
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These observations underscore the significant influence
of environmental factors on the growth and spread of this
moth as noted in various research publications.

A comprehensive surveillance investigation was
carried out in the densely populated regions of the
Khentii mountain range. The primary aim of this study
was to determine the factors contributing to favorable
living conditions, in line with the prevailing climatic
parameters. Additionally, the research focused on
modeling the future trends of population growth in these
areas.

Study area

The Siberian moth has been observed in dense

populations in 14 selected plots in Erdene sum, Central
(Fig. 1).
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Fig. 1. Designated study and monitoring areas for the Siberian
moth

These plots located within the Khentii Mountains.

Erdene Sum of Central Province, our study
encompassed an area of 4,000 hectares including
locations such as Tamgyn Ondor, Ar Janchivlan, Seruun
Bulag, Mukhar, Deliin Am, Kharh, Baruun Bayan,
Nuramt, Ulaanchuluut, Zamt, Hushingiin Ovoonii ar,
Hoyor mod, Modon davaa, Ondor uul, Khokh davaa,
Elstei, Bayantsogt, and Bayankhangai. However, the
region experienced Siberian moth outbreaks affecting an
expanded area of 6,000 hectares.

The weather data for this study, specifically the average
air temperature and the total amount of precipitation, were
recorded for the IV-X months of 2019 in the Erdene Sum
area of the Central Province (Fig. 2).

For numerous temperate moth species, the minimum
temperature threshold required for embryo development is
100C [11].

In the Erdene Sum area, which was included in our
monitoring study, this critical temperature limit began to

be reached during the second ten-day period of May this
year.
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Fig. 2. Average climatic variables in Erdene Sum for the year
2019

Materials and methods

In our study, we focused on measuring the key
indicators such as the body length and occipital width
of the 8500 caterpillars collected from 14 monitoring
plots. To gain insights into the intense growth and
developmental stage of the Siberian moth, we counted
the caterpillars and pupae by shaking the tree, a method
used to effectively assess their population density.

Methodology for Distribution Modeling. To identify
the seasonal factors affecting moth distribution, we utilized
various environmental information sources, including the
IPCC official database. This database provided highly
accurate climate data for elevations between 800-1000 m
encompassing 19 variables. These variables were based
on information such as precipitation (Prec), maximum
temperature (Tmax), and minimum temperature (Tmin)
spanning the years 1956 to 2000 also referred to as BIO-
19 (Bio 19). This region’s elevation and precipitation
images were employed as a filter in addition to climate
data. A total of 180 models were created using various
combinations of these environmental variables [12], [13].
The program used for our research was called MaxEnt,
which stands for Maximum entropy modeling of species
geographic distribution. Scenarios of future climate
change have been selected.

Results and Discussion

The Siberian moth’s morphology, as well as its growth
and development.

Morphology, growth, and development of the Siberian
moth. The findings from spring and autumn surveys,
detailing the characteristics of the Siberian moth, are
density presented in Table 1.
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Table 1. Siberian moth density across monitoring sites

Larval density
# Location Coordinates Altitude Number per 50 x50 Number Pupae
branch sm per tree
1 Tamgan Ondor 47.70483 | 1077059 | 1677 ggtm - ~ 4800 62
5-6
IL,,
2 Tamgan Ondor 47.70481 107.7022 1683 1L, , - - -
1L,
3L
3 Antenn Ul 47.70072 | 107.6603 1724 . - - -
3-4
g | FrontsideMoogon 775033 | 1076546 | 1814 1Ly - ~720 1
Ondor 14L,
. 24L
2-3
s | Frontside Moogon 147 50533 | 107.6546 1814 15L - - 1
Ondor -
2L,
¢ | [FrontsideMoogon | 755033 | 107.6546 1814 OLas - - 1
Ondor 2L4_5
7 | Frontside Moogon |7 5190¢ | 107655 1797 2oy - - -
Ondor 2L,
g | FrontsideMoogon | 771963 | 1076477 1901 - - 31
Ondor
g | Frontside Moogon | 771063 | 1076477 1901 2o - - 13
Ondor
1o | FromtsideMoogon |7 91963 | 1076477 | 1901 10k, - - 176
Ondor 2L,
13L
11 Bayandavaa 47.76953 | 107.654 1768 o - - 10
5-6
35L
12 Bayandavaa 47.76886 | 107.6548 | 1789 o - ~3000 14
5-6
27L
13 Bayandavaa 47.76886 | 107.6548 1789 " - - 170
5-6
14 | BacksideofMoogon |17 20040 | 107 6547 1819 1L - -
Ondor -
Total 418 1 8520 490

Throughout the study period, caterpillars at various
instar stages were observed, with a notable intensification
of pupation occurring at the beginning of July. Basic body
measurements of the caterpillars are detailed in Table 2.
According to Table 2, the body weight of the caterpillars
varies by 3.0-5.7 times, while the body length increases

by 1.4-1.9 times across different instars. During the entire
molting period there is a dramatic increase in body weight,
up to 1530 times, and the body length increases by 12.5
times. It’s noted that one-year-old larvae grow relatively
quickly, with their body weight increased by 5.7% after
approximately 10 days. Consequently, the body weight

Table 2. Body measurements of different larval instars of the Siberian moth

Weight, mg Body lenght, mm Occiput width, mm
e a;:Zse;;arlgeent Max. Min. a;:\e/s;angeent Max. Min. aslzzssrfr:geent Max. Min.
I 2.8 3.1 24 59 7 5 1.1 1.2 0.9
I 16 20 13 11 14 8 1.5 1.56 1.3
111 66.6 100 50.2 19 22.5 17 2.0 2.1 1.8
v 264 380 140 29.2 34 26 29 32 2.4
\Y% 781 1790 410 39.8 51 35 3.95 42 3.9
VI 4286 6930 1470 74 88 62 5.8 6.3 52
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of two-year-old larvae also increases significantly.
Furthermore, the timing of the first molt among these
larvae varies depending on their geographical location.

During the study, the age of the caterpillars (Fig. 3)
and the weather parameters were compared. The spring
monitoring survey revealed that two-year-old larvae
made up 87.2% of all caterpillars. Figure 3, depicting
their growth and development shows 95% of 2-year-old
larvae had an average air temperature of 19.6°C and a
total rainfall of 16.5 mm on June 10-15 and subsequently
leading to their molting.

120

have the biggest impact on the caterpillars’ growth and
development. These observations corroborate previous
findings, highlighting the significant influence of local
climate and environmental factors on the growth and
development of the caterpillars.

