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The application of data compression methods is an ef-
fective means of improving the performance of information
systems. At the same time, interest is aroused to the methods
of compression without information loss which are distin-
guished by their versatility, low needs of costs during imple-
mentation, and the possibility of self-control.

In this regard, the application of binomial numbering
systems is promising. The numerical function of the binomial
numbering system is used for compression. It makes it pos-
sible to put sequences in one-to-one compliance with their
numbers. In this case, the transition from binary combina-
tions to binomial numbers is used as an intermediate stage.

During the study, theorems were formulated that indicate
properties of compressing and restoring the mappings as well
as the ways of their implementation. Models of compression
processes were obtained on the basis of a numerical function,
both for the case of compressible equilibrium combinations
and the case when sequences of a general form are to be com-
pressed. The compression models include coding steps based
on binary binomials.

The study results show the effectiveness of applying
the compression based on the binomial numerical function.
A 1.02 times increase in speed of information transmission
through a communication channel was observed in the
worst case and 18.29 times in the best case depending on
the number of ones in 128-bit equilibrium combinations.
The proposed methods are advantageous due to their high
compression ratio (from 1.01 to 16 times for general 128-bit
sequences) and versatility: combinations are compressed in
which the number of ones is 75 % of their total variation
range. The developed methods ensure control of errors
during conversions. They are undemanding to computation
resources and feature low implementation costs.

Keywords: binomial numbering systems, binomial nu-
merical function, binomial numbers, compression of binary
information.
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The developed method for forecasting the survivability
indicators of the executive element of a special-purpose sys-
tem based on analytical-stochastic simulation of a conflict
situation is presented. The purpose of the method was to
solve the problem of preserving and rational use of the re-
source of the executive elements to achieve the desired effect
of the functioning of special-purpose systems.

The method is sensitive to the description of the patterns
of changes in the survivability and efficiency indicators of
the system. It is supposed to compare the predicted value of
the survivability indicator with its criterion value and fore-
cast the time when the system loses the ability to effectively
perform tasks.

The survivability indicator is the mathematical expecta-
tion of the number of executive elements of a special-purpose
system, which retained their ability to perform tasks as in-
tended during a conflict situation.

Based on the results of the study, the values of the time
characteristics of a conflict situation were obtained, in partic-
ular, the duration of the corresponding states of the executive
element: preparation, waiting, implementation.

Graph-analytical simulation provides a solution to the
problem of forecasting the time when the loss of execu-
tive elements leads to the system’s inability to effectively
perform tasks.

Checking of the adequacy of the method showed that
the confidence interval of the discrepancy between the cal-
culation results of other methods with a confidence level
of 0.9 does not exceed 0.095, and no contradictions between

the methods were found. The proposed method provides an
increase in the efficiency of determining the corresponding
indicators within 8—11 % and reliability by 22 %. The pos-
sibility to determine the required reserve and the time for
introducing executive elements into the system can provide
a justification for how they are used to maintain the required
level of efficiency of a special-purpose system.

Keywords: forecasting method, survivability indicators,
system efficiency, analytical-stochastic simulation, conflict
situation.
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A recommendation system has been built for a web
resource’s users that applies statistics about user activities
to provide recommendations. The purpose of the system
operation is to provide recommendations in the form of
an orderly sequence of HTML pages of the resource sug-
gested for the user. The ranking procedure uses statistical
information about user transitions between web resource
pages. The web resource model is represented in the form of
a web graph; the user behavior model is shown as a graph of
transitions between resource pages. The web graph is rep-
resented by an adjacency matrix; for the transition graph, a
weighted matrix of probabilities of transitions between the
vertices of the graph has been constructed. It was taken into
consideration that user transitions between pages of a web
resource may involve entering a URL in the address bar of
a browser or by clicking on a link in the current page. The
user’s transition between vertices in a finite graph according
to probabilities determined by the weight of the graph’s
edges is represented by a homogeneous Markov chain and
is considered a process of random walk on the graph with
the possibility of moving to a random vertex. Random Walk
with Restarts was used to rank web resource pages for a par-
ticular user. Numerical analysis has been performed for an
actual online store website. The initial data on user sessions
are divided into training and test samples. According to the
training sample, a weighted matrix of the probability of user
transitions between web resource pages was constructed. To
assess the quality of the built recommendation system, the
accuracy, completeness, and Half-life Utility metrics were
used. On the elements of the test sample, the accuracy value
of 65-68 % was obtained, the optimal number of elements in
the recommendation list was determined. The influence of
model parameters on the quality of recommendation systems
was investigated.

Keywords: recommendation system, web graph, transi-
tion graph, Markov chain, random walk.
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In modern conditions, due to the vastness of the territory
of Kazakhstan, with a certain probability, natural disasters
such as earthquakes, floods, avalanches, as well as accidents,
destruction of buildings, epidemics, release of chemical toxic
substances at industrial enterprises, fires in educational and
medical institutions are possible, which justifies the rele-
vance of modern methods and technologies for solving the
problem of evacuation.

The peculiarity of this work lies in the formation of an in-
tegrated approach for organizing the evacuation process both
in peacetime as training for the event of an emergency situ-
ation (emergency), and in the event of the emergency itself.
A conceptual diagram of an evacuation system is proposed
that uses heterogeneous sources for receiving and trans-
mitting information about the onset of an emergency. The
input and output sources for receiving and transmitting
information about the number of people in the building are
determined. The main purpose of the system is to form an
operational real-time evacuation plan.

This work is the result of a phased implementation of
an integrated evacuation system, which consists in building
a mathematical model and a method for solving the problem
of maximum flow in the network. A mathematical model has
been developed for the optimal flow distribution along the
Grindshiels network with the analysis of the flow formation
and the characteristics of people’s motion in enclosed spaces.

A game-theoretic approach and mathematical methods of
the theory of hydraulic networks for finding an equilibrium
state in flow-distribution networks have been developed.
An algorithm for solving the evacuation problem using the
graph approach is proposed.

