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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 cach year and 343 nuclear explosions were underground. Under the
mfluence 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 carth 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.

16T( ) —V2T(r,t)=S t (L.T)
Kot (r,t) = Source(r,t) :
-t
eT_
Source(r,t) =3 Tyoq o forr < aelse where

0

Where: a = 25cm, K = 2 x 107 ¢cm? /year, T,,q = 1K, 14 = 100year,r. = 100cm.T; = 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 ¢ , 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 arcas 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]
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a - February 15, 2003 b - February 28, 2002

(spectral channels 5, 4, 3) (spectral channels 5, 4, 3)[20].

z.._"_‘q} N 3 ) .
c- February 28, 2002 (combination of hannels 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.

e T

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]

Cemmnanarmicx

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 castern 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
clongated 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 clongated 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, 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)
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Figure 2.3 — The polar coordinate system measuring 3-D.

T, = T.1 + Ty (2.2)
dT 0drdT d¢dT 2x aT 1 vy 0T dT sing dT
=gt = 2-(——)—=cos<p—— =—
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T, =Tn+T,0, 23)
drdT de dT 2y aT 1 1\ oT 0T cosedT
——+——=——+—2-<—>—=sm(p—+ ——
dyor dyde 2 x2_|_y26r 14Y0 W do ar r do

s
that,
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If Ty +T

Yy the total result is displayed as:

62T+62T_ 62T+16T+ 1 0%T

0x2  dy?2  9r?2 ror r2dg?

But duc to the fact that the temperature T (7, t) here does not depend on , we can take it like this
a%T
ag?

(2.6)

Then we obtain one-dimensional heat equation can be written as follows:

19T 93T 15T_S ; @2.7)
Kot adr2 ror OUTEELF; L) '

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, ic.: 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 = 17,,t) = 300K Thus, the
solution of the problem assumes that when the ambient temperatureT (7, £ = 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

boundary conditionr = Qof the Neumann type (the temperature in the region does not change)z—: (r=

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

Ar = At =

T
T (m+1) m’

n=j-A4r0<j<n+1t=k-A0<k<m

Denote T(rj, tk) = Tjkand Source(rj, tk) = Sourcejk

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

aTk aTk Tk — Tk
a_i(rzo,t)za;:()z 1At0:Tsz1k (28)

When the Dirichlet boundary condition r = 7,

Tr(r =1,t) = Tk, = 300
In this problem we use the undefined Euler scheme [24]. This means special derivatives of rwrite by
time £y,41. So:

k=1 __ Tk

T! !
Te(tirn 1) = ——7— (2.9)

k+1 k+1pk+1
Ty — 27 T

Trr(tk+1» 7}) = 3 (2.10)
Tl _pl1
Tl e, B ) = %(leap-frog in space) (2.11)
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Using 1; = j - Arwe write (2.1) in this form of scheme.

So we write this% A %Tr = Source(r, t)in the following form:

= Soirsejk (2.12)

L s T2 AT 1
2AT

k+1 k+1
[ _ Tk] _ T — T
K-at'/ 7 AT2

_j-Ar

K-4 ; - .
rzt, then the expression above we write in the following form.

Denote Sas S =

S S ]
T [—5 - 2—]_] + 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:

[ | I | |

I I I I I
To=0Nrp iy =T, =1

From the boundary condition T¥ =~ TF and((;—: (r=0,t)= 0),T4k = 300Kand(T(r =7, t) =
300)and the initial conditionTj0 = 300K.

T_k+1 _ T_k_+1
u] — Source’ - K - At

T_k = '1'}_k+1 _ S['[}I_(:il _ 2'1}k+1 4 ’I}k—-;l] _ S[

] 2]' ]
Tk+1 _ 7k+1
j=1,Tf =TF - §[Th+t — 21}+1 4 T+ -8 [%] — Source¥ - K - At
S S
Tk =@+ 29Tk + (—5 - 2—]_) Tr+1 4+ (—5 + 2—]_) TE*Y — SourceX - K - At
Tk+1 _ 7k+1
j=2,TF =TF* — S[TF+L — 2Tf*1 + TF+] - § [%] — SourceX - K - At

S S
TX = (1+2)TF + (—5 — 2—]_) TEHL 4 (—5 + 2—]_) Tk — Sourcek - K - At

j=3,..
Then from the (1.1) — equation we write forT, Tx, TXand solve at every(t;,):

S
1428 (—5 - —) s
- e 2\ k1
g 2j 5 it < S+ 2j> To Tk Sourcek
(-5 + 27) 1428 (‘5 a 2_j> T+ 0 =| Tf |+ KAt| Sourcey
Rk T+t <—S _ i) Tje+1 Tk Source¥
0 (—5 + —) (1+29) 2]
2]

When we use the Neumann boundary condition forr = 0

aTk 9Tk Tk _ Tk
a—;(r:O,t): a;:Oz 1At0=>Té‘zT1k (2.14)

When the Dirichlet boundary condition r = 7.

