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ANNUAL DYNAMICSOF TEMPERATURESIN BURROWS OF MARMOTA BOBAK:
A MATHEMATICAL MODELLING

Ioa0BASA JTMHAMUKA TEMIIEPATYPbI B HOPAX CTEIIHOI'O CYPKA
(MARMOTA BOBAK): MATEMATHYECKOE MOJEJMPOBAHUE

Belovezhets K 1.1, Nikol’skii A.A.Y", Ronkin V.I. 2

The Russian Peoples’ Friendship University, 113093 Moscow, Podolskoe ave., 8/5, Russia;
’Kharkov National University, Kharkov, Ukraine; * Correspondence author: (e-mail:
kottus@mail.ru)

Abstract. Thermal conditions of mammals’ burrows are controlled by temperature of surrounding soil layers. It
makes possible to calculate burrow temperature at any moment by modeling soil temperature without direct
measurements in burrow. In this paper a model based on a well-known heat-transfer equation is analyzed. For the
solution, boundary conditions and temperature conductivity coefficient should be determined. Boundary conditions
are: temperature distribution in the start time, temperature on the soil surface and temperature of underlying
thermoneutral layer. As annual temperature change are cyclic, start time temperature distribution can be random.
This model showed good correspondence with real temperature measured in a burrow of Marmota bobak in
Ukraine. Steppe marmot’s burrow temperature was calculated for four geographic populations situated in Ukraine,
Volga region, Southern Ural, Central Kazakhstan and for the depth from 1.5 m to 4.5 m. This depth range is usually
considered as common for steppe marmot’s hibernacula. Difference of burrow thermal conditions for different
depths and geographic populations is discussed.

Pe3tome. TeMmrepaTypHbIi pexkHM HOP MICKOMUTAIOIIMX HAXOAUTCS MO KOHTPOJIEM OKPYIXKAIOLIUX CIOEB rPYHTA.
DT0 maeT BO3MOXXHOCTh OLEHUTH TEMIIEpaTypy B HOpe B JIFOOOH MOMEHT BpEMEHH MyTeM MOJAEIUPOBAHUS
TeMIepaTypsl TPYHTa, He Ipuderas K ee NpsIMBIM U3MepeHusIM. B paboTe aHanmusupyercs Molelb, OCHOBaHHAs Ha
LINPOKO M3BECTHOM YpPaBHEHWMH TETUIONPOBOIHOCTH. [N pemieHus ypaBHEHHs HeoOXOIMMO 3alaTh HaYaJbHEIC
TpaHMYHBIE YCIIOBHS, a TaKkXke KOI(Q(UINMEHT TeMIepaTypolpoBOIHOCTH MMOYBbl. HadanbHBIM ycloOBHEM SIBIAETCS
pacrpezienieHie TeMIlepaTypbl B HAa4aJbHBIH MOMEHT BpeMeHH. IIpy LUKIMYecKOM M3MEHEHHH TeMIlepaTyphbl B
TeyeHHe Iojla HayajbHblE YCIOBHS MOXKHO 3aJaTh IIPOM3BOJBHO. BepXHWM TIpaHWYHBIM YCIOBHEM SIBIAECTCS
TeMIIepaTypa MOBEPXHOCTH TPYHTA, a HIKHUM — TeMIIeparypa TEPMOHEATPAIBLHOTO Cosi. XOpoIliee COOTBETCTBHE
MOJIEIM pealbHOMY OOBEKTY OBbLIO IMOKAa3aHO Ha MpuMepe Hopel cremHoro cypka (Marmota bobak) B Vkpaune.
Beita paccunraHa TemIiepatypa B HOpax CTEMHOrO CypKa JJIs YeThIpeX reorpaduyecKux MOMysuuit: YKpanHa,
IMoBomxkbe, FOxubi Ypan, Lenrpansueiii Kazaxcran s quamna3oHa TIyOHH pacIofiOKeHHs THE3I0BBIX Kamep,
00b14HO 06cyx)aaemoro B utepatype (o1 1,5 1o 4,5 m.). Obcyxmaercst pa3inune B TEMIEPATYPHBIX YCIOBHSIX HOP,
PacIoNOKEHHBIX Ha Pa3IMYHOMN IyOWHE M B Pa3iNYHbIX reorpaguueckux momyIsausX.

Key words: temperature, burrow, Marmota bobak, mathematical modeling, thermal conditions, geographical
population, hibernation, hibernacula.

KuroueBble ciioBa: Temmeparypa, HOpa, CTENHON CypOK, MAaTeMaTU4eCKOe MOJEIMPOBAaHHUE, TEMIIEPATYpPHBIN
pexxum, reorpaduyeckre NOIMyJIIAIHH, CIITIKA.

