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Information about Project CPEA-LT-2016/10003 “Advanced Collaborative
Program for Research Based Education on Risk Management in Industry and Services
under Global Economic, Technological and Environmental Changes: Enhanced Edition”.
Project CPEA-LT-2016/10003 is financed Norwegian Directorate for Higher Education
and Skills (NDHES).

Main Partners:

Norwegian University of Science and Technology (NTNU, Trondheim, Norway),
Department of Industrial Economics and Technology Management, Project coordinator
Institution in [Norway (IiN): Prof. Alexei Gaivoronski.

Taras Shevchenko National University of Kyiv (TSNUK), Faculty of Computer
Science and Cybernetics (Kyiv, Ukraine), Project coordinator Institution outside Norway
(IoN): Dr., Prof. Volodymyr Zaslavskyi.

Network Partners:

V.M. Glushkov Institute of Cybernetics of the National Academy of Science of
Ukraine (NASU, Kyiv, Ukraine), Batumi Shota Rustaveli State University (BSU, Batumi,
Georgia), Ivane Javakhishvili Tbilisi State University (TSU, Thilisi, Georgia), Moldova
State  University (MSU, Moldova), Academy of Transport, Informatics, and
Communications (ATIC, Moldova), Miratech Corporation Ukraine (MCU, Kyiv, Ukraine),
International Institute for Applied System Analyses (IIASA, Austria), Systems Analysis
Committee of NASU (Kyiv, Ukraine).

The main goal of the CPEA-LT-2016/10003 project is to enhance educational and
academic collaboration between Norwegian University of Science and Technology and the
leading Ukrainian, Georgian and Moldavian Universities for training highly qualified
specialists in the field of quantitative risk management and risk optimization, decisions
support under risk and uncertainty in different branches of economics, industry and
services.

In the project will result in development of new research based study modules in
quantitative risk management, optimal economic decisions under risk and uncertainty on
PhD and Master of Science levels at these institutions.

The modules will be based on contemporary models of systems analysis, discrete and
stochastic optimization and decision making theory under uncertainty, which during the last
years became a methodology for analysis of planning problems in industry and services in
the presence of ambiguity.



Norwegian Directorate
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The cooperation will be based on a framework presented in the Bologna declaration
as well as on the previous experience of NTNU’s cooperation with research and
educational institutions in Ukraine, Moldova and Georgia.

The objectives of the project are:

1. Establishing of a joint pilot PhD-school in the field of Quantitative Risk
Management in accordance with European educational standards, which will be a pattern
for similar PhD-schools in other fields.

2. Incorporation of Quantitative Risk Management methodology into educational
Master programs at loNs in accordance with EU standards.

3. Promotion and supporting of students, faculty and staff mobility for participated
institutions from Norway, Ukraine, Moldova, and Georgia was organized “Norwegian-
Georgian-Moldavian-Ukrainian Summer School on Quantitative Risk Management” (1-15
October, 2018, Batumi Shota Rustaveli State University, Batumi, Georgia).

4. Harmonization of curriculum and QA systems at the partner institutions based on
Bologna declaration and national legislation for education and science.

5. Increasing cooperation in promoting research based education on Risk
management with applications in industry, economy and environmental safety.

6. Network development and promotion of business connections between Norway,
Ukraine, Moldova, and Georgia.

7. Internationalization of the programs for assurance of high international standard of
both programs by leveraging international educational and research networks of NTNU in
the field of risk management, industrial economics and optimal decision support under risk
and uncertainty.

In 2020, the conference planned for the project in Moldova was not held due to the
coronavirus pandemic COVID-19. At the same time, the Norwegian Directorate for Higher
Education and Skills (NDHES) support to extend the implementation period of the project
CPEA-LT-2016/10003 until 2022.

International conference ‘“Mathematical modeling, optimization and information
technologies” in Chisindu, Moldova, November 15-19, 2021 is organized with the
participation of all project partners, students, PhD students, scientific and pedagogical staff
in order to exchange experience, new results of scientific research related to the topic.
project.

Professor Alexei GaivoronskKi,

Project coordinator Institution in Norway

Professor Volodymyr Zaslavskyi,

Project coordinator from Institution outside of Norway



INSTITUTIILE PARTICIPANTE - YYACTBYIOIIME OPITAHU3ALIUHN

A feature of this international conference is its online mode, which
allowed scientists, students and PhD students from different countries to
take part in its work, make presentations and listen to new scientific
results.

The conference was attended by researchers and teachers, students
and PhD students from academic institutions and universities of Ukraine
(52), Moldova (13), Georgia (8), Austria (2), Norway (1), Azerbaijan (2)
and other countries. Below is a list of organizations whose employees took
part and were listeners at the conference.

1. Austria, International Institute for Applied Systems Analysis
(HASA), Laxenburg

2. Azerbaijan, Institute of Control Systems of Azerbaijan NAS, Baku

Azerbaijan, Institute of Mathematics and Mechanics of Azerbaijan

NAS, Baku

Belarus, Belarusian State University, Minsk

Finland, University of Turku, Turku

Georgia, Batumi Maritime State Academy

Georgia, Batumi Shota Rustaveli State University

Georgia, Georgian Technical University, Thilisi

9. Georgia, lvane Javakhishvili Thilisi State University, Thilisi

10.Moldova, Academia de Studii Economice, Chisinau

11.Moldova, Academia de transport, informaticd si comunicatii,
Chisinau

12.Moldova, Institutul de Matematica si Informatica ASM, Chisinau

13.Moldova, Universitatea de Stat din Moldova, Chisinau

14.Norway, Norwegian University of Science and Technology,
Trondheim

15.Russia, Limnological Institute of the Siberian Branch of the
Russian Academy of Sciences, Irkutsk

16.Russia, Federal Research Center for Information and
Computational Technologies and Novosibirsk State University,
Novosibirsk

17.Turkey, Dokuz Eyliil University, lzmir

18.Turkey, Ege University, Izmir
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19.Vkpaina, Iacturyr kiOepueruku imeni B.M. I'mymkoa HAH
Vkpainu, Kuis

20.Ykpaina, KuiBchkuil HamioHanbHUU yHiBepcuTeT iMeHi Tapaca
IIeBuenka, Kuis

21.VYxpaina, Iactutyr  mpobiem — MaIIMHOOYAYBaHHS M.
A.M. Iligropaoro HAH VYkpainu, XapkiB

22.Yxpaina, Meauunuii peaOinmitamiinuii neHtp «Ilyma-Boauis
MBC Yxkpainn, Kuis

23.Ykpaina, 3anopi3bKuii HalllOHATBHUN YHIBEPCUTET, 3arOPiXOKS

24. Yxpaina, IHCTHTYT  TenmekoMyHikamii 1 TII0OaIBHOTO
indopmariinoro nmpocropy HAH VYkpainn, Kuis

25.Ykpaina, KuiBcekwii yHiBepcuTeT iMeHi bopuca I'pinuenka, Kuis

26.Ykpaina, HammionaneHui aBianiitauii yaiBepcutet, Kuis

27.Yxpaina, HarioHanpHWIA TEXHIYHHUN yHIBEpCHTET YKpaiHH
«KuiBchkuit momniTexHivHNHA iHCTHTYT iMeHi Iropst CikopchKoroy,
Kuis

28.Ykpaina, HarionanpHHI yHIBEPCHUTET «3amopi3bKa MOMITEXHIKay,
3amopixoks

29.VkpaiHa, VYKpailHCbKMH JepKaBHUH  XiMIKO-TEXHOJIOTTYHHHA
yHiBepcureT, [{Hinpo

30. Ykpaina, JJHHY «Axaznemis ¢piHaHCcOBOTO ynpasmiHHI», Kuis

31.Ykpaina, [acrutyT enexrpoaunamiku HAH Ykpainu, Kuis

32.Ykpaina, JIpBiBCbKMI HalllOHaJIBHUM yHiBepcuTeT iMeHi I[Bana
®panka, JIpBiB

33.Ykpaina, Hauionansauii yHiBepcuter «KueBo-MorumsiHcbKa
axkazemis», Kuis

34.Yxpaina, Hantionansnuii yaiBepcuteT «JIbBiBCbKa MOJiTEXHIKaY,

35.VYkpaina, ABH3 «Yxropoacbkuil HaumioHaJbHUK YHIBEPCHUTET»,
Yxropon

36.Ykpaina, YHiBepcureT nep:kaBHOI (icKanbHOI Ciry>kOM YKpaiHu,
Ipnins KuiBcbkoi obnacti, Ykpaina

37.Ykpaina, XapkiBCbKMH HalliOHAJIbHUH  YHIBEpCUTET 1IMEHi
B.H. Kapasina, Xapkis

38.Ykpaina, XapkiBCbKWH HaI[lOHAIBHUM YHIBEPCUTET MICHKOTO
rocnogapctsa imeni O.M. beketoBa, Xapkis
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RESEARCH AND SOLUTION METHODS OF PROBLEMS
OF NETWORK STRUCTURE OPTIMIZATION

K.R. AIDA-ZADE,
Institute of Control Systems of Azerbaijan NAS,
kamil aydazade@rambler.ru

In this paper we study a class of finite-dimensional
optimization problems of the Jacobians of functions
describing constraints of the type of equalities and
inequalities, which are weakly and arbitrarily filled
matrices of large dimension.

Keywords: objective function, nonlinear constraints,
Jacobian, gradient projection.

Let there be given some object of complex structure M
consisting of subobjects M,. The state of each of the subobjects is

determined by the vector x' e R", il . The subobjects M, are controlled
by an object V consisting of subobjects V; with control actions w’ e R",
jeld.

The interconnection between all subobjects M; and V;, iel,
j €J,is arbitrary and generally nonlinear:

X =F(X'W'), iel. (1)

Here X' ={xs:s(sli*cl},Wi :{WS sel’ CJ}, 17, 3, iel are
given index sets that determine the structure (interconnection) of the
subobjects M and V. Usually this indicates a weak interconnection
between the subobjects.

The problem is to determine the values of actions v’, jeJ that

minimize a given continuously differentiable objective function
@, (X,W)—min, (2)

X:{x‘:iel},W:{wj:jeJ}.

15


mailto:kamil_aydazade@rambler.ru

There are state constraints on the subobjects M; and V; :
G'(x)<0,iel, Q'(W)<0, jeJ. (3)
Here G'(-),Q’(-),iel, jeJ are given continuously differentiable

vector-functions, the dimensions of which are determined by the number
of constraints.

The structure of the optimization problem (1) - (3) will be called
network. Such problems arise when using decomposition methods
employed at the stage of constructing mathematical models of complex
objects under study.

Examples of such objects are abundant: artificial neural networks
used in recognition systems, pipeline transport networks, mechanisms of
complex manipulators and robots, etc.

To solve problems of network structure optimization, it is
proposed to use a first-order optimization method, for example,
conditional gradient projection methods:

W = P(a)(Wk grad, @, (X* W* ) k =01,...
Here P(S)() is the operator of projection onto an admissible set

determined by constraints (3).
The formulas for the gradient of the objective function are
obtained:

oF (X'W')
dq)O(X'W):aCI)O(x'W)+Z '( _ )\Pl’ jEJ, (4)
dw’ ow! oo
, X°® WS
‘P':aq) Z ( )‘Ps,iel. (5)
sel;
Here Jj‘:{s:jeJ:},jeJ,li :{s.iel*}iel are conjugate sets

with respect to the corresponding sets J, 1, W*°- vectors of conjugate

variables with respect to the vectors x'.

Note that the formulas (4),(5) are a generalization of the so-called
“backpropagation” method.

The report will provide practical aspects of the application of the
proposed approach, related to the solution of various applied problems.
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MODEL DE PLANIFICARE A PRODUCTIEI
CU MAI MULTE ETAPE
BARACTARI ANATOLIE,

ASEM, Republica Moldova
Email: baractari.anatolie@yahoo.com

CIUMACOV BORIS,
IC ANSU, Ucraina
Email: tchoumb@gmail.com
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Rezumat. In articol se considerd un model liniar de
productie cu mai multe etape. Obiectivul integral sumeaza
in sine efectele tuturor etapelor, exprimdnd profitul sumar,
pe care ar putea sa-l obtind intreprinderea pe intregul
orizont de timp. Dependenta dintre etape se exprima prin
modalitatea de repartizare a investitiilor in  privinta
procurarii factorilor de productie. Se poate constata ca o
asemenea abordare poate sa asigure un profit total mai
mare decdat suma profiturilor maximale corespunzatoare
etapelor considerate.

Abstract. The article considers a linear production
model with several stages. The main objective sums up the
effects of all stages, expressing the total profit that the
company could obtain over the entire time period. The
dependence between the stages is expressed by the way of
allocating the investments regarding the acquisition of the
factors of production. Respectively, such an approach can
ensure a higher total profit than the sum of the maximum
profits corresponding to the stages considered.

Cuvinte cheie: proces de productie, model liniar, model
dinamic.
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in spatiile economice activeazi o mare diversitate de sisteme, printre
care un rol aparte il au sistemele de productie. La modelarea sistemelor de
productie, in dependenta de situatie, pot fi utilizate modele liniare sau
neliniare [1], modele statice sau dinamice [2], modele deterministe sau
nedeterministe [3] etc.

Modelul dinamic, care se expune in continuare, include in sine N
etape, este liniar si determinist. Etapa intermediara se noteaza cu t. Restul
notatiilor au urméatoarea semnificatie:

m — dimensiunea vectorului resurselor i, in cantitatea x{, care va fi

procurat la etapa t la preturile gf,i = 1,m. x{,x] - limitele de jos si de
sus, corespunzator, pentru x;.

n — dimensiunea vectorului produselor j, in cantitatea }-‘j, care va fi
oferitd pe piatd la etapa t la preturile ¢f, j = 1,1, ij }-‘Jf — limitele de jos si

de sus, corespunzdtor, pentru }-‘f. az‘?j — coeficientii tehnologici sau
normele de consum ale resursei i necesare pentru obtinerea unei unitati de
produs j la etapa t. M*® suma financiara destinatd pentru procurarea
resurselor la etapa t. Pentru t=1 modelul este de tip static si corespunde
situatiei decizionale din cadrul etapei 1, si anume:

max(:n}'}[zj?:icjl}}l_ oy qix ] (11)
;?zlaz-l}-}-'}-l < xl,i=1m (21)
Zigix =M G
xl=xl = E, i=1m (41

yi < ¥ = i, j=1n (59

Daca s-ar considera separat N probleme decizionale, fiecare dintre
care ar corespunde celor N etape, atunci etapei t i s-ar pune in
corespondenta urmatorul model matematic:
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max':xa}'}[z_;l 1 _;l}_;l E:glqztxf] (1%)

Yrliahyf = xfi=1m (29)
YEaixy =M (3%
¥i= xf = x_f, i=1m (4%)
SRR j=1n (59
=1,2,....N. 6)

Pentru t>1 valoarea M¥se determind in conformitate cu formula:
Mt = T.r[Pt—l + {Mt—l Emit?z -1 r—1}] @)

unde 0 < r® < 1 — rata investitiilor la etapa t, iar P*=1 — profitul
corespunzator etapei (t-1). Valoarea (M Bl ¥ i Xl 1) reprezinta
diferenta dintre investitiile preconizate si costurile suportate la procurarea
resurselor la etapa (t-1). Criteriul integral ( acela care valorifica toate N
etape) are aspectul:

MaX () Soeqf [Eieycfyf — B2 qfxf]} 8)

Astfel, modelul dinamic, sau modelul cu mai multe etape, consta in
determinarea valorii maximale indicate in expresia (8) cu respectarea
tuturor restrictiilor de forma (1%) — (5%), (6), (7). Prezinta interes, pentru
viitorul apropiat, proiectarea unor algoritmi efectivi de solutionare a
modelului dinamic propus in aceasta lucrare.

Remarca. Desigur, modelul dinamic descris reprezinta in mod valid
situatia in care totul ce se produce la fiecare etapd si se comercializeaza
respectiv la etapa datd. Mai apropiat de situatiile reale ar fi cazul cand
cererea la produsele oferite pe piatd s-ar include in model [4]. Si, in cea
mai variatd formd de exprimare, cererea la unele produse poate fi apriori

19



cunoscutd de exemplu, cand acestea se produc la comanda, altele pot avea
un caracter aleatoriu si cele de tipul trei pot purta un caracter pur incert.

1.

2.

3.
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MODELE DE PRODUCTIE SI FUNCTII DE POLUARE
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Cuvinte cheie : Sistem de productie, functie de poluare, model
Rezumat.Activitatea oricarui sistem economic implicd, pe
ldnga atingerea unor indicatori de performanta, si generarea
unor fluxuri de iesire, care in mod daundtor influenteaza
asupra mediului ambiant. Este vorba aici de poluarea aerului,
a solului, a apelor etc.

Dacd ar fi sd se examineze un oarecare proces de productie, de exemplu,
analizat in lucrarile [1,2], la anumite tehnologii de transformare a resurselor
(exprimate prin cantititile X) in bunuri (exprimate cantitativ prin y), s-ar putea
evidentia in acest proces si o altd functie, in afard de functia de productie f(x), care
se va nota cu ¢ (x) (scalara sau vectoriald) si care urmeaza sa exprime nivelul de
poluare a mediului in rezultatul prelucrarii vectorului de resurse X. Prin urmare,se
pot deduce schematic urmatoarele:

sistem de productie
Xz(n): POy =)

Fif 2
xj flx) _
Xy @(x) z = @(x)

f(x) — functia de productie, ¢(x) — functia de poluare.
In una din variantele frecvent abordate, se cere de maximizat volumul de
productie (sau venitul) :

y = f (X) — max 1)
cu conditia, ca :

Eligpa=C (2)

0<x; <% @)
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Aici g; reprezintd pretul factorului de productie j, iar C-suma totald de bani care
este destinata pentru procurarea resurselor.
Din punct de vedere geometric, modelul, pentru n=2, este prezentat in figura 1.

Cazul 1 reprezinta interpretarea geometricad a modelului in forma (1) - (3),
adica fara a lua in cont oarecare restrictii cu privire la nivelul ,,acceptabil” de
poluare.

Cazul 2 reflecta situatia de luare in considerare a restrictiei cu privire la
nivelul ,,acceptabil” de poluare:

pix) =9, (4)

unde @ este valoarea ,,plafon” admisibila de poluare.
In interpretarea geometrica datd , functia ¢ (x) se consideri o functie liniara
(expresia @{x) — @ = 0 reprezinta dreapta care intersecteaza axele de coordonate
in puntele A , B).-

Definitie: functia z = ¢ (x) se va numi functie de poluare, iar restrictia (4) —
restrictie de poluare.

Remarci: in unele situatii ar putea fi rational de introdus, pe langd conditia
(4), si o restrictie de forma:

P(x)/f(x) = oy (®)
unde @ - este valoarea ,,plafon” de poluare ce ar reveni unei unitéti de produs.
Evident, modelul (1) — (4), sau modelul (1) — (5), ,,impune” grupului
decizional al sistemului de productie sa diminueze, in raport cu (1) — (3), volumul
de productie, prin urmare, si valoarea venitului acestui sistem.
Ipotezele cu privire la functia de poluare ¢ (x):
1. ¢ (X) — crescatoare in raport cu fiecare componenta X;
2.¢9(0,0,..,0=0
3.0 (Xgyeess Xjpooy X0) >0 p-u x>0, j=1L.n .
4.9 () > wo,dacd () > o
Remarca: pentru o mai buna intelegere a proprietatilor functiei ¢ (x), putem
privi:
plx) = Ply) = ¥(f(x)),
adica, nivelul de poluare depinde direct de volumul productiei y, care, la randul
sdu, depinde de vectorul de resurse X.
Remarcd: La fel ca si functia de productie f(x), functia de poluare ¢ (x) ar
putea fi considerata in mai multe aspecte:
a) liniara 1n raport cu Y, dar liniara si in raport cu X;
b) liniara in raport cu y, dar neliniara fata de x=(x,...,Xy);
¢) logaritmica in raport cu y:
o(x) = () = ¥(f(x)) = dlog, (1 4+ F)) + 3.
Astfel, se poate obtine, o gama largd de modele economico-matematice, in
care participa una sau mai multe restrictii cu prezenta functiei de poluare ¢ (x).
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Cazul 1

_____
_______

Izocuanta

M Yq1 X1

zocuanta : qix1+qzx2=C
x2
B

Clg:

Izocuanta

Clas ¥

Zocuanta : qix1+qax2=C

—— Figura 1. x*(1) si x*(2)-consumul optim de resurse reprezentate de cazul 1 si
cazul 2, corespunzator.
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FUNCTIONAL LIMIT THEOREMS FOR
PERTURBED RANDOM WALKS

V. BOGDANSKII,

A. PILIPENKO

Igor Sikorskii Kyiv Polytechnic Institute, Kyiv, Ukraine
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Abstract. Consider Markov chain on Z with jumps of two types:
outside of a finite set A the jumps are mean zero i.i.d. random
variables with finite variance, jumps from A may be arbitrary. We
study the Donsker scaling limist of such Markov chains.
Depending on properties of jumps from A we obtain various limit
processes such as a Brownian motion with reflection, a Brownian
motion with semipermeable membrane, a Brownian motion with
jump type exit from 0, etc. Multidimensional generalizations are
given

Key words: Perturbed random walks, diffusions with
semipermeable membrane, functional limit theorems.

Let {5 } be a sequence of mean-zero i.i.d. random variables with

finite second moment. Set S 25 +___+§ . It is well known that the
n 1 n

Donsker scaling of the sequence S[m]/\ﬁ converges as N—>oo in

distribution to a Brownian motion.
Let A be a fixed set. Consider the following perturbation of the

random walk {§n} at the setA. Put S =S +&  if S A and

§n+l::§n+77i,n+l if S, =ieA, where {ni,n} , are independent

n
sequences of independent identical distributed random variables.
If A is a finite set, then Donsker’s scaling limits may be interpreted
as a diffusion with semipermeable membrane [1]. If A=(—,0]~Z and

{ni’n}m are non-negative then corresponding models appear in queuing
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theory. In particular, if 7, =i, then {S~n} is the classical Lindley
recursion [2,3].
Further we will assume that all states of the perturbed walk {§n} are

connected.
Theorem 1. Assume that 7, , are non-negative and their distribution

is independent of i.
() If En;, <o, then {SN[m]/\/ﬁ} converges in distribution to the
reflected Brownian motion.
(b) If tail of 7, distribution is a slowly varying functions, then
{S~[m] /n } converges to +oo in probability.
(c) If tail of 7, , distribution is a regularly varying function with

index « €(0,1) , then {S~[m] /a\/ﬁ} converges in distribution to
the process

W, (t) =W (t)+U_oU_ P oM (1),
where {W (t)} is a Brownian motion, {U, (t)} is a drift-free o -
stable subordinator independent of W, M (t) = —min g, ,W(s) .

The proof of Theorem 1 is based on the generalized Skorokhod reflection
principle [4].

The following theorem gives the form of the limit process if the membrane
is finite but the jumps from the membrane have both signs.

Theorem 2. Assume that random variables {5 } are bounded and

n

the set A is finite. Then {SN[m] /\/ﬁ} converges in distribution to the skew

Brownian motion, i.e., continuous Markov process with transition
probability density function

P (X, ¥) =g (x=y) +ysign(y)e (| x|+ y ],
where ¢, is the density of the normal distribution N(O,t) .
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UN ALGORITM DE CLASIFICARE A GRAFURILOR
NEORIENTATE PENTRU SOLUTIONAREA PROBLEMEI
DE ACOPERIRE CU MULTIMI d-CONVEXE

Radu BUZATU,
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Chisinau, Moldova
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Se propune un algoritm eficient de clasificare a
grafurilor neorientate.  Algoritmul elaborat are
complexitatea polinomiala s§i poate fi folosit la
solutionarea problemei de acoperire a grafurilor cu
mulfimi d-convexe.

Cuvinte cheie: acoperire d-convexa, algoritm.

An efficient algorithm for graph classification is
proposed. The developed algorithm has a polynomial
complexity and it can be used for solving convex
covering problem of graphs.

Keywords: convex cover, algorithm

VVom nota prin & = (X, U) un graf neorientat cu multimea de varfuri
X si multimea de muchii 7. Vom nota prin x~y doud varfuri adiacente
X, ¥ € X. Vecinatatea varfului x 0 vom nota prin I'(x).

Reamintim doua notiuni fundamentale de care vom avea nevoie in
continuare [1]:

a) Segment metric {x,¥) — multimea varfurilor ce apartin tuturor

lanturilor de lungime minima cu extremitatile in x, ¥ € X.
b) Multimea d-convexd — multimea § € X cu proprietatea: (x,v) € 5
pentru orice doua varfuri x, v € 5.

Conform lucrarii [2], vom spune ca familia de multimi 2(G) este o
acoperire d-convexd a grafului G = (X,U) dacd sunt satisfacute
urmatoarele conditii:

1) orice multime din #{G) este d-convexa in G;
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2) X = U.’t"EF{G} ¥

3) ¥ & Uzens).z=vZ pentru orice ¥ € 2(G).

Este cunoscut faptul ca problema generalda de acoperire a grafului
neorientat cu multimi d-convexe este NP-completa [2,3]. In rezultatul
studierii problemei in cauza au fost identificate o serie de clase speciale de
grafuri pentru care in timp polinomial poate fi stabilit daca ele pot fi
acoperite cu multimi d-convexe. Printre aceste clasele de grafuri pot fi
mentionate: =, %, %  si % . De exemplu, clasei = 1i corespund toate
grafurile & = (X, U) care satisfac doua conditii:

1) ¥X={a,by,byx,Xq,.... X k=1,
2) U={lab) (@b }u{(x,x;):1=ij<k;i=jju
U(b,x ) (b x) s 1 =0 = kb

Pentru determinarea apartenentei unui graf G la clasa % se propune

urmatorul algoritm:

Algoritm 1.
Input: Graf conex neorientat G = (X, U), X = {xy,x5,..., X }.
Output: True daca G apartine clasei =, False in caz contrar.
if 0 = |X| = 3 then return False
if |X| =4 then
if ¢ = C4then return True
else return False
flag = 0, v+ x4
for each x € X do
if [T(x)| = 2 then
flag« flag+ 1, ve x
if flag = 1 then return False
. if v~z then return False: unde I'(+7) = {v,z}
: for each 5 € {X\{v, z},X\{v, v}l do
foreach,u e85, v+ udo
if v + w then return False

N RONRE

T el el =
A WNRE O

s return True
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Teorema 1. Algoritmul 1 determind in timp 0(n*) daca G face parte
din clasa =.

Pentru celelalte clase speciale la fel sunt dezvoltati algoritmi de
recunoastere, care impreuna cu Algoritmul 1 constituie un algoritm de
clasificare a grafurilor neorientate.
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AN ALGORITHM FOR DETERMINING OPTIMAL
STATIONARY STRATEGIES FOR UNICHAIN
CONTROL PROBLEM
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Abstract
A linear programming approach for determining optimal
stationary strategies for the stochastic control problem on
unichain network with average cost criterion and infinite
time horizon is proposed.

Key words: Stochastic Discrete Control Problem, Optimal
Stationary Strategies, Linear Programming Approach,
Polynomial Time Algorithm

We consider the stationary stochastic discrete optimal control
problem on decision network R =(G, X, X,,C, p) [1]. This network is

determined by the directed graph G=(X,E), the disjoint subsets
Xc, Xy < X, the cost function c:E—E, and the probability
distribution function p:Ey, —[0]] on the set

E, = {(x y)eE |x € XN} . X represents the set of controllable states
in which the transitions of the system to the next state can be controlled by
the decision maker at every discrete moment of time and X, represents

the set of states in which the decision maker is not able to control the
transitions because the system passes to the next state randomly.

Let s: X, — X define a stationary strategy for the control problem
on decision network R. We can determine the graph

G, =(X,E,UE,), E, ={(x.y)eE|xe X,y =s(x)}, that
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corresponds to a Markov process with the probability matrix P° = ( p;y )
where
P, If xeXy,yeX
Py, =11 if xeXc,y=s(x).
0 if xeXq,y#s(x)

In the considered Markov process for an arbitrary state X € X, the
transition (X,S(x)) from the states X € X to the states y =5s(X)e X is
made with probability Pys(x) =1 if the strategy S is applied. For this
Markov process we can determine the average cost per transition for an
arbitrary fixed starting state X, € X . For this, we can determine the vector
of average costs W° which corresponds to the strategy s, according to the
formula w* =Q°«°, where Q° is the limit matrix of the Markov process
generated by the stationary strategy s and x° is the corresponding vector

of the immediate costs, i.e. z = Z P ,Cy, - A component W; of the
yeX(x)

vector W° represents the average cost per transition in our problem with a
given starting state X and a fixed strategy S, i.e. f, (s) =W;. In such a
way we can define the value of the objective function fXO (s) for the

control problem on a network with a given starting state X, when the

stationary strategy s is applied.
The control problem on the network R with starting state X, consists

of finding a stationary strategy s" for which f_ (s )= min f.(s).

We assume that R is a perfect network which means that in graph
G for an arbitrary stationary strategy S the subgraph

G, =(X,E,UE,) is strongly connected. So, the Markov chain induced

by the probability transition matrix P° is irreducible for an arbitrary
strategy S.
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At first we formulate an algorithm for determining the optimal
stationary strategies for the control problem on perfect networks. Then we
show that the proposed algorithm can be extended for the problem if an
arbitrary strategy S generates a Markov unichain. For a unichain control

problem the graph G° induced by a stationary strategy may not be
strongly connected but it contains a unique strongly connected component
that is reachable from every state x e X .

Let s be an arbitrary strategy. Taking into account that for every

fixed X e X, we have a unique y=s(x)e X (x), then we can identify
the map s with the set of Boolean values s,  for xeX. and
1if y=s(x)
0if y#s(x)

Theorem 1. Let o, (xeX.,yeX),q; (xeX) be a basic
optimal solution of the following linear programming problem:

Minimize ¥ (e, q)= D Z ny A, + D 10,

y € X (x), where Sy :{

xeX¢ yeX zeXy
subject to
Z ax,y + Z pz,yqz :qy’ Vy € X
XEXE(Y) zeXy
2 G4+ 9,=1
XeXc zeXy
Z a,, =0, Vxe X,
yeX
axyzo Vxe Xs, YeX;q,20, vxe X

Then the optimal stationary strategy s* on a perfect network can be found

as follows:
. 1if o, >0
Syy = ,

0 if a,,=0
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where xe X.,ye X (x) Moreover, for every starting state X e X the

optimal average cost per transition is equal to z/7(a*,q*) for every
xe X.

For a unichain control problem the algorithm based on Theorem 1
determines the strategy s* and the recurrent class X ™. In this case the
remaining states xe X / X* in X correspond to transient states and the
optimal stationary strategies in the states xe X / X" can be chosen in

order to reach X*. Therefore, the linear programming model from
Theorem 1 can be used for determining the optimal stationary strategy for
an arbitrary unichain control problem.

We solve the linear programming problem and find a basic optimal

solution «",q". Then we find the subset of vertices
X" = {x e X |q: > 0} which in G corresponds to a strongly connected

subgraph G* :(X*,E*). On this subgraph we determine the optimal

solution of the problem using the algorithm based on Theorem 1. If
X, € X™, then we obtain the solution of the problem with fixed starting

state X,. To determine the solution of the problem for an arbitrary starting

state we may select successively vertices xe X/ X™ which contain
outgoing directed edges that end in X" and will add them at each time to
X* using the following rule:

e if xe X, m(X \ X*) , then we fix an directed edge e =(X,y), put

s,, =1 and change X" by X" U{x};
o if xe X, m(X\X*),then change X" by X" U{x}.
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Abstract. An algorithm for determining optimal
stationary strategies for the stochastic discrete optimal
control problem with infinite time horizon is developed
and theoretically justified. The problem is defined on
decision network with multiple recurrent classes. The
minimization criterion of the average cost per transition
is applied. The algorithm is based on the linear
programming model developed for determining optimal
strategies in control problems defined on perfect decision
networks.
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We consider the stationary stochastic discrete optimal control problem
on the decision network R :(G, Xer XyC, p) . This network is determined

by the directed graph G =(X,E), the disjoint subsets X, X, < X, the
cost function c:E—[1 and the probability distribution function
p:E, —>[01] on the set E, ={(x, y)eE|xe XN}. The set X,

represents the set of controllable states in which the transitions of the
system to the next state can be controlled by the decision maker at every
discrete moment of time and X,, represents the set of states in which the
decision maker is not able to control the transitions because the system
passes to the next state randomly.

A linear programming approach for determining the optimal stationary
strategies for the stochastic control problem on multichain network with
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average cost criterion and infinite time horizon is proposed. Efficient
algorithms based on such approach are developed.

We formulate algorithms for determining the optimal stationary
strategies for the control problem on decision network R, in which an
arbitrary strategy s:X. — X induces a Markov chain with multiple

recurrent classes. The corresponding graph G, =(X,E,UE,),

E, ={(x,y)e E |XE Xc,y:s(x)}, consists of several deadlock strongly

connected components  G; =(X?,E7), r=1..k. We describe an
approach for determining the optimal stationary strategies on network R
which is based on a linear programming model elaborated for solving

control problems on perfect networks [1,2].
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Abstract. Determining the optimal option for loading cargo in
marine transport is one of the major points of cargo transportation
technology, which first determines the volume-mass characteristics
of the cargo storing, boxing and packaging characteristics, physico-
chemical features, as well as some other commodities.

Keywords: marine transport, cargo transport, marine shipping.

Familiarity with cargo properties is essential to determine a ship’s suitability
for a particular route, and to find out how the ship’s technical machinery should be
used to ensure cargo safety. Besides, the study of the properties of the cargo is
essential for establishing a proper commercial-legal relationship with the
customers. It’s noticeable to mention that the problem of cargo safety is a very
important issue for the establishment of shipping technology, both for the practical
operation of the fleet, as well as for scientific research, in order to make shipping
even safer and more profitable.

The transport-technological characteristics of the cargo are a high importance
in the calculation of the loading of a vessel. Cargo transport characteristics are a
set of cargo characteristics that determine the technology and method of its
transportation, transshipment and storage. The cargo is presented for shipment
only in a transportable condition, which ensures its safety at all stages of the
transport process.

Familiarity with the transport-technological characteristics of the cargo
allows to calculate the optimal variant of its load on the transport. The most
important characteristic of a cargo is its volume-mass characterization and
compatibility with each other.

It is important that both the land and air as well as the marine transport
system must be operational, flexible and able to handle the maximum volume of
cargo in a minimum of time. To implement this, it is necessary to develop the most
efficient concept of transport capacity, as well as the transportation of cargo
defined by this means of transport. Obviously, all of this requires scientific
research, analysis, and making conclusions and optimal decisions based on that.

We choose one of several options for selecting the route during
transportation, because it is impossible to run the same marine transport with
different routes at the same time. Besides, we choose one of the most optimal
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choices from different schemes of production of loading-unloading operation on
board, because, even in this case, it is impossible to implement several schemes at
once.

The set of alternatives has no structure indeed, thus, it is unstructured, and
each element of the set is randomly retrieved or suggested, and has not yet been
considered and prioritized. Therefore, it is impossible to say which alternative is
better and which is less desirable. The optimal choice for carrying out a loading-
unloading operation on a ship must be selected from the majority of alternatives
that can be obtained using any method.

The transport-technological characteristics of the cargo are of major
importance in the calculation of the load of a vessel. Cargo transport
characteristics are a set of cargo characteristics that determine the technology and
method of its transportation, reloading and storage. The cargo is presented for
shipment only in a transportable condition, which ensures its protection at all
stages of the transportation process.

Familiarity with the transport-technological characteristics of the cargo
allows to calculate the optimal variant of its load on the transport. The most
important characteristic of a cargo is its volume-mass characterization and
compatibility with each other.

The rule of combining loads is established in terms of its protection and
reduction of impact on each other, which can be considered as a factor of
environmental aggression. For this reason, we consider it necessary to give the
following explanations:

1. Cargoes on one cargo area are considered compatible in case of their

separation.

2. Cargo must be divided by a deck or a partition.

3. Cargo should be divided by a vertical waterproof partition.

To determine the maximum load of the ship and the cargo configuration in
the cargo hold, the permissible load of the ship is first calculated.

Cargo set-up in cargo warehouses is based on the following requirements:

1. Fulfillment of cargo matching conditions.

2. Oversized and long cargo shall be placed in the ship’s central cargo hold.

3. Small-sized cargo shall, as far as possible, be placed in the front and rear
cargo compartments.

4. The placement of “rolling barrel” type cargo in front and rear trucks is
not recommended.

5. As far as possible, the cargo shall be set up so that the total amount of
cargo in a particular cargo store room is equal to the weight distributed to
those store rooms and the volume occupied by the cargo is equal to the
cargo capacity of the ship.
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6.

7.

8.

Fulfillment of the condition of inadmissibility of reloading of cargo
warehouses.

Whenever possible place “heavy” cargo in the hatchway, while a
“lightweight” cargo - on twin and upper deck.

Loose and bulk cargo should be located below the main cargo and
divided by horizontal waterproof partitions.

The maximum load of cargo compartments is determined by the durability
properties of the ships deck, which is characterized by a maximum allowable load
of 1 square meter (technical ).

In view of all the above mentioned, it can be concluded that with the increase
in the volume of shipments worldwide and the emergence of brand new types of
cargo and transport properties in marine shipping, there is an urgent need for
serious scientific research.

1.

References

Didmanidze 1., Tsitskishvili G., Kutchava M. Technology of shipping
operation by marine transport means. XXXIII international conference
PROBLEMS OF DECISION MAKING UNDER UNCERTAINTIES
(PDMU-2019). ABSTRACTS. January 24 — February 1, 2019, Hurgada,
Egypet. p. 38.

Didmanidze Ibraim, Tsitskishvili Givi, Kutchava Manana. Maritime cargo
shipping. XXXV international conference PROBLEMS OF DECISION
MAKING UNDER UNCER-TAINTIES (PDMU-2020). ABSTRACTS.
May 11-15, 2020, Baku-Sheki, Republic of Azerbaijan. p. 38-39.

Ibraim Didmanidze, Givi Tsitskishvili. Mathematical Model to Optimize
Production of Loading-Unloading Operations on the Vessel. 1V
international scientific and practical conference «modeling, control
and information technologies. Works of conferences. No. 4 (2020), 5-7
november, Rivne, Ukraine, p. 29-30.

This publication was completed under the grant - PROJECT CPEA-
LT-2016/10003, “Advanced Collaborative Program for Research Based
Education on Risk Management in Industry and Services under Global
Economic, Technological and Environmental Changes: Enhanced Edition”

38



COMPUTER TRAINING SYSTEMS

D. DIDMANIDZE, N. AKHVLEDIANI,

K. ZOIDZE, D. AKHVLEDIANI

Batumi Shota Rustaveli State University, Georgia
Batumi Maritime State Academy, Georgia

Abstract. Today, we can boldly say that the use of computer
technology provides a huge opportunity for the development of the
educational process, the mainstay of which is the formation of an
information-educational environment based on computer
information sources, electronic libraries, video and audio
libraries, electronic textbooks, video conferencing and other
supplements of educational fields.
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Modern educational requirements, with their existing problems and
future development prospects, make us think about how to achieve ever
greater improvement and efficiency in the learning process. How and by
what means to carry out the teaching process so that the student has a
desire and aspiration for knowledge.

The technology-enriched learning environment provides:

e Mastering and effective use of modern information-computer and

pedagogical technologies by students;

e Formation of a learning environment enriched with modern

information and pedagogical technologies;

e High level of professional development of professors in

accordance with modern educational and market needs.

Today, representatives of both educational institutions and powerful
enterprises are deeply convinced that special rooms of virtual equipment
with electronic simulators are a promising tool that, in special conditions,
significantly increases the effectiveness of training, as well as the quality
of products manufactured at enterprises [6, 7, 8]. It is clear that special
conditions relate to the individual characteristics of the student/student,
his/her level of competence and motivation, compliance with educational
requirements and the purpose of learning. It is these features that have
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been (and remain) the focus of attention throughout the history of the
development and creation of training coaches.

As for the virtual models of technological processes, the purpose of
these models is to achieve a high quality of the technological process, high
efficiency of the work of each unit, to determine in advance the risk of
expected accidents and measures to avoid them.

Training exercises or simulation exercises have a long history. The
greatest peak in the creation of virtual simulators is the beginning of 2000.
This direction has gained more and more foothold in all fields. The use of
computer training in the educational process, as one of the main
innovative directions of the ongoing reform in the education system, is
quite successful and has an even greater perspective. At the same time, it
is clear that scientific-practical research in this area has not yet been
completed and this direction has not yet been thoroughly studied and
generalized.

Modern information and computer technologies make it possible to
simulate the real reality of the object under study using a variety of
multimedia devices. You can create in virtual reality using completely
different devices. Virtual reality systems are actively used in completely
different fields. Such systems in science allow various studies to be
carried out, the design of a product to be developed in production, as well
as to protest it by simulating a real physical law. Such systems are also
actively used to create various simulators and to perform virtual laboratory
work. Computer (electronic) trainers are in the first place among the
virtual reality creation systems.

Computer training (training devices, simulators) systems design
industry belongs to the class of electronic interactive learning systems.
The development of these systems takes a very short time, therefore, it can
be said that it is in the initial stage. The mechanism of operation of
computer training systems is modern computers and computer programs.
Therefore, both the pace of development, the quality and the consumer
features of this system in the field of education are related to the
perfection of the software design methodology. The latter is evolving with
the modern trends of the world software industry, the basis of which is the
development of modern and powerful software systems. The main goal of
designing computer training systems is to create a complete architecture
focused on educational processes, the sustainability of which is

40



conditioned by adapting to the educational needs and adhering to the
object-oriented principles of project implementation.

According to the scientific literature we have searched, the systematic
analysis of the most productive projects of computer training systems
implemented in the field of education, which were created and
implemented with the participation of various authors, has enabled us to
identify several project samples. This showed us that one of the solutions
to the repeated use of analogy in the design models of computer training
systems was to use a structural pattern decorator to combine objects to
obtain new functionality.

For object-oriented models of computer training systems designed to
assimilate and further control students' knowledge, a training assignment
generator must be pre-defined, the operation of which is provided by a
special program. At the same time, an algorithm for generating the
issuance of training and control tasks should be included in the system. If
the system algorithm solves the same problem conceptually, but the
methods of solving are differ from each other, then it is relevant to use the
mechanism for determining the family of algorithms. In this case, each of
them must be encapsulated (bordered) and any algorithm must be
interchanged. In order to identify task processing algorithms as well as to
process changes in algorithms, it is advisable to use an effective analogy
(pattern or template) that allows us to change the chosen algorithm
independently of the modules it uses. Most important is the general
analysis of the primary object detection tool, which identifies the design
solution strategy, which defines the object-oriented design of computer
training systems, the task set generation algorithm, the individual
algorithm selection procedures, and its implementation.
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Abstract. Today it is difficult to find an area where computers are
not used. State or political organizations, private structures,
industrial, economic-microfinance, transport, health and others.
The complexity of the tasks in these fields, the promptness of the
execution deadlines and the requirements for improving the
quality of the results necessitate the automated processing and
information management.
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The concept of building networks of automated systems for the
management of enterprises and organizations, on the one hand, due to the
expansion of the small and medium-sized private business sector, and on
the other hand, to place their scope within the framework of international
business requirements, has acquired a very important function.

As you know, when designing a multiprocessor system, many
features are taken into account, the choice of the optimal values of which
is very important and at the same time difficult. Optimizing these values
will not only increase the efficiency of the information system, but also
reduce the costs required to create it. It's important to consider things like
capacity, shared resources, and so on. Optimal distribution. It is equally
important to ensure the proper quality of service for the user of the system.

The main types of information technology are:

o Data Processing Information Technology (IT)

Management IT;
Office automation;
Decision Support IT;
Expert Systems IT.
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The following tasks are solved at the level of operational activities:
o Data processing on the operations performed by the organization
(firm, company);

e Preparation of periodic control reports on the situation in the

organization;

¢ Receive answers to all possible requests at the moment and sign

them in the form of paper documents or reports.

When making decisions at the management control level, information
should be presented in an aggregated form so that trends in data changes,
causes of deviations, and possible solutions are reflected. At this stage, the
following data processing tasks are solved:

o Assessment of the planned condition of the management facility;

e Assessment of deviation from the planned condition;

¢ |dentify the causes of deviation;

¢ Analysis of possible solutions and actions.

The effectiveness and flexibility of information technology depend
greatly on the interface features of the decision support system. The
interface defines: user language; the language of computer messaging that
organizes dialogs with the screen; user knowledge.

The interface should have the following capabilities:

e Manipulation with various forms of dialogue, which will be

changed in the decision-making process at the request of the user;

e Transmit data to the system by various methods;

¢ Receive data from various system devices in different formats;

e Support (assist on demand, dictate) user knowledge flexibly.

The system creation module is designed to create a set of rules
(hierarchy). There are two approaches that can be the basis of system
creation module implementation: the use of algorithmic programming
languages and the use of expert system shells.

When identifying information system capabilities while making a
decision support, the following should be considered:

1. Structuring of tasks to be solved;

2. The level of the organization management hierarchy at which

decisions are to be made;

3. Belonging to the task to be solved for this or that field of business;

4. The type of information technology used.

43



Work technology in information systems is understandably accessible
to specialists in a particular field and can be successfully used to control
and manage professional performance processes.

The introduction of information systems can facilitate:

Freeing workers from routine work by their automation;

Ensuring the accuracy of information;

Improving the structure of information flows and the system of
business management in the organization;

Providing unique services to clients;

These issues are focused in the given article.
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Abstract. Unemployment is one of the main problems. Apart from being
the most prominent example of macroeconomic instability,
unemployment does not pose any social or political problem.
Unemployment causes many socio-economic problems, including the
most acute ones: loss of material well-being, loss of income, mass
poverty, external labor migration, aggravation of the demographic
situation, concussion of the human psyche and nervous system..
Keywords: Regulation of labor migration, improving management,
labor market policy.

The government should try to reduce unemployment in the country not by
any one specific method, but by complex steps. For example: introduction of an
effective labor market information system, development of an active
retraining/training program for the unemployed, stimulation of labor demand
(implementation of economic and infrastructure projects, encouragement of the
private sector), promotion of competitive labor supply (quality of education
compliance with labor market demands); labor market policy strengthening - plan
and implement support measures for those who are unable to find stable
employment or transfer to the ranks of those employed. In order not to increase the
level of unemployment in the country, it is important to take a number of
measures: improve governance, protect the rights of employees granted by law,
develop anti-dumping law, improve the system of labor safety and protection of
rights, regulate labor migration, etc.

In order not to increase the unemployment rate, it is important to take a
number of measures:

< Improving management - means the elimination of the vicious practice of

mass layoffs of old employees and the arrival with “your own team”,

staffed on the basis of personal loyalty while firing old employees in
government agencies.

¢+ Protection of the rights of employees granted by law - in this regard it is
necessary to strengthen trade unions. The executive branch must react
quickly and objectively to the violation of the Labor Code.

45



+«+ Develop anti-dumping law - Dumping serves to sink local producers, so it
drastically hurts small businesses and consequently increases
unemployment. Therefore, it is necessary for the state to actively fight
against dumping prices in order to protect the manufacturer as much as
possible.

« Improving the system of labor safety and protection - the right to life and
health of employees, as one of the fundamental rights, is guaranteed by
the Constitution of Georgia, and not by one international document. The
right to work includes the right of employees, to ensure the safest and
healthiest working environ-ment and to protect the rights granted to them
by labor law.

+«+ Regulation of labor migration - According to the state migration strategy,
a legal and institutional environment should be created to improve the
immigration environment. Its objectives are: to promote legal migration;
Fight against illegal migration; Promoting the reintegration of returned
migrants.

The pandemic had a negative impact on the unemployment rate. We think that
political-economic decisions, both for the internal regulations of the country (the
consequences of which can be multifarious), as well as for foreign relations, affect
the economic situation.

In this regard, we also think that in the modern global world, the pandemic has
negatively affected the unemployment rate. The world economy stalled, causing
great damage to the well-being of the population. The analysis of the economic
side is important for us, because we believe that different integration or contractual
relations between the countries of the world put the economy and its individuals in
a different position, which can lead to an increase in their production capacity, as
well as their reduction. This is reflected in different ways in the manifestation of
the economic cycle and economic growth in a given country.
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Abstract. A layout problem of clusters of irregular 2D objects is
considered. This research is initially motivated by a container-
loading problem. A mathematical model is introduced and
formulated as a nonlinear continuous problem. A solution
algorithm to search for a local optimal layout of 2D irregular
clusters is proposed. Computational results are provided.

Key words: layout, irregular objects, clusters, rectangular
container, balancing conditions, phi-function technique, nonlinear
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A two dimensional packing problem has various important
applications, e.g. in logistics. In many cases the objects are not
independent and have to be grouped in a number of certain clusters of
non-overlapping objects. This is typical, for example, for a container
loading problem [1], where the objects in a large maritime container may
form various clusters according to a type of objects (similar shapes, parts
of the same machine). Similarly, clusters can be formed according to a
supplier or a client (final destination) to facilitate loading/unloading the
container. While the composition of the cluster (number of objects and
their shapes) is typically predefined, the overall shape of the cluster is
frequently not specified. Bearing in mind a cluster as a number of objects
placed in a flexible sack we define the shape of a cluster as a convex hull
of the objects in the cluster. Note that the objects are non-overlapping and
the shape of the cluster (convex hull) depends on the layout of the objects
in the cluster. The number of clusters as well as the number of objects and
their shapes and sizes are given. Constructing convex hulls for circular
objects is considered in [2]. Concerning optimized packing of clusters,
different objectives can be used. For example, we may look for the
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“densest” layout fixing one dimension of the rectangular container and
minimizing the other subject to feasibility of the clusters layout. On the
contrary, we may fix both dimensions of the container and look for a
“sparsest” layout maximizing a certain “distance” between the clusters.
This objective is motivated by the need of more space between clusters to
facilitate access for their loading/unloading and is used in this work. A
layout problem for a number of clusters composed by irregular 2D objects
is formulated. The clusters have to be placed inside a given container
subject to non-overlapping between objects within a cluster. Each cluster
is represented by the convex hull of irregular objects that form the cluster.
Two clusters are said to be non-overlapping if their convex hulls do not
overlap. A cluster is said to be entirely in the container if so is its convex
hull. All objects in the cluster may have different irregular shape
(different sizes are allowed) and can be continuously translated and
rotated. The objective is constructing a maximum sparse layout for
clusters subject to non-overlapping and containment conditions for
clusters and objects. In addition a balancing conditions are considering.
New quasi-phi-functions and phi-functions to describe analytically
placement constraints for clusters are introduced based on the defenitions
of phi-function and quasi-phi-function for a pair of objects 3, 4]. The
layout problem is formulated as a nonlinear nonconvex continuous
problem. A novel algorithm to search for locally optimal solutions is
developed. Computational results are provided to demonstrate the
efficiency of our approach.
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Abstract. Two inventory management strategies, — maximization of
demand fulfillmet and maximization of profitability, — are
compared.
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Given uncertain market demand case, maintaining the optimal level
of inventory at which both, — the surplus of purchased products and the
shortage — are minimized is one of the main tasks of the inventory
management. Effective solutions maximize company's profitability by
suggesting optimum stock level, under which both, — the financial
resources "frozen" in surplus and the lost sales are minimized [1].
Advance in technologies of Machine Learning (ML) [2] lead to new
reality when inventory managers of large (and financially well
established) retailers could require higher and higher rate of demand
fulfillment. Small competitors on other side could find lucrative market
niche for them in trendy goods segment by balancing cost of shortage and
cost of excess. Thses two strategies are compared in following R script
implementation (tablel).

Suppose expected demand (based on different users’ preliminary
interest assessment) is estimated at 29972 units and has standard deviation
of 12135 units. To estimate expected demand “empavg” package, deve-
loped within project “Analytical methods and machine learning in control
theory and decision-making in conditions of conflict and uncertainty”
funded by National Research Foundation of Ukraine was used [3].

Inventory managers under strategy of high demand fulfillment rate
are required to provide sufficient enough stock level. Could assume that
such target level is at least 90%. Given characteristics of our demand,
estimated target stock level to order from suppliers is 45523 units.

49


mailto:MaxDunaievskyi@gmail.com

Table 1. R script to compare different inventory management strategies

Tibrary("empavg™")

# parameters

sku_cost <- 11

sku_price <- 24

preliminary_interest <- c(21453, 17392, 22879, 33210, 34099, 9658, 21876,
25391, 22275, 33091, 42072, 48605, 6338, 38242,
27432, 54979, 15329, 34213, 28467, 51076, 42781,
19758, 27855, 26038, 28837, 38764, 17992, 42528)

sku_estimated_demand <- empavg::get_empavg(preliminary_interest,

method = "max_likelihood")[['mu']]
# 29971.39

var_of_estimated_demand <- sd(preliminary_interest) # 12134.72

# Strategy I: satisfying at least 90% order rate (90% of possible demand cases)
# calculating number of skus to order from suppliers
or90_num_of_sku_to_order <- ceiling( # taking next largest integer

gnorm(0.90, sku_estimated_demand, var_of_estimated_demand)) # 45523

# Strategy II: Profit maximizing
# cost of shortage in case actual demand > ordered number of skus from supplier
c_s <- sku_price - sku_cost # 13

# cost of excess in case actual demand < ordered number of skus from supplier
c_e <- sku_cost # 11

# critical ratio
cr <- c_s / (c_s + c_e) # 0.5416667

# searching optimal number of skus to order from suppliers
# given P[expected_demand <= sku_ordered_num] = cr
opt_num_of_sku_to_order <- ceiling( # taking next largest integer
gnorm(cr,
sku_estimated_demand,
var_of_estimated_demand))
# 31242 # profit maximizing quantity

calc_profit <- function(ordered_num_of_skus, sku_estimated_demand,
sku_price, sku_cost){
sku_profit <- sku_price - sku_cost
est_profit <- ifelse(ordered_num_of_skus > sku_estimated_demand,
(sku_estimated_demand * sku_price) - (ordered_num_of_skus *
(ordered_num_of_skus * sku_profit) -
((sku_estimated_demand - ordered_num_of_skus) * sku_profit)

sku_cost),

return(est_profit)

}

# expected profit under optimal quantity
calc_profit(opt_num_of_sku_to_order, sku_estimated_demand,
sku_price, sku_cost) # 375651.3

# expected profit under strategy of satisfying at least 90% order rate
calc_profit(or90_num_of_sku_to_order, sku_estimated_demand,
sku_price, sku_cost) # 218560.3
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Profitability maximizing strategy is based on results of marginal
analysis [4, 5]. That is, finding optimal number of SKUs (Q) (stock

keeping units) under which excess cost ¢, and shortage cost ¢, are
minimized given probable demand ( x) (equations 1-4).

c.P[x<Q]=c(1-P[x<Q) (1)
[S ] C cSP[XSQ] (2
c:P[x<Ql+¢Px<Q]=c, (3)

Plx<Q]=—"- @)

If Elc,]<E[c,] should increase Q, and vice versa. Optimal stock

level Q" is reached when E|c, |=E]c,]. Right hand side of equation 4 is

called critical ratio. Inferred from characteristics of our demand and
calculated critical ratio (0.54), estimated optimal stock level to order from
suppliers under profit maximizing strategy is 31242 units.

Profit here is not just in accountant terms but in economic ones, that
is includes also lost sales; and is calculated according to equations 5-8.

) px—cQ if x<Q
Prom(Q'X):{pQ—CQ—(p—C)(X—Q) itx>q ©
E[Profit(Q)]= [ P(Q.x)f, (x)ix (6)

E[Profit(Q)]= [} (px—cQ)f, (x)dx— [ (p—c)Nx—Q)f,(x)dx  (7)

E[Profit(Q)]= pf;’ (x)f,(x)dx—cQ—(p—e)fg (x—Q)f,(x)dx  (8)

Estimated expected profit given optimal stock level of 31242 units is
375651.3. And, expected profit given stock level of 45523 units (with
demand fulfillment rate 90%) is 218560.3. That is, only approximately
58% from possible optimal level.

Large companies are trying to keep high demand fulfillment rate
because they need to support image of “one stop shop”. Also, they could
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have special discounts from suppliers given significant size of SKU order
volumes.

Under profit maximizing strategy, with optimal 31242 SKUs at stock,
with expected average demand of 29972 units and its volatility of 12135
units chances to run out of stock is rather high. However, ultimately,
optimal stock level inferred based on shortage and excess costs trade off is
great profitable alternative to apply by small agile company which does
not need quite high demand fulfillment rate or just perform their trade
business via interenet and do not have to keep wide representative shelves
of assortment.
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Annotation. On the basis of the portfolio theory, a multicriteria
investment Boolean problem of minimizing lost profits with
parameterized efficiency is formulated. The problem considered is
the finding a set of all efficient portfolios. The quality of such
portfolios is assessed by examining stability of the set of efficient
portfolios to perturbations of minimax risk criterion parameters.
The lower and upper bounds of the stability radius are obtained
in the case of arbitrary Hélder’s norms being specified in the three
spaces of the problem initial data.

Keywords: Multicriteria optimization, Savage’s risk criteria, set of
efficient portfolios, stability radius, Holder’s metric, investment
problem..

In optimization a question of stability of a problem arises in the case where
the set of feasible solutions and (or) the choice function depend on parameters, for
which the area of change is known only. The presence of such parameters in
optimization models is caused by inaccuracy of the initial data, non-adequacy of
models to real processes, errors of numerical methods, errors of rounding off and
other factors. Hence it appears important to allocate classes of problems in which
small changes of input data lead to small changes of the result. The problems with
such properties are called stable. It is obvious that many optimization problem
cannot be correctly formulated and solved without use of results of the stability
theory [1].

In the current work we develop the concept of a quantitative study of the
stability [2] of a problem and deal with a quantitative measure of the level of data
perturbation that does not violate efficiency, known as the stability radius. We
research stability aspects of the multiobjective investment problem [3] for the case
of the so-called parametrized efficiency “from extreme to Pareto” and provide
lower and upper bounds on the stability radius.

Consider a multicriteria discrete variant of the investment optimization
problem with the following parameters specified below.
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Let N, = {1’2’”"”} be a variety of alternatives (investment assets); N be
a set of possible financial market states (market situations, scenarios); N, be a set
of possible risks; "% be a numerical measure of economic risk of type keN, if
investor chooses project JeN, given the market is in state ieN, ;
k _[ ik ] eR™ be a matrix specifying risks; X=X, X500 ") cE’ be an
investment portfolio, where E= {0’1} , and Y =1 if investor chooses project J>
otherwise 7 =% X CE" be a set of all admissible investment portfolios; R”
be a financial market state space; R" hea portfolio space; R’ pe arisk space.

Efficiency of a chosen portfolio (Boolean vector) =2 is
evaluated by a vector objective function

F(RR)=(F (xR ). f (%R, f(x,R))
with each partial objective representing minimax Savage’s risk criterion
f(x, Rk) max rkx rrelax Zrykx - mm keN,,
JEN,

where i =(restiags st ) €R T€N, kN, R eR™ represents the

R _ c Rmxnxs
k -th cut of the risk matrix [ ik ] with rows ik .
For arbitrary V& N we define the Pareto dominance between two vectors
T v ! r r r T v
Y:(y],yz,...,yv) eR and ¥ :(yl,yz,...,yv) eR :
y>ye pzy &y )y

D#IC N || =h, I={k.ky,....k,}, 1<k <...<k, <,

Next, let

.
R, =(R,,Ry....R, ) €R ’; for  ay  xeX f(xR))=

. . T
=(F(xR ) S (R ) PR ) 5 e n o Ne=UL L
N i#j=>1I,nl;=0

s> Where qué@’veN

v and

(]] SETR ) -efficient portfolios according

partition of the set . For the

given partition, we introduce a set of
to the following formula:
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G (R, Ly, )=G;;'(R):{xe)(: IveN, (X(x,R,r):g)},

2 u

where X(X’Rf" ) - {x’ €X: f(x’Rf. ) >_/'(x’,Rh )}

set of efficient portfolio is non-empty.

It is easy to see that the

o 1=V o st G (RN,)

In one particular case, if #=1i. s, the set
P (R)={xeX: X(x,R)=0},

m

is Pareto set

where X(X’R) -

{2 X (R F(5R) & £ (5) /(2.

I,={v} for VEN, =N,

In another particular case, if ¥ =35 j.e. s> the set

G;(R,{l},{Z},...,{S}) is a set of all the so-called extreme portfolios
E,(R)={xeX:3keN, (X(x.R,)=2)|,

X(x,Rk)={x'€Xif(stfc)>f(xr’Rk)}

where .
The problem of finding the set of efficient portfolios ~™ is referred to
as multicriteria investment Boolean problem with Savage’s risk criteria of different

Zy (R 101, 7% (R)

types and denoted by , or shortly, “

" R™ s 1,1
In the spaces ROLR" and R we define three Holder’s norms 27" and

I}
L, where p,q,te[l,oo]. Recall, that Holder’s norm P of a vector

— T n
a=(a.a,,...a,) €R is the number

(Z 1/p
w,|a,|’]) if 1< p <o,
Jal,={ e @

max{\ai |:jeNn} if p=oo.

So, the norm of matrix ReR™™ s the  number
1R = (1R IR IR, )

E T (A v e T

“ with cuts

keN.,.
Following [1], the stability

P (P =sup s

.
q

z" (R), s,meN,

radius of is defined as
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qur i@l and p;:':.r(p,q’t):{), if quz =,

%, {e20 VR €, (2) (G2 (R+R)< G (R))]

qur (g) = {Rr I “ R’ Ipﬂﬂ<8}’ ke j\[s
Obviously, if G, (R):X, then the stability radius is not bounded. The

problem Z,'(R) with X\E"(R)# &

Here

is called non-trivial.
Su

For non-trivial problem Zn (R) , We notice:

L (R )-1(X,R,)
(p =min min max min
e e ertem ) b))
P’ P

2

¥
1o .
- = xR )- (xR
v =n"m?min min max min f( - i‘) J:( ’ k)
veN, xeG,'(R) x'eP(x, R,v] kel, " X—X " |

1
I |t

v

o =0"(p.g)=min{| R, |,;: ke N,},y =min{p",q’}.
P(x.R,)=P(R, )" X(x.R, ). P(R!v):{xe X: X(x,R,v):@}.
It is easy to see that L4 20.
Theorem. For anyS>" €N, HEN, onq pqste[l], the stability

radius P (p’q’t) of ¥ -criteria non-trivial problem Zy (R) has the following
(p,q,t)Smin{l,u,c}._

su

lower and upper bounds P= P
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STORAGE INVESTMENTS AND OPERATION PLANNING
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Annomayus. The paper presents a strategic Decision Support
System (DSS) for energy-efficient technology investments
planning, including energy production and storage capacities
expansion and operation policies. The DSS enables the analysis of
robust decisions against inherent uncertainties and risks, in
particular, systemic risks due to introduction of stochastic
renewable energy sources, price volatility, demands uncertainties,
weather variability, resource availability. The DSS is based on a
new two-stage, dynamic stochastic optimization model with rolling
random time horizons bounded by stopping time moments.

In this paper we present stochastic methodologies for energy-
efficient technology investments planning, which can provide robust
decisions against inherent uncertainties for optimal energy and
storage capacity expansion and operation policies involving
stochastic renewable energy sources. The approach for the robust
decision support relies on a new two-stage, dynamic stochastic
optimization model with moving random time horizons bounded by
stopping time moments [1-2].This allows to analyze and model
systemic impacts of potential extreme events and structural changes
emerging from experts and stakeholders’ dialogues [6-7], which may
occur at any moment of the decision-making process. In this way, the DSS
provides an environment that can guide the necessary experts and
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stakeholders’ dialogues and negotiations with the DSS and among the
stakeholders themselves, possibly with different conflicting motivations
and goals. The dialogues/negotiations can enable endogenous and
exogenous feedbacks into the decision-making process. Since the
decision-making can be considered as an iterative process, the DSS-
experts/stakeholder outcomes provide feedback and revisions of the DSS
and the energy system structure through stopping time moments and
moving time horizons [3].

The DSS allows the representation of all relevant energy subsystems
components (e.g. traditional and renewable) and their interactions, dealing
with both strategic and operational decisions planning, and including
technological and financial-oriented decisions. Energy storages are
represented and modeled in a rather general way. For example, the excess
electricity can be used for hydrogen and fertilizer production or
“exported”.

The stopping time moments induce endogenous risk aversion in
strategic decisions in a form of dynamic VaR-type systemic risk measures
dependent on the system’s structure [2-4]. Unlike the static nature of
deterministic models, the proposed stochastic model and the DSS deliver
solutions that are responsive to revealed information about systemic
uncertainties and risks such as related to stochastic supply, demand,
prices, weather variability, technological change, in order to adjust local
or regional energy structure and management policies in a cost-effective
and risk hedging manner [3-5].

Integration of the operational and strategic models under the umbrella
of the two-stage stochastic optimization provides an effective way to make
real-time decisions consistent with long-term strategic goals of energy
system planners to guarantee secure energy provision in all uncertainty
scenarios [3-5]. The solution of the problem involves adjusting operational
decisions to hit long-term targets if additional information about prices,
subsidies, demand, weather, new technologies can become available in the
future.
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Annomayus. Uncertainty and variability of climate changes are
key challenges for adaptation planning. In the face of uncertainty,
the decision-making can be addressed in two interdependent
stages: make only partial ex-ante anticipative actions to keep
options open until new information is revealed; and adapt the
first-stage decisions with respect to newly acquired information.
This decision-making approach corresponds to the two-stage
stochastic optimization (STO) incorporating both anticipative ex-
ante and adaptive ex-post decisions within a single model. The
paper develops a two-stage STO model for climate change
adaptation through robust land use and irrigation planning in the
condition of uncertain water supply. The model identifies the
differences between the decision-making in the cases of perfect
information, full uncertainty, and uncertainty with perspectives of
learning about uncertainty. The two-stage anticipative and
adaptive risk-informed decision-making with safety constraints
induces risk aversion characterized by quantile-based Value-at-
Risk and Conditional Value-at-Risk risk measures. The ratio
between the ex-ante and ex-post costs and the shape of uncertainty
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determines the balance between the anticipative and adaptive
decisions. Selected numerical results illustrate that the alteration
of the ex-ante agricultural production costs can affect crop
production, land management technologies, and natural resource
utilization.

Kniwouesvie cnosa:. uncertainties and risks, climate change
adaptation, robust land use and irrigation planning, two-stage
optimation, VaR and CVaR risk measures

Climate changes affect socio-economic and environmental systems
directly and indirectly, through exogenous shocks from natural disasters
and endogenous systemic risks due to interactions among systems and
policies [1-5]. The impacts of climate changes are expected to increase
triggered by the growing complexity of systemic interdependencies,
introduction of new policies and technologies, growing demands,
increasing variability and magnitude of natural disasters. Many prominent
economic assessment models involved in climate change analysis are
deterministic and fail to account for the uncertainties and risks inherent in
climate change. What is also important — they are unable to account for
the increasing variability and frequency of extreme events and
catastrophic risks which currently dominate the climate change debates [6-
8]. This paper discusses the need for important improvements of the
methods to incorporate central issues in climate change adaptation such as
uncertainty, treatment of irreversibility, safety and security requirements,
and robustness of decisions.

Uncertainty and variability of climate changes are the key challenges
for adaptation planning [8-9]. In the conditions of uncertainty and
possibility of irreversible decisions [9], the decision-making can be
addressed in two interdependent stages: in the first stage, make only
partial ex-ante anticipative actions to keep options open until new
information is revealed; and adapt the first-stage decisions after more
information about the true state of environment (true scenario) is acquired.
A portfolio of robust interdependent ex-ante and ex-post strategies can be
designed by using two-stage stochastic optimization (STO). The two-stage
STO naturally integrates the two types of decisions [1], [10-14]:
anticipative ex-ante and adaptive ex-post decisions. The robustness of the
two-stage decisions [12-14] is characterized by the representation of the
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feasible decisions, potential threats, and adequate quantile-based
performance functions and constraints. The two-stage STO approach
enables to deal with situations of imbalances, disequilibrium, thresholds,
and quantile-based safety constraints, typical for non-smooth and often
discontinuous and nonconvex interdependent socio-economic and
anthropogenic systems. In particular, the anticipative and adaptive
measures reduce the chances of critical imbalances and exceedances of
vital thresholds, which otherwise could lead to systemic failures [1-5],
[15].

This paper develops a two-stage STO model for climate change
adaptation through robust land use and irrigation planning in the presence
of uncertainty and risks associated with water availability. The model
identifies key differences between the decision-making in the cases of
perfect information (full certainty), full uncertainty, and in the case of the
two-stage anticipative and adaptive approach. The risk-informed decision-
making with anticipative and adaptive actions and safety constraints
induces risk aversion characterized by quantile-based VaR (Value at Risk)
and CVaR (Conditional Value at Risk) risk measures that are used for
regulating the safety of nuclear plants, insolvency of insurance companies,
in financial applications, extremal value theory, and catastrophic risk
management [12-14], [12-14], [17], [19-22]. The safety of systems’
performance and the robustness of the anticipative and adaptive decisions
strongly depends on the interactions between the ex-ante and ex-post costs
and the shape of uncertainty. With selected numerical results we show that
the alteration of agricultural production costs (ex-ante costs) can reshape
production allocation and management decisions and therefore affect the
overall systemic security and sustainable performance in the presence of
uncertainty and risks.

A proper combination of ex-ante anticipative and ex-post adaptive
decisions enables to minimize costs associated with irreversible and lock-
in situations. In economics literature, the framework with the two types of
decisions was first discussed in connection with irreversible investments
in land use changes (land conversion) in 1974 in Arrow and Fisher (1974)
[9] without an overall two-stage model being formulated. Most of
integrated assessment models use the concept of expected impact as they
cannot properly capture and analyze the effects of abrupt changes,
threshold exceedances, and catastrophic risks. In these models, climate
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changes are considered as if they occur on average and continuously, and
climatic and policy impacts can eventually be reversed through ex-post
adjustments [12-14], [19-22]. Instead of using expected impacts, the
introduction of safety constraints into two-stage STO enforces a required
likelihood of vital constraints satisfaction enabling to avoid systemic
failures with a predefined probability. The risk-informed decision-making
with anticipative and adaptive actions and safety constraints induces risk
aversion characterized by quantile-based VaR (Value at Risk) and CVaR
(Conditional Value at Risk) risk measures that are used for regulating the
safety of nuclear plants, insolvency of insurance companies, in financial
applications, extremal value theory, and catastrophic risk management [1],
[16], [12-14], [18-22].
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Abstract. Optimization can be applied in developing profitability
management tools for a cloud service broker working according to
a certain business model. On behalf of the managing
telecommunications  holding company (telecommunications
operator), this broker integrates, aggregates and configures
software and data storage services of third-party Internet software
vendors. Such a broker receives only fixed commissions from this
company, based on the subscription fee, but does not pay royalties
to an Internet software vendor and does not receive payments from
the sale of service packages.

Key words: cloud broker, service bundle, random demand.

The development of computer architectures has been motivated and is
motivated by practical applications [1], which today have reached the
level of creating new valuable virtual and tangible assets [2]. Distributed
information technology (posmoxinena indopmartiiina texuosmoris, PIT;
RIT) of scientific and organizational activity (mayxoBo-opranizartiiiHoi
nismeHOCTi, HOJ[; NOD) of the National Academy of Sciences of Ukraine
[3] at the present stage is developing as a cloud architecture, also able to
generate new assets, for example, objects of intellectual property. At the
same time, RIT NOD should meet modern challenges to cloud
architectures.

The cloud broker faces the problem of limited human resources
required to carry out the relevant legal, technical and economic activities
[4]. In addition, the broker faces the problem of uncertainty in sales,
service prices, the share of resource use, or the risk of losing operational
and financial goals [5].
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To run a broker’s business efficiently, one needs to find services and
their bundles that increase profitability and reduce financial risk by
solving certain optimization problems. Information on such services is
needed to support negotiations on fixed and variable commissions, as well
as to prioritize services and their packages to be provided [6]. Thus, for
the cloud services broker, both profitability management tools and
services portfolio development tools are useful. In general, a cloud service
broker is an organization that negotiates the relationships between cloud
service clients and Internet software vendors [7]. Cloud broker can be
created on the basis of different business models regarding the type of
service (platform, infrastructure, software), type of clients (enterprise,
household), functions performed (identity management, accounting,
billing, location, etc.), the degree of rebranding, measures of aggregation
of services and other criteria [8].

We introduce a binary variable x, whose value is equal to 1 (if the

cloud broker offers services to the seller of services — a client of the
market or business unit that generates income) or 0 (if the cloud broker
does not offer services).

Let the broker have N clients who sell service packages created by

the cloud broker. The binary variable x. , indicates whether the cloud
broker will service the svendor g =1,...,N . The constraints

Xc.g Xos 9=1...,N¢, (1)
guarantee the inactivity of service sellers in the inactivity of the broker.
Assume, only one service vendor h can sell in the local market:

Xmnh<Xcg» 9=1....,Nc, 2
for all h in the set Xy, of market ISVs that could potentially be
included in the service portfolio in a market g, where the variable xy, ,, is

binary. Market ISVs are not available if they are not technologically
integrated on the platform:

XM,h SXV,k’ k:l,...,Nv, (3)
for all h in the set X, , of market ISVs that can be generated from a
global ISV k, where the variable X, , is binary. Market-oriented services
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are not available if the corresponding local market ISV is not implemented
on the platform:
XS,iSXM,h’ hzl,...,NM, (4)

for all i inthe set X, , of services provided by the local market ISV h.

Because individual services belong to groups of services that require

common costs for integration on the platform, individual services are not

available if the relevant groups are not integrated on the platform:
XS,iSXG,j’ j:]-a---aNGy (5)

for all i in the set Xy ; of services in the group j. A service bundle

cannot exist if ancillary services are not installed on the platform:
XB,l SXS,I’ i=1,...,NS, (6)

for all | in the set Xgs; of potential service packages that the service i

can promote.
The total income (profit) of the cloud broker is given by function

Nc Ns NB Nm
I =75% +Z”c,gxc,g +Z7Ts,ixs,i +Z”B,|XB,| + Z”M,hxm,h +
-1 i-1 -1 h=1

NG
+ .76, %6, » @)
j=1
where I1, 7, 7c g, Zs;s Zays ZTwps 7e,; — Netincome of the relevant
entity (participant), which is computed on the basis of income and
expenses (current values based on cash inflows and outflows).

Denote Q; the available quantity of time and denote q,, dc 4, s

s, Owns Us; the amount of time use by the relevant subject:

Nc Ns NB Nm
Qr 2doXo +ZQc,ch,g +ZQs,iXs,i +qu,IXB,I + qu,hXM,h +
e i1 =] h=1

NG
+zqG,jXG,j . (8)

j=1

Thus, the optimization model of the cloud broker can be formulated
as the maximization of the objective function (7) for the binary variables
Xor Xcgr Xsiv Xaps Xmnr Xo.j under the constraints (1)—(6), (8) . For
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brevity of the problem of maximizing the function (7) with restrictions
(1)—(6), (8) we introduce vector notation:

i z(”c,lv---a”c,Nc)a oy =(7TV,1""'7[V,NV)1 Ty Z(”M,lv---v”M,NM )
g :(”G,lv--w”G,NG)’ 7T :(”8,11""7TS,NS)1 Ty = (”B,lv---v”B,NB)a
Oc :(qC,ll""qC,Nc)v O =Gy ) Gu=(uarOuny )
O :(qG,ll""qG,NG) , 05 = (qs,lv---vqs,Ns)a Os :(qB,l""!qB,NB) ,
Xe =(cpXene) X =01Xn)  Xu=XuaXuny )
Xo =(XgpXang)s  Xs =(XspreXsng) s Xg =(Xg 11+ Xe.Ng ) s
=70, e, 7oy s Topg + T 1 T+ TR ) s
4 =(do,Gc -Gy G b s 0s) »
X=(Xo: X%y X1 X6+ X5, Xg) -
Then constraint (8) can be written as

Gx' <Q, 9)

where X' is transposed to the vector X. Restrictions (1)—(6) can be
written as

AX" <0, (10)
where A is some (sparse) matrix, all elements of each row of which are
equal to 0, except for an element equal to 1 and an element equal to —1.
Therefore, the maximization problem of function (7) under constraints
(1)—(6), (8) can be rewritten as a maximization problem

[M=7%" (12)
by the binary X vector under inequalities (9), (10). Let be @ a random
event from a set Q of possible future states, which occurs with some
probability «, . Then the expected current value is maximized

E,[I,]=E7,]%. (12)
instead of the objective function (11), and it is used
E,[4,]x" <Qr. (13)

instead of constraint (9) [9]. If ¢ is the cost (penalty) per unit of non-

compliance with the restriction (13), then instead of the current cost (12)
and the restriction (13) one can enter the criterion

E,[11,]=E,[7,]%—E, Jpmax{d,x" -Q;0f. (14)
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In addition, one can enter a parametric limit on the excess
(exceedance) of resources:

max{d, X" —Qr;0}<R;. (15)
For criterion (14) and inequality (10) for a binary vector instead of
constraint (15) one can enter a constraint

E, [max{Q: - 7,% —pmax{d, X" -Qr;0}0fl<R-,  (16)
where Qg is the target value of the current value, Rq is the parameter
whose value is selected by the user. If each scenario s=1,...,S has a
probability «, then the maximization problem of criterion (14) under
constraints (10), (16) can be rewritten as a maximization problem

Es[ns]zzslas (ﬁsz_vsgo) (17)

by binary wvector X, non-negative vectors V =(v1,...,vs)26,
W=(W,,....wg) >0, with restrictions (10),

4.x" -v,<Q;, s=1...,S, (18)
AX=Vp+W, >2Q¢, s=1...,S, (19)

S

> aWw, <Rg. (20)

=1

Since in practice it can be difficult for the user to set the value of the
parameter R, especially when changing the input data or the number of

subjects, it is more convenient to use a convex combination instead of the
objective function (17) and constraint (20):

(1_1)2510[5 (7_2:5)_(. _Vs(p) -4 Zslasws ’ (21)

where A €(0, 1). Under fairly general assumptions, any solution of
problem (10), (17)—(20) is also a solution of problem (10), (18), (19), (21)
for some Rc. In turn, the convex combination (21) can be modified using
CVaR:

S o y) S
(1—&)2405S (7 X —=Vyp) — D> agw, —AV .
s=1 Qyar s=1

Different cloud brokers have different attitudes to choice of important
solutions for their businesses. Solutions can relate to pricing, capacity
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planning and utilization in combination with service quality, security,
scalability and other issues.
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SECTORUL BANCAR: UNELE MODELE DECIZIONALE iN
CONTEXTUL STARII DE INCERTITUDINE

LILIAN GOLBAN, ASEM, Republica Moldova
golban.lilian@gmail.com

Rezumat. Banca comerciald, ca agent economic, Isi
desfasoara activitatile, urmarind ca scop Imbundtdtirea
potentialului financiar, in _conditii de maxima _atentie a
reactiei_celor 2 medii_de baza cu care se confruntd:
creditorii_si_debitorii. La rdandul sau, oricare agent
economic, deponentul sau solicitantul de credite tinde sa
obtind o rata _a dobdnzii cdt mai_mare si, respectiv,
invers. Lucrarea de fata propune o analiza a optimizarii
modelului _bancar, in_viziunea acestei _abordari din
perspectivele Wald si_Savage, considerand ca volumul
ofertei_de mijloace banesti de la deponenti reprezintd o
functie liniard, in crestere in raport cu ratele dobanzilor
la depozite, pe cand volumul ofertei de mijloace banesti
pentru creditare reprezintd o parte din volumul cererii la
aceasta sumd.

Abstract. The commercial bank, as an economic player,
carries _out its activities, aiming to improve financial
potential, in conditions of maximum attention to the
reaction of the 2 basic environments they face: creditors
and debtors. In turn, each economic agent, the depositor,
or the loan applicant tends to obtain an interest rate as
high as possible and vice versa. This paper proposes an
analysis of the optimization of the banking model, in
view of the approach from the perspective of Wald and
Savage criteria, considering that the volume of the
money supply from depositors represents a linear
function, increasing in _relation to interest rates on
deposits, while the volume of supply of funds for lending
is a part of the volume of demand for this amount.
Cuvinte cheie: model bancar, politici bancare, proces
decizional, incertitudine.
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Fie cd se considera ci cele doud operatiuni de baza ale unei banci
comerciale, prin care se poate majora profiturile proprii, sunt:

- depozitelor banesti - cantitatea acestor oferte (depozite) fiind de
@(a) unititi monetare la o ratd a dobanzii de a*100;

- creditelor banesti - o parte din mijloacele banesti disponibile vor fi
orientate citre activitatea de creditare, unde @(ff) reprezintd cererea la

bani din partea debitorilor, cu o ratd a dobanzii la creditele de £*100.

In particular, se admite cd ¢@(a) (functia pentru depunerile de
depozite) si @(f) (functia cererii la credite) sunt liniare, diferentiabile si
descrise, dupa cum urmeaza:

p(a)=a-a+h, O<a<a<a<l;

d(p)=—a,-p+h, 0<p<p<p<1;

Se considera 7 - rata de satisfacere a cererii la credite, stabilite prin

#(B).

Din considerente economice, se stabileste cd volumul creditelor nu
poate depasi valoarea monetard ramasa din diferenta sumei totale a
depozitelor () si a unor rezerve bancare (numite si "volum strategic") -

®,20.
Apriori, ¢, poate fi indicat expres sau determinat ca o parte anumita
din p() . Astfel, 7¢(f) < p(a) — ¢,. Comportamentul economic al unei

banci comerciale determind ca, pentru asigurarea unui venit comercial
> 0, sé fie consideratd doar relatia @ < 3.

Se presupun urmatoarele:

- functia @(x) se postuleaza de a fi pozitivd si strict crescdtoare pe

intervalul [Q,O{]. Se constatd elementar cd a@(a) este convexd pe

[c_z,a].
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- functia ¢@(f)este pozitiva si strict descrescitoare pe intervalul

[,B,,E] De asemenea, se poate demonstra ci S@(f) este concava

pe [ B, ﬂ].
Venitul bancii, conditionat de operatiunea de atragere a depozitelor si
cea de creditare, dar si de alegerea parametrului 7, Se va nota cu

R(a, p,7). Astfel, R(e, 8,7) =L+ B)o(S) — L+ o)) .
Modelul matematic obtinut este:

R(e, f,7) > max
(a.p.7)

p(B) < p(a) - ¢,
V¥ =19(p) - pla)+ ¢, =
=7-(-a,-f+b,)-(a,-a+b)+¢, =
=-a, - f-7+b,-7—-a-a-b+¢,
(.pr)eD={(a; p):a<a<a;B<P<B0<T<T}
Se poate constata ci functia R(a, f3,7) este concavd pe multimea D
in raport cu (&, 5,7).
Reiesind din linearitatea functiilor ¢@(a) si @(f), inclusiv si

modalitatea de definire a functiei R(e, f,7), se deduce in [Godonoagi
A.,2013]

ciR(a, B.7) = rl-a, 8% + (b, ~a,) A+ by ] +[-aya” — (a, +b)a —by ], ce
ea ce confirmi concavitatea functiei R(e, £,7) in raport cu (a, 3, 7).
Criteriul WALD. Considerand incerte valorile coeficientilor a,, b.,
dar admitdnd cunoscute intervalele posibile de wvariatie a acestora
[ai,gi]; [bi,b_i], politicele bancii comerciale ar putea fi elaborate in
diverse viziuni (criterii). in particular, aplicand criteriul Wald, varianta

optima (setul optim) de decizie (c, (a,b), A, (&,b),z,(a,b)) se

determind din conditia:

Ru (@ (@), A (8,0, 7 (3,1)) = max minR(a, ,7)
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p(a)=a-a+b

P(B) =8, ':B+b2

Y(a, pira,b)=-a,-f-7+b,-7-a -a-b +¢,

(@ fr)eD={(@p)a<asaf<f<fir<r<t}

Pentru comoditate, se poate consid;ra 0 notatie mai comoda si
echivalentd pentru R, (a\;, (a,b), ﬁ; (a,b), T\:, (&,b)) si anume
Ru (. By 7

Conform unei modificari a metodei gradientului generalizat
[Godonoaga A.,2011], urmeaza a se construi un algoritm care va solutiona

problema de maximizare a functiei R, (¢, By, %) pe D.

Initial, se va considera ci =12, iar functiile, care descriu
comportamentul depunerii de depozite si a solicitarii creditelor vor fi
p(a) =a, -a+Db si, respectiv, ¢(f) =—a,-+D,.

Urmeazad sa se realizeze un calcul iterativ, pentru fiecare
k=0,12,..., in raport cu functiile R(e, #,7) si ¥Y(e, S,7,8,b), unde
se genereazd independent 2 seturi aleatorii (aiR,b,R) si (aiql,blkp)
respectiv, In corespundere cu o oarecare lege de repartitie (in particular -

repartitie uniforma), din intervalele [ai,eﬂ si [bi,b_i].

Criteriul SAVAGE. Conform lui Savage [SAVAGE L. J.,1951],
dacd venitul garantat este reprezentat de valoarea maxima a functiei

r(e, p,7,8,b)=R(e, §,7), care s-ar obtine pentru varianta de decizie
r(@ (@,b) A (@,b).7 (a,b) notat cu maxr(a,p,7,a,b), se

defineste functia

r(e, B,r,a,b)=r(a’(a,b), 5 (&,0),7"(a,b)) - r(e f,7,a,b)

- numita si functia regretelor.
Deci, problema minimizarii functiei scop Savage se va descrie in
forma:
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(o foor) =il fma bl i,

De asemenea, se mentioneaza ca Rg(og,f,7s) este o functie
convexa in raport cu setul (e, f5,75) pe domeniul D.

Pentru solutionarea modelului propus, se va considera urmaitoarea
schema:

1) In conformitatea cu o oarecare lege de distributie (in particular -
uniformd) pe domeniul D, se genereaza un set de elemente (fiind si vectori
aleatorii independenti)

(a,b,7)', (a,b,7)%.., (a,b,7),..., (&,b,7)". Orice set (a,b,7)",
=1L, poate fi privit ca un esantion din multimea D. Dacd 1=12,
atunci orice set (a,b,7)’ va avea
componentele (a,,b,,a,,b,,7)' =(a;,b,a},b),7").

2) Se vor considera L probleme de optimizare, numite si "probleme

interne". Cu Rl(al,ﬂl,z") se noteazi r'(a',ﬂ',r',a:,bi')a(mgx),

I=1L.
r'a,fp.7.8,) =7 L+ )(S) - L+ a)p(a')
Fie ca (a*l (ail,bll), ,B*I (ail,bll),r*I (ail,bll)) este solutia optima a

problemei | =1,L si r” :(mgx)r'(a',ﬂ',r',ai',b,'), | =1,L.

3) Se considera ca "problema externd" reprezintd o aproximare
stocastica a criteriului Savage, cu forma:

L+1 * | H
Ry (8., 7) =max| r" —r' | > min .

4) Se construiesc L siruri de forma (a,b,z") si un sir
(a*,b",7), 1=1L, k=0,1..., unde (a”,b”,z%) si (a°,b°,z°) sunt
seturi de start, generate aleatoriu din multimea D.

5) Se construiesc doua siruri h, si J, , similar criteriului Wald.
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6) Fiind deja determinate punctele (a°,b",z9) 1=1L , si
(@“,b*,7*), k=0,1,..., se vor calcula elementele (a*™', bt £t
§| (a.ik+1,b|k+1,2'k+l).

CONCLUZIE.

In aceasta lucrare se descriu aspectele teoretice ale aplicabilitatii
criteriilor WALD si SAVAGE, ajustate la problema de maximizare a
profitului unei banci comerciale cu utilizarea directa a tehnicii
gradientului generalizat. Algoritmul descris pentru criteriul pesimist, este
caracterizat prin oferirea unei solutii care, fiind ulterior aplicata, va
garanta, pentru institutia bancara, un anumit profit, in pofida realizarii
chiar si celei mai nefavorabile stari ale naturii. Evident ca, pentru situatiile
cand se tinde sa se obtina un profit maxim, dar cuantumul regretului sa fie
minim, este recomandabil sd fie aplicat criteriul SAVAGE. Exista
certitudinea ca implementarea acestor algoritmi, in activitatea practica a
Unei institutii bancare, ar putea oferi rezultate efective pentru scopul
definit si, de asemenea, ar reprezenta un suport temeinic in procesul de
luare a deciziilor atit la etapa de creditare, cat si cea de atragere a
deponentilor.
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SOFTWARE PACKAGES WITH THE APPLICATION
OF PARALLEL COMPUTATIONS
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Abstract. The paper conducts the analysis of methods and
algorithms of managing computational process of solving complex
optimization problems using multiprocessor and/or multicore
computer systems. We have developed an automatic and dialogue
systems of unconstrained optimization with a graphical user
interface. The developed systems are equipped with an extensive
library of optimization algorithms.

Keywords:  optimization methods, parallel computations,
multiprocessor and multicore systems, dialog systems.

Let P ={pi (x):i € N} is the class of optimization problems (tasks),
where N is a given set that defines the individual problems of the class,
xe D, <" are the arguments of each individual problem that can take
values from some given admissible set D,, determined by each specific
optimization problem individually. It is assumed that for each problem
p;(x) there is some target subset of extrema D] =D,, and D] #<.
Problem p;(x) consists in finding at least one point x" e D;". The set D;
is called the set of solutions to the problem p;(x).

To solve all problems of the class P, as a rule, there is a
corresponding family of methods M ={Mj je J} , each of which solves

problems p, (x) of this class, i.e. find the point X e DI Moreover, each

of the methods M, jeJ, when solving the problem p, (x) has different

efficiency (time used, solution accuracy, etc.).
As a set of optimization methods, direct search methods (zero-order
methods), gradient methods (first-order methods), and Newtonian methods
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(second-order methods) are used. These methods have a large number of
settings options, thereby providing the ability to quickly adapt the system
to any process [1, 2].

The report outlines possible principles for managing the package of
optimization programs when solving a specific applied problem

pi(x)eP, allowing to increase the overall efficiency of solving the

problem by combining programs in the process of solving the problem
itself using a multiprocessor (multicore) computing system.

The principle of sequential implementation with a single-core
(sequential) architecture has an important independent meaning and can be
considered as a basic block of implementations for multiprocessor or
multicore architectures. Let us describe one of the principles of possible
schemes for implementing an algorithm for solving optimization problems
on such architectures.

