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Annotation. The article presents the algorithm for constructing the dependence of flood
consequences on the scope of work and costs to increase the protection of the hydraulic structure.
Based on the regression analysis, an analytical model for assessing possible flood damage was
constructed. The calculation example is given. The resulting model allows us to formulate a new
scientific task to minimize possible damage from flood emergencies by rationally choosing the
amount of engineering work and the necessary costs according to the efficiency-cost criterion.
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Floods rank first place among natural disasters in terms of frequency, coverage and
average annual damage. The damage from them grows from decade to decade. Over the past
100 years alone, according to UNESCO, more than 10 million people have died from floods
in the world. In the late XX - early XXI centuries, an important role in increasing the
frequency and destructive force of floods is played by the improper implementation of flood
control measures, which leads to the breakthrough of dumping dams, the destruction of
artificial dams, as well as the erosion of protective embankments [1].

During catastrophic floods in the zone of flooding and destruction there are hundreds
of thousands of hectares of farmland, hundreds of settlements, tens of cities, thousands of
kilometers of roads and railways, bridges, power and communication lines, industrial
facilities, residential buildings, and human economic activity paralyzed for a long time.
Flood damage can amount to hundreds of millions of rubles. Flood mitigation has been
carried out over a number of years with the involvement of the main resources of local
executive authorities, as well as the federal budget [2].

Flood prevention measures can be divided into three groups.

The first is the work of a forecasting and analytical nature - hydrological forecasting,
analysis and assessment of a possible situation. The hydrological forecast is a scientifically
based prediction of the course, nature and scale of the flood.

The second group of preventive measures is an organizational and operational nature.
This is the decision of the local executive bodies, the territorial divisions of the State
Security Council and officials to carry out preventive measures and prepare for flood
control;

development of draft administrative documents of resources of local executive
authorities (on the procedure for evacuation, protection of citizens' property, traffic, on
involving the population in work, sanitary and epidemic measures, etc.);

authorization of specific engineering and technical works, protective measures and
others, organization of their execution;
clarification of action plans of control bodies and forces, setting of tasks by them [1].

The third group of preventive measures is engineering, etc. They are based mainly on
standard methods for mitigating the effects of floods. These may include: reducing the
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maximum water consumption in the river by redistributing runoff over time, building
enclosing dams (shafts), straightening the river bed, filling up territories, coastal and bottom
strengthening work, regulating flood flow (flood) using reservoirs, using a combined
method of flood prevention. Part of these measures can be carried out only on a long-term
basis, part - quickly in anticipation of the elements, and part - both long-term and quickly

[1].

However, existing approaches to the planning and implementation of engineering
activities to mitigate the effects of floods do not sufficiently justify the development of the
scope of their implementation, taking into account the allocated financial resources.

The purpose of this article is, therefore, to develop an approach that would allow for
the analytical dependence of possible impacts on the volume and resources spent on flood
prevention engineering. This will further make it possible to justify management decisions
to prevent and reduce the consequences of floods according to the efficiency-cost criterion.

Setting the task

For constructing the analytical dependence of flood consequences on the scope of
work and the costs of increasing the protection of the hydraulic structure, we choose a
multiple regression with two explanatory variables. The linear multiple regression function
in this case is written as

Yy=a+ byx; +byx, (D

where x, is the scope of work carried out to improve the safety of the hydraulic structure,
increase the gap threshold, in meters; x, - costs of works to increase the gap threshold, in
nominal units; y~- possible consequences in case of destruction of hydraulic structure, width
of flooding, in meters.

To generate a data table for x4, x5, ¥ we will calculate the forecast of flooding zones
and assess the engineering situation. To do this, we will use the technique "Engineering
situation during catastrophic flooding from the destruction of hydraulic structures™ [3]. The
initial data used in the methodology are:

1. Hydrological data (type of section of the river bed, catchment area);

2. Meteorological data (snow thickness and snowmelt intensity, precipitation
intensity)

3. Characteristics of the object of impact;

4. Information about the terrain in the flood zone.

The task is to estimate the regression parameters based on the results of sample
observations over the variables included in the analysis. For this purpose, we apply the least
squares method. Let us set the condition that regression should be as well consistent as
possible with empirical data. The sum of the squares of the deviations of all observed values

of the dependent variable y; values calculated from the regression equation y; (i. e. sum
of the remaining squares) must be minimal. So, the requirement must be met

n
S(@byby) = ) (i = 5)? - min @)
i=1

Problem solving algorithm
We will consider the procedure for solving this problem using the example of the
Kirov reservoir of the West Kazakhstan region of the Republic of Kazakhstan. The
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hydroelectric complex includes a channel earthen dam, a floodplain dam, a construction and
production spillway and pressure and station structures.