A suggestion made previously (Nikol’skii, Khutorskoy, 2001) stated that the temperature
regime in the burrows of mammalians was affected by the surrounding soil layers. Almost no
convection was recorded in the burrows; therefore, the temperature in them was predetermined
by the heat exchange with the enclosing layers of the soil, which enabled the use of a relatively
simple mathematical model for the identification of the temperature regime in burrows
(Nikol’skii, 2003).

A well-known differential equation of the thermal conductivity used in geology and soil
science forms the basis of the suggested model (Kachinskii, 1965):

ouU (Z,t) - a2 0°U (Z,t) (1)
a 02° '



where U(zt) — temperature, °C, as a function depending on z — depth, m and t — time, c; a — the
coefficient of thermal diffusivity, m?/c.

To solve the equation, it is necessary to identify the coefficient a and specify the initial and
boundary conditions.

Thermal conductivity of the soil depends on its composition, levels of humidity and other
factors. In some cases, it is reasonable to use average values of the coefficient of thermal
conductivity for a certain soil type. This averaging does not significantly affect the preciseness of
the calculation. In most part of the range, marmots, M. bobak, inhabit the chernozemic zone,
while the Kazakhstan population, the zone of dark-chestnut soils (Afanas’eva et al, 1979). The
averages coefficients of thermal conductivity for them are respectively equal to: ag=3.4 - 10"
m?/c and ag=2.5 - 107 m%/c («Basis of agrophysics», 1959; Dimo, 1972).

The primary condition for the equation (1) is the distribution of temperature in the soil at
the zero moment of time t=0, U(z,0). At a cyclic change in temperatures on the soil surface all of
its layers are at the state of the dynamic balance with the surface temperature this state is
achieved during several cycles of temperature fluctuations and does not depend on the initial
distribution of temperature. Therefore, it is possible to set the initial conditions ad lib, while
studying the annual temperature dynamics and use the data only after the establishment of the
cyclic balance, i.e. when the temperature at each point in one month is repeated from year to
year.

Boundary conditions are the dynamics of temperatures on the border of the studied soil
layer, U(O,t) and U(Z,t), where Z is the depth of the studied layer. In our case, the upper border is
the temperature on the soil surface, and the lower border is the temperature of the so-called
thermo-neutral layer. The thermo-neutral layer is a layer in which temperature changes are
unavailable. Data on average monthly temperatures of the soil surface were taken from the
USSR Climate Guide (1965, 1966, 1967); temperatures of the thermo-neutral layer, from the
USSR Hydrothermal map (1978).

It is possible to solve the equation in various ways. In this work, the algorithm of the solution
of finite elements was used. The method consists in that the soil is expressed as discrete layers,
while time, as discrete steps. Each soil layer is characterized with a single thermal diffusivity. In
this case, the differential equation (1) is transformed into the discrete one (Hanks, Ashkroft,
1985):

U}*l—U} _ aU;,-2U;+U;,) @)
At Az° ’
where i is the number of time step, j is the number of soil layer. At the zero step, the initial
distribution of temperature in layers is set. Accept that:
i <YtV o
J 2 !
i.e. the temperature in each layer at every consecutive step is equal to the averaged temperature
of the neighboring layers in the previous step (i.e., the layers reach the state of the thermal
balance). Replacing (2) with (3) we receive:
At
aAZZ 0.5(4),

It is therefore seen that the minimal time step of the model is determined by the selected
thickness of the discrete layer and the coefficient of thermal diffusivity. With the decrease of the
layer thickness and respectively the time-step, the model tends to the continuous course of
temperature. The preciseness of the model, therefore, depends on the magnitude of discrete steps
by time and depth.



This model reflects the major traits of the temperature regime in the soils: attenuation of
temperature fluctuations at the depth, different depths of the penetration of temperature
fluctuations depending on the frequency of cyclic changes (daily or annual), a delay in the course
of temperature with the growing depth. The program complex Termgraf developed at the
Geological Institute of Russian Academy of Sciences (Khutorskoy, 1996) was used in this work
for the calculations. This program applies the above-mentioned algorithm for the two-
dimensional case.