The results of this paper make it possible to systematical-
ly organize training evacuations, prepare resources, train the
personnel responsible for evacuation in order to quickly re-
spond in an emergency and carry out the evacuation process
in order to avoid major consequences.

Keywords: maximum flow, optimal plan, Grindshiels
network, Nash equilibrium, evacuation planning.
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Evacuation is often the only way to save a person who
is in a life-threatening situation. At present, evacuation
software is used to simulate the movement of human flows,
which does not always reflect the real processes of their
movement. Therefore, it is a relevant task to build models for
modeling the movement of human flows for different types
of emergencies, different categories of human movement,
and various spatial forms of their representation. Such a task
arises when evacuating people from premises for various
functional purposes.

During evacuation, people often carry some goods. When
people move carrying some goods, their horizontal projection
takes a more complex shape than an ellipse or circle consid-
ered in earlier studies. Moreover, in practice, there is often
a task to model the movement of people taking into consid-
eration the maximum permissible distances between them.

This paper reports the new quasi-phi functions of inter-
action between the ellipse and rectangle accounting for the
maximum allowable distances between them. The proposed
mathematical apparatus has made it possible to formalize the
interaction between objects, thereby enabling the construc-
tion of a well-substantiated mathematical model, as well as
the methods and algorithms for modeling the movement of
people carrying some goods.

The possibility to simulate the movement of people with
certain objects has shown taking into consideration the maxi-
mum permissible distances between them. A test example of
the movement of people along four corridors was simulated,
in each of which there were 28 people subsequently merging
into one flow. Given the uniform distribution of three types
of cargo: «backpacks», «suitcases», and «bags on wheels», the
movement slowed down by about 4 %. When half of the eva-
cuees had «bags on wheels» that can move away from people
at arm’s length, the slowdown was about 6 %.

Keywords: heterogeneous flows of people, individual-
flow movement, optimization by group of variables, nonlinear
programming.

References

1. Kholshchevnikov, V. V., Parfenenko, A. P. (2015). Compari-
son of different models of the movement of human flows and
results of program computer systems. Pozharovzryvobezo-
pasnost’, 24 (5), 68-75. doi: https://doi.org/10.18322/
pvb.2015.24.5.68-75.

2. Stoyan, Y. G., Yakovley, S. V. (2018). Configuration Space
of Geometric Objects. Cybernetics and Systems Analy-
sis, 54 (5), 716-726. doi: https://doi.org/10.1007/s10559-
018-0073-5

3. Stoyan, Yu. G. (1983). Osnovnaya zadacha geometrichesko-
go proektirovaniya. Kharkiv: In-t problem mashinostroeniya
AN USSR, 36.

4. Rvachev, V. L. (1982). Teoriya R-funktsii i nekotorye ee
prilozheniya. Kyiv: Nauk. dumka, 552.

5. Stoyan, Yu. G. (1975). Razmeschenie geometricheskih obek-
tov. Kyiv: Nauk. dumka, 240.



6. Stoyan, Yu. G., Gil', N. 1. (1976). Metody i algoritmy
razmescheniya ploskih geometricheskih obektov. Kyiv: Nauk.
dumka, 247.

7. Stoyan, Yu. G. (2001). ®@-function and its basic properties.
Doklady NAN Ukrainy. Ser. A, 8, 112—-117.

8. Stoyan, Yu., Scheithauer, G., Gil, N., Romanova, T. (2004).
®-function for complex 2D object. 40R Quarterly Journal of
the Belgian, French and Italian Operations Research Societ-
ies, 2 (1), 69-84.

9. Scheithauer, G., Stoyan, Y. G., Romanova, T. Y. (2005).
Mathematical Modeling of Interactions of Primary Geomet-
ric 3D Objects. Cybernetics and Systems Analysis, 41 (3),
332-342. doi: https://doi.org/10.1007 /s10559-005-0067-y

10. Kallrath, J., Rebennack, S. (2013). Cutting ellipses from area-
minimizing rectangles. Journal of Global Optimization, 59 (2-3),
405-437. doi: https://doi.org/10.1007 /s10898-013-0125-3

11. Subota, I. O. (2015). Zadacha optymalnoi upakovky elipsiv:
matematychni modeli i metodi rozviazannia. Kharkiv: In-
stytut problem mashynobuduvannia im. A. M. Pidhornoho
NAN Ukrainy.

12. Stoyan, Y., Romanova, T., Pankratov, A., Chugay, A. (2015).
Optimized Object Packings Using Quasi-Phi-Functions.
Springer Optimization and Its Applications, 265-293.
doi: https://doi.org/10.1007 /978-3-319-18899-7_13

13. Komyak, V., Komyak, V., Danilin, A. (2017). A study of ellipse
packing in the high-dimensionality problems. Eastern-Euro-
pean Journal of Enterprise Technologies, 1 (4 (85)), 17-23.
doi: https://doi.org/10.15587/1729-4061.2017.91902

14. Pankratov, A., Komyak, V, Kyazimov, K., Komyak, V., Nay-
dysh, A., Danilin, A. et. al. (2020). Development of models for
the rational choice and accommodation of people in mobile
technical vehicles when evacuating from buildings. Eastern-
European Journal of Enterprise Technologies, 4 (4 (106)),
29-36. doi: https://doi.org/10.15587 /1729-4061.2020.209256

15. Komyak, V. M., Sobol, A. N., Danilin, A. N., Komyak, V. V,,
Kyazimov, K. T. ogly (2020). Optimization of Partitioning
the Domain into Subdomains According to Given Limi-
tation of Space. Journal of Automation and Information
Sciences, 52 (2), 13-26. doi: https://doi.org/10.1615/jau-
tomatinfscien.v52.i2.20

16. Yakovley, S., Kartashov, O., Komyak, V., Shekhovtsov, S.,
Sobol, O., Yakovleva, 1. (2019). Modeling and Simulation
of Coverage Problem in Geometric Design Systems. 2019
IEEE 15th International Conference on the Experience of
Designing and Application of CAD Systems (CADSM).
doi: https://doi.org/10.1109/cadsm.2019.8779303

17. Antoshkin, O., Pankratov, A. (2016). Construction of optimal
wire sensor network for the area of complex shape. Eastern-
European Journal of Enterprise Technologies, 6 (4 (84)),
45-53. doi: https://doi.org/10.15587/1729-4061.2016.86171

18. Gil',N. L, Subbota, L. A. (2014). Quasi-phi-function for ellipse
segments. Systemy obrobky informatsiyi, 8 (124), 79-82.