In the event of a breakthrough of the hydraulic structure in question, settlements and
socially significant objects may be in the zone of possible flooding.

As stated in the setting of the task, the execution of work to increase the gap
threshold is considered as the engineering and technical measures. Using the technique
"Engineering situation in case of catastrophic flooding from the destruction of hydraulic
structures,” we get the values of the volumes of work carried out to increase the safety of
the hydraulic structure, to increase the gap threshold, in meters; costs of works to increase
the gap threshold, in nominal units; possible consequences in case of destruction of
hydraulic structure, width of flooding, in meters. The obtained data are entered in the table,
the fragment is presented in Table 1.

Table 1 - Fragment of initial data presentation for regression construction

Ne Height of gap threshold, m Expenses Width of flooding on the
left bank, m
1 0 1000 48,28
2 0,2 1020 48,27
3 0,4 1040 48,26
4 0,6 1060 48,24
5 0,8 1080 48,22
6 1 1100 48,21
7 1,2 1120 48,2
296 59 6900 3,89
297 59,2 6920 3,01
298 59,4 6940 3,01
299 59,6 6960 3,01
300 59,8 6980 3,01
301 60 7000 3,01

We select the values of the coefficient of regression (1) so as to ensure the best
correspondence to the observations in the hope of obtaining optimal estimates for unknown
true values of parameters. The assessment of the optimal correspondence is determined by
the minimum S (2), that is, the sum of the squares of the deviations:

S=ei+...+e? (3)

where e;, is the residue in observation i, the difference between the actual value in this
observation and the value y~predicted by regression equation (1).

e =Y —Yi=Yi—a—bixy; — byxy; (4)

Using equation (4), we can write:

S = z e? = Z(yi —a — byxy; — byxy; )? (5)
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First order necessary conditions for the minimum, i.e.

0S/0a =0,0S/0b_1=0 and 0S/ob_2 = 0 give the following equations:

aS

= =2 ) = a—byxy — byxy) = 0 (©)
a

as

= =2 ) Xy a = by — byxy) = 0 @

b,

aS

= =2 ) xy (= a = by — byxy) = 0 ®)

ab,

Therefore, we have three equations with three unknowns: a, b; u b,.The first
equation can be easily rearranged to express the value of a through b, and b, the
observation data of y:

a=y—bx; —byx; 9)

Using this expression and two other equations, by some transformations it is possible to
obtain the following expression for b,, defined through variance and covariance cov:

_ Cov(xy, y)Var(x;) — Cov(x,, y)Cov(xy, x;)
1 Var(x,)Var(x,) — (Cov(xy, x5))?

(10)

A similar expression for b, can be obtained by permuting x; and x,, in equation (10).
The principles underlying the calculation of regression coefficients do not differ in cases of
multiple and paired regression.

Using the data of Table 1, calculating the average values, variances, covariances,
independent variables x, and x, we substitute the found values in (1) - (10). Thus, we
determine the analytical type of the regression model of the dependence of the consequences
of floods on the scope of work and the costs of improving the protection of the hydraulic
structure:

$ = 59,564 — 0,357x, — 0,004x, (11)

Multiple regression analysis allows you to distinguish between influential
independent variables, while allowing for their correlation. The regression coefficient at
each variable x gives an estimate of its influence on the value of the constant influence on it
of all other variables.

The correlation coefficient, which shows how related the fluctuations in the values
of the indicators of consequences, scope of work and costs, is 91%. The coefficient of
determination was 84%, i.e. the obtained value is a fraction of the variance characteristic of
the dependent variable (consequences from floods), which is explained by the influence of
independent variables (scope of work and costs). Validation of the Fisher test of F (2.298) =
796.54 when compared with table data at significance level 0.05 also showed high
significance of the regression model.

Thus, the obtained designed model (11), the dependence of the consequences of
floods on the volume of work and the costs of improving the protection of the hydraulic
structure, will allow in the future to scientifically substantiate engineering and technical
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measures aimed at reducing the consequences of floods in case of destruction of the
hydraulic structure.