Let M;, M,,..,M, be a list of optimization methods made up of

algorithms in the unconstrained optimization software package. It is
advisable to include methods of different characteristics in the list if,
generally speaking, nothing is known about the structure of the objective
function. The process of solving the problem is carried out in stages, each
of which consists of training and work steps. The first of these stages is
designed to identify a locally efficient algorithm from the available list of
algorithms. After that, a working step is carried out, which consists in
solving the problem using only the most efficient algorithm that was
identified at the first stage. Both the training and working steps are given
certain time slices. At the training stage, you can use the following two
options:

i. To determine the local efficiency of methods, optimization is
carried out from the same point x®. In this case, there is a
somewhat uneconomical consumption of machine time, and
training is used only to identify a locally effective algorithm;

ii. The training time is used not only to find a locally effective
algorithm, but also to advance to a minimum point, since for
training each next algorithm, not the initial, but the current point is
used.

At the training stage, all algorithms from the initial list M, M,, ...,M, are

given the opportunity to prove themselves during a given initial time slice.
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The only exceptions are those methods that turned out to be the least
effective twice in a row at the learning step. They are not given a time
slice and are temporarily excluded from the list. The following formula is
used to calculate the values of the local efficiencies of the methods:

‘f (Xk+l)_ f (Xk)‘ ||Xk+1 _Xk”
= + .

ERCY R O B

1)

1

Here E, is the local efficiency of the i" algorithm; x*** and x* are the

start and end points obtained by applying the i" algorithm; f(xk*l) and

f(xk) are the values of the objective function at these points; |{| is the

Euclidean norm; ¢ is a small positive number.

The criterion for exiting the proposed procedure is the fulfililment of
the search termination condition for all methods. In the end, the user
receives the accumulated information about the search progress, which
includes the optimal chain of methods that worked at the working steps,
the total time to find a solution, as well as the values of the objective
function, coordinates and local efficiencies obtained at the training stages.
Next, we consider the principle of parallel implementation in a multi-core
architecture. The simplest implementation of the multithreaded version of
the solution to the posed optimization problem is an approach in which the
threads independently perform the operations of the sequential algorithm
described above.

The solution to the unconditional optimization problem is carried out
in stages. At each stage, the following actions (steps) are carried out:

i. At the initial step, from the list of all available unconditional
optimization algorithms M, M,,...,M,, several algorithms

M, Mg, ..M, are randomly selected, the total number, N, of
which is chosen equal to the number of cores installed in the
system.

ii. At the stage of the working step, the most efficient algorithms are
identified. The duration, T,, of the work step can be increased if

any method is found to be most effective in several successive
steps.
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iii.  The current values of the local efficiencies E, of the methods are

calculated using the formula (1). Half of the working algorithms
that have found the lowest efficiency are excluded from the list.

iv. The list of working algorithms is supplemented with the same
number of other algorithms as excluded in the previous step, and
steps 2-4 are repeated.

When working with automatic and dialog systems, the user, in
accordance with standard requirements, formalize the optimization
problem in any programming language in the form of a module (library
file with the .dll extension), enters it into the system by specifying the full
path to the file of the created library; using directives (commands) calls
the most suitable (from his/her point of view) algorithms from the library
of modules, selects their parameters. The managing program organizes the
interaction of modules from the body of the package, manages the input of
initial and current information, interprets user directives, dynamically
loads optimization modules into the computer's memory, displays the
computation results in the form prescribed by the user on the display
screen (you can simultaneously receive results on a printer).

The report will contain protocols and results of computer experiments
for a class of unconstrained optimization problems using different
management principles for the developed software package.
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Articolul prezinta un studiu teoretic §i practic al
modalitatilor de determinare a solutiilor in jocurile
bimatriceale impartite in blocuri de submatrici
utilizand  algoritmul  2D-ciclic de divizare si
distribuire a matricelor. Teoremele demonstrate
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It is known that the basic parallel strategy consists of three main
steps: the first step is to partition the input into several partitions of
almost equal sizes, and so the parallelization at the level of data and
operations is actually achieved; the second step is to solve recursively the
subproblem defined by each partition of the input, and so, the distribution
and solution of subproblems on a parallel computing system is actually
performed; the third step is to combine or merge the solutions of the
different subproblems into a solution for the overall problem. The success
of such a strategy depends on whether or not we can perform the fist and
third steps efficiently [1].

In this presentation we will analyze the ways to build parallel
algorithms, and especialy, data parallelization, for a class of
noncooperative games, bimamtrix games.
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Matrix games. Algorithms for determining equilibrium profiles in
pure strategies. We consider the bimatrix game in the following strategic

form T'=(1,J,A B),where 1 ={1,2,..,n} is the line index set (the set of
strategies of the player 1), J ={1,2,...m} is the column index set (the set
of strategies of the player 2) and A=| a, ||Il5’, B=||b,|l)5 are the payoff

iel ? iel

matrices of player 1 and player 2, respectively. All players know exactly

the payoff matrices and the sets of strategies. So, the game is incomplete
and has imperfect information. Players intent to maximize their payoffs.
The matrices A and B are called global matrices. We denote by NE[I']

the set of all equilibrium profiles in the game I'..Thus, Nash equilibrium
profile is the pair of indices (I j) for which the following system of
a >a Viel,

inequalities is verified (i ' )e NE[I'] G{b b vield.

The definition of Nash equilibrium proflles ‘in the language of
inequalities" is difficult to apply in practice. Therefore, we will present the
following equivalent definitions, which are already "in the language of
optimization problems" and "in the language of point-to-set
applications."It is obvious that the inequality system is equivalent to the

a i aXaJ
. . . ek = icl i .
following equality system: (l N )e NE[l'l & b L =ma b ) We will
i* jed i*
present below a equivalent definition but "in the language of best-response
type point-to-set applications." We will build the following point-to-set

aplication Br:J —2' such that for any fixed column jeJ,
Br.(j) = Argmaxa; is determined. Similarly Br,: | — 2’ such that for
iel

any fixed column iel, Br,(i)= Arg ”}j}xbﬁ is determined. Denoted by

GrBr, = {(i, j):i e Br(j),vj € 3}={i, j):i = argmaxa;, j el and

GrBr, ={(i,j): jeBr,(i),Vie I}E{(i,j): j = argmaxh, vie } the

graphs of Br; and Br,. Then we obtain the following definition of Nash
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equilibrium  profiles: (i*,j*)eNE[F]<:>(i*,j*)eGrBrlfprBrz.These

definition from a practical point of view it is easier to apply and so the
following algorithm can be formulated to determine the Nash equilibrium
profiles in pure strategies.

Algorithm 1

1. For any fixed column jeJ,the set Br(j)= Arg quau is

determined. Under algorithmic aspect it can be as follows: for any
column j of the matrix A all maximum elements of this column

are highlighted.
2. For any fixed row iel, the set Br,(i)= Argmaxb;is
jed

determined. Under algorithmic aspect it can be as follows: for any
row i of the matrix B all maximum elements on this row are
highlighted.

3. The graph GrBr, of the multilevel application Br, from step 1)

and also the graph GrBr, of the multilevel application Br, from

step 2) are built. The equilibrium profiles are all the profiles
belonging to the intersection of the two given graphs:
NE = GrBr, nGrBr,. From an algorithmic point of view it can be

done as follows: we look for all highlighted elements in the
matrices A and B and the indices of the elements whose
positions coincide both in matrix A and in matrix B will be the
equilibrium profiles.

Generation of sets of bimatrix subgames as a result of the
division into blocks of global matrices. Suppose that matrices A and B
are divided into submatrices (at the moment we do not analyze the case of
distribution of submatrices). We can consider the following cases: a) when
both matrix A and matrix B are divided into submatrices using one and
the same algorithm, b) when both matrix A and matrix B are divided into

submatrices using different algorithms. Thus we can obtain a series of
jred,

pairs of submatrices of the same size {(A,B,)}_. where A =

a

e

r=Lp i,elr

i

and B, = by, || ElJr. We mention that we will analyze only the case when
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the submatrices, obtained as a result of the algorithms for dividing the
matrices A and B, will have the same dimension, and therefore bimatrix
subgames can be constructed. Here the index r actually means
"processor” which, as will be seen below, will obtain these submatrices.
These submatrices will generate a series of games which are actually sub-

games of the original gameT, =(I,,J,, A,B,). We denote by NE[T,] the
set of Nash equilibrium profiles in the problem T,.

We introduce the following applications which determine the
correspondence between the "local indices” of the elements of the local
matrices A, B, and the "global indices” of the elements of the global
matrices A and B, specifically ¢, :1, > 1, w, :J, — J. These functions
are in fact determined by the algorithm of dividing the matrices A and B
into submatrices. Obviously, these functions must verify the following
conditions:

Viel,3randi, €1, thati=¢,(i, ) 6))

Vied,arand j, €J, thatj=w,(j,) 2
According to (1)-(2) the following condition is verified: for any strategy
profile in the bimatrix games T, namely (i,j)elxJ, there exist a
strategy profile (i, j,) in the bimatrix games T., so that i=¢,(i,) and
J=w,(],). As aresult we analyze only those divisions and distributions
of the global matrices in local matrices for which there exist the
applications ¢, and w, such that the conditions (1)-(2) are satisfied.

We formulate the following problems.

Problem 1. (existence of solutions) What are the conditions
(necessary, sufficient, necessary and sufficient) for the equilibrium
profiles in the game T,. to be the equilibrium situation in the game T.

Here we can highlight the following two aspects:
1. which (i?, j; )& NE[T] there will also be (g, (7)., (j;))< NELTT;
2. what properties must the algorithm of dividing the matrices into
submatrices possess in order to if (if, j:)e NE[T.] then

(o, 0w, (i) NEIT)
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About an matrix division algorithm for which any solution of the
subgames is also the solution of the initial game. We will first analyze
those algorithms for constructing subgames based on the division of
matrices for which the solutions of the subgames will be the solutions of
the initial game. We will introduce the following definition.

*

Definition 1 If for any equilibrium profile (ir,j:)e NEI[T,] in the
game T, existsg, :I, —>1, y, :J, —>J thatis (gor(i:),l//r(j:))e NE[T]

then we will say that the algorithm of dividing the matrices into blocks of
submatrices is perfect and will be called "perfect matrix dividing and
distribution algorithm" (PMDDA)

To realise the data parallelisation, we use the two-dimensional
block-cyclic data layout scheme [2]. The P processes of an abstract
parallel computer are often represented as a one-dimensional linear array

of processes labelled 0,1,...,P. It is often more convenient to map this

one-dimensional array of processes into a two-dimensional rectangular
grid, or process grid by using row-major order (the numbering of the
processes increases sequentially across each row) or by using column-
major order (the numbering of the processes proceeds down each column
of the process grid). This grid will have |, process rows (line) and c,,,

process columns, where | +c.. =P. The process can now be
referenced by its row and column coordinates, (I,c), within the grid
LxC where L={1,.1I,..1.} is a set of row numbers and
Cc={1,..c,...c,} is a set of column numbers. These groupings of

processes are of particular interest to the programmer, since distributed
data decomposition of a matrix tends to follow this process mapping.
Viewing the rows/columns of the process grid as essentially autonomous
subsystems provides the programmer with additional levels of parallelism.

For dense matrix computations we assume the data to be distributed
according to the two-dimensional block-cyclic data layout scheme. The
block-cyclic data layout has been selected for the dense algorithms
implemented in DMM parallel systems principally because of its
scalability, load balance and efficient use of computation routines (data
locality). The block-partitioned computations are processed in consecutive
order just like a conventional serial algorithm.
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According to the 2D block-cyclic matrix dividing and distribution
(2DBCMD&D), an m by n dense matrix is first decomposed into m_A

by n_A blocks starting at its upper left corner. These blocks are then

uniformly distributed in each dimension of the Process Grid. Thus, every
process owns a collection of blocks, which are locally and contiguously
stored in a two-dimensional column major array. We present below some
examples of the distributed matrix based on 2DBCMD&D algorithm. If

we have a global 6x5 matrix A:||aij||ij:11;65 then for 2-D process grid

LxC=2x2 and block dimension 2x2 we obtain the division and
distribution on the process grid represented below. Here A, represents

the submatrix which will be distributed later to the process (l,c).

a; &, & &

A( _|8xn 8yp Ay A( _| 8 8y
00 1Mo ~ )

& A, g ;8

A A, A 8 g,

A( _[ 8y 85 Ay A( _ [ Ay
1,00 — My T '

y 8, A 8 Ay

Let 1. (respectively J, ) denotes the rows (respectively columns) of

in c)_l“](l c)‘

the local matrices. Denote by A(c,n:H neioo |l and

e )'1"0 c)‘

iq, c)‘l‘J(l N

submatrices formed from global matrices A

B(C,') = H (| C)J(| c) ‘ ‘

‘0.07H'0.0)
and B that are distributed to the (c,I)eLxC process grid. We call i,
and j,., local indices of the local elements of the local matrices A,
B..,)- According (1)-(2) for any strategy profile (i, j) € I xJ, there exist a
process (I,c)eLxC and the strategy profile (i), J,) that

1= Dy (i(|,c)) and j= l//(l,c)(j(l,c))'
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It's easy to prove that for 2DBCMD&D algorithm the ¢, , and v,
functions, also verify the following conditions.

Proposition 1 For the 2DBCMD&D algorithm the ¢, 1, —> 1,
Yo Jae —J functions verify the following conditions:

a) for all fixed

=11, we have (p(,,é)(i(,yé)):(p(,,a)(i(,f)) for  all

maxr € =1,Ca €#C and oo = s

b) for all fixed
c=1,Chu; We  have W(T,C)(j(i,c)):l’//(r,c)(j(r,c)) for all

=110l =105, 11 and j; = j(r,c)-

Condition a) means the following: processes which are located on the
same line of the process grid (for example line ) in its submatrices
contain elements of the same line of the global matrix. Respectively,
condition b) means the following: the processes which are located on the
same column of the process grid (for example column c) in its
submatrices, contain elements of the same column of the global matrix.
This property is used to construct the equilibrium profiles in the bimatrix
games.

Nash equilibrium profiles for bimatrix games with block-cyclic
distributed matrices. We denote by NE[F(CV,)J or NE[(A(,YC), B(,Yc)) the set
of all Nash equilibrium profiles of the bimatrix game (subgame)
Ceen =<|<c,|)’~]<c,|>"°ic,|)i B(Cy,)>. Based on the above mentioned, and namely
according to basic parallel strategies, we can proceed to distribution on a

parallel computing system the subproblems, which in our case consist in:
determining the sets NE[F(C,,)J for any calculation process (l,c)eLxC.

Based on definition of the Nash equilibrium profiles, any process
(I,c) e LxC of a parallel computing system with the distributed memory,

simultaneously and independently determines the equilibrium profiles,
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(i5.0p 7oy ) € NE[(A, By )] for each subgame

ey = (Ve ey Ay Beery ) based on the following Algorithm 1.

Here we are going to analyse the following problem: if using the
2DBCMD&D algorithm, and process with the coordinates (l,c)

determined (i("‘,,c), j(",,c))e NE[(AY,‘C), B(,,C))l then which conditions should be

checked so that (go(,vc) (i(*,,c)), l//(,‘c)(j(*,,c)))e NE[T].

Using Proposition 1 for the 2DBCMD&D algorithm we can easily
prove the following

Proposition 2 Let (i*,j*)e NE[I] and there are a process (I,c)

applications ¢, 1, =1, W o4 —>J for which (1)-(2) is verified

and (i(*l,c)' j(*,,c))e NE[(A(,_C), B )] Then =9 (ié.c>) and

i'= ‘//a,c)(J(*l,c))

The proposition 2 means the following: for any Nash equilibrium
profile in the global matrix game there is a subgame generated by the
2DBCMD&D algorithm, for which this strategy profile is also the
equilibrium profile. In the next theorems [3], sufficient conditions are
formulated under which a equilibrium profile in the bimatrix subgame,
generated by the 2DBCMD&D algorithm, becomes an equilibrium profile
in the initial game with the global matrices.

Theorem 1 Let's assume thats (i(",yc), j(*,,c))e NE[(A(,,C),B(,,C) )] is
determined by the process (l,c.). If for any process on the column c,
namely (I, ¢) for all I =1, the condition j(*r,c) # Juo IS fulfilled, and for
any process from the line | namely (I,¢), for all ¢ =c, the condition
in o, #i., s fulfilled, then (g, o, (ic o Jwy (o)) € NEITD

This theorem states the following: if in the A, submatrices of the

processes on the column ¢ there are no marked elements which belong to
the column j; . and, at the same time, in the submatrices B, of the
processes on the line | there are no marked elements which belong to the
line i;,, , then the  strategy profile (§0(|,c)(i{],c)), l//u,c)(j{],c))) is a Nash

equilibrium profile in the initial global matrix game.
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Let's analyse the case when there are (I,c) processes in the process
grid, 50 that (700 By ) e NE[(A ey By o )l but
((0(.,0)(ia,c)),l//a,c)(ﬂm))55 NE[[]. In other words, not every equilibrium
profile in the subgame is an equilibrium profile in the global matrix game.

The following theorem can easily be proved for this case.
Theorem 2 Supposing for a given (I,c) e LxC process found

strategy profile (i(*,yc), j(*l,c))e NE[(A(,YC),B(,,C))l If for fixed ¢ and all I =1

such that (I~,c)e L xC the conditions a, p >a. p are fulfilled,
ey e ol c)

where i("I~ »-arg max a and for fixed | and all & = ¢ such that
! i~ el ~ T olae
T e o

(1,€) e LxC the conditions b, p >b, p are fulfilled where
ey 1,e) .0)0.8)

j(*I,E) =arg max b, then (¢(I,c)(i(*l,c))’W(I,c)(j(*l,c)))e NE[LT].

R IR UK UG
Finaly the theorem land teorem 2 determine the conditions under
which the algorithm 2DBCMD&D becomes the PMDDA
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Annotation. This paper addresses the problem of generating press
reviews about startup investments, which involves collecting data
from various sources, validating news, Named Entity Recognition,
and grouping texts by belonging to a particular investment. This
task is very relevant today, as the market for investment in startups
is rapidly growing, and the proposed approach can be actively
used for the tasks of Business Intelligence in this area. The
experimental results prove the effectiveness of the proposed
approach.

Keywords: text mining, named entity recognition, text
classification, innovation, venture capital, press review.

1. Introduction

Innovative solutions are a guarantee of successful business dealing. It
gives companies an advantage over their competitors, allows them to gain
more market share, helps to adapt to modern conditions, allows optimizing
and speeding up the production process, and as a result to increase profits.
Therefore, innovative business models and modern technological solutions
are powerful catalysts for business development [1].

Companies that use proven business models to minimize risks and
avoid failure cannot be considered startups [2]. Since the implementation
of innovations is an extremely risky and complex process, startups(from a
financial point of view) are the most optimal and safe solution for
implementing new ideas and testing their relevance.

One of the main indicators of a startup's success is the size and
regularity of incoming investments. Every year more and more people and
organizations start investing. According to Unicorn Nest company [3], in
2020 about $788 billion was invested in startup projects, which is 36%
more than the previous year. Today, there are a large number of news sites
that specialize in analyzing data about startup investment and venture
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capital. This trend indicates the importance of investment market data. For
these reasons, the task of automatic monitoring of changes in the
investment market becomes more relevant. The most convenient and brief
form of this monitoring is a press review of news about a certain round of
startup investments. That is why during writing this article the pipeline of
generating press reviews about a certain round of startup investments was
researched and used.

2. Process workflow of generation press review

Generating a press review is a complex task in the world of Natural
Language Processing (NLP) and Text Mining, that includes the stages of
gathering text data collection, word processing, preparation of several
marked datasets for text classification and named entity recognition
(NER), neural network training for text classification and NER tasks,
grouping news about one of investment rounds.

2.1 Phase News Mining

Data collection is one of the most important steps in press review
generating. The results of all next steps depend on the quality of selected
sites and collected texts. In general, this stage can be split into several
tasks: selecting news websites, gathering links to posts, and collecting

data from the publication page.

Two popular news sites about venture capital were selected for the
experiment: finsmes.com and pulse2.com. All posts from one month were
collected from each site. As a result, a dataset of 1,085 unique
publications was created. We will use these posts to generate all possible
press reviews.

2.2 Phase Text Pre-Processing

To get more accurate results we need to preprocess the received texts
before NLP models training begins. Unnecessary information that is not
related to your topic may distort the results in the next steps, so all data
should be filtered.

Usually, posts on the Internet may contain irrelevant links, symbols,
hashtags, advertisements, HTML tags, and more. Often texts can contain
specific formats of dates and numbers, there are a lot of prepositions and
articles. Obviously, all of these things are not necessary for further
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analysis and only increase the size of input data. For this reason, at the
preprocessing stage, all unnecessary words and symbols have to be
removed [4].

Also, to improve the quality of the text classifier and NER model
training, a steaming procedure was used to match the words and to bring
them to one morphological form. Researches show that removing stop
words and stemming during the pre-processing stage can reduce the size of
data by 20-30%, thereby speeding up the analyzers work in the next steps

[4].

2.3 News Validation phase

In this step from the collected set of data, we need to select
publications that are related to investing in startups. To do this, the binary
text classifier, that can detect such news for further analysis, was trained.

Unicorn Nest company [3] provided the dataset for the research,
which contains 10,000 financial news, half of them are marked as
investment round news.

Using the FlairNLP library [6], a model of a binary text classifier was
developed and taught, the architecture of which consists of:

o Token embedding layer

o Bidirectional Long Short-Term Memory Layer [8]

Token embedding layer uses a pre-trained transformer model

BERT [10]. This model achieved an f-score of 98% on the test sample of
1,500 publications. Due to the fact that information about investment
round may be present in several news items, news that was marked as
invalid can be skipped.

2.4 News linking phase

To group news articles about the same round of investments, it is
important to understand what startups and investors were mentioned in the
text of the financial news. A neural network was trained to recognize
names of companies in the news to solve the Named Entity Recognition
problem. Dataset of 7,000 news from finsmes.com(that specializes only in
news about Venture Capital) was used to train the neural network. This
site is convenient because each news article about the round of investment
has a "tagged with" list that contains the names of investors and startups
that were involved. During dataset tagging, each phrase in news text, that
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is equivalent to any name from the “tagged list”, was marked with entity
"COMPANY_NAME".

Using the FlairNLP library [6], a model was developed to solve the
Named Entity Recognition problem, whose architecture consists of:

o Token embedding layer (RoBERTa [11])

o Bidirectional Long Short-Term Memory Layer [8]

o Conditional Random Field Layer [9]

Based on empirical experiments and training results of other NER
models, this architecture has proven to be one of the most effective. For
example, it has the highest f-score training biomedical named entity
recognition model [8].

Our results on the dataset have an F-score of 81%. This is a good
result for this dataset. To improve the f-score, we have to increase the
number of texts and make sure that the list "tagged with" contains all
possible names of startups and investors used in the text of the news.

As a result of analyzing all news texts by our trained NER model, we
can get a press review of the grouped news by proper names that are
present in the news or by date of publication. The difference between the
dates of publication of several news items for one round of investments
should not exceed 3 months. Otherwise, this news, most likely, relates to
another round of investments of a certain startup.

3. Conclusions

As a result of the research, a software solution was developed to
generate press reviews about investments in startups, and an experiment
was conducted to generate a press review of 1,085 news items that were
collected in one month from two popular sites about venture capital. Only
821 valid news items were detected during the validation process. As a
result of the NER model working and grouping by company name, 276
press reviews were generated, which is a good result and shows the
potential of the proposed approach.
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Summary. For the case when the measure of the initial probability
space is unknown and is described by an uncertainty set, robust
constructions of risk measures are proposed. Their calculation for
polyhedral coherent risk measures, as well as portfolio
optimization with their participation, are reduced to appropriate
linear programming problems.

Keywords:  polyhedral coherent risk measures, robust
constructions, portfolio optimization problems.

In [1], the concept of a coherent risk measure (CRM) p(.) for
random variables (r.v.) of a probability space (£,%,P) was introduces
and its dual representation was proved in the form

p(X)=sup{[ ¢ (@)X (@)dP(@): & eM}, )
where M is some convex and weakly* closed set of probability densities,
ie.

CeM, = {4(.) >0as., [ ¢(w)dP(w) :1}. @)
Consider the following definition of polyhedral CRM (PCRM), which
allows us to extend this concept, introduced in [2] for discretely
distributed r.v., to the general case.

Definition 1. A risk measure of the form (1) is called PCRM if set
M is either set (2), or its intersection with any of the following two sets:

M, ={§3IQ§(w)Xi(a))dP(w) <c,,i =1,...,k} ©)
for some r.v. X, and real values ¢, and

M,={{:{()<yas} )
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For some y>0. In this case, M, is called the standard part of the

description of set M.
Consider examples of similar PCRM:

1) maximum losses: p(X)=esssup X,then M =M;

2) average losses:

p(X) = E.[X], inthiscase M =M; M, ={{()=1as};

3) Conditional Value-at-Risk [3]: p(X)=CVaR,_(X), then
M=M,"M, = {o <{()<1/@-e) as, | {(@)dP(e) :1}. ©)
Note that set M, from (3) can be interpreted as a system of

inequalities for the first moments of r.v. X,,i=1,...,k.

Definition 2. If the initial probability measure P is not known and is
described by an uncertainty set U in the form P, €U, then the robust

construction of measure p(.) from (1) is called

P (X) =sup p(X) =supsup!{ [ £ (@)X (@)dRy(@): ¢ eM]. (6)

PyeU PyeU

It can be shown that for the case of discrete distributions and a
polyhedral uncertainty set U, the calculation of robust PCRM
constructions of form (6) is reduced to solving appropriate linear
programming problems (LPP).

It is not difficult to pose problems of portfolio optimization in terms
of the reward-risk ratio, as well as on maximizing the Sharpe ratio, in
which the risk is described by robust PCRM constructions, and the reward
function is described by robust analogues of profitability. It can be shown
that for discrete distributions and polyhedral set U , both classes of such
portfolio problems are reduced to appropriate LPPs, which greatly
facilitates the search for their solutions.
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Annotation. A class of queues with retrial calls and one unreliable
server is considered. For the introduced queues a condition for the
existence of a stationary regime is found as well as an explicit
vector-matrix formulas are obtained. The rate of the remainder
decreasing to zero has an exponential upper estimation.

Key words: retrial queues, unreliable server, stationary regime.

The paper deals with a class of queues with retrial calls and one
unreliable server. The main feature of such models is that if at the arrival
moment of a call the server is busy or out of order, then the call goes to the
orbit and becomes a source of retrial calls. The considered class of models
has a wide range of applications in the design of modern information
processing systems [1-2].

For the introduced queues with retrial calls, the following main
problems have been solved: a condition for the existence of a stationary
regime is found; an explicit vector-matrix formulas are obtained for
calculating stationary probabilities; the problem of estimating the accuracy
of calculating the normalizing constant has been solved. The results
obtained are applied to calculate such important characteristics of the
gueue as blocking probability, occupancy rate, etc. These results also
make it possible to propose efficient algorithms for solving optimization
problems for the choice of model parameters. Algorithms work is
demonstrated on a large number of numerical examples.
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We consider a special class of stochastic games with finite state and
action spaces that we call stochastic positional games. In a stochastic
positional game the set of states is divided into several disjoint subsets
such that each subset represents the position set for one of the player and
each player control the Markov decision process only in his position set.
In such a game each player chooses actions in his position set in order to
maximize his payoff. We study this class of games in the cases when the
payoffs off the players represent the average reward per transition and in
the case when the payoffs of the players represents the expected total
discounted total rewards. For each player in his position set are given the
set of actions and and the corresponding rewards for the corresponding
players for each each chosen action for the corresponding player in his
position. We show that for the both cases of the stochastic positional
games (the case with average rewards and the case with expected total
rewards for the players) there exist stationary Nash equilibria.

The main obtained results for the considered class of games are the
following:

- For an arbitrary stochastic positional game with average reward
payoffs for the players there exists a Nash equilibrium in mixed stationary
strategies; in the case of zero-sum average stochastic game of two players
there exist a stationary equilibrium in pure stationary strategies;

- For an arbitrary stochastic positional gamed with expected total
reward payoffs for the players there exist a Nash equilibrium in pure
stationary strategies. In a more detailed form the presented results can be
found in [1, 2]
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Abstract - The given article is about the IT translation and
its role of technological development. Since special terms
and abbreviations are one of the most challenging issues in
translating IT texts, a translator should use special
dictionaries and translating technics to create an adequate
text in a target language.

Key words - |IT translation, terms, terminology,
abbreviation, IT text, IT slang.

It is difficult to imagine 21* century without technology as it is the
era of rapid technological progress, which is available throughout the
world thanks to translation. An intense international exchange of
technological information is the key to technological development and
scientific-technical translation is one of the main factors of such exchange
process. Thus the role of scientific-technical translation is increasing and
it is becoming more and more demanded recently.

Nowadays technology exists in every field our lives. In this article we
would like to focus on informational technology (IT), which is an integral
part of our everyday activities. Informational technologies changed the
way of communication, which is reflected in language as well: more and
more new IT terms are emerging regularly, especially in English language,
which have to be translated in many other languages in order to keep up
with the technological progress.

An English scientist David Crystal in his book “Language and The
Internet” cites several famous people saying that “the Internet is one of the
most remarkable things human beings have ever made” and he notes
himself, the language has a central place in the development of technology
and “if the Internet is a revolution, therefore, it is likely to be a linguistic
revolution” (Crystal 2004:8). Against this background, the formation of
unified national terminologists is relevant, in which a great role is played
by scientific-technical translation.
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IT translation is a part of scientific-technical translation, which
provides translation in a field of information technology. At present,
information technologies have penetrated almost all branches of human
life, and any modern equipment, with rare exceptions, is either equipped
with built-in computers, or can be combined into a computer-controlled
system.

There is a variety of IT documents. These include hardware and
software manuals, technical descriptions, articles, press releases,
comparative reviews, etc.

The following types of documents are the most popular in the field of
IT translation:

Operating manuals — these are hardware and software operating
manuals. The difficulty in translation is that these manuals contain not
only IT terms, but also specific concepts related to the scope of the
equipment.

Acrticles on information technology - articles for IT professionals
often contain examples of program code or command scripts, and
sometimes at least partial knowledge of programming languages or the
described command syntax is required to understand and adequately
translate such articles.

Comparative reviews - It is quite common for translators to deal with
the translation of comparative reviews of hardware and software for
computer magazines and information technology sites. Comparative
reviews usually focus on the latest advances in computer technology. The
presence of a large number of pivot tables and charts in comparative
reviews requires to pay attention to numerical data and to work with
images.

Press releases - press releases, as a rule, are dedicated to the latest
innovations in the field of IT, which requires to focus on development of
the computer market, knowledge of the history of innovations of a
particular hardware or software manufacturer, attention to detail and
correct translation of a message about products not yet presented on the
local market.

Main characteristic of the scientific-technical style is terminology, the
use of simple affirmative sentences, abbreviations, acronyms, graphs,
illustrations and other means of visual representation of information;
absence or minimum number of complex sentences. But one of the most
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notable features that make translation complicated is an abundance of
terms.

The basic unit of any terminology is the term. A conditional
definition of a concept is as follows: A term is a word or word
acombination that refers to a specific subject or concept and is used by
specialists in a particular field of science or technology.

IT progress and the computerization results in formation of new
specific vocabulary in different languages. There are constant changes
both in professional and spoken languages, including formation of new
specific terms in different fields of science and technology. IT texts, as
well as scientific and technical literature in general, as a rule, reflect the
latest achievements of technology and, accordingly, are characterized by a
large number of neologisms. As a result, a very important feature of the
translation of such texts is that often the translator himself has to create
equivalents in target language to express new concepts, which creates
additional difficulty in translation, since it is not always possible to guess
the meaning of an unknown term and for a successful translation it is
necessary to conduct a special analysis of the context and term.

Adequate translation of IT terminology is one of the most important
prerequisites for successful communication in the field of multilingual IT
community. For their peculiarity is not only the differences between
different languages, but also the differences of the register.

The term should have a precise definition for all cases of its use. The
accuracy of the term is very important, which implies the absence of
homonymy and polysemy in terminology. In addition, the term should not
have a synonymous version. An important part of the terms are given in
special dictionaries. Replacing them with words with close meanings is
not allowed. Therefore, based on the topics and tasks of scientific and
technical literature, it can be concluded that the terms have a number of
specific features such as accuracy, brevity, unambiguity, etc.

“The professional sociolect of computer scientists has a three-part
structure, which includes scientific vocabulary (terms), daily business
vocabulary (professional vocabulary) and everyday spoken vocabulary
(jargon)” (Borchkhadze 2016:80). English language has an impact on
formation of IT vocabulary in local languages. Most of the terms are
translated my means of transcription/transliteration.
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One more peculiarity of scientific-technical terms is a way of
formation, including IT terminology, which has been rapidly developing
as a result of the constant improvement of computer systems, the
emergence of the Internet, distance learning programs, etc. It terms are
often international, like Installation. Some terms have elements of Latin-
Greek origin, such as:

One of the difficulties in translating IT texts are abbreviations, since
they may have different meanings depending on the filed they are used.
For instance, the most common English IT abbreviation PC means
personal computer, but it also has other meanings too. The Collins
Dictionary gives following definitions: personal computer, police
constable, Past Commander, printed circuit, percent, politically correct,
polycarbonate, etc.
(https://www.collinsdictionary.com/dictionary/english/pc).

Here are some of the most commonly used IT abbreviations: ADP-
automatic data processing; HDMI-High-Definition Multimedia Interface;
HTTP -Hypertext Transfer Protocol; IE-Internet Explorer; RAM -random-
access memory; DRAM -Dynamic Random Access Memory; IC -
Integrated circuit; DNS-Domain name system; GIF-Graphic interchange
format; LAN-local area network, etc.

Abbreviations do not always have a clear interpretation. Fortunately,
there are special dictionaries that include the most common and frequently
used abbreviations, although there are some that are not found in such
dictionaries, which makes the IT translation even more challenging.
However, in addition to dictionaries, there are official electronic sources
where similar abbreviations can be found.

In IT terminology, apart from special terms and abbreviations, there
are IT slang and jargon, which create a specific spoken environment and is
a special sociolect of IT specialists and a society of computer lovers and
which may cause additional difficulties in translation. Nowadays we can
face The Internet slang abbreviation in the world of massages and
chatrooms since the Internet communication is mostly informal. These
slang abbreviations are universal for all English speaking countries. Below
is the list of most popular Internet slang abbreviations:

LOL- Laughing out loud; ASAP- As soon as possible;

FYI1- For your information; G2G- Got to go;

FB — Facebook;
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MSG — Message;

TTYL-Talk to you later;

IMO- In my opinion;

PAW - Parents are watching;

PITR - Parent in the room;

PBB -Parent behind back;

POMS - Parent over my shoulder;

KPC - Keeping parents clueless;

PAH - Parent at home, etc.

Since special terms and abbreviations are one of the most challenging
issues in translating IT texts, a translator should use special dictionaries
and translating technics to create an adequate text in a target language.

As computer programs are crated in English language, the problem of
their adequate translation into Georgian is quite relevant. This is because
they are mostly translated by nonprofessionals without appropriate
knowledge and relevant skills. Lots of programs face the problem of
inadequate translation, among them an earlier Georgian version of
Windows XP 2003-2005, which was not officially translated and the
translation was done by nonprofessionals.

We can find mainly two Georgian versions of Windows: First -
translated directly from original English; Second — translated from
Russian. Due to this there are inadequate translation of some terms and
some mistakes can be found.

In this article we would like to show some examples of Windows XP
translations, which are represented in three languages and in two versions:
official and unofficial:

Windows | Windows XP Windows XP | Windows XP | Windows 10

XP Georgian Russian Russian English off.

English inoff. off.

off.

Desktop 159 dom OxS> | - Pabouwii cron | Desktop

Stand by BomdS - Kuyuuit Sleep

pexUM

Welcome | 9cmgqlogdgdo | Ipusercteue, | Welcome B qLodgd
(0] (0]6)]

CD Dirive 3M0359¢ - CD IlpuBong CD Drive
0b3§s3Y3960
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As it is seen from the table, there are differences between terms used doe to
the fact that it was translated mostly by nonprofessionals and amateurs.

Thus, with the development of science and technology, technical vocabulary
is developed rapidly. It makes the translation of scientific and technical texts
complicated, because the translators' generalization of this or that word in the text
reduces the inaccuracy of the translation. In addition to translation
professionalism, an IT translator should have a background knowledge in IT areas,
as well as a genuine interest in innovation and a constant willingness to improve
their skills and share experiences with colleagues - only in this case the impeccable
quality of the translation is guaranteed.

Bibliography:

1. Tea Borchkhadze, “Linguistic Markers of Translation of
Computer Terminology System”, Tbilisi, 2016.

2. David Crystal, “Language and The Internet”, Cambridge,
Cambridge University press, 2004.

3. E.V. Skorokhodko, “English Technical Literature Translation”,
Kiev University publishing, 1963.

4. V.A. Sudovtsev, “Scientific-Technical information and
Translation”, Moscow, “Visshaya Shkola”, 1989.

5. “Scientific-Technical Translation”, Moscow, “Nauka”, 1987.

6. Collins Dictionary:
https://www.collinsdictionary.com/dictionary/english/pc
(viewed on 05.10.2021).

This publication was completed under the grant - PROJECT CPEA-
LT-2016/10003, “Advanced Collaborative Program for Research Based Education
on Risk Management in Industry and Services under Global Economic,
Technological and Environmental Changes: Enhanced Edition”

106


https://www.collinsdictionary.com/dictionary/english/pc

DIFFERENT APPROACHES IN THE CONSTRUCTIVE
MARTINGALE REPRESENTATION OF BROWNIAN
FUNCTIONALS

E. NAMGALAURI?, O. PURTUKHIA,

.9 |yane Javakhishvili Thilisi State University,
Thilisi, Georgia

Yekanamgalauri9s@gmail.com, Po.purtukhis@gmail.com

Annotation. New approaches to the problem of stochastic integral
representation of nonsmooth Brownian functionals are considered,
including both the methods of nonanticipative stochastic analysis
without using the Malliavin calculus and the anticipative
stochastic analysis using the Malliavin calculus.

In the theory of stochastic processes, the representation of functionals
of Brownian motion by stochastic integrals, also known as the martingale
representation theorem, states that a functional that is measurable with
respect to the filtration generated by a Brownian motion can be written in
terms of Ito's stochastic integral with respect to this Brownian motion. In
the 80th of the past century, it turned out (Harison and Pliska, 1981) that
the martingale representation theorems (along with the Girsanov's measure
change theorem) play an important role in the modern financial
mathematics. In particular, using the integrand of the stochastic integral
appearing in the integral representation, one can construct hedging
strategies in the European options of different type. Here we will explore
the stochastically non-smooth Brownian functionnals that can be
considered in the future as a payoff function of a certain exotic European
Option and study the issues of their stochastic integral representation.

In the theory of stochastic integration, in contrast to the standard
integration theory, besides the fact that the integrand is the measurable
function of two variables, it should be the adapted (nonanticipated)
process. Skorokhod (1975) replaced this requirement with the requirement
of smoothness in some sense of the integrand. Later, Gaveau and Trauber
have proved that the Skorokhod operator of stochastic integration
coincides with the conjugate operator of a stochastic derivative (with the
so-called Malliavin's) operator.
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One of the important properties of the Ito stochastic integral is that
the Ito stochastic integral as a process of a square integrable adapted
integrand is a martingale. On the other hand, according to the well-known
Clark formula ([1]), the inverse statement is also true: if F is a

3P =o{B, :0<s<T}-measurable random variable with EF? <o,
then there exists the 3 -adapted process w(-,-) € L([0,T]xQ), such

that (P -as.) the integral representation: F =EF +_|‘OT w(t, )dB, ()

holds.
However, this result says nothing on finding the process y(t,®)

explicitly. In this direction we are familiar with one sufficiently general
result, the so-called Clark-Ocone's formula ([2]) by which for the

Brownian functionals: w(t,)=E[D’F | 37](w), where D°F is the

stochastic derivative of the functional F . It should be noted that
application of the Clark-Ocone's formula needs as a rule, on the one hand,
essential efforts, and, on the other hand, in the cases if the functional F
has no stochastic derivative, its application is impossible.

In many papers using Malliavin calculus or some kind of
differential calculus for stochastic processes, the results are quite general
but unsatisfactory from the explicitness point of view: the integrands in
the stochastic integral representations always involve predictable
projections or conditional expectations and some kind of gradients. A
different method for finding the process w(t,w) was proposed by
Shiryaev, Yor and Graversen (2003, 2006), which was based on the Ito
(generalized) formula and the Levy theorem for the Levy martingale
M, = E[F | 37] associated with F . Later on, using the Clark-Ocone
formula, Renaud and Remillard (2006) have established explicit

martingale representations for path-dependent Brownian functionals.

Our approach with prof. Jaoshvili (2005-2009) in the framework of
the classical Ito calculus, on the basis of the standard L, theory and the
theory of weighted Sobolev spaces (without using the Malliavin calculus),
made it possible to construct an explicit formula for the itegrand when the
functional does not have the above-mentioned smoothness. Further, it has
turned out that the requirement of smoothness of functional can be
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weakened by the requirement of smoothness only of its conditional
mathematical expectation. We (with prof. O. Glonti, 2017) considered
Brownian functionals which are not stochastically differentiable. In
particular, we generalized the Clark-Ocone formula in case, when
functional is not stochastically smooth, but its conditional mathematical
expectation is stochastically differentiable and established the method of
finding of integrand.

Theorem 1 (Theorem 2.1. [3]). Suppose that g, :=E[F|3] is
Malliavin differentiable (g, € D;l) for almost all t[0,T). Then we

;
have the stochastic integral representation ¢, =F =EF +IvudBu
0

(P-as), where v, = limE[D,g, | 301 inthe L,([0,T]xQ).

Next, we have considered functionals which didn't satisfy even these
weakened conditions. To such functionals belong, for example, Lebesgue
integral (with respect to time variable) from stochastically non smooth
square integrable processes.

Theorem 2 (Corollary 2.2. [4]). For F = (Jj B,ds—K)" the

following stochastic integral representation holds

F = p(K\/3) /38— K[1-®(K\3)]+
+, -0~ o(BA-17[K - [ @-5)dB,])}dB,

where @ is the standard normal distribution function and ¢ ist density.
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LANTURILE MARKOV SI BALANTA INTERRAMURALA
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Abstract. The main goal of this article is referred to the
problem of applying the theory of Markov chain for
examination of the 19 branches in the framework of the input-
output model for Republic of MoldovaThere was introduced a
new N + labsorption state so that the examined matrix became
of (n+1)x(n+1) order. Obtained transition matrix —

probabilities matrix has been used for forecasting.

Modelul interramural pentru Moldova.

Leontiev a interpretat in [1] orice coloana de coeficienti din punct de
vedere tehnologic, matricea coeficientilor reflectind schimbarile
tehnologice in industriile examinate.

Balanta interramurald pentru 19 ramuri producatoare agregate ale
economiei Moldovei va fi elementul principal in formularea modelului
static de optimizare. Tara noastra, ne avand resurse energetice proprii, este
impusd sa le importe in proportii suficient de mari pentru acoperirea
necesitatilor. Prin urmare, atat cresterea preturilor mondiale la resursele
energetice, cat si cresterea tarifelor interne, contribuie la modificarea
preturilor domestice la resursele energetice. Ceea ce, la randul sau,
afecteaza atdt sectorul de producere in ansamblu, cit si gospodariile
casnice, in mod drastic influentdnd securitatea energetica a tarii si
bunistarea populatiei, aflatd la limita saraciei. In acest context examinarea
problemei cresterii tarifelor la resursele energetice este de o importanta
majord. La solutionarea acestei probleme pot fi utile balantele
interramurale cu profilul de 19 ramuri producatoare agregate, energia
electrica, gaze si apa fiind una din ramurile agregate, in linii mari bazata
pe import. Cu ajutorul modelului de optimizare static interramural vom
cerceta impactul cresterii tarifelor la resurse energetice asupra economiei
integral si asupra populatiei.

Admitem ca tarifele la resursele energetice au crescut cu 1,5 ori,
atunci si elementele vectorului tehnologic pentru ramura resperctiva se vor
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modifica in aceiasi proportie, care va fi impactul asupra Produsului Intern
Brut? Problema se va formula in felul urmator: dat fiind cunoscut volumul
de productie X intr-un anumit an, in conditiile modificarii elementelor
vectorului tehnologic pentru ramura energetica (E), si se optimizeze
consumul final. De mentionat, ca atat balantele interramurale, cat si
vectorul volumului de productie si vectorul cererii finale sunt calculati in
preturi constante. Deci este necesar sa se solutioneze urmatoarea problema
staticd de optimizare: de a maximiza cererea finala, In conditiile majorarii
tarifelor la resursele energetice si volumul de productie predeterminat.

19
Modelul formalizat va lua forma: Max )_Y;, indeplinind restriciile
i=1

(1-A)Y =X, unde X este vectorul volumului de productie dat, iar
Y este vectorul produsului final, care urmeaza a fi maximizat.

Balanta interramurald pentru Moldova i lanturile Markov.
Un lant Markov [2] este descris in felul urmator. Fie ca avem o

multime de stari S = {51,52 s Sy } Procesul porneste dintr-o stare initiala
si se deplaseaza dintr-o stare in alta. Daca lantul se afla in starea S; atunci
la urmétorul pas el se deplaseaza in starea S; cu probabilitatea p;, care
depinde de starea in care lantul s-a aflat anterior de starea curenta.
Probabilitatile p;;, 1<i,j<n sunt probabilitati de tranzitie, iar
matricea respectia P se numeste matrice de tranzitie. Cu probabilitatea
P;; procesul rimane in aceiasi stare.

Revenim la modelul interramural cu 19 ramuri agregate, care descriu
economia Republicii Moldova. Ramura i necesitd cantitatea 0 <a; <1
de bunuri (in valoare baneascd) de la ramura | pentru a produce bunuri in
valoare de un leu. Cererea de consum este vectorul y=(y;,¥,,..,V,)-
Fie ca A este matricea cheltuielilor directe cu elementele sale
a;,19<i,j<19..

Lantul Markov in calitate de stiri va avea vectorii tehnologici ai
ramurilor In examinare, iar In calitate de probabilitati de tranzitie

elementele a; - In matricea coeficientilor tehnologici
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0<g; <1 1< I,j<n, dar suma dupa rand satisface conditiei,

n
Zaij <1, 1<i<n,ceeace asigurd consumul final.
j=1
In matricea cheltuielilor directe A adiugim o stare absorbanti 0,
notata a;, :1—Zaij , atunci obtinem matricea A", suma dupa fiecare

rand fiind egala cu 1. Dupa transponare obtinem matricea de tranzitie P .
Admitem cd X este vectorul volumului de productie, Y este

vectorul cererii finale, ambii normati la 0 unitate, atunci expresia pentru

Produsul Intern Brut este X — AX =Y, iar vectorul t ofera timpul

asteptat de absorbtie, t = Nc, unde N=(1 -=A)" si c=(L1...,]) este
vector N - dimensional.
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Se considera un model numeric pentru studierea
proceselor dinamice intr-un schimbdtor de caldura tub-
in-tub. Cu ajutorul solutiilor numerice obtinute se
efectueaza o abordare pentru stabilirea controlului
asupra mentinerii temperaturii apei reci la un nivel
constant la iesirea dispozitivului.

Cuvinte cheie: schimbator de caldurd, control optimal.

Numerical model for study the dynamic processes in a
tube-in-tube heat exchanger is developed. Using the
obtained numerical solutions we tried to develop an
approach for establishing the control over maintaining
the temperature of cold water at a constant level at the
output of the device.

Keywords: heat exchanger, optimal control.

It is considered a tube-in-tube heat exchanger, the principle of
operation of which is based on the constant contact of the coolant with the
treated liquid. It is used in technological systems for heating or cooling a
coolant with a small heat exchange surface in the gas, oil, petrochemical
and chemical industries. Heat exchangers with such a design are also used
in the food industry, for example, in winemaking and in the dairy
production. The final aim of the study is to develop the algorithmic
strategy that gives the possibility to maintain the temperature of the cold
water at the output of the device at a constant level. To implement such a
control, it seems necessary to solve the optimal control problem. Such a
problem meets a set of difficulties: the mathematical model is represented
by partial differential equations (rather than ordinary ones), the control
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parameters are in the coefficients at the derivatives (and not in the right-
hand side or boundary conditions, as usual), etc.

The mathematical model of the dynamic process of transferring heat
energy in devices of this type is presented in many publications [1-3]. The
model of dynamical problem includes a system of three differential
equations for the temperatures of cold water (heated) T;(x, tJ, hot water
(heating) T3, (x, t) and the temperature of dividing wall T;,.(t)

DaT' G, La 4+ o,(T,—T,) =0
Preigy — Ak TS
aT,,
MwCw 3 = a,I, (T, — T,,) + & 1,(T, — T,,)
T, ar,
Py D T + G, L T — o, I (T, —T,) =0.

The constants included in the equations describe the physical and
geometric parameters of the given device [1]. This system with specified
coefficients and with following boundary and initial conditions

Ty(x,0) = T, (x,0) = T,.(0) = 20°C,  x €[0,L],
T.(0,t) =T2 =60°C, T(Lt)=TF=30°C, ¢t=0

is solved numerically using the ideas of finite difference method. For this
purpose a stable and converging difference scheme is constructed, that
gives a possibility to find approximate solutions for discrete times for two
equations of the system. In this case, the third equation (for temperature of
dividing wall) becomes an ordinary differential equation, the solution of
which can be obtained in an analytical form. As it follows from the
structure of the initial equations, the model contains dissipative terms.
This leads to the fact that the solution to the dynamic problem enters a
stationary mode determined by the solution of the static problem. The
static problem, being a special case of the original dynamic problem, is a
system of two ordinary differential equations and one algebraic equation
connecting unknown temperatures. The solution to such a system with
given boundary conditions can be obtained in the analytical form.
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The purpose of our research is to maintain a constant temperature of
cold water at the output T;(0,t) =T, where T is a given constant
temperature. In the case when the temperature of cold water at the input
T;(L, t) and the mass flow rate of cold water G; are constants, the problem
is simple to solve. Namely, the stationary problem is solved with the input
values T;(L, t) and G;, and the dynamic problem is solved with the found
necessary values T, (0,t) and G;,. In the case when the parameters of cold
water at the input are variable, then in order to maintain a constant
temperature of cold water at the output, it is necessary to solve the
problem of optimal control, which is formulated as follows. It is required
to find a vector control function

ult) = [T(0, 8), G, (0,01 = [T2(2), GR ()],
which minimizes the value of the functional
T
@) = [ (00,0 ~ 15
o

with equations of state

( Daﬂ (e LaT+ H'I:T T} 0

Pl.cl. L at C a G: -
aT,,

m,, Gy, E = a,, (T, — T,,.) + e, I,(T; — T,,)

) at, aT;,

Phchﬂha_ + Gh ChLa‘_ - G:h Hh(Tv; - Th} = ﬂ
Gy, Gy _ G
k gt Yy T OYR=

and with following boundary and initial conditions

T:(x.l []] = Th(x.l ﬂ} = T‘u.'(x.l {]:} = TDJ Gh (x.l []} = Ghl}.lx E [ﬂ_, L]_.

T (0,t) = T)(£), G, (0,8) = G5 (£), T; (L, £) = T, € [0, T].
In the last formulated problem, in comparison with the original, one more
equation is added for G;(x,t), since during the control process we can

change the value of the mass flow rate of hot water only at the input point,
ie.atx =0.
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A series of numerical experiments was carried out in order to refine
the mathematical model and identify the main control variables and
control law.
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SPARSE PACKING AND ITS APPLICATIONS!
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Abstract: Sparse packing problem is considered. This problem is
motivated by the thermal energy method applied for cleaning
complex shaped parts (objects) obtained by additive technologies
(3D printing) from particles of non-sintered powder. The sparse
packing is aimed to place the objects as distant as possible, freely
sliding and rotating on the horizontal shelves of the cylindrical
container subject to balancing conditions. A corresponding
nonlinear programming model is derived, using the phi-function
technique. A solution algorithm is proposed and computational
results are presented.

Keywords: sparse packing, geometric objects, balancing
conditions, nonlinear optimization, thermal deburring

Packing problems consist in allocating a set of objects entirely into a
given container without overlapping between the objects and the boundary
of the container. In optimized packing a certain criterion has to be
optimized. Typical examples are minimizing waste or maximizing the
number of the packed objects. Packing problems are classified as NP-hard
[1] . Further variants of the problem may consider additional constraints,
e.g. weight distribution, cargo stability, balance constraints (see. e.g., [2],
[31)

Optimized packing problems have various applications: filling

cylindrical nanotubes (pores, capillaries) with nonspherical particles,

! Supported by Volkswagen Foundation (grant #97775)
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packing powder particles under vibrations, creating void systems for light-
weighted parts in 3D printing (see, e.g. , [4], [5]) .

While regular 3D packing focuses on, basically, convex shapes
(spheres, convex polyhedra), irregular packing deals with more
sophisticated and/or non-convex figures (see, e.g. [6]-[10]).

In most of optimized packing approaches mentioned above, the
objective is to find the dense packing. That is, the packing resulting in the
smallest unused space of the container or, in the case of an open problem,
giving the minimal volume container. However, there are many modern
industrial technologies where the concept of the dense packing is not
suitable.

Balanced packing 3D objects arises, €.g., in processing parts by the
thermal energy method [11]. Thermal energy method is applied for
cleaning complex shaped parts obtained by 3D printing from particles of
non-sintered powder (see, e.g., [12] , [13] ). The material to be removed is
burned due to a chemical reaction between the material and the mixture of
a combustible gas and the oxygen. For this purpose, the parts are located
on a special jig in a cylindrical bell-shaped deburring chamber which is
hydraulically closed by a closing plate. The overall workspace is divided
into sub-containers by horizontal circular “shelves” rigidly fixed on a thin
cylindrical rod passing through the center of the jig. The distance between
the shelves depends on the height of the parts to be placed on a specific
shelve.

Due to shock waves arising from explosive combustion of the gas

mixture in the chamber, the heat fluxes acting on the surfaces of parts can
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differ significantly. To ensure uniform distribution of thermal and power
effects, sufficiently large distances between the objects, as well as
between the object and the container have to be maintained ([14] ).

In this research the sparse packing of 3D objects is considered, where
the objects are placed in the container as distant as possible. More
specifically, the minimal Euclidean distance between the objects as well
as between the objects and the boundary of the container is maximized.
This new problem statement is motivated by thermal deburring
technology, where the objects have to be sufficiently distant to ensure
uniform distribution of thermal and power effects. The sparse packing of
3D objects in a vertical cylindrical container divided by the horizontal
shelves is considered subject to balancing constraints. The 3D objects may
have regular or irregular shapes and can be freely translated and rotated
sliding on the shelves. Using the phi-function [15] and quasi-phi-function
[16] techniques to state the placement constraints, a mathematical model is
formulated and a corresponding nonlinear programming problem is stated.
A solution algorithm is proposed and computational results are presented
to illustrate the approach.

Figure 1 illustrates examples of local optimal packings of basic and
composed 3D objects.

Figure 2 illustrates examples of local optimal packings of the objects
that are similar to those presented in, e.g., Custom Design Components
[17] and [18].
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Figure 1. Examples of packing of 3D objects : a) cylinders; c) non-convex
prisms; b) convex truncated pyramids;d) non-convex objects
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Figure 2. The sparse packing of N =400 objects: a) cuboids, b) non-
convex objects composed by the right prisms; ¢) non-convex objects
composed by circular cylinders
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Annotation. Technology-enhanced learning has become a
common feature in education globally. Being a novelty for
many, it brought some speculations, uncertainties among
teachers. However, integrating digital tools in classes has
myriads of benefits in case it is performed through prior,
thoughtful preparation taking on board student needs,
interests, abilities, and perceptions. Incorporating social and
emotional activities that promote critical thinking and boost
their collaboration can foster student interaction and trigger
their interest.

Keywords: integrating digital tools, Verbal-Linguistic
Intelligence, Logical-Mathematical Intelligence.

Introduction. Efficiency and engagement are considered to be the most
critical components of teaching and learning. Good teachers have always been
striving for maximizing student involvement and their quality participation
with the help of various teaching techniques and strategies. Empowering
students to fully participate in a technology-rich society has become an
integral part of modern, up-to-date education for both, traditional and remote
classes as well. It has not been long since we all have switched to technology-
driven classes due to the urgent circumstances unexpectedly drawn to us.
However, teacher response appeared to be different across the globe, though
the hard work, perseverance, and the urge for modern-era education have led
educators to embrace the challenges they have never experienced before.
Namely, the incorporation of digital tools not only can boost student
motivation and contribute to their better involvement but also can change
classroom dynamics encouraging student-centered learning for them to take
more control over their learning.
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Main part. In order to make the learning process more meaningful
experience with the help of digital tools some issues should be taken on board.
Universal Design for Learning emphasizes three principles for designing
instruction that can be really beneficial in technology-integrated learning:
Providing multiple means of engagement, action, expression, and
representation which guides teachers in reducing learning barriers for students.
[1] This approach organizes teaching into three components called networks
that should be of prime importance for educators conducting technology-
driven classes and raising students’ awareness on fulfilling the tasks. The Why
of learning is the most effective dimension triggering interest and motivation,
developing self-regulation and reflection to create purposeful and motivated
learners. The What dimension includes background knowledge, visuals,
information processing, and contextual understanding to create learners who
are resourceful and knowledgeable. The How of learning includes goal-
setting, planning, strategies to create strategic and goal-oriented learners.
Generally, in the online environment, teacher-student interactions are
completely different and many of the informal discussions and opportunities
for sharing are rarely there that can make learning a daunting experience.
Thus, It can be isolating for students, especially for those who need extra
support and care. So, incorporating these principles in technology-driven
classes must be of great help.

It is known that learning and teaching are closely interrelated to
psychological aspects. Psychologists working in the field of education study
and examine how people study in a variety of settings to identify approaches
and strategies to make learning more effective. Creating a welcoming
environment using restorative practices and encouraging student voices
ensures that all students get what they need. When students feel safe in the
learning environment, they are more capable of learning. So, we thought
incorporating (SEL) social-emotional learning and its strategies into teaching
with digital tools and empowering students with life skills, such as decision
making, self-awareness, and self-regulation would be one of the solutions to
the matter. [2] Social-Emotional learning is the process of developing and
using the skill set we use to cope with feelings, set goals, make decisions, get
along with others, and feel empathy. People with strong Social-Emotional
skills are better equipped to manage daily challenges, build positive
relationships. SEL helps people to thrive in life and can be taught from
preschool to adulthood. (Srinivasan 2019) Maurice Elias, a psychology
professor at Rutgers University and director of the university’s Social-
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Emotional learning Lab describes SEL as a process through which we learn to
recognize and manage emotions, care about stress, behave ethically and
responsibly, develop a positive relationship and avoid negative behaviour. It
will help not only personal development but their academic performance as
well. All this creates a culture in which students and teachers respect one
another and enjoy being together. Further strengthening relationships and
motivating both students and teachers to do their best. SEL is widely used in
teaching and would be great to incorporate into teaching and learning.[4]
Educators need not carve out class time to explicitly teach empathy or
collaboration; instead, opportunities should exist for students to practice those
competencies in authentic and meaningful ways.

Some of the productive SEL practices include:

1. Improving relationships  with and among students: A focus
on relationships helps teachers when grouping students for
collaborative assignments

2. Facilitating critical conversations: Encourage students to share
respectfully using restorative questions. This proactively builds the
students’ social and emotional capacity.

3. Creatinga supportive classroom climate: Creating a supportive
climate allows students to be actively engaged in classroom activities.

4. Enhancing students’ self-awareness: Self-awareness is a foundational
principle of an equitable learning space. Periodic use of self-reflection
tools can help students and teachers be aware of beliefs and
assumptions so that genuine relationships can be fostered in an
inclusive and supportive space. As students and teachers share their
own beliefs and experiences, they build trust with one another and are
more ready for learning.

As technology is increasingly used in the educational process, it is
becoming a more powerful tool in putting multiple intelligences to use. The
purposeful and thoughtful association of technology and Gardner's multiple
intelligences theory can benefit both students and teachers throughout the
learning process. The theory of multiple intelligences was developed in 1983
by Dr. Howard Gardner, professor of education at Harvard University. It
suggests that the traditional notion of intelligence, based on 1.Q. testing is far
too limited. Instead, Dr. Gardner proposes eight different intelligences to
account for a broader range of human potential in children and adults. [3]
When Gardner published his Multiple Intelligence Theory, many were in
disagreement. Before the 1980s, the educational field believed that
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intelligence was already determined at birth. Researchers used short-answer
tests to assess one’s intelligence, and it was unheard of to assume that one’s
cognitive capacity could grow. The Multiple Intelligences Theory states that it
is to the benefit of both the student and the instructor if the student’s
intelligence can be identified. Identifying a student’s intelligence allows the
instructor to select appropriate activities for the student in the classroom and
guide their learning journey more effectively. The eight intelligences are listed
below:

1. Bodily-Kinesthetic Intelligence. The ability to manipulate both the
body and objects with a keen sense of timing is known as bodily-kinesthetic
intelligence.

2. Interpersonal Intelligence. While the ability to communicate
effectively with others is common knowledge based on interpersonal
intelligence, it is not merely limited to verbal interactions. People with
developed interpersonal intelligence are also able to read the moods of others.

3. Intrapersonal Intelligence. The ability to understand one’s own
thoughts is known as intrapersonal intelligence. Individuals who demonstrate
intrapersonal intelligence are acutely aware of their feelings and can show an
appreciation for themselves and other humans.

4. Verbal-Linguistic Intelligence. The ability to express oneself using
words and language is known as verbal-linguistic intelligence. This
intelligence is unique because it is the most commonly shared human ability. It
allows us to apply meaning to words and express appreciation for complex
phrases.

5. Musical Intelligence. The ability to acutely reflect on sounds is
demonstrated by those who possess musical intelligence. These people can
distinguish between specific pitches, tones, and rhythms that others may miss.

6. Logical-Mathematical Intelligence. Sometimes misconstrued as
simply the ability to calculate mathematical equations, logical-mathematical
intelligence is much more than that. Individuals with this developed
intelligence demonstrate excellent reasoning skills, abstract thought, and the
ability to infer based on patterns.

7. Naturalist Intelligence. A sensitivity to features in the natural world
is most closely tied to what is called naturalist intelligence.

8. spatial Intelligence. Visually artistic people are known to demonstrate
spatial intelligence. These abilities include manipulating images, graphic
skills, and spatial reasoning — anything that would include more than two
dimensions.
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It should be one of the priorities of a teacher to take on board students’
interests, goals, motivation, and abilities to tailor the classes for their needs
and plan the lessons accordingly.

Conclusions. Applying digital tools to meet various learner goals in the
teaching process contributes to promoting student engagement and their
quality participation during classes.

Universal Design for learning is a research-based framework that helps
teachers plan the lessons to meet the diverse and variable needs of all students.

Incorporating SEL into technology-enhanced teaching is crucial since it
provides opportunities for students to acquire life skills. The benefits of social
and emotional learning (SEL) are well-researched, with evidence
demonstrating that an education that promotes SEL yields positive results for
students, adults, and different communities.

While additional research is still needed to determine the best measures
for assessing and supporting a range of intelligence, the theory has provided
opportunities to broaden definitions of intelligence. As an educator, it is useful
to think about the different ways that information can be presented. However,
it is critical not to classify students as being specific types of learners nor as
having an innate or fixed type of intelligence.

Having an understanding of different teaching approaches from which
we all can learn, as well as a toolbox with a variety of ways to present content
to students, is valuable for increasing the accessibility of technology-enhanced
learning experiences for all students.

Providing students with multiple ways to demonstrate knowledge and
skills increases engagement and learning and provides teachers with a more
accurate understanding of students' knowledge and skills.
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Problemele de optimizare in sistemele de transport si logistica a
marfurilor se realizeaza in mai multe etape:

determinarea planurilor de transportare a marfurilor pe perioade
indelungate de timp (an, trimestru, luna sau decada);

determinarea rutelor eficiente de transportare a marfurilor pentru
perioade scurte de timp (1 -5 zile);

elaborarea graficelor de efectuare a transporturilor de marfuri pe
diferite tipuri de rute nationale sau internationale (pendulare,
radiale, inelare, de distributie sau colectare separatd sau
concomitenta a marfurilor 1n loturi mici);

utilizarea eficientd a mijloacelor de transport pentru diferite
perioade de timp, tipuri de rute, tehnologii de transportare, conditii
si intervale de livrare a marfurilor.

Criteriile de optimizare in problemele de transport si logistica se
considerd indicatorii tehnici principali de exploatare a mijloacelor de
transport care se referd la trei coeficienti de baza o, f si ¥, prin care se

caracterizeazd eficienta proceselor de organizare si efectuare a
transporturilor rutiere de marfa:

coeficientul a de emisie pe linie, care reprezinta raportul dintre
timpul de aflare a automobilelor in lucru si timpul total planificat
pentru activitatea de transport;

coeficientul S de utilizare a parcursului, care reprezintd raportul
dintre parcursul incércat si parcursul total efectuat de catre
mijloacele de transport pe o rutd concreta sau pe toate rutele;
coeficientul static sau dinamic y de utilizare a capacitatii de
incarcare pentru fiecare automobil si rutd de transportare, care
reprezinta raportul dintre cantitatea reald de marfa din automobil
si capacitatea nominald de incdrcare, calculat pentru fiecare
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automobil, ruta, perioada de timp, directie sau tehnologie de
transportare.

Se considerda urmatoarele probleme de transport si logisticd a
marfurilor pentru diferite tehnologii si rute de transportare:

transportarea locald sau interurband a marfurilor in vrac pe rute
pendulare, inelare sau radiale;

distributia si acumularea marfurilor pe rute pendulare radiale;
livrarea separati sau continud a betonului pe rute pendulare;
livrarea produselor petroliere pe rute pendulare radiale;

distributia si acumularea materialelor de constructie pe rute inelare
si pendulare;

distributia si colectarea separatd sau concomitentd urband sau
interurbana a marfurilor in loturi mici pe rute pendulare, inelare
sau radiale;

distributia si colectarea concomitentd Sau continud de multi-
produse pe rute pendulare interurbane;

transportarea internationala de export sau import a marfurilor
speciale pe rute pendulare sau inelare;

transportarea internationala a marfurilor generale pe rute inelare;
distributia si colectarea separata a marfurilor pe rute pendulare
internationale.

Asemenea probleme de transport si logistica a marfurilor au fost
expuse de autor in lucrarile metodice si notele de curs [1 — 3], destinate
pentru studentii de la specialitatile de transport si logistica.

Literatura

1. Solomon Dumitru Transporturi rutiere de marfuri si pasageri. //

Cartea I-a. Organizarea transporturilor rutiere de marfuri. (Proiect
de an) — Ch.: Evrica, 2014 — 170 p.

Solomon D. Modelare, optimizare si planificare in transportul
auto. (Note de curs) // Cartile | - V. — Chisinau: Evrica, 2015.
Solomon Dumitru. Transporturi rutiere de marfuri si pasageri. //
Cartea a V-a. Calcularea costurilor de transport rutier de marfuri.
Partea l-a. Probleme de transport rutier de marfuri. (Lucrare
metodica) — Ch.: Evrica, 2018 — 264 p.

130



THE SOLVING METHOD OF MULTICRITERIA
LINEAR OPTIMIZATION PROBLEM IN INTEGERS

TKACENKO ALEXANDRA,

Department of Mathematics,

Moldova State University, A. Mateevici str., 60,
Chisinau, MD-2009, Moldova
alexandratkacenko@gmail.com.

Abstract

A wide range of practical optimization problems in various fields
lead to the solution of multicriteria linear optimization models [1] in
integers. Into the current paper we propose a method for solving the
multicriteria model of linear type in integers of interactive type. Thus, the
decision maker, initially assigning a certain utility to each criterion, will
finally build a uni-criterion model of linear optimization in integers. The
imposition of each criterion quantified in the synthesis function remains at
the discretion of the decision maker, the optimal values and weight being
calculated in whole or real numbers, which does not change the optimal
solution of the model. To this end, the decision-maker has at his disposal a
selection of combinatorial values of the objective functions, which
depends on the number of criteria in the initial model.

The theoretical justification of the algorithm is brought in the paper.
The algorithm was tested on several examples, which proved its veracity.

Keywords: Multi-criteria model in integers, efficient solution,
optimal compromise solution.

Subject classifications: 90C10, 90C27, 90C29

1. Introduction

The major importance of using mathematical optimization in integers
is due to the need to obtain integer solutions in various modeled practical
situations. Among the practical fields of application of the solution of the
optimization model in integers, a special place belongs to the problem of
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one, two and three-dimensional cutting [1], [4]. A number of studies can
be listed here, such as: dynamic memory allocation, solving problems on
multiprocessor systems and general positioning problems (Coffman et al.
1978, Garey and Johnson 1981, Coffman and Leighton 1989, Dyckhoff
1990). The two-dimensional variant of the cutting problem is of NP
complexity due to its to its combinatorial explosion with increasing size of
the problem (Garey and Johnson1979). The exact methods were
investigated by Gilmore and Gomory (1961) and are considered the first
methods actually applied in the tailoring industry. Recently, Cung and
other researchers (2000) developed an algorithm, which allows the exact
solution of some variants of two-dimensional cutting problems. But when
the problem is of multicriteria type, even linear, this effort is further
amplified. That said, the condition that the decision variables belong to the
set of integers creates a major difficulty, the problem gaining another level
of complexity and is solved in a longer time [1], [4]. The scientific
research study for this field remains open [2], given that there is a wide
range of multicriteria models of fractional linear type, fuzzy, etc., which
for application reasons must be to be solved in whole numbers.

2. Problem formulation

The integer multicriteria linear optimization problem is usually
described by a set of linear constraints, such as equations and / or
inequalities, including on the variables constraints of non-negativity and
integrity. The decisional problem with an infinite number of variants is
described as follows:

min n
F(x)=>)c.x., k=1
{max} k( ) ; ki )
A-x<b 1)
XxeZ"
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where : Azuaij H is an array of size mxn(m<n), C :Hij H is an

array of size rxn (r<n), x isa vector n-dimensional column, and b is
a m-dimensional column vector.

The interpretations of the parameters c,; may be the most different,
according of their practical meanings such as unit costs or benefits, or
others close in meaning. Their significance determines the type of the
corresponding objective function, minimum or maximum. Analogously,
the elements of the matrix A, a., represent the specific consumption of

i
the resource j for the production of a product unit of type i, and the
elements of the vector b represent the available by types of resources.

We note that in model (1) it is possible to have some criteria of
minimum type and others of maximum type, for example, maximizing
benefits, profit or others or minimizing costs, depreciation, loss or others.

3. Theoretical landmarks
In order to solve the multicriteria optimization model in integers (1),
we will propose some analogous approaches to those in real numbers.

1. The solution X eZ" is the vector that optimizes a synthesis
function of r objective functions, ie: h(F): h[Fl, F,... Fr], in which
h() it can be defined in several, various ways [5].

2. The solution X e Z* is the vector which minimizes one criterion
in the form|: ¢(X*)= miEr) h(y, (x =X, )., (x= X, )),
Xe

in which, Xj = (xlj,x2j yeeer Xpj )T, ] :1,_r is the optimal solution to the
problem with a single objective function, F;, and w, is a distance type
function between vector Xe D and optimal solution X, for the

corresponding criterion F, .
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4. The solution X e€Z" is the vector which belongs to a set of

effective whole-type points.

Because the model (1) is of multi-criteria type, it’s known that such
kind of model rarely admits the optimal solutions in integers.

Definition1 The basic solution X “of the model (2), where X “ e Z*
is called optimal orall if it is the optimalsolution for each
of criteria.

By solving model (1) we will assume the construction of a finite set of
its efficient integer solutions known again as a Pareto-optimal or non-
dominated solutions [5], solutions of the best compromise. We will
further propose the definition of the efficient solution for the multicriteria
linear deterministic problem in integers.

Definition2  The basic solution X, where X e Z* of the model (2)is

anbasic efficient oneif and only if it doesn't exists any other basic

solution X eZ*, where X #.X, which would improve he values
of all criteria and at least one criterion would be drictly improved.
We propose the same definition in a more rigorous form.
Definition3 The basic solution X “of the model (1), where X e Z* is one
of the optimal(best) compromisesolutioniif it is located closed to the
optimalsolutions of each criterion.
4. Combinatorial synthesis algorithm for solving the linear
multicriteria optimization
One of the most important problems that arises when solving the
multicriteria optimization problem in integers using the methods of
synthesis functions is: what kind of optimal solutions of each criterion we
will use to build the synthesis function of all criteria, these being in R or
in Z", so that the final model solve it in Z™? In this justified paragraph
we will answer this question.
In order to solve the multicriteria model of linear optimization in
integers of type (1) we will apply the method of synthesis functions,

134



namely we will use the method of maximizing global utility, which we will
achieve in two stages.

Stage |

1. At this stage we will solve 2r unicriteria linear programming

problem from model (1) of type:  F; =optim Fj(x) and

xeD

F,” = pessim F;(x), on the admissible domain:

xeD
D={xeR|Ax<b,x>0};
2. Next we will solve 2r more linear programming problems of the
type: F; =optimF;(x) and F/ = pessimF,(x), on the admissible
xeD

xeD

domain:

D:{XGZ+|Ax£b,x20};

3. We will combinatorial select the vectors of optimal values and
corresponding to the pessimistic values of the objective functions, some
calculated on Z*, others in R*. The number of such combinations is
finite because the size of the problem is finite. These can be described as
follows:

FR)) (RR)) (RR) F(z°)
i) [re ) [miR), R
rR) R (RE)  (RE)
FPRY)) (FPRT)) (FP(RY) FP(z7)
FPR)| IR PR [RPEY)
fR) ) () e
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The number of such vectors is: N(V)=C!+C?+..+C', the

same as the number of vectors with pessimistic value records of the
criteria.

Stage Il

1. By selecting one of the vector records of the values of the
objective functions and the vector of the corresponding records of the
pessim values, we will construct the synthesis function, which expresses

)
the summary utility of the criteria: G = Z(aj F; +[5’j), which must be
j=1

maximized. The coefficients {(aj ,ﬂj )} [, are determined by applying the

j=1r
global utility maximization algorithm, described above.
2. We will determine the optimal solution of the next model:

mag(G =Zr:(aij(X)+,Bj), where: D:{X/A-X:b, XEZ+}, that is
Xe j:l

the optimal compromise solution for model (2). Either that is it X . We
will calculate the values of each objective function in this solution and we
R(x7)

*

FZ

R (x)
Theorem. For a set of a priori utilities assigned to the criteria in model

(1), the solution of the optimal compromise of the integer model remains
the same for any vector of the optimal records of the combinatorial criteria

will build the next vector of records of the criteria;

calculated in R orin Z™.
Proof. Let Xelff be a solution of the optimal compromise for the

whole type model (1), which records the smallest distance to the optimal
whole type solutions of each criterion. We will assume that the synthesis
function of the final model was constructed using a combination of

136



optimal values of the objective functions from model (1), some being
solvedin R™, othersin Z*.

F(R") FP(RY)
F(R") FP(RY)

F.(z) FP(RY)
values of objective functions.
We will assume that for another recording values of the objective
functions from the model (1), different from the previous one, let it be:

Rz Fe(z)

E (R+) , and corresponding vector of the pessim values F (R+) ,
F(z*) FP(z7)

the objective synthesis function registered another solution of the optimal

Let: -vector of the optimal and pessim recorded

compromise in integers, different from the first, either it is X2 . If
X # X2, then there is at least one coordinate after which these vectors

differ. Therefore, at least for one criterion, let it be with indexes i, the

distance between its optimal solution in integers and the new solution is
smaller than the previous one, ie the relationship is fair:

p(Xjﬁ,X;)> p(Xezﬁ,Xi:), where X is optimal solution in integer of
criterion i,, which contradicts the assumption that XL is the solution of the

optimal compromise in integers for the model (1), which had to be
demonstrated. So, our assumption is wrong. Ttherefore, the model (1) admits
a single solution of the optimal compromise in integers, regardless of the
configuration of records of the optimal values of the criteria in R*or Z*,
used in the construction of the synthesis function of the model.
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Remark 1. For any vector of combinatorial records of the values of the
objective functions of the unicriteria models of the problem (1) in R" or in

Z", and for their utilities, the optimal compromise solution of the model (1)
in integers remains the same.

Remark 2. For any new set of initial utilities assigned to the criteria in
model (1), applying the method of maximizing the maximum utility we will
obtain a new solution of the optimal compromise in integers for all the criteria
of this model.

5. Conclusions

The proposed paper brings an efficient algorithm in solving the linear
multicriteria optimization model in integers. We focused on the use of the
methods of synthesis functions, namely the method of maximizing the
global utility in solving the multicriteria model of linear type in integers,
which leads us to determine an optimal compromise solution, closest to
the optimal solutions in integers of each separate criterion. To determine
this, the decision maker can use both the optimal value of each criterion in
integers and in real numbers, both positive. The set of all possible
combinations of such vectors for recording the values of the objective
functions as well as the weight values was exploited. Regardless of the
configuration used to construct the synthesis function, its optimal solution
in integers does not change. So, the decision maker can select the most
advantageous values for calculating the objective functions - synthesis,
which is a very important moment that certainly increases the efficiency of
the algorithm.

Example

For the following linear model of multicriteria optimization in integers
find the solution of the optimal compromise using the method of synthesis
functions, for the proposed utilities of criteria.

min{F, (X )= x, + 2%, + X, }
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max {F, (X )= 2%, + X, +2X, |
max {F, (X )= 2x, +3%, + X, }
3X, +5X, + X, <18
95X, +3X, +2X; <20
2X, + X, +2X5 25
X;el”

Fl I:2 F3 I:1p sz FSp
Us=4|U,=8 |U;=9 [U,=1 [U,=2 |U,=2

Solving procedure:

Using the proposed algorithm we obtained eight synthesis functions
according of table of proposed utilities for the model criteria. These are the
next:

)
F,(U)=183x, +1,75x, +113x, — max
F,(U)=185x%, +18x, + 115X, — max
F,(U)=185x, +18x, +115x, — max
F,(U)=173x, +1,63x, +1,09x, — max
F,(U)=17x, +157x, +1,07x, — max
F,(U)=183x, +1,75x, +113x, — max

F,(U)=17x, +157x, +1,07X, — max

Solving in turn these 8 problems of linear programming in integers in the
same admissible domain, we obtained the following solutions of the optimal
compromise:

1 _
Xeff_

Xesz :XSff :x:ff :xesff :xe?f'f :Xe7ff :Xfff =X’ ={Xf=1,XZ 23'X3 20:
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We calculated the values of the utility functions, which are the
following:

FU)~1189; F,(U)~12105; F,(U)~12,02; F,(U)~12,02;
F.(U)=~1189;
F(U)~1193; F,(U)=12105; F,(U)~1193; and obtained the
7

next values of each criterion: =< 5 ;
11
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Annotation. The article considers the issues of
creating a decision support system (DSS) for medical
personnel to individualize medical and recreational
activities for people who have gone through crises and
work at critical infrastructure facilities. The DSS is
built based on the Viable System Model (VSM). The
requirements for the DSS and possible ways for their
solutions using information technologies are
substantiated.
Key words: viable system model (VSM), decision
support system (DSS), the type-variety principle, video
analysis of movements, cluster analysis, ontological
knowledge bases, integral health, persons who have
gone through crises.

Relevance. Ensuring effective performance and health support for
individuals involved in the management, operational security and
protection of critical infrastructure (systems with a high cost of failure)
during the COVID-19 coronary pandemic has become an important issue
directly related to important national security assurance responsibilities.
The vitality of personnel and the reliability of functioning systems are
closely intertwined. Any failures of personnel associated with memory
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impairment, somatic disorders, increased fatigue, or unstable mental status
can lead to disruptions in the performance of complex systems and/or even
their failure.

The idea of systemic (human-technical) maintenance of critical

objects can be implemented in the framework of DSS, which is based on
the principles of the viable systems model [1]. Scientific and technical
support of critical infrastructure facilities is a fruitful approach to ensure
the reliability of their operation. This approach can also be used to
maintain the functionality of the personnel of these facilities.
The DSS was created for a multidisciplinary medical team responsible for
the health of the personnel. It is based on modern technical equipment,
mathematical models and decision-making algorithms, artificial
intelligence methods, targeted individual medical and health-improving
measures, and includes the following three subsystems for operational
problem solving.

Subsystem 1 is designed to receive and provide information on new
treatment and rehabilitation methods from the worldwide databases of
evidence-based medicine. The subsystem is implemented by constructing
automatic ontological bases built on the basis of a semantic-syntactic
model of a natural language, and uses non-negative factorization of
linguistic tensors - multidimensional arrays of linguistic data obtained by
frequency analysis of large text corporate [2]. Data from medical
databases of proven medicine are used as linguistic data [3].

Subsystem 2 is used to record the course of treatment and to gain new
insights into its effectiveness. It records the actions of a multidisciplinary
team to diagnose the condition of the body systems, select a treatment
program (protocol) and make its correction depending on the patient's
response to the actions. A distinctive feature of the subsystem is that, in
addition to traditional medical information (electronic medical records,
instrumental and visual examinations), it also contains data originated
from the patient himself (electronic patient diary, data from electronic
devices), as well as data from intelligent video analysis systems, such as
PTAR [4]. The collected data will be used for statistical, cluster analysis
to gain insights into treatment effectiveness in evidence-based medicine.
Input data for the analysis: the main disease, grouped with a group of
comorbidities, and approaches to their treatment. The paper proposes a
method based on the apparatus of possibility theory and an approach to
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solve clustering problems for the case where the parameters of the
clustering algorithm are represented as a fuzzy value or a vector of fuzzy
values [5].

Subsystem 3 is intended for the selection and execution of individual
complexes of physical exercises, with the possibility of controlling their
execution remotely. A variety of physical exercises have already been
used as therapeutic and health benefits. Based on extensive medical
research, including the assessment of the functional state of the
musculoskeletal system, algorithms for the selection of individual
complexes of physical exercises from various health-improving practices
have been developed. Complexes of physical exercises allow you to act on
various systems of the body (cardiovascular, nervous, respiratory,
muscular, ligamentous, etc.) and at all stages of treatment (hospital, clinic,
sanatorium, service, home).

Based on the system analysis of the problem and the diversity and
type-variety principle [6-8], special decision-making methods and devices;
based on the results of each physical exercise or exercise series, the DSS
will make recommendations to improve the psychological and social
health of patients. The use of a computer system and video analysis, built
on the basis of the "Model of Unified Algorithmic Environment"”, allows
you to remotely organize the implementation of a series of exercises [9].

The presence of three subsystems of the DSS allows implementing
the main feature of viable systems model: they can adapt to constantly
changing aggressive environmental influences under conditions of global
stress and pandemic.

Conclusions. To create a DSS based on the principles of the system
resilience model, modern and effective information technologies are used
for the collection, processing and analysis of data, which gives us hope
that the individualization of treatment will shorten the time and quality of
health restoration in people working in facilities with critical
infrastructure, thus increasing their safety and the security of the country
as a whole.
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Annotation. This paper aims at the identification of the factors
influencing creation of an optimal electricity generation mix
for the energy generating companies. The article focuses on:

1) classification of the major factors influencing selection of
electricity production sources, and 2) insight into the forecasts
of an optimal energy mix for Europe.

Key words: security of energy supply, type variety principle,
energy mix.

Latest developments in the world’s politics and economy contribute
to the re-focusing of the energy policy from competitiveness and
sustainability towards security of energy supply. The latter is dependent
on technological advancements and creation of efficient energy production
structure.

It is vital to combine the characteristics of the energy industry as
critical infrastructure with high value of failure and decision making
principles when analyzing the structure of electricity generation,
diversification and optimization of the energy portfolio.

The model of the research is aimed at defining key modules to collect
necessary data to mix different electricity generation technologies in the
energy portfolio in order to ensure energy security thus maximizing the
value of the portfolio. Type variety principle (TVP) lies at the basis of a
developed algorithm
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TVP is a combination of different components e.g. systems,
technologies, models, methods, software components into one system.
These components perform similar functions, but are based on different
principles and each of them can solve the task separately. If combined to a
system they will improve resilience and exclude possibility of common
cause failure and deliver reliable, long-term performance of complex
systems.

The model of the study is based on the following four modules. First,
given the necessity of choosing the most appropriate energy technology,
which is determined by a set of certain factors and conditions, the
approach of multi-criteria decision-making is applied. Given the need to
balance the advantages and disadvantages of using a particular set /
configuration of energy technologies the modern portfolio theory (MPT) is
considered. Since MPT takes into account mainly financial risks and in
practice there is a need to re-evaluate the composition of the energy
portfolio in terms of other possible dangers, an assessment of the strategic
alignment of the energy portfolio is carried out. Additionally, the analysis
of the risks inherent in various sources of electricity generation and their
possible impact is studied. Finally, the study applies LEAP within the
strategic planning of an optimal diversified electricity generation mix.

To improve openness of the whole information technology, the
research discusses that the consideration of as many factors as possible
allows a sufficiently complete description of the object of evaluation and
its comprehensive assessment.

A comparative analysis of the results of the application of the
developed information technology for different countries points to the
existing differences in the adoption and implementation of effective
managerial decisions on energy mix management. The most effective and
optimal scenario for the development of energy mix in accordance with
the proposed modeling does not always coincide with the policy of the
governments of the countries and strategic plans of the energy companies.
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1. Introduction

Trajectory analysis and related algorithms have recently attracted
substantial attention, thanks to technological advances in navigation and
mapping systems. Nevertheless, some fundamental concepts are still
lacking a thorough study. The identification of a middle (representative)
trajectory in a bundle of trajectories is one of them. Without conscious
reasoning, a middle trajectory is a trajectory that lies in the middle of a
collection of trajectories. However, this definition is far from being
comprehensive.

1.1. Trajectory Definition

A formal definition of trajectory is specified in [1] as a time-stamped
path taken by a moving entity, represented by a sequence of 1 tuples of

points and time stamps (pg,tg), (P1,t1)s s (Pr—1,tn—1). Points have

spatial and temporal components. The spatial component typically
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represents atwo or three dimensional space. Here, we assume that the
space is two  dimensional. A bundle of m  distinct

trajectories Ty, ..., T,y —qwith the same start and ending points, therefore
results in an input size of 8(nm).

In an ideal situation, the time stamps of all trajectories in the bundle
are exactly the same, but this is usually not the case. Generally,
trajectories are collected with different or irregular sampling rates, at
different times, and data can be missing as well. In between time stamps,
we have no information about the actual movement path of the entity. The
standard assumption can be that the entity moves with constant velocity
from a time-stamped point to the next time-stamped point in a straight
line. This assumption leads to an approximation of the actual data, which
becomes more inaccurate when sampled at longer intervals. As a result,
the path of a trajectory is considered as a polygonal curve with n edges
that can self-intersect, and can have repeated vertices at the same location
if the entity stands still. The number of points defining a trajectory is
usually much larger than the number of trajectories in a bundle n == m,

1.2. Motivation

Various methods for trajectory analysis have been developed in
different fields of science including computational geometry and data
mining. Trajectory data sets can be analyzed in a variety of ways. They are
usually clustered into a collection of subsets that have a high similarity
regarding (a) certain property(-ies), such as location. Nevertheless,
processing large amounts of trajectory data is a challenge. Trajectory data
compression can be regarded as a solution to address this problem,
particularly for the trajectories with huge sampled data points to improve
the efficiency of computations. This compression can be carried out for
individual trajectories, but in most applications, the data contains similar
bundle of trajectories in terms of space and/or time, and as such, an
alternative method would be to compress a trajectory bundle to represent
similar trajectories with a single representative trajectory. We call this
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representative trajectory a middle trajectory without loss of generality.
Furthermore, using a single representative trajectory enables processing
data in a simple, robust and more predictive way. As an example, a
representative trajectory for an specific route can be used to predict where
a vehicle will be at a certain time. Alternative applications of middle
trajectories include clustering and visualizations. As an example, a middle
trajectory can act as the medoid in k —medoid clustering. In the context

of visualization, instead of showing a large collection of trajectories, one
may identify subsets of similar ones, and replace them by a middle
trajectory whose width is determined by the size of the subset.

1.3. Problem Definition

Given a set of m trajectories T = {Ty, ..., Thn—1} With the same source
and destination pointss andd, we want to find a representative
trajectory T, that minimizes a defined distance function to all trajectories

T;,0= 1 <=m in the set and T, contains points from input trajectories. In

case not specified otherwise, the distance function is defined as the
Euclidean distance between trajectories.

(a) Mean trajectory (b) Median trajectory

Fig. 1: Examples of (a) Mean trajectory (b) Median trajectory
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A representative trajectory has to be in the middle of all trajectories
in the bundle. However, we first have to define what is considered middle.
There are two main types of interpretations of what a middle trajectory is
for a set of input trajectories: median and mean trajectory [2]. They can
produce a trajectory that is in the middle, regarding space or time, or both.
There could be different interpretations for the definitions of mean and
median here compared to the standard arithmetic definitions of these
parameters, however the general intuition remains the same. The main
difference between a mean and a median trajectory is that the latter uses
only points of the input trajectories. An alternative definition for a median
trajectory is to use only the edges of the trajectories present in the input
set, or parts of the edges, and switch at intersections [1].

(a) Mean trajectory (b) Median trajectory

Fig. 2: Effects of outliers on (a) Mean trajectory (b) Median trajectory

Both mean and median trajectories have their own applications. Mean
trajectory which is based on the spatial component of the input trajectories
looks more accurate compared to a trajectory that is restricted to one of
the inputs. Nevertheless, there can be a strong reason why one prefers a
median trajectory over the mean one. A typical example would be for
moving objects that have to avoid obstacles. The same property should
also hold for the middle trajectory. If no information about the obstacles is
known in advance, then the only way to ensure that the representative
trajectory crosses no obstacle is to use parts of the original input
trajectories. On the other hand, if such information is known, then it may
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also be possible to use this information and make the mean path go around
the obstacles. Fig. 1 shows examples of mean and median trajectories. The
median one follows the existing trajectories and thus avoids potential
obstacles if any is defined. The mean trajectory does not necessarily
follow the input trajectories and may pass through obstacles. One major
disadvantage for mean trajectory is its sensitivity to outliers. Data sets of
input trajectories containing substantially diverging measurements will
influence a calculated mean trajectory. Fig. 2 shows an example of this
phenomenon.
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Anomauin. [lpusoosmuvcs ocobrueocmi 3a0aui MiHIMizayii
MampuyHux @QYHKYiU SK 3a0a4i He2AaoKoi onmumizayii.
Poszensoaromvcs npuxnaou 3adau minimizayii @QyHKyil Ha
MHOXNCUHT NOZUMUBHO 8U3HAYEeHUX Mampuyb. [Ipononyemovca
npoyedypa 36e0eHHsi 3a0a4i MIHIMI3ayii HA MHONCUHI
mMampuyb 00 3a0aui MiHimizayii 6 npocmopi Oinbuiol
PO3MIPHOCHIL.

