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CUCTEMHMI AHAJII3 1 TEOPISI IPUMHSTTSA PINIEHD

CUCTEMHBIN AHAJIN3 U TEOPUSI IPUHATHS PEIIEHUAN

SYSTEM ANALYSIS AND DECISION-MAKING THEORY

UDC 519.[816+854.2] DOI: 10.20998/2079-0023.2019.01.01
A. A. PAVLOV

COMBINATORIAL OPTIMIZATION UNDER UNCERTAINTY AND FORMAL MODELS OF EXPERT
ESTIMATION

Previously, the author formalized the concepts of uncertainty, compromise solution, compromise criteria and conditions for a quite general class of
combinatorial optimization problems. The functional of the class’ problems contains linear convolution of weights and arbitrary numerical characteristics
of a feasible solution. It was shown that the efficiency of the presented algorithms for the uncertainty resolution is largely determined by the efficiency
of solving the combinatorial optimization problem in a deterministic formulation. A part of the formulated compromise criteria and conditions uses
expert weights. Previously, the author and his disciples also formulated combinatorial optimization models, optimality criteria, criteria for decisions’
consistency. The models allow to evaluate and justify the degree of stability and reliability of the estimated values of empirical coefficients using a
formally ill-conditioned empirical pairwise comparison matrix of arbitrary dimension. The matrix may contain zero elements. The theoretical research
and statistical experiments allowed to choose the most efficient of these optimization models. In this article, on the base of earlier results by the author
and his disciples, we formalize and substantiate the efficiency of the proposed sequential procedure for expert estimation of weights that determine
compromise criteria and conditions. The procedure is an integral part of the algorithm introduced by the author to solve combinatorial optimization
problems under uncertainty of the mentioned class. We give unified algorithm for efficient uncertainty resolution that includes original and efficient
formal procedure for expert coefficients” estimation using empirical matrices of pairwise comparisons.

Keywords: combinatorial optimization, uncertainty, compromise criteria, compromise conditions, empirical matrix of pairwise comparisons,
consistent decision.

O. A. IIABJIOB

KOMBIHATOPHA OIITUMIBAIISA B YMOBAX HEBU3HAYEHOCTI TA @OPMAJIBHI MOJEJIT
EKCHEPTHOI'O OIIITHIOBAHHS

Pamnime aBTOpOM IS IOCUTH 3arajlbHOTO KJlacy 3ajay KOMOiHaTOpHOT onTuMizalii, GyHKI[IOHAT SIKMX MICTUTbH JiHIHHY 3rOPTKY Bar i JOBUIBHUX YHC-
JIOBUX XapaKTEPUCTUK JOIMYCTUMOTO PO3B’s3Ky, Oyim opmaizoBaHi OHSTTS HEBH3HAYEHOCTI, KOMIIPOMICHOTO PO3B’s3KYy, KOMIIPOMiCHIX KPHUTEpiiB
Ta ymMoB. Byno mokasano, mo e(peKTHBHICTh HaBEJIEHWX AITOPUTMIB PO3B’A3aHHA HEBU3HAYEHOCTI B 3HAUHIM Mipi BH3HAYaeThCs €(PEKTHUBHICTIO
PO3B’sA3aHHA 33/1a4i KOMOiHaTOpHOI oNTUMIi3amii B JeTepMiHOBaHil nocTaHoBIi. YacTuHa chopMyIbOBaHUX KOMIPOMICHUX KPUTEPiiB i yMOB BUKOPU-
CTOBYE €KCIIepTHI Baroi KoedimienTn. Paninre Takox aBTOpoM i iforo yunamu Oynm copMyTboBaHI Mozei KOMOIHaTOPHOI onTHMI3alii, kpuTepii
ONTUMAJIBHOCTI, KPUTEPIi y3rO/PKEHOCTI pillleHb, 10 JI03BOJISAIOTE 32 ()OPMAIBEHO MOTAHO Y3rO/KEHOK EMITipUYHOI MAaTPHIICI0 MAapHUX MOPIBHIHB
JIOBUIBHOT PO3MIPHOCTI, KA, MOXKJIMBO, MICTUTh HYJIBOBI €JIEMEHTH, 3HaXOJIUTU Ta OOIPYHTOBYBATH CTYIiHb CTIHKOCTI Ta JIOCTOBIPHOCTI 3HANHJECHUX
3Ha4YeHb eMITipnIHNX KoedimienTis. [IpoBeneHi TeopeTHIHI JOCHIKEHHSI Ta CTATHCTUYHI €KCIIePHMEHTH JO3BOJIMIIM BUIUTUTH 3 IIUX MOJEIeil ONTH-
Mi3anii HalOLTBII eeKTHBHI. Y JTaHii CTAaTTI HA OCHOBI OTPHMAaHMX paHIIIe aBTOPOM 1 HOTO YYHSIMH pe3yibTaTiB (JOpMaiizoBaHO i OOIPYHTOBAHO
e(eKTUBHICTh 3aMPOIIOHOBAHOT MOCIIIOBHOI MPOLIEyPH 3HAXO/PKEHHS €KCIIEPTHUX BaroBUX KOe(IIi€HTIB, 1110 BA3HAYAIOTh KOMIIPOMICHI KpUTEpii Ta
YMOBH, SIK CKJIa/I0BOI YaCTHHM aIrOPUTMY PO3B’3aHHS JUIS BBEJICHOTO aBTOPOM KJIacy 3aJad KOMOiHaTOpHOI ONTHMI3allii B yMOBaX HEBH3HAYEHOCTI.
HaBonuthest enuHuil anropnT™ e)eKTHBHOTO PO3B’SI3aHHS HEBH3HAYEHOCTI, KMl BKIIOYA€e B ceOe OpUTiHAIBHY e(EeKTHBHY (hOpMaibHY TPOIEAYPY
3HAXO/KEHHS eKCIEPTHUX KOEe(DIIEHTIB 32 eMIIPUYHUMU MATPHUIIIMH TTAPHUX MTOPIBHSHb.

Kurouosi c1oBa: koMOiHaTOpHA ONTUMI3allis, HEBU3HAYEHICTh, KOMIIPOMICHI KpHTEpii, KOMIIPOMICHI YMOBH, €MITipUYHA MAaTPHI MAapHUX T10-
PIBHSIHB, y3TOJDKEHE PillICHHS.

A.A. IIABJIOB

KOMBHUHATOPHASA OITUMU3ALUA B YCIIOBUAX HEOINMPEAEJEHHOCTHU 1 ®OPMAJIBHBIE
MOJAEJIM DKCIHHEPTHOT'O OIEHUBAHUS

Panee aBTOpOM [T IOCTATOYHO OOIIEro KJracca 3aj1a4 KOMOMHATOPHON ONTUMH3AINH, (DYHKIIMOHAT KOTOPHIX COJCPKHUT JIMHEHHYIO CBEPTKY BECOB U
MIPOU3BOIBHBIX YHUCIOBLIX XapaKTEPUCTHK JOMYCTUMOTO peHIeHus, ObUTH (HOPMATN30BAHBI HOHATUS HEONPEAENCHHOCTH, KOMIPOMHICCHOTO PELICHNUS,
KOMITPOMHUCCHBIX KPUTEPUEB M YyCIOBHil. BpuT0 TOKa3aHo, 4TO 3(()EKTHBHOCTH NPUBEACHHBIX AITOPUTMOB Pa3pelICHHs HEONPEIEICHHOCTH B
3HAYNTEIBLHON CTeNeH: onpeensercs 3pQeKTHBHOCTBIO PEIICHHS 33a4n KOMOMHATOPHOH ONTHMHU3AINK B IETEPMUHUPOBAHHOH MocTaHoBKe. YacTh
c(hopMyIUPOBAHHBIX KOMIIPOMHCCHBIX KPHTEPHEB M YCIOBHH HCIIONB3YeT JKCIEpPTHHIE BecoBble Kod(GHIMeHTs. PaHee Taxske aBTOpOM H €ro
Y4eHHKaMH ObLIM C(OPMYIMPOBAHBI MOJEIN KOMOMHATOPHOW ONTHMHU3AIUM, KPUTEPUH ONTHMAIBHOCTH, KPUTEPUH COITIACOBAHHOCTH PEIICHHUH,
MO3BOJIAIONMINE 1O (POPMATBHO IUIOXO COITTACOBAHHOM 3MITMPUYECKON MaTpHIE MAapHBIX CPaBHEHMH IPOM3BOIBHOW Pa3sMEPHOCTH, BO3MOXHO,
cofep)Kalieil HyJIeBble JJIEMEHTHI, HAXOOHTb M OOOCHOBBIBATH CTEIEHb YCTOWYMBOCTH, MOCTOBEPHOCTH HAWAEHHBIX 3HAYCHUH HSMIHPUYCCKUX
kod(punnentos. IlpoBeficHHbIE TEOPETUUECKHE MHCCICIOBAHUSA M CTATHCTUYECKUE SKCIIEPUMEHTHI MO3BOJWIM BBUICIHTH M3 3THX MOJEICH
onTuMu3anuu Hanbonee 3¢ dexTrBHbIC. B 1aHHON cTaThe Ha OCHOBE MOJIYYCHHBIX pPaHEEe aBTOPOM M €ro YYCHHKaMH Pe3yJbTaToB (hopMaan3oBaHa U
obocHoBaHa (GPEKTHBHOCT TPETIOKECHHON MOCIEI0BATEILHON MPOLETYPhl HAX0XKACHHS IKCIIEPTHBIX BECOBBIX KOI(POHUIMEHTOB, OMPEACTAIONIIX

© A. A. Pavlov, 2019
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KOMIPOMHCCHBIC KPUTCPUHM M YCJIOBHs, KaK COCTABHOW YacTH ajJrOpUTMa PEIICHMs Ul BBEIACHHOIO aBTOPOM Kiacca 3alad KOMOMHATOPHOM
ONTHMH3ALMH B YCIOBHSX HEOPEAEIeHHOCTH. [IPUBOAUTCS €tMHBIii anroput™ 3GGeKTHBHOTO pa3pelleHus HEOPEAETICHHOCTH, KOTOPBIH BKIIOYaeT B
ce0sl OpUrHHANBHYIO d(DPEKTUBHYIO (HOPMANBHYIO MPOLEAYPY HAXOXKICHHS DKCIEPTHBIX KOA(M(OHUIMEHTOB MO SMIUPHYSCKHM MATPULIAM HapHBIX

CpaBHEHUH.

KiroueBble ciioBa: KOM6I/IHaTOpHaﬂ onTuMusanus, HeONpeACICHHOCTb, KOMIIPOMUCCHBIE KPUTEPUHN, KOMIIPOMUCCHBIE YCIIOBUS, SDMITUPUICCKAsA

MaTpHIa HaPHBIX CPABHEHMUH, COTTIACOBAHHOE PEIICHHE.

Introduction. We studied in [1] a class of combina-
torial optimization problems of the following form:

min(max) Yi_; w;k;(0) . 1)
oeQ)

Here, w; are numbers, Q the set of feasible solutions;
o an arbitrary feasible solution, k;(o) is i-th arbitrary
numerical characteristic of 6. We recommended in [1] to
use the proposed approach to solve problems of the form
(1) under uncertainty only for the following case: for the
problems of the form (1) there exists an exact (or ap-
proximation) algorithm which is qualitatively more ef-
ficient in terms of speed and/or accuracy than an arbitrary
solving method for the problem (1) in which the structure
of the feasible solutions domain differs from Q of (1), e.g.,
in additional constraints on inequalities. For a problem of
the form (1), solution of which uses expert coefficients, we
formulated in [1] the combinatorial optimization problem
statement under uncertainty as follows.

There are L sets of weights {w!,i =Ts}, | =T,L.
Here, a,b denotes the interval of integer numbers from a
to b. Each of the sets may be a set of coefficients w,, ...,y
of the problem (1) at the stage of implementation of its solu-
tion. Probabilities P, >0, =1L, Y,;P, =1, may be
specified for each possible set of weights (such probabili-
ties do not exist if the uncertainty is not described by a pro-
babilistic model). We need to find a feasible solution satis-
fying one of the conditions given below.

Here we investigate the problem (1) for the case of
r(?eig? Y wik;(c). We consider the case of

max Yi=1 w;k; (o) in [1]. Let us introduce the notation:
OE,
fope = min X3, wik;(o) ,
{0/} = argmin ¥_; wik;(0),

Ll = Z£n=1(2f=1 m:nki(o-l) - forlralt) J= H

m#l

Remark 1. If {o;} consists of more than one solution,
then we leave the one on which we achieve r{m}n L; and de-
(o]

note this solution as o;. We consider in [1] obtaining o, for
the case when Q is finite.
Suppose that

A =¥, (,ofki(c) _folpt =0,

fop = min i wiki(0) )

We need to find:
1) afeasible solution o(4,, ...,A;) that has

Al' < liai = H (3)

where [; are given numbers;
2) afeasible solution that satisfies the condition:

min i, a, (X wiki(0) = fop) (4)

where Va; > 0 are the coefficients specified by an expert.

Remark 2. For the general case, we formulated in [1]
five compromise criteria and conditions for L = 2 and four
compromise criteria and conditions for L > 2.

Remark 3. We formulated similar criteria, conditions,
and algorithms for the case of the problem (1) when we
reach the optimal functional value at max.

The compromise solutions proposed in [1] are based
on the following statement and its corollaries.

Statement 1 [1]. The following is true for arbitrary
a > 0,l= 1_,L:

arg 22{1 P [ 5oy 0ik;(0) — folpt]
—argmin (T aod) k@), )

Corollary 1. Solving the problem mis[LlZ{;l a; X
O€

X (¥5-; wik;(0) — fiy:) reduces to solving one problem
of the form (1):

rgleigrzl Zf=1(2%=1 ale k;(o). (6)

Corollary 2. Suppose that o(a,, ...,a;,A;, ...,AL) #
0, V..V
oL; do(a;,az, .. ,aj—1,a" i, Qigq, e rap, Aq, A #
0,V ..Vo.,a'; # a;. Then the following holds:

(@i —a)('; —4) <0,
@; = M)[(Ay + -+ a4 +
+ai 18 yq +oo+ady) — (@A + 0+

+ai 181 + Aj1 B4 + -+ ap8)] <0 (7

where o(ay, ...,a;,44, ...,A;) is an optimal solution of the
problem (6) with given expert coefficients a; > 0,i = 1,L.
A;(A'),i =1,L are specified in (2) for sets ay,...,a;;
Ay, e sOi_1,A 1,041, - Az, FESPECtively.

It is shown in [1] that if o(1,..,1,A,,..,A;) #
+ }nzl%{o'j}, then, by virtue of Corollary 2 (by logic of the

inequalities (7)), we can organize a sequential procedure for
solving a problem of the form (6), increasing Va; at each
iteration if A; > I; or decreasing Va; if A; <1[; (here,
o(A4, ...,A) is the current solution). As a result, we either
find asolution o (4, ...,A;) that satisfies the condition A; <
l;,i = 1,L or obtain a set of solutions {c}!, each of which
violates the compromise condition (1). In [1], we proposed

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii

ananis, ynpaeninus ma ingopmayitni mexnonoeii, Ne 1’2019
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to choose the solution from the set {o, ...,6,} UU {c}! as
the compromise solution if it reaches

min Zt C]t(Ajt — ljt)a VtA]t > ljt! (8)
where C; > 0,j = 1,L are expert coefficients.

Thus, the efficiency of a compromise solution that
meets the compromise condition 1) or the compromise cri-
terion 2) essentially depends on the relevance of expert
coefficients a; > 0,C; > 0,j = 1,L, used in optimization
models, to the essence of the practical problem, the formal
model of which is the combinatorial optimization problem
under uncertainty.

Formal models for expert coefficients’ estimation
by an empirical matrix of pairwise comparisons. The
author and his disciples formulated in [2—4] combinatorial
optimization models, optimality criteria, criteria for deci-
sions’ consistency. The models allow to evaluate and jus-
tify the degree of stability and reliability of the estimated
values of empirical coefficients using a formally ill-con-
ditioned empirical pairwise comparison matrix of arbitrary
dimension. The matrix may contain zero elements. Theo-
retical research and statistical experiments [2-4] allow to
use the following formal procedures to estimate the empi-
rical coefficients a; > 0,C; > 0,j = 1,L.

1. The initial data is an empirical matrix I’ (for estima-
tion of weights a; > 0,j = 1,L, or ¢; > 0,j = 1,L). In ge-
neral case, we denote weights by w; > 0,j = 1,L. y;; is
(ij)-th coefficient of the matrix T. It determines, according
to the expert, how many times the value of w; is greater
than the value of w;.

To construct and substantiate optimization criteria and
models for estimation of weights w;,i = 1,L, by an empi-
rical matrix of pairwise comparisons ', we use the set A of
coefficients y;;,i,j = 1,L, of the matrix of pairwise compa-
risons T which satisfy the conditions:

1) {vi,i =TL}C4;

2) Vi :'thij €A Ile] = 11Yij ¢ A.

We propose to use the measure

9)

as the consistency measure for estimated w;,i = 1,L.

2. We propose to use the following models as opti-
mization models for weights’ estimation.

Model 1 requires sequential solving of the following
linear programming (LP) problems:

Y > s Yy a3 o

min
AjjAg 4 4
v@i)elal (i)€l4| (@i))elA|
ll’lyij + A%} < VVL - VV] < lnYij + A}],
v(ij) € 14l
0<A, <In(1+1-A,(D).VG) €Al (11)

0= A% >1In(1—m-A,(m)) V()) € A,
W; = 0,i =1L, (12)
where W;, Aj;, A%; are the LP problem coefficients;

[,m natural numbers successively taking values (1; 1),
(1:2),(2; 1), (2; 2), etc,;

Ay (x),A,(x) given numeric scalar functions taking
non-negative values, of a natural argument;

C),n, coefficient determined from the formula:

In(1+1-4,(1)) = CipIn T

Toma,m)’ (13)

|A| the set of pairs (ij), i # j, for each of which
Yij = 1 (vi; € |A]).

When using problems (10)—(12) for weights’ estima-
tion, we set the functions A, (x),A,(x) in such a way that
the values of [ - A, (1) and m - A, (m) at each iteration (for
each attempt of solving the LP problem (10)—(12)) increase
in a small ratio to their previous value. At the first iteration
they take the minimum possible values. Due to this method
of functions A, (x),A, (x) specification, we can achieve the
most consistent weights, with respect to measure (9), for
each specific problem. This is possible due to the peculia-
rities of the current matrix of pairwise comparisons.

Iterations stop at the first successful solution of the LP
problem (10)—(12) (the first LP problem with a non-empty
set of constraints). After that, we find the weights of the
objects w;,i = 1,L, from the relationship:

wi=e% i=TL. (14)

Model 2 is the LP problem of the form:
min ¥ ;iyeja 2755 Vij »
—Vij S w; —Yij0; < Y5, ¥ =20,

(L.))ElA|

wza=1i=1L (15)

where a is a specified number;
w;,i = 1L, y;,(ij) € |A| the LP problem variables;
r;; Weighted coefficient.
We propose to solve the LP problem (15) for coeffi-
cients r;; that take the following values:

1) Tij = V(i) € 1Al (16)
Vij — 1 Yij>1
L v@) el
nj = ——,V(j ;
2) Y vij— 1 Yij>1 17)
—Yii S w; — Y0 <Y, =0
3) YT apen 0 (18)

Remark 4. For cases y;; — 1 € [0,e] where e > 0 is a
given number, we replace y;; — 1 by € in expressions (16)—
(18).

Remark 5. We can also use other analytical expres-
sions for coefficients r;; that satisfy the condition: r/; < 14
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follows from Vyj; > vf; > 1 + € (where € > 0 is a given
number).

Remark 6. An analysis of statistical experiments in [4]
concluded that the following analytical expression for ;; is
statistically efficient:

ri; =
J 3

(v —1)°

Nevertheless, in each individual case, we recommend
to solve a set of LP problems (15) in which r;; are deter-
mined from expressions (16)—(18).

3.1. Choosing the best solution. As a result of im-
plementing item 2, we obtain a set of weights {w!,i =
=1,L}, p = 1,k, where k is the number of different found
sets of weights w;,i = 1,L. The solution is a set of weights
w!,i = 1,L, on which we reach the minimum:

1
Yij

W}
— — vy -
wf J

in
p=1,k
(i)elAl

(19)

3.2. We need to perform the following operations [2,
4] to determine whether the set of weights w?,i = 1,1, isa
stable solution obtained by the empirical matrix of pairwise
comparisons T.

We build M combinatorial optimization problems, in
each of which we replace y;;, V(ij) € |Al, with arbitrary
Yi;, V(ij) € |A], I = 1,M, that satisfy the conditions

~

Yii—viy =% V(i) € 14l,

W;
(T)_j —Yij
where M is a sufficiently large natural number.

Remark 7. Combinatorial optimization problem to
obtain m%,l = 1,M, coincides with the one for which we
obtained w!™,i = 1,L, up to a replacement of Yij by yﬁj.

Let &}, i = T,L, be the estimates of the alternatives’
weights obtained by [-th optimization model (I-th set of
optimization models), I = T,M. The weights w!", w!, [ =
=1,M,i = 1,L, are equally normalized.

Weights’ estimates ®!", i = 1,L, are statistically jus-
tified, stable, and well consistent, if numbers p(&™,&®"),
1 =1,M, are acceptable. Here, ®™ = (0™, ...,0™)T, @' =
(i, ..., w)T, I =1,M, and p(®@™,®") can be interpreted
as the degree of difference between vectors @™ and @' [3].

We proposed in [3] to use this measure:

L o _ ‘Dﬁ

i=1 2 2
hea(op) b))

We studied a well-conditioned empirical matrix of

pairwise comparisons in [4], according to the computa-
tional procedure proposed by Saaty [5-12]. We used Model

1 =1,M. (20)

1 to estimate the weights. It turned out, as a result of simula-
tion, that p(®,®"') € (0,0.12) in 100 % of cases, where
[=1,M and ® = (w,, ...,w;)T are the weights estimated
by the simulated well-conditioned matrices of pairwise
comparisons.

Thus, if p(@™&') € (0,0.12) VI = 1,M, then the
estimated values w!* of weights w;, i = 1,L, are stable, and
the empirical matrix of pairwise comparisons T is equiva-
lent to a well-conditioned empirical matrix of pairwise
comparisons by the efficiency of the weights” estimation in
the sense of [5-12].

Remark 8. The implementation of item 3.2 is labori-
ous and can be omitted if the guaranteed obtaining of stable
and well consistent values of w;,i = 1,L, is not mandatory.

Conclusions. In this article, we have proposed an effi-
cient algorithm for uncertainty resolution for a quite gene-
ral class of combinatorial optimization problems under un-
certainty which use expert weights. The algorithm includes
efficient algorithmic procedure for expert weights’ estima-
tion based on previous results of the author and his
disciples.
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T. B. XOM’AK, A. B. MAJIIEHKO, I'. B. CHMOHEILb

3ACTOCYBAHHSA METOUIB 3I'JIA’KYBAHHSA U1 TIPOT'HO3YBAHHSA OBCATL'Y
BUPOBHUIITBA

006'extom nociimkents € mignpuemcteo TOB TIIK «Teppa» — IpoBigHMI BITYM3HIHUI BUPOOHHK BUCOKOSIKICHUX 3aXMCHUX MOKPHUTTIB IPOMUCIOBOTO
MPU3HAYCHHS Ul aHTHKOPO3IMHOIO 3aXMCTy METaJOKOHCTPYKILIN 1 3aMi300eTOHHHX KOHCTPYKLid. Hapasi Ha migmpueMcTBi BiIKpHUTI MUTaHHS
[UIAHYBaHHs MaiOyTHIX 3aMOBJICHb, JOLIJIBHOTO BHKOPHUCTAHHS IMOTY)XHOCTEH 1 PO3LIMPEHHS BHPOOHMYMX MOXJIMBOCTEH. B poboTi mposeneHO
CHCTEMHHI aHalIi3 [bOro MiNPUEMCTBA LUIIXOM PO3pOOKH (HYHKIIOHATILHOI MOIENI MPOoLeciB Ta 11 IeKOMIIO3HULIIT 3 PO3KIAaHHSIM /10 APYrOro PiBHs
nerajizarii. B pe3ynbrati oTpuMaHo 3amady 3 NPOTHO3YBaHHS OOCSATY BHITYCKY aHTHKOPO3IMHHX MOKPHTTIB, SIKi 3a00iraloTh pyHHALil METalIeBHX
KOHCTpPYKIII Ta MexaHi3MiB. LI 3amaua € akTyalbHOIO SK IS CAMOTO IiANPHUEMCTBA, TaK 1 JUIL 3aTOBOJEHHS NONHTY HA PHHKY 30yTy. HailGinpm
eeKTHBHUMHI MaTEMaTHYHHMHU MOJICIISIMH, 3a JIOIIOMOT'0KO0 SIKUX MOJKHA POTHO3YBATU PO3BUTOK IIPOLECIiB BUPOOHMIITBA — LIE MOJICIIi HA OCHOBI Y4aCOBUX
psiaiB. OMHUMU 3 HAOIIMPEHILINX METOIB IPOrHO3yBAHH; TOKA3HUKIB TAKKX PSIB € METO/IH 3IJIA/DKYBAHHS, SIKI BUKOPHCTOBYIOTHCS JUIS 3SMEHILICHHS
BIUIMBY BHIIQJKOBHX KOJMBaHb. Il0CTaBieHy 3amady BHPILIEHO METOJAMH EKCIIOHEHI[IAIBHOTO Ta aallTHBHOIO 3VIA/UKyBaHHs. Jisi mepeBipku
aJICKBATHOCTI OTPUMAHHUX MOJEJIeil 3aCTOCOBAHO KPUTEpiil cepiil (BU3HAYEHHsS BUIAIKOBOCTI BIAXWIICHBb BiJ TPEHIY), KpHTepidl mikiB (mepeBipka
PIBHOCTI HyJIFO MATEMATHYHOIO CHIOAIBaHHs), R/S-kpurepiii (BU3HAUCHHS BiAMOBIJHOCTI PO3MOALTY 3aIHIIKOBOI KOMIIOHCHTH HOPMAILHOMY 3aKOHY),
kputepiit [lap6iHa-YoTcoHa (BH3HAUeHHS HE3aJIeKHOCTI 3HAYEHb 3aJMIIKOBOI KOMIIOHEHTH). IIpoBeneHO aHai3 KOXXHOI OTPHMAaHOi Mopei
HPOTHO3YBAHHS, @ TAKOX OLIHEHO SIKICTh HPOTHO3iB. 3pOOJICHO BUCHOBKH OO MOAAIBIIONO BUIOTOBJICHHS NMPOAYKIii HA OCHOBI NMPOTHO30BAHUX
3HAYCHb. 3aIPOIOHOBAHA MOJIE/Ib MA€ MPAKTHYHY CHPSIMOBAHICTb i MOXE BUKOPHCTOBYBATHCS Yy 3a/ia4aX, IOB’S3aHUX 3 MPOTHO3YBaHHSAM B YMOBAax
BUPOOHHYNX MiAIPHEMCTB.

KurodoBi cioBa: cucremMHuil aHaii3, 3ajada HPOrHO3YBAaHHs, CKCIIOHCHIIAIbHE 3INa/DKyBaHHS, aJalTHBHE 3INa/PKyBaHHS, TOYHICTbH
MPOTrHO3YBaHHS, 4/IEKBAaTHICTh MOJIEIII.

T. B. XOMAK, A. B. MAJIMEHKO, I. B. CHMOHEIL]

NNPUMEHEHHWE METOAOB CI'JTAXKUBAHUA IJIAA IPOTHO3UPOBAHUA OB BEMA
MMPOU3BOACTBA

O0bexroM uccienosanus spisercs npexnpustue OO0 TIIK «Teppay» — Beayluii 0Te4eCTBEHHBIH NPOU3BOAUTED BHICOKOKAUECTBEHHBIX 3aIIUTHBIX
MIOKPBITHIl NPOMBINUICHHOTO Ha3HAUeHWs U aHTUKOPPO3HMOHHOI 3aIlUTHl METAJUIOKOHCTPYKIHH M JKeNe300eTOHHBIX KOHCTpyKimil. Ceiiuac Ha
IPEeIIPUSATUH OTKPBITHI BOIPOCH INIAHUPOBAHHS OYIYIIHX 3aKa30B, 1[€J1eCO00pa3HOro HCIOIb30BAHUSI MOIHOCTEH 1 paCIIMPEHUs] IPOU3BOICTBEHHBIX
BO3MOXKHOCTeH. B paboTe HpoBeIECH CHCTEMHBIH aHANU3 3TOrO MPEINPHATHA IIyTeM pa3pabOTKu (YHKIMOHAIBHOW MOJEIN IPOLECCOB U ee
JICKOMIIO3HIIMU C PA3JI0KEHHEM [0 BTOPOrO0 YpPOBHs JeTalu3alui. B pesynbrare IOTydeHO 3afady IIPOTHO3HMPOBAHUS OOBEMa BBITYCKa
AQHTHKOPPO3HOHHBIX MOKPBITUH, IPETOTBPALIAIONIHX pa3pylIeHHe MeTANINUECKUX KOHCTPYKIIUU U MEXaHU3MOB. JTa 3a1aua SBIIIeTCS aKTyalbHOU Kak
JUISL CAMOTO TIPEANPHATHS, TaK U IS yIOBIETBOPEHUs CIIpoca Ha pbIHKe cObiTa. Hanbomnee 2hekTHBHBIME MaTeMaTUIECKUMU MOJEIISIMHE, C TIOMOIIIBIO
KOTOPBIX MOXKHO IPOTHO3MPOBATH Pa3BHTHE IIPOLECCOB IIPOM3BOACTBA — 3TO MOJEIM HA OCHOBE BPEMEHHBIX psifoB. ONHMMH W3 CaMBIX
pacIpocTpaHeHHbBIX METOIOB IIPOTHO3UPOBAHUS NTOKA3aTeNeH TaKUX PAIOB SIBIAIOTCS METOIbI CITIaXKUBAHUS, KOTOPIE HCHONIB3YIOTCS IS YMEHBIICHUS
BIMSIHUS CIydalHbBIX KoneOanuil. IlocTaBieHHyIO 3amady pemIeHO MeTOJaMH SKCHOHEHI[HAIBHOTO M aJalTUBHOTO CINaKHBaHUS. [l MPOBEpKU
aJICKBaTHOCTH TOJIYYSHHBIX Mojieleil IprMeHeH KpUTepHii cepuil (onpeeeHne cay4aifHOCTH OTKJIIOHEHHH OT TpeHa), KpUTepHil MHKOB (IIpoBepKa
PaBEHCTBA HY/II0 MaTeMaTHUECKOro OKHAaHus), R/S-kputepuii (onpeneneHre COOTBETCTBUS PACIPEAEICH s OCTaTOYHOI KOMIIOHEHTHI HOPMAIbHOMY
3aKOHY), Kputepuii JlapOuna-YorcoHna (orpeaeneHne He3aBUCUMOCTH 3HAYEHUH OCTATOYHOIH KOMNOHEHTHI). [IpoBeneH aHann3 KakaoW MOJy4eHHOU
MOJICITH NTPOTHO3UPOBAHKS, @ TAKOKe OLEHEHO KAa4ecTBO MPOTHO30B. CIenaHbl BBIBOABI OTHOCHTEILHO NANBHEHIIEro M3TOTOBIEHMS HMPOMYKIMH Ha
OCHOBE TIPOTHO3UPYeMBbIX 3HaueHui. [IpeokenHas Moaenb UMeeT PAaKTUUECKyI0 HAIPaBJICHHOCTb 1 MOJKET UCIIOIb30BaThCA B 331aUax, CBA3aHHBIX
C IPOrHO3UPOBAHUEM B YCIOBHUSX IPOU3BOACTBEHHBIX MPEATIPUSITHHA.

KuroueBble cjloBa: CHCTEMHBIH aHAIM3, 33/1ada NMPOTHOZHPOBAHMS, SKCIIOHEHIIMAIBHOE CITIAKUBAHHE, aJalTHBHOE CIIa)KUBAaHHE, TOYHOCTD
IIPOrHO3UPOBAHMS, aJIeKBATHOCTH MOJIETH.

T.V. KHOMYAK, A. V. MALIENKO, H. V. SYMONETS
APPLICATION OF SMOOTHING METHODS FOR FORECASTING PRODUCTION VOLUME

The object of the research is the enterprise LLC TPK «Terra» — the leading domestic manufacturer of high-quality protective coatings for industrial use
for corrosion protection of metal structures and reinforced concrete structures. Now the company is open to planning future orders, the appropriate use
of capacity and the expansion of production capacity. The paper conducted a system analysis of this enterprise by developing a functional model of
processes and its decomposition with decomposition to the second level of detail. As a result, the task of forecasting the volume of release of anti-
corrosion coatings, preventing the destruction of metal structures and mechanisms. This task is relevant both for the enterprise itself and for meeting the
demand in the sales market. The most effective mathematical models that can be used to predict the development of production processes are models
based on time series. One of the most common methods for predicting the performance of such series are smoothing methods that are used to reduce the
effect of random fluctuations. The problem is solved by the methods of exponential and adaptive smoothing. To check the adequacy of the models
obtained, the test of the series (determination of randomness of deviations from the trend), the criterion of the peaks (checking the equality of the
mathematical expectation), the R/S criterion (determining the correspondence of the distribution of the residual component to the normal law), the
Durbin—Watson criterion (determining the independence of the residual components). The analysis of each prediction model obtained was carried out,
and the quality of forecasts was also assessed. Conclusions are made regarding the further manufacture of products based on predicted values. The
proposed model has a practical orientation and can be used in tasks related to forecasting in the conditions of industrial enterprises.
Keywords: system analysis, forecasting problem, exponential smoothing, adaptive smoothing, forecasting accuracy, model adequacy.

Beryn. Y Ham yac pyXiIHBIiCTh €KOHOMIUHUX SIBHI[ TA ~ PO3BHTKY TMPOIECY y CHCTeMi B MaWOyTHbOMY €
MPOIIeCiB, OCOOMMBO Ha PiBHI ramxy3ed Ta MANPUEMCTB,  TMPOBIIHOIO.
3pocTtae, 1 HAKONMWYYIOTBCS  JaHI  CTaTUCTHYHHUX AKTyalmbHICTH TEMH JOCHIPKCHHS BHIUIMBAE 3
cnoctepeskenb. Ha 0a3i Iiux 1aHux 3a/1a4a IpOTHO3YBAaHHSA — MOTPEOW MigIPHEMCTB 110 pO3BUTKY. [ Toro, mob Oytu
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KOHKYPEHTOCIIPOMOXKHMM  ITIAIIPUEMCTBOM  HOTPiOHO
YIIOCKOHAJIIOBATH TIPOLIECH Y BIAINOBIAHOCTI 70 wHacy.
Hapa3i icHye Benuka KUIBKICTh 1HCTPYMEHTIB JUIs
ONTUMI3aIlil MPOLECIB — OJHMMU 3 HHUX € CHCTCMHHU
a”ami3. KepiBHMIITBOM HiINPUEMCTBA MOCTABICHO 3a7ady
aHaiizy poOOTH HiANPHEMCTBA, B Pe3ybTaTi AKOTO OYyIIO
OTPUMAaHO 3aJady 3 IPOTHO3YBAHHS BHUTOTOBJICHHS
AHTUKOPO3ifHUX TOKPHUTTIB — OCHOBHOI NPOXYKIIi TMix-
MIPUEMCTBA, 3315 TIOAATBIIOTO IUTAHYBAHHS 1 ONITUMI3aIi]
TIPOIIECIB.

Ha cporopsimHid AeHP HaWOUTBII ePEKTHBHUMHU
MaTeMaTUYHHUMHU MOJICIISIMH, 33 JOTIOMOTOI0 SKHX MOJYKHA
MIPOTHO3YBaTH PO3BUTOK IPOILIECIB, € Ti, IMiJ] Yac NOOyI0BU
SKMX BHMKOPHCTOBYIOTHCSI 4acoBi psau. Illupoxe koo
COLIIaIbHO-€KOHOMIYHUX,  TEXHIYHUX 1  HIPUPOTHHX
MPOIECIB  YacTO 300pa)katoTh HaO0OPOM IOCIITOBHHX
3HauYeHb, 1110 3a(iKCOBaHI B pIBHOBIaJI€HI MOMEHTH 4acy.
Taxwuii Habip 3Ha4E€Hb HA3UBAIOTH YACOBHUM PSI/IOM.

OmapMu 3 HAaWNOMIMPEHIIMMH  METOJaMH
MIPOTHO3YBaHHSA IIOKa3HHWKIB YacOBHX PAMIB € METOAH
3rtakyBadHA. CyTh pI3HUX NPUIOMIB 3T KyBaHHS
YacOBUX PSAIIB 3BOAMUTHCS MO 3aMiHM (DaKTUIHUX DPIBHIB
4acoBOTO psNy PO3PaxyHKOBHMH, SKi B MeEHIIIH Mipi
CXWJIBHI O  KOJMBaHb. MeToauM  3MIIapKyBaHHS
BUKOPHCTOBYIOTBCS JJIsl 3SMEHILICHHS! BIUIMBY BUIIaJKOBOTO
KOMIIOHEeHTa (BHIIAJKOBHX KOJIMBaHb) Yy YaCOBHX psJax.
BoHU [aroTh MOJKIJIMBICTE OTPHUMYBATH OUIBII «UHCTI»
3HAUEHHs, SIKI CKJIAJaloThCS JIMIIE 3 JEeTepPMIHOBaHUX
KOMIIOHCHTIB.

Mertoro  pobOTH €  TIPOTHO3YBaHHA
BUTOTOBJICHHS NPOAYKIIi Ha HOAANBIINHI Mepio.

OO0'ekToM JOCITIPKEHHS B poOOTi € IiIIpPHEMCTBO
TOB TIIK «Teppa», 1m0 3aliMaeTbcsi BUTOTOBJICHHSAM
AHTHKOPO3iHHHUX TOKPHUTTIB.

[IpeameToM JAOCTIIDKEHHS € METOJH CHCTEMHOTO
aHaJi3y, MPOTHO3YBaHHS PiBHIB YaCOBHX PSIIIB 1 CHCTEMHU 3
KpUTepiiB sl  OLIHKM  pe3yibTaTiB B  Ipoleci
MPOTHO3yBaHHsI 00CST1B BUPOOHHIITBA.

Mertoau pociimkenns. [lns BupilleHHs 3anadi
CHOYaTKy MPOBEJCHO CUCTEMHHMH aHali3 Ta CKIAIEHO
(GYHKIIOHATBHY MOJENb 3 PO3KIAJaHHSAM JI0 JIPYroro
piBHs neramizamii. [lpu mpoBeneHI CHCTEMHOTO aHAi3y
OTPUMaHO 3aJady 3 IPOTHO3YBaHHS O0OCATY BHIYCKY
MPOAYKIlil, SKy BHPINICHO 3a JOIOMOIOK METOJIiB
3MUIQJDKYBaHHS: €KCIIOHEHMIANbHOTO Ta  aJalnTHBHOTO.
IIpoBeneno aHami3 pe3ynabTaTiB 3 OIHKOIO METOMIIB i
NPUIHATO PILICHHS PO BUKOPHUCTAHHS OJHOTO 3 HUX Ha
MIPAKTHUII.

HaykoBa HOBHM3Ha OTPUMaHHUX PE3YJIbTATIB MOJISTae y
BHKOPHCTAHHI CHCTEMHOTO MiJXOAY U aHaji3y 3ajadi B
iJIoMy Ta po30UTTA il Ha mim3agadvi. 3a3Ha4eHi METOIu
IIPOTHO3yBaHHS NEPEBIPEHO Ha HaIIHHICTD.

PesynbraToM poboTH € pO3pOOIECHUH KOMILIEKC
CHCTEeMH ISl TUIaHyBaHHsI HA I IIPUEMCTBI 00CSTiB BUPOO-
HHUIITBA, PEKOMEH/OBAHO IO BIIPOBA/UKEHHS Yy 3ajadax,
IIOB’SI3aHNX 3 TPOTHO3YBaHHSAM B YMOBaX BHPOOHMYMX
i ATIPHEMCTB.

Omnuc 00’exty. Komnanis «Teppa» 3acHoBaHa B 1998
pomi i Hapaszi € TPOBIMHWUM BITYM3HSAHHM BHPOOHHKOM
BHCOKOSIKICHUX 3aXHCHHX ITOKPHUTTIB IIPOMHUCIIOBOTO IPH-

o0csTy

3HAUCHHS JUIsI AHTUKOPO3IHHOTO 3aXMCTYy METaJOKOHCT-
pykuiii 1 3amizoberonnux koHcTpyKUiii NANO Industrial
use™., KomnaHnist Haniuye 6inbm Hixk 1000 HaiiMeHyBaHb
npoxykuii. JlaHHI PO 3aMOBJIEHHS, BUTOTOBJICHHS, IPO-
JlaK KOXKHOTO 3 HHUX 30€piraroTbCsi MPOTArOM JIeKiIbKa
poKiB. IX JOIiNBHO MpPEeNCTABIATH y BHINSII YACOBUX
paniB, To6T0 HaOOpiB MOCTITOBHUX 3HAYCHb, 3adikcoBa-
HUX B piBHOBIJaJICHI MOMEHTH 4acy.

Hapasi ©Ha mignpmeMcTBi BiZKPHUTO  IHTAaHHS
TUTaHyBaHHS 311 TOTOBHOCTI /10 MaifOyTHIX 3aMOBIICHB,
JOLITHPHOTO BUKOPUCTAHHS MOTYKHOCTEH 1 pO3MHUPEHHS
BUPOOHMYHMX MOXIIMBOCTEH, $K pe3yJbTaT BHKOHAHHSI
LijIes 1 Miciii Kommasii.

dynkuionansHa Moaesdb cucTeMu. J{J1st po3yMiHHS
MPOLIECIB HA MiNPUEMCTBI MOOYA0BaHO MOJIENb B hopMari
IDEFO 3a momororo AllFusion Process Modeler [1, 2].
CriouaTKy (yHKIIOHAIBHICTh MiAMPUEMCTBA OMUCYETHCS B
nitomy, 6e3 moapoOumns. Takuii omuc HA3UBAETHCSA KOH-
TeKCTHOIO miarpamoro [3]. s maHoro mporecy KOH-
TEKCTHA Jiarpama MpeacTaBieHa MOAeIuo (AuB. puc. 1),
ne I; — cupoBuHa, I, — 3asBKa Ha BUTOTOBJIEHHA, (; —
3akoHHN YKpainu, C, — TOKyMEHTAIlis 3 TeXHIKN Oe3IeKH,
C; — HOpMaTWBHA JOKyMeHTauis, M; — mepconan, M, —
TexHIuHe ocHaieHHs, O; — gpapba, O, — HOKPUTI TOBEPXHi.

Ha KoHTekcTHIH jiarpaMmi MOYaTKOBOTO DiBHS
(nuB. puc. 1) mokasaHo, siki hakTopu HEoOXimHI Ha BXOIi
(cupoBHHa Ta 3aMOBJICHH).

o Lo I

| O
=" PodoTa NimpHEMCTRA

I, TOB TIIK "Teppa" 0.

M,

M,

Puc. 1. Moaens nporiecy poOOTH MiAIPUEMCTBA

[Ipouec «poboTa miANpHEMCTBAY BUKOHYETHCS IIiJT
KEepIBHUIITBOM  HOPMAaTHBHHX JOKYMCHTIB, 3aKOHIB
VYkpainu Ta JOKyMEeHTaIli] 3 TeXHIKN Oe3reKu. 3aMOBICHHS
OIPAIlbOBYIOTHCS,  3aKyNOBYEThCS ~ CHPOBHMHA  JUIS
MOJAJBIIOT0 BUTOTOBJIEHHS Ta IOKPUTTS ITOBEPXOHb 3a
yuacTio OyziBenpHUX Opuraa. SIkmio Bci  yMOBH
BUKOHYIOTbCS, TO Ha BHXOJl OTPUMYIOTH pe3ylIbTaT y
BHIJISAJII TOTOBOT MPOYKITil 200 TOKPUTHX HA 3aMOBJICHHS
KOHCTPYKIIiH.

HactynmauM piBHEM (QyHKIIIOHANBHOI MOZJENi €
JIEKOMITO3HIIisI KOHTEKCTHOI JiarpaMu (AuB. puc. 2) Ha Taki
miadyHKIT:

®  BHPOOHHUITBO MOKPHTTIB;

e OyxiBelbHI pOOOTH 3 MTOKPUTTSL.

@OyHKIis «BUPOOHUNTBO ITOKPUTTIB» (IMB. pHC. 3)
JIEKOMIT030BaHa Ha MiAQyHKII:

e (QopMyBaHHS 3aMOBJICHHS;

®  3aKyIKa CHPOBUHH;

®  BHTOTOBJICHHS;

®  BiJBaHTa)XCHHS.
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Puc. 2. JlexoMmo3uiiist Mojaei

[Ticns mpoBeneHOI AEKOMIIO3HUINT TpoIecy «BUPOO-
HHULTBO IOKPHUTTIB», 6a4rMO, 110 JaHUH MpoLec € JOBOII
TPYOOMICTKHH OCOOIHBO BHXOMASYH 3 TOTO, IO B MPOLEC
BHTOTOBJICHHS 3aJliTHA BENMKA KUIBKICTh PI3HOTO BHUIY
CHUPOBUHH Ta NPalliBHUKIB.

OCKITbKH TpolieC BUPOOHHIITBA OKPHUTTIB € JOBOJI
CKJIAJTHUM 1 € SIIPOM MiIPUEMCTBA — HOTO OCHOBHHM JIXKE-
penoM mpuOyTKy, Oyn0 MPUHHATO PINIEHHS MPO JOLIb-
HICTh MPOBEJCHHS IPOTHO3YBaHHS OOCSTIB BUPOOHMIITBA
JUIl  TIOJAJIBIIOTO BHIOTOBJEHHS. [IporHosyBaHHs 3
NOJANBINMM IUIAHYBaHHSAM Ha 0a3i MPOrHO30BaHHX 3Ha-
YeHb € BaXJIMBOIO CKJIAJOBOI0 B poOOTI MiAIpHEMCTBA
aJDKe JIOTIOMAara€ 3eKOHOMHTH PECYpCH 1 pa3oM 3 THM
30UTBITNTH TPUOYTOK.

Omxe, A HaHOi 3agadyi IPOBENCHO CHUCTEMHHA
aHaJi3 MiINPUEMCTBA JUIL KOHKPETH3aLii KOXKHOTO eTary
[4], ma ocHOBi sikoro 06paHO METOAM TMPOTrHO3YBAHHS
3HAYEHb.

ExcnonennianbHe 3riamkyBanHHs. lle wMeron
MaTeMaTUYHOTO MEPETBOPEHHS, SIKHI 3aCTOCOBYETHCS MPU
MPOTHO3yBaHHI 4acoBUX psniB. CBOIO Ha3By BiH OTpPUMaB
gepe3 Te, MO TMpH KOXHIA HACTYNmHIH iTeparil
BPaXOBYIOThCS BCi MOTIEPE/IHI 3HAUCHHS PSLY, alie CTYIiHb
BpaXyBaHHS  3MCHIIYETHCS 33  CKCHOHEHLIAIbHUM
3aKoHOM [5, 6].

3a UM METOIIOM HOBa IOCIIZOBHICTh OYIYETHCS 3a
NPaBHJIOM:

S =Ae + (1 =N)Seq, S =y, t=2T, 1)

ze T - KiJbKICTh HAaBEJICHUX CIIOCTEPEKEHbD;

A—enuHa Bara, sKa MOXE OOMpaTHCS KiTbKOMa
HITSIXaMH.

[lo-mepme, 3HadeHHA A OOMpAETHCA aNMpPiOpPHUM
MetozoMm 3 mpoMmikky (0;1). B Ttakomy BHmamky, SKIIO
obupaeTbca 3HaueHHS Onmm3pke 10 1, To OyayTh OimbIT
BaXIMBUMH TIPH TIPOTHO3YBAHHI OCTaHHI JaHI 9acoBOTO
psny, npu BuOopi A Onmm3pkuM 110 0, ORI BINTHBOBHMU
OyAyTh MUHYJIi 3HAYCHHS.

[o-npyre, moxua moknactu A = 2/(1 + T).

[lo-tpere, A obOupaeThcs Tak, MO0 MiHIMI3yBaTH
OJTVH 3 KPUTEPIiB TOYHOCTI IMIPOTHO3IB.

[IporHo3 3Ha4eHp YacOBOrO PsIy JNOPIBHIOE OCTaH-
HBOMY WJICHY TIOCIIiTOBHOCTI:

Veep = Sp = 1,2, @)

Jie P — pIBEHb IPOTHO3YBAHHS.

AnanTuBHe 3riamkyBanHs. Lleit meron 6azyerbes
Ha TIONEPEIHBOMY 1 J03BOJSIE aBTOMATWYHO 3MiHIOBaTH
KOHCTaHTY 3IJIa/KyBaHHs B mpotieci obuuciens [7, 8, 9].
Hoga mocitoBHICTE OyAY€ETHCS 32 MPABIIIOM:

Sts1 =AY + (L —=2)S,, t =1.T, (3)

ne A 3MIHIOETBCS 3 YacOM B 3aJIEKHOCTI Bil MOXMOKH
MPOTHO3yBaHHS:

Eq
M,
E, =By —¥) + (1 = B)E,_4,
My = Bly: — el + (1 = )My,

)\t:

>

e B € (0;1) — obupaeThes anpiopi.

