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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KasakcmaH Pecrniybriukacel ¥nmmelK fbiibiM akademusicbl "KP YFA Xabapnapel. [eonoeus xoHe
MmexHUKarbIK fblibiMOap cepusicbl” fbibiMU XypHarnbiHbiH Web of Science-miH xaHanaHfaH Hyckachbl
Emerging Sources Citation Index-me uHOekcmenyee KabbindaHraHbiH xabapnalobl. byn uHOekcmeny
b6apbicbiHOa Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday mocerneciH
Kapacmbipyda. Webof Science 3epmmeywinep, asmopnap, bacnawsiiap MeH MeKemesiepae KOHMeHm
mepeHOiai MeH canacbiH ycbiHalbl. KP YFA Xabapnapbl. [eonozusi XeHe MeXHUKalbIK fblibiMoap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmbiK yWiH eH e3ekmi xoHe 6edesnldi
2e0/102Us1 XXOHe MexHUKarbIK fbiribiMOap 60oUbiHWa KOHmMeHmKe adasnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl XypHan «MN3eecmust HAH PK. Cepus 2eonoauu U mexHu4ecKkux
Hayk» 6b11 npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoul eepcuu Web
of Science. CodepxxaHue 8 amom uHOeKcuposaHuUU Haxodumcsi 8 cmaduu pPaccMOMmMpPEHUs KomnaHueu
Clarivate Analytics dns danbHeliwezo npuHasmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u enybuHy KoHmeHma O0ns uccrnedosameriel, asmopos, uszdamesiell U y4upexOeHudl.
BknoyeHue Ussecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index deMoOHCmMpupyem Hawy npueepXXeHHOCMb K Haubosiee akmyasilbHOMY U 81USIMETbHOMY KOHMEHmMy
10 26e0/102UU U MEeXHUYECKUM HaykaMm Ol Haweao coobujecmea.
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MATHEMATICAL MODELING FORECASTING
OF CONSEQUENCES OF DAMAGE BREAKTHROUGH

Abstract. The article is devoted to the development of a mathematical model for preventing a breakthrough of a
dam and predict its possible consequences. In this work, the task of developing a single integrated approach to
ensuring the safe operation of hydraulic structures, based on the notification of interested bodies in real time, was
solved. A mathematical model of the state of the reservoir is developed, on the basis of which a hardware-software
complex for operational notification of interested organizations (akimats) and local emergency departments is
implemented. A mathematical model of predicting the consequences of a dam break is proposed. An algorithm for
calculating the maximum level of the breakout wave has been formulated, taking into account many parameters of
the hydraulic structures. The convergence of the developed algorithm in the form of a theorem has been proved. This
method has a large practical focus, compared with existing formulas.

The Java language implements a hardware-software complex (PAC) for predicting the effects of a dam break,
consisting of the following modules: 1) a module for receiving and transmitting current information about the water
level, humidity and temperature on the crest of the dam; 2) a module for processing constant and operational
information about the threat of dam breakthrough (server); 3) a module for predicting the effects of a dam break.
Based on the solution of the model problem, the effectiveness of the developed hardware-software complex is
shown. The practical basis for the model task was the events that took place in Kyzylagash village of Almaty region
of the Republic of Kazakhstan.

Key words: mathematical modeling, flooding, dam, breach, breakthrough waves, water resources, water level,
hydraulic structure, hardware-software complex.

Introduction. According to the report of the UN Commission, the damage from natural disasters, in
particular floods, has only increased over the years, and economic losses from the consequences of floods
lead to a decrease in gross domestic product. Over the past century, more than a thousand cases of
destruction of hydraulic structures have occurred in the world, the causes of which, among the
meteorological phenomena, were factors of a geological and geophysical nature.

Thus, the St. Francis dam in California was built 70 km from Los Angeles in the San Francisco
canyon in order to accumulate water for its subsequent distribution through the Los Angeles water supply
system. Under a wave wall of 40 m, all living things and buildings were destroyed. The valley was
flooded for 80 km. More than 600 people died during this flood. The second example in Italy in 1963, a
mountain massif collapsed in the Vayont reservoir, resulting in ~ 25 million tons of water overflowed
through the dam, creating waves in the Piave river valley with a height of 70 m. 4 villages were destroyed,
4,400 people were killed [1-3].
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The accident at the Sayano-Shushenskaya hydroelectric station was a man-made disaster that
occurred on August 17, 2009. As a result of the accident, 75 people died, the equipment and the equipment
and premises of the station were seriously damaged [4-6].

In Kazakhstan, the construction of many hydraulic structures was carried out in the 60-80s of the last
century. Their survey today shows that the actual depreciation is more than 60%, the reliability and safety
of strategically important hydraulic structures are sharply reduced [7-9].