Kntouoei cnosa: minimizayia — mampuunHux — QyuKyii,
NO3UMUBHO BGU3HAYEHA MAMpUuysi, Healaoka Onmumizayisi,
HeB 'A3Ka, OPMOSOHANbHA MAMPUYSL.

B [1,2] posrnsnarorbes 3anaui MiHiMizanii Mmatpuyaux ¢yHkuid. Ilig
3ajauero MiHiMizanii mMatpuuHoi ¢yHKuii (a00 MaTpu4HOi omTuMi3zalii)
po3yMieThCsl Taka 3ajadya, SAKy 3pydyHO (OPMYNIOBaTH B TEpMiHaX
MaTpUYHOrO OO4YMCIIeHHsS. bararo BaKIMBHX XapaKTEPUCTHKH MAaTpHIb
(BmacHi yHMclna CHMETPUYHUX KBaJpaTHUX MaTpulb, iX CYyMH)
MPEACTaBISIIOTE o000 HerNaaki (yHKUIT BiJ eleMEeHTiB MaTpuub. Tomy
MaTpU4Hi 3aja4i ONTUMIi3allii YacTO BHSBISIOTHECS HETIIAJKUMU, IO
YCKJIAZHIOE 1X PO3B’SI3KM KIaCHYHUMH MeTogaMu. OHa 3 mepiux pooirt, B
AKI BHMBYAIUCS BJIACTUBOCTI CYOTpafieHTIB HeriagkuxX (YHKUiH, IO
BUHHUKAIOTh Y 3B'I3Ky 3 OOMEKEHHSIMH MO3UTUBHOI BU3HAYEHOCTI, KOJH
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oOpaHi mapaMeTpHy BXOSATh JIMIIIE B IiarOHAIbHI €IEMEHTH MaTPHIb, Oyjia
pobora ®uerdyepa [3]. B pobori [4] ommcaHi BIACTHBOCTI JESKUX
MaTpuyHUX (QYHKIIH 1 HaBE[CHI alTOPUTMHU PO3B’ 3Ky MATPHUIHUX 33134
MaTeMaTHYyHOro TporpamyBanHA. OnmnH 3 HAWOUIBII MTPAKTUIHO
e(eKTUBHUX aITOPUTMIB PO3B'S3aHHSA TAKOTO POJAY 3alad — I-aIropuTM
[5].
Skiio po3risHyTH 3a1auy
min{f(x) | fi(x) <0, i=1,...k, x € M},

ne X € R", f, fi — omyxni menepepsni (ynkuii, M — omykiaa MHOXHUHA, TO
HEBaXKO MOOAYUTH, IO A0 Hel 3BOAATHCSA TaKi MATPUYHI €KCTpeMalbHi
3amayi Ha rpadax: 3HAXOMKEHHS OIIHKA MaKCHMajJbHO 3Ba)KEHOI
BHYTPIIIHBO CTiiiKo1 MHOKUHHK BepinH rpada G(V,E) i mobymoBa oriHku
MaKCHMaJbHOTO po3pi3y rpada. Hampuxman, B mepmiii 3amadi mioBa
byuxiis f(X)= Anax(A(X)), @(X) = —Anin(B(X)), T11€ Amaxs Amin — MAKCHMATbHI i
MiHIMaIbHI BiacHi 3HaueHHs Marpuit, A(X) = W + U(x), B(x) = 21 + U(x),
W — BaroBa wmarpuist, U(X) — wmartpuis, B sKiii €JIEMEHTH, IO
BimmoBimaroTe E, 3miHHI, iHmI — HymeoBi (BepmmHH rpada 3'emHaH]
nociigoBHo), ¢(X) = maxfi(x). Tyr ans mepeBipKH BHUKOHAHHS yMOBH
MTO3UTHBHOI BH3HAYEHOCTI MaTpHili B BUKOPUCTOBYETBCS KpUTEPIH Amin >
0. Tak sIK Amin(B) — Brayra QyHKIis Bix eaeMeHTiB Matpuil, T0 ¢(X) —
omykia (YHKIS Biff mapameTpa X, MpHYOMYy ITboBa (DYHKITiS 3a/adi
Takoxk Oyzne omykior. Tomy s 1 po3B’si3Ky MOXHA 3aCTOCOBYBATH
BUILEONMCAHNH alTOPUTM.

Bumeskazani 3azadi Ha rpadax BiTHOCATBCS 10 3a7ad MiHiMi3amii
MaTPUYHUX IapaMEeTPUYHUX (YHKIIH 3 OOMEKEHHSMHU Ha TO3UTHBHY
BHU3HAYEHICTh. bBiNbmIicTh Takux 3amay, sSK OyJ0 3a3HaueHO paHilie, €
HernmaakuMmu. B poOoti [6] moOymoBaHmii anropuT™M po3B’sI3KY 3aralibHOL
MaTpU4YHOI 3ajadi omnTuMizallii, M0 BHKOPUCTOBYE IuTpadHi (yHKIII.
SAxmo Bci ¢yHkuii 3ama4i HemepepBHO TUGPEPEHLIIOIOTHCS, TO alTOPUTM
IHIYKY€ TOCTIIOBHICTh, IO CXOAUTHCS JI0 CTAlliOHAPHOI TOYKU BUXIJTHOT
3agadi. ToOTO 3HAXOIUTHCS TOUYKA, B SIKi BUKOHYIOTbcS yMOBH Kapyma —
Kyna — Takkepa [1].

Cepen iHIIMX ONTUMI3alliHHUX MATPUYHHUX 33/1a4 BiJI3HAYUMO TaKOXK
3amavi MiHimizanii geskoi ¢ynkuii f(4), me marpuns 4 mopsaky N,
BU3HAYAETHCS BUAOM OOMEKEHb Ha €JEMEHTH ILi€i MaTpulll — BOHH
NOBHHHI OyTH Takumu, mo0 Matpuis A Oyja MO3UTHBHO BH3HAYEHOIO.
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Ane 0OMEXEHHS TaKOT'0 BHIY HEMOKJIMBO MPEIACTABUTH B TPATUIIHTHOMY
JUTSL OITUMIBAIIHUX 3a/1a9 BUIJISLL THITY, Hanpukiaan g(X) < 0.

Posrasiuemo NpUKIAIU MaTeMaTUYHUX MOJEIIEH, o
BHKOPHCTOBYIOTh CaMe TIO3UTHBHO BHU3HAUEHI MATPHILi.

IIpm po3pobmi Mopeneit MacomepeHoCcy B mporecax anacopoii
0araTOKOMITOHEHTHUX CyMIIlell PEeYOBHH 13 PO3YHHIB HAHOUTBII
PO3MOBCIOJIKEHUMH BBaXKarOThCS JIBa MiIX0MU. B mepiomy 3 HUX MoJeni
MIPENCTABISIIOTECS Y BUTTSAI CHUCTEMH 3BHYAMHHAX IUQepeHIliaTbHIX
PIBHSHB, sIKa Ma€ BUTIIL [7]

x = B(®P(x) — x),

ne Xe E",®d(x) — Binoma BekTOp-PYHKIIiA PIBHOBAXKHMX KOHLIEHTpALIiH,
X — BEKTOp KOHLEHTpaliii pedoBuH, B — wmarpuis (NXn). Awnami3
3aKOHOMIpHOCTEH KiHETHKH aacopOIii Ta po3poOka METOIB PO3paxyHKY
TEXHOJIOTIT PO3AUICHHS CYMIllIe PSUOBMH BUMAararTh 3HAHHS YHCEIbHHUX
BEJIMYMH €JIEMEHTIB caMe MaTpuili koedimieHTiB B. 3anaua ineHtudikarii
Matpuili B Moxxe OyTH 3BelieHa J0 OOCpHEHOI 3amadi, TOOTO 10 3amayi
MiHiMi3anii QyHKIIT HeB’ sI3KK

FB)= 3 [ 4. B

Z€ Xiexp — €KCIIEPUMEHTAJIBHO OTPHMaHI 3HaueHHs KOHIEeHTpauii, X(t,B) —
3HAUYEHHS KOHIEHTpAlid, SKi OTPUMYIOTbCSI SK PO3B 30K CHCTEMH
pIBHSIHb B MOMEHTH 4Yacy {j NP MEeBHUX 3HAYCHHSIX MaTpHIli B.

[Ipote enemeHnTn MaTpuli B He MoxHa oOupatu noBinbHO. lLle
MOB’s13aHO 3 THM, IO peajbHUN MpoIlec MOBHHEH OyTH CTIMKHM B OKOJI
TOYKH X+, JJIsl K0T @(x+) = x~. ToOTO B mpoleci MiHIMI3aIil HEB’ sI3KH
MaTpUIIO B citifi BUOUpATH TaKUM YMHOM, 100 MaTpulls (TI0XiHa IpaBoi
yacTuHK cuctemu) —B(D'(x.)—1) Mana BoacHi ymMcia 3 TMO3MTUBHUMH
TIACHUMHM YacTUHAMHU. 3PO3yMiJIo, IO SKIIO BOHA Oyjae MO3UTHBHO
BH3HAYEHOIO, TO TaKa BUMOTa OyJie aBTOMAaTHUYHO BUKOHYBATHCSI.

Hexait {A} — MHOXXHHa TO3WTHBHO BH3HAYEHHUX MATpPHIb. TOIi,
BBaaroun, mo icaye (@'(x.)—1I1)", mana 6yms-sxoi matpuni A e{A}
MOKJIAZAEMO

B(A) =—A@'(x)-1)",
i 6aunmo, mo matpunst — B(A4)(D'(x.) —I) = A Oyne 3aBKa1 MO3UTHBHO
BH3HAYCHOIO 3a CItocoOoM moOymoBu. OTKe, 3a1ada MiHIMI3IMiI HEB I3KU
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Tenep 3Bedacs M0 3amaui Midimizamii ¢yukmii F(B(A)) Ha MHOXUHI
MTO3UTHBHO BU3HAYEHUX MATPHIIb.

[HmIMi migXin 10 MOAETIOBAaHHS MPOIECiB MaCOTIEPEHOCY TOB'SI3aHHHA
13 3aJaHHSAM TYCTHH AU(Y31HHUX TTOTOKIB KOMIIOHEHTIB CyMillli y BUTJIISIII
y3arampHeHOTo 3akoHy ®Pika. B 1poMy BHIIagKy pIBHSHHA KiHETHKH
amcopOirii OyayTh piBHAHHAMHE 3 yacTKOBUMH moxinHumu [8]. Tyt Hamamo
PO3B’SI30K TaKOi CHCTEMH PIBHSIHB

- 6 & 1 m?z’t

X=(-— Z—zeXp(——f D)X, ,

T" e m Iy

ne X — cepenHs mo 00’eMy cepHUHOI YaCTHHKH pajiycy lo BEIHYHHA
aacopOIii, Xo — IMMOYAaTKOBAa KOHIICHTpAIlisi PEYOBHH. B mOjaibIioMy
(hopMyeThest PyHKIIIS HEB’SI3KU, aHAJIOTIYHAS MONEpeIHIN 3anayi. Ase, K
0ayrMo, BOHA TAaKOX MICTHTh Marpuiio D, ska Takok NMOBWHHA OyTH
MO3UTHBHO BU3HAYCHOIO SK YMOBa 301KHOCTI HABEJACHOIO MaTPUYHOTO
psny.

Hani posBuBatotecs imei i3 [7,8] moOynoBu Takoi MpouemypH, sika
JI03BOJISIE YCTAHOBUTH B3a€MHOOJTHO3HAYHY 3aJIEKHICTh MiXK MMO3UTHBHOIO
BU3HAYEHICTIO MaTpulli A (TOOTO 3MIHHOI HiNIBOBOI (YHKIIT) 1 JESIKHUM
JIOBIIEHIM (TOBIHM» BEKTOPOM X PO3MipHOCTI N, «JIOBiIBHICTEY BeKTOpA
X O3HaYaTHMe, 1110 B 3a/1a4l ONTUMI3allii Ha 3MIHHY He OyJie 0OMEKEHb.

Beenemo gesxi nousaTTsa. KBajpaTHa nilicHa MaTpuilsl Ha3MBAa€ThCS
MMO3UTHBHO (HETaTUBHO) BU3HAUCHOIO [9], Axmio (Ax,x) > 0 ((4x,x) < 0) mis
Oyab-skux x # 0. Bimomo Takox [9], mo Oynb-sika gificHa matpuils A
Moke OyTH €JMHAM YHHOM IIPECTaBICHA Y BUIIISAI CYMH CUMETPUYHOT A,
Ta KOCOCUMETPUYHOI A, MaTpuilb, T00T0 A = A. + A,, npudomy A. = (4
+A4%)/2 1 A, = (4 — A*)/2. Tyt A* — TpancnonoBana 10 A matpurst. Kpim
TOr0, MaTpuils A Oyje MO3UTUBHO BU3HAUEHOO TOI 1 TUTBKH TO1, KOJIH 11
CUMETPHUYHA CKIIAJI0Ba A, TAKOX OyJie€ TTO3UTHBHO BU3HAUCHOIO.

Hami, sx Bigomo [9], Oynp-Ky MiliCHY CHUMETPUYHY MATPHUINO A,
3aBXM MOXHA TIPUBECTH JI0 JIaroHANBHOTO BUTISAY A JESKUM
oproroHansbHUM mneperBopeHHsM U, to6to U*4.U = A. Takum yguHOM,
3aJjaf0ud  Matpuli 4 3 TO3UTUBHUMHU €JeMEHTaMHU 1 3MIHIOIYH
opToroHanbHe meperBopeHHs U sKIMOCh UYWHOM, MOXHA 3aBXKIH
OTpPHMAaTH MO3UTUBHO BU3HAYCHI cUMeTpu4Hi MaTpui 4. = UAU™*.

Hexaii nesxuit x € EV, ne E" — eskmigis npocrip i N = n(n-1)/2.
Sxmo /A — nmiaroHaJlbHa MATPHIlL, TO ITO3HAYMMO depe3 A BEKTOp 3
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BifNOBigHMMH il KOMIOHeHTaMu, npuuomy A € E". B [7] 3anponoHOBaHO
cnoci6 o0y I0BH OPTOTOHAIEHOTO TTepeTBOpeHHs U, 3a T0IOMOT0I0 SIKOTO
koxHOMy N-BHMipHOMY BekTopy X € EM craBuThCS y BiAMOBimHICTH
marpuist U(X). Tomi A.(x,A)= U(x)4U*(x). TobTo, BraeTbesi modymyBaTH
MaTpHUIIO A, 332 JOTIOMOTO0 IOBLTHHHUX BEKTOPIB X 1 A. Jlami, po3mimnrytoun
eneMeHTH N-BUMIpHOTO BEKTOpa Z Ha MICISX ITiI TOJIOBHOIO JiarOHAJLIIO
Matpuii 4, 1 Il XK eJIeMEeHTH 31 3HaKOM MiHyC HaJ TOJIOBHOIO JiaroHaJLIIoO,
OTpUMaeMO KococuMmerpuuHi Mmarpuiti 4,(Z) 3 HyIbOBOK IiarOHAJLTIO.
Tobro pmnms matpumi A OTpUMaHO HACTyHHE TIpEACTaBIeHHI A =
U(x)AU*(x) + 4,(z), npuuomy Ha 3MiHHI (x,A,Z) HE HAKIATAFOTHCS HisKi
00OMeKEeHH.

B pesynbrati dynkitis f(4), sky HeoOXimHO MiHIMI3yBaTH, HaOyBae
BUTJISTY

f(4) = f(U(x)AU*(x) + 4(2)),

a mporec MiHimizamii Oyae MPOXOAWTH B TMPOCTOpPI 3MIiHHHX (xX,4,2)
3araIbHOI po3MipHoCTi N,

TakuM 4YHWHOM, 3aNPOMOHOBAHO MPOIEAYPY, SKA JO3BOJIIE 3BECTH
3amaqy MiHimizanii ¢yHkiii f(4) Ha MHOXHHI MMO3MTHBHO BH3HAYCHHX
matpuits {A} 10 3a1a4i MiHIMI3aIiT G1IBIIOT POO3MIPHOCTI.
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Annomayus. Ilpeocmasnena mMamemamuyeckas Modenb
63AUMOCEA3U U B3AUMOGHUSIHUSL  (YHKYUOHANIbHLIX — CUCMEM
opeanusma ons umumayuu meyenus BUPYCHO20
3a0071e6aHUsL, COCMOAUASL u3 MaAmemMamuyecKux Mooenet

mpancnopma u Mmaccoobomena pecnupamopHslx 2d3086,
camoopearvuzayuu cucmembnl ObIXaHUs u Kp06006paW€HUﬂ,
menﬂoo6MeHa, UMMYHHO20 OMKIUKA

Knrwoueevlte cnoea: mamemamuueckas moodenv cucmemvt ()leaHu}l,‘
mamemamuyeckast Mooeb UMMYHHO2CO OMKIUKA, mamemamudexas Mooenb
mepmopeynAayuu, umumayus mederus 6upycrhoco 3abonesanus

MaremaTtuueckas moaeiab DCJl. Ceiiuac omHa u3 Hambojce
aKTYaJIbHBIX MPOOJIeM MEAUIUHBI — 3TO co3gaHue 3()()EKTUBHBIX CPEACTB
it 60pb0BI ¢ KopoHaBupycHor nHpeknuerr SARS -CoV-2. B Hacrosee
BpeMs Ha NPAKTUKE NPUMEHSIOTCS HENMICH3UPOBAaHHbIE INpernaparbl M
SKCHEPUMEHTAIHOE JICUCHHE, XOTS Ha3HA4YeHUs Tepamnui OJDKHBI
OCHOBBIBATbCS Ha KIMHUYECKHUX HCCIEAOBAHMUAX, MOATBEP)KIAIOIINX
3¢ $EeKTUBHOCTD TOTO MM HHOTO npenapata [1]. [losTomy npeacrasisercs
000CHOBaHHBIM NPUMEHHUTh HMHTAIMOHHOE MOJAEIMPOBAaHHUE Ipolecca
TeueHUs  3a0ojeBaHHMs M BO3ACUCTBHA  (HapMaKOJIOTHUYECKUMHU
npernapaTami.

Jns UMHTalMyd TUIOKCHYECKOTO COCTOSIHMS, BBI3BAHHOI'O BHPYCOM
SARS-CoV-2 MpearaeTcs HCIOJIb30BaTh HMHTETPUPOBAHHYIO
MaTeMaTHYECKyl0 MOZENb (PYHKIMOHAJIBHON CHCTEMBl [BIXaHHUS H
KpOBOOOpAIIEHUs, TEPMOPETYIALMM W HMMYHHOTO OTBETa  JUIS
MPOTHO3UPOBAHUS TEUCHUsI BUPYCHOTO 3a00JIeBaHuUSI.
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B o01ieM Buie MaTeMaTHYECKYH0 MO (YHKIIMOHAIBHONH CHCTEMBI
IBIXaHUS MOKHO TIPEACTaBUTE B BUIE

&) ,
g =o(p”, p?,1,V,Q,Q,,.G".q) oy

(2)
i —— =y (p?, p®.7.V,Q,Q,.G?,q?) )
rae GyHKIMH @ W | AeTaNbHO omucaHsl B [2,3], V- BEHTWLILUSA, 7] -

CTENEHb HACHIIICHUS reMorioouHa KuciaopoaoM, Q - o6beMHast CKOPOCTh

1
cucteMHOro u Q, - JTOKaJIBHBIX KPOBOTOKOB, qt(_ ). CKOPOCTh NOTPeOIeHUS
I 1
2 -
KHCII0pOJa, qf_ ) CKOpOCTb BBIIETEHHS YITIEKHCIOrO Tasa B | - OM
1
1
TKaHeBOM pesepByape. Ckopoctu Gf) [IOTOKAa KHCIOpPOAa U3 KPOBH B
1

2
TKaHb H Gé) YIJICKUCJIOTO Tra3a K3 TKaHM B KpPOBb. AXTUBHBIMH
1

MCXaHU3MaMH CaMOpETysIIuu B MOIACIH  ABJIAIOTCA JIbIXAaTCJIbHBIC
MBbIIIIBI, CCPACUYHBIC MBIIIBI n T1agKue MBIIIIBI COCYI0B,
COOTBCTCTBCHHO YIIPABIAIOUNIMMH ITapaMETpaM B HHHaMquCKOﬁ CHUCTEME

spsorest V, Q, Q. , 1=1,m, koropsie onpexensiores B pesynbrare
1

peumeHuA 3aJa4yd OINTHUMAJIbHOTO BLIBOJA BO3MyHIeHHOﬁ I[HHaMH‘IeCKOﬁ
CHCTEMbI B YCTOHYMBOE PABHOBECHOE COCTOSHHE, XapaKTePHU3YHOIIeecs
COOTHOIICHUAMMU:

thl) _ qt(ll) =0 , G(Z) + q(Z) 0 | — 1’ m. (3)

OnTUMAaJILHBIMUA CUMTAIOTCS TAKHE 3HAYEHUS YHIpaBJIAIOMUX MTapaMCETPOB,
KOTOpBIe 00€CTIeYNBaIOT MUHUMYM

J plza (GO -a) +p, Z% (6@ +q®) it (4)

f

IIpU OrpaHUYCHUAX

V'min SV' Sv'max, len <Q <Qmax thm <Qt S ZQt —
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B 4 p,, p,— xodOOUIMEHTH YyBCTBUTEIBHOCTH OpraHM3Ma K
HEXBaTKe KHCIOPOAA M H30BITKY YIJIEKHCIOTHI, A,  XapaKTepHU3YIOT
1

(hyHKIIMOHATBHO— MOp(oTormaeckne 0COOEHHOCTHA TKAaHEBOTO PETHOHA.

MaremaTu4yeckass MoJeJlb HMMMYHHOro OTKJMKA. [luHamuka
mporiecca MHQPEKIMOHHOTO TOPaXEHHs OpraHu3Ma Ipe[cTaBlieHa
cUCTeMOl OOBIKHOBEHHBIX HETMHEWHBIX nudepeHnnanbHpIX ypaBHEHUI
¢ 3ama3gpiBaHueM [4]. PaccmoTpuM OmHO W3 ypaBHEHWH CHCTEMBI, a
MMEHHO:

dm
——=ov(l-m)— 4, (5)
dr

m(z)- orTHOCHTEbHAsL XapaKTEPUCTHKA TOPAKEHHOTO  OpraHa.

IIaTomoruyeckoe COCTOsIHMEC, pa3BUBAIOMICCCA B  OpraHU3MC IIpU
I/IH(beKIlI/IOHHOM MMOopaXeHUH, MOXHO pacCMaTpuBaTb KaK BO3MYIICHHC

IpH MOZIEIMPOBAHUM CUCTeMbI KpoBooOpareHnus. Torna o u f,, B (5) -
ynkrmn  3aBucsmme ot Q.. Ilpu paccMOTpeHMH COBMECTHOTO
1

MOJICTTUPOBAHMSI CHUCTEMBbI JIbIXaHHUS, KPOBOOOpAIICHUS W HMMMYHHOH
CHUCTEMBI U UX PETYJIAIUH, HEOOXOAUMO J00aBUTh B KPUTEPUH KauecTBa
pPETYJISIMU B MOABIHTETPAILHOE BHIPAYKEHUE UJIEH

Py, 5 (m(2).V (), (6)
rie P, - KodDQUUMEHT, XapaKTepU3YIOUMil CTeNeHb BIWAHUS THIIA
MOJICIMPYEMOrO  3a00JICBaHKs, Ha YPOBEHb TA30BOTO T[OMEOCTas3a
Oyukuust f,((M,V) onpenensier crenens nopaxenus opraHa - MULICHH B

TEKYLIUA MOMEHT.

MaremaTtu4yeckasi Mojae/b TepMmoperyJsinun. KauectBo mpoiecca
PETyJIHPOBaHUs TEIIO00MEHa [5] OllEHUBAETCS IO CIIOCOOHOCTH CUCTEMBI
obecnieunBaTh MUHIMYM (YHKIIIOHAJIA

3= ]| S (e) - e, (e ()= ) . @

rac nepBoc cCjara€MocC XapakKTepu3yCT HAPYUICHHUE TCIIJIIOBOTO OanaHca BO
BCCX pacMaTpuacMbIX TKAHCBBIX PETHUOHAX, BTOPOC-OHCPICTUYCCKUC
3aTpaTbl OpraHH3Ma. 3,Z[GCI> w -KOB(I)(l)I/I]_[I/ICHTLI YYBCTBUTCIBHOCTHU
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OTHETBHBIX TKaHEH K TEINIOBOMY nucOanancy, @- K IucOanmancy
SHEprosarparam, A, -CKOPOCTb TEILIONPOM3BOJACTBA B Mblmiax. Cucrema
1

TCILIONPOU3BOACTBA B 3TOM MOZACIIN NPCACTABIACTCA KaK PEryjvupycmast
JUHaAaMH4YCCKas CHUCTCMa, OCJIBIO peryianun SABIISACTCA BBIBOI
BO3MymeHHOI71 CUCTCMbI B HCKOTOPOC pPABHOBECHOC COCTOAHHUC, IIpHU
KOTOPOM U1 BCEX TKAHCBBIX PCTUOHOB BBIMIOJIHACTCA COOTHOLICHUEC

0(c) = i, ~G(T())-D, (1) +D, ., () =0, ®)

i+l

Ggy (7)- wucnapenme ¢ nosepxmoctn koxu, D, (7), D, (7)-

it
TEIUIOBBIE TIOTOKH, (HOPMHUpYIOLIME TEIUIoNnepeadyy MEXKAYy COCEIHUMH
TKaHEBBIMU PETHOHAMM.
3akiaroyeHue.

B HacTosmuii MOMEHT pa3pa0OTKa MMEET JIHIIb TeOPETHYECKHMA
XapakTe U TpeOyeT AajdbHEeHIero YTOYHEHUs IPH TECHOM COTPYAHUYECTBE
c MeaWKamMu. Bwmectre ¢ TeM, wWMUTanMs Ha MOJENU Pa3BUTHSA
WHQPEKIIMOHHOTO 3a00JIeBaHMsI M CBSI3aHHOTO C HHUM T'HIIOKCHYECKOTO
COCTOSIHUSI, 3TO OJHMH M3 BO3MOXHBIX M JOCTaTOYHO 3(PPEKTHUBHBIX
WHCTPYMEHTOB IS PELICHUS] KOMITIEKCa 3aJiad, CBA3aHHBIX C TIOJIEPIKKOM
MAalMEHTOB TP OCTPOM [bIXaTelbHOW W CEpICYHOW HETOCTATOYHOCTH,
BBI3BAHHOW OcIOHEeHUsIMH Tipu  3a0oseBannu COVID-19
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Annomayusn. Ilpeonoosicena mamemamuyeckasi Mooeib Ol
UCCIe008AHUSL B3AUMOCEA3U NPOU3BOOCIBA NPOOOBOTLCTNEUS, €20
MPAHCNOPMUPOBKU U MEOUYUHCKUX NOCAeOCMBULL  dNUOEMULL.
Onpedenenvl ycnogus, npu KOMOPbIX OHA CBOOUMCA K MOOenu
memacmabunvnoeo xaoca Jlopenya. Ocobennocmvio Mmodenu
A6NAEMCS CYNEPROUYUs. KBAZUCIOXACTNUYECKUX amMmMpPAaKmopos u
B03MYWEHULL, ONUCBIBAEMBIX BUHEPOBCKUMU NPOYECCAMU.
Kniouesvle cnosa: cmoxacmuueckue npoyeccwl, ONMUMATLHOE
ynpasneHue, HKOHOMUKO-MAMeMAmuieckue Mooeiu, Mooelb
Jlopenya, npodosorscmeennas 6e30nacHoCcmey

Kakx mnokazana mnangemus COVID-19, npotuBosnMaeMUYECKUE
MEPOTIPHUSITHS CTAHOBSTCS TSDKEIBIM OpeMEeHeM Il SKOHOMUKH, TaK Kak
3aTparvBalOT [ENbI KOMIUIEKC JKOJOTHYECKHX, HSKOHOMHUYECKHX U
COLMAIBHBIX TPOIECCOB, BIMAIIMX Ha OJAroCOCTOSHUE OOIIeCTBa,
SKOHOMHYECKYI0 aKTHBHOCTh ¥ IPOJOBOJBCTBEHHYIO 0€30MacHOCTb.
Boprba c maHpemwuell CTaHOBUTCS HEBO3MOXKHOW 0€3 HCCIENOBaHUS ee
BIUSHUS Ha DKOHOMHKY, IMO3BOJISIONIEE C IMOMOIIBI0 MaTeMaTHUECKUX
Mozenet  ompenenutb  3()PEeKTHBHBIE ~ CTpaTerMd  MHUHUMU3AIUN
KOJMYECTBA JKEPTB W JKOHOMHYECKOTO yIep0a TpHU pa3imdHbIX
CIICHApUSX Pa3BUTHS SITUICMHUU.

[IpoTuBOpEYNBOCTS JAaHHBIX O NPHUPOJE BHUPYyca W MyTAX €ro
paclpoOCTpaHEHHsI CO3[AeT JOTOJHHUTEIbHYIO MPOOJIeMy, ITOCKOJIBKY
HETMOJHOTa BBIOOPKM W CTOXAacTUYecKas TMPHUpOJa IIHIEMUYECKON
CUCTEMBI CHIDKAIOT 3()(PEKTUBHOCTh TPAJUIIMOHHBIX CTATUCTHYECKUX
MeTonoB. IloaToMy o0coOylo akTyalabHOCTH TpHOOpeTaeT pa3paboTka
CTOXaCTUYECKUX MOJIeNIeH, TMO3BOJSIONINX YYeCTh BIUSHHUE CIydalHBIX
BO3MYIIIEHUH, KOTOpPBIE CTAHOBATCS JIOTOJHUTEIHHBIMU (paKTOpaMu
YBEJIMUYCHUSI YPOBHS HECTAOWILHOCTH.
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BBoauMmble 1npH  HaHAEeMMH JIOKAAYHBI, TPAHCKOPAOHHBIE U
BHYTPEHHHE OIPAaHUYEHMs MEPEABWKCHHSA, NPHUBOAIAT K CHHXCHHUIO
KayecTBa M KOJHMYECTBa pabodMx MecT B IENOYKax IOCTaBOK
[IPOOBOJIBCTBUS, 3aMEMISIIOT  (YHKUHMOHUPOBAHUWE JITHX  LEMOYEK,
OTPaHMYUBAIOT AOCTYI K MPOAOBOJILCTBHIO. COKpamaercs Kak CIpoc, Tak
U TPeIOKEHUE BCIEACTBUE CHIKECHUS SKOHOMHUYECKOW aKTMBHOCTH H
pocta 6e3paboTuiiel. [loaToMy Moaens Uit N3ydEeHUS BIMSHUSA NTaHAEMHUH
Ha MPOJOBOJBCTBEHHYIO O€30IaCHOCTh [OJDKHA BKIIOYATh Hapsay ¢
OJIOKOM, OIMCHIBAIOIIMM JIUAEMHYECKYI0 YacTh MPOOJIEMbI, OJIOKU
MPOM3BOACTBA M JOCTaBKH IIPOJOBOJBCTBEHHBIX pecypcoB. Moneinb
JOJKHA YYUTBHIBaTh CTOXAaCTUYECKYIO IIPUPOAY PaclpOCTpaHEHUs BUpYca,
W TO3BOJIAITH PAcCCUUTHIBATE AMHAMHKY CIpPOCAa M IPEIUIOKEHHS,
KOJIM4YeCTBa PabOYMX MECT M KOJMYECTBO MPOM3BOAMMOM mpoxykuuu. B
KadyecTBe Takod Mojenu OyIeT WCIOJIb30BaHA TPHU CEKTOpajbHas MOJEINb
Jlopenta, kotopas B [1-3] mpuMeHsIach Ui UCCIEOBAHNUS B3aUMOCBSI3U
MPOIOBOJIBCTBEHHBIX, BOAHBIX  SHEPTETHUECKUX PECYPCOB.

Paccmorpum Tpu mnpomsBoactBeHnble cuctemsbl (IIC), koropbie
HUMEIOT OTHOLIEHHE K INPOU3BOJCTBY MPOIOBOJBCTBUSA, €0 IOCTABKE U
MEAULIUHCKON MHPPACTPYKType. B ycrnoBHsAX KOHKYpEeHLIMH MEXIy HUMH
3a pabouylo CUIly, pOCT IPOMU3BOACTBA B OJHOM OTpaciu OyAeT TOPMO3HUTH
co3laHue paboYMx MecT B Jpyrux. 3MEeHYMBOCTH ypoKaiiHOCTH
CEeNIbCKOXO3SIMCTBEHHBIX KYJBTYpP, KOJeOaHMs LEH Ha 3HEPrOHOCHTEINH,
n3MeHeHus1 ©OajaHca BOJHBIX PECYPCOB, BBI3BAHHBIX IOTOJHBIMH
YCIIOBUSIMH, BBEJICHUE HOBBIX TEXHOJOTHH, KOTOPBIE 3HAYUTEIBHO MEHSIOT
MPOM3BOAUTENBHOCTE  PabOYMX MecT, M IJ00ajbHblE MaHIAEMHUH
WHPEKIUOHHbIX 3a00/ieBaHMNA - BCE 3TO NPOBOLMPYET CilydailHbIe
BO3MYILEHHUS, KOTOPbIE CTAHOBSITCA JOIOJHUTENBHBIMH (hakTopamu
yBeIMYEHUsI ypoBHS CTpYKTypHbIX HapymeHuil B IIC. Croxactuueckas
TpH CeKTOpajibHas MoJenb JIopeHa uMeeT cenyonmi BUI:

dxj P dyi oo
fi = (v —x;) + 8wy, Ez'_dr—T"z'xz'ﬁ"':xl:x:;xa}—}'f+Gz"~‘rf::

d= -
Ei, =X~ biz; + 6y,

rae Xi, Vi, Zi — COOTBETCTBCHHO 6€3pa3MepHBI€ NEPpEMCHHBIC, KOTOPLIC
3aBUCAT OT ypOBHCﬁ HpOHBBO,[[CTBGHHOﬁ (PYHKHI/II/I, KOJIMYCCTBA pa60qnx
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MecT U Hapymenni (i = I, 2, 3 — coorBercTBeHHO Ayt [1C mponsBocTBa
IIPOOBOJIBCTBUSL PECYPCOB, HUX TPAHCHOPTUPOBAHMA W MEIUIMHCKOM
HHPPACTPYKTYpHI), alaNTalMOHHBIX BO3MOXKHOCTEH, 4Hcla HapyIICHUH,
CIPOCOB M NPEIJIOKCHUH Ha yBEIMUYEHHE 4YHciaa pabodyux MecT u
npoxykuuto i-oit I1IC; w;ij(t) — He3aBHCHMEBIC CTaHAAPTHBIE BUHEPOBCKHUE
nponeccsl ¢ mapamerpamu E(w;(t)-wij(s))=0, E(Wij(t)‘Wij(s))zzlt‘sl, o —
WHTEHCUBHOCTH Bo3MytneHuit (j =1, 2, 3). Ilpouneccor B pazmmunbix 11C
MOTYT IIpOT€KaTb C Pa3IUYHBIMH CKOPOCTSMH, MacIITaOUpOBaHHE
BPEMEHH 110 CEKTOPaM OCYILECTBIISIETCS C IOMOIIBIO TAPAMETPOB &.

OmnpeneseHsl ycaoBUs BOSHUKHOBEHUS I€TEPMUHUPOBAHHOTO Xa0ca B
naHHOW Mozenu. PaccMoTpeHa 3azauya ONTHMANbHOTO YIPABICHUS C
LEJIBI0 MUHUMM3ALUM HapylIeHu#. [l 4YuCIeHHOro pemieHus 3aaadu
WCTIONB30BAJICA MOAU(PULIUPOBAHHBIA METOJ CIIyYalHOTO MOWCKA - METOA
CTOXaCTHMYECKOro  rpagueHta. Kak  cimegyer HW3  pe3ysbTaToB
MOJEJIMPOBaHMS, MHHHAMH3ALMSA YHCIA CTPYKTYPHBIX  HAapyIICHHUH
JNOCTHUraeTcsl MPH OJHOBPEMEHHOM BBINOJIHEHUN CIIEIYIOLINX YCIOBUM: 1)
CHI)KEHUU COOTHOIICHUS YIEIbHBIX NMpeioxkeHuil Ha npoaykuuto 11C u
pabouux MecT B HEH; 2) CHM)KEHHH COOTHOLICHUS yICJIBHBIX CIIPOCOB M
npeokeHuii: a) Ha npoxykuuto 11C, 6) Ha KonuuecTBO pabounx MecT B
IIC; 3) yBenuueHWH, a 3aTeM YMEHBIICHUH YACIBHOTO MPEIIOKCHHS
pabouux mecr B I1C.

OTIUUNTENHEHON OCOOEHHOCTBIO TPEIJIOKEHHOH MOJENH SIBIISETCS
CYNEpIO3ULIUS KBA3UCTOXAaCTHYECKUX CTPAaHHBIX aTrTpakTopoB JlopeHna u
CIly4yallHbIX BO3MYILEHHUH, ONMCHIBAEMBIX BHHEPOBCKHMHU IIPOLECCAMH.
PaccmoTpeHo BnMsHHME CIy4alHBIX BO3MYLIEHHH Ha CTOXaCTHYECKYIO
negopManio JIETEPMUHUPOBAHHBIX aTTpakTopoB Mozaenu JlopeHua.
[lokazaHo, 4TO TPAaEKTOPHM CTOXACTHYECKOH CHUCTEMBI IPH CIy4aiHBIX
BO3MYIICHUSIX TOKUAAIOT AETEPMUHHUPOBAHHBIN aTTPAaKTOP U OOpa3yroT
BOKPYI' HEro HEKOTOPBIA MYYOK C COOTBETCTBYIOLIMM BEPOSTHOCTHBIM
pacrpeieieHUEM.

YpoBeHb TPOAOBOJILCTBEHHOW OE30MACHOCTH  OMPEACNSAETCS C
MOMOIIBI0 METOJa THAAKUX (YHKIMHA, C TOMOIIBI0 WHAMKATOPOB,
ABISIIOIIMXCSA  (YHKUMSIMA TIEPEMEHHBIX paccMOTpeHHoH wmozenu. OH
3aBUCUT OT CTENEHH MPUOJIMKEHUS HMX 3HAYeHUH K OudypKalMOHHBIM
3HAYEHUSIM, 110 JTOCTM)KEHUHM KOTOPBIX HapyllaeTcs cOalaHCHPOBAaHHOCTD
CHCTEMBI, U OHa MEPEXOAUT B CBOEM Pa3BUTHU M3 OJHOTO YCTOMYMBOIO
COCTOSIHUSI B PYTOE.
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PaccMoTpeHa BO3MOXHOCTH JIalbHEHINETO YCIOXKHEHUS MOJCIH 32
CUET y4eTa JPYruX CEKTOPOB 3KOHOMUKH € MOMOIIBI0 MoJienn JlopeHna B
KOMIUTEKCHOW ¢opMe. 3amada HMCCIEIOBAHUSA N CEKTOPOB SKOHOMHKH
CBOJUTCS B JTOM CIlydyae K pPAacCMOTPEHHUIO TMOBEJCHUS aHcaMmOys n
CBSI3aHHBIX OCHWJUISTOPOB, TEHEPHPYIOUINX KOJIEOAHUS C YaCTOTAMH @y
COOTBETCTBEHHO. KOJIEKTHBHAS CHHXPOHHU3AIMS JAHHBIX OCIHIUIATOPOB
MOXKeT OBITh HcCclefoBaHAa C moMmomblo Moaenn Kypamoro. 3amaga
VIpaBJICHHUSI  COIUAIBHO-DKOHOMHUYECKUM  Pa3BHUTHEM B YCIOBHSAX
BO3HUKHOBCHHS XAOTHUYECKHUX PEXKHMOB CBOJMTCS JJIS KOMIUIEKCHOM
MOJIEJIM K YIPABJICHUIO YaCTOTOW IMOJISi C HEHYJIEBBIM CPEIHHM, KOTOPOE
TCHEPUPYETCS CBA3AHHBIMU OCIUILIATOPAMH.
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MOJUTUYECKON UHIYCTPUU YEPE3
YIIPABJIEHUE PUCKAMMU
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lora PycraBeamn , I'py3us, Barymu
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Annomayusn. B oannoti cmamve noouepkusaemcsi, umo cneyupuxa
IMUKU KAK PeyAmOopa COYUATbHBIX OMHOWEHUI 3aKTIOUAETNC 8
mom, umo oua Oeiicmeyem usHympu. MopanvHoe pezyruposanue
HOCUMm, KAk 2060psAm  NCUXON02U, OYEHOUHO-UMNEPAMUBHBII
xapakmep, m. e. 6 OyeHKe NOCMYNKOS8 Hel08eKd COOEPIHCUMCS UX
0000penue aubo nopuyanue. Obwue HOpMbL MOPATU NOIYYAIOM
sbIpadicenue 8 3aAQUKCUPOBAHHBIX NPeOCAaseHusx [3anogeosx,
npuHyunax, Kooexkcax] o mom, Kaxk ciedyem NOCMYNamv U 4e2o
Henvsa Oenams. Koeda cosopsam 06 smuke, mo umeiom 8 6uoy
CYHCOEHUS O NPABUTLHOM U HENPAGUILHOM, O XOPOWEM U NIOXOM, O
dobpe u 31e, 0 cnpageorugocmu u Hecnpaseoausocmu. Cuna
MOPAnbHbIX — mpeboanull U OMEEMCMEEHHOCMU,  6ce20d
0e3yCl0BHbIX NO hopMe U CIMPOSUX NO COOEPIHCAHUI, 8 MOM, YMO
ye06eKk 001dCeH 0Opawams ux K cebe u moabKo yepes Onvim coo-
CMBEHHOU  JiICU3HU NpedvasiIamsb  Opyeum. Puck-menedscmenm
sKIOUaem ¢ cebs  cmpamezuro U MAKMUKY — VIPAGIEHUS.
Iloo cmpamezueii ynpasnenus nOHUMArOMC HANPAGIEHUe U Cnocod
UCNOTBL30BAHUSL MEMO008 Ollsl OOCMUIICEHUs NOCIABIEHHOU Yelu.
Omomy cnocoby coomeemcmegyem onpedeneHtblii HAbop npasusn u
ocpaHuvenuti ons npumsamua pewenus. Cmpamezusi no36o0asem
CKOHYEHmMpUpo8amy ~ YCUIUs HA  6APUAHMAX — DEUleHUs,  He
nPOMUEOpeHauUX NPUHAMOL cmpamezul, Om6pocus ece opyaue 6a-
puarmol. Tlocne docmudicenuss NOCMAGIEHHOU Yelu Cmpamezusi Kaxk
HanpasneHue U cpeocmeo ee OOCHMUICEHUs. NPEKPAAent ce0e Cyuy-
ecmeoganue. Hoegvie yenu cmagam 3aoawy paspabomru HOOI
cmpameeuu. B opeanusayusx popmuposanie 6a3ucHvIX yYeHHocmell
nPOX0OUm 002Ul Nyms MPAnchHopmMayul, 6 pe3yivbmame 4e2o OHu,
KAK npasuno, CMAamoGamcs uUx RNOMPeOHOCmAMU Uil 0053a-
menbcmeamu neped obwecmeoM. B amom cmvicre 6azuchvie
amuuecKue YeHHOCmu HOCAM NPAeMAMUYHbIL, PAYUOHATLHBIIL Xapa-
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Kmep, u ux 6vl00p onpedensiemcs CHReYyupuKkol  Kaxicoou
opeanuzayuu.

Kniwouesvle cnosa: Omuueckue uHHOBAYUU, OMBEMCMEEHHOCHb,
nOAUMUYecKas — UHOYCMpUs, — Memoobl — PUCKOBO2O — peuleHus,
YHpasneHue puckamu, UCKyCCmeo NOIyYeHus unpopmayuu.

KaK HU3BCCTHO, Mopajlb 5moO COBOKYIOHOCTh HOPM, YCTaHOBOK H
npeanmcaﬂnﬁ, KOTOPBIMH PYKOBOJACTBYIOTCH JIFOAW B CBOEM pC€aJIbHOM MOBCACHUU
B pa3jIMYHbIX JKU3HCHHBIX C(l)ean, BKJIIOYas U TPpYAOBYIO ACATCIIbHOCTD. O,HHa us3
CaMbIX OAPEBHUX SaHOBeZ[eﬁ - Ha3bIBa€Mas «30JIOTBIM IIPaBUJIOM MOpaJn» - INIaCUT:
“He nenaiiTe APYrMM TO, YTO BBl HE JKeJaeTe [UId ce0si, U MOCTyNalTe ¢ JpyruMHU
TakK, Kak XoTesu Obl, 4T00bI ¢ Bamu nioctynuinu’” [1]. CBs3b MOpaiu, STHKU U opra-
HI/IB&HI/IOHHOf/i KYJBbTYPbI 06p33H0 MOXXHO HOpEACTaBUTb B  BHAC  TPCX
pacmonoxkeHHBIX apyr B apyre chep Ilpm »STOoM Mopamb cocTaBiseT
CepIICBUHHYIO Cdepy, SABISIOIIYIOCS OCHOBOH s cepbl ITHKH, KOTOpas, B
CBOIO OdYepenb, SBISICTCS OCHOBOW sl CQephl OPraHMU3aMOHHON KYyIBTYpPHI.
Hepez[ r100aIbHBIMHU OINNAaCHOCTAMH, YIPOKAOIUMHU CaMOMYy CYHICCTBOBAHUIO
YCJIOBCYCCTBA, OTBCTCTBCHHOC OTHOLICHHUC K MOpaJId, MNPHU3HAHUC TPUOPUTCTA
OTHYCCKUX HeHHOCTeﬁ SABJIACTCA BLI60pOM, HC HMCIOIIUM paSYMHOP‘I
AJIbTCPHATHUBLI. Hamm NpeACTaBJICHU O MOpaJbHBIX IHEHHOCTAX, O TOM, 4YTO
I[OCTOI\/'IHO MOXBAJIbI MW HYTO 3aCHyYKUMBACT OCYXKIACHHS, CIOKUINCH, TJIABHBIM
06pa30M, Ha OCHOBC BOCIIpHUATHA YCJIOBCKA KaK CYHIECTBA HPAaBCTBCHHOIO. Mzer
3HAacM, YTO 3HAYUT HA3BATb YC€JIOBCKA HPABCTBECHHBIM.

Crnenyer OTMETHTH TOT (PaKkT, 4TO B rioccapuu EBporeiickoro ¢ounia
YIIpaBJICHUA KA4YECTBOM JTHKa OpraHu3alryd OIIpPEAC]ICHA KaK HPABCTBCHHBLIC
YCTOH, B3ATBIC Ha BOOPYKCHUEC U CO6J‘IIOZ[aCMLIe BCEMH pa6OTHI/IKaMI/I Z[aHHOﬁ
OpraHu3anuu [2] BaSI/IpYHCL Ha O6H.[€‘IGHOB€‘IGCKI/IX OEHHOCTAX, I3THUYCCKHUC
HOPMBI JICJIOBBIX OTHOIICHHI BBICTYIIAOT OJJHUM M3 I'JIAaBHBIX KPHUTCPUCB OLCHKU
HpO(I)eCCI/IOHaJ'II/ISMa, KaK OTACJIBbHOI'O0 COTPYAHHMKA, TaK U OPraHu3allyd B LCJIOM.
CO]_II/IaJ'ILHO-aTI/I‘IeCKI/IC HpO6J'IeMLI OpraHu3alu MposABIAKOTCA B IMMOBCACHYCCKUX
nponeccax, KOTOpbIE COBMECTHO C OICpAlMOHHBIMM M aAMHWHUCTPATUBHBIMU,
o0pa3zyroT cucteMy oOIiero MeHepkMeHTa. Hanbonee xapakTepHbIMHU TpUMEpaMH
MOBCACHYCCKUX IPOLECCOB SABJIIOTCA HNPUHATUC YIIPABJICHUYCCKUX peIHeHI/Iﬁ B
MH(OPMAITUOHHOM MHUPE KOMMYHHUKAIMU. VIMEHHO 3TH MpPouECcCh HOPMHUPYIOT
IIOBCACHUEC, KaK OTACJIBHBIX paﬁOTHI/IKOB, TaK U LCJbIX I'PYIIIL. HpI/IHSITI/Ie MHOI'MX
YIIpaBJICHYCCKUX peIlICHI/Iﬁ CBA3aHO € MOPAJIbHO-OTUYCCKUMU JUIEMMAaMH, K
YHCIIYy KOTOPBIX MOXHO OTHECTH: BBI60p MCKIY KpaTKOCpO‘lHOﬁ BBIT™ 02[017[ u
JAO0JITOCPOYHBIM PE3YyJIbTATOM; COOTHOLICHUEC uenei/i U CpCACTB UX HOCTHUIKCHUS,
COOTHOLICHUEC MATEPpUAJIbHBIX U JAYXOBHBIX HeHHOCTeﬁ; COOTHOIICHUC JIMYHBIX U
obuiecTBeHHBIX MHTEpecoB. KommyHukauws, T.e. [3] mporecc IBYCTOpOHHEro
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oOMeHa COOOIIEHUSMH JIEJOBOTO COACPNKAHUS MEXITy pabOTHUKAMH, HWTpaeT
BaXHYIO pONlb B (pyHKIMOHHMpOBaHMK opraHm3anuy. CHenuanucThl pPasziIndaroT
cIenyroIKe BUAbl KOMMYHUKALMI B OpraHU3aLiy.

CrnemyeT OTMETHTB TOT (haKT, YTO MPOLIECC BO3AEHCTBHS CyObEeKTa Ha
O0BEKT  ympaBJeHHs, T.6. caM [pPOLECC  YIPaBICHHUSA, MOXKET
OCYILIECTBIIATHCS. TOJBKO NMPH YCIOBHH LUPKYJIUPOBAHUS ONPEAEICHHON
nHGOPMALMM MEXIy YNPaBIAOMIEd M YyOpaBiIsieMOH IIOACUCTEMaMH.
[Iponiecc ympaBneHHs HE3aBUCHUMO OT €r0 KOHKPETHOIO COAEPIKaHUS
BCerga IpeAnojaraeT IOJNydeHHe, Iepenady, mnepepaboTky H
UCToNb30BaHue HHGpopMmanmuu. B MeHemKMeHTe pHCcKa IOJIy4eHHe
HaJIeKHOM M [OCTAaTOYHOW B [AHHBIX YCIOBHAX HH(POPMALUU HIpaeT
IJIABHYIO POJib, TAK KaK OHO IO3BOJISIET NPUHSITH KOHKPETHOE PELICHUE MO
NEUCTBUSIM B YCIOBUAX pHCKAa. MTak, MOXHO TOBOPUTH O TOM,
nH(pOpMaIMOHHOEe o0ecmedeHrne (YHKIIMOHUPOBAaHUS MEHEIKMEHTa
pHCKa COCTOMT M3 Pa3HOro poJa W BuAa MH(GOpPMALUHU: CTATUCTHYECKOH,
SKOHOMHUYECKOH, KOMMEpUYECKo#, (hPWHAHCOBOH W T.. DTa WHGpOpMAIUI
BKJIIOYAET OCBEIOMJICHHOCTh O BEPOSTHOCTH TOI'O MJIM MHOT'O CTPAXOBOT'O
Cclly4asi, CTpaXxoBOI'0 COOBITHS, HATMYMH 1 BEJIMYUHE CIIpOca Ha TOBAphl, HA
KanuTaj, (pUHAHCOBOW YCTOWYMBOCTHM M IUIATEKECIIOCOOHOCTH CBOUX
KJIMEHTOB, MApTHEPOB, KOHKYPEHTOB, LIEHAaX, Kypcax M Tapudax, B TOM
YHuciIe Ha YCIOYIHM CTPaxOBIIMKOB, OO0 YCIOBHUSX CTpaxoBaHHS, O
JMBUJICH/IAX M POLIEHTaX | T.II. [4]

Ha ocHOBaHMM BBILIIEH3IOKEHHOTO MaTepuasa MOXKHO CJenaTh
CIIEAYIOIIME  BBIBOABI:  IIPOTHO3MPOBAaHHE B~ MEHEIKMEHTE  PHCKa
npeacTaBisieT  co0oi  pa3pabOTKy Ha  MEPCIEKTUBY  M3MEHEHHit
(DMHAHCOBOTO COCTOSIHMS OOBEKTa B IIEJIOM M €ro pa3jIM4YHbIX YacTew.
[Iporno3upoBanue - 3TO MpeaBUAECHUE ONpeneiIeHHOro coobIThs. OHO He
CTaBUT 3aJady HEMOCPEACTBEHHO OCYLIECTBUTh HA NPAKTHKE -
paspaboTtanHbie TPOTrHO3bl. OCOOEHHOCTHIO MPOTHOZUPOBAHMS SIBIISETCS
TaKXe AJIbTEPHATHBHOCTh B IIOCTPOCHUH (MHAHCOBBIX IOKa3aTeNed H
napameTpoB  [5], ompenensromas  pasHble  BapHaHTBl  Pa3BUTHS
(PMHAHCOBOTO COCTOAHUS 00BEKTA YIPABICHUS HA OCHOBE HAMETHBILUXCS
TeHAeHIMHA. B aguHaMHKe ~— pucKa  NPOTHO3UPOBAHHME  MOXKET
OCYIIECTBIISITHCS. KaK HA OCHOBE DKCTPAIOJISLUK MPOLLIOro B Oyaymiee ¢
YYETOM SKCIEPTHOM OLEHKH TEHICHLMH W3MEHEHHWS, TaK M Ha OCHOBE
OPSAMOro TMPEIBUACHUS M3MEHEHHH. JTH M3MEHEHHS MOTYT BO3HHMKHYTD
HEOXHJAHHO. YTIpaBJIeHHE Ha OCHOBE NPEABHICHHUA 3TUX H3MEHEHUH
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TpeOyeT BBIPAOOTKHM Yy MEHEKEpa ONPEIeNICHHOTO YyThs PBIHOYHOTO
MeXaHU3Ma M HHTYULIHH, a TaKKe NPUMEHEHHs TI'MOKHX SKCTPEHHBIX
pemennii [6]. Opranusauus B MEHEIKMEHTE PHCKA IIPEACTABISET COOOM
00bEIMHEHUE JIIOJEH, COBMECTHO PEANU3YIOLUINX IPOrpaMMy PHUCKOBOIO
BJIOKCHUS KalHUTajga Ha OCHOBE OINpENENIEHHBIX NpaBui u npouenyp. K
9TMM MpaBWIaM U HPOLEAYpaM OTHOCATCS: CO3JaHH€ OpraHOB
yOpaBJIeHUs,  I[OCTPOCHHWE  CTPYKTyphl  amlmapara  yIpasJeHus,
YCTaHOBJICHHE B3aMMOCBSI3M MEXy YIIPABICHUYCCKUMHU HOAPA3ACICHUIMHU.

Wrak, perynupoBaHue B MEHEHKMEHTE PUCKa TPEACTABISET COOOM
BO3ACHCTBHE HA OOBEKT YIPABICHU, OCPEICTBOM KOTOPOTO TOCTUTAETCS
COCTOSIHME YCTOHYMBOCTH 3TOT0 OOBEKTA B CIy4ae BO3HHUKHOBEHHS OT-
KJIOHEHHMs OT 3aJaHHBIX [apamMeTpoB. PerynupoBaHue O0XBaTbIBaeT
IJIaBHBIM 00Pa30M TEKyIIHE MEPONPHUSITHSA M0 YCTPAHEHUIO BO3HHMKILIUX
otkioneHuii. KoopmHaIMs B MEHEPKMEHTE pUCKa MPEACTABIIsACT COO0M
COIJIACOBAaHHOCTh Pa0OTHI BCEX 3BEHHEB CHUCTEMBl YIPABICHUS PUCKOM,
anmaparta ympaBlICHUs W crenuaanctoB. KOHTPOJb B MEHEIKMEHTE
pHCKa NpelncTaBisieT co0Ol MPOBEPKY OpraHM3aluu padoThl IO CHIDKE-
HUIO cTerneHH pucka. [locpencTBoM KOHTpOIs cobupaercs: HHPOpMaLUs O
CTEIIEHH BBINIOJHEHUS! HAMEUYEHHOH MpOrpaMMbl ACHCTBHSA, JOXOAHOCTH
PHUCKOBBIX BJIOXKEHMH KamuTana, COOTHOLIEHWM NpPUOBUIM M DPHCKA, Ha
OCHOBAaHUHM KOTOPOIl BHOCATCSI M3MEHEHHUS! B (DMHAHCOBBIC MPOTPAMMEBL,
opraHuzanuio (UHAHCOBOW PadOTHI, OpPraHU3aLUI0 MEHEKMEHTa PHCKa
[7]. OddexTBHOCTE ero (GyHKIMOHHPOBAHUS, MHOTO BapHaHTHOCTb U
KOHTPOJIb IpeArnoiaraeT aHajiu3 pe3yJbTaTOB  MEPOIPUATHH MO
CHMIKEHHUIO CTEIIEHH PHUCKA.
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TECTUPOBAHUE BOCITPOU3BOVUMOCTH BLIYNCJIEHUI
B OBJIAYHOM U PEAJIbHOM KJIACTEPHBIX CPEJAX

T.A. BAPJJAABIM, C.I1. OCUIIEHKO
HuerutyT knbepHetuku umMenu B.M. I'nymkoBa
HAH Ykpaunbl, KueB, Yxkpauna
tamara.bardadym@gmail.com, baston888@amail.com

Annomayusn. Onucanvl pe3yibmamol YUCIEHHO20 IKCHEPUMEHMA
O UCCe008AHUIO  BOCHPOUZBOOUMOCIIU — OUOMEOUYUHCKUX
BbIUUCTCHUL, NPOBEOEHHBIX ¢ NOMOWDBIO 00IAYHO20 cepeucd
OpenStack u peanvroeo knacmepa CKUT-4.5.

Kniouesvie cnosa: obraunvle mexHoio2uu, 0CNPOU3BOOUMbLE
BbIUUCACHUS, NAAMPOPMA KIACMEPHA.

Coznanrie HOBBIX TEXHOJIOTHHA OOpaOOTKH JaHHBIX MOOYXKIaeT
WCCIIeIOBaTeNe K palroOHAIEHOMY BBIOOpPY Cpell ¥ CPEACTB MPOBEICHIUS
BeIancieHnid. [Ipu sToM ciemyer 3apaHee 0CO3HABaTh MPEHMYIIECTBA TEX
WM WHBIX BapHAHTOB M BO3MOXKHOCTH TEPEHOCA BBIYHCICHHNA M3 OJHOM
cpensl B npyryto. Ocoboe BHHMaHWE TPU STOM CIIEAyeT oOpamarh Ha
BOCHPOM3BOIMMOCTh BBIYUCIIEHWH HE3aBHCHMO OT TOTO, TAe HMEHHO
MPOBEJIeHBl pacueThl. PaHee aBTOPHI TOJMYYHMIIM OIBIT HCIOJIB30BAHUS
KOHTeHepHOU TexHonormu Docker mms obecriedeHHs BOCIPOU3BOIH-
Moctu nipu ucnonp3oBaHuu AaHHbIX The Cancer Genome Atlas (TCGA)
[1]. Crnenyromum  maroM  fBIAETCA  U3YYEHHE  BO3MOXKHOCTEH
MapaJuIeTbHBIX BBIYUCIEHUH W BBIOOpa MOIXOISAIIAX TEXHOJIOTHUECKUX
monxonoB. JlelcTBUTENEHO, TOWCK WH(GOPMATHBHBIX TIPU3HAKOB Ha
MacCHUBe JaHHBIX TEHHOW OJKCIpPECCHH OONBIION pa3MEepHOCTH Ha
OOBIYHOM KOMIBIOTEPE HWHOrZa miuics Oosiee pecatd dvacoB. s
WCTIONB30BaHMs MapaJuIeJIbHBIX BBIYMCICHUH HAag0 HUMETh BO3MOXHOCTD
o0ecrieunTs BCE  YCIOBHS, KOTOpBIE CIIOCOOHBI  MOAJCPKHUBATH
BOCTIPOM3BOJIMMOCTh TaKMX pacyeToB Ha pas3HbIX IulaTgopmax. B
CpaBHMBAa€MBIX B OTOH paboTe TECTOBBIX BBIYMCIHUTENBHBIX Cpelax
WCIIOJIb3YIOTCSI COBPEMEHHBIE TEXHOJIOTHH, KOTOPBIE MO3BOJIIOT TOCTHYb
atoit nenu. OHa U3 cpes MOCTPOEHa C OMOIIBIO IPOrPaMMHOMN CUCTEMBI
¢ OoTKpeIThIM KozxoMm OpenStack [2], xoTopas IIMPOKO HCIONB3YETCs B
MUpE U CO3[aHUs MyOJIMYHBIX U YaCTHBIX OOJIAYHBIX CEPBHCOB, B TOM
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gyrcne Hay4yHbix. Co3maHHast cpena MpencTaBisieT co00M BHPTYaIbHBIN
KJIACTep, TO €CTb COBOKYITHOCTh BHUPTYaJbHBIX MAIWH, O0bEINHEHHBIX B
BAPTYQJIbHYI0 C€Th, Ha KOTOPBIX YCTAaHOBJIEHO COOTBETCTBYIOIIEE
MporpaMMHOe o0ecriedeHne, BKIIIOYash MeHemKep pecypcoB Slurm.
KracTep cocronut u3 4-X BEIMACIUTETHHBIX U OJHOTO YIPABIISIONIETO y37a.

Jia 9uCiIeHHBIX OJKCIIEPUMEHTOB ObLTa BBIOpaHa 3ajada Kpocc-
BaIMJAITMA  MOJENM JUHEHHOW KilacCH(PUKAIUKA, TIOCTPOCHHONH ¢
WCIIONB30BAaHMEM HETJIAJKOW ONTHMH3anud (C MPUMEHEHHEM MOy
NonSmoothLC, xotopsrit Opu1 paspadoran HO.II. Jlantuaem [3] Ha
OCHOBE METOJOB HEINIaMKOW omTtuMm3anuu [4-5]). Ota 3amada Obura
BEIOpaHa IMOTOMY, YTO €€ pelleHHue TpeOyeT MPHUBICYCHHUS OOIBIIOTO
KOJIMYECTBA BBIUMCIUTEIHHBIX PECYPCOB, a TAKXKE MOTOMY, UTO MO3BOJISET
MPUMEHUTH MOJIETTh MaCIITAOUPOBAHMS, T/I€ OT/EIbHBIE T03a]a9d MOTYT
BEITIOTHSTHCS HE3aBUCUMO JIPYT OT IpyTa.

Kpocc-Banmumamnus knaccupuKkamoHHON Moienu OblTa IPOBEACHA HA
OMOMEIMIIMHCKHAX JaHHBIX IO SKCIpPEcCHH TeHOB. B monens Bommm 249
HamOonee  WHGOPMATHBHBIX  IMOKa3aTeleid  TEHHOM  OKCIPECCHH,
MpenBapuTeNsHO OTOOpaHHBIX U3 MHOXecTBa 20 Thic. KommdecTBo
HaOmoeHuit paBHO 152. PacdeTsl OCYyIIECTBISUTUCH B TMPOTPAMMHOM
cpene R (Bepcust 4.1.1) co Bcemu HEOOXOIUMBIMHU TSI TIPOBEIEHUST KPOCC-
Bamupanuu maketamu (Bkiodas NonSmoothLC), pacronoxeHHBIMA B
KOHTEHHEpU3UpOBaHOM TnpmiiokeHnHu Singularity. KonTelinepuzanus
n30aBmiIa OT HEOOXOJUMOCTH HWHCTALISIUM cpenbl R m ee Ombmmorek
HETOCPE/JICTBEHHO Ha KiacTtepe (B cllydae HCIONB30BAHHUS PEATBHOTO
KJactepa JUisi OOBIYHOTO TIOJB30BATENsl STO OBUIO OBl HEBO3MOXKHO).
Kpome Toro, koHTeiiHepu3amus oOecrednmsna OJHO U3  YCIOBHUH
MOpTabeTbHOCTH BBIYUCIICHUH MEXIy BUPTYAIbHBIMH W pPEaTbHBIM
KJIACTEPHBIMH cpeliaMd. J[aHHbIe W MPOTPAMMHBIN KOJI KPOCC-BaHIalluu
OBUIH pACIIONIOKEHBI BHE KOHTEHHEpa, 4YTO TO3BOJHIIO HCIOIb30BaTh
aJaNTHPOBAaHHYIO K KJIACTEPHBIM BBIYHCIICHHSIM BEPCHIO KOJIA.

Hdus  obOecriedyeHnss ~ MacmITaOUpPOBaHUS ~ BBIYMCICHWH  ObLIa
ucrnonp3oBaHa texHonoruss MPI. OHa mpuMmeHsiach Ui pacripeaesieHus
3a/lad MEXAy NapajuieldbHBIMU TporeccaMu (KoHTelHepamu ¢ R) ¢
ncrnoip3oBanueM s3bika Python. [punoxkenue Ha Python 3amyckanock kak
HECKOJIBKO TApaJJIENIbHBIX TPOLIECCOB, KOTOPHIE, B CBOK OUYEpPE.p,
3aIyCKAIM JK3EMIUIAPhl KOHTEHHEPOB JUIsl BBIIIOJIHEHUS BBIYMCIICHUH,
nepenaBas UM B KayecTBE MapaMeTpPOB WHICKCH HAOOpPOB JaHHBIX, Ha
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KOTOPBIX ~ HEOOXOAMMO TPOBECTH  KPOCC-BAIMAALMH U JIPYTYIO
HeoO0XonuMylo HHpopManuio. BblUuCIEHHS NPOBOAWINCH C TIOMOILIBIO
KOHTEHHEPU3NPOBAaHHBIX MpHiIOKeHUH Singularity. PesympraTsl ananmsa
XpaHuwnuch B Buzae GailnoB gaHHeIX R. Arperanmus 1oOIy4eHHBIX
pe3yibTaTOB  KpOCC-BaJUJALMM  NPOBOAWJIACH  OTHEIbHBIM  HE
HapajieabHbIM IPOLECCOM.

Ilon BOCIpOM3BOAMMOCTBIO B KOHTEKCTE 3aJaud KpOCC-BaJIUAALUH
[IOHUMAETCS] BO3MOXKHOCTh IIOJIyYUTh OJHU M T€ )K€ PE3yJIbTaThl KaK MpH
W3MEHEHUU IapaMeTpOB MAacIUTa0OUPOBAHUSA, TaK M IPU IPOBEACHUU
BBIUMCICHUHA Ha pa3HbIXx mardopmax. I[IpoBepka Obula BBINOJIHEHA
ciepyromuM  obpazoMm. PesympTaromM  Kpocc-BaNMZALMM  SIBISFOTCS
MOKa3aTeNn: HaNeKHOCTH TonydeHHOH ™oxenu (koaddumment F1
Copencena) [7], BemWYMHA TPOMEXYTKAa MEXKIy KilaccaMd W
K03 UITUEHTHI TToTydeHHOo Mojenu (249 koad. momenn + 1 cBOOOAHBIH
wieH = 250). Bcero 252 mepemeHHBIE, KOTOpPHIE MPOBEPSINCH Ha
BOCHPOM3BOAUMOCTE it 36 (BapuaHTOB MAaHHBIX) * 36 (BapuaHTOB
KOJIMYECTBa TapaJlIeNbHBIX MpolieccoB) * 5 (cepmit) = 6480 BapmaHTOB
Berauciennid B cmydae CKUT-4.5 u 36 * 4 * 5 = 720 BapuaHTOB IS
OpenStack. ®axTuyecku NpoBepsUlacCh MaTpULia PEe3yJbTaToB Kpocc-
Banuanuu pazMepom 252 kononok Ha 7200 crpok. Ilpouenypa ananuza
9TOH MaTpHIbl 3aKJI0Yanach B MOACYETE CTAHIAPTHBIX OTKIOHEHMH UIs
KaXJI0ro u3 252 nokaszaTenei no Kaxaomy u3 36-TU BapUaHTOB JAHHBIX,
WCTIONB30BAaHHBIX TNPH KpPOCC-BaMIAUMK (KaK Uil KaKIOHW Ccpenbl
OTAENBHO, TaK M A ABYX cpex Bmecte). B ciyuae abcomoTHOro
COBIIQICHUSI  PE3YJIbTATOB  CyMMapHOE CTaHAAPTHOE  OTKJIOHEHHE
paBHsIIOCH OBl HymO0. B peanbHOCTH MBI MOJYYMJIM CpEIHEe 3HAuYeHHUE
CTaHAAPTHOTO  OTKJIOHEHWsI sl nepeMeHHbX paBHbIM  3.0e-07.
MakcuMaabHOe CTaHJapTHOE OTKIOHEHHE ObLI0 paBHO 7.5¢-05, To ecTh Ha
BOCTIPOM3BOIMMOCTD BBIUMCIIEHHH HE MOBJIMSUIO HU MX MaclITaOMpOBaHHE,
HU TIEPEHOC PACUYETOB Ha IPYTyIO KIACTEPHYIO CpeLy.

[IpuMepHO OOMHAKOBBIMH OBLIM TaKKe IOKA3aTeNM Harpy3kKd H
WCTIONBb30BaHMs NaMATH Ha 3TUX Pa3HOBHIHOCTIX KiacTepoB. Bopouewm,
CIIEAyeT OTMETHTH, YTO 3[E€Ch Ha Pe3yJIbTaT MOIJIH NOBIHUATH OCOOCHHOCTH
3aJaud  KpOCC-BAIMAALMH, KOTOpas MO3BOJNAECT NPUMEHUTb MOJENb
MacIITaOMpoOBaHUs, TA€ OTAEIbHbIE MOA33Ja4l MOTYT BBINOJIHATHCS
HE3aBUCHMO YT OT Apyra.
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BeiBoabl. IlpoBenmeHHoe uccieoBaHWE — MPOJIEMOHCTPHPOBAIIO
BO3MOYKHOCTH Pa3BEepPTHIBAHMS Ha IPUBATHOM cepBepe cpeabl OpenStack u
co3maHusl BHpTyaidbHOro Kimacrepa Slurm. TecTtoBeie BBIYHCIEHUS,
MIPOBEJICHHBIE HA PEaNbHBIX JaHHBIX C TIOMOIIBI0 BUPTYaIbHOTO KiIacTepa
¥ ¢ TIOMOINBI0 peanmbHoro kiactepa MHcturyra knbepueTnku CKUT-4.5
MIPOICMOHCTPUPOBATTH obecrieueHne opTabeTLHOCTH u
BOCHPOM3BOINMOCTH pe3ynbTaToB. [logpoOHas nHboOpMaIus o co3TaHuU
BAPTYQIBHOTO KJacTepa W CpPaBHEHWHM BBIUMACICHHMA Ha HEH C
BEIYHCICHUAMH Ha peanbHOM Kkinactepe CKUT-4.5 omybnmkoBana B [6].

HccnenoBanue  BBINOJHEHO TIpu  nojjepxkke  HanuoHanbHOU
akajgeMun HayK YkpauHsl (Tema BD.115.41).
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PO OJIVH MIJIXI OITHIOBAHHS MAIKE
MEPIOAAYHOT O CUTHAJIY 3A CHOCTEPEXKEHHSIMH
BUITAJIKOBOT'O ITPOLIECY I3 CHJIBHOIO 3AJIEKHICTIO
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Anomauia. /locniodxcyemvcs 3adaua OYIHKU HEBIOOMO20
napamempa maudce nepioOuuHoi  QYHKYil  HeniHiuHOT
cmoxacmuunoi  modeni npu  HaseHocmi I ayciecbkoco
BUNAOKOB0O20 UWYMY 3 CUNLHOIO 3ATIeHCHICIIO.
Knrouosi cnosea: nepiooocpamua OyiHKA, ACUMNIMOMUYHI
611aCMUBOCMI OYIHKY, CUTIbHA 3AJIEIHCHICNb.

Hexaii croxactuuHa Mojenb mnepenadi iHdopmarii omnucaHa
MaiiKe MepiOJUYHUM CUTHAJIOM (/)(t), te[ll, IO CIIOCTEPIraeThcs Ha
(OHI BUNIAJIKOBOTO IIyMY g(t)zG(n(t)), ne G:0'—>0' — meniniitna
OopeniBcbka (YHKIS BiJl crarioHapHOTO [aycciBCHKOTO BHIIAIKOBOTO
nporecy n(t) , tell', i3 CHITbHOIO 3aJIeXKHICTIO.

JocmipkyeTbest 3a7a4a OLIHKKA HEBIZIOMOT'O MapaMeTpa 4acTOTH
@, >0 curnany ¢(t), tel”, 3a cnocrepexkeHHsIMu

x(t)=p(apt)+£(t), te[0T],
Ha YacoBOMY iHTepBalIi [O,T], KOJIW JIOBKMHA 1HTEpBaly CIIOCTEPEKECHb

T — . [IponoHy€eThCSI BHKOPUCTOBYBATH METO/I IEP10A0rPaAMHOT OIIHKH,
B OCHOB1 O0YMCIIEHHS SIKOT JIGKHUTH (YHKLIOHAT BUTIISILY

G (0)=|

= [x(t)g(et)dt
T 0

Ha ocHOBi (yHmameHTadbHUX pe3ynbTariB [1] moBoasThCS

OCHOBHI aCHMNTOTHYHI BJIACTHBOCTI OILHKH () HEBIJOMOTO Napamerpa

sactotn @, Q (@)= miaox(jT (@), Taki sIK CTpOra KOH3HCTEHTHICTS,
=
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MIBUAKICTh 301KHOCTI OIIHKH A0 il ICTHHHOTO 3HA4YeHHsS Ta 301KHICTBH
ACUMIITOTHYHOTO PO3MOALTY OI[iHK! 10 HOPMAIFHOTO 3aKOHY PO3MOILTY.

IlepioforpaMHi OLiHKM TAKOro THITY IpH yMOBi, mo N(t), tell?,

— BUIIAIKOBHIA TIPOLIEC i3 CIa0KOI0 3aIIeKHICTIO, BUBYAIUCS B [2, 3].
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CTOXACTHYECKHUE MOJEJIM B 3AJIAYAX
MMPOTHO3UPOBAHUA SITAJEMAOJOT MUECKOM
CUTYALIUU
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Ykpaunbl, KueB, Ykpauna
oleksbogdanov@gmail.com

Annomayusn. B pabome ucciedylomesi HeKOMopble CMoXAcmuyecKue
Mooenu ¢ OUCKDEMHbIM @peMeHeM Ol pPeulenus BadCHbIX 3a0ay
NPOCHO3UPOBAHUS pacnpocmpaneHus. INUOEMUONIOSUYECKUX
3a001e8anull Cpedu HACeNeHUs. Yuumuvlearomes pasiuyHvle Qaxmopsi
PACNPOCMPanenust INUOeMUll U OCHOGHbIE NAPAMEMPbL, GIUSIOWUE HA
OYEHKY NPOCHO3A.

PaccMorpuMm  n1Be  cTOXacTHYeckHe MOJETH  paclpOCTpaHEHUS
SMHUIAEMUHN C TUCKPETHBIM BPEMEHEM.

[TepBasi Mozeb OCHOBBIBAacTCS Ha pe3ynbTarax padotel [2]. B Hei
eXKEJJHEeBHOE YMCIIO 3a00JIeBaHUI MMeeT OMHOMHUAIBHOE pacipe/ielieHue,
3aBHCsIEe OT yKcia 3a00JIeBaHMK B TpeAbLIyIIe ITHU. JaHHas MoJenb
MpearnonaraeT BO3MOXKHOCTh W3MEHEHUS YPOBHS HH(MEKIUOHHOCTH C
TeYeHUEeM 3a00JIeBaHus, a TAKXKe MMEET M3BECTHBIE (POPMYIIBI OIICHOK e
[1apaMeTpOB.

B kaudectBe Momaubukaiuu Mojeid, 100aBJCH HOBBIA TapaMeTp:
BEPOSITHOCTH BBISIBJICHUS 3a00JIEBaHUs, a TaKKE€ BO3MOXKHOCTH Pa3OUTHS
BCEH SMHUIEMUH HA HECKOJBKO MPOMEXKYTKOB C Pa3sHBIMH 3HAUYEHUSAMHU
MapaMeTpoB, YTO MO3BOJIAET YUUTHIBATh U3MEHEHUS B IWHAMHUKE TEUCHUS
SMHUIEMUH.

Pa3zpaborana mporpamma OIEHKH MTapaMeTPOB MOJEITH OCHOBBIBASICH
Ha HCTOPHUYECKOW CTAaTHUCTUKE W CHMYJSANWA OyIymero pa3BUTHS
SMHUIEMUH.

Paccmorpum  BTrOpyro Mozenp snuaeMmuu. Ilyckait n — wwucio
OonbHBIX. Kaxknplii JieHb WHQUIUPOBAHHBIA MOMKET BBI3IOPOBETH C

BCPOATHOCTBIO — U YMEPCTH C BEPOATHOCTBHIO Z . Taxke KakapIi JCHb X
n n

OOJIEHBIM BbIAAKOT JICKAPCTBO, KOTOPOC B HaIen MOACIN CYUYHUTACTCA
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abcomotHo d(dextuBHBIM. [Ipomecc 3aBeprmaeTcsi, Koraa Bce OOJBHBIC
WIH BBI3IOPABIUBAIOT, WM yMHPAIOT. 3ajada COCTOMT B TOWCKE IPHU
3aJlaHHBIX 3HAYEHUSAX IapaMeTpoB ), f M N Takoe 3HA4YEHHE X, MpPH
KOTOPOM JIOCTHTAeTCsl MaKCHMaibHas 3(PQeKTUBHOCTH HCITOIB30BAHUS
JIeKapCTBa.

IMyckait N(t) - umcno GombHbIX B MOMeHT Bpemenu 1. PaccMoTpum

MPOLIECC, OTPEeIEHHBIA ypaBHEHHEM

M(t):n—_i (&(1)+x+ (i), M(0)=n, @

riue 5 (I) - YHCJIO JIFOJCH, YMEPIIMX B MOMEHT |, ,u(i) - YHCJIO TeX,

KTO BBI3ZIOPOBEJ CAMOCTOSTEIILHO B MOMEHT |.
st mo0o# TpaeKTOpUU HMeeM

N(t)z{

Msl Oynem paccmarpuBaTh M(t), Tak Kak MOKa3aHO, YTO MOJyYSHHBIE
pe3ynbTaThl MOKHO IPUMEHUTH K N (t)

M(t), M(t)>0;

0, M(t)<o. @

Jemma 1. [isn mamemamuuecxkoeo ooxcuoanus M(t) cnpaseoiusa

Gopmyna
_(1_r_BY X ™
E[(M(t))]—( . n)n(1+7/+ﬁj -yl ©)

Jlemma 2. /{ns smopoeo momenma M(t) cnpasedrusa gpopmyna

A a-a ., a
E[m (t)]—a{n e e Tia (@)
rac
o = Nn=7- ﬂn) +r+B)
a - —2xn* +n(2x+1)y + B)- (7/+ﬂ)2(1+ X j,a3:1_ﬁ_l,
n y+ n.n

2t —n(2x+1)y+ B)+(r+ BY [ x X
B n y+p
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Jlemma 3. ITyckaii & € R. Tozoa
D[M (an)]

EM@)y 0" ®)

Teopema 1. ITyckaii T(n) - dnumensrnocms 6onesnu ona N 6onvHbIx,

mo ecmo
T(n)=min{t:N(t)=0}. (6)
Tozoa
ve>0 P(T(n)-a,n>en)—>0, n—oo, @)
Inx+y+/;’
edeaoz X .
r+p

Teopema 1. /[na mamemamuueckux ONCUOAHUL CYMMAPHO2O HUCIA
UCNONIb306AHHBIX €OUHUY NeKApPCMed U CYMMAPHO2O YUCLA CcMepmell
cnpaseonussl (hopmyivl

n(x,n)=xT(n) =En(x,n)=xET(n)=axn (8

clé(en)]-€ 2.0 =2 enc

aﬂ(y+ﬂ))(x+7+ﬂ)7_ 8, Xy ©

2
(r+B)  r+h
PesynbTaT TEOpeMBI 2 MO3BOJSET C MOMOIIBIO YHUCIECHHBIX METOOB

OL€CHHUBATh ymep6 OT JMUACMUHN TIPU PA3JINYHBIX CTPATCIUAX JICHCHHUA U
OIpPEACTIATHL ONITUMAJIBHOC KOJIMYCCTBO CIUHUIL JICKAPCTBA.

~N (1—
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NESIKI AKTYAJIBHI 3AJIAYI TIABUILEHHS HAJIIMTHOCTI
®YHKIIOHYBAHHS EJIEKTPOEHEPTETHYHUX CUCTEM
TA EHEPTOOB’E€/THAHD TA iX PO3B’SI3AHHA 2

0.9. BYTKEBHNY,

InctutyT enexrpoaunamiku HAH Ykpainn
M. KuiB, Ykpaina
0.butkevych@amail.com

Anomauyin. Posensoaromvca 06i 3a0aui npoOnemu NioGuULeHHs.
Haoitinocmi  (PYHKYIOHYBAHHA — eNeKmPOeHepeMUYHUX — CUucmem
(EEC) ma ix 06’eonanv (EO), wo e € mpaduyilinumu 6 pamKax
npobaemu pescumnoi Hadiinocmi EEC. Mema po38’azanns 3a0ay
— 3anobizanna nepeoomsaicents enekmpuunux 36’sa3kie EEC (EO)
ma empamu ix cmiukocmi. AKmyanvbHicmes 3a0a4 3yMOGIHEMbCS
Ak  06’eonannam EEC ma EO mna napanenvny pobomy 3
ymeopenuam nomyxcrnivux EO, max i iouymnum 3pocmanusim
4aCcmKU BIOHOBIIOBAHUX Odcepen eHepeii 6 OanaHci aKmueHOI
nomyscrnocmi  cenepyeanus EO. 3anpononosano cnocoou ma
3aco0u po36’A3aHHA MAKUX 3a0ay.

Kniouosi cnoga: enexmpoenepzemuyna  cucmemd, eHepeo-
00°€0Hanns, pexcum, CmilKicms, GIOHO6II08AHT Oxcepena eHepeii,
HAKONU4yeaui enexmpoenepeii, HU3bKOUACMomHui KOIUBAHHSA

Beryn. IIpobnema HaxiiiHocTi enekrpoeHepretnunux cucreM (EEC)
€ 0araToOBHMIPHOIO 1 CTOCY€ThCS SIK CTBOPEHHsI YMOB JUIsi Oe3aBapiliHOro
¢yukiionyBanuss EEC ta eneproo6’ennans (EO), Tak i 3aco0iB mpoTH il
PO3BUTKY aBapiii. bijipliia yacTHHA BIAMOBIAHKMX 3a7a4 € TPAAUIIHHOO 1 X
pO3B’s3YIOTh B pamKax mpoOnemu pedicumroi naoditinocmi EEC, sxa €
CKJIaJIOBOI0 3arajbHimol mpobiemu HamiiHocTi EEC. Pasom 3 TuwMm,
cydacHmii eram po3BuTKy EEC, mo xapakTepu3yeTbCs TEHACHIISIMU [0
«posmupenss» EO (mpukmang ENTSO-E) Ta 30inblieHHSIM BIUIMBY Ha
pexxumHy HaziHicTh EO BiTHOBIIOBaHWX JDKEpen eHeprii, cymapHa
BCTAQHOBJICHA IMOTY)XHICTh SIKHX 3pOCTaTHMME B MPOIECI MEpexomay Jo
0e3ByIJICLIEBOT EHEPreTHKH, XapaKTePU3Y€EThCs MOSIBOIO HOBUX 3a/ad, 110
HE € TPaJuIiHHUMH B acrekTi npoliiemu pexumuol HamidHocti EEC.

2 poGora nixrpumana CRDF Global (rpant G-202102-68020)
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PosrnsaeMo aBi Taki 3amadi, MO TMOENHAHI TIMOTETHYHWMH 3arpO3aMH
BTparn criikocti EQO: 1) BU3HAYeHHS ONTHMAaIBHOTO PO3MOAITY (3a
MiciieM Ta moTyxHicTio) B EO HakommuyBauiB emekrpoeneprii (HEE),
MpU3HauYeHUX i1 OalaHCYyBaHHS CTOXAaCTUYHHX 3MiH IOTYKHOCTI
BiHOBIIOBaHUX kepen eHeprii (BJIE): 3aBmsSku BUKOPHCTAHHIO TaKOTO
pO3MOaiTY YHEMOKITUBITFOETHCS 3arposa HaIHOPMATUBHOTO
MepeoO0TsHKEHHS — «IPOOJIEMHUX»  KOHTPOJIhOBAaHUX  mepeTtuHiB  EO
BHaciiok «BBiMKHeHHs» HEE; 2) BusSBIEHHS B peXuMi peanbHOTO Yacy
3arpo3d KOJMBHOTO MOpymeHHs cTrikocti EQ BHACHiTOK BUHUKHEHHS
Hu3bpkoyactoTHHX KonuBaHb (HUK) mapamertpiB pexumy EO: cBoedacHe
BXKMBaHHS 3ax0iB nae 3mory aemndysatu HUK i 3anobirtu aBapii.

IMocranoBka Ta po3p’s3anns 3aga4di Ne 1 [1, 2]. BusHauutu
00’extu (By31m) EO Ta motyxHicth okpemux HEE, ski cmig BcTanoBUTH
Ha TaKUX O0’€KTax s OakaHoi 3MIHM TOTOKIiB aKTHBHOI ITOTYKHOCTI
3aJJaHUMHU KOHTPOJbOBaHUMH TiepeTHHaMH EQ BHACHIIOK «BBIMKHEHHS
HEE nns GanmancyBaHHS CTOXacCTHYHHX 3MiH (3MEHIICHHS) IMOTYXKHOCTI
BJIE. 3nagenns nmapametpiB pexxumy EO MaroTh 3HAXOAWTHCS B 33aHUX
Mexax. 3HadeHHs cymapHoi notyxkHocti HEE, mo mimnsrae posmominy,
3amano. Popmamizamis 3amadi Bu3HadeHHs posmnoaiuty HEE 3 meroro
JOCSATHEHHS Oadicanol 3MIHM CyM PO3PaXxyHKOBUX CKAJPHUX 3HAYCHb
HOTOKIB aKTHBHOI MOTYXHOCTI eleMeHTaMu 3adanozo (i-ro) neperuny EO
Y BUTTIS

F = —min, i=1k; 1)

R.(X)-P,

XoW,,; Wz[WOrl W, ]T; W:[W1 W, ... W, ]T;

P, <P i=1n;5 n,>k; (2

Ui SU<U 0 s=1m; (©)

L<l,..r=Lm., 4)
ne F; — uinboBa QyHKIIs, i :ﬁ , K — xinpKicTh 3adanux neperunis EO;
P(X), P, — apudmeTuyHa cyma PpO3PaxyHKOBUX 3HA4Y€Hb IIOTOKIB

AKTHBHOI IMOTYXXHOCTI €JIEMEHTaMH I-r0 MEPeTHHY Ta 3d0dHe 3HAYCHHS
Takoi CyMH BIJIIOBITHO; X — BEKTOp MapaMeTpiB pPEXHMY, JIO SKOTO
BXOAMTh 1 3MiHHMHA cyOBekTOop W, wactuHm motyxHocteir HEE, Bxke
PO3MOAUICHHX B OKpPEeMHUX gyznax-npemenoenmax, W — BekTop
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TIOTY)KHOCTEH 8)y31i6-npemendenmis, OKpeMi €IEeMEHTH SIKOTO B IpoIieci
posnoxiny noryxuocredr HEE yTtBoprotots cyoBektop W, a iHmm (6e3
BcranoBieHnx HEE) — cyOBektop HysiboBuX eneMeHTiB (Wog);  —
KITBKICTh  6y371i6-npemendenmie; Nj — KIUIbKICTh KOHTPOJIbOBAHUX
neperuHiB EO, cymMu CKamIpHUX 3Ha4Y€Hb aKTUBHOI MOTYXXKHOCTI SIKHMHU
(P}) He MaroTh NEPEBHILYBATH 33aJaHUX 3HAYCHb Pjnax (Taki 0OMEKEHHS
MOXKYTh CTOCYBATHCS 1 OKpeMHX elleMeHTiB nepeTuniB EO); Mg — KUTbKICTh
BY3MTiB, UII KOXHOTO (S-ro) 3 skux 3HadeHHsS Hanpyru (Us) mae
nepe0yBaTh y AOMyCTHMUX MeXKax; M, — KUIBKICTh TOBITPSHUX JiHIH
(ILT), mns xoxHOI (r-oi) 3 sSIKUX po3paxyHKOBa cmia ctpymy () He Mae
MEPEBUINYBATH MaKCHMAIBHO JOMYCTHMOTO 3HAYCHHS 32 TEPMIYHOIO
crifikicTio ApoTiB TTT (Iimax)-

Ockinbky  OfiepXaHHS  aHANITHUYHAX  BUPA3iB  3aJeKHOCTEH
P =P (W) mna 3aganoro (i-ro) mepeTmHy HpoOIEMaTHYHO, TO I

BU3HAYCHHS  HANpsMy TIOIIYKy  YHCENBbHUM  Tu(epeHIiFoBaHHIM
PO3PaxOBYIOTECS KOS(IIIEHTH Ty TIUBOCTI

0P (X)/OW =[AR (X)/Aw, AR (X)/Aw, AP (X)/Aw, ... AP, (X)/Aw, ],
JUIS  YOT0  BHKOPHCTOBYIOTBCS  PO3pPOOJICHI  MporpamHi  3aco0u
monentoBanHs pexumis EEC  (EO), 1o caMOBCTaHOBIIOIOTHCS 3a
4acToTo. Jlajgi, BUKOPHCTOBYIOUM OJMH 13 BIAMOBIAHMX T'PaIi€HTHUX
MmetomiB Ta BpaxoBytoud (1)-(4), BUKOHYeTbCS ONTHMI3AIlifHUI KpPOK 3
posnoniny HEE. IlokpokoBuii mpoimec po3mominy 3aBeplIyeTbes 3
po3snoainaom 3aiaHoi cymapHoi noryxHocTi HEE.

