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CUCTEMHMUIA AHAJII3 I TEOPISI IPUVHATTS PIIIEHD

CUCTEMHBII AHAJIN3 U TEOPUS ITPUHATHS PEIIEHUM

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. IIAB/IOB

KOMBIHATOPHA OIITUMI3ZAIISA B YMOBAX HEBU3ZHAYEHOCTI TA ®OPMAJIBHI MOJEJIT
EKCIIEPTHOT'O OLITHIOBAHHSA

Paninie aBTOpoM JuIst AOCUTbH 3arajbHOr0O KJacy 3a/1a4 KOMOIHATOPHOT onTHMi3awil, QyHKIIOHAT SKUX MICTUTb JiHIIHY 3rOPTKY Bar i JJOB iJIbHUX YUC-
JIOBUX XapaKTEPUCTHUK JIOMYyCTUMOrO po3B 3Ky, Oyau (hopmMasi3oBaHi MOHATTS HEBU3HAYECHOCTI, KOMIIPOMICHOTO PO3B’S3KY, KOMIIPOMICHUX KPUTEPIiB
Ta yMOB. Byino mokaszaHo, 1m0 e(pEeKTUBHICTh HABEACHHX AJTOPUTMIB PO3B’S3aHHS HEBM3HAYCHOCTI B 3HAYHIMH Mipi BU3HAYaeThCs C(EKTUBHICTIO
PO3B’si3aHHS 33124l KOMOIHATOPHOT ONTUMI3aLil B JeTepMiHOBaHIl mocTaHoBIi. YacTuHa chOpMyIbOBaHUX KOMIIPOMiCHUX KPUTEPIiB 1 YMOB BUKOPH -
CTOBY€ eKCIepTHi Baropi kKoedimientu. Panime Takox aBTOpoM i Horo yunsamu Oyan chopMysboBaHi Mojeni KOMOiHATOPHOI onTUMi3amii, KpuTepii
ONTUMAJILHOCTI, KPUTEPIl y3rOUKEHOCTI pillieHb, 110 A03BOJAIOTH 32 (JOPMAIBHO TOraHO Y3rOUKEHOK eMIIPUYHOI0 MATPHULECIO MAPHHUX MOPIBHSHB
JIOBUIBHOT PO3MIPHOCTI, siKa, MOXXJIMBO, MIiCTUTh HYJILOBI €JIEMEHTH, 3HAXOJUTU Ta OOIPYHTOBYBATH CTYIiHb CTIHKOCTI Ta JOCTOBIPHOCTI 3HANJCHHX
3Ha4YeHb eMITipuiHuX KoedinieHTiB. [IpoBeneni TeopeTnuHi JOCTIKEHHS Ta CTATUCTHYHI €KCIEPHMEHTH J03BOJIMIN BHAUIUTH 3 IIUX MOJeNeil ONTH -
Mi3anii HaiOuIbII eekTHBHI. Y AaHil CTATTI HA OCHOBI OTPHMMAHMX PaHillle aBTOPOM i HOrO YYHSIMU pe3yJbTaTiB (OpMali3oBaHO i 00Tpy HTOBAHO
e(eKTUBHICTH 3aIPOIOHOBAHOI MOCIIIOBHOI MPOIEAYPH 3HAXOKEHHS EKCIIEPTHUX BaroBUX KOe(illi€HTIB, 110 BU3HAYAIOTh KOMIIPOMIiCHI KpHTEpii Ta
YMOBH, SIK CKJIa[I0BOI YaCTHHH AIFOPUTMY PO3B’SI3aHHS /IS BBEICHOrO aBTOPOM KJacy 3aa4 KOMOIHATOPHOI ONTHMI3alil B yMOBaX HEBU3Ha4CHOCTI.
HaBoauTbest €nuHMit anroput™ eGeKTHBHOTO PO3B’I3aHHS HEBU3HAYEHOCTI, SIKMil BKIIOYa€e B cebe opuriHanbHy eeKTUBHY (GopMaibHy NMpOLeaypy
3HAXOKEHHS eKCIIEPTHUX KOS(ILiEHTIB 3a eMITIPHYHUMH MATPULISAMH TAPHUX MTOPIBHSHb.

Kuro4oBi ciioBa: koMOiHATOpHA ONTHMi3allisl, HeBU3HAYCHICTh, KOMIPOMICHI KPUTEpii, KOMIPOMICHI YMOBH, €MITipUYHA MAaTPUL HAPHUX I10-
PIBHSIHbB, Y3TOJKEHE PIIICHHS.

A. A. IIABJIOB

KOMBHUHATOPHASA OIITUMU3ALNSA B YCJIOBUAX HEOIIPEJAEJJEHHOCTH 1 ®OPMAJIBHBIE
MOJEJIA SKCIIEPTHOI'O OIEHUBAHNU A

Panee aBTOpOM [JIs1 JOCTATOYHO OOMIEro Kiacca 3a7ad KOMOMHATOPHON ONTHUMHU3AIHH, (YHKIIHOHAT KOTOPBIX COASPIKHUT JIMHEHHYIO CBEPTKY BECOB U
IIPOH3BOIBHBIX YHCIOBBIX XapaKTEPHCTUK JOMYCTHMOTO PEIIeHHs, ObIIM (pOpMaIH30BaHbl MOHATHS HEONPEIEIeHHOCTH, KOMIIPOMICCHOTO PEIICHUS,
KOMIIPOMHCCHBIX KPHTEpHUEeB U ycloBuil. Bwuto mokaszano, 410 3(()eKTUBHOCTH MPHBEACHHBIX aITOPHTMOB pa3peIleHHs HEONPENCICHHOCTH B
3HAYHTENBHON CTENeHH ompeaesieTcs 9P (QeKTUBHOCTHIO PEIIeHNs 3aJadl KOMOHMHATOPHONW ONTHMH3AIMH B JeTePMUHUPOBAHHOH MmocTaHOBKe. YacTh
copMyTHPOBAHHBIX KOMIIPOMUCCHBIX KPHTEPHEB M YCIOBHH HCIOIb3yeT JKCIEepTHBIC BecoBble K0d(hdHUIUEeHTE. Pamee Takke aBTOPOM H €ro
ydeHHKaMH OBUTH c(OPMyIHPOBAHEI MOJEIH KOMOMHATOPHOH ONTUMHU3ALNH, KPUTEPHUH ONTHMAIBHOCTH, KPUTEPHU COITIACOBAHHOCTH pEIICHHIL,
MO3BOJLTIONINE IO (POPMaIbHO IUIOXO COTJIACOBAHHOM OMITMPUYECKOH MaTpHIle IapHBIX CPaBHEHUH IIPOM3BOIBHON Pa3MEPHOCTH, BO3MOXKHO,
coneprKaliell HyseBble DIEMEHTHI, HAXOAUThL U OOOCHOBBIBATH CTEHEHb YCTOIYMBOCTH, DOCTOBEPHOCTH HAWIEHHBIX 3HAUCHHH OSMIHPUUCCKHX
kxod(duientos. IIpoBeneHHbIE TEOPETUUECKHE HCCIEIOBAHUS M CTATHCTHYCCKHE OKCIIEPHMEHTHI IIO3BONIUIM BBIIEIUTh U3 OTHX MOZENeH
onTUMHU3aHu Hanbonee > eKkTHBHBIe. B 1aHHON cTaThe Ha OCHOBE IOIYYEHHBIX paHee aBTOPOM U €r0 yUeHHKAMH Pe3yIbTaToB (OpMallH30BaHA U
obocHoBaHa Y(P(HEKTHBHOCTD MPEIIOKEHHON MOCIeN0BaTeIBHOIN MPOoLe ypbl HAX0XKICHHS dKCIEPTHBIX BECOBBIX KOA(PGOHIIHEHTOB, OMpPeeIOHIX
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KOMIIPOMHCCHBIC KPUTEPHH M YCIOBHS, KaK COCTAaBHOI YacTH aJrOPUTMa PEIICHHs Ul BBEACHHOIO aBTOPOM Kiacca 3ajad KOMOWHATOPHOM
OITUMU3ALNH B YCIIOBUSIX HEOIpeneIeHHOCTH. [IpHBOoaNTCS eUHBI anropuT™ 3G (GEeK THBHOTO pa3pelIeHUsI HEOIPEAEICHHOCTH, KOTOPBII BKIIIOYAeT B
ceOs OpUTHHAIBHYI0 () (eKTHBHYI0 (OpPMANBbHYIO HPOLEAYpPY HAXOKACHUS IKCIEPTHBIX KOA(D(OHUIMEHTOB 110 SMIMPHISCKHM MaTPULAM HapHBIX

CpaBHEHUIA.

KioueBbie ciioBa: KOM6I/IH3T0pHa$[ OITUMU3aIYsL, HEOIIPEACIIEHHOCTh, KOMIIPOMUCCHBIE KPUTEPUH, KOMIIPOMHUCCHBIE YCJIOBUS, SMIIUPUICCKAL

MaTpuna rmapHbIX CpaBHeHHﬁ, COINIaCOBAaHHOEC PEHICHUE.

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

min(max) Y;_; 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 0. 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,, ... ,w;
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
Iclr’lelél X5, w;k;(6). We consider the case of

m%x2f=1 w;k; (o) in [1]. Let us introduce the notation:
OE

— i l
folpt = IcrylelélZfﬂ wik;(0),

(o} = argmin £, wlk;(0),

1(21 10k (o)) — fopt) l=1,L.

m:t:l

Remark 1. If {o,} consists of more than one solution,
then we leave the one on which we achieve r{nl? L; and de-
oy

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

Al = Z?=1 (l)ikl(o-) _folpt 2 Oy

fope = min X, wik;(0). )

We need to find:

1) a feasible solution 6(4,, ...,A,) that has

A <1,i=T, A3)

L= "l

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

minTi, (T, wiki(©) ~ fip) (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,>0,1=1,L:

argmin X, a; [T wiki(0) = fop]
= argmin Y%, (Zf, a,0}) ki (0). (5)

Corollary 1. Solving the problem mi(nglLﬂal X
o€
x (X5, wtk;(0) — fi,+) reduces to solving one problem
of the form (2):
min i, (T a,0f) ki(0). ©)

Corollary 2. Suppose that o(a,, ...
#0, V..V
oy; do(a,,ay, . ,@j_1,a";, Ajyqs sy, Ay, .
o, V..Vo,,a'; #a;. Then the following holds:

(@ —a)@’;

D = A)[(a A+ + a8 +

,aL,Al, ,AL) *

sA,L) *

-4) <0,
+ap 1N iy + oo+ a ) = (ady + 0+

+a;_ 181 + a8 + -+ a,4)] <0 (7)

where o(ay, ...,a;,A;, ... ,A;) is an optimal solution oft_he
problem (6) with given expert coefficients a; > 0,i = 1,L.

A;(A'),i =1,L are specified in (2) for sets aj,..,a;;
Ay, A1, 1,115 - Ay, TESPECtiVEly.
It is shown in [1] that if o(1,..,1,A,..,A.) #

+ m}—ri{cf}' then, by virtue of Corollary 2 (by logic of the
J=1,

inequalities (7)), we can organize a sequential procedure for
solving a problem of the form (6), increasing Va; at each
iteration if A; > [; or decreasing Va; if A; <[ (here,
o(4,, ...,A;) is the current solution). As a result, we either
find a solution 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 Hayionanenoeo mexuiunozo ynigepcumemy «XI1Iy. Cepis: Cucmemnui
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to choose the solution from the set {0, ...,0,} UU {c}* as
the compromise solution if it reaches

minY, Cj(&;, — 1), Vthj, > Uy, (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 C; > 0,j = 1,L). In ge-
neral case, we denote weights by w; > 0,j = 1,L. Yij 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 I', we use the set A of
coefficients y;;,i,j = 1,L, of the matrix of pairwise compa-
risons I which satisfy the conditions:

1) {Yij’i =1L}c4;

We propose to use the measure

1
Yij

W;

—Yij )

w;

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:

ArilrilsiA% iNelal Z 4= Com (ij)zeml Z ) o
v(ij)€lA|
Inyy + AF < W, — W <Inyy; +4j,
v(ij) € |Al,
0<Al <n(1+1-5,0).vG@)€ElAl  @11)

0> A% >

2 >In(1—m-A,(m)) V(@) € |Al,

W, >0,i=1L, (12)

where W;, Aj;, A%; are the LP problem coefficients;

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

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

C,, coefficient determined from the formula:

ln(l +1- Al(l)) = Clmlnm;

(13)
|A| the set of pairs (ij), i # j, for each of which
Yi; = 1(vi; € 14]).

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,(mm) 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:

w; = eWi i=1,L. (14)
Model 2 is the LP problem of the form:
min X jyea) X7 " Vij »

—YVij S 0; ~ Y0 S Vi, Yij 2 0,
(.))ElA|

w;=a=1i=1.L (15)

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

1) Ty = V(@) €Al (16)
vij—1 Yij>1
L v el
T =, l ,
2) LN R A (17)
3) Yij L(i,j)zﬁfu i = Vijs Vij (18)

Remark 4. For cases y;; — 1 € [0,e] where e > 0 isa
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;} < 13
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follows from Vy;; > y7; > 1 + ¢ (where £ > 0 is a given
number).

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

1
ry = ——————y; > 1 (¢ = 0.1).
3 2
(viy—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
o™i = 1,L, on which we reach the minimum:

1 ooﬁ7
y_ij 7 —Yij|-

o (19)

in
=1,k

p=1k 4
(ij)elal

3.2. We need to perform the following operations [2,
4] to determine whether the set of weights w™,i = 1,L, 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
vij, V(i)) € |Al, I = 1,M, that satisfy the conditions

w;
= —Vij
Wy

Yi—vy =t V(i) € 1Al

where M is a sufficiently large natural number.

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

Let G)ﬁ, i = 1,L, be the estimates of the alternatives’
weights obtained by [-th optimization model (I-th set of
optimization models), [ = T,M. The weights o™, 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(&™,®"),
l = 1,M, are acceptable. Here, ®™ = (w7, ...,0)T, @' =
(i, ..,0)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 _ 0’%
i=1 2 2
JEhalop)” JEha(o)
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
l=1M and ® = (w4, ...,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 I 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. CHMOHEIb

3ACTOCYBAHHA METOAIB 3T JIAJIZKYBAHHSA JJ1A ITIPOI'HO3YBAHHSA OBCAT'Y
BUPOBHUIITBA

O6'exrom nocmimkenns € nixnpuemMctso TOB TIIK «Teppa» — npoBiaHuii BITYN3HIHUN BUPOOHUK BUCOKOSIKICHUX 3aXHCHUX ITOKPHTTIB IPOMHCIIOBOTO
NPU3HAYCHHS UL aHTUKOPO3iHHOr0 3aXHMCTy METAIOKOHCTPYKIIH 1 3ay1i300€TOHHUX KOHCTpyKUid. Hapasi Ha mimmpueMcTBi BIAKPUTI NUTAaHHS
IUIAHYBaHHS MaHOyTHIX 3aMOBJICHB, JOLIJBHOIO BHUKOPHCTAHHS IIOTY)XXHOCTEH 1 PO3IIMPEHHs BUPOOHHYHMX MOXIMBOCTeH. B poGoti mpoBexeHo
CHCTEMHHH aHajli3 IbOro MiANPUEMCTBA HUIIXOM PO3POOKH (yHKIIOHAIEHOI MOJEII IIPOLECiB Ta if 1eKOMIO3HLIT 3 PO3KIaNaHHIM 10 APYroro piBHs
nerarmizanii. B pe3ynbrati oTpuMaHO 3aady 3 IPOrHO3YBaHHS OOCATY BUITYCKY aHTHKOPO3IMHMX MOKPHUTTIB, SIKI 3am00iraoTh pyiHHauii MeTaueBUX
KOHCTPYKIIi Ta MexaHi3MmiB. L5 3aa4ya € akTyanbHOIO SIK [UISl CAaMOT0O MiANPHEMCTBA, TaK 1 MU 3aJ0OBOJICHHS HONUTY Ha PUHKY 30yTy. HaiiGinbim
e eKTHBHUMHU MaTeMaTHYHUMH MOJIEIISIMY, 32 JOIIOMOT'OI0 SIKUX MOJKHA ITPOrHO3YBAaTH PO3BUTOK ITPOLIECIB BUPOOHHITBA — [1€ MOZIEIi HA OCHOBI 4aCOBUX
psaiB. OMHUMH 3 HARITOIIMPEHIIIMX METO/IB IPOrHO3YBAHHSI TOKA3HUKIB TAKHUX PSIIB € METOAN 3TJ1a UKYBaHHS, SIKI BUKOPHCTOBYIOTBCS JUTSl 3SMEHILICHHS
BIUIMBY BHUIIQJKOBHX KOJHMBaHb. llocTaBieHy 3ajauy BHPIIICHO METOJAMH EKCIIOHEHIIAIBHOrO Ta aJalTUBHOTO 3INa/pKyBaHHs. [l mepeBipku
aJICKBaTHOCTI OTPHUMAaHUX MOJENEH 3aCTOCOBAHO KPHUTEpiil cepiil (BH3HAUYCHHS BUIIQJAKOBOCTI BIAXWIICHB BiJ TPEeHAY), KpHTepill mikiB (mepeBipka
PIBHOCTI HYJIIO MATEMAaTUYHOIO CIIOAIBaHHS), R/S-kpuTepiil (BU3HAYEHHS BiANOBIIHOCTI PO3MNOITY 3aIHIIKOBOI KOMIIOHCHTH HOPMAJIbHOMY 3aKOHY),
xputepiii JlapOina-YoTcoHa (BU3HAUSHHS HE3aJIEKHOCTI 3HAUCHb 3alHIIKOBOI KOMIOHEHTH). [IpoBeeHO aHami3 KOXHOI OTpUMAHOI Mogjeni
MIPOTHO3YBAHHS, a TAKOX OLIHEHO SIKICTh MPOTrHO3iB. 3pO6JICHO BHCHOBKU IOAO MOJAJIBLIONO BUTOTOBJICHHS HPOJAYKIii HA OCHOBI IPOTHO30BAaHHX
3Ha4YeHb. 3aIPONOHOBAHA MOJEIb MAa€ MPAKTHYHY CIPSIMOBAHICTh 1 MOKE BUKOPHCTOBYBATHCS Y 3a[a4ax, OB SI3aHUX 3 NMPOrHO3YBaHHIM B YMOBax
BUPOOHUYHUX MiIPUEMCTB.

KuarouoBi ciioBa: cucreMHuil aHaii3, 3amada IMPOrHO3YBAaHHs, EKCIIOHCHIlaNbHE 3IJAJUKYBAHHS, aJalTHBHE 3IVIA/DKYBAHHS, TOYHICTH
MPOTrHO3YBAHHS, aJIeKBATHICTb MOJIEII.

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

ITPUMEHEHUE METOJOB CIJIA’KUBAHUSA JJI5 TPOT'HO3UPOBAHUS OB BEMA
ITPOU3BOJACTBA

Oo6bexToM nccnenosanus spisercss npeanpusatue OO0 TIIK «Teppa» — Bepymuii 0TeUeCTBEHHBIH MPOU3BOJUTENS BHICOKOKAYECTBEHHBIX 3aIUTHBIX
MOKPBITHH MPOMBIIIJIEHHOr0 HAa3HAYEHMs I aHTUKOPPO3MOHHOM 3alUTHl METAJUIOKOHCTPYKIHMH H )KeJIe300eTOHHBIX KOHCTpykiumil. Ceifyac Ha
MPEAIPUATUH OTKPBITHI BOIIPOCHI IJIAHKPOBAHUS OyNyIIUX 3aKa30B, 11eJI€CO00Pa3HOro HCIOIb30BAHMS MOIIHOCTEH M PaCIIMPEHUs IPOH3BOACTBEHHBIX
BO3MOXKHOCTeil. B pabGoTe mpoBeleH CHCTEMHBIH aHAIM3 3TOr0 HPEANpPHUATHA IyTeM pa3paboTKH (yHKIHMOHAIBHONW MOJENH IpPOIECCOB U ee
JICKOMIIO3UIIMM € PA3JIOKEHHEM J0 BTOPOTO YPOBHS JeTaiu3aluu. B pesyipTaTe mosnydeHO 3ajauy HPOTHO3MPOBAHHMS 00BEMa BBITYCKa
AQHTHKOPPO3MOHHBIX MTOKPHITHH, IIPEOTBPAIAIONINX Pa3pyIIeHHe METALIMYECKUX KOHCTPYKIIMM ¥ MEXaHU3MOB. JTa 3a/1a4a sBJISIETCSA aKTyalbHON Kak
JUIsl CAMOT0 TIPETIPUATHSA, TAK H JIJIs1 yJJOBJIETBOPEHHs CIpoca Ha peiHKe cObTa. Hanboee 2 dexTHBHBIMU MaTEMAaTH4ECKUMU MOJICIISIMH, C TOMOIIBIO
KOTOPBIX MOXKHO IPOTHO3HPOBATh DA3BUTHE IPOIECCOB IPOM3BOJACTBA — OTO MOJENH HA OCHOBE BPEMEHHBIX pAmoB. OIHHMH U3 CaMBIX
PacIpoCTpaHEHHBIX METO/10B IPOrHO3MPOBAHHS II0KA3aTeNel TAKUX PAAIOB ABJIAIOTCA METOBI CIIIaKMBAHUS, KOTOPBIE HCIIOIB3YIOTCS I yMEHBIICHUS
BIMSHHA ClydaiiHeIX konebanuil. IlocTaBieHHyIo 3ajady PEIIEHO METOJaMM SKCHOHEHIHAIbHOIO M aJalTHBHOrO CriakuBaHus. [l mpoBepku
AJICKBATHOCTHU TOJyYEHHBIX MOJIEJICH MPUMEHEH KPUTEPH Cepuii (ompeaeaeHne ClyqyalHOCTH OTKJIOHEHUH OT TPEHIa), KPUTEPHi MHUKOB (IpoBepKa
PaBEHCTBA HYIIIO MaTeMaTHYECKOro OKUAaHusA), R/S-kputepnii (onpenenenne cOOTBETCTBHUS PacIpeIeeHNs] OCTATOUYHONH KOMIIOHEHTHI HOPMAJIbHOMY
3aKOHY), Kputepuit Jlapouna-YorcoHa (onpezieseHne He3aBUCUMOCTH 3HAaYEHUI OCTaTOYHOW KOMITOHEHTHI). [IpoBe/ieH aHammM3 KaxJ0i MOoIydeHHOMH
MOJIeNI MPOTHO3HPOBAHMUS, a TAKKE OLCHEHO KAauecTBO MPOrHo3oB. CremaHsl BHIBOIABI OTHOCHTEIBHO JAbHEHIIEro M3roTOBJICHHS HMPOAYKIHU Ha
OCHOBE ITPOrHOZUPYEMBIX 3HaueHHH. IIpennokenHas Moiellb HMeeT MPaKTUUECKYIO HAPABICHHOCTh U MOXKET HCIIOIb30BaThCS B 3a[]a4aX, CBS3aHHBIX
C IPOTHO3HPOBAHNEM B YCIOBHSIX MPOH3BOICTBEHHBIX MPEAIPUITHH.

KiioueBble €j10Ba: CUCTEMHBIH aHAM3, 3a/a4a IIPOrHO3HPOBAHMS, DKCIIOHEHIIHANIBHOE CTIaKHBAaHUE, aJaTUBHOE CIIIa)KUBAHHE, TOYHOCTh
IIPOTHO3MPOBAHMUS, ACKBATHOCTH MOJIEIIH.

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 gac pyxJIMBiCTh €EKOHOMIYHUX SIBHII TA ~ PO3BUTKY TIpOLECY y CHCTeMi B MaWOyTHbOMY €
TIpoIeciB, 0COONMBO HA piBHI ramy3eil Ta MiJNPHEMCTB,  IPOBiAHOIO.
3poCTa€, 1  HAKOMUYYIOTBCS  JIaHI  CTATHCTHYHHUX AKTyanpHICTh TEMH JOCHI/PKCHHS BUIDIMBAE 3
crioctepexxeHb. Ha 06a3i ux JaHux 3aada MPOTHO3YBAaHHS — MOTPEOM MiJNPHEMCTB 10 po3BHUTKY. it Toro, mod Oyru
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KOHKYPEHTOCIIPOMOXKHAM  IANIPUEMCTBOM  TOTPiOHO
YIOCKOHATIOBATH TPOIECH Y BIAMOBIMHOCTI JO dYacy.
Hapa3si icHye BenmMka KUIBKICTH 1HCTPYMEHTIB IS
ONTUMI3alii TPOIECIB — OTHAMHU 3 HHUX € CHCTCMHUHN
aHaii3. KepiBHUITBOM MiANIPHEMCTBA TOCTaBICHO 33]ady
aHaJi3y poOOTH MiANPHEMCTBA, B PE3YIbTATI SIKOrO Oyio
OTPUMaHO 3a/a4y 3 IPOTHO3YBAaHHS BUTOTOBJIEHHS
AQHTUKOPO31MHNX TOKPUTTIB — OCHOBHOI MpPOMYKIii TiJ-
MIPUEMCTBA, 33 VTS TOAAJBIIOTO IUIAHYBAHHS 1 ONTUMI3allil
TIPOLIECIB.

Ha cporogHimmHiii geHb HaWOiIIbI e(pEeKTUBHUMHU
MaTeMaTUYHUMU MOJENSMH, 33 JIONOMOIOI0 SKUX MOYKHA
MIPOTHO3YBaTH PO3BUTOK IPOIIECIB, € Ti, MiJ 4ac Mo0y10BH
SIKHX BHKOPHCTOBYIOThCSI uacoBi psau. llupoke koo
COLIIaJIbHO-€KOHOMIYHMX, ~ TEXHIYHUX 1  IPUPOTHUX
MPOIIECIB  YacTO 300pa)kafoTh HAOOPOM  TMOCHITOBHUX
3Ha4eHb, 110 3a(hiKCOBaHi B pIBHOBIIIaJICHI MOMEHTH Yacy.
Taxwuii HaOlp 3HaYeHb HA3UBAIOTH YACOBUM PSIJIOM.

OmHuMH 3 HAWNONIMPEHINIMMH  METOJaMH
NPOrHO3YBaHHSl IOKAa3HUKIB YacOBHX pAIIB € METOAU
3rnaukyBaHHs. CyTh pI3HHX TNPUHOMIB 3IJIaKyBaHHS
YacoBUX DPSAIIB 3BOJMTHCS /O 3aMiHM (PAKTUYHHX PIiBHIB
4acoBOI'0 Psy PO3PaXYHKOBMMH, sIKI B MEHIIIH Mipi
CXI/I.]'IBHi a0 KOJIMBAHb. MeTO)II/I 3IIaJKyBaHHS
BUKOPHUCTOBYIOTBHCA [JIs1 SMEHIICHHS BIUIMBY BUIIAJKOBOI'O
KOMIIOHEHTa (BUIIaJIKOBUX KOJHMBaHb) Y YACOBHX psjax.
BoHu [aroTh MOXIMBICTH OTPHUMYBATH OUIBII «YHCTI»
3HAYEHHs, SIKI CKJIAJAIOThCS JIMIIE 3 JIeTepMiHOBAHMX
KOMIIOHEHTIB.

Meroto  po0OTH €  HPOrHO3YBaHHS
BUTOTOBJICHHS MPOYKIIIi HA MOAAIBLINHI MEpPio].

OO0'exToM JOCIIKEHHsI B POOOTI € MiANPUEMCTBO
TOB TIIK «Teppa», mo 3aiiMa€eThCsi BUTOTOBICHHSIM
AQHTUKOPO31HUX TTOKPHUTTIB.

[IpenmeToM HDOCHIIKEHHS € METOAU CHCTEMHOTO
aHaJi3y, IPOrHO3yBaHHS PIBHIB YACOBHUX PSJIIB 1 CUCTEMH 3
KpUTEpiiB Uil  OLIHKM  pe3ynbTaTiB B  Hpoleci
MIPOTHO3yBaHHs 00CATIB BUPOOHHIITBA.

Metonu pnocaimkennsi. Jlns BupimeHHs 3aaadi
CIIOYaTKy MPOBENCHO CHUCTEMHHMI aHali3 Ta CKJIAaJIeHO
(GYHKIIOHATIBHY MOJIENIb 3 PO3KIAJAHHAM J0 IPYroro
piBHsA meramizamii. [Ipu mpoBeneHi CHCTEMHOTO aHATI3y
OTPUMAaHO 3aJa4y 3 IPOTHO3YBAHHA O00CATY BHITYCKY
MPOAYKINi, $Ky BHUPIMIEHO 3a JOIMOMOTOK METOMIB
3rNIaJUKYBaHHS: ©KCIIOHEHIIaNbHOrO Ta  aJalTHBHOTO.
[IpoBeneno amami3 pe3ynbTaTiB 3 OIIHKOK METOMIB 1
NPUHHATO PIllIeHHS PO BHKOPHUCTAHHS OJHOTO 3 HUX Ha
TIPAKTHII.

HaykxoBa HOBHU3Ha OTpHMaHUX PE3YJIBTATIB MOJATAE Y
BHUKOPUCTAaHHI CHCTEMHOTO IIiIXOMY U aHAN3y 3a/advi B
mijoMy Ta po30uTTs ii Ha mig3amadi. 3a3Ha4YeHI METONU
MIPOTHO3YBaHHsI IEPEBipEHO Ha HAIHICTB.

PesymeraToM pobOTH € pO3pOONICHHH KOMIIIEKC
CHCTEMH JIS IDTaHyBaHHS Ha MiAPHEMCTBI 00CATiB BUPOO-
HHITBA, PEKOMEHIOBAHO 10 BIPOBADKCHHA y 3ajadax,
MOB’sI3aHUX 3 IMPOTHO3YBAaHHSAM B YMOBaxX BHPOOHHYMX
ITi IIPUEMCTB.

Omnuc 06’exty. Komnanis «Teppa» 3acHoBana B 1998
pomi i Hapasi € NPOBIJHUM BITYM3HSHHM BHPOOHHKOM
BUCOKOSIKICHHX 3aXHCHHX MOKPHUTTIB MPOMHCIOBOIO MPHU-

obcsry

3HA4YEHHS ISl aHTHKOPO3IMHOTO 3aXHCTy METaJOKOHCT-
pykuiit i 3amizoberonnnx koHcTpyknii NANO Industrial
use™. Kommnanis Hamiuye O0inbmn HixXK 1000 HaliMeHyBaHb
nponykuii. JlaHHI PO 3aMOBJICHHSI, BUTOTOBIICHHS, ITPO-
JaK KOXKHOTO 3 HHX 30epiraroTbCsi MpOTSATOM JIEKUTbKa
pokiB. IX JOLiNBHO NpencTaBisATH y BHUINAAI YaCOBUX
paniB, TOOTO HaOOpiB MOCIIIOBHUX 3HAYEHB, 3adikcoBa-
HHX B PIBHOBIJUIaJIeHI MOMEHTH Hacy.

Hapa3i Ha mianpueMcTBI  BIIKPUTO  ITUTAHHS
TUTAaHYBaHHS 3aJUI1 TOTOBHOCTI 1O MalOYTHIX 3aMOBJIECHb,
JIOLIJTBHOTO BUKOPUCTAHHS IOTY)KHOCTEH 1 PO3IIUPEHHS
BUPOOHWYHMX MOMIIMBOCTEH, SK pE3yJabTaT BHKOHAHHS
LiJIeH 1 Miciii KOMITaHii.

DyHKIiOHATBHA MOJeNb cucTeMH. [ pO3yMiHHS
MPOLIECIB Ha MiIPUEMCTBI TO0YI0BaHO MOJIENb B (hopMarti
IDEFO0 3a momoroto AllFusion Process Modeler [1, 2].
CriouaTtKy QyHKIIOHAIBHICTD MiIIPHEMCTBA OIUCYETHCS B
oMy, 6e3 moapoOui. Takuil Oonmuc Ha3UBAETHCS KOH-
TEKCTHOI giarpamoro [3]. Jljs maHOro mporecy KOH-
TEKCTHA Jiarpama MpeacTaBlieHa MO0 (quB. puc. 1),
ne I; — cupoBuHa, I, — 3asBKa Ha BUTOTOBJEHHS, C; —
3aKoHM YKpaiHu, C, — JIOKyMEHTallisl 3 TeXHIKH Oe3reKu,
C; — HOpMaTMBHA JOKyMeHTauisi, M, — nepconan, M, —
TexHiuHe ocHaleHHs, 0; — papba, O, — MOKPUTI MOBEPXHi.

Ha koOHTeKCTHil Jiarpami IOYaTKOBOTO piBHS
(nuB. puc. 1) mokazaHo, ski (GpakTopu HEOOXiaHI Ha BXOi
(cupoBuHa Ta 3aMOBJICHHS).

e e |

| 0

——" Po0oTa NiMpHEMCTRA
I, TOB TIIK "Teppa : O,

M, |mMm,

Puc. 1. Mogens nporiecy poOOTH i IIPHEMCTBA

[Mporec «poboTa MiANMPUEMCTBAY BUKOHYETHCS IIiJ|
KEepIBHULITBOM  HOPMATHBHHX JOKYMEHTIB, 3aKOHIB
Ykpainu Ta JOKyMeHTAaIlii 3 TEXHIKH Oe31eKn. 3aMOBIICHHS
ONPallbOBYIOTBCS,  3aKyNOBYETbCS ~ CHPOBHHA  JUIA
HOJANBIIOr0 BHTOTOBJIEHHS Ta HOKPHUTTS IIOBEPXOHb 3a
yuacTio OynmiBenmpHHX Opmwraa. JSIkmo Bci  yMOBH
BUKOHYIOTBCS, TO Ha BHXOIl OTPHUMYIOTH pE3YyabTaT Y
BUTJISIAI TOTOBOI MPOAYKIii a00 MOKPUTHX HA 3aMOBJICHHS
KOHCTPYKIIiHA.

Hacrymaum piBHeM QyHKIIIOHATBHOI MOIENi €
JICKOMITO3HIIiSI KOHTEKCTHOL AiarpaMu (AUB. puc. 2) HA TaKi
i yHKIiL:

e  BUPOOHUIITBO MOKPHTTIB;

e OyniBenbHI POOOTH 3 TIOKPUTTSL.

OYHKINS «BUPOOHUITBO TOKPHUTTIB» (OHMB. pHUC. 3)
JIEKOMITO30BaHa Ha IiA(QyHKII:

e (opmyBaHHS 3aMOBIICHHS;

® 3aKyNKa CHPOBHHU;

®  BHTOTOBJICHHS;

®  BiJBaHTAXCHHS.
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Puc. 2. Jlexommo3uiiist Mojesi

[licns mpoBeaeHOi NEKOMITO3UIIT TPOIECY «BHPOO-
HUIITBO MOKPUTTIBY, OAYMMO, 1110 JaHUH MPOIEC € JOBOII
TPYJAOMICTKHIl OCOONHBO BUXOJSYH 3 TOTO, IO B MPOIIECi
BHUT'OTOBJICHHSI 3aJlisTHA BEJIMKA KUIBKICTH Pi3HOTO BHUIY
CHUpPOBHHH Ta MpPaIliBHUKIB.

OCKiJIbKH TIpoLIeC BUPOOHHIITBA MOKPUTTIB € JIOBOJI
CKJIAJIHUM 1 € SAPOM i AMPUEMCTBA — HOr0 OCHOBHUM JIXKE-
penoM mpuOyTKy, Oyao MPUHHATO PIIEHHS MPO JIOLLIb-
HICTh NPOBE/ICHHS IPOTHO3YBAaHHs O0CATIB BUPOOHHUIITBA
UId  [IOoAaJIbIIIOTO BUI'OTOBJICHHA. HpOFHOSyBaHHH 3
NOJANBIINM TUIAaHYBaHHSIM Ha 0a3i NMPOTHO30BaHMX 3HA-
YeHb € BAKJIIUBOIO CKJIAJIOBOI0 B POOOTI MiANPHEMCTBA
aJKe JOTMoMarae 3eKOHOMHTH PEecypcH 1 pa3oM 3 THM
30LIBIINTH TPUOYTOK.

