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INVESTIGATION OF THE TEMPERATURE REGIME
OF THE TERRITORY OF THE SEMIPALATINSK POLYGON
AND DESCRIPTION OF THE MATHEMATICAL MODEL
AND ITS NUMERICAL SOLUTION

Abstract. After the collapse of the Soviet Union, Kazakhstan inherited a very unpleasant legacy - the
Semipalatinsk test site, where 456 nuclear explosions were made for 45 years [1]. Nuclear explosions formed on the
ground long-term radioactive contamination in the form of long strips, the so-called "radioactive traces" that go far
beyond the site [2]. Explosive mixtures especially led to numerous changes, including fire. The Relevance of the
article is that despite the fact that the Semipalatinsk test site is closed, the heat distribution around the source of
nuclear waste is preserved hence there is the need to study the temperature variation around the waste. This article
reflects the change in the ambient temperature of nuclear waste that has been affected by nuclear explosions. As a
basis for the article, we examined the effect of a small iron piece exposed to radiation and its effect on the
temperature of the environment itself. The problem considers a mathematical model of a two-dimensional heat
parabolic type equation and the value of initial and boundary conditions, as well as its numerical solution and a
graphical representation of the same numerical solution.

The result of this article is to demonstrate how accurately the environment exposed to radiation can be used for
production or otherwise, and how to calculate a digital solution in the form of mathematical models and graphically
illustrate a numerical solution.
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1. INTRODUCTION

At the time of the USSR atomic bombs were tested on the territory of Kazakhstan. 18 million
hectares of land were allocated for this purpose and the Semipalatinsk nuclear test site was opened [1].
The Semipalatinsk nuclear test site was established by decision of the USSR Council of Ministers of
August 21, 1947 [2].

On August 29, 1949 in Abai and Abyralinsky districts the first explosion was made with a capacity of
30 kilotons without prior notice of the population. Here was a uranium bomb on October 18, 1951, and on
August 12, 1953, a world-class hydrogen 500 kilotons bomb was first tested. At the Semipalatinsk nuclear
test site in 1961-1962, about 50 nuclear bombs were tested on the air, and in the period from 1963 to
1988, 14-18 tests were conducted each year and 343 nuclear explosions were underground. Under the
influence of these explosions, radioactive sediments spread through the epicenter from the explosive
clouds and wind. At the test site, the radiation level reached 448 Rem (roentgen equivalent man). The
total number of nuclear charges tested at the Semipalatinsk nuclear test site in the air and on Earth has
exceeded 2.5 thousand times the bomb placed in Hiroshima [3].

Nuclear testing in air directly affected people, animals and nature. Then they began to conduct
underground nuclear explosions [1]. After the collapse of the Soviet Union, Kazakhstan inherited a very
unpleasant legacy - the Semipalatinsk test site, where 456 nuclear explosions were made for 45 years [4].
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Nuclear explosions formed on the ground long-term radioactive contamination in the form of long
strips, the so-called "radioactive traces" that go far beyond the site [5]. Explosive mixtures especially led
to numerous changes, including fire.

The Relevance of the topic of the graduation project is that despite the fact that the Semipalatinsk test
site is closed, the heat distribution around the source of nuclear waste is preserved hence there is the need
to study the temperature variation around the waste.

In the spring of 1997, in the process of monitoring the snow cover of the territory of Kazakhstan,
temperature anomalies were detected in the Semipalatinsk test site (STS) - snow-free zones characterized
by elevated temperature of the underlying surface were clearly distinguished in satellite images of the
NOAA AVHRR series. The main interest was the question of the possible causes of the anomaly. Two
hypotheses of the origin of the temperature anomaly were mainly discussed - natural tectonic processes
and the consequences of nuclear explosions [6].

The maxima of the incipient and expanding thermal anomalies are located both in the territory of the
landfill and beyond. They are also preserved during the period of the greatest development of the thermal
anomaly and have a constant local association with certain areas of the earth surface. Such sites are both
natural geological formations with high contents of natural radioactive elements (uranium, thorium,
potassium), and areas of the earth surface with high density of technogenic contamination with radioactive
elements associated with conducted nuclear explosions.