The long service life and reduction in the last 20 years of funding for operating expenses, current and
capital repairs, as well as the influence of climatic and seismic factors gradually lead to moral and physical
deterioration of the entire complex of hydraulic structures. There are also objects located close to
hazardous industries [10-12].

The tragic events in the spring of 2010 in the Almaty region and 2014 in the Karaganda region with
human casualties and destruction, as well as floods in other regions of Kazakhstan, served as a serious
lesson to prevent similar situations in the future. It is necessary to develop recommendations on equipping
the hydraulic structures with modern monitoring systems, equipment and means to improve operational
safety. Also, the recent events of May 1, 2020 on the breakthrough of the dam of the Sardobin reservoir
(capacity of 922 million m3) in neighboring Uzbekistan led to the flooding of 4 villages in the Turkestan
region of Kazakhstan. As a result, 620 houses were damaged and the region's agriculture was severely
economically damaged [13, 14].

In this regard, research on the development of a mathematical model of dam breakout and the
prediction of its consequences is relevant.

Mathematical model for predicting the consequences of a dam breakout. Catastrophic flooding,
which is the result of a hydrodynamic accident, consists in the rapid flooding of the area by a breakout
wave. Hydraulic structures can be breached due to natural forces (earthquake, hurricane, landslide, etc.),
structural defects, violations of operating rules, impact of floods, destruction of the dam base, etc. During
the breakthrough of the hydraulic structures, a gap (closure channel, passage) is formed, through which the
water flows from the upper downstream to the lower one and the formation of a breakthrough wave.
Breakthrough wave is the main striking factor of this type of accident, characterized by wave height and
speed [15, 16].

In [17], it was found that the following hydroelectric complex parameters and the conditions of
propagation of a breakthrough wave in the downstream most significantly affect the h,.x values: reservoir
volume before the accident (W,,4:er), reservoir depth at the dam before the accident (H), roughness of
the upstream wall (n,), the amount of opening of the gap (B,g;,), water flow in the downstream of the
hydroelectric facility before the accident (Q,), the distance from the damsite to the observation site (L).
The dependence of the maximum flooding depth on the main influencing factors was obtained and
presented in general form by the expression:

0,98..0,02 ,0,05
hpax = 2:511-100,2)150—Q0 1)

0,13
WwaterL

The limits of applicability of formula (1) are indicated: reservoir volume (W, 4¢e-) — from 50 to
5000 thousand m® depth of water upstream of the dam (H,) — from 2 to 20 m; water flow in the
downstream of the hydraulic facility before the accident (Q,) — from 1 to 100 m%s; reservoir length — from
0.8 to 2 km, if there is no backup from the downstream hydraulic structures; distance from the dam site to
the considered section (L) from 0.5 to 50 km; roughness (n,) from 0.02 to 0.2.

In addition, the formula (1) has the following disadvantages:

1) missing parameter —the amount of opening of the gap (Bgqp),

2) the volume of the reservoir before the accident (W,,4:.r) IS placed in the denominator, which leads
to a contradiction to the basics of hydrology — "a larger volume of reservoir filling leads to a decrease in
the breakthrough wave".

In [18], due to the limitations of the applicability of the formula (1), it was proposed to use the
dependence (2) proposed by V.1. Volkov to determine the maximum depth of flooding:

L \-013
hinax = 0,34H, () )
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As a disadvantage of the formula (2), it should be noted that it does not use such important
parameters of the hydraulic structures as the reservoir volume before the accident (W,, 4¢er-), the amount of
opening of the gap (Byg;). This fact greatly narrows the applicability of this formula.

To correct these shortcomings, the article proposes the following approach.

The maximum depth h,,,, is sought in the form

hiax = 0Bgh, Hy? W2

gap water

L7t ®)

In the formula (3) all the coefficients a; > 0,i = 0,4.

Let n = 4 be the number of information parameters of hydraulic structures that affect the size of the
breakthrough wave; x = (x, ..., x,) — the vector whose components characterize the hydraulic structures.

