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BITAJIBHI CJIOBA YYACHUKAM CEMIHAPY

Ilpusimanns ¢io HY «3anopizvka nonimexuixa»

Illanoeni konezu!

Hlupo BiTato Bac Ha JBaJUATH II'SITOMY MDKXHapOIHOMY HayKOBO-
npakTHYHOMY ceMiHapi “KomoOinaTopHi koHQirypauii Ta ixHi 3acTocyBaHHs"
imeri A. f. [lerpenroka. Otmxe, e BXe NBAAUATH II'SATHH, OBUICHHUH
ceMiHap, 10 CbOTO/IHI TPOBOJUTHLCS B TAKMX HECIIOKIHHUX YMOBaX.

Jl03BOJIBTE TPUBITATH THX, XTO 3 CEMIHAPOM 3 CaMOro WHOro
3aCHyBaHHS 1 THX, XTO IpHiiMae y4acTh Brepiue. Cboroni Ham (akyabTeT
KHT, 3oxpema xadenpa CuctemMHOro anamizy Ta OOYHCIIIOBAJIBHOT
MaTeMaTuK{, pa3oM 3 IIAHOBHUMH Kojeramu 3 KponuBauipkoro, 'O
«CucTemMHI TOCTIKCHHD 3a0e3MmeuyroTh athopMy UL CIIBIpaIi Mix
PI3HUMH TIOKOJIIHHSAMH HAayKOBIIiB, HE3BAXKAIOUM Ha MaHAEMII0 1 BiiHY.
MoxauBocTi  cydacHMX  IHQOpPMAIiHMX  TEXHOJOTIH  JI03BOJISIOTH
OpraHi30BYBaTH TakKi 3ycTpidul He3BaKarouM Ha reorpadiuHi BifcTaHi Mix
YYacCHUKaMH Ta KOH(IIIKTHE CEpEIOBHIIE.

Bin cBoro iMeHi, Bix iMeHi Kouer, opraHizaropiB 3 HarioHansHOTO
YHIBEPCUTETY «3aropi3bka MOJITEeXHIKa» X0Uy CKa3aTH, 110 MU IIACIIHBI, 110
MaeEMO MOXJIMBICTh MIATPUMATH y UeH CKIagHWA dYac MpoBeAeHHS 25
ceMiHapy, IO HOro TeMaTWKa € IIKaBOIO JUIS HAYKOBIIB 1 PO3BHUTKY
KOMIT FOTEpPHHUX Hayk i TexHosorii. l{e minrBepmkye reorpadis i moBaxHuit
CKJIaJl yyacHUKIB. baxkaro BCiM ydacHHKaM ceMiHapy IUTiHOT poOOTH, BAATHX
BHCTYIIIB, HOBUX JAPY3iB.

I 6axaro BciM Ham HaimBUAmOl [lepemorn!

Muxkona KACBSIH,
nekaH (hakyJabTeTy KOMIT'IOTEpHUX Hayk 1 TexHomoridh HY «3amopizbka
MOJIITEXHIKa», K.T€X.H., IOLEHT



Ilpusimanns 6io JIvomnoi akademii HAY

MeHi npuemHo BitaTH Bac 3 BiIKpUTTsIM cemiHapy. BiTaro Bac, maHOBHI
KOJIETH: YYaCHUKH KOH(epeHIii, peakiliiiHa KoJieTisl, OprKkOMITET 1 BCi pewira,
XTO CHOTOJHI 3 HAMH BiJ] HAyKOBO-TIEJArOTi4HOTO cKiaxy JIbOTHOI akamemii
HAY Tta 1i kepiBHUITBa!

Ines 3acHyBaHHA CeMiHapy Hajexajla JOKTOpPY (Di3HMKO-MaTeMaTHIHHIX
HayK, podecopy, TaJaHOBUTOMY MaTeMaTHKy B 00JacTi Teopii CKiHUCHHX
IHIIMICHTHAX CTPYKTYp AHaromnito SkoBuuy IleTpeHroKy, SKy ImiaTpUMaiu
HaykoBli IHcTHTYTY KiOepHetnkn HAHY (mpodecop I'. II. Jlomemp) i
KipoBorpancekoi — JnbOTHOI  akazemii  HaIlOHAJIBHOTO  aBialidHOTO
yuiBepcurety (npodecop C. M. Heninbko). CrnoniBatocs, mo € me 6arato
YUYaCHHUKIB TEpIIOro ceMiHapy, sIKMil BinOyBcs y mpumimeHHi Jlep>kaBHOT
JbOTHOI akazneMil YkpaiHu, 3a iHIIaTUBM HAYKOBIIB Ta MiATPUMKH BUYEHUX
Iucturyty kibepueruku imM. B. M. Inmymkoa HAH  Vkpaiun,
JIHIPONeTPOBCHKOTO  HAI[IOHAILHOTO  yHIBEPCUTETY Ta YepHiBEIHKOTO
HamioHanmpHOTO YHiBepcutery iM. IO ®@enmpkoBuua. Sk Moxemo Oauntu
CBOTO[IHI, iZes 3alpOBa/DKCHHS TAKOTO CEMiHApy BUSBIUIACS YCIIIHOIO 1
IUTITHOO, IO YMOJKJIMBWJIO BHCBITIMTH pPE3YNbTaTH OKPEMHX BYEHHX 1
HayKOBUX TpYIH, SKi MPamIOIOTh B Taly3i AMCKPETHOI MaTeMaTHKH Ta Il
3aCTOCYBaHb.

Jsikyto Bam 3a minTpuMKy y CKIQJHHWI 4ac JJIsl BCIX HAc, Le TaKOXK
HaJIMXa€ HAC Ha Te, 100 OpPraHi30ByBaTH ceMiHap, 1100 BiH MPOIOBKYBAB CBOE
KHUTTS. Bakaro MpHEMHOro Ta pe3yJbTaTHBHOI'O CIUIKYBAaHHS, HATXHEHHS
TBOPYHX YCIIiXiB, 3710pOB’sl, MUPY.

Mapuna CEMEHIOTA,
3aBigyBad Kadempu JIroTHOI akamemii HAY, k.¢.-M.H., o011



Ilpugimannsa 6i0 Incmumymy kioepuemuxu imeni B.M. I'mywikoea
HAH Ykpainu

[lanoBHi apy3i!

Mato decTb 1 pamicTe BITaTH BCIX Y4YacHHKIB IoBineitHoro XXV
MiXHapOZHOTO HAyKOBO-TIPAKTHYHOTO ceMiHapy imeHi A.f. Ilerpenroka
«KombinaTopHi koH(]Iirypamii Ta iXHi 3aCTOCYBaHHs», KU 3p0OUB BaroMuit
BHECOK B pO3BHUTOK MAaTeMaTHKH, a caMe HampsaMy KoMOiHaTOpHi
KkoH(piryparii. Takok NPOCHIN TepeAaTH BiTaHHA YYacHHKaM CeMiHapy
akageMik HAH VYxkpaiam, uwien-kopecnonnenr HAH VYkpainu, mpodecop,
JOKTOp (.-M.H., AUPEKTOp IHCTUTYTY KibepHeTuku im. B,M, I'mymkosa HAH
VYkpainu Ceprienko 1.B. ta akagemixk HAH VYxkpainu, udineH-KOpeCHOHIEHT
HAH VYxpaiuu, npodecop, 10kTop ¢.-M.H., 3aCTYIHHUK AAPEKTOPa IHCTUTYTY
kioepaerrku iM. B.M. I'mymkoa HAH VYkpainu Ximiu O.M.

TemaTuka cemiHapy JyKe BaKJIMBa, TOMY IO 3aCTOCYBaHHS
KOMOIHaTOpPHUX KOH(DIrypariil po3IHpIOIOTECS 3 KOXKHUM POKOM, a JUIS [LOTO
moTpiOHi rmOoki TeopermuHi 3acamu. K.bepx wmaibke 60 pokiB Tomy
po3pobuB MeTomonorito, GpopMarizamito KOMOIHATOPHUX KOHQirypariit. I s
METOJOJIOTIS J03BOJIMIA DO3IIMPUTH KJIACH 337a4, B SKHX QIrypyroTh
KOMOiHATOpHI KOH(pirypamii 1m0 3amad onTuMizamii Ha HECKIHUECHHX
IPOCTOpax, Ha PO3MHUTHX mpocTopax. Jleski 3amaui 3 wiel TeMaTUKH
posmsmanucst Ha XX ceMiHapi. Aje TeMa JIOCTI[KEHb HE BHUEpIIaHa,
HaNpuKIag 3aJadl  MapupyTu3aiii  TpaHCHOPTHHX  3aco0iB  3apa3
TpanchOopMyBaIKCS B 3a4avi IUIAHyBaHHS Miciidi 3a ydacTio BITJIA i ne B
HAYKOBOMY ILIaHI CTaBUTh 3aJadl PO3BHUTKY 1 JOCIIIKEHHS KOMOIHATOPHHUX
KoH(piryparriii Buiux nopsakis. Hair ceminap — 11e 0iuH i3 CrIOCOOIB i THITH
Ta PO3BUBATH HAYKOBI JOCHIPKEHHS B CKJIaJHUX YMOBax Uil YKpaiHH.
CnopiBatocsi, 0 y4acTh B L[bOMY 3aX0ji OyAe He TUIbKH KOPHUCHOIO, aje i
npueMHOI0. CIioziBatocs, 0 0OCTaBIHM, HE 3aJISKHI BiJl HAC, MUHYTHCA, 1 B
MalOyTHEOMY MU OyZeMo TpoBOAWTH MiKHApOAHUN HAYKOBO-TIPAKTUIHHUN
cemiHap imeHi AHaTtodis Skosmua [leTpeHtoka y peatbHOMY BHMIpi.

Bepexits cebe i cBOIX OMH3BbKUX!

Jeonin T'YJISTHULIBKUIA.,
qred-kop. HAH Vxkpainm, a.T.H., crapmmii HayKOBUH CIiBPOOITHUK,
3aBiTyBady BiJIIJIOM METO/IiB KOMOIHATOPHOI ONITHMIi3amii Ta IHTeIEKTyaIbHUX
IT Inctutyty kiGepueTnkn im. B.M. I'mymkoBa HAH Ykpainu



JOMOBIII

YACTHHA I

BOUNDARIES OF THE ASSORTATIVITY INDEX FOR SCALE-
FREE NETWORKS
Shergin V.L.!, Chala L.E.!, Udovenko S.G.2
!Artificial Intelligence dept. NURE, Kharkov, Ukraine,
Informatics and Computer Technics dept. KhNUE, Kharkov, Ukraine

Abstract — Assortativity coefficient is a measure of the tendency of nodes
in networks to connect with similar in some way, or dissimilar ones. The
assortativity coefficients for most of the real-world networks are close to zero
and far from the theoretical bounds +1. Thus, one might think that this property
is not very characteristic of complex networks. But the point is, that
assortativity properties should not be studied apart of the distribution of nodes
by degrees. Most complex networks are scale-free, so the nodes follow an
asymptotically power-law distribution. Fixing the distribution of the degree of
nodes forms an essential constraint both on the network structure and on the
boundaries of the assortativity coefficient. The problem of estimating the
bounds of assortativity coefficients for scale-free networks were solved. It was
found, that these boundaries are narrowing with increasing the network size.

Keywords— Assortativity Boundaries, Scale-Free Networks, Power
Distribution, Barabasi-Albert Model.

It is widely known, that most of the complex real-world networks are
scale-free (SF), i.e. the degree of their nodes is distributed by some power law
family of distribution (such as Yule-Simon, Benford, zeta etc.), at least
asymptotically [1]-[2].

Despite the importance of the nodes degree distribution, it is not an
exhaustive characteristic of networks. While degree distribution is a first order
graph metric, the assortativity [3], that is, the tendency of nodes to link with
similar or dissimilar ones, is a second order one. Assortativity is also an
important property of networks. It is known [1], [3]-[4], that social networks
are positively assortative, while biological, technical and cognitive ones are
disassortative.
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Despite the large number of studies of scaling and assortativity, these
characteristics are most often studied separately that is considered as an
essential disadvantage of the current state of the complex networks theory.
While the structure of SF-networks with extreme assortativity is widely known
[6]-[8], the bounds of assortativity coefficient for the SF-networks with known
power exponent are unknown. Estimating this bounds forms the goal of current
research.

An assortativity coefficient is defined as correlation coefficient of the
nodes by their degrees [1] and in general case is in the range —1 < 7 < 1. More
convenient form of this coefficient is given in [4]:

2
L 55/517 0
Sy —S31/5,
where
n n n
Se=>.df . Ny=d"Ad=)> Add;. @
i=1 i=1 j=1

A is adjacency matrix of the network, di is node degrees.

Without loss of generality, we can assume that the nodes are ordered by
a decreasing degree, so index number i of the node d; is its range.

As it follows from (1)-(2), network assortativity coefficient ( ¥ ) depends
on degree distribution d;, so networks mixing cannot be studied apart from
scaling. If the distribution of nodes by degree follows to a power law, then the

range distribution of nodes asymptotically also follows to a power-family
distribution:

di=ci? Ll<p<i 3)

Let’s fix the network size and the values of nodes degree. Then, the
structure of SF-network with extreme assortativity can be found by greedy
algorithms of simple structure [6]-[8]. Links are distributed starting from the
richest node. Network is extremely disassortative if on each step current node
links with as poorest one as possible. Likewise, while creating an extremely
assortative network, current node links with as richest one as possible.

The structure of SF-network with extreme assortativity is shown on Fig.1.
As one can see, an extremely disassortative network is tends to be bipartile [8],
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while in opposite case (extreme assortative mixing) network is close to be a set
of almost isolated clusters, all but the largest of which are almost regular.

1 9 17 25 33 41 49 57 654

(1]
4

1
i1l

N
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111

—tte
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Fig.1 An adjacency matrix of extremely assortative (blue) and disassortative
(black) BA-network of size n=64

The terms Sy, S5, S3 in (1) does not depends on mixing properties (i.e.

on adjacency matrix A ), but only on network size 7 and scaling factor f3.

For SF-model having degree distribution (3) this terms are:

S, :fi:2L’ S, =O(L2 .n2l3—2)’ S5 =0(L3 -n3B_3) 4)

where L is total number of links.
In disassortative case according to generative algorithm the minimum

value of N3 (2)is

. 3 _
Ny P, )
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By substituting (4) and (5) into (1), we get an asymptotic estimate of the
lower bound of assortativity coefficient:

= —O(n_(l_ﬁ)) ) (6)

In the extremely assortative case the contribution to /N5 of clusters of

“arrow body” is much less than that of “arrow-head” which is equal to

c+l 4 3B+B

N 4,y d; (d)*P = (7)
e zl ; Z (a-py

In accordance with (4) and (7), the upper bound of assortavitity
coefficient (1) can be estimated as

2
L =O((cnP)! PPy ®)

It can be noted that the obtained estimates of the boundaries of the
assortativity index can also be used to normalize the “self-similarity index™ [9],
which is closely related to the assortativity one.

Obtaining more accurate estimates for the model of elastic SF-networks
is treated as a direction for further research.
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EXPLICIT ESTIMATES OF THE PROBABILITIES OF NASH-
EQUILIBRIUM STRATEGIES IN LUPI GAME
Shergin V.L.!, Chala L.E.!, Udovenko S.G.2
!Artificial Intelligence dept. NURE, Kharkov, Ukraine,
Informatics and Computer Engineering dept. KNUE, Kharkov, Ukraine

Abstract — LUPI is the game in which players choose positive integers.
Winner is the player who picks the lowest unique number. LUPI is the simplest
extreme congestion game, in which even one other player’s choice of the same
number reduces one's payoff to zero. This primitive lottery is used as a model
of some auctions, patent races etc. Poisson-Nash equilibrium strategies for this
game are known, but the desired exact probabilities are an implicit function of
the game parameters. Finding explicit estimates of these probabilities, as well
as an estimate of the threshold value, forms the goal of the current research.

Keywords — LUPI game, Poisson-Nash equilibrium, logint function

In the Least Unique Positive Integer (LUPI) game players, choose
integers from 1 to K simultaneously, and the lowest unique number wins a
payoff of 1, while all others earn O [1]. In the simplest form of this lottery, the
number of players is considered to be a random variable having a Poisson
distribution with mean 72 . The Poisson assumption proves to be easier to work
with than a fixed 7 because of the environmental equivalence (EE) property
[2]. LUPI game used as the model of asymptotic case for Lowest Unique Bid
Auctions (LUBA) [3].

Due to the symmetry of the game, all players use the same mixed strategy

p=(py, Pa,---» Px ), where p; is the desired probability of choosing k .
Let Pr(X (k) =1) is the probability that the number of players who pick k

in equilibrium is exactly i. According to the above assumption, this

14



probability follows a Poisson distribution. Hence, the the expected payoffs v,

when choosing the number k are equal to probabilities (k) of k being the

winning number:

k=1 k-1
v = (k) =Pr(X (k)= 0)- [ [Pr(X () 1) =& " H(l —npe” i )
i=1 i=1

ey

It was shown [1], that the Nash equilibrium P has full support, i.e.

P >0 over all 1<k < K. According to the basic condition of the Nash
equilibrium, the expected payoffs must be equal to each other:
V| =Vy = =Vg =V,

A detailed study of the properties of the Nash equilibrium for the LUPI
game was provided by Ostling et.al [1]. In particular, they shown that the
sequence P is strictly decreasing. Moreover, this sequence may have super-

exponential cutoff K~ [3], such that Dk = O(exp(—2k ) for k > k™. If so,

then probabilities for k >k * being the winning number are negligible and
such numbers can be discarded despite of full support.

Estimation this cutoff value &k~ (11, K) as function on number of players
(n) and the maximum number allowed ( K ) is the first interest of current
paper.

According to (1), the desired values pj; can be found sequentially and
are fully determined by the initial value p; . Therefore, these probabilities can
be easily found by any simple numerical method as a solution to the
normalization condition (Z Pr = 1) writ D - However, for large values of
K, this approach is associated with both a large amount of calculations and
the accumulation of a computational error. This fact forms the main interest of
current research: estimating the desired probabilities pj, (n,K) as explicit

functions, i.e. without loops and without numerical solution of nonlinear
equation.
If we denote
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g =exp(npy) < pp=+In(z), @)
then the sequence (1) can be rewritten as recurrence relation
T = 2 —In(zy). 3)

It should be noted that the exact solution of the recurrence (3) cannot be
written in an explicit form. In [3], the original difference equation is

approximated by a differential one (gik =—In(z)), the solution of which has

the form

k=c-li(z),

“)

where 1i(z) is a logarithmic integral function (also called as “logint”), ¢ is
an integration constant. As a result, the estimate of cutoff value has the form
k' =c+li(n+1).

Despite the rather high accuracy of such approximation, this approach
has significant limitations: firstly, the uncertainty of the constant ¢, and

secondly, the impossibility of obtaining an inverse relationship (i.e., z(k)) in

an explicit form.
We propose to estimate the cutoff as the point at which the curvature of

the curve z(k) is maximum. Hence, the second (central) difference of this

recurrent sequence should be maximum:
2
APz = (G —2)— (@ — %) =g —In(z —Inz ) )

The maximum of function (5) is reached at z;_;=e, so
i =e —1~1.718. Therefore, cutoff is the solution of g =e -1.

Then we found, that sequence (3) can be approximated much more simply
than (4), namely as
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k*—k=a-z;, +2Jz;, =3, a~0.116465577755347. (6)

In fact, (6) is an approximation of the logint function li(y) based on the
interval k* —k e[e—1;10000].

Using (6), it is easy both to find the cutoff k* and to approximate
explicitly all values of the array Z .

According to (3), the normalization condition can be transformed into a
telescopic series:

K K K
n=n) pp=>In(zx)= > (%% = Zps1) = 2 — 41 o
k=1 k=1 k=l

Suppose that k™ < K . Then Zg41 =1,s0, zy =n+1, and as per (6):

K =a -z +2z - 2. ®)

Since Zi, = 1, and given that k is an integer, the maximum allowable

value of k , for which estimate (6) is applicable, is

max

k =(k*+1—aw. )

Thus, if the value of kmax (9) does not exceed K , then all elements of

Zy, for k>k can be set to unity. Moreover, the remaining elements can

max
be expressed as an explicit function of k :

2

1+ J1+aB+k —k
% = \/ ; ) k=1 k. (10)

In the opposite case (k > K'), value of z; can be evaluated as:

max
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2

2
n+b , where b=(K—-a-n)/2. (11)

2b

=

The value of k" is still evaluated by (8), k is set to K , hence all

elements of the array z are estimated by (10).
In both cases, after calculating the auxiliary array z, the probabilities of
Poisson-Nash equilibrium strategies can be obtained from (2):

max

_Inz

Pr (12)

n

According to numeric simulations, the proposed algorithm for estimating
the probabilities of equilibrium provides high accuracy.
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FEATURES OF PROVISION OF FUNCTIONAL STABILITY OF
AIRCRAFT ONBOARD EQUIPMENT COMPLEX
Kalashnyk G.A., Kalashnyk-Rybalko M.A.

Flight Academy of the National Aviation University
Abstract. The authors have presented the features of the formation and

maintenance of the functional stability properties of aircraft onboard
equipment complex under the influence of destabilizing factors.
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Let’s consider the complex of onboard equipment of the aircraft as a
distributed intelligent system of the form:

G(V,LLV={v} L=l } i,j=12...n, )

where the set of vertices V' of the graph G(\V,L) corresponds to the set of
information (intelligent) modules of the complex of on-board equipment with

dimension 7 , the set of edges L corresponds to the set of connections [ ij

between information modules (i s ] ) .

We present a graph of the model of the onboard equipment complex in
the form of an adjacency matrix [1]:

A:{al.j}, i,j=12,...,N, @)

where d;j — elements of the adjacency matrix of the diagnostic graph, which

have a value of 1, if there is an edge:

lijZ{vi,vj}, eL, 3)

and 0 — if the edge does not exist; V;, V j —modules of the distributed system
of the onboard equipment complex, connected by information communication
lines l,’j .

The space of parameters P of the onboard equipment complex is

represented as <V, L F >, where the set of vertices V of the graph

G (V, L) corresponds to the set of information (intelligent) modules of the
on-board equipment complex, the set of edges L corresponds to the set of

connections lij between information modules (i s J ) F —the set of functions

of information (intelligent) modules of the onboard equipment complex and
connections between them.
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We will assume that the functioning of the on-board equipment complex

is determined by a set of parameters P <V, [ 5 f > , where the subset V C V s
|V|5|V|, the subset ZQL, |Z|S|L‘, and the subset ng, |f|§|F|
Accordingly, the parameter p <v, l, f> — is an element of the set of parameter
spaces P <V, L F > . The change in the internal state of the on-board

equipment complex over time W ([ > P) depends on P . Thus, [ € T |, where

T — atime interval of functioning of aircraft onboard equipment.

The strategy for implementing the principles of functional stability of the
onboard equipment complex is as follows. At the construction stage, the
provision of functional stability is carried out by introducing structural,
hardware, software and time redundancy. For this purpose, the optimal
(according to the criterion of maximum of functional stability) structure of the
aircraft on-board equipment complex, characterized by structural and hardware
redundancy, is determined. The main failures and errors in the operation of the
onboard equipment complex are parried by software. To do this, software and
temporal redundancy are introduced into the software to control, diagnose and
decrypt diagnostic information. Then for the functional stability of the on-
board equipment complex, as the property of a complex system will be fair:

VvV 3V Viin, AV,
VIC L3l Ly, Al#D,

‘v’ngEIfm fm’n, Afi@,

where
V="V Y Viin, Av=v_ . NV, >

=l Olin Al=L Al

f:fnnxufnin,Af:fn'ax ™ Jin »

where Vymx, ,lrmx s fmax — maximum subsets in terms of capacities,

respectively, of elements, lines of communication, functions of elements of the
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aircraft on-board equipment complex, for which the conditions are fair:
Vo =[V ] [ =12 || =]

Viin ,lm'n 5 fm' — minimum subsets in terms of capacities,

9

respectively, of elements, lines of communication, functions of elements of the
aircraft on-board equipment complex, for which the conditions are fair:

Pain < W ia < 12} 1foia| < [P
Av, Al , Af — formal description of redundancies, respectively, of

elements, lines of communication, functions of elements of the aircraft on-
board equipment complex.

Provision of the functional stability of the on-board equipment complex
includes stages of self-diagnosis, failure prediction by verification of the
distributed knowledge base, failure parrying, restoration of the structure of the
on-board equipment complex without significant restructuring of verification
means [2, 3, 4].

But to provide the functional stability of the on-board equipment
complex, it is necessary to take into account the rapid parrying of failures, or
the resumption of work in a minimum of time. Therefore, the functional
stability of the on-board equipment complex describes a family of probabilities
of many probable indicators that ensure operation under the influence of
disturbance, perhaps with some estimates of characteristics, but the ability to
resume work in a given minimum time:

P(F pyiomiess ) = Pl Fuionicse L Wt (v L F) £ < 7)€ G b @)

where P (F avionics 1—) — the set of probabilistic indicators of functional
stability;
wt ,<V,l ) f >) — the internal state of the system, which is an element of

the phase space P;
P —a parameter that determines the duration of the effects of

destabilizing factors and the moments of their effects;
V — the set of elements of the system model;

[ — the set of model connections;

f — the set of functions of elements and connections of the system;
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A — the set of system model resources & = <V,l, f > :

T
G A, — the set of values of all functions of the complex of onboard

equipment for the model of its operation under the influence of destabilizing
factors over time .

In this case, the functional stability of the aircraft on-board equipment
complex is provided using the principle of synergistic regenerative control in
some minimum of time.
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DECISION-MAKING MODELING IN CASE OFEMERGENCY
“CAPTAIN INCAPACITATION
AT TAKE OFF”
Shmelova T., Yatsko M., Sierostanov I.
National Aviation UniversityNational Aviation University, aircompany
”Bees Airlines” Aircompany “Bees Airlines”

Abstract. Optimization deterministic model of decision making in an
emergency "Pilot incapacitation" have presented. Behavioral models are used
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for synchronization actions of all operators, to support and timely predicting of
human-operator actions in the emergence. Models are used in the Decision
Support Systems of aviation personnel in emergencies.

Introduction. Analysis of aviation events shows that the cause of more
than 80% of them is the human factor. Moreover, most aviation specialists are
sufficiently trained as professionals. The occurrence of an emergency situation
in flight is characterized by incompleteness and uncertainty of information,
decision-making (DM) takes place in conditions of acute shortage of time and
significant psycho-physiological load, which is one of the reasons for violations
[1]. Finding the best solution in such conditions requires processing much more
information than under normal flight conditions. The development of
emergency decision-making models is relevant to improving existing Decision
Support Systems (DSS).

The work is dedicated to the problem of developing emergency situation
(ES), called "Pilot incapacitation". The data shows that the cause of
approximately three accidents per thousand (15 per 1,000 deaths) is the result
of pilot incapacitation. DM modeling by aviation specialists in conditions of
certainty, risk, and uncertainty, the main causes of the accident are considered,
a systematic analysis of the situation (decomposition of operational procedures)
using the method of expert assessments determined the average time of
procedures and consistency of experts) [1]. The deterministic DM model of an
aircraft pilot in case of an emergency situation such as "Pilot incapacitation”
was created.

Main part. Pilot incapacitation is defined as any condition which affects
the health of a crew member during the performance of duties - associated with
the duty/position assigned to him which renders him incapable of performing
the assigned duties. The definition includes either total or partial incapacitation
which does not allow the fulfilment of duties in the "normal" way.

lincapacitation occurs frequently compared with other routinely trained
non-normal conditions. It has occurred in all age groups and during all phases
of flight. Incapacitation occurs in many forms ranging from sudden death to
subtle, partial loss of mental or physical performance. Subtle incapacitations are
the most dangerous and they occur the most frequently. Incapacitation effects
can range from loss of function to unconsciousness or death. The key to early
recognition of pilot incapacitation is the regular use of crew resource
management concepts during flight deck operation.

Proper crew coordination involves checks and crosschecks using verbal
communications. Routine adherence to standard operating procedures and
standard profiles can aid in detecting a problem. Suspicion of some degree of
gross or subtle incapacitation should also be considered when a crewmember
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Tab. 1. Structural and temporal table “Captain incapacitation at V1”

Ne | Actions in case of apilol incapacitationy Actio | Order | L s
n
| 2 3 4 5
1 | Call for mtention of take control and ay - 2
continuation takeoff: «Continue, My controlss
2 | Rotate aircraft at rotation speed Ve i iy 2
3 | Retract landing gear when positive rate of il a: 2
climb
4 | Engage AP at 4007 feet AGL i i3 2
5 | Check the position of essential controls and as i i
swilches
6 | Accelerate aircraft to flaps retraction speed as a3 I2
7 | Retract flaps @z e &
8 | Inform ATC iy a3 ]
4 | Call cabin crew to help incapacitated pilot, iy dy fi
10 | Follow the SID dia ay
11 | Brief cabin crew to restrain the incapacitated | ai iy 6l
pilot and provide other assistance
12 | Pilot: Check weather, type of approach and s iy 3n0n
airport facilities at departure airdrome 1o iy
evaluate ability 10 come back or choose
appropriate alternate.
Cabin crew: Restrain the incapacitated pilot
and slide the seat back, assess him medical
condition, provide with necessary care, call
other cabin crew to find doctor on board.
13 | Make a decision to proceed suitable ardrome | aus a2 il
according actual situation
14 | Prepare cabin for approach i & 120
15 | Brief cabin crew for approach dys i) 6l
16 | Declare "MAY DAY™ and request vectoring | ays i3 2
for approach and medical assistance
17 | Proceed as mstructed by ATC ais @n .
18 | Slow the aircrafi to extend flaps and gear s @z 20
19 | Extend flaps and gear for landing i i 6l
20 | Read with a help of cabin crew landing check |  am iiw 20
list
21 | Perform landing a1 £120 6l
1 2 3 3 5
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22 | Check achivabion of  sutobrakes and 2z azy 2

specdbrakes systems or apply manually brakes
| and rise speedbrakes lever -

23 | Apply reverse thrust a2 sz 2

24 | Keep directional control with pedals and 174 dr 12
differential braking, when required

25 | Stop the arcraft, set parking brakes, and a2 ar f
announce “Attention  Cabin Crew!  Ad
stations!™, and

26 | Inform ATC and request assistance (stairs, etc). a2 €75 il

27 | Take the lefi seat for further taxi, when a2 s il
requested by ATC 1o vacate the active RW.

does not respond to any verbal communication associated with a significant
deviation from a standard procedure or standard flight profile. Failure of any
crewmember to respond to a second request or a checklist response is cause for
investigation.

In process of DM modeling in case of emergency "Pilot incapacitation”
was used the recommendations of the Flight Crew Training Manual "Two
communication rule" [2 - 4]. Take-off is the most critical case when pilot
incapacitation requires immediate decision and prompt actions.

Proper crew coordination and use of standard call-outs are vital. Failure of
crew members to timely respond and/or act on “80 Knots” and “V1” call-outs
will require the following immediate actions from any pilot. DM Modeling in
the event of an emergency is considered at the second stage of takeoff at a
decision speed V1. Decomposition of the emergency "Captain incapacitation”,
the list and the average time of the pilot's actions are given in tab. 1.

According to the structural and temporal table, a DM deterministic model
in the emergency situation is constructed in the form of a network graph, the
critical time of execution of all actions by the pilot (Tcr = 988 s), critical path is
determined (Fig. 1).

Conclusions. The paper considers the emergency situation "Pilot
incapacitation", conducted a systematic analysis of the pilot's actions, created a
DM deterministic model, determined the critical time for parrying the existing
emergency situation. In the future it is planned to analyze the DM of specialists
involved in the process of solving the emergency situation (Air traffic
controller, medical services, emergency services, etc.), construction of
deterministic and stochastic joint DM models for integrated DMSS [5; 6].
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Fig. 1. DM deterministic model in the event of "Pilot incapacitation"
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PO YU CJIO BOHAIB 3-PEBEPHO 3B’SI3HOI'O TPA®A
I'myxoB O./1., Penera B.K.
Hayionanvuuii agiayiiinuii ynisepcumem

ON THE NUMBER OF BONDS OF A 3-EDGE CONNECTED GRAPH

Abstract. In this article considers some estimates for the number of k-
bonds of 3-connected graphs.

B naniit ctaTTi po3rISIIAIOTHCS OIIHKH 4ncia k-00HmIB 3-pebepHO
3B’sI3HOTO rpada.

v _ s 9]
Hexaii G=G, - 3-pebepHo 3B’si3Hnil rpadp Ha n BepuMHAX 3
0. I
muoxunoto Bepuine G i muoskunoro pebep G, , |G°| =n, |G/| =m, B sxomy

JIOIYCKAIOTHCS KpaTHI pedpa i meTii; Ui KOXKHOTOo pedpald TT03HAYMMO uepe3
OU MHOXWHy HOTO KiHIIiB (0/1HY a00 /1B BEpIIMHHM).

. 0
Jns 6ymb-axoi muokuan A C G- rpada G Takox MO3HAYMMO:

J(A,G)={ueG" :0u={a,b},ac A beA}.

Sxio npu upomy nopoxkeni miarpapu G[A] i G[GO \ A] 3B’s3Hi,

10 J(A,G) - nasuBaerhcs 60H10M ( MiHIMATLHUM O BKTIOUEHHIO PO3Pi30M)
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rpada G , a miarpap G[A] -masuBaethes Topuesum miarpadom mBoOro
rpada [1].

boun J (A, G) nasusaetscs k-Gougom, sxmo |J(A,G)|=k ; rpad
G[A] Toni masusaetses Topuesnm k-miarpadom rpada G , a MHOKHHA A

sepummH rpada (G BiMOBITHO HA3WMBAETBCA Kk -TOPUEBOIO I IMHOKHHOK).
MiHimManbHy 1O BKIFOYEHHIO Kk -TOPLEBY MiZIMHOKUHY Ha3BEM ITPUMITHBHOIO.
Pe6po © Ha3BeMO CHHIYISIPHHUM, SIKIIO BOHO HANIGKHTh  JACSIKOMY
OpUMITHBHOMY k-OOHIy, ane He HaJeKUTh JKOAHOMY HE MPUMITHBHOMY
OoHTy.

BayBaxumo, wo wist uncna O, (G)  k-Goupuis k-peGepHO 3B’S3HOTO

rpada BizoMi HaCTyIHI OLiHKH [2]:

0, (G)=0(n"), k=2j ;
G.(G)=0(n), k=2j-1.

HacrymHi TBepKeHHST CTOCYIOThCS 3-peGepHO 3B’ s3HMX Tpadib.
Jema 1. Slxkmo A, B 3-Topuesi miaMHOXKHHN MHOXHHH BEPIIMH 3-

pebepro 3p’ssmoro tpapa G i |A|S|BEn/2, 10 A Bato
ANB=0.

Jlema 2. Slxmo A npumitMBHAa 3-TOpuEBAa IIMHOXHMHA MHOKHHH
BepimH 3-peGepro 38’ssHoro rpada G i |A[>1, 10 G'[A]# Di
VueG'[A] G\u - raxox 3-peGepo 38’s3Huil rpad.

ITo3Haunmo uepes G rpad, sKkmii orpumanumii 3 manoro rpapa G
3aMiHOIO KOXKHOT napu pebep Uu,uU,, TaKUX , 1110
ou, ={a,c}, ou, ={c,b}, p(c)=2, p(a)>2,p(b)>2, wa oxmne
pedpo U, ou ={a,b} ( nanmor nosxux; 2 3 BEPIIMHOIO CTENEHsl 2
3aMIHSETHCS OJJHUM PeOpOM).

Jlema 3. Slxmo A npumitmBHAa 3-TOpueEBa IIMHOKHMHA MHOXHHH
BepumH 3-peGepro 38’ssuoro rpapa G i |Al=1l. ueJ(A,G) i u
cunrysspre pebpo, To rpad (G \u )’ - Takoxk 3-pedepHo 38’ A3HMiL.

3a gomoMororo jiem 1-3 MOKHa T0BECTH HACTYITHE TBEPKCHHS.
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Teopema 1. Skwo G, - 3-peGepHo 3B’s13HMH rpad HA N BepLIMHAX,
n=3,k>3r0

o (G )<2k2
k( n) k_2

JloBeneHHs. 3ayBaXMMO CIIOYATKY, L0 JOCTaTHHO PO3IVISIHYTH TLIBKU
kputn4Hi 3-pebepHO 3B’s3HI rpadu, ToOTO Taki rpadu, y SKUX BUAAICHHS
Oynap-sKoro pedbpa MPU3BOIUTH JI0 3MEHIICHHS peOepHOi 3B’ A3HOCTI. 3TiTHO 3

JeMOo 3 B KpHTHUHKX rpadax icHye Take pebpo u, mo rpad (G \u ) 6yze

3-pebGepHo 3B’S3HUM. 3BiIKW BUILTUBA€E HEPIBHICTb:

0,(G)<20, ,(G\u))+0,(G,),

ne G, - rpad, wo orpumanuii 3 rpada G craryBaHHsIM pebpa u .

Jai iHIyKIist 3aBepIrye JOBEACHHS TCOPEMIL.

3ayBakuMo, IO A IUIAaHAPHUX 3-3B’SA3HUX TpadiB MAIOTh MICIE TaKi
ominku [3,4]:

Teopema 2. Slxkmo G - nanaphwii 3-38°s13umi rpad, TO

o,(G)<4n/3.

Teopema 3. Slkmo (G - npocruit ( Ge3 meTens i kpaTHUX pebep)
TulaHapHuil 3-3B’s13HUI Tpad, TO NpH k >4 Mae Miclle HACTYITHA HEPIBHICTB:

1
G) < — (2m)t"?
o, (G) 2k(m)

OtpuMaHi pe3yibTaTd NO3BOJSIOTH BUCYHYTH HACTYIIHI NPUITYIIEHHS
wozno ouinkn uncna 0, (G) k-Goupie 10BiIBHOTO 3-peGepHO 3B’A3HOTO

rpada.
Hpunymennus 1. Icaye take o < 1 iTaka crana Cmo 0, (G,) = cn**

Mpunymenns 2. Icuye Take Taka crana C mo 0, (G,) = Cn*"?.
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PO 3B’SAA30K 3AJAY I3OMOP®I3MY I'PADIB
TA YIIOPSJIKYBAHHS iX BEPIIIMH
Kapagaes K. 1., Typununa B.A.
Jlninposcvkuii HayionaneHutl ynieepcumem
imeni Oneca I'onuapa

ON THE RELATION BETWEEN GRAPH ISOMORPHISM AND
PARALLEL SEQUENCING PROBLEMS

Abstract. The paper investigates the possibility of constructing a
complete graph invariant based on lengths of optimal sequencings obtained
for different values of the sequencing width. It is shown that such an invariant
will have a number of impractical limitations. Nonetheless, they may give rise
to a new direction of research considering finding the length of an optimal
sequencing.

OmHUM 3 BIIOMHX WPHUKIANIB 3amad Teopii PO3KIAMIB € 3aaada
ONTUMANIFHOTO YHOPSIKYBaHHA BEpIIMH OpieHTOBHUX rpadiB. Llupoke
JOCTIKCHHS Ii€i 3a/a4i moyanocs y CepelrHi MUHYJIOTO CTONITTA 1 Oyio
MOB’si3aHE 3 YJOCKOHAJCHHSM KOHBEEPIB aBTOMOOIUIFHOTO BHPOOHMIITBA
NUIIXOM ONTHMI3aIii MOPSAAKY BHUKOHAHHS poOIT Ha HHUX. [HTYITMBHHI
MOJIIHOMiaJIbHUN PO3B’ 30K (hOpMalli3oBaHOI 3a1a4i BUSBUBCSI ONITUMAJIbHIM,
IO a0 MiACTaBH CIIOAIBATHCS, IO ¥ y 3araJlkHOMYy BHIIQJKy 3a/ada €
PO3B’S3HOIO 3a MOJIIHOMIaILHUH Yac.

[Momampr 3ycHIst JOCTITHUKIB OyIn CIPSIMOBaHi Ha PO3POOKY TOUHHIX
METO/IB, 3aCHOBAaHHMX Ha CXEMaxX HalpaBICHOTO Iepedopy, Ta MOIIyK
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MIiKIACIB 33724, VI SKUX ICHYIOTh MOJIIHOMIANBHI aITOPUTMHU 3HAXOKCHHS
TOYHHMX pPO3B’sA3KiB. Taki ajlropuTMH 3HAXOJATh CBOE 3aCTOCYBaHHS B
pi3HOMaHITHHX cdepax: y Ipolecopax Ta NPOrpaMHOMY 3abe3NeueHHi
OOYHCITIOBAILHUX ~ CHUCTEM, BHPOOHHWUIA Ta  CHOOXKHUBYIA  cdepax,
npwiiano0yyBaHHi, TOLIO.

Po3srnssHeMO  KJlacM4HY ~— TMOCTaHOBKY  33Jadi  ONTHUMAaJbHOTO
ynopsiikyBanHs. Hexail MaemMo n 3aBIaHb, MOPSIOK BUKOHAHHS SIKUX Mae
MAMOPSIIKOBYBATUCh ~ JESIKMM ~ HAasBHUM ~ BHPOOHWYUM  3aJICKHOCTAM.
MaremaTiuHy MOZAENb Takoi 3ajadi NPHPOAHO TOJABATH Y BHUITIAAL
opienToBHoro rpady G (V,U), y sKoMy BEpILIHMHH BiJMOBIIAIOTh 3aBJaHHsM, &
Iyl — BUPOOHMYHM 3aJISKHOCTSIM. B KilacH4Hil MOCTaHOBIII BBAYKA€THCS, 110
BCl BHKOHAaBIlI YHIBepCcaJbHI Ta BUTPATH Yacy Ha BHMKOHAaHHS KOXKHOTO
3aBJIaHHsI OJTHAKOBI.

O3navenns 1. [lapanensHUM yHnopsaKyBaHHSM BEPIIMH OPI€HTOBHOTO
rpadpy G = (V,U) HasuBaeThcsA Take YIOPSAKYBaHHS HOTO BEPIIHH MO
MICIISIX, PO3TAIIOBaHUX y JIiHiIO, MpH sAKOMYy 3 Toro, o mapa (i,j) € U
BUIUTUBAE, IO BEpUIMHA [ PO3TAIIOBYEThCS B YIOPSAKYBaHHI S IiBimre
BepIIUHY j, To6TO 3 Toro, mwo (i,j) € U A (i € S[p],j € S[q]) Bumnusae, mo
p<gq.

O3navenHs 2. JoBxuHOM | yHnopsankyBaHHA S HA3WBAETHCA YHCIO
HENOpPOXKHiX Micup B HboMmy: [(S) = Yiv;sign|S[i]|, me S[i] — muHOXUHU
€JIEMEHTIB, 1110 3HAXOJSThCS B YIOPAAKYBaHHI S Ha MicIli i.

O3navenns 3. lllupuHoto h ynopsiakyBaHHSI S Ha3UBA€ThCs BEJIMYHHA,
10 AOPiBHIOE HAWOUIBIIIH KITBKOCTI €JIEMEHTIB, IO PO3TANIOBaHI HA OHOMY
Micui: A(S) = miaXIS[i]l, nei=1,..,n.

3amaua 1 (xsacuuna). [lo 3amanum rpady G i 3HaYEHHIO IIMPUHU h
No0yAyBaTH MapaJielibHe YIOPsIIKyBaHHs MiHIMAJIbHOT JIOBXKHHU.

3amaua 2 (yzaraasnena). [lo 3aganum rpady G i BeKTOpYy 3Ha4€HHb
mmpuan hy, i =1,..,nm moOynyBaTW  mapajeiabHE  YHOPSAKYBaHHS
MiHIMaIIFHOI JIOBXKHHH, B SKOMY Ha [-OMy Micii Oyne crosith He Oipine h;
BEpLIKH.

BusiBUI0CH, 110 y 3arajibHOMY BHMAKY 1151 3a1a4a € NP-Baxkkoro. TouHi
QITOPUTMH  IMOJIHOMIANIBHOT CKJIAAHOCTI BIAOMI JIHIIE UIS  JACSIKHX
cneuianpHUX BujiB rpady G ta h = 2.

OpnHiero 3 HaBaXXIMBIIIKX 33714 Teopii rpadiB € nepesipka napu rpadis
Ha 130MOp(HICTS.

O3nauyenns 4. /[Ba opientoBHi rpadu G Ta H € i30MOpHHUMH, KO MiXK
MHO>XKMHaMHU iX BEPIIIVH iCHY€E B3a€MO OJTHO3HAYHA BiIMOBIAHICTb, 110 30epirae
CYMDKHICTh BEPIINH Ta OPi€HTALIIO AYT.

O3navennss 5. IuBapiantom TrTpady G  Ha3uMBaeTbCs  Jeska
XapakTepucTuka rpady, HaildacTimie 4ucioBa, 1MoB’s3aHa i3 rpadom G, sika
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30epiraeTbest s Oyap-sxoro rpady, mo € i3omopdpumm G. Ilpuxmamamu
iHBapiaHTIB € KUIBKICTh BEPIIUH YH AYT Y rpadi.

Ha pa3i HeBimoMo um HaNeXXuTh I 3a1a4a 110 kiacy P abo NP-TOBHUX,
TOMY BOHA BiJJHECEHA JI0 OKPEMOT0 KJIacy CKJIaJHOCTI GI.

PosrisiHeMo muTaHHS B3a€EMO3B’SI3KY IUX 3a1ad. Tak y poo6oti [1] Oyio
JTOCITIPKEHO BILTUB MEPEBIpKU i130Mopdi3My rpadiB Ha MIBUIAKICTH 301KHOCTI
AITOPUTMY METOAY TLTOK Ta MEX Ul TaKuX 3afad. MeTor MOmasbIINX
JIOCITIPKEHb CTaB 3BOPOTHIH 3B SA30K.

Tak, OCKITbKH CKJIATHICTh 3al1adi mepeBipku rpadiB Ha i30MOp(dHICTS,
B3araji KaXy4d HE TNEpeBHIIye CKIaJHOCTI 3ajadl ONTHMAJbHOTO
YIOPSAKYBaHHS, TO LIIKaBOIO € NPUHAWMHI TEOPETHYHA MOXIIUBICTH HOOY 10BH
MOBHOTO  IHBapiaHTy Ha OCHOBI pO3B’SI3aHHSA AaHAIOTIYHHMX  3a7a4
YIOPSAKYBaHHs BEPLIMH JUIs TpadiB.

MoskHa ozpasy 3poOuTH psif criocTepexens. [lo-nepiue, 3po3ymino, 1o
JOBXXHMHHM YNOPSAKYBaHb misi i3oMopdHHX TpadiB mpu po3B’s3aHHI K
KJIACHYHUX, TaK 1 y3araJlbHCHHX 3a]a4, € iHBapiaHTaMHu 3a OyIb-IKUX 3HAUYCHb
h ta h;. Ilo-apyre, SKIIO PO3MISHEMO TPHBIaNbHY 3amady 3 h =1, To
OTpYMaHi JIOBXXUHHU OyIyTh TOPIBHIOBATH KiTBKOCTI BEPIIHMH y rpadax, TOOTO
Iel iHBapiaHT JTOJATKOBO IMepeBipATH He MoTpiOoHo. [To-Tpete, Bimomo, ImIo
TPAaH3WTHBHI IOyrH y Tpadi He BIUIMBAIOTH HA JOBXHHU OTPHMAaHUX
YIOPSAKYBaHb, @ OT)KE HE 3MOXKEMO BIAPI3HUTH rpadu, IO BiIPI3HIIOTHCS
JMIIE HasBHICTIO Takux ayr. [lo-derBepre, Aisi KiacW4HOi 3aja4i 3MiHA
opieHTalil BCIX Ayr Ha MPOTWIIC)KHI HE MPU3BOIUTH A0 3MIHUM ONTHMAJIBHOT
JIOBXKHMHH, TOMY Uil NOOY/JOBH IHBapiaHTy HEOOXiIHO PO3IIISIaTH TaKOX
y3arajabHeHI 3a1a4i.

BpaxoBytouu romnepeiHi CrocTepekeHHs, J0CIIIMMO TeTep MOXKINBICTh
MePEeBIPKU CHIBMAIIHHS KUTBKOCTI Ayr y rpadax, sKIo cepelx HAX HEMae
TPAH3UTHBHHUX.

1 3 1 3 1 3
*r—>0

Gll Gz: G3:
2 a 2 a 2 4
*————>9

Puc.1. Cnisnadinna epagis 3 pisnoio xinexkicmio 0ye

Posrnsaemo rpadu 3 puc. 1. I'padu G, ta G; MOXKHA BiPi3HUTH, SKIIO
noOyayeMo ix po3s’s3ku mis 3agadi 3 h; = {1,2,1,1}. Jlerko nmo6auntu, mo
st tpady G; JOBXMHA ONTUMAIBGHOTO YHOPSAKYBAaHHS CKIamae 3, a Juist
rpady G; — 4. Sxmo posrisiHeMo Tenep napy rpadis G 1a G,, To ModaynMo,
110 TOBXHHH X ONTUMAJBHUX YIOPSIKYBaHb JUIsl TAKOI 3aa4i CIIiBNaJal0Th.
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BinbIir TOro, BOHM CHIBIAAyTh A Oyab-sIKMX 3Ha4eHb h;. B 1bOMy MOXHA
MepEeKOHATUCS 3aCTOCYBaBIIM HACTYIHI MipKyBaHHA. Hexait h; = 2, Tomi
MOKEMO PO3MICTUTH Ha Meplle MicCle JIMIIe BepiuHu 1 Ta 2, micias 4oro B
000X BHIaJgKax OTPUMAEMO i30oMopdHi rpadu, a oTke BOHH OyAyTh MaTh
OJHAKOBY JOBXHHY YIOPSOKYBaHHS 3TiHO TEPIIOTO CHOCTEPSIKSHHS.
Amnayoriyno, ko h; = 1, ToJl, pO3MICTHBIIN HA ILOMY Miclli BepmuHy 1,
TakoX OTpUMaeMo i3oMopdHi Tpadm, a oTke W OTHAKOBI JOBXKHUHHU
ONTHMAJBHUX YIOPSIKYBaHb. AHAJIOTIYHO MOYKHA IIEPEKOHATHCS, L0 HE
3MOXKEMO BIJPI3HUTH IIi Tpadu MpH 3acCTOCYBaHHI OYyIb-SKHX NEPETBOPCHD,
110 HE BIUIMBAIOTH Ha i30MOpQi3M.

3 nonepeaHpOro MPUKIATy BUILTUBAE HEOOXITHICT EPEBIPKHU KilTbKOCTI
Iyr y rpagi okpemo. 3ajMIIA€ThCs MEPEBIPUTH MOMIIUBICTH BipI3ZHUTH
rpadu, SKIIO BOHM MarOTh OJHAKOBY KIiJIBKICTh JIyr Ta HE MaloTh
TPaH3UTHUBHUX JYT.

Puc.2. Cnisnadinns epagie 3 00HaK06010 KilbKicmio oye

Posrnsnysim rpadu G,, G; 1a G, 3 puc. 2 Ta 3aCTOCYBAaBIIM 10 HUX
TroriepeiHi MipKyBaHHS, NTEPEKOHAEMOCS, 1[0 BOHH TakoX OyXyTh BCi MaTh
OJIHAKOBI JIOBXKMHM ONTHMAJIBHUX YMOPSJIKYBaHb JJIsl TOBUIbHUX h;. Binb
IIOT0, 111 JIOBKMHH CHIBIIaAaTUMYTh 3 ONITUMAILHIMU JJOBXXWHAMH IS Tpady
G, U1 TUX CaMUX 3HA4YEHb h;.

3 ychoro 3a3Hau€HOTO MOKHA 3POOMTH BHCHOBOK, IO MOOYIyBaTH
MOBHUM  1HBapiaHT Ha OCHOBI PO3B’S3aHHS 3aJa4  ONTHMAJBLHOTO
YIOPSIAKYBAHHS, SKIIO I MOXJIMBO, TO 328 BEJIUKOI KUIBKOCTI HEMPAKTHYHHX
00OMeXeHb Ha JIOCHIPKyBaHi rpadu.

3 iHmoro OOKy, IIKaBMM € MOJAJIbIIE JOCTIHKEHHS MOMIIHUBOCTI
BU/IJIGHHS JAYyT, SKi HE BIUIMBAIOTh HA JOBXHHY YHODPSIKYBaHHS, IS
CIpOIIEHHs TpadiB, IO € CYTTEBUM [UIA 3a7a4 BETUKOI PO3MiPHOCTI.
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METOJ OTKWUI'A HA ®PATMEHTAPHOMN CTPYKTYPE I
3AJIAYA PASMEHIEHUS ITPOU3BOACTBA
Ko3un U.B., Annomos 3.K.
3anopoorcckuil HayuoHabHbLl yHUusepcumem, Yxpauna
Ypeenuckuii cocyoapcmeennulii ynusepcumem, Y3zoexucman

ANNEALING METHOD ON A FRAGMENTAL STRUCTURE FOR
THE PROBLEM OF PRODUCTION LOCATION

Abstract. The problem of placing production with restrictions on
production volumes is considered. To search for suboptimal solutions to the
problem, an algorithm is proposed based on the annealing method on a
fragmental structure.

PaccmatrpuBaeTcs kiaccuueckas 3ajada pa3MelleHus: Mpou3BOICTBA
[1] B crnenyromel MOCTaHOBKE: 3amaHO MHOXecTBO U :{ul,uz,...,un}
MYHKTOB ~ BO3MOXXHOTO  pa3MEIICHHS TPOM3BOIACTBA W  MHOXECTBO

V={V1,V2,... v } KJIMCHTOB, KOTOpPBLIC MOTYT 060J'Iy)KI/IBaTI>CH B JTUX

>"m

myHKTax. Jlis kak10i napsl i-i IyHKT IPOU3BOJACTBA, j-U KIIMEHT ONPECIICHBI

3aTpaThbl aij Ha O6CJ'Iy)KI/IBaHI/IC KJIIMCHTA B COOTBCTCTBYIOIICM ITYHKTC

mpou3BoACTBa. KaXkIpIit KIHEHT JOKeH 00CIy)KMBaThCS B OJTHOM H TOJIBKO B
OTHOM IIyHKTE€ NPOM3BOACTBA. J[md KaXJoro IIyHKTa IIPOU3BOJCTBA I
ompesieeHbl 3aTpathl b, Ha comepikaHue 3TOro MyHKTA. 3a/a4a COCTOMT B
TOM, YTOOBI OIPENEeNUTh, KAaKHWe ITyHKTHI IIPOM3BOJICTBA JOJDKHBI OBITH
OTKPBITHI (I10 KpaifHe# Mepe OJfH) U KaKOBO pacipeae’IeHre KIIHEHTOB MEXKIY
ATUMH IYHKTaMH.

n

F(x,y):Zyibi +Zn:2m:aijxij — min

i=1 i=l j=1

n n

inj =1; injyi =1, j=12,..m

i=1 i=1

X, E{O,l}, yie{O,l}, i=12,..,n;j=1,2,....,m

s pemieHns MMOCTaBICHHOW 3a/laud IIPeJIaraercsi MCIOJb30BaTh
(dparmenTapayto Moaenb [2]. MHOXECTBOM 3JEMEHTApHBIX (PparMeHTOB

SIBIISIETCSI MHOJKECTBO CBSI3EH ITYHKT O6CJ'Iy)KI/IBaHI/I$[ — KIIMCHT UXV,
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9JIEMEHTHI KOTOPOr0 HyMEpPYHTCS YUCIaMU 1, 2,...,nm. ®parMeHTapHbII

AJITOPUTM Pa3MELICHUS 3aKIF0YACTCsI B CIEIYIOMIEM:
a) COCTaBJAICTCS CIMCOK JIIEMEHTapHBIX (parMeHTOB(CBs3eil)
YHOPSAJOUYEHHBIH B COOTBETCTBUM C HEKOTOPOM IEPECTAHOBKOM YHCET

1,2,....nm;
0) BBIOMpaETCS OYepeqHOH 10 MOPSIKy (pparmeHT (l] ) W3 CIHCKA.

KimeHnTt ¢ HoMepoM j 3aKperuisieTcs 3a MyHKTOM OOCTyXKHBAaHUS C HOMEPOM i}

B) BCE CBS3M KIHEHTAa j C JAPYTMMH IYHKTaMH OOCITy>XUBaHUS
YAQIAIOTCS U3 CIHCKA;

T') QJITOPUTM 3aKaH4YHMBAET pabOTy, KOT/Ia CIIUCOK CTAHET ITyCTHIM.

Pesynbrarom  paboThl  ()parMEHTApHOrO  ajropurMa  Oyder
pacripeseneHie KIMCHTOB MEXIy IIyHKTaMd OOCIY)KHBaHHs, KOTOpPOE
SIBJISIETCSI JOIYCTUMBIM PELICHUEM pacCMaTpHBaeMoil 3a1auH.

[TokazaHo, uTo JI0OOE AOIYCTUMOE pPEIICHHE 3aJaull Pa3MeIleHUs
MOXET OBITh IIOJIy4EHO IIyTeM HaJUIeXKallero BbIOOpa IEepecTaHOBKU
3JIEMEHTAPHBIX (PPArMEHTOB.

Jnst moncka ONTHMAJIBHOTO pEIICHMS 3aJaqyd  IpeAsIaraercs
UCTIONIB30BAaTh METOJ MMHTAIWH OTXHra [3] Ha (parMeHTapHON CTPYKTYype.
AJNTOPUTM METO/a MMHTAlMU OT)KUTA IS ATOW 3agadu OyIeT COCTOATh U3
CIIEAYFOIIHX [1aroB:

Ilar 0. Ha stom 1mare 3agaercs kosdouuuent oxnaxaenus S € (0,1)

, BCJIMYHMHa MaKCUMaJIbHOM TEMIICPATYyPbL TO >0 1 MakCHMAaJIbHOE YHCIIO

maroB K anropurma. BriOmpaercs ciydaiiHBIM 00pa3oM HavaJbHas
NIEPECTaHOBKA, KOTOpas 3aJaeT COOTBETCTBYIOIEE pELICHUE 3aJaud

x*=(i1,i2,...,I;;) 1 BbIUUCIAETCA 3HAUEHUE LeTeBOH PyHKImu @(XF) .
Mar k(1< k < K'). CiyyaiiHbiM 06pa3oM BEIGUPAIOTCS JIBE O3UILIMH §

W t B Tekyulel mepectanoske X*=(i],i2,...,I;) Takue, uro 1<s<t<n.

®opmupyercs HOBast [IEPECTAHOBKA

X0 = (500, dg 150 lp 1oy 1oeenslyy ) s B KOTOPOM 3JIEMEHTHI

Ig,lg4]s-rrlf—]slf TIEPECTABIAKOTCA B OOpAaTHOM MOpsKe. Bbrumcisercs

. k k
3HaYeHHE 1eIeBOi QyHKIMM (X" ) Ha IepecTaHoBKe X . Bobrumcisercs

HoBoe 3Hauenwe Temmepatypst 1y = [1}_1. Ecmu ¢(xk)S¢)(x*), TO

k
nojaraeM X*=X" U NepexoiuM K OuYepeAHOMY Iiary ajiropurma. Eciu
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p(x*)—p(x)}
Ty
Ecn  py >rand(), rme rand() - dyHkous, KoTopas BO3BpaIIaeT

q)(xk) > @(x*), TO BBIYHCIAEM BEPOSATHOCTb pPj = exp[

PaBHOMEPHO paclpefielieHHoe cilydaifHoe uuciao B auanaszone [0,1], To

nonaraem X = xk M IIEPEXOIMM KO OUepeTHOMY 1Iary. B mpoTuBHOM ciydae
MPOCTO MEPEXOIUM K IIary ¢ HOMepoM k + 1. AIroputM 3akaHuMBaeT padoTy,
KOT/[a MPOBEIEHO 3a/laHHoe uucio maros K. Tekymias nepectaHoBka X,
KOTOpasl ONpesiesNieHa Ha MOCJIefHeM IIare OepeTcs B KadecTBe
CyOONTUMAJIBHOTO PEIICHHMS 3a/1a49H.
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IMPOTOKOJ OBMIHY THOBIJOMJIEHHAMM HA OCHOBI
JIHIAHUX ®YHKIINA I ONEPATOPIB
Kpusuit C.JI., Hoptman 10.0.
Kuiscoxuti nayionanvnuu ynieepcumem imeni Tapaca Lllesuenka
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Anomayia. IIpononyemvca npomokon oOMiny iHgopmayiero 2a 0CHO8I
eracmusocmeil JIHIUHUX QYHKYil [ onepamopie 3 peanizayiclo HA MO8I

npoepamyseauta Java.

PROTOCOL FOR EXCHANGE INFORMATION ON THE BASE OF
LINEAR FUNCTIONS AND OPERATORS
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Abstract. A protocol for exchange information on the base of linear
function and non degenerate linear operators is proposed. This protocol is
realized in programming language Java.

1. ITpoTokoJ 00MiHy NOBiAOMJICHHAMH

[IporioHoBaHMii NPOTOKOJ OOMiHY MOBIZOMIICHHSIMH IPYHTYETHCS Ha
BJIACTHUBOCTSX OIEPATOPIB Y JHIHHOMY IPOCTOPi i CKIIAAHOCTI alTOPUTMIB
PO3B’sI3aHHSA CHUCTEM JIHIMHMX HEOTHOPITHUX Hi0(aHTOBMX pIiBHIHH B
MHOXXHHI HaTypaJbHUX YUCel. BUKOpHCTOBYIOUH NEAKy MOCHITOBHICTh TAKUX
BimOoOpakeHb 31 3CyBaMH Ha JesKi 3aaHi BEKTOPH, AICTAEMO MOXKJIMBICTH 3a
Pe3yAbTYIOUMM 3HAUYEHHSM OIlepaTopa 3HalTH HOro MmovyaTKoBe 3HAa4YeHHs. B
MIPOTOKOJII BCHOT'O YOTHPH KPOKH, SIKI OMHUCYIOTH B3a€MOAII0 MK AJICOIO i
BboGom.

Kpox 0. Anica i Bo6 npocsats [[)koHa 3reHepyBaTH JJIsl HAX CIUIBHUN
KJIFOY ¢ — LIJIe I0JIaTHE YUCII0 abo BEKTOP TaKHX YHCEI 331aH0i PO3MIPHOCTI.
[Ticnst oTpuMaHHS TaKOTO KJI0Ya, BAKOHYETHCS TAKHHA TPOTOKOJI.

Kpox 1. 1) Amica Oynye cucteMmy JiHIHHIX BHpa3iB Ax, 1e A MaTpHIls
po3MipHOCTI pXq (p < g), HE BHPODKEHI MaTPHUIll pO3MipHOCTI pXp By, By, ...,
B, i BexTopu by, by, ..., by, b, ne b, b; — IpUBaTHI BEKTOPU 3CYBY 3 IUTUMH
KOOpIuHaTaMH, i=1,2, ...,s;

2) bynye cuctemy Bupasis
D(x)= By(Bs.1(...Bi(Bo(A(x))+bo)+by)...) +bs.1)+bs)+b abo
D(x)= By(Bs-i(...Bi(Bo(A(x)+bo)+bj)...)+bs.1)+ bs)+b;
3) Bucunae boOy Bupasu Ax, i D(x) BIAKpUTUM KaHAJIOM.

Kpok 2. 1) bo6 obOupae nOBiuNbHHI BEKTOp X po3MipHOCTI IXxq i

004HnCITIOE 3HAUEHHSI AX=V, SIKE€ € IPUBATHUM;
2) O6unciroe 3Ha4eHHs D(x)=d i Bucunae Auici 3Hauenns d’=d +c
BIJIKDUTUM KaHAJIOM.
Kpox 3. 1) Auica 3a 3Ha4eHHsIM d’ OOYHUCITIOE 3HAYCHHS
B()'I(B]'I(. . .(Bs.](Bs-l(d ’-C)-b)-bs)-bs.J))...-b]) -b()=A(x)
3a IONOMOI00 00epHEHNX MaTPHLb 10 MaTpUllb Bi.

Haoiiinicmes nasedenozo npomokojy TPYHTYETbCS Ha CEKPETHOMY
KITIOYi ¢ Ta CKJIaJHOCTI PO3B’A3aHHS CHCTEMH JiHIHHUX A10(aHTOBUX PIBHIHB
B MHOXXMHI HaTypaJbHUX YUCeN, TOOTO Ha Kpunrorpadiuniit ¢pyskmii f.: Dx+c
= d’. Ockinpku caMme TOBiZOMIIEHHS B Tpoleci oOMiHy He ¢irypye, To
OYEBUAHUMHU HisIMH JUISI IOTO 3HAXOPKEHHS € PO3B’SI3aHHS CHCTEMH PiBHSHB
Burisiny Dx+c = d’. Ane B pe3yibTaTi Takoro pO3B’SI3aHHS 3JIOBMHCHHUK
OTPUMYE BEKTOP-PO3B’SI30K Y, IKUW HE MA€ HIIKOTO BITHOIICHHS 10 PEATbHOTO
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noBigomieHHs.. OCKIIbKY 3HaYeHHS BEKTOPA X 1 ¢ 37I0BMUCHHKY HEBIJIOME, TO
3HATH 3Ha4EeHHsS AX BIH HE MOXe.

CkJIagHiCTh PO3B’SI3aHHS CHCTEMH JIHIHHHMX Ji0()aHTOBHX PIBHSHB (a
TOYHIilIe, MOOYAOBH TiNEOEPTOBOrO 0a3uCy MHOXHHH BCiX PO3B’S3KIiB
CHCTEMH) B MHOXHHI HaTypaJIbHUX YMCEJ B 3arajlbHOMY BUIIAJKy HAJICKUThH
knacy ckiagHocTi #NP[1]. 310BMUCHHK MOXKE pO3B’S3aTH BiJIOBITHY
CHCTEMy, ajJe TOTIM HeOoOXigHO MmimiOpaTé 3HA4YeHHS KI0Ya ¢, 32 SKUM
3HAXOMUTHCS SIBHUH TEKCT, IO BUIVIAA€ IOCHTh MNPOOIEMATHYHMM Ha
migcTaBi HECKiHYEHHOCTI cmocoOiB BHOOpY BekTopa c¢. TakuM dYWHOM, B
JTAHOMY TIPOTOKOJI BUKOPHCTOBYEThCA KpUOTOTpadiuHa PYHKIIS 3 CEKPETOM
fe=D(x)+c, ne cexpeToM BUCTYIIA€ BEKTOP C.

CkJ1aqHicTh OOUMCIICHb B HABEJICHOMY IIPOTOKOJII HE BUCOKA 1 €IMHE, 110
notpebye 3aTpar 4acy — Ii¢ O0UHCIICHHS MOCII0BHOCTI JOOYTKIB MATPHIIb 1
0o0epHEeHUX 10 HUX MaTpHllb, Ha MiICTaBi KUX Oynyerbcs Bupasz D. Aue i3
HABEJICHOT'O BUIIE OIMUCY IPOTOKOJIY 1 OOYMCIICHh BHUILIUBAE, IO MOXXHA
o0iiiThCa TBOMa-TpbOMa MaTPHLSIMH, OCKUIbKH TIOCIIIOBHICTh JOOYTKIB He
BUPOKCHUX MATPHIl OyIe MaTPHUIICIO 1 i MOXKHA 3HAWTH 32 MATPHUIIMH A 1
D. Tomy pmocute MaTH IBi-TPU MATPHIN 1 U HUX 3HAXOOUTH OOCpHEHI
Matputi. [IpoGireMmy o6uuCIeHHSI 00EpHEHOT MATPHIIL JIETKO PO3B’SA3aTH, SKIIO
BUOHpATH MaTpUIIi crieliarbHUM 9rHOM. J[oOpe Bimomo [2], mo mms maTpui
BUTIITY

I, AO
M=|0 1 B

00 I,
obepHeHa MaTPHISl Ma€ BUTIISA

I, —A AB
M'=/0 I,-B

0O 0 I

n

Lle mae MOXIMBICTH KOXKHOTO pa3dy oOMpaTH pi3HI MaTpuui B mporeci
nobynosu D.

2. O0MmiH Hamepe] 3aIaHMMH OBiTOMJIEHHSIMU

BusicHUMO, KM YHMHOM MOKHA OOMIHATHCS 3aJaHUM ITOBIJOMJICHHIM
Vv, OCKIITBKH B peaIbHIN CUTYAIIIT v HEe 32BN MOKe OyTH PO3B’SI3KOM CUCTEMHU
Ax=v. Jlns Toro mo6 oOMiHATHCS TOBIIOMJICHHSM V OTIMCAHUM MPOTOKOJIOM,
noTpiOHa cyMmicHiCTh cuctemMu Ax = v. lle motpebye M0IaTKOBUX BOX
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nepecuiialb MiXk a0OHEHTaMH 3 METOI0 BUOOpY Matpuli A [uist 3a0e31eueHHs
CYMICHOCTI cucTeMu Ax = v. SIKII0 Take y3ro/pKeHHs BiAOysocs, TO aaii Bce
W€ 32 OMMCAaHUM MPOTOKOJIOM.

MoxknuBuil 1 IHIIUE CHOCIO Takoro y3ro/pKEHHsS 0e3 J0JaTKOBUX
nepecwianb. Taky MOXKJIMBICTb Ja€ BUOIp 00yacTi, HaJl KOO PO3B’SI3YETHCS
cucreMa Ax = v. Skmo Aumica i bo6 BuOpanm ckinueHue moyie G, sKe
i30MOp(QHE TONI0 JHIIKIB Z, 32 MOAYJIEM BEIHKOI'O IPOCTOTO YHCNIA N 1
cucreMy Ax = v, cepell piBHAHB SKOI HEMae JIHIMHO 3aleXHHUX, TO Taka
cucreMa Oyne 3aBXIW CyMICHOIO Han IuM moieMm. Kpim Toro, B mpomy
Bumnaaky 7SS-anroputwm [3] Oyaye 6a3rc MHOKHHH BCiX PO3B’SI3KiB CHCTEMH.
Otxe, TakuM crmocoOOM MOXKHA TepelaBaTH IOBIIOMIICHHS JOBLNBHOT
JIOBXKHHH.

3ayBa)KMMO, IO CKJIAJHICTh PO3B’sI3aHHS CHCTEM JIIHIHHUX PIBHSHb B
TIOJT1 JIMILIKIB 32 MOAYJIEM IIPOCTOTO YMCIIa HAJIEKHUTH MOJTIHOMIATEHOMY KIlacy
ckianHocTi [2].

3. [IpakTH4yHa YacTHHA

Jus peamnizanii mpoTokomy Oyna oOpaHa MoBa mporpamyBanHs Java 11,
OCKUIBKM BOHa € IIaTOpMO-HE3aNeKHOI, a TaKoX 3PYYHOK Uit
BUKOPUCTaHHS. BUXiIHMIT KOX MPOrpaMH KOMITUTIOETECS i KOHBEPTYETHCS Y
OaifTkon, sKMi Moxke OyTH 3amylleHWH Ha OyAb-IKOMY NPHCTPOI, Je
BCTaHOBJICHA BipTyambHa Java wmammuaa (JVM) ©0e3 HeoOximHOCTI
MIEPEKOMITUIAIIT Ta BHECEHHS 3MiH y MOYaTKOBHHA KOZ. OCKUTBKM B MPOEKTI
BUKOPHCTOBYIOTHCS 30BHIIIHI 0i0iioTekH, Taki K (GpeliMBOPK JIOTyBaHHS
Log4J Ta ximient mis Opokepa moBizomiieHb RabbitMQ, To Oyiio BHpimieHO
BUKOPHCTOBYBaTH cucteMy 30ipku Maven Bepcii 3.8.1. Indopmauis s
30ipku MicTHTBCS y (daiiai pom.xml, SIKUii 3HAXOAUTHCS Y KOPEHI IPOEKTY.

BaxxnuBy poiib y HaAiHOCTI IPOTOKOJTY BiJirpae BUOIp Uucia p, ke Ma€e
OyTH BEJIMKHM MPOCTUM YHCIOM. ToMy y peaiizaiii BAKOPUCTOBYETHCS THII
Biglnteger 3 makery java.math, SKuil mATPUMY€ HiJIOYHCENBHI 3HAYCHHS B
Z[iaHa3OHi Bi,[l _21nteger.MAX_VALUE hite 2Imeger.MAX_VALUE [4]. 3HAYCHHS
Integer. MAX_VALUE e xoHcTaHTOMIO 1 HopiBHIOE 2147483647. Kpim Toro,
JAHWH KJIaC HaJla€ TOTOBHHU 3pYyYHUN (YHKIIOHAJ orepamiid [uis poOoTH HaJ
YHUCNIaMH B MOJI JIMIIKIB F), TAKUHA SIK 3HAXOJKECHHS MYJIBTHIUIIKATUBHOTO
obepHEHOT0 10 4YWcna a, mo Oyae BHUKOPHUCTOBYBATHCS TpPH peaiizarii
anroputmy [5].
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METO/I IPOTPAMHOI'O IMITALIIHHOT O MOJIEJTIOBAHHSI
PEKOMEHJALIMHOI CHCTEMHA 3 BUKOPUCTAHHSIM
T'PA®OBOI FA3H JJAHUX NEO4]

Menemko €.B.,

Llenmpanvnoykpaincokuil HayioHanbHUL MEXHIYHUL YHIgepcumem,

M. Kponusnuyvruii

A METHOD OF COMPUTER SIMULATION MODELING OF A
RECOMMENDATION SYSTEM USING THE GRAPH DATABASE
NEO4J

Abstract. A method of computer simulation modeling of user and bot
behavior in a recommendation system, which allows generating datasets for
testing the algorithms for generating recommendations, was proposed. The
developed method makes it possible to simulate the behavior of both ordinary
users and bots, which makes it possible to create datasets for testing the
robustness of recommender systems to information attacks, as well as for
testing the effectiveness of methods for detecting and neutralizing botnets. The
structure of relations between users and objects of the recommender system
was modeled using the theory of complex networks. Information attacks of
bots were modeled on the basis of known models of profile-injection attacks
on recommender systems.

V 1iif po6oTi Oys10 CTBOPEHO NPOTPAMHY IMITAIIfHY MOJETH MTOBEIIHKN
KOPHUCTYBa4iB PEKOMEHIAIIHO CHCTEMU IS TECTyBaHHS METOIiB TeHeparllii
CIIUCKIB PEKOMEHAIlid, Hamp., 3 METOI0 BH3HAYECHHS Ta IOPiIBHIHHS
MOKa3HUKIB TOYHOCTI Ta CTIHKOCTI Pi3HUX METO/IIB.

[ MopnenmroBaHHS CTPYKTYpH 3B’3KIB y comiaigbHOMy Tpadi
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peKOoMeHIaliiiHol cucTeMH OyJio BHpIMIEHO B3SATH 3a OCHOBY, aie
MoaudikyBaTH 3 BpaxyBaHHSAM cHenM(IiKM 3agadi, NPUHIMIHN, Ha SKHX
6azyerbcs Monens bapabammu-Annbept [1] (a came, «pict» Ta «OaxaHe
NIPUETHAHHS»), TaK SK BOHA IMPOCTa B peaii3alii Ta JO3BOJISE CTBOPUTH
CTOXaCTWYHUH rpad 3 BIACTUBOCTSAMHU COLIANbHUX Mepex. Eramnm
3alpOIIOHOBAHOTO METOAY TeHepalii CTPYKTypH COLiaJbHOTO rpady
pPEKOMEH Al HHOT CUCTEMH PO3IIISTHYTI y po6oTi [2]. HacTymHauM eTanom 0yito
MOJICITIOBAHHS ITOBEIHKH KOPHCTYBaviB Ta OOTIB peKOMEHIAIIITHOT CHCTEMH.
Moens BUPIIIEHO PO3POOHUTH TaKMM YHHOM, 00 OJepKyBaTH Habip JaHUX
cxoxuit Ha MovieLens datasets [3] 3a cTpyKTypolo Ta CTaTHCTUIHHMH
BIIACTHBOCTSIMH.

Etanu MeTomy mporpaMHOro imiTamiifHOTO MOJETIOBaHHS 3BHYAWHUX
KOpHUCTYBaviB Ta OOTIB y peKOMEHalliiHiil cucTemi:

1 eran. [Himianizamnis mapameTpiB CHCTEMH, 30KpeMa, BUOIp KUIBKOCTI
KOPHUCTYBa4iB Ta O0’€KTIB, KIJIbKOCTI MOXJIMBHX BJIACTHBOCTCH Y HHX,
NPOLIEHTY AaKTUBHHUX KOPUCTYBadyiB, NPOLEHTY MOMYJIIPHUX 0O’ €KTIB,
KUTPKOCTI YaCOBHX ITEpaIlili, MICNs SKUX MOJCIb 3aBEPIIUTh CBOIO POOOTY
tormo. [Tpu HeOOXiTHOCTI MOJIEFOBaTH 1HPOPMAIliiiHY aTaky 0O0UPAETHCS THIT
aTaky, KUTbKICTh OOTIB Ta KUIBKICTH ITiied aTaku. BinmOyBaeThCcsi CTBOpEHHS
Ha0OpYy MOXIIMBHX BJIACTUBOCTEH JISI €IEMEHTIB CHCTEMH, PEali30BaHUX Y
MOJENi TPHUXOBaHMMH (HaKTOpaMH, Ta TEHepalis I[Ma0JIOHIB KiacTepiB
€JICMEHTIB Ha OCHOBI IIUX BIACTHBOCTEH.

2 eran. CtBopeHHsT «3epHa» coIialbHOro Tpady peKoMeHmaIiiHOT
cucteMd — 0 rpady J0Ja€ThCS MOYATKOBA KIiJIBKICTh KOPUCTYBadiB Ta
00’€eKTIB, JesKiil KiIBKOCTI 00’€KTIB BHCTaBJISIIOTHCS OLIHKH (KiJIBKICTh
OILIIHOK 3aJIeXUTh BiJ BHOpaHoi mibHOCTI rpady). [loyaTtkoBa KiNbKiCTh
KOPHCTYBaJiB, IMOYaTKOBAa KUIBKICTh OO0’€KTIB Ta WIUIBHICTH rpady —
HaJIAIITOBYBaHI mapaMeTpu. KoXHOMYy HOBOMY KOpPHCTyBady Ta 00’€KTy
CHUCTEMU IIPHBIACHIOETHCSI 3HAUEHHs 3MILIEHHS, MEBHUI Kiactep Ta
BINOBiTHUI HOMYy BEKTOp 3HAYCHb MPUXOBAaHUX (AKTOPiB, IO BH3HAYAE
CTYIiHb HOTO NPHHAIEKHOCTI 0 KOXHOI 3 MOMKJIMBUX BJIACTHBOCTEH JUIs
eJIEMEeHTIB cUcTeMHU. Y «3epHi» mpodinai OOTiB BiACYTHi, BOHH MOYHHAIOTH
TIPUETHYBATUCS 110 MEpexi Ha 3 eTarri.

3 eran. Ha koHil iTepanii gacy mozeni 10 rpady MpHEIHYETHCS IEBHA
KUTBKICTh KOPUCTYBaYiB Ta 00’ €KTiB. LI KIBKICTh BU3HAYAETHCS BUIIAKOBUM
YUHOM Ta JIEKUTh y Mexax Big 0 mo N, ae N MeHIe 3araibHOi KiJbKOCTi
€JIEMEHTIB CHCTEMH BIAMOBIAHOTO THITy. Takok Ha KOXHill iTeparii wacy
Moeli BiOyBaeThcsl BUOIp EAKOi KUTBKOCTI Map KOPHUCTYBadiB Ta 00’ €KTIB
JUIS BHCTAaBIIEHHs OLIHOK. MMOBIpHicTb meperisay 06’eKTy KOpHCTYyBaueM
BH3HaUYa€ETHCs 3a hopmynoro (1):
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it 92 493

=
2(q1j+a2j+q3)) (1)
j

IIe ¢1; — KITBKICTh MEPETJBIIB Y i-TO 00 €KTY, ¢2; — KUIBKICTh OIIHOK Y i-TO
00’€KTY, ¢3; — KUTBKICTh KOMEHTApIB Yy i-TO 00’ €KTY.

4 eram. 3ynuHKa  poOOTHM  iMiTamidiHOl  Mozenmi,  30epeKeHHs
3reHepOoBaHOr0 Habopy nmaHux y aiin sl MoAanbUIOr0 BHKOPUCTAHHS Y
MeToax GopMyBaHHS Ta TECTYBaHHS CIUCKIB PEKOMEHIAITIH.

T'eHepartiss OIiHKM ISl 3BUYAHOTO KOPHUCTyBada pPEKOMEHIAIIHHOT
CHCTEMH 3[IHCHIOETBCS Ha OCHOBI «IIPHXOBaHUX (AKTOPIB» BiJIOBIIHOTO
00’exTa Ta KopucTyBaya. OIiHKa AJIsl Tapy KOPUCTYBa4Y-00’ €KT BU3HAYAETHCS
3a HACTYITHUMU (POPMYIIaMHu:

n
Z ‘fu,i _fm,i‘
dym = ’:(’f @
Fum = P(5d,  + by +b,,), 3

ne dym — MUCTAaHLIs MIXK KOPUCTYBaueM U Ta 00 €KTOM m y OaraToMipHOMY
MPOCTOPI MPUXOBAHUX (PAKTOPIB, MOXKE MpUAMaTH 3HaueHHs Big 0 mo 1; n —
KUTBKICTh TIPUXOBAHUX (PAKTOPIB Y CUCTEMI; f,; — I-THH IpUXOBaHUN (hakTop
KOPUCTYBava u; f,; — i-THHA TpUXOBaHUH ¢akTop 00’ekry m; b, — 3CyB
KOPHCTYyBay4a B OI[iHIOBaHHI 00’ €KTiB (piBEHh BUMOTIIMBOCTI JIO KOHTSHTY); by
— 3CyB O0’€KTY y OJEpKaHHI OIIHOK (piBeHb SKOCTI KOHTeHTY); ¥() —
(yHKIIIS, 0 MepeTBOPIOE OAepKaHe APOOOBE YUCIIO y NUCKPETHE YMCIIO 3
HabOPY OIHOK.

Jlnist reHepattii o1iHOK 60TIB OyJI0 BUKOPHUCTAHO 3 BiJOMi MOJIETI aTak Ha
peKOMeHaaIliiiHy cucTeMy i’ ekifiero npodinie [4-8]: BumaakoBa, cepeaHs Ta
NOMyJIsIpHa aTaku. ['eHeparist OLiHKK 1Jisi 1ap 00T-00’€KT 3/1IHCHIOETHCS 3a
dbopmynoro (4):

attackPattern(), sxuwo 06'exm —" suuaiinui

Tu,m ’

“

5.0, skwo 06'exm —"yinvosuil"

ne attackPattem() — dymkuis, 110 resepye oiHKM 1715t HEITBOBHX 00’ €KTIB

BiJIMOBIAHO 0 THITY OOpaHOT MOJIENi aTaKH.
IIporpamua imitamifiHa MoIens peKOMeHAaliiiHoi cuctemu Oyna
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po3pobieHa Ha MoOBi nporpamyBanHs Python Ta 3 BukopuctanusaM rpadosoi
CYB]/] Neo4dj [9]. CYB/Jl Neo4] Mae HacTymHi CTPYKTypHI €JIeMEHTH, IO
JIal0Th 3MOTY MoOyAyBaTu couianbHuil rpad: node — By3ox rpada, relation —
pedpo rpada, node label — miTka By3ina, relation identirfier — MOXyTh MiCTUTH
pi3Hi gaui, node ID — yHikanbHuit inentudikarop Bysna. [lepeBaramu CYB/]
Neo4j € rHy4Yka MOJENb JaHHMX, aHAJi3 B pEalbHOMY 4Yaci, MOXJIHBOCTI
MPOCTOTO TIOMIYKY Ta (UIbTparii JaHWX, MacIITa0OBaHICTh Ta HAIIHHICTD,
HasBHICTb Bi3yaJlbHOTO iHTEp(EHCy, a TaKoX iCHyBaHHS JHoAaTKy Neodj Aura
JUTS 3aCTOCYBaHHs Y BUTIIAAI XMapHoro cepBicy. Omxke, CYB]l Neo4j Hamae
BCi HEOOXiHI IHCTPYMEHTH TSI CTBOPEHHS MPOTpaMHOI iMiTaIliiHOT MOJei
comianbHOro rpady, II0 MOXHa B MOJATBIUIOMY 3aCTOCOBYBATH ISt
MOJICTIIOBaHHS Ta JOCIHI/DKCHHS TOBEAIHKM KOPHUCTYyBadiB Ta OOTIB Yy
PEKOMEHALIHUX CHCTEMaX.