From the northeastern and eastern sides of the Murzhik mountains, in the area of the Saryuzen site
where underground nuclear explosions were conducted in large-diameter battle wells, the Institute of
Radiation Safety and Ecology of NNC RK revealed quite intense halos Pu239. The source of the
appearance of these halos throughout the southern trail, apparently, is still the aerial nuclear explosions
produced at the Experimental Field. When the LANDSAT image obtained during the period of maximum
development of the regional thermal anomaly is enlarged, a local source of heat radiation in the form of a
thermal halo around the Atomic Lake inside the intense halo of radioactive contamination Cs137 is clearly
visible in the Balapan section near the Chagan River [7].

2.STATEMENT OF THE PROBLEM
In this model, we consider the temperature changes of nuclear sticks (buried), which produce heat
due to radioactive decomposition.

Lo &~ 72T 0) = Source(r, t) (L1)
ot " r,t) = Source(r, .

-t

eT
Source(r,t) = {Troq —5, for v < a else where
a

0

Where: a = 25cm, K = 2 x 107 cm? /year, Ty,q = 1K, 1, = 100year,r. = 100cm,Ty = 300K,
0 <r<100cmand 0 < t < 100year. If the initial T(r,t = 0) = 300K

Since this question is round symmetric (independent of ¢), the 2-D (two-dimensional) Problem
becomes a 1-D (one- dimensional ) problem. Obviously, the value V2T = T, + T, is a two-dimensional
problem in the system of rectangular coordinates.However, if we choose to use polar coordinates, then
T(r,t) is a function of r and t , since the wand is round symmetric and there is no dependence on ¢ . This
reduces the initial two-dimensional problem to a one-dimensional problem. Thus, task 2-D goes to 1-D.

Tasks:

- to collect information about the landfill;

- to study materials for creating a mathematical model;

- build a mathematical model,

- consider methods for solving this problem;

- write an algorithm for implementing a numerical solution;

- check on test versions of the adequacy of the software implementation;

- process and analyze the data, summarize results.
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According to the SRI (Space Research Institute) MES (Ministry of Education and Science) RK,
during periods of maximum development of this anomaly, the temperature drop in the epicenter relative to
the background reaches 10—12 or more degrees, and the dimensions cover an area of up to 250,500 km.

At the same time, under the place of demolition or scattering of accumulations of thermal gases
(Figure 1.1, red color) snow is again visible. In the example shown in Figure 1, which covers an area of
180170 km, the Degelen mountain massif is visible in the lower part of the image after band-spreading.
All of the above can speak of the gaseous essence of the thermal anomaly. The maxima of the incipient
and expanding thermal anomalies are located both in the territory of the landfill and beyond. They are also
preserved during the period of the greatest development of the thermal anomaly and have a constant local
association with certain areas of the earth surface. Such sites are both natural geological formations with
high contents of natural radioactive elements (uranium, thorium, potassium), and areas of the earth surface
with a high density of technogenic contamination with radioactive elements associated with conducted
nuclear explosions. In Figure 1.2 it can be seen that within the STS such areas with a high content of
technogenic radionuclides (or traces of radioactive contamination) are marked by extended halos Cs137 of
the south-east and south directions.

Figure 1.1 — Example of partial strip drift and gas dispersion of a regional thermal anomaly (red color) in the area of STS.
LANDSAT image on January 27, 2002. (RGB combination of spectral channels 5, 4, 3 [20]

ey

" a- February 15,2003 b - February 28, 2002
(spectral channels 5, 4, 3) (spectral channels 5, 4, 3)[20].