[Nomepennpo (mo onrtumizamiiiHoro mpouecy posnoginy HEE) ciin
BU3HAYATH «PiBEHb MPOOJIEMHOCTI» KOHTPOJIhOBaHUX mepeTuHiB EO (s
BU3HAYEHHS MHOXWHH 3a0anux TIEPETHHIB Ta TOCIIJOBHOCTI iX
BUKOPUCTAaHHS B OINTHMi3anidHOMy Tiporeci posmoxiny HEE) Ta
dbopMyBaTH  BIANOBIIHI  3a0anum TIEPETHUHAM  MHOXHUHU  6)371iG-
npemenoenmie (00’exktiB EO), B SKHX TINOTETHYHO MOXe OyTH
BcraHoBneHo HEE.

IMocranoBka Ta po3B’sizaHHs 3axadi Ne 2 [3]. bijbmricts BeIUKHUX
CHCTEMHHX aBapii, sIKi CTaJHCs MPOTATOM OCTAHHIX POKIB, € HACIIiIKOM
BUHUKHEHHS, TOCWIIeHHS Ta nomuperHs B EO Hu3pkouacToTHuX (10 1 ')
HYK.

3anponoHOBaHO B PEXHMi PEaJbHOTO 4Yacy OI[IHIOBATH 3arpo3y
KOJIMBHOI BTpaTH criikocti EO, HemepepBHO aHamizytoun (y BUTIISII
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KOB3HUX BHOIPOK NaHMX) pe3ynbTaTH IU(GPOBOI peecTparlii mapameTpiB
pexumy EO, Hacammepen TOTOKIB aKTHBHOI IMOTYXHOCTI €JIeMEHTaMHU
«pobneMHnx» TepetrHiB EO, 3 MeTOI0 BUSABICHHS AOMIHAHTHHX MO
HYK, 3pocranHs aMIumniTys SKUX MOXKE MPHU3BOIUTH 10 HEOE3MEYHOTO
3poctanus amrurityny HUK, 3arpoxyrodn KOMWBHOIO BTPATO CTIHKOCTI
EO. Ananorom aHaimizy 3a3Ha4eHHX BHOIPOK TaHUX B pealbHOMY 4aci (are
0e3 BIUIMBY MOXHOOK MaTeMaTHIHOT MOJIelli) € BU3HAYEHHS BIIACHUX YHCET

(A, i=1n) XapakTepUCTUYHOT ~ MaTpuui A JliHeapu30BaHOI

MaTeMaTnyHoi mogeni «auHamikn» EEC. Koxne A; xapakrtepusye i-Ty
sty . . . .

moay ( €' ) i iomy BimnoBimae BmacHuii BekTop U; Matpumi 4 Ta

BJIaCHMIA BekTOp V| Marpwuiii A", Koxna mMona pOOUTH CBIill «BHECOK» JIO
3MIHHUX CTaHy cucteMu (Mozeni). [lo3HauMBIIM BEKTOP 3MIHHUX CTaHY
A X, #ioro 3MiHy y Yaci MOKHA MTOJIaTH y BUTTISI

i=n 4. -
Ax(t) = 2e" UV Ax(0) = Ue" 'U Ax(0) )
i-1
ne Ax(0) — me AXx(t=0); U — momaneHa Mmatpuisi, chopmoBaHa i3

BIIACHUX BEKTOPIB MaTpulli A; et JliarOHAJIbHA MATpPHIIA, HEHYJIhOBI
€JIEMEHTH SIKOi — MOJIH.

BucHoBok. Pe3yiabTaraMyu MOJEIIOBaHHS MIATBEPIKEHO IIJIKOBUTY
Mpaie31aTHICTh 3alpPOIIOHOBAHKMX CIIOCOOIB Ta BIAMOBIIHO PO3POOJICHHUX
3ac00iB PO3B’sI3aHHS PO3TISIHYTHX 3a]1a4.
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9KCTPEMAJIBHBIE 3AJJAYU HA MHOI'OOBPA3UAX U
METO/Ibl APUGMETHUYECKON TEOMETPUH

H.M. I'JIA3YHOB,
HuctutyT kudepueruxu um. B.M. 'mymkosa HAH
Kues, Ykpanna

glanm@yahoo.com

Annomauyus. Hccneoyromesa 3a0auu OUCKpemHoli
(yenoyucieHHou) onmuMusAYUYU U NPUMEHEeHUs  OAA  UX
uccie008aHus U3OpanHbIX Memooos apugpmemuueckoii

(Oouogpanmosoii)  ceomempuu.  Ilpedcmasnenvl  pe3yrbmamol
NPUMEHEHUs MemO008 OeKOMNO3UYUU U JOKATU3AYUU K 3A0AYaAM
Heoughgepenyupyemoii onmumuzayuy Ha MHo2oobpasusx. B
HEKOMOpbIX ~ CAYYAAX 3a0auy ONMUMUBAYUU HA  HETUHElHOM
MHO020006pazuu yoaemcs céecmu K ONMUMU3AYUOHHOU 3a0aue Ha
JUHENHOM MHO020006pa3ul, a MaKxice K npogepke Cyuecmeo8anus.
peuienull  aneedpauyecko20 MHO2000pasusi 6 KOHEUHOM NoJe.
Kpamxo  npedcmasnaromea  pesyibmamsl 0 NOJOACUMENHHO
ONPeOeNeHHbIX  IKCIMPEMATbHBIX — KBAOPAMUYHBIX — (opmax u
paseumue 3mux pe3ynbmanos .

Kniouesvie crosa: MHO2000pa3ue, aneebpauveckoe
MHO2000pa3ue,  Hynesas  epynna  (Ko)eomonocut,  udean
aneebpauneckozo  MHO2000pasus,  0eKOMNO3UYUs,  JOKANbHOE
KObYO, ONMUMUZAYUS.

BBenenue

B  moHnorpadwusx [1-3] aBTOpamm TmpeACTaBICHBI  3ajJa4yu
HenudepeHpyeMoll ONTUMH3AIMN U TIPEIIOKEHBI COOTBETCTBYIOIIHE
MeTOABI UX pemenus. OJHUM U3 KiaccoB 3a1au (HeauddepeHnnpyemoit)
ONTUMHU3AIMN  SBISIOTCS  3aJa4dl  JAUCKPETHOW  (LEIOYHCIICHHON)
ONTUMHM3AIIUK, B KOTOPBIX TpeOyeTcsl yKa3aTh TOYHBIC 3HAYCHHUS TOUYEK
IKCTpEMyMa U TOYHBIE 3HAYEHHUSI, MM OIEHKH, SKCTPEMAIbHBIX 3HAUYEHHH
¢dyHKIMi B 3THX Toukax. Jlamee, JIsl KpaTKOCTH, Mbl OyjeM Ha3bIBaTh
TaKkWe 3ala4d OJKCTpeMalbHbIMU. [Ipy TpUMEHEHWH MPHOIMKEHHBIX
METOJIOB 3HAUEHHS JUCKPETHbIC (IIETOYHMCICHHBIE) TOYEK JKCTpeMyMma
HAWTH yIaeTcs He Bcerza. B coobmiennn mpeaiaraeTcst HCIoab30BaTh IS
ATHUX IeJIel METOIBI apuPMETHISCKON (Tn0PaHTOBOMW) TEOMETPHH. 3aTadu
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U MeTobl apumMeTndeckor (TH0()aHTOBOM) FEOMETPUN UMEIOT UCTOPHIO,
COTIOCTaBUMYIO C MUCTOPHEW BCeH MATeMAaTWKH, YTO BHIHO U3 OJHOTO W3
Ha3BaHMW{ J3TOTO HampaBieHus: AuodaHToBa reoMerpus. Jlamee MBI
WCTIONB3yeM Oollee paclpoCTpaHEHHBI B HACTOAIIEE BpPEMS TEPMHUH —
apudmerndeckas reomerpus. Ha meTomax apudmMeTHUecKoil reoMeTpuu
OCHOBBIBA€TCsl JlI0Ka3aTenbcTBO bosbiioi Teopembl depma, a pas3zeibl
apu(MeTndecKo TeOMETPHH, W3ydalollfe JIUITUNTHYECKHE KpPUBBIE HaJ
noJsIMHA XapakTepucTukd P > 0 SIBISIOTCS OMHOM M3 MaTeMaTHYECKUX

OCHOB JJUIMIITHYECKOW KpHUNTOrpadMd M COOTBETCTBYIOIIUX CXEM
uudposoit noanucu. [IpunoxxeHuss METo0B apu(QMETHUECKONH TeOMETPHH
K HEKOTOPBIM ONTUMHU3AIMOHHBIM 3aJa4aM MpeJCTaBiIeHo B [4], a TakKe B
[12-14]. PaboTa mocBsIieHa Pa3BUTHIO STHX PE3yIbTATOB.

B mnocnenneti rimaBe monorpadgum H.3. Illopa [1] paccMoTpeHs
(menuddepeHunpyeMbie) TOTMHOMUAANBHBIC ONTUMHU3ALUOHHBIE 33/1a4H U
UX CBSI3U C CUCTEMaMH KBaJpaTHYHBIX ()OPM U KBaAPATHYHBIX YPABHEHHIA.

B coobmienun Mbl mpencTaBisieM JABe (KJIacCHYECKHE) 3ajaud,
CBSI3aHHBIC C KPYroM BbIIIEHa3BaHHbIX uaei MoHorpaduu [1]. [lepBas
3ajaua sBisercs 00o0meHneM 3agauu o [IndaropoBeIX TpeyroJbHUKAX, H
HazbIBaeTCs 3a/a4eil 0 KOHIPY3HTHBIX ynciax [5]. Bropas 3amada cBsizaHa
c cucremoit opm o Cerpe [6-7]. st Bropoli 3aaun yaeTcst MOMyIHTh
METOJI HAXOXKIEHHUS €€ DKCTpeMalbHbIX pemeHui. [lonHoe perieHue
nepBod 3agaun aBTOpY (OKTAOph 2021 T.) HewusBecTHO. MBI IpHBEIEM
(OpPMYIUPOBKY 3THX 3aJ]la4, METOJbl UX UCCIIECIOBAHUS U PE3YJIbTaThl B,
COOTBETCTBEHHO, pazjieniax | ¥ 2, U B IJIAHUPYEMOM COOOIICHHH.

1. Boruncienue KOHT'PY3HTHBIX YHCEJI

KOHZpySHn’IHblM YUCJIOM HAaA3bIBAKOT HATypaJlbHOC YHCJIO, PaBHOC
IJIomaJIr NpsAMOYTOJIBHOTO TPEYTOJIbHUKA C pallMOHAJIBHBIMUA CTOPOHAMMU.

332]3‘13. Hepelmczzumb HamypajilbHble 4YUcld, Komopbvle A6JIAI0MCA
SHAYeHUAMU I’lJlOLL;CZ()@IZ NPAMOY2ONbHbIX MPEY20JIbHUKO8 CO CNOpOHAMU,
ONUHbBL KOmopblx A6IAOMCA paAYUOHATbHBIMU YUCTIAMU.

HYCTB S €CTb HATypaJbHOC 4YHCIIO, SABJIAIOMICCCHd IIJIOMIAAbIO
NpAMOYTOJIbHOTO TPEYroJibHUKAa C palrdOHAJIbHBIMHU KaTCTaMH a,b nu

runoteny3oii C. Torma mo Teopeme Ilugaropa MOMKHBI BBIMOIHATHCS
paBencTra (B opme /1. 3arupa)
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a’+b®=c’
(1)
ab=2St*.

B [5] paunoHanpHBIC pEHICHUS 3TOH CHCTEMBI KBaAPATHIHBIX (HOpM
(KBaZpaTU4YHOM CHCTEMBI) CBOISTCA K HCCICHOBAaHMIO PAlMOHAIBHBIX
TOYEK Ha AIIUITUYECKON KPUBOM

y® =x*-S%x.

K coxanenuto, aBTOpy HEHU3BECTEH Ha BpeMs HAIMCaHUS 3TOTO
COOOIIEHUS] ~ aIrOPUTM  HAXOXACHUS  PALMOHAIBHBIX  TOYEK  Ha
IUIMIITHYECKUX KPHUBBIX Takoro Tuma. Ho Ans 3aIuMOTHYeCKUX KPHUBBIX,
IUIL KOTOPBIX BBINOJHAETCS M3BecTHas rumore3a bepua—Cyunreprona-
Iaiiepa [8,11], Takoii anroput™ npemtoxer 0., Maaunasim [8]. B cBs3u
C 3THM MBI NPHUBEIEM 31ech cXeMy | cBeneHHsI KBaApaTHMYHON CHUCTEMBI
trna (1) K ypaBHEHHUIO IUTHITHYECKON KPUBOH, a TaKKe 0OpaTHYIO CXeMy
Il mocTpoeHnss KBaIpaTHYHOW CHCTEMBI IO SIUIMNTHYECKON KPHUBOH.
CxeMBbl MOTYT OBITH BBIBEJICHBI U3 PE3YyIbTATOB, MPEACTaBIeHHBIX B [9,10],
u B [11], u TOBEAEHBI 1O ANTOPUTMOB.

I.  Hcxoanble naHHble. Ilycts  KBaapaTtuusHble  (QOpPMBI,
ompeneNsolMe KBaapaTH4yHyro cuctemy tuna (1) B 4-mMepHOM

3
NPOEKTMBHOM  NPOCTpaHcTBe P,  3amalorcs  CHMMETPUYECKMMHM
marpuiiamu A, B pasmepa 4x4u umeror Bu:

x"Ax=0, x"Bx=0. (2)
Kpugas. Torna, eciiu muorounen det(aA+ £B), npunamnexampmii
xoneity K[ex, 8], He umeeT kpaTHBIX KOpHEH, (2) ompejenseT KpUBYIO

polia OuH.

Il. Mcxoauble JaHHbIe. DJuMNTHYECKas KpuBas E ¢ Toukoit X Ha
HeH, 3a/laHHasl KaK TOTPYXCHHE B =5 (c momorIIBpID 00pPAaTUMOro MyyKa
O(3x) [9]), manpumep, B popme Beitepmrpacca.

Ksagpartnunas cucrema. [To E, ¢ nomompoo oOpartiMoro mydka
O(4Xx), cTpouTtcs KBaapaTHYHAsl CHCTEMA B =58

IIpencrasiienne HATypPaJbHBIX quceJs TeTPapHBIMH
MOJIOKUTEIbHO ONpe/ie/IeHHBIMH HeJbIMH KBAAPATHYHBIMH (popMaMu
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Oyznet npencrasineHo. OTMETHUM 3/1€Ch TOIBKO, UTO YHCIIO TPEACTaBICHUH
HaATypaJIbHOTO YHCIIa TaKOW (pOpMOit KOHEUHO.

Meton Tannenna (Tannell) mpoBepku HaTypajabHOro 4mcjiIa Ha
KOHI'PYIHTHOCTH [5]. MeToa CBOAMT TaKyro MPOBEPKY K IKCTPEMATbHON
3a/la4e O YHUCIIE IeIOYMCIICHHBIX PEIIeHHH KBaApaTUIHOW cucTeMbl. OH
COCTOWT W3 JOKa3aHHOW JAOCTAaTOYHOW YaCTH M yCIOBHOW HEOOXOAMMOit
gactn. Bapmant Meroma u ero oOcyxjeHuwe OyneT TNpeAcTaBlieH B
TUIAHAPYEMOM JTOKJIAfIE.

2. HaxoxneHue 3xkcTpeMyMoB cuctembl Cerpe

Cucremotii Cerpe Ha3bIBarOT cucteMy (hopM Bria

X=X +y —yi=0, X=X +y; -y =0, —x;+y.—yi =0, (3)
X=Xy —Ya =0, X +Y, —ys =0, —X;+y;5 — Y5 =0,

Ona Obuta BBezeHa B pabore Cerpe [6] u uccinemoBanack Cerpe,
Kaccencom [7], u npyrumu aBTopamu. KyOuueckue ¢Gopmbl BTOpOi
CTPOKH C MOMOIIBIO0 M3BECTHHIX MOJCTAHOBOK [1] MOTYT OBITH CBEICHHI K
cucreMe KBaapaTtuuHbix Gopm. Ho mis cucremsr (3) Mbl muHTEpECyeMcs €€
apudmMeTnyeckold  reoMerpuer  (ICKOMIIO3UIIMEH,  paIlMOHATbHBIMU
TOYKaMH) C LIETBI0 CBEACHUA 3aJaud ONTUMH3AINH (37ech, A IpUMepa,
palroHaIbHON MHHMMH3AIKK) K Harbolee mpocToMy BapuaHTy. Cerpe u
JIPYTMMH [I0Ka3aHO, YTO 5TO  MHOroo0Opasue ectb oObenuHeHue 11
HEMPUBOANMBIX MHOXKECTB, @ HMEHHO, YeThIpeX MpsIMbIX (JIMHEITHbIE
MHOT000pa3ust), MECTH UIMNTUYECKUX KPUBBIX (KPHUBBIE poJia OJMH), U
OJIHOM KpUBOM pojia nsATh. Bece 3T MHOKECTBA 3a/1at0TCSl KBaIpaTUYHBIMU
WJIM JINHEWHBIMU CUCTEMaMU ypaBHeHUU. IIpuBeneM npumeps! TMHEHHBIX
MHOT000pa3uii:

X=X X =YX =Y Vi =Y Y1 =X Y, =X
" KpUBBIX pOJa OAWH:

{%+yf=ﬁ+y?>§+%=2&m+2&w+(&+mX&+yJ
X3=X,Ys=Y

PanmonaneHble pemieHus, COOTBETCTBYIOLIUE MPSIMBIM, Ha3bIBAIOT
TpUBHAIBHBIMA ~ pemieHussMu.  MccnemoBano  [6,7], dYTO  TOJBKO
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TPUBHAJIBHBIE  pEIICHUs  SABSIOTCA  PALMOHAJIBHBIMM  TOYKaMHU
MHorooOpasus Cerpe. IloaroMy 3amaua panoHaqIbHON MUHUMH3ALMU Ha
MHOroo0paszun Cerpe cBOIUTCS K 3afjade PallMOHAIBHOW MHUHUMM3ALUH
Ha JUHEHHOM MHOT'000pa3uH.

3ameyanme. 3agaya panMOHAJbHOM MMHUMM3ALUU Ha JIMHEHHOM
MHOTr000pa3uy 3HAYUTENHFHO MPOILE 334a4K PallOHAIbHONM MUHUMH3ALUH
Ha HEJIWHEWHOM MHoroobOpasuu. K ToMmy ke, MOIMydeHHOE JWHEHHOe
MHOTr000pa3ue UIMEeT MEHBILYIO Pa3MEPHOCTb.

Hanee B cOOOIIEHUH IUIAHUPYETCS MPENCTaBUTh PE3YJIbTaThl O
MOJIOKUTENIBHO ONPEAEICHHBIX SKCTPEMANIbHBIX KBaJpaTHYHBIX GopMax U
pa3BUTHE 3TUX PE3YIbTATOB .
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YUCEJbHAN METO/I BITIIYKAHHS HYJIIB
BYJAb-AKOI HEIIEPEPBHO JU®EPEHIIMOBAHOI
®YHKIIII HA 3ATAHOMY ITPOMIKKY

M.L IVIEBEHA, I'.T'. HETEJIUK

" «YKropoachKuii HANioHAIbHUi
yHiBepcuTeT», YiKroposa, YKkpaina
HlebenaM @gmail.com

" JIbBiBcbKMil HANIOHAIBHUIT yHIBEPCHTET
imeni IBana ®dpanka, JIbBiB, YKpaina

Anomauyin. Posenadaemvca 3a0aua 6iOuwlyKamHs HYni@ 0y0b-AKoi
HenepepeHo  Oougepenyiliosanoi  @QyHKyii O0OHIel 3MIHHOI, Ha
3a0aHOMY NPOMINCKY. Y pobomi 3anponoHO6aHo HOBULL YUCeTbHUlL
Memoo, AKul  IPYHMYEMbCA HA  GUKOPUCTNAHHI anapamy
HeKnacuurux masxcopaum i oiazpam Hotomona ghynryiil.

Kniouosi cnoea: anapam HexnacuuHux madicopaum i ouazpamm

Hviomona ¢ynxyiu, 3adanux mabauuno, myni QYHKYIl, yucenvbHi

Memoou.

B [1] mnoOymoBano amapar HEKJIACHYHHX Ma)KOpPaHT 1 Jiarpam
HetoroHa ¢yHKIIH omHiel AiMCHOT 3MIHHOI, 3aJjaHMX TAOJIUYHO, SKUH
3HAWIIOB IIHPOKE 3acCTOCYBaHHS JJsl TMOOYIOBH  HOBHUX YHCEIBHUX
METO/JIIB PO3B’SI3yBaHHS OKPEMHUX KJIACIB 3a/1ay aJireOpu, MaTeMaTUYHOTO
aHami3y Ta JudepeHiiatbHuX PiBHAHB. 30KpeMa, HOro BHKOPUCTAHO IS
pPO3pOOKH 4YKMCEIBbHHUX METOMIB PO3B’s3yBaHHs 3amadi  Komn st
3BHYAWHUX TU(epeHIliaJbHUX PIBHSHB i IXHIX CUCTEM, TOYHHX Ha TMEBHUX
kiacax (YHKI[H, 4YMCEIbHMX METOJMIB ONTHUMI3amii SK TIaJKuX, TakK i
Hernmaakux (QyHKImiA onHiel Ta 0araThbOX JIMCHUX — 3MIHHHX (THITY
MOKOOPAMHATHOTO Mijiomy) [2,3].

Y pob6oTi po3rIsHYTO MOOYIOBY YHMCEIBHOIO METOIY BiALIyKaHHS
HYJIB OyJb-K01 HenepepBHO audepeHIiiioBaHoi QyHKIT 0/IHI€T 3MiHHOT,
Ha 3aJ]aHOMY NPOMDKKY, SIKHA BHKOPHCTOBYE  arapar HEKIaCHYHUX
MakopaHT i jiarpam HeroToHa QyHKIIIH, 3a1aHUX TaOIHYHO.

Hexaii Ha mpomixky [a,b] Tpeba Bigmykatd Bci Hymi OyIb-sIKOi

¢GyHKIT f (x)e C! [a,b]. Ockinpku HyJi QyHKIIT f (x) € HymsiM#A QyHKITT
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| f (x] abo — ln(l + | f (x)) , TO Ams Bimmykaws Hysmis dymxmii f(x)
Oyaemo mrykaTi Hyli GyHKIIl y = —ln(l + | f (x])

Bubepemo cucremy TOuOK Xx; =xo +kh, ne k=0l,...n, x,=a,

h= , 1 B IouHi TO4oK xOy MoOyayeMo TOUKU 300paxenHs [ 1]

Pl =l +[ £ (e ), k=017
[Toznauumo a;, =1+|f(xkl, k=0l,...,n.

n

A
ay

1
h
Benuuuny 7, = , k=12,...,n, Ha3BeEMO YHCIOBUM HAXWIOM

byHKil y = —ln(l + |f(x]) y Touni x; [1].
AJIrOpUTM MeTOay.
ANTOpPUTM METO[y TOJIATAE B HACTYITHINA MOCIiAOBHOCTI KpoKiB. Crio4aTky

MepeBipsieMo, Y TOYKH Xx=a 1 x=b € Hymamu QyHKIii f (x) [Micns
BOT0 OyIy€MO MOCIIIOBHICT YHCIOBHX HAXUIIB 71,75,...,F,. SIKIIO JUIi

JIEAKOTO 1HIEeKCa k (k =12,...,n— 1):

1. r=1 1 ‘f(%(xk_l +xp )j

<h, TO TOYKa

=
flx

. 1
2. re>1, rg<l i ‘f[z(xk_l—i-xkﬂ))

(x;y +x;)el[x;,x,] 3 TounicTio 7 € mynem dyHKuil

gl S e

<h, TO TOYKa

6’=%(Xk1+xk+1)€[xklsxk+1] 3 TOUHICTIO h € HyJeM
bymxuii f(x).

Hexaii 3HaiizeHO NPOMIKOK, Ha SKOMY 3 TOYHICTIO /i JIEKUTb HYJb
byskuii (x) Tonai s BimIIyKaHHS IBOTO HYJSI 3 OUIBIION TOYHICTIO
MOCTYMAaEMO TaKUM 4YUHOM. llo3Haummo 3HalAEHWI NPOMIXKOK uepes
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[a,ﬂ], Ae [a’ﬁ]z[xk—laxk] y Bunazky r, =11 [aaﬂ]:[xk—laxkﬂ] pu
r, >1, ry <l. BubepeMo Ha 1IbOMy MPOMIKKY YOTHPU TOYKH «,

h 2h 2h 4h . .
a+§, a+?, p Ta «, a+?, a+?, [ BIANIOBIOHO,

mepenosHaunmo ix uepes Xy, X, X,, X3. 3Haiimemo & =1+|f ()ch] ,

o~ a,_, | . .
k=0123,17 = (LJ vk =1,2,3. Toxi MO>IIMBI TaKi JBa BUIIAIKH:

~

ay

1. B=11 <§, TO TOYKa 9:%(371 +%,)elX,%, ]

f[%(fl + X, )j

3 TOYHICTIO % e mynem dynkuii f(x).
2. n>1, T <1 Ui k=1 abo 2. Touxa
1, ~ o~ . h
0= 3 (% +%is1)€[¥ 41, ] 3 ToOumicTIO T

dymkmii f(x).
h

. . . h
AHaNOriuHO MO’KHA ITYKaTH HyJi 3 TOUYHICTIO 3 27
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PEAJIN3AIIUA IIATEXKHOU CUCTEMBI C
HCIOJIb30BAHUEM BJIOKUYEMHA
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Annomauyus. Peanuszosana Jle2Ko8eCHas 9NEKMPOHHASL
NIAMEdNCHA CUCmeMd ¢ UCNONb308AHUEM YEHMPAIU308AHHOU
BUPMYANLHOU  BANIOMbL U IE2KOBECHO20 AHAN02A ONOKYelHd.
Cucmema nanucana Ha A3vlkax npocpammuposarus TypeScript u
Python. Taxowce Ha ssvike npoepammuposanus Python 3.9
Ppaspabomano KOHCObHe NpOZpaMMHOe obecneyeHue, KOmopoe
N036071Aem Xewuposams COOOWEeHUs C NOMOWbIO OelCmBYouje2o
cmanoapma  Yrpaunvr  JJCTY  7564:2014. Paspabomannas
NIAMedNCHAsL  cucmema Odem B03MONCHOCIb  NOAb308AMENAM
0e30naACHO U AHOHUMHO OCYUeCMEIAMb MPAH3AKYUU U PACYENbl.
Knrwouegvie cnosa: xubepbe3onacHocms, niamedichvle CUCMeMbl,
Kpunmosanioma, Onokuelin, 6eb-cepsep, xewuposanue, CTY
7564: 2014, PYTHON 3.9, TypeScript.

Jnga peanu3zanuy TUIATEXKHOW CHUCTEMBl HCIOJB30BAINCH A3BIKH
nporpammupoBanust TypeScript [1] u Python [2], a Takxke ¢peliMmBopk
Nest js u cumcrema ynaneHHoro BeBoBa mpouenyp gRPC. Jlannbie
xpausaTcs B SQL 6aze manubix PostgreSQL. OOMeH naHHBIMH MEXITY
KJIMEHTOM ¥ BEO-TIPIJIOKEHHEM OCYIIECTBIsIETCS o apxuTekrype REST
APL. lna wHammcaHus apXUTEKTYpHl BEO-TIPHIIOKEHUS cepBepa ObLI
WCTIOJIb30BaH apXUTEKTypHbIN naTrepH Broker Message.

s pemmenus mpoOIeMbl co3aaHus ITUGPOBOM MOAIUCH HAa CTOPOHE
KIMeHTa B Opay3epe CO3/1aHO JIECKTOIHOE MPUIIOKEHUE TOMUCAHHS
TpaH3aKIWH.

B kauectBe si3piKa mporpaMMupoBanus Obul BeIOpaH Python 3.9. On
HOJIEP’KUBAET MHOI'OIIOTOYHbIE BBIYUCICHUS, UMEET CUCTEMY 00pabOTKH
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OmMMOOK pPacyeToB, BCTPOCHHUI MeEXaHW3M IMpeoOpa3oBaHUsS CHCTEM
cunciieHns. B ommmume ot JavaScript m Go ¢ mocliemHed Bepcud
coOcTBeHHOro HHTEepnperaropa Python umeer MonyIbHYIO HHTETpaLMIO C
KOZOM, HamucaHHbIM Ha C++, 4TO AaeT BO3MOXXHOCTh ONTHMH3UPOBATH
3arpaTHble pacueTsl. Takum oOpasom, Python mnosBosser co3nmaBaTh
BBICOKOA( dekTuBHBIE blockchain-cuctems! [3].

IIpoexT cocTouT U3 ABYX 4acTe — KIMEHTCKON U CEpPBEPHOI.

KnmnenTckast 4acTh OCyIIECTBIIICT TPH (PYHKIMM — CO3JaHHE HOBOTO
KOIlIENbKa, IpOBepka OajaHca  CYIIECTBYIOIIErO  KOILUEJbKA U
ocylIecTBICHNE HOBON TpaH3akuuu. Kaknast GyHKuus 3ampaiinBaeT win
MOCBUIAET JAaHHBIE B CEPBEPHYIO YacTh. Bce B3anMoaeicTBUE ¢ CepBEPHOM
yacTeio npoucxogut udepe3 HTTP mporoxon u 3ampockl tTuna GET u
POST.

IIpy co3maHMM HOBOrO KOIIEJIbKAa CO3JAETCS Iapa KIouyed —
OTKPBITUH M 3aKpBITHIH, KOTOPHIE «IIO COBMECTHUTEIILCTBY» SIBIISIOTCS
COOTBETCTBEHHO a/IPECOM U MapojIeM KOILEIbKA.

Hnst momyyenus OanaHca KOIIENbKa OCYLIECTBISIETCS 3alpoc TUIIA
GET Ha cooTBeTCTBYIOIIMNA €HANOUHT cepBepa. B 3ampoce yka3bIBaeTcs
aZipec KOIIEJIbKA, IOCIEe Yero CHCTeMa BBIBOAUT OanaHc OyMa)KHHKA.
[lockonbky maTekHass CcUCTeMa B JAaHHOW pealu3alu sBIsSETCA
abCOMIOTHO aHOHMMHOW, TO MI00OW MOJB30BATENb MOXKET MOJIYYHTh
JNaHHble O OajaHce [pyroro KoIlejbKa, Aake TOro, 4YTo €My He
MPUHATICKUT.

[Ipu BEIMOTHEHUH TPAaH3aKLUHU UCHIOIb3YETCA XEIIMPOBAHUE JAHHBIX.

B nmpemmaraeMoM mpoekTe XEMIMPOBAaHHE OCYILECTBISETCS IO
anroputmy SHA-1.

OnHako aBTOpaMHM  pa3pabOTaHO  KOHCOJIBHOE — IIPOrpamMMHOE
obecriedeHne Ha s3plke mnporpammupoBanus Python 3.9, xkortopoe
MO3BOJISIET XEIIUPOBATh COOOIIEHHE B COOTBETCTBUM C JEHCTBYIOLIMM
cTagaprom xemupoBanua Ykpaunsl JCTY 7564:2014 [4].

JaHHBIA cTaHIApT SIBASETCS OOLIETPUHATHIM B TOCYJapCTBEHHOM H
YaCTHOM CEKTOpax, KOrAa NpeANpHsITHE HYKAAeTCs B CO3JaHHUU
COOCTBEHHBIX HA/IEKHBIX CUCTEM 3aILUTH HH)OPMALUHU, HIUPKYIUPYIOLINE
B UH(POPMAIIOHHO-KOMMYHHKAIIMOHHBIX CUCTEMAaX.

[Ipu npoexkTpupoBaHMM M Pa3pabOTKe aIrOpUTMa XEIIHPOBAHUS
Obuta cocraBieHa auarpamma kiacca DSTU7564, mpencraBieHHOTO B
MporpaMMHOI pazpaboTke.
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KoppekTHOCTh BBINONHEHUS PEATM30BAaHHOTO AJIrOpUTMa OblIa
MPOTECTUPOBAHA C HCIIOJIH30BAHUEM TECTOBBIX JAaHHBIX, IPEICTABICHHBIX
B [Ipunoxennn b JICTY 7564:2014.

B pesynbraTe Oblma modydeHa HporpaMHasl peann3alys aaropurMa
XEIINPOBAHUs, KOTOpasi YIOBJIETBOPSET TPEOOBaHMSAM COBPEMEHHBIX
MH()OPMATMOHHBIX CHCTEM.

[Tocrie BBIMOTHEHUST XEHMIMPOBAHUS OCYLIECTBISICTCS IOIHCAHUE
JaHHbIX 10 mpoTokory RSA-PSS [5].

Ha cropone cepBepa cymiectByeT deThipe (yHKIUH: (YHKIHS,
KOTOpast BO3BpaIaeT OajsaHC KOMIeNbKa MOoIb30BaTeNs; QYHKINA, KOTOpas
IpOBEpSET CYyLIECTBYET, JIM IIOJIB30BaTelIb B 0a3e MAaHHBIX; (QYHKIHSA
MPOBEPKH TPABWIBHOCTH TOMNKUCH; (DYHKIMS CO3MaHMs OJO0Ka W 3aricu
ero B OJIOKYEHH.

[Tocrie moATBEPKICHNS MPABHIBHOCTH M IIEIOCTHOCTH MPUCIAHHBIX
JNaHHBIX OHH TOCTYMalT B ¢yHKIuH ¢GopMupoBaHus Onoka. biok
(dbopMupyeTcs, Korjaa MmocTynaeT ONpeaelieHHOe KOTHIECTBO TPAH3AKIHH.
OH [nomoNHSAETCS XdIIEeM M3 TPOHUIOro OJOKa WIM HyJeM, eCIH B
npouuioro 6J0ka He cymecTByeT. [lociae okoHUaTenbHOro GOPMUPOBAHHUS
0JI0Ka OCYIIECTBIISICTCS €r0 XCHIMPOBAHWE W 3alliCh B 0a3y JaHHBIX, TO
€CTh K QOpPMHUpPYyEeMOMY OJIOKYEIHHY.

[Ipennaraemast JerKOBECHAs IUIATE)KHASI CHCTEMa JaeT BO3MOXKHOCTb
MOJTB30BATENISIM O€30MaCHO M aHOHWUMHO OCYIIECTBIISATh TPAaH3aKUUH H
pacuersl. TeM He MeHee MAaHHBIA MPOEKT MOXET OBITH YIYyYIIeH B
YaCTHOCTH 3a CYeT WCIOoJib30BaHMsi cepuca Redis, mnepeBoma ¢
KOHCOJIBHOTO K Web-TIPHIIOKEHHIO ¥ IIPOY.

Jluteparypa.

1. Yo takoe TypeScript? — https://www.typescriptlang.org/

Odunmaneheiii cat Python — https://www.python.org/

3. Yro Takoe TexHoyorus Omnoxkueitna? — https://www.ibm.com/ru-
ru/topics/what-is-blockchain

4. @ynkumsa xemupoBanus JCTY 7564:2014 — https://usts.kiev.ua/wp-
content/uploads/2020/07/dstu-7564-2014.pdf

5. Cxema mudposoit momnucu Ha ocHoBe RSA (PKCS # 1 v1.5) —
https://pycryptodome.readthedocs.io/en/latest/src/signature/pkesl vl 5.h
tml

N
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BIIJIMB PUHKY JIOI'ICTUYHHUX NOCJIYT AK
YUHHUKA EKOHOMIYHOI'O 3POCTAHHS HA
OCHOBI MOJEJII MIZKT'AJTY3EBOI'O BAJIAHCY

M.IO. T'PUT'OPAK
IncturyT kidepueTnku HAH
Ykpainu, KuiB, Ykpaina
marygrigorak@gmail.com

AHoTanisi. 3anpoIIOHOBaHO METOIMYHMH MiJX1/ ISl TOCIIPKECHHS
BIUIMBY PUHKY JIOTiCTHYHUX TIOCIYT Ha €KOHOMIYHE 3POCTaHHS Ta
CTPYKTYpHI 3MiHM HaI[lOHAJIbHOI E€KOHOMIKM Ha OCHOBI MoJei
MDKIajy3eBoro OajaHcy.

Knrouosi cjoBa: eKOHOMIYHE 3pOCTaHHS, MOZENb
MIXTaTyK3€BOTO 0aJaHCy, PUHOK JIOTiCTUIHUX TOCIYT.

PUHOK JOTICTHYHHUX MOCIYT € PYIIIHHOIO CHJIOK CTaloro PO3BUTKY
HaI[IOHAJTFHOI €KOHOMIKH SIK CKJIQJIHHKa CBITOBOi €KOHOMIKH 1 MOTpedye
BIJIMOBITHAX yMPABIIHCHKUX I1HCTPYMEHTIB 3aJIeKHO BiA 3pLIOCTI
PUHKOBUX BiIHOCHH. [HAMKAaTOpOM pe3yJIbTaTUBHOCTI PUHKY JIOTICTUYHUX
mocnyr Ta e(eKTUBHOCTI (PYHKIIOHYBaHHS HAI[iOHAJIBHOI JIOTiCTUYHOT
CHCTEMH € BEJINYMHA HAlllOHAJBHUX JIOTiICTUYHUX BUTPAT. 3 OAHOrO OOKY,
el MOKa3HUK XapaKTepu3ye MUTOMY Bary JIOTICTUYHOI CKIIaJ0BOi B
CTPYKTYpi BHpOOJIeHOT mpoayKuii. 3MeHIIeHHS BUTpaTHOi yactuHu BBII
32 PaxyHOK ONTHMi3allii JIOTICTHYHUX pillleHb Ta TPOCTOPOBO-YacOBOT
CUHXPOHI3amii JIOTICTHYHHX TMIOTOKIB CBIJYATH TPO  IOKpAIIeHHS
CTPYKTYpH HaliOHaJbHOI €KOHOMiKW. 3 iHIIOro OOKy, HalliOHANbHI
JIOTICTUYHI BUTPaTH BUPAXAIOTh OOCIT BUKOHAHHUX JIOTICTUYHUX MOCIYT
Ha YMOBAax ayTCOPCHHIY 1 THM CaMHMM BH3HAYalOTh BapTiCTh BHPOOJIEHOT
JIOTICTUYHOIO TaTy33I0 BAJIOBOT MPOIYKLIi.

3ayBakuMO, 1[0 TpoOiieMa BIUIMBY JIOTICTHYHOI Taiy3i Ha
EeKOHOMIYHE 3pOCTaHHS B3arajli Ta CTPYKTYpHY IUHaMiKy Taiy3el
HaIllOHAJIFHOI EOKHOMIKHM IIPUBEPTa€ yBary 0araTboX JAOCHiAHUKIB B
pi3HuX Kpainax [1-3].

MeToro JaHOro IOCHiIKEHHS € PO3poOKa METOJUYHOIO MiAXOLYy 10
BU3HAYEHHsS BIUIMBY JIOTICTUYHOTO CEKTOPY Ha CTPYKTYpHI 3MiHH
HaIlOHAJIFHOI €KOHOMIKHM IIIISIXOM BUKOPHCTAHHS MOJENTI MiXKTaxy3eBOTO
OamaHncy.
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BianoBigHO 10 TpPHWHIMINB MOOYIOBH MOell «BHTpaTH-BHUITYCKY,
BIUIMB PHUHKY JIOTICTHYHMX IIOCIYyT Ha IHII Tamy3l HalioOHAIBbHOI
€KOHOMIKH MO)KHA OXapaKTepU3yBaTH TAKUMHU (haKTOPaMHU:

- eKOHOMIYHE 3POCTaHHSA, IO CYMPOBOIKYETHCS 3pocTaHHsM BBII
KpaiHu, 30UTBIIY€E MOTHT Ha JIOTICTUYHI MTOCITYTH,

- 3MIHM B TEXHOJOTIIX BHPOOHHWIITBA TPOAYKIli BIUIMBAIOTH Ha
CTPYKTYPY JIOTICTHYHHUX BUTPAT 1 MOXYTh 301IbITyBaTH 200 3MEHITYBaTH
BapTICTh JOTICTUIHUX OTEPAIlii,

- 3MIHM B CTPYKTypi KIHIIEBOTO CIOXHBAHHS Ta, BIAMOBITHO,
MIOTINTY HA JIOTICTUYHI MTOCIYTH.

dopmalizyeMO TOCTaHOBKY 3afadi Ta METOMWYHHN MiaXix [0
BU3HAYEHHS BIUIMBY JIOTICTUKU Ha €KOHOMIYHE 3pOCTaHHS.

BigmoBigro mo kmacwuHoi Mozeni «BurTparu-BUIyCK», BH3HAUYNMO
€KOHOMIYHY  BapTICTh JIOTICTUYHOI MiSUTBHOCTI Ha MAakKpopiBHI 3a
(dhopmyoro:

LOG= LC + X, (1)

ne LC — gacTka NOTiCTHYHOT CKIIaloBOi B CTPYKTYpi BajJOBOTO BHUITYCKY
MPOJYKIIii rajy3eil HalliOHAJbHOI €KOHOMIKHM y (DiKCOBaHUX IfiHaX, X —
00CST BaJIOBOTO BUITYCKY ITPOJIYKIIIi 32 ramy3sMH.

B3sBim moxinHy HaBelneHOl Bullle (HOPMYIIH, OTPUMYEMO HACTYITHE
PIBHSHHS:

dLOG = XLC + LC dX. )

Ockinbkn LG = (LOG/X) =(Eb; X; /X)= Xb;s; 1e b -
Koe(ilieHT TOBHHMX BHUTpPAT, IO XapaKTEPU3y€e CIIOKUBAaHHS PI3HUMHU
rajgy3sMHM OPOTYKUIl JIOTICTUYHOI ralys3i, Sj — 4aCTKa BUILYCKY MPOMYKIi
j-oi ramy3i B cymapHoMy BajoBOoMy BunNycky X, T0 L€ =B=* §,1e B —
MaTpHIIs IOBHUX BUTPAT, a S — CTPYKTypHA 3MiHHA. B3gBIIM MOXigHy Bix
naHol QPyHKLIT OTpUMYyEMO HACTYIHY Gopmyiy:

dLC=5dB+ B as. 3)
[lincraBumo 3HaueHHs popmynu (3) y hopmyiy (2) orpumyemMo
HACTYIIHE PiBHSHHS:
dLOG=5X3B + XBas +BSaX, 4)
Y ¢opmyni (4) SXAB BimoOpakae 3MiHU B JIOTICTUYHOMY CEKTOPI,
00yMOBJICHI 3MIHAMH BaroBHX KOCQIIIEHTIB IOBHUX BHUTpPAT, B SAKHX
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BiI0Opa)keHO Pe3yJIbTaTHBHICTh MIXKIaay3eBOi B3a€MOJIIi Ta JIOTICTUYHOT
inTerpamii, XBd5 npencraBnge 3MiHM B JIOTICTHIHOMY  CEKTODI,
00yMOBJICHIMH CTPYKTypHUMH 3MiHAMH Yy Tally3fX TMPOMHCIOBOCTI, 1
BIJIMTOBITHO, 3MiHAMH X MOMHTY Ha MPOAYKIIIO JIOTICTUYHOTO CEKTOpPY, a
B5dX - BiANOBiAHO 3MiHAMK B 3arajbHOMY EKOHOMIYHOMY MaciuTaoi,
TOOTO BIUTWB JIOTICTUYHOTO CEKTOPY Ha BAIOBUI BUITYCK IPOAYKIIIi.

PosrissHemo tutanoBuii  mepiog wacy [0, t], mporsrom sikoro
3MIHIOETBCS €KOHOMIYHA BapTICTh JIOTICTUYHOI JiSUTBHOCTI 32 HACTYITHOIO
(hopmyoro:

ALOG=L0G,— LOGy=B,5,X,— By 5, X,. (5)
Hexait B, = By+ AB, 5,= 55+ AS,Hexait X, = X;+ AX,
Tomi popmyiy (5) MOXKHI CKOPUTYBAaTH HACTYITHHM YHHOM:
ALOG=L0G,— LOGy=AB SyXy+BygAS Xy + By S AX +
By ASAX+ ABSyAX+ ABAS Xy + AB AS AX
: (6)

Bpaxoytoun e, mo LOG = LC+ X = ¥ b; 5; X, nonur Ha
JIOTiICTUYHI TIOCITYTH, BUKITUKAHUN PI3HUMH Taly3siMA €eKOHOMIKH, MOXHA
OTPHUMATH SIK

LOG; = b;s; X. (7)

Hexaii bj, = b;, +Ab;, 55, = 5;,+ As;, X, = X, + AX. Toni
3MiHH B JIOTICTHYHOMY CeKTOpiB 3a nepiof [0, t], oOymoBneHrnMu
MoTpedaMH 1HIIMX Tajdy3el eKOHOMIKH, MOXKHA OIUcaTH (HopMyIIor:

A LGGJ = LGG_“ - LGGJE = jESjEX! - bjnsjﬂ-xﬂ = ﬁbjfquu +
bjgAs;jXg + bjpSjpAX + bjgAs;AX + Ab;sjg AX + Ab;As; X +
ﬁbjﬁﬁjﬁx »
(8)

O6’enHaBm  (hakTopH, IO OOYMOBIIOIOTH EKOHOMIUHY BapTicThb
JIOTICTUYHUX TOCIYT, Ta PO3KJIABIIM iX BiAMOBIIHO 10 3MiH KOoe(]ilieHTiB
MOBHUX BWTpPAT, CTPYKTYPH TPOMHCIOBOCTI Ta 3arajbHOTO O00CATY
BUPOOHUITBA, 3MiHY EKOHOMIYHOI BapTOCTi JIOTICTUYHOTO CEKTOPY MOXKHA
po3paxyBati 3a HopMyIIoIo:

ALOG = il + S_il'l + Xj{; (9)

1 1
by = Ab;s;,AX + + ,
T SRR T g (Abys;AX + AbjAs;Xy) | 3Ab;As;AX
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1 1
+ J
2(bjpls;AX + Ab;As;Xg)  3Ab;As;AX
1 L1
2(bjoAs;AX + AbjsjoXo) 3Ab;As;AX'

ne by, 551, Xj;  BIINOBIIHO, IPEACTABIAIOTH BIUIMB 3MiH KOE(DIIIEHTIB

E_ﬂ = bju.ﬁﬂjx“ +

X_ﬂ = bjﬂsjﬂﬂ-l_

MMOBHUX BHUTPAT, 3MIHH CTPYKTYPH MPOMHUCIOBOCTI Ta 3arajlkHOTO O0CSTY
BHPOOHUIITBA HA €KOHOMIYHY BapTICTh JIOTICTUYHOTO CEKTOPY.

Takum YHHOM, 3aMpPOTIOHOBAHWK METOAMYHUN TIIXiA TO3BOJISIE
JOCTIANTY BIUIUB JIOTiICTUYHOI TalTy31 HA €KOHOMIYHE 3pDOCTaHHS B IIJIOMY,
Ta CTPYKTypy TIONMUTY Ha JIOTICTUYHI TIOCIYTH B 3alIEKHOCTI Bif
BIIPOBA/UKCHHA CYYaCHWX TEXHOIJIOTIiH BHPOOHHWIITBA Ta ONTHMIi3amii
MDKTaTy3eBHUX 3B’ sI3KiB.
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POJIb MTH®OPMAIIMOHHBIX TEXHOJIOT UM B
BEPBAJIBHBIX KOMMYHUKAIMOHHBIX CUCTEMAX
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Annomayus. B nanHOI craThe MOAYEPKUBACTCS, UTO UHDOpMAYUsL
KaK ONpeodeneHHasl CUCmema CMulC08 NO360sem aKYeHmuposams
BHUMAHUE HA UHDOPMAYUOHHOU NPUPOOE SA3bIKA: C OOHOU CIOPOHDI,
SA3bIK - 9MO CPEOCMBO KOMMYHUKAYUU, MOM KOO, HO3GONAIOUWUL
nepedasams uHgopmayuio; ¢ Opy2ol - S3bIK AGNAEMC MOl
MEHMANbHOU  UHGOPMAYUOHHOU CPedol, 8 npedeiax Komopou
MOALKO U  B6O3MOJCHO PA3GUMUE  ANIROPUNMOSE  Hel08eHeCKO20
cosnanus. Texnonocusi opeanuzayuu J1eKCUKU U NpUMeHseMble
Memoobl  0anu  B03MOJICHOCHIL — 6bIAGUMb  NOMEHYUATbHbIE
KOMNOHEHMbl CEMAHMUKU -  aKmyanusupyrowuil  6epoaibHblll
aneopumm npu Memagdopuzayuu, U KOHHOMAMUEHBIE CMbICIbL,
CBA3AHHbIE ¢ BOCHpUSAIMUEM MO20 WU UHO20 MUNA 38VYAMUS,
ompasicenno2o 6 szvike. Tak, 4mo MexHono2Usi CeMaHmu4ecKo2o
aAHAU3a 36YKONOOPANCAMENbHOU IeKCUKU MPAOUYUOHHO BKII0OYAem
KOMNOHEHMHbI AHANU3, KOHMEKCMYAIbHbII AHAU3, MPAHCHOpMa-
YUOHHBLIL ananu3. Dmu npuemvl HO3GOIUNU GbIAEUMb DPA3IUYHLLE

KOMNOHEHMbl KOHHOMAMUBHO20 — UHMOPMAYUOHHBIX — OJIOKOG
SA3bIKOBOU CUCTHEMbL 8 Kauecmee 00beKma Ucciedo8anusi peuesot
KOMMYHUKAYULL.
Knrouesvte cnosa: menmanvHas UH@OOPMAYUOHHAS MEXHOLOU,
nomeHyuaIbHas unpopmayus, peuesast KOMMYHUKAYUSL,
UHDOPMAYUOHHASE NPUPOOA SA3bIKA, MEXHOIO2US CEMAHMUYECKO20
ananuza
Kak wu3BecTHO, coBpemeHnHOE CHCIUAIN3UPOBAHHOE  CIIOBO-TEPMUH

"uHpopMauus" B TPaIUIMOHHOM JIMHTBUCTUYECKOM JIUCKypCe VII-
oTpeOIIsieTcsl, KaK MPaBUiIo, TOJIBKO B PAMKax TEOPUH PEUEBOi KOMMYHHK-
alMy — HanpaBJCHMs, BO3HUKIIETO BO BTOpoM mnojioBuHe XX B.,
HaIpaBJI€HUs, PEACTABIAIONIETO ANbTEPHATHBY CUCTEMHO-CTPYKTYPHOMY
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MOJX0/y K MCCJIEJOBAaHUIO s3bIKa. B pamkax 3TOH TEOpUM PedeBOil aKT
WHTEPIIPETHPYETCS KaKk B3auMoOJeHCcTBHEe Mexay [oBopammum -
nepematankoM W CoymapmuM - mpueMHHKOM [1], a TeXHHYecKuM
TepmMuaoM  "wHbopMarusa" 0003HAYAETCS COIEpIKaHHE COOOICHUS,
Mepe1aBaeMoro MOCPEACTBOM CBSI3BIBAIOIIETO HX SI3BIKOBOTO Koja. Kak
ormedaer mpodeccop Ilepmckoro HaIMOHATBHOrO MCCIEAOBATENBCKOTO
MOJNUTEXHUYECKoro yHUBepcuTeTa Brnagumup HukonaeBuu JKenesHsk -
MOXXHO JI1 paccMaTpuBaThb MaT€MaTU3aluo COLIMAJIBHOT O O6pa3OBaHI/Iﬂ
COTJIACHO MAaTpHIIE «BEpPHEM Teiy Ayury»? Maremarnzaius B 3TOM ciiydae OymeT
O3Ha4YaTh HACBIICHHUC TEXHHUYCCKHUX W MNECAArOTHYCCKHUX  CIICHHUAIBHOCTCHU
COIIMAJIbHBIM 3HaHHUCM. COBpeMeHHaﬂ JKHN3Hb HACKBO3b TCXHOJIOTUYHA U, CJICIOBA-
TCJIbHO, AJITOPUTMHYHA. .. AHFOpI/ITM — OCJICA0BATCIIBHOCTh PUTMHUYCCKU OPraHn-
30BaHHBIX JCUCTBUH U MPOLCCCOB; NACAJIbHBIN IIPUMEP: MOCICAOBATCIIBHOCTD U3B-
JICUCHUSA 3BYKOB, 3aKOANPOBAHHAA B 3alIMCHU MY3bIKaJIbHbIX HOTaIIPII;'I [2]

CrnemyeTr OTMETHTH TOT (PAKT, UTO JO MOSBICHUS KOMMYHHUKATHBHOTO
HaIpaBlieHUs B JIMHTBIUCTHKE B paMKaX CHCTEMHO-CTPYKTYPHOTO ITOAX0/a
OBUIO TPUHATO OTEPUPOBATH MOHATHAME '3HaueHne" u '"CMBICH", MPO-
THBOTIOCTABIISISI UX KaK CYIIHOCTH, OTHOCAIIMECS K Pa3HBIM MOJICaM
COCCIOPOBCKOH AMXOTOMHMH SI3bIK U peub; [Ipu 3TOM "3HaueHue" cBoiicTBe-
HHO €JUHWIIAM SI3bIKa KaK 3JIEMEHTaM S3BIKOBOW CHCTEMBI, a TIOHSATHE
"cMBICT" HE OMpENEeNIeHo AOCTATOYHO J0 CUX IIOp, B CAMOM OOIIeM BUE
OHO O3HaYaeT 3HAa4YeHHWE IEeJIOCTHOTO BBICKa3biBaHWA. Ho mpum
PacCMOTPEHUH S3bIKA B JIEATEIBHOCTHOM aclieKTe (Kak BUJ] KOTHUTHBHOMN
U KOMMYHUKAaTUBHOW JESITEILHOCTH YEIOBEKa), NMPHU BBIXOAE 32 PaMKH
CUCTEMOIICHTPUYECKON SI3BIKOBOM IMPOOJIEeMAaTHKA ¥ TEPMHUHOJIOTHH,
CTAHOBUTHCSI OYEBUIHBIM, UTO MOHATHUS "3HaueHue" u "cMbICI" CyTh OAHO
U TO XKe: 3TO Ta WHGOpMAaIMs, KOTOpas CTOWT 32 IJMHTBUCTHYECKUM
3nakoM [3]. O0beM ee MOKeT ObITh pPa3IHYHBIM, KaK MOXET OBITh
Pa3IMYHBIM COOTHOIICHUE WHBAPHUAHTHOTO (S3BIKOBOTO) M CHTYaTHBHOTO
(peueBoro) B wuHpOpPMAIMK, CTOANICH 3a 3HAKOM B MOMEHT €ro
ynoTpebaeHusl.

Wrtak, MOXHO TOBOPHUTH O TOM, YTO S3BIK - 3TO TO MEHTAILHOE
MIPOCTPAHCTBO, T'/Ie MPOUCXOAUT BCTPEUa COZHAHUM U UX B3aUMOJCHCTBHE.
Takoe B3auMOnEHCTBUE TOJHOCTHIO OTBEYAET YCIOBUSM WH(GOPMAIHO-
HHOro oOMeHa: TmepeaaBaeMasi CYIIHOCTh (SI3bIKOBOE COOOIIEHUE -
OpPraHHM30BaHHAs CHCTEMa CMBICIIOB) HE YTPAauyWBaeTCsd OTHAIOIUM
o0bekToM - [oBopsmmM, HO TpuoOpeTaeTcs nonydatonum — Ciryiaro-
M [3]. Takum 00pa3oM, MbI MOKEM TOBOPUTH O fA3BIKE KaK SBICHUH,
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CYILIECTBYIOLIEM Ul aKKYMYJIHPOBaHUs, NEpeaauu U Ul CO3AaHUsI HOBOH
nH(pOpMaIui, Kak O SBICHUH, (POPMHUPYIOIIEM IEePBUYHYI0 HH(MOPMA-
IIMOHHYIO Cpefy denoBeka. Tymimo ae Maypo ormedaet: "Kak TOIBKO MBI
OTpBIBacMCSl OT TBEPIOW IMOYBBHI (DOHOJIOTUYECKUX M MOP(HOIOTHUECKUX
OIMCAHUH, COCTABJICHHBIX JMHIBUCTAMH, I HAYWHAEM JIBUTAThCs B Harpa-
BJICHUU 3HAYEHMs, - TYT X€ HAYMHAEM OCO3HABaTh, YTO IE€pell HaMH
OTKPBIBAETCA MHD, KOTOPBIN, XOTS M NMPHUCYTCTBYET IOCTOSHHO B HAIIEM
CO3HAHMWH, TI0 CYIIECTBY OCTaeTCs I HAC TalHOH" [4]

Crnenyer OTMETHUTh, YTO B HAcToOsIIee BpeMs B padOTax YYEHBIX -
[IPEICTaBUTENCH Pa3NIUYHbIX HANPaBICHUN B HCCIEIOBAHUU CEMAHTHKH -
BBIJICJIAIOTCS CIENyIOLe OJIOKH JIEKCHKO-CEMaHTUYECKOM MH(pOpMaLUK:
OObexTuBHAs MH(OpMALMA CBA3aHA C BOCHPUATHEM H OCMBICICHUEM
BHEITHEH cpeapl. JTO HanboJee BUIMMBIA, OUYEBUAHBIN CIIoW mH(pOpMaIl-
nu. OCHOBY €ro COCTaBJISIET pe3yjbTaT HaryIAgHO-YyBCTBEHHOT'O BOCIIP-
WATHA MHpa M IOCIEAYIoLIee 3a HUM OCMBICIEHHE M (OpPMHPOBaHHE
abctpaktHoro mousTHA [5]. CyObexkTuBHAS HHPOpPMALHA - pa3HOOOpa3HbIE
BUABl MHPOpPMaLUK, HAYIIEH OT cyObeKTa peYd M BKIIIOYAIOIIME Kak
MParMaTU4ecKyl0 €ro YCTaHOBKY, TaK W JHMYHYIO OLIEHKY CHTYyalluH.
[IposiBisieTcst cyObekTBHAs WHGOpPMaLUs B BBHIOOpPE SI3BIKOBBIX CPEICTB
BBICKa3bIBaHMS, KOIJIa OJTHA M Ta K€ CUTyauusi MOKET ObITb odopmIileHa
no-pazHoMy. CoOOCTBEHHO JIMHIBUCTHYECKass HHGPOpPMALUS  TaKkKe
YaCTUYHO BXOAMT B KOHHOTATUBHBIHM OJIOK, HO UMEET UHYIO IPUPOAIY: 3TOT
acleKT ONpeAessieTcs] COOCTBEHHO CHHTAarMaTH4eCKH - €ro CBS3SIMU C
OPYTUMHM  3HAUEHUSMHU SI3BIKOBBIX E€AMHHUI] B CJIOBOCOYETAHMU H
NPEVIOKEHUH, M [apagurMaTH4eckdu - €ro TMO3ULIHMEH BHYTPH
CHHOHMMHU4Yeckoro psnaa. Ilomaraem Takke, 4yTo HEOE30CHOBATENbHBIM
OyZneT NpeAroyIoKeHHEe O TECHOHW B3aMMOCBSA3aHHOCTH 3THX CEMaHTHYe-
CKMX OJIOKOB: €CM NMPUHMMATh BO BHHMAaHHE TOT (akT, YTO SI3BIK - 3TO
cucTeMa, OPUCHTHUPOBAHHAS HAa KOMMYHHUKAIMIO M TOCTOSHHO MPHCIIO-
cabnuBaemasi i HanOosiee d(G(HEeKTUBHOrO ee ocyriecTrieHus [5], To
KOMMYHHMKAaTUBHBIE CTPaTernd HEM30€KHO OTPaXKAIOTCS Ha 3IIEMEHTaX
CHCTEMBI U UX CTPYKTYPHOM COOTHOLICHUH.

Kak wu3BecTHO, UEHTpaNbHOH €OUHMLEH s3bIKa, CIHOHTAHHO
BBIIEJIIEMON  HOCHTENSMH,  SABISIETCS  CJIOBO -  MHUHUMAJIbHBIHA
WHPOPMALMOHHBIA ~ OJIOK,  OOBENMHSIOMIMH  pasjIMuHble  THIIBI
nHpopmau. Mbpl MOKEM TOBOPUTH 00 3TOM Ha OCHOBAaHHH TOTO, YTO
CIIOBO 00JIalaeT CEMaHTHKOH NOCTAaTOYHOM ISl TOrO, YTOOBI OHO MOTJIO
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(hYHKITMOHUPOBATh KaK IIEIOCTHOE BBICKA3bIBaHWE, OBITH TOCTATOYHBIM
IUTSA TIepeaadl HHPOPMAIH, UMEHHO 3TO M ITO3BOJISIET HaM Ha3BaTh CIOBO
MUHUMAIIbHBIM HH()OPMAIMOHHBIM OJIOKOM. B MONB3y ATOrO TOBOPHUT U
TaKoe CBOWCTBO CJIOBA, KaK BO MPOU3BOJANMOCTh — «TOBOPSIIHNIA Ha S3BIKE
HE KOHCTPYHpPYET cIoBO U3 MopdeM wmiu (OoHEM, OH TOIB3YeTCS YKe
TOTOBOW 3BYKOBOH (hOpMOIA, 3a KOTOpOH 3aKperieHa OmpeeeHHas
cucremMa cMbICIOBY» [6]. KoHewHo, dale HOCHTENH S3bIKa OMEPHPYIOT
0ojiee CIOXXKHBIMH CTPYKTYpaMH, COCTOSIIIMMHU W3 HECKOJNBKHX CJIOB, HO
OTJENBHOE CJOBO C TPUCYIIUM €My 3HA4Y€HHEM BIIOJIHE MOXKET OBIThH
Ha3BaHO MHUHAMAJIHHBIM HH()POPMAITHOHHBIM OJIOKOM.

Ha ocHOBaHWM BBINIEW3NOKEHHOTO MaTepualia MOXKHO CHeTaTh
CJ'IeI[yIOH_IPIﬁ BBIBO: I/IH(l)OpMaLII/IOHHBIe TEXHOJIOTMU B HACTOAILICC BPEMs
SIBIISTIOTCS. ~ HEOTHEMIIEMOW  4acThl0  TIO0OH  cdepsl  mpodeccHoHaTBHON
ACATCIBbHOCTH, B TOM 4YHCJIC JIHMHI'BHUCTUKH. N ecmm KOorga-To HMCIIOJIb30BaHUC
KOMIBIOTEPOB u COOTBCTCTBYIOLINX mnporpamMmm B JIMHI'BUCTHYCCKHX
HCCIICA0BAHUAX, TIEPEBOJAC U B O6y‘I€HI/II/I SA3BIKY HE ABJISIJIOCH 065[33T€J'II>HBIM, TO
CCTOAHSA YK€ CO CTy,I[eH‘ICCKOfI CKaMbH 6y,£[yH.[I/IM npenoaaBaTeJIAIM MHOCTPAHHBIX
S3BIKOB, NepeBOAINKAM u JIMHI'BUCTaAM-HUCCJICA0BATCIIAM H€O6XOHI/IMBI
KOMIICTCHIIMH, CBA3aHHBIC C HCIIOJIB30BAHUEM I/IH(I)OpMaI_[I/IOHHLIX TEXHOJOTUHA B
cBoell mpodeccuoHanpHON cdepe aesTenbHOCTH. Hapsimy ¢ paccMOTpeHHBIMH
31€Ch croco0aMu  MCIOJIB30BaHUs KOMIBIOTEPOB (aBTOMaTI/I'IeCKI/Iﬁ aHaJIu3 M
CHUHTC3 YCTHOU pPEYH, ABTOMATUYCCKUM BBOJA TCEKCTA, aBTOMATUYCCKHU aHAJIN3
TEKCTA, HCIOJb30BaHUC KOPITYCOB TEKCTOB, KOMIIBIOTEPHOC 06yquHe fISBIKaM)
CYHIECTBYIOT U Apyrue obnactu NepeceyCHUst TMHIBUCTUKU U I/IH(I)OpMaTI/II(I/IZ U3B-
JIeYCHHE 3HAHUH U3 TCKCTA, aBTOMAaTHU4CCKOC NHACKCUPOBAHUEC U py6pI/ILII/IpOBaHI/I€
JAOKYMCHTOB, T'HIICPTEKCTOBLIC TCXHOJIOTMHU B JIMHI'BUCTUKEC U MHOI'OC APYroc [7]
Wrak,  TEXHOJOTHUS  KOTHUTHBHOTO  MOJCITHPOBAHHUS  MO3BOJIWIO
MPEICTaBUTh 3BYKOTOJPaXKATEIbHYI) JIEKCHKY KaK OCOOBIM 00pazom
OpPraHM30BaHHOE CEMaHTHUYECKOE TIoJie; eIle OJHMM BapHaHTOM
MpeICTaBICHNsT MH(POPMAIIMOHHOTO TIOTEHIIMAJA CJI0BA MOXET CTAaTh BBIS-
BJICHHE TIPHHIIMIIOB KOTHUTUBHOTO MOJICITUPOBAHUS B S3bIKE KAKOT0-THOO
TEXHOJIOTHYECKOT'O q)CHOMeHa.
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PEI'YJIAPU3AIIUSA MATPUIIBI IPEOBPA3OBAHUS
B MOJJUOPUKANIUAX R-AJITOPUTMA

H.I'. ’KYPBEHKO, A.Il. TJUXOBU /|
HucruryT knoepueruxku HAH

Ykpaunbl, KueB, Ykpauna
zhurbnick@gmail.com, o.lykhovyd@amail.com

Aunnomayusn. {1 pasiuuHublx MOOUDUKAYULL T-an2opumma
npeonazaemcs — npoyeoypa — pecyiapusayuu  Mampuybl
npeodpazosanus  NPOCMPAHCMed, NpeOHA3HauyeHHas  O7s
npedomepauieHus ee 8ulpodcoenus. Peszynbmamul uucieHHbIX
UCCne008aHUll NOKA3LIBAIOM, YMO UCHOIb308AHUE NPOYEOYPbl
peayiapuszayuu  Mampuybl  Yayuuwiaem — YCHOUYUBOCHIDb
aneopummos ¢ - npeobpazoeanuem  NPOCMPAHCMEA — NO
OMHOWENUIO K OUUOKAM OKPY2IEHUSL.

Knwuesvie cnosa: memoo onmumuszayuu, cyospaouenmmuulii
aneopumm, npeodpPa306anUe NPOCMPAHCMEa.

Bonee 50 mer Hazam ObL1 pa3paboTaH CyOTrpaEHTHBIA alTOPUTM
MUHHMMHU3AIUHA C PACTSHKEHHEM INPOCTPAHCTBA B HANpaBJICHHUHM Pa3HOCTH
JIBYX TOCIEIOBATENbHBIX I'pagueHTOB — r-anroput™ [1], [2]. IIpakTuka
WCTIONBb30BaHMs I-aJropuTMa MOKAa3bIBAET, YTO 10 CHUX IOP OH SBIISETCS
OIHUM U3 HanbOonee 3pPeKTUBHBIX aTrOPUTMOB HEIJIaAKOH ONTHMHU3ALNY.

r-alnropuTM UCIIOJIB3YETCS c OonbLIIMMHU 3HAYECHUSIMH
KOO UIMEHTOB pacTsukeHUst mpoctpanctBa (=~ 2). Ilostomy mpu
pelIeHny 3aja4 HeOOJbIION pa3MEpPHOCTH C OOJBIION TOYHOCTBIO 3TO
MOJKET MPHUBECTH K BBIPOXKACHUIO MaTpHIlbl npeodpa3oBaHus. B padote
[3] nmpemtoxeHa  mporeAypa  peryspH3alldd  3TOH  MaTPHUIIBI
MIPUMEHHUTENBHO K I-aITOpUTMY

OTMeTuM, YTO K HACTOSIIEMY BpPEMEHH pa3pabOTaHO CEMEWCTBO
Moau(uKanui r-alropuT™Ma ¢ MPOTPaMMHBIM YTIPABICHUEM 3HAUYEHUSMHU
K03 (QUIIMEHTOB pacTshKeHus mpoctpaHcTa [4], [S]. B aTo cemeiictBo
BXOJIUT W QITOPUTM C PACTSHKEHHEM IIPOCTPAHCTBA MO HAIPaBICHHUIO
Pa3HOCTH HOPMHPOBaHHBIX cyOrpamuentoB [6]. [IpuBeneHHass B JaHHOM
paboTe mpoueaypa peryisapu3alii MOKET HCIONb30BATHCA U I 3TOTO
ceMelicTBa MOAM(UKAIIHNIA I-aaropuTMa.
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PaccmarpuBaetcs 3aja4a 0e3yCIIOBHOM MUHUMHU3ALAN
cyomuddepennupyemoit dynkmmu  f(X) B R". O603nHaunm of (X)
MHOXeCTBO cyOrpaauenToB ¢yHkmuu f(X) B Touke X. OOmas cxema

paccMmarpuBaeMbIX (CyO)rpaMeHTHBIX alTOPUTMOB C TMPeoO0pa3oBaHUEM
MIPOCTPAHCTBA COCTOUT B CIEAYIOLIEH UTEPATUBHOU MTPOLIEypE:

X1 =% ~ BB/ B9 I, 1)

rae h, — maroBslid MHOXHUTENb; g, €0f (X, ); B, — Marpuma obparHas k
MaTpuile npeobpasopanus mpoctpanctea A (B, =A'); g, =B,g,
CyOrpalMeHT B MpPeoOpa30BaHHOM MPOCTPAHCTBE, COOTBETCTBYIOUIUI
cyOrpaguenty (¢, B HCXOXHOM mpoctpancTse. Ilycts g, ., €0f (X, ;)
0,., =B.0,,,- Ha mare k+1 BrmonusieTcss odepenHoe Mpeodpa3oBaHue
npoctpanctBa: B, , =BT, ,, rae T,,, —onepaTtop oOpaTHblil k onepaTopy
OYepeHOro IpeoOpa3oBaHMsl TNpocTpaHcTBa. /[l paccMaTpHBaeMOro
cemeiicTBa MoxudUKAIMl r-anropuT™Ma orneparop T,,, OIpexelsercs Ha
OCHOBE CyOrpagueHToB ¢, u g, ;.

[Tporeaypa perymnsipu3aid COCTOUT B JOMOJIHUTEIBHOM YCIIOBUH Ha
JAeTepMHUHAHT oreparopa T, ., : detT , =1.

PaccmoTpum nmpumMep MoauQHKaLINK r-aaropuT™a.
B r-anroputme mucmonb3yercs onepaTrop pacTsKEHHs MPOCTPAHCTBA

[2: RM)=(a—Dym' +1, rme neR", o — HanpaBieHue u

K03 PULIMEHT pacTsHKEHUS IPOCTPAHCTBA, |n| =1 a=0.

Omneparop Ty, = Rﬁm (7e)s hea =G = 9N 1 G = G II-
Kak cnemyer wu3 wurepatuBHOW cxembl (1) B r-aaropurme
WCTIONIB3yeTCA Omepanus JeneHns Ha |g, | — HOpMy cybrpammenta B

npeoOpa3oBaHHOM  TpocTpaHcTBe. [loaToMy TpH  MPOrpaMMHOM
peanuzanuy r-aJropurMa HeoOXOJUMO TPUHITH MEphl 10 YCTPAHEHHIO
BO3MOKHOI OIIMOKM «IeJeHHe Ha HyJb». OJTO CBS3aHO C TEM, YTO

0 =B,9(X,,), a maTpuna B, paBHa ImpOM3BEACHHIO MATPHII OIEPATOPOB
«oxarus» (B, =B, R, (n,,)). Orcroma cnenyer, uto ¢ yBenuueHnem
4yclla UTepalui BenuuuHa |(, | MOXET OBITh CYIIECTBEHHO MEHBIIE

|9, |. Takum oGpa3oM, BO3MOKHA CHTyalHs, KOIJa 3ajgada ¢ 3aJaHHON
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TOYHOCTBIO €llle He pellleHa, a BeMduHa | §, | IPUHIMAeT HeTOmyCTHMO
MaJioe 3HaYeHHeE.

Jns  yueta Takod CHUTyallud B HEKOTOPBIX MPOrPaMMHBIX
peanu3anusgx r-ajJropuTMa HCIOIB3YeTCs MPOoIeaypa «BOCCTAHOBICHHSD
Mmarpunel  B,. OpHako ucCHONb30BaHME TAKOW IPOLEXYPHl MOXKET
MPUBECTH K YBEIMYCHUIO TPYJOEMKOCTH allTOPUTMA TIPU PEIICHUH 3a]1ad
HEOOJIBIITOH pa3MEPHOCTH C BBICOKON TOYHOCTBIO.

[ponienypa peryssipusalid NPUMEHUTEIHFHO K r-allTOpUTMYy OyIeTr
coctoATh B cuenyiomeM. 3ametnm, uro det(R, (M) =Py, <1. Bmecro

oreparopa Re. . (i) Oynem UCTIOJIb30BaTh oreparop

FNQBH1 ) =@/ a”jBkﬂ)Rﬁm (ny), s kotoporo det(liﬁh1 (my))=1. Taxum

o0pasoM, cooTBeTcTByIOIee omepatopy R, (n,) npeoOpasosanue
IIPOCTPAHCTBA MPOMCXOJUT C coXpaHenneM oobemoB. Oneparop R, ()

(aKTUYIECKH MOKHO HHTEPIIPETHPOBATH KaK «PACTSHKEHHE» MPOCTPAHCTBA
orepatopoM R, (n,) ¥ paBHOMEPHBIM CXKAaTHEM I10 BCEM HANPABICHHMAM

¢ K03hhHULIEHTOM P? B =1/ ,“fam . 3aMeTuM, 4TO 3TO JIONOJIHUTEIBHOE

CKaTHEe HE W3MEHsIET CTPYKTYpy IIOBEpXHOCTeH YpoBHS (yHKIMH —
W3MEHSIETCS JIUITb UX MacIiTao.

Takum o0pazoM MOAMGUIMPOBAHHBIN aNTrOpUTM 0003HAYaeTCS B
nanpHeiinem Kak R-anropur.

[MpuBeneM pe3ynbTaThl YUCICHHBIX HCCIEAOBAaHUN A((EKTUBHOCTH
R-airoputva B CpaBHEHHMH C I -allODMTMOM HAa TpUMepe 3ajauH
MUHUMM3AIMK QyHKIUU Po3enOpoka [7] st AByX mepeMeHHbIX:

f(x,y)=(1-x)*+100(y — x*)°.

a k kg krestart
R| 2 |66]|224 0
r| 272|231 3
R | 3 ]48]265 0
r | 3 |61]289 4

Tadanna. Muanvuzanus pynkoun Pozenopoka.
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B r1abmuile mpuHATH clenyiompe obo3HaueHmsas: K — Homep

WTEPALUK, HA KOTOPOH anropuT™ Ipekpatun pabory; K, — KonmdecTso

BBIUUCIICHHN CyOrpajuenTa; K — KOJIMYECTBO TPOIEITyp BOCCTAHOB-

restart
nenns MaTpuibl. TogHOCTH pentenus 1o ¢pyHkimonamy 107°,

BobiBoabl. Pe3ynbTaThl YHCICHHBIX MCCIICIOBAHUN MOKA3bIBAIOT, YTO
3 (pEeKTHBHOCTH R-anropuT™Ma M r-adropuTMa IPUMEPHO OJMHAKOBEL.
OIHaKO MCHOJIB30BaHUE MPOLEAYPHI PETYISIPH3ALUHA MAaTPUIBl YIydIIaeT
YCTOHYMBOCTh QITOPUTMOB C TPEOOpPa3OBaHMEM MPOCTPAHCTBA MO
OTHOILICHHUIO K OIIUOKaM OKpPYTJICHHUSI.

PaGota BreimonHeHa mpu uacTH4YHOM monuepkke Volkswagen
Foundation (rpaaTt No 90 306 — H. I'. X)KypGenko).
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AJITOPUTMBI BHYTPEHHUX TOYEK:
HCTOPUS, PE3YJIBTATHI HCCJIEIOBAHUM,
MPUJIOKEHMS U MTEPCIIEKTUBBI'

B.A. 30PKAJIBIIEB,
Jlumuonoruveckuii unerutyr CO PAH,
Hpxyrtcek, Poccust

vizork@mail.ru, https://www.zorkaltsev.com

Annomayun.  Paccmampusaiomes — cemeticmea  npamvix U
0BOUCMBEHHBIX AN2OPUMMOE GHYMPEHHUX MOUEK NPUMEHUMETbHO
K peuwenuio 3a0au TUHEUHO20 U HeTUHEH020 NPOZPAMMUPOBAHUSL.
Hznacaemcs ucmopus co30anusi U pa3eumusi  aicopummos.
Ipusoosmes nogvle mooupurayuu areopummos 6HYmMpeHHUX
mouex, cooepxcawjue KaxK YACMHBINL CAyYau paspabomanmvie
pawee anzopummol.

Kniouesvie  cnosa: mamemamuueckoe — NPOSPAMMUPOSAHUE,
JIUHELIHbLE HePABEHCMEA, ANCOPUMMbL BHYMPEHHUX MOYEK.

Beenenne. B noknazne paccMaTpuBalOTCs aNTrOpUTMBI pEILICHHS 3a1a4
MaTeMaTHYECKOr0 MPOTPaMMHUPOBAHMS, OCYLIECTBISIOIIMX BBOX B
00JIaCTh JONMYCTHUMBIX PEIICHHWH M ONTUMHU3ALMIO IYTEM HTEPATUBHOIO
YIIy4IIEHUsI B MHOKECTBE BEKTOPOB, YAOBJIETBOPSIOIINX OTPaHUYCHHUIM-
HepaBeHCTBaM B crTporoil ¢opme. IlpuBomsrcs cemeiicTBa NPSMBIX,
JBOWCTBEHHBIX, CAMOCONPSDKEHHBIX QJITOPUTMOB, ITOJUHOMHHAIbHBIE
QJITOPUTMBI ONITUMH3ALUH B KOHYCE IIyTH aHAUINTHYECKUX LICHTPOB 3a/1a41
JMHEHHOTO NporpaMMHpOBaHus. lIpencTaBieHbl MONyYEeHHBIE aBTOPOM
Pe3yabTaThl IO TEOPETUUECKOMY 0OOCHOBaHHMIO aIrOPUTMOB. B yactHOCTH
BBIJICJICHBl [TOJMHOXKECTBA alTOPUTMOB OONajaroIuX JHMHEHHOH WU
CBEPXJIMHEWHOW CKOPOCTBIO CXOAMMOCTH, ACHMTOTHYECKH HE 3aBHUCALIEH
OT HCXOJHBIX JaHHBIX pemaeMoil 3amaun. M3mararoTcst pe3ynbTaThl
9KCIEPUMEHTAIBHBIX MCCIIEN0BAaHNI BAPHAHTOB AITOPUTMOB Ha TECTOBBIX
npuMepax M OpH  pealu3alud  psjga  MaTeMaTHYeCKHMX —MoJemei
sHepretukd. (Oco0oe BHHMaHHME YIEJNEHO TMEPCIEKTUBAM Pa3BUTHA
aJITOPUTMOB BHYTPEHHUX TOYEK.

! PaBora BeimonHena npu moxnepxke PODU mpoext Ne 19-07-00322
U B pamkax npoekta PAH Ne 0279-2019-0003.
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VcXonHBIM HMITyJIBCOM CO3JIaHMsI paccMaTpUBAeMbIX aJITOPUTMOB
nociykmina unes 1965 r. JI.B. KarropoBrnua onpezeneHus: JBOMCTBEHHBIX
OLIEHOK u3 HEOIITUMAaIbHOTO IU1aHa 3aJauu JIMHEHHOT O
POTPaMMUPOBAHUS IIyTEM AamIlpPOKCUMALUU METOJOM HAUMEHBIINX
KBaJpaTOB YCIIOBUSA JOTOJHAMOIIEH HexecTKocTH. Ha ocHOBe aTON MIen
Ob1 co3man B 1967 r. anroputMm W.W. JIlukuHa perieHus 3a1ad JHHSHHOTO
U KBajpatTuuyHoro mporpammupoBanus. IIposenennsie WM.W. JIukuHbIM
comectHo ¢ C.M. Anmpizom B Unactutyre mMatematruku CO AH CCCP
9KCHEPUMEHTANIbHBIE HCCIIEAOBAaHMS MO3BOJMWIN BBIIBUTH 3((EKTHBHBIHN
BapHaHT airoOpuTMa M [OKa3ald €ro XOpOIIHWE BBIYMCIHUTEIbHBIC
MEPCIEKTHUBBI.

B 1972 r. W.M. lukuHbiM, paboOTaBIIMM B TO BpEeMs YXKe B
Cubupckom suepreruueckoM wuHCcTUTyTe CO AH CCCP (T. HpKyTCK)
Obula TOATOTOBJICHA M 3alUiieHa B VIPKyTCKOM TIOCyZapCTBEHHOM
YHHMBEPCUTETE KaHAMIATCKas IUCCepTalus [0 JaHHOMY alroputmy. B
muccepranuu  HeOompmoro oO0bema (menee 40 crpaHum) ObUTH
MIPEICTABIICHBI onucaHue IrOpUTMa, ero TeOMETPHUYECKHUE
UHTEPIPETALUH, PE3YyNbTaThl 3KCIEPUMEHTAJIbHBIX HCCIEIOBAHUN H
nonyuyeHHsle WM. JIuKMHBIM =~ pe3yibTaThl [0  TEOPETHYECKOMY
000CHOBaHUIO. A HMMEHHO OBLIO [I0Ka3aHO, YTO MpPHU ONTHUMHU3ALUHM B
00JIaCTH JOMYCTHMBIX PELICHWH HEBBIPOXKICHHBIX 3aJad JIMHEHHOTO
MPOrPaMMUPOBAHUSL AJITOPUTM C JIMHEMHOW CKOPOCTBIO CXOJIUMOCTH
OPUBOAUT K ONTHMAIbHOMY PELICHHI0 C MHMHUMAaJIbHBIM HabopoMm
aKTHBHBIX orpaHnueHuil. To ecTh, JOKa3aHO, YTO AITOPUTM HPUBOIUT K
OTHOCUTEJIbHO BHYTPEHHEH TOYKE MHOKECTBAa ONTHUMAJbHBIX PEIICHHUMH,
YTO SBJISIETCS BAXKHOW OCOOCHHOCTBIO PACCMAaTPUBAEMBIX aJITOPUTMOB.

Hayunbim pykoBogurenem Obi1 JI.B. KantopoBuu. OnmonupoBanu
W3BECTHBIE POCCUICKMI M yKpamHCKui ydeHele B.JI. MakapoB u
H.3.Ilop. C 70-x rogoB 3TOT METOA AaKTUBHO PAa3BUBAJCA TOJBKO
poccuiickumu Maremarukamu (10.I'. EBtymenko, B.W. 3opkanbsues, B.I'.
Kaman) 1 Hamen akTMBHOE MPUMEHEHUE MPH Peau3aluy psijaa Mozemen
9KOHOMKHM M 3HepreTuku [1]. B npyrux cTpaHax MOBBIIIEHHBIM HHTEPEC K
ITOPUTMaM paccMaTpUBaeMOro THIAa BO3HUK Iocie myOnukanuu B 1984
rogy anroputma H. Kapmapkapa, sBasitornerocst pakTudecku yxXyAILIeHHO
Bepcueit anroputma M.1. Jlukuna.

KomoOnnunpoBansblii anroputMm. B [1] paccmarpuBancs airoputm,
COYETAIOMMH B EOUHOM BBIYMCIMTEIBLHOM IIpoliecce BBOJ B 00J1acTh
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JNOMYCTUMBIX  pENICHHH W ONTHMHU3alHio. [IpuBeneM  HOBYIO
MOJTU(HUKAIMIO TAKOTO KOMOWHHUPOBAHHOI'O aNropuTMa JUIsS 3aJadd
JIMHEHHOTO MPOTPaMMHUPOBAHKS B CTAHIAPTHOU (popMe M TBOMCTBEHHOH K
HE:
¢'x — min, Ax=b, x>0; (1)
b'u — max, g(u)= ¢ — ATu>0. (2)
3amanel Mmatpuna A pasmepa mMmxn, Bektopel beR"™, ceR".
ITepemennsie 3ana4 (1), (2) cocrapusior BexkTophl XeR", ueR™.
CrtapToBOif TOUYKOH MOKET CITY’KHUTH JTFOO0 BEKTOP X’ u3 R" co Bcemn

MOJIOKHUTEIBHBIMU KOMITOHEHTaMu. Hanpumep, X? =1, j=1,...,n.
AJITOPHTM BBIPaOaTHIBACT IOCTIENOBATEILHOCTh BEKTOpOoB X' 13 R"
TaK)Xe CO BCEMH IOJIOKUTEIBHBIMA KOMIIOHEHTaMu, Tiae K =0, 1, 2,... —
HOMep wurTepanmu. Ha Kakmaoil WTepamuy OCYIIECTBISETCS CIeXyIOIas
MOCIIE0BATENBHOCTD TEHCTBHIA.
1. BeruucnseM BEKTOp HEBS30K OTpaHHUYEHHI-paBeHCTB 3aqaun (1):
r*=b-Ax*. (3)
2. OmpenenseM BEKTOP TMOJIOKUTEIBHBIX BECOBBIX KOA((UIIMEHTOB
d“ u3 R", KOMIOHEHTBI KOTOPOTO MOJKHBI YIOBIETBOPATE
HEepaBeHCTBaM

(<) 2d¥ > o(x¥), j=1....n. @)
3nech O, O HEKOTOpbIe (PYHKIMU OT TOJIOKUTEIHLHOTO BEIIECTBEHHOTO
apryMeHTa Takue, 4To npu jJrooom a>0

o(a)>o(a)>0. (5)
TpebyeTcs Takke BBITOTHEHUE CICIYIONIETO YCIOBHUS
a(a) _ Q(EJ _ (6)
a(z) z
Hampumep, MOKHO BOCITOJIE30BaThCS MPABUIIOM
k kyp
di =(x}) (7
rae p>1 — 3amannbiii mapamerp. B aTom cioydae ipu 0=>0
o(a)=c(a)=a’. ®)

k

3. Onpenenum  BexTop-QpyHKIMIO S(f) co 3HaueHusmum u3 R,

3aBHUCAIIYI0 OT BEIICCTBEHHOTO MapaMeTpa [, Kak pelieHne
BCIIOMOTATEJIbHOM 3aa4H:
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Zn:c‘j((ﬂ)sj+ Z(s /d¥ £) = min, As=r", 9)
=1

j =1
C BEKTOPOM IIEPEMCHHBIX seR". 31ech
c(B)=c- B (10)
npu

y§ =1/x{, j=L,....n. (11)

Jlns 3amamus BekTOp-(yHKIMH S<(f) MOCTATOYHO BBHIYHCITHTH €€
3HAa4YeHUs B IBYX TOYKaX, TaK KaK npn mobom [
s (ﬁ) s'0)+ £ 5'(1). (12)
Boruncienne Bektopa S (f) Ipu AByX 3HAUCHUSX f§ CBOAUTCS K 3a/aue
pelieHuss OBYX CHUCTEM JIMHEHHBIX ypaBHEHUM € ONHOW M TOH Xe
CUMMETPUYHOM HEOTPULATENBHO OMNPEICICHHOM MaTpuued U OByMA
BEKTOpaMH B NPaBOM YaCTH CHCTEMbl. B BBIUMCIMTENBHOM OTHOILEHHH
Takas 3aJada paBHOCUJIbHA MOMCKY PELICHUS TAKOW K€ CHCTEMBI C OTHUM
BEKTOPOM B IIPABOM YacCTH.
JeiicTBUTENBHO, IPHU TFOOOM 3aITaHHOM [

S(ﬂ) ngJ(U (B),B), J=1.. (13)
rJ1e BeKTOp U(B) BISICTCS peleHHeM 3a1a4n 6e3ycn0BH0171 MHHUMM3AIAN
KBaJPaTUYHOM BBIMYKIOH (YHKIMHM OTHOCHTENILHO BEKTOPA HEPEMEHHBIX
ue R™

n m
%Zdjk(g'j‘(u,ﬂ))z ~3rku, > min. (14)
j=1 i=1

B (13), (14)

g'(u, f)=c'(p)-A"u. (15)

[IpupaBHSB TpajMeHT IelIeBOi (QYHKIMH BCIIOMOTATEIbHOM 3aadn
(14) HynmeBoMy BEKTOpY MOIYYHM CHCTEMY JIMHEHHBIX YpaBHEHHH, Yy
KOTOpO# OT mapaMeTpa [ 3aBHCHUT TOIBKO BEKTOp B TPaBOW YacCTH.
IIpuyem 3Ta 3aBUCUMOCTD JIMHEHHAS.

B kxagecTBe MOSICHEHUSI OTMETHM, YTO BCIIOMOTaTeNbHas 3amaqa (14)
SIBJISIETCSL  PABHOCWJIBHOM, CHUMMETPUYHO JBOMCTBEHHOM K HCXOJIHOMI
BCIIOMOTaTeNbHOM 3a1a4de (9).

4. Brruncnenue mara KOPpeKTUPOBKH pemeHus. IlycTs y 3amaHHBIN
mapameTp u3 oTkpeiToro maTepBana (0, 1). Hanpumep, =0,9. 3agano

TaK)ke BepXHEe 3HaueHue [ sl ONpeAesieMOro MO MPUBOJUMBIM
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HWKe mpaBwiaM 3HadeHust [ . O003HaunM A, fy pelieHne ogHoi u3
MIPUBOJIUMBIX HIIKE 32/1a4 OTHOCUTENILHO TIEPEMEHHBIX A U f3 .