Byo mpoBeneHO cepito eKCIIEPUMEHTIB JJIsl IEPEBIPKH MPaIe31aTHOCTI
po3pobieHoi mporpaMHoi imiTauiiHOT Mozei. Y X0/l eKCliepuMeHTIB 0yJio
3reHepOBaHO MHOXXMHY HabopiB nanux. KoxkeH Habip naHux Oyno po3niieHo
Ha poOouy Ta TecToBY BHOIpKy. Ha OCHOBI TecTOBOI BUOIpPKH mepeBipsiacs
TOYHICTH ~ TPOTHO3YBaHHA  BMONOOaHb.  Pe3ynbTatd  MPOBEICHUX
EKCIIEPUMEHTIB MOKAa3allH, 10 JOKUTTEP AOCIIHKYBAaHUX 3HAYEHb TOYHOCTI,
noBHOTH Ta RMSE mnporHo3yBaHHs BIOA0OaHb y OUIBIIOCTI HMPaKTHYHUX
BUIAJKIB BIICBHEHO BKJIAJAETHCS B JIOMYCTHMI MEXi KOJHMBaHb, a OTXKE
MOBEAIHKAa KOPHCTYBadiB y MPOTPaMHIA MoOjelli He Oyjia BHIAIKOBOIO, a
IMiTyBaJIa TIOBEIIHKY PeaJIbHUX KOPUCTYBAUiB 3 IEBHUMH BroAoO0aHHsIMH. 1e
MITBEPXKYE JOCTOBIPHICTH PO3po0IieHOT mporpamHoi imitaniiHoT Mojeni
pEKOMEH/IalifHOT CHCTEMHU.
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AOCUKEHHA METOIB 35EPITAHHA TAHUX
PEKOMEHJAINIMHOI CUCTEMH HA OCHOBI
3B’SA3HUX CITMCKIB

Mixas B.B., Menemxo €.B., SIkumenxo M.C.,
Bamenxo /1.B.
LenmpanoHoyKpainCcoKutl HAYIOHANbHULL MEXHIYHULL YHI6epCUmenmn,
M. Kponusnuyvruii

RESEARCH METHODS OF DATA STORING OF A
RECOMMENDATION SYSTEM BASED ON LINKED LISTS

Abstract. In the work, research was carried out of various data structures
that can be used to store information of the recommender system. In particular,
such as linked list, unrolled linked list, hash table, B-tree, B+-tree and binary
decision diagram. To carry out experiments comparing the effectiveness of
using various data structures in terms of time and memory costs, a computer
model of a simplified recommendation system was developed, in which three
main entities were distinguished - an agent, a session, and an object. The best
results were obtained with data storing methods using unrolled and inverted
unrolled linked lists. Therefore, it was decided to also conduct an additional
series of experiments with these data structures for different sizes of the list
block. The unrolled list showed the best results in terms of memory used and
session generation time. The inverted unrolled list showed an advantage in the
generation of recommendations.

Byno mpoBeneHo MOCHiIKEHHS PI3HUX CTPYKTYp AAaHUX, SKI MOXKHA
BUKOPHUCTATH ISl CTBOPEHHsI 0a3u TaHWX peKOMeHaMiiHo1 cuctemu [1, 2], a
caMme HIDKYCHABEICHUX.

3p’s3umii cnucok (linked list) — cTpykTypa maHuX, y SKiH KOXXEH
€JIEMEHT MICTHTh TOJIS JaHUX Ta BKa3iBHUK HA HACTYIHUH eleMeHT. OCHOBHA
mepeBara Ii€i CTPYKTYpPH TOJNATae y CTaJIOMy dYaci [J0JaBaHHS HOBOTO
esleMeHTy. Ilpore aist KOXKHOTO eleMEHTy HOTpiOHO BHIUIATH HOBHH OJIOK
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mam’siTi, TOMy MEHEKEp Mam’siTi CIPUYUHSE 3HAUHI 3aTPUMKH Ta HaKJIaIH1
BUTpATH 1aM’sITi B porieci podoTy.

Po3ropuyTuii 3B’a3Huii cnucok (unrolled list) — 3B’s3HMI CITUCOK,
KOXKEH €JIEMEHT SKOTO0 MICTHTh MAacCHUB JIOTIUHHMX elleMeHTiB. Lle mo3Bossie
00’emHaTH TepeBard MacHBIB Ta 3B’s3HHX CHHUCKIB. OO0’e€qHaHHS OJIOKIB
JIOTIYHHX €JIEMEHTIB y CIIUCOK JO3BOJISIE 10J]aBaTH HOBI eIeMEHTH Oe3 3MiHM
po3Mipy 00Ky 1maM’siTi, EKOHOMHTH TT1aM’ATh Ha BKa3iBHUKAX Ta e(PeKTUBHIIIIE
BHKOPHCTOBYBATH KEUI MpoIecopa 3aBISKH ITOCIIIOBHOMY DPO3TAaIlyBaHHIO
eneMeHTiB. [Ipy TOCHITOBHOMY 3allOBHEHHI CITMCKY TapaHTYEThCS, IO
HE3aIOBHEHUM JIUIITUTHCS HE OIbIIE OHOTO OJIOKY €IIEMEHTIB.

Xem-radauus (hash map) — cTpykTypa naHux, y ki HOMIyK eIeMEHTY
3IIMCHIOETBCSI HA OCHOBI #oro kimtoda. Ha po3ramryBaHHs eleMeHTa y Xell-
TaOJUIl BKa3ye Xell-3HauCHHs HOT0 KiTrova. SIKIIo JAeKibKa eJIeMEHTIB MalOTh
OJTHAKOBHI X€lll, TO BUHUKAE KOJIi3isl. ICHye iBa MeTOIM pO3B’sI3aHHS KOJI3ii
— 3aKkpuTa Ta Bigkputa aapecamii. [Ipu 3akpuTiit agpecarlii KOXXEH CIEMEHT
TabaMui — 1€ 3B’SI3HUH CIUCOK, 1 yCi €JeMEHTH 3 OJHAKOBUM XelleM
JOJIAFOTHCS 10 OJHOTO chucKy. lle € HaiimpocTimuM cmocoOooM po3B’si3aHHS
KOJIi31H, aJie BUMarae BUKOPUCTAHHS JOJATKOBOI ITaM’sITi JJIs BKa3iBHUKIB 1 HE
JIO3BOJISIE BUKOPUCTOBYBAaTH IIEPEBAarMl KEUIyBaHHS INPH OOXOJi €JIeMEHTIB
xenr-tabmuii. [Ipu BiAKpHTiH aapecalii y BUNIQAKy Koi3ii oOMpaeThes HOBa
mo3umis ejleMeHTy. HoBa mo3mmis Moke OOHpaTHCA SK 32 JIOTOMOTOIO
JIOJIATKOBOT Xem-(PyHKI{, Tak 1 NUIIXOM 3MIIICHHS TO3WII Ha IeKiTbKa
emeMeHTiB. [lomryk enxeMeHTY NHOBTOPIOETHCS, JOKH HE OyAe IOCATHYTO
MMOPOXKHBOTO 3amucy y Tabnuimi. Bigkpura azgpecailis BHKOPHCTOBYE
¢bikcoBaHuii 00’eM mamM’sITi 1 He MOTPeOye NOJATKOBUX BKA3iBHUKIB, aje JUIs
e()eKTUBHOCTI OIepaliiif BCTaBKH 1 MOIIYKY TaOJIuIsg Mae OyTH 3allOBHEHA He
OibL1, HIK Ha 50%, TOXK Lie CIPUYMHSIE T0JATKOBI BUTPATH 11aM’ATi.

B-nepeso (b-tree) — cTpykTypa gaHUX IpeAcTaBieHa 30aTaHCOBAHUM Ta
CHIILHO pO3raiyJDKeHHM JepeBoM moinyky. KoxkeH Byszon B-mepea, kpim
JMUCTKIB, € YIOPSAKOBAaHHUM CIIHCKOM, y SKOMY YepryiOThCS KIIOUi 1
BKa3iBHUKM Ha MOTOMKiB. Kitowi By3ma BKa3ylOTh IHTEpBaN, Yy SKOMY
3HAXOIATHCS KJIFOUi MOTOMKY. B+-mepeBo (B+-tree) Bimpi3HS€ThCS THM, IO
BOHO 30epirae yci 3HaueHHs y JIMCTKOBUX BY3JaX, a JINCTKOBI BY3JIH MalOTh
MTOCWJIAHHS Ha CYCi/a, 3aB/IIKH YOMY MOXHa O0IMTH yci 3HaueHHs 0e3 00Xomy
BCHOTO JepeBa. 3aBASKH BEJIMKIH DPO3TalyKEHOCTI AepeBa MiATPUMYETHCS
HWOTO Maja BHCOTa, IO JIO3BOJISIE TIEPETIISIaTH HEBEIUKHUA 00’€M JaHHWX 3a
OMH TIPOXif, a 3aBAAKH IpaBHUIaM MOOYJOBHM 3HAYEHHS 30epiraroTecs y
TOPSIIKY 3POCTAHHS KII0Ya.

Binapni giarpamu pimens (BDD) — exonomua hopma mpencraBieHHS
OyneBux (pyHKIi y BUTTIAAI OPIEHTOBAHOTO anMKIIigHOTO rpady. BepmuHu
rpady NnpeacTaBIsSIOTh apryMeHTH (QYHKLIT, JIUCTKN — 11 IBIMKOBI 3HAUYEHHS.
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Jns nonaBaHHS 1 BUIydeHHs peOep Ta 3MiHHM Bard pedep HEoOXiqHO MaTh
MOXIIMBICTb penaryBaTu aaui rpady. B/IP natote MoxmBicTh 30epiraTu aHi
y CTHCHEHOMY BHIJIII Ta IIBUJAKO OTPUMYBaTH 3HaueHHs (QyHKHII 3a ii
napameTpamu, ane penaryBanHs B/IP Bumarae ckimamuux oOumciens. [lpu
npejacTaBiaeHHl OyineBux ¢yHkuii y dopmi BJIP crano moxiauBuM
po3B’sizyBaTH OaraTo mpoOieMm, sKi NpH TPagULidHUX MNpPEACTaBICHHIX
CTPYKTYp HEpO3B’sI3HI 4Yepe3 3HA4YHy PO3MIPHICTh TaKMX TPEACTaBICHb 1
CKJIQIHICTh OTepalliii HaJx HAMHU.

JInst  TpoBeACHHA EKCHEpUMEHTIB 3 TIOPIBHAHHSA e()EeKTHBHOCTI
3aCTOCYBaHHS PI3HUX CTPYKTYp NaHUX 3a 3aTpaTaMH dacy Ta ImaM’sTi 0yIo
pPO3pOOJICHO TPOTPaMHY IMITAIIfHY MOJIENb CIPOIICHOI PEKOMEHIAIHHOT
CHCTEMH, B SIKiii OyJI0 BHIUICHO TPH OCHOBHI CYTHOCTI — areHT, cecis Ta
npeamer [1, 2]. Jns ¢opmyBaHHS peKOMeHAaliil OyJo BHKOPHCTaHO
KoysabopatuBHy  (QineTpamnito Tumy user-based [3]. Ekcnepumentu
NpOBOAMIIMCS Ha KoMn 'totepi 3 npouecopoMm AMD Ryzen 5 3600 ta 32 I'6
OIMepaTUBHOI IaM’ATi.

[Mporpamua imiTaniiiHa MoJeslb pEeKOMEHaliiHA0T CUCTEMH OTPHMYE
HACTYITHI MapaMeTpHU: N, — KIIbKICTh areHTiB, 1y — KIJIbKICTh CECid, n; —
KUTBKICTD MPEAMETIB, 1y — MAaKCUMaJIbHA KUTBKICTh BIOJ00aHb areHra, ng —
MaKCHMaJIbHHUI po3Mip cecii.

PexoMeHmanifina crucreMa y po3poOJicHIH mNporpaMHid iMiTaridHind
MOJIETI MPALFO€ 38 HACTYITHIM aJITOPUTMOM:

1. JInst KO>KHOTO 3 71, areHTIiB BHIAIKOBIM YHHOM T'€HEPYETHCS BifJ 1 1o
g BHOg00aHb. [Ipy IbOMY YHIKaJIBHICTB BIIOI0OAHE HE NEPEBIPAETHCS, TOMY
peanbHa KUTbKICTh BMOAOOAHh MOXE BUSIBUTHCS MEHIIIE.

2. CtBoOpro€eThCs 1 cecil. Jlo KOKHOT cecii 3aKpiluIIoeThCsl BUITAJKOBHM
4MHOM 00paHnwuii areHt. I[loTiM cepes BIoJ00aHb L[LOTO areHTa BUIAJIKOBUM
YHUHOM O0UpAEThCS Bifl 1 10 min(ng, ng) BIOA00aHb, SKi KOMIIOIOTHCS 10 CECii.

3. BumaakoBUM YHHOM OOUPAETHCS KOHTPOJBHA CECisl, IS SIKOi Oyze
c(hOpMOBaHO PEKOMEH/IAITITO.

4. Bu3HauaroTHCH yci IpeiMeTH, AKi HaJeXaTh 10 KOHTPOJIBHOT cecii.

5. 3mifCHIOETHCS MOMIYK yCiX ceciif, BHOZOOAHHS SKUX MAalOTh IIEPETHH
i3 BIomoOaHHAMH KOHTPONBHOI cecii. Ha mpomy erami € MOMXIHBICTH
BiI(IIBETpyBaTH Cecii 32 PO3MIpOM IEepPETHHY.

6. BusnauaroTbcs mpenMeTH, siKi OyJe peKOMEHI0BaHO. 3IiHCHIOEThCS
MOIIYK YCiX TpeAMETIB, SKi HaJle)XaTh X049a O OIHiH 3 BimiOpaHHUX ceciil, ane
HE HaJeXaTh J0 KOHTPOJbHOI cecii. Ha mpomy erami € MOXIUBICTH
BiiNbTpyBaTH NPEAMETH 3a KUIBKICTIO 3aKPIIJICHUX CeCiil.

Hafikpamyi pe3ynpTaTé MOKazanw METOAM 30epiraHHsA JaHuX 3
BUKOPHUCTAHHSIM PO3rOPHYTOrO Ta IHBEPTOBAHOTO PO3TOPHYTOTO 3’ SI3HHX
cnuckiB. Tomy OyJo BHpINIEHO TAKOX TMPOBECTH JOAATKOBY Cepiio
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eKCIIEPUMEHTIB 3 LHUMH CTPYKTYpaMH JaHHMX JAJsl Pi3HOrO po3Mipy OJIOKy
cnucky. PosropHyTmii  chmMcok  mokasaB  Kpamli  pe3yJibTaTd  3a
BHUKOPUCTOBYBAHOIO NaM’SITTIO B cepeAHboMY B 1,54 pa3u Ta 3a yacoM reHe-
pauii ceciif B cepeanboMy B 1,68 pasiB. IHBepTOBaHUI PO3rOPHYTHH CITUCOK
MOKa3aB IepeBary 3a 4acoM IeHepalii pekoMeHjanid B cepenHbomy B 1,43
pasiB. Yac reHepauii JalkiB oOHIBa METOIM IMOKa3ajdd NPHOIN3HO
OJIHAKOBHM.
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MOXJJINBOCTI 3BACTOCYBAHHS KOMBIHATOPHUX
KOH®ITYPALIN JJIS1 ONTUMIZALIIL IHOOPMALIIMHUX
CUCTEM
(TAM’SITI C.TOJIOMBA)
Piznuk B.B.

Abstract. This report devotes to the 90- birthday of Solomon Wolf Golomb
(1932-2016) - famous American mathematician, engineer, and professor of
electrical engineering. The historical parallels of “Golomb rulers” and “Ideal
Ring Bundles”(IRBs) as conceptual models for finding optimal solutions of
scientific and technological problems examined. At present-day knowledge of
information technologies as model of intelligent manifold system of axes, based
on the idea of “perfect” combinatorial constructions with remarkable
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properties is regarded. These properties
provide competitive advantages of the system
with respect to an ability to reproduce the
maximum number of combinatorial varieties
in the system, using IRBs, namely the concept
of “perfect” relationships of complementary
asymmetries implanted into rotational
symmetry.

JonoBias TIPUCBSICHA mam’ siTi
Conomona Bomed Tomomba (31.05.1932-
01.05.2016) —  BCECBITHLO  BiJOMOTrO

aMEpPUKAHCHKOIO BYEHOro, CIemiansicta B
o0acTi TelnekoMyHikaiii, nu(pPOBOI EICKTPOHIKH, KIITKOBHX aBTOMATIB 1
Teopii iHpopmarii. Bin OyB cBiTOBHM JiJIepoM y 3aCTOCYBaHHI KOMOIHATOPHOT
MaTeMaTHKM B Teopii komyBaHHs Ta pagmiodpisumi. C.JomnomG Oys
BHHAXiIHUKOM KOAYBaHHS _lonom0a, (OpMHU EHTPONIMHOIO KOLYBAHHS
nigitikn TomomGa, SKi BHKOPHCTOBYIOTECA B acTPOHOMIl Ta INM(ppyBaHHI
JaHUX, TAKO)X Ha3BaHI Ha HOro 4ecTh, SIK 1 ONMH 3 OCHOBHUX METOXIB
redepauii Macusie Kocraca, Mmeron renepaiii Jlemnens-Tonom6a [1]. Jlinikiku
Tonomba BBaxaloThes «BigkputuMmu» B. Bebkokom y 1953 poui [2], sxuii
JOCTIKYBaB IHTEPMOYJIAIIIHI CIIOTBOPEHHS B palioliana3oHaX TPETHOTO i
N'ATOr0 TOPSAKY, BUSBHBINM, IO PO3MILICHHS KOXHOI Mapu KaHaTiB y
YaCTOTHOMY CIIEKTpi Ha TEBHIM BIJICTaHI CIIOTBOPEHHS TPETHOTO IOPSAKY
OyJi0 YCyHYTO, a CIIOTBOPEHHSI I1’ATOTO TMOPSAKY OyJIO 3HaYHO 3MEHIIEHO.
TCoctpuit posym C.lomomGa nomoMir HOMy BHKOPHUCTATH L€ SBUIIE JUIS
PO3pOOKH MaTeMaTHYHOTO aJrOPUTMY, HIO0 MOJIMIIMTH CHCTEMY 3B’SI3KY 1
KOJlyBaHHsI, & HOro eHTy3ia3M B 00J1acTi pO3BakalbHOT MATEMATHUKH JI03BOJIUB
HNOIMPUTH IO imer0 Ha momynspHi irpum. C. TomomMG posropHyB izero
BUKOPUCTAHHS IepeBar 0aratoOiTOBHX PETICTPIB 3CYyBYy 31 30aaHCOBaHUM
gucnoMm 0 1 1, a6o 00, 01, 10, 11, BUSBUBIIK B HUX BIACYTHICTh aBTOKOPEIIAIIII,
IO JajJo 3MOTy BIOCKOHAIIOBATH CHCTEMH KOJIYBaHHS - JEKOILyBaHHS
CHTHAJIIB 3 BHIPABJICHHAM IOMHJIOK 3a JOIOMOTOI MOCIiIOBHOCTEH,
renepoBanux perictpamu 3cyBy. C. TomomG 3actocyBaB Bepeil 1mx
nociinosHOCTEH (KomiB Pima - ConmoMoHa) UIs KOAYyBaHHA BiZieo 300pakeHb
Mapca, y komipkosux teneponax CDMA (Code Division Multiple Access) 3
MHOXHHHHUM JOCTYIIOM 1 KOJJOBHM PO3JIJICHHAM KaHATIB 3B’ s3Ky. B 1956 pomi
BiH MOCTYIMB Ha poboTy B aepokocMiuHy kommanito Glenn L. Martin
Company, sxa 3rojloM craia 000pOHHUM MiApsaHUKOM. L{uM mosicHIOeThCS
BCA MOTO MOJaibIla HAayKOBa MiSUTBHICTE 3a YMOB CTPOTOi CEKPETHOCTI,
po3pobisiIour  BIMCBKOBI Ta KocMiuHi KomyHikamii. ITpomoBxyroun
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JOCII/DKEHHS  TIOCIIIOBHOCTEH Ha pericrpax 3CyBy JUlsl BIOCKOHAJICHHS
cucTeM pamio-kepyBanns pakeramu, C. Tomom6 3a momomororo 85-(hyToBoi
panioanrenu ["osicToyH, po3MimieHoi B mycreni MoxaBe, YTOUHUB JIaHi 1po
Bincrani 3emisi-Benepa i 3emnst — Conne. ['eHepoBaHi pericTpamu 3CyBY
MIOCTIZIOBHOCTI JI03BOJIMJIM YTOYHHUTH BiACTaHb 10 BeHepu 3a nomomororo
cucremMu pazgapis. Y 1985 poui C.Jonom6 orpumae npemiro Illennona
TosapuctBa Teopii iHpopmamii IEEE, a 3romom - memame AreHTCTBa
HarioHanbHOi  Oesmeknm  CIITA. Bin Ttakox OyB maypeaToM Menaii
JlomonocoBa Pociiicekoi akanemii Hayk 1 Menaii Kaminu Pociiicbkoi akaxemil
opupomanumx  Hayk. Y 2000 pomi C.lomomG 6yB HaropomkeHui
menaunio IEEE Piwapma B. Xemwinra 3a IHoro BHWHSTKOBHH BHECOK B
iHpopMaliiHi Haykd Ta cucTeMoTexHiky. ¥ 2016 poui BiH OyB
HaropoKeHuit Menauio benjpkamina ®OpaHkiIiHa B raiy3i €JIeKTPOTEXHIKA
32 HOBATOPCHKY pOOOTY B rajy3i KOCMIUHOIO 3B'sI3Ky Ta 00POOKH ITUPPOBHX
CUTHANIB, OE3MEYHE TMEPEeCUIaHHSA JaHWX, BJOCKOHAJICHHS METO/IiB
po3umppyBaHHS KpUNTOrpadidyHUX TEKCTIB, CUCTEM HAaBEACHHS pakerT,
CTUTLHUKOBOTO 3B'I3KY, pajapis, rigponokaropis, GPS [1].

V 1996 poui C. Tomom6 mimTpuMaB IpOHO3HIil0 JIBBIBCEKOTO
JepKaBHOTO TMOJNITEXHIYHOTO IHCTHTYTy Mpo cHiBmpamo 3 IliBmeHHO -
Kanigoprilickkum yHiBepcuteToM (ipoBignmii nocmigauk npod. C. Tomom6)
3a mpoektoM “Researches and Applications of the Combinatorial
Configurations for Innovative Devices and Process Engineering®, saxuii 0yB
Hagicmanuii 1o @oHAy HMUBUIBHUX AociikeHb Ta po3BUTKy CIIIA Civilian
Research & Development Foundation (CRDF). Lls HexomepiiiHa opraHizaiis
Oyna 3acHoBana B 1995 poui Harionansuum HaykoBuM ¢oungom CILA 3rigHo
3 pimennsm Konrpecy CILA 3 MeToro CripusiHHS MIKHApOJHOMY HayKOBO-
TEXHIYHOMY CHIBPOOITHULITBY 3 HaJaHHSIM TPaHTIB, TEXHIYHUX PECYpCIB,
MIPOBEJICHHS HABYAHHS JUIs HAYKOBIIB Ta AOCIIAHUKIB. BinOUTOK THUTYIIBHOT
CTODIHKH IIbOTO MPOEKTy HaBeneHo Ha puc. 1. Ha uiit cropiami C. Tomom6
BIIACHOPYYHHM ITiIITUCOM 3aCBiJYUB ATy CBOTO IHS HapomkeHHs 31.05.1932,
a He 30.05.1932, sx Bkazano y Bikinenii [1]. C. TonoM0 Biapenarysas TeKCT
NIPOEKTY, MOTHBYIOUM IIepeBard  3allpoOINlOHOBAaHMX  KOMOIHATOPHHUX
KOH(}Irypariif 3 KUTbLIEBOO TOIMOJOTIYHOK CTPYKTYpPOIO HaJ JAHIFOTOBHMU
MOCTiTOBHOCTSIMH. 111 TIOPIBHSAHHS 000X KOH(Irypamid B OIMHUCI TPOEKTY
Oynu HaBeneHi (GOpMyIH I OOUMCIIEHHS MaKCUMAaTbHOT KiTBKOCTI CITOCO0IB
MOCHIOBHOTO JOJABAHHS €JIeMEHTIB. Y INHINWII 1 KUIBII 3 71 €JIeMEHTaMH
KUTBKICTB BCIX TaKHX MOKJIMBHX CITOCO0IB BU3HAUYAETHCSA 3a hopmynamu (1) i
(2) BinmoBigHO:

Cn)=1+2+..+n=nm+1/2, (D)
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Sm=nm-1)+1 2)

IopiBHroroun (1) i (2), Jerko 6a4uTH, MO B KiJBIEBIA CXeMi KUIBKICTh
OTPUMaHUX CyM MaibKe BJBiui OLIbIIA IS TAKOTO X YUCIA 1 €JIEMEHTIB Y
JIAHIFOTOBIN ITOCTIIIOBHOCTI.

Hamnpuknan, ineansHe yncioBe kinble (Ideal Numerical Ring) 3 n’stu
(n=5) enmeMeHTIB TeHepye BCi 4mcia HaTypaibHOro psmy Bim 1 mo 21 Ha
KimbLieBi mocmimoBHocTi (1, 3, 10, 2, 5): 1=1, 2=2, 3=3, 4=1+3, 5=5, 6=5+1,
7=2+5, ..., 21=1+3+10+2+5.

Skmo mi Ymcna TpoIOBXKYBAaTH IOIAaBaTH, OOXOISMYM KisbIe Oinmblie
OHOTO pa3y, YHCIOBUI psl MOXHA MpomoBkyBaTh: 22=1+3+10+2+5+1,
23=2+5+1+3+10+2, i T.x1.

B 3aranbHOMY BUNaJIKy iJjealbHE YHCIIOBE KiJIbIIE TEHEPY€E KOXKHE YUCIIO
HATYpPaJIbHOTO Py Bix 1 10 M TouHO R pasiB, 3a BUHSITKOM 3Ha4YeHHS M+ 1
(cyma Bcix n uucen):

M=n@n-1)/R 3)

Hanpuknan, nns n=4 i R=2, M=6 icHye igeaibHe YHUCIOBE KiJble
(1, 1, 2, 3), nna axoi Bci yrBOpeHi cymu € Takumu: 1, 1,2,3; 1+ 1=2,1+
2=3,2+3=53+1=4;

1+1+2=4,1+2+3=6,2+3+1=6,3+1+1=5,1+1+2=4,1
+1+2+3="7.

TyT KO)KHa «KiJblleBa cyMay Bij 1 10 6 3ycTpiuaeThcs TOUHO ABiYi, @ L5
KOH(Irypauis  onucyerbcsi napamerpamu n=4, R=2. 3riJHO BHCHOBKY
MPOEKTY 3aIlpOIIOHOBaHI KOMOIHATOPHI KOHDIrypauii OKpeciItoTh, MO-CyTi,
KOHIETITYaJIbHO HOBI MOJIE TEXHIYHUX CHCTEM, BJIIACTHBOCTI 1 CTPYKTypHa
JIOCKOHAJIICTh SIKUX J]a€ 3MOTY BIATBOPIOBATH MaKCUMaJlbHY Pi3HOMaHITHICTh
CHUCTEMH 3 OOMEKEHHM YHCJIOM €JEMEHTIB 1 3B’SI3KiB, IO Ja€ 3MOrY
MOJINITYBAaTH SKICHI TMOKa3HWUKH TEXHIYHUX MPHUCTPOIB 1 TEXHOIOTIYHHUX
npoueciB Juid iX 3acTOCYBaHHS B PI3HHX Tally3sX HAayKH 1 IEpeloBHX
TEXHOJIOTISX, BITAK JOCKOHAJNICTh, Kpaca i TapMOHIsS iCHye HE JIHIIEC B
a0CTPaKTHUX MOJIEIIAX, aJle TAKOXK U y peanbHOMY cBiTi [3].

3a mpomo3umiero C.['onom0a yKkpaiHCBKiH TPy TOCTIAHUKIB Y IEOMY
MPOEKTI JAOPYYINCS Taki 3aBJaHHsI: TEOPETUYHE IOCITIKEHHS ileanbHUX
KOMOIHAaTOPHHUX KOHOQirypamiii (igeaJbHHX YHCIOBHX B’S3aHOK), SK
Momudikamii ~ KoMOiHATOPHHX 6mok-cxem  (icHyBaHHA, MepeiK,
knacuQikamis); TAKIIYHI Pi3HAIEB] MHOKHHY, IMKJII9H] Tpymy moie [amya;
KoHcTpyloBaHHS BIB-cxem 3 BukopuctanasM koH¢irypamiit Ideal Numerical
Ring (INR) Ta mimifiok ['omomGa, a TakoX 3BOPOTHI 3ajadi; IPOrpamMHeE
pimenHs nodynosu BIB-cxem 3 Bukopucranusim IKB; kommissis 3arainsHoro
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karamory INR ta mimiiiok TomomGa; po3pobineHHs cxem s
BHCOKOITPOIYKTUBHHX 1H()OpMALiHHUX TEXHOJIOTIH KOIYBaHHS 1 MOJIYJISLII;
NPUKITaAHI  JIOCHI/DKEHHS Ta IH)KEHEPHE IPOEKTYBaHHS KOHKPETHHX
IHHOBaLIHHUX NPHUCTPOIB Ta TEXHOJOTiH Ha OCHOBI KOMOIHATOpHOI Teopii, 1
JesIKi IpoOJieMH TapMOHiT Ta ONTUMI3allii CHCTEM.
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Puc.1 Tumyavna cmopinka npoexmy “Researches and Applications of
the Combinatorial Configurations for Innovative Devices and Process
Engineering

I'pyni CIIA nanexano 3miHCHUTH TEOPETHYHE JOCITIHKEHHS JiHIHOK
TomomGa i iX 3B'130K 3 DI3HUIEBMMH MHOXWHaMu (iCHYBaHHS, MEPEK,
knacuQikamis); KOHCTPYIOBAHHS PIi3HMIIEBHX MHOXHH i JiHifok [omom6a;
PO3pO0IIECHHS 3araJIbHOTO KAaTAJIOTY JiHiiHoK I'ooM6a; po3po0IeHHS cXeM IS
BHUCOKONPOAYKTHBHUX  TEXHOJIOTiH Ui  KOAyBaHHA  iHpopMmamii 1
KOMYHIKaIlifHUX ~CHTHAJiB; NPUKIAaTHI JOCTDKSHHS Ta IMKEHEpHE
MPOCKTYBAaHHS IHHOBAI[ifHMX TPHUCTPOiB 1 TEXHONOTiH Ha OCHOBI
KOMOIHATOpHOI Teopii; BUKOPHCTaHHSI KOMOIHATOPHHX PpO3POOOK IS
OTPHUMAHHS MOCJIJOBHOCTEH 3 TOOPUMHU KOPEJISALIHHUMH BIaCTHBOCTSIMH.

Jlnisi BUKOHAHHS IBOTO TPOEKTY BUMArajocsl IOE€THATH JOCATHEHHS
Teopii miniiiok Togom0a 1 Teopii ileanbHUX B’I3aHOK LIS PO3IIUPEHHS cepu
MPAaKTUYHUX 3aCTOCYBAaHb 3 METOIO JIOCSATHCHHS KOMEPIliai3aIlii mpoayKTiB.

I'pyna ykpalHCBKMX JIOCIHIJHUKIB IOBHMHHAa Oyja PO3BUHYTH OCHOBHU
Teopil B’SA3aHOK SK HOBY MoOIMQiKarilo KOMOIHaTOpHHX KOH(QIrypamiii Ha
rpadax, BKIIOYHO 3 Teopicro JiHiiiok [omomMba, o6 3aIpoNnoHyBaTH HOBHI
MiAXiJ A0 CHHTE3y TEXHIYHHX IPUCTPOIB Ta IEPCHEKTHBHOI 1H)KEHEPHOT
texHonorii. I'pyna CIIIA moBwHHa Oyia pO3BHHYTH OCHOBH TEOpil JiHIHOK
Tonomo0a i 3aporoHyBaTH chepu MOKIUBHX 32CTOCYBaHb.

I'pyma yxpaiHCBKHX mochigHuWKiB 1 Tpyma pocimigamkis CIHIA
MOBUHHI OyJIM KOOPAMHYBAaTH BIPOBAPKEHHS POEKTY HIOMICSYHO MPOTArOM
JIBOX POKiB, BUKOPHCTOBYIOUH (haKc i €EeKTPOHHY MOIITY.

CniBrpanst posmnouaniacs 3 myOmikanii me B ceprHi 1996 poky
cninbHOT craTTi «KoMOiHaTopHa Teopis ONTUMI3aLlil EPEeTBOPEHHS CUTHAJIIB
BEKTOPHUX JAaHUX 1 ONPALIOBAHHS CUTHAJIB» 3 IHTEPHALIOHAILHUM CKJIAJI0M
aBTopiB [4]. Onnak Bxke BoceHu Toro ) poky C.lomomOy i MeHi HamifmM
mucty Bix CRDF mpo BimMOBY (piHAHCOBOT MiITPUMKH HAIIIOTO TPOEKTY .

Icropis BuHaiinenus IKB moB’s3aHa 3 BHpIMIEHHSAM I1H)KEHEPHO-
TEXHIYHOI 3a/1a4i IIPO PO3MIMPEHHS Jiala30Hy YacOBHX 3aTPHMOK B OJOKax
3ali3HEHHs, TNpH3HAauYeHWX i MojemoBaHH CAP Ha eleKTpOHHHMX
AQHAJOTOBMX MalMHaxX. MaremaTH4yHa 3ajada mMojisraja B 3aKpilyIeHHI Ha
POTOPI KIJIBIIEBOTO KOMyTaTOpa 4-X KOHTAKTHUX IIITOK 3 Pi3HAMH BiTHOCHUMH
KyTOBUMH 3CyBaMH B IUIOIIMHI iX 00epTaHHS 3 MOXKJIMBICTIO OTPHMaHHSI
SKOMOTa  MIMPUIOTO  Jiana30Hy YacoBHX 3aTPUMOK Ha  MHOXHHI
KOMOIHAIIfHUX BapiaHTiB OOpaHHA BiANOBIHOI MapH IIITOK, OJHA 3 SKHUX
MOBUHHA MIJBOAMUTH TEeKy4e 3HAYCHHS HAMPYTH /IO 3amam’sITOBYBAJbHOTO
€JIEMEHTa, a JIpyra - 3UUTyBaTH 1€ camMe 3HAueHHs 3 3aTPUMKOIO B 4aci mics
MOBOPOTY POTOpa KOMyTaTopa Ha BiIMOBIIHUH KyT [5].
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Bimomo, mo Ha BiAMIHY BiI TPhOX HASBHUX ONTHMANBHUX 1
NOCKOHANUX JiHidok [omoMba, cepen SIKMX HETpHBialbHAa — TINBKU €IUHA
NiHilKa 4-T0 TOPSIKY MOBXHHOK 6 [6], icCHye ampiopi HECKiIHYCHHO Oarato
MHOXUH ineanbHHUX KimbleBux B’s3aHok (IKB), moTyxHicTh ciMel SKuX
HaOIMKAETHCS anpiopi 10 HECKIHYEHHOCTI 31 30UIBIICHHSAM IX MOPSIKY 7
BiZMOBiNHO 1o 3HaueHHs ¢yHKUii Eitnepa ¢(S) tak, mo Bxe mis IKB 30-ro
nopsanky icaye 132, s 270-ro — 10800, mst 984-ro — touno 159630 pisHHX
BapiaHTIB MocaioBHO BropsakoBanux uucen IKB, i T.x. [7], mopomkeHnx
IIPOCTOPOBUM TIOJIEM 00epTOBOi cuMeTpii [8].

TakuM 4YMHOM, MOJENi ONTUMAIBHUX CHCTEM 3 KIiJBLEBOIO
CTPYKTypOIO BHTIZHO Bifpi3HAIOTECS Bim IniHiliok Iomomba HECKiHYEHHO
BEIMKUM YHCJIOM €JEMEHTIB JOCKOHAJO OpraHi30oBaHUX  iAeaJbHHX
KOMOIHaTOpHUX KOH(DIrypaniii, 6araroMaHiTHICTIO iHBapiaHTIB, yHIKaJIbHICTIO
ancamOniB ToHkoi cTpykTypun IKB, a Takok MOXJIMBICTIO B3a€EMHO
OJTHO3HAYHOTO NepeTBopeHHs onHoBUMIipHUX IKB B ineanbHi koH}irypauii
BUIIMX BuMipiB. DyHAaMEHTAIBHI Ta MPUKIAAHI JOCIIIKEHHS BEKTOPHHUX
KOMOIHaTOpHUX KOH(QIrypalid AOLIJBHO MPOJOBXKYBAaTH IPYHTYIOUHCH Ha
peabHO ICHYIOUOMY 3aKOHI «EJIETaHTHOT0» PO30UTTS 00epTOBOI CUMETpIi Ha
JIBI acCHMETPHYHI YaCTHHH, IO CTAHOBUTH iHGOpMALIWHUK Oasuc I
po30YIOBH B3a€MOMOB’SI3aHUX OOCPTOBOIO CHUMETPI€I0 S—TO  MOPSIIKY
koMImieMeHTapHUX IKB, mopo ke HUX 1Ti€f0 CHMETpier0. Y CBOO Yepry, KOXKHA
3 OMX YacTHMH CTaHOBUTH OasWc Juil KOHCTpyloBaHHA BekTopHMX IKB,
MIEPETBOPIOIOYNCH Y MHOXKUHH CIMEH JIBO- UM 0araTOBHMipHHUX ITPOCTOPOBUX
KOMOIHATOPHUX KOHQIrypamiid y BHUIJISAI TOPY YW MHOTOBHUJIY BiANOBiTHOT
PO3MIpHOCTI 31 3alaHMMH PO3MipaMH CITKHM KOODJHMHAT, SIKa OKPHBAE iXHIO
MOBEPXHIO 3 CIIJIBHOI TOYKOMW Bitiky [8]. OnpaitoBaHHs MacHBiB JIaHUX Y
TaKUX CHUCTEMax KOOPAMHAT OJTHOYACHO 3a KiJIbKOMa KaTeropisiMu aTpuOyTiB
BIJIKpUBA€E TIEPCIEKTHBU JUIS PO3BUTKY BEKTOPHHUX iH(GOpMAIiHHUX
TEXHOJIOTIH. 31 30UIbIICHHSIM MOPSAKY 00epTOBOI CUMETPii CTPIMKO 3pOCTa€e
KUTBKICTh TOPOKEHUX IIEF0 CUMETPI€I0 eJIeTAaHTHUX aHCAaMOJIiB IPOCTOPOBHX
KOMOIHATOPHHX  KOH(QIrypalliif, HaIlOBHIOIOYM TPAaHIIO3HOK  Kpacolo,
JOCKOHAJIICTIO 1 TAPMOHIEI0 YapiBHUH CBIT 0araTOBUMipHOiI KOMOIHATOPUKH.
TeopeTnvHO iCHY€e HECKIHYEHHO 0arato 0a3uciB, sKi MOPOKYIOTh YHCIICHHI
PI3HOBHIY MHOXXHWH KOOPIWHAT 0araTOBHMIPHHUX IMPOCTOPIB, IO BiTKPHBAE
MEPCIEeKTHBH JJISI PO3BUTKY BEKTOPHHX iH(GOpPMAmiHHUX TEXHOJIOTIH Ha
OCHOBI MiHiMi3a1ii 06a30BOi CTPYKTYpH CHCTEM OIIPAI[OBaHHS MOTOKIB
iHpopmamii [9].
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AJITOPUTM IPBITAIOIIUX JIATYIIEK JJI51 3AJAYA
OPAMOYT'OJIBHOI'O PACKPOS
Capaax O.B., Cabupos 3.P.
3anopooicckuii HayuoHaIbHLIU YHUSEepcumem, Ykpauna
Ypeenuckuil cocyoapcmaeennulil ynugepcumem, Y3oexucmanu

JUMPING FROG ALGORITHM FOR THE PROBLEM OF
RECTANGULAR CUTTING

Abstract.. The problem of integer packing of rectangles into a
rectangular matrix is considered. It is shown that this problem can be
considered as an optimization problem on a fragmentary structure. A variant
of the jumping frogs algorithm for this problem is proposed.

3amada [eTOYHCIEHHOTO MPSIMOYTOJIBFHOTO PACKPOS SBIAETCS OJTHON W3
KJIACCUYECKHX 3a7ad JUCKPETHOW ONTUMHU3AIMU. 3a7ada OTHOCUTCS K YHUCITY
NP-tpyanbix 3agad. Iloatomy st 3TOM 3amaym ompaBJaHO NpPUMEHEHHE
pazHoro poaa Meral’BpucTUK. CylIecTByeT MHOMXECTBO METOJOB IOMCKa
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CcyOONTUMAaITBHBIX PEIICHU 3TOM 3a/1a4K Ha OCHOBE Pa3IMYHBIX TOAXO0I0B [1].
PaccMoTpuM MeETOJ, KOTOpBIA SIBISCTCS KOMOHWHAIUEH (hparMEeHTapHOTO
aIrOpUTMa M aJroOpUTMa NEPEMEIIaHHbIX MPBITAIONINX JIATYIIEK.

®parmenTapuoii crpykrypoii [2] (X, E) Ha koHeuHOM MHOKecTBE X

[2] Ha3bIBaETCA CEMENCTBO €ro MOAMHOXKECTB [ = {El,Ez,..., En} TaKoe,

aro VE, e E, E# O Hdee E - E, \{e} € E . DrneMeHThl U3 MHOXKECTBA
E Oynem Ha3bpIBaTh NOIyCTUMBIMA ()parMEHTaAMH.

Takum 06pa3zom, s TF000T0 TOMYCTUMOTO (PparMeHTa Ei CYIIECTBYET

HyMepamusi  €ro  DJIEMCHTOB Ei = {el. 12€i05e+ €y } Takas,  YTO

l

Vk=12,..s, {e.l 1€, ...eik} € E'. OpmHodneMeHTHblE  MHOXECTBA,

KOTOpBIE SABJAIOTCS  JOIMYCTUMBIMHM  (pparMeHTaMu, OyneM Ha3bIBaTh
3JIEMEHTapHBIMU (parmeHTaMu. OparmMeHT, OyeM Ha3bIBaTh MAKCUMAJIbHBIM,
€CIIM OH HE SIBIISIETCS TOJJMHOKECTBOM HHKAKOTO JIPYroro (pparMeHra.

MakcumanbHbelii  (parMeHT MOXKET OBITh IOCTPOCH C MOMOLUIBIO
crnenytomiero "xaaHoro" (pparMeHTapHOr0) aNropuT™A;

a) 2JIEMEHTHI MHOXeCTBa X JTMHEHHO yNOpsAI09UBaIOTCS;

0) Ha HaYaJIBHOM IIare BEIOMpAETCs MycToe MHOXKecTBO X() = J;

B) Ha LIare ¢ HOMepoM k + 1 BbIOMpaeTcs IePBbIH 1O MOPSIIKY JIEMEHT
x € X\ X}, rakoii, uro Xy U{x} ek;

T') aJITOPUTM 3aKaHYMBaeT PaboTy, €CIIM Ha OUYEPETHOM Ilare He yAAJIOCh
HaiTh aeMeHT X € X \ X}, ¢ TpeGyeMbIM CBOHCTBOM.

Pesynbrar mnpuMeHeHUs (parMeHTapHOTO ajropuTMa OMNpeAeNseTcs
3aJaHHbIM JIMHEHHBIM HOPSIKOM Ha MHOXecTBe X. Takum obpa3om, moboi
MaKCHMaJIbHBIH (pparMeHT MOXKeT OBbITh OMKMCAaH HEKOTOPOW MepecTaHOBKOM
3JIEMEHTOB MHOKECTBA X.

3ajayy  LEJNOYMCIEHHOTO  IMPSIMOYTOJbHOTO  packpos  Oynem
paccMmarpuBaTh B CJIEIYIOIIEH TOCTAHOBKE:

3ajana TpAMOYTOJbHAs MaTpuia-ocHoBa pasmeprocty H xXW | rme
H,W* LEIBIC MOJOXUTCIBHBIC YHCJIa — BBICOTA U IIMPHUHA MAaTPHUIbl OCHOBBEI.
33.}13H0 MHOXECTBO IPAMOYTOJIBHBIX 3aroTOBOK, CTOPOHBI KOTOPBIX TAaKXKE
BBIPAKAIOTCS LEJIBIMH YHCIaMH. TpedyeTcss pa3sMecTHTh HPSIMOYTOJIbHBIC
3aroTOBKM Ha MAaTpPUIIC-OCHOBE TaKUM O6p8.30M, YTOOBI mIomaab 4YacTu
OCHOBBI, HC 3aHITOM 3aroTOBKaMU ObLIa MHUHHUMAaJIbHOH. 3aroTOBKHU MOTyT
nepeceKaThes JIMIIb 110 Tpanune. [Ipumep Takoro pasmenieHus NpUBEAEH Ha
pucl. CepsIM 1BETOM BbIJIe/IeHA HE3aHATast YaCTh OCHOBBIL. [IycTh MHOXECTBO
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3aroTOBOK 3a1aHo B Buxe HaGopa map {(A,,w;)}, rue h,w, - BbicoTa 1

LIMPUHA COOTBETCTBYIOLIEH 3aroTOBKH, i=1,2,,,N, rie N — 4ucio 3ar0TOBOK.
JomycTtumoe pellleHne 3aJadd  MOXHO MpPEACTaBUTh HabOpOM TPOeK

{(é:a t," ll)}fil . 3,[[80};

1, ecnu i-s1 3aTOTOBKA BXOJAUT B TIOKPBITHE

=

0, ecnu i-s 3aTOTOBKA HE BXOJIUT B MIOKPHITHE

t,li — COOTBETCTBEHHO KOOPIMHATHI JIEBOIO BEPXHEr0 YIJa 3arOTOBKH
OTHOCHTEIILHO MaTPHUIIBI OCHOBBL.

3ajaya  IUIOCKOI'O  MNPSIMOYTOJBHOTO  Packpos  MOXET  ObITh
chopMyIHpoBaHa Kak 3ajauya ONTHMHU3ALMU Ha (parMeHTapHOH CTPYKTYype.
Kaxnprit sneMeHTapHBIi  (parMeHT MPEACTAaBISETCS 3arOTOBKOM U
KOOpAMHATaMHU €€ JIEBOTO BEPXHEro yria Ha MaTpHlle OCHOBE. YCJIOBHE
NPUCOEIUHEHUS — pa3MmellaemMas Ha MaTpHIle OCHOBE 3aroToBKa He
MPUHAJICKUT K MHOKECTBY YK€ BRIODAHHBIX 3aT'OTOBOK M HE IEPECEKACTCS C
y>K€ pa3MEIICHHBIMU Ha MaTPHILIE 3aTOTOBKaMHU.

Takum 00pazoM, 3a7ada NPSIMOYTOJILHOTO PAaCKPOS MOKET OBITh CBEJICHA
K 33/1a4€ ONTHMH3ALNH Ha IEPECTaHOBKAX 3JIEMEHTapHbBIX ()ParMEHTOB.

CyIlecTByIOT NpPUMEPHL, KOTAAa METOJ pa3MEIlEHHs 3aroToBOK B
CBOOOZHOM BEpXHEM JIEBOM YIJIE MAaTpPHUIBI OCHOBBI HE TPHBOIUT K
ONTHUMAJIFHOMY PEIICHHIO MPH JIF0O0M BBIOOPE MEPECTAHOBKHU 3JIEMEHTapHBIX
(parmenToB. O1HAKO 3TOT HEJOCTATOK MOXKHO HCTIPABHUTH ITyTeM 100aBICHUS
K MHOXECTBY (pparMeHTOB HECKOJIbKUX BUPTYaIbHBIX KIETOK [3].

Jlig moncka cyOONTUMANIBHBIX PEIICHUH 3a/1a4u OB IPUMEHEH BapHaHT
MepeMeIIaHHbIX IPHITaoINX JATYIIeK Ha IepecTaHoBKax [4].

Pe3ynpTaThl YHCIEHHBIX HKCHEPUMEHTOB Ha OONBIION 6a3e TEeCTOBBIX
MPUMEPOB MTOKA3AJIH, YTO TAKOH MOJIX0] MOXKET 3((HEKTHBHO HCIOIb30BATHCS
KaK 3BpPUCTHYECKMH aNrOpUTM IpU PEMIECHUM ONTHMU3ALUOHHBIX 33434
LEJIOYUCIIEHHOTO HPSMOYTOJIBHOTO packpos. IIpuuemM kadecTBO anropurMa
OyzmeT Bo3pacTaTh IpW YBEIWUYECHUH psijia MapaMeTpOB METOAA IPBITarolIuX
JIATYyIIEK TaKWX KaK, BEIWYMHA MOMYJSLUH, YUCIO TPYMHH, KOIUYECTBO
MIPBDKKOB.
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ITPO OJIVH 31 CIIOCOKBIB 'EHEPAIIII TPAIIIO3HUX JEPEB 3
JEPEB MEHIIHUX ITOPAAKIB
Cementota M. ®.
Jlvomna axademin Hayionanvrozo asiayitinozo ynisepcumemy

ABOUT ONE OF THE WAYS OF GENERATION OF
GRACIOUS TREES FROM TREES OF SMALLER ORDERS

Abstract. We have presented a new method of constructing a graceful tree
from isomorphic trees of smaller orders.

3aCHOBHHMKOM TEOpii po3MiTOK BBakaeThesi A. Poca, sikuii B 1967 pori
3alpOINOHYBaB JEKiJIbKa THIIB PO3MITOK, SK IHCTPYMEHT Uil DPO3KIaay
moBHOTO rpada Ha i3omopdHi migrpadu. 3a MOMOMOrOK IMX PO3MITOK
JOCATHYTO 3HAYHHUX PE3yJIbTAaTiB y PO3B’SA3Ky 3a7ay iCHYBaHHS, MOOYIOBH,
nepelntiky poskianiB rpagis. A. Poca mpuilmos 10 rinoTesu, 1o BCi aepeBa
rpamiosHi [1]. L rumore3a BigKpuTa i HAAWXA€ HA CTBOPSHHS HOBHX METOIIB
o0y TOBH TPAIiO3HUX ACPEB.

CkJaiHICTh TOOYAOBY TPAIio3HOT PO3MITKH JOBUTFHOTO Tpada MoJsrae
B TOMY, IO HE KOXXHIM HOT0 BEpIINHI MOXKHA MOCTABUTH y BiANOBITHICTH
MiTky 0. [Hakme O6araro xiaciB rpagiB MopoHKyBaNUCs O IHIYKTHBHO 3 TpadiB
MEHIIUX HOpsakiB. Lle mpu3Beno 10 BUHUKHEHHIO HETPHBIATBHUX METOIIB
reHeparii rpamio3Hux rpadis 3 rpadiB MEHIINX HOPSIIKIB.

B nawniit poboti npeacraBineHo MoaudikoBaHUH MeTOIOM A-1T0OYI0BH
rpaiio3Hol PO3MITKH JJIsi MEBHOTO Kjaca JepeB, OCHOBAaHWI Ha METO,
3anpornaHoBaHoMy y [2].

Hexaii T —nepeBo nopsaky p.
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n
1. TTobynyemo nic: nT= U Tl , ne T; — i3omopdHi komii gepesa 7, i=1,2,
i=1
2. ObupaeMo TOBITFHUM YHHOM BEpIIMHY Vv B nepesi 7. BepmmHa v; B
nepesi T; € i3omopduauM 00pazom v 3 T.

n
2. Jlonaemo z10 rpada nT, pebpa viva, vivs, ..., viv,. Houit rpad (J T
i=l1

+V1vo+vivst... vy, nosnaunmo T, BiH € IepeBOM TIOPAIKY np.

OnuiemMo MeTOoJ| 3HAXO/KCHHS BEPIIMHHUX MITOK JUIS TPaIio3HOL
posmitkm T,

1. Hexaii mepeBo T opsaKy p Mae Tpaiio3Hy po3Mitky f3 flv)=p —1,
ne ve V(T). Posrsimaemo T stk iBodacTkoBHi rpad. s ip0oro BUKOHAEMO
PO3OUTTS MHOXXHHH HOTO BEpIIWH Ha ABI MIMHOXHWHA A, B HacTymHUM
YUHOM:

1.1) 3HalimeMo BificTaHb BiJl BEPIIMHM V 10 BCIX iHIIIMX BEPIIHNH Us IepeBa
T;
1.2) siximo d(u,) — KOpiBHIOE HyIO a0 MapHE YUCIIO, TO UEA, IHAKIIIE

useB.

n
2. Ho6ynyemo nic nT=UJ T; 3 nepes T;, mo € isomoppHIME 0OpazamMu

i=1
nepesa T, ne i=1,2, ..., n. Bepmmau u, vie V(T ™) € i3oMmopdhHAME 06pazamMu
BEpLIUH Uy, ve V(T), BianosiaHo, i us#v; s 6yas-axux i=1,2, ..., n, se{l, 2,
D}

n
3. Jlns MITOK BepIIMH UTI BUKOPHUCTAEMO PO3MITKY @, IO
i=1

BU3HAYAETHCS 3 HOPMYII:

i i-p—1-f(uy), AKWoO U, € A,

pu )= , ) ‘ (1)
' (n+1-i)p—-1-f(uy), akwyou, € B,

Q()=(i-1)p. @

4. 3rigHo Teopemu 2 [3] ¢ € rpalio3HO0 po3MITKOIO AepeBa T =

T;

Sant

1

L
+Viva+vivst. v,
Poboty HaBeZeHOTO METO Iy IPOJIEMOHCTPOBAHO B MpHKJIai 1.
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INpuxaag 1. Posmsmemo aepeBo S, 300paxkene Ha puc. 1 3
rpamiosHoro posmitkoro f , y sxoro f(v)=p—1=6. Bepmmunu

3

0TOTOXKHIOEMO 3 iX MiTkamu. Tpa U S, € aus’tonkrnBrnM 06’ €M
i=1

i3omMopQuux oOpasie S; nepesa S . Hexait Bepumna v; € V(S;) €

isomopduum obpazom v € V(§), i=1, 2, 3.

3
. .
Mo6yayemo rpadp S = U S, +vv, +v,v; + V3, (puc. 1). Horo
i=1
rpaIfio3Ha po3MmiTKa 3HaiijeHa 3 popmyn 1, 2 i mpeacrasieHa Ha puc. 1.
OTpuMaHi pe3yibTaTH POMIMPIOIOTE KJIac TPamio3HUX rpadis.
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Komm’rorepna matemaruka. 2015. Ne2. C. 96 - 102.

1 4 8 11 15 18

0 7 14

Puc.1. MpauiosHa po3miTka gepesa S”
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HEMPOMEPEXEBA MOJEJIb JIJISI CYMICHOI'O IIPUMAHSITTS
PIIIEHb ABIAI[IMHUM IEPCOHAJIOM ITPU BUBOPI
3AITIACHOI'O AEPOJIPOMY B IMO3AIITATHIN CATYAIIII
Cikipga 10.B., llIlmensoBa T.®.

Jlvomua axademis Hayionanwnozo asiayitinoeo ynigepcumemy
Hayionanvuuii asiayitinuil ynisepcumem

NETWORK MODEL FOR COLLABORATIVE DECISION MAKING
BY THE AVIATION PERSONNEL DURING CHOOSING AN
ALTERNATE AERODROME IN EMERGENCY

Abstract. For improving Collaborative Decision Making by the aviation
personnel during choosing an alternate aerodrome in emergency, a five-layer
recurrent neural network with biases was developed. The use of neural network
will ensure the synchronization of the aviation specialists’ decisions, the
prompt exchange of correct information between them, the effective balance
between safety and cost in consolidated decisions.

Beryn. Ilin gac niuaHyBaHHS Ta BHKOHAHHS IOJIBOTIB 3a0€3IEUECHHIM
Oe3mexn 3aiiMaroThCs Taki (paxiBIl, K JTBOTHI AWCIETYEPH, IBOTHI EKiMaxi,
aBiagucrieTdepy, OOCIYTrOBYIOUMiI IEpCOHall, Ha3eMHUH MEpCOHAT TOLIO.
KoskeH 3 HUX Bifirpae BakJIMBY POJIb Ha Pi3HUX €Tarax, OCKUTBKU Oe3IeTHni
MOJIT TOYMHAETHCS HE TUTBKM 3 BWJIBOTY JITaKiB. ABiaImiiiHi cnemiamicTu
CYBOPO JOTPUMYIOTHCS TIOCIOHUKIB Ta MPABOBUX JOKYMEHTIB, 3aTBEPPKCHUX
y chepi ix mpodeciiinol misibHOCTI. Jly’Ke YacTo CKIAAHICTh, 3MICT,
0COOJIMBOCTI JJOKYMEHTIB, SIKI PEryJIIOIOTh MISUIbHICTh KOXKHOTO aBialiiHOTO
(axiBipsl, pi3Hi, IO HE JI03BOJISIE PO3POOUTH 3arajibHUN aJITOPUTM M st
BCbOTO aBialllfHOrO TepCOHaly JUIs KOHKPETHHX YMOB, OCOOJHMBO B
MO3aIITATHUX CHUTYallisX, KOJM MAaloTh Miclle HEBHU3HAUYEeHICTh, Opak
iHpopMarii Ta yacy Ha npuiHATTA pinreHs ([1P). ToMy BUHHKa€e KOHITIKT MiX
pilIEHHSIMM Ta JiSIMH 3alydeHOTO TIIE€PCOHANly, SKHH CHUIBHO IpHUiiMae
pimrenss [1].

BpaxoByrooun B3aeMOIiI0 aBialliifHOTO IepCOHANY, HEOOXiTHO PO3yMiTH
foro poimi Ta 000B's3ku. JIPOTHUII AmcCIIETYEp BIATIOBiNAae 3a TUIAHYBaHHS
MOJILOTY, TUTOT Oe3mocepenHbo BiAMOBiAae 3a Oe3meyHe BUKOHAHHS IIHOTO
MOJIBOTY, aBiaaucmerdep 3abe3rnedye OOCIyroBYBaHHS IOBITPSHOTO PYXY,
iH(OpMyBaHHS Ta JOTOMOTY eKimaxkaMm. ToMy, MpUHMalO9H pilIeHHs, BOHU
aHANI3yIOTh 3arajbHy Tpyly (aKkTopiB, OCKIIBKM OCHOBHOIO METOI0 €
BHUKOHAHHS 3aBIaHH (TIOMIT 3 MyHKTY A B MyHKT B), aje 3 pi3HUX TOYOK 30py.
Ane ocTraTo4HE pIlICHHSA B TONBOTI HpuiiMae minoT. i pamioHaabHOTO
cymicHoro mpuitaarTa pimens (Collaborative Decision Making — CDM)
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KOXKHMH OIepaTtop IOBHHEH NpOaHali3yBaTH Ta BpaxyBaTH IOTOYHY
curyauito. ToMy akTyaJgbHUM 3aBJaHHSIM € PO3poOKa Cy4acHHX METOMIB Ta
aJieckBaTHUX Mojenell st yaockonaneHHss CDM aBialiiifHuM mepcoHanoM B
MO3aIITaTHUX CHUTYallisiX, 3aCTOCYBaHHS SKMX Yy CKJIaJl IHTEIEKTyaJIbHHX
cucteM miaTpuMku [P 103BoHTh MiABUIIUTH e()ESKTUBHICT HOTO MiSUTBHOCTI
B YMOBaX HEIOBHOTH Ta HEBU3HAYCHOCTI iH(popMalii. ABTOpaMu po3po0iIeHo
00’eKTHBHO-Cy0’ eKTHBHII MeToxn cyMicHoro IIP y pasi HeBH3HadeHOCTI Ta
pU3UKYy Ta iHTerparii CTOXacTHYHHUX 1 JeTepMiHOBaHWUX Mmozenei [IP mpwu
HEOJHO3HAYHOCTI MOYATKOBUX PillIeHb YYaCHUKIB [2].

[IpomonyeThcs HelipoMepekeBa MOAENb Ul OTPUMAaHHS CIUIBHOTO,
IHTETPOBAHOTO pIIIEHHS BCIX YYACHUKIB, HAMpPHUKIAJ TaKUX, SK IIiJIOT,
JBOTHUI JUCIIETYEp Ta aBiaAuCIIeTyep, HAa IPUHHITHOMY PiBHI €peKTHBHOCTI
y pasi [P B mo3amTaTHuX CHTYyaIlisx.

OcHoBHa yactuHa. J[71s ynockonanenss CDM aBiarfiitHum nepcoHaaoMm
npu BUOOpI 3amacHoro aepoapomy (3A) B mo3aluTaTHiil cuTyauii (HanpHukian,
HECIIPOMOXKHOCTI ITIPOAOBKHUTH IMOJIT O aepolIpoMy IpH3HAUYEHHS uepe3
MOTIPIICHHS MOTOJHUX YMOB 3a MapIIPyTOM) pPO3pOOJICHO OaraToliapoBy
peKypeHTHY mTYy4HYy HelipoHHY Mepexy (IIIHM) 3i 3cyBamu, sika Mae m'aTh
mapiB, Tpu 3 sSkuxX cxoBaHi (puc. 1). bararomaposa IIHC wmoxe
ampOKCUMYBATH Oy/b-Ky (pyHKIIOHANBHY 3aJIC)KHICT 32 pPaXyHOK CXOBaHHX
mapiB HEMPOHIB Ta 34aTHA 0 HaBYAHHS. J{MHAMIYHICTh PEKYPEHTHUX MEPEx
€ BaXJIMBOIO BIIACTHBICTIO IJIS CKJIAHOI COIIIOTEXHIYHOI aepoHaBirariifaoi
CHCTEMH, TaK SIK 3aBASKH 3BOPOTHIM 3B'SI3KaM 3MIHIOIOTbCS BXOJH HEHPOHIB,
IO MTPU3BOIUTS /10 3MiHK cTany ITHM [3].

Hepwuit wap [IIHM (sxionuii). Bxoau s;, s2, ..., S5 BIANOBIAaI0Th BHIY
MOJBOTHOI cHTyalii, ska TOTpedy€e BIAXOAY IMOBITPSHOrO CyJHa Ha
3A/nocagkoBuil MaJaHINK (§): HOpMallbHa, YCKJIaIHeHa, CKIIaHa, aBapiifHa,
katactpodivHa.

Jpyeuii, mpemii ma wemeepmuii wapu LLIHM (cxosani). OiHKH BIUTUBY
o6'exTuBHEX (akTopis Ha IIP momo Bubopy 3A mimotom (F),
aBiaJIuCIIeTYCPOM (Z) Ta JBHOTHHUM JHACHETYCPOM (7_\) BIJIIOBITHO,
f,LA= ﬁ: fi, i, M — 3amac manmmBa Ha OOpTy JiTaka (3aBXKAH
KOHTPOJbOBaHU#); f>, [, A2 — MeTeopoJoriuHa cuTyailis (Ha aepoapomax
BWJILOTY, IPU3HAYEHHS, 3allaCHUX Ta MO MapIIPyTy); f3, I3, A3 — MOKIIMBOCTI
miTaka (HasBHe oOnagHaHHA Ha Oopry, ocobmmBocti MEL, icHyrodi
eKCILTyaTalliiiHi 0OMexxeHHs); f4, L4, A4 — MONKIIMBOCTI aeposipomy (pamio- Ta
CBITJIOTEXHIYHI CHUCTEMM 3aXOJly Ha II0CaJIKy, TEXHIYHI XapaKTEPUCTHUKH
3JIITHO-TIOCAJKOBUX CMYT Ta PYJIDKHHUX JIOPIKOK, OOMEXeHHs po6odoro vacy,
KaTeropis aepojpoMy, KaTeropii IMOXeXHOi Ta IIOIIYKOBO-PSATYBAIBHOT
ciryx0u, aBapiiHUX ciyx0); fs5, Is, As — MOXIMBOCTI eKinaxy (MiHIMyMH
eKimaxy, yac poOoTH ekinmaxy); fs ls, A¢ — pO3TallyBaHHS MEPEUIKOA Yy
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CEeKTOpax 3axo[ly, BIIXOJy Ha Jpyre KOJO Ta BWILOTY; f7, [7, A7 — HOBITpsiHA
oOcTraHOBKa (IHTCHCHBHICTH CEKTOPY YIPABIIHHSA IOBITPSIHUM PYyXOM,
NepeBaHTAXKECHHS pafioyacTor); f3, ls, A8 — komepuiliHi akTopu (aeponopToBi
300pH, BIICTaHb BiJ aepoIpoMy IpHU3HAUCHHS, HASBHICTH KOHTPAKTIB 3
XCHIUTIHTOBUMH  CIIy’)KOaMH, HAsBHICTh MHUTHOI  CIyOW, CiayxOu
MPUKOPJIOHHOTO Ta MIrpaniiHoro KOHTPOJIIO TOLIO).

Jlooamkosuii 6xio Bias 6 xapakTepu3ye BIUHB Cy0'eKTHBHIX (BaKTOPIB.

H'smuti wap HHTHM (suxionuti). Pesynbratu 40> U2 -+ Us cymicuoro ITP
moxo BuOOpy 3A TiNOTOM, aBiagUCIIeTIepOM, JBOTHAM THCIIETYEPOM

(MOTCHUIHHUIA 30WTOK/OYIKYBAaHUH PH3HK) (U): myxe wmammii, Mawm,
cepenHii, BEJMKHH, Ty)Ke BEJTMKUN IIOTEHIIHHIH 30UTOK

BuxinHi BeKTOpH OPyroro, TpEThoro Ta yerBeproro mapis IITHM (1):
F, I A= f(net—0) = fW(S, F, I} —8), (I

ne W — Barosi koediuientn W = {Wl- ]-}; 6 — 3CyB OLIHOK 06'€KTHBHHX
(hakTOpiB 3aBASKH BIUIMBY CYO'€KTUBHHUX (PaKTOPIB.

Buxiganit BekTop n'storo (BUXigHOTo) mapy (2):

U=fW,2. @
3amaroThcs HACTYIIHI BUXITHI CHTHAJIN BEKTOPIB MIapiB HeHpoHiB (3):

s o (if (WS FT) = 8),f(W,7) > 0
o 0;if f(W{S,F,L}-8),f(W,2) <0’
ne f— HenmiHidHA QYHKI[S aKTHBAIIL.

3a nomnomoroto Heitponiakery NeuroSolutions Bepcii 7.1.1.1 (po3pobka
NeuroDimension, Inc.) OyB moOymoBaHWII Ta HaBYCHUA 3 BUYHTEIEM
Npoleaypol0  OOEpHEHOTro  MOMIMPEHHS  HOMWIKM  OaraTomapoBHA
MpsSMOHAINPaBICHNI TepcenTpoH 3i 3cyBamu it CDM  aBiamifiHuM
TIEPCOHAJIOM IIpH BHOOPi 3A B MMO3aIITaTHIN CHUTYaIIi.

BxinmHi, mpomixkHi Ta BuXimHI KommoneHTH IIIHM 3amaHo 3rimHO
CTaTUCTUYHUM JAaHWM 3a momnepenHin 10-pidHuil mepiox Ta eKCIepTHUM
OIiHKaM aBiarlifHuX (haxiBIiB, JOJATKOBI BXOAU — 3CYBH 0 YMOBHO IPUHHSATO
pieaumu omunmii. Hapuanmns [IIHM BinOyBanoch mnuissxoMm Moamgikarii
BaroBUX KOE(]IL€HTIB 3B’3KiB MK HEHpOHaMH JI0 MOMEHTY, KOJIHM HMOMMIIKa
JIOCATaE MIHIMIGHOTO 3HAUCHHS I Tepecrae 3MEHIIyBaTHCh. JlocTaTHIM
BusiBIiIOCHh 1000 1MKITIB HABYAHHS.

TectyBanns [IIHM Ha mnpukmagax, ski HE BXOIWIM JO HaBYAIBHOI
BHOIpKH, TTOKA3aJI0 BUCOKY TOYHICTh BH3HAYEHHS 30MTKY (HMOMIIIKA A MiX
JIIHCHOIO Ta OTPUMAHOIO 32 IOTIOMOTOI0 HEHPOMEPEXKi OIIHKOIO TIOTEHIIHHOTO
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30UTKYy CKJIagae He Outblie 5% Bim nmiama3oHy 3MiHM HOTO 3HAYCHB), IIO
MATBEPAXKYE JOCTOBIPHICTH 3aIIPOIIOHOBAHOT MOJENI.

5 map (BUX1IHUI)

4 map (CXOBaHUM)

Puc. 1. Heitipomepesicesa modenv ons CDM asiayitinum nepconaiom npu
eubopi 34 6 nozauwmamuin cumyayii

BucHoBok. VY mo3amTaTHUX CHUTyallisfiX BaXIMBO 3a0€3NCUUTH
MOJJIMBICTh CHIIBHOTO, IHTETPOBAHOTO PIlICHHS BCIX YYaCHUKIB, HAIIPUKIIA]
TaKuX, SK TJIOT, JIbOTHUH JUCIIETYEp Ta aBiajucrieTdep, Ha MPUHHATHOMY
piBHI edextuBHOCTI. lle mocsraeThcs MOBHOTOK 1 TOYHICTIO HAasBHOI
iHopMmarii, a TakoX 3JaroJKEHOI B3aEMOJIEI0 aBialliifHOrO IepcoHay,
HOTO0 YITKKUM 1 IPaBUIBHAM PO3YyMIHHSM CIIy’)KOOBUX 00O0B’sI3KIB Ta CBOET poti
B IIpomeci BUKOHAHHS CIUIBHOTO 3aBAaHHA. Bukopucranns [IIHM vy
HEBU3HAUCHUX (TI03aIITATHUX) CUTYAIisIX 3a0e3neunTs cuaxpoHizamito CDM
aBiamifHUMH (paxiBISIMH, OIIEpPaTUBHUH 0OOMIH KOPEKTHOIO iH(opMaIiiero Mix
HUMH, eQeKTHBHEe OamaHCyBaHHS MK O€3leKOor0 Ta BapTiCTIO B
KOHCOJIIIOBaHHX PIIICHHSX.
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OINITUMAJIBHA TEXHOJIOI'IS TOBYJIOBU XMAPHOI
IHOOPMALIMHO-KOMYHIKAIIMHOI CHCTEMHA
ABTOMATWM3AIIII BAPOBHUYMX ITPOLIECIB
Cwuipaosa T.B., CmipaoB C.A., CmiprOB O.A.
LlenmpanvroyKkpaincoKuil HAYIOHANbHUL MEeXHIYHUL YHIBepcUmem

OPTIMAL TECHNOLOGY OF CONSTRUCTION OF CLOUD
INFORMATION AND COMMUNICATION SYSTEM OF
AUTOMATION OF PRODUCTION PROCESSES

Abstract. This work is devoted to the improvement of existing and
development of new methods of building a modern cloud information and
communication infrastructure of enterprises in order to further use it to
automate production processes

HaykoBo 00rpyHTOBaHe IUIaHYBaHHS i onTuMizalis iH(popMaliiiHuX
Mepex, SKi 3a0e3neduyroTh HaJlaHHS 3alUTYyBaHUX MOCHYT i3 3aJlaHUMH
MOKa3HUKaMHU e(eKTUBHOCTI (DYHKI[IOHYBAHHS, € J{yXKe CKJIaTHOI0 HAayKOBO-
TEXHIYHOI0 ¥ €KOHOMIYHOIO MPOOJIeMO0, 0e3 BUPIMICHHS SKOT HEMOJXKIINBE
CTBOPECHHSI XMapHOi iHpopMamiiHOi iHQPACTPYKTYypH WiAMPHUEMCTBA, IO
BimnoBifgae BciM moTpedam Ta chopmoBaHuMm Bumoram [1-3]. Tomy, nana
poboTa TpHCBAYEHA CaMe YJOCKOHAJCHHIO ICHYIOWHX Ta pO3poOIli HOBUX
METOAIB MOOYMOBH CydacHOi XMapHOi iH(poOpManifHO-KOMYHIKaI[iiHO1
iHOPACTPYKTYPH HiANPHEMCTB 3 METOIO ii MOJANBIIOr0 BHKOPHCTAHHS IS
aBTOMAaTH3aIlil BUPOOHMUYHUX MTPOIIECIB.

EdextuBHiCTh iHPOpMAaLifHO-KOMYHIKAIIFTHOT Mepesxi — Iie 1i 31aTHICTh
JIOCSITATH TOCTABJICHOT METH y 33/laHMX YMOBaxX (YHKI[IOHYBaHHS 3 MEBHUM
piBHEM SKOCTi, TOOTO 1€ XapaKTEpPUCTHKA, IO BigoOpaXkae CTYIiHb
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BIJIMOBITHOCTI MEpeXi CBOEMY IPH3HAYEHHIO, TEXHIYHY JIOCKOHAIICTH Ta
eKOHOMIUuHY  monineHIicTh [4]. TloHsTrTs edekTuBHOCTI TOB's3aHi 3
OTPUMAaHHSM JIESIKOTO KOPHCHOTO pe3yJbTaTy — epeKTy BHKOPHCTaHHS
iH(pOpMAIIHHO-KOMYHIKAIlIHHIX MEpEeX, KU JOCSAraeThCsl LIHOK BHUTPAT
NEBHUX PECYpCiB, TOMY €(QEKTHUBHICTb MeEpeXi MOXHa pO3IJIsJaTh SK
CHIBBITHOIIEHHS MK e()eKTOM (BUTpaIlIeM) i BUTpATaMHU.

Bynemo BW3HavaTH MOKa3HWK e()EKTHBHOCTI iH(opMamiitHOi Mepexi
mporecoM 11 (QYHKIIIOHyBaHHS Ta BIiAMOBITHO (YHKIIOHAIOM BiJl IIHOTO
nponecy. 3aranom W = W(t, L., L, L4, Ly, Ly), ne W — MHOXMHA TIOKa3HUKIB
e(eKTUBHOCTI Mepexi, ¢ —4ac; Ly, Lrg, L4, Ly Ly — MHOXKHHA TTapameTpiB
BIIMTOBIAHO 10 BXiMHWUX TOTOKIB 3alHTIB Ha 0OCIyroBYBaHHS KOPHCTYBadiB
(Lx), TeXHIYHHX Ta TIPOrpaMHUX 3aco0iB Mepexi (L), anropuTMiB 00poOKH
Ta nepenayi iHpopmauii B Mepexi (L4), AisIbHOCTI KopucTyBadiB (L), yMOB
¢yukiionyBanns Mepexi (Ly). B cBoro uepry — Ly = {Lz, Ly, Luj, ne Lz, Ly,
Ly — MHOXXMHA BHXIHUX TOKa3HHKIB JiSUIbHOCTI BY3JIB I1H(pOpMAIiiHOT
Mepexi BiANOBiAHO M0 TouHicHUX (L), wacoBux (Lru), HamiiHicHUX (Lp).
3HaueHHS KOMIOHEHTIB MHOXHWH L7, Lry, Ly BU3HA4alOTHCS KOHKPETHHUMH
MPOIIecaMy MisNTbHOCTI BY3JIiB y pO3TIIAHYTIH 1H()OPMAIIHHO -KOMYHIKaIi HHiH
Mepeki, 3ac00aMH, SKi € B IXHbOMY PO3MOPSIKCHHI JJII BUKOHAHHS CBOIX
(dbyHKITIH Ta yMOBaMH pOOOTH.

BiamoBimHo 10 KOHKpeTH3alii MOHATTS CS(PEKTUBHOCTI, IOKa3HUKH
MHOKHHM MOXHa pPO3MIIUTH Ha Tpu Tpymm: W= {Wy Wrp Wg}, ne
Wiy — TOKa3HUKH IJIbOBOI €(EKTUBHOCTI iH(POpMaIiHHO-KOMYHIKaIliHHOT
Mepexi abo epeKTUBHOCTI BUKOPHUCTaHHs (1IJIbOBOIO 3aCTOCYBaHHS) i€l
MEpexi, 1€ KUIbKICHUH T[OKAa3HHK BIJMOBIZHOCTI MEPEXi CBOEMY
npu3HayeHHo; Wr— MOKa3HUKM TEXHIYHOI e(pEeKTUBHOCTI iH(pOpMaIiiHO-
KOMYHIKaIiiiHOT Mepexi, lLie KUIbKiCHa Mipa, IO BigoOpakae TeXHIuHY
JOCKOHAJTICTh ~ Mepexi; Wg— OKa3HUKHM  eKOHOMiuHOT  edeKkTHBHOCTI
iHpopManiiHO-KOMYHIKaliiHOT ~ Mepexi, Ie  KUIbKICHHH  TOKa3HHK
€KOHOMIYHOI JOIITEHOCTI pO3rOpTaHHS MEPEKi.

Buxonsun 3 pe3ynpTariB 0araTOKpHUTEpPiaJbHOTO aHAi3y ITOKAa3HUKIB
e(pEKTHBHOCTI OI[IHIOBAaHUX TEXHOJIOTiH, MOKHAa 3pOOHWTH BHUCHOBKH IIPO TE,
mo cdepa BUKOPUCTAHHA TEXHOJOTIH CydacHHX OE3IPOBOJOBHX MEPEXK €
IoCUTh (pparMeHTOBaHOK. [lpM 1HOMY, IIIUPYIOUY TO3UINIO TOCiAae
TexHosorisg 5G, aje JKOJHA TEXHOJIOTIS MIAKIIOUCHHS HE Ma€ IOBCIOIHE
MOKPUTTS Ta 34aTHA BHPIMIHTH BCi HpoOIEeMH A BCiX MNOTEHIIHHUX
BEePTHUKAJBHUX BUMAJAKIB BUKOpUCTaHHA. KOXKeH BapiaHT MiIKIIOYEHHS 0
Mepexi nepeabdadae KOMIIPOMIC MiX CIIO)KMBAaHOIO TOTYXKHICTIO, Jiama3oHOM
Ta CMYTOIO MPOIYCKAaHHS.

B nogansmomy texnosoris 5G, sika HaIiIeHa Ha peai3aliiio J0JaTKiB 3
HU3BKOIO  3aTPUMKOIO 1  BHCOKOIO  IPOIYCKHOIO  CIIPOMOJXKHICTIO,
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CTaHOBUTHMYTh OlNIbIIly YacTUHY BenuuesHoro npocropy loT, odomoBanoro
orepaTopaMu MOOUIBHOTO 3B'SI3KY, ONEpaTOpaMH HEIIEH30BAHOTO CIEKTPY
Ta MiANPUEMCTBAMH Yepe3 BIIACHI IIPUBATHI MEPEXKI.

Ilpn npoMy, OxHIEIO 3 KIIOYOBHX TEXHOJOTIH, IO MOXe OyTn
BUKOpHCTaHa B Mepexxax 5G st 3a0e3neyeHHs BUpoOHH4HX npouecis € MEC
(Mobile Edge Computing). MEC [4] mnepenbavae posmimienus IT-
(byHKITIOHATY Ta TTOB'I3aHOTO (PYHKITIOHATY XMapHUX OOYNCIICHD.

IlepudepiitHi  cepBepr MOXYTh IMIJBHUIIUTH TNPOJYKTUBHICTH Ta
3MEHIIUTH 3aTPUMKY B OyIb-sIKOMY KOHTEKCTi, MAaKCHMaJIbHO HAOIM3WBIIN
00UYHNCITIOBAJIBHI Ta 1HIN pecypcH IO MiCI, ¢ BOHH MOTPiOHI. OCKiIbKH
5G — e BUCOKa IIBUIKICTh Ta HHU3bKA 3aTpUMKa, ITi JBI TeXHOJOTIi J00pe
MOEJHYIOThCS. BilbIlle TOro, B3a€MO3B'sI30K MiXK HUMHU Ha0araTo TIHOIIUIL:
HIMPOKa IOCTYIHICTh Mepex SG, Benmrue3Ha KilbKicTh o0naaHanss ta [13, sike
MIIKII0OYaTUMETBCS 10 LIMX Mepexk, He o0iiayThes 6e3 MEC.

VY nmoenHaHHI 3 apXiTeKTypor nepudepiiHux oduuciaens 5SG 3a3Buyan
PO3IIISIAETBCS SIK TEXHOJIOTIS, sIKa BHPILIMTH OJHY 3 HaHAraJbHIIIUX
npoOjeM MepexHOI 3aTPUMKH IPH OJHOYACHOMY 3a0€3MEYCHHI BHUCOKOT
MPOITYyCKHOI 34aTHOCTI.

Taxkum YMHOM, 3aCTOCYBaBIIN OaraTOKpHUTEpiaIbHUI aHATI3 10 JaHUX, a
TaKoX TMPOAHATI3yBaBIIM TIOTPeOX IMMIINPHEMCTB, Ha SKHX HEOOXITHO
MPOBOAWTH IMMIATPHMKY TIPOIECIB aBTOMAaTH3allli BHUPOOHHYUX MPOIIECIB,
MOXHA 3pOOWTH BHCHOBOK, IO ONTHMAIbHAM PIMICHHAM ISl BEIHKHX
MiAPUEMCTB € PO3ropTaHHs Mepexi 5G.

KoxHe BHpOOHMYE MiANPUEMCTBO TOBHHHO OYiKyBaTH OTPUMaHHS
MaKCUMaJIbHOrO e(eKTy BiJ BKJIQJAaHHS BIIACHHX KOIITIB Yy CBOi BJIACHI
npoektH iHpopmaruzauii. BennunHy nporo edexty MoxHa BijoOpa3uTH Ha
BEJIMUMHI MPUOYTKY MiJIPHEMCTBA Bij peanizamii nmpoekty iHdpopmarthsaii.
Buxonsun i3 1mUX TBEpIKeHb, MOXXHA MPOBOAUTH BHUOIP ONTHUMAIBHOTO
MPOEKTHOTO PIllICHHs, BUKOPUCTOBYIOYHM KpUTepiii ontuMansHOCTi baiieca-
Jlarmmaca (BL-kputepiit). JJominbHO TakoX OOTpYHTYBaTH BHKOPUCTAHHS, SIK
OIIHOYHOI (YHKIIi ONTUMAIBHOCTI — YUCTOTO TIPUBEICHOTO €(eKTy 3a
MpoeKToM iH(opMaTH3alii, SK IHTETPaTbHOTO ITOKa3HUKa e(EKTHBHOCTI
MPOEKTHHX PillIeHb.

3a aHami3oM pe3yNbTaTiB MOYKHA 3pOOUTH BUCHOBOK PO HEOOXiTHICTh
PO3rOpTaHHSA Ha MiJIPUEMCTBAX caMe MIKPOCTUTFHHKOBOI CTPYKTYpPH Mepexi
13 BUKOPUCTAaHHAM pajiodacToT y miarmazonax 700, 800 a6o 2600 MI 1.