Y | b a4
c- February 28, 2002 (combination of infrared channels 6, 7, 5)
1 - contour section Balapan; 2 - STS border; 3 - halos Cs 137

Figure 1.2 — The territory of the STS. Comparison of areas of origin of thermal gases (red color) in the initial period and sources,
heat radiation on the earth surface (reddish-pink color) in the period of maximum development of the gaseous thermal anomaly
with traces of radioactive contamination. LANDSAT Snapshots [20]
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From the northeastern and eastern sides of the Murzhik mountains, in the area of the Saryuzen site
where underground nuclear explosions were conducted in large-diameter battle wells, the Institute of
Radiation Safety and Environment NNC RK revealed quite intense halos Pu239. The source of the
appearance of these halos throughout the southern wake, apparently, is still the aerial nuclear explosions
produced at the Experimental Field. When the LANDSAT image obtained during the period of maximum
development of the regional thermal anomaly is enlarged, a local source of heat radiation in the form of a
thermal halo around the Atomic Lake inside the intense radioactive contamination halo Cs137 (Figure
1.3) is clearly visible in the Balapan section near the Chagan River in infrared channels. Nearby in the
Karazhira coal pit, there is also a local heat source associated with the degassing of coal seams. Red color
- sources of heat radiation on the earth surface; pink color - moist non-freezing salt marshes.

o

Figurel.3 — Local sources of heat radiation around an atomic lake inside the Cs137 halo and in the area of the Karazhira coal pit
during the period of maximum development of the gaseous thermal anomaly. Snapshot LANDSAT for 02.28.2002 (RGB
combination of infrared channels 6, 7, 5) [20]

CemmnanarrHox

O =205
1 - STS contour; 2 - Main Chingiz fault; 3 - epicenters of seismic events. Black color - smog in the area of the city of Semey and
areas of the origin of thermal gases on the earth surface in the initial period of development of the gaseous thermal anomaly.
Figure 1.4 — Inversion image of LST (Land Surfase Temperature) temperature data of the Terra / MODIS meteorological satellite
for February 15, 2003 [20].

Areas of natural geological formations with a high content of natural radioactive elements in the STS
region are most often mountains of effusive rocks of medium-acidic composition of increased alkalinity,
less often - river valleys with alluvial demolition of fragments of the same bedrock (Paleozoic
trachiliparite and trahiandesite composition with bodies subvolcanic intrusions of trachiliparite and
syenite composition). The content of uranium (by radium) in these rocks exceeds 10-15 10-4%, thorium -
20-40 10-4% (more than background ones 5-10 or more times). In addition, they contain elevated levels
of niobium, beryllium, yttrium, molybdenum and lead. The most intense manifestation of high
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concentrations of natural radioactive elements in geological formations, which coincides with the sites of
origin of thermal gases, is observed (Figure 1.4) in the eastern part of the Kyzyltau mountains near the
village of New Zhosaly; in the near mountains of Dos and Irgiz near the village. Ainabulak (Abay); in the
mountains of Abraila, near the village Kaynar; in the eastern part of the Degelen Mountains and in the
northeastern part of the Kanchingiz Range, near the village of Guard. In general, the thermal anomaly is
elongated in the NW direction. The same direction within the anomaly have the main Chingiz and a
number of secondary tectonic faults. At the stage of nucleation, the elongated sections of the thermal
anomaly are located in the location of the Main Chingiz Fault, which is seismic-active according to the
data of the NNC RK.

3. MATHEMATICAL MODEL TO DETERMINE THE TEMPERATURE AROUND
NUCLEAR WASTE

Since this question (1.1) is round symmetric (independent of ¢), the 2-D (two-dimensional) Problem
becomes a 1-D (one- dimensional ) problem. Obviously, the value V2T = T, + T,y is a two-dimensional
problem in the system of rectangular coordinates.However, if we choose to use polar coordinates, then
T(r,t) is a function of r and t , since the damaged iron piece is round symmetric and there is no
dependence on ¢ . This reduces the initial two-dimensional problem to a one-dimensional problem. Thus,
task 2-D goes to change 1-D.

We are going to replace the polar coordinate system: for this we need the following formula. If the
nuclear residue is struck out like this

Figure 2.1r=a
We suppose that there is buried nuclear waste (iron fracture)

2-D polar coordinate(2.1)

(1,6, 9)

FJ
.