Ecnn rkqéO, TO pelaeTcs 3amada:
A—max, As(B)+yx>0, 1>4, > B>0. (16)
Ecin r*=0, To pemaercs 3amaua:

n
Y cis¥(B) — min, K (B)+1x*>0, B> p>0. (17)
j=
B npuBoanMBIX HIXKE pe3ynbTaTax pacyera AJs perieHus 3anad (16),
(17) wucnonmp3oBancs MeToOA 30J0TOro  cedeHus. OTMeTum, dYTO
MakCUMaJbHOE  3HaYeHWe  IeneBod  QyHKouu  3agadn  (16),

paccMaTpuBacMoe Kak HesiBHass (DyHKIHSI OT MEPEMEHHOW [3, SBIAETCS
Boruytoil ¢ynkuueii. LleneBas ¢pynkuus 3agaun (17) mpu £, ¢ KOTOPBIMH

OHa JIOCTUTaeT HEeTMOJIOKUTEIbHBIX 3HAUYEHUH, SBISETCS BBITYKION
HesiBHOM (yHKumeit or [ (mpuyeMm Takwe 3HaueHHsS [§ COCTaBISIIOT

WHTEpBaJl C HWXKHEH rpaHumed paBHOH Hymo). OTH 1Ba (Qakra
00OCHOBBIBAIOT ~ MPAaBOMOYHOCTh HCIOJIb30BAHUS METONA  30JI0TOrO
cedeHus A pemenud 3ana4 (16), (17).
5. OcyIiecTBIsIETCSI HTEPATUBHBIN TIEPEXOI:
X=X+ 4, S4B ). (18)
3ameuanus. 1. U3 orpannuenuii 3amau (16), (17) u urepaTuBHOTO
nepexona (18) ciemyer, aTo
x> (1-y) X (19)
TTOCKONBKY BCE KOMIIOHEHTBI BEKTOPA X' HOIOKHTENbHBIE W Y<1, TO
TI0JI0XKHUTETHHBIMU OY/IyT M BCE KOMIIOHEHTBI BEKTOpa X'
2. W3 ycmoBus BcromorareiabHOW 3amaun (9) W UTEpaTUBHOTO
nepexoaa (18) cnenyer, uto
ri=(1-2,) r*. (20)
OtuM oOwsAcHseTcs noueMy B (16) BenuumHa mara Ax orpaHddeHa
cBepxy enuHuueil. Iloxa r’£0 MIPUBEICHHBIA AITOPUTM OCYIECTBIISIET
BBOJI B 00J1aCTh AOMYCTHMBIX PELICHUH. AOCOIOTHBIC 3HAUYCHHS KaxIOH
KOMIIOHEHTBI BEKTOPa HEBA30K 0alaHCOBBIX OIPaHMUEHHUN COKPAILAIOTCS B
(1-4) pa3 mpu A (0, 1]. D10 Gyner stan BBOJA B 00JIACTH JOMYCTUMBIX
pemwennii 3amaun (1). Yuer ueneBod (YHKUMH TO3BOJISIET IONIydYaThb
nepBoe JOMYCTHUMOE peleHre 0osee OIM3KUM K ONTHMATbHOMY.
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[Ipu r*=0 cormnacuo (20), mociie UTEPATHBHOTO TEpexoia HEBSI3KH
GATAHCOBBIX OTPAHMYCHWH TOIDKHBI OCTAaBaThCs HyneBbiMu, I '=0. Ha
3TOM 3Tamne OyIeT MPOMCXOJUTH ONTHMH3AIUS B OONACTH JIOMYCTUMBIX
peleHuid, OYAyT BBIMOJIHATHCS HEPABCHCTBA

c'X< cxk, (21)

3. MoxHO ampuopu 3apUKCHpOBATh 3HAYCHHE E =0. Torma
MPUBEACHHBIN ATOPUTM CTaHEeT OJTHUM u3 BapHaHTOB
paccMaTpUBABIIUXCS paHee alTOPUTMOB METOJa BHYTPEHHHX TOueK. B
YaCTHOCTH, TPH TIPaBUJIC BBEIYHCICHUS BECOBBIX Kod(duruenToB (7) mis
p=2 Tony4uuM Haubojee H3BECTHBHIA AJITOPHTM BHYTPEHHHMX TOYEK, 3a
KOTOPBIM 3aKkpenuioch HazBanue «affine scaling method».

JUisi BAPHAHTOB aITOPHTMOB ¢ 3 =0 NPUMEHHTENBHO K IPOIECCY

ONTUMH3ALUHN B 00JaCTH AOMYCTHMBIX PELICHUH NPU MPEANOJIOKEHHH O

HEBBIPOXKJEHHOCTH 3amaun (1) moka3aHo, dYro BbIpabaThIBacMbIe

k

TI0CITEI0BATENLHOCTH BEKTOPOB X© , U =uk(0) CXOJIIATCSI HE MCHEe 4eM

JUHEWHO K OTHOCHTEIBHO BHYTPCHHHUM TOYKAM ONTHMAJBHHBIX PEIICHHMA
3amad (1) m (2). llpuyem CKOpPOCTH CXOJUMOCTH JBOWCTBEHHBIX
MEPEMEHHBIX OyJIeT ObICTpee, YeM CKOPOCTh CXOJUMOCTH MEePEMEHHBIX

b
=¥
MOXHO OTMETHTh, YTO 0OJjiee ObICTpas CXOJMMOCTH CHadajia ObLia
BbIIBJICHA Ha OCHOBC OIIbITa HCIIOJIB30BaHUA aJl'OPUTMOB BHYTPCHHUX
TOUSK MpPH peau3allid MOJeNeld SHEpPreTHKH. 3aTeM ObLIO IMOIYYEeHO
TEOpeTUYeCKoe 000CHOBaHME. DTOT (DAKT JenacT I1eJIeCO00pa3HbIM s
0ojiee  OBICTPOrO  MOJYYCHHS pelIeHUS ucxogHou  3amaud (1)
HCIIOJIb30BaHUEC HBOﬁCTBeHHBIX AHAJIOTOB U3JIOKCHHBIX aJITOPUTMOB B TOM
gucie «dual affine scaling method». Jlns amroputMoB ¢ BECOBBIMH
koadp¢uimenramu  (7) npu pPe[l, 3] maHo goKa3aTeNnbCTBO 0e€3
NPEANOJIOKEHHs O HEBhIpOXKICHHOCTH 3anaun. [lpuuem s pe(l, 3]
OBLJIO ZI0Ka3aHO, YTO CKOPOCTh CXOJAUMOCTH ACUMTOTHYECKH HE 3aBUCUT OT

HUCXOOHBIX NaHHBIX, B TOM YHCJIC, Pa3SMEPHOCTH 3aJa4u, TaK KaK
ka+1 . )_(‘

—ka - )_(H —> @ -y), npu k—oo.

JIBOMCTBEHHOM 3a/1a4M: — 0, npu k—o.
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HccnenoBanus ToOKa3ajiW, 9YTO 3TO HEBEPHO IS aNTOPUTMOB C
BecoBbIMHA Kod(¢urnmenramu (7) mpu p=1. B srom crmyuae nuHeiHas
CKOPOCTh CXOJIMMOCTH 3aBHCHUT OT BCEX UCXOMHBIX JAHHBIX 3aJIaUH.

IMpu nmokazaTenbcTBaX YKa3aHHBIX U JPYruX (AKTOB HENb3s ObLIO
WCTIONb30BaTh  CTAHJAPTHYI TEXHHKY OOOCHOBaHHS  aJTOPHTMOB
onTUMH3aIUK. BMecTe ¢ TeM pa3paboTaHHYI0 TEXHOJIOTHIO 0OOCHOBAHHUS
anropuT™MoB mpH 3 =0 HENB3s JIErKO MepeHeCTH Ha M3I0KEHHOE 371eCh

00001IIeHIE TAKNX aJTOPUTMOB.

4. B mpuBOANMOI HWKE TaOJHIE TPEICTABICHBI OCYIIECTBICHHbIC
A.YO. ®unatoBeiM cpaBHHTENIbHBIE pacuersl «affine scaling method» u
M3TI0’)KEHHOTO 3/IeCh ajrOpUTMa C BeCOBBIMU Kod(ddummentamu (7) mpu
p=2. OrMmernM, dYTO Ha KaXJOH WTEepanud B OOOWX CIydasx
OCYIIECTBISIETCS TNPHUMEPHO OJWH M TOT JK€ OOBEM BBIYHCICHHH.
[IpencraBieHHbIe pe3yNbTaThl PACYETOB MOKA3BIBAIOT, YTO €CTh CMBICT B
UCTIONIb30BAaHUU W3JIOKEHHOTO 3/1eCh KOMOWHHPOBAaHHOTO alropuT™a. B
tabnue 1 mox TepMHHOM KOMOMHHPOBAHHBIM aJITOPUTM ITOHUMAETCS

anroput™ ¢ S =1, mog TEPMHHOM KOMOWHHPOBAHHBIN paCIIUPEHHBIN

MMOHUMAETCS alTOPUTM C 5 =2.

Hns  KaxIoW pacCMOTPEHHOW Pa3MEpHOCTH — paccMaTpHBalioCh
IBaaLATh CIIy4yaiHo CT€HEPUPOBAHHBIX 3a1a4 JIMHEHHOTO
MpOrpaMMUpPOBaHKs B cTaHIapTHOH ¢opme. B tabmune 1 mpencraBieHsl
cpeaHue apupMeTHYeCKHe 3HAUEHUs Yuclia UTepaluil moTpeOoBaBILIMXCS
JUIS PELICHUs 3a/1a4 U CPEJHEKBaJIpaTHUECKUE OTKIOHEHHS OT CPEIHUX
3HAUYECHUN YHUCIIa UTepanuil.

Tadauna 1.
CpeaHee 3HaYeHNe U CPeAHEKBAAPATHYeCKOe OTKIOHEHHe
OT CpeJHero 3HAYeHHs YHUCJIa HTepanuii, 1I0Tpe00BABIINXCS
AJIS peleHus 3aa4 JUHeHHOro MpPorpaMMHUpOBaHMSA
Pa3HBIX pa3MepHOCTEH

AxtroputMsi\ 20x40 40x80 | 100x200 | 200x500
Pa3mepHOCTb 33124
Addunno- it=31,1 it=33,0 it=29,1 it=28,6
MacCIITaOUP YOI 0=6,39 0=6,42 0=11,62 0=2,76
KoM6uHmpoBaHHsii it=25,1 it=24,1 it=23,1 it=22,6
0=4,44 0=4,97 0=7,99 0=0,66
KomOuHupOBaHHBIN it=23,6 it=21,7 it=23,6 it=22,5
pacuupeHHbIH 0=5,28 0=2,87 0=8,49 0=0,67
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W3 mnpencraBneHHbIX B Tabiauume | pe3ynbTaToB  BHUIHO, YTO
WCIONb30BAaHUE M3JIOKEHHBIX B JAHHOM CTaTbeé KOMOWMHHMPOBAaHHBIX
QITOPUTMOB TPUBOAUT K COKPALICHUIO IMPUMEpPHO Ha 25% BpeMeHHu
pemieHus 3aAad  JMHEHHOTO MPOrpaMMHPOBAaHHUS [0 CPaBHEHUIO C
ucxoaueiM  «addurno Mmamrrabupyromem» (affine  scaling method),
HanOoJiee N3BECTHBIM BapUAaHTOM AITOPUTMa BHYTPEHHUX TOUEK. MOKHO
OTMETHUTH TaKXe 0oJiee yCTOMYNBOE TIOBEEHIE TI0 BpeMeHH cueTa (boee
HU3KOE CPEIHEKBAAPAaTUYECKOTO OTKIOHEHUS OT CPEAHEro 3HAauCHHS
quciaa UTepanyid) M3JI0KEHHBIX 37€Ch AITOPUTMOB Ha 3aJadax OJHOH U
TOM K€ pa3MEPHOCTH.

Cy1ecTBeHHBIH MONOXKUTENBHBIA 3(PQeKT OBUT MONyYeH Takke B
BBIYUCIUTEIbHBIX 9KCHEPUMEHTaX (mpoBenEHHBIX TaKxe
AJO. OunaTtoBeIM) pelIieHHs HENWHEHHBIX CHCTEM ypaBHEHWHA U
HEepaBeHCTB. B TakoM BuIe mpencTaBisieTcs 3aJada pacyeTa JOMyCTUMBIX
PEKUMOB DJIEKTPO3HEPreTHYECKUX CUCTEM. VIcronp3oBaHUE anropuTMOB
BHYTPEHHHX TOYEK CONPOBOXKAAJIOCH TMPOLEAYpPaMH HUTEpaTHBHOU
nuHeapu3auuu. PaccmatpuBanuchk mnpegocrtasieHHble  O.H. BoiiToBbiM
YeThIpe CXEMBI AJIEeKTpOdIHepreTudeckux cucteM (¢ 152 yzmamu, ¢ 118
y3namu, 207 yszmamum u 211 y3mamum). Bo Bcex deThpex ciydasx
W3JI0KEHHBIM 37IECh AITOPUTMOM HOTPEOOBAIOCH CYLIECTBEHHO MEHBIIIE
(ma 15-50%) umncna oOparieHuil MaTpuibl (KOJMYecTBa TPEOOBABILIUXCS
pemrennit  3amaun  (14)). llpm 3TOM TONBKO B OIHOM IpHUMEpE
noTpedoBaIoch OONbLIE UTEpaLUil JIMHeapu3alnuu, Kaxaas U3 KOTOPBIX
TpeOyeT HEKOTOPOIo AOIOIHUTENFHOTO BPEMEHH, HO HE COITOCTAaBUMOTO C
BpeMeHeM OOpalleHus] MaTpUIbl METOJOM KBaJPATHOTO KOPHS. OTHM
METOAOM pelajach BcrmomorarenpHas 3agada (14) B mpumepax,
NPEICTABICHHBIX B Tabnuue 1 W MpH MOHMCKE [OMyCTUMBIX PEXKHMOB
3JIEKTPOIHEPTETUIECKUX CUCTEM.

Jluteparypa.
1. Juxua W.M., 3opkansues B.U. UrepatuBHOE perieHue 3agau

MaTEeMaTHYECKOr0 MPOTrPpaMMHUPOBAHHUA:  ANTOPUTMBI  METOJA
BHYTpeHHHX Touek. — HoBocubupck: Hayka, 1980, 144 c.
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ITPO BEJIMKI BIIXWJIEHHS PO3B’A3KIB
3AJJAY CTOXACTUYHOI'O ITIPOI'PAMYBAHHSA

E.i. KACUTCBKA, I1.C. KHOIIOB,

IncTutyT KidepHeTnku iMm. B.M.I'nymkoa HAH
Ykpainn, KnuiB, Ykpaina

knopovl@yahoo.com

Anomauis. Poszensoaiomscs 3aoaui CMoxacmu4Ho20
npocpamyeanHs, O0e eMnipuyHa QyYHKyis ~OyOoyemocs  3a
CHOCMEpEdCEHHAMY — 6UNAOKOBUX — Npoyecie ma nouig 3
ouckpemnum ma HenepepsHum napamempom. OyiHioromocst
6eNUKI BIOXUNEHHS PO38 A3KIG.

Kniouosi cnoea: 3adaua cmoxacmuynHoeo Npocpamy8anHs,
cmayionapHuil npoyec, 00HOpioHe noue, 8eauKi i0XuIeHHs.

3amadya CTOXaCTUYHOTO MPOTpaMyBaHHS BHHHUKAE 32 HEOOXiAHOCTI
NPUAHATTS pillieHh B YMOBax HeBH3Ha4eHOCTi. ONTUMI3yeTbCcS cepenHe
3HAYeHHS MOKa3HUKa SKOCTI KePYBaHHs, SIKUH 3aJIeKUTh BiJl BUTIAIKOBOT'O
napamerpa.

Henpsimi MeToau po3B’s3aHHS 3a[]a4 CTOXaCTUYHOTO MPOTPaMyBaHHS
MPEICTaBISIFOTh COOO00 APOKCHMAIII0 CTOXACTHYHOT 3a/1a4i HAOIMKEHOIO
netepMiHoBaHO0. OIHUM 3 OCHOBHUX HENPSIMHX METOIB € TaK 3BaHHH
METOJ EMIIPUYHUX CEepEeIHIX, KOIM TOKa3HUKH ampOKCHUMYIOThCS iX
eMITipuYHUMHU omiHKamu.[1-5]. OnHi€lo 3 OCHOBHHX TPOOJEM € OIliHKa
TOYHOCTI Ta JOCJIIKCHHS 301)KHOCTI TaKOi alpoKCHMAIlii Mpu 301IbIIeHH]
KIUJIBKOCTI CIIOCTEPEIKEHb.

PosrnsiHeMo HacTymHy MOJIENb.

Maemo 3a71a9y CTOXaCTUIHOI ONTUMI3aIil

minF (x)=Ef (x)=Ef (x,&),xe X, 1)
ne {é‘l Jdell } - cramioHapHa Yy BY3bKOMY PO3yMiHHI METPUYHO
TPaH3UTHBHA BHIAJIKOBA TIOCHIJOBHICTh, 3aJjaHa Ha HMOBIpHICHOMY

npocTopi (Q,G, P), 13 3HAUYEHHSIMH B JESIKOMY BHUMIpHOMY NpPOCTOpi

(Y,S); X - menycra kommakTHa migMHoxkuHa [, f:XxY —[ -
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nesika BigoMa (DYHKIIiSl, HEIIEpEepBHA 3a IEPIIUM apryMEHTOM Ta BUMipHa

3a IPYTHM.
3amiaumo (1) emMmipuaHOO (GYHKITI€O
1 n
Fn(x):HZf(x,fi),XeX, (2)
i=1
e {fl Ja=1.., n} - CIOCTEPEXKEHI EJIEMEHTH IOCHiJOBHOCTI { jd }

3a gesikux oOMexeHb Ha mepiuuii MomenT ynkuii f ([1]) ichye
po3B’a30k X, 3anadi (1). IIpumyctimo, 10 BiH €IMHUIA.

Sk BimoMo, icHye xoua 6 oHa TOYKa MIHIMyMY X, (a)) dhysKmii
(2), o € BuMipHOIO GYHKIIEIO @. 3a JESIKUX JOCTaTHRO HEOOMEKYIOUUX
ymos ([1]) X, (a)) 30iraeThes 10 X, 3 HMOBIpHicTIO 1 mpu N —> 0.

JlocnmimuMo BeNMKi BiAXWIECHHA X, Ta Fn(Xn) BiI X, F(XO).
[Ipunyctumo, mo ais Beix Yy €Y maemo f (0, y)— Ef (0) eK, ne K -

JesKa OIyKJla KoMIIakTHa migMuoxuna C ( X ) IMo3naunmo

A ={zeK:|7|= &},

A(QHL*Q%'“(E{GXP@I Lf M)—F(x)]@(dx)j}}

i=l x

X

I (z):A*(z):sup{Jz(x)Q(dx)—A(Q),Q eM (X)}

Teopema 1. Illpu euxonanui 0as {5,} nepwioi  cinomesu

cinepnepemiwiysanns ([2])

Iimsuplln P{

nsw N

minF, (x)—-min F (x)‘ > g} <

XeX xeX
<-inf{l(z),zeA}. ©)

Tpunycmumo, wo icnye noninwyioua ¢gynxyis v ois F (0) 6 X,

3 Oesikoro cmanoio p (ous.[3]). Hexaii X, — mouxa minimymy (2) na

MHONCUHI B(XO, p). Axwo & docmamubo mano, max wo
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v (|x—x|) <26 = |x=x|<p,

mo maemo
. 1
IlTjoinﬁln P{z,//(|xn —X|) = 25} <
<—inf{l1(z),zeA}. 4)

binvw moeo, skwo W onykna ma cmpozo spocmae Ha [0, ,0], mo

Iimsupiln P{l%, —%,| 2y (2¢)} <

nowo N
<—inf{l(z),zeA}. (5)

Po3rissHeMO HACTYmHY MoOjeNnb, € CIIOCTEPEKCHHS HE €
CTaIliOHAPHUMH.

Hexaii {é Jdell } - CTalioHapHa Yy BY3bKOMY PpO3YMiHHI
eproJuyHa  BWIIAJKOBAa  MOCTIJOBHICTh, 3aJlaHa HAa  IOBHOMY
HMOBIpPHICHOMY  TIpOCTOpi (Q, G, P), i3 3HAYECHHAMH B JEAKOMY
METPUYHOMY IIPOCTOPI (Y,p); X :[a;b] cl:; h:lIxXxY >l -
HerepepBHa (QYHKIIisI, OMTyKJIa 10 IPYTOMY apryMeHTY.

Hocnigumo npobiiemy

Fn(x):%izzl:h(i,x,;)emin,x‘eX. (6)

Hexaii BUKOHaHI HACTYITHI YMOBHU:
1) sup{E[max‘h(i,x,;)‘,x c X],i el }<oo;
2) npu Oyap-skomy X € X icHye
F(x)= ,I,EE EF, (x);
3) icHyroth Taki X, € X,C>0, mpo
F(X)=F(%)+c|x—x|,xe X. 7
3 ymoBu (7) BuImMBae, mo X, € €IMHUM PO3B’I3KOM IIPOOIeMH

F(x) —>min,x e X. (8)
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Teopema 2. Hexaui nocridosHicmo {f,} 3A00601bHAE  YMOGI

CUNILHO20 3MIUWLYBAHHS 3 KOe@iyieHmom
C
o (T) < ﬁ ,E > 0.
1+7
IIpunycmumo, wo npasa ma niea noxioni @gyuxyii F y mouyi X,
36ieaiomvcsi 00 810N0GIOHUX noxionux gynkyii F.
To0i 3a desikux obMediceHb Ha MOMEHMU NPABOL MA Ai60T NOXIOHUX

Gynuxyii W 6 mouyi X, (0us.[4]) 3 umosipnicmio 1 icnye Ny = no(a)),
maxe, wjo 3a ecix N >Ny 3adaua (6) mae eounuii po3s a30k X, = X,.

Teopema 3. Hexati nocnioosnicmo {ggl} 3a0060bHAE Nepulitl
cinomesi zinepnepemiutyeéanns. Ilpunycmumo makosc, wo gynxyis h ne
sanexcums 6i0 1, ma icnye maka cmana L, wo npasa ma nisa noxioui
Gyuxyiit Ny mouyi X, obmedxceni 3a abconOMHOW BEAUHUHOI YIEHO

cmanow L. Todi
Ilmsup—ln P(A)< —mf{V (2).ze[-L;0]}, 9)

26V (2) =sup {20 X) -V (Q) Q=M (X)),

V(Q)=!]ilpo%In Eexp{ me[ (%.&).h (xo,gi)}},
A ={w:argminF, (x)={x},xe X}, A’ =Q\A,.

AHanoriuHi pe3yibTaTd MAOTh MICHE JUIS OJHOPITHOTO Y
BY3bKOMY PO3yMiHHI BHITaJ[KOBOTO TIOJS 3 JTUCKPETHUM MapaMeTpoM,
TUTBKY Ha HHOTO OJ[pa3y HAKJIAJAETHCS YMOBA CHIBLHOTO MEPEMIIIyBaHHS 3
BIANOBIAHUM KO€(illiEHTOM, a TaKOXX HaKIaJaloTbCs YMOBH Ha HOro
MOMEHTH.

Takox aHaAJNOTIYHI TEOpEMHU CIIPABEIJIUBI JUIsl CTAI[iOHAPHOTO Yy
BY3bKOMY PO3yMiHHI BHIIQJIKOBOTO IPOIECY 3 HEMEPEPBHUM YacoM Ta
HETNepepPBHUMHU TPAEKTOPISIMH, JIe 3a/1a4a

min F (x) = Ef (x,£(0)),x e X, (10)
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AN POKCUMYETHCS Hp06neM0}o

min F; ( j ))dt, xe X, (11)

ne {f(t),te[O,T]}— CIIOCTEPEIKEHHST TIPOIIECY {rf(t)};T>O; f -

HerepepBHa QyHKIIisL.
3a HecTallloHapHUX CIIOCTEPEXEHb y HEMEpPepBHOMY BapiaHTi
MaEMO eMITipUYHy (QYHKIIIIO

x)=%]h(t,x,§(t))dt,XE X,

ne h - nenepepBHa (yHKIis, OMyKIIa 32 APYTUM apryMEHTOM.
Jiist OHOPIAHNMX BUIAIKOBHX IOJIIB 3 HEMEPEPBHUM MapaMeTpoM
TaKOX MArOTh MiCIle aHAJIOTi4HiI pe3ynbTaTu. TaM emmipuyHa QyHKIISI Ma€e

BUTJIST
T1 T2

1
For, (x)=_|_—” f(x&(tt,))dtdt, xe X;T,,T,>0;
1'200
TlTZ
For (X) “ t,t, %, & (L,t,)) dudt,,
2 00

ne ¢yukuis h HemepepsHa 3a BciMa aprymMeHTaMu Ta OMyKia mo X.

Pestomyroun oTpumaHi pe3ynbTatd, Tpeda BiIMITHTH, MO IX
MOJKHa BHKOPHCTOBYBATH JUIsS BHPIIIEHHS PI3HUX 3a]a4 CTOXAaCTHYHOI
OIITUMI3allii, perpecifHoMy aHai3i TOIIO.
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IINTAHHSA YAOCKOHAJIEHHS IHCTPYMEHTAPIIO
EKOHOMETPUYHOI MOJIEJII BUTPATH-BUITY CK
JJI1 ONIHKMU BIVIMBY IT-IHAYCTPII

E.Il. KAPIIEILb,

B.M. KY3bMEHKO
IncturyT kidepuernxku HAH
Ykpainn, KniB, Ykpaina
keleonora@ukr.net

Anomayin. Onucano npuHyunu 3acmocy8ants iHCMpyMenmapiio
exoHomempuuHoi modeni mabauyv eumpamu-eunyck (TBB) ona
OYIHKU 8NIUBY MAKPOEKOHOMIYHOT Ounamixu eanyseu I1T-indycmpii
Ha OKpemi 8U0U eKOHOMIYHOT OIATbHOCHI.

Knrouosi cnosa: npoepamui  3acobu onmumizayii  yugposoi
IH(hpacmpykmypu, eKOHOMEempuyHa Mooeib mabauyi eumpam-
eunyckie (MTBB), e6udu exonomiunoi OJisnvnocmi (BE/),
HAYIOHANbHI  PAXYHKU, MIdceany3esi NOmMoKu, o0cse Kinyesozo
CHOJCUBAHHS, NPOMIJICHE CNOJICUBAHHSL.

Abstract. The principles of using the tools of the econometric
input-output model to estimate the impact of the macroeconomic
dynamics of the IT-industry on certain types of economic activity
are described.

Keywords: econometric model, Input-Output tables (I0Ts), types
of economic activity (NACE), National Accounts, interbranch
flows, the volume of final consumption, intermediate consumption.

B mpomeci mpoBemeHMX JIOCHIIKEHb HANIOK MeTor  Oyno
3acTtocyBaTH po3pobneni B IHcturyti Kibepuetmku HAH VYkpainm
THCTPYMEHTH 3 OI[IHKH BIUIMBY MaKpOEKOHOMIYHOI JuHaMiku ramysei [T-
iHAycTpii Ha OKpemi BHJIM JUTBHOCTI Ta QOpMyBaHHS IUPPOBOT
THPPACTPYKTYpH EKOHOMIKH.

Po3pobniennii  iHCTpyMeHTapili  [03BOJIIE  aHA3yBaTH  Ta
JNOCTI/DKYBAaTH  CTPYKTYPHI 3pYILICHHs, TIOB'SI3aHI 3 MDKraly3eBUM
CTIOKMBaHHSM, Ta OL[IHIOBATH BILIMB TAKUX 3pYIICHb HA MAKPOCKOHOMIYHI
MOKa3HUKH (00CSAT BHPOOHMIITBA Y TOCTIMHMX IiHaX BHPOOHUWKIB). Llei
IHCTpYMEHTapiii TPYHTYETHCS HAa E€KOHOMETPUYHHMX MOJCISIX, TaOIHIIIX
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«sutpatu-sunyck» (TBB) Ta mnokasHmkax HamioHaapHUX paxyHKIB
Ykpainu.

JleTambHO  METOMOIUKY  eKOHOMempuuHoi  moldeni — mabiauysp
«eumpamu-gunycky (MTBB) namu Oyno HaBeneno B [1,2]. daktuuHO
KOOpJAMHATA BEKTOpa KIHIIEBOTO TIOMUTY MOXKHA pO3TISAATH K
MapaMeTpu CHUCTeMH 1 OyayBaTH 3aJeXHICTh OOCSTiB BHPOOHHIITBA Bif
CYKYITHOTO KiHI[eBOoro monuTty. lle mpu3BoAWTh 1O €KOHOMETPHYHOI
iHTepnperamii Momemi, MO0 Tepexbadae HASIBHICTh CTaTHCTUIHHUX
3aNIeKHOCTEH 00CATIB MIKTaly3eBHX IOTOKIB BiJf OOCATIB BHUIYCKY ¥y

napax MoCTayallbHUK-CIIOKUBAY — X; = X; (Xi,xj). Hamroro metoro Oyio

BU3HAYUTH BIUIUB CTPYKTYPHUX 3MiH OOCSriB BHpOOHMLTBA X, Ta
KiHIIEBOTO CIIOKMBAaHHs NMPOAyKWii X; B rpymi ramysed IT-inmycrpii na
MDKrany3eBl MOTOKH X; OKPEMHX BHJIB €KOHOMIYHOI JIisUIBHOCTI.

Po3pobuieni mporpaMu 103BOIISIOTH 32 JOMTOMOTOI0 PErpeciiHOro aHawizy
OIIHUTH CTYMiHb B3aEMOBIUIMBY TOKAa3HUKIB (HAmpuKiIam, KoedillieHTiB
Ay, B; TIpH JIHIAHIA 3a0€KHOCTI X; =C; + A; % + f;X;), piBeHb WLIBHOCTI

yepe3 Koe(illieHT MHOXHHHOI KOpeJsIii, HasBHOCTI (BiCYTHOCTI)
ABTOKOPEIIALii), TIOCTOBIPHICTh OOpaHUX TIMOTE3 Ta iHIII.

l'onoBHOIO MpOOIEMOI0  3alIPONOHOBAHOTO MiAXOLY CTa€ eTarl
HiITOTOBKHU BX1HOTO MacHUBY iH(opMarii. Hns noOymoBu
penpe3eHTaTUBHOI BHOIpKM TOTPIOHI CITBCTaBHI JlaHi 3a Tepiof
NpUHANMHI JBaALSMTH POKIB, IO IOB’A3aHO 3 PAIOM METOIOJIOTTYHUX
0COOIMBOCTEN TATOTOBKH CTATUCTUYHOI iH(OpMaAIii.

Hapaszi [lepxaBHa cratuctuuna ciyx0a Ykpaian (ACCY) nanae
iHpopMmarito 3a tabmumsamu «Butparu-sunyck» (TBB) mepeBaxHo B
arperoBaHoMy BUTIJIsI 3a 19 Bugamu ekoHoMiuHOI AisibHOCTI. Ha mpomy
piBHI arperyBaHHs ONIBILICTD Talxy3eil pealbHOTO CEKTOpY IMpelCTaBIeHI
onauM psinkoM BEJ] — «IlepepobHa mpoMHCIOBICTEY», IO YHEMOKIINBIIOE
iX geTanmbHE MOCHIHKSHHS. 3a TOCIiPKYBAHUH MepioJ pO3UIUpEHi MaTPHUIl
TBB, mo wmarTh B pi3Hi poku po3mip 38*38, 35%35, 42*42 ta 75*75.
Posmmmpeni marpuii HamarTh JOCTaTHIO 1HGOpPMAIIO IS OIHKH
MDKrany3eBoi CTPYKTYpU Ta B3a€MO3BSI3KiB 3a okpeMi poku. [Iporte, 3a
HEOOXiZTHOCTI MPOBEACHHS PErpeciiiHOro aHamily, BUHHKae Mpobdiema
CYMICHOCTI JIaHUX, OCKUTbKH BOHU migrotosneHi JJCCY 3 BUkopuctaHHsIM
pi3HOrO piBHS arperyBaHHs Ta aJanTOBaHi BiAMOBIAHO JO Pi3HUX BEPCii
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Kiracudikropa sunis exonomiunoi misutbHOCTI (KBEJ). (Rev. 1.1 Ta Rev.
2 NACE) [3, 4].

Jlnst y3rojpKeHHS PSAIB JAaHUX 332 TPUBAIUM TeEpioJ] 4acy MOEIHAHO
nBa migxonu: 1) po3pobieHe mporpamHe 3a0e3NedeHHS BUKOPHCTOBYE
iH(popMarttito 3 posmmupenux mMatpuip 3 2000 mo 2019 pik Ta arperye ii
BIJIMTOBITHO 10 00paHOi eKOHOMIYHOI TOCTAHOBKY PO3B'A3yBaHUX 3a/1ay; 2)
arperyBaHHs pO3IIMPEHOT0 MAacHBY JaHUX 3 OIHKOIO e(eKTHBHOCTI
arperyBaHHs 3a KpHUTepisiMH BiaMiHHICTH uncen Dpobeniyca-lleppona
BUXIJTHOI 1 arperoBaHoi Matpuilp [5, 6]. B mocmimkenni Oyno omiHeHO
e(eKTUBHICTh arperyBaHHs MAaTPHIb IS PI3HOTO PIiBHA YKPYIHEHHS 3a
JBOMa criocobamu arperyBanHs (puc.1).

e e L

NACE, Row. 1.1 MACE, Row. 2

e Agriculture, forestry and fishing A01-805

Frobenius number and its estimetions for different B5-BO

cB[13:24]
[ ' sssregetions of 0 tabis SEx3E [2-nd type)

2

DA [15.15}
s [37.15). DC[2s)
Do 20k DE
[z1zz)

TR T T

Frobenius member and its estim e
emgregetions of I teble 38x38 [1-st type}

o5 (24, oM [z}
oa {25}

o [z7.z=) _

e
[25.27) T
s01-s03  Secnsty. ges stesm s
w1 Water suppry; sewersgs o5

Flas} -

AEIIEENERR

el JoJels foe ool o -]

Puc. 1. [Ipukiaag maTeMaTH4YHOI OHiHKH e)eKTUBHOCTI 1151
3arajibHOeKOHOMIYHOT0 ajJaroputMy arperyBannsi matpuui TBB.

— Ilpu d¢opmyBanHi BxigHOrOo MacuBy iH(oOpmamii po3pobieHe
porpamMHe 3a0e3nedeHHs 103BouIse (puc.2):

— penaryBatu TBB BiamoBigHo 10 piBHA arperyBaHHs JaHUX;

— BuOpartu nepiof yacy abo HaOip POKiB JJIs aHATI3Y;

— BpaxyBaTu iHQuIALiI0 Ta GOpMyBaTH pAAM AaHUX Yy LiHAaX 0OpaHOro
0a30BOTO POKY.
Bnok ocCHOBHHMX MaTeMaTHUYHUX PO3PAXYHKIB 103BOJISIE:

— pO3paxoBYBaTH OCHOBHI KOe(iLi€HTH AJIsi MPOBEIEHHS PerpeciiiHoro
ananizy komnoHeHT TBB ta kopurysaTu ix napametpu;

— pO3paxyBaTH CTATUCTUYHY MOJIEJIb TaONHULi «BUTPATH-BHUITYCK»;

— po3paxyBaTH KOE(QIilliEHTH TIOBHHX BHTpaT Ta MPOBOJUTH iX
JOCTIPKEHHS B IMHAMII[I TIPOTSITOM KLTBKOX POKIB.
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Puc. 2. ®parmMeHT po60TH PO3p006.JIeHOTr0 MPOrpaMHOro 3ade3neyeHHs 3
(¢popmyBanHs BXigHoro macuBy ingopmamii

MeToonoriyHMiA TAXiJ TMOEIHYE KIACHYHY MOJENIh «BUTPATH-
BHITYCK» 13 TOCIIPKEHHAMHU JUHAMIKH TIOKa3HHUKIB TBB 3 Bukopucranusm
CTaTUCTUYHHX 3AJIKHOCTEHN Ta PETPeCiifHOTO aHai3y.

Po3po0eni iHCTpyMEHTH J03BOJISIIOTh BUPINIYBATH TaKOX 3aBIAHHS
CTaTUYHOI MOJIENI «BUTPATU-BUIYCK» SIK Y ii KIIACHYHIN MOCTaHOBIII, TakK 1
3aj1a4i, 1110 € JBOICTOIO J10 psAMOT MoJielti JIeoHTheBaA (BCTAaHOBIIIOE 3B'SI30K
MK BEKTOPOM JIOJJaHOi BapTOCTiI HAa OIMHHINI0 BHPOOJIEHOI MPOIYKINi Ta
MOCIYyT Ta BEKTOPOM pIBHOBOXHMX IIiH Ha Ii mociyru). Ilpuximan
PO3paxyHKY BiJIIOBITHOTO OaaHCy HaBEJIEHO Ha PUCYHKY 3.

5 2016 2017

Puc. 3. Ilpuxiiag apromaTH3anii po3paxyHky 6aj1aHcy Mixk BEKTOPOM J0AaHOL
BAPTOCTi TA BEKTOPOM PiBHOBAKHHUX LiH
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3anmportoHOBaHI ~ aNTOPUTMH 1 KOMIIOHGHTH  NPHUKIIATHOTO
MPOrPaMHOTO 3a0e3MeYeHHS JO3BOJISIOTh!

1) dopmyBaTH pO3paxyHKOBI 3aBIaHHA Ha 0a3i PO3UIMPEHOTO
MepeNiky BHIIB E€KOHOMIYHOI MisITBHOCTI, IO JO3BOJISIE
JeTai3yBaTH MOCHIPKeHHS 3 BIUBY ramysed IT-iHmyctpii Ha
MDKTalTy3eBY CTPYKTYpY;

2) OJOK pO3paxyHKy [IBOICTOI 3aiadi MOJENi «BHTPATH-BHITYCK)
JO3BOJISIE y3TO/KYBATH CITIBBIAHOIIEHHS MK I[IHOIO TOBapiB Ta
MOCITYT, IO HaNaloThes ramy3smu [T-iHmycTpii 1 3MiHK q0maHOl
BapTOCTi B HAIlIOHANBHIN €KOHOMII 3 YpaxXyBaHHSM OILIHOYHUX
Koe(iIieHTIB;

3) po3paxyHOK i OIIHKY BHIy (DYHKIIOHATBHOI 3aJIe)KHOCTI MiX

JUHAMIKOIO CTBOPEHHX TOBAPIB 1 MOCIYT 1 THHAMIKOIO OCHOBHUX CEKTOPIB
KiHLIEBOTO CIIO’KMBAHHS.
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Annomayusn. IIpeonosicenvr Memoovl u aneopummol HAXOHCOEHUs.
ONMUMANbHBIX cmpameuti 015l psi0ad MHOLOMEPHBIX MAPKOBCKUX
Mooenell meopuu 3ancog.HMcnonv3yemes annapam ynpagisieMuix
CYHAUHBIX npoyeccos. AHANOZUYHbIE Pe3YIbmamsl Mo2ym Obimb
nony4eHbl U 01 NOIYMAPKOBCKUX MOOeell meopuu 3andcos.
Kniouesvie cnosa:  cmpameeus, — Kpumeputl, — ynpasieHue,
ONMUMATLHOCMb, CTLYYAIHBLL RPOYecc

PaccmoTpum mozens ympaBieHHs CHCTEMON ¢ MHOTOMEPHBIMHU (Hha30BBIM
MIPOCTPAHCTBOM M TPOCTPAHCTBOM NPHUHATHS PEIICHHH.

ITyctb  OPOCTPAHCTBO ~ COCTOSHUH  SIBISETCS  JEKapPTOBBIM
npomsBeqeHHeM M MHOXECTB,  T.C. X=X x X, % x X .

IpocTpancTBo mpuHnMaemsix pemenuii A=A x A, x..x A,

Jns xaxpoir mapel X, € X, & € A oGosznaunm (X, a,)
0XKH/IAEMbIE M3IEPIKKH (3aTPaThI) 32 OJMH IEPHOJ, €CIH | - TIOJCUCTEMA
HAaXO/UTCA B COCTOSHUM X; B Hayalle NEPHOAd, U IPUHUMAETCS PENICHHE

a eA.
Ilycts oXupaeMble HM3JEPHKKU BCEH CHUCTEMBI 3a OJUH TNEPHOJ
r(x,a), rtme  X=(X,X5,., X)), a=(a,a,,..,a,) aABusercs
m
cemnapalbenbHo, T.e. nmeeT Bua I(X,a) = Z r(x,a).
i1
Hanee Oymem cuurarh, uyto mpocrpanctea X;, A, 1=1..,m u
(yukuun 1, (X,,&) yIOBIETBOPAIOT COOTBETCTBYIOLIMM YCIIOBHSIM,

MPUBEJICHHBIX BhILIE /Ui I(X,a) 00Iero Bua.
Tor;[a KpI/ITepI/Iﬁ (@ _ONTUMAJIBHOCTH ,Z[aHHOﬁ CTPATCTHUU 3alUIICM

CIIETYIOLIMM 00pa3oM:

230


mailto:knopov1@yahoo.com

P(x,6) =

lim SUP%EX > r(Xk Dk)_llmsup—E‘sZZr(x, ,d9),
J’_

N—00 k=0 i=L
rie X, = (X, X5,...,XX) — cocTostHmE CHCTEMBI B MOMEHT BpemerH K,

ok kK K K
=(a;,a,,...,a,) — BBIOpPaHHOE yIPaBICHIE B MOMCHT BpeMeHH K.

O6o3naunM =,(X) — 06aHaxoBO HPOCTPAHCTBO OrPAHUYCHHBIX
u3MepUMBIX 1o bBopemo  ¢ymkmmii  ma X C  HOPMOIi
m
V(X)=ZSUp|Vi(Xi)|.
i=1 X €X;

JIOKa3aHO ClieyromIee YTBEpKICHHE.

Teopema. ITyctb A — KOMITaKTHOE MPOCTPAHCTBO U OTOOpaXKEHHE
A: X — 2* nonynenpepsisao cBepxy, mycth cymectayer 2 (X,;) >0 na
(X,N),i=1m:

,uI(XI) SQI(BI /Xi,ai), Bi eN, i=1m

I[TycThb TakKe BBIMOIHEHBI CIEAYOIINE YCIIOBHS:
1) dynkuuu I, (X;,a,) nonyHenpepbBHBI CHU3Y Ha (X;,d,);
2) nepexoxanbie BepositHoctn Q, (B, /X;,d;) cmabo HenpepbIBHBI Ha
(%.a).

Torga B KJ1acce CTallMOHAPHBIX MapKOBCKUX

ACTCPMUHUPOBAHHBIX CTp&TCl"HI’I CyHIECTBYCT OIITUMAJIbHAsA
CTpaTerus C MHHUMAaJIbHON CTOUMOCTBIO

W = [V (X)u(dx), rae V = |nf {r(x a)+ jV(y)Q (dy / x, a)}

m

= int 0 0,a) + ViR 13-4 @) TT ey

) | J=L j#i

231



I'MBPUJHBIE METADBPUCTHUKHU B 3AJAYAX
IHOUCKA OIITUMAJIBHBIX MAPHIPYTOB

N.B. KO3UH, A.A. SEMJISIHCKUM,
3anoposkckuii HAIMOHAIbHBIN YHUBEPCUTET
3anopoxbe, YKpauHa

ainc00@gmail.com,

alex27398@gmail.com

Annomayus. Paccmampuseaemcs  epynna  OnmuMu3ayUOHHbIX
3a0a4, C6A3AHHAL C NOUCKOM MAPWPYmos/nymeil 80 836€UEHHOM
epage ¢ onpedenennvimu ycrogusimu. K maxum  3a0avam
OMHOCAMCA  PA3IUYHbIE BAPUAHTNBL  3A0a4U  KOMMUBOsdIcEpd,
3a0aua 06 uncnexyuu nymeil, 3a0a4a 0 CEIbCKOM NOYMANbOHE U
pAao opyeux. Bonvwuncmeo 3aoau smozo muna sensomes NP-
mpyonvimu. Tlokaszano, umo npaxmuyecku gce 3a0aqu, Ces3aHHbLE
¢ nocmpoenuemM ONMUMATLHBIX MApuwpymos 6 zpage, mozym
Obimb  cPOpMYIUPOBAHBL  KAK  3a0aYU  ONMUMU3AYUU — HA
¢paemenmaprnou  cmpykmype. Paccmompen psio  eubpuomnvix
AnROPUMMOB OMBICKAHUSL CYOONMUMATbHBIX peueHull nOO0OHbIX
3a0a4 HA OCHOGe KOMOUHAWUU (DPACMEHMAPHO2O aNcOPpUMMA U
U3BECTNHBIX MEMAIEPUCTIUK.

Knruesvte cnoea: cpagh, sadaua rxommugosizcepa, 3adaua o6
uncnexyuu nymeil, 3adaya CeNbCKO20 HOUMAanbOHA,
(ppacmenmapnas ~ cmpykmypa, — 360JIOYUOHHBIL  AJI2OPUMM,
AN2OPUMM NEPEMEULAHHBIX NPLI2AIOWUX TASYULEK.

PaccmoTpena rpynmna ONTHMH3AIMOHHBIX 3a/1a4 MapIIPyTH3alMd Ha
rpade, pOACTBEHHBIX 3amaue KoMMHUBOsDKepa. K Takum 3amauam
OTHOCATCS 3aJada KOMMHMBOSDKEpa, 3agadya 00 MHCHEKIUH IyTel
(KUTaliCKUil TMOYTANbOH), 3aJaya CeJbCKOTO IOYTAIbOHA, 33Jada O
JOCTaBKe TPY30B, U psiA Ipyrux. bonbmmHCcTBO 3THX 33724 siBisores: NP-
TPYAHBIMH W TIOTOMY [UIS HHUX OIPAaBJAHO NMPHMEHEHHUE METaIBPUCTHK.
[lokaszaHo, 4To Kaxzaas U3 PaCCMOTPEHHBIX 3a/1a4 MOKET ObITh CBeleHa K
MONCKY ONTHMAJIBHOW MEPECTAHOBKU B MPOCTPAHCTBE MEPECTAHOBOK Sy C
HEKOTOPBIMU OIpPaHUYECHUSIMHU.

[Myctb 3anan rpad G=(V,E) ¢ MHOXecTBOM BepuinH V U MHOKECTBOM
pebep E. Kaxxnomy peOpy € € E npunmcan HeoTpuLaTeNnbHBIA Bec(AI1HA)
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p(e)eR,. TpeOyercs HaWTH UMKINYECKUIl MapmpyT MHHUMAIIBHOU

JUTMHBI, MIPOXOASIIMN Yepe3 KaX Iyl BEepLINHY rpada poBHO OIuH pa3. B
3agaue 00 MHCHEKIMW MyTell TpeOyeTcss HAWTWM KpaTyallnii Mapuipyr,
npoxoAdmuil uepes Bce pebpa rpada. B 3agade o cenbckoM MoyTanboHe
HINETCS KpaTyalllvi HUKIMYECKUN MaplipyT, NPOXOASAIIMM uYepe3 Bce
BEpIIMHBI Tpada (MOXET OBITh MO HECKOJBKY pa3), K B KOTOPOM UIMHBI
pebep orpaHuueHBI 3aJaHHBIM YHCIIOM.

Bce paccmarpuBaemble 3amaud  MapIIpyTH3allMd MOTYT OBIThH
NpeACTaBiICHbl KakK  3aaydl  ONTUMH3alMd Ha  (parMeHTapHOH
crpykrype[2]. ®parmenrtapHoit crpykrypoir (X,E) Ha koHedyHOM

MHOKECTBE X Ha3bIBAETCS CEMEHCTBO €ro MOAMHOMKECTB, TaKOE, 4YTO
VE, €E,E #03ecE, E \{e} € E. Bceskuii MakCHMMaJIbHBIM 110 4YHCITY

3JICMEHTOB (h)ParMeHT MOXET OBITh MOCTPOSH C MOMOIIBID '"KagHOro"
anroputma [2].

s moucka cyOONTHMAaIbHBIX PEIICHUN pacCMaTpUBACMBIX 3ajad
mpelJiaraeTcsi  MCIONb30BaTh T'HOPHUIHBIE alTOPUTMBI Ha  OCHOBE
KOMOMHAIIUM WM3BECTHBIX META’dBPUCTHK W (PparMEHTApHOIO ajaropuTMa.
HccnemoBanbl B YacTHOCTH  CIENYIONIUE METa’BPUCTUKU:  METOJ
AMHUTAIMK ~ OTKKra[3],  DBOJIOIMOHHBIN  alrOPUTM,  AJITOPUTM
MepeMeIalHbIX Tpeiralomux jaryiiek[4]. TIpoBeaeH CcpaBHUTETBHBIH
aHaJN3 MPEJUIOKEHHBIX aITOPUTMOB.

Jluteparypa.
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MPAKTUYECKASA DOPPEKTUBHOCTb METOJA EQR JJIs1
PEIIEHUA 3AJAY TJIOBAJIBHOM ONITUMHA3ALIAUA

A.M. KOCOJIAIL,

YKpauHcKkuii rocyaapcTBeHHbIN
XMMHMKO-TE€XHOJOTHYEeCKH YHUBEPCHUTET,
JAnenp, Ykpauna
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Annomayusn.  Ilpueoosimcs  pesyiomamvl — MHO2OYUCLEHHbIX
CDABHUMENbHBIX — YUCACHHbIX — OKCNEPUMEHMO8 N0  PEUEeHUIO
MYTbMUMOOANbHBIX  300a4. Dmu  IKCHePUMEHNbl  HOKA3bl8AIOm
bonvuiyto npakmuyeckyio sgpgpexmusrnocmo memooa EQR.
Kniouesvie cnosa: mynomumooanvhvie 3a0ayu, mMemoo MOUHOU
K8aOpamu4HoU pecyiapu3ayuu.

OnTUMHU3aIMOHHBIC MOJIEH MPAKTUYECKHUX 3a/1a4 MOKHO pa3OUTh Ha
YEeThIpE KJIacca MO CBOEH CIOXXHOCTU. DTO JTUHEHHBIC 3a/1a4H, BBITYKIIBIC,
JMCKPETHBIC U MyJbTUMOAAbHEIE. CyIECTBYIOT U Apyrue OoJiee YaCTHbIC
KJIACChl ONTHMHU3ALMOHHBIX 3ajad. JIMCKpeTHble MOJEIN MOXHO JIETKO
npeoOpa3oBaTh K MYJIbTHMOJANBHBIM. TakuM 00pa3oM, OOJBIIMHCTBO
MPAKTHYECKUX 3a/1ay SBIAIOTCS MYJbTUMOJAIBHBIMH. JlJI1 Kaxaoro u3
MEPEYHCIIEHHBIX KJIACCOB 3aj1ad pa3paboTaHo TOCTATOYHO OOJBIIOE YUCIIO
MeTOoI0oB. BozHukaer mpoOieMa mnpakTHYecKOH SPQGEKTUBHOCTH ITHX
MeTo/I0B. bbuM  mpoBeneHBl  3HAUMTENbHBIE  HCCIEAOBAaHUS IO
MOJIMHOMUAJIBHON  CIOXKHOCTH  MeTozoB.  OnHako, HE  Bcerja
MOJIMHOMUAJIBHBI  METOJ JIydllle HEMOJIMHOMHAIBHOTO METOoJa IpH
pEIIeHNHN MPAaKTUYECKUX 3aj7iady. DTO YCTAHOBJIEHO JJISi CUMILJIEKC-METO/a,
KOTOPBIN SIBJISIETCS] HETIOJIMHOMUAEHBIM, HO TIPH PEIICHUH TTPAKTUICCKUX
JUHEWHBIX  3a/ad  3HAYWTEIBHO  MPEBOCXOAWT  ITOJMHOMHAIHHBIN
amncouansld - Meron. Ilosromy B mocinegHue TroAbl  HPOBEPKY
3GPEKTUBHOCTH  METOJIOB  OCYIIECTBIISIIOT ~ MOCPEJCTBOM  pEICHHS
TECTOBBIX W  MmpakThmdeckumx  3amad. OcoOEHHO  mpaKThdecKas
3pPEKTUBHOCT aKTyallbHa Ui MYJbTUMOJAJbHBIX 3a/a4y, TaK Kak
MTOCTPOUTH MOJMHOMHUAIBHBIN aITOPUTM JUIS PEIISHHS 3TOTO Kilacca 3a/1a4
MPAKTHYECKA HEBO3MOXKHO, YYHTHIBas OoyblIoe pa3sHooOpasue TaKux
3amad. [loaromy pa3paboTaHO MHOXKECTBO TECTOBBIX M IMPAKTHUECKUX
3aa4  MYJIbTUMOJAJIBHON YCIIOBHOM M 0€3yCIOBHOH ONTHMH3AIINU.
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MynbTUMOIANTbHBIE 33291 0e3yCIIOBHOI ONITUMH3AIIUU
NPEUMYIIIECTBEHHO TECTOBbIC. J[0CTATOYHO MOJHBIA UX mepedens (175
3aja4) mpeacTasieH B padore [1]. MynbTMOIanbHbIC 331a491 YCIOBHOM
ONTHUMH3AIUK,  MPEUMYIIECTBEHHO  MPAKTUYECKOTO  COJCPKaHWS,
npejcTaBiaeHsl B 1Byx 6a3ax Globallib Model Statistics u Minlplib Model
Statistics (Bcero 668 3amau), KoTopble JIerko HaiTh B Internet. Ecim ne
YYATHIBATH 33124V MaJIOW Pa3MEpHOCTH (YHCIIO TepPeMEHHBIX MeHbie 10
n OONBIION pa3MEPHOCTH — YHCIO TepeMeHHBIX Oombmie 500), To
ocrarercst 277 3amad (113 3amau mepBoit 0a3el m 164 3amaum BTOpOU
6a3bl). [lepBas 6a3a comepKUT 3a1a4 C HEMPEPHIBHBIMHU IIEPEMEHHBIMH, a
BTOpasi — C HEMPEPHIBHBIMHA M JUCKPETHBIMHU MEPEMEHHBIMHU (OYJICBBIMH U
HeTOYHNCIeHHBIMH). DTH 0a3el ObiTH co3zmansl B 2001 roxy u BoT yxe 20
JIeT Ha 3aJadax W3 3TUX 0a3 mpoBepsieTcs mpakTuieckas 3(QPeKTHBHOCTh
HOBBIX METOJIOB M TpOrpaMM Tho0ambHOH ontumm3anuu. Jlns
OOJIBIIIMHCTBA 3a/la4 M3 3TUX 0a3 TPUBEICHBI JIydIINE HaWJICHHbIC Ha
CETONHSAIIHUIA JIeHb pemieHus. Eciau s OONBIIMHCTBA TECTOBBIX 3a1ad
0e3yCIIOBHOM ONTHMHU3AIUM TOYHBIC PEIICHHUS WU3BECTHBI, TO IS 3ajad
YCIIOBHOM ONTUMH3AIUH PEIICHHS HEH3BECTHBI.

ITpu npoBepke npakTHyeckoi 3(H(HEKTUBHOCTH METOIOB MI0OATBHOM
ONTHMH3AIUKA BO3SHUKAIOT MPOOJIEMbI, KOTOPbIE MPUBOAATCS B cTaThe [2].
MBI TaKKe CTaBUM TOJA COMHEHHE 3(PPEKTHUBHOCTh TAKON MPOBEPKH MO
creayromuM  coodpaxkerusM. CylecTBYIONIME METOJbl TI00ATLHON
ONTHMH3AIUK, KaK TMPaBUIO, COJIEPKAT MHOXKECTBO HACTPAUBACMBIX
napameTpoB. Ecnu pelieHue 3ajadd  HM3BECTHO, TO BCErAa MOXKHO
HACTPOUTH MapaMeTphl METOJIA TaK, YTOOBI OH MO3BOJIHI HANTH U3BECTHOE
pemieHue. [losToMy 6a3a TecTOBBIX 3ajad Oe3yCIOBHOW TII00ATBHOI
onTUMH3aluK  Tpebyer  oOHOBieHus.  HeoOXomumMo  MOCTPOHTH
HecenapaOenbHble TECTOBBIE 3alaydl IMPOU3BOJIBHOW PasMEpPHOCTH C
HEU3BECTHBIMU pelieHUusIMU. CeToHs TAKUMH SIBIITFOTCS TOJIBKO (DYHKITUH
Rana m Egg Holder. MHOro mnoiMHOMHANIBHBIX TECTOBBIX (DYHKIIMI
MPOM3BOJBHON pPa3MEPHOCTH C HEM3BECTHBIMH PELICHUSIMH  OBLIO
npemiokeHo B pabore [3]. ABTOp 000OIIMI HEKOTOPHIC HW3BECTHBIC
TECTOBbIe (PYHKIMH, a TaKXe MNPEAJIONKHI HOBbIE HecenapaOebHbIE C
Heu3BecTHBIMU pemieHusiMu. [IpoBepka 3((eKTHBHOCTH METOIOB JUIS
Takux (QyHKIUI OyJeT 3HAYMMOM, Tak Kak JIydllee HaiJIeHHOe pelleHue
OyzneT CBHIETEIbCTBOBATH O Jy4dlleM MeToae. BO3HHKalT BOIPOCHI
3¢ PEKTUBHOCTH METOJOB MpPH PEHICHUM 3a7ady YCIOBHOM ONTUMH3ALINU.
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Pemenune takux 3amad 3aBUCUT OT TOYHOCTH BBINOJIHEHUS OIPaHUYEHUIl.
MOXHO y4YHMTBHIBaTh XYALIYIO WM CPEAHIOI MOTPELIHOCTH BbIIOJIHEHUS
OTPaHUYEHUHA M OT 3TOr0 PEe3ybTaT PELICHUS MOXET OBITh Pa3INYHBIM.
[Tosromy mpoBepka >((PEeKTHBHOCTH MeToma Ha 3aJadax yCIOBHOMN
ONTHUMM3ALUK He sBisercs wuHpopmatuBHOH. Ilo MHeHuio aBTOpa,
MpoBepKy  A(PGEKTUBHOCTH  METOAOB  TJI00ANBHOM  ONTUMHU3AIIUN
HEOO0XOIUMO IPOM3BOOUTHL HA 3ajadax O€3yCIOBHON ONTHMHU3ALUH C
HEU3BECTHBIMHU PEILICHUAMHU.

ABTOp pa3paboTajy METOJ TOYHOW KBAJAPATHYHOW pPeryJspHh3alliu
(EQR) nmns pemieHus MyJabTHMOJANBHBIX 3aJa4, KOTOPBIH MOKa3ail
BBICOKYIO MPAKTHYECKYI0 3(QPEKTUBHOCTh NPHU PELICHUH TECTOBBIX 3a1ad
YCIOBHOM © 0€3yCJIOBHOM ONTUMH3AIMKA W3 TNPHBEACHHBIX 0a3 [4].
KBagpatuunast  perymspusanusi — HCIOJB30Bajach  aBTOPOM  JUIA
npeoOpa3oBanus o0IIel MyJIbTUMOAAIBHOM 3aJauu K 3aa4e MakCUMyMa
HOPMBI BEKTOpa B €BKJIMIOBOM IPOCTPAHCTBE Ha BBIIYKIOM MHOXXECTBE.
Pewenne mnocnenHed 3amayd, Kak OKas3aloCh, 3HAYUTENBHO IIPOLIE.
[IpeoOpa3oBaHHas 3agada COOCPXKHUT [Ba IapaMmeTpa, KOTOPbIE NOJKHBI
YIOBJICTBOPSTH 3aJaHHBIM YCJIOBHUSM M JIB€ HOBBIX IEPEMEHHBIX.
3Ha4yeHUe OJHOM M3 3TUX MEPEMEHHBIX HaXOIWUM METOJIOM IMXOTOMUH,
pemias Ha KaXAOH uTepanuu INpeoOpa3oBaHHYIO 3anady KakoH-Tnoo
MPOrpaMMOM JIOKaJIbHOM ONTHUMM3ALUH, JydIle, peau3ylome mnpsamo-
JBOHCTBEHHBI METOJ BHYTpeHHEH Touku. Jlamee, Mbl IpHUBEAEM
pe3yibTaThl YMCICHHBIX 3KcrepuMeHToB. Metox EQR mo3Bonmn HalTH
JyYIINe pEIleHHs Uil BCEX PELICHHBIX TECTOBBIX 3aJad C M3BECTHBIMH
pemennsmu. s TectoBeix pynknuit Rana u Egg Holder Oputn HalineHbI
3HAUUTENIHO JIy4IIMe PELICHUS, 4YeM HalAeHbl IOPYTUMH METOJaMH
(pesynbratel cM. B Tabm. 1). Taxke mydimme penieHus OBLTH TTONYYEHBI
JUISL TECTOBBIX NOJMMHOMHANBHBIX QyHKuumi J. Nie. s 7 takux (yHKIwid
n3 15 momydeHsl nydmmue pemeHus. s MpUKIAagHBIX 3a4ad yCIOBHOM
ontumuzanuu u3 6a3el Globallib Model Statistics meromom EQR 0b110
pemreno 6oxee 100 3amau. Jlns 3ama4 ¢ COBMAgaroNIei BEpXHEH 1 HIDKHEH
OllIeHKOH 1eneBoil ¢yHkimu Meton EQR mo3Bonmn HaliTH 3TO 3HaueHue
¢GyHKUIMH, a Ui 33/1a4 C HECOBIAJAIOUIMMHU OIICHKaMH OBUIM TOJyYeHBI
Jmydmme pemenus. Takxe Ui 3aad BTOpOW 0a3bl ¢ HECOBMAJAIOIIUMH
oueHkamu MerogoM EQR Obutn momydens! mydmme pemeHus. Hexoropsie
W3 9THX PELIeHWH NpuBeACHbl B Taba. 1 W 3TO MmpH TOM, YTO JaHHBIE
3ajauy pemaroTcs yxxe 20 J1eT pa3TuyHbIMH METOAAMHU.
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Taoauna 1.

Pe3yJIbTaT]>I YUCJTCHHBIX IKCIIEPUMEHTOB

Ne 3amaua n m Pemenue, Jly4uiee pemenue,
n/n MOJIyYeHHOe MOJIyYeHHoe

metoaoM EQR | apyrumu metoxamu

1 | Egg Holder | 100 0 -89948,532 -89938
2 Rana | 100 0 -50865,131 -41047,18
3 Ex5 4 2 8 6 6683,320376 7512,230145
4 Chain50 | 102 51 0,09259 5,07226
5 Prob7 14 35 154990,229 155153,544
6 Ex3 32 31 60,5531381 68,0097
7 Ex8 3 8 | 126 93 -10,00001 -3,256
8 btestl4 | 135 93 -10938,246 -59,81738781
9 water 32 25 904,902143 906,3519
10 | Ex8_2 4b 62 88 -1644,23 -1197,13
11 pump 24 34 16139,84 128893,74
12 Ex8 3 7| 126 92 -7,18881 -1,2326
13 minlphi 65 47 568,9207 582,2361
14| Ex8 3 11 | 116 76 -10 -0,7921
15 waterz | 195 | 138 906,998 907,017
16 waterx 70 55 891,8463569 909,0278626
17 korcge 95 77 -521,1160511 -339,213
18 deb10 | 183 | 130 39,99998 90

Juis HexoTOphIX 3ama4 W3 Tabn.l TOYKM MHUHUMyMa TIPUBEICHBI B
kHure [4] B KoTOpoil mpuBeAeHbl 352 MyJIbTUMOJAJBHBIE 3aJaud C
pEUIeHUsIMHU.

1.

2020. - 192 p.
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scale polynomial optimization // SIAM Journal on Optimization. — 2012.
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Annomayusn. Ilpusedeni oyinKu CneKmpanbHux 61acmugocmert
aepezoganoi  10-mu  eanyzesoi  MmoOoeni  «BUMPAMU-BUNYCKY
exoHomiku Ykpainu 3a 2016-2019pp.

Kniouogi cnoea: cnexmpanvhi enacmugocmi, azpe2osana mooeisb
«BUMPAMU-BUNYCKY, EKOHOMIKA YKpainu.

Mogens «BHTpaTU-BUIYCK» (Monenb JIeoHTheBa) Ha CBOTOJHI €
HEBIJl'EMHOI0 YaCTHHOK OIUCY IMPOIECIB BIATBOPSHHS HAIlIOHAJIBLHOT
eKOHOMIKH. TabnmuIs «BUTPATU-BUITYCK» YKpaiHH B IiHAX CIOKUBAUiB B
po3pizi 42 BUAIB EKOHOMIYHOI JiSUTBHOCTI IIOPIYHO MYONIKYETHCS B
pamkax 30ipHuKa «HarioHanbHi paxyHku Ykpainuy» [1, ¢.149-174].

€Bponeiickka  cucTeMa  paxyHKIB  mepeadadae  CKJIaJaHHS
arperoBaHux TaOJIMIb «BHTPATU-BUIYCK», 30Kpema 3 BuuiieHHsMm 3, 10,
21 BUIB rocmoapChKOi AisTBHOCTI / IPOAYKTIB [2, ¢.550-565]. B Ykpaini
no 2016p. odimiiHo 3milicHIOBajiacsl IMIJArOTOBKA arperoBaHux 19-
turany3esux TBB B minax crnoxwusauis [3, €.21-23].

ArperoBaHi TaOIUIll «BUTPATH-BUIYCK» YKpailHH € OCHOBOIO JUIS
aHamidy Ta MOJICJIOBaHHS TMPOIECIB BIATBOPEHHsI Oararorary3eBoi
eKoHOMIKH [4-6]. Cxemm arperyBamHs TBB mo 19, 10 ta 3 BuaiB
TOCTIOZAPCHKOI JISUTFHOCTI MPUBEJICHO B 3a3HAYCHUX MPAIsX.

CTaHOBUTb IHTEpPEC MOCIIDKSHHS CIIEKTPAIbHUX BIacTUBOCTEH [7, 8]
arperoBaHUX BapiaHTIB MOJEINi «BUTPATH-BHUITYCK» €KOHOMIKHM YKpaiHW,
3okpema 10 ramysesoi TBB.

Posrngaemo crpyktypy Buiycky 10-tu ramyzeBoi TBB Vkpainum 3a
2019p., sika arperoBaHO BiOOpaXkae MPOIECH BUPOOHHUIITBA Ta YTBOPCHHS
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JIOXOZIB 33 arperoBaHUMHU BHJIAMU JisSIIBHOCTI, & TAKOX MICTUTh MAMPUYIO
sumpam A (puc. HxK4Ye). Matpurls A xapakTepu3ye MIKTany3eBi 3B’ SI3KH,
N0 BUHHUKAIOTh B MpOIlecaX BUPOOHIITBA Ta CIIOXKHBaHHS BHPOOJIEHOTO
KiHIIEBOTO TIPOAYKTy. Ii y3arambHeHi XapakTEpUCTHKH BAXKIHBI I
€KOHOMIYHOI OITIHKH 1 TIOPIBHSHbB.

CtpykTypa BUIycKy ekoHOMikH YKpainu, 2019p., %, (Bumyck=100%).

’ | ExoHoMika
A [BCDE F GH,l J K L MN OP.Q |RSTU |Buitomy

A 01974 00464 00004 00228 00000 00000 00015 00014 00076 0,0013 0,0448

BCDE 02340 03959 04115 01835 00498 00256 00551 01110 01431 01142 0,2735|

F 00040 00064 02802 00159 00031 00012 00452 00411 00100 0,0093 0,0275|

GH,I 01597 02254 00310 01545 00229 00184 00156 00597 00264 00298 0,1493

J 00010 00033 00023 00167 03484 00158 00056 00472 00240 00267 0,0231

K 00082 00070 00042 00317 00119 01897 00194 00299 00133 00201 0,0172

L 00045 00064 00044 00272 00281 00303 00433 00813 00064 00132 0,0158|

MN 00200 00187 00407 00499 00241 00774 00704 01102 00355 0,789 0,0349

oPQ 00014 00042 00020 00053 00012 00021 00037 00061 00398 00067 0,0068

RSTU 00002 00,0004 00003 00021 00053 00011 00016 00030 00055 00636 0,0021

TTpomikhe crioxkuBanus 3a BEJI 06305 07141 07771 0509 04947 03618 02614 04909 03117 03637 0,5950]

Omiata npaui HaiiMaHUX NpaliBHAKIB 00823 00962 00894 02395 01655 02992 00775 02572 06075 03685 0,1764]

IlosaTky Ha BUPOOHHIITBO T IMIIOPT 00146 01021 00448 00189 00425 00511 01013 00364 00104 0,0288 0,0607

Cy6cuii Ha BUPOGHHLTBO -0,0030 -0,0042 -0,0001 -0,0026 -0,0012 00000 -0,0014 -0,0025 -0,0002 -0,0480 -0,0033

BaJioBii IpUOYTOK, 3MilllaHHii 10X0 02756 00918 00888 02347 02984 02880 05612 02180 00706 0,2870 01712

BaJioBHii BHYTPillIHiii IPOyKT 03695 02859 02229 04904 05053 06382 07386 05091 06883 06363 0,4050|

Bumyck 1 1 1 1 1 1 1 1 1 1 1

Jxepero: TTigroTosieno Ha ocHOBI [1, ¢.149-174].

(A) — Cinbebke rocmomapctBo, JiciBuunTBo Ta pudamsctso; (B,C,D,E) — Bumobyrox
KOPHCHHUX KOIIQJINH, BUPOOHHULTBO, IMOCTA4YaHHs CJIEKTPHKH, a3y, Hapd Ta HOBITPSHOTO
KOHIIUIIIOHYBaHHS, BOAOIOCTAYaHHs, KaHaJi3alis, BUJAJCHHS BIIXOMIB 1 PEKYIbTHBALIS;
(F) — Byaiuuurso; (G,H,l) — OnroBa Ta po3apiOHa TOPriBis, PEMOHT aBTOTPAHCIIOPTHHUX
3aco0iB 1 MOTOIIMKIIIB, TPAaHCHOPTYBaHHS Ta 30epiraHHsA, PO3MIIIEHHA Ta [isSUTBHICTH
rpomancekoro xapuyBauus; (J) — Iudopmariss Ta xomynikamii; (K) — ®DinancoBa Ta
cTpaxoBa misutbHiCTh; (L) — Omnepanii 3 mepyxommm wmaiinom; (M,N) — TIpodeciiina,
HAyKOBa 1 TeXHIYHA MAISUTBHICTH, aAMiHICTpaTHBHI Ta momomikHi mocmyru; (O,P,Q) —
Jlep:kaBHe yrpaBIiHHS Ta 000pOHa, 000B'I3KOBE COIiaIbHE 3a0e3IeYeHHsI, OCBITa, OXOpPOHA
3nopoB's Ta comianehi mocayry; (R,S,T,U) — IdismbHicts y cdepi mucrenrtsa, po3sar,
PEMOHT OOYTOBHX BHPOOIB Ta iHIIII TOCITYTH.

Binnaiinemo uncino ®pobeniyca A, Ta BiINOBIAHUI HOMY BEKTOD

®pobeniyca X, , 110 3310BiNbHsE BUMOraM [8, €.423-424]:
AXy =A%, D (%) =1,
i=1

ne A — matpung Butpat (MaTpuist JIeoHTbeBa).
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Yucno A, Takoxx Ha3UBarOTh JIiBUM 4nciioM dpodeniyca, Toai sk

As =1/(1— 2,) BBaxarTh npaBuM uncioM Opobeniyca. CripaBemnBo

BX,y =5 Xa,
ne B=(1 —A)" - o6eprena marpurs JleonTheBa.

3 Teopii [ABOiCTOCTI BUIUIMBAE CHPAaBEMJIMBICTD  HACTYIHHX
CIIIBBIIHOILIEHD.

AT Pa=4aPa: Z(pA)i =1,
i=1

B’ Pa =4 P4,
ne AT,B" — BigmosimHO TPAHCIIOHOBaHI MAaTpPHIIA BUTpPAT Ta OOCpHEHa
Matpuus JIeoHTheBA.
JUi1  BH3HAa4YeHHS BKa3aHUX  XapakTepucTHK (A, Ag, X, Pu)

CKOPHUCTAEMOCS aJITOPUTMAaMHU PUBEEHUMH B [8].
B tabmuui Hwkde npuseneHi A, Ta A (mepia cTpoyka), BEKTOpU

X, (miBmii croBmuwk) Ta P, (mpaBuit croBmuwk) i 10-ramyseBux

MaTpuLp npsaMux Butpat 3a 2016-2019 pp. [1].

2016 2017 2018 2019
0,6018| 2,5114| 0,6027| 2,51690,6058|2,5367|0,6020|2,5126
0,0831| 0,1308 | 0,0747| 0,1328 |0,0873 | 0,1318|0,0669 |0,1308
0,4731| 0,2381 | 0,4860| 0,2410 |0,4811 | 0,2401 |0,4485 |0,2357
0,0144| o,1872 | 0,0184| 0,1902 |0,0188 | 0,1912|0,0362 |0,1939
0,2522| 0,1249 | 0,2606| 0,1308 |0,2501 | 0,1276 |0,2661 |0,1306
0,0330| 0,0511 | 0,0313| 0,0506 |0,0320 | 0,0539 |0,0396 |0,0492
0,0411| 0,0386 | 0,0351| 0,0264 |0,0338 | 0,0296 |0,0374 |0,0326
0,0401| 0,0327 | 0,0336| 0,0365 |0,0318 | 0,0349 |0,0322 |0,0426
0,0524| 0,0725 | 0,0510| 0,0748 |0,0565 | 0,0715|0,0631 |0,0781
0,0069| 0,0682 | 0,0059| 0,0625 |0,0061 | 0,0630|0,0073|0,0548
0,0035| 0,0558 | 0,0034| 0,0544 |0,0026 | 0,0565 |0,0024 |0,0518

OO NO|O|BA|W|IN|F-

=
o

Sx 0aynMo, CHEKTpabHI XapaKTepPHCTHKH arperoBaHoi 10-tu
TaTy3eBOi MOJIENI «BUTPATH-BHITYCK» YKpalHU MPOIOBXK JOCIIIKYBAaHOTO
TIepioay 3aTUIIAI0THECS JOCHTH CTA01THHIMHU.
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[IpuBenmeHi XapaKTepUCTUKH MAalOTh Oe3mocepe/lHe EKOHOMIUHE
nosicieHHa. Tak uuncino @Dpobeniyca A, XapakTepuzye OCOOIMBOCTI

MPOIECY BUPOOHUIITBA B HAI[IOHAJBHIN €KOHOMIIlI — 00CATH BUPOOHUYHMX
BUTpAT B CTPYKTypi Bumycky. B 2019p. Bonu cknaganu 0,595 (auB.Buine).
Bekrop ®pobeniyca CTPYKTYpHO ONM3BKHMH 110 iCHYIOYOI CTPYKTYpH
BUITYCKY, 1 XapakTepu3ye Ty CTPYKTYpY BHILYCKY, IKa HalKpalluM YHHOM
BiJIMTOBi/Ta€ JJOBIOCTPOKOBUM IIUJISIM PO3BUTKY BUPOOHUIITBA.

A |BCDE| F |[GHI|] J | K] L [MN|]OPQ]|RSTU
Crtpykrypa Bunycky, 2019p., % (Bcroro = 100%)
101 ] 430 [61 177391938 ] 43| 80 | 10

BexTop ®pobeniyca, 2019p., X, (Bcroro=1)
0,067 | 0,449 [0,036] 0,266 | 0,0400,037 0,032 0,063 | 0,007 [ 0,002

[opiBHSHO 3 IHIIMMH HaliOHAJLHHUMH EKOHOMIYHHMH CHCTEMaMH
mporecd BUpOOHWITBA B YKpaiHi  XapakTepU3ylOThCS  3HAYHOIO
ButpatHicTio [4]. KapaunampHa 3MiHa cHTyarii MoXkiauBa y pasi
30CepeIKEeHHSI MAKCUMAaJIbHUX 3yCHJIb Ha 3pOCTaHHI BUPOOHUYHX JIOXOJIiB
B cTpykTypi Bumycky (BBII, B/IB, 3apo6iTHa mnara, BajgoBi npuOyTKH Ta
1H.) 1 CHCTEeMHOMY 3MEHIICHHI BUPOOHUYHX BUTpAT.
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YCTOWYNUBOCTD IO BEKTOPHOMY KPUTEPHIO 3A/IAUN
MHOT' OKPUTEPUAJBHOM ONITUMHU3ALIAU C
HEITPEPBIBHBIMMU LEJIEBBIMHN ©YHKIIUAMMH

T.T. JEBEJEBA, H.B. CEMEHOBA, T.U. CEPTUEHKO
HMucruryT Kknoepuetuku um. B.M.I's1iymkoBa

HAH Ykpaunbl, KueB, Ykpauna

nvsemenova@meta.ua,

lebedevatt@gmail.com,

taniaser62@gmail.com

s eekmopHoU  3a0auu  ONMUMU3AYUU C  HENPEePblGHbIMU
YACMHBIMU — KDUMEPUATbHBIMU — OYHKYUAMU U MHONCECMEOM
OONYCMUMBIX peuleHuli NPOU3BOIAbHOU CMPYKMYPbl YCIMAHOBIEHbL
VCN08UsL YCMOUYUBOCMU OMHOCUMENLHO B03MYWEHUN BXOOHbIX
OanHbIX 6eKmopHo2o Kpumepus. Ilonyuenvl docmamounvie U
HeobXo0uMble YC08Usl YCMOUYUBOCMU mpex munos 0/ 3a0ayu
noucka Ilapemo-onmumanvHulx peuieHul.

Knrouesnle cnosa: sekmopHas 3a0a4a ONMUMU3AYUY, 6EKMOPHDbILL
Kpumeputi, ycmouuugocms, llapemo-onmumanvHsle peuieHus,
mHuodcecmeo Cnevimepa, muoscecmeo Cmetina, 603myueHus
6XOOHbBIX OAHHDIX.

Hannas paboTa IOCBALICHA TEOPETHUECKOMY  HalpaBJICHHIO
UCCIIEIOBAaHUN TNPOOJIEeMBbl YCTOMUMBOCTH 3a7ad MHOT'OKPHUTEPHAIBHOU
(BEeKTOpHOI) ONTUMHU3ALMU. OTO HANpPABICHUE CBA3aHO C IOMCKOM M
W3yYeHHEM YCJOBUH, NPU KOTOPBIX MHOXECTBY PEILICHUI 3aaadqd,
ontuManbHbeIX 1o Ilapeto, Cnelitepy nnu CMelnny, npHcyllle HEKOTOPOE
HarepeJ 3aJaHHOE CBOMCTBO, ONPEACICHHBIM 00pa3oM XapakTepHu3yloliee
€€ YCTOMYMBOCTh K MaJIbIM BO3MYLIEHHSIM BXOJHBIX IaHHBIX. 37ECh
MIPECTABIECHbl PE3YIbTAThl, MPOAODKAIONIIME HCCIEIOBAHHUS BOIPOCOB
KOPPEKTHOCTH BEKTOPHBIX 33/Jad ONTHMM3AalMM, B TOM YHCIE UX
pa3peimMMocT ¥ YCTOWYHMBOCTH, TpPEJCTaBICHHbIE B paborax [1—11].
OnucanHple B HUX pE3yJbTaThl pacIIMpPSIOT HM3BECTHBIM Kijacc 3ajad,
YCTOMYMBBIX OTHOCHUTENBHO BO3MYIIEHHH BXOAHBIX JAHHBIX IS
BEKTOPHOTO KpuTepus. Jpyroe N3BeCTHOE HAIPaBIECHUE B UCCIEIOBAHUAX
npoOIeMBI YCTOHYHBOCTH OpPUEHTHPOBAHO Ha MOJTyYeHHUE
KOJIMUYECTBEHHBIX XapaKTEPUCTHK TOMYCTHUMBIX M3MEHEHHH BO BXOJHBIX
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JaHHBIX 3ala4yd, B YAaCTHOCTH paguyca MaKCHMaIbHOTO Imapa
YCTOWYHMBOCTH 3a1a4u (cM., Harpumep [11-13].

IMocranoBka 3agaum. OcHOBHBIE omnpeaedeHus. PaccMoTpum
3a/1a4y BEKTOPHOW ONITUMHU3AIINH CIEAYIOIIETO BHUIA!

Q(F, X):max{F(x)| xe X}, X #O, rne X — muoxecrso u3 R"
IIPOM3BOJIBHON CTPYKTYpBI, BO3MOXKHO aucKpeTHoi, R" — n-mepnoe
meifictButenbHOe  mpoctpaHcTBo,  F(X) = (fi(X),..., f,(X)), 22,

fi:R" - R! — menpepsisnas dynxums, ieN, ={L,...,¢}. Tycrs 3anaua
Q(F,X) cocTtouT B OTBICKAHMU DIEMEHTOB MHOXecTBa [lapero-

ONTHUMAJBHBIX  PEUICHUH P(F,X)={XeX| n(X,F,X)z@}, rae
m(x,F,X)={y e X| F(y) 2 F(x), F(y) = F(x)}.

BBenem B pacCMOTpEHUE TAK)KE MHOKECTBA PELICHUN, ONTUMATbHBIX
1o Creiitepy, SU(F,X)={xeX| o(x,F,X)=2}, e

o(x,F,X) = {y e X |F(y) > F(X)}, U ONTUMANbHBIX 110 CMeiiny,
Sm(F,X)={xe X| n(x,F,X)=a},

n(x,F,X)={yeX|y=x, F(y)=F(x)}.
OueBunHo, uto VX e X o(X,F,X)cz(x,F,X)cn(x,F,X) u

Sm(F, X) c P(F, X) < S/(F, X).

CornacHo [14] MHOXecTBO [lapeTo He IMycTO M BHEIIHE yCTONYMBO,
€CII JOIyCTUMOE MHOXECTBO X 3aJjauil SBJISIETCS] HEIYCTBHIM KOMIIAKTOM,

TO €CTh OIPAaHWYEHO W 3aMKHYTO, a KpHUTEpHaJbHas BEKTOP-(QyHKIU
F(X) 3amaum nonyHenpepsiBHA cBepXY (ITOKOMIIOHEHTHO) Ha X .

YrBepaxenne 1. [Tycts qomyctumoe MaokecTBO X 3amaun Q(F, X)
ABJIsIeTCS 3aMKHYThIM. Torna MHOkecTBo S/(F, X) Toxe 3aMKHYTO.
Ormerum, yro mHoxectBa P(F,X) u Sm(F,X)ontumanbHbix

coorBercTBeHHO 1o [lapeto m mo Cwmelny peueHuil (Hampumep, s
4acTHYHO LesnourciaenHoit 3anaun Q(F, X)) Moryt ObITh HE 3aMKHYTHIMH

Jla)ke MPH YCIOBUM 3aMKHYTOCTH JIOIIyCTUMOI'O MHOKECTBA X.
Hns 3agaun Q(F, X) B kayecTBe BXOTHBIX JaHHBIX, KOTOPbIE MOTYT

noABCPraTrbCsi BO3MYILICHUSAM, 6y,£[€M paccMaTpuBaTh KOB(l)(l)I/IL[I/ICHTbI
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BeKTOpHOTO KpuTepus F. HabGop TakWx BXOAHBIX TaHHBIX 0003HAYNM
ueU, U — mpocTpaHCTBO BXOAHBIX MaHHBIX 3amadu. s ueU m

V 6 >0 onpenenum MHOxkecTBO O (U) = {u(&) eU | ||u(§) - u|| < 5} .
BBenem B paccMoTpeHme 3aady C BO3MYIICHHBIMH BXOHBIMHU
panubiv:  Q(Fy(s5), X)) maX{Fu(g)(X)| X e X}, rie  U(o) eOg(u),

Fu) (%) = (1O (x),.... 11O (x)).
OHpCI[CJ‘II/IM pa3HHe THUIIBI yCTOﬁ‘IHBOCTH OTHOCHUTCIIBHO

BO3MYILCHUI BXOAHBIX JAHHBIX JUISI BEKTOPHOTO KPHUTEpHs 3alaqyu
Q(F,X), pacmpocTpanuB Ha 3TOT KJacc 3amad HOHATUS Tq-, ..., Tg-

YCTOHYMBOCTH, BBE/ICHHBIC B [4] ISl OJHOCTBIO 1ETIOUMCICHHON 3a1a4H.
3apauy Q(F,, X) HazoBeMm:

T, -ycmoituueoit no eexmopnomy kpumepuio, ecnu 36 >0, udrto
V u(6) €Oy (u) cpasennuso nepaenctso P(Fy, X)NP(Fys5), X) 2D ;

T, -ycmoiiuueoit no eexmopnomy xpumepuio, ecnu 36 >0, nns
KOTOPOTO CIIPAaBEJINBO HEPABEHCTBO ﬂ P(Fys), X)=9;

u(8)e0gs (u)

T -ycmoiiuusou (T4 -ycmoituueoit, Ts -ycmoiiuueoir) no
eéexmopnomy kpumepuio, ecimu  Ve>0 Fo>0: Yu(d)eOg(u)
BBITIOJTHSETCS YCIIOBUE

P(F., X)NO,(X(8)) D VX(5) € P(Fy(s, X) 1)
(COOTBGTCTBGHHO YCJI0OBUEC
P(Fys), X)NO,(X) =D Vx e P(F,,X) )

s Ty -ycroitunBoctd U 06a ycnosus (4) u (5) i Tg -ycTOHUMBOCTH),
rie O.(x) = {X’ € Rn| ||X— X'|| < 8} VxeR". Ycnosue (1) paBHOCHIBEHO
srmouennio  P(Fy 5, X) O, (P(Fy, X)), a ycmosue (2) -
P(F,, X) €O, (P(Fys), X)), rre OS(B)Z{XGRn| r(x,B)<g},
r(x,B) = ;r;]; ||X - y|| — paccrosHHe Mexmy moOoii Toukoit XeR" wu

MHO€eCTBOM B.
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Teopema 1. Ecin MHOXECTBO X OrpaHMYEHO W 3aMKHYTO, TO
paBeHctBo  S/(F,X)=cl(P(F,X)) — anocratounoe yciaosue Tj-
YCTOHYUBOCTH 110 BEKTOpHOMY KpuTepuio 3amaun Q(F, X).

Teopema 2. Ilycte MHOXECTBO X OrpaHHYeHO M 3aMKHYTO.
JloCTaTOUHBIM YCIOBHEM T, -yCTOMYMBOCTH O BEKTOPHOMY KPHUTEPHIO

samaun Q(F, X) sBisercs semonuenue Cl(P(F, X)) =cl(Sm(F, X)).

Teopema 3. Ecmu MHOXeCTBO X OrpaHMYCHO H 3aMKHYTO, TO
paseamtBOo  S/(F, X) =cl(P(F, X)) =cl(Sm(F, X)) - nmocrato4ynoe

yCIOBHEM Tg -yCTOHUYMBOCTH IO BEKTOpHOMY KpHTepuro 3agaqu Q(F, X).
ChopmynupyeM HeOOXOOMMBIE YCIOBUS T3- U T4 -yCTOMYMBOCTH
3a7a4d TIPH JIOTIONHHUTENBHBIX YCIOBHUSX, HaJIOKEHHBIX Ha F(X):

fi(X)=gi(x) +(ci,x),ieNy, fi:R" >R,  gi:R" >R, ¢eR"

Bxoxubie nanusie UeU mpeacrasum B Buae U= (u¥,C), roe u9 — nabop

BCEX BXOJHBIX JaHHBIX, Uit pyHKmi gj(X), ie Ny, Ce RO,

Teopema 4 [2]. HeoOXomuMbIM YCIOBHEM T3-YCTOHYMBOCTH IO
BekTOpHOMY Kpureputo 3amaun Q(F,X), B koropoit fj(x)= <Ci , X> :
i € Ny, sBasercs BemonHenue pasenctBa S/(F, X) =cl(P(F, X)) .

Teopema 5. Ilycte mHOXecTBO X 3aMKHYTO. HeoOGxomumbim
yCJIOBHEM T, -yCTOHYHMBOCTH 110 BEeKTOpHOMY KputepHio 3amaun Q(F, X)
¢ uactHeiMU kputepusamu T (X) = gj(X) +<Ci \ X> , 1eN,, sBusercs
BeimosiHeHue paseHctsa Cl(P(F, X)) =cl(Sm(F, X)).

Jluteparypa

1. Kozeratskaya L.N., Lebedeva T.T., Sergienko T.I. Mixed integer vector
optimization: Stability issues. Cybernetics and Systems Analysis. 1991.
Vol. 27, N. 1. P. 76-80.

2. Kozeratskaya L.N. Vector optimization problems: Stability in the
decision space and in the space of alternatives. Cybernetics and Systems
Analysis. 1994. Vol. 30, N. 6. P. 891-899.

3. Cepruenko W.B., Koszepankas JL.H., JlebeneBa T.T. HccmenoBanue
YCTOﬁQHBOCTH u HapaMeTpI/I‘IGCKI/Iﬁ aHaJIu3 JUCKPETHBIX
onTUMU3aLMOHHBIX 3a1a4. Kues: Hayk. gymka, 1995. 170 c.

246


javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/10559
https://link.springer.com/journal/10559
https://link.springer.com/journal/10559

10.

11.

12.

13.

Lebedeva, T.T., Semenova N.V., Sergienko T.l. Stability of vector
problems of integer optimization: Relationship with the stability of sets of
optimal and nonoptimal solutions. Cybernetics and Systems Analysis.
2005. Vol. 41, N. 4. P. 551-558.

Lebedeva T.T., Sergienko T.l. Different types of stability of vector
integer optimization problem: general approach, Cybernetics and Systems
Analysis. 2008. Vol. 44, N. 3. P. 429-433.

Lebedeva T.T., Semenova N.V., Sergienko T.I. Qualitative characteristics
of the stability vector discrete optimization problems with different
optimality principles. Cybernetics and Systems Analysis. 2014. Vol. 50,
N. 2. P. 228-233.

Sergienko I.V., Lebedeva T.T., Semenova N.V. Existence of solutions in
vector optimization problems. Cybernetics and Systems Analysis. 2000.
Vol. 36, N 6. P.823-828.

Sergienko T.I. Conditions of Pareto optimization problems solvabi-lity:
stable and unstable solvability. Butenko S., Pardalos P., Shylo V. (eds)
Optimization Methods and Applications. Springer Optimization and
Its Applications, Springer, Cham. 2017. Vol. 130. P. 457-464.
Lebedeva T.T., Semenova N.V., Sergienko T.l. Multi-objective
optimization problem: stability against perturbations of input data in
vector-valued criterion. Cybernetics and Systems Analysis. 2020. Vol. 56,
N 6. P. 953 — 958.

Emelichev V.A., Kotov V.M., Kuzmin K.G., Lebedeva T.T., Semenova
N.V., Sergienko T.l. Stability and effective algorithm for solving
multiobjective  discrete  optimization problem with incomplete
information. Journal of Automation and Information Sciences. 2014. Vol.
46, N. 2. P. 27-41.