Omxe, mis AaHOl 3ajadi MPOBEICHO CHCTEMHHMA
aHaJi3 MiJINpUEMCTBA JJIsl KOHKPETU3Allil KO)KHOTO eTamy
[4], Ha ocHOBiI sIKOro OOpPaHO METOIM MPOTHO3YBAHHS
3HAYEHb.

ExcrnonenuianbHe 3riapkyBanHHs. lle wMeron
MaTEeMaTUYHOT'O IEPETBOPEHHS, SIKUIi 3aCTOCOBYETHCS TPH
MPOrHO3yBaHHI 4acoBUX psniB. CBOIO Ha3BYy BiH OTPHUMaB
yepe3 Te, W0 TMpPH KOXHIM HAcTymHIM itepamil
BpaxOBYIOThCs BCI MOTEpEHI 3HAYCHHS PSY, ajle CTyIiHb
BpaxyBaHHS ~ 3MEHIIYETbCS 332  EKCIIOHEHIIaJIbHUM
3aKoHOM [5, 6].

3a MM METOJIOM HOBa IOCHTIJOBHICTh OYIYEThCS 3a
MIPaBUIIOM:

S =2y + (1 =Ny, S; =y, t=2]T, 1)

Ie T - KiJIbKICTh HaBEICHHUX CIIOCTEPEKEHb;

A—eauHa Bara, siKa MO)Ke OOWpaTHCs KiTbKOMa
HITSIXaMH.

[lo-mepmie, 3Ha4YeHHS A OOMPAETHCS —anpiopHUM
merogoM 3 npoMixky (0;1). B takomy Bumanmky, SKIo
obupaeTbesi 3HaYeHHS Oim3bke 10 1, TO OyayTh Oinbid
BKJIMBUMH TIPH TIPOTHO3YBAaHHI OCTaHHI JaHI 4acoBOTO
psny, npu BuOOpi A Oynm3pkuM 110 0, OUTBII BIULTMBOBHMU
OynyTh MUHYII 3HAYCHHS.

[Mo-npyre, moxHa oknactu A = 2/(1 4+ T).

[To-TpeTe, A obOmpaeThesi Tak, 100 MiHIMI3yBaTH
OJIMH 3 KPUTEPIIB TOYHOCTI MPOTHO3IB.

[Tporuo3 3Ha4yeHb 4acOBOr'O psiy AOPIBHIOE OCTaH-
HbOMY 4JIEHY ITOCITiIOBHOCTI

Veop =Se-p=12..., 2)

Jie P — pIBeHb MPOTHO3yBaHHI.

AnmanTuBHe 3riamkyBanns. Lleit meron 0a3yeTbcs
Ha TIONEPEeAHbOMY 1 J03BOJISIE aBTOMATUYHO 3MIHIOBATH
KOHCTAHTY 3TJIa/DKyBaHHs B mpoiieci obuuciens [7, 8, 9].
HoBa mociiioBHiCTh OyAy€EThCS 33 PABHUIIOM:

St41 = AYera + (L —A)S,, t=1.T, (3)

e A 3MIHIOETBCA 3 4YacOM B 3aJIEKHOCTI BiJ IOXUOKU
MPOrHO3yBaHHS:

E
M,
E =By —y)+ (1A —=BE_4,

A =

E

M, =Bly, =yl + (1 - B)M,_4,
ne B € (0; 1) — oOupaeTnes anpiopi.
IIporHo3 3HAYeHb YACOBOTO PSIAy  JOPIiBHIOE
OCTaHHBOMY WICHY TTOCITITOBHOCTI (2).
Bupimennst 3amxa4i npormosyBanns. B xomi

JIOCITI/DKEHHS JTISUTBHOCTI MIANPUEMCTBA TPOAHATI30BAaHO
MOKa3HUKH MPOJIAKY OJJHOTO 3 BUJIIB TOKPUTTS 33 OCTAHHI
2,5 poku.

W

I, | ®opmysamma |1,
25 ) :
JAMORJICHHA |

= I

3akynka
CHPOBHHH

"LQ

Burorosncuus

BUIBAHTAKEHHS e

T j

M M,

Puc. 3. lekommo3uitist mpotecy «BUpOOHUIITBO TIOKPHUTTIB»
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B poboTi m1s eKCHOHEHIIaJbHOTO 3IJIa/KYBaHHS
oOpaHo A Take, NpU SIKOMY MIiHIMI3YETBCS CEPEIHBO-

KBaJpaTW4yHa MOMMJIKA MpOrHo3y, mo cknamae 10%, a
MIPOTHO3HE 3HaueHHS — 50 OAMHHIL TOBAPY.
Pe3ynpraT  €KCIOHEHINIANIFHOTO  3TJIa/DKYBaHHS
300paxkeHo Ha puc.4.
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TLaHI BUMHARACHT ERCNOHEHILRRIM METOLOM

Puc. 4. [liarpama 3ay1e’xHOCTi (paKTHUHNX Ta PO3PaXyHKOBUX
JIAHKX 33 €KCIIOHEHLiAIbHUM METOZIOM

PCSyJ'IbTaTI/I AIalTUBHOI'O 3IVIa/DKYBaHHA TIPEACTaB-
JIEHO Ha puc.S.

KNBRCTE, WY
e
s
(-

01.07.2016
01092016
01.11.2016
01.01.2017
01.03.2017
01.052017
01072017
01.09.2017
01112017
01.01.2018
01.03.2018
01052018
01.07,.2018
01.09.2018
01.11.2018
01.01.2019

s KINSIACTH NPOAINOT NPOSY KT

e [ 3H1 BUHAAACHT AAANTHEHUM METOAOM

Puc. 5. liarpama 3anexHocTi paKTHIHUX Ta PO3PaXyHKOBHX
JaHUX 32 aJalTHBHAM METOIOM

CepenHpOKBapaTHYHA MMOXHOKA IMPOTHO3Y 32 JAHUM
MetonoM ckianae 11%, a mporHo3He 3HaueHHs — 52 oau-
HUII TOBApYy.

Ouinka sikocTi mporuo3iB. J{ns Oymb-skoi Momerni
MMUTAaHHS PO MOXIIUBICTB 11 3aCTOCYBaHHS ISl aHAJI3y Ta
MIPOTHO3YBaHHSI MOXKE OYTH BHpIMICHO MiCIsI BCTAaHOB-
JIEHHS aJeKBAaTHOCTI, TOOTO BiAIOBIIHOCTI ITOCTiIKyBa-
HOMY Tiporiecy uu 06’exry [10, 11].

s mepeBipky aIeKBaTHOCTI MOZAETEH 3aCTOCOBAHO
HACTYIIHI KpUTepii:

® KpHTepiil cepiif — BU3HAUYCHHS BHUITAJKOBOCTI BiJl-
XWJICHD BiJl TPEHIY;

e KpuTepii MiKiB — TMepeBipka pIBHOCTI HYIIO
MaTEMaTUYHOTO CIIOIBAHHS;

e R/S-kputepiii —
pO3TONITY  3aJHIIKOBOI
3aKOHY;

BU3HAYEHHS BIIIIOBIIHOCTI
KOMIIOHCHTH  HOPMAaJIBHOMY

e kpurepiii JlapOina — YorcoHa — BU3HaUCHHS He3a-
JI©KHOCTI 3HAYEHb 3AJIUIIKOBOI KOMIOHEHTH [12].

VY Ttabn. 1 HaBeneHO pe3yNbTaTH MepeBipKU MoaeneH
Ha aJleKBAaTHICTh JJIsI €KCTPAroysinii KiJIbKOCTI BHUTOTOB-
JICHHSI TIPOJTYKIIii.

Tabmuus 1 — Pe3ynpraT nepeBipku Ha aIeKBaTHICTh

3HaqeHHs1 .
. Ymosa e ExcrnoHeHyianbHa
Kpumepiti . | mocmitiHux AdanmusHa modesb
adekeamHocmi ; Mmodensb
roKa3sHuKie
o k = 819k, =6 Knox =5
Kpumepiti cepiti kmax < k,V > V1 v, ~1022 \nl\ax= 12 adekeamHa Va3 adexeamHa
Kpumepiti nikie |M -§ < p< M+S ’\SA :?gz p=14 |adexeamma| P=13 |adexeamma
PigHicmb
MamemamuyHoe
o crodieatis t pos < tKPm . =2042|t,, =13| =0 [, =1239| u=0
3anuwKoeor
KOMHOHEHMU
Hynio
Kpumepiti dY =126
[fap6ira- dU <d <4_du v d =1,4 |adexsamna | d = 2,16 | adexsamma
Yomcora (f-d" =274
BucHosku adekeamHa adekeamHa
OOuziBi Mojeni 3a OTPUMAaHUMH pe3ybTaTaMu

MOXKHa BB@)KaTH aJCKBATHUMH 1 3aCTOCOBYBATH JUIS
3a3HAYEHUX [aHUX. ToMy IlepeaeMo 10 HepepaxyHKy
HaJiHHOCTI TPOTrHO3Y 3a/Uisd BHOOPY OIHOrO 3 METOJIB
nporao3yBaHHs A 3actocyBanHs B TOB TIIK «Teppan.

[lpn BW3HAuYEHHI TOYHOCTI NPOTHO3Y PO3TJISIHYTO
OCHOBHI XapaKTEPUCTUKU MOJENedl MPOrHO3YBaHHS JUIs
eKCTparoJIsiiii, sSIKi HaBelleHo y Tabur. 2.

Ta6muus 2 — Pe3ynpTaTi BU3HAUEHHS HA/IIHHOCTI IPOTHO3IB

Mogenb EKcnoHeHUiliHa| AganTusHa
TouHicTb NporHosy r 78% 73%
CepeaHbo-KBagpaTMYHa noxnbka | S 10% 11%
CepeHs BiAHOCHA NOXMBKa 5CE, 22% 27%
KoediuieHT po3biskHoCTi 14 0,106 0,114
KoeodiuieHT Kopensauji R 0,989 0,987
o Fo 1095,99 944,30
KpuTepii diwepa
For 7,64 7,64
N [ 36,06 32,97
Kputepiin CTbloaeHTa T
KPUT 2,76 2,76

OTxe, TIpH aHaji31 MOKa3HHUKIB PIBHS BUTOTOBIICHOT
MPOIYKII] MOIITBEHO BUKOPUCTOBYBATH CKCIIOHEHITIATBHY
Mozens. lle miATBEpKEHO KpUTEPisAMH adeKBaTHOCTI
Mozeni (paKTHIHUM JaHUM Ta PO3PaxOBAHUMHU KPUTEPIIMHU
HaIIMHOCTI MOJIEITI.

To4HICTP  €KCIIOHEHILIAIbHOI ~ MOZAETl  MpuiMae
3HaueHHs 78,3%. Lleil moka3HHWK € BHINM, HDK y ajar-
TuBHOI Mopem. CepemHbOKBaIpaTHdHA MOXHOKA CKiIa-
nmae 10%. 3navenns koedimienta xopemsamii 0,989, mo
CBIUUTH PO BUCOKHH JHIHHMN 3B’ 30K MK O3HAKaAMH.
Koedimient po3bdixkuocti (Tetina) Habmmkernnit go 0, mo
CBIUUTH NP0 HAONKESHHS POTHO3Y 110 ineansHoro. Cto-
coBHO kpurepiiB Dimepa Ta CThIOAEHTA: PO3PaxXyHKOBI
3HAaYCHHS KPUTEPIiB MEPEeBUIIYIOTh KPUTHYHI (TaOIM9Hi)
3HAaYCHHS, a II€ MIATBEPIIKYE CTATUCTHYHY 3HAUYIIICTh
mogeri [10].

TakuM 9YHHOM, [UIS TIPOTHO3YBAaHHS PO3BHUTKY
MATPIEMCTBA HEOOXiTHO BUKOPHCTATH METOJ] €KCITOHEH-
[IaTBHOTO 3TaKyBaHHA. [ OLIBII HAOYHOTO TIpen-
CTaBIICHHA PEaJbHUX Ta PO3PAaXyHKOBUX IaHUX HATAaHO
niarpamu (nuB. puc. 4, 5).
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B. B. CMAYHIIO

HOPMATHUBHO-IIPABOBE 3ABE3INEYEHHA AIAJIBHOCTI Y COEPI TPAHCIIOPTY

ExoHOMIYHa KaTeropist «IiJIpHEMCTBO TPAHCIIOPTY» € 3arajJbHOBKUBAHUM B EKOHOMIYHOMY HAYKOBOMY Ta IIPAKTHYHOMY 00iry. Ae, B TOi Xk e 4ac, i
PO3YMIHHS B IPaBOBOMY IOJIi, IKE BU3HAYA€ OCHOBH I'OCIIOAPCHKOI NISUILHOCTI B chepi TPaHCIIOPTY, HE € JOCUTH YiTKUM. BKazaHe nopopkye npodiiemy
inenTudikauii Ta BigHeceHHs 0 Tiei uM iHIIOI KaTeropii cy0’€KTIB rocrojapiOBaHHS TPAaHCIOPTHOI ramysi. HopmaTuBHO-IpaBoBe 3a0e3redeHHs
JUSUTBHOCTI TpaHCHOPTY YKpaiHu 6a3yeThes Ha CYKYIHOCTI 3araJIbHUX 3aKOHIB Ta KOJEKCIB, SIKi PeryJIOI0Th FOCIIOAAPChKY ASUIBHICT Oyab -IKUX chep
HALIOHAJIBHOI GKOHOMIKM KpaiHM, a TaKOX Ha CIELialbHUX HOPMATHBHO-TIIPAaBOBHX aKTaX, SIKI BPAaXOBYIOTh creludiky TpaHCIOPTHOI chepu.
He3Bakaroun Ha LIMPOKE NPABOBE M0Je 3a0€3MeUCHHs MisIIBHOCTI TPAHCIOPTY, cydacHi TpaHcdopmarii Ta BHKIMKH, LIO CTOSTH IHEpel raiy3s3io,
BHMAraroTh BUPIIICHHS [IEBHUX HEY3TOLKEHOCTEIl 3a/UIsl KOPEKTHOTO CHPUITHATTS MOHSATIIHO -KaTeropiaJbHOro anapaTty, Mo pOpMy€eThCS B IPAaBOBOMY
moJti, Ta HOro po3BHTKY y BIANOBIZHOCTI 3 moTpebamu vacy. MeToo AoCiipkeHHs € ineHTHdikaumis cy0’ekTiB B cdepi TpaHCIOPTY Ha OCHOBI
3aKOHOJIaBYO-TIPABOBOr0 MifX0y. PekoMeH10BaHO BBECTH B HOPMATHBHO-IIPAaBOBE I10JI€ BH3HAUCHHS TPAHCIIOPTHOrO MiIIPUEMCTBA (IiNIPHEMCTBA
TpaHCIopTry), sike 0 KopemoBano 3 ioro naedininiero B ocromapcekomy Komekci Vkpainu. IIpOnoHyeMO pPO3KPHTH TEpMiH «TPAHCIIOPTHE
MIIPUEMCTBO» K CAMOCTIMHHH Cy0'€KT TOCIOAApIOBAHHS, CTBOPEHHH KOMIIETEHTHHM OpPraHOM AepXKaBHOI BIagM abo OpraHOM MiCIIEBOrO
CaMOBPsIIYBaHHs, a00 IHIIMMH Cy0'€KTaMH U1 3{0BOJICHHSI CYCIIUIBHUX Ta OCOOMCTHX MOTPEO IULIXOM CHCTEMATHYHOIO 3/1iH CHEHHsI TOCIIOAapChKOT
IUSUTBHOCTI B chepi TpaHCIOPTY, BiAMOBIIHO 10 3akoHy YKpainu «IIpo TpaHcnopt», B Iopsaky, nependaueHomy I'ocrionapeskum KogexcoM Ta iHImmMu
3aKoHaMH YKpaiHu. YiTke OKpeciIeHHs MOHATIHHO-KaTeropialbHOro anapaTy BiTHOCHO CYTHOCTI MiANPHEMCTB TPAHCIOPTY B 3aKOHOJABYOMY ITOJI Ta
Horo moexHaHHs i3 KiIacH(ikaliero BUAIB €KOHOMIYHOI AisTIBHOCTI JO3BOJUTH B MallOyTHHOMY KOPEKTHO (OPMYBATH CyKYIHICTb JUI1 aHaJiTHIHOI
BHOIPKH Ta 3/1ifICHIOBATH MOAANBIIY KiIacH(iKallito.

Kii04oBi cjioBa: miAnpHEMCTBO, TPAHCHOPT, TPAHCHOPTHI MiANPHEMCTBA, BUJ €KOHOMIUHOI [isILHOCTI, BUJIH TPAHCIOPTY, TPaHCIOPTHA
cucrema.

B.B. CMAYUJIO
HOPMATHUBHO-ITPABOBOE OBECIIEYEHUE JAEATEJIBHOCTU B COEPE TPAHCIIOPTA

OKoHOMHYECKas KaTEropus «IPEANpHATHE TPAHCIIOPTa» ABIISETCS 00IIEyNOTPEeOUTENLHON B 9KOHOMHYECKOM HayYHOM U NMPAKTHUECKOM OOpaIleHt H.
HO, B TO K€ BpeMs, €€ IIOHUMAaHHUE B IIPABOBOM I10JI€, KOTOPOE ONPEACIACT OCHOBBI XO03SICTBEHH O JICATCIBHOCTH B ccpepe TpaHCIIOpTa, HE ABJIACTCA
JIOCTaTOYHO YETKMM. YKa3aHHOE IOPOXkJaeT NpobiieMy HMIASHTH(HUKALMM U OTHECEHUS K TOM MM WHOH KaTeropuu CyObEKTOB XO3SHCTBOBAHUS
TpaHCropTHON oTpaciy. HopMaTHBHO-TIpaBOBOE oOeceueHne JesTeIbHOCTH TPaHCIopTa YKpaHHbl 0a3upyeTcsi Ha COBOKYITHOCTH OOIIMX 3aKOHOB U
KOJIEKCOB, PETyIUPYIOIIHMX X035 HCTBEHHYIO AEATENbHOCTh JIIOOBIX cep HAIMOHAIBHON YKOHOMHKU CTPAHbI, @ TAKKE HA CHELHAIbHBIX HOPMATUBHO -
IIPaBOBBIX aKTaX, KOTOPHIE YYHTBHIBAIOT CIENU(UKY TpaHCHOPTHOH chepbl. HecmoTps Ha mmpokoe mpaBoBOE IHoje OOECIEUeHHs JeATElIbHOCTU
TPaHCIOPTA, COBPEMEHHBIE TPAaHC(HOPMAIIMU U BBI3OBEI, CTOSIIUE IEPE]l OTPACIbIO, TPEOYIOT PellIeHUs! ONpe/IeICHHBIX HETOUYHOCTEH /1711 KOPPEKTH Oro
BOCIIPUSTHS TIOHSATHHHO-KaTer OpHajIbHOrO ammapara, KOTOpblii GOopMHpPYeTCsl B IPaBOBOM IIOJI€, U €TI0 Pa3sBUTUS B COOTBETCTBHU C NMOTPEOHOCTAMU
BpeMeHH. llenpio MccnenoBaHus sABIAETCS MACHTH(UKAIMA CyOBEKTOB B cepe TPaHCIOPTa Ha OCHOBE 3aKOHOJATEIHHO-IPABOBOrO MOIXOMA.
Pexomenpyercss BBECTH B HOPMATHBHO-IIPABOBOE IIOJIE ONpPEIENIEHHs TPAHCIOPTHOIO NPEANpHATHS (NPeINpUATHs TpaHCIOPTa), KOTOpoe Obl
KOppesnMpoBasio ¢ ero aedununueid B X034HCTBEHHOM Kojekce YKpauHbl. [IpeayiaraeM packpbiTh TEPMUH «TPAHCIIOPTHOE MPEANPUSATHE» KaK
CaMOCTOSITENIbHBIH CyOBEKT X035 CTBOBAHHS, CO3/IaHHbII KOMIIETEHTHBIM OPTaHOM I'OCYIapCTBEHHOM BJIACTH MM OPraHOM MECTHOT'O CAMOYIPaBJl €HHS,
WIH APYTHMH CyOBbeKTaMu ISl yOBJICTBOPEHHs OOLIECTBEHHBIX H JUYHBIX MOTPEOHOCTEH ITyTeM CHCTEMATHUECKOTO OCYIIECTBIICHHUS X03AHCTBEHH O
JIEATEILHOCTU B chepe TPAHCIOPTa, B COOTBETCTBHU ¢ 3aKOHOM YKpauHbl «O TpaHCIOPTE», B IOPSIIKE, IPEAyCMOTpeHHOM Xo3sicTBeHHbIM Ko gexcom
M IPYyTMMH 3aKOHaMH YKpauHbl. YeTKoe onpeseneHue noHATHHHO-KaTEropuaabHOro anmnapaTa OTHOCUTENIBHO CYLIHOCTH NPEANPUATUI TpaHCIOpTa B
3aKOHOJATEILHOM II0JI€ U €ro coueTaHue ¢ Knaccu(ukanueil BUJOB YKOHOMHYECKON IEATEIbHOCTH IO3BOIHUT B OyayleM KOPPeKTHO (HOpMUPOBATH
COBOKYITHOCTb JJIsI aHAJIM THIECKON BBIOOPKU M OCYIIECTBILTh NalbHEHIIYIO KJIaCCH(PUKALHIO.

KiloueBble cjl0Ba: IIpeINpHATHE, TPAHCIOPT, TPAHCIOPTHBIC NPEANPHUATHS, BUJA SKOHOMHYECKOM HEATEIbHOCTH, BUABI TPAHCIOPTA,
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. ExoHOMIUHA KaTeropis «ImiapHeMCTBO TpaH-
CHOpPTY» € 3araJIbHOBXMBAaHWM B EKOHOMIYHOMYHayKO-
BOMY Ta MPAaKTUYHOMY 00iry. Ane, B TOH e 4ac, ii po3y-
MIHHS B TPaBOBOMY IIOJi, SIK€ BU3HAYa€ OCHOBH TOCIIOAAP-
CBKOI JIISUTBHOCTI B c(hepi TPAHCIIOPTY, HE € JOCHTh YiTKUM.

Bkazane mopomxye mpoOiemy imeHTudikamii Ta BigHe-
CEeHHs 10 Ti€l 4M iHIIOI Kateropii cy0’€KTiB rocrnomapro-
BaHHS TPAHCIOPTHOI raiys3i.
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TpaHCIOPTY YKpaiHu 0a3yeThCsl HA CYKYITHOCTI 3aralbHUX
3aKOHIB Ta KOJEKCIB, SKi PErylioloTh T'OCIIOAPChKY
TUSUTBHICTh  OyIb-SIKMX CQep HaI[lOHAIBEHOI EKOHOMIKA
kpainu: ['ocmomapcekuii Konexc Ykpainu [1], IlomaTko-
Buii Komekc Vxpainm, [{usineamit Komekc VYkpainwm,
Konekcy 3akoHiB mpo mpaimo B YKpaiHi, 3akoH YKpaiHu
«IIpo omuaty mpani», 3akoH Ykpainu «IIpo KomekTuBHi
JIOTOBOpH Ta yroJm», Tomo. CrieniaiizoBana npaBoa 0a3za
npencrasieHa 3akoHoM Ykpainu «IIpo Tpancmopt» [2],
3akonoM «Ykpainu «[Ipo 3amizHuyHMN TpaHCTopT» [3],
3akonom Ykpainu «IIpo aBTOMOOIIBHMI TpaHCTIOPT» [4]
Ta iHmmMu. CaMme BKa3aHi JOKYMEHTH CTaJld OCHOBOIO
BUBYEHHS HOPMAaTHBHO-TIPABOBOTO 3a0€3MEYECHHS JIisUIb-
HOCTI CYO’€KTiB TOCHOIAPIOBAHHS TPAaHCIOPTHOI Tay3i.
OxpiM TOrO, IOCHiIKyBalUCS MyOJiKamii BITYU3HSIHUX
BYEHUX [5,6], ie penCcTaBIeHO aHalli3 ICHYFOUMX 3aKOHO-
JIABUMX TOJIOKEHb Ta HEY3TrO/DKEHb B cepi eKOHOMIKH

TPaHCIIOPTY.
IlocTanoBka 3agaui (nmpodaemn). He3pakaroun Ha
HIMPOKE TMpaBoBe Tmojie 3a0e3leueHHs  AisIbHOCTI

TPAHCIOPTY, CydacHi TpaHcdopmaiii Ta BUKIWKH, IO
CTOATH INEpEA raily33i0, BUMararOoTb BI/IpiI_HeHHH IIEBHUX
HEY3TOKEHOCTeH 3a/Ii KOPEKTHOTO CIPHUAHSTTS MOHS-
TIHHO-KaTeropiaJbHOrO amapary, 110 (opMyeTbcs B
NpaBOBOMY TIOJIi, Ta WOro PO3BUTKY Yy BIiJIOBIITHOCTI 3
norpebamu vacy.

Mertoro cratTi € igeHtudikauis cy0’exTiB B chepi
TPAHCIIOPTY Ha OCHOBI 3aKOHOJJABYO-TIPABOBOIO i IXO/Y.

PesyabraTtu. TpancnopT BH3HAYAETHCS OJHIEIO 3
HaMBaXUIUBIIIMX Tajy3eil CyCHUILHOrO BHPOOHHIITBA,
NPU3HAYEHHSM SIKOi € 3aI0BOJICHHS IOTPEOH HACEJICHHS Ta
CYCHUILHOTO BUPOOHUIITBA B IEPEBE3EHHSX [2].

TpancrioptHa rany3p, 3aiiMae BaxJIMBE Micle B
eKOHOMIIl YKpaiHu, Tak, BUXOJSIUH 13 CTPYKTYPHU BajoBOl
nonaHoi Baprocti 3a I kB. 2018p., i1 yacTtka craHoBUIA
8,2% (st mopiBHsSHHA: OymiBHUITBO — Jjwmire 2,2%,

cimbebke rocmomapcetBo — 4,0%, Xoda HIKYE, aHIK B
npomucioBocti — 27,7% Ta topriem — 17,5%) [7]. Ane
Ba)XKJIMBICTh TPAHCIIOPTHOTO KOMIUIEKCY, Ha JyMKY aBTOpa,
BU3HAYAE€ThCI HE JIMIIE WOro IPSIMUM TO3UTHBHUM
eKOHOMIYHUM BIUTHBOM Ha BBII, ae it omocepeikoBaHmM,
a/DKe  pO3BMHEHa  TpaHCHOpTHAa  iH(pacTpyKTypa
CIPUYMHSE MYJIbTHIUIIKATUBHUN edekT y BHIIIAL
MiZBUINCHHSA JIOCTYIIHOCTI 1HBECTOpIB, TYPHUCTIB Ta
BJIACHHMX TPOMAJISH JI0 Oyab-sIKOro Mics YKpaiHd. A 1ie, B
CBOIO Yepry, OOYMOBIIIOE CTBOPEHHS JIOTiICTUYHUX XaOiB,
HOBUX pOOOYMX MICII, TOXKBABIIOE BHUPOOHHULTBO Ta
TOPTIBIIO, TYpWU3M, THM CaMHM IIiJIBUIIYIOYH 3arajibHe
BBII ta BPII. [lep>xaBHe ynpaBimiHHS B TaiTy3i TPAHCIIOPTY
3/IIHCHIOIOTH IIEHTPaJIbHUI OpraH BUKOHABYOI BIA/H, IO
3a0e3neuye GopMyBaHHS Ta peali3ye JepKaBHY MOTITUKY
y cdepi TPaHCIIOPTY, TOPOKHBOTO FOCIOAAPCTBA, TYPU3MY
ta iHppacTtpykrypu (MinicrepctBo iH(DpacTpyKTypH
VYkpainu), micuei Pamu HapomHux pgemyTaTiB Ta iHII
CICIiaJbHO YIIOBHOBaXKEHI HA TC OPTaHU BiJMOBIIHO 10 X
komnereHuii [2]. Cknax e€aWHOI TPaHCHOPTHOI CHCTEMH
BU3HAYaeThcsl 3akoHOM Ykpainu «IIpo TpancmopT»
(puc. 1). OkpiM HBOTO, MiSUTBHICTH B cepi TpaHCIIOPTY
PEryIIOE WiJUK PsJ] HOPMaTHBHO-TIPABOBUX aKTiB (3aKOHH
VYkpainu «IIpo micekuit enekrporpancmop™ [8], «IIpo
TpybonpoBimHui Tpancnopt» [9], «IIpo aBTOMOOiIIBLHUIT
tpancriop™» [4], «IIpo 3ani3HM4HMi TpaHcnopT»[3],
[MoBiTpsinuii Ta Bonumii Konexen [10,11] Ta iH1ii), a Takox
nepen0aveHo JIiLeH3yBaHHs [[bOrO BUAY JisubHOCTI. Tak,
JlinensiitHi  yMOBM  TPOBQ/DKEHHS  TOCHOAAPCHKOL
JUSUTBHOCTI 3 MEpeBEe3CHHsT MNacaXkupiB, HeOE3NeYHUX
BaHTAXIB Ta HeEOE3NEeYHUX BIAXOLIB aBTOMOOLILHUM
TPaHCIIOPTOM, MDKHApPOJHUX IEpeBE3CHb IACAKUPIB Ta
BaHTaXIB aBTOMOOIJIBHUM TPAHCIIOPTOM, 3aTBEPIKECHO
nocraHoBoto Kab6inery MinictpiB Ykpainu Binx 02.12.2015
Ne 1001 [13]; Tlopsimok 3HidiCHEHHS JEPIKABHOTO
KOHTPOJIIO Ha aBTOMOOUILHOMY TPAHCIIOPTI, 3aTBEPIAKEHO

Camna TpascnoptHa cuerema Ykpaiin

1

d v

[poMucoBuii 3ani3aHYHuiT TpascnopT
1Y wllpo mpawcropms, 3¥ «llpo saviznat
mpanenopm s
KBET: 49.1; 39.2

v
I'pyGonposimnit rpascnopt
3V alipo mpawcnopmn, 3Y «[Tpo

apyonposionui nyganciap e

Bizosunil Tpancnopr
3V wlipo mpancnops
KBEL 49:30,31,32
KBET: 495

Tpancnopr 3arasoro KOpUCTYBaHHs
IV wllpa dapoxcwiit pyxw, 3V «llpo mpancoopms, «Tpo nowmonsuis s gaons KBEL: 49.50,5]. 52, 53

LLLIaxs CHoayMeHHA SaraasHoro
KOPHCTYBAHHA

Janimannii
3V «llpo sarisuwundt mpeancmopms, 33 « Tipa ocalausacmi yueopesns
WURMIONEPO MOBALTCIISLE SRR NN HON) ",’/,\‘l'l- "'!"-lh'l MIXLYTAN OO

sapucmveanns”  KBET: 49.1; 49.2

ABLaminnmi
Towimpssin Kodesc

KBEL 51.1; 512

Mopcexnii
1V allpo Hpo voposi nopmue Yspainies, Boowmwie

Kovenc

KBET S0 1502

ABTOMOOUTHHRIT
IV allpo asmomoiismuud mpancnopims, 3Y «po mpasenopimu-
i CROTNIIGPCHRY IRIDMICHTN Y

KBEL 494, 49.3

Piakosuii
fpoesan 3Y allpo eavimpiuoctic oo

BIPGHCRONI Y
303504

KBET

MIChKHIt CACKTPOTPAHCIOPT (B 1.4, MCTPONOAITCH)
3V wllpo athehii resmmpomamcinagm »

KBET 4931

Puc. 1. Cxiax €auH0i TpaHCTIOPTHOI ccTeMH Y KpaiHu (mobymoBaHo Ha ocHOBI [2—4, 2-12, 15-19]
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nocranoBoro Kabinery MinictpiB Ykpainu Bin 08.11.2006
Ne 1567 [14].

OCHOBOIO TOCITOAPCHKOI JISUTBHOCTI MiANPHUEMCTB
TPAHCIIOPTY BH3HAYEHO IEPEBE3CHHS MAcCaKHpiB, BaHTa-
XKiB, Oaraxy Ta IOIITH, HAJAHHA IHIIMX TPAHCIIOPTHHX
TIOCITYT, EKCIUTyaTalisl i pEMOHT IIUISAXIB CIIONYYEeHHS 311~
CHIOIOTHCSI 3aJII3HMILIMH, IapOIUIaBCTBAMH, CYO’€KTaMH
TOCIIOJIAPIOBAHHSL Y MOPCHKUX ITOPTax, aBTOMOOUTEHUMH,
aBianifHUMU, JOPOXKHIMH i IIPUEMCTBAMH Ta OpraHizalli-
SIMHM, SIKITO IIe TIepe0ayeHo X cTaryramu [2].

B Toit ke uwac, Oe3nocepeqHbO HAAAHHS TPAHCIIOPT-
HHX TIOCNYT, K €KOHOMIUHOI CYTHICHOI XapaKTepUCTHKU
TPAHCIIOPTHUX MIiJNPHEMCTB, BiOYBa€ThCSI B MeEXax
KBE/] 2010 «TpaHcnoprt, ckilaAckke rocrojapcTBo, Mo-
IITOBa Ta Kyp €pChKa MisUIBHICTBY cekiist H Ta Bkitouae
[19]: 3a0e3neyeHHs Maca)KMPCHKUX 1 BAHTAKHHUX IEpeBe-
3¢Hb (3a po3KiIaoM abo Hi), 3aJII3HUIHUM, TPYOOIPOBII-
HHUM, aBTOMOOUTLHAM, BOJHUM 200 MOBITPSIHUM TPaHCIIOP-
TOM, a TaKOX JOIIOMDKHY AisIbHICT, TaKy SIK JiSUTbHICTD
TEpMiHAJIIB 1 aBTOCTOSIHOK, BaHTAXXHO-PO3BAaHTa)KyBaJIbHi
po6otH, 36epiranHs Tomio. L[ CeKIlist TakoX BKIIIOYAE Ha-
JIaHHSI B OpPEH/ly TPAHCIIOPTHUX 3acO0IB pa3oM i3 BOIIEM
a0o exinaxxem. Takoxk 10 cekwii BiHECEHA IIOLITOBA Ta
Kyp'epchKa IisutbHICTh. B Mexkax miei cekiiii KBE]] 3miiic-
HIOEThCSL pO3MOfiN 3a po3ainamu [19]: 49 — HazemHuH i
TpyOonpoBiaHui Tpancmopt; S0 — BOAHUI TpaHCcHopT; 51
— aBialiiHUN TPaHCTIOPT; 52 — CKIIA/IChKE TOCHOAAPCTBO Ta
JIONIOMIXKHA JisUTbHICTH Y cepi TpaHcmopty; 53 — mo-
LITOBa Ta Kyp'epChKa AisUIbHICTh. B Mexax KOXKHOro pos-
JITy BUALSIFOTRCS OKpeMi miaBuau. Ha puc.1 BinoOpaskeHo
OCHOBHY 3aKOHOJaBuy 0a3y MisJIbHOCTI TPaHCIOPTY 3a
PIBHSIMU TPAHCIIOPTHOI CUCTEMH Ta B PO3Pi3i BUAIB TPaHC-
MOpTy i3 BpaxyBaHHSAM MIH(PIB OCHOBHOI €KOHOMIYHOI
mismeHOCTI 3rigao KBEJ[:2010.

Po3kpreMo BH3HA4YEHHS KOXHOT'O BHIY TPAHCIIOPTY
3aralbHOTO KOPHCTYBaHHS, KEpPYIOUUCh HOPMAaTHBHO-
paBoBoO 6a3or0 Ykpainu (tabm. 1).