IlporHo3 3HaYeHb 4YacOBOTO sy  JOPIBHIOE
OCTaHHBOMY YJICHY TIOCIIJOBHOCTI (2).

Bupimennss 3agaui mnporHosyBaums. B xoxi

JIOCIIJKEHHS TISUTBHOCTI MIANPUEMCTBA MPOAHANi30BaHO
MOKA3HHUKH MPOaXKy OJHOTO 3 BUIIIB MOKPUTTS 32 OCTAHHI
2,5 poxu.

G |€,|C
| W :
I, DopmyBaHHA 1, { -
ey H ) y y
3AMOBJICHHS _L I.
0 ,_.‘,,,__,____J,é 3axynka 1 { ;
I i CHPORIHHN
: BurororneHss 0
% j I, ‘ © ] T
B T )
[ I BiuisaHTakceHHS

4

M, |M,

Puc. 3. lekomno3uuist mpotiecy «BUpOOHUIITBO TOKPUTTIB»
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B po6oTi s eKCHOHEHIIANbHOTO 3MJIAJKYyBaHHS
o0paHO A Take, NpU SIKOMY MIiHIMI3YETbCS CEpeIHbO-

KBaJpaTU4Ha MOMMIKA IPOrHOo3y, mo ckiaagae 10%, a
NPOTHO3HE 3Ha4YeHHS — 50 OJMHHIL TOBAPY.
PesynbraT  eKCIIOHEHHIANBHOTO  3MJIAKYBaHHS
300pakeHo Ha puc.4.
350
300 , 1
§ 250 /
g 200 i
8 .. =
B150 |- f
£ 100 \ %o o0 b
. < o A
50 / e \ 4 \ Q'\M”:"- ’6-”’.‘
0 ¢ ¥ v ¥ vwwx
O @ @O 6 N NN NN @O0 X 0 O
-~ - - - - -4 b ™~ - - ~— - - - - -~
e 0 0 © 0 8 © © 0 ©0 O © Q 9 0 <
s T s T T T T T T S S O T
s8 1353858 -588583584d3
Socooooboboocobbooooo s

= KUNLKICTL NPOAIHO! NPOAY LI
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Puc. 4. iarpama 3anexHOCTI PaKTHYHUX Ta pO3PaXyHKOBHX
JIAHMX 33 CKCIIOHEHIIAIbHUM METOZ0M

Pe3yJ'II>TaTI/I alalITUBHOTO 3IJIAJPKYBAHHSA MNPEIACTaB-
JIEHO Ha puc.S.

KINeXICTe, WY

O @ a9 N~ ~ ~ ™~ 0 o | o o n o
S 9 888 89gaea8a8aRFA R -3
S © 0O 6 6 © 0 O 8 6 66 o o o o
NN NN NN N NN NN NN NN
S & A~ 9 8 00 & 4G GO0 S & A O
b= [ R o (b = FED= = T S H= = B T SRR B |
© © 0 0 0 0 0 0 0 0 0 0 0 0 © ©
= KinbKicth I‘p’ MLAHO! II')”J\VVI"II

JaHi BuHaAALH! 3NATTHEHUM METOA0M

Puc. 5. diarpama 3anexHOCTI PaKTHYHIX Ta pO3PAaXyHKOBHX
JTAHUX 33 aJalTHBHUM METOJIOM

CepenHbOKBaApaTHIHA TIOXMOKA IPOTHO3Y 33 JaHUM
MeToJoM cknanae 11%, a mporHo3ne 3HaueHHs — 52 ou-
HUIII TOBApY.

Ouinka sikocti mporuosiB. /s Oyap-sxoi Momeni
MUTaHHS PO MOXKITUBICTS ii 3aCTOCYBaHHS JIJIS aHAI3y Ta
MIPOTHO3YBaHHS MO)Ke OYyTH BHUPIIICHO ICIS BCTAHOB-
JIEHHS aJICKBaTHOCTi, TOOTO BiJOBIIHOCTI JOCIiKyBa-
HOMY mporiecy uu 06’ exry [10, 11].

Jlnst mepeBipKkH a1IeKBaTHOCTI MOAENEH 3acTOCOBAHO
HACTYITHI KpHUTepii:

e KpuTepill cepiii — BU3HAUCHHS BUMAJAKOBOCTI BiJ-
XWJIEHb BiJl TPEHAY;

e KpuTepii MIKIB — TmepeBipka PIBHOCTI HYIIO
MaTeMaTHYHOTO CTIOAIBaHHS;

e R/S-kpurepiii — BH3HAYEHHSA BIiIIIOBiIHOCTI
PO3MOIINY  3aJHINKOBOI  KOMIIOHEHTH HOPMAaJIbHOMY
3aKOHY;

e kpurepiil [lapbina — YorcoHa — BU3HaYCHHS He3a-
JIKHOCTI 3HAYCHb 3AJTHIIKOBOT KOMIOHEHTH [12].

VY Tabn. 1 HaBegeHO pe3ysbTaTH MepeBipKu MojeIen
Ha aJIeKBAaTHICTb JUIS EKCTPAroJslii KiJIbKOCTI BHUTOTOB-
JICHHSI TPOTYKIIi.

Tabmuns 1 — PesynpTaTi nepeBipku Ha aieKBaTHICTh

3HayeHHs

Ymoea EkcrioHeHuiansHa

Kpumepiti . | mocmitiHux AdanmuseHa modenb
adekeamHocmi oKasHUKiG Modesb
o capi k = 819Ky =6 Koax =5
Kpumepiti cepiti k < k V>V, “an max adekeamua | =~ max adekeamHa
max v, =10,22) v=12 v=13
Kpumepiti nikie |M-S<p<M+S M =18,67 p=14 |adexeamna| P=13 |adexeamra

S$=224

PigHicmb
MamemamuyHoz
0 crodisaHHs
3anuwkosor
KOMHOHEeHmMU
Hymnio

—

tow =2042(t  =13| =0 |t,,=1239 u=0

po3 < KpUT| Kpur pos

Kpumepiti dY =1.26
Hap6ira- dY <d<4-gd¥ o d =1,4 |adexsamna | d = 2,16 | adexeamma
YomcoHa p-d" =274
BucHosku ad al
OO6unei Mozem 3a OTPUMaHUMH —pe3ybTaTaMH

MOXKHA BB@)KaTH aJIeKBaTHUMH 1 3aCTOCOBYBaTH JUIs
3a3HaUYCHUX JaHUX. ToMy IepeineMo O IepepaxyHKy
HaJiHOCTI MPOTHO3Y 33Ul BHOOPY OIHOTO 3 METOJIB
nporHo3yBaHHs 1 3actocyBaHHsA B TOB TIIK «Teppa».

Ilpu BU3HAYEHHI TOYHOCTI MPOTHO3Y PO3MIISHYTO
OCHOBHI XapaKTEpPUCTHKU MOJENIEH MPOTHO3YBAaHHS JUIs
EKCTPaMOJIAIIi, IKi HaBeIeHO y Ta0. 2.

Tabmuns 2 — Pe3ynpTaTé BU3HAYEHHS HAAIHHOCTI POTHO31B

Mogenb EKcnoHeHujiHa| AganTusHa
TouHicTb NpOrHo3sy r 78% 73%
CepefHbo-KBagpaTUYHa noxmbka | S 10% 11%
CepeHA BiAHOCHA NOXMBKA 5& 22% 27%
KoeodiuieHT po3birkHOCTI 14 0,106 0,114
KoediuieHT Kopenauyji R 0,989 0,987
o F. 1095,99 944,30
Kputepi Piwepa
Fopm 7,64 7,64
N s 36,06 32,97
Kputepiit CtblogeHTa T
KPUT 2,76 2,76

OTxe, TIpH aHaJi31 MOKA3HUKIB PiBHS BUTOTOBJICHOT
MPOAYKILT JOIIIEHO BUKOPHUCTOBYBATH CKCIIOHCHIIAIbHY
Mojenb. Lle miaATBepKEHO KpUTEPIIMH aJeKBaTHOCTI
MoJieni (paKTHYHUM JIAaHUM Ta PO3PaXOBaHUMHU KPUTEPISIMU
HaAIMHOCTI MOJIEI.

ToUHICTP E€KCHOHEHIIadbHOI  MOAENi  TIpuiiMae
3HaueHHs1 78,3%. llelt moka3HWK € BUIIUM, HiX y ajaar-
TUBHOI Mozeni. CepeqHbOKBaJpaTHYHa IOXHWOKAa CKIa-
nmae 10%. 3naueHHs koedimieHta kopensmii 0,989, mo
CBIUUTH PO BUCOKHUH JIHIHHUN 3B’SI30K MiX O3HAKaMHU.
Koedinient posoixkHocTi (Teitna) nadmmxenuid 1o 0, mo
CBITYMTH NPO HAOIMKEHHS IPOTHO3Y 10 ineansHoro. Cro-
coBHO KputepiiB Dimepa Ta CThIOIEHTA: PO3PaXyHKOBI
3HAYCHHS KPHUTEPIiiB MEPEeBUINYIOTh KPUTHUHI (TaOIM4Hi)
3HAYEHHS, a e MiATBEPIKYE CTATUCTUUHY 3HAYYIIICTh
mozeni [10].

Takum dYWMHOM, ISl TIPOTHO3YBAHHS PO3BHUTKY
MiIPUEMCTBA HEOOX1THO BUKOPUCTATH METOJ €KCIIOHEH-
IAILHOTO 3riIaJpKyBaHHs. [ OUIBII HAOYHOTO TMpe-
CTaBJIECHHS pEAIPHUX Ta PO3PAaXyHKOBUX JaHUX HaJaHO
niarpamu (quB. puc. 4, 5).
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BucHoBku. [l CTpyKTypyBaHHS Ta BHIUICHHS KOHK-
pEeTHHX eTamiB poOOTH IMiANPHEMCTBA IPOBEICHO CHCTEMHHI
anais. Lle 103BOIMITO0 PO3IMKMTH ITOJaHe MUTAHHS Ha /1Bl OCHOBHI
mig3azadi Ta BUIUIMTH OJHY 3 HUX JUI1  HOJANBIIOTO
OTIpaIffoBaHHs. BUsBIEHOIO 3a/1aUero Mmicis IeKOMITO3HIIT Moeri
CTaJl0O TPOTHO3YBaHHA o0OcCATiB BHUpoOHMITBA. L{f0 3amauy
BUPILIEHO 32 I0OTIOMOTOI0 METO/IIB 3TJIaJP)KyBaHHs YaCOBUX PALIB,
a caMeé MeTOoJaMU EKCIIOHEHI[IaTbHOTO Ta  aJalTHBHOTO
3rmamKyBaHHA. [IpoBeieHo aHami3 pe3yabTaTiB MIPOTrHO3YBAaHHS 1
00paHO eKCIIOHEHIIANEHY MOJENb JUISl MOJAbIIOr0 IPOTHO3Y-
BaHHS Ha BUPOOHMITBI. Y pe3yiabTaTi OTPUMAaHO PeKOMEHJAmil
mo0 00csATy BUPOOHUNTBA y HACTYITHOMY Micali B po3mipi 50
onunune «EIT Mactuk».

Otxe, 3aBISIKM BUKOHaHII poOOTi BiATerep MOXKHA SIKiCHO
MIPOTHO3YBaTH 00csAru BUpoOHULTBA Ha mianpuemctsi TOB TIIK
«Teppa», aCOPTUMEHT SKOTO NEPEBUILYE IBi COTHI HAMEHYBaHb
ToBapiB. Po3pobneHnii KOMIUIEKC OIHKM SKOCTiI pe3yibTaTiB
JI03BOJIMTH B MOJANBIIOMY BUXOIUTH 3 XapaKTepy 4acOBOTO Py
o0cary BUpOOHMITBA Pi3HUX TOBAapiB i BUKOPHCTOBYBATH Haii-
OLIBII SIKICHY MOJIEIb TPOTHO3YBAHHS.
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B. B. CMAYHIIO

HOPMATHUBHO-IIPABOBE 3ABE3IIEYEHHSA JISAIJIBHOCTI Y COEPI TPAHCIIOPTY

ExoHOMIuHa KaTeropis «ImiAnprueMCTBO TPAHCIIOPTY» € 3arajJbHOBKHBAHUM B €KOHOMIYHOMY HAyKOBOMY Ta MPaKTHYHOMY 00iry. Aje, B TOH xe vac, ii
PO3YMiHHS B IPABOBOMY II0JIi, SIK€ BU3HAYAE OCHOBU I'OCIIOAAPCHKOT IIsIIBHOCTI B chepi TPAaHCTIOPTY, HE € JOCUTH YiTKUM. Bra3zane nopo pkye npobdiemy
inentudikanii Ta BifHeCEHHS MO Tiel 4K iHIIOI KaTeropii cy0’€KTiB rocHoJaprOBaHHS TPAHCHOPTHOI ramysi. HopmaTuBHO-IIpaBoBe 3a0e3meucHHs
JisUIBHOCTI TPAHCTIOPTY YKpaiHu 0a3yeThCsi HA CYKYITHOCTI 3arajbHUX 3aKOHIB Ta KOZIEKCIB, SIKi PEryJIl0I0Th TOCHOJAPChKY JisIbHICTE Oy Ab-sKHX chep
HALIOHAIBHOI eKOHOMIKH KpaiHH, a TaKOXK Ha CIICIiaJbHUX HOPMATHBHO-NIPABOBUX AaKTaX, sSKi BPaxoBYIOTh cHElH(iKy TpaHCIOPTHOI cdepu.
HesBaxkaroun Ha LIMPOKE MPABOBE I0JIE 3a0E3MEUCHHS AiSUIBHOCTI TPAHCIIOPTY, Cyd4acHi TpaHc(opMalii Ta BHKJIMKH, LIO CTOSTH HEpPel raiy3sio,
BUMAraroTh BUPIIICHHS IEBHUX HEY3IOJPKEHOCTEH 3a 15l KOPEKTHOTO CIIPHIHATTS HOHATIHHO-KaTEropiajibHOro anapary, 1o GopMyeThCst B IIPaBOBOMY
moJi, Ta MOro po3BUTKY y BIAMOBIAHOCTI 3 moTpebamu yacy. Meroro HociipKeHHs € ifeHTH(iKalis cy0’exTiB B chepi TpaHCIOPTY HA OCHOBI
3aKOHO/IABYO-TIPABOBOIO IMiIX01y. PEKOMEHIOBAaHO BBECTH B HOPMATHBHO-IIPABOBE I10JI¢ BH3HAYCHHS TPAHCIIOPTHOTO IMTiIPHEMCTBA (ITiAIPUEMCTBA
TpaHCIopTy), ske 0 KopemoBano 3 iforo nedinimiero B 'ocrmomapeskomy Kogmexci Ykpainu. IIponoHyeMO pO3KPUTH TEPMiH «TPAHCIIOPTHE
MANPUEMCTBOY» SIK CaMOCTIMHMII Cy0'€KT TOCIOJAPIOBAHHS, CTBOPCHHII KOMIICTCHTHHM OpPTraHOM [EpXKaBHOI BiIagW abo OpraHOM MICLEBOIO
CaMOBpsiLyBaHHs, a00 IHIIMMHU Cy0'€KTaMH IS 3310BOJICHHS CYCIIJIBHUX Ta 0COOMCTHX MOTPED MUILXOM CHCTEMATHYHOTO 3{iHCHEHHS TOCIIONAPCHKOT
JisUIBHOCTI B cpepi TpaHCHOpTY, BIANOBIIHO 10 3akoHy Ykpainu «IIpo TpaHcropT», B HOpsAKY, nepeadadeHomy I'ocriogapebkum Kogexcom ta iHIUME
3akoHamMu Ykpainu. YiTke OKpecIeHHs MOHATIHHO-KaTeropiaibHOro anapary BiJHOCHO CYTHOCTI IiINPUEMCTB TPAHCIIOPTY B 3aKOHOJABIOMY IIOJI Ta
Horo moeqHaHHS i3 KIacu(ikamiclo BUIIB €KOHOMIUHOI IisUIBHOCTI JO3BOJIHMTH B MailOyTHOMY KOPEKTHO ()OpMyBaTH CYKYIHICTb JUIS aHATITHIHOI
BHOIPKH Ta 311HCHIOBATH MOJAJIbIIY KiIacu(ikaiiro.

KuiouoBi cjioBa: miAnpueMCTBO, TPAHCIOPT, TPAHCHOPTHI MiANPHEMCTBA, BUA CKOHOMIUHOI MisUTbHOCTI, BHIH TPAHCIIOPTY, TPAHCIOPTHA
cucrema.

B.B. CMAYHUJIO
HOPMATHUBHO-ITIPABOBOE OBECIHEYEHUE JEATEJBHOCTHU B COEPE TPAHCIIOPTA

DKOHOMHUYECKAst KaTeropHsl «IIPEANPUITHE TPAHCIIOPTay SIBISIETCS O0MIEYIOTPEOUTEIbHOMH B 9KOHOMUYECKOM HAyYHOM H IPAKTHIECKOM OOpAICHHH.
Ho, B To e Bpemsl, ee HIOHUMAHUE B IPABOBOM II0JI€, KOTOPOE OIpeJeIieT OCHOBBI XO3sHCTBEHHON AESITEIbHOCTH B chepe TpaHCIOopTa, He SBILETCS
JOCTATOYHO YETKHM. YKa3aHHOE MOPOXIAaeT MpoOieMy HACHTH(GHKAIMH U OTHECEHWS K TOH WIM MHOW KaTeropuu CyOBeKTOB XO3SHCTBOBAHHS
TPaHCIOPTHOI oTpacin. HopmaTHBHO-TIpaBoBoe 0OecIiedeHHe AeITeIbHOCTH TPAHCIIOpTa Y KpauHbI 0a3upyeTcst Ha COBOKYITHOCTH OOLIMX 3aKOHOB H
KOJIGKCOB, PEryIUpPYIOIIUX XO35HCTBEHHYIO JeATeIbHOCTb JIIOObIX cep HAllMOHANbHONW SKOHOMHKHU CTPAHBI, a TAKXKE HA CHELMAIbHBIX HOPMATUBHO-
IIPABOBBIX aKTaX, KOTOPBIC YYUTHIBAIOT CIENU(UKY TPAaHCIOPTHOH cdepsl. HecMoTpsi Ha IIMpOKOoe IpaBoOBOE II0JE OOECICUECHHs NESTeNbHOCTH
TPaHCIIOPTa, COBPEMEHHBIE TPAaHC(OPMALMH 1 BBI30BBI, CTOSIIHE ITepe]] OTPACIIbIo, TPeOYIOT PEIIeH s ONPEACICHHBIX HETOYHOCTEH JUISl KOPPEKTHOTO
BOCHPUATHS HOHATUIHO-KaTEropruaabHOIO anmapaTa, KOTOphIi (opMUpyeTCs B IIPABOBOM II0JI€, U €ro Pa3sBUTUS B COOTBETCTBHU C MOTPEOHOCTAMU
BpemeHH. llenmpro mccnenoBaHus sBISETCS MACHTH(PUKAINA CyOBEKTOB B cepe TPaHCIIOpPTa HAa OCHOBE 3aKOHOIATEIBbHO-NPABOBOTO MOJXOJA.
PexomeHmyeTcss BBECTH B HOPMAaTHBHO-IIPABOBOE IIOJIE OIPEEICHUS TPAHCHOPTHOTO NPEANPHATHS (NIPEINPUSATHS TPAHCIIOPTa), KOTOpPOe OBl
KoppenupoBaio ¢ ero Aedpunuimeil B XO03sMMCTBEHHOM KoJeKce YKpauHbl. [IpeanaraeM pacKpbiTh TEPMUH «TPAHCHOPTHOE MPEIIPHATHE» Kak
CaMOCTOSITENBHBIN CyOBEKT X03sI{CTBOBAHMS, CO3AaHHBII KOMIIETEHTHBIM OPTraHOM IOCYIapCTBEHHOI BIACTH HIIM OPTaHOM MECTHOT'O CAMOYTIPABIICHUS,
WM JPYTUMH CyOBEKTaMH TS YIAOBJIETBOPEHHMS OOIIECTBEHHBIX H JIMIHBIX HOTPEOHOCTEH ITyTeM CHCTEMATHIECKOTO OCYIIECTBIICHUS X03SHCTBEHHOM
JEATeILHOCTHU B chepe TPaHCIIOPTa, B COOTBETCTBUM ¢ 3aKOHOM YkpauHsl «O TpaHCIIOPTE», B HOPsAKE, IpeaycMOTpeHHOM Xo3siicTBeHHbIM Konexcom
U APYTUMHM 3aKOHaMK YKpauHbl. UeTKoe onpejeneHe NOHATHITHO-KaTeropuaabHOrO anmapara OTHOCUTENBHO CYLTHOCTH NPEANPUATHI TPAHCIIOpTa B
3aKOHOZaTeNILHOM II0JIe M €r0 COYeTaHHe ¢ KiacCH(HKanueil BUIOB SdKOHOMUYECKON NEsSTEILHOCTU MO3BOJUT B OyAyIieM KOPPEeKTHO (OpMHPOBATH
COBOKYITHOCTS ISl aHATUTHYECKOH BEIOOPKH U OCYILIECTBIIATD JadbHEHITYI0 KIacCH(HKALIUIO.

KaroueBble cjioBa: MpEANpUATHE, TPAHCIOPT, TPAHCHOPTHBIE MNPEANPUATHS, BUJ SKOHOMHYECKOW JE€ATEIBbHOCTH, BHUJBI TPaHCIIOPTa,
TPAHCIIOPTHAs CUCTEMA.

V. V. SMACHYLO
NORMATIVE-LEGAL FRAMEWORK OF TRANSPORT

The economic category «transport enterprise» is commonly used in economic scientific and practical circulation. However, at the same time, its
understanding in the legal field, which defines the basis of economic activity in the field of transport, is not very clear. The above-mentioned raises the
problem of identification and attribution to one or another category of business entities in the transport sector. Regulatory support of the transport of
Ukraine is based on a set of general laws and codes that regulate the economic activity of any areas of the national economy of the country, as well as
on special regulatory acts that take into account the specifics of the transport sphere. Despite the broad legal framework for ensuring transport activity,
modern transformations and challenges facing the industry require the resolution of certain inconsistencies in order to properly perceive the concept-
categorical apparatus that is formed in the legal field and its development in accordance with the needs of the time. The purpose of the study is to identify
entities in the field of transport on the basis of legislative and legal approach. It is recommended to introduce in the legal and regulatory framework the
definition of a transport undertaking (transport company), which would correlate with its definition in the Commercial Code of Ukraine. We propose to
disclose the term «transport enterprise» as an independent economic entity created by the competent state authority or local self-government body or
other entities to meet social and personal needs through the systematic implementation of economic activities in the field of transport in accordance with
the Law of Ukraine «On Transport» in accordance with the procedure provided by the Commercial Code and other laws of Ukraine. A clear definition
of the conceptual-categorical apparatus relative to the essence of transport enterprises in the legislative field and its combination with the classification
of economic activities will allow in the future to correctly form the population for the analytical sample and carry out further classification.
Keywords: enterprise, transport, transport enterprises, type of economic activity, types of transport, transport system.

Beryn. EkoHOMIYHA KaTeropist «mignpueMcTBO TpaH-  Bkasane mopopkye mpobiemy imeHTHdikamii Ta BimgHe-
CIIOPTY» € 3arajbHOBXMBAaHMM B EKOHOMIYHOMYHAayKO-  CEHHS A0 Ti€l 4u iHImoi kaTeropii cy0’eKTiB rocmoaapro-
BOMY Ta IIPAKTHIHOMY 00iry. Aje, B TOH ke 4Jac, ii po3y-  BaHHS TPAHCIIOPTHOI Traiysi.

MiHHS B IPaBOBOMY IIOJIi, IKE BU3HAYa€ OCHOBHU T'OCIIOAP- AHani3 OCHOBHMX JOCATHeHb 1| JiiTepaTypu.
CBKOI isTEHOCTI B chepi TpaHCTIOPTY, HE € TOCUTH WITKUM.  HopMmaTHBHO-TIpaBOBe 3a0e3mneueHHs TSITEHOCTI
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TpaHCIIOPTY YKpaiHu 0a3yeThCsl HAa CyKYIHOCTI 3arajibHUX
3aKOHIB Ta KOJAEKCIB, SIKI PETYyIIOIOTh T'OCIIONAPCHKY
IUSUTBHICTh  Oynb-sSKUX cdep HaIllOHAIBHOI EKOHOMIKH
kpainu: 'ocnomapcskuii Konexc Yxpainu [1], IlomaTko-
Buii Komekc VYkpainu, [lueimbHmit Komexc VYxkpaiHwm,
Kopekcy 3akoniB mpo mpamro B YkpaiHi, 3akoH YKpaiHu
«[Ipo ommaty mpari», 3akoH Ykpainu «[Ipo KoJIeKTHBHI
JIOTOBOPH Ta yroawm», Tomlo. CremnianxizoBaHa ImpaBoBa 0a3a
npencraBieHa 3akoHoM Ykpainm «[Ipo Tpancmopt» [2],
3akoHoM «Ykpainu «IIpo 3amizHW4HHN TpaHcmopT» [3],
3akoHoM Ykpainu «IIpo aBTOMOOUMTBHMIA TpaHCTIOPT» [4]
Ta iHmuMmu. CaMe BKa3aHI JOKYMEHTH CTaJd OCHOBOIO
BUBYCHHS HOPMATHBHO-TIPABOBOTO 3a0e€3MEeYeHHS JIisUIb-
HOCTI CYO’€KTiB TOCIOMAPIOBAHHS TPAHCIIOPTHOI Tamys3i.
OkxpiM TOro, IOCHIPKyBanucs IyOuikamii BITYM3HSIHUX
BYEHUX [5,0], Ie IpENCTaBIEHO aHajli3 iICHYIOUMX 3aKOHO-
JIaBUMX TOJIOKEHb Ta HEY3TOJKEHb B c(epl eKOHOMIKH
TPaHCIIOPTY.

IMocranoBka 3anaui (mpodJjemu). He3paxaroun Ha
IIUPOKE TpaBOBEe TIONe 3a0e3ledeHHs  JisUTBHOCTI
TPAaHCIOPTY, CydYacHi TpaHchopmarii Ta BHUKIHKH, IO
CTOSITH TIEpe]] Tay33i0, BUMAraroTh BHPILICHHS NEBHUX
HEY3TrOJKEHOCTEeH 311 KOPEKTHOTO CHPUHHATTS MOHS-
TiIHO-KaTeropiaJbHOrO amnapary, o QopMyeTbcs B
MPaBOBOMY MOJIi, Ta WOr0 PO3BUTKY Y BIJIIOBIAHOCTI 3
norpedamu vacy.

Metoro crartTi € inentudikamis cy0’exTiB B cdepi
TPaHCIIOPTY Ha OCHOBI 3aKOHOIaBUO-IIPABOBOTO MiIXO.Y.

PesyabraTn. TpaHCHOpT BH3HAYAETHCS OAHIEIO 3
HAaBXJIMBIMINX Taly3ed CYCHUIBHOTO BHPOOHHIITBA,
MIPU3HAYECHHSIM SIKOi € 3aJI0BOJICHHS TOTPEeOH HACETICHHS Ta
CYCITUTPHOTO BUPOOHHMIITBA B ITEPEBE3CHHAX [2].

TpancnopTtHa raimy3p, 3aliMae BaXJIHMBE MicLEe B
eKOHOMIII YKpaiHu, TaK, BUXOJSUH i3 CTPYKTYPH BaJOBOi
nonanoi Baprocti 3a 1 kB. 2018p., 11 yacTka craHoBHIIa
8,2% (mnst mopiBHsAHHS: OyaiBHHITBO — Jjume 2,2%,

cinbebke rocmonmapctBo — 4,0%, Xoda HUKYE, aHDK B
npomucioBocti — 27,7% Ta Topriemi — 17,5%) [7]. Ane
Ba)KJIMBICTh TPAHCIIOPTHOTO KOMIUIEKCY, Ha TyMKY aBTOpa,
BU3HAYAETHCS HE JIMIIC HOro TNPSIMUM [O3UTHBHUM
eKOHOMIYHUM BIUTMBOM Ha BBII, ane it omocepekoBaHmM,
apke  pO3BMHEHa  TPaHCHOPTHA  iH(QpacTpykTypa
COpUYMHSAE MYJIBTHIDIIKATHBHAN e(eKkT y BHIUIAIL
MiABUINICHHS JOCTYIHOCTI IHBECTOpiB, TYpPHUCTIB Ta
BJIACHUX TPOMAJISH A0 OyIb-sIKOTO Mics YKpainu. A 1e, B
CBOIO 4epry, OOYMOBITIOE CTBOPEHHS JIOTICTHYHHX XaOiB,
HOBHX pOOOYMX MICIIS, ITOKBAaBIIOE BHPOOHHIITBO Ta
TOPTiBIIIO, TYypU3M, THM CaMHUM IIiJIBUIIYIOYH 3arajbHe
BBII ta BPII. [lep>xaBHe ynpaBiiHHS B rajry3i TpaHCIOPTY
3[IMCHIOIOTH LIEHTPAJIBbHUI OpraH BUKOHABYOI BIaH, 10
3abe3neuye (OpMyBaHHS Ta peanizye JepKaBHY HONITHKY
y cdepi TpaHCTIOPTY, TOPOKHBOI'O FOCIIONAPCTRA, TYPH3MY
ta iH}pactpykrypu (MiHicTepcTBO IH(PACTPYKTYpH
VYkpaiam), micueBi Pamun HapomHmxX nemyTariB Ta iHII
CIemiajJbHO YITOBHOBaKEHI Ha TE OpPraHH BiIOBIIHO 10 1X
kommnereHmii [2]. Ckiman e€qumHOT TPaHCIOPTHOI CHCTEMHU
BHU3HAYaeThcst 3akoHOM Ykpainm «[Ipo TpaHCmOpT»
(puc. 1). OkpiM HBOTO, AiSUIBHICTH B cdepi TpaHCHOPTY
PEryIIoe LUK psii HOPMAaTHBHO-NIPABOBUX aKTiB (3aKoHH
VYxpainu «IIpo micekuii enexkrporpancnopt» [8], «IIpo
TpyOompoBinHuid Tpancnop™ [9], «IIpo aBTOMOOINBEHMIA
tpaHcriopt» [4], «I[Ipo 3ami3HnMuHUil TpaHcnopT»[3],
Iositpsiauii Ta Boauuit Komexcu [10,11] Ta in1i), a Takox
nepeadaveHo TIEH3YBaHHS I[bOTO BUIY HisUTbHOCTI. Tak,
JlineHsiifHi  yMOBH  TpPOBaDKCHHA  T'OCIIONAPCHKOT
IISUTGHOCTI 3 TIEPEBE3CHHS MAacaXHpiB, HEOE3MEUHIX
BaHTaXIiB Ta HeOe3MeYHNX BIOXOIIB aBTOMOOUIEHUM
TPAHCIOPTOM, MDKHAPOTHHX IMEpeBe3eHh MACaXHPIB Ta
BaHTAXIB aBTOMOOITBHAM TpPAaHCIIOPTOM, 3aTBEPIKECHO
nocranoBoro Kabinery MinicTpiB Ykpainu Bix 02.12.2015
Ne 1001 [13]; Ilopsimok 3nificCHEHHs JEepIKaBHOTO
KOHTPOJIFO HA aBTOMOOITBHOMY TPAHCIOPTI, 3aTBEPIKECHO

Camna Tpasenopra cuerema Yxpaiin

1

% \d
Iposucaopuii 3aaiznnynii Tpascnopt ['pyGonposimnit tpancnopt Bizosunil Tpanciopr
1Y wllpo mpavcmopms, 38 «Ilpo st 3Y alipo mpancimopmn, 3Y «flpo 3V wlipo mpancnops
mpanenopmy apyBomponionui mpanciap e KBEL 49:30:31;32
KBETL: 49.1; 49.2 KBET 495

Tpancnopr 3araasuoro KOpUCTYBaHHs
3V wlipa daposewiit pyxs, 3V eflpo mpancoopmos, «[Tpe nowmosuis s ‘s3oxs KBEJ: 49.50.5], 52, 53

LLL18xs CrnoayMeHHA SaraasHoro
KOPHCTYBAHHSA

JaniHHaHNii

ABTOMOOUTHHRAT
3V «lIpo sarisnmuwudt mpeancmopms, 33 « Tipa ocofausacmi yueopesns IV wllpo asmoroiisuds mpancapims, 3Y «lTpo mpasenopimuc-
GRMIONEPNON TOSALTLCIE JERETHHNYHOX) IRININCOPIRY. MENIYAR 0N - <'MHLV’IH'IH,"\ bR} uInMicH e
sapwcmyveanns”  KBET: 49.1; 49.2 KBEL: 494: 49.3
ABianifnmnii Mopcuxnii Piakosuii
Mowimpssnit Kodese 1V allpo Hpe vopossi nopmu Yxpainies, Boowmi fpoesim 3Y alipo aayvmpiuoctic soom
KBETL 31.1; 512 Kovenx MIPGHCHROPN
KRET S0 1- 302 KBEJT 50.3; 504

Michkuit CACKTPOTPAHCHOPT (B 1.4, MCTPOIIOAITCH)
3V wllpo atlenriie cresmponpancnapm»

KBET 4931

Puc. 1. Cknan €auHol TpaHCIIOPTHOT cucTeMu YKpainu (mo0ynoBaHo Ha ocHOBI [2—4, 2-12, 15-19]
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nocranoBoro Kabinery MinictpiB Ykpainu Big 08.11.2006
Ne 1567 [14].

OCHOBOIO TOCIOJAPCHKOT IISTIBHOCTI MiANPUEMCTB
TPaHCIIOPTY BH3HAYEHO IEPEBE3CHHs MacaXHpiB, BaHTa-
XKiB, Oaraxy Ta NOIITH, HaJaHHS IHIINX TPaHCIIOPTHUX
MTOCTYT, eKCIUTyaTallisl i peMOHT IUIAXIB CTIONYYIeHHS 3Mii-
CHIOIOTBCS 3aJII3HUISIMH, TapOIDIABCTBAMH, CyO’€KTaMHU
TOCHOJApIOBAaHHS y MOPCHKHX IMOPTaX, aBTOMOOITHHUMH,
aBiaiifHUMU, JOPOXKHIMH MIAIPHEMCTBAMHE Ta OpTaHizalli-
SIMH, SIKIIO IIe TIepen0ayeHo X craryramu [2].

B Toif ke gac, 6e3nocepeHb0 HaJaHHS TPAHCIIOPT-
HHUX TOCIYT, SIK €KOHOMIYHOi CYTHICHOI XapaKTepHCTHKH
TPAaHCIIOPTHUX MIANPUEMCTB, BiIOYBA€TbCI B MeEXax
KBE/] 2010 «Tpancnoprt, ckiaacbke TOCIOAAPCTBO, MO-
LITOBa Ta Kyp €pchKa IisUIbHICTBY cekiist H Ta Bkirouae
[19]: 3abe3neueHHs macaXMPCbKUX 1 BAaHTAXKHUX IEpeBe-
3€Hb (3a po3KJIanoM abo Hi), 3a3HUYHUM, TPYOOIPOBII-
HUM, aBTOMOOLTEHUM, BOITHUM a00 MOBITPSHIM TPaHCIIOP-
TOM, a TaKOX JOIIOMDKHY HisIIbHICTB, TaKy K MisUTbHICTBH
TEPMIiHANIB i aBTOCTOSHOK, BaHTa)XHO-PO3BaHTAXXYBAIbHI
pobotu, 30epirans Tommo. L cexmis Takox BKIFOYaE Ha-
JaHHSA B OPCHIY TPAHCHOPTHHX 3acO0iB pa3oM i3 BOAiEM
abo eximaxxeM. Takoxk 10 cekuii BiJiHEceHa MOIITOBA Ta
Kyp'epcbka HisutbHicTh. B Mexkax wmiei cexuii KBE/] 3aitic-
HIOETBCS PO3MOILT 3a po3auiamu [19]: 49 — HazemHwuit i
TpyOomnpoBiaHuil Tpancnopt; S0 — BoxHuit TpaHcmopT; 51
— aBlanifHU{ TpaHCTIOPT; 52 — CKJIaICbKE rOCIOAapCTBO Ta
JONIOMDKHA JisUTbHICTH Y cdepi TpaHcmopTy; 53 — mo-
IITOBA Ta Kyp'epChKa AiSUNIBHICTH. B Mexax KOXHOTo po3-
Iy BUALIOTECS OKpeMi migsuan. Ha puc.1 BimoOpaxeHo
OCHOBHY 3aKOHO/aBUy 0a3y IisUIBHOCTI TPaHCIOPTY 3a
PIBHSAME TPaHCIIOPTHOI CHCTEMH Ta B PO3Pi3i BUIIB TpaHC-
MOPTY i3 BpaxyBaHHSAM IIM(QPIB OCHOBHOI E€KOHOMIYHOT
nistibHOCTI 3rigHo KBE[:2010.

Po3kpueMo BH3HAUEHHSI KOKHOTO BHJY TPaHCIIOPTY
3arajJbHOr0 KOPHCTYBaHHS, KEpPYHYHCh HOPMATHUBHO-
npaBoBoO 6a30r0 Ykpainu (tabu. 1).

MoXeMO BiIMITHTH, L0 AiSILHICTE O0araTboX BHIIB
TPAHCIIOPTY 3arajbHOr0 KOPUCTYBaHHS PETYJIOEThCS OK-
peMHUMH 3aKOHOJaBYMMHU akTaMH. B TOH e uac, He Bci
ICHYIOYi BU3HAYCHHS BHIIB TPAHCIIOPTY B PI3HUX IOKY-
MEHTaX KOPEJNIIOIOTh MIDX CO00I0, IO BHKJIHMKAE IIEBHY
HeyCTaJIeHICTh HOPMATHBHO-IIPAaBOBOI 0a3u cdepu TpaHc-
NOpTy Ta 11 MOHATIITHO-KaTeropiajlbHOro amnapary. SKio B
3V «IIpo TpaHcnopT», A0 TOTO YW IHIIOTO BUY TPAHCIIO-
PTY BiTHECEHO He JIUIIEe MiANPHEMCTBA, 10 3a0e3MeYyI0Th
TPAHCHOPTHI TOCIIYTH, a i 00CIyTOBYIOYi, TO B CIIEIiai30-
BaHMX 3aKOHaX — Mepe0avyeHo JIUIIE ePeBEe3CHHS.

Kpim Toro, cKi1agoBi €IiHOI TPaHCIIOPTHOI CHCTEMH,
110 HE BXOJISATh JI0 TPAHCIIOPTY 3arajbHOT0 KOPUCTYBAHHS,
He 3Haiinum cBoro Bu3HaueHHs B 3Y «IIpo Tpancmopt» [2],
aJie TPENCTaBIICHI B 1HIIUX 3aKOHOAABYUX aKTax (HisUTb-
HICTH TPYOONPOBITHOTO TPAHCHOPTY PEryJIOETHCS OKpe-
MuM 3akoHOM «[Ipo TpyGonpoBinuuit Tpancnopt [9]). A
BU3HAYECHHS TPOMHCIIOBOTO 3aJIi3HUYHOTO TPAHCIIOPTY Ha-
BezieHe B 3akoHi Ykpainu «IIpo 3ami3HUYHMI TpaHCTIOPT»,
Ta TPAKTYETHCS SIK TPAHCIOPTHO-TEXHOJIOTIYHUH KOM-
IUIeKC, IKUH 3a0e31euye CHCTEMHE MepeMiIIeHHs BaHTaXiB
y mporieci BUpOOHUITBA (MiXkK BUPOOHHUIITBAMH, BUPOOHH -
YUMH IUKIAMH, OKPEMUMH OTEpaIlisIMU a00 MiIPUEMCT-

BaMU B I[JIOMY) Ta B3a€EMOJIIIO i3 3aJi3HHYHUM TPAHCIIOP-
TOM 3arajJbHOTO KODUCTYBaHHS 1 HE HaJIeXUTh JO
Hboro [3].

B 3akoni [2] BiICyTHI BU3HAYEHHS TaKHX CKJIaJOBHX
€/IMHOT TPAHCIIOPTHOI CUCTEMH K «BIIOMYHH TPAHCIIOPT
— JWIIE BKAa3aHO, IO A0 HOT0 CKIIaay BXOAATh TPAaHCIOPTHI
3aco0M MINPUEMCTB, YCTAaHOB Ta OpraHizamiil (Bigmo-
BiJTHO, MISTHHICTH BiIOMYOTO TPaHCHOPTY OyIe 3miiCHIO-
Batucs B Mexkax Bciel cekiii H 3a KBEJ] 2010) Ta «uisxu
CIOJTy4YEHHS 3araJIbHOTO KOPUCTYBaHHS».

Takox crmim BigMiTHTH HasBHICTH [Ipoekty 3akoHy
VYxpainu «[Ipo BHyTpinHili Boguuit Tpancmopt» [21], ne
BU3HAYCHO BHYTPILIHIA BOJHUI TPAHCIIOPT SIK «BUJ TPaH-
CIIOPTY, /10 SIKOTO HaJeXaTh CyJHa, Cy0’ €KTH TocIoapro-
BaHHS, 11O 3IMCHIOITH Ta 3a0e3MevylOTh IEepeBE3CHHS
MEPEBAXHO PIYKOBUMH BOJHHUMH IUISXaMU BaHTAXIB,
nacaxupis, Oaraxy i HOIITH, HAAAIOTH 1HIII TOCIYTH 3 BH-
KOPHCTaHHAM CyJCH BHYTPIIIHBOTO [UIABaHHS, 3a0e3medy-
I0Th CyJHOIUIABCTBO MO PIYKOBUM BOJHHUM HIJISIXaM, YTPH-
MaloTh O0’€KTH iHQPACTPYKTYPH BHYTPIIIHIX BOJHHUX
IUIAXiB, 3MIHCHIOIOTH HaBiramiiiHo-rigporpadiune 3ade3-
MIEYCHHS CyTHOILIABCTBAY.

3ayBa)KMMO, L0 CJIOBOCIIOJNYYEHHS! BOJHHUH TpaHC-
nopT He o3HaueHe B 3Y «lIpo TpaHCIOpPT», IO 3HOBY X
TaKy BUKJIMKAE TIEBHY HeyCTaleHICTh y AediHimigax. Y Toii
ke yac, Take TpakTyBaHHA BinnoBimae KBEJl 2010
(puc. 1). OTxe, 3aKoHOaBYa AeDiHILisS BUIIB TPAHCIOPTY
€ HEYCTAJCHOI0 Ta HEOJHO3HAYHOIO B Pi3HUX 3aKOHOJIAB-
YUX aKTax, OI0 NOTpedye ii ymopsaKyBaHHS.

B 3V «Ipo TpancnopT» BKa3zaHO 3a BUAaMHU TPAHCIIO-
PTY, WO Lie HiINPHUEMCTBA, SIKi HE TIJIbKM HAJAIOTh TPAHC-
MOPTHI TIOCITYTH, & i BUKOHYIOTb 1HII BHIH isTIbHOCTI IS
3a0e3neueHHs TPAHCIIOPTYBaHHI (HaBYaHHS, Oy IiBHUIITBO,
PEMOHT, TOIIO).

3nificHumMo CIIBBITHECEHHS CKJIaJIOBHX
TPAHCIOPTHOT CUCTEMHU Ta BUIIB €KOHOMIYHOT TisSUTBHOCTI
OiIBIIT IEeTAIBHO, PO3KPHUBAIOYH OKpeMi po3aiiu (puc. 2)
MOKJIABLIM B OCHOBY €KOHOMIYHY CYTHICTh TPaHCIIOPTHUX
MIANPUEMCTB — Ti, IKI HaJ]aAlI0Th TPAHCIIOPTHI MTOCIYTH.

Binmigaemo, 110 B OCHOBY TIOAUIYy 3a BHIAMHU
€KOHOMIYHOI JisJIBHOCTI YacTKOBO TIOKJIAJICHO BHIH
TPaHCIIOPTY Ta THUIK mepeBe3eHb. CiliJ] HaroJOCHTH Ha
YiTKIA BIJMOBIAHOCTI BHUAIB €KOHOMIYHOI MisJIBHOCTI Ta
knacuikamii FisTTBPHOCTI 32 aBiallifHAM TPaHCIOPTOM
3rimHo [2]; MOpChKMI Ta pPIYKOBHII BHAM TPAHCIOPTY
MIPEJCTaBICHI OKPEMHM PO3IIJIOM — BOJHUN TPAHCHIOPT, J1e
BHUJIJICHI MOPCHKHIA Ta PIYKOBHH BUAM TPAHCIOPTY 3a
TUIIAMHA TIEPEBE3€Hb — MACAXHUPCHKI Ta BaHTaXHI
(anayoriuHo ¥ s aBiariifHoro). [Hmr Buam TpaHcmopTy
3arajJbHOr0 KOPUCTYBAHHS, MPOMHUCIIOBHIA 3aTI3HUYHUH Ta
TpyOONIPOBIAHUI TPAaHCHIOPT y3arajdbHEHO B po3aimi 49, ne
BIZICYTHIH 4iTKWI OAIT 32 BUJAMH TPAHCIIOPTY Ta THIIAMHU
HepeBe3eHb.

MoskeMO BiIMITHTH, IO BiICYTHIH YiTKUH KOH JJIS
TaKOro BUJY IISUIBHOCTI SIK «acaXUPChKi NepeBe3eHHS
ABTOMOOUIBHUM TPAHCIIOPTOMY, B TOH Yac, sIKk BUAIISIETHCS
«BaHTaXHUI Tpancnopt». Came rpyna 49.3 posmopins-
€ThCS Ha TTACAKUPCHKUH HA3eMHUH TPAHCIIOPT MiCHKOTO Ta
MPUMICHKOTO CIIOJydeHHsS, HAJaHHs TOCITYr Takci Ta
IHIITMH MacaXUPChKU Ha3eMHHI TPAHCIIOPT, H.B.1.y. [19].
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Tabsuus 1 — [nenrudikanist BUIIB TpaHCIIOPTY B IPABOBOMY MOJi YKpaiHu (y3acanbHeno agmopom)

Bup tpancnopry 3akoH Ykpainu «lIpo Tpancropm [2] [Hmmi 3aKOHO#ABYI aKTH
3anizHuyni MANPUEMCTBA, IO 3/1iHCHIOIOTH IIEPEBE3CHHS BUPOOHUYO-TEXHOJIOTIYHU I
TPaHCIOPT MacaXXupiB, BaHTAXiB, Oaraxy, MOLITH, PyXOMUH CKIIa] KOMILIEKC iAMPUEMCTB
3aTI3HUYHOTO TPAHCIIOPTY, 3aTi3HUYHI HIJISIXH 3aJi3HUYHOTO TPAHCIIOPTY,
CIOJTy4YEHHS, a TAKOX IIPOMHUCIIOBI, OyIiBeNbHIi, MIpU3HAYEHHUHN 1711 3a0e3MeYeHHs
TOPTOBENbHI Ta MOCTAYaIBbHULIBK] MiIIPUEMCTBA, notped CyCHiIbHOrO BUPOOHHUIITBA 1
HaBYaJbHI 3aKJIaaM, TEXHIYHI KON, IUTSY1 JOIIKUIBHI | HacelIeHHS KpaiHW B IEPEBE3CHHSX Y
3aKJIa/u, 3aKJIAH OXOPOHH 310pOB's, (hizndHOl BHYTPIIIHEOMY 1 MDKHapOZHOMY
KyJIbTYPH Ta CIOPTY, KyJIbTYPH, HAYKOBO-TOCTI/IHI, CIIOJTy4EHHSIX Ta HQJQHHS 1HIINX
IIPOEKTHO-KOHCTPYKTOPCHKI OpraHi3amil, MiIIpHeMCTBA | TPAHCIOPTHUX ITOCIYT yCIiM
MIPOMHCIIOBOTO 3aJ1i3HUYHOT0 TPAHCIIOPTY Ta 1HIII croxuBavyaM 0e3 0OMeXeHb 3a
MiANPUEMCTBA, YCTAHOBH Ta OpraHi3allil He3aJexHo Bil | o3Hakamu (opMHU BIACHOCTI Ta BUAIB
(hopM BIaCHOCTI, 1110 320€3MeUyI0Th HOTO MisSIBHICTD 1 nismpHOCTI TomIo [3].
po3BHTOK [2].

Mopcekuit IiAPUEMCTBA, 10 3/1iHICHIOIOTH NTEPEBE3EHHS NTaCaXUPIiB, BAaHTaXIB, Oaraxy, MOIITH, Cy/IHa,

TpaHCHOpPT CYZHOPEMOHTHI 3aBOJIM, MOPCHKI IIUISIXH CITOJYYEHHS, a TAKOX ITiJIIPUEMCTBA 3B'S3KY,
MIPOMHCIIOBI, TOPTOBENBHI, OYAiBEIbHI 1 MOCTAYaNBLHHUIIBKI MiAMPUEMCTBA, HABYAITBHI 3aKJIa i,
3aKJIaIi OXOPOHH 310pPOB's, Pi3HIHOT KyIbTYpH, HAYKOBO-IAOCIiIHI, IPOCKTHO-KOHCTPYKTOPCHKI
oprasizamii Ta iHIIi TiATPUEMCTBA, YCTAHOBH Ta OpTaHi3alii He3ale:KHO Bix (OpM BIACHOCTI, 11O
3a0e3ne4yI0Th POOOTY MOPCHKOTO TPAHCHIOPTY [2].