To test of the model, the temperatures measured in the burrow of M. bobak, in the soil, at the
depth of the nest chamber, as well as findings obtained on the basis of calculations were
compared. The studies were carried out in Velikoburluksky district of Kharkov province (the
Ukraine). The findings were published (Nikolskii et al., 2005) and the major results are given in
figure 1. As indicated in Fig. 1, the model data fairly well corresponded to real temperature
values both inside the burrow (1, a) and in the soil (1, b). The temperature calculated by means
of this model is different from the temperature measured inside the burrow by 0.9°C on average,
and by 0.8°C from the temperature in the soil. The highest differences between the calculated
and recorded values reached 2.6°C in June.
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Figure 1. The course of temperature: a) in the burrow of a M. bobak at the depth of 1,9 m (March
to October); b) in the soil at the depth of 3 m (November to May) in Velikoburluksky district of
Kharkov province in the Ukraine.

1 — data of field surveys;

2 — results of modeling.

Pucynok 1. Xoa TemmepaTypbl: a) B HOpe CTEITHOIO CYpKa, pacroyiokeHHOH Ha rinyouHe 1,9 m (¢
Mapra 1o OKT0pb); 6) B rpyHTe Ha riiyouHe 3 M (¢ HOsIOps 1o Mait) B BenukoOypiykckoM
paiioHe XapbKOBCKOM 001acTH Y KpauHBbl.

1 — maHHEBIE MTOJIEBBLIX HAOIIONEHN,

2 — pe3yabTaThl MOJICTTMPOBAHUSI.

This work shows that this method enables a description of the dynamics of temperatures in
burrows over a significant part of M. bobak range with a sufficient precision without carrying
out field work.

Based on the model, an annual dynamics of temperatures in the burrows of four populations
of crennoit marmot was calculated for the following regions: Kharkov province of the Ukraine;
Saratov and Orenburg provinces of Russia and central Kazakhstan. Data were obtained for the
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temperature regime in soils as deep as 1.5 m to 4.5 m, since the nest chambers of M. bobak are
situated largely at this depth (Bibikov, 1980; Zimina, Polevaya, 1980; Lobanov, 1983; Tokarskii,
1997).

Figure 2 shows the course of temperature at depths 0; 1.5 m and 4.5 m for the population
inhabiting Kharkov province of the Ukraine. As evident from this figure, the range of
fluctuations in temperature decreases as the depth growth, while the annual maximum and
minimum are delayed if compared with the surface temperatures. Hence, the annual fluctuations
in temperature reach 33°C; at the depth of 1.5 m, 15°C; and at the depth of 4.5 m, 3°C. The
annual maximum of 25°C on the surface is recorded in July; at the depth of 1.5 m, in August
(16°C, a one-month delay); at the depth of 4 m, in November (10°C; a four-month delay). A
similar picture is recorded in respect to the annual minimum.
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Figure 2. The course of temperature on the soil surface (a), at the depth of 1.5 m (b) and 4.5 m
(c) in Kharkov province of the Ukraine. Data of weather station Prikolotnoe are used

Pucynok 2. Xoa TemiepaTypbl Ha IOBEPXHOCTH MO4BHI (a), Ha riryoune 1,5 m (6) u 4,5 m (6) B
XapbkoBCcKO# obOnacTu, YKpauHa. Mcnonb30BaHbl 1aHHbIE MeTEeOCTaHIMK [IprKonoTHOE

We observed a similar pattern in all other populations. In Central Kazakhstan, the delay of
the annual peaks of maximal and minimal temperatures is approximately half a month longer due
to different thermal-physical traits of dark-chestnut soils characteristic of this region. The results
of calculations of the course of temperatures for the three habitats of M. bobak are given in figs.
3, 4 and 5. Data on the beginning and end of the hibernation for these regions are cited in
literature (Bibikov, 1980; Shubin, 1991; Tokarskii, 1997; Soroka, 2001).

In the regions under survey, temperature regimes in the upper and lower boundaries of the
distribution of nest chambers significantly differ. In the upper border, at the depth of 1.5 m,
negative temperatures are recorded in the habitats of all populations except the Ukraine with its
relatively soft climate. In the VVolga region, negative temperatures at this depth are recorded for
two months (February-March); in southern Urals, for three months (January to March); in central
Kazakhstan, for four months (January to April). The depth of penetration of negative
temperatures into the soil reaches 1.2 m in the Ukraine; 1.7 m in the Volga region; 2.2 m in
southern Urals and central Kazakhstan. The course of temperature is asymmetric relatively the
maximums and minimums: they occur closer to the end of the warming and cooling of the soils,
respectively. Thus, animals living in burrows situated in shallow depths encounter a relatively
wide range of fluctuations in temperature during the year, the lowest temperatures taking place
shortly before the end of hibernation, while the highest at the beginning of hibernation or shortly
before it. For the western populations (the Ukraine and the Volga region), the temperature
regime at a low depth is more even than for the eastern populations.