MoykeMO BiIMITUTH, 110 MisUIBHICTH 0ararbox BHIIB
TPAHCHOPTY 3arajlbHOIO KOPUCTYBAHHS PEryTIOETHCS OK-
pEeMUMH 3aKOHOJABYMMHU aKTaMH. B To#l ke wac, He BCl
ICHYIOUYl BU3HAYEHHsI BHIIB TPaHCIOPTY B PI3HUX JIOKY-
MEHTaxX KOpETIOITh MK CO00I0, IO BUKJIMKAE IIEBHY
HEYCTaJICHICTh HOPMATUBHO-TIPABOBOI 0a3u cdepu TpaHc-
MOPTY Ta i MOHATIHHO-KAaTeropiaabHOro amaparty. SKmo B
3V «IIpo TpaHCTIOPT», IO TOTO YU IHIIOTO BUAY TPAHCIO-
PTY BiTHECEHO HE JIMIIIE IiAIMPHEMCTBA, M0 3a0e3MeUyIOTh
TPAHCIOPTHI OCIYTH, a i 00CIYrOBYIOYi, TO B CIIEMiallizo-
BaHMX 3aKOHAX — Iepe0aveHo JIMILE NepeBe3eHH .

Kpim Toro, ckiramoBi €IiMHOI TPaHCIIOPTHOI CHCTEMH,
110 HE BXOJATH 10 TPAHCIIOPTY 3arajlbHOro KOPHCTYBAaHHS,
He 3Hainum cBoro BusHaueHH B 3Y «IIpo Tpancmopt [2],
aJyie Tpe/ICTaBJICHI B IHIINX 3aKOHOAABYMX aKTaX (IIisuTb-
HICTh TPYOONPOBITHOTO TPAHCIOPTY PETYIIOETHCS OKpe-
MuM 3akoHOM «IIpo TpyOompoBigauii Tpancmopt» [9]). A
BU3HAYEHHS IPOMHUCIIOBOTO 3aJII3HUYHOTO TPAHCIIOPTY Ha-
BezeHe B 3akoHi Ykpainu «IIpo 3asi3HUYHMI TpaHCTIOPT»,
Ta TPAaKTYeThCA SIK TPAHCIOPTHO-TEXHOJOTIYHUH KOM-
TUTEKC, SIKMH 3a0e31edye CHCTEMHE MEPEMIIIEHHS BAHTAXKIB
y Tporieci BUPOOHUITBA (MK BUPOOHHIITBAMH, BUPOOHH-
YUMH LUKJIaMH, OKPEMHMH OIepalisiMi abo MmiAprUeMCT-

BaMH B ILIJIOMY) Ta B3aEMOJIIO i3 3aJII3HMYHUM TPaHCIIOP-
TOM 3arajlbHOTO KOPHCTYBAaHHS 1 He HaJEXHUTh M0
HbOrO [3].

B 3akoni [2] BificyTHI BU3HAYCHHS TaKUX CKIIAJOBUX
€IIHOT TPAHCIIOPTHOI CUCTEMHU SIK «BiIOMYHN TPAHCIIOPT»
— JIMIIE BKa3aHO, 110 10 HOT0 CKIIay BXOASATH TPAHCIIOPTHI
3aco0M MIANPUEMCTB, YCTAaHOB Ta oOprasizauiii (Bixmo-
BiJTHO, MIsUTBHICTH BiZJJOMYOrO TPaHCIIOPTY OyIe 3MiHCHIO-
BaTHCs B Mexkax Bciei cexnii H 3a KBEJ 2010) ta «unisixu
CIIOJTY4EHHSI 3araJIbHOTO KOPUCTYBAHHS».

Takox ciifi BIIMITHUTH HasBHICTH IIpoekTy 3akoHy
VYxpainu «IIpo BHyTpimHil Boguuii Tpancnopt» [21], ne
BU3HAYCHO BHYTPIIHINA BOAHUNA TPAHCIIOPT SIK «BH[] TPaH-
CIIOPTY, /10 SIKOTO HaJeXaTh Cy/Ha, CY0 €KTH TOCHOAapIo-
BaHHS, IO 3/IHCHIOIOTH Ta 3a0e3MNeuyloTh IepeBe3CHHs
MEePEeBAKHO PIYKOBUMH BOJHHUMH [UISIXaMH BaHTaXiB,
nacakupiB, 0araxy i MOLITH, HAAAIOTH 1HIII MOCIYTH 3 BU-
KOPHCTaHHSIM CYyJIeH BHYTPIIIHHOI'O IIaBaHHs, 3a0e3meyy-
I0Th CYJJHOIIABCTBO MO PIYKOBUM BOAHHUM LUISIXaM, yTPH-
MaloTh 00 €KTH IH(PACTPYKTYpH BHYTPILIHIX BOIHUX
NUIAXIB, 3AIMCHIOITH HaBiramifdHo-rigporpadiuHe 3a0e3-
TICYCHHSI CYTHOILJIABCTBAY.

3ayBakUMO, IO CIIOBOCIIONYYEHHS BOAHHUHN TpaHC-
nopT He o3HaueHe B 3Y «lIpo TpaHcmopT», 110 3HOBY K
TaKH BUKJIMKA€E TIEBHY HEYCTaJIEHICTh Y Ae(iHilisX. Y Toi
’Ke dYac, Take TpakTyBaHHS Bimnosimae KBEJ[ 2010
(puc. 1). Oxe, 3akoHOaBYa Ae(iHILis BUAIB TPAHCIIOPTY
€ HEYCTAJCHOIO Ta HEOAHO3HAYHOIO B PI3HUX 3aKOHOIAB-
YHX aKTax, o noTpedye ii yrmopsaKyBaHHS.

B 3V «IlIpo TpancrmopT» BKa3aHO 3a BUAAMHU TPAHCIIO-
PTY, IO e MiIPUEMCTBA, SIKI HE TUIbKH HaJal0Th TPaHC-
MOPTHI MTOCTYTH, 8 i BUKOHYIOTb 1HII BUJIH AISUTBHOCTI JUIst
3a0e3IeYeHHs TPAaHCTIOPTYBaHH: (HaBYaHHs, OyNiBHHUIITBO,
PEMOHT, TOIIIO).

3ailicHUMO CITIBBiTHECEHH CKJIAZIOBUX
TPaHCIIOPTHOI CHCTEMH Ta BHIIB €KOHOMIYHOI JAisUIBHOCTI
GiJIBII JIETAIBHO, PO3KPUBAIOYHM OKpEeMi po3miiau (puc. 2)
HOKJIABIIH B OCHOBY €KOHOMIYHY CYTHiCTb TPAHCIOPTHUX
MIAMPUEMCTB — Ti, SIKI HAJIAIOTh TPAHCIIOPTHI TIOCITYTH.

BigmiuaemMo, 1m0 B OCHOBY TOAITY 3a BHAAMH
€KOHOMIYHOI [isUIbHOCTI YaCTKOBO IIOKJIAIE€HO BUIU
TPAHCHOPTY Ta TUMM TepeBe3eHb. CIli HATOMOCHUTH Ha
YITKIA BIAIOBIAHOCTI BHIOIB €KOHOMIYHOI HisUTBHOCTI Ta
knacudikamii AiSNTBHOCTI 3a aBiallifHUM TPaHCHOPTOM
3TigHO [2]; MOpCBKMII Ta PIYKOBHI BHIM TPAHCIOPTY
MpEeACTaBIIeHI OKPEMIM PO3ALIOM — BOIHUH TPAHCIOPT, /1€
BUIIEHI MOPCHKHH Ta PIYKOBHH BHIOM TPAHCIIOPTY 3a
TUIIAMH  TIEPEBE3CHb — TMACaXUPCbKi Ta BaHTaXHI
(amamoriuno ¥ i aBiamiftHOro). [HINI BHOM TpaHCHOPTY
3araibHOr0 KOPUCTYBAHHS, IPOMHUCIOBHH 3alli3HUYHUH Ta
TPYOONIPOBIAHUI TPAHCTIOPT y3arajJbHEHO B po3mini 49, me
BIJICYTHIH 9iTKAHU TTOMLI 32 BUJAMH TPAHCIIOPTY Ta THIIAMHU
HIepEBE3CHb.

MoxeMo BiIMITHTH, IO BIACYTHIH WiTKAH KO IS
TAKOTO BUAY AISUTBHOCTI SIK «IACaKUPCHKI IIepEeBE3CHHS
ABTOMOOIJIBHIM TPaHCIIOPTOM», B TOH Yac, K BHIUIAETHCS
«BaHTaXHUH TpaHcnopT». Came rpyma 49.3 posnoaiss-
€TBhCS HA MACAKUPCHKUN HA3eMHHH TPAHCIIOPT MiCBKOTO Ta
NPUMICBKOIO CIIONY4YCHHS, HaJaHHA IIOCIYr Takci Ta
IHIIWH Taca)XUPChKUH Ha3eMHHUH TPaHCIOPT, H.B.1.y. [19].
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Tabmuist 1 — [nenTudikariist BUIB TPAHCIIOPTY B MPABOBOMY MOMi YKpaiHu (y3acanbherno agmopom)

Bun tpancnopry 3axoH Ykpainu «lIpo Tpancmopt» [2] [ 3akoHOABYI aKTH
3ani3Hnanii T ATIPUEMCTBA, IO 3IHCHIOIOTH ITePeBE3CHHS BUPOOHIYO-TEXHOIOT 1YHHN
TPaHCIOPT aca)xupiB, BAHTAXIB, Oaraxy, HOLITH, PyXOMHUH CKIIaj KOMILIEKC ITi/IIIPUEMCTB

3aJ1i3HUYHOTO TPAHCIIOPTY, 3aJII3HUYHI IUISXA 3aJ1i3HUYHOTO TPAHCIIOPTY,
CIIONTYYCHHS, & TAKOX MTPOMHUCIIOBI, OY/IiBEIIbHI, TIPU3HAYCHUH JIJIS 3a0€31ICICHHS
TOPTOBEIBHI Ta MOCTAYALHUIIBKI i IITPUEMCTBA, noTped CyCmiIbHOrO BUPOOHHIITBA 1
HaBYJIBHI 3aKJIa/I{, TEXHIUHI KO, TUTSYi JOIIKUIEHI | HaceJICHHS KpaiHU B IIEPEBE3CHHSX Y
3aKJIa]Iy, 32K OXOPOHH 3/I0POB's, (i3HIHOI BHYTPIITHHOMY 1 MI>KHAPOITHOMY
KYJIBTYPH Ta CIOPTY, KYJBTYPH, HAYKOBO-IOCIiIHI, CIIONYYEHHSX Ta HAZAHHS 1HILIHX
MIPOEKTHO-KOHCTPYKTOPCHKI OpraHi3amii, MIIpHeMCcTBa | TPAHCHOPTHUX IOCIYT yCiM
TIPOMHCIIOBOT'O 3AJII3HUYHOTO TPAHCIIOPTY Ta 1HIII CrIoXXHBauaM 0e3 0OMEKeHb 3a
T ATIPUEMCTBA, YCTAaHOBH Ta OpraHi3alil He3aJIe)HO Bil | O3HaKaMy (OpMHU BIIACHOCTI Ta BHJIIB
(opM BrIacHOCTI, 110 3a0e3MeYyroTh HOTO JMisUTHHICTS i TisuTbHOCTI Tomo [3].
PO3BUTOK [2].
Mopcbkuit ITAPUEMCTBA, 11O 3/1iHCHIOKOTH MEPEBE3CHHS MacaXXnpiB, BaHTaXIB, Oaraxy, MoIITH, Cy/HA,
TPaHCIOPT CYIHOPEMOHTHI 3aBOJIM, MOPCBKI LIISXH CIIONYYSHHsI,  TAKOX ITiAIPUEMCTBA 3B'SI3KY,
TIPOMHUCIIOBI, TOPTOBENEHI, Oy/iBeIbHI 1 HOCTAaYaIBHUIBKI M ATIPUEMCTBA, HABYAIBHI 3aKIIa IH,
3aKJIaJJ1 OXOPOHU 3/I0pPOB'S, (Pi3MIHOI KYJIBTYPH, HAYKOBO-IOCHIIHI, TPOEKTHO-KOHCTPYKTOPCHKI
oprasi3atii Ta iHII MiPUEMCTBA, YCTAHOBU Ta OpraHi3allii He3aJ1eXHO Bix popM BIACHOCTI, IO
3a0e3reuyoTh podOTy MOPCHKOI0 TPaHCIIOpTY [2].
PiukoBuii ITAPUEMCTBA, 1110 311 HCHIOIOTh NIEPEBE3EHHS 1ACAXUPIB, BAHTaXiB, Oaraxy, MOIITH, TIOPTH i
TPAHCIIOPT TIPUCTaHi, Cy/IHa, CYTHOOYNiBHO-CY/THOPEMOHTHI 3aBOJIM, PEMOHTHO-EKCILTyaTalliiHi 6a3u,
I APUEMCTBA IUIAXOBOTO TOCMIONAPCTBA, a TAKOXK MiIIPUEMCTBA 3B'A3KY, IPOMHUCIIOBI,
TOPTOBEIBHI, OY/IIBENIbHI Ta ITOCTAYaIbHHULIBKI MiAIPUEMCTBA, HABYAIIBHI 3aKJIaH, 3aKiIa i
OXOPOHH 37I0pOB'sl, (Di3HYHOI KYJIBTYPH Ta CIIOPTY, KYJIbTYPH, IPOCKTHO-KOHCTPYKTOPCHKI
oprasi3atii Ta iHII MiIPUEMCTBA, YCTAHOBH 1 OpraHi3alii He3aJuexHO Big (pOpM BIACHOCTI, 110
3a0e3nedyoTh poOOTyY PiYKOBOr0 TpaHCHopTy [2].

ABTOMOO1IBHUI HiIIPUEMCTBA, 1110 3/1iICHIOIOTh NEPEBE3CHHS raixy3b TPAHCIIOPTY, sKa 3a0e3nedye

TPaHCIIOPT HacaKupiB, BAaHTaXiB, Oaraxy, MOLITH, aBTOPEMOHTHI 1 3aI0BOJICHHsI OTPeO HACEICHHS Ta
IIMHOPEMOHTHI I JIPUEMCTBA, PyXOMHUH CKIIaz CYCHIJIBHOTO BUPOOHHULTBA Y
aBTOMOOUIBHOTO TPAHCHOPTY, TPAHCIIOPTHO- HEePEeBE3EHHX MaCAKUPIB Ta
SKCIIeTUILIHHI i JIPUEMCTBA, a TAKOXK aBTOBOK3aH 1 BaHTaXXiB aBTOMOOLITEHUMH
ABTOCTAHIIi{, HABYAIIBHI 3aKJI[TH, PEMOHTHO-OY/IiIBeJIbHI | TPAHCIOPTHUMHU 3acobamu [4].
oprasizaiii Ta coliasbHO-TI00YTOBI 3aKJIa ¥, 1HIII
i AMPUEMCTBA, YCTAHOBH Ta OpraHi3amil He3aJexHO Bij
¢ opM BracHOCTI, 110 3a0e3neuyroTh poooTy
aBTOMOOIJIBHOIO TpaHCHopTy [2].

ABsiamiiHui M APUEMCTBA, 110 3IHCHIOIOTh IEPEBE3CHHS MaCaXKUPiB, BAHTaXIB, Oaraxy, MOIITH,

TPaHCIIOPT aepo¢OTO3IIOMKH, CLILCHKOrOCIIONAPChKI pOOOTH, a TAKOX aepPOIOPTH, aePOIPOMH, aePOKITYOH,
TPaHCIOPTHI 3aCO0H, CHCTEMH YIIPABJIiHH HOBITPSHUM PyXOM, HaBYaJIbHi 3aKJIa 1, PEMOHTHI
3aBOJM LMBLIBHOI aBiawil Ta iHIIi MiAMPUEMCTBA, YCTAHOBU Ta OpraHi3awil He3aJexHo Bix (opm
BJIACHOCTI, 1110 3a0e3ne4yloTh poOOTY aBialliifHoro Tpancrnopry [2].

Micbkuit M APUEMCTBA, 110 3AIHCHIOIOTh IEPeBE3CHHS CKJIQJIOBA YaCTHHA €IUHOI

€JICKTPOTPAHCIIOPT Iaca)xMpiB, BAHTAXIB, Oaraxy, NOLITH, PyXOMHUH CKJIad, | TPAHCIIOPTHOI CUCTEMH, IPU3HAYCHA
TpamBaiiHi i TpoNeHOyCHi JiHil, pEMOHTHO- UTSL TIEPEBE3CHHS TPOMAJISH
eKCIUTyaTaliiHi eno, ci1yK00Bi IPUMIIICHHS, TpaMBasMH TpoJieiibycamu, moi3qamMu
GbyHiKynepy, KaHaTHI TOPOr'H, €CKalaTOPH, 3aBOJIH T10 METPOIOJITEHy Ha MapLIpyTax
PEMOHTY PYXOMOTO CKJIa/ly i BUTOTOBJICHHIO 3alIACHUX (J1iHISIX) BiJIIOBITHO JI0 BUMOT
YaCTHH, CIIOPYAU EHEPreTHYHOro rocoiapcTBa Ta JKUTTE320€3IEUECHHS HACETICHUX
3B'SI3KY, IIPOMHUCIIOBI, pEMOHTHO-0Y/1iBEbHI, nyHKTIB [8].
TOPrOBeIbHI Ta MOCTaYaIbHHUIIBKI OpraHizari,
HaBYaIIbHI 3aKJIaI{, HAYKOBO-IOCIiHI Ta MPOEKTHO-
KOHCTPYKTOPCBKI YCTaHOBH, 3aKJIaJi1 OXOPOHH 3JJ0POB',
BiIMIOYHMHKY, (Pi3UYHOI KyABTYPH 1 CIIOPTY Ta iHIII
KYJIbTYPHO-TIOOYTOBI 3aKJIaI¥ 1 MiAMPUEMCTBA,
YCTaHOBH Ta OpraHi3allii He3alnexHo BiJ Gopm
BIIACHOCTI, 110 3a0€3Me4yi0Th poOOTY MiCHKOTO
eJIeKTPOTpaHclopTy [2].

Otxe, OisUTBHICTD B cdepi NacaXKNPChKUX NepeBe3EHb
aBTOMOOUTEHUM TpaHcmopToM Oyne BiamoBimatn KBE]]
49.3 (49.31 T2 49.39).

locomgapceka MisUTbHICTE B IMiH cdepi, SK 1 B OyIb-

SKifi  iHOI#M, BigOyBaeThcs HA OCHOBI  YKpPaiHCBKOTO

3aKOHOJIABCTBA, BIQIOBIMHO 1O SIKOro ii MOXYTh
31ilicHIOBaTH CY0’€KTH TOCTIOJApIOBAaHHS — IOPHAWYHI Ta
(izn4HI 0cO0M, 3apeecTPOBaHI Y BCTAHOBJICHOMY TOPSAKY
Y BiJIITOBITHOCTI 13 BUIaMU €KOHOMIYHOI ITisuThbHOCTI [1].
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Puc. 2. Y3romkeHHs BUIIB TPaHCHIOPTY Ta BUAIB €KOHOMIYHOI JiSUTHHOCTI (TI00Y/10BaHO aBTOPOM Ha OCHOBI [2,19])

locrionapebkuii  koneke YkpaiHu, sIK OIHOTO 13
cy0’€KTIB TOCHOAAPIOBAHHS BHU3HAYAE, OPUIUYHY 0CO0Y -
T ATIPUEMCTBO.

AHaniz IHIIMX 3aKOHOAABYHMX akTiB B  cdepi
TPAHCIIOPTY JAEMOHCTPYE IMEBHI HEY3TOJPKEHOCTI SIK LI0JI0
Cy0’€KTIB TOCIOJNAPIOBAHHS, TaK 1 MO0 PO3YMiHHS
MiANPUEMCTBA TPAHCIOPTY TOrO 4YH IHIIOTO BHAY.
[NopiBHsibHA TaOMUIA 2, IPE3EHTYE NEKUTbKA TOHATb, SIKI
XapaKTepU3ylTh CYy0’€KTIB TOCIIOapIOBAHHS B cpepi TOro
YM iHIIOrO BUAY TpaHcmopTy. Cepex HUX CiJi BIAMITUTH
TEPMiHH: «CYO’€KT TOCIONAPIOBAHHSY, «IIEPEBIZHUKY,
«IIATPUEMCTBO (2)».

[lpu upoMy mnepeBi3HHK (32 BHAAMHU TPAHCIOPTY)
BU3HAYAETHCS SIK Cy0 €KT TOCHOAAPIOBAHHS (MOXKE OYTH K
(b13U4HOIO, TaK 1 FOPUANIHOIO 0CO0010), sIKa HAJIA€ TOCTYT U
3 TepeBe3eHHS, TPAaHCIOPTYBaHHS. I[liApHEMCTBO X €
OLIBII BY)KYUM TOHATTSIM, aHIX Cy0’€KT TOCTIOIAPIOBaHHS
(nepeBi3HUK), 00 mepeadavae YTBOPEHHS IOPUIUYHOL
ocobu. B Toii xe yac, 3HOBY CIIiJI BIIMITHTH HEYCTAJICHICTh
Yy BH3HAYCHHSX B 3aKOHOJABUOMY IOJI MIONO PO3YyMIiHHS
TEpMiHY «IIE€PEBI3HUK» — (Pi3WdHA 1 IOpUINYHA YW JIMIIIE
opuandHa. Taka HeycTaneHicTh 00yMOBJIEHa IEBHUMH
criel(piYHIME prcaMu B cdepi TisTBHOCTI TPaHCIIOPTY:
MICBKHH €JIEKTPOTPAHCHIOPT € MOHOIIONI30BaHWM Ta HE
nepedavae qisUTbHICTh MPUBATHUX CTPYKTYP, B TOH Hac sIK
aBTOMOOITBHUH TPAHCIIOPT € HAHMEHIIT MOHOTIOII30BAHIM
Ta XapaKTepPH3YeThCS BUCOKMM PIBHEM KOHKYPEHINI SK
cepen IOPUIUYHMX, Tak 1 cepex (ismgHUX 0cib, M0
MIPOBAJUTH TOCHIOAAPCHKY JISUIBHICT B TATy31 IIEPEBE3CHb
MacaXMpiB Ta BAHTAXKIB.

3ayBaXMMO, TEpMiH «IIEpEeBI3HHK» Iependavae
HaJaHHS TPAHCIOPTHUX OCIIYT, IEPEBE3CHHS BAHTAXKIB UM
MacaXWpiB TUM UM IHIIUM BHJIOM TPAaHCIOPTY, LIO HE

Y3roJpKyeThest 3 meperikoMm mianpueMcts 3a 3Y «IIpo
TpaHCIOpT», lie NepeadayucHi He JIMIIe MepeBe3eHHs, a i
iHIII TianpreMcTBa (00CIYrOBYIOUi, PEMOHTHI, TOIIO).
Tomy BuIlleBKa3aHiI TEPMiHH HE € Y3TOKEHUMH MK
€000 B MPaBOBOMY II0JII TpaHcHopTy Ykpainu. Ha naru
TOTJIsL, HAMOUIBII IMPOKOIO XapaKTEPUCTHUKOIO € CY0’ €KT
TOCIIOJIAPIOBaHHs, SKUH MOXe OyTH K (hi3UYHOI0, TakK i
IOPUIMYHOI O0CO0OI0 Ta 3[iiCHIOBATH OyIb-iKi BUIU
nistmeHOcTi 3rigHo KBE/; mimnpueMcTBo Moxke OyTH Juiiie
OPUIMYHOID 0CO0OI0; TMEPEBIZHUK e OOMEXEHHH JIHIIe
cdeporo HalaHHs MOCHYT 3 TpaHcnopTyBaHHs. Kpim Toro,
B HAYKOBOMY Ta TOBCSKICHHOMY O0ITYy BXHBalOThCS
TEPMIHH «TPAHCIIOPTHE MiIPUEMCTBOY Ta ITIAMPUEMCTBO
TPaHCIIOPTY», SIKI MPOMNOHYEMO BXKHBATH SIK CHHOHIMHU.
CriBBIJIHOIIICHHSI BKA3aHUX TEPMiHIB HABEJICHO HA pHC. 3.

S

Y OV oxmn docnodaprosan

Hionpucsicmeo
RIRINCTIOMITY

B smanmoctt KBEJL

1OpsCrms ocoln Douron: ocola

Puc. 3. CriiBBiJJHOILICHHSI TEPMiHIB CTOCOBHO CY0’€KTiB,
10 [IPOBAMATH JisUTbHICTE B Cepi TpaHCTIOPTY
(pospobnerno asmopom)

TakuM 4MHOM, 3aKOHOZIABYi aKTH Y KpaiHU HE MiCTATh
BU3HAUYCHHS TIOHATTS «TPAHCIIOPTHE IIiIPHUEMCTBOY;
3YCTpIYA€ThCS JIMIIC WOro IHACHTU(IKAIS 3a BHIAMHA
TpaHCTIOPTY (aBTOTPHACIIOPTHE ITiIPHEMCTBA, IiAIPHEM-
CTBa 3JII3HUYHOTO TPAHCTIOPTY).

Buxonasun 3 BHINEHABEJACHOIO, JIOMIJIGHO BBECTH B
HOPMaTHBHO-TIPABOBE ITOJIC BH3HAYCHHS TPAHCIIOPTHOTO
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Tabmuus 2 — Y3araabHeHHS! BU3HaYeHb Cy0’ €KTIB, SIKi 3/i/ICHIOIOTH B AisUIBHICTD B c(hepi TpaHCHIOPTY

3a 3aKOHOJaBYO-TIPAaBOBUM ITiAX0JIOM (y3araJlbHEHO aBTOPOM)

Busznauenns

| Jxepeno

Cy0’ext

Cy0'ekT aBialliiiHOI MisUTbHOCTI — (Di3MYHI Ta IOPUAMYHI 0COOM HE3aJIe)KHO BiJl (HOPMH BIIACHOCTI, BIIOMYOT
ITi ITOPS,IKOBAHOCTI, SIKI POBAJIATH JIsUTbHICTD Y TalTy3i IMBUILHOI aBiallii;

[10]

IlepeBizHuk

ABTOMOOITIEHUI NIEPEBI3HUK — (hi3ndHa a00 IOpHANYHA 0c00a, sKa 31MCHIOE Ha KOMEpLiiiHii OCHOBI 4H 3a
BJIACHMH KOIIT NEePEeBE3CHHsI NACaXXMPIB UM (Ta) BAaHTaXKIB TPAHCIIOPTHUMH 3aco0aMH;

(4]

ABTOMOOITIEHUI CaMO3aifHATHIA NTepeBi3HUK — 11e (izndHa ocoba - cy0'eKT rocrogaproBaHHs, sKa 3/11HCHIOE

HaliMaHUX BOJIIiB;

Ha KOMEPIIiifHi}f OCHOBI UM 3a BIIACHUI KOIUT IIEPEeBE3CHHS ITacaXMpiB Ha TakKci 0e3 3aCTOCYBaHHS Mparli

ABTOMOOIJTEHUM NEPEBI3HUKOM Ta aBTOMOOITEHIM CaMO3aiHSITHM IePEBI3HUKOM, sIKi 31iHCHIOIOTh
TIepeBe3eHHS TaCAKUPIB HA JOrOBIPHUX YMOBAX, € Cy0'€KTH TOCIIOIapIOBaHHS, SIKi BiITOBIIHO /10
3aKOHO/IAaBCTBA Ta OJIepyKaHO] JTilleH3ii HaJaloTh IMOCIYT ! 32 JOrOBOPOM HEePEBE3CHHS MTACaKUPIB
TPaHCIIOPTHHUM 3ac000M, III0 BUKOPHUCTOBYETHCSI HUIMH Ha 3aKOHHHX i JICTaBaX.

[epeBizHuK — ropuaEyHa 200 ¢izndHa 0coba, ska B3sIa Ha ceOe 3000B's13aHHS 1 B IMOBINaIbHICTH 32
JIOTOBOPOM TI€PEBE3CHHS BAaHTAXKy 3a JJOCTABKY JI0 MiCIlsl IPU3HAYEHHs IOBIPEHOT O 1if BAHTaXYy,
NIepeBEe3eHHS BaHTAXIB Ta IX Buauy (epeaady) BaHTaXK00AEpKyBady a0o iHIii 0cobi, 3a3Ha4YeHil y
JOKYMEHTI, 1110 PEryIIO€ BiJIHOCHHH MiXk €KCIIEINTOPOM Ta IIePEBi3HUKOM;

[15]

0araxy, MOIITH BHYTPIIIHIM BOAHUM TPAHCIIOPTOM;

[NepeBi3HUK — Cy0'eKT TOCIOAPIOBAHHS, SIKUI 3/11HCHIOE TIEPEBE3CHHS BAHTAXKIB, TACAXKUPIB Ta iX MaliHa,

[20]

INepeBi3HuK — rOpuIMYHa 0c00a, KA B yCTAaHOBJICHOMY 3aKOHOJABCTBOM IOPSJIKY HaJJa€ TPAHCIIOPTHI [8]
TIOCIIYT'H, 3/LIHCHIOIOYHN €KCINTyaTallil0 Ta YTPUMaHHS 00'eKTiB MICbKOI0 €lIeKTPHYHOr0 TPAHCIOPTY;

Minnpuemcro

3aJ1i3HUYHOTO TPAHCIIOPTY

[MinnpuemMcTBa 3a1i3HUYHOTO TPAHCIIOPTY — CyO’ €KTH FOCHOJIAPIOBAHHS, SIKi IPOBAJATh JisUNIBHICTD y cdepi [3]

ABTOTpaHCIOPTHE MiANIPHEMCTBO HAJA€ MOCTYIU 3 IIEPEBE3CHHS MACAKUPIB MICHKMM Ta MPUMICHKIM
aBTOMOOIIEHUM TPAaHCIOPTOM, Y TOMY YHCII ¥ MIJIBFrOBUX KaTeropiil macaxupis.

[21]

3aKOHY 3aBJaHb.

[MianpuemcTBO 3 00CTYroBYBaHHS PiYKOBHX BOAHHX LUISXIB — FOPUANYHA 0co0a ep kaBHOT (HopMHU
BJIACHOCTI, YTBOPEHA 3 METOI0 00CIYrOBYBaHHS PIYKOBHMX BOIHMX LIUISXIB, YTPHMAHHs Ta BUKOPUCTAHHS
00’€KTiB iHQpaCTPYKTypH BHYTPILIHEOI'O BOJHOI'O TPAHCIIOPTY JepKaBHOI (hOPMHU BIACHOCTI, 3a0e3MeYeHHS
(yHKLIOHYBaHHS PiukoBoi iHQOpMAaIiHOT CiTyOH, BUKOHAHHS 1HIIUX ITOKJIaJCHUX Ha Hel BIAMOBIIHO 10

[20]

mianpueMcTBa (MiIIPUEMCTBA TPAHCIIOPTY), sike O Kope-
moBaio 3 oro gedinimiero B ['ocnogapchkomy Konekci
VYkpainu. [IpornoHyeMoO pO3KpUTH TEpMiH «TPaHCIOPTHE
MiAPUEMCTBO» K CaMOCTIHHHMH Cy0'€KT Trocmoaapio-
BAaHHs, CTBOPEHHWH KOMIIETEHTHUM OpPraHOM PprKaBHOI
BIa¥ ab0 OPraHoM MiCIIEBOTO CaMOBpsIyBaHHs, abo iH-
IIUMH Cy0'€KTaMH JJIs 33I0BOJICHHS CYCIIUIBHUX Ta OCOOH-
CTHX MOTPeO IUIIXOM CHCTEMATUIHOTO 3IiHCHEHHS T'OCIIO-
JIapCchbKoi MisUTbHOCTI B cepi TPAHCIOPTY, BIJAMOBIIHO 0
3akony Ykpainu «IIpo TpancnopT», B mOpsAAKy, mepeada-
geHomy ['ocmogapcekum Komekcom Ta iHIIMME 3aKOHAMU
VYkpainu.

Pe3yabTaTu Ta MoaaJbIIi HANIPAMKH JOCTiTKeHb.

UiTKe OKpecIIeHHS IMOHATIHHO-KaTeropiaabHOTO ara-
paTy BiIHOCHO CYTHOCTI HiATIPHEMCTB TPAHCIOPTY B 3aKO-
HOJABYOMY IIOJIi Ta WOTO TOEJHAHHS 13 Kiacu(iKaii€ero
BHJIB €KOHOMIYHOI IisUTPHOCTI JO3BOIUTH B MAliOyTHROMY
KOpeKTHO (DOpPMYBATH CYKYIHICTh ISl aHATITHIHOI BHOI-
PKH Ta 3IIHCHIOBATH TOAAJBITY KIaCHDIKAIIIFO.
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YIIPABJIHHSA B OPTAHI3BAIIMHUX CUCTEMAX
YIIPABJIEHUE B OPTAHU3ALIMOHHBIX 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. MEJIbHHUKOB

MIHIMIBALISI CYMAPHOT O 3BA’KEHOTI'O 3AIIIBHEHHS 3AB/IAHB I3 CIIIVIBHUM
JAPEKTUBHUM CTPOKOM HA ITAPAJIEJIbHUX ITPUJIAJAX JUISI BATIAAKY Y3I'OJUKEHUX
BAI' I TPUBAJIOCTEHN

PosrnsaeThes 3a1a4a CKiIaaaHHa PO3KIIAAiB BUKOHAHHS n 3aBJaHb HA m IACHTUYHUX MapajleibHUX MPUIALaX 3a KPUTEpieM MiHiMi3alii cymMapHOro
3BAKEHOTO 3aIli3HEHHS 3aBJaHb. Bci 3aB1aHHSA HaAXOIATh Ha 00CIYroBYBaHHS OJJHOYACHO. Baru 1 TpuBasiocTi y3rojkeHi, ToOTO 3aBAaHHIO 3 MEHILOIO
TPUBAJICTIO BiANOBifae Oinbiia Bara. J{ogaTkoBo, 3a1aHi AOBUIbHI MOMEHTH MOYATKy POOOTH NMPUIIAAiB HA BUKOHAHHS 33aBJaHb, AKi MOXKYTb OyTH SIK
MEHIIIE IMPEKTUBHOIO CTPOKY, TaK 1 OinbIue, a0 criBmaaaTy 3 HUM. Y Takiii OCTAHOBI 33/1a4a PO3B’A3y€ThCs BIepiie. BoHa Moxke BUKO pUCTOBYBATHCS
1151 320 €31 eUCHHS [IaHYBAHHSI Ta HPUITHSTTS PIllICHb B CHCTEMax 3 MEPEKHUM IIPEICTABICHHSIM TEXHOIOTYHUX MPOLIECIB Ta 00MEKCHUMH PECYPCaMu.
Haseneno edextuBnmii I1JIC-anroputm i po3B’s3aHHs i3 Tpyaomictkictio O(mnlogn), sikuil BKIIOYAE MOJIHOMIaJIbHY CKJIAIO0BY 3 JOCTaTHIMH
O3HAKaMM OINTHUMAJIbHOCTI OACP)KYBAaHMX PO3B’S3KIiB, sIKa JO3BOJSE€ OTPUMYBATH TOYHHUM PO3B’A30K IONIHOMIAaJbHUM IiJQITOPUTMOM. Y pasi
HEBMKOHAHHS JOCTaTHIX O3HAK ONTHUMAJIBbHOCTI MU OTPUMYEMO HAOJIMIKCHUIl PO3B’SI30K 3 OLIHKOI BIAXHMJICHHS OTPHUMAHOTO PO3B’S3KY BiJ ONTH-
MaJILHOT'O ISl KOKHOI iHAMBINyabHOI 3a1a4i Oyab-sKOi MpakTU4HOi po3MmipHOcTi. [Toka3aHo, 10 pO3KIaA, OTPUMAHUI B PE3yJIbTaTi PO3B’SI3aHHS
3a/1a4i, MO’KHA YMOBHO PO3OHTH Ha JIBa PO3KJIAAN — PO3KIIa] Ha PHJIAaX, MOMCHT TOYaTKy POOOTH SIKMX MEHIIE ab0 OPIBHIOE IUPEK THBHOMY CTPOKY,
Ta PO3KJaJ Ha MpHIIaJax, 10 MOYNHAIOTh POOOTY Micis IUPEKTHBHOIO CTPOKY. ONTHMI3allisi BUKOHYEThCS TUIBKH y MEpIIOMY po3kiami. Jpyruii
PO3KJIaa ONTUMaTIbHUI 3a moOynoBot. CratuctuuHi pociimpkenns [1J]C-anroputMy nokasaiu i#oro BUCOKY edeKkTHBHICTh. Po3B’s3yBasmuch 3anadi 3
po3mipHicTio 10 40 000 3aBxanb 3 unciaoM npunaaiB 10 30. CepenHiil yac po3B’si3aHHS 3aJa4i aITOPUTMOM, 110 BUKOPHCTOBYE HalOLIbII eheKTUBHI
THIIH TIEPECTAHOBOK, CKiaB 27,3 Mc mpH Hii posmipHOcTi. CepegHs YacToTa OTPHMAaHHS ONTUMAIBHOrO po3B’s3Ky ckiama 1o 90,3 %. Cepenne
BIJIXMJICHHS Bl onTUMyMY — He Oinbi, Hixk 0,000251.