19. Holschevnikov, V. V., Samoshin, D. A. (2009). Evakuatsiya
i povedenie lyudey pri pozharah. Moscow: Akademiya GPS
MCHS Rossii, 212.

DOI: 10.15587/1729-4061.2021.233944

INTEGRATING LINEAR ORDINARY FOURTH-
ORDER DIFFERENTIAL EQUATIONS IN THE MAPLE
PROGRAMMING ENVIRONMENT (p. 51-57)

Irina Belyaeva
Belgorod State University, Belgorod, Russian Federation
ORCID: https://orcid.org/0000-0002-7674-1716

Igor Kirichenko

Kharkiv National Automobile

and Highway University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-7375-8275

Oleh Ptashnyi

Kharkiv National Automobile

and Highway University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-6123-7253

Natalia Chekanova

Kharkiv National Automobile

and Highway University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-9134-2951

Tetiana Yarkho

Kharkiv National Automobile

and Highway University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0003-2669-5384

This paper reports a method to solve ordinary fourth-
order differential equations in the form of ordinary power
series and, for the case of regular special points, in the form
of generalized power series. An algorithm has been con-
structed and a program has been developed in the MAPLE
environment (Waterloo, Ontario, Canada) in order to solve
the fourth-order differential equations. All types of solutions
depending on the roots of the governing equation have been
considered. The examples of solutions to the fourth-order
differential equations are given; they have been compared
with the results available in the literature that demonstrate
excellent agreement with the calculations reported here,
which confirms the effectiveness of the developed programs.
A special feature of this work is that the accuracy of the re-
sults is controlled by the number of terms in the power series
and the number of symbols (up to 20) in decimal mantissa in
numerical calculations. Therefore, almost any accuracy al-
lowed for a given electronic computing machine or computer
is achievable. The proposed symbolic-numerical method
and the work program could be successfully used for solving
eigenvalue problems, in which controlled accuracy is very
important as the eigenfunctions are extremely (exponen-
tially) sensitive to the accuracy of eigenvalues found. The
developed algorithm could be implemented in other known
computer algebra packages such as REDUCE (Santa Moni-
ca, CA), MATHEMATICA (USA), MAXIMA (USA), and
others. The program for solving ordinary fourth-order differ-
ential equations could be used to construct Green’s functions
of boundary problems, to solve differential equations with
private derivatives, a system of Hamilton’s differential equa-
tions, and other problems related to mathematical physics.

Keywords: computer simulation, ordinary fourth-order
differential equations, generalized power series, regular spe-
cial points.
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The concept of efficiency is important in economic sci-

ence; at present, its role in every sector of the economy is
growing. Evaluating an enterprise’s efficiency makes it possi-
ble to implement a correct and profitable strategy of resource



allocation, which shows its potential level Given an annual
increase in the number of bankrupt enterprises, the issue of
estimating the efficiency of enterprises is relevant for both
their owners and managers, as well as for creditors. There are
various methods and models for estimating the performance
of enterprises. This work has assessed the efficiency of enter-
prises in the industrial sector over the period of 2017-2018.
Stochastic Frontier Analysis is based on the stochastic model
of production function. The classic SFA method is based
on the production function of the company, which relates
the volume of output to the volume of resources consumed.
At the same time, the SFA model uses several inputs (volumes
of resources consumed) and only one output parameter —
the volume of production.

In order to achieve more precise results, a given model
has been modified. The model allows several key financial in-
dicators to be taken into consideration as outputs at the same
time, based on which the financial activities of the studied
economic entities are assessed. The result of the work involv-
ing open sources has revealed how the efficiency of different
enterprises in the same industry changes over several years.
It is shown that the modified Stochastic Frontier Analysis
model could be used to assess financial stability and predict
bankruptcy.

Keywords: multifactor model, efficiency, stochastic me-
thod, bankruptcy, financial stability, panel data.
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PO3POBKA METO/(IB CTUCHEHHS IBIFIKOBOI IH®OPMAIIIi HA OCHOBI BIHOMIAJIbHOI UM CJIOBOI
OYHKIIII (c. 6-13)

I. A. Kymux, O. B. Bepeskna, A. I. Hosropoaues, M. C. IlleBuenko

EdexrnBHMM 3aX010M 110710 Mi/IBUIEHHST NPOAYKTUBHOCTI iH(OPMALITHIX CHCTEeM € BUKOPUCTAHHS METO/IB CTHCHeHHs aaHuX. [lpn
I[BOMY IHTEpEC BUKJIMKAIOTh METO/I CTHCHEHHsI 6e3 iHGOopMAI[ifiHIX BTpAT, 10 BiPI3HAIOTHCS YHIBEPCATBHICTIO, HEBUCOKNMHI BUMOTaMH /10
00csATy BUTPAT IPH peaiizailil i MOKJIMBICTIO CAMOKOHTPOJIIO.

V 3B’SI3Ky 3 IIUM TIEPCIEKTUBHUM € 3aCTOCYBaHHs GIHOMIATbHUX CHCTEM YUCIIEHHs. [[JIs1 CTUCHEHHST BUKOPUCTOBYETHCS YMCI0BA (DYHK-
1ist GIHOMIAIBHOT CHCTEMM YHCJIEHHS], sTKA JI03BOJISIE CTABUTH TIOCHIZIOBHOCTSM Y B3AEMHO OJIHO3HAYHY BiAMOBIAHICTD iX HOMepH. [Ipu 1iboMy
B AKOCTI TIPOMIKHOTO €Tally BUKOPUCTOBYETHCA Mepexil Bi/l ABIHKOBIUX KOMOIHAIIi 10 GiHOMIaIbHUX YKCeL.