~
~

=

9,

Y
Figure 2.3 — The polar coordinate system measuring 3-D.
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T, =Try + Ty, 2.3)
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If Tyx+ Ty,

the total result is displayed as:
62T+62T_82T+16T+ 1 0°%T
0x2  dy?  0r2  ror r2d¢?
But due to the fact that the temperature T(r,t) here does not depend on , we can take it like this
a2T
a7~ 0
Then we obtain one-dimensional heat equation can be written as follows:

(2.6)

10T 02T 10T
Kot 37 rar - Source(r,t) (2.7)

2.2 Numerical solution and algorithm of the ambient temperature change under the influence of
nuclear waste

If we consider the solution of the problem in stationary conditions, the nuclear residue for a long time
will not be in a radioactive state, then stops the emission of heat, ie.: Source(r,t) — 0ift - oo, and we
can consider it as the temperature of the environment, because in the territory remote from the nuclear
residue, there is no radioactive impact on the temperature.It means T(r = 1,,t) = 300K.Thus, the
solution of the problem assumes that when the ambient temperatureT (r,t = 0) = 300K is reached, the
radioactive residue ceases to have an effect.

We solve equation (1.1) using a finite difference scheme. If we consider the equation (1.1) in the case
r = 0, then its quantitative solution is stable. We set the initial conditionT (r,t = 0) = 300K, and the

.. . . a
boundary conditionr = Oof the Neumann type (the temperature in the region does not change)a—: (r=

0,t) = 0 And in the boundary conditionr = 7, the DirichlettypeT (r = 1,,,t) = 300K.
If we proceed to the numerical calculation with the given conditions of the problem (1.1), then

Tc _
- (n+1)’At -

Ar

T
m

Denote T(rj, tk) = Tjkand Source(rj, tk) = Source}‘

Forr = 0, the Neumann boundary condition can be written as follows:

Tk Tk Tk — Tk
L r=01t= 0 o~ 0
at at At

= Té‘ ~ le (2.8)

When the Dirichlet boundary condition r = 7.:

TF(r =1,t) = T, = 300
In this problem we use the undefined Euler scheme [24]. This means special derivatives of rwrite by
time t; 4. So:

T‘k=1 _ T_k
Te(tirn, 1) = ——7— (2.9)

k+1 k+1pk+1
T — 2T

Trr(tk+1: 7}) = NE (2.10)
ph+l_ph1
Tr(tkﬂ,rj) = %(leap—frog in space) (2.11)
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Using r; = j - Arwe write (2.1) in this form of scheme.

So we write this% Ty — Ty — %TT = Source(r, t)in the following form:

= Soirsef* (2.12)

k+1 k+1 k+1
Rt T + 2T + T/ 1
2AT

k+1 k+1
[ Tk] _ T}'+1 - 7}'—1
K-ath/ J A T2

_j-Ar

Denote Sas § = %, then the expression above we write in the following form.

S S _
(five [—5 — 2—]_] + T/t [—S + 2—]_] + T 1 + 28] = T/ + Soirsef - K -A t (2.13)

The above formula can be written as a tridiagonalmatrix forl < j < nwhen n =3:

To=0mryr Tyt =1 =1

From the boundary condition T§ ~ T and(g—: (r=0,t) = 0),T4k = 300Kand(T(r =1, t) =
300)and the initial conditionTj0 = 300K.

T'k+1 _ T_k_+1
u] — SourceX - K - At

’I}'k — 'I}k+1 _ S[lei-iil _ 27}k+1 + T}k_-lil] _ S[

2j J
Tk+1 _ mk+1
j=1,TF = Tf+ — S[Tf* — 21f+ + Tf+1] - 5 [%] — SourceX - K - At
S S
TF = (14 25Tk + (—S - 2—]_) T+l 4+ (—S + 2—],) TE*Y — Sourcek - K - At
Tk+1 _ mk+1
j=2,TF = Tf+ — S[Tf* — 21+ + T+ — 5 [%] — SourceX - K - At
S S
T = (14 28Tk + (—5 - Z_j) Th+1 4 (—S + 2—],) TH*1 — Sourcek - K - At
j=3,..
Then from the (1.1) — equation we write forTX,TX, TXand solve at every(t):
/ 1425 (-s S) 0 \ s
Y] _ 2\ k41

| s 2 N Tk+1 /( S+ 2]') To \ Tk SourceX
I (—s + 2—j) 1+42S (—s - 2—]_) - Tk )+ 0 =| TF | + KAt| Sourcek
¢ Th+1 (—S _ i) T+ TX Source¥