Modeling of Siberian Moth Habitat. The Siberian
moth has two distinct life cycles. In the southern part
of its distribution area, the populations are univoltine,
completing one generation per year. However in high
mountain forests, single generation may span up to three
years. Temperature is extremely important in populations

—a— Molting (11 instar larva)

—u— Molting (III instar larva)

Fig. 3. Developmental stages of Caterpillars: 3rd to 6th instars

However, according to Fig. 3, the peak period for
molting of larvae from the third instar into the fourth
and fifth instar typically occurs in the mid-June, while
the peak period for transferring larvae from the fourth to
the fifth instar predominantly occurs towards the end of
July (average air temperature: 16.1°C, total precipitation:
104.1 mm). At the end of August, the peak molting period
for larvae in the sixth instar occurred, with an average air
temperature of 15.6°C and a total precipitation of 104.1
mm.

It validates the findings of earlier studies, which
showed that the local climate and environmental factors

35.0
30.0
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20.0

15.0 11511

— EN—

31805 55425

10.0 72104

5.0

15000 15490
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Size of outbreak area

2011

—e— Mean temperature

where one generation lasts one or two years [14].
Specifically, when the total annual temperature is 2100°-
2200°C, the moths complete their cycles in two years.
At lower temperatures (1800°-1900°C), populations may
exhibit mixed generation types [14]. A 2-year generation
was also discovered during a 3-year study of Siberian
moth outbreak populations in the Nukhet, Bogdkhan
Mountain [15]. Numerous studies’ findings demonstrate
that this species is not only activated following droughts
and in years of low rainfall, but also that other factors
are contribute to the outbreak. Similar observations were
made in Russia, were an examination of the weather
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Fig. 4. Illustrating the relationship between climatic variables and the area affected by Siberian moth
outbreaks (year/hectare). Source: Forest Agency report, 2018.
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in May 2015 showed, a notable deficit in moisture
availability and temperatures exceeding the long-term
average [10]. Additionally, the Siberian moth avoids
extremely wet (sphagnum and swamp) [16] habitats
due to the high mortality rates of wintering larvae in
conditions of excessive soil moisture [17]. We have
contrasted a few climate variables with the size of the
Siberian moth outbreak area, which was investigated by
researchers from the Ministry of Nature and Environment
and the Forest Agency (Fig. 4).

Fig. 4 shows that between 2009 and 2017, even
though the distribution area was small, the presence of
abundant precipitation and snow cover contributed to a
largely stable population density. In comparison to the
previous years, the area affected by the Siberian moth has
grown significantly larger since 2016. During that time,

2010

2016

Legend
Habitm modeling of Siberian moth
Value

P High: 10

= Lowoo

[  Province border
J— State border

2011

2014

2017

the average temperature has risen and the amount of snow
cover has dropped significantly. This indicates that the
periods of relative stability in moth population, lasting up
to eight years, or continuous rainfall, are associated with
comparatively consistent winter and summer rainfall. In
2016, during spring censuses in Russia, the Siberian moth
caterpillars’ absolute population density in forest stands
ranged from 42-448 individuals per tree [10] as well.
Furthermore, in the plain section of the Yenisei forest
region, the outbreak of D. sibiricus occured in 2014-2017
[17], and a timeframe that coincides with in Mongolia.
Between 2005 and 2018, the main focus and its size
changed year by year in Mongolia’s forested areas, when
comparing point data of distribution and outbreak areas
in chronological order (Fig. 5).

Preceding studies have demonstrated that the

2012

2015

2018

Fig. 5. The Siberian moth’s distribution and areas of outbreak from 2005 to 2018.
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Siberian moth’s dynamic pattern is unstable, and that
this is strongly influenced by climatic conditions. A
comparison is made between the point data of the
outbreak locations and the distribution of the Siberian
moth in various parts of Mongolia between 2005 and
2018, as well as certain regional climatic characteristics
such as annual precipitation, minimum, maximum, and
average temperatures. In the years that followed the
low-rainfall years of 2007, 2008, 2014, and 2015, for
instance, the distribution and outbreak area grew. We
inferred the association between the climatic factors,
with temperature having the most influence, based on the
distribution, point data of the outbreak, and the extent of
the affected region. The data clearly indicate that minimal
rainfall, high levels of dryness, and drought conditions
in a given year significantly impact the development of
eggs, caterpillars, and pupae of Siberian moth, resulting
in favorable conditions that encourage excessive
reproduction. For instance, in 2006, the summer rainfall
and average temperature had a substantial impact on
the growth in population density and the expansion of
the outbreak region (p<0.005). Furthermore, springtime
dryness and rainfall have a significant impact on this
moth species’ range and population outbreak. The size
and density of the region inhabited by this moth in 2006
and 2008 were significantly influenced by the total
amount of spring precipitation (p<0.04 and p<0.02). This
trend persisted into 2009. The warm season or summer
average temperature (p<0.001), fall average temperature
(p<0.008), and spring precipitation (p<0.007) all had a
substantial impact on this pattern. Key factors impacting
this trend included the average temperature during
the warm season or summer (p<0.001), the average
temperature in the fall (p<0.008), and the amount of
spring precipitation (p<0.007).

To model the climatic parameters most affecting
reproduction, the model with a combination of wet
season temperature, wet season precipitation, elevation,
and frost is most suitable (Table 3).

The annual temperature and precipitation are the
key factors in the most appropriate model for this
species’ population growth, according to the findings of
preceding studies [14], [15], [18], and [19]. A significant
correlation exists between the average temperature and
total precipitation in 2011 (p<0.001) and the spread
and population growth of the Siberian moth from
2005 to 2018. The distribution of this moth is highly
correlated with winter precipitation (p<0.016) and spring
precipitation (p<0.0002), in addition to the previously
listed parameters. The parallel findings were observed in
Germany during the Dendrolimus pini outbreak. There,
during the flight period in July of an outbreak year, the
average temperature was noted to be higher than in a
non-outbreak year. Additionally, for the developmental
stages from the first to third instar (August—October, P <
0.05) and from the third to seventh instar period (March—
June, P < 0.001), temperatures were elevated in the pre-
outbreak years [22].

Distribution and Trends of Outbreaks for the Siberian
Moth. We calculated how the distribution and hotspot
of the Siberian moth might shift with an increase in the
temperature of 2.50°C and 4.50°C, respectively, from the
current level, based on the distribution, hotspot, and other
data from 2006 to 2018 (Fig. 6).

In our analysis, we discussed the range of the present
distribution and predicted how a temperature rise might
shift this range. According to modeling data, a temperature
rises of 2.5°C, the Siberian moth’s current distribution is
expected to expand into the Hyangan Mountains and the
mountain ranges of Khuvsgul, Khangai, and Khenti. The
best indicator of distribution and range-shifting is the
average annual temperature. Thus, the modeling technique
demonstrates that the distribution and reproduction rates
of Siberian moths are influenced by temperature and
precipitation (Fig. 6).