BucnoBku. JlocmikeHHs, TpoBeAeHI B HaHid poOOTI T03BOIHIN
MIPOBECTU aHAJI3 Ta 3AIACHUTH BiAMOBIAHUI BHOIpP ONTHMAIBHOI TEXHOJOTI]
JUT BUKOPUCTAHHS 1i 3 MeTOI0 onTHMi3anii BUpoOHUUMX mporieciB. [t mporo
Oy70 po3po0bIIeHO MOJIENb OaraTOKpUTEpiadbHOI ONTHMI3allil, BU3HAYEHO MY
KOMYHIKAaI[IfHUX TEXHOJIOTiH, SIKi MOKYTh OyTH BUKOPUCTaHI IJIsl ONITHMI3arii
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BUpOOHMYMX mponeciB. B pesynbrati, nmpoBeneHuit OaraTokputepiaibHUI
aHali3 JO03BOJIUB BIIEBHUTHCH B JIOLUIBHOCTI PO3TOPTaHHS CTiIJIbHUKOBHX
Mepexx S5G i aBroMaruzanii BUpoOHMUMX mporeciB. Takox Oyio
3alPOIIOHOBAHO METOJUKY BHOOpPY ONTHMAQIBHHX IPOEKTHUX PIiIlIEeHb
TEXHOJIOTiH MOOUTHLHOTO 3B’ 513Ky 5G.
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IMPO BUKOPUCTAHHSI COJIBEPA BARON /U151 3ATAUI
3BAJIAHCOBAHOI YITAKOBKH KPYT'IB!
ICtemrok ILI., 2PomanoBa T.€, 'Xom’sixk O.M.
! Inemumym xibepnemuxu imeni B.M. I'tywixosa HAH Yrpainu
2Incmumym npobnem mawunobyoysanns imeni A.M. ITiozoprnozo HAH
Yrpainu

ON USING BARON SOLVER FOR BALANCED CIRCULAR
PACKING PROBLEM

Abstract. The paper addresses a packing problem of unequal circles in a
larger circle of minimum radius so that the gravity center of the family of

! po6oTa nigTprmana Volkswagen Foundation (rpanTt Ne 97775)
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circles coincides with the outer circle center. Two formulations of the balanced
circular packing problem as multiextremum nonlinear programming models
are provided. The first formulation uses quadratic constraints while the second
one employs radical functions for describing the non-overlapping of circles
and their containment into the outer circle. The global minima of both
problems were found by solver BARON for the benchmark instance with five
unequal circles.

Hexaif 3agano cimeiictBo kpyrie S, 3 pamiycamm 7, i Baramu
w,, [= 1,...,m. llentp TsxiHHA Kpyra S, 3HaXOIWTBCS B HOro LEHTPI.
36a/1aHCOBAHOIO yIIAKOBKOIO cimelictea kpyris S,, i =1,...,m, B kpyr §
Ha3MBAIOTh TAKy 1X YIAKOBKY, 00 paziyc kpyra S OyB MiHIMaIbHUM i ICHTP
TsOKiHHS  cimeiicTBa kpyriB S, = 1,...,m, 36iraBca 3 meHTpOM
30BHIIIHBOTO Kpyra S , sKWil 3HAXOAUTHCS B TIOYATKY CHCTEMH KOOPIHHAT.

Hosnaunmo (X;,y;) — HeBizmomuii LeHTp Kpyra S;, I' — HeBizomuil pagiyc

m
soBHilIHBOTO Kkpyra S . 3okpema BusHaunmo A =W,/ Z Wi
j:

i
m

i=1,....m,r,, = Imax r,.
3anaui 30anaHCOBaHOi ymakoBkH cimeiictsa xpyris S, i=1,...,m,

BIJIMIOBIZIAfOTh JBI OaraToeKCTpeMalibHI 3a1a4i HEeTIHIHHOTO MpOorpaMyBaHHs
[1, 2]. ITepma 3 HUX (3ama4ya A) Ma€e TaKUHA BUTIILL:

r’=minr (1a)

r,x,y

MIpH OOMEKEHHSIX

)ci2+yi2 S(r—ri)z, i=1,...,m, (2a)
(x,.—xj)2+(yi—yj)22(1;.+rj)2, 1<i<j<m, (3a)
iﬂﬁ.xl. =0, i/l, v, =0, (4a)
;’_12 o - B (5a)

Hpyry 3anauy (3amaua B) chpopmynboBaHo y Takuii criocio:
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r =minr (1b)

r,x,y

IIpU OOMEXXEHHSX

ﬂ/xl.2+yi2 <r-r, i=1l...,m, (2b)

J@&—x)?+(3, =y} 2r4r, 1<i<j<m, (3b)

1

iﬂixi =0, i/li v, =0. (4b)
i=1 i=1

LinvoBi ¢ynkuii (la), (1b) € niHifiHUMH (yHKUIAMH 1 MOB'A3aHi 3
MiHiMi3ami€ero pagiyca 30BHIMHBOro kpyra S . KBamparuuni oomexenus (2a)

Ta 0OMexeHHs (2b), 10 MICTATH PajMKaiy, 03HaYal0Th, 10 KOXHUIT Kpyr S,

, i=1,...,m, wanexurs xpyry S . Ksamparuuni obmexenns (3a) Ta
oOMekeHHs 3 paguKanamu (3b) rapaHTYIOTB, IO HisIKi IBa KPYTH i3 ciMeiicTBa

kpyris S;, I = 1,...,m ue neperunatorscs. Jliniitni o6Mmesxenns (4a), (4b)

03Ha4YarTh, II0 LICHTP Baru prl"iB Si . l = 1,. .., M, 3HAXOJUTHCS B MOYATKY

koopauHat. OOMexkeHHs (5a) 3a0e3nedye JoaaTHE 3HAUCHHS 1, MOTpiOHE It
KOpEKTHOCTI oOMexeHb (2a). 3amava B BinbHa Bif aHasora Jjasi 0OMEXKEHHS
(5a), Tomy 1m0 oOmexeHHs (2b) aBTOMATHYHO BPaxOBYE JOAATHICTH
3MIHHOI 7 .

3a JIOMOMOro JIarpaH)KeBHX JABOICTHX OIHOK JUIS KBaJpaTHYHOT
Mojeni 3agadi A B craTTi [2] OOIpyHTOBaHO ONTHUMAaJbHY 30ajlaHCOBaHY

ymakoeky mis m=5, r,=0.1, ,=0.2, =03, r,=0.5, ,=0.8,
w, =0.0785, w, =0.314, w; =0.7065, w, =1.9625, w, =5.024

. PosrmstHeMo pesymbraTm po3B’s3aHHS 1€l k 3amadi comBepoM BARON
(Branch-And-Reduce Optimization Navigator), SKui 103BOJIIE 3HAWTH
rio0anbHi eKCTPEMYMHU 3a1ad HelliHIHOTO nporpamMyBaHH [3, 4].

Ha puc. 1 HaBeneHo onTuMainbHi 30a1aHCOBaHI YIIAKOBKH I1'ITH KPYTiB
st 3anadi A (puc. 16 ta 10) Ta 3amaui B (puc.lé ta le), orpumani 3 aBox
cTapToBuX To4ok (puc.la Ta le y macmra6i 1.31623:10). Im Biamosimae
MiHiManeHUH paaiyc r* = 1.31623.

I'mo6anbHi MiHiMyMH 33134 A Ta B ju1s nepmioi ctapToBoi Touku (puc.
la, 16 Ta 16) HaBeaeno B Ta0u1. 1. KokeH i3 HUX MOXHA OTPUMATH 3 1HIIIOTO 32
JIOMOMOTOF0 TI0BOPOTY OCTAHHBOT'O HA JSSKUI KYT BiJHOCHO LIEHTpa Kpyra S
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. IIporo HeMOxJIMBO 3pOOHTH 3 TI00aTBHUMU MiHIMyMamu 3agad A ta B,

OTPUMAaHUMH U1 APYTOi CTAPTOBOI TOUKH.
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Puc. 1. BARON: rmo6anbHi MiHIMyMH JJIs1 IBOX CTAPTOBUX TOYOK

Tabmums 1 — Po3B’s13ku 3a1a4 — crapToBa Touka 1, = r* = 1.31623

CrapToBa TOUKa Po3B’s130k 3amaui A Po3B’s130k 3a1a4i B
i X Yi X Vi X Yi
1 | 0.28749 | -0.8164 0.125172 -1.20975 -0.610319 | -1.05201
2 | 1.11061 | 1.20344 | -0.954181 | -0.579238 | -1.11239 0.09249
3 |- 0.56363 | 0.512519 -0.877528 | -0.101387 | -1.01116
1.03791
4 | 0.13566 | -0.62354 | -0.279779 | -0.766786 | -0.677155 | -
0.455748
5 1- -0.24417 | 0.094896 0.478047 0.357832 0.330878
0.39591

B 1a671.2 HaBegeno 3arparu conBepa BARON minst po3B’sizaHHs 33729 A

ta B: KinmbkicTh iTepamiii i yac (B CeKyHAax) A HIDKHIX TPaHUIb HA
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.. o . * . .

MiHIMaIBHUHN pagiyc ¥ . I3 Tabnwimi BHIHO, IO IS 3a7a49i A TOYHA HUXKHS
rpanuns it v = 1.31623 nocsAraeThcss BIOBIYI IMIBUALIC IS MEPIIOi
CTapTOBOI TOYKH, HDK JUISL IPYTrol CTApTOBOI TOUKH.

Tabmuus 2 - Pesynbratu pobotn BARONa: BEPXHs
rpanuist 1.31623
3anaua A 3anaua B
(mepura crapToBa TOYKa) (mepma crapToBa TOUYKA)
Iteration Time (s) Lower Iteration Time (s) | Lower
bound bound
19442 105.47 0.800000 17795 124.64 1.07820
39507 225.48 0.881865 31588 224.62 1.24300
60531 315.50 1.18031 44142 314.63 1.26828
87983 435.51 1.27354 60428 434.63 1.28566
107956 540.60 1.31623 77108 554.66 1.29411
97593 708.28 1.31623
3anaua A 3anaua B
(Ipyra cTapToBa TOYKa) (Ipyra cTapToBa TOYKa
Iteration Time Lower Iteration Time (s) | Lower
(s) bound bound
24431 215.19 0.800000 26506 211.30 1.02077
43623 432.20 0.885228 53778 421.35 1.17284
60285 616.76 1.12001 80561 631.40 1.26184
77345 831.48 1.24381 107086 841.42 1.29292
88026 985.51 1.27344 116293 911.78 1.31623
99580 1148.45 1.31623
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JTAHAMIKA PO3TOPTAHHS JIOTAPUGMIUHUX CIIIPAJIEN
Y IMPUPOJI
Tumodoiea H. K.
MisicnapoOnuil HayKo80-HAGUANLHUL YeHMP THPOPMAYIIHUX
mexnonoeitt ma cucmem HAH ma MOH Yxpainu

DYNAMICS OF LOGARITHMIC SPIRAL DEVELOPMENT IN
NATURE

Abstract. Representation of biological space as a sign combinatorial
allows to explain various phenomena in nature, in particular the formation of
logarithmic spirals during the growth of shells of some species of mollusks,
galaxy sleeves, spirals of rose petals, etc. The dynamics of their formation is
explained by the finite sequences that take place during the deployment of the
agreed spaces and which are presented geometrically using polar coordinates.

Beryn. Ilpu pos3ropraHHi 3HAKOBHX KOMOIHATOpPHHX (010JOTTYHHX)
MPOCTOPIB, YTBOPIOIOTHCS KOMOIHATOPHI 4Kcia, 30kpeMa uucia DiboHaudi
[1], uepe3 siki B *KUBiii MIPUPOAI MOYKHA MOSICHUTH HAsIBHICTH JIoraprupMidHUX
cripaneid. Lli cmipami yTBOPIOIOTHCS 3aBISKH CKIHYEHHHM IOCIJOBHOCTSIM,
SKi MarOTh MicClie NPHU PO3TOPTaHHI OrOBOPEHUX MPOCTOPIB 1 SIKI MOAAIOTHCS
TE€OMETPUYHO 3 BUKOPUCTAHHSAM ITOJIIPHUX KOOPIMHAT.

HocTranoBKka 3aga4i. YTBOpEHHS JOTapUPMIYHOT CITipaji TeOMETPHIHO
MOJIA€ETHCS Yepe3 “30J0TUH NPSAMOKYTHHUK’, B SIKOTO OJIHA CTOpPOHA JOBIIA B
1.618 paziB («3omote» umcino abo 3omoruit meperuH) [2]. [IpucytHicTh
30JIOTOTO TIEPETHHY B HPHUPOJI MPOSBIIEThCA depe3 uncia Dibonaudi, sKi
YTBOPIOIOTBCA 3 apupMeTHuHOro TpUKyTHUKA. OcTaHHIN 3 ABISE€THCS TpH
po3ropTaHHi KOMOIHATOPHHX TPOCTOPiB i3 YTBOPEHHMX CKIHYEHHHUX
MOCTITOBHOCTEH. 3aBASKM IIUM MOCTIIOBHOCTSM MOJXKHA MPOCIiAKYBaTH
JTUHAMIKY YTBOPEHHS JIOTapH(PMITHHX CITipaliei.

Hinxin, mo  mnponoHyerbcd.  BukopuCTOBYIOUM  CKiHYEHHI
MOCTITOBHOCTI, SIKi yTBOPIOIOTHCS IPU PO3TOPTAHHI 3HAKOBUX KOMOIHATOPHHUX
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IIPOCTOPIB Ta IPEACTAaBICHHS IXHIX €JIEMEHTIB y MOJSIPHHX KOOpAWHATAX,
MIOJIaHO AMHAMIKy YTBOPEHHs JOTapu(MIYHHX CIipaiiei y Ipupoi.

AHAJI3 0CTaHHIX JOCTiIKeHb Ta myQaikamiii 3a Temor. OmnucaHi B
JitepaTypi KOMOIHATOPHI MPOCTOPH, SIK NPAaBUIO, 3BOASATH 10 METPHYHHUX.
Jlesiki aBTOpU BBaXKAIOTh, IO TOYKAMU KOMOIHATOPHOTO WPOCTOPY €
pekypcuBHi (yHKIII. B miTeparypi Takok OMMCaHO €BKIIIOBI KOMOIHATODHI
MPOCTOPH. AJie OCOONHBICTIO 3HAKOBUX KOMOIHATOPHUX IIPOCTOPIB € HE
MIPOCTO iCHYBaHHSA 331aHO1 MHOXXHHH TOYOK KOMOIHATOPHOTO XapaKTepy, MiXK
SIKUMH yBEJCHO Bifallb, a YTBOPEHHS iX 3 €JIEMEHTIB OAHi€l abo KIIbKOX
0a30BHX MHOXHH 3 BUKOPHCTaHHSM II€BHOI CHCTeMH HpaBmil. i 3amaHHA
KOMOIHATOPHOTO TPOCTOPY IOCTaTHBO YBECTH OAHY abo Kiimbka 0a3oBHX
MHOXXUH, 13 €JIEMEHTIB SKUX (HOPMYIOTBCSI HOTO TOYKHM, TUI KOMOIHaTOpHOI
KoH(iryparii Ta cucteMy MpaBul, 3a JOIOMOTOO SIKUX BIH PO3rOpTa€ThCS.

YTBOpeHHsI CKiHYeHHUX MOCJTIIOBHOCTEll MNpHM  PoO3ropTaHHi
3HAKOBHX KOMOIHATOPHHUX NPOCTOpiB. XapaKkTEepHOIO OCOOJIUBICTIO
3HAKOBHUX KOMOIHATOPHUX IIPOCTOPIB € YTBOPEHHS 3aJ]aHOi MHOKUHH TOYOK
KOMOIHATOPHOTO XapakTepy i3 €JICMEHTIB OjHiel abo KiIbKOX 0a30BHX
MHOXHMH 3 BHUKOPUCTaHHAM @E€BHOI cucteMu npasun [1]. Jlig 3agaHHA
3HAKOBOTO0 KOMOIHATOPHOTO MPOCTOPY IOCTaTHHO YBECTH OJHY a00 KiIbKa
0a30BUX MHOXHH, i3 €JEMEHTIB SKUX (OPMYIOTBCS HOTO TOYKH, THUI
KOMOiHATOpPHOI KOH(]Iryparii Ta ciucTeMy MpaBWi, 3a JOIIOMOTOI0 SIKHX BiH
po3ropraethcsi. ToukaMu IUX MPOCTOPIB € KOMOIHATOPHI KOHDIrypaii pi3HIX
THIIIB.

B [1] HaBemeHO akcioMH 3HaKOBHX KOMOIHATOPHHMX IIPOCTOPIB i
MOKa3aHo, 110 PUPOJHI MPOCTOPH MAIOTh KOMOIHATOPHY TPUPO/LY, SKIIO JJIs
HUX BHUKOHYIOTbCS I akciomu. B Oionorii icHylOTh sBHINA, NMOB’s3aHi 3
koMmOiHaTopHUMH unciamu. [Ipu GopMyBaHHI CylUBITTS JESIKHX KBITIiB, J1yCKH
LIMIIOK, PO3MILIEHHI JINCTS JIEPeB Ta IHIIMX POCIHH YTBOPIOIOTHCS IPABUIIbHI
cripasti, YMCiI0 PsiB SKUX 30iraeThes 3 yuciamu DiboHaYYi, TOCHTIIOBHICTh
sIKUX Mae Takuid Burin: 1, 1,2, 3, 5, 8, 13, 21, 34, 55,.... Lle roBopuTh npo te
10 0i0JIOTIYHI IPOCTOPU MAIOTH KOMOIHATOPHY MPHPOY.

[Ipu reHepyBaHHI % MHOXHHHU PO3OUTTIB yrciia 200 MHOXXHHHU PO3OHUTTIB
71 -e7IeMEHTHOI MHOXKMHHM Ha TiAMHOXWHHU 3 BHKOPHCTaHHSIM BJIACTHBOCTI
MEPIOJANYHOCTI OJCP)KaHI YHUCIIOBI IMOCIIOBHOCTI, SKi 3aJal0Th y HHX
KiJIbKiCTh KOMOIHATOpHMX KOH(Qirypamidf, wmictsate uucina @iGoHawui.
Hanpuknaz, s po3buUTTS HaTypalbHOrO wmena Juis 1 =7 yTBOpeHa
CKiHYE€HHA TIOCIIJIOBHICTb, KA 3a7a€ KUTBKICTh PO3OHTTIB y iXHIH MHOXWHI,
mae Burisig 1, 3,4, 3, 2, 1, 1, ne octanHi wotupu mudpu — uncina GidoHaydi.

Ilpu  po3ropraHHi 3HAKOBOTO  KOMOIHATOPHOTO  MPOCTOPY 3
BHKOPHCTAHHSAM BIACTUBOCTI MEPIOANTHOCTI [3], TOUKOIO SKOTO € CIIOTyYCHHS
0e3 TOBTOpPEHb ab0 PO3OUTTS 71 -€JEeMEHTHOI MHOXHHHM Ha IiJMHOXHUHH,

73



oJlep)kaHi  YMCIIOBI NOCHIZOBHOCTI, SKI 33Jal0Th Yy HHUX KUIBKICTb
KOMOIHaTOpPHUX KOH(QIrypaniii, yTBOPIOIOTh KOMOIHATOPHI YKCIIa Ta SBIISIOTH
c00010 OiHOMiaNTbHI KOE]ILiEHTH, 110 YTBOPIOIOTH apU(PMETHYHNH TPUKY THUK.
ChopMyITr0EMO TaKi TECOPEMH.

Teopema 1. 3HaueHHs MOCIIITOBHOCTI, 5IKi 33Jal0Th KiJIbKICTh CIIOJTy4EeHb
Oes mnosropen, W y ixmii wmuHoxuHi W, mo ynopsgkosaHa 3

BUKOPHCTaHHAM  PEKYPEHTHO-NIEPIONMYHOIO  METOLY  ICHEpyBaHHSA
KOMOIHATOpPHUX KOH(QIrypauiii, yTBOPIOIOTh apu()METUIHUH TPUKYTHHK Ta €
(birypHUMH YHCITaMH.

[TinMHOXUHY Wn CW  HasBeMO MiAMHOXHMHOW0  i30MOpGHHX
KOMOIHATOpHUX KoHirypamii w = (w, ""’Wn) , KO ii eJeMeHTH —
isomMopHi kombinaTopHi kordirypauii; N € {1,...,n} — kinbkicTs enementin
y W abo miaAMHOXUH W j cw.

Teopema 2. 3HayYCHHS TMOCIIIOBHOCTEH, SKI 3aJal0Th KUIBKICTh
PO30OUTTIB 71 -€JIEMEHTHOT MHOXKMHHU Ha MiAMHOXUHH y TXHIH MiIMHOXHHI

Wn ams M =2, WO YNOpAAKOBaHA 3 BHMKOPHCTAHHSAM pPEKYpPEHTHO-

NEepIOAMYHOTO  METOJy TeHepyBaHHA KOMOIHATOpDHUX  KOHirypami,
YTBOPIOIOTH apU(PMETHYHHUI TPUKYTHUK Ta € PIrypPHUMH YHCITAMH.

JoBenenns teopem 1, 2 HaBeaeHo B [1].

B pesynbraTri AOBelEHHS TEOpEM OTPHUMYEMO TaKi ITOCIIIOBHOCTI:
1,2,3,4,5,6,..;1,3,6,10, 15, 21, ...; 1, 4, 10, 20, 35, 56,....

IcHy10TB POOOTH, B SIKMX €JIIEMEHTH CKIHYEHHMX IOCIIJOBHOCTEH YHCeN
ToJIaHo Yepe3 ToJsApHi koopjuHaTH [4]. IxHe mpencTaBneHHs Ha MOBEpXHi
yTBOprOE JsorapudMiyni cmipani. I3 HaBegeHHWX TeopeM BHIHO, IO MpPH
pO3ropTaHHi 3HAKOBUX KOMOIHATOPHUX MPOCTOPIB YTBOPIOIOTHCS CKiHUEHHI
nocigoBHocTi. [IpencraBieHHs eleMeHTIB IMX HOCIi0BHOCTEH B MOJSIPHUX
KOOpJMHATaX MOSICHIOE, SIK YTBOPIOIOTHCS JIOTapU(MIiYHi CITipajii B IPUPO/II.

s enemeHTiB mociigoBHocti 1, 2, 3, 4, 5, 6,... BU3HAYUMO TOJSIPHI
koopauHaty: 1yis 1: (1,1), Ae mepiie Ynuciio — BiICTaHb BiJjI MOYATKY KOOPIHHAT
JI0 3aJ1aHO0{ TOYKH, APYyTe — KyTOBa KOOPJMHATA B pajiaHax; TOOTO JOpiBHIOE 1
panian, st 2, 3, 4, 5, 6 BiamosingHo koopauHATH: (2,2), (3,3), (4,4), (5,5), (5,5).
SIKmo HaHECTH TOYKM 3 IMMH KOOpJAMHATaMH HA IUIOLIMHY IPOTH
TOAMHHHUKOBOI CTPUIKM Ta 3’€JHATH iX JIHI€0, TO OTPHUMAEMO CIipallb
Apximena.

MocnimorHocri 1, 3, 6, 10, 15, 21, ...; ta 1, 4, 10, 20, 35, 56,..., 3agamo y
nosipHUX KoopamHaTax: (1, 1), (3,2), (6,3), (10, 4), (15,5), (21, 6), Ta (1, 1),
(4,2), (10, 3), (20, 4), (35,5), (56, 6).4xmo moOyayBaTH KPHUBi HA IIJIOMIUHI TIO

74



TOAMHHUKOBIN CTPLJIL, TO BOHM HAOIMKAIOTHCS 10 JIoraprudMidHOT cripali.

BucnoBok. OTxe, TpH pPO3ropTaHHI 3HAKOBUX KOMOIHATOPHHUX
MIPOCTOPIB, 30KpeMa OiOJIOTIYHMX, 13 3rOPHYTOTO YTBOPIOIOTHCSI CKIHYECHHI
MOCHIZIOBHOCTI, ~€JIEMEHTH SKHX 3aJaloTh KUIBKICTh KOMOIHATOPHHUX
KoH(pirypamii y ixHiX MHOXHHaX (ab0 WIIMHOXHHAX 130MOPHHHUX
KOMOIHaTOpHUX KOHirypauiif). JluHamika yTBOpeHHS JOrapu(MIdHHX
cripanei IpoCIiAKOBY€ETHCS 3aBISKH MM IIOCIIJOBHOCTSIM, €JIEMEHTH SIKHX
MOIAHO B TOJIPHUX KOOPIHHATAX.

Jlitepatypa

1. Tumodiea H.K. 3HakoBi KOMOIHATOpHI MPOCTOPH Ta MITYYHUH
inTenekt. [lmyunuii inmenexm. 2015. 1-2(67-68). C.180 —189.

2. Ocpuanmo KopbOaman. 3omoroe cedeHne. MaTeMaTHUECKUH SA3bIK
kpacotel. Mup marematuku: B 40 1. [lep. ¢ aurn. M.: Jle Aroctunu, 2014. T
1. 160 c.

3. Tumodiea H.K. TeopeTHKO-4HCIOBI METOAM PO3B'SI3aHHS 3ama4y

koMmOiHaTOpHOi onTuMizanii. ABToped. AMC... OKT. TeXH. HayK. — IH-T
kibepreTruku iM. B.M. I'mymkoBa HAH Vkpainu, Kuis. — 2007. — 32 c.
4. [Touemy TIPOCTHIE yyuclia oOpasyror criupanu?

https://www.youtube.com/watch?v=DxntHp7-wbg (mara 3BEPHEHHS:
5.05.2021).

MMAPAJIEJIBHI YITIOPSAAKYBAHHSA AJIS1 HIOBHUX
ABOJOJIbHUX I'PA®IB
Typunna B. A., Kosanenxo €. O.
JIninposcwvkuil nayionanvhuti ynisepcumem imeni Onecs onuapa

PARALLEL SEQUENCINGS FOR COMPLETE BIPARTITE
GRAPHS

Abstract. This research considers the problems of parallel sequencing for
graphs of special structure, known as complete bipartite graphs. The cases
where interruptions can significantly affect the solutions' optimality were
investigated. The dependence between the given parameters and graphs'
structure for cases when such influence is insignificant was received. Issues
that need to be investigated further are presented.

3amadi mapaneNbHOTO YIOPSAAKYBAaHHS BEpUIIMH oprpadiB B KIaCHUHIN
MIOCTAHOBIII MaIOTh /1Ba popMytoBaHHA: abo 1o 3aganomy rpady G=(V,U) ta
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3aJaHiil IUPUHI YIOPSAKYBaHHS /i OOylyBaTH MapajelibHe YIOPSIKYBaHHS
S MiHIManbHO JOBXHMHU [, a00 MO 3amaHiil JOBKHHI YHNOPSAKYBaHHS [
noOyyBaTH yNopsAKyBaHHs MiHIManbHOI IUpUHU A [1]. PosristHemo nepury
3ajaqy Ul BUMAAKY TOBHUX ABOJOJBbHUX TpadiB, ToOTO rpadiB K, m,r € N,
Je m Ta r — KUIBKICTh BEpUIMH Y MepIliil Ta APYrid J0NisiX BiANOBIAHO.
BBaxatumemo, 10 Baru BepiMH rpada piBHI Ta mpuiiMemo ix 3a 1.
PosrisiHEMO 3aneKHICTH TOBXHHH ONTHMAIbHOTO YIOPSIAKYBAaHHS Bif
KUTbKOCTI BEPIIXH B JOJAX rpada Ta mupuHu. Akmo m = r (To0to rpad Km),
ah=m-1,710 [(S) = 4.

[
a
[

] u 2m

Puc.1. I'pag Kinm
JilicHO, B IbOMY BHIIaJKy CXEMATHYHO ONTHMAIbHE YIOPSIKYBAaHHS

MO’XHA NPpEACTaBUTH Y HACTYITHOMY BI/IFJ'I?[,Z[iZ

1
1 urtl
—
2 ni+2
—_—
fr=m-1

m-1 ] 2= 2

I
L

Puc.2. Cxema posnodiny sepwun epaga K 6e3 nepepusans

Bimomo, mo B 3amavyax yHOPSOKYBaHHSA JOCHIIDKCHHS BIDIHBY
MepeprBaHb Ha ONITUMAJIBHICTH 3aCIIyTOBYIOTh 0cO0NHBO1 yBaru [2,3].
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BuHuKae nmuTaHHS, @ UM HE MOKHA 3MEHIIMTH JIOBXHHY, JO3BOJMBLIN
TIepepUBaHHs TP PO3IOJUI BEPIINH, TOOTO BUXOAWUTH 3 MPHUIYIICHHS, IO
BUKOHAHHS THUX POOIT, SIKUM y BIANOBIIHICTH IOCTABJIEHI BEPIIMHHU, MOXYTh
nepepuBaTUCS 13 MOJANbIINM MOHOBJIEHHSIM iX BHKOHaHHA. Lliakom
3p0O3yMLJIO, IO IIEPII 32 BCE TaKi MepepuBaHHs MOBHHHI CTOCYBATUCS BEPIINH
nepioi 7o ABOJOJBHOTO rpada, a caMe YM MOXKHa 3MEHIIUTH 33 PaXyHOK
MepepuBaHb KiNBKICTh MiClb, SIKi BOHH 3aiiMaroTh. PO3risiHEMO YacTKOBHI
BHIIA/IOK IBOJOJIEHOTO Tpada, a came rpad Kis Ta h = 3.

Puc.3. I'pag K44

Hdnst uporo rpada, sSK BUIHO i3 pPHUC.2, JOBXKHMHA ONTUMAJIBHOTO
YHOPSAKyBaHHSA [ = 4.

Jl03BONMBIIM NIEpEepUBAHHS NPH BUKOHAHHI 2-01 Ta 4-01 poOOTH, SIKUM
BINOBIJAIOTh BEepIIMHM 2 1 4 mepmoi [Ooji, JOBXKWHA Ti€l YacTHHU
YHOPSIKYBaHHA, Ha SIKiil PO3MIIIYIOTHCS BEPIINHH IEPIIOi 0TI, MOXe OyTH
ckopodeHa Ha 2/3. Take  CKOPOYEHHS MM OTPUMAEMO 1 TIPH PO3TALIyBaHHI
BEpIINH JPYTOi 0.

hh
1 1 8 5
i it -
2 4 2 6 8 6
——i— .
3 4 7 8
- i

v

._
b =
Tad -
ey
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Puc.4. Cxema posnooiny eepuiun epagpa Ky 4 3 nepepusannsimu

ITo3naunmo [* IOBKUHY ONITUMAIBLHOTO YIIOPSIKYBaHHs 6e3 EpEpUBaHb
S
a 1 ;7 JOBXHHY ONTHMAJIBHOTO YIOPSAAKYBaHHS 3 II€PEPHBAHHAMH.

* £
3po3ymiso, 1o [ I <. Toni Burpam Bif NepepuBaHb MOXHA OLIHUTH
HACTYITHUM YHHOM:
l*
W=\ 1= |100%,

s rpada Kss orpumyemo Burpamn W ~33%, mna Kss ta h=4
Burpaii 38%. Y 3aranbHOMYy BHUNAAKY i TpadiB K, (m > 2) oTpuMyeMo:

AHaIi3y04n 3aJe)KHICTh BUTPAIIIB BiJl 3HAYECHBb 11, MOXKHA BiJMITUTH,
110 3 TIEBHOTO KPOKY BiIOYBa€ThCS CTAOLII3AIIS IUX 3MiH.
I'padik, HaBeAeHUI HA pUC. 5, UTIOCTPYE K MPOXOIUTH I cTadiTi3aIis.

m

Puc.5. 3anesxcnicmo suepauy W 6io xinbxocmi éepuiun npu h=m-1
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AHani3zyiouu BUrpalli, siki MOXHa JIOCSTTH JO3BOJIMBILIH NEpEpUBAHHS,
BUHMKAIOTh HACTYITHI TUTaHHS:

1. Ski Burpami OynyTh 1aBaTH NepepuBaHHs pu m > r abo m < r?

2. Sk 3aneXuTh BUTPAL Bijl IIUPHUHH YIIOPSIKYBaHHS /i TIPU TOBIIBHUX
mTar?

3. Sk MoXHa MiHIMI3yBaTH KiJIbKICTh NE€pepHBaHb HE MOTIPLIYIOYH
3HAYCHHS IITFOBOT QYHKIL1?

JlitepaTtypa.

1. Kosanerko €. O., Typuuna B. A. Arani3 BIUIUBY CTpyKTypH Tpadin
Ha ONTHUMANbHICTh PO3B’SI3KY 3a[a4 MapajejbHOTO YIOPSAKYBaHHS 3
nepepuBaHHAMHU. [luTaHHS NpUKIaAHOT MaTeMaTUKH 1 MaTeMaTHYHOTO
MoJIeIoBaHHs: 30. HayK. mp. — J{Hinpo, 2021. — Bum. 21. — C. 130-137.

2. P. Brucker, S. Heitmann, and J. Hurink. How useful are preemptive
schedules? Operations Research Letters 31, 31:129-136, 2003.

3. P. Baptiste On preemption redundancy. Technical Report, IBM T.J.
Watson ResearchCenter, Yorktown Heights, NY, 2002.

CTABUIIBAIIA NOBXKUHU YIHOPAIAKYBAHHSA TA AHAJII3
BIIVIMBY 3MIH TIOYATKOBUX JTAHUX HA OIITUMAJIBHICTD
Typunna B.A., Mamienko O.0.
Jninposcovruii Hayionanonuil ynisepcumem imeni Onecs I onuapa

STABILIZATION OF ORDER LENGTH AND ANALYSIS OF THE
INFLUENCE OF CHANGES IN INITIAL DATA ON THE
OPTIMALITY

The paper considers the known problems of parallel ordering of vertices
of oriented graphs for the case of certain restrictions. The concept of
stabilization of length and conditions of its occurrence is introduced. For
stabilized optimal ordering, the issues of influencing the optimality of changes
in the initial data related to the simplification of technological constraints and
the reduction of time constraints are investigated. It is shown that in these
cases the so-called anomalies also occur.

Psin mpakTHUHEX 3a71a4ax, 110 OB’ A3aHi 3 BU3HAYCHHSM ONTHMAILHOTO
pO3MOIITy YacTKOBO BIIOPSIIKOBAHHUX POOIT MiXK (DIKCOBAHOIO KiTbKICTIO
pecypciB, 3BOAUTKLCS 10 BIJOMHUX ONTHMI3aIliiHUX 33134 Ha rpadax. OmHa i3
Takux 3a1ad4 [1] po3risigaeTses B TaHiit poOoTi.
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3agano oprpadp G=(V,U), mmpuHa yHOpAAKYBaHHS H, CIHCOK
npiopureriB L=(i;, ..., I,), Baru BepumH 1=(1;, ..., 7,) [2]. HeobximHO
noOyyBaTH TMapajelibHe VIOPSIKYBaHHS INUPUHU h, SIKE 3aJ0BOJIBHSE
CIIMCOK NPIOPHUTETIB Ta Ma€e MiHIMaNbHY JOBXHUHY [3].

3po3yMijio, M0 MiHIMalbHE 3HAUCHHS JOBXKUHU YIOPSIKYBAHHS HE
MOKe OyTH MEHIIIE JOBXHHU KPUTUYHOTO IUIAXY Y Tpadi.

O3navenHsi. byaemo kazaTu, 10 JOBXHHAa  ONTHUMAaJIbHOTO
YIOPSIKYBaHHS CTabili30BaHa, SKIO0 BOHA JOPIBHIOE JTOBXHHI KPUTHYHOTO
IUIAXY .

PosrisiHeMo sk BIUTMBAE 3HAYCHHS MIMPUHHU HA CTAOUTI3AIIO0 TOBKIHH.

Ipuxnan 1. Hexaii 3anano rpa¢ G (puc.l), h=3 L=(1,2,3,4,5,6,7,8,9,10),
7=(5,3,3,2,8,8,7,4,2,9).

(5 () 13)
\

Puc.1 I'pagp G

3HaleMO ONTUMANbHE YIOPSIAKYBAaHHS Ta HOTO JOBXKHUHY.

Tab6mmus 1.

OnruMaibHe yIopsAKyBaHHS BepmuH rpada G npu h=3

1|1} 1 |1 {5|5|5|5|5|5]|5|5/8[8|8]|8

212|124 |46 |6 |6 |6]|6 |6 |66

393(3(1 (1 (111 TN TTTT
0]0JO0O]O0O|O]OJO]O O

Hosxuna [=19. 30imbmMMO KiJIbKICTh BHKOHABI[B. Hexait h=5.
OTpuMaeMo ymopsaKyBaHHs (Ta0u. 2) 3 JOBXKUHOIO [=12.

Tabmuus 2.
OnrtuMaibHe yIopsAKyBaHHS BepmnH rpada G npu h=5
1111 1 8 |8 |8 (8 |9 |9

2120125 |5 |5 |5 |5 |5 |5

80



414 707 |7 |7 |7 |7 |17
10 | 10 { 10 | 10 | 10 | 10 | 10 | 10 | 10

AHaJ3yl04M  pe3yJabTaTH, OTpHUMaHi TpH 30iNBIIEHHI IIMPUHA
YHOPSAKYBaHHS, MOXXHAa 3pOOMTH BHCHOBOK, IO Ha JAEAKOMY KpOLI
BimOyBa€eThCs cTadimi3alis, TOOTO, OTPUMYEMO ONITUMAJIbHE yIOPSIAKYBAaHHS,
JIOBXKHHA SIKOTO JIOPIBHIOE TOBXKHHI KPUTHYHOTO HIJISIXY.

[locrae muTaHHsA yu OyAyTh MaTu Micle aHOMaJl micis cradiiizamii
JOBXHMHH YIOPSAKYBaHHS. PosrisiHemo Ha mpukiaanl 1 mokpamieHHs 1HIIHX
yMoB. [locnabuMo OOMEXEHHS, IO CTOCYETHCS TEXHOJIOTIYHOTO TOPSAKY.
OTtpumaemo rpad G’ (puc. 2).

IR OO

M,

Puc.2 I'pagh G’

3amicTh 04iKyBaHOI JOBXHHU [=12, sik BUIHO i3 Ta0I1. 3, noBxuHa [=13.
Tob6ro, mocnabiieHHsT  TEXHOJIOTIYHMX OOMEXEHb MOTIPIINIO 3HAYECHHS
1Ib0BOT (QYHKIII.

Tabmmns 3.

OnruManbHe yrnopsiKyBaHHs BepuiuH rpada G’ mpu h=5
I(1]1]1 1 19 |9
212125 |5 |5 |5 |5 |5 |5 |5
313|13|16 |6 |6 |6 |6 |6 |6 |6
414 707 17 |7 |7 |7 |7
8|8|8|8 [10|10|10 |10 |10 |10 |10 |10 |10

[NoripmeHHs MOXXEMO OTPUMATH 1 SKIIO 3MEHIIMMO 4Yac BHUKOHAHHS
po0ir. Ilpu 7; =3 oTprmMaeMo onTUMaNbHE YIOpsIKyBaHHS (Ta0u. 4), TOBXUHA
sikoro [=14.

81



Tabmuus 4.
OnruManbHe yrnopsaKyBaHHs Bepiuvt rpada G npu h=5, 7, =3
L{1y1|5 |5 |5 |5 |5 |5 |5 |5

212(2|16 |6 |6 |6 |6 |6 |6 |6
3(3(3|7 (7 |7 |7 |7 |7 |7
414 8 |8 |8 |8
9 (9 |10|10 |10 |10 |10 |10 |10 |10 |10

[HTYiTHBHE TOKpAIIEHHS TOYaTKOBUX YMOB 3HOBY TIPHU3BEIO JIO
HOTipIIeHHS pe3ynbTary Ha 16,7%.

TakuMm 4MHOM, IPUXOAUMO JI0 BUCHOBKY, 1110 1 Y BHIagKax cradimizarii
JIOBXXHMHH ONTHMAIBHOTO YIOPSAKYBAHHS, aHOMAJIil MartoTh MicIle.

[Moganpuioro JOCTIPKEHHS MOTPeOYIOTh MHUTaHHS, MOB’s3aHi 3
OTPUMaHHAM YMOB, TIPH SKUX BiIOYBA€ThCS CTAO1TI3AIS, Ta BCTAHOBICHHAM
AHATITHYHUX 3aJICKHOCTEH, IKi OyIyTh TapaHTYBAaTH BiJCYTHICTh aHOMAUTiH
JUTSL YIOPSIKYBaHb CTa011i30BaHOT TOBKHUHHU.

Jlitepatypa

1. Byparok B.Sl. Anroputmsl napajuienbHOTO YIopsiiodeHus: Y ueOHoe
nocobue / B.S. Bypawok, B.A. Typuuna. — JI.: II'Y, 1985. — 84c.

2. Yenmnanosa O.0. Y3aranbHeHHs aHOMaJbHHX BHIAJKIB y 3aj1adax
ynopsiakyBanHs. / O.0. Uennanosa, B.A. Typuuna. // [TutanHs npukiamHol
MaTeMAaTHKH Ta MATEMAaTHYHOTO MOJICNIFOBaHHS: 30. Hayk. np. Juinpo, 2021. —
Bum. 21. — C. 220-226.

3. Graham R. L. Bounds on multiprocessing timing anomalies // STAM
J. Appl. Math., 1969. V. 17. P. 416-429.
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YACTHUHA 11

OPEN SCIENCE AND REPRODUCIBLE RESEARCH
Olexandr Konovalov
University of St Andrews

OPEN SCIENCE AND REPRODUCIBLE RESEARCH

Abstract. 1 will talk about of open science practices in computational
research and present some novel ways of sharing reproducible computational
experiments using Jupyter notebooks. Furthermore, there will be a discussion
of associated technical skills, needed for modern collaborative research, and of
training opportunities offered by the Carpentries (https://carpentries.org/).

Bigkpura Hayka Ta BiATBOPIOBaHI TOCIIIKCHHS

(Il nOToBiAL PO3IMOBICTh MPO JEAKI ACIEKTH BIAKPHTOT HAYKH, SKi
MalOTh BiJHOIICHHS IO MJOCHIIPKEHb 3a JOIOMOTOK OOYHCITIOBABHUX
MeToziB. MoBa mifie Mpo Cy4acHi MPaKTHKHA PO3POOKH Ta PO3MIOBCIOKCHHS
HAYKOBOTO TIPOTPaMHOTO 3a0e3MeueHHs 3 BIIKPUTHM KOAOM, SIKi CIIPUSIOTH
HayKOBOMY CHIBPOOITHHIITBY Ta BiATBOPIOBAHOCTI JIOCIIiIKCHB, & TAKOXK IPO
Te, K iMU oBoJoxiTh. [Ipukinaau OyxyTh BUKOPUCTOBYBATH HOYTOYKH Jupyter
3 BUKopucTaHHsM Python ta R, ane monepenne 3HaiiOMCTBO 3 HUMU MaTH HE
000B'13KOBO.
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GAMMA-TETA ALGORITHM FOR GRAPHS
PLANARIZATION
Sergey Sgadov
National University "Zaporizhzhia Polytechnic”

Abstract . In this paper, one considers a way for modifying the thread method
algorithm for checking the graph for planarity. The system of graph isometric
cycles obtained as a result of the algorithm induces the rotation of vertices to
describe the topological pattern of a planar graph for the purposes of
subsequent visualization. The presented algorithm is based on the
rearrangement of the reference cycle and the construction of a list of reverse
routes. The basis of the calculation is the construction of a matrix of
fundamental cycles based on the construction of the spanning tree of the graph
by the depth-first search method. Based on the matrix of fundamental cycles,
the chains that form the routes are selected. To obtain a system of isometric
cycles, routes are embedded using a modified gamma algorithm. An adapted
version of the gamma algorithm in the application of the thread method makes
it possible to embed path-forming chains into graph cycles and simplifies the
task of finding suitable cycles for this. Adaptation of the gamma algorithm
includes an additional predictive index to determine the possibility of
embedding subsequent paths in a given cycle. Graph planarization is the most
important subtask in solving many relevant applied problems, such as
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designing complex products and systems, flat constructs, analyzing social
networks, etc.

Introduction. Placing planar graphs on the plane and checking graphs
for planarity - an important subtask that arises when solving applied problems
in many areas. In the work [1] presented a method of controlling the planarity
of graphs by simultaneously constructing mathematical structures describing
topological patterns of graphs for visualization purposes. The method is based
on the construction of isometric cycles [2] by embedding chains in the DFS
support cycle -of the graph tree [1], rotating the vertices of the graph [3]. In
[5], a modified string method for determining planarity and building a vertex
rotation list with a computational complexity comparable to the Hopcroft-
Tarian algorithm [4] was investigated. It is based on the method of reshaping
DEFS -trees and backpaths, as well as on the recursive method of constructing
hoops. This paper proposes a modification of the thread method [1] using the
principles underlying the gamma algorithm [6] for embedding chains into
cycles.

The original version of the gamma algorithm [6] is that a set of segments
is built first;

for each segment, a value I'(S), that equals to the number of cycles in
which all vertices of the segment S placed, is calculated;

then the segment with the minimum number I'(S) > 0 must be selected;

in selected segment, the chain between two contact vertices is selected —
so,this chain fits into any face containing this segment.

The disadvantage of the gamma -algorithm in this form is, apparently, the
fact that, unlike the thread method, the segment can be not only a chain, but
also a much larger component of connectivity, which also separately arises to
planarize.

Problem formulation. Let G be a given arbitrary graph. Sequentially
reviewing all the vertices of the graph, we will remove the "hanging" loops.
Let it be inseparable - i.e. such that it is a connected undirected graph without
loops and multiple edges, without bridges and points of articulation, without
vertices with a local degree less than or equal to two. In the future, we will
consider non-separable undirected graphs. A topological pattern of a planar
graph is the equally directed rotation of all its vertices, which induces a set of
isometric cycles of the graph that satisfies the McLain planarity criterion [5].

Thus, the task is to obtain an algorithm that will check a given inseparable
graph G and construct its topological drawing, first in the form of a system of
isometric cycles, and then it will be possible to obtain a list of rotations of
vertices from them.
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Description of the algorithm. As a basis, one will take the thread method
algorithm given in [5] and modify it as shown below.

1. Construction of the DES -tree of the graph and formation of the matrix
of fundamental cycles (MFC).

2. We select the cycle of the maximum length of the reference cycle from
the MFC -and extend it.

3. Construction of reverse routes. The edges of the cycles that are not
included in the reference cycle and the corresponding chords are writen out
from the MFC. Then one leave the longest ones unchanged and process the list
so that there will be anyone common edges.

4. Embedding reverse routes. Using the gamma -algorithm approach, we
consistently search for suitable routes, simultaneously determine the cycles on
which the ends of the routes lie and embed them in these cycles.

5. If the embedding of the reverse routes was successful, it is concluded
that the graph is planar, and then a list of rotations is built according to the
obtained system of isometric cycles.

In [5] the operation of including an edge (route) in a loop was introduced
when the content of the loop is divided into a part where the end vertices of the
edge participate in the formation of routes. Then, following the sequence, arcs
are joined to the selected parts.

Using the concept of the operation of including a route in a cycle, we will
build an algorithm for embedding reverse routes from the list W into graph
cycles, modifying a similar one [1, 5]:

1. Let the list C be a list of isometric cycles.

Because the reference cycle divides the surface R ?into inner and outer
regions, for initialization we will add the reference cycle in the forward and
reverse directions to the list C.

2. Let's review the list W and for each i calculate T'(W;)on the set C .
Where value I'(S)equal to the number of faces (cycles) in which all vertices of
the segment lie S. Let's find i,,;,, something that corresponds to min I'(W;).

3. If min I'(W;) = 1, then the path is found W;  and there is an element
of the cycle list C;, such that it includes the initial and final vertices of the route
Wi, .in- Then we include the route W; . in the loop C;, which generates the
loops Cjand C;’. We replace the cycle C;with these two new cycles Cjand C;'.

4. If min '(W;) = 2, then this means that the route claims more than one
face and there exists a set of cycles ® € Csuch that W; . can be embedded in
any -cycle from this set. Then we introduce an additional criterion

Oij =60
for the route W;— the number of elements of the list W , the ends of which lie
both on W;and on the given cycle ©; € .
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If 8;; = 0, then it is clear that -it is impossible to insert more routes into
j and the cycle. Therefore, let's calculate 8;;for all elements®; € @ and find j
such that 6; jit is maximal. Then, using this criterion for, Wimin we will find the
cycle into which we can mount the route, without fearing that in subsequent
iterations of the algorithm, a situation will arise when it will not be possible to
mount routes that lie on the given W; . .

5. We successively embed the routes from the W list until they are
completely exhausted. If it turns out that it is impossible to achieve the
exhaustion of the list W , that is, if at some step a segment S was encountered
for which there is no containing face, then the graph is nonplanar

If the graph G is planar, then the algorithm constructs its planar
arrangement in the form of a system of isometric cycles C .

6. Based on the system of isometric cycles C, we will construct lists of
rotations for this graph using data algorithms, for example, in work [8].

Conclusions. The paper presents an algorithm obtained by a modification
of the thread method [5], which uses an improved way of embedding routes
with the use of additional criteria, which allows avoiding incorrect selection of
cycles at the final stage of the algorithm. An approach to modifying the gamma
algorithm for chain embedding is also obtained. Thus, it is proposed to evaluate
using not only the gamma -criterion for paths, but the theta criterion to allow
situations where a route claims multiple cycles. The obtained system of
isometric cycles of the graph induces the rotation of the vertices to describe the
topological pattern of the planar graph. Obtaining the rotation of the vertices
of the graph immediately solves the two most important tasks of graph theory:
the task of checking the graph for planarity and the task of constructing a
topological drawing of a planar graph.
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GENERAL TECHNIQUE OF DECISION-MAKING BY THE
OPERATORS IN FLIGHT EMERGENCY
Shmelova T., Sikirda Yu., Yatsko M.

National Aviation University
Flight Academy of the National Aviation University

Abstract. The general technique of decision-making by the operators in
flight emergencies is developed. It includes: analysis of flight emergency as a
complex situation, construction of the algorithm of the pilot actions in flight
emergency, modeling of decision-making by the pilot in flight emergency,
modeling and synchronization of decision-making for all collaborative
decision-making participants in flight emergency, and evaluation of the
effectiveness of the decisions. The designed deterministic, stochastic, and non-
stochastic models can be used both for the informational support and
professional training of the air navigation system operators.

Introduction. Aviation is the safest mode of transport. This is a generally
accepted fact, which is confirmed by statistics. In 2014-2019, there were 107
accidents in the world, during which 3245 people died. Whereas in 2018 alone,
airlines around the world carried nearly 4.5 billion passengers on about 45
million flights [1]. 2017 was the safest year in the history of commercial
airlines: a total of 10 crashes were registered, of which only half were
passenger aircraft (ACFT). In 2018, according to the Aviation Safety Network
[2], the number of accidents rose sharply to 18, killing 561 people.

ACFT crashes are very rare, about 200 times less common than car
accidents. Civil aviation statistics over the past six decades show a downward
trend in tragic events and increased security. But taking into account the
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registered accidents in 2019, these indicators are above the average for the last
five years [1; 2].

The reasons for aviation accidents are human factors (68%), technical
factors (18%), and environmental factors (14%) [3].

According to a Boeing study [4], 11% of aviation accidents with human
casualties occur during a flight at cruising altitude, 2% — during the descent
phase, 2% — during the initial approach to landing, 29% — at the stage of the
final approach to landing, 24% — during landing. At the beginning of the flight,
according to statistics, there are fewer problems: 12% of ACFT crashes occur
during take-off and initial climbing (before removing the flaps), 13% — during
climbing and another 7% — on the ground during towing, taxiing, loading /
unloading, etc.

The most frequent incident is the announcement of an emergency (39%),
in the second place — the risk of collision / violation of the intervals between
ACFT (18%). A significant share is occupied by engine failure (13%), the
smallest share — in collisions between aircraft (1%) [5].

The distribution of aviation accidents and incidents that occurred on the
territory of Ukraine in the period from 2013 to 2017 with civilian Ukrainian
and foreign aircraft by category [6] indicates that incidents most often occur
due to technical, bird collisions, and engine failures, and these trends do not
change significantly over the years.

In the work [7] is provided a fragment of the network graph describing
the collaborative work of the ACFT crew (pilot-in-command — co-pilot) from
the moment of engine failure during take-off to the issuance by the captain to
continue or reject take-off. The critical time of actions of the ACFT crew and
performance of works by the air traffic controller (ATCO) in case of engine
failure during take-off in deterministic and stochastic conditions is obtained.
With the help of network planning the analysis of joint actions of the ACFT
crew (Pilot Flying and Pilot Monitoring) in the case of flight emergency (FE)
“Power supply problems” is conducted, the time for operational procedures
with using the method of expert assessments is determined, structurally-time
table and network graph are built, a critical time of work by two pilots (Pilot
Flying and Pilot Monitoring) is obtained [7]. Deterministic, stochastic, non-
stochastic, and neural network models of the collaborative decision-making
(CDM) by ACFT pilot/'unmanned aerial vehicle’s remote pilot and ATCO in
FE for maximum synchronization of operators’ technological procedures are
developed [8; 9].

The purposes of this work is developing the general technique of decision-
making (DM) by the operators in FE.

Main part. The general technique of DM by the operators in FE is
presented in Fig. 1.
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1 Analysis of FE as a 2 Building an algorithm 3 Modeling of DM by the pilot in FE:
complex situation N for the pilot’s actions in |_| - under uncertainty conditions;
(causal analysis) FE - under risk conditions;
- under certainty conditions
v

4 Modeling and synchronization of DM
for all CDM participants in FE:

- under uncertainty conditions;

- under risk conditions;

- under certainty conditions

v

5 Evaluating the effectiveness of the
decisions

Fig. 1 — The general technique of DM by the operators in FE

The general technique of DM by the operators in FE includes next steps.

1. Analysis of situation as a complex situation: identification of causal
relationships.

2. Building an algorithm for the pilot’s actions in FE.

3. Modeling of DM by the pilot in the case of rejected take-off as an
emergency.

3.1. Models of DM under uncertainty conditions: determination of the
alternatives {A} and factors {F} that influence the choice of the optimal
solution (tool — decision matrix) (Table 1).

Table 1

Decision-making matrix in uncertainty
{A} Factors influencing decision-making in emergency

f1 f fi Ja
A] U]] U]Z “ee UI] “ee U]n
Alternative 4, Uz Uz Uy; Uz

Ai Ui Up Uj Uin
Am Um] UmZ Umj Umn

3.2. Models of DM under risk conditions: evaluation of risk R for different
solutions (tool — decision tree). Each stage of DM is characterized by solutions
(A ={A;; A ..., Ay}), a time 1 of situation development on some stage, and
additional value £, that depends on the stage of the situation development and
DM in time for parry a situation (Figure 6). When solving the problem of
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minimizing risks at each stage, additional risks arise (+f%), the threats are
increasing with time ¢ (1):
Ry =ty Xiza pitti £ B
ey
where t; — is a time of stage k;
P —1is an additional risk on stage k;
pi — are the probabilities of situation development, /-, p; = 1;
u; — are the expected outcomes (losses/profit).
The model of DM under risk is shown in Fig. 2. Step-by-step correction
of the decision matrix is carried out in risk assessment.

Fig. 2 — The stages of situation development and DM in the decision tree

3.3. Models of DM under certainty conditions: determination of the
optimal solution by the criterion of minimizing the critical time of pilot actions
in FE T, development of instructions for the pilot actions in the FE (tool —
network planning).

4. Modeling and synchronization of DM for all CDM participants in FE
(ACFT crew, ATCO, ground handling agents, rescue service, aerodrome
service, production and dispatch service, etc.).

4.1. Under uncertainty conditions: determination of the alternatives {A}
and factors { F'} that influence the choice, determination of the optimal solution
by the criterion of minimizing potential loss U (tool — decision matrix).

4.2. Under risk conditions: determination of alternatives A and
probabilities of influence the factors P(F), determination of the optimal
solution by the criterion of minimizing potential risk R (tool — decision tree);

4.3. Under certainty conditions: determination of the optimal solution by
the criterion of minimizing the critical time of collaborative actions in the FE
T, development of instructions for joint actions of the operators in the FE (tool
— network planning).
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So, for example, stochastic and non-stochastic uncertainty, neural, and
dynamic models can be integrated into deterministic models. When analyzing
a critical situation in a team decision (A;, A2, A3), each operator determines his
actions to solve the problem (S;, Sz, and S3). In a deterministic model, some
actions are ambiguous, multi-alternative (S;, Sz, and S3). For ambiguous
actions, optimal solutions are found using stochastic DM models under risk or
uncertainty conditions (Fig. 3).

T, 58¢

Fig. 3 — The deterministic models with ambiguous actions (S; and Sz2) of
operators (A1, Az, Az)

After determining the minimum risks and maximum safety an integrated
simplified model (S;, S» S3) is an aggregated deterministic model with
included stochastic models (Fig. 4).

Fig. 4 — The deterministic models with decisions Aj, Az, Az
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When analyzing and synthesis of situations emergency by several
operators each operator determines his actions to solve problems of ensuring
the safety of flights. For example, when need to build the CDM models for the
pilot, air traffic controller, flight dispatcher, and technical personal, for
choosing optimal actions and synchronization actions of operators in the case
of rejected take-off.

5. Evaluating the effectiveness of the decisions.

Currently, the concept of Airport CDM (A-CDM) implements specific
solutions that can unite the interests of partners (airport operators, aircraft
operators, ground handling agents, and air traffic services) in joint work, to
create the basis for effective DM through more accurate and timely information
that provides all partners at the airport a single operational picture of air traffic
[10]. The A-CDM system is expected to increase situational awareness and
reduce the risks of unauthorized ground maneuvering, and economically
improve punctuality and reduce operating costs by reducing land delays and
thus saving fuel by reducing taxiing time.

Conclusion. The general technique of DM by operators in FE is
developed. It includes: analysis of FE as a complex situation, construction of
the algorithm of the pilot actions in FE, modeling of DM by the pilot in FE,
modeling and synchronization of DM for all CDM participants in FE, and
evaluation of the effectiveness of the decisions.

Step-by-step correction of the decision matrix with the help of
computational systems / information technologies is carried out in risk
assessment. After determining the minimum risks and maximum safety, an
integrated simplified model is an aggregated deterministic model with included
stochastic models. The integration of stochastic and non-stochastic models of
DM to deterministic models based on a posteriori analysis of FE development
will serve to correct existing and develop new instructions for pilot actions.
The designed deterministic, stochastic, and non-stochastic models can be used
both for the informational support and professional training of the air
navigation system operators.

The direction of further research is working out models of DM for all
CDM participants within the Airport CDM (A-CDM) concept that can unite
the interests of partners (airport operators, aircraft operators, ground handling
agents, and air traffic services) in joint work, to create the basis for effective
DM through more accurate and timely information that provides all partners at
the airport a single operational picture of air traffic.
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USING AN EVOLUTIONARY ALGORITHM IN THE PROBLEM OF
OPTIMIZATION OF THE UKRAINIAN POWER GRID
postgraduate student of Zaporizhzhia national university, Ukraine,
Roibul Pavlo

At this time, a war is going on in Ukraine, the enemy is striking at
critical infrastructure, the energy system of which is the main goal. After
strikes, it is necessary to restore the power system as soon as possible, and then
carry out rolling blackouts for repairs, and in these cases it is optimal to use
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metaheuristics. Modern network structures are complex territorially extensive
systems with a heterogeneous structure. As a result of the complexity and
multidimensionality of modern network structures, which in turn are
multivariate and multicriteria, and have different options when choosing
solutions, the problem of justifying the optimization of network structures in
the form of a general research task turns out to be very cumbersome and from
a practical point of view has no solution. Given the complexity of the problem,
it is advisable to consider its solution with the help of fragmentary models and
evolutionary algorithms.

The developed genetic algorithm has fast convergence (about 12 iterations for
a scheme of 17 nodes). Differs in high accuracy (found the solution differs
from the global optimum by 8.1%. Also works correctly with various network
schemes, generation and load structures. Besides, it allows you to determine
the optimal network topology, the level of total loss in which is 31% lower
than in the original topology. The algorithm can be used in conjunction with
RES generation forecasting systems for the day ahead when planning operating
modes power associations in order to minimize the costs of covering losses
electricity and improve the quality of supplied electricity.
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®OPMYBAHHS 3AITUTIB KOMIIETEHIIIT 1O OHTOJIOITi
Amnna bakypoBa, Cranucinas Benmenes, Enina Tepemenko
Hayionanvnuil ynisepcumem «3anopizoka noaimexmika

FORMATION OF COMPETENCE REQUESTS TO ONTOLOGY

Abstract. The problem of forming competence requests to an ontology
forms the basis of any methodology for constructing an ontological model, and
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is also one of the means of checking the adequacy of an ontology and the
purpose of its creation as a knowledge base. The subjectivity of the ontology
design process creates problems of formalizing competence requests and
checking the completeness of their set. The paper considers an example of
generating queries for the ontology of the decision-making process on the
application of fertilizers for sunflower cultivation.

3rilHO METOMOJIOTIi TPOEKTYBaHHS OHTONOTiI 3a ['pyHiHrepoM Ta
®doxcom [1] omHUM 3 BXXIMBUX eTamiB € popMyBaHHS He(OPMaAIBHUX 3aIUTIB
KOMIIETCHITI1, SKi (hOPMYITIOIOTBCS €KCIepTaMH IpeaMeTHoi oOumacti. Ilpu
IIBOMY JO MPEIMETHOI OHTOJIOTii BUCYBA€THCS BUMOTA MPEICTABIIITH 3aIIUTH
KOMIIETEHIIIi 32 TEpMIHOJIOTI€I0 JTaHOI MpeAMeTHOi 00JacTi, a BiAMOBiAl Ha
3aMUTaHHS — 332 aKCiIOMaMHy 1 BH3HAYCHHSIMHU. TakOoXX CHCTEMa 3allHTIB Ja€
CEMAaHTUYHY OIHKY $KOCTI moOymoBaHoi oHrtousorii. OIliHKa OHTOJOTIT
HEOOXIiZHA JUIs BHSBICHHS Ta BUKJIIOUCHHS TOMHJIKOBUX BHM3HAYCHb Ta
JIOTTYHUX NPOTHUPIY.

Hedopmainphi 3amutu GopMatizyroThCsl 32 JIONOMOTOI0 JAECKPUIITUBHOT
JIOTiKH, a aKCIOMH BU3HAYaIOTh CEMaHTHKY 0a30BHX TepMiHiB. Ha 3aBepmeHHs
moOyI0BH OHTOJIOTII B JIaHIH METOJOJIOTI] pEeKOMEHIOBAHO OOIPYHTYBaHHS
CHCTEMH 3aITUTIB 32 JJOTIOMOTOIO TEOPEM IPO ii IMOBHOTY. B HIX BU3HAYAIOTHCS
YMOBH 3aJI0BOJICHOCTi BIAMOBiIEH Ha 3amUTH KOMITETEHINi. ['pyHiHTep Ta
®doxkc [1] chopmymroBanm KpuTepii MOBHOTH MHOKHHH 3aITUTIB KOMIICTCHIIIT,
IO TIOJIATAIOTh B HACTYITHOMY.

1. MHOXHHa 3aIIUTIB € KOPEKTHOIO, SIKIO KOKEH 3alUT BiJIHOCUTBCS JI0
MEeBHUX OCOOJIMBOCTEH OHTOJOTI.

2. Cuctema 3anuTiB BBAKAETHCS MOBHOIO, SKIIO €KCIIEPTH CTBEPIKYIOTh,
10 TM HEBIZOMI TOJIaTKOBI 3aMUTH.

3. MHOXUWHA 3alUTIB BHYTPIIIHBO HECYNEPEWINBA, SIKIIO MK HUMHU
BiZICyTHI KOH(IIIKTH.

4. MHOXWHA 3allUTIB MiJAa€ThCS MEPEBIPIN, SKIIO ICHYE CKIHUCHHH
MpoIleC MEePEeBIPKH, YH 33O0BOJIFHIE OHTOJOTIS KOXKEH 3aIllT, 3 PO3YMHOIO
BapTICTIO.

5. Cucrema 3amHTIiB € 3pO3YMINIO0, SIKIIO KOXKEH 3 HHUX € 3pO3YyMLIHM
KOPHCTYBa4aM.

6. MHOXWHA 3alUTIB € OJTHO3HAYHOIO, SIKIIO KOXKEH 3aIUT HE JOMyCKae
CYMHIBIB i HETIOPO3yMiHb.

7. MHOXU1HA 3aIHTIB € KOPOTKOIO, SIKIIO KOYKEH 3aMUT € PEJICBAHTHUM Ta
HE iCHy€ AyOJII0I0UMX 3aIHTiB.

Takuii maxig 30a€TbCsl HAAiHWM, ane po3poOKa OHTOJIOTIi €
ITepaTHBHUM IIPOIIECOM, OT/KE CHCTEMa 3aINTiB KOMITETEHIIIH MOXe MOCTiiTHO
3MiHIOBaTHCA. Lle € OIHO¥O0 3 PUYHH TOTO, IO HA MPAKTHIN TAKHA CYyBOPHUIl
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(dopManisM BHKOPUCTOBYIOTb HE 4YacTO, Hampukian, B poboti [2]
00MeXYIOThCS (hopMaTi3alliero 3aMuTiB Ta MiIPaXyHKOM THX 3aIHTiB, HA SKi
OHTOJIOTIS 3MOTJIa IaTH NPaBHIIbHI BiAMIOBI/l HA JYMKY €KCIIEpPTiB.

Kpim Toro icHyIOTh pi3HOMaHITHI IHCTPYMEHTH JJIsI OLIHKH OHTOJIOTIH,
Hampukian, i penaktopa Protégé ichye muarin Ontology Evaluation.
CrangapToM MeTozoJoriuHoro cynposoay st Protégé € «101 Ontology» [3].
Jlist moOymoBu 3amuTiB B Protégé BUKOpPUCTOBYIOTH BipkeT Queries.

PosrsiHemo  ¢parmMeHT (opMyBaHHS 3alWTIiB HAa TPHKIATI MO
ontosorii HELIANTHUS [4], saka Oyma po3po0OiieHa aBTOpaMHd Ha OCHOBI
iHpopMmarii, mo HagaHa ekcreptamu 3 IHctuTyTy OmiiiHEX KyneTyp HAAH
VYkpainu. ®parMeHT OHTOJOTIT Moka3aHwii Ha puc.l. MeTolo CTBOpPEHHS
OHTOJIOTIT € MmiATpUMKa Oa3u 3HAHb, IIO 3i0paHi HAayKOBISIMH B Tay3i
BUPOIIYBaHHS COHSAIIHUKIB 3a 0arato pOKIB NPaKTHKA Ta MOJaJIbIle
3aCTOCYBaHHS B CUCTEMaX MIATPUMKH NPUHHATTS PillleHb.
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Puc.1. — ¢pparment onronorii HELIANTHUS

Jus mobynosu onronorii HELIANTHUS excnepramMu momano Oyio
6araro 3amuTiB KOMIIETEHI] Ha MPUPOJIHIA MOBI, 3 SIKMX po30epemMo JBa, 110
OB’ s13aHi Mi>K COOOI0 KOHIIENTOM «CTaH I'PYHTY» Ta BiJIIOBiIAIOTH IpoLEeCcy
NPUHHATTS PillIEHHs PO BHECEHHS 100pPUB:

1. Sk MOXXHa BH3HAYUTH CTaH POJIOYOCTI IPYHTY I ypoxKai
COHAIIHUKY?

2. CKiJTBKY 1 KOJIM BHOCUTH JOOPUB HA TEKTAP COHAIIHHUKY?
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Junst popmanizanii 3anuTiB HA MOB1 IECKPUIITUBHOI JIOTIKM HAa MHOXHHI
KJIaCiB OHTOJIOTIi BBEJIEMO HACTYIIHI MO3HAYCHHS:

y — IIeBHA METOIUKA TECTYBaHHS IPYHTY,

X — IIEBHUH 3pa30K IPYHTY, Ha IKOMY BUKOHY€THCSl TECTYBaHHS,

t — gac 3a00py 3pa3Ka I'pyHTY,

d — meBHa peKOMEHAIlIS,

f — KUTBKICTB ITEBHOTO JT0OpWBA Ha TEKTAP COHSALTHUKY.

Knacu oHToOsOTii, MO0 NMPUHAMAIOTh ydYacTh y 3aluTax KOMIICTCHINIH
MPUKIaay:

SoilTest — METOIMKH TECTYBaHHS IPYHTY,

Chemical_Composition — XiMi4HHUI1 CKJ1aja IPYHTY,

Water-holding_Capacity — Bogo yTpumytoua 31aTHICTb IPYHTY,

Living Component — >kUBi KOMIIOHEHTH IPYHTY,

Mechanical Composition —MexaHIuYHHI CKJIa]] IPYHTY,

Decision — pekoMeH/10BaHEe PillIeHHS,

Genotype — F'eHOTHII COHSIIHUKY (copT abo Tidpun),

Amount() — KUTBKICTB() Ha TeKTap COHAITHHKY.

[Tepenik OiHApHHUX BIAHOIICHh MK KJIacaMH OHTOJIOTii y HaBeICHUX
3aruTax KOMIICTEHIIIH:
isSoilTest(y,x) — mnsd 3pa3ka TIPYHTY X BHKOPHUCTOBYETHCS METOJ
TECTYBaHHA Y;
isTestedChemical_Composition (X,y) — TeCTyBaHHsS XIMIYHOIO CKJIQay
3pa3ka IPyHTY X METOJIOM TECTyBaHHS Y;
isTestedWater-holding_Capacity(X,y) - T€CTyBaHHS BOAO yTPUMYIOUOI
3JIATHOCTI 3pa3Kka I'PyHTY X METOJIOM TECTYyBaHHS Y;
isTestedMechanical_Composition(x, sand, clay, humus) - TectyBanHs
MEXaHIYHOTO CKJI/ly 3pa3Ka I'PyHTY X METOJIOM TECTyBaHHS Y;
isDecision(Application, Time t) — IpUAHATTS PIilICHHS PO BHECCHHS
noOpuB (Tak, 9 Hi) B yac 3a00py 3pa3ka IpyHTY t;
isNitrogenRich(f, y) — TecT y BUSIBHB JOCTAaTHICTh a30Ty B 10OpwBI f;
isBoronRich(f, y) - Tect y BusBUB moctaTHIiCTh O0py B 100OpwHBi f;
isBacteriaRich(f, y) - TecT y BusBHUB mocTaTHICTh OakTepiii B 1oOpuBi f;
isMostlySuitableFor(f, y) - TecT y BUSBHB IOCTaTHIO BOJO yTPUMYIOUY
3/IaTHICTB TPYHTY U1 foOpuBa f.

Toni hopmarnizoBaHuii EPIITNI 3aTTUT KOMIIETEHITI Ma€ BUTJISIIL:

3t Iy (Im-1.5m) Vx AND ChemicalComposition(NPK OR minor
elements (boron, zinc, magnesium, selenium, etc.)) AND Water-holding
Capacity ((aggregate) state, colloidality) OR LivingComponentSoil (bacteria,
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worms, symbionts, etc.) OR Mechanical Composition of soils (sand, clay,
humus, etc.)—isDecision (Application (YES/NO) AND Time t).

dopmanizoBaHuil 3aMUC APYroro 3amuTy KOMIICTCHIIIH:

3d 3f VGenotype (Jy (Im—1.5m) Vx (Chemical Composition(NPK OR
minor elements (boron, zinc, magnesium, selenium, etc.)) AND
LivingComponentSoil (bacteria, worms, symbionts, etc.) — Amount(f; litter
OR NPK OR urea).

OTKe, OHTOJIOTIS € pe3yJIbTaToOM JOBUIFHOT (hopMaizarii cyd’ eKTUBHUX
3HaHb (axiBmg B mpeaMeTHiH obmacti. Tomy Bepudikariss OHTOJOTII €
HEOOXiIHOIO, alie CHCTeMa 3aIUTiB He MoKe OyTH BHUepIHOW. DopMyBaHHs
3alMTIiB KOMITETCHITI BimOyBa€ThCcs SK Ha eTami po3poOKH OHTOJIOTIT
(BU3HAYCHHS 11 CTPYKTYpH Ta 00CATY), TaK 1 B MPOIECi MPUHHATTS PIllICHb.
OnmHUM 3 TEPCHeKTHBHUX HAMPSMIB PO3BUTKY METOIOJIOTIi MPOEKTYBaHHS
OHTOJIOTIH Ta (OpMyBaHHS 3aIlUTIB KOMIIETCHIIH € rpadu 3HaHb [5], MO €
METOIO HOJAIBIINX JOCTIHKCHb.
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3AXACT HECTPYKTYPOBAHOI IH®OPMAIIIi HA
MOBLIBHOMY IIPUCTPOI
€Bres bpoBueHko
Biokpumuii miscnapoOnuil ynisepcumem po3eumky moounu « Yxpaina», Kuis

PROTECTION OF UNSTRUCTURED INFORMATION ON MOBILE

Abstract. Tt is difficult to imagine a modern person without a mobile
phone or tablet, which has almost continuous and unlimited access to the
Internet or the worldwide global network. The nature and importance of this
information may vary, but protection is a priority. The future of protecting
unstructured information on mobile devices will be based on a combination of
technological innovations and increased user awareness of cybersecurity
issues. Some areas of development include the use of artificial intelligence and
machine learning; biometric authentication, improvements in biometric
authentication technologies, such as facial recognition, fingerprints, can
provide more reliable protection of unstructured information; application of
blockchain technologies; development of quantum-resistant encryption
algorithms; privacy by design; user education and awareness; development of
the legislation and regulatory framework, improvement of the legislation and
regulatory framework in the field of cyber security will contribute to the
creation of a reliable environment for the protection of unstructured
information. Securing unstructured information on mobile devices will rely on
a combination of technological advances, user education, and collaboration
between various parties such as developers, service providers, and lawmakers.

Indopmauiitai TexHosnorii (IT) Ta oGunCIIOBaNIbHI CUCTEMH 3 KOXXHHUM
JIHEM Bce Olibliie CTaloTh HEBIJl'€MHOIO YAaCTHHOIO KUTTS Cy4acHOI JIFOJIUHH,
He3aMiHHMMH nomiuHMkaMu. Po3Butok IT BigOyBaeTbcsi 31 IIBUIKICTIO
OJMCKaBKM Ta Ma€ BEJIMKWHN BIUIMB Ha Halle CyCIUIBCTBO, KOKHUH JI€Hb MU
Ma€EMO MOJKJIMBICTh CIOCTEpITaTH HOBI TEXHIUHI Ta IH)XKCHEPHI BHHOXOIIH.
[Ipruomy me Moke OyTH sK TIeBHa iHTerpaimiss y poboumii mporec —
aBTOMATH3allisl TOBCAKICHHOI PYTHHH, TaK i YaCTHHA JI03BIJUIS — CIILIKYBaHHS
Ta po3Bar, TOumo. Bech KOMIUIEKC TEXHOJIOTIH Ta CHCTEM MOJINIIyIOTH Ta
CIPOIIYIOTh BUKOHAHHS MOBCSK/ACHHUX 3a/1a4, BIIIKPUBAIOTh HOBI MOKJIMBOCTI
Ta MpUOMPAIOTs KOPAOHH. Bakko ysBUTH c00i cydacHy MoANHY 6€3 MOOLIEHO
TeJdeOoHy UM TUIAHIIETy, IO Mae Maibke Oe3mepepBHUN Ta Oe3TiMITHHI
JIOCTYIIOM 710 I[HTepHEeTy YW BCECBITHRO TIJIOOANBbHOI Mepexi. ChorojHi
MOOLTEHUH IPUCTPiit Ma€ IEBHUI CakpaIbHUI CEHC, BIH MOKE MICTHTH OaraTto
pizHOMaHiTHOT iH(GopMmamii um naHmx. Ilpupoma Ta BaxIMBICTE mi€l
iHpopMmanii Moke OyTH pi3HOIO, ajle 3aXUCT Ma€ MPIOPUTETHE 3HAUEHHS. A
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BPaxOBYIOUH JMHAMIKY PO3BUTY Ta HEBU3HAYCHICTD JICSIKHX IPOLECIB, Nepel
IH)KEHepaMHu Ta PO3POOHMKAMM CTOITh Ba)KKE Ta BaXKJIMBE 3aBJaBaHHS II0
3aXHUCTy iH(GOpPMaIiHUX CcHUCTeM Ta 3a0e3ledyeHHI0 HajuiiiHoi podoru. [lo
neBHoi  Mipi  MOOUIBHMH  NpHUCTPii  MOXKHa  BBaKaTH  HaHOLIBLI
npoOnemMaTuuHOO ckianoBoto. Lleil mpuctpii mae psg mepeBar Ta
0co0IMBOCTEN — BIIACHE 1€ i pOOJISITH HOTO ypa3IuBUM IEpes IMOTESHIIHHIMHU
3JI0BMHCHHKAaMHU Ta ¥ il KOPUCTyBada MOXXYTb CHPHYMHHUTH PSZ MpoOIem.
JloTIoBih MPHUCBSYCHA TPOOJIEMATHIII BUKOPUCTAHHS MOOITBHHUX MPHUCTPOIB
Ta 3axUCTy HECTPYKTypoBaHOI iH(opMarii. 3aXWcT HECTPYKTYPOBAHOI
iHpopMarii Ha MOOUTEHOMY TIPHCTPOI € BaKIMBUM 3aBIAHHIM 3 TOYKH 30Dy
kibepbe3nekn. HectpykTypoBana iHpopmamis Moxke OyTH y BHIJISLOI
TEKCTOBHX JIOKYMEHTIB, €JIEKTPOHHHUX JIHCTIB, (ororpadiid, Bimeo, 3anmcis
roJIOCY Ta IHIIOT'0 KOHTEHTY, SKUH 30epiracThcst Ha MOOUTBHUX MPHUCTPOsX. [lo
OCHOBHHX IPOOJIEeM MOXKHA BIHECTH: BTpara abo KpaaiKka MOOLIHLHOTIO
NPUCTPOIO;  BPa3JIMBOCTI  ONepamiiHOl CHUCTEeMH Ta  IPOrPaMHOro
3a0e3neueHHs; HEeIOCTaTHIM piBeHb MIM(pPYBaHHS Ta HEIOCTATHIH pPiBEHb
CKJIaJHOCTI TAapoJiB; HEXTYBaHHS KiOepririeHor. IcHyroum iHKeHEpHO-
apXiTEeKTypHI PillICHHS HE 3aBX/I1 BUKOHYIOTh [TOCTABIICHY 33134y Ta MOXYTh
Matd TmpoOiieMu 3 iHTerpamieto. He cmim 3a0yBaté @ mpo eKOHOMIYHY
CKJIaZOBY. AHaJi3 NPUKIaaHOI 00JIacTi Ta pe3yJIbTaTH AOCIIKEHHS TOBOPSATH
PO Te IO 3aXKCT iH(POPMAIlii B IIIIOMY € BOKJIMBUM Ta € TIOMHT Ha MBUAKI Ta
e(eKTUBHI pilleHHsA IIoA0 Oe3meKku iHGOpMAaIlifHUX CHCTeM B IJIOMY Ta
MOOUTEHOTO TIPHCTPOIO 30KpeMma. Jlume KOMIDIGKCHHH TMiaXil MOoXe
3a0e3nednTH epEeKTUBHE PIllICHHS.

HectpykrypoBana inopMariis - 1ie 1aHi, siKi He MarOTh YiTKOT CTPYKTYpH
abo He BIOMOBIZAIOTH MEBHOMY (opMaTy, MI0 YCKIAIAHIOE 1X OOpoOKy Ta
aHaii3. BoHa Mojxe BKIIIOYAaTH TEKCTOBI JJOKYMEHTH, CJICKTPOHHI JIUCTH, ayIi0-
Ta Bigeodaiinu, 300pakeHHs, BeO-CTOPIHKH, COliabHI Mepesxi Ta iHI hopmu
JaHuX. Y TOpIBHSHHI 31 CTPYKTYpPOBaHOIO iH(pOpMAIi€lo, siKa 3a3BHYail
30epiraeTecs y pelsmiifHuX 0azax maHux abo TaONUIIX, HECTPYKTYpOBaHI
JIaHi He MiAIMOPSIIKOBYIOTECS MEBHOMY cxeMi a0o mMozermi. OIHaK BayKIIHBUM
ACIIEKTOM € 3aXHCT HECTPYKTYpOBaHOI iH(pOpMAIlii, OCKIIBKH IIi JaHI MOXYTh
MICTHTH KOH(iACHIiITHY a00 Yy T/IMBY iHPOPMAIIiIO, IKa TOBUHHA 3aJTUIIATHCS
B Oe3merni. 30kpeMa, Ha MOOUTFHHX MPHUCTPOSX HECTPYKTYypOBaHa iH(popMaITis
MOe OyTH OCOOJHMBO Bpa3IMBOIO IO KPaJADKKH Ta 3JIOMY 4epe3 BiTHOCHO
HU3BKAN PiBEHb OE3MEeKM IMX TPHUCTPOIB TMOPIBHAHO 31 CTaIl[iOHAPHUMHU
koMIT'torepamu. ToMy po3poOka Ta BHPOBAIKCHHS ES(PEKTUBHUX METOIIB
3aXHCTY € JIy’Ke BaXKJIHUBOIO.