Emelichev V.A., Kuzmin K.G. Stability radius of a vector integer linear
programming problem: case of a regular norm in the space of criteria.
Cybernetics and Systems Analysis. 2010. Vol. 46, N 1. P. 72-79.
Emelichev V., Nikulin Yu. On the quasistability radius for a multicriteria
integer linear programming problem of finding extremum solutions.
Cybernetics and Systems Analysis. 2019. 55, N 2. P. 949-957.
Ilogunosckuii B.B., Horun B.JI. Ilapero-ontumanbHble pelICHUS
MHOTOKpHUTEpHAIbHBIX 3a1a4. M.: Hayka, 1982. 256 c.

247


http://citations.springer.com/item?doi=10.1007/s10559-014-9609-5
http://citations.springer.com/item?doi=10.1007/s10559-014-9609-5
http://citations.springer.com/item?doi=10.1007/s10559-014-9609-5
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/10559
https://link.springer.com/article/10.1007/s10559-020-00315-9
https://link.springer.com/article/10.1007/s10559-020-00315-9
https://link.springer.com/article/10.1007/s10559-020-00315-9
https://link.springer.com/journal/10559
javascript:;
javascript:;
https://link.springer.com/journal/10559
javascript:;
javascript:;
https://link.springer.com/journal/10559

PEHIEHUE 3AJAYU IEPMEJIO
B BAPHAIITMOHHOM MOCTAHOBKE

B.IL. JIET'E3A,

HauuoHaabHbIH TeXHUYECKMI YHUBEPCUTET Y KPauHbI
«KIIN um. Uropst Cuxkopckoro», Kues, Ykpanna
Viktor.legeza@gmail.com

Annomayun. Chopmyrupoeana u pewieHa HABULAYUOHHAS 3a0a4d
Lepmeno Kak sapuayuonnas 3a0aya no onpeodenenuro
OPAXUCTMOXPOHHOU MPACKMOPUU OBUICEHUST MAMMEPUATbHOL MOYKU 8
20PU3OHMATILHOM OOHOMEPHOM 8EKMOPOM NOJIe NOOBUNCHOU HCUOKOCTU.
Tocmpoen yene6oti hyHKYUOHAN BpEMEHU, ¢ UCHOIb308AHUEM KOMOPO2O
nonyueHo Ouggepenyuanrvuoe ypasHenue MpAeKmopul  OBUNCEHUs.
mamepuanvHoi  mouku. Ilpuseden npumep HUCIEHHOU peanuzayuu
NnpeodnoAHCeHHO20 NOX00d.

Kniouesvie cnosa: sadaua lLlepmeno, eéapuayuonnas sadaua, yenegou
Qyurkyuonan  epemenu,  ypasuwenusi  Einepa,  6paxucmoxpouHast
mpaexmopust

Kiraccuueckas 3amaua Llepmeno hopmynupyercs B paMKax TEOpUH
ONTHMAJILHOTO YIpAaBIEHHs CIeaylomuM obpazoM. Kopabip momkeH
NPOWUTH uepe3 00JacTh CHIBHBIX TEYCHWH, BEJIMYMHA W HaIlpaBJICHHE
CKOPOCTH TEUCHHUS 3a7atoTcsi Kak (QyHKIuH (a3oBbIX mepeMeHHbIX. [Ipn
9TOM 3aJaeTcs OTHOCHTENbHAas CKOPOCTh KOpalis, MOIYJb KOTOPOil BO
BpeMs JBIDKEHHsI OCTaeTCsl MOCTOSIHHBIM. CTaBHUTCS 3a7aya: HAWTH TaKkoe
ONTHMAJILHOE YIPaBJICHUE, KOTOPOe OOecreunBaeT NMPHOBITHE KOpadiisi B
33JlaHHYI0 TOYKY 3a MUHHMAalbHOE BpeMs, T.€. CJIEIyeT OIPEICIHTh
yIpasieHue Kopabiiem 1o ObictpoaeicTuto [1].

B nmannoit pabore paccmarpuBaercsi OpaxUCTOXPOHHOE JIBUKEHHUE
MaTEepHaJIbHON TOUKM B TUIOCKOM BEKTOPHOM I10JI€ TIOABHKHOM JKUAKOCTH,
U1 KOTOporo c¢opMysiMpoBaHa KilacCMyecKas BapHallMOHHAas 3aj1ava
MOMCKa IKCTPEMAIIbHBIX TpaeKkTopuii [2, 3].

Heasro  wuccienoBaHusi  sIBISETCS  IMOJMyYeHHWE  ypaBHEHUH
9KCTpeMalbHbIX (OpPaxUCTOXPOHHBIX) TPAECKTOPUI JBWKEHUs, BIOJb
KOTOPBIX MaTepuaibHas TOYKa MEepeMelaeTcs OT 3aJaHHOH CTapTOBOM
TOYKH K 33/1aHHON (PMHUIIHOW TOYKE 32 HAMMEHbBILIEE BPEMsL.
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IloctanoBka 3agaum. PaccMoTpuM BapHallMOHHYIO 3agady o
MEepeMEIEHNH MaTepHajIbHON TOYKM B OJHOMEPHOM TI'OPHU30HTAIBHOM
BEKTOPHOM TIOoJIe MeXAy JOByMa 3amaHHbiMu Toukamu  O(0,0) m

M(L,y(L))3a MuHUManbHOEe Bpems. Touka JBHXKETCA CO CKOPOCThIO C,
nprdeM MOAyidh C CKOPOCTH IMOCTOSHEH M OTpeAesieTcs mo ¢popMmyIe:

u?+v? =C , (1)
IZI€ U—TOPU30OHTAIBHAS IPOEKLUS CKOPOCTH; V— BEPTUKAIbHAS IIPOSKLIUS
ckopocTd. Bektop ckopoctn C TOYKM HampaBleH MO KacaTeldbHOH,
IIOCTPOEHHOM B TEKYLIEH TOUYKE €€ MOJIOKEHUs HA 3aJaHHOW TPAaeKTOPUHU
y=Yy(x) . CkopocTb peku 3agaercsi kak ¢pyHkuus f(X) ropusoHTamIbHON
KOOPJMHATBl X, @ BEKTOpP CKOPOCTH HANPABIEH B IPOTHUBOIIOJIOXKHOM
HaIPaBJIEHUH 110 OTHOLIEHHIO K opTy ocu OY .

IToctpoenne  ¢yHKUHMOHAIA  BpeMeHM U OIpeJe/IeHue
YPaBHeHHSI HCKOMOW TPaeKTOPUM. 3alUIIeM BBIPAKEHUS IS IPOEKIUN
ckopoctd To4kd Ha ocu OX u OY ¢ y4eToM CKOPOCTH TEYEHUSI PEKU:

d_
dt )
dy =v— f(x).
dt
OmnpenenuM 1eneBol (YHKUMOHAI BPEMEHH, KOTOPBIM HY>KHO

MHHUMH3HPOBATh:
L
X :
T= Id— — min . €))
o u y(x)

Ucnonezyem  cucremy  ypaBHeHHH (2) s TOCTPOCHHS
¢yukiponana (3). [Tocne HEKOTOPBIX MPEOOPa30BAHUN TTOTYUHM:

SN TR RN
0 fe(x)-C

(4)

Bocrionedyemcst  ypaBHenuem  Oinepa  [3], dTOOBl  HalTH
mudepeHnnansHoe ypaBHEHNE JJISI HCKOMOW TPAaeKTOPHUH TOYKH:

’ d ’
Fy—&(Fy/):o. (5)
[oapiaTerpanbuas QyHKOUA B (4) HE 3aBUCHT OT IEPEMEHHOH Y ,

nostomy Fy =0 u ypasuenue (5) perynupyercs.
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B pe3ynbTaTe nonyyaeM ypaBHEHHUE IIEPBOTO MOPSIKA:
Fy=Cp, (6)
rae C, — mepBas IPOM3BOJIbHAS IIOCTOSIHHAS.

ITocne TOXAECTBEHHBIX TIpeoOpa3oBaHuii w3 (6) HaXOAUM
muddepeHnraibHoe YpaBHEHHE TPAeKTOPUH MaTepHAIBHOM TOUKH

y'=%9(x,C,C). ()
1] f2(x)—C2
C c?
h 2
[ (F2(0-CP)+ F (0]
ITocne muterpupoBanus (7) mojay4aeM OKOHYATEIHHOE ypaBHEHHE
OpaxuCTOXPOHHOHN KPUBOM:

y(X) :ijg(x,C,Cl)dx+C2, (8)
rae C,— BTOpasi IPOU3BOJIbHAS TIOCTOSHHAS.

rae g(x,C,C) =

@opmyna (8) ycraHaBNMMBaeT OKOHYATEIHHBIA BHUJI YpaBHEHHS
KpUBOH Y(X), K KOTOPOMY ClIeIyeT J0OaBUTh ABAa IPAHUYHBIX YCIOBHSL:

y(0)=0; y(L)=y,. 9)
YucjaeHHass peaju3ands M aHAJIU3 MOJYYEHHBIX Pe3yJbTATOB.
3amaanM QYHKIUIO CKOPOCTH PEKU B BHIE!

f(x) = sin[”—l_xj . (10)

BapuanmonHast 3agaua uMMeeT [Ba Ppa3HBIX pELICHHS, KOTOpbIE
COOTBETCTBYIOT KaXXIOMy W3 JBYX 3HAKoB mepex uHTerpaiom (8).
OtmeruMm, uyTo uHTErpai (8) He OepeTcsi B 3aMKHYTOM BHJE, IIOITOMY €ro
WHTETPUPOBAHKE BBINOJIHIOCH uncieHHo. [lpu atom ¢pynkuus g(x,C,C;)

Obula TIpejCTaBlieHa B BHJE LIECTUWICHHOTO OTpes3ka psaa Teiinopa mo
nepeMeHHo X . J[ng umcneHHOW peanm3anuu ObUT BHIOpaH CIIEIyHOIIU
BapHaHT TPAHUYHBIX ycjaoBuid: L=1, C=11, y(0)=0, y(L)=0.

1). PaccMoTprM mepBoe penieHue — co 3HaKoM ITioc B popmyie (8). U3
TPaHWYHBIX YCIIOBUIl ObUIM HaWAEHBI cleayromue KoHCTanTel: C; = 0,385

n C,=0. OmpenenuM BpemMsi ObICTPOAEHCTBHS IBIKCHHUS TOYKH II0
OpaxuCcTOXpOHHOU TpaekTopuu Y(X). st ero pacdera BOCIIOJIb3yeMCs
dopmynoit (4). B pesynbrare BBIYMCIEHHS HHTerpaiga (4) momydaem:
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T=246 (emuann Bpemenw). [paduk TpaekTropwm y(X) sl TAHHOTO
Clly4asl IpUBEICH Ha puc.l.

0.3, 0.1,

0.2 ) i

¥y 04 4 Y y(x) —0.1 AN

O

-0.1 -0.3
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8

Puc. 1 * * Puc.2

2). Temepr paccMOTpHM BTOpPOe pelIeHHe — CO 3HAKOM «MHHYC» B
dopmyne (8). B 3ToM ciydae MeTO[ ONpEIEIeHHs HCKOMOTO PEIICHHUS
y(x) u moctpoeHus rpaduka (pUC.2) OCTArOTCSI TPEKHUMHU. Bpems

OBICTPONCWCTBUS B JAaHHOM CIlydae MEHBIIE [0 CPaBHEHUIO C

npenpinymuM: T =114 (eguHUIl BpeMEHN).

3akioueHue. B pabore npeaioKeHo pelieHre HaBUTallMOHHOM 3a1a4yu

Llepmenno Ha OCHOBE KJIACCHUUYECKHUX METOJIOB TEOPHUU BapUALMOHHOIO

HACUYUCIICHMS.  YCTAHOBJIEHBl  YpPaBHEHUS  OKCTpEMaledl  JBMXKCHUS

MaTepuaibHON Toukd. [IpoBeneH cpaBHUTEIBHBIN aHANNU3 OBICTPOAEHCTHS

0 JIBYM SKCTPEMaJIbHBIM TPAEKTOPHUSM.

UucneHHbI aHaIM3 PE3yNbTATOB IIOKA3aJl, YTO paccMaTpuBaemas
BapualMOHHAas 3a7a4ya UMEET JIBa PELIECHUS], KOTOPbIE OTIIMYAKOTCS 3HAKOM.
OmHaKO TOJIBKO OJIHO pEIIeHHE OOECIeUMBAECT MHHHMMAJIbHOE BpeMsl
MEepeMENIeHUsT MaTepUaJbHOM TOUKM MEXAY JABYMS  3aJJaHHBIMU
FPaHUYHUMU TOYKAMHU. YCTaHOBJIIEHO, YTO 3KCTpeMajibHas TPaeKTOPUS
OpaxMCTOXPOHHOTO JBM)KCHHS TOYKH HE SBJISCTCA IPSAMOU, a HMEET
KoJIeOaTeIIbHBIN XapaKTep.
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NHOOPMAIIMOHHO-KOMMYHHUKAIIMOHHBIE
TEXHOJIOTMH U CUCTEMA UEPOTJTU®PUUYECKOM
NIAEOT'PA®HUN

A. B. JIE®TEPOB
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HAH Ykpaunbl, KueB, Ykpauna
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Annomauyus.  H3zyuenue  cucmemsvl — uepoenupuku - C - Yeavio
UMnIemMeHmayuy  ee Nooxo008 OAf  GU3YATbHLIX KOMMYHUKAYULL
O0emoHcmpupyem OOCMAMOYHLI YPOBEHb HAVYYHOU AKMUBHOCMU U
UHHOBAYUOHHOCHb PE3YIbMAMO8 UCCIE008AHUI.

Kniouegvie cnosa: unghopmayuonno-KoMmMyHUKAyuoHHsle MexXHOI0UU,
cucmema uepoenugpuyeckoll udeozpaduu, cucmemsvl UCKYCCMBEHHO2O
unmeniexma, epago-cemanmuyeckue 1emMeHmol.

CTpeMUuTenbHBI POoCT 00bEeMOB MHPOpPMALUK B MUpe TpeOyeT Bce
HOBBIX M HOBBIX HHCTPYMEHTOB s ee o0paborku. I[lowck wu
MaHHUITYJIMPOBAHUE TaHHBIMHU 3aTPYAHICTCS, 3aMEIIeTCS, HECMOTPS Ha
PACTYIIYIO BBIYMCIUTEIBHYIO MOIIHOCTh 00OpymoBaHUS. Mozaensim
IJIOCKOCTHOTO TIPOEKTHPOBAHUS U TPEICTaBICHUS IaHHBIX (MAacCCHUBHI,
TaOIUITEI, UEPAPXUHN) HE XBATAET OMUCATEIHHOU BBHIPA3UTEIHLHOCTH U OHHU
BBIHYKJICHBI JTOTIOMHATHCS AHAIOTOBBIMHU, MYJIBTUMEIUMHBIMU TAHHBIMHU
JUIS  TOTO, 4YTOOBI TPHONM3UTH WH(GOPMAIMOHHOE MPOCTPAHCTBO K
OTIMCAHUIO PEATbHBIX KapTHH MHPA.

CTaHOBUTCS TOHSATHBIM, YTO BOMPOC MATBHEUINErO MPOJBHKEHUS
MH(POPMAITMOHHBIX TEXHOJIOTUH JISKUT HE CTOJIBKO B TEXHUYECKOM
IJIOCKOCTH (HAmpuMep, B CKOpEWIIeM CO3MaHWH M HCIOJb30BAHUH
KBAaHTOBBIX KOMITHIOTEPOB), CKOJIBKO B INIOCKOCTH TEOPETHUECKUX OCHOB H
METOAOJIOTUH, HEOOXOMUMBIX TSI 0OBEMHOTO TPEACTABICHHS JAHHBIX H
3HaHUH W Pa3pabOTKH MPOrPaMMHOr0 OOECIICUCHHUS Ha MPUHIIUITHAIBHO
npyrux Hagamax [1].

Ungpopmayuonno-xommynuxayuonnvle mexunonrocuu (MKT)

B nocnennue rtompt UKT aKTUBHO HCHOJB3YIOT CHUCTEMBI
nckyccreHHoro uuteiiekra (CUHM), B oCHOBE KOTOpPBIX HAaXOIUTCS Ta
nmu nHas ceMaHtudeckas ceth (CC). Curyanus odeHb MOXO0XKa Ha Ty,
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KoTopas cioxmiach B KoHme 80-x u B 90-Xx romax IBaaIaToro BeKa,
korma Oym Ha CHUU obecrieunBamy NPOAYKIIMOHHBIE OSKCIIEPTHHIE
cucreMbl. B cBs3m ¢ 3TMM HEOOXOAMMO pa3o0parbes SIBISIOTCS JIU
coBpeMmeHHble CUI TEeXHOIOTMYECKUM IPOPHIBOM HJIM TOJBKO MOJIHBIM
TperaoM. OTBETUTh Ha 3TOT BOIPOC IIOMOXKET aHajJIu3 HEKOTOPBIX
MpoOJIEMHBIX aCIeKTOB XapakTepHsIx miss CUU.

e B CHUH, 6azmpyrommxcs Ha CC, 10 cCHUX MOp HE pelieHa 3amada
TFEHEPUPOBAaHMUS MNPUHOWIMAIBHO HOBBIX 3HAHUM U3 yXe
CYIIECTBYIOUIMX 0a3 AaHHBIX U 3HAHUI.

e DddextuBHocts mnpumenenus CUM, Oasupyrommxcs na CC,
3aBUCHUT OT OOBEMOB TPEHHUPOBKH, YTO SBJISETCS OCTATOYHO
3aTpaTHBIM  JOPOTMM  IIPOLECCOM, TPEOYIOUIMHA TNPHUBICUCHUS
DKCIIEPTOB  BHICHIEH KBadUpUKAUH ¥  OOmbInX 0OBEMOB
Ka4eCTBEHHBIX JaHHBIX. [Ipy 5TOM HUKTO TOYHO M OJHO3HAYHO HE
MOJKET CKa3aTh, KaK, KOTAa U HACKOJIBKO HPAaBHWIIBHO B PEajbHOM
cutyaruu cpaboraer CUN.

e CHM =He mpucrmocoOiieHa K MyJIbTH33aJadHOCTH. B ciydae
pacmo3HaBaHUs 00pa30B A KakIoro HoBoro tuma odbexta CC
JIOJKHA TPEHUPOBATHCS APYTHM allTOPUTMOM.

e MaremaTndeckuil anmnapar, Ha KOTOpbIi onupatorcs cucreMsl CHUU,
MO3BOJISIET peIllaTh MPUKJIAIHBIE 3a/1a4l TOJIBKO Yepe3 Y3KUH Kilacc
JIOTHYECKUX, KOMOMHATOPHBIX M CTATUCTUYECKUX METOJIOB.

Hcxons w3 BbIIE H3JIOXKEHHOTO, MOXXHO YyTBEPXKAaTh, 4TO
coBpemeHHole CHUM, KoTopele NOITy4HIH B HACTOSIIEE BpeMms
pactipoctpaneHuss B UKT, sBIsOTCS yAauHbIM pEUICHUEM ISl Y3KOM
npeaMeTHoH o0slacTh, a He CepbE3HBIM TIPOPHIBOM B 00JIACTH
HUCKYCCTBEHHOro HHTeJUIeKTa. [loaToMy HeoO0Xomumo mepeMeleHne
aKIEHTOB MCCIEJOBAHUA C «UMHCTPYMEHTAIbHOW» (MaTreMaTH4ecKuit
anmapar ¢ KOPPEKTHO noJ00paHHOKW TpeAMeTHOH 001acTeio H
TEXHOJIOTHEW €€ peaju3aliu) Ha «KOHLENTYaJbHYIO», MPH KOTOPOii
paccMaTpuBarOTCI MU (POpPMANM3YIOTCA  €CTECTBEHHBIE  MEXaHH3MBI
OpTraHu3aliy KOMMYHUKAIMNA U TeHepalluy 3HaHUH.

PeanbHpIM marom Ha 3TOM MYTH MOXET CTaTh INIyOMHHOE
UCCIICIOBAaHUE  UEPOrIM(UYECKUX  S3BIKOB,  KOTOPbIE  SIBISIIOTCS
O0TpaOOTaHHBIM BEKAMH MEXaHM3MOM KOMMYHHKALMM W TPEACTABICHHUS
3HAaHUH O MHpPE Kak CTPYKTYPUPOBAHHOM CHUCTEMBI MAeOrpaduuecKoro
koaupoBaHua. Mepormmpamu  ONMCHIBAIOTCS  MOHSATHUS, IMPOLECCHI,
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OTHOIICHUS, CBOMCTBA M T. II., @ KPOME TOT'0, HEPOTITU(PHUECKas CUCTEMA
YCTpOEHa TaK, YTO IMO3BOJISET CTPOUTh CEMAHTHUYECKHE TIONIA C YUETOM
B3aMMOJEHCTBUN CMBICIOBBIX (hOpM TpadUIecKUX AIIEMEHTOB, BXOISIINX
B JAaHHBIA KOHTEKCT.

WHTepecHwrii Matepuan misd  paObOTBI B 3TOM  HaIlpaBICHHH
NpEJICTaBICH B TPYy/Jax JUHIBHCTAa-BOCTOKOBena B.d.Pe3anenko [2, 3], B
KOTOPBIX  TPOBOJAATCS WCCIECJOBAHUS C MO3UIMHA TITyOMHHOTO aHajm3a
¢unocoPcKkux, KyIbTYpPHBIX W CEMHOTHYECKHX AaclekToB rpado-
CEMaHTHKH KHUTAHCKON wepormu(uieckod IHUChMEHHOCTH. ABTOp
oTMe4aeT, 4YTo Tpado-ceMaHTHKa KHTAWCKON wuaeorpaduyu mMO3BOISET
OCYIIECTBUTh  Tpaduveckoe CErMEHTUPOBAaHHE KOMMYHHUKATHBHBIX
MIPOIIECCOB M 3HAHUS 00 OKPYKAIOIIEM MHUPE U SIBIIIETCS B OINPEICICHHOM
CMBICTE ecTecTBeHHOH (Qopmanuzanueii. Kpome Toro, cymecTByroT
oTpabOTaHHBIE  aNTOPUTMBI  JUISI ~ MaHWUNYJSIWH,  BBIIEISEMBIMHU
KOMMYHHKATHBHBIMH CErMEeHTaMu (rpademamn).

Kumatickas uoeozpadus kak 06vekm ucciedosanusl

Kuraiickas wueporimguyeckass NHCBMEHHOCTb - 3TO CHCTEMHO-
CTPYKTypHOE 0Opa3oBaHHE, KOTOPOE ONMCHIBAET CTaTW4YEeCKHE U
TMHAMHYECKHE MIPOLIECCHI MEHSIIOLLETOCS peanIbHOTO MHUpa

(uepepriBHOTO). Ilepexom OT HENpPEpbIBHOCTH K  JUCKPETHOCTH
MPOMCXOIUT MIPU HOMOIIM MIEOJIOTHIECKH Harpy>KeHHbIX 0a30BbIX rpado-
cemanTryeckux anemMentos (BI'C3). B stor rpaduueckuit 6a3uc BXoaut
21 snemeHT (HAOOp 3TUX AIIEMEHTOB MOXET BapbHpoBaThcs OT 20 mo 22
3JIeMEHTOB [2]), OpU TOMOIIM KOTOPBIX CO34a&TCcs IUIOCKOCTHAS
uaeorpaduyeckas HMHTEpHpeTanus OOBEKTOB M IPOLECCOB PEATBLHOTO
MUpa.

Takum ob6paszom, rpadema (cama mnm coudetanue BI'CD) moxer
paccMaTpuBaTbCs, Kak eAMHHUIA mepeaayn uHpopMmauuu (popmaTHBIH
KaJp KOMMyHHKauupyromux naHueix) [4]. Camu xe BI'CD sBustoTcs
eIMHOI He JAenuMOol eanHUIed HH(pOpPMAaNU, TO €CTh UCXOIHON TOYKOM,
OTIpeaeIIIoNIel HallpaBJIeHNEe pa3BUTHs CMBICIOBBIX y4KoB (CII).
3axnouenue

WHrepec K UW3y4YEHHEHHMIO CHCTEMbl HMEPOTNIMPHUKA C  LEIbIO
nmiiemenTanuu ee noaxoaoB B UKT wapocraer. IHHOBaMOHHBIH YpOBEHB
MPOCIIEKMBAETCS BO MHOTHX HAYYHBIX HCCienoBanusx [5, 6, 7, 8].

Co3manue COBPEMEHHBIX WHCTPYMEHTOB JOJDKHO OBITH CBSI3aHO C
BO3MO>KHOCTBIO HCIIOJIb30BaHUS M MHTEPNPETAlMM 3HAHUM Ha OCHOBE
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KyIbTypOJIOTHYECKUX KapTHH MHupa. Cucrema HeporauguIecKoit
uaeorpaduy MOKET TMOCTYXHUTh OTIPABHOW TOYKOW B MCCIIEAOBAHUAX II0
MepPeCMOTPY TTOAXO0IOB M METOJIOB MPOEKTHpOBaHuUs U pazpadboTku UKT.
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Anomauyin. Ilpononyemvcs memoouxa pobomu 3 06a3z010 OAHUX
Moodle no cmeopennio i 3acmocysanio il 01 RIO2OMOBKU 00
yuacmi 6 CmyoOeHmMCbKUX HAYKOB0-MexXHiuHux Kougepenyisx. Lle
003607151€  OP2AHI308Y8AMU  HAGHANLHY 1 OOCIIOHUYLKY pOoOOmMy
cmydenmie 6 cepedosuwi Moodle, zoxpema 6 Jucmanyitinomy
HABUAILHOMY NPOYEC.

Kniwoueente cnoea: Moodle, 6aza oanux, 3anuc, none, wiabion.

Cepen mporpamMHHX CHCTEM, IO JO3BOJIAIOTH OpraHi3yBaTu
JTUCTAHIIMHY OCBiTy, INHPOKY TOMYJSIPHICTh TMpuadala cucrema
ympasiinas HaBuanHsM (Learning Management Systems — LMS) Moodle.
Lef#t 6e3KOMTOBHO PO3MOBCIOKYBAaHUH MTPOrPAMHHUI KOMILJIEKC 32 CBOIMHU
(YHKITIOHATPHUMH MOJXJIMBOCTSIMH, TIPOCTOTI OCBOEHHS 1 3pYYHOCTI
BUKOPUCTAHHS 3aJ0BOJIbHSE OUIBIIOCTI BUMOTI, INO MpPE. SABISIOTHCA
KOPHCTYBa4yaMH JI0 CUCTEM €JIeKTPOHHOTO HaBuaHHs [1].

HakonmayBatm 1 cuctemarn3yBaTH CTPYKTYpHY iHQoOpMmamiro —
Ba)XXJIUBE BMIiHHS Ui BHKIajadiB. He MeHII BakKJIMBO LIbOMY HaBUUTH
cTyzaeHTiB. B iHdopManiiHUX TEXHOIOTIAX iCHye TepMiH — 0a3a maHux. Lle
CYKYIHICTh «IUIOCKMX» TaONHIb, 3aJaHOi CTPYKTYypH, TOOTO Talmmus
CKJIafaeThesl 3 0e3mivi 3amuciB, a KOXKEH 3aIliuC HPEeACTaBIIsE TPYIy JTaHUX
neBHoro ¢opmary. Tabmumi 06a3m JaHuUX TMOB’A3aHI MiX COOOIO
BITHOCMHaMH  a00  B3a€MO3B’A3KaMHM, 3BAaHUMH  «PEISLIHHUMEY.
Tpamuuitina 06aza JaHWX PENALNIHHOTO XapakTepy SBIsE COOO0
CYKYNHICTh TaONUIb 3 MAaHUMH, SIKi OpraHi3oBaHi MEBHUM YHHOM.
[IpaBunbHO cHpoekToBaHa 0a3a JaHUX MICTHTh KiIbKa TaOJIMIb,
MOB’s13aHUX MDK COOOI0 332 JONOMOTOI0 KIIIOYOBHX IIOJIB, IO JIO3BOJISE
YHHKAaTH HAJJIUIIKOBOCTI JaHUX Ta iX ayOnroBanHs. Lle mocuTh ckmamHi
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iHpopMalliiini  00’€KTH, NPOTe OLIBIICTh KOMIT IOTEPHUX MPOrpam
MPAIOIOTh 3 0a3aMu JaHMX i 0€3 HUX HEMOJKIIMBO CyJacHa OCBITa.

Juis poboTu 3 iHGOpMaifHIMYU CTPYKTypamMu y cepenoBuii Moodle
icuye iHcTpymeHT «ba3a manumx». Sk ememeHT Kypcy Moodle s
CTpyKTypa € Tabmuueto nanux. [Ipu mpomy Qopmar i cTpykTypa 3ammcis
mpakTHaHO  OeamexHi. lle wMoxyrte Oytm 300paxkeHHs, aiinm,
TiIepIOCHIIaHHSA, TEKCT Ta Oararo iHmoro. Bce 1me mo3Boisie 5K
BHKIIaJ[ady, TaK 1 CTyJeHTaM CTBOPUTH OaHK 3amMHUCIB Mo Oymb-sKii Temi,
MEPETJISTHYTH 200 3IHCHUTH TMOITYK 3aIHCIB 13 CYKYITHOCTI.

Tomy cepenm eneMeHTIB Kypcy, OIO [O3BOJISIOTH OpraHi3yBaTH
HaBYaIbHY 1 JOCHIAHHUIBKY pOOOTY CTyIeHTiB, came emneMeHT «basa
JaHWX» € HAWO1ThII PUBAOIHBHHA.

Enemenr «baza nanux» MokHa BUKOPUCTOBYBATH ISl TOTO, L100:

— CIOUTPHO HAKOMHWYYBaTH  CTaTTi, KHUTH, TillEPIOCUIaHHS,
6i6miorpadivHi OCUIaHHS, SKi CTOCYIOTHCS IIEBHOT TEMH,

— BHUCTABIIATH CTBOPEHI cTyneHTamu Qortorpadii, miakaTd, cauTw,
TEKCTH Ha 3arajbHUl OIVIA[ YYacCHHUKIB Kypcy, LIO0 CTYAEHTH MOTJIH
KOMEHTYBATH 1 perieH3yBaT pPoOOTH OIMH OJHOTO;

— CKJIaZlaTh Ha OCHOBI 3pOOJICHMX yYacCHHKaMHU Kypcy 3ayBakeHb 1
MOJAaHUX HUMH TOJIOCIB OCTATOYHHMH CIUCOK NMOTEHLIMHUX BapiaHTiB IS
MIPOEKTY;

— HaJlaBaTH CTY/ICHTaM MIPOCTip s 30epiranas Qaiimis [1].

ToO6To0 1€l eneMeHT Kypcy Moxke OyTH e()eKTUBHO BUKOPHUCTAHUH LIS
oprasizarii Ta IOCTyIy IO JTaHUWX, Ul CIiJIBHOI poOOTH CTYAEHTIB Ta
€JIEMEHTIB JOCIIIHUIBLKOI MisUIBHOCTI.

B pobGoti mpomonyeThcsi MeTomuka poOOTH 3 0a3010 MaHHUX II0
CTBOPEHHIO 1 3aCTOCYBaHHIO il JJIsl MIATOTOBKH A0 y4YacTi B CTYAEHTCHKHX
HAYKOBO-TEXHIYHMX  KOH(EpeHUifAX. ANTropuT™M Jid  mojsirae B
HACTYITHOMY.

1. CTBOpeHHs BUKIaaueM eneMeHTy «bas3a naHux» B IMCTaHIITHOTO
Kypcy. Ha mpoMy kpomi Tpeba 3amatu Ha3By 0a3i JaHMX Ta HMOSCHHUTH ii
LibOBE MPU3HAYCHHS YYaCHUKaM KypCy.

2. BuzHaueHHsI OCHOBHMX HANAIITyBaHb 0a31 JaHUX, Cepell SIKUX:

— BCTAaHOBJCHHA KIUIBKOCTI BJIACHUX 3allUCiB, SIKE€ KOPHCTYBad
3000B’s3aHUN 3pOOHMTH Tepll, HiX Homy Oye I03BOJECHO NeperisiiaTH
OyIb-SKHX 3aITUCH 1Ii€i 023U JaHUX;
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— BHM3HAYEHHS MaKCHMaJIbHOI KIJBKOCTI 3aIIMCIB, SIKE JT03BOJIIETHCS
KOPHCTYBayeBi;

— BCTaHOBJICHHS Jialla30Hy JaT, KOJIM CTYACHT MOKE HallOBHIOBATH
0a3y maHWX BIACHUMH 3aIlMCaMH, Ta Jllalla30Hy JIaT, KOJH 3alnuch OyayTh
JOCTYIHI Uil Ieperysiny;

— JI03BLJ CTyJEHTaM POOUTH KOMEHTApi A0 KOKHOTO 3aIHCY;

— CXBAQJECHHS 3allUCIB BHKJIAJayeM Iepel TUM, SK BOHU OYyIyTbh
MOKa3aHi cTyIeHTaM (€ 3pyIHHM criocoOoM A inbTparii HenoTpibHOTO
BMICTY).

3. Bubip BuKIIaaueM moiis, 1o BU3HAYAIOThH 1HPOPMAITitO, SKOi Oy1e
HamoBHIOBaTHCA 0Oaza maHux. CTBopeHa 0a3a MaHUX MOXKE MICTUTH
HACTYITHI TIOJIS: TEKCTOBI 1mouts 3 imeHamu «lIpi3Butie iM’s Ta mMo-0aThKOBI
yaacHuKay», «Kypcy, «['pymay, «lIpi3Buiie iMm’st Ta m0-6aThKOBI HAYKOBOTO
KepiBHUKay», «Ha3Ba momoBimi» — mist BHeCeHHs B 0a3y maHUX iHdopmariii
PO y4yacHHKa Ta HOro KepiBHHKa, uuciose mnosie «Homep cekuii», mone
naTa 3 iMeHeM «/laTa 3acimaHHS ceKIii», OIS A 3aBaHTaXKeHHS (aliB 3
iMeHamU «3asiBKa y4acHHKaAY, «JlomoBiap» (111 3aBaHTaKEHHS JOTIOBIICH
y ¢opmarax doc Ta ppt) — IS 3aBaHTaXEHHS [OTOBIII B BHIIIAMII
TEKCTOBOTO (paifiy i mpe3eHTartii.

4. PemaryBanHs ma6noHiB. Ha 1ipoMy Kpolli BUKIIagadeM 3a1ar0ThCs
¢dhopmu, sKi OyIyTh BUKOPHCTOBYBATHCS B MOJNATBIIOMY IS TIEPETIIALY i
NOJAaBaHHS JaHMX. 3a 3aMOBUYBAHHSIM CTBOPIOETbCA CTaHAAPTHHUH
mabJoH, KU MOYKHA 3MIHHUTH 3a JoroMoror BOynoBaHoro WYSIWYG-
penakTopa, a 3a OakaHHSM TaKOXK MOXKHa BuKopucTtoByBath HTML-Tern
JUTSE OLTBII TOHKOT HACTPOMKH.

Jus pobotm 3 0a30r0 MaHWX BUKIAJadyy HEOOXiTHO CTBOPHUTH,
HaNpHUKIaJ, MadIoH CIIUCKY — (GOpMY, IO T03BOJISIE IEPETIIAAaTH 3aIUCH
cnuckoM. lleit mabioH mMae o0iacTh 3aroJioBKa, 00JACTh BiAOOpaKeHHS
CIHMCKY, @ TaKOX HW)XHIH KOJOHTHUTYJI. Y 3arojioBKy MOXXKHA CTBOPHTH
«IanKy» TaONulli, a B HIKHBOMY KOJIOHTHTYJ JOJATH KOMEHTapi IO
KOY>KHOMY 13 CTOBIIIIIB (IOJIiB) 200 PO Iy0JIFOBATH 3aroj0BOK [2].

5. BBeneHHs CTyneHTaMu BIIACHUX JaHUX. YYaCHUKU 3aHOCSTH
iHpopMaNio B HEOOXiZHI MOJSA 1 3aBaHTaXYIOTh (ailii i3 3asBKaMU Ha
y4acTh y KoH(epeHuii i BjIacHUMHU I0moBiasMu y popmatax doc Ta ppt.

VY cucremi Moodle HagaHna MOMIMBICTH 0araTOKOPHCTYBAILLKOTO
JOCTYIly, WIO O3Haya€ OJHOYAacHe BBEACHHS JaHUX JCKUIbKOMa
KopucTyBauamu (y4dacHuKamu). Buxmagad i cTyneHT (y4acHHMK) MaroTh
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pi3HI TpaBa 1Mo pobOoTi 3 6a3010 jmaHuX. Tak, BUKIAgad MOXKE BBOJIUTH,
pemaryBatv, BUAANSNTH, CXBAIOBATH, KOMEHTYBaTH BBEIEHI NaHi BCiMa
CTyJICHTaMH, a CTyJJCHT MO)K€ BBOJUTH, PeAaryBaTH, BUAAIATH JIUIIE CBOT
naHi. Bci cTyneHTtH, sSiki € y9acHUKaMU Kypcy 3MOXYTb MOOaYuTH HOBI
JaHl 1HIIWX YYaCHUKIB JIMIIE ICIS TOTO, SIK BUKIAAad iX MEpeBipuTh i
MITBEPAUTh X TpaBWIBHICTE. lle mae MOXIMBICTH BHKJIaJadeBi
KopuryBatd iH(OpMaIlil0o 1 OI[IHIOBaTH pPOOOTy CTyIeHTa. 3alrch B
TaOJIAIII MOXKYTh MIEPETIIAIATHCS CITUCKOM a00 OKpeMo (110 OHii).

6. [eperssin, KOMEHTYBaHHS Ta OIIHIOBAHHS CTYJCHTAMHM 3aITUCIB, SKi
BBEJIeHI IHIMMHU y4acHUKaMmHd. llepemOadaeTncs, MO CTYACHTH MOXKYTh
HaJaBaTH OIIHKH Ta KOMEHTapi JOMOBIIAM IHIIMX YYACHUKIB, 3aBISKH
YOMY 3IHCHIOETHCS BUSBICHHS HAUKPAIUX CTYJEHTCHKUX POOIT.

7. OuiHloBaHHS Ta KOMEHTYBaHHS BHUKJIaJadaMH  3aIllCiB
(cTyneHTChKHX poOiT).

8. AHaui3 pe3ynbTaTiB CyMiCHOI MisITHOCTI BUKIIAAadiB Ta CTY/ICHTIB.
[IpoBoanTECS MigpaxyBaHHS 3arajbHOI KITBKOCTI BiJ3HAYEHUX POOIT.

TakuM dYHHOM, CTYAEHTH TIiJl KEPIBHUITBOM BHKIagada abo
CaMOCTIHHO HAIOBHIOIOTH 0a3y JaHWX BIIACHUMHM 3amvcamu. Beeneni pani
NEePEeBIPSAIOTHCS BUKJIAJA4EM Ta IICIIS 3aTBEPIUKEHHS CTAOTh JOCTYITHUMHU
IS Teperiisiay JUIs BCIX YYacHMKIB Kypcy. Ilicas 4oro cTynmeHTH Ta
BUKJIAAa4yl BiA3HAYAIOTH BOOIO0AHI MOIOBIAl MUIAXOM OLIHIOBAHHS Ta
KOMEHTYBaHHsS. Pe3ynbTaroM Takoi CyMiCHOI MisUTBHOCTI € BHUAUICHHS
HaWKpamux poOiT CTYACHTIB IUITXOM T'OJIOCYBaHHS (OLIHIOBaHHS).

Buxopucranns 6a3u nannx Moodle nepenbadae akTHBHY B3a€MO/IiO
BUKIIQJa4iB 1 CTYIEHTIB Pi3HUX TPYI 1 CHpPUSE PO3BUTKY HAYKOBO-
JOCTiAHOT POOOTH CTY/ICHTIB.
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OB DPPEKTUBHOCTHU INTAPAJUVIEJIBHOI'O
MHOT'onnonyJiiiuOHHOI'O TEHETHYECKOI'O
AJI'OPUTMA JUISA PASHOI'O YU CJIA TPOLHECCOPOB

JYKbsHOB HN.0.

HNHeTuTYT KHOEPHETHKHI

uMm. B M. I'nymikosa HAH Ykpaunsl,

r.Kues, npocnexkt Axaaemuka I'mymkoBa, a. 40
ihorlukianov@gmail.com

B pabotax [1-2] Obu1 onmcan mpouecc pa3paboTKH M ONTHMH3AIMH
MapajuIeIbHOTO  MHOTONOMYJISIIMOHHOTO  T€HETHYECKOro  alropUTMa,
KOTOpBIN ObUI ONTHMH3MPOBAH JIJII TECTOBOM 3aJaud: HAWTH 3aJaHHYIO
ctpoky mmuHbl N=100, cocTosmylo W3 CHMBOJIOB KOHEYHOTO andaBUTa
pa3smeproctu K=33.

Ucxons u3 ocobeHHOCTEN Kitacca 3ajad, MpH pa3padoTKe aaropuTMa
ocoboe 3HaYeHHWE TMPHUIABAIOCH APPEKTUBHOMY  HCIIOIB30BAHUIO
orepanuii CKpeIMBaHWS C LEJIbI0 HAKOMJIEHHS W  COXpaHEHHs
“NpaBUIIBHBIX” TEHOB (CHMBOJIOB, COBIMAJAIONMIUX CO 3HAYCHUSAMH B
3aJlaHHON cTpoke). B urore ynanocs pazpaboTath MHOTOIOMYJISIIMOHHBIN
TCHETUUECKUI aNrOpPUTM, MpH pPaboTe KOTOPOTO BO3MOXHO JIOCTHYb
pesynprata B 98% oT ontumyma (THOJIydaTh XpOMOCOMY-pELIeHHE,
conepxarnryto 98% «mIpaBWILHBIX» TE€HOB), UCIIOJB3YS TOJIBKO OMEpaIuu
CKpeIlrBaHus, 0e3 NCIOIb30BaHMs ONepalluii MyTalHH.

Henbto maHHOW paboOTHI SIBISETCS TPOBEJCHHE DKCIIEPUMEHTOB C
3aJlaHHOM  TECTOBOM 3aJadyed C Pa3HbIM YUCIOM IIPOLECCOPOB U
aNbTEPHATUBHBIMH  CIIOCOOAMM TEHEpalMM HavajJbHOW  TOMYJISINH.
BonpmmHCTBO paHee OMHMCAHHBIX SKCIIEPUMEHTOB MPOBOAWINCH Ha 16
mporeccopax. Takoe KOJIMYECTBO TMPOLECCOPOB OBUIO 0OYCIIOBIEHO
pPa3MEpHOCTBIO TECTOBOM 3ajadyd W pe3yidbTaTaMH IEePBOHAYATBHBIX
JKCIIEPUMEHTOB.

B wmarepuane [3] mnpuBeneHsl (GopMysbl Ui pacuera pasmepa
HAYaIBbHOW TIOMYJSALMU C LENbI0 HAJMYUS «IPAaBUIIBHBIX» T'€HOB B
HaYaJIbHBIX TOMyJSAIUAX Ha ypoBHE 98% u Bbime. COOTBETCTBEHHO, MPHU
YMEHBIIEHUH YHCJIa IPOLIECCOPOB pa3Mep HavdaJbHOW MOIYJIALUN
yBeIUIHUBAICS (Ta0IHIIA).
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Ta0auna

K-Bo npoueccopon 16 | 12 8 4

Pa3Mep HavanbHOW MOMYJISIIAN 20 | 28 | 40 | 92

Ha pucynke 1 mpuBeneHO KOJIHMYECTBO PACCMOTPEHHBIX albTEPHATHB
JUTS AOCTHKEHUSI OIPENENICHHOTO IMpoleHTa oT ontumyma (ot 90% mo
100%) st pa3sHOTO KOJIMYIECTBA IIPOIECCOPOB.

Hamnbomee »>ddextuBHBEIM Ha BCeM  HHTEpBaje  OKa3alHCh
AKCIIEPUMEHTHI C WCIOIB30BAaHUEM 8 TPOIECCOPOB, MPUMEPHO TaKUE KE
pe3ynbTaThl MOKA3alM 3KCHEpUMEHTHl ¢ 12 mpoueccopamu. HeMHorum
0oJIbIIIe TOHATO0MITIOCH I 16.

34000
29000

24000 —

19000

14000

9000
90 92 94 96 98 99 100

4 eeveenn8 12 16

Puc. 1.

B [2] O6Bm1 mpencrtaBieH anbTEpHATHUBHBIA CIIOCOO TeHEpaluu
HAaYaJbHBIX  TOMYJSIUA  MHOTOMNOIYJSIIMOHHOTO  TE€HETHYECKOTO
aNroOpuTMa, HA3BaHHBIM aJITOPUTMOM PABHOMEPHOTO CKAaHUPOBAHUS
MPOCTPAHCTBA 3HAYCHUH (PAKTOPOB, B pe3ylibTaTe MPUMEHEHHS KOTOPOTO B
KaXJ0W HaYaJIbHOM MOIYJIALNN IPUCYTCTBYIOT BCE BO3MOXKHBIE 3HAUEHUS
(hakTOpOB ONTHMAJHLHOW XPOMOCOMBI-pemieHus. B mporiecce paGoTh
3TOT0 AIrOpUTMa pa3Mep HadajibHOM IOMYJIILMU BCErla PaBeH pa3Mmepy
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andapura (33), He3aBUCMMO OT uMciaa mporieccopoB. Ha pucynke 2
MPUBEACHBI PE3yIbTAThl IKCIEPHUMEHTOB JJIsi 3TOTO cloco0a TeHepaIu
HAYaIbHOW TOMYJSIMA JJIsl TOCTHXKEHUSI OTPEICICHHOTO MPOIEHTa OT
orrtumyma (ot 90% mo 100%) ¢ pa3HBIM KOTUIECTBOM TPOIIECCOPOB.

34000
29000
24000 s
19000
14000

9000
90 92 94 96 98 99 100

8 12 == = 16 == . =8(cayu)

Puc. 2.

Jnst  anroputMa paBHOMEPHOTO CKAaHHPOBAaHUS  TPOCTPAHCTBA
3HaueHuit QaktopoB u goctmxenus 100% ontumyma Ha 12 u 16
Mpoleccopax MOHAA00MIOCh NMPUMEPHO Ha 25% aibTepHATHB MEHBIIIE,
4yeM Ha 8 mporneccopax. [Ipy 3ToM yMeHbIIEHHE KOTHMYECTBA MTPOIIECCOPOB
MIPUBENO K TOMY, YTO TeHETUUECKUI MaTepual BeIpoxkaaics Ovictpee. [Ipu
3TOM HEKOTOpas JOJs SKCIEPHUMEHTOB HE CMOIJIA JIOCTUYb JKEIaeMOro
pesynbTaTa ¢ npuMeHeHneM mytanwii 3a 1000 utepanwmii anroputma (I
YCIIEIHBIX SKCIIEPUMEHTOB MOHA00mI0ch okono 150 urepanuii). s 16
nporeccopoB mpu goctTkeHnn 100% onTtuMyma BCe DKCIIEPUMEHTHI
3aBEepUIMIINCh ycmemHo, mast 12 — ««actpsuion 5%, mia 8 — 22%.
PesynbTatel s 4 mpolieccOpoB He MPUBEICHBI, TaK KaK JJIsl 3TOTO YHCIIa
MPOIECCOPOB  JIOJSI  OKCIIEPUMEHTOB, HE JIOCTHTIIUX  ONTUMYyMa,
npessimana 30%.

[IpoBeneHHbIE DKCIIEPHUMEHTHI TOKA3bIBAIOT, YTO JUIS JOCTHIKEHHUS
MaKCHMaJIbHON 3pPEKTUBHOCTH ONITHMAaJTbHbBIE rapaMeTpbl
MapajuIeTbHOTO MHOTOMOITYJISIIHOHHOTO aJTOPUTMa JOJDKHBI BEIOMPATHCS
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B 3aBHCHMOCTH OT JKEJIaeMOro pe3ylibTaTa. Tak, s JaHHOW TECTOBOM
3ajauy, Ui mosydeHus pesyibrata B 90-96% oTr ontuMyma HauOolee
3 PEKTUBHBIM SBIISICTCS HCIOJIB30BAHHUE 8 MPOIIECCOPOB C aJTOPUTMOM
PaBHOMEPHOTO CKaHWPOBAaHWS MPOCTPAHCTBa 3HaueHUil (axtopos. [locme
96% cTouT MCHOIB30BaTh 12 MPOIECCOPOB M AITOPUTM PaBHOMEPHOTO
CKaHWPOBaHUS TPOCTPAHCTBA 3HAYEeHWH (akTopoB. s mocTmkeHUs
100% or onTuMyMa HCIONB30BaHHE 16 MPOILIECCOPOB W aANTOPUTMA
PaBHOMEPHOTO CKaHMUPOBAaHUS TPOCTPAHCTBA 3Ha4deHWHA (HAKTOPOB
MOKa3ajdu Jy4dIInd pe3ynabTarT, yduThIBas, 4TO s 12 mporeccopoB
MNPUCYTCTBYIOT CITy4an «3aCTPSABIINX» KCIIEPUMEHTOB (5%).
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PACHPEJEJEHHASI HHOOPMALIMOHHAS TEXHOJIOT ST
OBPABOTKH ®UHAHCOBBIX JJIOKYMEHTOB
B TABJIMYHOM ®OPME J1JISI OPTAHU3IIUU
C KOPITIOPATUBHOM CTPYKTYPOH

JA.HN. HUKOJIEHKO,

Hucruryt knoepneruxku HAH
Ykpaunbl, KueB, Ykpauna
nikolenkodmytrol77@gmail.com

Annomayun. Paccmompena ropnopamugnas pacnpeoeieHHas
ungopmayuonnas mexnonoeusi (PUT) noocomoexu u obpabomxu
@DUHAHCOBLIX  OOKYMEHMO8 ¢  HUCIOBbIMU U  MEKCHOBbIMU
nokazamensimMu 8 mabauyHol gopme Ha npumepe QYHKYUOHANLHO-
opuenmuposantoi noocucmemvl «boodowcem HAH Vrpaunory,
paspabomannoi u sxcnayamupyemou 8 HAH Yxpauno.
Kniouesvie cnosa: snexmponnsiil ghunancoswlii dokymenm (DD,
mabauysl ¢ USMEHAEeMOU CMPYKMypou, mMunossie npoyeoypul
obpabomku DD]], MHO208epCUOHHbIE CHPABOYHUKU.

B xopnopatuBHBIX cHcTeMax (MHHHUCTEPCTBAX, HAIMOHAIBHOM U
OTpAaCIIEBbIX aKaJeMHUIX HAYK) BelleTCs LEHTPAIN30BaHHOE IJIAHUPOBAHHE
W ydeT (HUHAHCOBBIX PECYpCOB NPEANPHUITUH, OpraHu3alMi, Ipyrux
MOJpa3/IeNIeHUH B COCTaBe COOTBETCTBYOLIECH Koprnoparuu. [loaroroska u
00paboTKa 3JEKTPOHHBIX (UHAHCOBBIX J1OKyMeHTOB (DP/l) B TabnuuHOM
¢dopme  sBISETCS  BaXXHOM  4YacTbi0  3a7ady  LIEHTPAJIM30BAHHOTO
IUIAaHUPOBaHUS H ydeTa (UHAHCOBBIX PECYPCOB  IOJApa3leICHUi
KOpIIOpalHy.

Wndopmaruzanms nporeccoB NOAroTOBKH, coopa u obpadotku DD/
paccMaTpuBaeTcss Ha NpuMepe  (YHKIHOHAJIBHO-OPUEHTHPOBAHHOM
moacuctembl  (DOIT) «bromrxer HAH  VYkpaiam». [lannas ©OII
npumensiercs B HAH VYkpaiun 1  aBromatmsanum  oOpaboOTKH
JJIEKTPOHHBIX JOKYMEHTOB, Hapsany ¢ apyrumu PUT takumu, kak PUT
Hay4YHO-opranuzanuonnoi aesrensHoctt HAH VYxkpamnun (PUT HOJ
HAHY), ®OIl «Hayunsie u pyxoBomsmme Kaapel HAH VYkpauns,
WnTerpuposanHas cucTema IEKTPOHHOTO JOKyMEHT0000poTa
[Ipesuniyma HAH VYkpainu [1, 2].
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C momompio DPOII «bromrker HAH VYikpawmHB» OCYIIECTBISIOTCS
TaKue TeXHOJOTHIecKue onepanuu Hay D]l B hopme Tadw;:
e moaroroBka O®JI B Hayunsix yupexaeHwsx (HY) HAH

YKpauHbl;
e mnepenada noarorosineHHBIX OD/] B Ilpesunuym HAH Ykpaunnsr;
® TpueM 2D/, TIPOBEPKa, oOHapy)XeHHe OmmO0K,

nHpopmupoBanre HY o BBISBICHHBIX OITHOKAX;

e 3arpyska B 0a3y gannbix (b/1) mpoBepennsrx DD /1;

® IOCTPOEHHE CBOTHBIX OTUYETOB,;

® TIOCTPOCHHE AHATUTHYECKUX OTYECTOB.

OOII «bromxer HAH YkpauHb» UCHONB3YET TUIOBBIE MPOLETYPHI
nprema, HpoBepKH, 3arpy3ku B bJ[ tabmun pasnnuseix (opMaToB H
Ha3HA4YeHHA, KaK C YUCIOBOW, TaK M C TEKCTOBOW WH(OpMAIHEH, a TaKkKe
MTOCTPOCHUSI CBOAHBIX M aHATUTHUYECKUX OT4YEeTOB. I mOKas ctpykrypa BJ]
MO3BOJISIET OBICTPO HAcTpauBaTh crnpaBodHUKKA bJ 1 XxpaHeHus u
00paboTku pazHooOpazHbix DD/] HOBBIX THIIOB, KaK ¢ TIOCTOSHHOM, TaK U
C W3MEHAEMOH CTPYKTYypOHl CTPOK W CTOJIOIOB Tabnwi, ¢ OONBIIUM
KOJINYECTBOM TaOJIHUI pa3HOU CTPYKTYPBI B K&KIOM JTOKYMEHTE.

Pazpaborana TumoBasi cxemMa ONMMCaHUs TAaOJIHI Pa3HOW CTPYKTYpBHI.
Kaxnomy 3HaYeHHIO TPSMOYrojJbHOM  TaOMUIBI  IIOCTABJIEHBI B
COOTBETCTBHE HOMEpP CTpOKM M Homep cronbma. Cama Tabnuna
XapaKTepU3yeTcsl TUTIOM M UMEHEM, a TaKKe PSIOM APYIHX MapaMeTpoB.
Ums, Tin u mapameTrpsl TaOMUIBI MOTYT HMMETh HEPapXHUYECKYIO
CTPYKTYpPY, 3aBUCSIIYI0O OT Ha3HaueHUss U OT 0OcoOeHHOCTel
MPEACTABICHUS TaOIUIL U1 TI0JIb30BATENs U AJIsl IPOrPaMMHUCTA.

Hanpumep, TabiauyHbIil JOKYMEHT MOXET OTOOpa)kaThbCsi Ha JIMCTaX
Excel-taiina. CooTBeTCTBEHHO, KaX bl JOKYMEHT (Kax il Excel-daiin)
OyzneT XapakTepu30BaThCS TUIIOM JIOKYMEHTa, UMEHEM H IapameTpaMu
9K3EMIULIpa TOKyMeHTa. THIl JOKyMEHTa 33/1aeT CTPYKTYPY U Ha3HaueHHE
Excel-mucToB ¢ TabnuiaMu, a UMs U mapaMeTphbl IK3EMIUIAPA JOKYMEHTa
OIMCBIBAIOT €r0 MPOUCXOXKAEHUE (Ha3BaHWE MPEANPHUATHS WM (uinana
KOpIIOpallMy, CO3JABHIET0 JOKYMEHT, HMEHa MJOJDKHOCTHBIX —JIHII,
OTBETCTBEHHBIX 32 coJepKaHue Tabmul, uX TenedoHbl, axpeca
9JIEKTPOHHOM TOYTHI, BpeMs CO3JaHHs M OTIPaBKH JIOKYMEHTa B
HneHTpanbHbil oduc koprmoparmu u T.1.). Kaxaeiii auct Excel-datina
TaKXXe OMHICHIBACTCSI CBOUM THIIOM, UMEHEM 3K3eMIUISIpa JIMCTA, TIOPSIIKOM
nucToB B Qaiiie. Ha omHom Excel-nmucte MoryT pacnonaratbesi HECKOJIBKO

265



tabmuu. [lostomy kaxnmas TaOnumua Ha JIMCTE TaKKe XapaKTepU3yeTcs
TUIIOM, UMEHEM U DPSIOM MapaMeTpoB (HOMEp CTPOKH M HOMEp CTOJIONA
JIEBOT'O BEPXHETO JIEBOTO yIjia TaOJUIIbl, €€ AJUHA U BBICOTA, SIBJISIOTCS JIH
NEPEMEHHBIMI WJIM TOCTOSIHHBIMU YHCJIA CTPOK M CTOJIOLOB TaOJIUIBI U
T.0.).

s mporpammucTa  HaOop TaOIMIT TPEACTABIICTCS B BUIC
MHOXecCTBa (JOpM M MHOXKECTBa MHOTOBEPCHOHHBIX CIPAaBOYHHMKOB [UIS
XpaHeHUs 3HaUYeHUH TaOMIHBIX TOKyMeHTOB B B/I.

DTO TO3BOJSIET MOBOJBHO OBICTPO pa3padaTbiBaTh IMIAOIOHBI IS
HOBOT'O THITa ()MHAHCOBBIX TAOJIUYHBIX IOKYMEHTOB (32 HEIEII0), a TAaKKe
MOJrOTaBIMBATH HOBBIE IPOLEAYPHI ISl IPHUEMa, IPOBEPKH U 3arpy3Ku B
BJ] Tabmuunabix D®d/] HOBOoro THma. Pa3zpaboTka mporemyp oOpaboTku
JOKYMEHTOB HOBOT'O THIIa OCYILLECTBIISIETCS] B HECKOJIBKO LIaroB.

HMlar 1. [llabnonsr (UHAHCOBBHIX TAONUYHBIX  JOKYMEHTOB
paspabateiBatoTCsI W pacceuiarotcss B HY Bmecre ¢ HMHCTpyKOHEW o
3armoHeHnH. Ta0InYHbpIe TOKYMEHTHI 3amonHsoTes B HY.

Hlar 2. Co3maercss TumoBas cTpykrypa b/l, paspabarsiBatorcs u
3aIIOJTHSIOTCS CIIPABOYHUKH AJISI XpaHEHHS TaONUYIHBIX TOKYMEHTOB.

Ilar 3. Pa3pabareiBatoTcsi TUIIOBBIE MPOLIEAYPHI IPHEMa, IIPOBEPKH U
3arpy3kd B b/l TaOMUUHBIX JOKYMEHTOB HOBOTO THIIA.

IMar 4. Apromarmyeckun mpuHHMarorcs O®PJ[ HOBOro TtHma wu
OJHOBPEMEHHO  J10pabaTBIBAIOTCSI  HOBBIE  THUIIBI  aBTOMAaTHYECKUX
MIPOBEPOK, €CIIM B 3TOM €cThb HeobxoxumocTh. IlpoBepku crpositcs Ha
3HaHUAX 00 wu30BITOYHOCTH WHpOpPMANMKM B TaOiuiax (Hampumep,
WTOTOBBIA  TIOKa3aTesib JOJDKEH OBITh paBeH CyMME CJlaraeMbIX
noKasarenel; KOHCTaHThI, IPUCYTCTBYIOIINE B TaONHLAX, JOJDKHBI OBITH
PaBHbBI 33JaHHBIM 3HAYEHUSIM; IOKa3aTellb, BHIYACIAEMBIA MO 3aJaHHOU
¢dopMmyne, MOOIKEH COOTBETCTBOBaTb apryMEHTaM 3TOW (OPMYIIBL,
YKa3aHHbBIM B TaOJUIle; WTOTOBBIE 3HAYEHUs [BYX TaOJUI OJDKHBI
COBIIA/IaTh, €CIM OJHO M TO K€ HMTOTrOBOE 3HAYCHUE TMPEICTABICHO
pasHbBIMH HabOpaMH ciaraeMbIX B pa3HbIX TaOIMIax).

Ilar 5. HactpauBaroTcsi THUIIOBBIE NMPOLEAYPHI OCTPOSHHUS CBOJHBIX
otyeroB. CTpyKTypa, KOJUYECTBO, (opMarbl W Jpyrue OCOOEHHOCTH
CBOJHBIX OTYETOB COIVIACYIOTCS C 3aKa3uukoM (Kak MpaBWIO, 3TO
NpeACcTaBUTeNN  OoTHena  (UHAHCOBO-KOHOMHYECKOTO  OOecredeHHs
[Mpesunuyma HAH Ykpaunsr).
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Hlar 6. [To MOMOTHUTENPHBIM TPEOOBAHUSAM 3aKa3UMKa CO3MAFOTCS
MPOLEIYPHI sl IOCTPOCHUS aHATUTUIECKUX OTYETOB.

IIlarn ¢ nepBoro mo MOATHIA OCYLIECTBISIOTCS B 3HAYUTEIBHOMN
CTEIIEHH TNapajesbHo. 3a CUeT 3TOr0 OT MOMEHTA IMOSABJICHUS 33JaHHS Ha
00paboTKy (PMHAHCOBBIX TAOIMYHBIX JOKYMEHTOB HOBOTO THIIA /IO IIPHUEMa
CJIEKTPOHHBIX JIOKyMEHTOB 0T HY M mocTpoeHHs CBOOHBIX OTYETOB
MIPOXOANT He Oojiee 25 mHEH (CTaHAApTHBHIM CPOK IpHEeMa KBAapPTAIBHBIX
otueToB oT aByx coreH HY HAH Vkpauusl). B ciayuae TaOmuuHbIX
JOKYMEHTOB CIJIOKHOH CTPYKTYphl — IO JABYX MECSILEB, B OTIEIbHBIX
CJIOJKHBIX CIIydasiX — J0 TPeX MecsAleB. AHATUTUYECKHE OTYETHl TPEOyIOT
Oosblie BpeMEHM AJsl MOATOTOBKM - 33 CUET NPHUBJICYCHHUS NAHHBIX 32
HECKOJIBKO JIeT M Oyarogapsi HeCTaHIApTHOH CTPYKType, OZHAKO U He
TpeOyIOT OOJIBIIION CPOUHOCTH (10 MECHIIA).

BeiBoabl. Co3mannas PUT moarotoBku u o0paboTku (prHAHCOBBIX
IUTAHOBBIX M OTYETHBIX IOKYMEHTOB B TaOnu4yHOil (popme BHeOpeHa B
MIPOMBINIUIEHHYIO 3KCIUTyaTanuio u (pyaknuonupyer 8 HAH Ykpaunst Ha
npoTsbkeHnd psna jer. JlanHas PUT moxer OBITh 3a KOPOTKOE BpeMs
BHE/IPEHA B JPYIUX KOPHOPATUBHBIX CHUCTEMAaxX 3a CYET HCIHOJIb30BAHUS
TUHOBOM CTPYKTYpbl BJl M THUHOBBIX HpoueAyp UL PacCMOTPEHHBIX
TEXHOJIOTHUECKUX onepanuii o0padotku DDJI. PazpaboTka aHATIOTHYHBIX
PUT moxeT OCYLIECTBIATHCS C HCHOIBb30BAHHEM COBPEMEHHBIX S3BIKOB
MPOrPaMMUPOBAHNS M COBPEMEHHBIX Cpeja pa3pabOTKH MPOrpaMMHOTO
obecrniedeHusl.
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Anomauyin. Ilobydosano onmumizayitiny 6OazamoxkpumepianibHy
MoOenb iHpOpMayitiHoi mexHOoN02i YNpasninHa MamepiatbHUMu
pecypcamu 3 Ypaxy8awHaM 0coOausocmeli npeOMemHoi 2any3i
0yOigHUYMEa ma Xapaxkmepucmuk IHGOpMayitiHoi exocucmemu
0y0i8eIbHO20 NIONPUEMCMEA.

Knrouosi cnosa: ingopmayitini nomoku, kpumepii eqpekmugrocmi,
mamepianbHi pecypcu

CyyacHi mgnpueMcTBa akTUBHO  (opMyIOTh  iH(popMaliiHy
EKOCHUCTEMY SIK HOBY (hopMy oprasizamii BUpoOHHMITBA Ta (QakTop
iHHOBaIliiiHoro po3sutky [1,2]. B OyxiBesnbHii KommaHii 00poOka
iHpOpMaIlii yCKIIAJHSAETHCS TPHUBANICTIO OYJIBHHIITBA Ta HAsBHICTIO
MHOXHWHHU OyJliBEbHUX TPOEKTIB, SIKIi BUKOHYIOTBCS OJHOYACHO Ta
3HaXOJATHCS Ha PI3HUX eTarax CBOTO KUTTEBOTO LUKITY, TOMY T€HEPYIOTh
BIIMIHHI 3a XapaKTePUCTHMKAMH MAaCHUBU JIAaHUX, [0 MOTPEOYIOTh
0JTHOYACHOI 0OpOOKH.

BaxnBoro 1 Ha CHOTOJHI MaJOBHBYEHOIO TMPEIMETHOIO Taly33i0 B
3aralipHil npobsemMi udposizamii OyaiBeIbHUX KOMITaHil € moOyoBa Ta
onTUMi3alis 1HPOPMAIiHOT TEXHOJIOTIT aBTOMAaTH30BAHOTO YIPABIIHHS
pI3HUMH MaTepialbHUMH pecypcaMd depe3 BeCh IKHUTTEBHH UK
MPOAYKTY OyaiBeNbHOrO TIpoekTy [3,4].
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HesBaxatoun Ha TOCTIHHHUN pO3BHTOK MOJENEH, METOIIB Ta
iH(hOpMaIIHHIX CUCTEM YIPaBIiHHS pECypcaMu IiJIPUEMCTB, 30KpeMa B
OymiBenbHIA Tamy3i, B HasBHUX CHCTEMaxX BIACYTHI (YyHKIIOHAIBHI
MOXJIMBOCTI 300py, 30epexkeHHa Ta 00poOkm iH(popmamii mpo 3MiHU
30BHIIIHBOTO CEPEAOBHINA, HEJOCTATHHO PO3BUHEHI MIAXOAHN IO OIpPAITio-
BaHHs ONepaTuBHOI iHpopMaIlii mpo nepebir OyaiBeabHUX TPOEKTIB [5].

BincyTHs TakoXX MOXIUBICTh MIATPUMKA TPUAHATTSA pINICHb B
yYMOBaX HEBHU3HAUEHOCTi, 10 B CBOIO YEPry HEraTMBHO BIUIMBAE HA
e(eKTUBHICTh ONEPATHBHOTO YIPABIIHHSI pecypcamMu i peHTaOeIbHICThH
mpoekTiB. llle oxHi€I0 HEBUPIMIEHOIO TPOOIEMOIO € YpaXyBaHHS IMIHPOKOL
TEPUTOPIaNIbHOI ~ PO3MOIUICHOCTI  OyIiBeNbHMX O0’€KTiB TOpsAn 3
HEOOXi/THICTIO OTPUMYBATH aKTYalbHY 1H(QOpMAIII0 Ha PI3HUX JIOKAIiSX
Ta B €IWHOMY IIGHTpi YIpPaBIiHHSA, TOOTO CTBOPEHHS NPUHITUIIB
BUKOPDHCTAHHS XMapHHX TEXHOJOTiH sSIK OCHOBH iH(popmamiiHOT
TEXHOJIOT11 YIpaBIiHHS MaTepialbHIMH pecypcaMu OyTiBHHUIITBA.

[adopmariitna TexHOIOTIA SK CKiHUEHA YIOPSIAKOBaHA CYKYIHICTBH
MeTOJIiB Ta 3aco0iB 0OpoOKuM iH(opMarlii — eleMeHTiB iHpoOpMamiiHOT
TEXHOJIOT1] — MoXxe OyTr hopMai3oBaHa HACTYITHUM YHHOM:

ITmmr = {IPL vy 'FPJ'-.-'} X {RL vy R;".l'} = (1)
ne IPy,..., IPy, Ry,..., Ry — MHOXUHM eneMeHTIB iH(OpMaiiiHOT
TEXHOJIOTIT Ta 3ac00iB iX ynopsakysaHHs BiamoBigHo, N, M — moTyxHicTh
muoxuH IP Ta R.

Sk pecypc, indopmariiiHa TexHonoriss /7TMmmr Mae BOJIOIITH IEBHUMHU
xapakrepuctukamu P = {Py, ..., Ps} (QpyHKIIOHATEHIMH 1 BApTICHUMH), a
TaKOX 3aJI0BOJIGHATH iHQOpMaIiiiHi TOTpedu croKuBadiB iHpopMamiiHO
TEXHOJIOT1:

P, — BukopucranHs 004HCITIOBATIBLHOT MapaJUrMU XMapHUX TEXHOJIOTIH;
P, — HasiBHicTh yHiikoBaHOI 0a31 MaTepiaabHUX PECYpCiB;

P; — BiamosigHicTh HOpMaTHBHINA 0a3i 1momo iHpopMmaTHu3alii chepu
E€KOHOMIYHOT JISUTBHOCTI MiITPHUEMCTBRA,;

P, — HasBHicTh MexaHI3MIB MiATPHUMKH NPUHHATTSA CTpATETiYHUX Ta
OIIEPATUBHHX YIPABIIHCHKUX PIllICHB;

Ps — IlinTpumka oOMiHy (iMIIOPTY Ta €KCHOPTY) JAHHMH i3 30BHIIIHIMH
JDKEpeIaMu;

Ps — HasiHicTb 3ac00iB iHTerpaliii y icHyrouy iHopMarliitny ekocucremy
MiANPHEMCTBA;

P; —MonynbHa cTpykTypa iHhOpMAaIiHHOT TEXHOJIOTT.
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KoxHa 3 BHAUICHHX XapaKTEPUCTHK € BEKTOpPHOIO (OaratodakTop-
HOI0), 3MICT SIKMX PO3KPHBAETHCS HA MOJAJBIINX €Tarax MOJICIIOBAHHS.

Po3pobka Ta BpoBakeHHs iHGOPMAIIIITHOI TEXHOIOTI] yIpaBIiHHS
MaTepiaTbHUMH pecypcaMi BuMarae KBati(pikoBaHHX KaJpiB, (iHAHCOBHUX
Ta YacoOBMX BHUTpaT. ToMy NpH CTBOpEHHI iH(OPMAIMiHOI TEeXHOJIOTIl
HEOOXiTHO BH3HAYHMTHCS 13 MeTpukamMu i1 edektuBHOCTI. CKIaIHICTH
MOJIATaE B TOMY, IO KiJIbKiCHA OIIHKAa BJIaCHE €KOHOMIYHO1 e(h)eKTHBHOCTI
KamTaJoBKIAaJeHh Yy CTBOPEHHS Ta WPOBAPKEHHS iH(OpMamiiHOl
TEXHOJIOTI] K TaKOi HE OXOIUTIOE BCi PE3YyIbTATH Ta HACHIIKUA PO3POOKH.
AHaji3 HasBHHX 3aco0iB BH3HAYCHHA €(GEKTHBHOCTI iH(OpMAaIiHHIX
TEXHOJIOTIH 3 TOYKH 30py NMPEIMETHOI ramysi 3aCTOCYBaHHS ITOKa3aB, IO
HaWObI mpuiiHATHOIO € cepBicHa crpareris ITIL (IT Infrastructure
Library) [6], ska peamidye CHCTEMHH# MiaXil TNpH BH3HAYCHHI
edeKTUBHOCTI iH(QOPMaIiHHOT TEXHOIOT1I.

3 ukopuctanHsM miaxomy ITIL ¢ynkmionansHa e(eKTHBHICTD
Ke(IP) indopmariiitnoi TeXHOJIOTT yIpaBIiHHI MaTepialbHUMH PECypCaMu
OyIiBENBHOTO MIANPUEMCTBA OI[IHIOETHCS 32 pPEe3yNIbTaTaMH OmNepariiHol
{Kr(IP)}, dinancoBoi {Kr,(IP)}, crpareriunoi{Krs;(IP)}, mpomuciosoi
ramyseit {Krs(IP)}.Y cBoro uepry kputepiii edekTHBHOCTI oOmepariiHoi
mistmbHOCTI Ky (IP) 1moto /7mmr BrIItO9a€e Taki KpUTepii sK: CKOPOUCHHS
vacy 00pooku iHdopmartii Kry1(IP) Ta yacy nocradanust pecypciB Kro(IP),
MiBUINEHHS TMPOAYKTUBHOCTI mpami ciayxOu mocradanas Krs(IP),
MiJBUINEHHSA HAMIMHOCTI mporecy mocradadHs pecypciB  Krua(IP),
3Menmiendss pusukiB  Kps(IP) (32 Bumamu  pecypciB), TMOKpaIiaHHS
BHUKOPHCTAHHSI PECYpPCiB 3 00MekeHUM TepMiHoM 3actocyBanHst Krig(IP).

Kpurepiit ebextuBHOCcTi Krp(IP) (hiHarcOBOT MisTBHOCTI CTOCOBHO
ITmmr BKJIrOYa€ Taki YaCTHHHI KPHUTEPIii, IK CKOPOYCHHS MPSIMHUX BUTpAT
K21 (IP) Ha cTBOpeHHS NPOIYKTY OyIiBEIBHOTO IPOEKTY, KPUTEPIii
3poctanHs Mapki Krx(IP), kputepiii BUKOHaHHS OFOJUKETY OYHiBEIbHOTO
npoexty Kis(IP).

Kpurepiit crpateriunoi edexruBHocti Kr3(IP) Brimowae xputepii
YKpituieHHsT puHKOBOi mo3umii mianmpuemctBa Kpz(IP), Bu3HaYeHHS
KOHKYPEHTHHX THIIIB TPOEKTIB IKUTIOBOro OyniBHHLTBA Kpso(IP),
MiZBUINCHHS sikocTi OymiBHUNTBA Kpga(IP), mpormo3wuiii HOBHX BHIIB
HOCJIyT B Traiy3i >KUTIOBOro OymiBHUNTBA Krz(IP), mimBuineHHs piBHA
KOM(OPTHOCTI POYKTY OyAiBeabHOr0O MPoeKTY Kraq(IP).
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Kpurepiii mpomuciaosoi edexruBaocTi Kri(IP) MicTuTs Taki yacturHi
KpUTepii IK KpUTEpiil 3pOCTaHHA O MIANPUEMCTBA HA PUHKY JKUTIOBOTO
oymiuuirrBa  Krq1(IP), kpuTepiii  BiAMOBIZHOCTI  CTaHAapTram Ta
HopMaTuBaM OymiBHUITBA Krg(IP), KpuTepiii BU3HAHHS MMiIPHEMCTBA 5K
Jiepa Ha PHHKY KU TIOBOTO OymiBHHITBA Kra3(IP).

Takum uwmHOM, (yHKIIOHaTBHa e(EeKTHBHICTD iH(OpPMAIiHOI
TEXHOJIOT11 Ma€ BUTIISAL;

HF{IP} = F[}.EJHFE(IP}]JE: = -lj ..."]:'J (2)
ne F — mneBHMH BuHI i€papXi4HOi 3TOPTKHM YAaCTHHHUX KpPUTEpiiB
epextusHocTi Kg;(IP), }; = — mapameTpu i30MopQi3My, 10 MPHBOAATH
PI3HOPIIHI YaCTUHHI KpUTEPii €PEeKTUBHOCTI 10 €AUHOI METPUKH,

i ={hijhd = 1.2, ], ©)
ne Jj, i=1,...,4 — KiUTbKICTh YaCTMHHUX KPHUTEPIiB 3a THIIAMU €(DEKTUBHOCTI
iHpOpPMaLIIHHOT TEXHOJIOTI].

IcHyroui  eneMeHTH  aBTOMAaTH30BaHOI  OOpoOKkM  iH(opmaii
PO3TIANAIOTECS SIK PEMEpHi TOYKU PO3BUTKY iHPOpMAIiiHOT TeXHOMNOTIi
yIpaBIiHH MaTepialbHUMH PECypCcaMu i IPUEMCTBA.
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NHOOPMAIIMOHHASA TEXHOJIOTI'UA JJIA
PACIIO3HABAHMUS CXOJACTBA ®UI'YP B METPUKAX
XAYCJIOP®A METOJIAMHU HEI'JIAJIKOHM I'JTIOBAJIBHOM
OIITUMM3ALIUN

B.1. HOPKUH, 1.A.T'YPO, M.I. KYPIIIAKOB
HauunoHaabHbIH TeXHUYECKU YHUBEPCUTET Y KPauHbI
«KIIN um. . Cuxopckoro»

vladimir.norkin@gmail.com

Annomayun.  Hznoocena — UH@OPMAYUOHHAS — MEXHONOSUS
PACNO3HABAHUS CKAHUPOBAHHBIX 2€OMEMPUHECKUX 00beKmos ¢
HOMOWBIO  MEMOO08 HEBLINYKAOU He2IA0KOU —ONMUMUZAYUL.
CHauana Kasxcovlii 06beKm MpaHcHOPMUpyomes 6 KOHeuHoe
MHOJCECMBO MOUEK e8KAUI08a NPOCmpaHcmed. CXo0Ccmeo mexcoy
obvekmamu  YCMAaHaeIuBaemcs nymem ONMUMATLHO2O0
cosmeweruss 00beKMo8 68 PaAMKaAx HeKOMOpPOl NapamMempuiecKkoll
epynnvl  npeobpaz0eanull U  MUHUMUSAYUU NO  NAPAMEmPam
paccmosnus Xaycoopgha mexncoy Humu.

Kniouesvie cnosa: pacnosnasanue @ueyp, Mmepa cxodcmsa,
mempuka Xaycoopgha, neenaokas onmumMusayus, 2n06anbHAs
ONMUMUZAYUA. .

g pacriozHaBaHUS M300paKEHUI YacTO MCTIONB3YIOTCS HEMPOHHBIE
CeTH, HO MOJITOTOBKA JAHHBIX U O0Y4YeHHUE CeTeH SBISIETCS TPYILOEMKOH 1
HETPUBHAJIBHONW TPOOJEMON. AJIbTEPHATUBHBIM IIOJXOJOM  SIBJISIETCS
pacro3HaBaHHe H300paKEHUI HA OCHOBE Mep CXOJICTBa M300paxeHuil. B
JIaHHO# CTaThe paccMaTpuBaeTcsi ATOT BTopoi moaxon [1 - 3], B koTopom
B Ka4eCTBE MEPhI CXOJICTBA UCIIOJIL3YETCsl paccTosiHue Xaycaopda (1 ero
aHaHOFI/I) MEXKIOY KOHCYHBbBIMU MHOXECTBAMU TOYCK €BKJINJ0Ba
MPOCTPAHCTBA.

[Ipobnema pacmo3HaBanus (HUTYp paccMaTpHUBACTCS B CIEIYIOIIECH
nocraHoBke. [lycTh nMMeeTcss CKaHMPOBAaHHOE YEPHO-0Elloe MU cepoe
M300paKEHNE B TOM WJIM WHOM MHKCEeNIbHOM ¢opmare. CHaudama OHO
npeodpas3yeTcss B MHOXKECTBO TOUEK B €BKIIMIOBOM MPOCTPAHCTBE, MEPBhIC
KOOPJWHATHI KOTOPOTO SIBIISIIOTCS MPOCTPAHCTBEHHBIMHU, & MOCIEYIONIHe
KOOpAMWHATBI MOT'YT OITMChIBATH CTCICHBL SAPKOCTHU MNHUKCEIA B I'pagalriax
ceporo miy uHoro 1Beta. [Ipeamnomnaraercs, 9To ecTh KOUIEKIHA 00pa3IoB
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reOMETPUUYECKUX (UIyp, KOTOpbIE TaKXe IPEICTAaBICHbl MHOXECTBAMU
TOYEK B JBYMEPHOM WM TPEXMEPHOM HpOCTpaHCTBe. PacrmosHaBanue
COCTOMT B I[IOOYEPEIHOM ONTHMAJIBHOM COBMEIIEHHH OO0pasLoB C
pacro3HaBaeMbIM H300paKEHUEM M HOUCKOM HAWIYYIIEro COBIIAACHUSL.
Cosmeniaroniee npeodpa3oBaHUe 3aBUCUT OT pAJa MapaMeTpoB, BEIUYHH
CMEIIEeHUsI TO0 KOOpAWHATAaM, YIJIOB TIOBOPOTOB, Kod(hdummenTa
pacTsDKEHWs TIPOCTpaHCTBa W T.1.  Hampumep, oOmee adduHHOE
peoOpa3oBaHUe ABYMEPHOTO €BKJIMIOBOTO IPOCTPAHCTBA OINPEICIISETCS
LIECThI0 IapaMeTpaMu, IBYMEPHBIM BEKTOPOM CMEILICHHS M JIByMEPHOM
KBaJpaTHOH MaTpHIleH JIMHEHHOTo mpeoOpazoBanms. B kadecTBe MepsI
CXOACTBa WCHONB3yeTCs MeTpuka Xaycaopdpa (wnmm ee poOacTHEIE
aHaJIOTH) MEXIY IBYMS KOHEYHBIMM MHOXKECTBAMH TOYEK, & HMMEHHO,
TOYKaMH TpeoOpa3oBaHHOTO oOpaslla W TodKamu u300pakeHus. s
OLIEHKM MEpbl CXOACTBa oO0Opasua M H300pakeHUsl pelaercs 3anada
HaxXOXXICHUS MapaMeTpoB INpPeoOpa3oBaHusl, KOTOPOE MHUHHUMH3HPYET
BbIOpaHHYIO Mepy cxozacTBa. Kak mpaBuiio, 3Ta ONTHMHU3ALUOHHAS 3a/1a4a
SIBIIICTCS. MHOTOJKCTPEMANbHOW W Hermaakod. s ee 4YnCIeHHOTo
pElIeHNs MPUMEHSIOTCS METOIbI HeTIaIKON TII00anbHON onTuMu3anuu. B
KadyecTBE OTBETA Ha 3a/ady paclo3HaBaHUS BbLAAETCs TOT oOpasew, Iuis
KOTOPOTO MOJyYeHO HAaWTy4lllee COBIAJCHUE C H300paKCHUEM.
YucneHHblE 3KCIIEPUMEHTHl MPOBOIMINCH ¢ HaOOPOM PYKOIHCHBIX
mnpp n3 komreknun MNIST. [IpenBaputensHo, 00pa3mbl PYKOIMCHBIX
uudp, 3aaHHBIX B TEKCTOBOM CSV-(opmare ¢ momorrpio dynkuuu fread
peoOpa3oBEIBAIMCH B MMKCEIBHO-MATPUYHBIN (hopmar, a 3aTeM B YEpHO-
Oenerii ¢popmat. llopor oTceueHus] HEsPKUX MUKCeNedl ObUT BHIOpaH HA
ypoBHe 240. Takum o0pazoM, Kaxxablii oOpaser] TOW WM WHOW U(PHI
npeacrapisercs B Buge (Mx2)-marpunst M, e m -
WHIMBUIyalIbHOE YUCIO TOYEK MpEJCTaBleHus IU(PHl HA TUIOCKOCTH, a
CTOJIOIBI  MATPHUIBI  COJEPKAT TOPU3OHTAIBHBIE W  BEPTHKAILHBIC
KOOpAMHATHI 3THX ToueK. HemmueiliHoe mnpeoOpa3oBaHWE COBMENIECHUS
UQp BKIIOYATIO CMENeHHEe 0JHON IU(PHI B HAYAJI0 KOOPAHHAT, TOBOPOT,
pacTshKeHHe 10 OCsIM U TiepeMenieHne K apyroit nudpe. [lycts Matpuiibt

M" 1 M? 3azator npencraBienns AByX 4epHbIX mudp-puryp X u X
Ha IJIOCKOCTH C YMCIaMH Todek M, u M,. O6o3Haunm Xi1 =(Xi11,Xi12),

i=1..m, u Xi2=(Xi21,Xi22), i=1..M,, CTPOKM OSTHX MAaTpHILI.
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Hemuneiinoe — mpeoGpasoBanme  mubpsi-puryper X' B durypy

= {yll = (yill, yilz),i =1.., ml} mis copmemenns ¢ X’ 3ajaetcs
IATIO TlepeMeHHbIMU napametpami P = (Py,..., Pg )

_ p, P
= (Y yh) = (5 - ( 2j+<p5,p6>,
P; Py

(l/ml)z . X, (l/ml)z o X3, a upeobpasoBanue
mpe-gpurypsr X2 B durypy Y2 ={yi =(yi1,yi2): i =1,...,m2} IS

1
COBMEILIEHUS  C X 3a/laeTcsi ~ MEpPEeMEHHBIMH  [apaMeTpaMu

p'=(pl PE):

2\ P P s
yizz(yizliinZ) (X3 - |1’X'22_Xi22[? ?]+(p5’p6)’
p3 p4

rIe (]/ m, ) Z o ,1 , ]/ m, ) Z o |2 OnruMannHbIe

3HAYUCHUA IapaMETpOB Hp606pa3OBaHI/II/I HaxXoasATCA KaK pPCHICHUA
CJICAYHOINX ONTUMHU3AIIMOHHBIX 3a1a4:

Ay (Y(p), X*) = min Ay (YA(P), X*) — min

OTH  3amadyd  SBIAIOTCS  3aJadaMHd  HEMVIagKod  II00albLHOH
OIITUMH3AIIN HA MHOXCECTBE

:{pe R®:p, €[0,2];-1<p,, p, <L p, €[0,2]; ps, Ps e[O,l]}.

B nanHo#i paboTe OHM peIianuch FeHETUYECKUM aJrOpPUTMOM U METOJIOM
TIOCJIE/IOBATENILHOTO CcriiakuBanus [4]. B xauectBe Mepsl cxoncTBa mudp-

pell ! p'ell *

duryp X' u X? ucnons3yercs Benuumnna

Dy, (X", X?) = max{min, , A, (Y(p), X2), i, A, (Y 2(p), X1)}.
Bmecro otknonenms Xaycmopdpa A, MOTYyT HCIIONB30BATHCS €TO
pa3HOOOpa3Hble POOACTHBIC aHaIOrd. Pemienue o coBmajgeHuun LUdp-
duryp X' n X? npuHEMaeTcs Ha OCHOBAHWH 3HAYCHHS MEPHI CXOJICTBA
D, (Xl, Xz). Hanpumep, pemenne 3amaun Ki1acCUPUKALUU MO0 METOLY

Ommkaiiero cocena, T.e. PeLICHWE O MPUHAAICKHOCTH LUQPPBI-QUTYPBI
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X" k xracey ¢uryp F mpurmManocs, ecinu paccrosaue Gurypst X 10
kiacca ¢uryp F, min, - D, (X", X), 6bLI0 MUHUMAIBHBIM IO

CPaBHEHHIO C PACCTOSHUSIMHU JI0 APYTHX KiaccoB. [Ipumep ontumansHOroO
npeoOpa3oBaHus U coBMeneHus udp-duryp nokasax Ha puc. 1, 2.

PUC. 1. [Iea BapmanTta HammcaHuss mudpsl 3 B HYepHO-OEIOM
MUKCETHHOM (hopMarTe.

0g

(L]
[
[
-
[l
[T}
(1]
CL L
(1}
[T}

LT

u
= ©
n

PUC. 2. [Ipencranenne mudp B BEKTOPHOM Qopmarte U pe3ybTaT ux
TpaHcOpMaIH U COBMEIICHHSL.

Moaska. PoboTy BukoHaHO B paMKax mpoekTy HarioHamsHOTO
¢douny nocnimxens Ykpainn Ne 2020.02/0121 “Analytical methods and
machine learning in control theory and decision-making in conditions of
conflict and uncertainty”.
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PO BUJAKICTD 3BI)KHOCTI CTOXACTHUYHOI'O
KIHIIEBO-PI3BHUIIEBOTI'O METOY OIITUMI3AIII

B.I. HOPKIH, A.IO. KOBUPEB

HanionaabHuii TexHiyHuii yHiBepcuTeT YKpaiHu
«KIII im. 1. CuxopcbKoro»
vladimir.norkin@gmail.com

Anomauia. Jlocnioscena weuoKicmos 30iHCHOCME CMOXACMUYHO20
KIHYeBO-pi3HULe6020 MemOody ONMUMI3ayii ONyKIUX Ninuuyesux
@Qyukyil  Ha  onykuiu  obmedxceHil  MHOXMCUHI. B memooi
BUKOPUCTNOBYIOMbCA CIMOXACMUYHI YEHMPAabHi KiHYegi-pi3Hiyesl
oyinKku epadienmis senadvcenux gynkyiu. Iloxazano, wo oyinku
weuoKocmi - 30I0CHOCMI  6CEPEOHbOMY  OOPAMHO  NPONOPYILIHI
K8AOPMHOMY KOPHIO 13 YUCIA imepayii.

Knrwuosi cnoea: onykna onmumizayis, memoo 321A0%4CY8AHHS,
cmoxacmudHuil KiHYeBo-pi3HUYyegull  Memoo, wWeUuoOKicmo
30icHOCTI.

Jis po3BsI3aHHS HETJIAAKOI ONTHMIi3alliiHOl 3a1aui [minXEX F(X)]

PO3TISTHEMO TakK 3BaHi 3riajkeHi (a0o ycepemHeHi) QyHKIII HACTYITHOTO
ursy [1 - 3]:

FO0= ks | POy, B0 =[y<R"lly-x],<h}.

ntoBh(X)

. . n,
e ||||2 — eBKJIiI0Ba HOopMa B ipoctopi R™; V. ta S - omuHM4HA Ky
ta ii mopepxus y R"; S, Ta V, =NS, — mjoma IOBEpPXHi Ta 00’eM
. . n. .
omuununoi kym y R"; N(y) — 30BHimHS oxvHWYHA HOpPMalb JO
. . n : .
omannunoi kyaiy R" Brouni y; h>0 - mapamerp srmamkysanns.

Skmo ¢pyukuis F(-) nimmunesa 3 cyoauddepenuianom OF (+), To ii

TPaJIiEHT MOKHA MTPEJICTABUTH Y BUTIISII

VF, (x) = ﬁ [ oF(yay.

ntoB(x)

Ipanient F, (X) 0GunCIIOETHCS OBEPXHEBUMH IHTErpaNaMu
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VF, (X) :%j(F(H y)— F(x))N(y)dS =

:%j(l:(xjthy)— F(x—hy))N(y)dS.