10
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Figure 3. The course of temperature on the soil surface (a), at the depth of 1.5 m (b) and 4.5 m

(c) in Saratov province of Russian Federation. Data of weather station Saratov (the experimental
field) are used.

Pucynok 3. Xox TeMnepatypbl Ha MOBEPXHOCTH T04BHI (@), Ha riryoune 1,5 m (6) u 4,5 m (6) B
Caparosckoii oomactu, P®. Mcnons3oBanbl faHHbIe MeTeocTaHIni CapaToB, OMBITHOE TOJIE.
g

Cnsayka

NN W
o1 O 01 O
T R N

[EnN
o
I
/

JaBr ceH OKT H anp mai WioH uion aBr
Mecsilbl

Temneparypa, °C

R s,
o o1 O 01O Ol
[ I

Figure 4. The course of temperature on the soil surface (a), at the depth of 1.5 m (b) and 4.5 m
(c) in Orenburg province of Russian Federation. Data of weather station Belyaevka are used.

Pucynok 4. Xox TemnepaTypbl Ha TOBEPXHOCTH T04BHI (@), Ha riryoune 1,5 m (6) u 4,5 m (6) B
OpenOyprckoit o6nactu, PO. Mcnonb30BaHbl JaHHBIE METEOCTAHIIMK bemsieBka.
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anp Man WIH UIon aer
MecsiLbl

TeMmnepartypa, °C

Figure 5. The course of temperature on the soil surface (a), at the depth of 1.5 m (b) and 4.5 m
(c) in central Kazakhstan. Data of weather station Kayrakty are used.

Pucynok 5. Xoa temnepaTypbl Ha TOBEPXHOCTH 1MO4BHI (a), Ha rryoune 1,5 m (6) u 4,5 m (6) B
HentpansHom Ka3zaxcrane. Mcnonp30Bansl JaHHbIE MeTeOocTaHIMK KalpakTsl.
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At a lower boundary of the burrows (4.5 m), the temperature to a significantly lower extent is
subject to annual fluctuations; during the whole year, a relatively stable low and positive
temperature remains, its annual range being only several degrees centigrade. The temperature
regime at this depth is mainly determined by an average annual temperature of the surface and
that of the thermo-neutral layer, the changes in which taking place much slower. If the nest
chambers are situated deeper, the difference between geographic populations is low: the
temperature in burrows of the farthest populations (the Ukraine and central Kazakhstan) differs
on average by 3°C.

Thus, while constructing their burrows, marmots face a choice as to whether to make a deep
burrow with a relatively constant temperature regime by spending more energy and time on it or
to make a shallower burrow but subsequently enduring significant changes in temperatures
during the year and in some cases negative temperatures during a more or less longer period.
This problem is more acute for populations inhabiting areas with a more continental climate.

*kkk

Panee (Nikol’skii, Khutorskoy, 2001) O6bulo BbICKAa3aHO MPEANOTOKEHHE, YTO
TEeMIIEPaTYPHBIA PEKUM HOP MIIEKONMHMTAIOIIMX HAXOMUTCS IOJ KOHTPOJIEM OKpY’KAroIUX ee
cioeB TpyHTa. [loka3aHO, YTO KOHBEKIMsS B HOpax MOYTH OTCYTCTBYET, U, CJEIOBaTEIbHO,
TeMIIepaTypa HOPBI OMpPEeNseTcsl TEMI000MEHOM ¢ BMEIIAIOIIUMHU CIOSMH TPyHTa. DTO JenaeT
BO3MOXXHBIM ~ MCIIOJIb30BAHME OTHOCHUTEIBHO HECIOKHOW MaTeMaTH4ecKoW MOJenu Jiis
omnpeznenenus remneparypHoro pexxuma Hop (Nikol’skii, 2003).

B ocHoBe mpeaaraemMoit MoJIesH JIEKUT MIMPOKO M3BECTHOE AU(depeHnranbHoe ypaBHeHNE

TEIIONPOBOAHOCTH, MPUMEHAEMOE B T'€0JIOrHH, mouBoBeaeHHH U rpyHToBencHun (Kachinskii,
1965):

ouU (Z,t) —a? 0%U (Z,t) (1),
ot 02
rne U(zt) — remneparypa, °C, kak QyHKIHMs, 3aBUCALIas OT Z— IIyOWHbI, M U t- BpeMeHH, ¢; a -
K0>(QDUIHEHT TeMIepaTypOPOBOIHOCTH, M/c.

Jns pemieHWss ypaBHEHUS HEOOXOAWMO OmpenenuTh KoddduuumeHT a, a Tak ke 3a4aTh
HayallbHbI€ U TPaHUYHbIE YCIOBHS.