Jlo OCHOBHHMX 3arpo3 MOXXHa BIJHECTH: BTpaTa IPUCTPOIO, 3JIOM
aKayHTiB, IIKiAJUBE MporpaMHe 3a0esnedeHHs, HeOesmeuHi mepexi Wi-Fi,
(bi3uuHMA T0CTYI, BiJIAJICHUH TOCTYII, CYMHIBHI XMapHi CepBiCH.
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Meronu 3axucTy: mWU(PYBaHHS AaHUX, aBTEHTH(IKALsI KOPUCTYBaYiB,
pe3epBHE KOMIIOBaHHS 1 BIJHOBJIEHHS JaHHUX, OHOBJICHHS IIPOrPaMHOIO
3a0e3reueHHs, BCTAHOBJICHHS! aHTHBIpycHoro [13, O10KyBaHHS HeOe3neuHnx
JIOZIATKIB, BUKOPUCTAHHS 3aXMIIEHHX MEPEX, YIPaBIiHHA IOCTYIIOM [0
JIOJIATKIB, 3aCTOCYBAHHS MOJIITHK OC3MEKH, BiJIATICHHS YIIPABISHHI TaHIMH.
Takox € BaXJIMBUM BHKOPHUCTOBYBAaTH IPOTPaMHi PIlIEHHS Ui 3aXHUCTY
HECTpYKTypoBaHOi iH(popMmaIii: aHTUBiIpycH, GadpBOIM, TPOTpPaMH IS
mu@pyBaHHA Ta YNpaBIiHHS TaposiMHA. J[0 MOXIIMBHX TPHUKIAIIB MOXHA
BiTHECTH HACTYIIHE: MI(PYBAHHS TAaHUX: IPOTPaMH UL NG PyBaHHS TaHUX,
taki sk VeraCrypt, AxCrypt, abo BitLocker, 703BoJst0Th mHdpyBaTH daiim
Ta TEKH Ha TPHUCTpoi, 3abe3meduyroum 3axWcT iHGoOpMamii  Bix
HECaHKIIIOHOBAHOTO JIOCTYINy; BipTyaipHi npuBatHi Mepexi (VPN):
BukopuctanHs VPN-cmyx0, Ttakux sk ExpressVPN, NordVPN a6o
CyberGhost, m03Boyisie 3a0e3MeUUTH  AHOHIMHICT OHJIAHH-aKTHBHOCTI,
mudpyBaTH repeiady JaHuX Ta OOMEXUTH AOCTYII 10 YyTJIHBOI iH(pOpMallii;
3axXHCT Bij BipyciB Ta mkimuBoro [13: anTuBipycHi nporpamu, Taki sk Norton
abo McAfee, 3abe3neuyloTh 3aXHCT BiJ BIPYCiB, TpPOSIHCHKHX KOHEH,
MIMMATYHCHKOTO Ta MIKIAIUBOTO MPOTPAMHOTO 3a0e3MEUeHHS;, MEHEIKCPH
MapoJjiB: MEHEIDKepH HapouiB, Taki sk LastPass, Dashlane a6o 1Password,
JIOTIOMararoTh 30epiraTd Ta TEHEepPYBaTH CKJIATHI Tapoii, 3a0e3medyrodu
3aXUCT pPI3HUX aKKayHTIB KOPUCTYyBada; pe3cpBHE KOIIIOBAHHA JaHUX:
pillleHHs JUIS PE3EPBHOTO KOIIIOBaHHS JAaHHX, Taki sk Acronis, Veeam a0o
Carbonite, T03BOJISIFOTh CTBOPIOBATH PE3CPBHI KOIIIi BaXKIHMBOI iH(OpMaIIii,
3a0e3revyroud BIJHOBJICHHS JaHUX B pa3i BTpaTH abo0 IOLIKOJPKEHHS;
YIpPaBJIiHHS JOCTYIIOM Ta CIiBIpAlls: PILIEHHS AJIs YIPaBIiHHS JOCTYIIOM Ta
criBmpaii, Taki sk Microsoft Azure Information Protection, Box a6o Google
Workspace, 103BOJISIOTH KOHTPOJIOBATH JOCTYH 10 4yTiauBOI iH(opmauii,
HaJIalITOBYBAaTH JI03BOJIH Ta CIIBIPALIOBATH HAJl IOKYyMEHTaMH B O€31IeYHOMY
cepenoBuii . I{i mporpamHi pilIeHHS JOMOMAararTh 3a0E3MEYUTH 3aXUCT
HECTPYKTYpOBaHOI iH(popMaii Ha MOOUTFHUX MPHUCTPOSAX Ta KOMITIOTEPax, a
TaKOX JTOTIOMArar0Th KOPUCTyBadyaM KOHTPOJIIOBATH JOCTYII IO CBOIX JaHHX.
Bubip BimmoBimHOrO pimleHHS IS 3aXUCTy 1HQOpMAIIi 3aJeKUTH BiX
KOHKPETHHX ITOTped KOpUCTyBava Ta HOTo cepefoBHUINa poOOTH.

He cmix 3abyBaTé mpo poiib KOPHCTyBayda: PO3YMIHHA BajKIHMBOCTI
3aXHCTY JAHWX, BUKOPUCTAHHS CUIIBHUX MapOJIiB, peryispHe oHoBieHHs [13 a
TOJIOBHE OCBiTa 3 MUTaHb OE3MEKH.

Maii0yTHe 3axUCTy HECTPYKTypoBaHOi iH(opmarii Ha MOOUTEHHX
npucTposix Oyle 3acHOBaHE Ha IO€JHAHHI TEXHOJOTTYHMX HOBOBBEICHb Ta
miABHUICHHI O00I3HAHOCTI KOPUCTYBadiB 3 MNHTaHb KibepOesmeku. Jlesxi
HaIpSMKHU PO3BUTKY BKJIIOYAIOTH: 3aCTOCYBaHHS IITYYHOTO iHTENeKTy (Al) Ta
MalIMHHOTO HaByaHHSI: Al MOXX€ JOHNOMOITH B pO3poOLi pO3MIMpPEHHX
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MEXaHi3MiB 3aXHCTYy, [0 aBTOMAaTUYHO BHSBJISAIOTH aHOMaJIbHI abo migo3piii
il Ta OJIOKYIOTH NOTeHIiHHI 3arpo3u. biomerpuuHa aBTeHTH(IKALS:
MOKpAlLIeHHs] TEXHOJIOTiM  OioMeTpuuyHOi aBTeHTH(]IKalii, TaKuX SK
pO3Mi3HAaBaHHS OOJMMYYsl, BIAOUTKIB MaNbIiB, MOXYTh 3a0€3MCUUTH OLIBII
HaJiHUN 3aXHUCT HECTPYKTYpoBaHOI iHpopMamii. 3acTocyBaHHs OlOKUYEiH-
TEXHOJIOTiH: OJIOKYEHH MOJKe BiJirpaBaTH BayKJIMBY pOJb y 3a0e3NeueHHi
Oe3mneku iHpopMallii, OCKUTEKH BiH JO3BOJISE 30epiraTyl JaHi po3MOaiJUICHO Ta
3aXHIICHO Bij 3MiH. PO3BHTOK KBaHTOBO-CTIHKHX aJlTOPUTMIB IU(PYBAHHS: 3
PO3BHUTKOM KBAaHTOBHUX KOMITIOTEPiB CTBOPIOETBHCA TMMOTpeba B HOBHUX
anropuTMax MHQPyBaHHSA, SKi MOXKYTh BUTPHMATH MOTY)XHICTH KBAaHTOBOT'O
3nomy. [IpuBaTHICTh 3a 3amoBuyBaHHAM (Privacy by Design): npoekTyBaHHs
MOOUIBHMX TPHUCTPOIB Ta 3aCTOCYHKIB 3 BpaxyBaHHSIM IIPUBATHOCTI
KOPUCTYBaYiB CHpPUSATHME 3aXUCTy HECTPYKTypOBaHOi iHQopmarii Ha
MOOITBHUX TPHUCTPOsik. OcBiTa Ta OO0I3HAHICTH: IIJABUIICHHSA O0I3HAHOCTI
KOpHUCTYBaviB LIOA0 KiOepOe3neku Ta HaBYaHHS iX €()EeKTHMBHUM METOAaM
3axHCTy iH(popMalii Ha MOOUIFHUX MPUCTPOSX JOTMOMOXKE 3MEHIIUTH PU3HK
BHHHUKHEHHSI 1HIIMICHTIB, MOB'I3aHUX 3 0€3MeK0i0. PO3BUTOK 3aKOHOIAaBCTBA
Ta HOPMaTHBHOI 0a3u: BIOCKOHAJCHHS 3aKOHOIABCTBA Ta HOPMATHBHOI 0a3u
y raiysi KibepOe3ekn CIpUATAME CTBOPEHHIO HAIIHHOTO CEpeIOBHINA IS
3aXUCTYy HECTPYKTypoBaHOI iHdopmamii. 3axuCT  HeCTPyKTYpOBaHOI
iHbpopMamii Ha MOOITBPHMX TNPHUCTPOSX Oa3yeTbcss Ha  KOMOIHAITi
TEXHOJIOTIYHOTO TIPOTPECy, HaBUaHHS KOPHUCTYBadiB Ta CIIBIpami MK
pI3HUMH CTOPOHAMY, TaKHMH SK PO3POOHHKH, IOCTa4yalbHUKH IOCIYT Ta
3aKOHOJABII. 3a0e3rnedyeHHs] Oe3NeKd Ta MPUBATHOCTI JaHUX B LU(PPOBOMY
CBITI 3QJTMIIIAETHCS IPIOPUTETOM, OCKUTBKH KUIBKICTh MOOUIBHHUX IPUCTPOTB Ta
X BUKOpHCTaHHs MPOAOBXKYIOTh 3poctati. CyuacHiii KOPHCTYBau MOOITBHUX
MPUCTPOIB Ma€e MEBHI BUMOIM IIO CHAPIOIOThCS HA €PrOHOMIKY Ta PIBEHb
iHdopmaniiiHol 06i3HaHOCTI. PO3BUTOK raiy3i B L[IIIOMY BHMarae MIBUAKHX,
HaiiHUX Ta eEeKTUBHUX PIllIeHb 10 NOTPAIUISIOTH HE JIMIIE B €KOHOMIYHY
IUTOIIMHY a ¥ TUIONHY KibepOe3nekn. BukopructanHs MOOITBHUAX TIPHCTPOIB
MOXe aJaNTyBaTUCS JO IIBUIKUX CYy4acHUX motpe® OGe3rmexu opraHizaumii Ta
Moke OyTH JIETKO HallalITOBAaHMIl BIiANOBITHO 1O KOHKPETHUX BHMOT.
MoOuTEHUH TIPHUCTPIiH € 3pyYHUM 1 JOCTYIHHM i 0araTb0X KOPUCTYBAUiB,
BiH 3a3BHYail 3HAXOOUTBCI TMMOPYY 3 KOPUCTyBadyeM i  MOXKe
BHUKOPHCTOBYBATHCS SIK IOJATKOBHUI €JIEMEHT O€3MeKH.
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BIIJIUB TPAH3UTUBHUX AYT TPA®A HA OIITUMAJIBHICTH B
V3ATAJIBHEHINM 3AJIAUI ITAPAJIEJIBHOI'O YIHOPSIJIKYBAHHS
[MTonina BacunbkoBud, Banentuna Typuunna
Jninponempogcoxuil nayionanvuuil ynigepcumem imeni Onecs I'onuapa

INFLUENCE OF TRANSITIVE GRAPH ARCS ON OPTIMALITY IN
THE GENERALIZED PARALLEL ARRANGEMENT PROBLEM

Abstract. The work considers one of the well-known problems of parallel
ordering of the vertices of a digraph. These tasks emerge with determining the
optimal order of execution of a finite set of tasks, when certain technological
restrictions are imposed on the order. Some cases are considered for the well-
known distribution algorithm when the presence of transitive arcs affects the
accuracy of the obtained result. Also, the rule for adding such arcs to the graph
is proposed.

B naHiit po6OTi po3rIseThCs O/THA 3 BIZOMUX 3a1a4, [0 BUHUKAIOTH IIPH
NMpU3HAYAaHHI TPAIiBHUKIB Ha CKIHYCHY MHOXXHHY pOOIT 3a HasBHOCTI
TEXHOJIOTIYHUX 0OMEKEeHb Ha MOPSJIOK IX BUKOHAHHS TaK, 1100 3arajJbHUHN 4ac
BUKOHAHHSA OyB MiHIMAJIGHUM. 3pYYHHMH IHCTPYMEHTaMH, IIO 3aJal0Th
YaCTKOBUH MOPSIOK, MOXKYTh OYTH Opi€HTOBaHI allWKIIIvHI Tpadu.

IIpu po3®’s3aHHI 3ama4 B KIACHYHIM IIOCTaHOBII BHUXOIATH 3
NPUIYIIEHHs, 110 OyAb-sIKe 3aBJaHHS MOXXE BUKOHYBaTH Oyb-SIKHI
BHUKOHABEIIb, @ YaC BUKOHAHHS KOXKHOTO 3aBIaHHS OJHAKOBHH [1].

Po3rnsimaeTbesi HacTynHe y3arajibHEHHsS OJHIET 13 KIaCHYHHMX 3aj1ad
00y JOBH ONITUMAJIBHUX YHOPSIAKYBaHb [2].
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Ilo 3amanomy rpady G = {V, U} i Bekropy h = (hy ..., hs), r < n,
noOyAyBaTH napajesibHe YHOpSAKYBaHHs S MiHIMaJIbHOI JOBXXHUHH TaKe, L0
|S[i]| < hi, i = 1,r, i HEe IOPYILLYBAIKCH TEXHOIOTIUHI OOMEKCHHSL.

I« 3amgaya, sk 1 KJTaCH4YHI 3a1a4i, BiTHOCUTBCS 10 Kiacy NP-noBHux [3].

Cepex TOYHHX METONIB, IO MAlOTh MOJIHOMAJIBHY CKJIQJIHICTb, JUIA
KJIaCUYHOI 3ajJaui, IO BIiANOBIJa€ BHUNAJKy, KOJM BCi 3HAa4eHHA h; = 2
e(pEeKTHBHUM € QJITOPUTM 3aCHOBAaHUH Ha JICKCHKOTpadidYHOMY MOMidyBaHHI
BepwuH [4]. Ane B IbOMY BHITAKY IIPH HASBHOCTI TPAH3UTUBHUX IYyT B rpadi
PpO3B’s30Kk MOke OyTH HaOmmwkeHHM. Lle TpoiMOCTpOoBaHO HAa HACTYIHOMY
MpUKIaai 3 puc. 1.

To6To MU 6aymMo, IO BIIIYYCHHS TPAH3UTHBHOI OYTH, SKa Ui JaHOI
MIOCTaHOBKH 3a/1a4l He € iHpOPMaTHBHOIO, OCKIJIBKH TEXHOJIOTI4HI 0OMEKEHHS
Ha MOPSIIOK HE MOPYIIYIOIOThCS, BIUIMBAE HA TOYHICTH PO3B’SI3KY.

Bunukae mnuraHHA 4u OyayTh TpPaH3UTHBHI Jyrd BIUIUBaTH Ha
ONTHUMAJIBHICTh PO3B’SI3KY 1 AJIsl y3arajJbHEHOI 3a/1aui, SKy MU PO3IJISIAEMO.

HasiBHICTD TpaH3MTHBHUX Iyr HE BIUIMBAaE Ha TOPSAOK, alle MOXKE
BIUIMBATH HA MITKH, 110 OTPUMYIOTh BEPIIHHU Tpady.

‘A A A D 0 i &
n &
2

1 j nvllll" i ] r'll'_]l ) 12
| ) L) 12 3| ..:‘-1 ~).'.
Puc. 1 — Ilpuxnao 1. Heonmumanvhe ynopsokysauHs niciis 000a8auHi
00Hiei mpanzumusHoi dyeu npu h = 2

Imoni y rpadax Ha erami pPO3TAaBIEHHS IIOMITOK, BHHHUKA€e
HEOJHO3HAYHICTh BHOOpY [UIi JEKUIBKOX BEpUIMH OJHOTrO piBHA. Sk
BUSIBIJIOCS, JIUISL y3araJbHEHOI 3a/1a4i JO1aBaHHs TPAH3UTHBHUX YT JO3BOJISIE
1o30yTHCS i€l HEOJHO3HAYHOCTI Ta OTPUMATH ONTUMAJIbHE YIIOPSIKYBaHHS
IIpH TiH camiil cTpaTerii HOMidyBaHHS BEPIINH.

Posrnsnemo rpad i3 puc. 2 npu h = (1,3,1,1,1).
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Puc. 2 — Ilpuknao 2. Ilobyoosa onmumanbHo2o YNOpPAOKY8AHHS Npu
000a8anHi 0OHIEI Mpan3umMueHoi oyeu

CrpoOy€eMo MPOCITiIKYBAaTH 3aJICKHICTh Y TAKMX BHUITAIKaX.

Ha npuknani 2 (puc. 2) h; = 3. [Ilpuznauutu tpu Bepmuau (2, 3, 4) Ha
JpyTre Miclie MOKHA TIIBKH SIKIIO Ha Meplle Miclle BCTAHOBUTH BEPIIUHY TTiJT
HOMepoM 1, anme y rpadi Oe3 TpaH3UTHBHUX YT Ha I[€ MICIC CTHOBHUTHCS
BepIIMHA 2, OCKUIBKY Ma€ OiJIbly MoMiTKy. Taka cUTyallisi BAHUKA€E 4epes Te,
1m0 BepuidHu 4 Ta 5 MarOTh OJHAKOBI JICKCHKOrpag)idHi MOCIIiJOBHOCTI.
JlonaBaHHs OJHI€T TPAH3UTHBHOI IyTW 3 BEPIINHU 4 J10 BEPUINHU 7 TO3BOJISE
YHHUKHYTH HEOJTHO3HAYHICTI BHOOPY OMITOK.

Y

3
10

Puc. 3 - Ilpuxnao 3. /looasanuss 060X mpaH3umusHux 0ye npusooums 00
ONMUMATLHO20 YNOPAOKYBAHHSL
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Po3risiHeMo 1ie OMH MPUKIIAJ TaKOro BIUIMBY TPaH3UTHBHUX Ayr. Ha
puc. 3 MoxHa mo0GauuTH, IO J0JaBaHHS OJHIET TpaH3UTUBHOI Iyru Oyino O
HEJIOCTATHIM IS TOTO, 00 M030yTHCS HeoMHO3HAYHOCTI. TyT h; = 2 i, 100
oOyAyBaTH ONTUMAJIbHE YHOPSAKYBaHHS, HEOOX1THO MOCTABUTH BEPLIMHY 2
i 3 Ha mepie micue, TOMy HEOOXiJHO NOJAaTH JIBI TPaH3UTHBHI JYTH, IO
BHUXOZSTH 3 BEpUINH 6 1 9.

Temnep, BUXOISUM 3 IUX MPUKIAIIB, HABEIEMO ACSAKI CIIOCTEPEKECHHS Ta
y3araJbHEMO iX y BUIIIAZI paBuUiIa.

Ilig piBHEeM OyaemMo BBa)kKaTH YMOBHY JIiHIIO, III0 BU3HAYAE ITTOJIOKEHHS
MHOXHHH BEpIINH, Ha Hi PO3TAIIOBaHWX, BiJHOCHO KPUTHYHHUX IUIIXiB
rpady.

VY rpadi noBuHHO OyTn He MeHuie 4 piBHiB. [lepmmit 3 HUX Oynemo
Mo3HavaTH Jitepoo A, a V; — MHOXMHa BeplIMH Ha HboMy. Ha HbOMY
po3TaloBaHi BepIIMHM, HOPSJOK MPU3HAUEHHS Ha MicUs SIKHX Oyle CYyTTEBO
BIUIMBATH HA ONTHUMABHICTh YIOPSAKyBaHHs. [Ipyruii piBeHs B ife oapasy 3a
nepium, V> — MHO>KMHA BepIIHH piBHs. Ha piBHI B OKpiM BEpIIHH, 110 JIeKaTh
Ha KPUTHYHHUX LUBIXax, HOBUHHO Oytu |V;| - |V)| BepumH, siki He MarOTh
BHXIITHUX OYT i B AKi BXOJATH AyTH 3 BepmuH piBHA 4. Tperiii — C, ue piBeHb
Ha SIKOMY PO3TAaIIOBYIOTHCS BEPIIMHM, IS AKHX BUHHKAE HEOJHO3HAYHICTH
BHOOpPY TOMITOK. 3ayBakuMmo, mo piBHI B 1 C MOXyTh cmiBmagatid. Ha
YeTBepTOMY DiBHI D MOBHHHA OyTH BEPIIUHA, Y SKY BXOISTH IyTH 3 BEPIINH
piBas C, ans AKUX iCHye HEOJHO3HAYHICTH BUOOpy. Ha ocraHHROMY piBHI E
CTOSITh BEPIIMHH, Y SIKI BXOJSTh TPAaH3UTHBHI Jyru. Takox 3ayBaxumo, 110
Mk B i C ta D1 E MOXYTh CTOATH Ille JEKiJibKa IHIIMX PiBHIB. I3 1bOrO
BUIUTUBAE HACTYITHE MTPABHUIIO.

IIpaeuJo 1.

Hexaii B ynopsiikyBaHHI Ha Miclie | NOTPIOHO MOCTaBUTH f; BEpIINH 3
piBast A (hi < |Vi|, hi < his1), a Ha i+1 micue |V| - h; Bepuus piBHst A4, |V3| - |V
BEpUIMH PiBHA B, 0 HE MAalOTh BUXIAHUX IyT, Ta h; BepmMH piBHA B, mo
CTOSITh Ha KPUTHYHUX nUIsiXax, (hiv; = |Vi| - hi+ |V2| - |Vi| + hi =|V2]). 3a Takux
YMOB, MOK€ BUHUKHYTH CHUTYyallis, KOJX h; BEPIINH PiBHA A MOBHHHI MaTH
MIPIOPUTETHICT HAJ| IHIMIMH BEPIIMHAMU IIHOTO PiBHS, 100 BIIKPUTH MIISXU
st |Va| - |Vi| + hi Bepums piBast B. Lo mpiopurerHicts iM 3abecrednts
J0JIaBaHHs /; TPAH3UTUBHUX AYT 3 BepmuH piBHsA C 10 BeplIuH piBHA E, 1110
CTOSITh HA THX CAMUX HIJISIXaX, 10 1 BEPIIMHH, TOPSIOK PU3HAYECHHS Ha MiCLIs
SIKUX OyJle CyTTEBO BIUIMBATH Ha ONTUMAJIbHICTD YIOPSIIKYBaHHS.

IToBepuemocs o npukiany 2. Ha piBHi 4 ctosits Bepuman 112,i=1, A;
=1, |Vi| = 2, |V2| = 3, hix;= 3. PiBui B ta C cniBnagarors. s Toro, mo6
BIIKpUTH IIUISIX IO BEPIIMHM 3, III0 HE MA€ BUXIJHUX JIyT, Ta BEPIINHU 4 PiBHA
B, 1m0 nexuTh Ha KPUTHYHOMY LULIXY, Tpeba 3a0e3neunTn NpiOpUTETHICTH
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BepMHM 1, 3abecneunBmn i nepie micue. Lle MoxkHa 3poOUTH 101aBIIHN
TPaH3UTUBHY Iyry 3 BepIIMHU piBHA C, IO CTOiTh HAa OAHOMY LUIIXY 3
BepIIMHOIO 1, 110 piBHs E. Takoro BepMHOIO € BepiinHa 4.

VY npuknazi 3 aHaJOTIYHO NPIOPUTETHICTH BepIIKH | 14 BCTaHOBIIOETHCS
JIOZIaBAaHHSIM JIYT 3 BEpIIMH 6 1 9, 1110 CTOSITh HA TUX CAMUX LUIAXaX.

B HacTynmHOMY NMpHKIIaai CUTYyallisl € MEHII IPO30POIO.

Ha mpuxumagi 4 (puc. 4) MOXXHa CIIOCTEpiraT, SK Ui BCTaHOBIICHHS
NPIOPUTETHOCTI BEPIIHH J0BEIOCS 3aCTOCYBAaTH IpaBwmiIo 1 1Ba pa3u. Maemo
HacTymHHH Bektop h = (2, 5, 1,4, 1, 1, 1, 1). Tak mpu i = 1, h; = 2,
BCTAHOBIIIOETHCS MIPIOPUTETHICTH TBOX BEPIIHMH IBOTO PIBHS, OJHIEIO 3 SIKHX
000B’s13K0B0 € BepmmHa 3. J{i1st { = 3, h3 = 1, BCTAHOBIIIOETHCS IPIOPUTETHICTH
BEPILKHU 5.

3ayBa)KMMO, WO JUIA KOXHOI TPAaH3UTUBHOI YW PiBHI BU3HAYAIOTHCS
okpemo. ['osioBHe, Ha 110 Tpeba 3BEpHYTH yBary, € Te, 10 KiIbKICTh JOJaHUX
TPaH3UTUBHHUX Iyr y rpadi Oyne piBHOIO cyMi A, sKi OOMparOThCS IpH
KO’KHOMY 3acTocyBaHHi npasuia 1 (h; + hs = 3).

TakuMm YUHOM, CIIpaBeAIMBE HACTYITHE TBEPPKCHHSI:

SKmo B yrmopsaKyBaHHI Ha Miclie { IOBIHHHO CTaTH /i; BEPIIUH 3 PiBHA A
(hi < |Vi|, hi < his1), a Ha i+ 1 micue |V;| - h; BepumH piBus A, V2| - |V;| Bepiuux
piBHA B, M0 HE MarOTh BUXITHUX AYT, Ta h; BEPIINH PiBHA B, MO CTOATH Ha
KPUTHYHHUX LUIAXaX, TO ICHy€ Take MONABaHHSA TPAH3UTHBHHX Oyr MK
BiJIIOBITHUMH PIiBHAMH, SIK€ BIUIMHE Ha TPIOPUTETHICTH BEPIINH MOMIEPEIHIX
PIBHIB Ta BiATIOBIAHO HA ONITHMAJBHICTh YIOPSAKYBAHHS.

A A 1 » 1 '
B.C B £ 6 # = 9
[ c B 1k 1t L A ,
! D .If i
1
i
L%
E 15

Puc. 4 - Ilpuxnao 4. 3acmocysanna npasuna 1 3abecneuye nob6yoogy
ONMUMATLHO20 YNOPAOKY8AHHSL
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VY nopanbeioMy norpedye TOCHiXICHHS! MUTAaHHS BIUIMBY BJIaCTHBOCTEH
00MeXKyI04ol TOCTIIOBHOCTI /i Ha KIJIBbKICTh TPAH3UTHBHUX AT, SKi
MIOKPALIYIOTh HAOJIMKEHI PO3B’SI3KH.
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Hayionanvnuii asiayitinuil ynigepcumem
ON THE CONNECTIVITY OF QUASI-RANDOM GRAPHS

Abstract. In this paper, we consider a new approach to estimating the
connectivity of quasi-random graphs based on the concept of a multispanner
and of graph

KeasiBunaakosi rpagmu.
KgaziBunagkoBi rpadu € MOAEIIMHU IUCKPETHUX CHCTEM, CTPYKTypa
SAKAX MO’KE 3MIHIOBaTHCh BHACHIIOK BUIIAQJAKOBOTO PO3PUBY YaCTHHHU 3B SI3KiB

[1-2].
Osuauenns 1. Hexaii G =G, - 38’s3uuii rpad Ha n BeplMHaX 3

0 . I
muoxunoto sepuma G i muoxunowo pebep G, , |G°| =n , |G| =m,

KBa3iBUmagKoBuUM TpadoMm Ha ocHoBi rpada G Hasmpaetscs rpad G(p)3
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0 0 : 1
muoxubol G (p) =G BepumH i 3 Bunaakosoto Muoxkunow U = G (p)
pebep A7 AKOi BUKOHYIOTHCS YMOBH:

Prob(ueU) = p, akuouecG';
Prob(ueU)=0, axupou ¢ G'.

Bynemo posrnsgaté  3amady  OIHKH — WMOBIPHOCTI  3B’SI3HOCTI
kBasiBumagkosoro rpada G(p) mnobymoBaHOro Ha OCHOBI - 3-peGepHO

38’ si3Hmii rpada G .

MyasTukapkacu rpaga i C-nosxinomu.

Hexait G - 38’s3mmit rpad, U C G' - nesixa MHOKHMHA foro pebep,
uyepes G[U] 6ymemo nosnadaru winimaneeuit migrpad rpaga G 3
muosxunoro pedep (G[U])' =U .

Osnavennst 2. Mynbtukapkacom rpaga (G OymemMo HasuBaTH CiMENCTBO
muoxmH { E };

_1 » JIKC 3aJI0BOJIbHA€ HACTYITHUM YMOBaM:

WY E, =G

(2) Sxmo wmuoxuraW  peGep rpapa(G  3am0BONBHSE  yMOBi
ViWNE, # & , 1o rpad G[W ] Gyze 38’ s3mmm daxroprpadom rpada G

( 3B’s3HEM TiarpadoM, KU MiCTUTB yCi BEPIINHH JAHOTO Tpada).

Jlemal. Cimeiicteo muoxun M = {Ej }j.:] Oyne mynsTEKapkacom rpada G
Tomi i TiNBKM TOi, Ko Juist Oyab-skoro pebeproro pospiza U smaiimerses
take E, , mo Ej cU.

Osnauennst 3. Hexait M ={E, }j.:l - nesxuit Mynbrukapkac rpada G,
EM)=|EeM :|E|=k|.C-noninomom a6o 3B’s3HicTHUM TOTiHOMOM

MmyibTHKapkaca Tpadpa (G Ha3BEMO MOJIHOM, BM3HAYEHWN HACTYITHUM
YHUHOM:
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C(G,M,x)=) &x".

[puxnaan MyJIbTHKAPKaCiB.
Hexait G -3 a3uuii rpad, T - iforo ocToBHE aepeBo (Kapkac) 3 MHOKMHOIO

pebep T'={u )" (n5G°)). Toni OYEBUIHO, o
M ={E }"",E, ={u,}, e mynsruxapxacom rpada G .

Tummii npuknan mymstakapkaca. M ={U, }| , ne {U,}] mmoxuma ycix
Horo OOHAIB (MIHIMUIIBHHX IO BKJIIOYEHHIO peOepHHX po3pi3iB) 3B’3HOTO
rpapa G .

Baxxmuicte C - MoNiHOMa BHIUTUBAE 3 HACTYITHOTO TBEPKCHHSL.

Teopema 1. SIxkimo G 38 s3umii rpad, M - nesxuii Horo MynbTHKapKac, TO
nns #imosiprocTi P 38’s3HocTi kBasiBumagkosoro rpada G(p) nHa ocHOBi

rpadpa G Mae Miclle HAaCTyTIHA OI[iHKa:
P>21-C(G,M,q) ,ne g=1-p.

Peryasipni BkJaaaeHns rpagis B 2-MHOTOBHAM.
Osuauenns 4. 2-xnitkose Bknanenus rpaga (G B 2-MHOTOBHJl HA3HBAETHLCS
PETYISIPHAM, SIKIIO 3aMHUKAaHHS KOXHOI 2-KIIITKH TOMEOMOP()HO 3aMKHEHOMY
JMCKY, @ 3aMUKaHHS JABOX PI3HMX KIJIITOK HE MOXYTb MaTH OUIbIIE OJHOTO
crineHOTO pedpa rpada. [3].

HeckiagHo 1OBECTH HACTYIIHI TBEPKEHHSI.
Jlema 2. 2-xiiTkoBe Bknanenns rpaga (G B 2-MHOTOBHI DETYJSPHE TOMI i

TIJTBKH TO, KOJIH AyalbHUH rpad G e mpoctuM rpadom (rpadom Oe3 merens
1 KpaTHUX pedep).
3ayBaxuMo, 1o U1 3pydHocTi Mu Baxaemo, wo (G ) =G'.
Jlema 3. Koxxnomy pe6epromy pospizy U perynspro Bknagenoro rpadpa G
BifIOBiae Habip {Zj }f NPOCTHX IMKIIB JyanbHOro rpada G , KU
k

1
3aJJ0BOJIBHSIE yMOBaM: UZ/. =U.
j=1
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Jlema 4. Hexaii rpadp G perynspHo BKiajeHuii B neskuii 2-muorosun,a G-

- #oro myambmmit rpad, { Z, }; ycix mpoctux wmkiis rpadaG . Toxi
I
muoxuna M ={Z,}] e mymsruxapkacom rpada G .

Jlema 5 [4]. SIxmo H - mpoctuii ( 6e3 nerens i kpaTHHX pebep) 3-3B°A3HMI

rpad, | H ! |=m, 1o wncna ¢, (H)  k-muxiie mae micue HacTymHa

1
isuicts: ¢, (H) <—(2m)*"*.
nepisnicts: ¢, (H) 2k( )

HacrtynHi TBepIKeHHS HO3BOJISIOTH OIIHIOBATH 3B’ SI3HICTH IIMPOKOTO KIIACY
KBa3iBHITAKOBUX rpadis, 30kpeMa 3-3B’A3HUX IUIaHAPHUX Trpadis.

Teopema 2. Slkmo 38 s3umii rpad (G nomyckae peryisipHe BKIQJEHHS B
JesIKUi 2-MHOTOBMJ , TO Ans HMoBipHOCTI P 3B’S3HOCTI KBa3iBUIIaAKOBOTO
rpadga G(p) na ocnosi rpaga G Mae Miclie HaCTyNHa OLIiHKA:

P> 1—2%(2171)“2(/‘ te g=1-p.

k=1

Hacuigok. Sxwmo 38’s3uuii rpadp G momyckae peryisipHe BKIAJCHHS B
nesxuii 2-muorosun , a G(p) keasiBumankosuit rpada Ha ocHoBi rpada G ,

p :1—a(m)/\/%, ne a(m)=o0(1), torpap G(p) Gyne 38’s13HUM 3

iimosipuictio 1—o0(1).
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MPAKTUYHI KEACH 3ACTOCYBAHHSA KJIACTEPHOI'O
AHAJII3Y
Inna IN'opsat, €sren Konapyk, Bnanucnas Hepona
Yorczopoocvruii nayionanvruii ynieepcumem

PRACTICAL CASES OF CLUSTER ANALYSIS

Abstract. The article discusses practical use cases of cluster analysis, which
is a powerful tool for identifying similar groups of objects within a dataset.
Cluster analysis is widely applied in various fields, including marketing,
medicine, social sciences, and information technology.

KitactepHuii aHani3 € NOTY>KHUM IHCTPYMEHTOM JJIs OpraHi3allii Ta aHaizy
JaHuX y Oarathox cepax AisbHOCTI. BiH 03BOJISsIE TPYIyBaTH CXOXKI 00'€KTH
pa3oM 1 BUALIATH BHYTPILIHI 3aKOHOMIPHOCTI Ta CTPYKTYpY JaHuX. [IpaktuuHe
3aCTOCYBaHHS KJIACTEPHOTO aHalidy OXOIUIOE MIMPOKHH CHEKTp cdep,
BKJIFOUAIOYH HayKy, Oi3HEC, MEJUIMHY Ta collialbHi Hayku. MeTor pobotu €
PO3MIITHYTH JEsIKI MPaKTHIHI KeWCH 3aCTOCYBaHHS KIACTEPHOTO aHAII3y 1 iX
BIUIMB HA BiJAIMOBIIHI TaIy3i.

OnHUM 3 MOMYJSIPHUX TIPHUKIIAAiB BUKOPUCTAHHSA KIACTEPHOTO aHAII3y €
CerMeHTallisl CIoXXnuBaviB y chepi MapketuHry. KomrmaHii BHKOPHCTOBYIOTH
KJIAaCTepHUH aHalli3 JUIg TPYMyBaHHS KII€HTIB Ha OCHOBI CHUTBHHX
XapaKTepUCTHK, TaKHX SK IMOBEAIHKA, iHTEpecH, JeMorpadiuni nani tomo. Lle
JI03BOJISIE KOMITIAHISIM CTBOPUTH Oinbll €()eKTHBHI MapKeTHHIOBI CTparerii,
HaJIAIITYBaTH creuu@iyHi NMPOHo3uIii AJsl KOXHOI T'pyNH CIIOXKHBaYiB Ta
MOJIMIINTH 3a/I0BOJICHHsT KIieHTiB. Y [1] mpoBeieHO aHami3 METOJUYHHX
MiXO/IB MO0 3aCTOCYBAaHHS METOJIB KJIACTEPHOIO aHAIi3y Ui BUKOHAHHS
KOHKPETHUX IPAKTUYHUX 3aBJIaHb, 10 MOBCAKACHHO CTOSTH T€pe]] OCHOBHUMHU
PUHKOBHUMH Cy0’ €KTaMH TOCIIOAAPIOBAHHS.

VY cdepi MeqWIMHU KIACTEPHUI aHaNi3 MOXKe OyTH 3aCTOCOBAaHHUM s
knacudikamii MamieHTiB HA OCHOBI MEIUYHUX JaHUX, TAKUX SK CHMIITOMH,
JmiKyBaHHA a00 reHerwuHa iH(popmaris. Lle momomarae mikapsM YTOYHHTH
JiarHO3W, PO3pOOUTH IHAWBIAYaTbHI MIAXOMU IO JIIKYBAaHHS Ta MPOTHO3YBATH
pusukH. Hampuxiiaz, 3acToCyBaHHS KJIaCTEPHOTO aHANi3y B OHKOJIOTII MOKe
JOTIOMOTTH BCTAHOBHTH WIATHOHM paKy, II0 Ja€ 3MOTY NPHU3HAYUTH OiNbII
e(eKTUBHE Ta MepCOHAI30BaHe JIKyBaHHsI AJIs1 KOXKHOTO narienTta. KmactepHuit
aHaji3 MoXe OyTH BHKOPHCTaHHH, TAaKOX, JUISI PO3POOKH CHCTEMH MiATPUMKH
MPUAHATTA pilleHb Jikaps aierosora. lnsxoM aHami3y AaHUX HPO HAII€HTIB,
TaKAX SK Xap4oBi 3BUYKH, CTaH 370pOB's, (Pi3MUHI XapaKTEpPUCTHKHU Ta I1HII
(akTopH, MOXHA BISIBUTH TPYNH IALIi€HTIB 31 CXOXHUMH HOTpedamMu Ta
pusukamu. B [2] BEKOpHCTaNM MigXiJ aBTOMAaTUYHOTO TPYIyBaHHS KpUTEPIiB
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(uineit) BBEJACHHSA MI€TH MAalli€EHTaM 13 TOJANBIIO  PEAYKIIEH
KPHUTEPIaIbHOTO NPOCTOPY 3a1adl NpUHHATTS pilieHb. JaHuid migxix OyB
BUKOPHUCTaHUH Ul peaitizamii CHCTEMU MiIATPUMKH NMPUHHATTS PilICHb
JiKapst Jierosora.

Knacrepuuii aHaii3 € BaXIMBHM I1HCTPYMEHTOM JUIA aHaJli3y
COLlAJIbHAX MEpeX Ta TMOBEAIHKM KOPUCTYBadiB B  [HTepHeTI.
BukopucroByroun neil MeToa, MOXKHa BHIUIMTH TPYNH KOPHCTYBadiB 3
MONIOHNMY iHTEepecaMH, TOBEAIHKOI0 Ta TyMKaMmu. Hampukman, y cTtarTi
[3] BukOpuCcTOBYBaBCS KIIACTCpHHUN aHAJi3 Ta aHANi3 0araTOBUMipHOTO
MacmTaOyBaHHSA IS JOCIHiIKEHHS OCHOBHHX acrmekTiB Facebook. Ile
JIO3BOJIMIIO TIPOAHANI3YBaTH MOBENIHKY KOPHUCTYBadiB, BIUIMB COLIATbHUX
MEpeX, a TaKoK HacHiKi LbOro BIUIMBY Ha IHAWBIAIB, TPYIH,
HIiANPUEMCTBA Ta CYCIIIJIBCTBO B LILJIOMY.

Kiactepuuit aHamiz TakoX Moxe OYTH BHUKOPUCTaHMH JUIsi
nepcoHami3zamii peKIaMHHUX TPOIMO3MINA, PEKOMEHIAIId Ta CTBOPEHHS
CHUIBHOT 13 CHUIbHMMH iHTepecamu. Hampukmazn, miatdopmu s
CTPIMIHT'Y MY3HKH Ta BiZIe0 BHKOPHCTOBYIOTh KJIACTEPHUH aHami3 Jyis
pexoMeHpaamiii My3ukum abo (QULIBMIB HAa OCHOBI CXOXHX CMakiB
KopucTyBadiB. KpiM Toro, KiacTepHui aHaii3 Moxe OyTH 3aCTOCOBaHUMN
JUIA aHaNi3y Pi3HUX ONMUTYBaHb 3 METOK BHIUICHHS TPYIl YYACHHKIB 3
MOTIOHUMH TyMKaMH Ta TOCBiOM. Y cTaTTi [4] OMMUCYEThCS NOCHTIKEHHS
onHi€T 3aradbHOOCBITHROI KoM y DirnsaHaii mix yac margemii COVID-
19. 3a mOMOMOTOI0 OMMCOBOI CTATUCTUKU Ta KJIACTEPHOTO aHaNi3y Oynn
NpoaHali30BaHi JaHi ONMMTYBaHb Y4YHIB 1 BuMTeNiB. Pe3ynpraTn cBim4aTh
Npo yCHillIHE BIPOBA/DKEHHS MCTAHIIMHOIO HABYaHHS, aje 3aBJAsSKd
BIZIKDUTUM KOMEHTApsIM Ta KJIACTEPHOMY aHaii3y OyJio BHSBIEHO Oararo
mpobieM.

KitactepHuii ananiz TakoX 3HAWIIOB CBOE 3acTOCyBaHHS y cdepi
reorpadiuHUX JOCHI/DKEHb Ta IUIAaHYBaHHS MiICBKOI'O pO3BHUTKY. BiH
JIO3BOJISIE TPYITyBaTh Teorpadidai 00'€KTH, Taki sK pailoHHM MicTa abo
TEepUTOpii, HA OCHOBI MOMIOHWX XapaKTEPUCTHK, TAKUX SK HACCICHHS,
iHQPACTPYKTYypa, COLIANEHO-CKOHOMIYHI TOKa3HWKH Ta iHme. Ile
JIOTTIOMAarae y po3yMiHHI PO3IONIUTY Ta XapaKTepPUCTHKAaM Pi3HUX PadOHIB,
po3po0Ili cTparerii po3BUTKY Ta IUIAaHYBaHHI MiICBKOTO CEPEIOBHIIIA.
Knacrepunii anamiz moke OyTH BHUKOPHUCTaHWH 1 [UI1 BHBYCHHA
IHTEHCHBHOCTI MIrpalifHOTO pyXy HAaceleHHsS B perioHax YKpaiHd,
JO3BOJISTIIOUM  iAeHTU(IKYBaTH  TPYNHM  PETiOHIB 31  CXOXHUMH
XapaKTepPUCTHKAMU MIrpamifHOro MOTOKY. 30Kpema, B [5] mpoBOAHTHECS
TrpymyBaHHS 00'ekTiB Ha 0a3i METOLy OJHOPIBHEBOi KiacTepm3amii Ta
JMOBXHHHOT ~ MipH  TOMIOHOCTI A0  JOCHIIKEHHS  1HTEHCHBHOCTI
MIrpaliifHoro pyxy HacejJeHHs B perioHax YkpaiHu. BuxopucroByroun
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OTpHMaHi pe3yJbTaTH, OyJI0 IHTEPIPETOBAHO CTaH MIrpallifHOrO PyXy y Pi3HHX
perionax YkpaiHu.

Barome 3HaueHHs Mae kimactepHMi aHami3 1 y reosorii. Ilig wac
T€OJIOTIYHOTO TMOMIYKY KOPHUCHHMX KOIAJIMH Ta BHAOOYBaHHS PYAHHUX Til
peryJsipHO 30MparoTh BeJMKI Habopu naHuX. L{i Habopu qaHuX 4acTo AOCATal0Th
BEJIMKOTO po3Mipy ab0 CKJIAQJHOCTI, Il YCKJIAIHIOE IX IHTepIpeTario.
3acTocyBaHHS KIACTEPHOTO aHAJI3Y Y Te0JIoTii po3riaHyTO y [6].

3aropu CTajgH TOIIHPEHOI0 MPOOIIEMOI0 Y MICTax IO BCHOMY CBITY
BHACNIJIOK IIPUCKOPEHOro mporecy ypOamizamii. Y [7] po3mmuproeTscs
KOHIICTIIIISl CHUTYAIlil 3aTOpiB, PO3TIIANAIOTECS [BI ACHEKTH: CTAaH i TCHICHIIIS.
[IponoHyeThCSI METO BU3HAUCHHS PiBHS CTaHy Ta TUITy TEHACHIIIi 3aTOpiB Ha
TOJIOBHUX JIOpOTax y MICTax 3 XOJOAHUM KJIIMAaTOM Ha OCHOBI KilacTepu3allii
LIJIBHOCTI, iepapXivHoOi KiacTepu3alii Ta HewiTkol Kiactepusauii K-cepenHix.

Meroau Kknactepusalii 3HaAHIUIM CBOE 3aCTOCYBaHHS 1 y KPHUMiHaJICTHIII.
Jnst 1omoMord MpaBOOXOPOHHHUM OpraHaM y PpO3KPHUTTI 3JI0OYHMHIB  OyIlo
pPO3pOOJICHO Kilbka CHUCTEM NPOQUIOBAHHS 3JOYHHINB, ajlie METOIH, SKi
BUKOPHCTOBYIOTBCSI B OUIBIIOCTI  CHCTEM, HE JalTh  MOMJIMBOCTI
KJIaCTepH3yBaTH 3JIOYHMHIIB HA OCHOBI IXHIX IMOBEIIHKOBUX XapaKTEPHUCTHK. Y
[8] posrmsmaroTees pi3HI METOMM KiacTepu3amii, MO0 BHKOPHCTOBYIOTHCS B
3MIOYMHHOMY TPO(]ITIOBaHHI, a MOTIM BHOUPAETHCS OAWH alTOPUTM HEUiTKOT
KJIacTepH3alii i Ba aITOPUTMH KOPCTKOI Kiactepm3amnii. OOpaHi alroputMu
Oymu po3poOieHi Ta TPOTECTOBAaHI Ha pealbHUX MAAHUX U1 CTBOPEHHS
"mpodiniB" 3MI0YNHHOI AISTIFHOCTI Ta MOBEAIHKA 3J0YHHIIIB.

BukopuctaHHs MeTOJiB KilacTepu3alii y OCTaHHI POKHM 3HAYHO
301bInMIIOCs. ['0JIOBHOIO METOIO JIOCHIAHUKIB OYyJI0 BUBYEHHS Ta ONTHUMI3allis
METO/IIB aHai3y, CIPSIMOBAHUX HA BHPIIICHHSI aCTPOHOMIYHHX mpodiieM. Y [9]
NPE3eHTY€EThCSl 3aCTOCYBAaHHS METOAY KiacTepu3alil J0 JBOX BHIAJKOBHX
JIOCITIIKeHb, OTPUMAaHHUX 3 Pajio- Ta TaMMa-acTPOHOMIi. Y HeplioMy BHUIIAIKY
Ha MeTi BUBYEHHS NMPUPOJIHHUX IPYIYBaHb, Y JPYrOMY BHIQJIKY - IOCIiJUTH
CTPYKTYPH MaJIOT0 MaciITaldy CBITIOBOI KPHUBOI 32 JOIIOMOT 010 (ha30BHX YHCEI.
VY 000x BUIaIKaX OCHOBOIO aHANI3Y € MO0YI0Ba MiHIMAIbHOTO TOKPHUBAIOUOTO
JiepeBa Ha OCHOBI €BKJIIIOBOI BiJICTaHi.

OmHUM i3 BHKJIFKIB, TOB'S3aHHX 3 KIACTEPHUM aHaNi30M, € BHOIp
BiJINIOBITHOTO aJTOPUTMY KJIacTeph3allil Ta HaJArOKCHHS mmapaMeTpiB. Pi3Hi
QITOPUTMH MAalOTh CBOI IepeBarm Ta OOMEXeHHS, 1 BHOIp MiAXOIAIIOTO
ITOPUTMY 3aJIeKUTh BiJl KOHKPETHOI 3a/1a4i Ta XapaKTePUCTUK JTAaHUX.

Kpim toro, mpu po6oTi 3 KIaCTEpHHM aHAJIi30M BaXKJIMBO BPAaXOBYBATH
SKICTh Ta JIOCTOBIPHICTh BXiTHUX JaHUX. HempaBwibHi a00 HETOYHI JaHi
MOXYTb MIPHU3BECTH 10 HEKOPEKTHHX PE3yNbTaTiB Kiactepusamii. Tomy mepen
3aCTOCYBAHHSM KIACTEPHOIO aHalli3y BaXJIMBO IIPOBECTH  IOTEPEIHIO
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HiATOTOBKY JaHUX, BKJIIOYAIOYM OOpPOOKY TMPOIYLIEHUX 3HAYEHb,
HOpMaJTi3aIlifo Ta BUAAJICHHS BUIAIKOBHX IIIyMiB.

V3araqpHIOIOYHM, NPAKTHYHI KEHCH 3aCTOCYBaHHS KJIACTEPHOTO
aHaJi3y OXOIUIIOIOTH OaraTo cdep MISIIBHOCTI 1 J03BOJSIOTH OTPUMATH
I[iHHI iHCAWTH 3 HAOOpiB JaHUX. BiH JomoMarae BHUSBISATH CXOXI TPYIH
00'eKTiB, PO3YMITH BHYTpILIHI 3aKOHOMIPHOCTI Ta 3aJeXHOCTi, pOOUTH
YCBiIOMIICH] pIICHHA Ta MOKPANIyBaTH PE3yJIbTaTH y PI3HHUX Taly3fx,
BKITIOYAIOYN MapKEeTHHT, MEIUIIHY, COLialbHI HAyKH Ta Oi3Hec.
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HEUYITKA ITOCTAHOBKA 3AJIAYI CETMEHTYBAHHSA PUHKY
IMPAIII
Jleonin 'ynsaunpkmii, [puHa Pscaa
Incmumym kibepnemuxu imeni B. M. I'nywuxosa HAH Yxpainu

FUZZY STATEMENT OF LABOR MARKET SEGMANTATION
PROBLEM

Abstract. The problem of segmentation of a set of objects under
quantitative and qualitative information is considered. Based on the theory of
fuzzy sets, the problem is analyzed and its fuzzy model is proposed. The formal
concepts of segment and segmentation of the first and second kind are
introduced. An approach to constructing a labor market segmentation model
based on the concepts of a fuzzy cluster and a fuzzy similarity relation,
determined using the linguistic correlation coefficient and fuzzy combinatorial
configurations, is proposed.

CerMeHTYBaHHS PUHKIB Tpalli B EKOHOMIUHIH cdepi — e mporec
pPO3OHMTTSI MHOXHHM CyO’€KTIB pPHHKIB Ha CKJIQJIOBI CETMEHTH, SKi
BU3HAYAIOTHCSI CTIMKMMH XapaKTepUCTHKaMHU. 3a HasBHOCTI BepOaJbHOTO
BU3HAYCHHS 3HAYCHB 3arajbHUX XapaKTEPUCTUK PI3HUX CETMEHTIB OTPUMAEMO
CUTYaIlif0, KOJIU CY0'€KTH PUHKIB MOXYTh OJHOYACHO HAJEXKATH KITBKOM
cerMeHTaM. [Ipu 1bOMY BHHHUKae 3ajadya pO30OUTTS 3aJaHOT MHOXHHH
Cy0’eKTIB Ha MIIMHOXHWHHM, IO HE IMEPETHHAIOTHCS. PO3pI3HSIOUYHCH MiX
co00f0, CETMEHTH pPHHKY IIpami MarTh 3araibHi pucw. llormuOneHHs
BiIMIHHOCTI B MeXaxX KOKHOTO CETMEHTY, IT0sIBa HOBUX SKICHUX 1 KUTBKICHUX
XapaKTEePUCTHK, CXOKi BUO3MIHM B PI3HUX CErMEHTaX HEMOXIIMBO MOSICHUTH
Ha TijAcTaBi il JWIIe OJHOTO YMHHMKA, SIKMH BU3HAYA€THCA, SIK IPaBHIIO,
BepOabHO 1 He Mae ymcensHoro BUMipy [1]. HeoOxinHo ypaxoByBaTH HU3KY
napametpiB. Crioci0 BKIIIOUEHHS TOCIYT 3 Ipami CyO0'eKTiB pHMHKY mpaii B
CYKyIHHIA TpoIec BUPOOHWYOI MisITHLHOCTI MOXE BHU3HAYATHCh y 0aratbox
anpTepHaTHBHUX (Qopmax. Hampuknan, y Bumisal HaiiMy Ha yMoBax
HEMOBHOTO POOOYOTro JHS, YACTKOBOI 3alHATOCTi, POOOTH 33 CyMiCHHUIITBOM,
THMYacoBux pobiT Tomo. Crnoci® koopawHamii Tpaii 3acHOBaHWMA Ha
Y3TO/KeHHI TPYMOBHX IIPOLECIB IHUIAXOM IXHBOTO MiATOPSAAKYBAaHHS
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noTpedam Kamitany i KiHIEBUM 3anuTaM crioxuBadiB. Croci® oLiHKM mpari
Mae O6arato (opM Ta BU3HAYAETHCS 3a PI3HUMH BHJaMU YTBOPEHHS TPYIOBUX
npuOyTkiB. KpiM TOro, He0OXiHO YypaxoBYBaTH HEMHHYYICTh Moaudikarii
CerMEHTYBaHb PUHKY Ipali y 3B’S3Ky 3 JUHaMIYHICTIO YMOB COLIaJIbHO-
€KOHOMIYHOT'O PO3BHUTKY JAepKaBH [2].
BinzHaunMo Taki 0COOIHMBOCTI 3a/1aui CETMEHTYBAHHS PUHKY TIPAIli:
— ME3K1 CETMEHTIB YiTKO HE BU3HAYEHI;
— iCHy€ B3a€MO3aJIeXKHICTh CETMEHTIB;
— HasBHICTh Yy CEIMEHTIB 3arajlbHUX 1 YHIKaJIbHUX
XapaKTepUCTHK;
— (OpMyBaHHS CEI'MEHTIB SIK BiJIHOCHO OKPEMHX CHUCTEM;
— KIUJIbKICHE 1 SIKICHE BHM3HAUCHHS XapaKTEPUCTUK CYO'€KTIiB
PHMHKY TIpari;
— BU3HAYCHHS XapaKTEePUCTHUK 32 PI3HUMHU IIKaIaMH;
— B32€MO3AJICKHICTh XapaKTEPUCTUK Cy0'€KTIB PUHKY TIpalli;
— HEOOXI/IHICTh ypaxyBaHHS KUIBKOX KPUTEPIIB CErMEHTYBaHHS;
— BEJIMKA PO3MIPHICTh MOYATKOBOI MHOKUHU JTAHKX;
— HasIBHICTH S1/Ipa y CETMEHTIB, sIKe 00YMOBITIOETHCS CTPATETIETO,
110 CIPSIMOBAaHA Ha 3aXUCT CBOTO CETMEHTY Ta PI3HUMH YMOBaMH JUIst
CTablIbHOT, rapaHTOBaHO! 3alHATOCTI W OIJIATH Tpali B Pi3HUX
CerMEHTax;
— HasBHICTb MepeMillleHb BCEPEMHI CETMEHTIB 1 M’k HUMHU.

Tomy, s Toro, 00 HE BTpadaTH BiAMIHHOCTI, SIKi BH3HAYAIOTE CYTHICTh
CEeTMEHTIB, HEOOXiTHO TpaIfoBaTH B  0araTOBUMIpHOMY TIPOCTOpi
XapaKTEepUCTHUK.

BusHauntn cerMeHT — 1€ 3HAYWTh 3aJaTH KUIBKICHI Ta sAKICHIL
XapaKTEePUCTHUKHU SIIpa LbOTO CETMEHTY. S1Ipo cerMeHTy — [e Ta 4YacTHHA
CETMEHTY, €JIEMEHTH SIKO{ XapaKTepPHU3yIOThCS CTINKUMH iICTOTHUMH O3HaKaMu.
Hecriiike nonoxeHHs cy0’€KTIB Ha PUHKY Mpalli BU3HAYAIOTh MEX1 CETMEHTY.
[ToHATTS MeX CerMeHTy 3a 3MICTOM CIHIBIAJA€ 3 MOHATTSIM IepudepiiiHoro
KIiJIBLISI, BITOMOTO 3 €KOHOMIYHOT Teopii. 3aady CerMeHTyBaHHS PUHKY Ipall
(hopMyIIOEMO SIK 3a7a4y BHU3HAUCHHS sAep 1 MEX CErMCHTIB Ha 3ajaHiil
MHOYHHI 00’ €KTIB TIPH 3a1aHiil HeOOXIiqHIH MiHIMaIbHIN KiJTBKOCTI CETMEHTIB
Ta 33/1aHiil MHOXMHI 3HAYYIINX XapaKTEPUCTUK CyO €KTIB pUHKY.

IMogamo 3amady cerMeHTYBaHHS SIK 3aJady HEWITKOI KiacTepu3alii,
crierudika SKoi B MOJIArae y Takomy:

XapaKTEepPUCTUKU CyO’€KTiB PHHKIB BH3HAYAIOTHCS 3a SKICHUMH Ta
KIJTbKICHUMH InKanamu 3a kiacudikaniero C. CriBeHca (mIKajiax IMOPSIKY,
IHTEpBaJiB, BiIHOIIEHb Ta A0COJIOTHHX IIKaJax);

UL KJlacTepu3amii  BHUKOPHCTOBYETBCS — 3aJaHa  CYKYIHICTb
XapaKTEePUCTHUK;
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y 3aj1a4i NMPUCYTHS amnpiopHa iHpopMalis, a came, BiloMa MiHIMalbHa
KIJIBKICTh CETMEHTIB;

OIMCAHO ICTOTHI XapaKTEPUCTUKHU THIIOBUX IPEJCTABHUKIB, SIKUX MOXE
OyTH KUJIbKa y KO)KHOMY CETMEHTI.

CerMeHTaMH Ha3WBAa€EMO HEYITKI MJAMHOXKHMHH, $KI MalOTh IEBHI
cneuiaynbHi BnacTuBocTi. Lli cermeHTH, SIK MMpaBWIIO, NMEPETHHAIOTHCS 4Yepe3
HEJITKICTh XapaKTepUCTHK eJIeMeHTIB (Cy0’€KTiB PHHKIB) 1 Ha3MBAIOTHCS
HIDKYE CerMeHTaMH nepmoro poxy. CerMeHTH Mepiioro  poxy
BHKOPHUCTOBYEMO B TMPOIEAypi pO3OMTTA 3alaHOi MHOXHHH Ha HEUITKI
MIIMHOXHWHH, IO HE IEPETHHAIOTHCS, SKi Ha3MBAEMO CErMEHTaMH JAPYroro
poxy. HaBenemo dopmarnbHi 03HAUSHHS [TUX ITiAMHOKHUH.

Hexait X — ckinueHHa MHOXHHa N eneMeHrtiB. Ha mHOXuHI X 3
BUKOPHCTaHHAM KOe(]IiLi€HTy JIHIBICTUYHOI Kopeusuii [3] 3a1aeMo HewiTke

BiJHOLICHHS CXOXKOCTI R 3 QYHKUI€0 HATEKHOCTI fj (x, y). Tax BU3HauCHE

BITHOIIICHHS € IHBapiaHTHUM JO IOMYyCTUMHX IEPETBOPCHb y IIKajlaxX 3a
knacudikamiero C. CtiBeHca.

Hexai  L,— mHeuwitkuii knactep 3  QYHKUi€H0 — HaJEKHOCTI
mz, (¥)=fr(x).
Iloznaunmo
N sk L L
Cy = {C1 b Gy } — MHOXXUHY CEIMEHTIB, MiHIMalIbHa KIJIBKICTb 71,
min

SIKUX 3aJlaHa eKCIepToM, 1 .. > 2;

‘min =

~ i ~ ok .
KerC; =1z; | — enemeHtn siipa cermenta C; (THIOBI MPEJCTaBHUKH,

sazani ekcieprom), 25 € X, ji e{l,...k;

}, k=1, ie {1,...,nmin}.
Osnavenns 1. CermentyBaHHsM mnepmoro poay C, = {6’1,...,C‘n}

MHOXXUHHM X Ha3BEeMO CYKYIHICTb 7 n<N HeYITKUX MigMHOXMH C;,

i <
min

ie {1,...,n}, MHOXXHHU X, TaKuX, IO:

6= L.

yel(eré,»
e (x)= megc{ui. (x)| yeKerC,, (x,y)eX xX};
2. VxeX EIC~',. € Cy Taka, mo Mg (x) >0,

VC, eC, 3xe X rakuii, mo He (x)>0;
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joud Sk
3. CyCy;
ne We (x) — (yHKuig HanexkHOCTI Knactepa C;, a TAKOK,
i
~ . ~
4. axkmo C,¢Cy, T0O Vx,yeKerC, BHKOHYETbCA YyMOBa
fR (x, y) 2o, 0,5<a;<1.
~ y .
3navenns o, i cermenta C; € Cy BM3HAYa€ThCs CKIAI0M Horo sapa.

. ~ ® .
I[JBI CEIMCHT1B q §ECX 3HAQ4YCHHSA O; BHU3HAYA€TBCS CKCICPTOM 1 MOXKC

3MIHIOBATHUCS Y TIPOLIECi CETMEHTYBaHHSI, AKIII0 yMOBA 2 HE BUKOHYETHCS.

n
BoueBuap, 1o USupp C~'[ =X.
i=1

Enementn C;, i=1,..,n, cykymHocTi Hewitkux migMHoxuH Cy

Ha3BEMO CETMEHTAMH IIEPLIOTO POAY.
OsnauennHss 2. CerMmeHTyBaHHSAM  JApyroro pony  Segm X,

Segm X :{Sl,...,Sn}, MHOXHHM X Ha3BEeMO CYKYIHICTh 7 HEYITKHX

HiZ[MHO)KI/IH Si , TAKUX, IO 3aJ0BOJIbHAIOTh TAKUM YMOBaM:

Ker 5,- = Ker CN’i, ie {1,...,n},

LnJSupp Si = USupp G
in1 in1

Supp S; N Supp §j =@, i#j, i,je{l,...n}.
Enementn 5'1-, i=1,..,n, MHOXUHN SegmX Ha3BeMO CETMEHTaMH

JIPyTOTO pOy.
CerMeHTH JpYyToro poay € HEWiTKUMHM HiIMHOKUHAMH, BU3SHAYCHUMH Ha

MHOXWHI X, (YHKIii HaJeKHOCTI SKAX BHU3HAYAIOTh CTYIIHb CXOXOCTI
€JIEMEHTIB CErMEHTa MEBHOMY EIIEMEHTY s/Ipa CErMEHTa, a HEeJiTKi sjpa Ta
MEKi CerMEHTIB JIpyTroro pojy He IepeTHHAIOTHCS.

Hexait Cjy ={C1 ,...,Cn}— JIesIKe€ CErMEHTYBaHHsS IIEpIIOrO pOoAy.

Busnaunmo Vi e {1,...,n} GyHKLII0 HalexHOCTI cermenta S; Tak: Vxe X

mg (%) =g () = ng (x)>u@i (x), je{l..n},i=j

n n
BoueBup, USupp 5,» =X, oanak US: cX.
i=1 i=l
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Po36urta Segm X BH3HaYaeMO Ha OCHOBI HEYITKMX KOMOIHATOpHMX
KoH(irypariii (00’ekTiB) Apyroro nopsaxky nepioro tuny [4], [5].
KombinaTopHy 3amady mpo pO3OUTTS Ha CErMEHTH MHOXHHHA X
dopmymoemo Tak: it 3amaHoro o, 0,5<a<l1, Ta n, =2 3HAHTH
» -
posburrs SegmX €D c M Take, 1m0

F(Seng *) = Segmf()ng/\;[ F(Seng),

ne SegmX ={§1,...,5‘n}, D — nomyctuma o007acTh, MO0 BU3HAYAETHCS

oOMexeHHSAMH 3amadi, M — MHOXHMHAa BCiX MOXIMBHX CETMCHTYBAaHb
Segm X .

VY 3amexHOCTi Bij crierudiky MeBHOI 3aqadi KpUTEpii CerMEHTYBaHHS
n

o0upaemMo Tak: Fl(Seng):|SX|, ae Sy :USi , TOJl BHM3HAYaEMO
i=1

Sy = max _ ‘fx ‘ ;. F,(SegmX)=|SegmX|,  Tomi  3maxomumo
Segm X eDcM

Seng*z min ~|Seng|.
Segm XeDcM
BucHoBku. ChopMynpoBaHO 3amady CErMEHTYBaHHS PHHKIB Hpami sK
HEYiTKy 3aJady BH3HAYCHHS S/ep CEIMEHTIB Ta MEX CETMCHTIB Ha 3aJaHiil
MHOXWHI OO0’€KTIB TpH 3aJaHii MiHIMANbHIH KITPKOCTI CETMEHTIB Ta
BU3HAYCHIH MHOXXMHI 3HAYyIIUX XapaKTEPUCTUK CYyO €KTiB pHHKIB. Y
BUIIA/IKy, KOJIM BUKOPUCTaHO KpHUTepid F, po3B’sA30K 3amadi BiAmoBinae

MaKCHUMYMYy CyMH TIOTY>XHOCTEH eJIeMEHTIB PO30HUTTS (CErMeHTiB), TOOTO
KJIaciB €KBiBaJICHTHOCTI. 3MiCTOBHA IHTEpPIIPETAIlisi OTPUMAHOTO PO3B’S3KY
3aadi 3aJeKUTh B aHANi3y TaKuX IapaMeTpiB PO3B’S3KY SK KUIBKICTh
CETMEHTIB, iXHS MOTY)KHICTb, a TAKOXK HAasBHOCTI 3arajIbHUX XapaKTEPUCTUK
€JIEMEHTIB CErMEHTa, YacTHHAa SKHX MOXE pO3IIISIAaTHCS SK CYTTeEBi
XapaKTepUCTUKH IIE€BHOIO cerMeHTa. llpu BHKOpHCTaHHI Kpurepito F,

PO3B’SI30K  3ajaui BIANOBiZa€ MIHIMyMy KUIBKOCTI CErMEHTIB IOHAl
BI3HAYEHHUM aIpiopi eKCHepTaMu 3HAUCHHSA 7, . | B mepmoMy, i apyromy

BHIIA/IKAX CYTTEBI BIACTHBOCTI pO3OUTTS € TAKUMHU.

1. @yHKIiI HAJIEKHOCTI CEIrMEHTIB Ta MIPH CXOXKOCTI EMIIPHYHUX
eneMeHTiB (Cy0’eKTiB pWHKY) iHBapiaHTHI 3a HasBHOCTI 0OaraTOBHMIipHHX
AKICHUX Ta KUIBKICHUX XapaKTePHCTHUK EJIEMEHTIB, TaK SK iXHI 3HAYeHHS
OOYHUCITIOIOTECS 32 JIOMOMOTOI0 KoedillieHTa JTiHrBiCTHUHOT Kopersmii. Lle
JI03BOJISIE TTPOBOIUTH TOAAJBINUI aHAJi3 BIACTHBOCTEH OTPUMAHUX KIACIB,
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30KpeMa, BUSIBUTH CYTTEBI XapaKTEPUCTUKH 3 METOI0 PO3pOOKH 3aXO[iB,
CIPsIMOBAHUX Ha MOKpAIIEHHS MO3MLiH Cy0'€KTIB PUHKY B KO)KHOMY CETMEHTI.

2. OTpuMaHi  KJAaCH  C€KBIBaJCHTHOCTI  IOBHICTIO  BiJIOBIJAOTh
HepopManbHIH MOCTAHOBLI 3afadl HEYITKOTO KJIACTEPHOTrO aHali3y:
€JIEMEHTH, SIKi HaJeKaTh OJHOMY H TOMY K CErMEHTY OUIBII CXOXi, HIX
€JIEMEHTH 3 Pi3HUX CETMEHTIB.

Hns  aHamizy OCOONMBOCTEH pWHKY TIIpami Mae€ CeHC OJHOYAaCHO
BUKOPUCTOBYBAaTH OOWABAa KpUTEpii, M0 MOXXE CHPUATH OOTPYHTOBAHOMY
BU3HAYCHHIO CETMEHTOYTBOPIOIOUNX XapaKTEPHCTHK.
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PO HEOBXIJIHI TA JOCTATHI YMOBHU HASAABHOCTI
ABTOMOP®IZMY V¥ NTAPAJIEJBHO-ITOCJIJOBHUX T'PA®AX
KocrsaaTun Kapasaes, Banentuna Typuuna
Jninpoacoruil nayionanvnul ynieepcumem imeni Onecs I'onuapa

ON NECESSARY AND SUFFICIENT CONDITIONS FOR THE

EXISTENCE OF AUTOMORPHISM IN SERIES-PARALLEL
GRAPHS
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Abstract. The paper investigates the prospects of applying the algorithm
of non-isomorphic subgraph generation to series—parallel graphs in order to
reduce the enumeration in the branch and bound method for the optimal
sequencing problem. The necessary condition for the presence of
automorphism which is true in the general case is given. It is proved that for
this class of graphs, this condition is also sufficient.

OcoOnuBe Micle cepel MUCKPETHHX OINTHUMI3alliiHUX 3amad  Teopii
pO3KJIamiB 3aliMaloTh 3a7adi YIOPSIKYBaHHS BepmuH oprpadis. Bonwm
3HAWIIUTM CBOE TPAKTHUYHE 3aCTOCYBaHHS y 0araThox cdepax BUPOOHUIOT
TisSIBHOCTI, omTmMizallii oouncienp Ha EOM Ta iHmMUX Tanmys3sx, A¢ Ha
MOPSIIOK  BUKOHAaHHS 3aBJaHb HAKJIQJAIOTHCA JIEIKI  HECylepewsnBi
TEXHOJIOTIYHI 0OMekeHHs. P03B’s30K 3amad 3 IBOr0 KiIacy mnepeadavae
mo0OyIOBY TaKOT'0 PO3MOILTY 3aBaHb MiK BHKOHABISIMUA Y KOKHHI MOMEHT
4acy, sSIKMi He CyNepeuuTh 3a/laHUM TEXHOJIOTTYHUM OOMEXEHHSM Ta HaJae
eKCTpeMaJIbHE 3HAYCHHS IESIKOMY (DYHKIIIOHATY SIKOCTI.

JocnimkeHHs 3aa4i ToKa3aiy, 10 Y 3arajJbHOMY BUINAAKY BoHa € NP-
ckiaaHoto. [TomiHOMIaIbHI alropuT™MH OyJIM OTPUMaHIi JIUIIE IS JSKITbKOX
crieriabHUX KiaciB rpadis, MO 3a4af0Th TEXHOJOTIYHI OOMEXEHHS, Ta IS
3a7a4 3 IBOMa BUKOHABIIMU. ToMy 0coOnmBY yBary HayKOBII HPHIUIAIOTH,
SK TIONIYKY HOBHUX TOYHUX IIOJIHOMIQIbHHX  aJTOPUTMIB, Tak 1
NIPUIIBUANICHHIO TOYHHX METOMIB EKCHOHCHIIMHOI CKIIaJHOCTI, N0 SIKHX
HaJIe)KUTh METO/] T'1JIOK Ta MEX.

Cepen miX0IiB 10 CKOPOUYCHHS IEpeOOPY METOIOM TiIOK Ta MEX MOXKHA
BUJIJIUTH [J[BA OCHOBHHX: CKODOYEHHS 32 PaXyHOK YTOUHEHHS OI[IHOK
(byHKIIOHAJTY Ta 32 paXyHOK BiJICIKaHHS T'JIOK, 1110 BiIIOBIAAI0TH 130MOPHHUM
niarpadam.

OcranHii miAXix Jgochimkyerbess y pobori [1]. Y Hiit Oyno
3alpONOHOBAHO MOXKJIMBUI aJropuTM reHepaiii HeizomMopdHux miarpadis.
JocmimkeHHs. HOTO ANTOPUTMY ITOKa3alld, [0 BiH He BTpadae HeizoMopdHi
miarpadu, MpoTe cepex pe3ymbTyoUnx TpadiB MOXYTh 3ycTpiTHCS U
izomopdui. Takoxk y poOOTi HaBeICHI TBEPIKCHHS, BUKOHAHHS SIKHX
JIO3BOJIHJIO O TMOBHICTIO BHKITIOYHUTH 130MOPQHI miarpadu, Ta moxazaHo, 1o y
3arajJbHOMY BUIAJKYy BOHH € XHOHUMH.

IMomanpme mociimKeHHS 3 Ii€l TeMu OyJi0 MPHUCBIYCHO TOMIYKY TaKHUX
KJIaciB rpadis, A1 SKUX BUKOHYBaIUCs O BUIIe3ragaHi TBeppkeHHsI. OaHuM
3 MIEPCIEKTUBHMX IiJKIAaCiB BUSBMIINCS MapajieIbHO-MIOCTiI0BHI rpadu [2].

Knac mapanenpHO-OCHiZOBHUX TpadiB BHU3HAYAETHCS PEKYPCHBHO
TaKUM YHHOM:

— Oprpad G = ({i}, D), axuit cKnagacTHCA 3 €IMHOI BEPIINHU,
HaJISKHUTh IIbOMY KJIacy.
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— SIkmio rpadpu G, = (V,,U;) 1a G, = (V,,U,), ne Vo NV, = @,

HaJIexaTb IIbOMY KJIacy , TOZi
G=G;SG, =WV, UV, U UU,UT; XS,),

ne T, — MHOXKHHA CTOKIB rpady G;, S, — MHOXHHA JKepen rpady G,
TaKoX Oy/ie HaJIe)KaTH TAHOMY Kiacy. B 1iboMy BUIIaJIKy KaXKyTb, IO
rpa¢ G € mocIiIoBHOIO KoMITo3HIi€eko Tpadis G Ta G,.

— Slkwo rpadu G; = (V,U) ta G, = (V,, Uy), me Vi NV, = @,
HaJIe)KaTh 1IbOMY KJ1acy, Toai rpad

G =G PG, =V, UV, U; UU,)

TakoX OyJe HaleXaTH MaHOMYy KiIacy 1 BIiH € TapalelbHOo
kommo3uuieto rpadis G 1a G,.

— Tinmpku Ti oprpadu, Mo MOXYTh OyTH OTpUMaHi NIIIXOM
CKiHYeHOI KUTBKOCTI 3aCTOCYBaHb TWOIEPEIHIX OBOX IOOYAOB,
HaJIeXkKaTh JI0 KJIacy NmapajeibHO-IOCHiTOBHUX rpadis.

I'padu mporo kiacy MOKHa HPHUPOAHMM YHHOM IOJATH Y BUIIIAAIL
OiHapHOTO JiepeBa, B IKOMY JIMCTH BiANOBIAAIOTh OKPEMHM BepLIHaM rpady,
a BHYTPIIIHI BY3/JM BU3HAYAIOTH TUI KOMIIO3HIIil, 110 OyjIa 3aCTOCOBaHA MpH
no0Oy1oBi 70 rpadis, sKi BiAMOBINAIOTH MiJepeBaM 3 KOPEHSAMH y IO4YipHIX
By3nax. Take GiHapHe JepeBO Ha3MBAIOTH OIHAPHHUM JIEPEBOM JCKOMITO3HIIII.
Skuo y OiHapHOMY JAepeBi IEKOMIIO3MLIT 3B’sI3aHi TPy OJAHAKOBUX THIIIB
KOMITO3UIIi1 CTUCHYTH B OJIHY BEPIIMHY 3 BiIITOBITHUM 00’ €THAHHAM TOYipHIX
BY3JIiB, TO OTPHMAaHE ACPEBO HAa3HBAIOTh KAHOHIYHUM JICPEBOM JICKOMITO3HUIII].

HaBenemo Tepminm, 0 CTOCYIOTHCS i30Mophizmy rpadis 3 [1].

JBa opienroBHi rpadu G ta H € i30MOp(HHUMH, SKIIO MK MHOKAHAMHU
X BEpIINH iCHY€ B3a€EMO OJHO3HAYHA BiIOBIIHICTE, IO 30epirae CyMiXKHICTh
BEPIIHH Ta opieHTamito AyT. [lo3HadaeTsest G = H abo G = H.

ABToMop(hizmMoM opieHTOBHOTO rpady G HazuBaeTbes i3oMopdism G Ha
cebe, abo aBTOMOpP(i3M € MiACTAHOBKOIO MHOKHHH BepiinH V/, mo 30epirae
CYMDKHICTB Ta opieHTarito ayr. J[Bi BepIHHH i Ta j, 0 MEpeXosITh O/iHA B
onHy mim miero aBromopdismy f:V -V (i €V,jeV, f(i) =j) 6ymemo
HA3UBATH B3a€MO3aMIHHHMH Ta MMO3HAYATH i ~ .

VY [1] 6ynm moBeaeHi HEOOXiAHI YMOBH B3a€MO3aMIHHOCTI BEPIIUH IS
JIOBLIBHOTO rpady.

Teopema 1. SIxmo y rpadi G BepmmHA i Ta j € B3a€MO3aMiHHUMH, TO
rpadu G, Ta G,, yTBOpEHi BUJAJICHHSIM BepLIMH I Ta j 3 G BiINOBIIHO, OyAyTh
i30MOphHUMHU.

Jis mapanenpHO-TIOCTHiZOBHUX TpadiB IIi YMOBH BHSBIJINCS TaKOX
JIOCTaTHIMHU, 110 JJOBOJHUTHCS y HACTYITHHUX JEMax Ta TeopeMi 2.

Jlema 1. I'padu G, Ta G, i3oMopdHi TOAI 1 TIBKH TOA1, Koau rpadu G SG
Ta G,SG € 130MOphHHUMMU.
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Hosenennsi. HeobOxinnicts. Hexait rpadu G, ta G, izomopdui, f —
BiANOBiTHUIA i30MOpDi3M, G — nesikuii rpad.

I[Mobynyemo nBi matpumi cymikHOCTI M; Ta M,: B mepmmii psagkd i
CTOBIII BiANOBiAalOTh BepmmHaMm rpady G, y nopsaky 1,2,..,n (n —
KiJIbKiCTh BepiiuH y rpadax G; ta G,), B apyrid — rpady G, y HOpSAKY
fQ),f(2), ..., f(n). 3a o3nayeHnsiM i3omMopdizmMy Ii MaTpuili 30irar0ThCs.
Hexait M — maTpurs cymi>KHOCTI U1 rpady G.

My D,
0 M
), ne D, ta D, — maTpumi, B SKUX CTOATh OAMHUII HA TEPETHHI

PosrnstHemo Temep OnouHi  Matpumi M = ( ) Ta Mj; =
(Mz D,
0 M
psnkiB, mo y rpadax G; Ta G, BiANOBINAIOTH CTOKAaM, Ta CTOBILIB, IO y Tpadi
G BimmoBimaroTh pkepenam. Matpurni D; ta D, 30iraroTbcs, OCKIIBKH iX
3HAUEHHs BHM3HAYAETHCS JIMIIE HAa0OpaMH PSAKIB 1 CTOBIIIB, a CTOKH
i30MOp(]i3M IEPEeBOAUTH y CTOKH, 32 BIACTUBICTIO, 1 MaTpHIlL M € OTHAKOBOIO
y M; ta Mj, a oTke i cTOBII-IKepena rpady G. 3 mbOro BHILIMBAE, IO
MaTpHIll CIBIAJAOTh 3a TOOYIOBOIO, a 3 IHIIOTO OOKYy € MAaTPHISIMH
cymikHocTi rpadiB G1SG Ta G,SG BiANOBIIHO, TOMY BOHH € 130MOp(GHUMHU 32
O3HAYCHHSM.
HocrartHaicts. Hexait rpadu Gy, G, Ta G — geski rpadu, rpadu G;SG Ta
G,SG 13oMopdHi, f — BiOmMOBiAHAH 130MOp(Di3M.

[Tobyayemo matpuito cyMixHocTi rpady G1SG y dpopmi (1\31 l]\)/;), e

6ok M, BiamoBinae BepmmHam rpady G,, 6ok M — BepmmHam rpady G, D,
— MAaTpHIlI, B SKid CTOATH OJWHUIN HA TEPETHHI PSIKiB, mo y rpadi Gy
BIJINIOBIJAIOTh CTOKaM, Ta CTOBIIIIIB, 110 y Tpadi G BiAMOBIAAIOTH HKEpEIaM.
Lle 3M0xeMO0 3pOOHTH, OCKIIbKH MiXK BepIinHaMu rpadiB G; Ta G TyTH € Julie
MK BCiMa cTokamu G, Ta JpKepenamMud G 3a O3HAYCHHSM MOCIITOBHOT
komno3uitii. Toi, SKIo T00YAyEMO MAaTPHUIIO CYMKHOCTI ist rpady G,SG 3
psakamMu Ta ctoBmisMi y mopsaky f (1), f(2),...,f(m) (m — ximbkicTh
BepwuH y rpadi G,SG), BoHa Oyne 30iraTucs 3 MaTPUICK CYMDKHOCTI IJIst
rpady G,SG, 3a 0O3HAUCHHAM 130MOpQizMy.

Cepen Bepumun f (1), f(2), ..., f(n) (n — xinbkicTh BepimH y rpadi G;)
He Moxe Oytu BepiiuH Tpady G, OcKiibku i3oMopdism 30epirae Bci
BJIACTHBOCTI rpadiB Ta cyMa BifcTaHel Bix Oyab-saKoi Bepmuau rpady G 10
BCiX CTOKIB rpady G crporo Ourplna 3a aHAJOTIYHY CyMy ISl OyIb-sKOT
BepuHN Tpady G, 3a BIACTHBICTIO MOCHiOBHOT kommo3zumii. Illnsxom
BU/IQJICHHS 3 MaTPUIb CyMDKHOCTI PAJKIB i cTOBNUIB n + 1,n + 2, ..., m, mo
B 000X rpadax BiAMOBimaOTs BepmrHaM rpady G, oTpumaemMo MaTpuii M,
10 € MaTPUIIMHU CyMDKHOCTI rpadiB G, Ta G,, a OT)KEe BOHH € 130MOpHHUMHI
32 O3HAYCHHSM. W
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Hacainok 1. I'padu G, Ta G, i3oMopdHI TOAI 1 TUTEKH TOI, KOIH rpadu
GSG, ta GSG, € i30MOpHHUMU.

JloBeneHHsA. AHAIOTIYHO JOBEACHHIO JEMH 1. W

Jlema 2. I'pacu G, Ta G, i30MopdHi TOAI 1 TIABKK TOA1, Ko rpadu G; PG
Ta G, PG € i3o0MophHUMU.

Hosenennsi. HeoOxinuicte. Hexait rpadu G; ta G, izomopoHni, f —
BiAMOBiTHUH 130MOpdi3M, G — nesikuii rpad.

[MoOymyemo aBi MaTpumi cymiHOCTI M; Ta M,: B meprmi psakd i
CTOBIIIII BIAMOBINAIOTH BepmnHaM rpady G, y mopsaaky 1,2,..,n (n —
KUIBKICTh BepmuH y rpadax G, Ta G,), B Apyriii — rpady G, y mopsaaky
(), f@2),..., f(n). 3a o3naueHnsm izomopdismy 1i Marpuil 30iraroThCs.
Hexaii M — matpunst cyMmibkHOCTI 101 rpady G.

PosristHeMo Tenep OouHi Matpuri M; = (1%1 181) Ta Mj = (Agz 18[)

BoHu cniBnaiaoTs 3a 100y 108010, a 3 IHIIOTO OOKY € MaTPUISIMU CYMDKHOCTI
rpadiB G; PG Ta G, PG BiaNoBiHO, 3 YOr0 BUIUIMBAE, 1110 BOHH i30MOp(HI 3a
O3HAYCHHSM.

Hocratnicts. Hexaii rpadu G,, G, Ta G — nesiki rpadu, rpadu G, PG ta
G, PG i3oMopdHi, f — BiAMOBIAHUIH 130MOP(Di3M.

[Mobymyemo MaTpuilro cymikHocTi rpady G; PG y dopmi (Agl 181), e
6ok M; Bimnominae BepmuHam rpady G,, Onox M — BepmmHam rpady G.
3aBKaM 3MOXKEMO II¢ 3pOOUTH, OCKIIBKH MiX BepmiuHamu rpadis G; ta G
HeMae JyT 3a 03HaYeHHsM NapanesibHoi kommosuuii. Toxi, skio mooymxyemo
MAaTpPULIO CYMDKHOCTI 1uist rpady G, PG 3 psiaKaMu Ta CTOBHLSMH Y MOPSAKY
f(,f(2),..,f(m) (m — ximekicts BepummH y tpadi G,;PG), BoHa Oyne
30iratucst 3 MaTpHIelo CyMibKHOCTI st rpady G,PG, 3a O3HAYCHHSIM
i3oMopdi3my.

Skmio cepen Bepiuud f (1), f(2), ..., f(n) (n — kinbKicTs BepiuH y rpadi
G,) Hemae BepiuH rpady G, TOMI UUIIXOM BUIAJICHHS 3 MAaTPHUIIh CYMIXKHOCTI
THUX PsJIKIB 1 CTOBMIIB, 0 B 000X rpadax BiJmOBiIalOTh BepiiuHam G,
OTpUMAa€EMO MaTpuii M, sKi € MATPUIIMHU CyMiXKHOCTI rpadiB G, Ta G,, TOMY
BOHH € 130MOP(QHUMH 32 03HAYCHHSIM.