Kuaio4oBi ciioBa: koMOiHATOpHA ONTHMI3Allis, TEOPis PO3KIA/IB, MapaielbHi MPUIaIi, CyMapHe 3BaXKEHE 3ali3HEHHS, CIUTbHUN JUPEKTHBHUIH
CTPOK, y3ropkeni Baru, [1JJC-anroputm

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

MHUHUMM3ALIUSA CYMMAPHOTO B3BEIIEHHOT'O 3AITA3/IIBAHUSA 3AJIAHUI C OBILLIIUM
JAPEKTUBHBIM CPOKOM HA ITAPAJIJIEJIbHBIX ITPUBOPAX JUISI CJTYYASI
COI''TACOBAHHBIX BECOB U JJIMTEJIbHOCTENU

PaCCManI/IBaETCﬂ 3a7a4a COCTaBJICHUA paCHI/ICaHI/Iﬁ BBITIOJTHEHHUA N 33[18,HI/II>’I Ha m UACHTUYHBIX TapaJlJICIbHBIX HpI/I60an T10 KpUTEPHUIO MUHUMHU3ATTUN
CYMMAapHOI'0 B3BE€IICHHOI'O OITO3aHUst 3aannii. Bee 3a/laHus MOCTYNMAT HA O6CJ'Iy)KI/IBaHI/Ie OTHOBPEMEHHO. Becau JJIATEIIBHOCTH COI'JIaCo BaHBI, TO
€CTh 3aIaHUIO C MEHBIIEH JIUTEIIBHOCTBIO COOTBETCTBYET OoubIIHii BEC. HOHOJ’IHI/ITCHLHO, 3aJ1aHbl TPOU3BOJILHBIE MOMEHTEI HavYala pa6OTI)I HpI/I60p0B
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Ha BBIIIOJHEHHE 33/IaHUI, KOTOPBIE MOI'YT OBITh KaK MEHBIIIEe JUPEKTUBHOTO CPOKA, TaK M OoJbIIe, IMO0 COBIAAATh C HUM. B Takoif mocra HOBKe 3a1a4a
pemraercst Brepsble. OHa MOXKET HCIIOIB30BATHCS JJIs1 00ECIeUeHNs! IUTAHUPOBAHHS U IIPUHATHSL PELICHUH B CHCTEMAaX C CETEBHIM IPeJ]CTaBJICHHEM
TEXHOJIOIHYECKUX IIPOLECCOB M OIpaHHYCHHBIMU pecypcami. [Ipusenen s dexrusnslii [1IJIC-anroputy ee pemeHus ¢ Tpygoemkoctsio O(mnlogn),
BKJTIOYAFOIIIH ITOJIMHOMHAJBEHYIO COCTaBILIIONIYIO C OCTATOUYHBIMH IPH3HAKAMHU OIITHMAJIEHOCTH IIOJIy4aeMbIX PELICHUIT, KOTOpasi 103BOJISIET OJIyIaTh
TOYHOE peIICHHE IOJMHOMUAIBGHBIM IIOJAaJIrOPHTMOM. B cilydae HEBBIIOJNHEHHUsS JOCTATOYHBIX IIPU3HAKOB ONTUMAJIBHOCTH MBI IIOJTydaeM
NPHOIIKEHHOE PELICHHE C OLEHKOH OTKIOHEHWS IIOMYYEHHOrO pELICHHs OT ONTUMAIBHOrO I KAaXIOH HHIMBHAYaNbHOI 3ajadd JHOOOH
HpaKTUUECKOH pazmepHocTH. [Toka3aHo, YTO pacnucaHue, OJly4eHHOE B PE3YJIbTaTe PELICHUs 3a/1aul, MOKHO YCJIOBHO Pa30MTh Ha JIBA PACI MCAHUS —
pacucaHie Ha npuOopax, MOMEHT Havaja paboThl KOTOPHIX MEHbIIE WM PaBeH AUPEKTHBHOIO CPOKA, U PACIMCAHHE Ha IMPUOOpax, HAUMHAIOLMINX
padoTy 1mocie AUPEeKTHBHOro cpoka. ONTHMH3ALUS BBIIOIHIETCS TOJIBKO B IIEPBOM pacnucaHud. Bropoe pacnucanne onTHMaibHO 110 ITOCTPOCHHIO.
Cratucruueckue ucciaenosanus [1/[C-anaropurMa mokasaiu ero BICOKYI0 dddextuBHOCTb. Pemanics 3agaun ¢ pasmeproctsio 10 40 000 3amanuii ¢
gpcioM npudopos 10 30. Cpennee BpeMst peLeHHs 3ajadl aIrOPUTMOM, HCIOIB3YIOMUM Hauboiee 3G ()EKTHBHBIC THIIBI EPECTAHOBOK, COCTABHIIO
27,3 Mc ipu 9To# pazmepHocTH. CpeHsis 4acToTa IOTydeHHs O THMAIBHOro perenus cocrapuia 10 90,3 %. CpenHee OTKIOHEHHE OT ONTHMYMa — HE

6ouee 0,000251.

KiioueBble ci10Ba: KOMOMHATOpPHAsI ONTHMH3ALMS, TEOPUSI PACIHMCAHHN, MapajUleNbHbIe IPUOOPHI, CyMMapHOE B3BCIICHHOE 3ala3iblBaHue,

o0LINii IUPEKTUBHEIN CPOK, coriacoBanHble Beca, [1]]C-anroput™

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 | =
= {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 €] on m machines that minimizes the
function:

F(o) = Z w; max|0,C; (o) — d], 1)

jel

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; = d, i = I,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
andr, = 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;

S;(0) is the set of “straddling” tardy tasks in the

schedule of machine i for which

C]—l]<d,C]>d, Vjegi(ﬁ),

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

Q;(0) 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=UitmP;S=Uitm Si: Q0 = Uimtm Q15

R; (o) the time reserve of machine i in a schedule o:
Ri(0) =d — ZjePi(c) li; Ry(0) = XiZ1 R;(0);

A; (o) the tardiness of straddling task j € S;(o) in re-
gard to the due date: A;(0) = Xjep,)us;(o) i — >

Az(c) =2t 4(0).

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

1)PuS={12,..,|PUSl}

2)if [PUS| <n, then X;ep,us; [ = d and Q; con-
tains those and only those elements which differ from
[P U S|+ i by an amount which is a multiple of m, i =
=1m.

Corollary 1 [7]. Suppose that the tasks processing on
L-th machine cannot be started before the time point r;, >
> 0, L = 1,m. Schedule o 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:

1) P={1.2,..|PI};

2 ity > B RO

3)ify, <l thenC;, — 1, <G, — 1 Yji.j, € S(0).

The number of tardy tasks on machines differs by a
maximum of one in the class s, [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 Qz(0) = min(Rz(G),Az(o)) = 0 in a schedule
o € Y, then the schedule o is optimal.

The PSC-algorithm from [2] is based on directed
permutations that decrease Ay (¢) on machines with a larger
number of tardy tasks due to reserves Ry (o) on machines
with a smaller number of tardy tasks or to build an even
schedule. Let y(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 o € Yi(op): f(0) — f(c*) < Qz(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 ;.

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

vi=1m.
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 + l]

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 62 where o is
the schedule of tasks on machines with ; < d and o? 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 ¢°¢ construction.

The schedule o' meets the requirements to the class
Yp. 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 € ¢ 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
Jp On the machine i;. We have [;, < L, for these tasks, in
accordance with the algorithm for the schedule o°™® 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 € o? 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 ¢ and o2 which
decrease the functional value. This proves the theorem.

Corollary 2. Optimization is only done in the schedule
ot. 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 Q5 (o),
which is equal to min(Ry(0),A5(0)), on the schedule o?,
since the schedule o2 is optimal by construction.

Theorem 5. The functional value for WTPA problem
is equal to the sum of the functional values of the schedules
o' 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 AO.

2. Split the obtained schedule 6°™¢ into ¢! and o?
where o? is the schedule of tasks on the machines
with r; < d and o2 is the schedule of tasks on the
machines with r; > 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. Oth-
erwise, go to step 6.

5. Determine the functional value for the schedule
ol. Gotostep 7.

6. Determine the functional value and the estimate of
deviation of the functional value from the opti-
mum for the schedule o?.
7. Determine the functional value for the schedule
o2 which is optimal by construction.
8. Determine the functional value for WTPA prob-
lem 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 A0, we obtain schedules o? (the
schedule on the machines with 7; < d) and o? (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 o 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 O0(mnlogn), 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 [L,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 Al; from 1.78 ms at
n = 3,000andm = 30to27.3msatn = 40,000 andm =
= 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 schedu-
ling tasks on identical parallel machines. Weights and pro-
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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 «H/IC Dxoxor» 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 «HJ{C Dxonor» 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

3AJAYI 360PY TA AHAJII3Y BUMOTI 1O TIPOI'PAMHOI'O MOAYJIIO 3 MOHITOPHUHI'Y HA
OCHOBI TIOJIO)KEHb KOT'HITUBHOI'O AHAJII3Y

ITpu po3poOdI1i MporpaMHOro NPOAYKTY JUIsi HOBOI NPEAMETHOI 00JIaCTi iICHYIOTh PU3HKU OTPMMAHHS Pe3yJbTaTy, 10 He BiJNOBifa€ METi TeXHIYHOrO
3aBJaHHs. [y yCyHEHHS TaKMX PU3MKIB HEOOXIZHO 3BEPHYTH yBary Ha BUMOTH [0 mporpamuoro 3atesnedents (I13). YV pauiii pobGoti p o3risHyTi
MUTaHHA 300py Ta aHali3y BUMOT 10 MPOrPaMHOrO MOAYJIIO 3 €KOJIOTYHOr0 MOHITOPHHI'Y MOpPChKUX akBaTopiid. [Iporpamua cucrema «HJZIC Ex onory
Juist 3a0e3medeH s 0e3MepepBHOrO CIIOCTEPEKEHHS 32 CTAHOM MOPChKUX aKBAaTOPil BiI3HAYAETHCS CKIIAJIHOIO CTPYKTYPOIO, BUCOKOIO TPYIOMICTKICTIO
00po0OKH, 30epiraHHs i MaHIMy/IIOBAaHHS JIAaHUX y 3B 3Ky 3 iX 3HauHUM oOcsarom. IIporpamue 3a0e3nedyeHHs 1i€i CHCTEMH CTAaHOBUTH MaclITaOHUIH
KOMIUIEKC TpOorpaM 3 aBTOMATH3allii MOHITOPMHIOBHX JAocCiifkenb. OnHak, 3a monepeHiM aHaiizoM ¢yHKIioHambHUX Mo jmuBocTei I13 «HJIC
Exosor» 3 KOHTpOJIIO SIKOCTI CEPeIOBHUILA KUTTEISUIBHOCTI Jeab(iHiB HE € 10CTaTHIM i moTpedye po3poOKH J0ATKOBOro MOyt0. Takum 4uHOM,
MOAAJIBIINI PO3BUTOK I1i€] MOHITOPUHIOBOT CUCTEMHM IOB’SI3aHUM € 3a/1aueto 300py Ta aHaji3y BUMOT 10 IPOrPaMHOr0 M OYJIIO 3 PO3PAaXyHKY SKOCTI
BOJIHMX PecypciB nprOepexkHuX 30H. 301p BUMOT /10 J01aTKOBOTO POrPaMHOI0 MOAYJIIO TPOBOUTHCS HA OCHOBI aHAJIi3y HOPMATHBHOI TOKYM €HTAIlii,
Oi3HeC-NPOIECiB MOHITOPHHIOBHX JIOCII/PKEHb Y BIITOBIZIHOCTI 10 MOJ0KEHb MPOrpaMHoi iHxeHepil. BusHadeHi BUMOrM noTpedyroTh NepeBipku Ha
LUIICHICTB 1 BiICYTHICTh MPOTHUPIY y 1X 3MICTOBHOCTI JUISl MOJAJIBIIOT0 JOKYMEHTYBAHHS BIAMOBIZAHO 10 MKHAPOIHOTO CTAHAAPTY PEKOMEHAALIN 3
po3pobku crermbikamiii Bumor 10 mporpamuoro 3abesmeuenus |EEE Std 830-1993. [lnst posp’sisanHs 3amav iHQOPMALIHHOTO Ta MPOrPaMHOrO
3a0e3MeueH s y KOMILIEKCHOMY MOHITOPHHTY Oyi10 c(h)OpMOBAaHO MAaTPHUIIO 3aJIeKHOCTI BUMOT Ta 3aCTOCOBAHO KOTHITUBHE MOZACTIOBAHHA. MaTpH s
3aJI©)KHOCTI BUMOT SBJIA€ CO00I0 mpocTuil Ta edeKTUBHMII METON BUSBICHHS HPOTHUPIY i MEPEKPHUTh, Y BUNAAKY PO3IIIAAY HECKIAJHHX CHCTEM.
KoruiTuBHE MOAENIOBaHHS CIPUSAE KPAIIOMY PO3yMIHHIO MPOOJIEMHOI CHTYallil, BUSBJICHHIO CYNEPEYHOCTEH Ta SIKICHOMY aHaji3y cucrteMu. Mera
MOJIEJIIOBAHHS OJIATa€e B JOPMYBaHHI Ta yTOYHEHHI TioTe3u Npo GyHKIIOHYBaHHS 1OCTIIXKYBAaHOTO 00'€KTa, SIKMH CKIAAAETHCS 3 OKPEMHUX IT1JICHCTEM
Ta €JIEMEHTIB. Y TaKOMy pa3i CHCTEMa BUMOI IOBHHHA BiZ0OOPAXaTH MPUYMHHO-HACIIIKOBI 3B'SI3KH €JIEMEHTIB IOCIIPKYBAaHOTO 00 €KTA.
KurouoBi ciioBa: aHaiis, BAMOTH, IPOrPAMHUI MOJYJIb, MATPHLIS 3aJI€KHOCTI, KOTHITUBHE MOJICJIIOBAHHS, €KOJOTYHUN MOHITOPHHT .

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

3AJJIAYHN CBOPA 1 AHAJIM3A TPEBOBAHI/IﬁuK MMPOIr'PAMMHOMY MOJYJIIO ITIO
MOHHUTOPHHI'Y HA OCHOBE ITIOJIO’KEHMU KOTHUTUBHOI'O AHAJIU3A

IIpu pa3paboTKe MPOrpaMMHOrO MPOAYKTA sl HOBOI HPEAMETHON 00IACTH CYIIECTBYIOT PHCKHU MOIYYCHHS PE3YIIbTaTa, HE COOTBETCTBYIOIICTO LICIIH
TEXHUYECKOro 3afanus. /s ycTpaHEeHHs TaKUX PUCKOB HEOOXOAMMO OOpaTHTh BHHUMaHME Ha TpeOOBaHMsS K IporpaMmHoMy obecrnedenuto (I10). B
JIaHHO# paboTe PacCMOTPEHBI BOIPOCH cOOpa M aHanu3a TPeOOBAaHMII K MPOrpaMMHOMY MOAYJIIO Ul SKOJIOIMYECKOIO MOHHTOPHHIA MOPCKHX
akBatopuii. [Iporpammuas cucrema «HJC Dxomor» st 06ecredeHus HeMpepbIBHOrO HAOMIOACHHS 38 COCTOSIHHEM MOPCKHX aKBATOPHI OTMEYacTe st
CIOXKHOH CTPYKTYpOil, BBICOKOH TPYZIOCMKOCTBIO OOpaOOTKM, XPAaHEHHs M MaHHILYJIMPOBAHHS JAHHBIX B CBS3M C MX 3HAYUTCIBHBIM OOBEMOM.
IIporpamMmMHOe OGECIIEYeHIE ITOI CHCTEMbI COCTABISIET MAacITaOHBIH KOMIUICKC MPOTrPaMM IO aBTOMATH3allMd MOHMTOPHHTOBBIX HCCIICJOBAHHUM.
OJHAaKO, MO MPEBAPUTEIBHOMY aHaIN3y QyHKIHOHAIBHBIX Bo3MOkHOCTEH 10 «HJIC DK0MOr» 10 KOHTPOIIIO Ka4eCTBa CPE/Ibl )KH3HEACITEIbHOCTH
nenbGUHOB HE SBISIETCS OCTATOYHBIM M TpeOyeT pa3pabOTKH JOMOJHHUTENFHOrO MOAYyisi. Takum o0pa3oM, gajbHEiIIee pa3BHTHE ITOIl
MOHHTOPHUHTOBOIl CHCTEMBI CBSI3aHO € 3ajadeii cOopa W aHamm3a TpeOOBaHMI K MPOrpaMMHOMY MOAYIIO IIO PAacdeTy KauecTBa BOAHBIX PECYpCOB
puoOpexHbIX 30H. CO0p TpeOGOBaHHIl K TOMOIHHTEIBHOMY IIPOIPAMMHOMY MOJYJIIO TIPOBOJHUTCS HA OCHOBE aHajH3a HOPMATHBHOM TOKYMEHTAIUH,
OU3HEC-IPOIECCOB MOHHTOPUHTOBBIX HCCIICIOBAHUII B COOTBETCTBHH C IMOIOKCHUSIMU MPOTrPaMMHOI HHXeHepuu. OTpelencHHble TpeOOBaHMS
HY)KIAIOTCS B MPOBEPKE Ha IIENIOCTHOCTh M OTCYTCTBHE HMPOTHBOPEUMI B MX COACPXKAHMH Ul JAIbHEHIIEro JOKyMEHTHPOBAHHUS COOTBETCTBHHU C
MEK/YHAPOIHBIM CTAHIAPTOM PEKOMEHIAINMI 110 paspaboTke crenudpukanuii pedboBannii k mporpammuomy odecredenuto IEEE Std 830-1993. Jlns
perreHnst 3a1a4 HHGOPMAIOHHOTO ¥ IIPOrPaMMHOr0 00ECIIeUeHHs I KOMILIEKCHOI'O MOHUTOPHHTA OBUIO C(OPMHUPOBAHO MATPHUILY 3aBHCHMOCTH
TpeOOBaHUI U MPUMEHEHO KOTHUTHBHOE MOJEIMPOBaHKe. MaTpuiia 3aBHCHMOCTH TPeOOBaHMIT Ipe/ICTaBIsIeT cO00i MPOCTOil 1 3 eKTUBHBIIH METOX
BBISIBJICHHSI [IPOTHBOPEYHI U MEPEKPBITHI, B CIlydae PaCCMOTPCHHSI HECIIOXKHBIX CHCTeM. KOrHHTHBHOE MOAEIMPOBAHHE CIOCOOCTBYET JIydIIEMy
[OHHMAHHIO TPOOJIEMHON CHUTYyalud, BBISBICHUIO IPOTHBOPEYMH M KAaYCCTBCHHOMY aHAIM3y CHCTEMBI. Llelb MOZENMpOBAaHMS 3aKIIOYaeTcs B
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(bOpMI/IpOBaHI/II/I 1 YTOYHEHUSI TUIIOTE3BI O (byHKLIPIOHPIpOBaHI/H/I HCCIEaYEMOTO O6’I)€KT3, COCTOALIET O U3 OTACIBHBIX ITOACUCTEM U DJIEMCHTOB. B takom
clrydgae cucrema TpeGOBaHHﬁ JOJDKHA OTpaXaThb NPUIUHHO-CIIEACTBEHHBIC CBSA3U DJIEMEHTOB UCCIIEAYEMOI'O 00BeKTa.
KiioueBbie ciaoBa: aHaJms, Tp660BaHI/I$[, HpOI‘paMMHBIﬁ MOAYJIb, MaTpula 3aBUCUMOCTH, KOTHUTUBHOC MOJCIUPOBAHUE, IKOJIOT MY €CKU I

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
«H/C Dxomory;

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 res ements :
requirements e 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

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

and 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 amonth
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| ||| z| 2|8
R1 X
R2
R3 X
R4
R5 X
R6 X X X X
R7
R8 X
R9 X
R10

R10

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
modaule for calculating the coastal zones water resources
guality 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

— 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). . . . Influence of factors on Influence of cards on
The requirements system behavior analysis takes the card factors
place in accordance with the structural scheme of the cause- R1 1
effect system elements relationships (situation factors) R2 1
[10]. _ _ R3 15
The comparisons matrix was constructed for further R4 15
requirements advantages analysis (tab. 2). R5 05 1
. . R6 2
Table 2 — The comparisons matrix R 35
| o ol < | o ~ o| ol § R8 2
x| a4 a4 x| x| | x|
R9 1
R1 1 R10 05
R2
R3 1/2 . .
~a The scales value of the requirements is shows that the
RS 1 greatest influence on the map are have the factors R6 and
R8, and the card is have most influences on the factors R4
R6 1/2 1/2 1/2 1/2 - . . - .
R7 and R7. Based on this information, it is a priori determined
that at the beginning of the development it is appropriate to
R8 2 . .
RO 1 take into account the requirements of R6 and R8, and
R10 finally is focus attention on requirements R4 and R7.
Conclusions.
The article is described the fundamentals

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
Rl / R5

R4

R

0.5

05 05
R2 R6 R7 1
w w —
R9
A
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:

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. GOLOSKOKOV, 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. €. IT'OJIOCKOKOB, /1. B. TKAYEHKO

MOJEJI I ITPOI'PAMHI PINEHHSA 3AJAYI JIATHOCTYBAHHSA ®IHAHCOBUX CTAHIB
IT-MANPUEMCTBA

Ha choropHimmHiii jeHp, eKoHOMika YKpaiHM 3HAXOAUTLCS Yy BiJHOCHO HECTaOiILHOMY IOJOXKEHHi, TOMY MiANpPUEMCTBAa YKpaiHH BHUMararoth
eeKTHBHOrO yNpaBIiHHA. AJle [UIs TOro 1100 e)eKTHBHO YNPABIIATH MiANPHEMCTBOM, HEOOXITHO 3HATH B AKOMY CTaHi BOHO 3HAXOJMUThHCA. PilieHHs
3a/1a4i J[iarHOCTYBaHHS (DiHAHCOBOTO CTaHy IMiJNMPHEMCTBA B MOAAIBIIOMY JO03BOJIMTH PO3POOIATH amapaT epeKTHBHUX YNPABIIHCBKUX PillleHb, sKi
JIONOMOXXYTh HIITPUMYBATH iINPUEMCTBO Ha HAJIGKHOMY PiBHI (D)YHKIIIOHYBaHHS 1 3a0e31e4yBaTH MOAAJIBIINI PO3BUTOK, K CAMHX ITiIIPUEMCTB, TaK
1 eKOHOMIKM B LIUIOMY. AKTYaJbHICTh JOCHIZKEHb IMpPOSBISIETHCS B 3aCTOCYBAHHI OTPUMAHMX PE3YJIBTATIB JUIS ONEPATHBHOrO i €(pEKTHUBHOI O
ynpasiinas. [IpoGiema nonsrae B HEOOXiJHOCTI OTpUMaHHS OLIBII TOYHOTO PillICHHS 3a/1adi JIarHOCTyBaHHs (DIHAHCOBMX CTAHIB MiANPUEMCTBA, 3
ypaxyBaHHAM IapaMeTpiB, IO XapaKTepusyloTh (iHaHCOBHI cTaH Haiikpamie. OCHOBHMM 3aBJaHHAM JIOCHI/DKEHHs OyJio pilleHHA 3anadi
JiarHoctyBaHHs (piHaHCOBHX cTaHiB IT-koMmaHil, 3a OMOMOroK MOJIEN, 10 peai3ye MeBHUI MiJIXiJ 3 METOI OTPUMAHHS SKICHOrO BUCHOBKY IIPO
cTaH Kommnanil. Jlyis BUpIIICHHS 3aBJIaHHS IIPOIIOHY€E€ThCSI METO]1, 3aCHOBaHMUI HA 3aCTOCYBaHHI allapaTy HEYiTKOI JIONKH, a caMe MPOAYKIi HHUX Mojenen
3 QJITOPUTMOM HEYITKOr0 BUCHOBKY MampaHni. [l Bu3HaueHHs (piHaHcoBoro crany Oymu BuaineHi 10 BxigHux napamerpi. Kpurepismu, 3a SKUMU
OLIIHIOBABCSL CTaH, Oy/MM KUIBKICHI Ta sIKICHI NMOKa3HMKM JisUIBHOCTI Kommauii 3a oOpaHuil nepiox. OTpuMaHa MaTeMaTHYHAa MOJIENb J03BOJI €
BPAXOBYBATH SIK KiJIbKiCHI, TaK 1 SIKICHI OKa3HUKH. OTpUMaHi pe3yJIbTaTH JOCIIKEHHS IAl0Th PO3YMIHHS PO T€, SIKi OKA3HUKH 1 SIK caMe BIUIMBAIOTh
Ha ()IHAHCOBMH CTaH KOMIIAHIl, a TAaKOX B IOJAJBIIOMY MOXYTb BHKOPHCTOBYBATHCS, HANPHMKIAJT, JUIs BHUpILICHHA 3aJadi HNPOrHO3YBaHHS.
BripoBapkeHHs pe3y IbTaTiB JOCTIIXKEHHS MOXKE JIOMTOMOI'TH ITPUCKOPUTH MPOBECHHS AiarHOCTYBaHHs (hJiHAHCOBOI'O CTAHY Ha IMIANPUEMCTBI, a TAKOXK
BYACHO NPUIHATH T€ YM IHIIE YIPABIIHCHKE PIILICHHS, 3aCHOBAHE HA Pe3yJIbTAaTax [1arHOCTYBaHHSI.

KuarouoBi ciioBa: niarHoctyBaHHs, (DiHAHCOBMIA CTaH, ()iHAHCOBUIA MOKA3HUK, HEUITKA JIOTiKa, MPOIYKLiiiHA MO/eNb, anropuT™ Mamaani, 6a3a
IIPaBUIL

A. E. 'OJIOCKOKOB, /I. B. TKAYEHKO

MOJEJIX U TIPOTPAMMHBIE PEIHNEHUS 3AIAYN TUMATHOCTUPOBAHUS ®PUHAHCOBBIX
COCTOSIHUU IT-TIPEAITPUATHA

Ha cerogusmmHuii 1eHb, Y)KOHOMHKA YKPAaHHBl HAXOAUTCS B OTHOCHTEIbHO HECTAOMIPHOM IOJIOKEHHHU, MOATOMY MPEANPUATHS YKpPauHbl TPeOyIOT
s¢dextuBHOrO yrpasiaenus. Ho 1 Toro 4to0bl 3G GEKTHBHO yHpPaBIATh MPEAIPUATHEM, HEOOXOIUMO 3HATh B KAKOM COCTOSHMM OHO HAXOJMTCS.
Pemrenne 3agayM IUAarHOCTHPOBAHUS (DMHAHCOBOTO COCTOSHUS NPEANPHATHS B JadbHEHIIEM MO3BONHUT pa3padaTeiBaTh ammapaT >(QEeKTHBHBIX
YIPaBICHUECKHX PEUICHUI], KOTOPBIC IIOMOTYT MOAIEPKUBATh IPEANPHATHE HA JODKHOM ypoBHE (QyHKIHOHHPOBAHHS H OOecIeunBaTh JaibHeilnee
Pa3BUTHE, KaK CAMHUX IPEANPUITHH, TAK H dKOHOMUKH B L[eIOM. AKTYalIbHOCTb HCCICAOBAHUI IPOSIBIACTCS B IPUMEHCHHH TIOTyYCHHBIX Pe3yIbTaToOB
JUI OMEpaTHBHOrO U 3G QekTuBHOro ympapieHus. [IpoGiema 3akitoyaercs B HEOOXOAMMOCTH IOJydeHHs Oojee TOYHOrO pelIeHHs 3aJayud
JMAarHOCTUPOBAHUS (DMHAHCOBBIX COCTOSIHHN MPEANpPHUATHA, C YU4ETOM HapaMeTpoB, XapaKTepU3YIOUMX (HHAHCOBOE MOJIOKEHHE IJIydIle BCEro.
OCHOBHOM 3a/1aueii MCCIIEIOBaHUS SBIISUIOCH PEIICHHE 3aJa4M JIMArHOCTUPOBaHHMA (DMHAHCOBBIX COCTOSHMU IT-KOMIAHWM, C MOMOIIBIO MOJEIH,
peasH3yIomel OnpeeIeHHbIH TOAXO0 C IeNIbIO MOMyYeHHs Ka4eCTBEHHOT 0 3aK/IIOUCHHS O COCTOSHUH KOMITaHUH. {711 pelIeHns 3a1auu IpeAIarae Tcs
METOJI, OCHOBAHHBII HA IPUMEHEHNH alllapaTa HedeTKO! JIOTUKH, a HIMEHHO IPOTYKIHOHHBIX MOJeNel ¢ alrfOpUTMOM HEYeTKOro BhIBOAa MaMmIaHH.
Jlnst onpenenenust (PUHAHCOBOTO COCTOSHUS ObIIM BbIeNeHs! 10 BXOAHBIX MapaMeTpoB. KpuTepusamu, M0 KOTOPHIM OLEHHBAIOCH COCTOSIHHE, ObIIN
KOJTMYECTBEHHBIC U KAaueCTBEHHBIC MOKA3aTeNH EATEIbHOCTH KOMIAHHU 32 BBIOpaHHBIN mepuon. [lomydeHnas MaTeMaTH4IecKas MOZENIb MO3BOIIIET
YUHTHIBATh KaK KOJIMYECTBEHHBIC, TAK M KaueCTBEHHBIC MOKa3aTend. [lomydeHHBIE pe3ynbTaThl UCCIENOBAHHSA NAIOT MOHMMAHHE O TOM, KaKHe
MOKa3aTeNlH H KaK IMEHHO BIHAIOT Ha (PMHAHCOBOE COCTOSHME KOMIIAHHH, a TAkKe B JadbHEHIIEM MOTYT HCIONB30BAaThCS, HAIPUMeED, IS PELICHUS
3a/1a9¥ IPOrHO3MPOBaHUs. BHeIpeHne pe3ynbTaToB HCCIeJOBAHI MOXKET IOMOYb YCKOPUTH IPOBEACHNE JHATHOCTHPOBAHHUS (PUHAHCOBOTO COCT OSTHHUS
Ha IPeAIPHATHH, a TaKKe BOBPEMS IPUHATH TO HIIH HHOE YIPABICHIECKOE PeIICHNe, OCHOBAHHOE Ha Pe3y/IbTaTax AUarHOCTUPOBAHHS.

KiioueBble c/0Ba: IMAarHOCTHPOBAaHME, (PUHAHCOBOE COCTOSHUE, (PUHAHCOBBIA ITOKa3aTelb, HEUETKas JIOTHMKAa, MPOTYKIHMOHHAs MOJeNb,
anroput™ Mamaanu, 6aza IpaBuil.

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

© A. E. Goloskokov, D.V. Tkachenko, 2019
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enterprises, which in turn can lead to a sharp decline of the
economy. Among a number 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

Xy = f(X17X27X37X4-)7

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, x, — 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 x, — 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;, toa
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 = Xp) - M (Xs) v n (X)) - i (X),

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

n“(X,) — parameter membership function X to fuzzy

term a;.

Both criteria X, and X, 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:

Xy, .0 Xy) = (X)) - (X)) - M (X))
X (X)) v P (X) - M (XG) - uf (X3) x
X (X)) v P (X) - pi(x,) - uf (X))
x uM(X,).

Next, we need to represent a relation for calculation
of each of the generalized indicators of groups of influence
factors X, ... ,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(xpxz) = P-H(x1) ) P-H(xz) \ |J-M(x1) ) Ile(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

Hy (0,12 (), o1y, (20),

where  py (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{uAu (xi)suAlz (xé)a ap—Aln (x;l)} >

Ay = min{HAu(xi)aHAzz(xé), suAZn(x;l)}a

am = min{p‘Aml (x],_)auAmz (xé), ’H'Amn (x;l)} )

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]:

HB{ = min{al’uBl (Y)} s

uBé = min{az,UBz (Y)} 9
wgr = min{ay,,ug, (N}

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) = maxfug; (V) itgy (1), iy, (N}

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:

" X Yingr (V)
Z?=1 g (¥) ’

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 IT-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

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 (x1 is Low) and (x2 is Low) then (X1 is Low);

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

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 Iinggistip variable "Indicator" for the ::ﬂ;:g:;)éntégdiixMi}ersgn(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 X X3 Xy Xs Xg Xy Xg X9 X10
2018 12.6 8.82 0.4 0.31 0.26 0.13 0.7 338 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 5.5 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
x4 [01152] [1.752 25 2.75] [2.753 4 oo
X, [00.10.150.2] [0.20.250.50.75] [0.7 0.9 o0 o0]
X3 [00.10.250.3] [0.250.30.50.6] [0.50.7511]
X4 [00.20.40.5] [0.45050.60.7] [0.650.7511]
Xg [00.10.150.2] [0.20.30.40.5] [0.40.51 o]
Xg [00.10.150.25] [0.20.30.40.5] [0.45051 ]
X7 [005152] [23557.5] [7 810 0]
Xg [023.545] [44.6785] [8.59 10 oo
Xo [0135] [4.5578.5] [8 910 10]
X10 [0134] [3.75578] [7.58 10 10]
X, i=05 [01225] [2.533.54] [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,Xs and X, by the similar way (Table 3).

Table 3 — Generalized indicators of the company and X,

Year ann[ﬁgt'éfd Value Description
X, 4.5 High
X, 1.36 Low
X5 3.25 Middle
2018 X, 1.33 Low
Xs 4.5 High
X, 3.25 Middle
X, 4.5 High
X, 2.56 Middle
X5 4.12 High
2017 X, 3.25 Middle
X: 4.24 High
Xo 4.5 High
X, 2.75 Middle
X, 2.47 Middle
X3 1.77 Low
2016 X, 2.61 Middle
Xs 3.58 Middle
Xo 3.25 Middle
X, 1.29 Low
X, 3.54 Middle
X3 1.27 Low
2015 X, 1.3 Low
Xs 2.87 Middle
X, 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 X;) (Fig. 5).

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 4.5 Good
2016 3.25 Normal
2015 1.33 Bad

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 X,and the financial condition Y. The
results are presented in table 5.