SIKIIO MO3HAYUTH Y BHIAJKOBHI BEKTOP, PIBHOMIPHO PO3IOIIICHAIN
na omunmuniii cpepi S,(0) = {y eR" ||y|| =1}, 10 rpamient VF, ()
MOYKHA MPEJICTAaBUTH y BUIJISAII MAaTeMaTUYHHUX O4iKyBaHb [1 - 3]:

VFh(X):n'Ey%(F(X-I-h'Y)—F(X))-y:

:n.Eyz—lh(F(XJrh-y)—F(X—h-Y))'y

B po6Gori [1] Ha OCHOBI MOAAHHS TPaTiEHTIB 3rIIAUKEHUX (QyHKIIH y
BUTJISI/II MATEMaTHYHUX OYiKYBaHb IIEHTPAIbHUX 1 CUMETPUYHUX Pi3HHUIIb
3HaYeHb (QYHKIT 3a BHIAJKOBUMHM HamlpsMKaMH TMOOYIOBaHI i
OOIpyHTOBaHI CTOXAaCTUYHI METOJU ONTHMI3allil HETJIaJKUX JIIIIHIEBUX
GyHKITH,

Teopema 1 [1]. Hexait F(X) - mimmmiesa ¢yHKiis B OKOJi Ky

{X eR" ||X|| < I’} 3 cybrpagienTaumu MHO)uHaMu Kiapka OF (X);
MHOXMHA F = {X : ||X|| <r,0e 8F(X)} HiZle HE UIUIbHA, HANPHKIAL,

CKiHYeHa; BizoMa TouKa X, ”Yo” <r,raka, mo F(X,)< mirM:r F &

PosrnsiHeMo itepamiifHuii mporec:

X = Pl ”Xk ” s, -
= = k = 0,1,... y
Xk+l { X01 ||Xk || > r, XO XO '
ne n, = %(F(xk +h.9,) - F(x, +h.¥,)); sunamxosi Bexropn {yk}
k

HE3aJIeXKHI 1 PIBHOMIPHO PO3MOAiJCHI HA MOBEPXHI OAMHWUYHOI cdepu 3
LEHTPOM Y MOYaTKy KOOPIUHAT.
Hexaii Buxkonani ymosu: p, >0, h, >h, , >0;

lim, h, =lim, g /h, =lim, (h, _hk+1)/pk =0;
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z:jzopkz <o, zc::opk =+,

Toxi BCl TpaHMYHI TOYKHM BHMIAJKOBOI IIOCHIJOBHOCTI {Xk} MaiiKe
HAIIEBHO HAJEXaTh MHOXHHI X ={x:||x||£r,OeaF(x)} i umncioBa

IIOCJIIOBHICTH { F (Xk )} Maii’Ke HalleBHO Ma€ TPaHUIIIO.

Mae wicie HACTymHUH pe3yiabTaT MNpO MIBHUAKICTH 301KHOCTI
CTOXaCTHYHOTO KiHIIEBO-Pi3HULEBOTO METOY 3 YCEPEAHEHHSIM TPAeKTOpii
Ha OMYKINX (PYHKIISIX.

Teopema 2. [Ipunyctumo, mo ¢yukiis F () omykra i mimmunesa 3
neAKor KoHcrantor L (B eBKIigOBi HOpMi) Ha OMyKIiH oOMexeHii

muoxuni X < R" i cnpasemmpa orinka ||X|| =sup, _y ||X|| <D ;

MTOCITi TOBHICTh {Xt} OyIyeTbCsl PEKypeHTHO 3a HACTYITHUM

MPaBUIOM:
Xor =7y (X = o 1), XX, t=1..T,
1 - N
n = ﬁ(F(Xt + htyt) - F(Xt _htyt)) yt’
ne p, — HAeTepMiHOBaHI KpPOKOBI MHOXHHMKM; N, — mapamerpu

3TJIaJKYBaHHS;, BHWITAJKOBI BEKTOPH {yt} He3aJeXXHi 1 PIBHOMIpPHO
po3MojiiyieHi Ha ToOBepXHI oauHu4yHOi cdepu; 7, — omeparop
NPOEKTYBAHHS Ha OMYKITy MHOXKHHY X .

Toni mpu mocriiiHOMy Kpoui p, = p = D/ (L\/-F ) i ¢ikcoBanomy
napamerpi 3riajkyBaHHs h Touka X, = (ZL/T)Z:LIXt 3aJI0BOJIBHSIE
CHIBBIIHONIICHHIO:

E[F, (%) —min,_, F,(x)] <nLD/T,
1 AK110 hsnD/\/'F , TO
E[F(%;)—min,_, F(x)]<3nLD/\T .
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[pu 3MiHHOMY Kpoui P, = D/ (L«/t_ ) i mocriiinomy h myst Gye-
akoro t<T i X =(1/t)

t
Xk BHUKOHAHO:
k=1

« _nLD 1+Int
EF (X)-F (x)<—x .
(%)= F00) £ ==X

3ayBaskeHHs. binbIn getanbHuil anainis [3] st anropuTMy:

X =7y (X =P 1), %X, t=1..T,
181 - - .
77t:EZ%(F(Xt+h'ytk)_F(Xt_h'ytk))'ytk’

k=1

p=D/(LJnT), h=Dn/T,

~k e . . . . .
IS {yt } - HE3AJIC)KH1 1 p1IBHOMIPHO PO3IMOAUICH]I Ha IMOBEPXH1I OJUHUYIHO1

cthepu mae s X = (1/ T )z; X, HACTYIHHMH pe3yJbTar:

7 ; LD n
E[F(XT)—mmxex F(x)] sConst\/—_F(lJr \/;J

3 JIESIKOK0 abCOJIFOTHOO YKMCIIOBOKO KoHcTanTtoro Const .

Hoaska. Pobory BukOHaHO y pamkax mpoekty HarioramsHOTO
¢donny mocmimxens Ykpaiau Ne 2020.02/0121 “Analytical methods and
machine learning in control theory and decision-making in conditions of
conflict and uncertainty”.
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PO3POBKA CIIEHIAJIBHOI'O AJI'OPUTMY
BATATO®AKTOPHOI ABTEHTU®IKAIII KOPUCTYBAYIB

M.IL. OI'YPL OB,

IncturyT kiGepHeTuxu iMmeni B.M. I'nymkosa HAH
Ykpainn, KnuiB, Ykpaina

neizvestny@gmail.com

Anomayin. Axmyanvricms 3axucmy iHgopmayii 3 oOMmedceHUM
docmynom (I30/]) 3pocmae 6npoooec ocmaHHix Oecamupiuv i
npoodosdcysamume 3pocmamu. [na niosuweHHs pieHs 3aXucmy
O  euxomano  po3pobky cneyianbHo2o aneopummy
bacamogaxmopHoi asmenmucixayii KOpucmysauia i3
3ACMOCYBAHHAM MEXHON02II KOMYHIKayii oaudxcuboeo noas — Near
Field Communication. Ha ii ocHo8i nponoHyemvca cmeopumu
KAHAl nepeoayi CeKpemHux daemeHmu@ikayitinux Oanux Ois
pobomu ancopummis 3axucmy 130/

Knrouosi  cnosa:  saxucm  ingpopmayii, asmenmugpixayis,
KOMYHIKQYisi  ONUINCHbO20 NoNs, IHpopmayis 3 o0b6MednceHuM
docmynom.

IMocTanoBka mnpodaeMH. AKTyaJlbHICTH 3axucTy iHpopmamii 3
oomexernnM noctynoMm (I30]1) 3pocTtae BIpOAOBK OCTAaHHIX JAECATHPIYb i
MPOIOBXKYBATUME 3pOCTAaTH B Malil0yTHBOMY, OCKIJIBKH IOCTIHHO 3pocTae
Bapricth 30| (sIk aepkaBHOi, Tak i MpPUBAaTHOi) Ta OOCITH BTpAT, IO
MOXYTh OYyTH BHKIWKaHI ii pO3TOJIOMIEHHSM, CIIOTBOPEHHSIM a0o
3HUIICHHM [1].

AHaJji3 octaHHix myOJikaniii. Ha croromuiniuiit nens 3axuct 130/]
3abe3nedyeTbcst KpunrorpadiuHuMu  3acobamu s mM@PyBaHHSA Ta
3a0e3neueHHss KOHTpoo jgoctymy [1-5], creranorpadiunumu — uis
npuxoByBaHHs (akTy nepenmadi iHdopmamii [6-7]. Ane 3acobu
OararodakTopHOi aBTEHTU(]IKAIl KOpPHCTyBa4a NpH CHpoOi OTPUMAaHHS
HUM joctyny 110 [30/] 3auimarThes HenocTatHbo [8].

Mertoro poOOTH cTaja po3poOKa  CHEMIaJbHOTO  aJrOPUTMY
OararodakTopHoi aBTeHTH(]IKalii KOpUCTYyBadiB Ta 3axXUCTy iHQOpMaIii
MIPH IOCTYIII 10 Hel 13 3aCTOCYBaHHSIM TEXHOJIOTIT KOMYHIKaIIii OJIHM)KHBOTO
moyist — Near Field Communication mist migumenss piBus 3axucty 130/1.
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Apxitektypy cucremu 31 (C3I) Ha ocHOBI OararodakTopHOL
aBTeHTH(]IKaIii KOPHCTYBadiB  TPOTMOHYETHCS  pealizoByBaTH i3
3aCTOCYBaHHIM TEXHOJIOTIT KOoMyHikamii Gmmkuporo mossi — Near Field
Communication (NFC) [9]. Ha ii oCHOBI MPOMOHY€EThCS CTBOPUTH KaHAJ
repeaadi CeKpeTHUX aBTEHTH(DIKAIIMHUX TaHWUX I pOOOTH aJTOPHUTMIB
31 Big He/l.

PosrissremMo, sk MoXHa miaBHOUTH piBeHB 3axucty 130/] Ha ocHOBI
BukopuctanHss NFC. Jlng mporo NpOMOHYETHCS 3aCTOCYBAaTH METO
HETIepepBHOI0 KOHTPOJIO KOPUCTYBadiB, JUI SKOTO KOXKEH KOPHUCTYyBad
moBuHeH Matu NFC mpuctpii mns aBreHTH(ikamii. Bigmosimao mo
PO3pO0JIEHOr0 AJrOpUTMY HENEpPepBHOr0 KOHTPOJII0 KOPHCTYBAaYiB,
NFC-mpuctpoi, mo KoXeH KOPUCTyBa4 Mae 3 co00r0, OyIyTh MOCTIHHO
BUKOPHCTOBYBATUCH JUIS BiJICTEKEHHS HASBHOCTI Ta MIiCIIe3HAXOKEHHS
KOPUCTYBadiB, BH3HAYAIOUU TMPH I[[bOMY KHOTO pIBEHb TMOBHOBaXCHb

(pucynok 1).
{ Start

v
Detect presence of

M\ computing device using
210 NFC

A

Automatically receive data

200 ] from computing device

indicating user preference
for data presentation

Y

Modify further user
230 /N interaction in accordance
with received data

End

Pucynox 1 — CxemMa anroputMmy HEEPEPBHOT'O KOHTPOJIIO KOPHUCTYBATiB
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Ilopsinok po6oTH anropuIMy:

1. IIpu mouatky po6otu 3 [30/] (mepmomy 3anuTi KOpUCTyBa4a) BiH
BBOJIUTH N1APOJIb.

2. Min uvac mnepemipku mapons NFC-3untyBayeM aBTOMATHYHO
nepeBipA€ThCS HasBHICTH B 30HI 3unTyBaHHs NFC-aBTeHTH(]iKaTOpa, 110
BIJIMTOBi/Ta€ JAHOMY TIAPOJTIO.

3. Skmo maponps Bipauid, ane NFC-aBrenTHdikarop BiACyTHI — B
JOCTYTIi BiIMOBIICHO.

4. Tlpu momampmiii po6oti 3 BOJ] NFC-aBTenTudikaTop perymsipHo
(me piame HiX pa3 Ha JeKiTbKa CEKyH]) CKAHYETHCSI Ha HasIBHICTb.

5. V Bumaaky, skmo mnpu ckanyBaHHI NFC-aBreHTHikatop He
BUsABNEHUH, focTym A0 [30]] 61oKkyeThes 1 kKpok 1 Mae OyTH MOBTOPEHUH.

6. Skmo kopucTyBau TmepeMillyeTbcs (BHXOIWB Ha TMEPEPBY,
MepPexXOoINTh Ha iHIIe podoUe MicIle i T.1.) — Kpok 1 Mae OyTH OBTOpEHUI.

B pesynprari peamizamii 1IpOTO aITOpPUTMYy KOPHUCTYBadi OymyTh
BBOAUTH Napojb JHIIE NPUXOAIYM Ha pPOOOTYy, Ta MOBEPTAIOUUCH 3
nepepBu, a naii iM mocuthk Oyne matm NFC-aBreHTHdikatop mpu coOi,
mo6 orpumyBaTu noctyn no 130/] B pamkax cBoiX moBHOBaXkeHb. lIpm
npomy kpamixkka NFC-aBreHTH(iKaTOpa HIYOTO HE AACTh, OCKIIBKU IS
orpuMaHHs goctyny A0 130/ noTpiOHO 101AaTKOBO BBOAMTH HApOJb, 10
BiJOMUI sHIIe JerituMHOMY KopuctyBadesi. Ilpu npomy C3I B pexumi
PEATBHOTO dYacy BIiJICTEXKYE TIPUCYTHICTh, MICII€3HAXO/KEHHS Ta il
KOXXHOTO KOPHCTyBada, TMEPeBipsAIOYM 3a HEOOXITHOCTI HOro mpasa
JOCTYILYy B aBTOMAaTHYHOMY PEKHMI.

ITo6ynoBa C3I Ha OCHOBiI 3aIPOINOHOBAHOIO AJITOPUTMY J03BOJHUTH
3aXMCTUTHCH BiJ HalOiIbII HeOE3MEeUHNX 3arpo3, CIPOCTUTD PO3TOPTAHHS,
Moaudikarito Ta MacmradyBanas C3I Ta miIBANIMTE HAINHHICTh 3aXUCTY
IBO/I. 3acrocyBannss NFC-ipucTpoio 103BOJIMTH 3a0€3MeUnTH €PEeKTUBHY
Ta MPO30py Ui KOPUCTYBayiB OararoakTopHy aBTeHTH]IKALIIO.

Po3pobnennit  anroputm  OaratodaxTopHoi  aBTeHTH(]ikamii
KOpHUCTYBauiB, mo Oa3yroorbcsi Ha TexHonorii NFC, mpu 3actocyBaHHi
JI03BOJIUTH JIETKE Ta THYYKE PO3TOPTaHH:, MaclITa0yBaHHs Ta OHOBIICHHS
C3I. BiamoBigHO 10 anropuTMy MPOMOHYETHCS, MO0 MiCIIe3HAXOHKEHHS
Ta 1ii KOpUCTyBauiB MOCTiHO BiAcTexyBamuck C3l B aBTOMaTnuHOMY
pexxumi. B skocti 3aco0y aBTeHTH]iKaLil MPOMOHYETHCSA 3aCTOCOBYBATH
NFC-npuctpiif, 1o 103BONWTH peayizyBaTd LEed MeTon Ta 3a0e3NeunTb
OaratodakTopHy ayTeHTU(IKaIIiIO.
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Pa3oM 3 TUM BUMararoTh MOJAJIBIINX JOCIIIKEHb HACTYIIHI TNTAHHS:

* SKi KOHKPETHO MpPOTrpaMHO-amapaTHi 3aco0H CIIiJ 3aCTOCOBYBAaTH
1t moOymoBu C31 KOKHOTO KOHKPETHOTO 00’ €KTY;

* ©KOHOMIYHE OOIPYHTYBaHHS MIOIIBHOCTI 3actocyBanHi NFC-
aBTeHTH(IKATOpA.
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HucrutyT kndepHetuku um. B.M. I'nymkoBa
HAH Ykpaunbl, KueB, Ykpauna
pepelaev@yahoo.com

IIIAT'A C.1I1.,

HucrutyT kndepHetuku um. B.M. I'nymikoBa
HAH Yxkpaunnsbl, Kues, Ykpauna
shpyga@meta.ua

Annomayusa.  Paccmampusaemcs  3a0aua  ONMUMANbHO2O
YApaenenus 014 CMOXACMUYecKoeo  OugdepenyuansHo2o
ypasHenus ¢ OpoOHbIM BUHEPOBCKUM npoyeccom. Jlokasana
meopema cyujecmeosanus ONMUMATLHO2O — YNPAGIEHUA
npoyeccoMm, KOmopblii A6NAMC peueHuem coomeemcmsyioue2o
CMOXACMUYEcKo20 ougpepenyuanvro2o ypaeHeHus c
k03 duyuenmom ougghysuu.

Knrwueevte  cnosa:  cmoxacmuueckoe — oupgepenyuanrvroe
ypasHeHue, OpOOHbI BUHEPOBCKULL NPoOYecc,  ONMUMATbHOE
VApageHue nPOYeccom.

Iycts (Q, ®, P) — BepOSATHOCTHOE MPOCTPAHCTBO, (D), te[O,l] -
cemeiictBo o -iopanredp @, npuuem Osc Oy, ecim S<t .
Ilyctb BtH — ApOOHBIM BUHEPOBCKUI MPOILIECC ¢ IMapaMeTpoM Xapcra

H e(}é,l), 10 ecth B’ — HempepwIBHEIA rayccoBckuii mporecc, Takoi

410 B(;4 =0, EBtH =0, t>0, u ero kopapuanMoHHasi (YHKIHS 331aETCS
CIIEYIOIINM 00pa3oM

E(BtH,Bf)=%(t2“ +5°" —|t—s|2H),520,t20

[Tycts (C, R) — u3MepuMoe MPOCTPAHCTBO HEMPEPHIBHBIX Ha [0,1]

GbyHKIMI ¢ TOTOKOM O -anredp R, = O'{f (S) S St} , te [0,1] .
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PaccMmoTpuM ypaBHeHue
£(t)=¢& +[a(x.&.u)dx+ [b(x)dB!" , te[01] @)

rie a — R, -u3MepuMblii (QyHKIHOHAI, u:[O,l]—>U — yHpaBJeHHE,
KOTOpOE HE 3aBUCUT OT OyAymiero, b — HemnpepbiBHas OrpaHHYCHHAs

HeoTpHuIaTenbHas (QyHKITHS, (U,D) — MmeTpuuecknid komnakT. [lycts U —

KJIACC BCEX YIPABICHHUM, JJI KOTOPBIX CYIIECTBYET claboe pelreHue
ypaBHeHus (1). A — o -aiare0pa OTKPBITHIX MOJAMHOXKECTB U3 [O,l], A -

c-anreGpa GopesneBchkuX moaMHoXkecTB 13 U .
Ilycth ¢yHKIIMOHAT a(t, ,u (t, ¢ )) YIOBIIETBOPSIET TAKUM YCIOBUSIM:
1) a(t,&,u) ectb Ax Bx A; -usmepumoii GyHKmeii;
2) V te[O,l] GyHKIHS a(t,ff,u) ecTb Bx A, -n3mepumoii;
3) Vv te[O,l], x e C ¢yHkuus a(t,f,u) - HEeNpephIBHA Ha U:
4) Vv te[0,1], xeC muoxectso a(t,&,U) ={a(t,§,u),u eU}
BBIMYKJIO U 3aMKHYTO;
5) 3L >0 Takoe, 4TO |a(t,x,u)|2 < L(1+|x|2)
6) 3 M > 0 rakoe, uro

K‘l[ja(s,x,u)ds](t)

0

2

<M (L fx(o))

1
7) Koaddurentor a u g = b YIOBJIETBOPSIOT YCIOBUHIO

s™*h, (s)-rh, (r)|

(S . r)a+1

st oboro A, rae h,(s)= g(S)a(S, X, +J.b(t)dBtH ,us].
0

2
E, =Eexp ﬂjf[s"’|hu(s)|+asj' dr} dst<oo
0 0

Bompocer cymectBoBanus ciaboro pemerus ypaBHeHus (1) Obutn
HCCIIeI0OBaHHbIC B padoTe [1], rae ObLT MOJyUYeH CIACAYIOIIUM Pe3yIbTar.

285



Teopema 1. IlycTh BBINOJHEHHOE YCaOBHE 7) Ha (QYHKIHOHAI
a(t,x,u) u b. Torna ypasuenue (1) nmeer caGoe pemieHue.

OmnpenennM CTOUMOCTD YIIPABICHAS TAKUM 00pa3oM:
1
F(u)=E[f(t.&"(t).u(t.& (1)),
0
riue f (t, ¢, u) —  HempepbiBHAas  HeOTpHIATeabHas  (QyHKIMS,
(t.&,u)e[0,1]xCxU, &'(t) — cnaboe pewenne ypasrenus (1), koTopoe

COOTBETCTBYET  YIPABJICHHIO u=u(t,§” (t)) 3ajgaya  ONTHMU3ALUH

yopaBieHusi permieHneM ypaBHeHuss (1) cocToMT B TOM, HYTOOBI
MHHHMH3HPOBaTh CTOMMOCTH yrpasieHus F (To ecTs, HaliTH ynpaBieHue
U* B KJacce IOMyCTUMBIX YNPaBICHHUH, KOTOpoe Obl MHHMMH3HUPOBAJIO
CTOMMOCTD yripaBieHus F).

Crnenyromas TeopeMa JaeT ycIOBUS CYILECTBOBAaHMS ONTHMAaIbHOTO
yhpaBjieHHs perieHueM ypasaenus (1).

Teopema 2. I1ycTb BBINOIHSIOTCS PUBEACHHBIC BhIIIE YCIOBUs 1)-7)

Ha Qyskuponan a(xt,u) u b(t). Torma cymectByer ynpabieHHe
u*eU , takoe uro F(u*)= inLl: F(u)

Joka3aTeabCTBO OCHOBBIBAECTCS HAa PE3yJbTaTaX, MOJIYYEHHBIX B [2]
C UCHIOJIb30BaHKEM Teopembl [ upcanosa [3].

[Tonmy4eHHBIH pe3yabTaT MOXET OBITh HCIIOJNB30BaH IMPHU PELICHUU
3aJay  YOpPAaBJICHUS CTOXacTUYECKUMH CHCTeMaMH B  (HHAHCOBOM
MaTeMaTHKe, THIPOJIOTWH, OMOJIOrMH M MHOTHX Ipyrux oOjacTsix, B
YaCTHOCTH II03BOJISIET CTPOUTH ONTHMAJbHBIE TOPIOBBIE CTPAaTETHH Ha
(bMHAHCOBBIX PHIHKAX.
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MATEMATHYHE MOJEJIIOBAHHA PO3I1IOBCIO/J’KEHHSA
BIPYCHOI XBOPOBH B OMYJIALISAX 3 IPUXOBAHUMHA
HOCISIMUA

0.C. CAMOCBOHOK,

Incturyr kiGepHeTuxu im. B.M. 'mymkosa HAH
Ykpainn, KniB, Ykpaina
samosyonok@gmail.com

Anomauyin. I[lpusooumscsi anecopumm OYIHIOBAHHS HEGIOOMUX
napamempie MooOeni Po3n0BCIOONCEHHs GIPYCHOI X80OpoOU, WO
n06y006ana Ha OCHOBI IHCIMPYMEHMAapilo MAapKOBCLKUX NOJIG 3d
00NnoM02010 Memody Makcumanrvroi sipocionocmi. Cama moodenw
no6y006ana Ha OCHO8I NPUNYWEHHs, WO CMAH NONYIAYii € NegHoIo
KOHicypayi€io cKIHYeHH020 MAPKOBCLKO20 BUNAOKOB020 NOJISL.
Knrwuosi cnosa: mapxoscoki 6unaokogi nois, 2i006Co8CvKul
PO3NOOIN, MemOoO MAKCUMATIbHOT 8IPO2IOHOCTI..

X=(X,..X;)

Hexait — OaraToBMMipHA BHIIQ/IKOBAa BEJIWYMHA,
Jie KOYKHa KOMITOHEHTa X, € OJJHOBHMIPHOIO BHIIAIKOBOIO BEIMYMHOIO, 10
MpuiiMae 3HAYEHHsI 31 CKIHYEHHOI MHOXKHMHA CTaHIiB 4 MEBHOI OCOOMHH B
momynsmii, S — MHOXHWHa iHAekciB. KoHkpeTHa — peamizariis

x:(.xl,...,-X|3|) = .
BUITIaJKOBO1 BCINYHNHU X MMPEACTAaBIIAE coboro CIIUIbHY

_ » (Xlle,...,XS‘zx‘Sl) .
MOSIBY BCiX MOJii i (haKTUYHO XapaKTepu3ye
3arajbHy emifieMioNoriuHy cHuTyalito X HajJ TEBHOK MOIYIIALIELO.
CrinpHUI pO3MOJIT CTAaHIB EIIEMEHTIB TOJII MOXKe OYyTH BHPaKEHO
Oe3nocepeHbO Yepe3 YMOBHI PO3IOAIIIH:

P(x)=P(x, ] x,.x, ) P(x,0000x, )

>*¥n-1

Y BuMAAKy OMHOMIPHOTO BHIAQJKOBOTO IIOJISI — JaHIora MapkoBa
OCTaHHIH MHOXHHMK MOYXHA OOYHCIIUTH 110 YMOBHUM PO3MOIiIaM:

P(x) :P(xo)ﬁp(xi [ X.1)
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3a YMOBH, III0 BiJIOMO PO3MOJIiJT HMOBIPHOCTEH CTaHIB HESKOTO KPaWHBOTO
eJeMeHTa X, 1 BCl yMOBHI po3noAiund. BracTuBicTh MapKOBOCTI JO3BOJISIE
CHOPOCTHTH TpoOJIeMy OCHIPKeHHS B3a€MOii BeNnWKoi (200 HaBITH
HECKIHYCHHOi) KITBKOCTI €IIGMEHTIB B MOJEIl 3aBASKHA  ITUIKOM
MPUPOAHOMY MPHITYIIECHHIO PO TE, MO CTaH JIESKOTO eIeMEHTa CHCTEMH
3aJIeKUTH JIMIIE BiJ CTaHIB CKIHYEHHOI KiJTBKOCTI CYCi/IHIX eIEMEHTIB.
BBogsum TOHATTA CycCiACTBA 3amHIIEMO  CIIIBHUM  PO3MOILT
WMOBIpPHOCTEH CTaHIB €IEMEHTIB MapKOBCHKOTO BHIIAIKOBOTO OIS X IO

MpocTOpy Horo KoH(pIryparii x sk
[17,Gx)

P(x)=E5—

b | LACH

X'eX yeS

F(x,,v) S . x
ae JOJaTHROBU3HAYEHA (YHKIIiS, BIIMIHHA BiJ] KOHCTAHTH.
— KJIiKa, MHOXHHA €JIEMEHTIB BHIIAQAKOBOrO IIONS, SKa BIANOBIZAE
MOBHO3BSI3HOMY Tiarpady rpada cyciacraa.

3anucaBmy  3rajaHi  QyHKOii B eKCMOHEHIIANbHIA  Qopmi

—-H(x,,v)
F — X
X (‘x;y 2 v) =e . o PR, . o o
- CIIUIBHUHA pO310A1JT MMOBIPDHOCTEN MPUUME BUTJIAM:

I
_ -1 J N\
P(x)=Z(v)" exp —ZZ H, (x,,v') v = (vj )
j=1 xS j=1
) )
Jie Z — HOpMYIOUHH MHOXHUK.
ot
Po3risaarodu moCiiJ0BHICTh HE3ANEKHHUX CIIOCTEPEKEHD e

3a cTaHAMH OCOOMH HOHy.TISILIﬁ BHHHKAE 3ajJada OIIOHIOBAHHA ICTUHHOT'O

v* xeA
3HA4YEHHS MapaMeTpa 3a pe3yJIbTaTaMH CIIOCTEPEKEHb .

Hnst po3B’s3Ky 3aladi BHUKOPHCTOBYETHCS METOJA MAaKCHUMaJIbHOL
BiporizHocTi. B KoHTekcTi Hamol 3amaui  QyHKLOIST MaKCHMalbHOI
BIpPOT1IHOCTI MPUIHMAE BUTIISA

n (Ll o
L(xv)=>I >3 H (x,,v) [+nlnZ(v)
i=1 \_j=1 =58

J1J1s 4MCeNBHOTO MOIIYKY OL[IHKH Ti0OCOBCHKOTO PO3IOIIIY METOI0M
MaKCUMaJIbHOI BIPOTIAHOCTI PO3TISHEMO alTOPUTM, IOOYIOBAaHUN Ha
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OCHOB1 CTOXAaCTHYHOTO KBa3irpaai€HTHOTO METOAY pO3B SI3KYy 3anad
OITyKJIOTO CTOXacTHYHOTro TmporpamyBanHs [2]. Lleit MmeTox € po3BUTKOM
MPOIIEyp BHUITAJKOBOTO TOMIYKY i MOXKE PO3MIISAATUCS SIK y3arallbHeHHS
QITOPUTMIB CTOXAaCTUYHOI amnpoKCHMarii Ha OaraToBHMIipHI HETJIaaKi
3a1adi.

3rimHo 3 [1] mpakTHYHUI aXTOPHUTM TONIYKY OIIHKKA HEBIIOMHUX
MapaMeTpiB MOXHa ITOIaTH B HACTYITHOMY BUTJISII:

1

1. 3 iimosipuictio ' na k-omy kpomui (V G ) obupaeTbcs OfHE 3

i=1..,n

quce , Ie N — KUIBKICTh criocTepexeHb. [lo3naunmo

i,
oGpane 4mcio uepes />

1%
2. JIns TOTOYHOTO 3HAYEHHS TMapaMeTpy K 3a JI0TIOMOTOI0
ITOPUTMY TIOPO/DKCHHS MAapKOBCHKHMX JIQHIFOTIB  METOJIOM

Mertpononica abo [100ca reHepyeTbcsi CKiHUeHHa BHOIpKa
{x(V"')} KOHQIT iif ri00

ypariii ri00COBCEKOr0 MOJIS JTOBKHHU P.
k

. . . Y
3. Po3paxoByeThCsi CTOXaCTUYHUN KBa3Irpai€HT V' s TouIi k!

N OH (x.v]) 1L oH (x!,v])
P VLG =) 3 Tt L O )
P=x v, P g=1\ yes ov, 1
. H (x,v) g
skio GyHkmii - £ € muepeHIiHfoBaHUMH.
_ 1 k
Vi =T | Vi =777
k
4. 3HaxX0oUMO TOYKY . B 3arampHOMY

BUTJISAII JJTS ITLbOTO HEOOXiTHO pO3B‘SA3aTH ONTUMI3aIliliHY 33129y

2
_ . k
Vig = argmm”vk - P —vH
ve®

IIPOTC AKIIO ITapaMCTpUiIHa MHOXXHWHA \J KOMIIAKTHA, TO
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Vet =Vi — ;7
_ } Ny ven — V| <€
5. Ilepesipsiemo oquH BHOpaHUN KPUTEPiil 3yIUHKH: ‘ k+1 k
, |Ln (xa v,fc+1) - Ln (X,Vk)| <& a6o TVL” (X, vkﬂ) <& Sxkmo  BiH
% _
Ve = Vk+l ,

BUKOHYE€TLCA TO BBaKa€Mo, 110 ICTMHHE 3HAYEHHS nmapameTpa

iHaKIIe k=k+1 1 moBepTaeMocs A0 Kpoky 1.

CyTT€BHM HEIOJIKOM 3alpOINOHOBAHOTO AalTOPUTMY € BHCOKa
00YKCITIOBaIbHA CKJIQJHICTh, TOMY IO JUIsl KOXKHOI iTepamii HeoOXiIHO
3MIHCHIOBATH TPOLEC MOPOPKEHHS] MapKOBCHKOTO JIaHIOTa, TOOTO
TeHEepYBaTH MOBHOIIHHY BUOIpKY TECTOBUX KOH(]irypamiii ri06COBCHKOTO
moJisl. Y BHIIQJKy HAsSBHOCTI OOMEKEHb HAa OOYHUCIIIOBAIIbHI PECYPCH IS
BUpIIIEHHST Mi€l MPOOJEeMH TPOMOHYEThCS MOAM(DIKYBATH alTrOpUTM,
301MCHIOIOYHN arpOKCUMAITI 0 MaTEMaTUYHOI'O CIOIBaHHSA

N Z oH (x,,v)

- cv o )
xS Ha KOXHIH iTeparlil JuIe 3a OJHIEI0 3reHEPOBAHOIO

BUOIpKOIO a00 K TMOPOJKYBAaTH JOMOMIXKHI KOHQIryparii depe3 meBHY
KUTBKICTh ~ KpOKiB. 3BHYaifHO, OTpUMaHa TaKUM YHHOM OIliHKa
HAWIIBUANIOTO HAMpPSMKY CIYCKY JI0 TJI00ajlbHOTO MiHIMyMy He Oyje
ONTUMAJIBHOIO 1, BIAMOBIIHO, aNTOpUTM Oylle TOTpedyBaT I0AATKOBHX
iTepallii, Ta el HeJONIK OyJae KOMIIEHCYBaTHCS 3HAYHHM 3MEHIICHHSM
00YHCITIOBATIBHOTO Yacy Ha KOXKHil iTepartii.

Jluteparypa.

1. Kumomos II.C., Camoceonok O.C., bima TI.JJ. Mogens
PO3IMOBCIOJIKEHHST 1H(QEKIIHHUX 3aXBOPIOBaHb 3 IMPHUXOBAHUMH
Hocismu. — KibepHernka Ta cuctemuuii anami3. 2021. Tom 57,
Ned. C. 166-176.

2. EpmoibeB FO.M. MeToapl CTOXaCTHUECKOT'O IPOrPaMMHUPOBaHMS /
Epmonbes FO.M. — M.: Hayka, 1976. — 240 c.
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OIIEHKH CJIOKHOCTH AJI'OPUTMOB
IKCTPAT'PAAUEHTHOI'O THUIIA JJI1 BAPUALIMOHHBIX
HEPABEHCTB B BAHAXOBBIX IIPOCTPAHCTBAX

B.B. CEMEHOB, C.B. IEHUCOB

KueBcknii HallMOHAJIBHBIN YHUBEPCUTET MMEHH
Tapaca llleBuenko, KueB, Ykpauna
semenov.volodya@gmail.com
denisov.univ@gmail.com

Annomayusn. Hzyuenol mpu aneopumma KCmMpazpaouesHmuo2o
muna 015 peweHus 6apuayuoHHbIX Hepasencms. Jlea nepevix
aneopumma — ecmecmeeHnvle Moougukayuu memooa TSeng’a u
Memooa SKCMpanoiAyuu U3 npouino2o O01a 3a0ai 8 OAHAXO0BbIX
NPOCMPANCMBAX ¢ UCHONb308AHUEM 0000WEHHOU NpOeKyul
Anvbepa.  Tpemuii  aneopumm,  Hazvieaemvill  MemMoOOM
onepamopHol dkcmpanonsyuy, aeisiemes eapuanmom «forward-
reflected-backward algorithmy, 20e emecmo mempuueckoii
NpoeKyuu Ha OONYCMUMOE MHOJICECME0 MAK JiCe UCNOAb3Yemcsl
0bobwennas npoekyus Anvbepa. Ilpusrexamenvhoi uepmou
NOCNeOHe20 aNOPUMMA SGISAEMCs 6Ce20 OOHO BbIYUCIEHUEe HA
UMEPAyuoOHHOM uldee 3HAYEeHUsi onepamopa u 0600ujeHHoU

npoeKyuu Ha OONYCMuMoe MHoMcecmeo. Jlokasarvl O(%) OYeHKU
CTIOAHCHOCIU 8 MEPMUHAX PYHKYUU 3A30Da.

Kniouegvie cnosa: sapuayuonHoe Hepasencmeo, MOHOMOHHbLU
onepamop, anizopumm, QYHKyus 3a3opa, CIOAHCHOCMb, 2-

PABHOMEPHO GbINYKIOE OAHAX080 NPOCMPAHCINBO, PABHOMEPHO
2naokoe npoCmpaHcmeso.

IIycte E — 2-paBHOMEpHO BBINYKJIOE M PABHOMEPHO TJIaKOE
0aHaxoBo mpocTpaHcTBO, C — HemycToe MOAMHOKECTBO MPOCTPAHCTBA

E, A — omeparop, naeiictByrommii u3 E B E’. Paccmorpum
BapHallMOHHOE HEPABEHCTBO:

Haiitu xeC: (Ax,y—-x)>0 vyeC, (1)

MHOKECTBO PEIICHHI KOTOPOTro 0003HAYUM S .
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[TpenrnonaoxuM, 4TO BBINOJIHEHBI CIEAYIOIIHE YCIOBHS: MHOXKECTBO
C c E swimykinoe u 3amkHyToe; omepatop A:E—>E  MOHOTOHHBIH u
aumuieBsiii ¢ kouctantoit L >0 wa C ; MHOKecTBO S He mycTo.

Ilyctb E — rnagkoe 0aHaxoBO MPOCTPAaHCTBO. PaccmoTpum
BBeNleHHBIN S1. AnbOepom [1] dyHKIIMOHAN

p(xy) =M =2y )+ wxy<E.

[ycts K — HemycToe 3aMKHYTOE M BBHITYKJIOE MOJMHOXKECTBO
pedIIeKCHBHOTO, CTPOTO BBHITYKJIOrO M TJIAAKOTO IIPOCTpaHCTBA E .
UssecTHo [1], uto ana kakaoro X e E cymecTByeT eMHCTBEHHAs TOUKA
ze K, rakas, uto ¢(z,X)= IYQI #(y,x). Dty Touky z obosmadaror IT, X,

a cootserctBytommii omeparop Il :E — K HaszpBaor 00600menHO#
mpoeknueit E nHa K (00oOmieHHo#t mpoeknuedt AmsOepa) [1].
BapuanmonHoe HepaBeHCTBO (2) MOXKHO c(hOpMYyIHMPOBATH B BHJE 3a1a4l
MIOMCKA HETIOIBIKHOM TOUKH:

x=TI.J ™ (Ix—AAX),
rne [I. — omepatop o06oOmenHoi mnpoekumu Ansbepa, J —

HOpPMaJIN30BaHHOE JyanbHOe 0ToOpaxkenue E B E*, 1>0.

3amaueil paboOThI SIBIACTCS OIEHKA YHCIIA WTEpPAIMid aJrOpUTMOB,
HEOOXOJUMOro JUIsl MOJyYEHHs HPUOIMKEHHOTO PEHICHUS 3aJaHHOTO
kadecTBa. KauectBo mpubmmkenHoro pemienuss X €C  BapHaIMOHHOTO
HepaBeHcTBa (1) Oymem uW3MepsiTh MPH TIOMOIIM HEOTPHUIIATEIbHOM
byukmu 3a3opa [2]

Gap(x):syt:g(Ay,x—y). (2)

OueBUHO, YTO JJISI KOPPEKTHOCTH OMpejaeicHus (GyHKIUH 3a3opa (2)
HE0OXO0IMMa OTPaHNIEHHOCTE gomyctumoro mMHoxkectBa C . Ecimm XeC

— pemenue (1), TO Gap(x) =0. O6parHo, ecimu s X€C wumeem
Gap(x) =0, 0 X —pemrenue (1).
PaccmoTpum crenyromuye aiaropuTMBI  PEIICHHS BapUAIlMOHHOTO
HepaBeHcTBa (2).
Aaroput™m 1. MoauduuupoBanusiii metox P. Tseng.
Bribupaem X, € E, A, >0. ITonaraem n=1.

1. Boraucmurs Y, =I1cJ7 (I, —4,AX,).
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2. Ecmm Y, =X, To CTOII, nHaye BEIYUCIUTH

Xni :‘Jil(‘]yn _/l‘r](Ayn _Axn))’

moJIoXuTh N’=N+1 u nepeiitu k 1.

AnroputMm 1 sBisercs momudukarueit «forward-backward-forwardy»
meroma P. Tseng [3] mms 3amau B 0OaHaXOBBIX IPOCTPAHCTBAX C
WCIIONIB30BAaHHEM  OOOOIEHHOW  mpoeknmueld  Anmpbepa  BMeCTO
Merpuyeckoi. Criabas CXOOUMOCTh airopurMa 1 B 2-paBHOMEPHO
BBIMYKJIOM W PAaBHOMEPHO TIIaJKOM 0aHaXxOBOM NPOCTPAHCTBE JI0OKa3aHa B
[4].

AJroputMm 2. JKCTPANOJISILUA U3 POLLIOIO.

Bribupaem X, =Yy, €E, A, >0. Ilonaraem n=1.

1. Borancmuts Y, =TI 7 (IX, = A4, AY,4).
2. Berauenuts X, =103 74 (X, — 4,AY, ),
ecinu X,,, =Y, =X,, To CTOII, nnaye nonoxure N:=n+1 u nepeiitn x 1.

Auroput™ 2 siBisiercst moaudukanmeit anroputMa JI. J1. TTomosa [5]
JUTSA 33729 B 0aHAaXOBBIX MPOCTPAHCTBAX C MCIIOIH30BAHUEM OOOOIICHHOM
npoeknuel Anp0epa BMECTO MeTpruueckoil. CXOIuMOCTh ajlroputMa 2 B
THJIL0EPTOBOM TNPOCTPAHCTBE M B €BKIIMIOBOM IPOCTPAHCTBE C JUBEP-
reHuueil bparMana BMecTo €BKJINI0BOTO PacCTOSIHUS JI0Ka3aHa B [6, 7].
AuaroputM 3. OnepaTopHasi IKCTPAN OIS M.
Bribupaem X, =X € E, 4, >0. [Tonaraem n=1.

1. Berumcmuts X, =117 (an — 2 A%, — A (AX, — AXn—l)) -

2. Ecmm X, =X, =X,,,, To CTOII, nnaue nonoxutrb N:=N+1u

n+l
nepeity k 1.
Aunroput™ 3 sBisetcs moaudukamuenn «forward-reflected-backward
algorithm» [8] 1ms BapWalMOHHBIX HEPABEHCTB B  0OAaHAXOBBIX
MPOCTPAHCTBAX.
Anroput™M 3 MOXXHO TIPEICTaBUTh B BHJE, MMOXOXEM Ha 3aIluCh
anroputma 1:

X, = 1—IC‘] - (‘]yn - ﬂ’n—lAXn—l)'
Yo = J - (‘]Xn - A’n—l(AXn - AXn—l))'
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[TokazaHo, 4YTO KaXIOMy M3 aJTOPUTMOB HEOOXOIMMO CIelaTh

LD . .
o — UTCpalMy Uil MNOJy4YCHHs JOIYCTMMOM TOYKHM XE€ C ¢
&

Gap(x)<e, €>0,rne D=sup, . ¢(a,b)<+wo.
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MOCTONTUMAJIBHBIN AHAJIN3 3ATAYA YACTUYHO-
HEJOYUCJIEHHOW ONITUMHU3AIIMA HA OCHOBE
METOJA BEHIAEPCA

B.B. CEMEHOB, JI.A. YAWMKA, .M. PATEEBA
HNucruryT Kkndepuetuku umenu B.M.I'nymkosa

HAH Ykpaunbl, KueB, Ykpauna

semenov.jir@gmail.com, dariia.chaika@gmail.com, mbird@i.ua

Annomayun. Ha ocnose memooda dexomnosuyuu bendepca ons pewsenus
3a0a4u  YACMUYHO-YETOYUCTIEHHO20 NPOSPAMMUPOBAHUSL U  2eHepayuul
MHOdIcecmsa, codepacawgeco K ee Haunywwux pewenutl, npogeoeH
NOCMONMUMALbHBIU AHALU3 IO 3A0AYU.

Knwouesvle  cnosa:  wacmuumo — yenouucienmmas — 3a0aud,
HOCMONMUMANbHBIL — aHAIU3, Oyilesvble NepeMeHHble, Memoo
dexomnosuyuu bendepca.

Kak wu3BecTHO, OONBIIMHCTBO 3a/lay JUCKPETHONH ONTHMH3AIHH
otHOCcATCS K NP-mpyousiv n ux perieHrne B HaUXYALIEM CIydae MOXKET
noTpedOBaTh MOCTPOSHHS JepeBa IMOWCKA PEHICHUH JKCIOHEHIAIBHOTO
pa3Mepa. 3HaYUTETbHbIE CIOKHOCTH, BO3HUKAIONINE MPU PEIICHUN TaKUX
3aja4, TakKe COCTOSAT B TOM, YTO HCXOJHBIE JaHHBIE, KaK MpPaBUIIO,
3aJal0TC C HEKOTOPBIMU TIOTPEITHOCTSIMH, TpPEOYIOT YTOYHEHHHA B
Hpolecce peleHus U 1p. [JIBOMCTBEHHOCTh, UIPAOILAsl KJIOUEBYIO POJIb B
MMOCTONTHMAJIFHOM aHaIM3€e B 33Ja4ax JUHEMHOTO MpOTrpaMMHUPOBAaHHMS, HE
MMeeT TaKOTro 3HA4YEHHS B 33/1ayax IeJIOUHCIEHHOTO MPOrpaMMHUpPOBaHUSI.
OTO TUpPUBOIUT K HEOOXOAWMOCTH HCCIIEJOBAaHHUS BAXKHBIX BOMPOCOB
MOCTONTHMAJIBHOTO  aHaun3a, pa3pabOTKH ¥  YCOBEPIICHCTBOBAHUS
PEONITUMHU3AIMTOHHBIX aNITOPUTMOB 3a1aq JIUCKPETHOTO
MPOrPaMMHUPOBAHUS TIPH BO3MOXKHBIX H3MEHEHHAX, BO3MYIIEHUSIX B HX
WCXOIHBIX NaHHBIX. PaccMaTpuBaeTcs 3a/aya YaCTHYHO-IIEJIOUHCICHHOTO
nporpamMmmupoBanus P1l:

min{f (x,y)| Ax+ F(y)i b,xi 0,yOS} xOR", yOoz"MR",

Z" — IpOCTPaHCTBO LEMOYHCICHHBIX BEKTOPoB, f(X,Y) = <C, X> + <d , y>.
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ITocTonTManbHBIH aHaIN3 ONTHMHU3AINOHHBIX 3amaq
MperyCcMaTpPUBAeT HCCIEAOBAHNE 3aBHCHMOCTH ONTHMAIBHOTO PEIICHUS
3a/la4d OT OMpPEEICHHBIX M3MEHEHNH 3HaUeHWI ee BXOIHBIX NAHHBIX, a
TaK)Xe BOIPOCOB HWCIOJIB30BaHUS HH()OPMAINH, MOJYIEHHOW BO BpeMs
pemiennss dtod  3amauyn. (CrnemoBaTrenbHO, OYEHb BAaXKHO HMMETh
OTIpe/IeTICHHBIN WHANKATOP TMPOBEPKH YyBCTBHTEIHHOCTH ONTHMAIBEHOTO
pelIeHnsT OTHOCHUTENPHO W3MEHEHHWH BXOJHBIX IapaMeTpoB. 31ech
mpenjaraeTcsi NPaKTHYECKHH  METOJ s TPOBEACHHA  aHauu3a
MOCTONTHMAIBHOCTH B 337laqaX  YaCcTHUYHO-  IEJIOYHCIICHHOTO
MPOrpaMMHUPOBAHUSI.

Ha orame mocrontmmanbHOro aHamm3a [1, 2] ONTUMH3aIIHOHHBIX
3a/1a4 TPEIoIaraeTcsl WCCIENOBAaHHE TaKUX BOIPOCOB: KaK W3MEHHUTCS
ONTUMANIFHOE pEIIeHre KOHKPETHOW 3aJadd, eCId HEKOTOPHIM 00pa3zom
W3MEHUTh 3HAYCHWE €€ BXOJHBIX JAaHHBIX; KaK HCIOJIb30BaTh
nH(GOPMAIUIO, TIONYYSHHYIO NMPH PEIIeHHH HEKOTOPOW 3a/Jaddl TeM WU
WHBIM ONTHMHU3AIMOHHBIM METOJIOM, JJIS PeIIeHHs W3MEHEHHOW 3a/1aqu;
KaKyl0 MUHUMAJIBHYIO JONOJHUTENBHYI0 HH(POPMAIMIO HEOOXOANMMO
HAaKONHUTh MPH PENICHUH HCXOMHOH 3amaun C Uenbio A((HEKTHBHOTO
pelIeHns N3MEHEHHOH 3a1a4u.

[IpoBenem mocTonTUMaNbHEIM aHanu3 3amaun Pl gactuyHO-
[ETOYNCIEHHOTO TPOTPaMMHUPOBAHMsI Ha OCHOBE ITOCTPOCHHSI MHOXKECTBA
K — Hammydmmx pemeHuid. ITOT MOX0/] BIepBble ObUT MpuMeHeH B [3] u
MOTOM HCHOJB30BAJICA IS TPOBENEHUS MOCTONTHMAJIBHOIO aHalIHu3a
OyJIeBBIX 3aJlad JIMHEWHOTO NPOTPaMMHUPOBAHUS HAa OCHOBE METOIOB
banama u BeTBeil u rpaHuil.

[lpuMeHHM TEXHHKY TeHepaluu MHOXecTBa K, cojepikaiiero
K — Hamnmydmmx perreHuid s 3amad Buaa PLl, kotopas HCHoib3yer
JEKOMIIO3ULIMOHHBIN alrOpyUTM, OCHOBaHHBIM Ha HJeAX MeTona benaepca
[4]. dns Toro, 4roObl HaWTH Bce 3JaeMeHTHl MHOXKecTBa K , 3amaya Pl
pemraercss TOYHBIM WM  NPHOMIKEHHBIM — aJITOPUTMOM  METOja
nekommnosuiu bennepca. ns 1-ro mara anropuTMa CIpaBeIIMBa
OIIEHKA ONTHMAIBHOTO 3HAYEHUSI [IeJIeBO QyHKIWY 3a1aun P1:

21 min{f (x,y) | (x Y) O X} f(x",y"),
f(xr,yr)z = miny; jJi(<c,xj>+ f(yj)).
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HauuHasi ¢ mepBOro miara ajroputMa Hy>KHO COXPaHSTh 3Ha4eHHE
mwkHelt z' n Bepxueit f(x",y") rpanum nenesoit GpyHKImK 3amaun STOM

3agaun. Korga MHOXecTBO K 3amloJIHEHO, €ro 2JIEMEHTHI 3aMEIaloTCs,
€CITi HalJeHbl HOBBbIC KAHIUAATHl HA JIOMYCTUMBIC PEIICHHS, KOTOPHIE
npeoGnamator  maxy  f(x",y"), a smawemms z' wu f(x",y")
COOTBETCTBEHHO OOHOBISIFOTCS. OYeBHIHO, YTO HaiieHHbIe K pelreHui
n3 MHoxkectBa K  MOryr OBITh XOpOIIMMH KaHIUAATaMU IS
ONTUMAIBHOTO WM TNPUOIMKEHHOTO PEHICHUS MOAU(PUIIMPOBAHHOMN
BXOJIHOW 3amauyd. MHTepec NpeacTaBiIsieT MaKCHMAJIbHO JIOMYCTHMOE
W3MCHEHUE BXOJHBIX JIAHHBIX 3aJa4d, IPH KOTOPHIX ONTUMAIBHOE
pelieHre OyAeT HAXOAWTHCS BO MHOXECTBE K — HAMIIYUIIMX PEHICHHI.
Ecmu  wHTEpBanm HEONpPEJCICHHOCTH OTHOCHUTENLHO — OONBINON  JIs
WCXOMHBIX JIAHHBIX MOJETH, HO JWama30Hbl YCTOWYHMBOCTH MAJbI,
CYIIECTBYET OOIbIas BEPOSTHOCTh TOTO, YTO HAWIy4IIee pPEHICHUuE
W3MEHCHHOW 3ajaud  He OyJneT mNpHHAANeKaTh MHOXKecTBY K .
Pa3paboranbl npaBuia onpeaelicHus Tuarna3oHa U3MEHEHHsI TlapameTpa, B
paMKax KOTOpOTo DBIEMEHT MHOxecTBa K ocTaercss ONTUMAallbHBIM.
YCTaHOBICHO W HCCJIECIOBAHO JOCTATOYHOE YCIOBHE JUISl TPOBEICHHUS
MOCTONTUMAJIBHOTO aHan3a. Pe3ylbTaThl MOCTONTHMAIBLHOTO aHau3a [3]
s 3amaun Bujga Pl moryt ObiTh momydeHBl U3 MHOkectBa K ee
K — HanmydInmMx JOMyCTHUMBIX PEIICHHMA, MPH KOTOPBHIX 3HAYCHUS IEJICBOM
(YHKITMM HAXOAATCS B MpejeiaX 3aJaHHOIO JOIIyCTUMOTO OTKIIOHCHHS &
OT ONTHUMAJIBHOTO 3HAYCHHUS 1eNieBoH GyHKIWH. [IpuBeeM dlieMeHTapHbIC
COOOpaXKeHHs, TO3BOJIIONINE OINPEIACIUTh, KaKue W3MCHEHHS B

* *
HayalbHBIX JIAHHBIX HE HApPYyMIAlOT ONTHMAJIBHOCTU (X ,Y ) JuIA

MoaudunmpoBanHoii 3agaun P1.
Omnpenenenne. [1] 3amauy P(U’) HazoBem cyxenuem 3amauu P(u),

ecmu  gomyctumass obmacte X (u') 3amaum  P(U’) comepxutcs B
nomnyctumoit odbmactu X (U) 3amaun P(U) u B KaKI0H TOMYyCTUMOMN TOUKE
(x,y)e X (u") Bemonnsercs HepasenctBo f'(X,y)> f(X,y). 3amaua
P(u) B aTom ciyuae Oynet penakcarmeit 3agaun P(u’) .

Takum 00pa3oM, ONTUMAILHOE 3HAYCHHE (X*, y*) LeneBoil pyHKIUH

SABIISIETCS. BepXHEH (HWKHEW) rpaHULEd ONTUMAaIbHOTO 3HAa4YeHUs Jr000it
CBOCH penakcanuy (Cy>KCHHS).
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* *
VYrBep:knenne 1. Ecnu ontuManbHoe pemenue (X ,Y ) 3agadu
P(u) —  JIOyCTUMOE  pENICHHE €€  CYKEHHs PU) =u

f’(x*, y*) = f(X*, y*) , TO (X*, y*) — onTuMainbHoe pemenne P(U’).
YrBep:knenune 2. Ecmu (XO,yO) — JONMYCTHMOE pEIICHUE 3aJauu
P(u) u f(xo,yo) COBIMAJaeT C ONTHMAJbHBIM 3HAYCHUEM IIETICBON

¢dbyHkumu 3agadu penakcanuu P(U’) ucxomHoW 3amadd, TO (Xo,yo) -
onTUMalibHOE perreHue 3agaun P(u’) .

[lpuBeneHHBIE  pe3yiabTaThl  MOJE3HBI C  TOYKH  3PEHHS
BEIYHCIUTENRHON TpakTuku. [IpennoxkeH cremyrommii oOmuid MeTox
MIOCTPOCHHSI MHTEPBAJIOB M3MEHEHUs] BXOJHBIX TaHHBIX U 3amaum P(u),

* *
KOTOPBIE COXPAHSIOT ONTUMAIILHOCTh pereHus (X ,Y ).

1. Onwupasicb Ha WU3BECTHOE pEIICHHE (X*,y*) CTPOUM HEKOTOPYIO
WIoTHyI0 penakcamuioo P(u’) 3amaum P(u) (mox mimoTHOH penmakcanuein
MOHMMAaeM TaKyl0 PEIaKCaIHIO, JJIsi KOTOPOH ONTHMAIbHOE 3HAYEHHUE ee
1esieBoi GyHkuuu paBHo f (X*, y*) .

2. OmpenensieM MHTEpBAJIBI W3MEHEHHS MCXOIHBIX JIAHHBIX 3aJadd
P(u), mis koTopbix (X*, y*) —IIOMTYCTUMOE pEIIeHUe MOIUPUIIMPOBAH-
HOH 3aJja4¥ CO 3HAYCHUEM I1eIeBOH (DYHKIIMH, PABHBIM 3HAUEHHIO I1€JIeBOH
¢bynxmn MoaudumpoBannoi 3agaun P(U’) . CornacHo yTBepkIeHHIO 2
(X*, y*) — onTuMalbHOe pereHue 3aaadn P(U) .

[lomy4yeHHBlE  pe3ynbTaTbl  MOTYT  CIYXKUTb  OCHOBOM  JUIA
JanbHEWIIero WCCIEAI0BaHMs Pa3HBIX AacleKTOB pa3pal0OTKH METOJO0B
JUCKPETHOM ONTHMMH3ALMM, IPOBENEHUS IOCTONTUMAIBHOIO AaHaIn3a
HOBBIX KJIACCOB 33/1ay JUCKPETHOIO IpPOrpaMMHpPOBAaHMs, B YaCTHOCTH
MHOTOKPUTEPHAIBHBIX 337ad C OyJeBBIMH W  KOMOMHAaTOPHBIMH
MIEPEMEHHBIMH, a TAK)KE PACIIMPSIOT BBIYUCIUTEIbHBIE BO3MOXXHOCTH B
JUCKPETHOM ONTHUMH3ALINN.
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JEKCUKOTPA®UYECKHUE 3ATAYM BBIITYKJION
ONTUMMU3AIIMA: METOJ OTCEKAIOIIMNX IIJIOCKOCTEM

H.B. CEMEHOBA, M.M. IOMAT'A

HNucruryT kndepHetuku umedu B.M.I'nymkosa
HAH Ykpaunbl, KueB, Ykpauna

JABH3 “¥Y:kropoackuii HaMOHAJIbHBII
YHUBepCHUTET”, Y:Kropoa, Y Kpauna
nvsemenova@meta.ua, mariia.lomaha@uzhnu.edu.ua

Annomayusa. Ha ocnose udeii memodoe nuneapuzayuu u
omcekarowux niockocmen Kemnu nocmpoen u  0060cHO8aH
aneopumm  HaAXOMCOeHUs.  JIeKCUKOZPAPUUECKU — ONMUMATbHBIX
PpeuieHUtl BbINYKIbIX JIeKCUKOZPAPUUECKUX 3a0ay.

Kniouesvle  cnosa:  nexcuxoepaguueckas — ORMUMU3AYUSL,
6EKMOPHBILL  Kpumepuil, — JeKCUKOZPAPUUECKU — ONMUMATbHbIE
peuenust, Memoo omcexaouux niockocmeti Keanu.

PaccMoTpuM  3a/1a4y JIEKCHKOIPapHMUECKOH ONTUMHU3ALMU TaKOIO
BUJIA: ZL(F,X):maxL{F(x)|XeX}, e F(x)=(f(x)..... fi(x)),
IZZ, fk(X):<Ck’X>’ CkERn, k€N|:{1,2,...,I},
X ={xeR"g' (x)<0x>0jieN,|, X+, g'(x)ieN, -

BBIMYKJIbIC (DYHKITUH.

Ilouck pemenuil 3azaun Z; (F, X ) MOXHO CBECTHM K PEIIEHUIO
MOCJIEI0BATEIFHOCTH JICKCUKOTpahuIeCKUX 3ama4 JIMHEHHOTO
nporpaMMupoBanus Z| (F, X0 ) - max"- {F (X)‘X eX p}, rae

X

pz{XeRn

<Vgi (xj),x—xj>+gi (xj)so,xzo,i e Nm},
j=01...p, xeR!, RI={xeR"x>0, ieN,|  X,-
MHOTOTPaHHOE MHOXKECTBO, COAEPXKAIIEH AOMyCTUMYyIo obmactb X
uCxXoaHOM 3amaun [1-3].

Yreepanenue 1. Cupasenso Bimodenne X < X .
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Teopema 1. [4, ¢.190]. Ecnu BexropHas pyHkims F mocturaer Ha
MHOXKeCTBE X JIEKCHKOrpauyecKoro MakCHMyMa, TO CPEAHM TOYEK

9TOro MakCuMyma €CTb KpaﬁHHH TOYKa MHOXKeCTBa X p:

W3 teopeMsl 4 cremyeT, 4To A7 pellieHus 3a1a4n Z, (F, X p) MOXHO
WCTIONB30BaTh CHMIUIEKCHBIA aJrOpPUTM KaK ajirOpUTM HalpaBICHHOTO
nepebopa KpaiiHuX TOYeK MHOXecTBa X .

Haxoxxnenne nexcukorpaduyecku ONTHMAaJIbHBIX pELICHUH 3aadn
Z (F, X p) OyleM OCYWIECTBIATH MPSMBIM  (JIEKCUKOTpapUIECKIM)
mouckoM [4], KOTOpBI CBOAWTCA K PEIIEHHIO 3alad MaKCUMHU3AIUN
Z(fs, Xp): max{fs (X)‘X IS Xp}, seN,, B Kaxmoi u3 KOTOPBIX
MaKCUMM3HUPYETCS COOTBETCTBYMOWIas (YHKUUS JIEKCUKOrpaduyecku

YIOPSZAOYEHHOTO BEKTOPHOTO Kpureprst. OCHOBHAS MIes MPEIOKEHHOTO
meroma [2,3,5] cocrout B crnemyromieM. Eciu onTHManbHOE peIieHHE

3aja4u Z(fs,Xp) Hegonycrumo B 3agase  Z, (F,X), 10 oHO
HCKJIIOYAETCS W3 MOCIEAYIONIEr0 PacCMOTPEHHUs J00aBJICHHEM HOBOTO
JIMHEMTHOTO OTpaHWYEHUs] K OTPAHUYCHUSIM 3aJauu Z(fs,Xp). Taknm
00pa3oM, ATO OrpaHWYCHHE OTCEKAET HEJONMYCTUMOE pPEeIleHHE, a TaKXKe
4acTh HEJOITyCTUMOW OOJIACTH 33]1a4H ZL(F, X) 13 BCEX TOCIETYIONINX

paCCMOTpeHHﬁ. Bcee ,I[O6aBJ'ICHHI>Ie OrpaHUYCHUSA ABJIAIOTCS MMPABUJIBHBIMU
OTCCKAIOMIMMU IIJIOCKOCTAMH, TO €CTb TAKUMH, KOTOPLIC HE OTCCKAIOT

HHMKAKYyI0 4acTh JOITyCTUMON 00JaCTH BBITYKIION 3aqaun Z| ( F,X ) . Ecm
ONTHMAaJIbHOE pelIeHue 3a1aun Z ( fs, X p) NPUHAIISKUT MHOXKECTBY X,

U OHO C€IMHCTBCHHOC OITHMAJIbHOC PCIICHHUE HAa 3TOM MHOXKCECTBE, TO
HaﬁHeHHOG PECUICHUEC ABJIACTCA HeKCI/IKOI‘pa(i)I/IT-IeCKI/I OIITUMAJIBHBIM JIA

sagaun Z (F,X).

Haxoxnenne lekcukorpaduyecku ONTHMAJIbHBIX PEIICHUH 3a1adu
ZL(F,Xp) OyZeM OCYyIIECTBISATh MPAMBIM (JIEKCUKOTpahUIECKIM)
MOUCKOM [4], KOTOpBHIA CBOAMUTCS K PEIICHUIO 3aJady MaKCUMHU3AIUU

Z(fs,Xp):max{fs(x)‘XeXp},SENh B KaXIOH M3  KOTOPBIX
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MaKCUMH3HPYETCS COOTBETCTBYIOMAs (YHKIUS JIeKCHKorpadudecku
YHOPSIOYEHHOTO BEKTOPHOTO KPUTEPHSI.

Anroputm pemrennsi 3axaun Z, (F,X)

0-it mar. Ilycte s=1, k=0. BbeiOupaecM NOpoH3BOJIBHYIO TOYKY
X< e FrG. CTporM MHOTOTpaHHUK

Xy :{x eR" <Vgi (x"),x—xk>+gi (xk)so,xzo,i c Nm}.
1. Pemaem 3anauy
max { fs (x)|x € Xy} 1)
JTBOMCTBEHHBIM CUMILIEKC ANTOPUTMOM [4]. [Tyctp

k+1 k+1

xk+t eX " X — eJIUHCTBEHHOE

= arg max{ fs(x)|x € X, }. e x
OIITUMAJIBHOC peHIeHI/Ie Ha HOHyCTI/IMOM MHOXCECTBEC X . TO

x“*1 = arg max* {F (x)|xe X}, nockonsky X < X, 3agaua Z (F,X)
pelnena.

2. Ecim  xK*

eX Hu Xk_*—1 — HCCOAMHCTBCHHOC OIITUMAJIBHOC

pelleHre Ha JOIMYCTUMOM MHOXKecTBe X , mojaraem fg = fs(xk*l),

s=s+1, Xk+1={X€Xk‘fi(X)=?i,i=1,2,...,S—1} ¥ TEepexoJuM K

k+1

nyHKTY 1. Eciiu X" ¢ X mepexoaum K myHKTY 3.

3. OmpenensieM MHOXeCTBO Iy 4 = {i ‘gi (xk“) > O} UHJIEKCOB

orpanuueHnii 3agaun Z| (F,X), KOTOpble HApyIIAIOTCA B TOYKE

x“*1. Crpoum MHOrOrpaHEMK X,,;, 700aBIAA K OTpAHHUECHHAM,

OITMCBhIBAIOIIIMM MHOXECTBO Xk HEPaBCHCTBO
<Vg' (Xk+l),x_xk+l> n gl (Xk+1) <0,

04 o' ()

iEIk+1

I Nk+l:{1 €l
HonyqaeM HOBOC MHOT'OI'PaHHOC MHOKECTBO

Xig = {x e Xy ‘<Vgi (x"”),x— x"+1>+ g' (xk”) <0jie Nk+1} ,
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Y NepexoauM K MyHKTY 1, monarast kK =k +1.

Jns perieHus BCIIOMOTATENBHBIX 3a7ay JIMHEHHOW ONTUMHU3AIMU
Buza (1) menecooOpa3HO MPUMEHSATH TBOWCTBEHHBIN CUMILIEKC-MeTON [4],
KOTOPBIN TO3BOJISIET MCIOJIB30BaTh MOJYYCHHOEC Ha MPEABIIYIIEM Ilare
pelieHne Kak 6a3ucHoe Al OOHOBICHHOM JOMYCTUMOM 0071acTH.

CX0IMMOCTh aIrOpUTMa YCTAaHABIUBACT CIEAYIONIAsl TeOpeMa.

Teopema 2. Ecmu ¢yskuuun Q' (X), ieN, — BbIIyKIbIE,
HenpepbiBHO auddeperumpyemsie u 3agada Z| (F,X) umeer koHeuHoe

OINITUMAJIBHOC PCHICHHUE, TO IMOCICAOBATCIBHOCTL TOYCK, MOpPOXKIAacMast
JaHHBIM aJITOPUTMOM, CXOOUTCA K J]CKCI/IKOI‘pa(i)I/I‘IeCKI/I OIITUMAJIbHOMY

pemenuio 3anaun Z) (F,X).

HOCTpOGHI/IC IOCICA0BATCIbHOCTH { Xk } B NpEAJIOKEHHOM

QITOPUTME OCYILIECTBISICTCS TaKUM O0pa3oM, 4TO Ka)Kaas M3 TOYCK XK —
HeJomycTuMa JUisi uMcXogHo 3amaun. IlosToMy mpolecc BBIYUCICHUS
HENb3sl OCTAaHABIMBATH JaXK€ MPH TOBOJIHHO OONBIIMX 3HAYCHHUAX S, ITO
BO3MOXKHO JIMIIIb KOTJA TMOJYYUM JOMYCTUMYIO TOUKY. CXOIUMOCTH K
JISKCUKOTpaUIeCKH ONTUMAJIbHOMY PEIICHUIO TapaHTUPYETCS B TOM
CiIy4ae, KOrjJa JOMyCTHMOE MHOKECTBO X BBIITYKIIOE.
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CTIMKICTH ®YHKIII MPOITYCKHOI 3JATHOCTI
BY3JIIB B JIAHI[IOT'AX IOCTAYAHHSA

A.1. CUMOHOB

Incturyt kiGepHeruxku im. B.M. I'mymxkosa
HAH Ykpainn, m. KniB, Ykpaina
denys.symonov@gmail.com

Anomauia. Poszensioacmvcss memoo  SUHAYEHHS  CMIUKOCMI
@yHKryii nponyckHoi 30amuocmi 8y371i6 8 IAHY2AX NOCMAYAHHA.
Memoo nepedbauac dexomnozuyio QyHKYIi cymapHo2o nomoxy,
WO BU3HAYAE MAKCUMATLHY MOICIUBICHL 0OPOOKU NOMOKY 8Y3N0M
HA KOMROHEHMU Ma NoOanbuie BUSHAYEHHS 0OMedCeHb 3a2anbHOi
cucmemu ROCMAYAHHsL 8 MEJCAx NeGHO20 JAHYI02A NOCMAYAHHS.
Kniouogi  cnosa: nomix, namyioe nocmayawns,  QyHKYis
3aMO81eHH s, QYHKYIA nonumy.

[IporyckHa 30aTHICTH JIAHIIOTIB  MOCTAYaHHS  3aJCKHUTh  BiJ
MiHIMaIbHOT CyMapHOT NPOIYCKHOI 3aTHOCTI BY3JIB IIEBHOTO €Tamy
MOCTaYaHHs, SKi He MOKHA MacIITabyBaTH, TOOTO EPEPO3NOAITUTH MOTIK
Ha iHON By37M 0€3 3HAYHOIO MOTIPIICHHS MOKA3HUKIB LiTbOBOI (YHKII
Mpoliecy MocTadyaHHs.

e

@
©

Puc. 1 — Ilpukiiaa cxeMu JaHUIOTa MOCTAYaHHS

MakcruMaibHa MPOMYCKHA 3[aTHICTh MOTOKY B JIAHIIO31 MOCTa4YaHb
MOJKJIMBO BU3HAYHUTH 33 (HOPMYJIOHO:

C; = minge; {min{S%, ¢,}): M)
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Cj; — NPOIYCKHA 3JIaTHICTh By3/1a abo By3IiB, 00 €IHAHUX B KIACTED,
JUTSL TOCTA4YaHHsI 10 TeBHIM JIAHII JIAHIIOTa MTOCTavYaHHsl.

CucremMy mocTadaHb B JIaHIFO31 MOCTa4aHbh MOXKHA MPEICTaBUTH Y
BUTJISIII TaMibTOHOBOI abo Oimbln y3arampHeHOi mndaddosoi cucremu,
TOOTO OKpEeMHII BUMAJIOK IUHAMIYHOI CUCTEMH, JJIS SKOi HE XapaKTepHa
HasBHICTh JIUCHUTIAIII], a B IKOCTI €HEPTii MPeJICTaBUMO IOTIK.

Cucremy mocTayaHHs MapTii 10 By3Jia Y4 KIACTEPy MOXKHA YSIBUTH,
K CHCTEMY KOOpPJAHMHAT 3 KOOPAMHATAMH X € X Xzp g, HPU LBOMY
HEOOXI/IHO BUKOHYBATH YMOBY: x; = C;;. KoopauHaTu B cucteMi piBHOBaru
BU3HAYAIOTKCS SIK TMOCTIHHUI Iepexif] 10 HOBUX KOOPIMHATAX:

=%, +¢(t), i =1.2m; (2)

ne mepiogumuni QyHkuii @;(t) mepiomy T BimoOGpaxkaroTh KOOPAUHATH B
MEBHOMY Iepioay HOCTayaHHS.

PiBeHp BHBUTFHEHHS BHPOOHUYO! TOTYXXHOCTI 3 TPUHOMY MapTii
[OCTa4aHb  MOXKHAa  NPEACTaBUTH  (DYHKLIE€O  3aMOBJICHHS, IO
Oe3nocepeHbO0 BIUIMBAE HA PiBEHb OOCIYTOBYBaHHS Ta 4aC BUKOHAHHS
3aMOBJICHHS HACTYIIHOTO BYy3/a B JIaHLIOTY moctayaHHs. Ha koskHOMY
MpUITMalouoOMy BY3Ji a0o KiacTepi HEOOXiJHO 3aCTOCOBYBATH MOIITHKY
ynpaBiiHHS 3anacamu. CepenHid po3mip maprTii  3aMOBICHHA 3
ypaxyBaHHSM (YHKIII1 3aTpaT Moxe OyTH BUpakeHui sk [1]:

- HiDp '.[.f[
F@E) = F=L(—f,; 4 ), ©)
3a OOMEXKEHbD:

mn - -
Eilia ¥ =0y

ne D; — ¢ynkuist nonuty; K; — BapTiCTh pO3MILIEHHSI HOBOT'O 3aMOBJICHHS;
h; — ¢inaHcoBi BuTpaTH, IOB’s3aHi 3 30epiraHHsAM NapTii Ha MEBHOMY
BY3Jli; &; — po3Mip mapTii; @; — oprasi3auiliHi oOMeXeHHs, OB’ s3aHi 3
YMOBaMH pO3MillIeHHs Ta 30epiraHHs naprii.

Jns Toukd y3arajdbHEHOi piBHOBarM By3Na abo Kiacrtepa icHye
cucTeMa NepiogUYHOro PyXy HapTii (BiIXWJIEHB), SIKOMY NpUTaMaHHA
BapialeNnpHICTh, Ta BiH HE € NPSMHM HAcTiAKOM [ii, MOB'I3aHUX i3
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3aMOBJICHHSM, 1I€ CBOTO POJy CTOXaCTUYHUIH IIyM B IPOLECI TOCTaYaHHs.
Ls ckmamoBa € iHAWBIMYambHOIO ISl KOKHOTO By3la abo KiacTepa.
BunnkaeHHs momiOHOTO sBHIIA MOXe OyTH OOYMOBJIEHO HH3KOIO
(hakTOpiB: CHUCTeMa yIpaBIiHHSA Ha OO0'€KTi, HAsBHICTh KBaTi(hikOBAHOTO
MEepCOHANTYy 1 YCTaTKyBaHHS, HAKJIAQJCHHS DPI3HUX MPOIECIB B OIUHUIIO
gacy Ta 6araro iHIIoro.

BusHauuMmo onucaHe SABUMIE K (QYHKIGIO Flx; + @i Xom + @1m),
TOOTO KOOpPIMHATU B IEPBUHHOMY IPOCTOPL € Xy,Xz.m, Xzme. OCKIIBKH
MOJKIIMUBO 0OpaTH KyTOBY 3MiHHY ¥, III0 3pOCTa€ Ha KOXXHOMY IMKJIi Ha 21,
Ta JOpiBHIOE ¥ =ixgp_3;, TO PO3TISLAATH CHUCTEMY JIOIIBHO B
HaBKOJIMITHEOMY JI0 Hel mpocTopi. BifmoBiAHO KOOpIWHATH MIPOCTOPY, 110
PO3TISAAAIUCS, & CAME Xy, Xg.un. Xgpm_z, MOXIHBO mepeTBOopuTH B 0. fK
pe3ynbTaT, OTpUMaEMO Bapianiiny Gopmy [2]:

t ' Z r
-I..fui[ j:‘l_“r_'-r_l + x:m—l]dﬂ = U: (4)

TakuM 9MHOM, CHCTEMa IOCTa4yaHb IIEBHOMY BY3Jy abo KiacTepy €
CHUCTEMOIO 3 JBOX KOMIIOHEHTIB: (DYHKIII 3aMOBIEHHS, KA € (DYHKIIIE€IO
NPOITYCKHOI 3JaTHOCTI By3la B TIEBHUH MepioJ] dyacy, Ta IMepioJudHOl
¢yHKIIT 3MiHHOI, sKa OOYMOBIIOE BapialliiHy CKJIaJOBy CHCTEMH
MIOCTAaBOK B TIEBHUI BY30J1 a00 KJlacTep.

Jlireparypa.
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MHOT'O9TAIIHBIE TPAHCIIOPTHBIE 3AJIAYN
IMPOU3BOJACTBA NPOAYKIIUU U
JIOTUCTUKHU I'PY30BBIX IIOTOKOB

JA.A. COJIOMOH,

ATHK, UM AHM,
atic@mtc.md
dumitru.solomon@math.md

Anomayusa. B pabome  paccmampusaiomcs
MHO209MAanHbvle MpPAHCHOPMHbIE 300aYU ONpedeneHus.
00veM08  nepesoske  Culpbs,  NOAYPabpuxamos  u
KOHEeHHOU NpoOyKYuu, a maxdice onpeoeieHus 0bvemos
npPoU3800CmMed noaygabpuxamos u KOHEeHHOU
npooyxkyuu. Ilpusodsmes cxema nocie008amenbHO20
pellenuss MpaHCnopmubIx  3a0a4 U obwas 3adaya
JIUHEIIHO20 NPOSPAMMUPOBAHUSI.

Knwuesvie cnosa. Tpancnopmmuvie 30auu, pacnpe-
OenumeinvHble 30a4l, NPOU3E0OCMEEHHO-MPAHCHOPIHbLE
3a0auu, 102UCMUKA 2PY306bIX HOMOKOS

PaccmarpuBaroTcsi TOTUCTHYECKUE TMPOLECCHI MIEPEBO3KU, 00pabOTKH
W XpaHEHHUS CHIPbs,, NPOU3BOJACTBA M NEPEBO3KH NONy(paOpUKAaTOB U
KOHEYHOH NPOIYKUHH, KOTOpPBIE 00Pa3yloT pa3In4HbIe I'Py30BbI€ MOTOKH
MOJyYeHHBIE B pe3yjbTaTe pELICHUs Ppa3IM4YHbIX TPAHCHOPTHBIX |
pacnpenenuTeNbHbIX 3aa4.

Ilycte wuMeeTcs OAHOPOIHBIA TPOAYKT, KOTOPBIH (GopMHUPYET
NepBOHAYAIIbHBIE CHIPbEBBIE PECYPCHI, B Pe3yJsibTare 00pabOTKH KOTOPOTro
MOJYYalOTCsl pasziauyHble MoTypadpruKaTel U MPOAYKTHl IJIi KOHEYHOTO
notpebyieHus. B Mpon3BOJICTBEHHOM IIpoliecce XpaHEeHUs W oOpaboTKu
CBIpbS U TOJTy(haOpuKaToB QOPMUPYIOTCA Pa3IUYHBIE TPY30BBIE IMOTOKU
KOTOPBIX HEOOXOOUMO TiepeMenaTb MEXIy MyHKTaMH MOTPY3KH H
pasrpy3Ky B pasIMYHbIE TIEPUOJIBI BPEMEHH.

[Ipenmonoraercss 4to HMMerTca 4 Tpynnbl NYHKTOB TOTPY3KH H
pasrpy3ku (MCTOKM M CTOKH TIPY30BBIX IIOTOKOB), MEXIY KOTOPBIMH
(OpMHPYIOTCS pa3NuYHbIE TPY30BbIE TIOTOKH:

1) myHKTBI MOTPY3KH HCXOIHBIX CHIPBEBBIX PECYPCOB;
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2) IYHKTBI Pa3rpy3KH ChIPbsl, IPOU3BOJCTBA M MOTPY3KH MOy (hadpH-
KaTOB;

3) MyHKTBI Pa3rpy3KH ChHIPbs U MOIy(haOpHKaTOB, MPOU3BOACTBA U
HOTPY3KH KOHEYHOH NPOTYKITHH;

4) MyHKTBI pasrpPy3Kd CHIPbs, MOTY(PAOPUKATOB U MPOLYKIIUH IS
KOHEYHOTO TIOTPEOICHU.
Mexny 3THMH IYHKTaMHU TOTPY3KH U pasrpy3ku (opmmupyrores 6
IPY30BBIX TOTOKOB II€PEBO3KH CBIPbS, MNONy()aOpHKaToB M KOHEUHOU
npoxykuuu (puc. 1):
1) mepeBo3Ka CBHIPbS 10 MYHKTOB KOHEYHOTO MOTPEOICHHS;
2) mepeBO3Ka ChIPhS 10 ITYHKTOB MPOU3BO/CTBA MOIy(hadpHUKaTOB;
3) mepeBo3Ka  ChHIpbS 0 IMYHKTOB IIPOM3BOJCTBA  KOHEYHOM
HPOIYKIIHH,

4) mepeBo3ka moayhabpruKaToOB 10 MyHKTOB IPOU3BOJICTBA KOHEUHOM
HPOIYKIIHH,

5) mepeBo3ka mony(haObpUKaTOB 10 IMyHKTOB KOHEYHOTO MOTpebIie-
HUS;

6) mepeBo3Ka KOHEYHOM MPOAYKIUH J0 MYHKTOB MOTPEOICHHUSI.

PaccmarpuBatoTcss pasnuyHble 3aJaddl TPAHCIOPTAa M JIOTHCTHKH
IPY30BBIX ITOTOKOB, KOTOPBIE COCTOAT B paclpejeleHHe, XpaHeHHe W
NEepeBO3KE  HMCXOJMHBIX  CBHIPBEBBIX  PECYpCOB ISl  IPOM3BOJCTBA
noypaOpuKaToB M KOHEYHOU MPOIYKIUH C IeTbI0 MUHHUMHU3AIUH 3aTpat
Ha XpaHEHHE U TIEPEBO3KY TPY30B.

CxeMa rpy30BbIX NOTOKOB (puc. 1) COAEp>KUT M IYHKTOB HAIWYMSA

HUCXOOHOI'0 ChIpbs B o0BeMax ai y i:1,m, U3 KOTOPBIX CBIPHC
H606XOZ[I/IMO IEPEBECTH B N IYHKTOB KOHCYHOTIO HOTpe6J’IeHI/I$I ChIpbs B

3aJJaHHBIX 00bEeMax b} , J=Ln (morok 1 —{X; }), a Takke B K myHkTOB

MPOM3BOZCTBA MOIy(HaOpUKaTOB B HEHU3BECTHHIX OOBEMax urz, r=1k

(motok 2 — {Y;,}) ¥ COOTBETCTBEHHO B P IIyHKTOB HPOU3BOJCTBA

KOHEYHOM MPOMYKIIMA B HEU3BECTHHIX OO0BeMax Vf, s=1p (motok 3 —

{z,;}). OnHoBpeMEHHO C NEPEBO3KOH CHIPbS HEOOXOIMMO IEPEBECTH
moy(habpukarel 3 K MTyHKTOB NMPOM3BOACTBA B HEM3BECTHBEIX 00BEMax

2
u

7, r=1k B p NyHKTOB NpPOW3BOACTBA KOHEYHOH IPOAYKIHH B

HEM3BECTHBIX o0beMax Vo, S=1,p (morok 4 — {U, }) ¥ COOTBETCTBEHHO
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B N TYHKTOB KOHEYHOTO MOTpeOIeHUS Mmony(haOpukaToB B 3aJaHHBIX
, . —
obbemax by, j=1n (morok 5 — {Vv,}). OnHOBpeMEHHO C MEpeBO3KaMU

CBIPBS U TONTy(haOpHUKaTOB HEOOXOAUMO MEPEBE3TH KOHEUHYIO MPOIYKIIHIO
W3 P TYHKTOB MPOM3BOJCTBA TPOAYKIMH B HEM3BECTHHIX oObeMax V.,

S=1p B N IyHKTOB KOHCYHOrO MOTPEOJICHUS B 3aJJaHHBIX 00BeMax b3,

j =1n (motok 6 —{wy; }).

Puc. 1. Cxema rpy30BBIX TIOTOKOB MEX]Ty TyHKTaMH
MOTPY3KH U Pa3TPy3Ku

B pesynpTare momy4aroTcsi MHOTO3TaIllHbIE TPAHCIOPTHBIE 33Ja4H
MEPEeBO3KM M PACHpEdesieHHsl CHIPhbs, NONy(PaOpUKaTOB M KOHEYHOM
MPOAYKIHMH, NPOU3BOACTBA NOIYy(HaOpPUKATOB M KOHEYHOW MPOAYKIHH
KoTopble (opMHpPYIOT 6 Tpy30BBIX MOTOKOB. Jlnsi ompeneneHus
COOTBETCTBYIOIIMX TPY30BBIX TOTOKOB HEOOXOoOuMMO pemars 6
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TPAHCHOPTHBIX, MPOU3BOJICTBEHO-TPAHCIIOPTHBIX ¥ PaCHpeeIUTENLHBIX

3aja4 ¢ 1eNbl0 MUHUMU3AIMK 3aTPaT Ha XpaHEHHE W MEPEBO3KY T'PY30B,

MIPOM3BOACTBO MOTY(HaOpHUKaTOB M KOHEYHON TPOAYKIINH.
[penmnonoraercs, 4To B TaKWX 3ajadyax H3BECTHBI NEPBOHAYATIHHEIC

00bEMBI CBHIPbEBBIX PECYpcoB &, I=1,m u ¢uKCHPOBaHBI OOBEMBI
KOHEYHOTO TOTPeOJCHHUST CHIpbs, MONy(paOpUKaTOB U  KOHEYHOMH

MPOIYKITUH bt bjz, b?, j=1n. HeusBecTHbIMU SIBJSIFOTCS OOBEMBI

MPOU3BOACTBA MOJTy(PaObpUKATOB u2 r=1,K 3 HCXOIHOTO CBIPHSI H
COOTBETCTBEHHO 0OO0BEMBI _ POM3BOJICTBA KOHEYHOH npoayxupm u3
HCXOIHOTO CHIPBSL V2, S= 1p p ¥ u3 nmomydabpuKaToB V., S= 1p p, mns

KOTOPBIX 33Jaf0TCs TOJIBKO BO3MOJKHBIC HIDKHHE W BEPXHHUE MPEACIbl UX
3HAYEHUSI.

Tpebyetcst onpenenuTs TUIaHBl paclpeieieHUs] U MEPEBO3KU CHIPbS,
nony($aObpuKaTOB M KOHEYHOH NPOIYKIMH MEXAY COOTBETCTBYIOIIUMH
MYHKTAaMH TIOTPY3KH M Pas3rpy3kd, a TakXKe OIpeaesuTh OO0bEMBI
MPOM3BOACTBAa MONY(HaOPUKATOB W KOHEYHOM MPOAYKUUH C UENIbIO
MUHHMHU3AIMKA OOIIMX 3aTpaT Ha MPOU3BOJCTBO, XpaHEHHE M MEPEBO3KY
rpy3oB. Takue 3ajauu OTHOCATCS K TPOIIECCaM TEPEBO3KH M JIOTUCTHKH
I'PY30BBIX TIOTOKOB, OIIpe/eNieH st 00BEMOB H CPOKOB JIOCTaBKE I'PY30B.

PaccmarpuBaroTcsi OTHENbHBIE TPAHCIOPTHBIE 33Ja4l IEPEBO3KH
IPYy30B, IPOU3BOJICTBA MOTY(HaOPHKATOB U KOHEYHOH MTPOLYKIHH.

3agaya 1. TpancnopTHble 3aga4u TNepPeBO3KH CHIPbA Js

KoHeynoro norpedsenns (morox 1 — {Xx;}). Paccmarpusaercs mozens

TPAHCHOPTHOMN 3aa4H

F(X)= Z Z C;X; —> min (1.1)
Z X; <a, i=1m; (1.2)
Z x; =b}, j=1n; (1.3)
x; 20, i=1m; j=1n, (1.4)
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B KOTOPOH X;; - OOBEMbI MIEPEBO3KH HCXOJHOTO CBIPbS, C;; - 3aTparhl Ha

HEPEBO3KY MCXOTHOIO CHIPbS, 8; - NEPBOHAYAIBHBIE OOBEMBI CBHIPHEBBIX
pecypcos, b} - 00bEMBI KOHEYHOTO TIOTPEOJICHUST UCXOTHOTO CHIPHSI.

3agaya 2. TpancnopTHbIe 3aAa4M NMEPEeBO3KM CHIPbSI M ONpene-
JeHns1 00beMOB MPOU3BO/ACTBA moaydadpukaros (morok 2 — {y; }).
PaccmarpuBaetcs MOI[GJ'II) nponsBoILCTBeHHo-TpchnopTHoﬁ 3a7auu

F,(Y,u) = Z Z d,ry,,+z d,u? — min (2.1)
i=1 r=1 r=1
k —

Z Yie @, i=1m; (2.2)

Z %ir Yir :urZ' r:l’_; (2.3)

yIr 20 :1 11_1 (24)

Wi <uf <p3, r=1k, (2.5)

B KOTOPOi# Y;, - 00BbEMBI EPEBO3KU UCXOIHOTO ChIpbsi, O; - 3aTpaThl Ha
HEePEeBO3KY MCXOTHOTO CHIPbS, &; - MEPBOHAYAIBHBIC 00bEMBI CBHIPHEBBIX

pecypcoB, UZ - 00BEMBI IPOM3BOACTBA TOTY(haOPUKATOB M3 MCXOJHOTO
cbIpbs, 0, - 3aTpaThl Ha MPOM3BOJCTBO M XpaHeHHE moiydadpukaTos us3

UCXOJHOTO CBIPbS, (j, - TEXHOJIOTHsSI IIPOM3BOJCTBA NOITy()adpHKaToB U3

HUCXOOHOT'0 CBhIPbA, l//'.2 n ¢r2 - HWKHUE N BCPXHUC TIPCACIIbL 00BEMOB

MPOM3BOJICTBA TOTY(PaOPUKATOB U3 UCXOTHOTO CHIPHSI.
3agaya 3. TpaHcnopTHble 3aJauyM TEPEeBO3KH CHIPbS H
omnpeneleHuss 00beMOB MPON3BOJACTBA KOHEYHOI MPOAyKIUHU (MOTOK 3

{z,}). PaccmarpuBaercsi Monenb IPOM3BOJCTBEHHO-TPAHCIIOPTHOI

3ada9un
m p p
Fa(ZV)=) D ez +Z e,vZ — min (3.1)
i=1 s=1 S=!
Z 7z, <a, , i=Lm; (3.2)
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1

; (3.3)

=]

m

2
Z ﬁiszis =Vg, S
i=1

2,20, i=1Lm; s=1p, (3.4)

B KOTOpOﬁ Zis - 00BEMBI MEPEBO3KU UCXOJHOI'O ChIPbA, eis - 3aTpaThbl HAa

o

IEePEBO3KY UCXOJHOI'O ChIPbA, A, - NEPBOHAYAJILHBLIC OGLGMLI CBIPBEBLBIX
> G

pecypcoB, V2 - 06beMBI MPOM3BOJACTBA KOHEUHOH TPOAYKIMH M3

UCXOJHOTO CBHIPbs, €, - 3aTpaThl HAa IPOM3BOJACTBO U XPAHEHHE KOHEYHOU

IPOAYKIMHM U3 MCXOOHOTO ChIpbs, [, - TEXHOJIOTUs IIPOU3BOJCTBA

KOHEUYHOM MNpOAYKIIMM U3 HCXOAHOTO CBIPbA, ILISZ u 7752 - HWXKXHHE U
BEpXHHE TIpe/ieibl OOBEMOB TMPOW3BOJCTBA KOHEYHON MPOAYKIHH W3
HUCXOOHOI'O ChIPbA.