B xozi gocaipkentst chopMyIboBaHi TeOpeMH, sIKi BKa3ylOTh BIACTHBOCTI CTUCKAIOUHX | BIZIHOBJIIOIOUHNX BiflOOPaKEHb, & TAKOXK CIOCOOU
ix peasizarii. OTpuMani Moziesti POIECiB CTUCHEHHS Ha OCHOBI YMCI0BOI (DYHKIIIT SK 151 BUIMAAKY, KOJIM CTHCKAIOTHCA PIBHOBayKHI KOMOiHa-
1, TaK i UIst BUMIAJIKY, KOJIM CTUCKAIOTHCS TIOCIIZIOBHOCTI 3arajibHOTO BU/LY. Mozies1i CTHCHEHHSI BKJIIOYAIOTh B cebe eTaru KOy BaHHs Ha OCHOBI
JBIHKOBUX GIHOMiaIbHIX YHCElI.

PesyuibraTi 10C/I/PKEHHS TT0Ka3YI0Th e)eKTUBHICTb 3aCTOCYBAHHS CTUCHEHHS HA OCHOBI 6iHOMiaJIBHOT UM CJIOBOL dynxuii. igsumenns
MIBUKOCTI Tepenadi indopMariii mo kanamy 3Bs13Ky croctepiractbest B 1,02 pazu B maiiripmomy Tta 18,29 pasu B Haiflkpamomy BHITaIKax
B 3aJICKHOCTI Bl KinbKOCTI ofiuHuIb B 128-po3psianux piBHOBaKHUX KOMOiHaIiit. Bucokuii cryninb crucuenns — sig 1,01 go 16 pasis s
128-po3psiHUX MOCIIJOBHOCTEI 3ara/IbHOTO BH/LY — Ta YHIBEPCATBHICTH BAKOPUCTAHHS — CTHCKAIOTHCSA KOMOIHAILT, KIJIbKICTh OJMHUID SIKUX
CcKITamae 75 % iX 3araqbHOTO /liala30Hy 3MiHIOBAHHSI — € TlepeBaraMu 3alipOMOHOBAHNX METOIiB. Po3pobiieHi MeToN 103BOISIOTH KOHTPOJTIO-
BaTU TIOMUJIKH [IPU [IEPETBOPEHHIX, HEBUMOTJINBI 10 PECYPCIB i MAIOTh HEBEJIUKUN 00CAT BUTPAT IIPK Peaisariii.

KiouoBi caoBa: 6iHoMiasibHi cucTeMu yncenns, GiHoMiaibHa drcioBa (GyHKILs, GiHOMIaTbHI YnC/Ia, CTHCHEHHsT ABIITKOBOT iH(OpMaItii.
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PO3POBJIEHHS METO/Y IIPOTHO3Y MOKA3HUKIB KMBYYOCTI BUKOHABYOT'O EJIEMEHTY CUCTEMU
CIEIIAJIbHOTO IIPU3HAYEHHS HA OCHOBI AHAJIITUKO-CTOXACTUYHOTI'O MOJIEJTIOBAHHA KOH®JIIKTHOI
CUTVYAIIII (c. 14-23)

C. 10. Torousinn, /1. A. Yona, O. A. Kinbmeninos, A. A. Jloitmun, K. M. Top6ayos

TIpencraBaennii po3pobIeHUI METO TPOTHO3YBAHHS TTIOKA3HUKIB KMBYYOCTI BUKOHABYOTO €JIEMEHTY CHCTEMHU CIIEIiaIbHOTO TPU3HAYCH-
HsT Ha OCHOBI aHAJIITHKO-CTOXaCTUYHOTO MOJETIOBaHHS KOH(MIIIKTHOT cuTyallii. MeToio po3pobJerHs MeToy cTajia HeoOXiAHICTh PO3B A3KY
npobiemu 36epeskeH s i pallioHaIbHOTO BUKOPUCTAHHS PECYPCY BUKOHABUYMX €JIEMEHTIB 3 METOIO IOCSTHEHHS MOTPIGHOTO eekTy DyHKI[0-
HYBAHHS CUCTEM CIICIiaJbHOTO MPU3HAYCHHS.

Metoz 4y TAUBUIL 10 OMUCY 3AKOHOMIPHOCTEN 3MiHN 3HAYEHb TTOKA3HUKIB JKUBYUYOCTi i e(heKTUBHOCTI (DYHKIIIOHYBAHHS CUCTEMU CIIeIli-
aJIbHOTO NpU3HAUYeHHs. MeTo epenbadae mopiBHIHHS TPOTHO30BAHOTO 3HAYEHHS TTOKA3HNUKA KMBYYOCTI i3 HOrO KpUTEPiaTbHUM 3HAYCHHIM
Ta IIPOTHO3YBAHHS MOMEHTY Yacy KOJII CHCTEMa CIIeIiaTbHOTO IPU3HAUYeHHS BTPAYa€e 3/[aTHICTh e(heKTHBHO BUKOHYBATH 3aB/aHHI.

[ToxazHUKOM KUBYUYOCTI NPUIHATO MaTeMaTUYHE OUiKYBAHHS KiJIBKOCTI BUKOHABUUX €JIEMEHTIB CUCTEMU CIEIIiaJbHOTO IIPU3HAUCHHS,
1110 30€peryIN CBOIO 3IATHICTD 10 BUKOHAMNHS 3aBIaHb 32 MPH3HAYEHISIM B X0/ KOH(IIKTHOI cHTyaril.