We used a continuous series of data on the hotspot
areas and the CCCMA A2A model of the IPCC’s Fourth
Report until 2040 to anticipate the future distribution and

Table 3. Combinations of bioclimatic factors influencing Mongolia's Siberian moth outbreak

Model name AIC value

AAICc k Loglike -Loglike

?(mean temperature of wettest season
+ precipitation of wettest quarter) +
(altitude+permafrost)

70983.92

-35487 70973.92

®(mean temperature of warmest quarter
+precipitation of wettest season) +
(altitude+permafrost)

70984.73

0.81 5 -35487.4 70974.73

°(mean temperature of wettest quarter
+ precipitation of wettest months) +
(altitude+permafrost)

70984.99

1.07 5 -35487.5 70974.99

Explanation: k* - number of parameters
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Climate warming increased by 4.5 C

Climate warming increased by 2.5 C

Legend

3 Province border

Potential habitat for the Siberian moth. Value
W High: 0.94

= Low: 0.02

Fig. 6. Trends for the future of Siberian moth geographical range

outbreak range of the Siberian moth. Future trends for
the Siberian moth are predicted using data on the moth’s
distribution and outbreak range from 2005 to 2018 in
Mongolia (Fig. 7).

The Siberian moth population dynamics and

tendencies are depicted in Fig. 7. It is expected to peak
in 2024-2026 and 2032-2034. Consistent with the
findings of earlier studies, these outbreaks are expected

350000
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150000

100000

Outbreak area size, hectare

50000
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-50000
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Recorded outbreak area size (km.sq.)

Lower limit with 95% probability

necessary for trustworthy simulations. While certain
weather variables play main role to the overpopulation of
Siberian moths, other factors also play a part, including
the food, populations of parasites and predators as well as
the moths’ capacity to flight from the outbreak location to
other areas. The pest moves from damaged stands, which
are most favorable for its development, both during an
outbreak peak and collapse of the population [17]. The

2022
2023
2024
2025
2026
2027
2028

029
2030
2031
2033
2034
2035
2036
2037
2038
2039
2040

Future tendency for outbreak area size

(2019-2040)
Upper limit with 95% probability

Fig. 7. Projected shifts in Siberian moth outbreak areas from 2019 to 2040

to last for two to three years, with 7—8-year intervals in
between. Since Siberian moth outbreaks are cyclical,
these findings may help with early damage prevention
management strategies. Based on 14 years of data, these
parameters had a significant impact on the Siberian
moth outbreak, indicating that these parameters are

Entomology

outbreaks won’t start without mating. The Siberian moth
displays high migratory activity (about 100 km) [19]. The
rate of the spread also depends on the duration, location
and number of arrivals.
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XypaaHryii. MoHros OpHbI IKAIMYYCT O#/1 HOLTOM XOHOeJ yupyyJIIar CHOMPHIAH Xyp 5PBI9XHiH cyaairaar XoHTHIH
HYPYYH[] TOJIOMT YYCracaH 14 Tanbaiir conrox xuiiB. Huiit Tanbaiiraac Xyp3aHIpPUIH MOP(OIOTH X3MKHITHHT XUITK,
HATTIIWIBIT TOOLOB. MOHUTOPUHT XUICOH HYTTHUHMH LIAr araapblH M3I33, IJIXUIH yyp aMbcraibiH buo-19 y3yymanr,
XYP32719H Oy#i OpuHbI AaBxapra Oyxui Oycal y3yYJIITHIT allUIIaH CHOUPHIH XYP 3PBAIX3HH aMbapax OpulH OOJIOH
UPI3TYHH X3T ONIPOIIBIT 3arBapusaaB. CHOMPHIH XYp 3pBI3X3HH TapXaiT, FOJOMTOJ Xyp TyHaJaCHBI HUAIOIP XIM3K3I,
IyHAQX TeMIeparypblH y3yyaar (p<0.001), emmuitn xyp TyHamac (p<0.016), xaBpeiH Xxyp TyHamac (p<0.0002)
6oauToit XamaapanTtaii 00J0XbIT Yp AYH Xapyysok Oaitna. 2024-2026, 2032-2034 oxy cHOHPHITH XY 3PBIIXIHH TOJTOMT
YYC3X XaHAjaraac xapaxaja Xd3T OJNIIPoJd Hb 7-8 UIMHH Xyranaarai, 2-3 >KHJ yprapKIgX MporHos Oarinargas. MeH
araapbs Temieparyp 2.5°C 6a 4.5°C-aap mymnaapBaji CHOMPHUITH XYp 9PBIIXIUH TOIOMT HYTarT XOPXIH 00PUIOTIOXUHAT

3arBap4IaB.
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Opmi

Hapu, mmnmMyycasp xoommorunn Oyroy ¢dumiodar
IIaBK Hb MOAHBI (DOTOCHHTE3MHH TOJ 3PXTHUH VI
@XWUIaraar anfarayyiaH, IIHM  TKIIT OOAMCHIH
JyTarganT OpyyJicHaap MOJBIT CyibJaxas LIyyz Helee,
yaMaap JOpOWTCOH MOAOHJA TEXHUKUIH XeHeel
Y3YY/IAT MOMJIOT HJSIIT IIaBXK aMbApax OOJOMKUHT
OYpAYYIdX31 naM Henee Y3YYIDK, OJKOJIOTH, SIUHH
3acarT UX?9X3H xoxupon yupyyngar [1]. Cyynuiln yen
JIDIXUWH Yyp aMbCTaJIbIH ©OPWIONTTIH XOJI000TOM
OIH XOHOONT aBKUUH TapXaJIThIH XYP33, XOp XOHeel
Y3YYJI9X OMH CaHTMIH Tandai nxcax xaHyararaii 6aitna
[2]. MoHron OpHBI yyp ambCTaJbIH AYyHIAX TOJIOBT
rapcad eepwientuiir 1940-2005 oHBI XOOpPOHI Taprax
Y32X3]] OBJIMHH Temmeparyp Oaracd jynaapcaH JYHTIH
Gaitna [3].

Hymaapy, Xyypaitmux xasmnara 1960 oHooc xoifm
2.14°C xamM33p HAIMOATACHH OaitHa [4].