TeMnepaTyponpoBOIHOCTb MOYBBI 3aBUCUT OT €€ COCTaBa, CTENEHH YBIAXHEHUS U IPYTHX
¢daktopoB. B psge ciywaeB 1enecooOpa3HO MCMOJIb30BaTh YCPEIHEHHbIE BEIUYUHBI
KOd(ppuUMEHTa TEeMNepaTypoNnpoOBOJIHOCTH JJisi ONpeleleHHOro tuma mnousbl. [logoOHoe
yCpeIHEHHUE BIMAET HA TOYHOCTh pacyeTa He 3HaYuTeNbHO. B Oonblielt yacTu apeasna CTEMHOM
CYpOK OOMTaeT B 30HE YEPHO3EMOB, a Ka3axCTaHCKas MOMYJISAHS — B 30HE TEMHO-KaIITaHOBBIX
nouB (Hamp., Afanas’eva et al, 1979). YcpeaneHnnsie KO3 GHUIMEHTH TEMIIEPATYPOIPOBOJHOCTH
JUISl HUX PaBHBI COOTBETCTBEHHO:
ach=3.4410" M/c 1 ag=2.5+10"" m%/c («Basis of agrophysics», 1959; Dimo, 1972).

HauanbHbIM yciioBHeM ypaBHeHus (1) siBisieTcst pacrnpeienieHle TeMIeparypsl B TPYHTE B
nyneBoii MomeHT Bpemenu t=0, U(z,0). [lpy uMKINYeCKOM H3MEHEHHH TEMIIEpaTyphl Ha
TIOBEPXHOCTH TPYHTA BCE €ro CIIOM HAXOMAATCS B COCTOSHMM JAMHAMHYECKOTO PaBHOBECHS C
TEMIEPATypOll TMOBEPXHOCTH. ITO COCTOSHUE [IOCTUTAeTCsl B TEUYEHHE HECKOJIbKHUX LIMKIIOB
TEMIIePaTyPHBIX KOJeOaHWi W HEe 3aBUCHUT OT HAYAIBHOTO pacrpeaeneHus TeMnepaTypsl. Takum
o0pa3oMm, Mpu HCCIeIOBAaHUU T'OJOBOW JTMHAMUKU TEMIIEpaTypbl 3a/1aBaTh HauyalbHbIE YCIOBUS
MOXHO TMPOU3BOJIBHO, W MCIOJIB30BaTh JAHHbBIE TOJBKO MOCJIE YCTAHOBIEHHS LHUKIMYECKOTO
paBHOBECHS], TO €CTh KOrJla TeMIlepaTypa B KaXK/10il TOUKe B OJMH M TOT K€ Mecsll TOBTOPsIeTCs
U3 T0/1a B TO/I.

I'pannYHBIMU yCIOBHUSIMM SIBISIETCS TUHAMHUKA TEMIEpaTypbl Ha IpaHUIAX UCCIETyEMOTO
ciost rpynra, U(Ot) u U(Z,t), rne Z — riaybuna ucciaemxyeMoro ciosi. B Hamem ciydae, 3a
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BEPXHIOK TPAHUIy MBI NPUHUMAEM TEMIIEPATypy IIOBEPXHOCTH IIOYBBI, a 3a HIKHIOK —
TEMIIepaTypy, TaK Ha3bIBAEMOIr0, TEPMOHEWUTPAIBHOrO Ci0sd. TepMOHEHTpaJbHBIM HAa3bIBAIOT
CIION TpYHTa, B KOTOPOM TOJIOBBIE H3MEHEHHs TEMIEPATypbl OTCYTCTBYIOT. JlaHHBIE IO
CpPEIHEMECSYHON TeMIepaType MOBEPXHOCTH MOUYBbI Mbl Opayin n3 «CrnpaBOYHUKA MO KIUMATy
CCCP» (USSR climate guide 1965, 1966, 1967), a Temmneparypy TepMOHEHTPAIBHOTO CIIOSI — U3
kaprorpaduueckux aanueix (USSR Hydrothermal map, 1978).