TF(r =1,t) =Tk, =300 (2.15)
Check for
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Tk+1 _ r7k+1
= 1Tk = Tt — [Tkl — okt p k) |2 ——1 | _ Source k- K- At
] 1 1 2 1 1 2 1
(2.16)
S S
=T = (1 +5+§>-T{<+1 + <_S_E>' 1 —Source ¥-K-At
(e5+) (-9 o
52 2 . Tt Tk SourceX 8
<—S + Z) 1428 <—S - Z) | TR | = TF |+ KAt | Sourcek | — <
s Trl TF Sourcek <_5 - g) 300
0 (—5 + —> (1 + 25)
6
Then for all iteration:
(es+d) (s-8) o
2j 2j k+1
S S Ty
=5 = 1+25  (=S—=) |- [T
2 2 2
] S ] Tsl(+1
0 (—5 + —_> 1+ 29)
2j
T Source¥ 8
=| T¥ | + KAt| Sourcef | — S
TE Sourcek <_S - _> Tt
3 3 2f

. . . —siatlL .
Thus, if we solve this matrix for an unknown T temperature, we will get the result of the report.

A-Tk+1 = Tk 4 (k- At) - Source *+b
Tht1 — (T" + (k - At) - Source * + B) * 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

No Templyear TemplOyear TempSOyear TemplOO0year
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

301 -

Temperature (kelvin)

3002 ~

300

Hcm) 0 o 10 lyears)

Figure 1 - The measurement of the temperature with respect to time and distance

Temperature change over time

flem)

o 10 20 30 40 50 0 70 80 a0 100

Figure 2 - Temperature distribution during inspection in planar conditions
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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 Hyprac', )K.JI. Baiimevmpos >°

"MesK Iy HapoTHBIH Y HHBEPCHTET HH(OPMAUMOHHBIX TEXHOIOTHI,
*Ka3axckmit HAMOHATLHBIH TleJATOTHYECKH YHHBEPCHTET HMEHH Aas;
*UHCTHTY T HE(OPMAIHOHHBIX M BEMUCITHTETEHBIX TEXHOTOTHI,

HCCIEJOBAHUE TEMIIEPATYPHOI'O PEXXKUMA TEPPUTOPUU CEMUTIAJTATHHCKOI'O
MNOJUI'OHA H OITUCAHUE MATEMATHYECKOH MOJEJH U ET'O YUCJIEHHOT'O PEHIEHUA

Annoramust. ITocae pacmana Coserckoro Coroza Kazaxcran yHacnenoBad O4eHb HENIPHATHOE HACIEICTBO -
CeMumanaTHHCKUH MOJHIOH, TIe 3a 45 nmer ObUIO mMpom3BeacHO 456 snepHBIX B3pbIBOB [1]. SlmepHbIe B3pHIBBI HA
3eMiIe 00pa30BaNKCh MPH JIUTCIBHOM PAJMOAKTHBHOM 3arpsA3HCHHUH B BUJAC JJIMHHBIX ITOJOC, TAK HA3BIBACMBIX
«PAAHOAKTHBHBIX CJICAOBY, KOTOPHIC BRIXOJAT JAJICKO 32 MPEACIHI IUIOMmAAKH [2]. B3pemoonacHsIe CMECH 0COOCHHO
TIPUBOJMIN K MHOTOUMCICHHBIM M3MCHEHISIM, BKIFOUAS IMOKAP. AKTYAIbHOCTH 3TOH PadOTHI 3aKIIOUYAETCA B TOM,
YTO, HECMOTPS HA TO, YT0 CEeMHMANATHHCKHI HMCIBITATCIBHBIM MOJIMIOH 3aKPBIT, PACHpPEICICHHE TEIUIa BOKPYT
HCTOYHHMKA SACPHBIX OTXOJOB COXPAHSICTCS, MOITOMY HEOOXOJMMO HM3Yy4aThb H3MCHCHHEC TEMIIEPATYPHI BOKPYT
0TX070B. 310 padoTa OTPAXKACT HM3MEHCHHE TEMIICPATYPhl OKPYKAIOMICH Cpenbl SIICPHBIX OTXOA0B, KOTOPBIC
TIOJBEPTIINCH BO3ICHCTBHIO SIICPHBIX B3PHIBOB. B KauecTBE OCHOBBI NMPOCKTA MBI M3YYWIH BIMSHHC HEOOIBIIOTO
JKENIE3HOTO KYyCKA, MOABEPIUICrocsA BO3ACHCTBHIO PATUALIMH, H €T0 BIHAHHE HA TEMIECPATYPy CAMOH OKPYKArOIIEH
cpeapl. B 3amade paccMOTpeHa MaTeMaTHYECKAs MOJCTb JBYMEPHOTO YPABHEHHS TEIIIOBOTO MAPabOINIECKOTO THIIA
W 3HAYCHHUC HAYATBHBIX W TPAHWYHBIX YCIOBHH, a TaKXKe NPHBEACHO €€ UHCICHHOE PEIICHHE W rpaduaeckoc
MPEACTABICHHUE TOTO YK€ YACICHHOTO PEIICHUS.