3a pesyJbraTaMy JIOCJIKEHHST OTPUMaHi 3HAYCHHS YaCOBUX XapaKTEePUCTUK KOH(IIIKTHOI CUTYallil, 30KpeMa TPUBAIOCTI 3HAXO/KEHHS
BHKOHABYOTO €JIEMEHTY Y BI/IOBITHIX CTAHAX: Mi/ITOTOBYOMY, OYiKyBAHHS, IMIIJIEMEHTAITii.

Bukopucranust rpabo-aHaII THYHOTO MOJIETIOBaHHsI 3a0e31euy€e BUPINIeHHsI 3aBIaHHsI TIPOTHO3YBAHHSI MOMEHTY Yacy, KOJII BTPaTH BUKO-
HaBUYMX €JIEMEHTIB IIPU3BO/ISITD /10 HEMOKIMBOCTI €(heKTHBHOTO BUKOHAHHST 3aB/IaHb CHCTEMOIO.

[TepeBipka ajlekBaTHOCTI MeTO/y ITOKa3asa, 10 JOBIpUMil iHTepBaT HEB'SI3KM MiXK Pe3yJbTaTaMH, SIKi PO3paxoBaHi iHITUMHU METOTaMI
3 soBipyoio iimosipuictio 0,9, He epesuiye 0,095, TpoTHUPiU MiK METOAMU HE BUSIBJIECHO.

Peaurizattist 3aIIpOITOHOBAHOTO METOAY 3a0e3IeUye 3POCTAHHS OMEPATHBHOCTI BU3HAYEHHS Bi/IMOBITHNX TOKasHUKIB y Mexkax 8—11 %
Ta JI0CTOBIPHOCTI pe3ybraTiB Ha 22 %. MOKJIMBICTh BUSHAYEHHS MOTPIGHOTO PE3EPBY Ta Yacy BBENEHHsI 10 CKJIALy CHCTEMH BUKOHABUYMX
€JIEMEHTIB MOKYTh 3a0e3meunTn 00rpyHTYBaHHs COCOOIB iX 3aCTOCYBaHHS /IS 30ePesKEHHs TTOTPIOHOTO PiBHA eeKTUBHOCTI CUCTEMU CTie-
1iaJTbHOTO MPU3HAYEHH.

Kmo4oBi cioBa: MeTO/1 IIPOrHO3YBaHHS, TOKA3HUKH SKUBYYOCTI, e(PeKTUBHICTb CHCTEMH, aHAJTITHKO-CTOXACTHYHE MOJIEJTIOBAHHS, KOH(D-
JIIKTHA CUTYaIlis.
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PO3POBKA PEKOMEHJIAIIITHOT CUCTEMU, 3ACHOBAHOT HA TPA®I IIEPEXO/IIB (c. 24-31)

H. A. Iyk, O. B. Bep0a, B. I. €snakos

TTo6yioBaHO peKOMEHAIINHY CHCTEMY JUIsI KOPUCTYBadiB BeO-pecypey, siKa /Uil HaJlaHHsI PEKOMEH/AINH BUKOPUCTOBYE CTaTHCTHYHI
JaHHi npo il Kopucrysauis. MeToio pobOTH cHCTEME € HaJlaHHsl peKOMEHAIliil y BUIIIsii BopsiakoBaHoi nociaigosHocti HTML-cropinok



pecypcy, SIKi IPOIIOHYEThCS Bi/IBiIaTH KOpHUCTyBayesi. /Il BUKOHAHHSA TPOIeyPU PaHKyBaHHS BUKOPUCTOBYETHCS CTATHCTHYHA iH(OpMa-
Iist PO MEePexX0/Iu KOPUCTYBaUiB Mixk cTopiHkamu BeOG-pecypcy. Mozenb BeO-pecypey 300paskeHo y BUrsi BeO-rpada, a Mojiesb MOBEIHKI
KOpPHCTYBavya — y BUIJIsIAI rpada 1mepexojiiB Mixk cropiHkaMu pecypey. Beb-rpad mogaerbest MaTpuIieio cyMizKHOCTI, 1uist Tpacdha 1mepexoin
1moGy/I0BaHO 3BasKeHy MATPHILO HMOBIpHOCTEH 1epexo/iiB Mixk BepinHamu rpada. Bpaxosano, 1110 rnepexojin KOpUCTyBada Mik CTOPiHKAMU
BeO-pecypey MOKYTS 3aiticHioBatucst musixom BBoxy URL-azpecu B anpecuuii pamok 6paysepa, abo MIISIXOM TTePexoLy 3a TTOCUTAHHAM Ha 0=
TouHil cTopintii. [lepexix kopucTyBaua Mik BepIIMHAME Y CKiHUeHHOMY rpadi y Bi/IIIOBIHOCTI /10 IMOBIPHOCTEI, SIKi BU3HAYAIOTLCST 32 BAr0I0
pebep rpady, 300paKyEThCs OMHOPIAHNM JAHIIOTOM MapKoBa U BBasKa€ThCs TIPOIECOM BUMIAAKOBOTO OIyKaHHS Ha Tpadi 3 MOKIUBICTIO TIe-
PEXO/y Y BUIIAAKOBY BepIIuy. /{7t panKyBamHHst CTOPIHOK BeG-pecypey st IEBHOTO KOPHUCTYBAavYa BUKOPHCTOBYEThCsT MeTonr Random Walk
with Restarts. YucoBuii anasis BUKOHAHO JJIs iCHYI040rO BeO-caiiTa inTepHer Marazuna. Buxiaui gani npo KOPHCTYBallbKi cecii IoziJIeHo Ha
HaBYAJIbHY Ta TECTOBY BHOIPKH. 3a JaHMMHU HaBYaIbHOT BUOIPKH GyJI0 MOGYI0BAHO 3BaKEHY MATPHILIO IMOBIPHOCTI TIEPEXO/IiB KOPHCTYBAYiB
Mizk cTopinkaMu BeG-pecypey. s oliHKY SKOCTI oGy I0BaHOT peKOMEeHAAIIHHOT CHCTeMI BUKOPUCTAHO METPUKI TOYHOCTI, moBHOTH Ta Half-
life Utility. Ha esemenTtax tectoBoi BUOIpKH OTPUMAHO 3HAYEHHST TOYHOCTI 6568 %, BU3HAYEHO ONTHUMAJIBHY KiJIbKICTh €JIEMEHTIB Y CIIUCKY
pexomMenzariiii. JlocsizkeHo BIUIMB MapaMeTpiB MOZIENI Ha SIKiCTh PEKOMEHIAIIHOI CHCTEM.
Kimo4oBi cioBa: pekomeHarliiina cucrema, BeG-rpad, rpad nepexosis, ganior Mapkosa, BUMaJKOBe OIyKaHHS.
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PO3POBKA CUCTEMHOTO MIJIXOAY TA MATEMATUYHOT'O 3ABE3IIEYEHHSA ITPOIECY EBAKYAIIII (c. 31-42)