Cubupuita xyp 3pBaaxait Hb OXVY, Kazaxcrans! Xoi
x3c3r, MoHron, XsATaiblH IIWIAMYYCT OHA XaMIUHH

HOLITOW XeHeen yupyynmar 3yin fom [5]. BormHo
XyTalaaH]{ TOO OTIOM HAMAIIXK Oaliraa Hb OJIOH XYUHH
3YWIHMHAH HUAI03p33p Tomopxoitornaor [6]. OpdHeI
9BAPAIT TOPOWUTON SUTAHTYsSIA XOT OJIIPOT OONOX SXHUH
yeTai maBxnaxk Oaiiraa Hb TOTTOOTACOH [7]. DHA 3yiln
Hb OXVY-bIH yHarau 3yiin 0ereen Hopseru 6oson Oycan
EBponbin  opHyyman Oaitmarryii. Hopsermitn XyHc,
XYp3373H Oyif OpYHBI MIMHXKIDX YyXaaHbl XOPOOHOOC
2018 oHA »H? 3YHI 3PBIIXAMH IPCIIUIAH YHIIIIAT
uHuiTancoH [8]. Cyynuita 30 rapyii >KUIMAH XyramaaHza
Opocooc Hopeerun ampa Mo MMIOPTOIDK Oairaaryi
Oerees cuOMpPUITH XYp pBIIXIHM TapxcaH Oyc HyTraac
XONTOC aryyiacaH MIMIAMYYCT MOJHBI TYYXUH 371
07I00T00p MMMOpTIOoOrYil Oaitna [9]. CubupuitH Xyp
9pBIAXAIH Oycan ¢puutodar 3yHauir 6010X0 HAT ra3paa
3-4 KU TaCpaNTTYH TOJIOMT YYCTH O MOIOHII AapamT
YYCTACHI3C TyXailH X3CTMHH O JaXWH COPIIXIYHUIrdp
XaTaX Xyypalllux TOXHOJNION wmam 31031 UWitmn
9HY 3YWI 3PBIIXIUH XODKWII XYPIIH Oyl OpUHEI
Y3YYJITYYA 4UyXajd HeJIeeTIUr cyanaadus OyTiIdadd

nypracan Oaiimar. CHOMPHIAH XYp 3PBI3XIHH HXIHXII
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5 TyyXKXUITTall XYP3HLDPP yPT, AyllaaH HAMPBIH yIHPaI]
XaHTAJITTal XyramaaHJ XOOJUIOXK ©BeJDKIer YaaaH
YPIUDKWICAH JyJaaH YIUPIbIH Japaa XYUTHUH 5pd 3pc
YyaHrapd, yIMaap LacaH IIyypra UIyypcHbI yIMaac JOOLI
xepc pyy Oyyx amrkaaryil Xyp HLIPYYZ MOJIHBI THUTOM,
MOYHp 3P HIIII XICAT Hb yX1oT [10].

bun XsHTUH HYypyYyH] XamaapaxX HyTIHAH HATTIIAI
OHJOPTIH Tra3apT MOHHUTOPUHI Cyjaajraa Xuix yyp
aMBCTaNbIH Y3YYIITYYATIH ysUIAYyylIaH aMbpax TaaTtai
OPYHBII HOXUOJAYYJIAIY XYUYHUH 3YWIMHT TOZOPXOMIDK,
X3T OJIIIPOJIBIH HAANIABIH YU XaHJIATHIT 3arBap4Iaxsir
30pHII0O0.

Cynanraa xuiicaH razap Hyrar

XsHTHH HYpYyHI Xamaapax TeB alMruiiH DpasH)
CyMaH/I MOHUTOPHUHT CyJajTraaHbl 14 maTuiir COHroH aBaB

(1-p 3ypar).

Tauux TIMIOF

Yk MonuTopHHr cynanraasi wr

] Cysasts

012525 5 7.5 10
Kunometp

1-p 3ypar. Cynanraa xuiicaH Tanbait

Te afimruitn DpmdHd cym. Tyc myTtar HR 2018
OoHbl cynanraaraap basuH naBaa, TamreiH ennmep, Ap
xanuuBiad, CapyyH Oynar, Myxap, [onuitn am, Xapx,
Bapyyn OasH, Hypamt, Vmaangaymyyr, Myxap, 3amr,
XyHIMHTUIH OBOOHBI ap, X0&p Mo, Mo1oH 1aBaa, OHuep
yyn, Xex naBaa, Dnctdi, basuuort, basuxanraii 33par
ra3pyyasr xamapcad HuMT 4000 ra razapt TapxanTTau,
xapu 6000 ra-; cHOMPHIH XYP 9PBIIXIIH rOJIOMT yycd
OaiiB.

Cymanraann xamparncan TeB alMruitH  OpadHd
cymblH HyTtart 2018 onbl IV-X capblH Xyramaana nar
araapblH Y3YYJIITHHT araapslH OyHIaX TeMIeparyp,
Xyp TyHaJacHbl HUMIOAp yTIBIT HATTIH Xapyynas (1-p
rpadux).

OJoH 3YHJ 3PBIIXDUH XOBPOJIUHH XOTKUIT IXJIX
TeMmeparypsIH nooa xs3raap Hb 10°C Oaiix [ 11] 6a Tyxaitn
KWJIMHH XyBbJ] MOHUTOPHHI CYJaJITaaH]| XaMparacaH
BuHp CyMBIH HyTarT araapblH TEMIIEPaTypPBIH 3HD
xs3raap V capsid I apaB xoHOTOOC 3X3I11CHH OaifHa.

120

100

80

—+— AraapbiH AyHI2K TeMIepaTyp

—a— Xyp Tynazac ()

1-p rpaduk. DpadH> CyMBIH LAr araapblH JyHaX Y3YYIIT

Marepuaui, apra 3yi

CubupuiiH Xyp OpBIIXOHH XYPIHUPHIAH ©COJIT,
OOIHKUATHIH APUYUMTIH Y€ IMATHIT TOIPYYJIaX 30pHIT00p
O0un 14 mPIT MOHUTOPUHT TaJdOaNT COHTOH aBY, MOJBIT
JIOPTHOX apraap Xyp3HLDP, XYYXULIIHH TOOIIOTO XUifH,
myrnyyiaracad 8500 XypaHIDPPT XaMIHHH TOT Y3YY/IIT
0oox OMeWiH ypT, Aar3HBI OPTOHUN XIMXKIITYYIHHAT
XUUB.

TapxaJThIH 3arBapuiiaibiH apra 3yi: baiiraias opuHbl
SH3 OYpUIH MOIIIUIMHH 5X CypBADKHHAT AIIWTIIaH
9PBIXIMH TapXanraj HeJeeiDK Oy YAMPIBbIH INUHK
YaHAPYYAbIT TOAOPXOMIIOX, BHY OHIUIOIT TYNTYypiaH
aNb yyp aMbCTAJIBIH XYUHH 3YHI MIIYY Heleeink Oalraar
toapyynaxelH Tyan 800-1000 M HapuiiBwiantail yyp
aMbCTaJIBIH MIIIIAT 19 XyBbcardraid M3 YHIICIIH
OomoBcpyyncan. Xyp TyHamac (Prec), xamruitH wux
temneparyp (Tmax) 06a xamruitH ©Oara Temmeparyp
(Tmin) (1956 -2000) scean BIO-19 (Bio 19) mamaasmwiir
IPCC-uiin  anban éEcHBl MPIDIUIMHH CaHraac as4d
alumriacad. Yyp aMbCrajiblH MAId3JUIAC rajiHa 3H? Oyc
HYTTUHH ©HJepJer, Xyp TYHaJacHbl I3BCI3p 3ypruir
HIYYJATYYp OONTOH ammmiacaH. DAradp XYIUH 3yHICHiH
sH3 OYypHWiH Xocnonslr aryyiacan HMHT 180 3arBapbir
aIIWIIIaH, TAPXAJITHIH IPTH MYII3H] YHIICISH TOUMIIOH
3ypamiax 3arBapwiax 3opmiroroil Makcent (MaxEnt-
Maximum entropy modeling of species geographic
distribution) mporpammeir [12], [13] amurias.