Similarly, we change the parameters x:,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,,, investigate
the changes in the value of the generalized quality indicator
Xs, 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 4.5 High 3.25 Middle 3.25 Normal
2017 | 3.92 | 0.89 4.5 High 3.25 Middle 3.25 Normal
2016 2.6 0.52 2.75 Middle 131 Low 1.36 Bad
2015 1.7 0.03 1.29 Low 1.36 Low 1.36 Bad
Table 6 — Changes in values X3,X,,Y
Indicator Generalized Description Complex Description Financial Description
Xs Xe indicator X5 P indicator X, P state Y P
2018 | 0.26 | 0.13 3.25 Middle 3.25 Middle 3.25 Normal
2017 | 0.48 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 X5,Y
Indicator o L . . L
Generalized indicator X5 Description Financial state Y Description
X9 X10
2018 8.5 9 4.5 High 3.25 Normal
2017 7.5 7.9 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 KOMI'IOTEPHE MOJIEJIIOBAHHSA

MATEMATHYECKOE 1 KOMIIBIOTEPHOE MOJAEJIMPOBAHHUE

MATHEMATICAL AND COMPUTER MODELING
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H. A. MAPYEHKO, P. O. PY/IEHKO

HOJIMIIEHUN METOJI JOCJILI)KEHHS CTIMKOCTI PO3B’SI3YBAHHSI CUCTEM JITHIMHUX
AJITEBPATYHUX PIBHSIHb

[IpoBeseHu OrJIsi iICHYIOUMX METO/B OCII/UKEHHSI CTIHKOCTI O3B’ SI3KiB cucTeM JiHIHUX anrebpaiunnx piBHsHb (CJIAP), 110 3anexath Bijt BXIAHUX
JIaHUX, TOOTO Bapialliif mapamerpiB. PO3risHyTO METOAM OLIHKM CTiMKOCTI po3B’sA3yBaHHS CHCTEM JIiHIMHHMX anreOpailuHuX piBHSAHB, TakKi K 4yHCIa
3yMOBJIEHOCTI, MOJYJIbHi BU3HAUHMKH Ta M0OYy0Ba TaONMIli 3HAKIB 32 OPUTiHAILHUM Ta MOJIIIIEHHMM METOI0M MoOynoBu. PeanizoBane npor pamue
3a0e3MeyeH s JJIs OLIHKM CTIHKOCTI CHCTeM JIiHIHHMX anreOpaiuHMX PiBHAHL 32 JOMOMOIOIO YHCesl OOYMOBJIGHOCTI, MOMYJIbHUX BU3HAUHMKIB Ta
100y /10B1 TaOJIMIli 3HAKIB /I 3HAXO/KEHHs TOYHUX OI[IHOK Bapialliif po3B’sI3KiB 3aJIeKHUX Bif Bapiauiit mapamerpis CJIAP.
B pobori noka3aHo, 110 JOCIPKEHHs CTIHKOCTI 32 YncaaMu 00yMOBJIGHOCTI Jal0Th Jye IpyOy OLIiHKY MOMKJIMBHUX MOXHOOK PO3B’s3KiB, aje BOHU €
npocTumH B peainizaii, Ta st CJIAP MoxyTh 0/1pa3y MokasaTu, 110 A€sKi CHCTEMH € IOraHO 3yMOBJIEHUMH, 1110 3HAYHO €KOHOMHUTb 4ac AOCIIIDKEHHS,
ocob6mBo sx1o CJIAP MaoTh yske BenuKy po3MipHicTh. JlociKeHHs CTiIHKOCTI 32 MOy IbHMMM BU3HAUHUKAMH TOTPEOYIOTh BEIMKUX PO3PaXyHKIB,
ajie 1al0Th JIOCUTh HaJlilHy OIIHKY 3BepXy II0/10 MOMKIMBHUX Bapialliii OKpeMHX KOMIIOHEHT PO3B’sI3KiB CUCTEM JIIHIHHUX anreOpaiunux piBHsAHB. Lle €
Jly’Ke BajKJIMBOIO OCOOJIMBICTIO METOJA TOMY, IO OKPEMi KOMIIOHEHTH PO3B’SI3Ky MOXYTh 3a3HaBAaTH 3HAYHMX Bapiallil, J0 HE BPAaXOBYIOTbCSA HPH
JIOCJIJDKEHHI 3a yucnamMu 00yMoBieHOCTI. JlocmiukeH s cTiKoCTi Mo0y10BO0 TabuuIll 3HAKIB HAaJal0Th MOXKJIMBICTh 3HAHTH MaKCHMalbHI Ba piarii
OKpEMHX KOMIIOHEHT PO3B’S3KiB CHCTEMM JIHIMHUX anreOpaluHUX piBHAHbB, 110 HACIPABJl MOXYTh OyTH 3HAQUYHO MEHIIMMH, HIK BEPXHs OLIHKA
MOXJIMBUX Bapialii 3a METOA0M MOJYJIbHUX BU3HAYHUKIB. B poOOTI 3anpOnoHOBaHO MOJIMIIEHHH METO MOoOYA0BH TAaOJHMI 3HAKIB, 110 3HAXO IUTh
OUIBII TOYHUI Jiaa30H MOKJIMBUX Bapialiid po3B’s3KiB CHCTEMH JIIHIHHUX anreOpaidyHuX piBHAHb.
ByB npoBeieHuit MOPIBHANBHUN aHANI3 MK TPAAMLIHHUM METOZ0M MOOYI0BU TAaOJMII 3HAKIB 32 OKPEMHMH BU3HAYHUKAMH Ta MOJIMIIEHUM MET 0JJ0M
1no0y10B1 TaOIMII 3HAKIB 33 MOXIHUMM B JUICHHS BU3HAuHUKIB 3a (opmynoto Kpamepa. 3rigHo ananizy, noninmenuid meroq y 30% Bunaikis
3HAXOAUTH Bapianii, 1o B 1.3 pasu Oinblii HIX Bapialil, 0 3HAXOIUTh MONEPEAHIH METO, Ta y 5% BUNAAKIB I1i Bapiallii MepeBUILYIOT b TIONEPEH] Y
2 abo Ginpiue pasis. Lle roBOpUTH PO Te, M0 TPAAULIHHUNE METOA y ACAKUX BHIIAJKAX HEIOOLIHIOBAB MOXKIIMBI BIAXHJICHHS PO3B SI3KIB, IO 3aICKATh
BiJ| Bapialliif BXiJHUX JaHUX.

KuarouoBi ciioBa: niniitHa anredpa, YMcenbHl METO/U, CTIHKICTh, MATPUIIs, CHCTEMA JIIHIMHUX anreOpaidyHuX piBHAHb, BUSHAUYHHMK, MOIYJIbHUI
BHU3HAYHMK, TaOJIULIS 3HAKIB, YMCIIO 00YMOBICHOCTI

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

YJIY‘II‘JIIEHHLIIZ METOJ UCCJIEJJOBAHHUSA YCUTOP'I‘{I/IBOCTI/I PEINEHUA CUCTEM
JIMHEUHBIX AJITEBPANYECKUX YPABHEHUU

IIpoBeneH 0030p CyMIECTBYIOLIMX METOJIOB HCCICIOBAHUS YCTOMYMBOCTH PELICHWH CHCTEM JMHEHHbIX anreOpanueckux ypaHenuit (CJIAY),
3aBHCSIINX OT BXOJHBIX JAaHHBIX, TO €CTh BapHaluil mapamMeTpoB. PaccMOTpeHBI METOOBI OLEHKH YCTOHYHBOCTH PEIICHHSA CHCTEM JIHHEHHBIX
anreOpanveckuX ypaBHEHUH, TaKHe KaK YHCIA 00yCIOBICHHOCTH, MOLY/IbHBIC ONPEISIUTENH H IIOCTPOCHHE TaOIMIbI 3HAKOB [0 OPUTUHAIBHOMY U
yAydIIEHHOMY METOJaM IIOCTpocHHs. Peamn3oBaHO IporpaMMHOEe OOECHEUeHHE IJISI OLEHKH YCTOHYMBOCTH CHCTEM IHMHEHHBIX aureOpamdecKux
YPaBHEHHH € MOMOMIBIO YHCET 00YCIOBICHHOCTH, MOMYJIBHBIX OMpECIUTeNeH U IOCTPOCHHS TaOIUIB!I 3HAKOB IS HAXOXKACHUS TOYHBIX OLECHOK
Bapualuil peleHnit 3aBUCUMBIX OT Bapuaruii napametpoB CJIAY.
B paboTe moxaszaHO, YTO HCCIEIOBAHHE YCTOHYHBOCTH IO YMCIaM OOYCIOBICHHOCTH JAalOT OYEHb IPYOyI0 OIGHKY BO3MOXKHBIX IOIPEIIHOCTEH
PCIIeHHI, HO OHH IIPOCTHI B peanu3anud, H 111 CJIAY MoryT cpa3y mokaszaTh, YTO HEKOTOPBIC CHCTEMEI IIOXO 00YCIOBICHHBIMHU, YTO 3HAUHTEILHO
9KOHOMHT BpeMs HccaenoBaHus, ocodeHHo ecmu CJIAY uMeIOT o4eHb OONBIIYI0 pa3MEpHOCTb. VcciemoBaHHe yCTOHYHBOCTH MO MOIYJIHHBIM
OIpeeNUTeIsIMI TPeOYIOT OONBIINX PAacueTOB, HO AAIOT JOCTATOYHO HAAEKHYIO OLEHKY CBEpPXY OTHOCHUTEIHHO BO3MOXKHBIX BapUALlMH OTHENBHBIX
KOMITOHEHT PEIIeHUH CHCTeM JHHEIHBIX anreOpandeckuX ypaBHEHHH. DTO SBIETCA OYCHb BaKHOH OCOOGHHOCTBIO METOZA IOTOMY, UYTO OTHENbHbIe
KOMIIOHEHTBI PEIICHHII MOTYT HCIBITHIBATh 3HAUUTENbHBIC BapHAIMH, KOTOPHIE HE YUYHTBHIBAIOTCA IIPH HMCCICHOBAHMH IIPH MOMOIIM YHCEI
00ycoBIeHHOCTH. MccnenoBanne ycTOHIMBOCTH HPH HOMOIIN TTOCTPOCHHS TaONIHIBI 3HAKOB JaeT BO3MOKHOCTh HAWTH MaKCHMalbHBIC BapHAIINU
OT/JIeNIbHBIX KOMIOHEHT PeIIeHUH CHCTeMbl TUHEIHBIX anreOpandecKiX ypaBHEHHH, KOTOPBIC Ha CAMOM JIele MOTYT OBITh 3HAUUTEIBHO MEHBIIE, IeM
BEpPXHsS OLCHKA BO3MOXKHBIX BapHalUi METOZOM MOAYIBHBIX OmpefenuTenci. B pabore mpemmoxeH ymTydIIeHHBIH METOI IOCTPOCHHS TaOJIHIIBI
3HAKOB, KOTOPBI HAXOAUT O0JIee TOUHBII UaNa30H BO3MOXKHBIX BapHAIHI PEIICHHI CHCTEMbI IMHEHHEIX anreOpand eCKUX ypaBHEHHI.
bein mpoBeneH CpaBHUTENBHBIH aHANN3 MEKAY TPAAHUNHOHHBIM METOAOM IOCTPOCHHUsS TaONUIBI 3HAKOB IO OTHACTBHBIM ONpPEACIUTEISIMU U
YIYYIIEHHBIM METOJOM MOCTPOEHHUs TAaOIUIBI 3HAKOB MO HMPOM3BOTHBIM OT IeNeHus ompexenuteneii mo ¢opmyrne Kpamepa. CormacHo aHammsy,
yaydmeHHslit Meton B 30% ciIydaeB HaXOJHUT BapHallHu, KOTOpsle B 1.3 pasa Goblre 4eM BapHaliy, KOTOPbIe HAXOMUT MPEABIAYIIHIA MeTo, U B 5%
CIyJaeB OTH BapHallUH HPEBBIIAIOT HpEAbIIyIHe B 2 wmIH Oolee pa3. DTO TOBOPUT O TOM, YTO TPAJHIIMOHHBI METOJ B HEKOTOPBIX CIIydasx
HEIOOLeHUBA BO3MOXKHBIC OTKIOHEHUSI PEIICHHUI], 3aBUCAIIMX OT BAPHALUH BXOJHBIX JaHHEIX.

KiioueBble cioBa: nmHeifHas anreOpa, YHCICHHBIE METOIbI, HAaIEKHOCTb, MATPUIlA, CHCTEMa IMHEHHBIX alre0pandeckux YpaBHEHHH,
OIIpeIeUTeIb, MOAYJILHBIA ONPEeNUTeNb, Ta0IHIa 3HAKOB, YHCIO 00YCIOBICHHOCTH.
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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 OIiHKaMM BYEHHX YHCENbHI METOIH
po3B’sa3yBanHs CJIAP 3acTocoBylOThCS OinblI HIXK y HO-
JIOBHMHI PO3paxyHKOBHX MareMaTHuHuX 3aaad [1-9]. Tpa-
JMIIHHI METOIM PO3paxyHKY CTIHKOCTI pO3B’s3yBaHHS
cHCTeM JIiHIMHUX aireOpaidHUX piBHSHb HE JArOTh HaJlii-
uux pesynbratis [10, 11]. OxHieto 3 MPUYHH HEHAXIHHOCTI
PO3paxyHKIB € HETOYHOCTI B 3aBlaHHI Koe(illieHTiB
piBHsIHB. [l peanbHUX 00’€KTIB 1l KoedilieHTH HEe MO-
KYTh TOYHO BIANOBIJATH 3HAYEHHSM, 3aJlaHUM TPH TPO-
eKTYBaHHI, KpiM TOro, B XOJi eKcIulyaTamii mapamerpu
00’eKTa MOXYTh 3a3HaBaTH 3MiH, [0 BIUIMBAIOTh Ha
po3B’si3ku. lpu esikux yMOBax HaBiTh HEBEJMKI 3MHUHHU B
mapaMerpax MOXYTb IIPUBECTH [0 3HAYHHX 3MiH Y
PO3B’s3Kax, 1 BIJMOBIHO O 3HAYHMUX 3MIiH y TOBEAIHII
00’€KTIB.

VY naniit poOoTi yBara mpuALISIETHCS HOTPILTHOCTSIM
PO3B’sI3KiB, II0 BUHUKAIOTh Yepe3 Bapiallil BXiHUX JaHUX
PO3paxyHKiB.

HopMma matpuui, yncaa 3ymoBJjieHnocti. Knacuaanm
METOAOM OIIHKHA CTiHKOCTI pO3B’SI3Ky CHCTEMH JIiHIHHUX
anreOpaiyHuX piBHAHB € 4mcia 3ymoBieHocti [1, 2, 10—
13]. SIKIo pO3TIIAMAETHCS CHCTEMA JIIHIMHUX PiBHSHB, SKa
3aIACYEThCS B MATPHYHOMY BUTIISAI SIK

Ax = b, D

ne A —warpuns CJIAP;

X — HEBIIOMHU BEKTOP, III0 € PO3B’SI3KOM CHCTEMU;

b — 3amanuii BeKTOp MpaBUX YaCTHH.

Toxi dwucioM 3yMOBIEHOCTI HAa3WBAIOTh JTOOYTOK
HOpMH Matpuili A Ha HopMmy oOepHeHoi Matpumi. [Ipm
FOMY YHCIIO 3YMOBJICHOCTI CHCTEMH IIHIHHHUX piBHIHB
TIOB’s13Y€ BIACTHBOCTI MATPHIll CHCTEMHU PIiBHSHB 3 TOXH-
OKOI0 pO3B’SI3KYy CHCTEMH JiHIWHUX pPiBHSAHb. B Haiirip-
IIOMY BUIAAKY BiJJHOCHA HEBH3HAUYCHICTh PO3B 3Ky X
Oyne TepeBUINYBaTH BiJHOCHY HEBH3HAYCHICTH BXiTHHUX
JIAHUX Y KUTBKICTB Pa3iB.

HaBite Mani uyncrma 3yMOBIICHOCTI MaTpuli HE €
Ha/liHAM TIOKa3HUKOM CTIMKOCTI OTPMMAaHMX PO3B’S3KiB.
Ile moB’s3aHO 3 THUM, MO YWCIA 3YMOBJIECHOCTI JIHIIE

rapaHTyiOThb JIesKM{ [iana3oH 3Ha4e€Hb MIpH BEKTOPY
PO3B’A3KYy X, HaIpHUKIad, HOro JOBXKHHH, ajieé HE MaloTh
BIJJHOLIICHHSI 10 OKPEMHX CKJIaJIOBUX PO3B’SI3KY X;, LIO B
JIeIKAX BHIIQJIKAX MOXYTh HaBiTh 3MIHIOBATH 3HAK NPHU
JOCTAaTHBO HEBCIIMKUX 3HAYCHHAIX YUCJIa 3yMOBJ'IeHOCTi.

[TepeBaroro BUKOPHCTAaHHS 4YMCEN 3YMOBJICHOCTI €
MPOCTOTa BUKOPHCTAHHS Ta MaJia KUIBKICTh HEOOXiIHUX
00YHCITIOBAHb.

Ouinka noxu0Ku 3a MOLYJIbHMMH BUSHAYHUKAMHU.
B pobGorax [10, 11] sx meroam pO3paxyHKy CTIHKOCTI
JIOIATKOBO ~ TIPOIIOHYETHCS  BUKOPHUCTOBYBATH  OL[HKU
MOXMOKK 32 MOAYJIbHUMH BH3HAYHUKAMHM Ta 3a TaOIHIEI0
X 3HaKiB.

MopnynbHi BH3HAYHUKH JIO3BOJISIFOTH JIATH OI[IHKY
MaKCHMalIbHO MOKIHUBOI HEBH3HAYEHOCTI BHU3HAYHHUKIB
CHCTeMH JIIHIMHUX anreOpaiuyHuX piBHSHbB, SKIIO BiJoMa
HEBU3HAYEHICTh BXIJHUX JaHUX. MOAYIbHHH BU3HAYHHK
PO3PAaXOBYETHCS AHAJIOTIYHO JI0 PO3PAXyHKY BH3HAUYHUKA
MaTpHLli, ajie yci CKIaaoBi OepyTbcs 3a MOAYJIEM Ta yci
3HAKH «MiHyc» y (opMyii 3aMiHIOIOTBCS Ha 3HAKU
«ILTEOCY.

MopynpHUY BU3HAYHUK YHCEITHHO MOB’SI3y€ BIACTH-
BOCTI BXIJTHHX JaHHUX 3 MIpPOIO BiJIHOCHOI HEBH3HAYEHOCTI
BU3HAYHHKIB MaTPHIIL.

CrpaB)XHE 3HAYCHHS BU3HAYHHUKA det MOXHa OIli-
HUTH 32 JOIOMOTOI0 (DOPMYITH:

detHOM - nEdetMoﬂ S ﬁ S detHOM + nsdetMoﬂ, (2)

ne  detyoy — BU3HAYHUK MATPHIll, OOYMCICHHI 32 CTaH-
JAPTHOIO (OPMYIIOI0;

detyp, — MOIYJIbHHUI BU3HAYHUK MATpHILi;

det — cripaBsKHE 3HAYEHHS BU3HAYHIKA MATPHIT;

7 — TOPSIIOK MaTPHIIL;

€ — MOXIIMBA BiJTHOCHa NIOXHOKa B BU3HAYEHHI Mapa-
METpiB MaTpHIIi.

Buxonsau 3 Toro, mo ¢opmyna Bigoma Kpamepa mo-
3BOJISIE OTPHMATH 3HAYCHHS PO3B’SA3KIB X; CHCTEMH JIiHIN-
HUX anreOpaidyHuX piBHSIHB SIK TUICHHS BU3HAYHUKIB, Ta

Bicnux Hayionanvnozo mexuiunozo yuieepcumemy «XIl». Cepis: Cucmemnuii

aHanis, ynpasiinns ma ingpopmayitni mexronoeii, Ne 1°2019

39



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

BiJOMOCTEll NP0 HEBH3HAYEHICTh BH3HAYHHUKIB CHCTEMH
JHIMHUX anreOpaiuHUX pPIBHSHb MOXKEMO JaTH BEPXHIO
OLIIHKY HEBU3HAYEHOCTI OKPEMUX CKJIaJIOBUX PO3B’SI3KY X;.
Buxopucroyroun hopmyny Kpamepa

: @)

D<i>

X =~
ne  x; — i-Ta komnoHeHTa po3B’s3ky CJIAP;

D — BuzHaunuk CJIAP, mo gociiukyeThes;

D<!> _ BU3HAYHMK, OTPUMAaHHii i3 D 3aMiHOIO i-TO
cTOBOLA Ha croBOenpb BinmbHHMX wieHiB CJIAP, MoxmuBo
OLIIHUTH Bapialii po3B’s3Ky X; NMPU BIJHOCHUX Bapiallisx
KoeiIlieHTiB t€:

D<min D<'>max

, (4)

Dmax Dmin

Je Xx; — I-Ta KoMIoHeHTa po3B’s3ky CJIAP;

Dmin 1 Dmax — BIANOBIAHO MIiHIMAQJILHO 1 MAaKCH-
MaJIbHO MOKJIMBE 3HaueHHs Bu3HauHuka CJIAP, orpumane
3a opmystoro (3);

D<min i D<®max — BiANOBiZHO MiHIMAJBHO i
MaKCHMAaJbHO MOXKIIMBE 3HAYCHHS BH3HAYHHMKA D<)
orpumMane 3a Ghopmyioro (3).

[TepeBaroro BUKOPHCTaHHS MOAYJIbHHX BU3HAYHHKIB
€ BITHOCHA MPOCTOTa BUKOPHCTAHHS (ITOPIBHSIHO O METO-
Jly IOOY/IOBH TaOJHIli 3HAKIB) Ta MOXJIMBICTh OTPHUMaHHS
BEPXHbBOI I'PaHUI[l HEBU3HAYEHOCTI PO3B’A3KIB.

lonoBHUMHU HENOJIKAMHM BHKOPHCTAHHS MOAYJIbHHX
BU3HAYHKKIB € 3HAYHA KUIBKICTh HEOOXIIHUX OOYHUCIIO-
BaHb JUIsi MaTPHIb BEJIMKOI PO3MIPHOCTI, Ta Te, IO MO-
JyJIbHI BU3HAYHUKH 3a3BUYail IAIOTh 3aBHIICHI 3HAYCHHS
HEBU3HAYEHOCTI, SIKi He MOXYTh OyTH Hocsruenni [10, 11].
Just Olibll TOYHOI OLIHKK HEOOXIAHO KOPUCTYBAaTHCS
METOJIOM MOOY/ZOBH TaONHIll 3HAKIB Ta PO3PaXOBYBATH
MaKCHMaJIbHI 1 MiHIMaIIbHI 3HA4Y€HHS PO3B’s3KIiB X;.

Oninka noxu0KM 3a Ta0auIer 3HakiB v
BH3HAYHUKIB. MeTo OLIHKMA 3a JIOIIOMOIOK «TaOJnLil
3HaKIiB» IPYHTYETbCS Ha TMOOYJOBI TAaKOro MPHKIALy
MOXITUBOT'O BIIXMJICHHS, 110 IPU3BOMTH 10 MAKCUMAJIHHO
MOXIIUBHX 3MIiH 3HaueHHs pO3B’s3KiB X;. [loOynoBa
MIPUKIIAY BiJXUIICHHS, K 1 Y TOIEPEeJHbOMY METO/i, BU-
kopucroBye Gopmyny Kpamepa (3) sik popmyny mpsiMoro
3HAaXOIKEHHS PO3B’SI3KIB X;

Po3risiHeMo BU3HAYHKK N-TO MOPSIAKY

a1 t €104, Ay T S1naln
D = H ., y
aTLl i Snlanl ann + Snnann

(®)

AK (yHKIIiI0 1% 3MIHHUX BEJIUYUH E; ;. Bunmmemo ronosHy
TiHIAHY YaCTHHY TPUPOCTY i€l HYHKITII:

AJI]H 121 1aUAUA£1]v

e N — MOPSIOK MATPHIIL,
@;j — €IEMEHT BU3HAYHUKA 3 KoopHaTaMu (I,));

(6)

A;j — anrebpaivHe JOMOBHEHHS €NEMEHTA a;;;
Ag;j — MOXIMBa BiHOCHA TMOXHWOKa B BM3HAYCHHI
ememenra a;;, L =1,2,...,n, j=1,2,...,n

Koxen emeMmeHT Tabmuimi 3HaKiB («+» abo «—»)
CHIBIAJIA€ 31 3HAKOM JOOYTKY a;;A; ;.

AHaNoriyHo momnepesHbOMy MeTony 3a (opmynamu
(3) 1 (4) ouiHIOIOTHCS Bapiarlii po3B’s3KY X;, aje 3aBIIKA
3HAaXOJUKEHHIO KOHKPETHOr'O NPHUKIAIy Bapialii BH3Hau-
HUKIB ISl OIiHKa Oy/ie TOYHIIIOO 33 MOMEPEIHIO.

JlomaTKOBI CKJIaJIHOCTI BHOCHTh HAsSIBHICTH CHIIBHHX
Koe(illieHTIB BU3HAYHUKIB y YACEILHUKY Ta 3HAMEHHHUKY,
a came, n — 1 cToBmuiB y Bu3Haunukax D Ta D<'>, 36ira-
10Thesl. Lle mpu3BOIMTH 10 CyNepewInBUX 3MiH PO3B’s3KiB
X;, IO HE JI03BOJISIE 3HAWTH MaKCHUMaJIbHO MOXKJIMBE BiJI-
XWJICHHs PO3B’S3KIB IPU 3MiHi KOS(IillieHTIB €;;, 10 3810
BOJIBHSIIOTH HEPiBHOCTI |£i]-| < g, 1€ €, — 3a/laHa MaKCHU-
MaJIbHO MOXKJIMBA BiJJHOCHAa MOXWOKAa B BH3HAYEHHI elre-
MEHTIB Q;;

Ioninmennii MeTox MO0y 10BH Ta0JIMLi 3HAKIB.

Po3zriisiHEMO po3B’ 130K X}

D<k>

xk = D =
a;; €104, by + pyby Qi T €100
any + €n1ln1 " bn t Unbn Ann + Ennlnn

Ay, £ €104 Ay T €qp g An t €na1n

any i €n1an1 Ani i EnkAnk

nek=1,2,...,n

Wi, - 5 tbyy — MOXKIIMBI BIIHOCHI MOXMOKH B BU3HAYCHHI
€IIEMEHTIB Dy, ..., by,.

3anumemo Gopmyny s GyHKLUIT X, M0 3aJIEKUTH
Biﬂ El']':

D<k>(5ij) SijaijA<k> + p<k>
xk(sij) = = , (M
D(e;;) €jaijAij + D
nei=1,2,...,n, j=1,2,..,n, Ta 3HalIEMO YaCTKOBY

MOXIJJHY PO3B’SI3KY X, 32 3MiHHOIO g

— ayA;D<k>
xi( Su) a;A~D — a _

(eijaij Ay + D)
lonoBHa miHiliHA YaCcTHHA MPUPOCTY PO3B’SI3KY Xj B
Toui g;; = 0 (Horo noBHil nudepenuian) 6€3 ypaxyBaHHs
croBmis j = k Oyzie HOpiBHIOBATH:

®)

n n
<k> _ <k>
A<k>— a; A~ D — a;A; D . As 9
JTiH D2 ij» ( )
i=1 j=1, j#k
ne Ag;; — IpupicT 3MiHHOI €;;. BBaxkaroum, K i panirue, mo

IS BCIX i Ta j, j # k ZOTpUMYETBCS HEPiBHICTb |£L-j| < &,
OTpUMaeMo, IO HaiOinbime 30iTBIIEHHS pPO3B’S3KY B
nmiHiliHOMY HaOmmKeHHI Oyme mpu |€zj| =¢&,, 1 BOHO

JIOPIBHIOE
n

— alJA  D<k> |
D2

<k>
ASK> |aijA i D
JIiH Makc ™

€0.(10)
i=1 j=1j#k

Koxxern enmemeHT (OKpiM BHIIQAKy j = K) TOBHOI
«Tabnuii  3HaKiB»  CIIBMAJa€ 31 3HAKOM  BHUpasy
<k> <k>
l]A l]D - aiinjD .
3a ymoBu j = k BusHaunuku D<*> Ta D He MaroTh
CHIJIbHUX KOe(iIliEHTIB, TOMY MaKCUMIi3arlisl (MiHiMi3alis)
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PO3B’SI3KY Xj 3a Koe(illieHTaMHU [l Ta €; MOXE IPOBO-
JMTHCS HE3aJIEXKHO U1 BU3HAYHUKIB D<¥> Ta D, ane ciin
BpaxoBYBaTH 3HAKH BU3HAYHHKIB.

3armummemo (opmyny st QyHKIIT X, IO 3aJISKUTH
BiJl 3MIHHHX Ly Ta ;"

ukbiA<k>ik + D<k>

(11)
& Aye +D

X (Mpe,Ei) =

3HaleMO YacTKOBY TMOXITHY PO3B’S3Ky Xj 3a
3MIHHOIO [, TipH €;, = 0, BOHa Oyjie JOpiBHIOBATH:

9y (M) _ b Ay

12
o 5 (12)

l'onoBHa miHilHA YacTHHA TPUPOCTY PO3B’SI3KY Xj B
touni €y =0, Y =0 (floro moBHuil mudepenmian) 3
ypaxyBaHHs JIMIIIE CTOBIIA j = Kk Oyae TOpiBHIOBATH:

<k>
_ QA D

DZ

<k>
biA ik

A<k>_ 5 Wy

n
JTiH_E

i=1

Agy ),(13)

Ay, — IpUpiCT 3MIHHOT [y ;
Ag;,— IPUPICT 3MIHHOI £y,
BBaxkarouu, 5K i paHiine, mo s BCix i ta j (j = k)

ac

JOTPUMYEThCS HEPIBHICTh |£U| <&y, OTPUMAEMO, IO
HaiOlbIIe 30UIbIICHHST PO3B’SI3Ky B JIIHIHHOMY HaOJu-
JKEHHi Oyzie npu |£i j| = g, 1 BOHO JIOPIBHIOE

n
A —Z D+

JIiH Makc ™
i=1

a A D<k>
| ik gz | '80. (14)

3BijcH OTPUMAEMO, IO KOXKEH ENEMEHT €;; Y BUIIATKY

j = k noBHoi Tabmuii 3HaKiB («+» abo «—») Mae Tpo-
TUIIEKHUH 3HAK Bijl 3HAKy 100YTKY a;, Ay D<K, Ta koxken
eJeMeHT A, Mae 3HaK, CIiBIAJAI0YUid 31 3HAKOM BHpPasy
b A<k>; . . o
L > ik Ta 3HAKM JOPIiBHIOIOTH HYIIO, SKIIO BiIMOBiIH

BUpPa3H JIOPiBHIOIOTH HYIIIO.

IIporpamue 3a0e3ne4yeHHs AOCTIIZKeHHA CTIHKOCTI
po3B’si3kiB CJIAP. [l MOXIHBOCTI TOPIBHSHHSA pe-
3yNIbTaTiB OyJ0 CTBOPEHO MporpaMHe 3a0e3ledeHHs, M0
JIO3BOJISIE KOPHUCTYBadeBi qocmimkyBaTu criiikicte CJIAP,
0 TpeACTaBJeHi B MaTpuaHOMY Burisiai (1), iHTepdetic
SIKOTO 300pakeHo Ha puc. 1.

- cEm

Loae My Wactr £: Lowd Vwetor

L LAY = 47, RRIRRRITI) =i
Compube itandty o | Epodos Dol

Alhmonsn swilavirt poas sanie srn

ot Almalinie anealpaloies Bl *

Puc. 1. Bikno nporpamu

KopucryBau Moxe BBecTH MaTpuilio cucteMu A Ta
BeKTop mpaBux yactud b. [Ipu 11boMy BBEICHHS MOXIIUBO
K 3 KJIaBiaTypH, TaKk M LULIXOM iX 3aBaHTaKeHHS 3a
JormoMoror kHomok «Load Matrix» ta «Load Vector». B
HIDKHIH 9acTHHI BiKHa Iepen0adeHo BHBEICHHS 3BITY 3
pe3yabTaTaMu JTOCHIKSHHSIM CTIHKOCTI.

3BIT 3 JOCHIHKEHHSIM CTIHKOCTI MICTUTB:

® DO3B’SI3KM CUCTEMH JIiHIMHMX anreOpaiuHux
PiBHSHB;

e MoIHBI Bapianii po3s’s3kiB CJIAP;

e MOXIMBI Bapialii 3HaYeHb BH3HAYHHUKIB, SKi
BUKOPHUCTOBYIOTBCSI y pO3paxyHKax;

e JleTalibHy iHGOPMAINIO OO0 YMOB, HPHU SKUX
PO3B’sI3KM a00 BU3HAYHUKH 3MiHIOIOTh 3HAK.

UnceJbHMil eKCIIEPUMEHT 3  JOCTiKeHHSIM
NMOJINIIEHOT0 MeToay moOyaoBM Tabdauuni 3HakiB. Jlns
TIOPIBHSIHHS PE3yNbTaTiB JOCIIHKEHHS CTIHKOCTI CHCTeM
JMHIMHUX anreOpaiyHuX piBHIHb METOAOM IOOYIOBH
TAOJUIl 3HAKIB 3a BH3HAYHHKAMH Ta MOOYIOBU TAONHIL
3HAKIB 3a MOXIAHMMH [UIEHHS IBOX BU3HAYHMKIB 3T1JHO
¢dopmynun Kpamepa Oynu mnpoaHani3oBaHi BHUIAJKOBO
CTBOpEHI CHCTEMH JIIHIHMX anreOpaiuyHuX PiBHSHb.

I'padix 3 MOpIBHAHHSIM PO3MOINY BiAHOCHHMX Bif-
XWJIEHb PO3B’SI3KIB X;, 1110 3aJI€XKAaTh BiJl BI/IHOCHUX BiIIXHU-
JIeHb TapaMeTpiB € 3a JIBOMa METOJaMM HaBEleHWH Ha
puc. 2, Ta rpadik po3mojily YTOYHEHb OLIHOK 3a TOXij-
HUMH JIUJICHHS IBOX BU3HAYHUKIB 3TifHO (opmynu Kpa-
Mepa Juis KOXHOro po3B’sizky x; uiss CJIAP posmipHocTi
n = 5 HaBeJeHuii Ha puC. 3.