PesynpraToM AaHHOH pPabOTHI SIBIACTCS AEGMOHCTPAIMSA TOTO, HACKOJBKO TOYHO CpEnNa, IOJBEPKCHHAS
BO3/ICHCTBUIO PAJHALNH, MOKET HMCIOJB30BATHCS I NMPOM3BOACTBA WM WHBIM O0pa3oM, M KaK pPaccUUTaTh
mudposoe pereHne B popMe MaTEMATHUECKUX MOCTICH 1 TpauIeCKy MPOMLTFOCTPHPOBATH YHCICHHOE PEIICHHE.

KimoueBpie c10BbI: MareMarndeckoe MOJCIUPOBAHHUE, UWCICHHBIE METOABL, PAJTHOAKTHBHBIC OTXOIbI,
YPaBHECHUSA TEIIONPOBOIHOCTH.

Mapar Hyprac', Baitmevmpos %K. 1.

' XabIKapaibiKk AKMAPATTHIK TEXHOIOTHANAD YHHBEPCHTET;
* AGait aterIarsl Ka3ak YITTBIK MEIATOTHKATBIK Y HHBEPCHTETA;
? AKIIAPATTHIK JKOHE €CENTEY il TEXHONOTHATAP HHCTHTYTHI

CEMEM MOJIUI OHbI AYMAFBIHBIH TEMITEPATYPAJIBIK PEXKUMIH 3EPTTEY KOHE
MATEMATHKAJIBIK MOJAEJBAI )KoHE OHBIH CAH/ABIK IIEINIMIH CHITATTAY

Annoramus. Kenec Ogars! siapIparanHaH keiid Kazakcran 45 sxpuiaa 456 aapostblK skapsuibic 0onran CeMen
TOJTATOHBIHEI 6TC 3aJ1a76I Mypa Kaaasipasl [1]. XKep OeTiHaeTi SapoIIsIK KapbUIBICTAp Y3aK MCP3iMIi PaIHOAKTHBTI
JACTaHy KE31HAC CHIHAK ANAHBIHBIH OCTKI CHIPTHIHAA KOPIHCTIH Y3bIH KOMAKTAp TYPiHAC makma OoyraH Ocnriiepi
«pamuoOaKTHUBTI i3mep» Aem aramapl. JKapbUEBIII KOCTAIap, dCipece, opITi Koca aafaHAa KONTereH e3repicTepre
okenni[2]. Bym xyMeicTBIH e3¢kTimiri CeMeH CHIHAK NOJHTOHBIHBIH JKAOBUIFAHBIHA KApaMACTaH, SAPOIIBIK
KaJIIBIKTAPABIH K631 alHATACHIHIA KBUIYJbl TAPATy OOMBIT KaNaabl, COHABIKTAH KAIABIKTAPIBIH AHHATIACHIHIAFbBI
TEMIIEPATyPa 63repiCiH 3epTTey KaxkeT. by »yMbIcTa SIPOIIBIK NOINTOHAA OOIFAH KAPBUIBICTAPIBIH SCEPIHCH KaH
JKaFbIHA TAPaFAH AIPOJIBIK KAJIBIKTAPIbIH KOPIIAFaH OPTAHBIH TCMIICPATy PACKIHBIH 63repici ecentemnreH. EcenTig
HETI31 peTiHAe paguanysFa YIOBIPAFaH KIIIKCHTaH FaHA TEMIp KECETiH TIKIpHOEere ama OTHIPBII, OHBIH 631 KATKAH
OPTAHBIH TCMIICPATYPACBIHA 9CEP STYiH KAapaCTHIPALIK. KapacTHIPBLUIBIN OTBIPFAH SCENTE SKi OMMEMIi MapadoIaIbIK
THOTCTI KBUTY OTKI3TIMTIK TCHACY1 KOHC OFAH KATHICTHI AJBIHFAH OAacCTamKbl JKOHC INCKAPBUIBIK MIAPTTAPBIHBIH
KOMETIMEH MAaTEeMAaTHKAIBIK MOACTH KYPBUIBII, OHBIH CAHIBIK HICIIIMIH ay OapbIChl KOPCETUIICH JKAHE COM CAHIBIK
HICITIMIHIH HOTIKENEpl TpaduKamblk TypAe KepceTimeH. Byl KyMBICTBIH HOTIDKECIHAC CON  PaAMSILMIMCH
3aJaJJAHFAH OPTAHBIH OHAIPICKE HE OacKamad >Karmaiiia MalinaitaHyFa KAHIIATBIKTHI MKapaMAbl CKCHIH HAKBITHI
JKBITAAp €CceOiHAe aHBIKTAY KOHE MATCMATHKAJbBIK MOJET TYPIHAC OCPIIreH CaHIBIK MICHIMIH TPaMKaIbIK TYPIC
KOpCeTy.

Tyiiin ce3gep: MareMaTHKAIBIK MOJCTBACY, CAHIBIK OAICTCP, PATHOAKTHBTI KAJIIBIKTAP, JKBUTY OTKi3TIMTIK
TCHACY ICPI.
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