Oi1H X6HOeIT MAaBXHUI{H X3T OJIIIPOJIBIH [AAIIABIH AT
XaHJUIarbIl TOITOOXZ00 YYP aMbCTallbIH ©0p4IeITHHH
IPCC-u  nmepeBmyranp
mwitramiia CCCMA  A2A  3arBapaac COHTOH aBaB.

UPIOAYHH TeneB  OalIbIr
Mbzasuuiir 6050BCpyyaaxaz ra3pbit 3ypruita Arc-GIS
10.1, cratuctuk 600BCpyyaanTeiH Minitab® 16.1.1, R

Studio, Statistica 7.0 mporpaMMyyabIT alIuIiIas.

Yp ayH, x3/3/1yyJasr

CHOMpHITH XYp D9pBIIXdOUH MOPQOIOTH, OCONT

XOKITUIH OHIJIOT.
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Xapap, HAMpBIH CyAanraaraap TOOJOIICOH CHOUPH

XYP DOPBIIXIUH  XYPIHIDD,

XYYX2JIIPHH

TOOJIJIOTBIH

MO3IP3JUIMAT HATTIOH Xapyynas (1-p XycHIrT).

DHI?3C V3B XYPIHIPHUIH OMCHITH JKUH sIH3 OYpHitH

HacaHj| XapwilaH aauiaryd Oadmraap 3.0-5.7 naxwH,

xapuH OwenidH yprT 1.4-1.9 maxwH HAIMAITIRIX Oereen

1-p XycHArT. MOHUTOPHHT L3I'T XUUTACOH CHOUPUIH XYP 3PBI3X3HH TOOIOTHIH YP AYH

Toonoracon Too
# I"a3pbin HY Conbuion Hor .
P P Onnep Hor meunpr S0x30 Xyyxamuoii
M MOJOH/
65L
1 Tamran eHIep 47.70483 107.7059 1677 3 OLM ~ 4800 62
5-6
1L,
2 Tamran eHzep 47.70481 107.7022 1683 1L, , - -
IL
. 3L
3 AHTeHHTaH yyn 47.70072 107.6603 1724 1L375 - -
34
MeereH eHapuitH 1L
4 47.72033 107.6546 1814 45 ~ 720 1
eBep 14]_4273
MeereH eHapuitH 24L,
5 47.72033 107.6546 1814 5L, - 11
oBop oL,
MeereH eHapuiin
6 P 47.72033 107.6546 1814 6L, - 1
eBep 2L,
MeereHn eHapUITH
7 P 47.71908 107.655 1797 2L, - -
©BOp 2L4-5
MeereH enapuitn
8 47.71983 107.6477 1901 - 31
eBep
MeereH eHapuitH
9 P 47.71983 107.6477 1901 2Ly, - 13
eBep
MeeoreH eHApUITH
10 P 47.71983 107.6477 1901 150L, - 176
eBop 2Ly,
13L
11 basnnaBaanst ap 47.76953 107.654 1768 oL 34 - 10
5-6
351
12 basunaBaans! ap 47.76886 107.6548 1789 6L 23 ~ 3000 14
5-6
27L
13 BasnnaBaans! ap 47.76886 107.6548 1789 | ILM - 170
5-6
14 MeereH eHapHiiH ap 47.72042 107.6547 1819 IL,, - -
Huiit 418 8520 490
Cynanraanpl Xyramaanj OyX HacHBl XYPOHIPD HHUWT T'YyKWIThIHXaa Xyranaanja OuewidH kuH Hb 1530

TOXHUOJIOXK Oaiican 66ree 1 7 capbIH AX33P XYYXIIIHAINIT

SPUYUMTAH sSBarnax Oainaa. XypIHIPUIH OHEeHiH YHACOH

XOMKUITYYAUNAT XUUH 2-p XYCHAIITH Y3YYII9B.

JaxuH, oneniiH ypt 12.5 maxun HdMATAATr. Hor Hacrait

XYPIHIPHIH 6CONT XapbLaHIyl XypAaH sBaraax Oereen

10 opuuM XOHOTHMHH paapaa OwewiiH XuH 5.7%-map

2-p xycHIrT. CuOHpHiiH XYpHiiH sH3 OYPUITH HACHBI XYPIHIPHIHH OUSHHH XIMKUITYY]

Kun, mr bueniin ypr, Mm Jlar3Hbl epreH, MM
Hac Hynnax Pl plkcl)it Hynnax Pl Pl Hynnax
Hn yrra | /331 ytra

YHo1r» yTIra yTIra YHonr» yTIra yTra YHoira»
I 2.8 3.1 2.4 59 7 5 1.1 1.2 0.9
11 16 20 13 11 14 8 1.5 1.56 1.3
111 66.6 100 50.2 19 22.5 17 2.0 2.1 1.8
v 264 380 140 29.2 34 26 2.9 3.2 2.4
\% 781 1790 410 39.8 51 35 3.95 4.2 3.9
VI 4286 6930 1470 74 88 62 5.8 6.3 52
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HAMIIIK OaiiB. MHXYY X0€p HACTal XYPIHIP O0JI0XO0T

OMeHMiH >KMH HOMOIZIOH, AaHXHBI TYYXWIT sBaraax
XyTaraa Hb ra3ap Oyp XapwillaH afuiryi Oaiinar OaifHa.

Cynanraanbl yen XypdIHUpHAH Ooibkunr  (2-p
rpaguk)-sir  yyp Y3YYIDITYYATIH

XapbllyyJIaH y3be. XaBpblH MOHUTOPUHI Cyaajiraaraap 2

aMbCTaJIbIH

HacTall XYp3HILPP HUUT Xyp3HLpUNH 87.2%-uir 33351K
GaiicaH 06ree TIATIIPUIH OCOIT XOTKII, IYYKHITHIT
xXapyyjlcaH Tpadukaac y3BdI 2 HACTail XYPIHLPHIH
95 XyBb araapelH OyHAax Ttemieparyp 19.6°C, xyp
TYHaJAaCHBI HUIIO3p 16.5 MM opunm OaiicaH 6-p capbiH
10-15-51 X00pOHN TYYKIXK OaiiB.