Sxmo cepen Bepumd f(1), f(2), ..., f(n) 3HaiayThcst BepuHu rpady
G, TOomi TEPEeCTaBMMO PSAAKH 1 CTOBIII, $Ki BiAMOBIIaIOTh BEpPIIMHAM
f(),f(2),..,f(n)al,2,..,n,y MaTPHIIX CYMIKHOCTI TaK, 11100 y MATPHII
cyMmikHOCTI as rpady G,PG crnodarky WIUTH BEPIIMHHM, IO BiJNOBiIAIOTH
rpady G,, a motiMm G. [To3HAYNMO HOBUII TOPSAAOK BEPIIHMH Y TEPIIii MaTPHIIL
U1, 89, ey bgs Ljgg1s woes in» A€ k — KiTbKicTh THX Bepmmd 3 (1), f(2), ..., f(n),
1o Hanexats rpady G,. I[loMiTUMO, 0 NPH LIEOMY 3MIHUTBCS JIUILE MATPHIL
M, ockinpKM cycinHi OJOKM HYJIBOBI, IO3HAYMMO 3MIHEHY Marpuiio M,.
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Bona Takox MaruMe OJOYHO-JIarOHAILHMM BUIJISA, OCKUIBKH —MiX
BepmuHaMu rpadiB G, Ta G Hemae Iyr 3a O3HAYCHHSIM MapajieibHOl
komnosumii. Tomi BepmwHU ipyq,..,i, y Tpapi G, Ta BepUIMHHU
f(igs1), -, f(in) y rpadi G marots qyru amiie Mixxk co6oro (BCi iHII 3HAYEHHS
Yy BIIMOBITHUX psIKaxX Ta CTOBMIX JOPIBHIOIOTH HYJIO), a BiAMOBIAHI
migrpagu € i3oMopHHUMH (MalOTh OJHAKOBI MaTpPHIll CYMDKHOCTI TiCIIA
BHJIQJICHHS PSAAKIB 1 CTOBIIIIB, IO BiIMOBIAAIOTh 1HITAM BEPITHHAM).
[obynyemo Binobpaxkennst g rpady G,PG Ha cebe, sike Al BEPIIMHU
lj41s o) I criBIAgaE 3 f, anst Bepuwd f (ig41), -, f (i) 3 f71, a au1s iHmmx
BepIIuH € TOTOHIM. Take BimoOpakeHHs Oyzae aBromopdizmom rpady G, PG,
II0 BHIUIMBAE 3 MOINIEPEIHBOT0 ab3amy. PosrisHeMo koMnosuuito f; = f o g:
BOHa € i30Mopdi3MOM (32 BIACTHBICTIO KOMIO3MLIi i30MopdizmMy Ta
aproMop¢izmy), samumae BepudHH [ (ix4q), ..., f (i,) Ha Micii, OCKiNBKH

f(F(FGD)) = f(i),1 =K+ Ln, vinoGpaac sepmmm iy, .., by y

sepunn f(f (igy1)), f(f Gixs))s o f(f (in)) Ta He 3miHIO€ BinoGpaskeHns
pEIITH BepIINH (30KpeMa iy, Iy, ..., i BIHOOPAXKAIOTHCS Y Ti K BEpIIUHU Ipady
G,).

Sxkmio tenep cepen f1(1), f1(2), ..., fi(n) Hemae Bepumu rpady G, TO
TBEP/UKCHHSI JOBEJCHO 3 TMOMEpPEeAHIX MIPKyBaHb, IHAKIIE 3MOXEMO
MTOBTOPUTH yCi HaBeJCHI MipKyBaHHS Ta MOOyIyBaTH HOBHH i30Mop(di3m.
Toni, ockiTbkH Tpad € CKIHYCHHUM Ta KOXXEH HACTYITHHUH 130MOpQi3M J01a€e
HOBI BEpIIUHH, SAKi BiH 3aJIMIIA€ HA MICI[i, Ta HE BIUIMBAE HA BiIOOPaKCHHS
BEpILHUH, SAKI 3aJMIIaId Ha MICI[ momepenHi i3omopdismu, 3a MOOYI0BOIO,
3peiToro Bei Bepuau G, OyayTh IPOEKTYBATUCS HA BEPIIMHU G,. W

Hacainok 2. I'padu G, Ta G, i30MopGHI TOAI 1 TIIBKU TOI, KOJH Tpadu,
YTBOPEHI JIESKOIO MOCTIIOBHICTIO MapalieIbHUX Ta MOCTiJOBHUX KOMOIHAIIIH
nux rpadis 3 BiAMOBITHUMHE TpadaMi, € i30MOPHHIMU.

JoBenenHs. BummBae 3 MOCHIZOBHOTO BHKOPHCTaHHS JieM 1, 2 Ta
HacIiaky 1. m

Hacuinok 3. /IBi BepuIrHU € B3a€MO3aMIHHUMH Y rpadi G Toai i TUIBKU
TOII, KOJM BOHM € B3AaEMO3aMIHHUMH Yy Tpadi, yTBOPEHOMY JIESKOIO
MOCTITOBHICTIO Mapajie/IbHUX Ta MOCIIA0OBHUX KOMOiHAIii 1poro rpady 3
JesKUME rpadamu.

JloBenenHs1. BurmBae 6e3mocepeiHpo 3 HACTIAKY 2. W

Teopema 2. SIKmio i ASSKUX BIIKPUTHX BEPUIMH [ Ta j mapajelbHO-
nocnizoBHOro rpady G, rpadu G\i ta G\j € i30MOPPHUMH, TO BEPILIHHH i Ta
J € B3aeMo3aMiHHUMU y Tpadi G.

JoBenenns. Hexait T — kaHOHIYHE AepeBO AeKoMmosuiii rpady G.
PosrissHemo nuisixu Big BepiunH i Ta j 10 kopens T. [lepiioro BepuinHoIO, 10
HaJIeKUTh O0OM IIMM HuIsIXaM Mae OyTH BepIiMHAa p, IIO BiANOBigae
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napajenbHii kommno3uiii. Crpaai, skmo O p BiAMOBiZanma MOCTiIOBHIH
KOMIIO3HIIil, TO 3 [FOTO BUILUIUBAIO O, 1[0 ICHY€ OPIEHTOBHHMA NUIIX abo 3
BEpIIMHY [ y BEepUIMHY j, a00 y 3BOPOTHOMY HANpPSMKY, 3a BIACTHUBICTIO
MOCJITOBHOT KOMIIO3HIII1, IO B CBOKO YEPTy CYIEPEUYUTh TOMY, IO OOMIBI ITi
BEPILHHH € BIAKPUTHMH Y G.

Posrnsiemo Temep rpad G', mio Bignosinae mignepeBy T 3 KopeHem p.
Ileti rpad € mapaneabHO-TIOCTIIOBHIAM, OCKUTBKH € TiArpadgoM mapaienbHo-
nociigoBHoro rpady G, Ta He € 3B’SI3HUM, OCKUIBKHM KOpiHb p HOro aepeBa
JIEKOMITO3MIIIi BiAMOBigae mMmapanenpHii Kommo3umii. Bepmmmm i Ta j
Hanexath rpady G’ 3a o6y n0Bor0. 3 HacuiaKy 2 Ta isomopHocTi rpadis G\i
1 G\j BumnuBae, mo rpadu G' \i Ta G' \j Takox € isoMmoppHUMH.

Hexait teriep Gi, G5, ..., Gj, - cucTeMa MaKCHMAaIbHHX (32 BKIFOYCHHSIM)
HEOPIEHTOBHO 3B’A3HKX miarpadis rpady G’ (Habip MOCIiOBHO-NAPAIEIbHUX
rpadis, 10 yTBOPIOKTH G' 3a JOIOMOIOK MapalelbHOI KOMIO3uLii). bes
BTpATH 3aTalbHOCTI MOKEMO BBaKaTH, 10 BepuinHa i € Gj, a BepiinHa j €
G5, iHak1ie p He OyJia O MepIIIOro 3arajibHOI0 BEPINUHOIO Ha IIISXAX 0 KOPEHS
T.

Posrsnemo tenep rpadu G'\i ta G'\j. I'padp G'\i yrBOpeHO 3
niarpadie Gi\i, G5, ..., G, a rpad G'\j — 3 miarpadis Gi,G5\j,...,G). 3
i3oMopdizMy [HX TrpadiB BUIUIMBAE, IO 3HAHACTHCS Take OIEKTUBHE
BinmoOpakenns f, sxe miarpady G’ \i craButh y Binnosiamicts miarpad G'\j,
isoMopduuit omy. Binsnaunmo, mo mimxrpadu Gi\i ta G; i G3\j Ta G} He
i30MOphHi, OCKiNBKM MICTATH pi3Hy KinbKicTh BepmmH, miarpadu Gg,q =
3, ..., k micTarecs B 000X rpadax.

IMokaxxeMo, 110 HA OCHOBI f MOXKHA MOOYIyBaTH BiZOOpaKeHHS, IO
npoekrye Gi\i Ha G5\j Ta G Ha G). Posrimstaemo f(G]) = Gy, Hexail x # 2
1a f(Gy) = Gy, TOi 3 TPAH3UTHBHOCTI BiIHOMIEHHS i30MOpP(i3My BUILIHBAE,
mo migrpadu Gy Ta Gy - i30MopdHi, a OTKE 3MOKEMO TOOyIyBaTH HOBE
BifoOpakenHs, mo npoektye Gy Ha Gy, a Gy Ha G} (3anMimae Ha MicIi).
[ToBTOpIOIOYM aHAJIOTIYHYy NOOYIOBY, MPHUHAAEMO 10 BiJIOOpaKeHHs, IO
npoektye G; Ha Gj, ockinmeku Gi 3aBkau Oyle TPOEKTYBATHCS Ha SKHICH
HOBHH miarpad (momependi OyayTh TpOeKTyBaTHCs cami Ha cebe) Ta Gy -
€MMHUN miarpad, sSIKUH MICTHUTHCS JHIIEe B OXHOMY 3 rpadi Tta Moxe OyTh
isomopdHuM 3 G1. AHAIOTIYHI MipKYBaHHS MOYXEMO 3aCTOCYBATH 110 M Arpady
G1\i, a 0TKe 1IyKaHe BiIOOpaKEHHS iCHYE.

Orxe, miarpadu G; Ta G5 i Gi\i ta G3\j € i3omopbuumu. Hexait g
isomopdism 3 Gy y G i g(i) = L. Toni, sikmo | crniBnagae 3 BEPIIHHOIO j,
BEPIIMHU { T4 j € B3aeMO3aMiHHUMK y G’ 3a 03HAYEHHSM (MOKHA YTBOPHUTU
HacTynHuii aBTomMop(izm: g nepeBomuth Gy y Gy Ta iy j, g~* — Gy y Gi,
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TOTOXKHE BiIOOpaXKeHHS — thz y G, q = 3, ..., k), a oTxKe, 3a HaciigKoM 3, i y
rpadi G 1 TBepIKCHHS TEOPEMH € JOBEACHUM.

Sxkmio x | # j, Toai MaeMo nociigoBHo-napanensHuii rpad Gj, B sKOMY
€ nBi BigkpuTi Bepuiuuu [ Ta j i rpadu G5 \j ta G5 \! € i30MOppHUMH, OCKITBKA
g() = l rarpadu G7\i ta G, \j € i3oMOphHUMH, a OTIKE OTPUMAIIH [IOYATKOBE
TBeppKeHHs 11 rpady MeHmol po3MipHocTi. Toxi MoxkeMo BCi MipKyBaHHS
JIOBEJICHHS 3aCTOCYBATH JI0 HHOTO 3HOBY. ['pad € CKiHueHHUM, TOMY BpEIITi-
PELIT 3aJMIIUTECS rpad 3 OJHIEI0 BEPIIMHOIO, @ OTXKE OYIyTh BUKOHaHI YMOBH
3 IIONepeIHBOTO ab3ally. m

JloBenena TeopeMa MIATBEPPKYE MEPCHEKTUBHICTH BUKOPHCTAHHS
AITOpUTMY TeHepanii  HeizoMophHHMX miarpadiB uis  MapajesbHoO-
nociigoBHUX rpadiB. Ilomampmioro mochmipkeHHS TOTpeOye TepeBipka
TBepUKeHHA 2 3 [1] Ta po3pobka MeTomy Ui BU3HAYCHHS B3a€MO3aMiHHHX
BIIKPHTHX BEPILHH Y NapajeilbHO-IOCTITOBHUX rpadax.
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KOMBIHOBAHA MO/JIEJIb 3AJIAYI IIJIOCKOT O
MNPSIMOKYTHOI'O PO3KPOIO 3 PI3BHUMU TUTTAMHU
3ATOTOBOK
Irop Kosin, Oner Capaak, 3apigooit Cadbipos
3anopizvruii HayionanbHull ynigepcumem Yxpaina
Ypeenucoxuil oepoicasnuii ynisepcumem, Yzoexucman

COMBINED MODEL OF THE PROBLEM OF FLAT
RECTANGULAR CUTTING WITH DIFFERENT TYPES OF
BLANKS

Abstract. PosrnsgaeThcs OOWH 13 BapiaHTIB  BiIOMOi  3amadi
IPSIMOKYTHOTO PO3KpOI0. 3ajavya MHoJArae y IOIIYKY KapT PO3KPOIO IS
MIEBHOT KUIBKOCTI MPSIMOKYTHHKIB Ha MPSIMOKYTHHX 3aroTOBKaX Pi3HHUX THUIIIB
1 i 9ac HA3KH YMOB.
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Binburicte BUAIB 3a/1ad IJIOCKOTO HPSIMOKYTHOTO po3kpoto [1] € NP-
BOXKUMH. JIJIsl TIOIIYKY ONTHMAJIBHHX PO3B’SI3KIB TAKMX 3ajad BHUIIPABIaHE
3aCTOCYBaHHSI METa€BPHCTHK.

Hexaii 3aganuii KiHIeBuil HaOip i3 7 HEBUPOPKEHUX MPSMOKYTHHKIB
pi3HHX pPO3MIpiB Ta HaOlp MNPSMOKYTHHX 3aroTOBOK PI3HUX TuHiB. Twumn
3aroTiBii BU3HA4YaeThes i posMipamu. [lepenbavaerbcsi, 1O KUIBKICTBH
3aroTOBOK OYIb-SKOTO THUILY HEOOMEXKCHA.

Kputepiem £KOCTI pO3KpOI0 € 3arajgbHa IUIOMA BUKOPHUCTAHUX
3arotoBok. Kpim Toro, B 3aiadi MOXYTh PO3TIISIOATHCS NOJATKOBI KpUTEpil
Taki SK MiHIMI3aIlisd CyMH HOBXHH KOH(Iirypamii po3kporo, KOMIAKTHICTh
PO3KpoIo i meski iHmri. 3agada Takoro Ty € NP-Baxkor. OIHAK OIHPOKHA
CIEKTp 3aCTOCYBaHb pPOOWUTH BHIIPABJAHUM IMOIIYKH EBPUCTHYHUX Ta
METaeBPUCTUUHMX METOMIB 3HAXO/KEHHS CyOONTHMAalbHUX pO3B’S3KIB
HOAIOHUX 3a1ad.

Jlis monryky HaOJNMKEHOro ONTHMANILHOTO PO3B'S3KYy 3ajadi IMPOBEICHO
JEKOMIIO3MIIIIO0 33124l Ha JIBl OCHOBHI YaCTHHU:

1. 3amaua IUIOCKOTO NPSIMOKYTHOTO PO3KPOI0 3 HEOOMEKEHHM O0e3liddro
3aroTOBOK Pi3HUX THIIIB,;

2. 3a/1a4a ONTUMI3aLii pO3KPOIO B CEPEANHI KOXKHOI 3aTOTOBKH.

BpaxoByroun BHCOKY OO4YMCIIIOBAJIbHY CKJIAIHICTh 3a/1adi PO3Kporo, Oyna
BUKOPUCTaHA TiOpHIHa irpoBa Ta EBONIOLIHHO-(parMeHTapHA MOJIENb
MOILIYKY ONTUMYMY [2].

[lepmmit rpaBens NPOMOHYE MOCIHIAOBHICTh THIIIB 3aroTOBOK, IO
OIMCYETHCA LIIMM  BEKTOPOM (X, X,,...., X ). Tyr K — MaKcHManbHO

IPpUITyCTUME YHUCJIO 3aroTOBOK, X; - HOMCP THUITY i-ro 3a NOPAAKOM 3aroTOBKH.

Jpyruii rpaBelb MPONOHYE NMEPECTaHOBKY MPSIMOKYTHHKIB, 10 YKIIAAIOTHCS
-(8,,8,,...,8,) . IIpIMOKYTHUKH MHOCIiZOBHO PO3MIIIYIOTbCS HAa 3aroTOBLI

mipHO Oe3 mepeTwHiB 3a mpaBwioM Top-Left (a6o Left-Top). 3aBmanHs
TpaBIiB - JOMOTTHCS MiHiIMi3alii OCHOBHOTO Ta JOJAaTKOBHX KPHUTEPIiiB B
nekcukorpadiugHoro nopsaky. KpiMm Toro, 3a Ko>keH NMPSMOKYTHHK, KA HE
BIAJOCS PO3MICTHTH HA 3aroTOBKax, HApaXOBYETHCS OIMHWUYHHUNA mITpad.
Kpwutepiit MiHiMi3aIIii 3aranbHOT CyMH MITpadiB Mae HAWBUIININ TIPIOPUTET.

[Momyk OnTHMAJIBHOTO PIlIEHHS Ul JIBOX T'PaBIB 3AIHCHIOETHCS 32
JIOTIOMOTOI0  €BOJIONiHHOT Moneni. [lpuuomy Iisl mepmoro rpaBms — I
eBOJIIOIiffHa MOJENh HAa MHOXKHHI IIIOYHCENFHUX BEKTOPiB y K-MipHOMY
[IJIOYUCETLHOMY TapalieNiemine/ii, a A APYyroro TpaBisl — €BOJIOIIHHO-
(bparmMeHTapHa MOJIENH HA MEPECTAHOBKAX 3 1 €JIEMEHTIB [2].
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PO POJIb TOMYJISIPU3ALIL HAYKH B CYYACHOMY
CYCHUIBCTBI
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«Ipsa scientia potestas est» (3nanus € cuna)
Dpencic bexon

Kpainu, axi xouyme mamu maniOymue, nogunHi
BKIAOAMU KOWMU Y NONYAAPUZAYIIO HAYKOBUX
docseHeHb ma iXHIX agmopie

Poamsx N'opman, maBpeat Hobeneroi mpemii (1981)

Abstract: We present here a short essay on the role of science popularization
in today society. The presentation emphasizes the triune essence of
popularization and the main ways of achieving its goal. As an illustration, the
paper contains some selected examples from the current Ukrainian reality.

Icropist po3Boto it noHeBipsiHb wi€l raubokoi aymku (Ppencica bekona
Ta iHIWMX ¢iToco(iB) HE € TeMa NOAAJbUIMX MIPKYBaHb, aje € IMOTYXHE
MATPYHTS ¥ MOBaKHA MOTHBAILLiSI TaKk OakaHHs 3/100yBaTH NPaBANBUX 3HAHB,
SIK 1 IParHeHb MOMIMPEHHS BXKe HAasBHOI'O HAYKOBOTO 3HAHHS B NMPHUCTYIHIN
U1 IMUPOKUX 3alliKaBICHUX KT ¢opmi, ceOTO € MmigBaJiiHA BEIbMHU
Ba)XJIMBOTO, IIPOTE YAacTO JIOBOJI CYMNEPEWIMBOTO TIPOIECY, 3BAHOTO
MOMYJIIPHU3aLlisl HAYKH.

IIpomiec Toi € moBom ckiamHuil i OaratorpanHuii. HaiiBakmusimri
YHHHUKHU TYT € OCBiTa, MPOCBITa i TPOMAaJCHKO-TIOIITHYHE BUXOBAHHS, IO €
HEBIAKJINYHI B3a€MOMOB'A3aHI CKIAJHUKA OCHOBHHX (DYHKIIHHUX 0OOB'S3KiB
CyCIUIBHHX 1 JepKaBHHUX IHCTUTYLiH. YacoMm moOImMynsipHu3amiio BBa)KalOTh
JuIIe 3aco00M IPOCBITHUIBKOT PyHKIIT Hayku. [IeBHa JoTiKa B LM €: SK BH,
HayKOBIIi, TaKi pO3yMHi, IO CKa3aJH OJUH OJHOMY «A», TO KaXiTh BXKE i
MIPUCTYIIHE OUIBIIOCTI MyOiKH, 110 3HAE YNTATH, Take «b», sike O BoHA 3/1aTHA

131


http://www.or.deis.unibo.it/kp/Chapter8.pdf
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/0471924202

Oysia O CIpUHHATH, 3pO3yMITH I MOTOANUTHCS 3 THM, LII0 HAYKOBLI HE JapMma
CIOXXMBAIOTh X710 3a Tpoi cycmijberBa. [IeBHO, momyssipusanito He Mae
miaMiHIOBaTH NpodaHais, o € OKpeMa JIoBoJIi Ooiroya TeMa.

Bepraroun 10 TpueanHoi Micii momysnsipu3aniii, HaroJI0ciMo, IO OCBiTa €
nepiuuii mabesnb 0 3aCBOEHHS OCHOB THX 3HaHb, LIO 3[aTHI 3alliKaBUTH
0COOHCTICTh MPEAMETOBO i 320€3MeUNTH rPaMOTHE 3aCTOCOBAHHS OTPUMAaHHUX
3HAaHb y JKHUTTEBIM NpPaKTHUIN, a IIe, MOXKE W MIAMTOBXHYTH IO aMOITHHX
IparHeHb CTaTH A0 JIaB TUX, IO 3700yBalOTh JUIA JIOACH HOBI 3HaHHA. TyT
y)Ke€ cTae Ha NepeiHill IJIaH NPOCBiTa, CHUIBHO TBOPEHA OCBITSHAMHU MU
HayKOBIIMH-TIOIYJIIPU3aTOPaMH, IO PO3KPHBAIOTH NEPEA OXOUMMHU 3HATH
MOJKJIMBOCTI PO3IIUPUTH CBOi ITi3HAHHS CBITY ¥ 3aHYPHTHCS Y 3aXOIUIMBUHN
CBIT HayKOBHUX IOUIYKIB i BIAKPUTTIB. A IO JiHii{HE 3pOCTaHHA KUIBKOCTH
3HAHOTO TPU3BOJAUTH 0 IOHAWMEHIIEe KBaJpPaTUYHOTO 3POCTAHHS HOBHX
npoOJieM 1 MEepCIeKTUB, TO MPOLEC TOH BXKE caM I0 co0i BUXOBYE BHCOKY
CYCIIUTbHY MOPAJIb 1 CBIIOMICTb.

[Momynsipu3atiist HAYKH € 0/1Ha 3 HAWCKIIaAHIIINX TPO0JIeM ISl HayKOBIIS,
00 XHuCTKa TpaHb MK IPOCTOTOIO 1 MpoQaHali€el0 € BeJIbMH TOHKA i
postumBuacta. [leperBoputy 1ikase I (axiBIst Ha [iKaBe I JIFOIUHH, IO
HE Ma€ B TiM HaJIGXHOT'O 3HAHHS , € BEJIbMH CKJIaJHa i TBOpUa mpobiema, 0o,
MaKCHMaJIbHO CIPOILIYIOYM BHKJIAJ OCHOBHHMX IIOHATH 1 SBHII HE MOXKHA
NPUITyCKAaTUCA TMIIMIHM TpaBAuBOI mHpupoxu mnpeamery. llomynspuzaris
HayKd $IK OpraHi3oBaHa CYCHIIbHO-BHXOBHA MISUIBHICTP MOXKE MaTH Tak
rio0anbHUI HaNpsM JoBeneHHs iH(opManii 1o yurTada, riasaada i ciryxada
B3araii, SIK 1 HalliJl HA OKPEeMi I'PYIH CIIOKMBaYiB 332 BIKOBOI 4M (HaXOBOIO
o3Hakor. CTUMYISILIs 3alliKaBICHOCTH 3700yTKaMU HAayKH CIIPHSE Tak
MITHECEHHIO 3arajbHOr0 KyJbTYPHOI'O PiBHS CYCHIIBCTBA, SIK 1 3a0€3Me4eHHs
PO3BOIO HayKH JOTUIMBOM MOJIOJIMX €HTY315CTiB. POJIb TanaHOBUTHX re/1aroris
1 HayKOBI[IB-NIOMYJIIPU3aTOPIB TYT HEOI[IHEHHA.

Ternep € n0BOJI NOMIMPEH] NOTJISAH, IO NOMYJISIpU3aLii B 3BUYaiHOMY
PO3YMIHHI MIIATAIOTH JIUIIE TUITHKA HAyKH, J¢ BXKE BCE yCTAICHO U no0pe
3po3ymino. [lizctaBu 10 TOTO €, micias 3HAMEHHTOT HAYKOBOI PEBOJIIOIIT KiHIIS
XIX —novarky XX CTONITTS, 31 3’ IBOO PEIATUBICTHKY i KBAHTOBOT MEXaHIKA
TIyMadeHHs 0araTbOX CIIOCTEPE)KYBAaHMX SIBHII BTPAaTHIM 3BHYHE
MEXaHICTHYHE TpPaKTyBaHHSA, IO NPU3BEIO JO JOBOJI OypXJMBUX 1
HEPUMHUPEHHAX JAHUCKYCi MK BEIbMH KBalli(iKOBAaHMMH ITPOBITHIMHU
BueHMMH. [IpoTe JUIs TATAHOBUTO! JIIOJIMHHM HEMAE HiuOro HEMOXKIMBOTO. M
moOyoBa MPUCTYNMHUX YSIBI HEMiATOTOBAHOTO CIOXHBa4Ya MPHUBAOIHBHX
o0pa3iB € BXe IEBHUM BHIPOOYBaHMM pELENTOM TIyMadyeHHS HOBHX
HayKoBUX 00’exTiB 1 sBuml. Ile 10BoJi yCIIIIHO MOKa3aHO Ha MPHUKIAIi
ySIBJIEHb NPO KBAPKOBY CTPYKTYpPY TaK 3BaHUX EJIEMEHTAPHHX YACTHUHOK 1
TXHIX KBAaHTOBHMX XapaKTEPHUCTHK THITYy KOJIbOPY, CMaKy, YapiBHOCTH i T. iH.
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OxpeMHM, 41 He HalHBaXIIMBIIIUM, 4aCTO HAWIIKaBIIIMM i MPAKTHYHO
Oe3nporpaliHiM HanpsIMOM  IiSJIBHOCTH HayKOBIB-TIOITYJISIPU3aTOPIB €
03HaHOMIICHHS 3eMJISIKIB 1 TPOMaJICBKOCTH 11032 MEXaMHU KpaiHU 3 KHUTTAM 1
JISUTGHICTIO BHU3HAYHHUX HAYKOBIIB CBOEI KpalHW, 3 TXHIMH JKUTTEBHMU
NIEPUINETISIMUA, HAYKOBHMH 3100yTKaMH i TpOMaAsSHCHKOIO MO3MLIEI0 —
HarojoIllyBaB BUJATHUI (i3WK, 3aCHOBHHUK (Di3MYHOI HIKONM 3 ONTHKU B
HepmanekoMy MuHynoMmy Ceprid Basmimo. Y TakiM pasi TpuenuHa (QYHKISA
MOy JIIpH3aii JicTae CBOro KOHIIEHTPOBAHOTO, OaraTOKPaTHO MMOMHOKEHOTO
1 pe3yJIbTATUBHOTO BHABY TAK Yy 3aralbHOOCBITHROMY ¥ IIPOCBITHUIIEKOMY, SIK
1y BuxoBHOMY BuMipi [1].

HamionanpHa akageMis HayK YKpaiHM B OCTaHHI POKH NPHUAUISAE il
JUISHIOI Haykd yBary 1 po3yMiHHsa. [lpumipom, ynepiie OprkomiTer
Mi>KHapOJHOTO KOHTpECy yKpaiHLiB, skui BinOyBcst 25—28 uepBHs 2018
poky B KueBi BKJIIOYHB [0 MPOrpaMd Ha IUICHApHE 3acilaHHs JOIMOBiIb
«YKpaiHCbKi BYeHI, siKi 3MiHWIM cBiT» (A. 3aropoauiii, B. Kosupcekuii, B.
[lleHnepoBChKHIA); aKTyaJIbHUM CTaJl0 BHCBITJIIOBATH POJb YKPATHCBKUX
BYCHUX-TIPUPOIO3HABLIB Y CTAHOBJICHHS CBITOBOI KOCMOHABTHKH, PO3BHUTOK
TEXHIKH, iHPOPMAmiHHUX TEXHOJOTIH Ta IHIMHUX HAMPIMKIB MPUPOTHUIOL
HayKH.

BaxnuBicTe TOHmIMpeHHS 3HaHb NP0 HamOaHHSA 1 HAYKOBI 3M00YTKH
MIPAIiBHUKIB c(epy HAyKH 1 KyJIbTypH, a TAaKOX IOBCPHEHHS HE3aCITy>KCHO
3aMOBYYBaHMX Ta CBiIOMO BWIYYEHUX 3 CHUIHUKJIONEANYHUX JDKEpEN iMeH
BUCHHX IITBEPIKY€E 3POCTaHHS aKTHBHOCTI KOMYHIKALifHOI AisITBHOCTI B
HAH VYxpainu. 3HauHO 30UIbIIMBCS 0OCST, 3pocia SIKICTb MpeACTaBICHHS
iHpopmaniiHuX noBiZoMIIeHp Ha o¢iniiHii cropinui HAH VYkpainwy,
JIOKJIaJIal0Th 3YCHJIb JJISl MAKCUMAJIbHO IHPOKOTO BUCBITIICHHS PE3yJIbTaTIB
HAYKOBOT AisJIBHOCTI 4epe3 pi3Hi 3acobu MacoBoi iHdopmauii. Ha nmouarky
2021 poky ctBopeHo Kowmicirto HAH VYkpainu 3 murtanb KOMyHIKaIliii i3
CYCIHIJIBCTBOM 1 MOMYJISIpU3aIlii HAYKOBOI MisTIbHOCTI. 3 METOK aKTHBi3arlil
3B’S3KIB M)XK HAYKOBOIO CITUTBHOTOIO 1 cycmimbcTBOM 26 cigHs 2022 poky
Mpesunis HAH VYkpainu npuitasia pimesHs npo 3acHyBanHs [Ipemii HAH
VYkpainu «3a MomyJsipu3amiio HayKn», Ky OyIyTh HPHCYIKYyBaTH MIOPOKY
3aco0am MacoBoi iH(popMarii Ta IXHIM OKpEeMHM TpeACTaBHUKAM, HAyKOBIISIM
i opraHizaTopaM CaMOCTIHHHX TIPO€KTIB 3a HalKpammid Marepial Tpo
3100yTKM BYCHHX, TiSNTbHICTh HayKoBHX ycTaHoB i HAH Ykpainu 3aramom, a
TaKOXX 3a CIIPUSHHS NOITyIpH3aLlii HAYKH 1 IMiTHECEHHS IPECTHKY HAyKOBIIS
B YKpaiHi (3ampoBapkeHo TpY HOMiHAIIT).

IIpuHarimno 3a3Haumo, IO BIepine BiAOyocs BpydeHHS TpeMii «3a
MOy JIAPHU3aLIiio HAyKM» (3a MiJcyMKaMH KOHKypcy 3a 2022 poKy) Ha 9eproBii
cecii 3arampaux 360piB HAH VYkpaiam 27 xBitHsa 2023 poky. Y HomiHamii
«Haiixpammii HayKOBO-ITPOCBITHULIBKUI IIPOEKT POKY NPHCYIDKEHO MPEMiro
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32 HAYKOBO-TIOMYJSIPHUH IIPOEKT Y COLIabHUX MeEpeXax IpOBITHOMY
HayKOBOMY CITiIBpPOOITHHKOBI BiATy TeopeTHyHol (izuku IHCTHTYTY (hiznku
HAH VYxpainu, noxropy ¢isnko-mMaTremMaTniHuX Hayk npodecopy Bacuiesi
llennepoBcbKOMY, KM MOHAA TPU JECATHPIUYS IUTHO MPAIIOE B TUISHII
icTopii HayKW, y cCHpaBi JOHECEHHS IO YKpaiHLiB 1 CBITOBOI CIHIIBHOTH
0araThOX yHIKQJIBHHX 1 MaJO3HaHUX (aKTiB 1 MOAiH 3 icTopii po3BOIO CBITOBOT
HayKd, 9YiTbHE Miclle B SKIiH MOCIHAarOTh YKpaiHIi I 3aKOpIOHHI BUYEHi
YKpaiHCBKOTO IMOoX0KeHHs. [lepeoriHnTy 3araJbHOHANIOHATIFHY BaXkIHBICTh
i€l MOTyXHOI HIIAXETHOI IPOCBITHUIBKOI i BHXOBHOI mpari mpodecopa
HEMOXKJIHBO [2].

Crhix takoxx HaromocutH, mo Hampukiami 2022 poxky MOH ctBopus
wiatpopmy «BinpHa Hayka» JuId nomysspu3anii Hayku. MeTol IboTo
NPOEKTY € CTBOPEHHS HOBHUX MOXJIMBOCTEH [UIsi HayKOBLIB (II0/0
MOMyJIIPU3aLlii pe3ybTaTiB), KYPHATICTIB (100 YTOYHCHHS PE3yJbTATIB i
MEepeBIPKM  TPaKTyBaHb HAYKOBHX JOpOOKIB  yKpaiHCHKUX BUYCHHX),
BITUM3HSHUX 1 MDDKHAPOIHHUX 1HBECTOPIB (1J1s1 03HAHOMIICHHS 3 IPAKTHYHUMH
JOpoOKaMK BUEHHX). Y Mexkax MmiIarhopMHU BIIKPUTO PEECTPALIIIO IS YIEHHX
1 )KypHamicTiB. YuTaui MOXKYTh 3HAHOMHUTHCS 3 KOHTEHTOM 03 ToNepeaHb Ol
peecrparnii. Ciomiemocs, mo BimkputTs miatgopmu «BimsHa Hayka» Oyme
JWIIE TIepIIMM KPOKOM aKTHBHOI y4YacTH Iep’kKaBH B IUIIXETHIH crHpasi
MOIINPEHHS HAyKOBUX 3HAHb.

VYci mo3WTHBHI 3MiHHM B JKHTTI IJIFOJCTBa HEPO3PUBHO IIOB’S3aHI 3
PO3BHUTKOM HAYKH i ii 3aCTOCOBaHB Y TEXHONOTiAX 1 moOyTi. HuHi HacmpaBmi
peanbHa i HeBiAKJIaJHA MpobiemMa noJjsrae B TiM, MI00U MOBEPHYTH JIHOISIM
3I0POBHIA TJIy31 B PO3yMiHHI BaKJIHBOCTH HAYKOBHUX 3HAHb 1 IPHUPOIHIO
MoBary 0 HOCIiB TUX 3HaHb — BiJl BUXOBATEJbKH AMUTIYOTO CajKa M0
NPOBIJHUX YYEHUX aKaJeMil 1 YHIBEPCUTETIB.

Kutrst noAckke € pe3ysibTaT ICTOPUYHOTO ONTHMI3MY, T'OJOBaHOTO
HAYKOBUMH 3HAHHSIMU W NMPAaBWIBHUM IXHIM BUKOPUCTaHHSM. TSrIicCTh oro
IPYHTYETBCS HA MIIBHIM 30€peKeHHI # MaHOOIUBIH Tiepenadi THX 3HAHb BiJl
MOKOJIIHHS IO TTOKOJIHHA. A IIe 3aBIe ITOB’SI3aHO 3 BUXOBAHHSIM MaHOyTHIX
JIOCJITHUKIB, TEXHOJIOTIB 1 MPOCTO TPAMOTHHX CBIIOMHUX OCI0, IO MOKIIHBO
JMIIe B pasi 100pe po3BUHEHOI CHCTEMH ITOITYJISIpH3allii HAYKOBUX 3HAHb.

JlitepaTypa:

1. HlennepoBcekuii B. Bueni Ykpaiam y cBitoBiii naymi. Kuis: BJ]
«IIpocrtip», 2019. 976 c.

2. VYnepme BpyueHo IIpemito HAH Vxkpainm «3a momymspuzaiiro
HayKu». [oBinomiieHHS HAH Ykpainu.
https://www.nas.gov.ua/UA/Messages/Pages/View.aspx ?MessageID=10024
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ABTOMOP®I3M. CHUMETPAUYHA CTIMKICTh BAT BEPILLIIUH
I'PA®Y
Cepriii Kypanos, Makcum JlaBu0BCEKHT
3anopizvkuii HayionanbHUll yHigepcumen,
K3 «3anopisbkuti obnacuuil incmumym niciaouniomHoi nedazo2iunol
oceimuy 30P

AUTOMORPHISM. SYMMETRIC STABILITY OF GRAPH
VERTEX WEIGHTS

Abstract. The paper investigates the property of symmetric stability of
graph vertex weights in the context of automorphism group construction.
Construction of graph automorphism group is based on the concept of graph
orbit. The set of isometric cycles and edge cuts of the graph G generates vector
invariants of the graph. The weights of the vertices and edges of the graph,
which are determined by the digital vector invariant of the edge graph IL(G)
and the vector integral graph invariant IS(G)&IC(G), induce the symmetry of
vertices’ weights. The symmetry of graph vertex weights allows us to determine
the orbits of the graph and construct the graph automorphism group Aut(G).

AtoMop(di3Mm rpada € BimoOpakeHHSIM MHOKHHH BEPITUH Ha cebe, 110
30epirac cymikHicTb. MHOXHHa aBTOMOp(I3MIB yTBOpIO€ rpymy rpada.
OcHoBoIO U151 TOOYI0BU rpyny aBTOMOP®i3MiB € oHATTs opOitu. [ToOynoBa
opOiTH TICHO MOB’si3aHa 3 KIJIBKICHOIO OI[IHKOIO BepuinHu abo pedpa rpada,
sKa Ha3MBa€Thcsi Barow. Jlis BHM3HAUeHHS Baru BUKOPHUCTOBYIOTHCS
inBapianTu rpada, moOyJoBaHI Ha CHEKTpi pebepHHX po3pi3iB rpada Ta
criekTpi pebepuux ki [1]. Bara emnementiB rpada 103Bossie BUSBISATU
YTBOPIOIOWI IIMKIK 1 (OopMyBaTH OpOITH, IO, CBOEK YEproro, I03BOIE
moOyryBatu rpymy aBToMmopdizmy rpada. Po3risHyTo mpuKiIa i 009HCICHHS
MeBHUX cyrpadis rpada.

Ksanparny marpuiro cymixknocteit pedepHoro rpada A(L(G)) [2,3] (abo
Marpuiio pebepHux pospizie W(G)) MoxHa po3risimatd SK JTiHIKHAN
HinerioreHTHHHA omeparop Ws(G) po3mipoM m X m (e m — 9UCIIO BEPIIUH Y
rpadi) [4]. [Ipu 11bOMYy MHOMKEHHSI MaTpHUIlb BHUKOHYEThCS y mom GF(2) i
HyJIbOBE 3HAYEHHS MAaTpHIi peOepHUX PO3pPi3iB BU3HAYAETHCS MOKA3HUKOM
ctynens omnepatropa WPF(G). 3HaueHHs MOKa3HMKA CTYNeHs p BU3HAYAC

KiJIbKICTh pIBHIB y cHekTpi pebepHux po3piziB rpada. KoxeH psmox
(croBrnens) € cyrpadom rpada G. Kinpkicte pebep B eixeMeHTax MaTpHIi
omeparopa ULt OJHOTO piBHSA (a00 I BCiX piBHIB) BU3Ha4ae Bary pedpa. s
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criekTpa peOepHUX pOo3pi3iB cyMma Bar IHIUACHTHUX pedep, IO HaJIeKAaTh
BEpIINUHI, BU3HAYae 11 Bary. Takum YWHOM, KOXHii BepmuHi (pedpy) rpada
MOYXHA NIOCTaBUTH Y BIANOBIJHICTh YHCIIO, 10 HA3MBAETHCS Barolo BEPUIMHU
(pedpa), i BUKOPUCTOBYBATH Lieii apaMeTp Ui HOPiBHSIHHS TpadiB.

O3navenns 1. [uBapianTu rpada, 0 BU3HAYAIOTHCS BaraMy BEPILUH Ta
pebep, Ha3MBAIOTHCA BEKMOPHUMU iHBapianmamu epaga.

Puc.1 - I'pagh G, Puc.2 - I'pagh G

KinbkicTh piBHIB y CHEKTpi pedepHUX po3pisiB rpada G IOpiBHIOE 6
(puc. 1). JInst KO’)KHOTO PiBHA CKIIAJIEMO KOPTEX Bar:

Ew(ly)) =<44,4,4444,444,444.44>;

Ew(ly)) = <10,10,8,10,8,8,10,10,10,10,8,8,10,10,10>;

EWw(ls)) =<4,44,4,44,44,4444444>

CymapHmii KOpTex pedep [UIs IIECTH PiBHIB BU3HAYAE BEKTOP Bar pedep:
F«(G1) = <32,32,32,32,32,32,32,32,32,32,32,32,32,32,32>. JIns KOXKHOTO
pIBHS BH3HAauYUMO KOPTEX Bar BEpIIMHHM SK apu(DMETHYHY CyMy Bar
IHI[UICHTHUX pebep:

c(w(ly)) =<12,12,12,12,12,12,12,12,12,12>

c(w(ly)) = <28,28,28,28,28,28,28,28,28,28>

c(w(ls)) =<12,12,12,12,12,12,12,12,12,12>

CyMapHUi KOPTEX BEpUIMH IS IIECTH PIBHIB BH3HAYa€ BEKTOp Bar
BepunH: F(Gi) = <96,96,96,96,96,96,96,96,96,96>. 3a pe3ynabraramu
004YHMCIIeHHS! BEKTOPIB Bar BEpIIUH Ta pedep OyyeThcsl BEKTOPHUI iHBapiaHT
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pebepHuX po3pi3iB rpada it Bchoro criekTpa pedepHux po3piziB: Fe(Gi) &
Fy(G) = (15x32) & (10x96). AbGo OyayeTbcs BEKTOPHUI IHBapiaHT
pebGepHuX po3piziB rpada i KoxkHoro piBHA okpeMo: Fo(l) & Fu(l1) = (5%
8),(10x 10) & (10x 28).

Criektp peOepHuX po3pi3iB rpada MOKe CKIAQJATHCS 3 BEIUKOI KUTBKOCTI
PIBHIB i MOXe€ IEepEBUILYBaTH KUIbKICTh BEepIIMH Ta pedep rpada. Hanpukmnan,
criexTp pebepHuX po3piziB rpada G, mae 30 piBHiB (puc. 2). Otxe, rpadu
PI3HATBCS MiXK cO00I0 HE TIMBKH KUTBKICTIO BEPUIHNH i pebep, ane i KinbKicTio
PiBHIB y creKTpi pebepHHX po3pi3iB.

Ionsarrs cyrpada rpada € gyxe BaxxmHuBimmM y Teopii rpadis. MHOXHHA
cyrpadiB rpada Ta ormeparis KiTbLIEBOTO IOaBaHHA CyrpadiB MOPOIKYIOTH
JiHIAHUKA mpocTip cyrpadiB rpada £¢. [ianpocrip pospisiB rpada S(G) Ta
mianpoctip 1ukiiB rpada C(G) Hanexatrs npocropy cyrpadis £6. Tomy B
omuci rpada ciijg BpaxoBYyBaTH po3pisu, a Takok LukiaM rpada. Orxe,
NPaKTHYHKH onuc Tpada Mae CKIIaaTHCS 3 MaTPHUL CYMIKHOCTEH Ta MaTpHLi
130METPUYHUX IUKIIB rpada [5].

OsHavenHs 2. Bazoseum pebeprhum yukiom pedOpa e; Ha3UBAETHCA
KiJIbIIeBa CyMa 130METPUYHHX IMKIIB Ta 00071a rpada, Mo MarTh Y CBOEMY
cKIazi pedpo e;.

EnemenTr 6a30B01 MHOKMHH peOSpPHHUX IHKIIB Ipada MOXKHA ITOJATH Y
BHIJISIII KBAaJIPaTHOT MATPHI PO3MIpOM m X m, MO CKIANAEThCSA 3 HYJIB Ta
onuHUIE. JlaHy MaTpHIlIO, 32 aHAJIOTI€I0 3 MATPHILICIO CyMiPKHOCTEH pebepHOoro
rpada, MoXKHa MPEACTABUTH SK HUIBIIOTCHTHHH OIepaTop 1 NoOymayBaTH
criekTp pebepuux nukiaiB rpada. Sk mnpukimaxg posriasiHemo rpad Gs
npe/CcTaBiIeHUil Ha puc. 4(a) Ta HOro cnekTpu peOepHUX PO3pI3iB Ta LUKIIB.

Puc.3 - Asmomopgizm epagha G

BusnaaunMo kopTex Bar pedep Ui CieKTpa peOepHUX HUKIIB!

£(G3) =<5,4,5,8,5,9,5,5,9,6,5,5,8,5,4>.

Koprex Bar BepmuH: ¢(G3) ¢(G3) = <14,32,26,16,16,32,26,14>.

PiBHI Baru BepIIMH BU3HAYAIOTHCS HACTYHNHHMH IapaMu BEPLIMH Of =
{V],Vg}, 02 = {Vz,V@}, 03 = {V3,V7}, 04 = {V4,V5}.
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SIk BUIHO 3 IIpUKIIaAy, PIBHICTH Bar I map BepIIUH 0 = {vi,vs}, 02 =
{va,v6}, 03 = {v3,v7}, 04 = {v4,vs} 30epiraeTbes IS BCIX BIIOMHX BEKTOPHHUX
iHBapiaHTiB. [lepecTanoBka BepIKH y rpadi sl MHOXKWHH BEPLIMH 3 PIBHOIO
Baroro Mopo/pKye i3oMophHuUi rpad 3 iHIIOK HyMepali€ero BepiinH (puc. 4,0).

Bepummnamu pebeproro rpada L(G3) € pebpa rpada Gi. MHOXuHY
i30MeTpUYHUX WHKIiB pedepHoro rpada L(G3) MOxHa NOOyAyBaTH SK
00’eTHAHHS HACTYITHUX TPHOX BiATIOBITHMX MiIMHOXHH cyrpadis rpada Gs:
(1) migMHOXXWHY 130METPHUYHUX IUKIIIB BIATIOBITHUX MHOXWHI IICHTPaTbHAX
po3pisis rpada Gs — S§; (2) MiAMHOKUHH i130METPUYHUX LUKIIB rpada L(G3)
BiJIOBITHUX MHOXHMHI i30MeTpuuHuMX LukmiB rpada G; — CLf ta (3)
MiIMHOKUHH 130METPUYHHUX IIMKIIB BIAMOBIAHUX JO MiJIMHOXHHHU JyOJb-
uuknis rpaga Gs — CL. BusHaummo kopTexk Bar peGep Ta BEpLIMH s
MHOYXHHH 130METPHYHHX IUKIIIB pedepHOro rpada L(G3). Koprex Bar pedep:
<13,7,12,14,12,14,12,7,14,6,12,7,14,13,7>. Koptex Bar BEpIIMH:
<32,65,42,25,25,65,42,32>. 3ayBaxuMoO, 1[I0 pIiBHI Barkd BEPIIMH
BU3HAYAIOTHCS HACTYMHUMU TapaMu BepIIUH o1 = {vi,v8}, 02 = {Vv2,V6}, 03 =
{V3,V7}, 04 = {V4,V5}.

3 NOpIBHSHHS pe3yJIbTaTiB BEJIMUNH KOPTEXKIB Bar st Pi3HUX BEKTOPHHUX
iHBapiaHTiB rpada G3 BHUIUIMBAE, 110 HE3BAXKAIOUM HA iXHIO BiAMIHHICThH
ICHYIOTh CTiHKi IiIMHOKUHH BEPILIUH OJTHAKOBOI Bary.

Huns rpada G3 e HACTYNHI MAMHOXKHWHU BEpPIIUH — 01 = {vi,Vs3}, 02 =
{va,v6}, 03 = {v3,v7}, 04 = {v4,vs}.

I'pymy aBToMopdismy rpada G3 3amumemMo y BUTIISAII:

Aut(Gy) = {po = (1)(2)(3)(4)(5)(6)(7)(8) — ToToxkHUI aBTOMOPPi3M,
’ p1 = (18)(26)(37)(45).

O3naueHHst 3. 30aTHICTb OPOJPKYBATH BEPIIMHMU 3 PIBHUMHU Baramu y
BEKTOPHHUX 1HBapiaHTaX HA3UBAETHCS CMIUKICIIO 642U GEPULLH.

O3navenns 4. Criifika MiIMHOXWHA BEpIIMH, 10 MalOTh DPIBHI Barw,
BiAMOBiIa€ opbimam rpada Ta HO3HAYAETHCS CUMBOJIOM «0».

3 pO3MIISIHYTOTO TAKOXX BUILIMBAE, 1110 AJIsI pO3pi3HEHHsI Tpad)iB JOCTATHHO
MaT niepiri 18a piBHi wo(G) Ta wi(G), a it hopMyBaHHs CIIEKTpa peOepHUX
IUKITIB JOCTATHBO OJHOTO 0a30BOTO PiBHA T, (G ), M0 BiAmoBiae muppoBomy
BEeKTOpHOMY iHBapianTy rpada IC(L(G)).

Jlitepatypa

1. Kypanos C. B., aBunoBckuii M. B. BbruncnutenbHble METObI
orpezeneHust MHBapuanToB rpada // International Journal of Open Information
Technologies, 2021. T. 9, Ne. 2. C. 1-8.

2. Ceamu M. I'padsr, cetn u anroputmsl. [lep. ¢ anrn. / M. Ceamu, K.
Txynacupaman — M.: Mup. 1984. —455 c.

138



3. Xapapu @. Teopus rpados. Ilep. ¢ anri. Kossipesa B.II. / mox pen.
I'aBpunosa B.I'. / @. Xapapu — M.: Mup. — 1973. — 300 c.

4. Kypanos C. B., [laBunoscekuii M. B. AnroputMmivHi METO I KiHIIEBUX
JMCKPETHUX CTPYKTYp. I3oMopdism rpadiB : Monorpadis. 3anmopixoks:
3arnopi3bKuii HallloHabHUH yHiBepcuTeT, 2021.

5. Kavitha T., Liebchen C., Mehlhorn K., Michail D., Rizzi R., Ueckerdt
T., Zweig K. A. Cycle bases in graphs — characterization, algorithms,
complexity, and applications // Comput. Sci. Rev. 2009. N.3. P. 199—243.

VIO HHICTD JIOKAJBHO TOMEOMOP®HUX I'PADIB
Bacunw Jlewenrxo
Tncmumym mamemamuxu AH Yxpainu

PLANENESS OF LOCALLY HOMEOMORPHIC GRAPHS

Abstract. It is proved that a graph locally homeomorphic to a given
connected graph is a covering of the given graph. Based on the planarity
criterion of graph covers, the planarity criterion of locally homeomorphic
graphs is formulated.

JoBoautees, 1o rpad JOKaTbHO TOMEOMOpPGHHN 3aJaHOMY
3B’s13HOMY Tpady, € HakpuTTsM 3azaHoro rpada. Ha ocHoOBi kputepito
TUIOLIMHHOCTI HaKPUTTIB rpadis [9] GpopMynoeThCs KpuTepiid IIONMHHOCTI
JIOKJILHO roMeoMopdHUX rpadis.

HeoOxigHi TOMOJIOTIYHI O3HAYEHHsSI HABOAATHCS B poborax [1-6].
Hexaii X, X — nokanbHO NiHilHO 3B’s13Hi Tomomoriuni mpoctopu i X —
3B’sI3HUI XaycnopdiB MPOCTip. Haxpurrsam TOIOJIOTIYHOTO TIPOCTOPY X
HasuBaeThes mapa (X, f) mpoctopy X i HemepepBHOTo BimoOpaxkenns f: X
— X, SKIIO JUIsi KOXKHOT TOUKH X€X 3HAWAEThCS TaKUH JIHIKHO 3B’SI3HUI
Bigkputuii okin U, 110 KOKHA KOMIIOHCHTA JIIHIHHOT 3B’ SI3HOCTI MHOYKUHH
F71(U) BimoOpaxeHHaM f Tomosoriuno Bigobpaxaerbes Ha U. MHOXHHU f
“(x) st Beix xeX MarOTh OJIHAKOBY MOTYKHICTD, IKA HA3UBACTHCS YUCIIOM
JINCTIB HAKPUTTSL.

B 3aranpHOMY BHNaJIKy YHCIIO JIMCTIB — KapAWHaJIbHE YHCIO, SKE
MOJKe OyTH CKiHUCHHHM a00 HECKiIHYCHHUM. BiAMOBITHO, HAKPUTTSA Oy e n-
mucTiM, n€N, a00 HECKIHYCHHOTUCTHM.

Jami po3risaroThesi CKiHYEeHHI TONOJIOTI4HI rpadu.

TononoriunnM TpadoM Ha3MBaeThCs XaycAop(diB TOMOJIOTIYHHN
npoctip G, SKIIo:
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1) ma npocropi G 3ananwmii jmuckpernuii mianmpocrip G°. Touku
mHuoxunK G° HasuBaroThes BepiuHamu rpada G;

2) nignpoctip G'=G\G® — 06’€HaHHs BiIKPUTHX MiAIPOCTOPIB, AKI
MIOTIApHO HE TEPETHUHAIOTHCS 1 KOXKEH 3 SIKUX TOMEOMOP(HHHA BIAKPUTOMY
intepBany. Komnonentu npocropy G! nasusatotscs pebpamu rpada G;

3) rpaHuMus KOXKHOro pebpa — NiAMHOXkMHAa MHoxkuHM G°, mo
CKJIAJIA€THCS 3 OJHi€T a00 TBOX TOYOK. PeOpo, TpaHHMIld SKOTO CKIAJa€ThCS
3 OJIHI€T TOUKH, HA3UBAETHCS METICIO.

I'padp G HasmBaeTbcsd CKIHYCHHUM, SKIIO BiH CKIAJAETBCA 13
CKiHYEHHOTO YHCiIa pedep i BepIinH.

B pob6oti [8] chopmympoBaHi Ba TUIH EKCTPEMANbHUX 3a7ad B
Teopii rpadis.

Hexait f — romomopdism rpada G Ha rpad F; > — BimHOIeHHS
BIIOPSIIKYBaHHA ACAKOI MHOKHUHH TpadiB.

3ajaya xapakrepusaiii neBHOro kiacy P yactunHux rpadis rpada G
3a JIONIOMOTOI0 MiHIMaJIbHUX (MaKCMMAJIbHHUX) €JIEMEHTIB BIOPSAKOBAHOT
JESKAM BiJHOIIEHHSM > MHOXUHM fP  oOpasiB rpadiB i3 P npu
romomopdizmi  f HasmBaetbes (P, f)-miHIManpHOIO (MaKCHMaJbHOIO)
3a/1a4€r0 NEepILIOro TUILY BITHOCHO >.

3ajava xapakrepu3auii neBHoro knacy P wactunnux rpagis rpada F
3a JIONIOMOTOI0 MiHIMaJIbHUX (MaKCHMAJIbHHUX) €JIEMEHTIB BIOPSAKOBAHOT
NESKAM BimHOIIEHHAM > MHOXuHH f P mpooGpasis rpadie i3 P mpu
romomopdismi f HazuBaetbes (P, f)-MiHIMaibHOIO (MaKCHMaIbHOIO)
3a/1a4er0 APYroro THITY BiTHOCHO >.

BianoBinHo no chopmynboBanux (P, f)-ekcrpemanbHuX 3a1au B
po6otax [10-13] posrnsigatorses (P, f)-ekcTpemanbHi rpadu.

Hexaii P — MHOXMHa Jeskux yacTuHHUX rpadiB rpada G. I'pad H,
HeP, nasuBaerscs (P, f)-miniMansHuM (MakcuManbHiM) B G rpadoM, Ko
rpad f(H) — ™iniManpHHA (MaKCUMAaabHUN) €JIEMEHT BIOPSIKOBAHOT
BigHOIIEHHAM > MHOXUHH fP, fP={f(F) /FeP }.

I'pad H, HeP, nasuBaetbcs (P, f)-MiHIMaNEHUM (MaKCHMAIIbHUM) B
F rpadom, axmo rpad f '(H) — mimiMansHEH (MakCHMalbHHH) €IEMEHT
BIIOPSIKOBAHOI BifHOIIEHHAM > MHoxumM f 'P,  f'P={f '(F) /FeP
}.

Yo-miHiManeHuM B G rpadom, 3a romomopdismy f: G — F,
nasuBaethes (P, f)-minimansnuii B G rpad npu P={F /FcG, f "' f(F)=F,
Y(F)>0}, a Yo-MiHiMansHUM B F rpadom, 3a romomopdizmy f: G — F,
HA3UBAETHCA (P, f)-minimansruii B F rpad npu P={F /FCF, y(F)>0},
ae y(F) — pin rpada F, a > — Take BIIHOIIEHHS BIOPSIKYBaHHS MHOXHHHU
P, mo nns nBox HeromeomopdHux rpadis F, F ' i3 P F >F ' Toni i TuTbku
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ToJi, Koy rpad F MicTUTh YacTMHHMH rpad, romeomopdHuii rpadosi F .
Js romeomoprux rpadis F, F' i3 P F >F ' Tomi i Tinpku Tomi,
ko rpad F — migpo30urts rpada F .

Hns n-muctux HakputtiB (G, f) nosinbHoOro 3B’s3Horo rpada F
BCTaHOBJICHI [8-13] MHOXUHU &, 00pa3iB Yo-MiHiManbHUX B G rpadis. SIcHo,
IO CTeMiHb BepIUMH TpadiB i3 MHOXHMHHM &, OLIBIIMH JBOX, Wi rpadu
MOXYTh MaTH IeT 1 KpaTHi (mapanenbHi) pedpa, n>1.

MHOXWHU &, — BUYEpHHI HAOOpPH MOMapHO HE 130MOPQHUX
,»3a00poHeHux” miarpadis rpada F, ki qaroTh MOXKIUBICTE CHOPMYITIOBATH
KpHUTEpill IUIONIMHHOCTI A-JIUCTHX HAKPUTTIB JIOBUIBHOTO 33/1aHOTO
3B’s3HOTO Trpada: Oynp-ske n-IMCTe HAKPUTTS JOBUTRHOTO 3a/JaHOTO
3B’s3HOTO rpada — IIOMKUHHNN Tpad TOM i TUTBKK TOI, KOJH 3aaHui rpad
HE MICTHTh YaCTHHHUX TpadiB roMeoMOp(PHUX KOTHOMY Tpady i3 MHOXKHHHU
I, n>1.

IMoctaBuMoO 3amady: 3HAWTH HEOOXimHI 1 JOCTaTHI YMOBH TOTO, IO
Oynp-skuit Tpad, JOKaIbHO TOMEOMOP(QHHIN 3a7aHOMY 3B’sI3HOMY rpady —
TUTOIIUHHAN Tpad.

B tepminax ,,3a00poHeHHX” miATpadiB po3B’A3aHHA i€l 3a1adi, 1ae

KpHTEpiil IUIONMHHOCTI HAKPUTTIB 3aJaHOTO 3B’sI3HOTO Tpada:

1) sixmo JokanpHUii roMmeoMopdizMm — romeomMopdisM, To JHOOMI
rpad, romeomophHHUI 3a1aHOMY 3B’ s13HOMY Tpady, Oyae IIOMMHHUM TO/I
1 TUIBKM TONi, KOJNM 3aJaHMil rpad HE MICTUTh YAacTUHHUX rpadis,
romeomophHuX oxHOMY 3 rpadiB Kyparoscbkoro: Ks um K3 3;

2) skwo JokanbHUE romeomopdism f: G — F — 2-kparHuid
romomop®ism, To (G, f) — 2-mucte HakpuTTs 3B s13HOTO rpada F. 3riguo [8,
9] Oynp-skuit rpad, 2-KpaTHO JIOKaJbHO TOMEOMOpPGHHUN 3aJaHOMY
3B’s:3HOMY rpady F, Oyzae rurommHHUM rpadoM TOAi i TUNBKHM TOJI, KOJIH
3agannii rpad F He MicTHTh YacTHHHEX rpadiB, TOMCOMOP(GHUX OJTHOMY 3
rpadis H;, Hie s, ieN; . I'padu H;, ieN,?8, MmokHa ofepkat i3 IpocToro
JAHIIOTa BIAMOBIAHOI JOBXHWHHM OTOTOXKHEHHSIM BKa3aHUX B JYXKKax
BEpIIHH 1 pedep 5K B podori [8].

3) sAKIIO TOKaTbHUKA ToMeoMopdi3M — 3-kpaTHHI ToMOMOP)i3M, TO
(G, f)— 3-mucre HakpuTTs 3B’ s13H0TO rpada F.  3rigno [9] Oyap-skuii rpad,
3-KpaTHO JIOKAJIBHO ToMeoMopdHHA 3ajaHOMy 3B’si3HOMY rpady F, Oyne
TUTOIMHHKUM Tpad)oM TOI 1 TITEKH TOMi, Koy 3ananuii rpad F He micTuTh
vacTuHHUX rpadis, romeoMoppHuXx oxHOMYy 3 Tpadis H;, Hie A4, ieNyps:
H29:K22+2V, H30:K22+v+r, H31:K22+2r, H32:K1,3+3v:K1+3r, H33:K23, Jae v
— mets, r — pocTtok (rpad K, 3 ojHiero meTiero i OJHUM BiAKPUTHM
KIHIIEM);

4) AKII0 JIOKATBFHUHM ToMeoMopdizM — 4-KpaTHUI ToMoMOpdi3M, TO
(G, f) — 4-mucre HakputTs 3B’ s13HOTO rpada F. 3rigno [9] Oyne-saxuit rpad,
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4-KpaTHO JOKaJbHO roMeoMop¢HUiA 3axanoMy 3B’s3HOMYy rpady F, Oynme
TUTOLIIMHHUM IpadoM TOJI i TUIBKU TOA1, Koyu 3aiaHuid rpad F He micTHTh
4acTMHHUX TpadiB, romeoMopdHUX oxHOMY 3 Tpadis H;, HieH, ieN3*:
rpa¢ Hss HaBenenuii Bue, Hzs= K, +2v;

5) SKIIO0 JOKaIBHUIA roMeoMopdi3M — n-KpaTHUH ToMoMopdi3M, TO
(G, f) — n-nucte HakpuTTA 3B’ s13HO0TO rpada F, n=>5. 3rigno [9] Oyab-akuit
rpad, n-KpaTHO JIOKaJbHO roMeoMopdHHH 3a1aHoMy 3B’si3HOMY rpady F,
n=>5, Oyne IomMHHUM rpad)oM TOMI 1 TIIBKK TO, Koiu 3ananuii rpad F He
MICTUTh YaCTMHHHX rpadiB, romeoMopdHux ogHomy 3 rpadis H;, H;e 5,
ieN33%: rpadu Hs; i Hss maBeseni sume, His=K;+2v, ne K, — nosuuii rpad
TopsiaKa n, G" — rpad, mo onepxyerhes 3 rpada G 3aMiHOIO KOKHOTO
pebpa n mapanenbHUMH pebpamu, K, n — HOBHUI 1BONOJIBHUI Tpad, n, m
eN.
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AJITOPUTM NNOIYKY EKCTPEMAJIBHUX HIJISIXIB HA
I'PA®I
Orer IlaBienko, Anatomiii Tumorenko, Okcana THUMOIIIEHKO
Biokpumuii mioicnapoOnuil ynigepcumem po3eumky JToOuHu « Ykpainay

AHoTauis. B po0oTi po3risnaeTbes MOJCTIOBAaHHS 3342491 KOMiBOsDKEpa.

[Momryk onTUMaIbHOTO MapUIpyTy IepedopoM BCiX BapiaHTiB MPOIOPIIHHO
(N-1)!

3BHUYAifHO, B MEpEXkKi iCHye HAHBUTITHININA MapmipyT, ajie Heperism BCiX
MapmipyTiB gyXe TpPYAOMICTKHH JUIi KITBKOCTI BY3TiB Oimemre  20.
[IporoHyeTbCcs BUKOPUCTATH QANTHBHUM DSl YHCEN 3 YHIKAJBHUMH CyMaMHu
eNleMeHTiB. Takuii amuTUBHUI psili, sIK 2" IIBHJIKO 3pOCTae MpH 301IbLICHH]
KiJIBKOCTI By311iB. TyT Takox, BeJIUKe CMiBBIIHOLMICHHS MK MaKCUMaJIbHUM 1
MiHIMaJbHUM eJeMeHTaMH psify. [IpONOHYETbCS BHUKOPHCTATH aAMTHBHUIA
psAA 3 MiHIMAJIBHHUM 3HAYCHHSAM HaiOiIpmioro enementy. Tak mis n=20
CHIBBITHOIIEHHSI MI>K MAaKCUMAaJIbHUM €JIEMEHTOM aJMTHBHOTO Py 1 psmy 2"
Maibke BABidi MeHIIe. KpiM Toro, MiHiManbHHH €IIEMEHT aJUTHBHOTO POy
BiJIPI3HSETHCS BiJl MAKCHMAIBHOTO B TAKOMY K CITiBBITHOIICHHI. Y HiKaJbHA
CyMa YHceN J03BOJIAE IIBHJIKO HIYKaTH Ta IOPIBHIOBATH PSIH, SIKI MAlOTh
Takuii camuil HaOip BepIIWH, ane B iHMINW mochimoBHOCTI. lle mo3Bose
BHOpaTH HaliKpaIuii MapIIpyT Ta 3a0JI0KYBaTH BCi 1HIIII.

PesynbpraTil MOAEMIOBAaHHS MOKA3aJIM IEPCIIEKTUBHICTH TAKOTO aJTOPUTMY.

KoarouoBi caoBa: aguTuBHO-pi3HMII psia  uucen, Teopis rpadis,
eKCTpeMaJIbHI HIJISIXH, 3a/1a4a KOMIBOsDKEpa.
Beryn

3aja4yi BH3HAUCHHS EKCTPEMaJbHUX IUIAXIB MEpexXi 3HAWILIM IINPOKE
3actocyBanHs [1,2]. Tlomyk HalKOpOTIIOrO WUIAXY MEPeXi peanizyeThes
MPOCTUMHU AJTOPUTMaMH, SIKIO BiIOMi 3HAY€HHs BEJIMYMH KOXKHOI TUIKH.
CknanHime 3agada BH3HAYCHHS HAWKOPOTIIOTO NUIAXYy B KOMIT IOTEpHIH
Mepexi. Tam dac mepenadi iHpopMarii Bi 0AHOTO By3Ia 10 IHIIOTO HOCSATH
iMoBipHMIA xapakrtep [3]. 3amavya BH3HAYCHHS HAHIOBIIOTO MUILXY B MEPExKi
BUHMKJIA B CHCTEMax MEpPEXKEHOTO IUIAHYBAaHHS 1 YNPaBIIHHA. Y IbOMY
BHIIAJIKY MepeXa CKIAJaeThCs 3 TIIOK (PoOIT 3 TMEBHUM TEPMIHOM iX
BUKOHaHHA). HalOumemmii nuiix B Mepexi € MiHIMaJdbHAM TEepMiHOM
BUKOHAHHSI BChOIO KOMILIEKCY poOiT. Ileil nuisx Ha3uBalOTh KPUTHYHHM.
3arpumMka Oy 1b-s1K0i poOOTH I[FOTO MUTAXY BEJE A0 3aTPUMKH BCHOTO MPOEKTY.
[Ipote oxpemi poboTH (TNKM) MalOTh pe3epB Yacy 1 3aTpUMKa iX B MeXax
LBOTO pe3epBy HE BHUKIMKAE 3aTPUMKH BCHOTO IPOEKTYy. 3aaady Ipo
KPUTUYHHMH [UIAX MOXXHA 3BECTH JIO0 3a/adi BH3HAYEHHS HaHKOPOTIIOTrO
nursaxy. s mporo HeoOXiTHO BCi JOJAaTHI 3HAYEHHS TIOK 3aMiHHTH Ha
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Bix’eMHi. ICHYIOTB iHII 3a7a4i, IKi MOKHA 3BECTH JI0 MOUTYKY HaHKOPOTIIIOTO
HIIIXY TaK, HAIpUKiIaza, B poborax [4,5] 3agadya po3mudpyBaHHs CyIIILHOTO
TEKCTy 3BOAMTBHCA JO 3aJadyl BH3HAYEHHS HAMKOpPOTIIOro HUIAXY. 3ajadi
BU3HAYCHHS TPOIMYCKHOI 37aTHOCTI IMOTOKIB, BH3HAYCHHS EKCTPEMAIbHHUX
IUISXIB MArOTh IPOCTiI aJTOPUTMH 1 XOpOIII METOAM PO3B’s3KYy. ICHYIOTH
3ajadyi, SKi MPOCTi 32 MMOCTAHOBKOIO, ajleé MAIOTh CKJIAJHI METOJU PO3B’S3KY.
Jo Takmx 3amad BiJHOCUTHCSA 3ajada HaJAIITYBaHHS 0araTompoQilsHOTO
BepcTaTy 3 METOI0 MiHiMi3amii gacy HOTro HalamTyBaHHA. SIK TpaBHIIO,
TIepexi BiJ OAHOI omepariii 1o iHIIoi He CIiBIagae 3i 3BOPOTHIM ITEPEXOOM.
ToMy MaTpuIs mepexoniB HOCHUTh HECHMETPUYHUI XapakTep. Taky 3amady
npezcTaBisie rpad, B SKOMY BY3JIH € Pi3Hi oneparii, a TUTKA (QiKCYyIOTh TEPMiHA
nepexoay 3 onHiei omeparlii Ha iHnry. s n BY3JdiB 3 MOBHUMH 3B’SI3KaMU
KIJIbKICTh MOXJIMBHX LUISIXiB cKianatoTh (n-1)!. [Ipu n = 20 Mmaemo BennuuHy
(n-1)! = 121*10%,

Psinm 3 ynikaabHumu cymamu. [1ix psaaMu 3 yHIKaIbHUMH CyMaMH MU
PO3yMi€EMO MHOKHHY YHCEN Y SIKOT KOXKHA ITiJ] MHOYKHHA Ma€ CyMy €JIEMEHTIB
sIKa BIIPI3HSAETHCS BiJ| Oy/Ib-SKOI CyMY 1HIIOT MiAMHOXHHHU. [1-5]

CyvacHi KOMIT'IOTEpHI CHCTEMH BHKOPHCTOBYIOTH MapasellizM IUIIXOM
BUKOPHUCTAHHS BEJNHKOI KITBKOCTI TporiecopiB. Ane B Iiif 3amadi HeoOXinHa
IHTCHCUBHA B3a€EMOMiA MIX TpolecopaMd. BuHHKae HEOOXiOHICTh
KOMYHIKAaIIil ITpoIiecopiB B pi3HI MOMEHTH 4acy. [HImIMH ciioBaMu, HEOOXiTHO
CTBOPHTH TOCIIAOBHICTh N YHCE, SIKi MAIOTh YHIKAJIBHI CyMH JJIS OYIb-SKOTO
Habopy eneMeHTiB. Taka BIacTUBICTh MarOTh PAIM TUITY 1", A€ T, - HATYPaIbHI
yucia Oinpire 1. HalfiMmeHmmii takuii psn 2" Mae yHiKaJIbHI CyMH OYAb-sIKOTO
Habopy. BuHHKIa 3a7ada CTBOPEHHS psily YHCEN, y SIKOTO MaKCUMaJbHUM
€JIEMEHT MEHIIWH, HiX psg 2". Brepiue takuii psng OyB 3anporoHOBaHHUN B
po6ori [6]. B po6oTi [6] po3riisiHy Ti BITaCTHBOCTI Takoro psiay. Ha Bigminy Bif
psny 2" mel psig Mae 3HAYHO MEHIINH MaKCUMAaJIbHUH €JIEMEHT, aJle CyMa PAIy
Oinbia.

Leii psin OymyeThest U1t HOBOTO HaOopy Ha 6a3i monepeaHporo 101aBaHHAM
MEpIIOro €JIEMEHTY, SIKMH BH3HAYAETHCS 3a NMEBHUMH IpaBHIaMH. Takum
YHUHOM, TIOTIEPEIHIHA PSAJ € ONepaTopoM IpaBoi pisHU. [TizHimme 3’scyBanocs,
10 JUTs N O1IhINe 6 , MOYKHA CTBOPUTH KpAaIIly MOCHTiIOBHICTB, TOOTO 3 MEHIIINM
3HAYCHHSAM MAaKCHMAaJbHOTO ejleMeHTy. Taka MOCHIZOBHICTh Takox Oyina
CTBOpPEHA TI0 TOMY K MPUHIIMITY, aje BUOIp HOBOTO MEPILIOTro €IEMEHTY s
HOBOi TMOCHIIOBHOCTI 0a3yeTrbcss Ha iHmoMmy npuHnumi [7]. TlepeBipka
MOJKJIMBOCTI BAOCKOHAJIEHHS MOJIIIIIEHOT0 allTOPUTMY ITOKa3aja, o [eH psaa
ONTUMAJIBHUHA 3 TOYKH 30py MIiHIMyMy MaKCHMaJIbHOTO ejeMeHTa. s
HEBEJINKOI KUIBKOCTI €JIeMEHTIB N MeHIIe 9 mepeBipka 3pobieHa CyIinbHUM
nepebopoM BCiX MOXIMBHUX BapiaHTiB. [y n Ginbmie 8 BUKOpHCTaHO OibIn
CKJIQIHUH aJTOPUTM.
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IMomyk excTpeManbHUX NUIAXIB HA rpadi

3rifiHO 3 BU3HAYEHHIM aIMTHBHA IOCIIIOBHICTh MICTUTD IIiJIi YUCIa, CyMa
Oyb-SIKMX €JIEMEHTIB Ma€ yHiKaJbHE 3HaUeHHS, TOOTO He 30iracThCs 3 CyMOIO
IHIIUX €JIEMEHTIB.

3anponoHoBaHMi y 1ii poOO0Ti crociO MpUIyCKae pO3LIEIUICHHS BUXITHOTO
IIYHKTY Ha MOYaTKOBUII 1 KiHIIeBUH. Po3IIeIIeHHs! BUXiJHOTO IyHKTY TIOJISITA€E
B 3aMiHl HOTro Ha JBa HOBHX, B OJWH I3 SAKHUX TIABKH HAAXOIATH TUIKH, a 3
IHIIIOTO TiNBKH BUXOAATH. TaKUM YHHOM, OAEPKYEMO ITOYATKOBUH 1 KiHIIEBUI
IMYHKTH. 3 TIOYaTKOBOTO IIyHKTYy IIOCHJIAIOTh CHTHAlI Ha BCI BY3IH 3
iH(pOpMaLi€Io PO TOBXUHY IIILAXY MOYATKOBOTO MYHKTY Ha BCI iHII BY3JIH
[2].

Y KOXHOMY IYHKTI IicJisi OTpuMaHoi iHdopmarii roTyeTscst Hadip AaHUX,
SIKHI MICTHTB:

1) TlocnizoBHOCTI NPOWAEHUX MAPLIPYTIB 3 A0JAaBaHHIM HOMEpA JIaHOTO

By3J1a.

2) CyMu aTuTHBHHX YHCET IPOHAESHOTO IIJIAXY.

3) CyMH IOBXKXHHH T'JIOK IPOHJEHOTO ILISXY.

IHdopmaris nepegaeTbest Ha BCi BY3JIH, AKi HE MICTATHCS B TOCTITOBHOCTSIX
BiJINIOBiTHUX BEPIIUHAX.

B tabnmmsax 112 HaBeneHo cxema poOOTH.

Hano psa 3 5 Bepumnamu BOn B1 B2 B3 B4 B0k,

ne BOm mouatkoBa (BuximHi curHamm) i BOk kiHmeBa BepmmHa (BXigHI
CHTHAIIN).

KosxHOMY mporiecopy NpHCBOIOETHCS aJUTUBHO-PI3HE YHUCIIO:

B1=3;B2=5;B3=6;B4=7;

3 BOn BepiiuMHH MOJAETHCSA CHTHAA HA BCi 5 MPOIECOpiB. 3 KOXKHOTO
poIecopa MoaaeThes iHpopMallis 3 HaOOPOM OTPUMAHKX MUIAXIB Ha BCI 1HIII
MPOLIECOPHU, KPIM THX BEpILUH, sKi Bxke 00idmoB. IIpu mpomy nomaerscs
JIOBXKHMHA TIPOHICHOT0 HIIAXY. TaKoXk 3alHuCy€eThCs aANTHBHO-PI3HE YUCIIO, 5K
cyma 9ucel i3 BEepIIHWH, SKi BKIIOUEHI B MapmpyT, KpiM HadanbHoi BOm Ta
KiHIeBO1 BeHpmHH. [Ipuknan:

Mapmpyt 0—2—3—1—4

CyMa aIuTHBHO-PI3HOTO PSIY 5+6+3 =14

SIKmo cyma aauTHBHO-pI3HMX YHCEJ CIIBIIAJA€, TOOTO NPUXOIATH
MOCITIIOBHOCTI SIKi MAlOTh 1HIIWK TIOPSAOK MPOXOHKEHHS MapIiipyTy, ajie
MaloTh Ti caMi Toukn MapupyTty (02314, 01234), To 3anuIIaeThCs cepes HUX
MapHIpyT MiHIMaJTbHOIO JTOBXHHOIO TIISAXY

Ha xoxHOMY eTami JoJa€eThcsl OJHA BEPIIMHA B KOXHY MOCIiAOBHICTS i
BIIKMAAIOTHCS 3aiiBi BapiaHTH (TOKa3aHO 3€JIEHMM KOJIHOPOM B TaOIHI, a
TaKOXX KIJIBKICTh 3aJUIICHIX MapIIPyTiB i KOe]ilieHT 3MEHIIICHHS BapiaHTIB)
B TaOmmIx 1 12 ocTaHHI CTOBIILI.
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VYHiKanbHa cyMa aJUTUBHO-PI3HUX YHCEIN JO3BOJIAE MIBUAKO IIYKATH Ta
MOPIBHIOBaTH PSJH, SKI MAarOTh TakMi caMuil HaOlp BEepIIMH aje B iHIIN
MOCITi JOBHOCTI.

Tax my1st 5 BepiiuH OepeThes aqUTUBHUI psif i3 4 yucen: 3, 5, 6, 7.
Tabmuus 1

Bepmmna 2
Bepumna 3
Bepmmna 4

Bepumna 1
KodimieHT 3MeHIIeHHS PAIIB

Cyma. Azer. psamy
Cyma. Aniert. psy
Cyma. Azer. pany
Cyma. Aner. psiy
KinbKiCTh CTPOK MaM’ SITH
KinbKicTh BiiOpaHuX psii

Bcroro psjiB

_.
—_
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_
W
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W
=
o0 | V[ nrHA Ty TH
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=
=
=
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5 2931 123 |165] 13

3116 [62 3216 (189 23
41(7 [18 42(7 213 43

3( 321J11 B26| 132Pp [195( 2138 PB13| 214
23111 B23| 14210 R37( 1238 Pl12| 124 b37
24112 B65( 31219 199 143|110 p1 | 134P [/4
42112 B50| 41210 R15| 243[12 B54| 314P P9
43113 87 | 432(13 P14 41310 P8 | 324|L1 B61
34113 |LOS| 342(13 40| 423]12 B60| 23411 B29j6 p4 (12 p
414321118 3511 432(16 2381214315 [3562 31414 [360
2 431(18 [374[1342|16 246421315 |370[1 324 |14 [367
234118 |3664312]16 224412315 |362(1234]14 [3383 |12 4 B
432121 B79
431221 B80
214321 B8
1234121 B79
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303| 24
67 34

W O\
[\
oo
O8]
—
[\
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Tabuums 2

A
= —| =
= H| ®
= a&
EHREE

> > > > g EE
=4 =4 =4 =4 s
k & & - | & & gl [el5
;ésmgsma‘:*gs&.egﬁ
ol = < ol & = ol & s (el Elefg[R]Z
= E{E = = > & SRR E
= <8 E |<|E| § |<|Z| £ |<|E|5|5 5|2
2 |<|E| £ [<|E] & |g|E| || ElE|ElE|E
g |ZE| & |2)E| 2 |E|E| & |E|E|2]325
SIS Ol ol= ol=|=2[8]=]&]
1 1 28 2 156 3l |2 4 H1 01 @B
2 2 115 [293 1213 1165 133 K48 143 165
3116 62 3216 |189 2 35 13031 24{5 3283 |12
4 117 [78 4217 1213 4 3[7 167 346 (68
31 2 3 1113231 1 329 1195 1 238 PB12| 2 148 B30
4 2 1(12B501 4 12{10R15| 1 4310P1 | 1349 [14
4 3 1(13B87 | 4 32(13R14| 2 4 3[12354] 2 34{11 329
4143 2 1(1813514 3 12[16[22421 4 3|15 [356]12 34{14 |338
43 2 121379
12 3 4121379
B Ta6mumi 1

K — KUIBKICTh TPOM/IEHHX eTarliB. 3aJIe)KUTh BiJl KIIKOCTI By3JIiB a came n-
1.

Bepuau 3 1 mo 4 — MicTTh B CTOBITYMKAX BKa3aHI MOXJIMBI MapLIpyTH
BY3IIiB.

CyMH aTUTHBHUX YHCEI MPOUICHOTO NULIXY.

CyMHU TOBXKHHH TUTOK NPOHICHOTO NUIXY.

Tabuuui 2 B OCTaHHIX CTOBITYAKAX

KIIbKiCTh MapIIPyTiB HA BePIIUHI.

BCHOT0 MApHIPYTiB = KiJBbKICTh MapUIpyTiB Ha BEPIIMHI * KiIBKICTH
BEPILIHUH.

KUTbKICTD 3aJIMIIEHNX MapIIPYTiB.

KOe(pili€HT 3MeHIIEeHHS] = BCHOTO MapHIPyTiB / KUIBKICTh 3aJHIICHUX
MapIuIpyTiB.
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B Tabnuui 2 npencrapieHi AaHi Ta0uuii 1 micis BIAKUAAHHS NUISXIB, SKi
JoBmIi 3a 3HaijeHi. Lle mO3BOJNsE CYTTEBO CKOPOTUTH YHUCIO BapiaHTIB
Tabyns 9.

B tabnuui 3 npexacraBiena marpuist cymixkHOCTI Tpada. Jano 5 Bysmis.
3eeHUM KOJIbOPOM TIO3HAYEHO PO3B’SI30K. 3HAWICHO MIHIMAIbHY JOBKHHY
nusixy 379, ta cam moisx 0 1 2 3 4 0 B Tabnuii 3 mo3HAYeHUI 3eICHUM

KOJIbOPOM.
Tabauis 3
0 1 2 3 4

|0 M 28 156 42 41
1 28 M 137 20 37
2 156 137 M 147 172
3 42 20 147 M 26
4 41 37 172 26 M

B Tabmmmi 4 npencraBieHa MaTpHUIl CyMiKHOCTI rpada. Jano 20 By3miB.

e BximHi maHi 11 nmporpamu. 3eJICHHM KOIBOPOM IMO3HAYCHO PO3B’S30K.
3HaliieHo MiHIMaNBHY HOBXHHY mupixy 1032, Ta caM muiax BKa3aHWA B

Tabmus 5 s 20 By3IiB.