01

= = w »[loninuednih meton
Tpanuumina meTon

0.01

0.001

0.0001

0.00% 2000%  40.00% 60.00%  80.00% 100.00%

Puc. 2. Po3mofin BifHOCHUX BiJXHIEHb PO3B’SI3KIB X;

3
18
16
24
22

2
1B
16
14

1.2
0.00%, 20,00% 40,00% BOO0%  BOOOY%  100.00%
Puc. 3. Po3mofin yro4HeHb OI[iHOK

CTOCOBHO YTOYHEHb OI[IHOK KOXXHOTO OKpPEMOro
pO3B’s3Ky MOXemo OauntH, mo yrouHeHHS it 50 %
PO3B’sI3KiB HE NEpeBHLIYIOTH 1.15 pasiB, yTOUHEHHS I
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1. 1. MAPYEHKO, M. M. MAJIBKO, 1. I'. MAPYEHKO

KOMIT'FOTEPHE MOJIEJTFOBAHHSI ITPOLECIB U@ Y31 ¥ IOXWJIAX ITPOCTOPOBO-
HNEPIOMYHUX ITOTEHIJAJIAX

HemoznaBHo 0yJ10 I0Ka3aHo, 110 B ICTOTHO HEPIBHOBAKHUX cHcTeMax KoedilieHT audysii Moxe BecTH ce6e HeMOHOTOHHO 3 TemiepaTyporo. O fHuM i3
MPHUKJIAAIB TAKUX CHCTEM 3 aHOMAJBHOI TEMIICPATYPHOI 3aJIEKHICTIO € PyX OpPOYHIBCBKHX YaCTOK B IIPOCTOPOBO-NIEPIOAUYHHUX CTPYKTypax. Meroro
cTaTTi OyJIO JOCIIUKEHHS 3MIHM TEMIEepaTypHOI 3ajexHOCTi andysil B HemomeMn(poBaHMX CHCTEMax 3 HHU3bKUM Koe(iulieHToM Teprs. B pobori
METOJIaMH KOMII IOTEPHOIO MOJEIIOBaHHS BHBYCHO 3MiHA KoediuieHta audys3il 4acTHHOK B IMIMPOKOMY [ialla3oHi TEeMIEepaTyp B HaXHICHHX
[IPOCTOPOBO-TIEPIOIMYHUX OTEHIiaNax 1l PI3HUX 3Ha4YeHb KoediuieHTa TepTs. [lokasano, mo audysis gocsrac MaKCUMyMYy IIPH NEBHIH BeIHYHMHI
30BHIIIHBOI CHJIH. 11 3HAUEHHS 3aleXKuTh Bij BenmunHn koedinienta Tepts. ITokazaHo, 0 HA BiAMiHY Bia 3BHYaiiHOI 3anekHOCTI Appenuyca, B pasi
HAXWICHOrO MEepPiOJUYHOro IOTEHLIady, MaKCHMalbHHIl KoedimieHT audysii 3pocTae, a HE 3MEHLIYETHCS 3 MOHIDKCHHSIM TeMIepaTypu
eKCIOHEHI[IaJIbHUM YHHOM. BCTaHOBJIEHO, 10 Taka 3aJIeKHICTh XapakTepHa Julsl Beix HexozxeMidoBanux cucteM. [lokaszaHo, o A MPOCTOPOBO-
MEePIOANYHHX CTPYKTYp iCHYe 0OMeXeHa IiISTHKA CUJI, B IKOMY CIIOCTEpIraeThCs 3pocTaHHs koediumienTta qudysii 31 3MeHIIeHHM Temnepatypu. Lle
00J1acTh Tak 3BaHOT TeMIepaTypHo-aHoManbHOT audy3ii (T A/T). BusHaueHo mvprHa i monoxenHs obsacti TAJ] B 3anexHOCTI Big koedilieHTa TepTs y
imapamerpis cucremu. IToka3aHo, 10 31 3MEHIICHHAM Y, upuHa oonacti TAJ] 3meH1yeThest mpornopiiiuo y. [Tpu oMy koedinienT audysii B odmacti
TAJI, HaBniaku 3poctae ~y. OTprMaHi JaHi po TeMIIepaTypHO-aHOMaJIbHOT AU (Dy3ii MArOTh BaX/IMBE 3HAYCHHS JUIsL PI3HUX 00Js1acTeil (i3uKK i TeXHIKK
Ta BIIKPHBAIOTh NEPCIIEKTUBH CTBOPEHHS HOBITHIX TEXHOJIOTIH yIIpaBIiHHS ponecamMu Audysii.
KutrouoBi ciroBa: audysis, KOMII IOTepHE MOZCIIOBAHHS, MEPIOUYIHI CTPYKTYpH, PIBHAHHS JlaHkeBeHa, HepiogudHi Mot

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

KOMIIBIOTEPHOE MOJAEJIMPOBAHUE ITPOLNECCOB IN®®Y3UU B HAKJIOHHBIX
ITPOCTPAHCTBEHHO-TIEPUOMYECKHUX IOTEHIINAJIAX

HenaBHO ObLIO MTOKA3aHO, YTO B CYIIECTBEHHO HEPABHOBECHBIX chcTeMax Kod(duuuenT nuddy3un Moxer BecTH cedsi HEeMOHOTOHHO C TEMIIEpaTy poid.
O}lHl/IM u3 l'lpl/lMepoB TaKUX CHCTEM C aHOMAaJIbHOM TemnepaTypHoﬁ 3aBUCUMOCTBIO SBJISACTCS JIBUXKCHHEC 6pOyHOBCKl/IX 4JacTul B HpOCTpaHCTBCHHO-
HEepHOTUYECKUX CTPYKTypax. Llenbio craThu ObLIO HCClelOBaHHE M3MEHEHMS TeMmIlepaTypHOH 3aBucumocTd Judy3Hn B Hel0AeMI(pUPOBAHHBIX
CHCTEMaX ¢ HU3KMM Ko3dpuuneHToM Tpenus. B pabote MeTogaMi KOMITBIOTEPHOTO MOJICINPOBAHHS H3y4eHO M3MeHeHHe Ko3hdurmenta quddysnu
YaCTHI[ B HIMPOKOM JUANAa30HE TeMIEpaTyp B HAKIOHHBIX IIPOCTPAHCTBEHH O -NIEPUOANUECKHX MOTEHIHANAX [UIsl Pa3IMYHBIX 3HAUeHHI Kod(urmenta
Tpenus. Ilokazano, 4ro auddysus T0CTHUraeT MakCHMyMa IpH ONpEAeICHHOH BEIMYMHE BHeENIHeH cuibl. Ee 3HaueHHe 3aBHCHT OT BEIMYHHBI
kod(duienta tpenus. [Toka3aHo, yTo B OTIAMYHE OT OOBIYHOH 3aBMCHMOCTH AppeHuyca, B CIydae HAKJIOHHOTO MEPHOAMYECKOro IOTEHIIMaa,
MaKcuMasbHbII Ko3Gduument quddysun Bo3pacraet, a He yObIBACT C IMOHMKEHUEM TEMIIEPaTypPbl SKCITOHEHIIMAIBHBIM 00pa30M. Y CTaHOBIICHO, YTO
TaKas 3aBUCUMOCTb XapaKTepHa JULsl BceX HeoAeMnpupoBaHHbIX cucteM. [1oka3aHo, 4To 171 IPOCTPAHCTBEHHO -IEPHOANYECKUX CTPYKTYP CYLIECTBYET
OrpaHMYEHHBIN Y4aCTOK CHII, B KOTOPOM Habmoaaercs poct koddduunenta nuddy3un ¢ yMeHbIICHHEM TeMIIepaTypbl. DTO 00J1aCTh TaK HA3bIBAEMOI
TemneparypHo-aHoMasibHoi auddysun (TAJL). Onpenenens! mwuprHa U nojaoxenue odsactu TAJl B 3aBUcMMOCTH OT KO3()(ULMEHTAa TPEeHUs Y U
napaMeTpoB cuctemsbl. [lokazaHo, 4TO ¢ yMeHbLIeHHEM Y, mupuHa obnactu TAJl ymensiaercs ~y. [Ipu arom koadduunent auddysuu B odnacti
TAJl, Ha060poT BO3pacTaeT MPONOPLHOHANbHO Y. IlomydyeHHbIe JaHHBIE O TEMIEPAaTypHO-aHOMANbHONH JH((Y3HH UMEIOT Ba)KHOE 3HAYEHHE s
Pa3IUUHBIX 007acTel (PU3HKU U TEXHUKU U OTKPBIBAIOT IIEPCIEKTUBBI CO31aHNS HOBEHIINX TEXHOJIOTHHI yHpaBIeHus npouneccamu Auddy3um.
Kiiouesble c10Ba: 1uddysus, KOMIBIOTEPHOE MOJSINPOBAHUE, IEPUOANIECKHE CTPYKTYPhI, ypaBHEeHMs JIaHKeBeHa, IePHOANYECKHIE 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. V ocraHHI pOKH CITOCTEpiraeTbesl 3pocralo-  BHKOHaHI X. Pickenom [5]. Bymo mokazano, mo mis

Ml 1HTEepeC 70 eKCIIePUMEHTAIbHOIO BHBYCHHS IPHUCKO-
peHHs Au¢y3ii 9aCTOK NUIIXOM BHUKOPHCTAHHS 30BHIII-
mporo mons [1-4]. 3MiHrOMOYM XapaKTEPUCTHKH TIOJIS
MOXHa e(eKTHBHO BIUTUBATH HA mponecH andysii. Lle Bix-
KpHBA€ HOBI TEXHOJIOTIYHI MOXIJIMBOCTI KepyBaHHS TH(]y-
3i€r0.

[epri TeopeTnyHi KoCTiHKEHHS pyXy BpoyHIBCHKHX
YaCTOK Yy TOXWIMX TEpiOJUYHUX MOTeHIianax Oyian

HEIOAEeMII(pOBAHOTO BHITAJKy BAKIUBUM Yy IIOBEIIHII
aHCcaMOJIFO YacTHHOK € TIOBa <«JIOKATi30BaHUX» Ta
«Oiryanx» pimenb. X. PickeHoM Oymum oTpuMaHi BHpasu
JUIS PYXJIMBOCTI YaCTHHOK. Y TOH JK€ Yac TOBEIiHKY
koedinierTy nudysii He Oyn0 FOCITiIHKEHO.

Ie meBHOFO MipOFO TIOB’s[3aHO 3 THUM IO, IO aHAJITH-
YHi MeToxu DpimeHHA piBHIHHS @okepa-Ilnanka, sKki
BUKOPHCTOBYBAJIIUCS aBTOPaMH, TIOraHO TPHCTOCOBAHI 10

© 1. I. Mapuenko, M. M. Masneko, 1. T'. Mapuenko, 2019
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CHCTEM 3 MaJlO0 JIMCHIIAII€0. AJNBTEPHATUBHUM CIIOCO-
6oM BUBUEHHS IporeciB qudy3ii i TpaHCHIOPTY YaCTHHOK €
npsIME YHCENTbHE MOJCIIOBAHHSA aHCAMOJI0 YaCTHHOK 32
JIOTIOMOT'0I0 CTOXAaCTHYHMX piBHSAHD JlamkeBena. ®@. Map-
4e30HI [6] OyJI0 BCTAaHOBJICHO, IO MU(Y3is YACTHHOK B
cHCTeMax 3 MaJIOl0 JIMCHUIAIIEI0 ICTOTHO 3pOCTaE MoOIN3y
neskoi kputuyHoi cutd. [lopaneine BuBYeHHs AU y3il mij
BIUIMBOM TIOCTIHHOI CcWiM OyJO IOB’s3aHO 3 PoOOTaMuU
rpynu K. Jlingentepr. ¥ poGoti [7] BoHM BHepiie moka-
3aJIH, 10 B MOXWIMX MEePiOANYHUX MOTeHIiatax Koedimi-
€HT nudy3ii MoXe BeCTH ceOc aHOMATBHUM YWHOM. [Ipn
JISIKOMY 3HAUCHHI CUJIM BiH 3pOCTaB 3 MOHKEHHAM TEM-
nepatypu T. TemmepaTypHy 3aleXHICTh MAKCUMAaIbHOTO
koedinienta nudy3ii BOHM anpoKCHMYBAIH CTYNEHEBOIO
3a1ekHICTIO: Dy ~T 35, Tlopanemi jpociimkenns [8]
MOKa3ajy, 0 Taka anmpoOKCHMAIlisl CIpaBeJIiBa JIMIIE B
Jy’)Xe BY3bKOMY Jiama3oHi Temmneparyp. byno BcraHoB-
JIEHO, IO B HEMOJEeMIIpOBAHUX CHUCTEMax iCHye oOMexe-
HUH 1HTEpBaJ JIIOYUX CHJI, B SIKOMY Koe(ilieHT anudysii
3pOCTa€ 3 NOHMKCHHAM TEMIIEpATypu CKCHOHCHL[iaHbHI/IM
aunoM (D~ exp(lel/kT)). Byno nokasano, mo ¢izuunoro
NPUYUHOID TAKOTO 3POCTAaHHS € EKCIIOHEHIliajJbHEe 3pOC-
TaHHS KOPEJILIIHOIO 4acy Tco, 13 3HIKEHHSIM TeMIlepa-
Typu. Y [9] Oyna noOynoBana ()eHOMEHOJIOTIYHA MOJIENb,
III0 MOSICHIOE TaKy TEMIIEPATYPHY 3AICKHICTD Toop. [HTEP-
BaJI CHJL, B SIKOMY JH(y3ist 3pOCTAE 31 3MEHIICHHSIM TeMIIe-
patypu, OyB HaMH Ha3BaHHMII 00JIACTIO TEMIIEPaTypHO-aHO-
manbHoi qudysii (TA) [10]. L. Cokonos i b. JlingHep
[11], mpoBiBIIM YKCEIbHE MOJIEIIOBAHHS ISl PSAY PI3HUX
3Ha4YeHb KOC(IIi€HTIB TePTs, MMiATBEPAMIN HAIll BUCHOBKU
[8, 9] mpo icuyBaunst TAJl B 06MexeHOMY iHTEpBAIi TIPH-
KkiaaeHux cui (kopaonax TA/D).

OnHak, 10 TenepiliHbOro Yacy BiJICYTHI JaHi M0N0
MOCHJICHHS TMQY3ii B 00JIACTI HU3bKHUX 3HAYEeHb Koedillie-
HTIB TepTs 1 TemrepaTyp. MeToro naHoi poOOTH € JOCIi-
JOKEHHS 3aJIeKHOCTI KoedilieHTiB qudys3ii Bin Temmepa-
TYpH 1 TEPTS METOAAMH KOMII IOTEpPHOTO MOJETIOBAHHS Y
MOXMJIAX MPOCTOPOBO-TIEPIOINYHHX ITOTEHIIIaaX.

Metoanka Mozae/Il0BaHHsA. PyX 4acTUHOK Ha OTHO-
BUMIPHOI PELIiTI i [Ii€l0 30BHILIHLOI cuiid F onucysa-
BCs piBHAHHAM JlamxkeBeHa:

. du :

ne t — 4gac, X — KOOpJHMHATA YaCTUHKU B OJHOBHUMIPHOI
peuitii, m — ii Maca, y — koedimient Tepts 1 §(t) — Oinmii
layciB orym 3 OMUHUYIHOIO iHTEHCHBHICTIO. Kparika 3Bepxy
O3Hauae AU(epeHIiIoBaHHS 110 Yacy.

[orenmiitHa enepriss U YacTHHKA B OJHOBHMIipHOI
TIEPiOIUIHO] PEIIiTI TOPIBHIOE:

Ulx) = —%cos (%x), (2)

Je a — TmocTiiiHa pemriTku, a U, — BUCOTa TMOTEHIIITHOTO
Oap’epy. Ilapamerpm BHKOPHCTOBYBAHOTO IIPOCTOPOBO-
MEPIONUYHOT0 TOTEHIiaTy OylmM TUMH K, MO 1 B
poGorax [8,9]: U, = 0.08 3B, a = 2.0A. Maca uacruuox
BiAMOBiaNia Maci BOMHIO 1 JopiBHIOBaia | aToMmHOI
OIMHHUI[I MAaCH.

Ha pyxomy 49acTky fi€ nepioauyna cuiia 3 60Ky peti-

auv . 2n T
TKH: F,i = —— = F; sin (— x). Benuuuna F, =-U,
dax a a

Ha3UBAETHCS KPUTHYHOKO cryioro [12, 13], BiamoBigae MiHi-
MaJIbHIH [ifouiii cuil, HeoOXiAHOI IS IOJONAHHS B B’SI3-
KOMY CEpEeJIOBHIIl €HEepPreTHIHOro 0ap’epy, MO PO3ALIIE
JIBA CYCIJHIX TIOJIOKEHHS YaCTHHKH Ha OJHOBHUMIPHOI
periTii.

CroxactnuHi piBHSHHSA (1) — (2) A5 KOXKHOT YacTKU
BHPIITyBaJIMCS YUCETbHO MeTooM Eiinepa [14] 3 kpokom
no yacy mo cranoBuB MeHme 0.01 mepiony BiacHHX Ma-
X KoiuBaHb. CTaTHCTHYHE YCEpEAHEHHS MPOBOAMIOCS
10 aHCaMOJTIO 3 KiIbKICTIO YaCTUHOK He MeHmte. N = 10,
[TowyaTkoBi yMOBM 3a1aBajycsi HACTYIHUM YHHOM: YacTKa
po3Milanacsi Ha IMOYaTKy KOOpIWHAT 1 ili BHIIAIKOBUM
YMHOM TIpHCBOMOBajiachk HIBHAKICTh. IlIBHKicTh Maina
posmnoain MakcBemuia 1o temnepatypi. s qocarHeHHs
piBHOBar# siK 3a IIBUAKOCTSMH, TaK i 3a KOOpAHHATAMHU,
IPOBOMIIACS TepMaizallis cucteMu npotsrom 10* kpokis
no yacy. SIK mokaszanu po3paxyHKH, HICIsl LBOr0 4acy
pO3MOALT, SIK 3a KOOpAWHATAMH, TaK i 3a HIBUAKOCTSIMH
aHcaMOJI0 4YaCTMHOK He 3MiHIoBajiocs. B mporeci
TepMajizaiii YacTKH MOIJH 3IIHCHIOBaTH CTPHOOK B
CYCiHI eleMeHTapHI KOMIPKH OJHOBHMIPHOI PEIIiTKH.
Jus Toro mo6 audy3is YacTHHOK MOXOAMNIA 3 MOYaTKY
KOOpAMHAT TaKi YacTHHKHU IepeMillanacs B Mepiny ele-
MEHTapHY KOMIpKY IIISIXOM TPaHCISLIT Ha LTy KUTBKICTh
MOCTIHHHUX PELIiTKH.

Koeoimient nudysii odumcioBagcs no aucrepcii B
pO3MoAiii aHcaMOJII0 YaCTUHOK. 3BUUaiiHa audy3is Xxapak-
TEPU3YETHCS JIIHIHHOIO 3AJIEKHICTIO CepelHbOKBAIPATHY-
HOT'O BiJIXWJICHHS] YaCTUHOK Y 4aci:

<o’ >t (3)

VY pasi peanizanii ocoOnuBuUX pexumiB audysii ms
3aJIeKHICTh 3MIHIOETBCS:

< o? >t 4

Ipu o < 1 roBopars npo cyoaudy3iro, anpua > 1 —
npo cynepaudysieto. Sk Oyno mokazaHo paHilie, B CUCTe-
MaxX 3 HU3BKUM TEPTSIM OCOOJIMBI pexxuMu audy3ii HOCITh
nepexizHuii y vaci xapakrep [15, 16] i, micis BcTaHOB-
JICHHS CTalliOHAPHOTO CTaHy, TUCIIEPCis B PO3IOILTI dac-
TOK OMHCYEThCS cTaHmapTHuM BupasoM (1). Ha pme. 1
MOKa3aHO CTaHOApTHHUHN rpadik 3MiHU AWCHEpCii 3 YacoM
aHCaMOJFO YaCTHHOK ITiJl Ti€0 30BHIITHBOI CHITU. 3 pUCY-
HKY BHIHO, 10 P&KUM «3BUUaitHOD» Muy3ii Hactae Ha
BEITMKUX MPOMIXKKaX dacy. TakuM YHHOM, JUIsl KOPEKTHOT'O
obuncieHHs KoedimieHTa audys3ii HEOOXITHUNA TOCHTH
BEJIMKHUN TIPOMIXKOK Yacy MPOTATOM SIKOTO < 6% > t.

3a Bm3HauYeHHAM B |-MipHOi cucTeMi Koe]imieHT
mudy3ii TopiBHIOE:

D =lim lim—, 5)

((x=(xN?) = o

£ 2t B

1€ OyXKKH (...) IO3HAYAIOTh YCEPEOHEHHS MO aHCaMOIIO.
st kopekTHOro obOumcieHHs KoedimieHTa mudysii BH-
3HAYaBCSl dYac Gy, JOCATHEHHS JIHIHHOI 3aJIeKHOCTI
mucnepcii Big dwacy. Koedimient nudysii Bu3HauaBcs
JiHIHHOIO amnpOKCHUMAIli€f0 aucrepcii Bix wacy mpu
t > 100ty;,.
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wjl

IO]

Puc. 1. 3anexnicts qucnepcii aHcamMOIII0 YaCTHHOK BiJT gacy.
Jliroua cuma F = 0.11Fy,y =3 x 1072, T = 0.39

Jlyis 3icTaBCHHS JaHUX, OTPUMAHUX B aHiil poOoTi,
3 pe3ylbTaTaMH IHIIMX aBTOPIB, MH TpPH TIOAaHHI
pe3yNbTaTiB MOJETIOBaHHS BUKOPUCTOBYBAIIM O€3p03MipHi
3HavenHs Temnepatypu T Ta koediuienTis Teprs y [7, 12]:

'

Tk ' a
_U_O'Y =V 2mUo (6)

T

Pe3ynbraTn i o6roBopenns. Hamu 0yno nposezneHo
YHCcebHEe MOJIENIOBaHHS PiBHSHG (1) JUls pi3HUX 3HAYEHb
koediienTiB TepTs 1 TemnepaTyp. Ha puc. 2 npeacrapneHi
3anexxHocTi koedinieHTiB andysii Big cuu. HaBeneni tpu
rpynu rpadikiB, BiIIOBIAIOTh pi3HUM KoedilieHTam
Tepts. JliTepHe MoO3HAYEHHS KPUBUX BIAIOBIZAE PI3HUM
TemrepaTypam. 3 rpyi rpadikiB BUAHO, IO TOJIOKEHHS i
mwmpuna obnacti TAJl (Arap) 3anexuts Big y. Sk
BUIUTUBAE 3 PUCYHKA, i BEJIMYMHHU JTIHIHHO 3MEHIIYIOThCS
3 y. Jletanbhuii aHanis ycix rpagikis mokasye, 10 Hpu
LOMY MaKcUMallbHe 3HaueHHs D JiHIHHO 3pocTae 31
3MEHIIEHHSM 7 .

o

.

2
!

D/D

ln'r R

| \ it
m'l[ |. :“ [
l

10’ ' 10’ '
F/¥
Puc. 2. 3anexHocti koediieHTiB AUQy3ii BiJ CHIH W PI3HUX
v =3-102 3-10° ra 3-10* —Bigmosiano rpymu kpusux 1-3.
Temneparypu T; =0.13, T, = 0.19, T; = 0.39

o6 3po3ymiTH (i3WdHI TPUIUHHE TAKOI ITOBEIIHKH
MpoaHaIi3yeMo 3MiHy QYHKIII pO3MOAITY YacTOK 3a
uuakoctsvu (V) 3i 3minoto y. Ha puc. 3 naBeneHo
npuknagu  rpadiku  (QYHKOII  pO3MOmITy UYACTOK 3a
MIBHAKOCTSIMH JUIS IBOX 3Ha4yeHb cuil (F; = 0.1F; Ta F, =
= 0.01F,) npu pi3sHUX 3HAYEHHAX Y, SKi TAaK caMo Bifpi3-
HAIOThCA Ha opsnok (Y = 31073 tay’ =3 - 107%),

Puc. 3. 3anexHicts QyHKIIT po3MmoisTy 4acTOK 3a MIBAAKOCTSIMHU
JUTS PI3HUX Y TIPY 3HAYEHHI CHITH 3 MakcuMaibeuM D (F).
T'=0.19,V —y = 0.003, A—y = 0.0003. CyminsHOW0 TiHi€t0
HaHECeHI pO3paxyHKOBI 3HAYEHHS BUXOJISIHU 3 MOJIEINI
IBYX ssMHHH noteHuiany [9]. ynkuis mae minimymu ipu V = 0
iV=Fly

SIK BUIHO HPM BUKOPUCTaHUX 3HAYeHHAX F 1 vy
(GyHKLIT PO3MOAITY YaCTOK 32 IIBUAKOCTSMH 30iraloThCs.

Ha pucynky Bennuuna Vy = /Uy /m.

3 anani3zy rpadikiB, HaBelIeHUX Ha pHUC. 3 1 IHIIUX
rpadiki n(V), cniz, mo npu Manux y QyHKIis po3noainy
33 IMIBUIKOCTSIMU 3aJ€KWUTh TIJIBKM BIiJl CIIBBIJIHOIIEHHS
F/y. Bnepme mne Oyno BigzHaueHo B MoHorpadii
X. Puckena (quB. puc. 11.22—11.22a [5]). 3 uporo ¢axry

MOXKHA OTPUMATH CKEHJIIHIOBE 3aleKHOCTI, SK s
pyximBocTi, Tak 1 i koediuieHtiB  qudyzii. VYV
CTal[lOHAPHOMY  BUMNAJKY, SKIIO BigoMa  (yHKIis

posnoziny yacTuHOK 3a wmBHakocTamu n(V), MoxHa
3Haiti  pyxiumBicte dacturok: W(F;y) = (V)(F;y)/F,
ne (V)(F;y) = f:oVn(V; F,y)dV. Ockimexu n(V; F,y) =
n(V,F/y), 10 mus pyxiauBicTi
CIiBBiHOIIEHHS:

Ma€ BHUKOHYBATHCA

Ylu(Fl; Yl) = qu(F1Y2/Y1; Yz) (7)

Ha puc. 4 nokazasi 3ajexHOCTi YU Bi 6e3p03MipHOT
seaununnn f = F/(yVp) s pisHux 3HaueHs y. Bennunnda
Vp BiANOBiZa€ MIBUIKOCTI, MPHU SIKid KiHETHYHA EHepris
YaCTUHKH JIOPIBHIOE TOJOBHHI EHEpreTHYHOro Oap’epy
U(F) nns nepexony 11 3 OIHOTO MOJOXKEHHS 3 MiHIMaJb-
HOIO TIOTEHIIHOIO €HEePri€l0 B CYCiHE Ha OIXHOBHUMIPHOI
peuritui. 36ir rpadikiB yu(y, F/(yVg)) s pi3Hux 3HaYeHb
Y TATBEPIIKYE Te, M0 CKEHITIHTOBE CITiBBiIHOMICHHS (5)
BUKOHYETBHCS U CHCTEM 3 HU3BKHM TepTSAM. AHAJIOTIYHO
3 PYXJIMBICTIO, CKEWJIIHTOBI 3aJeKHOCTI MOXYTh OyTH
oTpuMaHi 1 s koedinienTa audy3ii. BixmosigHo 1o criB-
BimHOmeHH:AM Ky0o koedimienT mudysii moxxe OyTH OTpH-
MaHHH 3 aBTOKOpeTsiiHoi GyHkii [5]. ¥V cramionapHoMy
BHTIAIKY KoedimieHT mudy3ii Mmoxke OyTH po3paxoBaHWUit
HACTYITHUM 9rHOM [17]:

il ?
D=7 [ | @-wnna| mwav, ©
Je ( — IHTeHCHBHICTh TEIUIOBOTO WHIYMY B IIPOCTOpI

MIBUAKOCTEH. AHAJIOTIYHO 3 PYXJIMBICTIO, BUXOISYH 3 BULY
sanexuocti n(V; F,y) = n(V; F/y), nerko nokasartu, 1o
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st KoedimieHTiB  mudy3ii B pasi  Maioro TepTs
BHUKOHYETHCSI HACTYITHE CITiBBIHOIICHHS:
Fiy
: D ( 2; )
Dl(Fl'Y1) - : Ty "2 ©)
£t 12
Lo "__.,.. e e
#
nA- fl
£
a T .19 d
> 0o /
04 / o i
02 /
e
"
(VB o I TH VSR Yot p—
1.5 2.0 25 30
F/(yV,)

Puc. 4. PyxnuBicTb HOMHOXEHA Ha KOS]ILI€HT TepTs B
3aJIeKHOCTI BiJl Benuunu F /(YVp) st pisHEX Y

Ha puc. 5 HaBezeHi rpadiku 3a1eKHOCTI KoedilieH-
TiB audy3ii Bix Iir04oi cunu Ui pi3HUX KoeillieHTIB
TEPTSl, IO BiPI3HIIOTHCS HA MOPSIIOK.
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Puc. 5. 3anexHocri koedinienTiB Audy3ii Bif AiH0401 CHIH IS
pi3HEX Y

MonentoBaHHsS NPOBOIAWIOCS IPU TPHOX PIi3HHX
Temnepatypax. Ilin mi€l0 CHIM 3MIHIOETBCS BEIMYHHA
6ap’epa U(F). OnHak, 31 3MEHIIICHHSM Y, BEIUYAHHA CHII,
mo oOMexyroTs obnacte TA/] Tak caMo 3MEHIIYIOThCA 1,
BIJITIOBITHO, IIpU TparHeHHi Koe(illieHTa TepTs A0 HyIs

U(F) - U,.
Ha puc. 5 obmacte TAJl, B sakiit koedimienT audysii
3poctae 3 TOHWKEHHSAM TEeMIepaTypH, BUIUICHUH

MTPUXyBaHHAM. 3 TpadikiB BHIHO, IO CKEHIIHTOBE
criBBigHOMIEHHS (7) BUKOHYETHCS 3 XOPOIIOK TOYHICTIO.
HeBennke po3xomkeHHS B ITaHWUX IS y'= 3-1072 i
y'= 3-1073 nor’s3ame 3 3TaJyBaHUM BHUIIE 3MiHOIO
U(F). Tomy BimmiHHOCTI B rpadikax HIiBEITIOETbCA 3i
3MeHIIeHHAM Y. Sk BUmHO 3 TpadikiB KpuBi sfKi Bii-
nopimarots y =3 X 1073 i vy =3.107* gificao npak-
THUYHO 30iraroThesl.

Ha puc. 6 moka3zaHO NOBENiHKY MaKCHMaJBHOTO
3HavyeHHA KoedimieHTa Mudy3ii Dy B 3aJEKHOCTI Bif
TeMIlepaTypy. BHIHO, 10 NpH HU3BKUX TEMIIEpaTypax

koepimieHT mUdy3ii  eKCroHeHmianbHE 3pocTae  3i
3BOpOTHOIO TemriepaTtypoto. lle, sk Oymo moxasaHO
panimie [9], BH3HAYAETHCS 3POCTAHHAM KOPEIAIIITHOTO
yacy. SIK BUIUIMBa€ 3 HaBEJCHUX Ha pHC. 6 JaHUX NpPHU
v < 0.03 rpadiku 3anexHocreit Dy/ U, He 3anexaTs Bif .
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Puc. 6. 3anexnicts koedimieHTa mugy3ii Bix 3BOpoTHOL
Temreparypu B 30di TAJl: y = 3 - 1072, F/F, = 0,1. CTpinkoro
MOKa3aHUH IHTEepBaJl TEMIIEpaTyp B AKOMY KoedilieHT audysii
3pOCTAE 3 MOHIKEHHSIM TeMIepaTypu

TakuMm 4YuHOM, 3 aHami3y JaHUX KOMII IOTEPHOTO
MOJCIIIOBAHHA BUIUIMBAE€, MIO IIpU MaJIUX 7Y MHIMPUHA
obmacti TAJl niHiiHO 3MeHIIyeTbcd 3 KoedillieHTOM
Tepts: AFpap = YVp. OnHak, MakcuMaibHe 3HaueHHd D B
it obnacti niHiiHO 3pocTae 3i 3MeHueHHsIM Y. LleHTp
TA/Jl po3ramoBanuii noonusy cunu F = 2yVg.

BucnoBku. Y po0oTI ociipkeHa 1udy3is 4acTHHOK
i1 €10 30BHIIIHIX CUJI B IPOCTOPOBO-TIEPIOIUYHHIX CHC-
TeMax, 110 XapaKTepU3ylThCS MaJMMH 3HAYECHHAMH KOe-
¢iuienTa teprs v. [lokasaHo, 110 y Bcix HenoaemndipoBaH-
HHUX TMEepIOAMYHUX CHCTeMaxX iCHye oOMexeHa o0JacTh
TeMriepaTypHo-anoManbHol audy3ii (TA). ¥ wiii odxacri
cun koedinieHT Andy3ii 3pocTae 3 NOHWKEHHSIM TeMIlepa-
TYpH.

Buznaueno mmpuny Ta nojoxenns obnacti TAJ] B
3anexxHocTi Bif y. [lokazaHo, 1110 31 3SMEHIIIEHHSIM Y IIUPHHA
obnacrti 3MeHIIyetbest ~vy. [Ipu pomMy koedinienTn nudy-
311 B 1i#f 00J1acTi, HABNAKU 3POCTAIOTH ~Y.

OTpumaHi 3aleXHOCTI BaXJIMBI I EKCIIEPUMEH-
TaJbHOTO BHUSBIICHHS SBHINA TEMIEPAaTYpHO-aHOMAJIBHO
mudy3ii 1 MOJambIIOro HOro BUKOPUCTAHHS B PI3HHUX Taly-
35X (hizmkw, Ximii Ta Giomorii.
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INFORMATION TECHNOLOGY

uDC 004.8 DOI: 10.20998/2079-0023.2019.01.09
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. IIIAIITAJIA, I'. /1. KHCEJIBOB

BUKOPUCTAHHSA BEKTOPHUX ITPE/ICTABJIEHD I'PA®IB /IJI51 IPOI'HO3YBAHHS 3B’S3KIB Y
WIKIPEDIA

IIporuo3yBaHHS: 3B'A3KIB € Ba)JIMBOIO 00JIACTIO TOCHIIPKEHHS B aHaJIi31 Mepex Ta Teopii rpadis, sika HAMAraeThCs BIANOBICTH HA MUTAHHS, YU MOXKY Th
Ba By31IM y rpadi B MaiOyTHbOMy MaTu 3B’530K. Ha choropuimmHiii gaeHb rpadu MOBCIOJHO HNPUCYTHI Yy HAlIOMY JKUTTI (COLialbHI Mepexi,
CJICKTPOTEXHIKA, JOPOrH 1 T.JI.), TOMY mHpoOiieMa Mae BUpIIIAJbHE 3HAYEHHS IJIsi PO3BUTKY IHTEIEKTYaJbHUX MOAATKIB. Y MHUHYJIOMY Oyin
3aIPOIIOHOBAaHI METOAM BUPIILICHHS 334l MPOrHO3YBaHHS 3B’ A3KIB 32 JOMOMOr010 airedpaiuHux GopMyIItoBaHb 1 eBPUCTUK, OJHAK iXHS BUPA3HICTb 1
MEPEHOCUMICTh He Oy 3a10BIIbHUMHU. OCTaHHIM 4acOM METO/H 1TOOY10BH BEKTOPHUX TPECTABIICHb 3POCIHN Y MOIMYJIIPHOCTI Yepes iX eeKTHBHICTh
1 37aTHICTh TepeaaBaT 3HAHHS MUK 3aBJaHHAMU. HaTXHeHHMH 3HAMEHUTHM B MAllMHHOMY HaBYaHHI Ta 0OpoOLi MPUPOIHUX MOB AOCIIJHUIBK UM
nigxonom Word2Vec, 11i MeTOIM HAMararoThCsi BABYMTH PO3IIOAIICHE BEKTOPHE npeacTaBieHHs. [licis nporo OiHapHuii kiacupikaTop, 3a1aHUH aporo
TaKUX BEKTOPIB, IPOrHO3YE WMOBIPHICTH ICHYBaHHs 3B'SI3KYy MK 3aKOZOBaHMMHM By3JIaMH. Y JaHiii poOOTI MM PO3IVISIHEMO IEKiTbKa MiIXOMAIB 10
BOynoByBauHs rpadikiB mis mpobmemu mpornosyBanus 3Bs3kiB y Wikipedia, a came Wikipedia2vec, Role2vec, AttentionWalk Tta Walkets.
IporuosyBauus mociiaub y koutekeri Wikipedia — e 3maxomKk eHHs CTOPIHOK, sIKi TOB's13aH] 4epe3 MeBHI CMUCIIOBI BiTHOCHHI. MU OIIIHIOEMO TOYHICTH
MIPOrHO3YBaHHS Ha BiZIOKpEMJIEHOMY HaOOPi 3B’53KiB 1 OKa3y€eMO, SIKMI 3 METOIB Kpallle 3HaXOMUTh acowiauii Mbk cyTHocTaMH y Bikinenii. Orpumani
Pe3yJIbTAaTH BKIIFOYAIOTH SKICHI (METOI TOJIOBHUX KOMITOHEHTIB JUTsl 3MCHIIICHHST PO3MIPHOCTI Ta Bidyaumisarii) i KiTbKicHI (TOYHICTB) BIAMIHHOCTI MiK
3aIIPOITOHOBAHMMH METOAAMH. Y PaMKax BHCHOBKY HaBOAATHCS TOAAIIBIII JTOCITIAHHUIbKI THTaHHS, BKIIFOYAI0YN HOBI apXiTEeKTypH 100Y10BH BEKTOPHHUX
[IPE/ICTABIICHb Ta CTBOPCHHS 3aralIbHOMPHITHSATOrO TECTy e(heKTUBHOCTI TAKUX IIPECTABIICHb .

KuiouoBi ciioBa: BeKTOpHI MpeqcTaBiIeHHs TaHuUX, MporHo3 3B s3kiB, Wikipedia2vec, Role2vec, AttentionWalk, Walklets, meton romoBaux
KOMIIOHCHTIB.