120 4

100 -

80 -

60

40

=+ Tyvxuir (II HacTai XYP3HIBD)
2-p rpaduk. XypIHUPHUITH XerkiauiiH sBII (3-6 HaC)

XapuH 3-4 HacTall XYpIHIUPUIH TYYKUIT 6-p capblH
JyH/laac 9XJI3H OPTUJI Y Hb MOH CapblH CYYJI39p 4 HacTai
XYPIHIPHUIAH 5 HACTall XYPIHIPPT MIMDKUX TYYKUJITHIH
oprui ye 7-p capbiH cyyiap (3-p rpaduk) (araapbia
ayHOax temmneparyp 16.1°C, Xyp TyHamacHBI HHHIOAD
104.1 mm Oaiix yexm), 6 Hac pyy IIWDKUX TYYKHITHIH
oprui ye araapeia temmneparyp 15.6°C, xyp TyHaJacHBbI
Huin63p ytra 104.1 6aiix yen Oyroy 8-p capbiH CyyIIsp
Oomk Oaifmaa. YyYHI3C XapBan TyXailH HYTTHUH Yyp
aMbCTaJIbIH Y3YYJIXIT XYPIHLPHHH ©CeNT OOWKMITOA

350
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100 72104

44907
25425

15490

00 4—/ [
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TonoMTToMH Tan6aiH XaM&>  —— JIyHIaK TeMIeparyp

43647 49104

2012

XaMIMHH WX29p HOJNe© Y3YYJIAT TACOH IPAIMTIMNH
CyZlairaaHsl Yp AYHT Oaranraaxyymnk OaiHa.

Cubupuiin xyp 3pB»xX3iiH (Dendrolimus sibiricus
Tschetw.) aMbapax op4HbI 3arBapuJiaJl

CHOMpHITH XYp SPBIIXdHH XODKIMWH LUKI Hb 2
sH3 Oaitnar. TapxanteiH Oyc HYTIHHH €MHeA Xd3corT 1
KW, TYYHIAC XOMIIWIDK OHIep YYIbIH O 3apumiaa
3 XYpTa1 XWIMHH TeHepamd TOXHOIgoHo. Hoar Oyroy
X0€p KUIMHH TeHepalny YYCiXd[ AyldaaH XaMTUiiH roi
yyparmai. XKunuitn wuiit temmeparyp 2100-2200°C
Oomoxom HOr OKWIMitH, XapuH Oyypa 1800-1900°C

~#—T'vyixuir (I HacTait Xyp3HI3D)

6onoxox 2 xunuiiH; 2000°C yex XoJMMOT reHepanurai
6omHO [14]. MoHrOn OpHBI HUHT OWH CaHj CHOWPHITH
XYp D9pBIXOMH 2 KWIMHH TIeHepauuTaid MOIyssiuu
toxuomanor [14]. boraxan yynsiH HyxTuiin amana X3t
OJIIIMPCOH MOMYJISIIN XUHCIH 3 KUIUIH cygairaaraap
CHOMPHIH XYp dPBIIXIA 2 )KWINKWH TeHepaly Oaiiraa Hb
TOIrTOOT/ICOH [15].

OH? 3YHn 9pBIIXdOH HB Xyp TyHagac Oararaii,
raHTail JXWIMMH Japaax >KWIYYA34 TOO TOJTOM Hb X3T
OJIIPY XOHOeJI YUpyyaaar TOJUNryd X3T OJIIPON Hb

- 300000

280066

250000

200000

- 150000

102680

100000

. 50000

2013 2014 2015 2016 2017 2018

—#—Xyp TyHazac (mvM)  —+—Ilacan Gypxyyn (cM)

3-p rpa¢duk. Cymanraa XHATACOH HyTTHHH YYP aMBbCTAJIBIH 3apPUM Y3YYJIRIT OONOH CHOMPHUITH XYP PBIIXIIH TOJOMTTOH Tanbait
(on/ra) Ox cypBamk: OCXT-nitn Taitnan, 2018

88
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OpuHbI OycaJ XYYUH 3YHIYYATIH X0J000TOW Hb OJIOH
CyJaliraaHbl Yp IyH xapyy/nk Oaiina. Tyxaitnoan, OXY-n
2015 oHbI 5-p caph XMICAH LAr araapblH Cyjajiraaraap
YUITUIH XaHraMX Myy Oaifraar xapyyicaH Oeree
OJIOH >KWJINIH TyHAQX TEMIEPaTypblH JTyHIAX X3MXKID
MX3CCOH Yp IyHT?H Oaitna [10]. TyyHwdH, cubupuiin
XYP OpPBIIXIMH OBODKMX XYPIHIPP XOT UYMHIIAL
XOPCOH/I 00OHOOP YXIAT TYJI XOPCHHUI OHIOp YUHTIILIIAC
3aiexuiaaT (xeBn 6a Hamar) [16] ,[17].

bun OCXT-eec rapracan cuOMpb XYp JPBIIXIUH
TOJIOMTTOH Taj0aifH XAMJKI3T yyp aMbCTAIBIH 3apuM
Y3YYJIDATTIH XapblyyinaH y3m (3-p rpadux).

Yyuoac y3ean 2009-2017 oHBI XOOPOHI TapxaiT
rOJIOMTTOM TajbaifH XaMxkd3 Oara Oaiixan Xyp TyHazac,
acad OYypXYYJIHIH X3MXK3d €Ce6]T XapbIaHTyi TOITMOI
6aiixa0. Xapun 2016 oHoOC Hacan OypXyy:1 ormom Oyypu,
JOyHJX TEMIIEpaTyp ecex XaH/ularataid 9H3 yeq cuoupb

XYP OpBI3XIHH TOJOMTTOM TanmbaiiH XoMkdd Oycan
OHYyyHATall XapbllyyJaxaJ OTIIOM ecceH OaifHa. YyH?3C
Y39X31 XOT OJIIIPOJTIBIH HAMKMAJ Y€ Hb ©BOJI, 3yHBI Xyp
TyHaJlac XapbllaHTyH TOTTMOJ Ve, 8 KU YPTrAJDKUILIAT
Oyloy Xyp TyHaJacHbl TOITMOJ OaiXTail JaBXIax
Gaiina. 2016 onx OXVY-1 XWiicOH CymanraaHbl XaBpbIH
TOOJUIOTOOP CHOMPHUHH XYp DPBIIXOUHHUN MOMYISIUAH
YHIMIIXYH HATTIIMA HAT MomoHn 42-448 OGoxrans
x00poHA x3103m3»Kk OaiB [10]. [laanuraan Exuceiin oitH
Oycwuita Tarm xa¢art 2014-2017 oun D.sibiricus-uitH X3T
onpo 6oscoH [17] Xyraiaa MaHai OpHBIXTOH JaBXIIax
Gaiina. Monron opusl oif Oyxuit Hyrart 2005-2018 onz
CHOMpPHIH XYp IPBIIXIMH TapXaT, TOJOMTTOW HYTTUHH
IPMPH MAIPAT OH Japaajulaap Xapbllyylnaxal YHACOH

TOJIOMT, TYYHHH X3MXK33 XKW Oyp eepunermxidd (2-p
3ypar).