For the convenience of further calculations, we will accept

Y =hmax X0 =1, X1 = Bgap; X2 = Ho; X3 = Wygrer; x4 = L.
We introduce the following designations:
m-— the number of versions (situations); X;; — the value of the i-th parameter in the j-th version, where
i=0n,j=1m.
Y; — maximum breakthrough wave depth in the j —th situation, where j = 1,m.
Then formula (3) can be rewritten in the form:

Y =ag* (Tlh=q2g%) *x, ™ (4)

Formula (4) corresponds to the optimization problem, where the coefficients a;, are unknown, which
determine the influence of the k—th information parameter on the overall result.
We will take the logarithm of the expression (4):

In(Y) = ao + Xi—g ap In(xy) — asln(x,) (5)
The coefficients ajcan be found from the minimum condition for the functional
2
S =Y (In(Yy) — ap — Tioy ax In(Xy) + asln(Xy;)) (6)
We introduce the set
A={0<a; <10} (M

It is easy to show that A is a convex closed set in R™ space.
The algorithm for finding the coefficients of functional (6).
Step 1. The minimum of functional (6) is found by the least square method, by reducing to a system
of linear algebraic equations of the form
CB =d,
where C — (n+1)*(n+1) — the matrix, d — (n + 1) — the vector made up of values
In(Y;),In(Xy;), k=0,n,j=1m.

If all elements of the vector 8; > 0,= 0,n, then we take a; = B;, i = 0,n and go to step 5.
Step 2. Denote by a;* the n-th approximation for calculating the coefficient «;.
As a zero approximation, we select

_(Bi,ifBi >0
a‘p_{s,ifﬁi <0

Here ¢ > 0 —is a sufficiently small number.
Step 3. The minimum of the functional (6) is defined on the set (7).
Let's build an iterative process

a*t = 11, (@ = S (@) (8)
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Here I1, — projection operator onto the set A. The coefficients y,, = 0, the determine the step length
at the n-th stage, can be found from the condition

SO a = yaS' (@) = 715 (af - vS'(f™))

or in the process of splitting the step.

Step 4. Discrepancy is sought r = min; (abs(a}1+1 - ai")).

If r < &, then go to step 5. Otherwise, increase the iteration number and go to step 2.

Step 5. Algorithm completion.

The convergence of the proposed algorithm is provided by the following theorem.

Theorem 1. Let the set A be convex and closed. Then the sequence {a}'} , defined by the formula (8)
converges to the solution of the problem of minimizing the functional (6) on the set (7).

Proof. Since the set A is convex and closed, the functional (6) is convex and differentiable, then any
limit point of the sequence {a]'} is the minimum point [19].

Based on the available information about the breakthroughs, 30 versions of parametric data were
prepared. Based on this information, the following formula is obtained:

Bimax = 1,34 + o' Byay Wy 'L~ (9)

In the formula (9), the volume of the reservoir (W,,4.e;) is measured in millions of m®; the water
depth in the upstream wall of the dam (Hy) is in m;the amount of opening of the gap (Bgqp) — in m; the
distance from the dam site to the observation site (L) - in km.

Model problem. All further calculations simulate the events that took place in the village of
Kyzylagash of Almaty region on March 11 and 12, 2010. The 45-meter-high dam was designed to store
42 million cubic meters of water. On the night of March 10, the water level reached 30 million cubic
meters. The next day, in the afternoon or in the evening, | can not say the exact time, the water level
exceeded 40 million cubic meters. In other words, 15-16 million cubic meters of water was added to the
Kyzylagash reservoir in 15-16 hours. The dam broke on March 11 at 10.30 p.m. Two hours later, the
water gushed towards the village of Kyzylagash. The wave width of the mudflow was 1.6 kilometers, and
the height was 3 to 4 meters. According to official figures, most of the village was severely damaged.
70% of the village of Kyzylagash was destroyed. The tragedy in Kyzylagash claimed the lives of
44 people.

Results. Based on the mathematical forecasting model, the situation for March 11-12, 2010 in the
village of Kyzylagash was simulated. Table presents the chronicle of events. The first two columns
provide information about the date and time. Information in columns 3 through 5 is obtained in automated
mode. Based on the above proposed mathematical model, calculations were performed on the level of
safety, reservoir occupancy and the expected overflow time over the dam crest (columns 6-8).

In the 6th column, the following security level encoding is adopted: 1 - low; 2 - safe; 3 - alarming;
4 — catastrophic.