PiukoBuit MiATPUEMCTBA, IO 3AIHCHIOIOTH IIEPEBE3EHHS acaKUPiB, BAaHTaXiB, Oaraxy, MOIMITH, TOPTH 1

TPAHCIOPT MIPUCTaHI, CyIHa, CyIHOOYIIBHO-CYAHOPEMOHTHI 3aBOJIM, PEMOHTHO-EKCILTyaTaliiiHi 6a3u,
I APUEMCTBA IIUIIXOBOT'O TOCHOAAPCTBA, @ TAKOXK IiANPHUEMCTBA 3B'S3KY, IIPOMHCIIOBI,
TOPTOBEIbHI, OYiBEJIbHI Ta MOCTAYaTBHUIIBKI MiATPUEMCTBA, HABYAIBHI 3aKIad, 3aKIaau
OXOPOHU 37I0pOB's, Hi3NYHOT KyJIbTYpH Ta CHOPTY, KyJIbTYPH, IPOSKTHO-KOHCTPYKTOPCHKI
oprasizanii Ta iHII TiAMPUEMCTBA, YCTAHOBH 1 OpraHi3alii He3alnexHo BiJ GopM BIacHOCTI, IO
3a0e3Me4yI0Th POOOTY PIYKOBOTO TPAHCIOPTY [2].

ABTOMOOLTBHUH MiATPUEMCTBA, IO 3AIHCHIOIOTH IIEPEBE3CHHS rairy3b TPAHCIIOPTY, sIKa 3a0e3neuye

TPAHCIOPT MacakupiB, BAaHTaXIB, Oaraxy, HOIITH, aBTOPEMOHTHI 1 3aJI0BOJICHHS ITOTPE0 HACEIeHHs Ta
IIMHOPEMOHTHI IiIPUEMCTBA, PyXOMHI CKIIa CYCHIIBHOTO BUPOOHUIITBA Y
aBTOMOOUIBHOTO TPAHCIIOPTY, TPAHCIOPTHO- MepPEeBEe3eHHX MacaXUPiB Ta
SKCTeTUIIIHHI MiANMPHUEMCTBA, & TAKOX aBTOBOK3AJH i BAHTaXIB aBTOMOOIIEHUMHU
aBTOCTAHIII1, HABYAIIbHI 3aKJIaId, PEMOHTHO-OYIiBENbHI | TPaHCIIOPTHUMH 3acobamu [4].
oprasizarii Ta couianbHO-TIOOYTOBI 3aKIaIy, iHIII
MATPHEMCTBA, YCTAaHOBH Ta OpTaHi3allil He3aJIeKHO Bif
($hopM BIaCHOCTI, IO 3a0€3MeIyI0Th POOOTY
aBTOMOOUIFHOTO TPAHCTIOPTY [2].

ABianiiHuit MiANPUEMCTBA, 10 3AIHCHIOIOTh MEPEBE3CHHS MACAXKUPIB, BAHTAXIB, Oaraxy, MoIITH,

TpaHCHoOpT aepo(OTO3HOMKH, CLITLCHKOTOCIIOAPCHKI pOOOTH, a TAaK0XK aepOIOPTH, aePOIPOMH, aepOKITyOH,
TPaHCIOPTHI 3aCO0H, CUCTEMH YIPABIiHHS HOBITPSIHUM PyXOM, HaBUaJIbHI 3aKJIaH, PEMOHTHI
3aBOJIM IMBLIBHOI aBialii Ta iHIII MIPHEMCTBA, YCTAHOBH Ta OpTraHi3allil He3alnexxHo Bif (hopMm
BJIACHOCTI, IO 3a0€3Me4yI0Th poOOTY aBialliifHoro Tpancnopty [2].

Micbkuit M ATPUEMCTBA, IO 3/1iHCHIOIOTH TIePEBE3CHHS CKJIaJI0BA YaCTHUHA €TMHOT

SJIEKTPOTPAHCIIOPT MacaKupiB, BAHTAXIB, Oaraxy, NOIITH, PyXOMHHU CKJIaJ, | TPAHCIOPTHOI CHCTEMH, MpU3HaYeHa
TpaMBaiiHi i TpoJIeHOYCHI JIiHIT, PEMOHTHO- JUTSI IEPEBE3EHHS IPOMaJISTH
eKCIITyaTamiiiHi Ieno, cayX00Bi MPUMIIICHHS, TpaMBasiMH TPOJIeiiOycamu, moi3gaMu
GbyHiKyNIepH, KaHaTHI JOPOTH, €CKaJIaTOPH, 3aBOHU 10 METPOIIONITEeHY Ha MapIIpyTax
PEMOHTY PYXOMOTO CKJIa/ly i BUTOTOBJICHHIO 3alacHUX (J1iHisAX) BiJMOBIHO 0 BUMOT
YaCTHH, CIIOPYIH €HePreTHYHOTO TOCIIOIapCTBa Ta JKUTTe3a0€3eIeHHsT HaCeIeHUX
3B'SI3KY, IPOMICIIOBI, PEMOHTHO-OY TiBEITbHI, MyHKTIB [8].
TOPTOBEIBHI Ta MOCTAYABHALIBKI OpraHizaiii,
HaBYAIBHI 3aKJIa/IA, HAYKOBO-IOCII/IHI Ta IPOEKTHO-
KOHCTPYKTOPCBHKI YCTQHOBH, 33K/l OXOPOHHU 3/10POB'S,
BIIMOYMHKY, Qi3nuHOT KYJIBTYpPH i COPTY Ta iHILI
KYJIbTYpPHO-TIOOYTOBI 3aKJIaJ 1 1 HiANPUEMCTBA,
YCTaHOBH Ta OpTraHizallii He3anexHo BiJ Gopm
BJIACHOCTI, IO 3a0€3Me4yI0Th POOOTY MiCHKOTO
eJeKTpoTpancnopry [2].

OTxe, OisUTBHICTD B cepi HacaKUPCHKUX epeBe3EHb
aBTOMOOLTBPHAM TpaHcrmopToM Oyne Biamorimatu KBE]]
49.3 (49.31 ta 49.39).

Tocriomapcrka misutbHICTD B MiK cepi, K i B OyIb-

SIKIH  1HIIM, BimOyBaeTbCs Ha OCHOBI  YKPaiHCHKOTO

3aKOHOJIaBCTBA, BIANOBIJHO 1O SKOro ii MOXYTh
3[IMCHIOBaTH CY0’€KTH TOCIIOJIApIOBaHHS — IOPUINYHI Ta
¢bi3uuHi 0coOH, 3apeecTpoOBaHi y BCTAHOBICHOMY HOPSIAKY
Y BIATIOBITHOCTI i3 BUIaMH €KOHOMIYHOT MistThHOCTI [1].
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Puc. 2. Y3romxeHHs BUAIB TPaHCIIOPTY Ta BHIIB €KOHOMIYHOI AisTBHOCTI (MOOYZOBaHO aBTOPOM Ha OCHOBI [2,19])

Tocnomapcekuit  xomekc YkpaiHu, SK OXHOTO i3
cy0’€KTIB rOCHIOAAPIOBaHHS BU3HAUa€, IOPUANYHY OCOOY -
ATPUEMCTBO.

AHaniz IHIIMX 3aKOHOJABYMX akKTiB B cdepi
TPAHCIOPTY JEMOHCTPYE MEBHI HEY3TO/PKEHOCTI SIK LI0/I0
Cy0’€KTIB TOCIOJApIOBaHHS, TaK 1 II0JI0 PO3YMiHHS
MiANPUEMCTBA TPAHCIIOPTY TOTO 4YM IHIIOTO BHJY.
[MopiBHsuIbHA TaOMKILS 2, IPE3EHTYE ACKIJIbKA MOHATh, SIKi
XapaKTepU3yIOTh Cy0 €KTIB TOCIIOapIOBaHH: B c(hepi TOro
YW iHOIOTO BHAY TpaHcmopTy. Cepex HUX CIiJ| BiAMITHUTH
TEPMIHH: «CYO’€KT TOCIOAAPIOBaHHI», «IIEPEBI3HUKY,
«TATPUEMCTBO ().

[Ipn mpoMy mnepeBi3HUK (32 BHAAMHU TPAHCHOPTY)
BU3HAYA€ETHCA SIK CyO €KT TOCIOAPIOBAHH (MOKe OyTH K
(hi3UYHOI0, TaK 1 FOPUIUYHOIO 0CO0010), sIKa HAIAE TIOCIYTH
3 TepeBe3eHHs, TpaHCIOPTyBaHHs. [liINpHEMCTBO X €
OLIBLI BY)KYMM TIOHSATTSM, aHDK CY0’€KT roCIolaproBaHHs
(mepeBi3HKUK), 00 mepemdadae yTBOPEHHS FOPHIAYHOL
ocobu. B Toil e 4yac, 3HOBY CIIi/l BIIMITUTH HEYCTAJICHICTh
Yy BH3HAYEHHAX B 3aKOHOJABYOMY IOJI LIOAO PO3YMiHHS
TEPMIHY «IEpeBi3HUK» — (i3nYHA 1 IOpUANYHA UM JIUIIE
topuandHa. Taka HeycTaleHiCTh 0OyMOBJIEHA NEBHUMH
cnenudiyHUMHU pucaMu B cdepi isTIBHOCTI TPAHCHOPTY:
MICBKHI €NIEeKTPOTPAHCIOPT € MOHOIIOJI30BAaHUM Ta HE
nepeabavae QisUbHICTh IPUBATHUX CTPYKTYP, B TOH Yac K
aBTOMOOIIBHUN TPAHCIIOPT € HAMEHIII MOHOIIOII30BaHUM
Ta XapaKTePU3YEThCS BHCOKHUM PIBHEM KOHKYPEHII SK
cepel MOPHUIMYHUX, TaK 1 cepex (i3udHUX O0CI0, 1110
MPOBAUTh TOCMOAAPCHKY JISUIBHICT B Tally3i IepeBe3eHb
MacaKUpiB Ta BAHTAXIB.

3ayBaXMMO, TEPMIH «IEPEBI3HUK» Tependadae
HaJlaHHS TPAHCIIOPTHUX MOCIIYT, IIEPEBE3CHHS BAHTAXIB YH
MacakMpiB THM 4YM IHIIMM BHJOM TPAHCIOPTY, IO HE

Y3TOJUKY€eTbC 3 mepenikoM mixmpueMcts 3a 3V «lIpo
TpaHCIIOPT», JIe NepeadadueHi He JIMIIe IepeBe3eHHs, a i
iHII mignpuemcTBa (00CIyroByIOUi, PEMOHTHI, TOILO).
Tomy BuIlIEBKa3aHiI TEPMiHH HE € y3TOJPKEHUMH MiXK
co0010 B NMPaBOBOMY I10JIi TpaHCHoOpTy Ykpainu. Ha Hamn
MOTJISA]T, HAHOLIBII IIMPOKOIO XapPaKTEPUCTUKOIO € CY0 €KT
rOCIIOJIAPIOBaHHS, KUl MOXke OyTH K (i3UUHOIO0, TaK i
IOPUIMYHOK 0CO00I0 Ta 3MIHCHIOBATH Oyab-sAKi BHAU
nisutbHOCTI 3riqHo KBE/I; mianmpueMcTBO MOXe OyTH JTUIIe
IOPUANYHOIO 0CO0010; NMEPEeBi3HUK k€ OOMEKCHHH JHIIIe
ceporo HaJlaHHs MOCIHYT 3 TpaHcTopTyBaHHA. Kpim Toro,
B HAyKOBOMY Ta IIOBCSKICHHOMY O0Iry BXXHBAIOTHCS
TEPMiHH «TPAHCIIOPTHE MiANPHEMCTBOY» Ta ITiJIPHEMCTBO
TPaHCIIOPTY», SIKi NPOIOHYEMO BXKMBATH SK CHHOHIMH.
CriBBiIHOIICHHS BKa3aHUX TEPMIHIB HaBEJCHO Ha puc. 3.

v OV oxmn cocnodaposamn

Hionpucsicmen
mpancnopmy

Baom simanocts KEJL

1OpsCrm ocodn v ocoln

Puc. 3. CiBBiJHOIIEHHS TEPMiHIB CTOCOBHO Cy0’€KTIB,
1110 IPOBAAITh AISUTBHICTD B cepi TpaHCIOPTY
(pospobneno asmopom)

TakuM 4rHOM, 3aKOHOIABY1 aKTH Y KpaiHU HE MiCTATh
BU3HAYCHHS TMOHSATTS «TPAHCIIOPTHE IMiAMPHEMCTBOY;
3yCTpidaeThcs JHIIE HOro IHACHTHU]IKAIS 32 BUIAAMHU
TPaHCHOPTY (aBTOTPHACIIOPTHE MiAMPUEMCTBA, MiIIPUEM-
CTBa 3aJII3HUYHOTO TPAHCIIOPTY).

Buxoasuu 3 BUIEHABEIECHOIO, AOLIJILHO BBECTH B
HOPMAaTHBHO-TIPABOBE MOJIE BU3HAYCHHS TPaHCIIOPTHOTO
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Tabmuns 2 — Y3araabHeHHsS] BU3HAYEHb Cy0’ €KTIB, SIKi 3/[IICHIOIOTH B IISUIBHICTD B c(epi TPaHCIOPTY
3a 3aKOHO/IaBUO-TIPABOBUM HiIX0JI0M (y3araJbHEHO aBTOPOM)

Busnauenus

| Jxepeno

Cy0’ekT

Cy0'exT aBialiiHOI AITIBHOCTI — (i3UYHI Ta IOPUANYIHI OCOOH HE3aJEKHO BiA ()OPMH BIACHOCTI, BiTOMYOT
I ANOPSAKOBAHOCTI, SIKi IPOBAIATh IiSUIBHICTD Y raiy3i NUBIIHHOI aBiamil;

[10]

TlepeBizHUK

ABTOMOOUTFHHH TIEPEBI3HUK — (hizndHa a00 I0pUANYIHA 0c00a, sIKa 3iHCHIOE Ha KOMEPIIiifHIi OCHOBI YH 3a [4]
BJIACHHUH KOIIT NEPEBE3CHHS MACAKUPIB 4 (Ta) BAHTAXKIB TPAHCIIOPTHUMH 3aC00aMu;

HallMaHMX BOJIIiB;

ABTOMOOUTBHII caMO3alHATHI TEpeBI3HUK — e (hi3udHa 0c00a - Cy0'eKT rocIolaproBaHHs, IKa 3/iHCHIOE
Ha KOMEpIIiHHIA OCHOBI UM 3a BIIaCHHUI KOIUT IepeBE3eHHS MacaKUpiB Ha Takci 6e3 3acTocyBaHHS Iparli

ABTOMOOUTPHIM IIEPEBI3HIKOM Ta aBTOMOOITEHIM CaMO3alHATUM HEepeBi3HUKOM, Ki 341HCHIOIOTh
MIEPEeBE3CHHS MMaCaKUPIB Ha JOTOBIPHUX YMOBAX, € Cy0'€KTH rOCIOAAPIOBAaHHS, 5K BiAMOBIIHO 110
3aKOHOZABCTBA Ta OJIEPKAHOT JTilleH311 HaAaIOTh MMOCIYTH 32 JOTOBOPOM IIEPEBE3CHHS MacaXUPiB
TPAHCIIOPTHUM 3ac000M, 1110 BUKOPHCTOBYETHCS HUMH Ha 3aKOHHHX ITiJICTaBaXx.

[NeperizHuk — ropuanvHa ab0 (izuuHa 0co0a, sika B3s1a Ha ceOe 3000B'sI3aHHS 1 BiMOBIANBHICTD 32
JIOTOBOPOM II€PEBE3CHHS BAaHTAXY 3a JIOCTABKY /10 MiCIlsl IPU3HAYEHHS JIOBIPEHOTO i BaHTaxXy,
TIepeBe3CHHS BaHTaXIB Ta iX BUIady (Iepeaady) BaHTaXK0O0AepKyBady abo iHIIH 0cobi, 3a3Ha4YeHil y
JJOKYMEHTI, 1110 PEeTYIIOE BITHOCHHU MiJK €KCIEIUTOPOM Ta IIEPEBI3HUKOM;

[15]

0araxy, OIITH BHYTPIIIHIM BOZHAM TPAHCIIOPTOM;

[epeBi3HUK — Cy0'€KT TOCTIOAAPIOBAHHS, KU 31 CHIOE MTEPEBE3CHHS BAaHTAXIB, TACAKHUPIB Ta X MaliHa,

[20]

ITepeBi3HUK — FOpUANYHA 0003, SIKa B yCTAHOBJICHOMY 3aKOHO/IABCTBOM IOPSAKY HaJla€ TPAHCIIOPTHI [8]
TIOCJTYTH, 3MIHCHIOI0YN eKCILTYaTallifo Ta yTPHUMaHHs 00'€KTiB MICBKOT'0 eJIEKTPUYHOTO TPAHCIIOPTY;

[iznpuemcTBoO

3aTI3HUYHOTO TPAHCIIOPTY

[MignmpuemcTBa 3aTi3HUYHOTO TPAHCIIOPTY — CYO €KTH TOCTIONAPIOBAHHS, SIKi POBAAATH MisSUIBHICTD Y cdepi [3]

ABTOTpaHCIIOPTHE MiANIPUEMCTBO HAJla€ TIOCIYTH 3 IEPEBE3CHHS MACAKUPIB MiCHKUM Ta IPUMiCBKUM
aBTOMOOUIFHIM TPAHCHOPTOM, Y TOMY YHCII 1 MIJIBIOBHX KaTETOpPiil MacaXupis.

[21]

3aKOHY 3aBJaHb.

[MixnpreMcTBO 3 0OCTYrOBYBaHHS PiYKOBHX BOJIHUX IULIXIB — IOPHANYHA 0co0a JepkaBHOI HhopMu
BJIACHOCTI, yTBOPEHA 3 METOI0 00CITyrOBYBaHHS PIYKOBUX BOJHMX IUISAXiB, yTPUMAHHS Ta BUKOPUCTAHHS
00’€KTiB iHPPACTPYKTYPH BHYTPIIIHHOTO BOJHOTO TPAHCIIOPTY JCPIKaBHOI (POPMHU BIIACHOCTI, 3a0€3MEUCHHS
($yHKIIIOHYBaHHS PIUYKOBOI iH(GOpMAaLiitHOT CITyk0H, BUKOHAHHS 1HIINX ITOKJIAJICHUX Ha Hel BIAIOBITHO 10

[20]

mianpueMcTBa (iAMPHEMCTBA TPAHCIOPTY), IKe O Kope-
moBaio 3 Horo gedininiero B ['ocmomapcekomy Komekci
VYkpainu. [IporoHyeMO PO3KPUTH TEPMIH «TPAHCIIOPTHE
MIAMPHEMCTBO» K CaMOCTIHHUI Cy0'eKT rocmomapro-
BAaHHSA, CTBOPEHUHM KOMIIETEHTHUM OpPraHOM piKaBHOL
Biaau a0 OpraHoM MiCIIEBOTO CaMOBpsiAyBaHHs, abo iH-
IIMMH cyO'€KTaMHM I 3aJ0BOJICHHS CYCIUIBHUX Ta 0COOH-
CTHX NOTPeO IUISIXOM CHUCTEMAaTHYHOTO 3/[IIICHEeHHS I'OCIIOo-
APCHKOI MISUTBHOCTI B cepi TpaHCIIOPTY, BIAMOBIIHO 10
3akony Ykpainu «IIpo Tpancnopt», B mopsiKy, nepenbda-
yeHoMy ['ocronapcekiM Kozekcom Ta iHIIMMEU 3aKOHAMHU
VYkpainn.

Pe3yabTaTi Ta Nogaabuli HANPSIMKH A0CJTiIZKEHb.

YiTke OKpecieHHS MOHATIHHO-KaTEeropiaJlbHOTO ama-
paTy BiITHOCHO CYTHOCTI HiAIIPHEMCTB TPAHCIIOPTY B 3aKO-
HOJaBUOMY TIOJI Ta HOro MOETHAHHS i3 KIacHdikaii€ero
BH/IIB €EKOHOMIYHOT TiSITBHOCTI JO3BOJUTH B MaiOyTHHOMY
KOPEKTHO (hOpMyBaTH CYKYIHICTB JJISl aHATITUYHOI BHOI-
pKH Ta 3A1HCHIOBATH TIOJAIBITY KiIacHu(iKaIliro.
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YIPABJITHHS B OPTAHIBAIIIHHUX CUCTEMAX
YIIPABJIEHHUE B OPI'TAHU3AIIMOHHBIX CUCTEMAX

MANAGEMENT IN ORGANIZATIONAL SYSTEMS

UDC 519.854.2 DOI: 10.20998/2079-0023.2019.01.04
A. A. PAVLOV, E. B. MISURA, O. V. MELNIKOV

TOTAL WEIGHTED TARDINESS MINIMIZATION FOR TASKS WITH A COMMON DUE DATE ON
PARALLEL MACHINES IN CASE OF AGREEABLE WEIGHTS AND PROCESSING TIMES

We consider n tasks scheduling problem on m identical parallel machines by the criterion of minimizing the total weighted tardiness of tasks. All tasks
arrive for processing at the same time. Weights and processing times are agreeable, that is, a greater weight of a task corresponds to a shorter processing
time. In addition, we have arbitrary start times of machines for tasks processing. The times may be less or greater than the due date or to coincide with
it. The problem in this formulation is addressed for the first time. It can be used to provide planning and decision making in systems with a network
representation of technological processes and limited resources. We give efficient PSC-algorithm with O (mnlogn) complexity that includes the poly-
nomial component and the approximation algorithm based on permutations of tasks. The polynomial component contains sufficient signs of optimality
of the obtained solutions and allows to obtain an exact solution by polynomial subalgorithm. In the case when the sufficient signs of optimality do not
fulfill, we obtain approximate solution with an estimate of deviation from the optimum for each individual problem instance of any practical dimension.
We show that a schedule obtained as a result of the problem solving can be split into two schedules: the schedule on machines which start time is less
than or equal to the due date, and the schedule on machines which start after the due date. Optimization is only done in the first schedule. The second
schedule is optimal by construction. Statistical studies of the PSC-algorithm showed its high efficiency. We solved problems with dimensions up to
40,000 tasks and up to 30 machines. The average time to solve the problem by the algorithm using the most efficient types of permutations was 27.3 ms
for this dimension. The average frequency of an optimal solution obtaining amounted to 90.3 %. The average deviation from an optimum was no more
than 0.000251.
Keywords: scheduling theory, parallel machines, total weighted tardiness, common due date, agreeable weights, PSC-algorithm

O. A. IIABJIOB, O. b. MICIOPA, O. B. MEJIbHUKOB

MIHIMIBALISI CYMAPHOI'O 3BA’KEHOI'O 3AIII3BHEHHS 3AB/IAHbB 13 CIILIbHUM
JIUPEKTUBHUM CTPOKOM HA MMAPAJIEJIbHUX MTPUJIAJAX JIUISI BUIIAIKY Y3TIOJKEHUX
BAT I TPUBAJIOCTENM

Po3rismaeTbes 3aaua cKiIalaHHs pO3KIa(iB BUKOHAHHSA n 3aBJaHb HA m 1IEHTUYHMX MapalelIbHUX MPUIIAAax 3a KpUTEpieM MiHiMizallii cymapHOro
3BaKEHOTO 3aMi3HEHHS 3aBJaHb. Bei 3aB/laHHS HAXOAATh Ha 0OCITyrOBYBAaHHS OHOYACcHO. Baru i TpuBanocTi y3ro/pkeHi, ToOTO 3aBIaHHIO 3 MEHIIOO
TPUBAIICTIO BiNOBiae Oinbia Bara. JonaTkoBo, 3a/iaHi JOBUIbHI MOMEHTH MOYaTKy POOOTH NMPUIIAZiB Ha BUKOHAHHS 3aBJIaHb, SIKI MOXYTb OyTH SIK
MEHIIIEe TUPEKTUBHOTO CTPOKY, TaK i OlibIne, abo criBnasaTy 3 HUM. Y Takiil IIOCTaHOBII 3aja4a pO3B’sI3y€ThCs BIIepIle. BoHa Mojke BHKOPHCTOBYBATHCS
Jutst 3a0e3eYeHH s IUIAHYBAHHS Ta IPUHHATTS PIlICHb B CHCTEMaX 3 MEPEKHNM IIPE/ICTAaBICHHIM TeXHOJIOTYHIX MPOIIECiB Ta 0OMEXSHIMH pPecypcaMu.
Hageneno edextuBnuii [1/JC-anroputm 1i po3s’s3anns i3 TpymomicTkictio O(mnlogn), sikuii BKIIOYAE TOMIHOMIaNbHY CKIAIO0BY 3 JOCTATHIMU
O3HAKaMH ONTHUMAIBHOCTI OJIEp)KyBaHHX PO3B’S3KIB, SIKa JIO3BOJISIE OTPHUMYBATH TOYHMI PO3B’S30K IMOJIHOMIalbHUM TMiJaNropuTMoM. Y pasi
HEBUKOHAHHS JOCTATHIX O3HAK ONTHMAJIbHOCTI MH OTPUMYEMO HAOJDKEHHII pO3B’S30K 3 OLIHKOIO BiIXMJIEHHS OTPHMMAaHOTO PO3B’SI3KY Bil ONTH-
MaJIbHOTO JUIs KOXKHOI 1HJIMBIIyanbHOI 3a/1a4i Oy/b-sK0i NpakTHYHOI po3MipHOCTi. [lokazaHo, IO pO3KiIaJ, OTPUMAHUI B Pe3ysbTaTi PO3B’sI3aHHS
3a/1a4i, MOXKHA YMOBHO PO30OHTH Ha Ba PO3KJIAIH — PO3KIAJ Ha MPIIaaX, MOMEHT [I0YaTKy POOOTH SKUX MeHIIe a00 JOPIBHIOE TUPEKTUBHOMY CTPOKY,
Ta PO3KJIaJa Ha MPUIaJax, M0 MOYMHAIOTE POOOTY MICIS JUPEKTUBHOTO CTPOKY. ONTHMI3amis BUKOHYETHCS TUIBKH Y IepIioMy po3kiami. Apyruii
PO3KJIaj ONTHMAIBHUN 3a moOyoBoro. CratucTnyHi pociimkenns [1/[C-anroputMy mokasanu ioro BUCOKY eekTnuBHICTh. Po3B’sa3yBamich 3anaui 3
po3mipaicTio 10 40 000 3aBaanp 3 uncinom npuianis 10 30. Cepenniii yac po3B’s3aHHS 331a4i aITOPUTMOM, 1110 BUKOPUCTOBYE HaWOiIbII eeKTUBHI
THUITM TIEPECTAaHOBOK, cKiiaB 27,3 Mc mpu 1iif posmipHocTi. CepeiHs 4acTOTa OTPHMAHHsS ONTHMAIBHOTO po3B’A3Ky ckiana o 90,3 %. Cepenne
BIZIXMJICHHS BiJl ONTHMyMY — He Oitb1m, Hixk 0,000251.

KuiouoBi ciioBa: koMOiHATOpHA ONTUMI3ALLis, TEOPis PO3KIIAAIB, TTApAIENbHI PUIAIH, CyMapHe 3Ba)KCHE 3alli3HEHHS, CIIUIBHUN AUPEKTUBHHM
CTpOK, y3rojkeHi Baru, [1JIC-anroputm

A. A. IABJIOB, E. b. MUCIOPA, O. B. MEJIbHUKOB

MUHUMM3ALIMSI CYMMAPHOI'O B3BEHIEHHOT'O 3ATIA3IIBAHMS 3AJTAHUM C OBIIIUM
JUPEKTUBHBIM CPOKOM HA IMTAPAJIJIEJIBHBIX ITIPUBOPAX JIUISA CTIYYASA
COI'JIACOBAHHBIX BECOB M JIJIMTEJIbHOCTEM

PaCCManHBaCTCﬂ 3a1a4a COCTaBJICHUA pacrmcam/lﬁ BBITIOJTHEHUS n 3aJIaHUN HA m UIACHTHYHBIX TnapaJuieabHbIX l'[pPI6()an T10 KpUTEPUIO MUHUMU3AITUNA
CYMMAapHOT'O B3BECHICHHOT'O OIMO3AaHUA 3agannii. Bee 3amanus MOCTYIaroT Ha O6CJ'Iy')KI/[BaHI/I€ OTHOBPEMEHHO. Beca u qnurensHOCTH CorjiaCoBaHbI, TO
€CTh 33JIJaHUIO C MEHBIICH JTUTEIbHOCTBIO COOTBETCTBYET OoubIINii Bec. Z[OHOJ'IHI/ITGJ'ILHO, 3aaHbl IIPOU3BOJIbHBIC MOMCHTBI Ha4daj1a paGOTLI HpI/I60p0B
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Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
20 ananis, ynpaeninus ma ingopmayitni mexnonoeii, Ne 1’2019



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Ha BBITIOJIHCHUE 33/1aHHI{, KOTOPBIE MOT'YT ObITh KaK MCHBIIIE TUPEKTHBHOTO CPOKa, TaK M OOJIbIIE, IMOO0 COBIAAaTh ¢ HUM. B Takoii mocTaHOBKE 3a1aya
pemaercst Brepsble. OHa MOXKET HCIOIB30BAaTHCS ISl 00ECTICUCHHs IUTAHUPOBAHUS U MPUHSATHS PEIICHHH B CHCTEMaX C CETeBBIM HpeCTaBICHHEM
TEXHOJOTHYECKHX MPOLIECCOB U OrpaHuueHHbIME pecypcamu. [Ipusenen addexruBubiii [1J{C-anroputm ee perenus ¢ Tpygoemkoctsio O (mnlogn),
BKJIFOYAOIIUH TOJTHHOMHAIIBHYIO COCTABIISIOLIYIO C JOCTATOYHBIMU IIPH3HAKAMHU ONTHMAILHOCTH [10JIy4aeMbIX PEIICHHIT, KOTOpas O3BOJISET MOITy4aTh
TOYHOE pEILICHUE IOJIMHOMHAIBHBIM MOJAITOPUTMOM. B cilydyae HEBBINONHEHHUs JOCTATOYHBIX IPH3HAKOB ONTHMAIBHOCTH MbI IIOJTy4aeM
PHOJIMKEHHOE PEIICHHE C OLCHKOH OTKJIOHEHHMS IIONYYCHHOrO PEIICHHs OT ONTHMAIBHOTO Ul KaKJOW WHAMBUIYaIbHOH 3amadd Jr000it
IpaKTHYecKoi pasmMepHocTH. [TokasaHo, 4TO paciucaHue, MOMy4EeHHOE B Pe3y IbTaTe PELICHHUs 3a1a4H, MOXKHO YCJIOBHO Pa30MTh Ha JBa PacIHCaHUs —
pacrucaHie Ha mpuOopax, MOMEHT Hadaja pabOThl KOTOPBIX MEHBILE MM PaBEH JUPEKTHBHOIO CPOKA, M PACIHCaHHE HA MPUOOPAX, HAUMHAIOLINX
paboTy mocie JUPEKTUBHOrO cpoka. ONTHMM3aNus BEIIONHIETCS TOIBKO B IIEPBOM paclucaHui. BTopoe pacnucanne ONTUMAIIBHO IO HOCTPOCHUIO.
Craructuueckue uccnenoBanus [1/1C-anropurma mokasaim ero BHICOKYI0 3G dekTHBHOCTB. Pemranuck 3amaun ¢ pazmepHoctbio 10 40 000 3amauuii ¢
gncioM npubopos 10 30. CpenHee BpeMs pELICHHs 3a1a4l aJrOpPUTMOM, HCIIOIb3YIOINM Hanbosee (G eKTHBHbIC THIIBI IIEPECTAHOBOK, COCTABHIO
27,3 Mc npu 9T0i pa3mepHOCcTH. CpeHsst 4acToTa MOIydeHNUsI ONTHMAIIBHOTO pemreHus coctamaa 10 90,3 %. CpenHee OTKIOHEHHE OT ONTUMYyMa — HE

6onee 0,000251.

KuroueBble c10Ba: KOMOMHATOpHAs ONTHMU3ALMS, TEOPHs PacIUCaHMil, HMapasielbHble IPUOOPHI, CyMMapHOE B3BEIICHHOE 3aIla3/bIBaHUC,

o0mHil UPEKTUBHBIH CPOK, COrIacoBaHHbIE Beca, I1/[C-anropurm

Introduction. Scheduling theory problems play an
important role in calendar and operational planning of
discrete type manufactures. In particular, those manufac-
tures include small-series productions, aircraft and ship-
building enterprises. Almost all known scheduling prob-
lems are NP-hard problems of combinatorial optimization.
Therefore, creating for them efficient approximation algo-
rithms is very important to solve practical problems of large
dimensions.

The interest for tardiness criterion is due to its prac-
tical effect in the real life [1]. This criterion is among the
most interesting criteria for production systems, especially
in the current situation where competitiveness is becoming
more and more intensive. Suppliers do ensure their markets
and customers. For that, they must have a high service
quality while focusing on delivery dates.

We solve in this paper the problem of the total
weighted tardiness minimization on identical parallel ma-
chines with a common due date and agreeable weights
(WTPA). It can be used to provide planning and decision
making in systems with a network representation of tech-
nological processes and limited resources. In particular, it
is used in the algorithmic ware of the four-level model of
planning (including operative planning) and decision
making [2].

WTPA problem statement. Given a set of tasks J =
= {j1.j2, - ,jn}, the number of machines is m. For each task
Jj €], we know its processing time [; and the weight w;.
The weights are agreeable: if [; < ;, then w; = w;. All
tasks have the same due date d. We need to build a schedule
o of tasks j €J on m machines that minimizes the
function:

F(0) = ) wymax[0.6(0) - dJ, 1)

JjeJ

where C;(o) is the completion time of a task j in a schedule
O.

We assume that all tasks of the set J arrive simulta-
neously. The start times of the machines’ operation for the
processing of tasks r; 5 d, i =1,m, may be different.
Here, a,b denotes the interval of integer numbers from a to
b. Machines’ idle times and interruptions in a task’s
processing are not allowed.

Literature review. This problem belongs to the class
of NP-hard problems since it is NP-hard already for m = 1
and r;, = 0 [3, 4].

Many modern methods of scheduling are described in
the book [5]. Unified heuristics and annotated bibliography
for a large class of scheduling problems with tardiness
criteria are presented in [6]. The case of the problem with
equal start times of machines and equal weights of tasks
(TTP problem) was investigated in [2, 7-9]. A literature
review for TTP problem in different formulations is given
in [10]; this problem is also considered there for the case of
different release dates of tasks. The class of schedules that
contain an optimal solution is defined in [7], also an esti-
mate of the deviation of the obtained solution from the opti-
mum for each individual problem instance was formulated
there. Kovalyov et al. [8] show that there is no polynomial
approximation algorithm with a guaranteed relative error of
a solution for TTP problem unless P = NP. Lawler et al.
[11] indicated that the total tardiness problem on a single
machine with a common due date is solved in 0(n?) time.
Its version with job weights is NP-hard in the ordinary
sense [12].

Books [2, 9] present efficient PSC-algorithm to solve
TTP problem, prove sufficient signs of optimality of the
obtained solutions, and clarify the estimate of deviation of
an obtained solution from the optimum. In contrast to the
well-known estimate [7] which can be arbitrarily large even
at an optimal solution, the estimate from [2, 9] is adequate:
it is limited from above and from the bottom and shows the
maximum possible reduction of the functional during an
optimal solution construction. It was shown in [2, 9] that
the PSC-algorithm for the problem solving, sufficient signs
of optimality of the solutions obtained, and the estimate of
deviation of a solution from the optimum for each
individual problem instance obtained for TTP problem, are
also valid for WTPA problem in the case of equal weights.

The above review shows that the problem under con-
sideration is not presented in the scheduling literature in
original formulation. This explains why we address it here.
The problem in above formulation is addressed for the first
time. The purpose of this paper is to develop the PSC-
algorithm for the WTPA problem solving with an estimate
of deviation of an obtained solution from the optimum for
each individual problem instance.

Theoretical foundations. We now present basics of
PSC-algorithm for TTP problem [2, 9, 10] which underlies
the PSC-algorithm for WTPA problem.

Algorithm for initial schedule construction.

1. Renumber the tasks j € J in non-decreasing order

of their processing times.
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2. Set release time (completion time of all assigned
jobs) of all machines to zero: ;=0 Vi=
=1m.

3. Select the next unassigned task j with the mini-
mum processing time [;. Assign it to a machine i
with the minimum release time C;.

4. Determine new release time of the machine i:
Ci = Ci + l]

5. If all tasks were assigned, the algorithm termi-
nates. Otherwise, go to step 3.

As a result of the above algorithm’s execution, tasks

j € J are split into three subsets [2]:
P;(0) is the set of non-tardy tasks in the schedule of
machine i;

Si(o) is the set of “straddling” tardy tasks in the

schedule of machine i for which

where C; — [; is the start time of a task j;

Q; (o) is the set of “fully” tardy tasks in the schedule
of machine i for which C; — I; > d, Vj € Q;(0).

We use the notation from [2]:

P = Ui=1,_mPiZ5 = Ui=1,_m5i;Q = Ui=1,_in;

R; (o) the time reserve of machine i in a schedule o:
Ri(0) =d = Xjep,) ljs Ry(0) = XiZ1 Ri(0);

A; (o) the tardiness of straddling task j € S;(o) inre-
gal’d to the due date: Ai (0') = ZjEPi(G)USi(O') l] - d,

Az(O') = Z:il Ai(O').

Theorem 1 [7]. There is an optimal schedule that satis-
fies the conditions:

HPUS={12,..|PUS|};

2)if [P US| <mn, then ¥jcp,us;lj = d and Q; con-
tains those and only those elements which differ from
[P US|+ i by an amount which is a multiple of m, i =

Corollary 1 [7]. Suppose that the tasks processing on
L-th machine cannot be started before the time point 1, >
> 0, L = 1,m. Schedule ¢ where each successive task k =
=1,2,...,n is assigned to be processed on the machine
released before the others, corresponds to the smallest sum
of completion times for all tasks.

Statement 1 [7]. When constructing an optimal
schedule as a result of directed permutations, tasks can be
moved only between sets P and S.

Let yrpg denote a class of schedules that correspond to
the conditions of Theorem 1. Y, Y is a class of sched-
ules satisfying the following additional conditions:

P ={12,..Pl}

2) min [; > max R;(o);
JjE€Si(o) i=1m

3) if l}k < ljl’ then Cjk - l}k < C]l - l]l ij’jl € S(O')

The number of tardy tasks on machines differs by a
maximum of one in the class Y, [2]. We determine R;(o)
on machines with a smaller number of tardy tasks and A; (o)
on those with a larger number of tardy tasks.

Two sufficient signs of optimality of a feasible solu-

tion were proved in [2]:

1) a schedule o € Y, with the same number of tardy
tasks on all machines (an even schedule) is optimal;

2) if 0z(0) = min(Rx(0),A5(c)) = 0 in a schedule
o € Yp, then the schedule o is optimal.

The PSC-algorithm from [2] is based on directed
permutations that decrease Az (o) on machines with a larger
number of tardy tasks due to reserves Rx(o) on machines
with a smaller number of tardy tasks or to build an even
schedule. Let yi(op) < Yps denote the class of such sche-
dules.

Theorem 2 [2]. The following estimate of deviation of
the functional value from the optimum is valid for any
schedule 6 € Yi(op): f(0) — f(0") < Qs (0).

The case of the TTP problem, in which the start times
of machines are less than the common due date, was
considered in [2], and a PSC-algorithm was given. Let us
consider the general case.

Study of WTPA problem properties. Let us call
w;/1; the priority of a task j. Since we have different start
times of machines in the WTPA problem, in contrast to the
TTP problem, let us give a new algorithm for construction
of initial schedule 6°™® € 5.

Algorithm AQ.

1. Renumber the tasks j € J in non-increasing order

of priorities w; /1;.
2. Renumber the machines in non-decreasing order
of start times r;.

3. Set the initial release times of machines: C; = r;

vi=1,m.
4. Select an unassigned task j with the maximum
priority. Assign it to a machine i with the mini-
mum release time C;.

5. Determine the new release time of the machine i:
Ci = Ci + lj.

6. If all tasks were assigned, the algorithm termi-
nates. Otherwise, go to step 4.

Denote the obtained schedule as 6°™ (sigma ordered).
Let us split 6°™ conditionally into o' and 0% where o is
the schedule of tasks on machines with r; < d and o2 is the
schedule of tasks on machines with r; > d.

Statement 2. The number of tardy tasks on machines
in the schedule o* differs by a maximum of one.

Statement 3. The number of tardy tasks on each of the
machines with r; < d is greater than or equal to the number
of tardy tasks on each of the machines with r; > d.

Validity of Statements 2 and 3 is based on the algo-
rithm for the schedule 6°" construction.

The schedule o* meets the requirements to the class
Y. The following theorem is true.

Theorem 3. The PSC-algorithm for the problem sol-
ving, sufficient signs of optimality of obtained solutions,
and the estimate of deviation of a solution from the opti-
mum for each individual problem instance which were ob-
tained for TTP problem, are also valid for WTPA problem.

Proof. Initial schedule of the class s, is constructed
in TTP problem by distributing the list of tasks in non-
decreasing order of their processing times, each to the
machine with a minimum release time. Similarly, initial
schedule in WTPA problem is built by distributing the
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priority-ordered sequence of tasks, each to the machine
with the minimum release time. But the priority-ordered
sequence of tasks coincides with the sequence of tasks
ordered by non-decreasing of their processing times, due to
the agreeability of weights and processing times. Hence,
the initial schedules in TTP and WTPA problems coincide.
The PSC-algorithm is based on task permutations from
machines with a greater number of tardy tasks to machines
with a smaller number of tardy tasks. Thus, the task weights
do not affect the implementation of the algorithm and are
taken into account only when determining the functional
value. This proves the theorem.

Theorem 4. There are no permutations of tasks in the
schedule ¢°™ between the machines i € o* and i € o2
which lead to a decrease in the functional value.

Proof is based on Statement 1 and Corollary 1. Con-
sider the schedule on machines i, € o* and i; € o2. Sup-
pose that a task j, is processed on the machine i, and a task

Jjp on the machine is. We have [;, < b, for these tasks, in

accordance with the algorithm for the schedule ¢°™ con-
struction and due to the agreeability of weights and proces-
sing times. Let us swap these tasks, that is, let the task j, be
processed on the machine i, and the task j,, on the machine
i. As a result of such a permutation, in accordance with
Corollary 1, the functional value increases. The processing
times of tasks j € o2 is greater than that of tasks in the sets
P or S, according to Theorem 1. Therefore, according to
Statement 1, tasks j € o cannot be moved into the set P or
the set S. Consequently, there are no permutations of tasks
in the schedule 6°™ between schedules o' and o which
decrease the functional value. This proves the theorem.

Corollary 2. Optimization is only done in the schedule
ol. The schedule o2 is optimal by construction in accor-
dance with Corollary 1.

Corollary 3. We check the sufficient signs of opti-
mality on the schedule o and determine the estimate of
deviation of the functional value from the optimum Q3 (o),
which is equal to min(Ry(0),A5(0)), on the schedule o?,
since the schedule o? is optimal by construction.

Theorem 5. The functional value for WTPA problem
is equal to the sum of the functional values of the schedules
ol and o2,

Proof of Theorem 5 is obvious.

PSC-algorithm for WTPA problem solving. It has
the following 8 steps.

1. Initial schedule construction by Algorithm AQ.

2. Split the obtained schedule 6°™ into o* and o2 where

o' is the schedule of tasks on the machines with r; < d
and o2 is the schedule of tasks on the machines with
;> d.

3. Execute the PSC-algorithm Al or A2 [2] on the
schedule o?.

4. Analyze the obtained solution. If the polynomial
component of the algorithm has been fulfilled, then the
schedule o is optimal, go to step 5. Otherwise, go to
step 6.

5. Determine the functional value for the schedule ¢'. Go
to step 7.

6. Determine the functional value and the estimate of
deviation of the functional value from the optimum for
the schedule o?.

7. Determine the functional value for the schedule o?

which is optimal by construction.

8. Determine the functional value for WTPA problem in

accordance with Theorem 5. Terminate.

Justification of the algorithm. As a result of the initial
schedule construction for WTPA problem which is
implemented by Algorithm AO, we obtain schedules o* (the
schedule on the machines with r; < d) and o2 (the schedule
on the machines with r; = d). The functional value for the
entire schedule o is equal to the sum of the functional
values for the schedules ¢! and o2. The schedule o2 is
optimal by construction. But building and optimization of
the schedule o is reduced to solving the TTP problem.
Thus, PSC-algorithm for WTPA problem solving coincides
with the PSC-algorithm for TTP problem solving on the
schedule o. The polynomial component of the PSC-
algorithm coincides with the polynomial approximation of
the exact algorithm. As a result of the problem solving, we
obtain either an exact optimal solution by the polynomial
component of the algorithm (if at least one of the sufficient
signs of optimality has fulfilled during its execution), or an
approximate solution with an upper estimate of deviation
of the functional value from the optimum which is Qs (o).

The complexity of the polynomial component of the
PSC-algorithm is determined by the complexity of the
algorithm (Al or A2) used to solve the problem. Their
complexities are 0 (n?m) and O (mn logn), respectively.

Computational studies. To research the algorithm’s
efficiency, we used instances generator and solver written
in C# in Microsoft Visual Studio 2010 environment. We
randomly generated the task sets with uniform distribution
of parameters. We chose processing times and weights of
tasks from interval [, 200], then we assigned to each next

task with the minimal processing time the next maximal of
unassigned weights. The due date d was calculated as
0.7L/m where L is the sum of all processing times. The
start times of machines were chosen from uniform distri-
bution within [0,2d]. We carried out 2,000 runs for each
(n,m) pair. We tested problems with up to 40,000 tasks and
30 machines on a PC with 2 GBytes of RAM and a Pentium
Core 2 Duo processor with 3.0 GHz frequency.

Average (for 100 runs) solving time appeared: from
1.53ms at n = 3,000 and m = 5 to 2,025.14 ms at n =
= 40,000 and m = 15 for Algorithm A1; from 1.78 ms at
n = 3,000andm = 30to 27.3 msatn = 40,000 and m =
= 20 for Algorithm A2. The average frequency of ob-
taining an optimal solution was 90.3% for Algorithm Al
and 73.5% for Algorithm A2. The average deviation from
an optimal solution was 0.000251 for Algorithm Al and
0.000114 for Algorithm A2. After introducing additional
types of permutations, Algorithm A2 becomes more effi-
cient than Algorithm Al. In this case, we achieve an op-
timal functional value by the polynomial component of the
algorithm for 92 % of instances.

Conclusions. We considered the problem of scheduling
tasks on identical parallel machines. Weights and processing
times are agreeable, that is, a greater weight corresponds to a task
with a shorter processing time. Additionally, arbitrary start times
of the machines are given, they can be less than or greater than the
due date, or to coincide with it. The problem in this formulation
was solved for the first time. We presented an efficient PSC-
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T.V. KOZULIA, A.S. SVIRIDOVA, M. M. KOZULIA

PROBLEMS OF ELICITATION AND ANALYSIS OF REQUIREMENTS TO THE PROGRAM
MODULE OF MONITORING ON THE BASIS OF THE CONDITIONS OF COGNITIVE ANALYSIS

There are risks of obtaining result that does not answer a work purpose statement when developing the software product for new subject area. It is
necessary to pay attention on requirements to the software for elimination of such risks. This article is considering questions about collection and analysis
requirements to a program module of sea water areas environmental monitoring. Program system «HJIC Dxosnor» for ensuring continuous observation
of sea water areas condition is noted by complex structure, high labor intensity of processing, storage and manipulations of data due to their significant
amount. The software of this system makes a large-scale program complex for monitoring researches automation. However, according to the preliminary
analysis of functionality «HJIC Dxoxor» on quality control of dolphins living environment is not sufficient and need additional module development.
Thus, the further development of this monitoring system is associated with the problem of elicitation and analyzing the requirements for the program
module for calculating the coastal zones water resources quality. Elicitation requirements to additional program module is carried out on the basis of the
standard documentation analysis, business processes of monitoring researches according to program engineering provisions. Identified Requirements
are need check on integrity and lack of contradictions in their pithiness for further documenting according to the international recommendations standard
about development of requirements specifications to the software IEEE STD 830 1993. To solve the problems of information support and software for
integrated monitoring, a matrix of requirements was formed and cognitive modeling was applied. The requirements dependency matrix represents a
simple and effective method of contradictions and overlappings identification, in case of simple systems consideration. Cognitive modeling promotes
better understanding a problem situation, identification of contradictions and qualitative system analysis. The purpose of modeling consists in formation
and specification of a studied object functioning hypothesis which consists of separate subsystems and elements. In this case, the system of requirements
should reflect the causal relationships of object elements under study.
Keywords: analysis, requirements, software module, dependency matrix, cognitive modeling, environmental monitoring.