2010

2016

Tammx Tsmasr

Cwubupe xypiiiH aMbApPax OPYHBI 3ars apuwilan
ViIra

— Hx:10

WSS Bara: 0.0

[ Asvrmit: xnn
= V7ICBIM XM

2011 2012

2014 2015

2017 2018

2-p 3ypar. Cubupuiia xyp 3pBa3x2ita 2005-2018 oHbI TapXasT, TOIOMTHIH Oaiiaa.
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Tyxaitnban, xyp TyHamac Oararaii xwiryya, 2007,
2008, 2014, 2015 onooc ymbaanaH, THATIIPHUIH dapaax
KHUITYYID TapXaJlT, TOIOMTTOHN Tanbaid HIMATIDKII.

CuOupuitH XYPUITH TapXaJT, TOJIOMTBIH IRTIH MAII),
TOJIOMTTOH TajOaifH XdMK33 I33p TYITyypliaH, Oup
YYP aMBCTAIBIH Y3YYJDATYYAMHH XaMaapibll Taprax
Y39X9J KHUIMKHH TYH/IQX araapblH TEMIIEparyp, KUIHHH
MaKCHMYyM araapblH TeMIIEpaTyp, MUHIMYM TEMIIEpaTyp,
KWIMHH Xyp TyHaJgac 33p3T yyp aMbCrajblH XY4HH
3YIIIyYI HeyieeTdit Oereej IKWIMHH Xyp TyHajac,
araapelH MakCUMyM TEMIIEPATYp XaMI'MHH UX HOJIOOTIU
OaiiB. XdPp3B TyXallH XWJI Hb Xyp TyHaumac Oararai,
XyypalIuiT uXTdi, ranayy OaiiBan cuOMpHHH XYpHIH
OHJIOT, XYPIHIP, XYYXIIHH OOMKHUITON HOJIOOJICHOOD
YPXKHX Taarail HeXUen OypAYK X3T ommpon Oosmgor
Hb Xapargax Oaiina. Tyxain6an, 2006 oHbl cuOMpHIH
XYP 9PBI3X3MH TOO TOJTOWH OJIIPOJ, TOJOMT HYTI'MIH
XOMIKIOH/I TYXalH KWINIH 3yHBI Xyp TyHajac, JTyHIax
TemIieparyp Mx39x3H Heseeinkdd (p<0.005). TyyHwnH
XaBPbIH Xyp TYHaJac, XyypallIWIT Hb YT 3YHJI 3pBIIX3HH
OJIIIIPOJT TapXajiTaj dyyxall HeleeTd OaiiHa. 2006, 2008
OHBI XaBPBIH HUWIOOP Xyp TYHAIAaCHBI XOMIKDD TyXaiH
KWIMMHX?Y CHOMPUAH XYp OPBIIXOHUH  TOJIOMTTOM
TaI0alH XOMXK?3, HATTIIWIA YyXall HOIee Y3YYJICOH
0aiina (p<0.04 6a p<0.02). DH» 3yii Torton 2009 oHx MeH
MIIBPCIH 0OT66/1 TYC OHBI XaBPbIH YIUPIIbIH Xyp TyHa/ac
JIyH/I2XK
temneparyp (p<0.001), HaMpbIH OyHAaX TeMmmeparyp

(p<0.007), nmynaaHn ymHpIBIH OyHy 3YyHBI
(p<0.008) 39p3r MOH UXIIXOH HOJIOOIKII.

Cubupb Xyp 9pBI3X3HH ONIIPONJ yYyp aMbCrajblH
sMap  Y3YYJIUITYYI WYY HejJeenk OyHr 3arBapuiaH
rapraxajl 4MHDIST YIUPJIBIH TEMIEPaTypblH AyHIAX,
YUHADIAT YIUPIIBIH Xyp TyHaJac, OHAOPIIIII, IIPBAST IICH
XOCJI0MI OYXHH 3arBap Hb XaMTUiH TOXMPOMIKTOH; Jys1aaH
YAUPIBIH TEMIEPATYPIH AyHIAK, YUHIIAT YIUPIBIH XyP
TyHaJlac, OHAePIII, IPBAST OOJOH YMHUIVIST YIMPIIBIH
TeMITepaTypblH JTyHAX, YHWDIAT capblH Xyp TyHajac,
OHIOPIINII, LB I'CIH XOEP XOCIOT Hb OOJOMKHUT
3arBap 0aiiB (3-p XyCHIIT).

Y 3y#I1 9pB39X3HH ONIIPOIA XaMIHIHH TOXUPOMIKTOM
3arpapaac xapaxaJl OWIHUI 5H3XYY Yp AYH Hb ©MHOX
cymnaaunna [14], [15], [18], [19]-bH TyXalH >XWUIHIH
Xyp TYHaJacHbl HHHIIOIp, JKWIMHH TeMmIeparyp Troj
HOJIOOTIU TICOH Yp OYHT MOH Oataink OaitHa. CuOupHiiH
xyp 3pBa3x3iiH 2005-2015 oHBI Tapxait, NOMyJSUUIH
OJIIIPOI WitM 3YH TorToN Wimdpy Oaiiraar 2011 oHbI Xyp
TYHaJaCHbl HHUHJIOA3p X3MXKI3, AYHIAX TEMIIEPaTypblH
Y3YYJI2IIT MOH Totopxoiunk 6Oaitaa (p<0.001). Cubupuiin
XYP 3PBI3XAIH TapXanrtaj A33p AypAcaH XYUUH 3yHimac
ragHa eBiIMH Xyp TyHamac (p<0.016), xaBpeIH Xyp
tyHagac (p<0.0002) Oommroii xamaapanTaii OOJIOXBIT
OuaHME yp AYH Xapyysok OaifHa. YYHTAH WKW Yp AYH
I'epmana HapCHBI XYp 3PBIAX3U XUNTICOH Cynanraaraap
rapys?3. X3T OJIIPOJbIH KUIUHH 7-p CapblH HUCIATUIH
ye J9X JIyHA@X TeMIeparyp Hb OJIIPON OO0J0oryi
KWIAC eHAep OaiiB. XYpAIHUPHIH HAIT TYYKHITaac
TypBaH ryyxwirtail ye maraung (8-10-p cap, P < 0.05)
00JIOH TypaB Jaxb TYYXKHITaac A0JOO JaXb TYYXHIT
xypTa1 (3-p capaac 6-p cap, P <0.001) omrpos 6010Xb1H
OMHOX JKIJIYYIII TEMIIEpaTyp oHIaep Oaiikad [22].