3agaua 4. TpancnopTHbIE 3aJa4U NepeBO3KH M0y (GadpUKaTOB H
onpeaeneHusi 00beMOB MPOM3BOJACTBA KOHEYHOH NMpoayKuun (MoToK 4

— {u,}). PaccmarpuBaercs Mopenb NPOHM3BOICTBEHHO-TPAHCIIOPTHOM

3aJa4u
Kk p p
F,Uuv)=> > fug+> fvd — min (4.1)

r=1 s=1 s=1
p —

D U <u?, r=Lk; (4.2)
s=1
K 2 -
Z VisUrs = Vs s=1p; (43)
r=

U >0, r=Lk;s=1p, (4.4)

Z<u?<p?, r=1k, (4.5)

ui<vi<nd, s=1p, (4.6)

B KOTOpO#l U, - 00beMBI nepeBo3ku nonypadbpukaros, f. - 3arparsl Ha
MEepPEBO3KY MOy (haOpUKaTOB, uf - HEU3BECTHbIC 00BEMBI IIPOU3BOICTBA

mory(haOpuKaToB M3 HCXOTHOTO CBIPHS, Vf - HEW3BECTHBIE OOBHEMBI

IPOU3BOJCTBA KOHEYHOU NMPOAYKIMHK U3 noiydadpukaros, f - 3arpars
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Ha MMPOM3BOCTBO U XpaHEHHEe KOHEYHOW MPOIYKINH U3 oTy(hadpuKaToB,
Vrs - TEXHONOTHWA IIPOU3BOACTBA  KOHEUHOM  IPOLYKLUU W3

nosny(pabpukatoB, y’ W @ - HIDKHHE M BEpPXHHE IpEIENbl 00BEMOB

TIPOM3BOICTBA NOTY(haGPUKATOB U3 MCXOIHOTO CHIPhA, 42 1 7 - HIKHME

W BEpXHHE IIpeleisl IPOU3BOACTBA KOHEYHOW TMPONYKIHH U3
noy(haOpuKaToB.
3agaya S. TpancnmopTHbIe 3aJa4y NepeBO3KHU IOJY(adpuKaToB

M KoHeuHoro morpedaennst (morok 5 — {v;}). Paccmarpusaetcs

MOJEIb TpchnopTHoﬁ 3a1a9u

Fo(V,u) = Z Z g4V —> min (5.1)
r=1 j=1
Z v <u?, r=Lk; (5.2)
k —
> vy =bl, j=1, (5.3)
r=1
v; 20, r=1k; j=1n, (5.4)
wi<ul<g?, r=Lk, (5.5)

B KOTOPOH V,; - 00beMbl NEPEeBO3KH MOy (pabpPUKAaTOB ISl KOHEYHOTO

norpebnenus, ¢, - 3arpaTthl HAa TEPEBO3KY TOMy(habpukaTos st

KOHEYHOTO MOTpeOIeH:s, U’

r - HCHU3BCCTHBIC 00BbEMBI IIPpOU3BOJCTBA

2
1101y pabpUKATOB U3 UCXOHOTO ChIPbS JUIsi KOHEYHOTO NOTpebenus, b -

00bEeMbI KOHEYHOTO TOTpebieHus nonypadpukaros, l//r2 M @’ - HIDKHHE U

BEpXHHE NpeAesIbl IPOU3BOACTBA MM0NY(HadpUKAaTOB U3 HCXOAHOTO CHIPHSL.
3agaya 6. TpancmopTHble 3aga4yM NepPeBO3KH KOHEYHOMH

NPOAYKIMH Uil KOHEYHOro morpediaenus (morok 6 — {wg}).

Paccmarpusaercs MOJICJH) TPAHCTIOPTHOM 3a/a4n

Fo(W,v) = z Z hgwg — min (6.1)

s=1 j=1
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Z wy <ve, s=1p; (6.2)

D> wy=b?, j=Ln; (6.3)
wy >0, s=1p; j=Ln. (6.4)
Hs SVSSUi S=1,_p, (6.5)

B KOTOPOH W; - 00bEMBbI IEPEBO3KU KOHEUHOH MpoyKimy, Ny - 3aTpaTsl

HAa TEPeBO3Ky KOHEUHOH NpPOAYKIMH, V. - HEH3BECTHBIE OOBEMBI

MPOU3BOJACTBA KOHEYHOW MPOIYKIIUH, bj3 - 00BeMBI TOTPEOICHMUS

KOHEUYHOU NPOIYKLIUH, ,us3 U 77$3 - HIDKHHE ¥ BEPXHHE Tpeienbl 00beMOB

MPOM3BOJICTBA KOHEYHOH MPOAYKIMH U3 0Ty PadprUKaTOB.

[lpuBeneHHbIE BBINIE MaTeMaTHUYECKHE MOJCIH TPAHCIOPTHBIX H
MPOM3BOJCTBEHHO-TPAHCIIOPTHBIX ~ 33Jad MOTYT OBITb pEIIeHBl B
OT/AENBHOCTH B OIpPEAEICHHOM IIOpAAKE C IEIbl0 paclpenesCHUs
HCXOJIHBIX CBIPBEBBIX PECYpPCOB, ONpejAecHUsT OOBEMOB IPOU3BOJICTBA
nony(aOpUKaTOB M KOHEYHOH MPOAYKIUH W HaXOXKICHHS TPY30BBIX
MOTOKOB  MEPENIBMKEHUSI  CBIPbsl, MONy(paOpUKaTOB ¥  KOHEYHOM

MIPOTYKIIHH.
OcHoBHass TmpobjeMa B TakOM IIpOIECCE  IMOCIEIOBATEIHLHOTO
pemiennss 3amad 1 — 6 COCTOMT B TIPaBEIbHOM pacHpeesieHne

HEepPBOHAYAIIbHBIX OOBEMOB CBIPbEBBIX peCypcoB @ I=1m s

1
KOHEYHOT0 NOTpeOJIeHNs, MPOU3BOACTBA NONMYy(paOpUKaTOB U KOHEYHOI

npoaAyKIUHN (onpeueneHHe MaKCHMAaJbHEIX 00beMax HCIOI30BaHUS

Z a}, i=1,m), a Takxke ompenenenus oGHEMOB

HUCXOOHOTI'O ChIPpbA ail, a

pou3Bo/CTBA monypabpukaTos U, r=1, 1,k u KoHeuHoii TIPOJYKIHH V.

S=1,p U3 UCXOOHOTO CBHIpbS H V33 , S=1,p u3 momydabpukaTtoB u
HCXOJIHOTO CBIPBA.

OnHOli W3 BO3MOXHBIX CXEM IIOCJIEJOBAaTENFHOIO  PELICHHS
TPAHCHOPTHBIX 3a7a4 1 — 6 MOXeT OBITh CIIEAYIOLICH:

1) mepBOHauaNFHO pemIaeTcsi TPAaHCIOPTHas 3aaadya 1, B KOTOpOU
(UKCUPYIOTCS 3HAYEHHs] KOHEYHOTO IMOTPEOICHUS] MCXOAHBIX CBHIPHEBBIX
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peCypCcoB b:} U HaXOOUTCH IIaH NCPCBO3KU X?j C IMOMOIIBIO KOTOPOI'O

n
OTIPEJIENAIOTCS OCTATKH CHIPhEBBIX PECYPCOB A7 = a; — Z Xilj i=1
j=t

2) Ipu (UKCHPOBAHHBIX OCTATKAX CHIPHEBBIX PECYPCOB A’ i =1mu
00beMax MPOM3BOACTBA MONy(haGPUKATOB Uy = (w2 +9?)I2, r =1k

pemacTCda NpOrU3BOACTBCHHO-TPAHCIIOPTHAA 3a/jada 2u HaxXOJUTCA IIJIaH
MEPEBO3KU ChIPbA yﬁ, C IOMOIIBIKO KOTOPOIro ONpCACTIANOTCA OCTAaTKU

CHIPBEBBIX PecypcoB a’ =a’ —Z:yifr i=1,m u o0beMbl MPOM3BOICTBA

110J1y(paOpUKaTOB U3 UCXOAHOTO CHIPbSI u Z oz,ryIr , r=1k;

3) npu (HUKCHPOBAHHBIX OCTATKAX CHIPHEBBIX PECYPCOB ai?’ i=1mu

6 i Ve =(uZ +n2)12, s=1
00BbeMax MPOM3BOJCTBA KOHEUHOM npoxykuun Vs =(us +15)/2, s=1,p
pemraeTcs MPOU3BOJCTBEHHO-TPAHCIIOPTHAS 3aada 3 M HaXOJHUTCS IUIaH

MEPCBO3KU CbIPbI ZiS; C TMOMOHIBIO KOTOPOIo OMPEACIAOTCA OCTAaTKH

CHIPBEBBIX PECYPCOB a° = ZZ'S i=1m u oObemMbl MPOU3BOACTBA

KOHEYHO# MPOIYKIHH V. = Z By, s=1p;

4) Tpu q)HKCI/IpOBaHHLIX o0beMax IMPOU3BOICTBA nony(paGpI/IKaTOB

2
r

u
peraeTcsl MPOU3BOICTBEHHO-TPAHCIIOPTHAS 3a1ada 4 W HaXOMWUTCS TUIaH

r=1, 1K u oObemax MIPOU3BOICTBA KOHEYHON TTPOTYKITHH VS , S= 1 p

TIepeBo3KH ToTyhabpuKaToB Uy, C MOMOIIBIO KOTOPOTO ONpeesIsIoTCs

00bEMbI HCIIOJIb30BAHHBIX TONYy(paOpHKaToB uf = Z u:’s, r=1k mu

00bEeMBbl POM3BOJACTBA KOHEYHOM NPOAYKIMH W3 M0ody(haOpUKaToB

k
:Z 7rsufs’ s=1, P
r=1
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5) mnpu (GUKCHpOBAHHBIX O0BEMax KOHEYHOTO IOTPeOIeHMUsS
nonyhadpuKaToB bjz n o0beMax MpPOM3BOACTBA MONy(HaOpUKATOB ISt

KOHEYHOTO IOTPEOICHNUS uf r =1,k pemaercs TpaHcmopTHas 3agada 5 u
HaXOJWUTCS IUIAH MEPEBO3KH Moay(hadpuKaToB vfj C TIOMOIIBIO KOTOPOTO

OTPECTSAIOTCS 00BbEMBI MOTY(haOPUKATOB JUII KOHEUHOTO MOTPEOJICHUS
n
5 5 .
u? _Z uy, r=1k;
=

6) npu (GUKCHPOBAHHBIX 00bEMaX KOHEYHOTO IMOTPEOICHUS MPOIyK-

805054 b? U o0beMax TMPOW3BOACTBA KOHEYHOW MPOAYKIHUU IS

notpebienns V2, S=1,p pelIaeTcs TpaHCTIOPTHAS 3a/a4a 6 U HAXOTUTCS

IUTaH TIEPEBO3KM KOHEYHOM MpOTyKINH ij C TOMOIIBIO KOTOPOTO

k -
OTIPEIENIAIOTCS OCTATKHU MOy (habpuKaToB Vo = Z ij , s=1,p.
r=1

IlocnenoBarenpHOE pELICHWE TPAHCHOPTHBIX 3agady 1 — 6 1o
NPUBEACHHONW BBIIIE CXEME 3aBHCHUT OT (PUKCHPOBAaHHBIX OObeMax
KOHEYHOTO TOTpeOJieHHss ChIpbsi, NONypaOpUKaToB W  KOHEYHOM

MPOIYKIIMU b}, bjz, b?, j=1Ln wu or BLIOPaHHBIX 3HAYCHUAX JUIS

00beMoB npoms3BojcTBa momydabpukatos U2, r=1k wu ob6bemoB

o
MIPOU3BOACTBA KOHEUHON POLYKIUU V52 51 Vs ,s=1p.

Hpyroii cioco0 pemieHus 3a1a4 TPAHCIIOPTa U JIOTUCTUKU TPY30BBIX
IIOTOKOB MOXKCECT 6])ITI> pcan30BaH C IMOMOLIBIO 3aaavdun JIMHEHHOT O
nporpaMMupOBaHus. O6ma$[ MaTeMaTu4dcCKas MOACIIb 3aga4yu
orpenesieHUss 00bEMOB INPOW3BOJACTBA TNONYy(PaOpPUKATOB M KOHEUHOU
MNPpOAYKIMN W IIJIAHOB IICPEBO3KU CbIPbA, HOJ'Iy(i)a6pI/IKaTOB u KOHe‘{HOﬁ
MNPpOAYKIIMN MOKCT 6BITL IMOCTpOCHA IMYTEM O6T>€,Z[I/IH6HI/I$I BCEX HICCTU
MO}.IGJ'ICf/i TPAHCIIOPTHBIX 3a1a4 B OAHY 0611[}0}0 3agavy

O(X,Y,V,Z,UW,u,v)=
=FRX)+F, Y, u)+F(Z,v)+F,U,u,v)+F(V,u)+F;W,v) — min
IIpu OrpaHUYICHUAM
(1.2) - (1.4); (2.2)-(2.5); (3.2) - (3.5);
(4.2) — (4.6); (5.2) —(5.5); (6.2)—(6.5).
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JaHHas 3ajmaua siBIMETCS 3ajladyeid JTMHEWHOro MPOrpaMMHUPOBAHMUS,
MoJTydeHHasi myTeM OOBeAMHEHHWS BCEX pPAaCCMOTPEHHBIX BBIMIE INECTH
TPAHCTIOPTHBIX 3a/1ad, B KOTOpPOW TpeOyeTcss MHUHHMH3HPOBATH OOIIWIN
TUHEWHBIN (YHKIIMOHAI

d(X,Y,V,Z,UW,u,v)=

=F(X)+F, Y, u0)+FK(Z,Vv)+ F,U,uv)+FV,u)+FW,v) (7.1)
MIPH CIEAYIOMINX TPYITaxX OTPaHMISHHI:

1) pacmpeneneHre W TepeBO3Ka MCXOIHOTO CHIPbS Ui KOHEYHOTO
oTpebIIeHNS, TPON3BOACTBA MOy PaOpPHUKATOB U KOHEYHOW MPOAYKIIUN

n Kk p
DXy vy, Y7 <a,i=l, (7.2)
j=1 r=1 s=1
2) nepeB03Ka HCXOJTHOTO CBHIPBS ISl KOHEYHOTO MTOTPEOICHUS
Zx =bj, j=1n (7.3)

3) nmepeBO3Ka HUCXOJHOTO ChIphS U  OINpejcieHHe 00bheMOB
MPOM3BOJICTBA MOy (HadpHKaTOB

Zair Yir _urZ:O’ r:ﬁ (7'4)
i=1

4) ompeneneHre 00BEMOB MPOU3BOJCTBA KOHEYHOW MPOAYKIUU U3
HCXOJHOTO CBIPhS M UX TEPEBO3KA JIJIsi KOHEUHOTO MTOTPEOICHUS

Zﬂiszis _Vsz =0, s :]:) (7.5)
i=1

5) pacnpeneneHue U nepeBo3ka moayGadprUKaToB IS MTPOU3BOICTBA
KOHEUYHOU MPOIYKIINH U JUTsI KOHEYHOTO MOTPEOICHUS

p n
DUy + D vy —uZ=0, r=1k (7.6)
s=1 j=1

6) ompeneneHue O0OBEMOB MPOW3BOACTBA KOHEUHON MPOAYKIMH W3

WCXOJIHOTO CHIpbs M TONyPaOpHUKaTOB, WX IEPEeBO3Ka JUII KOHEYHOTO
MOTPeOICHUS

[ n -
Zyrsurs +Zwsj 'V53 =0, s=1p (7.7)
r=1 j=1

7) nepeBo3ka moyryGpadpUKaTOB ISt KOHEYHOI'O TIOTPEOICHHUS
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Zvn =bf, j=1 (7.8)

8) mepeBo3ka o6ecnequI/Ie 00BEMOB KOHEYHOTO MOTPEOJICHUS
HCXOJIHOTO CHIPbS, nonyq)aGpHKaTOB U KOHEYHOU TPOIYKIINH

ZWSJ =b?, j=Ln (7.9)

9) obecrieueHue 06”beMOB MPOM3BOACTBA KOHEYHOW TMPOMYKIUH H
oty paObpHKaTOB B 33JTAHHBIX npesiernax

<o, r=1k (7.10)

Zl//r, r=1k (7.11)

V, <7, S=1p (7.12)
Vo=, s=1p (7.13)

x; 20, i=Lm; j=1n, (7.14)
y, >0, i=1m; r=1Kk, (7.15)
z, >0, i=Lm;s=1p, (7.16)
u,>0, r=1k;s=1p, (7.17)
v;20, r=1k; j=Ln, (7.18)
w; >0, s=1p; j=Ln. (7.19)

3anmaya nuHelHOTO porpammupoBanus (7.1) — (7.19) umeer GovHO-
JIMArOHAJIbHYIO CTPYKTYPY CO CBH3yIOIJ_II/IMI/I orpannuenusmu (7.2), (7.6) u
(7.7) u cssyromuMu mepemMernsiME U2, V2 m V2. Taxoke orpaHmuenns
3agaun (7.1) — (7.19) uMeEOT TPaHCIOPTHYIO W MPOHU3BOACTBEHHO-
TPaHCHOPTHYIO CTPYKTypy. Eciam 1 ee pemeHus HCHONb30BaTh

Z[GKOMHOSI/II_[I/IOHHHﬁ METO KOpHaI/I-.HI/IHTaKa pacnpeaciaCHusaA NUCXOAHBIX

CBIPBCBBIX PECYPCOB ai " CXEM JCKOMIIO3HMIHHU I10 NMEPEMCHHBIM Urz, V2

n Vs C HpI/IMeHeHI/IeM Cy6raI[I/IeHTHBIX METOAAaX, TO Ha Ka)K}IOﬁ I/ITepaHI/II/I
peIHaIOTCﬂ COOTBeTCTByIOH_II/Ie TpaHCHOpTHLIe nu HpOI/I3B0}ICTBeHHO'
3 i=1m

TpaHCHOpTHBIE 3a1aun 1 — 6 npu 3aMaHHBIX 06beMax a, a2, a’,

¥ (DUKCHPOBAHHBIX MepeMeHHbIX U2, V2 u V.
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HOBASI MOJEJIb IEJTOYUCJIEHHOT'O JUHEHHOTI' O
INPOI'PAMMMUMPOBAHUA IS 3AJAYU KOMMUBOSI)KEPA

II.1. CTELIIOK,
HucrutyT kndepHetuku um. B.M. I'nymkoBa

HAH Ykpaunbl, Kue, Ykpauna,
stetsyukp@gmail.com

Y.I'. HYPUEB,

Ere (Ege) yuusepcurer, U3mup, Typuus,
urfat.nuriyev@ege.edu.tr

®.Y. HYPHUEBA,

HNucTuTyT cucrem ynpasienuss HAH Asep0aiinkana,
Joxy3 Jiimoas (Dokuz Eyliil) ynusepcurer,

HN3mup, Typuus

nuriyvevafidan@gmail.com

Hocmpoena nogasi Mooens YenoUUCIeHHO20 TUHEIHO20
NPOCPAMMUPOBAHUsL Ol HAXOJICOCHUS — MApupyma
KOMMUBOsIIcepa (Kpamuatiuezo 2aMuibmoH08d YUKla 6
epaghe). Ona ucnonvsyem ocpanudenusi Oisi 3a0a4u O
nomoxe u oepanuvenus C. Munnepa, A. Taxkkepa u
P. 3emnuna. Onucanvl pesynrbmamol GbI4UCTUMENLHBIX
9KCHEPUMEHMO8, KOMOpble HOKA3bIGAIOM, UMO HAumu
MOYHOE peuieHue 3a0aiu KOMMUBosaxcepa 0s epaghos ¢
comHell 6epuiUH MOJICHO 30 HECKONbKO MUHYM ¢
HOMOWbIO COBPEMEHHBIX npocpamm gurobi u cplex.

Kniouesvie cnoea: 3aoaua xommugosicepa, tuneunoe u
yenouucienHoe npoepammuposanue, gurobi, cplex.

BBenenue. 3amaga KOMMHUBOSDKEpa 3aKIIOYACTCS B HAXOXKICHUU B
nomHoM rpade D, kpaTuaiiiiero raMmiIbTOHOBA IMKJIA, KOTOPBIN

IPOXOIMT Yepe3 N BEpUIMH, PacCTOSHUE MexIy Koropbimu — d; >0,
i,j=L..,n, i#]j. Jna Hee u3BecTHbI jaBe (HOPMYIUPOBKH B (opme
MoJiesiel  (3a7au) IENOYMCICHHOTO JIMHEWHOTO TPOTrpaMMHpPOBAHUS C
MOJIMHOMUAJIBHBIM KOJIMYECTBOM orpanuyeHuii [1, c. 46, 2, ¢. 65]. OuHu
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pazIMYHBIMU  crioco0aMu  00eCIeYnBAIOT CBA3HOCTh WCKOMOTO IIHMKIIA.
IepBas opMyaHpOBKAa HCHONB3YET HJCIO MOJCIHPOBAHHS 3aJla4d O
nmotoke [3], a BTOpas MCHOIB3yeT OTpPaHWYEHUs, KOTOPHIE IOCTPOCHBI
C. Mumtepom, A. Takkepom u P. 3emnuHBIM B cTaThe [4].

B naHHOI cTaThe TS 33]]a94 KOMMHBOSDKEpa PacCMaTpPHBAETCS] HOBAs
(hopMyIUPOBKa 3aJ1a4H [IEJIOYHCICHHOTO JIMHEHHOTO MPOrPaMMHUPOBAHHS,
KOTOpasi BKIIOYACT OPaHHUYCHHUS U3 00EHX 00CYKIaeMbIX BBIIIEC MOJICIICH.
Ona mo3BoJsieT 00BEANHUTD BEIYUCIUTEIBHBIC TIPEUMYIIECTBA KXKIO0H U3
OTJCTBHBIX MOJIEJICH, YTO MBI MPOJICMOHCTPUPYEM JIISl HECKOJIBKHX 3aa4
n3 6ubmmorexkn TSPLIB. Martepuan ctaTbl M3JI0OXKEH B TPEX pasfenax: B
paszaene 1 omucaHbl JBe U3BECTHBIC MOJICIH, B pa3fielic 2 OMUCcaHa HOBas
MOJIeNIb, a B pasjielic 3 OMHCAHBl BHIYUCIUTEIBHBIC SKCIICPUMEHTBI IS
TECTOBBIX 33/1a4 C MCIIOJIb30BAaHHEM COBPEMEHHBIX Bepcuii gurobi u cplex.

1. JIBe u3BecTHble Moneau. llepBoil Monmenu sl HAaXOXKICHUA

KpaTyaillero raMuiIbTOHOBAa 1IMKIa B rpage D, cooTBeTcTByeT 3amaya

CMEIIaHHOTO OyJIEBOTO JTMHEHHOTO nporpaMMHpOBaHm{: HalTH
dl*_minz Z d; X; (1)
i Zi o j=1,j=i
HpH OFpaHI/I‘IeHHHX
z X; =1, z X i=1..,n, 2)
j=1, j=i j=1, =i
z;—(n-1)x; <0, i,j=1..,n, i=]j, 3)

Yz;=n-1 »'z,=0, 4
j=2 j=2

n

>z, - Z z;=-1, i=2..,n, ®)

j=1, =i j=1, j=i

=0vl z;20, i,j=L..,n, i=]. (6)
3nech OyneBa nepeMeHHas X; PaBHA €/IMHMIIE, ECIU IUKII COIEPKUT Ty
ij, ¥ paBHA HYJIO B NPOTHBHOM cily4ae. HeorpunarensHas nepemMeHHas
Z; 3aJaeT BENMYMHY MOTOKAa HEKOTOPOIrO YCIOBHOTO MPOMYKTA OT
BEPIIMHBI | K BEpIIMHE | .
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MuHuM#3AIUS 1Ie7IeBOI IuHEeHHOW QyHKIMH (1) OTBEYaeT MOWCKY B

rpade D,, TraMHIBPTOHOBOTO IMKIA MHHHMATbHOH mmHHBI d; .

OrpanndeHus (2) ONMUCHIBAIOT OHOPA30BBIA BXOM M OJHOPA30BBIN BBIXO.
s Kaxaon w3 BepmmH. Orpanmuenust (3), (4) u (5) rapaHTHPYIOT
CBSA3HOCTH muKia. OrpanudeHus (3) o0ecnednBarOT MepeBO3Ky MPOTYKTa
MKy BEPIIMHAMH | M | TONBKO B TOM Ciydae, ecmu X; =1.

Orpannuenus (4), (5) o3HAYAIOT, YTO M3 MEPBOH BEPUTHHBI HEOOXOIUMO
BBIBE3TH K EIWHHIl MPOJYKTa, OCTABINISAS B KaXKIOW M3 BEpIIMH IUKIA
TOJIBKO OJIHY SAWHUILY IPOAYKTA.

3amaga (1)—(5) comepxur N, =2n(n—1) nepeMeHHBIX, U3 KOTOPHIX

n(n-1) — Gynesbie, a n(N—1) — wuenpepbiBHble, u M, =(n+1)?
orpaHnWYeHHi, B ToM uucie (3n+1) — nmHeltHble paBeHcTBa, a N(N—1) —

JIMHEHHbIE HEPABEHCTBA.
BTropoil Mmogenu 17 HaX0xKACHUS KpaT4alllero raMuibTOHOBA UKJIA
B rTpade D COOTBETCTBYET 3ajjadya IICIOYMCIICHHOTO JIMHEWHOTO

n,n
IIporpaMMHUpPOBAHUS: HaWTH
d, _mlnz Z d; X; (7
Xl o j=1,j=i
IIpU OrpaHUYCHUAX

Zn: X; =1, z X; =1 i=1..n (8)

j=1, =i j=1, =i
U —u;+nx; <n-=1 i,j=2,..,n, i=j, 9)
X, =0vL i, j=Ll..n, i#] (10)
U, —mensle uucna, l<u, <(n—-1), i=2,...,n. (11)

31ech MUHUMH3AIUS 1eNeBOM TuHeHoN ¢yHkumun (7) oTBEevaeT 3a
nouck B rpadge D, raMmIbTOHOBOTO NMKIa MHHHMaTbHOW IIHHBI d,
Orpannuenus (8) OMUCHIBAIOT OJTHOPA30BBIA BXOJ M OJHOPA30BEIN BBHIXOT
JUTSL KQKZIO0# M3 BEpIIMH. 3a CBSI3HOCTH IMKJIA OTBEYal0T orpannydeHus (9),
rZie 3HA4eHHs LEJIOYUCIICHHBIX NIEPEMEHHBIX U, OTBEYalOT HOMEpY Hiara,
Ha KOTOpOM Toceniaercs BepmuHa |. [IoCKONBbKY TepBYO BEpUIMHY
HocelaTh He TpeOyercs, TO KOJIMYECTBO NEPEMEHHBIX U, OyAeT paBHBIM
(n-1).
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Bamaua (7)—(11) conepxur N, =n’ —1 NepeMeHHBIX, U3 KOTOPBIX
n(n—1) — Gynessie, a (N—1) — nenouucnennsie, u M, =n’ —n+2
OrpaHUYCHHI, B TOM Yncie 2N — TUHEHHbIE paBeHcTBa, a (N—1)(n—2) —

JINHEHbIE HEPABEHCTRA.
2. HoBas moaeab. HoBoif Momenw i HaXOXIEHUS KpaTdalIiero
raMuiIbTOHOBa IMKiIa B Tpade D OTBEYACT 3ajada CMEIIaHHOTO

n,n
LIEJIOYMCIIEHHOTO IMHEUHOTO nporpaMMHpOBaHm: HaWTH:
d=min > 3 d, (12)
Ziti o1 j=1, j=i
npu orpaHqume

Z X; =1, Z X; i=1..,n (13)

j=1, j=i j=1, j=i

z; —(N=1)x, <0, i,j=L..,n, i#] (14)
>.z,=n-1 >1z,=0, (15)
j=2 i=2

> z;- > z;=-1 i=2..,n (16)
j=1, ji j=1, j#i

U —u;+nx <n-1 i, j=2,..,n i#]j, (17)
% =0vl 720, i,j=L..,n, i#] (18)
U, —uensle grcia, 1 <u, <(n-1), i=2,...,n (19)

Munumuzanus 1ejaeBoi juHerdHoW (yHKuK (12) obecrneunBaeT
Haxoxaenue B rpadge D, raMMIbTOHOBA LMKIa MHHMMAIBHOW JUTMHBI
d, . Orpannuenus (13) ONUCHIBAIOT OJHOPA30BBI BXOJ U OJXHOPA30BBIii
BBIXOJ JUISl K&KIOW M3 N BepIIMH. 3a CBA3HOCTh MAMHJILTOHOBOIO ITHUKJIA
OJTHOBpEMEHHO oTBeuaroT orpanudeHus (14)—(16), xoTopble BXOIAT B
MEepBYIO0 MOZENs Kak orpanmdeHus (3)—(5), u orpannyenus (17), kKoTopbie
BXO/JISIT BO BTOPYIO MOJIEIb Kak orpaHudeHus (9).

3amaua (12)—(19) comepxur N, =(2n+1)(n—1) mnepemeHHBIX, H3
koTopeix N(n—1) — Gynesbie, N(N—1) — HempepoBHBE, a (N—1)
nenoumcnennse, 1 M, =2n* —n+3 orpannueHui, B ToM uncie (3n+1)

— NUHeiiHbIe paBeHCTBa, a 2(N—1)° — IHMHEiHbIC HePaBEHCTRA.
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Crnenyer orMmeTHTbh, uTo (opmymupoBku 3amau (1)—(6), (7)-(11) u
(12)(19) moryr ObITP NPUMEHEHBI W IS HAXOXKICHUS MapiipyTa
KOMMMBOSDKEPAa B HENOJIHOM TIpade, AN 4Yero IMOCIEIHUM JOCTaTOYHO
JONOJHUTh HENOCTAIOIIMMHU AyramMHM M 3HA4YeHHs [JIUMH JUIS  HUX
YCTaHOBUTh PaBHBIMH CyMME [UIMH BCEX IYT' HEHOJIHOTO rpada.

3. Beruucaurebubie 3kcnepumMedTol. Ecimn n =100, To aus 3amau
(1)—(6), (7)—(11) u (12)~(19) xomuuecTBa MEPEMEHHBIX U OTPaHUYCHUIN
(1)—(5) usmepsitoTCs nEecATKAMM THICAY. 3aJayll TaKUX Pa3MEpPOB MOYKHO
pemarb ¢ MOMOIIBI0 coBpeMeHHBIX mporpamm Gurobi 9.1.1 ta CPLEX
20.1.0.0 ¢ NEOS-ceprepa [5]. Hamia nienp OICHHTh BpeMs HaXOXKICHUS
ONTUMAJBHOTO MapuipyTa KoMMHuBOspkepa Tpu N =100 mocpeacTBoM
pelIeHns BceX TpeX 3aAad ¢ HOMOLIbI0 YKa3aHHbIX IIPOTPaMM.

Hus sroro Ha sa3eike MomenmupoBanuss AMPL [6] paspaborano
omucanne MarteMaTtmdeckux wmogmeneir (1)—(6), (7)—(11) u (12)-(19).
Monenu HacTpoeHBI Ha padoty ¢ rpadamu Gopmara *.tsp, rae BepIITHHBI
3aJal0TCd KOOPAMHATAMU TOYEK Ha IUIOCKOCTH, & PACCTOSHHUS MEXIY
KaXI0M MNapoil BEpUIMH OIPEENSIOTCS KaK OKpPYIVIEHHBIE K LEJIBIM
YucIaM EBKJIMAOBBI PACCTOSIHUS MEKIY COOTBETCTBYIOIIMMH 3TUM Iapam
TOYKaMH IJIOCKOCTH.

Pe3ynbpTaThl BBIYMCIMTENBHBIX dKCepUMeHTOB g Gurobi 9.1.1 u
CPLEX 20.1.0.0 npuBenens! B Tabmumnax 1 u 2, COOTBETCTBEHHO. 37€Ch
Ha3BaHWsA 3anmad (TpadoB) MpHBENEHBI B TEPBOM KOJOHKE TaOIUIl, a B
HOCNEAYIOIMX KOJMOHKax npuBexenst d,, d,, d, — HaiineHHbIe
ONTHUMAJIbHbIC 3HAUEHMs LENeBBIX (DYHKIMH IS BCeX Tpex MojeneH, t,

t,, t; — 3aTpaueHHOE Ha HX PELIEHUE BPEMs, B CEKyHIaX.

Taoauna 1.

Pe3yJ’ILTaTBI glll‘Obi AJIA pCeIICHUSA TECTOBLIX 3a1a4

3anaua d; t, d, t, d; t
st70.tsp 675 34.17 675 10470.3 675 47.78
eil76.tsp 538 23.89 538 7.00 538 25.77

kroA100.tsp | 21282 | 81.51 21282 | 1141.34 | 21282 | 177.17
kroE100.tsp | 22068 | 188.21 | 22068 | 174259 | 22068 | 241.86
eil101.tsp 629 63.39 629 64.79 629 58.83
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Taoauna 2.

Pe3yabTaTsl cplex 1Jisl pelieHusi TeCTOBBIX 32124

3amaua d; t, d; t, d; t,
st70.tsp 675 452.86 675 25754.7 675 129.14
eil76.tsp 538 90.80 538 71.09 538 48.52
kroA100.tsp | 21282 | 1749.79 | 21282 | 33087.6 | 21282 | 169.34
kroE100.tsp | 22068 | 1494.85 | 22068 | 43017.0 | 22068 | 146.34
eil101.tsp 629 306.75 629 151.96 629 71.85

U3 Tabn. 1 u 2 BuanM, 4To BpeMs, 3aTpadeHHoe porpammamu Gurobi
9.1.1 m CPLEX 20.1.00 ©#a moOHCK ONTHMAJBbHOTO MapIIpyTa
KOMMHBOSDKEPa, CYHIECTBEHHO 3aBHCHUT OT TOTO, Kakas (opma 3amauu
ucrnonp3yercs. B Tabmune 3 mpuBeNeHBl KOJMMYECTBA TMEPEMEHHBIX H
OrpaHUYEHHH JJIS1 HCIIOJIb3YEMOTO B 3a/lauax Yrcia BEPIIHH.

Taoauna 3.

Pa3mepnl monedeii (3aga4) nas n<{70,76,100,101}

3amaua (1)—(6) Bamaua (7)-(11) 3amaua (12)—(19)
n Nl M 1 N 2 M 2 N3 M 3
70 9660 5041 4899 4832 9729 9733
76 11400 5929 5775 5702 11475 11479
100 19800 10201 9999 9902 19899 19903
101 20200 10404 | 10200 | 10102 20300 20304

Haumenbiniee Bpems it Kaxaod U3 3aaa4 B Ta0Jl. 1 ¥ 2 BBIICICHO
KHUPHBIM MPUPTOM | JUTS BHIOPAHHBIX rpadOoB MaKCUMaIbHOE W3 HHUX
COCTaBIISICT 4yTh OOJIbIIe TpeX MUHYT (QUrobi, 3agaga kroE100.tsp).

3akarouenue. Ha temepermmanx [I9BM 3amaun KoMMUBOsDKEpa IS
100-BepmiMHHBIX Ipad)OB MOKHO YCIEITHO pelaTh 32 HECKOJIbKO MUHYT C
nomorteio  ucnoib3oBanus momeneit  (1)—(6), (7)—(11), (12)—(19) u
COBPEMEHHBIX Bepcuil mporpamm gurobi u cplex.
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PO JBOETAIIHY TPAHCIIOPTHY 3AJJAYY'

IL.I. CTEHIOK, B.O. CTOBBA,

IncTutyT KibepHeTnku iMmeni B.M. I'mymkoBa
HAH Yxkpaiun, KuiB, Ykpaina
stetsyukp@gmail.com, vik.stovba@gmail.com

Anomauia. Posensoaromvcs mamemamuyna Mooeib KIACUYHOT
0goemanuoi mpancnopmuoi 3adaui ma 06i ii moougixayii oia
00MedNHCEHUX NPONYCKHUX CRPOMOICHOCMEN NPOMIJICHUX NYHKMIE
ma modicnusicmio ubopy ix gixkcosanoi kinekocmi. Mamemamuuni
MoOeni npedcmasieni 3a0ayamuy JiHilIH020 ma 0Y1e8020 NIHIUHO20
NpOSPaAMY8AHHSI.

Kniouosi cnosa: o0eoemanna mpancnopmua 3adaua, JiHiliHe
npocpamyeants, 3a0aia 6yne6020 NHIUHO20 NPOZPAMYBAHHSL.

Beryn. Ipu dopMysoBaHHI KITaCUYHOI JTBOSTAIMHOI TPAHCIIOPTHOL
3amaui [1, 2] MaeThcs Ha YyBa3zi, 10 BaHTAX IEPEBO3MTHCS BiJ
MOCTaYaNbHUKIB JIO CIIOKMBAUiB TIIBKH Yepe3 MPOMiXHI MyHKTH. Cxema
(YHKIIOHYBaHHSI TEpEBE3€Hb BaHTAXKY «IIOCTAYalIbHUKA — MPOMIKHI
MYHKTH — CIIO’KMBadi» HaBe/IeHa HA PUCYHKY.

IpomixHl OYHKTH

IMocTawaasEE KA
[REHH¥0I))

B sKOCTiI MPOMIKHUX ITyHKTIB MOXYTh BHCTYIATH MMOCEPETHHUIIBKI (pipMu
Ta Pi3HOTO POy CXOBHUINA (CKIaam).

! PoGora mixrpumana CRDF Global (rpant G-202102-68020)
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Hwxue ommcana kijacWyHa JBOETAlHa TPAaHCIOPTHA 3ajada IS
3HAXO/KEHHS HAMEeKOHOMIYHINIOTO IUTaHy TIePeBE3CHHS OIHOPIIHOT
MPOYKIIii Bi/l MOCTaYaIbHUKIB IO CITOKMBAYiB Ta 1B ii Momudikarii.

®opmymoBanHs 3axavi [3]. Hexait B M myHKTax mocravyaHHs
A,.., A, € &,..,a, OIMHALb NPOAYKIIi, IKYy IOTPIOHO IEepeBE3TH 4O N
cnoxuBauis  B,...,B,, 3amoBonbHuBIIM iXx morpedbnm b,...b,. [ns
TPAHCIIOPTYBAHHS MPOIYKIIT BiJl MOCTAYaJbHUKIB JIO CIIOKUBAYiB MOXKHA
sazaistu | mpomixuux myHktiB D,,..., D,. I[loTpiGHO 3HalTH OonTHMaIbHUIMA

IUIaH TPaHCHOPTYBaHHS MpPOAYKLii, A€ C, — BUTPATH Ha IEpPEBE3CHHS
OJMHULII IPOTYKLIi Bl MOCTa4aJlbHUKAa A 10 NPOMiXKHOro myHkry D, , a

Cyi

; — BHUTPaTH Ha IEPEBE3CHHsA OJIMHHUI TPOAYKUII BiA IPOMDKHOIO

nyHkry D, o cnoxusaya B .

Hexait X={X, "1, € X, — KUIbKICTb OZMHHAL MPOLYKLUii, sKa
NEPEBO3MTHCA Bijl MocTadanphuka A jio mynkty D, ; y={y, dji::[‘, ae
Vi — KIJBbKICTB IPOMYKLIi Bix MyHKTYy D, no cnoxwuBada B ;-

Knacnyna fjBoeramHa TpaHCIIOpPTHAa 3ajaya, sKa BU3HAYae

HaHEeKOHOMIYHIIINHI TIIaH TIepeBe3eHHS MPOAYKILii Bl MOCTAYaIbHUKIB 10
CIIOKMBAYiB, Ma€ TaKUil BUTTISLL: 3HANTH

m I n
fo="1f,(xy)= ﬂg’iyn f(x,y)= chikxik +>. > gV (1)

I
i=1 k=L k=1 j=1

34 HAaCTYITHUX 00MEKEeHb

|

D =g, i=L...m, 2)
k=1

|

zykj :bjl j:]-!"-ynu (3)
k=1

D X =2 Yy =0, k=1..,1, (4)
i=1 j=1

%20,y 20, i=1...,mk=1..1, j=1..,n (5)

3amaya (1)—(5) € 3amauero TiHIKHOTO MPOrpaMyBaHHs, SKa MiCTHTh
(m+n)x| HenepepBHHUX 3MiHHHX X Ta Y, M+N+| NiHIAHUX OOMEKEHB.

HinboBa ¢ynkuis (1) 3amae cymapHi BUTpaTd Ha TpPaHCIOPTYBAaHHA
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MPOMYKIii BiJy TOCTadaldbHUKIB 10 croxkuBadiB. OOMexeHHs (2)
O3HAQuYalOTh TPAHCHOPTYBAaHHA @,,...,8, OJUHUIL HPOAYKLIl 13 IyHKTIiB
MOCTa4yaHHs 10 IPOMIKHUX MYHKTiB, a 0OMexxeHHs (3) — 10 CoXHBayam
noTpiOHO JocTaBUTH HEOOXimHi oO'emm Db,...b, omummue mpomykmii 3
MPOMDKHHUX IyHKTIB. OOMexxeHHs (4) 3a7af0Th yMOBH Ha Te, mo0 ycs
MIPOIYKIIis, sIKA MPUXOIUTH BiJl MOCTAYaIbHUKIB O KOKHOTO MPOMI>KHOTO
MTyHKTY, OyJia 000B'A3KOBO BiIpaBiieHa CIIOKHBaYaM.

JBi mogudikauii 3agaui (1)—(5). J[BoeTamHa TpaHCIIOPTHA 3a/1a4a 3
OOMEeXXEHHSAMH Ha TPOIYCKHI CIIPOMOXKHOCTI MPOMDKHHX IYHKTIB MAae€
TaKWi BUTJISAA: 3HAUTH

m | Il n
fy = Ty Oy ) =ming £(6y) =33 € + 2.2 CyYy (1)
, i=1 k=1 k=1 j=1

3a 0OMexeHb (2)—(5) Ta MHIHHUX IBOCTOPOHHIX 0OMEXEHb

A <> % <d®, k=1..l, (6)
i=1

ne d,*,...,d* minimanbhi, a d,",...,d” — MakcuMabHi IPOMyCKHi
CIIPOMOXKHOCTI MIPOMIXHUX MyHKTIB D,,..., D;.

3amaya (1)—(5) € 3amayero JNIHIHHOIO MPOrpaMyBaHHS Ta MICTHTh
(m+n)x| 3miaaux X, Y, M+n+3l mixifiaux obmexeHsb. OOMeKEHHS

(6) 3amaroTh HIKHI Ta BEpxXHI MeXi Ha MPOMYCKHI CIPOMOKHOCTI
MPOMIXKHUX MYHKTIB. IX Takok MOKHa 3arucarTy Tak:

A<Dy, <d®, k=11 (6)
j=1

JlBoerarnHa TpaHCIOPTHA 3ajla4ya 3 3aJaHOI0 KUIBKICTIO MPOMIKHUX
nyHKTiB [4] hopMyIoeThCs Tak: 3HANTH

m | | n
f>;z = fxyz (x,y)= rxny”z] f(x,y)= chik Xy + chkj Yii (7)

i=1 k=1 k=1 j=1

3a o6meskeHb (2)—(5) Ta Takux 0OMEKEHB:

dz, <D % <dPz, k=1..,], (8)
i=1

|

2% =D, 9)

k=1
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z,=0vl k=1..1, (10)
ne Oynesi 3minni Z={z,},, |, Z, piBHa OAMHMII, SKIIO MPOMiXKHMI
HOyHKT D, BUKOPHCTOBYETBCS, Ta HYIIO B IPOTHJICKHOMY BUIIAJIKY.

3amaga (7), (2)-(5), (8)—(10) e 3amauero OyseBOro JiHIHHOTO
nporpamysanms: (M+n)x| HenepepBHuX 3MiHHEX X, Y Ta | GyineBux

3MiHHHX Z. 3agada mictute M+N+3l+1 oOmexens. OomexeHus (9)
O3Hauae€, 110 3aJisHO piBHO D NpPOMIKHUX MYHKTIB, a oOMexeHHs (8)
3aJar0Th AJIS HUX HIDKHI Ta BEPXHi MEXi Ha MPOITYyCKHI CIIPOMOKHOCTI.
3ayBakuMo, 10 0OMekeHHs (8) MOXKHA 3amucaTH iHaKIIe:

n
dz, <Dy, <dPz, k=1L (8)
[

BucHoBok. 3anpornoHoBaHo Bi Moau(iKallil KIIaCUYHOI JBOETAITHOT
TPaHCHOPTHOI 3a/a4i 32 YMOBH, IO KiJBbKICTh NMPOMIKHHUX ITYHKTIB €
3aJ]aHoI0 Ta iX MPOMYCKHI CIIPOMOKHOCTI € 0OMEKEHIMH 3HU3Y Ta 3BEPXY.
[epmy ™Monmdikamito MOXKHa 3acCTOCOBYBAaTH MpPU PO3MOAICHHI Ta
JOCTaBIII BUPOLICHOT MPOAYKIIi I MPOoAaKy abo mepepoOKH Ha BIaCHUX
MOTYXKHOCTSIX arpomignpueMcTB. Jpyra Momudikamis € akTyaJlbHOIO JUIS
MOIIYKY PAalliOHaJbHOTO PO3TAIlyBaHHS 3aJaHOi KIIBKOCTI CKJIAIiB 3
ypaxyBaHHSIM BHU3HAUEHOTO MOJIOKEHHS MOCTavyaJIbHUKIB Ta OTPUMYBaYiB
MaTepiabHO-TEeXHIYHUX 3ac00iB. BoHa Moxxe OyTH BUKOpHCTaHA JIJIst
BU3HAYEHHsS BIANOBIAHUX Miclp po3tamyBaHHs B OEC VYkpainu
HAKOMMWYyBauiB eJIEKTPUYHOT EHEPrii Ta IX eHEPrOEMHOCTEHH.
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3ACTOCYBAHHSA METOJAIB TEOMETPUYHOI'O
INPOEKTYBAHHA J1JIsA MOJAEJIIOBAHHSA
MTYYHUX KEPHIB
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Anomayia. Pozensdaemvcs Hecmanoapmua — 3a0aia
KOMNOHYBAHHS MPUBUMIPHUX 00 '€KMIg 0 (hopMysanHs
BUXIOHOT 6a3U OAHUX NPU BULOMOBTIEHHI UMYYHUX KEPHIG
i3 3a30aneciov 3adanoio 0y006010 ma QitbmpayiiHo-
EMHICHUMU  Xapakmepucmuxamu.  Jus  po3pooxu
mMamemamuyHoi mooeni 3acmocogyemvcsi memoo phi-
Gyuxyin.  [na  nowyky — JOKAAbHUX — eKCmpeMyMie
3anpONOHOBAHO  Memo0o02ilo, AKa 0a3yemvcsi Ha
cmpamezii  Myabmicmapmy, OpUSIHATbHUX — Memooax
nooy0osu  OONYyCMUMUX — CMAPMOSUX — MOYOK  ma
aAneopuUmMax 0eKoMnos3uyii.

Knrouoei cnosa: ceomempuune npoexmyaHHs, mMemoo
phi—gbyum;iﬁ, mamemamuyHe  MOOEeNOBAHHA, HEeNIHIUHA
ONMUMI3ayis, NOPUCMICMb, WMYYHUL KEPH

OnrtumizaniiiHi  3aga4i T€OMETPUYHOTO TPOEKTYBAHHA (30Kpema
3ajaui KOMIIOHYBaHHS) Hanexarb a0 kiacy NP-cknamaux. IloOynoa
MaTeMaTHYHUX MOZENeH LuX 3aJad € MPeIMEeTOM JOCHTiIKEeHb
00YHCITIOBATIBHOT TE€OMETPIi, B TOH Yac sSIK METOAHM iX pO3B’si3aHHA — TEOpii
JOCIIDKEHHS Oepallii.

VY naniii poOOTi pO3IIIAJAETHCS HECTAHAAPTHA 334a4a KOMIIOHYBaHHS
TPUBUMIPHUX 00 €KTIB Yy LWIIHAPUYHOMY KOHTEHHEpi MiHIMaibHOTO
00’emy. O0’exTi MarTh chepuyHy Ta HecepuuHy MPOCTOPOBY (opMy
(emincoigu, OaratorpaHHUKH, cepoUwITiHApH, cdepokydoinu), 3MiHHI
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METPUYHI XapaKTEpUCTUKH Ta TapaMeTpyd pPO3MIIMICHHS (BEKTOPH
TpaHchAii Ta Kyt obepranHs). JlomyckatoTbes adiHHI TEpEeTBOPEHHS
PyXy, pO3TATYBaHHS Ta CTHUCHEHHSI O00’€KTiB. 3afaHi CTaTUCTHYHI
BIPOTITHOCTI TOSBU OO’€KTIB KOXKHOI MPOCTOPOBOi (hOpMHU Ta pPO3MIpy.
J1a aHANITUIHOTO OMKCY YMOB pO3MIIIEHHS (HETMEepeTHH 00 €KTiB Ta
BKJIFOUCHHST 00’€KTIB y KOHTEHWHEP) 3aCTOCOBYEThCSI MeTon Phi-GyHKIiii
(muB., manpukmam, [1-3]). Bymyerbcs mareMaTHdHA MOJENb Y BHUIIISII
HEemepepBHOi 3afadi  HemiHIHHOTO TporpamyBaHHA. [lms momyky
JOKATBHUX ~ eKCTPeMyMiB  ONTHMI3allifHOi  3amadi  KOMITOHYBaHHS
TPUBUMIPHUX 00’ €KTIB 3aIPOIIOHOBAHO METOMOJIOTIIO, sika 0a3yeTbcs Ha
CTpaTerii MyJNbTiCTapTy, OPUTIHANBHAX METOAaX MOOYIOBH JOITYCTHMUX
CTapTOBHX TOYOK (3 3aCTOCYBaHHAM TOMOTETUYHHX TIEPETBOPEHB 00'EKTIB)
Ta aIroOpUTMax AEKOMIIO3HUIIII, SIKI JO3BOJISIOTH 3BECTH 3a7ady BEIHKOi
PO3MIPHOCTI JI0 ITOCITiJOBHOCTI 3a/1a4 3HAYHO MEHIIIOi PO3MipHOCTI.

OnHuM 3 OPUKIANiB aKTyalbHOTO BHKOPHCTAHHS 3alpOIOHOBAHOI
METOJIONOTIi € CTBOPEHHS, TaK 3BaHOTO, "IU(POBOro KepHy' TipChKOI
MOpPOAY NPOLYKTUBHOIO TOpHU30HTY HadTtu abo rasy. BmpoBamxenns
HOBUX KOMIUIEKCHHX TepMOOapOoXiMIYHAX TeXHOJOTil iHTeHcudikarii
BUO0YTKY BYTJICBOIHIB, BU3HAUEHHS HAWOUIBII €PEKTUBHUX PEKUMIB iX
BUKOPHCTAaHHS B 3aJIe)KHOCTI Bifl Treosoro-pi3M4HUX XapaKTEPUCTHK
MPOAYKTUBHOIO IUIACTy Ta 3 SCYBaHHS NPUYMH 3HIDKEHHS nAe0iTy,
NPaKTUYHO  HEMOXJIMBO  0O€3  NpOBEJCHHS  EKCIIEPUMEHTAIbHUX
JOCIHIDKEHb 3 BUKOPUCTAHHSAM MPUPOJHUX 200 IUTYYHUX KEPHIB TipCHKOi
nmoponu [4]. llpupomHi KepHM NPOAYKTUBHUX IUIACTIB KOIITOBHI Ta
nediuTHI, OCKUTBKK IX MOYKHA BHJIYYHTH TUIBKM Ha ertari OypiHHA abo
PO3BiIKM  CBEpPAJOBMH. TOMy aJbTEpHATHUBOIO BHUKOPDUCTaHHS B
JNOCT/DKEHHSAX € IX aHajord — INTy4YHI KepHHW, SKi CIelialbHO
BUTOTOBJISIIOTBECS. B JIAOOPAaTOPHMX YMOBAax Ha OCHOBI IOIEPEIHBO
MPOBEIEHOI'0 MOJCTIOBAHHS.

3acTocyBaHHSl 3allPONOHOBAHOI MAaTEMAaTH4HOI MOZENi MOPHCTOTrO
CepeloBHILA J03BOJUTh BPaXOBYBaTH JUCIIEPCHICTh, (OPMY Ta MUTOMY
KUTBKICTP YacTOK OKPEMHX MiHepajJoriunux ¢paxugiil. Yridikamis
CTBOPEHOI MOJIeNi MOJSIraTUME B PO3IIMPEHHI eKCIIepUMEHTaIbHOI 0a3zn
JaHWX 3a paxyHOK OLIHKH CTPYKTYPHO-TEOMETPHUYHHMX IapaMeTpiB
MIKPOCTPYKTYpH  AOCHIDKYBaHUX IOPOJ, NPOBEIEHHI IMOPOMETPii,
IPaHyJIOMETPUYHOTO, PEHTI'€HO-TIOMiHICLIEHTHOT'O Ta
PEHTICHOCTPYKTYPHOTO (ha3oBoro anamizy [5].
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OTxe 3ampolOHOBAHUK MiAXiM MOXKe OYTH BHUKOPHUCTAHO IS
(hopMyBaHHS BUXiIHOI 0a3u MaHUX MPU BUTOTOBJICHHI MITYYHUX KEPHIB i3
3a3;anerifp  3amaHor  OymoBoro Ta  (UIBTpaIiitHO-€MHICHUMH
XapaKTePUCTHKAMH.

Jluteparypa

1. Romanova T., Bennell J., Stoyan Y., Pankratov A. Packing of
concave polyhedra with continuous rotations using nonlinear
optimization. European Journal of Operational Research. 2018.
Vol. 268. Is. 1. P. 37-53.

2. Romanova, T., Litvinchev, I., Pankratov, A. (2020). Packing
ellipsoids in an optimized cylinder, European Journal of
Operational Research, 285(2), 429-443.

3. Stoyan Y., Romanova T., Pankratov A., Chugay A. Optimized
object packings using quasi-phi-functions. Optimized Packings
with Applications. G. Fasano, J. Pintér (eds). SOIA. Springer,
2015. Vol 105. P. 265-293.

4. Kravchenko O., Veligotskyi D., Bashtovyi A., Veligotska Yu.
Improving the controllability and effectiveness of the chemical-
technological process of the technology for hydrogen thermobaric
chemical stimulation of hydrocarbon recovery. Eastern-European
Journal of Enterprise Technologies. 2019. —Vol. 6.— Ne 12 (102),
P.P. 57-86.

5. Duriagina Z.A., Lemishka I.A., Trostianchyn A.M., Kulyk V.V.,
Shvachko S.G., Tepla T.L., Pleshakov E.l., Kovbasyuk T.M. The
Effect of Morphology and Particle-Size Distribution of VT20
Titanium Alloy Powders on the Mechanical Properties of
Deposited Coatings // Powder Metallurgy and Metal Ceramics. —
2019. — 57, Ne 11-12. — P. 697-702.

332



ITPO BJIACTUBOCTI JEHEHTPAJII3OBAHUX
EKOHOMIYHUX CUCTEM
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Anomauin. Ilpu mooentosanHi  Mexamizmig@  eKOHOMIUHO20
3POCMAHH  CKAAOHOI cucmemu € npoorema HeoOCmamHb020
iHéecmy6anHs y Micyesy iHppacmpykmypy, wo 6ioousac Kuoiosy
A2eHMCHbKY NpodNeMy MidC YeHmpanoHum i Micyesumu ypaoamu,
KA MOMUBYE YeHMPATbHUL YPAO0 00 8CMAHOBNEHHS eKOHOMIUHO020
3Ma2anHs cepeod pecioHaANbHUX KePiGHUKIE.

Knrwuosi cnosa: eupobnuua ¢yukyisa, pisuanua bennmana,
@yHKryis Kopucnocmi, O100HcemHe 0OMeNHCeHHs.

Hexait BupoOHUYa (HyHKITiST BU3HAYAETHCS
flk) =y =k*
miis piBHSL K KarmiTany Ha AyIIy HAaceJeHHs, ¢ — IapaMeTp BUPOOHHYO]
¢bynkuii. Sxmo f[— napamerp QyHKIii KOPHCHOCTI, M — mnapameTp
3pOCTaHHS HACEJIEHHsI (TeMI MPUPOCTY HACEJICHHs), TO CITiBBITHOIICHHIM
[MapeTo-Hee(eKTUBHOCTI  PIBHOBard CTIHKOIO CcTaHy KOHKYpPEHTHOI
CeKOHOMIKH /IS TapaMeTpa 4YacOBHX IiepeBar (YHKIii KOPHCHOCTI
pENpe3eHTaTHBHOTO ~ CIIOXKMBa4a, TEMITy 3pPOCTaHHS HAceleHHS Ta
napamerpa BUpOOHUYOT PYHKIIIT € HEPIBHICTH
o - n(l—F4)
1—a 1+n

npu GYHKIIT KOPUCHOCTI
Ulxt,x?) = Blog(x*) + (1 — B) log(x?),

1,x2 - piBeHb CHOKMBaHHS TOBAPY CIOKMBAYeM TIOKOIIHHS y CBiif

ne x
MEepIIMA Ta APYTUd Mepioay BiANMOBIAHO. 3aJ0BOJICHHIO Ii€1 HEPIBHOCTI
COPUSIOTh MEHILIE 3HAueHHS MapameTpa 3aJeXHOCTI BHITYCKY BiX
KaIliTaioo30poeHoCTi Tpali, Oiibllie 3HAUCHHS MapameTpa ' 3pocTaHHs
HaCceJICHHs, MEHIIIC 3HA4YCHHs MapaMerpa [§ crokuBaHHA y mepiomi 1 s

(hyHKIIT KOPUCHOCTI.
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IIpu 3aranpHOMY CIIO’KMBAaHHI Ha TyITy HACEJICHHSI 000X MTOKOJIiHb
x1+ (1+n) %% = f(k) — nk
Mae Micie 30JI0Te MPAaBUIIO JJIsl TOKOJIiHb, 10 TIEPETHHAIOTHCSI.

TBepmxennst 1. Makcumizallisi 3araJibHOr0 CIIOKUBAHHS Ha YTy
HaceJIeHHs nepeadavae mpaBuiio | (k*) = n 1151 ONTUMAIBHOTO 3HAYEHHS
Karmitany k* Ha OIMHUIIIO MpAIIi.

Hexaii ko)xHEe TOMOTOCIOIAPCTRO, IO iICHYE MPOTITOM JBOX JCSIKHX
nocimigoBuux mepiopis £, (t+ 1), mae norapudpmiuny QyHKILO
KOPHCHOCTI

U=n(CL)+BIn(Chysy
Bin Ch, ta Cl.iy — BUOPAHUX MM JOMOTOCHOJAPCTBOM (iHIMBiIyyMOM)
cnoxupanus y mepion © ta (t+ 1) simnosigmo, S € (0,1) — craska
94aCOBOTO JIUCKOHTY JJISl CIOYKMBAHHS HACTYITHOTO TIEPioy.

Hexaii mictuieBult ypsin 3a OFOPKETHOTO OOMEKEHHS PO3B’SI3y€ TNEBHE
piBHsHHS bennmana

V(G Aie) = chl_lrti{Er‘[Pm(Cf:} +y (Wi — Girgr) + FV(Girsr, Aiesn))

npu p €[0,1] ta ¥ = 0 — BaroBux koedimieHTax, siKi MicHEBHH yps
MpU3HAYAE CIIOKUBAHHIO JOMOTOCIIOAAPCTB Ta YPSIOBHX MPAalliBHUKIB
BianoBinHO, E; — omeparop yMOBHOrO CHOAiBaHHS y MOTOYHHH Tepiof t
HiciIsl CIOCTEPEKEHHST 3MiHHUX CTaHy HPOAYKTHUBHOCTI A;; i BHITYCKY Yip
nig yac uporo nepioxy, V{-)— gpynkuis Baprocri, ska oxomnoe 106po0yT
JIOMOTOCTIOZIAPCTB Ta YPSJOBUX TPAIiBHUKIB, MOYMHAIOUU 3 mepioay E,
i=1,.., M — perionn, 3 AIKMX CKJIQJAETHCA EKOHOMIKA.
BropxeTHUM 0OMEXEHIM €
Wit = Gieys + ES

JUISL arperoBaHOTO JTOXOY Eg YPAMOBUX TPAIBHUKIB 1 PiBHA (rjpsiq
inppactpykrypu y nepioxi (t + 1).

TBepm:keHHs1 2. Y KOXXHOMY MEPioIi MiCIIEBHI YPSIJ BUIIUISE HA
(1-Fly

v+Bp
Komu wmicueBwii ypsn B piBHOcTi Bemnmana jae Oinbmny Bary g2

MicieBy iHQPACTPYyKTypy 4acTKy Oro/pKeTy, piBHy 1 —

CMOXKMBaHHIO JJOMOTOCIIOJIAPCTB, TO BHJUISAE OLTBITY YacTKy OIOJKETY Ha
1HQPACTPYKTYpY; KOJIU K MICIIEBHI Ypsill Aa€ OIbLIy Bary ¥ CIOKUBAHHIO
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YpSIOBHX TIPAIliBHUKIB, TO BHIUILE MEHIIYy YacTKy OOJDKETy Ha
iH(bpacTpyKTypYy.

Bimowmi 3aCTOCYBaHHS pe3ynbTaTiB JUTS MOJIEITIOBAaHHS
JELEHTPAIi30BaHOI EKOHOMIYHOI CcHcTeMH. YucenbHE MOJETIOBAHHS
moTpedye perioHaTbHUX MJaHWX MPO BUPOOHWYI aKTHBH. ATEHTCTBO
ekoHoMiuHOTO TuTaHyBaHHS Smonii (AEIIS), moctaBuBmm amOimidHy
MeTy moOymoBH OaratoperioHaabHOi eKOHOMeTpudHOi Moxaeni, y 1960-x
pOKax CTBOPHIIO HEOOXigHy 0a3y OCHOBHHUX €KOHOMIYHHMX HaHuX. LleHTp
MDKHApOJHOTO pO3BUTKY SmoHii ckopucTaBcs 0azoro manux AEIIS mns
Bcix 46 mpedekTyp, cepen SIKUX Oy OIiHKKA MPHUBATHOTO 1 COI[IaIbHOTO
KammTany 3a KUTbKoMa KaTeropissMu. AHalli3 IIUX JaHuX, OMyONiKOBaHUX y
1967 p., MICTUTh HaI3BUYANHO BaXIIMBI PE3yNbTATH, SKi 10 TIEBHOI MipH
BiJIMTOBITafOTh HA THTAaHHS €KOHOMIKHM ariomeparlii. Jlep:kaBHa ciy0a
CTaTHCTUKA YKpaiHH IMovajia ONpHiIIOIHIOBATH MoAiOHI qani y 2016 p., axi
JOKJIaJHO aHamizyBamucs [2, 3].

3MaranpHICTh MK €JIEMEHTaMH JEICHTPalli30BaHOI CHCTEMH, MOXKE
BECTH MICIIEBI YpsiIM 10 TOBEIIHKH, OPIEHTOBaHOI Ha IIBUIKOILTHHHI
3M00YTKH, 3a PaxyHOK JOCATHEHHS crTpareriyHux 1imed. [lomiGHi
npobnaemu Oynu npuramandi kosmmHbeoMy CPCP, a 3aranbHonepxaBHa
aBTomMaruzoBana cucremMa (3AC) oOmiky # 00poOku iH(popmaii,
3alpornoHoBaHa akajgeMikoM B.M.InymikoBuM, He 3HaxXoAuja HaJeXHOI
M ITPUMKH.

I[pu BUBYEHHI KOHKYPEHIIil Ha CBITOBUX pUHKaX [4] Mae micie

Teepmkennss 3. Cymaphi ¢ickanbHI HaIXOMKEHHS KpaiH IpH
3pocTanHi 4yacTku & (Ha inTepBam Bim 0 mo 0,5) BiacHUX ¢icKaIbHUX
HaJXOJKEHb, MEPEIaHuX Bia OfHi€l KpaiHM 10 iHIIOI (0 BWTIIAHIIIOT
FOPUCIUKIIIT) 301LTBIIYIOTHCS:

28s(1— a)?

tifﬂ}ﬁi (ﬂ} — i3 (ﬂ}ﬁz (ﬂ‘} = (1—2a)(3 —2a) =0

IpU CyMapHOMY 3BiTHOMY NmpuOyTKy iT; kpainm i, t; € [0,1] — nogatkosa

craBka kpainu i, t;(a)f;(a) - pickanbni HagxomKkenns kpainm | = 1,2, § -
fofaTHUE Tapamerp moxaTkoBoi komkypewuii, £ € (0,1} - mapamerp
posmipy purky, & € [0,0.5) — yacTka BoacHMX (iCKaJIbHUX HAIXOIKEHb

Kpainu I, sKy BOHa Bijyiae kpaini [5].
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MikHapoJHA MMOAATKOBA KOHKYPEHITISI TTOETHYETHCS 3 MiXKHAPOTHOIO
ITOAATKOBOIO KOOTIEPAITi€l0 3a CBITOBI KOPHOpaIlii, SKi MarOTh MOMJIHBOCTI
3CYBY 3BITHHX MPUOYTKIB cepell pi3HUX KpaiH.

Teepmxennsi 4. VIMoBipHicTh BHrpairy y KOHKypCi SIK (YHKIFO
grciia KOHKYpPCAaHTIB, 3yCHJIb KOHKYPCAHTIB 1 I[IHHOCTEH BUTpamry i
KO>KHOTO KOHKYPCAHTa JIOPIBHIOE

(] T
p: = - E V. F: E J
=1 =1

J

s iMoBipHOCTI P; Burpamty, &; € R: - 3ycwuis koHkypcanra i, V; -
LiHHICTH NpU3y I Koukypcanra i = 1..m. BigoOpaxenns p;(Gy, ..., Gy

3yCHJIb yCiX KOHKYPCAHTiB y HMOBIPHICTh OTPUMaHHSI MpH3Y (YacTKy
3arajbHOTO TPH3Y) IS KOHKypCaHTa I TaKoXX HAa3MBAEThCA (DYHKITIEIO

yerixy KoHKypcy (contest success function, CSF) [6].
3aranpHi BIACTHBOCTI JACUEHTPATI30BAaHUX CHCTEM BH3HAYAIOTHCS
BOYIOBaHMMH MeXxaHi3Mamu 380poTHOTO 3B’s13KY (feedbacks).
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AHAJIN3 PELIEHUS 3AJIAYY OIITUMU3ALIUU
HUEPAPXUYECKOM CTPYKTYPBI PAZPEXKEHHOMN U
IJIOTHOM KOMMYHHUKAIIMOHHOM CETH

A.H. TPOOUMUYK, B.A. BACSAHHUH, JL.I1. YHHAKOBA,
HNHCTHTYT TeJIeKOMMYHHMKAIUIA U I71002aJIbHOTO

uHopmaunonHoro npocrpancrsa HAH Ykpaunbl, KueB, Ykpauna,
itgis@nas.gov.ua, archukr@meta.ua, archukr@i.ua

Annomayun.  [lpueodumcs  ananuz  pewteHus — 3a0aqu
ONMUMUZAYUY — UEPAPXUYECKOU — MPEXYPOBHEBOl  CIPYKMYpbl
MHO2ONPOOYKMOBOU KOMMYHUKAYUOHHOU cemu ¢ OUCKDEemHbIMU
HOMOKAMU U NAPAMEMPAMU NPU  UBMEHEeHUU ee NIOMHOCTU
(omHowenus Konuyecmea 0ye cemu K MAKCUMATbHO BO3MONCHOMY
Koauyecmay 0ye Oas 3a0aHH020 yucia y3108 6 cemu). OCHOBHOU
3a0auell UCcne008anust sIGIAEMCcs YCMAHO8UMb, KAK U3MEHSIemcs.
CMpYKmypa KOMMYHUKAYUOHHOU cemu, cxema o6pabomxu u
pacnpeoenenus NOMOKO8 U MEXHUKO-IKOHOMUYECKUEe NOKA3amenu
@yuryuonuposanus cemu 0Jis pA3IUYHOU CIENeHU ee NAOMHOCMU.
Knwuesvie cnosa: uepapxuueckue KOMMYHUKAYUOHHbIE CEMU,
OUCKpemmuble HOMOKU U NAPAMEMPbI, 3A0a4i  ONMUMUSAYUL,
KOMNbIOMEPHOE MOOCNUPOBAHUE

B cetm BbImENeHO TpU YPOBHS MEpPapXWU — MarucTpajbHbBIH,
30HANBHBIN W BHYTPEHHUH ¥ YETHIpe THIIA Y3JIOB — IEPBOTO, BTOPOTO U
TPEThEero TUMa, 00pa3yrIrue MaruCTpaabHBIA ¥ 30HAIBHBIN YPOBHU CETH
Y Y31l YETBEPTOrO THIIA, TIOJJYMHEHHBIC KAXKIOMY MarucTpaabHOMY Y3y
U obpasyroliye BHYTpeHHHE YpoBHHU ceTd [1]. THIbI y3710B OTIMYAIOTCS
Ipyr OT japyra (yHKIIMOHAIBHBIMH BO3MOXHOCTSAMHU. [IpuBeneHbI
MIPUHIIUATIEI COPTUPOBKH U PACTIPEICTICHHSI TIOTOKOB B UEPAPXUUECKON CETH
u ee Maremarmueckas wmojenb. CdhopmynupoBaHa wmaTemaThdecKas
MOJIeTb 33J]a4i ONTHMH3AIHMHA CTPYKTYPhl MarucTpaabHOW CETH U CXEMBI
COPTHUPOBKM W PACIPENCICHHUS TMOTOKOB. AJITOPUTMBI PEIICHUS 3aJa4u
OCHOBaHBI Ha JIMCKPETHOM aHAJIOTE METOJIa JIOKAIBHOTO CITyCKa, KOTaa
OKPECTHOCTH METPUYECKOTO IPOCTPAHCTBA BO3MOXHBIX  PEIICHUM
BBIOMPAIOTCS M3 BPUCTHUUECKUX COOOPaKEHHH C Y4eTOM OCOOEHHOCTEH
pemaemoit 3amaum [2]. TIpoBeZeHO KOMIBIOTEPHOE MOACIMPOBAHHUE
3aauu Ha ceTH, coaepxkaiei 100 y3/10B Mpu U3MEHEHUU CTEMEHU Y3JI0B
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or 2 g0 99. MonxenupoBaHue IIPOBOAWIOCE HAa  IIPUMEpE
aBTOTPAHCIIOPTHOW CETH TEPEBO3KH T'PY30B C IMOMOILIBIO KOMIBIOTEPHOI
nporpammbl [3]. DKcHepUMEHTaNbHOE HCCICIOBAHHE DPEIICHUS 3a1a4u
MIOKa3aJIo, qTO HaWTy4IIne TEXHUKO-IKOHOMHYECKHE "
AKCIDTyaTallMOHHBIE MTOKa3aTeNH e¢ (PyHKIMOHUPOBAHMUS TOCTHTAIOTCS TIPU
CTemeHn Y3JI0B cetn oT 9 mo 14, xorma oOecriedwBaeTCsl BBICOKAs
CBSI3HOCTh CETH M 3HAYHUTEIBHO COKPAIIAETCS CpPeJHee W MaKCHMAaIbHOE
BpeMs JIOCTaBKH TPY30B IMOIydaTelsiM. lIpermmoskeHHass KOMITBIOTEpHAs
TEXHOJIOTHSI PEIICHNS 331a49X IPU M3MEHEHUH TFIOTHOCTH CETH ITO3BOJISCT
MPOEKTUPOBIINKY B MHTEPAKTUBHOM PEXHMME MOJECIUPOBATh PA3IHIHBIC
BapUaHTHl CETH, HW3MEHSAS TOIOJOTUIO, HEPAPXUUECKYIO CTPYKTYpY,
MOTOKM, TapaMeTpbl W OrPaHUYCHHS MOJENIH, W W3 CeMelcTBa
MOJYYCHHBIX PE3YyJIbTaTOB BBHIOMPATh HAWIYYIIMHA BapuUaHT C y4ETOM
BBIOpaHHOW (YHKIMU II€IM W TPHHATHIX OrPaHUYCHHH; pacCUHUTHIBATH
npe/IBapuTEIbHBIC TEXHUKO-IKOHOMHYECKHE TOKa3aTen
(YHKIIMOHUPOBAHMS CETH, OLCHUBATH CTOMMOCTH JIOTIOJHUTEIBHBIX
pecypcoB ¥ IUIAHUPOBAaTh BEIMYMHY IOTPEOHBIX HMHBECTUIMH Ha
MOJICPHU3AIMI0 U CTPOUTEIBCTBO €€ CTPYKTYPHBIX DJIEMEHTOB, YTO B
KOHEYHOM HTOTe JIaeT BO3MOXXHOCTH IOBBICUTH 3P (PEKTUBHOCTH
(YHKIIMOHUPOBAaHHUS CETH 32 CYET ONTHMHU3ALIUH HCIOJIB30BAHUS €€
PECYpPCOB W CHIDKCHHSI OKCIUTyaTal[MOHHBIX 3aTpaT Ha 00paboTKy W
TPaHCIIOPTHUPOBKY ITOTOKOB.
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MEPBI BAPUABEJIBHOCTHU OLEHOK IIAPAMETPOB
B 3AJJAYAX BOCCTAHOBJIEHUSI 3ABUCUMOCTEN
IO UHTEPBAJIbHBIM JAHHBIM

C.I1. LIAPBIH,
®OUIL UBT u HT'Y,
HoBocuoupck, Poccusn

shary@ict.nsc.ru

Annomayusn. Ilpedcmaenenvl 06e 603MONCHLIbIE KOHCHMPYKYUU
KOIUYECMBEHHOU Mepbl 8apuaderbHOCmu OYeHKU Napamempos 8
3a0aue  B0CCMAMOBNEHUs — JUHEUHOU  3A6UCUMOCU  NO
unmepeanibubiM  OauHviM.  OHU — nOKa3vlealOm  cmeneb
UBMEHUUBOCINU U HEOOHOZHAYHOCMU OYEHKU, U HEODXOOUMOCMb UX
66e0CHUST BbI3GAHA MEM, YMO 8 YCI0BUSLX UHIMEPBATbHbIX OAHHBIX
omeem K 3adaue, Kak npaeuno, Heedurcmeen. QOCyxicoaromes
cooepoicamenbHble MOMUBAYUU U CMBICTT HOBLIX BEIUUUH C TMOYKU
3peHUst Opyeux U3BeCmHbIX Xapakmepucmuk oaunwix. [Ilpumenenue
NPEONONCEHHbIX Mep  8apUADENbHOCIU  UILTIOCMPUPYEMCcs HA
KOHKPEMHbIX NPUMEPAX.

Kniouesvle cnosa: 3adaua 60CCMAHOGNEHUs.  3A8UCUMOCTEL,
UHMEPBANbHASL HeONPeOelEHHOCHb OAHHbIX, MEmMO0 MAaKCUMYMA
COBMECHHOCMU, Mepa 6apuabelbHOCMU.

L[em, Hanen paGOTLI — HOPpCACTaBUTL ABC BO3MOXHBIC KOHCTPYKIUHN
KOJIMYECTBEHHOM MCPbI BapI/IaGGJ'ILHOCTI/I IJIL OLOCHKH IMapaMCTpOB
q)YHKHHOHaHLHOﬁ 3aBUCUMOCTHU B HMHTCPBAJIbHOM aHAJIN3C NAaHHBIX. 3TO
CPaBHUTCIILHO MOJIOAass BCTBb COBpCMeHHOﬁ HAayKHn 06 06pa6OTKC
JAaHHBIX, KOTOpas HC OIMUPACTCA Ha almapar TCOpHuu BepOHTHOCTCﬁ, HO
IIHUPOKO UCIOJB3YECT MCETOJAbl MHTCPBAJILHOI'O aHAJIM3a (CM., K IIpuUuMepy,
[1, 2, 3]).

TepMI/IHOM «BapI/Ia6€J'ILHOCTB» MBI Ha3bIBA€M CTCIICHb U3MCHUYUBOCTHU
1 HCOJHO3HAYHOCTHU OLCHKH, U HGO6XOI[I/IMOCTI: eé BBCJCHUA OUKTYCTCA
TEM 06CTO$ITCJ'H:CTBOM, YTO B 3aa4ax O6pa6OTKI/I HWHTCPBAJIbHBIX NJAaHHBIX
OTBCT, KaK IMpaBuIO0, HCECIUHCTBCH. O6BI‘-IHO MBI IIOJy4YaeM IICJI0C
MHOXCCTBO pPa3JIMYHBIX OLCHOK, OJAMHAKOBO IIPUTOAHBIX B KauCCTBC
OTBCTOB K 3aJ1a4€ U COTJIACYIOIUXCA C eé JaHHBIMUA. TO, HACKOJIBKO MaJio
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WA OOUIMPHO 3TO MHOXKECTBO, KaK pa3 TaKM XapaKTEePH3yeTCs TEPMHUHOM
«BapHuabeITHLHOCTDY.

Mbr  paccmMaTpuBaeM ~ 3aJadyy  BOCCTAHOBJICHUS  JIMHEHHOU
3aBHICHMOCTH BHJa

V= fxg + foxa+ o+ By, 1)

B KOTOpPOH Xy, X5 ... , X — HE3aBHCHUMBIC TIEpEMEHHBIC (Ha3bIBacMbIC
TaKKe 8XOOHbIMU WIH NPeOUKMOPHbLIMY TIEPEMEHHBIMH), ¥ — 3aBUCHMAs
nepeMeHHas (Ha3blBaeMasi TaKXKE GbIXOOHOU WU  KPUMepUaibHoll

nepeMeHHoi), a 1, B, , 8. — Hekortopsie kod(pduuueHTH. OTH
HEU3BECTHBIE KO3()PULIUMEHTHI TOIDKHBI OBITH OIPEeNCHbl Ha OCHOBE psAa
W3MEPEHU 3HAYeHUH Xy, X3, ... , X, U V. Pe3ympraTel uzMepeHuit

HETOYHBl, M MBI MPEIIOJAaraéM, 4YTO OHHM SBISIFOTCA HEKOTOPBIMU
HMHTEpBaJaMH, KOTOpBIE NAIOT JBYCTOPOHHHUE T'PAaHUIbl TOYHBIX 3HAYEHUI
M3MEPCHHBIX BEJIMYMH. ByZieM cuuTaTh, 4TO B pe3ynbTare i-ro u3MepeHHs
[OJIy4arOTCsl TAKUE HHTEPBalbl X;y, X:z, ... , Xim, ¥;, YTO HCTUHHOE
3HAUYEHUE X4 JIGKUT B X;1, UICTUHHOE 3HAUCHUE X, JICKUT B X;7 U T. J.
BIUIOTH A0 V, ACTUHHOE 3HaY€HUE KOTOPOro JIEXKUT B ¥;. IHbIMHU cli0Bamy,

MBI pacCMaTpuBacM MHTCPBAJIbHBIC JaAHHBIC

X115 X123, o0 5 X1, M1,
X3y, X223, ...  X2p, ¥z, 2)
Kt Xmzs -0 > Xps ¥y

a TaKoKe MOCTPOeHHbIe 13 HUX Matpuiy X = (x;;) u Bextop ¥ = (¥;).

Ham HeoOXoquMo HaliTh Wi OueHuTh Kodpuumentsl f;,
j=12 ...n a1 xortopbix JnHehHas GyHKOUS (1) «HAWIYYIIAM
o0pa3omy npubIIKaeT faHHbie (2) (CM. PUCYHOK).

Ha cerogusimauii neHbp pa3paboOTaHO HEMaIo METOJOB PpEIICHHS
MOCTaBJICHHOM 3a/a4M, HO MBI OyaeM padoTaTrb ¢ METOJOM MaKCHMyMa
cCOBMECTHOCTH [4], KOTOpBIii sBisieTCs, MO-BHAMMOMY, HauOoee
YHUBEPCAIBHBIM M XOPOLIO pa3paboTaHHbIM. B 3TOM MeTone oueHKa
B = (B, Bz s Br) mns napameTpoB JInHeHo! 3aBucuMocTH (1) Gepércs
Kak  apryMeHT  MaKCHMyMa  CIeUabHOTO  «PaclO3HAIOIIETO
¢dyHkunoHana», Hekortopod ¢GyHkmuu Tol: R® — E, ¢ mOMOIIbIO
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KOTOpOW  ompeneisieTcs  KONWYECTBEHHas  Mepa  COBMECTHOCTH
MHTEPBAJIbHOU CUCTEMBI YPABHEHU, TOCTPOCHHOM 110 JAHHBIM 33/1a4u:

n

Tol (ﬁ:xd’} = 12}[52}1 rad}ri_ mldyi_ Z}':lxij—ﬁj )
rae rad ¥; urad ¥; — paauyc U cepellMHa UHTEpBaIa ¥; .
y
A
A
P

B kadecTBe BENMYMHBI, XapaKTEPU3YIOMIEH HyBCTBUTEILHOCTH |
BapHabenbHOCTh OLEHKH BekTopa mapamerpoB f§ = (f1,fa, ... Bx)
nuHelHO# 3aBucuMocTH (1), KOTOpas MOMy4eHa METOJOM MaKCHMyMa
COTJIACOBAHMS MO JAHHEIM (3), MBI TIpeIaraeM BeTHYHHbI

| arg maxgn Toll|

IVE(X,y) = v'n maxgr Tol - (ming.y cond, X)- | 5

. || arg maxgn Tol||

IDE(X,y) = v'n maxgr Tol - cond, X 51
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B BemmmcanHbIX (popMynax mepeMeHHbIE M BETHYMHBI HMEIOT CIICAYIOIIUI
CMBICI:

11 — pa3MEPHOCTh BEKTOPA MapaMeTPOB BOCCTAHABIMBAEMON (DYHKITUM;

|| - || — eBkmmmoBa HOpMa BEKTOPOB (2-HOpMA), OIIpeaeIseMast
Ut BekTopoB ¥ £ ™ kak

Iyl = (3,2

cond; X — cHoekTpagpHOE 4YHMCIO OOYCJIOBICHHOCTH MaTpuipbl X,
OIIpeJeIIsieMOe KaK

Cundz x= Gmu(X}/gmln(X} '

T.e. KaK OTHOIIEHHWE MaKCUMAaJbHOTO M MHHUMAJIBHOTO CHHTYJISPHBIX
yucen Marpunbl X, cond; X SBISIETCS  PAacIpPOCTPaHEHHEM  HA
NpPAMOYTOJIbHBIA Cy4daid HW3BECTHOIO B BBIYMCIUTEIBHON JIMHEWMHOU
anreOpe MOHATHS YKCia 00YCIOBICHHOCTH KBaPaTHON MaTpHUIIbI;

X — choenmanbHas TOYEYHAs MAaTpPHIA, Ha3bBaeMas Mmampuyeti
KOMOUHAYUL KOHYO8 ISl MHTEPBAIbHONW MaTpUIlbl X, UMEIOIIasi pa3Mepbl
Nxn, tne N=m- 2" u cocTaBlieHHas W3 KOHIIOB HHTEPBAIbHBIX
3JIEMEHTOB BJ0JIb KaX/I0l CTPOKK MaTpulibl X;

? — 3TO0 «HamboJjiee NpeaACTaBUTCIIbHASA)) TOYKA HWHTCPBAJIBHOI'O BEKTOpaA
JaHHBIX ¥, OIIpCACiII€EMas Kak

[

¥=-(midy+rady|+ |midy—rady]|),

rae omepauud «mid» U «rad» TPUMEHSIOTCS MOKOMIIOHEHTHO. MBI

MTOKa3bIBacM, YTO B Cirydae HeoTpumarenbHoro max Tol Benmuwasl IVE u
IDE natort, pakTuvecky, OIICHKH Pa3MepOB MHOXKECTBA PEIICHHUH 3aJ1a4H.
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METO/I EJITICOIIB JUISA TTIEPKYJII
MIHIMAJILHOT'O PAJITY CA?

O.M. XOM'AK,

IncTutyT KibepHeTnku iMmeni B.M. I'mymkoBa
HAH Ykpainn, KuiB, Ykpaina
khomiak.olha@gmail.com

0.0. JABU OB,

KuiBcbkuii HanioHaabLHMI yHiBepcuTeT iMeHi
Tapaca IllleBuenka, KuiB, Ykpaina
davydov0508@gmail.com

Anomauyin. Pozenadaemocs 3acmocy8ants memooy enincoioig ons
poss'azanna  3a0aui  ONYKI020 — NPOPAMYBAHMS,  AKA €
EKBIBACHMHOIO  3A0QYl 3HAXOONCEHH 2INepKyNi MIHIMANIbHO20
padiyca, AKa O0Xonmo€ CKinyeHHull Habip mouok. Haeedena
meopema npo WeUOKIiCmb 30I0CHOCMI 8IONOBIOHO20 AN2OPUMMY
3HAXO0O0IHCEHHs YeHmMpa 2inepKyii MIHIMAIbHO20 paodiycd.

Kniouosi cnosa: cinepxyns, 3adaua Onykiozo npocpamyB8awisi,
Memoo enincoiois.

3agaua. B n-BumipHomy eBkiigoBomy mpocropi R"  3amana
MHOXKMHAa TOUOK A = {ai‘ enal, j=1..., m} . IlotpibHo mOOYHYyBaTH
rinepKyJo MiHIMAJIBHOTO pajiiyca, Ka OXOIUIIOE BCl TOUKM MHOXKUHU A .

Jns R® Taky 3amady Brepmie cOpMyTIOBaB AHITiHCHKHI MaTeMaTHK
Txetime JIxxo3ed Cinbeectp B 1857 pori.

s 3amaya moxke Oyt cdopMysibOBaHa SK HACTyIHA 3ajada
OITYKJIOTO MPOTPaMyBaHHs: 3HAWTH

f*:f(x*):min{f(x):_max ||x—aj||2}, )
xeR" j=1...m

3a OOMEXKEHD

[x=x%|<r, (2)

2 Po6ora nigxrpumana VolkswagenFoundation (rpant Ne 97775)
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ne XeR" — n-BumipHMIi BEKTOp HEBIIOMHX KOOPIMHAT LIEHTPY

) . 1& . .
rinepkymi, X, :EZaj — WeHTp Kyii pagiyca I, = jr7r11axm||x0 —
=t o

AKii JokamizoBaHo X — poss’s3ok 3amadi (1) — (2). Onrumanbhe
sHauenns f° = f(X") BusHauae MiHIManbHHI paaiyc TiMepKysi, sKa

OXOILIIOE BC1 TOYKH MHOKUHU A, , BiH OyJie pIBHUM J fr.

Hus posp'szanHa 3amadi (1) — (2) moxe OyTH 3acTOCOBaHHU
KIacudHui Merox emirncoiniB [1, 2]. HMoro peamizarmiss anropuTMoM
emshor mnst 3amaui MiHimizamii omykimoi  QyHKIii, MiHIMyM sKOT
3HAXOJUTHCS BCEPEIMHI KyJi 3aJaHOoro pasmiyca, omucana B [2]. Hwkue
HaBEJIEMO 3aCTOCYBaHHS aJropuT™My emshor uis 3amadi MiHiMizarii
¢bynkuii f(X) npu ymoBi (2), sika rapaHTye JIOKATi3aIlilo eKCTPEMyMy Yy N-
BUMIpHI} Ky pafiyca I = max ”X0 -q, ”

j=1,...m

AJITOpUTM 3HAXOMKeHHs1 X . BXigHUM mapamMeTpoM € BelUuYHHA
&; >0 — TouHICTB, 3 KOO HeoOXinHo 3HaiTn ™ = f(X").

Inimianizamisn. PosrmsuemMo nxn-matpuiro B 1 mokmagemo
B,:=1,, ne |, — omunmuna nxn-marpund. Ilepeiinemo n0 mepmoi
iTepauii 31 3HaUeHHAMH X, I, 1 By .

Hexait Ha K -if iTepaunii 3HalineHi 3HaueHHs X, € R", r,, B, . Ilepexin
1o (k +1) -1 ireparii monsrae y Takiit mociiIoBHOCTI Jiil.

Kpok 1. O6uncimmo f(X,) ta cyOrpamient ¢, (X,) B Toumi X, 3a

dopmynoro g, (X )= 2(x—aj*), me j° Take, 1O “Xk -a, “2 =f(x).
Skmo T, ||B;gf (Xk)" <g,, 1o "3ymumka: k=K i X =x ". Imakme
MEPEXOUMO 10 KPOKY 2.

B, 9, (%)

EER

Kpoxk 3. O6uncnumMo 4eproBpy TOUKY

Kpoxk 2. [Toxsagemo &, :=

1
X1 =% —hBS, ne hk:mrk'
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Kpox 4. O6unciumo

n-1 . n
Bii:= Bk"'( m_lJ(Bkgk)éj 1 rk+1::rkm'

Kpok 5. ITepexonumo no (K +1) - irepauii 3i 3HaUeHHAMHA X, ., I, ,,

Bk+l'
301KHICT aNTOPUTMY 3a0€31edye HacTyITHa TeopeMa.
Teopema. IlocninoBHICTE TOYOK {Xk}t*=0 3a/I0BIIbHSIE HEPIBHOCTAM
[BH(x =X <n. k=012,...K".
Ha xoxwniit iteparii K >0 BemuunHa 3MeHIIEHHS 00’eMy efirncoina
E = {x eR":

|Bk’l(xk —X)"S rk}, JIOKaJIi3ylouoro X , € BEJIUYHHOIO
CTaJIOI0 1 pIBHOIO

_ vol(E,) _ n—l(

- vol(E, ,) “\n+1

n " 1
<expy——<l.
\/nz—lJ { ZH}

BuUCHOBOK. AITOpPHTM 3HAXOKEHHA X  MOKHA  YCIIIIHO
3aCTOCOBYBATH JUIsl BUMAJKY, Ko N=2-10. Jlns 3smenmenss B 10 pasiB
06’eMy eincoina, B SKOMY JOKaTi30BaHO TOYKY X , TIOTPiOHO 3poOHTH

K irepamiii, ne K :—Ilnﬁz (2In10)n =~ 4.6n, To6TO, 00 Ha MOPSIOK
ng

MOKPALIMTH BIAXWICHHS 3HANIEHOT0 PEKOPAHOTO 3HA4YEeHHS (QYHKINT

. - : 2
f(x) Big ii onruMamsHOro 3HaueHHs f° morpiOHO 3poOuTH 4.6N
iTeparii.
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