The simulation results of a dam break

Date Time Wat(t;r}l)evel Temperature | Precipitation | Securitylevel Watt(agt:/nc;I)u me | Time ;[ﬁoci]\f)arflow
1 2 3 4 5 6 7 8
11/03/2010 10.00 15 12 2 30000,0
10.30 14.75 12 2 30250,0
11.00 14.5 13 2 30500,0
11.30 14.25 13 3 30 750,0 14.25
12.00 14 13 3 31000,0 14
12.30 13.75 14 3 31250,0 13.75
13.00 135 14 3 31500,0 13.50
13.30 13.25 14 3 31750,0 14.25
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Table continuation
1 2 3 4 5 6 7 8
14.00 13 15 3 32 000,0 13
14.30 12.75 15 3 32 250,0 12.75
15.00 125 15 3 32500,0 12.50
15.30 12.25 14 rain 3 32 750,0 11.75
16.00 12 14 rain 3 33000,0 11
16.30 11.25 14 rain 3 33750,0 10.25
17.00 10.5 13 rain 3 34500,0 9.30
17.30 9.75 13 rain 3 35 250,0 8.75
18.00 9 13 rain 3 36 000,0 8
18.30 8.25 13 rain 3 36 750,0 7.25
19.00 7.5 12 rain 3 37500,0 6.50
19.30 6.75 12 rain 3 38250,0 5.75
20.00 6 11 rain 3 39 000,0 5
20.30 5.25 11 rain 3 39750,0 4.25
21.00 4.5 10 rain 4 40500,0 3.50
21.30 3,75 10 rain 4 41 250,0 3
22.00 3 9 4 42 000,0 2.50
22.30 2,5 9 4 42500,0 2
23.00 2 9 4 43000,0 1.50
23.30 15 8 4 43500,0 1
12/03/2010 | 00.00 1 8 4 44000,0 0.50
00.30 0,5 7 4 44 500,0 0
01.00 0 7 4 45 000,0 0
01.30 0 6 4

Figure 1 shows an hourly chart of the reservoir occupancy. As can be seen from table 1 and the graph
in figure 1, the akimat (local administrations) and emergency authorities would have been alerted at 21.00
on March 11. According to the forecast time was still 3.5 hours before the tragedy. Victims could have

been avoided.

45000

40000

Volume of water (thousand cubic meters)

Safe level Alarming level

M Catastrophic level
L 2 *

35000

30000

25000

20000

Figure 1 — Graph of fillability of a reservoir
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Based on the formula (9), the situation was simulated in Kyzylagash village. Figure 2 shows a
kilometer-long graph of the passage of a breakthrough wave.

FigureN0.1 = O *
File Edit View Inset Tools Window Help

De”dE NAAA/ 220

Sistema

12

10

Figure 2 — Graph of maximum breakthrough wave in Kyzylagash village

As can be seen from the Figure, the wave of breakthrough came to Kyzylagash village reached a
height of 4.5 meters. In Eginsu village, 16 km from the dam, the wave reached a height of about one
meter.

Conclusion. This article has developed a mathematical model of monitoring the state of the reservoir
and predicting the consequences of a dam break.

The model problem (events that took place in Kyzylagash village of the Almaty region of the
Republic of Kazakhstan) shows the effectiveness of the developed mathematical model of predicting the
consequences of a dam break.

The tragic events in the spring of 2010 in the Almaty region and in 2014 in the Karaganda region
with human casualties and destruction, as well as floods in other regions of Kazakhstan, served as a
serious lesson to prevent similar situations in the future. It is necessary to develop recommendations on
equipping hydraulic structures with modern control and measuring devices, equipment and means to
improve the safety of operation.

The practical significance of the work is to develop a system that provides current and forecast
information that contributes to the correctness of decision-making at the territorial or republican level.

Acknowledgment. The work was carried out at the expense of grant funding for research for 2018-
2020 under the project NeAP05131027 "Development of biometric methods and means of information
protection™ at the Institute of Information and Computational Technologies, the Committee of science of
the Ministry of Education and Science of the Republic of Kazakhstan.
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T. %K. Masaxos'?, P. Kisala®, I11. A. ﬂmeapTOBal'Z,
I. 3. 3usTéexosa’?, H. T. KapbiMcakoBa

! AKapaTTHIK KoHe ecenTeyil TeXHONIOTHAIAP HHCTUTYTH, AnMatsl, Kasakcram;
20n-Dapabu atsinars: Kasak yirTeik yauBepcnteTi, Anmatsy, Kasakcra;
*Jlio6iH TeXHAUKAIBIK yHIBepCcHTeTi, [Tombira