Tabnuns 4 - MaTpuLs CyMDKHOCTI Tpada

IN 0 1 R B H 5 {6 7 8 9 110 11 [12 13 14 s 116 17 [18 [19
0 IM 194 [112 [98 104 |75 171 130 |51 160 101 112 1 165 145 [143 |101 |85 152 [79
1 194 M 198 219 [256 [249 [73 184 |161 138 266 [236 209 M1 176 |57 138 275 |21 125
2 112|198 M 208 [215 [183 |I138 [28 174 127 09 W2 172|158 [239 172 |61 176|163 |144
13 98 219 208 [M (2 61 227 [223 137 [101 0 209 |37 206 |79 162|183 102 [54 101
4 104 [256 215 W2 IM 37 256 [235 152|128 |20 208 |51 239 119 [199 [201 [73 152 134
S 75 249 183 [61 37 M 239 204 126 [114 |6 172 Y2 227 |138 [193 [176 41 8 125
6 171 |73 138 [227 [256 239 M 118 125 128 261 179 06 [37 209 |86 184 256 211 126
7 130 [184 28 223 235 [204 [118 M 86 134 230 9 189 |143  [246 [165 |54 201 183 149
8 51 161 |74 137 [152 [126 125 |86 M 154 151 92 104|126 [164 |118 |51 134 101 |73
9 60 138 [127 [101 128 [114 [128 |134 |54 M 134|145 [78 114|112 [84 186 138 |85 20
10 101|266 [209 |60 20 26 261 [230 |I51 134 M 198 |57 247 138 [209 [201 |54 151 142
11 112|236 |42 209 208 [172 |179 |69 192 145 198 M 172|196 252  |204 |98 156|158 [165
12 61 209 (172 [37 51 {2 206 189 |104 [78 [57 172 M 190 |102  [153 152 |79 20 85
13 165 M1 158 206|239 [227 |37 143 126|114 247 ]196 190 M 178 |52 98 249 (199 |106
14 145|176 [239 [19 119 138|209 [246 164 112|138 []252 (102 [178 |M 126 195 178 [122 |98
15 143 |57 172 162|199 [193 |86 165 |118 |84 209 04 [153 |52 126 M 112 221 165 9
16 101 138 |61 183 201 176 |84 154 151 86 201 8 152 8 195 [112 M 183 151 P8
17 85 275 [176 [102 |73 M1 256|201 134|138 [54 156 |79 249 178 [221 183 M 160 152
18 52 221 163 |54 152 28 211 183 101 |85 51 158 20 199 122 [165 [151 |60 M 97
19 79 125 |144 [101 134 [125 [126 |149 [73 20 142|165 [85 106 |98 69 98 152197
Tabimus 5
o8 [112 [7 166 |13(1 15199 (14 3 4 (10175 |18 {12 |0
81 92 |42 28 [54 {84 [37 41 57 |69 [20 |112[79 42 20 |54 41 28 [20 61
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Tabmuus 6. [TapameTpn IepcoHaNBEHOTO KOMIT I0TEpa.

IIK | IIpouecop o3y | OC

IIK1 Inter® Core™ i-3 4130 CPU @ | 8Ib Windows
3,40GHz 7.

T1IK2 Inter® Core™ 2 Duo CPU E8400 | 3Ib Windows
3,40GHz XP.

B Ttabmuui 7 mpencraBieHi pe3yinbTaTH pOOOTH MPOTpaMu Ha Pi3HUX
KOMIT FOTepax 3 TAKUMH NapaMeTpaMH:

BkazaHo B ceKyHIax 4ac BUKOHaHHS Iporpamu uisi N By3iiB.

Takox 3HaiieHa MiHIMajdbHA NOBXMHA IIIAXY, T4 HOTO IIOCIiZOBHICTH
MPOXOJDKSHHS DALY .

Tabmuus 7
N Yac [IK1 [Yac ITK2 |noBxuHa pA
B CEKYHJl [B CEKYHJ [ILIAXY
4 10,0007 0,0002 1627 02130
5 10,0008 0,0003 675 021340
6 10,0009 0,0003 683 0213450
7 10,0012 0,0005 1698 02613450
8 10,0013 0,0008  [704 027613450
9 10,0021 0,0015  [717 0543167280
10 10,0105 0,0038  [737 05439167280
11 10,0289 0,0101  [746 0510439167280
12 10,0758 0,0297 806 051043916721180
13 10,1197 0,0951 320 05104312916721180
14 10,2983 0,3306  [825 0510431291136721180
15 ]1,074 1,2506 918 098112761311434105120
16 |4,2615 4,9701 925 09811276131151434105120
17 17,7792 20,5296 945 0981127166131151434105120
18 [75,9745 [36,8515 [1014 098112716613115143124105170
19 [327,1397 [370,7264 (1020 09811271661311514341017518120
081127166131151991434101751812
20 1412,084 1032 0
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Tabmuns 8. IIpencraBieHo MOPiBHIHHS JUIs alTOPUTMY TIOBHOTO Iiepebopy
yucen ¢akropian. (N-1)! BapiaHTiB 1 YMCII0 BapiaHTIB AJIsl HAILIOTO aJITOPUTMY
202 e N KiJIbKIiCTb BY3JIiB.

N (N-1)! 7(N-2)
5 24 8
20 121 645 100 408 832 000 262 144

BucnoBku. Po3poGiieHO anroputM po3B’si3aHHS 3ajadi KOMIBOsDKEpa, 3
BUKOPHCTAHHIM aJUTUBHO-PI3HUX YUCE]. YHIKaJbHA CyMa YHCEJ JI03BOJISIE
MIBUJIKO ITyKAaTH Ta ITOPIBHIOBATH TOTOYHI MapUIPyTH, SKi MalOTh TaKHH
camuii HaOip BepUINH, ajie B iHIIIN IOCIiZOBHOCTI, Ta OOMPAaTH KOPOTIINH
IIISIX MapLIpyTy.

AJNTOPUTM 3MEHIIY€ KiJbKICTh BapiaHTIiB, BIIKUIAI0OUN 3aiiBl MapIIPyTH.

IBuraxicts poboTH mpu 20 BepIIHHAX CTAHOBHUTH 23,5 XBHIMHU.

Kinbkicts BapianTie 122*10'5 (noBuuii nepeGip), a micis BiAKMJaHHS
3aBUX MapIIpyTiB 3aaumaeThes 262 144 BapiaHTiB.

[IpoekT BUKOPHUCTAaHHS aJUTUBHHMX 4YHCEN Uil PO3B’s3aHHA 3aaadi
KOMIBOsDKepa MepeBIpeHO Ha MEPCOHATBHUX KOMIT I0Tepax.

Pe3ynbraTH eKcrnepHMEHTIB B pOOOTI NpUBENeHi A pi3HUX rpadiB 3
KijbKicTio By3miB Bin 4 nmo 20. Yac BHKOHaHHS 3a1adi 30UIBLIYETHCS Ha
KO>KHOMY KpOIIi TpHOIN3HA B 4 pa3w.

JlirepaTypa
1. Oleh Pavlenko, Anatolii Tymoshenko, Oksana Tymoshenko, Andriy
Luntovskyy, Yaroslav Pyrih & Igor Melnyk. Searching Extreme Paths Based
on Travelling Salesman’s Problem for Wireless Emerging Networking, in
Springer LNEE 965, 2023, pp 284-304
2. Kostenko L.I.,, Tymoshenko A.G., Traynin E.Z.: Electronic modeling of
operations research tasks [Text]. Academy of Sciences of the Ukrainian SSR,
Institute of Cybernetics. — K.: Sciences. opinion, 1973. — 163 p.
3. Lande D., Berezyn B., Pavlenko O.: Development, evaluation and use of a
word segmentation algorithm for monitoring systems of national Internet
resources / Development, Evaluation and Usage of Word Segmentation
Algorithm for National Internet Resources Monitoring Systems. Information
technologies and security. Materials of the XVII International Scientific and
Practical Conference ITB-2017. - K.: Engineering LLC, 2017. - C.22-31. CEUR
Workshop Proceedings (ceur-ws.org). Vol-2067 urn:nbn:de:0074-2067-8. -
Selected Papers of the XVII International Scientific and Practical Conference
on Information Technologies and Security (ITS 2017) [http://ceur-ws.org/Vol-
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Academy of Sciences. - 2002 - Volume 20, Special issue: in two parts. Part 2. -
P.516

7. Pavlenko O. Yu.: Determination of the optimal sequence of additively
distinct numbers., EUROPEAN SCIENTIFIC DISCUSSIONS. Proceedings of
X International Scientific and Practical Conference Rome, Italy, 2021, August
15-17. p. 75-79.

JOCIHIKEHHS 3AJAYI ITPO PIOK3AK B YMOBAX
HEBU3HAYEHOCTI
Ouena IToakoBanixina, Brmaguciaas Cmona
Hayionanvuuii ynigeepcumem «3anopizvra nonimexuixa»

THE RESEARCH OF THE KNAPSACK PROBLEM UNDER
CONDITIONS OF UNCERTAINTY

Abstract. an approach to finding the optimal solution to a problem, whose
input parameters are a system of independent random variables, was
developed. An application with an interface, that finds optimal solutions and
the total cost and writes the results to a file with a given number of experiments,
was developed. The influence of statistical uncertainty on uniform and normal
distribution laws for the optimal solution of the backpack problem was
developed.

3ajaya TaKyBaHHS ~ pIOK3aKka  3aCTOCOBYBajacsi B  JIOTICTHII,
kpunrorpadii, exoHOMImi Ta TPHUKIATHIA MaTemartuii, ame cdepa
3aCTOCYBaHHS L€l 3aa4i B TEHEPIIIHiif 9ac pO3MIMPUIIACS: AT ONITUMAIEHOTO
KepyBaHHS Ha MIANPHEMCTBAX MAIIMHOOYIIBHULTBA, [UIS PO3MOIITY
IHBECTHIIifl B yMOBaX CTaTHCTUYHOI HEBU3HAUEHOCTI, ISl PO3MOALTY pecypciB
cepBepa, Uil (OpPMyBaHHSI KOMAaHAW CTAapTaIll-POEKTY, JUIS BH3HAYCHHS
Habopy BiTpoBuX enekrpoyctaHoBok BEC Tta iH. [1-5]. Po3mmpenss
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3aCTOCyBaHHS B pi3HMX cdepax wmiei 3amaul mokasye ii Hesracarody
AKTYaJIbHICTb.

BMiHHS =~ 3HAaXoAWTH  ONTHUMaJbHI  PO3B’SI3KM,  KOJIM  3MiHHA
HIiAMOPSIKOBY€EThCS TEBHOMY 3aKOHY DO3IIOALTY, DA€ BaXIUBY POJb UL
BU3HAYCHHS NOPIBHSUILHOI OLIIHKH 1 TOMY aKTyaJbHUM € JIOCIIJDKEHHS BITUBY
HEBHM3HAUEHOCTI Ha ONTHMAJIbHUN PO3B’S30K 3aa4i PO PIOK3aK.

3arajnpHa MOCTAHOBKA 32/1a4i MPO PIOK3aK

PosrnsgHemMo 3amady omnTuMizalii ymakyBaHHS pOK3aka 3 BXiIHUMH
napaMeTpaMy, IO YTBOPIOIOTh CHCTEMY HE3aJIC)KHHIX BUITAIKOBUX BelNInH. B
TPUBHMIPHHAN TPOCTIp (PIOK3aK, MIIIOK, Ky30B aBTOMOOIIS TOIIO) MEBHOTO
00’eMy (Barum), sIKMii He Mae IepeBHIIyBaTH P yMoBHUX oauHHIB (Y.O.),
YIaKOBYIOThCA IpeaMeTH n TutiB. KokHui mpeamer mMae cBiit 00’em (Bary) v;
1 BapTicTh (UiHHICTB) S;. BapTicth (1iHHICTR) abo/Ta 00’€M (Bara) OIHOTO
npeaMEeTy KOXKHOTO THIy MOXKE BapiloBaTHUCA 3a BIANOBITHUM 3aKOHOM
posmnoziny. IToTpiOHO ymakyBaTH NMpeaMeTH B TPUBUMIPHHN HPOCTIP TaKUM
YMHOM, MO0 CcyMmapHa BapTicTh (I[iHHICTB) OUX NpeAMeTiB Oyma
MaKCHMAaJIbHOIO 1 He TIepeBHIyBasia 00’ €M (Bary) mpocTopy.

MaremMaTH4YHA MOCTAHOBKA 3a/a4i NP0 PIOK3aK

n
F = Zsixi - max
—

ViX; < P,

~

-

Il
[y

l
Jie N — 3arajibHa KiJbKiCTh IIPEAMETIB;

X; — KUIBKICTb TIpEIMETIB TUILY i}

S; — BapTiCTh (IIHHICTH) OJHOI0 YNAaKOBAHOTO MNpEAMETY THUIY i, S;
MOXYTh BapilOBaTHCS BIAMOBIMHO 3aJaHOMy 3aKOHY pO3MOALTYy abo
3aJIMIIATHCS CTATUMH;

v; — Bara (00’€M) OJJHOTO YNAaKOBaHOTO NPEAMETY THUILy I, V; MOXYTb
BapilOBaTHCS BINNOBIAHO 3aJaHOMy 3aKOHY pO3MOALTY ab0 3aluIIaTHCS
CTAINMU;

P — Bara (00’em) proK3axy;

F — cymapHa BapTicTh (IIiIHHICTh) YNAKOBaHHX MpeAMETIB 0e3
NIepeBHILIEHHS 00’ €My (Baru) prok3axy.

Iixxix 3HaxomKeHHs1 pO3B’A3KiB 3aaaui

1. OO0paru T 3a/1a4i Ta MEBHUN 3aKOH PO3MOALITY.

ITepmia 3amaya — BapTiCTh MOXE BapilOBATHCS BIANOBIIHO 3aJaHOMY
3aKOHY PO3MOIiTY, a 00’ €M 3aIMIIaeThes cTanuMm. J[pyra 3anaga — 06’ emM Moxe
BapiloBaTHCS BIANOBIOHO 33aJaHOMY 3aKOHY pO3MNOJIiTy, a BapTiCTh
3aUIIAETBCA  CTaNoro. Tpers 3amada — o00’eM Ta BapTiCTh MOXYTh
BapilOBAaTHCS BiMOBIIHO 33JaHOMY 3aKOHY PO3IOALTY.
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2. 3anaty BXizHI JaHi: 00’eM (Bara) plok3aky; 00’eM (Bara) npeaMeTy
KOXKHOTO THUIy; BapTicTh (LIHHICTH) HpPEAMETy KOXKHOI'O THITY; KiJBbKICTh
eKCIIEPUMEHTIB; BIJXWJICHHS BapTOCTi abo/Ta 00’€éMy MpeaMeTy KOXKHOTO
THUILY.

3. Po3paxyBari MakcuMaibHy KiJbKICTh yIIAKOBAaHHX MIPEAMETIB, 1110
MOXYTb OMICTUTBCS B PIOK3aK JUIS IPEMETIB KOXKHOT'O THILY.

4, 3HAaWTH KITBKICTh BCIX MOXJIUBUX IUIaHIB, IO MOXYTb
TIOMICTHTBCS B PIOK3aK, BPAaXOBYIOUH BCI YMOBH 3a]1a4i.

5. 3reHepyBaTH BUTIAKOBI YHCIa BapTOCTI (I[IHHOCTI) Ta/abo 00’ eMy
(Barm) 3a 0OpaHUM 3aKOHOM PO3IOIIJIOM, BPaXOBYIOUH BiZICOTOK BiIXHIICHHS
IUIsL KOYKHOTO THITY IIPEMETIB.

7. BusnaunuTy onTUManbHUM IUIaH, IKUU 1a€ MAKCUMalIbHy CyMapHY
BapTICTh JUIA AaHUX BUIAIKOBHX BEJINYHH.

8. 3adikcyBaTn 3HaiiieHy CyMapHy BapTiCThb Ul TEBHOTO
ONTHMAJIBHOTO IJIaHY B BHJJIEHE Miclie 200 B CTBOPEHUIH MacHB.

9. [ToBTOpHTH KpOKHU 6-8, IOKH He Oylle BUKOHaHAa 0OpaHa KUIbKICTh
EKCIICPUMCHTIB.

10. IIpoaHamizyBaTH pe3yJibTaTH, 3aCTOCOBYIOUH OOpaHi KpUTEpii
ONTHUMABHOCTI, IS 3HAXOKSHHS OJTHOTO ONTHMAIILHOT'O [UIAHY BiMOBITHOT
3amaui.

IIporpamua peaJiizauis 1Jis 3HAXO/2KeHHs PO3B’SI3KY 3a7a4i

IIporpamumii ko1 Oysio po3poOiieHo Ha MOBi mporpamyBanas C++ [6].
[ToTpi6HO OyI10 PO3POOUTH 3aCTOCYHOK, 110 3HAXOAUTH BCi ONTHMAJIbHI ITaHH
Ta 1X CyMapHy BapTiCTh IUIS 3a7aHOI KiJIbKOCTI €KCIIEPUMEHTIB ISl MEBHOT
3a7a4i nmpo prok3ak. J{st 3py4HOCTI KOpUcTyBaua OyJio J0JaHO iHTepdeic
(puc. 1). dnsa po3pobku inTepdeiicy mporpamu Oyna obpana rmiatdhopma
WinForms, 1110 B3aemMoie 3 MOBOO nporpamyBanus C++.

Puc.1 — [nrepeiic 3acTocyHkKy
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Kpurepii onTumasnbsHoCTI 3aga4i

B pesynbraTi po3B’s3Ky 3ajadi MOXKHA OTPHMAaTH II€BHY KUIBKICTb
ONTHMAJILHUX IUIAHIB, KA MOXE JIOCSATATH JIEKUIBKOX COTEHb, a HEOOXiIHO
oOpaTy Jiiie OJUH ONTUMalbHUH IulaH. ToMy Ui OTpUMaHHX PO3B’S3KIB
MOTPIOHO 3aCTOCYBATH NIEBHI KPUTEPIl ONTUMAIBHOCTI:

1 Kpurepiii KiTbKOCTI 3’ IBICHB BIATIOBITHOTO PO3B’S3KY Y BiICOTKAX.

2 Kpurepiii cepeqap0apru(pMETHIHOT CyMapHOi BApTOCTI BiAMIOBITHOTO
PO3B’SA3KY B y.0. (YMOBHI OJIIHHIII).

3 Kpurepiif IMOBIpHOCTI, IO OTpUMaHa CyMapHa BapTIiCTb AJIS TaHOTO
PO3B’s13Ky Oyne Oublue HiX K y.0.

Mpuxnan

Po3risiHeMo 3a7auy naKkyBaHHsI PIOK3aKa, B sIKid BAPTICTh € BUTIAJIKOBOIO
BEJIMUMHOI0. € 5 TUIIB MPEAMETIB, SKI MOTPIOHO yrnakyBaTH B prok3ak. 00’ em
prok3aky mopiBaioe 100%. Ilpeamer mepmioro Tumy 3aiiMae 31% 00’emy
prok3aky, apyroro — 13%, tpersoro — 10%, yetBeproro — 9,5% Ta m’sitoro —
8%. BapTicTh omHOTO IpeaMeTy nepmoro Tamy gopisHioe 10050 y.o., apyroro
— 4210 y.o., Tperboro — 3130 y.o., gerBepToro — 3000 y.o. ta m’sitoro — 2600
y.o. [ToTpiObHO 060B’SI3KOBO YIaKyBaTH HE MEHIIIE HiXK IO OJHOMY MPEIMETY
MEPILNOTo, IPYTOro Ta TPETHOTO THITY.

Bapricte 151 0ZHOTO IpeAMETY KOXKHOTO THIy MOXKE BapiloBaTHCS
3TIJHO TIEBHOTO 3aKOHY pO3MOIUTY BIATOBIZHO HACTYIHHX BiJCOTKIiB
BIIXMJICHHS: OJIUH MPEaMET nepuioro tumy — 35%, apyroro — 20%, TpeThoro
— 15%, getrBeptoro — 50% Tta m’storo — 30%.

HeoOxinHO ymakyBaTH prOK3ak Tak, 11100 CymMapHa BapTiCTh yaKOBaHHX
IpeaMeTiB Oyia MaKCHMaJIbHOIO.

OtpuMaeMo poO3B’sI3KM 3ajayi, B SKiil BapTiCTh € BHUIIQJAKOBOIO
BEJIMYMHOIO 3 PIBHOMIPHMM 3aKOHOM PO3IOJiTY. 3almycTUMO pO3poOieHuit
3aCTOCYHOK Ta 3allOBHHMO BCi OJIOKM BXIJHHMH NapaMeTpaMH i MPOBEIEMO
JIOCTIKEHHS 3 KUTBKICTIO excriepuMeHTiB B 20000 3a piBHOMIpHUM 3aKOHOM
po3moaiNy.

B pesynbrati Oyno orpumano § onTUManbHUX IUIaHiB. CKOpHUCTaEMOCS
MEPUIMM KPUTEPIEM ONTUMAIBHOCTI. PO3paxoByeMO HIKHIO MEXY Lnin
(17,85%), 1110 1O3BOJIMTH BiCIATH HEHAIIHHI ONTUMAIIBHI TUTaHu. B Tabmuii 1
HaBeJIeH1 pe3yIbTaTH MiCJIS 3aCTOCYBAHHS MEPIIOTO KPUTEPIIO.

Tabmurs 1
Pe3ynbTaTd 3a IepIINM KpUTEpieM
Hab6ip KinbKicTh
20000
11141 37,41%
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12104 20,05%
22100 21,39%

Kpurepiit cepemapoaprnpmeTnaHOi CyMapHOI BapTOCTi 3aCTOCOBYETHCS
O pe3yibTaTiB, II0 OTPHMAIM IICII 3aCTOCYBAaHHS KpPHUTEpis KiJIBKOCTI
3’siByieHb. s modaTKy po3paxoByemo 3HaueHHS q (34634,8). Bcei cymapsi
BapTOCTi, IO HIKYE AAHOTO 3HAYCHHS Bifciroemo. B tabmummi 2 HaBemeHi
Pe3yIBTAaTH MiCIs 3aCTOCYBaHHS APYTOTO KPUTEPIFO.

Tak sk 3a ABOMa KPUTEPISIMU HE 3aJIMIIMBCS OJUH ONTHMAJIbHUH IUIaH,
TO 3aCTOCOBYEMO TpETiH KpUTEpid, a came KpuTepill HMOBIPHOCTI, IO
OoTpHMaHa CyMapHa BapTiCTh JJIsl JAHOTO pO3B’s3Ky Oyie Oinblie Hik k y.0.
PospaxoByemo k Ta oTpumaemo 3HaudeHHs 35606,7. 3a UuM 3HAUYECHHAM
PO3paxoByeEMO HMOBIPHICTh IS ONTHUMAIbHHUX pPO3B’s3kiB. B Tabmwmii 3
HABEJICHI Pe3yJIbTATH MICIs 3aCTOCYBaHHS TPETHOTO KPUTEPITO.

Tab6mus 2
Pe3ynbTaTi 32 IPYrUM KpUTEpieM
Habip CepenHe apupMeTHIHE
20000
11141 35209,7
22100 36003,6
Tabmuus 3

PesynbraTi 3a TpeTiM KpUTEpieM

) MMoBipHiCTh CYM. BapT. >35606,7
Hablp 20000
11141 45,5
22100 61,1

[Ticnst  3acTocyBaHHs ~ TPETHOTO  KPUTEPis  MOXKHA  OCTATOYHO
peKOMeHyBaTu onTUMalbHU tiaH (2-2-1-0-0), a came: B prok3ak HOTpPiOHO
yIakyBaTH JIBa MPEIMETH IEpIIOro THIly, JBa MPEAMETH JPYroro TUILy Ta
OJIUH TIPEIMET TPETHOTO THUITY.

OTtpumaeMo pO3B’S3KM 3a4adi, B SKii BapTiCTh € HOPMAJIBHO
PO3IOJIICHOI0 ~ BEJMYMHOI0.  3allyCTHMO  pPO3pPOOJICHMH  3aCTOCYHOK,
3alI0BHMMO BCi OJIOKHM BXiJHHMH IapaMeTpaMH 1 MpOBEIeMO JOCIHIIKESHHS 3
KiJbKicTio ekcriepuMeHTiB B 20000 3a HOpMaIbHUM 3aKOHOM PO3MOLTY.

B pesynbrati Oyno oTpuMaHo 6 onTUMaNbHUX IUTaHiB. CKOPHCTAEMOCS
NIepIIUM KpPUTEpPIeEM JUIsl BiACIIOBAaHHS IUIaHiB. PO3paxoByeMO HMKHIO MEXY
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Lnin (17,85%) 1 Binciemo HeHafiiHi onTUManbHi iany. B tabnuni 4 HaBeneHi
PE3yJBTATH MICIIs 3aCTOCYBAHHS IIEPLIOT0 KPUTEPIIO.

Hami 3actocoByemMo npyruii kpurepiii. Po3paxoByemo 3HaueHHS (
(32631,8) 1 BCi cymapHi BapTOCTi, [0 HIXKYEC JAHOTO 3HAUCHHS, BiJICIEMO
(Tabm. 5).

Ta6muis 4
Pe3ynbpTaTH 32 HEpIIMM KPUTEPiEM
Habip KimpkicTh
20000
11141 35,7%
12104 20,8%
13300 20,1%

[Micns  3acrocyBaHHS ~ JIpyroro  KpHUTepis  MOXHA  OCTaTOYHO
pEeKOMEeHAyBaTH ONTUMaIbHUM MIaH (1-1-1-4-1), a came: ynakyBaTu B proK3ak
OJIVH MPEIMET IEePIIOro TUILY, OJUH IPEIMET JPYroro THUILY, OJHMH MPEAMET
TPETHOTO THILY, YOTHPH NPEAMETa YETBEPTOTO THILY Ta OJUH IIPEIMET I’ ATOTO
THITY.

Tabmuus 5
PesynpTaTh 32 APYTUM KpUTEpieM
Habip CepenHe apuhMeTHIHE
20000
11141 33073,4
BucHoBknu

3anpornoHOBaHO MiAXiM 3HAXOPKEHHS ONTHMAIBHOTO PO3B’SI3Ky 3a/adi,
BXiJIHI MapamMeTpu SIKOi € CHUCTEMOI0 He3aJeKHUX BHIIAJIKOBHX BEJIHYHH.
Po3pobneno 3actocyHOk 3 iHTepdeiicoM, SIKUl 3HAXOMUTh ONTUMAJIBHI
PO3B’SI3KM Ta CyMapHy BapTicTh 1 3ammcye pe3ysbTaTH B (hailin 3 3amaHoIo
KUTBKICTIO eKCIIEPUMEHTIB. [HTepdeiic 3aCTOCYHKY T03BOJIsIE OOUPATH 3134y
Ta 3aKOH pPO3MOAITY, 3aJaBaTH II0YaTKOBI yMOBH BapTOCTi Ta 00’emy,
MaKCHUMaJbHUI 00’€M pIOK3aKa Ta BiJICOTOK BiAXWJICHHS BapTOCTi abo/Ta
00’eMy A1 KOXKHOTO TpeaMeTy. 3ampoIlOHOBAaHO KpUTEPil ONTUMAIBHOCTI
JUIL aHalli3y BIUIMBY HEBU3HAYCHOCTI Ha ONTHUMAaJbHUHA IUIaH 3ajadi.
JlociipkeHo BIUIMB CTaTHCTUYHOT HEBU3HAUSHOCTI Ha IMPHKJIA/Ii PIBHOMIPHOTO
Ta HOPMAJIBHOTO 3aKOHIB PO3IOALTY Ha ONTUMAIBHUM PO3B’A30K 3ajadi 1Mpo
PIOK3aK.
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KOMBIHATOPHE Y3AT' AVIbHEHHS: MOJIEJII KPUTUYHUX
3HAHb
IOpiit [Ipokomuyk
Inemumym mexniunoi mexanixu HAH Yxpainu,
Ipuoninposcvka depicagna akademis OYOIGHUYMEA MA ApXimeKmypu

COMBINATORIAL GENERALIZATION: CRITICAL KNOWLEDGE
MODELS

Abstract. Models of combinatorial generalization of the description of
events, situations, scenes based on the paradigm of limiting generalizations are
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considered. Critical sketches of images, situations are determined: they cannot
be generalized without losing the unambiguity of the conclusion.

Iependauaersest [1, 2], o0 AOBUILHUI CTaH CKJIamHOI CUCTeMHU abo
MPOIIEC MOXHA OMUCATH 3a JIOMOMOTOK Oe3JIivi eleMEHTapHHUX TECTiB {T}.
KoxeHn tect 3amaethest Mepexeto HauepkiB Gs(t) = {T—. '}, ne T, T' —
momenu. [lns dikcamii Toro, mo B SKOCTI MHOXHHH PE3yJbTATIB TECTY T
BUKOPUCTOBYEThCS JOMEeH 1, OyneMo BHKOPHCTOBYBaTH HoTamito: T/T.
Konkperne 3HadyeHHs TecTy mno3Hauatumemo 1/7. Oprpad TOMEHIB TecTy
3anaotbes Bupazom: G(t) = {t/T —. t/T'}. KoxeH JOMEH € OJHOYAaCHO
3a/auero po3pi3HeHHs. [IpuKkiIanym Mepex HauepKiB TECTY HABEACHO Ha puc. 1
(BepIIMHU — IIe TOMEHU; HAWHIKYA BEPIIMHA - 116 HAWTOYHIMKN JOMEH abo
6azoBuii nmomen Tp). [lomiOHe mpeACTaBICHHS O3BOJISIE DPO3IIISHYTH
KOTHITHBHI Mojeni kareropu3amii [1, 2, 3], IHTENCKTy Ta IMIUTILUTHOIO
dbopMyBaHHS TIHOOKMX ab0 KpPUTHYHUX 3HAaHb JUI1 KOXKHOI 3amadyi
po3pi3HeHHS («TOHKHIHA 3pi3» €BPUCTHK).
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Puc.1 - [lpuxnaou mepesic nauepkie mecmy

Hns Oynme-sikoro 3HaueHHs 1/ y pamkax oprpada momeniB (abo
KoH(iryparopa Tecta) G(T) BU3Ha4YCHO KOHYC AeTaii3amii - G'(t/T) ta KOHYC
y3arajJbHEHHS - G (/7). SAxmo yepe3 [*] MO3HAUYUTH MHOXHHY €JIEMEHTIB-
BepimH oprpada, To
[G*@WD] = (UT YT =6 T} (G WD = (UT"|UT>6 UT").
AHAJIOTIYHO BH3HAYAIOTHCS KOHYCH Gsi(Tr) Ta GsT(Tr).

Konycn  y3arambHeHHS — peali3ylOThb  NPHHIMII  CTPYKTYpHOI
KorepeHTHocTi. Ha ocHOBI KOHyCiB Jeraiizalii peani3yeTbcsi IEpKOJISIis
aKTHBHOCTI Ta KOHTpoJhoBaHa ramonuHamis (“controlled hallucination”).
JlokanpHME TpocTip iHTepmperanii 3HaueHHS /7 (00'enHaHHSI KOHYCIB
y3arajJbHEHHS Ta JeTali3allii) MO3HAYAMO GN(L/T) (BIAIOBITHO GSN(TT)).
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[Mpuknan JOKaNBHOrO JAWHAMIYHOIO CMHMCIIOBOTO IIPOCTOPY IOBLIBHOTO
3HAYEHHS T NOKa3aHo Ha puc. 2 (LIrocTpais rinepdoiiunoi MeTpuku) [1].

G'(v)

G'(v)

Puc. 2. - Ilpuxnad cmucrogoeo npocmopy G

baHKOM TecTiB Ha3UBAETHCSI OHTOJIOTTYHO Y3ro/PKeHa MHOKHUHA oprpadis
{G(7)}. Pi3ni komOiHauii TOMEHIB JUIs BCIX TECTiB BH3HAYaAIOTh Pi3HI PiBHI
y3arajJbHEHOCTI ONUCY CHTYaliil IIHCHOCTI (KOMOIHATOpHE y3arajlbHEHHS).
Omxe, OaHK TecTiB 3a0e3meuye mnepexii Biag (i3WYHOI peaTBHOCTI 10
MEHTAJILHOTO IPOCTOPY Ta € CHUCTEMOI0 KOOPAMHAT JOBUILHOTO HAuepKy
obpa3sy, cueHH, curyamii. [IpHKIagM MEHTAJbHUX CHCTEM KOOPIMHAT
HaBeJEeHO Ha puc. 3 [2].

Puc. 3. - Ilpuxnadu menmanvhux cucmem KoopouHam

[izkpeciroro: Bci Hauepku SIBUINA, IMOJIl, MPOIECY, CHEHH iCHYIOTbH
OJITHOYacHO (IPOCTIp iHTEepHpeTaliif), OJHaK EHEprisl «yBarm» po3noAijIeHa
HEpIBHOMIPDHO - BOHa MOXXE IepeMillyBaTUCS MDK TIpylnamMH HayepKiB
(Metadopa «mnpoxkekTopy» abo «CcBIOMOCTI»). MaroTh Miclie TaK0X MPOLECH
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KOHBEpIeHIii-iBeprexuii eneprii Ha 6a3i Mepexi Mepexx HauepkiB. Mepexa
Ha4yepKiB TECTy BifoOpakae KOHLENIII0 «KOHTHHYYMY 3a/lad PO3Pi3HEHHSD)
(nacninox koMbiHaTOpHOTO BUOYXY) Ta iHKyOauito 3HaHb [1, 2, 3]. By sika
3aJjaya po3pi3HEHHS BUPIIIYETHCS 32 JOIIOMOT'OI0 CTOXaCTHYHOTO IPOLECY ITiJ
Ha3Bolo «KpearuBHuii nepemimryrounii map» [1, 3].

Just po3B'si3anHst Oy (b-KO01 Z-3a/1a41 pO3pi3HEHHS (POPMYETHCSI MHOYKHHA
npereeHTiB 3 Bimomumu Hachinkamu Q={o({7/T}, /Z)}, ne Z = {1, ..., N} -
MHO)XMHa BHCHOBKIB (JliarHO3iB, NMPOTHO3iB, ynpasiiHb); {t/7T} - MHOXHHa
3Ha4eHb TECTIB; z/Z - BUCHOBKH abo0 pe3ynbraTh. Dikcanis Z-3a1a4i CTBOPIOE
BUTIEPEKYBAJIBHY CHCTEMY KaTeropiaJbHUX OYiKyBaHb, SKa TOTYE yBary 10
30upanHs iHQopMaIii Mpo o3HaKU 00'eKTiB (OYIb SIKUI TOMEH — IIe Z-3a/1a4a).

Be3 BTpaTtu chinbHOCTI MpUHAMEMO, MO KOKEH TECT BXOAUTH JI0 OIIHCY
mpeneneHTy  (cuTyamii  TiHCHOCTi, cIeHH) oauH pa3. Kpim  Toro,
PO3TIIAATUMEMO OTIMCH TIPEIEACHTIB 3 TIOBHOIO iH(pOpMaIliero (€ 3HAYCHHS
Bcix TecTiB 3 {G(1)}). Uepes Q({t/Tv}, Z) mo3HaUnMMO ampiopHi OIHCH
mpereaeHTiB. MHOXHMHA BCiX Ha4YepKiB 0a3W MpEleACHTIB yTBOPIOE oprpad
HauepkiB Q(2), y sxomy Q({t/T}, Z) — okpemuii Hauepk. MokKHa TaKOX
PO3TISHYTH oprpad HadepKiB KOXKHOTO MpeleAcHTy o, Tomi omuc o{t/T},
Z/Z) - le OKpeMHil MaJIFOHOK. Y Ci Ha4epKH iCHYIOTh OJJTHOYACHO.

3adikcyemMo piBeHb y3arambHeHocTi {T/T}. Haduepk 0a3u mperneacHTIB
Q({1/T},Z) HazuBaeTbcs KOH(DIIKTHUM, SKIIO ICHYIOTH Xo4ya O JBa
npeueneHTH o({t/T}q«, zo) Ta PB({z/T}p, z8), Taki, mo {t/T}a= {T/T}p, ane
Zo#2zp. Ilepembavaerbcs, mo ampiopamit  Hauepk  Q({t/To}, 7Z)
0e3KOHMTIKTHHA.

Byznemo roBoputH, mo momeH 7' y3aranbHIoe 1oMeH T’y Mexax oprpada
G(7), sKIo BOHU He 30iraroTbes, 1 icHye mnisix T—...—T'. Y3arambHEHHS
no3HaynMo Hortariero: T < T'. Hectpore y3aranbHEHHsS (IIOMEHH MOXYTh
30iratucs) mozHaunMo Hotamiero: T < 7. 3po3yMmiJio, MO TUIbKI TepMiHANBHI
BepmmHA oprpada G(T) He MOXHa y3aradbHUTH. MiX Oyab-sSKUMH JBOMA
BepIIMHAMU oprpada JoMeHiB a00 € BiTHOIICHHS y3araJbHEeHHs, abo Hi.

Bynemo kazatu, o onuc {t/7T"} y3aranbHioe onuc {t/7T}, skmo VT T< T
idt T<T.Ys3aralbHEHHS OIUCIB MTO3HaYaTUMeMO Hotamierw: {t/T}<{t/T"'}.
Hectpore y3arampHeHHs (yCi IOMEHH MOXYTh 30iratucsi) IMO3HAYUMO
Hotamieto {t/T}<{t/T"}.

Sxmo nHawepk 6a3u mpeueneHtiB Q({t/T}, Z) Oe3KoH(MIIKTHHHA, TO
0e3koHbIiKTHI Takox yci Hauepku Q({t/T"}, Z), Taki, mo {t/T" }<{t/T}. ko
Hauepk Oasu npeneneHtiB Q({t/T}, Z) KOHPIIKTHUH, TO KOHPIIKTHI TAKOK
yci Hauepku Q({t/T"}, Z), Taki, mo {t/T}<{t/T"}.

Hauepk 6a3u npeneeHTiB Ha3uBacThECA KpuTuaHuM - Q({ 7T}, Z), aximo
BiH 0e3KOH(IIKTHUH, ayie Oyb-sIKMH y3arajJbHIOIYHH HaYepK KOHQIIKTHHH.
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Pemrta Oe3kOHQUIIKTHMX Ha4yepKiB Ha3MBAIOTbCS JOKPUTHYHMMH. YcCi
KOH(JIIKTHI Ha4epKH Ha3MBAIOTHCS 3aKPUTHYHUMH. 3aKpUTHYHI HayepKu
CIIyTYIOTh OCHOBOIO JUISi NPOBEJICHHS aHAJIOTii, meradop 1 mepeHeceHHs.
Hauepku 6a3u npeueneHTiB GpopMyroTh ocHOBY KoHuenuii "basu nanux, siki
HacudeHi ceManTHKo10". KpuTnuHi Hauepku 0a3u MpeLeieHTiB BiANOBIAa0Th
KoHLenuii "ToHkoro 3pi3y". Came BOHM € OJHI€IO 3 IiJIeil KOMOIHATOPHOTO
y3araJbHEeHHS.

Ilpuknax  KOMOIHATOPHOTO  y3araJdbHEHHA  TMOMIH  (KOHIICTIIiS
Cy6'extuBHOTO TIpocTOpy-dacy-aii [1]). [loxis Mmoxxe matw Burnsag Ev=<t/T,
{p/P}, e/E>, ne /T - dakt; {p/P} — mpocTopoBa Ta CYIyTHs iH(MOpMAILIis
(xonrtekct); ¢/E — emorii. "Xmapa cmuciiB" abo Mepexka Ha4depKiB TOIIi:
Gs(Ev)=<G™(v/T), {GM@/P)}, GV (¢/E)>. Mepexa mauepkiB BimoGpaxae
XBWJIFO aKTHBamii HadepkiB (pyx eHeprii). Ili XBuJi aKTHBYIOTh, 30KpeMma,
€BPUCTHKH IHAYKTOPHOTO MIPOCTOPY (pi3HOMaHITHI Kay3aJbHi
3aKOHOMIPHOCTI).

IIpuxmag KOMOIHATOPHOTO y3arajdbHEHHS IIOBIJOMJICHB, TEKCTY,
HapatuBy. HapaTuB Moxe OyTH TpeicTaBieHHH y BUTIAI Mes=<ai/Aj,
aAs,..., alAy>, ne a; — Ttectn. "XMapa cMHCTIB" a00 Mepeka HadepKiB
HapaTHBY y KOMYHIKaHTa: Gs(Mes)=<GN(g1/A1), GN(Qz/Az), e GN(gnlAn)>.
OCKiNbKM Mepeki Ha4yepKiB y KOXKHOTO KOMYHIKaHTa CBOi, TO 1 «XMapu
CMHUCITIBY» TakoX ocobucTi. [ToTpiObHO Takox BpaxyBaTu ocoOucTuii gocBif [1,
3].

3anpornoHOBaHMM  MiAXiJ]  BHUKOPUCTOBYETbCS  AJsl  CTBOPEHHI
IHTENCKTYAIbHUX TMPHUKIAICHh B PI3HUX Taly3sfiX — MEAUIMHI, TEXHIIll,
TPAHCIOPTI, KOCMIYHHUX TeXHOJIOTisX [1 - 4].

JlitepaTypa

1. Ipoxomayk FO.A. WHTYyHmms: ombIT (GOpMarbHOTO HCCICIOBAHHS.
Huenp: 'BY3 «III'ACA», 2022. — 724 c.

2. Ipoxomayk FO.A. Habpocok popmanpHO# Teopun TBopUecTBa. [IHEmp
:TBY3 «III'ACA», 2017. - 452 c.

3. IIpoxomuyk HO.O. KorHiTuBHI MigX0I1 10 IHTEIEKTY: aCHMITOTHIHA
palioHaNBHICT, Ta KOHTHMHYYM 3alad po3pisHeHHs // Marepianu
MikHapoaHOT HayKOBO-TeXHIUuHOT KoH(pepeHuil «IHpopmariiini TexHosorii B
Mertanyprii Ta MammuoOyxyBanHi» (M. JHinpo, 22 6epesns 2023 poky). —
Huinpo, Ykpaina: YJVYHT, 2023. — C. 318 - 323. DOI: 10.34185/1991-
7848.itmm.2023.01.086

4. Prokopchuk Y., Nosov P., Zinchenko S., Ben A. (2023). Bio-holonic
approach to the creation of naturally reliable and safe transportation systems.
Materials of the 15th Scientific and Practical Conference «Modern Information

161



and Innovative Technologies in Transport (MINTT-2023)» (May 24-25, 2023,
Kherson). Kherson, Ukraine: XSMA. P. 37 —41.

METO/I OMPALIIOBAHHSI IH®GOPMAILIIE B CHCTEMAX
KOOPJUHAT MHOI'OBU/IIB

B. B. Pisnux!, M.T. Conomxo?, C.C. Isacis', O. M. /lem’anie’

'Hanionansauii yaisepcutet "JIbBiBchKa nomitexnika", kagempa ACY
’HauionanbHuii YHIBEPCUTET BOJTHOTO rocCIro/1apcTBa Ta
NPUPOJIOKOPUCTYBaHHs, M. PiBHe, kadenpa o0UMCIIOBaIBHOT TEXHIKH

METHOD OF PROCESSING INFORMATION IN COORDINATE
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Introduction.

Method of information processing in coordinate systems of manifolds formed
on the set of combinational sums of basic vectors, using combinatorial
configurations of «ideal ring bundles» type is considered, and on the basis of
analysis of publications related to the study and use of spatial coordinate
systems an approach to processing information in the basis of the coordinate
system of a manifold is developed, where the basis is a subset of this coordinate
system set. A one-to-one correspondence between the set of attribute
categories of the input data and the set of coordinate sets of the spatial lattice
of a manifold is established, the number of ring axes of the coordinate system
of which determines the number of attribute categories, and the number of
positions on these axes — the number of attributes of the corresponding
category. On a concrete example, the peculiarities of the method of information
processing in the basis of the torus coordinate system are investigated, which
makes it possible to understand the essence of this method, due to the
simultaneous encoding of vector data sets by two or more categories of
attributes simultaneously. It was found that for processing information on lists
of attribute categories it is advantageous to use optimal vector monolithic-
group code. It is planned to continue studying the effectiveness of vector
combinatorial configurations for processing information using various
technologies and formats, which will open up new possibilities for using
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methods of optimized coding and information processing in spatial coordinate
systems of manifolds, developing optimized vector information technologies,
improving data encryption and controlling dynamic objects.

Purpose of the article is to investigate the effectiveness of using
combinatorial configurations in the basis of the coordinate system of manifolds
for information processing.

Scientific novelty of the work lies in the development of a new approach
to the optimal processing of information in the basis of the coordinate system
of manifolds.

Practical significance — expansion of possibilities of application of
methods of optimized coding and processing of multidimensional data arrays,
due to simultaneous encoding of vector data sets into two or more categories
of attributes simultaneously, improvement of encryption methods and
management of dynamic objects. The possibilities of practical application of
the method of optimal processing of information in the basis of the coordinate
system of manifolds have not yet been fully disclosed.

Keywords: combinatorial optimization; coordinate system; optimal vector
monolithic-group code; data indexing; data encryption.

Conclusions. The efficiency of using combinatorial configurations of the
«ideal ring bindings» type for processing information in spatial coordinate
systems of manifolds formed on the set of combinational sums of the base
vectors of the mentioned configurations is investigated. A one-to-one
correspondence between the set of attribute categories of input data and the set
of coordinate sets of the spatial lattice of a manifold is established, the number
of ring axes of the coordinate system of which determines the number of
attribute categories, and the number of positions on these axes — attributes of
the corresponding category. A concrete example of processing information on
two categories of attributes in the basis of the torus coordinate system is given.
The use of combinatorial configurations for data processing in optimal vector
information technologies using optimized monolithic-group vector codes
outlines a number of advantages aimed at improving methods for encrypting
multidimensional signals when controlling dynamic objects, reducing the use
of machine time and memory for information processing, due to the coding of
information sets of attribute categories concurently. Information technologies
based on vector combinatorial configurations are focused on all technical and
practical aspects of the latest research and results of international
academicians, scientists and practitioners.

PosrnsyTO Meron ompaifoBaHHA iH(opMarii B cucTemMax KOOpIWHAT
MHOTOBH/IIB, YTBOPEHHX Ha MHOXWHI KOMOIHaIifHNX cyM 0a30BHUX BEKTODIB
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KOMOIHATOpPHUX KOHQIrypauid THITy «iJieajJbHUX KiJbLEBUX B’SI3aHOK», 1 Ha
OCHOBI aHaJi3y MyOJIiKaIliii, TOB'SI3aHUX 3 JOCIIKCHHSIM Ta BUKOPUCTAHHSIM
MPOCTOPOBUX CHCTEM KOOPJMHAT BHPOOJEHO MiAXiX 1O OIpalfoBaHHs
iHpopMmanii B Oa3uci cuUcTeMH KOOpIMHAT MHOTOBWAA, A€ 0a3uc — 1e
MiIMHO)KWHA MHOXXMHHM KOOpJAWHAT IIi€i cHUCTeMH. BCTaHOBIEHO B3aEMHO
OJTHO3HAYHY BIIMOBIAHICTH MK MHOXXKMHOIO KaTeropiii arpuOyTiB BXiTHHX
JMAHUX 1 MHOKMHOIO HAaOOPIiB KOOPIMHAT MPOCTOPOBOI PEIIiTKA MHOTOBHIA,
YUCNIO KINBIEBUX OCEH CHCTEMH KOOPIMHAT SKOi BH3HAYAE KUIBKICTH
KaTeropiit aTpuOyTiB, a YHCIIO MO3UIIH HAa IUX OCAX — KIIBKOCTI aTpuOyTiB
BiMOBiTHOI KaTeropii. Ha KoHKpeTHOMY IpHUKIAMIl JOCITiIKEHO OCOOIMBOCTI
METOAY ONpaIfoBaHHA iHpopMarii B 6a3uci CHCTEMH KOOPAMHAT TOPa, IO Ja€
3MOTY 3pO3YMITH CYTHICTh 3a3HAU€HOTO METOJNY, 3aBISKH OJHOYACHOMY
KOJYBaHHIO BEKTOPDHHUX HA0OpIB JaHUX 3a JBOMa 1 OLIbIE KaTErOpisiMHU
aTpuOyTIB OMHOYACHO. 3’sICOBAHO, IO I OMpaifoBaHHs iHbopMmalii 3a
CIHMCKAaMM KaTeropii artpuOyTiB BHTIHO 3aCTOCOBYBAaTH OINTHMAlIbHUN
BEKTOPHHUI  MOHOJITHO-TPYmOBHi  kox. IlepeabadyeHO  MPOIOBKHUTU
JOCHI/KEHHST €(DEeKTHMBHOCTI 3aCTOCYBaHHS BEKTOPHHX KOMOIHATOPHUX
KOH(]Irypariif aus omparroBaHHsa iH(popMarii 3a pisHUMH TEXHOJIOTIIMHU Ta
(¢opmaramMu, IO JacTh 3MOTY BiAKPHTH HOBI MOXKIHMBOCTI 3aCTOCYBaHHS
METOZIB ONTHMI30BaHOTO KOIyBaHHSA ¥ ompamioBaHHA iHGopMaIii y
NPOCTOPOBHX  CHCTEMax  KOOPAMHAT  MHOTOBHIB,  PO3POOJICHHS
ONTUMI30BaHUX BEKTOPHUX 1H()OPMAIITHUX TEXHOJOTIH, BIOCKOHAJICHHS
mUQpyBaHHSA JaHUX 1 KEPYBaHHSA JHHAMIYHUMU 00’ €KTaMH.

Beryn. CyuacHi iHpopMamiiiHi TEXHOJIOTIi MOB’s3aHI 3 JTOCIIIKSHHIM
e(eKTUBHHUX METOJIIB OTPALIOBAHHS MACHBIB JaHUX B PI3HUX Taly3sX HAYKH 1
TexHikH. CyTT€BO 3pocTae oOcCsIr NaHMX, SKI  NOTPIOHO aHaJi3yBaTH,
00po0usATH 1 BUKOpUCTOBYBaTH. B po6oTi [1] BUKOPHCTOBYETHCS AITOPUTM
MIBUAKOTO TiepeTBopeHHs: Dyp’e, Kiacu NpencTaBieHHs 0araToBUMIpHHX
noniHoMiB 1 nBoBuMipHuX FIR- ¢inbTpiB meperBopeHHs yacToTH. 3a LIUMHU
METOJIaMH TPYHTYETHCSI HAa MAaHIMYJIILIAX, TAKUX K BHOIpKa, MEPETBOPEHHS
®dyp’e UIA CTOBNYHUKIB 1 psakiB, ¢imbrpamis Ttomo. OO4HCcIOBaNbHA
CKJIaHICTh BUIIIE3raIaHUX METOJIIB 3pOCTAE 13 UUCIIOM BUMIPIOBaHb. Y CTATTI
[2] 3anporoHOBaHO anTOPUTM JEKOMIO3MWII Ta PEKOHCTPYIOBaHHS
0araTOBUMIpHUX CHTHAJiB Ha OCHOBI BHKOPHCTAHHS IIOJIi TapMOHIYHHX
BelBIeT-cIIaiHiB.  JloCHi/DKeHHS  MIHJIMBOCTI  KJIiMaTy Ha  OCHOBI
0araToBUMIpHOTO MPOCTOPOBO-YACOBOTO aHANi3y 3 PO3KJIATaHHIM YaCOBUX
psAmiB Yy KOXKHIM TOYI KOOPAMHATHOI CITKM 3 HACTYHHUM 00’€THaHHSAM
MIPOCTOPOBOI Ta YACOBOI €BOIONI M MIHIMBOCTI KJIIMAaTy B IPHPOTHIX YACOBUX
MmacmrabaX YacoBO  Ta MPOC JIOCOIPAIIOBAHHS XapakTepHa TaKOoX B
nporHo3yBaHHI moroan 3xiiicaeHo B [3]. Kiacudikariro OaratoBuMipHHX
YacOBHX PSIIIB 3 JIBOBUMIPHOIO BUOIPKOIO 3alIpONIOHOBAHO B [4], 32 KOO 11t
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BU/IIJICHHS O3HAK OOYMCITIOIOTHCS BIIACHI BEKTOPH KOBapialliiHUX MaTpUIb 110
psZKax i CTOBITYMKAX, MICISl YOTO BXKMBAETHCS KIacH]iKaTOp «HAHOIMKIOTO
cycima». B poboti [5] po3rismaeThcss METOJ CYMYBaHHS CIUIAMHIB ISt
BIZTHOBJICHHSI 0araTOBUMIPHHX 30HHHMX OOMEXeHb (PyHKLIH 13 JUCKPETHHX
pemriTyacTUx BUOIPOK 3 MOJAJBLUIMM BHKOPHUCTAHHSAM IOJI T'apMOHIYHUX
crutaiiHiB. [1igcyMoByo4H oriisi, MojkHa 0auuTy, 1110 3apa3 y HayKOBOMY CBITI
CKJIQJA€ThCs 3arajbHa TCHJCHIISI CTOCOBHO OINPAIIOBAHHS OaraTOBHMipHHUX
CHTHAIIIB, SIKa TPYHTYIOThCS 37cOINBbIIOr0 Ha 3aCTOCYBaHHI aJITOPUTMIB
MBUAKOTO TMepeTBopeHHsT Dyp'e, KiIaciB pamioHAIBHOTO TPEICTABICHHS
OaraToBUMIpHHX TOJiHOMIB, IBoBUMIipHUX FIR-imeTpiB mnepeTBopeHHS
4aCTOTH, BEHBJICT-IIEPETBOPCHD Ta BUKOPHUCTAHHI ITOJIIraApMOHIYHHUX CIUTAHHIB.
VY 3B’S3Ky 3 LMM BaXXJIMBOTO 3Ha4YeHHS HaOyBae po3poOJICHHS e(eKTUBHHUX
METOJIIB OIpaLIOBaHHs iH(pOpMAIIil, 3aCTOCOBYIOUM BEKTOpPHI iH(pOpMAaIiiHi
TEXHOJIOT1, 371aTHI MT010J1aTH MPO0JIeMy HIBUAKICHOTO ONPALIOBAHHS BEIUKUX
MacHBiB JaHMX Ta HaIifHOro IX TMepecuIaHHd KaHalaMH 3B’S3KY,
BUKOPHCTOBYIOYH BEKTOPHI iH(OpMaLiiiHi TEXHOJIOTI].

MeTta podoTH — J0CHiINTH €PEKTUBHICTH 3aCTOCYBaHHSI KOMOIHATOPHHUX
KoH(pirypariii B 6a3uci cucteMu KOOpAMHAT MHOTOBHIIB IJISL ONIPALFOBAHHS
iH(bopMaIIii.

MeToauka JOCHIIKeHHS] TPYHTYETbCS Ha BHKOPUCTAHHI Teopii
0araToBUMIpHHX KOMOIHATOPHHMX KOH(DIrypaliid THITY iJeaJbHUX KUTBIIEBHX
B’s3anok (IKB) mns onrmmizamii ompamroBaHHS iH(OpMAIll B cHcTeMax
KOOpJAMHAT MHOTOBHIB. [Tpn 11bOMY MHOXHHI KUIBIIEBHX CYyM, YTBOPEHHX Ha
t—BumipHux Bektopax IKB, cTaBuUTbCS y  BiJNOBIIHICTD MHOXHHA
IHJIEKCOBaHUX ! KaTeropiit arpuOyTiB, sika BUUEPITYE MHOKUHY KOOPAUHAT f—
BUMIpHOT pewliTki MHoroBuaa. CyTh METOJy NOJNArae y TOKPHUTTI
KOODJMHATHOIO CITKOK TIOBEpXHI MHOTOBHIA BHM3HAUYEHHX pO3MIpIiB
MHOXKHHOIO KiJIBLIEBHUX BEKTOP-CYM 3a JONOMOIOK MiHIMalIbHOI KiJbKOCTI
0a30BHX BeKTOpiB i (opmyBaHHs B 0a3uci 11i€l CHCTEMH KOOpAMHAT f—
BHMIPHOTO KOy, BEKTOPHI 3HAYCHHS BarOBUX PO3PSIIiB SKOTO 30iratoThCs 3
YHUCIIOBUMH 3HAYCHHSAMH Oa3Wcy BHINE3TaJaHOi cucTeMHu KoopauHat. Ilpm
IIbOMY KO>KHOMY KOHKPETHOMY HabOpy HaHHX «KaTeropis-aTpuOyT» B3a€EMHO
OJTHO3HAYHO BINIMOBiIAa€ KOJOBa KOMOIHAIls f—HaOOpiB KOOpIMHAT, sKa
CKJIQJAETHCSl 3 TOPYY PO3MIIIEHUX 3a KiJIbLIEBOIO CXEMOIO OJXHOWMEHHHX
IBIKOBHX CHMBOJIB, YTBOPIOIOYM ONTHUMAIBHUNA KITBIEBHA MOHONITHO-
TPYNOBUM (—BUMIPDHHH BEKTOPHHH Koj B 0a3nuCi CHCTEMH KOOPIHHAT
MHOT'OBH/IA.

PesyabTaTn. ®parMeHTH pe3ynpTaTiB MPOBEACHUX EKCICPHUMEHTIB
npencrasieHi B Tabmuiax 112, Y Tabnui 1 HaBeneno npuxian GopMyBaHHS
KOOPAWHATHOI PEemIiTKM Ha ABOBUMIpHIiH (f=2) moBepxHi Topa 3X4 mumaxom
cymyBaHHsa 0Oa3oBux BekTopiB aosumipuoi IKB ((0,1),(1,0),(0,2),(2,2)) 3
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ypaxyBaHHSIM YUCIOBUX 3HadeHb MoaynmiB muy=(n —1) = 3, my=n = 4. B
pe3ynbTati po3paxyHKy GOopMyeThCsl JBOBUMIpHA (f =2) KOOpJAMHATHA CiTKa
Ha MOBEPXHi Topa 3 po3Mipamu 3 X 4, 11e KOOPAUHATH KOXKHOTO BY3JIa CITKH
3yCTpiYaroThCs PiBHO OJUH pa3 (R=1).

0,00 (©O,1) (©,2) (0,3

(1,00 ((1,hH 1,2y (1,3)

2,00 @2 22 23

Y tabnumi 2 HaBeACHO MPUKJIIA]] KOAyBaHHSI HAOOpiB MaHMX 3a 1BOMa (1=2)
Kareropismu atpubyTiB B O6asuci ((0,1),(1,0),(0,2),(2,2)) ciucremu KOOpAUHAT
3x4 Topa, nme KOXHIM KOJOBiI KOMOIHAIil ABOBHMIPHOTO MOHOJITHO-
TPYTIOBOTO KOy B3a€EMHO OJHO3HAYHO BI/IMOBiIA€ 3aK070BaHa iH(QOpMAIIis.

HayxoBa HOBH3Ha po0oTH TOJIsiTac y po3po0JIeHHI HOBOTO MiJXOIy /0
ONTHMAJLHOTO OINpaloBaHHg iHpopMalii B 0a3uci CHCTEMH KOOpAWHAT
MHOT'OBHU/IIB.

IMpakTHyHa 3HAYMMICTL — PO3IIMPEHHS MOXIIMBOCTEH 3aCTOCYBaHHS
METOJIIB ONTHMI30BaHOTO KOJYBaHHS W OINpPALIOBaHHS 0araTOBUMIpHHX
MAacHUBIB IaHHX, 3aBSIKH OJIHOYaCHOMY KOJIyBaHHIO BEKTOPHUX HAaOOPIB TaHUX
3a ABOMa i OLIbIe KaTeropisMu arpuOyTiB OJHOYACHO, YIOCKOHAJCHHS
MeToAiB mu(ppyBaHHS 1 KepyBaHHSI AWHAMIYHAMHU 00’€KTaMU. MOKIMBOCTI
NPaKTHYHOTO  3aCTOCYBAaHHS  METOLY  ONTHMAJIbHOTO  OIPAIFOBAHHS
iHpopMamii B 0a3mci CHCTEMH KOOpPIMHAT MHOTOBHIB I ITOBHICTIO HE
PO3KpHTI.

Karwu4oBi cioBa: xomMOiHaTOpHA ONTHMI3alis; CHCTEMa KOOPIUHAT;
ONTUMAJIbHUI BEKTOPHUI MOHOJITHO-TPYMOBHI KOM; iHICKCAIlisS IaHUX;
mMdpyBaHHS JaHUX.

AKTyaJbHiCTh BHpIilIEHHSI NPoGJeMH TOIsArae B  po3poOIIeHH]
e(peKTUBHUX METOJIIB ONPAIFOBaHHsI iHPOpMAIlii.

O0’eKT T0CTiIKEHHS — ONPaIIOBaHHs iH(pOpMaIlil B IPOCTOPOBOMY IOJI
KOOPJMHAT MHOTOBH/IA.

MeTtoa BHpilIeHHSI 3aBAaHHS TPYHTY€EThCS Ha BUKOPHCTaHHI KIACHYHOT
Teopii KoMOIiHATOpHUX KOHQIrypariii [6] i Teopii OaraTOBUMIipHUX ieaTbHIX
kimbieBux B’ s3aHOK (IKB) [7].

PosrisiHeMo MaTeMaTH4HY MOJIENb KOJYBaHHS /-BUMIPHHUX CHIHAJIB B
6a3uci f-BUMIpHOI CHCTEMH KOOPJMHAT MHOTOBH[A, YTBOPEHOI Ha MHOXXHHI
KOMOIHAIIfHAX CyM 0a30BHX BEKTOPiB KOMOIHATOPHUX KOHQITyparliii THITY
IKB. Taka cucrema KOOpAHHAT ONUCYETHCA Napamerpamu n, R, S, mi, my ,...,
my, A€ n- 9ucio 0a30BHX f- BUMIpHHX BekTOpiB IKB, R- KijbKiCTh pi3HHX
croco0iB YTBOPEHHS OJHAKOBUX KiJBIIEBUX BEKTOP-CYM Ha MHOXHUHI -
BI/IMipHI/IX 0a30BUX BeKTOpiB ((k1|,k12,...,k1t), (k21,k22,...,k2t),..., (kn,kiz,...,
ki), ...,(kn1,kn2,...,kn))), S — TOpPsIOK 0OEpTOBOI cHUMETpPii #- BUMIPHOI
TOIIOJIOTIYHO 3aMKHEHOI IPOCTOPOBOI PEIITKH KOOPAWHAT MHOTOBHAA, IO
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OKpHUBA€ HOro MOBEPXHIO, € My, My,..., M — 3HAUCHHS MOAYJIB, 33 SIKUMHU
OKPECIIIOIOTHCSI IPOCTOPOBI PO3MIpHU i€l PEINiTKH: miXmaX...xXm. Mojens
nepet0avyae MOKPUTTSI MHOXKHHOIO MOAYJIBHHX CyM, YTBOPEHUX 71 0a30BUMHU
t- Bektopamu IKB, MHOXMHM By3JI0BUX KOOPIHMHAT f - BUMIPHOI PEIIITKH 3
po3Mipamu mixmoX...xm= n(n —1)/R, ne mi, ma,...,m; — pO3MIpU KiITbIEBUX
ocedl ¢ - BHUMIpHOI pPELITKH, SKa OKPHBAE MOBEPXHIO (f+1)— BUMIpHOTO
MHoOroBHAa [7]. MHOXHWHa KUTBLIEBUX CYM YTBOPIOETHCS KOMOIHAIIHHUM
JOJaBaHHAM 0a30BHX f—BEKTOPIB 32 KOMIUICKCHUM MOXIYIEM (711,12, ...,/My),
MPUYIOMY KOOPJHMHATH KOXKHOI BY3JIOBOi TOYKH f - BHMIPHOI peUIiTKA
KOOpAWHAT MHOTOBHIAa MOXHA OTPHUMAaTH PIiBHO R pi3HUMH crocobaMu
TIOCTITOBHOTO T0/IaBaHHS 0a30BHX BEKTOPIB.

[ndopmaniiiHi mapameTpu ONTUMAJIBHOTO 71- PO3PSIHOTO ! —BHMIPHOTO
BEKTOPHOI'O KOJIy B3a€MOTIOB’s13aHi (opmynamu [7]:

nin—1) < § < n(n—1)?, my-my-...-my=n(n—1)/R

B ocHOBy MeTonmy 3akianeHO KOMOIHATOPHY ONTHUMI3alilo ¢ —BUMIPHHX
BaroBUX pO3PSAIIB  3BaXXCHOTO /- MO3MIIAHOIO KOAY, pPO3psSIaM SIKOrO
MPUCBOEHO TaKi 3HAYCHHS I[IOYHCIIOBHX [—BEKTOPIB, 100 MHOXHHOIO iX
KOMOIHAIIITHUX ~CyM MOXKHa OyJIO TMOKPHUTH MHOXHHY BY3JIOBHX TOYOK
KOODP/MHAT ! —BUMIPHOT PELIITKY MHOTOBH/IA.

Hanpukman, Ha KUThIEBiH TOCHIZOBHOCTI 3 YOTHPHOX (n=4) 0a3zoBHX
IBOBHMIpHHX (#=2) BekTopiB 3 BaroBumHu pospsaamu ((0,1),(1,0),(0,2),(2,2))
MoHa copMmyBati n(n—1)=12 BeKTOpiB, AKi 3aIOBHIOIOTH II0JIE KOOPIMHAT
pewritku Topa 3x4 MOCHIIOBHUM JO[aBaHHSAM LUX BEKTOPIB 3 ypaxyBaHHIM
YHCIOBUX 3HAYCHb MOIYJIB mi= 3, my =4, mi-my = n(n—1)=12, S =13 R=1

(Tabmn.1).
Tabnuus 1. DopMyBaHHS KOOPIHHATHOI PENIITKH HAa MOBEPXHi TOpa 3x4
Bexropu basosi BexTopu IKB
PEIIiTKH 0,1) (1,0) 0,2) 2,2)
Topa 3x4
(0,0) - (1,0) 0,2) 2,2)
(0,1) (0,1) - - -
(0,2) - - 0,2) -
(0,3) (0,1 (1,0) - 2,2)
(1,0) - (1,0) - -
(1,1) 0,1 (1,0) - -
(1,2) - (1,0) (0,2) -
(1,3) 0,1 (1,0 (0,2) -
(2,0 - - (0,2) (2,2)
2,1) 0,1 - (0,2) (2,2)
2,2) - - - (2,2)
(2,3) (0,1 - - (2,2)
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[puknan xomyBaHHS AaHMX 3a JBoMa (#=2) KaTeropisMu arpuOyTiB B
0a3uci onTUMaNIbHOI CUCTEMH KOOPIMHAT TOPa Y BUIJIAAI IBOBUMIpHOTO (7=2)
BEKTODHOrO  Koay 3  4otupma (n=4)  BaroBUMH  pO3psaaMu
((0,1),(1,0),(0,2),(2,2)) imroctpye Tabauus 2.

VY tabmuui 2 BXigHI AaHI nependavyeHoO ONpanbOBYBAaTH 3a JBOMa (1=2)
Kateropismu aTpudyTiB y 6asuci ((0,1),(1,0),(0,2),(2,2)) cuctemu KOOpIuHAT
TOpa, MepIIa 3 SIKUX XapaKTepU3yeThes TpboMa (mi= 3), a Apyra — 4OTHpMa
(my =4) arpubyramu. CrcteMa KOOpauHAT 3%4 3i CIIBHOIO TOYKOO BiAJIIKY
(0,0) mabyBae BUTISAY OBOBHMIPHOTO (#=2) BEKTOPHOTO KOy, SKHHA Mae
yotupu (n=4) BaroBi po3psan, a BEKTOPHI 3HAYCHHS [IUX PO3PAIiB 30iratoThCs
3 YUCJIOBHMHU 3HAYECHHSIMH 0a3MCy CHCTEMH KOOPAMHAT, NMPHYOMY KOKHOMY
KOHKPETHOMY Ha0oOpy IaHUX «KaTeropis-aTpuOyT» B3a€MHO OJIHO3HAYHO
BIJITIOBiZIa€ KO/IOBa KOMOIHAI[ISl TBOBHMIPHOI'O BEKTOPHOTO KOIy. B mpomy
NPUKJIAAI METOJ Ja€ 3MOTY OINpPalbOBYBAaTH MAacHBHM JaHUX OJHOYACHO 3a
JIBOMa KaTeropisiMu aTpUOYTiB, OJIUH 3 IKHX MOXKE HaOyBaTH TpbhoX (mi= 3), a
JIpyTuil — 4oTUPHOX (M2 =4) 3HauEeHb.

Tabmuus 2. [lpukimaxg KomyBaHHS JaHUX 3a JBOMa (f=2) KaTeropisMu
aTpubyTiB B 6a3uci ((0,1),(1,0),(0,2),(2,2)) cuctemu koopauHat 3 x4 Topa

m/n | Iegexcu kareropiit Baru po3psmiB gBoBEMipHOTO (#=2)
aTpuOyTiB MOHOJIITHO-TPYIIOBOTO KOJIY
Kareropis | Kareropis | (0,1) (1,3) 0,2) 2,3)
1 2

1 0 0 0 1 1 1

2 0 1 1 0 0 0

3 0 2 0 0 1 0

4 0 3 1 1 0 1

5 1 0 1 1 0 0

6 1 1 0 1 1 0

7 1 2 1 1 1 0

8 1 3 0 1 0 0

9 2 0 1 0 0 1

10 |2 1 0 0 1 1

11 |2 2 1 0 1 1

12 |2 3 0 0 0 1

B 3aransHOMY BHIa/IKy YHCJIO KaTeropiid i aTpuOyTiB MOKe 3MIHIOBATUCS
mig gac ompamroBaHHA iH(opMaIii 3aJeXHO Bif po3MIpHOCTI Ta PO3MipiB
KOOPAWHATHOI ciTku oOpaHoro 6aznucy. MacuBu JaHUX MOXYTh ONHCYBATHCS
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t —Habopamu aTpuOyTIB JOBUIEHOTO 3MICTY Ha Oyab-sIKOMY PiBHI iHAeKcawii i
TEOPETUYHO HECKIHYEHHO BEJIMKUM YHCJIOM Kareropiii arpuOyTiB 3
BUKOPHCTAHHIM ONITHMI30BaHUX ! —BUMIPHUX MOHOJIITHO-TPYIIOBHX KOJIiB.
BucnoBku. J[locnmikeHo e(eKTHBHICTb 3aCTOCYBaHHS KOMOIHATOpPHHUX
KOH(pirypamiii TUmy «ifiealbHUX KUTBIEBUX B’S3aHOK» IJIs OIPAIFOBAHHS
iHpopMarii y MpocTOPOBUX CHCTEMax KOOPAWHAT MHOTOBHU/IIB, YTBOPEHHX Ha
MHOXHMHI KOMOIHAmiHHUX CyM 0a30BHX BEKTOpIB 3rajaHWX KOH(pIrypamii.
BcraHoBiIeHO B3a€MHO OZJHO3HAYHY BiATIOBIAHICTH MiXK MHOXXHHOIO KaTeropii
aTpuOyTiB BXiTHUX NaHWX i MHOXHHOIO Ha0OpiB KOOPAWHAT IPOCTOPOBOI
PELIITKM MHOTOBHJA, YHCIO KIIBIEBUX OCEH CHCTEMHM KOOPIHMHAT SIKOi
BH3HAYa€ KIIBKICTh KaTeropid aTpuOyTiB, a YUCIO TO3WII Ha X OCAX —
aTpuOyTiB  BimnoBimHOi Karteropii. HaBeneHo KOHKpeTHWE IpHKian
OIpaloBaHHs iHpopMallii 3a 1BOMa KaTeropisiMu aTpuOyTiB B 0a3UCi CHCTEMHU
KOOpAMHAT TOpa. 3acTOCYBaHHSA NBO- 1 0araTOBHMIpHHX KOMOIHATOPHHX
KOH(pIrypariiii [yis ompaifoBaHHs JaHUX 3 BUKOPUCTAHHSIM ONTHMIi30BaHHX
MOHOJIITHO-TPYIIOBHX BEKTOPHUX KOJIiB OKPECIIIOE Psifl TIepeBar, HalllJICHnX Ha
BJIOCKOHAJICHHSI METONIB mH(pyBaHHS 0araTOBUMIpHUX CUTHAJIB i 4ac
KepyBaHHS AUHAMIYHUMH 00’ €KTaMHM, 3MEHIICHHS BHKOPHCTAHHS MallIUHHOTO
gacy 1 maMm'sTi IS omparfoBaHHA iH(pOpMAIii, 3aBIJIKA OJHOYACHOMY
KOAyBaHHIO iH(opmamii 3a Habopamm KaTeropiii arpuOytiB. Meron
OTIpaIfoBaHHsA iH(pOpMaIlii B CHCTEMax KOOPANHAT MHOTOBH/IIB OPiEHTOBAHI Ha
BCi TEXHIYHI Ta MPAaKTUYHI ACMEKTH HOBITHIX IOCHIIDKEHb 1 Pe3yibTaTiB
MDKHApPOIHHUX aKaJeMiKiB, BUCHHX 1 MPAKTHKIB.
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METOJI MOBYAOBU I'PAIIO3HUX
YHIIUKJITYHUX IT'PADIB
Mapuna CemeHIoTa
Jlvomna axaoemiss HAY

METHOD FOR CONSTRUCTING GRACEFUL
UNICYCLIC GRAPHS

Abstract. We have proposed a way to construct a graceful unicyclic graph
from a graceful tree.

Xoua npoinuio Bxe Oubie 50 poKiB 3 TOrO MOMEHTY SK 3'SBHIIUCS
nepii po3MiTKH rpagis, BiIoOMO He Tak 0arato 3arajlbHUX METOIB MOOYHI0BH
Oynp-sKOT 3 PO3MITOK. BijblIicTh craTell KOHIEHTPYIOTh CBOI 3yCHIUIS Ha
CTBOpCHHI cime#cTB rpadiB, IO BOJOIIIOTH PO3MITKOIO IEBHOTO THITY.
JeranpHy iHGOpMAaI0 3 IILOrO MHUTAHHS MOXKHA 3HAWTH B AJIEKTPOHHOM
xypHaiie «A dynamic survey of graph labeling» nin penakuieto /. [aumana.

PosrnsmatumMeMo ckiHdeHI HEOPiEHTOBaHI rpadu, M0 HE MIiCTATh METETh
Ta KpaTHux pedep. Posmitky f rpada G =(V,E) posmipy ¢ Ha3suBarOTh

rpario3Ho¥0, KO BOHA € iH’€KTHBHOIO (PYHKITIE 3 00JIaCTIO BU3HaYeHHs V
, & Tl MHOXHHA 3HaueHsb € miamuoxuo Muoxuuu {0,1,2,...,q} . Kpim usoro

Jf mopokye pedbepHy po3MITKY, IO € OIEKTUBHUM Bi0OpakeHHIM MHOXXHUHU
pedep E B muoxkuny {0,1,2,...,q}. Tpad G — rpamio3nuii, Ko mae
TPaIio3Hy pO3MITKY.
Jlema 1. [2] Hexait T — nepeBo mopsiiKy p 3 Tparfio3HOI PO3MITKOO
f:v(@) —>{0,12,...,p-1). Toni dynKis
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f*:V(N)—{0,1,2,....p—1}, 1o BU3HAYAETHCS dbopmyoro
f*»=p—-f(p) VYveV(T), rakox 3amae rpauiozHy po3mitky T.

M. TpymuHcbkuii y 1984 poili BUCHHYB TiMOTE3y, IO BCI YHINUKIIYHI
rpadu, xpim C,, n=1,2(mod4) € rpamiozHumu [3], sika 10 TENEPEUIHbOr0 Yacy
3aJIMIIAETHCS BIAKpUTOIO. B naniii poOoTi posrisiHeMo crocid moOynoBu
rpamio3HUX PO3MITOK YHILIKIIYHMX rpagiB. Bin 0a3yloTbcs Ha MeTonax
reHepatii rpadis 3 rpadiB MeHIMX MopsakiB. CHOpMyYITIOEMO Ta PO3BSIKEMO
HACTYITHY 3a/1a4y.

3amaua 1. Hexaii 3agano rpamiosse nepeso T nopsiaky p (p = 3). Uu s
KOXKHOTO Takoro nepesa T, icHye rpad G = T + e, 110 JOIIyCcKae rpario3Hy
PO3MITKY.

Bynp-sxuit yrinukiniaauii rpad G € Haarpadom mepeBa T, ToOTO G =
T + e, ne pedpo e 3’enHye HecyMixkHI BepmnHU T. Bigomo, mo 6araro kiacis
JIepeB JOMYCKaloTh rpanio3Hy po3mitky. Llei ¢axt Ta gema 1 BuKopucTaHo
JUTSL pO3BsI3aHHs 3a1a4i 1.

Aneopumm poss’sasyeanns 3aoaui 1

Hexaii 3amano aepeBo T mopsaxy p (p = 3) 3 Ipaifio3HOK PO3MITKOIO
@:V(T)—-1{0,1,2,..,p — 1} i o) =0,pw)=p—1, e
u,v € V(T). Ans nepeBa @ € OieKIi€ro.

Kpoxk 1. Sxmio BepuHa v € BUCA40I0 B T, TO NMEpeWTH 10 KPOKY 2,
iHaKIIe 10 KPOKy 3.

Kpok 2. Bamatu  o¢ymkuio ¢ V(T) - {0,1,2,..,p—1}, wmo
BU3HA4YaeThess (popmyiow: ¢@'(x) =p — @(x) Vx € V(T). 3eanatu v 3
Bepumuoo W, te w € V(T) i ¢(w) = 1. I'pad G = T + e — yHIUUKIIIHHI,
ne e = (vw). 3agatu dpyukiito f:V(G) - {0,1,2,...,p}:

fG) =¢'(x) vxeV(G)—{v},
fw) =pana ueV().

Ilepeittu 10 KpoKy 6.

Kpox 3. Bepmmna v He € Bucsdoro B T. SIkimo BepmuHa U — Bucsiua B T,
TO TEPEUTH 0 KPOKY 4, iHaKIIe 0 KPOKY 5.

Kpox 4. 3’eanaru u 3 Bepmmnoo w, ne w € V(T) i ¢(w) = 1. T'pad
G =T+ e — yniuuknivauii, ne e = (uw). 3amatu ¢yukuito f:V(G) =
{0,1,2,...,p}:

fG) =9k vxeV(6)—{u},
fw) =p nna ueV(G).

IepeiitTi 10 KpoKy 6.

Kpok 5. Bepmmaa u He € Bucsdor B T. OOpaTu BepuimHy W, i€
w eV(T),(vw) € E(T)i ¢(w) = i.3’eanaru u 3 BepumHoio z, ie Z € V(T),
(uz) ¢ E(T) i @z =p—1—i. TIpap G=T+e, e e=uz -

YHIUKITIYHAN.
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Bamatu pyskmio f:V(G) - {0,1,2,...,p}:
fG) =) VxeV(G)—{w}
fw) =p nna w e V(G).

ITepeiitu 10 KpoKy 6.

Kpoxk 6. I'pad G = T + e — rpanio3Huil.

Ob6rpyHmy8aHus aneopummy

Kpok 2. BepuiHa v € BHCSIYOIO B Tpaliio3HoMy aepeBi T, TOMy CyMiKHa
TUIBKH 3 BEPIIMHOIO U, 1[0 Ma€ MAKCUMaNbHY MiTKy, Tomy vw & E(T).

3rimuo nemu 1, posmitka @' (x) = p — @(x) e rpamiosHoro ais nepesa T
i mopomkye peGepuy posmitky @' (xy) = @' (x) — @' W) = ¢ (xy)
V(xy) € E(T), ne ¢*(xy) — pebepHa po3miTka, iHIyKOBaHA (.

Bepmmana posmitka f € in’exmiero 3 V(G) B muoxuny {0,1,2,...,p} i
MOPOJIKYE PeOEPHY PO3MITKY

frGxy) = ¢"(xy) V(xy) € E(G) — {(uv), (vw)},
fruw) =p, frow)=p—-1.

3BiICH MaEMO: f*(E(G)) ={0,1,2,..,p}. Orxke, f* — GiekTHBHA
¢yHKIiA 1 f — rpamio3Ha po3MiTKa yHinuKimigHoro rpada G =T + e, ne e =
(vw).

Kpok 4. Bepmumnna posmitka f rpada G =T +e, ne e = (uw) €
inexTuBHOIO (QyHKUieo 3 V(G) B muoxkuny {0,1,2,..,p}. Ilo amamnorii 3
00IpYHTYBaHHSM KPOKY 2, HECKJIaTHO MTOKa3aTH, 1[0 MOPOKCHA HElo peOepHa
po3mitka — GiektiBHa QyHKIis 3 E (G) B MHOKHHY ymcen {0, 1,2, ..., p}, Tomy
f — rpamio3Ha po3mitka G.

Kpok 5. MipkyBaHHsI IIPOBOASITHCS 32 AHAJIOTIEIO 3 THMH, 1[0 HaBEICHI
JUISL TTTBEPPKEHHS TIPABUIIBHOCTI PE3yJIbTaTiB KPOKiB 3 1 5.

TakuM YMHOM, JOBEJCHO HACTYITHY TEOPEMY.

Teopema 1. [I51s1 KO)XKHOTO TpariiozHoro aepeBo T mopsnky p (p=3), icHye
rpad G = T + e, 110 I0MyCKAE TPAIIO3HY PO3MITKY.
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PO PO3B’SI3AHHSI 3AJAUI MEJJMYHOI JIOT'ICTUKH SIK
JABOETAITHOI 3AJIAUI PO3MIIIEHHSA 3 OBGMEXXEHHSAMHU HA
MAKCHUMAJIBHY KUIBKICTBb OB’€EKTIB
Onexkciii Ceprees, CBiTiana Yc
Hayionanvuuii mexuiunuil ynigepcumem «/[Hinpo6cvka nonimexnikay

ON THE SOLUTION OF THE PROBLEM OF MEDICAL
LOGISTICS AS A TWO-STAGE PROBLEM OF PLACEMENT WITH
RESTRICTIONS ON THE MAXIMUM NUMBER OF OBJECTS

Abstract. We propose an approach to enhance logistics processes within
the healthcare industry. Our method employs a genetic algorithm with priority
coding to resolve a two-stage location problem. A distinctive feature of our
model is its imposing limitation on the maximum number of regional and
subregional centers that can be established.

To optimize the algorithm, we have extensively modified the
chromosome estimation process. These alterations improve the solution-
finding mechanism and population construction process. Using real-world
data, we have meticulously tested our modifications on a model task,
enhancing our research's credibility and applicability. The outcomes offer
valuable insights into the potential of our proposed method.

This paper contributes to discovering efficient and effective solutions to
logistical challenges in healthcare. We emphasize the potential of advanced
computational techniques, such as genetic algorithms, to tackle complex real-
world problems.

Beryn. OnruMizariiss JIOTICTUYHOTO TMPOLECYy HaOyBae BCe OLIBIIOTO
3HAUeHHs B PI3HUX Tajy3siX, B TOMY 4ucii i B MeauuuHi. EdexTuBHe
YIPaBJIiHHS MEJAWYHOIO JIOTICTHKOIO BiJlirpa€ BHpILIaJIbHY POJIb B OXOPOHI
3I0poB's Ta 100poOyTi moaei. Lle 0co0nMMBO BaXKIMBO TiJl 9ac TI00ATBHIX
BHUKIIUKIB, KONM INBHIKE Ta e(EeKTHBHE pPO3MOBCIODKCHHS IIKiB Mae
BUpimIangbHe 3HadeHHs. KpiM TOoro, Hamaro/pkeHa JIOTiICTHKA Ma€ Ba)KIIMBE
3HAUEHHS JJISl HAJlaHHS TYMaHITapHOI JIOTIOMOTH, KOJIM CBO€YAaCHA JOCTaBKa
MEIWYHHX MarepiamiB 1 pecypciB MoOxXe BpsATyBaTH OKATTA. s
BJIOCKOHAJICHHS IPOIECIB MEIMYHOI JIOTICTUKH 3aCTOCOBYIOTHCS IEpeIOBi
TexHoJorii Ta anroputMu. OTHAM 13 MiIXOiB, 0 HAOYBaE MOMYJISIPHOCTI, €
TEHETHYHI alTOPUTMHU JUTIsl PO3B’SI3aHHS JBOSTAITHUX 33724 PO3MIIICHHS, SIKi
JIO3BOJISIIOTh  Kpalle PO3MOAUIATA Ta TO3WIIIOHYBaTH MEIWYHI 3aKiaju,
po3moxineui HeHTpu Ta pecypcu [1]. BukopucToByrounm peanpHi JaHi Ta
3aCTOCOBYIOUH X J0 IMX aJTOPWUTMIB, MEAWYHI OpraHi3amii Ta JIOTiCTHYHI
NpOBaliiepy MOXKYTh NPUIMaTH OOIPYHTOBaHI pIlIEHHS, SIKi ITJBHIIYIOTH
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e()EKTHBHICTh, OIEPATHBHICTh Ta EKOHOMIYHICTh MEIMYHHX JIOTICTHYHHX
oreparii.