PenieHne ypaBHEHMS BO3MOXHO pa3HbIMH MeTOAaMu. B naHHON pabore Hcnonb3oBayics
AIFOPUTM PELIEHUsT METOAOM KOHEUHBIX 371eMeHTOB. CyTh METOAA 3aKJIOYaeTcsl B TOM, 4TO
M0YBA MPEJCTABIAETCS B BHJE NUCKPETHBIX CIOEB, & BPEMs — B BHJE JHUCKPETHBIX LLIAroB.
Kaxxnp1it ci10i mouYBbl XapakTEPU3yEeTCsl €AMHON TEMIIEPaTypPOIPOBOJIHOCTBIO U TEMIIEPATYPOM.
B Takom ciyuae muddepennuansHoe ypaBHenue (1) mpeoGpasyercs B amckpernoe (Hanks,
Ashkroft, 1985):

TRy i i i
U,”-U, _ aU;,-2U,+U;,,)
At Az°
rje i- Homep mara 1o BpeMeHH, |~-HOMED CJIOSI TOYBHI.

Ha HYJI€EBOM LIare 3agacTCs HadaJlbHOC pacCIpEAaACICHUE TEMIIECPATYPhlI CIO0CB. HpI/IHI/IMaeM,
4ToO.

(),

S u+un

U; —_ 5 J (3),
TO €CTh TeMIepaTypa KaXIOro CIIOsi B KaKIOM IOCIEAyIOIIeM IIare paBHA YCPEeTHEHHOM
TeMIIEpaType COCeTHHMX CJIOeB B NpeAblaylieM mare (TO ecTh, CIOM AOCTUTAIOT COCTOSIHUS
TemneparypHoro pasHoBecus). [Toacrasus (3) B (2), moaydaem:

aA—t2=0.5 4),
Az

OTKyJla BHUJHO, YTO MHHUMAJbHbI BpPEMEHHON IIAr MOJENM OIpeaeseTcss BbIOpaHHOM
TOJIIIMHOW AUCKPETHOTO CII0s U KOI(D(OUIIMEHTOM TeMIepaTypOrpOBOTHOCTH.

[Mpy yMeHBIIEHWU TONIIMHBI CJIOEB M, COOTBETCTBEHHO, BPEMEHHOIO IIara, MOJeib
CTPEMHTCSI K HEMPEPBHIBHOMY XOIy TeMIepaTypbl. TOUHOCTh MOJENH, TaKUM 00pa3oM, 3aBUCHT
OT BEJIMYMHBI TUCKPETHBIX 1IAroB 10 BPEMEHH U TITyOHHE.

JlaHHasT Mozenb OTpakaeT OCHOBHBIE CBOWCTBAa TEMIEPATYPHOTO pEXHMa TPYHTOB:
3aTyxaHue KoyieOaHWil TeMrepaTypbl ¢ TIyOWHOH, pasznuyHas TayOMHAa MPOHMKHOBEHUS
KOJIeOaHHii TeMIepaTypbl B 3aBUCUMOCTH OT YacTOThI LIMKIMYECKUX M3MEHEHUH (CyTOYHBIE I
rO/IOBBIE), 3ama3/IbIBAHUE B XOJI€ TEMIIEpaTyphl C yBeJIHMUYCHUEM ITyOuHbI. B nanHoOi pabore ms
HEMOCPEICTBEHHOIO  pacyeTa  HCMOJb30BaJCsS  MNPOTrpaMMHBIA  KoMmIuieke — «Termgraf»,
pazpabotannsblii B ['eonornueckom Mucturyre PAH (Khutorskoy, 1996). [Tporpamma peanu3syer
BBIIIETIPUBEACHHBIN AITOPUTM JIJISl IBYMEPHOTO CITydasl.

JIns mpoBEepKU MOJEN CpaBHMBAIM TEMIIEPATypy, U3MEPEHHYIO HEMOCPEICTBEHHO B HOpE
CTEITHOTO CYpKa, B TpyHTe, Ha TIyOMHE pAacHoJOXKEeHHs THE3JOBOM KaMephl, W JaHHEIE,
MOJy4YeHHbIE Ha OCHOBaHMM pacueTa. lccnemoBaHusi MpoBOAWIIMCH B BennkoOypiykckom
paiione XapbkoBckoil obmactu Ykpaunbsl. [lannbie omyOmukoBanbl (Nikolskii et al., 2005),
OCHOBHBIE pe3yJbTaThl NpeAcTaBlieHbl Ha pucyHke 1. Kak BHIHO W3 pUCYHKA, MOJEIbHbBIE
JIaHHBIE  YJIOBJIETBOPUTEIBHO COOTBETCTBYIOT pEAJIbHBIM 3HAUCHHUSAM TEMIIEPaTypbl Kak
HerocpencTBeHHo B Hope (1, @), tak u B rpyHTe (1, 6). Temneparypa, paccuuTaHHas NpU
MOMOIIM MOJIENIM, OTJIMYAeTCs OT TeMIepaTypbl, U3MEPEHHOW HEMOCPEJCTBEHHO B HOpE, B
cpennem Ha 0,9°C, a ot Temnepatypsl B rpyHte Ha 0,8°C. MakcumallbHble OTIAMYUS MEXKAY
pacyeTHBIMH U HAOJFOIaBITUMUCS 3HAYCHUSIMH cocTaBuiin 2,6°C B HIOHE.
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Ota paboTa mokasajna, YTO JaHHBIM METO, He TPeOysl MOJEBBIX MCCIIeIOBAHUMN, TTO3BOJISIET C
JOCTAaTOYHOM TOYHOCTBIO ONMUCATh AMHAMHUKY TeMIepaTypbl B HOpax Ha 3HAYUTEITbHOW YacTH
apeaJia CTeITHOTO CypKa.