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

NCIOJIb30OBAHUE BEKTOPHBIX MPEJCTABJEHUI I'PA®OB JIJ151 TIPOTHO3UPOBAHUS
CBSI3EN B WIKIPEDIA

ITporuo3upoBaHue CBsA3€H SBIAETCS Ba)KHOH 00JIACTHIO HCCIEJOBAHHSA B aHANM3E CETei M TeopuH TpadoB, KOTOpask MBITACTCS OTBETHTH Ha BOIPOC,
MOTYT /iBa y371a B rpade B OyaymeM uMeTh cBsi3b. Ha ceropusmmmii neHs rpadbl HOBCEMECTHO MPUCYTCTBYIOT B HAIIeH JKU3HHU (COLHANBHBIC CETH,
JMEKTPOTEXHHKA, JOPOTH H T.A.), IOITOMY ITpodiieMa HMeeT pelaoliee 3HadeHne A Pa3BUTHS HHTSIUICKTYalbHBIX MPHIOKEHHH. B mpomaoM Obumi
IIPEIIOKEHBI METOBI PEIICHHS 3a1a9H IPOrHO3HPOBAHHS CBA3€H ¢ MOMOIIBIO anredpandecKux (hopMyIHPOBOK U IBPUCTHK, OJHAKO HX BEIPAXKEHHO CTh
U TIEPEHOCHMOCTE HU OBLIH yJOBICTBOPHTEILHBIMY. B moceqnee BpeMst METOIbI IOCTPOCHNUS BEKTOPHBIX IIPEACTABI CHHIl BEIPOCIIH B IOITYIIPHOCTH
n3-3a UX 3Q(HEKTHBHOCTH U CIOCOOHOCTH IIepeaBaTh 3HAHMS MEXIY 3aJadaMy. BIOXHOBIEGHHBIH 3HAMEHHTHIM B MAIIMHHOM 00y4eHUH U 00paboTke
€CTECTBEHHBIX S3bIKOB HCCIIEI0BATENLCKUM HoxxonoM Word2Vec, 9TH METOIbI IBITAIOTCSA H3YYHTh PAcIIpeeleHo BEKTOpHOe mpeacTaBienue. [locme
9TOro OMHAPHEIN KIaCCH(UKATOP, 3aJaHHBI Mapoil TAKUX BEKTOPOB, IPOrHO3UPYET BEPOSTHOCTD CYIISCTBOBAHUS CBS3H MEXAY 3aKOJHPOBAHHBI MU

© R.V. Shaptala, G.D. Kyselov, 2019
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y3namu. B nanHo# paboTe MBI pacCMOTPUM HECKOJIBKO MOAX0/0B K IOCTPOCHHIO BEKTOPHBIX MIPEACTABICHUN IS IPOOJIEMBI [TPOrHO3UPOBAHUSI CBSI3EH
B Wikipedia, a umenno Wikipedia2vec, Role2vec, AttentionWalk u Walkets. ITporuosupoBanue csizeil B kontekcre Wikipedia — 370 HaxoxaeHHe
CTpaHHMII, KOTOPbIE CBS3aHbI YePe3 OIPE/ICICHHbIC CMBICIIOBBIC OTHOLICHHUs. MBI OLICHHBAEM TOYHOCTH IIPOr HO3MPOBAHHUSI Ha OT/EJIEHOM Habope CBsi3eil
1 [TOKa3bIBaeM, KaKOil W3 METO/[0B JIy4IlIe HAXOAUT aCCOLMALIMN MEXK /Ly CYLHOCTMY B Bukumneanu. [TosrydeHHbIe pe3y ibTaThl BKIOYAIOT KAYECTBE HHBIC
(METO/I TJIABHBIX KOMIIOHEHT Ul YMCHBIICHUSI Pa3MEPHOCTH M BHU3yalM3allli) M KOJIMYECTBEHHbIC (TOYHOCTH) Pa3iIMYdsi MEXLY HpeiiaraeMbIMu
MerozaMu. B pamkax 3aKJIFOYEHHH HPUBOJLITCS TallbHEHMIINE HCCIIeI0BATEIbCKIE BOIPOCHI, BKIIFOYAsi HOBBIE apXHTEKTYPBI IOCTPOCHHUS BEKTOPHBIX
HPECTABJICHUH U CO31aHUE OOIICIPUHATOr0 TecTa 3 PEKTUBHOCTU TAKUX NPECTABICHHUIL.

KuroueBble ciioBa: BEKTOpHbBIE NpescTaBienus rpados, nporunos cesseil, Wikipedia2vec, Role2vec, AttentionWalk, Walklets, metox riaBabix

KOMITOHEHT.

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; € RYVi €{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 isthat it isan 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. 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. OPJIOBChKHH, A. M. KOIIIT, A. A. TIHBOBAPOBA

THOOPMAIIMHA TEXHOJIOT'I HIATPUMKH MPOLECY OUIHKHA HIHHOCTI KJIIEHTA B
PAMKAX PEAJII3AIII CRM-CTPATEI'TI HIAITPUEMCTBA

PosrasnyTo CRM-miaxiz i Meroau aHami3y KilieHTCbKoi 6a3u. Byio po3po0ieHo MaTeMaTHYHE Ta aAropuTMidHe 3a0e3MeueHHs aHai3y HIHHOCTI KIIiEHTa
B TOPrOBOMY MiINPHEMCTBI. AlropuT™miuHe 3a6e3nedeHHs npeacTtasiaeHo B Hotauii IDEFO0. byo po3po6ieno nporpaMHe pileHHsl JUIs OLiHK M I[IHHOCTI
KIlieHTa B TOproBoMy mianpuemcti. Ha iforo ocHoBi po3poGienuii Gpparment mozaeni nanux B Hotauil IDEF1x. Ha ocHOBI onpainbOBaHUX JaHUX 32
JIOTIOMOT' 00 PO3POOJICHOTO MPOrPAaMHOI0 PIIIEHHS PO3PaXOBYIOTHCS MApaMETPU OLIHKH LIHHOCTI KJII€HTIB B TOProBOMY MifnpueMctBi. Pozpobiene
MporpaMHe pillieHHs J03BOJISIE CErMEHTYBATH KII€HTChKY 0a3y 3a pi3HMMHU KPUTEPIsIMU Ta ()OPMYBATH MAPKETHHIOBI PEKOMEHIALIT Il KOXKHOT rpynu
KIIEHTIB. BUX0As4M 3 pO3paxoBaHUX MapaMeTpiB, KII€HTH ALIATbCSA Ha rpynu. B pe3ynbrati aHamizy, KOXKHA rpyra KJIi€HTIB OTPUMY€ MAPKETHHIOB Y
pexkomenanito. Ilicis 3acTocyBaHHS peKOMEH1allii O4iKy€eThCs MiABUIIEHHS KYIIBEIbHOT 3/laTHOCTI KIIIEHTIB, 110 BIAHOCATHCS J10 TPYIIH, 10 SKOi OyJa
HaJ/laHa MapKeTHHroBa pekoMmeHjauis. 1lle oHuM BUKOPUCTOBYBAHMM METOJIOM aHaNi3y KJIIEHTCHKOI 0a3u B pO3pOOJIEHOMY MPOrpaMHOMY PillICH Hi €
BOPOHKA MPOJAXIB, siKa BijoOpaxae e(heKTUBHICTh POOOTH MAaPKETMHIOBOI'O MiJPO3/ily HAa KOXKHOMY 3 €TalliB IMPOAAXKY, THM CAaMUM JJO3BOJISIOYH
BUSBUTH ci1abKi Micid B poOoTi Bifaiay npojaxkiB. Takum 4MHOM, HA BiIMiHY BiJl iICHYIOUHX pillleHb, PO3POOJIEHE MPpOrpaMHe 3a0e3MeU eHHS J103BOJIsE
HE TIJIbKM CErMEHTYBATH KJIIEHTIB 3a X BapTICTIO, aJie i HaJlaBaTH MAPKETUHIOBI peKOMeH ALl Juis 301IbIIeH s TpUOYTKY nijinpruemMcrBa. @opMyBaH Hs
peKOMEH a1l 371l CHIOETBCS Ha OCHOBI PO3POOJICHOr0 MaTEMAaTUYHOTO 3a0€3IIeYCHHS, Ha OCHOBI SIKOI'0 BUKOHYIOTBCSI PO3PAXYHKH, 32 PE3yJIbTaTaMU
SIKMX KJILEHTH PO3MOAIIAIOTHCS Ha TIEBHI TPYIH, KOXKHIH 3 SIKHX HAJAK0ThCS BIAMOBIAHI MApKETHHIOBI pekoMenaanii. Kpim Toro, po3pobiieHe nporpamue
PpilIEHHS 103BOJIE€ BUKOHYBATH HE TUIBKH 10OY0BY BOPOHOK IPOJAXIB, a i iXHIN aHaIi3.
KuarouoBi ciioBa: kiieHT, LiHHICTD Kili€eHTa, Knacu@ikauis kiienTtiB, CRM-nizaxia, anani3 uiHHOCTI, BOPOHKa mpojaaxis, RFM-ananis.

JI. /. OPJIOBCKHH, A. M.KOITII, A. A. THBOBAPOBA

NHO®POPMALIMOHHASA TEXHOJIOTI'US ITIOJJEPKKHU ITPOIECCA ONEHKH HEHHOCTH
K/IMEHTA B PAMKAX PEAJIN3AIINNA CRM-CTPATEI'IA ITPEAIIPUATHA

Paccmorpenst CRM-1oixoy 1 METO/Ibl aHaIN3a KIMEHTCKOH 0a3bl. Bbuio pazpaboTtaHo MareMaTHYECKOE M aarOpUTMHUYECKOe oOecreyeHe aHam3a
LIEHHOCTH KJIMEHTa B TOPrOBOM NpENpusiTHU. AlroputMuueckoe obdecnedenue npeacrasieno B Hotauun IDEF0. Beuio pa3pabotano nporpammH oe
pelieHue Ui OLEHKM LEHHOCTH KJIMEHTA B TOProBoM npeanpustui. Ha ero ocHoBe paspabortan ¢parmMeHT Momenu naHHbiX B HoTaimu IDEF1x. Ha
OCHOBE 00pPaOOTaHHBIX JAHHBIX C HOMOIIBIO Pa3pabOTaHHOTO MPOTPAMMHOTO PEHICHUS] PACCUMTHIBAIOTCS MApaMETPhl OLCHKH IIGHHOCTH KIHCHTOB B
TOProBOM MpeAnpusATuH. Pa3paboTaHHOE MPOrpaMMHOE PEIHICHHE MO3BOJIET CErMEHTHPOBATh KIMEHTCKYIO 0a3y IO pa3aMYHBIM KPHTCPUSIM H
(opMHpOBaTH MAPKETHHTOBBIC PEKOMEHIALNHN AT KaXKJOH TPYIIIEl KIMEHTOB. McX0as U3 pacCUMTaHHBIX ITapaMeTPOB, KIMEHTHI JCATCS Ha TPYIIIIBL.
B pesynprate aHammza, KakIas IpyNHa KIHEGHTOB IIOTy4aeT MapKeTHHTOBYIO pekoMeHAanuio. Ilocie mpuMEHEHHs DPeKOMEHAAIUH OXKHIACTCS
MOBBILICHNE NTOKYHATeIbHAas CIIOCOOHOCTH KIMEHTOB, OTHOCSIINXCS K TPYyIIe, K KOTOpoil Oblia mpegocTaBaeHa MapKeTHHIoBas pekoMenaanus. Emre
OIHUM HCIIOIb3yeMbIM METOIOM AaHAJlH3a KIHEHTCKOH 6a3bl B pa3pabOTaHHOM MHPOTPAMMHOM PEHICHHH SBISIETCS BOPOHKA IPOJAX, KOTOpast
orobpakaeT 3G (HeKTHBHOCTh PaOOTH MAPKETUHIOBOI'0 TIOAPA3AEICHHUS Ha KajKIOM U3 9TalloB MPOJAaXHU, TEM CaMBIM MO3BOJISS BBIIBUTE CTa0bIe M ecTa
B paboTe oTaena nmpoxax. TakuM o6pa3oM, B OTIMYHE OT CYIMIECTBYIOMINX PElIeHHH, pa3paboTaHHOe IPOrpaMMHOE 00 ecIiedeHre T03BOIIIET He TOIBKO
CerMEHTHPOBATh KIMEHTOB IO HX CTOMMOCTH, HO U HPEACTABIATh MAPKETHHTOBBIC PEKOMEHIANUH I YBEIMYCHHS HPHOBIINM NPEANpHATHS.
DopMHpOBaHHE PEKOMEHIAINI OCYMIECTBISIETCS HAa OCHOBE Pa3paOOTaAHHOTO MATEMAaTHUECKOr0 O00ECHEedeHHs, HA OCHOBE KOTOPOTO BBHIMONHSAIOTCS
pacuersl. Ilo pe3ymbTaTam pacyeToB KIHMEHTBI JEATCS Ha ONpPENeNeHHBIC TPYMIBI, KaXKI0H H3 KOTOPHIX HPETOCTABIIIOTCS COOTBETCTBYIOIINE
MapKeTHHTOBbIE peKoMeHaanun. Kpome Toro, paspabotanHoe MporpaMMHOE PelIeHre T03BOJISIET BBITONHATH HE TOIBKO IIOCTPOCHHE BOPOHOK MPOJaK,
HO U UX aHaJIHu3.
KiroueBble ¢10Ba: KINEHT, [EHHOCTh KJIHMEHTA, KIacchpukanus kientoB, CRM-monxon, aHaiu3 eHHOCTH, BOPOHKa pofax, RFM-anamms.

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 Il 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 getrid 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-7°

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

7 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
cLV = M —AC,
o 1+

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 t;

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 =
L (1+WACCY

— 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 M
Ay — Qg + My, + ACQ1,,
CRY =) )
t=1y=1
n
S ACQ2,,
t 9
=5 1+

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

a., 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);

ACQ2,, 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—D#BLC— !
T Mo T IR = P T DR
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 Mcc
T 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:

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 customersin 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).

e 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

cac = MCCHWHS+PS+0 item, a delivery is made, which specifies the
CA ’ supplier, the date and the goods that were
RFM analysis Selection :E;T::gig Formulas for
l algorithm criteria sales funnel calculation
Date of last
purchase for Custom?r 1
each customer groups (in
. RFM code percentages)
Time The amount of A [~ » ?::msn::rd
period for money spent by ‘?“"d”‘:‘ \t\ ?ecol?'lmen
analysis each customer | 19 RF,M »| Analysis of dati B
Preparation »| analysis . v results and atlons
of data Number of Construction formation of |—»
customer of a sales Calculation of recommen-
purchases A funnel parameters to dations
»> assess the >
value of the
> customer
X // 3 IR
CRM system ’
Data for calculating y Parameters for Analyst

parameters for
assessing the value of
the customer

assessing
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 yet. 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 X
Customer|D (FK) -
1 ManageriD (FK)
CounterpartylD (FK) \
L4 WorkStages r__*’ BtomerStages Manager
WorkStagelD * W:;l:;t(:)’%ln Ml e e e s s o ManagerlD
EOCSEAL DA el CINCE A el
Counterparty WorkStageName ManagerD (FK) ProductCategory FirstName
CounterpartylD | StartDate ProduciCatagosyiD ’L):fl‘gm
Phone [ { EndDate ProductCategoryName ¢ -
Emal } { Supphier SoidProducts : Product
— —0 SuppheriD —— — SalelD (FK) — — — @ ProductiD
~ | SuppiyiD (FK
\J CountarpartyiD (FK) P ppfy'“[]( l’] e | ProductName
— ‘ | st i PraductCataqorylD (FK)
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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);

CRV (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,
CLVICRYV, 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:

e 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 " | I
Analyst Manager Manager I Transition tlo the I I
I customer window I I I
_ i Loai — Add new | |
29m » customer | |
+ + and his data | |
Logout from Return to the Make a sale | |
the system 1_—) main window Edit Add new |
T Add new customer D prmfider and |
| counterpary data his data |
Login to the system [ Transition to the grovider window _ ) Edit provider |
bl | v data |
Logout from the b | Return to the Make a |
— Add new o,
system ) counterpary : main window | supply :
n | Transition to the | Make RFM
Login to the system R |_analysis window | N analysis
< < ' ' Build sales
Logout from the system L | Returntothe | funnel
| | main window | Carry out
! | | calculations
I I I using the
— I I I I formulas
Fig. 3. Sequence diagram
RFM-analysis |CL‘|I’JT:RV Other metrics | Sales funnel |
Aperiod of time foranalysis | Thursday . February 1,2018 [~ | | Tuesday . May 7.2019 [+ | Calculate
Product |B|UE pen faent w | | Calculate | Product group |Pens W | | Calculate |

Group "The best customers”

Group " Savvy lost customers”

Group "Stable customers™

Recommendation: Recommendation: Recommendation: Cffer goods from the commodity
Provide a discourt for regular customers Da nat endeavor to keep them group of goods purchased by the customer
"Lt Ltd. Todorenko Reaina Mykaolaivna "Lito™ Ltd. P
"Oggi™ Ltd. Denysenko Alina Mylcolaivna "Oggi™ Ltd.
"Smile™ Lid. Tereshchenko Mykola Serhiowych "Smile™ Lid.

Lomakin Yalodymyr Serhiiovych

Derysenkao Serhii Petrovych b

Fig. 4. “RFM-analysis” tab
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o |ost 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;

o 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/CRYV 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 [ow CLV and low CRV: minimize investment in
stimulating purchases using cheap communica-
tion channels;

F{FM-anah'sis! 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 analysis

Product |Blue pen Axent

Previous analysis

Group "Low metric
customer lifetime value /
High metric
customer referal value"

Tkach Maryna Andriivna

| Thursday . February 1,2018 [Ev| | Tuesdsy . May  7.2013 [~ | Calculate
V| | Calculate | Product group |F‘ens v| | Calculate |

01.02.2018, 01052018 vl | Show |
Martynenko Qleh Serhiiovych . Levanova Olha Serhiivna s Group "High metric

customer lfetime value /
High metric
customer referal value”

"Lito" Ltd.

"Brocard” Lid. Manmovska Clena Andiivna
Recommendation: Recommendation:
(Cfer them "Kodi" Ltd. "Oggi" Ltd. Inform them about
intial prices refermal programs
with the discourt i% "Fara" Lid. "Olka™ Ltd. through
(discourt for personalized
intial customers) "Time" Ltd. W "Bear" Ltd. W communication
Fig. 5. “CLV/CRV” tab
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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

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

RFM-analysis | CLW/CRV | Other metrics | Sales funnel
A period of time far anahysis Group of customers with low metric
Group of customers with low metric Walue of Loyal Customer
Lifetime walue (LTV « 3* CAC) -
Thursday . February 1. 2018 [ Recommendation:
Recommendation: Minimize investmert in stimulating
Offer goods from the product group of purchases using cheap communication
goods purchased by the customer Tuesday . May 7,203 B~ channels {e.q. email)
Kovalchuk Derys Ihorowych ~ Calculate | Taranenko Denys Atemowvych ”
Denysenko Alina Mykolaivna Lyubchenka Serhii Vasyliowvych
Previous analysis
Lomakin Vaolodymyr Serhiovych 01.02.2018. 01.05.2018 v Todorenko Regina Mykolaivna
Denysenko Serhii Petrovych Show Dance” Lid.
Honchar Qleh Leonidovych Denysenko Alina Mylkolaivna
Fig. 6. “Other metrics” tab
RFM-analysis | CLV/CRV | Other metrics | Sales furinel
A period of time for analysis Thursday . Febuary 11,2018 [~ Tuesday . May 72013 [~
Build a sales funnel
Conwersion
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 . Febrary 1,2018 [~ |

| Tuesday , May 7 201% D'l

| 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. MISHCHENKQO, 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, isassigned to the centers of information processing. Itis 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. O. MILIIEHKO, B. I0. BOJIOBIIIUKOB, B. ®. LTIAIIO, M A. TPHHYEHKO

CHUHTE3 CTPYKTYPHU JIOKAJBHOI OBUMCJIIOBAJILHOT MEPEKI B YMOBAX
HEBU3HAYEHOCTI BUXIJTHOI IH®OPMAIII|

InentudikoBana npobiema BpaXyBaHHs HEBM3HAYEHOCTI BUXiJHOI iHpOpMalii B 3a/ja4aX CHHTE3y CTPYKTYpH JOKaJIbHUX 00YMCITIOBAILHUX MEPEeK.
IIpoBeneHo anani3 ¢GakTopis, 10 MOPOPKYIOTh HEBM3HAYEHICTh, BU/IICHI JDKEpEIa HEBU3HAYCHOCTI i CHCTEMATH30BaHi Mmixoau 10 ¢opmanizauii i
JIOCJIJKEHHS HeBM3HA4YEHOCTI. PO3ristHyTI IMOBIpHICHO-CTATUCTUYHUHN, IHTEPBAIbHUI, HEUITKUI 1 AeTepMiHOBAaHUN MIIXOAHM, @ TAKOXK CTATHCTHYHA,
cy0'eKTHBHa, JIOTIYHA iHTEeprpeTalis WMOBIPHOCTI 1 CTOXaCTHYHMI OIUC, KOHLEMLIS IHTEPBAJIbHO-HMOBIPHICHOTO MiJX01y, MOJEIb Oe3nepepBHO-
JIeTepMiHOBaHa 1 AUCKpeTHO-ieTepMiHoBaHa. CHopMyIbOBAaHO MOCTAHOBKY 3aJayi 1 3alpOIOHOBAHO 3aCTOCOBYBATH TEOPIKO HEUITKMX MHOXHUH 10
dopmautizanii i JOCHKEHHS HEBU3HAYCHOCTI IPU CUHTE31 CTPYKTYPH JIOKAJIbHOI 00UMCIIIOBAIBHOI MEPEXKi, OCHOBHUMH €IEMEHTAMHU SIKOT € A0OHEHTChK1
ITYHKTH, HEHTPH 00poOKH iH(popMallii, KoMyTaliiiHi NpuiIaan Ta KaHaJM 3B'A3Ky. BUkoHaHHA iH(DOpMaLiiiHO -00YM CITIOBAIIBHUX POOIT, JXKEpenaMu IKUX
€ aDOHEHTCHKI IYHKTH, TIOKJIAIEHO Ha LeHTpH 00poOku iHpopmaii. [TpunyckaeTses, 1o odcsru iHdGopmariino -o04ncoBaIbHUX podiT i reorpadivi
KOOp/IMHATH PO3TAIllyBaHHS €JIEMEHTIB Mepexi € BiomMumu. Po3pobiieHo Monenb 3ajadi AOCIHIKEHHS Ha OCHOBI KpuTepito Baprocti. [Tapamerpu
BapTOCTI PO3/iJICHI HA YiTKO 3a/aHi 1 Ti, 110 MalOTh HEBU3HAUEHY NPHPOAY. HeuiTki nmapamerpu 3anmporoHOBaHO OMUCYBATH (hYHKLISMU HAJIEKHOCTI
Buay "mpuban3HO aopiBHIOE" abo "3HaxXomuThCs NMpUOAM3HO B iHTepBaisi'. BuaineHO OOMEKEHHS Ha TEXHIYHI MOXIMBOCTI LIEHTPIB 0OpOOKH
iHpopMalil, KoMyTauifHUX NpUIaaiB, Tpadik B KaHaNaX 3B'A3KYy. 3alPOIOHOBAHO TEXHOJIOTIIO JOCIIPKEHHS MOJIei, sIKa 3aCHOBaHa Ha 1/1€i BUPILICHHS
3aj1a4 JIIHIHHOTO IPOrpaMyBaHHs B HE4iTKOI mocraHosi. TexHosoris 3a0e3nedye 0coly, sika npuiMae pilieHHs, iHGOpMAaL€lo PO CTPYKTYPY MEPExi,
1 BAPTICTh Ta PiBEHb MPUHATIECKHOCTI pilleHHs. Pe3ynpTaTi poO0TH MOXKYTh OyTH BUKOPHCTAaHI PU aHAMI31 MiAX0/AIB 10 BUPILIEHHS 33724 CTPYKTYPHO-
TOIOJIOTIYHOI 0 CHHTE3Y JIOKAJIbHUX 00YHMCITIOBAIBHUX MEPEX, IPOCKTYBAaHHI, pO3pOOIi Ta BIPOBA/UKEHHI BiINOBIIHUX IPOrPAMHHX PilllCHb.

KuarouoBi ciioBa: yokaibHa 00YMCIIOBAIbHA MEPEXka, HEBU3HAUCHICTh, HMOBIPHICHO-CTATUCTUYHI MiAXOAM, IHTEPBAIBHUN MiAXiA, HEUITKUI
MAXiM, AeTepMiHOBaHI MiAXOAM, CHHTE3 CTPYKTYPH, MOJIE]b, HEUITKUI KPUTEPii BAPTOCTI, TEXHOJIOTIS JOCHIKCHHS

A. A. MUIJEHKO, B. 10. BOJIOBIIJUKOB, B. @. LIIAIIO, M. A. TPHHYEHKO

CHUHTE3 CTPYKTYPBI JIOKAJI]JHOI:/I BbIYMCJIMTEJIbHOM CETH B YCJIOBUSIX
HEOHNPEJEJEHHOCTH HCXOJHOU NTHO®OPMAIIMN

Wnentndunnposana mpodiema y4era HeonpeeIeHHOCTH HCXOHOI HH(OPMALNK B 3aja4aX CHHTE3a CTPYKTYPBI JIOKaJIbHBIX BBIYMCINTEIBHBIX CCTCH.
IlpoBeneH aHamn3 (HakTOPOB, MOPOKAAIOIIMX HEOMPEACICHHOCTb, BBIACICHBI MCTOYHUKM HEOMPEICICHHOCTH H MOAXOAb K (hopMaimsaluu H
HCCIICIOBAHUIO HEOMPEACACHHOCTH. PacCMOTPEHBI BEPOSITHOCTHO-CTATHCTHYCCKHUH, MHTCPBAIBHBIN, HEUCTKNH U JACTCPMUHUPOBAHHBIN ITOAXOABI, a
TaKXKE CTATUCTHYECKAs, CYObEKTHBHAs, JIOTMYECKAsh HMHTEPIPETALHs BEPOSTHOCTH H CTOXACTHYECKOE OMNMCAHHE, KOHLCIHIHS HHTEPBAJIBHO -
BEPOSITHOCTHOTO TTOAXO0/a, MOJCIb HEMPEPhIBHO-ICTCPMUHUPOBAHHAS U JUCKPETHO-ACTepMUHUpOBaHHas. CopMynpoBaHa OCTAHOBKA 3a1a4d H
[PEUIOKCHO HPUMEHSATh TCOPHIO HEYCTKMX MHOKECTB K (pOPMATH3AINN W UCCICAOBAHHUIO HEONMPEICICHHOCTH IIPH CHHTE3€ CTPYKTYPBI JIOKAJIBHOM
BBIYHMCINTEILHON CETH, OCHOBHBIMU 3JIEMEHTAMH KOTOpOii SIBISIOTCS a0OHEHTCKHE ITYHKTBI, IEHTPHI 00pabOTKH MH(OPMALH U, KOMMYTAaIlOHHBIC
npubOpsl M KaHAJbl CBS3U. BbImonHeHne MH(GOPMAI[MOHHO-BBIYHCIUTEIBHBIX PabOT, HCTOYHMKAMH KOTOPBIX SBISIIOTCS aO0OHEHTCKHE ITYHKTHI,
BO3JIOKCHO Ha IEHTPHI 00pabotkn mHopmarmu. Ilpeamonaraercs, 4To 00beMbl HH(MOPMALMOHHO-BBIYUCIUTEIBHBIX PabOT u reorpadudyeckne
KOODP/IMHATBI PACIIONI0KEHHS HJIEMEHTOB CETH M3BECTHBI. PazpaboTaHa MOAENb 3afadM MCCICAOBAHHS Ha OCHOBE KPUTEPUsi CTOMMOCTH. [lapameTpsr
CTOMMOCTH Pa3/e/ICHbl Ha YETKO 3aJaHHBIC M MMCIOIINE HEOMPEACICHHYI0 MpUpoxy. HedeTkie mapaMeTpbl MPEeaIoKeHO OMHUCHIBATh ()yHKIUSMH
MPUHAUIGKHOCTH BHUJIA "PUOIM3UTENBHO PaBHO" MM "HAXOAUTCS NPHUONU3UTENBHO B HMHTepBaie". BblIeneHbl OrpaHWYEHHMs Ha TEXHUYECKHE
BO3MOXKHOCTH IIEHTPOB 00paboTKH MH(OPMAIMH, KOMMYTAIIMOHHBIX MPHOOPOB, TpaUK B KaHamax CBsi3H. IIpe/yioKeHa TEXHOIOTHS HCCICHAOBAHMS
MOJIC/H, OCHOBAaHHAs Ha MJEC PEIICHHs 3aJad JMHEHHOrOo NPOrpaMMHUPOBAHHS B HEYETKOH [OCTaHOBKE. TEXHONIOrHs oOecredrBacT JIMIA,
MPUHAMAIOIIETO PelIeHNUs, HHPOPMAIHNeil 0 CTPYKType CeTH, ee CTOMMOCTH U YPOBHE MPHHAICKHOCTH PElIeHHs. Pe3ymbraTel paboTel MOTYT OBITH
UCIIOIB30BAaHbl MPH aHAIM3e MOJAXOAO0B K PEIICHHI0 3a1a4 CTPYKTYPHO-TOIOJOIMYECKOrO CHHTE3a JIOKAaIbHBIX BBIYMCINTEIBHBIX CETEH,
IPOEKTHPOBAHNH, Pa3pabOTKe M BHEAPEHHU COOTBETCTBYIOIIMX POrPAMMHBIX PEIICHHIA.

KiroueBble ¢/10Ba: JOKaIbHASI BEIYUCIUTEIBHAS CETh, HEONMPEACICHHOCTh, BEPOSTHOCTHO-CTATHCTHYECKHIE TTOAX0/IbI, HHTEPBAIbHBII MOIXO/,
HEYCTKHUIT TOIXO01, ACTCPMUHUPOBAHHBIC OIXO/IbI, CAHTE3 CTPYKTYPBI, MOJIE/Ib, HEYESTKHI KPUTEPUI CTONMOCTH, TEXHOJIOTUSI MCCIICI0BAHHUS
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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 {k;;}, 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 = {al,}, B ={BL,}, v ={v%]} and e =
{eb.}. 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 [, Bj,; —PIC j to the output of the SD
k using CC I, y%; — PIC j to the output of the SD k using
CC [, 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}, 7 =1{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;},
¢={cjo}, 7 = Fam}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;}, ¢ = {4}, ¥ = {fim} and W = {iW,}. 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(@;), n(¢q),
u(fkm) and U(Wl)

The physical connection of the PIC j of the variant q
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 i, 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 1,,, of this SD. At the same time, the total
traffic of each channel (¢, p) must not exceed the band-
width of the CC b,ip 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:

Ni({yiq}’ {gjq}? {Vﬁk}) =0,j€].

Limitations on the technical capabilities of the SD to
connect to them the SS, PIC and SD:

Pe({odi ), {BL; ) Ceren)o{ziem s (Hm}) = 0,k € K.

Limitations on traffic entering to SD:

T ({fir}s {Zemb> {em}) = 0,k EK.

Restrictions on traffic in the CC between the SS and
SD, PIC and SD, SD and SD:

TE({fd (b}, (bL}) > 0,k €K, i € I
Tkﬁj({fkj}’ {B;cj}» {bll(}}) >0,k €K, jE]
Y}X({f}k}’ {ngk}’ {b}gk}) >0,j€], keK;

T, ((Fends {Ekn ) (BEn)) > 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(aaxac_a:)}afa Z,W,Q,B,Y,S,d);
ﬁ(d)xﬂéjy)fﬁz)w)a)B)‘Y’S)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 a7,

will take the form p(a;) = e~(ais=a5)"/2Dis \where Dy is
a parameter of the Gaussian fuzzy value @;,. Therefore, the
AF F will have the form:

wF) =e —(F—m(x,y,z,a,B,y,s))Z/ZD(x,y,z,a,B,y,s) ]

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 ©, we equate u(F) to 6. Using
classical transformations, we get:

(F - m(x,y,Z,(X,B,Y,S))Z = _ZD(xsysZs(XSBsyss)lne'

Following the optimistic scenario of the synthesis of
the LAN structure, the cost criterion F can be represented
as:

m(xsy,Z,O(sBsYsS) - (_ZD(xsyszsasﬁsyss)lne)os'

The pessimistic scenario should comply with the cost
criterion F, defined follows:

m(x,y,z, a,B,y,e) + (—=2D(x,y,z,a,B,y,£)In0)%5.

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,y,€),
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 struc-
ture in the conditions of uncertainty of the initial infor-
mation 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 ap-
proaches to solving problems of structural-topological
synthesis of LAN and the development of appropriate
software solutions.
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E. II. IABIEHKO, B. M. BYTEHKO, B. A. 'YbHH

HNCCIIEJOBAHUE METOJOB PASPABOTKH ITPOTPAMMHOI'O OBECHIEYEHU A
KOMIIbIOTEPHOM MH)XEHEPUU HA OCHOBE THUITIOBBIX IPOT'PAMMHBIX 3JIEMEHTOB

B pabore paccmarpuBarotcs mpoGiieMbl moBbiieHus dQdexTruBHOCTH pazpadorku VC, U, B 4aCTHOCTH, BOIIPOCHI YMEHBLICHHs CPOKOB pa3paboTKH
nporpammuoro komiekca MC. ITpoBeieH aHann3 TeXHOIOr |l pa3paboTKU MPpOrpaMMHOro KomIliekca B xu3HeHHOM nukiie UC. CTpyKTypHbIHA 01X01
K IPOrpaMMUPOBAHHUIO MPEIarai OCYIIECTBISATh JEKOMIIO3UIIMIO IPOrpaMM METOIOM IIOIIArOBOW JieTann3annu. Pa3paboTka CTPyKTyp MporpamMMbl
BBIMOJIHSACTCS. TIPU [IOMOIIY [TOCTPOCHUSI CTPYKTYP BXOJHBIX M BBIXOJHBIX JAHHBIX, MICHTH(UKALNK CBs3eil 00pabOTKH MEKIY THMHU JaHHBIMH,
(bopMHpPOBaHHMS CTPYKTYpPBI IPOrpaMMbl HA OCHOBAaHWH CTPYKTYp JQHHBIX M OOHAPYKEHHBIX COOTBETCTBHIA. [Ipeononers (HakTop CI0KHOCTH MOXKHO,
€CIIM OTOMTH OT HPSIMOJIMHEMHOI'O MOJAXOJa K PELICHHI0 MOCTaBJICHHOM 3a/1a4yd, COCTOSIIEr0 B IIOCICIOBATEIBHOM M JIMHEWHOM HapallMBaHUU
HCXOJHOr0 TEKCTa MPOrpaMMbl OIEpaToOp 3a OHEepaTOpOM, B Pe3yJbTaTe Yero IOJydaeTcs OfHA JUIMHHAs M amop¢nas nporpamma. OkxassiBaeTcst
JICWCTBEHHBIM TPUHIMII MOJIYJIBHOCTH: MCXOJHAs 3ajadya pa30MBAeTCs Ha OTHOCHTENBHO HE3aBHCHMbIC YaCTH; OHU PEaM3yHOTCs OTACIbHBIMU
MPOrPaMMHBIMH  MOJIYJISIMH, KOTOPbIE 3aTeM CBSI3BIBAIOTCS B EIMHOE LEJI0€ Ha STale KOMIOHOBKH. BbIeieHbl O0COOCHHOCTH TEXHOJIOTHH
aBTOMATH3HPOBAHHOI'O CHHTE3a IPOrpaMM, a KIMEHHO, TEXHOJIOTHH COOPKU MPOrpaMM K3 THITOBBIX MPOrPaMMHBIX 3JIeMeHTOB. OTnpesie/ieHbl OCHOBHBIE
MOHSTHsI YKA3aHHOW BBIIIE TEXHOJIOTUH, MPOBEICHO HCCIIEA0BaHHE KOHCTPYHPOBAHMsS IPOrpaMM M3 OJOKOB W BBISBJICHA MpoOJieMHas 00J1acThb.
VICXOHBIMU JIaHHBIMH JUISL TTOCTAHOBKH M PEIICHHs 3a7ad CHHTE3a CHCTEMbI MPOrPAMMHBIX MOJYJIEH SIBISFOTCS MHOXECTBO HMH(pOPMAIMOHHBIX
MaCCHBOB CHCTEMBI, JIJIsl KOTOPBIX OMPE/IEICHbI: BXOIHbIC, BBIXOIHBIC U IPOMEKYTOUHBIE JaHHbIC; MHOXKECTBO aJIbTePHATHBHBIX MPOLIEAYp 00paboT K1
JIaHHBIX; TTOCJIEIOBATEIbHOCTH BBIMOJIHEHHS IPOLEAYp B Hporuecce o0paboTkH; crocoObl 0OMeHa ¢ BHEIIHEH MnamsThio. PaccMOTpeH moaxon Juist
BBIJICJICHHS] THITOBBIX IIPOrPAMMHBIX 3JIEMEHTOB, YIOBIETBOPSIOLIMX OMPE/ICICHHBIM KpUTepusiM. Ha OCHOBaHMHM pacCMOTPEHHOT O TO/IX0/1a, a TAKKE C
y‘-leTOM €ro HEJI0CTAaTKOB, 6I)IJ'I npeunomeﬂ yCOBCpLLICHCTBOBaHHbIﬁ METO Knaccml)mcauuu THUITIOBBIX l'lpOl"paMMHI)IX 3JIEMECHTOB H Cl'l()006
npoektupoBanus I10 Ha MX OCHOBE € y4ETOM MUHUMU3ALMN BPEMEHH U CTOMMOCTHU ITPOEKTA.