T. B. KO3VJIA, A. C. CBIPI/IOBA, M. M. KO3YJIA

3AJJAYI 3bOPY TA AHAJII3Y BUMOTI 10 IPOI'PAMHOT'O MOAYJIIO 3 MOHITOPUHI'Y HA
OCHOBI TOJIOKEHb KOTHITUBHOI'O AHAJII3Y

IIpu po3podILi MPOrpaMHOro MPOAYKTY [JIsi HOBOI IPEAMETHOI 00IacTi ICHYIOTh PU3HKK OTPHMAHHS Pe3yJIbTary, 1[0 He BiAIOBiIa€ METi TEXHIYHOTO
3aBiaHHs. JJIs yCyHEHHS! TaKMX PU3HKIB HEOOXIIHO 3BEpPHYTH yBary Ha BHMOTHU [0 IporpaMHoro 3a6esmnedeHHs (I13). V maniii poboTi po3risiHyTi
MUTaHHs 300py Ta aHai3y BEMOT 0 IPOrPaMHOTO MOJYIIIO 3 €KOJIOTTYHOr0 MOHITOPHHTY MOPChKUX akBaropiil. [Iporpamua cuctema «HJAC Exomor»
Juist 3a0e31eyeHHs Oe3IIePEPBHOTO CIIOCTEPEIKCHHS 32 CTAHOM MOPCHKHX aKBAaTOPill BiJ3HAYAETHCS CKIIAJAHOIO CTPYKTYPOIO, BHCOKOIO TPYAOMICTKICTIO
00po0KH, 30epiraHHs 1 MaHiNy/IFOBaHHS JaHUX Y 3B’s3KYy 3 1X 3Ha4yHHUM oOcsiroM. IIporpamue 3a0e3rnedeHHsl i€l CHCTEMH CTaHOBHTh MAaCIITAOHMIA
KOMIUIEKC TIPOTrpaM 3 aBTOMATH3allii MOHITOPMHIOBUX JOCHipKeHb. OfHak, 3a monepeiHiM aHamizoMm (yHKIioHanbHHX MoxmBocteit [13 «HJIC
Exos0r» 3 KOHTPOIIO SKOCTI CEpeOBHIIA KUTTEAISIIBHOCTI AeNb(IHIB HE € JOCTATHIM i moTpedye po3poOKH OAATKOBOIO MOAYIIO. TakuM YHHOM,
TO/IaJTbINNIf PO3BUTOK ITi€l MOHITOPMHTOBOI CHCTEMH MOB’SI3aHUI C 3a/aueto 300py Ta aHalli3y BUMOT JI0 TIPOTPAMHOTO MOJIYITIO 3 PO3PaxXyHKY SKOCTI
BOJIHMX PECYPCIB MPUOEPERHUX 30H. 30ip BUMOT J10 I0JJATKOBOTO TIPOrPaMHOTO MOJLYJIIO POBOANTHCS HA OCHOBI aHalli3y HOPMATHBHOI JOKYMEHTAIT,
0i3HEC-IIPOIIECiB MOHITOPUHIOBUX JIOCII/IKEHb Y BIJMOBIJHOCTI 0 TOJIOXKEHb MPOrpaMHOI iHKeHepii. BusHaueHi BUMOrH noTpedyloTh NepeBipKy Ha
IITICHICT 1 BIICYTHICTH MPOTHPIY y iX 3MICTOBHOCTI /U MOAAJBIIOTO JOKYMEHTYBAHHS BiIIOBIZHO 10 MiKHAPOJHOTO CTAHAAPTY PEKOMEHJIAIH 3
po3pobku crenudikaiii BuMor 10 nporpamuoro 3abesnedenns |[EEE Std 830-1993. Jlns poss’si3anss 3amad iH(GOpMaiifiHOrO Ta IpOrpamMHOro
3a0e3MeyeHHs] y KOMIUIEKCHOMY MOHITOPUHTY Oyll0 c(hOPMOBAHO MATPHIIIO 3aJEKHOCTI BUMOT Ta 3aCTOCOBAHO KOTHITMBHE MOJICIIOBaHHsA. Matpuiis
3aJISKHOCTI BHMOT SIBJISIE COOOI0 MPOCTHI Ta e(pEeKTHBHHII METOJ BHSBICHHS IPOTHPIY 1 MEPEKPHUTb, y BHIAAKY PO3IVLIAY HECKIAJHHX CHCTEM.
KoruiTuBHe MOJETIOBaHHS CIPUS€ KPALIOMy PO3YMIHHIO MPOOJEMHOI CHUTYyallii, BUSBICHHIO CYNEpEeYHOCTeH Ta SKICHOMY aHali3y cucteMu. Mera
MOJICITIOBAHHS MOJSIrae B HOpMyBaHHI Ta YTOYHEHHI T1MOTE3H PO (YHKIIOHYBAHHS TOCIIHKYBAHOTO 00'€KTa, SIKHI CKIIAJA€ThCS 3 OKPEMHX ITiICHCTEM
Ta eJIEMEHTIB. Y TaKOMY pa3i cucTeMa BHMOT ITOBHHHA BiJOOpaskaTH IPHINHHO-HACIIIIKOBI 3B'SI3KH €JIEMEHTIB JJOCIIKYBaHOTO 00’ €KTa.
KurouoBi ci1oBa: anaini3, BAMOTH, IPOrpaMHUIl MOTYITb, MATPHUIIS 3aI€KHOCTI, KOTHITHBHE MOJICITIOBAHHS, €KOJIOT1YHHI MOHITOPHHT.

T. B. KO3YJIA, A. C. CBUPH/]OBA, M. M. KO3YJIA

3AIAYM CBOPA U AHAJIU3A TPEBOBAHUI K TIPOTPAMMHOMY MOJY.JIIO 110
MOHUTOPHUHI'Y HA OCHOBE MOJIO)KEHU KOTHUTUBHOI'O AHAJIU3A

ITpu pazpaboTke MPOrpaMMHOr0 IPOLYKTA ISl HOBOU MPEAMETHOI 00IaCTH CYIIECTBYIOT PUCKH IOIyUCHHUs Pe3yIbTaTa, He COOTBETCTBYIONIETO LeIH
TEXHUYECKOTO 3aJaHus. [ ycTpaHeHusl TAKUX PUCKOB HEOOXOAMMO OOpaTHTh BHUMaHME Ha TpeOOBaHMS K mporpammHomy obecnedenuto (I10). B
JIaHHOH paboTe paccMOTPEHBI BONPOCHI cOOpa M aHaIM3a TPeOOBaHHWI K MPOrPAMMHOMY MOJIYIIO JUISl SKOJIOTHYECKOr0 MOHHMTOPHMHTA MOPCKHX
akBatopwmii. [Iporpammuas cucrema «HJIC Dxonor» s obecrieueHns: HeMpepbIBHOIO HAOMIOACHHS 38 COCTOSHUEM MOPCKHX aKBATOPHH OTMEYaeTcs
CIIOXKHOHM CTPYKTYpOH, BBICOKOH TPYHZOEMKOCTBIO OOpaOOTKM, XpaHEHHsS W MaHHITYIHPOBAHHSA ITAHHBIX B CBSI3M C UX 3HAYUTENBHBIM OOBEMOM.
IIporpamMMHOe OOecIeYeHNe 3TO CHCTEMBI COCTABIISIET MACIITAOHBIH KOMIUIEKC MPOrpaMM II0 aBTOMATH3alH MOHHTOPHHIOBBIX HCCJIEIOBAHUH.
OnHako, o IpeaBapUTEIbHOMY aHAIU3Y (YHKIHOHATBLHBIX Bo3MoxkHOocTel I10 «HJIC Dkomor» mo KOHTPOIO KauecTBa CPEe/ibl )KU3HEACATEILHOCTH
nenb(GHHOB HE SBIAETCS JOCTATOYHBIM M TpeOyeT pa3pabOTKu MOMONHHTENbHOro Moxyms. Taxum o0pas3oMm, naibHeilee pa3sBUTHE JTOM
MOHHTOPHHIOBON CHCTEMBI CBS3aHO C 3ajaueid cOopa M aHaim3a TpeOOBaHMI K MPOrpaMMHOMY MOJYJIIO IO pacdeTy KauecTBa BOIHBIX PECYPCOB
mpuOpexubIX 30H. COOp TpeOoBaHMIA K JOMOMHUTEIPHOMY IIPOrPAMMHOMY MOIYIIO IIPOBOJHUTCS Ha OCHOBE aHAIN3a HOPMATHUBHOH JOKyMEHTAIUH,
OHM3HEC-IIPOIIECCOB MOHHUTOPUHTOBBIX HCCICIOBAHHI B COOTBETCTBHU C IIOJOMKCHHSMH IIPOTpaMMHOI MmKeHepHu. OmpezneneHHbIE TpeOOBaHUA
HY)XIQIOTCSI B TIPOBEPKE Ha IEJIOCTHOCTh U OTCYTCTBHE IPOTUBOPEUYMII B MX COJACPIKAHHMH Ul JajbHEHIIero JOKYMEHTHPOBAHHS COOTBETCTBUH C
MEKIYHAPOIHBIM CTAaHAAPTOM PEKOMEHIAINii 1o pa3paboTke crienudukanuii TpedoBanuii k nporpammuomy obecneuenuto IEEE Std 830-1993. [lns
pemreHns 3anad HHGOPMAIHOHHOTO M MPOrPaMMHOIO OOECIEUeHHUs s KOMIUIEKCHOTO MOHUTOPHHTA ObLIO C(OPMUPOBAHO MATPHUILY 3aBHCHMOCTH
TpeOOBaHUI U MPUMEHEHO KOTHUTUBHOE MOJEIMpOBaHKe. MaTpHIla 3aBUCHMOCTH TPEOOBAHHI MPEICTABISIET COOO0M MPOCTOH U 3D PEKTUBHBIN METOL
BBIBIICHHS TIPOTHBOPEUUH M IEPEKPHITHH, B CIydae PacCMOTPEHHs HECIOXKHBIX cucTeM. KOrHHTHBHOE MOJEIMPOBAaHUE CIIOCOOCTBYET TydIIeMYy
MOHMMAHHIO TIPOOJIEMHON CHTyallMH, BBIIBICHHIO IPOTHBOPEUMI M KAaUuCCTBEHHOMY aHANIU3y CHCTeMBL. llenb MOZENHpOBaHMS 3aKITIOYACTCS B
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(hOpMHUPOBAHHH U YTOYHEHHUS THIIOTE3bI O (DYHKIIHOHHUPOBAHUH UCCIIEIYEMOro 00BEKTa, COCTOSILErO U3 OTACIBHBIX TOJICUCTEM U JIEMEHTOB. B TakoM
cilydae cHUcTeMa TPeOOBaHHI TOIDKHA OTPaXKaTh IPUINHHO-CIICICTBEHHBIC CBSI3U JIEMEHTOB HCCIETYyEeMOr0 00BEeKTa.
KimioueBble cioBa: aHanu3, TpeOOBaHUS, MPOrPaMMHBIA MOJYNb, MaTpUIla 3aBUCHMOCTH, KOTHHTHBHOE MOJEIMPOBAHHE, DKOJIOIMYECKU

MOHUTOPHUHT.

Introduction.

The urgency of problem tasks regarding the choice of
methods and means for developing requirements for an
additional program module for monitoring marine waters is
directly related to the development of information
technology in software engineering.

The process of setting requirements for software, the
procedure for their formulation and formation, as well as
the existing methods and means of ensuring their quality,
as well as the process of developing the software itself,
remain unsecured by the fundamental theory and effective
methodology. A significant number of studies on the
software requirements development, their formulation
quality has a chaotic, unsystematic nature. The poor
software requirements formulation leads to the appearance
from 35% to 55% of all defects and errors of the future
software product [1]. The absence of a universal, completed
and tested theory and methodology for developing clear
and qualitative requirements for software, as well as
methods and tools for constructing template requirements
that could be applied to both the preparation of user and
system requirements formulate the problem of developing
software requirements [2].

Comprehensive monitoring of marine areas is
characterized by the high systems dimensionality to be
studied and quality control, the high handling complexity,
storage and manipulation of a large amount of data.
Software in this case is a large-scale complex of software
modules for the control systems and incoming experimental
data processing, observation data, data processing results,
etc.

In software engineering field is suggested to obtain
the input information according to the requirements
developed for this software system. Thus, in the article is
set the actual task of collecting and analyzing the program
module requirements for monitoring water resources of
coastal zones in case of existing software development for
marine waters monitoring.

It is proposed to introduce elements of cognitive
modeling theory for develop requirements system.

In accordance with the stated purpose of creating a
requirements system in the article following tasks are
solved:

1) process components description of the of
requirements elicitation and analyzing for the additional
program module development for the program system
«HJIC Dxonory;

2) requirements composition are determined for the
additional program module development for calculating the
coastal zones water resources quality;

3) requirements significance for the software module
are established according to cognitive analysis results.

Characteristics of elicitation  bases
requirements analysis.

Software Requirements — a set of characteristics
regarding the properties, quality and features of a future
software product that needs to be developed or it is at

and

upgrading process. Software requirements are fixed in the
requirements specification, use case diagrams and other
artifacts of subject analysis area distinguishing 3 basic
classification components of requirements (Fig. 1) [1].

Software
requirements
Business U . Functional
. Ser re: ements :
requirements qur requirements

Fig. 1. Basic classification components of requirements

Business requirements determine software purpose,
they are detailed in the document about project boundaries.

User requirements establish a set of user tasks that
must implement a finished software product, as well as
scenarios for their solution in the software hardware
system. These requirements have the form of allegations,
usage options, user stories, and interaction scenarios.

Functional requirements establish "what" should
make a finished software product in the software and
hardware system, they are detail described in the software
requirements specification [3].

Functional requirements are documented in the
software requirements specification, which describes the
expected system behavior. Requirements types of by
character are distinguished by functional and non-
functional ones.

Functional requirements describe the internal system
functionality, its behavior: data computation, data
exchange and data management, data examination and
other specific functions that system must do.

Non-functional requirements regulate the internal and
external conditions or attributes of system functioning
quality.

In general, functional requirements determine what
the system should do, and non-functional ones - how the
system should look.

Functional character — requirements for system
behavior:

— business requirements;

—  user requirements;

— functional requirements.

Non-functional character - requirements to the nature
of the system's behavior:

— business rules;

—  system requirements;

— quality attributes;

— external systems and interfaces;

— limitations.

Software requirements development is divided into
four stages:

— requirements identification;

— requirement analysis;
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— requirements documenting;

— requirements verification.

Requirements identification is a process of extracting
information from different sources (contracts, materials,
analysts, tasks and functions of the system, etc.),
conducting technical interviews for formulate separate
product and development process. Executor must approve
requirements with customer [4].

The main source of requirements for the information
system is the considerations expressed by the
representatives of the Customer. The problem lies in the
fact that requirements are formed for a system that is not
yet created and existing, that is the initial subtask solves the
problem of designing the program system but Customer
representatives are not always competent in this matter.
Therefore, together with the requirements witch are
expressed by the Customer, it is expedient to collect
requirements from other co-owners of the system:
analytical executor group employees, external experts, etc.

Requirements elicitation methods:
interviews, questionnaires;
brainstorming seminar;
normative  documentation and
analysis;
analysis of business processes.

The requirement detection stage is a divergent process
that aims to gather a large amount of information. After
identifying the requirements, the analyst has a large amount
of various information received in the interview during the
survey from questionnaires and other sources.

The obtained information  should be clarified,
structured, eliminated, duplicated, formulated in the form
of requirements and defined their priorities. These tasks
solve requirements analysis stage [3].

Requirements analysis is the process of studying users
the needs and purposes, classifying and transforming them
into system requirements, hardware and software
requirements, establishing and resolving conflicts between
requirements, defining priorities, system boundaries, and
principles for interacting with functioning environment.

The purpose of requirements analysis is obtain clear
and consistent requirements on the basis which it is possible
to design and develop a software application. At the initial
analysis stage, model requirements are created, missing
information is determined, requirements are fixed and for
each requirement the attributes values are set.

At the requirements analysis, a situation is likely
when the requirements collected are incomplete or one
requirement is contrary to the other. In this case, the analyst
must re-interact with the customer, refine unclear moments,
fix everything that is needed by developers and designers
to implement these requirements [5].

At the stage of requirements documenting, it is
provided a software requirements specification — complete
software behavior description that is needed to be
developed. This is the base that contains of functional and
non-functional (additional) requirements set for the future
software product.

Functional requirements describe all user interaction
with software, and non-functional requirements impose

legislation

restrictions on the software project implementation or
software functionality [1].

Module requirements analysis for calculating
water quality in coastal zones.

The following functional and non-functional
requirements are proposed to establish for an additional
software module, which are in a certain order:

— relational type of DB (R1);

— to build of an ecological balance chart (R2);

— the ecological balance chart should be columnar
(R3);

to enter the seawater collection data (R4);
— the data are stored in the database (R5);
processing requests to the module for no more
than 10 seconds (R6);

— to predict changes in water quality for a month
(R7);

— forecast accuracy is not less than 85% (R8);

— forecast chart of water quality changes for a month
should be linear (R9);

— to calculate the water quality assessment by a
differential method (R10).

The requirements dependence matrix (tab. 1) is
formed because all requirements clearly identified and
numbered.

Table 1 — Requirements dependence matrix

|| 2|
R1 X
R2
R3 X
R4
R5 X
R6 X X X X
R7
R8 X
R9 X
R10

R10

Ol I~ ©| ©
|l x| x|

R5

Requirements dependence matrix is a simple but
effective method for detecting contradictions and overlaps
when the number of requirements is small. Ordered IDs are
listed in the column and header row. The remaining cells
are indicating that there overlapping or two requirements
conflicting or independent of one another (empty cells).

Contradictory requirements need to be discussed with
customers and if it possible reformulated to mitigate
contradictions. Overlapping requirements should be
reworded to exclude coincidences [6].

According to the formed matrix, the requirements for
the new program module of the monitoring system do not
have contradictions and overlaps (see tab. 1).

Requirements significance for the program
module for calculating the coastal zones water resources
quality according to cognitive analysis results.

Cognitive analysis helps to better understand the
problem situation, to identify contradictions and to
determine the systems qualitative state. The purpose of
creating a cognitive model is formulated and refines the
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hypothesis about the functioning of the object under study,
which consists of relations between subsystems and
elements.

In order for understand and analyze the relations
between requirements for the software module proposed to
build a structural scheme of causal relationships between
them [7-9].

The determined interaction of requirements is given
in the form of a cognitive map - an oriented graph with
weighted arcs of the graph (interaction evaluation or factors
influence).

The requirements system behavior analysis takes
place in accordance with the structural scheme of the cause-
effect system elements relationships (situation factors)
[10].

The comparisons matrix was constructed for further
requirements advantages analysis (tab. 2).

Table 2 — The comparisons matrix

g |2 |22 x|
R1 1
R2
R3 12
R4
R5 1
R6 12 12 12 12
R7
RS 2
R9 1
R10

R1
R9
R10

The matrix uses the following scale of the relative
requirements importance:

—  0- variants cannot be compared,;

— 1-equaled importance;

— 2- moderate advantage one over another;

— 3-strong advantage one over another.

If the significance of one requirement exceeds the
significance of another requirement, then a less significant
requirement is assigned a reverse estimate of 1/2 or 1/3.
Empty table cells mean zero effect.

A quantitative estimate of the factors influence was
obtained as a result of comparisons matrix construction.
The requirements system cognitive model with factors is
shown on figure. 2.

1 5
R1 / 5

R4

RS

0.5

05 05
R2 R6 R7 1
RO
y |
R3 R10

Figure 2 — Cognitive model of the requirements system

There are a number of numerical cognitive models
characteristics, which are calculated on the basis of arc
weights and used for the subject areas models analysis. To
the number of such characteristics are included:

— the influence of one factor on another;

— influence of one factor on a system;

— impact of a system on a factor [11].

The total influence values of the factors on the map
and the influence values of the map on factors is calculated
for the cognitive model presented in figure. 2. The results
of total calculations influences of requirements are given in
table. 3.

Table 3 — Influence values

Influence of factors on Influence of cards on
the card factors

R1 1
R2 1
R3 15
R4 1,5
R5 0,5 1
R6 2
R7 3,5
R8 2
R9 1
R10 0,5

The scales value of the requirements is shows that the
greatest influence on the map are have the factors R6 and
R8, and the card is have most influences on the factors R4
and R7. Based on this information, it is a priori determined
that at the beginning of the development it is appropriate to
take into account the requirements of R6 and R8, and
finally is focus attention on requirements R4 and R7.

Conclusions.

The article is described the fundamentals
characteristics of software requirements collection and
analysis, provided a requirements classification, provided
an overview of the main methods for requirements
elicitation, identifies functional and non-functional
requirements for an additional program module for
monitoring water resources of coastal zones.

According to the provided information about the
requirements for the module, their analysis was conducted
for the absence of contradictions and overlaps (see table 1).
The problem of requirement analysis for the additional
module according to results of cognitive analysis regarding
their significance is describes (see figure 2). A description
of the requirements influence on the map and the map
influence on the requirements is proposed and the priority
of attention to them during the software module
development is proposed (see table 3).
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A. E. GOLOSKOKQV, D.V. TKACHENKO

MODELS AND SOFTWARE SOLUTIONS FOR THE PROBLEM OF DIAGNOSING THE FINANCIAL
STATE OF IT-ENTERPRISE

Today, the economy of Ukraine is in a relatively unstable position; therefore, Ukrainian enterprises require effective management. But in order to
effectively manage the enterprise, you need to know what state it is in. Solving the problem of diagnosing the financial state of an enterprise in the future
will allow developing an apparatus of effective management decisions that will help maintain the enterprise at the proper level of functioning and ensure
further development of both the enterprises and the economy as a whole. The relevance of research is manifested in the application of the results for
operational and effective management. The problem is in the need to obtain a more accurate solution for the problem of diagnosing the financial state of
the enterprise with the parameters that characterize the financial situation best of all. The main objective of the research was to solve the problem of
diagnosing the financial state of an IT company, using a model that implements a certain approach in order to obtain a qualitative conclusion about the
state of a company. A method based on the use of a fuzzy logic apparatus, namely, production models with a Mamdani fuzzy inference algorithm is
proposed for solving the problem. There are 10 input parameters were allocated to determine the financial state. The criteria according to which the state
was assessed were quantitative and qualitative indicators of the company’s activity over the selected period. The resulting mathematical model allows
to take into consideration both quantitative and qualitative indicators. The results of the research give an understanding of what indicators and how affect
the financial condition of the company, and can also be used in the future, for example, to solve the forecasting problem. The implementation of research
results can help speed up the diagnosis of the financial state of the enterprise and make a right management decision based on the results of diagnosis in
time.
Keywords: diagnosing, financial state, financial indicator, fuzzy logic, production model, Mamdani algorithm, rule base.

0. €. 'OJIOCKOKOB, JI. B. TKAYEHKO

MOJAEJII I ITIPOT'PAMHI PIINEHHSA 3ATAYI JIATHOCTYBAHHA ®IHAHCOBHUX CTAHIB
IT-MANTPAEMCTBA

Ha cporopuimmHiii JeHb, €KOHOMiKa YKpaiHH 3HAXOAUTHCS Y BIJHOCHO HECTAOLILHOMY IIOJIOXKEHHI, TOMY IiJNPHEMCTBA YKpaiHM BHMAararoTbh
edexTHBHOTO ynpaBiiHHA. A U1 TOro 1mo6 e(eKTUBHO YIIPABIATH MiANPUEMCTBOM, HEOOXIHO 3HATH B SKOMY CTaHi BOHO 3HAXOJMUTHCS. PileHHs
3aj1a4i JiarHOCTYBaHHs (hiHAHCOBOTO CTaHYy MiAIPHEMCTBA B MOJANBIIOMY J03BOJUTH PO3POOIISITH amapar eeKTHBHUX YIPABIIHCHKHX PIIICHb, SKi
JIOTIOMOXKYTb ITi ITPUMYBATH I IIPUEMCTBO Ha HAJIGKHOMY PiBHI (PyHKIIOHYBaHHS 1 3a0e31edyBaTH HOJaIbIINH PO3BHTOK, SIK CAMHX MiAIPHEMCTB, TaK
i GKOHOMIKM B I[JIOMy. AKTYaJbHICTh HOCII/DKEHb IHPOSBISEThCA B 3aCTOCYBAHHI OTPUMAHHX pE3y/bTaTiB Ul ONEPaTHBHOIO i e()EKTUBHOTO
ynpasiinas. [Ipo6iaema nosnsirae B HEOOXIAHOCTI OTPUMAHHS OiIbII TOYHOTO PILICHHS 3a7adi MiarHOCTYBaHHs (hiHAHCOBHX CTaHIB IMiANPHEMCTBA, 3
ypaxyBaHHSM IapaMeTpiB, IO XapaKTEepU3ylTh (IHAHCOBMH CTaH Haiikpaiie. OCHOBHUM 3aBJAaHHSIM JIOCHI/DKCHHS OyJiOo pillleHHs 3ajadi
JiarHocTyBaHHs (iHaHCOBHX cTaHiB IT-koMmnaHii, 32 I0OMOMOro0 MOJEN, 0 peanidye NeBHUH MiIXiJ 3 METOI OTPUMAHHS SIKICHOTO BUCHOBKY IIPO
CTaH KoMIaHii. J{yis BUpilieHHs 3aBIaHHs IPOIIOHYETHCS METO/, 3aCHOBAHUI Ha 3aCTOCYBaHHI aniapaTy HEYiTKOT JIOTiKH, a caMe MPOAYKII HHUX MOJIeNei
3 aITOPUTMOM HEUIiTKOTO BHCHOBKY Mawmpani. J{nst Bu3HaueHHs (inancoBoro ctany Oynm Bupineri 10 Bximaux nmapamerpis. Kputepisamu, 3a skuMu
OIIIHIOBABCS CTaH, OyNM KiIbKICHI Ta SIKICHI TOKAa3HUKHM [isJIBHOCTI KOMHaHil 3a oOpanuii mepion. OTpuMaHa MaTeMaTUYHAa MOJENb J03BOJISE
BpaxoOBYBATH sIK KUIBKICHI, TaK 1 AKiCHI OKa3HUKU. OTpUMaHi pe3yabTaTu JOCIIKEHHS IAI0Th PO3YMIHHS PO T€, SIKi MOKa3HUKH 1 K caMe BIUTUBAIOTh
Ha (piHAHCOBMI CTaH KOMIIAHIl, a TAKOX B IIOJAIBIIOMY MOXYTh BHKOPHCTOBYBATHCS, HAIpPHKIAJ, U BHPIIICHHS 3aadi IIPOTHO3YBaHHS.
BripoBapkeHHS pe3yIbTaTiB JOCIIDKEHHS MOYKE JOTIOMOITH TMIPUCKOPUTH MPOBEAEHHS JAiarHOCTYBaHHs (JiIHAHCOBOTO CTAHy Ha MiANPUEMCTBI, @ TAKOXK
BYACHO NMPUIAHATH T€ YH 1HIIIE YIIPABIIHCHKE PIIEHHS, 3aCHOBAHE HA Pe3yJIbTaTax JiarHOCTYBAHHS.

KurouoBi cioBa: miarHocTyBaHHs, (piHAHCOBHUI CTaH, ()iHAHCOBUII NOKa3HWK, HEWITKA JIOTiKa, MIPOAYKIiifHAa MOJENb, anropuT™M MamzaHi, 6a3a
TIPaBHIL.

A. E. 'O/IOCKOKOB, /1. B. TKAYEHKO

MOJEJIX U ITPOT'PAMMHBIE PEINEHUA 3AJJAYN JUATHOCTUPOBAHUSA ®PUHAHCOBBIX
COCTOSIHUM IT-IPEANPUASTUS

Ha ceronmusiniauii 1eHb, 5KOHOMUKA YKpauHbl HAXOJUTCS B OTHOCUTENHHO HECTAOMIBHOM MOJIOKEHHH, OATOMY HPEINPUSTUS YKPauHbI TPeOyIoT
addexruroro ynpapierus. Ho st Toro 4to0bl 3G HEKTHBHO YIPaBISTh MPEANPUITHEM, HEOOXOIMMO 3HATH B KAKOM COCTOSTHHH OHO HAXOHTCSL.
Penrenne 3ajaun AMArHOCTHPOBAHMS (PUHAHCOBOTO COCTOSIHHS NPEANPHATHS B JajJbHEHIIEM IO3BOJUT pa3pabaThiBaTh ammapar 3(pGeKTHBHBIX
YIPaBICHYECKUX PEHICHUI, KOTOPhIE MOMOTYT MOJICPKUBATh MPEANPUSITHE HA TOJDKHOM YPOBHE (DYHKIIMOHMPOBAHUS U 00eCHeYnBaTh JalIbHEHIIee
pa3BHUTHE, KaK CaMUX NPEINPHUITHIA, TAaK 1 YKOHOMHKHU B LIEJIOM. AKTYaJIbHOCTh UCCIICAOBAHUI MPOSBIIAETCS B IPUMEHEHUH MOTY4YCHHBIX PE3yJIbTATOB
JUIsL OlepaTHBHOrO U 3 ¢dekTuBHOro ympasieHus. IIpobiema 3akiaroyaertcs B HEOOXOIMMOCTH IOJMydeHHs OoJiee TOYHOTO PELICHUS 3aJadu
JIMarHOCTUPOBAHUS (DPMHAHCOBBIX COCTOSIHUH MPEANPUSTHS, C Y4ETOM IapaMeTPOB, XapaKTePHU3YIOUIHMX (DUHAHCOBOE MOJIOKEHUE JydIlle BCEro.
OCHOBHOMW 3a7a4eil MCCIIEIOBAHMS SIBIISUIOCH PEIICHWE 3a/laull TUATHOCTHPOBAHUS (DPMHAHCOBBIX COCTOSHME [T-KOMIaHuWM, ¢ MOMOIIBIO MOJEINH,
peanu3yolei OIpeaeeHHbIN TOX0/ C LENbI0 HOJIYICHHUsI KaUeCTBEHHOTO 3aKIIFOYECHUS O COCTOSTHUM KOMITaHUH. J{JIs1 pelieHnst 3a1aun peiaraeres
METO/]I, OCHOBAHHBII Ha MPUMEHEHNH armnapara He4eTKOM JIOTHKU, & IMEHHO NPOIYKIIMOHHBIX MOJIENEH ¢ aJrOpUTMOM HEYETKOrO BbIBOJa MamaaHu.
Jlns onpenenenust GUHAHCOBOTO COCTOSIHUS ObUIM BbIAENEHBI 10 BXOAHBIX MapaMeTpoB. Kpurepusmu, Mo KOTOPBHIM OLIEHUBAIOCH COCTOSHUE, ObLIH
KOJIMYECTBEHHBIC M KaYEeCTBCHHBIE MOKA3aTeN JICATSIFHOCTH KOMIIAaHUM 3a BBIOpaHHBIH nepro. [loydenHas MaTeMaTHueckas MOJEIb MO3BOJISIET
YUUTHIBATh KaK KOJMYECTBEHHBIC, TaK M KAYeCTBEHHBbIC MOKa3aTesnu. [lomydeHHbIe pe3ysbTaThl MCCIEIOBAHUS IAOT MOHMMAaHUE O TOM, KaKue
MOKA3aTeIM U KaK MMEHHO BJIMSIOT HAa (DMHAHCOBOE COCTOSHHE KOMITAHUH, A TAK)KE B JAJbHEUIIEM MOTYT MCIOJIB30BAThCS, HATIPUMED, [UIS PEIl CHUS
3a/1a4¥ IPOTrHO3UPOBaHS. BHeIpeHne pe3ynbTaToB HCCISIOBAHNS MOXKET IIOMOYb YCKOPUTH HPOBEACHNE THarHOCTHPOBAHUS (PHHAHCOBOTO COCTOSIHHS
Ha MPEANPUATHH, a TAK)KE BOBPEMsI IPUHATH TO MM MHOE YIIPABICHYECKOE PELICHHE, OCHOBAaHHOE Ha PE3yJIbTaTaX JUArHOCTUPOBAHHUS.

KiioueBble ciloBa: TUarHOCTUPOBaHHWE, (PMHAHCOBOE COCTOSIHUE, (DMHAHCOBBIM ITOKA3aTelb, HEYETKAas JIOTHMKA, MPOIYKIHOHHAS MOJENb,
anropuT™M Mamany, 6a3a mpaBmIL.

Introduction. In the conditions that have emerged situation; therefore, Ukrainian enterprises require effective
today, the Ukrainian economy is in a relatively unstable  management in order to prevent the bankruptcy of
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enterprises, which in turn can lead to a sharp decline of the
economy. Among a humber of tasks that are solving in the
field of effective management, an important role takes the
task of diagnosing the financial state of an enterprise,
because it is impossible to manage effectively without
knowing the condition of the control object.

Solving the problem of diagnosing the financial state
of an enterprise in the future will allow developing an
apparatus of effective management decisions that will help
maintain the enterprise at the proper level of functioning
and ensure further development of both the enterprises and
the economy as a whole. In modern conditions of
development of information technology, the automation of
the diagnostic process can also significantly improve the
efficiency of the enterprise. Some IT-company is
considered as an enterprise.

The relevance of diagnosing the financial condition of
an enterprise over time is obvious, because obtaining
financial states is a necessary tool for strategic planning and
management in the economic sector. Accurate
determination of financial status provides an adequate
understanding of the situation and the direction in which
you need to act. The relevance of research is manifested in
the application of the results for operational and effective
management.

Timely and accurate determination of the financial
state of the company is one of the main conditions for its
successful development and functioning. Accurate
determination of the financial condition in modern
conditions is the reason for the need to have approaches that
help determine the financial state of an enterprise and bring
enterprises out of their unsatisfactory condition, if they are
in it, by managing and subsequently ensuring their proper
financial and economic position.

Formulation of the problem. First of all, the
management of the enterprise needs to know the state of the
object of management. To do this it is necessary to solve
the problem of diagnosing the financial state of the
company and to develop actions to ensure its further
effective functioning and development.

Diagnosing is the process of determining and studying
indicators, which characterize the state of an object. It
consists in certain research methods, analysis of the
obtained results and their generalization in the form of a
conclusion (diagnosis) to determine possible deviations and
prevent disturbances in the normal functioning of an object.

The task of diagnosing the financial state of an
enterprise is characterized by the difficulty of obtaining
information, a large volume of analyzed data, and
multicriteria, because a large number of indicators are
calculated and investigated.

Existing models and methods of diagnostic of
financial state do not take into account the parameters that
are quite important in modern conditions, since they do not
bring them into consideration; therefore, the financial
situation can be determined insufficiently accurately. Some
mathematical models take into account a series of key
parameters, but do not have the optimal criteria, which are
necessary for determining the financial state. Also,
uncertain or unclear information may be contained in the
initial data and knowledge about the controlled object and

that information cannot be processed by traditional
quantitative methods [1].

Therefore, in the current economic conditions, the
issues of expanding and improving the models for
diagnosing financial conditions are relevant.

The problem is in the need to obtain a more accurate
solution for the problem of diagnosing the financial state of
the enterprise with the parameters that characterize the
financial situation best of all.

Thus, the main objective of the research was to solve
the problem of diagnosing the financial state of an IT
company, using a model that implements a certain approach
in order to obtain a qualitative conclusion about the state of
a company. The solution way, based on the obtained model,
can be automated in the future, which is necessary for the
quick and accurate determination of the financial condition
of a company in order to improve the efficiency of the
financial department and the company as a whole.

The subject of the research is the process of
determining the financial state of the enterprise, and the
object of the research is some IT-company.

The task and purpose of the research is to analyze the
company's financial indicators and determine the financial
condition with their help on the basis of the chosen
diagnostic method.

The financial state in this case can be evaluated as
good, normal or bad.

This article is aimed at implementing the practical
aspects of diagnosis of the financial condition of the
company. The approach to the diagnosis of the financial
state of the company, realized in the construction of
diagnosis model, differs from the well-known models of the
mathematical apparatus, which allows to carry out
diagnostic of the financial state of the company.

It is planned to build a model of diagnosing the
financial state of the company such a way that it allows to
take into account the optimal number of basic indicators
that have a significant impact on the determination of the
financial condition of the company with the greatest
accuracy.

Thus, the need for accurate diagnosis of the financial
condition of the enterprise is due to economic reasons and
the reason for the need to make correct and effective
management decisions. Solving this problem allows us to
accurately assess the current financial position and activity
of the enterprise.

Solution Method. The financial state of the company
(which is an IT-company) depends on the results of its
industrial, commercial and financial activities. It is
determined on the basis of a series of indicators that most
objectively reflect the trends of change in financial state, as
a rule, it consists of four groups: liquidity indicators,
financial stability indicators, profitability indicators
(profitability), business activity indicators [2].

Analysis of Ukrainian and foreign publications
and literary sources showed that the task of diagnosing
the financial conditions of an IT-company can be solved
using various mathematical approaches, such as: the
classical coefficient method with calculating rating score,
neural network technology, fuzzy logic apparatus and
others [3-6].
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For illustrate, the authors propose for the solving task
of diagnosing financial state of company method based on
the using of a fuzzy logic apparatus, namely, production
models with the Mamdani fuzzy inference algorithm.

Complex dynamic economic systems (which are en-
terprises) may be characterized by incomplete information,
instability, evolutionary changes, etc. This information
is usually characterized by inaccuracy; it comes not in
the form of quantitative, but in the form of linguistic variab-
les [7].

In assessing the activity of the enterprise often have to
deal with non-numeric data (qualitative characteristics).
Many financial indicators do not have a precise rationing
and are highly dependent on the scope of the enterprise. In
such cases, often resorting to expert estimates. The classical
model for assessing the financial condition cannot work
with such data, so we can use fuzzy sets in this case.

The methods of fuzzy logic can significantly simplify
the description of the model of objects of control and
diagnosis, and are easier for hardware implementation.

Fuzzy production models are the most common type
of fuzzy models used to describe, analyze and model
complex systems and processes that are badly
formalized [8].

The fuzzy production system is understood as the
agreement of the sets of individual fuzzy production rules
of the form "if A, then B", where A and B are the
precondition and the conclusion of this rule in the form of
fuzzy statements, designed to determine the truth level of
the conclusions of fuzzy production rules, based on
preconditions with a certain degree of truth of the relevant
rules [8].

A fuzzy logical conclusion for a model that reflects
the functioning of a company is called approximation of
dependence Y = f(x;,x5, ... ,X10) Using a fuzzy knowledge
base and fuzzy operations.

As input linguistic variables using variables, defined
on the basis of selected primary financial indicators of the
company (obtained from the financial accounting of the
company). They are combined into two large groups [9].

The first is a group of quantitative indicators of
financial condition

XO = f(X15X23X33X4—)a

where  X; — group of liquidity ratios, which including x;
— current liquidity ratio, x, — absolute liquidity ratio;

X, — group of indicators of financial stability, which
including, x5 — availability of current assets ratio, x, — debt
to equity ratio;

X5 —group of profitability indicators, which including
x5 — indicator of profitability of assets, x4 — indicator of
profitability of equity;

X, — group of indicators of business activity, which
including x, — asset turnover ratio, xg — equity turnover
ratio.

Second group Xs is quality parameters, which
including x4 — professional abilities of managers (point),
X0 — the level of wages and social protection of employees

(point) [9].

In order to be able to evaluate and process indicators
x; (i = 1,10) that can characterize a company in terms of
financial condition, we define a single scale of three quality
terms: L — a low level indicator x;, M — a middle level
indicator x;, H — a high level indicator x; [9].

Y will be used as the output linguistic variable. It is
the financial state of the company.

The obtained output parameter Y allows us to
characterize the financial state of the company as: G —
good, N — normal, B — bad.

Solving the assigned problem also requires solving
two subtasks, namely, the problem of parametric and
structural identification, i.e. the possible range of variation
of the selected parameters x; and the output variable Y must
be determined and the type of membership functions of
fuzzy terms should be set for the input parameters which
are used and for the output parameter too.

The membership function reflects elements from the
set x on the set of numbers in the interval [0, 1], which
indicate the degree of belonging of each element to
different qualitative terms [9].

Input indicators may correspond or do not match to
recommend or standard values, which are presented in the
form of some established intervals. Therefore, the
trapezoidal membership function will be used to solve the
problem, because it allows us to specify the basis of a fuzzy
set as an interval and is simple to set [10].

The levels of all terms of each of the indicators
x; (i =1,10), of a particular enterprise are set in
accordance with standard values for classical criteria. If
standards for the indicator do not exist, then the levels of
the terms are divided on the basis of expert judgments or by
comparing the values of the desired indicator for similar
enterprises in different periods of time.

We reflect the ranges of change of parameters x;, to a
single universal set x in order for constructing the
membership functions of three fuzzy terms of the input
variable {L, M, H} [11].

Three fuzzy subsets are set whose membership
functions are shown in Figure 1.
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Figure 1 — Fuzzy variable x with a trapezoidal membership

function

As an example, we can take the analytical form of
writing a trapezoidal membership function of one fuzzy
term L of the input variable x, shown in Figure 1:
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Membership functions of other fuzzy terms of the
input variables x; and terms of the output variable Y are
built by a similar way.

A system based on fuzzy knowledge should contain a
mechanism for fuzzy inference, such as to be possible to
judge about the financial state of an enterprise. Therefore,
the necessary stage of analysis is the creating of a system
of rules [11].

A simple way to build a rule base is a full enumeration
method, which will be used to solve the assigned problem.

Rules are given for each level of the system. An
example of a decision rule would take the next expression:
IF quantitative indicators of FSE are high AND qualitative
parameters of FSE are middle OR quantitative indicators of
FSE are high AND qualitative parameters of FSE are high,
THEN the company's financial state is good.

The mathematical form of writing of a given decision
rule using the membership functions is represented as:

W’ = (X) - M) v i ) - ki (Xs),

where Y (X,,Xs) — membership function of input
variables vector (X,,Xs) to the output variable Y;

ni(x ;) — parameter membership function X to fuzzy

term a;.

Both criteria X, and X5, which represent the complex
values of the specified groups of indicators, are presented
in the form of mathematical dependencies on input
variables [3].

The mathematical form of writing of the decision rule
for determining the level H of the quantitative assessment
of the FSE X, will take the form:

p (X, X)) = (X)) - () - M (X)) X
X WX, v (X)) - M (X)) - p (X3) X
X WX, v i (X)) - 1 (XR) - T (X3) X
x uM(X,).

Next, we need to represent a relation for calculation
of each of the generalized indicators of groups of influence
factors X3, ... ,.X,.

On the example of a group of factors affecting the
liquidity of an enterprise X;, we can present the rule for
determining the generalized indicator of liquidity at le-
vel H.

This rule on natural language will be next: IF current
liquidity ratio is high AND absolute liquidity ratio is high
OR current liquidity ratio is middle AND absolute liquidity
ratio is high, THEN the generalized liquidity ratio is high.

Next fuzzy logic equation will correspond to previous
linguistic statement:

p.H(xl,xz) = HH(x1) : HH (x2) v HM(xl) ) HH(xz)-

The entire knowledge base is formed using the
available data in this way, and a system of fuzzy logic
equations will derive from it.

Algorithm for solving the problem. Fuzzy inference
is the obtaining of a conclusion in the form of a fuzzy set
corresponding to the current values of the inputs, using a
fuzzy knowledge base and fuzzy operations [12]. The final
result of the fuzzy inference is the precise value of the
variable Y, obtained from the initially defined precise
values x; (i = 1,10).

It is proposed to use one of the most common logical
inference algorithms in fuzzy systems — the Mamdani
algorithm for solving the problem.

The Mamdani fuzzy inference
implemented by the following steps [12].

At the first step, the predicate rule base is formed in
the subject area, for example, using the full enumeration
method; next action is checking the input variables: if the
variables are precise sets, then go to the next step, which is
called the fuzziness introduction stage — fuzzification [12].

In the second step, the fuzzification procedure is
performed: each value of a separate input variable is
associated with the value of the membership function of the
corresponding term of the input linguistic variable [12]:

algorithm is

”'1 (x)su2 (x)’ ’I"l‘n(x)’

where  p;(x), ...,u,(x) — membership functions for
variable x;

The third step is the aggregation of prerequisites in
fuzzy production rules. Paired fuzzy logic operations are
used to find the degree of truth of the conditions of each of
the rules of fuzzy products [12]:

o = min{l’-A11 (1) 5Ha,, (22D, s May, (x‘;l)} >

oy = min{uAn(x{)aquz (x3), - ’qun(xrrl)}ﬂ

Uy = min{uAml (xlr)auAmz (Xé), ’uAmn (xrll)} 5

where m — number of variables;

n —number of rules in the base.

The fourth step is the activation procedure — finding
the truncated membership function for the output variable,
which is made according to the formulas [12]:

Hp! = min{o‘bHBl (Y)} )

Hgy = minfeg,pug, (N},
Wp!, = min{“maHBm(Y)}~

The fifth step is the procedure of accumulating or
combining the found truncated functions in order to obtain
the final fuzzy set for the output variable and the resulting
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membership function, which is performed according to the
formula [12]:

g (V) = max{iug; (V) by (V). o igy, (V)]

The sixth and final step is defuzzification, or bringing
to precision. Most often, the Mamdani model uses
defuzzification by the centroid method, when a precise
value of the output variable is defined as the center of
gravity for the curve:

Yy = Xie1 Yingr (Y)
Y ke ()

where n —the number of single-point fuzzy sets, each of
which characterizes a single value of the considered output
linguistic variable;

Y’ —financial condition of the company [12].

Thus, having a rule base and using the algorithm
above, we can get the result of a fuzzy inference,
represented by the output parameter of a given model,
namely, the financial condition of the company.

Numerical research. The process of solving the
problem of diagnosing the financial state of 1T-company
can be illustrated using the MATLAB package.

Table 1 shows the values of the financial indicators of
the studied company, obtained on the basis of the reporting
forms of the company's financial activities (balance sheet)
over the past few years.

Table 2 shows the trapezoidal numbers characterizing
the corresponding membership functions for each indicator
Xi.

Membership functions were built for the linguistic
variable "Indicator" with the help of the MATLAB
environment. An example of building the membership
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Figure 2 — Graphs of the membership functions of the
linguistic variable "Indicator"” for the parameter x;

The membership functions of the linguistic variable
"Indicator" is constructed for the remaining parameters x;
by the similar way.

Then, a rule base is created for each level of the
system using data and MATLAB tools: first for
determining the generalized indicators X, ...,X,,Xs, then
for obtaining the complex criterion X, and finally for
determining the output parameter Y — the financial state of
the company. As a result, the rule base will contain 135
rules.

Examples of the first two and the last two rules, which
were formed in MATLAB, are given below.

Rules formed in MATLAB:

1. If (x1is Low) and (x2 is Low) then (X1 is Low);

2. If (x1 is Low) and (x2 is Middle) then (X1 is

134. If (X0 is High) and (X5 is Low) then (Y is
Normal);

135. If (X0 is Low) and (X5 is High) then (Y is Bad).

We can illustrate the obtaining of a generalized

functions of _the Iinggistig variable "Indicator" for the ::ﬂ;:S:Tt])émér&dieani%L:slén(gFigt.h;)- Mamdani - algorithm,
parameter x; is shown in Figure 2.
Table 1 — Values of the selected financial indicators of the company
Indicator / Year X1 Xy X3 X4 X5 X X7 Xg Xg X190
2018 12.6 8.82 0.4 0.31 0.26 0.13 0.7 3.8 8.5 9
2017 3.92 0.89 0.29 0.58 0.48 0.57 3.23 4.95 7.5 7.9
2016 2.6 0.52 0.33 0.48 0.17 0.46 2.73 4.38 55 7.6
2015 1.7 0.03 0.53 0.67 0.19 0.15 1.67 4.25 4.9 3.6
Table 2 — T-numbers for the values of the linguistic variable "Indicator"
Value / Indicator Low Middle High
X1 [01152] [1.752 2.5 2.75] [2.753 4 0]
Xo [00.10.150.2] [0.20.250.50.75] [0.7 0.9 w0 0]
X3 [00.10.250.3] [0.250.30.50.6] [050.7511]
Xy [00.20.40.5] [0.450.50.6 0.7] [0.650.751 1]
X5 [00.10.150.2] [0.20.30.40.5] [0.40.51 0]
Xe [00.10.150.25] [0.20.30.40.5] [0.450.51 «]
Xy [005152] [23557.5] [7 810 0]
Xg [023.545] [44.678.5] [8.59 10 oo]
Xg [0135] [45578.5] [891010]
X10 [0134] [3.7557 8] [7.5810 10]
X, i=05 [01225] [2533.54] [4 4.254.75 5]
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Figure 3 — Obtaining a generalized liquidity ratio X; (for 2018)

Figure 3 shows the result of accumulation, i.e.
obtaining the final fuzzy set for the output variable X, and
also shows the result of defuzzification using the centroid
method.

Thus, it is clear that the generalized liquidity ratio is
high. We obtain the remaining generalized indicators
X1, ... ,X4, X5 and X, by the similar way (Table 3).

Table 3 — Generalized indicators of the company and X,

- <

Figure 4 — Graphs of the membership functions of the linguistic
variable "The financial condition of the company"

.
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Figure 5 — Determination of the financial state Y (for 2018)

Figure 5 shows the result of the accumulation process
— obtaining the final fuzzy set for the output variable Y, and
also shows the result of defuzzification by the centroid
method.

After completing all the above steps, we got the
conclusion that the company's financial state is normal.

Table 4 shows the results of the research, which
reflect the state of the company over the past few years.