Ha ocHoBe Monenu Obla paccyMTaHa rogoBas JAWHAMHKA TEMIIEPATypbl B HOpax 4YeThIpex
MOMYJIAIMA CTEMHOTO Cypka: YKpauHa, XapbkoBckas obOmnacth, Poccus, CaparoBckas wu
OpenOyprckass oOnactu; Llentpanenbiii  Ka3zaxcran. bBbimid  modydeHbl  JaHHBIE  TIO
TEeMIIepaTypHOMY PEXHMY MOYB Ha riayoune ot 1,5 mo 4,5 M, Tak Kak Ha 3TOW ITyOuHe, Jalie
BCEro, pacrojlaraloTcs THEe3J0Bble Kamepbl HOp crenHoro cypka (Bibikov, 1980; Zimina,
Polevaya, 1980; Lobanov, 1983; Tokarskii, 1997).

Ha pucynke 2 mokaszan xoxa temmepaTypsl Ha riayouHax 0; 1,5 M u 4,5 M ans momymsiu,
oburtaromet B XapbKOBCKOW oOnacT YkpauHbl. M3 pucyHKa BHIHO, 4YTO ¢ TayOMHOU
aMIUTUTYAa KoJIeOaHWH TeMmIepaTypbl YMEHbIIAeTCs, a TOAOBOW MaKCUMyM W MHHUMYM —
3ama3JplBalOT 10 CPAaBHEHHWIO C TIOBEPXHOCTHIO. Tak, romoBas amIuiuTyaa KojeOaHW Ha
noBepxHocTU coctaBiseT 33°C, na rmybune 1,5 m — 15°C, a Ha rmy6une 4,5 m - 3°C. 'ogoBoit
MaKCHMYM HacTymnaer Ha noBepxHocTH B utone (25°C), na rmyoune 1,5 m. — B aBrycre (16°C,
3ana3/piBanue Ha 1 mecsn), a Ha riiyoune 4 M — B Hosi0pe (10°C, 3ama3npiBaHue Ha 4 mecsa).
[Tono6Hast sxe KapTHHA HA0JI01aeTCs U B OTHOILLIEHUU T'OI0BOTO MUHUMYMa.

Bo Bcex ocTalbHBIX MOMYJSAIMSIX MBI HAOMIOAMH aHAIOTHYHYIO KapTuHy. B LleHTpansHOoM
Ka3zaxcrane 3ama3iplBaHuME€ TOJOBBIX MaKCUMYMOB W MHUHUMYMOB TeMIeparypbl Oosiblie
MPUMEPHO Ha TIOJIMECAId, YTO CBSA3aHO C OTIMYAIOMIMMHUCS TETUIO(PHU3MUECKUMH CBOWCTBAMH
XapaKTepHBIX Ui 3TOr0 PErMoHa TEMHO-KAIUTAaHOBBIX MOYB. Pe3ynbTaThl pacyeToB Xoja
TEMIIepaTyp A TPeX TEPPUTOPUN OOMTaHMS CTEIHOrO CypKa MpeicTaBieHbl Ha puc. 3, 4, 5.
JlaHHBIE 1O CPOKaM Hayaja U OKOHYAHHUS CIISTYKH JUIs 3TUX PErMOHOB MPHUBENIEHBI B JINTEpAType
(Bibikov, 1980; Shubin, 1991; Tokarskii, 1997; Soroka, 2001).