MeTor0 poOOTH € JMOCHIIKEHHS 3acTOCYBaHHS JBOCTAIMHUX 3alad
PO3MIIIICHHS B KOHTEKCTI MEAMYHOT JIOTICTHKH.

MartemaTuuna Moaesb. Hexail Binowmi:
— [ — KiJIBKICTh pPerioHaJbHUX IIEHTPIB;
— J — KiJIbKICTh CyOperioHaIbHUX LIEHTPIB;
— K — KINbKICTh MEAUYHUX CKIIAIIB;
— N — MakcuMallbHa KIJBKICTh PETiOHAJIBHHUX IEHTPIB, IO
MOXYTb OyTH pO3MillleHi;
— L — MakcuMaJlbHa KUIBKICTh CyOperioHaJbHUX LIEHTPIB, IO
MOXYTb OyTH pO3MIillIEHi.
Mertoro 3axadi € MiHIMI3aMis 3arajJbHUX TPAHCIOPTHUX BUTPAT HA TOCTABKY
MEIMKaMEHTIB 3 PEeTiOHAaJbHUX LEHTPIB O CKIAAIB Ta BHOIp ONTUMAIBHIX
JIOKAIi# IS cyOperioHaabHUX NMEeHTPiB. TPaHCIIOPTHI BUTPATH BKITIOYAIOTh:
- C[I/ — BapTIiCTh TPAHCIIOPTYBAHHS OJJUHHUII METMYHHUX TOBapIB 3

perioHanbHOrO LEHTpY [ 10 cyOperioHansHoro ueHtpy j (i=1,1,
J=LJ);
— ¢}, — BapTiCTh TPAHCIIOPTYBAHHA OJMHHII MEIMYHUX TOBAPiB

3 cyOperioHaJbpHOTO NEeHTPY j #o cxnany k (j=1,J, k=1LK).
Jlo1aTKOBO 3aJaHi:
— M, — BapricTh po3MilleHHs CyOperioHanbHOro ueHtpy (
J=LJ);
— P — BapricTh po3MillleHHs perioHaIbHOTo UeHTpY (i = 1,1 );
— I, —3amac MEAWYHHX 3aC00iB MPU3HAYCHHS Y PEriOHATBHOMY
LeHTpi i = l,_I ;

- Sj — 3amnmac MCIUYHHX 3ac00iB y Cy6pGFlOHaJ'IBHOMy HEHTP1

j=LJ;
— d, — emuicrs cknany (k = LK);
Hesigomi:
- X - KUTbKICTh OJMHHIIb MEIUYHHUX 3aC00iB, MEPEBE3CHUX 3
peTioHaIbHOTO HEHTPY i 10 CyOperioOHaIbLHOTO IIEHTPY Jj;
— Yj — KUIbKICTb O/IMHHIL MEJMYHHUX 3aCO0iB, IEPEBE3CHUX 3

cyOperioHaJIbHOTO LICHTPY j A0 cKiany k;
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— v,— OyJsieBa 3MiHHa, e V, =1, K110 po3mileHo perioHanbHUI
teHtp i a6o v, =0 B iHIOMY BUMAJKY;
- ;- OyneBa 3MiHHA, Je 2 ;= I, sSKmo po3MIMICHO
cyOperioHanbHui LeHTp j abo z; =0 B iHIOMY BUNAJKY;
Maemo 3a/:[aqy' MiHiMiSyBaTI/I

ZZC,, X +ZZc,ky,k +ZPv +ZM zZ, (1)

i=1 j=1 Jj=1 k=1

3a OOMEKEHb:

J -

Zyjk <s;z;, Vk=LN, 2)
J=

ix[jér,,‘v’i=l,_, 3)
j=1

11 J J K

szy =Zzyjk > “)
i=l j=1 j=1 k=1

Sy, <N, 5)
i=1

J

>z, <L. (6)
j=1

i L 2d,, Vk=LN. (7)

V it Mmogeni: (2) — 0OMeXeHHS Ha €MHICTh CyOpeTiOHANEHUX IIEHTPIB, a caMme,
o0 KiJTBKICTh MEIMKAMEHTIB, TEPEBE3CHUX 3 KOXKHOTO CyOperioHaabHOTO
LeHTpYy, He Oiibla HiXK iX €MHICTH, 3a JOMOMOroko (3) BpaxoBaHO, IIO
KUTBKICTh MEMKAMEHTIB, IEPEBE3CHUX 3 KOXKHOTO PEriOHAIBLHOTO IICHTPY, HE
nepeBullye ix 3amac; (4) — piBHAHHS OajlaHCYy MDK NEpIIMM Ta APYTHM
eTanaMu Meu4uHo1 JoricTukyu. OOMmesxeHHs (5) Ta (6) BCTAHOBJIIOIOTH JIIMIT Ha
MaKCHMaJIbHY KUIbKICTh PeriOHaJbHUX Ta CyOperioHalbHUX LEHTPIiB. YMOBa
(7) rapanTye, MO KiTbKICTh MEAUIHHUX 3aC00iB, OTPUMAHUX KOXKHUM CKJIIQJ0OM
HE Ma€ NePEBUIILyBATH HOTO EMHICTb.

IMigxin 1o po3B’sa3aHHs.

Jns pos’si3anns 3axavi (1) — (7) po3poOieHO anropuT™M Ha OCHOBI
TeHETHYHOTO MIiAXO0Ay 3 TNpiopuTeTHHMM KoayBaHHsIM [2]. Lle# amroputm
BpPaxoBY€e HEOOXIJHICTh PO3TAallyBaHHS PEriOHAJIbHUX Ta CyOperioHaJIbHUX
LIEHTpiB, 3a0e3Medyroun Kpanly reorpadidHo 30amaHCOBaHICTh. BBoASTHCS
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JIOJJATKOBI OOMEXKEHHS HA MAaKCHMAIbHY KUIBKICTh pEriOHaJbHHX Ta
cyOperionansHuX IeHTpiB. Ile 103BOJIIE KOHTPONIOBATH KOHIICHTPAIIIIO
pecypciB, TapaHTYIOUH iX eeKTUBHUI Po3moaiil. XpOMOCOMH, IO CTBOPEHI
Ha eTarli MIoYaTKoOBOI reHeparii 0pasy 3a10BOBHIIOTE 00MekeHHsM (2) — (7).
3aBIsIKM 1IbOMY MPUCKOPIOETHCS IPOLIEC PO3B’s3aHHS 3anadi. BapTticth
pO3MillleHHsI IEHTPIB 000X THIIB IHTErpOBaHO OE3MOCEPEeAHBO B LIILOBY
(yHKIIFO, TaKMM YHHOM BpaxOBYIOUH II€H acCHeKT BHTpaT B IpoIeci
ontuMizanii. Bei mepemiueni Mmoaudikarii MaroTh OyTH B3STi 0 yBard mpu
OIIHIOBaHHI Ha KOXHIH iTepamii TeHeTHYHOro anroputMmy. Haegemo
MO (DIKOBAHHIA aJITOPUTM OIIHFOBAHHS XPOMOCOMH.

Kpoxk 1. 3acTrocyBatu mpouenypy IeKOIyBaHHS JJIS BH3HAYCHHS TUIAHY
nepeBe3eHb.

Kpok 2. SIKmio KiNbKiCTh perioHalbHUX CKIagiB Oinbiia 3a N, To
BIJIKHUIA€EMO XPOMOCOMY, 1HAKIIIE IIEPEXOMMO IO KPOKY 3.

Kpox 3. Slkmo 00’eM mnepeBe3eHb 110 CyOpErioHajdbHOIO LEHTPY
HYJIbOBHH, TO BiH He po3milnyeTbest. [lepexoaumo 10 Kpoky 4.

Kpox 4. Skmo 3arajgpHa KUIBKICT PO3MIIIEHHX CyOperioHabHUX
HeHTpiB Oibma 3a L 3 (5), TO BIAKKUIAEMO XpOMOCOMY, iHAKIIIEe TIEPEXOIUMO
IO KPOKY 5.

Kpoxk 5. fkmio 3aranpHa KiUTBKICTh PO3MIIIEHUX PETiOHANIBHHUX IICHTPIB
oinpma 3a N 3 (4), TO BIIKHIAEMO XPOMOCOMY, 1HAKIIE MEPEXOTUMO 10 KPOKY
6.

Kpok 6. fxmo oomexenns (1), (2), (3), (6) HC BHUKOHYIOTBHCS IS
3a3HAYEHOTO IUIaHy TepeBe3eHb (OOMeXeHHS Ha 00’€MU TepeBe3eHb), TO
BIJIKHIA€EMO XPOMOCOMY, 1HAKIIIE IIEPEXOUMO 10 KPOKY 7.

Kpok 7. OGuucntoemo 3HaueHHs 1iboBOi (yHKUIT 3a (7). AJroputm
OINUCAHUM.

MopneanHa 3amxaya. J[jisi IPOBEICHHS YMCIIOBHX E€KCIIEPUMEHTIB, OYIIO
PO3pO0IICHO TpOrpaMHy peajli3amilo ajJropuTMy pO3B’SI3aHHS JIBOETAITHOT
3a7a4i pPO3MIIIEHHS 3 BUKOPHCTaHHSIM MOBH IporpamyBaHHs Python Ta
0i0mioTexkn IS po3poOku iHTepdeiicy kopucTyBada QtS5. 3acrocoBaHO
pealbHi BiICTaHi UTS BHIIAAKOBO OOpaHUX MEAWYHUX 3aKJIAJIB, TOKAMIi SKIX
orpumani 3 ceppicy OpenStreetMap (OSM). OSM Hagae BCEOCSKHY 1
3arajJbHOJOCTYyNHY 0a3y reorpadiunoi iHdopmarlii, BKIIOYAIOYH TOPOKHIO
Mepexy. BukopucroByroun cepBic OSM, MOKHa OTpUMAaTH TOYHI JaHi TIPO
BiZICTAHP MDK MEAMYHUMH 3aKJIaJaMH, 0 J03BOJsE€ HaM BKIIIOYATH
pearicTHYHMHA 4Yac i BIACTaHP y HAIIl alrOPHUTMH ONTHUMI3allii JIOTiICTHKH.
Buxopucrannas nanux OSM rapanTye, 10 aHaji3 i Ipouec MPUHHATTS PillIeHb
TPYHTYETHCS Ha PEUTbHUX YMOBAX, MiABHUIIYIOYH HAIIHHICTD 1 MPaKTHIHICTH
HAalIUX JOCIiKEHb.
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Ha puc. 1. 300paxkeHO pe3ynbTaT po3B’si3aHHS MOJCIBHOI JBOCTAITHOT
3amadi PO3MIIICHHS 3 TAKUMH BXIJIHUMH JNaHUMH: KUIBKICTh MOXKIIHBHX
perioHanbHUX LEHTPIB [ = 4; KUIBKICTh MOXKIIMBHUX CyOperioHaJbHUX LEHTPIB
J = 4; xinekicte ckmamiB K = 5. BapTicTh pO3MIIIEHHS MOXKJINBUX
pETioHaTBHUX LEHTPIB 3a1aHO BekTOopoM M = (45, 40, 45, 50), ne 3HaucHHS
MOJIAIOTECSI B YMOBHHUX OJUHHUIIX (Y.0.); BapTICTh PO3MIIIEHHS MOMKIHBHX
cyOperioHaTbHIX IIEHTPIB 3aJ1aHO BEKTOPOM
N = (50, 55, 50, 45) y.0.; BEKTOp 3amaciB Ha perioHabHUX cKianax r = (850,
750, 800, 710) y.o.; BEKTOpH EMHOCTI CyOperiOHAILHOTO IIEHTPY Ta CKIIAIIB:
s = (790, 550, 680, 560) y.o.; d = (200, 330, 350, 420, 400) y.o.. Baprocri
TIepeBe3eHHs I TIEPIIOTO Ta APYTOro PO3paxoBaHi 0a3yI0UHCh Ha peabHIX
BiJICTaHSX.

Lraria o -'.l-.l
Beat sA2D
fearngs =130 0

0 S

Puc. 1. - PesymbraT po3B’s3aHHS MOJENBHOI JBOCTAIHOI 3ajadi
pO3MiIeHHS

BucnoBku. B po6oTi po3risHyTO mpHKIamHy npodiieMy onTHMizarii
JIOTICTUYHOTO TpOLiecy y MEIUUHId Tamysi. 3anmpornoHOBAaHO BHKOPHCTaHHS
JIBOCTAIHOI 3aJa4l pO3MIIIEHHs i3 3aCTOCYBaHHSIM I'€HETHYHOTO MiIXOIy Ta
mpioputeTHOro KoxyBaHHA. OcoOnmBicTIO Mojaemi € OOMEXeHHS Ha
MaKCHMAaJIbHY KUIBKICTh PETiOHANBHUX Ta CyOperiOHaNbHUX IEHTPIiB, IO
PO3MIIILYIOTECA. ABTOpPaMH 3MIHEHO HPOIEIYPY OIHKH XPOMOCOMH 3aJUIs
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NOJIMIIEHHS Npolecy NoOyxoBH Homyssdii. 3anpornoHoBaHi Moauikarii
HepeBipeHo Ha MOJIETIbHIN 3a/1aui 3 BUKOPUCTAHHSIM PEaIbHUX JIaHUX.

PoboTa € CKIagoBOIO YACTHHOK MAOCHIIKEHb 33 JEepiKOIMKETHOO
HaykoBoro Temoro 0123U100011 «3anmaui anamizy, MOJENIOBaHHS Ta
ONTHMi3alil TEXHOJOTIYHUX IMPOLECIB Yy CKIAQJAHUX CHCTeMax pi3HOI
MPUPOII», 110 BUKOHYIOTECSI B HTY «/IHIMpOBChKA MOMIITEXHIKAY.

Jlitepatypa

1. Lotfi M. A genetic algorithm using priority-based encoding with new
operators for fixed charge transportation problems / M. Lotfi,
R. Tavakkoli-Moghaddam. // Applied Soft Computing. — 2013. — Nel13. — pp.
2711-2726.

2. Mitsuo G. A genetic algorithm for two-stage transportation problem
using priority-based encoding / G. Mitsuo, A. Fulya, L. Lin. // OR Spectrum.
—2006. — Ne28. — pp. 337-354.

BI3YAJII3AIIA CHOPIZTHEHOCTI JITHIA COHAIITHUKY 3A
MOP®OJIOT'TYHUMHU O3HAKAMU
Cipenko P.B.

skriler222000 @ gmail.com
Hayionanvuuii ynieepcumem «3anopizbka nonimexmika»

The author created the family relationships of sunflower lines
visualization system with using graphs. Family connection is determined by
the presence of a tolerance ratio, which is set by the researcher

Bisyaui3zaiisi CriopiIHEHOCTI JIiHIH COHSIIHUKY 32 MOP(OJIOrOriYHUMH
O3HaKaMH BKIIOYa€ B ce0¢ BHKOPHCTaHHA Tpa(iuHUX METOHiB Ta
IHCTPYMEHTIB ISl TIpEICTaBJIeHHA AaHUX 1po QeHoTun pociuH. Lle Moxe
JIOTIOMOT'TH JTOCIITHUKaM BHSIBUTH B3a€MO3B'SI3KM Ta MATEPHHU, SKI HE 3aBXKAN
OYEBUJIHI 32 IOTIOMOTOI0 TPAJUIIITHUX METO/IIB aHATI3y.

3acrocyBaHHs TpadiB HO3BOIISIE TPEACTABUTH BHYTPIIIHI 3B’S3KH MiX
00’ekTaMu, SKi ONMMCAHO BETUKMMH MacWBaMu NaHUX. [l mpepcTaBieHHS
TaHUX Ha rpadax HeoOXigHO oOpaTW TWN BiIHONIEHHA Ta cCrocid ioro
npezacTaBieHHs Ha rpadi [1].

im0  mocmipkeHHss OyJ0 CTBOPEHHS THYYKOTO 1HCTPYMEHTY ISt
MPOBEACHHS JOCITITHHUIBKOI PoOOTH (axiBIl MO BHABICHHIO POJWHHHUX
3B’S3KiB  JIHIA COHSIIHUKY 3a CTAaTHCTUYHUMH JaHUMH IIOJEOBOTO
EKCIIEPUMEHTY, SIKi arperoBaHi B eJeKTpoHHUX Tabmuusax MS Excel (puc 1).
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OueBUIHIUMH BUMOramMu Oyl0 HaJaHHS MOXKJIMBOCTI OITMCY BiTHOIICHHS
TOJICPAHTHOCTI Ta BU3HAYEHHs I1apaMeTpiB LbOTO BiJHOIICHHS, a TaKOX
MOXKIIMBICTIO Bi3yaltizalii poAMHHUX 3B’s3KIB 3a gornoMororo rpada [2].
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Puc.1 — Jlani npo JiHii COHALIHUKY

Byno oOpaHo Taki BiHOIIEHHS, 1110 MalOTh OyTH BifoOpakeHo Ha rpadi.
Bignomennst «[IpuHanexHICTh TPyHi» BiIOOPaKaEThCS KOJIBOPOM, 3TiJTHO
po3MmiTkH, mo oOpaHa mociigHukoMm (puc 1). BigHomeHHS TONEepaHTHOCTI
OIIUCYETHCSI  «MIHIMAIBHOIO KUIBKICTIO CXOXKHX XapaKTePHCTHK B MeXax
JOITyCTUMOT TOXHOKH JIJISl YUCIIOBHX 3HAUCHD 38 IEBHUMHM XapaKTePUCTHKAMHU
B IEBHIM Tpymi JiHIA COHSIIHUKY». HasBHICTP TaKOTO BITHOIICHHS MiX
JHISMH COHSIITHUKY TPEICTABICHO Ha Tpadi pedpom abo Iyroro.

Ha pucyHKy 2 mpeacTaBiIeHO OCHOBHI eTanu poOOTH MPOIrpaMHOro
3aCTOCYHKY JUIS JOCTI/DKCHHS CHOPIMHCHOCTI JIiHIA COHSAIIHHKY 3a
(eHOTHIIOM, TaKi sIK 3aBaHTaXEHH: naHux 3 Excel, B3aemomis 3 623010 1aHUX,
aHaJli3 JIaHWX 32 JIONIOMOTOI0 METO/IB Kiiacudikallii, HalamTyBaHHs BXiJHUX
nmapameTpiB, modynoBa rpada poIMHHHX 3B'SI3KiB, Bi3yallizallis pe3yIbTaTiB.
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Puc. 2 — TIporpamuuii 3aCTOCYHOK BiITBOPIOE a) CTPYKTYpPHY CXEMY Ta
0)Haae MOMIIMBICTH OOMpATH MapaMeTPH BiJHOIICHHS TOJIEPAHTHOCTI y BIKHI
HaJlAIITyBaHb

[TpoBeneMo ekcnepuMEHTH Ta MPEACTaBHMO ixHI pesynbraTu (puc.3).
Haszpa BepmmHU € Ha3BOIO BiATIOBINHOI JTiHIi COHSAIIHUKY, a JiHi{ oxHi€T TpyTIH
MalOTh OJHAKOBHWH Komip. Jmi moOymoBu peOpa MK BepIIMHAMHA
BU3HAYAETHCS HASBHICTIO POJMHHHUX 3B’S3KiB MDK HHMH. I8 1pOTO
MOPIBHIOETBCSl  XapaKTEPUCTUKM  KOXKHOT ~ JIiHII 3 yciMa  iHIIMMH,
BUKOPHCTOBYIOYH AJITOPUTM ITOBHOTO nepebopy. UncnoBi 1aHi MOPiBHIOIOTHCS
3 TIEBHOIO JIONYCTHMOIO TIOXHMOKOIO, sIKa 33 3aMOBUYBaHHSIM CTaHOBUTH 10%.
KpiM TOro, BCTAaHOBIIIOETHCSI MiHIMAJbHA KUIBKICTh CXOXKHX XapaKTEPUCTHK,
sKa MOTpiOHA A BHU3HAUEHHS POJUHHOTO 3B'3Ky. 3a 3aMOBUYBAHHSM Iie
3HaueHHs CTaHOBUTH 40 3 75 HAIBHUX XapaKTEPUCTHK.

[Nepmmx 1Ba eKCIIEPUMEHTH TIpEICTaBICH] Ha pUCYHKax 3 a) Ta 3 0). [ani
JUIL  eKCIIepUMEHTy ©0) HaBOAMMO Yy JIyXKax. BU3HaYMMO 3HauYCHHS
napameTpiB. MiHiManbHY KUTBKICTh CXOXHX XapakTepucTuk obepemo 40 (50),
JomnyctuMmy moxuoky Budepemo 10 (25)%. I'pynu Bei. [lopiBHIOIOUN pUCYHKH
3 a) Ta 3 0) MOKHA MOOAYHTH, IO KUTBKICTh BUTFHIX BEPILIHH CTasa OUTBIIOL0,
a OUTBIIICTH JMiHINA COHAMIHMKY 3 KOXHOI HMiATPYyNH MOB’s13aHi Mk coboio abo
K HE TT0B’sI3aHi 3 XKOIHOI.
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a) 0)
Puc.3 — Enement Graph Viewer 3 rpadoM, sikuii o0yI0BaHO 3a JOMOMOTO0
AITOPUTMY 0araTOBMMIPHOTO IIKAIIOBaHHS a) 3 MapamMeTpaMH MiHiMajbHa
KUIBKICTh CXO0XHX Xapaktepuctuk 40, nomycruma mnoxubka 10%, 0) 3
rapaMeTpamMH MiHIMaJlbHa KUIBKICTh CX0XKHX XapakTepucTuk 50, momycrumMa
noxubka 25%

Po3risiHEMO MOJKIJIMBOCTI CHCTEMH II0 TIPEICTABICHHIO 3aB’S3KiB
PI3HUMH aNropuTMaMHu MOOyIoBH rpadiB, IS MOKpAIICHHS CHOPUHHATTS
TOTIOJIOTIYHOT CTPYKTypH Tpada [3,4]. JloTpuMaHHS 0JHOYACHO BCiX BUMOT JI0
€CTeTHYHOTO TpEJICTaBlICHHA rpada € HEMOXIMBAM dYepe3 IXHii
KOHKYpeHTHHH xapakrep. CepeJl TAKNX NMpaBHII €: MiHIMYM IIEpETHHIB pedep;
CYMIDXKHI BEpILIMHU PO3TAIIOBYIOTHCS TOPYY; BEPIIMHU, 3 OUIBIIOI0 KUIBKICTIO
3aB’SI3KIB YTBOPIOIOTh KJIACTEP; PO3MIILEHHS BEPLIMH Ta pedep piBHOMIpPHO.
Pi3Hi anropumu npeacrabieHHs rpadiB JO3BOJSIOTH MO-Pi3HOMY BUKOHYBATH
ui npaBuia. ['0JIOBHI HampsIMKK po3poOKU aJrOpUTMIB Bizyauizauii rpadis:
CWJIOBI QJITOPUTMH; €HEPreTHYHI AITOPUTMHU; aJrOPUTMH 3MEHIIECHHS
PO3MIpPHOCTI, AITOPUTMH HA OCHOBI 00MEXEHb Ta 0co0nBOCTEl. B poboTi [4]
aBTOPOM CKIIQJICHO 3BEJCHY TAONUIF0 IOPIBHSIHBb PI3HUX AITOPUTMIB 3a
rapaMeTpamMM IIBUAKOJIT, MIHIMyMy NepeTHHIB pe0ep, cuMeTpii, TOBXKHHHU
pebep, piIBHOMIPHOTO PO3MOALIEHHS BEPIINH, po3Mipy rpada.

Cucrema 103BOJISIE TOCIITHUKY CaMOCTIHHO 0oOpaTn NpiopuTeTHHH JUIs
HbOTO BapianT. IIpoBegeMo ekcnepyMMEHT 3 AaHUMU ChOMOI TpyIH Ta
3aCTOCYEMO pIi3HI aJITOPUTMHU JJs TPEACTABIEHHS POJMHHUX 3aB’SI3KiB.
[ToOymyemo rpad (puc. 4) ams cboMoi MATPYNH MapaMeTpamMu: MiHIMallbHa
KUTBKICTh CXOXHX XapakTepuctuk - 40, nomyctuma moxubOka - 15%.
XapaKTepUCTUKHU JJIS TIEpeBipKM BKIOYa0Th yci. [l Bisyaumisamii rpada

181



OyseMO BHKOPHCTOBYBATH QJITOPUTM OaraTOBMMIpPHOTO IIKAJIIOBaHHS Ta
anroput™ CyrisiMu.
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Puc. 4 — I'pad rpymu 7, a) moOyJI0BaHHI 3a JOMOMOIOK AITOPUTMY
0araToBUMIpHOTO IIKaNOBaHHS; 0) MOOYIOBaHHUH 32 IOTIOMOTOIO AITOPUTMY
Cyrisimu

Sk MoxHa moOaynTH Ha pUCYHKY 4 a) Ta 4 0) po3TallyBaHHS BEPLINH
3MIHIOETBCS, T PiBEHB IIPO30POCTi TONOJOTIYHOI CTPYKTYPH JOCIITHIUK MOXKE
o0partu caMOCTiiHO.

[Iporpamumii 3aCTOCYHOK peayi3oBaHWI Ha MOBI mporpamyBaHHs C# B
cepenoBui Visual Studio 3i 3acrocyBannsam 0i0mioTek ExcelDataReader ta
Microsoft.Msagl Ta Texnomnoriit ADO NET.

PobGora BHKOHaHAa B paMKax JOTOBOPY IIPO CHIBPOOITHHIITBO MiX
Incturytom omiitHux Kynbtyp HAAHY ta HY «3amopi3bka nomitexHikay,
HAP 0121U113264 «P03BUTOK METOMIB JAOCITIHKEHHS CKIAJHUX COI[aIbHO-
E€KOHOMIYHUX CHCTEM Ha OCHOBI IHTEJIEKTyaJIbHUX TexHousorii» (2021-

2024pp).
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MIHIMI3AIIISA YACTKOBO BUSHAYEHUX BYJIEBUX
®YHKIIN METOJOM OBPA3HUX NEPETBOPEHDb
Muxaiino Conomko
Hayionanvnuti ynieepcumem 600H020 2ocnodapcmea ma
nPUPOOOKOPUCIY BAHHSL

MINIMIZATION OF PARTIALLY DEFINED BOOLEAN
FUNCTIONS BY THE METHOD OF FIGURATIVE
TRANSFORMATIONS

Abstract. The conducted studies have established that the method of
image transformations makes it possible to reduce the complexity of the
minimization procedure of partially defined Boolean functions without loss of
functionality, compared to sorting through binary definitions. The
interpretation of the result is that the combinatorial systems 2-(n, b)-design, 2-
(n, x/b)-design represent logical operations. Therefore, the detection of such
combinatorial systems in the truth table of logical functions directly and
unambiguously establishes the location for equivalent transformations of
Boolean expressions. This, in turn, implies an algorithm for simplifying
Boolean functions, including partially defined Boolean functions.

[Ipn BuroroBneHi nM(POBUX NPUCTPOIB BHUHUKAIOTH CUTYyalii, KOJIU
OyneBa (yHKIiS He BH3HAYCHA Ha BCiX HAOOpax 3MiHHUX. [y momonmaHHS
TaKOTO THUILy HEBHU3HAYEHOCTI IIPH CTBOPEHHI aHATITUIHOI MOIENI IIN(pPOBOTO
MPUCTPOIO  3aCTOCOBYIOTh  MPOLEAYPY JOBH3HAu€HHS  (QYHKII Ha
HeBU3HaueHNX Habopax. 3a3HadeHE NOBHU3HAYEHHS € MOTY)XHUM CTYICHEM
CBOOOJM Ta pecypcoM SIKiCHOI OMTHMi3allii 4acCTKOBO BH3HAUYEHUX OYJIEBUX
GyHKITIH.

IcHye nBa crmocoOu moBU3HAYCHHS (DYHKITIMN:
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— fi(x1, X2, ... Xn) Ha BCIX HEBU3HaYCHUX HaboOpax BHUXigHa QyHKLIsA [ (X1,
X2, ... Xn) JOBHU3HAYAETHCS OJAMHUIISIMH;

— fo(X1, X2, ... Xn) Ha BCIX HEBU3HAUYEHHUX HaOopax BuxigHa QyHKIIs flx1,
X2, ... Xn) JOBH3HAYAETHCS HYJISIMU.

Toni teopema KgaiiHa, Ha pa3i, BHBOJUTH HACTYIIHE TBEPKCHHS:
MiHIMaJbHa JM3’IOHKTHBHa HopManeHa ¢opma (JAH®) nHe mnoBHicTIO
BH3HAUeHOi OyneBoi (YHKII BU3HAYAETHCA SK U3 IOHKINS HAWOIIBII
KOPOTKHX IMIUTIKaHT QyHKIii. L{i iMIUTIKaHTH B CyKyIHOCTI TIOKPUBAIOTh YCi
MIHTEPMH JOCKOHAIO1 A3’ FOHKTUBHOT HOpMaitbHOT popmu (A IHD) pyHkmii,
pUIOMy cepell 0OpaHHuX MPOCTHX IMIUTIKAHT BiJICyTHI 3aiiBi [1].

ByneBi ¢yHKIIT € OKpeMHM BHIAJKOM HE ITOBHICTIO BH3HAYEHUX
¢ynkuit. He mnoBuicTio Bu3HaueHi OyneBi ¢QyHKuii MoXyTe OyTH
NPE/ICTaBJICH] 32 JOMOMOTOI0 MOBHICTIO BU3HAUYEHHUX OyNneBHX (yHKILIH, sKi
OTPUMYIOTBCS 32 JIOTIOMOTO0 BIATIOBITHUX JOBU3HAYEHB (TepeOuparoun Bci
MOMBI mifctaHoBKH 0 abo 1 3amicTh «—» don’t care — Oaiigyxe abo
HeBU3HaueHe 3HaueHHs) [2]. Toxmi mporemypy MiHiMi3alii YacTKOBO
BU3HA4YEHOI OyJeBOi (YHKIIi MOTPIOHO MPOBOMUTH HA KOXKHIM BH3HAYCHIN
(dyHKIiT Ta 00paTH ONTUMAIBHUI PE3yJIbTAT.

3i 30LIBIIEHHAM KIJTBKOCTI HEBU3HAYCHUX HAOOpPiB MHOXKHMHA TTOBHICTIO
BH3HAYEHUX OYJIeBUX (QYHKIIIH CyTTEBO 30UIBITY€EThCS. [IJIT CEMH, HAPUKIIA],
HEBM3HAYEHNX HaOOpiB 3MiHHMX icHye 27=128 pi3HHX cHoco0iB GiHapHOTO
JIOBU3HAYCHHS YaCTKOBO BU3HAUCHHUX OyJIeBHX (OYHKIIIH, 1, OTKE, CKIQTHICTD
MPOLIEAYPH MiHiIMi3allii QyHKIIT Oye 3pocTaTH.

TakuM YHHOM, aKTyaJbHAM aClEeKTOM TEOPETUYHUX HAYKOBHX
JIOCJIIJKEHb 3 MiHIMi3allil YaCTKOBO BU3HAueHHX OyJieBuX (QyHKLIH METOOM
00pa3HuX MEePEeTBOPEHD €:

— 3MEHILEHHS KUIBKOCTI CIOco0iB OIHAPHOTO JIOBH3HAUYEHHS YaCTKOBO
BU3HA4YCHUX OyneBuX (QyHKIIH;

— BUSIBJICHHSI MOXIJIMBOCTEH BIOCKOHAJICHHS MPOIEAYPH MiHiMi3aIli Ta
PO3IIUPEHHS anapaTy CHHTE3y HU(PPOBUX KOMITOHEHTIB Ha OCHOBI YaCTKOBO
BU3HAUYCHUX OyJIleBUX (YHKLOIA JUIS 3aCTOCYBaHHS iX y HHUPPOBHX
TEXHOJIOTisX.

BusiBjieHHs Jiokaliii piBHOCMJILHMX NepPeTBOPEHb 3a JOIOMOIOI0
KoMOiHaTOpHMX cucTeM 2—(n, b)-design, 2—(n, x/b)-design

IcHye nBa THIM HEBU3HAYEHOCTI /IS CUCTEMH Ha Tpaktwii (puc. 1): 3a
BXOJIOM 1 32 BUXOJIOM (200 BXiJHA i HE MOXe HaIiHTH 330BHi, a00 peaxiis
CHCTEMH Ha BXiJHY Jil0 HEBa)KJIMBA).
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Puc. 1. HeBu3HaueHoCTI y cucTeMi

YacTkoBO BHU3Ha4YeHY OylieBYy (YHKIIO MOXHA IOJATH MHOXXHHOIO
MOBHICTIO BU3HAYCHUX OYJIEBMX (YHKIIH, sIKI OTPUMYIOTHCS 328 JONOMOTOIO
BIZIMOBITHUX TOBH3HAueHb (IepeOrparoyy Bci MOXJIUBI mifctaHoBku 0 ado 1
3aMicTh «—») (puc. 2). Tomi mporexypy MiHiMi3aIlii 4acTKOBO BH3HA4YEHOT
OyneBoi (GyHKIII MOTPiOHO MPOBOAWUTH HAa KOKHIM BH3HA4YEHIH (GyHKINI Ta
0o0paTH ONTHUMaNbHUN pe3ybTar.
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1jo]J0| o0 1jo|lOo]1
1joaj1]1 1j]O0] 1 1
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1 1 1|0 | 1 1]0

Puc. 2. YactkoBo Bu3HauyeHa OyneBa GyHKIIS f(xi, X2, X3) MoJaHa
MHOMHMHOI0 3 2°=4 TIOBHICTIO BU3HaUeHUX OyneBux QyHKIii f{x, x2, X3)
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31 30UIBIICHHSAM KIJIBKOCTI HEBU3HAYEHUX HAOOPIB MHOXKMHA TIOBHICTIO
BU3HAYCHUX (YHKIIA CyTTeBO 30UIbIIyeThCs. [yt IIecTH, HamNpHKIaZ,
HEBU3HAYEHNX HaOOpiB 3MiHHUX icHye 29=64 pisHuX crocoGiB GiHapHOTro
JIOBU3HAYECHHS YaCTKOBO BU3HAYCHUX OyJeBUX (YHKIIH, i, OT)XKe, CKIaAHICTh
npoueaypH MiHiMizawii GpyHkuii Oyae 3pocTaTh.

JJis 3MeHIIeHHS KITBKOCTI crtoco0iB 6iHapHOTO JOBU3HAYEHHS YaCTKOBO
BU3HAUCHWX OymeBux GyHKOIH 1OTpiOHO oOupaté Taky OiHapHY
KoH(pirypariro, sika 3a0€3MEYUTh YMOBH JUIA MPOBEACHHS OMepaliil cymep-
CKJICIOBAHHS 3MiHHUX Ta/ab0 MPOCTOTO CKIICIOBAHHS 3MiHHHX. A Takox Oyne
BKIOUATH B ceOe BI3HAYCHI HAOOPH 3MiHHHX 1 YaCTHHY HEBU3HAYCHUX HaOOPiB
3MIHHHMX, 30KpeMma. sl psity 4acTKOBO BHM3HaueHHX OyieBux (yHKIid
onTHMankHa iX MiHiMi3anis Oylde BUMAaraTd BHUKOPHCTaHHS — BCIX
HEBH3HAUEHHUX HAOOPIB 3MiHHHX.

Komb6inaTopHi cucremu 2—(n, b)-design, 2—(n, x/b)-design, siki BXOAATH
0 cKiaamy OiHApHUX CTPYKTYp TaOdMilh ICTHHHOCTI 3a0e3IeuyroTh
OJTHO3HAYHE BHSIBJICHHSI JIOKALil PIBHOCHIILHUX IEPETBOPEHB ISl CIPOLICHHS
OyneBux (yHKIi. BcTaHOBIEHE Miclle piIBHOCHIBHHX ITEPETBOPEHD IMILTIKY€
aNToOpuTM MiHIMi3amii OyneBux QyHkmid. Takum unmHOM cuctemu 2—(n, b)-
design, 2—(n, x/b)-design MaroTe iH(OpPMaLiliHYy €MHICTH, IO JO3BOJIE 3
edeKkToM 3aMiHUTH OiHapHE MOBH3HAUEHHS YacTKOBO BH3HAUCHHX OyNEBHX
GyHKLIA, K TO HA pHC. 2, HA MeToJ OOpa3HUX NepeTBOpeHb. Lle, y cBow
yepry, mae 3Mory Oe3 BTpaTH (YHKIIOHAJIHHOCTI 3MEHIIUTH CKJIAIHICTH
MpOIeIypH MiHiIMIi3alii, MOPIBHIHO 3 mepebopoM OiHAPHHX IOBHU3HAYCHB
YaCTKOBO BU3HAYCHUX OyJeBUX (QYHKIiil.

Ipuxnao 1. YactkoBo Bu3HadyeHa OyneBa (yHkiis (A, B, C, D) 3agana
TabuIeto iICTHHHOCTI (Tadu. 1). 3uaiitu minimansay JJHO [3].

Tabmums 1
TaOnwuis iCTHHHOCTI YacTKOBO BH3HA4YCHOT OyieBoi pyHKIii f(A, B, C, D)

N |0 1234567891011 |12 |13 |14 15

x1 [0O]0]O0O]O[O]O]O]O|T|1]1 1 1 1 1 1

x [0]0]0]O|1|1]1]1]0|0|0 |O 1 1 1 1

x3 {001 |1T]0]JO]1]1]0]0O]1 1 0 |0 1 1

x4 |01 ]0|1T]0]1]O0(1T]0]1]O0 1 0 1 0 1

f 10— |- 11]0|-]10[0]0]|0 |- 1 0 |0 |0
Pos3é’s30k:
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frww(AB,C,D) =

M|A B C D|f
0lo 0o 0 oft
A BCUD|f|l|Aa B cCc DI|Ff
410 1 0 01
0 olt] [o 0[] ¢
121 1 0 01 (D
= =11 0 0ofL|=] 1 0 01}
210 01 0f-
00 1 1|-]]00 1 1]-
00 1 1]-
1 0 1 1]- 1 0 1 1]-
6|0 1 1 0f-
11 0 1 1]-

[Mepiua matpuns Bupasy (1) npeacrapisie TaOIMIO ICTHHHOCT] YaCTKOBO
BusHauenol JJH® dynkuii (A, B, C, D) (tabn. 1). do 6aokiB 0, 4, 2, 6
3aCTOCOBAHO OMEPAIlii0 CyIep-CKICIOBaHHS 3MiHHUX [4]. Pe3ynbraT JoriuHux
orepariiif Nepuoi MaTpulli 3aMcalo 10 Apyroi MaTpuui Bupasy (1).

Minimansaa JJH® mae Burs;:

f(ABC,D)=AD+BCD. )

Bigmidaemo, 1m0 HeBW3Ha4YeHi Habopu 3miHHuMX 3, 11 mig dac
cnpouienns ¢yskuii fA, B, C, D) (tabn. 1) MeTogom 00Opa3HUX NEepEeTBOPEHb
He Oynm BuKopHcTaHi. lle y MiICYMKYy 3MEHIIMJIO 3arajbHy CKJIAIHICTh
cnpouieHHst ¢pyHkuii. Pesysnprar miniMizanii (2) ciiBnazgae 3 [3].

Ha BimMmiHy Bix OiHapHHMX JOBH3HAYEHB, B PO3TIITHYTOMY IMPHKIAI,
BCHOTO OJTHa KOMOiHaTopHa cucTema 2—(2, 4)-design BCTaHOBIIOE JOKAIIIIO
NOTPiOHMX PIBHOCWIBHHX IepeTBOpeHb. Lle 3MeHInye cKiIaHicTh MpoLeaypu
MiHiMi3a1lii, MOpPiBHAHO 3 mepebopoM NOBH3HAYCHUX (DYHKIIH, Ja€ pe3yiapTaT
crpoleHHst 0e3 BTpaTd (pyHKIIOHANBHOCTI 3amaHoi OyineBoi (yHKIII Ta
3abe3neuye epeKTUBHICTh 3aMiHM OIHAPHHUX JOBU3HAYECHB Ha METOJ O0pa3HUX
MepETBOPEHb.

TouHUIl Ta eBPUCTUHYHUA METO] CHIPOLIEHHSI YaCTKOBO BH3HAYEHUX
OyJaeBux pyHKuin
3a JOTOMOT0I0 TOYHOTO METOy CIPOIIEHHS OyJIeBUX (QYHKIIH MOXKHA
OINIHIOBATH SKICTh CBPUCTHYHHX METOJIB, i HaBITh BU3HAYATH HAIMPSIMOK
CTBOPEHHS €EBPUCTUYHOTO MeToay [5].
Ipuknao 2. MetonoMm o00pa3HuX nepeTBopeHb crpoctutn JHD
yacTKOBO BH3HaueHoi QyHkmil f(x1, x2, x3, x4, x5, x06), ska npeAcTaBIcHA
kaptoro Kapno [6].
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0 1|0 1
n 1
1 Lj1]ofao
0
1 onjojll
0 0
0 1]1 0
o]l |

Puc. 3. YactkoBo Bu3HaueHa OyneBa (yHKIIiS IIECTH 3MiHHHUX (KapTa
Kapno)

Posg'azoxk:

Iepmia matpuns Bupasy (3) mnpeacrarise TaOJMHIFO ICTHHHOCTI
9yacTKkOBO BusHaueHoi JTH® yHkitii fxi,Xx2,Xx3,%4,%5,%6) (puc. 3).

o oxnoxiB 13, 33, 37,49, 53,1, 5,9, 17, 21, 25, 29, 41, 45, 57, 61, mo
CKJIaIal0Th MOBHY KOMOiHaTopHYy cucteMy 2—(4, 16)-design ta 1o O10kiB 4, 6,
34,0, 2, 32, 36, 38, mo0 cKIagarOTh MTOBHY KOMOiHaTOpHY cuctemy 2—(3, 8)-
design, a Takox 110 OJ10KiB 46, 47, 62, 63, 1110 CKIIAAAIOTh MOBHY KOMOIHATOPHY
cucremy 2—(2, 4)-design 3aCToCy€eMO OIepaliiio Cyrnep-cKICIOBaHHS 3MiHHIX
[4]. do Omoki 24, 16 Ta 26, 18, a Takox mo OnokiB 27, 19 3actocyemo
oIepawiio IPOCTOro CKICKOBAaHHS 3MIHHUX. Pe3ysibTaT 3a3HaueHUX JIOTTYHHX
orepariiii 3armcyemMo 110 Jpyroi Matpui Bupasy (3). Y npyrii MaTpuii Bupasy
(3) HeBu3HayeHI HAOOPH 3MIHHUX HE BiJOOPaXKArOTHCS, OCKUILKA BOHU HE
NPUIMAIOTh Y4acTh y MOJaJIbIIOMY CIIPOIIEHHI (YHKIIIT.

VY nifcyMKy oTprMaHa MiHiMallbHa (QYHKIIis

f  =XXX+XX+XXX+XXXX, (@)
2773776 576 102 4 T3 4 5

MARd

sgKa MICTHTh Ha JBa JITEpaIM MEHIIE, MOPIBHAHO 31 CHPOIICHHAM 3a
JIOTIOMOTOI0 €BPUCTUYHOTO MeTony [6].

Komr peamizamii oTpumanoi MiHiManpHOT QyHKIIT (4) MeTomOoM
o0pa3Hux nepeTBopeHs cxnanac K/ k/ k,=4/12/ 6, ne ke, ki, ki, — KIIbKICTD

KOH IOHKTEpPMIB, JIITEpaJliB Ta iHBEPTOPIB BiJIIOBIIHO.
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F(x,,xz,XK,x4,x5,xb)
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MiniMasibHa (QYHKLIS, OTpUMaHa EBPUCTHYHUM MeTonoM [6] mae
BUIIIS:

M

f... =€f +bcf +ce+acd+acde
3 KowToM peanizauii K/ k/ k,=5/14/ 8.
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RANDOM FOREST: FINDING ANOMALIES IN COMPUTER
NETWORKS

Abstract. Random Forest is one of the most popular and commonly used
algorithms by Data Scientists. Random forest is a Supervised Machine
Learning Algorithm that is used widely in Classification and Regression
problems. It builds decision trees on different samples and takes their majority
vote for classification and average in case of regression. One of the most
important features of the Random Forest Algorithm is that it can handle the
data set containing continuous variables, as in the case of regression, and
categorical variables, as in the case of classification.

IMocranoBka npo6JieMu. BusiBneHHs aHOMalliil TOBEIHKH MEpPexi — 1ie
MPOLIEC MOHITOPUHTY KOPIIOPATUBHHUX MEPEK ISl BUSBJICHHS HEHOPMaIIbHOT
noBeminku. Ilicast BusiBIeHHS aHoMaiil (QYHKIIS BUSBICHHS aHOMail
MOBEIIHKY Mepesxi abo 1HIliIoe aBTOMaTHYHY BiANOBI b, 200 CIIOBILIAE TPyNH
6esmnexn. [IpobneMn B KOMITIOTEPHHX MEpeXaX BHUSABILIFOTHCS SK BUKJIMKaHI
HUMHU aHoMamii Tpadiky[1]. 3aramom, aHomamis — me Te, IO CYNEPEeYUTh
ouiKyBaHHAM. Hampuknan, MOMIKOMKEHN KOMYTaTOp MOXE CTBOPHTH
HEOUiKyBaHHMH Tpadik B iHIIIH YacTHHI Mepexi abo HOBI KOIM ITOMHIOK
TIOYMHAIOTH 3’ SIBIISITHCS, KOJIH CITy>kK0a HE Ipamtoe. Y CyHEHHsI HECIIPaBHOCTEH
MepeKi IPYHTYEThCS Ha aHOMaJisX Mmepexi. Ilepmuit MeTon kimacudikamii
aHOMaJIili 3aCHOBaHMW HAa TOMY, YAM BOHH BIiJIPI3HSIOTHCS BiJl 3BUYai{HOTO
CHIUJIKYBaHHA. AHOMaJIT MOXYTh BIIDI3HATHCS 3a THUIIOM IEpEelaHHuX JaHHX
(oBe/IiHKOBI), 3a KIUJIBKICTIO NepeJaHnuX JaHuX (3a o0csarom) abo 3a oboma
Kputepisimu. IHImA crmocid kmacudikaiii aHOMamii - e 3aJeXHO Bix X

TPUYMHU:
1. Hemoacebka mnomwika - 30ii oOnagHaHHsA abo IepepuUBaHHS
paio3B's3Ky yepes Moromy.
2. Jlromceka TOMEIKAa - 30id CIy:KOM Mepexi, CHpUIHHEHHH

HETPaBIIILHOK KOH(Irypamiero abo BUTIAIKOBUM BiJl € THAHHIM MEPEKEBOTO
KabeItto.

3. 370OBMHCHA [iSUTGHICTH JIFONWHA — BHYTpIOIHS aTaka, KOJH
HE3aJIOBOJICHUH CHIBPOOITHUK KOMIMAHil MOMIKOIKYE MEPEXKEBUH TPUHTED,
a00 30BHIIIHS aTaka, KOJH 3JIOBMHCHUK HAMArae€ThCsl BAMKHYTH MEPEXy Ta
3aBJIaTH MIKOH PEIyTallii.

OnHUM 3 METOJiB BHUSBIICHHS aHOMAJiH y KOMIT IOTEPHUX MEpexkax €
BHIMAIKOBUH jic[2]. st mocmimkeHHs poOOTH alrOpUTMY BHUIIAJAKOBOTO JICY
po3rIIsiHEMO HOro poOOTy y TiOpWAHIN CUCTeMi BHUSBIICHHS BTOPTHEHb Ha
OCHOBI KOMO1HaIIi{ BUIIAJIKOBOTO JIICY Ta aBTOEHKOIepa.
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Mogens cuctemu. OCKIIbKE METOIM MEPEIKEBUX aTaK YCKIJIAIHIOIOTHCS,
OTpUMaTH 3pa3KM BCIX THIIB aTak crae cknaaHo. Ilim wac 3ycrpidi 3
HEeBIJOMHUMH arakaMH TiJi 4ac (a3d BHSBJICHHS KOHTPOJIbOBaHUI
KJacu(ikaTop MOKe MOTaHO y3arajbHIOBATH PE3yJIbTaT, 110 MOXKE NPU3BECTH
JIO HEMIPABUJIBHOT Kiacu(iKallii JUTst X 3pa3KiB 1 3HWKECHHS PIBHS BUSIBIICHHS.
[[To6 Bmoparucs 3 mi€r0 MPOOIEMOI0, JOCTITHUKH CIPOOYBAIH CTBOPUTH
MO/IENTb CHCTEMH BUSBJICHHS BTOPTHEHB, SIKa TPEHYEThCA TIIHKU Ha 3BUIaHIX
JIaHUX, TakWX sK aBToeHkonep[3]. BiH mpexacraBinse coboro cremiaabHy
HEKOHTPOJIbOBaHY HEUPOHHY Mepeky. OCKITbKH BOHA MOKE BiIHOBUTH BXiJIHI
JIaHi, TTOMHIJIKA PEKOHCTPYKITi MOXE CIIYKHTH TOKa3HHUKOM aHOMaii s ii
BUABIICHHs. ABTOGHKOJEp 3a3BHuail Mae CTPYKTypy cumerpii. Moro mMoxmna
PO3IUIMTH Ha JBI YaCTUHH: KOXep 1 Jekojep. Taka cucTeMa HaMaraeTbes
sKoMora Oulbllle PEeKOHCTPYIOBATHM OpWriHaibHI BXiAHI nAaHi. 1 xomep, i
JIEKOZIEp CKJIaIAl0ThCS 3 KIJIBKOX MPUXOBAHUX HIAPiB. 30KpeMa, KoJiep reHepye
NPUXOBaHE MPEACTABJICHHS JUIA BXIJHOTO 3pa3Ka. 3a3BH4Yail JIaTEeHTHI
MPE/ICTABICHHS MalOTh HIDKYY PO3MIPHICTh, HIXK OpHUriHaJbHI BXiJHI JaHi.
Jlexonep HaMaraeTbcs BiTHOBUTH OPUTIHAIBLHUH BXiJ 31 CTHCHYTOI (OpMHU.
ABTOCHKO/Iep BUKOPUCTOBYE TIOMUIIKY PEKOHCTPYKIIIT SIK OLIHKY aHOMAJTii, J1e
OIIMH 3Pa30K i3 BUIIUM MOKa3HUKOM MOXe OyTH BUSABJICHUH sK aTaka. OqHAK
gepe3 BiICYTHICTh KOHTPOJTIO 3 OOKY 3BHUYAHHUX 3pa3KiB i 3pa3KiB aTaku BiH
MOXKE HE OTPHMATH TaKOi )X BHUCOKOI MPOAYKTUBHOCTI, SIK KOHTPOJHOBaHI
ANTOPUTMH, SIKI MOXYTh BHBUATH MEXI CKIQAHUAX PIlIEHb MK 3BHYAHUMHU
3pa3kamy Ta 3pa3kaMH aTakKu.

Po3poOka HamiiHOT MOJEi CHCTEMH BHSBJICHHS BTOPTHEHb 3 BHIIUM
pIBHEM BHSIBJICHHS T4 HHKYMM PIBHEM IIOMMJIKOBUX IMO3UTUBHHX PE3yJIbTATIB
CTa€ KPUTUYHOK. 3Ba)KAlOUM HA Te, W0 Pi3HI METOJM MOXYTh BHMBYATH
XapaKTepPUCTUKW [AaHUX 3 PI3HUX TOYOK 30Dy, Kpalle BUKOPHUCTOBYBATH
ribpunHy cuctemy[4], sika MoeHy€ BUNIaJKOBHUH JIic 1 aBTOEHKOAEP. 30KpeMa,
ribpumHa cucTeMa BKIIFOUA€E JIBA €TAIM Ha eTarli BHABICHHS. [lepmum KpokoM
€ 3aCTOCYBaHHS BHIAIKOBOTO JICYy 3 IMOBIPHICHUMH METOJaMH IS
BUSBJICHHS arak. Toni, pO3IIsIaroud, sK [ie OiTble 3MEHIIUTH YacTOTy
MOMWJIKOBAX TPHUBOT, Ha JAPYTrOMY KpOIi BUKOPHUCTOBYETHCS MOIYIh
aBTOCHKOJIEpa.

AJropuT™M BUNaaAKoBoro Jicy. II{o6 orpumarn kpamry epeKTHBHICTH
MPOTHO3YBaHHS, aHCaMOJIeBI METOAW BHKOPUCTOBYIOTH KiJlbKa OCHOBHHX
kiacuikaTopiB AN MPUHHATTS pimeHs. el miaxin 3aramom JEMOHCTpYE
MiABHUIICHY NPOAYKTHUBHICTh KiacHu(ikamii MOPIBHIHO 3 OJHUM 0a30BUM
KiacudikaTropoM. BumaakoBui Jic € MOTYKHAM Ki1acu(pikaTopoM aHCaMOITIo.
BiH moegHye makeTyBaHHS Ta BHIAAKOBICTh (DYHKIIIH A7 HaBYAHHS KiJTBKOX
Jiepes pilieHb. [lepeBo pillleHb € YacTO BUKOPUCTOBYBAaHUM Kilacu(ikamiiHIM
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migxonoM. BiH Hamaraetbcs BHBYUTH HaOIp NPaBWII «SKIIO-TOID» JJISt
kinacudikanii naHux. lmroctparist BUnagKoBoro Jiicy nokasaHna Ha puc. 1.

Haman i gas

:.Cl.u:uu:-M

Binsicrm r-&

Pucl. - ImrocTpariisi BUITagKOBOTO JIiCy

[igxin makeTyBaHHS € OIHIEI0 3 YacTO BHUKOPHCTOBYBAHHX CTpaTeriit
ancamOm0 Uit TOOYNOBHM KIUIbKOX —KilacugikaTopiB. 3a I0MOMOIO0
MOYaTKOBOT'0 3aBAHTAKEHHSI 13 3aMIHOIO JJIsl BUOIPKH IaHUX BEJIMKA KiJIbKICTh
KiIacu(ikaTopiB HaBYAETHCS HE3aJIeXKHO. SIK IMOKAa3aHO Ha PHUCYHKY, 3
ypaxyBaHHSM HaBYaJIbHOTO HAOOpy icHy€e M Pi3HUX KIacU]iKaTOPiB PillICHHSI.
Jnst oTprMaHHSI OCTATOYHUX PE3YJIBTATIB MepeadaueHHs BAKOPUCTOBYETHCS
Ma)KOpHUTapHE TOJIOCYBaHHS Uit 00’ €JHAHHS ITPOTHO3IB BiJ KOXKHOTO JAepeBa
pimrens [5].

[ITo6 moOyxyBaTH OJTHE NEPEBO PillleHb, CIOYATKY BHOUpPaEMO k O3HAK i3
J o3Hak. 3HaueHHs1 k BCTaHOBIOEThCS sIK sqrt(j). ITicns uporo BuOHpaemo
HaliKpamry QyHKIIO po3IiieHHS 3 BUOpaHHX k (DYHKIIIH i TIJTHMO By30J Ha J1Ba
nouipHi  By3nu. Jlomimka JDKiHI BHKOPHUCTOBYETHCS SIK  KpHUTepiil
posuieruieH s Uit po3aiieHoro Bysna. 11{o0 nmepenbaunt BXigHy BHOIPKY,
BUIIaJJKOBUI JIiC BUKOPHUCTOBYE TOJIOCH JIepeB y JiCi, 3BaXKeHi 3a iXHIMH
oliHkamHu iiMoBipHOCTI. Hexali p no3Hauae WMOBIpHICTH OyTH nependaueHuM
gk aTaka. Toxi iMOBipHICTE OyTH TIepet0adeHIM SK HOPMAaJIbHUHN TOPIBHIOE g
i q = 1- p. [Iporao3oBani IMOBIpHOCTI KJIaciB BXiAHOT BUOIPKH OOUNCITIOIOTHCS
SIK Cepe/IHI MPOTHO30BaHi KMOBIPHOCTI KJIaciB AepeB y Jici. IMOBipHiCTh Kiacy
OKpPEMOTO JIepeBa — Iie 4acTKa 3pa3KiB OJJHOTO KJIacy B JIMCTOBOMY By3ii [6].

3a3Bryail 3pa3KM MOXKHA BiJJHECTH JI0 OJHOTO KJIAacy 3 HalOUIBIIO0
nMoBipHicTIo. OJHAK y TakoMy HiJIXOXl JesIKi 3pasKH, IO HaJIeXaTb 10
HEBIJIOMHUX aTaK, MOKYTh OyTH ITOMMJIKOBO KJlacH(iKkoBaHi K HOpMaJbHI. Y
iff gacTWHi MOTPiOHO BW3HAYMTH mOpir 7, MO0 IOMOMOITH TIPOLECY
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BU3HAYCHHS 3paskiB. SIKIO HMOBIpHICTb p, IO HAIEXKHUTh IO aTaKH,
nepesuiye nopir 7, BUOIpKK MOKHA KJIacH(iKyBaTH SIK aTaky. TakuMm 4MHOM,
i3 3pa3KoM X; 1 BIAMOBIHOIO HMOBIPHICTIO p;, MM BU3HAYa€EMO BHPILIyBaJIbHY
¢dynkuito f(+). PesynbraTu no3HaueHi 1, ae +1 - e aHOMalbHI 3pa3KH:

(L ifp<T
f(xi)‘{+1, if pi >T

IlepeBaru anropurmy:

1. Moro MoxHa BHKOPHCTOBYBATH B 3ajauax Kiaacubikarii Ta perpecii.

2. Bupimye npobnemy mepeobiamgHaHHS, OCKUTBKH BUXiI 0a3yeThCs Ha
OiTBIIIOCTI TOOCIB 200 ycepeTHeHHI.

3. JoOpe mparrioe, HaBiTh AKIIO JaHi MiCTATh HyJIbOBI/BIACYTHI 3HAUYCHHS.

4. KoxHe CTBOpPEHE NEPEBO PIlICHb € HE3aJC)KHUM BiJ 1HIIOTO; TAKHM
YMHOM, BiH JIEMOHCTPY€ BJIACTHBICThH pO3Iapalie/IiOBaHHSI.

5. CraOinbHUiA, OCKUIbKHM OepyThCs CepeliHi BIANOBII, HaaHl BEJINKOIO
KUTBKICTIO JICPEB.

6. 30epirae pi3HOMaHITHICTh, OCKIIBKM HE BCi aTpUOYTH BPaxOBYIOTHCS
MiJl Yac CTBOPEHHS KOXKHOT'O JIepeBa pillleHb, X04a 1€ He TaK y BCIX BUIAIKaXx.

7. HecnpuiiaatnuBuii 10 po3mipeHocti. OCKIIBKH KOXXHE JEpPEeBO HE
BPaxoOBY€ BCi aTpUOYTH, POCTip HYHKIIIH 3MEHIITY€E€ThCS.

8. He moTpiOHO po3minATH JaHi HAa TPCHYBaHHS Ta TECTYBaHHS, OCKUTBKA
3apkau Oyne NEeBHHH BIJCOTOK [aHWX, SKi HE BUAHO JEPEBY PIlICHB,
CTBOPEHOMY 3a JIOIIOMOT' 00 ITOYAaTKOBOT'O 3aBaHTaKCHHSI.

Henoniku anropurmy:

1. Jlyxe ckianHuii MOPIBHSHO 3 JIepeBaMu PillieHb, /e PIlICHHS MOXXHA
NpUiMaTH, TOTPUMYIOUUCH HIJSIXY JIepeBa.

2. Yac HaBYaHHs OLIbIIE, HIXK 1HIII MOJIEN Yepe3 HOro CKIIaIHICTh.

Takum 4MHOM, BUIIQAKOBUH JIC € MPUIHATHUM BHOOPOM, SIKIIO XTOChH
X04€ CTBOPUTH MOJIEJIb IBHJKO Ta €(pEeKTUBHO, OCKIIBKH OHA 3 HAWKpaIIUX
TepeBar BUITaJKOBOTO JiCY MOJISATAE B TOMY, IIIO BiH MOXKe OOPOOIIATH BiICYTHI
3HaveHHs. Lle oauH i3 HalKpaIuX METOIB i3 BUCOKOIO €(EKTHBHICTIO, STKUH
IINPOKO BUKOPHUCTOBYETHCS B PI3HUX Tally3sX IIPOMHUCIOBOCTI 3aBJISIKM CBOTH
e(eKTHBHOCTI. BiH Moxxe 00poOIaATH MBIHKOBI, Oe3MepepBHi Ta KaTeTOPHYHI
JlaHi. 3arajoM BHITIaJIKOBHH JIiC € MIBUJKOIO, TPOCTOI0, THYYKOIO Ta HaIHHOIO
MOJIEIUTIO 3 IESIKUMHU 0OMEKEHHSIMH.
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JABOETAITHA TPAHCITIOPTHA 3AJIAYA
3 YMOBAMMU HA ITIOTPEBHU CITIOKUBAUIB TA IMPOITYCKHI
CIHPOMOKHOCTI IPOMDKHUX ITYHKTIB!
Cremok I1.I., Xom’ssx O.M.
stetsyukp @ gmail.com
Inemumym xibepnemuxu imeni B.M. I'nyuxosa HAH Yxpainu

A TWO-STAGE TRANSPORTATION PROBLEM WITH
CONDITIONS
ON CONSUMER NEEDS AND CAPACITIES OF INTERMEDIATE
POINTS

Abstract. A mathematical model of a two-stage transportation problem
with two-sided constraints on consumer needs and upper bounds on the
capacities of intermediate points is proposed. Its partial case is the classic two-
stage transportation problem, which determines the most economical plan for
the transportation of products from suppliers to consumers through
intermediate points. The results of computational experiments using the
Gurobi solver for discrete analog of optimal set partitioning model problem are
presented.

Y crarti [1] 3ampormoHOBaHO MaTeMAaTHYHY MOJENb JBOETAIMHOI
TPAHCHOPTHOI 3a7adi 3 JBOCTOPOHHIMH OOMEXEHHSIMHU Ha HEBiZJOMi MOTpedn

! po6oTa nigTprmana Volkswagen Foundation (rpanTt Ne 97775)
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crioxuBauiB. Hmkdye nOMOBHUMO Ti MOXJIMBICTIO BpaxyBaHHS BEPXHIX
TPaHMIb Ha INPOIYCKHI CIIPOMOXKHOCTI TMPOIMYCKHHX MyHKTIB. Po3risHemo
3aCTOCYBaHHs HOBOI Mozedi /sl pO3B’A3aHHS MOJAENBHOI  3ajaui
ONTHMAJBLHOTO  pO3OMTTS  MHOXMHHM  Ta  HaBeIEMO  pe3yJbTaTh
00YNCITIOBAJILHUX EKCIIEPUMEHTIB 3 BUKOPUCTaHHIM cojiBepa Gurobi.
®opmyaoBaHHA 3a4a4i. Hexail B m myHKTax mocrayanssa A,..., A,

€ a,,...,a, OAUHUIb IPOAYKII, Ky HOTPiOHO IEepeBe3TH A0 7 CIIOXKHUBAUiB
B,,...,B,. O6’emu notpe0 crnoxuBayiB OyJeMO BBa)KaTH HEBIJOMUMH, a iX
HIDKHI  MEXI1 b,’””’,...,bfl”w Ta BepxHi Mexi b”,..,bY" Oymemo BBaxaTH
3aganuMu. TpaHCIOPTYBATH MPOIYKIIO Bijl MOCTAYaIbHUKIB 70 CIIOKHUBAYIB
MOXKHa depe3 | MpOMIKHHUX MyHKTIB D,,....D,, ne d\",...,d,” 3apmaroTth ix

MaKCHMaJibHi ~ cripoMoHOcTi. [loTpiOHO 3HAiiTH onTUManbHUI IUTaH
TPaHCIOPTYBaHHA HPOAYKLil, 1€ ¢, — BUTPATH Ha NEPEBE3CHHS OAUHULI

IPOJYKIii Bil MOCTaYanbHUKa A, 10 MPOMDKHOrO MyHKTY D, a ¢, —
BUTPATH Ha NIEPEeBE3CHHA OAUHULI IPOAYKILIl B1J] IPOMDKHOIO yHKTY D, 110

cnoxuBada B;, Ta BIIMOBiIHI ONTHMaTLHOMY IUIaHY OTPEOH CIIOXKHBAIB.

o k= l . .
Hexait x:{x,.k }[:me, J€ X, — KUIbKICTh OJMHMIL NPOAYKIII, sKa

. j=
TMEPEBO3UTHCA B1J] IMOCTaYaIbHUKA 147 A0 MYHKTY Dk Y= {ykj }k—l ,

— KiNbKiCTh MpOAYKMii Bix myHkTy D, 10 cnoxusada B;; z= {zi} e
E I ) j=l...n

Z; — KUIbKICTh IPOAYKILIL, K& OCTAYa€ThCA CIIOKMUBaYy B .

JIBoeTamHa TpaHCHOpPTHA 3agadya 3 OOMEXEHHAMH Ha TOTpedu
CIOXKMBAYiB Ta MPOIYCKHI CIIPOMOXKHOCTI NMPOMIDKHHMX IYHKTIB Ma€ Takui
BUIJISIZ: 3HAUTH

s

foe=f (¥ 2) = min) £ (3,3.2)

[
M-
;ﬁ
=

+
]

10

s}

(1
3a 00OMEXEeHb

l
> x,=a, i=lm, 2)
-

Zyl\y':Zj7 j:L_n, 3)
k=1
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>, Zyu =0, k=11, (4)
i=1

Z X <df, k=11 5)
25 =2 ©)
j=1 i=1
b <z, <b, j=ln, (7
%20, y,20,i=Lm, k=LI, j=Ln. (8)

3anmaua (1) — (8) € 3amayero niHiitHOTO NporpamyBanns (JI[1-3agaua), ne
uinboBa dynkiis f(x,y,z) 3amae CyMapHi BUTPAaTH Ha TPAHCIOPTYBaHHS
NPOXYKLIl BiJl MOCTAYaJIbHUKIB J0 MPOMDKHUX IYHKTIB Ta Bl IPOMDKHHX
MyHKTIB 110 croxkuBadiB. OOMexkeHHS (2) 0O3HAYalOTh TPAHCIIOPTYBAaHHS
a,,...,d,, OJUHHIb NIPOAYKIII 13 IyHKTiB IOCTA4aHHS A0 IPOMIXHUX IIyHKTIB,
a oOMexeHHs (3) — 110 CIOKKUBaYaM MOTPIOHO JOCTaBUTH HEBimoMi 00'eMu
Zy5-+-» 2, OJMHMIb OPOAYKLIl 3 IPOMDIKHUX MyHKTIB. O6MexeHH (4) 3a1at0Th
YMOBH Ha Te, MO0 yCs MPOAYKIis, SKa MPUXOTUTH BiJ MOCTAYaIBHUKIB J10
KOXKHOT'O TIPOMIKHOTO IMYHKTY, OyJia 000B'SI3KOBO BiJIMPaBJICHA CIIOKHUBAYAM.

OOMmexeHHs (5) 3amal0Th BEPXHI MEXI Ha MPOIYCKHI CIIPOMOXKHOCTI
NPOMDKHHX ITyHKTIB. [X Tak0’K MOKHA 3aIMCATH TaK:

Z v, <df, k=11. 9)

OoOmerxeHHs (6) 3a/1a€ YMOBY Ha Te, I[00 CyMapHa IMpo/IyKIlis OCTavaIbHUKIB
JOpiBHIOBaJIa CyMapHiil mpoaykiii BupoouukiB. Oomexenns (7) 3a1ae HUKHI
Ta BEPXHI MEXi Ha HEBIZIOMi IOTPEOU CIIOXKHUBAYiB.

Teepmkennsi 1. Cucmema obmeodicensv (2) — (8) € cymicHoro mooi i
e mooi, KO UKOHYIOMbCS YMOBU

Jj=1 i=1 Jj=1 i=1 k=1

[epma wactura ymoB (10) o3nadae, mo odmexenHs (2) —(5), (6) €
JHIAHO 3aJIKHAMU Ta OJHY 3 piBHOCTEH B oOMekeHHsX (2) abo (4) mMoxe
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OyTH BHIIy4€HO, IPUYOMY JIOBLIBHY.
Yacrkosmii Bunagok sagaugi (1) — (9). Sxmo d;” =Za[,k :ﬂ,
i=1

b;.”w =b’ =b,j =1,n, To 3ajava (1)=(7) nepexoauth B KIACUYHY

JABOCTAIIHY TPAHCIIOPTHY 3aaavy, AKa Mae€ TaKUM BUTJISLA: 3HANTU

f; :f(x*,y*):ngn{f(x,y):iz:cikxik +Zi:ckjykj} an

i=1 k=1 k=1 j=1

3a 0OMEKEHD

1
> x,=a, i=lm, (12)
k=1
1 -
>y, =b,. j=Ln, (13)
k=1

D =Dy, =0, k=11, (14)

i=1 j=1

%20, y,20,i=Lm, k=11, j=1Ln. 15)

3amaua (11) — (15) e JIIT-3aga4ero, ae ninbosa GyHKmis f (x, y) 3aae

CyMapHi BHTpaTH Ha TPAHCIIOPTYBaHHS HPOIYKIII BiJl NOCTa4YaJbHUKIB JIO
cnoxupadi. OOMmexeHHs (12) rapaHTyrlOTb TPaHCIOPTYBAHHA g,....a,
OIMHHIIF TPOAYKIII i3 IYHKTIB MOCTadaHHS N0 MPOMDKHUX ITyHKTIB, a
obmexxeHHs (13) rapaHTyrOTh, IO CHOXHUBa4YaM OyJe JOCTaBICHO HEOOXimHI
00'eMH p, ,...,5, OJMHULB IPOMYKIIi 3 MPOMIKHUX ITyHKTiB. OOMexenHs (14)
3aJal0Th yYMOBM Ha Te, W00 Yycs MNPOAYKIs, sKa HPUXOJUTh BiJl
MOCTa4YaJbHUKIB JI0 KOXKHOTO IPOMDKHOTO IIyHKTY, Oyja OOOB'SI3KOBO
BiZINIpaBJIeHa CHOXKKUBAYaM.

Teepmxenns 2 [2]. Cucmema oomedncens (12) — (15) € cymicuoro mooi
Ul ue mooi, KOIU BUKOHYEMbCS YMOBA

Sa=Yb. (16)
i=1 j=1

PiBnicTs B yMOBi (16) 03Hauae, mo oomexeHHs (12) — (14) € minilHO
3aJIe)KHUMH, TOMY OJHY JOBUIBHY PiBHICTB 3 oOMexenb (12), (13) Ta (14)
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MOe OyTH BHIIY4EHO.

OfuncioBaNbLHMI excriepuMeHT. Po3risiHeMo 3acTocyBaHHs 3aaadi
(1)—(8) nmo ™MomempHOTO TpHKIALY 3aladi ONTHUMAIBHOTO PO3OUTTS-
po3mnoxiny, omucanoi B crarti [3]. Jeskuid MOCTaYaIbHUK OJHOPIIHOTO

pecypcy, HEMepepBHO PO3MOAUICHUH 31 MIUTBHICTIO p(x) =1 B oOmnacti
Q= {x =(x".x®): 0=xV <1, 0<x® < 1} , TocTtadae HOro B I'ATh
MYHKTIB (MIEPIIOTO eTamy) Ui 30epiranHs. 3aaHo KOOPMHATH IMX MYHKTIB

Ta KOOPAMHATH IYHKTIB (ApPyroro eTamy) CHOXHBaHHS pecypcy, IO
30epiraBcs B MyHKTax Iepmioro eramy (puc.l.).

Puc.l — MopnenpHuii npuKIan 3a4adi ONTHMAIBHOTO pPO30OUTTS-
posnoxiny [3].

IMoTpi6HO po36uTH MHOXKMHY () TIOCTaYaJBLHUKIB pecypcy Ha chepu
iX 0OCIIyrOoByBaHHS B II'ITH ITyHKTax IEpIIOTO €Taly i BU3HAYNUTH 00'eMH
nepesesenb V;, (=15, j=1,3, Bin mynkriB nepuoro eramy B IyHKTH
JPYroro eTamy Tak, 1100 MiHIMi3yBaTu CyMapHy BapTiCTh TPaHCIIOPTYBaHHS
pecypcy Bill MocTadyaJIbHUKIB B IyHKTH IIEPIIOTO €TaIy 1 JOCTABKH PECypCy B
IIYHKTH APYTOTO eTaIry.

MoensHUH MPUKIIAJ MOJKHA OITUCATH 3a JoroMorotro 3anadi (1) — (8),
JI€ TOCTavalbHUKaMU € M [IiNSHOK 3 JUCKPETHOro po3ourrs obmacti ),
CIHOXKWBaYaMH € TPH ITyHKTH APYTOTO €TaIry, 8 IPOMIKHUMH ITyHKTaMH — I’ SITh
MYHKTIB IIepIioro eramy. SIKImo o0csru pecypcy HOCTavyalbHHUKIB BUOpaTH
MPONOPIIHHUME ITUTOIIAM JIJITHOK, TO po3B’s30Kk 3amaui (1) —(8) Oyze
BIZMOBIIaTH OJHOMY 3 BapiaHTIB ONTHMAJIBLHOTO PO3OUTTSA-PO3MOALITY
MHOXHUHHU ) 3 TOYHICTIO 10 BUOPAHOT JUCKPETHU3ALlil JiISHOK.
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JIBa onTuUMaibHi po30UTTS MHOKUHM () UL KBaapaTHOI CiTKH
500x500 naBeneHo Ha puc. 2. Ha puc. 2, a mpeacTaBieHO ONTHUMAlIbHE

m _
posourtss muoxuan Q s d,” =Za,.,k=l,l, a Ha puc. 2,6 — s
i=1

dr =O.25><Za,.,k=1,l. Ilpu 1mpOMy 06’€MH CIIOKHBAHHS Yy TYHKTax
i=1

npyroro eramy Oymm piBHuMH (0.22896; 0.428868; 0.342172 (puc. 2, a,

[ =0,477676) 1a 0.25; 0.5; 0.25 (puc. 2,6, f,. =0,485096). s

BuOpanoi citku 3azadi (1) — (8) matore 1.250.018 3minHmx Ta 250.014

JiHIHHUX oOMekeHb. BoHM po3B’s3yBaimics 3a qonomororo consepa Gurobi

3a nekinbka cekynn Ha NEOS-cepsepi.

Puic. 2 — JIBa ontumanbHi po3ouTTs MHOXHHE Q1 0<p, <1, [ = 1,3.

[Inan nepeBeseHHA y,  BiONOBifa€ ONTUMAILHOMY PO3OHTTIO 3

puc. 2, a, I1aH NEPEBE3EHHs 1 — ONTHUMAILHOMY PO3OHTTIO 3 puc. 2, 6:

0.0000  0.09066  0.0000 0.0000 0.112212 0.0000
0.22896  0.0000 0.0000 0.2500  0.0000  0.0000
v, =| 0.0000 0.232524 0.0000 |, v, =|0.0000 0.2500  0.0000 |.
0.0000  0.0000 0.342172 0.0000  0.0000  0.2500
0.0000 0.105684  0.0000 0.0000 0.137788 0.0000

BucHOBOK. 3amporoHOBaHO MaTEeMAaTHYHy MOJAETh JBOETAIHO1
TPaHCIIOPTHOI 3ajadi 3 JBOCTOPOHHIMH OOMEXEHHSMH Ha MOTpedn
CIIOKMBA4iB Ta BEPXHIMH TPaHUISIMH Ha TPOIYCKHI CIIPOMOXKHOCTI
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NPOMIKHMX MyHKTiB. 1i YAaCTKOBMM BHIAIKOM € KJIacHyHAa JBOETANHA
TpPaHCIIOPTHA 3a/1a4a, sKa BH3HAYa€ HANOLIBII EKOHOMIYHMH IIIaH
TPaHCIIOPTYBaHHS TMPOAYKUIi BiJ MOCTa4YaJbHUKIB /O CHOXHBAdiB uepe3
pOMiXHI ITyHKTH. HaBeeHo pe3ysibTaTti 004MCIIIOBAILHUX EKCIIEPUMEHTIB 3
BUKOPHCTaHHIM cosiBepa Gurobi AJist AUCKPETHOTO aHaJIora MOAENBHOI 3a1a4l
ONTHUMAJIBHOTO PO30OMUTTA-PO3MOALTY MHOXHMHM 3 3aJaHUMH ILIEHTpaMu
T IMHOYHAH.
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BJACTHUBICTb HOBHOTU ABO KBA3IIIOBHOTHU
BATATOKPUTEPIAJIBHUX 3ATAY ITPU 3B1JIBIIIEHHI
KLJIbKOCTI KPUTEPIiB
Tepemenko E.B., Pga6enxo A.€.
elina_vt@ukr.net, rjabenkoae @gmail.com
Hayionanvuuii ynisepcumem «3anopizvka nonimexmnixa»

The authors conducted research on the influence of the dimension and
composition of the criteria vector on the property of completeness / quasi-
completeness of multi-criteria discrete optimization problems based on the
assessment the cardinalities of sets of feasible solutions, the Pareto set, and a
complete set of alternatives

B mnonepenniit poboti aBTopiB [1] Oymo moBemeHO mOCTaTHI YMOBH
HasBHOCTI BJIACTHBOCTI TOBHOTH a00 KBa3iMOBHOTU JBOKPHUTEPIATbHHUX 3aad
JMUCKPETHOT ONTHMi3amii 3amadi Zyiryys 1€ Zy ,y, € JIBOKPUTEPIAIEHOIO
3aJa4er0 Ha JBO3BWKEHOMY N —BEpIIMHHOMY m —pebepHOMy rpadi 3
MIiHIMI3yEMUMH KpPHUTEPiSIMHU Fyi(x) — min, i =12 BeKTOPHOI LiMbOBOI

yuxuii F, . (x,,,,). Ingexen y;, i = 1,2 € inauBigyanbHUMH HOMEpaMu
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KpUTepiiB, Ta ixHIM nopsanok F, (x), BU3HA4ac MOPSAOK PO3B’s3aHHA 3a1a4
b yl 2

Z,,

BararokpurepianpHa 3amada Z € TIOBHOIO, SKOIO JUII MHOXKIHH
nomyctumux pimens (MIP) X = {x} icHytoTh Taki mapameTpu BEKTOPHOI
uinpoBoi Gynkuii (BID) F (x), Ipu AKMX BUKOHYETHCA PIBHICTH MOTYKHOCTI
MHOXMHHM JOMyCTMMHX pimeHs X°, mapeTiBcbkoi MHOXMHHM X, TIOBHOI
MHOHHH aJIbTepHATHB X
To6T0 X°=X=X [2].

BararokpurepianpHa 3amada Z € KBa3ilIOBHOIO, SIKIIO UISI MHOKUHH
pomyctumux pimens X©, maperiBchkoi MHOXHHE X, MOBHOI MHOXHHH
ajbTepHATUB X € CIpaBe//INBUM CIIiBBIJHOLLIEHHS X°=X<XI1l.

Teopema 1. [Ins Toro mo0 ABOXKpHUTEpialbHa 3aaada Z],l,],2 3 BII®
B, v, (X y,) = (B, (%), Fy, (X,,)) Oyma noHOO, 10CTaTtHbo, mo6 it MIP

X Y1.Y2

BUKOHYE€TBCS PIBHICTbD MATPUIb CMIDKHOCTI mz[rpaan XYII/I X-yzi X]/1.'}/2 =

{xy, 0, = (X, Xy,), Xy, = xy,}, TO0TO X, ., =X, N X, . [NoTyxnicte M/IP,

MICTHIIO TaKi ¥ TinbkW Taki miarpadu X, ,, = (X, Xy,), I AKHX

IIM 1 IIMA nBokpuTepiaiabHOI 3a1a4i Z},l,y2 JTIOPIBHIOE |X},1 n Xy2 |

Teopema 2. ]Ins Toro, mo0d HBOKpHUTEpialbHA 3amada Z],l,y2 ¢ BL®
E. v, (xyl,yz) = (K, (xy,), F,(x,,)) Oyna KBa3inoBHOIO, JOCTaTHBO, OO ii
MI[P Y1.V2
BUKOHYETHCS BITHOIICHHS BKIIOUCHHSA UIA TiATpadiB Xy, Ta Xyt Xy oy =
{XVLVZ: Xyy, = (xh'x)’z)' Xy, © Xy, abo Xy, 2 xyz}’ AC Xy, - JloTy CTUMHH
PO3B’A30K 3a1aui Z,,, X, - JOMyCTUMHUI PO3B’ 30K 3a1a4i Zy, .

MopnensHUMH 3afadyaMH I JTOCHI/DKCHHS BIIACTHBOCTI ITOBHOTH
CJIyTYBaJIM 3aj1aui 3 BATOBUMH KPUTEPISIMHU TaKi SIK «KICTSAK Ta raMiJIbTOHOBUI
JaHIoory Ta iHmi. J{7as KoCHipKeHHs BIACTHBOCTI KBA3iMOBHOTH CIYyTYBajH
3a1a4i 3 BArOBMMH KPHUTEPisAMH, B AKMX HE CIIBIAJalH KiTbKOCTi pebep X, Ta

MICTHJIO Taki ¥ TINBKH Taki miarpapu Xy, yps DI SAKAX

Xy,, HaNPHKIIaN «TaMUIBTOHIB IUKJI Ta TaMUIBTOHIB JaHIIOr». B [3] Oymo
JIOBE/ICHO BJIACTHBICTh KBA3iMOBHOTH ISl 3a[adl «KICTSK Ta eKCTpeMalibHe
pedpoy.

Takum YMHOM, BiTHOIICHHS MiXX pO3B’sI3KaMH Xy,Ta X, 38 BIITOBITHUMH
xputepiamu F, (x,,), F,,(X,,) € BU3HA9anbHAM JUIs BIACTHBOCTI MOBHOTH Ta
KBa31IIOBHOTH U JBOKPUTEPIabHUX 33439 TUCKPETHOI ONTHUMi3aIii.