Table 4 — The financial state of the company, obtained as a the
result of research

Year Value State
2018 3.25 Normal
2017 45 Good
2016 3.25 Normal
2015 1.33 Bad

Year G_ene_rallzed Value Description
indicator
X, 4.5 High
X, 1.36 Low
X3 3.25 Middle
2018 X, 1.33 Low
Xs 4.5 High
Xo 3.25 Middle
X, 4.5 High
X, 2.56 Middle
X3 4.12 High
2017 X, 3.05 Middle
Xs 4.24 High
Xy 4.5 High
X, 2.75 Middle
X, 2.47 Middle
X3 1.77 Low
2016 X, 2.61 Middle
Xs 3.58 Middle
X 3.25 Middle
X, 1.29 Low
X, 3.54 Middle
X3 1.27 Low
2015 X, 1.3 Low
Xs 2.87 Middle
Xy 1.35 Low

Next, we need to build membership functions for the
linguistic variable "The financial condition of the
company." The graphs of the membership functions for the
linguistic variable "The financial condition of the
company" are shown in Figure 4.

We can get the output parameter Y — the financial
condition of the company using the Mamdani algorithm
and having data of input parameters (quantitative — a
complex indicator X, and qualitative — a generalized
indicator Xz) (Fig. 5).

Investigate the change of membership functions
depending on changes in the values of input parameters.

To do this, we change the parameters x;,x, (leaving
the remaining values of the financial indicators for 2018)
affecting the generalized liquidity ratio, investigate the
changes in the value of the generalized indicator X,, the
complex indicator Xyand the financial condition Y. The
results are presented in table 5.

Similarly, we change the parameters xs,x,, affecting
the generalized profitability index, investigate the changes
in the value of the generalized indicator X5, the complex
indicator X, and the financial condition Y. The results are
presented in table 6.

Next, we change the parameters xq,x;4, investigate
the changes in the value of the generalized quality indicator
X5, and the financial state Y. The results are presented in
table 7.
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Table 5 — Changes in values X;,X,,Y

Indicator Generalized Description Complex Description Financial Description
x, X, indicator X; P indicator X, P state Y P
2018 | 12.6 | 8.82 45 High 3.25 Middle 3.25 Normal
2017 | 3.92 | 0.89 45 High 3.25 Middle 3.25 Normal
2016 | 2.6 0.52 2.75 Middle 131 Low 1.36 Bad
2015 | 17 0.03 1.29 Low 1.36 Low 1.36 Bad
Table 6 — Changes in values X3,X,.Y
Indicator Generalized - Complex - Financial -
- ” indicator X Description indicator X, Description state Y Description
2018 | 0.26 | 0.13 3.25 Middle 3.25 Middle 3.25 Normal
2017 | 048 | 0.57 4.12 High 3.25 Middle 3.25 Normal
2016 | 0.17 | 0.46 1.77 Low 1.36 Low 1.36 Bad
2015 | 0.19 | 0.15 1.27 Low 1.36 Low 1.36 Bad
Table 7 — Changes in values Xs,Y
Indicator L L . . L
Generalized indicator X5 Description Financial state Y Description
X9 X10
2018 8.5 9 45 High 3.25 Normal
2017 7.5 79 4.24 High 3.25 Normal
2016 55 7.6 3.58 Low 3.25 Normal
2015 4.9 3.6 2.87 Low 3.25 Normal

Conclusions. After analyzing the problem and the
relevance of the research problem, the statement of the
problem was formulated. The existing approaches for
solving the problem of diagnosing financial states were
considered during the research. As a result of the review,
and to illustrate the example, the authors suggested using
an approach based on the use of a fuzzy logic apparatus,
namely, production models with the Mamdani fuzzy
inference algorithm.

To determine the financial state were selected 10 input
parameters. The criteria by which the state is assessed were
quantitative and qualitative indicators of company's acti-
vity. The presented mathematical model allows to take into
consideration both quantitative and qualitative indicators
and also allow to analyze financial groups of indicators
(liquidity, financial stability, profitability and business
activity), and assess the level of managerial skills.

The implementation of research results can help speed
up the diagnosis of the financial state of the enterprise and
make a right management decision based on the results of
diagnosis in time.
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MATEMATHUYHE I KOMIPIOTEPHE MOJAEJIIOBAHHA

MATEMATHYECKOE 1 KOMIIBIOTEPHOE MOJIEJIMPOBAHUE

MATHEMATICAL AND COMPUTER MODELING

YK 519.612 DOI: 10.20998/2079-0023.2019.01.07
H. A. MAPYEHKO, P. O. PYIEHKO

HNOJINIEHAN METOJ TOCJIJI)KEHHS CTIMKOCTI PO3B’SI3YBAHHS CUCTEM JITHIMHUX
AJITEBPATYHUX PIBHSHD

ITpoBe/eHnit OIS iCHYIOUMX METO/IB JOCIIKEHHS CTIMKOCTI pO3B’sI3KiB CHCTEM JiHIHHUX anrebpaidanx piBasHb (CJIAP), 1o 3aexaTs Bijt BXIIHUX
JTaHUX, TOOTO Bapiawiif mapamerpis. PO3rIsIHYTO METOIM OLIHKH CTIHKOCTI pO3B’s3yBaHHS CHCTEM JIHIHHMX anreOpaiuHHMX piBHSAHb, Taki SK 4HCIa
3yMOBJICHOCTI, MO/YJIbHI BU3HAYHUKM Ta 100Y/10Ba TaOJMIlI 3HAKIB 33 OPUIIHAIBHUM Ta MOJIMIICHUM METOAOM 100ynoBH. PeanizoBane nporpamue
3a0e3reueH s Ul OLIHKHU CTiMKOCTI CHCTEM JIHIMHHX anreOpaiyHHMX PiBHSHB 3a JOINOMOIOI0 YHCEeI OOYMOBIJICHOCTi, MOXYJIBHUX BH3HAUHHKIB Ta
1100y 10BH TaOJIMI 3HAKIB JUIS 3HAXO/DKEHHS TOYHUX OL[IHOK Bapiamiil po3B’s3KiB 3aIeKHUX Bif Bapiawiil mapamerpis CJIAP.
B po6oTi moka3aHo, 1o AOCIIHKEHHs CTIHKOCTI 32 YHCIaMi 00YMOBIICHOCTI JAal0Th AyXKe Ipy0y OLIHKY MOXKIUBHX MOXHOOK PO3B’SI3KiB, ajie BOHH €
npocTuMu B peanisanii, Ta 11 CJIAP MoxyTh oJpa3y mokasarty, Mo JAesKi CHCTEMH € IOTaHO 3yMOBJICHHMH, 110 3HAYHO €KOHOMHUTB Yac JIOCITiKEHH,
0co61mBo ko CJIAP MaroTh ay»e BEHKY pO3MIpHICTh. JOCII[DKeHHS CTIHKOCTI 32 MOYJIbHUMU BU3HAUHUKAMH ITOTPEOYIOTh BEIIMKUX PO3PAaXyHKIB,
ane MaloTh JOCUTh HAIIHY OLIHKY 3BEpXY IIOA0 MOXKIHBHX Bapialiii OKpeMHX KOMIIOHEHT PO3B’sI3KiB CHCTEM JiHIHIX anredpaiunux piBHsAHb. Lle €
JIy’Ke Ba)KITHBOIO OCOOJIMBICTIO METOJa TOMY, IO OKpEeMi KOMIOHEHTH PO3B’SI3Ky MOXYTh 3a3HAaBATH 3HAYHHX Bapiallii, 0 HE BPAaXOBYIOThCS MPH
JIOCIIDKEeHH] 3a YHcIaMy 00yMOBIICHOCTI. J[OCIIiKeHHSI CTIHKOCTI MOOYJ0BOIO TaOMHMIII 3HAKIB HAJAIOTh MOJMJIMBICTh 3HAWTH MaKCHMAJbHI Bapiarii
OKpPEMHX KOMITOHEHT PO3B’SI3KiB CHCTEMHU JIHIIHUX anreOpaidHuX piBHsHB, IO HACIPABAI MOXYTh OyTH 3HAYHO MEHIIHUMH, HDK BEPXHS OLIHKA
MOJKJIMBHX Bapialiif 3a METos0M MOIY/IbHUX BU3HAYHUKIB. B poOOTi 3ampornoHoBaHO MOTiMIIEHNH METo MoOy/10BY TabNIli 3HAKIB, 10 3HAXOAUTH
OiTBIIT TOYHHMIT Aiarla30H MOXKIIMBUX Bapialliif po3B’A3KiB CHCTEMH JIHIHNUX alreOpaiyHuX PiBHSHb.
ByB npoBenenuii NOpiBHIBHUI aHAJI3 MK TpaJULiHHUM METOJIOM 1OOYA0BH TaONuUIIl 3HAKIB 32 OKPEMUMHU BH3HAYHUKAMH Ta MOJIMIIEHUM METOI0M
1mo0y10BM TaOINMII 3HAKIB 3a MOXiTHUMH Bijl JUICHHS BU3HA4YHMKIB 3a (opmynoro Kpamepa. 3rigHo aramizy, mominmmernidi merox y 30% Bumakis
3HAaXOUTh Bapiamii, o B 1.3 pa3n GinbmIi HiX Bapiamii, 10 3HAXOANTH MOTMEPE/IHiiT MeTox, Ta y 5% BHMAJKIB IIi Bapiamii MepeBUITyOTh TTONepeHi y
2 abo Oimbire pasis. Lle roBOpUTH Mpo Te, MI0 TPATUIIHHIA METO y ACSIKAX BHUIAKaX HETOOIHIOBAB MOJKIIHBI BiIXMICHHS PO3B’SI3KIB, 110 3a71€KaTh
BiJ Bapiamiii BXITHUX JaHUX.

Kurodosi cioBa: riniiiHa anre6pa, 4icenbHi METOIH, CTIHKICTh, MATPHUILA, CHCTEMA JIIHIIHUX anreOpaldHuUX PiBHAHb, BU3HAYHNK, MOJYIbHUI
BHU3HAYHMK, TAOJIUIE 3HAKIB, YUCIO 0OYMOBJIEHOCTI

H. A. MAPYEHKO, P. A. PY/IEHKO

VJYUYILIEHHBIN METO/{ HCCJIEJJOBAHHUSI YCTOMYMUBOCTH PELIEHU S CUCTEM
JIMHEMHBIX AJITEBPAUUYECKUX YPABHEHUI

IIpoBeneH 0030p CyLIECTBYIONIMX METO/IOB HCCIIEIOBAHHMS YCTOHYMBOCTH DEIICHUH CHUCTEM JIMHEHHbIX anreOpanueckux ypasHenuid (CJIAY),
3aBHCSMNIMX OT BXOAHBIX JAHHBIX, TO €CTh BapHalMii IapaMeTpPoB. PacCMOTPEHBI METOAbI OLEHKH YCTOMYHMBOCTH DEIICHHs] CHCTEM JIMHEHHBIX
anreOpandeckiX ypaBHEHHH, Takhe KaK Yrciia 00yCIIOBICHHOCTH, MOYIIbHBIC ONMPEICIUTENH U MOCTPOCHNE TaOINIBI 3HAKOB 110 OPUTHHATHEHOMY H
YIY4IICHHOMY METOZaM IOCTpoeHus. Peann3oBaHo mporpaMMHOe OOECHEUeHHE ISl OLEHKH YCTOHYMBOCTU CHUCTEM JIHHEWHBIX anreOpamdecKux
YpaBHEHHI C MOMOIIBIO YHCEN 00YCIOBICHHOCTH, MOMY/IBHBIX ONpPEACIUTENCH U TTOCTPOCHHS TAaOJHIbl 3HAKOB JUIS HAXOXJICHHS TOYHBIX OI[EHOK
BapHalui pelmeHuii 3aBUCUMBIX OT Bapuanuii napamerpos CJIAY.
B pabore mokas3aHO, 4TO HCCIECAOBAaHHE YCTOMYMBOCTH MO YHCIAM OOYCIOBICHHOCTH [AIOT O4YEeHb IPYOYIO OLEHKY BO3MOMKHBIX MOTPEIIHOCTeil
peleHnit, Ho OHM MPOCTHI B peamm3aruu, u 11 CJIAY MoryT cpasy moka3aThk, 4TO HEKOTOPBIE CHCTEMBI TIJIOXO 00YCIIOBICHHBIMH, YTO 3HAYNTEIBHO
SKOHOMHT BpeMsl uccienoBanusi, ocobeHno eciu CJIAY mmeroT odeHp Gonbinylo pasMepHOCTb. VcciienoBaHue YCTOWYHBOCTH IO MOIYJIBHBIM
OIpeeUTENIMU TPeOyIOT OOMBIINX PACUCTOB, HO JAIOT JOCTATOUHO HAJEKHYIO OLEHKY CBEpXY OTHOCHTEIHLHO BO3MOXKHBIX BapHAaIMil OTACIBHBIX
KOMITOHEHT PEIICHNI CHCTEM JIMHEHHBIX alre0pandeckiX ypaBHEHHH. DTO ABISETCS OYEHb BaKHOI OCOOCHHOCTBIO METO/Ia TIOTOMY, YTO OTAENBHBIE
KOMITIOHEHTBI PEIICHHH MOTYT HCIBITBIBATH 3HAYHMTENbHbIC BapUal[Md, KOTOPBIE HE YYHUTHIBAIOTCS IPU HCCICJOBAHHU IIPU ITOMOIIM YHCEI
oOycnoBiaeHHOCTH. VccnenoBanue yCTOIHYMBOCTU MPU TIOMOIIHM HOCTPOCHHUS TaOIHIBI 3HAKOB JaeT BO3MOJKHOCTb HAWTH MAKCHMAJbHBIC BAPUAILTHU
OT/ICNIBHBIX KOMITOHEHT PEIICHUH CHCTEMBI JIMHEHHBIX alreOpanvyeckuX ypaBHEHUH, KOTOpPbIe Ha CAMOM Jelie MOT'YT ObITh 3HAUHTEILHO MEHBIIE, YeM
BEPXHsA OLCHKA BO3MOXHBIX BapHaI[Hil METOIOM MOJYJBbHBIX Ompejenuteneid. B pabote mpeuioxkeH ymydIIeHHBIH METOJ MOCTPOCHUS TaOIMIIbI
3HAKOB, KOTOPBIN HAXOAUT OOJIee TOUYHBIN TMANa30H BO3MOXKHBIX BapUallUi PEIICHNI CUCTEMBI JIMHEHHBIX aNre0panyecKux ypaBHEHHH.
bbul TmpoBeNieH CpaBHHUTENBHBIA aHAIN3 MEXIY TPAJUIMOHHBIM METOAOM IIOCTPOCHMS TAONHIBI 3HAKOB IO OTACIBHBIM OINPEACIHTENSIMH H
YIy4IICHHBIM METO/IOM TIOCTPOEHHsS TAaOJMIIBI 3HAKOB 110 TPOM3BOAHBIM OT JIeleHus omnpenenuTencii mo gopmyne Kpamepa. CormacHo ananmsy,
yIydimeHHbIH MeToq B 30% ciyuaeB HAXOAUT BapHALUH, KOTOpLIe B 1.3 pa3a Gomblre ueM BapualHy, KOTOPbIe HAXOAUT NMPEABLAYIINNA MeTos, U B 5%
CllydaeB 3TH BapWallUM TIPEBBIIIAIOT MpEbIAyIIHe B 2 Wik Oojiee pa3. DTO TOBOPUT O TOM, YTO TPAJAMIHOHHBI METOX B HEKOTOPHIX CIydasx
HEJI0O0IIEHUBAJ BO3MOYKHBIC OTKJIOHEHHMS! PEIICHHH, 3aBUCSIINX OT BapHaIil BXOAHBIX JAHHBIX.

KiroueBble ciioBa: nuHeliHas anreOpa, YHCICHHBIE METOABI, HAJEeKHOCTh, MAaTpHUIA, CHCTEMa JIMHEHHBIX aareOpandecKUX ypaBHCHHI,
OIPECINTEIb, MOTYIbHbIN ONPEACINTENb, TA0INLA 3HAKOB, YHCIIO 00YCIIOBICHHOCTH.

© H. A. Mapuenko, P. O. Pynenko, 2019
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N. A. MARCHENKO, R. O. RUDENKO

IMPROVED METHOD FOR STABILITY RESEARCH OF SOLUTIONS OF SYSTEMS OF LINEAR
ALGEBRAIC EQUATIONS

A review of existing methods for stability research of solutions of systems of linear algebraic equations (SLAE) depending on the input data, that is,
parameter variations, have been carried out. Methods for stability research of solving systems of linear algebraic equations, such as condition numbers,
modular determinants and the construction of a table of signs using the original and improved construction methods, were considered. Software for
stability research of systems of linear algebraic equations have been developed. The software is using condition numbers, modular determinants, and
construction of table of signs to find accurate estimates of the variations of solutions of SLAEs that depend on parameters variations.

It is shown that stability research using condition numbers gives a very rough estimate of possible errors in solutions, but that research is simple to
implement, and for SLAEs it can immediately show that some systems are ill-conditioned, which saves research time, especially if SLAEs have a very
large dimensionality. The stability research using modular determinants requires large calculations, but they give a fairly reliable upper estimate with
respect to possible variations of individual components of solutions of systems of linear algebraic equations. This is a very important feature of the
method because the individual components of solutions may experience significant variations that are not taken into account in the research using
condition numbers. The study of stability by constructing a table of signs makes it possible to find the maximum variations of individual components of
solutions of a system of linear algebraic equations, which in fact can be significantly less than the upper estimate of possible variations found by method
of modular determinants. The paper proposes an improved method for constructing a table of signs, which finds a more accurate range of possible
variations of solutions of a system of linear algebraic equations.

A comparative analysis was conducted between the traditional method of constructing a table of signs using individual determinants and an improved
method of constructing a table of signs based on the derivatives of the division of determinants using the Cramer formula. According to the analysis, the
improved method in 30% of cases finds variations that are 1.3 times greater than the variations that the previous method finds, and in 5% of cases these
variations are 2 or more times greater than the previous ones. This suggests that the traditional method in some cases underestimated the possible

deviations of solutions that depend on variations of the input data.

Keywords: linear algebra, numerical methods, stability, reliability, matrix, system of linear algebraic equations, determinant, modular

determinant, signs table, condition number.

Beryn. 3a omiHKaMH BYCHHX YHCENIbHI METOIH
po3B’s3yBaHHs CJIAP 3acTOCOBYIOTBCS OULTBIN HIX Y ITO-
JIOBUHI PO3PaXyHKOBHX MaremMatuuHux 3ama4 [1-9]. Tpa-
IUIIAHI METOAM PO3PaxyHKY CTIMKOCTI pO3B’SI3yBaHHS
CHCTEM JIHINHNX anreOpaiYHuX PiBHSIHD HE NAIOTh HaMTii-
nux pe3ynbraris [10, 11]. Oxni€ero 3 NpUYKMH HEHAAIWHOCTI
pPO3paxyHKIiB € HETOYHOCTI B 3aBIaHHI KOeQiIlieHTIB
piBHsAHB. [l peasbHUX 00 €KTIB 1i Koe]illieHTH HE MO-
XKYTh TOYHO BIJINOBIJAaTH 3HAYCHHSM, 33J]aHUM IIPH IPO-
eKTYBaHHI, KpiM TOro, B XOJi eKCIulyaTauii mapamerpu
00’€KTa MOXYTh 3a3HAaBaTH 3MiH, 10 BIUIMBAIOTh Ha
po3B’si3ku. [Ipu Aeskux yMOBaxX HaBITh HEBEJIHKI 3MUHU B
rnapamMerpax MOXYThb NPUBECTH A0 3HAYHUX 3MiH Yy
pO3B’s3KaX, 1 BIAMOBIMHO A0 3HAYHUX 3MiH Yy TOBEMiHII
00’€KTiB.

VY naHiil poOOTi yBara MpUIUIAETHCS TOTPIITHOCTIM
PO3B’S3KiB, 0 BUHUKAIOTh Yepe3 Bapiamii BXiTHAX TaHUX
PO3paxyHKiB.

Hopma matpuui, unciaa 3ymoBJjenocri. Knacuunum
METOJIOM OIIIHKH CTIHKOCTI pO3B’3KYy CHCTEMH JIiHIHHUX
anrebpalyHUX piBHAHB € uncia 3ymoBienocti [1, 2, 10—
13]. fxio po3riasaaeThCs CUCTEMA JTIHIMHUX PIBHAHB, KA
3aIMCY€EThCS B MATPUUHOMY BHUIJISIAI SIK

Ax = b, 1)

ne A —wmatpuns CJIAP;

X — HEB1IOMUI1 BEKTOD, 110 € PO3B’I3KOM CHUCTEMH;

b — 3aganuii BexTOp MpaBUX YaCTHH.

Tomi YWCIOM 3yMOBIEHOCTI HAa3WBAIOTh JOOYTOK
HOopMH MaTpuili A Ha HopMmy obepHenoi Mmatpumi. Ilpn
IIbOMY YHCJIO 3yMOBJICHOCTI CHCTEMH JiHIHHUX PIBHSIHD
IIOB’s13y€ BIACTHBOCTI MATPHUIll CUCTEMHU PIBHSHB 3 MOXH-
OKOI0 pO3B’SI3Ky CHCTEMH JIiHIMHMX DiBHAHb. B HaWTip-
LIOMY BHIIQJKy BiJJHOCHa HEBH3HAYECHICTh PO3B’S3KY X
Oylle MepeBHIYBAaTH BiJHOCHY HEBH3HAYECHICTh BXITHUX
JaHUX Y KUIBKICTB pa3iB.

HaBite Mani umcna 3yMOBJIEHOCTI MaTpuii He €
HAQ/IIHHUM TTOKAa3HUKOM CTIHKOCTI OTPUMAHUX PO3B’SI3KIB.
Ile moB’s;3aHO 3 THM, IO YHCIA 3YMOBJICHOCTi JIWIIIE

rapaHTyiOTh ACSKHHA Jiama30H 3HAUYCHb MIPU BEKTOPY
PO3B’SA3KYy X, HAIPUKIAMA, HOTO MOBKUHH, ajie¢ HE MAaIOTh
BiTHOIICHHS 10 OKPEMHUX CKJIAIOBHX PO3B’S3KY X;, IO B
JESIKUX BHITAKaX MOXXYTh HaBITh 3MIHIOBATH 3HAK IpH
JIOCTATHBO HEBEIHUKHUX 3HAYCHHAX YUCIIA 3yMOBIICHOCTI.

[lepeBaroro BHKOPHCTaHHS YHCEN 3YMOBICHOCTI €
MPOCTOTa BUKOPHCTAHHS Ta Majia KUIBKICTh HEOOXITHHX
00YHCITIOBaHb.

Ouinka noxuoKu 3a MOAYJIbHUMH BU3HAYHUKAMHU.
B po6orax [10, 11] sx meroam pO3paxyHKY CTiHKOCTi
JIOJTATKOBO  MPOIOHYETHCSI  BUKOPUCTOBYBATH  OLIHKU
MOXUOKH 32 MOIYJIbHUMHU BU3HAYHUKAMH Ta 33 TAOJIUIICIO
X 3HaKiB.

MonynbHI BH3HAYHHKH JTO3BOJLSIFOTH JATH OIIHKY
MaKCHUMallbHO MOXIMBOI HEBU3HAYCHOCTI BH3HAYHHKIB
CHUCTEMH IIIHIHHUX anreOpaidYHuX PiBHAHB, SKIIO BigoMa
HEBU3HAUYCHICTD BXITHHUX MaHUX. MOIYIBHUIA BU3HAYHUK
PO3pPaXOBYEThCA aHAIOTIYHO N0 PO3PAaXyHKY BH3HAYHHUKA
MAaTpHIIi, ajie yCci CKIaJoBi OepyThCs 32 MOAYJIEM Ta yci
3HAKH «MIHYyC» y (opMyii 3aMiHIOIOTBCS Ha 3HAKU
«ILITFOCH.

MonynpHHMI BU3HAYHUK YHCEIHHO OB’ SI3y€ BJIACTH-
BOCTI BXiJHUX JaHHUX 3 MipOIO BiTHOCHOI HEBU3HAYEHOCTI
BH3HAYHHKIB MaTPHIII.

CrpaBXHe 3HAYCHHS BH3HAYHMKA det MOXHA OLli-
HUTH 32 JTIOTIOMOTOI0 (DOPMYIIH:

detyoy — nedetygy < det < detyoy + nedetyoy,  (2)

ne  detyoy — BU3HAYHUK MATPUIN, OOYMCIICHUH 32 CTaH-
JIapTHOIO (POPMYJIOIO;

detyy — MOZYNbHUI BUSHAYHUK MATpPHIII;

det — cripaByxHe 3HAUCHHS BU3HAYHMKA MATPHILi;

N — MOPSJIOK MAaTPHIII,

€ — MOXITMBA BIJJHOCHA ITOXHOKA B BU3HAYCHHI Mapa-
METpPiB MaTpHIL.

Buxopsuu 3 Toro, mo ¢opmyna Bigoma Kpamepa mo-
3BOJISIE OTPUMATHU 3HAYCHHS PO3B’SI3KIB X; CUCTEMHU JiHIil-
HUX anreOpaiyHuX piBHAHB SK IIJICHHS BU3HAYHHKIB, Ta

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

ananis, ynpaeiinua ma ingopmayitini mexronocii, Ne 1’2019

39



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

BIZIOMOCTEll PO HEBH3HAYEHICTh BHM3HAYHHKIB CHUCTEMH

JMHIHHUX anreOpaidyHuX PIBHSAHB MOXEMO JaTH BEPXHIO

OLIIHKY HEBU3HAYEHOCTI OKPEMHUX CKJIAJIOBUX PO3B’SI3KY X;.
BukopucroByroun ¢popmyiy Kpamepa

D<i>

Xi = f (3)

D

ne  x; —i-Ta KomroHeHTa po3B’s3Ky CJIAP;

D — Buznaunuk CJIAP, mo nocmimKyeTbes;

D<'> _ Bu3HAYHWK, OTpHMaHHil i3 D 3aMiHOI0 i-TO
CcTOBOLII Ha cTOBOenb BiNbHUX uieHiB CJIAP, MOXIHBO
OLIIHUTHU Bapiamnii po3B’sI3Ky X; NPU BIIHOCHHUX Bapiamisx
KoeQiIieHTiB te:

D<i> i D<i>
min max' (4)

xl-<

Dmax Dmin

Jie x; — [-Ta KoMrnoHeHTa po3B’s3Ky CJIAP;

Dmin 1 Dmax — BIANOBIZHO MIHIMQJIBHO 1 MaKCH-
MaJIbHO MOXJIMBE 3Ha4eHHs Bu3HauHuKa CJIAP, orpumane
3a popmyroro (3);

D<min i max — BINMOBITHO MiHIMATBHO i
MakKCHMaJbHO MOXJIMBE 3HAYCHHS BH3HA4YHHKA D <%,
oTpumase 3a Gpopmyoro (3).

[TepeBaroro BUKOPHCTaHHSI MOJYJIbHUX BU3HAYHHKIB
€ BIJIHOCHA IIPOCTOTa BUKOPUCTAHHS (TIOPIBHSIHO JI0 METO-
Iy TOOYZOBU TaOJMII 3HAKIB) Ta MOKJIMBICTE OTPUMAHHS
BEPXHBOI T'PaHUIII HEBH3HAYCHOCTI PO3B’S3KIB.

T'onoBHUMH HENONIKAMH BUKOPUCTAHHS MOIYJIBHHX
BM3HAYHUKIB € 3HAYHA KUIBKICTP HEOOXITHUX OOYHCIIIO-
BaHb Ul MAaTPUIb BEJIUKOI PO3MIPHOCTI, Ta Te, WO MO-
JlyJIbHI BU3HAYHUKH 3a3BHYail IAIOTh 3aBHLICHI 3HAYCHHS
HEBU3HAYEHOCTI, SIKi He MOXYTh OyTH Hocsruenni [10, 11].
Jist Oinbur TOYHOT OIHKKM HEOOXiJHO KOPHUCTYBATHCS
MeTOZIOM MOOYyI0BH TaONUIl 3HAKiB Ta PO3paXxOBYBAaTH
MaKCHMaJIbHi 1 MiHIMaJIbHI 3HAUSHHS PO3B’SI3KIB X;.

Oninka noxuOKH 32 TAa0JHIEI0 3HaKiB A
BM3HAYHHUKIB. MeTo OIIHKH 3a JOIOMOTOK «TaOJIHIi
3HAKiB» TIPYHTYETbCA Ha NOOYIOBI Takoro MNpPUKIALy
MOKJIUBOTO BiIXMJICHHS, 10 IPU3BOAUTE 0 MAaKCHMAJIbHO
MOXUIMBHX 3MiH 3HadeHHS pO3B’s3KiB X;. IloOymoma
NPUKIIAAY BiIXWIEHHS, K 1 y HONEpeTHbOMY METOJli, BU-
kopucroBye dopmyny Kpamepa (3) six popmyiny npsimMoro
3HAXOJKEHHS PO3B’SI3KIB X;

Po3risiHeMO BU3HAUHHK N-TO TOPSAKY

D<i>

ayq €104 Qin T €1n045
D = : " : ,
anl i 8?’11 a'ﬂ.l aTlTl i Ennann

®)

AK QYHKLIIO 712 3MIHHMX BEJIMYMH €; j- BUIIMIIEMO TOJIOBHY
JHIHHY YaCTHHY NMPUPOCTY 1iel QyHKIIT:

— n n
A= X1y Zj:l a;jA;;Ag;,

Jie N — MOPSI0K MaTpHIL,
@;j — €JIEMEHT BU3HAYHHKA 3 KoOpauHaTaMu (L,));
Ayj
Ag;; — MoxiuBa BigHOoCHAa moOXHMOKa B BH3HA4YEHHI
enementa a;;, i =1,2,..,n, j=1,2,..,n
Koxxen enemeHT Tabmuui 3HaAKIB («+» abo «—»)
CriBIanac 3i 3HaKOM N0OyTKy a;;4;;.

(6)

— anreOpaivHe TOTIOBHEHHS €JNEMEHTA Q;j;

AHaJIOTIYHO HONEepPeIHbOMY METONy 3a (opMyJaMu
(3) i (4) ouinHroroTECS Bapialii po3B’s3Ky X;, ajie 3aBISKH
3HAXO/PKEHHIO KOHKPETHOTO MpHKIIANy Bapialii BU3HAY-
HUKIB L5l OIIHKa Oy/Jle TOYHIIIOO 33 IOIEPEHIO.

JlonaTkoBi CKIIQHOCTI BHOCUTH HASBHICTH CIUTBHHX
Koe]ilieHTiB BU3HAYHUKIB Y YHCEIFHUKY Ta 3HAMCHHHKY,
a came, n — 1 cToBmmiB y Bu3HauHEKax D Ta D<*>, 36ira-
10ThCs. 1le IpU3BOANTE A0 CYNEPEWINBUX 3MiH PO3B’SA3KiB
X;, 1[0 HE JI03BOJISIE 3HANTH MAaKCUMaJIbHO MOJKIIUBE BiJ-
XHUJICHHS PO3B’A3KiB MPH 3MiHI KOe]IilieHTIB €; j» IO 32110~
BOJILHSAIOTh HEPIBHOCTI |£ij| < &g, JI€ € — 3a/laHa MaKCHU-
MaJIbHO MOJKJIMBA BiJIHOCHAa MOXMOKAa B BHM3HAUCHHI eJie-
MEHTIB @;;.

Hoainuenuii MeToa mMo0y10BH Tad UL 3HAKIB.

Posrasnemo po3B’sS30K Xy

D<k>

xk — —
Ay k€101, -+ bytpby A EERa,
An i €n1an1 bn i unbn Ann i Ennlnn

A1 T €11ay1 0 A L€y Qpp T €Ay
Ank t Enklnk

an1 t €n1ln1 " Ann + Ennlnn

nek=1,2,..,n;
Wi, ., Ky — MOXKIIMBI BiTHOCHI TOXHOKH B BU3HAYCHHI1
€JIEMEHTIB by, ..., by,.
3ammmremo hopMyny Ans QYHKIIT X, MO 3aJCKUTH
k
BiZ[ Sij:
<k> <k> <k>
D (Sij) _ Sija,-]-A +D
D(sij) Ei]-al-in]- +D
nei=12,...,n, j=1,2,..,n, Ta 3HaliieMO 4aCTKOBY
TIOXiJIHY PO3B’SI3KY Xj 32 3MIHHOIO €;;!
<k> <k>
aijA UD - ai]'AijD

(eijai Ay + D)’

. (M

x () =

®)

xk(sij)’ =

l'osioBHa JiHINHA YacTHHA TIPUPOCTY PO3B’SI3KY Xj B
Touri g;; = 0 (¥oro moBHik mudepentian) 6e3 ypaxyBaHHs
croBnus j = k Oyzne popiBHIOBATH:

n

n
<k> P _ A p<k>
A<k>— ;A" D — a;jA;; D
IiH T D2

i=1 j=1, j#k

: AE,:]', (9)

ne Ag;; — mpupicT 3MiHHOI €;;. BBaxkarouw, six i panime, mo
JUIs BCIX i Ta j, j # K NOTPUMYETHCS HEpiBHICTh |sl-j| < g,
OTpUMaEMoO, [0 HaKOUIbIIe 30UIBIIEHHS PO3B’SI3KY B
JiHIHHOMY HaOWDKeHHI Oyzae mpH |sl~j| =&y, 1 BOHO
JIOPIBHIOE

n n
<k> —
AJ‘[iH Makc E E

i=1 j=1,j%k

<k>
|ai]-A L]D_ al-jA
DZ

<k>|

D
2 £o- (10)

Koxxen enemeHT (OKpiM BHMIanKy j = k) MOBHO{
«TalNuIl  3HAKIB»  CHIBHAma€ 31 3HAKOM  BHpPa3y

<k> <k>
al-jA ’-JD - aiinjD .

3a ymoBu j = k BusHaunuku D<*> ta D mHe MaioTh
CHUIbHUX KOe(iLlieHTIB, TOMY MakcHMi3alist (MiHiMizaris)
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PO3B’SI3KYy Xj 32 Koe(illieHTaMu [l Ta €; MOXE IPOBO-
JINTHCS HE3aJIeKHO it Bu3HauHuKiB D <¥> ta D, arne ciix
BPaxoOBYBaTH 3HaKH BU3HAYHHUKIB.

3anmniemo ¢opmyiy st QyHKUIT X, IO 3aI€KHUTh
BiJl BMIHHHUX [l Ta Ej°

ukbiA<k>ik + D<k>
€Ay +D

xi (o) = (11)

3HaliieM0 YacTKOBY TMOXIAHY pO3B’SI3KY Xj 3a
3MIHHOIO [ TIpH €, = 0, BoHa Oyze nopiBHIOBATH:

0xy (Wpe,Eire) DAy

12
2 5 (12)

[onoBHa JiHiiiHA YacTHHA MMPUPOCTY PO3B’SI3KY X B
touri g =0, W, =0 (¥oro moBHUI nudepeHmiam) 3
ypaxyBaHHs JIMIIE CTOBIISA j = k OyzIe JOpiBHIOBATH:

<k> <k>
b A"y D

n
a5t = ) (Fa

i=1

Qi A g

D2 Asik > (13)

Mk —

ne Ay, — mpupicT 3MIiHHOT Ly;

Ag;;,— npupicT 3MIHHOT €; .

BBaxarouu, sk i panime, mo 11 Beix { Ta j (j = k)
JOTPUMYETHCS HEPIBHICTH |£L-j| < &y, OTPUMAEMO, IO
HaiOLIbIIe 301IBIICHHS PO3B’SI3Ky B JIHIHHOMY HaOJH-
XKeHH Oyze npu |$l-]-| = g;, 1 BOHO JIOPIBHIOE

n
la Ay D
A ake= Z Dt——Fr—

i=1

" €p- (14)

3BijICH OTPHMAEMO, 110 KOXKEH ENIEMEHT €;; Y BUIAJIKY
j =k moBHOI Tabmumi 3HaKiB («+» abo «—») Mae Impo-
TUJIEXKHUH 3HAK BiJl 3HAKy 10OYTKY a1 Ay D<*>, Ta Koxken
eneMeHT AL, Mae 3HaK, CHiBIagaro4uil 31 3HAKOM BUpa3y
biA<> g

~— > Ta 3HAKH JOPIBHIOIOTHh HYJIIO, SIKIO BiATIOBIIHI

BHpPa3H JOPIBHIOIOTH HYITIO.

IIporpamue 3a6e3neyeHHs JOCTiIZKEHHS CTIHKOCTI
po3p’sizkiB CJIAP. /Iyt MOIJIMBOCTI MOpIBHSIHHS pe-
3ynbTaTiB OyJ0 CTBOPEHO HpOrpaMHe 3a0e3redeHHs, 10
JI03BOJISIE KOPUCTYBaueBi JoCHiKyBath cTiiikicte CJIAP,
10 TpeACTaBiIeHi B MaTpuaHOMy Burisiai (1), imrepderic
SIKOTO 300pakeHo Ha puc. 1.

o -
Maro A Lo P bactor 8 Londd Vwetor
14 12 18
[ER T '
R
LY AutA) = 47, RIRRRINAT =i
Compabe ity o | Epudon naol

Aeenbhmonsn swilovirt pons’ sanis srmtree Alailime anealpaloies isnin *

At = &, 30

Puc. 1. BikHo nporpamu

KopucryBau mMoke BBECTH MAaTpUILI0 cucTeMu A Ta
BeKTOp mpaBux yactuH b. [Ipu 1bOMy BBECHHS MOXJIMBO
K 3 KJIaBiaTypW, TaKk W IIIXOM iX 3aBaHTaXXCHHS 3a
noromororo kHorok «Load Matrix» ta «Load Vector». B
HIDKHIH 4acTHHI BiKHA Iepea0adyeHo BHBEICHHS 3BITY 3
pe3yabTaTaMy JOCIIKSHHSAM CTiHKOCTI.
3BIT 3 JOCIIKEHHSIM CTIHKOCTI MICTUTD:
® DPO3B’S3KH CHCTEMH IHIHHHX anreOpaidHuX
PIiBHSHE;

e MOXUIMBI Bapiatii po3B’s3kiB CJIAP;

e MOXJIMBI Bapiaimii 3HaueHb BU3HAYHUKIB, SKi
BUKOPHCTOBYIOTBCS y PO3PaxyHKax;

e JleTanbHy iH(OpPMAli0 IION0 YMOB, HPH SKHUX
PO3B’sI3KM 200 BU3HAYHUKH 3MiHIOIOTh 3HAK.

YnceJbHHH  eKCHEPHUMEHT 3 JAOCTiIKeHHSIM
NMOJINIIEeHoro MeToAy mo0yaoBu Tadauui 3HakiB. [lis
TOPIBHAHHSA PE3YNbTaTIB JOCTIHKEHHS CTIHKOCTI CHCTEM
TMHIHHNX anreOpaidHuX pIBHIHP METOIOM MOOYIOBU
TaONUII 3HAKIB 32 BU3HAYHHKAMHU Ta MOOYJOBH TaOJHII
3HAKIB 3a ITOXIMHMMH UJIEHHS IBOX BHU3HAYHHUKIB 3TiITHO
¢dopmymun Kpamepa Oynm mpoaHai30BaHi BHIAIKOBO
CTBOpEHI CHCTEMH JIIHIHHUX anreOpaiyHuX piBHSHB.

I'padix 3 MOpiBHAHHSIM PO3MOALTY BiHOCHHX Bij-
XHJICHb PO3B’S3KIB X;, IO 3QJICKATh Bl BIIHOCHUX BiIXHU-
JICHb NapaMeTpiB € 3a JBOMa METO/JaMH HaBeIeHHH Ha
puc. 2, Ta rpadik po3noJily YTOUHEHb OLIHOK 3a IOXiJ-
HUMH JiJICHHS ABOX BU3HAYHHUKIB 3rimHO (popmymn Kpa-
Mepa Il KOXKHOTO po3B’s3ky x; it CJIAP posmipHOcTi
n = 5 HaBeJeHUH Ha puC. 3.

01

- s Mloninwesns meTol
Tpaosmu v meTon

0.001

0.0001

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

Puc. 2. Po3mois BiJHOCHHUX BiJIXWJIEHL PO3B’A3KiB X;
p i

i8
i6
24
22
2
1.8
1.6
4 I
1.2
0.00%: 20.00% 40.007% OO0 BOLODOY 100,00 %

Puc. 3. Po3monin yTo4yHEeHb OI[IHOK

CTOCOBHO yTOYHEHb OL[IHOK KO>KHOTO OKPEMOTO PO3B’SI3KY
MOkeMo OaumtH, mo yrouHeHHS miust 50 % po3B’s3kiB He
nepeBuIyots 1.15 pasiB, yrounenHs mias 30 % po3B’sA3KiB
3HAXOAAThCs y miamasoHi Mix 1.15 Ta 1.46, yrounenns mis 15 %
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PO3B’sI3KiB 3HAXOIAThCA y AiamasoHi mik 1.46 ta 2.24, ta  14. Pynenko P. O. PospoGka nporpamnoro 3abesnedeHHs s

yTOUHeHH I8 5 % pO3B’A3KiB MepeBUIIyIOTH 2.24 pasi. JIOCIIIJIDKEHHS CTIHKOCTI YMCEIbHUX METOIB NiHiitHOT anrebpu. Tpyou
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1. 1. MAPYEHKO, M. M. MAJIBKO, 1. I'. MAPYEHKO

KOMIT’'FOTEPHE MOJIEJTIOBAHHS IPOLECIB JIA®Y3Ii Y MOXWUJIUX ITIPOCTOPOBO-
HNEPIOANYHUX ITOTEHIIAJIAX

HeronaBHo 0yJ10 oKa3aHo, 110 B iCTOTHO HEPIBHOBAXKHHUX CHCTeMax KoediuieHT audy3ii Moke BecTH cebe HEeMOHOTOHHO 3 Temreparyporo. OaHuM i3
MPUKJIA/IB TaKUX CHCTEM 3 aHOMAJIBHOIO TEMIIEPATyPHOI 3aJISKHICTIO € pyX OpOYHIBCBKHX YaCTOK B MPOCTOPOBO-TIEPIOANYHUX CTPYKTypax. Meroro
cTaTTi OyIO0 JOCHTIIKEHHS 3MIHM TeMIIepaTypHOI 3anexHoCTi Audysii B Hemoaemm(oBaHUX CHCTEMax 3 HH3bKHM KoedimicHToM TepTs. B poboti
METOJaMH KOMII'IOTEPHOTO MOJICJIFOBAHHSI BHMBYEGHO 3MiHa KoedimieHta audysii 4acTMHOK B HIMPOKOMY Jiala3oHi TeMIepaTyp B HaXMIJICHHX
MIPOCTOPOBO-NIEPIOANYHMX MMOTEHIIAMAX Ul PI3HUX 3Ha4YeHb KoediwieHTa Tepts. [lokasano, mo audysis gocsirac MaKCUMyMy TIPU MEBHIH BEIHYHHI
30BHIIHKOI cuty. [i 3HAUEHHS 3aMeKUTh Bin Bemmuuay KoedimienTa Tepts. Iloka3aHo, 0 Ha BiAMiHy BiJ 3BHuaiiHOi 3amexHOCTI Appennyca, B pasi
HAXMJICHOTO IEPIOANYHOrO TOTEeHIiany, MakCHUMaJbHHil KoediuieHT audy3ii 3pocTac, a HE 3MEHLIYETHCS 3 TOHIDKCHHSAM TeMIIepaTypu
€KCIIOHCHIIaJIbHUM YMHOM. BCTaHOBIIGHO, 1110 Taka 3aJIeXKHICTh XapaKTepHa JUls BCiX HemoaeMmndoBaHux cucteM. IlokasaHo, 1o Uit IPOCTOPOBO-
MePIOJUYHUX CTPYKTYp iCHye OOMEKeHa ALISHKA CHI, B SIKOMY CHOCTEPIraeThcs 3pocTaHHs KoedimieHTa qudysil 31 3MeHIIeHHAM Temmeparypu. Lle
00J1acTh Tak 3BaHOi TeMrepaTypHo-aHoManbHoi 1udy3ii (TA). Buznaueno mupuna i nosnoxenns oonacti TAJ] B 3anexHoCTi Big koedilieHTa TepTs ¥
i mapamertpiB cuctemu. [lokazaHo, 110 31 3MEHIIEHHIM Y, mupuHa obnacti TA/J] 3meniryeTsest mpornopiiitao y. [Ipu oMy koedirieHt audysii B 06macTi
TAJl, naBraku 3poctae ~y. OTprMaHi iaHi Ipo TeMrepaTypHO-aHOMaIbHOI 1u(y3ii MalOTh BaXJIMBE 3HAUCHHS IS Pi3HUX oOnacTel (Gi3uKu i TEeXHIKH
Ta BIJIKPUBAIOTH IIEPCIICKTHBU CTBOPEHHS HOBITHIX TEXHOJIOTIH yIpaBiIiHHSA porecamu audys3ii.
KuarouoBsi cioBa: qudysis, KoM I0TepHe MOICIIOBAHHS, IePiOANYIHI CTPYKTYPH, PiBHSIHHA JIaHkeBeHa, IepioANYHI 110

U U MAPYEHKO, M. H. MAJIBKO, H. I MAPYEHKO

KOMIIBIOTEPHOE MOJEJINPOBAHME ITPOLECCOB JTU®PY3UN B HAKJIOHHBIX
IMPOCTPAHCTBEHHO-TEPUOJUYECKHUX TIOTEHIIUAJIAX

HenasHo ObLIO OKA3aHO, YTO B CYIIECTBEHHO HEPABHOBECHBIX CHCTEMaX KOd(GUIHEHT Tud(y3un MOXKET BeCTH ce0sl HEMOHOTOHHO C TeMIepaTypoi.
OJHUM U3 OPUMEPOB TAKUX CHCTEM C aHOMAJIbHOH TEMIIEPAaTypHOH 3aBHUCHMOCTBIO SBIISICTCS ABMKCHHE OPOYHOBCKMX YaCTHI[ B POCTPAHCTBEHHO-
MIEPHOANYECKUX CTPYKTypax. Llenpio cTaTby OBLIO MCClIeNOBaHHE M3MEHEHHS TeMIIepaTypHOH 3aBHCHMOCTH IU(QY3Hn B HemoaeMI(pHPOBaHHBIX
cucTeMax ¢ HU3KUM Kod(uIeHToM TpeHus. B paboTe MeTonaMy KOMIIBIOTEPHOTO MOZIEIUPOBAHHS U3YUeHO M3MeHeHne kodddunuenta nuddysun
YaCTHII B LIMPOKOM J[MaIia30He TEMIICPATyp B HAKIIOHHBIX [IPOCTPAHCTBCHHO-TIEPUOIUYCCKHIX MTOTCHI[MAIAX UL PA3IMYHBIX 3HAYCHUH Ko duImeHTa
Tpenus. [lokasaHo, uro nuddy3ns mocTUraeT MaKCHMyMa IIPH OIPEIEICHHOH BeJMYHHE BHENIHeH Cuilbl. Ee 3HaueHHe 3aBHCHT OT BEIWYUHEI
koo dunnenta tperus. IlokasaHo, 4To B OTIMYME OT OOBIYHON 3aBHCHMOCTH AppEHHYyca, B CIydae HAKJIOHHOTO IIEPHOIMYECKOTO ITOTEHIIHANA,
MaKCHMaJIbHbIH Kodhduunent quddys3uu BopacTaer, a He YOBIBACT ¢ MOHMWKCHHEM TEMIEPATyPhl SKCIIOHCHIMATBHBIM 00pa3oM. Y CTaHOBJICHO, YTO
Takasi 3aBHCHMOCTb XapaKTepHa I BCeX HeIoAeMII(HPOBaHHEIX cicTeM. [TokazaHo, 4To JUls IPOCTPaHCTBEHHO-TIEPHOIMIESCKHX CTPYKTYP CYIIECTBYET
OrpaHUYEHHBII y9aCTOK CHJI, B KOTOPOM HaOIroaaeTcst pocT koddduuuenta muddy3nn ¢ yMeHbIIEHHEM TeMIIepaTypbl. ITO 00JaCTh Tak Ha3bIBAeMOU
TemnepaTypHo-aHomanbHOU auddy3un (TAL). Onpenenensl mupuHa u nojoxenue odmactu TAJL B 3aBUCUMOCTH OT Kod(duimenta TpeHus y u
napameTpoB cuctembl. [loka3aHo, 4To ¢ yMeHblleHueM Y, mupuHa odnactu TAJ] ymensiiaercs ~y. [Ipu atom xodddunment nuddysnu B odractu
TAJl, Hao0OpOT BO3pacTaeT MPONMOPLUUOHATIBHO Y. [lodyueHHBIE TaHHBIE O TEMIEPATYPHO-aHOMAIbHOW AU(PQY3UH MMEIOT BaKHOE 3HAYCHUE IS
pa3IUYHBIX 00nacTei PU3MKK U TEXHUKH M OTKPBIBAIOT IIEPCIEKTUBBI CO3/IaHMs HOBEHIIIMX TEXHOIOTHIT yIIpaBIeHus nporeccamu auddysnm.
KuroueBrnle cioBa: quddy3nst, KOMIBIOTEPHOE MOJICTIHPOBAHNE, IEPHOUISCKUE CTPYKTYPHI, ypaBHeHUsI JIamkeBeHa, IepUOAMIECKHE OIS

I. 1. MARCHENKO, M. M. MALKO, I. G. MARCHENKO
COMPUTER SIMULATION OF DIFFUSION PROCESSES IN TILT SPATIO-PERIODIC POTENTIALS

It was recently shown that in essentially nonequilibrium systems, the diffusion coefficient can behave nonmonotonically with temperature. One example
of such systems with anomalous temperature dependence is the motion of Brownian particles in spatially periodic structures. The aim of the article was
to study the change in the temperature dependence of diffusion in underdamped systems with a low coefficient of friction. In this paper, computer
simulation methods are used to study the change in the diffusion coefficient of particles in a wide range of temperatures in oblique spatially periodic
potentials for different values of the friction coefficient. It is shown that diffusion reaches a maximum at a certain external force. Its value depends on
the coefficient of friction. It is shown that, in contrast to the usual Arrhenius dependence, in the case of an inclined periodic potential, the maximum
diffusion coefficient increases while temperature is decreasing exponentially. It is established that such a dependence is common to all underdamped
systems. It is shown that for spatially periodic structures there is a limited portion of forces in which an increase in the diffusion coefficient while
decreasing temperature is observed. This is the area of the so-called temperature-anomalous diffusion (TAD). The width and position of the TAD region
are determined depending on the friction coefficient y and the system parameters. It has been shown that a decrease in y, width TAD region decreases
proportionally y. In this case, the diffusion coefficient in the TAD region, on the contrary, increases ~y. The data obtained on the temperature and the
anomalous diffusion are important for various fields of physics and engineering, and opens new prospects for a diffusion process control technology.