B paccMOTpeHHBIX peruoHax TemIepaTypHble pPEKUMbl BEpXHEH M HUXKHEH TpaHUIbI
pacnpocTpaHeHHs THE3JJOBBIX KaMmep 3aMeTHO OTiuuaroTcs. Ha BepxHel rpaHuie, Ha TiyOuHe
1,5 M, HaOMOAOTCSI OTPULIATEIIFHBIE TEMITEPATYPhI BO BCEX MOMYJISIHUIAX, KpoMe YKpauHbl, ¢ ee
OTHOCHUTEIIEHO MATKUM KiuMaToM. B TToBomkbe OTpUIaTeNbHbIE TEMIIEpaTypbl Ha dTOM TITyOHHe
HAOMIOAOTCA HAa MPOTSDKEHWH ABYX MecsieB (deBpaib-mapt), Ha HOxHOM VYpase — Tpex
MmecsieB (¢ ssHBapst mo mapT), a B LlentpansHom Kaszaxcrane — uetsipex mecsies (¢ sHBaps Mo
anpesnb). ['yOrHA MPOHUKHOBEHHUS OTPUIIATEIbHBIX TEMIIEPATyp B MOYBY B Ykpauue — 1,2 M, B
IMoBomxee — 1,7 M, Ha FOxHoM VYpane u B llentpanbHom Kazaxcrane — 2,2 m. Xon
TEMIepaTypbl aCUMMETPUYEH OTHOCUTEIBHO MAKCMMYMOB M MHHMMYMOB. OHM HAacTyHaroOT
ONMke K KOHILy TIepHOJOB MPOrpeBa M OCTHIBAHMS IMOYBBI COOTBETCTBEHHO. TakuMm o0pa3om,
KHMBOTHBIE, OOMTAIOIME B HErIyOOKHX HOpaX, CTaJKHBAIOTCA C OTHOCHTENIbHO OOJIbILOM
aMIUTUTYAO0N TEMIIEPaTypHBIX KOJIeOaHW B TEYEHHE TOMA, TPUYEM CaMble HU3KHE TeMIEpaTyphl
HACTYTAOT HE3aJ0JT0 10 OKOHYAHHs CISIYKH, a CaMble BBICOKHE — B Hayaie CISYKH WIIH
He3anoiaro no 3toro. Jns 3amaaneix momynsuuid (Ykpanna u [1oBomKbe) TemrmeparypHbIi
PEeXUM Ha HEOOJIBIION rTyOrHE OoJiee POBHBIHM, YeM I BOCTOUHBIX.

Ha HwxHeit rpanuie pacnosoxenus Hop (4,5 M) TeMrepaTypa ropasio MEHbIIE MOBepKEHA
roJOBbIM KOJeOaHUsSM: B T€YEHHE BCEro roja 3/1eCh COXpaHseTCs OTHOCUTEIbHO CTaOWIbHas
HEBBICOKAsl TOJIOKHUTETbHAs TeMIlepaTtypa, ¢ TOJOBOW AaMIUIMTYAO0H B HECKOJBKO TpaaycoB
Lenbcus. TemnepaTypHblii pexuM Ha 3TOW TIyOMHE OIpenensercs, B OCHOBHOM,
CPEIHErOI0BOM TEMIEPATYpPO IMOBEPXHOCTH M TEMIIEPATYpOHM TEPMOHEHTPAIBHOIO CIIOH,
M3MEHEHHs KOTOPBIX MPOUCXOAAT ropa3no memieHHee. [Ipu 0osnblioil riayOuHe pacnonoKeHus
THE3/I0BOM KaMephbl pa3HULA MEXIY reorpaduuecKiMu MOMYJSIUsIMHA Maja: TeMIeparypa HOp
Haubonee yaaneHHbIX Apyr ot apyra momymsuuii (Ykpawmna u llentpansHeiii Kazaxcran)
oTinyaroTes B cpeaHeM Ha 3°C.

Takum 00pa3om, MpU MOCTPOIKE HOPHI TIEPe]l CYPKOM CTOUT BHIOOD: WM A€NaTh TIIyOOKYIO
HOPY C OTHOCUTENBHO TMOCTOSHHBIM TEMIEepaTypHbIM peXHMOM, 3aTpauMBas Ha 3TO
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OTHOCHUTEJIEHO OOJIBIIIOE KOJMYECTBO SHEPTHU M BPEMEHH, WM JeJIaTh MeHee TIyOOKy HOpY,
HO CTAJIKMBATBCA C PE3KUMU HU3MCHCHUSMH TEMIICPATYPbl B TCUCHUC roga M, B HCKOTOPLIX
cllydasix, C OTpHIATENIbHBIMH TEeMIlepaTypaMH B TeUYeHHE Ooyiee WIM MeHee IITUTEIHHOTO
nepuosa. Oco0eHHO OCTPO ATa MpoOIeMa CTOUT ISl OMYJISLKNA, PACTIONIOKEHHBIX B 00JIACTAX C
0oJiee KOHTUHEHTAJIBHBIM KIIMMATOM.
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