Yedilkhan Amirgaliyev, Aliya Kalizhanova, Ainur Kozbakova, Zhalau Aitkulov, Aygerim Astanayeva

VY cyuyacHuX yMOBaXx, 3Bakaioun Ha OOIIMPHICTL TepuTopil Kazaxcramny, 3 HeBHOIO HMOBIPHICTIO MOKJINBA 110SIBA CTUXIITHUX JIMX, TAKUX STK
3eMJIETPYC, OBIHb, CXO/UKEHHS JIABIH, & TAKOK aBapii, pyiiHyBaHHs Oy1iBesib, eriieMist, BUKU/ XIMIYHUX OTPYHHUX PEYOBHH Ha TPOMHCIOBUX
MHANPUEMCTBAX, TTOKEK] B HABYAIBHIX 1 JIIKYBAJIbHIX YCTAHOBAX, IO | 0OTPYHTOBYE aKTyaIbHICTh CYYaCHUX METO/IB I TEXHOJIOTT BUPIIIIEHHS
3aB/IaHHS eBaKyallii.

OcobauBicTb ganoi poboTH TosTae y (hopMyBaHHiI KOMIIJIEKCHOTO THAXO/Y AJIst Opraisaliii mporecy eBakyailii Sk B MUPHHI 9ac B AKOCTI
MiJIFOTOBKY /10 BUHUKHeHHs HajzBudaitnol curtyauii (HC), tak i npu Hactanni camoi HC. 3anpornoHoBana KoHIENTyalbHA CXeMa CHCTEMHI
eBaKyalrlii, 110 BUKOPHUCTOBYE TeTepOreHHi /Kepesta npuiiomy i mepenadi indopmartii mpo nactannsg HC. Buznaveno BXizHi Ta BUXiIHi /Kepesra
npuiiomy Ta nepezaui indopmariii 1po KibKicTb ozeii y 6yaisai. TonoBHOIO MeTOIO cucTeMu € (popMyBaHHsI OIIEPATUBHOTO IJIaHy eBaKyarlii
B PEKUMI peasbHOTO Yacy.

Jlana poGoTa € pesysbraToM TOeTaIHol peasisallii KOMIUIEKCHOT CHCTEeMHU eBaKyallii, 110 [oJsrac B HoOyA0BI MareMaTuyHOi Mojesi
i METOLy BUPILIEHHSI 3a/1a4i MAKCUMAJILHOTO IIOTOKY B Mepeki. PO3po0IeHO MaTeMaTUuHy MOJIE/Tb ONITUMATBHOTO PO3MO/ILY TIOTOKY T10 TPiH/I-
MITJICHKIT Mepeski 3 aHaTi30M (POPMYBAHHS TOTOKY Ta XapAKTEPHCTHKOIO CITOCOGIB IPOCYBAHHST JIIO/IEN Y 3aMKHYTHX IpocTopax. Pospobieno
TEOPETUKO-ITPOBUI Ii/IXi/l Ta MAaTeMaTUYHI METO/U TEOPii TiJIPaBJiYHUX MepesK /I 3HAXO/KeHHS CTaHy PIBHOBArU B IIPOTOYHO-PO3IO/IiIb-
HIX Meperkax. 3alPOIIOHOBAHO AJTOPUTM PO3B’SI3aHHS 3a/1a4i IIPO €BAKYyallilo 3 BUKOPUCTAHHAM IpadOBOTO TiIXOTY.

PesynbsraTu 1aHoI CTATTI J03BOJISIOTH CHCTEMHO OPraHi3yBaTH HaBYaJIbHO-TPEHYBa/IbHI eBaKyallii, T/ IroTyBaTH PecypcH, HaByaTu 1epco-
HaJI, BIIOBIIATIbHIH 32 eBaKyailito, o6 NPy BUHUKHEHH] HA/[3BUYAHHOT CUTYAIlii ONIEPATUBHO PearyBaT i MPOBECTH MPOIEC eBaKyaIlii st
YHUKHEHHS BeJTMKIX HACJIi/IKIB.

KmoyoBi ciioBa: MakCUMaJIbHUIL MOTIK, ONTHMAJIbHUIT IJ1aH, TPIH/IIINIICbKA Mepeska, piBHOBara Hera, myianyBaHHs eBakyaitii.
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PO3POBKA MOJIEJI TA AJITOPUTMY MOJEJTIOBAHHSA PYXY JIIOJIEI 3 BAHTAKEM IIPU EBAKVYAIII 3
BYIIBEJIb (c. 43-50)

O. B. ITankparos, B. M. Komsxk, K. T. Kaaumos, B. B. Komsxk, O. A. Tapacenxko, O. A. Auromkus, I0. B. Mumepsikos,
M. M. loaroayux

EBakyaltist — yacto euHuii crocié mopATYHKY JIOAMHE, IO ONUHUJIACS B HeOe3NeuHiil 1 KuTTst curyaiii. B Tenepimmiil yac npu
eBaKyallii BUKOPUCTOBYIOTBCSI TIPOTPAMU MOJIEJIIOBAHHS PYXY JIOACHKHUX TIOTOKIB, SIKi He 3aBXK/U BifloOpakaloTh peasibHi mporecu ix mepe-
Mintertst. Tomy akTyaabHOIO TIPOOJIEMOIO € PO3POOKa MOJEIEH sl MOJIENIOBAHHST PYXY JIOACKKUX MOTOKIB uist pisnux Bugis HC, pisnnx
KaTeropiii pyxy Jioeil Ta pisHux mpoctopoBux GopM ix npeacrasients. Taka mpobeMa BUHUKAE IPU eBaKyallii Jrojeil 3 Gy INHKIB Pi3HOTO
(yHKITIOHATBHOTO TPU3HAYCHHS.