Keywords: diffusion, computer simulation, periodic structures, Langevin equations, periodic fields

Beryn. YV octaHHI pOKH CIIOCTEpIraeThCsl 3pOCTaro-
YUl 1HTEpeC /10 eKCIIEPUMEHTAIbHOTO BUBUCHHS IPHCKO-
peHHst au(y3il 4acTOK HUIIXOM BHKOPWUCTAHHS 30BHII-
Hboro mois [1-4]. 3MiHIOWYH XapaKTePUCTHUKH MOJIs
MOXHa e()eKTHBHO BIUTMBATH Ha npouecu audysii. Le Bia-
KpHUBa€ HOBI TEXHOJIOTIYHI MOXIIMBOCTI KepyBaHHS qu(y-
3I€10.

[eprui TeopernuHi gociikeHHs pyxy bpoyHiBCchKuX
YaCTOK Yy NOXWINX TEPiOJMYHUX TOTeHMmianax Oynn

BukoHaHi X. Pickenom [5]. Bymo mokaszaHo, 1o st
HEoAeMII(OBAHOTO BHIAAKY BAKIHBHM Y IIOBEMIHII
aHcaMOJI0O YaCTMHOK € T0siBa <(JIOKQJIi30BaHUX» Ta
«Oiryunx» pimens. X. PickeHoM Oynu oTpumaHi BHpa3u
JUIl PYXJIMBOCTI YacTHHOK. Y TOH JX€ 4Yac MOBEMIHKY
koediienTy nudy3ii He OyJ0 TOCITIHKEHO.

Le meBHO¥O MipOFO OB’ SI3aHO 3 TUM IO, IO AHAJITH-
4yHi Meronu pimeHHs piBHAHHA @Dokepa-Ilnanka, ski
BUKOPHCTOBYBAJINCSI aBTOPAMH, TOTAaHO IPHCTOCOBAHI J10
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Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

auaniz, ynpaeninua ma ingpopmayiiuni mexronoezii, Ne 1°2019

43



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

CHCTEM 3 MaJlOl0 JUCHMNaLi€ro. AJIbTEPHATUBHUM CIIOCO-
O6oM BUBUEHHS MpoOLECciB AU]y3ii i TPAaHCIOPTY YaCTUHOK €
npsIME YKCEJIbHE MOJICNIIOBAHHS aHCaMOJII0 YacTHHOK 3a
JIOTIOMOT'OI0 CTOXaCTUYHUX PiBHsHB JlamxkeBeHa. ®@. Map-
4e30HI [6] OyJio BCTAHOBICHO, MO MU(Y3is YaCTUHOK B
CHCTEMax 3 MaJIOI0 TUCHIIAIIEI0 iICTOTHO 3pOCTA€E MOOIH3Y
nesikoi kputryHOI cwit. [Tomaneine BuB4eHHS AU y3ii mix
BIUIMBOM TIIOCTiHHOI cmin Oylio TMOB’si3aHO 3 poOoTaMu
rpymu K. JlingerGepr. Y po6Gori [7] BOHH BHepIe moka-
3aJH, 0 B MOXMINX MEpPiONUYHUX MOTEHIIamax Koedimi-
eHT nudys3ii Moke BecTH cede aHOMATbHUM YHHOM. [Ipu
JIesIKOMY 3HA4€HHI CHJIM BiH 3pOCTaB 3 MOHIDKCHHSIM TE€M-
neparypu T. TemneparypHy 3alIe)KHICTh MakCHMallbHOTO
koedinienTa audysii BOHH alpOKCHMYBAIU CTYIIEHEBOIO
sanexHicTIo: Dy ~T ™3>, Momamemi pocmimxenHs [8]
MOKa3aJIy, 10 TaKa alpOKCHMAIlisl CIPaBEIJINBA JIUIIC B
Jy’e BY3bKOMY Jiama3oHi Temmeparyp. bymo BcTaHOB-
JICHO, III0 B HENOJEMII(OBAaHUX CHUCTEMax iCHye oOMexe-
HUH iHTepBall OII0YHX CHI, B SIKOMY Koe(imieHT mudysil
3pOCTaE 3 MOHIKCHHIM TEMIIEPAaTypH €KCIIOHCHIIAIbHIM
yuroM (D~ exp( |g|/kT)). Bysno nokaszano, mo (Hizu4HO0O
NPUYMHOI0 TAKOTO 3POCTaHHS € EKCIOHEHIialbHe 3poc-
TaHHSI KOPEJSIIIMHOTO Yacy Teor 13 3HIDKEHHSIM TeMIlepa-
Typu. Y [9] Oyna noGynoBaHa ()eHOMEHOJIOTYHA MOJIEIb,
III0 MOSICHIOE TaKy TEMIIEpaTypHY 3aIEXKHICTb Tco.. [HTEP-
BaJI CHJI, B IKOMY JU(]y3is 3pocTae 31 3SMEHIICHHSIM TeMIIe-
patypu, OyB HaMHU Ha3BaHMI 00J1aCTIO TEMIIEPaTypHO-aHO-
ManbHoi mugysii (TA) [10]. I. Coxomor i b. Jlimmaep
[11], mpoBiBmHM YKceNbHE MOJCITIOBAHHS IS PSITY PI3HUX
3HaueHb KOEQIli€HTIB TEPTS, MATBEPIUIIN Hallli BACHOBKH
[8, 9] npo icayBanus TAJ] B 0OMexXeHOMY iHTEPBAJIi MPH-
KkianeHux cui (kopaonax TAJL).

OpHak, 10 TENepilHLOro Yacy BIACYTHI IaHi 100
NoCHIIeHHs 1uQy3ii B 00J1acTi HU3bKUX 3Ha4€Hb Koediie-
HTIB TepTs i TeMmeparyp. Merow naHoi pobotu € nocii-
JOKSHHST 3QJIe)KHOCTI KoeimmieHTiB nudysil Bix Temrepa-
TYpH 1 TEPTS METOJAMH KOMI FOTEPHOTO MOJICIIOBAHHS Y
MOXHJIMX MPOCTOPOBO-TIEPIOANYHUX MMOTEHIIaNax.

MeTtoauka MoaemoBaHHs. Pyx 4acTHHOK Ha OJIHO-
BHMIpHOT PEIIiTII ITi[] Ji€r0 30BHIMIHBOI ciui F ommcyBa-
BCsl piBHSHH:M JlaH)KeBeHa:

au

mx = — i yx + F 4 \J2ykTE(D), (1)

e t — 4ac, X — KOOpAWHATA YacTHHKH B OJHOBUMIpHOT
pewritii, m — i Maca, Y — koediieHT Tepts 1 &(t) — Oinmit
layciB mrym 3 ofMHIYHOIO iHTeHCUBHICTIO. Kpamka 3Bepxy
o3Havae qUQepeHIitoBaHHSI 110 Yacy.

[Totenmiitna enepris U YacTHHKM B OJHOBHMIPHOI
MIePIOIUIHOT PEUTiTII TOPiBHIOE:

Ux) = —%cos (%x), 2

JIe a — MOCTiifHa pemriTkd, a U, — BUCOTa MOTEHILIHHOTO
6ap’epy. IlapameTrpn BHUKOPHCTOBYBAHOTO IPOCTOPOBO-
NepioMYHOro IMOTeHIiany Oynn THMH 3K, IO 1 B
po6orax [8,9]: Uy = 0.083B, a = 2.0A. Maca uacrnuox
BiNOBiala Maci BOJHIO 1 JopiBHIOBama | aTtomHOT
OJIMHUII MacH.

Ha pyxomy uactky nii€ nepiognydHa cuia 3 00Ky peri-

auv . 2n n
Flat = —— = F;sin (— x). Bemnuuna Fy =-U,
a a

TKH: =
dx

HA3UBAETHCS KPUTHYHOIO criioro [12, 13], BignoBinae MiHi-
MallbHIHM JiF04iil cuill, HeOOXiqHOI IS MOJONaHHS B B s3-
KOMY CEpEIOBHII CHEPreTUYHOro 0ap’epy, IO PO3IiILe
JIBA CYCIJHIX TIOJIO)KEHHS YAaCTHHKH Ha OJHOBHMIPHOT
PEIIITIII.

Croxactuusi piBHSHHA (1) — (2) A7 KOXKHOT YaCTKH
BHpiITyBajmcs ynucensHO MetonoM Eiiepa [14] 3 kpokom
o vacy mo craHoBuB Mernie 0.01 mepiony BmacHHX Ma-
nux KonuBaHb. CTATHCTHYHE YCEPEAHEHHS MPOBOIMIOCS
10 aHCaMOTIO 3 KibKICTIO YacTHHOK He MeHme. N = 10°,
[TouaTKOBiI YMOBH 3a/1aBajMCs HACTYITHUM YHHOM: 4aCTKa
po3Milayiacsi Ha TOYAaTKy KOOPIHMHAT i il BHIAIKOBHM
YHMHOM TPUCBOIOBajach MMBUAKICTh. IlIBHAKICTE Mana
po3moain MakcBemia o temmeparypi. Jias mocsrHeHHs
pIBHOBaru SK 3a IIBHAKOCTSAMH, TaK 1 32 KOOpIHMHATAMH,
IpoBoAMIIAcs TepMaizallis cuctemu npotsarom 10* kpokis
no 4acy. SIKk moKasaiu poO3paxyHKH, MICHis IBOTO 4Yacy
PO3MOIIN, SK 32 KOOPJMHATAMH, TaK i 32 IIBUAKOCTSIMH
aHCcaMOJII0 YacTHHOK He 3MiHIoBaiocsa. B mpomeci
TepMaii3auii 4acTKM MOTJIM 3IHCHIOBaTH CTPUOOK B
CyCiiHI eJeMeHTapHI KOMIPKH OJHOBUMIPHOI PELIiTKH.
Jns toro mo6 audy3is YaCTHHOK MOXOJMiIa 3 MOYaTKy
KOOpJHMHAT TaKi YaCTHHKU IiepeMillanacs B TepIly elie-
MEHTapHY KOMIPKY IIIJISIXOM TPAHCISIIT Ha Iy KUIBKICTh
MOCTIMHUX PELIITKH.

Koedimient nudysii oduncmroBaBes mo aucrepcii B
po3moaii aHcaMOITI0 YacTHHOK. 3BU4aiiHa qudy3is xapak-
TEPU3YETHCS JTIHIHHOI 3aJICKHICTIO CepelHbOKBAAPATHY-
HOTO BiIXWJICHHS YaCTHHOK Y Yaci:

< o? >t 3

VY pasi peanizanii oco0nMBUX pexuMiB audysii 1
3aJIe)KHICTh 3MIHIOETHCS:

< 0% > th. 4

[pu a < 1 roBopsTh mpo cyoaudysito, ampu o > 1 —
npo cynepaudysieto. Sk Oyno nokazaHo paHiiie, B CHCTe-
Max 3 HU3bKHM TEPTSIM 0COONHMBI pexxuMH AUQy3ii HOCATH
nepexinHuii y vaci xapakrep [15, 16] i, micis BcTaHOB-
JICHHSI CTalliOHApHOT'O CTaHy, JAUCIEpPCis B PO3MOILII vac-
TOK ONHCYeThCS cTaHaapTHuUM BupasoM (1). Ha puc. 1
MOKa3aHO CTaHAApTHHUU rpadik 3MIHH Iuctepcii 3 4acom
aHCaMOJIF0 YaCTHHOK IIiJT Ii€F0 30BHINIHBOI CHIIH. 3 pUCY-
HKY BHUJIHO, IO PEXUM «3BHYaiHOI» nu¢ysii HacTae Ha
BEJINKUX MPOMIXKKax yacy. Takum 4MHOM, ISl KOPEKTHOTO
obuncnenHst koeodimieHta augysii HEOOXIAHUH TOCUTH
BEJIMKHUH MPOMIDKOK Yacy MPOTATOM SIKOTO < o? >« t.

3a Bu3Ha4YeHHSAM B 1-MipHOI cucremi KoedilieHT
mudy3ii qopiBHIOE:

2 2
p = im{ &0 lim——, (®)
t—o t t—w 2t
JIe OYXKKH (...) IMO3HAYAIOTh YCEPEAHEHHS 110 aHCaMOJIi0.
Jns xopexTHOro oOumciieHHS KoedirieHta nugysii BH-
3HaYaBCSd dYac tjj, MOCSATHEHHS JiHIAHOI 3aJeKHOCTI
nmucnepeii Bim yacy. Koedimient mudysii BuU3HAUaBCS
JHIHHOIO amnpoKCcHUMali€lo Aucrepcii BiI dYacy TIpH
t > 100t;,.
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Puc. 1. 3anexHicTh qucnepcii aHcaMOIII0 YaCTUHOK Bif 4acy.
Jlitoua cuna F = 0.11Fy,y =3 x 1072, T' = 0.39

Jlyist 3icTaBiCHHS AaHUX, OTPUMAHUX B JaHii poOoTi,
3 pe3yiabTaTaMHd IHIIUX aBTOPIB, MM TpH TOJAHHI
pe3yNbTaTiB MOJEIIOBaHHS BUKOPUCTOBYBAIIM O€3p03MipHIi
3HaueHHs Temneparypu T Ta koedimienTis Tepta vy [7, 12]:

'

Tk ' a

T =3 = Vifamoe (6)

Pe3yabTaTu i odroBopennsi. Hamu Gysio npoBeneHo
YHceNbHEe MOJICNIIOBAaHHS piBHSHG (1) Uil pi3HUX 3HAYECHb
KoediieHTiB TepTs i Temneparyp. Ha puc. 2 npeacrasieHi
3anexxHOCTI KoedinieHTiB qudysii Bin crmu. HaBeneHi Tpu
rpynu rpadikiB, BIOMOBITAIOTE pi3HEM KoeQillieHTamMm
Tepts. JliTepHe mMO3HaYeHHS KPHBHX BiANOBITa€ pPi3HUM
TemmnepaTypaM. 3 rpyn rpadikiB BUAHO, IO TTOJIOKEHHS 1
umpuaa obmacti TAJl (Arap) 3amexuts Bim y. Sk
BUIUTMBAE 3 PUCYHKA, [[i BEJIMYMHH JIIHIHHO 3MEHIIYIOThCS
3 v JleTanbHuil aHami3 ycix rpadikis mokasye, mo Tpu
[bOMY MaKCHMajbHE 3HaueHHS D JiHIHO 3pocTae 3i
3MEHIIEHHAM 7 .

— PP PP

Puc. 2. 3anexnocti koeditieHTiB qudy3ii Bix CUITH 111 pi3HUX
¥ =3-102,3-10° ta 3-10~* —BigmoBizHO Tpymu KpuBHX 1-3.
Temmeparypu T; = 0.13, T, =0.19, T; = 0.39

[[To6 3po3yMiTu (Ppi3WdHI TPUYUHHU TAKOI TMOBETIHKH
MpoaHaizyeMo 3MiHy (YHKIIi pO3MOAITy YacTOK 3a
usuakoctavu n(V) 3i 3minoro y. Ha puc. 3 HaBeneHo
npukinaan  rpadikn  QyHKOil po3momiy 4acTok 3a
MIBUAKOCTSMH JUTsI TBOX 3HaueHb cun (F; = 0.1F, ta F, =
= 0.01F,) npu pi3HUX 3HAYEHHSAX Y , AKi TaK CaMo Bijpi3-
HAIOThCS Ha Topsiaok (y = 3-1073 tay = 3-107%).

Puc. 3. 3anexHicTb QYHKIIT pO3MOIUTY YaCTOK 32 IIBHKOCTSIMH
IUIS Pi3HUX Y TIPH 3HAYEHHI cuin 3 Makcumanbaum D (F).
T'=0.19, V—y = 0.003, A—y = 0.0003. CyuinsHoro niHiero
HaHECeH| PO3pPaxyHKOBI 3HAYCHHS BUXO/STYM 3 MOJIEII
IByX’sIMHHH noteHmiany [9]. @ynkuis mae minimymu ipu V = 0
iV=F/y

Sk BUIHO NpPU BHUKOPUCTAHWX 3HAYCHHAX F 1 y
(GYHKIIT PO3MOALTY 9acTOK 33 MIBHAKOCTSIMH 30iratoThCs.

Ha pucynky Bennuuna Vy = /U, /m.

3 anami3zy rpadikiB, HaBEJICHUX Ha PHC. 3 1 IHIIMX
rpadikis n(V), cain, mio npu Manux y GyHKLIs po3noairy
3a MIBUAKOCTSIMHU 3aJIEKUTh TUIBKHM Bij CIIBBiAHOIIEHHS
F/y. Bmepme me Oyno Big3HadeHO B MOHOTrpadii
X. Puckena (muB. puc. 11.22-11.22a [5]). 3 mporo ¢axty
MOXKHA OTPUMATH CKCWJIIHIOBE 3aleXHOCTI, SK JUIs
pyximBOCTi, Tak 1 miug KoedimieHTiB gudysii. VY
CTalliOHAPHOMY  BHUMANKY, SAKIO BigomMa  (QyHKIisA
posmoginy wacTuHOK 3a mBuakocTsamu n(V), moxHa
3HalTH pyxmuBicTh uactuHOK: W(F;y) = (V)(F;v)/F,

e (VY(F;y) = f_OOOOVn(V; F,y)dV. Ockinexu n(V; F,y) =

n(V,F/y), TO naiad pyxJIMBiCTI Ma€ BHKOHYBaTHCS
CHiBBIHOIIEHHS:
Vi R(Fvy) = vr(Fry, /v v,) ()

Ha puc. 4 moka3zaHi 3ae:KHOCTI YU Big 0e3p03MipHOT
senmunbn f = F /(yVg) s pisHUX 3Ha49eHsb y. Bemnunna
Vp BiONOBia€ IMBHIKOCTI, NMPU SIKid KiHETUYHA €Hepris
YACTUHKH JIOPIBHIOE TOJIOBHHI EHEPreTHYHOro Oap’epy
U(F) mis nepexonay 11 3 OJHOTO MOJIOKEHHS 3 MiHIMAJIb-
HOIO MOTEHIIHHOIO €HEPTi€I0 B CYCi/IHE HAa OJHOBHUMIpPHOI
peuritwi. 36ir rpadikis yu(y, F /(YVr)) 10 pi3HUX 3Ha4YEHD
Y MiATBEPIXKYE Te, IO CKEHIIHroBe CIiBBigHOMEHHS (5)
BUKOHYETBCS JUISl CHCTEM 3 HU3BKHUM TEPTSM. AHAJIOTIYHO
3 PYXJIHBICTIO, CKEHJIIHTOBI 3al€XHOCTI MOXYTh OyTH
oTpuMaHi i [y koedinienTa audy3ii. BinmosinHo xo cis-
BigHOomeHHAM Ky6o xoeodimient nugysii moxxe OyTn oTpu-
MaHHH 3 aBTOKOpeNsALiitHo1 hyHKHii [5]. ¥V cramionapHoMy
BUMIAAKy KoedimieHT mudysii Moxke OyTH po3paxoBaHUI
HACTYITHUM 4YiHOM [17]:

1 0 v 2
D =35 [ f (u — @) n@du| /a(V)dv, (8)
ne @ — IHTCHCHBHICTh TEIUIOBOTO NIYMY B TIPOCTOPi

MIBUAKOCTEH. AHAJIOTIYHO 3 PYXJIMBICTIO, BUXOISUH 3 BUILY
sanexuocti n(V; F,y) = n(V; F/y), lnerko nmokasaru, o
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il koedinieHTiB  audysii B pa3i Mamoro Teprs
BUKOHYETHCSI HACTYITHE CITiBBIHOLIICHHSL:
Fry
. D, (_ZiY )
Dl(Fl'Yl) — Y]_ 2 (9)
"1 T2
Lo ‘/‘_.,_. e e
,I
ny- !/
1019 d
> 06 //.
- ¢
04 /‘/ i Al
02
/4/
0o r .-*‘,i:,-,,- R SV——
1.5 2.0 25 10
F/(y\’. )

Puc. 4. PyxnuBicTs MOMHOXKEHA Ha KOe(ILlIEHT TepTs B
3a5exHOCTi Bi Bemmmunnu F /(yVg) st pisHuX y

Ha puc. 5 HaBezeHi rpadiku 3a1exHOCTI KoedimieH-
TiB audy3ii Big Aif0ouoi CHIM IS Pi3HUX KOCQII[iEHTIB
TEPTSI, IO BiAPI3HIOTHCS HA MOPSIJIOK.

10' | —omyoain §

-

'

DyU,

' . v

Puc. 5. 3anexnocTi KoediieHTIB TUQy3ii Bix AiF0YOT CHIH IS
pisHux 7'

MogientoBaHHS TPOBOAMIOCH TPH TPHOX PI3HUX
temneparypax. Ili Ti€r0 CHIH 3MIHIOETHCS BEJMYHMHA
6ap’epa U(F). Oanak, 31 3MEHIICHHSIM Y, BEJIUYMHU CHII,
mo oOMexyroTs oomacte TA/] Tak caMo 3MEHIIYIOTHCS 1,
BIZINOBITHO, NP TNIparHeHHi KoeQillieHTa TepTs 0 HyJs

U(F) - U,.
Ha puc. 5 obnacte TA/L, B skiit koedinieHT qudysii
3pOCTa€ 3 TMOHIKEHHSM TEeMIeparypH, BUAJICHUI

ITPUXyBaHHAM. 3 TpadikiB BHIHO, MIO CKEHIIHTOBE
criBBigHOMIEHHS (7) BUKOHYETHCS 3 XOPOIIOK TOYHICTIO.
HeBenuke po3sxojpkeHHs B faHux ams y = 3-1072 i
y'= 3-1073 nom’sa3zaHe 3 3rajyBaHUM BHILE 3MiHOIO
U(F). Tomy BigMiHHOCTI B Tpadikax HIBEJIOETbCS 31
sMmenmeHHaM Y. Sk BuaHO 3 TpadikiB KpuBi sKi Biz-
nosinarots ¥y =3 X 1073 i vy =3-10* pgilicho npak-
THUYHO 30iratoThCsl.

Ha puc. 6 moka3zaHO MOBERiHKY MaKCHUMAaJIbHOTO
3Ha4eHHs Koedimienta mudysii Dp,,x B 3aJEKHOCTI BiX
TemrepaTypu. BuaHO, MmO mpH HHU3BKHX TeMIEpaTypax

koedilieHT nUQy3ii eKcroHeHHiankHe 3pocTae  3i
3BOpOTHOIO Temrmeparypoto. lle, sk Oyno mokazaHO
pasimie [9], BU3HAYAETHCS 3POCTAHHSIM KOPEIALIHHOTO
yacy. SIk BUIUIMBa€ 3 HaBEeACHMX Ha PHUC. 6 JAHUX IPH
v < 0.03 rpadiku 3anexnocreit Dy/U, He 3anexars BiX v.

1 ’

' . ¥l
| y ¥l 003
(PR NLT ol e
1
}

=
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Puc. 6. 3anexuicts koedimienta qudysii Bix 3BOpoTHOI
Temnepatyp B 30Hi TAJI: y = 3 - 1072, F/F, = 0,1. CTpinkomo
MOKa3aHU IHTEpBaJl TeMIIEpaTyp B AKOMY KoedimieHT qudysii
3pOCTAE 3 MOHWKCHHSIM TeMIIEpaTypu

Takum uyuHOM, 3 aHaNi3y NaHUX KOMI IOTEPHOTO
MOJICTIFOBaHHSI BUIUIMBA€E, L0 TP MalMX Y LIMPHUHA
obnacti TAJl mniHiliHO 3MEHIIYETHCS 3 KoedilieHTOM
TepTs: AFrap = YVp. OaHak, MakcuMaibHe 3HaueHHs D B
miii obmacTi diHIKHO 3pocTae 3i 3MeHImEeHHAM Y. LleHTp
TAJ] po3ramoBanuii mobmmsy cumu F = 2yVg.

BucHoBku. Y poOorti nocmimkera audy3is YaCTHHOK
I Ti€F0 30BHIMIHIX CHII B IIPOCTOPOBO-TIEPIOIMIHIX CHC-
TEMax, 10 XapaKTEePU3YIOThCS MAJTMMHU 3HAYEHHSIMHU KOe-
¢iuienrta tepta y. [TokazaHo, 1110 y Bcix HeoeMndipoBaH-
HHUX MepioJIMYHUX CHCTeMax icHye oOMexeHa o0JyacTh
TemieparypHo-anoManbHol qudy3ii (TA). V wiit obnacti
cun koediuieHT audysii 3pocTae 3 HOHWKEHHIM TeMIepa-
TYpH.

Busnaueno mmpuHy Ta monokeHHs obmacti TAJl B
3aiexHocTi Bix y. [TokasaHo, 110 31 3SMEHIIEHHM Y IIHPHUHA
o0xacrti 3MeHImyeThest ~y. [Ipu oMy KoedimieHTH Tudy-
3ii B 1ilf 007acTi, HABIAKA 3POCTAIOTH ~7.

OtpuMaHi 3aJIe)KHOCTI BaXJIMBI U E€KCIIEpUMEH-
TAJILHOTO BUSBJICHHS SIBHIIA TEMIEpaTypHO-aHOMaIIbHOT
Jdys3ii i HoAaIbIIoro HOro BUKOPUCTaHHS B PI3HUX rajly-
35X ¢i3ukH, Ximii Ta 6ioJorii.
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R. V. SHAPTALA, G. D. KYSELEV

USING GRAPH EMBEDDINGS FOR WIKIPEDIA LINK PREDICTION

Link prediction is an important area of study in network analysis and graph theory which tries to answer the question of whether two nodes in the graph
might have an association in the future. Nowadays, graphs are ubiquitously present in our lives (social networks, circuits, roads etc.), which is why the
problem is crucial to the development of intelligent applications. In the past, there have been proposed methods of solving link prediction problem
through algebraic formulations and heuristics, however, their expressive power and transferability fell short. Recently, graph embedding methods have
risen to popularity because of their effectiveness and the ability to transfer knowledge between tasks. Inspired by the famous in machine learning and
natural language processing research Word2Vec approach, these methods try to learn a distributed vector representation, called an embedding, of graph
nodes. After that a binary classifier given a pair of embeddings predicts the probability of the existence of a link between the encoded nodes. In this
paper, we review several graph embedding approaches for the problem of Wikipedia link prediction, namely Wikipedia2vec, Role2vec, AttentionWalk
and Walkets. Wikipedia link prediction tries to find pages that should be interlinked due to some semantic relation. \We evaluate prediction accuracy on
a hold-out set of links and show which one proves to be better at mining associations between Wikipedia concepts. The results include qualitative
(principal component analysis dimensionality reduction and visualization) and quantitative (accuracy) differences between the proposed methods. As a
part of the conclusion, further research questions are provided, including new embedding architectures and the creation of a graph embedding algorithms
benchmark.
Keywords: graph embeddings, link prediction, Wikipedia2vec, Role2vec, AttentionWalk, Walklets, principle component analysis.

P. B. ITAIITAJIA, I'. /1. KHCEJIBOB

BUKOPUCTAHHS BEKTOPHUX ITPEJACTABJIEHD I'PA®IB /IUISI TIPOTHO3YBAHHS 3B’S3KIB Y
WIKIPEDIA

ITporro3yBaHHs 3B'S3KiB € BaXKJIMBOIO 00JIACTIO JOCII/KEHHS B aHaJli3i Mepesk Ta Teopii rpadis, sIka HAMAraeThCs BiAMOBICTH HA MUTAHHS, Y1 MOXKYTh
Ba By3IM y rpadi B MailOyTHbOMYy MaTH 3B’A30K. Ha choropHimHid JeHb rpadu MOBCIOAHO NPHUCYTHI Y HAIIOMY >XMTTI (COLialbHI MEpexi,
@IIEKTPOTEXHIKa, JDOPOTH 1 T.I.), TOMy INpoOlieMa Mae BHpIlIaJbHE 3HAYCHHS [UISI PO3BHTKY IHTEIEKTyaJbHHX MOMATKIB. Y MHHYyJIOMY Oyin
3aIpOIIOHOBAHI METO/IM BUPIIIEHHS 3a/]a4i MPOTHO3yBaHHS 3B’ S3KiB 3a JJOMOMOTOIO aNreOpaiyHuX ()OPMYITIOBaHb i EBPUCTHK, OJHAK IXHS BHPA3HICTB i
MEPEHOCUMICTh He OynH 3a10BITbHUMH. OCTaHHIM YacOM METO/IM MOOYI0BH BEKTOPHHUX MPEICTABICHb 3pOCIH Y TOMYJISIPHOCTI Yepe3 1X e()eKTUBHICTD
1 37aTHICTH TepeaBaTu 3HAHHI MiX 3aBIaHHAMHU. HaTXHEHHMII 3HAMEHHTHM B MAaIlMHHOMY HaBYaHHI Ta 0OpOOLl HPHPOIHUX MOB JOCIITHHUIIBKIM
migxonoMm Word2Vec, 11i METOAN HaMararoThCsl BUBYUTH PO3IOALICHE BEKTOpHE NpecTaBieHHst. [Ticis mporo OiHapHuMit kiacupikatop, 3aJaHHil Taporo
TaKUX BEKTOPIB, MPOTHO3YE HMOBIPHICTh iCHYBaHHS 3B'I3KYy MiX 3aKOJOBAaHMMHM BY3JIaMu. Y JaHii poOOTI MM PO3IJISIHEMO JIEKiIbKa MiIXOIIB 110
BOynoByBaHHs rpadikiB s mpobiemn nporrosyBanust 38°s3kiB y Wikipedia, a came Wikipedia2vec, Role2vec, AttentionWalk Ta Walkets.
IporrosysauHs mocuinas y korTekcti Wikipedia — 11e 3Hax0pKeHHs CTOPIHOK, sIKi MTOB's3aH] Yyepes eBHI CMUCIIOBI BiJTHOCHHH. MU OLIHFOEMO TOYHICTH
MPOTHO3YBaHHS Ha BIOKPEMIICHOMY HA0O0pi 3B’SI3KIB 1 MOKA3yeMO, SIKHii 3 METO/IIB Kpallle 3HAXOUTh acoliarii M cyTHocTsiMu y Bikinenii. Otpumani
pe3ysbTaTH BKIIFOYAROTh SKiCHI (METO/| FOJIOBHUX KOMIIOHEHTIB JUIsl 3MEHIICHHSI PO3MIPHOCTI Ta Bidyasizamii) i KiJbKicHI (TOYHICTB) BIAMIHHOCTI MiX
3aIPOIIOHOBAHMMH METOIaMH. Y paMKaX BHCHOBKY HaBOJSITHCS OB JTOCIIITHHUIbKI TUTAHHS, BKIIOYAIOYH HOBI apXiTEKTYpH MOOYIOBH BEKTOPHUX
[PE/ICTABIICHb Ta CTBOPEHHS 3aralbHONPUIHATOrO TeCTy e()eKTHBHOCTI TAKHX MPE/CTABICHS.

KurouoBi ci10Ba: BekTOpHi mpe/cTaBieHHs IaHUX, nporHo3 38°s3kiB, Wikipedia2vec, Role2vec, AttentionWalk, Walklets, merox romosanx
KOMITOHEHTIB.

P. B. HTAIITAJIA, I'. /1. KHCEJIEB

MCIIOJIb30BAHUE BEKTOPHBIX ITPEJCTABJIEHUM I'PA®OB JJISI IPOTHO3UPOBAHU S
CBSI3EHN B WIKIPEDIA

IporuosupoBaHue CBs3eil ABIsIETCS BaXKHOM 001acThIO HCCIECAOBAHUS B aHAIM3e ceTell u Teopuu rpadoB, KOTOpas MBITAETCS OTBETHTh HAa BOIPOC,
MOTYT 7ABa y371a B Tpade B OymymeM HMeTh cBA3b. Ha cerogusmmuii 1ensb rpadsl HOBCEMECTHO MPUCYTCTBYIOT B HAIIEH XKU3HU (COLHANBHBIC CETH,
9JIEKTPOTEXHHKA, IOPOTH U T.J.), TO3TOMY IPOoOIeMa HMEeT pellaroliee 3HaueHUe s Pa3BUTHSI HHTEIUICKTYIbHBIX MPUJIOKeHHH. B nponuiom ObutH
TIPEUI0KEHBI METO/IBI PEILICHHS 3a1a4H IIPOTHO3UPOBAHUSI CBSI3EH C OMOIIBIO aareOpandecKux GopMyITUPOBOK U IBPHCTHUK, OJJHAKO UX BBIPAYKCHHOCTD
1 TIEPEHOCHMOCTb HH OBLIH yAOBICTBOPUTEIBHBIME. B mocnennee BpeMs METOABI HOCTPOCHHUSI BEKTOPHBIX MPEACTaBICHHI BEIPOCIN B MOMYISIPHOCTH
n3-3a UX 9QYEKTUBHOCTU M CIIOCOOHOCTH IepeAaBaTh 3HAHHUS MEXIY 3a7auaMy. BIOXHOBJICHHBIH 3HAMEHUTHIM B MAIlTMHHOM OOYYeHHH U 00padoTKe
€CTECTBEHHBIX A3BIKOB HCCIIE0BATENbCKUM MT0x00M Word2Vec, 3TH METO/IbI MBITAIOTCS H3y4YUTh PACIIPEACICHO BEKTOPHOE npescTasienue. [locne
9TOro OMHAPHBIA KIACCU(UKATOP, 33JaHHBIA MApoil TAKUX BEKTOPOB, MIPOTHO3HPYET BEPOSITHOCTH CYHIECTBOBAHMS CBSI3H MEXKIY 3aKOIUPOBAHHBIMU

© R.V. Shaptala, G.D. Kyselov, 2019
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y31amu. B nanHoii paboTe Mbl pacCMOTPHM HECKOJIBKO MOAXO0B K IIOCTPOCHHIO BEKTOPHBIX MPEACTABICHU I MPOOIEMbI IPOTHO3UPOBAHUS CBSI3CH
B Wikipedia, a mmenno Wikipedia2vec, Role2vec, AttentionWalk u Walkets. IIporno3upoBanue csizeit B koHTekcte Wikipedia — 3TO HaxoxkieHHUe
CTpaHHUII, KOTOPBIC CBSI3aHBI YePEe3 OIPE/ICIICHHbIEC CMBICIIOBBIC OTHOIICHHS. MBI OLICHHBaEM TOYHOCTb IIPOIHO3MPOBAHMS HA OT/EILHOM Habope cBs3eil
U TI0Ka3bIBaeM, KAaKOH 13 METOIOB JIy4Ille HAXOHUT aCCOLUALINK MEXKLY CyIHOCTIMH B Bukunenun. [ToxydeHHbie pe3yiibTaThl BKIIOYAIOT KA4€CTBEHHbIC
(METO/ TVIABHBIX KOMITOHEHT [UIsi YMEHBIICHHSI Pa3MEPHOCTH M BH3yaJln3alli) M KOJIMYECTBEHHBIC (TOYHOCTB) PA3IMyMsl MEKIY MpelIaracMbIMi
MeToJaMu. B paMkax 3akioueHnH NPUBOAATCS JajbHEHIIME HCCIIEI0BATEIbCKUE BOIIPOCHI, BKIIFOYAsi HOBBIC aPXUTEKTYPhl OCTPOCHUS BEKTOPHBIX
MPEeICTaBICHUI U CO3/IaHe OOIIETIPUHATOrO TecTa 3P HEKTHBHOCTH TAKUX MPEICTABICHHUI.

KuaroueBble ciioBa: BeKTOpHBIC npercrtasienus rpados, mporuos ces3eit, Wikipedia2vec, Role2vec, AttentionWalk, Walklets, meron rmaBubix

KOMITIOHEHT.

Introduction. Networks and graphs have become
ubiquitously important to model difficult systems that con-
sist of various elements. Graph data science has a large
number of applications in various fields like logistics,
social networks, recommendation engines, and communi-
cation networks. There have been a lot of research in the
area of the possibility to predict new links between ele-
ments in the topology of the graph based on the properties
of its elements. Such a task is called link prediction and is
defined as the problem of predicting new relationships in
networks. Link prediction’s goal is to find the initial rules
of the graph link formation by inferring lost or possible
relationships, given currently observed connections. The
area is growing fast and is becoming more and more
interesting as a research vector since it can help us predict
how real-life networks will progress and evolve in time [1].

One of the applications of graphs and an example of
complex networks are web-scale knowledge bases [2].
They provide a representation of world knowledge that is
structured, with projects such as the Google Knowledge
Vault [3], Freebase [4] and DBPedia [5]. These
technologies are at the core of a wide range of applications
such as question answering, recommender systems and
chatbots. Unfortunately, these knowledge bases are
incomplete because of the complexity of our world. That is
why predicting missing entries or link prediction is one of
the main problems in knowledge engineering. Knowledge
bases encode data as a directed graph with edges (links,
relations) between nodes (concepts, entities). The
topological structure and nature among the relations present
in these bases often make the taks of filling in the missing
links of a knowledge base possible. The idea behind link
prediction is the automatic search for such regularities.

There are two types of approaches that are usually
used to define models for graph-based problems [6]. The
first one works with the initial graph adjacency matrix,
while the second — with an inferred vector space. The
popularity of the last approach has gradually increased
lately. They try to represent the graph in a vector space that
is going to preserve its properties. Having such an encoding
is extremely convenient in the graph-related problems. The
vectors are used as inputs (features) to a machine learning
algorithm which parameters are trained based on the
dataset. This helps negate the need for difficult clas-
sification algorithms which work directly with the graph.

However, the dimensions of the trained vectors
become an additional hyperparameter and searching for an
optimal one can be difficult. For example, higher
dimensionality might increase the reconstruction precision
but will have higher time and space complexities. The
choice can also be domain-specific depending on the task:
for example, lower number of dimensions might result in

better link prediction accuracy if the model only captures
local relations between entities [6].

Preliminaries. A graph G(V, E) is a collection of
V ={vy, ..,v,} nodes and E = {e;};;—; edges. The
adjacency matrix S of graph G contains indicators
associated with each edge in the following way: s;; = 1 if
v; and v; are connected to each other, and s;; = 0 otherwise.
For undirected graphs, s;; = s;; Vi,j € {1,...,n}.

Given a graph G(V, E), a graph embedding is a
mapping f:v; > w; € R4Vi € {1, ..,n} such that
d < |V| and the function f retains some similarity notion
defined on graph G.

Consequently, a graph embedding encodes each node
in a low-dimensional feature vector that can retain the
relations between nodes.

Graph embeddings. In this section we describe
evaluated graph embedding approaches.

Random walks are at the core of numerous existing
graph embedding methods. Since such approaches have nu-
merous problems that arise from their exploitation of ran-
dom walks (like the features that can not transfer
knowledge to other nodes and networks as they are unique
to each entity. Role2Vec framework tries to overcome this
drawback by the use of attributed random walks. This algo-
rithm was chosen because it is a basis for generalizing other
similar methods like DeepWalk, node2vec, and many
others that are based on random walks. The proposed
framework helps these methods be more applicable for both
transductive and inductive learning as well as for use on
graphs with other features (if they exist) [7]. This is accom-
plished by learning functions that are applicable to unseen
entities and networks. The authors show that Role2vec is
more efficient in terms of predictive performance as well as
requires less space than other methods on a variety of
graphs. Role2Vec uses the extensible notion of attributed
random walks that is not connected to a specific node but is
instead based on a function that maps a node feature vector
to a class, so that two nodes belong to the same class if they
are topologically similar. Role2vec provides several valua-
ble advantages to any method that is built upon it. Firstly,
it is naturally inductive as the learned embeddings genera-
lize to new entities and across networks and therefore might
be used for transfer learning. Secondly, authors claim that
their approach is able to capture structural similarity more
efficiently. Thirdly, the Role2vec framework is way more
space-efficient since representations are learned for classes
(not nodes) and consequently require less space than exis-
ting methods. Fourthly, the proposed framework has an
ability to work with graphs with features (if such exist or
are available).

Graph embedding methods encode nodes in a
continuous vector space, capturing various classes of
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information present in the network. These methods have
numerous hyperparameters (for example the length of a
random walk) which have to be manually tuned for every
graph. AttentionWalk is a method of graph embedding
where previously fixed hyperparameters are replaced with
trainable ones that are automatically learned via
backpropagation [8]. The authors propose an attention
model on the power series of the transition matrix, which
decides where to take the next walk in order to optimize a
long-term goal. Different to other attention models, the
AttentionWalk uses attention parameters only on the
training data itself (the random walk), while during model
inference there are no attention layers. The authors did a
series of tests on link prediction tasks, trying to produce
embeddings that capture the graph structure, transferring
the representation to unseen information. It is also claimed
that AttentionWalk improves state-of-the-art results on a
set of real-world graph datasets, for example collaboration,
biological, and social networks. The final result of this
approach is that automatically-learned attention parameters
tend to correspond with the optimal choice of hyper-
parameters that are manually tuned in other methods.

Another approach which is of particular interest to us
is called Walklets [9], a novel method for learning
multiscale representations of nodes in a graph. These vec-
tors explicitly encode multiscale relationships in a way that
is analytically derivable compared to previous works. The
proposed method creates these multiscale relationships by
subsampling random walks of different length on the nodes
of a graph. By skipping over steps in each random walk,
Walklets generates a different training dataset than similar
approaches. More specifically, it creates a corpus of node
pairs which are reachable via paths of a fixed length. This
corpus is then used to find a set of hidden representations,
each of which encodes successively higher order relation-
ships from the adjacency matrix. The authors demonstrate
the efficiency of Walklets’ hidden representations on
several multi-label graph classification tasks for social ap-
plications. Their results claim that Walklets outperforms
other methods based on neural matrix factorization. One of
the most important benefits of Walklets is that it is an online
learning algorithm, so it can scale to networs with an enor-
mous number of nodes and links.

A different, yet powerful algorithm that can be used
for Wikipedia link prediction is Wikipedia2vec — an open
source tool for learning embeddings of words and entities
from Wikipedia [10]. Not only does this tool enable
researchers to easily obtain high-dimensional embeddings
of words and entities from a Wikipedia dump, it also
provides the source code, documentation, and pretrained
vectors for twelve most popular languages at
http://wikipedia2vec.github.io. The learned embeddings
can easily be applied via transfer learning for natural
language processing (NLP) models. The tool can be
installed via Python programming language package
repository PyPl. The pretrained embeddings have been
learned by iterating over entire Wikipedia pages and joint
optimization of three different submodels: model of
Wikipedia graph, which learns entity embeddings by
predicting neighboring entities in Wikipedia’s page
network —an undirected graph whose nodes are entities and

edges represent links between entities, based on each entity
in Wikipedia (it does not matter if both pages link to each
other or only one of them references another one — the link
is created anyway); word-based skip-gram model, which
learns word embeddings by predicting neighboring words
for each word in a text contained on a Wikipedia page;
anchor context model, which aims to place similar words
and entities near one another in the vector space, and to
create interactions between embeddings of words and those
of entities. Here, we obtain referent entities and their
neighboring words from links contained in a Wikipedia
page, and the model learns embeddings by predicting
neighboring words given each entity.

These three submodels are all inspired by the skip-
gram model [11], which is a neural network model with a
training objective to find embeddings that are useful for
predicting context items (i.e., neighboring words or
entities) given a target item.

To predict links between two nodes in a graph we use
a simple one hiden layer perceptron on the concatenation of
the embeddings of both nodes. The final classification task
is trained using ADAM [12] optimization algorithm with
the learning rate of 0.01 and 100 hidden layer units.

Evaluation and results.

We evaluated the described approaches on the SNAP
Wikispeedia [13] navigation paths dataset. This dataset has
a set of Wikipedia links, collected through the human-
computation game, called Wikispeedia. In there, users are
asked to navigate from a starting Wikipedia node to a given
article, through clicking Wikipedia links. A condensed
version of Wikipedia (4,604 articles) is used.

For our project, 107444 links were used as positive
examples and the same quantity was generated as negative
examples. Thus, the dataset is balanced and we can use
accuracy to measure the performance of the implemented
approaches. 20 % of the data was held out for testing and
the results are presented on this test set.

Quantitative results of our evaluation are summarized
in Table 1. Walklets significantly outperforms every other
approach that we tested due to the subsampling that is
inherent in the algorithm, capturing not only first-order
information, but also encoding the relations between nodes
further from the start of the random walk.

Table 1 — Evaluated embeddings link prediction accuracy

Embeddings Accuracy
Role2vec 0.723
AttentionWalk 0.699
Walklets 0.877
Wikipedia2vec 0.734

To provide some qualitative results, we have also tried
plotting the resulting embeddings. Since all of the tested
approaches provide high-dimensional representations, the
first problem that arises is to reduce these dimensions to
human-readable form. For that we use principal component
analysis (PCA) with the number of principle components
set to 2. In our case, PCA transforms the data to a new
coordinate system where the highest variance by some
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projection of the data comes to lie on the first coordinate
and the second highest variance on the second coordinate.
From Fig. 1-4 it can be seen that AttentionWalk could not
capture meaningful information, since there are no well-
defined clusters on the visualization. Role2vec and
Wikipedia2vec managed to group similar concepts in
several clusters, however Walklets show a better space
division than them. This correlates with the quantitative
results that were shown previously.

Conclusions. In this paper, we reviewed several
graph embedding approaches for the problem of Wikipedia
link prediction, namely Wikipedia2vec, role2vec,
AttentionWalk and Walkets. Qualitative and quantitative
results show that Walklets due to its implicit multiscale
relationship capture system have more expressive power
for the given problem.
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Fig. 1. Role2vec embeddings reduced to 2-D by PCA
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Fig. 2. AttentionWalk embeddings reduced to 2-D by PCA

Walklets embeddings PCA
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Fig. 4. Wikipedia2Vec embeddings reduced to 2-D by PCA

We consider the following research directions valid
for future work: the creation of a standard benchmark
dataset for link prediction of sufficient size to test accuracy,
speed and scalability of graph embedding approaches;
experimenting with new architectures, that would capture
more information inherent to the link prediction problem,
since our work did not achieve perfect prediction accuracy.
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D. L. ORLOVSKYI, A. M. KOPP, A. A. PYYOVAROVA

AN INFORMATION TECHNOLOGY FOR THE SUPPORT FOR SOLVING THE ANALYSIS
PROBLEM OF THE CUSTOMERS’ VALUE WITHIN THE ENTERPRISE CRM-STRATEGY
IMPLEMENTATION

This study considers a CRM-approach and methods for analyzing customer base. Mathematical and algorithmic support was developed for the analysis
of customer value in a trading enterprise. Algorithmic support is presented using the IDEFO notation. A software solution was developed to assess
customer value in a commercial enterprise. A fragment of the data model for the software solution was developed using the IDEF1x notation. The
parameters for estimating the value of customers in a commercial enterprise were calculated using the processed data obtained by applying the developed
software solution. The developed software solution allows to segment the customer base according to different criteria and provide marketing
recommendations to each groups of customers. Therefore, customers were divided into groups according to the calculated parameters. As a result of the
analysis, each group of clients receives a marketing recommendations. After the application of recommendations an increase in the purchasing power of
clients, belonging to the group to which the marketing recommendation has been provided, is expected. Another used method for analyzing the customer
base in the developed software solution is the sales funnel, which displays the effectiveness of the marketing unit at each of the sales stages, thereby
allowing to identify weak points in the sales department. Thus, unlike existing software solutions, the developed software allows not only to segment
customers by their costs, but also to provide marketing recommendations in order to increase the enterprise’s profit. The generation of recommendations
is based on the developed mathematical support. By using this mathematical support, the calculations are carried out. Customers are allocated into certain
groups, each of which is provided with the relevant marketing recommendations, by using the results of the performed calculations. In addition, the
developed software solution allows not only to design sales funnels, but also to analyze sales funnels.
Keywords: client, customer value, customer classification, CRM analysis, value analysis, sales funnel, RFM analysis.