The resulting model also allows us to formulate a new scientific task to minimize
possible damage from flood emergencies by rationally choosing the amount of engineering
work and the necessary costs according to the efficiency-cost criterion.
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P. [I. Ocunog, XK. E. Xarynapos

Kazaxcman Pecnybnuxacolr TXKM Moanix Faboyninun ameindaser A3amammuik Kop2ay akaoemusicul,
Koexwemay, Kazaxcman

I'MIPOTEXHUKAIJIBIK K¥PbLIJIBICTATBI AITAT KE3IH/IE 3AKBIMIAHY JIbI
AHBIKTAY IbIH MATEMATUKAJIBIK MOEJII

Anoamna. Maxanaza cy TaCKbIHbI CaJlJapbIHBIH KYMBIC KOJEMIHE KOHE THIPOTEXHUKAIIBIK
KYPBUIBICTBIH KayINCi3AIriH apTThIPY WIBIFBIHAAPBIHA TOYEJAUIIIH KYpYy alrOpUTMI KeNTipUIreH.
Perpeccusiiblk  Tangay Heri3iHAE Cy TacKbIHBIHAH OoJlybl MYMKIH 3alajibl Oarajay/blH
aHAJMTHUKAIIBIK MoZeni »kacanjael. EcenTik MbIcall KenTipiareH. AJIBIHFAaH MOJETb HH)KEHEPIiK
KYMBICTApABIH JKoHE "THUIMIUTIK-KYH"KpUTEpUiil OOMBIHINIA Ka)KETT! WIBIFBIHIAPAbIHHETI3IHIE CY
TacKbIHbIHA OallIaHBICTBl TOTEHILE >KaFjaiiapfaH OONaThIH IIBIFBIHIAPABI a3aWTYyIbIH >KaHA
FBUIBIMU MIHJETIH KYpyFa MYMKIHJIIK Oepeil.

Tyuiinoi ce30ep: PETpecCUsIIbIK Tanjay, *XYMbIC KeJieMi, TOTEHIIE KaFJAalJblH calgapsl,
TUIMJIUTIT, KYHBI.

P. . Ocunos, XK. E. Xarynapos

Axademus epaxcoanckou 3auumsl umenu Manuxa I'a6oyniuna MUC Pecnyonruxu Kazaxcman,
Kokwemay, Kazaxcman

MATEMATUYECKAA MOJEJIb BBIABJIIEHUA YILIEPBA B CJIVUAE ABAPUN
HA TUIPOTEXHUYECKOM COOPYXEHNN

AHHOI’}’ZCZZ/!M}I. B cratbe MMPEACTABJICH aJITOPUTM IIOCTPOCHUA 3aBUCUMOCTU HOCJ’IG,Z[CTBI/Iﬁ
HaBOJIHeHI/Iﬁ oT o0BeEMa pa60T M 3aTpaT Ha IMOBBIICHUE 3alMUMIICHHOCTH TUAPOTCXHHYCCKOI'O
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coopyxenus. Ha ocHOBe NpOBENEHHOIO PErpecCCMOHHOTO aHajdu3a IOCTPOEHA aHAJIUTHYecKas
MO/IETb OLIEHKH BO3MOXHOTO yiiepda oT HaBogHeHui. [IpuBenen pacuerHslil npumep. Ilonyuennas
MOJIeTIb TMO3BOJISIET CPOPMYIHPOBATH HOBYIO HAY4YHYIO 3a7adyy MO MHHHUMH3AIUH BO3MOXXHOT'O
yiiepba OT 4Ype3BBIYAMHBIX CUTYyalluil, CBSA3aHHBIX C HABOJHEHHUSAMH, 33 CUET PALMOHAIBHOTO
BBIOOpa 00bEMa HMHKEHEPHBIX padOT M HEOOXOAMMBIX 3aTpaTr IO KPUTEPHUIO <«d(PPEKTHBHOCTH-
CTOUMOCTb.

Kntouegvie cnosa: perpecCUOHHBIN aHanu3, 00bEMBbI padOT, MOCIEACTBUS UYPE3BbIUANHOM
cuTyanuu, 3pPeKTUBHOCTh, CTOUMOCTb.
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