TIpu eBakyarii yacTo Joau pyxaioThes 3 Bantaskem. [Ipu pyci ozieii 3 BaHTaxkeM, iX ropu3oHTaIbHa IPOEKIlisa Mae Giibli ckaaany hopmy,
HIZK estine abo KoJIo, IK PO3IJIHYTO B POOOTAX MOMEPeHIX AOCAIIHNKIB, BiJIbI TOro Ha MPAKTHIN YaCTO BUHUKAE 33/[a4a MOJIETIOBAHHS PYXY
JIoJIell 3 ypaxyBaHHsAM MaKCHMaIbHO-/[OMYCTUMUX BiZicTaHell Mk HIMU.

Orpumano HOBI kBasi-phi-hyHKIT B3aeMo/il eJiinica 3 IPSIMOKYTHUKOM 3 ypaXyBaHHsIM MAKCUMAaJIbHO-/I0Iy CTHMUX BiZICTaHell MiXK HUMIL
3anponoHoBaHNi MaTeMaTUYHII anapar J03BOJUB (GOPMai3yBaTH B3a€MOJIII0 00’EKTIB, 0 a0 MOKJIMUBICTL MOOYayBaTH OOTPYHTOBaHI
MaTeMaTHYHY MOJIe/Ib, METO/IM Ta AJITOPUTMU LTI MOJIETIOBAHHS PYXY JIO/Ieil 3 BAHTAXKEM.

TTokaszana MOKJIMBICTD MOJIETTIOBAHHS PYXY JIIOZIEH 3 IOTIOMIKHIIMHE 3aC00aMN 3 YPAXyBaHHSIM MaKCHMAJIBHO-IOIYCTUMUX Bi/[CTaHEl MiX
HUMH. 3/i#iCHEHO KOMIT I0TepPHE MOJIEJIIOBaHHS TeCTOBOTO IIPUKJIA/IA PyXY JIOJIEH [0 YOTHPHOX KOPH0PaM, B KOKHOMY 3 SIKUX 3HAXOUTHCS MO
28 40JI10BIK i3 3JIMBaHHAM B OJ[1H HOTiK. [Ipn piBHOMIpHOMY PO3IHO/iIY TPHOX BU/IIB BAHTAXKY: «PIOK3aKiB», «BaJli3» Ta»CyMOK Ha KOJIIATKAX>
CIIOCTEPITAOCH YITOBIIbHEHHST pyXy 6/13bK0 Ha 4 %. Kot y moToBIHHN eBaKyiOBAHNX € «CYMKH Ha KOJIIIATKaX», SIKi MOKYTh Bi/ITaJISITHCS
BiL JIO/ICH HA BiZICTaHb BUTATHYTOI PYKH, CIIOCTEPIrasoch yIOBUIbHEHHS 6J13bKO Ha 6 %.

KimouoBi cioBa: rereporeHHi MOTOKH JIOJEH, iHANBIAYaJbHO-TIOTOUHUI PyX, ONTHUMI3allis 3a IPYNo0 3MIiHHMX, HeJiHiiiHe mporpa-
MYBaHH:I.
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IHTETPYBAHHSI JIIHITHUX 3BUYAHUX JUOEPEHIIAJIBHIX PIBHSIHb YETBEPTOTO IIOPSIZIKA B CEPEZIOBHIIII
MAPLE (c. 51-57)