JI. JI. OPJIOBCbKHH, A. M. KOIIII, A. A. THBOBAPOBA

TH®OPMANIIMHA TEXHOJIOT'IS MIITPUMKHU ITPOIECY OLIHKHU IIHHOCTI KJIEHTA B
PAMKAX PEAJIIBAIIL CRM-CTPATEITi MIINPUEMCTBA

Posrmstayro CRM-minxiz i MeTou aHaizy KiIieHTChKOI 6a3u. Byino po3po6iieHo MaTeMaTHYHE Ta aITOPUTMIUHE 3a0€3M1eUeHHS aHAIIi3y HIHHOCTI KIIiEHTa
B TOPrOBOMY I JIIPHEMCTBI. ANIropuTMiYHE 3a0e3nedeHHs npeacrasiaeHo B Hotanii IDEF0. Byiio po3po6ieHo nporpaMHe pilieHHs UL OLIHKH LIHHOCTI
KJIi€HTa B TOProBOMYy miAnpueMcTBi. Ha fioro ocHoBi po3poGnenuii ¢pparment mozeni nanux B Hotauii IDEF1x. Ha ocHOBI ompanpoBaHuX JAaHHX 32
JIOIIOMOTO0 PO3POOJIEHOT0 IIPOTrPaMHOTO PILIEHHS PO3PAaXOBYIOTHCS MapaMeTpH OLIHKH LIHHOCTI KIIEHTIB B TOProBOMY MiAnpueMcTBi. Po3pobiiene
TIPOTpaMHE PillIeHHs 103BOJIA€ CETMEHTYBATH KIIIEHTChKY 0a3y 3a PisHUMH KPHUTEPisMH Ta (OpMyBaTH MapKETHHIOBI PEKOMEH/IAIIIT U1l KOXKHOT TpyIH
KIieHTiB. BUxomsun 3 po3paxoBaHUX MapaMeTpiB, KIIEHTH AUBITHCS HAa TPYNU. B pe3ynpTaTi aHamizy, KOKHA Ipyna KIEHTIB OTPUMY€E MapPKETHHIOBY
pexomerpanito. ITicnst 3acTocyBaHHs peKOMEH allii OUiKy€eThCs MMiBUIIEHHS KyIiBEIbHOI 3[aTHOCTI KIII€HTIB, O BIHOCATBCS 70 TPYIIH, JI0 K01 Oyia
HajlaHa MapKeTHHToBa pekomeHpanis. Ille oHIM BUKOPHCTOBYBAaHMM METOJIOM aHAJIi3y KIIIEHTCHKOI 6a3i B po3pOOIEHOMY MPOTPAMHOMY PillIeHHI €
BOpOHKaA TNPOJIAXIB, sIKa BifoOpaxae eeKTUBHICTH pOOOTH MAPKETUHIOBOTO MiAPO3/iIy Ha KOKHOMY 3 €TaliB MPOAAXY, THM CaMUM JO3BOJISIOYH
BUSIBUTH cJTa0Ki MicIsl B poOOTI BTy nmpojaxiB. TakuM 4MHOM, Ha BIIMIHY BiJl iCHYIOUHX pillleHb, pO3pO0JIeHe IPOrpaMHe 3a0e3IIeUeHHs J03BOIISIE
HE TIJIbKH CETMEHTYBATH KITIEHTIB 3a IX BapTICTIO, ajle if HaJaBaTH MapKETHHTOBI peKOMEeH1alii Juist 301IbIIeHAs MpHOyTKY mianpuemcTBa. DopMyBaHHS
peKOMEeHaIIH 3/1IHICHIOEThCS. HA OCHOBI PO3POOJIEHOr0 MAaTEMATHYHOTO 3a0€3MeUeHHs, Ha OCHOBI SIKOTO BUKOHYIOTBCSI PO3PaxXyHKH, 32 Pe3yIbTaTaMU
SKUX KITI€HTH PO3MOILISIOTECS HA TIEBHI TPYITH, KOXKHIIT 3 IKHX Ha/JaF0ThCS BIITOBITHI MApKETHHTOBI pexoMeH arlii. Kpim Toro, pospobneHe nporpamae
pilleHHs J03BOJIsiE BUKOHYBATH HE TiTBKH IT00YI0BY BOPOHOK MPOJAXIB, a if iXHiil aHami3.
KuouoBi ciioBa: KitieHT, HIHHICTD KITi€HTa, Kinacupikaris kiientiB, CRM-niaxifn, aHani3 iHHOCTI, BOpOHKa npojaxi, RFM-ananis.

. JI. OPJTOBCKHH, A. M.KOIIIT, A. A. TIHBOBAPOBA

HHOOPMALNMUOHHASA TEXHOJOT'UA HOAJEPKKHU ITPOLECCA OHEHKH HEHHOCTH
K/IMEHTA B PAMKAX PEAJIM3ALIMU CRM-CTPATEI'MU NPEAITPUATHUA

Paccmorpenst CRM-moaxon 1 METOZBI aHaIn3a KIMEHTCKOH 0a3bl. Beino paspaboTaHo MaTeMaTHUeckoe M aIrOpUTMHUUYECKOe oOecliedeHHe aHalln3a
LIEHHOCTH KJIIMEHTa B TOPTOBOM NPEANPHATHN. AITOpUTMHYEcKoe obecrnedenne npexacrasiaeHo B Hotamu IDEF0. Beuto paspaboTano nporpaMmHOe
peleHue I OIEHKH IIEHHOCTH KJIMeHTa B TOProBoM npennpusitur. Ha ero ocHoBe paspaboTan ¢parmeHT monenu nanusix B Hotauuu IDEF1x. Ha
OCHOBE 00pabOTaHHBIX JAHHBIX C TIOMOIIBIO Pa3padOTAHHOIO MPOrPaMMHOTO PEIICHHS PACCUUTHIBAIOTCS MApaMeTpPhl OLCHKU [IEHHOCTU KIUCHTOB B
TOProBOM TpPEANpPHATHH. Pa3paboTaHHOE NPOrpaMMHOE pELICHHE IMO3BOJISIET CErMEHTHPOBATh KIMEHTCKYIO 0asy MO pa3iWYHBIM KPHTEPHSIM H
(bopMHPOBATH MAPKETHHTOBBIC PEKOMEHAINH AT KaXKJ0H IPyNIBI KIHEHTOB. McXos U3 pacCUMTaHHBIX ITapaMeTPOB, KIHEHTHI JeIATCS Ha TPYIIIBL.
B pesynbrate amamm3a, Kakaas Tpylna KIMEHTOB IOMy4aeT MapKeTHHIOBYIO peKoMeHAanuio. Ilocie mpuMeHeHHs PeKOMEHIALNU OXXKHUIAeTCs
TIOBBIIICHHE TTOKyNaTeNbHasl CIIOCOOHOCTH KIIMEHTOB, OTHOCSIIIMXCS K TPYIIIEe, K KOTOPOH Oblia MpeocTaBIeHa MapKEeTHHIOBasi pekoMeHaanus. Emre
OJHUM HCIOJIb3YyeMBIM METOJOM aHalu3a KIMEHTCKOH 0a3pl B pa3pabOOTaHHOM IIPOTPAMMHOM DEIICHUH SIBISCTCS BOPOHKA IPOJaX, KOTOpas
oToOpaxkaeT G PeKTUBHOCTS pabOTHI MAPKETHHTOBOTO MOAPA3AeICHHS Ha KaXKIOM M3 3TAallOB MIPOJAXKH, TEM CaMBIM II03BOJIAS BELIBUTH Claldble MecTa
B pabore ot/iena npojax. TakuM o6pa3oM, B OTINYHE OT CYIIECTBYIOIINX PEIICHHI, pa3paboTaHHOE IPOrpaMMHOE 00eCTIeYeHNE MTO3BOIISET HE TOIBKO
CerMEHTHPOBATh KJIMEHTOB II0 MX CTOMMOCTH, HO M IIPEICTaBIATh MAapKETHHIOBBIE PEKOMEHIAIMH JUIsl YBEJIHYCHHS] NPUOBLIM IMPEIIPHUSITHL.
DopMupoBaHHEe PEKOMEHIANN OCYLIECTBIISCTCS Ha OCHOBE Pa3pabOTAHHOTO MAaTEeMAaTHYECKOTO OOECIIEUeHHs, Ha OCHOBE KOTOPOTIO BBINOIHSIOTCS
pacuetsl. Ilo pesymbraraM pacueTOB KIHMEHTHI JACISTCS HA ONPEIENCHHBIC IPYIIIBI, KaXJOH M3 KOTOPBIX NPEIOCTABISIIOTCS COOTBETCTBYIOIIHE
MapKeTHHIOBBIe pekoMeHanun. Kpome toro, pazpaboTaHHOE IPOrpaMMHOE PEIICHHE TI03BOJISIET BBITOIHSATE HE TOJIBKO OCTPOSHNE BOPOHOK TIPOJIAK,
HO U UX aHaJH3.
KuioueBble cj10Ba: KIMEHT, IICHHOCTh KIIMEHTA, Kiaccuukanus kimmenroB, CRM-1oaxos, aHanmu3 EHHOCTH, BOPOHKA Mpoaax, RFM-ananus.

Introduction. The basis of the success of any key factor in ensuring and maintaining the company’s
company is the correct strategy of work with customers.  competitiveness [1].
Business grows as the customer base grows and customers In this regard, the task of “knowing” your customer
become stronger. Meeting customer needs is becoming a  becomes more and more relevant, having a complete
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picture of what, when and to what extent he has bought and
how is satisfied with cooperation with you. This
information allows you to predict buying behavior and
determine the prospects for further development of
relations [2].

Not all customers are equally useful. The Rule of
Pareto, a pattern that was taken in the middle of the last
century, says, — only 20% of existing customers provides
80% of the total profit. Modern calculations often show
some other results, but the original meaning is retained:
working with a smaller portion of customers provides the
most part of the profit. The problem is to identify those
customers who will provide this profit [3].

At the moment, there is quite a lot of software on the
market that deals with customer relationship management.
One of the most popular are: Microsoft Dynamics CRM,
vTiger CRM, Zoho CRM and others. In these systems,
much attention is being paid to customer relationship
management, but there is no analysis of the value of each
customer [4].

The object of the research includes approaches to
managing relationships with customers. The subject of the
research includes methods for assessing the value of
customers.

CRM-approach and its characteristics. The CRM
approach is based on the use of management and
information technology, through which the company
collects information about its customers at all stages of their
lifecycle from engaging and retaining loyalty programs,
removes information from it and uses it in the interests of
its business to build mutually beneficial relationships. The
result of applying CRM is to increase competitiveness and
profit because relationships built on the basis of a
personalized approach allow you to attract new customers
and keep the old ones [5].

If we consider the CRM system as a set of
technologies, then it is a set of applications that are bound
by single business logic and integrated into a corporate
information environment based on a single database [6].
Often, in parallel with the CRM-system, an ERP-system is
implemented at the enterprise, or the CRM-module is part
of the ERP 1l system. Customer Relationship Management
software enables automation of business processes related
to marketing, sales and service. As a result, the
development of a personalized offer to a particular
customer, which is offered to him in certain, favorable for
the transaction, time and transmitted to him by the most
convenient communication channel for him [7].

The CRM system provides coordination of the
activities of different units based on a common information
platform for customer interaction. This application avoids
the situation when the marketing, sales and service
departments are separate from each other, to coordinate
their actions and the overall vision of the customer. In
addition, like any other information system, CRM can
significantly accelerate the flow of information and make it
credible, which in turn increases the efficiency of responses
to inquiries, the speed of circulation of funds and reduces
costs [8].

One of the methods for analyzing a customer base is
the RFM analysis (recency, frequency, monetary — recent,

frequency, cost) is the technology used to identify
customers who are most inclined to respond to a new offer.
This technology is widely used in direct marketing [9].

A way to measure the effectiveness of actions to
increase sales — a funnel sales. It shows at which stage of
work is the loss of the largest number of customers. With
its help you can visualize the entire sales cycle. That is, it
reflects the total number of customers who are at different
stages of relationship with the seller [10]. The problem is
the need to determine at what stage of the work there are
problems, namely the loss of customers, and how to
overcome this problem. The funnel of sales and its analysis
allows not only to find out the root of the problem, but also
to choose ways to overcome it.

Research problem statement. The main purpose of
any company’s activity is to generate profits, which is
based on the correct strategy of working with customers.
The profit of the company grows with the increase of the
customer base and strengthening of relations with
customers. In this regard, the increasingly important task is
to have a complete picture of what, when and to what extent
the customer buys and how satisfied with the cooperation
with you [1].

In the course of the work it is necessary to analyze the
existing methods: CRM-approach, basic approaches to
solving the problem of customer value analysis and to
review software tools that are used to solve customer
relationship management tasks.

After that, you need to develop a mathematical
solution to the problem of analyzing the value of customers
in a trading company and to simulate the process of
analyzing the value of customers in a trading company.

Next it is necessary to develop requirements for
application software solution, database structure and
directly applied software solution. On the basis of test data,
it is necessary to test the software solution and analyze the
results.

Mathematical support for solving the analysis
problem of the customers’ value in a trading company.
In our country, mobile operators are the first to measure
customer value. Their need was not accidental — due to the
high penetration of mobile communication, the cost of
attracting one customer became higher and higher — it’s
time to get rid of unprofitable sales channels and change the
distribution model.

Most marketers and analysts use a set of indicators in
their work that allows you to evaluate the effectiveness of
advertising campaigns: the level of failures, the number and
proportion of conversions, the outflow of customers, and
the cost of customer involvement. These indicators are able
to give a general idea of the effect of marketing activities
and the level of customer loyalty.

CLV (from Customer Lifetime Value — consumer’s
lifetime value, customer value for business) is the current
value of the probable future net profit expected to be
obtained from a particular customer during his entire
lifetime, an indicator of “customer life cycle value” for the
firm. This is an indicator of the potential of the consumer
(buyer), taking into account 3 criteria: customer, time and
net profit. Objectives of using CLV: attracting “valuable”
customers, increasing the “value” of customers, increasing
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“loyalty” of customers, optimizing relations with them.
CLV is also a methodology and an effective tool for
analyzing customer relationship management, the principle
of segmentation of the customer base of the enterprise. The
basis of the methodology is the message: over time, the
value of the customer increases, but the total number of
“valuable” customers decreases [11].

The mathematically simplified CLV model can be
represented as follows:

r
1+d-7r’

where Revenue is the gross amount of contributions for a
certain period of time;

r is the percentage of customer retention;

d is the size of the discount.

This formula focuses on how much the customer
spends on (monetary value), assuming a continuous
valuation period for all customers [12].

To move to the next level, we will need to enter two
variables of the time intervals — recent and frequency:

CLV = Revenue X

T
(Pt — ot
CLV = _— -
1+

t=0

AC,

where p;, is the price paid by the customer at time t;

c; is the direct costs for customer service at time t;

i is the size of the discount or the price of capital for
the firm/company;

1, is the likelihood of a re-purchase or that the
customer’s life cycle will not end at the time ¢;

AC is the cost of acquisition;

T is the time period selected for CLV evaluation [12].

The probability of a re-purchase or that the customer’s
life cycle does not end at the time t is calculated using the
following formula:

(ng+n)—w
=
ng+n

where n, is the number of customers at the beginning of the
period;

n is the number of new customers;

w is the number of customers who have gone.

This value can range from 0% to 100%:

e 100%: the organization has successfully saved all

its customers (there was no departure);

e 0%: the organization has stopped its activities.

LTV (Lifetime Value) is the aggregate profit of a
company that is received from a single customer for all time
with him. The simple formula has the following form [13]:

LTV =D -V,
where D is the revenue from the customer;
V is the costs of attracting and retaining a customer.

There is also a basic formula. This calculation method
is more precise than the simple formula [13]:

LTV = SP x SN x ST,

where SP is the average selling cost;
SN is the fair number of sales per month;
ST is the average customer retention time in months.
Also, a predictive formula can be used, which has the
following form [12]:

LTV =T X AOV X AGM X ALT,

where T is the average number of orders (sales) per month;

AOV is the average check;

ALT is the average duration of customer interaction
with the company (in months);

AGM is the share of revenue in revenue.

Also, LTV can be calculated according to the
following formula (for n customers) [12]:

= ARPU, — Costs,

LTV = ) ——* =%
s (1+ WACC)®
x=

— SAC,

where APRU, is the average revenue per customer;
WACC is the average weighted value of capital,
Costs, is the annual expenses for user support for a
certain period,;
SAC is the cost to the customer.
Customer referral value (CRV):

T N1
Apy —apy, + My, + ACQ1
CRViZZZ ty ty ty Q ty+
t=1y=1

(1+7r)t
T N2
N Z ACQ2,,
1+nt
=1 y=n,

where T is the number of time periods (years or months);

a.y is the marginal profit (cost of sales minus variable
costs) of the customer who would not have bought on the
recommendation;

Ay is the value of the customer involved for the
customer,

n, is the number of customers who came for the
recommendation;

n, is the number of customers who came without a
recommendation;

M,,, is the marketing costs for customer retention;

ACQ1,, is the saving on attracting the customer, who
came for the recommendation (did not have to spend on
advertising for primary attraction);

ACQ2q, is the saving on attracting a customer who
came independently (did not have to spend on referral
payments and marketing) [12].

The first sentence is the value of the customers who
came for the recommendation, and the second term is the
savings on customers who came on their own.

The Value of a Loyal Customer (VLC) is a measure
that quantifies the cumulative income or profit that each
target market customer generates over the customer's life
cycle. This indicator is calculated according to the
following formula [11]:

VLC =P X RF X CM x BLC,
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where P is the income per unit (average revenue from the
purchase);

CM is the marginal profit (difference between income
and expense);

RF is the frequency of purchases;

BLC is the customer life cycle.

To calculate the customer’s life cycle (BLC), you
need to make the following calculations using the three
formulas:

D# = DR = b# BLC = !
- nO n, - no s - DR 5
where n, is the number of customers at the beginning of the

period;

n is the final number of customers;

D# is the outflow of customers;

DR is the speed of outflow of customers.

The cost of customer acquisition (CAC, Customer
Acquisition Cost) consists of aggregate marketing and sales
costs. In simple words, SAS is the total amount of all
marketing efforts required to attract one customer. This
factor largely determines whether your company has a
viable business model that allows you to maintain a low
level of CAC when scaling your business. In addition, CAC
has a tendency to continuous growth — as new promotional
campaigns start up and the development of new techniques
of promotion. The simplified formula has the following
form [10]:

CAC MccC
- cA”
where MCC is the marketing expenses;

CA is the number of attracted customers.

There is also a complex formula that will give you a
more accurate result:

MCC+W+S+PS+0

where MCC is the marketing costs;

CA is the number of customers attracted,;

W is the salary related to marketing sales;

S is the software cost;

PS are the any additional professional services used in
marketing or sales;

O is the other overhead costs associated with
marketing and sales.

Algorithmic support for solving the problem of
analyzing the value of customers in a trading company.
Based on the information above, a detailed chart of the first
level of the customer value analysis process in the IDEFO
notation was developed. It includes the following
processes: data preparation, RFM analysis, parameter
calculation to assess customer value, analysis of results and
recommendations. The diagram is shown in Fig. 1.

Development of software solution for solving the
problem of analyzing the value of customers in a trading
company. A fragment of the data model, shown in Fig. 2,
was also developed.

One of the key entities is the counterparty — one of the
parties to the contract in civil law. In this structure,
contractors are suppliers and customers. Counterparties are
divided into legal entities and individuals. An email address
and phone number for communication is known about
them, which may be several, since now almost every person
has a phone number of different operators. Also, the
obligatory attribute is the date of the counterparty’s
registration (that is, the date the company added the
counterparty to its database).

o Suppliers deliver goods to the company, which are

then sold to customers. The obligatory attribute of
a product is a commodity group and units of
measurement. A separate entity is the supplied
goods, which is necessary to prevent the company
from selling the unmodified product. For each
item, a delivery is made, which specifies the

CAC = .
CA ’ supplier, the date and the goods that were
RFM analysis Selection :Lgr;?::gi;g Formulas for
l algorithm criteria sales funnel calculation
Date of last P
purchase for ustomer l
each customer groups (in
> RFM code percentages)
Time The amount of ™ > ?::ms":.':‘
period for money spent by (,;O"g";i; \1\ ?ecol?'lmen
analysis each customer | N9 \ p»| Analysis of dati B
Preparation »| analysis ) v results and ations
of data Number of CO?StrI.ITtIOI"I formation of |—

customer o fa sa :"\s Calculation of recommen-

purchases ry unne parameters to dations

> assess the >
value of the
5| customer
X A’/ 4 ! L)
yid r
Data for ca{culating CRM system J
rameters for Parameters for Analyst
pa rs assessing

assessing the value of
the customer

customer value

Fig. 1. Detailed diagram of the first level
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delivered for this delivery at a certain price, as
well as the batch. The customer can pass different
stages of work with the customer. Usually, these
stages are then displayed in the sales funnel.
Therefore, at the stages of a particular customer,
the start and end of the stage, the code of the
manager involved in this stage, and the sale with
which this stage is linked, is indicated. Also, the
customer may have certain statuses. For each
customer, the date of becoming a status is
registered.

The customer may have a discount on a certain group
of goods. The discount card table shows the discount
product, the discount customer, the discount amount, and
the start and end dates of the discount.

For each sale, be sure to fix the costs for it. The sale
records the date, code of the manager who was engaged in
this sale and the customer’s code. There is a table of sold
goods, which displays the quantity of goods and the price
at which it was sold.

A sales manager (customer service) and a supply
manager (work with suppliers) and an analyst will work
with a software solution that implements support for
solving the problem of customer value analysis in a trading
company. The features which are available to the analyst
include RFM analysis, construction of a funnel of sales, and
calculations by the formulas for the analysis of the value of
the customer.

In the customer window, the manager has the
opportunity to add a new customer by adding the following
information about the customer: name, tax number and
certificate number, if it is a legal person and full name, first
name, patronymic and tax number. In other case, an
electronic address, a telephone number (one or more), and
an automatic registration date (the date of the first input of
the information for this counterparty) is added
automatically. When editing data, the manager can edit the
data that was entered earlier, as well as add the status of the
customer and stages of working with him. Also, the

customer may be given a discount on a group of goods,
while fixing the period and the group of goods for which it
is provided.

Any customer can be ordered for sale. The manager
adds the sales date, the manager who made it, the customer
to whom the product was sold, the product that was sold
(one or more), as well as their number. The sale price is
automatically calculated by the system, depending on the
value of the product already in the database.

In the window of work with the supplier, the manager
has the opportunity to add a new supplier by adding the
following information about the supplier: name, tax
number and certificate number, if it is a legal entity and full
name, name, and tax number. In other case, an electronic
address, a telephone number (one or more), and an
automatic registration date (the date of the first input of the
information for this counterparty) is added automatically.
When editing data, the manager has the ability to edit the
data that was entered earlier.

Also, the window of work with the supplier should be
a window of delivery of delivery. First, the manager is able
to add a new item if it has been delivered, but the database
does not have such a name vyet. This includes the
introduction of the name of the product, the addition of the
product group and the unit of measurement. When making
a delivery, the manager introduces the date of this delivery,
adds the supplier, who carries it, the goods that are
delivered their price and the size of the batch.

The manager has the opportunity to conduct RFM-
analysis of the customer base, which will give him the
opportunity to get a report in which customers will be
divided into groups, which were obtained through RFM-
analysis. Each group of customers will be given a
marketing recommendation, in which the company's
revenue can increase.

The manager will be able to receive a report with a
detailed sales funnel: there will be shown how many
customers are at each of its stages in quantitative and
percentage terms. And also this funnel will be displayed

CientManagers

Customer '
Customer|D ﬁ Cuslonme:ll)Lli(Fli:)() o
CounterpartylD (FK) |
— ] WorkStages ("mtum,uSlogm
W . WorlktagelD ) lg - - oo e e o e oo o on o o ] ManagerlD

SatelD (FK)

' S ProductCategory "
Counterparty : WorkStageName ManagerD (FK) ﬁ:—;;c;(,‘;t - - Eg; :g::
CounterpaetylD | StartDato e Paimnvm?r
Phone L { EndDate ProductCategoryName - -
Emai ; | : Supplier SoidProducts : Product
— —@ SuppkeriD — SalelD (FK) — — — @ ProductiD
'S f = | SuppiylD (FK)
/ CounterpartylD (FK) Ps A0 (F o— | ProductName
— | st ol i ProductCatagonylD (FK)
| Amount MeasurelIntiD (FK)
- | CalculatedPricelD (FK) . : *
— —, LegalEnbty * Price | ®
: F / . \ ~ S P £
CounterpartylD (FK) CounterpartylD (FK) Supply ® Supphed toéuc 5 M B
LastName e - SuppiiD ProguctiD (FK) casurolnts
FrstName Tl- - SupplyiD (FK) MeasuraUndiD
Patronymic dmr"'m'm SuppiDate —_—
| CertificateNumber | | CetificaleNumber ) SuppieriD (FK) | cost MeasuraUnitName |

Fig. 2. Fragment of the data model
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graphically: in the form of an inverted triangle, which is
divided into stages in an appropriate proportion.

The manager can receive a report with calculations,
which includes the calculation of the following values:

e LTV (on the life value of the consumer);

SAS (cost of customer acquisition);
CLV (profit from a single customer);
VLC (cost of loyal customer);

CRYV (referral cost of the customer).

The results of these calculations will be reflected in
the report, which will be divided into customers, depending
on the value of these metrics. Each group of customers will
be given a marketing recommendation, in which the
company’s revenue can increase.

Fig. 3 shows a sequence diagram for a software solu-
tion to support the solution of the problem of analyzing the
value of customers in a trading company.

A software solution was developed, which included
test data, which was the subject of further analysis.
Analysis window contains 4 tabs: RFM analysis,
CLVI/CRYV, other indicators, sales funnel.

Fig. 4 shows the tab “RFM-analysis”. The user selects
a period of time for analysis and clicks the button
“Calculate”. Customers who made purchases in the
selected period are divided into 6 groups and are entered
into the appropriate blocks. Also, the user has the ability to
sort by specific product or product group. This allows you
to detail the analysis performed. Each group has its name
and marketing recommendation. As a result of the analysis
the following groups are obtained:

o the best customers (regularly make a purchase,

spend large amounts of money and recently made
the last purchase), recommendation: provide a
discount for regular customers;

Main window Cu_stomer PrPV|der Ar.lalysm
window window window
Supply Sales I - | [
Analyst Manager Manager I Transition t.o the I I
| customer window I I I
_ — Lo — Add new | |
ogin » customer | |
< -+ and his data | |
Logout from Return to the Make a sale | |
the system 4——) main window Edit Add new |
T Add new customer D proyider and |
| counterpary data his data |
Login to the system [ ] Transition to the grovider window ) Edit provider |
> ] > data I
Logout from the D | Return to the Make a |
— Add new . .

system D counterpary : main window | supply :

L | Transition to the | Make RFM

Login to the system R | analysis window | - analysis

< + | L Build sales

Logout from the system L | | Returntothe | funnel
| | main window | Carry out
I I | calculations
I I I using the
| I I I I formulas
Fig. 3. Sequence diagram
RFM-analysis | CLV/CRV | Other metrics | Sales funne! |
A period of time for analysis | Thursday . February 1.2018 [Ev | | Tuesday . May 72019 [E~ | Calculate

Product |B|ue pen fxent

W | | Calculate |

Product group |Pens

Group "The best customers”

v| | Calculate |

Group "Savvy lost customers”

Recommendation: Recommendation:
Pravide a discourt for regular customers Da naot endeavor to keep them
"Lito" Ltd. Taodarenko Reagina Mykaolaivna
"Oggi" Ltd. Denysenko Alina Mylolaivna
"Smile" Ltd. Tereshchenko Mykola Serhiiovych

Fig. 4. “RFM-analysis” tab

Group "Stable customers”

group of goods purchased by the customer

Recommendation: Offer goods from the commodity

"Lite" Ltd.
"Oggi" Ltd.
"Smile" Ltd.

Lomakin Vaolodymyr Serhiiovych

Derysenko Serhii Petrovych

"~
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e lost customers (regularly bought in the past, spent
a large sum of money, but for some reason they
have not bought anything for a long time);
recommendation: the maximum allowable
discount for a short period;

e savvy lost customers (little was bought, little
wasted money and bought for a long time), a
recommendation: do not endeavor to keep them;

e spenders (spend the most money from all, while
not taking into account the frequency of their
purchases), the recommendation: to offer goods
with the most expensive price from the
commodity group of goods purchased by the
customer,;

o stable customers (the frequency of their purchases
most), recommendation: to offer goods from the
commodity group of goods purchased by the
customer,

e new customers (made their first purchase
recently), recommendation: offer them a discount
for their initial customers.

Each of these groups is provided with marketing
recommendations that will allow you to maximize profits
for each specific group of customers.

Fig. 5 shows the CLV/CRV tab. The user selects a
period of time for analysis and clicks the button
“Calculate”. Customers who made purchases in the chosen
period are divided into 4 groups and entered into the
corresponding blocks. Each group has its name and
marketing recommendation, namely:

e low CLV and high CRV: offer discounts to initial

customers;

e high CLV and high CRV: informing them about
referral programs through personalized communi-
cation;

e low CLV and low CRV: minimize investment in
stimulating purchases using cheap communica-
tion channels;

F{FM-anahrs_is! CLV/CRV !Other metrics | Sales funnel

e high CLV and low CRV: regular reminders about
company offers (2 times more often than other
customers).

In addition to sorting by date, the user has the
opportunity to choose sorting by product or product group.
In the case when the analysis is made taking into account
the period for analysis, all the data obtained are stored in
the database. This allows you to speed up the program in
the future: no need to re-count the metrics since they will
already be in the database. Real databases can have
hundreds of thousands of records. And the transfer of
metrics for each customer can take a significant period of
time.

In the case where the user chooses the time period for
analysis already in the database, the calculation is
performed again, but data are not entered into the database.
This prevents the accumulation and duplication of data.
Such software solutions can be used for decades or more.
That is why the issue of disk space saving is an important
issue that cannot be overlooked. Thus, the developed
software solution is suitable for use over many years as it
prevents the accumulation of unnecessary data in the
database.

Fig. 6 shows the “Other metrics” tab. The user selects
a period of time for analysis and clicks the button
“Calculate”. This tab defines 2 groups of customers: low
LTV and VLC. A low-LTV group has the recommendation
to offer goods from the product group of goods purchased
by the customer. For a low-VLC group, there is a
recommendation: to minimize investment in stimulating
purchases using cheap communication channels (e.g.
email). In addition to sorting by date, the user has the
opportunity to choose sorting by product or product group.

In the case when the analysis is made taking into
account the period for analysis, all the data obtained are
stored in the database. This allows you to speed up the
program in the future: no need to re-count the metrics since
they will already be in the database. Real databases can
have hundreds of thousands of records. And the transfer of
metrics for each customer can take a significant period of
time.

A period of time for anakysis

Praduct |Blue pen fent

Previous analysis

Group "Low metric
customer fetime value £
High metric
customer refemal value"

"Brocard" Lid.
Recommendation:
Ciffer them "Kodi" Ltd.
initial prices
with the dizcount i% "Zara" Lid.
(discourt for
initial customers) "Time" Ltd. =

| Thursday . Febrary 1,2018 [EFv| | Tuesdsy , May  7.2019 [E+ | Calculate
V| | Calculate | Product group |Pens W | | Calculate |
(01.02.2018, 01.05.2018 v | Show |
Martynienko Oleh Serhiiovych ~ Levanova Clha Serhivna ~ Group "High metric
customer ifetime value #
Tkach Maryna Andriivna "Lito" Lid. High metric

customer referal value"
Marynovska Qlena Andivna

Recommendation:
"Oiggi" Ltd. Irform them abaout
refemal programs
"Olko™ Lid. through
personalized
"Bear" lid. W communication

Fig. 5. “CLV/CRV” tab

Bicnux Hayionanvnoco mexuniunozo ynisepcumemy «XI1Iy. Cepis: Cucmemnuti

amaniz, ynpaeninua ma ingpopmayiuni mexrnonozii, Ne 1 2019

59



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

In case the user chooses the time period for analysis
already in the database, the calculation is performed again,
but data are not entered into the database. This prevents the
accumulation and duplication of data. Such software
solutions can be used for decades or more. That is why the
issue of disk space saving is an important issue that cannot
be overlooked. Thus, the developed software solution is
suitable for use over many years as it prevents the
accumulation of unnecessary data in the database.

Fig. 7 shows the “Sales funnel” tab. By clicking on
the “Build a sales funnel” button, a funnel for sales is under
construction. This tab shows the conversion of the entire
funnel and micro conversion for each stage. The user has
the opportunity to select a period of time for analysis. The
first phase micro conversion in any case is 100%, so it is
not included in the block where the micro conversions are
represented in steps. Stages can be any number, they are
defined by the user (in the steps tab on the customer). The

RFM-analysis | CLV/ACRY | Othermetrics | Sales funnel

A period of time for analysis

Group of customers with low metric

first stage is at the top of the sales funnel. The latter is at
the bottom of the sales funnel. That is, the steps are
displayed from top to bottom.

Figure 8 depicts an unbalanced sales funnel. As can
be seen from the figure, in the first stage there was a large
number of customers, but only 16% of them went into the
second stage (micro conversion of the second stage), which
is a rather small indicator, compared to the micro
conversions of other stages. So, we can conclude that after
the first stage there is a large loss of customers. This
provides the basis for further analysis of the first stage, to
determine the problem situation. The conversion of the
entire funnel is only 3%, which is very small compared to
the funnel conversion in Figure 7 (44%). That is, only 3%
of customers who were in the first stage, have reached the
last stage.

The developed software solution allows to segment
the customer base according to different criteria and

Group of customers with low metric
Value of Loyal Customer

Lifetime value {LTV < 3" CAC) Thursday . February 1,2018 @ Aocommendation:
Recommendation: Minimize investment in stimulating
Offer goods from the product group of purchases using cheap communication
goods purchased by the customer Tuesday . May 7203 @~ channels (z.q. email)
Kovalchuk Derys Thorovych Py Calculate | Taranenko Denys Atemaovych ~
Denysenko Alina Mylkolaivna Lyubchenko Serhii Vasyliovych
Previous analysis
Lomakin Vaolodymyr Serhiiovych 01.02.2018, 01.05.2018 v Todorenko Regina Mykolaivna
Denysenko Serhii Petrovych Show Dance" Lid.
Honchar Oleh Leonidowych Derysenko Alina Mykolaivna
Fig. 6. “Other metrics” tab
RFM-analysis | CLV/CRV | Other metrics | Sales funnel
A period of time for analysis Thursday , Febuary 11,2018 [~ Tuesday . May 72015 [~

Build a sales furnel

Conversion

44%

Micro conversion for each stage

Micro conversion for stage 2 =87 %
Micro conversion for stage 3=72 %
Micro conversion for stage 4 = 80 %
Micro conversion for stage 5= 87 %

Fig. 7. “Sales funnel” tab
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| RFM-analysis | CLV/CRV | Other metrics | Sales funnel |

A period of time for analysis

| Thursday . Febuary 1.2018 [+ |

| Tuesday . May 7.2019 [~

| Build a sales funnel |

Conversion

3% |

Micro conversion for each stage

Micro conversion for stage 2= 16 %
Micro conversion for stage 3 =60 %
Micro conversion for stage 4 = 66 %
Micro conversion for stage 5 =50 %

Fig. 8. Unbalanced sales funnel

provide marketing recommendations to each group of
customers.

Conclusions. Whereas previously, the enterprise
could become a market leader, focusing on the production
and quality of goods, today it should take into account all
the concepts of marketing. An enterprise should not just
study the needs of the target market, but try to personally
identify the needs of each customer, his individual
preferences and offers the product or service he needs.

The developed software solution for solving the
problem of customer value analysis is preferable to its
counterparts, since it involves RFM analysis, which allows
not only to segment the customers at their value, but also to
issue marketing recommendations to increase company
revenue. Similarly, it is done with the help of the developed
mathematical support, that is, on the basis of calculations,
customers are divided into groups and each group is
provided with its marketing recommendations. Also, it
includes not only the construction of sales funnels, but also
its analysis.
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0. 0. MISHCHENKO, V. Y. VOLOVSHCHYKOV, V. F. SHAPO, M. A. GRINCHENKO

SYNTHESIS OF LOCAL AREA NETWORK STRUCTURE IN UNCERTAIN CONDITIONS OF INITIAL
INFORMATION

The problem of taking into account the uncertainty of the initial information is identified in the tasks of the structure synthesis of local area networks.
The analysis of the factors generating uncertainty is carried out, the sources of uncertainty are singled out and the approaches to formalization and
research of uncertainty are systematized. Probabilistic-statistical, interval, fuzzy and deterministic approaches were reviewed, as well as statistical,
subjective, logical interpretations of probability and stochastic description, concept of interval-probabilistic approach, continuously determined and
discretely determined models. The formulation of the problem was formed and it was proposed to apply the theory of fuzzy sets to formalize and study
an uncertainty in synthesizing the structure of the local computing network, the main elements of which are user points, the centers of processing of the
information, switching devices and communication channels. The implementation of information and computing works which sources are subscriber
points, is assigned to the centers of information processing. It is assumed the popularity of volumes of information and computing works and geographical
coordinates of the location of network elements. A model for a research problem based on a cost criterion has been developed. Cost parameters are
divided into well-defined and having an uncertain nature. Fuzzy parameters are proposed to describe the membership functions of the form
"approximately equal” or "is approximately in the interval". Restrictions on technical capabilities of information processing centers, switching devices,
traffic in communication channels are singled out. The technology of model research based on the idea of solving the problems of linear programming
in fuzzy statement is proposed. The technology provides the decision maker with information about the network structure, its cost and the level of
ownership of the solution. The results of the work can be used in the analysis of approaches to solving problems of structural-topological synthesis of
local area networks, design, development and implementation of appropriate software solutions.

Keywords: local area network, uncertainty, probabilistic and statistical approaches, interval approach, fuzzy approach, deterministic approaches,
structure synthesis, model, fuzzy cost criteria, research technology

0. 0. MIIIIEHKO, B. I0. BOJIOBIIIUKOB, B. ®. ILIAIIO, M. A. TPHHYEHKO

CHUHTE3 CTPYKTYPH JIOKAJIbHOI OBYACJTIIOBAJIBHOI MEPEKI B YMOBAX
HEBU3HAYEHOCTI BUXITHOI IH®OPMAIIIL

InenTudikoBana npobiiemMa BpaXyBaHHsS HEBH3HAYCHOCTI BUXiaHOI iH(OpMaLil B 3amadax CHHTE3y CTPYKTYPH JOKATbHUX OOYHCIIOBAIBHIX MEPEXK.
TIpoBeneHo aHamiz (HakTopiB, IO MOPOKYIOTh HEBU3HAYCHICTh, BUAICHI /PKepelia HEBU3HAUCHOCTI 1 CHCTEMATH30BaHI Miaxoau o (opmaiszamii i
JIOCITI[DKEHHST HeBU3HAYCHOCTI. PO3IIIHYTI #IMOBIpHICHO-CTATHCTUYHHHN, IHTEPBAILHUMN, HEUITKHI 1 AETEPMiHOBAHHHN IMiIXO/IH, @ TAKOXK CTATUCTHYHA,
Cy0'eKTHBHA, JIOTiYHA IHTEPIPETALliss WMOBIPHOCTI 1 CTOXaCTHYHHI OITHC, KOHLEIILis 1HTePBaIbHO-HMOBIPHICHOTO MiAXO/Y, MOIENIb Oe3rnepepBHO-
JIeTepMiHOBaHa 1 JUCKpETHO-AeTepMiHOBaHa. C(OpMyYIIbOBAHO MMOCTAHOBKY 3aj]ayi i 3alpOIOHOBAHO 3aCTOCOBYBATH TEOPIH0 HEYITKUX MHOKHH JIO
(dopmanizaii i JocIiKEHHS HEBU3HAYESHOCTI IPU CHHTE31 CTPYKTYPH JIOKAJIbHOI 00UMCITIOBATIBHOT MEPEXKi, OCHOBHUMH €IEMEHTAMHU K0T € a0OHEHTChHKI
MYHKTH, IEHTPH 00poOKH iH(OpMaIIil, KOMyTAIiiHI IPUIaIH Ta KaHAIM 3B'S13KY. BukoHaHHs iHQOpMaIiiiHo-009HCIIOBATEHEX POOIT, KEPETaMi SIKHX
€ abOHEHTCHKI IyHKTH, MOKJIa/IeHO Ha eHTpH 00pobku iHdopmanii. [TpumyckaeTses, mo obcsarn indopmaniiiHo-064nCIOBaTBHAX PoOiT i reorpadivHi
KOOPJMHATU PO3TAIlyBaHHs €JIEMEHTIB Mepexi € Bimomumu. Po3pobieHo Mozenb 3agayi AOCIIDKEHHS Ha OCHOBI KpuTepilo BaprocTi. [TapameTpu
BapTOCTI PO3JUICHI HA YiTKO 3aJlaHi i Ti, 110 MalOTh HEBU3HAYEHY NMpupoay. HewiTki mapameTpu 3alporOHOBAHO OMUCYBATH (YHKILISIMH HAJIEKHOCTI
BUIy "MpuONM3HO nopiBHIOE" abo "3HaxomuThes MpuOIM3HO B iHTepBami'. BuuineHo OOMEXEHHS Ha TEXHIYHI MOXIMBOCTI IEHTPiB 00pOOKH
iH(popMmarlii, KomyTaniiHUX npuIaaiB, Tpadik B KaHaIaX 3B'13Ky. 3alpONOHOBAHO TEXHOJOTIIO TOCHIIPKEHHS MOJIENI, sIKa 3aCHOBAHA Ha i/ei BUPILIEHHS
3aJ1a4 JIiHIFHOTO MporpaMyBaHHs B HEUYITKOT MOCTaHOBII. TexHomoris 3abe3neuye ocoly, sika npuiiMae pilieHHs, iHGopMari€elo Mpo CTPYKTypy Mepexi,
i BapTiCTh Ta PiBEHb MPHHAIEKHOCTI pileHHs. Pe3ynbrati po60TH MOKYTh OyTH BUKOPHCTaHI MPH aHAMi31 MiXO0iB 10 BUPIIIEHHS 33]1a4 CTPYKTYPHO-
TOMOJIOTTYHOT'O CUHTE3Y JIOKAJTBHUX 00UMCITIOBAIbHUX MEPEXK, MPOSKTYBAHHI, pO3po0IIi Ta BIPOBA/UKEHHI BiIMOBIIHUX IPOTPAMHUX PIllICHb.

KuarouoBi ciioBa: jiokanpHa 00YMCIIOBAJIbHA Mepeka, HEBH3HAUEHICTh, WMOBIPHICHO-CTATUCTUYHI MiJIXOH, IHTEPBATBHUNA MiAXiJ, HEUiTKUH
IIIX1, TeTepMiHOBaHI MiIXOH, CHHTE3 CTPYKTYPH, MOJIENb, HEiTKHIl KpUTEepiil BAPTOCTI, TEXHOJIOTIS JOCIIIKESHHS

A.A. MULIIEHKO, B. 10. BOJIOBHIUKOB, B. ®. LIAIIO, M. A. TPHUHYEHKO

CHUHTE3 CTPYKTYPbI JIOKAJBHOM BEIYMCJIUTEJIBHOM CETH B YCJIOBUSX
HEOIPEJAEJEHHOCTH UCXOJHOM HH®OPMAIIUM

VnenTndumpopana npodiema ydaeTra HeolpeaeeHHOCTH HCXOTHOW HH(OPMAILIHH B 331a4aX CHHTE3a CTPYKTYPhI JIOKAJIbHBIX BEIYUCIUTEIBHBIX CETEH.
IpoBesieH aHamu3 (HaKTOPOB, MOPOXKIAIOMINX HEOIPEICTCHHOCT, BBIICICHB MCTOYHHKHM HEONMPEIENCHHOCTH M IMOAXOAbI K (hopMaan3aluu u
HCCIICZIOBAHUIO HEOIPEICICHHOCTH. PacCMOTPEHBI BEpPOSTHOCTHO-CTATHCTHYECKUH, MHTEPBAIbHBIM, HEUSTKU U JACTCPMUHUPOBAHHBIN ITOJAXOMIBI, a
TAKOKe CTATHCTHYECKAs, CyOBEKTHBHAs, JIOTMYECKash WHTEPIpEeTalds BEPOSITHOCTH M CTOXACTHYECKOE OIMCAHWE, KOHLENIUs HHTePBAJIBHO-
BEPOSITHOCTHOTO MO/IX0/1a, MOJE/Ib HEMPEpPhIBHO-ACTEPMUHUPOBAHHAS M AUCKPETHO-AeTepMuHIpoBaHHas. CHopMyIHpoBaHa MOCTAHOBKA 331a4d H
MPETIOKCHO MPUMEHSTh TCOPUIO HEYETKUX MHOXKECTB K (JOPMAIM3AIMH M HCCICJOBAHUIO HEOMPEACICHHOCTH IPU CHHTE3€ CTPYKTYPHI JIOKAIBHOI
BBEIYUCIIMTEIBHON CETH, OCHOBHBIMH JICMEHTAMH KOTOPOW SIBISIIOTCSI aOOHEHTCKHE ITyHKTBI, LIEHTPbI 00paboTKH MH(OpMamyy, KOMMYTAI[HOHHEIE
IpHOOPEl M KaHANBI CBS3M. BhIMONHEHNE HH(OPMAIMOHHO-BBIYUCIUTENBHBIX PAa0OT, MCTOYHUKAMH KOTOPBIX SIBISIFOTCS aOOHEHTCKHE IMYHKTEI,
BO3JIOXKEHO Ha IEHTPBl 00paboTku mHpopmarmu. [Ipennonaraercs, 4to 00beMbl WH()OPMAIMOHHO-BBIUMCIUTEIBHBIX Pa0dOT M reorpapuyeckue
KOOP/IMHATHI PACIOJIOKEHHS DJIEMEHTOB CETH M3BeCTHBI. Pa3paboTaHa MoOjeNb 3a1auyl UCCISOBAHHS HA OCHOBE KpHTEpHsi cToMMocTH. Ilapamerpsl
CTOMMOCTH PA3/Ie/ICHbl Ha YETKO 3aJaHHBIC M MMEIOIINE HEONpeIeIeHHY0 npupoay. Hederkue mapamMeTpsl MPEIOXKEHO OMUCHIBATE (DYHKIMSIMU
MPUHAUISKHOCTH BUAA "TPUONU3UTENLHO PaBHO" WIIM "HAXOJUTCS NMPUOIM3UTENHLHO B MHTEpBasie". BhIIENeHbl OrpaHUYeHUS HAa TEXHUYECKHE
BO3MOXXHOCTH IIGHTPOB 00paboTKH MH(pOpPMAINH, KOMMYTallHOHHBIX NMPUOOPOB, TpaduK B KaHamax CBs3U. IIpeokeHa TEXHOJOTHS MCCICIOBAHUS
MOJIENH, OCHOBaHHAsi Ha WJEC PEIICHHs 3a/1a4 JIMHEHHOTO MPOrpaMMHpPOBAHMS B HEYETKOil mocTaHoBKe. TexHomorumst oOecreduBacT JIHIIA,
MPHHAMAIOIIETO pelieHus], nHpOpMAIMEH O CTPYKType CETH, €¢ CTOMMOCTH M YPOBHE MPHHAUICKHOCTH PelICHHs. Pe3yabTaTel paboThl MOTYT OBITH
HCIIONB30BaHBl MNPH aHaIHM3e IIOJXOJ0B K PpEHICHHIO 3aJad CTPYKTYPHO-TONOJOIMYECKOTO CHHTE3a JIOKAIBHBIX BBIYUCIUTEIBHBIX CETeH,
[IPOCKTUPOBAHNH, Pa3pabOTKE U BHEAPECHNH COOTBETCTBYIOIIUX TPOrPAMMHBIX PEIICHHIL.

KiroueBble ¢J10Ba: JOKaNbHAS BHIYUCIUTEIBHAS CETh, HEONPECICHHOCTh, BEPOSTHOCTHO-CTATHCTHYECKUE MOIXO0/bI, HHTCPBAIBHBIIN TTOAXO,
HEYETKHI OJXO0JI, IETEPMUHUPOBAHHBIC TTOAXO/bI, CHHTE3 CTPYKTYPbI, MOJICIIb, HEUETKUH KPUTEPUI CTOMMOCTH, TEXHOJIOTUSI HCCIICI0OBAHUS
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Introduction. The efficiency of using computing and
peripheral equipment is increased due to the imple-
mentation of local area networks (LAN) [1].

It is necessary to go through many stages to get
benefits from using the LAN: determine the purpose,
choose the implementation option, analyze information
flows, identify data storage and processing centers, form
the structure, configure and test the LAN. One of the key
stages is the LAN structure formation. It is important to
take into account many different parameters, including
those that may have an indefinite nature. Therefore, issues
of formalization and uncertainty research are important and
relevant.

Analysis of approaches to the formulization and
study of uncertainty. We can identify factors causing
uncertainty [2]: complexity, human and environmental
factors. Then the sources of uncertainty can be divided into
three groups: the randomness of the processes under
consideration, the distortion and inaccessibility of infor-
mation about possible events and processes, and opposition
from other systems.

Systematizing [3-7], we single out approaches to
formalization and the study of uncertainty.

Probabilistic-statistical approaches. This class of ap-
proaches is based on a statistical, subjective, and logical
interpretation of probability with a stochastic description.
The statistical interpretation of probability identifies
probability with the relative frequency of a mass random
event occurrence at sufficiently long tests. In conditions of
limited experiment we are limited to selective estimates.
The reliability of the results obtained on their basis depends
on the existence of qualitative and voluminous statistical
information. In a subjective interpretation of the
probability, the probability is interpreted as the "degree of
confidence" in the value of the uncertainty factor under
consideration. The logical interpretation of probability is
associated with an attempt to validate hypotheses based on
logical considerations. Stochastic description is expedient
if uncertainty factors can be attributed to probabilistic
character and their probability density can be set.