0 (—S + —_) (1+2S) '

2j
When we use the Neumann boundary condition forr = 0
oT}* oT§ TF — T§
j 0 1 0 k k
ac )= At o=
When the Dirichlet boundary condition r = 7:

TM(r = 1.,t) = T4y = 300 (2.15)

Check for
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Tk+1_ k+1
j= LT =T = S[TFHt — 2T + T+ —5[%] — Source ¥-K-At
S S (2.16)
=>TF = (1+S+§)-T1k+1 +(—S—§)- k+1 _ Source kK.K-At
/(1+S+S) (5 S) 0 \
52 2 S Tk+1 Tk Sourcek 8
(—s +Z) 1+42S (—S _Z) | TR | = TF | + KAt | Sourcek | - S
S Tk+1 TX SourceX (_S - g) 300
0 (—S + —) 1+2S
c ( )

Then for all iteration:

S
1+S+—) (—S——) 0
( 2 2] Tk+1
S S L
(—S + T) 1+2S (—S - 7) | ThH?
J J Tk+1
S 3
0 (-s+5) a+29
2j
Tk SourceX 8
=| T¥ | + KAt| Sourcef | — S
-5 - — Tk+1
Tk SourceX 2j) *

Thus, if we solve this matrix for an unknown T temperature, we will get the result of the report.
ATkt =Tk 4 (k- At) - Source *+b
TR+ = (T* + (k - At) - Source ¥ + 5) x inverse (A)

2.3. Analysis of the temperature variation around nuclear waste and numerical solution using
the Matlab software package

The air temperature changes in time. Temperature changes also occur depending on the coefficients.
An experiment was made by changing the parameters. The analysis was made using the results of the
experiment. Modified parameters for thrust - time (T), depth of deposition (a) of radioactive particles.
Changed parameters for the experiment - time (T), depth of iron particles exposed to radiation (a).

Initially, the parameters r = 100 cm, T = 100 years, a = 25 cm were chosen. Its results are shown in

the table below.
Table 1 - Temperature change at r = 100 cm, T = 100 years, a =25 cm

Ne Templyear TemplOyear Temp50year Templ00year
1 300.9053 300.8273 300.5546 300.3364
10 300.8665 300.7919 300.5308 300.3220
20 300.7478 300.6835 300.4581 300.2779
30 300.5721 300.5229 300.3505 300.2126
40 300.4354 300.3980 300.2668 300.1618
50 300.3294 300.3010 300.2018 300.1224
60 300.2428 300.2219 300.1487 300.0902
70 300.1695 300.1549 300.1038 300.0630
80 300.1060 300.0969 300.0650 300.0394
90 300.0501 300.0458 300.0307 300.0186
99 300.0048 300.0044 300.0029 300.0018
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As indicated in the table, the period of time for 100 years is divided into 4 stages, that is, the results
for 1, 10, 50, 100-year period. At each stage, temperature results are recorded every 10 cm. According to
the results, the temperature is observed in normal decrease, both in time and at a distance.

Temperature change over time
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Figure 1 - The measurement of the temperature with respect to time and distance
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Figure 3 - The impact radionational iron on temperature at a distance of 100 cm
at each moment of the year taken by time up to 100 years
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Mapar HypTacl, K. . baiimemupos 2,3

"MesktyHapO IHBIH YHUBEPCHTET HH(OPMAIHOHHBIX TEXHOJIOTHIl;
’KasaxcKuii HAIHOHAIBHBIIA MeTarOTMYECKIH YHUBEPCUTET UMEHH Abas;
*UHCTHTYT HH(OPMAIMOHHBIX U BHIYHCIIHTEIHBIX TEXHOIOTHii.