MoskHa 3poOWTH TPHUIYIIEHHS NP0 ICHYBaHHA  aHAJIOTIYHHX
3aKOHOMIPHOCTEH IS 33/1a4 3 BEKTOPOM KPUTEPiiB OLIBIIOr0 MOPSAKY HiX 2.
PosrnsiHEMO KI1ac TpUKpHUTEPiadbHUX 3324 3 HA00OPOM KPHUTEPiiB, IO MOXKYTh
Oytn BaroBumH, a00 eKcTpeMmaibHOro pebpa. Ananoriuno [l] BBememo

CUMBOJ 33/1a4 JUCKPETHOI ONTHMI3allii 3a1a4i 2y, rys» 1€ TPHUKpUTEpiaNbHa
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3anaqa Z Ha TPU3BAKEHOMY N —BEpIIMHHOMY M —pebepHomy Tpadi 3

Y1'Y2 ’Y3
MIHIMI3YEMUMH KpPHUTEPiIMHU Fyi(x) - min, { =1,3 BekTOpHOI WiILOBOI

Gyuxuii  F,, o0y (X, ). IHIEKCH Y3, ©=1,3 € inpuBigyansHuMu
HOMEpaMH KpUTEpiiB, Ta iXxHId NOPSIIOK Fyi(x), BU3HAYa€ IOPAJOK
po3B’sa3anHs 3a1a4 Z,, Ha n -BepumHHoMmy rpadi G = (V,E), |E| =m,
KOXXHOMY pebpy e; € E, t = 1, m sikoro HajiaHO Tpiiika 3HaYeHb Baru w;(e;),
i=13,t=1m.

[epmmit Bapiant Habopy KpurepiiB Oyae mnosroptoBatn BLI®D
F},m,2 (xyl.yz) Oyab- sikoi TOBHOT 3amaui 3 [1], sIKMif JOMOBHIOETHCS TAKUM
KpHUTEepieM, OO0 BHKOHyBaJacs YMOBa pIBHOCTI MaTpHIb CMiKHOCTI

. . , - . ]
miarpadis Xy, XYZ,xy3,TO6TO po3B’si3koM sKoi Oyme miarpad Xy1varys:
Xyivavs = Coyryarys = Ky Xyyu Xy, ), Xy = Xy, = X % Mo OLIHKA
noryxuocti MIP, IIM # [IMA TpukpurepranbHoi 3amadi  Zy, ,y, vy,
3aCTOCYEMO QJITOPUTM, 3alpONOHOBaHMHA B [1] 3 3acTocyBaHHSIM IIEBHOTO
criocoOy BU3Ha4YeHHS Bar pedep. Pebpa e € E mepeHyMepyeMo 4nuciamu t =
te) =1,m, m = |E|. s kaxnoro pebpa e, € E BU3HAYNMO Baru:

w,(t) =28+ t, wy(t) = 2™ — w,(t) — w3(t), ws(t) = ¢,

IO JI03BOJISE CTBEPDKYBATH, WO /U BCIX JOIYCTUMHX PO3B’A3KIB X, [ =
1,3 paBenctBo |E,.| = Cy(n) = Cy = const g TPUKPUTEPUAIBHOI 3azadi
Vi 0 0

A

Y17v2 1v5» TOOTO

E, (x) +F,(x) + E,(x) = 2m*C,  Vx,, €X,,i=13.

MoHO 1oKa3arty, 110 NpH Takiii Hymepallii BaroBuil Kpurepiii HabyBae
OJIHAKOBWX 3HaYCHb TUTBKY MPH CIIBHAIIHHI MHOKHUHH pedep.

Ha mepiiomy erani iine po3B’s3aHHS OJHOKpHTEpialbHOI 3amayi 3a
kputepiem F, , nani Ha MHOXMHI OTPUMaHUX PO3B’S3KiB X, PO3B’A3y€ThCs
OJHOKpHUTEpiajibHa 3ajadya 3a KpurepieM F,

Y2
BHUKOHA€MO €TaIl pO3B’$I3aHH$I 3a KpI/ITepieM Fy3 , IO 1IOBOJUTH CHpaBeHJ’II/IBiCTB

Teopema 3. Tpuxpurepianbha 3anada Zy, ,y, »y, Ha TPU3BaKeHOMY rpadi

3 BU® F,, 1,0y, (Xy, 1,0y, )» 1110 TOOY/I0BaHA I0JIABAHHSM TPETHOTO KPUTEPIIO

i orpumaemo X, nani

no BIO FYLYz(xYLYz) MOBHOI JIBOKPHUTEpIJIbHOT 3ajadi, He 3MIHIOE
BJIACTHBOCTI IIOBHOTH TIPH YMOBi PiBHOCTi MaTpHLb CMiKHOCTI miarpadis x,,,,
Xy,) Xy, PO3B’A3KOM  sIKOT  Oyne miarpad Xy, ,orys: Xy poms = Xy 10y, =
(Xyy) Xy Xy )y Xy, = Xy, =X, }, Ta moTyxknocti MJIP, TIM i IIMA
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; 0 ¥ — v —
JIOPIBHIOIOTH X'=X=X= |X,>,1 nx,n Xy3|. CrpaBeyinBo  TIpH
JIOBUIBHINM HyMepalli KpUTepiiB.

Hpyruii Bapiant Habopy KputepiiB Oyne moBToptoBatn BLD
Fyﬂ,2 (xyl’h) Oyab- sikoi mOBHOI 3amaui 3 [1] Ta JOMOBHIOBATHUCS TAaKHM
KpHTEPiEM, OO BHKOHyBagacsi yMmMoOBa BKIIOYEHHSA X,, C X, = X,,, TOOTO
po3B’sskoM  Akoi  Oyae  mArpad Xy et Xypyarrs = Xyperys =
(xy,5 Xy, %y,), Xy, © X = Xy, }. 3aCTOCYBAHHS 3AIPONIOHOBAHOTO AITOPUTMY
TIOKA3ye, 110 Ha TPETHOMY €Talli IIEBHI X,,, Oy/1yTh MaTH OJIHAKOBi 3HAYEHHS 32
TpeTiM KpUTEpieM, TOOTO CIpPABEAIMBHM € TBEPKCHHS, IO MOTYXKHOCTI
MJIP, IIM i1 IIMA BinnosinatoTs criBinHomernnio X° = X < X.

€ BaXJIMBHMM, II0 3MiHAa IIOCIIIOBHOCTI KpHUTEpiiB HE BIUIMHE Ha
CTpyKTYpy Ta notyxHocti MJIP, IIM i [IMA. CnpaBejiuBUM € TBEPHKCHHS

Teopema 4. Tpuxputepianbha 3a1a4a Zy, ,y, ,y, Ha TPU3BAKEHOMY rpadi
3 BU® F,, 1,0y, (X, 50y, )» 1110 IOOYI0BaHA I0JIABAHHSM TPETHOTO KPUTEPiO
no BI® F, ., (xYL)’z) MIOBHOI IBOKPUTEPIaIbHOI 3a/1a4i, 3MIHIOE BIACTUBICTh
NOBHOTH HA KBA3IMOBHOTY MPU YMOBI BKIIOYEHHS X,, C X,, = X,,, TOOTO

E : . —_— —
PO3B SA3KOM Gyne nizrpag Xy1v2rvs’ Xyivavs = Kyryams =
(s Xyyr Xy ) Xy © Xy = Xy, ) HOTYX(H?CTI MIpP, IIM # HMA
BimnoBimarote cmiBBimHomenHo X° =X < X, npu 1upomMy X 0=X=
X,,- CipaBeiuBo Npu NOBUIBHIN HyMepailii KpuTepiis.

[MoOymyeMo aHANOTiYHI €KCIIEPUMEHTH ISl KBA3iMOBHHUX 3amad 3 [l].
Tperiii BapianT Habopy KpuTepiiB copMyeMO 3 KpUTEpiiB, Ui SKHUX
BUKOHYETBCA yMOBAa BKIIOYCHHA X, C Xy, a6o Xy, @ Xy, 3 IOJaBaHHAM
KpHUTepifo, Mo 3abe3ledye BiTHOMICHHS EKBIBAJICHTHOCTI MK JACSIKHMHU
pO3B’sA3KaMH 32 BXKE  ICHYWOUMMH  KpUTepisMH, TOOTO X)), =
Xy, b0 X, =X, mpmx, CXx,ab0 X, DXy,

UYerBepTHii BapiaHT HAOOpY KpUTEPIiB cHOPMYEMO 3 KPUTEPITB, IS TKUX
BUKOHYETBCA YMOBAa BKIIOYCHHA X, C Xy, a6o Xy, 2 Xy, 3 IOJaBaHHSAM
KpuTepito, 110 3abe3leuye aHalOrivyHy BIACTHBICTh. [IpoBonsum aHais,
aHAJIOTIYHUII  TomepesHIM  BapiaHTaM  HaOOpIiB  KPHUTEpiiB, MOXKEMO
CTBEP/KYBATH

Teopema 5. Tpukpurepianbha 3a1a4a Zy, ,y, ,y, Ha TPU3BaKEHOMY rpadi
3 BU® F,, 1,0y, (X, 50y, )»> 1110 OOYI0BaHA 10JIaBAHHAM TPETHOTO KPUTEPiO
no BU® E, .. (XVI‘YZ)KBaBiHOBHO'I. JIBOKPHUTEPIaTbHOT 3a7adi, HE 3MIHIOE
BJIACTUBICTh KBAa3IMOBHOTH AK IIPH yMOBI BiJHOWICHHS BKIIIOYEHHS, TaK i
BIIHOIIIEHHS €KBIBaJEHTHOCTI MIXK O3B’ sI3KaMH BIIMOBITHUX
onHOKpHUTepiampHUX 3amad. CropaBeanuBO TIpHW  JOBUIBHIN  HyMeparii
KpHUTEPIiB.
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CrpaBeUIMBUM € 1 y3arajJbHEHHsI OTPUMAaHUX PE3yJIbTaTiB Ha JOBUIBHY
KIJIBKICTh KPUTEPIiB Ta IXHIO MTOCIiJOBHICTb.

Teopema 6. baratoxputepianpHa 3a1a49a Zy vyy » -+ ryy H2 N-3BOKEHOMY
rpadi 3 BU® F, .., ...y (Xy,ps -+ ryy )» € TOBHOIO NPH yMOBI BHKOHAHHS
BiZIHOILICHHS €KBIBaJICHTHOCTI MiX PO3B’sI3KaMH BIITIOBITHUX
OZIHOKpI/ITeplaJ'ILHI/IX 3agau, T06T0 MJIP, TIM it [IMA nopiurotots  X° =

|X NX,Nn..nx, | Ta KBa3iOBHOIO MPH YMOBI BHUKOHAHHS
BITHOIIIEHHS BKJIIOquH;I MIXK po3B’;131<aM1/1 BiJIIOBiTHUX OJHOKPHUTEPiaTIBHIX
3amad, To6to MJIP, IIM it [IMA 3am0BONBHSIOTH CIiBBimHOmMEHHT X° =
X <X, mpu  1upoMy X 0=X= miin|Xyi|.CnpaBezmHBo IpU  JOBUIBHIN
HyMepaii KpuTepiis.

Hanpuknan, OaraTokpurepiajbHa 3aaada ZV1’V2""’VN s
KpUTepiiB AKoi OymyTh KpuTepil «KICTIK eKCTpeMaJbHOI Barm» Ta
«eKcTpeManbHe pebpo» Ha n -BepimuHHOMY Tpadi G = (V,E), |[E| =m3
BL® F,

B Habopi

v vy Kypygr woyy ) 1€
By = 0y (g oyy ) = Oy (yi) = Keeryy, @yi(€) = extr,

- i< <
ij sécécwyj(e) —extr, 0<j<NO<k<N,

€ kBasimoBHo, 10610 X° = X < X. ITpu mpomy X°=X<m—(n—2) .
M/IP He mepeBuIy€e KUIBKOCTI KICTAKIB B IIOBHOMY 7 -BepHIMHHOMY Tpadi
IX] <72
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JOCJIKEHHA NIAXOAIB INIMBUHHOI'O HABUYAHHSA 1JIA
PO3MI3HABAHHA 306PAKEHDb TA OGPOBKHU ITPUPOTHOIL
MOBU: KOHIEIIT JJIA CUCTEMHU €-BOPOI'
Bnagucnas Tepuunbkuii, Imurpo upoxopan
Hayionanvuuii ynigepcumem «3anopizvxa nonimexuixa»

EXPLORING DEEP LEARNING APPROACHES FOR IMAGE
RECOGNITION AND NATURAL LANGUAGE PROCESSING: THE
CONCEPT FOR E-ENEMY

Abstract. The large-scale invasion of Ukraine by Russia has highlighted
the need for innovative approaches to gather and process information in war
zones. With the rapid growth of artificial intelligence (AI) models and natural
language processing (NLP) techniques, the concept of leveraging deep
learning approaches for improving the accuracy and efficiency of intelligence
gathering becomes increasingly relevant. This paper explores the concept for
e-Enemy, a system developed by the Ukrainian government to gather
information on enemy movements through user-submitted applications. The
main goal of the concept is to evaluate the accuracy of images and text
submitted in the applications to the e-Enemy, the accuracy of text-image
correspondence and ensure filtering spam applications. This research aims to
contribute to the development of more accurate and efficient methods for
extracting valuable intelligence from user-generated content within the context
of the e-Enemy system.

Po3nizHaBaHHs 00'€KTIB Biiirpae KJIHOUYOBY POJib Y KOHIEITI Ul CACTEMH
eBopor, OCKiJIbKH JI03BOJISIE BUSIBIISITH Ta iIEHTH(IKYBaTH BOPOXKY TEXHIKY
abo JKMBY CHIy Ha 300paKCHHSX, HAAICIaHUX KopucTyBayamu. Jlist
BUpIIIEHHs LIbOTO 3aBaaHHs Oyno oOpaHo mozens You Only Look Once
(YOLO) [1] uepe3 1i epexTHBHICTH y BUSIBICHHI Ta JIOKali3amii 00'€KTiB.
Bubip nmanoi Momeni MOTHBOBaHHMU ii 3MATHICTIO IOCSATAaTH OajlaHCy MikK
TOYHICTIO Ta MIBHIKICTIO 0OpoOKH. SIK HAacKpi3Ha apXiTeKTypa 3TOPTKOBOI
HeriporHoi Mepexi (CNN) [2], YOLO o06po0isie Bce 300paXkeHHS 32 OJIUH
MPOXiJ 1 OJHOYACHO MPOTHO3YE OOMEXYBalbHI PaMKH Ta HMOBIPHOCTI KIIaciB
JUI IeKiTbKOX 00'ekTiB. MoJiesib BUKOPHCTOBY€E YHi(piKOBaHY apXiTeKTypy,
SKa PO3AUIAE BXiIHE 300pakeHHS HA CITKY i T€Hepye MPOTHO3HM Ha OCHOBI
03HaK, BUAUICHUX y KOXKHIH KOMipmi CiTKH. BoHa ckilagaeThcst 3 OCHOBHOI
Mepexxi CNN, sk mpaBuiio, Bapianty Darknet, 3a sKor0 CHiZyIOTh KiJIbKa
3TOPTKOBHX IIAPiB, IO MPOTHO3YIOTh KOOPAMHATH OOMEKYBaJbHUX PaMOK i
MOB'sI3aHI 3 HUMH WMOBIpPHOCTI KiaciB. CHcTeMa MOJIENIOE BHUSBIICHHS SIK
perpeciiiny 3aady. BoHna po30ouBae 300paykeHHs Ha CiTKY S X S 1 U1 KOKHOT
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KOMIpKH IPOTHO3Y€E B KIITHHOK, 1OBip4y HMOBIPHICTH I LUX KIITHHOK, T
rimoBipHOCTI kiaci C. Lli mporHo3u koxyroThes y BUDILIAL S X S X (B * 5+ C)
Tensop [1].

Finad ﬂfwnmm

Class probatdity mag

Puc. 1 - Mogens YOLO [1]

YOLO BHKOpHCTOBYE €IWHY MEpEXEBY OLIHKY Ul HPOTHO3YBaHHS
IPaHUYHOI 00JIaCTi, MO POOUTH 1i 3HAYHO HIBUAIIOK MOPIBHAHO 3 1HIIMMHU
MozemsaMu BusiBIeHHS 00'ekTiB. Kpim Toro, YOLO Bimoma CBO€IO 3JaTHICTIO
00po0IATH HeBeNuKi O00'€KTH 3aBASKH TpUTaMaHHIN i mpocTOpoBid
Yy TJINBOCTI Ta KOHTEKCTHOMY PO3YMIHHIO.

sl S| =gl

[ o

Conm biyer  Conn apars Cann baper  Camn Laper
3uda 192 tala1in m.:u),, m.w a )u-'vu
Mosposi layer  SadeXia 2372 2a2e1034
2343 Taladte 1alas12 xamm
etz TG 2adad3ed
Mapoel laper  Munpoad Layer
a4 2de2

Puc.1 - Apxirexrypa mozeni YOLO [1]

Mepexka BusiBIIeHHsS Mae 24 3ropHyTI LIapH, 3a SKAMH CIIAyIOTh 2
TIOBHICTIO 3'€/IHaHi mIapy. 3ropTKoBi mapu 1 X 1, 110 4epryroTsesi, SMEHIIYIOTh
MIPOCTIp O3HAK BiJI MMONIEPEAHIX MIAPIB.

OcHosHi niepeBaru YOLO:
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- MOAeNb J0csrae Bpa)kalodoi MPOJYKTUBHOCTI B PEXHMI PEaIbHOTO
Yacy, ILIO JIO3BOJIIE OIEPATHMBHO aHalli3yBaTH 300pakKeHHs, HajiciaHi
KopuctyBaueM. Lle Mae BupimansHe 3Ha4eHHsS B KOHTEKCTI cucteMu eBopor,
Jie CBOEYACHE 1 TOYHE BUSIBJICHHSI BOPOXKOT TEXHIKH 200 YKHBOT CHIIH € )KUTTEBO
BXJIMBUM JUISl TIPUAHSATTS CTPATETIYHUX PillleHb 1 OE3MeKH MOCTPaXKIaIoro
HaCceJICHHS;

- ymidixoBaHa apxitektypa YOLO no3Bomsie edekruBHO (ikcyBaTH
KOHTEKCTHI 3B'I3KM MK 00'€eKTaMH Ha 300pa’keHHi, IO MOJIETIIyE TOYHY
imeHTU}IKAIIIO 1 JOKaTi3aMifo AeKUTEKOX 00'€KTIB 0qHOYacHO. LI MOKIHBICTR
€ 0co0NMBO KOPHCHOIO y CIEHApisfX, KOJNM HEOOXiHO BHSBHUTH [EKiJIbKa
OJIMHHIIF BOPOKOi TEXHIKK a00 KIBOI CHIIM HA 300paXCHHI.

[Ipore BaxMBO 3a3HauuTH, WO Mojeab YOLO Moxe 3iTKHyTHCS 3
npoGyieMaMy TIpH poOOTi 3 CHIIBHO 3aKPUTUMH 200 NEPEKPUTUMH 00'€KTaMHU,
OCKIJIbKY BOHA MOKJIAZAETHCSI HA KOMIPKH CITKH JIJIsl TCHEPYBaHHS MIPOTHO3IB.
Kpim Toro, wepes opmnompoxizHy npupony YOLO, Bona Moxe Matu
OOMEXXEHHS B TOYHOMY BHSIBICHHI O00'€KTIB pI3HOr0 Macmitady Ha
300pakeHHi.

Y KOHTEKCTi 0OpPOOKH TEKCTY, IMOJAHOTO Pa3oM i3 300paKeHHAMH, Ta
MEPEBIPKU  BIAMOBIAHOCTI MK TEKCTOM 1 300pa)XCHHSM, OYJIO BHpIIIEHO
3acrocyBatn Monenb BERT (Bidirectional Encoder Representations from
Transformers) [3] st 3amad 06poOku npupoHoi MoBH (NLP). Momens BERT
BUKOPHCTOBYE transformer apxiTeKkTypy, sika CKIaJaeThes 3 JEKUIBKOX IIapiB
3 MexaHi3MaMu camoyBard. Llg apxiTekrypa mo3Boisie Mozerni (ikcyBaTth
3aJIeKHOCTI Ta 3B'I3KM MDXK CJIOBAMHU B PEYEHHI, THM CaMHUM 3a0e3leuyroun
rnubmie po3yMmiHHA TekcTy. J[BoHampaBneHuil xapaktep BERT Tta rnmGoke
PO3YMIHHSI KOHTEKCTY POOJIATH HOr0 e(PEeKTHBHUM ISl PO3ITI3HABAHHS TCKCTY
B cuctemi eBopor. BukopuctoByroun BERT, Mu 3M0keMO BIIOBHTH CKJIaIHI
3HAQ4YeHHS Ta HIOAHCH, NPHCYTHI B TEKCTOBUX OIMCAx, IIOB'SI3aHUX 3
HaJliCIaHUMK 300paKeHHSIMH.

Y HamoMy KOHKPETHOMY BHITaJKy BHKopucTaHHSA Monens BERT Oyme
BIJITIOBIZaTH 3a PO3ITi3HABaHHS Ta PO3YMiHHS TEKCTOBOI iH(opMarii, HagaHoi
KOpHCTYBAauaMH y  TO€QHAHHI 3  HAAICJAHUMH  300paKeHHSIMHU.
BukopucToByroun monepeAHO0 HaBUCHY MOJENb, OCHOBHOIO WIJLTIO Oyne
OTPUMYBATH 3 TEKCTy 3MICTOBHE IpEACTaBJICHHS iHpOpMAlii, siIke MOXXHa
BUKOPHUCTATH JIJIs OIIHKH BiJMOBIHOCTI MK TEKCTOBUMH OIHCAMHU Ta
Bi3yaJbHUM KOHTEHTOM, 300paX€HIM Ha BiJIMOBIAHUX GoToTpadisx.

Opmniero 3 momitHEX niepeBar mozeni BERT e 1i 3naTHicTs reHepyBaTH Ta
PO3Mmi3HAaBaTH 3B'SI3HY Ta KOHTEKCTYaJIbHO Oaraty TeKcToBy iH(opmarito. s
3/IaTHICTh HEOOXiJHA JUIsl OLIHKYU TOTO, HACKIJIBKHA TOYHO TEKCT BiJoOpakae
BI3yaJIbHHI KOHTEHT - BOPOXXY TeXHiKy abo *uBy cwmiy. BukopucToByroun
3natHicTs BERT ¢ikcyBaT cemMaHTHUHI 3B'I3KH 1 KOHTEKCTHY iH(opMalliio,

208



MH MOXXEMO IpOaHAIi3yBaTH BiANOBIJHICTb MK TEKCTOM 1 300paKCHHSM 1
BU3HAYUTH PIBEHb BIANOBIAHOCTI ab0 HEBINIOBIAHOCTI MiX IMMH JBOMa
MojanbHOCTIMH. OJIHAK JOLIIBHO 3BEPHYTH yBary, L0 Uil 3a0e3nedeHHs
BUCOKOI TOYHOCTI PO3Mi3HABAHHS 1 PO3YMIHHS TEKCTY MOXE 3HaJ00UTHCS
JIOAaTKOBE JIOHABYAHHS MO BUKOPHCTOBYIOUHM PO3MiueHHH Hadip NaHMX 3
TEKCTOBHMH OIHCAMHU.

3araibHUHI AITOPUTM OLIHKH BiATIOBITHOCTI Mi’K TEKCTOM Ta Bi3yaIbHUM
KOHTEHTOM Oy/1e BUTTISLIATA HACTYITHUM YHHOM:

1. Buninenns oszHak (features). OTpuMaHHS 03HaK 300pakeHb 3
BHXITHIX OOMEXYBaJIbHAX PAMOK Ta TEKCTOBHUX O3HAK 3 TEKCTOBHX OIIHCIB.

2. TopiBHsAHHEA Ta BiAmoBimHICTh. OOYUCICHHS MOKa3HUKA MOMIOHOCTI
a00 METpPHUKH BIJICTaHI MIXK eJIEeMEHTaMH 300paKeHHs 1 TEKCTy, HalpHKJIa,
KOCHHYCOBOI mofiOHocTi [4] abo eBkmimoBoi Bimctani [5]. Ilefi mokasHuK
BKa3y€e Ha CTYIiHb BIAMOBIMHOCTI Mi TEKCTOBHM OIIHCOM 1 BHSBICHUM
Bi3yaJlbHUM KOHTEHTOM, IO Jia€ 3MOTY KUIBKICHO OLIHHTH CXOXICTh a0o
BIAMIHHICTH MIXK €JI€MEHTAMH.

3. 3acrocyBaHHS TOPOTY JO OI[IHKH MOMIOHOCTI, MO0 BU3HAYHMTH, UM
JOCTaTHBOIO MipOIO TEKCT i 300pakeHHS BiAIMOBiNAlOTh oauH oxHOMYy. [1]00
BH3HAYHTHU IIed MOPIr, MH MOKEMO BHKOPHCTOBYBAaTH BalliHamiiHUN HaOip
JaHUX 3 aHOTOBAaHUMH MApaMH TEKCT-300pakeHHs. [lOpIBHIOIOYHM OIHKA
MOIOHOCTI, OTPHMAaHI 32 TOTIOMOTOI0 AITOPUTMY, 3 0a30BUMH aHOTAIISIMH, MU
MO’KEMO BHOpATH BiAMOBiHE IOPOTOBE 3HAYCHHS, SKE BiATIOBiHae OakaHOMY
PIBHIO TOYHOCTI IX BiIIIOBITHOCTI.

PeanizyBaBiiu 1eii aaropuT™, MH MOXeMO €(heKTHBHO OLIIHUTH TOYHICTh
BIJIMOBITHOCTI TEKCT-300paxkeHHs B cucTeMi eBopor, 30iblyoun 3aranbHy
MPOAYKTUBHICTE pOOOTH CHCTEMH Ta 3a0e3euyroun Mi€BYy (LIBTPAIi0 criam
3as1BOK, @ TAKOX MOJIETIIUTH POOOTY aHAIITHKIB CHCTEMH.
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BJACTHBOCTI KOMBIHATOPHUX KOH®ITYPAIIIA TA
IXHE BUKOPUCTAHHS B KOMBIHATOPHIN ONITUMI3ALIT
Hapnis Tumoddiesa
MisicnapoOnuil HayKo80-HAGUANLHUL YEeHMP THPHOPMAYITIHUX
mexnonoeiti ma cucmem HAH ma MOH Yxpainu

PROPERTIES OF COMBINATORY CONFIGURATIONS AND
THEIR USE IN COMBINATORY OPTIMIZATION

Abstract. The properties of combinatorial configurations are considered,
the use of which allows to explain some phenomena that exist in combinatorics
and combinatorial optimization. This is the similarity of problems of
combinatorics and combinatorial optimization, which explains the universality
of algorithms and methods for solving the specified problems. The peculiarity
of the structure of combinatorial sets, which are the argument of the objective
function, explains the situation of uncertainty in combinatorial optimization
problems.

Beryn. B craTTi onncaHo BIIaCTUBOCTI KOMOIHATOPHHMX KOHQIryparii,
BUKOPDHUCTAHHS SIKMX JIO3BOJISIE TIOSICHUTH JIesKi SIBUINA, LIO HAasBHI B
koMmOiHaTopui Ta KoMOiHaTopHii onrtumizauii. Ile — mnoxiOHIiCTh
KOMOIHATOPHHUX KOHQIrypamii Ta 3amad KOMOIHATOPHOI oONTHMIi3alii,
0COOIHBICTH CTPYKTYPH KOMOIHATOPHUX MHOXKHH, SIKi € apTYMEHTOM IIUTHOBOT
(yHKIii, 3aBASKH SKif B KOMOIHATOpHIM ONTHMi3amii BHHHKA€E CHTYAIlis
HEBU3HAUCHOCTI. BusaBNeHO 3amadvi, sKi MOMiOHI 3a apryMEHTOM IIUTBOBOT
(yHKII{, a TakOXX BCTAaHOBJCHA MOIIOHICTP KOMOIHATOPHHUX KOH(Iryparmil,
MHOXKHMHH SIKHX TEHEPYIOThCS OJHHM 1 TUM e aJroputMoM abo iioro
Moudikariero. Lliero BIacTUBICTh MOSICHIOETHCS YHIBEPCATBHICTD METOMIB Ta
AITOPUTMIB B KOMOIHATOPHIN ONTHMIi3aIii.

HopionicTs koMOiHaTOpHUX KOH(irypauniii. Ilix xomOGiHaTOpHOIO
KoH(piryparmieto posymieMo Oyap-sIKy CYKYIHICTH  CJIEMEHTIB, SKa
YTBOPIOETBCS 3 yCix abo 3 MEesSKUX eNeMEHTIB 3ajaHoi 0a30BOT MHOXHHHU

A= {al yeees (ln} . IToznaunmo 1 YIOPAAKOBAaHOIO MHOKHHOIO
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. . k
wh = (Wlk,-u, Wﬁ) , A€ me{l,...n} — KUIBKICTb €JIEMEHTIB y W (B
MOJAJbIIOMY 1 TIO3HaYaTUMEMO 1 SK nk ), W= {wk }lq — MHOXHHa

. . - VI k
koMOiHaTOpHUX KOHOGirypauiif. Bepxwniit inmexc k (kefl,..g}) y W

o k . . k
MMo3Havae nopsakoBuit Homep W y W, ¢ — kimbkicte W y W

PekypeHTHIM KOMOIHATOPHHM OIIEPaTOPOM HA3BEMO CYKYITHICTB
MpaBUII, 32 JJOIIOMOTOO SKHX 3 €JIEMEHTIB 6a30BOT MHOKHHU A yTBOPIOETHCS

KOMOiHaTOpHa KOH(Irypamis Wk. PisHOMaHITHI THOM KOMOiIHATOPHHX
KOH(Irypamii  yTBOPIOIOTBCS 32  JONOMOIOI0  TPbOX  PEKYPEHTHHX
KOMOIHATOPHUX ONEepaTopiB: BUOMPAHHS, TPAHCHO3UIIisL, aprudmMeTnaHuii [1].

O3navennss 1. JIBi HETOTOXHI KOMOIHaTOpHI  KOHQiryparii
wk:(w{‘,...,wﬁk) Ta wf:(wf,,,.,wf],) Ha3BEMO 130MOP(GHHMMH, SAKILO

ki
n=n.
Osnavenns 2. IlimMHOXUHY Wnk cW Ha3BeMO HiIMHOXHHOIO

i30MOpQHUX KOMOIHATOPHHUX KOHQIrypariii, Skmo i exeMeHTH — i3oMopdHi
KOMOiIHATOpHI KOH(pirypartii.

Osnauennst 3. HazBemo noaioHMMH 3a1a4i 3 KOMOiHATOpUKH a00 3aj1a4i
KOMOIHATOPHOI ONTUMI3aMii Pi3HUX KJIAciB, AKi PO3B’SI3YIOTHCS 3a OJHIEIO i
Ti€0 X OOYHMCIIOBAILHOI CXEMOI0 a00 MoIU(IKaIi€l0 OTHOTO 1 TOTo XK
ATOPUTMY.

[ToniOHicTh  KOMOIHATOPHMX  KOH(QIrypamiii —BCTaHOBIIOETHCS  3a
croco0oM iXHBOTO yTBOpeHHs. CHOJy4eHHsS SK 3 MOBTOPSHHSIMHU TakK 1 0e3

MIOBTOPEHHSI  YTBOPIOIOTBCSI ~ €IMHOI0  ONEpaIi€el0 —  BHOMPAHHIM.
IlepecTaHOBKH YTBOPIOIOTHCS a00 TPAHCIO3MINE ab0 BHOMPAHHSIM.
Po30uTTsS 4YKciaa YTBOPIOIOTHCS OJHIEKD OMNEPALield — apu(pMeTHUHOO.

Po30utTst -e1eMeHTHOI MHOXXHMHHU Ha IiJMHOXHHH YTBOPIOIOTHCS JIBOMA
PEKYpPEHTHUMH KOMOIHATOPHMMH oreparopamu: abo apupMeTuuHuM abo
TpaHcno3uuier. Po3MileHHs SIK 3 MOBTOPEHHSAMH TaK i 0e3 TOBTOPEHHs
YTBOPIOIOTBCSL IBOMA oOIepauisiMu: abo BHOMpaHHSIM ab0 TpPaHCHO3HUINIEIO.
binapHi nocunigoBHOCTI MOXYTb YTBODIOBAaTUCSl JIBOMa OIEPALisIMHU:
apudmeTnuHOIO 200 omeparliero BUOupanHs. JIo Toro *x, KiTbKicTh OiHAPHUX
TIOCHIZIOBHOCTEH y IXHIH MHOXMWHI JOPIBHIOE 2", a KUIBKICTh CHONy4YeHb 0e3
MIOBTOPEHHS — BigNoOBigHO 2" —1. I'eHepyBaHHA po30WUTTS [l -eIEeMEHTHOI
MHOXXKUHM Ha WiJIMHOXXWHHM TIPOBOJATH alTOPUTMOM pO3OUTTS yHcna i
TeHepYBaHHAM IIEPECTAHOBOK. YTOPSAAKYBaHHS pPO3MIIlEHHS 5K 0e3
MIOBTOPEHHSI, TaK 1 3 MOBTOPEHHSIMH IIPOBOJATH alNrOPUTMaMH TeHEPyBaHHS
croiyyeHb 1 mnepectaHoBOK. (PopMyBaHHS OiHapHUX IIOCIIIOBHOCTEH 3
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BUKOPHCTAHHSIM DPEKYypPEHTHOTO KOMOIHATOPHOro orleparopa BHOMpaHHS
NPOBOJATH 33 THMH JK IIpaBMJIaMH, IO 1 YTBOPEHHS CIHOJydYeHb 0e3
MOBTOPEHHS.

Orxe, 3a crnocoOOM yTBOPEHHs TOAIOHI Taki KOMOIHAaTOpHI
KOoH(irypauii: OiHapHI TOCHIZOBHOCTI 1 CIIOJy4eHHS Oe3 IOBTOPEHHS;
PO30HTTS !l -eleMEHTHOT MHOXKMHH Ha ITiJMHOKHHH 1 PO3OUTTS HATYPaIbHOTO
YHCIla Ta MEPECTAaHOBKHU; PO3MILICHHS 0e3 MOBTOPEHHS (3 IMOBTOPEHHIMH) i
CIOJTy4eHHs Oe3 MOBTOPEHb (3 HOBTOPEHHSMH) Ta IIEPECTAHOBKH.
ITonioHicTh 32724 komOiHaTOpHOI onTuMizanii. HaBenemo maremaTuuny
MIOCTaHOBKY 3aJ1a4l KOMOIHATOPHOT onTHMizallii.

Hexaii 3anano ogay A a6o kinbka MHOKHWH, Hanpukian A ta B [1].
Baroro Ha3zBeMO BeNMUYWHY, SKa BCTAHOBIIOE 3aJEXKHICTH, IO ICHYE MIiX

enementamu 0 € A i by € B a6o mix enemenTamu oxHiei i Tiei % MHOKHHH,
se{l,...n}, lefl,., ﬁ}, n — KiIBKICTh €JIEMEHTIB MHOXMHH A, 7 —
KIIBKICTE enemMenTiB MHOKUHU B . IToknanemo, mo 1 = 1l . 3HAuCHHS BAT MiXk
eneMeHTaMu MHOXKHMH A 1 B 3amamo oaniero a0 ABOMa CUMETPUYHEMHE 200
HeCUMETpUIHUMHU MatpuisiMu C i Q(wk) , ne Q(wk) — KoMOiHaTOpHA
MaTpHII, whew - nepecTaHoBKa. SIKIIO 3HAYEHHS Bar OMUCYIOTHCS OJTHIEI0

Matpuiiero C, TO i1 BU3HAUCHHS HAsABHOCTI 3B'SA3KIB MIXK CJIIEMCHTaMHU
3aJJaHUX MHOXUH JJIsI k -TO BapiaHTy PO3B'A3Ky 3aj1a4i YBEIEMO CHMETPUUHY

a6o Hecumetpuuny (0,1)-maTpHirto Q(wk). Enement g, l(wk) =1, AKIIO MiXK
a,€A ta beB ato a,€A i @€A nna Bapianty wk ICHy€e 3B'A30K, 1
gxz(Wk) = (0 B iHImOMY pa3i; gsl(wk) e O0(wh).

I[Momamo ememeHTH h HanxmiaroHanell CHMETPHUYHOI KOMOIHATOPHOL

MaTpHIIi Q(wk ) KOMOIHATOPHOO GyHKIII€I0
. k k k

BCLDwOR =B (f (D, W) see oot By ( f (m), W), a enementr b

Hajgiaronajge cumerpudHoi wmarpuii C — QYHKIIE HATYpalbHOTO

m= nn-b KIIBKICTB

aprymenry — @(/) [/ =(@(1),...,9(m)), ne
eJIeMEeHTIB h HajiaroHanei marpuip C i Q(Wk), h=1,n—-1. Sxmo marpumi
OW") i C —necumerpuuni, o B( £ (), Wk)H” i @(j)|" micrars yei ixui

€JIEMEHTH, a m=n* (abo Mm=nn). Oynkuis ot U IUX 331a4 HaOyBae

BUTJIIALY
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Fw')=> B; (f (D). wHe (), (1)

Jj=1

Jo 3amadi KOMOiHATOPHOT ONTUMI3allil, apryMEHTOM LIJIBOBOI (DYHKIIIT
B SKill € mepecTaHOBKAa, 3BOASATHCA 3ajadya KOMIBOSDKEpa, 3ajada Ipo
NIPU3HAYCHHS, 3a7a4a PO3MILICHHS OJHOTradapuTHHX O0’€KTIB Ha MOBEPXHI
tomo. LlimboBa ¢yHKLiA Ui HUX MOJEMOeThCsl BUpasoM (1), 3a SKuM
MIPOBOANTHCSL OLIHKA pe3yJbTaTy. 3aBAsSKWM IbOMY 3ajadi KOMOIiHaTOpHOI
onTuMi3alii, apryMeHTOM IIiNbOBOi (YHKIII B SKMX € TEpeCcCTaHOBKA 1 Ha
MiAMHOXKKHI  i30MOphHHX  KoMOiHaATOpHHX  KOH(irypamiii  (3agada
KJacTepm3amnii) po3B’SA3yIOThCA  YHIBEpCAJBHIMH METOJaMH, 30KpeMa
METOJIOM CTPYKTYpHO-aJI(haBITHOTO MOIIYKY 3a OJHI€I0 1 Ti€to %k cxeMor. B
3amadi K1acTepu3alii Ha IesSKuX 130MOP(HHX IMiIMHOKHHAX IJTh0Ba (PYHKIIiS
3MIHIOETHCS TaK sK 1 B 3a7a4i KOMIBOsDKEpa.

IpuknanHi 3amadi CKIaaHI 32 CBOEK MPHUPOJIOI0 1 OCHOBHA 3ajaya, SK
MIPaBUJIO, PO3ALISIETHCS HA 1Mi[33/1a41, a [IJTboBa (DYHKIIisL, 32 SIKOIO OL[IHIOETHCS
ONTUMAJILHUI PO3B’SA30K, 3aJCKUTh BiJ KIUIBKOX 3MIHHHUX, SKAMH €
KOMOIHATOPHI KOHGIrypailii pisHux THmiB. SIKio moOymayBaTd MaTeMaTHUHI
MMOCTAHOBKK 3a/1a4y PO3Mi3HABAHHS MOBJICHHEBHX CHUTHANIB Ta KJIiHIYHOT
JIarHOCTHKH 3 BUKOPUCTAHHSAM TeOopii KOMOIHATOPHOT ONTHMI3aIlii, TO MOXKHA
MOOAYUTH, 1[0 BOHU PO3AUIAIOTHCS HA TPH ITia3a1adi:

a) CTpYKTypH3allisi 0101i0TeKH eTaloHiB;

0) momryk y 6i0mioTemni eTanmoHHOI iH(opMaIIii;

B) 3a/1a4a MOPIBHIHHS €TAJIOHHOI 1 BXiHOT iHpOpMAaIIii.

Just 00ox kmaciB 3agad apryMEHTOM ITbOBOI (YHKINI B TEpIIii
mig3anavi € po30uTTs /l-eIeMEHTHOI MHOXXHHHM Ha IiJAMHOXXHHH, B IPYTii
mig3amadi — po3MimieHHs Oe3 MOBTOpPEHb, a B TPETIH — CIONydeHHsS Oe3
moBTopeHb. To0To, i 33134l MOAiIOHI 32 apryMEeHTOM IUTEOBOT (PYHKITII.

HeBusznavenicte B 3agayax KOMOIHATOPHOI onTUMi3amii, WO
NOB’fA3aHA 3i CTPYKTYPOK) MHOKMHM KOMOiHATOpHUX KOHirypamii.
Curyaniss HEeBM3HA4EHOCTI B 3a/layaX MBOTO KJIACy BHHHUKA€ BHACIIJIOK
0COOJMBOI CTPYKTypH MHOXXHHH KOMOIHATOPHMX KOH]irypamiif, mo €
apryMeHTOM LiIb0BOT (QyHKIIT.

3aKOHOMIpHICT, 3MiHM 3HAa4eHb IIbOBOiI (YyHKHOii B 3amadax
KOMOIHATOPHOI ONTHMIi3amii 3aJeKUTh BiJl YHOPSAKYBaHHSI KOMOIHATOPHHUX
koHpirypamiii (aprymenty) weW . Ha mnigMHOXHHI i30MOp¢hHHUX

KOMOIHAaTOpHUX KOH(Irypamii WT] iboBa QyHKIIs (1) 3MIHIOETBCS TaK, SIK

1 Ha MHOKHMHI TIepecTaHOBOK. MOYKHA TI0BECTH, I110 HA MHOXHHI IIEPECTAHOBOK
1 Ha WAMHOXUHI 130MOpGHUX KOMOIHATOPHHX KOH(pirypamidi mpu
BHKOPHCTaHHI HiaboBo1 (QyHKMIT (1) cuTyamiss HEBU3HAYEHOCTI 3BOAUTHCS 10
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MiHIMyMy. AJie Ha MHOXKHHI W , sika CKJIaJa€eThCs 3 IMiIMHOKHH Wn cW,

3aKOHOMIPHICTh 3MiHM 3Ha4eHb (yHKLI (1) 0HAKOBa HE3aJIEKHO BiJI BXITHUX
JIaHUX, a Pe3yJIbTaT PO3B’A3KY 3a/1a4i — HEOAHO3HAUHHH.

BucnoBok. Otxe [JOCH/DKEHHS Ta BHSBJICHHS BJIACTHBOCTEIH
KOMOIHATOpHUX KOH(Irypamiii a03BOJsIE BCTAHOBHUTH MOJIOHICTH 3amadu
KOMOIHaTOpuKM Ta KOMOiHaTOpHOi onTuMizamii. BignoBimHO MoOXHa
MOSICHUTH TPUPOJY YHIBEPCAIBHOCTI alrOPUTMIB Ta METOMAIB IXHBOTO
po3B’si3aHHsA. OcoONMBICTE CTPYKTYpH KOMOIHATOPHUX MHOXHH, SKi €
apryMEHTOM IiJIh0BOIT (PYHKIIIT, TOSCHIOE CUTYAITit0 HEBU3HAYCHOCTI B 3a/1a9ax
KOMOIHATOPHOI onrTUMi3ariii (KacTepusarlii, 3aa4a Ipo paHelh TOIO).

Jlitepatypa
1. Tumodiea H.K. TeopeTHko-uMcIOBI METOAM pO3B'A3aHHs 3anad
KOMOIHaTOpHOI onrTuMmizauii. ABTOped. AUC... JOKT. TexH. Hayk / IH-T
kibepaetuku iMm. B.M. I'nymkoBa HAH VYkpaiuu, Kuis. 2007. 32 c.
2. Tumodiera H.K. [Ipo momiOHiCTh 3a1a4 KOMOIHATOPHOT ONTHMI3aIlii
Ta YHIBEPCANBHICTh adropuT™MiB. Cucmemti 00CHONCeHHS ma iHPOpMayiiHi
mexnonozii. 2013. Ne 4. C.27-37.

HEPEPUBAHHS B 3ATAYAX YIHHOPAAKYBAHHS BEPLLINH
I'PAIOIO3HUX JEPEB
Banentuna Typuuna, €sren Kopanenko
JIninposcwvruil nayionanvhuti ynisepcumem imeni Onecs I onuapa

INTERRUPTIONS IN THE GRACEFUL TREES' VERTICES
PARALLEL SEQUENCING PROBLEMS

Abstract. This research aimed to investigate the parallel sequencing
problems for cases when a digraph has a structure of a tree which allows
graceful labeling. The main attention was paid to the subclass called stars. The
optimal solutions for cases of allowed and denied interruptions were
compared. Directions for further research on this problem were stated.

Knacnuni TOCTaHOBKM 3afad  yHOPAOKYBaHHS BepmIMH oprpadis
G =(V,U) chopmynnoBani B [1].
HacrtynHi 1B OCHOBHI 3a7a4i MOCTITHO IPUBEPTAIOTH A0 cede yBary:
- mpm 3amaHii mmpuHi A(S) noOymyBatH ymOpsAAKYBaHHS S
MiHIMaJIbHOI JOBKHWHHU;
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- npu 3agaHii gomxuHi [(S) moOynyBaTH yHOpsAAKYyBaHHSA S
MiHIMaJILHOT IIUPHHU.

B nawiii po6OTi pO3IISIAETHCS TEepIla 3 HUX JJIS CIEI[iabHUX MiIKIAaciB
rpadis.

HaBenemo nesiki Bimomi o3HaueHHs [2].

O3navenns 1. [nnykoBana MiTka peOpa — 1i¢ aOCOJIOTHA BEJIMYHMHA
PI3HUII MITOK BEPIIWH, IHIIUIESHTHAX JI0 ITHOTO pedpa.

OsnavenHss 2. ['pamio3HOI0 HA3WBAaOTh TaKy pPO3MITKY BEpPIINH
HeopierToBaHOTO rpada G i3 n pedpamu, MPH AKiHi KOKHIH BEPIIHHI CTABUTHCS
Yy B3a€MHO OJHO3HAYHYy BIiAMOBiNHICTH MiTka i3 MHOXWHH {0, 1, ... n},
MIPUYIOMY BCi iHIYKOBaHI MITKH pedep € pi3HUMH.

O3navennss 3. ['pad Ha3uBaloOTh Trpario3HUM, SKIIO BiH JIOIYCKaeE
rpaIio3Hy po3MiTKy.

Jns mepmioi 3 BKa3aHUX 3a/lay pO3IUIAIa€ThCA BUIAJOK, KOJIU 3aJaHUI
oprpad Mae CTpyKTypy IpaIfio3HOTO JepeBra.

OCKIIBKH MOHATTS TPaIlio3HOCTI BITHOCUTHCS 10 HEOPIEHTOBAHUX JICPEB,
a B TOAANBIIOMY OYIyTh PO3IJISJATHCS OPIEHTOBAHI, TO MOXJIMBI pi3Hi
BapiaHTH 3aMiHH pebep Ha ayru. OkpiM Toro OymeMo BBaXKaTH, IO Ii Tpadu
3BaXKEHI Ta iX BEPIIMHHU MAIOTh OAMHUYHY Bary. OJHNM 3 HAWIEPIINX KIaciB
JepeB, U AKAX OYJI0 TOBEICHO MOMIIMBICTD TPAIliO3HOT PO3MITKH, € 3ipKH.

Bigomo, mo 3ipKor0 Ha3WBAETHCS IEPEBO, IO Ma€ OAHY BEPIINHY
CTeTeHs, OLTBIIOro 3a 1, a CTeIiHp peITu TOpiBHIOE 1.

[Ipu getanpHIOIOMY PO3TIISAAI OPIEHTOBAHUX 3iPOK MOKHA BUIIIIHTH TaKi
TPH BHIIAJIKU HA OCHOBI TOTO, SIKUM CaMe YMHOM pedpa 3aMiHIOI0THCS JyTaMH.

1. Bci ayru BUXOAATS i3 HEHTPAILHOT BepIIMHU 3ipKku (puc.l a).

2. Bci ayru BXOJSTh B LEHTPAIbHY BepIIUHY 3ipKH (puc.l 6).

3. UYacTtuHa oyr BXOJSTH B LIGHTP 3IPKH, peuita — BUXOJATH (puc.l ).

NN

ajl ) Ll

Puc. 1 — Bunu opieHTOBaHMX 3ipOK

[Ipu po3B’s3aHHI 3a/au NapajeabHOro YIOPSAKYBaHHS Ul BUIAAKY 1
CHOYaTKy UEHTpaJbHa BEpIIMHA 3IpKM CTAaBUTHCS Ha Iieplie Micue B
ynopsiikyBaHHs. ITiciast bOro, OCKIJIBKY pelliTa BEPLIMH 3ipKU HE TOB’s3aHi
JyraMy, BOHH BHOCHTBCS B YIOPSIKYBaHHS TaK, HiOM € i30ib0BaHUMU. J{7st
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BUIAJKy 2 aHAJIOTIYHMM YMHOM CIIEpLIy BCi BEpIIMHM, KPIiM LEHTPAIBHOI,
PO3MIIIYIOTECSI B YHOPSIAKYBAHHI SIK 130JIbOBaHi, IICIISi 4OTO 3aHOCUTHCS
neHTpasbHa. Bumnanok 3 € komOiHamiero momepeaHix nBox. Ta wacThHa
BEpIINH, i3 SKUX JAyrd MpSIMYyIOTh JIO UEHTPY 3IpKH BHOCSTHCSA JIO
YIOPSAKYBaHHS TEPUIMMHU, SIK 1307b0BaHI, HOTIM LEHTp 31pKH, MICJIs YOr0 —
pemrta BepuIMH. 3ajadi ymopsiAKyBaHHS st TrpadiB 3  1301b0BaHUMHU
BEPIIMHAMU JETAFHO po3risiaaucs B [3].

Hexaii ckiHueHHa MHOXHHA pOOIT, Ha TOPSAAOK BHUKOHAHHS SIKUX
HAKJIaHalOTBCSl YMOBH  CIAyBaHHS, MOJCIIOETbCA JEPEBOM, M0 €
OpIEHTOBAHOIO 3iPKOI0. 3’5ICYyEMO BIUIMB MIEpEPHUBaHb IPH BUKOHAHHI poOiT Ha
ONTUMAJNIBHICT PO3B’S3KYy B BIAMOBIIHUX 3a/adax YHMOPSAKYBAHHS IS ITHX
BUIAJIKIB Ta OI[IHMMO IIe¥ BIUTUB 3a (pOpMYIIOF0, 3alpOIOHOBAHO B [3]:

#

W= —ll’7 -100% ,

*

%

ne [ lI7 — JIOBXXKHHA BIJNOBITHO ONTHMAILHOIO YIOPSIKYBaHHSI 0€3

nepepuBaHb Ta 3 EPEPUBAHHIMH.

[lpu mopiBHSHHI BHSBISETHCS, IO ONTUMAaJbHE YHNOPSAKYBAaHHS IS
BXIJJHHX Ta BHUXIJHHMX 3ipOK i3 KiJbKicTIO BepmuH (p+1) Biapi3HA€TbCS BiX
BUNAJKY rpada 3 p 130JIbOBaHMMHU BEpIIMHAMU JIMILE THM, IIO MICTHTH IIE
OITHY BEpIIMHY Ha MEPIIiil (JUI1 BUXiTHUX 3ipOK) UM OCTaHHIHN (IS BXiTHHX)
no3unii. Lle Takox o3Ha4ae, MO0 JOBKMHA ONTHMAJbHOTO YIOPSIKYBaHHSI
Oyzne OLTBIIOI0 HA BEMYWHY, IO PiBHA Ba3i MEHTPAIbHOI BEPIINHH, HIX AJIS
BiNOBiTHOTO rpada 3 i30bOBAHUMH BEPIIMHAMH HE3aJIC)KHO BiJll ITUPUHU
YIOPSIAKYBaHHS .

Topi U1 BUIIAAKY OJMHUYHOI Bark BUIPall CTAHOBHTh

Py

w=l1-- |.100%.

{p—l +1
h
Hns p = p—1 oTpuMyemMo

L+2

W= 1—% 100% .

Ilpu P >>1

L—>0:>W—>33,(3)%.
p-1
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OTxe, IUTsl JOCTATHRO BEJIMKOI KiTbKOCTI BEPIIMH Y BXIIHIN YX BUXITHIN
3ipui 103Bi1 IE€pepUBaHb NaBaTUME ICTOTHMH BMIpam Ipu j = p—1. Temep

y3arajlpHUMO MIpKyBaHHs, HPMIIyCKAIOUM, IO 2<jh< p—] 1 TIOKaXKeMO
sanexHicTh W(h) mis 3HadenHs p = 100.

Puc. 2 — 3anexHicTh BUrpamty BiJ IIHPUHA YIOPSAKYBaHHS pH p = 100

Jis KOMOIHOBAaHOTO BWITAAKY, KOJH B 3ipIi € pi OYT, MO BXOASTH IO
LEHTPAJILHOI BEPIIHHM, Ta Py TAKHX, SIKI BUXOSATh 3 Hel (p1 + p2 = p), BUrpaIl
3HAXOJUTHCS HACTYITHUM YHHOM:

7pl+p2+1
Welleh  100%agow =| 1-— PPt 600

)

ne h>?2,asBignosigHo p;, p, = 3.

BcranoBHMO 3a1€KHOCTI BUTpAIly Bifl pi3HUX 3HAYCHb apaMeTpiB pi, P2
Ta h. JIji1 BU3HAYEHOCTI TPHUITYCTHMO, IO P =D, Sk BugHO i3 pHC. 2,

MaKCHMaJIbHE 3HAYEeHHS BUTPAILY JOCATAETHCS IIPH 3HAYCHHAX /i OIM3BKUX 10
KisbKOCTI yT. Uepes 1ie BBaKaTUMEMO, o 1 = P, —1. Burpaw npu pisunx

KOMOIHAISIX 3HaYeHb pi, p2 Ta h 11 p = 100 HaBeneHo Ha puc. 3.
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Puc. 3 — 3anexHicTh BUrpaiy Bij napamerpis npu p = 100

Sk BuaHO 3 rpadiky, MakcuManbHe 3HAYCHHSI BUTPAIILY OCSATAETHCS IPU
p1=p>2. 3’ACYyEMO, JO SKOTO 3HAYCHHS CXOJUTHCS BHUTpail. Bsememo
HO3HAYEHHs p = p1 = p2, 1 BiANOBiIHO MaeMo p = h + 1. Ilicns migctaHoBKu
OTPUMYEMO:

W=|1- Sh+2 100% ,

i

a0o npu CHpOLICHH]
W =[1—3h+2j-100%.
Sh

Jns 3HaueHs h>>2 (aomkei p’ >>2) Burpam W —40%.

Jlo3Bin mepepuBaHp y 3a/Jadax YIOPSAKYBaHHS, 1e oprpad € 3ipKorio,
MOX€ ICTOTHO BIUIMHYTH Ha ONTHUMAaJbHHUII PO3B 30K, Y THX BHUIMAAKAX, KOJIU
BEpIIMHU MAalOTh OJMHWYHY Bary, a 3aJjaHa MIMpHUHA ONM3bKa JI0 KUIBKOCTI
BUCSYHMX BepUIMH (KpiM KoMOiHOBaHOTO BHMIanKy). [loganbmoro BHBYEHHS
noTpeOyIOTh 33/1a4i, B SIKHX:

e BiAMOBiTHMH oprpad Mae CTPYKTypy IHIIOTO MiAKJIacy
Ipamio3HHX AEpeB;
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e Baru BepLIMH pi3Hi;
®  IIMpPUHA YIOPSIKYBaHHS 33/1aHa JOBLIBHO.
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BUKOPUCTAHHS ®PATMEHTAPHOI
MOJIEJII TA EBOJIIOLIMHOIO AJITOPUTMY JIJISI
PO3B’SI3KY 3AJJAY PO3IIOALTY PECYPCIB YACY

Muxaitno Xypnaino
3anopizvkuii HayioHanbHUll yHieepcumem

USING FRAGMENTAL MODELS AND EVOLUTIONARY
ALGORITHM FORSOLVING THE PROBLEMS OF TIME
RESOURCE DISTRIBUTION

Abstract. Pobota npucBsiieHa po3poOlli TIOPUIHUX aNroOpUTMIB Ha
OCHOBI (pparMeHTapHOI MOIEII It 33/1a4i PO3IMOILTY PECypCiB dacy.

Ha cporoaHi He BiIOMi aJTOPUTMH 3 TTOJIHOMIiadbHOIO CKIIAJHICTIO IUIS
ONTUMAIIFHOTO BUPINICHHS [WX 3a7ad, TO aKTyaJllbHUM € OCIiJKCHHS
HAOJIDKEHNX METOJIB MOIIYKY ONTHMAIIEHOTO BHPINICHHS 3a7ad PO3IOALTY
pecypciB "Wacy Ta IX MPHKIQIHOTO 3aCTOCYBaHHA [UIS KEpyBaHHSI B
€KOHOMIYHUX cHcTeMax. baraTooOiIsiFounM HampsMKOM B IiHl HapuHI €
po3poOKa anropuUTMIB, IO 3aCHOBAaHI HA METOJaX METAaCBPUCTHKH, a caMe Ha
BHKOPHUCTAHHI €BOJIOIIHHUX anropuTmis [1].

Barato 3amau 3 Teopii po3kmaniB MOXYTh OyTH 3BEIEHI IO MOIIYKY
ONTHMANILHOI TIEPECTAHOBKW. 3arajbHe (OPMYIIOBAaHHA 3a7adi  Ipo
ONTHMANIbHY TEPECTAaHOBKY TaKe: Ha MIMHOXWHI X MHOXHHH BCIX
MIePECTaHOBOK 3 N €JIEMEHTIB 3a7aHo QyHKIII0 F : X — R' 3aBIaHHs 3HAUTH
nepecTaHoBKy X*e€X, g skol 3HaueHHs ¢yHKuii F  MiHIMaubHE
(MakcuMaIbHe).
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Po3rnsiHeMO 0J1HY 3 TaKHX 3334, siKa 4acTO BHHUKAE TI1JT 4aC CKJIaJaHHS
PO3KJIaay 3aHATh y HABYAJIBbHUX 3aKiiagax. Mae BOHa TaKy iHTepIIpeTalio: [uis
KOXKHOI TPYIIM CTYJCHTIB € HAaBYAILHUU IUIaH, y SKOMY 3a3HA4YCHO, SKi
JMUCHUIUTIHA  OyAyTh BHKIAAaTtucs B ceMecTpi. KoxHa mucnurutiHa i
ONUCYETHCST MIAMHOXXKUHOIO HOMEpIB THXKHIB MHOXXHUHM BCIX TIDKHIB Yy
ceMecTpi, Je HOMEp THXKHS j Y TiAMHOXWHI [ O3Ha4ae, 0 JUCIHMILUIIHA i
BHUKJIAZIAETbCS HA j-My TIDKHI BiJl TIOYaTKy YHWTaHHS i€l JUCIHILIIHY.
IlepenbagaeTpcs, MO KOXKEH MPEIMET KOKHOTO TH)KHA BUKJIAAETHCS
OJIHAKOBY KUTBKICTh TOAMH. IIOTpiOHO pO3MICTUTH BCi TUCIUIUTIHHA 3
HaBYAJILHOTO IUIAHY Tak, 1100 PO3MOJiI HaBaHTAKCHHA Ha CTyACHTa OyB
3aIUIaHOBaHUM PiIBHOMIipHO. PIBHOMIpHICT HaBaHTaXKECHHS MOXKE JTOCSTATHUCS
onTHMIi3ani€eo pisHUX KputepiiB. OMUH i3 HUX, MIHIMI3aIlis MaKCUMaJIbLHOTO
TH)KHEBOTO HABAHTAXXCHHS 32 CEMECTP, PO3IJISIA€ThCS B il MOCTAHOBIII.

MosknuBa i Oinbln 3arajibHa iHTepmpetamis mozeni. KoxkeH mpeamer
MOX€ PO3IJIATUCS SIK poOOTa, IO BUMArae Jyisi CBOrO BHKOHAaHHS OJWH
pecypc. BHKOpHUCTOBYEThCS Iieil pecypc y KijbKa €TariB, MPUYOMY OOCST
HEOOXIHOTO PEeCypCy Ha KOXKHOMY €Tarli 3a10BUTbHHUI 1 He nmepepuiye 1. Tomi
3MIHHAMH YOPAaBIiHHA € Yac MOYaTKy BHUKOHAHHS JaHOi POOOTH, a TaKOXK
MallliHa, HA sKy I po0oTa TpH3HA4YeHa [UIS BHKOHAHHA. TakKox
IHTEpIIPETAIliEI0 MOJENI MOXKe OyTH, HamNpHKIA], KOMITIOTepHa Mepexa.
Pecypcom TyT € mporecopruit gac. Tomi mpeaMeTH IHTEPIPETYIOTHCS SIK
3aBIaHHS 3 BUIUICHUMH 1 BIIOMHMH Hamlepe] eTaraMy Pi3HOTO CIIOKHUBAHHS
gacy mporecopa.

Ioka3zaHo, 1110 PO3IJISIHYTA 3a7a4a Mae (hparMeHTapHy CTPYKTYPY 1 MOXKe
OyTH 3Be/ieHa /10 3aa4i 0e3yMOBHOT ONTUMI3allii Ha MHOKHHI IIEPECTaHOBOK.

[IponoHy€eThCs AOCTIUTH TIOTE3Y, IO VIS MOLIYKY CyOONTHMalIbHUX
PO3B’SI3KIB JaHOI 3a]a4i MOXIIMBO BUKOPHCTOBYBATH TiOPHIHHUN alrOPUTM,
0 TOENHYe Yy Co0i KOMOIHAI[if0 OJHi€i 3 BIIOMHX METACBPHCTHK
EBOJIIOLIHHMX ~adropuTMiB (TeHETHMYHUI anroputM abo MypalluHui
ANTOPUTM) pa3oM 3 ()parMeHTaApHUM aITOPUTMOM [2].

3a pe3ynpTaTaMH JOCHIIKEHHS, 3'AICYBajoCs, IO 3aJadi CKJIaJaHHS
ONTUMAIIFHOTO PO3KJIaay B 3arajlbHOMY BUIANKy € NP-cxiagaumu [3].

Takok He MOXHa y3arajdbHIOIOYH CTBEP/KYBATH, IO BUKOPHCTAHHS
EBOIIOIIITHUX aNTOPUTMIB MOXKE HAJIaBaTH PO3B’S3aHHS BCIX THUIIB 3aj1ad 3i
CKJIaJaHH] YM ONTUMi3alii po3KiIaaiB, IpoTe € 6araTo yCHiITHUX MPHUKIAIIB
3aCTOCYBaHHS €BONIOMIHHUX aJTOPUTMIB IS TOCATHEHHS CyOONTHMAIEHOTO
pesynbrary [4].

IIpore Hapa3si 3ajaya CKJIQJIaHHS PO3KIIAJy HE MAa€ TaKOro alropuTMmy
BUPIIICHHS, 1110 32 Oyab-IKHX YMOB Ta OOMEXeHb HajgaB OW ONTUMAaIbHUI
pe3ysbTar, a OTKE i BUKOPHCTaHHS CyOONTHMAbHUX PE3yJbTATIB, IO
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O’I‘pI/IMaHi 3a JOMOMOT'0OI0 3alIPOIIOHOBAHOTO Fi6pI/I,HHOFO AJIrOpUTMYy HiHKOM
MOIXKJIMBO BBAXKXATU NPUAATHUMU JIJI1 BUKOPUCTAHHS.
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KBAJIPATHA PIBHUIIEBA PO3MITKA PEBEPHOI'O
3'€IHAHHS ITIEBHUX THUIIIB 'PA®IB
3os Illepman
Mixcnapoonuii egponeticoKuil yuigepcumem

SQUARE DIFFERENCE LABELING FOR EDGE CONNECTION
OF SOME GRAPHS
Abstract. In this paper some methods for constructing Square Difference
Labeling of edge connection of m-copies of the cycle C,,,, and cycle C,, are
discussed.

B Tteopii po3MiTok TpadiB € BenHMKa KiTBKICTh HEPO3B’SI3aHUX 3a7ad.
IaTepec BUKIMKAIOTH TEBHI 3a7adi, B SKUX € HEOOXiTHICTH JOCTIAWTH
ICHyBaHHs KBaJpaTHOI Pi3HHUIIEBOI PO3MITKH IpadiB, OTpUMaHi JIAHIIOTOBUM
3’¢QHAHHSAM Ta W3 IOHKTUBHHUM 00 e¢xHaHHsaM. YacTKoBO I 3ajada
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po3B’sizana B poboti Geetha ta Kalamani «Square Difference Labeling for
Some Graphs» y 2019 poui [1]. ABTOpH mHOKa3aiu, IO ICHyE KBaJgpaTHA
pizHHUIIEBa po3MiTKa rpada-3ipku S, 3 JaHIForoM Py , ABoX Komili nukia C, 3
JaHoroM Py ta obMexxeHoro nosHoro rpady B, . Llopiununii ornan Beix
ICHYIOUMX PO3MITOK IPEJCTaBICHUH B €JIEKTPOHHOMY KypHauli ["anbsHO «A
dynamic survey of graph labeling» [2].

VY naniit poboTa po3rmsAaeThCS KBagpaTHa pi3HHIEBA po3MiTka abo SDL
pebepHOTro 3’ €THaHHS M KOMiH MMKIY Copyq 1 IUKIIA Cppy.

ITig rpadoM po3yMiroTh CKiHUEHHUI HeopieHTOBaHUH rpad Oe3 meTems i
kpatHux pebep. Hexait G=(V, E) € rpad 3 muoxuHoio BepmmH V(G) i1
muOXkHHOI0 pedep E(G). Bynemo Beaxaru, mo |V(G)|=p, |[E(G)|=g.

®yHKUiI0 f HA3UBAIOTH K6AOPAMHOIO Pi3HUYes0l0 posmimkorlo Tpada G 3
p BepuMHamu, skmo f — Oiexuis 3 V(G) nHa muoxuny {0, 1, 2, ..., p—1} 1a
innykoBaHa Helo pebepHa po3MiTka f(u,v) = |[fu)|>~[f(v)]?| € in'exuiero 3 E(G)
B MHOXXHMHY HaTypajJbHUX uucel. ['pad, 1o gomyckae KBaJpaTHy Pi3HHUIIEBY
PO3MITKY, Ha3UBAETHCS KBaAPaTHUM pi3HHLEBUM Tpadom abo SD rpadom.

[Tin pebeprum 3’eqHanHsIM m Komiit nukiny Cppyq 1 muKiy Cp, Oynemo
pO3yMiTH rpad, yTBOPCHHUH 3’€THAHHAM JOBIIHHOI BEPITUHU KOTMIHM IUKITY
Cypn+1 TA KOXKHOT BepIIMHU IUKITY Cp, peOpoM SK IOKa3aHo Ha puc. 1.

Metoro pobOOTH € JIOCHi/PKeHHS ICHYBaHHS KBaJpaTHOI Pi3HHUIICBOL
PO3MITKH peOepHOro 3’ €MHAHHSA M KOMiH DUKITY Cypyq 1 THKITY Cppy.

Teopema. PeGepre 3’empanHs m  komid muKIy C,,yq 1 OHKIY
C,, DoTycKae KBaJpaTHY PI3HHUIEBY PO3MITKY M OYyAb-sIKHX HATypajbHHX
qucen m,n ge m = 3.

Jlosenennst. Hexait {v, vi, vi, ..., vi, .1 } — MHOXMHA BepumH i- Komii
KTy Copy1, {Ug, Uy, oo, Uy } — MHOXHHA BepmuH 1HKIY C,,, Je M = 3.
3agamo BepmmHy pos3mitky f rpada G nopsaky |V (G)| = 2m(n +
1) HACTYNHHM YHHOM:

fQu) =2m(i - 1),
f(v)) =2m@ -1+,

pei=1,2,..,mj=12.,2n+1.
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Puc. 1. PebepHe 3 eaHanHss m KOMi# MUKITY Cypyyq 1 THKITY Cpy

Takum 4mHOM, f — Ol€KTHE BiJOOpa)KEHHS MHOXXKWHHM BEPILMH Ha
muoxuny uucen {0,1,2,3,4, ..., 2m(n+ 1) — 1}.

Jlist pebep tmkny C,y,4q OTPUMAEMO MITKU:
F@ v D= oNP-lfj PER2ZmGE-D +) +2mi-D+j+ 1=
=4dm@E-1)+2j+1 (1

[ Whnir. v =W )P0 = 1@mG - 1) + 2n + 1)* — 2m(i —
1)+ 1)?| == 8mn(i — 1) + 4n? + 4n )

st pebep nukiy C,, Ta pedepHOTO 3’ €MHAHH M KOl MUK Cyptq
OTPUMAEMO MITKH:

fly )=|AwH P-[fw; Pl=2m@i — 1) + 1 +2m(i — D}=
=4m@(i—1)+1, 3)
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f @, wp))=Au) P=[fiq P=12m@ = 1) = 2mi?| = 4mi — 2m, )
mel<i<m-1,
f W, ug )=l - ud=12m(@m — 1)2 = 0| = 2m3 — 2m? + 2m,  (5)

Mitku pebep, obuucneni 3 BuxopuctanusMm ¢opmyn (1) ta (3)
YTBOPIOIOTh MHOXHHY HemapHuX pizHux umcen S; ={1, 3, 5, 7, 9, ...,
4m(n + 1) — 3}. 3 popmynu (2) 0JEPKUMO OJHOEIEMEHTHY MHOXHUHY S, =
{2m3 — 2m? + 2m}.

Mitku pebep, obOumcimeHi 3 BukopuctaHHsM (opmyn (4) Ta (5)
YTBOPIOIOTH MHOKHHY HapHUX pi3HMX uncen S; ={2m, 6m, 10m, ..., 4m? —
2m}.

VY pesynbrati 3a3HaueHuX Hiil GopMyeThcs MHOXKHMHA S = S; U S, U
S; © N, mo ckinamaerbes 3 pisHEX uyucen. OTxke, f — KBagpaTHA pi3HUIEBA
po3mitka. Teopemy T0BeICHO.

Jst mpukiay posrisiHeMo rpad, oTpuMaHuil peOepHUM 3’ €THaHHIM 5
Komiit mukiry Cs 1 mukiny Cs, 300paxkeHuit Ha puc. 2. [ToOymxyeMo BepmImHHY
po3MiTKy f Ta orpumaeMo SDL nanoro rpada.

Puc. 2. PebepHe 3 eqnannst 5 xormiil mukiy Cs i mukiay Cs
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PE30OJIIONIA
XXV MixkHapoAHOr0 HAYKOBO-NIPAKTHYHOr0 ceMinapy «Kom0iHaTopHi
KOH(irypauii Ta ixsi 3acTocyBaHHI»
14-16 yepBHs 2023 p.

VYuacanku XXV MiXHapOIHOrO HayKOBO-NIPAaKTHYHOTO CEeMiHapy
«Kombinaropni kou¢irypamii Ta iXHI 3aCTOCyBaHHS», OPTaHI30BaHOTO 3a
miaTpuMku  MiHicTepcTBa OCBiTH 1 Haykm Ykpainw, HamionaapHEM
YHIBEpCUTETOM «3aropi3bKa IONIITEXHIKa» (Kadempor CHCTEMHOTO aHaTi3y
Ta O0YHCITIOBAILHOI MaTeMaTHKH) Ta JIbOTHOIO akaaeMieto HartioHamsHOTO
aBiamiitHoro  ymiBepcurery  (M.KpomumBHuMnBKmI), mpencraBmwm 34
HaBYAJIbHMUX 3aKiaJy Ta opraHizauii Ykpainu Ta cBity. B cemiHapi Opanu
y4acTh NPEJCTaBHUKY BUIIMX HABUAIBHUX 3aKJIaJiB Ta OpraHi3alii:

1. HauionaneHuii yHiBepcHTET «3aropi3bKa MoJiTeXHIKa»

JIboTHa akanemis HanioHanpHOTO aBialiifHOTO yHIBEpCHTETY
[acTuTyT KibepHeTuku imeni B. M. I'nymkosa HAH Ykpainu
KuiBcbkuii HanioHanbHUH yHiBepcuteT iMeHi Tapaca IlleBueHka
HamionansHuit aBialiitHuid yHIBEpCUTET

3amopi3pKuii HAiOHATTFHIH YHIBEPCHTET

LentpansHOYyKpaiHCHKUI HAIlIOHATBHUN TEXHIYHIHA YHIBEPCUTET

. XapkiBChKUI HaIllOHAIEHUH YHIBEpPCHUTET MICBKOTO TOCIIONApCTBA
imeni O.bekeroBa

N LR W

9. HanionaneHuii TeXHIYHUI yHIBEpCUTET «/IHINMPOBCHKA MOMITEXHIKA»
10. MiKXHApOJHUII  HayKOBO-HAaBYAJNbHUN  HEHTp  iH(pOpMaIiHHUX
texHouorii ta cuctem HAH Ta MOH VYkpainu

11. HauionaneHwuii yHiBepcuTeT «JIbBIBChbKa MOJITEXHIKA»

12. JIBH3 «/lon6ackkuii nep>KaBHUI [IEAarOr YHUA YHIBEPCUTET»

13. 3anopi3bkuil  00JacHUH IHCTHTYT MICISIMILUIOMHOT MeNaroriaHoi
OCBITH

14. JBH3 «YXropoaChKuil HaIliOHAIEHUH YHIBEPCUTETY

15. Iacruryt dizukn HAH Ykpainu

16. JHinpoBceKuit HallioHANBHUH yHiBepcuTeT iMeHi Onecst ['oHuapa
17. Hamionaneanit YVHIBEpCHTET BOJIHOT'O rocroAapcTBa Ta
MPUPOIOKOPUCTYBAHHS

18. LenTpansHOYyKpaiHCHKUI Jep)KaBHUI MENaroriyHui yYHiBEpPCHUTET
iMeHi B. BunHn4eHnka

19. LenTpansHOyKpaiHCHKNI HAIlIOHATBHNN TEXHIYHIHA YHIBEPCUTET

20. Binkpurnii Mib>kHapOZHUH YHIBEPCUTET PO3BUTKY JIFOAMHH “YKpaiHa”
21. I'pomanceka opranizamnis «CHCTEMHI JOCHTITKEHHS»

22. VYxpaiHceke ¢i3ndHE TOBAPHCTBO

23. [HeTuTyT npobnem mammHOOYRyBanHs iM. A.M. Ilinropnoro HAH
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VYkpainu

24. IactutyT Texniunoi mexaniku HAH Ykpainu,

25. Inctutyt Mmatematuku HAH Vkpainu

26. [IpuaHinpoBchKa iepkaBHa akaieMist OyAiBHUITBA Ta apXiTEKTYpH
27. Freshcode, m.3anopixoxs

28. Institute of Control Systems, Azerbaijan National Academy of
Sciences

29. Warwick Business School, UK

30. School of Computer Science, University of St Andrews, UK

31. University of Telecommunications and Posts, Sofia, Bulgaria

32. IHCcTUTYTY iHpOpMaLiHHIX TEXHOJIOTIN Jlon3eceKoro
MOJITEXHIYHOTO YHiBepcuTeTy, [lombia

33. CamapKaHIChKUI ¢imian TankeHTChKOro YHIBEPCUTETY
iHpOpMAaIIHHIX TEXHOJIOTiH, Y30eKicTaHn

34. YpreHucbKuii Aep>kaBHUHN yHIBEpCUTET, Y30eKicTaH

Y4acHHUKU ceMiHapy pO3IIISHYJIM HAHOIIbII aKTyallbHI TMHUTaHHS,
OB’ s13aHi 13 KOMOIHATOPHUMH KOH(DIrypaIisMy Ta iXHIMH 3aCTOCYBaHHSAMH 70
BUPINICHHS CY4YaCHHX TNPOOJEM MOJCIIOBAHHS Ta NPUHHATTS pIllleHb B
YIpaBIiHHI CKIIAJHUMHU CUCTEMAaMU Ta MPOIeCaMU 32 TAKUMU HAMPSMaMHU:

1. KombiHaTtopHi po3MimieHHs, Tpadu 1 3amadi onTuMisamii Ha HHX,
aBTOMAaTH, CKIHYEHHI anreOpu, MaTeMaTH4YHa JIOTiKa 1 Teopis MHOXHH,
TEOopis irop i Teopist MPUHHATTS PINICHb Ta IXHi 3aCTOCYBAHHS B PI3HUX TaTy3sIX;

2. Peanizanis MaTeMaTHYHUX MOJIeNeil HA JMCKPETHUX Ta HENEepPEepBHHUX

MHO>XHHAaX (aBTOMaTH30BaHI CUCTEMH KepyBaHHH, CUCTEMHU
ABTOMAaTHU30BaHOI'O TIPOEKTYBaHHS, CHUCTEMH MIATPUMKH NPUHHATTS
pilIeHs);

3. TlporpamHe 3a0e3ledyeHHs CHHTE3y Ta aHallildy KOMOIHATOPHHUX
KOHIrypariu;

4. PosmizHaBaHHS 00pa3iB, HEHpPOMEpeKi Ta METOIM MAIIMHHOTO HABYaHHS,
5. ®parmMeHTapHi CTPYKTYpH, AITOPUTMH T METaCBPHCTUKH;
6. Toronorist Ta icTOpist PO3BUTKY YKPATHCHKOI HAYKH;
7. KonyBanns, iH(dopmartriitHa Oe3meka Ta 3axucT iHdopmariii.
[Ipobnematnka KoH(epeHmii mpuBepHyIa 10 cede yBary (axiBIiB i3
pi3HUX ramy3eil 3HaHb. Y HayKOBOMY 3axoji B3sid ydacTs 100 ydacHHKIB,
cepen SIKHX:
30 moxTopiB Hayk ((¢i3uko-MaTeMaTHUHUX — 14, TexHiYHHX — 12,
MeJIaroriyHuX — 3, EKOHOMIYHUX — 1);
47 xannuaaTiB Hayk ((i3mKo-MareMaTHIHUX — 26, TeXHiuHuX — 17,
MearoriyHux — 1; ekoHoMiuHuX — 1; icropuyHux — 1; MeanaHuX — 1);
8 BUKJIa/1auiB Ta HAYKOBIIB O€3 HAYKOBOT'O CTYICHS;
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14 cTyneHTiB i acmipaHTiB.

Cepen y4acHHKIB KOH(EpeHLiT Oyu MpUCYTHI BUCOKOKBai (hikoBaH1
HayKOBIli, MOJIOZl BYEHI, aclipaHTH Ta MariCTpaHTH 3 BHIIUX HaBYAIbHHX
3aknaaiB Mict Ykpainu: 3anopixoks, Kponusauiskuii, J{ninpo, Kuis, JIbBiB,
XapkiB, Yxropoa, PiBue, Cnop'sHcbk. Takox mpuiiMaii y4acTb iHO3eMHI
HayKoBIII 3 KkpaiH: boumrapis, VY36ekucran, [lombma, United Kindom,
AzepOaiimkaH.

YyacHukHu KoH(EpeHIIii 00roBOPIIIN TaKi MPOOJIEMHI TUTAHHS:

® MOJICTIIOBAaHHS 3a]1a4 BUOOPY HAa OCHOBI HEUiTKUX BiJHOIICHB;

e pparMEeHTapHUI MiOXig MO0 BHpPIMIEHHS OaraToKpuUTepialbHUX
3ajay;

® aHaJIi3 METOIB PO3MITKHU rpadis;

® MCTOIU IMITAIIHHOTO MOJCTIOBAHHS Ta MPOOJEMH PO3POOKH
PEKOMEHIAIITHUX CUCTEM;

® BHUDILICHHS 33724 Pi3HUX KJIACiB OOUHMCIIIOBAJIBHOTO IHTENIEKTY;

® BHUpILICHHS 33724 MOUIYKY iA€HTHYHUX CTPYKTYD;

® 3371241 IepepaxyBaHHs rpadiB Ta TOMOIOTiH IEBHOTO BHIY;

® 3aCTOCYBaHHS HeHpoMepex 10 0OpOoOKH CHTHAJIIB Pi3HOTO POLY;

e popmamizamisi MpOIEciB NPUHHATTA  pIIEGH B  yMOBax
HEBH3HAUCHOCTI;

® MCTOMKA BHKIAJaHHA Teopii iH(opMmamii Ta KOMOIHATOPHOTO
aHai3y Y BUIIMX HABYAJIBHUX 3aKIaJax;

® icTOpisl PO3BUTKY YKpaiHChKOI HayKH Ta YKpalHChKOI HayKOBOT
MOBH.

[Mixgkpecnuin 6araTOBUMIPHICTh PO3TJSIHYTHX 3a/1a4.

VYCBIIOMIIIOIOYM POJIb 1 3HAYSHHS PO3BUTKY (YHIAMEHTaJbHUX 1
NPUKIAJIHUX JOCIIKEHb B Tally3sIX HAayKH, 1€ IIMPOKO BUKOPHCTOBYIOTHCS
KOMOIHaTOPHI KOHQITYpaIlii, ydacCHUKA KOH(pEpEHIIi1 BBaXKalOTh 32 HEOOXiTHE:

1. TIpomoBXWUTH HayKOBI IOCHIKEHHS B Taly3i KOMOIHATOPHHX
KOH(Irypaliif Ta IpaKTHYHOTO 3aCTOCYBAHHS PE3yJIbTATIB HAYKOBHX
nmocikeHs B cdepi komOiHaTopukn. HactymHoro pasy 3poOuth
BipTyaJlbHY TIOCTEP CECil0.

2. TlommproBaTy HayKOBi 3B’SI3KM 3 BITYM3HSHUMH Ta 3aKOPIOHHUMH
MPOBITHUMU 3aKjiaJlaMd JUIsi OpraHizalfii 1 peamsarii CHiIbHUX
HAayKOBHX Ta OCBITHIX TPOEKTIB 3 PO3POOIEHHS MaTeMaTHYHHX
MoJiesield mpoOsieM, BH3HAYEHHX B JMCKPETHHX Ta HEMEepPEepBHUX
mpocropax, 3actocyBaHHs Meroxmis LI (ML, DL rompo),
PO3pOOIICHHS KypCiB JUIsl CTaXKyBaHHS.

3. [Iligtpumatu CoiBpOOITHUITBO abo0 MisSTBHICTH 3a MPHHIAIIAMHU
BIIKpUTOI HayKu B 00acTi po3poOKu Ta HEOOXIAHICTh MOMIMPEHHS
Ta HaBYAHHS CyYacHHUM IIPAaKTHKaM POOOTH 3 KOJOM 1 JaHUMH 3a
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NPUHOMIAMY BIJKPUTOT HAyKH, MOLIMPIOBATH IMPAKTHUYHI Cy4acHi
HaBUYKH POOOTH 3 KOJIOM Ta JaHUMH.

4. BuzHauuTH HaWKpalli TOMOBIJl cepel MOJIOJUX BUCHHUX CEMiHapy, a
came: CranucnaB IBacis, Ozer Jlem’sHiB, [Tonina BacuiapkoBud Ta
JHennc Cramyk.

5. AKIeHTyBaTH yBary HayKOBLIB 1 BHKJIaJadiB Ha HEOOXIIHOCTI
PO3BHUHEHHS 1 HEyXMJIBHOTO BHKOPUCTAHHSA YKPaiHCBKOI HAayKOBOI
TepMiHoJIOTIi y cepi MaTeMaTHKH Ta iHHOPMATHUKH.

6. PosmictuTy iHpOpMaIliI0O PO MPOBEICHUI CeMiHap Ha CaMTi
MiHicTepcTBa OCBITH 1 HAyKH YKpaiHH Ta OIMyOJIiKyBaTH PE30JIIOIit0
koH(pepeHIil 1 30ipHMK MaTepianmiB Ha caitax HarioHamsHOTO
YHIBEpCUTETY «3amopi3bka momiTexHika», JIboTHOI akazemii
HauionaneHoro asiamiiiHoro ysiBepcutery (M.KponuBHHIbKHIA),

LeHTpanbHOYKpaiHCHKOTO HAI[IOHAJILHOTO TEXHIYHOTO
YHIBEPCHUTETY.
B.o. 3aB. xap. CA ta OM Enina TEPEIIIEHKO
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