K.mo‘leBLle cJoBa: ﬂpOFpaMMHOC OGCCHCHCHMC, KOMI'[I)IOTCpHaﬂ l/lH)KeHepl/lﬂ, MH(I)OpMaLIl/IOHHbIC CHUCTEMBbI, KOMITOHCHTBI, TUITOBBIC l'[pOeKTHble
PpeLLeHHsI, 3aTPaThl Ha pa3paboTKy.

€. II. IIABJIEHKO, B. M. YTEHKO, B. A. 'YbIH

JAOCJHUKEHHS METOAIB PO3POBKH ITPOI'PAMHOI'O 3ABE3ITEYEHHS KOMIT’FOTEPHOI
IH’KEHEPII HA OCHOBI TUIIOBUX ITPOT'PAMHUX EJIEMEHTIB

VY poboti po3risaaTbes npodiaeMu HiiBUIICHHS edeKTUBHOCTI po3podku IC, 30Kkpema, MUTaHHS 3MEHILICHHS TEPMIHIB PO3POOKU MPOrpaMHOro
kommuiekcy IC. ITpoBeneHo aHami3 TEXHOJIOTH PO3POOKK MPOrpaMHOro KOMIUIEKCY B skUTTeBOMY MK IC. CTpyKTYpHUI MiAXix 10 IporpaMy BaHHS
MPOIOHYBAB 3/1iHCHIOBATH JCKOMITO3HIIII0 MPOIpaM METOJIOM MOKPOKOBOI JeTaiizaiii. Po3podka CTpyKTyp MporpaMu BHKOHYETbCS 3a JOIMOMOTL OO
1no0y/10BU CTPYKTYP BXIJHUX 1 BUXIZAHUX JaHUX, iAeHTH]iKauii 38'93kiB 00pOOKH MK LIMMH JaHUMH, (POPMYBAHHS CTPYKTYPH IIPOrPaMH Ha MiACTaBi
CTPYKTYp JAHUX i BUSBICHUX BianosinHoctel. [Togonatn (akTop ckiaaHOCTI MOXKHA, SIKIIO BIAINTH Bijl MPSAMOJIHIMHOIO MiIXOLYy 10 BUPILIEHHS
MOCTABJICHOT 0 3aBJJaHHS . TIOCIIIOBHOMY 1 JIiHIHHOMY HapoIlyBaHHI BUXIZIHOTO TEKCTY IIPOrpaMu ONEpaTop 3a ONEepaTopoM, B Pe3yJIbTaTi H4Oro BUXOIUTh
OJlHa J10Bra i amopgHa nporpama. BusiBiseTbcs 1ieBUM NPUHLIUI MOAYJIBHOCTI: BUXiZIHA 3a/1a4a PO30MBAETHCS HA BIJTHOCHO HE3AJISKHI YaCTUHH; BOHU
peaizyroThCsi OKPEMUMH MPOrPAMHUMH MOJYJISIMH, SIKI TIOTIM 3B'SI3YIOThCS B €JIMHE LliJI€ HA €Talli KOMIIOHYBaHHs. Buiiieno ocobamBocTi TexHomorii
ABTOMAaTH30BAHOTO CHHTE3y IPOrpaM, a caMe, TEXHOJOrii CKIagaHHs MpOrpaMm 3 THIOBUX IPOTPAMHHX CJICMEHTIB. BH3HAaueHO OCHOBHI MOHATTA
3a3HAYCHOI BUILE TEXHOJIOTIT, MPOBEICHO JOCHIKEHHs KOHCTPYIOBAHHS IPOrpaM 3 OJIOKIB i BUSIBIIEHA MPoOJIeMHa 001acTh. BuximHumu fauumu uis
MOCTAHOBKH 1 pillICHHS 3a7a4 CMHTE3y CUCTEMHU IPOrPaAMHHMX MOAYJIB € MHOXKHHA 1H()OpPMaLiHHUX MacCHUBIB CUCTEMH, JUId SIKUX BM3HAUYCHI: BXIiJHI,
BHXIJIHI Ta IIPOMDKHI J]aHi; MHOXXHMHA aJbTEPHATHBHUX TPOLEAYP 00pOOKH JaHUX; IOCIIZOBHOCTI BUKOHAHHS MPOLIEAYP B IpoLeci 00poOKH; criocodn
00MiHY 13 30BHILIHBOI HaM'sTTIO. PO3IIISHYTO MiAXix [Jis BUIUICHHS THUIOBMX NPOTPAMHUX EJIEMEHTIB, SIKi BIINOBIIAIOTH MEBHUM Kputepisim. Ha
MiICTaBl PO3IIITHYTOrO MIiIXOMY, a TAaKOX 3 ypaxXyBaHHSAM HOro HEMOJIKIB, OyB 3amporOHOBAaHM BJIOCKOHAJCHWH MeTox Kiach(ikalil THIOBHX
MIPOrpaMHUX €IEMEHTIB 1 crioci npoexktyBanHs 13 Ha X OCHOBI 3 ypaXyBaHHSM MiHiMi3allii yacy i BAPTOCTI HPOEKTY.

KurouoBi ciioBa: nporpamue 3a0e3neueHHs, KOMIT I0TepHa iHKeHepis, iHpopMariiiHi cuCTeMH, KOMIIOHEHTH, TUIIOBI IPOEKTHI PillICHHSI, BUTPATH
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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Beenenue. Cozanne nporpaMMHBIX CHCTEM JIJIS aB-
TOMATH3ALUH TIPEANPUSTHH SBISETCS CIOXKHOM U I103TaI-
HOHM 3a/1aydei, mo3TOMY /ISl ONpPEAETICHUs] HEOOXOIUMBIX
PECypCcoB, B TOM UYHCIIE BPEMEHH, BaXHO PErIaMEeHTHpPO-
BaTh MOPSAIOK pa3pabOTKH M HCIIONB30BAHHS HEKOTOPHIX
BUJIOB THUIIOBBIX NPOrPAMMHBIX DJIEMEHTOB IO CTaJUsSIM
TIPOEKTUPOBAHHS CHCTEMBI.

Jist yckopeHusl BpeMeH! pa3paO0TKU U TTOBBIIICHUS
Ka4yecTBa KoJia IpOorpaMMbl pa3paboTaHo OONbIIOE KOJH-
YeCTBO METO/IMK, TEXHOJIOT I 1 M0/1X0/10B. Bce oHM OTHO-
cATCSL HE TOJBKO K OpraHM3alliy >Ku3HeHHoro nukia 10,
HO ¥ K TIOCTPOSHHIO PALMOHAJIBLHON CTPYKTYpPHI OpraHu3a-
UM, 3aHUMarouledcs pa3paboTKol WHQOPMAIMOHHBIX
cucrem (MC), 1 k kaxaoMy pa3paboTUHKy B YaCTHOCTH.

OnmHuM n3 penieHui NpodjeM CO3JaHus MPOrpaMM-
HOTO KOMIUIEKCa KOMITBIOTEPHOW WH)KEHEPUH SIBIISAETCS
WCIIONIb30BaHUE TEXHOJOTMH aBTOMATH3aIlMU IPOrpam-
MHUPOBaHHsI, KOTOPbIE MPEAIOIararoT COKpaleHHe CPOKOB
pa3paboTKu MPOrpaMMHBIX HPOAYKTOB W TOBBIIICHHE WX
XapaKTEePUCTUK KauecTBa.

HenocraTky, M3Ha4yaabHO 3aJIOKEHHBIE B TpeOOBa-
HHSIX HA CHCTEMY, HEBO3MOXKHO KOMIIEHCHPOBATH MOCIIETY-
IOIMUMHA BEPCUAMU NIPOIrpaMMHBIX CPEJICTB HA Pa3IMYHBIX
JTarnax >KU3HeHHOro 1ukia. [loaTomy npobdiaema co3panus
panuoHanbsHOM cTpykTypsl [10 UC sBasieTcs xito4eBoi —
eé PEUICHUE OTKPBIBACT HOBBLIC BO3MOXHOCTHU MOBBINICHUSA
s dexkruBnoctu MC, a npakTuyeckasi 3HAYMMOCTh BO3pac-
TaeT 10 Mepe YCIOXKHEHUs U uHTerpauuu 3agad 8 UC.

IMoctanoBka npobembl. Takum 00pa3oM, MOXHO
NpUITH K BBIBOAY, 4TO 3ddexTnBHOCTL paspaborku 10
HC onpenensercs COBOKYITHOCTBIO MHOXKECTBA (haKTOPOB.
AHanu3 mokasall MHOTOOOpas3ue CyIIECTBYIOIIHMX IMOAXO0-
10B K pazpaborke [10, ux HOCTOMHCTBA W HENOCTaTKH, a
TaKKe BBISIBHJI oOLIMe 3a7a4u dTana peanusauuu [10 UC.
[IpoaHnanmu3upoBaHbl CTPYKTYPHBII U 00BEKTHO-OPUEHTH-
PpOBaHHBIN MOAX0/bI K pazpadorke [10 UC.

CyliecTBeHHYIO IIOMOIIb Ha 3Tare MPOeKTUPOBAHMSA
MOr'yT oka3ath pazHooOpasubie CASE-cpencrsa, HO ¢ MX
MIOMOIIBI0 MOKHO HOCTPOMTH Jinmib KocTsak IO, ux uc-
MIOJIb30BAaHUE MOAPAa3yMEBAET NalbHEHIIYI0 10paboTKy
Ou3HeC JOTUKH 1 oTaanKy Beero I10.

Ha cramum mnpoextupoBanuss WMC wmomenu pac-
LIUPSIOTCS, YTOYHSIOTCS M JOMOJHSIOTCS JHUarpaMMaMHu,
OTPaXAOUIMMHU CTPYKTYPY HPOIPaMMHOIO OOECTICUEHHUS:
apxurextypy I1O, cTpyKTypHBIE CXEMBI IIPOrpaMM U aua-
rpaMMbI SKpaHHBIX (OpM.

Takum 00pa3oMm, BOZHHMKAeT 3ajada HCCIIETOBAHUS
TEXHOJIOTUH MCIIONIb30BAaHUS CUHTE3a IPOrPaMM M3 THIIO-
BBIX JJIEMEHTOB, ITO3BOJISIOMNX H30€KaTh TOPaOOTKH BHI-
XOJIHOTO MPOAYKTA, & TAKXKE B MCCIEJOBAHUH TTOBBIIICHUS
3¢ (EeKTHBHOCTH UX MIPUMEHEHUSI.

AHanu3 cocTostHUs npodaemMsbl. CTPYKTYpHBIH TTOI-
XOJI K ITPOrPaMMHUPOBAHHIO B TOM BHJE, B KOTOPOM OH OBLI
chopmymupoBan B 70-x Tomax XX B., mpemrarain
OCYIIECTBIIATH AEKOMITO3HIMIO IPOrpaMM METOIOM TIOIIa-
roBoii neramm3armu [1]. Pe3ympraToM JIeKOMIIO3HIINH
SIBIISIETCS CTPYKTYPHAsI CXeMa IPOrpaMMBbl, KOTopasi pe-
CTaBIsIET COOOH MHOTOYPOBHEBYIO HEPAPXUUECKYIO CXEMY
B3aMMOZICHCTBUS OANIPOTPaMM II0 yrpaBiieHnto. MuHH-
MaJIBHO TaKas CXeMa OTOOpa’kaeT JBa ypOBHS MepapXu,
T. €. TOKa3blBacT OOIIYI0 CTPYKTYypy NporpamMmel [2].

OIHAaKO TOT ke METOJ MO3BOJISET ONYYUTh CTPYKTYPHBIC
CXEeMBI ¢ OOJIBIIAM KOJIHMYECTBOM YPOBHEH.

Jns aHanu3a TeXHOJIOTMYHOCTH MONyYeHHOH Hepap-
XHU MOJYJICH UCTIONB3YIOT CTPYKTYpHBIe KapThl KoHcTaH-
taifHa [3] win xekcona [4]. Ha cTpykTypHO# KapTe OT-
HOIIICHHS MEXITy MOIYJISIMH MPENCTABIIAIOT B BUIE rpada,
BEpIIMHAM KOTOPOI'0 COOTBETCTBYIOT MOJIYJIU U 001Ine 00-
JIACTH JAHHBIX, & TyTaM — MEXMOJIYJIbHbIC BBI3OBBI U 00pa-
IICHUS K OOIITUM 001acTsAM JTaHHBIX.

CyIIecTBYIOT METOJMKU MPOSKTUPOBAHUS TPOrPaM-
MHoro obecneuenus [Ixxexcona [5] u Bapune — Oppa [6],
OCHOBaHHBIC HAa JICKOMIIO3UIIUK JAHHBIX. [IpH co3maHum
CBOEH METOIMKH aBTOPBI HCXOAUIH U3 TOTO, YTO CTPYKTY-
PBI HCXOMIHBIX JIAHHBIX M PE3YNbTATOB OMPEACISIOT CTPYK-
TYpy IPOTPaMMBI.

Pa3paboTka CTpYKTYp MPOrpaMMbl B COOTBETCTBHHU C
[5] BBIONHSAETCS CliEYOIMM 00pa3oM: CTPOSIT H300paKe-
HHE CTPYKTYP BXOJIHBIX M BBIXOIHBIX JTAHHBIX; BHITIOTHSIIOT
UIeHTU(HKALMIO CBs3eil 00padOTKH MEXKAY STHMHU JaH-
HBIMI; (QOPMHPYIOT CTPYKTYPY NPOTrpaMMbl HA OCHOBaHHHU
CTPYKTYp JaHHBIX U OOHapY)KEHHBIX COOTBETCTBHH; JIO-
0aBnArOT OJIOKM 0OPabOTKM DIIEMEHTOB, JJIsl KOTOPBIX HE
OOHapy>KeHbl COOTBETCTBUS; aHAJIM3HPYIOT W 00pabaThl-
BAIOT HECOOTBETCTBUS; JN00ABIISIOT HEOOXOIMMBIE Orepa-
11K (BBOJI, BBIBOJ, OTKPBITHE/3aKpbITHE (PAiIIOB); 3aMUChI-
BaIOT MPOrpaMMy B CTPYKTYPHOH HOTallUU.

Opnako Mertomuka [5, 6] MOXKET HCIIOIB30BATHCS
TOJIKO B TOM Cllydae, €M IaHHbIE pa3padaTbIBaeMBbIX
IPOrpaMM MOTYT OBITh NPEACTABIEHHI B BUIE HEPAPXUH
WM COBOKYITHOCTH MEpapXuil.

I[IpakTuKa co3aHUs CIOXKHBIX IPOrPaMMHBIX CHCTEM
TOBOPUT O TOM, 4YTO IIPEOJOJIETh (PAKTOP CIOXKHOCTU
MOXXHO, €CJIM OTOMTH OT IPSIMOJIMHENMHOIO NOAXO0AA K pe-
IICHUIO TTOCTABJICHHON 3a7a4H, COCTOAILEro B MOCIE0Ba-
TEJIBHOM M JIMHEHHOM HapallMBaHUM HUCXOOHOI'O TEKCTa
IPOTrpaMMBI OIIEpPaTop 3a ONEPATOPOM, CTPOKA 32 CTPOKOH,
B pe3yJbTaTe Yero MoyqaeTcs OqHa JIMHHAS U aMopdHast
nporpamma. 311ech OKa3bIBAaeTCs ACHCTBEHHBIM IMPUHIMI
MoxaynbHOCTH. OH 3aKII0YaeTcsl B TOM, YTO MCXOAHAs 3a-
naya pa30MBaeTcs Ha OTHOCHTENILHO HE3aBHCHMBIC YaCTH;
OHH PEaIM3YIOTCS OTJAEIbHBIMH IPOrPAMMHBIMH MOJIYJISI-
MH, KOTOpBIE 3aTE€M CBA3BIBAIOTCS B €HHOE LIEJIOe Ha dTaIe
KOMITOHOBKH [7].

IIpormecc pa3dueHws OmHOMN CIOKHOHN 3aaqd HA TIOA-
3aJa4d W pacrlpenelieHue (QYHKUHMH MEXIYy MOIYISIMH
onpernesnsiercss NPUHATBIM METOAOM IIPOSKTUPOBAHHUS, a
CHHTaKCHYeCKre W (PYHKIOHAIBHBIE CpeaCcTBa odopmite-
HHS TPOrpaMMHBIX MOAYIEH B BHAE 3aKOHYCHHBIX
NPOrPaMMHBIX EIHHHI] OINMPENENSIOTCS BO3MOXKHOCTSIMH
QJITOPHTMHUYECKOTO SI3bIKA U ONEPALIOHHOIN CHCTEMBI.

Jns  00BEKTHO-OPUEHTHPOBAHHBIX MPOrPAMMHBIX
cHcTeM TipuMensieTcs nHoit moaxox [8]. TTockobky 3k3eM-
TUIAPBI KJTACCOB OOMEHHBAIOTCS COOOMICHUSMH, OIpere-
JSIIOT JJIsL KaKIOr0o Kilacca IOCTYNAIOIIHE €ro dK3eM-
isipaM COOOLICHHS M Ha WX OCHOBE CTPOST JHATPaMMEI
nepexonqa (omucaTh KJacC KaK KOHEYHBIH aBTOMAT).
CTposT TaKKe MOJICIU COCTOSHHH IS KaXKI0r0 00OBEKTa H
ONPENEIISIIOT CIHCKH COOBITHIH, M3MEHSIOIINX COCTOSHHE
00BEKTOB.

[ocne BbIOENEHMS KIACCOB M MX HE(POPMAaJbHOTO
OTHCAHUSI CTPOSATCS MOJIEIH MPOLIECCOB, KOTOPBIE TOJKHBI
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ObITh peanm3oBanbl B Oyaymem [10. B takoit moxenu ot-
pakaroTcsl BHELTHUE COOBITHS (ICHCTBUS MOJIH30BATENS) U
BBI3BIBAEMBIE STHMHU COOBITHSMH JEHCTBHUS C 3K3EMIUIS-
pamu KiaccoB. Eciu rmonp30oBaTens yka3an Bce XapakTepH-
CTHKH JAaHHOTO TPaBHJIBHO, HY)KHO ITOCTPOUTH 3K3EMILISP
o0bekTa “maHHOE” W BKJIIOYHTH €r0 B MHOXECTBO JaH-
HbIX [9].

Pa3zpaborka  OOBEKTHO-OPHEHTHPOBAHHBIX  MPO-
TPaMMHBIX CHUCTEM JUIS JKEJIE3HOJOPOKHOTO TPAaHCIIOpTa
UMEEeT CBOIO CHEUU]HKY, B YaCTHOCTH, HEOOXOAUMOCTDH
MOAJIEP)KUBATh MHOTOYPOBHEBBIE CTPYKTYPHl JAHHBIX H
peaM30BBIBATh CTPYKTYpPY KIIACCOB C HacjeJOBaHHUEM
[10], [11]. Bei6op TexHomoruu paspaborku 1O mjst Takux
CHCTEM TIpeyIaraeTcsl BBIOIHATE C IIOMOIIBIO POLIENYp,
omucanHbix B [12]. Metoapl pa3paboTKH MPOrpaMMHOTO
obecrieueHnst BO3SMOXKHO UCIIONb30BaTh B PaCIpeIeIeHHBIX
BBIUHMCIICHUSX B Pa3JIMYHBIX KOMIIOHEHTaX WH(OpMalnoH-
HBIX CUCTEM Ha KeJNe3HOA0pOxKHOM TpaHcnopte [13].

Takum 00pa3om, HaJIMIIO MHOTOOOpa3ye CYIECTBYIO-
IMX MOJXO0A0B K paspaborke 10, uMeronmx cBOM J0CTO-
MHCTBA M HEOOCTATKH. BBIABUINCEH TaKXKe OOIIHE 3adauu
stana peanuzainuu [10 UC.

Meton pemenusi npodaemsl. [IpudnHbl npuMeHe-
HHUS TEXHOJIOT'MU TUITOBOT'O IMIPOCKTUPOBAHUSA I10:

— CYLIECTBEHHO CHWIKAIOTCS 3aTPaThl Ha MPOEKTUPO-
BaHMe, pa3paboTky u Moaepuu3zanmto 1C;

— OOnbIlIE BO3MOXKHOCTEH 0O0€ECIIeurBaTh JOJKHBIN
Hay4HO-TEXHUYECKH ypoBeHb pa3zpadorku VIC (B oTiamume
OT TEXHOJIOTUU MHANBULYaJIbHOTO IPOSKTUPOBAHUS).

Texnonorus Tumosoro npoexktupoanusa 110 sBns-
€TCsl ONHOW U3 Pa3HOBUIHOCTEN MHAYCTPUAIIBHOIO IIPOEK-
TUpoBaHus. 3akirouaercst B co3nanuu [10 nndopmarnmon-
HOH CHUCTEMBI U3 T'OTOBBIX THIIOBBIX 3JIEMEHTOB.

OGnacTb NPUMEHEHUs: aBTOMATH3aLUs JASSITEIbHO-
CTU TaKUX OOBEKTOB, IUIS KOTOPBIX XapaKTEePHBI OOIIue
npaBwia (YHKIMOHUPOBAHUS W YIpaBieHHs. B mepsyro
oyepellb, CI01a OTHOCATCSI SKOHOMUUYECKHE CHCTEMBI, IS
KOTOPBIX XapaKTEPHBI:

— CXOXKas CTPYKTypa U MpaBuia yIpaBIlICHUS;

— €JMHBIE CTAaHIAPThI OTYETHOCTH;

— CXOKHE KOMIIJIEKCHI HCIOJIb3YEMbIX TEXHUIECKUX U
MIPOrPaMMHBIX CPEZICTB;

—equHasl IeTb CYIICCTBOBAHMSA: HM3BJICUCHHE IPH-
ObLTH.

[ponecc mpoexrupoBanust 110 VIC cocrout u3 cie-
JYIOIIUX OCHOBHBIX 3TAlloB:

— pa3bueHue mpoeKTa HHPOPMALNOHHONW CHCTEMBI Ha
OTJIeTTbHBIE COCTaBIISIONTNE (KOMITOHCHTHI);

— BBIOOp M IPUOOPETEHHS UMEIOIINXCS Ha PHIHKE TH-
TIOBBIX ITPOEKTHBIX PEIICHNH (THPaKUPYEMbIX IPOLYKTOB)
JUIs Kaskaoro kommonenta UC;

— HACTpOiKa U J0paboTKa MPUOOPETEHHBIX TUIIOBBIX
MIPOEKTHBIX PEIICHWH B COOTBETCTBUU C TPEOOBaHUSIMH
KOHKPETHOU IpeIMETHOI 00IacTu.

Jomxaa OBITh NMPUHLOUNUAIBHAS BO3MOXKHOCTH J€-
KOMITO3HIIMHA MH(OPMAIIMOHHONH CHCTEMBI HAa MHOXKECTBO
COCTaBIISIFOIMX KOMIIOHEHTOB (KOMIDIEKCOB, IOICHCTEM,
MIPOrpaMMHBIX Moxyneii). B 3aBucumocTn oT ypoBHS Je-
KOMITO3HIINH MH()OPMALIMOHHON CHCTEMBI pa3InyaloT clie-
JYIOIIIME KJIACCHI TUITOBBIX ITPOEKTHBIX PELICHUH: 3JIEMEHT-
HBIE, TTOACUCTEMHBIE, OOBEKTHBIE.

TunoBoe npoektrOE pemenne (TTIP) — 3To mpencras-
JICHHOE B BH/IE KOMIUIEKTa IIPOEKTHOM JOKYMEHTAINU HITH
HaOoOpa TpOrpaMMHBIX MOJIYJIEH IPOEKTHOE peIIeHHe,
MPUTOAHOE K MHOTOKPAaTHOMY UCIIOJIb30BaHHUIO.

OcnoBHble uepThl TIIP:

— THUIOBBIE NTPOEKTHBIE PEIICHHs] OPHEHTHPOBAHEI Ha
ABTOMATHU3AIMIO0 JIESTENBHOCTH MHOXECTBAa OJHOPOIHBIX
00BEKTOB (IIyTeM HACTPOWKH IO KOHKPETHbIE OCOOEHHO-
CTH KaXKIOTO U3 HUX);

— OCHOBHas 1enb npuMmeHenus TIIP — ymeHbiienue
TPYAOEMKOCTH ¥ CTOMMOCTH IPOEKTUPOBAHUS WU pas3pa-
ootku I10 UC;

— co3nanue TIIP BO3MOXHO TOJBKO MOCIHE TIIATENb-
HOTO ¥ BCECTOPOHHET0 M3Y4EeHHMs MPEMETHOIM 00J1acTh 1
npexmnonaraer 0000IIeHre HAKOITICHHOTO B YaCTHBIX CIIy-
yasx onpITa (IyTeM Kiaccu(uKaluy, TUIH3ali1, abcTpa-
THPOBaHUs, YHU(PUKALIIH.

TurnoBble perieHus OBIBAIOT MPOCTHIMH WIJIM KOMOU-
HupoBaHHbIMU. [IpocTeie TIIP 0XBaThIBaIOT TOIBKO KaKOM-
00 omuH BH obecnieueHus VIC, KOMOMHUPOBAHHbBIC —
nBa u 6onee. [Ipumepsl npocteix TIIP: knaccudukaTops
WO, npuknaaHeie nporpaMMbl OOIIET0 U CIIEHAIBHOTO
Ha3HAYEHHUS, HHCTPYKTUPYIOIINE PYKOBOACTBA IO YIpaB-
JICHUIO OW3HEC-TIpolleccaMt, PEKOMEHJAlMH 110 COCTaBIIe-
Huto T3.

Tpe6OBaHI/I${, BbIABUTAEMBIC K THUITIOBBIM ITPOCKTHLIM
PELICHUSIM:

— BO3MOHOCTb HCIIOIb30BaHUA AJIsl CO3JaHUSI HOBOH
WC npu MUHUMATIBHOM ydacTuu pa3padorunkos TIIP;

— COOTBETCTBUE TPEOOBAHUSAM MOJIOKEHUNH M CTaH-
JapTOB, PACIpOCTPaHAEMbIX Ha HMH(POPMALHOHHYIO CHC-
TEMBbI B LIEJIOM WJIM €€ YacTh;

— CIIOCOOHOCTh  YZIOBJICTBOPSITH MaKCHMAaJlbHO BO3-
MO>KHOMY YHCITY OTPEOHOCTEH B paMKaX CBOET0 (YHKIIH-
OHAJIbHOTO Ha3HAYCHUS,;

— BO3MOXHOCTb a/IaliTallui K KOHKPETHBIM YCIOBHAM
MpOEKTa ITyTeM W3MEHEHHs IIapaMeTpOB.

B kadecTBe THIOBOrO 3J€MEHTa IPHU IEMEHTHOM
MIPOEKTUPOBAHUU HCHONb3YyroTcs npocteie TIIP, oTtHOCA-
mmecs K otaenbHoi 3agade VC. B atom ciiygae C xom-
IUIeKTyeTcs: Kak MHOkecTBO TIIP mo oTnenbHBIM pa3zpos-
HEHHBIM 3a/iadaM. [loNoMTHUTENBHbIE JIEMEHTHI, IS KOTO-
peix orcyTeTByIoT TIIP, pa3pabaTeIBaroTcsi BpydHyIO.

HcxomHbIMK JaHHBIMH JUIS TOCTAaHOBKH M PEIICHUS
JVMHAMWYECKUX 3aJad CHHTE3a CHCTEMBl MOIYNIEH SBIIA-
I0TCS. MHOYKECTBO MH()OPMALMOHHBIX MACCHBOB CHCTEMBI,
JUISL KOTOPBIX ONIPEJIETICHBI: BXOIHbIE, BBIXOJHBIE U IIPOMe-
JKYTOYHBIC JJAHHBIE; MHOXKECTBO abTEPHATHBHBIX MpOILIE-
Iyp 0OpabOTKY JaHHBIX, BXOIAMIIAX B COCTaB aJTOPUTMOB,
00ecneunBaONMX PeIIeHHe 3a/1ad CHCTEMbI; BO3MOXHBIE
TMIOCJIEI0BATENFHOCTH BBITIOTHEHUS MIPOLIEAYP B IPOIIECCE
00paboTKH; crmocoOBl OOMEHAa C BHEIIHEH MaMSATHIO
MOZIYIBHOM CHCTEMbI 00pabOTKM MaHHBIX; B3aWMOCBS3H
npouenyp ¢ HHPOPMAIMOHHBIMYA MAaCCHBAaMH; BPEMEHHbIC
XapaKTEPHUCTHUKU 0OpaIeHNs K MacCCHBAM.

BbiienuM MHOXKECTBO IPOTrPaMMHBIX OJIOKOB

H = {Hunz, ,Hn},

KOTOpBIE MOJKHO HCIIONIb30BaTh MPH IpoekTupoBanuu 110
NC. Kaxzplii ONOK XapakTepu3yeTcsi 3aTpaTaMH Ha
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pa3paborky 3;,3,,...,3, U BpeMEHEM Ha pa3pabOTKy
T, T,, ....T,.

@OyHKIMOHAIBHOCTH TPOrPAMMHON CHCTEMBI BKIIO-
qaeT B cedst m paznuyHbIX QyHKIMH Mo o6padoTke HHbOp-

Maluu

F={fi.fo e sfm}-

MOXHO BBIJIEIHUTH JIBA OCHOBHBIX KPHUTEPHUS OLIEHKH
s¢pdexkruBoctn cuHTe3a [10 UC u3 (yHKIMOHANBHBIX
OJIOKOB: 3aTPaTHl M BPEMSL.

INocranoBka 3amaun (HOPMYIHPYETCS CIEIYIOLIIUM
00pa3oM: HalTH TaKkoe MOAMHOKECTBO MPOrPaMMHBIX 0J10-
KOB

I cIl,
' = {M,,1,, ...,I,},

YTOOBI peaTM30BaTh BCE M PYHKIMI 110 00paboTke uHpOp-
Maruu.
OrpaHuyeHus:

3 =3conp +3i + 3+ -+ 3, » min,

T = Tconp +TL +Tk + +Tl g min,
e 3eonp 3aTpaThl Ha CONPSDKEHHE MPOTrPaMMHBIX
0JI0KOB,
Tconp— BPEMS HA CONPSDKEHHUE POrPAMMHBIX OJIOKOB.

IIpennaraercss cieayroluil METON PELUEHUs 3aJadu
BHIOOpA TUTIOBBIX MPOIPAMMHBIX JJIEMEHTOB.

lar 1. Pacemorpum ¢ynkiuto f;. Ecnu mporpamm-
HbIH Oiok [1; HeoOX0AMM NpH peanu3alyy 3Toi QyHKINH,
t03=3;,T=T;.

lar 2. Ecnu nporpammusiii 6ok I1; HeoOxomum npu
peanuzauuu dTol QyHKmMu, 0 3 =3+ 3;, T =T +T;.
Wnade nepexoaum Kk mary 3.

lar 3. Ecnu dyHkius f; peanr3oBaHa MOJHOCTHIO,
TO EPEXOJNM K PACCMOTPEHUIO PYHKIUH f5.

[ar 4. Ecnu nporpammMusli 610k [1; HeoOxoaum mpu
peanu3anuu 3Toi (PYHKIUK 1 OH He ObLT 33JIeHCTBOBaH NPU
peanuzaumu npexsiaymeit  Gynkmuu, To 3 = 3 + 34,
T=T+T,.

[ar 5. Eciu nporpaMmHuetii 0110k [1; HeoOxoaum mpu
peanmuzauuu Gynkmy, 10 3 =3+ 3;, T =T + T;. Unaue
MEPEXOIUM K LIary 5.

[ar 6. Eciu QyHKIus peann3oBaHa MOIHOCTHIO, TO
MePEeXOIM K PACCMOTPEHHIO CIeAYIomen (yHKIHN

[Har 7. Eciu Bce pyHKIIMM pacCMOTPEHBI, TO OLICHH-
BaeM 3¢onp M Teonp U PUKCHPYEM 3aTPATHI U BPEMS 11O TEP-
BOMY BapHaHTY PaCCMOTPESHUSL.

3 =3, +3,
TW =T, +T.

[Mar 8. Haumem c¢ paccMmorpenust QyHKImu fr u
moBTopuM maru 1-7. 3adukcupyeM 3atpatsl U BpeMs O
CIIeNYIOIEMY BapHAHTy PACCMOTPEHHSL.

[ar 9. Ompenenum

3 = min3®:
L
Takum obpasom, mbl onpenemwnu mapy (3, 7T), a
TaKKe MOAMHOXECTBO NpOrpaMMHbBIX OokoB I1', siBisiro-
1ieecs peIeHreM 3a/1a9u.

BuiBoabl. B pabore mpoBenéH aHamm3 mpoOneMsbl
000CHOBaHMS BBIOOpA NMPOTPAMMHBIX KOMIIOHEHTOB IIPH

MPOEKTHPOBAaHUU TIporpaMMHoro obdecneuyenus: MC, ana-
JIM3 TEXHOJIOTHH pa3paboTKy MpOrpaMMHOIO KOMIUIEKCa B
*3HeHHOM 1mkie VC, uccnenoBaH MPUHIMIT MOAYIbHO-
¢ty npu npoextupoBanuu I10.

Ha ocHoBanuu nmpoBEAEHHOTO HCCIENOBAHUS pa3pa-
0oTaH MeToJ pelleHWsl 3aJadd BHIOOpPAa THUIIOBBIX IIPO-
TPaMMHBIX DJIEMEHTOB, IPEAJIOKEHB KPUTEPUU BBIOOpA
MPOrpaMMHBIX 3JIEMEHTOB, pa3padOoTaH aJrOpPHTM pelle-
HUS 3aJa4il 00OCHOBAaHUSI BHIOOpA MPOTrPaMMHBIX KOMIIO-
HeHTOB. [lonmydeHHbIe pe3yabTaThl padoThl ONPOOOBAHEI HA
peanpHOM npumepe — mnpu npoektupoanuu 110 UC,
cocTosieH n3 4 GyHKIIMOHATHHBIX 3a/1ay.

Pa3paboranHbIil MeTO B pe3yiibTaTe HEOONBIIIX U3-
MEHEHHH MOXET OBITh HCIIOJb30BaH ISl OOOCHOBAHHMS
BBIOOpa MPOTrPaMMHBIX AJIEMEHTOB IIPU MPOESKTUPOBAHUU
npyrux BunoB I10, m paszpabarbiBaeMoe MpOrpaMMHOE
obecrieueHre MOXKET OBbITh YITYUIIEHO 3a CYET yBEINUEHHS
ero (yHKIMOHAJIBHOCTH W COKpAIllEHHs 3aTpaT Ha paspa-
0OTKYy.
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