HCCIEJOBAHUE TEMIIEPATYPHOI'O PEXXMMA TEPPUTOPUN CEMUIIAJTATUHCKOTI'O
IMOJUTI'OHA U OITMCAHUE MATEMATHYECKOU MOJIEJIX 1 EI'O YUCJIEHHOT'O PEHIEHUS

Annoranus. ITocne pacnaga Coserckoro Coro3za Kasaxctan yHacienoBall O4eHb HENPHUATHOE HACNIEACTBO -
CeMHNaIaATHHCKUH TOJMIOH, r71e 3a 45 ner Obuto mpousBeneHo 456 suepHbIX B3phIBOB [1]. SlnepHble B3pHIBBHI Ha
3emiie 00pa3oBAIUCh NPH JUIMTEIHHOM PAAMOAKTUBHOM 3arpsi3HEHWH B BUJE JUIMHHBIX II0JIOC, TaK Ha3bIBAEMBIX
«PaIMOaKTHBHBIX CIIEAOBY», KOTOPHIE BBIXOIAT JAJIEKO 3a MpEZebl MIomaaky [2]. B3peiBoonacHble cMecH 0COOEHHO
MPUBOJMIM K MHOTOYMCIICHHBIM M3MEHEHUSIM, BKJIIOUas MOXKap. AKTYaJIbHOCTb 3TOH pabOTHI 3aKIIOYAETCA B TOM,
YTO, HECMOTPSI Ha TO, 4YT0 CeMUNaTaTHHCKUI MCIBITATENIbHBIA MOJIUIOH 3aKpBIT, PAacHpeseNeHNe TeIla BOKPYT
UCTOYHMKA SJCPHBIX OTXOJOB COXpaHAETCA, MOATOMY HEOOXOIMMO H3y4aThb HM3MEHEHHE TEMIIEPaTypbl BOKPYT
0TX00B. OTO paboTa OTpakaeT HM3MEHEHHE TEMIEpPaTypbl OKPYXKAIOIMIEH Cpeabl SIIEPHBIX OTXOAOB, KOTOpBIC
MOJBEPININCH BO3JCHCTBHIO SIIEPHBIX B3PHIBOB. B KadecTBE OCHOBBI NMPOEKTA MBI M3YYWJIM BIHMSHHE HEOOJBIIOTO
KEJIE3HOTO KyCKa, MOJBEPrIIerocs: BO3ACHCTBUIO paJualliy, U €ro BIUSHHUE Ha TEMIepaTypy CaMoi OKpy Karouien
cpensl. B 3amaue paccMoTpeHa MaTeMaTH4ecKas MOJIEb IBYyMEPHOTO ypaBHEHHS TEIUIOBOTO NapadoIMuecKoro TUa
W 3HA4Y€HHE HAYaJbHBIX M T'PAaHWYHBIX YCJIOBHMH, a TaKXKe NPHUBEICHO €€ UYUCICHHOE pelleHHe U rpaduyeckoe
MPEJCTaBICHHUE TOTO K€ YUCIEHHOTO PEIICHUs.

PesynbraToM naHHOM paOOTHI SIBISETCS JEMOHCTpAIMs TOTO, HACKOJIBKO TOYHO Cpela, II0/BEpXKEeHHas
BO3/ICICTBUIO pajinallii, MOKET MCIOJNB30BATHCS JUIA NPOHM3BOACTBA WM HWHBIM 0Opa3oM, M KakK pPaccUUTaTh
mudpoBoe pemerre B HopMe MaTeMaTHIECKUX MOJETIeH 1 rpa(uaecK MpOMUTIOCTPUPOBATh YNCICHHOE PEIICHHE.

KiroueBble caoBbl: MareMaTHuecKkoe MOJEIHPOBAaHKWE, YUWCICHHBIC METOMBI, PaJHOaKTHBHBIE OTXOMBI,
YpaBHEHUSI TEMJIOMPOBOIHOCTH.