I. M. Beasesa, I. K. Kupuuenko, O. /1. Iltamuuii, H. M. Yekanosa, T. O. fpxo

3arporoHOBAHO METOJ PO3B’SI3KY 3BMYAITHUX (epeHIiaTbHIX PIBHSIHD Y€TBEPTOTO MOPSIIKY B BUIJISI/II 3BUYANTHUX CTEIICHEBUX PSI/IB,
a JIUIsT BUTIAZIKY HASIBHOCTI PETYJSIPHUX OCOOIMBUX TOYOK B BUTJISIII y3aralbHEHIX CTETIEHEBUX Psi/iB. PO3po6JIeHo aIropuT™ i crJiajiena mpo-
rpama B cepezosuini MAPLE (Waterloo, Ontario, Canada) iist po3s’si3ky nudepeHIiaibHuX PiBHAHD YeTBEPTOTO TOPSIIKY. PosrisiHeHo Bei
TUTIN PO3B’SI3KIiB B 3aJI€KHOCTI Bi/l KOPEHIB IOCII/KYBaHoTo piBHAHHA. HaBenmeno npuxiaan po3s’sasky aAndepeHitiaJbHixX piBHSIHD YeTBep-
TOTO TOPSZIKY I HaBe/IeHO MOPIBHAHHSA 3 ICHYIOUNMH B JIiTEpaTypi pe3yJbraTaMi, sIKi HOKa3yIoTh IIOBHY 3TO/ly 3 IAHUMU PO3pPaxXyHKaMH, 110
HiATBEpKYE eheKTUBHICTH po3pobaeHux nporpam. CyTTEBOI PO3NIZHABAIBHOI OCOOMMBICTIO aHOT POOOTH € T€, O TOYHICTh PE3yJIbTaTiB
KOHTPOJIOETHCS YNCIIOM UJIeHIB B CTENEHeBUX Ps/laxX i KibKicTio 3HaKiB (710 20 3HAKIB) B MAaHTHCAX IECATKOBUX YHMCEJI TIPU TIPOBEICHH] -
CeJIbHUX PO3PaxyHKiB. TOMy € MOXKJIMBICTD ZOCIITH OY/b-SIKY TOUHICTD, SIKA MOJKJIMBA HA JAHIH eJIeKTPOHHO-004MCIIIOBAIbHI MauHi a60
KOMIT'IOTEpY. 3alPOMOHOBAHUI CHMBOJIbHO-YMUCETLHIN METO/ Ta poboYa mporpaMa MoKy Th OyTH YCIIIITHO BUKOPUCTAHI TPU PO3B’SI3KY 3ajiau
HA BJIACHI 3HAYEHHS, B IKUX JIY’Ke BJKJIMBA KOHTPOJIIOEMA TOYHICTD, TAK K BJIACHI 3HAYEHHS JIyKe (€KCIIOHEHIATIbHO) YYTINBI 10 TOYHOCTI
3HANIEHUX BJACHUX 3HAYCHB. PO3POOIECHUI a/iropuT™ MOKe OyTH peanisoBaHuil B IPYTUX BIIOMUX ITAKETaX KOMIT OTEPHOI anreOpu, TAKuX siK
REDUCE (Santa Monica, CA), MATHEMATICA (USA), MAXIMA (USA) Ta inmux. [Iporpama po3s’sisky 3Bu4aiinux AndepeniriaabHirx
PIBHSIHb YETBEPTOTO MOPSIAKY MOKe OYTH BUKOpHCTaHa st 1o0ynosu dyHkiiil [pina KpaiioBux s3anad, 1uist po3s’sasky audepeHiaabHuxX
PIBHSIHD 3 YACTHHHUMH TOXITHIMM, CHCTeMN ndepentiiaTbHIX piBHAHD [aMisbToHa Ta B IPYTHX 3a/1aUuaX MaTeMaTUIHOI (hi3uKH.

KirouoBi cioBa: KoMIT'I0TepHE MOJIEIOBAHHS, 3BUYaliHi [udepeHitianbHi PIBHSHHS YeTBEPTOTO MOPSIZIKY, y3arajbHeHi CTereHeBi psiiu,
perymsipai 0co6/ MBI TOUKH.
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[TousiTTs eeKTUBHOCTI 3aiiMa€ Bask/IMBe 3HAYEHHS B €KOHOMIUHIIl Haylli, a HAa ChOTOAHIIIHII /IeHb crocTepiraeToes ii 3pocTarda poJib
B KOKHOMY CeKTOpi ekoHOMikH. OTiHKa e(eKTUBHOCTI MiIIPUEMCTBA A€ MOKIMBICTD 3[IIICHUTH BipHY Ta BHUTIIHY CTPATETiI0 PO3TOIITY
pecypeiB, 10 TOKa3ye ii MoTeHIiHHNuI piBeHb. Y 3B’43KY 3 IOPIYHIM 3POCTAHHAM YKcIa 30aHKPYTIIMX THAPUEMCTB IPoGIeMa OIiHKK edek-
TUBHOCTI JIiSIIBHOCTI MIMPUEMCTB aKTyaIbHa SIK U1 iX BAACHUKIB 1 KEPYIOUnX 0Ci0, Tak i 11t KpeauTopis. ICHYIOTh pisHi MeToaM Ta MoeJTi
OLIHKK e(heKTUBHOCTI MISIbHOCTI TiANpueMcTB. Y AaHiil po6oTi BUKOHAaHA OMIHKAa e(heKTUBHOCTI AiSIbHOCTI TiANPUEMCTB IPOMUCIOBOT
ramysi 3a nepiog 2017-2018 poxu. Stochastic Frontier Analysis (SFA) 3acHoBaHO Ha cToXacTUuHil Mozeni BupoOHnUoi hyHKiii. Knacuanuit
Mmertoz SFA 3acHoBanuii Ha BUPOOHUYIN (DYHKIHT TAMPUEMCTBA, 110 3B’13y€ 00CAT TPOAYKILL, 110 BUIYCKAETHCS, 3 0OCITAMU CIIOKUBAHUX
pecypcis. [Tpu bomy mozesib SFA BUKopuUcTOBYE Kijibka BXiHUX (0OCATH CIIOKUBAHUX PecypeiB) i TIIbKU OAMH BUXIZAHWIT mapaMeTp — o6csr
TIPOIYKILii, IO BUITYCKAETHCS.

Jlist jocsarientst GiIbIn TOYHUX pes3yJibratiB Oysa BUKoHaHa Mozaudikaiis ganoi Momesi. Mojeab 103B0JIsIE BPAXOBYBaTH OJHOYACHO
JIeKiJIbKa KJII0YOBUX (hiHAHCOBUX ITOKA3HUKIB B SIKOCTI BUXI/IHUX JIaHKUX, HA OCHOBI SIKMX OIIHIOEThCS (hiHAHCOBA JISATBHICTD JIOCTI/PKYBaHUX
eKOHOMIYHUX 00’eKTiB. B pesyssrati mposeeHoi po6oTH 3 BUKOPUCTAHHIM BIIKPUTHX JFKEPET MOKHA MOOAYUTH, SIK 3MIHIOETHCST eheKTHB-
HiCTH PIBHUX MiANPUEMCTB OfiHiel Tamysi 3a Kijbka pokis. [Tokaszano, mo Moaudikosana Mogensb Stochastic Frontier Analysis moxe 6yTtn
BUKOPHUCTaHA I OIiHKK (BiHAHCOBOI CTIKOCTI Ta MPOrHO3yBaHHS OaHKPYTCTBA.

KimiouoBi cioBa: 6aratodakropta Moze/b, epeKTHBHICTD, CTOXaCTUYHUI MeTO/I, 6aHKPYTCTBO, (hiHaHCOBa CTIHKICTD, MaHe bHI HaHi.