Cubupuitn xyp 2pBadxdiH (Dendrolimus sibiricus
Tschetw.) TapxanT, ONIIPOIBIH AAMIBIH YAT XaH1ara

bun 2005-2018 oHbI TapXaiT, FOJIOMTBIH LBIIH M3
60J10H Oycaj MIAIIHIL TYATYYypJIaH araapblH TEMIEparyp
omooruitaxoocoo 2.5°C, 4.5°C-aap TyC Tyc HAIMAIIBAI
CHOMPHITH XYp SPBIIXdOHH TapXajiT, TOJIOMT X3PX3H
eepuwIerexXuiir rapras (3-p 3ypar).

3arBapusiaiiaac xapaxaja CHOMPHUHH XYp DPBIIXIUH
Tapxait Hb TeMueparyp 2.5°C-aap HIMAIIX31 XOeBCrell,
Xanraii, X9HTUIH TOJI HYpyyT TYIIUH TOJOMT HyTar Hb
TAIDK X3B33P YII3H, XAHTaHbI yyIca TapXauTTail 0010x
6a xapun Temmeparyp 4.5°C-aap HIMOAIIPXII AIPX
YYJCBIH CHCTEM TOIMWUIYH XSIHTaHbl HYPYYHJ TOJOMT
HyTar Omii Oomk, yamaap cambap yyicaap TapXair,
TOJIOMTBIH XYP33 HAMXK TOJ9X XaHJulararail xapargax
GaiiHa.

3-p xycHart. CubupuitH Xyp 3pBIIX3iH ONIIPOI HOJIOOIDK Oyil yyp aMbCTajbIH XY4YHH 3YHICHITH XOCIOIy YR

k (ITapamerpuiin
3arsapyya AIC ytra | AAICc ) Loglike -Loglike
TOO
*(YUATIIAT YNUPIBIH TeMIIePaTypBIH TyHIaX+IHHIIT
( VP Pamyp Y 70983.92 0 5 -35487 70973.92
YAUPIBIH Xyp TyHagac) +(eHAepUIMI+IIBAAT)
®(JTymaaH ynUpIIBIH TEMIEPATyPBIH TyHIaX HIHHTIAT
(. yap PATYPRI AV 70984.73 | 0.81 5 -35487.4 | 70974.73
YIUPIIBIH Xyp TyHaJac)+(eHaepuuI-+dB/ar)
*(4UIAIIIAT YIUPIIBIH TEMIIEPATYPbIH JLyHIaX +UHHIIAT
( yip panyp Y 70984.99 1.07 5 -35487.5 70974.99
CapblH Xyp TyHaJac)+(eHaepIniI+13BIAT)
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Araapum TeMueparyp 4,5°C-osp
HDMDIZIPX YEHHH GONOMKHT TapXai
TApXan

Araaprm Temueparyp 2,5°C-93p
HIMDI/PX YEHHH GONOMKHT TapXaly
‘Tapxan

TaHuX TOMIT
COAdivraiia xun
Ci Xyp OpYHH

3-p 3ypar. CubupuiiH Xyp 3pB33X3HH UPISAYHH TapXaaThIH TOJI6B

Cubupuita xyp 3pBa3x3itH 2005-2018 onbI Tapxanr,

1yBaa
yHIPCIPH 2040 OH XYPTAIX TOJOMT YYCAX TOJIOBHIAT

TOJIOMTTOH  TanOaiiH  TacpanTryi MOBI35H]

rapranaa (4-p rpaguk).

Tyc rpaduraac xapaxang 2024-2026, 2032-2034
OHJI CHOMPHMIH XYp DPBIIXAHH TOJIOMT YYCOX XaHjjara
xapargax OaifHa. YYH29C TYTHOIXOII XOT OJIIIPOT Hb 7-8
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9PBI3XOMH XOT OJIIIPOJJ LAr araapblH XY4YHH 3YHIYYX
TOJI YYp3rI' TYHIDTrak Oaiiraa Xommii 9  XOOd THXKIAI
00J10X HOOII, MAXYMH IIUMATYHUIH ITOITYJISLH, [AalIiiIoa
TOJIOMTTOM X3CI33¢ PYYJI OM pyy Tapxak, HUCIX 4aJBap
33par Oycaj Xy4uH 3YHIC MoH Holeenner. CHOUpHIH Xyp
9PBIAXIHMH XIT OJIIPOJIBIH OPTHII Ye OOJIOH MOIMYIISIUHH
Oyypax aJib 4 TOXHOJZOJI TIMTCOH, HIATICIH ra3paac

9

%

D2

=T 0JIOMT HYTTHIH HP33YHH Te1eB (2019-2040)

— 95 XyBHiiH MaragIaTTaif 1531 XA3raap

4-p rpaduk. CubupHiiH XYp SPBIFXIIH TOJOMT HYTTHIH ToJI0MT HYTruitH eepuient (2019-2040 on)

KWIMHH Xyraraarai, 2-3 KUl YprajbKIdX TPOTHO3 Hb
OMHOX Cy/UIaaqJIbIH Cy/lalraaHbl TYHT?H TOXHpY OaifHa.
CubupuitH Xyp 3pBI3X3UH X3T OJIIPON OOJIOX OWUPBIH
Xyralnaar HWHHXYY 3arBapumiCHBl Jaryy ypbIuWIaH
COPTHIIIX apra XIMIKIIT TOJIOBIOX ad XOIOOTIONTOMH.
CubupuitH Xyp 3pBI3XdWH TapxaiT, TOJIOMTHIH 14
KUITMHH M3I33I3011 YHBCII9H rapraca A33pX X0OCIOoIy Y]
Hb YT 3YIJI DPBISXOIH OJIIPON] XaMTUIH UX HOJI0eNeX
XY4UH 3y OONoXbIr MiTrak OaiiHa. CHOMpHIH XYp

XOOJUIOXK, OOMKHMXOJ XaMIMMH TaalaMKTai XdCOr
PYY HYYZRWIH ounor [17]. YpKuma opoxryHWrasp xoT
omIpo 00510X 60OMKTYi FoM. CHOMPHITH XYD 9PBIIXIH
Hb Mamr xon 3aia (100 kM op4yMM) HHCY, HYYADIUIIX

[19]

Oeree; TyxailH raszap HyTarT Tapxax XypJ Hb Xyralaa,

yaaBapTall HYYUIMHH HIPBXXKHII OHIAOPTIH 3YHN

OalpIMI, HUCY UPCOH TMOMYNSLM JaXb OOATaIMIH TOO
39prInc XxamaapHa.
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