Mapar Hyprac', Baiimemupos K. J1.>*

'XaﬂLIKapaﬂmK AKIMapaTTHIK TEXHOJIOTHSIAp YHUBCPCUTETI;
2 AGail aTbIHIAFbI Kazak yITTBIK ITe1aroruKaiblK YHHBEPCHTETI;
3AKHapaTH,IK JKOHE ECeITeYilll TEXHOIOTUSIIAp HHCTHTYTHI

CEME IMOJINTOHbI AYMAFBIHBIH, TEMITIEPATYPAJIBIK PEXKUMIH 3EPTTEY )KOHE
MATEMATHUKAJIBIK MOJAEJIb/I ’KOHE OHbIH CAHIBIK IEINIMIH CUITATTAY

Annorauus. Kenec Onarbl sinblparanHan kedin Kazakcran 45 sxpuina 456 sapombik xkapbuibic 0oinran Cemeit
MOJIMTOHBIHBI ©T€ 3ananspl Mypa Kanaeipasl [1]. XKep Oerinzgeri sApobIK KapbulbicTap y3aK Mep3iMIli painoaKTHBTI
JlacTaHy Ke3iHJie ChIHAK aJaHbIHBbIH OeTKi CHIPTHIHIA KOPIHETIH Y3bIH JKOJIAKTap TypiHle Naiaa OonraH Genrinepi
«PaJMOAKTHBTI 13/1ep» Jen atajiabl. JKapbhUIFBII KOCHanap, dcipece, opTTi Koca alfaHja KeIlTereH e3repicTepre
okenni[2]. bynm xyMmeicTeiH e3ekTimiri CeMed ChIHAK IOJHWTOHBIHBIH JKAOBUIFAHBIHA KapaMacTaH, SAPOJIBIK
KaJIBIKTapAbIH Ke3i aifHaJIachIHIAa JKBUTYIBI Tapaty OOJBIN KaJadbl, COHIBIKTAH KAJJIBIKTAP/IbIH aiHATACBIHIAFBI
TeMIepaTypa ©3repiciH 3epTTey KakeT. Byt syMbIcTa SIIPONBIK MOJIUTOHIA OOJFAH JKapbUIBICTAP/IBIH OCEPIHCH XKaH
JKaFbIHA TaparaH SAIPOJIBIK KAIIBIKTapIbIH KOPIIaraH OPTaHBIH TEMIIEpaTypackIHBIH e3repici ecenTeninreH. EcenTin
HETi31 peTiHae paAualusaFa YITpIpaFaH KIIIKEHTai FaHa TeMip KeceriH TIKipuOere aia OTBHIPHIN, OHBIH 631 KAaTKaH
OpTaHBIH TeMIIEpaTypacklHa 9cep €TyiH KapacThIpABIK. KapacThIPBIIBII OTHIPFaH €CerTe eKi eNeM Il mapadoraiblK
THIITET1 KBUTy OTKI3TIMITIK TEHJEYl JKOHE OFaH KATBICTBHl albIHFAH OAcCTamlKbl KOHE IIEKApbUIBIK IIAPTTAPbIHBIH
KeMeTiMeH MaTeMaTHKAJIBIK MOJETh KYPBUIBII, OHBIH CaHIBIK IIEIIiMiH alxy 0apbIChl KOPCETUITeH JKaHe COM CaHIBIK
MIENIIMIHIH HOTIKeTepi TpaduKamblK TypAe KepceTiUreH. By XYMBICTBIH HOTHXKECIHAE COJ paausIHSIMEH
3aJlaJIJaHFaH OPTAHBIH OHJIpiCKe He OacKaiail karmaija MmalajaHyFa KaHIIAIBIKTBI jKapaM/bl €KCHIH HAKBITHI
JKBIIIAP eceOiH/Ie aHBIKTAay KOHE MaTeMaTHKAJIbIK MOJET TYpiHJe OepiireH CaHIbIK MICHIIMIH TpaduKaIbIK Type
KepceTy.

Tyiiin ce3mep: MareMaTHKaIBIK MOJCIBICY, CAHIBIK OMICTEP, PAAHOAKTHBTI KAIIBIKTAP, JKBUTY ©TKI3TIIITIK
TEHICYIIEPi.
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