BOI'ET BY3bLIBICBIHBIH CAJIIAPBIH BOJIKAY IbIH MATEMATHKAJUIBIK MOJEJII

AnHoTanusi. Maxkama OereTTiH OY3BUIyBIHA JKOJN OepMey »OHE OHBIH BIKTUMAaJl CaliiapblH OO0IDKaymbIH
MaTeMaTUKaJIBIK MOJENiH kacayra apHamraH. Ocbliaiiia KOJNJIAHBICTAaFbl OPTYPJl OAICTEpHl Tanjay HeriziHie
THIPOJMHAMUKAJBIK anaTThl TOTEHIIE jKarnail periHae OoJpKay SJicTepiH jkacay YIIIH 3€pTTEyIiH MakKcaThl MEH
HETi3ri MiHAETTepl TYXKBIPBIMAAIABL. Bys »KympIcTa IIEmiMHIH KOJIA@HBICTAFBl SJiCTEpiHE Talliay JKOHE 3epTTey
MaKcaTTapblHa TY)KBIPBIM JKacajiasl. Mocese TajqjaHbII JKOHE OHBI IIeIly OapbIChIHJA TYBIHAAYbl BIKTUMaN HETi3ri
npoOiemanap aHbIKTanFaH. MaoceseHiH JKalllbl CHIIATTaMachl YXOHE 3epPTTEY MaKCaTTapbIHBIH TY)KbIPHIMIAaMachl
kenripiiren. CunarTajiraH SIiCTepAiH apTHIKIIBIIBIKTAPEl MEH KEMILIUIIKTepl KepceTureH. MaTeMaTHKabik
MOJIETBJICYAIH 3aMaHayH TEXHOJIOTHSIAPBIH JKOHE €CENTEy HOTW)KENEPiH TIeorpadusuIblK akKMapaTThIK XKyilene
KepceTyMeH KaTap OereT Oy3bUIBICHIHBIH MAaTEMaTHKAJbIK MOJENIH 3€PTTEYMEH €CenTey TIKIpHOeciH KonmaHa
OTBIPBIN, KCWICHIl TalAay[blH, TAOWFH JKOHE TEXHOTEHIIK CHUIIATTaFbl TOTEHIIE >Xardail canmapblH OOJDKayIbIH
Oenriii omicTepiHe CambICTHIPMAIIBI TaJIay KacaJIbl.

KnuMaTThIK MoiMeTTepAl TapaTyFa apHaJIFaH aBTOHOMABI MUKPOKOMIBIOTEPIIIK JKYHE jKacajIbl, HAKTHI yaKbIT
PeXUMIHE CepIiHAl TONKBIH (haKTOpIaphlH OODKAY MOCENECIHIH JKajIlbl CHITATTAMAChl MCH MIHIETi KEeNTipiJireH.
XKepcepikTik mepekrepmi Oepy KyHeciHiH nepOec 3IeKTPMEH KaOIbIKTay JKyHeciHe Kelleci PHepPTUsHbI Mmaiinanany
YIUiH 3HEprus OHAIPYIe jKoHE >KMHAKTayFa KipeTiH >ka0abikTap KemieHi kipeni. Cy JeHreii eney >ka0IbIKTapbl
opTypiai Oomybl MyMmKiH. JKyiie KbI3METiH KamMTaMachl3 €Ty VIIiH eJley Kypajuapbl JAepekTepiai OepymiH imiki
KyileciIMeH J>KoHE JJIEKTPMEH >KaOAbIKTay jKyleciMeH OainaHblcThipbuiansl. Kepcertiiaren sxyienepai OipikTipy
OpHaJIaCybl KypJeli ©3¢H KeJIHICTi Cy MeHreilin Oakputayra MyMKiHmik Oepenmi. Cy JCHreWiH ONIICHTIH >KaOIbIK
TYpJIi KE€3€HIIK CeHCopyapJaH MOIIMeTTepAl anybl Kepek. JKWHamFaH MONIMETTep CHUTYalMsUIBIK OpTajbIKTapFa
Xi0epinin, apHaiibl KbI3METTEp BIKTHMAJI Cy TACKBIHBI MEH Cy TaCKBIHBIH OOJDKAy, CY IIBIFBIHBIH €CENTey XKoHe OacKa
MaKcaTrTap YIIiH HaiaanaHa bl

Bererrepain cunarramanapbl, MUKPOIIPOIECCOPIIBIK TEXHOJOTHIHBI KOJIJaHyFa HETi3/IeNreH Kasipri 3aMaHFbl
Oackapy >KyHenepiHiH MyMKIHIIKTEpi TalJaHa bl

Cy KONMachIHBIH >KaFfaiblH OaKplIayIblH MaTeMaTHKAJIBIK MOJAENI >Xacallpbl, OHBIH HETI3iHAe MYAIelni
yitbIMaapabl (SKIMZIIKTEp) KOHE KEpriuliKTl TeTeHIIe >araail OeniMAepiH jkeaen xabapiay YIIIH anmaparThik-
OarjapiamanblK KeleH eHrizimai. Tangay kenecineil KOpBITHIHIIBI jkacayFa MYMKIHAIK Oepelli: MyMKiH THAPOAH-
HAMUKAJIBIK araT calJapblH 00JDKaybIH YTHIMABI 9/1iCi — aHAIMTHUKANIBIK MOJIETIbJIEpTe HEri3/eNI'eH KOJIAaHbICTaFbI
MoJieNibJiey OaFaapiiaMaiblK KypaiblH TaiianaHy.