The interval approach assumes the description of un-
certainty factors in the interval form by the range of pos-
sible values of variables or dependencies. Accordingly, the
length of the range is interpreted as a natural measure of
uncertainty. The concept of the interval-probabilistic
approach describes the available data by a set of close
probability distributions, and weakens the assumption of
statistical homogeneity of the observed events in the con-
struction of probability hypotheses.

The fuzzy approach assumes that the elements of
human thinking are not numbers, but sets, for which the
transition from "belonging™ to "non-belonging" is continu-
ous. The main features of the approach are: the use of fuzzy
and linguistic variables, the use of simple and complex
relationships.

Deterministic approaches to accounting for uncertain
factors play a significant role in the practice of creating
various systems. Input and output variables are deter-
ministic, internal connections in the system are known. It is
assumed that there is a causal relationship between the

choice of a certain alternative and the onset of a corre-
sponding outcome. Continuously deterministic and dis-
cretely deterministic models can be used to model systems.

Formulation of the problem. When building the
structure of a LAN, it is important to take into account its
constituent elements, the links between them, the presence
of information flows, and the impact of external and
internal environmental factors. This leads to the fact that
the synthesis of the LAN structure can be influenced by
uncertainty. Ignoring the accounting for uncertainty may
lead to inadequate models and the adoption of unjustified
decisions. Probabilistic-statistical, deterministic interval
and fuzzy approaches can be used to formalize and assess
uncertainties. If there is a lack of information for the
application of probabilistic models, difficulties in operation
with random variables, the ability to work with interval
values within the limits of the fuzzy approach, it is
expedient to apply the theory of fuzzy sets.

Thus, the paper proposes to consider the problem of
the synthesis of the LAN structure in the conditions of
uncertainty of the initial information, the generating factor
of which we will consider the external environment. A
fuzzy approach is applied to formalize uncertainty.

When building a LAN structure, problem statements
based on the following criteria may be relevant depending
on the performance indicator: cost, performance, reliability
[8, 9]. Since the external environment has the greatest
influence on the parameters that are independent of the
internal processes of the enterprise, attention is paid to the
cost criterion.

Among the variety of topological realizations of LAN
[10], the paper considers radial node with an arbitrary
number of levels of data switching.

Based on the ideology of the implementation and use
of LAN, we will assume that the LAN has the task of
serving the set I (i € I) subscriber stations (SS). SS are the
sources of informational computational works (ICW), the
execution of which is entrusted to the set J (j € J) of
information processing centers (PIC). The transfer of the
ICW from the SS to the PIC is performed via communi-
cation channels (CC) using the set K (k € K) of switching
devices (SD). It is assumed that the ICW volumes {h;;}, the
geographical coordinates of the SS, PIC and SD are known,
and the distance vector d = {d,,, }, where v, w € IUJUK,
v # w is defined accordingly.

Thus, the aim of the work is to develop a model for
the synthesis of the LAN structure based on the cost crite-
rion, taking into account the uncertainty of the initial data.
The development of technology for the study of the syn-
thesis model of the LAN structure is also given special
attention in the work.

Model of synthesis of LAN structure. From the
point of view of the presence in the LAN structure of the
SS, PIC, SD, each of which can be implemented by one of
the valid options s € S;, g € Q;, m € M,,, we introduce the
vector of Boolean variables x = {x;;}, y = {y,}, z=
{z;.m}, and the topology and variants of the implementation
of the CC with the type [ from the admissible set L will be
described with o = {af;}, B={Bl;}, v ={¥%} and e =
{€kn}. Moreover, let of; be a Boolean variable, which
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determines the variant of connecting the SS i to the output
of the SD k using CC [, B}(]- —PICj to the output of the SD
k using CC I, v} — PIC j to the output of the SD k using
CC L, and €},, — from SD n to SD k using CC L. o build a
LAN cost function, we define the vector of parameters a =
{ais}, c={cq}, r={nm} and w={w;}, which we
associate with the costs of using SS, PIC, SD and CC
models with various technical characteristics.

Analysis [11] showed the expediency of separating all
cost parameters into two subsets. Let the first subset form a
set of parameters that can be clearly specified a = {a;},
¢={cjq}, 7 = {rim} and w = {w}.

We associate the second subset with a set of parame-
ters, the formation of which can be influenced by the ex-
ternal environment and which can have an indefinite nature
a ={a;}, ¢ ={¢,}, ¥ = {fim} and W = {W,}. To describe
the latter, we will use the elements of the fuzzy sets theory
and put in conformity with each fuzzy parameter the
accessory function (AF) of the form "approximately equal
to" or “is approximately in the range" p(d;s), w(éq).
W(Fiem) and p(iw,).

The physical connection of the PIC j of the variant g
to the SD is possible if the PIC has active g;, network
interfaces. The maximum number of connections to the SD
SS, PIC and SD is limited by the permissible number of
ports ., of the SD k with technical characteristics m. In
order to avoid packet loss, the total traffic of the f;,, channel
(t, p) connected to the SD p must not exceed the
bandwidth ,,, of this SD. At the same time, the total
traffic of each channel (¢, p) must not exceed the band-
width of the CC b,fp when it is implemented by type [.

Therefore, the LAN structure must satisfy the fol-
lowing constraints.

Limitations on the technical capabilities of the PIC for
connecting to them the SD:

N;(vja} {9)a} i) 2 0.5 €.
Limitations on the technical capabilities of the SD to
connect to them the SS, PIC and SD:
Pk ({a%(i}7 {65(]}7 {skn}:{zkm}a {ﬁkm}) = 0’ k EK.
Limitations on traffic entering to SD:

T’% ({ﬁk}a {ka}> {ﬁkm}) 2 07 k e K
Restrictions on traffic in the CC between the SS and
SD, PIC and SD, SD and SD:

Tee (i) {0}, {bhi}) > 0.k €K, i €Iy
T (i} {viid: {Bjic}) > 0. €1, k € K;;
Tlfn({fkn}a {E;m}a {bllm}) >0,kn€K.

We define the fuzzy criterion of LAN cost, in the form
of a function F, as the algebraic sum of the function F with
clearly defined parameters and fuzzy F:

F(ax,c,y,r, z,w,apB,y.ed);
F(a.x,e,y.7,z,w,0.B,y.d).

Model research technology. The technology will be
based on the results of [12]. Then the AF of fuzzy parame-

ters can be represented as exponential functions. For ex-
ample, for @;; an AF, that provides a value equal to 1 in @,

. % \2
will take the form p(a;;) = e~(@is=@is)"/2Dis \where D;; is
a parameter of the Gaussian fuzzy value d;;. Therefore, the
AF F will have the form:

u(F) =e —(F-m(x.y,2,0,8.Y,8)" /2D (x.y.2.0.B.y.€) .

If to suppose that it is required to get such alternative,
the generalized characteristic of which as a level of
belonging of decision must be not worse than the
predetermined value 6, we equate p(F) to 6. Using
classical transformations, we get:

(F — m(x,y,z,(x,B,y,zz))2 = —2D(x,y,z,a,B,y,€)In0.
Following the optimistic scenario of the synthesis of
the LAN structure, the cost criterion F can be represented
as:
m(x,y.z,o.B,y.8) — (—2D(x,y,z,a,B,Y,£)In0) 5.
The pessimistic scenario should comply with the cost
criterion F, defined follows:

m(x,y,z,&,B,y.€) + (—2D (x.y,7,0,8,y,€)In8)**.

Then, by optimizing the obtained function F with the
limitations of the model for the synthesis of the LAN
structure, we can find an alternative (x,y,z,a,B,v,€),
providing the decision maker with information about the
network structure, its cost and the level of the decision not
worse than 6.

Conclusion. The paper deals with the problem of
formalization and the study of uncertainty. Probabilistic-
statistical, interval, fuzzy and deterministic approaches are
analyzed. The problem of the synthesis of the LAN structure in
the conditions of uncertainty of the initial information is
formulated. The model for the synthesis of the LAN structure
formalizes the uncertainty using a fuzzy approach. The model
research technology illustrates the peculiarities of solving the
problem of LAN structure synthesis in fuzzy formulation.

Further studies will focus on the analysis of approaches to
solving problems of structural-topological synthesis of LAN and
the development of appropriate software solutions.
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E. II. IABJIEHKO, B. M. BYTEHKO, B. A. 'YEUH

HNCCIIEJOBAHUE METOJOB PASPABOTKH ITPOT'PAMMHOI'O OBECIIEYEHUSA
KOMIIBIOTEPHOM HHXKEHEPUM HA OCHOBE THUIIOBBIX IPOI'PAMMHBIX JIEMEHTOB

B pabote paccmaTpuBaroTcesi mpobiaemsl noBbiieHns dhdexruBnoctu pazpadorku UC, U, B 4aCTHOCTH, BOIIPOCHI YMEHBILICHHUSI CPOKOB Pa3paboTKu
nporpammHoro komiuiekca VIC. [IpoBeieH aHaamu3 TeXHOJIOrHH pa3padOTKH IPOrpaMMHOI0O KOMILIEKca B xU3HEeHHOM 1HKie IC. CTpyKTYpHBIH HOAX0/
K IPOrpaMMHPOBAHUIO IIPEIaraj OCYIIECTBIATh ASKOMIIO3HIHIO IPOTPaMM METOJOM IIOLIaroBON JeTanu3anuu. Pa3paboTka CTpyKTyp HMpOrpamMMbl
BBITOJIHACTCS HPU MOMOIIM MOCTPOCHHUS CTPYKTYP BXOJHBIX M BBIXOAHBIX JAHHBIX, MACHTH(HKALMU CBsi3eil 00pabOTKM MEKIY STHMHU JAHHBIMH,
(opMHpOBaHHs CTPYKTYPbI IPOrpaMMbl Ha OCHOBAHUM CTPYKTYp JAHHBIX H OOHApYKEHHBIX COOTBETCTBUI. [Ipeononers (pakTop CIOKHOCTH MOXKHO,
€CIIH OTOMTH OT MNpSIMOJIMHEITHOTO MOAXOJa K PELICHHIO IIOCTABICHHOW 3a/ayd, COCTOSIIEr0 B IOCIEAOBATEIbHOM M JIHHEHHOM HapallUBaHHU
HCXOJHOIO TEKCTa MPOrpaMMBbl OIEPaTop 3a OIEPaTOpPOM, B PE3ysbTaTe YEro IMOJIydaeTcs OjHAa JUIMHHAs M amopgHas mporpamma. Oka3bIBacTCs
JICHCTBEHHBIM TIPHHLIUIT MOJYJIBHOCTH: HMCXOJHAs 3ajada pa30MBAeTCS HAa OTHOCHTEIBHO HE3aBHUCHMbIC YacTH; OHU PEAIM3YIOTCS OTJCIbHBIMHU
MIPOrpaMMHBIMH MOZIYJISIMH, KOTOpBIE 3aTeM CBSI3BIBAIOTCS B EIHHOE LEIOe Ha JTale KOMIIOHOBKH. BBINeneHbl OCOOEHHOCTH TEXHOJOTHH
ABTOMATH3MPOBAHHOIO CHHTE3a IIPOrPAMM, @ MIMEHHO, TEXHOJIOTMH COOPKHM IIPOTrPaMM M3 THIIOBBIX IPOrPAMMHBIX 311eMeHTOB. Onpe/ie/ieHbl OCHOBHBIC
MOHATHS YKa3aHHOW BBIIIC TEXHOJIOIMH, NPOBEACHO HCCIIEJOBAHUE KOHCTPYHPOBAHHS IIPOrpaMM n3 OJIOKOB M BBISBJICHA MPOOJIEMHAs 00JacTb.
VIcXOMHBIMH NaHHBIMU JUISl TIOCTAaHOBKH M PEIICHHS 3aJad CHHTE3a CHCTEMBI NPOIPAMMHBIX MOIYJEH SBISIOTCS MHOXKECTBO HH(OPMAIMOHHBIX
MAaCCHBOB CHCTEMBI, [UIsi KOTOPBIX OIPE/ICICHBI: BXO/HBIC, BEIXOAHbIC U IPOMEXKYTOUYHbBIC JAHHBIC; MHOXKECTBO AJIbTEPHATUBHBIX HPOLEAYP 00pabOTKI
JIQHHBIX; TOCJIEJOBATEIILHOCTU BBIIOJIHEHUS MPOLIEAYP B Ipolecce 00paboTKu; crocoObl 0OMeHa ¢ BHEIIHeW mamsThio. PaccMoTpeH moxxon uis
BBIJICJICHYSI THIIOBBIX IIPOTPAMMHBIX 3JIEMEHTOB, YAOBJIETBOPSIOIINX ONPEEICHHBIM KpHTeprsiM. Ha 0CHOBaHNH pacCMOTPEHHOTO MOAX0/a, a TAKXKE C
Y4ETOM €ro HeIOCTaTKOB, ObLI MPEUIOKEH YCOBEPIICHCTBOBAHHBIM METOA KIAcCU(DUKALMKM THUIOBBIX HPOIPAMMHBIX O3JIEMEHTOB M CIOCO0
npoekTupoBanust [10 Ha MX OCHOBE € y4eTOM MHHUMHU3ALMI BPEMEHH H CTOMMOCTH IIPOCKTa.

KuaroueBble ¢10Ba: IporpaMMHOE OOecIiedeHne, KOMIIBIOTepHAsI HHXKEHEpHs, HHPOPMAIMOHHBIE CHCTEMBbI, KOMIIOHEHTBI, THIIOBBIE IPOESKTHEIS
pelIeHHUS, 3aTPAThl Ha Pa3paboTKy.

€. II. IIABJIEHKO, B. M. BYTEHKO, B. A. 'YBIH

JOCJIKEHHSA METO/IIB PO3POEKHU ITPOT'PAMHOI'O 3ABE3NNEYEHHS KOMIT’'IOTEPHOI
TH)KEHEPIi HA OCHOBI TUIIOBUX ITPOT'PAMHUX EJIEMEHTIB

VY poGoTi po3risiaaloThest MpobieMu minBuileHHs edekTuBHOCTI po3podku IC, 30kpema, MUTAHHS 3MEHIICHHS TEPMiHIB PO3POOKH MPOrPaMHOIO
xomiuiekcy IC. TIpoBeeHo aHaii3 TEXHOIOTIH PO3POOKH MPOrPAMHOrO KOMIUICKCY B xuTTeBoMy 1k [C. CTpyKTypHHH MiXiq 10 MpOrpamyBaHHs
MIPOIIOHYBAB 3/ifICHIOBATH JEKOMIIO3UIIII0 IIPOrpaM METOIOM ITOKPOKOBOI Jeraiizamii. Po3poOka cTpyKTyp mporpamu BUKOHYETHCS 3a JOIOMOIOI0
MoOYIOBU CTPYKTYP BXIZHUX 1 BUXIJIHUX JaHMX, iAeHTU(iKalil 3B'13KiB 00pOOKH MiXK IIMMH JaHUMH, (OPMYBAHHS CTPYKTYPH IPOrPAMH Ha TMiJCTaBi
CTPYKTYp JIaHMX 1 BHSIBJIEHHX BijmnoBinHoctei. [Togonatu ¢akTop ckiiagHOCTI MOXKHA, SKIIO BIAINTH Bif MPSMOJIHIHHOTO MiAXOMY 1O BUPIIISHHS
MIOCTaBJICHOTO 3aBJIAHHS: IIOCIIJOBHOMY 1 JIIHIHOMY HapOIIyBaHHI BUX1JHOTO TEKCTY IIPOIPAMH ONEPaTOP 32 OIIEPaTOPOM, B pe3yIbTaTi YOI0 BUXOIHUTE
oJlHa JIoBra i amop(Ha nporpaMa. BUSBISETbCS Ai€BUM MPUHIMIT MOIYIBHOCTI: BUXIHA 3a/ja4a PO30MBA€ETHCS HA BIJIHOCHO HE3aJIEKHI YACTUHH; BOHH
peai3yroThCsi OKPEMHMH MIPOrPAMHUMU MOAYJISIMH, SIK1 TTOTIM 3B'SI3YIOTHCS B €IMHE 111JIe HA eTari KOMIIOHYBaHHS. BuiineHo 0coOaMBOCTI TEXHOIOTIT
aBTOMATH30BAHOTO CHHTE3y IPOrpaM, a caMe, TeXHOJOTIl CKIAJaHHsA IporpaM 3 THIOBHX IPOTPAMHHX €IEeMEHTIB. BH3HaueHO OCHOBHI IOHSTTS
3a3HauEHOI BHIIE TEXHOJOTIi, IPOBEAEHO JOCTIPKEHHS! KOHCTPYIOBAHHS IIPOrpam 3 OJIOKiB 1 BUsIBIICHA poOsieMHa 001aacTh. BUXiZHUMU TaHUMU /115
MMOCTAHOBKY 1 PIIlICHHS 3a]]a4 CUHTE3y CHCTEMH MPOTPAMHUX MOJYJIIB € MHOXXHHA 1H()OPMAIIHIX MAacCHBIB CHCTEMH, JJIS SKUX BU3HAYEHI: BXIiJHI,
BUXIiJIHI Ta TIPOMIXHI JaHi; MHOKHHA aJbTEPHATHBHUX MPOIETYp 0OpOOKHM JaHMX; MOCIIIOBHOCTI BUKOHAHHS MPOIENYp B Mpolieci 00poOku; criocodm
00MiHy 13 30BHIIIHBOIO MaM'ATTIO. PO3MISIHYTO MiAXiJ /I BUAIJICHHS THIIOBUX NMPOTPAMHUX €JIEMEHTIB, sIKi BiJIIOBIIAIOTh MEBHUM KpuTepisim. Ha
MiZCTaBl PO3MIISIHYTOTO IMiAXOAY, & TaKOXK 3 ypaxyBaHHSM IOro HeNoNiKiB, OyB 3alpOIOHOBAHMH BIOCKOHAICHWH METOJ Kiacudikaiii TUIOBHX
TIPOTPaMHUX €JIEMEHTIB i crioci6 mpoexTyBaHHs 13 Ha iX OCHOBI 3 ypaxyBaHHSIM MiHIMi3allii 4acy i BApTOCTI IPOEKTY.

KuarouoBi ciioBa: nporpamHue 3a0e3nedeH s, KOMIT I0TepHa iHKeHepis, iHpopMalliiiHi CHCTEMH, KOMIIOHEHTH, THIIOBI IPOEKTHI PIllICHHS, BATPATH
Ha po3poOKy.

Y. P. PAVLENKO, V. M. BUTENKO, V. O. GUBIN

RESEARCH OF METHODS OF DEVELOPMENT OF SOFTWARE COMPUTER ENGINEERING
BASED ON TYPICAL SOFTWARE ELEMENTS

The paper deals with the problems of increasing the effectiveness of the development of IS, and, in particular, the issues of reducing the development
time of the software package of IS. The analysis of technology development software in the life cycle of IS. A structural programming approach suggested
decomposing programs in a step-by-step manner. The development of program structures is carried out using the construction of input and output data
structures, identification of processing links between these data, formation of a program structure based on data structures and detected matches. It is
possible to overcome the complexity factor if we deviate from a straightforward approach to solving the problem posed, consisting in sequential and
linear extension of the source code of the program operator-by-operator, resulting in one long and amorphous program. Here, the modularity principle
is effective: the initial problem is divided into relatively independent parts; they are implemented by separate software modules, which are then linked
into a single unit at the layout stage. The features of the technology of automated program synthesis, namely, the technology of assembling programs
from typical program elements, are highlighted. The basic concepts of the above technology have been identified, a study has been conducted to design
programs from blocks and a problem area has been identified. The initial data for the formulation and solution of problems for the synthesis of a system
of program modules are the set of information arrays of the system, for which there are defined: input, output and intermediate data; many alternative
data processing procedures; sequence of procedures in the processing; ways of sharing with external memory. The approach to the selection of typical
program elements that meet certain criteria is considered. On the basis of the considered approach, and also taking into account its shortcomings, an
improved method was proposed for classifying typical program elements and a method for designing software based on them, taking into account
minimizing the time and cost of the project.
Keywords: software, computer engineering, information systems, components, typical design solutions, development costs.
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Brenenne. Co3aHue nporpaMMHBIX CUCTEM JISL aB-
TOMATHU3AIUH NPEIIPUATHIH SBJISETCS CIOXKHON U MOITaM-
HOHM 3ajaueid, Mo3ITOMY JJIsl ONpECICHUs] HEOOXOAUMBIX
pecypcoB, B TOM YHCJIE€ BPEMEHH, BaXKHO PErIaMeHTHPO-
BaTh TOPSAOK Pa3pabOTKU M HCIIOJIBb30BAHHMS HEKOTOPBIX
BU/IOB THIIOBBIX NPOTPAMMHBIX 3JIEMEHTOB IO CTaIMSIM
MIPOEKTUPOBAHUS CHCTEMBI.

Jnst yckopeHnst BpeMeHH pa3pabOTKU W MOBBIMICHUS
KadgecTBa KoJAa MporpaMMbl pa3paboTaHo OOJIBIIOE KOJH-
YeCTBO METOJHUK, TEXHOJIOTHI M moAX040B. Bce oHM 0THO-
CATCS HE TOJBKO K OPTaHM3aIlNH >KU3HEHHOTO Iukia 10,
HO U K TIOCTPOEHUIO PALIMOHATIBHOM CTPYKTYpBl OpraHu3a-
UM, 3aHUMAaloIIecs pPa3padOTKON WH(POPMAIMOHHBIX
cucrem (MC), n k kaxaoMy pa3pabOTIMKy B YACTHOCTH.

OnHUM M3 pelieHui IpodsieM CO3/aHUs TIPOrpaMM-
HOTO KOMILIEKCa KOMIIBIOTEPHOM HWH)KEHEpUH SBISETCA
HCTIONB30BaHUE TEXHOJOTHH aBTOMAaTH3allMd IpOrpaM-
MHUPOBaHHS, KOTOPBIC MPEATIONArafoT COKpAIIeHHE CPOKOB
pa3paboTKN MPOTrpPaMMHBIX MPOIYKTOB M IOBBIIICHUE HX
XapaKTEePUCTHK KadecTRa.

Henocratkn, n3HayanbHO 3al0XE€HHBIE B TpeOoBa-
HUSIX Ha CHCTEMY, HEBO3MOXXHO KOMIICHCHPOBATH MOCIIEY-
IOLTUMH BEpCUSIMH IPOTPAMMHBIX CPEICTB Ha PAa3IMUHBIX
JTanax >KM3HeHHoro nukia. [Toatomy npobdiema co3nanus
paumonansHOU cTpykTypsl 110 UC sBnsercs kitoueBoi —
€€ pelIeHue OTKPHIBACT HOBBIE BO3MOXHOCTH MTOBBIIICHUS
s¢pdexruBHoctu VC, a npakTuueckas 3Ha4MMOCTh BO3pac-
TaeT Mo Mepe yCI0KHEHUS U uHTerpaiuu 3afgad B 1IC.

IMocTanoBka mpo6Jemsbl. Takum 00pa3oM, MOXKHO
MPUHTH K BBIBOAY, 9TO 3(P(GEKTUBHOCTH pa3padbotku [10
HNC omnpenensieTcs COBOKYIMHOCTBIO MHOXECTBa (DAKTOPOB.
AHanu3 1mokaszajg MHOT0OOpa3ue CyIIECTBYIOMNX IOAXO0-
J0B K pazpabotke [1O, uX JOCTOMHCTBAa M HEAOCTATKH, a
TakXKe BBIABHJ OOIIMe 3anauu dTana peammsanuu [10 UC.
[IpoaHanu3upOBaHbl CTPYKTYPHBIH U OOBEKTHO-OPUEHTH-
POBaHHBIN 1Mo1X01bI K pa3padotke 110 UC.

CyIecTBeHHYIO ITOMOIIb Ha 3Tane MPOEeKTHPOBAHUS
MOTYT OKa3aTh pa3sHooOpa3uble CASE-cpenctsa, HO ¢ ux
MTOMOIIBI0 MOKHO HOCTPOWTH JUIIb KocTak 10, ux uc-
MOJIb30BAHME TIOAPa3yMeBaeT JaJbHEHIIyI0 1opaboTKy
Ou3Hec JIOTUKH 1 0THaaKy Bcero I10.

Ha craguun npoexkrtupoBanuss WC wmonenu pac-
MIAPSIOTCS, YTOYHSIIOTCS M JOMOJHSIOTCS JuarpamMMmamu,
OTPaXAIOMIUMH CTPYKTYPY HMPOTPaMMHOTO OOECIIeYEHUs:
apxutektypy I10, CTpyKTypHBIE CXEMBI ITPOTpaMM M Jana-
TpaMMBI 3KpaHHBIX (HOpM.

Takum o6pa3oM, BO3HHMKAeT 3aJada HCCIICIOBAHUS
TEXHOJIOTHI MCIOIBb30BaHU CHHTE3a MPOTPaMM M3 THUIIO-
BBIX 3JIEMEHTOB, MTO3BOJIIOMNX M30€XKaTh T0pabOTKH BHI-
XOIHOTO TPOIYKTa, a TAK)KE B UCCIICAOBAHUH ITOBBIIIICHUS
3(h(HEeKTHBHOCTH X IPUMEHCHUS.

AHanu3 cocTossHusA NpodJaeMbl. CTPpYKTypHBIN NOA-
XOJ1 K TPOTpaMMHPOBAHHUIO B TOM BHJI€, B KOTOPOM OH OBLI
chopmynupoBan B 70-x romax XX B., mpemiaran
OCYILECTBJISATh JEKOMIIO3UIIMIO IPOrpaMM METOI0M MOIIa-
ropoi gertanuzauuu [1]. PesynapTarom nexomMmno3uuuu
SIBIIIETCA CTPYKTYpHAs CXeMa IpOorpaMMBbl, KOTOpasi Ipea-
CTaBIIsIeT cOO0 MHOTOYPOBHEBYIO HEPAPXUUECKYIO CXEMY
B3aMMOJICHCTBUSI MOANPOTpaMM IO yINpaBieHu0. MUHU-
MaJIbHO TaKasi CXeMa OTOOpa’kaeT ABa YypPOBHS HEpapXuH,
T. €. MOKa3bBaeT OOIIYI0 CTPYKTYpPYy MHporpammsl [2].

OMHAKO TOT JK€ METOJ IMO3BOJISET MONyYUTh CTPYKTYPHBIC
CXEMBI C OOJIBIIAM KOJHMYECTBOM YPOBHEH.

JIyis aHanuM3a TeXHOJOTHYHOCTH MOJYYCHHOW Hepap-
XHH MOJIYJICH HCIIONB3YIOT CTPYKTYpHBIC KapThl KoHCTaH-
taiina [3] win Jxexcona [4]. Ha ctpykTypHO#t KapTte oT-
HOIICHHS MEXIY MOIYJSIMU TIPEICTABISIOT B BUIe rpada,
BEPIIMHAM KOTOPOTO COOTBETCTBYIOT MOIYJIH M 00IIIHE 00-
JIACTH IaHHBIX, & IyTaM — MEKMO/IYJIbHBIC BBI3OBBI U 00pa-
LIEHUS K OOIINM 00JIaCTSIM TaHHBIX.

CylIeCTBYIOT METOJMKH MPOCKTUPOBAHHS MPOTPaM-
MmHOTO obGecnedenus [Ixekcona [5] u Bapube — Oppa [6],
OCHOBAHHBIC Ha JICKOMIIO3UIIMH JaHHBIX. [Ipu co3maHuu
CBOCH METOAMKH aBTOPBI UCXOJMIIH U3 TOTO, YTO CTPYKTY-
PBI UCXOITHBIX TAHHBIX U PE3YJILTATOB OMPEICIISIOT CTPYK-
Typy MPOTPaMMBEI.

PaspaboTka CTpyKTyp MpOrpaMMbl B COOTBETCTBHH C
[5] BBIOIHSIETCS ClIE Y FOLIMM 00PA30M: CTPOST H300pasKe-
HHE CTPYKTYP BXOJIHBIX M BBIXOJHBIX JAHHBIX; BHIIOIHSIIOT
HUACHTU(PHUKAINIO CBA3ed 00pabOTKH MEXITy STHMH JaH-
HBIME; (POPMHUPYIOT CTPYKTYPY MPOTrPaMMbI HA OCHOBAHHHU
CTPYKTYp NAHHBIX U OOHAPYKEHHBIX COOTBETCTBHH; IO-
0aBIAIOT OJIOKM 00paOOTKU IIIEMEHTOB, ISl KOTOPHIX HE
0o0OHapy)XeHbI COOTBETCTBHS; aHAJIM3UPYIOT U 00padaThI-
BalOT HECOOTBETCTBHUS; JOOABIIAIOT HEOOXOMIUMBIC OIepa-
11K (BBOJI, BEIBOJI, OTKPBITHE/3aKpbITHE (DailyIoB); 3aITUCkI-
BaIOT MPOrPaMMy B CTPYKTYPHOU HOTAIIHH.

Onnako Metomuka [5, 6] MOXET HCIOIB30BATHCS
TOJILKO B TOM Cllydae, €CIIH JaHHBIC pa3padaThiBaCMbIX
IpOrpaMM MOTYT OBITh MPECTABICHBI B BHIC HEPAPXHUU
WIIK COBOKYITHOCTH MEPAPXHU.

[pakTrKa CO3AaHUsI CIIOKHBIX MPOTPAMMHBIX CHCTEM
TOBOPUT O TOM, YTO MPEOJOJIETh (DAKTOP CIOKHOCTH
MOYHO, €CJIH OTOWTH OT MPSIMOJIMHEHHOrO MoAX0aa K pe-
[ICHHIO MMOCTABJICHHOMN 3a/1a4H, COCTOSIIETO B MMOCIEA0Ba-
TEJIBHOM M JIMHCWHOM HapanMBaHUU HCXOJHOTO TEKCTa
MPOTrPaMMBI OTIEPaTop 3a OMEPATOPOM, CTPOKA 3a CTPOKOH,
B Pe3yJIbTATe 4ero MoJIydaeTcs OHA JUIMHHAS U aMophHas
nporpamMma. 31ech OKa3bIBACTCS JCHCTBECHHBIM MPHHIIUI
MoayabHOCTH. OH 3aKIIF0YaeTCs] B TOM, YTO MCXOJHAS 3a-
Jlada pa30MBaeTCsl HA OTHOCHUTEIILHO HE3aBHCUMBbIC YaCTH;
OHHU PEAJM3YIOTCS OTICIBHBIMU MPOrPAMMHBIMU MOJTYJIsI-
MH, KOTOPBIE 3aTEM CBA3BIBAIOTCS B €IMHOE L[EJIOE Ha ITare
KOMIIOHOBKH [7].

[Iponece pa3OueHHs OTHON CIIOKHOM 3a/1a4H Ha MO~
3aJaud W pachpeiiesicHne (YHKIUH MEXIy MOIYJISIMHU
OMpeneNsIeTcsl MPUHATBIM METOIOM IPOSKTHPOBAHUS, a
CHHTaKCHYeCKHe U (pyHKIIHOHAIBHBIC CpeacTBa 0dhopmite-
HUS TPOrPaMMHBIX MOIYJICH B BHIAC 3aKOHYCHHBIX
MPOrPAMMHBIX EIUHHI[ OIMPEICIIIOTCS BO3MOXKHOCTSIMHU
AITOPUTMUYECKOTO SI3bIKA U ONICPAIIMOHHON CUCTEMBI.

Jis  00BEKTHO-OPUEHTHPOBAHHBIX  ITPOrPAMMHBIX
cucteM npuMensieTcs nHoi noaxo/ [8]. [Tockobky sK3eM-
IUISIPBI KJIACCOB OOMEHMBAIOTCS COOOINEHHSMH, OTpee-
JSAIOT JUIA KaXKIOTo Kiacca IOCTYHAMOIIUE €ro 3K3eM-
IUIsipaM COOOIICHUS W HAa WX OCHOBE CTPOST AHATPAMMBI
nmepexoma (omucaTh KiacC KakK KOHCYHBIH aBTOMAT).
CTposT TaKkkKe MOJICITH COCTOSTHHM JIJIS KAXKI0TO 00BEKTa U
OMPENEISIOT CIMCKH COOBITHI, U3MEHSIOIIUX COCTOSIHHE
00BEKTOB.

IMocne BBIAETICHHUS KIACCOB M HMX He(OPMAaIbHOTO
OTMCAHUSI CTPOSITCS. MOJIEIH [IPOLIECCOB, KOTOPbIE IOJIKHBI
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ObITh peann3oBansl B Oynymiem [10. B Takoit mopenu ot-
paKaroTCsl BHEIIHUE COOBITHS (IeHCTBHS MOJIb30BaTEN) U
BBI3BIBAEMBIC ITUMH COOBITHSMH JICHCTBHUS C 3K3EMILIS-
pamu kiaccoB. Eciu monbp3oBaTens ykasall Bce XapaKTepu-
CTHKH JaHHOTO MIPAaBUJIBHO, HY’KHO IOCTPOUTH HK3EMILIAP
o0bekTa “maHHoe” W BKIIIOYMTHL €r0 B MHOYKECTBO [aH-
ueIx [9].

Pa3paboTka  0OBEKTHO-OPHEHTHPOBAHHBIX  IIPO-
TPaMMHBIX CHCTEM JUISl JKEIE€3HOJOPOXKHOTO TPAHCIIOpTa
HMEET CBOIO CITEIM(HKY, B YaCTHOCTH, HEOOXOIUMOCTh
MOJ/ICP)KMBAaTh MHOTOYPOBHEBBIE CTPYKTYpHl JAHHBIX H
peanu30BBIBATh CTPYKTYPY KJIACCOB C HacleAOBaHHEM
[10], [11]. Bei6op TexHomoruu pazpaborku I10 s Takux
CUCTEM IpeNyIaraeTcs BHIIOIHATE C IOMOIIBIO MPOLEAYP,
omucanHbiXx B [12]. Mertopl pa3paboOTKH MPOrpaMMHOTO
obecrieueHHst BO3MOXKHO HUCTIOJIb30BATh B PACIIPEICIICHHBIX
BBIYKCIICHHUSX B Pa3JINUHbIX KOMIIOHEHTaX HH(OpMaLMOH-
HBIX CUCTEM Ha XKeJIe3HOAOPOKHOM TpaHcnopre [13].

Taxum 00pazoM, HUTUIIO MHOT00Opa3He CyIIecTBYIO-
KX MOJX0J0B K paspadorke I10, nmerommx cBou 10cTO-
WHCTBA M HEJOCTaTKU. BBIABMIINCH Tarkke OOIIME 3aadu
stana peanuzanuu [10 UC.

Meton pemieHusi npodJemMsl. [IpinuuHbl npuMeHe-
HUS TEXHOJIOTUH TUIIOBOTO NpoekTuposanus 110:

— CYIIECTBEHHO CHIDKAIOTCS 3aTpaThl Ha NMPOEKTHPO-
BaHue, pa3paboTky u MonepHuzanuo UC;

— OoJbllIe BO3MOXHOCTEH oOOecrednBaTh JOJDKHBIN
Hay4YHO-TeXHUYECKHUH ypoBeHb pazpabotku VIC (B oTnuune
OT TEXHOJIOTHN WHANBUIYyaTbHOTO IPOCKTUPOBAHUS).

TexHonorust TunoBoro npoektupoBanus I1O sBis-
eTCsl OTHOW M3 Pa3sHOBHIHOCTEH MHIYCTPHUAILHOTO MTPOEK-
TUpoBaHM. 3akirodaercst B co3nanuu [10 nadpopmannon-
HOH CHCTEMBI U3 TOTOBBIX THITOBBIX 3JIEMEHTOB.

OO6nacTp NpUMEHEHHUS: aBTOMATH3alus JESTEIbHO-
CTH Takux OOBEKTOB, JJII KOTOPBIX XapaKTEPHBI OOIIHE
npaBuia (pyHKIIMOHHPOBAHUSA W YIpaBieHHA. B mepByro
oudepe/ib, CloJla OTHOCSTCA YKOHOMHYECKHE CHCTEMBI, IS
KOTOPBIX XapaKTEePHBI:

— CXO%Kasl CTPYKTypa U IpaBUIIa yIIpaBICHUS;

— eIMHBIC CTAaHIAPTHl OTYETHOCTH;

— CXO’KHE KOMIUIEKCHI HCIIOIb3YeMbIX TEXHHIECKUX
MIPOTPaMMHBIX CPE/ICTB;

— eIuHas IIe7b CYIIECTBOBAHUS: H3BJICUCHHE MpH-
ObLTH.

IIpouecc mpoekruposanus I10 MC cocrout u3 cie-
JYIOIIAX OCHOBHBIX 3TAlOB!

— pazbuenue mpoekTa HHPOPMAMOHHON CHCTEMBI Ha
OT/IEJIEHBIE COCTABIISAIONINE (KOMIIOHEHTEHI);

— BBIOOp ¥ IPHOOPETEHHSI UMEIOMINXCS Ha PhIHKE TH-
MTOBBIX POEKTHBIX PEHICHUH (THPAXKUPYEMBIX IPOIYKTOB)
JUTs Kakoro kommnoHenra MC;

— HacTpoika U 1opaboTKa MPHOOPETEHHBIX THUITOBBIX
MIPOEKTHBIX PEIICHWH B COOTBETCTBHU C TPEOOBaHUSIMHU
KOHKPETHOH NpeMETHO obJacTy.

JomkHa OBITH NPUHIUIINAIBHAS BO3MOXHOCTH JIe-
KOMITO3MIIMH MH(POPMAIIIOHHOW CHUCTEMBbI Ha MHOKECTBO
COCTaBIISIFOLIMX KOMIIOHEHTOB (KOMILIEKCOB, HMOICHUCTEM,
MIPOTPaMMHBIX MOJIyJel). B 3aBucumocTtn ot ypoBHS je-
KOMITO3HUIIH NH()OPMALMOHHOM CHCTEMBI pa3IHyaroT clie-
JYIOIIUE KJIACCHI TUITOBBIX IPOCKTHBIX PELICHUH: JIEMEHT-
HBIE, IOACUCTEMHBIE, OOBEKTHBIE.

Tunosoe npoextHoe pemrenue (TTIP) —aTo npexcras-
JICHHOE B BHJIE KOMIUIEKTa MPOEKTHON JOKYMEHTAllUH WIN
Habopa NpOrpaMMHBIX MOJYJEH IPOEKTHOE peIleHue,
MPUTOJHOE K MHOTOKPAaTHOMY HCIIOJIb30BaHHIO.

OcnoBHble ueptsl TIIP:

— THIIOBBIE ITPOEKTHBIC PEIICHHSI OPHEHTHPOBAHbI Ha
aBTOMATH3ALUIO JEATEIBHOCTH MHOXECTBA OJHOPOIHBIX
00BEKTOB (IIyTeM HACTPONKH ITOJ KOHKPETHBIE 0COOCHHO-
CTH KaXJI0TO U3 HUX);

— OCHOBHas Lienb npuMmeHeHus TIIP — ymeHblieHHe
TPYIOEMKOCTH ¥ CTOMMOCTH IIPOCKTUPOBAHMS WM pa3pa-
6otku 10 UC,

— coszznanue TIIP BO3MOKHO TOJIBKO IIOCJIE TILATEIIb-
HOTO U BCECTOPOHHETr0 M3YY€HHMs NMPEIMETHOI obyacTu u
npeamnosaraeT 0000IeHre HAKOIIICHHOTO B YaCTHBIX CITy-
Yasix onbITa (IyTeM KiaccuuKaluy, TUIH3aLUH, adcTpa-
THPOBaHUs, YHU(PHUKALIUH.

TwuroBsle perreHus: OBIBAIOT MPOCTHIMH HIIH KOMOHU-
HupoBaHHbIMU. [IpocTbie TIIP 0XBaThIBaIOT TONBKO KaKOM-
mbo oxuH BHA obecnieueHus MC, koMOMHHPOBAHHBIE —
nmBa u 6oxnee. [Ipumepsr mpocteix TIIP: kmaccupukaTops
NO, npuknagaele TporpaMMbl OOIIET0 M CHEHUATBHOTO
Ha3HAUEHHs, HHCTPYKTHUPYIOUINE PYKOBOJCTBA MO YIpPaB-
JIeHUI0 OM3Hec-MpoIieccaMy, PEeKOMEHIALNH 0 COCTaBIIe-
Huro T3.

TpeboBaHUs, BBIIBUTaEMble K THIIOBBIM IPOECKTHBIM
pEIIeHHSIM:

— BO3MOXKHOCTB MCIIOJIb30BaHUS JIs CO3/1aHUS HOBOH
W C npn MuHAMaNBEHOM y4dacTul pa3padorunkoB TIIP;

— COOTBETCTBUE TPEOOBAHUSIM IMOJOKEHUH M CTaH-
JIapTOB, PAcCIpPOCTPAaHSAEMbIX Ha MH()OPMALMOHHYIO CHC-
TEMBI B IIEJIOM WJIN €€ YacTh;

— CIIOCOOHOCTH  Y/IOBJIETBOPSTh MaKCHMallbHO BO3-
MOXHOMY YHCITy IOTpeOHOCTEH B paMKax CBOEro (YyHKIH-
OHAJBHOTO HA3HAYEHUS;

— BO3MOXKHOCTH aJaNTalliy K KOHKPETHBIM YCIOBHAM
MIPOEKTa MTyTeM MU3MEHEHHS TapaMeTpOB.

B xauecTBe THMOBOIO 3JIEMEHTA TPH 3JIEMEHTHOM
IIPOEKTUPOBAHUM HCIOJIB3YIOTCA mpoctele TIIP, oTtHOCS-
mecst kK otaenbHol 3anade C. B atom ciyuae UC kom-
ieKTyercs: kKak MHoxxecTBo TIIP mo oraenbHBIM pa3pos-
HEHHBIM 33j71a4aM. [l0NOTHUTEIbHBIE SIEMEHTHI, AJIsl KOTO-
prix oTcyreTByIOT TTIP, pa3pabaTsiBatoTcsi BpyUHYIO.

HcxonHbIMU JaHHBIMH JUIS TTOCTAHOBKH U PEIEHUS
JUHAMUYECKHUX 3a7au CHUHTE3a CHCTEMBI MOIyJeH sBIs-
FOTCSI MHOKECTBO MH(OPMAITMOHHBIX MAaCCHBOB CHCTEMBI,
JUTS KOTOPBIX ONpPEAEIICHbI: BXOIHBIE, BEIXOIHBIE M TIPOMeE-
KYTOYHBIE JTaHHBIC; MHOKECTBO AIbTEPHATHBHBIX IPOIIe-
Jtyp 00pabOTKH JaHHBIX, BXOJSIIMX B COCTAB aITOPUTMOB,
00eCTIeYynBAIOIINX PEHICHUE 33aa9 CUCTEMBI; BO3MOKHBIE
MIOCTIEIOBATENEHOCTH BBIIIOJIHEHUS IPOLIEAYpP B IpoIecce
00paboTku; crmocoObl OOMEHa C BHENIHEH MaMSITHIO
MOJYJIFHOH CHCTeMbl 00pabOTKM JIaHHBIX; B3aMMOCBS3H
npoueayp ¢ HHGpOpMaMOHHBIMA MacCHBaMH; BpEMEHHBIE
XapaKTEepUCTUKHU 00paIieHus K MacCHBaM.

BbienM MHOXKECTBO IPOTrPaMMHBIX OJIOKOB

= {Ml,,I,, ...,II,,},
KOTOpBIE MOXKHO HMCIOJIb30BaTh NPH NpoekTupoBanuu 110
NC. Kaxnprii OOK XapakTepu3yeTcsl 3aTpaTaMH Ha
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paspabotky 34,3, ...
Ty.T, ..., T,

OyHKINOHAIBHOCTH TPOTPAaMMHON CHUCTEMBI BKIIIO-
yaeT B ce0s1 m pa3nuuHbIX QyHKIMH 110 06padoTke HHDOP-
Manuu

,3p M BpEMEHEM Ha pa3paboTKy

F= {f15f27 "'afm}~

MO>XHO BBIJEIHTH JABAa OCHOBHBIX KPHTEPHsS OLCHKH
s¢pdextuBHOCTH cuHTe3a 110 MC u3 (GyHKIMOHATBHBIX
OJIOKOB: 3aTpaTHI M BPEMSL.

INocranoBKa 3amayn (OPMYIUPYETCS CIEAYIOMUM
00pa3oM: HalTH TaKOe MTOIMHOXKECTBO IPOTPAMMHBIX OJI0-
KOB

I cIl,
" = {111, ...,IT;},

YTOOBI peann30BaTh Bce M QyHKIMH 1Mo 00padboTke HHDOP-
Maluu.
OrpaHuveHus:

3 =3comp +3; + 3+ +3; » min,
T =Tenp +T; + Ty + -+ T; > min,

e 3conp
OJIOKOB,

Teonp— BPEMsL HA COTPSKEHHUE TIPOTPAMMHBIX GIIOKOB.

[Ipennaraercsa ciaeayromuil METO peLIECHUs 3a1ayu
BbIOOpA TUIIOBBIX IPOTPAMMHBIX IEMEHTOB.

[Mar 1. Pacemotpum ¢dyrkmmio f;. Eciom mporpamm-
HBIH 070K [1; HEOOXOAMM TP peanu3aIiy ATOH HYHKIAH,
103=3,T=T,.

lar 2. Ecnu nporpammHsii 6510k [1; HeoOxoanm npu
peanuszaruu 3o ¢pyakmuu, 10 3=3+3;, T=T+T;.
Wnaue nepexouMm K mary 3.

Iar 3. Ecnu yHKIMs f; peaqn3oBaHa MOJHOCTHIO,
TO MEPEXOUM K PACCMOTPEHUIO (PYHKINH f.

[ar 4. Eciu mporpamMHBIi 0110k I1; HE0OX0 1M Tpu
peanu3anyy 3Toi QyHKINH 1 OH He ObIT 33/1eHiCTBOBAH IIPH
peammzanu  npeabinymed ¢yHknmua, Tto 3 = 3+ 34,
T=T+T.

lar 5. Ecnu nporpammusiii 6110k [1; HeoOxoanm npu
peanusanuu Gynknuu, To 3 =3+ 3;, T = T + T;. lnaue
MepexXouM K mary 5.

ar 6. Ecnn ¢pyHKIus peann3oBaHa MOIHOCTBIO, TO
MIepeXo MM K pacCMOTPEHHIO clieytommei GpyHKunu

lar 7. Ecnu Bce yHKIMM pacCMOTPEHBI, TO OLEHU-
BAEM 3conp ¥ Teonp M PUKCHPYEM 3aTPATHI M BPEMS IO TIEP-
BOMY BapUaHTy PaCCMOTPEHHUS.

3(1) = 3C()l'Ip + 3,
T® =Tpp + T.

3aTpaThl Ha COIpPSDKEHHE IPOTPAMMHBIX

[IMar 8. Haumem c paccmorpenus ¢yukmmm fo u
moropuM maru 1-7. 3adukcupyem 3aTpaThl U BpeMs 110
CIIEYIONIeMY BapHAHTy PACCMOTPEHHUS.

[ar 9. Onpenenum

3 = mjn 3®-
L
Takum o6paszom, Mbl ompexemwn mapy (3, T), a
TaKKe MOJAMHOKECTBO MPOTpaMMHBIX GiiokoB I1', sBrstro-
1Ieecst pelieHHeM 3aa4uHu.

BoiBoabl. B pabote mpoBenéH aHamM3 MpoOIIeMbI
000CHOBaHMS BBIOOpA MPOTPAMMHBIX KOMIIOHEHTOB TIPH

MPOEKTUPOBAaHUU IporpamMmHoro obecneuenust MC, ana-
JIM3 TEXHOJIOTUI pa3paboTKy MPOrpaMMHOTO KOMIUIEKCA B
sku3HeHHOM 1mkie MC, ucecnenoBan NpuHIMI MOIYJIBHO-
cTH ipu npoektuposanuu [10.

Ha ocHOBaHMM NPOBEAEHHOTO HCCIENOBAHUS pa3pa-
0OTaH METOX pemeHHs 3aJadll BBIOOpAa THIOBBIX IIPO-
TPaMMHBIX DJIEMEHTOB, IPEIIOKEHBI KPUTEPUH BBIOOpa
IPOTPaMMHBIX DJIEMEHTOB, pPa3pa0OTaH aJrOPHTM pelle-
HUS 3a/1a4i 000CHOBaHHS BBIOOpA MPOTPaMMHBIX KOMIIO-
HeHToB. [Tomy4yeHHbIe pe3yIbTaThl paboThl ONIPOOOBAHBI HA
peamsHOM TpuMepe — mpu mpoektupoBanuu [10 UC,
cocTosiei u3 4 pyHKIMOHAIBHBIX 3a1ay.

PazpaboTanHblil MeTOX B pe3yibTaTe HEOOIBIINX HU3-
MEHEHHH MOXeT OBITh HCIIOJb30BaH Uil OOOCHOBaHHMS
BHIOOpa MPOTPAMMHBIX 3JIEMEHTOB NPU NPOEKTUPOBAHHU
npyrux BupoB I10, u paspabarsiBaeMoe MPOTpaMMHOE
obecrieueHre MOKET OBITh YJIy4IICHO 32 CYET YBEIUUCHHS
ero (yHKIMOHAIFHOCTH W COKpalleHHs 3aTpaT Ha pa3pa-
0OTKYy.
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