MaremaTHKaibIK MOJIEIIbJICY MEH eCenTey IKCIIEPUMEHTIHIH 3aMaHayd TeXHOJIOTHSUIAPbIH Iaiijanana OThIPHIIL,
TaOWFU TEXHOTEHJIIK CHIATTaFbl TOTEHIIE JKaFAai cajapblH KeIeH i Tajaay, MOJIeNIbey JKoHe O0JDKayIblH Oenrii
oficTepiHe CANBICTRIPMAITBI TallAAy XKYPTi3UIiN, HOTHXKENEep i reoaknapaTThIK Kyielae KopceTe OTHIPHII JKoHE Oerer
OY3BUTBICBIHBIH MAaTeMAaTHKAIBIK MOJICIIHE 3epTTey JKYpri3inmi. TacKbHHBIH canmapblH OOJDKayIbIH TYpIi
MaTeMaTHKaJIBIK MOAEIbIEP1, 9AICTepl MEH allTOPUTMAEPI CUITATTaJIFaH.

Berer Oy3bLIBICHIHBIH ocepiH OOJDKAyZbIH MaTeMaTHKAJIBIK MOZAENI YCHIHBUIFaH. [ MIpaBIMKAIBIK KYpPBUIbIM-
JIap/IbIH KOIITETeH MapaMeTpIiIepiH ecKepe OTBIPHII, CEPIiHAl TOIKBIHHBIH MAaKCUMAIIIBI ICHIeHiH ecenTey alIropuTMi
TYKBIPBIMJAJIFaH. O3IpJICHIeH aJrOPUTMHIH TeopeMa TYPIHJET! KMHAKTBUIBIFBI JanenaeHai. byn omic xonmaHbic-
Tarbl (JOpMyJIaIapMEH CaJbICTBIPFAH/A YIIKEH MPAKTUKAIIBIK OaFbITKA He.

Java Tinmi Gerer OyY3BUIBICHIHBIH ocepiH Ooimkayra apHairaH OarmapiaManbIk-anmaparTelK kemesai (BAK)
Ky3ere aceipAbl. O Keneci MOAYIbAEPACH TYPAJIb:

1) Gerer GaraHACBIHIAFHI Cy JIEHT €M1, BUFAJIABUIBIFEI MEH TEMIIEPATypachl TYpajbl aFbIMIAaFbl aKIapaTThl aTyFa
JKOHE XKibepyre apHalFaH MOIYJIb,

2) GeretTiH OY3bUTY KayTli TYpaJIbl TYPAKTHI KOHE JKeIeJl aKIapaTThl OHAeyTre apHallFaH MOTyJb (cepBep);

3) Oerer OY3bUIBICBIHBIH SCEPiH OOJDKayFa apHaAJFaH MOJYJb.

Mopenpik ecenTi MEIyIiH HeTi3iHe 931pJIeHreH annaparThIK-Oar apiaMalblK KeIeHHIH THIMAUIIN KepceTi-
reH. MoJIenpIiK ecenTiH MpaKTUKaIbIK Heri3i perinae Kasakcran PecnyOmmkacsl AiMathl OOMBICHIHBIH KpI3bLmaranr
ayblIbIH/IA OOJIFaH anaTThl OKUFA aJIbIH/IbI.

Tyiiin ce3mep: MaTeMaTHKAJIBIK MOAENbBILY, cy Oacy, Oerer, Oy3y, CEpHiHAI TOJIKBIHAAP, CY PeCypcTapsl, Cy
JICHI €1, THAPOTEXHUKAJBIK KYPBUIBIM, allapaTThIK-0aFapIaMalblK KeIeH.
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MATEMATHUYECKOE MOJIEJIMUPOBAHUE TPOTHO3UPOBAHHUS
MOCJIEACTBUI IPOPHIBA TAMBDI

AnHoTanus. CTaThsl MOCBSAIIEHA Pa3pabOTKE MAaTEMaTHIECKONW MOJENHN IPEIYNPEXKICHUS TPOPHIBA IUIOTHHBI U
MIPOTHO3UPOBAHHUIO BO3MOKHBIX €r0 MOCIEACTBHH. TakuM oOpa3oM, Ha OCHOBAHUH MPOBEACHHOTO aHAIN3a PA3JIHd-
HBIX CYIIECTBYIOIIMX METOO0B ObUTH c(hOPMYIMPOBAHBI IIETb 1 OCHOBHBIC 3a/lauHl MCCJICAOBAHUH, HAIIPABICHHBIX Ha
pa3paboTKy METOMMKHM MPOTHO3HMPOBAHHSA T'MAPOJMHAMHUIECKOW aBapHy KakK UpPE3BBIYANHON cuTyarnu. B manHOM
UCCIICIOBAaHUIl TIPOBEJEH aHAIU3 CYLIECTBYIOLIIMX METOJOB pelleHuil u (GopMymupoBKa 3aad HCCICIOBAHUSL
[Mpoananu3upoBaHa 3ajjaua M BBISBICHBI OCHOBHBIE MPOOJIEMbI, KOTOPbIE MOTYT BO3HHUKHYTh B XOJIE €€ pPEIICHUSI.
[MpuBenena oOmias XapakTepuUCTHUKa NPOOJIEeMbl M IIOCTAHOBKA 3a/a4 HCCIIEOBaHHS. BBINENeHbl TOCTOMHCTBA U
HEIOCTAaTKH OIHMCAHHBIX METOJOB. BBINONHEH CpaBHUTENBHBIH aHAIM3 HM3BECTHBIX METOJOB A KOMIUIEKCHOTO
aHaln3a, NMPOTHO3UPOBAHMA MOCIEACTBUNA UYpEe3BBIYAMHBIX CHUTYyalldil MPUPOJHOIO M TEXHOTEHHOTO XapakTepa ¢
MIPUMEHEHUEM COBPEMEHHBIX TEXHOJIOTUI MAaTEMaTUYECKOTr0 MOJEIUPOBAHNS M BEIYUCIUTEIBHOIO SKCIEPUMEHTA C
0TOOpa)XEHHEM pe3yIbTaToB B reorpaduueckoil MHGOPMAIMOHHONW CHCTEME M HCCIEJOBAaHWE MaTeMaTHYECKOH
MOJIETIM TIPOPBIBA AAMOBI.

Pa3zpaboTana aBTOHOMHAass MHKPOKOMIIBIOTEpHAs CHCTEMa Iepeladd KIMMAaTHIECKUX JAaHHBIX, NPHBEICHA
o01mas XxapakTeprCTHKa U IIOCTAaHOBKA 33/1a4X IIPOTHO3UPOBAHUS (PAKTOPOB IIPOPBIBHBIX BOJIH B PEaTbHOM MacITa-
0e BpeMeHH. ABTOHOMHAsI IOJICUCTEMa SHEPTOCHA0KEHHS [UIS CITyTHUKOBBIX CHCTEM TIepeayull JaHHBIX BKIIOYACT B
ce0si KOMIUIEKC 000pynoBaHUs, (YHKIUH KOTOPOTO 3aKIIOYAroTCs B BHIPAOOTKE M HAKOIJIGHHH SHEPTrUH JUIs
HOCIEYIONIEr0 ero MCIOJIb30BaHUS B LEMSIX 00ECHeUeHMs NICKTPONUTAHUS 00OpYJOBaHUS IEpefaud IaHHBIX.
O0opynoBaHue U3MEpeHHH YPOBHS BOJbI MOXKET OBITh paziauuHbIM. [{i1s obecrieueHns: GyHKIIMOHUPOBAHUS CUCTEMBI
U3MEpHUTENbHOE 000pyIoBaHHE OYyIET CONMpPAraThCs C MOACUCTEMOI Mepeaadn JaHHBIX U MOACUCTEMOI! 3Heproobec-
nedeHus1. ConpshKeHNE YKa3aHHBIX CHCTEM MO3BOJMT OCYIIECTBIISATh MOHUTOPHHT YPOBHS BOIBI B MOPEHHBIX 03epax,
pacToyIO’KeHHE KOTOPBIX SIBISETCS KpalHe TPYTHOIOCTYIHBIM. TEeXHHYECKHe CpelCTBa, HW3MEpSIOIIHE YPOBEHBb
BOJIBI, JIOJDKHBI OBITH CHOCOOHBI ITOJIy4aTh JaHHBIE C JaTYMKOB C PA3IMYHON HepHOIUYHOCThIO. HakamimnBaemble
JTaHHBIE OYyT IepeiaBaThCsl B CUTYAlMOHHBIE IICHTPBI M NCTIOJIb30BAThCS CIIEUAIBHBIMU CIIyKOaMu JUIs IPOTHO3H-
POBaHUS BO3MOXKHBIX ITaBOJKOB U HABOJHEHMH, IOICYETA PACX0/a BOJABI U B IPOUMX LIENAX.

IIpoananu3upoBaHbl XapaKTEPUCTUKHU IIOTUH, BO3MOKHOCTH COBPEMEHHBIX CUCTEM KOHTPOJISI, OCHOBAHHBIX HA
MPUMEHEHNE MUKPOIIPOLECCOPHOMN TEXHUKU.

Pazpaborana maremaruueckas MO/IEIb MOHUTOPUHTA COCTOSHUSI BOJOXPAHWININA, HA OCHOBE KOTOPOH peain-
30BaH aNnapaTHO-MPOTPaMMHBIA KOMIUIEKC ONEPATHBHOI'O OMOBEIICHUS 3aMHTEPECOBAHHBIX OpraHM3AINK (aKkuMa-
TOB) ¥ MecTHBIX noapasaencHuii YC. [IpoBen¢HHbIN aHATN3 MO3BOJIET CAENaTh CIEAYIOIINE BBHIBOBI: PAIlHOHAb-
HBIM CIIOCOOOM IPOTHO3MPOBAHUS TOCIEACTBHII BO3MOXHBIX THAPOJUHAMUYECKUX aBapuil ABISETCA NMPUMEHEHHE
CYIIECTBYIOIINX HMUTALMOHHBIX IPOrPAaMMHBIX HHCTPYMEHTOB HAa OCHOBE aHAJTUTUYECKUX MOJIEIEH.

BrInoiHeH CpaBHHUTENBHBIH aHAN3 M3BECTHBIX METOMOB I KOMIUIEKCHOTO AaHAINM3a, MOJCIHPOBAHUS U
Imporao3uposanus nocneacTsuit YC mpupoJHOro TEXHOIEHHOTO XapaKkTepa ¢ IPUMEHEHHEM COBPEMEHHBIX TEXHOJIO-
I'Mi MaTeMaTHYeCKOT0 MOJIEITMPOBAHNUS M BEIYHCIUTEILHOTO SKCIIEPUMEHTA C OTOOpaKeHHEM Pe3yJIbTaTOB B Teorpa-
¢rueckoii MHGOPMAIMOHHOW CHCTEME W HCCIEJOBaHWE MaTeMaTHYecKoil Monesnu mpopbiBa namObl. OnmcaHsl
pa3IUYHbIE MATEMAaTUUECKUE MOJEIIH, METOBI U aITOPUTMBI AJIsl IPOTHO3UPOBAHMS MOCHEICTBUHA HABOJHEHU.

[Ipennoxena MaTeMaTH4eckasi MOJIENIb TIPOTHO3UPOBAHMS TOCIEICTBHH NpOpbiBa MIOTHHBL. ChopMyaupoBaH
aNrOPUTM BBIUHCIICHUS] MAaKCUMAaJIbHOIO YPOBHSI BOJIHBI NPOPBIBA, YUUTHIBAIOIUI MHOXECTBO MapaMeTpOB T'HIpPO-
TEXHUYECKUX COOpYKeHHH. J[oka3zaHa CXOTUMOCTH Pa3pabOTaHHOTO aJrOpHUTMa B BHJE TeopeMbl. J[aHHBIH MeTox
nMeeT OONBIIYI0 IPAKTHIECKYI0 HAIIPaBICHHOCTH 110 CPAaBHEHHIO ¢ MMEIOITIMHUCS GOPMYIIaMu.

Ha s3p1ke Java peann3oBaH anmmapaTHO-TIPOTPaMMHBIN KOMIDIEKC MOHHTOPWHTA W IIPOTHO3UPOBAHHUS IOCTEN-
CTBHUIH NPOpPBIBA TUIOTHUHBI, COCTOSAMINN M3 CIEAYIOMMX MOAYJIeH: 1) MOIynh MONydeHHs W Nepefadd TeKyIled WH-
¢opmarnmu 00 ypOoBHE BOABI, BIAXHOCTH U TEMIIEpaTypbl Ha TpeOHe IIOTHHBI; 2) MOAYNIb 00pabOTKH MTOCTOSTHHOW M
omepaTtuBHOW WH(popManuyu 00 yrpose MmpopbiBa IUIOTHHBI (cepBep); 3) MOAYIb HMPOTHO3HPOBAHUS MOCIEICTBHA
IPOPbIBA IUIOTHHEL.
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Ha ocHoBe pemnrenust MozenbHOW 3amaud nokaszaHa 3(dexkTuBHOCTH pa3paboTaHHOW mporpammsel. [IpakTu-
YEeCKOW OCHOBOH JUII MOJIENIBHOM 3a/ada MOCIY>KHJIM COObITHS, mpousomieamue B c.Kp3buiaram AMaTuHCKOM
obnactu Pecnyonuku KazaxcraH.

KiroueBble cnoBa: MaTeMaTHUeCKOe MOJEIHPOBAHUE, HABOJHEHME, IUIOTHHA, NPOPAH, BOJIHBI MPOPHIBA,
BOJIHBIE PECYPCHI, YPOBEHb BOJIbl, THIPOTEXHUYECKOE COOPYKEHUE, IPOrpaMMHO-AINAapaTHBII KOMIUIEKC.
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